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DBESCRIPTION
CIT-ALEANEDIYL AND ALEENEDIVL DERIVATIVES OF OLEANGLIC ACID
AND METHODS OF USE THEREOF
BACKGROUND OF THE INVENTION

This application c¢laims the benefit of both United Ssates Provisiona! Patent
Apphication No. 61/699,122, filed on September 10, 2012 and United States Provisional
Paient Application No. 61/7780,540, filed on Muarch 13, 2013, the entirety of both are
incorporated hercin by reference,

Pursuant to 37 C.F.R. 1.821{c}, 2 sequence listing s submitted herewith as an ASCH
compliant text file named “REATPOOTIUS SequenceListing ST25.4xt”, created on
September 5, 2013 and having a size of ~1 KB. The content of the aforementioned file is

herchy mcotporated by reference in is entirety.
L Ficid of the Invention

The present invention relates generally to the fields of biology and medicine, More
particudarly, it concerns compounds, compositions and methods for the treatment and

prevention of diseases such as those associated with oxidative stress and inflammation.
iE, Preseription of Related Art

The snti-inflammatory and anti-proliferative activity of the naturally ccouring
triterpencid, oleanclic acid, has been improved by chemical modifications, For example, 2-
cyano-3,12-dicoxooleana-1,9%(1 1 }-dien-28-0ic acid (CDDO} and related compounds have
heen developed (Henda ef af, 1997; Honda ef af, 1998; Honda ef ol, 1999 Honda ef al,
2000a; Honda 7 of, 2000b; Honda, et of, 2002; Sub or ol 1998; Sub ef af, 1999; Place 2
al, 2003; Liby er af, 2003; and U, Patents 8,125,429; 7.915,402; §,124,799; 8.071,632;
8.338,018; and 7,943,778). The methyi ester, bardoxolone methyl (CDDRO-Me), has been
evaloated clindcally for the westment of cancer and chvonic kidney disease (Pargole ef af,
ZO11; Hong ef 2L, 2012,

Synthetic friterpenoid analogs of oleanolic acid have also beer shown 1o be inhibitors
of cellulsr inflammatory processes, such as the induction by IFN-y of inducible nitric oxide
synthase GNOSY and of COX-2 m mouse macrophages. See Honda e ol (2000a); Honda ef
gl {20000), and Honda ef of (2002). Synthetic derivatives of another triterpencid, betulinic

acid, have also been shown to mhibit cellular inflammatory processes, although these
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compounds have been less extemsively characterized (Honda et al, 2006).  The

‘pharmacology of these synthetic triterpenoid molecules is complex. Compounds derived

from oleanolic acid have been shown to affect the fundion 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., 20035;
Ahmad et al., 2006; Ahmad ef al., 2008; Liby er 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 et
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 compounds
having potent antioxidant and anti-inflammatory effects, and the high degree of vnmet
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.

Tn one aspect, the present invention refers to a compound of the formula:
HoC,  CHa

=
=
F

NC

%, (D,

wherein: Y is —C(O)—; R; and R, are each independently —H, —OH, methyl, or as defined
below; and R; is: hydrogen, hydroxy, halo, amino, —NHOH, or mercapto; alkylcces),
alkenylczsy, alkynylicas), arvlcss, aralkylcss), heteroarylcss), heterocycloalkylies), acylces),
alkoxycssy, cycloalkoxyegs), alkenyloxyices), aryloxyicss), aralkoxy(cs), heteroaryloxycss),
acyloxycss;, heterocycloalkoxyicss), alkylaminogcsg), Cycloalkylaminocg,, dialkylaminoic<sy,
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alkenylaminoceg), alkoxyaminoces), aryiamino(c_sg), aralkylaminoceg), heteroarylaminoxs),
heterocycloalkylaminocey), alkylsulfonylaminoey, amidocey, —NH—amidocss), or a
substituted version of any of these groups, wherein one or more hydrogen atom of the g,roﬁp
has been independently replaced by —OH, —F, —CO,H, or —CO,CHj; Ry and R;, taken
together, are —O—, ~NR,~ or a covalent bond between Y and carbon atom 13, wherein R, 1s
hydrogen or alkylces; or Rz and Ry, taken together, are ~O—, ~NR,— or a covalent bond
between Y and carbon atom 14, wherein R, is hydrogen or alkylicwy, or a pharmaceutically
acceptable salt thereof. In another aspect, the present invention refers to a compound of the
formula:

S

At
"
oV

H

o

(11D,

wherein: n is i to 6; Ry andR, are each independently —F1, —OH, methyl, or as defined below;
and Rj is: amino or ~NHOH; or N-heteroarylc<s),, N-heterocycloalkylic<s), alkylaminoicsg),
dialkylaminogczg), alkenylaminogsg), alkoxyaminowgg), arylaminogss), aralkylaminoces),
heteroarylaminogcs), heterocycloalkylaminowesg), alkylsulfonylaminocsg), amidoss), or
~NH—amidog:szy Ry and Ry, tal;en together, are —NR,—, wherein R, is hydrogen or alkvlczs;
or Rz and R, taken together, are —NR,—, wherein R, is hydrogen or alkylicey or a
pharmaceutically acceptable salt thereof. In one example, disclosed herein is a compound of

the formula:
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HaC %Ha (D),

wherein: Y is —C{O)—; R; and R, are each independeﬂtly —H, —OH, methyl, or as defined
below; and Ri is: hydrogen, hydroxy, halo, amino, —NHOH, or mercapto; alkylicss),
atkenylieesy, alkynylessy, arviess), aralkyless;, heteroarvicss), heterocycloalkylcss),
a¢y1(cgg), alkoxyces), alkenyloXyess, aryloxyess), aralkoxyices, heteroaryloxycss),
acyloxycss), heterocycloalkoxyicss), alkylaminoggs), dialkylaminogss, alkenylaminogss),
alkoxyaminowcsgy, arylaminogss), aralkylaminowsg, heteroarylaminocss), heterocyclo-
alkylaminoccs), alkylsulfonylaminogcgg), amidogcsg), ~NH-—amidop<g), or a substituted
version of any of these groups; R; 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 Ro,

taken together, are —O—, —NR,— or a covalent bond between Y and carbon atom 14, wherein

R, is hydrogen or alkylcay; or a pharmaceutically acceptable salt thereof. In another

example, disclosed herein is a compound of the formula:

HoC,  CHy

T4y ,/,/

21

NC

)

"
¥ =
C

Hal

g
&

(I,
wherein: n is | to 6; R, and R, are ecach independently —H, —OH, methyl, or as

defined below; and Rj; 1s: amino or —NHOH; or N-heteroarylos), N-
heterocycloalkylicsss, alkylaminowess, dialkylaminoicss), alkenylaminogc<ss,
alkoxyaminocsg), arylaminogcss), aralkylaminogczgs. heteroarylaminocesy,
heterocycloalkylaminoce), alkylsulfonylaminogecs), amidojceg), ~NH—-amidocgs), or a

2b



substituted version of any of these groups; Rs; and Ry, taken together, are ~NRa—,
wherein R, is hydrogen or alkylcz4); or Ry and R, taken together, are —NR,—, wherein

R, is hydrogen or alkylic«sy; or a pharmaceutically acceptable salt thereof.

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

CHs

g
-~

NC

-
-
C

H

L

(D,
wheretn:

Y i a covalent bond, ~CH,~, -CO)», -0-, or -NH—
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R; and R, are each independently ~H, —~OH, methyl, or as defined below; and
Rs 1s:
hydrogen, hydroxy, halo, amino, -NHOH, or mercapto;

alkyl(cgg), aikenyl(c;_g}, aikynyi(cgg), al‘yl((;gg), aralkyl(csg), heteroaryl(cgg),

heterocycloalkylic<s), acylicss), alkoxyicxs), alkenyloxyc<s),
aryloxyicss), aralkoxyiczs), heteroaryloxyic<s), acyloxycss),
heterccycloalkoxy(c<s) alkylaminocss), dialkylamino.ces),

alkenylaminoces), alkoxyaminocs, arylaminowcssy, aralkylamino(css),
heteroarylaminoc<s), heterocycloalkylaminoss),
alkylsulfonylaminoc<g;, amidooeg), “NH—amidogss), or a éubstimted
version of any of these groups;

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

R3 and R,, taken together, are —O—, —NR,— or a covalent bond between Y and

carbon atom 14, wherein R, is hydrogen or alkylc<as

or a pharmaceutically acceptable salt thereof.

In some examples, the compounds are further defined as:

HaC

Hs

S
S
;

-

D,

wherein:

Y 18 —CHy—, —C(O)~, —~O—, or ~NH—;
R; and R, are each independently —H, —OH, methyl, or as defined below; and
Rj 1s:



hydrogen, hydroxy, halo, amino, -NHOH, or mercapto;
alkyliczs), alkenvlces), alkynylicssy, arylicss), aralkylices), heteroarylccs),
heterocycloalkylic<sy, acylic<s), alkoxyicss), alkenvloxyc<sy,
aryloxyc<s), aralkoxy(c<s), heteroaryloxycss), acyloxycss),
5 heterocycloalkoxyicesy, alkylaminogxg), dialkylaminogcs).
alkenylaminocss), alkoxyaminocss), arylaminoweg, aralkylaminogcss).
heteroarylaminogcss), heterocycloalkylaminoc<z),
alkylsulfonylaminocssy, amidocxsy, ~NH—-amidoccg), 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 alkylc<s); or
R; and R,, taken together, are —O—, “NR,— or a covalent bond between Y and

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

or a pharmaceutically acceptable salt thereof.

5 In some examples, the compounds are further defined as:
HaG,  CHs

(1),
wherein:
Y is a covalent bond, ~CHy~, —C(0)—, —O—, or —NH—; and
R;is:
20 ‘ hydrogen, hydroxy, halo, amino, ~NHOH, or mercapto; or

aﬂ(yl(cgg), alkenyl(cgg}, a}kynyl(cgg), Ei}f'yl(cgg), aralkyl(cgg), heteroaryl(cgg),

heterocycloalkylices), acylic<s), alkoxyic<s), alkenyloxyc<s),



aryloxyicss), aralkoxy(css), heteroaryloxyc<s), acyloxycss),

heterocycloatkoxyic<s), alkylaminogces), dialkylaminocss),
alkenylaminoczs), alkoxyaminogc<g), arylaminoicsg), aralkylaminoces),
heteroarylaminoces), heterocycloalkylaminoces),
alkylsulfonylaminogces), amidogceg), ~NH—-amidocss), or a substituted

version of any of these groups;

or a pharmaceutically acceptable salt thereof.

In some examples, the compounds are further defined as:

NC

HaC

10 wherein:

=
,
C

HyG,  CHa

o~
% S
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N

Oyt

H

L

b,

Y is =CHy—, =C(O)~, —O—, or -NH~; and

R3 18:

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

alkyl(cgg), alkenyl(csg), alkynyl(cgg), al‘yl(cgg), araikyl(cgg), heteroaryl(cgg),

15

20

heterocycloalkylic<sy, acylicss), alkoxyc<s), alkenyloxyic<s),
aryloxycss), aralkoxyicssy, heteroaryloxyces), acyloxyc<s),
heterocycloalkoxyic<s), alkylaminocas), dialkylaminogc<g),
alkenylaminocesy, alkoxyaminoc<), arylaminowss), aralkylaminocss)
heteroarylaminoc«g;, heterocycloalkylaminogces,
alkylsulfonylaminogces), amidogcss), —~NH—~amidoicgg), or a substituted

version of any of these groups;

or a pharmaceutically acceptable salt thereof.



10

13

20

25

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, R; is —H. In some examples, R3 is —OH. In some examples, R is
amino. In some examples, Rj is alkylces), for example methyl. In some examples, Ra is
heterocycloalkylcss), for example, morpholinyl, pyrrolidinyl, azetidinyl or piperazinyl. In
some examples, R; is substituted heterocycloalkykccs), for example, hydroxypyrrolidinyl,
difluoropyrrolidinyl, hydroxypiperidinyl, or N-Boc-piperazinyl. In some examples, Rz is
acylicesy, for example, acetyl. In some examples, R; is substituted acylicss), for example,
ethylaminocarbonyl. In some examples, Rs is alkoxyces), for example, methoxy, ethoxy,
isopropoxy, fert-butoxy, or ~O-cyclohexyl. In some examples, R; is aryloxXycss), for
example, —O—phenyl. In some examples, R; is aralkoxyc«), for example, benzyloxy. In
some examples, R; is substituted acyloxyces), for example, —OC(O)NHCH,CH;. In some
examples, R; is heterocycloalkoxyc<s), for example, —O-piperidinyl or N-Boe-
piperidinyloxy. In some examples, R; is alkylaminocss, for example, methylamino,.
ethylamino, isopropylamino, fert-butylamino or cyclohexylamino. In some examples, Rj is
substituted alkylaminogcss), for example, 2,2,2-trifluoroethylamino, —NHCH>C(O)YOCH; or
-NHCH;C(O)OH. In some examples, R; is dialkylaminocss), for example, dimethylammo.
In some exampies, R; is alkoxyaminogcs), for example, methoxyamino. In some examples,
R; is arylamino,c<s, for example, phenylamino. In some examples, Rj is aralkylaminocss),
for example, benzylamino. In some examples, Rz is heteroarylaminoc<s), for example,
pyridinylamino. In some examples, Rs is heterocycloalkylaminowesy), for example,

oxetanylamino. In some examples, R is -NH-amidoscs), for example, -NHNHC(O)CHa.



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:
HC,  CHs

=
~

21

22

NC

%
-
-
4 b
C

H

()

(HI),

wherein:
nis1to6;

R; and R; are cach independently ~H, —OH, methyl, or as defined below; and
Rs1s:
10 amino or -NHOH; or
N-heteroarylices;, N-heterocyeloalkylicss), alkylaminogss;, dialkylaminoces),
alkenylaminoces), alkoxyaminogces), arylaminowss), aralkylaminocss),

heteroarylaminocss), heterocycloalkylaminosceg),

10



alkylsulfonylaminogczs), amidoces), ~NH-amidocesy, or a substituted
version of any of these groups;
Rj and Ry, taken together, are —NR,—, wherein R, is hydrogen or alkylic<s); or
Rj and Ry, taken together, are —NR,—, wherein R, is hydrogen or alkylic<sy; or
5 or a pharmaceutically acceptable salt thereof.
In some examples, the compounds are further defined as:

H,C.  CHs

g &
b =

21

L0
N

NC

el HID

%,
F =
=

C

=

«r

(IV),
wherein:

nis 1 to 6; and

10 R; is:
amino or ~WHOH; or
N-heteroaryliccsy, N-heterocycloalkylic<s), alkylaminocss), dialkylaminoczs),
alkenylamino(c«s), alkoxyaminowces;, arylaminocsg;, aralkylamino(c<y),
heteroarylaminocss), heterocycloalkylaminoecs),
15 alkylsulfonylaminocesy, amidogecs;, “NH—amido(c<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, R; is ~H. In some examples, R, is methyl.
In some examples, R; is N-heteroarylic<s, for example, imidazolyl. In some
examples, Rj is N-heterocycloalkylc<s), for example, morpholinyl or pyrrolidinyl. In some

examples, Rs is alkylaminocgg), for example, ethylamino.

11



10

I3

20

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 discase 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, theumatoid arthritis,
lupus, psoriasis, multiple sclerosis, amyotrophic latera! sclerosis, Huntington’s disease, Crohn’s
disease, cardiovascular disease, atherosclerosis, ischemia-reperfusion injury, chronic obsiructive
pulmonary disease, cystic fibrosis, idiopathic pulmonary fibrosis, diabetes, chronic kidney disease,
graft—versus—ho.st 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.

12a
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DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

Disclosaed herein are new compounds and compositions with antiozidant and/or anf-
mflammatory properties, methods for their manufacture, and methods for their use, including

for the treatment and/or prevention of discase.

L Definitions

L

When used m the context of 2 chemical group: “hydrogen™ means —H “hydroxy”
means —OH; “ono” means =0; “carbonyl” means ~C(=0); “carboxy” means ~C{={0)0H
(also written as ~COOH or ~COxH); “hale” means independently ~F, ~Cl, ~Br or -k
“apine” means Nz, “hydroxvaming” means —NHOH; “nitro”™ means —NO»; iming means

14

10 =NH: “cyano” means ~CN; “isceyanate” means ~N=C=0; “azido” means —Ni m a
monovalent context “phosphate” means ~OP(GHOH), or 2 deproionated form thereof] in a
divalent context “phesphate” means —OP{ONOHYO— or a deprotonated form thereof
“mercapte” means —SH; and “thio” means =S5 “sulfonyl” means —S{0O)—: and “sullfimyl”
means —S{O.

13 In the context of chemical formulas, the symbol “~ means 2 single bond, = means
a double bond, and “=™ means triple bond. The symbol “--a.” reprosents an optional bond,

which if present is either single or double. The symbol “==== represents 2 single bond or 2
A /”"“’T /ﬁ f\ﬂ
. N . I i e
double bond, Thus, for example, the formula &,_.# includes AN PN and

R
3
I H P . N | . o . 4
Q And i is understood that no one such ring stom forms part of more than one double

Gi__9m

20 bond. Furthermore, it is noted that the covalent bond symbol . when connecting one or
two sterecgenic atoms, does not indicate any preferred stereochemistry. Instead, it cover ali
stereoisomers as well as mixtures thereof. The symbeol “ v ™ when drawn perpendicularly
acrose 2 bond {e g.,?*CHg for methyl) mdicates a point of attachment of the group. 1t is
noted that the point of attachment is typically only wdentified in this manmer for larger groups

25 inorder to assist the reader in unambiguously identifying a point of attachment. The symboi
w28 means a single bond where the group attached to the thick end of the wedge is “out of
the page.” The synibol “ o8 means a single bond where the group attached to the thick end
of the wedge is “into the page”. The symbol “VAN” means a single bond where the
geometry around a double bond (e.g., either £ or Z) is undefined. Both options, as well as

A0 combinations thereof are therefore intended. The bond orders described above are not

$OD0SE504} 13
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T

Timiting when one of the atoms connected by the bond is a metal atom (M), In such cases, ot
is understood that the actaal bonding may comprise significant multiple bonding and/or ionic
character. Therefore, unless mmdicated otherwise, the formulas M—C, M=C, M-, and M
s each refers t0 & bond of any and type and order between a metal wtom and a carbon
atom. Any undefined valency on an atom of a4 structare shown in this application implicitly
represents a hydrogen atom bonded to that atom. A bold dot on 2 carbon atom indicaies that
the bydrogen attached to that carbon is oriented out of the plane of the paper.

When 2 group “R” i3 depicted as a “floating group” on a ring system, for example, m
the formula:

il

e
o

=

3
then R may replace any hvdrogen atom attached to any of the ring atoms, including a
depicted, implied, or expressly defined hvdrogen, so long as a stable structare is formed.
When a group “R” is depicted as a “floating group” on a fused ring systemn, as for example in

the formula;

KA/:

then R may replace any hydrogen attached to any of the ring stoms of either of the fused
rings unless specified otherwise. Replaceable hydrogens inclode depicted hydrogens {e.g.,
the hydrogen sttached io the nimogen in the formula above), implied hydrogens {e.g. &
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
stractore is formed. n the example depicted, R may reside on either the S-membered or the 6-
membered ting of the fused ring system. In the formuwia above, the subscript letter “y”
immediately following the group “R” enclosed in parentheses, represents a numeric variable.
Umniess specified otherwise, this variable can be 0, 1, 2, or any integer greater than 2, only
fimited by the maximem mamber of replaceable bydrogen atoms of the ring or ring system.
For the groups and classes below, the following parenthetical subseripts 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

1000865041 14
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group/class, with the minimums number as small as possible for the group in question, e.g., 1t
is understood that the nenimuwm number of carbon atoms in the group “alkenvhe«”™ or the
class “alkene,ces)” 18 two. For oxample, “alkoxycan” designates those alkoxy groups having

’

from 1 io 10 carbon atoms, {Cn-n') defines both the minimum {n) and maxipum number (1)
of carhon atoms it the group. Similarly, “afkyler.sey” designates those alkyl groups having
from 2 to 10 carbon atoms.

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

The term “aliphatic” when used without the “substituted” modifier signifies that the
compound/eroup so modified i an acyclic or cyclic, but nom-aromatic hydrocarbon
compound or group. In aliphatic compounds/groups, the carbon atoms can be joined together
i straight chains, branched chains, or npon-aromatic rings {alicyclic).  Aliphatic
compeunds/gronps can be saturated, that is jomed by single bonds (alkanes/alkyl), or
unsaterated, with one or more double bonds (alkenes/alienyly or with one or more triple
bonds {alkynes/aliomyl).

