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N- (3- { [ (3- { [2-CHLORO-5- (METHOXY) PHENYL] AMINO} QUINOXALIN- 2 -YL) AMINO]
SULFONYL} PHE NYL) - 2 -METHYLALANINAMIDE AS PHOSPHATIDYLINOSITOL 3 -

KINASE INHIBITOR FOR THE TREATMENT OF LYMPHOPROLIFERATIVE
MALIGNANCIES

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of priority of U.S. Provisional Application No.
61/553,990, filed November 1, 2011, and U.S. Provisional Application No. 61/568,189, filed
December 8, 2011, the entire contents of which are incorporated herein by reference.

BACKGROUND

[0002]  Lymphoproliferative malignancies, including lymphomas and lymphocytic
leukemia, are common malignancies with an incidence of approximately 93,000 new cases a
year in the United States.
[0003]  Treatment modalities being developed to treat these malignancies are being met
with varying levels of success. For example, among the more than 30 subtypes of non-
Hodgkin lymphoma (NHL), mantle cell lymphoma (MCL) accounts for 3 percent to 10
percent of cases. MCL can be treated at diagnosis or recurrence with various
chemotherapeutic regimens. Although the prognosis is improving given these advances in
treatment, the median overall survival remains 4.8 years.
[0004]  Follicular lymphoma (FL) is a common indolent B-cell NHL that constitutes
approximately 20 percent of all newly diagnosed lymphoma cases and approximately 70
percent of all indolent NHL. Like many lymphomas, it is increasing in incidence, with over
24,000 new cases diagnosed each year. While there is an increasing number of available
treatment modalities for FL, including radioimmunotherapy alone or in combination with
chemotherapy, as well as bone marrow transplantation, many FL patients develop treatment-
refractory disease or relapse due to molecular escape mechanisms.
[0005] B-cell chronic lymphocytic leukemia (CLL) is the most common type of adult
leukemia in the United States, with approximately 15,000 new cases each year. According
to the World Health Organization (WHO) classification, CLL is identical (i.e., one disease at
different stages) to the mature peripheral B-cell neoplasm small lymphocytic lymphoma
(SLL). In spite of various treatment options, CLL/advanced SLL is a progressive disease and
once symptomatic, patients have a relatively short overall survival, ranging from 18 months
to 6 years, with a 22.5 percent 10-year survival expectation.
[0006] As a result, there is an ongoing need for clinically effective agents for treating

lymphoproliferative malignancies, including chronic lymphocytic leukemia/small
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lymphocytic lymphoma, Hodgkin’s lymphoma, Waldenstrom’s macroglobulinemia, follicular

lymphoma, or diffuse large B-cell lymphoma or transformed lymphoma.

SUMMARY
[0007]  Accordingly, in one aspect, methods for treating lymphoproliferative disorders are
provided, comprising administering to a patient in need of such treatment a therapeutically

effective amount of a Compound of Formula Ia

R52
R53 OR51
R54 R50
N._ _NH 3a
AN
0Ly -
N N—-g
Ho N\ ¥
8 I NRs
Ia
or a pharmaceutically acceptable salt thereof, wherein:
R¥is hydrogen;
R’'is methyl;
R is hydrogen,;

R is hydrogen or alkoxy; and
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,-C?-alkylene-N(R"%)(R™) where R’ is hydrogen and R”® and
R™are independently hydrogen, alkyl, aminoalkyl, alkylaminoalkyl, or
dialkylaminoalkyl;
[0008] In another embodiment, the method comprises administering to the patient
an effective amount of Compound A:

O N-(3-{[(3-{[2-chloro-5-

(methoxy)phenyl]amino}quinoxalin-

Cl
C[N\ NH 2-yl)amino]sulfonyl}phenyl)-2-
X o
N NH methylalaninamide
Oss

N
0]
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or a tautomer, zwitterion, or pharmaceutically salt thereof.

[0009] In another embodiment, Compound A is administered as a pharmaceutical
composition.
[0010]  Other objects, features and advantages will become apparent from the following
detailed description. The detailed description and specific examples are given for illustration
only since various changes and modifications within the spirit and scope of the invention will
become apparent to those skilled in the art from this detailed description. Further, the
examples demonstrate the principle of the invention and cannot be expected to specifically
illustrate the application of this invention to all the examples where it will be obviously
useful to those skilled in the prior art.

BRIEF DESCRIPTION OF THE FIGURES
[0011] Figure 1 depicts the plasma pharmacokinetics observed for Compound A.

[0012] Figure 2 summarizes the results of a clinical study in patients with lymphoma.

DETAILED DESCRIPTION
Abbreviations and Definitions

[0013] The following abbreviations and terms have the indicated meanings throughout:

Abbreviation Meaning
Ac acetyl
br broad
°C degrees Celsius
c- 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 dimethy! sulfoxide
dppf 1,1°-bis(diphenylphosphano)ferrocene
EIl Electron Impact ionization
g gram(s)
h or hr hour(s)
HPLC high pressure liquid chromatography
L liter(s)
M molar or molarity
m Multiplet
mg milligram(s)
MHz megahertz (frequency)

3



WO 2013/067141 PCT/US2012/062999

Min minute(s)

mL milliliter(s)

pL microliter(s)

uM Micromole(s) or micromolar

mM Millimolar

mmol millimole(s)

mol mole(s)

MS mass spectral analysis

N 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

[0014] The symbol “-” means a single bond, “=" means a double bond, “=" means a triple
bond, “===="means a single or double bond. The symbol “cnr” 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.

[0015]  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,CH,-. 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.
HH H

Oi\ Br . H Br
" i
H H
4
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[0016] If a group “R” is depicted as “floating” on a ring system, as for example in the

formula:

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.

[0017] If a group “R” is depicted as floating on a fused ring system, as for example in the

(R)yq\//\/@(\ (R)y c X
-Z 4

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

formulae:

system, assuming replacement of a depicted hydrogen (for example the -NH- in the formula
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 5S-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.

[0018] When a group “R” is depicted as existing on a ring system containing saturated

N £

y

carbons, as for example in the formula:

(199 3 ]

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:
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HN%O‘ *

[0019]  “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
invention 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.

[0020] “Alkoxy” means an -OR group where R is alkyl group as defined herein.
Examples include methoxy, ethoxy, propoxy, isopropoxy, and the like.

[0021] “Alkyl” 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.

[0022]  “Alkylamino” means a -NHR group where R is alkyl, as defined herein.

[0023] “Alkylaminoalkyl” means an alkyl group substituted with one or two alkylamino
groups, as defined herein.

[0024] “Amino” means -NH,.

[0025] “Aminoalkyl” means an alkyl group substituted with at least one, specifically one,
two or three, amino groups.

[0026] “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
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.

[0027] “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.

[0028] “Dialkylaminoalky!” means an alkyl group substituted with one or two
dialkylamino groups, as defined herein.

[0029] “Halogen” or “halo” refers to fluorine, chlorine, bromine or iodine.

[0030] “Haloalkoxy” means an -OR’ group where R’ is haloalkyl as defined herein, e.g.,
trifluoromethoxy or 2,2,2-trifluoroethoxy, and the like.
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[0031] “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)y. (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(O)-, -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.
[0032] “Heteroatom” refers to O, S, N, or P.

[0033] “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)_galkyl” 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.”
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[0034] “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.

[0035] As used herein, “Compound A,” which is a compound of Formula I and of

O\
XLNHz
o]

. Compound A is known

cl
©:N:[NH . HN
Formula Ia, has the following structure " ”—§1g©
by its chemical name N-(3-{[(3-{[2-chloro-5-(methoxy)phenyl Jamino} quinoxalin-2-
yl)amino]sulfonyl} phenyl)-2-methylalaninamide. As discussed in more detail below, the
compound may exist in several tautomeric or zwitterionic forms. Accordingly, as used herein
the terms “Compound A” and “N-(3-{[(3-{[2-chloro-5-(methoxy)phenyl]amino } quinoxalin-
2-yl)amino]sulfonyl} phenyl)-2-methylalaninamide” encompass all possible tautomeric and
zwitterionic forms of the compound.
[0036] “Yield” for each of the reactions described herein is expressed as a percentage of
the theoretical yield.
[0037] “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.
[0038] The terms “effective amount” or “pharmaceutically effective amount” or
“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 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;
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(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. In one example, an
“effective amount” is the amount of Compound A or a pharmaceutically acceptable sélt
thereof clinically proven to effect a significant decrease in or slowing of progression of
lymphoproliferative malignancies

[0039] A “pharmaceutically 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, 17" 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.
[0040] 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.

[0041] 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
terfiary amines, substituted amines including naturally occurring substituted amines, cyclic

amines and basic ion exchange resins. Examples of organic bases include isopropylamine,

9
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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,
tromethamine, N-methylglucamine, polyamine resins, and the like. Exemplary organic bases
are isopropylamine, diethylamine, ethanolamine, trimethylamine, dicyclohexylamine,
choline, and caffeine.

[0042] “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.

[0043] “Metabolite” refers to the break-down or end product of a compound or its salt
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.
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[0044] 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
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.

[0045] “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.

[0046] As used herein, the term “about” generally indicates a possible variation of no
more than 10%, 5%, or 1% of a value. For example, “about 25 mg/kg” will generally

indicate, in its broadest sense, a value of 22.5-27.5 mg/kg, i.e., 25 + 10 mg/kg.

Embodiments
[0047] 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.
[0048] In one embodiment, methods are provided for treating lymphoproliferative
malignancies, comprising administering to a patient an effective amount of a Compound of
Formula Ia or a pharmaceutical composition comprising a Compound of Formula Ia. In these
and other embodiments, the lymphoproliferative malignancies include chronic lymphocytic
leukemia/small lymphocytic lymphoma, Hodgkin’s lymphoma, Waldenstrom’s
macroglobulinemia, follicular lymphoma, or diffuse large B-cell lymphoma or transformed
lymphoma.
[0049] Any of the following embodiments, including the representative compounds

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

[0050] The invention provides a method for treating breast cancer using a compound of

Formula I is a compound of Formula Ia:

R52
R53 OR51
R54 R50
N\ NH R3a
| o —
N/ N ISI
- /,
H ) \ DS
o) (R¥o3
Ia

or a pharmaceutically acceptable salt thereof.
[0051] In one embodiment of the compound of Formula Ia, R’ lis methyl; and RSO, R52,
and R are hydrogen and R* is halo or alkoxy or R*®, R*2, and R** are hydrogen and R> is
alkoxy; or a single stereoisomer or mixture of stereoisomers thereof.
[0052]  In another embodiment, R* is -NHC(O)CH,NH(CHs), -NHC(O)CH(CH3;)NHo, -
NHC(O)C(CH3),NH3, -NHC(O)-CHIN(CH3;),, -NHC(O)CH,N(CH3)CH,CH,N(CHa),, -
NHC(O)CH(NH2)CH;CH3, -NHC(O)CH,N(CH3)CH,CH,N(CHj3),, or -
NHC(O)CH(CH3)NH(CHa).

[0053] In another embodiment, the compound of Formula Ia is:

Structure Name
O N-(3-{[(3-{[2-chloro-5-
Cl (methoxy)phenyl]amino} quinoxalin-2-
@[N \:[NH yl)amino]sulfonyl}-phenyl)-N-2-
N7 “NH methylglycinamide

Os4 H

z e
O N
ORe:

n=0

H N-G-{[(3-{[3,5-
N\ N-= CHs . . . .
©i I ) N bis(methoxy)phenyl]amino} quinoxalin-
N” NH HN—<_ CHs
0 2-yl)amino]sulfonyl} phenyl)-N-2-,N-2-
dimethylglycinamide

CHé _CHj;

(0]
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Structure Name
CHS/O N-(3-{[(3-{[2-chloro-5-
cl (methoxy)phenyl]amino }quinoxalin-2-
@[N\ NH yl)amino]sulfonyl}-4-methylphenyl)-N-
H
.CH 2-,N-2-di i i
N NH N\ﬂ/\'}‘ 3 dimethylglycinamide
o=8 O CHy
o
CH,
0 N-(3-{[(3-{[2-chloro-5-
cl (methoxy)phenyl]amino}quinoxalin-2-
C[N\ NH yDamino]sulfonyl}phenyl)-L-
(T -
N/O NH y NH, alaninamide
0° N CHs
o
O N-(3-{[(3-{[2-chloro-5-
Cl (methoxy)phenylJamino} quinoxalin-2-
Ny -NH yl)amino]sulfonyl} phenyl)-2-
©I methylalaninamide
N M H
s Nj?(NHz
o)
Q0 N-(3-{[(3-{[2-chloro-5-
(o] (methoxy)phenyl]amino}quinoxalin-2-

Q”\ N yl)aminoJsulfonyl} phenyl)-N-2-[2-
N/O\NH H I (dimethylamino)ethyl]-N-2-

07,8 N N/\/N\ ) )
\©/ IS methylglycinamide
9 N-(3-{[(3-{[2-chloro-5-

@NIN (lss N/ (methoxy)phenylJamino} quinoxalin-2-
N “NH HN— V| yl)aminoJsulfonyl}phenyl)-N-2-,N-2-
cl dimethylglycinamide

O/
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Structure Name
e N-(3-{[(3-{[2-chloro-5-
Cl (methoxy)phenyl]amino}quinoxalin-2-
Ny NH yl)amino]sulfonyl}phenyl)glycinamide
X,
N O:NH H
S
0]
O N-(2-chloro-5-{[(3-{[2-chloro-5-
cl (methoxy)phenyl]amino } quinoxalin-2-

yl)amino]sulfonyl } phenyl)-N-2-
methylglycinamide

O SN N-(5-{[(3-{[3,5-
bis(methoxy)phenyl]amino } quinoxalin-
©:N\ NH 2-yl)amino]sulfonyl}-2-
| .
N NH . methylphenyl)glycinamide
O=
ok N\[(\NHZ
0
O N N-(5-{[(3-{[3,5-
bis(methoxy)phenyl]amino }quinoxalin-
C[N\ NH 2-yl)amino]sulfonyl}-2-methylphenyl)-
N/O NH ’ beta-alaninamide
O: N\n/\/NHz
0]
_O N-(5-{[(3-{[2-chloro-5-
cl (methoxy)phenyl]amino } quinoxalin-2-
Ny -NH yl)amino]sulfonyl}-2-methylphenyl)-N-
C[NINH .y 2-,N-2-dimethylglycinamide
O=

or a pharmaceutically acceptable salt thereof.

[0054] In another embodiment, the compound of Formula Ia is Compound A:

14
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0 N-(3-{[(3-{[2-chloro-5-
c me(methoxy)phenyl]amino} quinoxalin-
C[N \INH 2-yl)amino]sulfonyl}phenyl)-2-
= methylalaninamide
N O:NH H
0]

or a tautomer, zwitterion, or pharmaceutically salt thereof.

Additional Embodiments

[0055] In one embodiment, the invention provides a method of treating
lymphoproliferative malignancies comprising administering to a patient in need of such
treatment an effective amount of Compound A.

[0056] In another embodiment, Compound A is administered as a 100, 150, or 200 mg

capsule.

General Administration
[0057] In one aspect, the invention provides pharmaceutical compositions comprising an
inhibitor of the PI3Ks of Formula Ia 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 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 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, intracisternally, 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.
[0058] The compositions will include a conventional pharmaceutical carrier or excipient
and a Compound of Formula Ia as the/an active agent.
[0059] 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,
15
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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.

[0060] 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,
tricthanolamine oleate, butylated hydroxytoluene, etc.

[0061] 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
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.

[0062] 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.

[0063] 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.

[0064] 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
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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
polyethylene glycols, sodium lauryl sulfate, or mixtures thereof. In the case of capsules,
tablets, and pills, the dosage forms may also comprise buffering agents.

[0065] 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.
[0066] 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.

[0067] 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.

17



WO 2013/067141 PCT/US2012/062999
[0068] 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.

[0069] 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.

[0070] 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.

[0071] 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.

[0072]  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.

[0073] In the pharmaceutical compositions disclosed herein, the compounds of Formula I
or la, 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 I or Ia 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 50 to
400 mg per day ,100 mg to 800 mg per day, or in the range of 100 mg to 350 mg per day, or
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in the range of 200 to 700 mg per day, or in the range of 150 mg to 400 mg per day, or in the

range of 300 to 600 mg per day.

[0074] 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
may alternatively be used sequentially with known pharmaceutically acceptable agent(s)
when a combination formulation is inappropriate.

[0075] 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 for children will generally be lower due to the smaller size
and weight of children, and the doses can be adjusted according to size and weight factors, as
well as additional factors. For example, the dosage can depend on additional factors
including the requirements of the child, the severity of the condition being treated, and the
pharmacological activity of the compound being used. The determination of optimum
dosages for a particular child 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 may alternatively be used sequentially
with known pharmaceutically acceptable agent(s) when a combination formulation is

inappropriate.

General Synthesis
Synthesis of Compounds of Formula I
[0076] 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
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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 filtration, distillation, crystallization, chromatography and the like. Such materials
may be characterized using conventional means, including physical constants and spectral
data.

[0077]  Unless specified to the contrary, the reactions described herein take place at
atmospheric pressure and over a temperature range from about -78 °o to about 150 o, in
another embodiment from about 0 °o. to about 125 o and most specifically at about room (or
ambient) temperature, e.g., about 20 ‘0. Unless otherwise stated (as in the case of a
hydrogenation), all reactions are performed under an atmosphere of nitrogen.

[0078] 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.

[0079] 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.

[0080] 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,
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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.

[0081] Thus, compounds of Formula I

R52
R53 OR51
R54 R0
W N NH
w2~ AN
L s
~
“w N N—S
H ||
(0]

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:
R0
e‘s\(/\
A
N

14.
Both 2-hydroxy-pyridinyl and the above structure 14 include, and are equivalent to, pyridin-
2(1H)-one and its structure 15:

(R%)0.2
L
N (o]
H
15.

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

[0082]  For example, one tautomer of Compound A is Compound A-1:

; NH,
N /N HN
X 0
~ 11
N” N-S

il
Ho

Compound A-1
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[0083]  Another tautomer of Compound A is Compound A-2:

-0

Compound A-2
Compound A-2 is named N-(3-{[(2Z)-3-[(2-chloro-5-methoxyphenyl)amino]quinoxalin-
2(1H)-ylidene]sulfamoy!} phenyl)-2-methylalaninamide.
[0084] As would be understood by a skilled practitioner, tautomeric forms can

interconvert.

’°© Q
Cl
NH, NH,
Ol 2% — j
T o > I
O O

[0085] Moreover, intermediates leading to Compounds of Formula I, as well as
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
invention, and to the extent that one structure is used to depict a zwitterionic compound, it

includes all such zwitterionic forms.
[0086] For example, one zwitterionic form of Compound A is Compound A-3

SN

C'/©/ NHP
@[N\INH "
0 o)
e
© o

Compound A-3
[0087] Another zwitterionic depiction of Compound A is Compound A-4.
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Compound A-4

[0088] Another zwitterionic depiction of Compound A is Compound A-5.
o<

cl | NHE
NN HN
ik
;'é\\ b

Compound A-5

[0089] As would be understood by a skilled practitioner, tautomeric forms can
interconvert.

/©/ O\ /©/ O\

¢ NH c NH
/ {
) )
0 © 0

[0090] Moreover, interconversion can also exist between the uncharged tautomeric forms

and the zwitterionic forms.
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[0091] 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\
Clll NH XL NH;
CLL 2=
e
H o
and the associated terms “Compound A” and “N-(3-{[(3-{[2-chloro-5-
(methoxy)phenyl]amino }quinoxalin-2-yl)amino Jsulfonyl } phenyl)-2-methylalaninamide”
encompass all possible tautomeric and zwitterionic forms of the compound.
[0092] 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
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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.

[0093] 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 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.

[0094]  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.

[0095] 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

25



WO 2013/067141 PCT/US2012/062999
K;COs and metallic copper is known to provide intermediates of formula 1 (see S. H.

Dandegaonker and C. K. Mesta, J. Med. Chem. 1965, 8, 884).

Scheme 1

R52 R52
R53 OR51 R53 OR51

LG RS0

W wW_N__LG' R R¥ Ret

V'\wf \I :I BSONH (@  w \ji I o NH, Ny -NH

“WESN LG base, solvert, reflux WA, 2 N N—g solvent, reflux C[ I 0
H I N N—§—
3 "o

[0096] Referring again to Scheme 1, an intermediate of formula 3 can be prepared by

Z

1

briefly heating an appropriately substituted quinoxaline (for example, commercially available

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

0]

Hv—3—(3)

g (which are commercially available or can be prepared by one of ordinary skill
in the art), a base such as K,COs3, 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 HC1. The
product is then extracted into a solvent such as ethyl acetate and washed with water and
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.

[0097] 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 HCI and brine, dried over a drying agent such as sodium sulfate or magnesium sulfate,
filtered, and concentrated to give a compound of Formula I.

[0098]  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.

[0099] 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.
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Scheme 2
R52 R52
R53 OR51 R53 OR51
R54 R50 R54 R50
N\ NH N\ NH
Lo Lo
N” “N-§ LG N™ “N-S— NR®R®
H A H n
(0] (o)
5 Ke)

In Scheme 2, LG is a leaving group such as chloro. Compound 5 is reacted with NHR?R® or
HO-C;-Cs-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.
[00100] 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.

