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DESCRIPTION
CiI7-ALKANEDIYL AND ALKENEDIVL DERIVATIVES OF OLEANOLIC ACID
AND METHODS OF USE THEREOF
BACKGROUND OF THE INVENTION

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

Pursuant to 37 C.F.R. 1.821{c}, a sequence listing is submitied herewith as an ASCH

10 comphant text file named “REATPO074US Sequencelisting ST25.4xt7, created on
September §, 2013 and having a sizve of ~1 KB. The content of the aforementioned file is

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

The present invention relates generally to the fields of blology and medicine. More
15 particularly, it concerns compounds, compositions and methods for the treatment and

prevention of diseases such as those associated with oxidative stress and inflanumation.
I, Deseription of Rejated Art

The anti-inflammatory and anti-proliferative activity of the naturally ccourring

triterpenotd, olcanolic acid, has been improved by chemical modifications. For example, 2-

20 cyano-3,12-dicoxcoleana- 1,91 1)-dien-28-0ic acid (CDDO)Y and related compounds have

been developed (Honda ef of, 1997; Honda ef ¢/, 1998; Honda er ¢/, 1999, Honda ¢f al,

2000a; Honda ef af., 2000b; Honda, ef af, 2002; Suh o al 1998; Suh ef af, 1999; Place et

al, 2003; Liby ef af, 2005; and U.S. Patents 8,129,429; 7,915,402; §,124,799; 8,071,632;

8,338,618; and 7,943,778). The methyl ester, bardoxolone methyl (CDDO-Me), has been

25 evaloated clinically for the treatment of cancer and chromic kidney disease (Pergola of af,
2011 Hong e al, 2012

Syuthetic triterpenoid analogs of oleanoclic acid have also been shown to be inhibitors

of cellular inflammatory processes, such as the induction by IFN-y of inducible nitric oxide

synthase (iINOS) and of COX-2 i mouse macrophages. See Honda et ol (2000a); Honda ef

30 4l {2000b), and Honda ef of. (2002). Synthetic derivatives of another triterpenoid, betulinic

acid, have alsc been shown to inhibit celhuar inflammatory processes, although these
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compounds have been less extensively characterized (Honda er of, 2006).  The
pharmacoiogy of these synthetic triterpenocid molecules is complex. Compounds derived
from oleanolic acid have been shown to affect the fimction of multiple protein targets and

thereby modulate the activity of several tmportant cellolar signaling pathways related to

(]

oxidative stress, cell cycle control, and mnflammation {e.g., Dinkova-Kostova ef af., 2005;
Ahmad e af., 2006; Ahmad e af, 2008, Liby e &, 2007a). Derivatives of betulinic acid,
though they have shown comparable aunti-inflammatory propertics, also appear to bave
significant differences in their pharmacology compared to QA-derived compounds {Liby ef
al., 2007b). Given that the biclogical activity profiles of known triterpenoid derivatives vary,
10 and in view of the wide varicty of diseases that may be freated or provented with compounds
having potent antioxidant and anti-inflammatory effects, and the high degree of unmet
medical need represented within this variety of diseases, it is desirable to synthesize new
compounds with diverse structures that may have improved biological activity profiles for the

treatment of one or more indications,

s
SUMBMARY OF THE INVENTION
The present disclosure provides novel synthetic triterpenoid derivatives, with anti-
mflammatory and/or antioxidant properties, pharmaceutical compositions, and methods for
their manufacture, and methods for their use.
20 I one aspect, therg are provided compounds of the formula:

HsC,  CHa

&
S
S
R
$

NC._

H

wherein:

Y is a covalent bond, ~CHy—, ~C{O)—, -0, or ~NH—;
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Ry and R, are each independently —H, ~OH, methyl, or as defined below; and

Ryis:
hydrogen, hydroxy, halo, amino, ~NHOH, or mercapto;
alkylicesy, alkenvless), alkynykees, arylcss), aralkykees, heteroarykees,
5 heterocycloalkyleoc;, acylio<sy, alkoxyessy, alkenyloxyoss,
aryloxycss), aratkoxyices), heteroaryloxyces), acyloxyicss),
heterocycloalkoxyo<s), alkylaminoc<s), dialicylaminoccs),
alkenylaminoces, alkoxyaminoee), arylaminoecs, aralkylaminoecs),
hetervarylaminoecs), heterocyeloalkylaminocc,
10 alkylsalfonylaminoccy), amidog<s, ~NH—amidoexg;, or a substituted
version of any of these groups;
Ry and Ry, taken together, are —~O—, ~NR,~ or a covalent bond between Y and
carbon atom 13, wherein R, is hydrogen or alkyvlcw); or
Ry and Ry, taken together, are —~O—, ~NR,~ or a covalent bond between Y and
15 carbon atom 14, wherein R, 15 hydrogen or alkylcwy;
or a pharmaccutically acceptable salt thereof.
In some embodiments, the compounds are further defined as:
MG OHg
Ry
~y Pre
NC._
O ,% A
24
HaC CHs (M,
wherein:
20 Y is —~CHy—, ~C(Oy—, ~0O-, or ~NH~;

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

RERLH



WO 2014/040060 PCT/US2013/059027

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

a!kyi(cg Yo 311((.’.11}/'1((3;8)9 a!kynyi(;cgg), ?H'yi(cg Yo 31’313{37{(('5;8)9 h@t@i‘(}ﬁ.ﬁl’yi(cgg),

heterocycloalkylicxs), acylcesy, alkoxy sy, alkenyloxyc<s),
aryloxycss), aratkoxycas), heterouryloxycs), acyloxyc<s),
5 heterocycloalkoxyc<s), alkylaminoccs,, diafkylaminocas),
alkenylaminocw), alkoxyamino<,, arylaminowc, aralkylaminocs),
heteroarylaminowc, heterocyeloalkylaninoax,
alkylsulfonylaminoca), amidogss, “NH-amidow«w), or a substituted
version of any of these groups;
10 Ry and R,, taken together, are —O—, —NR,— or a covalent bond between Y and
carbon atont 13, wherein R, is hydrogen or alkylcw; or
Ry and Ry, taken together, are —0O—, —NR,— or a covalent bond between Y and
carbon atom 14, wherein R, is hydrogen or alkyleay:
or a pharmaccutically acceptable salt thereof.
15 I some embodiments, the compounds are further defined as:
HoGy  CHs
(i),
wherein:
Y is a covalent bond, ~CHy—, ~C{O)—, ~O-, or ~NH~; and
R is:
20 hydrogen, hydroxy, halo, amino, ~NHOH, or mercapte; or

a,lkyl((;gw aﬂ{(’)ﬂ}’i<(;g3‘), all{ynyi(cgg)ﬁ ﬁryl((;;;g)ﬁ araikyhcgg), h@‘({‘.i"()ai’yi(cgg)?

heterocycloalkylocs), acylocey, alkoxyc<sy, alkenyloxy o,
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aryloxycss), aratkoxyces), heteroaryloxyc<s), acyloxyc<s),
heterocycloalkoxyc<s), alkylamino <), diafkylaminoecs),

alkenylamino e, alkoxyamino«s,. arylaminoc,, aralkylamino<,,

heteroarylamino. <, heterocycloalkylamino«x,,
5 alkylsulfonylaminoee, amidogxs, ~NH-amidow<), or a substituted

version of any of these groups;

or a pharmaceutically acceptabie salt thereof.

In some embodiments, the compounds are further defined as:
oG My

il
L
=
NS
Ny
=~
~

kA
%
7,
“
[

" (m,
10 wherein:
Y is —CHy—, —C{Oy—, —0—, or —NH—; and
Riis:
hydrogen, hydroxy, halo, amino, ~NHOH, or mercapto; or

a!kyi(cg Yo 311((.’.11}/'1((3;8)9 a!kynyi(;cgg), ?H'yi(cg Yo 31’313{37{(('5;8)9 h@t@i‘(}ﬁ.ﬁl’yi(cgg),

ot
o

heterocycloalkylicxs), acylcesy, alkoxy sy, alkenyloxyc<s),
aryloxycss),  aralkoxycs), — heteromryloxycss), — acyloxycs),
heterocycloalkoxy <y, allylaminoccs, dialkylaminocas),
alkenylaminocw), alkoxyamino<,, arylaminowc, aralkylaminocs),
heteroarylaminoccs,, heterocycloalkylamino«x,,
26 alkylsulfonylaminocss), amidogsx), —~NH-amidowss,, or a substituted
version of any of these groups;

or a pharmaccutically acceptable salt thereof.
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In some embodiments, the bond between carbon atoms a8 and b is a single bond. In
some embodiments, the bond between carbon atoms a and b is a double bond. In some
cmbodiments, Y is a covalent bond. In some embodiments, Y 18 —CHy—. In some
embodiments, Y 15 —C{U)—. In some embodiments, Y is —O—. In some embodiments, Ry is

~H, In some embodiments, Ry is methyl

In some embodiments, Ry i3 ~H. In some cmbodiments, By i85 ~OH., In some
embodiments, Ry is amino. In some embodiments, Ry is alkylces, for example methyl. In
some embodiments, Ry is heterocycloalkylees, for example, morpholinyl, pyrrolidinyl,
azetidinyl or piperazinyl. In some embodiments, Ry is substituted heterocycloalkylcw), for
example, hydroxypymrolidinyl,  diffuoropyrrolidinyl,  hydroxypiperidinyl, or N-Boc-
piperazinyl.  To some embodiments, Rs 1S acylces, for example, acetyl In some
embodiments, Ry 15 substituted acvless), for cxample, cthylaminocarbouyl. 1o some
embodiments, R is alkoxycc, for example, methoxy, ethoxy, isopropoxy, fert-butoxy, or
—O—¢yelohexyl In some embodiments, Ra is aryloxyces, for exaraple, —O—phenyl. In some
embodiments, R is aralkoxycx, for example, benzyloxy., In some cmbodiments, Ri is
substituted acyloxyces, for exanple, ~OC{OINHCH-CHa.  In some embodiments, R; 18
heterocycloalkoxyces, for example, —O—piperidinyl or N-Boc-piperidinyloxy. 1o some
embodiments, R 15 alkylamino<s,, for example, methylamino, cthylamino, isopropylanmine,
teri-buiylaming  or  cyclohexylamino. in some cmbodiments, Rs is substituted
alkylaminoess, for  example, 2,2 2-tnifluoroethylamine, ~NHCH.C{(O)OCH:  or
=NHCHC(OYOH. In some embodiments, Rs 18 dialkylaminocss), for example,
dimethylamino. In some embodiments, Ry is alkoxyaminocs), for example, methoxyamino.
In some embodiments, R is arylaminoes<s, for example, phepylamine. In some
embodiments, Rs s aralkviamino<y), for example, benzylamine., o some embodiments, Rs
18 heteroarylaminoe, for cxample, pyridinvlanuno.  In some embodiments, Rg i
heterocycloalkylamino<yy, for example, oxetanylamino. To some embodiments, Ri is

—NH-amidoc<s), for example, -NHNHC(OYCH4.
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In some embodiments, the compounds are selected from the groups comprising:
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, and

or a pharmaccutically accepiable salts of any of these formulas.

In one aspect, there are provided compounds of the formula:
HaC, (CHs

&
o
~
~

22

o Ry
e
NC. \ Ha
, \ A )
o7 -
%
5 Try (1),
wherein:
nis 1iod;
R; and Ry are each mdependently —H, —OH, methyl, or as defined below; and
R is:
10 amino or ~NHOH; or

N-heteroary o, N-heterocyeloalkyliccs), alkylaminoics), dialkylaminogccs,,
alkenylaminoe«,;, alkoxyaminoy<s), arvlaminocas), araliylaminoc«),

heteroarylaminoces), heterocycloalkylaminoccs),

J00086504} 10
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alkylsulfonylaminoee, amidogxs, ~NH-amidow<), or a substituted
version of any of these groups;
R and R., taken together, are —NR,—, wherein R, is hydrogen or alkykca; or
Ri and R, taken together, are —NR,—, wherein R, 15 hydrogen or alkylcw); or
5 ora pharmaceutically acceptabice salt thereofl
In some embodiments, the compounds are further defined as:
H3C CHa

x>
N
=
s
s
N

“C
NO. Mz
n O
O~ 5 I
-
H.C %Hg (IV)

wherein:

nis 1 to 6; and

10 Rais:
amino or -NHOH; or
N-heteroaryliecs), N-heterocycloalkyloc), alkylamino«, dialkylaminocxs,
alkenylaminogss, alkoxyaminowes), arylaminowss), aralkylaminogess),
heteroarylaminowea), heterocyeloalkylaminocs,
15 alkylsulfonylaminoces), amidogs, —~NH-amidoe<, o1 a substituted

version of any of these groups;
or a pharmaceutically acceptable salt thereof.
In some embodiments, n is . In other embodiments, n is 2. In still other
embodiments, n is 3.
20 I some embodiments, R; 15 —H. In some embodiments, R is methyl,
In some embodiments, R; is N-heteroaryle<w,;, for example, imidazolyl. In some
embodiments, R; is N-heterocycloalkylew), for example, morpholinyl or pyrrolidinyl. In

some embodiments, Ry is alkylaminoee,, for example, ethylamino.

J00086504} i1
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In some embodiments, the compounds are selected from the groups comprising:

or a pharmaccutically acceptable salt thereot.

In some aspects, there are provided pharmaceutical compositions comprising one or
more of the above compounds and an excipient. In other aspects there are provided methods
of treating and/or proventing a discase ot 2 disorder in paticnts 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.

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 the specific examples, while indicating specific embodiments of the
mvention, 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 stimply because a particular compound is ascribed to
one particelar generic formuda doesn’t mean that it cannot also belong to ancther generic

formula,
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BESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

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

for the treatment and/or prevention of discase.

i Diefinitions

When used n the context of a chemical group: “hydrogen” means —H; “hydroxy”
means —OH; “oxo” means =0; “carbonyl” means ~C(=0); “carboxy” means ~C{=0)OH
(also written as —~COOH or —~CO:HY, “hale” means independently ~F, ~Cl, —Br or —I;
“aming” means —NHz; “hydroxyamino” means —NHOH; “nitro” means —NOz; imino means

(33

=NH; “cyano” means —CN; “isocyanate” means —N=C=0; “azido” means ~Ni; I a
monovaient context “phosphate” means ~OP(OYOH), or 2 deproionated form thercof; in s
divalent context “phosphate” means —OPOYOH)0O— or a deprotonated form thercof]
“mercapto” means —3H; and “thio” means =8; “sulfony]l” means —S(O)—; and “sulfinyl”
means ~S{G}-.

6%

In the coniext of chemical formulas, the symbol “~” means a single bond, MEans
a double bond, and “=" means triple bond. The symbol “----" represenis an optional bond,

which it present is ctther single or double. The symbol “====” represents a single bond or a

T

G

P N ﬁ
double bond, Thus, for example, the fornmila ....4 includes RN N » and

X
. And it is understood that no one such ring atom forms part of more than one dosble

bond. Furthermore, it is noted that the covalent bond symbol “~”, when connecting one or
two stereogenic atoms, does not indicate any preferred stercochemistry. Instead, # cover all
stereoisomers as well as mixtures thereof. The symbol * v when drawn perpendicularly
across a bond (E’.g’,,%‘CHg, for methyl) indicates 8 point of attachment of the group. It i
noted that the point of attachment is typically only identified in this manmer for larger groups
in order to assist the reader o unambiguously identifying a point of atiachment. The symbol
=" means a single bond where the group attached to the thick end of the wedge is “out of
the page.” The symbol “ % means a single bond where the group attached to the thick end
of the wedge 1s “into the page”. The symbol “v” means a single bond where the
geometry arcund a double bond (e.g., cither £ or 2 is undefined. Both options, as well as

combinations thereot are therefore intended. The bond ovders described above are not

J00086504} i3
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Lmiting when one of the atoms connected by the bond is a metal atom (M), In such cases, it
is understood that the actual bonding may comprise significant multipie bonding and/or ionic
character. Therefore, unless indicated otherwise, the fornwmlas M—C, M=C, M~-—-C, and M
e, each refers to a bond of any and type and order between a metal atom and a carbon
atom. Any undefined valency on an atom of a stracture shown in this application tmplicitly
represents a hydrogen atom bonded to that atom. A bold dot on a carbon atom indicates that
the hydrogen attached to that carbon is oriented out of the planc of the paper.
When a group “R” is depicted as a “floating group” on a ring system, for example, in
the formula:
A
R
P
)
then R may replace any hydrogen atom attached to any of the ring atoms, including a
depicted, implied, or expressly defined hyvdrogen, so long as a stable structure is formed.
When a group “R” is depicted as a “floating group” on a fused ring system, as for example in
the formula:
T -~
‘\R)y\;{ S !azzi
N =X
H

then R may replace any hydrogen attached to any of the ring atoms of either of the fused
rings unless specified otherwise. Replaceable hydrogens include depicted hydrogens (eg.,
the hydrogen attached fo the nitrogen in the forroula above), imphied hydrogens {eg., a
hydrogen of the formula above that 15 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 cquals —CH-), so long as a stable
stracture is formed. fn the example depicted, R may reside on either the S-membered or the 6-
membered ring of the fused ring system. In the formuda above, the subscript letter “y7
wnmediately following the group “R” enclosed in parentheses, represents a numeric variable.
Unless specified otherwise, this variable can be 0, 1, 2, or any integer greater than 2, ondy
hmited by the maximuam number of replaceable hydrogen atoms of the ring or ring system.
For the groups and classes below, the following parenthetical subscripts finther define
the group/class as follows: “(Cn)” defines the exact number {n) of carbon sionms in the

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

J00086504} 14
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group/class, with the minimum number as small as possible for the group in question, e.g., it
is understood that the minirawn number of carbon atoms in the group “alkenylcw)” or the
class “alkenec«sy” is two. For example, “alkoxye<isy” designates those alkoxy groups having
from 1 to 10 carbon atoms, {CUn-n') defines both the minimum (1) and maximum nomber {(n')
of carbon atorns in the group. Similarly, “alkylco.i0)” 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 saturated 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 occur as part of keto-enol tautomerism or imine/enaming
tautomerism are not prechuded.

The term “aliphatic” when used without the “substinsted” modifier signifies that the
compoand/group so modified is an acyclic or cyclic, bot non-aromatic hydrocarbon
compound or group. In aliphatic compounds/groups, the carbon atoms can be joined together
m  straight chains, branched chains, or non-aromatic tings (alicyclic).  Aliphatic
compounds/groups can be saturated, that is joimed by single bonds (alkanes/alkyD, or
unsatorated, with one or more double bouds (alkenes/alkenyl) or with one or more triple
bonds {alkyues/alkyuvl).

The term “alky!” when used without the “substituted” modifier refers to 2 monovalent
saturated aliphatic group with a carbon atom as the point of attachment, a linear or branched,
cyclo, cyclic or acyclic structure, and no atoms other than carbon and hydrogen. Thus, as
used herein cycloalkyl is a subset of alkyl, with the carbon atom that forms the point of
attachment also being a member of one or more non-aromatic ving structures wherein the
cyeloalkyl group consists of no atoms other than carben and hydrogen. As used hercin, the
term does not preclude the presence of one or more alkyl groups {carbon number Hmitation
permitting) attached to the ring or ring systern.  The groups —CH, {(Me), —CH>CHs (Et),
~CHYCHCHs  (n-Pr or propyl), ~CH{CH:) (-Pr, Pr or isopropyl), —CH{CH))
(Gyclopmpyl}? (_Ii‘(:}ivCELCE{g ( i’Z-BU), CEI( CEIg)Ci‘izCE‘i} (Sec—butyi), (:}LCEI( Cfig}z
(isobutyl), —C{CHah (fert-butyl, t-butyl, -Bu or 'Bu), —CHC(CH): (neo-pentyl), eyclobutyl,
cyclopentyl, cvclohexyl, and cyclohexyhmethyl are non-limiting examples of alkyl groups.
The term “alkanediyl” when used without the “substituted” modifier refers to a divalent

saturated aliphatic group, with one or two saturated carbon atons) as the poin(s) of
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attachment, a linear or branched, cyclo, cyche or acyclic structure, no carbon-carbon dooble
or #riple bonds, and no atoms other than carbon and hydrogen. The groups, —CHy~
sé“

{methylene), —CHyCHy—, —CHyC(CH3pCHy—, —CHyCHLCHy—, and ¥ , arc non-
hmiting examples of alkanediyl groups. The term “alkylidene” when used without the
S “substituted” modifier refers to the divalent group =CRR’ m which R and R’ are
independently bydrogen, alkyl, or R and R’ are taken together to represent an alkanedivi
having at least two carbon stoms. Nouv-limiting examples of alkylidene groups nclade:
=CHy, =CH{CHCH3), and =C{CHi):. An “alkane” refers to the compound H-R, wherein R
1s alkyl as this term is defined above. When any of these terms is used with the “substitated”
10 modifier one or more hydrogen atom has been independently replaced by —OH, —F, —Cl, —Br,
=1, =NH,, —NGO», ~CO-H, —CO2CH,, —CN, —SH, —~OCH;, ~OCH,CH;, —C(O)YCH,, —NHCH;,
=NHCH;CH,, ~N{CH3),, ~C{O)NH;, ~OC(O)YCH,, or ~S{(ORNH,. The following groups are
non-fimiting examples of substituted alkyl groups: ~CH,OH, —~CHCL ~CFy, ~CHCN,
—CHyC(OYOH, —CHxCO)YOCH;, —CHxCOINH;,  —CH;C(OXCH,;,  —CH;OCH,,
15 —CHy;OC(OYCHR, —CHNHy, —CHON{CHs)y, and —CHCHCL  The term “haloalky)” is a
subset of substituted aliiyl, in which one or more hydrogen atoms has been sobstituted with a
hale group and no other atoms aside from carbon, hydrogen and halogen arc present. The
group, —CHLCl is 2 non-Hmiting example of a baloalkyl The torm “Hluovoalkyl” is a subset
of substituted alkyl, n which one or more hydrogen has been substituted with a fhuoro group
20 eand no other atoms aside from carbon, hydrogen and fluorine arc present. The groups,