The term “alky!” when used without the “substitiied” maodifier refers to u monovalent
saturated aliphatic group with a carbon atom as the point of attachent, a linear or branched,
avelo, cvelie or acyclic strocture, and ne atoms other than carbon and hydrogen. Thus, ag
used herein cycloalkyl is a subset of alkyl, with the carbon atom that forms the point of
attachment also being z member of one of moTe non-aromatic ring structures wherein the
cyeloalkyl group consists of no atoms ofber than carbon and hydrogen. As used herein, the
term does not preclude the presence of one or more aliy! groups (carbon number hmitation
permitting) attached to the ring or ring systern. The groups —CHs (Me), ~CHxCHy (B4,
~CH,CHLCH, (m-Pr or propyl), —~CH{(CHzh (-Pr, Pr oor isopropyl), ~CH(CHph
(eyelopropyD, ~CHCILCH,CH; (n-Buy, ~CHICH)CHCH (sec-butyl), ~CH,CH{CHz )
{isobutyl), —C(CHa}: (ert-butyl, s-butyl, £Bu or Bu), ~CH:C({CH3ja (neo-pentyl), cyclobutyl,
eyclopentyl, cyclohexyl, and cyelohexylmethyl are non-limiting exampies of alkyl groups.
The torm “alkanedivl” when used without the “substituted” modifier refers to a divalent

saturated abiphatic group, with one or two saturated carbon atom(s) as the point(s) of
P g 5 I ‘

HH bt 15
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tachment, a linear or branched, cyclo, cyehic or acyclic structure, no carbon-carbon double
or triple bonds, and mno atoms other than carbon and hydrogen. The groups, —~CHy—
é‘L

(methylene), —CHCHy-, ~CHaC(CHCH -, ~CHCHLCHy~, and $ . are Hion-
limiting examples of alkanedivl groups. The term “alkylidene” when used without the
5 aubstituted” modifier refers o the divalent group =CRR’ in which R and R’ are
mndependently hydrogen, alkyvl, or R and R’ arc taken together to represent an alkanedivi
waving at least two carbon atoms. Non-limiting examples of alkylidene groups inclade:
=CH,, =CH{CHCH,), and =C(CHa). An “alkane” refers © the compound H-R, wherein R
is alkyl as this term is defined above. When any of these terms is used with the “substitated”
1} modifier one or more hydrogen atom has been independently replaced by —OH, —F, ~CL —Br,
=T, =N¥,, “NO», —~CO:H, —CO;CH,, ~CN, ~SH, ~OCH;, —~OCHCH;, ~C(O3CH,, ~NHTH;,
~NHCH,CHa, ~N(CH3 ), ~C{OINH,, ~OC{O)CHa, or -S(ORpNH,. The following groups are
non-limiting examples of substimted allyl groups: —~CHOH, ~CHCL —CF;, ~CHCN,
~CHC{OHOH, —CH ~L{O}D€.‘H,, ~CHLC{OWNH,, —CH.C(O)CH,, —~CHOCH,,
15 —CHL,OC(OWH,, ~CHoNH,, ~CHIN(CHs ), and ~CHRCHCL The term “haloallyl” s a
subset of substibuted alkyl, in which one or more hydrogen atoms has been substinted with a
halo group and no other atoms aside from carbon, hydrogen and halogen are present. The
aroup, ~CHa(CE is a non-limiting example of a haloalicyl, The term “fluoroalicy!” is a subset
of substituted alkyl, in which one or more hydrogen has been substituted with & fhioro group
20 and no other atoms aside from carbon, hydrogen and fluorine are present. The groups,

—CHF, —CFs, and ~CH,CF: are non-Hmiting examples of fluoroalkyl groups.
The term “alkeny!” when used without the “substituied” medifier refers to an
monovalent unsaturated aliphatic group with a carbon atom as the point of attachment, a
lincar or branched, cyclo, cvclic or agyclic structure, at lgast onc noparomatic carbon-carbon
25 double bond, no carbon-carbon tripie bonds, and no atoms other than carbon and hydrogen
Non-limiting examples of alkenyl grovps include: —CH=CH, (vinyl), -CH=CHCH;,
CH=CHCHCH,, ~CHLCH=CH, (allyl), ~CH)CH=CHCH,, and ~CH=CHCH=CH,. The

13

term “alkenediyl” when used without the “substituted” modifier refers o a divalent
unsaturated aliphatic group, with two carbon atoms as points of attachment, a linear or
30 branched, cyelo, evelic or acyelic structure, af least one nonaromatic carbon-carbon double

bond, no carbon-carbon triple bonds, and no atoms other than carbon and bydrogen. The

, and ?g“

groups, —CH=CH-, ~CH=C{CH;)CH,—, ~CH=CHCHy~ . ave non-Hmiting
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examples of alkenediy] groups. It is noted that while the alkenediyl group is aliphatic, once

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

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

the formula H-R, wherein R is alkeny! as this term is defined above, A “terminal alkene”™

5 yefers to an alkene having just one carbon-carbon double bond, wherein that bond forms &

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

“gubstituted” modifier one or more hydrogen atom has been independently replaced by —OH,

~F, -1 -Br, ~L, ~NH;, ~NOg, ~COH, ~CO,CHs, ~CN, ~8H, ~OCH;, ~OCHCH;,

~C(OVCH:, ~NHCH;, ~NHCH,CHs, ~N({CHz), ~CIOINH,, ~OC(O)CHs, or ~5{CpNH;.

16 The groups, ~CH=CHF, —~CH=CHC! and —~CH=CHBr, arc non-limiting exampics of
substituted alkenyl groups.

The term “alleyny?” when used without the “substituted” modifier refors to an

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

lincar or branched, cyelo, cyclic or acyclic structure, af least one carbon-carbon triple bond,

15 and no atoms other than carbon and hydrogen.  As used berein, the term alkynyl doss not

prechude the presence of one or more non-aromatic carbon-carbon double bonds, The groups,

—C=CH, ~(=CCH,, and —~CHC=CCH,, are nov-limiting exanples of alkynyl groups. An

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

wsed with the “substitated” modifier one or more hydrogen atom has been mdependently

20 replaced by ~OH, —F, —Cl, -Br, =1, ~INH,, ~NO;, ~CO:H, ~CO,CHy, ~CN, ~8H, ~OCH;,

~QCHCH,, ~C{OWCH:, ~NHCH:, ~NHCHCHa, —N(CHa), —C{OJNH;, —OC{OICH;, or

—S{ORNH,.

433

The term “aryi” when ased without the “substituted” modifier refers to a menovalent
unsatorated aromatic group with an aromatic carbon atom as the peint of attachment, said
75 carbon atom forming part of & one or more six-membered aromatic ring structure, wherein
the ring atoms are all carbon, and wherein the group consists of no atoms other than carboen
and hvdrogen. If more than one ring is present, the rings may be fused or unfused. As used
herein, the torm does not preclude the presence of one or more alkyl or malkyl groups
{carbon number Hmitation pernsitting) atiached to the first avomatic ring or any additional
30 aromatic ring presest.  Non-limiting examples of aryl groups include phenyl (Ph),
methylphenyl, (dimethyDphenyl, ~CeHyCHCHs (ethyiphenyl), naphthyl, and 2 monovalent
group derived from biphenyl. The term “arepedivl” when used without the “substituted”
modifier refers to 2 divalent aromatic group with two aromatic carbon atoms as points of
attachment, said carbon atoms forming part of one or more six-membered aromatic nag

00085504} 17
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structurel(s) wherein the ring atoms are all carbon, and wherein the monovalent group consisis
of no atoms other than carbon and hydrogen. As used herein, the torm does not preciude the
presence of one or more alkyl, aryt or aralkyl groups (carbor pumber limitation permitting)
attached to the first aromatic ring or any additional aromatic ring present. If more than one
ring is present, the rings may be fused or unfused. Unfused rings may be connected via one
or more of the following: a covalent bond, alkanedivl, or alkenediyl groups (carbon pomber

fimitation permitiing). Non-Hmiting exaraples of arenediy! groups include:

N -
“% ______ <‘/ “<_>3;\ /7& ; OE

Ha G

O W HOF

Ax “arene” refers to the compound H-R, wherein R is aryl a5 thet term is defined above.

Aru-w

Benzene and tolpene are non-limiting examples of arencs, When any of these forms are used

(13

with the “substituted” modifier one or more hydrogen atorn has been independently yeplaced
by —OH, —-F, —Ci, ~Br, ~1, N, ~NG, ~CGH, —-CO:CH;, ~CN, -~8H, ~GCH;,
~OUHYCH,, —~C{OYCH,s, —NHCH:, -NHCHCHy, —N{CHz}), —CIOINH,, ~OC{OCH,, or
—3{OpNH:.

The term “aralkyl” when wsed without the “sobstitted” modifier refers fo the
monovalent group —alkanedivl-arvl, in which the ternw alkanedivi and aryl are each used n 2
mamner consistent with the definitions provided above. Non-limiting examples of aralkyis
are: phenytmethyl (benzyl, Bn) and 2-phenyl-ethyl. When the ferm aralky] is used with the
“gubstituted” modifier one or morg hydrogen atom from the alkanedivi and/or the arvl group
has beon independently replaced by ~OH, ~F, —CL, —Br, -1, ~NHa, NGy, ~CO:H, ~CO:CH,
—CN, -8H, -0CH; -0CH;CH,, ~C{OCHa, -NHCH:, -NHCHCH., ~N{CHal,
~C{ONH,, ~OC{OYCH;, or ~S{0RNH,. Non-limiting examples of substituted aralkyls are:
(3-chlorophenyl)-methyl, and 2-chloro-2-phenyl-ch-1-yL.

The termy “heteroary!” when used without the “substituicd” modifier refors © a
monovaient eromatic group with an avomatic carbon atom o1 nitrogen atom as the point of
attachmment, said carbon atom or mwogen atom forming part of one or more aromatic ring
struciires wherein al least one of the ring atoms s mifrogen, oxygen or sulfur, and whercin
the heterosryl group consists of no atoms other than carbon, hydregen, aromatic nitrogen,

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

00086504 18
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or unfused. As used herein, the term does not prechuide the presence of one or wore alkyl,
aryl, and/or aralky) groups (carbon number limitation permiiting) attached fo the aromatic
ring or aromatic Ting system.  Non-limiting exanples of heterowyl groups include furanyl,

inrdazolyl, indolyl, indazoly! (Im), isoxazolyl, methylpyridingl, oxazolyl, phenylpynidinyl,

T4

pyridinyt, pyrrolyl, pyrimidinyl, pyrazinyl, quinolyl, guinszolyl, guinoxalinyl, triamiayl,
tetrazolyl, thinzolyl thienyl, and triazolyl. The term “N-heteroaryl” refers to a heteroaiyl
group with a ﬁitrbgm atom as the poiot of attachment. The term “heteroarenediyl” when
ased without the “substituted” modifier refers to an divalent aromatic group, with two
arcmatic carbon zioms, two aromatic nitrogen atoms, or one arodaatic carbon atom and one
10 aromatic nitrogen atom as the two points of attachment, said atorss forming part of one or
moTe aromatic Ting structure(s) wherein at least one of the ring atoms 1s nitrogen, oxygen or
sulfur, and wherein the divalent group consists of no atoms other than carbon, hydrogen,
aromatic nitrogen, aromatic oxygen and aromatic sulfr, 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
15 following: a covalent bond, alkamedivl, or alkenediyl groups {carbon number hmutation
permitting). As used herein, the torm does ot preclude the presence of one or more alkyl,
arvl, and/or aralky? groups (carbon number fimitation permititog} aftached to the aromatic
ving OF aromatic ring system. Non-limiting examples of heteroarenediyl groups inciude:
e
R ng—(fjﬁ\fﬁl Nz
. H and
0 A “heterourene” refers to the compoond H-R, wherein R is heteroaryl. Pyridine and
quinoline are npon-limiting examples of heteroarenes. When these terms are used with the
“substituted” modifier one or more hvdrogen atom has been independently replaced by —OH,
=B, =Cl, -Br, —f, —NH;, —NG., ~COH, ~CO,CHa, —CN, —8H, ~0OCH;, ~OCHCH,,
~COYCHa, —“NACH;, ~NHCH,CHs, —N{CH3z ), ~C(OMNHy, ~OC(OCHs, or —S(0)pNH..

)
L

The termr “heterocycloalky!” when used without the “sabstituted” modifier refers to a
monovalent non-aromatic eroup with a carbon asiom or nitrogen atom as the point of
attachment, said carbon atom or nitrogen atom forming part of one o1 rpore Non-arematic ring
structures wherein at least one of the ring atoms is nifrogen, oxygen or sulfur, and wherein
the hetervevcloalkyl group consists of no mioms other then carbom, hydrogen, nitrogen,
30 oxygen and sulfir. If more than one ring is present, the rings may be fused or unfused. As
wsed herein, the term does not preciude the presence of one or more alkyl groups (carbon

rumber lmitation permitting) attached to the ring or ring system. Also, the teim does not

$O0086304 ) 19
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preciude the presence of one or more double bonds In the ting oF ring system, provided that
the resalting group remains non-aromatic, Non-iimiting examples of beterocycloalkyl groups
nclude  aziridinyl, azetidinyl, pyrrolidmyl, piperidinyl.  piperazingl,  morpholingd,
thiomorpholinyl, tetrahydrofuranyl, tetrabydrothioforanyl, tetrshydropyranyl, pyranyl,
oxiranyl and oxetanyl. The term “N-heterocycloalky!” refers 1o a heterocycloalky! groun
with & nitrogen atom as the point of attachment. The term “heterocyeloatkanedivl” 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 fwo points of
attachment, said atoms forming part of one or more ring siructure(s} wherein at Igast one of
the ring atoms is nitrogen, oxygen or sulfur, and wherein the divalent group consists of no
atoms other than carbon, hydrogen, nitrogen, oxvgen and solfur. If more than one ring is
present, the rings may be fused or unfused. Unfused rings may be connected via one or more
of the following: a covalent bond, allanedivl, or alkenedivi groups (carbon number Bmitation
perpitting).  As used herein, the term does not preciude the presence of one or more alky!
groups {carbon number Bmitation permitting) attached o the ring or ring system,  Also, the
ierm does not preclade the presence of one or more double bonds In the ring or ring sysiem,
provided that the resulting group remains non-sromatic.  Nop-limiting examples of

heterocycloalkanadivl groups melude:

N C’/\ﬁ HN-,
m§~ z..»./\)%w :;?”«J\/N:’é and ” ’j\‘/NéL.

When these torms are used with the “subsiituted”™ modifier one or more hydrogen atom has
been independently replaced by —OH, —F, —Cl, —Br, -1, =Nib, —NG,, —COgHl, —COCH,,
~CH, -8, -OCH. -OCH;CHs, ~C{O)CH,, ~NHCH;, ~NHCHCH,, -N(CHas}),
~CHONH,, —OC(OYCHs, ~8(0RNH,, or ~C{OWOC{CHa)s (fert-butylonycarbonyl, BOC),

2

The term “acyl” when used withowt the “substituied” modifier refers to the group

~C{OJR, In which R is & hydrogen, alkyl, aryl, avalikyl or heteroarvl, as those terms are
defined  abowve. The groups, —CHO, -COICHs {acetyl, Ac), ~C{OYHCHs,
~COVCHCHCH,,  —CIOWCH(CHY),  —COWHICH 1,  —ClOWCsHs,  —CIOYCHCH;,

b1

~COYCHCeHs, —C{Oimidazolyl) are non-imiting examples of acyl groups. A “thicscyt
is defined in an analogous manner, except that the oxvgen atom of the group ~C{O)R has
been repizaced with a sulfur stom, —C(8¥R. The term “aldekyde” corrpsponds to an alkane, as
defined above, wherein at least one of the hydrogen atoms has been replaced with a —~CHO

=41

group.  When any of these terms are used with the “substituted” modifier one oy more
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hydrogen atom (including » hydrogen atom directly attached the carbonyl or thiccarbonyl

group, if any) has been independently replaced by —OH, -F, ~Cl, —Br, —1, ~NH;, ~INC,,

~C(H, —CO.CHa, —CN, =SH, ~OCH;:, ~OCHCH,, ~C{O)CH,, —NHCH;, ~NHCHCHs,

~N{CHsy, —CIOWNH,, ~OCOXCH;, or ~S(O)NH,  The groups, ~CIOICHCE;, ~ChH

5 (carbonyi), ~CO.CH: (methyicaiboxyl), —~COCHCH:, ~C{OYNH; {carbamoyl), and
—CON(CHz b, are nor-imiting examples of substituted acyl groups.

The term “alkoxy” when used without the “substituted” modifier refers to the growp
~OR, in which R is an alkyl, as that term is defined sbove. Non-limiting examples of alkoxy
groups include: ~OCH: (methoxy), ~DUHCH; (ethoxy), —OCH,CH,CHs, ~GCH(CH ),

O (isopropoxyl, ~O{CHan (teri-butexy), ~OCH(CHy)y, ~O-cyciopentyl, and ~gyclohexyl.
The terms “alkenyloxy”, “alkynyloxy”, “arvlexy”, “aralkoxy”, “heteroaryloxy”,
seteroeycloatkoxy”, and “acyloxy”, when used without the “substituted” modifier, refers o

groups, defined as —OR, in which R is alkenyi, alkymyl aryl arslloyl, heteroaryi,
heterocyeloaliyl, and acyl, respectively. The term “alkoxydivl™ refers to the divalent group

15 —O-alkanedivl~, ~O-alkanedivi-0O—, or —alkanodiyl-C-alkanediyl-. The term “alkylthio”

i 55

and “acylthio” when used without the “substituted” modifier refers fo the group 3R, in
which R is an alky! and acyl, respectively. The term “alechol” corresponds to an alkane, 23
defined above, wherein at least one of the hydrogen atoms hes been replaced with 8 hydroxy
group, The term “cther” corresponds 10 an allane, as defined above, wherein at least one of
0 the hvdrogen atoms has been replaced with an alkoxy group. When aay of these ferms is
used with the “substituted” modifier one or more hydrogen atom has been ndependently

repleced by ~OH, ~F, ~C1, ~Br, 1, ~NH;, ~NOs, —C(}gH, ~C{CHa, —CN, —8H, ~QCH;,

~OCHOHs, ~CIOYWHs, ~NHCH:, ~NHCH»CH;, ~N(CH com R
25 The term “alkylamine” when used without the “substinted” modifier refers to the

group ~NHR, in which R is an alleyl, as that term is defined above. Non-timiting examples of
slkvlamine groups include: ~NHCH; and ~NHCHCH:. The term “dialiylamine” when
used without the “substimted” modifior refers to the group —NRR', in which R and R ¢can be

the same or different alkyl groups, or R and R’ can be taken fogether to vepresent an

s

alkanedivl. Non-limiting  examples of dalkylamino groups includer  ~N{(Chizh,
N{CH;WCHRCHyY, and Nepyrolidingl. The torms  “alkoxyamino™, “afkenviaming”,
“gikynylamine”, “arviamine”, “aralkylamine”, “hetercarylamne”, “heterocyclioalkylaming”
and “alkylsulfonylaming” when wsed without the “substituted” modifier, refexs o groups,
defined as —NHR, in which R is alkoxy, alkenvl, alkymyl aryl, arslioyl heteroaryl,
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heteroeyeloalkyl, and alkylsulfony], respectively. A non-limiling example of an arviamino
group is ~NHCHs. The term “amide” (acylamino}, when used without the “substituted”
modifier, refers to the group —NHR, in which R is acyl, as that torm is defined above. A non-
fimniting example of an amido group 15 ~NETOKH;, The ters “alkyliming” when used

wi

without the

(¥

substitited” modifier refers to the divalent group =NR, in which R 15 an alkyl, as
that term 18 defined asbove.  The torm “albvieminodiv refors to the divalent group
~NH-alkanedivi~, ~NH-alkanediyl-NH~, or —alkanediyi-NH-alkanediyl~, When any of
these terms is used with the “sobstituted” modifier ope or mors hydrogen aiom has been
independently replaced by —OH, ~F, ~CL, -Br, ~L, ~NH,, ~NG,, ~COH, ~CO(H,, ~CN,

10 -8H, ~OCH:, —OCH.CH,, —COYCHs, ~NHCH,;, ~NHCHCH;, —N(CHs), —C{OINH,,
~QCONWCH;, or ~8{0ORpNH,. The groups -NHC(OWCH, and -NHC(ONHCH; are non-
fimiting examples of substitnted amido groups.

The terms “alkvisulfony]” and “alkylsulfiny!” when used without the “substituted”
modifier refors 1o the groups ~S(OHR and —R{OR, respectively, in which R is an alkyl, as

15 that term is defined above, The terms “alkenylsulfony!”, “alkyayisulforyi”, “arylsulfony!”,
“aratkyisulfony?’, “heteroarvisulfonyl”, and “heterocycloalkylsulfonyt” are defined in an
analogous manoer. When any of these terms is used with the “substituted” modifier one or
more hydrogen atom has been independently teplaced by —08, —F, —ClL, —Br, -, -NH,,
~W Gy, ~CO0H, -COC0H,, ~CN, -5H, -0OCH,, -0OCHCH,, -C{OCH,, -NHCH;,

20 -NHCH;CHs, ~N{CH;y), ~COINH,, ~GCUOCH,, or ~S(0NH,,

The term “alkyviphosphate™ when used without the “substitoted” modifier refers to the
group ~OP{OHOHYOR), in which R 15 an alkyl, as that form is defined above, MNon-liniting
examples of alkylphosphate groups include: ~OP{OYOHYOMe} and -~OPOWOIDH{OEL.
The term “dialkyiphosphaic” when used without the “substituied” modifier refers to the

25 group ~OP(OYORKORY, in which R and R’ can be the same or different alkyl groups, or R
and R can be wmken together to represent 2o alkapediyi  Non-limiting examples of
dialkylphosphate groups melude: ~OP(OYOMe), ~OP{ONOEN(OMe) and ~OP{OYOEL),.
When any of these terps is used with the “substituted” modificr one or more hydrogen atom
has been independently replaced by ~OH, ~F, ~CL, -Br, ~1, ~NH;, ~NG,, ~COhH, ~C0-.CH,;,

30 -CN, -SH, ~0OCH,, -OCHCH,, ~C(OYH;, -NHCH, -NHCHCH, -~NCHsh,
~C{OWNH,, ~OC{OYCHs, or ~$(0):NH,.

an,” when used In conpanction with the term

The use of the worgd “a” or
“comprising” in {he claims and/or the specification may mean “cne.” but it is also consistent

¥0 4

with the meaning of “one or more,” “at least one,” and “one or more than one.”
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Throughout this apphcation, the term “about” is used to indicate that a valge inchides
the mherent varation of error for the device, the method being emploved to determing the
value, or the variation that exists among the study subjects.