Scheme 3

R52
R53 OR51

@ I .
:S“O-Crcs-alkylene-NRaRb

I(c)
[00101] The reaction is carried out in the presence of a base such as NaH in a solvent such
as DMF.
[00102] 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(R'*)(R™) where R’, R, and R” are as defined in the
Summary of the Invention;
ii. -NR’C(O)R” 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;
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iv. -NR" C(O)OR"® where R" and R'** are as defined in the Summary of the

Invention;
v. -NR"®)C(0)-Ci-Ce-alkylene-N(R'®)C(O)R'® where R'¢, R'*, and R'®® are as
defined in the Summary of the Invention;
vi. -NR)C(0)-C,-Cs-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*'2 and R?'"® are as defined in
the Summary of the Invention;
viii.  -NR?)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(f), or 9(g):

1. 9@ HOC(0)-Ci-Ce-alkylene-N(R™)(R™) where R* is R™ or a N-protecting group,

such as Boc or Fmoc;

2. 9(b) HOC(O)R*
3. 9(c) HOC(O)NR!'*R!®:
4. 9d) HOC(O)OR"
5. 9() HOC(0)-C;-Cs-alkylene-N(R'*®)C(O)R'®;
6. 9 HOC(0)-C;-Cs-alkylene-C(O)R>,
7. 9g) 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
R% ORS! | R53 ORS'
R R%0 9(a)-9(g) R54 R50
Ny NH N_NH
(L X e (L X e
N H—ﬁ— NHR2 N" N—g—NHRmO
o) H 4
8 I(e)
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[00103] In Scheme 4, R'® in Scheme 4 is -C(O)R*?, -C(O)NR'"*R'!®, -C(0)OR™?, -C(0)-

C)-Cg-alkylene-N(R"**)C(O)R'®*, -C(0)-C,-Cg-alkylene-C(O)R?®, or -S(0),-C;.Cg-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.
[00104] 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(ONR®R®:
ii. -C(ON(R')-C,-Cg-alkylene-N(R!*®)R!%;
iii. -C(O)R'? where R" is an N-substituted heterocycloalkyl;
iv. -C(ONR'N(R"®)R!*);
v. -C(O)N(R'®)-C,-Cg-alkylene-C(O)OR'®%; or
vi. -C(O)N(R')-C;-Cg-alkylene-C(O)R'% or
can be prepared by exchanging the starting materials as necessary. In particular, the

intermediate of formula 11:

R52
R53 OR51
R R0
N. __NH
N
CLX g
~ 11
N H—ﬁ»—C(O)OH
0
11

is used instead of 8.
[00105] 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.
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Scheme 5
R52 R52

R53 OR51 R53 OR51
R54 R50 NHR78 R7b R54 R50
N_NH o s ——— Ny NH O NRR™
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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.
[00106] Compounds of Formula I can be prepared according to Scheme 6.
Scheme 6
R52 2
R53 OR51 3 OR51
RS54 RS0

N\ LG
NH
@EN/IN‘IS? ° i N
W O
H u
13 o

I(h)

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

_O ONg _O 0N

amine, aniline,
hydrazine,
alkoxylamines

Ny
©: \\/o ‘ DIPE@/OQ)%etomtnle @ I \\,o X
Sonn Senet

[00107] Into a 2-dram vial was placed 2-bromo-N-(3-(N-(3 -(3,5-dimethoxy-
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
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followed by the addition of Hunig’s Base (41 yL, 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 M, 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

/0 0\ /O 0\
OYR
Ny NH OH » Ng NH
I NP HATU I 0y 0 H
N/ N/s/ NH, N/ N/s/ N._ _R
Ao SOy

phenylamino)quinoxalin-2-y1)benzenesulfonamide (54 mg, 0.12 mmol), prepared using

[00108] Into a 2-dram vial were added 3-amino-N-(3-(3,5-dimethoxy-

procedures similar to those described in Example 15, DMA (2 mL) and the desired
carboxylic acid (0.17 mmol). DIEA (70 uL, 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
binary solvent system of 25 mM ammonium acetate in water/acetonitrile; was used to carry
out the purification.

General Amination Procedure 1a

|
No NH; N
LA 4L
HN™ ~O |/—(R2e)n5 ~ HN" "0
N\ C(l) DMA » Ny N(ISl
_ \\S Micr(jc;wsve _ \\S
- irragiaton -
NS R

[00109] 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
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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 NH4OAc/ACN to the desired product.

General Amination Procedure 1b

Rze) 5

I
L L
N
HN O ——(R2® HN
© ( )n5 Q
CIR @ T4
1\ Microwave
NZ N'S\\ irradiation N \\
H O

[00110] A CEM microwave reaction vessel was charged with N-(3-(N-(3-

chloroquinoxalin-2-yl)sulfamoyl)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.

General Acylation Procedure 2
O o)
o LI 0 o 1L
O—§ H /U\ O=§ N
C[N\ NH NH >R N. _NH NYO
X (X
R

N “NH DIPEA NZ NH

DCE

MeO OMe MeO OMe
[00111]  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 NH;OAc/CAN. A Waters Fractionlynx preparative

reverse-phase HPLC; equipped with a Waters SunFire Prep C18, OCD 5 uM, 30 X 70 mm
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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\\ @\ /@\
O=§ ” NH
X “r X 1“”
- - P
N NH - N NH

Tetramethyl ammonia
triacetoxyborohydride

MeO OMe DCM/DMF MeO OMe

[00112] To a solution of N-(3-(N-(3-(3,5-dimethoxy-phenylamino)quinoxalin-2-
ylsulfamoyl)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
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

NHR'R", HATU, DIEA

Cl Cl
N\ NOH 0 N\ f\éH o
P :\S//O DMA _ >\S//O
N H OH N H NR'R"

[00113] 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
0f 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
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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
[00114] 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.
[00115] 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 uL, 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
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 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. The product fractions were combined and concentrated to dryness under
reduced pressure by rotary evaporation. A solution of 4 N HCl 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
[00116] Crude Compound A can be prepared as described below and depicted below in

Scheme 7.
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Synthesis of (N-(3-chloroquinoxalin-2-yl)-3-nitrobenzenesulfonamide):

[00117] 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 HCI 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):

[00118] 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 were 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:

[00119] 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 was 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.

36



WO 2013/067141 PCT/US2012/062999
Synthesis of N-[3-({3-[(2-chloro-5-methoxyphenyl)amino]quinoxalin-2-

yl}sulfamoyl)phenyl]-2-methylalaninamide (crude):
[00120] Synthesis of 2-methylalanyl chloride hydrochloride. 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.

[00121] 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.

Example 1

Phase I Trial of Compound A, a Pan-Phosphatidylinesitol 3 Kinase (PI3K) Inhibitor, in

Patients with Chronic Lymphocytic Leukemia (CLL) and Lymphoma
[00122] Dysregulation of the class I phosphatidylinositol 3-kinases (PI3Ks) have been
implicated in cancer pathogenesis in many cell types, and the PI3K pathway is constitutively
activated in CLL and often in other non-Hodgkin lymphomas.
[00123] Compound A is a potent and selective inhibitor of all four class I PI3K isoforms,
with IC50s (nM) of @:39, B:383, v:36, and §:23, compared to mTOR:>15000. In preclinical
xenograft model studies, Compound A inhibited phosphorylation of downstream effectors of
PI3K and inhibited tumor growth at well-tolerated doses. In vitro and in vivo, Compound 1
inhibits phosphorylation of downstream targets of PI3K, including pAKT and pEBP1.
[00124]  As part of a phase 1 single agent study in solid tumors, we administered
Compound A to a dedicated expansion cohort of patients with relapsed/refractory lymphoma
and CLL. The drug was administered orally daily, with continuous dosing in monthly cycles.
A total of 15 patients were enrolled at three centers. An initial cohort of 3 patients was
enrolled, followed by a safety review, with subsequent enrollment of the remaining 12
subjects. The median age of the patients was 66 years (range 28-81), 40% were male and
60% female.
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[00125] Among the 15 patients, 33% (n=5) had refractory CLL, and 67% (n=10) had

various relapsed lymphomas, including diffuse large B-cell lymphoma (DLBCL) (n=4),
follicular lymphoma (n=2), Hodgkin lymphoma (n=2), Waldenstrom’s macroglobulinemia
(n=1), and B-cell prolymphocytic leukemia (n=1). 93% (n=14) had stage 3—4 disease.

Among 12 patients with data available, 6 (50%) had received 3 or more prior therapies, 10
(83%) had been exposed rituximab, and 11 (92%) to alkylating agents. Overall, the median
hemoglobin was 11.3g/dL (range 9.2—14.1), and the median platelet count was 113 x 10*/ul
(range 31-470).For the 5 patients with CLL, the median starting absolute lymphocyte
count(ALC) was 1.9 x 10*/pl (range 0.9-22.8); the median starting hemoglobin was 10.8
g/dL (range 9.2-14.1) and the median platelet count was 83 x 10*/ul (range 66—143); . Two
CLL patients had 11q deletion and one had 17p deletion. Two of 4 CLL patients tested for
IgVH status were unmutated, and two of 2 tested for ZAP70 were positive.. Four of 5 patients
with CLL had been treated with fludarabine combination chemotherapy.

[00126] The median number of treatment cycles of Compound A delivered on study was 4,
with 8 patients currently continuing on treatment. Causes of study discontinuation included
disease progression (n= 6) and a serious adverse event (n=1 with recurrent hospitalization for
pneumonia). Adverse events were infrequent, and those of any grade occurring in >10% of
patients included diarrhea, hyperglycemia, headache, and lymphopenia. Hematologic toxicity
was uncommon, with grade 3—4 neutropenia in 4/15 (26.7%), and grade 3—4
thrombocytopenia in 1/15 (6.7%). Hyperglycemia was not a significant clinical problem,
with 1 (6.7%) grade 3—4 event and 1 (6.7%) grade 1-2 event. Patients are being followed for
response and updated data will be presented. Analysis of pharmacokinetic and
pharmacodynamic data, as well as potential predictive biomarkers, is ongoing.

[00127] Compound A administered once daily inhibited PI3K pathway activation in
surrogate tissue (PBMC, hair follicle, skin) and tumor tissue from patients with solid tumors.
Compound A produced robust PI3K and ERK pathway inhibition at well-tolerated doses, and
its effect as monotherapy was found to be primarily anti-proliferative, not pro-apoptotic. The
maximum tolerated dose (MTD) was defined as 600 mg (capsule) once daily (QD) on either a
21/7 (administered continuously for 21 days followed by 7 days rest) or a continuous daily
dosing schedule. Dose-limiting toxicities were Grade 3 rash and Grade 3 hypersensitivity. A
dose-escalation study of a tablet formulation is ongoing. Ten additional patients have been
enrolled in the expansion cohort to better define the activity of Compound A, and further

studies are warranted.
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[00128] The safety and the pharmacokinetics of 600 mg of Compound A administered as a

continuous daily dosing regimen to a dedicated expansion cohort of a phase 1 trial in patients
with relapsed/refractory lymphoma and chronic lymphocytic leukemia (CLL) is described

herein.

Patients and Methods
Study Design
[00129] This was a Phase 1, open-label, non-randomized trial of Compound A given orally

as a single agent in subjects with lymphoma.

Objectives
[00130] The primary objective was to determine the safety and tolerability of Compound
A administered orally as a 600 mg capsule in subjects with lymphoma.
[00131] The secondary objectives were to determine (a) the plasma pharmacokinetics of
Compound A; and (b) the pharmacodynamic effects of Compound A on tumor tissue.
[00132] The exploratory objectives were to determine the pharmacodynamic effects of

Compound A in subjects with lymphoma.

Key Eligibility Criteria
[00133]  The key eligibility include the following:
* Histologically confirmed diagnosis of relapsed or refractory lymphoma

e Measureable disease
e Adequate bone marrow function defined as:

e ANC > 1000/mm® (CLL with ALC > 100,000/mm’ required to have ANC >
500/mm?)

e Platelets > 30,000/mm’>
e Hemoglobin> 8 g/dL
e Archival or fresh tumor tissue

e No prior therapy with a selective PI3K inhibitor

e  Written informed consent.
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Results

[00134] A total of twenty-five patients were enrolled in the lymphoma cohort. The
preliminary data is presented as of the cut-off date of September 1, 2011. Baseline

characteristics of the patients are presented in Table 1.

Table 1
Characteristic N=19
Age in years, median (range) 66 (28 — 83)
Sex, n(%)

Male 8 (42)

Female 11 (58)

Tumor Type, n(%)

CLL/SLL 737)

Diffuse large B-cell lymphoma 4 (21)

Follicular Lymphoma Grade 1-2 2(11)
Follicular Lymphoma Grade 3 1(5)
Waldenstrom’s Macroglobulinemia | 1 (5)

Hodgkin Lymphoma 2 (11)
Transformed lymphoma 1(5)
Stage, n(%)
I 1(5)
II 1(5)
III 3 (16)
v 10 (53)
Missing 4 (21)
ECOG performance status, n(%)
0 527
1 13 (68)
2 1(5)

Number of prior therapies within 5 3(1-9)
years, median (range)

Hematologic Parameters CLL/SLL Non CLL/SLL
Absolute lymphocyte count (109) 1.9 (0.4-37.2) 0.7 (0.3-23.1)
Hemoglobin (g/dL) 108 (92 - 141) 114 (93 - 150)
Platelet Count (109) 87 (66 — 187) 125 (82 — 470)

[00135]  The most common adverse events experienced among the nineteen test subjects

" are summarized in Table 2.
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Table 2
n (%) All Adverse Events Related Adverse Events®
Adverse Event’ All Grades | Grade > All Grades | Grade > 3°
30
Hematologic
Neutropenia 5(26) 5(26) 4 (21) 4 (21)
Anemia 4(21) 3(16) 1(5) 0
Non-Hematologic
Diarrhea 12 (63) 1(5) 7 (37) 1(5)
Cough 6 (32) 1(5) 0 0
Pyrexia 5(26) 1(5) 1(5) 0
Fatigue 5(26) 0 0 0
Abdominal Pain 4 (21) 1(5) 2(11) 0
Dyspnea 4 (21) 1(5) 0 0
Hyperglycemia 4 (21) 1(5) 4 (21) 1(5)
Pruritus 4 (21) 1(5) 2(11) 0
Rash 4 (21) 1(5) 3 (16) 1(5)

® Adverse events related to the study treatment Compound A combined with paclitaxel and
carboplatin

® MedDRA v. 12.1 Preferred Terms (converted to US spelling)

¢ NCI-CTCAE v. 3.0 grading

[00136]  Study treatment details for the nineteen subjects are summarized in Table 3.

Table 3
Median duration of treatment, weeks (range)* 16 (2 —48)
Chronic lymphocytic leukemia (n=7) 20 (9 -29)
Diffuse-large B-cell lymphoma (n=4) 6(2-18)
Other (n=7) 16 (4 — 48)
atients requiring dose modification due to toxicityt, n (%) 737
Hyperglycemia 1(5)
Neutropenia 2(11)
Rash 1(5)
Fever/hypotension} 1(5)
Respiratory infection} 1(5)
More than 1 event in the same patient 1(5)
Diarrhea
Fever/pneumonia
Fever/pneumonia/sepsis/ileus/fluid overload}
iscontinuation of treatment, n (%)
Eisease progression 8 (42)
nvestigator discretion 1(5)

*Data not available for one patient
+One event per patient unless stated otherwise
1 Unrelated to study drug

[00137] Table 4 summarizes the best response in patients evaluated for efficacy (N=1 1)
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Table 4.
. Complete Partial Stable | Progressive
aughancy n Response | Response | Disease Disease
CLL/SLL 5 sb
ollicular 5 5
ymphoma
aldenstrom’s 1 1°
acroglobulinemi
Eransformed d
1 i
ymphoma
g—‘lodgkin 2 1 1
ymphoma

CLL, chronic lymphocytic leukemia; SLL, small lymphocytic lymphoma

apatients with disease assessments after cycle 2 (8 weeks) of Compound 1 600mg capsule
once daily. Responses were assessed by the investigators.

® Three patients had a nodal response (decreased lymphadenopathy and increased
lymphocytosis) and remain on treatment (n=2 in cycle 11 and n=1 in cycle 6); one patient
with stable disease (<50% reduction in adenopathy and persistent lymphocytosis) is currently
in cycle 7.

° Complete response at cycle 14 and remains on treatment

4 Stable disease currently in cycle 9

® Stable disease currently in cycle 10

[00138] Figure 1 depicts the plasma pharmacokinetics observed for Compound A. The
mean (SD plasma concentration of Compound A in cycle 1, on Days 1 and 28 after 600 mg
Compound A oral doses.) Figure 1 indicates that drug exposure in the lymphoma patients
who were enrolled in the study was similar to that seen previously in patients with solid
tumors after 600 mg daily doses. The mean (CV%) accumulation (AUC) on day 28 was
approximately 11.2-fold (88.1%), in eight patients. There was inter-patient variability, and
the geometric mean was 7.6 fold.

[00139] The results demonstrate that Compound A is well-tolerated in patients with
lymphoma and CLL and is active in CLL and low-grade lymphomas. The observed

pharmacokinetic profile is similar to that seen in patients with solid tumors.

[00140] 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
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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 of treating a lymphoproliferative malignancy in a human patient in need of

such treatment, comprising administering to the patient an effective amount of Compound A

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

Bt .

Z methylalaninamide

N O:NH H

ST

o

or a tautomer, zwitterion, or pharmaceutically salt thereof, wherein the Compound A or

pharmaceutically acceptable salt thereof is administered-at a continuous once daily dose.

2. The method of claim 1, wherein the Compound A or pharmaceutically acceptable salt

thereof is administered at a continuous once daily dose in capsule form of about 600 mg.

3. The method of claim 1, wherein the Compound A or pharmaceutically acceptable salt
thereof is administered at a continuous once daily dose in tablet form of about 200 to about
600 mg.

4 The method of claim 1, wherein the Compound A or pharmaceutically acceptable salt

thereof is administered at a continuous once daily dose in tablet form of about 400 mg.

5. The method of any of claims 1-4, wherein the patient fasts prior to the administration.

6. The method of any of claims 1-5, wherein the lymphoproliferative malignancy is
chronic lymphocytic leukemia/small lymphocytic lymphoma, Hodgkin’s lymphoma,
Waldenstrom’s macroglobulinemia, follicular lymphoma, or diffuse large B-cell lymphoma

or transformed lymphoma.

7. The method of any of claims 1-6, wherein the lymphoproliferative malignancy is

relapsed or refractory.
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8. The method of any of claims 1-7, wherein the effective amount 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.
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PHOSPHATIDYLINOSITOL 3-KINASE INHIBITORS FOR THE TREATMENT OF
LYMPHOPROLIFERATIVE MALIGNANCIES

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of priority of U.S. Provisional Application No.
61/553,990, filed November 1, 2011, and U.S. Provisional Application No. 61/568,189, filed
December 8, 2011, the entire contents of which are incorporated herein by reference.

BACKGROUND

[0002] Lymphoproliferative malignancies, including lymphomas and lymphocytic
leukemia, are common malignancies with an incidence of approximately 93,000 new cases a
year in the United States.
[0003] Treatment modalities being developed to treat these malignancies are being met
with varying levels of success. For example, among the more than 30 subtypes of non-
Hodgkin lymphoma (NHL), mantle cell lymphoma (MCL) accounts for 3 percent to 10
percent of cases. MCL can be treated at diagnosis or recurrence with various
chemotherapeutic regimens. Although the prognosis is improving given these advances in
treatment, the median overall survival remains 4.8 years.
[0004] Follicular lymphoma (FL) is a common indolent B-cell NHL that constitutes
approximately 20 percent of all newly diagnosed lymphoma cases and approximately 70
percent of all indolent NHL. Like many lymphomas, it is increasing in incidence, with over
24,000 new cases diagnosed each year. While there is an increasing number of available
treatment modalities for FL, including radioimmunotherapy alone or in combination with
chemotherapy, as well as bone marrow transplantation, many FL patients develop treatment-
refractory disease or relapse due to molecular escape mechanisms.
[0005] B-cell chronic lymphocytic leukemia (CLL) is the most common type of adult
leukemia in the United States, with approximately 15,000 new cases each year. According
to the World Health Organization (WHO) classification, CLL is identical (i.e., one disease at
different stages) to the mature peripheral B-cell neoplasm small lymphocytic lymphoma
(SLL). In spite of various treatment options, CLL/advanced SLL is a progressive disease and
once symptomatic, patients have a relatively short overall survival, ranging from 18 months
to 6 years, with a 22.5 percent 10-year survival expectation.
[0006] As a result, there is an ongoing need for clinically effective agents for treating

lymphoproliferative malignancies, including chronic lymphocytic leukemia/small
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lymphocytic lymphoma, Hodgkin’s lymphoma, Waldenstrom’s macroglobulinemia, follicular

lymphoma, or diffuse large B-cell lymphoma or transformed lymphoma.

SUMMARY
[0007] Accordingly, in one aspect, methods for treating lymphoproliferative disorders are
provided, comprising administering to a patient in need of such treatment a therapeutically

effective amount of a Compound of Formula Ia

R52
R53 ORS‘I
R54 R50
N NH R3a
| 0 =
N/ N g
— /,
Hop o\
b\ g,
Ia
or a pharmaceutically acceptable salt thereof, wherein:
R’ is hydrogen;
Rlis methyl;
R is hydrogen;

R is hydrogen or alkoxy; and
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(R7)C(0)-C;-C’-alkylene-N(R™)(R™) where R’ is hydrogen and R and
R™ are independently hydrogen, alkyl, aminoalkyl, alkylaminoalkyl, or
dialkylaminoalky]l;
[0008] In another embodiment, the method comprises administering to the patient
an effective amount of Compound A:

0 N-(3-{[(3-{[2-chloro-5-

(methoxy)phenyl]amino }quinoxalin-

Cl
N _NH 2-yl)amino]sulfonyl }phenyl)-2-
| /]: methylalaninamide
N I}IH
Ox
O//S

N
<,
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or a tautomer, zwitterion, or pharmaceutically salt thereof.
[0009] In another embodiment, Compound A is administered as a pharmaceutical
composition.
[0010] Other objects, features and advantages will become apparent from the following
detailed description. The detailed description and specific examples are given for illustration
only since various changes and modifications within the spirit and scope of the invention will
become apparent to those skilled in the art from this detailed description. Further, the
examples demonstrate the principle of the invention and cannot be expected to specifically
illustrate the application of this invention to all the examples where it will be obviously
useful to those skilled in the prior art.

BRIEF DESCRIPTION OF THE FIGURES
[0011] Figure 1 depicts the plasma pharmacokinetics observed for Compound A.

[0012] Figure 2 summarizes the results of a clinical study in patients with lymphoma.

DETAILED DESCRIPTION
Abbreviations and Definitions

[0013] The following abbreviations and terms have the indicated meanings throughout:

Abbreviation Meaning
Ac acetyl
br broad
°C degrees Celsius
Cc- 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
ElI Electron Impact ionization
g gram(s)
h or hr hour(s)
HPLC high pressure liquid chromatography
L liter(s)
M molar or molarity
m Multiplet
mg milligram(s)
MHz megahertz (frequency)

3
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Min minute(s)

mL milliliter(s)

pL microliter(s)

uM Micromole(s) or micromolar

mM Millimolar

mmol millimole(s)

mol mole(s)

MS mass spectral analysis

N normal or normality

nM Nanomolar

NMR nuclear magnetic resonance
spectroscopy

q Quartet

RT Room temperature

S Singlet

tor tr Triplet

TFA trifluoroacetic acid

THF tetrahydrofuran

TLC thin layer chromatography

[0014] The symbol “-” means a single bond, “=" means a double bond, “=" means a triple
bond, “====" means a single or double bond. The symbol “wwnr’ 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.

