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DBESCRIPTION
CI-ALEANEDIYL AND ALKENEDIVL DERIVATIVES OF OLEANGLIC ACID
AND METHODS OF USE THEREOF
BACKGROUND OF THE INVENTION

This application claims the benefit of both United States Provisional Patemt
Apphication No. 61/699,122, filed on September 10, 2012 and United States Provisional
Patent Application No. 61/780,540, filed on March 13, 2013, the entirety of both are
incorporated herein by reference.

Pursuant 10 37 C.F.R. 1.821{c}, a sequence listing is submitted herewith as an ASCIL
compliant text file pamed “REATPOOT4US_Sequencelisting ST25.4xt”, created on
September 5, 2013 and having a size of ~1 KB. The content of the aforementioned file is

hereby mcorporated by reference in its entirety.
L Field of the Invention

The present invention relates generally 1o the fields of biology and medicine. More
particularly, it concerns compounds, compositions and methods for the treatment and

prevention of diseases such as those associated with oxidative stress and inflammation.
HE N Deseription of Related Axt

The anti-inflammatory and anti-proliferative activity of the nawrally ocourring
writerpenoid, oleanolic acid, has been improved by chemical modifications. For example, 2-
cyano-3,12-dicoxootcana-1,%(1 1 }-dien-28-0ic acid {CDDC) and related compounds have

been developed (Honda ef al, 1997; Honda ef al, 1998; Honda ef o, 1999; Honda ef al,
2000a; Honda e7 al., 2000b; Honda, ez ol, 2002; Sub or ol 1998; Suh ef ¢f, 1999; Place e
al, 2003; Liby ef af., 2005; and U.S. Patents 8,129,429; 7,915,402; §,124,799; §,071,632;
8,338,618; and 7,943,778). The methyl ester, bardoxolone methy! (CDDO-Me), has been
evatpated clinically for the weatment of cancer and chronic kidney disease (Pergola ef al,
2011; Hong ef al., 2012).

Synthetic triterpenoid analogs of oleanclic acid have also been shown 1o be inbibitors
»f celtudar inflammatory processes, such as the induction by IFN-y of inducible nitric oxide
synthase (INQOSY and of COX-2 i mouse macrophages. See Honda er ol (2000a); Honda ef
al. (20000), sand Honda ef ol (2002). Svnthetic derivatives of another triterpenocid, betulinic

acid, have alsc been shown to inhibit cellular inflammatory processes. although these

100086504} i



10

15

20

compounds have been less extensively characterized (Honda et al, 2006). The
pharmacology of these synthetic triterpenoid molecules is compiex. Compounds derived
from oleanolic acid have been shown to affect the function of multiple protein targets and
thereby modulate the activity of several important cellular signaling pathways related to
oxidative stress, cell cycle control, and inflammation (e.g., Dinkova-Kostova et al., 2005;
Ahmad et al., 2006; Ahmad et al., 2008; Liby et al., 2007a). Derivatives of betulinic acid,
though they have shown comparable anti-inflammatory properties, also appear to have
significant differences in their pharmacology compared to OA-derived compounds (Liby ef
al., 2007b). Given that the biological activity profiles of known triterpenoid derivatives vary,
and in view of the wide variety of diseases that may be treated or prevented with compourids
having potent antioxidant and anti-inflammatory effects, and the high degree of unmet
medical need represented within this variety of diseases, it is desirable to synthesize new
compounds with diverse structures that may have improved biological activity profiles for the

treatment of one or more indications.

SUMMARY

The present disclosure describes novel synthetic triterpenoid derivatives, with anti-
inflammatory and/or antioxidant properties, pharmaceutical compositions, and methods for
their manufacture, and methods for their use.

In one aspect, the present invention refers to a compound of the formula:
HiCy  CHs
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wherein: Y is —C(O)—; R; and Ry are each independently —H, —OH, methyl, or as defined
below; and Rz is: hydrogen, hydroxy, halo, amino, —NHOH, or mercapto; alkylc<s),
alkenylcss), alkynylcss), arylcss), aralkylcss), heteroarylcss), heterocycloalkylcss), acylcss),
alkoxyic<s), cycloalkoxycss), alkenyloxycssy, aryloxy(css), aralkoxycss), heteroaryloxyces),

acyloxy(cssy, heterocycloalkoxyicss), alkylaminocsg), cycloalkylaminoccss), dialkylaminocss),
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alkenylaminocsg), alkoxyaminocss), arylaminocss), aralkylaminoccs), heteroa;'ylamino(cgg),
heterocycloalkylamino <), alkylsulfonylaminowssy, amidocss), —NH—amidocss), or a
substituted version of any of these groups, wherein one or more hydrogen atom of the group
has been independently replaced by —OH, —F, —CO,H, or —CO,CHs; R; and R;, taken
together, are —O—, ~NR,— or a covalent bond between Y and carbon atom 13, wherein R, is
hydrogen or alkylcwuy; or R; and Ry, taken together, are ~O—, ~NR,— or a covalent bond
between Y and carbon atom 14, wherein R, is hydrogen or alkylcy, or a pharmaceutically
acceptable salt thereof. In another aspect, the present invention refers to a compound of the
formula:

HaC
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wherein: n is 1to 6; Ry andR; are each independently —H, “OH, methyl, or as defined below;
and Rj is: amino or -NHOH; or N-heteroarylc<s), N-heterocycloalkylc<s), alkylaminoic<g),
dialkylaminogcss), alkenylaminocgs), alkoxyaminowss), arylaminopssy, aralkylaminogcs),
heteroarylaminocsg), heterocycloalkylaminowss), alkylsulfonylaminocsg), amidocss), or
~NH—amido(csgy: Ry and Ry, tal;en together, are ~NR,—, wherein R, is hydrogen or alkylcgs);
or R; and Ry, taken together, are —NR,—, wherein R, is hydrogen or alkylccsy; or a
pharmaceutically acceptable salt thereof. In one example, disclosed herein is a compound of

the formula:
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wherein: Y is —C(O)—; R, and R, are each independeﬁﬂy —~H, —OH, methyl, or as defined
below; and Rj is: hydrogen, hydroxy, halo, amino, ~NHOH, or mercapto; alkylcss),
alkenylicesy, alkynyless), aryless), aralkylcss), heteroaryless), heterocycloalkylces),
aéyl(csg), alkoxy(css), alkenyloxycss), aryloxycss), aralkoxycss), heteroaryloxycss),
acyloxycss), heterocycloalkoxycss), alkylaminocss), dialkylaminowcs), alkenylaminocss),
alkoxyamino(css), arylaminoesg), aralkylaminowss), heteroarylaminowss), heterocyclo-
alkylaminocss), alkylsulfonylaminoicss), amidocss), —NH-amidog), or a substituted
version of any of these groups; Rz and R, taken together, are —O—, ~NR,~ or a covalent
bond between Y and carbon atom 13, wherein R, is hydrogen or alkylic<sy; or Ry and R,
taken together, are —O—, —NR,~ or a covalent bond between Y and carbon atom 14, wherein
R, is hydrogen or alkylcey; or a pharmaceutically acceptable salt thereof. In another

example, disclosed herein is a compound of the formula:

HiC, CHs
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wherein: n is | to 6; R, and R, are each independently —H, —~OH, methyl, or as
defined below; and Rz is: amino or —NHOH; or N-heteroarylcs), N-
heterocycloalkylic<s), alkylaminoc<s), dialkylamino(csg), alkenylaminoczs),
alkoxyaminocss), arylaminocss), aralkylaminoc<s), heteroarylaminoceg),

heterocycloalkylaminocgs), alkylsulfonylaminogcs), amido(c<s), ~NH—amido(c<s), or a

2b



substituted version of any of these groups; R; and R, taken together, are ~NR,—,
wherein R, 1s hydrogen or alkylc<s); or R; and Ry, taken together, are ~NR,—, wherein

R, is hydrogen or alkylc«); or a pharmaceutically acceptable salt thereof.

In one example, there are provided compounds of the formula:
' HaC  CHs

g
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H3 | //CH3 (D),
wherein:
Y 18 a covalent bond, ~CHy-, -C(O)y-, —O-, or —NH-;
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R; and R, are each independently —H, —OH, methyl, or as defined below; and
Rs is:
hydrogen, hydroxy, halo, amino, -NHOH, or mercapto;

afkyl(cgg), aikenyI(CSg>, alkyny}(csg), aryI«;gg), aralkyl(csg), heteroaryl(cgg),

heterocycloalkylic<s), acylic<s), alkoxycss), alkenyloxy(css),
aryloxy(css), aralkoxy(css), heteroaryloxyczs), acyloxycss),
heterocycloalkoxy(c<s), alkylaminoczs), dialkylaminoczs),

alkenylamino(c<g), alkoxyamino(css), arylaminogccg), aralkylamino(csg),
heteroarylaminoc<g, heterocycloalkylaminoicss),
alkylsulfonylaminoc<g), amidowc<s), “NH—amidogs), or a substituted
version of any of these groups;

R; and Ry, taken together, are —O—, —~NR,— or a covalent bond between Y and
carbon atom 13, wherein R, is hydrogen or alkylc<s); or

Rj and R,, taken together, are —~O—, -NR,— or a covalent bond between Y and

carbon atom 14, wherein R, is hydrogen or alkylc<s);

or a pharmaceutically acceptable salt thereof.

In some examples, the compounds are further defined as:
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wherein:

Y 1s —=CH,~, —C(O)—, —O—, or -NH-—;
R; and R, are each independently —H, —OH, methyl, or as defined below; and
Rz is:



hydrogen, hydroxy, halo, amino, -NHOH, or mercapto;
alkylic<s), alkenylcss), alkynyliess), aryless), aralkylcss), heteroarylcss),
heterocycloalkylc<s), acylcss), alkoxycss), alkenyloxy(c<s),
aryloxy(cs<g), aralkoxy(c<s), heteroaryloxycss), acyloxyicss),
5 heterocycloalkoxyc<s), alkylaminogcxg), dialkylaminocc<s),
alkenylaminocss), alkoxyaminoicss), arylamino(css), aralkylaminoicss),
heteroarylaminocss), heterocycloalkylaminoc<s),
alkylsulfonylaminoc<sy, amidoss), ~NH—amidowc<g), or a substituted
version of any of these groups;
10 R; and R, taken together, are —O—, ~NR,~ or a covalent bond between Y and
carbon atom 13, wherein R, is hydrogen or alkyl(c«s); or
R; and Ry, taken together, are —O—, “NR,~ or a covalent bond between Y and

carbon atom 14, wherein R, is hydrogen or alkylc«);

or a pharmaceutically acceptable salt thereof.

15 In some examples, the compounds are further defined as:
HeC,  CHs

R3
v ~
NC
0O “
HaC  CHy an,
wherein:
Y is a covalent bond, ~CHy~, —C(O)—, —O—, or ~NH~; and
R3 is:
20 hydrogen, hydroxy, halo, amino, ~NHOH, or mercapto; or

alkylcss), alkenylcss), alkynylc<s), arylcss, aralkylcss), heteroarylcss),

heterocycloalkyl(c<s), acylic<s), alkoxyc<s), alkenyloxyc<s),



aryloxycss), aralkoxy(css), heteroaryloxycss), acyloxyccs),

heterocycloalkoxyc<s), alkylaminogcs), diatkylaminoc<g),
alkenylamino(c<g), alkoxyaminoc<g), arylamino(css), aralkylaminoccgy,
heteroarylaminocss), heterocycloalkylamino(c<s),
alkylsulfonylaminocss), amidocss), “NH—amidoc<s), or a substituted

version of any of these groups;

or a pharmaceutically acceptable salt thereof.

In some examples, the compounds are further defined as:
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Y is —CHp—, —C(O)~, ~O—, or -NH—; and

R3 is:

hydrogen, hydroxy, halo, amino, -NHOH, or mercapto; or

alkylic<s), alkenylicss), alkynylicss), arylcss), aralkyliess), heteroarylcss),

15

20

heterocycloalkylicss), acylessy, alkoxy(cs<g), alkenyloxyc<s),
aryloxycss), aralkoxy(css, heteroaryloxyc<s), acyloxyic<s),
heterocycloalkoxy c<s), alkylamino(c<s), dialkylamino(c<g,
alkenylaminoicgs), alkoxyaminowss), arylamino(css), aralkylaminocsg),
heteroarylaminocsg), heterocycloalkylaminoc<s),
alkylsulfonylamino(c<s), amidoessy, —NH—amidocsg), or a substituted

version of any of these groups;

or a pharmaceutically acceptable salt thereof.
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In some examples, the bond between carbon atoms a and b is a single bond. In some
examples, the bond between carbon atoms a and b is a double bond. In some examples, Y is
a covalent bond. In some examples, Y is ~CHy—. In some examples, Y is -C(O)-. In some

examples, Y is —O—. In some examples, R is —H. In some examples, R, is methyl.

In some examples, R3 is —H. In some examples, R3 is —OH. In some examples, Rj is
amino. In some examples, Rj is alkylc<s), for example methyl. In some examples, Rj is
heterocycloalkylc<s), for example, morpholinyl, pyrrolidinyl, azetidinyl or piperazinyl. In
some examples, R; is substituted heterocycloalkylc<s), for example, hydroxypyrrolidinyl,
difluoropyrrolidinyl, hydroxypiperidinyl, or N-Boc-piperazinyl. In some examples, Rj is
acyliesg), for example, acetyl. In some examples, R3 is substituted acylcss), for example,
ethylaminocarbonyl. In some examples, R; is alkoxyc<s), for example, methoxy, ethoxy,
isopropoxy, tert-butoxy, or —O-cyclohexyl. In some examples, R; is aryloxycs), for
example, —O—phenyl. In some examples, R3 is aralkoxyc<s), for example, benzyloxy. In
some examples, R; is substituted acyloxy(cs), for example, ~OC(O)NHCH,CHs. In some
examples, Rz is heterocycloalkoxyc<s), for example, —O-piperidinyl or N-Boc-
piperidinyloxy. In some examples, R; is alkylaminocss), for example, methylamino,
ethylamino, isopropylamino, fert-butylamino or cyclohexylamino. In some examples, R is
substituted alkylaminoc<g), for example, 2,2,2-trifluoroethylamino, -NHCH,C(O)OCHj3 or
-NHCH,C(O)OH. In some examples, R; is dialkylaminocg), for example, dimethylamino.
In some examples, R is alkoxyamino(cs), for example, methoxyamino. In some examples,
Rs is arylaminoc<s), for example, phenylamino. In some examples, Rj is aralkylamino(css),
for example, benzylamino. In some examples, Rz is heteroarylaminoc<s), for example,
pyridinylamino. In some examples, R3 is heterocycloalkylaminoicss), for example,

oxetanylamino. In some examples, R3 is ~NH—-amidocg), for example, -NHNHC(O)CHs.



In some examples, the compounds are selected from the groups comprising:
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or a pharmaceutically acceptable salts of any of these formulas.

In one example, there are provided compounds of the formula:
HiC, CHs
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wherein:
nis1to 6;
R; and R, are each independently —H, —OH, methyl, or as defined below; and
Rjis:
10 amino or -NHOH; or
N-heteroarylces), N-heterocycloalkylcss), alkylamino(css), dialkylaminoess),
alkenylaminocss), alkoxyamino(c<g), arylamino(css), aralkylamino(css),

heteroarylaminocss), heterocycloalkylaminocsg),
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alkylsulfonylaminocgs), amidoices), ~NH-amidocss), or a substituted
version of any of these groups; .
R; and R;, taken together, are —NR,—, wherein R, is hydrogen or alkyl(c<s); or
R; and Ry, taken together, are ~NR,—, wherein R, is hydrogen or alkyl.c<s); or
5 or a pharmaceutically acceptable salt thereof.

In some examples, the compounds are further defined as:
H,C.  CHs

S
&
R

21

22

NC
" O

[el1: D

Ho av,
wherein:
nis 1 to 6; and
10 Rj is:
amino or ~NHOH; or
N-heteroarylc<sy, N-heterocycloalkylcss), alkylaminoc<s), dialkylaminoics),
alkenylamino(c<s), alkoxyaminocss), arylaminowcg), aralkylaminogccs),
heteroarylaminocss), heterocycloalkylaminoc<s),
15 alkylsulfonylaminoc<s), amidogc<sy, “NH—amido<s), or a substituted
version of any of these groups;
or a pharmaceutically acceptable salt thereof.

In some examples, n is 1. In other examples, n is 2. In still other embodiments, n is

20 In some examples, Ry is —H. In some examples, R is methyl.
In some examples, R3 is N-heteroarylc<g), for example, imidazolyl. In some
examples, R3 is N-heterocycloalkylc<s), for example, morpholinyl or pyrrolidinyl. In some

examples, Rs is alkylaminocgg), for example, ethylamino.
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In some examples, the compounds are selected from the groups comprising:

or a pharmaceutically acceptable salt thereof.

In some examples, there are described pharmaceutical compositions comprising one or more
of the above compounds and an excipient. In one example, disclosed herein is use of a compound as
previously described in the manufacture of a medicament for treating and/or preventing a disease or a
disorder in a patient in need thereof. In other examples there are described methods of treating and/or
preventing a disease or a disorder in patients in need thereof, comprising administering to such
patients one or more of the above compounds in an amount sufficient to treat and/or prevent the
disease or disorder. In one aspect, the present invention refers to use of a compound as disclosed
herein in the manufacture of a medicament for treating and/or preventing a disease or disorder in a
patient in need thereof, wherein the disease or disorder is cancer, mucositis, rtheumatoid arthritis,
lupus, psoriasis, multiple sclerosis, amyotrophic lateral sclerosis, Huntington’s disease, Crohn’s
disease, cardiovascular disease, atherosclerosis, ischemia-reperfusion injury, chronic obstructive
pulmonary disease, cystic fibrosis, idiopathic pulmonary fibrosis, diabetes, chronic kidney disease,
graft-versus-host disease, Alzheimer’s disease, Parkinson’s disease, osteoarthritis, osteoporosis,
inflammatory bowel disease, dermatitis, sepsis, uveitis, glaucoma, macular degeneration, retinopathy,
asthma schizophrenia, depression, bipolar disorder, post-traumatic stress disorder, attention deficit
disorder, autism, anorexia nervosa, epilepsy, muscular dystrophy, cachexia, or influenza.

Other objects, features and advantages of the present disclosure will become apparent from

the following detailed description. It should be understood, however, that the detailed description and

12



the specific examples, while indicating specific embodiments of the invention, are given by
way of 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. Note that
simply because a particular compound is ascribed to one particular generic formula doesn’t mean that

it cannot also belong to another generic formula.
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DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

Disclosed herein are new compounds and compositions with antioxidant and/or anti-
milammatory properties, methods for their manufacture, and methods for their use, including

for the treatment and/or prevention of discase.

i Definitions

h

When used m the comtext of a chemical group: “hydrogen” means —H; “hydroxy”
means ~OH; “ono” means =0; “carbonyl” means ~C(=0)~; “carboxy” means —C(=)0H
(also written as —~COOH or ~COoH); “hale” means independently —F, —Cl, —Br or —;
“aming” means ~NHs; “hydroxyamine” means ~NHOH; “nitro™ means —NO»; imino means

16 =NH; “cyano” meaps —CN; “isccyanate” means ~N=C=0; “arzido” means —Ni; I a
monovalent context “phosphate” means ~OP(O}OH), or 2 deproionated form thercof; in a
divalent context “phosphate” means ~OP{OYOH)YO- or a deprotonated form thereof]
“mercapto” means —SH; and “thio” means =8; “sulfonyl” means ~S(0O)—; and “sulfinyl”
means ~S{O}-.

kX

15 In the context of chemical formulas, the symbol “~” means a single bond, *=" means
a double bond, and =" means triple bond. The symbol *“---." reprosents an optiopal bond,

which if present 18 either single or double. The symbol “z===” represents a single bond or 2
n':f“\; "/,\\i'; ‘/ﬁ ]A\E}
~ . il HER i o
double bond. Thus, for example, the formula &2 includes AN N and

Ry
@ And 1t is understood that no one such ring atom forms part of more than one double
20 bond. Furthermore, it is noted that the covalent bond symbol “, when connecting one or
two stereogenic atoms, does not indicate any preferred stereochemistry. Instead, it cover all
stercoisomers as well as mixtures thereof. The symbol “vvv ™, when drawn perpendicularly
across a bond (e g_,EACP-% for methyl) indicates a point of attachment of the group. It is
noted that the point of attachment is typically only Wdentified ju this manner for larger groups
25  inorder to assist the reader in unambiguously identifying a point of attachment. The symboi

113

- means a single bond where the group attached to the thick end of the wedge is “out of
the page.” The symbol “ """ means a single bond where the group attached 1o the thick end
of the wedge is “into the page”. The symbol “VWWA" means a single bond where the
geometry around a double bond {e.g., either £ o1 Z) is undefined. Both options, as well as

3¢ combinations thercof are therefore intended. The bond orders described above are not

00086504} 3
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1 .

limiting when one of the atoms connected by the bond s a metal atom (M), In such cases, #
is ynderstood that the actoal bonding may comprise significant multiple bonding and/or ionic
character. Therefore, unless indicated otherwise, the formulas M—C, M=C, M~-C, and M
===z, each refers to 2 bond of any and type and order between a metal atom and a carbon
atom. Any undefined valency on an atom of a stractare shown in this application implicitly
represents a hydrogen atom bonded to that atom. A bold dot on a carbon atom indicaies that
the hydrogen attached to that carbon is oriented out of the plane of the paper.

When 2 group “R” is depicted as a “floating group” on a ring system, for exanple, in
the formula:

-~

R
P

Py

L
]
2
then R may replace any hydrogen atom attached to avy of the ring stoms, including a
depicted, tplied, or expressly defined hydrogen, so long as a stable structure is formed.
When a group “R” is depicted as a “floating group” on a fused ring system, as for example in

the formula:

then R omay replace any hydrogen attached to any of the ring atoms of either of the fused
rings unless specified otherwise. Replaceable hydrogens inclode depicted hydrogens {e.g.,
the hydrogen attached to the nitrogen in the formula above), implied hydrogens {eg., a
hydrogen of the formula above that is not shown but understood to be present), expressly
defined hydrogens, and optional hydrogens whose presence depends on the identity of a ring
atom {e.g., a hydrogen attached to group X, when X equals —CH~}, so long as a stable
stracture is formed. Tn the example depicted, R may reside on either the S-membered or the 6-
membered ring of the fused ring sysiem. In the formula above, the subscript letter “¢”
immediately following the group “R” enclosed in parentheses, represents a numeric variable.
Unless specified otherwise, this variable can be 0, 1, 2, ov any ioteger greater than 2, only
fimited by the maximum mumber of replaceable bydrogen atoms of the ring or ring system.
For the groups and classes below, the following parenthetical subscripts further define
the group/class as follows: “{Cn)” defines the exact number (n} of carbon sioms in the

group/class. “{Csn)” defines the maximum number (n) of carbon atoms that can be in the

$008656G4 1 14
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group/class, with the minimum number as small as possible for the group in guestion, eg., it
is understood that the minimuwm number of carbon atoms in the group “alkenvkecs”™ or the
class “alkeneces)” is two. For example, “alkoxycas” designates those alkoxy groups having
from { {0 10 carbon atoms, {(Un-n’) defines both the minimum (n) and maximum number {n’)
of carhon atoros in the group, Stmilarly, “alkyleo.ey” designates those alkyl groups having
from 2 to 10 catbon atoms.

