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CI-HETERGARYL DERIVATIVES OF QLEANGLI ACID

AND METHODS OF USE THEREOQY

o Thas application cladms the benafit of United States Provisionad Patent Application
Ny, 617680199 filed on Septambor 10, 2012, the entirsty of which i ineorponed herein b
velerence.

Parsuant o 37 CFRRLEIHY, a sequence listing is submitted hevowith as an ASCH
compliant toxt file pamsed “REATPOOTOLS Sequenceldsting ST28.0a”, cremted  on

10 September 9, 2013 and having a stre of -1 KB, The content of the afrementioned fils i
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BACKGROUND OF THE INVENTION
i Field of the Inveution

The present Brvention velates generally o the Helds of ology and mediome, More

i
4

pattioudarly, it comcerns compounds, compositions and metheds for the trestment and

provention of dasases such as those assoetated with oxidative strosy and inflanumation.

1L Deseription of Related At

o

The anti-dellenymatory and anti-prodiferative activity of the nateslly oecurring
iriterpenotd, clemnolio ackl, hus boen wmproved by chemical modifieations. For example, 2+

0 oyane-3,12-diooxooleans- LB Didien-28-mie aeid {CDDOY and related compounds have
been developed {Honda e af, 1997 Honda ef o, 199%; Honda e af, 1999 Honda of .,
H0a; Honda oo af., 20000 Honds, of of, 2002, Sub ¢ ol 1998 Sahoat o, 1999 Ploe e

al, 2003 Lily ef «f, 2008 and U5 Patents 8,120,420, TH15400; 8,124,759 3,071,632

8338618, and 7943778 The methy! ester, bardoxolone methyl (CRDO-Me), has beon

¥

evatuated cHrteally for the wewment of cancer and clronie kidney disesse (Pargola of wl,

20HE Homg edad, 2002}

3
¥4

Synthetic triterpenaid apalogs of oleanvdic asd have alan boen shown © by inhibitors
of coilular mlanmmetay processes, suck as the mduetion by TRN-y of dueible sitrti oxide

syathase (INDSY and of COX2 w

'

;y

A8

hee Hoada er ¢l 2000a); Honda o

Ly
<>

gl {2000by, and Houda of &f (2002}, Synthetic derivatives of arother iritorpencdd, bowlinic

aoid, hive alen been shown o vy
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compowrsts have bedn ket¢ exiensively chamcterbred Mowda & of, 2006, The

plarmescelogy of thess synthete tierpenold modecules & vomplex. Uonpoundy derfved

fronn ok sokd have beon shown 1o affct the Tunction of nuduple protan targets and
thersby modaliie e activity of several fmportant celhder signaling pathways redated o

&

14

oxidative atross, cell evele control, and inflammation {ep, Dlakova-Konova e ad, 008

Shanad ef of, 2006, Abad o af , 2008, Liby et ol 20072). Dentvatives of botudinie acid,
though they have shown compersble anti-nflemmatory properties, slso. appesr w0 have
sigrificant differcoces o their phanmacology compared o OA-dorived compouads (Liby ¢f
af., 2067y, Given thal the nolngteal activity prodiles of Rnewn triterpenend desivatives vary,
10 and dnoview of the wide variety of disesses that may be treated e provented with compounds
having potont antioxidant and aubinflammatory effects, and the high degree of unmet

medicn! need reprosented within this vanety of discases, 1t s desunble w©

compounds with diverse structures that may have mproved hologics

treatiment of one or more indicatons.

13
SUMMARY OF THE INVENTION
The prasent disclosure provides novel synthetie tritorpenoid dortvatives with anti-
nflaanatory andfor astioxidant propertics, pharmmceuticel compositions, and methods o
their manufaeture, and nuethods for their use,
26 Inome aspect, there are provided conypmds of the fonmala:

3 \,,\\

taree

S

4

SUBSTITUTE SHEET (RULE 26)



WO 2014/040056 PCT/US2013/059015

sicherein:

v substiided verson thereofd and

apnd, of eyvang or ~-NCIX o
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i atkony SEVIRNON
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N

batalaminoge, or  subsiinod

or a pharmaceuticaily acceptabie salt thereol)

Irnsome embodiments, Y s ~H, In some embodimeents, Y ik allvlioen, for axmaple,

L

T

)

alkyi
Sy

mathyl, a-propyl, sopropyl or svclopropyl. [n some embodiments, Y s substitutsd o

for svsenple, methoxymethnd,

In some embodiments, Aria ‘:\SMN o b

s
Lh

Ty sone smbealimenty, o= 00 In other embodimenis, o=

In anme embodiments, the compound i3 selvetad from e growup consisting of;

%
A e
[
e
4
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or & pharmaceateally aeoeptable salt of sy of the above frmalas,

\

1

In some aspasts, thore are provided phanmascenticel componitions compuising ove or
more of the above componnds and an excipient. T other aspets there are provided ssthods
of treating andior preventing a disease or 3 disorder {n patiems in ueed thereol, comprising
acministerivg o zuch patients one or more of the abave compounds 1w smount suificien

te trest andfor provent the disease or diaorder,

{Other objects, {eatires and advantsges of the presad diselosurs will become apparent
from the following dotatled deseription. B should be understond, howsvey, that the detailed
desoription. and the specific examples, winle indhcating spemfic embodiments of the
mvention, arg wiven by way of Hlustration enly, sinee varlous shanges and modifications
within the spindt and scope of the invention will become appavent to those shilled it an
From this dotaled desoription. Note that sumply beeawse a particular compound i aseribed w0

.

npe particular generie formaols doesa’t mean that 1 cannot also belong o ancther generio

formuls.
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SURIPTION OF ILUUSTRATIVE EMBODIMENTS

Dhsclosed boran are sow compounds and compositions with antoxidast aadior anti

inflapmmatery properties, methods for thelr mavufictre, mnd mathods for thelr wse, including

for the treatment amdéor ey snbion of ».-.!\‘: e

T

L)

8 Defindtions

o

When used fn the comtext of a chemival growgy “hedrogen™ mesns ~H; “hydroxy™

D

means O “ox0”™ menng =

A P mearboxy™ medns ~CEOOH
{also written as ~CDON e -»--{:(‘3;;1{;; “hade” means welopendently ~F, ~CL By or -1

e Mesns

Ha “hydroxvamine™ means ~NHOH; “pitro”™ means NGy iming means

W =NH “oyvane” meass ~ON; Sisocvanaie” masds ~N=C=Q) “aeide” wmeans Ny in a

mmovalent comiext “phosphate’ means ~OPOYOHY or a deprotonated formt thereol 1 a

g

divalent context “phosphate” mears ~OPIOHOHIO- or 2 deprotonated form thereof;

“raercapto” messs ~SH; and “thie” means =¥ “sulfond” msans 305 amd Caalfingt”

mesns %N,

Lo

“shemical formudas, the symbol " meany a single bond, »=" means

mexss triple bond. The symbol "™ represents an optional bond,

steor doubie. The symbol ¥ewes™ s hond ov a

;,:" “\\_‘ {_,./‘\‘\\: t_‘z’“ﬂ\‘\‘ :,m""\‘."\»:_§ r:/"‘\'\l\\

) H HIE HE Ton it
Aol heynd o eeaninle e el A e hrdes P S S S R
doubite bond. Thas, for example, the formuda & 2 medudes 1A N % W N7 and

/’hﬁ\\i}'
E\;/f. Ancd it i enderstond that no ove such rag stom forms part of mare than one doubls

20 boad Butherore, ¥ s noted et the covalent bond symobol ™7, when connsating one or
D SEETSORe atiwes, doos aot svbicate any profered stasochepuistey, Instead, it cover all
erecisomers as well ag mixtures thereoll The symbol Py when draven parpendicularty

avross & boud {‘H§U‘\ for mathyl) indicates a podat of attachment of the grovp. It is
noted that the puint of sttachenent §s typically coly slentifed 1 s manner for leger groups

25 imorder to assist the reader m wnanttaguosly tdeebving s point of witschewent Th ol

g means 2 single bond where the woup sttached 10 the thick end of the widge & “outof

the page.”” The sembob 87 gy 1 single hond where the group attached 1o the thick end

=ty

L

of the wedge 18 "o the page”™. The symbed 0" mems & single bond whare th
seomelty round & doubde hond feg, oither £ ov & woundefined. Both options, as well ag

3

3 combinationy thersol s thoretore intendsd. The bend orders desoribed ghove are wnt
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hotting when one of the atoms omvected by the bund i et st M) Dosuch cases, &
is undersiood that the aotal bonding wwy comprise significant multiple bonding andfor tonie
pharsotas fove, waless buheaisd otherwise, the Tyopulas MO, 30, M and M

+fo i boad of swy and type and erder betweon s metal stom aud g carbon

i

3 atom Any wndefined valenoy onan stom of @ stnichie shows i tus application mplivitly

ropresenta @ hydrogen atowm hondad 1o that stont. A bold dot on 2 carben atom indicates thag
the hydrogen attached o that carbon 15 oviented ot of U plane of the papes

When s group "R is depicted as & “floating growp™ ou s sing systeny, for example, in

ol T
,_.-v”

then R may replace any hydrogen s stlached o agy of the ring stons, eluding s

the fortula:

iy

depicted, voplind, or vgwe 'i}f defined hydmygen, so long ag 3 aable shuoture 15 formed.
When a o "R is depioted as a “Hoating growp™ on a fused ring system, a for ommple

it

the formula:

A -
‘5}‘: e \{!;\ (h/\ﬁ:ﬁ%
‘ L
} :; o
then R muay replace any hydrogen attached 10 any of the ring atoms of stither of the fused

riogs unless specified otherwise, Replaceabls hvdrogens iochude depicted hydrogena (2.2,

the bydrogen attzched to the piirogen in the fornula above), implied hydrogens {eg, a
hydroges of the formuls sbove that is not shown but wadersiod 1o be present), expreasly

A defined bydrogens, snd options! hydrogens whose presence depends on the identity of a ring
atom {e.g., a hydrogen attachad 0 group X, when X squals ~CH-Y, so long 0 a stable
strwetae s formed. In e oxaople deploted, R may reside on either the S-mierobered or the 6
mersbered ving of the fused ring svstem In the formuds ahive, the subsoript lester Y

myoediately following the wroup "R encloserd i parentheses, reprosetty & numeric varlabla,

38 Unless specified otherwise, this varmble can be iy, 1, 2, o sy Iy o than 2, only

Limited by the maxioem number of replacsable hydsogen atoms of the ring or

A

For the wroups and classes i:'u:\..‘ax‘mi-, the following parenthetical subseripts father dofine

the groupiolass ag follows: “{Cay” s the oxact wamber {03 of cwbon stons m the

prongyelass, " defines the maximem manbsr () of cwrbon steany thay omy by dn the
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Cwith the minimum nuntber as amall as ¢ e for the group g szsma}; 6.8, it

St
aroupidis

s onderstood that the susimum number of carbon atoves i the growy

class “alkene ot For examply, Cathox

srnades those alkoxy groups having

frove ¥ 10 carbon atems, (0n-) defines both the minimum () and madimam nuber {n)

5 of ewben atores o the grongy. Similegdy, “allorkesns” designates those alky! groups baving

&1
bag

frofs 2 10 1 carbonatoms,

The term “satorated” oy used heroin moans ompound o gemip o moditied has o
carbon-carbon doiirle and no carbon-carbon triple bonds, except as noted below. I the case

of substituted versions of seturatad groups, one or more carbon oxygen doubde bond or @

W carbon mtrsgen dowble bond may be present. And when soch 8 bond s prosent, then carbone
carbon double bonds thet my sgear as pt of keto-onsl tautanertsm or fmingenanineg

taniomernism arenot prec chaded.