—CHyF, —CF;, and —CHCF; are non-limiting examples of thaoroalkyl groups.
The term “alkeny!” when used without the “substituted” modifier refers to an
monovalent unsatorated aliphatic group with a carbon atom as the point of attachment, a
fimear or branched, cyelo, cyclic or acyclic structure, at least one nonaromatic carbon-carbon
25 double bord, ne carbon-carbon triple bounds, and no atoms other than carbon and hydrogen.
Mon-hmiting examples of alkenyl groups include: —CH=CH; {(vinyl}, —CH=CHCH,;,
~CH=CHCH,CH;, ~CH;CH=CH, (allyl}, ~CHyCH=CHCH,, and ~CH=CHCH=CH,. The

term “alkenediyl” when used without the “substituted” modifier refers to a divalent
vnsaturated aliphatic group, with two carbon atoms as points of attachment, a linear or
30 branched, cyclo, cvelic or acyclic structure, at least one nonarpmatic carbon-carbon double
bond, ne carbon-carbon triple bouds, and po atoms other than carbon and hydrogen. The

— and ¥ Sé“

groups, ~CH=CH—, ~CH=C{CH;)CH,—, ~CH=CHCH, , are non-limiting
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examples of alkenediyl groups. It is noted that while the allenediyl group is abiphatic, once
connected at both ends, this group is not precluded from forming part of an aromatic
structure. The terms “alkene” or “olefin” arc synonymous and refer to a compound having

the formmla H-R, wherein R is alkenyl as this term is defined above. A “ternunal alkene”

(]

refers to an alkene having just one carbon-carbon double bond, wherein that bond forms a
vinyl group at onc end of the molecule. When any of these terms are wsed with the
“substituted”” modificr one or more hydrogen atom bas been independently replaced by —0OH,
=F, ~=Cl, —Br, ~i, ~NH;, ~NO,;, ~CO:;H, ~C0O:CH;s, ~CN, —8H, ~0OCH;, ~OCHCH;,
~Z{O)YCH,y, ~NHCH,, ~NHCH;CHs, ~N{CH3),, —C{ONH,, ~OC(CGYCHa, or ~5{0npNH,.
10 The groups, —CH=CHF, —-CH=CHC] and —CH=CHBr, arc non-miting cxamples of
substituted alkenyl groups.
The term “alkynyl” when used without the “substituted” modifier refers to an
monovalent unsatorated aliphatic group with a carbon atom as the point of attachment, a
limear or branched, cyclo, cyclic or acyclic structure, at lcast one carbon-carbon triple bond,
15 and no atoms other than carbon and hydrogen. As used hercin, the term alkynyl does not
preclude the presence of one or more non-aromatic carbon-carbon double bonds. The groups,
—C=CH, —C=CCH,, and ~CH,C=CCH,, are now-lmiting examples of alkyny! groups. An
“alkyne” refers to the compound H-R, wherein R 15 alkynyl. When any of these terms are
used with the “substituted” modifier one or more hydrogen atom has been independently
20 replaced by ~OH, ~F, ~Cl, —Br, ~1, ~NH;, ~NG,, ~COH, ~CO,CH,, ~CN, ~SH, ~OCH;,
—OCHzCH},ﬁ —C(O)CH% —NHCH3, —NHCHECH_)., —N(Cﬁz,)g, —C(O)NVHQQ —OC(_O}CH% o1
=S{()NH;.
The term “aryl” when used without the “substituted” modifier refers to a monovalent
unsatorated aromatic group with an aromatic carbon atom as the point of attachment, said
25 carbon atom forming part of a 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 carbon
and hydrogen. If more than onc ring is present, the rings may be fused or unfused. As used
herein, the term doos not preclude the presence of one or more alkyl or aralkyl groups
{carbon mummber Bmitation pernitting) attached to the first aromatic ring or any additional
30 aromatic ving present.  Non-limiting examples of aryl groups incluode phenyl (Phy,
methylphenyl, {dimethyDphenyl, ~CeHuCHCH, {cthylphenyl), naphthyl, and a monovalent
group derived from biphenyl. The term “arenediyl” when used without the “substituted”
modifier refers to a divalent aromatic group with two aromatic carbon atoms as points of
aitachment, said carbon atoms forming part of one or more six-membered aromatic ring
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structure(s) wherein the ring atoms are all carbon, and wherein the monovalent group consists
of no atoms other than carbon and hydrogen. As used herein, the torm does not preciude the
presence of one or more alkyl, aryl or aralkyl groups (carbon sumber limitation permitiing)
attached to the first aromatic ring or any additional avomatic ring present. It more than one
ring s present, the rings may be fused or umfused. Unfused rings may be connected via one
or more of the foliowing: a covalent bond, alkenediyl, or alkenediyl groups {carbon nomber

iimutation permtiting), Noun-lmiting exarnples of arenedivi groups include:
pengy pod o =

¥ b .
O 0 10 O OO

HoG

“g@gz‘@iw B and mgn@ngm.

An “arene” refers to the compound H-R, wherein R is aryl as that termy is defined above.
Benzene and toluene are non-luniting exanples of arenes. When any of these terms are used
with the “substituted” modifier one or more hydrogen atom has been independently replaced
by —OH, —F, -CL -Br, —I, -NH;, ~NG; ~-COH, ~COxCH;, —CN, -SH, ~OCH;,
—OCHCHs, —C{O)CH,, -NHCH:, -NHCHCHs, —N({CHy )y, —C{OINH,, ~OC(O)CH;, or
—{OpNH-.

The term “aralkyl” when used without the “substituted” modifier refers to the
monovalent group —alkancdiyl—aryl, in which the terms alkanediyl and aryl are cach used in a
manner consistent with the definitions provided above. Noun-limiting examples of aralkyls
are: phenyhmethyl (benzyl, Bn) and 2-phenyi-ethyl. When the term aralky! is used with the
“substituted” modificr one or more hydrogen atom from the alkanedivl and/or the aryl group
has been independently replaced by ~0H, —~F, ~Cl, —~Br, ~I, ~NH;z, NGy, ~COH, ~COCH;,
—CN, —8H, -0CH;, -0CH:CH:, —C{O)CH:, —-NHCH,, -NHCHCHi, -N(CHa),
~C{OWNH,, ~OC{OYCH;, or ~S{O)NH; Non-limiting examples of substinsted aralkyls are:
(3-chlorophenyl)-methyl, and Z-chloro-2-phenyl-cth-1-yL

The term “heteroary!l” when used withouwt the “substituted” modifier refers to a
monovalent aromatic group with an aromatic carbon atom or nitrogen atom as the point of
attachment, said carbon atom or mitrogen atom forming part of one or more aromatic ring
structures wherein at least one of the ring atoros is nifrogen, oxygen or solfur, and whercin
the heteroaryl group consists of ne atoms other then carbon, hydrogen, aromatic nitrogen,

aromatic oxygen and aromatic sulfur. If more than one ring 1s present, the rings may be fused
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or unfused. As used herein, the term does not preclude the presence of one or more alkyl,
aryl, and/or aralkyl groups (carbon number Hmitation permiiting) attached to the aromatic
ring of aromatic ring system. Now-Hodting examples of heteroaryl groups foclude furanyl,
midazoelyl, indolyl, indazolyl (Im), isoxazolyl, methylpyridinyl, oxazolyl, phenyipyridinyl,
pyridinyl, pyrrolyl, pyrimidinyl, pyrazinyl, qoinolyl, quimsrolyl, quinoxalinyl, irazinyl,
tetrazolyl, thiazolyl, thienvl, and triazolyl The term “N-heteroaryl” refers to 2 heteroaryl

group with a nitrogen atom as the point of attachment. The torm “heteroarenedivl” when

™ 59

ased without the “substitited” modifier refers to an divalent aromatic group, with two
aromatic carbon atoms, two arcmatic nitrogen atoms, Ot one aromatic carbon atom and one
aromatic nitrogen atom as the two points of attachment, said atoms forming part of one or
more aromatic Ting structure(s) wherein at least one of the ring atoms s nitrogen, oxygen or
sulfur, and wherein the divalent group consists of no atoms other than carbon, hydrogen,
aromatic nitrogen, aromatic oxygen and aromatic sulfur. If more than one ring is present, the
rings may be fused or unfused. Unfused rings may be connected via one or more of the
following: a covalent bond, alkanediyl, or alkenedivl groups {carbon number hinutation
permitting).  As used herein, the term does not preclude the presence of one or more alkyl,
aryl, and/or aralkyl groups (carbon number lottation permitting) attached to the arcmatic

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

ANy
A, T e
'é_(\\\__,/)— %“? ﬁ g and S Néé\

A “heteroarene” refers to the compound H-R, wherein R is heteroaryl.  Pynidine and
quinoline are non-limiting examples of heteroarenes. When these terms are osed with the
“substituted” modifier one or more hydrogen atom has been independently replaced by —OH,
—F, —Cl, —Br, -, -NH,, —NO;, —-COxH, —CO,CHs, —CN, —SH, —0OCH:, —OCH,CHs,
—C{OYCHz, -NHCH;, -NHCH,CH;, —N{CHas )y, ~C(O)NH,, —OC(O)CHs, or —5(OpNH,.
The term “heteroeycloalkyl” when used without the “substituted” modifier refers to a
monovalent non-aromatic group with a carbon atom or pitrogen atom as the point of
attachment, said carbon atorn or nitrogen atom forming part of one or more non-aroreatic ring
structures wherein at least one of the ring atoms s nitrogen, oxygen or sulfur, and wherein
the beterocycloalkyl group consists of po atoms other than carbon, hydrogen, nitrogen,
oxygen and sulfur. If more than one ring s presend, the tings may be fused or unfused. As
used herein, the term does not preclude the presence of one or more alky! groups (carbon

number Hmitation permitting) attached to the ring or ring system. Also, the term does not
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prechude the presence of one or more double bonds in the ring or ring system, provided that
the resulting group remains non-aromatic. Non-limiting examples of beterocyeloalkyl groups
mchide  azividinyl, azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyd,

thiomorpholinyl, tetrahydrofuranyl, tetrabydrothiofuranyl, tetrabydropyranyl, pyranyl,

(]

oxivanyl, and oxetanyl. The term “N-heterocycloalkyl” refers to a heterocyeloalkyl group
with a nitrogen atom as the point of attachment. The term “heterocycloalkanediyl” when
used without the “substituted” modifier refors to an divalent cyclic group, with two carbon
atoms, two nitrogen atoms, or one carbon atom and one nitrogen atom as the two points of
attachment, said atoms forming part of onc or more ring sfructure(s}) wherein at least one of
10 the ring atomos is nitrogen, oxygen or sulfur, and wherein the divalent group cousists of no
atoms other than carbon, hydrogen, nitrogen, oxygen and solfur.  If more than one ving is
present, the rings may be fused or unfused. Untused rings may be connected via one or more
of the following: a covalent bond, alkanediyl, or alkenedivl groups (carbon number Hmitation
peroitting).  As used hercin, the term does not prechade the presence of one or more alkyl
1S groups {carbon number limitation permitting) attached 1o the ring or ring system.  Also, the
term does not preclude the presence of ong or more double bouds in the ring or ring system,
provided that the resulting group temains nouv-aromatic.  Noov-limiting examples of

heterocycloalkanediyl groups include:

NH O/H HIN-
“%O%” B %-L\/N\éé R and - A\\/N;\ .

3

20 When these terms are used with the “substituted” modificr one or more hydrogen atom has
been mdependently replaced by —OR, —F, —Cl, =By, =1, -NH,, =NG,, ~COH, —COCH,,
~CN, -8H, ~0CH, -OCH;CH;, -~C{OyCH., ~NHCH;, -NHCH,CH;, ~N(CHa),,
~C{OINH,, ~OC(OYCHa, ~8{O1NH,, or ~C{OM0C(CHy ), (fert-butyloxycarbonyl, BOC).

The term “acyl” when used without the “substituted” modifier refers to the group

b
N

~C{O)R, in which R is a hydrogen, alkyl, aryl, aralkyl or heteroaryl, as those terms are
defined above. The groups, ~CHO, ~C(O¥CH; ({(acetyl, Ac), ~C{O)CH,CH;,
—C{OYCH,CHCH,,  ~C{OYCH(CHs ), —C(OXCH(CHY ), —COCeHs, —C{OYCHCH,,
=COYCHCeHs, —C(O)Yimidazolyi) are non-Hmiting examples of acyl groups. A “thicacyl”
1s defined in an analogoos manner, except that the oxygen atom of the groop ~C{O)R has
30 been replaced with a sulfur atom, ~C{8)R. The term “aldchyde” corresponds to an alkane, as
defined above, whercin at least one of the hydrogen atoms has been replaced with a —CHO

29

group.  When any of these terms are used with the “substituted” modifier one or more
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hydrogen atom (including a hydrogen atom divectly attached the carbonyl or thiocarbonyl
group, if any) has been independently replaced by —~OH, —F, ~Cl, —Br, ~| ~NH;, ~NG,,
—COnH, —COxCH,, —CN, —8H, —OCH,;, ~OCHCH,, —C{OYCH,, ~NHCH,, —NHCHCH,,
=N{CHs), —C{ONH,, ~OC(O)CHs, or =S{O):NH2. The groups, ~C{OYCHCF, ~COH
(carboxyl), ~COCH: (methyicarboxyl), —~COCHCH, —~C{ONH: (carbamoyl), and

(]

~CON(CHa})s, arc non-Himiting examples of substituted acyl groups.

The term “alkoxy”™ when used without the “substituted” modifier refers to the group
-~0R, in which R is an alkyl, as that term is defined above. Non-Hmiting examples of atkoxy
groups include: —~OCH: (methoxy), ~OCH,CH; {(ethoxy), ~OCH,CH,CH;, ~OCH(CHs)

10 {isopropoxy), —~O(CHa)s (ferr-butoxy), ~OCH(CHy)y, —O—cyclopentyl, and —O—cyclohexyl.
The terms “alkenyioxy”, “alkynyloxy”, “aryloxy”, “aralkoxy”, “heteroaryioxy”,
“heteroeycloalkoxy”, and “acyloxy”, when used without the “substituted” modifier, refers to
groups, defined as —~OR, in which R is alkenyl, alkynyl aryl, aralkyl, beteroaryl,
heterocycloatkyl, and acyl, respectively. The torm “alkoxydiyl” refers to the divalent group

18 —O-alkanediyl-, —O-alkanediyl~0—, or —alkancdiyl~O-alkanediyl~ The term “alkylthio”
and “acylthio” when used without the “substituted” modifier refers to the group -8R, in
which R is an alkyl and acvi, respectively. The term “alcohol” corresponds to an alkane, as
defined above, wherein at least one of the hydrogen atoms has been replaced with a hydroxy
group. The term “ether” corresponds to an alkane, as defined above, wherein at least one of

20 the hydrogen atoms has been replaced with an alkoxy group. When any of these terms is
used with the “substituted” modifier one or more bydrogen atom has been independently
replaced by ~OH, —F, ~CL ~Br, ~L, ~NH;, -NO,, ~COH, ~COCH;, ~CN, ~58H, ~OCH;,
~QCH)CHs, ~C{O)CHs, ~NHCH,, ~NHCHCHs, ~N{CH:s)s, ~C{OWNH,, ~OC{OY Hs, or
~S{OhNH:.

25 The term “‘alkylamino” when used without the “substingted” modifier refers to the
group ~NHR, in which R is an alkyl, as that term is defined above. Non-Hmiting examples of
altkylamine groups include; ~NHCH; and ~NHCH,CH;, The term “dialkylamine”™ when
used without the “substituted” moditicr refers to the group —NRR', in which R and R’ can be
the same or different alky! groups, or R and R’ can be taken together to vepresent an

30 alkenediyl Non-hmiting  examples of dialkylamino groups include:  ~N{CHi),
~N({CH; ¥ CH,CHs), and N-pyrrolidingl,.  The terms “alkoxyamino”, “alkenylamine”,
“alkyvnylaroino”, “arylamine”, “aralkylamine”, “heteroarylamine”, “heterocycloalkylaming”
and “alkylsulfonylamine” when uvsed without the “substituted” modifier, refers to groups,
defined as —NHR, in which R is alkoxy, alkenyl, alkynyl, aryl, aralkyl, beteroaryi,
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heterocycloalkyl, and alkylsuifonyl, respectively. A non-Hmiting example of an arylamino
group is ~NHU¢Hs. The torm “amido” {acylamino), when used without the “substituted”
madifier, refers to the group ~NHR, in which R is acyl, as that torm is defined above. A non-

Limiting exarmple of an amido group s ~NHC(O)CHs. The term “alkylimino” when used

(]

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

that term is defined above. The term “alkylaminodiyl” refers (o the divalent group

—NH-—alkanediyi—, ~NH-alkanediyl-NH~—, or —alkencdiyl-NH—alkanediyl-. When any of

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

imdependently replaced by ~OH, ~F, ~CIL, —Br, ~1, ~NH,, —NQ;, ~COH, ~CO,CH;, —CN,

16 —8H, —OCH,;, —“OCH;CH,;, —C{O)YCH;, —NHCH;, -NHCHCH3, —N{CH3),, —C{O}NH,,
=GC(O)CHs, or =S{O)pNHy. The groups —NHC(OYOCH: and -NHC(OWNHCH; are non-
limiting examples of substituted amido groups.

The terms “alkyisulfonyl” and “alkylsulfinyl” when used without the “substituted”
modifier refers to the groups —S{0OpR and —S{OIR, respectively, in which R is an alkyl, as

1S that term is defined above. The terms “alkenylsolfonyl”, “allkynyilsulfonyl”, “arylsulfonyl”,
“aratkylsulfonyl”, “heteroarylsulfonyl”, and “heterocycloalkyisulfonyl” are defined in an
anatogous manoer. When any of these ters is used with the “substitited” modifier one or
more hydrogen atom has been independently replaced by —OH, —F, —Cl, —Br, —I, —NH,,
-NQO,;, -CO;H, —~C0O,CH,;, ~CN, —SH, ~OCH, -OCH;CH, -C{O)CH;, -~NHCH,,
20 -NHCH,CHs, ~N(CHy), ~C{O)NH,, ~OC{O)CHs, ot —S(O )N,

The term “alkylphosphate” when used without the “substitated” modifier refers to the
group —OP{OYOHYOR), in which R is an alkyl, as that term is defined above. Non-hmiting
examples of alkylphosphate groups inclode: ~OP(OYOHYOMe) and ~OP(O}OHYOEL.
The term “dialkylphosphbate” when used without the “substituted” modifier refers to the

25 group ~OP(O)ORYOR), in which R and R’ can be the same or different alkyl groups, or R
and R’ can be taken together to represent an alkanediyl  Non-limiting examples of
dialkylphosphate groups inchude: ~OP(OWOMe),, ~OP{O}OENOMe) and —~OP(OXOED.
When any of these terms is used with the “substituted” modifier one or more bydrogen atom
has been independently replaced by —OH, —F, —Cl, —Br, -1, =NH;, —NG», ~CO»H, —~C0,CH;,

30 ~CN, -SH, ~OCH,;, -OCHCH,, -C(O)CH:, ~NHCH,, -NHCH,CH:, -N(CHih,

~C(O)NHa, ~OC(O)CHs, or —S${0):NH,.

35 3 35

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

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

39 64,

with the meaning of “one or more,” “at least one,” and “onc or more than one.”
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Throughout this apphication, the term “about” is used to indicate that a value inchudes
the inherent variation of error for the device, the method being employed to determing the
value, or the variation that exists among the study subjects.

As used herein, a “chiral mpniliary” refers to a removable chiral group that is capable
of influcncing the stercoselectivity of a reaction. Persons of skill in the art are familiar with
such compounds, and many are commercially available.

LTS

The terms “comprise,” “have” and “include” are open-ended linking verbs.  Any

ELINTSN

forms or tenses of one or more of these verbs, such as “comprises,” “comprising,” “has,”
“having,” “includes” and “including,” are also open-ended. For example, any method that
“comprises,” “has” or “inclades” one or more steps is not Himited to possessing only those
one or more steps and also covers other unlisted steps.

The term “effective,” as that term is used in the specification and/or claims, means
adequate to accomplish a desired, expected, or intended result.  “Effective amount,”
“Therapeutically effective amount” or “pharmacentically effective amount” when used i the
context of treating a patient or subject with a compound means that amount of the compound
which, when administered to a subject or patient for treating a discase, s sufficient to effect
such treatment for the discase,

As used herein, the term “ICs0” refers to an nhibitory dose which s 30% of the
maximum response obtained. This quantitative measure indicates how much of a particular
drug or other substance (inhibitor} is needed to inhibit a given biological, biochemical or
chemical process {or component of a process, e an enzyme, cell, cell receptor or
microorganism) by half,

An “isomer” of a first compound is a separate compound in which each molecale
comdains the same constituent atoms as the first compoeund, but where the configuration of
those atoms in three dimensions differs.

3

As used herein, the term “patient” or “subject” refers to a bving wmammalian
organism, such as a human, meonkey, cow, sheep, goat, dog, cat, mouse, rat, guinea pig, or
transgenic species thereof, In certain embodimends, the patient or subject is a primate. Non-
hmiting examples of human subjects are adults, juveniles, mfants and fetuses.