[0015] 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.

H H H
H
©:\Br . Br
- H
i H
H H
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[0016] If a group “R” is depicted as “floating” on a ring system, as for example in the

formula:

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.

[0017] If a group “R” is depicted as floating on a fused ring system, as for example in the

(R)y«\ﬁﬁ(l (R)y \ \
_Z 4

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

formulae:

system, assuming replacement of a depicted hydrogen (for example the -NH- in the formula
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 5-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.

[0018] When a group “R” is depicted as existing on a ring system containing saturated

. @—z

y

carbons, as for example in the formula:

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:
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HNMR

[0019] “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
invention 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.

[0020] “Alkoxy” means an -OR group where R is alkyl group as defined herein.
Examples include methoxy, ethoxy, propoxy, isopropoxy, and the like.

[0021] “Alkyl” 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.

[0022] “Alkylamino” means a -NHR group where R is alkyl, as defined herein.

[0023] “Alkylaminoalkyl” means an alkyl group substituted with one or two alkylamino
groups, as defined herein.

[0024] “Amino” means -NH,.

[0025] “Aminoalky]l” means an alkyl group substituted with at least one, specifically one,
two or three, amino groups.

[0026] “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
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.

[0027] “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.

[0028] “Dialkylaminoalkyl” means an alkyl group substituted with one or two
dialkylamino groups, as defined herein.

[0029] “Halogen” or “halo” refers to fluorine, chlorine, bromine or iodine.

[0030] “Haloalkoxy” means an -OR’ group where R’ is haloalkyl as defined herein, e.g.,

trifluoromethoxy or 2,2,2-trifluoroethoxy, and the like.
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[0031] “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)y. (nis 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(O)-, -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.
[0032] “Heteroatom” refers to O, S, N, or P.

[0033] “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,.g 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.”
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[0034] “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.

[0035] As used herein, “Compound A,” which is a compound of Formula I and of

fon
cl XLNW
NyNH HN
CLT o~ %
. N" N-] .
Formula Ia, has the following structure H o . Compound A is known

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

[0036] “Yield” for each of the reactions described herein is expressed as a percentage of
the theoretical yield.

[0037] “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.

[0038] The terms “effective amount” or “pharmaceutically effective amount” or
“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 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;

8
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(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. In one example, an
“effective amount” is the amount of Compound A or a pharmaceutically acceptable salt
thereof clinically proven to effect a significant decrease in or slowing of progression of
lymphoproliferative malignancies

[0039] A “pharmaceutically 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.
[0040] 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.

[0041] 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,

9
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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,
tromethamine, N-methylglucamine, polyamine resins, and the like. Exemplary organic bases
are isopropylamine, diethylamine, ethanolamine, trimethylamine, dicyclohexylamine,
choline, and caffeine.

[0042] “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.

[0043] “Metabolite” refers to the break-down or end product of a compound or its salt
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.
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[0044] 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
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.

[0045] “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.

[0046] As used herein, the term “about” generally indicates a possible variation of no
more than 10%, 5%, or 1% of a value. For example, “about 25 mg/kg” will generally

indicate, in its broadest sense, a value of 22.5-27.5 mg/kg, i.e., 25 £ 10 mg/kg.

Embodiments
[0047] 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.
[0048] In one embodiment, methods are provided for treating lymphoproliferative
malignancies, comprising administering to a patient an effective amount of a Compound of
Formula Ia or a pharmaceutical composition comprising a Compound of Formula Ia. In these
and other embodiments, the lymphoproliferative malignancies include chronic lymphocytic
leukemia/small lymphocytic lymphoma, Hodgkin’s lymphoma, Waldenstrom’s
macroglobulinemia, follicular lymphoma, or diffuse large B-cell lymphoma or transformed
lymphoma.
[0049] Any of the following embodiments, including the representative compounds

described below, may be used to practice any of the methods disclosed herein.
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[0050] The invention provides a method for treating breast cancer using a compound of

Formula I is a compound of Formula Ia:

Ny NH R3a
(L5~
N g

- /
H \ N(RB‘)
|

R54 R50

(0] 0-3

a

or a pharmaceutically acceptable salt thereof.

[0051] In one embodiment of the compound of Formula Ia, R!is methyl; and RSO, R52,

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.

[0052] In another embodiment, R** is -NHC(O)CH,;NH(CH3), -NHC(O)CH(CH3)NH,, -
NHC(O)C(CH3),NH,, -NHC(O)-CHIN(CH3),, -NHC(O)CH,N(CH3)CH,CH,N(CH3),, -
NHC(O)CH(NH,)CH,CH3, -NHC(O)CH,N(CH3)CH,CH,N(CHj3),, or -

NHC(O)CH(CH3)NH(CH3).
[0053] In another embodiment, the compound of Formula Ia is:
Structure Name
_0O N-(3-{[(3-{[2-chloro-5-
Cl (methoxy)phenyl]amino }quinoxalin-2-
@[ N \:[ NH yl)amino]sulfonyl }-phenyl)-N-2-
N7 NH y methylglycinamide
Ox
O//S N ”/
0
H O N-G-{I(3-{[3.,5-
N N—S CHs . ) . .
(:[ I o : N bis(methoxy)phenyl]amino }quinoxalin-
Z HN CH
N~ 'NH 3 .
e 2-yl)amino]sulfonyl }phenyl)-N-2-,N-2-
cH, -CHs dimethylglycinamide
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Structure Name
CH/O N-(3-{[(3-{[2-chloro-5-
3
ol (methoxy)phenyl]amino }quinoxalin-2-
N\:[NH yl)amino]sulfonyl }-4-methylphenyl)-N-
H . . .
N -CHs 2-,N-2-dimethylgelycinamide
b
o=, °
0}
CHs

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

alaninamide

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

methylalaninamide

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

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

13
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Structure

Name

Cl
N.__NH
N
LI
N”~ "NH
O:/é N
o
0]

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

yl)amino]sulfonyl } phenyl)glycinamide

N-(2-chloro-5-{[(3-{[2-chloro-5-
(methoxy)phenyl]amino }quinoxalin-2-
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-G5-{1(3-{[3.,5-
bis(methoxy)phenyl]amino }quinoxalin-
2-yl)amino]sulfonyl }-2-methylphenyl)-

beta-alaninamide

jo.
N NH
I X
NO I?IH H
O;S\E:LN\H/\T/
(0]

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

or a pharmaceutically acceptable salt thereof.

[0054] In another embodiment, the compound of Formula Ia is Compound A:
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_0O N-(3-{[(3-{[2-chloro-5-
Cl me(methoxy)phenyl]amino }quinoxalin-
@I N j: NH 2-yl)amino]sulfonyl }phenyl)-2-
NT NH methylalaninamide
O=

' N
(0]

or a tautomer, zwitterion, or pharmaceutically salt thereof.

Additional Embodiments

[0055] In one embodiment, the invention provides a method of treating
lymphoproliferative malignancies comprising administering to a patient in need of such
treatment an effective amount of Compound A.

[0056] In another embodiment, Compound A is administered as a 100, 150, or 200 mg

capsule.

General Administration
[0057] In one aspect, the invention provides pharmaceutical compositions comprising an
inhibitor of the PI3Ks of Formula Ia 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 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 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, intracisternally, 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.
[0058] The compositions will include a conventional pharmaceutical carrier or excipient
and a Compound of Formula Ia as the/an active agent.
[0059] 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,
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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.

[0060] 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.

[0061] 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
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.

[0062] 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.

[0063] 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.

[0064] 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
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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, (¢) 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
polyethylene glycols, sodium lauryl sulfate, or mixtures thereof. In the case of capsules,
tablets, and pills, the dosage forms may also comprise buffering agents.

[0065] 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.
[0066] 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.

[0067] 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.
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[0068] 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.

[0069] 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.

[0070] 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.

[0071] 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.

[0072] 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.

[0073] In the pharmaceutical compositions disclosed herein, the compounds of Formula I
or la, 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 I or Ia 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 50 to

400 mg per day ,100 mg to 800 mg per day, or in the range of 100 mg to 350 mg per day, or
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in the range of 200 to 700 mg per day, or in the range of 150 mg to 400 mg per day, or in the
range of 300 to 600 mg per day.

[0074] 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
may alternatively be used sequentially with known pharmaceutically acceptable agent(s)
when a combination formulation is inappropriate.

[0075] 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 for children will generally be lower due to the smaller size
and weight of children, and the doses can be adjusted according to size and weight factors, as
well as additional factors. For example, the dosage can depend on additional factors
including the requirements of the child, the severity of the condition being treated, and the
pharmacological activity of the compound being used. The determination of optimum
dosages for a particular child 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 may alternatively be used sequentially
with known pharmaceutically acceptable agent(s) when a combination formulation is

inappropriate.

General Synthesis
Synthesis of Compounds of Formula I
[0076] 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
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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 filtration, distillation, crystallization, chromatography and the like. Such materials
may be characterized using conventional means, including physical constants and spectral
data.

[0077] Unless specified to the contrary, the reactions described herein take place at
atmospheric pressure and over a temperature range from about -78 ‘o to about 150 ‘o, in
another embodiment from about 0 “o. to about 125 “0 and most specifically at about room (or
ambient) temperature, e.g., about 20 ‘0. Unless otherwise stated (as in the case of a
hydrogenation), all reactions are performed under an atmosphere of nitrogen.

[0078] 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.

[0079] 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.

[0080] 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,
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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.
[0081] Thus, compounds of Formula I
R52
R53 OR5'

R54 RSO
w! N NH
w2~ AN
I | 0
WA — [l
w4 N N—S
H |

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:

(R%)o-2

F
[
14

Both 2-hydroxy-pyridinyl and the above structure 14 include, and are equivalent to, pyridin-
2(1H)-one and its structure 15:
/(R3)0-2
L
N O
H

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

[0082] For example, one tautomer of Compound A is Compound A-1:

Hn

Compound A-1
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[0083] Another tautomer of Compound A is Compound A-2:
.0

Compound A-2
Compound A-2 is named N-(3-{[(2Z)-3-[(2-chloro-5-methoxyphenyl)amino]quinoxalin-
2(1H)-ylidene]sulfamoyl }phenyl)-2-methylalaninamide.
[0084] As would be understood by a skilled practitioner, tautomeric forms can

interconvert.

L
Oy Oj _‘@Isjgﬁ

[0085] Moreover, intermediates leading to Compounds of Formula I, as well as
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
invention, and to the extent that one structure is used to depict a zwitterionic compound, it
includes all such zwitterionic forms.

[0086] For example, one zwitterionic form of Compound A is Compound A-3

o) o)
N7 > N-<
o

Compound A-3
[0087] Another zwitterionic depiction of Compound A is Compound A-4.
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Compound A-4
[0088] Another zwitterionic depiction of Compound A is Compound A-5.

/@/ N

cl NHD
N\ NH HN
T o~ "o
N é \N S\\

Compound A-5
[0089] As would be understood by a skilled practitioner, tautomeric forms can

interconvert.

cl
NHE NH
HN HN

[0090] Moreover, interconversion can also exist between the uncharged tautomeric forms

and the zwitterionic forms.
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S N
/

Cl
N_NH HN
I\N g@ 0 S e
- 3
N NH HN
L oo~ b
e
© o)

[0091] 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

and the associated terms “Compound A” and “N-(3-{[(3-{[2-chloro-5-
(methoxy)phenyl]amino } quinoxalin-2-yl)amino]sulfonyl } phenyl)-2-methylalaninamide”
encompass all possible tautomeric and zwitterionic forms of the compound.

[0092] 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
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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.

[0093] 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 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.

[0094] 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.

[0095] 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
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K,COj; and metallic copper is known to provide intermediates of formula 1 (see S. H.
Dandegaonker and C. K. Mesta, J. Med. Chem. 1965, 8, 884).
Scheme 1

R52 RS2
R53 OR51 R53 OR51
N LG R54 RS0 R54 R50
I H Ny NH
N-S solvent, reflux O
H 1 7 1l
N~ "N-S—
Ho

[0096] Referring again to Scheme 1, an intermediate of formula 3 can be prepared by

1 1
I I B-S(0),NH; (2) w'W
7 LG base, solvent, reflux W

1

briefly heating an appropriately substituted quinoxaline (for example, commercially available

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

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
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.

[0097] 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 HCI and brine, dried over a drying agent such as sodium sulfate or magnesium sulfate,
filtered, and concentrated to give a compound of Formula I.

[0098] 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.

[0099] 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.
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Scheme 2
R52 R52
R53 OR51 R53 OR51
R54 RSO R54 RSO
N NH N NH
X X
s e
N" N i LG N™ “N-¢ NR2R
5 I(c)

In Scheme 2, LG is a leaving group such as chloro. Compound § is reacted with NHRR” or
HO—C1—C6—alkylene—NHRaRb where R* and R are independently hydrogen or alkyl. The
reaction is carried out in the presence of a base, such as KHCO3, in a solvent such as DMF.
[00100] 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.

Scheme 3

R52
R53 OR51

R54 R50

O
H 60-01-Cs-alkylene-NRaRb

I(c)
[00101] The reaction is carried out in the presence of a base such as NaH in a solvent such

as DMF.

H
>\_/<Z

[00102] 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)-C;-Ce-alkylene-N(R™)(R™) where R’, R”*, and R are as defined in the
Summary of the Invention;
ii. -NR’C(O)R™ 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;
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iv. -NR"C(0)OR" where R" and R"** are as defined in the Summary of the

Invention;

v.  -NR'™)C(0)-C;-Cs-alkylene-N(R"™)C(O)R'* where R'®, R™™, and R'™ are as

defined in the Summary of the Invention;

vi.  -N(R*™)C(0)-C,-Cs-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-Cg-alkylene-N(R**)-N(R**)(R**), where R*, R*** and R**" are as

defined in the Summary of the Invention;

1X. —NR24C(O)—C1_C6—alkylene—OR24"‘ 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(f), or 9(g):

1.  9(a)

such as Boc or Fmoc;

HOC(0)-C,-Cg-alkylene-N(R"*)(R™) where R* is R™ or a N-protecting group,

2. 9(b) HOC(O)R™,
3. 9(c) HOC(O)NR'™R'™;
4. 9(d) HOC(O)OR"™,
5. 9() HOC(0)-C;-Cg-alkylene-N(R'*)C(O)R'™®;
6. 9(f) HOC(O)-C;-Cs-alkylene-C(O)R™™,;
7. 9(g) LG-S(0),-C,.Ce-alkylene-N(R*'®)R* where R* is R*'* or a N-protecting group,
such as Boc or Fmoc.
Scheme 4
R52 R52
R53 OR51 R53 OR51
R4 R50 9(a)-9(q) R54 RS0
N~ NH Ny_-NH
LT 9 (L T e
N N-%— NHR? N H—§—NHR1°°
o O
8 I(e)
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[00103] In Scheme 4, R' in Scheme 4 is -C(O)R**, -C(O)NR'*R"'"®, -.C(0)OR'"™*, -C(0O)-
C;-Cg-alkylene-N(R"**)C(O)R ", -C(0)-C;-Cg-alkylene-C(O)R*™, or -S(0),-C;.Ce-alkylene-
N(Rﬂb)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.
[00104] 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(O)N(R')-C;-Ce-alkylene-N(R'"R';
iii. -C(O)R'? where R'? is an N-substituted heterocycloalkyl;
iv. -C(ONR'HNR"HR");
v.  -C(O)N(R'®)-C;-Cg-alkylene-C(O)OR'®; or
vi.  -C(O)N(R'")-C;-Cg-alkylene-C(O)R'*; or
can be prepared by exchanging the starting materials as necessary. In particular, the

intermediate of formula 11:

R52
R53 OR51
R54 R5O
N NH
N
(LT s
7 Il
N H—ﬁ—C(O)OH
O
11

is used instead of 8.
[00105] 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.
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Scheme 5
R52
R53 OR51
R54 R50 NHR7aR7b
N NH _
A Q LG
CLl g —~ 3
7 Il
O
12

LG is a leaving group such as bromo or chloro.

224990/11-017C-PC/332814

N R7a R7b

I()

12 is reacted with NH(R™®)R" in the

presence of a base, such as DIEA, in a solvent such as ACN.

[00106]
Scheme 6
R52
R53 OR51
R54 RSO
NH,

Compounds of Formula I can be prepared according to Scheme 6.

N LG
N
— 1]
()
o

13

LG in Scheme 6 is a leaving group such as chloro.

R52
R53 OR51
R54 R50
N NH
AN
(L e
— I
O
I(h)

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

_0

N\ NH

@E IO\\S//O N
/ 7
o

O\
amine, aniline,

hydrazine,
alkoxylamines

DIPEA/ Acetonitrile
50°C

[00107]

_0

Into a 2-dram vial was placed 2-bromo-N-(3-(N-(3-(3,5-dimethoxy-

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
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followed by the addition of Hunig’s Base (41 pL, 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 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 Library Acylation Procedure 1

_0 O e O
OYR
NyNH OH - N_NH
I Ons® HATU I Oy .0 H
N N/s/ NH, N N/s/ N.__R
O T

[00108] 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
binary solvent system of 25 mM ammonium acetate in water/acetonitrile; was used to carry
out the purification.

General Amination Procedure 1a

| (R2e) |
No  NH "N
LA L
HN™ SO | ——(R%®),s ~ HN™ 0
=
NS DMA - N N
_ \\S Mic:jowave _ \\S
N irradiation N
N H \O N H \O

[00109] 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
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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 NH4OAc/ACN to the desired product.

General Amination Procedure 1b

2e
No  NH, (R -
JE L
HN™ "0 || 5—(R*)s Q

=
N\ CCI) DMA
_ \\S Microwave \\
N N~ \\O irradiation \\
H

[00110] A CEM microwave reaction vessel was charged with N-(3-(N-(3-

chloroquinoxalin-2-yl)sulfamoyl)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.

General Acylation Procedure 2

o] o]
o L. NG
NH
NINH CI INH N\(O
©:N/ NH DIPEA (I R

DCE

MeO OMe MeO OMe
[00111]  N-(3-(NV-(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 NHsOAc/CAN. A Waters Fractionlynx preparative

reverse-phase HPLC; equipped with a Waters SunFire Prep C18, OCD 5 uM, 30 X 70 mm
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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

Tetramethyl ammonia
triacetoxyborohydride

MeO OMe DCM/DMF MeO OMe

[00112] 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
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 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 1a

0 0
Cl Cl
N\ NH o NHR'R", HATU, DIEA N\ NH o
O. .0 (0]
ClU o o O s
N N OH N H NR'R"

[00113] 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
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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
[00114] 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 tert-
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.
[00115] 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 uL, 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
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 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. 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

[00116] Crude Compound A can be prepared as described below and depicted below in

Scheme 7.
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Scheme 7. Synthesis of Compound A
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Synthesis of (N-(3-chloroquinoxalin-2-yl)-3-nitrobenzenesulfonamide):

[00117] 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 HCI 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):

[00118] A solution was prepared with 0.585 kg of 2-chloro-5-methoxyaniline-HCI, 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 were 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:

[00119] 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 HCI was 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):
[00120] Synthesis of 2-methylalanyl chloride hydrochloride. 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.

[00121] 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.

Example 1

Phase I Trial of Compound A, a Pan-Phosphatidylinositol 3 Kinase (PI3K) Inhibitor, in

Patients with Chronic Lymphocytic Leukemia (CLL) and Lymphoma
[00122] Dysregulation of the class I phosphatidylinositol 3-kinases (PI3Ks) have been
implicated in cancer pathogenesis in many cell types, and the PI3K pathway is constitutively
activated in CLL and often in other non-Hodgkin lymphomas.
[00123] Compound A is a potent and selective inhibitor of all four class I PI3K isoforms,
with IC50s (nM) of a:39, B:383, v:36, and §:23, compared to mTOR:>15000. In preclinical
xenograft model studies, Compound A inhibited phosphorylation of downstream effectors of
PI3K and inhibited tumor growth at well-tolerated doses. In vitro and in vivo, Compound 1
inhibits phosphorylation of downstream targets of PI3K, including pAKT and pEBP1.
[00124] As part of a phase 1 single agent study in solid tumors, we administered
Compound A to a dedicated expansion cohort of patients with relapsed/refractory lymphoma
and CLL. The drug was administered orally daily, with continuous dosing in monthly cycles.
A total of 15 patients were enrolled at three centers. An initial cohort of 3 patients was
enrolled, followed by a safety review, with subsequent enrollment of the remaining 12
subjects. The median age of the patients was 66 years (range 28-81), 40% were male and

60% female.
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[00125] Among the 15 patients, 33% (n=5) had refractory CLL, and 67% (n=10) had
various relapsed lymphomas, including diffuse large B-cell lymphoma (DLBCL) (n=4),
follicular lymphoma (n=2), Hodgkin lymphoma (n=2), Waldenstrom’s macroglobulinemia
(n=1), and B-cell prolymphocytic leukemia (n=1). 93% (n=14) had stage 3—4 disease.
Among 12 patients with data available, 6 (50%) had received 3 or more prior therapies, 10
(83%) had been exposed rituximab, and 11 (92%) to alkylating agents. Overall, the median
hemoglobin was 11.3g/dL (range 9.2—-14.1), and the median platelet count was 113 x 10°/ul
(range 31-470).For the 5 patients with CLL, the median starting absolute lymphocyte
count(ALC) was 1.9 x 10%/ ul (range 0.9-22.8); the median starting hemoglobin was 10.8
g/dL (range 9.2—14.1) and the median platelet count was 83 x 10*/ul (range 66-143); . Two
CLL patients had 11q deletion and one had 17p deletion. Two of 4 CLL patients tested for
IgVH status were unmutated, and two of 2 tested for ZAP70 were positive.. Four of 5 patients
with CLL had been treated with fludarabine combination chemotherapy.