The term “ahiphatic” when wsed withowt the "substituted” modifier siguhies that the

componmdigrnp 30 modified 33 an acyehe or cvelie, but pon-avonmatic hydhocarbon

)

P,
L3

comtpernad or grogp. 1n aliphane compoands/groups, the varbion atoms can be joined together
i siraight chaims, branched chains, o mop-avomatis cing {alowlic).  Aliphatic
cmpoundsigoups can be satwaled, that ix jomed by sngle bonds {alkepesfaliyl), o

unsaturated, with ong or oure double bonds (alkense/allceny!) o with s or meore iriphe

ikynyih
24 Thy term atky when wsed withoat the “substinged” wodifier refers 10 2 monovalen

saturated aliphatie group with @ carbon stom g3 the point of attactunent, a loear or wanched,

3 N

eyelo, ovelie or sovehls shucture, and no atoms other than cacbon and bydrogen, Thus, as

e

used heretn eycloaibyl i a subset of allvl, with the carbon stom that forms the point of

attachment also beng o member of one or more onaromatic ing stuctwes whetely the

o
< g

eveloatkyl group sonsists of ao atmps other thas carbon and hydrogen, As ased herein, the
tormt does pot preclude the presence of ooe or more alkyl groups (owbon number lndtation
LHATH; (B,
~CHYCHACH: {n-fe or propl), ~CHECH Y 6P Proor opropyl),  ~CHCH: )

feyslopropyd), ~CHOHOUHOH,: (eBu), ~CH{CHACHOH: el ~CHOM

pranniting] attached (o the dng o nag 8

tom. The groups ~CHy (&

I

32
ety

{isobutyly, ~C{OH Dy frert-buted, byl #Buor Ba), ~CHAOOH: ) freo-pentyly, evelobutyl,

~3

cvelopentyl, evclohenyd, and oyelobepyimetind are noaelimiting exanples of alkyl groups.
The lom *alkzmediy’i"‘ when used withow! e “substinged” modiffer vefers © a Hvalent

kN
1

satorated aliphatic group, with ong or two s

ed carbon stom{x) ay the poms) of
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attachment, 8 lagar or ranched, eyale, oyelie or apyelic strneture, 00 sarbenvoarhon double
or tripte heods, and no atsns ofher than carbon and hvdrogen. The growps, ~Chhe

M\\w,,-vrts
4 Yl

fmethyleney, ~CHCHy ~CHOOCHRCHy, ~CHOHCH -, amd . HE DoR-

Himitin exmmples of athanedivl groups,  The temn “alloviidene” when wsed without the

kY3

¥

sobstiited” modifier wfers fo the divalent growp =CRRY m which R oand B arc
mdependemty hvdrogen, alkyl, or B oand R are wken together to represent an alkanedivl
having at least pvo carbon atoms. Nop-lmitng examples of alkyviidene groups includer
=, =UHICHCH), snd =C{CH L An alkane™ vefers to the compound H-R, whesin R
w adkovl sy this orme iy defioed sbove, When any of these s 18 ased with the “substtured”

By mroditier ong or more hydvogen atom bas been independontly replaced Ty ~OH, ~¥F -1 ~Br,
by Ny NGy, = CO0H, ~COCH:, ~ONL =88, ~OCH:, ~OCHOH;, ~CIOCHy, ~NHCH;,
SNHOHOH:, ~RNECH g, ~CEOINHL, ~OCOCH,, or -S{OLNH:. The follwing groups ave

2"

&3 ~1¥ 3

non-hinuiting oumples of subsituted allnd groups: ~CHOH, -CHCL CF;, ~CHON
SCHAEONH,  ~CHCENGCH;, - CHCH) ~HRCOCH,,
SCHAMCIOKCH,, ~CHNH, ~CHNECH b, and ~CHLCHRCEL Thee torm Vhe

i1

aatke?” w8

4

subsat of suhstituted alkyvl, i which one o more hydrogen atoms has been subetitgted with g
haly group and o other aioms aside from cavbon, hydrogen and balogen ave gresent. The
groap, ~UHCT 35 2 pon-Hmiting example of & haloali!. The term “fluomalky!™ 15 a subset

-~

of substitutad alkyl, in which ong o more hydvogen hies been substituted with 8 {lworo growp

&

5

4 and no other atoans aside froen carbon, hedrogen and foorne are prey The groups,
SUHER, ~OFy, and ~CHCF e non-laniting examples of fhiwoalkyl groups.

The term “atkemyl” when wsed without the “sobstitited” modifier refers 0 an
monovalent wsatarated aliphatic group with a carbon ators as the point of atachment, 5
Hinear or branched, evole, cvelie or acyohe structors, at least e nonsromatic carbom-carbon

35 double bond, no carbon-carbon triple bonds, and no atoms other than carbow and hydrogan.
Nop-imiting examples of alkeyt groups melade ~CH=CH i), ~CH=CHCH,,
SCH=CHUECH, ~CHOH=CH @il ~OHCHSCHOH,, sod ~CH=CHOHSCH,, The

et Crdkenadiyl” when wsed withwgt the Moubstitnted” wodifier refors to a0 divalent
pasatunded aliphatic group, with two carbon atoms ax poinly of ablaclwnent, a linear oy
30 beanched, evalo, wyolic or aovells struclure, at loasd one noneroniatic carhon-vathrn double

bond, no carbon-carbon triple honds, and no atonws other than sarbot and hydsogen. The

L0 \S‘ n
LT

i

grotps, ~CHsCH- ~CH=CIOHACH -, ~CHsCHO -, and * . are non-lumiting
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exmuples O alleenediyl groups, 1 iy noted that while the alkenedivl woup is aliphaiie, snoe

conneeted a0 both eads, i group i not prechaded Gom formsing pavt of a0 aromatic

.

strecture. The teoms “alkene™ o “ulefin” are synonymons sud el @0 8 compound having

i

the formats HER, wherein B s alkeny! as this term s defined shove: & “termiual atkeng”

R

vefory o an alkene having just one carbon-carhon double bond, wharein that bond forms a
vinyl group & one end of the medecul: When any of these formy we wsod with the
“substituted” modifier ove or mose hydrogen atom has been independently replaced by ~OH,
~F, ~CL -8By, L WNHy, NGOy, QO ~COCH;, ~ON] ~8H -~*‘*;l3(17{-5235 ~OCHUH;,
~CENCHs, ~NHOH:, ~NHCHCHy, ~N{CH ), ~CONH, ~QCHENCH:, e ~SIORNHL.
HY o The groaps, ~UH=CHE, ~CH=CHU and ~OH=CHBr, e non-limiting exaniples

substinsted atkeny! groups.

The term “alkviwl” when wsed without the “substinted” nudifier refars o

meonovalons unsaturated abiphatie grovp with o cwbon atom s the point of asttachient, 8

Hinear or branchied, eyclo, eyelic or acyvefio stravture, ot foast one civhoncarbon wiple bongd,
15 and no sioms other tha carbon and hysmgen.  As ased herely, the term alloyayd doss pot
preclade the presence of o v more peR-aromatie carhon-carbon double boads, The groups,

=L ~CsCCH,, and ~CHC

ting exampley of slbyeyl woups. An

“atkyne™ refors W the compound HB, whereln R s allkynyl, When any of these terms are

-

psest with the “substiuted” modifter one or move hydropen ston has been independentdy

20 replased by ~OH, ~F, ~CL ~Br, =L, ~NHy, <8Oy, ~COML ~COuCHy, ~ON, ~$H, ~OCH:,
~OCHCHy, ~CINCH:, ~NHOH:, ~NHOHOH,, ~NICH b, ~CEOm s, ~0COICH;, or
~S{ORNHL.

The term “aryl” when wed without the “substituted” modifior refers © 8 monovaleny

ensatirated sromatic group with an womatic crbon aom as the pomt of sttechment, said

25 carhon wlom forming part of 2 one or wore siv-membared sromatic ring srachere, whereln
the ving atoms e all caebon, and wheretn the group comsiats of no atoos other than carbon
and hydrogen. Hf more than one ving 15 present, the rings sy be fused or wdbsed, As ased
boretn, the term does et prechude the presence of one or wore allod or aralkyl groups
jearbon numbsr lmitation permitting) attached %o the Hist aromatic riy or any additional

M avomatic nng presest. New-limiting examples of aryl groepy nclude phemyl (Phi,

methylphenyl, (dimethvhpheny, ---‘{',l;,H\;C'i%{gifi:i; {ethyiphonyl), naphilyyl, and & monovalent
growp derived fom biphenyl The fomn “arenediyl” when used withoot the “substinuted”
maodifier refors to a divalent aromatic grngs with two aromatic carbon aroms a8 poims of
attrchment, said carbon atoms forming part of one or more shy-membired aromatic tug

g
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strocture(s) wherein the ving aties are all sarboy, and sherein the menovadon

of no atrres other than carbo aned hydrogen, As nsed boveln, the torm does vot prechude the

presence of one of more alkyl, anyl or arslkyl groups Grarbon mmmber Himitalion prnuitisag)
attaches! o the first aromatic ring o any additional aromatic ring present. 1 more tha one
3 ring B present, the vings may be fosed or anfised. Uhdfised rings may be connected via opeé
or more of the Rollewing a covalent bood, atkanedivl, v alhenediyv] groups {varben munber

imvitation permitting), Non-liniting examples of sepediy] groups include:

, ad

k3

HY O An wrseoe” refory o the componnd H-RL wheret R i aryl as that teom i3 defined above.
Renzene snd toluene are non-Hmiting exanples of srenes. When any of these tems any used
with the “substiteted” modifler ong or wore hydrogen atom bes heen mdependintly replrced

by ~OH, ~F ~CL -Br, -1 -NHa -NOu ~OfhH, ~00:CHs, ~ON, ~SH, ~GCH,,

s ~OOWCH;, ~NHOHy, ~NHOH:CHy, ~NCH ), ~CIOWH, ~OCOW0Hs, o

i3
The tern “aalkyl” when used without the “subsdituted” mediier refors o the
monovatent groop ~atkanedddt-wel, i whish the feew alkanedivl and arvl are each vsed in g

manner consistent with the definitions provided shove. Ron-hinniung examples of avalkyls
ave:s phenylmethnd (betyl, Boy and 2-phonylb-othel Whes the tenn avalkv 3 waed with the

.