As generally vsed herein “pharmaceutically acceptable” refers to those compounds,
materials, compositions, and/or dosage forms which are, within the scope of sound medical
udgment, suttable for use in contact with the tissues, organs, and/or bodily fluids of human
beings and animals withowt excessive toxicity, irritation, allergic respounse, or other problems
or complications commensurate with a reasonable benefit/risk vatio.
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“Pharmaceutically acceptable salts” means salts of compounds of the present
imvention which are pharmaceutically acceptable, as defined above, and which possess the
desired pharmacological activity,  Such salts include acid addition salts formed with
morganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nimmic acid,
phosphoric acid, and the like; or with orgamic acids such as 1.2-cthanedisulfonic acid,
Z2-hydroxyethanesulfonic  acid, Z-naphthalenesulfonic  acid, 3-phenylpropionic  acid,
4 4'-methylenchis(3-hydroxy-2-cne-1-carboxyiic  acid), 4-methyibicyclo[2.2.2]oct-2-ene-
1-carboxylic acid, acetic acid, aliphatic mono- and dicarboxylic acids, aliphatic selfiric acids,
aromatic sulfuric acids, benzenesulfonic acid, benzoic acid, camphorsulfonic acid, carbonic
acid, cinmamic acid, citric acid, cyclopentanepropionic acid, cthancsulfonic acid, fumaric
acid, glucoheptonic acid, gluconic acid, glutamic acid, glycolic acid, heptancic acid, hexanoic
acid, hydroxynaphthoic acid, lactic acid, lawryisalfuric acid, maleic acid, malic acid, malomic
acid, mandelic acid, methanesoHonic acid, muconic acid, o-(4-hydroxybenzoybenzoic acid,
oxalic acid, p-chlorohenzenesulfonic acid, phenyl-substituted alkanoic acids, propionic acid,
p-toluenesulfonic acid, pyruvie acid, salicylic acid, stearic acid, succinic acid, tartaric acid,
tertiarybuty lacetic acid, trimethylacetic acid, and the Hke. Pharmaceutically acceptable salts
also include base addition salts which may be formed when acidic protons present are capable
of reacting with morganic or organic bases. Acceptable inorganic bases include sodium
hydroxide, sodinm carbonate, potassiimm hydroxide, aluminmum hydroxide and calcium
hydroxide. Acceptable organic bases include ethanclamine, dicthanclamine, tricthanclamine,
tromethamine, A-methylglucamine and the ke, It should be recognized that the particular
anton or cation forming a part of any salt of this ivention is not critical, so long as the salt, as
a whole, is pharmacologically acceptable.  Additional examples of pharmaceutically
acceptable salts and their methods of preparation and use are presented in Handbook of
Pharmaceutical Salts: Properties, and Use (P. H. Stakl & C. G, Wermuth eds., Verlag
Helvetica Chimica Acta, 2002).

The term “pharmaceutically acceptable carrier,” as used hercin means a
pharmaceutically-acceptable material, composition or vehicle, such as a liquid or solid filler,
diluent, excipient, solvent or cocapsulating material, involved in carrying or transporting a
chemical agent.

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

“Prodrug” means a compound that is convertible in vive metabolically inte an
mhibitor according 1o the present nvention. The prodrug itself may or may not also have
activity with respect to a given target protein.  For example, a compound comprising a
hydroxy group may be administered as an cster that is converted by hydrolysis in vive to the
hydroxy compound. Suitable esters that may be counverted in vive into hydroxy compounds
imchude acetates, citrates, lactates, phosphates, tartrates, malonates, oxalates, salicylates,
propionates, succinates, furnarates, maleates, methylene-bis-B-hydroxynaphthoate, gontisates,
isethionates, di-p-toluoyltartrates, methanesulfonates, cthanesulfonates, benzenesulfonates,
p-toluenesulfonates, cyclohexylsulfamates, quinates, esters of amino acids, and the like.
Similarly, a compound comprising an amine group may be adnuinistercd as an amide that is
converted by hydrolysis 12 vive to the amine compound.

A “stercoisomer” or “optical isomer” is an isomer of a given compound in which the
same atoms are bonded 1o the same other atoms, but where the configuration of those atoms
m three dimensions differs. “Enantiomers” are stereoisomers of a given compound that are
mirror images of gach other, like left and right hands. “Driastercomers” are sterecisomers of a
given compound that are not coantiomers.  Chival molecules contain a chiral center, also
referred 1o a8 a stercocenter or stercogenic center, which is any point, though not necessarily
an atom, in a melecole bearing groups such that an interchanging of any two groups leads to a
stereoisomer. In organic compounds, the chiral center is typically a carbon, phosphoras o
sulfur atom, though #t is alse possible for other atoms to be stercocenters in organic and
morganic compounds. A molecule can have multiple stercocenters, giving it many
stercoisomers. In compoonds whose sterecisomerism is due to teirahedral stereogenic centers
{(e.g., tetrahedral carbon), the total number of hypothetically possible stercoisomers will not
exceed 2n, where n is the nomber of tetrahedral stereocenters. Molecules with symmetry
frequently have fewer than the maximum possible namber of stereoisomers. A SO:50 mixture
of cnantiomers is referred 10 3s a racemic mixture. Alternatively, a mixture of cnantiomers
can be enanticrerically enriched so that one enantiomer is prosent in an amount greater than
50%. Typically, enantiomers and/or diastercomers can be resolved or separated using
techniques known in the art. It is contemplated that that for any stereccenter or axis of
chirality for which stereochemistry has not been defined, that stercocenter or axis of chirality

can be present in its R form, S form, or as a mixture of the R and § forms, focluding racemic
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and non-racemic mixtures.  As used herein, the phrase “sobstantially free from other

stereoisomers” means that the composition contains < 15%, more preferably < 10%, even

more preferably < 5%, or most preferably < 1% of another stereoisomer(s).

“Treatment” or “ireating” includes (1) inhibiting a disease m a subject or patient
experiencing or displaying the pathology or symptomatology of the disease {e.g., arresting
further development of the pathology and/or symptomatology), (2) ameliorating a discasc in a
subicct or patient that s 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 discase in a subject or paticnt that is cxperiencing or displaying the
pathology or symptomatology of the disease.

Other abbreviations used herein ave as follows: DMSQO, dimethyl sulfoxide; LiAlH,,
fithiveny  alumimum hydride; DMF,  dimethylformamide; MeCN, acetonitrile; MeOH,
methanol; EtOH, ethanol; EtOAc, ethyl acetate; ‘BuQOH, tert-butanol; PrOH, isopropanch;
“HexQH, cyclohexanol; Pd/C, palladiume on carbon; A, acetic anhydride; AcOQH,
peracetic acid; HCGzEL, ethyl formate; MeOTE, methyl rifluoromethansulfonate; EINCO,
ethyl isocyanate; THF, tetrahydrofuran; KOBu, potassium tert-butoxide; NaOMe, sodium
methoxide; MTBE, methyl tert-butyl  cther; DME,  dimethoxycthane; NBS, N-
bromosuccinimide; DIBAL-H, dusobutylaluminium hydride; CDI, carbonyldimmidazole;
DIEA, disopropylethylamine; HOBtxH0, hydroxvbenzotriazole  hydrate;  TEA,
trigthylamine; DMAP, dimethylaminopyriding; EDCL 1-ethyl-3-(3-
dimethylaminopropylicarbodiimide; 4 A MS, 4 angstrom molecular sicves; NMO, N-
methylmorpholine N-oxide; TPAP, tetrapropylammonium pervuthenate; DBDMH, 13-
dibromo-5,5-dimethythydantoin; NO, nitric oxide; INOS, inducible nitric oxide synthase;
COX-2, cyclooxygenase-2; FBS, fetal bovine seruny IFNy or IFN-y, mterferon-y; TNFa or
ThNF-q, tumor necrosis factor-a; H.-10, interleukin-15; HO-1, inducible heme oxygenase.

The above definitions supersede any conflicting definition in any of the reference that
1s incorporated by reference herein. The fact that certain terms are defined, however, should
not be considered as indicative that any term that is undefined s indefinite. Rather, all terms
used arc believed to describe the invention i terms such that one of ordinary skill can

appreciate the scope and practice the present mvention.

H. Compounds and Synthetic Methods

The compounds provided by the present disclosure are shown above in the summary
of the invention, in the claims, and in the sections below. They may be made using the
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methods outlined in the Examples section.  These methods can be further modified and
optimized using the principles and techniques of organic chemistry as applied by a person
skiled i the art.  Such principles and techuiques are taught, for example, in March's
Advanced Ovganic Chemistry: Reactions, Mechanisms, and Structure (2007), which is
mcorporated by reference herein.

Compounds of the mvention may contain one or more asymmetrically-substifuted
carbon or nitrogen atoms, and may be isolated in optically active or racemic form. Thus, all
chiral, diastercomeric, racemic form, epimeric form, and all geometric isomeric forms of a
chemical formula arc intended, unless the specific stereochemisiry or isomeric form is
specifically indicated. Compounds may occur as racemates and racemic mixtures, single
enantiomers, diastercomeric mixtures and individual diastereomers. In some embodiments, a
single diastercomer is obtained. The chiral centers of the compoands of the present mvention
can have the § or the R configuration.

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

Atomas making up the compounds of the present invention arc intended {o include all
wsotopic forms of such atoms. Compounds of the prescnt invention include those with one or
more atoms that have been isotopically modified or enriched, m particular those with
pharmaccutically acceptable isotopes or those uscful for pharmaceutically rescarch. Isotopes,
as uscd herein, include those atoms having the same atomic vumber but different mass
numbers. By way of general example and without limitation, isotopes of hydrogen include
desterium and tritium, and isctopes of carbon include “C and '“C.  Similarly, it is
contemplated that one or more carbon atom(s) of a compound of the present invention may
be replaced by a silicon atom{s). Furthermore, it 18 contemplated that one or more oxygen

atom{s) of a compound of the present invention may be replaced by a sulfir or selenium

atom(s).
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ound.  Accordingly, prodrugs

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

amion or catfon forndng a part of any sall of
L so long as the
16

Handbook of Pharmaceutical Salts: Properties, and Use {(2002),

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

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

15 hydrogen im vive. This includes those groups that may be convertible to a hydrogen atom by
enzymological or chemical wmeans including, but not lmited to, hydrolysis and
hydrogenolysis. Examples foclude bydrolyzable groups, such as acyl groups, groups having

an oxycarbonyl group, amino acid residues, peptide residues, o-nitrophenylsulfenyl,
trimethylsilyl, tetrahydropyranyl, diphenylphosphinyl, and the Hke. Examples of acyl groups

20 inclede formyl, acetyl, wiflucroacetyl, and the like. FExamples of groups having an
oxycarbonyl group include cthoxycarbonyl, tert-butoxycarbony! (—COYOC(CH, Boo),
benzyloxyearbonyl, p-methoxybenzyloxycarbonyl, vinyloxycarbonyl, B-(p-
tolucneselfonylethoxycarbonyl, and the like. Suitable amino acid residues include, but are

not limited to, residues of Gly (glycine), Ala (alanine), Arg (arginine), Asn (asparagine}, Asp

25 {aspartic acid), Cys (cysteine), Glu (ghitamic acid), His (histidine), He (soleucine), Leu
(leueine), Lys (lysing), Met {methionine), Phe (phenylalanine), Pro (proline), Ser (serine),

Thr {(threonine), Trp {trypilophan), Tyr (tyrosine), Val {valine}, DNva (porvaline), Hse
(homoserine), 4-Hyp (4-hydroxyproline), 5-Hyl (5-hydroxylysine), Orn (ornithine) and B-
Ala. Examples of suitable amine acid residues also include amino acid residues that are

30 protected with a protecting group. Examples of suitable protecting groups include those
typically employed in peptide synthesis, including acyl groups (such as formyl and acetyl),
arylmethoxycarbonyl groups (such as benzyloxycarbonyl and p-nitrobenzyloxycarbonyl),
tert-butoxyecarbonyl groups (~C(OYOC(CHa), Boe), and the like. Suitable peptide residoes
include peptide residucs comprising two to five amine acid residues. The residues of these

J00086504} 28
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aming acids or peptides can be present in stereochemical configurations of the D-form, the L-
formy or mixtures thereof. In addition, the amino acid or peptide residuc may have an
asymmetric carbon atom. Exaroples of suitable amino acid residues having an asymmetric

carbon atom inchude residues of Als, Ley, Phe, Tip, Nva, Val, Met, Ser, Lys, Thr and Tyr.

(]

Peptide residues having an asymumetric carbon atom include peptide residues having one or
more constituent amino acid residues having an asymmetric carbon atom.  Examples of
suitable amine acid protecting groups include those typically employed in peptide synthesis,
mchiding acyl groups (such as formyl and acetyl), arvimethoxycarbonyl groups {such as
benzyloxycarbonyl  and  p-nitrobenzyloxycarbonyh),  ferf-butoxycarbonyl  groups
10 {(~COYOC(CH 1), and the like. Other exaaples of substituents “convertible to hydrogen in
vivo” inchlude reductively echminable hydrogenolyzable groups.  Examples of suitable
reductively eliminable hydrogenolyzable groups inclade, but are not limited to, arylsalfonyl
groups {such as o-toluencsulfonyl); methyl groups substituted with phenyl or benzyloxy
(such as benzyl, trityl and benzyloxymethyl); arylmethoxycarbonyl groups (such as
1S benzyloxvearbonyl and o-methoxy-benzyloxyearbonyl); and haloethoxycarbonyl groups
{such as j3,5,p-trichlorocthoxycarbonyl and P-iodocthoxyearbonyl).

Compounds of the invention may alse have the advantage that they may be more
efficacious than, be less toxic than, be longer acting than, be more potent than, produce fewer
side effects than, be more casily absorbed than, and/or have a better pharmacokinetic profile

20 {e.g., higher oral bicavailability and/or lower clearance) than, and/or have other useful
pharmacological, physical, or chomical properties over, compounds known in the prior art,

whether for use in the indications stated herein or otherwise.
. Biolegical Activity
Assay resuhts for the soppression of IFNy-induced NO production are shown for
25  scveral of the compounds of the prescot imvention 1o Table 1 below., In the right-band
column of this table under the RAW264.7 heading, the results are compared to those of

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

Examples section below.



PCT/US2013/059027

WO 2014/040060

e

)

P

170598000}

&l 67 £4°60¢ 60989 L
g0 L VARG 2 809€9X L
5 g LAGLY EOPESXL
09731 (s
ON 8rHEIBY Y01 ON AN BINULIC - SBINODI0N ON pUnodwon
VAR S TAN A4S

‘WORANDOLY (N pYonpui-An gl Jo uoissasddony f dgul




PCT/US2013/059027

WO 2014/040060

ey
(28]

170598000}

91 't ELLES EriEOXL
0t e PLEES CYLEGX L
60 &e P4EES OL9EOX L
el (i)
ON sAlEeY YO ON AR BINULOS JBINOBION "ON pUNCdWon
Ly STAYY




PCT/US2013/059027

WO 2014/040060

(28]

170598000}

£0 0 AR £9LE0XKL
0t A LLBLS 29LEGX L
90 L £4°G05 PYLEOX L
el (i)

ON sAlEeY YO ON AR BINULOS JBINOBION "ON pUNCdWon

L YSTMYY




PCT/US2013/059027

WO 2014/040060

L}

(28]

1705980007

AL 0 8LZES 0LLE9KL
0 £0 8L O¥G BOLEGX L
90 £0 547009 POLEOX L
el {nu)
ON sAlERY YO ON AR BITHUICH JBINOBION "ON pUNCdwon
L YSTMYY




PCT/US2013/059027

WO 2014/040060

170598000}

50 £t BL VLG LTBESKL
G0 L0 6847085 926EOX L
70 £0 LETVLS 898€9X L
el (i)
ON sAlEeY YO ON AR BINULOS JBINOBION "ON pUNCdWon
Ly STAYY




PCT/US2013/059027

WO 2014/040060

(28]

170598000}

£0 0 64859 0G6ESKL
G0 90 Z82LS BYBEOX L
90 60 84°8Y5 0EREOX L
el (i)

ON sAlEeY YO ON AR BINULOS JBINOBION "ON pUNCdWon

L YSTMYY




PCT/US2013/059027

WO 2014/040060

170598000}

5¢ 0L LELYG ZrpOX L
L'e ve 18°9LG £86E9X L
A" 0¢ 84285 LBECOXL
el (i)
ON sAlEeY YO ON AR BINULOS JBINOBION "ON pUNCdWon
Ly STAYY




PCT/US2013/059027

WO 2014/040060

B~
[ag}

1705980007

51 4G BLGLG SrovoxL
O
0 £ BLVLS LA PrOPOX L
b4 LZ B4 18S EYOPOX L
el {nu)
ON sAlERY YO ON AR BITHUICH JBINOBION "ON pUNCdwon
L YSTMYY




PCT/US2013/059027

WO 2014/040060

@0
(28]

1705980007

At 't GR'Z0Y grirSxXL
bt £ 28885 ﬁ FAZY 25) N
HO
6'Z 58 18°569 SYOPOX L
el {nu)
ON sAlERY YO ON AR BITHUICH JBINOBION "ON pUNCdwon
L YSTMYY




PCT/US2013/059027

WO 2014/040060

ON
(28]

1705980007

€L LE 86'Z0L £GOPOXL
L0 e 6847065 2GOPaX L
20 0¢ 08809 BYOPOX L
el {nu)

ON sAlERY YO ON AR BITHUICH JBINOBION "ON pUNCdwon

L YSEMY




PCT/US2013/059027

WO 2014/040060

iy

1705980007

AL €0 8L8vS 8G0POXL
't L §8'208 SGOPOX L
oG S L478LS PEOPOX L
el {nu)

ON sAlERY YO ON AR BITHUICH JBINOBION "ON pUNCdwon

L YSEMY




PCT/US2013/059027

WO 2014/040060

iv

1705980007

80 i Eeves B8G0POXL
0¢ 6e 987108 BGOYOX L
70 g0 L8009 LGOPOX L
el {nu)
ON sAlERY YO ON AR BITHUICH JBINOBION "ON pUNCdwon
L YSTMYY




PCT/US2013/059027

WO 2014/040060

1705980007

£0 40 PeVLG Ga0POXL
0 AaY 18005 POOPOX L
20 0 84'9vS 080POX L
el {nu)
ON sAlERY YO ON AR BITHUICH JBINOBION "ON pUNCdwon
L YSTMYY




PCT/US2013/059027

WO 2014/040060

&

1705980007

80 At L8669 8a0P9X L
0L 142 Z8'GLG LO0POX L
g¢l 0z 8609 980POX L
el {nu)
ON sAlERY YO ON AR BITHUICH JBINOBION "ON pUNCdwon
L YSTMYY




PCT/US2013/059027

WO 2014/040060

44

170598000}

i gt e LBg GELPOXKL
& ve L ALE PLYOX L
£0 £0 £4'8L5 PLO0POX L
el (i)
ON sAlEeY YO ON AR BINULOS JBINOBION "ON pUNCdWon
Ly STAYY




16

WO 2014/040060 PCT/US2013/059027

IV,  Diseases Associated with Inflammation and/or Oxidative Stress

Inflanumation is 2 biological process that provides resistance to infectious or parasitic
organisms and the repair of damaged tissue. Inflammation is commonly characterized by
localized vasodilation, redness, swelling, and pain, the recruitment of feukocytes to the site of
mfection or injury, production of inflammatory cytokines such as TNF-o and 1L-1, and
production of reactive oxygen or nitrogen species such as hydrogen peroxide, superoxide and
peroxynitrite.  In later stages of inflammation, tissue remodeling, anglogenesis, and scar
formation (fibrosis) may occur as part of the wound healing process. Under normal
circumstances, the mflammatory response is regulated and temporary and is resolved in an
orchestrated fashion once the infection or injury has been dealt with adequately. However,
acute inflammation can become excessive and life-threatening if regulatory mechanisms fail,
Aliernatively, inflaromation can become clronic and cause conulative tissue damage or
systemic complications. Based at least on the evidence presented above, the compounds of
this invention may be used in the treatment or prevention of mflammation or diseases
associated with inflanmmation.

Many serious and iniractable buman discases involve dysregulation of inflanmmatory
processes, including diseases such as cancer, atherosclerosis, and diabetes, which were not
traditionally viewed as inflammatory conditions. In the case of cancer, the inflanmatory
processes are associated with tumor formation, progression, mctastasis, and resistance to
therapy. Athevosclerosis, long viewed as a disorder of hipid metabolism, s now understood
to be primarily an inflammatory condition, with activated macrophages playing an important
role in the formation and eventual rupture of atherosclerotic plaques.  Activation of
inflarpmatory sigoaling pathways has also been shown to play a role in the development of
msulin resistance, as well as in the peripheral tissue damage associated with diabetic
hyperglycemia.  Excessive production of reactive oxygen species and reactive nitrogen
spacies such as superoxide, hydrogen peroxide, nitric oxide, and peroxynitrite is a hallmark
of mflammatory conditions, Tvidence of dysregulated peroxynimite production has been
reported in a wide variety of discases (Szabo ef af., 2007; Schulz ef ¢f, 2008; Forstermann,
2006; Pall, 20071,

Autoimmune diseases such as theumatoid arthritis, lupus, psoriasis, and multiple
sclerosis involve inappropriate and chronic activation of inflammatory processes in affected
tissues, arising from dysfunetion of self vs. non-self recognition and response mechanisms in
the immunc system:. In neurodegenerative discases such as Alzheimer’s and Parkinson’s
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discases, neural damage is correlated with activation of microghia and elevated levels of pro-
mflammatory proteins such as inducible nitric oxide synthase (iNOS). Chronic organ failure
such as renal failure, heart failure, liver failure, and chronic obstructive pulmonary discase is
closely associated with the presence of chronie oxidative stress and inflammation, leading to
the development of fibrosis and eventual loss of organ fonction. Oxidative stress in vascular
endothelial cells, which line major and minor blood vessels, can lead {o cndothelial
dysfunction and is belicved to be an important contributing factor in the development of
systemic cardiovascular disease, complications of diabetes, chronie kidney discase and other
forms of organ failure, and a number of other aging-related discases including degenerative
discases of the central nervous systen and the retina.

Many other disorders involve oxidative stress and inflammmation in affected tfissues,
mclading mflammatory bowel disease; inflanmumatory skin diseases; mucositis related to
radiation therapy and chemotherapy; cye discases such as uveitis, glsucoma, macular
degeneration, and various forms of retinopathy; transplant failure and rejection; ischemia-
reperfusion injury; chronic paim; degenerative conditions of the bones and joints including
osteoarthritis and osteoporosis; asthma and cystic  fibrosis; seizure  disorders; and
neuropsychiatric conditions imcluding schizophrenia, depression, bipolar disorder, post-
traumatic stress disorder, attention deficit disorders, autism-spectnum disorders, and eating
disorders such as anorexia nervosa. Dysregolation of mflammatory signaling pathways is
believed to be a major factor in the pathology of muscle wasting diseases incloding nwscular
dystrophy and various forms of cachexia.