[00126] The median number of treatment cycles of Compound A delivered on study was 4,
with 8 patients currently continuing on treatment. Causes of study discontinuation included
disease progression (n= 6) and a serious adverse event (n=1 with recurrent hospitalization for
pneumonia). Adverse events were infrequent, and those of any grade occurring in >10% of
patients included diarrhea, hyperglycemia, headache, and lymphopenia. Hematologic toxicity
was uncommon, with grade 3—4 neutropenia in 4/15 (26.7%), and grade 3—4
thrombocytopenia in 1/15 (6.7%). Hyperglycemia was not a significant clinical problem,
with 1 (6.7%) grade 3—4 event and 1 (6.7%) grade 1-2 event. Patients are being followed for
response and updated data will be presented. Analysis of pharmacokinetic and
pharmacodynamic data, as well as potential predictive biomarkers, is ongoing.

[00127] Compound A administered once daily inhibited PI3K pathway activation in
surrogate tissue (PBMC, hair follicle, skin) and tumor tissue from patients with solid tumors.
Compound A produced robust PI3K and ERK pathway inhibition at well-tolerated doses, and
its effect as monotherapy was found to be primarily anti-proliferative, not pro-apoptotic. The
maximum tolerated dose (MTD) was defined as 600 mg (capsule) once daily (QD) on either a
21/7 (administered continuously for 21 days followed by 7 days rest) or a continuous daily
dosing schedule. Dose-limiting toxicities were Grade 3 rash and Grade 3 hypersensitivity. A
dose-escalation study of a tablet formulation is ongoing. Ten additional patients have been
enrolled in the expansion cohort to better define the activity of Compound A, and further

studies are warranted.
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[00128] The safety and the pharmacokinetics of 600 mg of Compound A administered as a
continuous daily dosing regimen to a dedicated expansion cohort of a phase 1 trial in patients
with relapsed/refractory lymphoma and chronic lymphocytic leukemia (CLL) is described

herein.

Patients and Methods
Study Design
[00129] This was a Phase 1, open-label, non-randomized trial of Compound A given orally

as a single agent in subjects with lymphoma.

Objectives
[00130] The primary objective was to determine the safety and tolerability of Compound
A administered orally as a 600 mg capsule in subjects with lymphoma.
[00131] The secondary objectives were to determine (a) the plasma pharmacokinetics of
Compound A; and (b) the pharmacodynamic effects of Compound A on tumor tissue.
[00132] The exploratory objectives were to determine the pharmacodynamic effects of

Compound A in subjects with lymphoma.

Key Eligibility Criteria
[00133] The key eligibility include the following:
e Histologically confirmed diagnosis of relapsed or refractory lymphoma
e Measureable disease
® Adequate bone marrow function defined as:
e ANC > 1000/mm’ (CLL with ALC > 100,000/mm” required to have ANC >
500/mm’)
e Platelets > 30,000/mm3
e Hemoglobin > 8§ g/dL
e Archival or fresh tumor tissue
e No prior therapy with a selective PI3K inhibitor

e  Written informed consent.
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Results
[00134]

A total of twenty-five patients were enrolled in the lymphoma cohort. The

preliminary data is presented as of the cut-off date of September 1, 2011. Baseline

characteristics of the patients are presented in Table 1.

Table 1
Characteristic N=19
Age in years, median (range) 66 (28 — 83)
Sex, n(%)
Male 8 (42)
Female 11 (58)
Tumor Type, n(%)
CLL/SLL 7 @(37)
Diffuse large B-cell lymphoma 4 (21)
Follicular Lymphoma Grade 1-2 2(11)
Follicular Lymphoma Grade 3 1(5)
Waldenstrom’s Macroglobulinemia | 1 (5)
Hodgkin Lymphoma 2(11)
Transformed lymphoma 1(5)
Stage, n(%)
I 1(5)
II 1(5)
I 3 (16)
v 10 (53)
Missing 4 (21)
ECOG performance status, n(%)
0 5@27)
1 13 (68)
2 1(5)
Number of prior therapies within 5 3(1-9)
years, median (range)
Hematologic Parameters CLL/SLL Non CLL/SLL
Absolute lymphocyte count (109) 1.9 (0.4—-37.2) 0.7 (0.3-23.1)
Hemoglobin (g/dL) 108 (92 — 141) 114 (93 - 150)
Platelet Count (109) 87 (66 — 187) 125 (82 —470)

[00135]

are summarized in Table 2.
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Table 2

n (%) All Adverse Events Related Adverse Events®
Adverse Event® All Grades Grade > All Grades Grade > 3°
3C
Hematologic
Neutropenia 5 (26) 5 (26) 4(21) 4 (21)
Anemia 4 (21) 3(16) 1(5 0
Non-Hematologic
Diarrhea 12 (63) 1(5) 7@37) 1(5
Cough 6 (32) 1(5) 0 0
Pyrexia 5 (26) 1(5 1(5) 0
Fatigue 5 (26) 0 0 0
Abdominal Pain 4 (21) 1(5 2(11) 0
Dyspnea 4(21) 1(5) 0 0
Hyperglycemia 4 (21) 1(5) 4 (21) 1(5)
Pruritus 4 (21) 1(5) 2(11) 0
Rash 4 (21) 1(5 3(16) 1(5)

* Adverse events related to the study treatment Compound A combined with paclitaxel and
carboplatin

® MedDRA v. 12.1 Preferred Terms (converted to US spelling)

¢ NCI-CTCAE v. 3.0 grading

[00136] Study treatment details for the nineteen subjects are summarized in Table 3.

Table 3
Median duration of treatment, weeks (range)* 16 (2 -48)
Chronic lymphocytic leukemia (n=7) 20(9-29)
Diffuse-large B-cell lymphoma (n=4) 6(2-18)
Other (n=7) 16 (4 — 48)
Patients requiring dose modification due to toxicityT, n (%) 7 (37)
Hyperglycemia 1(5)
Neutropenia 2(11)
Rash 1(5)
Fever/hypotensiond 1(5)
Respiratory infectionz: 1(5)
More than 1 event in the same patient 1(5)
Diarrhea
Fever/pneumonia
Fever/pneumonia/sepsis/ileus/fluid overload:
[Discontinuation of treatment, n (%)
Disease progression 8 (42)
Investigator discretion 1(5)

*Data not available for one patient
TOne event per patient unless stated otherwise
¥ Unrelated to study drug

[00137] Table 4 summarizes the best response in patients evaluated for efficacy (N=11)".

11567344.2 41




Table 4.

Malienanc a Complete Partial Stable | Progressive
& Y Response | Response | Disease Disease

CLL/SLL 5 5

Follicular ) )

Lymphoma

Waldenstrom’s 1 1

Macroglobulinemial

Transformed | 14

Lymphoma

Hodgkin c

Lymphoma 2 ! !

CLL, chronic lymphocytic leukemia; SLL, small lymphocytic lymphoma

“Patients with disease assessments after cycle 2 (8 weeks) of Compound 1 600mg capsule
once daily. Responses were assessed by the investigators.

® Three patients had a nodal response (decreased lymphadenopathy and increased
lymphocytosis) and remain on treatment (n=2 in cycle 11 and n=1 in cycle 6); one patient
with stable disease (<50% reduction in adenopathy and persistent lymphocytosis) is currently
in cycle 7.

¢ Complete response at cycle 14 and remains on treatment

4 Stable disease currently in cycle 9

¢ Stable disease currently in cycle 10

[00138] Figure 1 depicts the plasma pharmacokinetics observed for Compound A. The
mean (SD plasma concentration of Compound A in cycle 1, on Days 1 and 28 after 600 mg
Compound A oral doses.) Figure 1 indicates that drug exposure in the lymphoma patients
who were enrolled in the study was similar to that seen previously in patients with solid
tumors after 600 mg daily doses. The mean (CV %) accumulation (AUC) on day 28 was
approximately 11.2-fold (88.1%), in eight patients. There was inter-patient variability, and
the geometric mean was 7.6 fold.

[00139] The results demonstrate that Compound A is well-tolerated in patients with
lymphoma and CLL and is active in CLL and low-grade lymphomas. The observed

pharmacokinetic profile is similar to that seen in patients with solid tumors.

[00140] 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
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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 of treating a lymphoproliferative malignancy in a human patient in need of

such treatment, comprising administering to the patient an effective amount of Compound A

_0O N-(3-{[(3-{[2-chloro-5-
Cl (methoxy)phenyl]amino }quinoxalin-
N_NH 2-yl)amino]sulfonyl }phenyl)-2-
| /:[ methylalaninamide
N ITIH
s

N
(0]

or a tautomer, zwitterion, or pharmaceutically salt thereof, wherein the Compound A or

pharmaceutically acceptable salt thereof is administered at a continuous once daily dose.

2. The method of claim 1, wherein the Compound A or pharmaceutically acceptable salt

thereof is administered at a continuous once daily dose in capsule form of about 600 mg.

3. The method of claim 1, wherein the Compound A or pharmaceutically acceptable salt
thereof is administered at a continuous once daily dose in tablet form of about 200 to about

600 mg.

4 The method of claim 1, wherein the Compound A or pharmaceutically acceptable salt

thereof is administered at a continuous once daily dose in tablet form of about 400 mg.

5. The method of any of claims 1-4, wherein the patient fasts prior to the administration.

6. The method of any of claims 1-5, wherein the lymphoproliferative malignancy is
chronic lymphocytic leukemia/small lymphocytic lymphoma, Hodgkin’s lymphoma,
Waldenstrom’s macroglobulinemia, follicular lymphoma, or diffuse large B-cell lymphoma

or transformed lymphoma.

7. The method of any of claims 1-6, wherein the lymphoproliferative malignancy is

relapsed or refractory.
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8. The method of any of claims 1-7, wherein the effective amount 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.
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ABSTRACT
Methods are provided for treating breast cancer to a patient in need of such treatment,

comprising administering a compound of formula Ia as described herein.

R52
R53 OR51
R54 R50
N\ NH R3a
| o —
N/ N g
- /,
Ho N\ %L
o} (R%)o.3
Ia
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REIVINDICACIONES

1. Un método para el tratamiento de una
neoplasia linfoproliferativa en un paciente humano en
necesidad de dicho tratamiento, comprendiendo la
administracidén a un paciente de una cantidad efectiva del

Compuesto A

H-(3-{[(3-{[2-cloro-5—-

cl (metoxi) fenil]aminolquinoxalin

L
Ll -Z2-ilo)aminc]sulfonilo}fenil) -
NN

O=g H 2-metilalaninamida

o un tautdémero, zwitteridn o sal
farmacéuticamente aceptable del mismo, en donde el
Compuesto A o la sal farmacéuticamente aceptable del mismo

se administra en una dosis uUnica diaria continua.

2. E1l método de la reivindicacidn 1,
caracterizado porque el Compuesto A o) la sal
farmacéuticamente aceptable del mismo se administra en una
dosis Unica diaria en forma de capsula de alrededor de 600

mng.
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3. E1l método de la reivindicacidn 1,
caracterizado porque el Compuesto A o) la sal
farmacéuticamente aceptable del mismo se administra en una
dosis Unica diaria en forma de comprimido de alrededor de
200 mg a 600 mg.

4, El método de la reivindicacidn 1,
caracterizado porque el Compuesto A o} la sal
farmacéuticamente aceptable del mismo se administra en una
dosis Unica diaria en forma de comprimido de alrededor de
400 mg.

5. El método de cualquiera de las
reivindicaciones 1-4, caracterizado porque el ©paciente
ayuna antes de la administraciédn.

6. El método de cualquiera de las
reivindicaciones 1-5, caracterizado porque la neoplasia
linfoproliferativa es leucemia linfocitica crénica/linfoma
linfocitico pequefio, linfoma de Hodgkin, macroglobulinemia
de Waldenstrom, linfoma folicular o linfoma difuso de
células B grande o linfoma transformado.

7. El método de cualquiera de las
reivindicaciones 1-6, caracterizado porque la neoplasia
linfoproliferativa es recaida o refractaria.

8. El método de cualquiera de las
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89

reivindicaciones 1-7, caracterizado porque la cantidad
efectiva produce al menos un efecto terapéutico
seleccionado del grupo que consiste de reduccidn de tamaio
de un tumor, reduccidédn en la metdstasis, remisidn total,
remisidén parcial, enfermedad estable, aumento en la tasa de

respuesta global, o una respuesta patoldgica completa.
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N-(3—-{[(3-{[2-CLORO-5- (METOXI) FENIL] AMINO}
QUINOXALIN-2-IL) AMINO] SULFONIL} FENIL)-2-
METILALANINAMIDA COMO INHIBIDOR DE
FOSFATIDILINOSITOL 3-QUINASA PARA EL TRATAMIENTO

DE NEOPLASIAS LINFOPROLIFERATIVAS

REFERENCIA CRUZADA A SOLICITUDES RELACIONADAS

La presente solicitud reivindica el beneficio de
prioridad de 1la solicitud provisional de EUA N° 61/553,
990, presentada el 1 de noviembre del 2011, y la solicitud
provisional de EUA N° 61/568, 189, presentada el 8 de
diciembre de 2011, todo el <contenido de la cual se

incorporan aqui por referencia.

ANTECEDENTES

Las neoplasias malignas linfoproliferativas,
incluyendo linfomas % leucemia linfocitica, tumores
malignos son comunes con una incidencia de aproximadamente
93.000 casos nuevos al anio en los Estados Unidos.

Las modalidades de tratamiento que se estan

desarrollando para el tratamiento de estos céanceres se
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estdn cumpliendo con diferentes niveles de éxito. Por
ejemplo, entre los mas de 30 subtipos de linfoma no Hodgkin
(LNH), el linfoma de células del manto (MCL) representa el
3 por ciento a 10 por ciento de los casos. MCL se puede
tratar en el diagndéstico o la repeticidén con varios
regimenes quimioterapéuticos. Aunque el prondstico esta
mejorando dado a estos avances en el tratamiento, la
mediana de supervivencia global sigue siendo 4.8 anos.

El linfoma folicular (LF) es un LNH de células B
indolentes comun que constituye aproximadamente el 20 por
ciento de todos los casos de linfoma recién diagnosticados
y aproximadamente el 70 por ciento de todos los LNH
indolentes. Al igual que muchos linfomas, esta aumentando
en incidencia, con mas de 24.000 nuevos casos
diagnosticados cada ano. Mientras que hay un numero cada
vez mayor de las modalidades de tratamiento disponibles
para FL, incluyendo radioinmunoterapia solo o) en
combinacidén con la gquimioterapia, asi como el trasplante de
médula &ésea, muchos pacientes FL desarrollan la enfermedad
resistente al tratamiento o la recaida debido a mecanismos
de escape moleculares.

La leucemia linfocitica <crénica De células B

(CLL) es el tipo mas comun de leucemia en adultos en los
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Estados Unidos, con aproximadamente 15.000 nuevos casos
cada ano. Segun la Organizacidédn Mundial de la Salud (OMS),
la CLL es idéntico (es decir, una enfermedad en diferentes
etapas) a la madura periférica neoplasia de células B
linfoma linfocitico pequefio (SLL). A pesar de las diversas
opciones de tratamiento, CLL/SLL avanzada es una enfermedad
progresiva y una vez sintomaticos, los pacientes tienen un
periodo relativamente corto de supervivencia global, dgque
van desde 18 meses a 6 aios, con un 22.5 por ciento a 10
anhos la expectativa de supervivencia.

Como resultado, existe una necesidad continua de
agentes clinicamente efectivos para el tratamiento de
neoplasias malignas linfoproliferativas, incluyendo
leucemia linfocitica crénica linfoma linfocitico pequeio,
linfoma de Hodgkin, macroglobulinemia de Waldenstrom, el
linfoma folicular, o linfoma difuso de células B o linfoma
transformado.

BREVE DESCRIPCION DE LA INVENCION

Por consiguiente, en un aspecto, se proporcionan
métodos para el tratamiento de trastornos

linfoproliferativos, que comprende administrar a un
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paciente una cantidad terapéuticamente eficaz de un

compuesto de férmula Ia en necesidad de tal tratamiento.

RS2

R ORH
R R
@IN:INH Ed!.
ORI ’ltRﬁus
Ia

o una sal farmacéuticamente aceptable del mismo,
en el que:

R’ es hidrégeno;

R’ es metil;

R’? es hidrégeno;

R>® es hidrégeno o alcoxi; y

R es hidrégeno, algquil, alcoxi, o halo, o R°® y
R junto con los carbonos a los cuales estd unido forman un
heteroarilo de 6 miembros; vy

R’ es halo o metil; vy

R’® es-N(R’)C(0)-C,-Cf-alquileno-N(R'®) (R’®) donde
R’ es hidrégeno y R’® vy

R son independientemente hidrégeno, alquil,
aminoalquil, alguilaminoalquil, o

Dialguilaminoalquil;
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En otra modalidad, el método comprende la
administracién al patente de wuna cantidad efectiva del

Compuesto A:

-0 N- (3-{[(3-{[2-cloro-5-

(metoxi)fenil]aminolquinoxalin

cl
N. .NH
@ I -2-ileo)amino]sulfonilo}fenil) -
N ™ H
OES N Z-metilalaninamida
PO

o) un tautodémero, zwitteridn, o una sal
farmacéuticamente de los mismos.

En otra modalidad, el Compuesto A se administra
como una composicién farmacéutica.

Otros objetos, caracteristicas vy ventajas se
hardn evidentes a partir de la siguiente descripcidn
detallada. La descripcidén detallada vy los ejemplos
especificos se dan sdélo para ilustracidén ya que diversos
cambios y modificaciones dentro del espiritu y alcance de
la invencidén se hardn evidentes para los expertos en la
técnica a partir de esta descripcidn detallada. Ademas, los

ejemplos demuestran el principio de la invencidén y no se



puede esperar para ilustrar especificamente la aplicacién
de esta invencidén para todos los ejemplos en los que sera

obviamente Util para los expertos en la técnica anterior.

5 BREVE DESCRIPCION DE LAS FIGURAS

La figura 1 muestra farmacocinética plasmatica
observadas para el compuesto A.
La figura 2 resume los resultados de un estudio

10 clinico en pacientes con linfoma.

DESCRIPCION DETALLADA

Abreviaturas y Definiciones

15 Las siguientes abreviaturas y términos tienen el

significado indicado en todo el documento:

20
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Abreviaturas

Significado

il s Grados Celsius
C— Ciclo

d Doblete
Dd Doblete de deoblete
Dt Doblete de triplete

DME 1,2 dimetoxietan
DMA Dimetilacetamida

Sulfoxido de dimetilc

| P

(difenilfosfanc) ferrocceno

el ctron

in

im

L*)

Hora(s)

HELC

Cromatografia liguida de

Pre310n

itro(s)

Molar o molaridad




=

Multiplete

mg Miligramo(s)

MH= Megahertz (frecuencia)

Min Minuto (s)

mL Mililitro(s

uM Micromcl (s) o micromolar

T Milimolar

mmo 1l Milimole (s)

mol Mole (=)

M5 Analisis espectral de masa

N Normal o normalidad

10

nM Nancmolar

u-

HME Eapectroscopia de resonanci

magnética nuclear

q Trimestr

il

RT Temperatura ambiente

5 singlet

L o LE Triplete
15 - i
IFA Acido triflucroacético

THF Tetrahidrofuranc

TLC Cromatografia d

b
L]
£
L
&

delgada

El simbolo "-" significa un enlace sencillo, "="

20 significa un doble enlace, "=" significa un triple enlace,

significa un enlace sencillo o doble. El simbolo se
refiere a un grupo en un doble enlace como

ocupando cualquier posicidén en la terminal de un doble



10

15

20

enlace al que el simbolo esta wunido; es decir, la

geometria, E-o Z-, del doble enlace es ambigua. Cuando un

grupo estd representado retirado de su férmula A= me _Iz,
[T ~ - & ”
el simbolo o se utilizan al final de la fianza que se

escinde en teoria, con el fin de separar el grupo en su
férmula estructural de la matriz.

Cuando las estructuras quimicas se representan o
describen, a menos que se indique explicitamente 1lo
contrario, todos los atomos de carbono se supone que tienen
sustitucién de hidrdégeno para ajustarse a una valencia de
cuatro. Por ejemplo, en la estructura en el lado izquierdo
del siguiente esquema, hay nueve hidrdgenos implicados. Los
nueve hidrdégenos se representan en la estructura de la
derecha. A veces, un atomo particular en una estructura se
describe en foérmula textual como teniendo un hidrdégeno o
hidrdégenos como sustitucidn (hidrdégeno expresamente
definido), por ejemplo,-CH,CH,-. Se entiende por un experto
normal en la técnica que las técnicas descriptivas
mencionadas anteriormente son comunes en las técnicas
quimicas para proporcionar brevedad y simplicidad a 1la

descripcidn de las estructuras complejas de lo contrario.

HHH
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Si un grupo "R" se representa como "flotando" en

un sistema de anillo, como por ejemplo en la fdédrmula:

1
R-—"@/

Entonces, a menos que se defina lo contrario, un
sustituyente "R" puede residir en cualquier atomo del
sistema de anillo, suponiendo que la sustitucidédn de un
hidrdégeno representado, implicado, o expresamente definido

de uno de los atomos en el anillo, siempre y cuando se

forma una estructura estable.

'[Rhm/\ (R)y N
- Z !
H , Or HN\I>_ ;J or {Hh_:bl\

Entonces, a menos que se defina lo contrario, un
sustituyente "R" puede residir en cualquier atomo del
sistema de anillos condensados, suponiendo el reemplazo de
un hidrdégeno representado (por ejemplo el-NH-en la fdérmula
anterior), hidrégeno implicado (por ejemplo como en la
férmula de arriba, donde no se muestran los hidrdgenos pero
entiende que estar presentes), o hidrdégeno expresamente
definido (por ejemplo, cuando en la férmula anterior, "z"

es igual a =CH-) de uno de los atomos en el anillo, siempre
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y cuando una estructura estable es formada. En el ejemplo
representado, el grupo "R" puede residir ya sea en el de 5
miembros o el anillo de 6 miembros del sistema de anillo
condensado. En la fdérmula descrita anteriormente, cuando vy
es 2, por ejemplo, entonces los dos "R" puede residir en
cualquiera de los dos 4atomos del sistema de anillos, de
nuevo asumiendo cada reemplaza un hidrégeno representado,
implicita o expresamente definido en el anillo.