20 “substiuted” modifier one or more bydrogen stom from the alRavnedivt anddor the syl

soup
hay been independentty replaced by ~OH, ~F, ~CL By, -1 ~NH;, *"‘?'-;‘*{'}g.“-{_',?{'_');:;H:. AORCHS,
N, oSH ~OCH:, ~OCHCH, —CIOMIHS, -NHCOH,, -NEURCH, -NICH Y,
=CIOMNH,, ~OUEOICH,, or ~S{ORN

Nonv-liniting sxamples of substitoted aralloels s

i
{Jhlompheayh-meothyl, and 2-chlord-2-phenylbath-Tal,

23 The torm “hetersanyt”™ when used withow the “substituted” modifier refors w o a
monbvalont aromatio group with s aromatic carbon wlowe sy rtwgen atons as the point of
attachunont, sasd carbon slom oy mebmgen eloan fornung pavt of one or puwe sromati nog
stractures wherein at least omg of the ring atoms 15 nirrogen, oxypmn or sulf, wd wherein
the heteroary! growp consists of no atows wther then cwbon, hydrogen, aromatic sitrogan,

30 swometic axygen and aromsbe sdfer, TWmore than one ting is prosent, e negs may be fused

e
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ar anfused. prechude the pres

snce of one or mens alid,

arvl, andiy walkyl groups (varbon wonber hation pemuiting) wtched o the aromatio

g OF omatic ring system. Nos-lnsting exampdes of heterouryl groups wolude furanyd,
tidsotsd, dnbvl, indazoly! (Im), fsoxarals], methylpyridingd, ovazolyl, phenvlpyadingt,
5 pyridhnel, pynolyl, pyoudingd, pyrezisyl, guinelyl, quinerolvl, quinexslingd, taziny
teterzobyl, tnarolyl, thiensl, and tiwsolyl, The e "Nebetormaryt” refors o 8 heteroanyd
group with a nitrogen wiom as the point of sttachment. The terw “heteroarenadiv” when
gsed withont the “substibiied” wedifier velbes o ap divelond aromstic group, with two
aromadic carbon atoms, o arunatic pirogen almns, of one sromate catbon aom and ong
10 yrontic pitrogen atom as the two polms of attachment, said atomy foming part of one or
THOFe Qromnatic g struchire(s) wharein at keast e of the ring aleans 5 wirgen, oxygen or
sadfur, and whersin the divalent group consints of no atons other thin carhon, hydrogen,
ArGMALC pHrogen, srottis axyeen and aromatic sulfur. Winore than ove nag 1 preseny, the

sl via one of mors of the

vings may be fused or wdised, Unfused rings may be oome
13 following o covalent bond, sllowmediyl, or alkenedivl woups {carbon number Hnsifation
permiting) Ay osed hereln, the ey doos not precteds the presence of one oy mory allnd,

aryl, andiy gallyd groups fearbon rumber Tmilation pomuiting) aisched w the aromatic

ring or aromativ nog system. Non-louting examples of heteroarenediyl growms ncluden

- S
PN e \\\;’{
) 5 i o N‘é_.. y
I 0 e i i NS
é ; \\ ? N : . § # g
AN Rt [ AN HEEN
TN, A b Bt

2 A Theteroareme” wefers & the comprund H-R) whereln R & heteroanyl. Pyaidine snd
guineline are non-Hmiting exsroples of heteroarenes. When these tenms are wed with te
“substingted ™ modifior one or more dogen atom has been idependently replaced by 08,
=F, ~Ch B 1 -NH, <COH, 00, ~ON, ~5H, ~OUHy —~OUHCH,,

~CHNMIHG, ~INHOH,, ~NHCHCH;, -2 SCEOMIH,, ~OCENHCH,, or 8O

23 The term “heterccyeloaliond” when wesd without the “sebstituted” modifier refers 1o
mostvidont non-aromatie g with a sarbon afom o nibrogen atom a3 the pout of
attaciunent, said carbon aliwn o witrogen atom fivming pat of o oy MOTe ndg-aromaic ridy
steuctures whereln at feast one of the ring atoms is nitrogen, oxygsn of sulle, aud whorein
the belerocyeloalkyl groop consists of no sfone other than cavbon, hydrogen; nitrogen,

MY owypen mnd sulfur. I more than one ving ts prosent, the vings may be fused or unfused, As

-

nserd heveln, the tenn. dobs aot prochude the presense of one vy mose wlkyl groups Towbon

nmutbher hinitation permiting] sttached B the ving or ring systenn, Adso, the torm dogs vt

i1
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prechide the presence of one o1 more dovble bonds w the ring or ring system, provided that

the rosuling group restams sosaromatic. Non-hmting examples of heteroovcloathyl groups

mnclude  awividinyl, avetidinyd,  peeolidingd,  pipendingd,

aorpliolingd,
thimmorpholingd, etabydrofwanyl,  tetrabydrothioluanyl, tetmbydropyianyl,  pevanyd,

5 oaranyl, and exetanyl The temn “Mhetsrooyeloalkyl” refers 1o o hoereytloalkyl group
with = nittogen stom as the point of afachment.  The form “hatermnoycloalkansdiyl™ when

used withoot the “substinted” modifier refers to an divaient svclie moup, with two carbon
ston, two nitrogen atorss, o one carbon aton and ode ditrogen atem as the two points of
stfachment, said atomy forming part of one o wowe nng stnucturels) wherein at least one of

10 the ring atoes 18 mtrogen, oxygen or sulfur, and whersin the divalent group consists o no
stoms other tan carbon, hydvogon, mtrogon, oxygen and sulfur. I more then one wing is
present, the rings sy be fosed orumfised. Unfised rings may be connected vist one or more

of the following: a covalent boned, atkanedivl, or stkenedivl groups {carbon number imttation
g s ¥4, {

parmtiting). As used herem, the term does pot preciude the presence of one or mare alkyl

P
3

carbon manber mitation permitung) attached w the sing or ring system,  Also, the

E

r
L,

grougs
e does not preclade the presspce of owe or mare double bonds in the ting or ring svstern,
provided that the msuiting group romainy aenearomatic. New-boiting exaeples of

heterocyeloaliansdiyl g

Py

ronne el

s

T~ .
=N o
NN <
% N

Ve TE and

W Whon these teraws are used with the Vsubstituted” medifier one or more hydioeen mont ha
boen independently replaced by ~OH, ~F, ~CL ~Be. 1, ~NHy, ~NG,, ~CO:H, ~COCH;,
~CN, ~SH, ~OCH,, ~OCHCH;, ~CECH,  ~NHCH:,  -NHOMCH, ~RCH D,

=N, ~OCHERCH;, ~SORNH, or ~CUACCICH R fert-batvlrsverbonyl, BOCY

The o “acyl™

ent wsed withowt the “subshoged” modifier wefeny to the group
I -C{OMR, in which R s a hydrogen, alkyl arvl, arsikyl or beteroaryd, s those woms are
defined  above, The groups, ~CHO, -CIOiCH; {acetyl, A, ~COCHCH,,
~CEOICHCHOH,,  ~CHCH{CH s, ~CHIOMCHICH ), ~CION0H, ~COICHLCH,,

SCEMCHCeH:, ~CEh(intidarolel) are non-Hnuting examyples of aovl groups. & “thiosey!”

¥

i defned nan analogous manner, except that the oxygen atesn of the group ~C{OR has

3 besn replaced with a sulfer atom, 0 }R. The term “aldehyde™ comasponds sikane, as

defined above, wherein at lesst one of the vdropen atonns has been replaced with & <(H{}
YO Whe of these tem Uwith the “yobsitoled” modifier vae o e
Eroup, e any of these terms are wsed with the “substitated” modifier oy or more
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20

fydrogen stom {ehuling a hydmgen alom direetly attached the carbonyd o thiocrbonyt
group, if ey} has bean independently veplaced by ~OH, -F, -Cl, "‘S:E”,_ =1, ~NHy, N
=, ~COCH;, ~ON, ~8H, ~OCH;, ~O0HCH, OOy, ~NHOH;, ~NHCHCHG,
5y ~OCEHCH:, o ~SERNR,,

The groups, ~CENCHCE,, ~COuH
~COCH:  (mathyicarboxyl), ~COUHCH:,  ~CLONH:  {carbamoyl), and

aye pov-lihiag oxamples of sabstitetod acyl groups.

ord

Phie term “atkoxy™ whew aved withoar the “substinated” modifier refers 10 e groap

=OR, i which Rois wratkyl, as that wem iy defined above. Nop-Hmdting examples of alkoxy
groaps wlade: ~OCH:y {mathonyl, ~OCRCHy {othoxyy, ~OCHCHCHy, ~OUHTH
{isopropony), ~CCH ) (rerbutaxy), ~OCHCH b, ~Orove in;*a.n& boand =O-eydohenod,

.