The term “saturated” as used herein means the compound or group so modified has no
carbop-carbon double and no carbon-carbon triple bonds, except as noted below. In the case
of sobstituted versions of saturated groups, one or more carbon oxygen double bond or a
carbon nitrogen double bond may be present. And when such a bond is present, then carbon-
carbon double bonds that may occur as part of keto-enol teutomerism or imine/enamine
tautomerism are not precluded.

The term “aliphatic” when used without the “substinuted” modifier signifies that the
compound/group so modified is an acyclic or cyclic, but pon-aromatic hydrocarbon
compound of group. In aliphatic compounds/groups, the carbon atoms can be joined together
in straight chains, branched chains, or npon-aromatic rings (alicyclic).  Aliphatic
compoumds/groups can be saturated, that is jommed by single bonds (alkenesfalkyl), or
unsaturated, with one or more double bonds (alkenes/alkenyl) or with one or more triple
bonds {alkynes/alkyayl).

The term “alky!” when used without the “substituted” modifier refers to 2 monovalent
saturated aliphatic group with & carbon atom as the point of attachnent, a linear or branched,
cyelo, cyelic or acyelic strocture, and no atoms other than carbon and hydrogen. Thus, as
used herein cycloalkyl is a subser of alkyl, with the carbon afom that forms the point of
attachment also being a member of one or more non-aromatic ring structures wherein the
oyeloalkyl group consisis of no atoms other than carbon and hydrogen. As used herein, the
term does not preclude the presence of one or more alky! groups (carbon number Bmitation
permitting) attached to the ring or ring systemn.  The groups ~CHi (Me}, —CHCH; (Bt
~CH,CH,CHa  (n-Pr or propyl), —CH{CHi)y (i-Pr, Pr or isopropyl), ~CH(CHy
(eyclopropyvll, ~CHyCHYCHLCHy (n-Buj, ~CH{CHCHL,CH, (sec-butyl), ~CHR,CH(CHyp
{isobutyl), “C(CH) (fert-butyl, -butyl, -Bu or ‘Bu), ~CHC(CH ) (neo-pentyl), eyelobutyl,
cyclopentyl, cyclohexyl, and cyciohexyhmethyl are non-hmiting examples of alkyl groups.
The term “alkanediyl” when osed withowt the “substitsted” modifier refers to a divalent

saturated aliphatic group, with one or two saturated carbon atom{s) as the poin(s) of

S0U08ES04} 13
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attachment, a linear or branched, cyclo, cychc or acyclic structure, no carbon-carbon double

or triple bonds, and no atoms other than carbon and hydrogen. The groups, ~CHy~
, and Ea

Hmiting examples of alkanedivl groups. The term “alkylidene” when used without the

(methylene), ~CHCHy—, —~CHC(CH pCHy—, —CHLCHCHy— , &re non-

5 “substituted” modifier refers o the divalent group =CRR’ i which R and R’ are

imdependently hydrogen, alkyl. or R and R’ arc taken together to represent an alkanediyi

having at least two carboun atoms. Now-limiting exampies of alkylidene groups mclude:

=CHy, =CH{CHCHy), and =C(CHs). An “alkane” refers o the compound H-R, wherein R

is alkyl as this term is defined above. When any of these terms is used with the “substitated”

10 medifier one or more hydrogen atom has been independently replaced by —OH, —F, —Cf, —Br,

=1, ~NHy, =NOy, ~CO:H, —~COCH,, ~CN, —SH, —OCH;, ~OCHCH;, —C(O)CH,, ~NHCH;,

~NHCHCH,, ~N{(CHy)z, ~C{O)NH,, ~OC(O)CHa, or ~S{0)NH,. The following groups are

non-fimiting examples of substitaied alleyl groups: ~CH,OH, ~CHLCL —~CFs, —CHCN,

=CHC{OYOH, -—CH&T(O"}OCH-_-,, ~CHLOIONH,, —CH.C(OYCH;,  —CH,0CH;,

15 —CHOCOCH,, —CHNHy, ~CHyN(CHs), and —CHCHCL  The term “haloalkyl” s a

subset of substitted alkyl, in which one or more hydrogen atoms has been substituted with a

hale group and no other atoms aside from carbon, hvdrogen and halogen are present. The

group, —CHoCl is a non-limiting example of a haloalkyl. The term “fluoroalkyl” is & subsst

of substituted alkyl, in which one or more hydrogen has been substituted with & fluoro group

20 and po other atoms aside from carbon, hydrogen and fluorine are present. The groups,
—CHyF, ~CFs, and —CH,CFy are non-limiting examples of fluoroalkyl groups.

The term “alkeny!” when used without the “substituted” modifier refors to an

monovalent susaturated aliphatic group with a carbon atom as the point of attachment, a

linear or branched, cyelo, cvclic or acvclic structore, at least one nonaromatic carbon-carbon

[

5 double bond, no carbon-carbon triple bonds, and no atoms other than carbon and hydrogen.
Non-fumiting examples of alkenyl groups include: —CH=CH; (vinyl), ~CH=CHCH;,
~CH=CHCH)CH;, ~CH;CH=CH; (allyl), ~CHyCH=CHCH;, and ~CH=CHCH=CH,, The
term “alkenediyl” when used without the “substituted” modifier refers to 2 divalemt
vnsaturated alipbatic group, with two carbon atoms as points of attachment, a linear or

3¢ branched, cyelo, evelic or acyelic structure, af feast one nonaromatic carbon-carbon double

kond, no carbon-carbon triple bonds, and no atoms other than carbon and hydrogen. The

gm
, angd };M

groups, ~CH=CH—, ~CH=C{CH;3)CHy—, -CH=CHCH,— , are non-thmiting

0086504} ‘6
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examples of alkenediyl groops. It i noted that while the alkenedivl group s aliphatic, once

connected at both ends, this group is not precluded from forming part of an aromatic

gtructure.  The terms “alkene” or “olefin” are synonymous and refer to a compound having

the formula H-R, wherein R s alkenyl as this term iy defined above, A “termina! alkene”

5 vefers to an alkene having just one carbon-carbon double bond, wherein that bond forms a

vinyl group at one end of the molecule. When any of these terms are used with the

“substituted” modifier one or more hydrogen atom bas been independently replaced by —0OH,

=F, -1 ~Br, -1, ~NH,, ~NQO,, ~COH, ~C0CHs, ~CN, ~8H, ~OCH;, ~OCHCH;,

~Z{OYCH;y, —NHCHs, ~NHCH,CHy, ~N{CH:), ~CONH,, ~OC(OYCH,, or —8(G)NH,.

16 The groups, —CH=CHF, —CH=CHCI and —CH=CHBr, arc non-liniting exampies of
substituted atkenyl groups.

The term “alkynyl” when osed without the “‘substituied” modifier refers to an

monovalent unsaturated aliphatic group with a catbop atom as the point of attachment, a

{inecar or branched, cyclo, cyclic or acyclic structure, at feast one carbon-carbon triple bond,

IS and po atoms other than carbon and hydrogen.  As used berein, the term alkymy! does not

prectude the presence of one or more pon-aromatic carbon-carbon double bonds. The groups,

~C=0H, ~(=CCH;, and ~CHC=CCH,, are nov-lindting exanples of alkynyl groups. An

“allyneg” refers to the compound H-R, wherein R is allkynyl, When any of these terms are

used with the “substituted” modifier one or more hydrogen atom has been independently

20 replaced by ~OH, ~F, ~Cl, —Br, ~1I, -NH,, ~NO,, ~COH, ~CO,CH;, ~CN, ~8H, ~OCH;,

=QCH,CH,, —C(OYCH:, ~NHCH,, —-NHCHCHa, —=N(CHz}, —C{O}NH2, —OC(OYCH;, or

—S{O)NH:.

139

The term “aryl” when used without the “substituted” modifier refers to a monovalent
gnsatorated aromatic group with an aromatic carbon atom as the pelnt of attachment, said
25 carbon atom forming part of 4 one or more sti-membered aromatic ring structure, whergin
the ring atoms are all catbon, and wherein the group consists of no atoms other than carbon
and hydrogen. If more than one ring is prosent, the rings may be fused or unfused. As used
herein, the term doss not preclude the presence of one or more alkyl or arvalkyl groups
{carbon number limitation permitting) attached to the first aromatic ring or any additional
30 eromatic rting present.  Non-limiting examples of aryl groups include phenyl (Ph),
methyiphenyl, {(dimethyDphenyl, —CeHuCHCH, {ethylphenyi), naphthyl, and a monovalent
group derived from biphenyl, The term “arepediyl” when used without the “substifuted”
modifier refers to a divalend aromatic group with two aromatic carbon atoms as poiats of
attachunent, said carbon atoms forming part of one or more six-membered aromatic ring

{08304 ) 17
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structure(s) wheretn the ring atoms are all carbon, and wherein the monovalent group consisis
of no atoms other than carbon and hydrogen. As used herein, the term does not preciude the
presence of one or more alkyl, aryl or aralkyl groups (carbor pamber Emiutation permitting)
attached to the first aromatic ring or any additional aromatic ring present. If more than ohe
ring is present, the rings may be fused or unfused. Unfused rings may be connected via one
or more of the following: & covalent bond, alkanedivl, or alkenediyl groups (carbon number

Imitation permitting). Nan-iimiting exaroples of arenediy! groups nclude:
£
_____ L‘t-;_ .\; S \"{ ‘ /-:.-.-::\\— L
. i - — -
% ______ / s T A

Hy /==, N g
© U} & , and <‘*‘/ ; .

Axn “areng” refers to the compound H-R, wherein R is aryl as that term is defined above.
Benzene and toluene are non-liniting exanples of arencs, When any of these terms are used

119

with the “substituted” modifier one or more hydrogen atom has been independently veplaced
by -OH, —-F, -CL -Br, ~I, ~NH, ~NG, -CGH, —CO(H; —-CN, ~SH, -OCH;,
=OCHCHs, —CO)CHs, ~NRCH;, ~NHCHCHs, —NICH3), —CIOINH,, —~OC{O)CHs, or
—S{OpNH:.

The term “aralkyl” when used without the “substituted” modifier refers to the
monovalent group —alkanediyl—arvl, in which the terms alkanediylt and aryl are cach used ina
manner consistent with the definitions provided above. Noun-limiting examples of aralkyls
are: phenyimethyl (benzyl, Bn) and 2-phenyi-ethyl. When the term aralky] is used with the

“substituted” modifier one or more hydrogen atom from the alkanediyi and/or the ary! group
has been independently replaced by ~OH, ~F, ~Cl, —Br, —, ~NH,, ~NG;, ~COH, ~COyCHs,
—CN, ~8H, -0CH;, -OCH;CH, —C{O)YCHa, -NHCH~, “NHCHCHs, —N(CHa,
~C{OYNH,, ~OC(O)YCH;3, or ~S{ORNH,. Non-limiting examples of substituted aralkyls are:
(3-chiorophenyl)-methyl, and 2-chloro-2-pheny feth-1 -yL

The term “heteroaryl™ when used without the “substituted” modifier refers to a
monovalent aromatic group with an aromatic carbon atom or nifrogen atom as the point of
attachment, said carbon atom or mivrogen atom forming part of one or more aromatic ring
structires wherein af least one of the ring atoms I8 nifrogen, oxygen or sulfur, and wherein
the heteroaryl group consists of no atoms other than carbon, bydrogen, aromatic nifrogen,

aromatic oxygen and aromatic sulfur. If movre than one ring is present, the rings may be fused

100086304} 18
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or unfused. As used herein, the term does not prechude the presence of one or more alkyl,
aryl, and/or aralkyl groups (carbon number limitation permitting) aftached fo the aromatic
ring or arorpatic ring system. Non-limiting exanmples of heteromyl groups include furanyl,
imvidzazolyl, indolvl, indazolyt (Im), isoxazolyl, wethylpyridinyl, oxazolyl, phenyipyridinyl,
pyridingd, pyrrolyl, pyrimidinyl, pyrazinyl, qoinolyl, quinazolyl, guinoxalinyl, triazioyl,
tetrazolyl, thiazolyl, thienyl, and triazolyl. The term “N-heteroaryl” refers to a heteroaryl
group with a nitrogen atom as the point of attachment. The term “heteroarenediyl” when
ased withowt the “substituted” modifier refers to an divalent aromatic group, with two
aromatic carbon atoms, two aromatic nitrogen atoms, or one aromatic carbon atom and one
aromatic nitrogen atorn as the two points of attachment, said atoms foring part of one or
more aromatic Ting structure(s) wherein at feast one of the ring atoms is nitrogen, OXygen or
sulfur, and wherein the divalent group consists of no atoms other than carbon, hydrogen,
aromatic nitrogen, aromatic oxygen and aromatic sulfur. If more than one ring is present, the
rings may be fused or unfused. Unfused rings may be comnected via one or more of the
following: a covalent bond, alkanediyl, or alkenediyi groups {carbon number lmitation
permitting). As used herein, the term does not preclude the presence of one or more alkyl,
arvl, and/or aralkyl groups (carbon number fimitation permitting} aftached to the aromatic

ring or aromatic ring system. Non-limiting examples of heteroarenediyl groups include:

N
H

e
e L0
WA

A “heteroarens” refers to the compourd H-R, wherein R is heteroaryl.  Pyridine and
quinoline are non-limiting examples of heteroarenes. When these terms are nsed with the
“substituted” modifier one or more hydrogen atom has been independently replaced by —OH,
—F, =1, —Br, ~f, =NH;, —NG;, ~COH, ~COCHy, —CN, —SH, —0OCH;, —0CH,CH,,

=C{OYCHa, ~NHCH;, ~“WHCH,CHs, —N(CHs ), —~C(ONH,, OC{O)CHg, or =S{0)pNHa.
The terny “heterocycloalky!” when used without the “sabstituted” modifier refers to a
monovalent non-aromatic group with a carbon aiom or pitrogen atom as the point of
attachinent, said carbon atom or nitrogen atom forming part of one o1 more non-aromatic ring
structures wherein at least one of the ring atoms is nifrogen, oxygen or sulfur, and wherein
the heterocycloalkyl group consists of no atoms other than carbon, hydrogen, nitrogen,
oxygen and sulfur. If more than one ring is present, the rings may be fused or unfused. As
used herein, the term does not preciude the presence of one or more alky! groups {carbon

mumber Hmitation permitting) attached to the ring or ring system. Also, the term does not
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prechude the presence of one or more double bonds in the ring or ring system, provided that
the resalting group remains non-aromatic. Non-himiting examples of heterocycloalky! groaps
include  aziridinyl, azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl,
thiomorpholinyl, temrshydrofuranyl, tetrabydrothioforanyl, tetrabydropyranyl, pyranyl,
oxiranyl, and oxetanyl. The term “N-heterocycloalky!” refers 10 a heterocycloalkyl groun
with 2 nitrogen atom as the point of attachmesnt. The torm “heterocycloatkanediyl” when
used without the “substituted” modifier refers to an divalent cyclic group, with two carbon
atoms, two nitrogen atoms, or one carbon atom and one nitrogen atom as the two points of

2

attachment, said atoms forming part of one or more ring structure(s} wherein at least one of

the ring atoms is nifrogen, oxygen or sulfur, and wherein the divalent group consists of no

g 18

atoms other than carbon, hydrogen, nitrogen, oxvgen and suifur. 1 more than one rin
present, the rings may be fused or unfused. Unfused rings may be connected via one or more
of the following: a covaient bond, alkanedivl, or alkenediv! groups (carbon number limitation
pernuitting).  As used herein, the term does not preciude the presence of one or more alkyl
groups {carbon number Lmitation permitting) attached 1o the ring or ring system.  Also, the
term does not preclude the presence of one or more double bonds in the ring or ring sysienm,
provided that the resulting group romaing von-sromatic.  Nov-limiting examples of

heterocycloalkanediyl groups melude:

N 0T HN
+ i_)%m %l\/!\!:,f and ~ i\/N;“.

When these torms are used with the “substituted” modifier one or more hydrogen atom has
been independently replaced by —GH, —F, ~ClL, —Br, —1, -Nih, NGy, —CO.H, —CO:CH;,
~CN, =8H, -OCH, -OCH;CH;, -~C(O)CH:, ~NHCH;, ~NHCHCH;, -N(CHa},
~C{ONH,, ~OC(GYCH;, —~S(0RNH,, or ~C{OYOC(CHa)s (fert-butyloxycarbonyl, BOC),
The term “acyl” when used without the “substituted” modifier refers to the group
~C{O)R, in which R is & hydrogen, alkyl, aryl, araliyl or heteroaryl, as those terms are
defined above. The groups, —CHO, —-C{OICH; (acetyl, Ac), ~C{OYCH;CH,,
~COYCH,CHCH;,  —CIOWCH(CHy), —COX}CHICH ), —C{OYCsHs, —COYCsHCHs,
~C{OYCHCelts, —C{OMimidazolyl) are non-fimiting examples of acyl groups. A “thicacyl”
is defined in an analogous manner, except that the oxygen atom of the group —C{O)R has
been replaced with a sulfor atom, —~C(S)R. The term: “aldehyde” corresponds to an alkane, as
defined asbove, wherein at least one of the hydrogen atoms has been replaced with a ~CHO

group.  When any of these terms are used with the “substinuted” modifier one or mor
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hydrogen atom (including a hydrogen atom directly attached the carbonyl or thiccarbonyl
group, if any) has been independently replaced by —OH, -F, —Cl, ~Br, 1, ~NH;, —~NG,,
~COuH, ~COyCHs, —ON, ~8H, ~OCH;, ~OCHCH,, —~CIOYCH,, ~NHCH;, ~NHCHCHs,
—N{CHs ), —COINH,, —OC{O)YCH,, or =S(ONHa. The groups, ~C{OYCHCF,, ~COH
(carbonyl), ~COCHa {methyicaboxyl}, —COCHCHs, —~C{OINH, ({carbamoyl), and
~CON(CHz)o, are non-limiting examples of substituted acyl groups.

The term “alkoxy” when used without the “substituted” modifier refers to the group
~OR, in which R is an alkyl, as that term is defined above. Noun-limiting examples of alkoxy
groups include: ~OCH. (methoxy), ~OCHCH; {(ethoxy), —OCH,CHCH,, ~OCH(CHy),
(isopropoxny), —~O(CHan (ferr-butoxy), ~OCH(CHz), —O-cyclopentyl, and —~O—cyclohexyl.
The terms “alkenyloxy”™, “alkynyloxy”™, “arvloxy™, “aralkoxy”, “heteroaryioxy”,
“heterocycloalkoxy”, and “acyloxy”, when used without the “substituied” modifier, refers to
groups, defined as —OR, in which R is alkenyi, alkynyl, arvl, aralkyl heteroaryi,

4~

heteroeycloaliyl, and acyl, respectively, The term “alkoxydiyl” refers to the divalont group
~O~alkanediyl-, ~O~alkanediyl-0O-, or —alkancdiyl-O-alkanedivli~ The term “alkyithio”
and “acylthio” when vsed without the “substituted” modifier refers fo the group ~SR, in
which R s an alky? and acyl, respectively. The term “alcohol™ cotrespouds to an alkane, a8

defined above, wherein at least one of the hydrogen atoms has been replaced with a hydroxy

group. The term “ether” corresponds to an alkane, as defined above, wherein at least one of

the hydrogen atoras has been replaced with an alkoxy group. When any of these terms is
used with the “substituted” modifier one or more bydrogen atom has becn independently
replaced by ~OH, —F, -1, ~Br, ~1, ~NH,, ~NO;, ~CO.H, ~CQ;CHs, —-CN, -SH, —OCHa,
~OCHCHs, ~C(O)CH;, ~NHCH;, ~NHCHCH;, ~N(CHs )y, ~C{O}NH,, ~OC{OCH,, or
=3{ 0} NH:,

The term “alkylamine” when used without the “substiiuted” modifier vefers 1o the
group ~NHR, in which R is an alkyl, as that term i defined above. Non-limiting examples of
alkylamino groups include: ~NHCH; and ~NHCHCHi:. The term “dialkylamino” when
used without the “substitted” modifier refers to the group —NRR', in which R and R can be
the same or different alky! groups, or R and R’ can be taken together to represent an
alkanedivl. Non-lmiting  examples of dialkylamino groops  inclode:  ~N{TH;).

~N{CH:YCHCHs), and Npyrrolidinyl,  The toms  “alkoxyamino™, “‘alkenviamine”,
. ) Py 3 i ; 3

&6 TGk

alkynylamine”, “arylamino”, “aralkylamino”, “heteroaryiamine”, “heterocyeloatkylamine”
and “alkylsulfonylamine”™ when used without the “sobstituted” modifier, refers to groups,
defined as ~NHR, in which R is alkoxy, alkenvl alkynyl aryl, aralkyl, heteroaryl,
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reterocycloalkyl, and alkylsuifonyl, respectively. A non-himiting example of an arylamino
group 18 ~NHCHs. The term “amido” (acylamino), when used without the “substituted”
modifier, refers to the group —NHR, in which R is acyl, as that term is defined above. A non-

fmiting example of an amide group 18 ~NHC(O)YCH;. The term “alkylimine™ when used

(¥

without the “substituted” modifier refers to the divalent group =NR, in which R is an alkyl, as

that term is defined above. The term “alkyismmnodiy!” refors to the divalent group

~NH-alkanedivi~, ~NH-alkanediyl-NH~, or —alkanediyl-NH-alkancdivl-. When any of

these terms is used with the “sobstituted” modifier one or more hydrogen atom has been

independently replaced by —OH, ~F, ~Cl, By, ~I, ~NH,, ~NG,, ~CCOH, —CO(CH;, ~CN,

10 -8H, ~OCH:, ~OCH;CH,, —C{OYCHs, ~NHCH;, ~NHCHCH;, —N(CHs)y, —C{ONH,,
~QCOYCH;, or —S{OpNH,. The groups ~NHC(OYOCH, and -NHC(OWNHCH; are non-
limiting examples of substituted amido groups.