As used herein, a “chiral auxiliary” vefers to a removable chiral group that is capable

(]

of mfluencing the stereoselectivity of & reaction. Persons of skill in the art are familiar with
such compounds, and many are commercially available.
The terms “comptise,” “have” and “mclude” are open-ended lnking verbs,  Amy

LRI 1S

forms or tenses of one or more of these verbs, such as “comprises,” “comprising,” “has,”
“having,” “includes” and “including,” are also opc—:n--ehded. For example, any method that

10 “comprises,” “hag” or “includes” onc or more steps is not fimited 1o possessing only those
one or more steps and also covers other unhisted steps.

The term “effective,” as that term is nsed in the specification and/or claims, means
adequate to accomplish a desired, expeeted, or intemded result “Effective amoumt,”
“Therapeutically effective amount” or “pharmacentically effective amornt” when used in the

15 context of treating a patient or subject with & compound means that arount of the compound
which, when administered to a subject or patient for treating a disease. s sufficient to effect
such treatment for the disease.

As used herein, the term “ICs” refers to an inhibitory dose which is 50% of the

maximam response obtained. This quantitative measure indicates how much of a particular

0 drug or other substance (inhibitor) is needed to inhibit a given biological, Mochemical or
chemical process {or component of z process, Le. an enzyme, cell, cell receptor or

microorganism) by half.
An “isomer” of a first compound is 2 separate compound in which each molecule
contains the same constifucnt atoms as the first compound, but where the gonfiguration of

25 those stoms in three dimensions differs.

As used herein, the term “patient” or “subject” refers to a Hving mammalisn
organism, such as s humas, monkey, cow, sheep, goat, dog, cal, mouse, ra, guinea pig, or
transgenic species thereof. In certain embodiments, the patient or subject is a primatc. Non-
fintiting examples of human subjects are adults, juveniles, infants end fotuses.

30 As generally ased herein “pharmaceutically acceptable” refers to those compounds,
materials, compositions, and/or dosage forms which are, within the scope of spund medical
judgment, suitable for use in contact with the Hssues, organs, and/or bodily flulds of nunan
beings and animals without excessive toxicity, irrifation, aflergic response, or other problems
or complications commensurate with a reasonable benefit/risk ratio.
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“Pharmaceutically acceptable salts” means salts of compounds of the present
invention which are pharmaccutically ascceptable, as defined above, and which possess the
desired pharmacological sctivity. Such sabis include acid addition salts formed with

inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitic acid,

(9]

phosphoric acid, and the like; or with orgamc acids such as 1.2-ethanedisulfonic acid,
2-hydroxyethanesuifonic  acid, Z-naphthalenesolfonic  acid, 3-phenylipropionic  acid,
4, 4-methyvlenehis( 3-hydroxy-2-cne-1-carboxylic  acid),  4-methylbicyciof2.2 2Zjoct-2-ene-
1-carboxylic acid, acetic acid, aliphatic mone- and dicarboxylic acids, aliphatic salfuric acids,
aromatic sulfuric acids, benzenssulfonic acid, benzole acid, camphorsulfonic acid, carbonic
10 acid, cinnamic acid, citric acid, cyclopentanepropionic acid, ethanesulfonic acid, famaric
acid, gucoheptonic acid, gluconic acid, glutamic acid, glycolic acid, heptanoic acid, hexanoic
acid, hydroxynaphthoic ecid, lactic acid, laurylsaifuric acid, maleic acid, matic acid, malonic
acid, mandelic acid, methanesuifonic acid, wueconic acid, o-(4-hydroxybenzoybenzoic acid,
oxalic acid, p-chiorobenzenesulfonic acid, phonyl-substituted alkanoic acids, propionic acid,
15 p-toluenesulfonic acid, pyruvie acid, saticyhic acid, stearic acid, succinic acid, tartaric acid,
tertiarybutylacetic acid, trimethylacetic acid, and the like. Pharmaceutically acceptable salis
also include base addition salts which may be formed when acidic protons present are capable

of Teacting with inorganic or organic bases. Accepteble inovgamic bases include sodium

hydroxide, sodium carbonate, potassium hydroxide, alumimim hydroxide and caloium

20 hydroxide. Acceptable organic bases mehide ethanclamine, dicthanolamine, triethanolamine,
tromethamine, N-methylglucaning and the like. It should be recognized that the particular
anion or cation forming a part of any salt of this invention s not critical, so long s the salt, as
a whele, is pharmacologically acceptable.  Additionsl examples of pharmaceutically
accepiable salts and their methods of preparation and use are presented in Handhook of

25 Pharmaceutical Salis: Properties, and Use (P. H. Stali & €. G. Wermuth eds., Verlag
Helvetica Chimica Acta, 2002). _

The term “pharmaceutically acceptable carrier,” as wused herein means a
pharmaceuticaliy-acceptable material, composition or vehicle, sach as a liquid or solid filler,
dituent, excipient, solvent or encapsulating material, mvelved in carrying or fransporting a

30 chemical agent.

“Prevention” or “preventing” includes: (1) inhibiting the onset of a disease in a
subject or patient which may be at risk and/or predisposed to the discase but does not yor
experience or display any or all of the pathology or symptomatelogy of the diseass, andior (2)
slowing the onset of the pathology or symptomatology of & discase in a subject or patient
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which may be at visk and/or predisposed to the disease but does not vet experience or display
any or all of the pathology or symptomatology of the disease.

“Prodrug” means a compound that is convertible i vive metabolically info an
inhibitor according to the present tnvention. The prodrug itsell may or may not also have

=

activity with respect io a given target protein.  For example, a compound comprising a
hydroxy group may be administered as an estor that is converted by hydrolysis in vive to the
hydroxy compound. Suitable esters that may be converted in vive iate hydroxy compounds
include acetates, cilrates, lactates, phosphates, tartrates, malonates, oxalates, salicylates,
propionates, succinates, fomarates, maleates, methylene-bis-B-hydroxynaphthoate, gentisates,
iscthionates, di-p-toluoyltartrates, methanesolfonates, ethanesulfonates, benzenesulfonates,
p-toluencsulfonates, cvelohexylsuifamates, quinates, esters of aming acids, and the like
Similarly, 2 compound comprising an wmine group may be administersd as an amide that is
converted by hydrolysis in vive to the amine compound.

A “sterecisomer” or “optical isomer” is an tsomer of a given compound in which the
same atoms are bonded 1o the same other atoms, but where the configuration of those atoms
in three dimensions differs. “Ensntiomsers” are stereolsomers of a given compound that ave
miirror images of each other, like left and right hands. “Diastereomers” are stereoisomers of a
given compound that are not enantiomers.  Chiral mojecules contain a chiral center, also
referred to as a stereocenter or stereogenic center, which is any point, though not necessarily
an atom, in a molecale bearing groups such that an inderchanging of any two groups leads to a
sierecisomer. In organic compounds, the chiral center is typically a carbon, phosphorus or
sulfur atom, though it is also possible for other atoms to beo stercocenters in organic and
imorganic compounds. A molecule can have multiple stereocenters, giving 1t many
stercoisomers. In compounds whose stereotsomerism is due Lo tetrahedral stereogenic centers
(e.g., tetrahedral carbon), the total number of hypothetically possible sterecisumers will not
exceed 2n, where n 18 the number of tetrabedral stereccenters.  Molecules with svmmetry
frequently have fewer than the maximom possible number of stereoisomers. A 50:50 mixtwre
of cnantiomers is referred 10 as a racemic mixtre. Aliornatively, a mixture of enantiomers
can be enantiviuerically enriched so that one enantiomer is present in an amousnt greater than
50%. Typically, enantiomers and/or diastercomers can be resolved or separated using
techniques known in the arl. H is costemplated that that for any siereccenter or axis of
chirality for which stereochemistry has not been defined, that stereccenter or axis of chirality

can be present in its R form, § form, or as a mixiure of the R and § forms, including racemic
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and non-racemic mixtures,  As used herein, the phrase “sobstaptially 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).

“Trestment” or “freating” includes {1} inhibiting a disease i a subject or patient

th

experiencing or displaying the pathology or symptomatology of the discase {e.g., arresti
further development of the pathology and/or symptomatology), (2) ameliorating a discase m 2
ubject or patient that is experiencing or displaying the pathology or symptomatology of the

discase (e.g., reversing the pathology and/or symptomatology), and/or (3} effecting any

measurable decrease in a disease in a subject or patient that is experiencing or displaying the
10 pathology or symptomaiology of the disease.

Crther abbroviations used herein are as follows: DMSO, dimethyl sulfoxide; LiAlH,,
lithivm  alominum  hydride; DMF, dimethylformamide; MeCN, acetoniirile; MeOH,
methanol; BiOH, ethanol; EtOAc, sthyl acetate; ‘BuQH, tert-butanol; ‘PrOH, isopropanol;
MexOH, cvelohexanol, P&/C, palladium on carbon: Ac(, acetic anhydride; AcQOH,

15 peracetic acid; HOO.BY, ethyl formate; MeOTE, methy! wifluoromethansutfonate; EINCO,
ethy} isccyanate, THF, tetrahydrofuran; KO'Bu, polassium leri-butexide; NaCMe, sodium
methoxide; MTBE, methyl  tert-butyl  other; DME, dimethoxyethbaner NBS, N-
bromosuccinimide;, DIRAL-H, diischutylaluminium hydeide; CD, carbonyidiimidazole;
DIEA, disopropylethylaming  HOBtrxHR0, hydroxybenzotriszole  hydrate;  TEA,

28 tricthylaming; DMAP, dimethylaminopyriding; EDCL 1-ethyl-3-(3-
dimethylaminopropyDearbodiimide; 4 A MS, 4 angstrom molecular sieves; NMO, N-
methvlmorpholine N-oxide;, TPAP, tetrapropylemmonium perruthenate; DBDMH, 13-
dibromo-5,5-dimethylbydantoin; NO, nitric oxide; INOS, inducible nitric oxide synthase;

COX-2, eyclooxygenase-7; FBS, fetal bovine seruny IFNy or IFN-y, interferon-y; TNFo or

-7
Ly

TNF-q, tumor necrosis factor-o; IL-1, inferfeukin-153; HO-1, mducible heme oxygenase.
The above definitions supersede any conflicting definition in any of the reference that
is incorporated by reference herein. The fact that cerfain torms are defined, however, should
not be considered as indicative that any term that is usdefined 1y indefinite. Rather, all terms
used are belicved to describe the invention in terms such that one of ordimary skill can

30 appreciate the scope and practice the present invention,

I LCompounds and Synihetic Methods

The compounds provided by the present disclosire 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 arganic chemistry as applied by a person
skilled in the art.  Such principles and techniques are taughi, for example, in March’s
Advanced Organic Chemistry: Reactions, Mechamisms, and Structure (2007), which
mcorporated by reference herem.

Compounds of the invention may confain one o1 more asymmetrically-sabstifnted
carbon or nitrogen atoms, and may be isolated in optically active or racemic form. Thus, all
chiral, diastereomeric, racemic form, epimeric form, and all geonsetric someric forms of a
chemical formula are intended, unless the specific stercochemistry or isomeric form is
specifically mdicated. Compounds roay cccur as racemates and racemic mixiures, single
enartiomers, disstercomeric mixtures and individual dastereomers. In some embodiments, o
single diastercomer is obtained. The chiral conters of the compounds of the present mvention
can have the S or the R configuration. o

Chemical formulas used to represent compounds of the invention will typically only
show one of possibly several different tautomers. Tor example, many types of ketone groups
are known to exist in equilibrivm with corresponding enol groups. Similarly, many types of
imine groups exist in equilibrium with enamine groups. Regardless of which tautomer is
lepicted for a given compound, and regardless of which one is most prevalent, all tautomers
ot a given chemical formula are intended. |

Atoms making up the compounds of the prosent invention are iniended {o inclade all
isotopic forms of such atoms. Compounds of the present invention include those with one or
more atoms that have been isotopically medified or epriched, In particular those with
pharmaceutically acoepiable isotopes or those useful for pharmaceuiically research. lsctopes,
as used herein, include those atoms having the same atomic number but differont mass
numbers, By way of general example and without Hmitation, isotopes of bydrogen include
deoterivm and trithem, and Isotopes of cabon melude Beoand M Simidlarly, it is
contemplated that one or more carbon atom(s) of a compound of the present invention may
be replaced by a sificon atom{s). Furthermore, it 5 contemplated that one or more oxygen
atomis) of a compound of the present mvention may be replaced by a sulfur or selenium
atomys).
ation may also

] by &t
LLOBRYOLNAN ol iy
ES

co i s IR T SR SRR
BSOS DSOS O Ind

160086564 27



WO 2014/040060 PCY/US2013/059027

sither i roptine manipudation or i

fo the narend compound,  Accordingly, prodrugs
£ { iy, 1

(2]

inclade, for example, compounds deseribed heretn in which a hydroxy. aming, or carboxy
group is bonded to any group that, when the prodrug is administered to a subject, cleaves fo

form a hydroxy, aming, or carboxylic acid, respectively.
3 - o o

ot that the
nzedt that ing i

L 80 long ag i
AT \\‘

of prep Qv

and ase are prosented i Handhook of Pharmacentical Salts: Properties, and Use (2002),

A

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

those that have been further modified o comprise subsilivents that are convertible to

15 hydrogen in vive. This includes those groups that may be convertible fo a hydvogen atom by
enzymological or chemical means incloding, but not Hmited o, hydrolysis and
hydrogenolysis. Examples include hydrolyzable groups, such as acyl groups, groups having

an oxycarbouyl group, aming acid residves, peptide residues, o-nitrophenyisulfenyl,

frimethylsilyl, tetrabydropyranyl, diphenylphosphinyl, and the like. Examples of acyl groups

O inclode formyl, acetyl, wiflvoroacetyl, and the fike. Examples of groups having an
oxycarbonyl group include ethoxvearbonvl, rert-butoxyearbonyl (~C{OMOC(CHyy, Boc),
benzyloxvearbonyl, p-methoxybenzyloxyearbonyl, vinyloxycarbonyl, B-(p-
teluenesutfonyDethoxyearbonyl, and the like. Suiiable amino acid residees include, but are
not Hmited to, residues of Gly (glveine), Ala {alanine), Arg (arginine), Asn {asparagine), Asp

23 {aspurtic acid}, Cvs (cysteine), Ghe {ghitamic acid), His (histidine), He (isolencine), Leu

{leucine}, Lys (lysine), Met {methionine}, Phe (phenylalanine), Pro (proline), Ser (sering),

Thr (threonine), Trp {(tryptophan), Tyr (tyrosing), Val {valine}, Nva (porvaline), Hsc

(homoserine), 4-Hyp {4-hydroxyproline), 5-Hyl (S-hydroxylysine), Om {ornithine) and f-

Ala, Exampies of sultable amino acid residues also include amino acid residues that are

30 protected with & protecting group.  Examples of suitable protecting groups include those

typicatly emploved in peptide svnthesis, including acyl groups (such as formyl and acetyl),

arvimethoxyearbonyl groups (such as benmyloxvesrbonyl and p-nitrobenzyloxycarbonyl),
feri-batoxyearbony! groups (~C(OMOC(CHa)s, Boo), and the like. Suitable peptide residues
include 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 siereccherical configurations of the D-form, the L-
form or mixtores thereof In addition, the amino acid or peptide residue may have an
asynuingtric carbon atom. Examples of suitable amine acid residucs having an asymmetric
carbon atom mehide residues of Ala, Leu, Phe, Tip, Nva, Val, Met, Ser, Lys, Thr and Tvr.
Peptide residues having an asymmetric carbon atom include peptide residues having one or
mote constituent amino acid residees having sn asymmectric carbon atom. Examples of
suitable amine acid protecting groups include those typically cmployed in peptide synthess,
including acyl groups (such as formyl and acetyl), aryhmethoxycarbonyl groups (such as
benzyloxycarbonyl  and p-nitrobenzyloxycarbonyl), teri-butonvearbonyl  groups
(~C(OYOC(CHz)), and the like. Other examples of substituents “converiible to hydrogen i
vivo” include reductively eliminable hydrogenolyzeble groups. Examples of suitable
reductively eliminable hydrogenolyzable groups inclode, but are not Himited to, arylsutfony]
groups (such as o-toluenesulfonyl); methy yi groups substituied with phenyl or benzyloxy
(such as benzyl, writyl and benzy doxymethyl);, aryimethoxycarbonyl groups {such as
benzyloxyearbouyl and o- -methoxy-benzyloxycarbonyl); and haloethoxy rcarbomyl  groups
{such as [L,B,B-trichlorocthoxycarbonyl and B-iodosthoxycarbonyl ).
Compounds of the invention may also have the advantage that they weay be more
officacious than, be less toxic than, be longer acting than, be more potent than, produce fower
side effects than, be more easily absorbed than, and/or have a better pherma okinetic profile
{e.g., higher orsl bioavailability and/or iower clearance) than, and/or bave other useful
pharmacological, phiysicel, or chemical properties over, compounds known in the prior art,

whether for use in the indications stated herein or otherwise.

{11,  Bielogical Activity

Assay resulis for the suppression of IFNy-induced NO production are shown for
several of the compounds of the presgst invention in Table 1 below. n the right-hand
column of this table under the RAW264.7 heading, the results are compared fo those of

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

Examples section below.
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£Y.  Diseases Associated with Inflammation and/or Oxidative Stresg

Inflammation is & biological process that provides resistance to infectious or parasitic
organisis and the repair of damaged tissue. Inflammation is commonty characterized by
localized vasodilation, redness, swelling, and pain, the recruitment of leukocytes to the site of
infection or injury, production of nflammatory cytokines such as TNF-o and L-1, and
production of reactive exygen or nitrogen species such as hydrogen peroxide, superoxide and
peroxyaitrite.  In later steges of inflammation, tissue remodeling, angiogenesis, and scar
formation (fibrosis) iﬁay occur as part of the wound healing process.  Under normal
circumstances, the inflammatory response s regulated and temporary and s resolved in an
orchestrated fashion once the fection or injury has been dealt with adequately. However,
acute inflammation can become excessive and life-threatening if regulatory mechanisms fail
Alternatively, inflammation can become chronic and cause cumulstive fissue damags or
systemic complications. Based at loast on the evidence presented above, the compounds of
this invention may be used in the treatment or prevention of mflammation or diseases
associated with inflammation.

Many serious and intractable human diseases involve dysregulation of inflammatory
processes, including diseases such as cancer, atherosclerosis, and diabetes, which were not
traditionafly viewed as inflammetory conditions. In the case of cancer, the inflanunatory
processes are associated with tumor formation, progression, metastasis, and resistance
therapy. Atherosclerosis, long viewed as a disorder of hipid metabolism, s now understood
to be primarily an inflamsmatory condition, with activated macrophages playing ap important
role in the formation and eventpal ruphwe of atherosclerctic plaques.  Activation of
mflammatory signabing pathways has also been shown to play a role in the development of
msulin Tesistance, as well as in the peripheral tssue damage associated with disbenc
hyperglyecemia.  Excessive production of reactive oxygen species and reactive nitrogen
species such as superoxide, hydrogen peroxide, nitric oxide, and peroxynitrite is a hallmark
of nflarnmatory conditions.  Evidence of dysregulated peroxynitrite production has been
reporied in a wide variety of diseases (Szabo ef ol 2007; Schulz ef al., 2008, Forstermann,
2006; Pail, 2007).

Avtotmnmne discases such as theumatoid arthritts, lupus, psoriasis, and multiple
sclerosis fvelve inappropriate and chronic activation of inflammatory processes in affected
tissues, arising from dysfunction of seif vs. non-self recognition and response mechanisms in
the inumune system. In newrodegenerative disceses sueh as Alzhelmer’s and Parkinson’s

I .
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diseases, neural damage is correlated with activation of microgha and elevated levels of pro-
inflammatory proteing such as inducible nitric oxide synthase (INCS). Chronic organ failure
such as renal faitare, heart failure, Hver failure, and chronic obstructive pulmonary disease is
closely associated with the presence of chronic oxidative stress and inflammation, leading to
the development of fibrosis and eventual loss of organ fonction. Onxidative stress in vascular
endothelial cells, which line major and minor blood vessels, can lead to endothelial
dysfunction and is believed to be an important contributing factor in the development of
systemic cardiovascular disease, complivations of diabetes, chromic kidney disease and other
forms of organ failure, and a number of other aging-related diseases including degenerative
discases of the central nervous system and. the retina,

Many other disorders involve oxidative stress and inflammation in affected fissues,
incloding inflammatory bowel disease; inflammmatory skin diseases; mucositis related to
radiation therapy and chemotherapy; eye diseases such as vveitis, glaucoma, macular
degeneration, and varicus forms of retinopathy; transplant failure and rejection; ischemia-
reperfusion injury; chronic pein; degenerative conditions of the bones and joints including
ostcoarthritis and  osteoporosis; asthma and cystic  fibrosis; seizure disorders; and
neuropsychiatric conditions meluding schizophrenia, depression, bipolar disorder, post-
traumatic stress disorder, attention deficit disorders, autism-spectnmm disorders, and eating
disorders such as anorexia nervosa. Dysregulation of inflammatory signaling pathways is
belicved to be a major factor in the pathology of muscle wasting diseases including muscular
dystrophy and various forms of cachexia.