The o "“'aikﬁn}a vt Salkyyvloxy”, CavkoxyT Taralkesy”, Chetersarylony”

R

5§

“heterooyoloatkoxy™, and “acvixy™, when used without the “substitvted” modifier, wlers o
grengs, defined s ~OR, wm which RO atkenyl sl sovl aradlod heferoanyd,
heterooyedoafloy], and aoyd, respeotively. The term “alkoxydivi” refis (o the divalent geoup
~Orglbanedivt, ~O-alkanedivi-0-, o ~alkasedivi-O-alkanedivl, The tenm Salbylthie”
and “soylhio” when used without the “substtnted” wodifier refors to the group ~8K,
whivh R s an allod and aoyd, vespectively. The temm “alochol™ covresponds fo su allans, as
defined above, wherein at Toast ong of the hydrogen ators has hoen replaved with o hydroxy
groa, The term Vether” corresponds to an alkane, as defmed above, whereln af least one of
the hydrogen atoms bas been replaced with an alloxy group. When any of these torms 43
wred with the “sebsiitoted” modifier one or move hydrogen stom has been indepsndently
3. ~ON| -8H, ~OCH;,

CEOINH, ~OCOCH:, o

replaced by ~OH, ~F, ~CL ~8r, -1 ~NH;, ~NO,

~OUHCH;, ~CIOYCHs, ~NHOH,, ~NHCHWCH,, )

The torm “alkviamin when used without the "sobstituted” modifier refars 10 the
grovp —WNHE, by which Risan albyd, a5 that torm iz defined above. Nondlinuung exsuaples of
allovhaning goops inchde: ~NHCHy and ~KHCH-CH: The term “distkylaming” when
nsad without the “subsututod™ modifier refers to the group ~NRRY, in whish K and R can he
the samie or different alkyl groups, ov Roand B can be teken {ogather o vepresent an
slkavediyl,  Noo-Dmuting  exomples of duliplamne groups dneluder ~N(UHyp,

SMCHCHOH), and Spverohidiyl The tes Owlkoxyaming”™, “alkenylaming”,

Y

R

“alkynylanune™,

aryiaming”, “ammfiplamine”, “hetersarvlamne”, “heterocyeloatkylanune”

’

and Yalkyladionvlamine®™ when ssed withowl the “substituted” modifier, refers W gioups,

defined ss NHR, in owhish R oix alkony, alkenyl alovnyl arvl avalkyl, hetersary,

et

T
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hederoeyuloatkyl and atkylndlony], respectively, A non-limitog example of an acylsming

5

gronp i ~NHOH: The tern "undde™ faovinnine), when used withowt the “substitged”

mroditier, refers to the groage ~NHR, I wineh B sosl, as that o is defined ahove, A von-
Hmiting oxarypde of an amide grag ¥ ~NHOOK Hs, The termn “alleoylimine” when used

5 without the “rubstituted” modifier refors w e drvalont group =NR, e wvbich R b analkyd, as

o

“atkyianinodid” wfos W the divalent group

=NMH~alkanedivl-, ~NH-alvanedivi-NE-, ov -alkanedivi-NH-atkanedivl-. When any of

that feom e defined sbeve, The e

these fermy is vsed with the “substiteled” medifier ove or wore hydeogon atom bas beon

o by —-GH, -F, =WHg, oNQg, ~COuH, ~COCH,, -CX
‘H;{“H;, ~CEMCH,, ~-<z\5}\i{f¥:i;;, ~ANHCHCHy, ~NgCH Yy, ~CHONH,,
~OCHCH, oy ~SORNH,, The groups ~NHCONOCH; and ~NHOOWNHOH; dre non-

Hoiting examples of substitusted mmido groups.

i

The tenmy “allovisalfony!™ and “alkylsolfimd” when wsed withowt the “substipaied™

miodifler refers o the groups ~S{O%R and ~SOIR, respectively, iy which R i an alkel, m

\

“5n

that torn s defined sbove. The terms “alkenylsalfand”, “alkynybsabonyt™, “arvlsulfonyt”,

Sersh

2y

“artkyisulforyt”, “hetwroarvisulforyl”, and “heteroovoloallyvisulfond” are defined m oan
analogeas manver, When soy of these torms v weed with the “substitited” modifier one o
more hydrogen aiom has besn independs
NGy, -OGeH, ~COLCH;, ~ON, S, ~GCH,,

3 -NHCHCH,, ~N{CHa),, ~CHNHy, ~OC(0ICH;, or ~8{0p

The term “allovlphosphate™ whin used without the “sebshnted” modiffer vefors o the
BTNy ‘“{}'i’{{}}{(}H}{{)R}, i which R s an alld, as that teom s defived above, Now-lhmiting
evnples of alkyiphosphate groups focluder ~OPIOYOHROMe) and ~OMOYOHNOGED,

The term “dinllyiphosphae™ when wsed withowt the “substttted” modifier refors fo the
23 group ~OFOYCHRNORY, n wideh B and R can be the same or different alkyt groups, co R

and R ocan he token together o represent sn ahanedivl Nowlmiting sxamples of
dialkyiphosphte groups inchuder ~ORONHOMe, ~OROYOEHOMeT and ~OPFORORN,.
“substitated” modifisr one o voore bydrogen stom
SN, <N, OO, ~COOHS,

MNHCH;,  ~NHCOHCHy, -NOH 8,

When any of thess terms s used with the
s heen wdependerstly replaced by —QH, -F -CL =B
HACUHy,
3 oF ~S{ONH,.

L)
Jpeieg
Qe g

W

The wee of the word 7 or "an™ when ussd in ompunction with the loom

§ NN

“ponyrising” i the claiis andior the speeification may memn Sone,” bt it s abio consistent

with the oening of "o o more,” Vat leant e, and Pons or woove thiss nue.”
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20

Al

Judgrient, suitable for nae 1 contact with ¢

Throvghant this appheation, the rean s wsed fo indicate that g wadoo meludes

being emploved 1o det

bl

varhim of error for the devies, the method nige the

vatue, o the varlation that vxasts anong the study subgects,

Aswed heredn, 8 “cliral mortliy™ refers (o s romovable eldral groap that §s capable
of influencing the stevensclontivity of o reaction. Porsous of skl in the wt see familiac wish
steh compons, aad wany e comnercially avalable.

The erms “eompise,” “have” and “include” sre openended Huking varbs, Any

P

forms or tenses of one or mone of these veeby, such # “comprises,” “comprising,” “has,”

W

“having,” “mchades” and “icludieg” are also opesended. For example, any method that

“romprises,” “has” my “incledes” one or more steps 1y pot limited W poss

sy only thess
one o mrore ates sud also covers other wnkisied stops.

The term “effeetive)” as that torm s used in the specification andlor chue, means
adequate to sccomplish & dewied, expected, or imiended remdt “Bffective mmouny,”
“Therapeutically effective amenid™ or “phannacentically effective anmount”™ when used in the
context of teating & petient or subject with & compound means that amoust of the compound
which, when adiunistered 0 a subject or paticnt for treating 8 disease, i3 sufficient o offent
sarch treatment for the disepse.

s usnd heveln, the teom YICs” velers o an indubitory doss which s 38% of the
maxinem esponse oblained. This quantitative moasure indicates bow mueh of 2 peticube
drug or other substanes (mhilata} is nesded fo inhibit ¢ gven Wologieal, iochensics! or
chommisal procuss {or rompomot of 3 process, Lo sa empyvme, cell, cell recepior or
misroorganism) by balf.

An oo’ of g fivst conyound 8 a separate compownd i which oxch malecude
ountains the same comtiient atoms as the first compmmd, but where the configarstion of
those atoms bt tree dimonatons differs,

As wsed herom, the torm patient” Gr Usabjeet” refers o g hving memmalim

kY

organdsim, such as a human, monkey, cow, sheep, goal, dog, oal, mouse, far, guines plg, of

fransgenie species thereof B cevtin smbodinents, e pationt or subject is a peimate. Noa-

Hmiting examples of homan subeets are adulesy, juvernles, infants and fotuaes,
Ay genavally used hersin “pharmscesbeally acceplable” refors o those compoends,
matarals, sompositions, andior dosage foms w 10 the scope of sound misdial

beings and anbnals withowt oxcessive toxioity, wrdtabon, sllergio responss, or other probléms

ale with  asons

o conrticationg comypensuy
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“Phurmacestically acoopable safts™ mweans salis of compounds of the present

fventton whish are pharmscentically acceptibile, as defired above, and which po

1

desired pharmacolngest activity,  Such saly mclode acid addition salts fonmed with

worganie acide such as hydvoohlode acid, hydrobronie soid, subfurde avid, niire acid
atf

5 phosphorie sad, and the ke or with orgoue acids sueh as 1 2-ethanedisulfonie acid,

Zhydraxyethonosalinnie. aad, Zonephthalegeselfonie weid,  Jophewyiproponic asul,
44 methelonebist Mhvdroxy-Tone-Lombonvdic aeld),  domethylblovolof2.2.2joct2-ane-
L-carbosyhic actd, acetic acid, aliphatic mono- and dicarboxylie seids, aliphatic sulfurio acids,
aromatic sulfords acids, henzenesatiome acld, benrode anid, conphorsalfonic acid, warbowe
Y acid, cinnamie seld, cite acid, cyclopentmepropionie avld, ethanssulfomie acld, fenanic
acid, ghuoheptonie seid, ghacrame anid, glatamie acid, ghyeohic and, heplasok avid, heranoie
aotd, hydroxmapdthois actd, leetie scld, Tavrvisulforte acid, madive aoad, nadie seid, malone

acud, midehic acid, wethenesulfonic acld, woeowe acid, o~d-hydrox vherroyhibenzsie acid,

oxabic actd, p-chlormbanzenesulfont anid, phenyl-substituted alkansic acids, propionis acid,

st
75

etohenssudionie actd, pyravie aosd, salinybe acid, stearic acid, succhie ackd, tutane aoid,
teriarybutylacenio soid, wimethyvlacetic ackd, and the ke Pharmaceaucally scooptable salts

aleo imelude base additn

when aoidic profons present are capable
13

¥

of rescting with inorganic o onanie busss. Acceplable breyanic hases include sodium

vdhoxide, andian carbovate, potsssion hedeoxide, shunimun hedoxide and cadoium

20 hydeoxide. Acceptable srganie haves fnchude ethanclanune, dicthenaianune, wisthanokunine,

tromethamine, Amethylglucamine and thy Bke, It shoudd be recognived that the particudar

aren or cation frming & part of suy salt of this invention s sotentieal, so Tony as the salt, ax

a whale, @ pharmacologionlly accepiable,  Additional exsmples of pharmuceutivally

goceptaide salts and ther msthods of preparation and wse are presented in FNandbook of

25 Phermaecentival Safis: Propertisn, and The (PUH Sthl & € G0 Wornath ods, Verlay
Helvetioy Chimca Acty, 203

The tom “phumzeswtically  acceptable cmrier” as used hereln mweans a

sharmacsetically-acceptabls material, composibon or veldole, such ax @ igud or sohid filler,

dibuent, excipient, sobvent or encapsulating vesterial, wnvobvad o oarrying of transporting a8

3 chemiead agent

“Proventon™ or “preventing” o

subjeet or pationt which may be af nsk a
xperience of display any or all of the patholagy or svarptomatology of the diseass, andior ()
slowing the ooset of the pathology o symptomatology of a discase g subject oy pationt

18
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which tray be at vigk aubor prodisposed to the disease It dies not yet experienve ox display

gy or all of the pathelogy or spmptomatology of the disoase

“Produgg” messs o compound that % copvenible & vive wetabolically mto an

n

g

inhibitor aconding W the preseol mvention. The prodeag Baedf may or may pot also have