The ferms “alkvisulfonyl” and “alicylsutfinyl™ when used without the “substituted”
modifier refers to the groups —S{O 1R and —S{OIR, respectively, in which R is an alkyl, as

15 that term is defined above. The ferms “alkenylsolfonyl”, “alkynylsulfonyl”, “arylsulfony?”,
“aralkylsulfony?”, “heteroaryisolfony!”, and “heterocycloalkylsulfonyl” are defined in an
anaiogous manoer. When any of these terms is used with the “substituted” modifier one or
more hydrogen atom has been independeuntly replaced by —OH, —-¥F, —CL, —Br, ~I, -NH,,
~NG,, ~COH, ~COCH., ~ON, -5H, -OCCH, -OCHCH, -C(C)CH,;, -NHCH,,

20 ~NHCH;CHs, —MN{CHz),, ~C{OINH,, ~QC{O)CHs, or ~S(QpNH,.

The term “alkyiphosphate™ when used without the “substitoted” modifier refers to the
group ~OP(OYOHNOR), in which R is ap alkyl, as that torm is defined above, Non-linuting
examples of allyiphosphate groups includer ~OP{O)OHYOMe) and —~COP(OYOHYQEL.
The term “dialkylphospbaie” when used without the “substituied” modifier refers to the

25 group ~OP(OYORKOR, in which R and R’ can be the same or different alkyl groups, or R
and R’ can be taken together o represent an alkapediyl Non-limiting examples of
dialkviphosphate groups inchude: ~OP(O}OMe),, ~OP{O)OE)OMe) and ~OP{O}OE1),.
When any of these terns is used with the “substituied” modifier one ot more bydrogen atom
has been ndependently replaced by —OH, —F, ~CL -Br, 1, =NHy, —NG,, —COyH, —CO,CH;,

30 -CN, -SH, ~0CH;, ~0OCHCH, ~C(OYCH;, -NHCH,, -NHCHCH,, -N(CH;),

—C{O)NH,, ~OC{OYCH;, or ~5(0)NH:.

The use of the word “a” or "an,” when used in conjunction with the term

“comprising” in the claims and/or the specification may mean “one,” but i is also consistent

with the meaning of “one of more,” “at least one,” and “one or more than one.”
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Throughout this application, the tersy “about” is used to indicate that a value inclhudes
the inherent variation of ervor for the device, the method being employed to determine the
value, or the variation that exists amoung the study subjects.

As used herein, 8 “chiral auxiliary” refers to a removable chival group that is capable
of influencing the stereoselectivity of a reaction. Persons of skill in the art are familiar with

3

such compounds, and many are commercially available.

AR

The terms “comprise,” “have” and “include” are open-ended linking verbs, Any
forms or tenses of one or more of these verbs, such as “comprises,” “comprising,” “has,”
“having,” “includes” snd “including,” are also open-ended. For oxample, any method that

* Cé}

“comprises,” “has” or “inclades” one or more steps is not limited 1o possessing only those
one or more steps and also covers other unlisted steps.

The term “effective.” us that term is ased in the specification and/or claims, means
adequate to accomplish a desired, expected, or imtonded resplt.  “Effective amount,”
“Therapeutically effective amount” or “pharmaceutically effective amount” when used in the
context of treating a patient or subject with a compound means that amount of the compound
which, when administered t0 a subject or patient for treating a disease, is sufficient to effect
such treatment for the disease.

As used berein, the term “ICs” refers to an inhibitory dose which is 50% of the
maximum vesponse obtained. This quantitative measure indicates how much of a particular
drug or other substance {inhibitor) is needed to inhibit a given blological, biochemical or
chemical process {or component of a process, e an cnzyme, cell, cell receptor or
microorganism) by half

An “isomer” of a first compound is a separate compound in which each molecule
contains the same constituent atoms as the frst compound, but where the configuration of
those stoms in three dimensions differs.

As used herein, the term “patient” or “subject” refers to a bving mammalian
organism, such as & humasn, monkey, cow, sheep, goat, dog, cat, mouse, ral, guinea pig, or
transgenic species thereof. In certain embodiments, the patient or subject is & primate. MNon-
Hmiting examples of human subjects are adults, juveniles, mfants and fetuses,

As generally osed herein “pharmaceutically accepiable” refers to those compounds,
materials, compositions, and/or dosage forms which are, within the scope of sound medical
judgment, suitable for use in contact with the tissues, organs, and/or bodily fluids of human
beings and antmals without excessive toxicity, irritation, allergic response, or other problems
or complications commensurate with & reasonable benefit/risk ratio.
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“Pharmacentically acceptable salts” means salts of compounds of the present

mmvention which are pharmaceutically acceptable, as defined above, and which possess the
csired pharmacological activity,  Such salis include acid addition salts formed with
morganic acids such as bydrochlorie acid, hydrobrommic acid, sulfuric acid, nitric acid,

5 phosphoric acid, and the like; or with organic acids such as 1,2-ethanedisudfonic acid,
2-hydroxyethanesulfonic  acid, Z2-naphthaleneselfonic  acid, 3-phenylpropionic  acid,

4 4-methylenehis(3-hydroxy-2-ene-1-carboxvlic  acid},  4-methvibicyelo{2.2.2joct-2-ene-
{-carboxylic acid, acetic acid, aliphatic mono- and dicarboxylie acids, aliphatic sulfuric acids,
aromatic sulfuric acids, Sen.z&nesuifbnic acid, benzolc acid, camphorsulfonic acid, carbonic

10 acid, cionamic acid, citfric acid, cyclopentanepropionic acid, ethancsulfonic acid, fumaric
acid, glucoheptonic acid, gluconic acid, glutamic acid, glycolic acid, heptanoic acid, hexanoic

acid, hydroxynaphthoic acid, lactic acid, laurylsuifuric acid, maleie acid, malic acid, malonic

acid, mandelic acid, methanesulfonic acid, muconic acid, o-{4-hydroxybenzoylibenzoic acid,
oxalic acid, p-chlorobenzonesulifonic acid, phenyvi-substituted alkanoic acids, propionic acid,

15 p-toluenesulfonic acid, pyruvic acid, salicylic acid, stearic acid, succinic acid, tartaric acid,
tertiarybutylacetic acid, trimethylacetic acid, and the like. Pharmaceutically accepiable salts

aiso tnclude base addition salts which may be formed when acidic protons present are capable

of reacting with morganic or organic bases. Acceptable inorganic bases include sodium

hydroxide, sodium carbonate, potassium hydroxide, alumimum hydroxide and calolun

j=

20 hydroxide. Acceptable organic bases inchide othanolamine, dicthanolamine, triethanolamine,
tromethamine, N-methylglucamine and the like. It should be recognized that the particular
arion or cation forming a purt of any salt of this Invention is not critical, so long as the salt, as
a whole, 15 pharmecologically acceptable.  Additional examples of pharmaceutically
acceptable saits and their methods of preparation and use are presented in Handhook of

25 Pharmaceutical Salts: Properties, and Use (P. H. Stahi & C. G. Wermuth eds., Verlag

%

Helvetica Chimica Acta, 2002).

The term “pharmaceutically acceptable carrier,” as uvsed hercin means 2
pharmaceuntically-acceptable material, composition or vehicle, such as a liquid or solid fifler,
difuent, excipient, solvent or encapsulating matevial, invelved in carrying or fransporting a

30 chemical agent,

“Provention” or “preventing” mchudes: (1) inhibiting the onset of 2 disease in a
subject o patient which may be at risk and/or predisposed to the disease but does not yet
experience or display any or all of the pathology or symptomatology of the disease, and/or (2)
slowing the onset of the pathology or symptomatology of a disease in a subject or patient
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which may be at visk and/or predisposed to the disease but does not yet experience or display
any or all of the pathology or symptomatology of the disease.

“Prodrug” meuns a compound that is convertible i vive metabolically info an
inhibitor according to the present invention. The prodrug itself may or may not also have
activity with respect o a given tergel protein. For example, a compound comprising a
hydroxy group may be administered as an ester that is converted by hydrolysis in vive to the
hiydroxy compound. Suitable esters that may be converted in vive inte hydroxy compounds
imclude acetates, citrates, lactates, phosphates, tartrates, malonates, oxalates, salicylates,

propionates, succinaies, fumarates, maleates, methylone-bis-B-hydroxynaphthoate, geptisates,

isethionates, di-p-toluoyltarirates, methanesulfonates, ethanesuifonaies, benzenesulfonates,

p-toluenesulfonates, cyelohexylsulfamates, quinates, esters of amino acids, and the like.

Strpilarly, 2 compound comprising an amine group may be administered as an amide that is
converted by hydrolysis in vivo 1o the amine compound.

A “sterecisomer” or “optical isomer” is an isomer of a given compound in which the
same atoms are bonded fo the same other atoms, but where the configuration of those atoms
in three dimensions differs. “Enantiomers” are stereoisomers of a given compound that are
mirror images of each other, like left and right hands. “Diastercomers™ are stereoisormers of a
given compound that are not epantiomers. Chiral molecules contain a chiral center, also
referred to as 2 stereocenter or stercogenic center, which is any point, though not necessarily
an atom, in a molecale bearing groups such thet an interchanging of any two groups leads to a
sterecisomer. In organic compounds, the chiral center is typically a carbon, phosphorus or
salfur atony, though it is also possible for other atoms to be stereccenters in orgamic and
inorganic compounds. A molecule can bave multiple stereocenters, giving it many
stereoisomers. In compounds whose stereoisomerism is due io tetrahedral stereogenic centers
(e.g., tetrahedral carbon), the total number of hypothetically possible sterecisomers will not
exceed 2n, where n is the nomber of tetrabedral stereccenters.  Molecules with symmetry
frequently have fewer than the maximum possible nomber of stereoisomers. A S0:30 mixiure
of enantiomers is referred 1o as 2 racemic mixture. Altornatively, a mixture of enantiomers
can be enantioroorically enviched so that one enantiomer is present in an amount greater than
50%. Typically, enantiomers and/or diastereomers can be resolved or separated osing
technigques known in the art. It is contemplated that that for any stereocenter or axis of
chirality for which stereochemistry has not been defined, that stereocenter or axis of chiralify

can be present iv its R form, S form, or as a mixwre of the R and § forms, including racemic
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and non-racemic mixtares.  As uvsed herein, the phrase “substantially free from other
sterecisomers” means that the composition contains < 15%, more preferably < 10%, even
more preferably < 5%, or most preferably < 1% of another stereoisomer!{s).

“Tregtment” or “freating” includes (1) inlubiting a disease in a subject or patient

w4

experiencing or displaying the pathology or symptomatology of the disease (e.g., arresting
further development of the pathology and/or symptomatology), (2) ameliorating a discase m a
subject or patient that is experiencing or displaying the pathology or symptomatology of the
disease {(e.g., reversing the pathology and/or symptomatology), and/or (3) effecting any
neasurable decrease in a disease in a subject or patient that is experiencing or displaying the
10 pathology or symiptomatology of the disease.
Other abbreviations used herein are as follows: DMSQ, dimethy! sulfoxide; LiAIH,,
lithium  aluminum  hydride; DMF, dimethylformamide; MeCN, acetonitrile; MeOH,
thanol; BtOH, ethanol; EtOAc, ethyl acetate; ‘BuOH, tert-butanol; 'PrOH, isopropanol;
“HexOH, cvelohexanol; PVC, palladium on carbon; A, acetic anhydride; AcOOH,
15 peracetic acid; HCO:EL, sthyl formate; MeOTY, methyl trifluoromethansutfonate; BEINCO,
ethyl socyanate; THF, tetrahydrofuran; KO'Bu, potassium tert-butoxide; NaOMe, sodium
methoxide; MTBE, methyl tert-butyl other: DME, dimethoxyethane; NBS, N-
bromosuccinimeide; DIBAL-H, discburylaluminium hydride; CDL carbonyldiimidazole;
DIEA, disopropyiethylamine; HOBtxi0, hydroxybenzotriazole thydrate; TEA,
20 wiethylaming; DMAP, dimethylaminopyriding; EDCi 1-ethyl-3-(3-
dimethylamninopropyjcarbodiimide; 4 A MS, 4 angsirom molecular sieves; NMO, N-
methytmorpholine N-oxide;, TPAP, tetrapropylammontum perruthenate; DBDMH, 13-
dibromo-3,5-dimethylhydandoin; NO, nitric oxide; iINOS, inducible nitric oxide synthase;

COX-2, cyclooxygenase-2; FBS, fetal bovine sevany IFNy or TFN-y, interferon-y; TNFa or

o
(¥

TNF-g, tomor necrosis factor-o; [L-10, interlevkine13; HO-1, inducible heme oxygenase,
The above definitions supersede any conflicting definition in any of the reference that
is incorporated by reference herein. The fact that centain terms are defined, however, should
not be considered as indicative that any term that is undefined is indefinite. Rather, all terms
used are believed to describe the invention in ferms such that one of ordinary skill can

3G appreciate the scope and practice the present invention.

13 Compounds and Synthetic Methods

The compounds provided by the present disclosure are shown above in the summary
of the invention, i the claims, and in the sections below. They may be made using the
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methods outlined in the Examples section. These methods can be further modified and
optimized using the principles and techniques of organic chemdstry as applied by a person
skilled in the art.  Such principles and techoiques are taught, for example, fn March’s

Advanced Organic Chemisiry: Reactions, Mechanisms, and Struciure (2007), which is

hH

incorporated by reference herel
Compounds of the invention may contain one Or more asymmetricaliy-sabstifuted
carbon or nitrogen atoms, and may be isolated in optically active or racemic form. Thus, all
chiral, diastereomeric, racemic form, epimeric form, and all geometric isomeric forms of a
chemical formula are imtended, voless the specific stercochemistry or someric form is
{  specifically indicated. Compounds may occur as racemates and racemic mixtures, single
enantiomers, diastereomeric mixtores and individual diastereomers, In some embodiments, &
single diastereomer is obtained. The chiral centers of the compoonds of the present nvention
can bave the § or the R configuration.
Chenucal formuias used to sepresent compounds of the invention will typically only
15 show one of possibly several different tautomers. For example, many types of ketone groups
are known to exist in eguilibrium with corresponding enol groups. Similarly, many types of
imine groups exist in equilibrium with enamine groups. Regardiess of which tautomer is
tepicted for u given compound, and regardiess of which one is most provalent, all tagtomers
ofa given chemical formula are infended.
¢ Atoms making up the compounds of the present invention are iniended to include all
isotopic forms of such atoms. Compounds of the present invention inchude those with one or
more atoms that have been isoiopically medified or emriched, I particular those with
pharmaceutically acceptable isotopes or those useful for pharmaceutically research, Isotopes,
as used herein, include those atoms having the same atomic number but different mass
25 numbers, By way of genersl example and without limitation, isotopes of bydrogen include
deuteriom and tritiom, and Isotopes of cabon mchude PC and '“C.  Similarly, # is
contemplated that one or more carbon atom(s) of a compoundd of the present invention may
be replaced by a silicon atomds). Furthermore, it 8 contemplated that one or more oxygen
atom{s) of a compound of the present nvention may be replaced by # sulfur or selenium

30 atomds).
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er in rowine mandpulaton or i whe, (o the parent compound. Accordingly, prodrugs

5 inclade, for example, compounds described herein in which a hydroxy, amino, or carboxy
group is bonded to any group that, when the prodrug is administered to a subject, cleaves o
form & hydroxy, aminag, or carboxylic acid, respectively.

HY

i Handhook of Phavmacewical Salts: Properiies, and Use (2002},

It should be further recognized that the compounds of the present invention include

those that have been further modified to comprise substituents that are convertible to

15 hydrogen in vive. This includes those groups that may be convertible to a hydrogen atom by
enzymological or chemical means inclading, but not Hmited fo, hydrolysis and
hydregenolysis. Examples inclode hydrolyzable groups, such as acyl groups, groups having

an oxycarbonyl group, amine acid residues, peptide residues, o-vitrophenyisulfenyi,
trimethylsilyl, tetrahydropyranyl, diphenylphosphinyl, and the like. Examples of acyl groups

20 include formyl, acetyl, wiflucroacetyl, and the like. Examples of groups baving an
oxycarbony! group include ethoxyearbonyl, tert-butoxyearbonyl (—C{OYOC{CHah, Boc),
benzyloxyearbonyl, p-methoxybenzyloxycarbonyl, vinyloxycarbonyl, B-(p~
wloenesolfonvljethoxycarbonyl, and the like. Suitable amino acid residocs include, but arg

ot Hiaited to, residues of Gly (glycine), Ala {alanine), Arg (arginine), Asn (asparagine}, Asp

25 (aspartic acid), Cys (cysteine), Gh (ghutamic acid), His (histidine), He (iscleucine), Leu
(leucine}, Lys (lysine), Met (methionine), Phe (phenylalanine), Pro (proline), Ser (serine),

Thr (threonine), Trp (tryptophan), Tyr (tyrosine), Val (valine}, Nva (porvaline), Hse
(homoserine), 4-Hyp (4-hydroxyproline), 5-Hyl (S-hydroxylysine), Om (ornithine) and B-

Ala, Examples of suitable amino acid residues also include amino acid residues that are

30 protected with a protecting group. Examples of suitable protecting groups include those
typically employed in peptide synthesis, including acyl groups (such as formyl and acetyl},
aryimethoxycarbonyl groups (such as benmyloxyearbonyl and p-nitrobenzyloxycarbonyl),
teri-butoxycarbonyl groups (—~C(GYOC(CHa), Boce), and the like. Suitable peptide residues
inclode peptide residues comprising two to five amino acid residues. The residues of these
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amino acids or peptides can be present in stereochemical configurations of the D-form, the L-
form or mixtures thercof. In addition, the amino acid or peptide residue may have an
asyminctyic carbon atom, Examples of suitable amine acid residucs having an asymmerric
carbon atom nchude residues of Ala, Ley, Phe, Trp, Nva, Val, Met, Ser, Lys, Thr and Tyr.
Peptide residues having an asymmetric carbon atom include peptide residues having one or
more constituent amino acid residues having an asymmietric carbon atom. Examples of
suitable aminoe acid protecting groups include those typically emploved i peptide synthesis,
mcluding acyl groups (such as formyl and acetyl), aryvlmethoxyoarbonyl groups (such as
benzylonycarbony!  and  p-nirobenzyloxycarbonvl),  terr-butoxycarbonyl  groups
(~=C{OYOC(CH;)), and the ke, Other examoples of substituents “converiible to hydrogen in
vivo” include reductively eliminable hydrogenolyzable groups.  Examples of suitable
reductively eliminable hydrogenolyzable groups include, but are not Hmited 10, aryisulfonyl
groups (such as o-toluenesulfonyl); methy! groups substituied with phenyl or benzyloxy
(such as benzyl, trityl and benzyloxymethyD: arylmethoxycarbonyl groups (such as
benzyloxycarbonyl and o-methoxy-benzyloxycarbonyl); and haloethoxycarbonyl groups
{such as {.B,B-trichlorocthonycarbony! and f-iodosthoxyearbonyl).

Compounds of the invention may also have the advantage that they may be more
efficacious than, be less toxic than, be longer acting than, be more potent than, produce fewer
side effects than, be more casily absorbed than, and/or have 2 better pharmacokinetic profile
{e.g., higher oral bicavailability and/or lower clearance) ihan, and/or have other useful
pharmacological, physical, or chemical proporties over, compounds known in the prior ar,

whether for use in the mdications siated herein or otherwise.

Y. Biological Aciivity

Assay resubts for the suppression of IFNy-induced NO production are shown for
several of the compounds of the present invention ip Table 1 below, In the right-band
column of this table under the RAW?264.7 heading, the results are compared to those of

bardoxolone methyl (RTA 402, CDDO-Me). Details regarding this assay are provided in the

Examples section below,
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V.  Idseases Associated with Inflamumation and/or Oxidative Stress

Inflamamation is & biological process that provides vesistance to infecticus or parasitic
organisms and the repair of damaged tissve. Inflammation is commonly characterized by
localized vasodilation, redness, swelling, and pain, the recruitent of leukocytes to the site of
mfection or inpury, production of inflamumatory cytokines such as TNF-o and IL-1, and
production of reactive oxygen or nitrogen speeies such as hydrogen peroxide, superoxide and
peroxyaitrite.  In later stages of inflammation, tissue remodeling, angiogenesis, and scar
formation (fibrosis) may occur as part of the wound hesling process. Under normal
circumstances, the inflammatory response is regulated and temporary and s resolved m an
orchestrated fashion once the infection or injury has been dealt with adequately. However,
acute inflanumaiion can become excessive and life-threatening if reguiatory mechanisms fail.
Aliernatively, inflammation can become cloonic and cause cumulative fissue damage or
systemic commpilications. Based at least on the evidence presented above, the compounds of
this invention may be used in the treatment or prevention of inflammation or diseases
associated with inflammation.

Many serious and infractable human discases involve dysregulation of inflammatory
processes, incheding diseases such as cancer, atherosclerosis, and diabetes, which were not
wraditionally viewed as inflamomatory conditions. In the case of cancer, the inflammatory
processes arg associated with tumsor formation, progression, metastasis, and resistance to
therapy. Atherosclerosis, long viewed as 8 disorder of hpid metabolism, i now understood
o be primarily an inflammatory condition, with activated macrophages playing an important
role in the formation and eventual rupture of atherosclerctic plaques. Activation of
milammatory sigoaling pathways hag alse been shown to play a role in the development of
msulin resistance, as well as in the peripheral tissue damage associated with diabenic
hyperglycemia,  Excessive production of reactive oxygen species and reactive nitrogen
species such as superoxide, hydrogen peroxide, nitric oxide, and peroxynifrite is a halloark
of mflammatory conditions.  Evidence of dysregulated peroxynitrite production has been
reported in 8 wide variety of diseases (Szabo ef al, 2007; Schulz ef al., 2008; Forstermann,
2006; Pall, 2007).

Autotmnmne discases such as rheumatoid arthritis, tupus, psoriasis, and multiple
sclerosis invelve inappropriate and chronie activation of inflammatory processes in affected
tissues, arising from dysfunction of self vs. non-self recognition and response mechanisms in
the mmune system.  In neurodegenerative discases such as Alzheimer’s and Parkinson’s

106086504} 4
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diseases, neural damage s correlated with activation of microgha and elevated levels of pro-
mflammatory proteins soch as inducible nitric oxide syathase (INGS}. Chronic organ failure
such as renaf failure, heart failure, liver failure, and chrornic obstructive pulmonary disease is
closely assoctated with the presence of chronie axidative stress and mflammation, leading to
the development of fibrosis and eventual foss of organ fonction. Oxidative stress in vascular
endothelial cells, which line major and minor blood vessels, can Icad (o endothelial
dysfunction and is believed to be an important contributing factor in the development of
systemic cardiovascular disease, complications of diabetes, chronie kidney disease and other
forms of organ faihwe, and a number of other aging-related diseases including degenerative
diseases of the central nervous system and the retina.