A varlety of life-threatening acute disorders also involve dysregulated inflammatory
signaling, including acuwte organ failure imvolving the pancreas, kidneys, Hver, or lungs,
mvocardial infarction or acute covonary syndrome, stroke, septic shock, trauma, severe burns,
and anaphylaxis,

Many complications of infectious discases also mvolve dysregulation of mflammatory
responses. Although an inflammatory response can kill invading pathogens, an encessive
inflammatory response can also be quite destructive and in some ¢ases can be a primary
source of damage I infected tissues. Furthermors, an excessive mflammatory response can
also lead to systemic complications due to overproduction of inflammatory cytokines such as
TNF- and IL-1. This is believed to be a factor in mortality arising from severs influenza,

severe acute respiratory syndrome, and sepsis.

IBONS6304} 46
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The aberpant or excessive cxpression of either INOS or cycloonygenase-2 {(COX-2)
has been implicated in the pathogenesis of many disease processes, For example, it is clear
that NO is a potent mutagen {Tamiv and Tannebauu, 1996), and that nifric oxide can also
activate CONX-2 (Salvemini ef o, 1994}, Furthermore, there is a marked increase in INOS n

5 eat colon tumors induced by the carcinogen, azoxymethane (Takehashi ef al., 1997}, A series
of synthetic triternenoid analogs of oleanolic acid have been shown to be powerful inhibitors
of cellular mflarmatory processes, such as the induction by IFN-y of inducible nitric oxide
synthase (INOS} and of COX-2 in mouse macrophages. See Honda ef ¢ {2000a); Honda e
al. (2000b), and Honda er al. {2002), which are all incorporated herein by reference.

1¢ In one aspect, compounds disclosed herein are characterized by their ability to inhibit

the production of nitric oxide in macrophage-derived RAW 264.7 cells induced by exposure
to v-interferon. They are further characterized by their ability to induce the expression of
antiosidant proteins such as NQOT and reduce the expression of pro-inflammatory proteins
such as COX-2 and inducible nitric oxide synthase (INOS). These properties are relevant 0
15 the treamment of a wide ﬁi'i‘ﬂ}; of diseases and disorders involving oxidative stress and
dysregulation of inflammatory processes including cancer, complications from locabized or
total-body exposure to lonizing radiation, mucositis resulting from radiation therapy or
chemotherapy, autoimmune diseases, cardiovascular diseases including atherosclerosis,
ischemia-reperfusion injury, acute and chronic organ fathure including renal failure and heart

20 failure, vespiratory discases, diabetes and complications of diabetes, severe allergies,

transplant rejection, graft-versus-host disease, neurodegenerative diseases, discases of the ave
and retina, acute and chronic pain, degencrative bone discases including ostecarthritis and
osteoporosis, inflammatoty howel diseases, dermatitic and other siin discases, sepsis, bums,

seizure disorders, and netwopsychiatric diserders.

b
L

Without being bound by theory, the activation of the antioxidant/anti-inflammatory
Keap1/Nrf2/ARE pstbway is believed w be imphcated in both the anti-inflasunatory and
anti-carcinogenic properties of the compounds disclosed herein.

Tn another aspect, compounds disclosed hevein may be used for treating a subject
having a condition caused by clevated ievels of oxidative stress in one or more Lssues.
10 Oxidative stress results from sbnormally high or prolonged levels of reactive GXygen species
sach as superoxide, hydrogen peroxide, nitric oxide, and peroxyniirite (formed by the
reaction of nitric oxide and superoxide). The oxidative stress may be acconmpanied by either

acute or chronic inflammation, The oxidative stress may be ceused by miiochondrial
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dysfanction, by activation of immmine cells such as macrophages and newtrophils, by acute
exposure to an external agent such as ionizing radiation or a cytotoxic ohcmothémpy agent
{e.g., duxorubicin), by trauma or other acute tissue injury, by ischemis/reperfusion, by poor
circulation or anewmia, by localized or systemic hypoxia or hyperoxia, by elevated levels of
inflanymatory cytokines and other inflammation-related” profeins, and/or by other abnormal
physiclogical states such as hypergiyeemia or hypoglyeemia.

In anims! models of many such conditions, stimulating expression of inducible home
oxygenase (FI0O-1), a target gene of the Nrf2 pathway, has been shown to have a sizoificant
therapeutic effect including models of myocardial infarction, renal failure, transpiant failure
and tejection, stroke, cardiovascular disease, and awoiomune discase {e.g., Sacerdoti f al,

20035; Abraham & Kappas, 2005, Bach, 2006; Arauje e @, 2003: Liu ef @f., 2606; Ishikaws
et al., 2001; Krager e/ al., 2006; Satoh et al., 2006; Zhou ef al., 2005, Morse and Chot, 2005;
Morse and Choi, 2002). This enzyme breaks frec heme down into iron, carbon monoxide
{CO), and biliverdin (which is subscguently converted to the potent antioxidant molecule,
bilirabin).

In another aspect, compounds of this mvention may be used in preventing or treating
tissue damage or organ failure, acute and chronde, resulting from oxidative stress exacerbated
by inflammation. Examples of diseases that fall in this category include: heart fatlore, biver
failure, iransplant failure and rejection, remal failore, pancreatitis, fibrotic lung ’i“%ﬁ‘-iw
(cystic fibrosis, COPD, and idiopathic pulmonary fibrosis, among others}, diabetes (inchuding
complications}, atherosclerosis, ischemia-reperfusion injury, glaucoma, stroke, autcimmumne
disease, avtism, macular degeneration, and muscular dystrophy. For example, in the case of
autism, stodies sugges! that increased oxidative stress in the central nervous sysiem may
confribute to the development of the disease {Chavhan and Chauban, 2006}

Evidence alsc Hnks oxidative stress and inflammation to the development and
pathology of many other disorders of the central nervous system, imchuding psychiairic
disorders such as psychosis, major depression, and bipolar disorder; seizure disorders such as
epiiepsy; pain and sensory syndromes such as migraine, newropathic pain or tinnitus; and
bebavioral syndromes such as the attenfion deficit disorders. Bee, eg., Dickerson ef 4l
2007; Hanson ef al., 2005; Kendall-Tackett, 2007; Lencx ef o, 2007; Dudhgaonkar ef al.,
2006; Lee et al., 2007; Momis ef al., 2002; Ruster ef al,, 2005; Mclver ef al., 2005; Sarchiell
ot al, 2006; Kawakami ef al., 2006; Ross e af., 2003, which are all mearporated by reference

herein. For example, elevated levels of inflammatory cytokines, neluding TNF, mterferon-y,
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and IL-6, are associated with major mental illness (Dickerson et al, 2047, Microglial
activation has also been Hnked to major mental illness. Therefore, dewnregulating
inflamrmatory cytokines and inbibiting excessive activation of microgha could be beneficial
in patients with schizophrenia, mejor depression, bipolar disovder, autism-spectrum disorders,
and other neurepsychiatric disorders.

Accordingly, in pathologies involving oxidative stress alome or oxidative stress
exacerbated by inflammation, treamment may comprise adminwtering to a subject a
therapeutically effective amount of a compound of this invention, sach as those described
above or thronghout this specification. Treatment may be administered preventively, i
advance of a predictable state of oxidative stress {e.g, organ trensplantation o1 the
administration of radiation therapy to a cancer patient), or it may be administered
therapeutically in settings involving established oxidative stress and inflammation.

The compounds disclosed herein may be generally applied to the treatment of
inflammatory conditions, such as sepsis, dermatitls, autoimmune disease and ostenarthritis,
Tn one aspect, the componnds of this invention may be used to treat inflammatory pain andior
neuropathic pain, for example, by inducing NafZ and/or inhibiting NF-«B.

In some embodiments, the compounds disclosed berein may be vsed in the teatment
and prevention of discases such as cancer, inflammation, Alzhotmer’s disease, Parkinson’s

A

disease, multiple sclerosis, autism, amyotrephic lateral sclerosis, Mimtington’s disease,

autoimmune diseases such as rheumatoid arthrisis, lupus, Crobn’s disease and psoriasis,
inflammatory bowel disease, all other discases whose pathogenesis is believed to mvolve
excessive production of either mitic oxide or prostaglandins, end pathologies mvolving
oxidative stross alone or oxidative stress exacerbated by inflammation.

Another aspect of inflammation is the production of inflammatory prostaglanding
such as prostaglandin E.  These molecuies promote vasodilation, plasma exiravasation,
localized pain, elevated temperature, and other symptoms of inflammation.  The inducibie
form of the enzvime COX-2 is associated with their production, and high levels of COX-Z are
found in inflamed tissues, Consequently, inhibifion of COX-2 may relieve many symptorss
of inflammation and a nwreber of important anti-inflammatery drogs (e.g., buprofen and
celecoxil) act by inhibiting COX-2 activity. Recent research, however, has demonsirated
that a class of cyclopentenone prostaglanding (cyPGs) (e.g., 15-deoxy prostaghandin J2, aka.
P(J2) plays a role in stimulating the orchestrated resolution of mflammation {e.g., Rajakariar

et al, 2007). COX-2 is also associaied with the production of cyclopentencne prostagianding.

JOUN8G304} 40



16

T

WO 2014/640060 PCT/US2013/059027

Conseqaently, inhibition of COX-2 may interfere with the fill resclution of inflammation,
potentially promoting the persistence of activated immume cells i tissues and leading to
chronic, “smoldering” inflammation.  This offect may be respousible for the increased
meidence of cardiovascular disease in patients nsing selective COX-2 inhibitors for long
periods of time.

In one aspeet, the compounds disclosed horein may be used to contrel the production
of pro-inflammatory cytokines withio the cell by sclectively activating regulatory cysteine
residuss {RCRs) on proteins that regulate the activity of redox-sensitive transcription factors,
Activation of RCRs by cy‘I’GS has been shown to initiate & pro-resolution program in which the
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-«B and the
STATS are suppressed. Tn some embodiments, this increases the production of antioxidant and
reduetive molecules (NQOL, HO-1, SOD1, wGCY) and decreases oxidative stress and the
producticn of pro-oxidant and pro-inflanimatory molecules {'ENOS; COX-2, TNF-o). In some
embodiments, the compounds of this invention may cause the cells that host the mflammatory
event fo revert to a non-inflammatory state by promoting the resolution of mflarmmation and

Himiting excessive tissue damage 1o the host,

Y. Pharmaceutical Formulations angd Routes of Administrafion

The compounds of the present disclosure may be adninistered by e vatiety of
methods, e.g., orally or by injection {e.g. subcutancous, intravenous, intraperitoneal, efc.).
Depending on the route of adnyinistration, the active compounds may be coated in a material
to protect the compoimd from the action of acids and other natoral conditions which may
inactivate the compound. They may also be administered by continuons perfusion/infusion
of a disease or wound site.

To adwinister the therapeutic compound by other than parenteral administration, #
may be necessary to coat the compound with, or co-administer the compound with, 2 material
to prevent its tnactivation. For example, the thevapeutic compound may be administered 10 2
paticnt in an appropriate carrier, for example, liposomes, or a diluent. Pharmaceutically
accoptable diluents include saline and aquecus buffer solutions. Liposomes include water-in-
oil-in-water COF emulsions as well as conventional liposomes (Strejan ef al., 1984}

The therapeutic compound may also be administerad parenterally, mtraperitoneally,

intraspinally, or intracerebrally. Dispersions can be prepared in glycerol, iguid polyethylene
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- glycols, and mixtures thereof and in oils. Under ordinary conditions of storage and use, these
preparations may contain a preservative to prevent the growth of MHCTOOTZAnisms,

Pharmacoutical compositions suitable for injectable use includer swerile agueous

soltions {where water soluble), dispersions, and sterile powders for the extemporancous

5 preparation of sterile injectable solutions or dispersion.  See for example U5, DPatent

Application by 1. Zhang, entitied “Amorphous Solid Dispersions of CDDO-Me for Delaved

 Release Oral Dosage Compositions,” fited February 13, 2009, which is incorporated herein

by reference. Tn all cases, the composition must be stertle and must be fuid to the extent that

casy syringability exisis. Tt must be stable ander the conditions of manufacture and storage

10 and must be preserved against the contaminating action of microorganisms such as bacteria

~ and fungd, The carrier can be a solvent or dispersion medivm contaiming, for example, water,

ethanol, polyol (such as, glycerol, propylene glycol, and figuid polyethylene glyeol, and the

like), 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 particle

15 size in the case of dispersion and by the use of surfactants. Prevention of the action of

microorganisms can be achieved by various antibacterial and antifungal agents, for example,

pasabens, chiorobutanol, phenol, ascorbic acid, thimerosal, and the fike, In many cascs, it

will be preferable to inclode isotonic agents, for example, sugars, sodium chioride, or

polyaicobols such as mannitol and sorbitol, it the composition. Proiangéé absorption of the

0 injectable compositions can be brought about by including in the composition an agent which

delays sbsorption, for example, aluminum monostearate or gelatin

Sterile injectable solutions can be prepared by incorporating the therapeutic

compound in the required amowit in an appropriate solvent with one or a combination of

ingredients enumerated above, as required, followed by filtered sieriization, Generally,

25 dispersions are prepared by incorporating the therapeutic compound o & sterile carrier

which containg a basic dispersion medium and the required other ingredicnts from those

enomerated above. In the case of sterile powders for the preparation of sterile injectable

solutions, the preferred methods of preparation are vacuum drying and frecze-drving which

vields 2 powder of the active ingredient (Le., the therapeutic compound; plus any additions!

Tt

desired ingredient from a previously sterile-filtered solotion thereof.

The therapeutic compound can be orally administered, for exemple, with an inert
diluent or an assimilable edible carrier. The therapeatic compound and other ingredients may
also be enclosed i e hard or sofi shell gelatin capsule, compressed into lablets, or
incorporated directly into the subject’s diet.  For oral therapeutic adminmistration, the
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therapeutic compound may be incorporated with excipients and used in the form of ingestible
tablets, buccal tablets, troches, capsules, clixirs, suspensions, syrups, wafers, and the like.
The percentage of the therapeutic compound in the compositions and preparations may, of
course, be varied. The amount of the therapeutic compomnd o such therapeutically useful
compositions is such that a suitable dosage will be obtained.

It is especially advantageous to formulate parenteral compositions in dosags unit form
for ease of administration and uniformity of dosage. Dosage unit form as used herefn refers
10 physically discrete units suited as unitary dosages for the subjects to be treated; cach onit
containing @ predetermined guantity of therapeutic compound calculated to produce the
desired therspoutic effect in associadon with the reguired pharmaceutical carrier.  The
specification for the dosage unit forms of the invention are dictated by and divectly dependent
o {a) the unique characteristics of the therapeutic compound and the particolar therapeutic
effect to be achieved, and (b) the limitations inhetent in the art of compounding such a
therapeutic compound for the treatment of a selected condition in a patient,

The therapeutic compound may alse be administered topieally to the skan, eye, or
mucosa, Alternatively, if local delivery to the hmgs is desired the therapeutic compound may
be administered by inhalation in a dry-powder or aerosol formulation.

Active compounds are administered at a therapentically effective dosage sufficient o
treat 2 condifion associated with a condifion W a patient. For example, the efficacy of a
compound can be cvaluated in an animal model system that may be predictive of efficacy in
weating the disease in humans, such as the model sysiems shown in the cxamples and
drawings.

The actoal dosage amount of a compound of the present disclosure or composition
comprising a compound of the present disclosure administered fo a subject may be
determined by physical and physiological factors such as age, sex, body weight, severity of
condition, 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 adwinistration will typically determine
the concentration of active mgredient(s) in & composition and appropriate dose{s} for the
individual subject. The dosage may be adjpsted by the individual physician in the event of
any complication,

An effective amount typically will vary from about 6.001 mg/kg to about 1000 mg/kg,
from ahout 8.01 mp/kg to aboul 750 me/ke, from dbout 100 mg/kg to about 500 meg/ke, from
about 1.0 mg/kg to about 250 mg/ke, from about 10.0 me/kg to gbout 150 mg/kg in one or
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more dose adminstrations daily, for one or several days {depending of course of the mode of
administration and the factors discussed above). Other suitable dose ranges inchude 1 mg to
10006 mg per day, 100 mg to 10060 mg per day, 500 mg to 10000 mg per day, and 500 mg to

1000 mg per day. In some particular embodiments, the amount is less than 10,000 mg per

|4}

day with z range of 750 mg 10 9000 mg per day.
The effective amount may be less than 1 mg/ke/day, Joss than 50C mg/kg/day, less
than 250 mg/kg/day, less than 100 mgikg/day, less thas 30 mg/kg/dey. less than 25
my/kg/day or less than 10 mg/kg/day. It may alternatively be in the range of T mg/kg/day to
200 mg/kg/day. For cxample, regarding treatment of diabetic patients, the unit dosage may
16 2 an amount that reduces blood glucose by at least 40% as compared to an untreated subjoct.,
Tn another embodiment, the unit dosage s 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-Hmiting examples, 2 dose may alse comprise from about I micro-
aramvkg/body weight, about § microgranvkg/body weight, sbout 10 microgram/kg/body
15 weight, about 30 microgram/kg/body weight, about 100 microgram/kg/body weight, about
200 microgram/kg/body weight, about 330 microgram/kgbody weight, about 500
microgranvkg/body weight, about 1 milligranvkg/body weight, about § milligram/kg/body
weight, about 10 milligranykg/body weight, about 30 milligram/kg/body weight, about 100
miligram/kg/body  weight,  about 200 milligranvkg/body  weight,  about 350
20 milligram/kg/body weight, about 500 milligram/kg/body weight, to about 1000 me/kg/body
weight or more per adminisiration, and any range derivabie therein. In non-limiting
examiples of & derivable renge from the mumbers listed herein, a range of about 5 mgfg/body
weight 1o about 100 mg/ke/body weight, about 5 microgram/kg/body weight to about 300
milligram/dg/body weight, efc., can be administered, based on the numbers described above,
25 Tt cortain embodiments, a pharnaceutical composition of the present disclosure may
comprise, for example, at least abouot 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 about 60%, for example, and
any range derivable therein,
340 Single or muitiple doses of the agents are contemplated. Desired time intervals for
defivery of multiple doses can be determined by one of ordinary skill in the art employing no
more than routine experimentation. As an example, subjects may be administered two dosos
daily at approximately 12 hour intervals. In some embodiments, the agent 18 athministered
onee a day.
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The agent(s) may be administerad on a routine schedule. - As used herein a routine
schedule refers to a predetermined designated period 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

L

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 involve administration on a
twice daily basis for the first week, followed by  daily basis for several months, erc. In other
embodiments, the mvention 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 moming and/or every evening, regardless of when the subject has eaten or will eat,
YL  Combination Therspy

In addition to being used as a monotherapy, the compounds of the present mvention
may also find use in combination therapies. Effective combination therapy may be achieved
with a single composition or pharmacological formulation thet includes both agents, or with
two distinet compositions or fornwlations, administered at the same time, wherein one
composition includes a compound of this invention, and the other includes the second
agent(s). Alternatively, the therapy may precede or follow the other agent treatment by
mtervals ranging from minutes to months,

20 Non-limiting examples of such combination therapy include combimation of one or
more compounds of the invention with another anti-inflammatory agent, a chemotherapeutic
agent, radiation therapy, an antidepressant, an sntipsychotic agent, an anticonvulsant, a mood
stabilizer, an anti-infective agent, an antihypertensive agent, a cholesterol-lowering agent or

other modulator of blood Hpids, an agent for promoting weight loss, an antithrombotic agent,
2 - & ¥ foss s

3
h

ant agent for treating or preventing cardicvascular events such as myocardial infarciion or
stroke, an antidiabetic agent, an agent for reducing ransplant rejection or graft-versus-host
disease, an anti-arthritic agent, an analgesic agent, an anti-asthinatic agent or other treamment
for respiratory diseases, or an agent for treatment or prevention of skin disordess.
Compounds of the invention may be combined with ageuts designed to improve a patient’s
3¢ immune response to cancer, including (but not limited to} cancer vaceines. See Lu ef a4l

(2611, which s incorporated herein by reference.
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VIL  Ezamples

The following examples are included to demonstrate preferred embodiments of the
imvention. 1t should be appreciated by those of skill in the art that the fechwiques disclosed in
the examples which follow represent techniques discovered by the inventor to function well

5 in the practice of the invention, and thus can be considered to constitute preferred modes for
ite practice. However, those of skill in the art should, in light of the present disclosure,
approciate that many changes can be made in the spevific embodiments which are disclosed
and still obtain a like or similar result without departing from the spirit and scope of the

invention.