A variety of hife-threatening acute disorders also involve dysregulated mflarmmatory
signaling, including acute organ failure mmvoelving the pancreas, kidnoys, Hver, or lungs,
myocardial jnfarction ot acute coronary syndrome, stroke, septic shock, trauma, severe burns,
and anaphylaxis.

Many complications of infectious discases also mvolve dysregulation of wnflammatory
responscs.  Although an inflammatory response can kill invading patbogens, an excessive
mflammatory response can also be guite destructive and in some cases can be a primary
source of damage in infected Hssucs. Furthermore, an excessive mflammatory response can
also lead to systemic comphications due to overproduction of inflammatory cytokines such as
TNF-o and TL-1. This is believed to be a factor in mortality arising from severe influenza,

severe acute respiratory syndrome, and sepsis,
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The aberrant or excessive expression of either INGS or cyvelooxygenase-2 (COX-2)
has been implicated in the pathogenesis of many disease processes. For example, it is clear
that NO is a potent mutagen (Tamir and Tannchaum, 1996), and that nitvic oxide can also
activate COX-2 (Salvemini ef o, 1994}, Furthermore, there 15 a marked increase in iNOS in
rat colon tumors induced by the carcinogen, azoxymethane (Takahashi ef ¢f, 1997}, A serics
of synthetic triterpenoid analogs of cleanolic acid have been shown to be powertul inhibitors
of cellular inflammmatory processes, such as the induction by [FN-y of inducible nitric oxide
synthase (iINOS} and of COX-2 in mouse macrophages. See Honda ef /. (2000a); Honda ef
al. (2000b), and Honda ef ol (2002), which are all incorporated herein by reference.

In one aspect, compounds disclosed herein are characterized by their ability to inbibit
the production of ritric oxide 1n macrophage-derived RAW 264.7 cells induced by exposure
to v-interferon. They are further characterized by their ability to induce the expression of
antioxidant proteins such as NQO! and reduce the expression of pro-inflammatory proteins
such as COX-2 and inducible mitric oxide synthase (iNOS). These properties are relevant to
the treatment of a wide array of diseases and disorders involving oxidative stress and
dysregulation of inflammatory processes including cancer, complications tfrom ltocalized or
total-body exposure to ionizing radiation, mwcositis resulting from radiation therapy or
chemotherapy, autoimmune discases, cardiovascular diseases including atherosclerosis,
ischemda-reperfusion injury, acute and chronic organ failure inclading renal fatlure and heart
fatlure, respiratory discases, diabetes and complications of diabetes, severe allergies,
transplant vrejection, graft-versus-host disease, neurodegencrative diseases, discases of the eve
and reting, acute and chronic pain, degencrative bone discases including ostecarthritis and
osteoporosis, inflanuwatory bowel diseases, dermatitis and other skin discases, sepsis, burns,
seizure disorders, and newropsychiatric disorders.

Without being bound by theory, the activation of the antioxidant/anti-inflammatory
KeapU/NrtZ/ARE pathway is believed to be implicated n both the antt-inflanmatory and
anti-carcinogenic propertics of the compounds disclosed herein.

In another aspect, compounds disclosed herein may be used for treating a subject
having a condition caused by clevated levels of oxidative siress in one or more tissues.
Oxidative stress resulis from aboormally high or prolonged levels of reactive oxygen species
such as superoxide, hydrogen peroxide, nitric oxide, and peroxynitrite (formed by the
reaction of mitric oxide and superoxide). The oxidative stress may be accompanied by cither

acuote or chronic inflammation.  The oxidative stress may be caused by mitochoundrial
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dysfunction, by activation of immume cells such as macrophages and neutrophils, by acute
cxposure to an external agent such as ionizing radiation or a cytotoxic chemotherapy agent
{e.g., doxorubicin), by trauma or other acute tissue injury, by ischemia/reperfusion, by poor

circulation or apemia, by localized or systemic hypoxia or hyperoxia, by elevated levels of

(]

mflammatory cytokines and other inflammation-related proteins, and/or by other abnormal

physiological states such as hyperglycemia or hypoglycemia.

In animal models of many such conditions, stimoulating expression of inducible heme
oxygenase (HO-1}, a target gene of the Nrf2 pathway, has been shown to have a significant
therapeutic offect mcluding models of myocardial infarction, renal failore, transplant failure
10 and rejection, stroke, cardiovascular discase, and autoimowne discase (e.g., Sacerdoti ef af.,

2005; Abraham & Kappas, 2005; Bach, 2006, Araujo ef af., 2003; Liu ef ¢f., 20006; Ishikawa
ef al., 2001; Kruger ef al., 2006; Satch ef ¢f., 2006; Zhou ef ol., 2005; Morse and Chot, 2005;
Morse and Choi, 20023 This enzyme breaks frec heme down into iron, carbon monoxide
(CO}, and biliverdin {which is subsequenily converted to the potent antioxidant molecule,

15 bilirubin).

In another aspect, compounds of this invention may be used in preventing or treating
tissue damage or organ failure, acute and chronic, resulting from oxidative stress exacerbated
by inflammation. Examples of discases that fall in this category mclude: heart failure, hver
failare, transplant failure and rejection, renal failure, pancreatitis, fibrotic lung discases

20 (cystic fibrosis, COPD, and idiopathic pulmonary fibrosis, among others), diabetes {including
complications}, atherosclerosis, ischemia-reperfusion mjury, glaucoma, stroke, autcimuoumne
discase, autism, macular degeneration, and muscular dystrophy. For example, in the case of
autism, studies suggest that increased oxidative stress in the central nervous system may
condribute to the development of the disease {Chauhan and Chauban, 2006).

25 Evidence also finks oxidative stress and inflammation to the development and
pathology of many other disorders of the central nervous system, inchiding psychiatric
disorders such as psychosis, major depression, and bipolar disorder; scizure disorders such as
eptiepsy; pain and sensory syndromes such as migraine, neuropathic pain or tinnitus; and
behavioral syndromes such as the attention deficit disorders. See, ey, Dickerson ef al,

30 2007; Hanson ef of., 2005; Kendall-Tackett, 2007; Lencr ef gf., 2007, Dudhgaonkar ef ol

2006; Lee ef ¢, 2007; Morris ef af., 2002; Ruster er al., 2005; Mclver ef al., 2005, Sarchiclli

et al., 2006; Kawakann ef af,, 2006; Ross et af., 2003, which are all incorporated by reference

herein. For example, elevated levels of nflammatory cytokines, inchuding TNF, mterferon-y,
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and IL-6, are associated with major mental illness (Dickerson eof al, 2007). Microglial
activation has also been linked to major mental illness. Therefore, downregulating
mflammatory cytokines and inhibiting excessive activation of microghia could be beneficial
m patients with schizophrenia, major depression, bipolar disorder, antism-spectrum disorders,
and other neuropsyehiatric disorders.

Accordingly, in pathologies involving oxidative stress alone or oxidative siress
exacerbated by inflamvmation, treatment may conprise adnunistering to a subject a
therapeutically effective amount of a compound of this invention, such as those described
above or throughout this specification. Treatment may be administered preventively, in
advance of a predictable statc of oxidative stress {e.g., organ transplantation or the
administration of radiation therapy to a cancer patient), or 11 may be adminmstered
therapeutically in settings involving established oxidative stress and inflammation.

The compounds disclosed herein may be generaily applied (o the treatment of
mflammatory conditions, such as sepsis, dermatitis, avtoivumune discase and osteoarthritis.
In one aspect, the compounds of this mvention may be used 1o treat inflammatory pain and/or
nevropathic pain, for example, by inducing Nef2 and/or inhibiting NF-«B.

In some cmbodiments, the compounds disclosed herein may be used in the treatment
and prevention of diseases such as cancer, inflammation, Alzheimer’s disease, Parkinson’s
discase, multiple sclerosis, autism, amyotrophic lateral sclerosis, Humtington’s discase,
autoimmune diseases such as rheumatoid arthritis, hipus, Crohn’s discase and psoriasis,
mflammatory bowel discase, all other diseascs whose pathogenesis is believed to imvolve
excesstve production of either nitric oxide or prostaglanding, and pathologies mvolving
oxidative stress alone or oxidative stress exacerbated by inflammation,

Another aspeet of inflammation is the production of inflammatory prostaglanding
such as prostaglandin E. These molecules promote vasodilation, plasma exiravasation,
localized pain, elevated temperature, and other symptoms of inflammation.  The inducible
form of the enzyme COX-2 is associated with their production, and high levels of COX-2 are
found in inflamed tissues. Consequently, inhibition of COX-2 may relieve many symptoms
of inflammation and a number of toportant anti-inflammatory drugs (e.g., ibuprofen and
celecoxib) act by mhibiting COX-2 activity. Recent research, however, has demonstrated

that a class of cyelopentenone prostaglandins (cyPGs) {e.g., 15-deony prostaglandin J2, a ka.
PGJ2) plays a role in stimuiating the orchestrated resolution of inflammation (e.g., Rajakariar

et al., 2007). COX-2 is also associated with the production of cyclopentenone prostaglandins.

J00086504} 49



WO 2014/040060 PCT/US2013/059027

Consequently, inhibition of COX-2 may interfere with the full reselution of mflammation,
potentially promoting the persistence of activated imume cells in tissues and leading to
chronic, “smoldering” inflammation.  This cffect may be respounsible for the increased

meidence of cardiovascular discase in patients using selective COX-2 inhibitors for long

(]

periods of time,

In one aspect, the compounds disclosed herein may be used (o control the production
of pro-intlammatory cytokines within the cell by sclectively activating regulatory cysteine
residues {RCRs) on proteins that regulate the activity of redox-sensitive transeription factors.
Activation of RCRs by ¢yPGs has been shown to initiaie a pro-resolution program in which the
10 activity of the antioxidant and cytoprotective transcription factor Nrf2 is potently induced and

the activitics of the pro-oxidant and pro-inflammatory transeription factors NF-xB and the
STATs are suppressed.  Tn some embodiments, this increases the production of antioxidant and
reductive molecules (NQO1L, HO-1, SODIL, v-GCS) and decreases oxidative stress and the
production of pro-oxidant and pro-inflammatory moelecules (INGS, COX-2, TNF-o). In some
15 embodiments, the compoonds of this invention may caose the cells that host the inflammatory
event 1o revert to a non-inflammatory state by promoting the resohution of inflammation and

Himiting excessive tissue damage to the host.

Y. Pharmaceutical Formulations and Routes of Administration

The compounds of the present disclosure may be adnunistered by a variety of
20 methods, e.g., orally or by injection {e.g. subcutancous, intravenous, intraperitongal, eic.).
Depending on the route of administration, the active compounds may be coated in a material
to protect the compound from the action of acids and other natral conditions which may
mactivate the compound. They may also be administered by continuoas perfusion/infusion
of a disease or wound site.
25 To admirdster the therapeutic compound by other than parcoteral administration, #
may be necessary to coat the compound with, or co-administer the compound with, a material
to prevent its inactivation. For example, the therapeutic compound may be administered {0 a
paticnt in an appropriate carrier, for example, liposomes, or a diluent. Pharmaccutically
acceptable diluents inciude saline and agueous buffer solutions. Liposoroes jnclude water-in-
30 oil-in-water COF emulsions as well as conventional liposomes {Strejan ef al., 1984).
The therapeutic compound may also be administered parenterally, intraperitoneally,

intraspinally, or intracerebrally. Dispersions can be prepared in glycerol, Hauid polyethylene
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glycols, and mixntures thereof and in otls. Under ordinary conditions of siorage and use, these
preparations may contain a preservative to prevent the growth of microorganisms.

Pharmaceutical compositions suitable for injectable use include: sterile aqueous
solations (where water soluble), dispersions, and sterile powders for the extemporaneocus
preparation of sterile imjectable solutions or dispersion.  Seg for example U.S. Patent
Application by J. Zhang, entitied “Amorphous Solid Dispersions of CDDO-Me for Delayed
Release Oral Dosage Compositions,” filed February 13, 2009, which s jncorporated herein
by reference. In all cases, the composition must be sterile and muost be fhid to the extent that
casy syringability exists. It must be stable under the conditions of manufacture and storage
and must be preserved against the contaminating action of micreorganisms such as bacteria
and fungi. The carrier can be a solvent or dispersion medium contaiming, for example, water,
ethanol, polyol (such as, glycerol, propylence glycol, and liquid polyethylene glycol, and the
like), suitabic mixtures thereof, and vegetable oils. The proper fhuidity can be maintained, for
example, by the use of a coating such as lecithin, by the maintenance of the required particle
size n the case of dispersion and by the use of surfactants. Prevention of the action of
prcroorganisms can be achieved by various antibacterial and antifimgal agents, for example,
parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. in many cases, it
will be preferable 1o include isotomic agents, for example, sugars, sodium chionide, or
polyalcohols such as mannitol and sorbitol, in the composition. Prolonged absorption of the
njectable compositions can be brought about by including in the composition an agent which
delays absorption, for exanple, aluminum monostearate or gelating

Sterile injectable solutions can be prepared by incorporating the therapeutic
compound in the required amount in an appropriate solvent with one or a combination of
ngredients cnumerated above, as required, followed by filtered sterthization.  Geuoerally,
dispersions are prepared by incorporating the therapeutic compound into a stevile carmier
which coniains a basic dispersion medium and the required other ingredients 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 freeze-drying which
vields a powder of the active ingredient (i.e., the therapeutic compound) plus any additional
desired mgredient from a previously sterile-filtered solation thereofl

The therapeutic compound can be orally administered, for example, with an inort
diluent or an assimilable edible carmner. The therapeutic compound and other ingredients may
aiso be onclosed in a hard or seft shell gelatin capsule, compressed info tablets, or
incorporated directly into the subject’s diet.  For oral therapeutic administration, the
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therapentic compound may be incorporated with exeipients and used in the form of ingestible
tablets, buccal tablets, troches, capsules, elixirs, suspensions, syrups, wafers, and the like.
The percentage of the therapeutic compound in the compositions and preparations may, of
course, be varied. The amount of the therapeutic compound in such therapeutically useful
compositions 1 such that a suitable dosage will be obtained.

It is especially advantageous to formulate parenteral compositions in dosage unit form
for case of administration and uniformity of dosage. Dosage unit form as used herein refers
to physically discrete units suited as unitary dosages for the subjects to be treated; each unit
containing a predetermined guantity of therapeutic compound calculated to produce the
destred therapeutic offect jn association with the required pharmacecutical carrier.  The
specification for the dosage unit forms of the invention are dictated by and directly dependent
on {a) the unique characteristics of the therapeutic compound and the particular therapeutic
effect to be achieved, and (b) the limitations inhercnt in the art of compounding such a
therapeutic compound for the treatment of a selected condition 1 a patient.

The therapeutic compound may also be administered topically to the skin, eve, or
mucosa. Alternatively, if local delivery to the hungs s desired the therapeutic compoond may
be administered by inhalation in a dry-powder or aerosol formulation.

Active compounds are administered at a therapeutically effective dosage sufficient to
treat a condition associated with a condition in a patient. For example, the efficacy of a
compound can be cvaluated in an animal model system that may be predictive of cfficacy in
treating the disease i humans, such as the model systoms shown in the examples and
drawings.

The actual dosage amount of a compound of the present disclosure or composition
comprising a compound of the present disclosure administered to a subject may be
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 adounistration will typically determine
the concentration of active ingredient(s) in a composition and appropriate dose(s) for the
imdividual subject. The dosage may be adjusted by the individual physician in the event of
any complication.

An effective amoumt typically will vary from about 0.001 mg/kg to about 1000 mg/kyg,
from abowt .01 mg/kg to about 750 mg/kg, from aboot 100 mg/kg to about SO mg/kg, from
about 1.0 mg/kg to abowt 250 mg/kg, from about 10.0 mg/kg to about 150 mg/kg in one or

00086504} i da)
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more dose administrations daily, for one or several days {(depending of cooarse of the mode of
administration and the factors discussed above). Other suitable dose ranges inchide 1 mg to
10000 mg per day, 100 g to 10000 mg per day, 500 rag to 10000 mg per day, and 500 mg to
1000 mg per day. In some particular embodiments, the amount 15 less than 10,000 mg per
day with a range of 750 mg to 9000 mg per day.

The effective amount may be less than | mg/kg/day, less than 500 mg/kg/day, less
than 250 mg/kg/day, less than 100 mg/lkg/day, less than 50 mg/kg/day, less than 25
mg/kg/day or less than 10 mg/kg/day. It may alternatively be in the range of 1 mg/kg/day to
200 mg/kg/day. For example, regarding treatment of diabetic patients, the unit dosage may
be an amount that reduces blood glucose by at least 40% as compared to an untreated subject.
{n another embodiment, the unit dosage s an amount that reduces blood glucose to 4 level
that is + 10% of the blood ghicose level of a non-diabetic subject.

In other non-fimiting examples, a dose may also comprise from about 1 micro-
gramvkg/body weight, about 5 microgranvkg/body weight, about 10 microgram/kg/body
weight, about 50 microgramvkg/body weight, about 100 microgramv/kg/body weight, about
200 microgramvkg/body weight, about 330 microgram/kg/body  weight, about 500
microgranvkg/body weight, about 1 milligranmvkg/body weight, about 5 milligrama/kg/body
weight, about 10 milhigranvkg/body weight, about S0 milhgranmvkg/body weight, about 100
milligram/kg/body  weight, about 200  milligramvkg/body  weight, aboot 350
milligranvkg/body weight, about 500 milligranvkg/body weight, to about 1000 mg/kg/body
weight or more per aduunistration, and any range derivable therein. o non-limiting
examples of a derivable range from the monbers Hsted herein, a range of about 5 mg/kg/body
weight to about 100 mg/kg/body weight, abouwt 5 microgranmvkg/body weight to sbout 500
mitligram/kg/body weight, efc., can be administered, based on the numbers described above.

In certain embodiments, a pharmaceatical composition of the present disclosure may
comprise, for example, at least about 0.1% of a compound of the present disclosure. In other
embodiments, the compound of the prosent disclosure may comprise between sbout 2% to
about 75% of the weight of the unit, or between about 25% to about 60%, for example, and
any range derivable therein.

Single or multiple doses of the agents are contemplated. Desired time intervals for
delivery of muoltipic doses can be determined by one of ordinary skill in the art employing no
more than voutine experimentation. As an example, subjects may be administered two doscs
daily at approximately 12 hour intervals. In some cmbodiments, the agent is administered
once a day.,
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The agent(s) may be administered on a routine schedule. As used herein a routing
scheduole refers to a predetormined designated peried of time. The routine schedule may
encompass periods of time which are identical or which differ in length, as long as the
schedule 15 predetermined. Fov instance, the routine schedule may involve administration
twice a day, every day, every two days, every three days, every four days, every five days,
every six days, a weekly basis, a monthly basis or any set number of days or weeks there-
botween, Alternatively, the predetermined routine schedule may mvolve administration on a
twice daily basis for the first week, followed by a daily basis for several months, efc. In other
cmbodiments, the invention provides that the agent(s) may be taken ovally and that the timing
of which is or is not dependent upon food intake. Thus, for example, the agent can be taken

every morning and/or every evening, regardless of when the subject has eaten or will eat,
Vi Combination Therapy

In addition 1o being used as a monotherapy, the compounds of the present invention
may also find use in combination therapies. Effective combination therapy may be achieved
with 8 single composition or pharmacoiogical formulation that includes both agents, or with
two distinct compositions or formulations, 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 freatment by
intervals ranging from minutes to months,

Non-Hmiting examples of such combination therapy include combination of one or
more compounds of the invention with another anti-inflammatory agent, a chemotherapeatic
agent, radiation therapy, an antidepressant, an antipsychotic agent, an anticonvulsant, a mood
stabilizer, an anti-infective agent, an antihypertensive agent, a cholesterol-lowering agent or
other modulator of blood lipids, an agent for promoting weight loss, an antithrombotic agent,
an agent for treating or preventing cardiovascular events sach as myocardial infarction or
stroke, an antidiabetic agent, an agent for reducing transplant rejection or graft-versus-host
disease, an anti-arthritic agent, an analgesic agent, an anti-asthmatic agent or other treatment
for respiratory diseases, or an agent for treatment or prevention of skin disorders.
Compounds of the invention may be combined with agents designed to improve a patient’s
immune response to cancer, inclading (but not lwoited to) cancer vaccines. See Lu ef al

(201 1), which is fncorporated herein by reference.
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VII. Examples

The following exarples are inchuded to demoustrate preferred embodiments of the
mvention. It should be appreciated by those of skill in the art that the techniques disclosed n
the examples which follow represent techniques discovered by the inventor to function well
in the practice of the invention, and thus can be considered to constitute preferred modes for
its practice. However, those of skill in the art should, in light of the presont disclosure,
appreciate that many changes can be made in the specific embodiments which are disclosed
and still obtain a like or similar result without departing from the spirit and scope of the

inveniton.

Methods and Materdals

Nitric Oxide Production and Cell Viability Assay. RAWZ264.7 mouse macrophages
were plated in 96-well plates at 30,000 cells/well in triplicate in RPMI1640 + 0.5% FBS and
incubated at 37°C with 5% C(,. On the next day, cells were pre-treated with DMSO or drug
{0-200mM dose range) for 2 hours, and then treated with recombinant mouse FNy (R&D
Systerns) for 24 hours. Nitric Oxide concentration in media was determined using the Griess
reagent sysiem (Promega). Cell viability was determined osing WST-1 reagent (Roche). 1Csp
vahues were determined based on the suppression of IFNy tnduced Nitrie Oxide production
normalized to cell viability.

NQOI-ARE Luciferase Reporter Assay.  This assay allows for quantitative
asscssiment of the endogenous activity of the Nif2 transcription factor in cultured mammalian
cells.  Expression of Firefly huciferase from NQOI1-ARE luciferase reporter plasmid is
controlled by binding of NifZ to a specific ephancer sequence corresponding to the
antioxidant response clement (ARE) that was identified in the promoter region of the human
NADPH:quinone oxidoreductase T (NOO!) gene (Xic er ¢l, 1995). The plasmid was
constructed by imserting a sequence:

5~ CAGTCACAGTCACTCAGCAGAATCTG-3 (SEQ ID NG D)
encompassing the human NQO1-ARE into the pLuc-MCS vector using HindHE/Xhol cloning
sites (GenScript Corp., Piscataway, NJ). The assay is performed in HuH7 cells maintained in
DMEM {(Invirogen) supplersented with 10% FBS and 100 U/al (cach) of penicillin and
streptomycin. For the assay, cells are plated in 96-well plates at 17,600 cells per well.
Twenty four bours later, the cells are co-transfected with 50 ng cach of NQOI-ARE reporter

plasodd and pRL-TK plasmid using Lipofectamine 2000 transfection reagent (Invitrogen).