Many other disorders mvolve oxidative stress and mflammation in affected tissues,
mcluding mflammetory bowel disease; inflanumatory skin diseases; mucositis related to
radiation therapy and chemotherapy; eye discases such as uveitis, glaucoma, macular
degeneration, and varicus forms of retinopathy; wransplant failure and rejection; ischemia-
reperfusion injury; chronic pein; degenerative conditions of the bones and joints including
osteoarthritis and osteoporosis; asthma and cystic  fibrosis; selzure  disorders; and
newropsychiatric conditions mcluding schizophrenia, depression, bipolar disorder, post
traumatic stress disorder, attention deficit disorders, autism-spectrum disorders, and eating
disorders such as anorexia nervosa. Dysregulation of inflammnatory signaling pathways is
believed to be a major factor in the pathology of muscle wasting diseases including muscular
dystrophy and various forms of cachexia,

A variety of life-threatening acute disorders also wnvolve dysregulated inflammatory
signaling, including acute organ failure mmvelving the pancreas, kidneys, liver, or fungs,
myocardial infarction or acute coronary syndrome, stroke, septic shock, trauma, severe bums,
and anaphylaxis,

Many complications of nfectious diseases also mvolve dysregulation of inflammatory
responses.  Although an nflammatory response can kill invading patbogens, an cxcessive
inflanumatory response can also be guite destructive and i some cases can be a primary
source of damage in infected tissues. Furthermors, an excessive inflammatory response can
also lead to systemic complications due {6 overproduction of inflammatory cytokines such as
TNF-g and IL-1. This is believed to be a factor in mortality arising from severe nfluenza,

severe acute respiratory syndrome, and sepsis.

160086304 } 46
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The abesrant or excessive expression of either INOS or cycloonygenase-Z (U0OX-2)
has been implicaied in the pathogenesis of many disease processes, For exampie, it is clear
that NO is a potent mutagen {Tamir and Tannebsum, 1996), and that nitric oxide can also
activate COX-2 (Salvemini e/ al., 1994). Furthermore, there 15 a marked increase in iNOS n

5 yat colon tumors induced by the carcinogen, azoxymethane (Takahashi ef of, 1997}, A series
synthetic triterpenoid analogs of oleanoiic acid have been shown to be powerful inhibitors

of cellular mflammatory processes, such as the induction by IFN-y of inducible nitric oxide
synthase (INOS) and of COX-2 in mouse macrophages. See Honda ef of. (2000a); Hondz ef

al. (2000b), and Honda e al. {2002), which are all incorporated herein by reference.

1G In one aspect, compounds disclosed herein are characterized by their ability 1o inbibit
the production of nitric oxide n macrophage-derived RAW 264.7 cells induced by exposure
to v-interferon. They are further characterized by their ability to induce the exprassion of
antioxidant proteins such as NQO! and reduce the expression of pro-inflammatoty proteins

such as COX-2 and indocible nitric oxide synthase (INOS). These properties are refevant

15  the treatment of a wide arra:v; of discases and disorders invelving oxidative stress and
dysregulation of inflaromatory processes including cancer, complications from localized or
wtal-body exposure t0 ionizing radiagion, wmucositis resulting from radiation therapy or
chemotherapy, autoimmune disesses, cardiovascular diseases including atherosclerosis,
ischemia-reperfusion injury, acute and chronic organ fathwe wcluding renal failure and heart

20 failure, respiratory diseases, diabetes and complications of diabetes, severe allergies,
fransplant rejection, graft-versus-host disease, neurodegenerative diseases, diseases of the eye

and retina, acute and chronic pain, degenerative bone discases including ostecarthritis and
osteoporesis, inflammatory bowel discases, dermatitis and other skin discases, sepsis, burps,

seizure disorders, and nevropsychiatric disorders.

Ja]
i

Without being bound by theory, the activation of the antioxidant/anti-inflammatory
Keapl/NriZ/ARE patbway is believed to be implicated in both the anti-intlavwnatory and
anti-carcinogenic properties of the compounds disclosed herein.

In another aspect, compounds disclosed herein may be used for treating 3 subject
having a condition caused by elevated fevels of oxidative stress in one or more tissues.
3¢ Oxidative stress resulfs from abnormally high or prolonged levels of reactive oxygen specics
such as superoxide, hydrogen peroxide, nitric oxide, and peroxynitite (formed by the
reaction of nitric oxide and superoxidey. The oxidative siress may be accompanied by either

acute or chronic inflamymation, The oxidative stress may be caused by miiochondrial
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dysfunction, by activation of immune cells such as macrophages and neutrophils, by acute
exposure t0 an external agent such as ionizing radiation or a cytotoxic chemotherapy agent
{e.g., doxorubicin), by trauma or ofber acute tissue njury, by ischemia/reperfusion, by poor
circulation or anemia, by localized or systemic hypoxia or hyperoxia, by elevated ltevels of
mnflarumatory cytokines and other inflammation-related profeins, and/or by other abnormal
physiological states such as hyperglycemia or hypoglycemia,

In animal models of many such conditions, stimulating expression of inducible heme
oxygenase {(HO-1), a target gene of the Nrf2 pathway, has been shown to have a significant
therapeutic effect including models of myocardial infarction, renal failure, transplant failure
and rejection, stroke, cardiovascular disease, and autoimmune disease {e.g., Sacordoti ef g/,
2005; Abraham & Kappas, 2005; Bach, 2006; Aranjo ef «l,, 2003; Liu ef @l., 2006; Ishikawa
et al., 2001 Kruger ef al., 2006; Saioh ef al., 2006; Zhouw ef al., 2008; Morse and Chei, 2005;
Morse and Choi, 2002). This enzyme breaks frec heme dowsn into irom, carbon monoxide
{CO), and biliverdin (which is subsequently converied to the potent antioxidant molecule,
bilirubin).

In another aspect, compounds of this invention may be used in preventing or treating
tissue damage or organ failure, acute and chronic, resulting from oxidative stress exacerbated
by inflammaton. Examples of discases that fall in this category include: heart failure, liver
failare, transplant failore and rejection, remal failore, pancreatitis, fibrotic hmg disesses
{cystic fibrosis, COPD, and idiopathic pulmonary fibrosis, among others), diabetes (including

complications), atherosclerosis, ischemia-reperfusion injury, glaucoma, stroke, autoimmune
disease, autism, macular degeneration, and muscular dystrophy. For example, in the case of
autism, stodies suggest that increased oxidative stress in the central norvous sysiem may
contribute to the development of the discase (Chauvhas and Chauban, 2006).

Evidence also links oxidative stress and inflammation to the development and
pathology of many other disorders of the central nervous system, imcluding psychiatric
disorders such as psychosis, major depression, and bipolar disorder; seizure disorders such as
eptiepsy; pain and sensory syndrones such as migraine, neuropsthic pain or tinnitus; and
behaviorsl syndromes such as the attenfion deficit disorders. See, e.g., Dickerson et af,

2007; Hanson ef al., 20035; Kendall-Tackett, 2007; Lencr ¢f gl, 2007, Dudhgaonkar ef g/,

e

006; Lee et ¢, 2007; Moris ef al., 2002; Ruster ef al., 2005; Mclver ef al., 2005; Sarchielli
el al., 2006, Kawakamn ¢f al., 2006; Ross e @l., 2003, whkh are all incorporated by reference

herein. For exampie, elevated levels of inflammatory cytokines, incheding TNF, mnterferorn-y,
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and IL-6, are assoctated with major mendal illness (Dickerson ef al, 2007). Microghal

activation hes aiso been linked to major mental illness. Therefore, downregulating

milammatory cytokines and inhibiting excessive activation of microghia could be beneficial

in patients with schizophrenia, major depression, bipolar disorder, autism-spectrum disorders,
5 and other neurepsyehiatric disorders.

Accordingly, in pathologies involving oxidative stress slone or oxidafive siress
exacerbated by inflammation, treatment may comprise administering o a subject a
therapeutically effective amount of a compound of this invention, such as those described
above or throughout this specification. Treatment may be administered preventively, in

10 advance of a predictable state of oxidanve stress (e.g., organ framsplantation or the
administration of radiation therapy to a cancer patient), of it may be administered
therapeutically in settings involving established oxidative siress and inflammation.

The compounds disclosed herein may be generally applied o the treatment of
mflammatory conditions, such as sepsis, dermatitis, awtoinuoune disease and osteoarthritis,

15 In one aspect, the compounds of this invention may be used to treat inflammatory pain and/or
nearopathic pain, for example, by inducing NrfZ and/or inhibiting NF-«B.

In some embodiments, the compounds disclosed herein may be used in the ircatment
and prevention of discases such as cancer, inflammation, Alzheimer’s disease, Parkinson’s
disease, multiple sclevosis, autism, amyotrophic latersl sclevosis, Mhmtington's disease,

20 autolmmune diseases such as rheumatoid arthritis, lupus, Crohn’s disease and psoriasis,
mflammatory bowel disease, all other discases whose pathogenesis is believed to involve
excessive production of either nitric oxide or prostaglanding, and pathologies mvolving
oxidative stress alone or oxidative stress exacerbated by mflammation.

Another aspect of inflammation s the production of mflammatory prostaglanding
1 : J ok £

[a]
e

such as prostaglandin E.  These molecules promote vasodilation, plasmae extravasation,
fpcalized pain, elevated tomperature, and other symptoms of mflamymation. The mducible
form of the enzyme COX-2 is asscciated with thelr production, and high levels of COX-2 are
found in inflamed tissues. Consequently, inhibition of COX-2 may relieve many symiptorss
of inflammation and a mwwber of important anti-inflammatory drugs (e.g., ibuprofen and
30 celecoxib) act by mhibiting COX-2 activity. Recent research, however, has demonstrated
that a class of cyclopentenone prostaglandins (cyPGs) (e.g., 15-deony prostaglandin J2, aka
P(GJI2) plays a role in stimulating the orchestrated resolution of inflamumation (e.g., Rajakariar

et al., 2007). COX-2 is alse associated with the production of cyclopentenone prostagianding.
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Consequently, inhibition of COX-2 may interfere with the full resclution of mflammation,

potentially promoting the persistence of activated immume cells in tissues and leading to

chronic, “smoldering” inflammation. This effect may be responsibie for the increased

meidence of cardiovascular dissase in patients using selective COX-2 iphibiors for long
5 periods of time.

In one aspect, the compounds disclosed herein may be used o control the production
of pro-inflammatory cytokines within the cell by selectively activating regulatory cysteine
residues (RCRs) on proteins that regulate the activity of redox-sensitive transcription factors.
Activation of RCRs by cyPGS has been shown to initiaie a pro-resolution program in which the

10 activity of the antioxidant and cytoprotective transcription factor Nrf2 is potently induced and
the activities of the pro-oxidant and pro-inflammatory transeription factors NF-xB and the
STATs are suppressed. In some embodiments, this increases the production of antioxidant and
reductive molecules (NQO1, HO-1, SODI, v-GCS) and decreases oxidative stress and the
production of pro-oxidant and pro-inflammatory molecules (iNOS, COX-2, TNF-a). In some

15 embodiments, the compounds of this invention may caose the cells that host the nflammatory
event to revert to a non-inflammatory state by promoting the resolution of nflammation and

Himiting excessive tissue damage 10 the bost.

Y. Pharmaceutical Formujations and Routes of Administration

The compounds of the present disclosure may be administered by a variety of

20 methods, e.g., orally or by injection (e.g. subcutancous, intravenous, intraperitoneal, efc).
Depending on the route of administration, the active compounds may be coated in 2 material
to protect the compound from the action of acids and other natural conditions which may
inactivaie the compoumd. They may alse be administered by continuous perfusion/infusion
of a disease or wound site.

25 To administer the therapeutic compound by other than parenteral administration, i
ey be necessary to coat the compound with, or co-administer the compound with, 2 material
to prevent its inactivation. For example, the therapeutic compoend may be administered to &
patient in an appropriate carrier, for example, liposomes, or a dilueni. Pharmaceutically
acceptable diluents include safine and agueous buffer selutions. Liposormes inclade water-in-

30 oil-in-water CGOF emulsions as well as conventional liposomes (Strejan ef al., 1984).

The therapeuntic compound may alse be administered parenterally, intraperitoneally,

intraspinally, or intracercbrally. Dispersions can be prepared in glycerol, iquid polyethylene
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- glyeols, and mintures thereof and in oils. Under ordinary conditions of storage and use, these

preparations may contain a preservative to prevent the growth of microorganisms.

Pharmaceutical compositions suitable for injectable use include: sterile agueous
solutions {(where water soluble), dispersions, and sterile powders for the extemporaneous
preparation of sterile Injectable solutions or dispersion.  See for example U.S. Patent
Application by J. Zhang, entitied “Amorphous Solid Dispersions of CDDO-Me for Delayed
Relgase Ural Dosage Compositions,” filed February 13, 20609, which is incorporated herein
by reference. In all cases, the composition must be stertle and most be fluid to the extent that
easy syringability exisis. It must be stable under the conditions of manufactare and storage
and must be preserved against the contaminating action of microorganisms such as bacteria
and fungl. The carrier can be a solvent or dispersion medivm containing, for example, water,
ethanol, polyol (such as, glycerol, propylene glycol, and liquid polyethylene glyeol, and the
iike), suitable mixtures thereof, and vegetable oils. The proper fluidity can be maintained, for
example, by the use of a coating such as lecithin, by the maintenance of the required patticle
size n the case of dispersion and by the use of surfactants. Prevention of the action of
mitcroorganisma can be achieved by various antibacterial and antifimgal agents, for example,
parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. In many cases, it
will be preferable to mclude isotonic agents, for example, sugars, ‘,odium chioride, or
polyalcohols such as mannitol and sorbitel, in the composition. Prolonged absorption of the
injectable compositions can be brought about by including in the composition an agent which
delays absorption, for example, aluminum monostearate or gelatin,

Sterile injectsble sclutions can be prepared by incorporating the therepeutic
compound in the required amount In an appropriate solvent with one or a combination of
ingredienss enumerated above, as reguired, followed by filtered sterilization.  Generally,
dispersions are prepared by incorporating the therapeutic compound into a sterile carrier
which contains a basic dispersion medhmn and the requived other ingredients from those
epumerated above. In the case of sterile powders for the preparation of sterile injectable
solutions, the preferred methods of preparation are vacuum drying and frecze-drying which
vields a powdes of the active ingredient (i.e., the therapeutic compound) plus any additional
desired ingredient from a previously sterile-fitered solution thereofl

The therapeutic compound can be orally administered, for example, with an inert
diluent or an assimilable edible carrier. The therapeutic compound and other ingredients may
also be enclosed in a hard or soft shell gelatin capsule, compressed into iablets, or
incorporated directly into the subject’s diet.  For oral therapeutic administration, the
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therapeutic compound may be incorporated with excipients and used in the form of ingestible
tablets, buccal tablets, troches, capsules, elixirs, suspensions, syrups, wafers, and the like.
The percentage of the therapeutic compound in the compositions and preparations may, of

course, be varied. The amognt of the therapeutic compound n such therapsutically useful

(e

compositions is such that a suitable dosage will be obtained.

It is especially advantageous to formulate parenteral compositions in dosage unit form
for case of administration and uniformity of dosage. Dosage unit form as used herein refers
o physically discrete units suited as onitary dosages for the subjects to be treated; each unit
containing @ predetermined guantity of therapeutic compound calculated to produce the
10 desived therapeutic effect in association with the required pharmaceutical carrier.  The

specification for the dosage unit forms of the invention are dictated by and divectly dependent
on {a) the unique characteristics of the therapeutic compound and the particular therapeutic
effect 1o be achieved, and (b) the limitations inherent in the art of compounding such a
therapeutic compound for the treatment of a selected condition in a patient,
t5 The therapeutic compound may also be administered topically to the skin, eve, or
mucosa, Alternatively, if local delivery to the hmgs is desired the therapeutic mmpaund may
¢ atdministered by inhalation jo a dry-powder or acrosol formulation.
Active compounds are administered at a therapeutically effective dosage sufficient to
treat a condition associated with a condition I a patient. For example, the efficacy of a
¢ Compound can be evahuaied in an animal model system that may be predictive of efficacy in
cating the discase i humans, such as the model systems shown i the examples and
drawings.
The actual dosage amount of a compound of the present disclosure or composition
comprising a compound of the present disclosure administered to a subject may be
5 determined by physical and physiological factors such as age, sex, body weight, severity of
copdition, the type of disease being treated, previous or concurrent therapeutic interventions,
idiopathy of the subject and on the route of administration. These factors may be determined
by a skilled artisan. The practitioner responsible for aduunistration will typically determine

the concentration of active ngredient(s) in a composition and appropriate dosels) for the

o
i)

individoal subject. The dosage may be adjusted by the individual physician in the event of
any complication.

An effective amount typically will vary from about 0.001 mg/kg to about 1600 mg/kg,
from about (.01 mg/kg to abuut 750 me/kg, from about 100 mg/lg to about 560 mg/kg, from
about 1.0 mg/kg to abowt Z’i{) mg/kg, from abowt 10.0 mg/kg o about 150 mg'kg in one or
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more dose administrations daily, for one or several days {depending of course of the mode of
administration and the factors discussed above), Other suitable dose ranges include 1 mg to
10000 mg per day, 100 mg t 10000 mg per day, 560 mog to 10000 mg per day, and 500 mg to

1000 mg per day. In some particular embodiments, the amount s less than 0,000 mg per

L

day with a range of 750 mg to 9000 mg per day.
The effective amount may be less than 1 mg/ke/day, less than 500 meskg/day, less
than 250 mg/kg/day, less than 100 mg/kg/day, less than 50 mg/kg/day, less than 25
mg/kg/day or less than 10 mg/kg/day, Tt mey alternatively be in the range of 1 meg/ke/day to
200 mg'kgiday. For cxample, regarding treatment of diabetic patients, the unit dosage may
16 be an amount that reduces blood glucose by at least 40% as compared to an untreated subjoct.
in another embodbment, the unit dosage 18 an amount that reduces blood glucose to a level
that is + 10% of the blood ghicose level of a non-diabetic subject.
In other non-limiting examples, a dose may alse comprise from about § micro-
granvkg/body weight, about 5 microgram/kg/body weight, about 10 microgranvkg/body
15 weight, about 50 microgramvkg/body weight, about 100 microgram/kg/body weight, about
200 microgram/kg/body weight, aboat 3530 microgram/kg/body  weight, about 500
microgranvkg/body weight, about 1 milligram/kg/body weight, about 5 milligraraskg/body
weight, about [0 milligramv/kg/body weight, about S0 milligram/kg/body weight, about 100
mithgram/kg/body  weight, about 200  milligraovkg/body  weight,  about 350
20 milligram/kg/body weight, about 500 milligram/kg/body weight, to about 1000 mg/kg/body
weight or more per adotinistration, and any range derivable therein.  In non-limiting
examples of a derivable range from the munbers listed herein, a range of aboot 5§ mg/fkg/body
weight to about 100 mg/kg/body weight, abont 3 microgram/kg/body weight to about 500
milligram/kg/body weight, efc., can be administered, based on the numbers described above,
25 in certain embodiments, a pharmaceutical composition of the present disclosure may
comprise, for example, at least about 0.1% of a compound of the present disclosure. In other
embodiments, the compound of the present disclosure may comprise between about 2% to
about 75% of the weight of the unit, or between about 25% to abhout 60%, for exanmple, and

any range derivable therein,

3¢ Single or multiple doses of the agents are contemplated. Desired time intervals for
elivery of multiple doses can be determined by one of ordinary skill in the arf emploving no

more than rooting experimentation. As an exanple, subjects may be administered two doses
daily at approximately 12 hour intervals. In some embodiments, the agent is administered
once a day.
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The agent(s) may be administered on a routine schedule. * As used herein a routine
schedule refers to a predetermined designated peried of time. The routine schedule may
encompass periods of time which are identical or which differ in length, as long as the

schedule is predetermined. For instance, the routine schedule may involve administration

Ly

twice a day, every day, every two days, every three days, every four days, every five days,
avery six days, a weekly basis, a monthly basis or any set number of days or weeks there-
between. Alternatively, the predetermined routine schedule may imvolve administration on a
twice daily basis for the first week, followed by a daily basis for Seyerai months, erc. In other
embodiments, the invention provides that the agent(s) may be taken orally and that the timing
10 of which is or is not dependent upon food intake, Thus, for example, the agent can be taken

every morning and/or every evening, regardless of when the subject bas eaten or will eat.
VI,  Combination Therapy

In additon to being used a8 a monotherapy, the compounds of the present mvention
may also find use in combination therapies. Effective combination therapy may be achieved
with g single composition or pharmacological formulation that includes both agents, or with
two distinet corpositions or formulations, administered at the same time, wherein one
composition inchudes 3 compeund of this invention, and the other includes the second
agent(s), Alternatively, the therapy may precede or follow the other agemt freatment by
intervals ranging from minufes to monihs.

20 Won-limiting examples of such combination therapy include combination of one or
more compounds of the invention with another anti-inflammatory agent, a chemotherapentic
ageni, radiation therapy, an antidepressant, an antipsychotic agent, an anticonvulsant, 3 mood
stabifizer, an anti-infective agent, an antihvpertensive agent, a cholesterol-lowering agent or

other modulator of blood lipids, an agent for promoting weight loss, an antithrombotic agent,

b
N

an agent for treating or preventing cardicvascular events sach as myocardial infarction or

stroke, an antidiebetic agent, an agent for reducing transplant rejection or graft-versus-host

disease, an anti-arthrivic agent, an analgesic agent, ap anti-asthomatic agent or other freament
Y o ] R [eid ? g

for respiratory diseases, or an agent for treatment or prevention of skin disorders.
¥ ¥ : g

Compounds of the lnvention may be combined with agents designed to improve a patient’s

30 immune response to cancer, jncluding (but not limited to} cancer vaccines. See Lu et al

(2811), which is incorporated herein by reference,
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Vil Examples

The following examples are included to demoustrate preferred embodimoents of the
invention. 1t should be appreciated by those of skill in the art that the techuiques disclosed in
the examples which follow represent technigues discovered by the inventor to function well

5 in the practice of the Invention, and thus can be considered to constitule preferred modes for
its practice. However, those of skill in the art should, m Hght of the present disclosure,
appreciate that many changes can be made in the specific embodiments which are disclosed
and still obtain a like or similar result without departing from the spirit and scope of the

yvention.