Cuando un grupo "R" se representa como
existente en un sistema de anillo gque contiene carbonos

saturados, como por ejemplo en la férmula:

¥

donde, en este ejemplo, "y" puede haber mas de
uno, suponiendo que cada reemplaza un hidrdégeno actualmente
representado, 1implicita o expresamente definido en el
anillo; entonces, a menos que se defina lo contrario, donde
la estructura resultante es estable, dos "R" pueden residir
en el mismo carbono. Un ejemplo simple es cuando R es un
grupo metil; puede existir un dimetil geminal en un carbono
del anillo representado (un carbono "anular"). En otro
ejemplo, dos R en el mismo carbono, incluyendo ese carbono,

pueden formar un anillo, creando de este modo un anillo
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espirociclico (un grupo "espirociclil") estructura con el

anillo representado como por ejemplo en la fdédrmula:

HN

"Administracién" vy variantes de la misma (por
ejemplo, "administrar™ un compuesto) en referencia a un
compuesto de la invencién significa introducir el compuesto
o un profdrmaco del compuesto en el sistema del animal en
necesidad de tratamiento. Cuando un compuesto de la
invencién o profdrmaco del mismo se proporciona en
combinacién con uno o mads de otros agentes activos,
"administracidén" y sus variantes son cada uno entiende que
incluye la introduccidén concurrente y secuencial del
compuesto o profdrmaco del mismo y otros agentes.

"Alcoxi" significa un grupo O-donde R es un grupo
alquilo como se define en el presente documento. Los
ejemplos incluyen metoxi, etoxi, propoxi, isopropoxi, vy
similares.

"Alguilo" significa un radical lineal de uno a
seis adtomos de carbono o un radical de tres a 6 atomos de
carbono, por ejemplo, metil, etilo, propilo, 2-propilo,
butilo (incluyendo todas las formas isoméricas), o

hidrocarburo monovalente saturado ramificado de
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hidrocarburo saturado monovalente pentilo (incluyendo todas
las formas isoméricas), y similares.

"Alguilamino" significa un grupo-NHR donde R es
alquilo, como se define en el presente documento.

"Alguilaminoalquilo" significa un grupo alquilo
sustituido con uno o dos grupos algquilamino, tal como se
define en el presente documento.

"Amino" significa-NH,.

"Aminoalquilo" significa un grupo alquilo
sustituido con al menos un, especificamente uno, dos o
tres, grupos amino.

"Arilo" significa un radical monovalente de seis
a catorce miembros, anillo mono-o bi-carbociclico, en donde
el anillo monociclico es aromatico y al menos uno de los
anillos en el anillo biciclico es aromdatico. A menos que se
indique 1lo contrario, la valencia del grupo puede estar
situada en cualgquier 4dtomo de cualgquier anillo dentro de
las reglas de valencia, radicales de permisos. Los ejemplos
representativos incluyen fenilo, naftilo, indanilo vy, vy
similares.

"Dialquilamino"™ significa a-NRR' en donde 1los
radicales R y R' son alquilo como se define en el presente

documento, o un derivado de N-6xido, o un derivado
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protegido del mismo, por ejemplo, dimetilamino,
dietilamino, N, N-metilpropiloamino o N,N-metiletiloamino, vy
similares.

"Dialquilaminoalquilo" significa un grupo alquilo
sustituido con uno o dos grupos dialquilamino, tal como se
define en el presente documento.

"Halégeno" o "halo" se refiere a fluor, cloro,
bromo o yodo.

"Haloalcoxi" significa "grupo en el que R 'un-0
es haloalquilo como se define aqui, por ejemplo,
trifluorometoxi o 2,2,2-trifluorocetoxi, y similares.

"Heterocarilo" significa un anillo monociclico,
biciclico fusionado, o triciclico fusionado, radical de 5 a
14 4&dtomos en el anillo gque contienen uno o mas,
especificamente uno, dos, tres, o cuatro heterodtomos en el
anillo seleccionados independientemente entre-0—,
monovalente—,-S(0)y—(n es 0, 1, o 2),-N-,-N (R*)-, vy los
atomos de anillo restantes siendo carbono, en el que el
anillo gue comprende un radical monociclico es aromdtico vy
en el que al menos uno de los anillos fusionados que
comprende un radical biciclico o triciclico es aromatico.
Uno o dos atomos de carbono en el anillo de cualquier

anillos no aromdticos que comprenden un radical biciclico o
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triciclico pueden estar reemplazados por un grupo-C(O)-,-—
C(S)-, o —-C(=NH)-grupo. R* es hidrdégeno, alquilo, hidroxi,
alcoxi, acilo, o alquilsulfonilo. Fundida radical biciclico
incluye sistemas de anillos puenteados. A menos dque se
indique lo contrario, 1la valencia puede estar situado en
cualquier atomo de cualquier anillo del grupo heterocarilo,
reglas de valencia de permisos. Cuando el punto de valencia
se encuentra en el nitrdégeno, R* es ausente. Mas
especificamente, el término heteroarilo incluye, pero no se
limita a, 1,2,4-triazolilo, 1,3,5-triazolilo, ftalimidilo,
piridinilo, pirrolilo, imidazolilo, tienilo, furanilo,
indolilo, 2,3-dihidro-1H-indolilo (incluyendo, por ejemplo,
2,3-dihidro-1H- indol-2-ilo o 2,3-dihidro-1H-indol-5-ilo, vy
similares), isoindolilo, indolinilo, isoindolinilo,
bencimidazolilo, benzodioxol-4-ilo, benzofuranilo,
cinnolinilo, indolizinilo, naftiridin-3-ilo, ftalazin-3-
ilo, ftalazin-4-il, pteridinilo, purinilo, gquinazolinilo,
quinoxalinilo, tetrazolilo, pirazolilo, pirazinilo,
pirimidinilo, piridazinilo, oxazolilo, isoxazolilo,
oxadiazolilo, benzoxazolilo, gquinolinilo, isoquinolinilo,
tetrahidroisoquinolinilo (incluyendo, por ejemplo,
tetrahidro-isoquinolin-4-ilo o tetrahidroisoquinolin-6-ilo,

y similares), pirrolo [3,2-c] piridinilo (incluyendo, por
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ejemplo, pirrolo [3,2-c] piridin-2-ilo o pirrolo [3,2-c]
piridin-7-ilo, y similares), benzopiranilo, tiazolilo,
isotiazolilo, tiadiazolilo, benzotiazolilo, benzotienilo, vy
los derivados de los mismos, o N-6xido o un derivado
protegido del mismo.
"Heterodtomo"se refiere a O, S, N, o P.

"Opcional" u "opcionalmente" significa que pueden O no
producirse el evento o circunstancia descrito
posteriormente, y que la descripcidén incluye casos en 1los
que dicho suceso o circunstancia ocurre y casos en que no
lo hace. ©Uno de experiencia ordinaria en la técnica
entenderdn que la con respecto a cualquier molécula
descrita como que contiene uno o mas sustituyentes
opcionales, sdblo estéricamente prdcticos y/o sintéticamente
factibles compuestos estdn destinados a ser incluidos.
"Opcionalmente sustituido" se refiere a todos los
modificadores posteriores en un plazo. Asi, por ejemplo, en
el plazo sustitucidén opcional se puede producir tanto en la
parte de "ariloC;_g alquilo" vy la parte de la molécula
"ariloCi;_galquilo”, opcionalmente sustituido puede o no
puede estar sustituido. Una lista de sustituciones
opcionales ejemplares se presenta a continuacidén en 1la

definicidén de "sustituido".
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"Composicidn farmacéutica" comprende 1) un
compuesto de Fdérmula I o un solo isdmero del mismo, donde
el compuesto es opcionalmente como una sal
farmacéuticamente aceptable vy, ademdas, opcionalmente en
forma de hidrato y, ademds, opcionalmente como un solvato
del mismo; y 2) un vehiculo farmacéuticamente aceptable,
excipiente, o diluyente.

Como se aqui en el presente documento, "compuesto

A", gque es un compuesto de Fdérmula I y de

4 e

%Lm

Q..

o
[zI%I“{o -
e C)
La férmula Ia, tiene la siguiente estructura
Compuesto A se conoce por su nombre quimico N—-(3-{[(3-{[2-

cloro-5-(metoxi)fenil]amino}quinoxalin-2-

ilo)amino]sulfonilo}fenil)-N-2-metilalaninamida. Como se
comenta en mds detalle a continuacidén, el compuesto puede
existir en varias formas tautoméricas o de ion hibrido. Por
consiguiente, como se USA en el presente documento los
términos "Compuesto A" y "N—(3—-{[(3—-{[2-cloro-5-
(metoxi)fenil]amino}lquinoxalin-2-ilo)amino]sulfonil}fenil) -
2-metilalaninamida" abarca todas las posibles formas

tautdémeras y de ion hibrido del compuesto.
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“Rendimiento" para cada una de las reacciones
descritas en la ©presente memoria se expresa como un
porcentaje del rendimiento tedrico.

"Paciente" para los fines de la presente
invencién incluye seres humanos % otros animales,
particularmente mamiferos, vy otros organismos. Asi, los
métodos son aplicables tanto a la terapia humana vy
aplicaciones veterinarias. En una modalidad preferida, el
paciente es un mamifero, y en una modalidad més preferida
el paciente es humano.

Los términos "cantidad eficaz" o "cantidad
farmacéuticamente eficaz" o "cantidad terapéuticamente
eficaz" se refieren a una cantidad suficiente de un agente
para proporcionar el resultado bioldgico, terapéutico, y/o
profildctico deseado. Ese resultado puede ser la reduccidn,
mejora, paliacidén, disminuyendo, de retardo, y/o alivio de
uno o més de los signos, sintomas o causas de una
enfermedad, o cualquier otra alteracidén deseada de un
sistema Dbioldgico. En referencia al cdancer, una cantidad
eficaz comprende una cantidad suficiente para causar un
tumor para reducir el tamafio y/o para disminuir la tasa de
crecimiento del tumor (tal como para suprimir el

crecimiento del tumor) o para prevenir o retrasar otra
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proliferacidén celular no deseada. En algunas modalidades,
una cantidad eficaz es una cantidad suficiente ©para
retrasar el desarrollo. En algunas modalidades, una
cantidad eficaz es una cantidad suficiente para prevenir o
retrasar la recurrencia. Una cantidad eficaz puede ser
administrada en una o méas administraciones. La cantidad
eficaz del farmaco o composicidén puede : (i) reducir el
numero de células cancerosas; (i1i) reducir el tamaho del
tumor; (iii) inhibir, retrasar, ralentizar en cierta
medida, y preferiblemente detener la infiltracidén de
células cancerosas en dérganos periféricos; (iv) inhibir (es
decir, ralentizar en cierto grado vy preferiblemente
detener) la metdstasis tumoral; (v) inhibir el crecimiento
tumoral; (vi) prevenir o retrasar la aparicién vy/o
reaparicidén del tumor; y/o (vii) aliviar en cierta medida
uno o mas de los sintomas asociados con el cancer. En un
ejemplo, una "cantidad eficaz " es la cantidad de Compuesto
A o una sal farmacéuticamente aceptable del mismo
clinicamente probado para efectuar una disminucidn
significativa en o ralentizacidén de la progresidén de
neoplasias malignas linfoproliferativas

Una "sal farmacéuticamente aceptable" de un

compuesto significa una sal que es farmacéuticamente
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aceptable y que posee la actividad farmacoldgica deseada
del compuesto original. Se entiende que las sales
farmacéuticamente aceptables no son tdéxicas. Informacidn
adicional sobre sales farmacéuticamente aceptables
adecuadas se puede encontrar en Pharmaceutical Sciences de
Remington, 172 ed., Mack Publishing Company, Easton, PA,
1985, qgue se incorpora aqui por referencia o SM Berge, et
al., "Pharmaceutical Salts," J. Pharm. Sci., 1977; 66:1-19
ambos de los cuales se incorporan aqui por referencia.
Ejemplos de sales de adicidén de acido
farmacéuticamente aceptables incluyen 1las formadas con
dcidos 1inorgédnicos tales como é&cido <clorhidrico, é&acido
bromhidrico, acido sulfurico, acido nitrico, acido
fosférico, vy similares; asi como 4&acidos organicos tales
como acido acético, acido trifluoroacético, dcido
propidénico, &cido hexanoico, 4acido ciclopentanopropidnico,
dcido glicdélico, éacido piruvico, éacido 1léctico, éacido
oxdlico, 4&cido maleico, &cido maldnico, 4&acido succinico,

dcido fumdrico, 4&cido tartdrico, «citrico 4dcido, acido

benzoico, &cido cindmico, 3-(4-hidroxibenzoil) benzoico,
dcido mandélico, dcido metanosulfdénico, dcido
etanosulfdnico, acido 1,2-etanodisulfdnico, acido 2-

hidroxietanosulfénico, &dcido Dbencenosulfdénico, 4&acido 4-



10

15

20

21

clorobencenosulfénico, 2-naftalenosulfdnico dcido, d&acido 4-

toluenosulfdénico, dcido canforsulfdnico, acido
glucohepténico, 4,4"'-metilenebis-(3-hidroxi-2-eno-1-
carboxilico), acido3-fenilpropidnico, acido

trimetilacético, acido butilacético terciario, &acido lauril
sulfurico, acido glucédnico, acido glutédmico, acido
hidroxinaftoico, 4dcido salicilico, 4&acido estedrico, acido
mucdénico, 4&cido p- toluenosulfdnico, y éacido salicilico vy
similares.

Ejemplos de sales de adicién de una base
farmacéuticamente aceptables incluyen las formadas cuando
un protdédn Aacido presente en el compuesto original se
reemplaza por un ion metdlico, tal como sodio, potasio,
litio, amonio, calcio, magnesio, hierro, zinc, cobre,
manganeso, aluminio sales y similares. Sales preferibles
son las sales de amonio, potasio, sodio, calcio, y sales de
magnesio. Las sales derivadas de Dbases farmacéuticamente
aceptables organicas no téxicas incluyen, pero no se
limitan a, sales de aminas primarias, secundarias, Vy
terciarias, aminas sustituidas incluyendo aminas
sustituidas naturales, aminas ciclicas y resinas de
intercambio idénico basicas. Los ejemplos de bases organicas

incluyen isopropilamina, trimetilamina, dietilamina,
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trietilamina, tripropilamina, etanolamina, 2—
dimetilaminoetanol, 2-dietilaminoetanol, diciclohexilamina,
lisina, arginina, histidina, cafeina, procaina,
hidrabamina, colina, betaina, etilendiamina, glucosamina,
metilglucamina, teobromina, purinas, piperazina,
piperidina, N-etilpiperidina, trometamina, N-—
metilglucamina, resinas de poliamina, vy similares. Bases
orgéanicas ejemplares son isopropilamina, dietilamina,
etanolamina, trimetilamina, diciclohexilamina, colina, vy
cafeina.

"Profarmaco" se refiere a compuestos dque se
transforman (tipicamente rdpidamente) in vivo para producir
el compuesto parental de las foérmulas anteriores, por
ejemplo, por hidrdlisis en la sangre. Los ejemplos comunes
incluyen, pero no se limitan a, formas de éster y amida de
un compuesto que tiene una forma activa que lleva un resto
de acido carboxilico. Ejemplos de ésteres farmacéuticamente
aceptables de los compuestos de esta invencidén incluyen,
pero no se limitan a, ésteres de alquilo (por ejemplo con
entre aproximadamente uno y aproximadamente seis carbonos)
el grupo alquilo es una cadena lineal o ramificada. Los
ésteres aceptables también incluyen ésteres de cicloalquilo

y ésteres de arilalquilo tales como, pero no limitados a



10

15

20

23

bencilo. Los ejemplos de amidas farmacéuticamente
aceptables de 1los compuestos de esta invencidén incluyen,
pero no se limitan a, amidas primarias, y amidas de alquilo
secundarios % terciarios (por ejemplo con entre
aproximadamente uno y aproximadamente seis carbonos). Las
amidas y ésteres de los compuestos de la presente invencidn
se pueden preparar de acuerdo con métodos convencionales.
Una discusidén detallada de profdrmacos se proporciona en T.
Higuchi vy V. Stella, "Profdrmacos como Novel Delivery
Systems", Vol. 14 de 1la AEC. Symposium Series, y en
Bioreversible Carriers in Drug Design, ed. Edward B. Roche,
American Pharmaceutical Association y Pergamon Press, 1987,
ambos de los cuales se incorporan aqui por referencia para
todos los propdsitos.

“Metabolito" se refiere al producto de
descomposicién o al final de un compuesto o su sal
producida por el metabolismo o la biotransformacidén en el
cuerpo animal o humano; por ejemplo, la biotransformacidn a

una molécula mas polar tal como por oxidacién, reduccidn, o

hidrdélisis, o a un conjugado (véase Goodman y Gilman, " The
Pharmacological Basis of Therapeutics," 8.sup.th Ed.,
Pergamon Press, Gilman et al. (eds), 1990 para una

discusidén de la biotransformacidén). Tal como se usa en el
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presente documento, el metabolito de un compuesto de la
invencidén o su sal puede ser la forma bioldgicamente activa
del compuesto en el cuerpo. En un ejemplo, un profdrmaco
puede ser utilizado de tal manera que la forma
bioldgicamente activa, un metabolito, se libera in vivo. En
otro ejemplo, un metabolito bioldgicamente activo se
descubrié por casualidad, es decir, no se realizdé un disefio
profdrmaco per se. Un ensayo para la actividad de un
metabolito de un compuesto de 1la presente invencidn es
conocida para un experto en la técnica a la luz de la
presente descripcidn.

A menos que se indique lo contrario, "tratar" o
"tratamiento" de una enfermedad, trastorno, o sindrome,
como se USA en el ©presente documento, significa la
inhibicién de 1la enfermedad, trastorno, o sindrome, es
decir, detener su desarrollo; vy aliviar 1la enfermedad,
trastorno, o sindrome, es decir, provocar la regresidén de
la enfermedad, trastorno, o sindrome. Como se conoce en la
técnica, en el contexto del tratamiento, los ajustes para
sistémica frente a la administracidén localizada, la edad,
peso corporal, salud general, sexo, dieta, tiempo de
administracidén, la interaccidén de farmacos y la gravedad de

la condicidn puede ser necesario, y ser comprobable con
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experimentacién rutinaria por un experto normal en la
técnica.

“Prevencidén" significa la prevencidén de la
enfermedad, trastorno, o sindrome se produzca en un ser
humano, es decir, que los sintomas clinicos de 1la
enfermedad, trastorno, o sindrome no se desarrollen en un
animal qgue puede estar expuesto o predispuesto a la
enfermedad, trastorno, o) sindrome pero que ain  no
experimenta o muestra sintomas de la enfermedad, trastorno,
o sindrome.

Como se usa aqui, el término "aproximadamente" en
general, indica una posible variacién de no mads de 10%, 5%,
o 1% de un valor. Por ejemplo, "aproximadamente 25 mg/kg"

generalmente 1le indicarda, en su sentido més amplio, un

valor de 22.5 a 27.5 mg/kg, es decir, 25+10 mg/kg.

Modalidades

Los siguientes parrafos presentan un numero de
modalidades que se pueden utilizar ©para practicar 1la
invencidén. En cada caso, la modalidad incluye tanto 1los
compuestos citados, asi como los isdmeros individuales vy

mezclas de isdmeros. Ademds, en cada caso, la modalidad
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incluye las sales farmacéuticamente aceptables, hidratos,
y/o solvatos de los compuestos enumerados y cualesquiera
isdmeros individuales o mezclas de isdmeros de los mismos.

En una modalidad, se proporcionan métodos para el
tratamiento de neoplasias malignas linfoproliferativas, que
comprende administrar a un paciente una cantidad eficaz de
un compuesto de férmula Ia o una composicidén farmacéutica
que comprende un compuesto de fédrmula Ia. En estas y otras
modalidades, los tumores linfoproliferativos incluyen
leucemia linfocitica crénica/linfoma linfocitico pequefio,
linfoma de Hodgkin, macroglobulinemia de Waldenstrom, el
linfoma folicular, o linfoma difuso de células B o linfoma
transformado.

Cualquiera de las siguientes modalidades,
incluyendo los compuestos representativos descritos a
continuacidén, se puede utilizar para practicar cualqgquiera

de los métodos descritos en este documento.

Compuestos de la fdérmula la
La invencidén proporciona un método para el
tratamiento de cédncer de mama usando un compuesto de

féormula I es un compuesto de Férmula Ia:
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o una de sus sales farmacéuticamente aceptables.

En una modalidad del compuesto de la Férmula la,
R’ es metil; y R’?, R°?), y R> son hidrégeno y R’* es halo o
alcoxi o R°?, R°?, y R° son hidrégeno y R”® es alcoxi; o un
solo esteroisdmero o mezcla de esteroisdmeros de los
mismos.

En otra modalidad, R>? es—-NHC (0) CH,NH (CH3) , —
NHC (0) CH (CH;) NH,, —-NHC (0) C (CH3) ,NH,, -NHC (0) —=CHIN (CHs) 5, —
NHC (0) CH,N (CH3) CH,CH,N (CH3) 2, -NHC (0) CH (NH;) CH,CH3, —
NHC (0) CH,N (CH3) CH,CH,N (CH3) 2, o—-NHC (0)CH (CHs)NH (CHs) .

En otra modalidad, el compuesto de la Férmula Ia

es:
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Hombre

H-{3-{[(3-{[2-cloro-5-
(metoxi)fenil]amino}guinoxalin-Z2-
ilojamino]sulfonilo}fenil)-N-2-

metilalaninamida

H-(3-{[(3-{[3,5-
bis(metoxi)fenil]amino}guinoxalin
-2-ilojamino]sulfonilo}fenil)-N-

2—, N-2 dimetilglicinamida

M- (3-{[(3-{[2-cloro-5-

(metoxi) fenil]amino}lgquinoxalin-2-

"QJHH ilojamino]lsulfonilo}-4-
oo il PO yorpierim
N metilfenil) -H-2-H-2
N o i
ﬁ'b dimetilglicinamida
CHy
) HN-({3-{[({3-{[2-cloro—-5-
el (metoxi)fenil]amino}lquinoxalin-2-
N NH ilojaminc]sulfonilo}fenil) -L-
QX -
N NH N alamida
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H-{3-{[({3-[[2-cloro-5-

{metoxi) feniljaminoc}quinoxalin-2-
ilo)amino]sulfonileo)}fenil)-H-2-
[2-={dimetilaminc)etil] -N-2-

metilglicinamida

H-({3-{[(3-{[2-cloro-5—
(metoxi) fenil]aminolquinoxalin-2-
ilojamino]sulfonilo}fenil) -H-2-H-

Z2-dimetilglicinamida

H-{3-{[(3-{[2-cloro-5-
(metoxi)fenil]lamino}lguinoxalin-2-
ilojamino]lsulfonilo}fenil)glicina

mida

HN-{2-cloro-5{[({3-]{[2-cloro-5-
(metoxi)feniljaminolquinoxalin-2-
ilo)amino]sulfonilo)}fenil)-H-2-

metilglicinamida

H-(5-{[(3-{[3,5-
bis(metoxi)fenil]aminclquinoxalin-

Z-ilojamino]sulfonilol}fenil)-N-2-
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metilglicinamida

H-({5-{[(3-{[3,5-
bis(metoxi) fenil]aminc}lquinoxalin
-2-ilg)amino]sulfonilc}fenil)-2-

metilfenil)-beta-alaninamida

H-(5-{[{3-{[2-clora-5-
{metoxi) fenil Jaminolguinoxalin-2-
ilojamino]sulfonilol} fenil) - 2-
metilfenil)-N-2-,H-2-

dimetilglicinamida

o una de sus sales farmacéuticamente aceptables.