{95

activity with respeet 0 2 given tirgst predetin. For oxample, a compound corprising a
Bredroxy group may be adimtdstered ag an ety that & cowverted by hdrobusis 22 wve 1o the
hydsoxy conyroatnd, Suitable ostors that may be converted #g vive huto hydroxy compounds

mcluds aoeta

oy, citrates, laclates, phosphetes, farbeates, madonates, oxalates, sabicvlates,
Foplonates, weocinstes, fianarates, malsates, methylens-bis-f-hydrovynaphibonte, guptisates,
HE o asothionates, di-p-tolecyiiatatey, methancsdonates, othancsulfosntes, benzvacsulfonates,
etoluonesulfonates, oyclobexyviselfamates, quinates, esters of wming acids, and the {the

Stoilardy, & compound coumprising an anine goup may be administered a8 an amide tat §

[

conpvertad by hvdrolysis invive w0 the ammne compouad,

£

A Psterocisnmer” or “optical ismner” 48 an somer of a given compound i whieh the

(5 swme atonnes are bonded G the samy other atoms, Bt where the configwration of those atoms
in three dimensions differs, “Enastionins” sre sterevistners of 3 given compoud tat sve
mirvor images of cach other, Bike foft and right hands, “Thaslercomers™ e steresisomers of'a
given compound that ate s0b enaatiorners. Chival melecules combun a ohinal center; also
referred © 8% & oreocenier OF stereueanis venter, whish i3 any prant, though sol necessantly

iy gronps sueh tht an intrchanging of any two gronps leads w g

B

200 ap atomy wa modscide
sterenisomner. In organic compounds, the oliral conter 18 typieally a carbon, phosphorus or
sulfur atom, though § s alse posstble for other atoms o be stersocsntars i organie and
marganie wyapoonds. A& nmodeoule can hwve multple stersocenters, giving # many

A
}

stergotsomers. Tn ommpounds whose sterenisomerism i due o tetrahedral stervogenic centers

25 {pg., totabedval carbony, the total wamber of hypothetically possible steveoizomery will not
exeesd 2n, where n i3 the number of tetrahedral Merencemery,  Molevales with symumeny
frequently have fower than the maginnag posaible nember of stereotsomers. A S030 mixturg
of enautioeners 18 reforred o as @ racemis mixtie, Allematively, & mixtwre of cosntiomers
errt be enautimerically ennched so that one enantioner 18 present e s amount greater than

3 S0%, Typisally, enantioneny andior digstorsomers san be resolesd o separated using

chnigues known iy e arl I i contemplated that that for any sterencenter or axiy of
chirality for which stereochemisivy has not been defined, that stereccsnter or axis of churaliy

dan he prosent s & form, S fovm, or as a veidture of the ¥ and S forms, ineloding recemic
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and nonerace

e Bree frony othe

storsoizontens” medns that the compontion containg = 1M, more profteshly < 10%, sven
mare preorably 8%, o wost preferahdy < 1% of apother stercoisoman(s)
“Trepiment”™ or “ireating” inclodes {1} inkitating & disease in & subject or pationt

S exporfensing or duplaying the putholigy mi\:mfuﬁnw\‘- of the dissase (e, wresting

fither develpment of the pathology andier sympromatol 2y ameloating = diseass v a

subest ov patient hat 18 expenencing

taying the pathodogy o symptomitology of the

disease {e.p, revemsing the pathology andior syaydomatnloge), amdior (3§ effesting any
measurtile dovrrase ina dissase @ sulject ov patient thal i3 experiencing or displaving the

0 patholugy ar svinpromatology of the disease,

feg

{ather abbroviations wsed hevetn are as follows: DMSQ, dimethnd salfmrides {COC,

oxalyl ehlonde; BONG or TEA, tnethylamne; DMAP, divetlorlaminopyridine; EuO, disthyl

gther; n-PrOONHRNH,, butyric acid hydmeing SPrCONHNH., isobbyrie acld bydrssine; ¢

PrOONENHy, oyclopropane carboxglic seid hydmaney p-TaQH, petolue

sulthaie acid:

.5

DAE, dimethyMommamide; EDCYL Lathyl3-0-dimethylonimoprepyDearbodiimide; NO,

&~

nitric oxide; INOS, mdacible mitrie oxide syithase; CIOK-2, cvcloogygenase-2; FBY, fotal

.

P, tumer nesrosis otor-a; TL-A8,

hovige seronn IFNy or IFNwy, interforoney; TNFooor

pterfeukin.d fi HOL indootble heme oovgenase

"
S

The above defisitions supaisede any eoflicting o

gfinition i wy of the reference that

0 s imeorporated by veloreser bevetr The faet that cevtain terms are defined, however, should

“

aot be considered as indicative that any erm that s wdefined 1 indefinize. Rather, alf erms

wsed are belleved to describe the dnvention W torms such that vae of oxdbwry sldll can

,,,

appreciate the seope and practice the prosent nvention,

. Compeunds and Synthetic Methods

RS The compounds provided by e present diselosarg are shown above 1 the seimmary

by

of the wvention, W the claims, sud in the sections below. They may be made using the

Le N
B o =

methods ontlined dn the Examplos section,  These methody san be futher wodified and

sptinnized using the principles and techniques of organie chomiviry as applied by » person

panciples and techoiques are taught, for example, W Mared s

‘it

8 dehvensd Orgonde Chamistes: Rogerions, Mechoabvns, and Sivetive
ieorporated by reference hovein,

Conpowds of the investion may contain obe or more symmetricathy-substitoted
crrbon oy plivogen atopas, and wmay by volated fu optically sctive or poendie forat. Thas, el

TR
8
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chiral, diast FIO SROTETIS forms of g

omerie, preemie fum, spimeric form, and Wl peom

chemicat formula we ntonded, wnless the spevific storcechenustry o lomeric fornt s

{‘IT‘H(‘lmd\ IRRY QCRUY a8 Tacumates and moesnue PENBUSS, \ﬂil ir

gnantiomers, diastereomerte mbtures and ndividoal dastereomass, In stone snbodiments, »

§ single diastersomer s obtoined. The chil conters of the conpounds of the prasent fnvention
cant harve the 8 or the & configumtion,
Chenvieal formndss psed © represent compounds of the mvantion walf typically only

e known to ot in “*;;Uii briven with corrésponding enol groupy. Sinulady, many types of

10 imine groups exist in egulibriem with enamine groups.  Regardless of which tautomes i
depicted for a gheen compound, and regirdiesy of which cne s most prevalen, all taatom
of & given chomical formuds we mteaded.
Atomns woaking up the compounds of the present fovention are miended to inclade all

wotopie fommny of sueh ateans, Compounds of the present invention include those with one or

I3 move swans that have beon wotopivally mndified or enriched, 1 patticndar thoss with
pharmscentically seceptable tsotopes or those usefil for pharmacent 'i&aﬂi}-‘ regvarih. IRotopes,
g wed he  those atoms having the seme stomde pumber but diferend mass
manbers, By way of geseral esanyde and without dimitation, fsotopes of hydrogens olade
devteriom and iritiomy, and isolopes of cabon fclede UC wad C. Similardy, it ks
2 contenaplated that one or wore carbon dlons) of a oompound of the present lavention may

be replaced by a sibicon atomds). Ferthermore, 1 is conteaydated that one or more soygen
atomis) of a compound of the present vention may be replaced by a sulfur or seleniom
som{sh

Compoads of the m

25 are known o

aide gualives

Z

mamifbetining, ofe), the wmapoends ampls

fErsS

tvered in prodvag form, Thus, the devenn

arvention may, i d

proshugs of sompramds of the prosent Invention sa well a8 mathoads of deltva
Prodrgs of the v be prepared by msdifving

300 fuetional groups presest i dhe compound &

o caz“smxy

group iy bonded to any group that, wh

-~

o & hdoxy, amning, o carboxylic i respectively.
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1

fos of pharmaceically aceeptable salt ey methods of prepavation

and pee ave presented t Haw

aricd Tlve {20024,

L

REAtE TN

which i inoorpraatiad hesern by re
It should be funtber mongnized that the compounds of the pressnt Drvermion fnolude

those fiwt have been fuctber modified 0 comprise sobstitventy that are wonvertible i

Bedisy

s fnvive. This inchudes those groups that miay be vonvertible to & hydrogen dtom by
enzymological  or chemital means including, but sor fmied to, hydeolisds and
10 hydvogenolysis, Evanples motade hydrolyzable groaps, such as acyl growps, groups having
an q;»xj,»-‘cm‘bstsn}r“s group, amane sefd restducs, puptide rewmdoes,  o-nitrophenylsulfenyl,
mimethytalyl, torahydropynanyd, diphenyiphosphing, and the ke Bxamples of acyl groups
wclude forimyl, acetyl, uiflvoroacenyd, and the ke Examples of woups having an
exvearhonyl group include ethoxyearbonyl, fere-butoxyearbony! (-CICHOTICHz,, Boey,

15 bemvlosyearhonyl, rmttiunyvbemevioxyvearbooyl, vinvloxyearboand, Pafpe

tofuenesutfonyhethoxyewbonsd, and the like, Suitable anuno aoid residoes inchug

o, bul are

not Bivted fo, restdues of Gly (glyeine), Aln (alaninel, Arg {ergining), Asn (asprragine), Asp

(aspartic aold), Ovs {ovsteme), Gl {plutamic acdd), His (uistidined, o {seloncingd, Leu
foneine), Lys (Iysingd, Met {methionine], Phe {phenylalammed, Fro {prolinel, Ser (senney,
A Thr (threouine), Trp (wyptophan), Tyr {teoste), Val (valine), Nva {norvaline), Hse

homeserine), $-Hyp (dhydroxyproline), S-Hyl S-hvdroxylysine), Om {omithing) and

)
Al Examples of suigable amino acid residues also achude amine aoid residues that are
protected with @ protecting grownp. Exanples of suitalde profecting groups include those
typieally emploved i peptide synthesis, inchuding acel groups fauch s fomavl and asctvl},

25 arvbmothoxyearbony! growps (such as hemty11‘}‘:&33@&3;?’5%311}-‘% ard prnitrobeny

J

cgvenrbonyiy
feri-butoxyearhony! groaps SOEOKMCH ). Boc), and the like. Saitable peptide reaidues

tnclude pepride residues copywising tve to five amine scid residoes, The resichues of these

2

s ackds or poptides can be prasent in stereochenuical configurations of the D-form, the 1~

.

form or waxtwes thereof I addition, the andne seld or peptide residue roay have an