1§ Methods and Materials

Witrie Oxide Production and Cell Viability Assay. RAW?264.7 mouse macrophages
were plated in 96-well plates at 30,000 cells/well in triplicate in RPMI1640 + (.5% FBS and
incubated at 37°C with 5% CO;. On the next day, cells were pre-treated with DMSQ or drug
(0-200nM dose range) for 2 hours, and then freated with recombinant mouse IFNy (R&L
15 Systems) for 24 hours, Nitric Oxide concentration in media was determined using the Griess

reagent system (Promega). Cell viability was determined using WST-1 reagent (Roche). ICsp
values were determined based on the suppression of 1IFNy induced Nitric Oxide production
normalized 1o cell viability.
NQOI-ARE Luciferase Reporter Assay, This assay allows for quantitative
20 assessment of the endogenous activity of the Nrf2 transcription factor in cultured mammalian
cells.  Expression of Firefly luciferase from NQOI-ARE luciferase reporter plasmid s
controlled by binding of Nrf2 1w a specific enhancer sequence corresponding to the
antioxidant response element (ARE) that was tdentified in the promoter region of the human

NADPH:quinone oxidoreductase 1 (NOO!) gene (Xic ef o, 1995). The plasmid was

e
wh

constructed by inserting a sequencs:

§- CAGTCACAGTCACTCAGCAGAATCTG-3 (SEQ ID NG D)
encompassing the human NQO1-ARE into the pLuc-MCS vector using HindlH/ Xho! cloning
sites (GenScript Corp., Piscataway, NJ). The assay is performed in HuH7 cells maintained in
DMEM {Invitrogen) supplemented with 10% FBS and 100 U/ml {each) of penicillin and
30 streptomyvein. For the assay, cells are plated in 96-well plates at 17,000 cells per well.
Twenty four hours later, the cells are co-transfected with 50 ng cach of NQOGI-ARE reporter
plasmid and pRL-TE plasmid using Lipofectamine 2000 transfection reagent (Invitogen).

/
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pRL-TE plasmid constitutively expresses Renilla Tociferase and is used as an internal control
for normalization of transfection levels. Thirty hours afier ransfection, the cells are treated
with compounds {at concentrations ranging from 0 to 1 uM) for eightcon bours. Firefly and
Renilla Tuciferase activity is assayed by Dual-Glo Luciferase Assay (Promega Corp.,
Madison, WI), the luminescence signal s measured on an L-Max I luminometer (Molecular
Devices). Firefly tuciferase activity is normalized to the Renilla sctivity, and fold nduction
over a vehicle comtrol (DMSO} of normalized Firgfly activity is calculated.  The fold
induction at 62.5 nM concentration is used for comparing relative potencies of compounds to
induce Nri2 transcriptional activity. See Xie e ¢/, 1995, which is incorporated herein by

reference.
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Synthesis and Chavacterization of Compounds and Intermediates

Compound 2: LiAlH, (2.0 M in THF, 50 mL, 100 mmol) was carefolly added to a 0
°C solution of compound | (9.65 g, 20.0 mmol) in THF (350 ml} over ~10 min. The ice
bath was removed after 20 min and the reaction stirred an additional 2.5 k. The solution was
diluted with MTBE (200 mL); cooled to 0 °C; and quenched by sequential addition of 5.3 mL
gach water, 4 M NaOH, and water. The mixiure was stirred at room temperature for 30 min,

o

filtered through a phig of celite, ehuted with MTBE, and concentrated to give a white solid.
The resultant solid was suspended in CHoChy, stired at room temperature for 2 h, and the
solid isolated by filtration [washed with CHCly then dried] to give compound 1 (6.56 g
72%) which was used without further purification: sz 441.3 (M-HO+ 1),

Compound 3: PhI{OAc); (10.40 g, 32.3 mmol}, TEMPO (2.27 g, 14.5 mmol), and
water (15 mL.) were added to a room temperature suspension of compound 2 (6.56 g, 143
mmoly m CH;Ch (1.5 L) and stired vigorously for i§ h.  The resuliant biphasic,
homogeneous solution was treated with anhydroos NaxS0y, stired an additional 15 min,
filtered and councentrated t0 a viscous oil. The residne was purified by flash chromatography
(silica gel, 0% to 100% BtOA¢ in hexanes) to give compound 4 (4.72 g, 72%) as an off-white
solid: m/z 439.3 (M-H,O+1),

Compound 4: Triethy] phosphonoscetate (18.8 mil, 94.8 mmol) was added to 2 0°C
suspension of NaH (3.81 g, 60%, 95.3 mmol) i THF (285 mL}, and the resultant mixture
stirved at § °C for 15 min, then warmed to room tomperanwe over 30 min. The mixture was
cooled to 0 °C, a solution of compound 3 (8.67 g, 19.0 mmol) in THF {75 mL) was added,
and the transfer completed with THF (20 mL) wash. The reaction was roaintatned at 0 °C for
approximately 4 h and then warmed to room temperature overnight. The reaction was agam
cooled to 0 °C and quenched by the careful addition of 1 N HCI, stirred vigorously at room
temperature for 15 win, and extracted with MTBE. The combined organic fractions were
washed with brine, then dried over NaySOy, and concentrated. The residue was purified by
flash chromatography (silica gel, 0% to 100% EtOAc in hexanes) fo give compound 4 (6.68
z, 67%) as a white solid: m/z 509.3 (M-H,0+1).

Compound 5 A mixture of compound 4 (6.68 g, 12.7 mumo), 4 A MS (12,7 gj, NMO
{447 g, 3R.2 mmol), and CHCh (250 mL) was stirred at room temperature for 15 min.
TPAP (458 mg, 1.30 mmol} was then added, and the reaction was stirred for I h. The

'caction was concentrated to ~10 mL and purified by flash chromatography {(stlica gel, % to
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100% FiOAc o hexanes) o give compound 5 (5.89 g, 88%) as 2 white foam solid: m/z 5233
E £ o 7
{(M-+1).
Compoungd & A flask containing a suspension of compound 5 (5.89 g, 11.3 mmol},

PA/C (10%, 145 g), and THF (250 mL) was purged with Ny and then Hp, and the reaction

|23

was vigorously stirred under Hy (balloon pressure) for 5 h. The resultant suspension was
sparged with Ny for 30 min, filtered through a short plug of celite, eloted with CHyCly, and
concentrated to give compound 6 (5.84 g, 99%) as a white solid: m/z 525.4 (M+1).
Compeunds 7a,7b: A solution of compound 6 (5.84 g, 11.1 mmol), NaOMe (25 %
in MeQOH, 35 mL) and HCOEt (70 mL) was stirred at rooim temperature for 3 b, diluted with
16 1 N HCL and extracted with FiQAc. The combined organic fractions were washed with
brine, dried with NapSOy, and concentrated o give comapounds 7a,b (Me-ester:Ei-ester =
9:91) as an off-white foam solid that was used withoot further purification: 7a m/z 539.3
(M1}, 7B m/z 553.4 (M+13.
Compound 8a, 8y A mixture of compounds 7a, 7b (all above obtained,
15 ~11.3 mmeol), NELOHHCI (1.06 g, 153 mmol), EtOH (100 mL) and water (17 mL} was
heated to 55 °C for 16 h. The resultant solution was cocled t0 room temperature, diluted with
1 N HCI and extracted with EtOAc. The combined organic fractions were washed with T N
HCI and brine, dried with Na,SO,, and concentrated.  The residue was dissolved in MeOH
(700 mL), treated with 12 N HCI (1.0 mL), and stirred at room temperature for 5 h. The
20 mixtore was concentrated o ~30 mb., diluted with CH»Cl;, washed with brine, dried with
N2o804 and concentrated. The residue was purified by flash chromatography {silica gel, 0%
to 60% EtOAc in hexanes) to give compounds 8a, 8b (4.84 g, Me-esteriBEt-ester = 25:75, 80%
from 6} as a white solid: 88 m/z 536.4 (M+1), 8b m/z S50.3 (M+1).
Compounds %a, 9b: A solution of Ba, 8b (4.84 g, 8.84 mmol), NaOMe (25% in

25 MeOH, 5.3 mL), and MeOH {110 mL) was heated to 55 °C for 5 h. The resultant mixwure
was diloted with 1 N HCI and extracted with CHpCl;. The combined organic fractions were
washed with brine, dried with NapSO., and concentrated to give compounds %a, 9b (4.69 g,
carboxylic acid:Me-ester = 17:83, 99%) as a yellow solid that was used without further
purification: %a m/z 522.3 (M+1), 9b m/z 536.3 (M+1).

30 Compounds TX63762 and TX63742: 1,3-dibrome-5,5-dimethylhydantoin (1.25 g,

4 37 mumol) was added o a O °C solution of 9a, 9b (4.69 g, 8.7% mmol) in DMF (106 mL).
The mixiure was stirred at § °C for 4 b, Pyridine (2.83 ml., 35.0 mmol) was then added, and
the reaction was heated to 55 °C. The reaction was cooled 1o room temperature after 4 h and
was stirred an additional 3 . The resultant solution was diluted with 1 N HCI and exiracted
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with EtOAc. The combined organic fractions were washed with water and brine, dried with
NapySQy, and concentrated. The residue was purified by flash chromatography (silica gel, 0%
to 100% EtO Ac in hexanes) to give compound TX63762 (780 mg, 17%) as a white solid and
compound TX63742 (3.53 g, 75%) as an off-white solid: TX63762 'H NMR (400 MHz,
5 CDCL) 88.04 (s, 1H), 5.98 (s, 1H), 3.06 {d, 1H, J= 4.7 He}, 2.34 (m, 2H), 2.24 (¢d, 1H, J =
4.3, 13.4 Hz), 1.69 {m, FED), 1.50 (s, 3H), 1.49 (s, 3H), 1.26 (s, 3H), 1.26 {m, 4H}, 1.18 (s,
3H), 1.04 (m, 2H), 1.02 (s, 35, 0.95 (s, 3H), 0.88 (s, 3H) m/z 5203 (M+1); TX63742 'H
NMR (400 MHz, CDChL) & 8.04 (s, 1H), 5.97 (s, 1H), 3.67 {5, 3H), 3.06 (d, 1H, J=4.7 Hzj,
2.30 (m, 2H), 2.21 (1, 1H, J = 4.6, 13.0 Hz), 1.74 (m, 8H), 1.530 (s, 6H), 1.46 (m, 2H), 1.26
16 (s, 3HD), 1.25 (m, 4H), 1.18 (s, 31}, 1.02 {m, 2H), 101 (s, 3H), 0.92 (s, 3H), 0.87 (s, 3H); mz
5343 (M~+1).
Compound TX6376%: A suspension of TX63742 (3.53 g, 6.61 mmol) in MeCN
(200 mb) and 1 N HCI (66 mL) was heated to 65 °C for 17 h. The resultant solution was
cooled fo room temperature and extracted with EtOAc. The combined organic fractions were
15 washed with bring, dried with Ng,SC,, and concentrated {0 give compound TX63762 (3354
g, 8%} as a pale yeliow solid.
Compounds 182, 1db: A soloton of compownd 8 (250 mg. 0.478 mmol), NaDMe
{25 % in MeOH, 1.25 mL) and HCO,E: (3.75 ml) was stirred af room temperature for 3 b,
difuted with EtGA¢, washed with 1 N HCH and brine, dried with Na;SOy, and concentrated to
20 give compounds 1€a, 18b (Me-ester:Breester = 23:77) as an off-white foam sohid that were
used without further purification: 18a m/z 537.3 (M+1), 18b m/z 551.4 (M+1),
Compeunds 1ia, 11 A mixture of compounds 182, 10b (all above obtained, ~01.48
mmol), NHROHHCH (45,1 g, 0.649 mumol}, BtOH (4.25 ml) and water (0,75 ml.) was heated
o 535 °C for 20 h. The resultant sclution was cooled 10 room temperature, dilited with
25 EtDAe, washed with I N HCI and brine, dried with Nap8Qy, and concentrated. The crade
residue was purified by flash chromatography (silica gel, 0% to 60% EtOAc in hexanes) fo
give compounds 11a, 11b (210 mg, Me-csterEt-eoster = 21:79, 819 from 5) as a white solid
1ia m/z 5343 (M+1), 11D m/z 548.3 (M+1),
Compound 12: A mixtare of compounds fia, 11b (210 mg, 0.385 mmol}, NaOMe
3¢ (235% in MeOH, 0.2 mL) and MeOH (4.8 ml) was heated t0 55 °C for 3.5 h. The resultant
mixture was diluted with | N HCI and extracted with EtOAc, The combined organic

fractions were dried with Nap,SOy and copcenwated to give compound 12 (206 mg,
- - o

00086304} 73



WO 2014/040060 PCT/US2013/059027

quantitative} as a glassy, white solid that was used withowt further purification: m/z 534.3
{M+1).

Compounds TX63743: 1,3-dibromo-3,5-dimethyihydantoin (57.6 mg, 6.201 munol)
was added to a (¢ °C solution of compound 12 (206 mg, ~0.385 mmol} in DMF (3.9 mL).

AT

The mixtore was stirved at 0 “C for 2 h, pyridine (0.13 mL, 1.6 mmol) was added, and the

th

reaction heated to 53 °C. The reaction was cooled to room temperature after 4 h and stirred
overnight.  The resultant solotion was dituted with BtOAc, washed with 1 N HCL 10%
NayS0s, and brine, then dried with Na,SO, and concentrated. The crude residue was purified
by flash chronwatography (silica gel, 0% to 45% EtOAc in bexanes) to give compound

10 TX63743 (129 mg, 63% from 1ia, 11b) as a white solid: " NMR (400 Mz, CDCl) 8 8402
(s, 1H), 695 {d, 1H, /=163 Hz), 5.97 (5, 1H), 5.87 (d, 1H.J = 16.4 Hz), 3.74 (s, 3H}, 2.85
(4, 1H, J = 4.6 Hz), 2.57 (¢d, TH, J = 4.1, 13.2 Hz), 2.06 (dt, TH,.J = 4.0, 13.8 Hz), 1635 {m,
RH), 1.47 (s, 3HD), 1.32 {5, 3H), 1.25 (s, 3H}, 1.20 (m, 6H), 1.17 (s, 3H), 1.0 (s, 3H), 0.98 (s,
3HY, 0.91 (s, 3H); m/z 532.3 (M1,

i35 Compound TX64042: A mixture of TX63762 (53.0 mg, .102 mmol), EtOH (2 mL)
and 12 N HCI (2 drops) was stirred at room temporature for 21 b, then at 50 °C for 5 h. The
resubant suspension was diluted with BEtOAc to give a homogeneous solution that was
washed with brine, dried with Na,;S0,, and concentrated. The residue was purified by flash

{3/

chromatography (silica gel, 0% o 100% EtOAcC in hexanes) fo give compound TX64842
20 (36.5 mg, 65%) as a white solid: 'H NMR (400 MHz, CDChL) § 8.04 (s, 1H), 5.97 (s, 1H),
4.04(d, TH, J= 7.1 Hz}, 410 {d, 1H, J = 7.1 Hz), 3.07 (d, 1, J = 4.7 Hz), 2.27 {m, 3H),
168 (m, 11H), 1.50 (s, 6H), 1.26 (s, 3H), 1.26 (¢, 3H, J= 7.1 Hz), 1.24 {m, 4H)}, 118 (s, 38,
101 (m, 2H), 1.01 s, 3H), 0,93 (s, 35}, 0.88 (s, 3H); m/z 548.3 (M+1).
Compound TX64043: A mixture of TX63762 (524 mg, 0.101 mmol), (-PrOH (2
25 mb) and 12 N HCI (2 drops) was stirred at room temperature for 21 h, then at 50 °C
overnight. The resultant suspension was diluted with FtOAc 1o give a bomogeneous sojution
that was washed with 1 N HCI and brine, dried with Na,30., and concentrated. The residue
was purified by flash chromatography {silica gel, 0% to 100% EtOAc in hexanes} to give
compound TXo4043 (44.8 mg, 79%) as a white sohd: 'FNMR (400 MHz, CDCH) 8 8.04 (s,
36 TH), 5.97 (s, 1H), 4.99 (sept, 1H, J = 6.3 Hz), 3.08 (d, 1H, J = 4.7 Hz), 2.24 (m, 3H), 1.73
{m, 10 H), 1.50 (s, 61}, 1.43 (m, 1H), 1.26 (m, 3H), 1.22 (m, 10H), 118 (s, 38}, .03 (m,
283, 101 (s, 3H), 0.93 (5, 3H), 0.88 (s, 3H); m/z 562.3 (M+1).
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Compound TX64058: A mixtore of TRE3762 (40.0 mg, 0.0770 mmol), c-HexOH (2
mi) and 37% HCL (2 drops) was stitred at 55 °C for 21 h. The resultant suspension was
difuted with EtOAc to give a homogeneous solotion that was washed with water and brine,

dried with Na;SQOs, and concentrated.  The residue was purified by flash chromatography

(2]

(silica gel, (% to 100% EtCAc in hexanes) to give compound TX64858 (‘34.8 mg, 75%) as &

white solid: 'H NMR (400 MHz, CDCly) 8 8.04 (s, 1H), 5.97 {5, 1H)}, 4.73 (m, 1H}, 3.08 {4,

1H, J = 4.7 Hz), 2.26 {m, 3H), 1.77 (m, 12H), 1L.55 (s, 3H), 1.50 (s, 3H), 1.32 (m, 13H), 1.26

(s, 3H), 1.18 (s, 3#), 1.03 (m, 2H), 1.01 (s, 3H), 0.93 (5, 3H}, 0.88 {5, 3H); m/z 602.4 (M+1).

Compound TX64846: A minture of compound TX63762 (39.0 mg, 0.0750 mmol),

10 TEA (0.03 mL, 0.2 mimol), DMAP (181 mg, 0,148 mmwel), phenol (22.5 mg, 0.239 mimol)
and CHpCl; (2 mL) was stirred at room temperatore for 30 min. BDCI (31.6 mg, 0.165
nmol) was added, and the teaction was stured at room temperature for 18 h. The resultant
mixture was diluied with EtQAg, washed with 1 N HCI and brine, dried with NaySQ,, and
concentrated.  The residoe was purified by flash chromatography (silica gel, 09 to 100%

15 EiQAc in hexanes) to give compound TX64846 (28.5 mg, 64 /6) as.a white sofid: 'H NMR
{400 MHz, COCL) 3 8.04 {5, TH), 7.38 (4, 28, J = T8 Hz), 7.23 (1, IH, J =74 Hz), 7.07 (m,
2HY, 5.98 {8, TH), 3.11 (d, 1H, J = 4.7 Hz), 2.56 (m, 2H), 2.29 (¢d, 1H, J = 4.7, 13.0 Hz),
177 (m, TTHD, 1.49 (5, 6HD, 1.28 (m, 4H), 1.26 (s, 3H), 1.17 {s, 3H), 108 (m, 2H}, 1.03 (5,
3ED, 0.96 (5, 3H), 0.90 (5, 3H); sz 5963 (M+1},

20 Compound TXE40866: A minture of compound TX63762 (53.8 me, 0.104 mumol),
TEA (0.05 mL, 0.4 mmol), DMAP (37.2 mg, 0.304 mmol), benzyl alcohol (0.06 mL., 8.7
mmol} and CHyCh (2 mb) was stitred at room temperatare for 1S min. EDCI (59.8 mg,
0.312 mmol} was added, and the reaction was stirred at room temperature for 17 k., The
resultant mixture was diluted with BeOAc, washed with 1 N HCI and brine, dried with

25 NaySOQy, and concentrated. The residue was purified by flash chromatography (silica gel, 0%
to 100% FtCOAc in hexanes) to give compound TX64866 (40.5 mg, 64%) as a white solid: "H
NMR (400 MHz, CDCL)Y 8 8.03 (s, 1H), 7.35 (m, §H), 5.97 (s, 1H), 512 (d, 1H, J =123
Hzy, 5.09 (d, 1H, J = 12,3 Hz), 3.05 (4, 1H, J =4.7 Hz), 2.35 (m, 2H), 2.23 (1d, 1H, J = 4.7,
13.1 Hz), 1.80 (m, 7TH), 1.50 (m, 41, 149 (s, 3H), 144 (s, 3H), 1.26 (s, 3H), 1.21 (m, 4H),

3¢ 118(s, 3H), 1.01 (m, 2H), 1.0G (s, 3H), 0.91 (s, 3H), 0.87 (s, 3H}; m/z 610.3 (M-+1}.

Compound TX64067: A mixture of compound TX63762 (51.6 mg, 0.0993 mumol},
BEA (0.05 ml, 0.4 ounel), DMAP (38.8 mag, 0.318 mumol), --BuOH (0.10 mi, 1.0 mmol) and

CHLCL (2 ml)y was stirred at roon temperatare for 15 mine EDCT (60,7 mg, 0.317 mmol)
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was added, and the reaction was stirred at room temperature for 17 ko The resultant mixture
was diluted with EtDAc, washed with 1 N HCl and brine, dried with NaSGs, and
concentrated.  The residue wag purified by flash chromatography (silica gel, 0% to 100%

EtGAc m hexanes), then purified by additional flash chromatography (Cie silica gel, 0% to

L

130% MeCN i waier) to give cumpoun& TX64067 (8.3 mg, 15%) as a white solid: 'H NMR
{400 MHz, CDCL) 3 8.04 (s, 1H), 5.97 (s, 1H), 3.07 (4, 1H, J = 4.7 Hz), 2.18 (m, 3H}, 1.79
{m, 6H}, 1.51 {s, 3H), 1.51 (m, {QH"), 1.50 (s, 3H), 1.44 (s, 9H), 1.26 (s, 3H), 1.24 (m, 3H),
L18 (s, 38}, 1.02 (m, 2H), 1.01 (3, 3H), 0.93 (s, 3H), 0.87 {5, 3}, m/z 520.3 (M-£-BurtH+1}.
Compound TX64853: A mixtore of compound TR63762 (70 mg, .14 mmol), TEA
16 (0,06 mL, 0.4 mmol), DMAP (52.9 mg, 0.433 mmol), I-Boc-4-hydroxypiperidine (53.4 mg,
(.267 mmol) and CHCh (3 nil.) was stitred at room temperature for 15 min, EDCE (781
myg, 0.407 mmol) was added, and the reaction was stieved at room temperature for [7 b The
resuliani mixtore was diluted with EtOAc, washed with 1 N HCI and brine, dried with

NayS804, and concentrated. The residue was purified by flash chromatography (silica gel, (%

[
L

to 100% EtOAC in hexanes) to give compound TX64853 (68.7 mg, 70%) as & white solid: 'H
NMR (400 MHz, CDCL) 8 8.04 (s, 1H), 5.98 (5, 1H), 4.90 {m, 1F}, 3.72 (m, 2H), 3.21 {(m,
306 (4, 1H, J = 4.6 Hx), 2.27 (m, 3H), 1.68 G, 15H), 1.50 (s, 6H), 1.46 (s, 9H), 1.26 (s,

3HG, 1.25 (m, 4HD, 118 (s, 3H), 1.04 (m, ZH), 1.01 (s, 3H). 0.93 {s, 3H}, 0.8% (s, 3Hu m/Z

603.4 (M-Boc+H+1).