100086504}
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pRL-TK plasmid constitutively expresses Renilla lociferase and is used as an internal control
for normalization of transfection ievels. Thirty hours after transfection, the cells are treated
with compounds {at concentrations ranging from 0 to 1 uM) for cighteen bours. Firefly and

Renilla lociferase activity is assaved by Dual-Glo Luciferase Assay (Promega Corp.,

(]

Madison, W1, the luminescence signal is measured on an L-Max H luminometer (Molecular
Dievices). Firefly luciferase activity is normalized to the Renilla activity, and fold mduction
over a vehicle control (DMSO) of normalized Firefly activity is caleulated.  The fold
mduction at 62.5 nM concentration is used for comparing relative potencies of compounds to
induce NrfZ transcriptional activity. See Xie ef ¢l, 1995, which is incorporated herein by

10 reference.
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Synthesis and Characterization of Compounds and Intermediates

Compound 2: LiAIH: (2.0 M in THF, 50 ml, 100 mumol) was carefully addedto a 0
°C solution of compound 1 (9.65 g, 20.0 mumel) in THF (350 mi) over ~10 min. The ice
bath was removed after 30 min and the reaction stirred an additional 2.5 h. The solution was
dihsted with MTBE (200 mL); cooled to 0 °C; and quenched by sequential addition of 5.3 mL
gach water, 4 M NaOH, and water, The mixture was stirred at room temperature for 30 min,
filtered through a plug of cclite, eluted with MTBE, and concentrated to give a white solid.
The resultant solid was suspended in CHoCly, stirred at room temperature for 2 h, and the
solid isolated by filtration [washed with CHyCly then dried] to give compound 1 (6.56 g,
72%) which was used without further purification: m/2z 441.3 (M-H,O+1).

Compound 3. PhI{OAc): (10,40 g, 32.3 mmol), TEMPO (2.27 g, 14.5 muuol), and
water (15 mb} were added to a room temperature suspension of compound 2 (6.56 g, 143
mmoly n CHClL, (1.5 L) and stirred vigorously for 18 h. The resultant biphasic,
homogeneous sohution was treated with anhydrous Na»S(Q4, stirred an additional 1S min,
filtered and concentrated to 2 viscous oil. The residue was purificd by flash chromatography
{silica gel, 0% to 100% E1OAc in hexanes) to give compound 4 (4.72 g, 729%) as an off-white
solid: m/z 439.3 (M-H,O+1).

Compound 4: Trcthy! phosphonoacetate (18.8 ml,, 94.8 mmol) was added 102 0 °C
suspension of NaH (3.81 g, 60%, 95.3 mmol) in THF (285 mL), and the resultant mixture
stirved at § °C for 15 min, then warmed to room temperature over 30 min. The mixture was
cooled to 0 °C, a solution of compound 3 (8.67 g, 19.0 mmol} in THF {75 mL) was added,
and the transfer completed with THF (20 mb) wash. The reaction was roaintained at § °C for
approximately 4 h and then warmed to room temperature overnight. The reaction was again
covled to O °C and quenched by the careful addition of 1 N HCI, stirred vigorously at room
temperature for 15 min, and extracted with MTRBE. The combined organic fractions were
washed with brine, then dried over NapSQOy, and concentrated. The residue was purified by
flash chromatography (silica gel, 0% to 100% EtOAc in hexanes) to give compound 4 (6.68
g, 7% as a white schid: m/z 509.3 (M-H,O+1),

Compound 5: A mixture of compound 4 (6.68 g, 12.7 mmol), 4 A MS (12.7 g), NMO
(4.47 g, 38.2 mowl), and CHyCh (250 mL) was stirred at room temperature for 15 min
TPAP (458 mg, 1.30 mmel) was then added, and the reaction was stivved for I h. The

reaction was concentrated to ~10 mi. and purified by flash chromatography (silica gel, (% to
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100% EtOAc in hexanes) to give compound 8 (5.89 g, 83%) as a white foam solid: m/z 523.3
{(M+1).
Compound & A flask containing a suspension of compound 8§ (5.89 g, 11.3 mumwol),

PA/C (10%, 1.45 g), and THF (250 mL) was purged with Nz and then H;, and the reaction

(]

was vigorously stirred ander Hy (balloon pressure) for 5 h. The resoltant suspension was
sparged with N» for 30 min, filtered through a short plug of celite, cluted with CH:Cl, and
concentrated to give compound 6 (5.84 g, 999} as a white solid: m/z 525.4 (M+1).
Compounds 7a,7b: A sohition of compound 6 (5.84 g, 11.1 mmeol), NaOMe (25 %
in McQOH, 35 mL) and HCO,Et (70 mL) was stirred at room temperature for 3 b, dibuted with
10 1 N HCL and extracted with EtOAc. The combined organic fractions were washed with
brine, dried with NayS04, and concentrated to give compounds 7a,b (Me-cster:Ft-ester =
5:91y as an off-white foam solid that was used without further purification: 78 m/z §39.3
(M+13, Thom/z 553.4 (M+1),
Compound 8a, 8b A mixture of compounds 7a, 7b (all above obtained,
15 ~11.3 mmol), NFHOOH-HCE (1.06 g, 15.3 mamol), EtOH (100 mL) and water (17 mL} was
heated to 55 °C for 16 h. The resultant sohution was cooled to room temperature, dilited with
1 N HC and extracted with EtOAc. The combined organic fractions were washed with 1T N
HCY and brine, dried with Na;SO4, and concentrated.  The residue was dissolved in MeOH
(700 mL), treated with 12 N HCI (1.0 mL), and stirred at room temperature for 5 h, The
20 mixture was concentrated o ~30 mb, dibluted with CH,Cly, washed with brine, dried with
MapS0y and concentrated. The residue was purified by flash chromatography (silica gel, 0%
to 60% EtOAc in hexanes) to give compounds 8a, 8b (4.84 g, Me-ester:Et-ester = 25:785, 80%
from 6} as a white solid: 8a m/z §36.4 (M1}, 8b mi/z S50.3 (M+1).
Comppounds %a, 9b: A solution of Ba, 8b (484 g, €84 mmeol), NaOMe (25% in
25 MeOH, 5.3 mb), and MeOH (110 mL) was heated 10 55 °C for 5 h. The resultant mixtore
was diluted with I N HCI and extracted with CHCli. The combined organic fractions were
washed with brine, dried with NaySO4, and concentrated to give compounds 9a, 9b (4.69 g,
carboxyhic acid:Me-gster = 17:83, 99%;) as a
puritication: 9a m/z 522.3 (M+1), 8b m/z 536.3 (M+1),
34 Compounds TX63762 and TX63742: 1.3-dibromo-5,5-dimethythydantoin (1.25 g,
4.37 miool} was added to a O °C solution of %a, 9% (4.69 g, 8.79 munol) m DMF (106 mL).

yellow solid that was used without further

The mixture was stired at § °C for 4 b, Pyridine (2.83 mi., 35.0 romol} was then added, and
the reaction was heated to 35 °C. The reaction was cooled to room temperature after 4 h and
was stirred an additional 3 4. The resultant solution was diluted with T N HCl and exiracted
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with EtOAc. The combined organie fractions were washed with water and brine, dried with
Na,304, and concentrated. The residue was purified by flash chromatography (silica gel, 0%
to 100% EitOAc in hexanes) to give compound TX63762 (780 mg, 17%) as a white solid and
corapound TX63742 (3.53 g, 75%) as an off-white solid: TX63762 "H NMR (400 MHz,
CDCl) 6 8.04 (5, 1H), 5.98 (s, 1H), 3.06 (d, 1H, J =47 Hz), 2.34 (m, 2H), 2.24 (1d, 1H, J =
4.3, 13.4 Hzy, 1.69 (m, [1H), 1.50 (s, 3H), 1.49 (s, 3H), 1.26 (5, 3H), 1.26 (m, 4H), 118 (s,
3H), 1.04 {m, 2H), 1.02 (s, 3H), 0.93 (s, 3H), 0.88 (s, 3H); m/z 520.3 (M+1); TX63742 'H
MNMR (400 MHz, CDCL) 6 8.04 (s, 1H), 5.97 (s, 1H), 3.67 (s, 3H), 3.06 (d, IH, J = 4.7 Hz),
230 (m, 2H), 2.21 (1d, 1H, J = 4.6, 13.0 Hz), 1.74 (m, 9H), 1.50 (s, 6H), 1.46 (m, 2H), 1.26
(s, 3H), 1.25 (m, 4H), 1.18 (s, 3H)}, 1.02 (m, 2H), 1.01 (5, 3H), 0.92 (s, 3H), 0.87 (5, 3H}; m#%
534.3 (M+1).

Compeund TX63762: A suspension of TX63742 (3.53 g, 6.61 mmol) in MeCN
(200 mL} and 1 N HCI (66 mL} was heated to 65 °C for 17 h. The resultant solution was
cooled to rcom temperature and extracted with EtGAc. The combined organic fractions were
washed with brine, dried with Na,504, and concentrated to give compound TX63762 (3.354
g, 98%) as a pale yellow soliud.

Compeunds 18a, 10b: A solution of compound § (250 mg, 0.478 mmol), NaOMe
{25 % in MeQOH, 1.25 mL) and HCO,EL (3.75 ml) was stired at room temperatiue for 3 b,
difuted with EtOAc, washed with T N HCI and brine, dried with Na;SO;, and concentrated to
give compounds 18a, 18b (Me-esterBi-ester = 23:77) as an off-white foam solid that were
used without further purification: 18a 2 537.3 (M+1), 18b m/z 3514 (M+1).

Compounds 1ia, 11b: A mixture of compounds 18a, 10b (all above obtained, ~0.48
mmaol), NHOH-HC (451 g, 0.649 mumeh), B1OH (4.25 mL) and water (0.75 mL.) was heated
to 55 °C for 20 h. The resultant sohution was cooled to room temperature, diliuted with
EtOAc, washed with T N HCI and brine, dried with Napy3Q0y, and concentrated. The crude
esiduc was purified by flash chromatography (silica gel, 0% to 60% EtOAc in hexanes) to
give compounds 11a, 31b (210 mg, Me-estor:Et-cster = 21:79, 81% from 8) as a white solid:
$ia m/z 5343 (M+1), 11b mz S48.3 (M+1),

Compound 12: A mixtore of compounds $ia, 1ib (210 mg, 0.385 mmol}, NaOMe
(25% in MeOH, .2 mbL) and MeOH (4.8 b} was heated 0 55 °C for 3.5 h. The resultant
mixture was diluted with T N HCI and extracted with EtOAc. The combined organic

fractions were dried with Na;S0O, and concentrated to give compound 12 (206 mg,

100086504} 73



(]

tG

WO 2014/040060 PCT/US2013/059027

quantitative} as a glassy, white sofid that was used withoot further purification: m/z 534.3
(M+1).

Compounds TX63743: 1,3-dibromo-5,5-dumethylhydantoin {57.6 mg, 0.201 nuood)
was added to a § °C solution of compound 12 (206 mg, ~0.385 mmol) in DMF (3.9 mL).
The mixtere was stirred at O °C for 2 h, pyridine (.13 mL, 1.6 mmol) was added, and the
reaction heated to 55 °C. The reaction was cooled to room temperatiure after 4 h and stirred
overnight.  The resultant solution was diluted with BtOAc, washed with 1 N HCL 10%
Nap50s, and bring, then dried with Na,SO, and concentrated. The crude residue was purified
by flash chromatography {silica gel, 0% to 45% EtOAc in hexanes) to give compound
TX63743 (129 mg, 63% from 11a, 11b) as a white solid: 'H NMR (400 MHz, CDCL) 5 8.02
(s, 1H), 6.95(d, 1H,J =163 Hz), 5.97 (s, 1H), 5.87 (d, 1H, J = 164 Hz), 3.74 (s, 3H), 2.85
(d, 1H, J =46 Hz), 257 d, 1H, J =41, 13.2 Hz), 2.06 (4, 1H, J = 4.0, 13.8 Hz), 1.65 (m,
QH), 1.47 (s, 3H), 1.32 {s, 3H), 1.25 (s, 3H), 1.20 (m, 6H), 1.17 (s, 3H), 1.0} (5, 3H)}, 0.98 (s,
3H), 0.91 (s, 3HYy, m/z 8323 (M+1).

Compound TX64042: A mixture of TX83762 (53.0 mg, 0.102 mmeol}, EIOH 2 mi)
and 12 N HCI (2 drops) was stirred at room temperatire tor 21 h, then at 50 °C for S h. The
resultant suspension was diluted with EtOAc 1o give a homogencous solotion that was
washed with brine, dried with Na;SO4, and concentrated. The residue was purified by flash
chromatography {silica gel, 0% to 100% EtOAc in hexancs) to give compound TX64042
(36.5 mg, 65%) as a white solid: 'H NMR (400 Mz, CDCl) 8 8.04 (s, 1H), 5.97 {s, 1H),
414 (d, 1H, J="T71Hz), 410, 1H, J=7.1Hz), 3.07 (&, 1H, J =47 Hz), 2.27 (m, 3H),
1.68 (m, 11H), L.50 (s, 6H), 1.26 (s, 3H), 1.26 (t, 3H, J = 7.1 Hz), 1.24 {m, 4H), 118 (5, 3H),
1.01 (m, 2H), 1.01 (s, 3H), 0.93 (s, 3H), 0.88 (5, 3H); m/z 548.3 (M+1).

Compound TX64043: A mixture of TX63762 {524 mg, 0.161 mmol), i-PrOH (2
mi} and 12 N HCI (2 drops) was stired at room temperature for 21 h, then at 50 °C
overnight. The resultant suspension was diluted with EtQOAc to give a homogeneous solution
ihat was washed with 1 N HCI and brine, dried with Na,S0,, and concentrated. The residue
was purified by flash chromatography (silica gel, 0% (o 100% EtOAc in hexanes) to give
compound TX64843 (44.8 mg, 79%) as a white solid: 'H NMR (400 MHz, CDCl:) 8 8.04 (s,
1H}, 5.97 (s, 1H), 4.99 (sept, 1H, J =63 Hz), 3.08 (d, 1H, J = 4.7 Hz), 2.24 (m, 3H}, 1.73
(m, 10 H), 1.50 (s, 6H), 143 (m, 1H), 1.26 (m, 3H), 1.22 (m, 10H), 1.18 (s, 3H), 1.03 (m,
2Hy, 1O (s, 3H), (.93 (s, 3H), 0.88 (s, 3H); m/z 562.3 (M+1).
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Compound TX64638: A mixtore of TX63762 (40.0 mg, 0.0770 mmol), ¢-HexOH (2
mb) and 37% HCH (2 drops) was stieced at 55 °C for 21 h. The resultant suspension was
diluted with EtOAc to give & homogeneous solution that was washed with water and brine,

dried with Nap50u, and concentrated. The residoe was purified by flash chromatography

(]

(silica gel, (% to 100% EtOAc in hexanes) to give compound TX64058 (34.8 mg, 75%) as a

white selid: "H NMR (400 MHz, CDCl) 8 8.04 (s, 1H), 5.97 (s, 1H), 4.73 (m, 1H), 3.08 (4,

1H, J =47 Hz), 2.26 {m, 3H), 1.77 {m, 12H), 1.55 (s, 3H), 1.50 (5, 3H), 1.32 {(m, 13H), 1.26

(s, 3H), 118 (s, 3H), 1.03 (m, 2H), 1.0 (5, 3H), 0.93 {5, 3H), 0.88 (s, 3H); m/z 602.4 (M+1).

Compound TX64046: A mixture of compound TX63762 (39.0 mg, 0.0750 mmel),

1 TEA (0.03 mb, (1.2 mmol), DMAP (18,1 mg, 4,148 mmel}, phenol (22.5 mg, 0.239 mmol)
and CHyCl, (2 ml) was stirred at room temperature for 30 min. EDCI (31.6 mg, 0.165
mnol) was added, and the reaction was stirred at room temperature for 18 h. The resultant
mixture was diluted with EtQA¢, washed with 1 N HCI and brine, dried with NapySQOy, and
concentrated. The residae was purified by flash chromatography (silica gel, (%6 to 100%

15 EtQAc in hexanes) to give compound TX64046 (28.5 mg, 64%) as a white solid: 'H NMR
(400 MHz, CDCL)Y 6 8.04 (s, 1H), 738 {t, 2H, ./ = 7.8 Hz), 7.23 (1, IH, J =74 Hz), 7.07 (m,
2HY, 598 (s, 1H), 311 {d, 1H, J = 4.7 H=z), 2.56 {m, 2H), 2.29 (td, 1H, J = 4.7, 13.0 Hz},
L77 (m, 11H), 1.49 (5, 6H), 1.28 {(m, 4H), 1.26 (5, 3H), 1.17 (s, 3H), 1.08 {(m, 2H), 1.03 (5,
3H), 0.96 (s, 3H), .96 (s, 3H); m/Zz 5963 (M+1).

20 Compound TX64866: A mixture of compound TX63762 (53.8 mg, §.104 mmol),
TEA (0.05 mL, 0.4 mmol), DMAP (37.2 mg, 0.304 mmol), benzyl alcohol (0.06 mi., 0.7
mmol) and CHClL (2 mb) was stirred at room temperature for 15 min. EDCI (59.5 mg,
0.312 mmol) was added, and the reaction was stirred at room temperature for 17 h. The
resultant mixiure was dilmted with EtOAc, washed with 1 N HC! and brine, dried with

25 NazSOy, and concentrated. The residue was purified by flash chromatography (silica gel, (%
to 100% EtOAc in hexanes) to give compound TX64866 (40.5 mg, 64%) as a white solid: 'H
NMR (400 MHz, CDCh) 8 8.03 (s, 1H), 7.35 (m, 5H), 5.97 (s, 1H), 5,12 (d, 1H, J= 123
Hz), 5.09(d, 1H, /=123 Hz)}, 3.05(d, 1H, /=47 Hz}, 2.35 (m, 2H), 2.23 (td, 1H, /=47,
13.1 Hzy, 1.80 (m, 7H), L.50 (m, 4H), 1.49 (s, 3H), 1.44 (s, 3H), 1.26 (s, 3H), 1.21 (m, 4H),

30 118 ({s,3H}, 1.0 {m, 2H), 1.00 (s, 3H)}, 0.91 (5, 3HD, 0.87 (5, 3H): m/z 610.3 (M+1).

Compound TX64867: A mixtore of compound TX63762 (51.6 mg, 0.0993 mumol),

TEA (0.05 L, 0.4 vunol), DMAP (38.8 mg, 0.318 mymel), 1-BuOH (0.10 mL, 1.0 numol) and

CH>Ch (2 mb) was stirred at room temperature for 15 wmin. EDCH (60,7 mg, $.317 mmol)
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was added, and the reaction was stirred at room temperature for 17 h. The resultant mixture
was diluted with EtOAc, washed with 1 N HCI and brine, dried with Na;SQOy4, and
concendrated.  The residoe was purified by flash chromatography (silica gel, (% to 100%
EtQAc m hexanes), then purified by addirional flash chromatography (Cie silica gel, (% to
100% MeCN in water) to give compound TX64867 (8.3 mg, 15%) as a white solid: 'H NMR
{400 MHz, CDChL) 8 8.04 (s, 1H), 5.97 (s, 1H), 3.07 (4, 1H, J = 4.7 Hz), 2.18 (m, 3H), 1.79
{oy, 6H), L51 (5, 3H), 151 (m, 6H), 1.50 (s, 3H), 1.44 (s, 9H), 1.26 (s, 3H), 1.24 (o, 3H),
L8 (5, 3H), 1.02 (m, 2H), 1.01 (s, 3H), 0.93 (s, 3H), 0.87 (5, 3H); m/z 520.3 (M--Bu+H-+1).
Compound TX64853: A mixtore of compound TX63762 (70 myg, .14 mmol), TEA
160 (0.06 mL, .4 mmol), DMAP (52.9 mg, $.433 mmol), I-Boc-4-hydroxypiperidine (53.8 mg,

(]

(.267 moowol) and CHyChL (3 mil) was stirted at room temperature for 15 min. EDRCI (78.1
mg, .407 mmol) was added, and the reaction was stirred at room temperature for 17 h. The
resultant mixture was diluted with EtOAc, washed with 1 N HCI and brine, dried with

NazSQ4, and concentrated. The residuc was purified by flash chromatography (silica gel, (%

ot
o

to 100% EtOAc in hexanes) to give compound TX64853 (68.7 mg, 70%) as a white solid: 'H

NMR (400 MHz, CDChL) 8 8.04 (s, 1H}Y, 5.98 (5, 1H}, 4.90 {m, 1H}, 3.72 (m, 2H), 3.21 {m,

2H), 3.06 (4, 1H, J=4.6 Hz), 2.27 (m, 3H), 1.68 (m, 15H), 1.50 (s, 6H), 1.46 (s, 9H), 1.26 (s,

3HG, 1.25 (m, 4H), 118 {5, 3H), 1.04 (m, ZH), 1.01 (s, 3H), 0.93 (s, 3H}, G.88 (s, 3H}; m/z

603.4 (M-Boc+H+1).

20 Compound TX64055: A mixture of TX64053 (21.5 mg, 0.0306 ranmol), 4 N HClin
1,4-dioxane (0.1 mi, 0.4 muol) and CHCL: (0.9 mL) was stivred at room temperature for S h
and cooled to -20 °C overnight. The resultant mixture was diluated with EtOAe, washed with
brine, dried with Na;5Q4, and concentrated to give compound TX64055 (154 mg, 3% as a
white solid: 'H NMR (400 MHz, CDCh) § 8.04 (s, 1H), 5.98 (s, 1H), 4.83 (1, 1H, J = 4.2,

25 S0 Hz, 3.07(4, 1H, J =49 Hz), 3.05 (m, 1H}, 2.71 {m, 2H), 2.27 (m, 3H), L.6Y (m, 17H

1.50 (s, 6H), 1.26 (s, 3H), 1.25 (m, 4H), 118 {s, 3H), 1.03 (m, 2H), 1.01 (s, 3H), 0.93 (s, 3H

G.88 (s, 3H}; m/z 603.4 (M+1).