G Methods ang Materials

Witrie Oxide Production and Cell Viability Assay. RAW264.7 mouse macrophages
were plated in 96-well plates at 30,000 cells/well In wiplcate in RPMI1640 + 0.5% FBS and
incubated at 37°C with 3% CO,. On the next day, cells were pre-treated with DMSQ or drug
(0-200nM dose range) for 2 hours, and then treated with rocorebinant mouse IFNy (R&T
15 Systems) for 24 hours. Nitric Oxide concentration in media was determined using the Griess

reapent system (Promega). Cell viability was determined osing WST-1 reagent (Roche). 1Cs
vahues were determined based on the suppression of 1FNy induced Nitric Oxide production
normalized to cell viability,
NQOT-ARE Luciferase Reporter Agsay,  This assay aliows for quantitative
90 assessment of the endegenous activity of the Nrf2 wranscription factor in cultured memmalian
cells,  Expression of Firefly luciferase from NQOI-ARE luciferase reporter plasmid is
controlled by binding of Nrf2 to a specific enhancer sequence corresponding to the
antioxidant response element (ARE) that was identified in the promoter region of the buman

NADPH:quinone oxidoreductase 1 (NOOJ) gene (Xie et al, 1995). The plasmid was

bt
h

constructed by nseriing 2 sequencs:

5 CAGTCACAGTOACTCAGCAGAATCTG-Y (SEQ ID NG
encompassing the human NQO1-ARE into the pLuc-MCS vector using Hind[E Xho! cloning
sites (GenSeript Corp., Piscataway, NI). The assay is performed in HuH7 cells maintained in

DMEM (Invirogen) supplemented with 10% FBS and 100 U/l {each) of penicillin and

N

20 streptomvein. For the assay, cells are plated in 96-well plates at 17,000 cells per well
Twenty four hours fater, the cells are co-wransfected with 50 ng each of NQUOI-ARE reporter

shasmid and pRL-TE plasmid using Lipofectamine 2000 wansfeciion reagent (Invitrogen).
B I g 13p & gen
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¥

pRL-TH plasmid constitutively expresses Renifla lociferase and s used as an internal control
for normalization of transfection levels. Thirty hours afier transfection, the cells are treated
with compounds {at concentrations ranging from € 1o 1 uM) for cighteen howrs. Firefly and
Renilla luciferase activity is agsayed by Dual-Glo Luciferase Assay (Promega Corp,
5 Madison, WI), the luminescence signal is measured on an L-Max I luminometer (Melecular
Devices). Firefly luciferase activity is normalized to the Rewiila activity, and fold nduction
over a vehicle comtrol (DMSO} of normalized Firefly activity 15 calculated.  The fold
induction at §2.5 nM concentration is used for comparing relative potencies of compounds to
mduce Nrf2 transcriptional activity. See Xie ef af, 1995, which is incorporated berein by

18 reference.
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Synthesis and Characterization of Compounds and Intermediates

Compound 2: LIATH, (2.0 M in THF, 50 mL, 160 mmol) was carefully added t0 & 0
°C golution of compound I (9.65 g, 20.0 mmel) I THF (350 mL) over ~10 min. The ice
bath was removed after 30 min and the reaction stirred an additional 2.5 k. The solution was

3 diheed with MTRE (200 mL); cooled to 0 °C; and guenched by sequential addition of 5.3 mi
each water, 4 M NaOH, and water. The mixture was stirred at room temperature for 30 min,
fittered through a phig of celite, sluted with MTBE, and concentrated to give & white solid.
The resultant solid was sﬁspended. in CHLCh, stirred at room temperature for 2 b, and the
solid isolated by filtration [washed with CH,ClL, then dried} to give compound 1 (6.56 g,

10 72%) which was used without further purification: sz 441.3 (M-H,0+ 13,

Compound 3: PhI(OAC), (10.40 g, 32.3 mmoly, TEMPO (2.27 g, 14.5 mmol), and
water {15 mL) were added to a Toom temperature suspension of compound 2 (6.56 g, 143
mmoly in CHCh (L5 L) and stirred vigorously for I8 ho The resultant biphasic,
homogencous sohation was treated with anhydrons NapSO4, stimed an additional 15 min,

15 filtered and concentrated to a viscous oil. The residue was purified by flash chromatography
{silica gel, 0% to 100% F#QAc in hexanes) to give compound 4 (4.72 g, 72%) as an off-white
solid: vz 4393 (VT 0410

Compound 4: Triethy] phosphonoacetate {18.8 ml, 94.8 mmol) was added 10 2 0°C

suspension of NaH (3.81 g, 60%, 95.3 mmol) i THF (285 mL}, and the resuliant mixture
20 stirred at O °C for 15 min, then warmed to room tomperature over 30 min. The mixture was
cooled to 0 °C, a solution of compound 3 (8.67 g, 19.0 mmeol) in THF (75 mL} was added,
and the transfer completed with THF (20 mL) wash. The reaction was maintained at 0 °C for
approximately 4-h and then warmed to Toom tenperature overnight. The reaction was again
cooled to 0 °C and quenched by the careful addition of 1 N HC, stirred vigorously at reom
25 temperature for 15 min, and extracied with MTBE, The combined organic fractions were
washed with brine, then drisd over NapSO., and concentrated. The residue was purified by
flash chromatography (silica gel, 0% to 100% EtOA¢ in hexanes) to give compound 4 (6.68

2, 67%) as a white solid: s/t 509.3 (M-H;0+1).
Compeund 5 A mixtwe of compound 4 (6.68 g, 12.7 numol}, 4 A MS (12,7 gj, NMO
30 (447 g 382 mmol), and CHCh (250 mL) was stireed @t room temperature for 15 min
TPAP (458 mg. 1.30 mmol} was then added, and the reaction was stiveed for I b The

reaction was concentrated to ~10 mb and purified by flash chromatography (silica gel, 0% to
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100% FtDAc in hexanes) to give compound 5 (5.89 g, B8%%) as a white foam solid: m/z 5233
(M1,

{Tﬂmpmmﬁ &: A flask containing a suspension of compound § (5.89 g, 11.3 mmol},
PA/C (10%, 1.45 g), md THF (250 mLl) was purged with Ny and then Hz, and the reaction
was vigorougiy stirred onder Hy (balloon pressure) for 5 h. The resohant suspension was
sparged with No for 30 min, filtered through a short plug of celite, eluted with CHzCly, and
conceptrated fo give compound & (5.84 g, 99%) as a white solid: m/z 525.4 (M+1).

Compounds 7a,7b: A solution of cormpound 6 (5.84 g, 111 mmeol), NaOMe (25 %

in MeOH, 35 mL) and HCO.Et (70 mL} was stitred at rooin temperature for 3 b, diluted with
1 N HCL and extracted with FiGAc, The combined organic fractions were washed with
brine, dried with N80, and concentrated 10 give compounds 7a,b {(Me-estenEt-gater =
9:91) as an off-white foam solid that was wsed withowt further purification: 7a mvz 5393
(M+1y, T m/z 553.4 (M+11.

Compound 82, 8 A mixture of compounds 7a, 7b (all above obtaimed,
~1 1.3 mmel), NELRORHHCH (1.06 g, 15.3 mmol), BtOH (100 mL) and water (17 mlL) was
heated to 53 °C for 16 b The resultant sohution was cocled to room temperature, diluted with
i ™ HCH and extracted with EtOAc. The combined organic fractions were washed with TN
HC and brine, dried with Na,SO., and concentrated, The residve was dissclved in MeOH
(700 mL), treated with 12 N HCE (1.0 wb), and stirred at room temperature for 5 h. The
mixtare was concentrated o ~30 mb., dikuted with CHoCly, washed with brine, dried with
Nay80, and concentrated. The residue was purificd by flash chromatography {silica gel, (%%
to 60% EtOAC in hexanes) to give compounds Ba, 8b (4.84 g, Me-esteriEt-ester = 25.75, 80%
from 6} as & white solid: 88 m/z 536.4 (M+1), Bb iz S50.3 (M1}

Compounds %a, %b: A solution of 8Ba, 8b (4.84 g, .84 mmol), NaOMe (25% in
MeOH, 5.3 mL), and MeOH {110 mL) was heated o 55 °C for 5 h, The resultant mixfure
was diloted with 1 N HC and extracted with CHpCly. The combined orgamic fractions were
washed with brine, dried with Na,SO4, and concentrated to give compounds %a, 9B (4.69 g,
carboxylic acid:Me-ester = 17:83, 99%) as a vellow solid that was used without further
purificetion: $a m/z 522.3 (M+1}, 9B m/z 5363 (M+D

Compounds TX63762 and TX63742: 1,3-dibrome-5,5-dimethylhydantoin (1.25 g,
437 mmol} was added io a 0 °C solution of 98, ¥b (4.69 g, 8.79 mmol) in DMF (106 mL).
The mixture was stirred at § °C for 4 h. Pyridine (2.83 ml., 35.0 mmo!) was ther added, and

the reaction was heated to 55 °C. The reaction was cooled 1o room temperarure after 4 b and

3

was stirred an additional 3 4. The resultant sohution was diluted with 1 N HC and extracted

J0008650:4} 77
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with EtOAc. The combined organic fractions were washed with water and brine, dried with
Na,80., and concentrated. The residue was purified by flash chromatography (silica gel, 0%
to 100% Bt Ac in hexanes) to give compound TX63762 (780 mg, 17%) as a white solid and
compound TX63742 (353 g, 75%) as an off-white sohid: TX63762 "B NMR (400 MHz,
5 CDCL)68.04 (s, 1H), 5.98(s, 1H), 3.06 (d, 1H. J = 4.7 Hz}, 234 (o, 21, 224 (1d, 1HL J =
43, 134 Hzy, 1.69 {m, [1H), 1.50 (s, 3H}, 1.49 {5, : 1.26 {5, 3H), 1.26 {m, 43}, 1.18 (5,
3HY, 1.04 {m, 2H), 1.02 (s, 3H), 0.93 (s, 3H), G88 {5, SH}; mic 5203 (M+1); TX63742 'H
NMR (400 MHz, CDCE) 8 8.04 (s, 1H), 5.97 (s, 1H), 3.67 {5, 3H), 3.06 {d, 1H, J = 4.7 Hz),
230 (m, 280, 2.21 (1d, 1H, J = 4.6, 13.0 Hz), 1.74 (m, 9H}, 1.30 (s, 6H), 1.46 (m, 2H}, 1.26
10 s, 3H), 1.25 (m, 4F1), 1.18 (g, 310y, 1.02 {mm, 2H), 181 (s, 3H), 0.92 {5, 3H), 0.87 (s, 3H); m/z
5343 (M+1}
Compound TX6376%: A suspension of TX63742 (3.53 g, 6.61 mmol) in MeCN
(200 mEL} and 1 W HCI (66 mL) was heated to 65 °C for 17 h. The resultant sohufion was
coolad to room temperature and extracted with EtOQAc, The combined organic fractions were
15 washed with bring, dried with Ng,S0., and congentrated to give compound TXE3762 {3354
2, 8%} as a pale yellow solid.
(J@mgmunéﬁ; 6, 10B: A schotion of compowmnd 8 (250 me, (.478 mmol}, NaDMe
(25 % in MeOH, 1.25 mL) and HCO:Er {3.75 mL) was stirred at room temperature for 3 I,
dilpted with Bt Ac, washed whih 1 N BCI and brine, dried with Nay30., and concentrated 1o
20 give compounds 10a, 10b (Me-ester:Br-ester = 23:77) as an off-white foam solid that were
used without further purtfication: 18a m/z 537.3 (M+1), 18b m/z 55314 (M1},
Compeunds tia, 11h: A mixture of compounds 1da. 1¢b {all above obtained, ~(148
mmol), NFROH-HC 45,1 g, 0.649 numel), B1OH {(4.25 mL) and water (0,75 mL) was heated
o 35 °C for 20 h. The resuliant solution was cooled fo room temperature, diluted with
25 EtDAc, washed with T N HCL and brine, dried with NapB8Q4. and concentrated.  The crude
residoc was purified by flash chromatography (silica gel, (% to 60% Et3Ac i hexanes)
give compounds 11a, 11b (210 mg, Me-ester:Er-cster = 21:79, 1% from 8) as 2 white solid:
1ia m/z 5343 (M), 13D mr S48.3 (M1
Compound 12: A mixtore of compoungds 11a, 11b (210 mg, 0.385 mmeol), NaOMe
30 (25% in MeQH, 0.2 mL) and MeOH (4.8 mal) was heated t0 55 °C for 3.5 h. The resultant
mixture was diluted with 1 N HCI and exvacted with EiGAc. The combined organic

fractions were dried with Na80y and concentrated to give compound 13 (206 mg,
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quantitative) as a glassy, white solid that was used withowt further purification: m/z 5343
(M1,

Compounds TX63743: 1,3-dibromo-3,5-dimethyihwdantoin (57.6 mg, 0.201 mmol)
was added to 2 € °C sohstion of compound 12 (206 mg, ~0.385 mmol} in DMF (3.9 ml).

i3

14

The mixtore was stirred at 0 *C for 2 b, pyridine (0.13 mL, 1.6 mmol) was added, and the
reaction heated to 85 °C. The reaction was cooled to room temperature afier 4 h and stirred
overnight.  The resultant solution was dihmted with EtOAc, washed with T N BCl 10%
NapSOs, and brine, then dried with Na,S0, and concentrated. The crude vesidue was purified
by flash chromatography (silica gel, 0% to 45% EtOAc in hexanes) to give compound

10 TXN63743 (129 mg, 63% from 11a, 11b) as a white solid: 'F NMR (400 Mz, CDCL) 8 8.02
(s, 1H}, 6.95 (d, 1H, /=163 Hz), 5.97 (5, 15}, 5.87 {d, 1H. J = 164 H=z), 3.74 {5, 3H}, 2.85
(4, 10, J= 4.6 Hz), 2.57 (d, TH, J =41, 13.2 Hz), 2.06 (&, 1H, .7 = 4.0, 13.8 Hzy, 1.63 (m,
RET, 1.47 (s, 3ED), 1.32 {5, 3H), 1.25 (5. 3H), 1.20 {m, 61}, 1.17 (s, 3H), 1.01 {5, 30}, 0.98 (s,
3HY, 091 (s, 3H; mz 332,53 (MF1.

15 Compound TX64842: A mixture of TX63762 (53.0 mg, ¢.102 mumol), BeOH (2 mi)
and 12 N HCI (2 drops) was stirred at room temperature for 21 b, then at 50 °C for 5 h, The
resultant suspension was dihuted with BtQAc to give a homogeneous solotion that was
washed with brine, dried with Na,S0,, and concentrated. The residue was purified by flash
chromaiography {(silica gel, 0% fo 100% EtOAc in hexanes) to give compound TXoe4842

20 (36.5 mg, 65%) as a white solid: 'H NMR (400 MHz, CDChL) § 8.04 (s, 1H), 5.97 {5, 1H),
434 (d, T H, J=T.1 Hz), 410 (d, 1H, /= 7.1 Hz), 3.07 (d, 1H,.J = 4.7 Hz), 2.27 {m, 3H),
1.68 (m, T1H), LS50 (s, 6H), 1.26(s, 38, 126 (4, 3H, J =71 Hz}, 1.24 {m 4H), 118 {5, 3H),
1.01 (m, 2H), 1.01 {s, 3H), (.93 (5, 34}, 0.88 (5, 3H); mA 5483 (M+1)

Compound TX64043: A mixture of TX63762 (524 mg, 0.101 mmol), i-PrOH (2

25 ml) and 12 N HCI (2 drops) was stirred at reom temperature for 21 h, then at 50 °C
overnight. The resubtant suspension was diluted with ExOAcC to give a homogeneous sofution
that was washed with 1 N HCI and brine, dried with NapS50,, and concentrated. The residue
was purified by flash chromatography (silica gel, (% to 10086 FtOAC in hoxangs) to give
compound TX64843 (44.8 mg, 79%) as a white sohd: " WMR (400 MF iz, D) 8 8.04 (5,

3G THD, 597 (5, 1HD, 499 (sept, 1H, J =63 Hz), 308 (d, 1H, J = 4.7 Hz), 224 (m, 3H), 1.73

{m, 10 ), 1.50 (s, 611), 1.43 (m, 13]), 1.26 (m, 3H), 1.22 (m, 10FD, 118 (s, 380}, L.O3 (m,

2ZH3, 1.01 (s, 3H), 0.93 {5, 3H), 8.88 (g, 3HY, m/ 502.3 (M+1L

00086504} 74
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Componnd TN64038: A mixtore of TX63762 (40.0 mg, 0.0770 mmol), c-HexOH (2
mL) and 37% HCI (2 drops) was stirred at 55 °C for 21 h. The resultant suspenston was
diluted with BtOAc to give 2 homogeneous solution that was washed with water and brine,

dried with NSO, and concentrated,  The residue was purified by flash clromatography

(]

(silica gel, (% to 100% EtCAc in hexanes) 10 give compound TX64838 (348 mg, 75%) as a

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

TH, /= 4.7 Hz), 2.26 {(m, 30, 177 (m, 12H), 155 (s, 3H), 1.50 (5, 3H), 1.32 (=, 13H}, 1.26

(s, 3H), 1.18 {5, 34}, 1.03 (m, '.ZH}, F.0E (s, 3HD, 0.93 (s, 3H), 0.88 (8, 3H); sz 602.4 (M+1}

Compoond TX64846: A mixture of compound TX63762 (39.0 mg, 0.0750 mmmol),

10 TEA (.03 mL, 0.2 mmol), DMAT (18.1 mg, 0.148 mmel}, phenol (22.5 mg, 0.239 mmel)
and CHyCly (2 mL) was stirred at rocm temperatore for 30 min, EDCE (316 mg, 0165
nool) was added, and the teaction was stirred at room temperature for 18 h. The resultant
mixture was diluied with BrQAc, washed with 1 N HCI and brine, dried with Nap30y, and
concentrated.  The residee was purified by flash chromatography (silica gel, (% to 100%

15  FitOAc in hexanes) to give compound TX64846 (28.5 myg, 649 6) as.a white solid: 'H NMR
(400 MHz, CDCLY 3 8.04 {5, TH), 738 (¢, 2H,.J = 7.8 Hz), 723 (¢, 1H, J = 74 Hz), 7.07 (m,

HY, 5.98 s, TFD), 311 (d, 1H, J = 4.7 Hz), 2.56 (m, 2H), 2.29 (xd, 1H,J = 4.7, 13.0 Hz,
177 (mm, TVED, 1.40 (s, 6FD, 128 (my, 4H), 1.26 {5, 3H), 1.17 (s, 3H), 1.08 (m, 2H}, 1.03 {5,
3D, .96 (5, 3H), 0.90 {3, 3H); m/z 3963 (M+1)

20 Compound TX64866: A minture of compound TX63762 (53.8 mg, {.104 mumol),
TEA (0.05 mb. 0.4 wmol), DMAP (372 mg, 0.304 mmol), benzyl alechol (0.06 mL, 0.7
mmol) and CHClL (2 mL) was stirred al room temperature for 15 min. EDCI (59.8 mg,
0.312 mmol) was added, and the reaction was stirred at room temperature for 17 h. The
resultani mixture was difuted with FtQAc, washed with 1 N HCI and brine, dried with

25 Na.SO,, and concentrated. The residue was purified by flash chromatography (silica gel, (%
to 100% EtCGAc in hexanes) to give compound TX64066 (40.5 mg, 64%) as a white solid: H
NMR (400 Mz, CDCELY §8.03 (g, 1H), 7.35 (m, 5H), 5.97 (5, 1H), 5.12 (4, 18, J = 123
Hz), 5.09 (d, 1H. /= 123 Hz}, 3.05 ¢4, 1H, /=47 Hz), 2.35 (m, 2H}, 223 (1d, 1H, J =
13,1 Hzy, 180G Gm, 7H), 150 {m, 4H), 149 {s, 3H), 144 (5, 3H), 1.26 (s, 3H), 1.21 {m, w@H,,

30 1.18(s, 3H), 1.0F (m, 2H), 1.00 (5, 3H), 0.91 (s, 3H), 0.87 (s, 3H); m/z 610.3 (M+1}.
Compound TX64067: A mixwore of compound TX63762 (51.6 mg, 0.0993 mmol),

TEA (0,05 mL, 6.4 mmol), DMAP (38.8 mg, 0.318 numod), +-BulH (0.10 mi., 1.0 mmol} and

CHECly (2 wl) was stivved at room tomperature for 15 wmin, EDCE (60.7 mg, §.317 mmol}

100056504} 75
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was added, and the reaction was stirred at room temperature for 17 h. The resuliant mixtore
was dilgted with EtDAc, washed with 1 W HC and brine, dried with NaxSGs, and
concentrated.  The residue was purified by flash chromatography (silica gel, (%% to 100%

EtGAc m hexanes), then purified by additional flash chromatography (Ciz silica gel, (5% o

L

100% MeCN in water) to give compound TX64067 (4.3 mg, 15%) as 2 white solid: 'H NMR
(400 MHz, CDCL)Y 8 8.04 (s, 1H), 5.97 (s, 1FD), 3.07 (4, 1H, J = 4.7 Hz), 2.18 (m, 3H;, 1.79
(m, 61, 1.51 (s, 3Hy, .51 (m, 6H), 1.30 (s, 3H), 1.44 {5, 9H), 1.26 (s, 3H), 1.24 (o, 3H),

L18 (s, 3H), 1.02 (m, 2H), 1.01 (s, 3H), 0.93 (s, 3H), 0.87 {5, 3HY; m/z 3203 (M-£-ButH+1}
Compound TX64053: A mixture of compound TXG3T6Z (70 myg, 0,14 mmol}, TEA
1 (0,06 mL, 0.4 mmol}, DMAP {52.9 mg, 0.433 mmol), 1-Boc-4-hydroxypiperidine {53.8 me,
(1.267 mmeol) and CHyCL (3 mil) was stivred at room temperature for 15 min, EDCE (781
mg, 0407 mmol) was added, and the reaction was stivred at room temperature for [T h The
resuliani mixtore was diluted with EtOAc, washed with 1 N HCI and brine, dried with

Nap8Ou4, and concontrated. The residue was purified by flash chromatography (silica gel, (%

[y
L

o 100% EtOAc in hexanes) to give conpound TX64853 (68,7 my, 70%) as z white solid: H

NME (400 MHz, CDCL) 8 8.04 (s, 1H), 5.98 (s, 1H), 4.90 {m, {H}, 3.72 (m, 2H), 3.21 (m,

2H), 306 (4, TH,.J = 4.6 Bz), 2.27 (m, 3H), 168 (m, 15H), 1.50 (s, 610, 1.46 {5, 9H), 1.26 (5,

3ED, 125 Gy, 4HD, I8 {8, 3HD, 1.04 (m, ZH), 1.01 (s, 3H), 0.93 {5, 3H), 0.8% (5, 3Hn m/i

603 4 {(M-Boc+H+1).