B awvmmetnie carbon diom, Exwaples

of suitalde avdpo ackd residues having so asyounotniz

parhiny atom include s of Ala, Lew, Phe, Top, Nva, Vel Mt Ser, Lys, The and Ty

o

Peptide reanchses having an axvy_n:nnetric Gar

ot atoen wiohuds pepdide rextduey baving one or

DEOTE CONRRNENt antne ackd rostduey huving an asydmuenic cwrbon stom, B

awples of
suifably aming aoid profecting groups ohude those typically omplisved in peptide syothesis,

20
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imcheding aoyl groups (such as oyl and acetyl), asylmetboxyoarbouyl moups {such as

benzyloxytarbonyl  and  p-tltioben cavboavd),  fertbatovycarbonyl groups
{-CEECICH ), and the like, Gibor exsoples of substitvents “convertible 10 hydiogen in
wye” imclude veductively ehimimble hedrogenolyzable growps.  Exwmnples of suitable
veduetively slivsinable hydiogenalyeable groups inctade, but are not Hinited to, avvisulfonyd
gromps {sach ax octolecnssulfvnd); mothe] groups substitoted with pheayl ov berayloxy
{(such #s benayl wityl and bemrvlowveethel) arvlmethosvearbonyt proups (uch a9

bepzyloxyearbony]l and o-methoxy-beneyloxyoarbonyll, and helethumyombooyl groups

- L&

hlorosthoxyearbuned and Prinddatheycarbonyl),

Compounds of the ipventicn may wlse bave the advantage that they may bo mure
afffcacions than, be Jess e thas, be longer acling than, bo e potont than, produce Rwsy
side effocts dan, be wore easily absorbed than, andéor have & better phannasckinstie profile
{eg, higher ol bosvalability andior lower clearancs) than, sndir have other uselul
pharmacologicsd, phvsioal, or shermical properbies over, eompoands Known in the prior an,

whether for use i the indications stated herein or otherwise.

HI  Biologieal Activity

Assay results for the suppeession of [FiNy-nducod NQ produection are shuwn for

)Vn"

of the componds of the present ovention o Table U balow, 1o the nighit-hand
columy of this wble wnder the RAWIH4T beading, the vosalis me compared 0 thise of

hardoxolone metayl (RTA 402, CODG

1), Details rogarding s assay are provided in the

Exanydes sechion below,

Yo
p—

SUBSTITUTE SHEET (RULE 26)

PCT/US2013/059015



PCT/US2013/059015

WO 2014/040056

lay

&

&3

W
E

7

L EILIIY

AR

2INIOBAE JBNOBIOMN

Ty L5 R8LLGS SEPEGHL.
XY 07 (AL 74> FREESNL
CEe !

“OR puBodwnly

MOUINPOLE (3] DIIBPUT-ARLEY 30 uossarddng § onpge g

22

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/059015

o]
-

£3°574 BEVEIAL

£1 271 S1785%%

w7 g GLTE0G LEVEFRL
{pgue) 97 O
TR ON P BAMDTULS JEINDHOW U puRodue)

WO 2014/040056

L EILANY

23

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/059015

WO 2014/040056

Y P vLETS EHREDNL
970 a7 TL685 TOSEA%L

=20
DN BAEEy

MUA

SIVIINIE JBNIBI0WN

G prnoedien

24

SUBSTITUTE SHEET (RULE 26)



WO 2014/040056 PCT/US2013/059015

IV, Dispases Asseciated with oflampmtion sadior Qaidative Stresg

Inflanyuation is & Mologizal process that provides resistancs o infectious or parasitie

orgatdams and the repal of damaged tissve,  Inflammation is commondy charscter

peg

wed by
tocalized vasodilation, tedness, swelling, and pain, the recraitment of feukocytes to the site of
5 infection oy iypury, production of inflametatory oviokives such az TNF-o and o), aud

production of reactive oxygen o wirogen, specios such as hydrogen peroxide, superoxide and

parccvnitrite.  Io later stoges of nflanwaniion, tssue ronusloling, angiogeness, and acar
formation {fbwosis} oy coow a8 put of the woaund healing procoss.  Under sormal

cirowmnstnees, the im‘lanmxmmy rasponse 8 regulated and tomporary and i reselved i an

10 orchestrated fashion ouee the dnfection or byury hag been deadt with adequately.  Howevyy,
sente inflanmation can become oxcesaive and hfe-tremening i repulatory mechantsms fail,

Altervatively, nflwamation can become Cwonte sid cause cumulative tivue dam

-
1age

aystemic complications.  Based at least on the évidence presented above, the compounds of

X

this bwvention nwy be used in the treatment ar proventon of inflummation or diseases

i
L4

associated with infhamaton.
May sertous and ntractable human disesses invalve dysregulation of nflenmatory
prcesses, inehuding diseasss aach gy canver, athoroaclerosts, and diabetes, whach were not

traditionally viowed as wmflamatory conditima, In the case of cancer, the nflammatory

processes ave associated with tumor {ormanon, progression, melsstasis, and resistancs w0

20 therapy, Atheroxclomsis, kg viewsd as & disorder of ipid metaboiism, s now waderstood

to be primarily an mtlanmetory condition, with activated nacropbages playing an important

wle in the formation and eventugl roptue of athereaderotlc plagques. Activatim of
wlammeatory sigraling patinvays bas also been shown o play a role 1 the development of

paudin resistance, as well as in the peripheral fisue dwmage associsted with disbetic
25 lyperpbycemia. Bxoossive production of reattive oxygen species and reative nitrogen

Py

species sch ay suporokide, bydrgen peroxide; e oxade; and perogymiviie s & hallmark

of fuflammatory conditions, Buvidence of dysrogulmied peroxymitiite produstion has beay
raportad 1o 8 wide vavtety of diseases {(Szabo e of , 2007 Sohuly efal, 2008; Foustermany,

2006; Fall, 2007

5 dand

3 Astoimmuoene Jdisesses nueh sz rhemmatold arthein

woriasis, and wmuliple

solarn

s involve mappropriaie and vhronds activation of inflayamatory procusies 1 affected

N i

tissues, ansing Trom dysfonction of sell v, nonsedl recogaition and response mechass in

the fmone systen. In newodegenerative disenses such as Alzhelmar's sad Parkinson™s

£a

35
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qage 16 cortidated with astivation of mics

r sk olevated levels of pro-

¢ such as dueitle aitde oxide synthase (INOS)Y. Chronte organ failure
such as ronal i\iim'az, heart Tutore, Hver faiture, and cheonte shatraotive pulmonsry dissase ix
tosely masociated with the presence of chrowic oxidative stress and inflannoation, lesding to

§ 0 the dovelopment of filwosis and evential toss of crgan fuachion Onudigive strass o vascalar
ndothelial colls, which Be mador and minor bleod wissels, can lead o endotheliad
dysfimetion and 15 believed & be an tuportant comtributing fagtor iy the devidoprient of

aystonie cardosasoular dis

vhgittions of disbetes, chronie ladney discase and other

forms o organ fubue, and d number of other aging-related diseases treluding degensrative

o

Wy diseases of the contral nervous system and the retina,
Many other disorders lnvolve exidative stross and mflanmation i alfected tissues,
iehading taflammatory bowel discase; inflanunatory shin discases; wocositis relsted w0
vadiaion therapy and chemedberapy; eve diseades swch ax uveitls, glavosms, macwlay

degeneration, and varius forms of retinopathy transplans faihee and rejection ischemia-

~

13 reperfuston injuey; Chvome painy degonsntive conditims of the bones and joints including

ostecartheitis and osteoporosis; asthma and  oystie  fibroal

gedaure »:iiserdm‘-s; and

newopsyehiatnie conditions nchwding whizopheonia, doy

tragmatic streas disovder, attenton deficlt disordess, autisi-spee
hsorders such as avorexia porvosa. Dysregalabon of milammeaiory sigoaling pathways is

20 believed o be a major factor i the pathology of musele wasiing diseases tncluding musoalar
dystrophy and various frms of cachexta.

i

A vty of lfe-duentening avute disorders also volbse

repnlated wflammatory

o

g, ncluding acete organ Bolure bovolving the pancreas, kidneys, bver or langs,

myvocardial infarction or soute covonary syadrome, stroke, sepiie shook, timima, severe burns,

25 and anaplyiaas,

Many complications of infections daeases also tnvelve dysregulation of nflanmatory
responses,  Although an inflammatory rosponse can Kl invading pathogens, an exe
nflannmatory vosponse omn also beoqpuute destractive and w sowe cases can be a primary
soures of dovage w mfected tssuss, Furthenmore, ay excessive inflammatory wosponse

3 adso lead o syatemin comphications due 1o overpraduction of inflammatory ovtokines such as

ThE-x and Bl This s behoved to be a fibtor i moortality ansing frovh severe influensy,

severe e reapivatovy synidromne, and se
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ok
L

The aherrant v excessive

has heen implicaiod @ the 55,
that NO s 2 potent mategen (Tamir and Tannehaom, 19961, and that mitic sade dan also

gotivats COX-2 [Sadvemini ef 4l 1994), Furtherote, there i a marked increase i INOS iy
sat volon tunors iduced by the carcinogen, azoxymuthane { Takahashy e af , 19971 A serey
of synthetie tritorpenaid snalies of vloanolie acid have been shown 1t be powerfidd inhibitors
of velluly nflantmatory processes, sach as e nducton by I8Ny of inducible nitrie oxide
synthase GNOSY and of CONX-2 in meuse macrophages, See Honda o2 af (20002 Hunds 22
eff, (200003, and Honde e . (2002}, which are all meorporated heret by reftrence.