20 Compound TX64855: A mixture of TX64853 (21.5 mg, 0.0306 romol), 4 N HClin
1,4-diozane (0.1 ml, 0.4 mmol) and CHCly (0.9 mL) was stivred at room tergperanwre for S h
and cooled to -20 °C overnight. The resultant mixture was diloted with EtOAc, washed with
brine, dried with Nay3Q,, and concentrated fo give corapound TX 640585 (15.4 me, €3%) as a
white solid: 'H NMR (400 MHz, CDCh) 8 R.04 (s, 1H), 5.98 (s, 1HD, 4.83 (11, 1H, J = 4.2,

35 90 Hzy, 3.07 (4, 1H, J = 4.9 Hz), 3.05 (m, 1H), 2.71 {m, 2H), 2.27 (m, 3H), 1.69 {m, 17H),
1,50 (s, 6H), 1.26 (8, 3H), 1.25 (m, 43, L& (s, 3H), L.0O3 (m, 2H), 1.01 (s, 3H), 0.93 (8, 3H),
0.88 (s, 3H), mZz 603.4 (M+1),

Compound TX64856: A mixture of compound TX63762 (40.3 mg, 0.0775 mmol),
TEA {0.04 mi, 0.3 mmol), DMAP (184 mg, 0.131 mmol), methoxyamine hydrochloride

A0 (26.6 me, 0.318 mmol} and CHCL (2 mL)} was stirred at room temperature for 15 min.

EDCI (308 mg, 0.161 mmol) was added, and the reaction was stirred at yoor temperature for

20 b, The resultant noxture was diluted with EtOAc, washed with | N HC and brine, dried

with Na:SOs, and concentrated. The residue was purified by flash chromatography (silica
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gel, 0% to 100% FiQAc in hexanes) to give compound TX64856 (24.1 mg, 57%) as a white
solid: "H NMR (400 MHz, CDCL) 8 8.04 (s, 1H), 5.97 (s, 1H), 3.76 (s, 3H), 3.09 (4, 1R, J =
4.5 Hz), 2.23 (m, 2H), 2.04 (m, 2H), 1.67 (m, 10H), 1.52 {s, 3H), 1.50 (s, 3H), 1.26 (3, 3H),
1.24 (m, 4H3, 1.18 (s, 3H), L.O3 (m, 2H), 1.00 {5, 3H), 0.92 (s, 3H), 0.88 (s, 3H); m/z 549.3
(M-+1).

Compound TXE3778: A mixture of compound TX63762 (108.4 mg, 0.209 amol),
TEA {0.06 mL, 0.4 mmol), DMAT (49.8 mg, 0.408 mmol), methylamine hydrochloride (293
mg, 0.434 mmol) and CHLCl (3 mL) was stirred at room temperature. EDCI(78.4 mg, 0.409
mmol) was added, and the reaction was stirred at room temperature for 19 . The vesultant
mixture was diluted with EtOAc, washed with 1 W HC and brine, dried with Na;SOy, and
¢oncentrated. The residue was purified by flash chromatography (silica gel, 0% to 100%
EiOAc in hiexanes) to give compound TX63778 (90.1 mg, 81%) as a white solid: 'H NMR
(400 MHz, CDCI) § 8.04 (s, 1H), 5.96 (s, 1H), 5.44 (3, 1H), 3.09 {d, 1H, J = 4.7 Hz), 2.80
(d, 38, 7= 4.8 Hz), 2.22 (44, 1H, .7 = 4.3, 13.5 Hx), 2.13 (, 2H, J = 8.2 Hz), 1.67 {(m, 11H)},
1.53 (s, 3H), 1.50 (s, 38D, 1.26 (s, 38, 1.24 {(m, 4H), L.18 (s, 3H), 1.02 (m, 2H), L.OO (s, 3H),
0.92 (s, 3H}, 0.87 (s, 3H); sz 5333 (M+1).

Compound TX63768: A mixture of compound TX63762 (77.5 mg, (.149 mmol),
TEA {0.04 wi, 0.3 mmel), DMAP (35.5 mg, 0.291 wumol), sthylamive hydrochloride (25
mg, .31 mmo!) and CHCly (2 mL) was stirred at room teraperatuve for 30 min. BEDCL (55.5
mg, .290 mmol) was added, and the reaction was stirved at room temperature for 17 h. The
resultant mixiure was diluted with CHxCl, washed with 1 N HCI and brine, dried with
Naz50,, and concentrated. The residue was purified by flash chromatography (silica gel, 0%
to 100% FAOAC in hexanes) to give compound TX63768 (56.6 mg, 70%) as a white solid: 'H
NMR (400 MBz, CDChL) §8.02 (s, TH}, 5.96 (s, 1H}, 5.34 (s, 1H), 3.27 (dg, 2H, /= 5.1, 7.1
Hzy, 310 (d, 1H, /= 4.6 Hz), 2.24 {1d, 1H J =490, 13.1 Hz), 2.12 {, 2H, J = 8.1 Hz), 1.68
(m, T1H), 1,50 (s, 3H), 1.48 (s, 3H), 1.26 (5, 3H), 1.24 {m, 4, 118 (s, 3H), 1L.14 (1, 3H, J =
7.3 Ha), 103 (m, 2H), 1.02 (s, 3H), 0.94 (s, 3H}, 0.89 (s, 3H); nvz 547.4 (M+1).

Compound TX63764: A minture of compound TX63762 (75.9 mg, 0,147 mmol),
TEA (.04 mL, 0.3 punoll, DMAP (35.9 mg, 0.294 mmol}, 2,2,2-wifloorcethylamine
hydrochloride (39.1 mg, 0.28% mumiol) and CH,Cl (2 ml) was stirred at room temperature for
10 min. EDCT (36.8 mg, 0.296 mmol} was added, and the veaction was stirred at room
temperature for 17 h. The resultant mixture was diluted with CHRCly, washed with I N HCI

and brine, dried with Na,804, and concentrated.  The residue was purified by flash
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chromatography {(silica gel, 0% o 100% EtCAc in hexanes) to give compound TX63764

(66.4 mg, 76%} as a white sofid: "H NMR (400 MHz, CDCl) 8 8.03 (s, TH), 5.98 (s, 1H),

5.65 (s, 1H), 3.91 {m, 2H), 3.07 (4, 1K, J =47 Hz), 2.25 (m, 1H), 2.23 (1, ZH, J = 8.1 Hz),

J1 (m, 11H), 132 (s, 3H), 1.51 (s, 3H), 1.26 (s, 3H), 1.26 (on, 4H), 1.19 (s, 3H), 1.04 (m,
2H}, £.03 (s, 3H), 0.94 {5, 38}, 0.89 {5, 3H); m/2 601.3 (M+1).

Compound TX64664: A mixture of compound TXR63762 (42.1 mg, 0.0810 mmol),

TEA (0.04 mL, 0.3 mmel), DMAP (21.2 mg, 0.165 ramol}, isopropylamine (0.02 mL, 0.2

(33

mol) and CHCly (2 mL) was stirred at room temperature for 20 min, EDCI (30.1 mg,
0.157 mmol} was added, and the reaction was stired at room temperature for 16 h
10 Additional isopropyvlamine (0.05 mL, 0.6 mmol) and EDCT (50 mg, 0.26 nunol} were added,
and the reaction stirred overnight at room temperature.  The resuliant minture was diluied
with EtOAc, washed with 1 N HC! and brine, dried with NapSO4, and concenfrated. The
residue was purified by flash chromatography (silica gel, 0% to 100% EtOA¢ in hexanes) and
was then purified by additional flash chromatography (silica gel, 0% to 100% EtGAc In
15 hexanes, cach containing 0.5% TEA) o give compound TX64664 (10.2 mg, 22%) as a white
solid: "H NMR (400 MHz, CDCL) 8 8.04 (5, EFH 5.96 (s, 1H), 5.23¢d, 11, J = 8.0 Hz), 4.06
{m, 1H), 3.10 {4, 1H, J = 4.6 Hz), 2.22 (1, ] =45, 131 Hz), 200 (1, 2H, J = &.1 Hz},
168 (m, 11HD), 1.53 (s, 3HD), 150 (s, 3H), 126 (x 3H), 1.24 (m, 4H), L18 (5, 3H), 1.14 {m,
6H), 1.02 (m, 2H), 100 (s, 3H), 0.92 (5, 3H), 0.88 (s, 3H); m/z 561.3 (M+1),
Compound TX64865: A miviure of compound TX63762 (50.8 mg, 0.0977 mmol},
TEA (0.05 mL, 0.4 ramoly, DMAP (36,7 mg, 0.300 mmol), terr-butylamine (0.06 L, 0.6

b
)

mmel) and CHChL (2 mb) was stivred at room temperature for 15 mun, EDCT (59.2 mg,
0.30% mmol) was added, and the reaction wag stirred at room temperature for 17 b The
resultant mixture was diluted with EtQAc, washed with 1 N HC! and brine, dried with
25 N2,80,, and concentrated. The residue was purified by flash chromatography (silica gef, (%
1o 100% FEtOAc in bexanes) to give cormpound TX64865 (16.1 mg, 29%) as a white solid: 'H
NMR (400 MHz, CDClLy) 8 8.04 (s, 1H), 5.96 (s, 1H), 24 (s, 1H), 3.08 (¢, 1H, J = 4.6 Hz),
222 (g, 1H, J = 4.6, 13.2 Hz), 2.05 (1, 2H, ./ = 8.1 Hz}, 167 {m, 11H), 1.53 (s, 3}, 150 (s,
3H), 1.34 (s. 9H), 1.26 (s, 3H), 1.24 (m, 4H}, 118 (5, 3H), 1.01 (m, ZH), 1,00 (5, 3H), 0.92 (s,

30 87 (8, 3H); m/z 5754 (M+1).
Compound TX64657: A mixiure of compound TX63762 (40.4 mg, 0.0777 mowl),
TEA (0.04 mL, 0.3 mmol}, DMAP (19.3 mg, 0.158 nunol}, cyclobexylamine (0.04 mL, {4

mmol) and CHaCl (2 ml) was stirred at room temperature for 15 min. EDCL (29.8 mg,
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0,155 mmol) was added, and the reaction was stirred at room temperatre for 21 b The
resuliant mixture was dikuted with EtOAe, washed with 1 N HCI and brine, dried with
NapSQy, and concentrated. The residue was purified by flash clvomatography (silica gel, 0%
to 100% BtOA¢ in hexanes) to give compound TX64057 (14.7 mg, 32%) as a white solid: H
5 NMR (400 MHz, CDCl) 8 8.04 (s, 1H), 5.96 (s, 1H), 5.27 (4, 1H, /=82 Hz}, 3.74 {m, 1H),
3.0 (d, M, J = 4.6 Hx), 2.22 (4d, 1H, J= 4.5, 13.1 Hz}, 2,10 {t, ZH, J = 8.1 Hz), 148 {m,
27HY, 152 {5, 3H), 1.50 (s, 3H), 1.26 (s, 3H), 118 (s, 3H), 100 (5, 3K}, 0.92 (5, 3H}, 0.88 (5,
3H}, m/z 601.4 (M+1),

Compound TX6405%: A mixture of compound TX83762 (40.3 mg, 0.0775 mmol},
13 TEA (0.04 mL, 0.3 mmol), DMAP (19.3 mg, 0.158 mmol), aniline (0.02 mL, 0.2 mmol) and
CH,Ch (2 mlL)y was stirred at room temperature for 20 min, EDCH (30.5 mg, 0.159 nunol)
was added, and the reaction was stivred at room temperature for 16 h. The resultant mixtuwre
was diltted with FtOAc, washed with 1 N HC! and brine, dried with NapSQ4, and
concentrated. The residoe was purified by flash clvomatography (silica gel, 0% to 100%
15 EiQAc in hexanes) to give compound TX64059 (32.6 mg, 71%) as a white solid: 'H NMR
(400 MHz, CDCL) 88.095 (s, 1H), 749 (4, 2H, J = 80 Hx), 7.32 (1, 2H, /= 7.8 Hz), 7.16 (s,
TH), 7.1 (1, TH, /= 74 Hz), 5.98 (s, 1H), 3.09(d, 1H, /=46 Hz), 2.34 (1, 2H, J = 8.2 Hz,
2.28 (td, TH,J = 4.6, 13.1 Hzy, 173 {m, 11H), 1.52 (s, 3H), 1.49 5, 3H}, 1.27 (m, 4H), 126

(s, 3H), 1.18 (s, 3H), 1.06 (m, 2H), 1.02 (5, 3H), (.94 (5, 3H). 0.89 (s, 3H); m/Zz 595.4 (M+1}
Compound TX64075: A mixture of compound TX63762 (49.2 me, 0.0947 mmol),
TEA {0.04 mL, 0.3 mmol), DMAP (23.5 mg, 0.192 mmol), benzylamine (0.02 ml, 0.2

[y
b

mmol) and CHCh {2 ml) was stivved at voom femperature for 15 min. EDCY (37.2 mg,
3.194 mmol) was added, and the reaction was stirred overnight at room temperature. The
resultant mixture was difuted with EiOAc, washed with 1 N HCl and brine, dried with
25 NapSQOs, and concentrated. The residue was purified by flash chromatography (silica gel, 0%
to 100% EtOAc in hexanes) 1o give compound TX64075 (14.4 mg, 25%) as a white solid: 'H
NMR (400 MHz, CDCl) 8 8.04 (s, 1H), 7.31 {m, SH), 5.97 (s, 1), 5.69 (s, 1H}, 443 {(m,
2HY, 210 (4, 1H, J= 4.6 Hz), 2.24 {td, 1H, J = 4.1, 13.4 Hz), 2.18 (1, 2H, J = 8.2 Hz), 1.6
(m, 11H}, 1.52 (s, 3H), 1.50 (s, 3H, 1.26 (s, 3H), 1.25 {m, 4H), 1.18 (s, 3H}, 1.02 (m, 2H),

36 101 (s, 3H}, 0.91 (s, 3H), 0.87 {&, 3H); m/z 609.4 (M+1).
Compound TXR64860: A mixture of compound TXE3762 (43.9 mg, 0.0845 mmol},
TEA (6.04 mL, 0.3 mmeol), DMAP (18.8 mg, {.154 mmol), dimethylamine hydrochloride

(12.4 mg, 0.164 mmol) and CH,ClL (2 mL) was stirred at room feroperature for 20 min.
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EDCI (30.9 mg, 0.161 mmol) was added, and the reaction was stirred at room temperanue for
16 h. The resultant mixture was diluted with EtOAc, washed with 1 N HCI and brine, dried
with NayS0,, and concentrated.  The residue was purified by flash chromatography (silics
gel, (% 10 100% EtOAc 1n hexanes) to give compound TX64868 (35.6 mg, 77%) as a white
solid: "H NMR (400 MHz, CDCL) 8 8.04 ¢s, 1H), 5.96 (s, 1H), 3.10 {d, 1H, J = 4.6 Hz), 3.03
(s, 3H), 2.94 (s, 3H), 2.34 (ddd, 1M, J = 5.4, 11.3, 15.7 Hz), 2.22 {m, 2H), 1.67 (m, FIH),
1.51 (s, 3H), 1.49 (s, 3H), 1.26 (s, 3H), 1.26 {m, 4H), 118 {5, 3H), 1.02 (m, 2H), 1.01 (s, 3H},
0.93 (s, 3H), 0.88 (s, 3H) m/z 547.3 (M+1).

Compouond TX63958: A mixtore of compound TXE3762 (521 mg, 1.00 wwmel),
TEA (0.42 mL, 3.0 mumeol}, DMAP (250 mg, 2.05 mmol), azetidine hvdrochloride (18R mg,
2,61 mmol) and CH,Cl (20 mL) was stirred at room temperature for 15 min. EDCI (391 meg,
2.04 mmol) was added, and the reaction was stirved at room temperamre for 25 b, The
resultant mixture was diloted with EiQAc, washed with | N HC! and brine, dried with
NuapS0y, and concentrated. The residue was purified by flash chromatography (silica gel, 0%
to 100% EiCAc in hexanes) to give compound TX63850 (394.6 mg, 71%) as an off-white
sohid: 'H NMR. (460 MHz, CDCL) 88.03 (s, 1H), 5.96 {5, 1H), 4.15 (m, 2H"), 399 (t, 24, J =
7.7 Hz), 330 (d, 1H, J = 4.6 Hzy, 2.26 {m, 3H), 1.77 (m, 13H), 1.53 (s, 3H), 1.49 (s, 3H),
1.26 (s, 3H), 1.24 (m, 49, 107 (s, 3H), 1O Gm, 2H), 1.00 (s, 3H), 0.93 {s, 3HY, 0.88 (s,
3H); m/z 5593 (M+1).

Compound TX63%949: A mixtare of compound TX63762 (520 mg, 1.00 mmol),
TEA (0.42 mL, 3.0 mmol), DMAP (241 mg, 1.97 nunol}, pyrrolidine (.17 mi, 2.06 mumol)
and CHCh (20 ml) was stirved at room temperature for 15 min. EDCT (381 mg, 1.99 mmeol)
was added, and the reaction was stirred at room temperature for 25 h. The resoltant mixture
was diluted with EiQAc, washed with 1 N HCI and brine, dried with NaSO,, and
concentrated. The residue was purified by flash chromatography (stlica gel, 0% to 100%
EtOAc in hexanes) to give TX63949 (266.9 mg, 47%) as an off-white solid: 'H NMR (400
Mz, CDCL) 8 8.04 (s, 1H), 5.96 (s, 1H), 344 (4, 4H, J = 6.9 H2), 3.12 {d, 1H, /= 4.7 Hz),
2.22 {m, 3H}, 1.71 (m, 158, 1.53 (s, 3H), 1.49 (3, 3H), 1.26 (s, 3H), 1.26 (m, 4H), 1.18 (s,
3HD, L3 (m, 28), 1.01 (5, 3H), 0.96 {5, 3H), 0.88 (5, 3H): miz 573.4 (M+1),

Compound TX63763: A mixture of compound TX63762 (77.2 mg, 0.149 mmol)},
TEA (0.04 mL, 0.3 mmol), DMAP (35.6 mg, (.291 mmol), morpholine (25 pl, 6.29 mmol)

“7
/

and CHoCl (2 mLl) was stirred at room temperature for 10 min. EDCT {878 mg, 0.30]

mmoi} was added, and the reaction was stirred at room temperature for 16 . The resultant
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mixture was diluted with EtOAc, washed with 1 N HCI and brine, dried with Na,8(0,, and
concentrated. The residue was purified by flash chromatography (silica gel, (% o 100%
EiQAc in hexanes) to give compound TXE3763 (66.1 mg, 82%) as a white solid: "H NMR
(400 MHz, CDChL) 8 8.04 (s, 1H), 5.97 {5, 1H), 3.68 (m, 410}, 3.60 (m, 2FD), 3.48 (m, 2H),
308 (d, 1H, J= 4.6 Hz), 2.33 (ddd, 1H,J = §4, 11.3, 16.4 Hz), 2.21 (m, 2H), 1.69 (m, 11H),
1.50 (s, 3H), 1.49 (s, 3H), 1.26 (s, 3H), 1.26 (m, 4H), 1.18 (5, 3H), 1.04 {m, 2H), 1.0} (5, 3H),
0.93 {5, 3H), 0.88 (s, 3H); m/z 3894 (M+1).

Compound TX64045: A mixture of compound TX63762 (39.2 mg, 0.0754 munol},
TEA (0.03 mL, 0.2 mumol}, DMAP (12.5 mg, £.160 mmol), acetic hydrazide (14.5 mg, 0.196
mmol) and CHCh (2 mL) was stirred at room femperature for 30 min. EDCI (31.8 mg,
0.166 mmol} was added, and the roaction was stirred at room temperature for 18 h. The
resultant mixture was diluted with EtCAc, washed with 1 N HCI and brine, dried with
NasSQy, and concentrated. The residue was purified by flash chromatography (silica gel, 0%
to 100% FtOAc in hexanes) to give compound TX64045 (19.7 mg, 45%) as a white solid: 'H
NMR (400 MHz, CDCL) § 8.04 (s, TH), 8.00 (s, 1H), 7.96 (s, 1H}, 5.98 (s, 1H), 3.07 {4,
J = 4.6 Hz), 2.24 {m, 3H), 2.06 (s, 3H), 1.68 (s, 11H), L.51 (5, ?H) 1.50 {s, 3H), 1.25 {m,
4H), 1.26 (s, 3H), 118 (3, 3H), 1.03 {m, 2H), 1.01 (s, 3H), 0.92 (s, 3}1'"), (.88 (s, 3H); mz
576.3 (M+1),

Compeund TX6404%: A mixture of compound TX63762 (40.3 mg, 0.0775 mmol),
TEA (C.03 mL, 0.2 mmol}, DMAP (179 mg, 0.147 mmol), 3,3-difluoropyrrolidine
hydrochloride (23.2 mg, 0.162 mmol) and CHyCh (2 mL) was stirred at room temperature for
15 min. EDCT (293 mg, 0.153 mmeol} was added, and the reaction was stirred at room
tempersture for 18 k. The resultant mixture was diluted with EtOAc, washed with 1 N HCI
and brine, dried with NaSOy, and concentraied.  The residue was purified by flash
chromatography (silica gel, 0% 1o 100% EtDAc in hexaues) to give compound TX64049
(27.9 mg, 59%) as a white solid: "H NMR (400 Mz, CDCL) 8 8.04 (s, 1F), 5.97 (s, I1H),
3,75 (my, 45, 3.09 (4, 1H, J = 4.4 Hz), 2.32 (m, 5H), 1.70 (m, 11H), 1.52 (5, 3H), 1.50 {,
3HD), 1.26 (s, 3H), 1.26 {(m, 4¥), 1.18 (s, 3H), 1.03 {m, 2H), 1.01 {s, 3H), 0.93 (s, 3H), (.88 {5,
3H) m/z 6093 (M1

Compound TX64647: A mboture of compound TX63762 (40.2 mg, 0.0774 mmol),
TEA (0.03 mb, 0.2 nmmol), DMAP {179 mg. 0.147 wmmol), (8)-3-hydroxypyrrolidine
hydrochioride (34.1 mg, 0.276 mmol} and CHoCh (2 mL) was stirred at room temperature for

15 min. EDCI {28.5 mg, 0.149 nuncl) was added, and the reaction was stirred af room
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temperatare for 18 h. The resultant mixiure was diluted with EtOAe, washed with 1 N HCI
and brine, dried with Na;SOy, and concentrated.  The residue was purified by flash
chromatography (sifica gel, 0% to 100% EtOAc in hexanes) to give compound TX64847
(20.8 mg, 46%) as a white solid: 'H NMR (400 MHz, CDCL) 8 [8.04 (s}, 8.03 (s) (111, 1H)],
[5.97 (8}, 5.96 (s) (111, 11D, 4.52 (s, 1H), 3.58 (im, 4H), 312 (d, J = 4.5 Hz), 3.09 {d, J =
4.5 Hx) (1:1, TED, 1.87 (m, 17H), [1.53 (s}, L.52 (s) (1:1, 3H)], [1.49 (s}, £.50 (s) (111, 3H)L
1.26 (s, 3H), 1.18 (s, 3H), 1.07 (m, 6H), 1.00 (s, 3H), [0.98 (s}, 0.93 (s) {11, 3H}], 0.88 {5,
3H): m/z 5893 (M+1).