20 Compound TN64855: A mixtare of TX64853 (21.5 mg, 0.0306 mmeol), 4 N HCl in
1, 4-dioxane {(.7 ml, 0.4 mmol) and CH>Cly (0.9 mL) was stivred at room tergperature for S h
ard cooded to -20 °C overnight. The resultant mixfire was diluied with EtOAce, washed with
brine. dried with Na;SQ4, and concentrated to give compound TX64655 (154 mg, 43%) as a
white solid: 'H MMR (400 MHz, CDCL) 8 8.04 {5, 1F), 5.98 ¢4, 1HD, 4.83 {1y, 1H, J = 4.2,

35 Q0 Hzy 3.07 (G, 1H, J = 4.9 Hz), 3.05 (o, 1H), 2.71 {m, 2H), 2.27 (m, 3H), 169 {oy, 17H),
13005, 61, 1.26 (s, 3H), 1.25 (m, 48D, LIR (5, 3H), 1.03 (m, ZH), 1.01 {5, 3H), 0.93 {5, 3H),
088 (s, 3H); m/z 603 .4 (M+1),

Compound TX64858: A mixtwre of compound TX83762 (40.3 mg, 0.0775 mmol),
TEA (.04 ml, 0.3 mmol), DMAP (184 mg, 8.151 mmeol), methoxyamine hydrechionde

A0 {266 me, 0.318 mmol) and CILCKL (2 mi) was stirred at room {emperatore for 15 min,

EDCI30:8 mg, 0.161 mmol) was added, and the reaction was stirred at yoom temperature for

20 5. The resultant poxture was diluted with EtOAc, washed with | N HCI and brine, dried

with NapSO;, and concentrated. The residue was purified by flash chromatography (sibica

{00035504) 76
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gel, (% to (0% EtOAc in hexanes) to give compound TX64856 (24.1 mg, 57%) as & white
solid: 'H NMR (400 MHz, CDChL) 8 8.04 (s, 1H), 5.97 (s, 1H), 3.76 (s, 3H), 3.09 (¢, 1R, J =
4.5 Hzy, 2.23 (my, ZH), 2.04 (m, ZH), 1.67 (m, 10H), 1.52 (3, 3H). 1.50 {s, 3H), 1.26 (s, 3H),
1.24 (m, 4H), 1.18 {5, 31, L.03 (m, 2H), 1.00 {5, 3H), 0.92 (5, 3H), 0.88 (s, 3H), mz 5493
(M1

Compound TX63778: A mixture of compound TXRE3762 (108.4 mg, 0.209 mmol),
TEA (0.06 mL, (1.4 mmol}, DMAT (49.8 myg, 0.408 mmol), methylamine hydrochloride (293
mg, 0.434 mmol) and CHoClz (3 mL) was stirred at room temperatere. EDCI (784 mg, 0,409
mmol) was added, and the Teaction was stirred at room temperature for 19 b The resultant
mixture was diluted with EtOAc, washed with 1 N HCL and brine, dried with Na;S0y, and
¢oncentrated. The residue was purified by flash chromatography (silica gel, 0% to 100%
FtOAe in hexanes) to give compound TRE3ITTH (90.1 mg, 81%) as a white solid: HONMR
(400 MHz, CDCL) 8 8.04 {s, 1), 596 (s, 1H), 5.44 (s, 1H), 3.09 {d, 1H, J = 4.7 Hz}, 2.80
{d, 3H, J= 4.8 Hz), 2.22 (ad, TH, J =43, 135 Hry, 213 (1, 2H, .7 = 8.2 Hz), 1.67 (m, 11H),
1.53 (s, 3H), L850 (s, 38, 1.26 (s, 3H), 1.24 (1, 450, 118 (s, 38}, 1.02 (m, 2H), LOO (s, 3H),
(.92 (s, 3H), 0.87 (5, 3HY mz 5333 (M+1}

Compoung TX63768: A mixture of compound TX63762 (77.5 mg, (.149 mmol),
TEA {0.04 mE, 0.3 mmol), DMAP (35.5 mg, 0.2%1 mmol), ethylamine bydrochloride (25
mg, 0.31 mmol) and CHCL (2 mL) was stirred at room teraperature for 30 min. BDCL (555
mg, 0.290 mmol) was added, and the reaction was stirred at yoom temperature for 17 b The
resultant mbxiure was diluted with CH:Clh, washed with 1 N HC and brine, dried with
Nay S0, and concentrated. The residue was purified by flash chromatography (silica gel, %
to 100% EtOA¢ in hexanes) to give compound TX63768 (56.6 mg, 70%) as a white solid: H
NMR (400 MHz, CDCIL S 8;02 {s, TH}, 5.96 (5, 1H), 5.34 (s, 1H), 3.27 (dq, 2H, /= 5.1, 7.1

Fizy, 330 (d, 1H, J = 4.6 Hz), 2.24 (1d, 1H, J =40, 13.1 Hx), 2.12 {, 2H, J =~ 8.1 Hz), 1.68
fm, 118, 150 (s, 31D, 1.48 (s, 3H), 1.26 (s, 3H), 1.24 {m, 4H), 118 (s, 38), L14 (4, 3H, J =
7.3 Hz), 1.03 {m, 2H), 1.02 (s, 3H), 0.94 (s, 3H), 0.89 {5, 3H); mi 5474 (M+1).

Compound TX63764: A mixture of compound TX83762 (75.9 mg, 0.147 mmol),
TEA (0.04 mL, 0.3 mmol), DMAP (359 mg, 0.2%4 mmeol), 2,2,2-triflocroethylamine
hydrochloride (39.1 mg, 0.25% mmol) and CHpCl (2 mL) was stirred at room temperature for
10 min. EDCT (56.8 mg, 0.296 mmol} was added, and the reaction was stirred af room
temperature for 17 b The resultant nuixture was diluted with CHCly, washed with 1 N HCY

and brine, dried with Wa;SQu, and concentraiod.  The residue was purified by flash
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chromatography (silica gel, 0% to 100% EiQAc in hexanes) to give compound TX63764
(66.4 mg, 76%} as a white sohid; M NMR (400 MHz, CDCly) 8 8.03 (s, TH), 5.98 (5, 1H),
5.65 (s, 1HD), 3.91 (m, 2HD), 3.07 (4, 11, J = 4.7 Hz}, 2.25 (m, 13), 2.23 (1. ZH, J = 8.1 Hz),
1.71 (m, 13HD, 132 (s, 3H), 151 {8, 3H), 1.26 (s, 3H), 1.26 (m, 4H), 1.19 (s, 3H), 1.04 (m,
2HY, 103 (s, 3H), 0.94 (5, 3H), 0.89 (s, 3H); mz 601.3 (M1}

Compound TX84664: A mixture of compound TX63762 (42.1 mg, 0.0810 mmol),
TEA {6.04 mL, 0.3 mmol), DMAP (21.2 mg. 0.165 mmol), isopropylamine (0.02 ml, 0.2
mmol) and CHaCh {2 mL) was stivred at room temperature for 20 min, EDCI (301 mg,
0.157 mmol} was added, and the veaction was stired at room tempersture for 16 h
Additional isopropvlamine (0.05 mL, 0.6 mmol) and EDCT (50 mg, 0.26 mmol) were added,
and the reaction stirred overnight at room temperasare. The resultant mixture was diloted
with EtOAc, washed with 1 N HCI and brine, dried with Nay80y, and concentfrated. The
resichie was purified by flash chromatography (silica gel, (9 to 100% EtOAc n hexanes) and
was then purified by additional flash chromatography (silica gel, 0% to 100% EtOAc n
hexanes, cach containing 0.5% TEA) © give compound TX64064 (10.2 mg, 22%) as a whit¢
solid: ' NMR (400 MBz, CDCL) 6 8.04 (s, TH), 596 (5, 1H), 523 (4, 117, J = 8.0 Hz), 4.06
(o, 1H), 330 {d, 1H, 7 = 4.6 Hz), 2.22 (td, 15, J = 4.5, 13.1 Hz), 209 (1, 2H, J = 8.1 Hazy,
£.68 (m, TIFD, 1.53 (s, 3H), L.50 (s, 3, 126 (s, 3H), 1.24 (m, 4H), 118 (5, 3H), 1.14 (m,
GH), 102 (m, 2H), 100 (s, 3H), 0.92 (s, 31, 0.88 {s, 3H}; m/z 561.3 (M+1).

Compound TX64865: A mixture of compound TX63762 (30.8 mg, (.0977 mimol),
TEA {0.05 mL, 0.4 romol), DMAP (36.7 mg, 0.300 mmol), fert-butylamine (0.06 mL, 0.6
mmol} and CHRCL (2 ml} was stivred at room tampemmm for 15 pun, EDCT (392 mg,
.309 mmo!) was added, and the reaction was stirred at room temperature for 17 b The
resultant mixfure was dilated with EtQAc, washed with 1 N HCI and brine, dried with
MNa,904, and concentrated, The residue was purified by flash chromatography (silica gel, U
to 100% EtOAc in hexanes) to give compound TX64865 (16,1 mg, 29%) as a white solid: 'H
NMR (400 MHz, CDCL) 8 .04 (s, 1), 5.96 (s, 1H), .24 (s, 1H}, 308 (d, 1H, /= 4.6 Hz),
222 (td, 1H, J = 4.6, 13.2 Hz), 2.05 {t, 21, J = 8.1 Hz), 1.67 {m, 11H}, 1.53 (s, 3H), 150 (s,
3H), 1.34 (5, 9H), 1.26 (s, 3H), 1.24 (m, 453, LI8 {5, 3H), L.O1 (m, ZH), 1.00 (s, 3H), 8.92 {5,
3HY, 087 (s, 3H); mz ST54 (M1

Compound TH64657: A mixtme of compound TX63762 (40.4 mg, 0.0777 mowol},
TEA (0.04 mL, (.3 mmol), DMAP (19.3 mg, 0.158 mmol}, cyclohexylamine (0.04 mL, 0.4

.a

mmol) and CHaCly (2 mL} was siirred at room temperature for 15 min. EDCI (29.8 mg,
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0,155 mmoly was added, and the reaction was stirred at room temperature for 21 h. The
resultant mixture was diloted with BiOAe, washed with 1 W HCI and brine, dried with
Na; SOy, and concentrated. The residue was purified by flash chromatography (silica gel, 0%
to 100% FiOAc in hexanes) to give compound TX64857 (14.7 mg, 32%) ag a white solid: H
5 NMR (400 MHz, CDCh) 8 8.64 (5, 1H), 5.96 (s, 1H}, 5.27 (4, 1H, /= 8.2 Hz}, 3.74 (m, 1H),
3004, L S 4.6 M), 222 (d, 1H, J =45 131 Hzy, 210 {t, 2H, J = 8.1 Hz), L4585 (m,
TTHEY, B.52 {5, 3HD, LA (s, 3HY, 126 (s, 3H), 118 (s, 3HY, 100 (s, 3H}, (.52 {8, 3H}, 0.88 {5,
3HY, mz 6014 (M1

Compounnd TX64858%: A mixture of compound TX83762 (40.3 mg, 0.0775 mmol,
1 TEA (0.04 mL, 0.3 mmol), DMAP (19.3 mg, 0. 158 mmol}, aniling (0.02 mL, 0.2 mmol} and
CH,Ch (2 ml)y was stirred at room temperature for 20 mis. EDCI (30.5 mg, 0.159 numol)
was added, and the veaction was stirred ot room temperature for 16 b, The resultant mixhge
was diluted with EtQOAc, washed with | N HC and brine, dried with NazSQ,, and
concentrated, The residoe was purified by flash clvomatography (sidica gel, 0% 1o 100%
15 Ei0Ac in hexanes) to give compound TX64659 {32.6 myg, 71%:;) as a white solid: 'H NMR
(400 MHz, CDCL) 88.05 (s, 1H), 749 (d, 2H,J = &0 Hy), 7.32 (1, 2H, ./ = 7.8 Hx), 7.16 (5,
THY, 7.1 TH, J =74 He), 598 (s, 1H), 3.09(d, 1H, J =406 Hx), 2.34 (1, 2H, J = 8.2 Hzj,
228 ¢d TH, S = 4.6, 13,1 Hz, 173 Gy, 11HD, 152 (s, 35D, 1.49 s, 3HD, 1.27 (m, 4H), 1.26
{3, 3H), 1.18 (s, 3FD), 1.06 {(m, 2H), 1.02 (s, 3H), 0.54 (5, 3H), (.89 {5, 3H); m/z 595.4 (M+1}
Compeund TX64875: A mixture of compound TX63762 (492 me, 0.0947 mnol),
TEA {0.04 mbL, 0.3 mmob), DMAP (23.5 mg, 0.192 mmol), benzylamine (0.02 mL, 0.2

]
Et

mmol) and CH;CL (7 ml)y was stivred 8t toom temperature for 15 min. EDCT (37.2 mg,
0,194 mmol) was added, and the reaction was stirred overnight at room femperatire. The
resudiant micture was diluted with EiOAc, washed with 1 N HCL and brine, dried with
25 NapSCQs, and concentrated. The residue was purified by flash chromatography {silica gel, (%
10 100% EtOAC in hexanes) to give compound TX64G78 (14.4 myg, 25%) a3 2 white solid: 'H
NMR (400 MHz, CDCL) 8 8.04 (s, 1H), 7.31 (m, 5H}, 5.97 {5, 1H), 5.60 {s, 1H}), 443 {m,
ZHD, 30(8, 1H, J= 4.6 Fz), 2.24 (id, 1H, J = 4.1, 134 Hz), 218 (¢, 2H, J = 8.2 Hr), 1.69
(m, 11H), 1.52 {5, 3H), 1.50 (s, 3H), 1.26 (s, 3H}, 1.25 {(m, 4H), 1.18 (s, 3H}, 1.02 (m, 2H),

36 L1 (s, 3H), 0.91 (s, 3H), 0.87 (s, 3H); mz 609.4 {M+1).
Compound TX64860: A mixture of conpound TXE3762 (43.9 rag, 0.0845 mmol),
TEA (.04 ml, 0.3 mmol), DMAP (18.8 mg, 0.154 nuuol), dimethylamine hydrochloride

(13.4 meg, C.104 mmol} and CHLCL {2 mL) was stirred at room iemperature for 20 min.
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EDCI (30.9 mg, 8.161 mmol) was added, and the reaction was stisved at room temperature for
16 h, The resultant mixture was dilwed with EtOAc, washed with 1 N HCT and brine, dried
with Na;S04, and concentrated.  The residue was purified by flash chromatography (silica
gel, 196 1o 100% EtDAc i hexanes) to give compound TX64068 (35.6 mg, 77%) as a white
solid: 'H NMR (400 MHz, CDCL) 8 8.04 {5, 1H), 5.96 (s, 1H), 3.10 {d, 1H, J = 4.6 Hz), 3.03
(s, 3H), 2.94 (5, 38}, 2.34 (ddd, 1, J = 5.4, 11.3, 15.7 Hz), 2.22 {m, ZH), 1.67 {m, 1H),
151 (s, 3H), 149 (s, 3HD, 1.26 (s, 3H), 1.26 {m, 44}, 118 s, 3H), 1.02 (m, 2H), 101 (s, 3H},
0.93 {5, 3H), Q.88 (5, 3y m/z 547.3 (M-+1).

Compouond TX63958: A mixtore of compound TXE3762 (521 myg, 1.00 mmeol),
TEA {0.42 mL, 3.0 mmol), DMAT (250 mg, 2.05 mmol}, azetidine hvdrochloride {188 mg,
2,01 meol) and CHLCH (20 mL) was stirred at room tomperature for 15 min. EDCT (391 mg,
2.04 mmol) was added, and the reaction was stirred at room temperature for 25 b, The
resuftant mixiure was diluted with Bt0Ac, washed with | N HC! and brine, died with
WNapS0y, and concentrated, The restdue was purified by flash chromatography (silica gel, (%
to 100% EtQAc in hexenes) to give compound TR0 (304.6 mg, 71%;) as an off-white
solid: "H NMER. (460 MHz, CDCL) §8.03 (s, THY 8596 ¢, 1H), 415 (m, 2H), 380 (L 2H, J =

7.7 He), 330 (d, 1H, S = 4.6 Hzy, 226 (my, 3HY, 177 (m, 13HD), 1.33 (s, 3FD), 1.49 {5, 3H),

1.26 {5, 3H), 1.24 (m, 45, 117 (s, , L0 (m, 2HD, LOG (s, 3H), 0.93 (s, 3H), 0.8R8 (5,
3B, m 5553 (M1,

Compeend TX63%4%: A mixture of compound TEE3762 (520 myg, 1.06 mmol),
TEA (0.42 mL, 3.0 mmel}, DMAP (241 mg, 1.97 mmol), pyrrolidine (.17 mi, 2.06 nunci)
and CHCL (20 ml) was stirred at reows femperature for 15 min. EDCT 381 mg, 1.99 mmeol)
was added, and the reaction was stitred af room temperature for 25 h. The resubant mixture
was diluted with BiOAc, washed with T N HCI and brine, dried with Nax80,, and
concentrated. The residue was purified by flash chromatography (silica gel, 0% to 100%
FtOAc i hexanes) to give TX63948 (266.9 mg, 4796 as an off-white solid: 1 WNMR (400
Mz, CDCE) 8 8.04 (5, TH), 5.96 (5, 1H), 3.44 (4 4H, J = 6.9 H2). 312 {d, 1H, 7 =47 Hz),
222 {m, 3H}, 171 {m, 150, 1.53 (s, 3H), 1.49 (s, 3H), 1.26 (3, 3H), 1.26 {m, 48}, 1.18 {5,
3¥D, 1.03 (m, 2H), 101 (5, 3H), 0.96 (s, 3H), 0.88 {5, 38 mi 5734 (M1,

Compound TXG3763: A mixtore of compound TX63762 (77.2 mg, 0.149 mmel),
TEA (0.04 mL, 0.3 mmol), DMAP (35.6 mg, 6.291 mmol), morpholine (25 pl., 0.29 mmol)
and CHLRCL (2 ml) was stimed at room temperature for 10 min. EDCE (878 mg, 0.304

mmol) was added, and the reaction was stirred at room temperature for 16 . The resultand
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mixtirs was dilted with EtOAc, washed with 1 N HCL and brine, dried with Wa 50y, and
concentrated. The residue was purified by flash chromatography (silics gel, (% 1o 100%
Ef3Ac in hexanes) to give compound TXE3763 (66,1 mg, 82%) a5 a white solid: "H NMR
{400 Mz, CDChL) 8 8.04 (s, 1FD, 5.97 {5, 1H}, 3.68 (m, 450, 3.60 (m, 2F), 3.48 (m, ZH).
30844, 1H, = 4.6 Hz), 233 (ddd, 1H, J = 5.4, 11.3, 164 Hz), 221 {m, 2H), 169 (m, 11H),
1.50 (s, 3H), 1.49 (s, 3, 126 {5, 3H), 1.26 (m, 4H), 118 (5, 38, 1.04 (m, 2H), 1.0 (s, 3H),
0.93 (s, 3H), 0.88 {5, 3H); m/fz 3894 (M+1).