En otra modalidad,

el Compuesto A:

G

e
L,
%gj[;rnﬁ}ﬁm

H-{3-{[(3-{[2-cloro-5-
me (metoxXi) fenil]aminolgquinoxalin-
2-ilojamino]sulfonilo}fenil)-2-

metilalaninamida

o un tautdémero,

zwitteridn,

o0 una sal

farmacéuticamente de los mismos.

el compuesto de férmula Ia es
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Modalidades adicionales

En una modalidad, la invencidén proporciona un
método de tratamiento de las neoplasias malignas
linfoproliferativas que comprende administrar a un paciente
en necesidad de tal tratamiento una cantidad eficaz del
Compuesto A.

En otra modalidad, Compuesto A se administra como

una 100, 150, o 200 mg de capsula.

Administracién General

En un aspecto, la invencién proporciona
composiciones farmacéuticas que comprenden un inhibidor de
las PI3K de la férmula Ia y un vehiculo farmacéuticamente
aceptable, excipiente, o diluyente. En ciertas otras
modalidades especificas, la administracién es por via oral.
La administracién de los compuestos de Fdérmula Ia, o sus
sales farmacéuticamente aceptables, en forma pura o en una
composicién farmacéutica apropiada, puede llevarse a cabo a
través de cualquiera de los modos aceptados de
administracidén o agentes que sirven utilidades similares.
Por 1lo tanto, el compuesto de fdérmula Ta se puede

administrar en las mismas o separadas vehiculos. La
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administracidén puede ser, por ejemplo, por via oral, nasal,
parenteral (intravenosa, intramuscular, o) subcutdnea),
tdépica, transdérmica, intravaginal, intravesical,
intracisternal, o rectal, en forma de polvo sdélido, semi-
s6lido liofilizado, o de dosificacidén liquida formas, tales
como por ejemplo, tabletas, supositorios, pildoras,
capsulas blandas elasticas y duras de gelatina, polvos,
soluciones, suspensiones, o aerosoles, o similares,
especificamente en formas de dosificacidén unitarias
adecuadas para la administracidén simple de dosis precisas.

Las composiciones incluirén un vehiculo o)
excipiente farmacéutico convencional vy un compuesto de
férmula Ia como un/el agente activo.

Los adyuvantes incluyen agentes conservantes,
humectantes, de suspensidén, edulcorantes, aromatizantes,
perfumantes, emulsionantes, vy dispersantes. Prevencidén de
la accidén de microorganismos puede asegurarse mediante
diversos agentes antibacterianos y antifiangicos, por
ejemplo, parabenos, clorobutanol, fenol, 4&cido sérbico, vy
similares. También puede ser deseable incluir agentes
isotdénicos, por ejemplo azucares, cloruro de sodio, Vy
similares. La absorcidédn prolongada de la forma farmacéutica

inyectable puede ser provocada por el uso de agentes que
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retrasan la absorciédn, por ejemplo, monoestearato de
aluminio y gelatina.

Si se desea, una composicidén farmacéutica de la
invencién también puede contener cantidades menores de
sustancias auxiliares tales como agentes humectantes o
emulsionantes, agentes tamponantes del pH, antioxidantes, vy
similares, tales como, por ejemplo, acido citrico,
monolaurato de sorbitan, oleato de triethanolamina,
butiloated hidroxitolueno, etc.

La eleccién de la formulacidén depende de varios
factores tales como el modo de administracién del farmaco
(por ejemplo, para la administracioén oral, las
formulaciones en forma de comprimidos, pildoras o capsulas)
y la Dbiodisponibilidad de la sustancia de féarmaco.
Recientemente, las formulaciones farmacéuticas han sido
desarrolladas especialmente para farmacos que muestran
pobre biodisponibilidad basado en el principio de que la
biodisponibilidad puede aumentarse aumentando el drea
superficial es decir, la disminucidén del tamano de
particula. Por ejemplo, la Patente de EUA N° 4.107.288
describe una formulacién farmacéutica que tiene particulas
en el rango de tamafio de 10 a 1.000 de ejecucidén en la que

el material activo estda soportado sobre una matriz
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reticulada de macromoléculas. La Patente de EUA N°
5.145.684 describe la produccién de una formulacidn
farmacéutica en la que la sustancia de fdrmaco se pulveriza
a nanoparticulas (tamafio medio de particula de 400 NRN) en
presencia de un modificador de superficie vy luego se
dispersa en un medio liquido para dar una formulacidn
farmacéutica que exhibe notablemente alto
biodisponibilidad.

Las composiciones adecuadas para inyeccién
parenteral pueden comprender estériles acuosas O no
acuosas, soluciones, dispersiones, suspensiones o
emulsiones fisioldgicamente aceptables, y polvos estériles
para la reconstitucidén en soluciones o dispersiones
inyectables estériles. Los ejemplos de vehiculos acuosos y
no acuosos, diluyentes, disolventes o vehiculos incluyen
agua, etanol, polioles (propiloeneglIcol,
polietiloeneglicol, glicerol, % similares), mezclas
adecuadas de los mismos, aceites vegetales (tales como
aceite de oliva) y ésteres organicos inyectables tales como
etilo oleato. La fluidez apropiada puede mantenerse, por
ejemplo, por el uso de un recubrimiento tal como lecitina,
mediante el mantenimiento del tamafio de particula requerido

en el caso de dispersiones y por el uso de tensiocactivos.
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Una ruta especifica de administracién es la oral,
utilizando un régimen conveniente de dosis diaria que puede
ajustarse de acuerdo con el grado de severidad de 1la

enfermedad-estado a tratar.

Las formas de dosificacidén sélidas para
administracioén oral incluyen capsulas, comprimidos,
pildoras, polvos, y granulos. En tales formas de

dosificacién sdlidas, el compuesto activo se mezcla con al
menos un excipiente inerte habitual (o vehiculo) tal como
citrato de sodio o fosfato dicdlcico o (a) <cargas o
extendedores, como por ejemplo, almidones, lactosa,
sacarosa, glucosa, manitol, y dcido silicico, (b)

aglutinantes, como por ejemplo, derivados de celulosa,

almidén, alginatos, gelatina, polivinilopyrrolidone,
sacarosa, y goma arabiga, (c) humectantes, como por
ejemplo, glicerol, (d) agentes disgregantes, como por

ejemplo, agar—-agar, carbonato de calcio, almiddén de patata
o de tapioca, é&cido alginico, <croscarmelosa de sodio,
silicatos complejos, y carbonato sdédico, (e) retardadores
de la solucidén, como por ejemplo parafina, (f) aceleradores
de la absorcidén, como por ejemplo, amonio cuaternario
compuestos, (g) agentes humectantes, como por ejemplo,

alcohol cetilo y monoestearato de glicerol, estearato de
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magnesio y similares (h) adsorbentes, como por ejemplo,
caolin y bentonita, y (i) lubricantes, como por ejemplo,
talco, calcio estearato, estearato de magnesio, glicoles
polietiloene sdélidos, sulfato de laurilo de sodio, o
mezclas de los mismos. En el caso de cdpsulas, comprimidos,
y pildoras, 1las formas de dosificacidédn también pueden
comprender agentes tamponantes.

Formas de dosificacidédn sdlidas como se ha
descrito anteriormente se pueden preparar con
recubrimientos y cubiertas, tales como recubrimientos
entéricos y otros bien conocidos en la técnica. Pueden
contener agentes de pacificacidén, y también pueden ser de
una composicién tal que liberen el compuesto o compuestos
activos en una cierta parte del tracto intestinal de una
manera retardada. Los ejemplos de composiciones embebidas
que pueden usarse son sustancias poliméricas y ceras. Los
compuestos activos también pueden estar en forma
microencapsulada, si es apropiado, con uno o mas de los
excipientes mencionados anteriormente.

Formas de dosificacidén liquidas para
administracidén oral incluyen emulsiones farmacéuticamente
aceptables, soluciones, suspensiones, Jjarabes, y elixires.

Tales formas de dosificaciédn se preparan, por ejemplo,
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disolviendo, dispersando, etc, un compuesto (s) de la
invencidén, o una sal farmacéuticamente aceptable de 1los
mismos, y adyuvantes farmacéuticos opcionales en un
portador, tales como, por ejemplo, agua, solucidén salina,
dextrosa acuosa, glicerol, etanol vy similares; agentes
solubilizantes y emulsionantes, como por ejemplo, etilo de
alcohol, el alcohol isopropilo, carbonato de etilo, etilo
de etilo, alcohol benzilo, benzoato de benzilo,
propiloeneglicol, 1,3-butiloeneglicol, dimetilformamida;
aceites, en particular, aceite de semilla de algoddn,
aceite de cacahuete, aceite de germen de maiz, aceite de
oliva, aceite de ricino vy aceite de sésamo, glicerol,
alcohol tetrahidrofurfurilo, polietiloeneglicols y ésteres
de acidos grasos de sorbitan; o mezclas de estas
sustancias, vy similares, para formar de este modo una
solucidén o suspensiodn.

Las suspensiones, ademés de los compuestos
activos, pueden contener agentes de suspensidn, como por
ejemplo, etoxiloatado isostearilo alcoholes, sorbitol
polioxietiloeno % ésteres de sorbitan, celulosa
microcristalina, metahidroxida de aluminio, bentonita,
agar—agar y tragacanto, o mezclas de estas sustancias, vy

similares.
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Las composiciones para administraciones rectales
son, por ejemplo, supositorios que pueden prepararse
mezclando los compuestos de la presente invencidn con, por
ejemplo, excipientes o vehiculos tales como manteca de
cacao, polietiloeneglicol o una cera de supositorio, que
son soélidos a no irritante adecuado las temperaturas
ordinarias pero liquido a la temperatura corporal y por 1lo
tanto, se funden mientras que en una cavidad corporal
adecuada y liberan el componente activo de las mismas.

Las formas de dosificacidén para administracidn
tépica de un compuesto de esta invencidén incluyen
ungientos, polvos, pulverizaciones, e inhalantes. E1l
componente activo se mezcla en condiciones estériles con un
vehiculo fisioldégicamente aceptable % cualquier
conservante, tampdn o propulsor que puedan ser necesarios.
Las formulaciones oftdlmicas, pomadas oculares, polvos vy
soluciones también se contemplan como dentro del alcance de
esta invencién.

Los gases comprimidos pueden utilizarse para
dispersar un compuesto de esta invencidén en forma de
aerosol. Los gases 1inertes adecuados para este propdsito

son el nitrdégeno, didéxido de carbono, etc.
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Generalmente, dependiendo del modo pretendido de
administracidn, las composiciones farmacéuticamente
aceptables contendrédn aproximadamente 1% a aproximadamente
99% en peso de un compuesto (s) de la invencidén, o una sal
farmacéuticamente aceptable del mismo, y 99% a 1% en peso
de un excipiente farmacéutico adecuado. En un ejemplo, la
composicidédn serd entre aproximadamente 5% y aproximadamente
75% en peso de un compuesto (s) de la invencidén, o una sal
farmacéuticamente aceptable del mismo, siendo el resto
excipientes farmacéuticos adecuados.

Los métodos reales para preparar tales formas de
dosificacidén son conocidos, o serdn evidentes, para los
expertos en esta técnica; por ejemplo, véase Pharmaceutical
Sciences de Remington's, 182 ed., (Mack Publishing Company,
Easton, PA, 1990) . La composicién a administrar, en
cualquier caso, contener una cantidad efectiva de un
compuesto de la invencidén, o una sal farmacéuticamente
aceptable del mismo, para el tratamiento de un estado de
enfermedad de acuerdo con las enseflanzas de esta invencién.

En las composiciones farmacéuticas descritas en
el presente documento, los compuestos de Férmula I o Ia, o
sus sales farmacéuticamente aceptables o solvatos, se

administran en una cantidad eficaz que variard dependiendo
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de una variedad de factores incluyendo la actividad del
compuesto especifico empleado, la estabilidad metabdlica y
la duracién de accidédn del compuesto, la edad, peso
corporal, salud general, sexo, dieta, modo y tiempo de
administracién, velocidad de excreciédn, combinacién de
farmacos, la gravedad de los estados de enfermedad
particulares, y el huésped sometido a terapia. Los
compuestos de Férmula I o Ia pueden administrarse a un
paciente a niveles de dosificacidén en el intervalo de
aproximadamente 0,1 a aproximadamente 1000 mg por dia, o en
el intervalo de 50 a 400 mg por dia, 100 mg a 800 mg por
dia, o en el intervalo de 100 mg a 350 mg por dia, o en el
intervalo de 200 a 700 mg por dia, o en el intervalo de 150
mg a 400 mg por dia, o en el intervalo de 300 a 600 mg por
dia.

Para un adulto humano normal gque tiene un peso
corporal de aproximadamente 70 kilogramos, una dosificacidn
en el intervalo de aproximadamente 0.01 a aproximadamente
100 mg por kilogramo de peso corporal por dia es un
ejemplo. La dosificacién especifica usada, sin embargo,
puede variar. Por ejemplo, la dosificacidén puede depender
de un numero de factores, incluyendo los requerimientos del

paciente, la gravedad de 1la condicidén que estd siendo
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tratada, vy la actividad farmacoldégica del compuesto dgue
estéa siendo utilizado. La determinacién de las
dosificaciones éptimas para un paciente particular es bien
conocida para un experto normal en la técnica. Si se
formula como una dosis fija, tales productos de combinacidn
emplean los compuestos de esta invencidédn dentro del
intervalo de dosificacidén descrito anteriormente y el otro
agente farmacéuticamente activo (s) dentro de los rangos de
dosificacién aprobado. Los compuestos de Férmula Ia,
alternativamente, se pueden usar secuencialmente con agente
farmacéuticamente aceptable conocido (s) cuando una
formulacién de combinacidén es inapropiada.

Para un adulto humano normal gque tiene un peso
corporal de aproximadamente 70 kilogramos, una dosificacidn
en el intervalo de aproximadamente 0.01 a aproximadamente
100 mg por kilogramo de peso corporal por dia es un
ejemplo. La dosis especifica wutilizada para los nifos
generalmente serd menor debido al menor tamaho y peso de
los nifos, y las dosis pueden ser ajustadas de acuerdo a
factores de tamafio y peso, asi como factores adicionales.
Por ejemplo, la dosificacidédn puede depender de factores
adicionales, incluyendo los requisitos del nino, la

gravedad de la condicidén que estd siendo tratada, y la
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actividad farmacoldégica del compuesto que estd siendo
utilizado. La determinacidén de las dosificaciones optimas
para un nifo en particular es bien conocida para un experto
normal en la técnica. Si se formula como una dosis fija,
tales productos de combinacidén emplean los compuestos de
esta invencidén dentro del intervalo de dosificacidn
descrito anteriormente y el otro agente farmacéuticamente
activo (s) dentro de los rangos de dosificacién aprobada.
Los compuestos de Férmula Ia, alternativamente, se pueden
usar secuencialmente con agente farmacéuticamente aceptable
conocido (s) cuando wuna formulacién de combinacidén es

inapropiada.

Sintesis General

Sintesis de los Compuestos de la Férmula I.

Los materiales de partida y reactivos utilizados
en la preparacién de estos compuestos o bien estéan
disponibles a partir de proveedores comerciales tales como
Aldrich Chemical Co. (Milwaukee, WI), o Bache (Torrance
CA), o se preparan por métodos conocidos por los expertos
en la materia siguientes procedimientos establecidos en

referencias tales como Fisher y Reactivos de Fisher for
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Organic Synthesis, volumenes 1-17 (John Wiley and Sons,
1991); Quimica de 1los compuestos de carbono de Rod,
Volumenes 1-5 y Complementarios (Elsevier Science
Publishers, 1989); Organic Reactions, volumenes 1-40 (John
Wiley and Sons, 1991), Advanced Organic Chemistry de marzo,
(John Wiley and Sons, 4@ edicidén) y de Alerce Comprehensive
Organic Transformations (VICHI Publishers 1Inc., 1989) .
Estos esquemas son meramente ilustrativos de algunos
métodos por los que los compuestos de esta invencidn pueden
ser sintetizados, y diversas modificaciones de estos
esquemas se pueden hacer y se sugerirdn a los expertos en
la técnica gque haya referido a esta divulgacidén. Los
materiales de partida y 1los productos intermedios de 1la
reaccidén pueden ser aislados y purificados si se desea
usando técnicas convencionales, incluyendo pero no limitado
a filtracidén, destilacidn, cristalizacidn, cromatografia vy
similares. Tales materiales pueden ser caracterizados
usando medios convencionales, incluyendo constantes fisicas
y datos espectrales.

A menos qgue se especifique lo contrario, las
reacciones descritas en la presente tienen lugar a presiodn
atmosférica % en un intervalo de temperatura de

aproximadamente -78°0 a aproximadamente 150°0, en otra
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modalidad de alrededor de 0°© a aproximadamente 125 y mas
especificamente a aproximadamente habitacidén (o ambiente)
la temperatura, por ejemplo, aproximadamente 20°0. A menos
que se 1indique lo contrario (como en el caso de un
hidrogenacién), todas las reacciones se realizan bajo una
atmésfera de nitrdgeno.

Los profdrmacos se pueden preparar por técnicas
conocidas para un experto en la técnica. Estas técnicas
generalmente modifican los grupos funcionales apropiados en
un compuesto dado. Estos grupos funcionales modificados
regeneran grupos funcionales originales mediante
manipulacidédn rutinaria o in vivo. Las amidas y ésteres de
los compuestos de la presente invencidn se pueden preparar
de acuerdo con métodos convencionales. Una discusidn
detallada de profdrmacos se proporciona en T. Higuchi y V.
Stella, "Profarmacos como Novel Delivery Systems," Vol. 14
de la AEC Symposium Series, y en Bioreversible Carriers in
Drug Design, ed. Edward B. Roche, American Pharmaceutical
Association y Pergamon Press, 1987, ambos de los cuales se
incorporan aqui por referencia para todos los propdsitos.

Los compuestos de la invencidén, o sus sales
farmacéuticamente aceptables, pueden tener atomos de

carbono asimétricos o adtomos de nitrdgeno cuaternizados en
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su estructura. Los compuestos de Férmula I gue se pueden
preparar a través de las sintesis descritas en el presente
documento pueden existir como estereoisdmeros individuales,
racematos, y como mezclas de enantidmeros y diasteredmeros.
Los compuestos también pueden existir como isdmeros
geométricos. Todos estos estereoisdmeros individuales,
racematos y mezclas de los mismos, e isdmeros geométricos
se pretende que estén dentro del alcance de esta invencidn.

Algunos de los compuestos de la invencidén pueden
existir como tautdmeros. Por ejemplo, cuando estd presente
una cetona o aldehido, 1la molécula puede existir en 1la
forma enol; donde una amida estd presente, la molécula
puede existir como el &dcido imidico; y donde una enamina
estd presente, la molécula puede existir como una imina.
Todos los tautdmeros tales estédn dentro del alcance de la
invencién, y en la medida en que una estructura se utiliza
para describir un compuesto, que incluye todas estas formas
tautdmeras.

Por lo tanto, los compuestos de la férmula I

R52
R% OR®"
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pueden existir como tautdmeros. En particular, el anillo B

en el Compuesto de la Férmula I o B puede ser 2-hidroxi-

5 piridinilo, también descrito como su estructura:
sz)M
|
N OH
14.
10 Tanto 2-hidroxi-piridinilo como la anterior

estructura 14 incluyen, y son equivalentes a, piridin-

2(1H)-ona y su estructura 15:

/<R3)w
T
N "0
H
15 15.

Sin importar qué estructura o terminologia se
use, cada tautdmero se incluye dentro del alcance de 1la
invencién.

20 Por ejemplo, un tautdmero del Compuesto A es el

Compuesto A-1:
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Compuesto A-1

Otro tautdédmero del Compuesto A es el Compuesto A-

EOQ\
Cl
N -NH HN;%fLNHz
C[NI\N_‘%’O ©
H o

Compuesto A-2

10

El compuesto A-2 se llama N-—(3-{[(22)-3-[(2-
cloro-5-metoxifenilo)amino]gquinoxalin—-2 (1H) -

15 ilideno]sulfamoil}fenilo)—-2-metilalaninamida.

Como se entenderia por un practicante experto,
las formas tautoméricas pueden interconvertirse.

-0
20

\Q\ )

cl NH \Q\m

N._NH HNXL z N._NH HNXL N2
X ¢ — L8
e | O = i} o
N N-§ N N-§

i
H 0] O

Mas aun, los intermedios que llevan a 1los



10

20

48

Compuestos de la Férmula I, asi como los Compuestos de la
Férmula I en si, se pueden recuperar como moléculas sin
carga o zwitteridnicas, o sales catidénicas tales como sodio
o potasio, dependiendo de las sustituciones en el anillo B
y en las condiciones de la reaccidn. Todas dichas formas
zwitteridnicas estan dentro del alcance de la invencidn, vy
al alcance qgue una estructura sea usada para ilustrar un
compuesto zwitteridénico, incluye todas dichas formas
zwitteridnicas.

Por ejemplo, una forma zwitteridnica del

Compuesto A es el Compuesto A-3

Compuesto A-3

Otra ilustracidén zwitteridnica del Compuesto A es

el Compuesto A-4.
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Compuesto A-4
Otra ilustracidén zwitteridnica del Compuesto A es

el Compuesto A-5.

10 Compuesto A-5
Como se entenderia por un practicante experto,

las formas tautoméricas pueden interconvertirse.