Fn ome aapet, conspounds disclosed heretn ave vhargeterized by their sbility to inhihil

the prodection of aitric oxide in macmphage-derived RAW 244.7 colls nduced by exposure
1o yeinterferon, They are fnther charactorized by their ability fo nduce the exproxsion of
antioxidant proteiny such ax NQOT and reduce the exprossion of pro-inflammatony proteing

such as COX-2 and induetble ninie oxide synthase (INOS8) These properties are relevans o
the treatment of & wide aveay of disomses sod disoeders vobving oxidative stress and

v

dwsregulation of mifamumatory provesses welading cancer, complicatinns T focalized o

wtabbody exponre 10 louting radistion, vuicositls resalting fran wdision therapy of

vy divessey mcloding mthersclevosis,

by

sschomia-reperfusion inpwy, scute and chronie organ fatluve meloding ronal Failase and beart
fastre, respueatovy diseases, disbetes and conmplivations of dinbates, sovere allergies,
travsplant rejeciion, gralt-versus-host discase, neurodegenerative discases, discases of the gye
and reting, scotr and chyde pain, degenerative bove diseases including ostecardiids and

aateoporosis, nflanmastory bowel discases, donmatitds and other skin disesses, sepsis, bars,

Withemat belng be ‘um‘i by theory, the activation of the mtioxidantiant-inflanumstory
Konpd/ N ARE patbway 15 believed to be mplivated in both e antd-inflammatory and
anti-caroinogenie properties of the comprunds disslosed harein,

In snother aspect, componnds disclosed heredn ay be used for teating a subject

having 8 vonditton vansed by elevated loveds of oxidative stress i ope or more Hssues

d

such as supsroxide, hydrgen peroxide, nittde oxide, mad peroxyaits

i

o

s from abnotmatly high or prodosg

ey

e

lovels of roaotive oxyg

\
H
H

A

Orxidative slress pos

sesvtion of nitvie sxide and superosade). The oxadative stress niay be avcompavnied by either

sente or chronie mblamenation.  The owidative stress may be caused by mitechondial
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dystanction, by sotvation of tmmuse cells such as mncrophages and neutrophils, &

- shgorubicin), by trimms or other sopie Geag mﬁizir}g by i;\"C-hs‘:;nta'iafrﬂgﬁrfu;ﬁion? by pany

{}2?

circatiation or anemig, by localized o systernie hypoxia or hyperoxta, by clovated teael

LA

inflameratory eviokings and other inflanmnstion-relided profeins, andior by othar sbaarmal

shyreemia or hypoglynemin

i

phivsiologieal states such as hype
In animal models of many sueh conditiony, sthnulating expression of nductble hems

exvgenass (HO-13, & target gone of the Nrfd pathyeay, has been shown to have a

therapeutic offect wehading models of myocardial infarction, reval fatlure, transplag fahae

B and mf citon, stoke, cardiovasoalar isease, and aut

wniie disease (o, Suoendol ef ol

005 Baoh, 2000, Avanjo ef of, 3003, Lawar o, 2006 Ishikawa

Y, Sateh ef of | 2006; Zhou ef af, 2005; Morse and Ched, 3003,
Morse and Ched, 20023 This coxyme breaks free heme down Into 1ron, carbon monexide
(OO, and bverdin {which iz subsequently converted &0 the potent antioxidant mokecals,

13 Inlicubing

In another axpeot, compouds of this favenhon way be used In preventing or treating

Uasae darnage or orzan fallure, avute and chronio, resihing Drowe oxadativey stvess exacorbated

by infhenmation. Examples of diseases that fall m this eategory inchude: heavt Sakere

N

fuharg, vanspled failire and ngection, renal failere, panreattis, fhrotic

20 foystie fbrosis, COPD, and whiopathie pudmonary Abrnsis, among others), disbetes (Including
complications), atheroselermsis, schumia-reperfuston infury, glavcoms, stroke, autoinumune
disense, autism, masuby degencration, and musaudar dystrophy. For example, in the sase of

autism, studies suggest that ncressed oxiditive stress o the Contrs! nervous system siay

contribie o the development of the discase {Chavhan and Chasthan, 2006),

i3 Evilence also bmks ovidative stress and mflaswmavon to the develspment and

pathology of many other disosders of the contral nervous systvmy, medoding peveliatiie

e

disorders such as psyobosis, major depression, and bipodar disorder; sefnure disordery such as
spiiopsyy pain and sensory syndomes such ag .11{3;157{.3"&3;‘{1‘1&5 npewropathie pan or Nt sd

tehaviomd sendromey such ae e stlention ded

G 2007 Hansonee o, 2003 Kendali-Tacke

cit disorsders. Ses, eg, Dickerson et ol

s

A, 0T 3\‘1‘( ' oed R “bf}w o iaﬁ"&:\ onkay &f uf

ped

2006; Leoed o, 2007 Morts ¢ ., 200 fal, 2003, Moelver e od, 2005 Sardhielh

ef af , 2 Kawakamit er af, 2006; Ross e of, 20038, which are sl moorporated by weloserge

hergin, For oxamply, olevated kaels of inflammatory sviekines, ohadling TNF, interferonsy,

3
o
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L

gt
fe—y

and TL-0, are associated with major owntad ilness {Dickarson ar gl 20

Microghal

activation bes slso been hinked o maor mental dloess,  Therefore, downrepulaing

inlamumtory cytokines aud whibitng excesstve activation sha codd e bunefivnsd

et

Wt pationts with schusopbremia, major depre L bpolar disorder, sttispespentnug disseders,
et other newropsychiaiie disordars,
Sceondingly, wopathologies involving oxidative stress wlone or oxidative sireay

soacerbated By inflacnation, treabment may comprise administering fo a Subjset a

therapentically affestnve wmount of & comprund of this mvention, such as these descrdb
above or throughout this specification. Treatnerd may be adoinisiered preventively, in

N

advance of o prodictable stae of ovidative stess (eg, organ fansplantation or the
sbointsteation of radiation terapy o @ canter palient), or & awy be administered
therapeutically m seltings fovolving estabiished oxidative stress and inflanumation,

The c;:umpoumii; disclosed heveln may be geoowlly spplied o the treatment of
inflammatory comdiions, soch as sepsis, dermatitty, mtohnmme discase aad ostenarthritis,
0 one sspeet, the compounds of this invention may be used 1o trest inflanunatory pab andior
newropathic puin, for example, by Inducing Nell andior inhibiing NF-xB

o sonse cebodiiments, the compounds disclosed herein may be wsed in the eatment

and prevention of diveases such as dancer, nlamemstion, Aldhoimer’s discase, Parkbuon’s

ar

disease, pudipde sclorosty, matism, amyotrophic lateral sclorowms, Fhustington's

stoitmone dise

ox such a5 rheumatedd avthrtis, lapus, Crobn’s disease and paoniasiy

inflarnmatory bowel disease, all other diseases whose pathogenesis is bolisved to involve
excessive production of oither muie oxide ov prostaglandins, and pathologies lnvolving
oxiditive siross alone or oxidative strass exacerbated by inflanwmastion.

Anothey sapeet of nflanmation v the production of inflammatiry prostaglanding
such ay prostaglindin & These meleculss omite vasodilaion, plisma extravasation,
focahzed peby, elovated somporatwre, and other svaptomy of nflasvestion. The nducible
form of the enzyme COX-2 i gssoeitad wath thewr produstion, and hight levels of COXT are

.

fead in inflamed tesaes, Conseguently, mbubition of TOX-2 may reliove many symptoms

of nflammation and 8 nosiber of doporant antidnflmuory dnigs (eg, ibuprofin sad

selecoyiby ast by mhibiting COX-3 sotivity, Roset ressarch, ho L s demotstomied

that & ¢lasy of cyclopentenone prost

ghanshins yPGe) {e.g, IS-deryy prow mg;‘aan{iiﬂ 2, aka.

POy phave a role i stimulating the orchestrated resolution of nf

ef o, 2T COX-T b5 also assogiated with the production of eyeloy
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.

Consegaently, inhibiten of COX

oy interfors with ge Rl resolution of inflarenwtion,

rotentially promoting the pe

&

e of activated tnmune oells W tssuey and kading

i

chimue, “smolderng” wilanmation, This effed way be respositde fiw the increased

eidence of vardivvasoudsr disease in patiomls uving sebeotive CONSD jubibitors fin long
5 periods of o

T one aspoet, the compounds disclosed herein may be wsed o contral the production

of pro-inflamematony cvtokines withiv the cell by selectively activating ropalatory

« ~ &

watetie

wex (RCRaY on proteiny that regelite the activity of redox-sersitive trnseripton factors,
Astvation of RORs by ovPCGs bas born shown fo tate 8 pro-sesohation program m which the

10 activity of the sutioxidant and cytoprotestive wnseription factor Nrfl ix potently fodieed and

the activities of e pro-oxidant and po-inflasenaiory trasscrpion factors NF-xB and the

STATs are suppressed. In some embodiments, this invreases the production of antiouidmg sad
reductive molsondes (NQOT, HO-T, SODE, v-GUS) and decreases oyidative stress and the
production of procxidant and pro-faflammatory modenides (INOS, COX-Z, TNF-u), Inosome

13 cobodunonts, e componmds of this tnvention may cause e volls that bost the nflamsnatory

event to rovert W s porenflasumatory state by prmm:t‘tmg the resohstion of nflammation and

bnnim\* gxnoessive e mm'zﬁe o the has

¥, FPharmarentical Formulations and Routes of Adminisiyration

The compounds of the prasent discloswrs may be administersd by & variety of

3 methods, ep., orally or by 4 (e p. suboutanoous, intravenous, wivaperimesl, efe),

Depending oun the moute of adinistration, the active &

pounds may be costed In a matesial
to protect the compound from the action of acidy and other natural conditions which may
wractivate the componid. They may also be adeinistsred by conthraous perfusionanfusion

of 1 disease or wounsd site,

23 To sdminister the therapeutio compouad by other than parenteral adadnistiation, it
may be nevessary 4o eoat the compound with, ot co-achatnister the compeusd with, amateiad
t provent ity fnactivation.  For sxamply, the thevapaotic compound may be admmisterad o a
prtient i an appropriaty cartiey, S example, Hposomes, ora dilvent Pharmeceationlly
seceptatile diluents wnelude saline and aguesus bufler soludons, Liposoimes inclade watge-in
A aildnewater CGF eombsions as woll ax conventinmal Hposomes {Strejim ot of | PIS4Y

Y

The therspeutic comgound may also be adminstered parentenally, muapariioneadly,

mtraspinatly, or ntmcersheally. Dispersions van b

chvesrol, iguid polvetbyle

LY
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P,
A

glvesds, and mixtores thereol and dn efle. Under ordinary eonditions of stomge and use, th
prEpRrations may conaln & presurvative o prevent the growih of sicrgg

Pharprcsatical vompositions suitable for injortable wse bulude sterle aquoss
solations {where water seluble), dispersions, and sterile posdess for the t:t?i‘i“i_‘.‘nigﬁ;i!i‘ﬁ;ﬂéﬂ\‘.&%
prepatation of stertle wiectable solations o cii_sp@;rsim. See for example LS Patem

1

Apphication by 1 Zhang, eutitted “Amorphous Solid Dispersivas of CODOMe for Delaved

Redease Ol Dosage Compositions,” filed Febnuary 13, 2009, which i3 corposated hereln
by reference, In all Cases, the composition st be sterde and most be Hlaid o the extent that
gasy syringabifity exaste, I onst be slable onder the conditions of manufheture myd storage
and must be praserved against the contaminating action of microorgaisms such as bacteria
and fongl. Tl darrier sl be g solvant or dispresion wmodieny contining, for exmople, wair,

3

othanol, polvol (such ag, ghyeerol, propylene glyveol, and hquid polyvethylene glyeol, and the

wr

Hike}, suiteble mivtures therecd, and vegetsble oifs, The proper Thadity can be maintained, fin
ekanye, by the use of & coating such as leoithin, by the maintenance of the reguired particle
size in the cese of dapursion and by the we of surlbotants. Provention of the acton of
microorgansms can e schioved by varous antibacterial and antifengal agents, for example,

parsbeny, shiorebutansd, phenol, ascorbic acid, thimerosal, and the Hleeo T roany cases, 3t
will T prefesable to wclude faotonie apents, for owample, supars, sodhas chlonde, or

polyaleobols such s mannitol and soebitol, in the composites. Prolonged absorption of the

tjectable cranpositions can be brovght sbowt by fnoluding in the composition an agent which

dedays absorption, for example, aluminem monnstearate ar gelatia,

Stertle asjectable solutions can be prepaved by incorpomsting the  therapeutic
conpound m the required apmust By g appropriate sobvent with one o g combination of
myradipnty empmerated above, as reqoired, followsd by filend sterliization. Generally,
dispersions ave prepared by incorporsting the therspeutic compound o 8 stertle caaner
which contems g bisie disporsion medben and the requived other ingrodionts from theae
enemernted ahove, o the case of stertle powders for the prepasation of sterile dnjectable
solutions, the prefeved mothods of propatstion are vacman drying and freeve-drning which
yields a powder of the sotive ingredient {fe., the therapestic compound) plus any additional

destrad 1ngredient from g proviously stertfe-filtered solution thereof.