Compound TX64845: A mixture of compound TX63762 (39.2 myg, 0.0754 mmol},
TEA (G.03 mL, 0.2 mumol), DMAP (12.5 mg, £.160 mmol)}, acetic hydrazide (14.5 mg, 0.196
mmol) and CHClh (2 mL) was stivred at room temperature for 30 min. EDCT (3LE mg,
0.166 mmol} was added, and the reaction was stirred at room temperature for 18 b The
resultant mixtore was diluted with EiQAc, washed with 1 N HCI and brine, dried with
Na;80,, and concentrated. The residue was punified by flash chromatography (sihica gel, (%
to 100% FtOAC in hexanes) to give compound TX64845 (19.7 mg, 45%) as & white solid: H
NMR (400 MHz, CDCl:) 8 8.04 (s, TED, 8.00 (s, 1H), 7.96 (s, 153, 5.98 (s, 1H), 3.07 (4, 1H,
J = 4.6 Hz), 224 (m, 3H), 2.06 (s, 3H), 1.68 (s, 11H), 1.51 (5, 3H), 1.50 {5, 3H), 1.25 (m,
AH), 1.26 (s, 30, 118 (s, 3H), 1.03 (m, 2HD, 101 ¢s, 3H), 0.92 (s, 3H), 0.88 (s, 3H); m/z
576.3 (M+1),

Compeand TX6404%: A mixture of compound TXE3762 (403 mg, 0.0775 mmol),
TEA (603 mb, 0.2 mmol}, DMAP (179 mg, G147 mmoel), 33-difluoropyrroldine
hydrochloride (22.2 mg, $.162 mmol) and CHCh (2 mL) was stirred at room temperature for
15 min, EDCT (293 mg, 0153 wmol} was added, and the reaction was stirred st room
ternperature for 18 ko The resuliant mixture was diluted with EtOAc, washed with 1 N HCl
and brine, dried with NaySO,, and concentrated.  The residue was purified by flash
chiromatography {silica gel, (% to 100% EiOAc in hexanes) to give compound TX64049
(27.9 mg, $9%) as a white solid: 'H NMR (400 Miz, CDCL) 8 8.04 (s, 1H}, 5.97 (s, 1H),
375 (m, 48, 3.09 (L TH, J = 4.4 H2), 232 (m, SH), 170 (o, 11H), 1.532 (s, 3H), 150 (s,
3H). 126 (s, 3H), 126 (m, 4H), 118 (s, 3H), 1.03 {m, 2H), 1.01 {s, 351}, 0.93 (5, 31}, .88 (s,
IHDY s 6093 (M1,

Compound TX64647: A mbuure of compound TX63762 (40.2 mg, 0.0774 mmol),
TEA (003 mi, 0.2 mmoly, DMAP (179 mg. 0.147 mmol), (8)-3-hvdroxypyrroliding
hydrochloride (34,1 mg, §.276 mmol} and CHCl {2 mb) was stirred at reom temperature for

15 min, EDCI (28.5 mg, 0.149 nuncl) was added, and the reaction was stirred at room
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temperature for 18 b, The resultant mixtre was diluted with EtOAc, washed with 1 N HCI
and brine, dried with Nay80s, and concentrated.  The residec was purified by flash
chromatography (silica gel, 0% to 100% EtOAc in hexanes) to give compound TX64047
(208 mg, 46%%) as & white solid; "H NMR (400 MHz, CDCL) 8 [8.04 (s8), §.03 (53 (1.1, 1D,
FS.OT {83, 5.96 (s (111, 1HD, 4.52 (s, 1H), 358 (im, 4H), 312 (4, J =45 Hz), 3.09 {d, J =
4.5 He) (11, 1HY|, LET (m, 17H), | (s}, .32 {s) {1:1, 380y, [L.49 ¢}, L5U (5) (111, 3ELL
1.26 (s, 3H), 118 (s, 31, 1.07 {m, 6Hy, 1.00 (s, 3H), ;0.9‘ (s}, .93 () {1:1, 3H)], (.88 {5,
3E0 iz 3893 (M1,

Compound TX64648: A mixture of TX63762 (40.1 mg, 0.0772 mmol), TEA (0.03
ml, 0.2 mmol), DMAP (19.2 mg, 0.157 mmol}, 4-hydroxypiperidine (16.5 mg, 0.163 mmol}
and CHLCL (2 mL) was stirred at room temperature for 15 min. EDCL (28.4 mg, 0.148
mmol) was added, and the reaction was stirred 2t room temperature for 18 b The resultant
mixture was diloted with Ft(Ac, washad with 1 N Bl and brine, dried with NaySG,y, and
concentrated, The residoe was purified by flash chromatography (silica gel, 0% to 100%
EtQAc in hexanes) o give compound TX64848 (23.9 mg, §1%) as a white solid: 'H NMR
(400 MHEz, CDCL)Y § 8.04 (s, 1H), 587 {s, 15}, 410 (m, 1H), 3.95 (m, 1H), 3.72 {m, 2H),
3.22 {m, 2D, 3.09 (\ THY, 2,29 {m, SH), 1.69 (m, 13H), 1.51 (s, 38}, 1.50 {5, 3H}, 1.26 (m,

4FT), 1.26 (s, 3H), 118 (s, 3H), 1.03 (m, 2H), 1.01 (s, 3H), 0.95 (s, 3H), 0.88 (s, 3H); msz
G034 (1),

Compound TX64068: A mixtore of compound TX63762 (S1.3 mg, 0.0987 mmol},
TEA (.05 mL, 0.4 mumol), DMAP (37.2 mg, 0.304 numel), 2-aminopyridine (32.5 mg, 0.55¢
minol) and CHCL (2 ml) was stirved at room temperahure for 15 min, EDC {59.2 mg,
0,309 mmol was added, and the reaction was stirred at room tempersture for 17 ho The
resultant mixture was directly purified by flash chromatography (silica gel, (% 1o 100%
EtOAc in hexabes, cach contsining $.3% TEA), then was purified by additional flash
chromatography (Cis silica gel, 0% to 1009 MeCN in water} 10 give compound TX64(68
(7.0 mg, 12%) as a white solid: H NMER (400 MHz, CDChL) 8 8.26 (d, 1H, J = 4.8 Hz}, 8.16
(d, 1H, J = 4.5 Hz), 8.04 (s, 1H), 7.83 (s, 1H), 7.69 (m, 1H), 7.04 {dd, 1H, J = 4.8, 7.3 Hz),
598 (s, 1H), 3.10 (d, 134, J = 4.7 Hz), 2.36 {m, ZH}, 2.26 (id, 1H, J = 4.9, 13.4 Hz), L.75 {m,
T1H), 1,52 (s, 3HY, 1.50 (3, 3H), 1.26 (o, 4H), 1.26 (s, 3H), 118 {5, 38), 1.05 {m, ZH), 1.02
(s, 3H, 0,94 (5, 3H), 0.89 (8, 3H) m/z 586.4 (M+1)

Compountd TX64844: A mixture of compound TXE3762 (35.7 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,Ch (Z mL) was stirred at room temperature for 30 min
EDCT (3006 mg, (0.160 mmol) was added, and the reaction was stirred at room temperature for
18 k. The resultant roixhwe was diluted with BrDAc, washed with 1 N HC! and bring, dried
with Nap50:, and concendrated. The residue was purified by flash chromatography (silica
gel, 196 1o 100% BEtOAc in hexanes} to give compound TX64044 (28.5 mg, 65%;) as a white
sofid: "H NMR {400 MHz, CDCL) 8 8.04 (s, 1FD), 5.97 (s, 1H), 5.94 {5, 1H), 6.74 {m, 1H)},
4892 {dt, IH, J =273, 71 Hz), 448 {dt, 2, J =29, 64 Hz}, 3.06 (d, 1H, J =46 Hz}, 2.2
{m, 3HD), L.69 (m, 11H), 1.51 (g, 3H), 1,30 (s, 3H), 1.26 (s, 3FD), 125 (m, 44), 1.18 {5, 3H},
142 (m, 2H), 100 (s, 38013, 0.93 (g, 3, 0.88 (s, 3H); m/&z 575.3 (M+1}

Compound TX64052: A mixtare of compound TXE3762 (71 mg, ¢.137 mmol},
TEA (0.06 ml, G4 mmob, DMAP (452 mg, 0378 mmol), glvcine methyl ester
hvdrochloride (33.9 mg, 0.270 mmol) and CHxCly (3 ml) was stirred at roon: temperature for
1% min, BDCT (781 mg, 0.407 mmol) was added, and the reaction was stirred at room
temperature for 16 b, The resultant mixtare was diluted with EtOAc, washed with I N HCI
and brine, dried with NaySOy, and concentrated.  The residoe was purified by flash
chromatography (silica gel, 0% 1o 100% EfOAc in hexanes) w give compound TX64852
(52.0 mg, 64%) as a white solid: 'H NMR (400 MEz, CDCL) 8 8.04 (s, 1H), $.97 (5, IH),
5.95 (s, 1H), 4.04 (&4, 2H, J = 5.1, 9.2 Hz), 3.77 (s, 3H), 3.08 {d, 1H, J = 4.7 Hz}, 2.22 (m,
3FD, 1,67 (m, 11HD, 1.52 {s, 3H), 1.50 (s, 380}, 1.26 (s, 31), 1.25 (m, 4H), 1.18 (s, 3H), 1.03
{m, 2H), 1.00 (s, 3H), 0.93 {5, 3H), 0.88 (s, 3H); w2 591.3 (M-+1).

Compound TX64034: A mixture of compound TX64852 (20.9 mg. 0.0354 mmod), 1
N HCH{0.6 ml), and MeCN (1.2 mL) was heated to 35 °C for 22 b, The resultant mixture
was diluted with EtOAe, washed with bring, dried with Na,SO., and concentrated. The
residue was purificd by flash chromatography (silica gel, 0% 1o 100% EtOAc n hexanes,
gach with 0.5% HOAC) to give compound TX64854 (14,6 mg, 71%) as a white solid: 'H
WMR (400 Mz, CDCL)Y § 8.04 (s, 1HD, 6.17 (s, 1), 5.99 (s, 1H), 400 (dd, 28, J = 5.0, 9.7
Hz), 3.67 (&, 1H, J = 4.6 Hz), 2.24 (m, 3H), 168 6m, 11HD, 151 (s, 3H), 150 (5, 30, 126 (5,
3H), 1.23 dm. 4HD, 118 (g, 3HD, 103 (m, 2H), 1.01 (s, 3H), .91 (s, 3H), G.88 (s, 3H); mz
577.3 (M+1).

Compound TX64124: A mixture of compound TX63762 (47.8 mg, 0.0920 mmol),
TEA (0.04 ml., .29 mmol), DMAP (23.5 mg, (.192 mmol}, 4-Boc-piperazine {36.3 mg,
(0.195 mmoly and CHCL (2 ml) was stirred at room temperature for 15 nun, EDCI (36.8

mg, (.192 mmol) was added, and the reaction was stirred at room temperatue for 16 k. The
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resuliant mixtore was dilted with EtDOAc, washed with 1| N HCI and brine, dried with
NaySO4, and concentrated. The residue was purified by flash chromatography (silica gel, (%
o 100% BtOAc in hexanes) o give compound TXES4124 (5359 mg, R8%) as & white solid: H
NMR {404 MHz, CDCl;) 8 8.04 (s, 1H), 5.97 (5, 1H), 3.57 (m, 2H), 3.42 {m, 65}, 3.08 (4,
tH,J = 4.6 Hz), 2.35 (m, 1H), 2.23 (m, 2H), 168 (m, 11H}, 1.50 {5, 3H), 1.49 (s, 3H), 147
{5, OFD, 1.27 (my, 4HD, 126 (s, 3H), 118 (5, 3H), 1.01 {g, 3H), LOO (m, 2H), $.93 (s, 3H), .58
(s, 3H); m/z 588.4 (M-Boe+H+13,

Compound THa4135: HCl (4.0 M in | 4-dioxane, 0.2 mL) was added to 2 room
temperature solution of compound TX64124 (49 mg, 0.071 mmol) in CH,ChL {(§ mL), and the
mixture was stivred at room temperature.  Additional HCI solution (4.0 M in 1.4-dioxane)
was added after 17 b (0.5 wb), 20k (0.5 mL) and 2 d (2.0 mL). The resultant mixture was

difuted with EtQAc, washed with 1| W NaOH and brine, dried with Na,SO., and concentrated

to give compound TX64135 (14.4 mg, 35%) as an off-white solid: "H NMR (400 MHz,

CDCE) 8 8.04 (g, 1H), 5.97 (s, 1M, 3.62 (m, 3H), 3.09 (d, 18, J = 4.7 Hz), 2.86 (gpp. 1d, 4F,
J= 80,177 Hzy, 234 (m, 1HD, 2.22 (my, 28D, 168 Gy, T1ED), 151 (g, 3FD), 148 (g, 3HD, 1.26
(s, 3H, 1.24 (m, 450, 118 {5, 3HD, 1.03 (m, 2H), 1.01 {5, 3H}, 0.93 {3, 3H), 0.88 (5, 3H ) mi
884 (M +1).

Compound TX64074: A mixnme of compound TR63762 (51.9 mg, 0.095% numol},
NHLCH (8.0 mg, 0.337 mmel), EDCT (28.7 nymol, 0,150 mamol), HOBt-xHO (23 wmg, 0.17
mrgol), DIEA (0.03 mlL, €.2 mmol} and DMY {I mi) was stirred af room temperature for 17
h. The resultant mixture was diluied with BtOAC, washed with T N HCT and bring, dried with
NagS(y, and concentrated. The residue was purified by flash chromatography (silica gel, (%
1o 1009 B Ac in hexanes, gach containing 0.5% TEA) to give compound TX64674 (253
me, 49%) as a white solid: "H NMR (400 MHz, CDCL) 8 8.04 (s, 1H), 5.97 (s, 1H), 5.39 (s,
1M}, 824 (s, 1H}, 3.08 (d, TH,J = 4.7 Hz), 2.2} (m, 3H}, 1.70 {m, 11H), 1.51 (s, 3H}, 1.50 (s,
3D, 126 (s, 3H), 1.24 (o, 4HD), 138 (s, 35, 103 (m, 2H), 101 {5, 3H), .93 (s, 3H), 0.88
(s, 3H) m/z 5193 (M+1),

Compenné 13: Compound 313 was synthesized as reported in U.B. Patent No.
7,943,778, which issued on May 17, 2011, the cniirety of which is incorporated hercin by
reference.

Compound 14 The flask containing 2 suspension of compound 13 (481 ¢
10,1 mmol), PYC (30% wiw, 642 mg), EtOAc (100 mil), and CH-ChL (100 mLl) was

thoroughly purged with No, followed by Hy. The resultant mixture was stivred vigorously for

1O0G8630:4} g4
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2 b sparged with N for ~2 h, stirred overnight at room {emperature, filtered through a plug
of celite (3 em) eloting with CH,Cl, (2060 ml), and concentrated to give compound 14 (5.0 g)
as a pale vellow foam that was used without further purification: m/z 480.3 (M1},
Compound 15 A suspension of compound 14 (all above obtained, < 10.1 mmol),
HBr (48% wiw aq., 0.49 mL. 4.4 mmol), and MeCN was heated to 35 °C for 3 mm. B
(.62 mmol, 12.1 mmol) was added, and the resultant mixture was heated to 33 °C for an
additional 17 h. The solution was coolod to room temperature, 10% NmSOs (50 mb) added,
and the hiphasic mixture was stirred for 15 min at room temperature, The mixture was
difuted with EtQAc. The organic fraction was separated, washed with a 111 mixture of 10%
NapSOy and sat. NaHCO, and brine. dried with Na;SOy, and concentrated o give compound
18 (5.1 g} as a vellow foam that was used without further purification: m/iz 478.3 (M+1).
Compound 16 NaOMe (25% wiw in MeOH, 3.00 mL, 13.7 mmol} was added w0 a

suspension of compaound 15 (all above obiained, < 10.1 momol) in MeOH (100 mL), and the

resuitant mwixture heated to 50 °C for 2 b The vellow solution was cocled to room

temperature, diluted with MTBE, washed with 1 M HCI and brine, dried with NaxSQOy, and
concentrated to give compound 16 (5.15 g) as » yellow foam that was used withoot further
purification: m/z 4783 (M+1}
Compound TX63483: A solution of | 3-dibrome-3,5-dimethythydantoin (1.445 g,
5,08 mmol) m DMF {12 mL) was added over 5 min to & § °C solution of 38 {(all above
obained, < 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 o the reaction. After 1 h
at 1 °C, pyvridine (2,45 L., 30.3 mmol) was added, and the reaction was heated to 35 °C for 4
k, The resaltant sclution was cooled 1o room temperature, diluted with EtQAc, washed with
10% NaySOs, water, 1 N HCL, and brine, dried with Na;S8Q., and concentrated. The residoe
was purified by flash chromatography (silica gel, (% to 42% EtOAc in hexanes), and the
resuitant product was tritarated with EtOH {50 mL) at 30 °C for 30 min fo give compound
TX63483 (3.01 g, 63% from 13) as a white solid: "H NMR (500 MHz, CDCL} 8 8.05 (5, 1H),
5.97 (s, 1H), 3.02 (d, 18, J = 4.7 Hz), 2,23 (1, 1H, J = 4.3, 13.5 Hz), 1.78 {(m, 61}, 1.534 {m,
IHD, 150 (s, 3HY, 1.46 (5, 3H), 1.40 (ny 18D, 1.26 (5, 3H), 1.22 (m, 5H), 1.18 (5, 3H), 1.03
{m, ZH), 1.00 (s, 3H), 0.92 (s, 3H), .87 (s, 3H), 0.83 {1, 3H, ./ = 7.4 Hz); m/z 476.3 (M+1).
Compound TX63868:  Compound TRE3355 (500 mg, 1.05 mmol} and
1,1"-carbonyidiimidazole (221 mg, 1.36 mmol) were dissolved in MeCUN (10 mi), The

roaction was heated at reflux for 5 h and was then cooled to room temperature. The

JDOBSG504} ' 25
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precipitate was collected by filtration and was then washed with MeCN and dried onder
vacuum fo give compound TX6386R (446 mg, 75%) as a white solid: Y NMR {400 mHz,
CDCLY 6 815 (s, TH), 803 {5, 1H), 742 (s, UFD, 7.10 (s, 1H), 6.00 (s, 1H), 4.43 (4, 1H, J=
1.8 Hzy, 4.36 (4, 1H, /=108 Hz), 3.00 (d, 11, J=4.7 Hzy, 2.44 (m, 1H), 2.00 (dad, 15, J
=43 13,9, 139 Hoy, L72-1.90 (m, THY 158 (s, 1HD, 1.52 {s, 38, 1.51 {5, 3H). 1.26 {5,
3Hy, 118 (s, 3H), 1.15-1.44 (m, 6H), 1.05 {5, 3H}, 0.97 (s, 3H), 091 (5, 3Hy; m2 5723

.

Compoand TX6IN2E: A wmiviwre of COPOW

morpholinecarbonyl oblonide (0015 mb, 128 nunoly,

nih) was stiryed at et for 30 win, thes 2t 80 °C for IR k. The resction

o for 30 min, ag.

4

vwas added, The reaction was stirred fo

a8 then extrac

..... cas B e e I oyl e N IS
Fhe combined OFgeaig SXEPAacis wWEre and then Nab

4 white foams H NMR 8 8.06 (s, 1T}, 6.00 @ 1T, 4.20 (d 1T, J= 11,0 Ha),

404 (d, TH. J=11.0 Hz), 3.69 (bs, 41, 3.51 (bs, 4, 3.07 (4, 1H, J = 4.6 Hz), 2.42 (m, 15,
1.72-1.98 {m H) 1.61 {m, 11—1}, 1.53 (s, 31-1‘), 1.52 (s, m; 1.49 {m, 15, 1.28 (s, 350, 1.20

H

el A T enT
gt AL LU ml}

S , I R IS R,
was added. The resction was stirved for snothe

( 3
fo
-
o
oy

e [ » oz O g Y 0
20Ae. The combined organic oxtracts wore washe

dvied with NapS0,, and concentrated,

Coin hoxanes) to give conpound
fosm TH NMR § £.07 7(s, TH), 5.099 (g, 1H), 420 (d, 1K, /=109 H=), 3.04 (d, 1H, J=
10.9 Fx), 3.40 (r, 4F9), 3.09 (4, 1H, J= 4.6 Hz), 2.48 (m, 1H), 1.72-2.00 {m, }1F). 1.60 (m.
THD, 1.53 {s, 3H), 1.52 (s, 38, 1.49 (m, iB ) 1.28 (s, 30}, 1.20 (5, 31, 1.08-1.36 {m, 6H),
1.04 (s, 3H), 0.97 (:s H;, 0.91 {5, 3H}:;

feailina cend Y
{aitiea gel, O%

SRS

00086504} 26
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{ o

chivomatiography {(siliea gel, 8
cyviekdy as  white form THNMER S 8.07 (s, 1H), 6.00 (s, 1FD, 4.70 {m, 1H), 4.12 (4,
1H, /=110 Hz), 4,00 (d, 1H, J= 11.0 Hz), 3.24 {m, 2H), 3.08 (d, 1H, /= 4.4 Hz), 2.42 {m,
1F, 153 (s, 3D, .52 (s, 3H), 1.28 (s, 3H), 1.2 (s, 3H), B17 (4, 3H, /=73 Hz), 1.08-19
(1, 1SED), 1.04 {5, 3E1), 0.97 (s, 3FT}, 0.90 (s, 3H); sz 3423 (M

Compoung 17 LiAlH (2.0 M i THF, 100 mlL, 200 mmo}) wig added 1o a O °C

B SO0 Tl A e in horareag el rEs i E Sy
2% to S0 EeDAe In hexanes) 1o give compound TREIRIG {198

e

tr

solution of sleanolic acid (23.1 g, 55.0 mmol) o THF (1.25 L), The mixtre was heated 10
reflux for 3 h, €ou oled 1o room temperatore overnight, cooled to 0 °C, quenched by the
successive addition of water (10.6 mL), 4 M NaOH (10.6 mL} and water {10.6 mL), warmed
10 to room tomperatwe over 15 mim, filtered through celite, cluted with MTBE, and
concentrated 1o give compound 17 as a white solid that was used without farther purification:
m/z 4434 (M+1).
Compound 18 A solution of NaQCl (6. 0/0, 80 mLl, 63 mmol} and water (180 mL}
was added to 2 0 °C biphasic solution of compound 17 (all above obtained, < 55.0 numol},
15 NaMHCO; (4.65 g, 554 mmol}, NaBr (5.68 g, 55.2 mmol), TEMPO (430 g 27.5 mmol},
water (360 mL) and CHRCly (1 L) over 1 b, The mixture was warmed to room femperature
over 16 h, quenched by the addition of 10% N80 and stitred for 15 min.  The organic
fraction was scparated, and the aqueous fraction was extracted with CH;Ch. The combined
organic fraction was washed with brine, dried with NapS0,, and concentrated. The residue
20 was purified by flash chromatography (silica gel, 0% o 153% EtOAc in hexanecs, then 10%
FtOAe in CHCla) to give compound 18 {1922 g 79% from oleanolic acid) as an off-white
solid: miz 4414 (M+1),
Componnd 19: KO'Bu (6.36 g, 56.8 mmol} was added to a room femperature
suspension of (methoxymethyliriphenyiphosphonivm chioride (2336 g, 68.14 mmol) in
25 THF (115 mi) and stirred at room temperature for 45 min, A solution of 18 (3.00 g
114 mmol) in THF (85 ml) was added over 10 min to the reaction mixtore, and the iransfer
was completed with THF (30 mL). The reaction was stirred at room temperature for 21 I,
then quenched by the addition of HoSOu (30%, 23 mi), stirred 2 h, diluted with EtQOAc and
water, and made basic with 4 N NaDF. The organic fraction was separated, washed with
30 brine, dried with NapSOs, and concentrated.  The residue was puorifiecd by flash
chromatography (sifica gel, 0% to 30% EtOAc in hexanes) to give compound 19 (4.93 g,
G6%) as a pale vellow solid: m/z 455.4 (M+1).
Cempound 28 NaBH,; (856 mmol, 22.6 mmol) was added to 2 § °C soluticn of
compound 19 (4.93 g, 10.8 mmol) in McUH/THF (2:1 mixture, 300 mL), and the reaction