15 @N,IN_ 45:@ o

20
Mas aun, la interconversidén también puede existir
entre las formas tautoméricas sin carga y las formas

zwitteridnicas.
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0

Cl
-0
e O o
-~ o]
et v
e o

Sin importar qué estructura o terminologia se

cada tautdémero o zwitteridén se incluye dentro del

use,
alcance de la invencién. Por lo tanto, como se usa aqui, 1la
estructura
N
cl NH;
NiNH HN
O o}
e
S
H o
y los términos asociados “Compuesto A” y “N—(3-{[(3-{[2-
cloro-5-(metoxi)fenilo]lamino}quinoxalin—-2-
abarcan

il)amino]sulfonil} fenilo)-2-metilalaninamida”

todas las formas tautoméricas y zwitteridnicas posibles del
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compuesto.

La presente invencidén también incluye derivados
de N-6xido vy derivados protegidos de compuestos de 1la
Férmula I. Por ejemplo, cuando los compuestos de la férmula
I contienen un 4atomo de nitrdégeno oxidable, el 4&tomo de
nitrdédgeno se puede convertir en un N-6xido por métodos bien
conocidos en la técnica. Cuando los compuestos de la
féormula I contienen grupos tales como hidroxi, carboxi,
tiol o cualgquier grupo que contenga un Adtomo(s) de
nitrdégeno, estos grupos pueden ser protegidos con un “grupo
protector” adecuado o “grupo de proteccidén”. Una lista
exhaustiva de grupos ©protectores adecuados se puede
encontrar en IW Greene, Protective Groups 1in Organic
Synthesis, John Wiley & Sons, Inc. 1991, cuya divulgacidn
se incorpora en el presente documento por referencia en su
totalidad. Los derivados protegidos de los compuestos de la
féormula I se pueden preparar por métodos bien conocidos en
la técnica.

Los métodos para la preparacidén y/o separacidn y
aislamiento de estereoisdmeros individuales a partir de
mezclas racémicas o mezclas no racémicas de estereoisdmeros
son bien conocidos en la técnica. Por ejemplo, isdmeros (R)

y  (S) 6pticamente activos se pueden preparar usando
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sintones quirales o reactivos quirales, o resolverse usando
técnicas convencionales. Los enantidmeros (isdmeros R y S3)
pueden resolverse por métodos conocidos por uno de
habilidad normal en la técnica, por ejemplo por: formacidn
de sales diastereoisoméricas o complejos que pueden
separarse, por ejemplo, por cristalizacidn; a través de la
formacién de derivados diastereoisoméricos que pueden
separarse, por ejemplo, por cristalizacién; reaccién
selectiva de un enantidémero con un reactivo especifico de
enantidémero, por ejemplo oxidacidén o reduccidn enzimatica,
seguido de separacidén de los enantidmeros modificados y no
modificados; o cromatografia de gas-liquido o ligquida en un
entorno quiral, por ejemplo sobre un soporte quiral, tal
como silice con un ligando quiral unido o en presencia de
un disolvente quiral. Se apreciara que cuando un
enantiémero deseado se convierte en otra entidad gquimica
mediante uno de los procedimientos de separacidén descritos
anteriormente, un paso adicional puede ser necesario para
liberar la forma enantiomérica deseada. Alternativamente,
el enantidémero especifico se puede sintetizar mediante
sintesis asimétrica usando reactivos Oépticamente activos,
sustratos, catalizadores o disolventes o convirtiendo en

enantidémero al otro por transformacidén asimétrica. Para una
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mezcla de enantidémeros enriquecida en un enantidmero
particular, el componente de enantidmero principal se puede
enriquecer adicionalmente (con pérdida concomitante en el
rendimiento) por recristalizacidn.

Ademéds, pueden existir los compuestos de la
presente invencidén en formas no solvatadas asi como
solvatadas con disolventes farmacéuticamente aceptables
tales como agua, etanol, vy similares. En general, las
formas solvatadas se consideran equivalentes a las formas
no solvatadas para los propdsitos de la presente invencidn.

En los ejemplos que siguen, a menos gue se
especifique lo contrario, la forma final del compuesto se
supone que la molécula que es no cargada en la ausencia de
técnicas analiticas gque se habrian determinado de otra
manera. Los compuestos de la Férmula I se pueden preparar
usando métodos conocidos por un experto normal en la
técnica o a partir del compuesto de la fdérmula 1 como se
representa en el Esquema 1 a continuacidén. Los compuestos
de la férmula I se pueden preparar partiendo del compuesto
1 mediante la fusidén de reactivos apropiados a 180°C en
presencia de una base tal como K,CO3; y cobre metdlico que se
sabe que proporciona compuestos intermedios de la férmula 1

(ver SH Dandegaonker y CK Mesta, J. Med. Chem. 1965, 8§,
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884) .

Esquema 1

f;rw I ]W
| 1
w'SANAC BsoN e WI I

#

n
W o=

base, solvente, 'Ef].\.j
N LG! olvente, reflujo

1 rwé{t’

Haciendo referencia nuevamente al Esquema 1, un
intermedio de la fdérmula 3 se puede preparar al calentar
brevemente una quinoxalina adecuadamente sustituida (por
ejemplo, 2,3-dicloroquinoxalina comercialmente disponible)
y una sulfonamida adecuadamente sustituida de la fdérmula 2
wl-® - | |

° (que estan disponibles comercialmente o se pueden
preparar por uha persona con conocimientos ordinarios en la
materia), una base tal como K,CO3, en un disolvente, tal
como DMF o DMSO. A la terminacidén (aproximadamente 2
horas), la mezcla de reaccidén se vierte entonces en agua y
seguida por 2 N HCl. El producto se extrae entonces en un
disolvente tal como acetato de etilo y se lava con agua y
salmuera. Las capas orgdanicas se combinan y se secan sobre
un agente de secado tal como sulfato de sodio, se filtran,
y se concentran a vacio para proporcionar un compuesto de
la férmula 3.

El intermedio de la férmula 3 se trata a
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continuacidén con un compuesto intermedio de la férmula 4 en
un disolvente tal como DMF o p-xileno a temperatura de
reflujo. Tras la finalizacidén de la reaccidn
(aproximadamente 16 horas o menos), la reaccidén se deja
enfriar, se extrae en DCM, se lava con 2 N HCl y salmuera,
se seca sobre un agente de secado tal como sulfato de sodio
o sulfato de magnesio, se filtra, y se concentra para dar
un compuesto de la férmula I.

Alternativamente, otros métodos ©para preparar
derivados de qgquinoxalina son conocidos para un experto en
la técnica e incluyen, pero no se limitan a S.V.
Litvinenko, V.I. Savich, D.D. Bobrovnik, Chem. Heterocycl.
Comp. (Traduccién al Inglés), 1994, 30, 340 y W.C. Lumma,
R.D. Hartman, J. Med. Chem. 1981, 24, 93.

Los compuestos de la férmula I donde B es fenilo
sustituido con R donde R*® es alquilamino o dialquilamino
o B es heteroarilo sustituido con R donde R es amino,
alquilamino, o dialguilamino, y todos los demds grupos son
como se definen en la Breve Descripcidén de la Invencidn se

pueden preparar de acuerdo con el Esquema 2.
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Esquema 2

R RS2
R% OR%' R% OR®

R* R R%®
N_-NH
CLX e @ 1
N H_{S', L —.—NR’R‘“

En el esquema 2, LG es un grupo de salida tal
como cloro. El compuesto 5 es reaccionado con NHR®R® o HO-
C1-Cg¢—alquileno-NHRR®, en donde R? y R son
independientemente hidrégeno o alquilo. La reaccidén se
lleva a cabo en la presencia de una base, tal como KHCO;,
en un disolvente tal como DMF.

Los compuestos de la Fdérmula I en donde B es
fenilo sustituido con R3a en donde R** es aminoalquiloxi,
alquilaminocalquiloxi, o dialgquilaminoalquiloxi o B es
heteroarilo sustituido con R® en donde R’ es aminoalquiloxi,
alquilaminocalquiloxi, o dialquilaminocalquiloxi, y todos los
otros grupos son como se define en la Breve Descripcidn de
la Invencidn, se pueden preparar de acuerdo con el Esquema

3.
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Esquema 3

RS2
RSB ORS!

R RS0

—_— (;I%IME
N H-go-c,-cs-amunm-NRaRb
Ic)

La reaccién se lleva a cabo en la presencia de
una base tal como NaH en un disolvente tal como DMF.

Los compuestos de la Foérmula I en donde B es
fenilo sustituido con R*® o B es heteroarilo sustituido con
R’ en donde R*® y R® son:

i. -N(R’)C(0)-Ci1-Cg-alquileno-N(R'®) (R”®) en donde
R’, R, yv R® son como se define en la Breve Descripcién de
la Invencidn;

ii. —NR9C(O)R9a en donde R’ es como se define en
la Breve Descripcién de la Invencidn;

iii. -NRM™C(O)NR'™® R'™ en donde R, R'Y?, y R'YP
son como se define en la Breve Descripcidn de la Invencidn;

iv. -NR™C(0)OR™® en donde R™ y RY son como se
define en la Breve Descripcidén de la Invencidn;

V. -N(R*®*)C(0)-C1-Cs-alquileno-N(R'*®)c(0)R'®  en
donde Rw, le, y R'®® son como se define en la Breve

Descripcidén de la Invencidn;
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vi. -N(R?°)C(0)-Ci-C¢—alquileno-C(0)R?’® en donde
R*® v R?°® son como se define en la Breve Descripcién de la
Invencidn;

vii. -NR?'S(0),-Ci-Cs—alquileno-N(R***)R?'® en donde
R**, R?'?, y R?® son como se define en la Breve Descripcién
de la Invencidn;

viii. —-N (R?*?)C (0) -Cop—-Cg—alquileno-N (R*?) -
N (R??°) (R***), en donde R*?), R**® y R??® son como se define en
la Breve Descripcién de la Invencidn;

ix. -NR?**C(0)-C;_Cg—alquileno-OR?**® en donde R?** vy
R**® son como se define en la Breve Descripcién de la
Invencidn;

y en donde el alquileno en R* y R*® son
independientemente opcionalmente sustituidos como se
describe en 1la Breve Descripcién de la Invencidén y se
pueden preparar de acuerdo con el Esquema 4 al
reaccionarlos con un intermedio de las fdérmulas 9(a), 9(b),
9(c), 9(d), 9(e), 9(£f), o 9(g):

1. 9(a) HOC(0)-Ci-Cg—alquileno-N(R’®) (R’™®) en donde
R® es R % o un grupo protector N, tal como Boc o Fmoc;

2. 9(b) HOC(O)R’;

3. 9(c) HOC(O)NR™R'?;

4. 9(d) HOC(0)OR3?%;
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5. 9(e) HOC(0)-Ci1-Cgs—alquileno-N(R*®)c (0)R'®;
6. 9(f) HOC(0)-Ci-Cs—alquileno-C (0)R?*"?;

7. 9(g) LG-S(0),-Ci1-Cg¢—alquileno-N(R***)R* en donde

R® es R?!'® o un grupo protector N, tal como Boc o Fmoc.
Esquema 4
RS2 R
R% OR5! RS ORS'
R R0 9(a)-9(g) RS 50
Ny -NH N._NH )
SO (L X g
N H—g—' NHR® N H’ﬁNHR'm
o
8 I(e)
En el Esquema 4, R en el Esquema 4 es —C(O)R%,
—C (O)NRMeRMP, —-C(0)OR*??, -C(0)-C1-Cg—alquileno-

N (R*®")C(0)R*®®, -C(0)-C1-Cg—alquileno-C(0)R?*°®, o -S(0),-C1-Cs—
alquileno—N(Rﬂb)Ra. La reaccidén se 1lleva a cabo bajo
condiciones de acoplamiento de amida estéandar conocidas por
un experto normal en la técnica. En particular, la reaccidn
se lleva a cabo en presencia de un agente de acoplamiento
tal como HATU, una base tal como DIEA, y en un disolvente
tal como DMF. En donde sea aplicable, el grupo protector N
se elimina a continuacidédn usando procedimientos conocidos
para un experto normal en la técnica, tales como el

tratamiento con dcido en donde PG es Boc.
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Al proceder como se describe para el Esquema 4,
los compuestos de la invencidén en donde Bes fenilo
sustituido con R’ o B es heteroarilo sustituido con R’ en
donde R*® y R’ son

5 i. —C(OONR®R®%;

ii. -C(O)N(R'?)-Ci-Cs—alquileno-N (R*"?)R";

111. —-C(0)R*? en donde R'? es un
heterocicloalquilo N-sustituido;

iv. —C(O)N(R™)N(R') (R'™);

10 v. —-C(0)N(R'®)-C;-C¢—alquileno-C (0)O0R®?; o

vi. —-C(O)N(R')-Ci-Cgs—alquileno-C(0)R"?*; o

se puede preparar intercambiando los materiales

de inicio segln sea necesario. En particular, el intermedio

15 de la férmula 11:
R52
R53 OR51
R R¥
Ny -NH
CL e
N~ "N-S o C(O)OH
H n
o]
11
20

se usa en lugar de 8.
Los compuestos de la férmula I en donde B es

fenilo sustituido con R®*® o B es heteroarilo sustituido con
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R’ en donde R*®* y R® son -NHC(O)CH,NR®R’ en donde R’® y R'®
son como se define en la Breve Descripcidén de la Invencidn

se pueden preparar de acuerdo con el Esquema 5.

5 Esquema 5
RSZ
RS3 ORS51 ORS1
RS54 R NHR72RT?
Nj: 0 . -~ NR?aRTb
et Sl
0 N o
10
12 I(f)

LG es un grupo de salida tal como bromo o cloro.
12 es reaccionado con NH(R™)R’® en presencia de una base,
tal como DIEA, en un disolvente tal como ACN.

15 Los compuestos de la férmula I se pueden preparar

de acuerdo con el Esquema 6.

Esquema 6

52
0 R
1
20 R OR® s "

LG R R0

Ns RS R
@: /j: i NH, N\ NH
“ri(e) ClX e
(o)
)
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LG en el Esquema 6 es un grupo de salida tal como
cloro. La reaccidn se puede llevar a cabo irradiando en un
disolvente tal como DMA. Alternativamente, la reaccidén se
puede llevar a cabo en presencia de acido acético en un
disolvente tal como DMA y por calentamiento.

Procedimiento General de Alquilacién I

- O O O,
amina, anilina,
hidrazina,
a2lcoxilaminas

N NH > N NH
-~
@: /IO\\SJ’O H DIPEA/Acetonitrilo @ IO\ .0 H
NN \"/\Br 50°C N7 N N N'R
O YO

Se colocd en un vial de 2 dracmas se ahadieron 2-
bromo-N-(3-(N-(3-(3, 5-dimetoxi-feniloamino)guinoxalin-2-
il)sulfamoil)fenilo) acetamida (86 mg, 0.15 mmol),
preparado usando procedimientos similares a los del Ejemplo
171, dJunto con 2 ml de acetonitrilo. Se anadieron ocho
equivalentes (1.2 mmol) de la amina, anilina, hidrazina o
alcoxi-amina deseada seguido por la adicidédn de base de
Hunig (41 pL, 0.25 mmol). La reaccidn entonces se agitd a
50°C durante una hora (durante la noche para los reactivos
de anilina). La HPLC preparativa de fase inversa se utilizd
para aislar el producto deseado directamente de la mezcla

de reaccidédn en bruto. Una HPLC preparativa de fase inversa
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de Waters Fractionlynx equipada con un Waters SunFire Prep
cl18, OCD 5 uM, columna de 30 x 70 mm y la ejecucidén a un
gradiente de 5-100% con un sistema disolvente binario de 25
mM de acetato de amonio en agua/acetonitrilo-se utilizéd

para llevar a cabo la purificacidn.

Procedimiento General de Biblioteca de Acilacidén 1

/0 O /O O
\Q i
Ny NH oH Ny ~NH
O, .0 H
SOC IR O O (IS
N N b

A/

En un vial de 2 dracmas se ahadieron 3-amino-N-
(3-(3,5-dimetoxi-feniloamino) quinoxalin-2-1i1)
bencenosulfonamida (54 mg, 0.12 mmol), preparado usando
procedimientos similares a los descritos en el Ejemplo 15,
DMA (2 ml) y el acido carboxilico deseado (0.17 mmol). DIEA
(70 pl, 0.4 mmol) seguido de HATU (53 mg, 0.14 mmol) se
afladieron al vial y la mezcla de reaccidén se agitd a 50 C
durante la noche. La HPLC preparativa de fase inversa se

utilizd para aislar el producto deseado directamente de la
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mezcla de reaccidén en bruto. Una HPLC de fase inversa
preparativa de Waters Fractionlynx; equipada con una
columna Waters SunFire Prep C18, OCD 5 uM, columna de 30 X
70 mm y la ejecucidén de un gradiente de 5-100% con un
sistema disolvente binario de 25 mM de acetato de amonio en
agua/acetonitrilo; se utilizdé para llevar a cabo la

purificacidn.

Procedimiento General de Aminacidén 1la

(R23)“5 "|\|

|
/EN\ NH, N / L ~
=
HN 0 C;_{REE}HE @ HN o
[ N.__NH
N\ Clo /@ Irradiacion de = 0‘ @
P \\S Microondas DMA - \S
% N7 NS
N" N H

Un recipiente de reaccién de microondas CEM se
cargd con N-(3-(N-(3-clorogquinoxalin-2-1i1l) sulfamoil)
fenilo) -2-(dimetilamino) acetamida (30 mg, 0.071 mmol),
preparado usando procedimientos similares a los descritos
en el Ejemplo 374, la anilina deseada (16 mg, 0.14 mmoles,
Ec. 2), yv 0.5 ml de dimetilacetamida. El recipiente se
selld y la mezcla de reaccidén se calentd bajo radiacidn de

microondas durante 70 min a 140°C en un instrumento de
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microondas CEM Discover. El1 disolvente se separd después
por evaporacidén rotativa. La purificacidén del producto
final se realizd por HPLC preparatoria de fase inversa con

los eluyentes de 25 mM de NH4OAc/ACN acuosa en el producto

deseado.
Procedimiento General de Aminacién 1lb
o R
~ 2 ~
HNL{J | \—(RZB) I f HN™ ~0
P n5
N CI Irradiacidén de N‘\. NH
©: :I {)\\S/@ Microondas DOMA @ /:[ Q\S/©
N H; \\O N H' \\O
Un recipiente de reaccidén de microondas CEM se
cargd con N-(3-(N-(3-cloroguinoxalin-2-1i1l) sulfamoil)
fenilo) -2-(dimetilamino) acetamida (62 mg, 0.147 mmol),

preparado usando procedimientos similares a los del Ejemplo
374, la anilina deseada (0.567 mmol, equiv. 4), y 1.0 ml de
tolueno. El recipiente se selld y la mezcla de reaccidn se
calentd bajo radiacidn de microondas durante 60 min a 180°C
en un instrumento de microondas CEM Discover. El disolvente
se eliminé en un evaporador rotatorio. La purificacidén del
producto final se realizdé por HPLC preparatoria con

NH,OAc/ACN como eluyente para dar el producto deseado.
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Procedimiento General de Acilacién 2

K 0\\
- Ps 0=%
N _NH
Crr ool
N” NH DIPEA N7 NH :

MeO OMe M OMe

N-(3-(N-(3-(3,5-dimetoxi-feniloamino) quinoxalin-
2-il)-sulfamoil) fenilo) azetidina-3-carboxamida (125 mg,
0.23 mmol), preparado usando procedimientos similares a los
descritos en el Ejemplo 372, se disolvié en 5 ml de DCE en
un matraz de fondo redondo de 10 ml. DIEA (1117 mmol,
equiv. 5.0) se afladidé a continuacidn con agitacidn seguido
de cloruro de &cido (0.47 mmol, equiv. 2.0). Después, la
reaccidén se agitd a temperatura ambiente durante 1 hora o
hasta que se completd, como se indica por LCMS. E1
disolvente se retirdé posteriormente a presidén reducida en
un evaporador rotatorio. El material en bruto se volvid a
disolver en metanol. La purificacidédn del producto final se
realizdé por HPLC preparatoria de fase inversa con 1los
eluyentes de 25 mM de NH4OAc/ACN acuosa. Una HPLC de fase
inversa preparativa Waters Fractionlynx; equipada con una
columna Waters SunFire Prep IC 8, OCD 5 uM, columna de 30 X

70 mm y la ejecucidén de un gradiente de 5-100% con un
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sistema disolvente binario de acetato de amonio de 25 mM en
agua/acetonitrilo; se utilizé para llevar a cabo la

purificacién.

5 Procedimiento General de Aminacidén Reductiva 1

10 OS‘SQN)OI\E\NH OS‘SI/Q\NEKE\N

R

NH

Tetrametil amoniz
triacetoxiborohidruro

MeQ' OMe DoymE MeO OMe

15 A una solucidén de N-(3-(N-(3-(3,5-dimetoxi-
feniloamino) gquinoxalin-2-il) sulfamoil) fenilo) azetidina-
3-carboxamida (110 mg, 0,19 mmoles), preparado usando
procedimientos similares a los descritos en el Ejemplo 372,
en 3 ml de DCE y 200 pL de DMF, aldehido (0.77 mmol, 4.0

20 eq.) seguido lentamente por triacetoxiborohidruro de
tetrametilammonium (1,16 mmol, equiv. 6.0). La reaccidn se
agitdé a temperatura ambiente durante la noche. LC/MS indicé

que la reaccidén se completd. EI1 disolvente se retird
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posteriormente a presioén reducida en un evaporador
rotatorio. El material en bruto se volvidé a disolver en
metanol. La purificacién del producto final se realizd por
HPLC preparatoria de fase inversa con los eluyentes de 25
mM de NH,OAc/CAN acuosa. Una HPLC de fase inversa
preparativa Waters Fractionlynx; equipada con una columna
Waters SunFire Prep C18, OCD 5 uM, columna de 30 X 70 mm y
la ejecucidén de un gradiente de 5-100% con un sistema
disolvente Dbinario de acetato de amonio 25 mM en
agua/acetonitrilo; se utilizdé para 1llevar a cabo 1la
purificacién.