Compoungd TX64048: A mixture of TXE3762 (40.1 mg, 0.0772 mmol), TEA (0.03
mb, 0.2 mmol}, DMAP (19.2 mg, 0.157 mmol}, 4-hydroxypipendine (16.5 mg, 0.163 mumol)
and CHRCh (2 mL) was stirred at room temperature for 15 min. EDCI (28.4 mg, 0.148&
mmol) was added, and the reaction was siirred at room femperature for 18 b The resultam
mixture was diloted with FtQAc, washed with 1 W Bl and brine, dried with NapySO,4, and
concentrated.  The residue was purified by flash chromatography (silica gel, (% to 100%
EtQAc in hexanes) to give compound TX64048 (23.9 mg, §1%) as a white solid: 'H NMR
(400 MEz, CDCL) 8 8.04 (s, 1H)}, 597 {s, 1H), 4.10 (m, 1H), 3.95 (m, 1H)}, 3.72 {(m, 2H),
3.22 {m, 2H), 3.09 (s, 1H), 2.29 (m, 3H), 1.69 (m, 13H), 1.51 (s, 3H}, 1.50 (s, 3H}, 1.26 {m,
417}, 1.26 (s, 3H), 1.18 (s, 3H), 1.03 (m, 2, 1.01 (s, 3H), (.93 (s, 3H), 0.88 (s, 3H); m~
G034 (M+1).

Compeound TX64868: A mixtare of compound TX63762 (51.3 mg, 0.0987 mumol},
TEA (0,05 mL, 0.4 mmol), DMAP (37.2 mg, 0.304 mmol}, 2-aminopyridine (52.5 mg, 0.558
mimel} and CHChL (2 ml) was stivred at room temperanwe for 13 min, EDCT (89.2 mg,
0,309 ymmol) was added, and the yeaction was stirred at room temperatare for 17 ho The
resultant mixture was directly purified by flash chromatography (silica gel, 0% 1o 100%
EtOAc i hexaves, ecach contmining 0.5% TEA), then was purified by additional flash
chromatography (Cis silica gel, 0% to 100% MeCN in water) to give compound TX64068
(7.0 mg, 12%) as a white solid: 'H NMR (400 MHz, CDCL) § 826 (4, 1H, J = 4.8 Hz}, 8.1
(d, 1H, .J = 8.5 Hz), 8.04 (s, 1H), 7.83 (5, 1H), 7.69 (m, 1H), 7.04 {dd, 1H, J = 4.8, 7.3 Hz),
5.98 (s, 1H), 3.10 (4, 1M, J = 4.7 Hz), 2.36 (m, 2H}, 2.26 (1d, 1H, J = 4.7, 13.4 Hz), 1.75 (m,
T1H), 1.52 (s, 3H), 1.50 (s, 3H), 1.26 (m, 4H), 1.26 (s, 3H), 1.18 (5, 3H), 1.05 (m, 2H), 1.02
(s, 3H), 0.94 (s, 31, 0.89 (8, 3H); m/z 596.4 (M+1}.

Compound TX§4844: A mixture of compound TXE3762 (39.7 mg, 0.0764 mmol),

TEA (0.03 mL, 0.2 mmol), DMAP (20.3 mg, 0.166 mmol}, 3-oxetanamine hydrochloride
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{17.0 mg, 0.155 mmol) and CH,ClL (2 mb) was stirred at room temperature for 30 min
EDCI (30,6 mg, 0.160 mmol) was added, and the reaction was stirred at room temperature for
18 h. The resultant mixture was diluted with BrOAc, washed with 1 W HCT and brine, dried
with NapSCOs, and concentrated, The residue was purified by flash chromatography (silica
gel, 1% to 100% EtDAc m hexanes) to give compound TX64844 (28.5 mg, 65%) as a white
solid: "H NMR {400 MHz, CDCL) 8 8.04 (s, 1H), 5.97 (s, 1H), 5.94 (s, 1H), 6.74 (m, 1H),
492 (dt, 2H,J =23, 7.1 Hz), 448 (dt, 2H, J = 2.9, 6.4 Hz}, 3.06 (d, 1H, J = 4.6 Hz}, 2.2
(m, 3H), 1.69 (m, 1IH), 1.51 {s, 3H), 1.50 (s, 3H), 1.26 (s, 3H), 125 (m, 4H), 1.18 {5, 3H),
1.02 (m, 2H), 1.00 (s, 35}, 0.93 (s, 3H), 0.88 (s, 3H); m/iz 3753 (M+1}.

Compound TX64052: A mixtare of compound TXE3762 (71 mg, 0.137 mmol),
TEA (0.06 ml, 0.4 mmol), DMAP (462 mg, 0.378 nmol), glycine methyl ester
hydrochloride (33.9 mg, 0.270 mmol) and CH,Cly (3 ml) was stirred at room temperature for
15 min. EDCT (78.1 mg, 0.407 wamol) was added, and the reaction was stirred at room
temperature for 16 k. The resultant mixtore was diluted with EtOAc, washed with 1 N HCI
and brine, dried with Na,SOy, and concentrated.  The residue was purified by flash
chromatography {silica gel, 0% to 100% EiOAc in bexanes) to give compound TX64852
(52.0 mg, 64%) as a white solid: 'H NMR {400 MHz, CDCL) 8 8.04 (5, 1H), 5.97 (s, {H),
5.95 (s, 1H}, 4.04 {dd, 2H, J = 5.1, 9.2 Hz), 3.77 (s, 3H}, 3.08 (d, 1H, J = 4.7 Hz}, 2.22 {m,
3H), 167 (m, 11H), 1.52 {s, 3H), 1.50 (s, 3K}, 1.26 (s, 3H), L.25 (m, 4H), 1.18 (s, 3H), 1.03
{m, 2H3, 1.00 (s, 3H), 0.93 (s, 3H), 0.88 (s, 3H); msz 391.3 (M+1).

Compound TX64054: A mixtare of compound TX64852 (26,9 mg, 0.0354 mmol}, 1
N HCH (0.6 mL), and MeCN (1.2 mL) was heated to 55 °C for 22 . The resultant mixture
was diluted with EtOAc, washed with brine, dried with Na;SO., and concentrated. The
residue was purified by flash chrematography (silica gel, 0% to 100% EtOAc in hexanes,
each with 0.5% HOAC) to give compound TX64854 (14.6 mg, 71%) as a white solid: 'H
WMR (400 Mz, CDCL) 8 8.04 (s, 1H), 6.17 (s, 1H), 5.99 (s, 1H), 4.09 (dd, 28, J = 5.4, 9.7
Hz), 3.07 (d, 1H, J = 4.6 Hz), 2.24 {m, 3H}, 168 (m, 11H), 1.51 (5, 3H), 1.50 (s, 3H), 1.26 (s,
3H), 1.23 (m, 4H), 1.18 (s, 3H), 1.03 (m, 2H), 1.01 (s, 3H), 0.91 (s, 3H), 0.88 (s, 3H); m/Zz
577.3 (M+1).

Compound TX64124: A mixture of compound TX63762 (47.8 mg. 0.0920 mmol),
TEA (0.04 ml., 0.29 mmol}, DMAP (23.5 mg, 0.192 vunol), 4-Boc-piperazine (36.3 mg,
(.195 mmmeol) and CHCh (2 mL) was stirred at room temperature for 15 min. EDCI (36.8

mg, (.192 mmol) was added, and the reaction was stirred at voom temperature for 16 b, The
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resuliani mixture was diheted with EtOAc, washed with 1 N HCI and brine, dried with
Na,SQy, and concentrated. The residue was purified by flash chromatography (silica gel, 0%
to 100% EtOAc in hexanes) to give compound TX64124 (55.9 mg, 88%) as a white solid: 'H
NMR (400 MHz, CDCly) 8 8.04 (s, 1H), 5.97 (s, 1H), 3.57 (m, 2H), 3.42 {m, 61}, 3.08 (d,
1H, J = 4.6 Hz), 2.35 {m, 18}, 2.23 (m, 2H)}, 1.68 (m, 11H]}, 1.50 (5, 3H), 1.49 {5, 3H}, 1.47
{8, OH), 1.27 {my, 4H3, 1.26 {3, 3H), 118 {5, 3H), 1.01 {s, 3H), 100 (m, 2H), 0.93 (s, 3H), 0.58
(s, 3H}; m/z 588.4 (M-Boe+H+1),

Compound TX64135: HCl (4.0 M in 1.4-dioxane, 0.2 mL) was added t¢ a room
temperature solution of compound TX64124 (49 mg, 0.071 mmol) in CHClL {8 mL), and the
mixture was stirred at room temperature.  Additional HCI solution (4.0 M in 1 4-dicxane)
was added after 17 h (0.8 mL), 20 b (0.5 mL) and 2 d (2.0 mbL). The resultant mixwmre was
difuted with EtOAc, washed with 1 N NaOH and brine, dried with NaySO4, and concentrated
to give compound TX64135 (14.4 mg, 35%) as an off-white solid: 'H NMR (400 MHz,
CDCl) 6 8.04 (s, 1H), 5.97 (s, 1H), 3.62 (m, 5H), 3.09 (d, 1H, J = 4.7 Hz}, 2.86 (app. d, 4H,

= 8.1, 17.7 Hz), 2.34 {m, 1H), 2.22 {(m, 2H), 168 (m, 11H), 1.51 (s, 3H0), 1.45 (5, 3H), 1.26
(s, 3H), 1.24 (m, 45, 1.18 {5, 3H), L.G3 (m, 2H), 1.01 (s, 3H), 0.93 {3, 3H), 0.88 (s, 3H}; mz
588.4 (M +1).

Compound TX64674: A vuxture of compound TX63762 (51.9 mg, 0.0999 nunol),
NHLCE{18.0 mg, 0.337 wmol), EDCI (28.7 numel, 0.150 mmol), HOBt-xHO {23 mg, 0.17
mmol), DIEA (0.03 mL, .2 mmol} and DMF (I mL)} was stivred at room temperatore for 17
h. The resultant mixtare was diluted with EtOAc, washed with 1 N HCl and brine, dried with
NapS0y, and concentrated. The residue was purified by flash chromatography (silica gel, 0%
to 100% EtDAc in hexanes, cach containing 0.5% TEA) to give compound TX64874 (253
mg, 49%) as a white sofid: ' TH NMR (400 MHz, CDCla) 3 8.04 (s, 1H), 5.97 (s, 1H), 5.39 {5,
1H), §.24 (s, 1H), 3.08 {d, 1H,J = 4.7 Hz), 2.21 (m. 3H), 1.70 {m, 11H), 1.51 {s, 3H), 1.50 (s,
3H), 126 (s, 3H), 1.24 (m, 4H), 118 (s, 3H), 1.03 (m, 2H), 101 {5, 3H), 0.93 (s, 3H), 0.88
(s, 3H m/z 5193 (M+1).

Compoung 13: Compound 13 was synthesized as reported in U.S. Patent No.
7,943,778, which issued on May 17, 2011, the cntirety of which is incorporated hercin by
reference.

Compound 14:  The flask comaining a suspension of compound 13 (481 g
10.1 mmol), P/C (10% wiw, 642 mg), EtOAc (100 mi), and CH.Cl (100 mLl) was

thoroughly purged with Ny, followed by Hy. The resultant mixture was stirred vigorously for
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2 h, sparged with Nj for ~2 h, stirred overnight at room temperature, filtered through a plug
of celite (3 em) eluting with CH,Cl, (200 mL), and conceniraied to give compound 14 (5.0 g)
as a pale yeliow foam that was used without further purification: m/z 480.3 (M~+1}.

Compound 15 A suspension of compound 14 (all above obtained, < 10.1 mmol),

i

HBr (48% wiw aq., 0.49 mL, 4.4 mmeol), and MeCN was heated to 35 °C for 30 min. B
(.62 mmol, 12.1 mmol) was added, and the resultant mixture was heated to 35 °C for an
additional 17 h. The solution was cooled to room temperature, 10% Ne:S0; (50 mL) added,
and the biphasic mixture was stirred for 1S min at room temperature. The mixture was
dilated with EtOAc. The organic fraction was separated, washed with a 1:1 mixtare of 10%
10 NapS0y and sat. NaHCO: and brine, dried with NaySOy, and concentrated 0 give compound
15 (5.1 g) a5 2 vellow foam that was used without further purification: m/z 478.3 (M+1).
Compound 16 NaOMe (25% wiw in MeOH, 3.00 mL, 13.1 mmol} was added to a
suspension of compound 15 {(all above obiained, < 10.1 ramol) in MeOH (100 mL), and the
Tosultant mwixture heated to 50 °C for 2 ho The yellow solution was cooled to room
15 temperature, diluted with MTBE, washed with 1 M HCI and brine, dried with NapSQq, and
concentrated to give compound 16 (5.15 g} as 2 yellow foam that was used withoot further
purification: m/z 478.3 (M+1).
Compound TX63483: A solution of 1,3-dibromo-5,5-dimethythydantoin (1.445 g,
5.05 mmol) in DMF (12 mL) was added over 5 min to 8 § °C solution of 38 (all above
20 obtained, < 10.1 mmol) in DMF (40 mL). The vial containing the DBDMH solotion was
washed with an addition 8 mL of DMF, and that solution was added to the roaction. After 1 h
at () °C, pyridine {2.45 mL, 30.3 nmnol} was added, and the reaction was heated to 55 °C for 4
h, The resoltant solution was cooled to room temperature, diluted with EtOAc, washed with
10% WNa;S0s, water, 1 N HCL, and brine, dried with NaxSQ,, and concentrated. The residue
25 was purified by flash chromatography (silica gel, 0% 10 42% EtQAc in hexanes), and the
resultant product was tritgrated with EtOH (50 mL) at 50 *C for 30 min to give compound
TX63483 (3.01 g 63% from 13) as a white solid: "H NMR (500 MHz, CDCh) 8 8.05 (s, 1H),
5.97 (s, 1H), 3.02 (d, 1H,J = 4.7 Hz), 2,23 {td, 1, J = 4.3, 13.5 Hz), 1.78& (m, 6H)}, 1.54 {m,
3HY, 150 (s, 3H), 1.46 (s, 3H), 1.40 (my, 1H), 1.26 (s, 3H), 122 (m, 3H), 1.18 {5, 3H), 1.03
30 (m, 2H), 1.00 (5, 3H), 0.92 (s, 3H), 0.87 (s, 38), 0.83 {t, 3H, J = 7.4 Hz), m/z 476.3 (M+1).
Compound TX63868:  Compound TRE3355 (500 mg, 1.05 mmol) and
1,1’-carbonyldiimidazole (221 mg, 1.36 mmol) were dissolved in MeCN (10 mb). The

roaction was heated at yeflux for 5 h and was then cooled to room temgperature. The

108086504} 85
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IH, /= 11.0 Ho), 4.60 (d, 1H, J= 11.0 Hz)}, 3.24 (m, 2H}, 3.08 {d 1’&, J=4.4Hz), 2.42 {mﬂ
IHD), 1.53 (s, 3H), 1.52 (5, 3H), 1.28 {8, 3H}, 1.20 (s, 3¢ ’) A7 4, Br%,uf"" 3 Hz), 1.08-1.97
(m, 15H), 1.04 {5, 35D, 0.97 (5, 3H), 0.90 {8, 3H); s S48.3 (M

Compoundg 17: LIAIM (2.0 M in THFE, 100 mL, 200 m'mo‘;) was added to a 0 °C

th

solution of oleanolic acid (25.1 g, 55.0 mmol) v THF (1.25 L), The mixture was heated fo
reflux for 3 h, coeieg 10 room temperature overnight, cooled to O °C, gquenched by the
successive addition of water (10.6 mL), 4 M NaOH (10.6 mL} and water {10.6 ml), warmed
10 to room temperature over 15 min, filtered through celite, cluted with MTBE, and
congentrated 1o give compound 17 as a white solid that was ased without further purification:
m/z 4434 (M+1).
Compound 18: A solution of NaOC! (6.0%, 80 mL, 65 mmol) and water (180 mL;
was added to & 0 °C biphasic solution of compound 17 {all above obtained, < 55.0 mmal),
15 NsHCQO; {4.65 g, 554 mmol}, NaBr (5.68 g, 55.2 mmol), TEMPO (430 g, 27.5 wunol),
water (360 mL} and CHyCl, (1 L) over 1 ko The mixture was warmed to room temperature
over 16 b, quenched by the addition of 10% Nay80; and stirred for 15 min.  The organic
fraction was separated, and the agueous fraction was extracted with CHCl,, The combined
organic fraction was washed with brine, dried with Na;SOy4, and concentrated. The residue
20 was purified by flash chromatography (silica gel, (% fo 15% EtOAc in hexanes, then 10%
EtOAc in CHuClz) to give compound 18 (19.22 ¢, 79% from cleanolic acid) as an off-white
solid: m/z 441.4 (M+1),
Compound 19: KOBu (6.36 g, 56.8 mmol) was added to a room temperature
sospension of (methoxymethyijtriphenyipbosphonivm chloride (23.36 g, 68.14 mmol) in
25 THF (115 mL) and stived at vroom temperature for 45 min, A solution of 19 (.00 g,
11.4 mmol) in THF (85 mL) was added over 10 min to the reaction mixtare, and the transfer
was completed with THF (30 mL). The reaction was stired at room temperature for 21 h,
then quenched by the addition of HaSO4 (30%, 23 ml), stirred 2 b, diluted with EtQOAc and
water, and made basic with 4 N NaQH. The organic fraction was separated, washed with
30 brine, dried with Na;SOs, and concentrated.  The residue was puorified by flash
chromaiography (sifica gel, 0% to 30% EtOAc in hexangs) to give compound 19 (4.93 g,
96%) as a pale vellow solid: m/z 455.4 (M+1).
Compound 28 NaBH, (836 mmol, 22.6 mmol) was added to a § °C sohution of
compound 19 (4.93 g, 10.8 mmol) in MeOH/THF (2:1 mixtore, 304 mL), and the reaction

{00D865043 {7
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was allowed to warm to room temperature. Afler 2 h at room temperature, the mixture was
concentrated to reduced volume, diluted with EtOAc, washed with 1 N HCI and brine, dried
with NaySQy, and concentrated to give compounnd 28 (6 g, quantitative) as a white solid: m/%z
4574 (M1,

LA

Compound 210 A sohuion of 28 (all above obtained, < 10.8 mmal), A0 (8.2 mL,
87 mmol}, pyridine (10.5 mL, 130 mmol), and DMAP (133 mg, 1.09 mmol) in CH,CL (225
ml) was stirred at room temperature.  Additional Acy0O (4.1 ml., 43 numol), pyridine (5.25
ml, 64.9 mmol}, and DMAP (133 mg, 1.09 mmol) were added after 7 h and again after an
additional 16 h. The reaction was stirred an additional 3 d, then diluted with CH,Cly. washed
10 with 1 N HCL saturated NaHCO; and brine, dried with NapSQOy, and concentrated. The
esidue was purified by flash chromatography (silica gel, 0% to 30% EtQAc in hexanes) o

give compound 21 (4.40 g, 75% from 19) as a white foam solid.
Compound 22: AcOCH (39% in AcOH, 2.1 mL. 12.4 mmol} was added 10 a 50 °C
suspension of 21 (4.40 g, 8.14 mmol) and NapxCOs (113 g, 10.7 mmol) in AcOH (81 mb).
15 Additional AcOOR (0.84 mi, 5.0 mwmol} was added after 17 b and again (021wl 12
minol) afier an additiopal § b The reaction was stirred at 56 °C for an additional 18 b,
quenched by the addition of excess NapSOs, stived 15 min, diluted with toluene, and
coencentrated to dryness. The residue was dissolved in CHzCly, washed with water, saturated
WNalHC O and brine, dried with Nay8C,, and concentrated to give compound 22 (436 g, 96 %)

20 as a white solid: m/z 557 4 (M+1).

Compound 23 Bry (0.60 ml, 12 pol) was added to a 35 °C suspension of
compound 22 (5.47 g, 9.72 mugel} and HCH (4.0 M m 1,4-dioxane, 0.97 ml, 3.9 ponol) in
MeCN (96 mL). The mixture was stirred overnight between room temperature and 35 °C,

The mixture was heated to 35 °C, and additional By (0.15 mL, 2.9 mmol) was added and

25 agam added (0.30 mi, 5.8 mmol} after an additional { k. The reaction was stirred at 35 °C
for an additional 1 h, then quenched by the addition of 4% Na,SO; {100 mL)y and stirred at
room temperature for 30 min. The organde fraction was washed with saturated NalHCG, and
brine, dried with Na; SOy, and concentrated to give compound 33 as a yellow solid: m/z 8554
{M-+1},

36 Cemgpoand 24: A solution of compound 23 (all above obtained, < 9.72 mmol) and

concentrated H;804 (0.1 wl) in MeOR/THF (1.1 mixture, 200 mL) was heated 10 35 °C for
1 . Additional H2SO, (0.9 ml) was added, and the reaction was then brought to reflux for 19
k. The muxfure was concentrated to reduced volume, then dituted with EtOAc, washed with 1
N NaOH and brine, dried with Na,SOy4. and concentrated. The residue was purified by flash

00086504} e
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chromatography (silica gel, 0% to 65% EtOAc in CHRCh) to give compound 24 (3.41 g, 74%
from 22) ss a pale-yellow solid: m/z 471.4 (M+1).

Compound 25 A solution of NaOC! (6%, 6.5 mi, 5.2 mmol) was added to a room
temperature solution of compound 24 (1.70 g, 3.61 mumol) in AcOH (27.5 mL), and the
reaction mixture was stirred at room temperatare for 1.5 . The reaction was diluted with
EiQAc, washed with 10% NaxSOs and brine, dried with NaxSC., and concentrated. The
residue was purified by flash chromatography (silica gel, 0% to 55% EtQAc in CHCh) 0
give compound 28 {1.36 g, 80%) as a white solid: m/z 4693 (M+1).