Compound TX64856: A mixture of compound TX63762 (40.3 mg, 0.0775 mmol),

TEA {0.04 mL, (.3 mmol), DMAP (18.4 mg, 0.151 nmol}, methoxvamine hydrochloride

3,
Al
\
IS

30 (26.6 mg, 0.318 mmel) and CHCl (2 mL} was stirred at room temperature for 15 min.
EDCI (30.8 mg, 0.161 mmol) was added, and the reaction was stirred at room temperature for
20 h. The resuliant nuxture was diluted with EtOAce, washed with 1 N HCl and brine, dried

with Na;SQ4, and concentrated. The residue was purnified by tlash chromatography (silica
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gel, (% to 100% EtQAc in hexanes) to give compound TX648536 (24.1 mg, 57%) as a white
solid: "H NMR {400 MHz, CDCL) 8 8.04 (s, 1H), 5.97 (s, 1H), 3.76 (s, 3H), 3.09 (4, 1H, J =
4.5 Hz), 2.23 (m, ZH), 2.04 {m, ZH), 1.67 (m, 10H), 1.52 (5, 3H), L35G (s, 3H), 1.26 {5, 3H),
1.24 (m, 4H), 118 (s, 3H), L.03 Gm, 2H), 1.00 (5, 3H), 0.92 (s, 3H), 0.88 (s, 3H}; m/z 549.3
{(M+1).

Compoungd TX63778: A mixture of compound TX63762 (108.4 mg, 0.209 mmol),
TEA (0.06 mL, (1.4 mmol}, DMAP (49.8 mg, (.408 mmol}, methylamine hydrochloride (293
mg, 0.434 mmol) and CH>Ch (3 mb) was stirred at room temperature. EDCI(78.4 mg, 0.409
mmol}) was added, and the reaction was stirred at room temperature for 19 b The resultant
mixture was diluted with EtOAc, washed with 1 N HCI and brine, dried with Na;SOy, and
concentrated. The residue was purified by flash chromatography (silica gel, 0% to 100%
EtOAc in hexanes) to give compound TX63778 (90.1 mg, 81%) as a white solid: 'H NMR
{400 MHz, CDCL} 8 8.04 (s, 1H), 5.96 (s, 1H), 5.44 (5, 1H), 3.09 (d, 1H, J = 4.7 Hz), 2.80
(d,3H, J=48Hz), 222 (td, 1H, /=43, 13.5 Hx), 2.13 (1, 2H,.J = 8.2 Hz), 1.67 (m, 11H),
1.53 (s, 3H), 1.50 (5, 3H), 1.26 (s, 3H), 1.24 {(m, 4H), 1.18 (s, 3H), 1.02 {m, 2H), 1.00 (5, 3H),
(.92 (s, 3H), 0.87 (s, 3H); m/z 5333.3 (M+1).

Compound TX63768: A mixture of compound TX63762 (77.5 mg, §.149 mmol),
TEA (0.04 mL, 0.3 mmol), DMAP (35,5 mg, 0.291 mmol), cthylamine hydrochloride (25
mg, 0.31 mmol) and CHCh (2 mL) was stivved at room temperature for 30 min. EDCI (55.5
g, .2590 mmol) was added, and the reaction was stivred at room temperatore for 17 b The
resuliant mixture was dilated with CH;Cl, washed with 1 N HCI and brine, dried with
NazSOy, and concentrated. The residue was purified by flash chromatography (silica gel, (%
to 100% EtOAc in hexanes) to give compound TX63768 (56.6 mg, 70%) as a white solid: 'H
NMR (400 MHz, CDCly) 8 8.02 (s, 1H), 5.96 (5, 1H}, 5.34 (s, 1H), 3.27 (dg, 2H, /=51 7.1
Hz), 310 (4, IH, J=4.6Hz), 224 (1d, 1H, J =40, 13.1 Hz), 2.12 {t, ZH, J = 8.1 Hz), 1.6¥
{on, Y1HD), L5306 (s, 3H), 1.48 (s, 3H), L.26 (s, 3H), 1.24 (m, 4H), 118 (s, 3H), L 14 (1, 3H, J =
7.3 He), 1.03 (m, ZH), 1.02 (5, 3H), .94 (s, 3H), 0.89 (s, 3H); sz 547.4 (M+1).

Compeund TX63764: A mixture of compound TX63762 (75.9 mg, §.147 mmel},
TEA (.04 mb, 0.3 mmel), DMAP (359 mg, 0.294 mmol}, 2,2,2-trifluorcsthylamine
hydrochloride (39.1 mg, 0.289 mmol) and CH,ChH (2 mdl) was stitred at room temperature for
10 min. EDCY (56.8 mg, 0.296 mmol} was added, and the reaction was stitred at room
temperature for 17 h. The resultant mixture was diluted with CHCl, washed with 1 N HCI

and brine, dried with Na)SOy, and concentrated. The residue was purified by flash
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chromatography (silica gel, (% to 100% EtOAc in hexanes) to give compound TX63764
(66.4 g, 76%) as a white solid: H NMR (400 MHz, CDCl) 8 8.03 (s, 1H), 5.98 (s, 1H),
5.65 (s, 1H}, 3.91 {m, 2H), 3.07 (4, IH, J = 4.7 Hz}, 2.25 (m, 1H), 2.23 {t, Z2H, J = 8.1 Hz),
171 (o, VEHD, 132 (s, 3H), 1.5 (s, 3H}, 1.26 (s, 3H), 1.26 {m, 4H), 1.19 (s, 3H), 1.04 (1,
2H), 1.03 (s, 3HY, .94 (5, 3H), 0.89 (s, 3H); m/z 601.3 (M+1).

Compoungd TX64364: A mixture of compound TX63762 (42,1 mg, 0.0810 mmol),
TEA (0.04 mL, 0.3 mmob), DMAP (21.2 mg, 0.165 mmol), sopropylamine (0.02 mL, 0.2
mmoly and CHxCly (2 mb) was stirred at room temperature for 20 min. EDCL (30,1 mg,
0,157 mmol) was added, and the reaction was stired at room temperature for 16 h
Additional isopropylamine (0.05 mL, 0.6 mmol) and EDCI (S0 mg, 0.26 munol) were added,
and the reaction stirved overnight at room temperature. The resultant mixture was diluted
with HtOAc, washed with 1 N HCI and brine, dried with NaySQ4, and concentrated. The
resichie was purified by flash chromatography (silica gel, 09 to 100% EtOAc in hexanes) and
was then purified by additional flash chromatography (silica gel, 0% to 100% EtQAc in
hexancs, each containing 0.5% TEA) to give compound TX64864 (10.2 mg, 22%) as a white
solid: "H NMR (400 MHz, CDCL) 8 8.04 (s, 1H), 5.96 (s, 1H), 5.23 (4, 1H, J = §.0 Hz), 4.06
(o, TH), 300 (d, 1H, /=46 Hz), 2.22 (td, 1H, J = 4.5, 13.1 Hz), 2.09 {1, 2H, J = &.1 Ha),
Lo8 (m, 11H), 1.53 (5, 3H), 1.50 (s, 3H), 1.26 (s, 3H), 1.24 (m, 4H), 1.18 (s, 3H), 1.14 (m,
6H), 1.02 {m, ZH}, 1.00 (s, 3H}, 0.92 (5, 3H), 0.88 (5, 3H); m/z 561.3 (M+1}.

Compound TX64065: A mixture of compound TX63762 (S0.8 mg, 0.0977 rmmel),
TEA (0.05 mL, 8.4 mmol}, DMAP (367 mg, 0.300 mumeh), fert-butylamine (0.06 mL, 0.6
mmol) and CHClh (2 mb) was stivred at voom femperature for 15 man. EDCI (89.2 mg,
(4.309 mmol) was added, and the reaction was stirred at room temperature for 17 b, The
resultant mixture was diluted with EtQAc, washed with 1 N HCI and brine, dried with
MapS0y, and concentrated. The residue was purified by flash chromatography (silica gel, 0%
to 100% FtOAc in hexanes) to give compound TX64865 (16.1 mg, 29%) as a white solid: 'R
NMR (400 MHz, CDClL) 6 8.04 (5, 1H), 5.96 (5, 1H), 524 (s, 1H), 3.08 {d, 1H, J = 4.6 Hz),
222 ¢, 1H, J = 4.6, 13.2 Hz), 2.05 (¢, 2H, J = 8.1 Hz), L.67 (m, 11H)}, 1.53 (s, 3H), 1.50 (s,
3HG, 1.34 (5, 9H), 1.26 (s, 3H), 1.24 {m, 4H3, 1.18 (5, 3H), 1.01 {m, ZH), 1.00 (s, 3H), (.92 (5,
3H), 0.87 (s, 3H); m/z 5754 (M=+1).

Compound TX64057: A nmixture of compound TX63762 (40.4 mg, 0.0777 mmol},
TEA (.04 mL, 0.3 wmmol}, DMAP (19.3 mg, 0.138 mmol}, cyclohexylamine {0.04 mL, 0.4

mmoly and CHCly (2 mb) was stirred at room temperature for 15 min. EDCL (29.8 mg,
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G.155 mmol) was added, and the reaction was stirred at room temperature for 21 h. The
resultant mixture was diluted with BtOAc, washed with 1 N HC! and brine, dried with
NazSQy, and concentrated. The residue was purificd by flash chromatography (silica gel, (%
to 100% EtOAc in hexanes) to give compound TX64857 (14.7 mg, 32%) as a white solid: 'H
NMR (400 MHz, CDChL 0 &.04 (5, 1H), 5.96 (s, 1H), 5.27 (&, 1H, /=82 Hz)}, 3.74 (1, 1H),
300 (4, IH, J=46H»), 222 (td, 1H, J =45, 13.1 Hz), 2.10 (¢, 2H, J = 8.1 Hz), 1.45 {m,
278, 1.52 (s, 3H), 1.50 (s, 3H), 1.26 (5, 3H), 118 (s, 3H), 1.00 (s, 3H}, 0.92 (s, 3H), 0.88 (s,
3HY; miz 601.4 (M+1).

Compound TX6405% A mixture of compound TX63762 (40.3 mg, 0.0775 mmel),
TEA (0.04 mL, .3 mmol), DMAP (19.3 mg, 0,158 mumol}, aniline (.02 mE, 0.2 mmol) and
CHLCh {2 mb) was stirred at room temperature for 20 min. EDCI (30,5 mg, G.159 mumol
was added, and the reaction was stirred at room temperature for 16 h. The resultant mixture
was dituted with £tOAc, washed with 1T N HC and brine, dried with Na;S0Q4, and
concentrated. The residae was purified by flash chromatography (silica gel, (%6 to 100%
EiQAc in hexanes) to give compound TX64059 (32.6 mg, 71%) as a white solid: 'H NMR
(400 MHz, CDCL) 8 8.05 (s, 1H), 749 (d, 2H, J = R0 Hz), 7.32 (1, 2H, ./ = 7.8 Hz), 7.16 (5,
H), 700 (1, 1TH, /=74 Hz), 598 (s, 1H), 3.09 (d, 1H, /=46 Hz), 2.34 (1, 2H, /= 8.2 H7),
228 ¢ud, TH, J = 4.6, 13.1 Hz), 1.73 (m, 11H), 1.52 (s, 3H), 1.49 5, 3H), 1.27 {(m, 4H), 1.26
{s, 3H), 1.18 (s, 3H), 1.06 {m, ZH), 1.02Z (5, 3H), (.94 (5, 3H), 0.89 {5, 3H); m/z 595.4 (M+1).

Compound TX64075: A mixture of compound TX63762 (49.2 mg, 0.0947 rmmel),
TEA {0.04 mb, 0.3 mmol}, DMAP (235 mg, 0.192 mmol}, benzylamine (0.02 ml, 0.2
mmol) and CHClh (2 mb) was stivred at voom femperature for 15 man. EDCI (37.2 mg,
(3.194 mmol) was added, and the reaction was stirred overnight at room temperatiwe. The
resultant mixture was diluted with EtQAc, washed with 1 N HCI and brine, dried with
MapS0y, and concentrated. The residue was purified by flash chromatography (silica gel, 0%
to 100% EtOAc in hexanes) to give compound TX64075 (14.4 mg, 25%) as a white solid: 'R
NMR (400 MHz, CDCl) 8§ 8.04 (s, 1H), 7.31 {m, SH), 5.97 (s, 1H), 5.69 (s, 1H}, 443 (m,
ZHY, 310 (4, 1H, =46 Hz), 224 (td, 1H, .J = 4.1, 13.4 Hz), 2.18 (, 2H, J = 8.2 Hz), 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),
1.01 (s, 3H}, 0.91 (s, 3H}, 0.87 (s, 3H); m/z 609.4 (M+1).

Compound TX64060: A mixture of compound TXE3762 (43.9 g, 0.0845 mmol},
TEA {(0.04 mL, 4.3 momeol), DMAP (1R.8 mg, .154 mmol), dimethylamine hydrochloride

(i2.4 mg, 0.164 mumol) and CH,CL (2 mbL) was stirred at room temperature for 20 min
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EDCI (30.9 myg, 0.161 mmol} was added, and the reaction was stirred at room temperature for
16 h. The resultant mixture was diluted with EtOAc, washed with 1 N HCI and brine, dried
with Nap50y4, and concenirated. The residue was purified by flash chromatography (silica
gel, 49 10 100% EtOAc¢ in hexanes) 1o give compound TX64868 (35.6 mg, 77%) as a white
solid: "H NMR (400 MHz, CDCL) 8 8.04 (s, 1H), 5.96 (s, 1H), 3.10 (d, 1H, J = 4.6 Hz), 3.03
(s, 3H), 2.94 (5, 3H), 2.34 (ddd, IH, J =54, 11.3, 15.7 Hz), 2.22 {m, ZH), L.67 {m, T1H),
131 (s, 3H), 149 (s, 3H), 1.26 (s, 3H), 1.26 (m, 4H), 118 (s, 3H), 1.02 (m, 2H), 101 (s, 3H),
(.93 (s, 3H), 0.88 {8, 3H); m/z 5473 (M+1).

Compeund TX63956: A mixture of compound TX63762 (521 mg, 1.00 mmel),
TEA (.42 ml., 3.0 munol), DMAP (250 mg, 2.05 mmol), azetidine hydrochloride (188 mg,
2.01 mmol) and CH,CL (20 mL) was stirred at room temperature for 15 min. EDCT (391 mg,
2.04 mmol) was added, and the reaction was stirred at room temperature for 25 b, The
resulfant mixture was diloted with EtOAc, washed with 1 N HCI and brine, dried with
Na;S0y, and concentrated. The residue was purified by flash chromatography (silica gel, (%
to 100% EtOAc in hexanes) to give compound TX63958 (394.6 mg, 71%) as an off-white
solid: "H NMR (400 MHz, CDClL) 8 8.03 (s, 1H), 5.96 (s, 1H), 4.15 (m, 2H), 3.99 (¢, 2H, J =
7.7 Hzy, 310 (d, 1H, J = 4.6 Hz), 2.26 (o, 3H), 1.77 (o, 13H), 1.53 (s, 3H), 1.49 (s, 3H},
126 (s, 3H), 1.24 (m, 4H), 117 (s, 3H), 1.01 Gm, 2H), 1.00 (s, 3H), 0.93 {s, 3H), 0.88 (5,
3H); m/z 559.3 (M+1).

Compound TX63949: A mixture of compound TX63762 (520 mg, 1.00 mmeol),
TEA (042 mL, 3.0 mmol), DMAP (241 mg, 1.97 mmol, pyrrolidine (.17 mb, 2.06 munol)
and CH:Cl (20 ml) was stirred at room temperature for 15 min. EDCY (381 mg, 1.99 mmeol)
was added, and the reaction was stirred at room temperature for 25 . The resultant mixture
was diluted with EtQAc, washed with 1 N HCI and brine, dried with Nap;SO,, and
concentrated. The residue was purified by flash chromatography (silica gel, (% 1o 100%
EtOAc in hexanes) to give TX63849 (266.9 mg, 47%) as an off-white solid; "H NMR (400
MHz, CDBCL) 0 8.04 (s, 1H), 596 (5, 1H), 344 (v, 4H, J = 69 Hz), 3.12 (4, 1H, J= 47 Hz),
2.22 {m, 3H}, 171 {m, 15H), 1.3 (s, 3H), 1.49 (5, 3H), 1.26 (s, 3H), 1.26 (m, 4H), 118 (s,
3H), 1.03 (m, 2H), 101 (s, 3H), 0.96 (s, 3H), 0.88 (s, 3H); m/z 573.4 (M+1).

Comppound TX63763: A mixture of compound TX63762 {77.2 mg, §.149 mmol},
TEA (0.64 mL, 0.3 momol}, DMAP (35.6 mg, 0.291 mmeol), morpholine (25 pl., 0.29 mmol)
and CHyCh (2 ml.) was stitred at room temperature for 10 min. EDCY (57.8 mg, 0.301

mmol}) was added, and the reaction was stirred at room temperature for 16 b The resultant
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mixture was diluted with EtOAc, washed with | N HCI and brine, dried with Na;SOy, and
concentrated. The residue was purified by flash chromatography (silica gel, 0% o 100%
EtOAc in hexanes) to give compound TX63763 (66.1 mg, 82%) as a white solid: 'H NMR
{400 MHz, CDClL)y 6 8.04 (s, 1H), 5.97 {5, 1H}, 3.68 {m, 4H), 3.60 (m, ZH), 3.48 {(m, 2H),
3.08(d, IH, /=46 Hz), 233 (ddd, iH, /=54, 11.3, 164 Hz), 2.21 {m, 2H), 1.69 (m, 1 1H),
150 (s, 3H), 149 (s, 3H), 1.26 (s, 3H), 1.26 (m, 4H), 118 (s, 3H), 1.04 {m, 2H), 101 (5, 3H,
(.93 (s, 3H), 0.88 (s, 3H); m/z 53894 (M+1).

Compound TX64045: A mixture of compound TX63762 (39.2 mg, 0.0754 mmel),
TEA (0.03 mL, 0.2 mumol), DMAP (19.5 mg, 0.160 mmol), acetic hydrazide (14.5 mg, 0.196
mmol) and CHClL (2 mb) was stirred at room temperature for 30 min. EDCI (31.8 mg,
0.166 mmol) was added, and the reaction was stirred at room temperature for 18 h. The
resultant mixiure was dilmted with EtOAc, washed with 1 N HC! and brine, dried with
NazS0Oy, and concentrated. The residue was purified by flash chromatography (silica gel, 0%
to 100% EtOAc in hexanes) to give compound TX64845 (19.7 mg, 45%) as a white solid: 'H
NMR (400 MHz, CDCly) 8 8.04 (s, 1H), 8.00 (s, 1H), 7.96 (5, 1H}, 598 (s, 1H), 3.07 (4, 1H,
J=4.6 Hzy, 2.24 {(m, 3H), 2.06 {s, 3H}, 168 {s, 11H), 1.51 (5, 3H), 1.50 (s, 3H), 1.25 {m,
4H), 1.26 (s, 3H), 118 (8, 3H), 1.03 Gm, 2H), 1.01 (s, 3H), 0.92 (s, 3H}, 0.88 (s, 3H); ma
576.3 (M+1).

Compound TX6404%: A mixture of compound TX63762 (40.3 mg, 0.0775 mmel),
TEA {(0.03 mb, 0.2 mmol), DMAP (17.9 mg, 0.147 mmel), 33-diffuoropyrroliding
hydrochloride (23.2 mg, 0.162 mmeol) and CHCh (2 mdl) was stitred at room temperature for
15 min. EDCT (293 mg, 0.153 mmol} was added, and the reaction was stirred at room
temperature for 18 b, The resuliant mixture was diluted with FtOAc, washed with 1 N HCI
and brine, dried with Na)SOy, and concentrated. The residue was purified by flash
chromatography (silica gel, 0% to 100% EtOAc in hexanes) to give compound TX64649
(27.9 mg, 59%) as a white solid: 'H NMR {400 MHz, CDCLy) 8 8.04 (5, 1H)}, $.97 (5, 1H),
375 (m, 4H), 3.09 (1, 1H, J = 4.4 Hz), 2.32 (m, 5SH), 170 (m, 11H), 1.52 (s, 3H), 1.50 (5,
3HG, 126 (5, 3H), 1.26 (m, 4H), 118 (5, 3H), 1.03 (m, 2ZH), 1.01 (s, 3H), 0.93 (5, 3H}, .88 (5,
3H) m/z 609.3 (M+1).

Compound TX64047: A mixture of compound TX63762 (40.2 mg, 0.0774 mmol),
TEA (0.03 ml, 0.2 mmol}, DMAP (17.9 mg, 0.147 mmol}, (8)-3-hydroxypyrrolidine
hydrochlonide (34.1 mg, 0.276 mumol) and CHCh (2 mL) was stirred at room temperature for

15 min. EDCI (Z8.5 mg, 0.149 mmol) was added, and the reaction was stirred at room
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temperatare for 18 h. The resultant mixntre was diluted with EtOAe, washed with 1 N HCI
and brine, dried with NaySQy, and concentrated. The residue was purified by flash
chromatography {silica gel, 0% t0o 100% EtOAc in hexancs) to give compound TX64047
(20.8 mg, 46%) as a white solid: 'H NMR (400 MHz, CDCE) 8 [8.04 (s), 8.03 (s) (111, 1H)L
1597 (s}, 5.96 (5) (1:1, 1H)], 4.52 (s, 1H), 358 (m, 4H), 312 (4, J =45 H7), 3.0 (d, J =
4.5 Hey (1:1, TH)], 187 (m, 17H), [1.53 (s}, .52 (s) (111, 3H)], [1.49(s), L.50 {5) (11, 3HD)],
126 (s, 3H), 118 (5, 3H), L.O7 (m, 6H}, 1.00 (5, 3H), [0.95 {5}, 0.93 {5} (1:1, 3H}], 0.88 (s,
3H); m/z 589.3 (M+1).