{O0086504} Q7
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was allowed to warm to room temperature. Afler 2 b at room temperature, the mixtare was
concentrated to reduced volume, diluted with EtOAc, washed with 1 N HCY and brine, dried
with Na,SQ,, and concentrated to give compeund 26 (6 g. quaniifative) as a white solid: m/z

457.4 (M+1),

ta

Compeund 21: A solution of 28 (all above obtained, £ 10.8 mmel), AcO (8.2 ml,
17 mmol), pyridine {10.5 mL, 130 mmol), and DMAP (133 mg, 1.0Y mmeol) i CHCh (225
mL) was stirred at toom temaperatare. Additional Aco (4.1 mb, 43 pumol), pynidine (5.25
ml, 64.9 mmol}, and DMAP (123 mg, 1.09 mmol) were added after 7 h and again after an
additional 16 b The reaction was stirred an additional 3 d, then dikuted with CHLCh. washed
10 with 1 N HCL saturated NaHCOs and bring, dried with NaySO4, and concentrated. The
residue was purified by flash chromatography (silica gel, 0% to 30% EQAc in hexanes) o

give compound 21 (4.40 g, 75% from 1%} as a white foarm solid.
Compound 22: AcQOH (39% m AcOH, 2.1 mL, 12.4 mmeol} was added 10 2 50°C
suspension of 21 (4,40 g, 8.14 mmol) and NapCO; (1.13 g, 10.7 mmol) in AcOH (81 ml).
15 Additional AcOOH (0.84 ml, 5.0 mmol) was added afier 17 h and again (0.21 mi, 1.2
mmol) after an additional 8 h. The reaction was stirred at 50 °C for an additional 18 B,
quenched by the addition of excess NapSOs, stived 15 min, diluted with toluenc, and
concentrated 1o dryness. The residue was dissolved in CHCly, washed with water, saturated
WNaHCO; and brine, dried with Nap3C,, and concentrated to give compound 22 (436 g, 96 %)

20 as a white solid: m/z 557.4 (M1

Compound 23: Bry (0.60 mb, 12 wmol) was added to a 35 °C suspension of
compound 22 (5.41 g, 9.72 mmol} and HCI (4.0 M in 1 4-dioxane, 0.97 ml, 3.9 mmol) m
MeCN (96 mL). The mixture was stirred overnight between room temperatwe and 35 °C.
The mixture was heated t¢ 35 °C, and additional Br, (0,15 mL, 2.9 mmol) was adided and
25 again added (0.30 mL, 5.8 mamol) after an additional | h. The vreaction was stirved at 35 °C
for en addiional 1 b, then quenched by the addition of 4% Na,S0; (100 mb) and stirred at
ropm femperature for 30 min. The organic fraction was washed with saturaied NeHCO; and
brine, dried with NagSOy, and concentrated to give compound 23 as a yellow solid m/z 5554

(M+1).

L

{ Compeund 24: A solution of compound 23 {all above obtained, < 9.72 mmol} and

concentrated HaS0: (0.1 mLy in MeOQR/THF (1.1 mixmre, 200 mL) was heated to 35 °C for

1

1 h Additional H2S04 (0.9 ml) was added, and the reaction was then brougin to reflox for 19
. The mixture was concentrated o reduced volume, then dituted with EtOAc, washed with
N NaOH and brine, driod with NaySO., and concentraied. The residue was purified by flash

13008604 Y %R
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chromatography (silica gel, (0% to 65% EtOAc in CHCly) to give compound 24 (3.41 g, 74%
from 22} as a pale-vellow solid: m/z 471.4 (M1,
Compound 28; A solution of NaOC! (6%, 6.5 mi, 5.2 wmoel) was added to a room
temperature solution of compound 24 (1.70 g, 3.61 mumoly i AcOH (27.5 ml), and the
$  reaction mixture was stirred at room temperature for 15 b The reaction was diluted with
Ei(Ac, washed with 10% NasSOs and brine, dried with Nax80., and concentrated. The
residue was purified by flash chromatography (sifica gel, 0% 1o 55% EtOAc in CHCl) to
give compound 28 (1.36 g, 80%) as a white solid: m/az 4683 (M1},
Compound 26 NaOMe (25% in MeOH, 6.5 mL) was added 0 a ¢ °C solation of
10 compound 25 (1.36 g. 2.90 nunol) in ethyl formate (16.5 ml). The mixture was stirred at §
°C for 15 min, then warmed to room temperatre, After 7 b the mixtore wag diluted with
FiQOAc, washed with 1| N HC! and brine, dried with Na;5C4, and concentrated to a give
compound 26 {phis mixture of formaie esters}) as a vellow foam: m/Z 497.3 (M+1),
Compound 27 A mixiuze of compound 26 (all above obtained, < 2.90¢ mmol) and
15 NHOH-HCH in BtOF/water was heated to 55 °C for 17 h, The resultant mixtare was diluied
with EtOAs, washed with T N HC and brine, dried with Na;50y4, and concentrated to give
compound 27 as a yellow foam: m/r 494.4 (M+1 )
Compound 28 A solution of 27 (all above obtained, < 2.90 mmol} and NaOMe
(25% in MeQH, 1.7 mL} in MeQH (3% ml.) was heated to 55 °C for 6 h. The maxture was
20 cooled to room temperature overnight, acidified with HCL (4 M in 1,4-dioxane, 10 mi), and
heated to 55 °C for 7 b The resultant mixwure was diluted with EtOAc, washed with 1 N HO
and brine, dried with Napy304, and concentrated.  The residue was purified by flash
chromatography (silica gel, 0% to 100% EtOAc in hexanes) to give compound 28 (1,01 g,

71% from 23) as a pale-yellow foam solid: maz 494.3 (M1

o
i

Compound TX63688: A solution of 1 3-dibromo-5,5-dimethyihydantoin (309 mg,
1.08 mmol) in DMF (3 mL) was added to a 0 °C solution of compound 28 (1.01 g, 205
mmol) in DMF (15 mL), with additional DMF (2 mL) vsed t0 complete the transfer, The
mixmre was stirred at § °C for 3.5 b, then pyridine (4,66 mb, 8.2 mmol) was added, and the
reaction was heated to 55 °C for 18 b The resulant solotion was diluted with EtQAc,
30 washed with 1 N HCL 3% Nas80;, and brine, dried with Ng,S04, and concentrated.  The
residue was purified by column chromatography (silica gel, 0% to 100% EtOAc in hexanes)
to give compound TX63608 (803 mg, 80 %) as an off-white solid: "H NMR (400 MHz,
COCL) 8 8.04 (s, 1FD, 3.98 (s, 1H), 3.78 (my, 2H}, 341 (4, 1H, /=47 Hy), 225 (td, 1H, J =

160056504 ag
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4.0, 13.6 Hz), 1.65 {m, 12H), .50 (s, 3B, 1.50 (g, 3H), 1.26 (s, 3H), 1.25 {m, 4H}, 118 (s,
3HD, 1.06 (m, ZH), 101 (s, 3H), 093 (3, 3H), (.87 {5, 3H) m/z 4823 (M+1}

- Compound THEI609: A solution of compound TX63688 (50.5 mg, $.103 mmol},
MeQTF (57 uL, 0.50 mmol} and 2,6-di-fer-butyl-4-methylpyridine (128 mg, 0.623 mmol) in
CHRCly (2 mL) was stirred at room temperature for 19 ko The resultant mixture was diluted
with EiQAc, washed with 1 N HCI and brine, dried with NaySO0s, and concentrated. The
residue was purified by column chromatography (silica gel, 0% to 100 % HOAc in bexanes)
to give compound TX6360% (39.5 mg, 76 %) as a white solud TH NMR (400 MHz,
CDCELY 8 8.04 (s, 1H), 5.97 (s, 13}, 3.45 (m, 2H), 332 (s, 38D, 3.09 {d, 1HL J = 4.7 Hz), 225
(id, 1H, J = 4.1, 134 Hz), 1.66 (m, 11H), 1.50 (3, 3H), 148 (s, 3, 1.26 (s, 3H), L25 (m,
4H), 1.18 (s, 3, 1.03 (m, 2H), 1.6 {5, 3H), 0.94 (s, 3H), 0.87 (s, 3H) m4 506.3 (M1},

{T@mpmmﬁ TX63618: A solution of compound TXE36HE (49.6 mg, (.101 mmel),
Acy() (48 pL., 0.51 mmol), pyridine (81 pl, 1.0 mmol) and DMAFP (3.4 mg, 0,028 mmet) m
CHLClz {2 mb) was stirred at room temperature for 20 b The resultant mixture was diluted
with Et0Ae, washed with 1 N HCI, saturated NaHCQ,, and brine, dried with WNa S0y, and
concentrated. The residue was porified by column chromatography (silica gel, 0% to 100%
Fi(Ac in hexanes) to give compound TX636318 (41.1 mg, 76%) as a white solid: "H NMR
{400 MHz, CDClL) 6 8.04 (s, 1H), 5.98 (s, 1H), 4.16 {m, 2K}, 3.08 {d, 1H, J = 4.7 Hz), 2.25
(d, 1H, 7 = 4.0, 13.5 Hz), 2.03 (5, 3H), 1.66 (m, 11H)}, 1.50 (s, 3H), 1.49 (s, 3H), 1.26 {s
3ED, 1.25 G, 4F9), LIS (s, 3HY, 107 (w, 2HD, 101 (s, 3H), 0.93 (s, 3H), 0.87 (s, 3H}); m/2
5343 (M+13.

Compound TX63981: A sohution of compound TXE3608 (414 my, 0.0842 mumoi)
and EINCO (64 L, 0.81 mmo!) in foluene (4.5 mL) was stirred at room temperatore for | h
then heated to 70 °C for >4 h. The reaction mixture was cooled to room temperature and was
purified directly by column chromatography (silica gel, (% to 100 % EtOAc in hexanes) to
give compound TX63981 (34.5 mg, 73%) as & white solids 'H ONME (400 MHz, CDCL) §
R.04 (s, 1H), 5.97 (s, 1H), 4.58 (s, 1H), 4.23 (m, 1H), 4.12 (m, 1H), 3.19 {m, 2H), 3.00 {d,
TH, J = 4.6 Hz), 230 (td, 1H, S = 4.1, 13.2 Hz), 167 (m, 1HH), 1.56 (5, 3H), 149 {5, 3H),
1.26 (s, 3H), 119 (m, 6 B, 118 (s, 3HD), 132 ¢4, 3H, J = 7.2 Hz), 1.01 (s, 38}, 0.94 (s, 3H),
0.88 (s, 3, m/z 563.4 (M+1).

Compound 2% DIBAL-H {1.0 M in THF, 5 mL, 5.0 nunol) was added to a 0 °C
solution of 8a, 8b (8a:8b = 2:3, 0.50 g. 0.92 mmol} in THF (10 mL). The reaction mixhue

was stirred at ¢ °C for 30 min, then warmed to room temperature for 2.5 b The mixture was
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cooled to 0 °C, guenched with saturated Nak tartrate (10 mi), diluted with MTBE (25 mL),
warmed to room temperatare over 1 h, diluted with additional saturated Nak tarirate {40 mL),
then and extracied with MTBE. The combined organic fractions were washed with brine,
dried with Na;80s, filtersd through 2 short plug of celite, cluted with MTEBE, and
concantrated to give compound 2% (491 mg, mixture of C12-epimers, quantitative) as a white
solid: sz 4923 (M1}

Compounnd 30; NBS (244 mg, 1.37 nrmob) was added to a room emperature solfution
of compound 29 (all above obtained, < $.92 numol} in DME/ water (9:1 mixture, 10 mL}. The
reaction was stirred at room temperature for 2 h, quenched by the addition of 5% Nay80s,
stirred 15 min at toom tomperature, and then exiracted with BtOAc. The organic fraction was
washed with brine, dried with Napy5Q,, and concentrated. The residue was purified by flash
chromatography (silica gel, 0% to 100% EtOAc in hexanes) to give compound 36 (491 mg,
quantitative} as a white solid: maz S08.3 (M+1).

Compeund 31; A solution of compound 36 (afl above obtained, < 0.92 mmol) and
NaOMe (25% in MeOH, 1.3 mL) in MeOH was stirred at 53 °C for 16 h. The resultant
opixture was diluted with 1 N HC! and extracted with EtOAc. The combined organic
fractions were washed with brine, dried with NaySQu, and concentrated, The residuc was
purificd by flash chromatography (silica gel, % 1o 80% HEtDAc m bexanes) to give

compound 31 (151 mg, 32%; as a white schid: w4 508.3 (M+1).

\.‘

Compeund TX63744: 1.3-dibromo-35,5-dimethyihydantoin (45 mg, .16 mmol} was
added to 2 0 °C solution of compound 31 (151 mg, 0.278 vumel) in DM {10 mlL). The
mixture was stirred at O °C for 2.5 h. Pyridine (4.10 mi, 1.2 mmol) was then added, and the

o

reaction heated to 55 °C overnight. The resultant solution was diluted with EtOAc, washed
with 1 N HCL 10% NaxSC,, and brine, dried with NaySQOs, and concentrated. The residue
was purified by colomn chromatography (silica gel, 0% to 80% EtOAc in hexanes} to give
compound TXE3744 (82 mg, 58%;) as a white solid: THNMR (400 MHz, CDCL) 3 8.04 (5,
1F), 5.97 (s, 1H), 3.66 {m, 2H), 3.05 (d, 1H, J = 4.7 Hz), 2.25 (id, 1K, J = 4.1, 13.6 Ha),
1.66 (m, 14H), 1.49 {5, 3H), 1.47 (s, 3H), 1.26 (s, 3H), 1.23 (m, 4H), 118 {5, 3H), L.04 (m,
ZHY. LGOI (s, 31D, 0,93 {5, 3?7:’1’), 0.87 {8, 3H); m/z 5063 (M+1),

Compound TX63983: A solution of compound TX&3744 (24.1 mg, 0.0477 mimel)
and BINCG (39 pl, (.49 nuncl) in toluene (0.5 ml) was heated to 70 °C for 20 b, then
purified directly by columm chromatography (silice gel, 0% fo 1(0% EtOAc in hexanes) to

give compound TX63983 (20.7 mg, 75%) as a white solid: TH NMR (400 MHBz, CDCly) 8

{B0DE6504} 61
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R.04 (s. 1HD), 5.98 ¢s, 130), 4.55 (5, 1H), 4.04 (m, 2, 3.21 (m, ZFD}, 3.02 (d, 11, J = 4.6 Haz),
2.24 (6, VH, J = 4.0, 12.8 Hz), 1.66 (m, 13H), 1.50 (s, 35}, 1.46 (s. 3H), 1.26 (s, 3H), 1.25
(m, 450, I8 (s, 3H), 114 &, 35, 7= 7.2 Hz), 1.04 (m, ZH), 1.01 (s, 3H), 0.93 (5, 3H), 0.88
(s, 3D m/z 577.4 (WD),

oo R R % R R ok R o % ook oo

All of the compounds, compositions and methods disclosed and elaimed herein can be
made and excculed 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 o those of skill in the art that variations may 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
specificalty, ©© will be apparent thst certain agods which are both chemically and
physiologically related may be substituted for the agents described herein while the same or
simdlar resulis would be achieved, Al 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

ag defined by the appended claims.

00086504}
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A compound of the formula:

wherein:

Y is ~C(0)—;

M,

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

Rsis:

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

alkylics), atkenylic<s), alkynylcss), arvicssy, aralkylicss), heteroarylces,

heterocycloalkylcss), acylcssy, alkoxyicssy, cycloalkoxycss),
alkenyloxycss), aryloxyicssy, aralkoxycss), heteroaryloxycss),
acyloxyc<sy, heterocycloalkoxyic<g), alkylaminoc<s),
cycloalkylaminowess),  dialkylaminogceg),,  alkenylaminocss),
alkoxyaminogss)., arylaminoc<s, aratkylaminoces),
heteroarylaminosg), heterocycloalkylaminow<g),
alkylsulfonylaminog<g), amidocsgy, —NH—amidogsgy, 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,CHz;

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

Y and carbon atom 13, wherein R, is hydrogen or alkyl(c<ay; or

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

Y and carbon atom 14, wherein R, is hydrogen or alkylic<a;

or a pharmaceutically acceptable salt thereof.
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2.

The compound of claim 1, further defined as:
H.C

NC

F =
' =~
c

H

HaC

wherein:

OB

Lo

(D,

Y is ~C{O)~; and

R3 1s:

hydrogen, hydroxy, halo, amino, -NHOH, or mercapto; or
alkylicss), alkenyl(css), alkynylcss), arylicss), aralkylicss), heteroarylicss),

heterocycloalkyless), acyleesss, alkoxyiessy, alkenvloxyicssy,
aryloxyic<s), aralkoxycss), heteroaryloxyces), acyloxycssy
heterocycloalkoxycs),  alkylaminowcss), — dialkylaminowss),

alkenvlaminocxs, alkoxyaminocss), arylaminoces),
aralkylaminoc<s), heteroarylaminoc<s), heterocyclo-
alkylaminoc<s), alkylsulfonylaminoc<g), amidoicss),

—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
'—COQCHQ;

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.

8.

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 Rz is —H.

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

The compound according to any one of claims 1-6, wherein R; 1s amino.

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

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

heterocycloalkylicss).

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

piperazinyl.

The compound according to any one of claims 1-6, wherein R; is substituted
heterocycloalkylices), 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 14, wherein R; is hydroxypyrrolidinyl, difluoropyrrolidinyl,
or hydroxypiperidinyl.

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

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

‘butoxy.

The compound according to any one of claims 1-6, wherein Rj is aryloxycss).
The compound of claim 18, wherein R; is —O—phenyl.

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

The compound according to any one of claims 1-6, wherein Ri 1s

heterocycloalkoxyicsy).
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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 R; is alkylaminoc<g).

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 Rj is substituted

alkylaminogcesy, 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 R; 1s 2,2,2-trifluoroethylamino,

~NHCH,C(O)OCH; or ~NHCH,C(O)OH.

The compound according to any one of claims 1-6, wherein Rj is dialkylaminoceg).
The compound of claim 28, wherein Rs is dimethylamino.

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

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

The compound according to any one of claims 1-6, wherein R; is aralkylaminoc<s).
The compound of claim 34, wherein Ry 18 benzylamino.

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

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

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

alkyiamino(cgg).
The compound of claim 38, wherein R; is oxetanylamino.

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

42, The compound of claim 1, further defined as:

161



162



or a pharmaceutically acceptable salt of any of the above formulas.
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43. A compound of the formula:

NC

21

o
3

0

H,C /CH3 (110,
wherein:

nis 1 to 6;

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

Rais:

amino or ~NHOH; or

N-heteroarylic<s), N-heterocycloalkylic<s), alkylaminogczs),
dialkylaminowcss), alkenylaminoc<g), alkokyamino(csg),
arylaminoceg), aralkylaminogecs), heteroarylaminoc<s),

heterocycloalkylaminoc<sy, alkylsulfonylaminocsg), amidoces),
or ~NH—amidowc«s);

Rs; and R, taken together, are ~NR;~, wherein R, is hydrogen or
alkyliccay;, or

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

alkylices);

or a pharmaceutically acceptable salt thereof.
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44,

45.

46.

47,

48.

49,

50.

The compound of claim 43, further defined as:
HaC

4 &
y &
F

Hs

21

NC

TI0
r3

"o
c
7
© -,
ey Mg .
wherein:
nislto 6; and
R;is:
amino or ~NHOH; or
N-heteroarylic<g), N-heterocycloalkylices), alkylaminogecs,,
dialkylaminoces), alkenylaminocss), alkoxyaminocss),
arylaminogcss), aralkylaminogcg), heteroarylaminoc<s),

heterocycloalkylaminogccsy, alkylsulfonylaminocss), amidogces),
or ~NH-amidocxz);

or a pharmaceutically acceptable salt thereof.

The compound according to either one of claim 43 and 44, wherein n is 1.

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

The compound according to either one of claim 43 and 44, wherein n is 3.

The compound according to any one of claims 43 and 45-47, wherein R is ~Il.
The compound according to any one of claims 43 and 45-47, wherein Ry is methyl.

The compound according to any one of claims 43-49, wherein R; is N-heteroarylces).
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51.

S2.

53.

54.

55.

56.

The compound of claim 50, wherein Rs is imi&az’olyl.

The compound according to any ome 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 R; 15 alkylaminoc<g).

The compound of claim 54, wherein R; 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, theumatoid 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, glancoma, macular degeneration, retinopathy, asthma
schizophrenia, depression, bipolar disorder, post-traumatic stress disorder, attention
deficit disorder, autism, anorexia nervosa, epilepsy, muscular dystrophy, cachexia, or

nfluenza.
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