Procedimiento General de Formacidén de Amida 1la

-0 0

NHR'R", HATU, DIEA

Cl cl
N, NH
L2y oA Loy
N H OH N N™ NR'R"
H

En un pequefio vial de 1 dracma se anadid 3—-(N-(3-
(2-cloro-5-metoxi-feniloamino)-quinoxalin-2-i1l) sulfamoil)
acido benzoico (61 mg, 0.13 mmol, 1.1 equiv), preparado
usando los procedimientos descritos para el Ejemplo 100. E1
dcido se disolvidé en DMA (1 ml) y DIEA (42 uL, 0.24 mmol, 2
equiv.) se afhadidé luego a la solucidén. El reactivo de amina

(1 ml de solucidén 0.12 M en DMA) se anadidé a la solucidn
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con agitacién seguido de HATU (64 mg, O0.17 mmol, 1.4
equiv). La reaccidén se agitd durante la noche a temperatura
ambiente. Al completar como se indica por el andlisis de
LCMS, se afadieron 2 ml de metanol a la solucidén. La HPLC
preparativa de fase inversa se utilizdé para aislar el
producto deseado. Una HPLC preparativa de fase inversa de
Waters Fractionlynx equipado con un Waters SunFire Prep
Cl8, OCD 5 uM, columna de 30 x 70 mm y la ejecucidn de un
gradiente de 5-100 % con un sistema disolvente binario de
acetato de amonio 25 mM en agua/acetonitrilo se utilizd

para llevar a cabo la purificacidn.

Procedimiento General de Formacidén de Amidas 1b

Se utilizd el procedimiento descrito en
Procedimiento General de Formacién de Amidas 1la para
incorporar un numero de aminas que contenia un segundo
grupo amina protegida como el terc-butilcarbamato (es
decir, en Donde R’, dentro de NHR'R’’, contenia un grupo
amina protegido con Boc). La desproteccidén se llevd a cabo
después de la purificacidén por HPLC del precursor protegido
con Boc.

En un pequefio vial de 1 dracma se anadid 3—-(N-(3-
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(2-cloro-5-metoxi-feniloamino) gquinoxalin-2-il) sulfamoil)
dcido benzoico (61 mg, 0.13 mmol, 1.1 equiv). El1 &cido se
disolvidé en 1 ml de DMA y DIEA (42 pL, 0.24 mmol, 2 equiv)
se afadidé después a la solucidén. EI1 reactivo de mono-
diamina protegida con Boc (1 ml de solucidén 0.12 M en DMA,
1 equiv) se afadidé a la solucidn con agitacidén seguido de
HATU (64 mg, 0.17 mmol, 1.4 equiv). La reaccidén se agitd
durante la noche a temperatura ambiente. Al completar como
se indica por el andlisis de LCMS, se afiadieron 2 ml de
metanol a la solucidén. La HPLC preparativa de fase inversa
se utilizdé para aislar el producto deseado directamente a
partir de esta solucidén de reaccidén en bruto. Una HPLC de
fase inversa preparativa Waters Fractionlynx; equipada con
una columna de Waters SunFire Prep Cl18, OCD 5 uM, columna
de 30 X 70 mm y la ejecucidén de un gradiente de 5-100 % con
un sistema disolvente binario de acetato de amonio 25 mM en
agua/acetonitrilo; se utilizdé para llevar a cabo la
purificacién. Las fracciones de producto se combinaron y se
concentraron a sequedad bajo presioén reducida por
evaporacién rotatoria. Se afiadidé una solucidén de 4 N de HCI
en dioxano (2 ml). Después, la solucidén se agitd a

temperatura ambiente hasta que no se detectd material de

partida. El producto desprotegido se precipitdé de 1la
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solucidén como una sal de HCl y se recolectd por filtracidn,

se lavd con éter y se secd al vacio.

Sintesis del Compuesto A

Un compuesto en bruto se puede preparar como se

describe a continuacién y se representa a continuacidén en

Esquema 7.
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Esquema 7. Sintesis del Compuesto A
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Sintesis de (N- (3—cloroquinoxalin-2-ilo)-3-
nitrobencenosulfonamida) :

Un kg de 2,3 dicloroquinoxalina y un kg de 3-
nitrobencenosulfonamida se mezclaron en 5 voluUmenes de
acetonitrilo. La mezcla de reaccidn se calentd a reflujo.
2.3 kg de DBU y 1 volumen de acetonitrilo se afadieron.
Después de la terminacidén de la reaccidn, la mezcla se
enfrié a 5 °C. Doce volumenes de metanol y 1.53 kg de HCI1
se afladieron, y la mezcla de reaccidén se filtrd. La torta
filtrada se lavdé con 6 volumenes de metanol y se secd a

vacio.

Sintesis de (N-(3-((2-cloro-5-
metoxifenilo)amino)quinoxalin-2-ilo)-3-
nitrobencenosulfonamida) :

Una solucidén se prepard con 0.585 kg de 2-cloro-
5-metoxianilina-HCl, 3.5 volumenes de acetonitrilo y 0.46
kg de DBU (solucién A). Por separado, 1 kg de N-(3-
cloroquinoxalin-2-ilo)-3-nitrobencenosulfonamida % 5.5
voluimenes de acetonitrilo se combinaron y calentdé a
reflujo. Solucién A vy 1 volumen de acetonitrilo se
afladieron después a la mezcla de reaccidén, y la mezcla

resultante se calentdé a reflujo. Después de la terminacidn
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de la reaccidén, la mezcla se enfridé a 20 °C, diluida con 10
voluimenes de metanol vy filtré. La torta de filtrado
resultante se lavdé 3 veces con 5 volumenes de metanol vy

después se secd a vacio.

Sintesis de clorhidrato de 3-amino-N-{3-[ (2-cloro-5-
metoxifenilo)amino]quinoxalin-2-ilo}bencenosulfonamida:

A 1 kg de N-{3-[(2-cloro-5-
metoxifenilo)amino]quinoxalin-2-ilo}-3-
nitrobencenosulfonamida se afladidé una cantidad catalitica
de sulfuro de platino en carbono (Pt(S)C), 6 wvolumenes de
THF, 0.16 volumen de agua, y 2 volUmenes de etanol. La
mezcla de reaccidén resultante se agitd y calentd a reflujo.
Una solucién acuosa de formato de potasio (1.4 volumen de
agua + 0.69 kg de formato de potasio) se anadid. La mezcla
de reaccidén se agitd a reflujo hasta que se completd 1la
reaccidédn y después se enfrid a 50°C. Después de la adicidn
de 10 wvolumenes de metanol y una hora de agitacidén, el
catalizador se filtrdé y se lavd con 3.4 volumenes de
metanol. La solucidén filtrada se enfrié a 20 °C y 0.62 kg
de HC1l se anadieron. La mezcla de reaccidén se agitd a 20
°C, se enfrié a 5 °C y se filtrd. La torta filtrada se lavd

con metanol (6 volumenes) y secada bajo vacio.
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Sintesis de N-[3-({3-[(2-cloro-5-
metoxifenilo)amino]quinoxalin-2-y 1} sulfamoil)fenilo] -2-
metilalaninamida (crudo):

Sintesis de clorhidrato de cloruro de 2-metilalanilo. A

0.42 kg de &cido 2-amino-2-metilpropanocic, se afladieron 3.7
volumenes de acetonitrilo, 0.04 volumenes de
dimetilformamida, vy 0.62 kg de cloruro de oxalilo. La
mezcla de reaccidén se agitd a 20 °C hasta la terminacidn de
la reaccién. La mezcla después se filtrd, y la torta de
filtrado se lavdé dos veces con 1 volumen de acetonitrilo y
se secd al vacio.

A 1 kg de clorhidrato de 3-amino-N-{3-[(2-cloro-
S5-metoxifenilo)amino]quinoxalin-2-ilo}bencenosulfonamida se
afladieron 8 volumenes de dimetilformamida y 0.385 kg de
clorhidrato de cloruro de 2-metilalanilo a 5°C. Después de
la terminacién de la reaccidén, la mezcla se calentd a 50 °C
y una solucidén de K2HP04 (1.4 kg), agua (16.5 volumenes) vy
etanol (7.1 volumenes) se afadidé. La mezcla se enfrid a
10°C, se agitd 2 horas a 10°C y después se filtrd. La torta
se lavdé 3 wveces con 10 volumenes de agua y se secd al

vacio.
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Ejemplo 1

Ensayo de fase I del Compuesto A, un inhibidor de Pan-
fosfatidilinositol 3 quinasa (PI3K), en los pacientes con

leucemia linfocitica crénica (CLL) y linfoma

La desregulacién de las fosfatidilinositol 3-
quinasas (PI3K) clase I ha sido implicada en la patogénesis
del cédncer en muchos tipos de células, y la via PI3K se
activa constitutivamente en la LLC y, a menudo en otros
linfomas no Hodgkin.

El Compuesto A es un 1inhibidor potente vy
selectivo de las cuatro isoformas de PI3K de clase I, con
IC50s (nM) de «@:39, (:383, v:36, y 0:23, en comparacidén con
la mTOR: > 15000. En estudios preclinicos modelo de
xenotrasplante, el compuesto A inhibidé la fosforilacidn de
los efectores de PI3K e inhibe el crecimiento tumoral en
dosis bien toleradas. In vitro e in vivo, el Compuesto 1
inhibe la fosforilacién de objetivos descendentes de PI3K,
incluyendo pAKT y pEBP1.

Como parte de un estudio de un solo agente de la
fase 1 en los tumores sdélidos, se administrdé Compuesto A a

una cohorte de expansidén dedicada de pacientes con
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recaida/linfoma refractario y CLL. El farmaco se administrd
por via oral al dia, con una dosificacidén continua en
ciclos mensuales. Un total de 15 pacientes fueron incluidos
en tres centros. Una cohorte inicial de 3 pacientes fue
inscrita, seguida de un examen de la seguridad, con la

posterior inscripcidén de los 12 sujetos restantes. La edad

o°

media de los pacientes fue de 66 anos (rango 28-81), 40

(o)

eran hombres y 60 % mujeres.

o\

Entre los 15 pacientes, 33 (n = 5) tenian CLL

\O

refractario, y el 67 % (n = 10) tenia varias recidivas de
linfomas, incluyendo linfoma difuso de células B (DLBCL) (n
= 4), linfoma folicular (n = 2), linfoma de Hodgkin (n =
2), macroglobulinemia de Waldenstrom (n = 1), y leucemia
prolinfocito de células B (n = 1). 93 % (n = 14) tenian
enfermedad en la etapa 3-4. Entre 12 pacientes con datos
disponibles, 6 (50 %) habian recibido 3 o mds tratamientos
previos, 10 (83%) habian estado expuestos a rituximab, y 11

(92

o\

) a 1los agentes alquilantes. En general, la
hemoglobina media fue de 11.3g/dL (rango de 9.2 a 14.1), vy
el recuento de plaquetas medio fue de 113 x 10°/ul (rango
31 a 470). Para los 5 pacientes con LLC, la media a partir
del recuento absoluto de linfocitos (ALC) fue 1.9 x 10°/ul

(rango 0.9 a 228); la media a partir de hemoglobina fue de
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10.8 g/dl (rango de 9.2 a 14.1) y el recuento medio de
plaquetas fue de 83 x 10°/pl (rango 66 a 143); dos
pacientes con LLC tuvieron supresidén de 1lg y uno tuvo
supresién de 17p. Dos de 4 pacientes con LLC probados para
el estado IgVH fueron no mutados, y dos de 2 pruebas para
ZAP70 fueron positivos. Cuatro de 5 pacientes con CLL
habian sido tratados con guimioterapia de combinacidén con
fludarabina.

La media del numero de ciclos de tratamiento del
compuesto A emitido en el estudio fue de 4, con 8 pacientes
que actualmente contintan en tratamiento. Las causas de la
interrupcidén del estudio incluyeron la progresidén de 1la
enfermedad (n = 6) y un acontecimiento adverso grave (n = 1
con hospitalizacién por neumonia recurrente). Los eventos
adversos fueron poco frecuentes y los de cualquier grado se
producen en > 10 % de los pacientes incluyendo diarrea,
hiperglucemia, cefalea y linfopenia. La toxicidad
hematoldégica fue infrecuente, con neutropenia de grado 3-4
en 4/15 (26.7 %), y trombocitopenia de grado 3-4 en 1/15

(6.7

o\

). La hiperglucemia no fue un problema clinico
importante, con 1 evento (6.7 %)) de grado 3-4 y 1 evento
(6.7 %) de grado 1-2. Los pacientes se estdn siguiendo para

la respuesta vy se presentardn datos actualizados. E1
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andlisis de los datos farmacocinéticos y farmacodindmicos,
asi como potenciales Dbiomarcadores predictivos, estd en
curso.

El compuesto A administrado una vez al dia inhibe
la activacidén de 1la via de PI3K en el tejido sustituto
(PBMC, foliculo piloso, piel) y tejido tumoral de pacientes
con tumores sdélidos. E1 compuesto A produjo inhibicidn
robusta de la via de PI3K y de ERK en dosis bien toleradas,
y su efecto como monoterapia fue encontrado para ser
principalmente anti-proliferativo, no pro-apoptdtico. La
dosis maxima tolerada (MTD) se definidé como 600 mg
(capsula) una vez al dia (OD) ya sea en un 21/7
(administrado de forma continua durante 21 dias segquido de
7 dias de descanso) o un programa de dosificacidén diaria
continua. Las toxicidades limitantes de 1la dosis fueron
erupcién de grado 3 e hipersensibilidad de grado 3. Un
estudio de escalada de dosis de una formulacidén de
comprimido estd en curso. Diez pacientes adicionales han
sido inscritos en la cohorte de expansidén para definir
mejor la actividad del compuesto A, y Jjustifica mas
estudios.

La seguridad y la farmacocinética de 600 mg del

Compuesto A administrado como un régimen de dosificacidn
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diaria continua a una cohorte de expansién dedicada de un
ensayo de fase 1 en pacientes con linfoma en
recaida/refractario y leucemia linfocitica crénica (LLC) se

describe en el presente documento.

Pacientes y métodos

Disefio del estudio
Este fue un estudio de fase 1, de etiqueta
abierta, ensayo no aleatorio del Compuesto A administrado

por via oral como agente Unico en pacientes con linfoma.

Objetivos

El objetivo primario era determinar la seguridad
y tolerabilidad del Compuesto A administrado por wvia oral
como una capsula de 600 mg en sujetos con linfoma.

Los objetivos secundarios fueron determinar (a)
la farmacocinética en plasma del compuesto A; vy (b) los
efectos farmacodindmicos del Compuesto A en el tejido
tumoral.

Los objetivos de exploracién fueron determinar
los efectos farmacodinamicos del Compuesto A en sujetos con

linfoma.
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Criterios Claves de Elegibilidad

La elegibilidad clave incluye lo siguiente:

* Diagndéstico confirmado histoldgicamente de
linfoma en recaida o refractario

* Enfermedad cuantificable

e Funcién adecuada de la médula dsea definida
como:

« ANC > 1000/mm> (CLL con ALC 2> 100,000/mm’ se
requiere tener ANC 2 500/mm’)

« Plaquetas > 30,000/mm’

e Hemoglobina 2 8 g/dl

e Archivo o tejido tumoral fresco

* Sin terapia previo con un inhibidor selectivo
de PI3K

» Consentimiento informado por escrito.

Resultados

Un total de veinticinco pacientes fueron
incluidos en la cohorte de linfoma. Los datos preliminares
se presentan a partir de 1la fecha de <corte del 1 de
septiembre de 2011. Las caracteristicas Dbasales de 1los

pacientes se presentan en la Tabla 1.

Tabla 1
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Caracteristica N=19
Edad en afios, media (rango) 66(28-83)
Género, n(%)
Masculino 8(42)
Femenino 11(58)
Tipo de Tumor, n{%)
CLL/SLL 7(37)
Linforma difuso de células B grande 4(21)
Linfoma Folicular Grado 1-2 2(11)
Linfoma Folicular Grado 3 1(5)
Macroglobulinemia de Waldenstrom 1(5)
5 Linfoma de Hodgkin 2(11)
Linfoma transformado 1(5)
Etapa, n(%)
| 1(5)
1 1(5)
n 3(16)
v 10(53)
Ausente 4(21)
Estado del rendimiento de ECOG, n(%)
0 5(27)
1 13(68)
2 1(5)
Numero de terapias previas en 5 afios, media | 3 (1-9)
10 (rango)
Parametros Hematoldgicos CLL/SLL No CLL/SLL
Conteo absoluto de linfocitos (109) 1.9 (0.4-37.2) 0.7 (0.3-23.1)
Hemoglobina (g/dL= 108 (92-141) 114 (93-150)
Conteo de plaguetas (109) 87 (66-187) 125 (82-470)

Los eventos adversos mds comunes experimentados

15 entre los diecinueve sujetos probados se resumen en la
Tabla 2.
Tabla 2
n(%) Todos los Eventos Adversos Eventos Adversos Relacionados ®
Evento adverso ® | Todos los grados | Grado = 3° Todos los grados | Grado = 3°
Hematoldgico
20 Neutropenia 5(26) 5(26) 4{21) 4(21)
Anemia 4(21) 3(16) 1(5) 0
No hematolégico
Diarrea 12 (63) 1(5) 7(37) 1(5)
Tos 6(32) 1(5) 0 0
Pirexia 5(26) 1(5) 1(5) 0
Fatiga 5(26) 0 0 0
Dolor Abdominal | 4(21) 1(5) 2({11) 0
Disnea 4(21) 1(5) 0 0
Hiperglucemia 4(21) 1(5) 4(21) 1(5)
Prurito a(27) 1(5) 2(11) 0
Salpullido 4(21) 1(5) 3(16) 1(5)
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Eventos adversos relacionados con el Compuesto A
del estudio de tratamiento combinado con paclitaxel vy
carboplatina.

b MedDRA v. 12.1 Términos Preferidos (convertido a

5 gramatica de E.U.A.)

Clasificacidén NCI-CTCAE v. 3.0

Los detalles del tratamiento de estudio para 1los

diecinueve sujetos se resumen en la Tabla 3.

10
Tabla 3
Duracién media del tratamiento, semanas 16 (2-48)
(rango) *
Leucemia linfocitica cronica (n=7) 20 (9-29)
Linfoma difuso de células B grandes (n=4) 6 (2-18)
Otros (n=7) 16 (4-48)
Pacientes que requieren modificacion de dosis 7(37)
debido a la toxicidad”, n(%)
Hiperglucemia 1(5)
15 Neutro_pem'a 2(11)
Salpullido 1(5)
Fiebre / hipotension ™ 1(5)
Infeccidn respiratoria 1(5)
Mas de un evento en el mismo paciente 1(5)
Diarrea
Fiebre/neumonia
Fiebre/neumonia/sepsia/ileo/sobrecarga de
fluidos ™
Interrupcién del tratamiento, n(%)
Progreso de la enfermedad 8(42)
Discrecién del investigador 1(5)
20

Datos no disponibles para un paciente

Un evento por paciente a menos que se dicte de

otra manera.
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A No relacionado con el fdrmaco del estudio.

La Tabla 4 resume la mejor respuesta en 1los

pacientes evaluados para eficacia (N=11)?2

Tabla 4
Neoplasia Maligna n | Respuesta Respuesta Enfermedad Enfermedad
Completa Parcial Estable Progresiva
CLL/SLL 5 5°
Linfoma folicular 2 2
Macroglobulinemia de 11"
Waldenstrom
Linfoma transformado 1 1°
Linfoma de Hodgkin 2 1® 1

CLL, leucemia linfocitica crénica; SLL, linfoma linfocitico
pequeino
° Pacientes con evaluaciones de enfermedad después
del ciclo 2 (8 semanas) del Compuesto 1, céapsula de 600 mg
una vez al dia. Las respuestas fueron evaluadas por 1los
investigadores.

b Tres ©pacientes tuvieron una respuesta nodal
(linfadenopatia reducida 'y linfocitosis aumentada) y
permanecen en tratamiento (n=2 en ciclo 11, y n=1 en ciclo
6); un paciente con enfermedad estable (<50% de reduccidn
en adenopatia y linfocitosis persistente) estd actualmente
en el ciclo 7.

Respuesta completa en el ciclo 14 y permanece en

tratamiento.



10

15

20

85

Enfermedad estable actualmente en el ciclo 9.

Enfermedad estable actualmente en el ciclo 10.

La Figura 1 representa la farmacocinética en
plasma observada para el Compuesto A. La media
(concentracidén plasmética SD del Compuesto A en el ciclo 1,
en los dias 1 y 28 después de dosis orales de 600 mg del
Compuesto A.) La Figura 1 indica que 1la exposicidn al
farmaco en los pacientes con linfoma que estaban inscritos
en el estudio fue similar a la observada previamente en
pacientes con tumores sdélidos después de dosis diarias de
600 mg. La media (CV%) de acumulacidén (AUC) en el dia 28
fue de aproximadamente 11.2 veces (88.1 %), en ocho
pacientes. Hubo variabilidad entre pacientes, y la media
geométrica fue de 7.6 veces.

Los resultados demuestran que el compuesto A es
bien tolerado en pacientes con linfoma y CLL y participa
activamente en CLL vy linfomas de grado bajo. El perfil
farmacocinético observado es similar al observado en
pacientes con tumores sdlidos.

La 1invencidén anterior se ha descrito en algun
detalle a modo de ilustracién y ejemplo, para propdsitos de

claridad y comprensién. La invencidén se ha descrito con
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referencia a diversas modalidades y técnicas especificas.
Sin embargo, se debe entender que muchas variaciones vy
modificaciones pueden hacerse permaneciendo dentro del
espiritu y alcance de la invencidén. Sera obvio para un
experto en la técnica que cambios y modificaciones se
pueden practicar dentro del alcance de las reivindicaciones
adjuntas. Por lo tanto, se debe entender que la descripcidn
anterior pretende ser ilustrativa y no restrictiva. E1
alcance de la invencidén no debe, por 1lo tanto, ser
determinado con referencia a la descripcidédn anterior, sino
que debe determinarse con referencia a las siguientes
reivindicaciones adjuntas, junto con el alcance completo de
los equivalentes a los que tales reivindicaciones tienen
derecho. Todas 1las patentes, solicitudes de patentes vy
publicaciones citadas en esta solicitud se incorporan por
referencia en su totalidad para todos los propdsitos en la
misma medida como si cada patente, solicitud de patente o

publicacidén individual se denotara de manera individual.
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RESUMEN

Se proporcionan métodos para el tratamiento de
una neoplasia linfoproliferativa a un paciente en necesidad
de dicho tratamiento, comprendiendo la administracidén al
paciente de una cantidad efectiva del compuesto A como se

describe aqui.