Componnd TX64848: A mixture of TX63762 (40.1 mg, 0.0772 mmol), TEA (0.03
mL, .2 mmol), DMAP (19.2 mg, 0.157 mmol}, 4-hydroxypiperidine (16.5 mg, .163 mmol)
and CHyCl, (2 ml) was stirred at room temperature for 15 min. EDCL (284 mg, 0.14&
mnol) was added, and the reaction was stirred at room temperature for 18 h. The resultant
mixture was diluted with EtQA¢, washed with 1 N HCI and brine, dried with NapxSQOy, and
concentrated. The residae was purified by flash chromatography (silica gel, (%6 to 100%
EiQAc in hexanes) to give compound TX64048 (23.9 mg, 51%) as a white solid: 'H NMR
(400 MHz, CDCL) 8 8.04 (s, 1H), 597 {s, 1H), 4.10 Gm, 1H), 3.95 (m, 1H), 3.72 {(m, 2H),
322 (m, ZH), 3.09 (s, 1H), 2.29 (m, 5H), 1.69 (m, 13H), 1.51 (s, 3H}, 1.50 (s, 3H}, 1.26 (m,
4H), 1.26 (s, 3H), 118 (s, 3H), 1.03 (m, 2H), 1.01 (s, 3H), 0.93 (s, 3H), .88 (s, 3H); m4z
603.4 (M+1).

Compound TX64068: A mixture of compound TX63762 (51.3 mg, 0.0987 mmel},
TEA (0.05 mi, 0.4 nunol), DMAP (37.2 mg, 0.304 mmol}, 2-aminopyridine (52.5 mg, 0.55¥
mmol) and CHClh (2 mb) was stivred at voom femperature for 15 man. EDCI (89.2 mg,
(4.309 mmol) was added, and the reaction was stirred at room temperature for 17 b, The
resultant mixture was directly purified by flash chromatography (silica gel, 0% (o 100%
EtQOAc m hexaocs, cach containing 0.5% TEA), then was purified by additional flash
chromatography (Cig silica gel, 0% to 100% MeCN in water) to give compound TX64868
(7.0 mg, 12%) as a white solid: "H NMR (400 MHz, CDCL) 8 8.26 (d, 1H, J = 4.8 Hz), 8.16
(d, 1H, .J = 8.5 Hz), 8.04 (5, 1H), 7.83 (s, 1H), 7.69 (m, 1H), 7.04 (dd, 1H, J = 4.8, 7.3 Hz),
598 (s, 1H), 3.10 (4, 1H, /=47 Hz), 2.36 (m, 2H}, 2.26 {td, 1H, /=47, 13.4 Hz), 1.75 (m,
11H), 1.52 (s, 3H), 1.50 (s, 3H), 1.26 (m, 4H), 1.26 (s, 3H), 118 {5, 3H), 1.05 (m, ZH}, 1.02
(s, 3H), 0.94 (5, 3H), 0.89 (5, 3H): m/z 596.4 (M+1).

Compound TX64044: A mixture of compoumd TX63762 (35.7 myg, 0.0764 mmol),
TEA (0.03 mb, 0.2 mmol), DMAP (20.3 mg, 0.166 mmol), 3-oxetanaming hydrochloride
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{17.0 mg, 0.155 wmmol) and CHCh (Z mbL) was stirred at room temperatwe for 30 min
EDCHE (30,6 mg, 0.160 mmol} was added, and the reaction was stirred at room temperature for
18 h. The resultant mixture was dituted with EtOAc¢, washed with 1 N HCY and brine, dried
with Nay5Q4, and concentrated. The residue was purified by flash chromatography (silica
gel, 09 to 100% EtOAc in hexanes) to give compound TX64844 (28.5 mg, 65%) as a white
solid: "H NMR (400 MHz, CDCL) §8.04 (s, 1H), 5.97 (s, 1H), 5.94 (5, 1H), 6.74 (m, 1H),
492 (dt, 26, J=23,71 Hz), 448 (dt, ZH, J =29, 6.4 Hz}, 3.06 (d, 1H, J = 4.6 Hz}, 2.20
(m, 3H), 1.69 (m, 11H), L5t {s, 3H), 1.50 (s, 3H), 1.26 (s, 3H), 1.25 (m, 4H), 118 {5, 3H),
1.02 (m, ZHy, 1.00 (s, 3H), 0.93 (s, 3H), 0.88 (s, 3H}; maz 575.3 (M+1).

Compound TX64652: A mixture of compound TX63762 (71 mg, 0.137 mmel},
TEA (G.06 mi, 6.4 mmoh, DMAP (462 mg, 0.378 mmoi), glycine methyl ester
hydrochloride (33.9 mg, 0.270 mmol) and CHCh (3 mll) was stitred at room tenperature for
15 min. EDCT (78.1 mg, 0.407 mmol} was added, and the reaction was stirred at room
temperature for 16 b, The resuliant mixture was diluted with FtOAc, washed with 1 N HCI
and brine, dried with Na)SOy, and concentrated. The residue was purified by flash
chromatography (silica gel, 0% to 100% EtOAc in hexanes) to give compound TX64652
(52.0 mg, 64%) as a white solid: 'H NMR {400 MHz, CDCLy) 8 8.04 (5, 1H)}, $.97 (5, 1H),
595 (s, 1H), 4.04 (dd, 2H, J = 5.1, 9.2 Hz), 3.77 (s, 38), 3.08 (d, 1H, J = 4.7 Hz}, 2.22 (m,
3HG, 1.67 (m, 11D, 1.52 {s, 3H), 1.50 €s, 3H), 1.26 (s, 3H), L.25 {m, 4H), 1.18 (s, 3H), 1.03
(m, 2H), 1.00 (5, 3H), 0.93 {s, 3H), 0.88 (s, 3H); m/z 591.3 (M-+1).

Corppound TX64854: A mixtore of compound TX64852 (20.9 mg, 0.0354 mmol), 1
N HCH (0.6 mbL), and MeCN (1.2 mL) was heated to 55 °C for 22 h.  The resultant mixture
was diluted with EtQAc, washed with brine, dried with Na,SO4, and concentraied. The
residue was purified by flash chromatography (silica gel, 0% to 100% EtOAc in hexanes,
cach with 0.5% HOAC) to give compound TX64054 (14.6 mg, 71%) as a white solid: 'H
NMR (400 MHz, CDCL) 6 8.04 (s, 1H), 6.17 (s, 1H), 5.99 (s, 1H), 4.09 (dd, 2H, J = 5.0, 9.7
Hz), 3.07 (d, 1H, J = 4.6 Hx), 2.24 {m, 3H}, 1.68 (m, 11H), 1.51 (s, 3H), 1.50 (s, 3H), 1.26 (s,
3H), 1.23 {m, 4H), 1.18 {s, 3H), 1.03 {m, 2H), 1.01 (s, 3H), 0.91 (5, 3H), 0.88 (s, 3H); m4
5773 (M+1).

Compound TX64124: A mixture of compound TX63762 (47.8 mg, 0.0920 mmol),
TEA (0.04 md., 0.29 mmol), DMAP (23.5 mg, 0.192 vumol), 4-Boc-piporazine (36.3 mg,
(3.195 mmol} and CHCL; (2 ml) was stirred at room temperature for 15 min. EDCI (36.8

mg, (.192 mmol} was added, and the reaction was stirred at room temperature for 16 h, The
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resultant mixture was diluted with EtOAc, washed with 1 N HCI and brine, dried with
NaySQy, and concentrated. The residoc was purified by flash chromatography (silica gel, (%
t0 100% EtOAc in hexanes) to give compound TX64124 (55.9 myg, 88%) as a white solid: 'H
NMR (400 MHz, CDCLyy § 8.04 (s, 1H), $.97 (5, 1H), 3.57 (m, 2H}, 3.42 {m, 6H), 3.08 {d,
1H, J = 4.6 Hz), 2.35 (m, 1H), 2.23 (m, 2H)}, 1.68 (m, 11H}, 1.50 {5, 3H)}, 1.49 {5, 3H}, 1.47
{s, OH), 1.27 (m, 4H), 1.26 (s, 3H), 1.18 {5, 3H), 1.01 (s, 3H), 1.00 (m, ZH}, 0.93 (s, 3H), 0.88
(s, 3H); m/z 5884 (M-Boc+H+1).

Compound TR64135: HCl (4.0 M in 1.4-dioxane, (.2 mL) was added to a room
temperature solution of compound TX64124 (49 mg, 0.071 mmol) in CHCL (5 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 mL), 20 b (0.5 mL) and 2 d (2.0 mL). The resuitant mixtore was
difuted with EtOAc, washed with 1 N NaQOH and brine, dried with Na;SQ4, and concentrated
to give compound TX64135 (14.4 mg, 35%) as an off-white solid: "H NMR (400 MHz,
CDCli) 6 8.04 (s, IH), 5.97 (s, 1H), 3.62 {m, 5H), 3.09 (d, 1H, J = 4.7 Hz), 2.86 {app. 1d, 4H,
J=351,17.7 Hz), 2.34 (m, 1H), 2.22 {m, ZH)}, 1.68 (m, 11H), 1.51 (s, 3H), 1.49 (s, 3H), 1.26
(s, 3H), 1.24 (m, 4H), 1.18 (s, 3H), 1.03 (m, 2H), 1.01 {s, 3H), 0.93 (s, 3H), 0.88 {s, 3H}; m/z
588.4 (M +1).

Compound TX64074: A mixture of compound TX63762 (51.9 mg, 0.0999 mmol),
MNHACH (18.0 mg, 9.337 mmol), EDCI (28.7 mmel, 0.150 mmol}, HOBt-xHO (23 mg, 0.17
mmol), DIEA (6.03 mL, §.2 mumol) and DMFE (1 mL) was stirred at room temperatore for 17
h. The resultant mixture was diluted with EtOAc, washed with | N HCI and brine, dried with
NazS0y, and concentrated. The residue was purified by flash chromatography (silica gel, (%
to 100% EtOA¢ in hexanes, cach containing $.5% TEA) to give compound TX64874 (253
mg, 49%) as a white solid: 'H NMR (400 MHz, CDCl) 8 8.04 (s, 1H), 5.97 (s, 1H), 5.39 (s,
1H), 5.24 (s, 1H), 3.08 (d, 1H,J = 4.7 Hz), 2.21 (m, 3H), 1.70 (m, 11H), 1.51 (s, 3H), 1.50 (s,
3H), 1.26 (s, 3H), 1.24 (m, 4H), 118 (5, 3H), 1.03 (m, 2H), L.01 {5, 3H), 0.93 (s,, 3H), (.88
(s, 3HY m/z S19.3 (M+1).

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

Compeund 14:  The flask containing a suspension of compound 13 (481 g
10.1 mmoly, PA/C (10% wiw, 642 mg), EtDAc (100 mi), and CHyCl, (100 mLl) was

thoroughly purged with Ny, followed by Hy. The resultant mixture was stirred vigorously for
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2 h, sparged with Ny for ~2 h, stirred overnight at room temperature, filtered throogh a plug
of celite {3 cm) ehuting with CH,CL {Z00 mL), and concenirated to give compound 14 (5.0 g
as a paic yellow foam that was used without further purification: m/z 480.3 (M+1).

Compound 18 A suspension of compound 14 (all above obtained, < 10.1 mmol),

(]

HBr (48% wiw aq., 0.49 mL, 4.4 mmel}, and MeCN was heated to 35 °C for 30 min. Bn
(1.62 mmol, 12.1 mmol) was added, and the resultant mixtore was heated to 35 °C for an
additional 17 h. The solution was cooled to room temperature, 109 NapSOs (506 mL) added,
and the biphasic mixture was stirred for 1S min at room temperature. The mixture was
difoted with EtOAc. The organic fraction was separated, washed with a 1:1 mixture of 10%
10 NaySOs; and sat. NaHCO; and brine, dried with Nay50,, and concentrated to give compound
15 (5.1 g) as a yellow foam that was used without further purification: m/z 4783 (M+1).
Compound 16: NaOMe (25% w/w in MeQOH, 3.00 mL, 13.1 mmol) was added to a
suspension of compound 18 (al above obtained, < 16,1 mmol) in MeOH (100 mL), and the
resultant mixture heated to 50 °C for 2 h. The yeliow solotion was cooled to room
15 temperature, diluted with MTBE, washed with T M HCI and brine, dried with Na)S(O4, and
concentrated to give compound 16 (5.15 g} as a yellow foam that was used withoot further
purification: m/z 478.3 (M+1}.
Compoungd TX63483: A solution of 1,3-dibromo-5,5-dimethylhydantoin (1.445 g,
5.05 mmol) in DMF (12 mL) was added over 5 min to a § °C sohution of 3¢ (all above
20 obtained, < 10.1 mmol) in DMF {40 ml). The vial containing the DBDBMH sclution was
washed with an addition 8 mL of DMF, and that solution was added to the reaction. After 1 h
at  °C, pyridine (2.45 mL, 30.3 nwnol) was added, and the reaction was heated to 535 °C for 4
k. The resultant solution was cooled to room temperature, diluted with EtOAc, washed with
10% NapSOs, water, 1 N HCL and brine, dried with NaxSQ,, and concentrated. The residue
25 was purified by flash chromatography (silica gel, 0% to 42% EtOAc¢ in hexanes), and the
resultant product was triturated with EtOH (SO0 mL} at 50 °C for 30 min to give compound
TX63403 (3.01 g, 63% from 13) as 2 white solid: 'H NMR (500 MHz, CDChL} 8 8.05 (s, 1H),
5.97 (s, 1H), 3.02 (d, 1H, J = 4.7 Hz), 2,23 (td, 1H, 7 =43, 13.5 Hz), 1.78 (m, 6H), 1.54 (m,
3H), 150 (s, 3H), 1.46 (s, 3H), 1.40 (o, 1H), 1.26 (s, 3H), 1.22 (m, 5H), 1.18 (s, 3H), 1.03
30 (m, 2H), 1.00 (5, 3H), 0.92 (s, 3H), 0.87 (s, 3H), 0.83 (1, 3H, J = 7.4 Hz}; mz 476.3 (M~+1).
Compoungd TX63868: Compound TX63358 (500 mg, 1.05 mmol) and
1, V-carbonyldiimidazole (221 mg, 1.36 mmol} were dissolved in MeON (10 mL). The

reaction was heated at reflux for 5 h and was thon cooled to room temperature. The
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as & white foam: "H NMR 8 8.07 (s, 1H), 6.00 (s, 1H), 4.70 {m, 1H), 4.12 {4,
1H,/=11.0 Hz), 4.00 (d, 1H, J=11.0 Hz), 3.24 (m, 2H), 3.08 (d, 1H, 7=4.4 H=), 2.42 {m,
IH), L83 (s, 3H), 1.52 (s, 3H), 1.28 (5, 3H), 1.20 (s, 3H), 1.17 (1, 3H, J= 7.3 Hz), 1.08-1.97
(m, ISH), 1.04 (5, 3H), 0.97 (s, 3H), 0.90 {5, 3H); #o2 3483 (M1,

Compound 17 LiAlH: (2.0 M in THF, 100 mL, 200 mool) was added to a 0 °C

e

(]

solution of oleanclic acid (25.1 g, 55.0 mmol} in THF (1.25 L). The mixture was heated to

reflux for 3 h, cooled to room temperature overnd covled 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 yoom tomperature over 15 min, filtered through celite, eluted with MTBE, and
concentrated to give compound 17 as a white solid that was used without further purification:
m/z 443.4 (M+1).
Compound 18: A solution of NaOC] (6.0%, 30 mb, 65 mmol) and water (180 mL}
was added to a O °C biphasic solution of compound 17 {(all above obiained, < 55.0 munol),
15 NaHCGOs (4.65 g, 554 mmol), NaBr (5.68 g, 55.2 mmol), TEMPO (4.30 g, 27.5 mmol),
water (360 mL)} and CHLCL (1 L) over 1 h. The muixture was warmed to room temperature
over 16 h, quenched by the addition of 10% Na;80; and stitred for 15 min.  The organic
fraction was separated, and the aqueous fraction was extracted with CH:Cly. The combined
organic fraction was washed with brine, dried with Na,SQ,, and concentrated. The residue
20 was purified by flash chromatography (silica gel, 0% to 15% EtOAc in hexanes, then 10%
EtQAc in CHxClz) 1o give compound 18 (1922 g, 79% from oleanolic acid) as an off-white
solid: m/z 441.4 (M+1).
Cempound 191 KOBu (6.36 g, 56.8 mmol) was added to 2 room temperature
suspension of (methoxymethyljtriphenyipbosphonivm chloride (23.36 g, 68.14 mmol} n
25 THF (115 mL} and stirred at room temperature for 45 nin. A solotion of 18 (5.00 g,
11.4 mmol) in THF (85 mL) was added over 10 min to the reaction mixture, and the transfer
was completed with THE (30 ml). The reaction was stirred at room temperature for 21 h,
then quenched by the addition of HySQ, {30%, 23 mi), stivred 2 h, diluted with EtQAc and
water, and made basic with 4 N NaOH. The organic fraction was separated, washed with
30 brine, dried with Na2,80:; and concentrated.  The residue was purified by flash
chromatography (silica gel, (% to 30% EtOAc in hexanes) to give compound 19 (493 g,
96%} as a pale vellow solid: m/z 4554 (M+1).
Compound 28: NaBH,; (856 mmol, 22.6 mmol) was added to a § °C sohstion of
compound 19 (4.93 g, 10.8 mmol) in MeOH/THF (2:1 mixture, 300 mL), and the reaction
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was allowed to warm to room temperature. After 2 b at room temperature, the mixtore was
concentrated o reduced volume, diluted with EtOAc, washed with 1 N HCI and brine, dried
with NaySQ4, and concentrated to give compound 28 (6 g, quantitative) as a white solid: m/z

457.4 (M+1),

(]

Compound 21: A solution of 28 (all above obtained, < 10.8 mmol}, AcO (8.2 mL,
87 mmol), pyridine (10.5 ml, 130 mmol), and DMAP (133 mg, 1.09 mmol} m CH,Cl (225
ml.} was stirred at room temperature. Additional AcO (4.1 mib, 43 mmol), pyridine (5.25
mi., 64,9 mmol), and DMAP (133 mg, 1.09 mmol} were added after 7 h and again after an
additional 16 h. The reaction was stirred an additional 3 d, then diluted with CH,Cl, washed
16 with 1 N HCL saturated NaHCO; and brine, dried with NaSQy, and concentrated. The
residue was purified by flash chromatography (sifica gel, 0% to 30% EtQCAc in hexanes) to

give compound 21 (4.40 g, 75% from 19) as a white foam solid.

Compound 22: AcOOH (39% in AcOH, 2.1 mL, 12.4 mmol} was added to a 50 °C
suspension of 21 {4.40 g, .14 mmol) and NapCOs (1,13 g, 10.7 mmol} in AcOH (81 ml).

15 Additional AcOOH (0.84 ml, 5.0 mmol) was added after 17 b and again (021 mL, 1.2
mmol) after an additional 8 k. The reaction was stirred at 56 °C for an additional 13 b,
guenched by the addition of excess Nay80;, stivved 15 min, diluted with tolucne, and
concentrated to dryness. The residue was dissolved in CH;Cly, washed with water, saturated
NaHCO; and bring, dried with Na;SC4, and concentrated to give compound 22 (4.36 g, 96 %)

20 as a white solid: m/z 557.4 (M+1).

Compound 23 B (0.60 mb, 12 mmol) was added to a 35 °C suspension of
compound 22 (841 g, 9.72 mumel) and HCI (4.0 M in 1 4-dioxane, .97 mL, 3.9 mmol) in
MeCN (96 mL). The mixture was stirred overnight between room temperature and 35 °C.
The mixture was beated to 35 °C, and additional Br, (0,15 mi., 2.9 mumol) was added and

25 again added (0.30 mL, 5.8 mimol) after an additional | h. The reaction was stirred at 35 °C
for an additional 1 h, then quenched by the addition of 4% Na,SO; {100 mL) and stirred at
room feruperature for 30 min. The organic fraction was washed with satorated NaHCO; and
brine, dried with NaySO;, and concentrated to give compound 23 as a yellow solid: m/z 5554
(M+1).

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

concentrated HySO4 (0.1 mil) in MeOH/THF (1:1 mixture, 200 mL) was heated to 35 °C for

1 h Additional H2S04 (0.9 o) was added, and the reaction was then brought fo refhux for 19

h. The mixture was concentrated to reduced volume, then diloted with EtOAc, washed with 1

N NaOH and brine, dried with NaySQy, and concentrated. The residue was purified by flash
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chromatography (silica gel, 0% to 63% EtQAc in CHyCh) to give compoond 24 (3.41 g, 74%
from 22) as a pale-yellow solid: mz 471.4 (M+1).
Compound 25 A solution of NaOC! (6%, 6.5 ol 5.2 omel) was added to a room

temperature sohution of compound 24 (1.70 g, 3.61 mmeol) in AcOH (27.5 mL}, and the

(]

reaction mixture was stirred at room temperature for 1.5 h. The reaction was diluted with

EiQAc, washed with 10% NaySOs; and brine, dried with NaSQ., and concentrated. The

residue was purified by flash chromatography (silica gel, 096 to 559% EtOAc in CHyCh) to

give compound 258 {1.36 g, 80%) as a white solid: m/z 4693 (M+1).
Corppound 26: NaOMe (25% in McOH, 6.5 mL} was added to a ¢ °C sohution of

10 compound 28 (1.36 g, 2.90 vunol) in cthyl formate (16.5 ml). The mixture was stirred at §
°C for 15 min, then warmed 1o room temperature.  After 7 h the mixtare was diluted with
EtOAc, washed with 1 N HCI and brine, dried with Na;SCy, and concentrated to a give
compound 26 {plus mixture of formaic esters) as a yellow foam: m/z 497.3 (M+1).