Coempound 26: NaOMe (25% in MeOH, 6.5 mL) was added to a 0 °C sohution of
compowd 25 {1.36 g, 2.90 mumol) in cthyl formate (16.5 ml). The mixture was stirred at §
°C for 15 min, then warmed to room temperature, After 7 b the mixture was diluted with

FitQAc, washed with | N HC! and brine, dried with Na;SCy, and concentrated to a give
compound 26 {plus mixture of formaie esters) as a yellow foam: m/z 497.3 (M+1)

Componnd 27. A mixture of compound 26 (all above obtained, < 2.90 mmol) and
NHOH-HCH in BtOH/water was heated to 35 °C for 17 h. The resultant mixture was diluied
with EtOAc, washed with 1 N HCI and brine, dried with Na;S0s, and concentrated to give
compound 27 as a vellow foam: m/z 494.4 (M+1}

Compound 28 A solution of 27 {(all above obtamed, < 2.90 mmol} and NaOMe
(25% in MeQOH, 1.7 mL} in MeOH (39 mL} was heated to 55 °C for 6 h. The mixture was
cooled to room temperature overnight, acidified with HCl {4 M in 1.4-dioxane, 10 mL), and
heated to 55 °C for 7 b The resultant mixture was diluted with EtOAc, washed with 1 N HCl
and brine, dried with NapyS0y4, and concentrated.  The residue was purified by flash
chromatography (silica gel, 0% to 100% EtQAc in hexanes) to give compound 28 (1.01 g,
71% from 23) as a pale-yellow foam solid: m/z 494.3 (M+1),

Compound TX63688: A solution of 1,3-dibromo-4,5-dimethylhydantoin (309 mg,
1.08 mmol) in DMF (3 mL) was added to a 0 °C solution of compound 28 (1.01 g, 2.05
mmol) in DMF (15 mL), with additional DMF (2 mL) vsed to complete the transfer. The
mixture was stivred at (8 °C for 3.5 h, then pyridine (0.66 mi, 8.2 mmol} was added, and the
reaction was heated to 55 °C for 18 h. The resultant solution was dibuted with EtOGAc,

washed with 1| N HCL 5% Nay30,, and brine, dried with Na;S04, and concentrated. The
-esidue was purified by column chromatography (silica gel, (% to 100% EtOAc in hexanes)
to give compound TX63688 (805 myg, 80 %) as an off-white solid: "H NMR (400 MHz,
CDCh) 6 8.04 (s, 1H), 598 (s, 1H), 3.78 (m, 2H}, 3.11 (4, 18,7 =47 Hz), 225 (td, 1H,J =

$00086504} 26
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4.0, 13.6 Hz), 1.65 (m, 12H), 1.50 (s, 3H), 1.50 (s, 3H), 1.26 (s, 3H), 1.25 {m, 4H)}, 1.18 (s,
3H), L.O6 (m, 2H), 1.01 (5, 3H), 0.93 (s, 3H), 6.87 (5, 3H): m/z 492.3 (M+1},
~ Compound TX6360%: A solution of compound TX63688 (50.5 mg, 0.103 mmol),
MeQTF (87 uL, 0.50 mmol) and 2,6-di-fers-butyl-4-methylpyridine (128 mg, 0.623 mmol) in
5 CHCh (2 mbL) was stivred at room temperature for 19 h. The resultant mixture was diluted
with BtOAc, washed with 1 N HCI and brine, dried with NayS0s, and concentrated. The
residuc was purified by column chromatography (sifica gel, 0% 10 100 % EtOA¢ in bexanes)
to give compound TX63669 (39.5 mg, 76 %) as a white sold: "H NMR (400 MHz,
CDCL) 8 8.04 (s, 1H), 5.97 (s, 15}, 3.45 (m, 2H), 3.32 (s, 38, 3.09 {d, 1H. J = 4.7 Hz), 2.25
0 (i, 1H, J =41, 134 Hz), 1.66 (m, 11H), 1.50 (5, 3H), 148 (5, 3H), 1.26 {5, 3H), L.25 (m,
4H), 1.18 (s, 3H), 105 (m, 2H), 1.0} {s, 3H), 0.94 (s, 3H), 0.87 (s, 3H); m/kz 506.3 (M-+1}.
C@mpmmai TX6361¢: A solution of compound TX63688 (49.6 mg, (.101 mmol],
Acy( {48 gL, ¢.51 mmol), pyridine (81 pl, 1.0 mmol) and DMAP (3.4 mg, 0.028 mmol) in
CH,oClz {2 mL) was stirred at room temperature for 20 b The resultant mixture was diluted
15 with EtOAe, washed with 1 N HCI, saturated NaHCQ,, and brine, dried with Na;SO4, and
concentrated, The residue was purified by column chromatography (silica gel, 0% to 100%
EtOAc in hexanes) to give compound TX6361¢ (41.1 mg, 76%) as a white solid: 'H NMR
{400 MHz, CDCL) 8 8.04 (s, TH), 5.98 (s, 1H)}, 4.16 {m, 2H), 3.08 (4, 1H,J = 4.7 Hz), 2.25
(d, TH, J = 4.0, 13.5 Hz), 2.03 (5, 3H), 1.66 {m, 11H), 1.50 (s, 3H), 1.49 (s, 3H), 1.26 (s
20 3H), 1.25 (m, 4H), 118 (s, 3H), 1.07 (m, 2H), 1.01 {5, 3H), 0,93 (s, 3H), 0.87 (s, 3H}; m/2z
5343 (M+1),
Compoung TXE3981: A solution of compound TX63608 (41.4 mg, 0.0842 mumol)
and EINCO (64 uL., 0.81 mmol) in toluene (0.5 mL) was stirred at room temperatare for | h,
then heated to 70 °C for >4 h. The reaction mixture was cooled o room temperature and was
25 puorified directly by column chromatography (silica gel, (% to 100 % EtOAc in hexanes) to
give compound TX63981 (34.5 mg, 73%) as a white solid: 'H NMER (400 MHz, CDCL) §
R.04 (s, TH), 5.97 (s, 1H), 4.38 (s, 1H), 4.23 (m, 1H), 4.12 (m, 1H), 3,18 {m, 2H), 3.09 {d,
TH, J = 4.6 Hz), 2.30 {td, 1H, J = 4.1, 13.2 Hz), 167 (my, 115}, 1.50 (s, 3H), 1.49 (5, 3H),
1.26 (s, 3H}, 1.19 (m, 6 H), 118 (s, 3HD, 112 ¢, 3H, J = 7.2 Hz), 1.01 (s, 3H), 0.94 (s, 3H)},
(.88 (s, 3H); m/z 563.4 (M+1).
Compeound 2% DIBAL-H (1.0 M in THF, § mL, 5.0 nunol) was added tv a 0 °C

solution of 8z, 86 (8a:8b = 2:3, 0.50 g, 0.92 mmol) in THF (10 mL). The reaction mixture
3 Lo X

Lr2

tad
f=g

was stirred at Q °C for 30 min, then warmed to room temperature for 2.5 h. The mixture was
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cooled 10 0 °C, quenched with saturated NaK tartrate (10 mL), diluted with MTBE (25 mL),
warmed to room temperatare over | h, diluted with additional saturatod NakK tartrate (40 mL),
then and extracted with MTBE. The combined organic fractions were washed with brine,
dried with NapSQu, filtered through a short plug of celite, eluted with MTBE, and
concentrated 1o give compound 29 (491 mg, mixture of Cl2-epimers, quantitative} as a white
solid: m/z 492.3 (M+1).

Conponnd 38: NBS (244 mg, 1.37 numol} was added to 2 room tenperature solution
of compound 29 (all above obtained, < (.92 mmol} in DME/water (9:1 mixture, 10 mL). The
reaction was stitred at room temperature for 2 h, quenched by the addition of 5% Nay8Q;,
stirred 15 min at roon temperature, and then extracted with EtOAc. The organic fraction was
washed with brine, dried with NS0y, and concentrated.  The residue was purified by flash
chromatography (silica gel, 0% to 100% EtOAc in hexanes) to give compound 38 (491 mg,
quantitative} as a white solid: m/z S08.3 (M+1).

Compound 31: A solution of compound 36 (all above obtained, < 0.92 mmol} and
NaOMe (25% in MeOH, 1.3 mL) in MeOH was stirred at 55 °C for 16 b The resultant
mixnwe was diluted with I N HCI and extracted with EtQOAc. The combined organic
fractions were washed with brine, dried with NayS(O4, and concentrated. The residue was
purified by flash chromatography (silica gel, (% 1o 80% EtOAc in hexanes) to give
compound 31 (151 mg, 32%;) as a white solid: m/z S08.3 (M+1).

Compound TX63744: 13-dibromo-5,5-dimethylhydantoin (45 mg, 0.16 mmol) was
added to 2 0 °C solution of compound 31 (151 mg, 0.278 wumol) in DMF (10 mL). The
mixfure was stirted at § °C for 2.5 h. Pyridine (0,10 mL, 1.2 mmol) was then added, and the
reaction heated to 55 °C overnight. The resultant solution was diluted with EtOAc, washed
with 1 N HC), 10% NaxSCs, and brine, dried with NaxSOy, and concentrated. The residue
was purified by colamn chromatography (silica gel, 0% to 80% EtQAc in hexanes) to give
compound TX63744 (82 mg, 58%) as a white solid: 'H NMR (400 MHz, CDCly) § 8.04 (s,
1M, 5.97 ¢s, 1H), 3.66 (m, 2H), 3.05 (d, 1H, J = 4.7 Hz), 2.25 {id, 11, J = 4.1, 13.6 Ha),
1.66 (m, 14H), 1.49 (s, 3H), 1.47 (5. 3H). 1.26 (s, 3H), 1.23 (m, 4H)}, 118 {5, 3H), 1.04 {m,
2H), 1.61 (s, 3H), 0.93 (5, 3H), 0.87 (s, 35); m/z 506.3 (M+1).

Compound TXE3983: A sobhution of compound TX63744 (24.1 mg, 0.0477 pumold)
and BNCO (39 pl., .49 mmol) in ioluene (0.5 mL) was beated 1o 70 °C for 20 b, then

purified divectly by column chromatography (silica gel, 0% to 100% EtOAc in hexanes) to

give compound TX63983 (20.7 mg, 75%) as a white solid: H NMR (400 MHz, CDCly) §
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8.04 (s, 1FL), 5.98 (s, 1H), 4.55 (s, 1T0), 4.04 (m, 2H), 3.21 (m, 2F0), 3.02 (d, 1H, J = 4.6 Hz),
2.24 (td, 1H, J = 4.0, 12.8 Hz), 1.66 (m, 13H), 1.50 (s, 3H), 1.46 (s, 3H), 1.26 (s, 3H), 1.25
(m, 45, 1.18 (s, 3H), 114 (¢, 3H, J = 7.2 Hz), 1.04 (m, 2H), 1.01 (5, 3H), 0.93 (s, 3H), 0.88
(s, 3ED) m/z 5774 (M+1),

oo R X H R RN R Rk ks kN

All of the compounds, composifions and methods disclosed and claimed herein can be
made and execuied without undue experimentation in light of the present disclosure. While
the disclosure may have only been described in terms of certain embodiments, it will be
apparent to those of skill in the art that variations muay be applied to the compounds,
compositions and methods and in the steps or in the sequence of steps of the method
described herein without departing from the concept, spirit and scope of the invention. More
specifically, it will be apparent that certain agenis which are both chenuecally and
phystologically related may be substituted for the agents described herein while the same or
simifar resulis would be achieved, All such similar substitutes and modifications apparent (o
those skilled in the art are deemed to be within the spirit, scope and concept of the invention

as defined by the appended clabms.
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CLATMS

1. A compound of the formula:

wherein;
Y 18 a covalent bond, —~CHy—, ~C{O)~, ~0O~, or ~NH-;
Ry and R, are each independently ~H, ~OH, methyl, or as defined below; and
Rz is:
hydrogen, hydroxy, halo, amino, ~NHOH, or mercapto;

alkykos), alkenylog, alkynyle), arylow), avalkyless), heieroarykess,

wterocyeloaliovliossy,  acvless), alkoxyesn, alkenyloxycss.
arvioxyes, aralkonyicss, heteroaryloxyess), aeyloxyicss),

hewerocyeloalkonvioes,  alkylaminoeey.  dialkylaminocs),

alivenylaminowes;, alkoxyaminogss), arylaminogees,,
aralkylaminoicas), heteroarylaminoee), heterocyclo-
alkylaminoces), alkyisuifonylaminogas, amidoeas;,

~NH-amidoges, or a substituted version of any of these

groups;

ey
=

3

Ra and Ry, taken together, are ~0O-, ~NR,~ or a covalent bond between
Y and carbon atom 13, wherein R, is hydrogen or alkylcay; or
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Y and carbon atom 14, wherein R, is hydrogen or alkykoan:

or a pharmaceutically acceptable salt theroof.
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A compound of the formula:

wherein:

Y is ~C(0)—;

M,

Rj and R, are each independently —H, —OH, methyl, or as defined below; and

Rz is:

hydrogen, hydroxy, halo, amino, -NHOH, or mercapto;

alkyl(cgg), aikenyi(cgg), a‘;k‘ynyi(cgg), ary _y'l(cgg), araikyl(cgg), heteroaryimsg),

heterocycloalkylicss), acylcss), alkoxyiess), cycloalkoxyicgs),
alkenyloxy(css), aryloxycss), aralkoxyc<s), heteroaryloxycss),
acyloxyc<s), heterocycloalkoxyc<s), alkylaminocs),
cycloalkylaminocss),  dialkylaminoc<s), alkenylaminoccs),
alkoxyaminogcss), arylamino(css), aralkylaminoic<g),
heteroarylamino(css), heterocycloalkylaminoc<g),
alkylsulfonylaminowss),, amidocsg), —NH-amidocgs), or a
substituted version of any of these groups, wherein one or more

hydrogen atom of the group has been independently replaced
by —OH, —F, —CO,H, or —CO,CHs;

Rz and R;, taken together, are —O—, =NR,~ or a covalent bond between

Y and carbon atom 13, wherein R, is hydrogen or alkylcss); or

Rs and R,, taken together, are —O—, —=NR,— or a covalent bond between

Y and carbon atom 14, wherein R, is hydrogen or alkylc<s,

or a pharmaceutically acceptable salt thereof.
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2.

The compound of claim 1, further defined as:
HsC

NC

’t
“
2
C

I

HaC

wherein:

Ol

3 (D,

Y is ~C(O)—; and

R3 is:

hydrogen, hydroxy, halo, amino, -NHOH, or mercapto; or
alkylic<s), alkenyl(c<s), alkynylc<s), arylc<s), aralkyl(czs), heteroarylicss),

heterocycloalkylc<sy, acylie<sy, alkoxyiessy, alkenyloxy(c<s),
aryloxyc<s), aralkoxycssy, heteroaryloxyc<sy, acyloxy(css),
heterocycloalkoxyc<s),  alkylamino(<s),  dialkylaminocss),

alkenylaminocxg), alkoxyaminocss), arylaminoc<s),
aralkylaminocss), heteroarylaminoc<g), heterocyclo-
alkylaminocss), alkylsulfonylaminoc<g), amido(ces),

~NH-amidoc<g), or a substituted version of any of these
groups, wherein one or more hydrogen atom of the group has
been independently replaced by —OH, -F, —CO;H, or
—COQCH},;

or a pharmaceutically acceptable salt thereof.

The compound of either claim 1 or claim 2, wherein the bond between carbon atoms a

and b is a single bond.

The compound of either claim 1 or claim 2, wherein the bond between carbon atoms a

and b is a double bond.

The compound according to any one of claims 1 and 3-4, wherein R, is —H.
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10.

11.

12.

13.

14.

15.

16.

17,

18.

19,

20,

21.

22,

The compound according to any one of claims 1 and 3-4, wherein R» is methyl.
The compound according to any one of claims 1-6, wherein Rj is —H.

The compound according to any one of claims 1-6, wherein Rz is —OH.

The compound according to any one of claims 1-6, wherein R3 is amino.

The compound according to any one of claims 1-6, wherein R3 is alkylc<s).
The compound of claim 10, wherein Rj is methyl.

The compound according to any one of claims 1-6, wherein R; is

heterocycloalkylc<g).

The compound of claim 12, wherein Rj is morpholinyl, pyrrolidinyl, azetidinyl or

piperazinyl.

The compound according to any one of claims 1-6, wherein Rj is substituted
heterocycloalkylc<s), wherein one or more hydrogen atom of the group has been

independently replaced by —~OH, —F, ~CO,H, or ~CO,CHjs.

The compound of claim 14, wherein Rj is hydroxypyrrolidinyl, difluoropyrrolidinyl,
or hydroxypiperidinyl.

The compound according to any one of claims 1-6, wherein R is alkoxyc<s).

The compound of claim 16, wherein R; is methoxy, ethoxy, isopropoxy, or fert-

butoxy.

The compound according to any one of claims 1-6, wherein Rs is aryloxycss).
The compound of claim 18, wherein Rj3 is ~O—phenyl.

The compound according to any one of claims 1-6, wherein R3 is aralkoxyc<s).
The compound of claim 20, wherein R; is benzyloxy.

The compound according to any one of claims 1-6, wherein R; 1is

heterocycloalkoxyc<s)-
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23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

The compound of claim 22, wherein R; is ~O—piperidinyl.
The compound according to any one of claims 1-6, wherein R3 is alkylaminogc<s).

The compound of claim 24, wherein R; is methylamino, ethylamino, isopropylamino,

or tert-butylamino.
The compound according to any one of claims 1-6, wherein R; is substituted

alkylaminogccs), wherein one or more hydrogen atom of the group has been
independently replaced by —OH, —F, ~CO,H, or ~CO,CHa.

The compound of claim 26, wherein Rz is 2,2,2-trifluoroethylamino,
~NHCH,C(O)OCH; or -NHCH,C(O)OH.

The compound according to any one of claims 1-6, wherein R; is dialkylaminoc<s).
The compound of claim 28, wherein R; is dimethylamino.

The compound according to any one of claims 1-6, wherein Rj is alkoxyaminocss).
The compound of claim 30, wherein Rj is methoxyamino.

The compound according to any one of claims 1-6, wherein R; is arylaminoc<s).
The compound of claim 32, wherein R3 is phenylamino.

The compound according to any one of claims 1-6, wherein R is aralkylamino(c<s).
The compound of claim 34, wherein Rj is benzylamino.

The compound according to any one of claims 1-6, wherein Rz is

heteroarylaminoczs).
The compound of claim 36, wherein Rj is pyridinylamino.

The compound according to any one of claims 1-6, wherein R; is heterocyclo-

alkylamino(csg).
The compound of claim 38, wherein R; is oxetanylamino.

The compound according to any one of claims 1-6, wherein R is ~NH~amidocxs).
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41. The compound of claim 40, wherein Rz is -NHNHC(O)CH.

42.  The compound of claim 1, further defined as:
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or a pharmaceutically acceptable salt of any of the above formulas.

103



43. A compound of the formula:

NC

21

0
]

O .
H,C /CH3 (11D),
wherein:
nis1to 6;

R; and R, are each independently —H, —OH, methyl, or as defined below; and

Ry is:

amino or ~NHOH; or

N-heteroaryl(css), N-heterocycloalkylc<g), alkylaminocss),
dialkylaminowcss), alkenylaminoc<g), aikokyaznino(cgg),
arylaminocsg), aralkylaminoccs), heteroarylaminoc<s),

heterocycloalkylaminocss), alkylsulfonylaminocgs), amidocssy,
or “NH-—amidocxs);

R; and R,, taken together, are —NR,~, wherein R, is hydrogen or
alkylic<ay; or

R; and R,, taken together, are —NR,—, wherein R, is hydrogen or

alkylca);

or a pharmaceutically acceptable salt thereof.
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44.  The compound of claim 43, further defined as:
HsC

21

o) Rs
C
NC ! Hz
= n 0
c
7
o) -
H3C /CHg (IV)’
whereiln:
nis 1 to 6;and
Riis:
amino or ~-NHOH; or
N-heteroarylcxs), N-heterocycloalkylccs), alkylamino(css),
dialkylamino(cgg}, afkenyiamino(cgg), aikoxyamino«;sg),
arylaminocss), aralkylamino(cxs), heteroarylaminocsg),

heterocycloalkylaminocss), alkylsulfonylaminocss), amidocss),
or ~NH—amido(cxs);

or a pharmaceutically acceptable salt thereof.

45.  The compound according to either one of claim 43 and 44, whereinn is 1.

46.  The compound according to either one of claim 43 and 44, wherein n is 2.

47.  The compound according to either one of claim 43 and 44, wherem n 1s 3.

48. The compound according to any one of claims 43 and 45-47, wherein R, is —H.

49.  The compound according to any one of claims 43 and 45-47, wherein R, is methyl.
50.  The compound according to any one of claims 43-49, wherein Rj is N-heteroarylicss).
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51

52.

53.

54.

55.

56.

The compound of claim 50, wherein Rs is imidazolyl.

The compound according to any one of claims 43-49, wherein R; is

N-heterocycloalkylicss).

The compound of claim 52, wherein R is morpholinyl or pyrrolidinyl.

The compound according to any one of claims 43-49, wherein Rj 1s alkylaminoces).
The compound of claim 54, wherein Rj is ethylamino.

The compound of claim 43, further defined as:

57.

or a pharmaceutically acceptable salt of any of these formulas.

A pharmaceutical composition comprising:
a) the compound according to any one of claims 1-56; and

b) an excipient.
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58.

Use of a compound according to any one of claims 1-56 in the manufacture of a
medicament for treating and/or preventing a disease or disorder in a patient in need
thereof, wherein the disease or disorder is cancer, mucositis, rheumatoid arthritis,
lupus, psoriasis, multiple sclerosis, amyotrophic lateral sclerosis, Huntington’s
disease, Crohn’s disease, cardiovascular disease, atherosclerosis, ischemia-reperfusion
injury, chronic obstructive pulmonary disease, cystic fibrosis, idiopathic pulmonary
fibrosis, diabetes, chronic kidney disease, graft-versus-host disease, Alzheimer’s
disease, Parkinson’s disease, osteoarthritis, osteoporosis, inflammatory bowel disease,
dermatitis, sepsis, uveitis, glaucoma, macular degeneration, retinopathy, asthma
schizophrenia, depression, bipolar disorder, post-traumatic stress disorder, attention
deficit disorder, autism, anorexia nervosa, epilepsy, muscular dystrophy, cachexia, or

influenza.
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