Compound 27 A mixture of corapound 26 (all above obtained, < 2.90 mmol) and

15 NHOH-HCH in EvOH/water was heated to 55 °C for 17 h. The resultant nyixture was diluted
with EtOA¢, washed with 1 N HCI and brine, dried with Na,80s, and concentrated to give
compound 27 as a yellow foam: m/z 494.4 (M+1).

Compound 28: A solution of 27 (all above obtained, < 2.90 mmol) and NaOMe
(25% in MeOH, 1.7 mL) in MeOH (39 mL) was heated to 55 °C for 6 h. The mixture was

20 cooled to room temperaiure overnight, acidified with HCH (4 M ip 1,4-dioxane, 10 ml), and
heated to 55 °C for 7 b The resultant mixture was diluted with EtOAc, washed with 1 N HCl
and brine, dried with Nay304, 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: m/Zz 494.3 (M+1).

25 Compoungd TX63688: A solution of {,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, 2.05
mmaly in DMF (15 mL), with additional DMF (2 ml) used to complete the transfer. The
mixture was stirred at 0 °C for 3.5 h, then pyridine (0.66 ml, 8.2 romoel} was added, and the
reaction was heated to 55 °C for 18 h.  The resuhtant sobution was dibsted with EtOAc,

30 washed with 1 N HCL 5% Nay3G;, and brine, dried with Na;S0O,, and concentrated. The

residuc was purified by column chromatography {silica gel, 8% to 100% EtOAc in hexanes)

to give compound TX63608 (805 mg, 80 %) as an off-white solid: 'H NMR (400 MHz,

CDCL) § 8.04 (s, 1H), 5.98 (s, 1H), 3.78 (m, 2H}, 3.11 {4, 1M, /=47 Hz), 2.25 (1d, 1H, J =

J00086504} RO
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4.0, 13.6 Hz), 1.65 (m, 12H), 1.50 (s, 3H)}, 1.50 (s, 3H}, 1.26 (5, 3H), 1.25 (m, 4H), 118 (s,
3H), 1.06 (m, ZH}, 1.01 (s, 3H}, 0.93 (5, 3H), 0.87 {5, 3H); m/z 492.3 (M+1}.

Compound TX6360%: A solution of compound TX63688 (50.5 mg, 0.103 momwol),
MeQTF{S7 uL, 0.50 mmel) and 2,6-di-fers-butyl-4-methylpyridine (128 mg, 0.623 mmol) in
CH>Cl (2 mL) was stirred at room temperature for 19 h. The resultant mixture was diluted
with Et(Ac, washed with 1 N HCI and bring, dried with NaySO4, and concentrated. The
residuc was purified by colunm chromatography (silica gel, 0% to 100 % EtOAc in hexanes)
to give compound TX63669 (395 mg, 76 %) as a white solid: '"H NMR (400 MHz,
CDCL) 8 8.04 (s, 1H), 5.97 (s, 1H), 3.45 {m, 2H), 3.32 (5, 3H), 3.09(d, 1H, ./ = 4.7 Hz), 2.25
(d, 1H, J =41, 13.4 Hz), 1.66 {(m, 11H)}, 1.30 (5, 3H), 1.48 (s, 3H), 1.26 (5, 3H), 1.25 (m,
4H), 1.18 s, 3H), 1.05 (m, ZH), 1.01 {5, 3H), 0.94 (5, 3H}, 0.87 (s, 3H); m/z 506.3 (M+1).

Compound TX63616: A solution of compound TX63608 (49.6 mg, 0.101 omoel},
Acy(3 (48 gL, 0.51 mmol}, pyridine (831 pL, 1.0 mmol) and DMAP (3.4 mg, 6.028 mmol) in
CHoClz (2 mL) was stirred at room temperature for 20 h. The resultant mixture was diluted
with EtOAc, washed with 1 N HCL, saturated NaHCOs, and brine, dried with Na,S0y, and
concentrated. The residue was purified by column chromatography (silica gel, 0% to 100%
EtOAc in hexanes) to give compound TX63618 (41.1 mg, 76%) as a white solid: 'H NMR
{400 MHz, CBCh) 6 8.04 (s, 1H), S.98 (s, 1H), 4.16 (m, 2H), 3.08 (4, 1H,.J = 4.7 Hz)}, 2.25
(xd, 1H, J = 4.0, 13.5 Hz), 2.03 (s, 3H}, 1.66 (m, 11H)}, 1.50 (s, 3H), 1.49 (s, 3H), 1.26 (s,
3H), 125 (m, 4H), 118 (s, 3H), 1.07 (m, ZH), 1.01 (5, 3H), .93 (s, 3H}, .87 (s, 3H); m2z
534.3 (M+1).

Compoungd TX63981: A solution of compound TX63608 (41.4 mg, 0.0842 mmeol)
and BEINCO (64 gL, 0.81 mmol} in toluene (0.5 mL} was stirred at room temperature for | b,
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 a white solid: 'H NMR. (400 MHz, CDCL) &
R.04 (s, 1H), 5.97 (s, 1H)Y, 4.58 (s, 1H), 4.23 (m, 1H), 4.12 (m, 1H), 3.19 {m, 2H), 3.09 (d,
1H, J =46 Hz), 230 (d, 1H, J =41, 132 Hz), 1.67 (m, 11H), 1.50 (5, 3H), 1.49 (s, 3H),
1.26 (s, 3H), 1.19 (m, 6 H), 118 {s, 3H), 1.12 (¢, 3H, J = 7.2 Hz), 1.01 (5, 3H), 0.94 (s, 3H),
(.88 (s, 3H); m/z 563.4 (M+1).

Compound 2% DIBAL-H (1.0 M in THF, 5 ml, 5.0 mmol) was added to a 0 °C

s

solation of 8a, 8b (Ba:8h = 2:3, 0.30 g, 0.92 mmol) in THF (10 mL). The reaction mixture

was stirred at § °C for 30 min, then warmed to room temperature for 2.5 h. The mixture was

100086504} 90
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covled to 0 °C, quenched with saturated Nak tartrate (10 mL), dihuted with MTBE (25 mL),
warmed to room temperature over 1 b, diluted with additional saturated Nak tartrate (40 mb),
then and extracted with MTBE. The combined organic fractions were washed with brine,

dried with Nax80,, filtered through a short plug of celite, cluted with MTRBE, and

(]

concentrated to give compound 29 (491 mg, mixture of Cl2-cpimers, quantitative) as a white

solid: m/z 492.3 (M+1),

Compound 34: NBS (244 mg, 1.37 vunol) was added to a room temperature solution
of compound 29 (all above obtained, < .92 mmol} in DME/water (9:1 muixture, 10 mL}. The
reaction was stirred at room temperatire for 2 h, quenched by the addition of 5% Na;SQs,
10 stired 15 min at room temperature, and then exiracted with EtOAc. The organic fraction was

washed with brine, dried with Na;3Q,, and concentrated. The residue was puritfied by flash
chromatography (silica gel, 0% to 100% EtOAc in hexanes) to give compound 38 (491 mg,
guantitative) as a white solid: m/z S08.3 (M+1).

Compound 31 A solution of compound 38 {all above obtained, < 0.92 mmol} and

15 NaOMe (25% mn MeOH, 1.3 mL) in MeOH was stirred at 55 °C for 16 h. The resultant
mixture was diluted with | N HCI and extracted with EtQAc. The combined organic
fractions were washed with brine, dried with NaySQOy, and concentrated. The residue was
purified by flash chromatography (silica gel, 0% 1o 80% Ei0OAc i hexanes) to give
compeund 31 (151 mg, 32%) as a white solid: m/z 508.3 (M+1).

20 Compound TX63744: 1.3-dibwomo-3.5-dimethylhydantoin (45 mg, 0.16 mmeol) was
added to a 0 °C solution of compound 31 (151 mg, 0.278 vynel) o DMF {10 mi). The
mixture was stitved at 0 °C for 2.5 h. Pyridine (0.10 mL, 1.2 yomol) was then added, and the
reaction heated to 55 °C overnight. The resultant solution was diluted with EtOAc, washed
with 1 N HCIL 10% NaxSGs, and brine, dried with NayS0Oy, and concenirated. The residue

25 was purified by colomu chromatography (silica gel, 0% to 80% EtOAc in hexancs) to give
compound TX63744 (82 mg, 58%) as a white solid: 'H NMR (400 MHz, CDCh) § 8.04 (s,
1H}, 5.97 (s, TH), 3.66 {m, Z2H), 3.05 (d, IH, J = 4.7 Hz), 2.25 {td, 1H, J = 4.1, 13.6 Hz),
1.66 {m, 14H), 1.49 (s, 3H), 1.47 (5, 3H), 1.26 (5, 3H), 1.23 {m, 4H), 1.18 {5, 3H), 1.04 {(m,
2H), 1.01 (s, 3H), 0.93 (5, 3H), 0.87 (5, 3H}); m/z 506.3 (M+1).

30 Compoungd TX63983: A solution of compound TX63744 (24.1 mg, 0.0477 mmeol)

and EtNCO (39 yL, 0.49 mmeol) in toluene (0.5 ml) was heaied to 70 °C for 20 h, then

purified divectly by columm chromatography (silica gel, 1% to 100% EtOAc in hexanes) to

give compound TX63983 (20.7 mg, 75%) as a white solid: 'H NMR (400 MHz, CDCL) &
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R.04 (s, 1H), 5.98 (s, 1H), 4.55 (5, 1H), 4.04 {m, 2H), 3.21 (m, 2H), 3.02 (d, 1H, J = 4.6 Hz),
224 (d, 1H, J = 4.0, 12.8 Hz), 1.66 (m, 13H), 1.50 {s, 3H), 1.46 (s, 3H), 1.26 (s, 3H), 1.25
(o, 4H), 118 (s, 3H), 114 (, 3H, J = 7.2 Hz}, 1.04 (m, 2H), 1.01 (s, 3H), 0.93 {5, 3H), 0.88
(s, 3H); m/z 5774 (M+1),

All of the compounds, compositions and methods disclosed and claimed herein can be
made and execuled without undue experimentation in light of the present disciosure. While
the disclosure may have only been described in terms of cortain embodiments, it will be
apparcnt 1o 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
spocifically, # will be apparent that certain agents which are beth chemically and
physiologically related may be substituted for the agents described herein while the same or
similar results would be achieved. All such similar substitotes and modifications apparent {o
those skilled in the art are deemed to be within the spirli, scope and concept of the invention

as defined by the appended claims.
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CLAIMS

1. A compound of the formula:

NC.

A
3
[
=
=

HiC CH3 ( D»
wherein:
5 Y 1s a covalent bond, ~CHy—, —C{O)—, —O—, or -NH—;
R and Ry are each independently —H, ~OH, methyl, or as defined below; and
Rais:
bydrogen, hydroxy, halo, amino, -NHOH, or mercapto;
alkykoess), alkenylew, alkynylce, aryloss, aralkylkcss), heteroaryloss,,
10 heterocycloatkylicssy,  acyliess), alkoxyessy, alkenyloxywss),
aryioxyocs,, aralkoxyces), heteroaryloxyess), acyloxyicss),
heterocyeloatkoxyices),  alkylaminoee),  dialkylaminoics),
alkenylamimoess, alkoxyamingc<x), arylaminoe<s,
aralkylamino<s), heteroarylaminoeca), heterocyclo-
alkylaminoc<s), alkylsulfonylaminocc, amidoges),
~NH-anidowcs), or a substitated version of any of these
groups;
Rz and Ry, taken together, are ~0O—, ~NR,~ or a covalent bond between
Y and carbon atorn 13, wherein R, is hydrogen or alkylewy; or
20 Ry and R, taken together, are —~O—, ~NR,~ or a covalent bond between
Y and carbon atom 14, wherein R, 18 hydrogen or alkykea;

ot a pharmaceutically acceptable salt thereof
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2. The compound of elaim | frther defined as:

(I,

RN

Ry and Ry are each independently —H, —OH, methyl, or as defined below; and
Rias:
hydrogen, bydroxy, halo, amino, ~NHOH, or mercapio;
aikyl(cgg), aikenyl(cgg;., alkynyl(cgg), aryi(cgg;., a.miiw E(CSS), bCfCl‘(}al"j,’ L\'ng),
hetemcycloalky](.;358;,,, ‘dCyL\ng), 3“(0)(}/((53), alkenyioxy(cgg),
10 arvioxyc<sy, aralkoxyiss;, beteroaryioxyiw,, acyloxyees,
heterocycloalkoxyecgy,  alkylaminoessy,  dialkylaminoces,
alkenylaminoe<), alkoxyaminoc<s), arylaminoc<s),
aralkylaminowcs,, heteroarylaminocas), heterocyclo-

alkylaminocc,, alkylsulfonylaninocc), aridoccs),

ot
o

—NH-amido<), or a substituted version of any of these
2roups;
R and Ry, taken together, are —0—, —NR,— or a covalent bond between
Y and carbon atom 13, wherein R, is hydrogen or alkykcw,; or
Rz and R, taken together, are —0O—, ~NR,~ or a covalent bond between
20 Y and carbon atom 14, wherein Ra is hydrogen or alkykewy:

or a pharmaceutically acceptable salt thereof

-H
=
&
=
0
[
A
=
=
Bel
~J
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3. The compound of elaim 1, forther defined as:

(In,

Y is a covalent bond, ~CHy—, ~C(0)~, ~O, or —~NH~; and

3 Rais:
hydrogen, hydroxy, halo, amino, ~NHOH, or mercapio; or
aikyl(cfgg), aikenyi(cgg;., aikynyl(cg; 35 afyi(cg;g), araikyimgg,, hetemaryi(cgg;.,
h’i‘.EBE‘OC}’GIQaH{yl((;gs;,, acyi(cgg), alkoxy(cfgg), aikenyioxy(gg;g;?
arvioxywo<x), aralkoxyic<s, beteroaryloxycs, acyloxyos),
10 heterocycloalkoxyiecs,  alkylaminoes), — dialkylaminoc),
allenylaminoce«), alkoxyamino <), arylaminoge<s;,
aralkyiaminow«g,, heteroary lamingces), heterocyclo-
alkylaminoy«s). alkylsulfonylamino o), amido<s),
~NH—-amidow«), or a substitoted version of any of these
15 2roups;

or a pharmaccutically acceptable sali thereof.
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4. The compound of elaim 3, forther defined as:

(In,

Y is "'Ci‘iz'",, "'C(O}"', '"0'"‘, oF ""N}{'"; and

5 Kiis

hydrogen, hydroxy, halo, amino, ~NHOH, or mercapio; or
aikyl(cfgg), aikenyi(cgg;., aikynyl(cg; 35 afyi(cg;g), araikyimgg,, hetemaryi(cgg;.,
h’i‘.EBE‘OC}’GIQaH{yl((;gs;,, acyi(cgg), alkoxy(cfgg), aikenyioxy(gg;g;?
arvioxywo<x), aralkoxyic<s, beteroaryloxycs, acyloxyos),
10 heterocycloalkoxyiecs,  alkylaminoes), — dialkylaminoc),
allenylaminoce«), alkoxyamino <), arylaminoge<s;,
aralkyiaminow«g,, heteroary lamingces), heterocyclo-
alkylaminoy«s). alkylsulfonylamino o), amido<s),
~NH—-amidow«), or a substitoted version of any of these
15 2roups;

or a pharmaccutically acceptable sali thereof.

5. The compound according to any one of claims 1-4, wherein the bond between carbon

atoms a and b 15 a single bond.

6. The compound according to any one of claims 1-4, wherein the bond between carbon
20 atoms a and b is 2 double bond,
1000856504} Qo
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18.

19,

24,

21

22.

The compound according to any one of claims 1, 3 and 5-6, wherein Y is a covalent

bond.

The compound according to any one of claims -6, wherein Y is ~CHy—.
The compound according to any one of claims 1-6, wherein Y 1s ~C(G)—.
The compound according to any one of claims §-6, wherein Y is ~0O—.

The compound according to auy one of claties | and 5-10, wherein Ry is —H.
The compound according to any one of claims | and 5-10, wherein R, is methyl
The compound according to any one of claims 1-12, whercin R; is —~H.

The compound according to any one of claims 1-12, wherein R; is ~OH.
The compound according to any one of claims [-12, wherein R 1s amino.
The compound according to any one of claims 112, wherein Rs 1s alkyloc,.
The compound of clatm 16, wherein Rs is methyl.

The compound according to any one of claims 1-12, wherein Ry is

heterocycloalkyliog,.

The compound of claim 1&, wherein Ra is morpholinyl, pyrrolidingl, azetidingd or

piperazinyl.

The compound according to any onc of claims 1-12, wherein Ry is substituted

heterocycloalkylces).

The compound of claim 20, wherein R, is hydroxypyrrolidinyi, difluoropyrrolidinyt,

hydroxypiperidinyl, or M-Boc-piperazinyl.
The compound according to any one of claims 1-12, whercin Rs is acylcw).

The compound of claim 22, wherein Rj is acetyl.

100086504} 130
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A

53
~\3

38.

39.

The compound according to any ong of claims 1-12 wherein Ry is substituted

38‘;‘/'1(05;3)-
The compound of claim 24, wherein Rs s ethylanminocarbonyl.
The compound according to any one of elaims 1-12, wherein Ry is alkoxyicxs).

The compound of claim 16, wherein Rj is methoxy, cthoxy, isopropoxy, feri-butoxy,

or —O—cyclohexyl

The compound according to any one of claims 1-12, wherein Ry is aryloxyecs,.
The compound of clatm 28, wherein R; 15 ~O—phenyl.

The compound according to any one of claims [-12, wherein R s aratkoxycs).
The compound of claim 30, wherein R, is benzyloxy.

The compound according to any one of claims 1-12, wherein Ry is substituted

acyloxyces).
The compound of claim 32, wherein Ry 18 ~OC{ONHCH,CHa.

The compound accovding to any one of claims 1-12, wherein Rs is

heterocycloalkoxycas).
The compound of claim 34, wherein Ry is ~O—piperidiny! or N-Boe-piperidinyloxy.
The compound according to any one of claims §-12, wherein R 15 alkylaminoc<).

The compound of claim 36, wherein R is methylamine, ethylamino, sopropylamine,

tert-butylamine or cyclohexylamine.

The compound according to any one of claims 1-12, wherein Ry is substituted

alkylaminog«s).

The compound of claim 38, wherein Ry is 2,2 2-trifluoroethylamino,
, ; 24 Y :

~NHCH;COYOCH, or ~NHCHC{G)YOH.

The compound according to any onc of claims 1-12, wherein Rs is dialkylaminoc«s).

100086504} 101
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41.

W
o

RN
.

Wy
e

N
52

The compound of elaim 40, wherein Ry is dimethylamino.

The compound according to any one of elaims 1-12, wherein Rs is alkoxyaminoexg;.
The compound of claim 42, wherein Ra is methoxyamino.

The compound according to any one of claims 1-12, wherein Ry is arylamino,
The compound of claim 44, wherein R, 18 phenylamine.

The compound according to any one of claims 1-12, wherein Rs is aralkylaminoc<s.
The compound of claim 46, wherein Rs is benzylamino.

The compound according to any one of claims 1412, wherein Ry I8

hetercaryiamino,c<s).
The compound of claim 48, wherein Ry is pyridinylaming.

The compound according to any one of claims 1-12, wherein R; is heterocyclo-

alkylaminou<s).

The compound of claim 50, wherein Ry is oxetanylamino.

The compound according to any one of claims 1-12, wherein Ra is ~NH-amidocw).
The compound of claim S2, wherein Ry is ~NHNHC(G)CH;.

The compound of elaim 1, further defined as:

/
O

100086504} 102
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or a pharmaceutically acceptable salt thereof

55. A compound of the formula:

Hal SHa

S
x
~
<

o, 21

i8}

A o) Ra
~c
NE \ o
&
oid .
# ‘%
HsC CH3 (11D,
5 wherein:

nis it 6

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

Ry is:
aniino of ~NHOH; or
10 N-heteroarylc<s), N-heterocycloalkylcxs), alkylamino<s),
dialkviaminocss), alkenylaminow<), alkoxyaminogess),
arylamingesg, arallcylamino.c«x), heteroarylamino.c«x),

heterocycloalkylamino<, alkylsulfonylaminoces), amidowss)

2

~NH—-amidog<g, or a substituted version of any of these

ot
o

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

alkylcay; or

100086504} 106
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Rs and R,, taken together, are ~NR,~, wherein R, is hydrogen or
a.lky H(Cf;_';); ar

or a pharmaceutically acceptable salt thereof

56. The compound of elaim 55, further defined as:

o R,
2 O
{1V},
wherein:
nis | to 6; and
Ryis:
amino or ~NHOH; or
N-heteroaryviiccg,, N-beterocycloatkvliccs), atkylaminoe<s),
dialkylaminoexs,, alkenylaminoges, alkoxyaninogs),
arylaminoces), aralkylamino.c<s), hetercarylaminoe<s),

heterocycloatkylamino e, alkylsulfonylaming e, anudocx,
—NH-amidocs), or a substituted version of any of these
2roups;

or a pharmaceutically acceptable salt thereof,
57. The compound according to either one of claim 55 and 56, whereinn is 1,

58, The compound according to either one of claim 55 and 56, whercin nis 2.

58, The compound according to either one of claim 55 and 56, whereinnis 3.
64, The compound according to any one of claims 55 and 57-59, wherein R is —H.

100086504} 17
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69,

The compound according to any one of claims $§ and §7-59, wherein R, is methyl,
The compound according to any one of claims $5-61, wherein Rs is N-heteroarylocs;.
The compound of claim 62, wherein R is imidazolyl

The compound according to any one of claims S§5-61, wherein R is

N-heterocycloalkykoc.

The compound of clatm 64, wherein R is morpholinyl or pyrrolidinyl.

The compound according to any one of claims 55-61, wherein Rs s alkylaminoew).
The compound of clatm 66, wherein Rs s ethylamino.

The compound of claim 55, further defined as:

, OF

or a pharmaceutically acceptable salt thereof.

A pharmaceutical composition comprising:

a) the compound according to any one of claims 1-68; and

100086504} 108
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b} an excipient.

70. A method of treating and/or preventing a disease ov a disorder in a patient in need
thereof, comprising administering to the patient a compound according to any one of

claims 1-68 n an amoeunt sufficient to treat and/or prevent the discase or disorder.

100086504} 19