The therapeutic comprund can he wally whministered, for example, with sm inent

diloent or an sestiuidable cdible crenter, The therapeutic comprrnd and sther tuwedisoty miy

alse be eaclosed in o2 hard or sofl shell gelatin cepaule, comprossed into fablels, o
incotpomaiad direetly duto the subdeots diet. For oml thempentic admmistration, the

3
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therapsutio compound may be ncorporated with

s ased i the aw of Bgestble

T%.

tabket

v, buceal tablely, troches, capaules, elixirs, suspeosions, svrups, waders, and the ke,

The percentage of the thempeatic compouad i e compostiiony and prepavations may, of
course, bewiried. The amonnt of the therapeutic compound fn sueh therpautioally wseful

composiions s sueh that a saitable dosage will be obtained.

1t 45 expocially sdvantageous to formudate parenteral coampositions i dosage wnit form

A

for ease of sdministration and enifornity of dosage, Dosage unit form as used bevein vefers

e physically disorete vnits sutted Ay tnitiry dosages for the sebjects o be tresol] cach wmt
comtamny o prodelerodoned quantity of therapeutic compound caleakted o maduce the
desteed therapeutic effect in assocition with the required pharmaceutieal caver,  The

spenification for the dostgs unt s of the vention are distaded by and divectly dependent

o (a) the unigue chamotonstics of the therapeutic corspound and the particular therapeutio
gffect fo be achisved, and () the HmBtatirs inbwrent i the art of compounding such 2
therapeutiz sompowyd for te tresdient of @ seleetad conshition 1o a paticnt

The therspeutic compound weay alse by sdminitored opieally 1o the shan, ove, or

K

)

DRSONE, A’iitzrmiimiy, Wloeal delivery o the kv

ired the therapeutie conyround may
he sdindnisterad by inbalation na dov-powder or aeroso! formulasion,
Active conpeunds are schmimstorad st o therapeatically effective dosags sulficiont 1o

o~ o

vondifion in # patient. For exavple, the efficacy of a

freat & conchiion associated sath s
compound van b evaluated it an animal moded syt that waay bo prodictive of eﬁimcy 5y
teating the dissase in humans, such #s the model systems shown i the exampley and
drnwings

The acthual dosage awout of 4 componmd of the present disclosurs o congposition

comprising & compound of the presemt disclosurs administored 0 2 sublett may he

determined by physical sud physiologival factors such as age, sex, body weighs, soverigy of
copelition, the type of disease being treated, previows or concurrent sherapoutic meremtions,

itiopathy of the subjeot and on the route of achaimistrationn. These thorors may be detsrmined

by a skilled artisan, The praciitionse resperaible for adminstration wall typically determine
F YRR

the conveniration of active ngredient{s) m a conposition snd appropriate dusels) for the

mdividual subdect. The dosage may be adjusted by the individu

any comypii

RN

An cifective amount typeally will vary i

from about 001 wekg o sbowt T80 m oy about 14 ¢

sbout L0 mgfkg to abont 250 myg/ky, Ko sbout 108 mgkg v abons 130 m W ORS oF

«
1z
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> advnpistrations duly, T one or several davs {dopmdin

adinindstration and the factors discussed shove) Other suiable dose

10006 mig por oy, 100 g fo TO00U mu per day, 300 my 0 10000 mg per day,

1006 mg per day, T some partioular embordiments, the ameuot s less than 1000 mg par

()

sy with a range of T30 mg 10 H000 mg per day.

3
¥

The effective amount may be less then 1 mgd

y
v leaw
& v, B

loss then 100 mg!

sy than M3 g

ay, fosy than 25

o1

It may altornatively be in the range o |

For example, rogardivig treatnent of diabetin pritenty, the it dosage may

o be an amount that raduces blood glucose by wf least $80 a8 comparad to an wtreated subject.

In another ambodiment, the unit dosage 1 an amownt that reduces blood ghicose 1o a Jovel
that is & 10% of the blond glucose level of a non-diabeiic subject.

To other ton-liuiting exandes, & dose may alsn comprise from abod 1 omiere-

wanvkghody weight, sbout 3 microgram/kgbody weight, ahout 10 mivregramRg'body

15 esight, about SO muvrogramhg'body weight, about 100 mucrogrmApbody welght, aboul
200 nuemgandegbody  wenddd, abowt 330 suerogramdkebody welght, alwag 300

norsgrany kg boady weights aboat T oulhigramkghody

: weight, about S wniligramfg

wolght, abowt 1O miteresnke/body weight, abo 30 milligramdgbody waig

siliirany'l

=

oy welghl,  abeed 20 maBlwamdgbody weight sbout 330

20 milligranykghody weight, aboat SO0 milligandkebody weight, 1o about 1000 mgkebody

weight or more por admindstranon, and any moge derfvable therein, In non-limiting

examples of & dertvable range from the numbers Hsted berein, & rauge of about 3 mg!

weight to about 100 my/

\
body wag

A, ahout § microgram

Shody weight o abont 300

mattigranvkghody weight, #re., Can bo administered, based on the mumbers desertbed above,

o
1

1o centaln embodimenty, & pharmacention) composition of the present disclosume may

somywise, for example, af least about 0.19% of & compound of the present discloswre, In other

erbodiments, the comprind of the prosent disclomus may comprise betwern abowt 2% to

m

ahwnat T5% of the weight of the wait, oy between abont 28

% 1o shout 68%, fw example, and

v

any range devivably themdn,

Py

ik
by
e

Single or maltiple doses ol { snplated. Destred ine mtervals for

debivery of multiple Joses oan be determined by one of brdiney skill wthe art eropleving so

;.,;

raove than raitine oxperbnentation. As in example, sobiects may be adimimistersd Twe doses

daity ar approcimately 12 hour imervals, In some 'em

Qe ] \E') U
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The agent(s) may he adoinistired on g routine schedude. As ased horein @ routine

sehedule refors to o predotonmined desigasted period of time. The routing sehedule may

epcompass pertods of thwe wioch are identical or which differ i longgh, as long o the

schodule iy predeterodied. Por instance, the routise schedule may involve administration
S fwage o day, every day, every two davs, every three davs, svery foar days

b

betwoen, -Ahematively, the pradetermised routine sthedule may wvedve adnonistration on &

e days

vty six davs, 8 we

asis, a monthhe basdy or any sof wanber of davs o weeks thers-

bwive daity basis for the first week follwsd by o daily basis for soveral months, efe. Tn other
embotiments, the invention provides that the sgen{s) sy be raken ovally sud that the tming

oh.

0 of which is or 18 not deperdent apon thod intake, Thus, Tor exanple, the agent can be

faken

svery tornang ancdior every eveping, rogardiess of when the subgect has eten or will eat

&

Vi Combination Thevapy

‘

T addifion to bemng vsed av a monothempy, the compeunds of the present imvention

may also find use m combination thevapizs. Effective combination ternpy may be sohivved

18 with a single conposition o pharmacologieal formudation that ineludes both agents, or with
two distied compoattioma oy formulations, sdmimstered 8 the same thwe, whergn one
composifion includes # comprund of this nvention, and the other wcludes the sevond

L

ageni(s),  Altormxtivily, the therapy may precede or follow the other agent trentment by

intervads rang i mineies fo montha,

it Nom-limiting examples of such combingtion therspy include combinetion of ove or

p

T

more somponds of the invention with asother suti-nflampatiry szant, & charotherpeutio
agent, radiation therapy, an antdeprossant, ab sutipsychotic agent, an antwonvalsant, & maed
atabilizer, ap anti-infective sgent, s antibypsrtensive agent, 3 cholesterollowening sgent or

othar mochudator of bland lpdds, an agent Tor promoting woight Joes, an anbithed

I8 an agent for ﬁezﬂiug v proventing cardivascalar events sueh ey mvocardial
stroke, an antichabetic agent, an agent S redocing transplat rolertion or grali-versus-host
disease, an ant-arthrite agent, an analgesie agend, an apt-asthmatie agent or other remdment
for vosproatory dmma or an agend for trewdment or prevention of skin disordors.

Componnds of the invention may be combimed with ageass

ad b dmprove & patient's

tad
o,
ey

onune eepratse o eancer, wehiding (wt sot Emited 0) cancer vacoines, See Lu et @f

{20113, which s incorporated heveln by reforenci,

ik
=9
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Vil Examples

es s ncluded o demonstrare preforned embodiments of the
invention. Hshould be szapwregiai‘cfi by those of skall in the art that the wehmigoes diselosed in

the sxamples which Iollow reprosent techaniques discovered by the dnventor o function well

S m the practice of the mvention, and thos can be considersd to constitute prefomed musd
3

it practice. Howsver, those of skill by the axt shoukd i Hglt of the present disclosurg,
approciaty that many changes can be made w the speaific cabodimenty which sre disclosed

and sl obtain a Bhe or wimile vesult withowt departing from the spirlt and scope of the

6 ¥Methods and Materiaks

37
4]
L5

Nitriy Oxide Production and Coll Viability Assay, BAW26L7 mouse oaony

ware plated i 96-well plates at 30,000 cellswell w teiphoats o REMITS4G + 0.5% FBY amd
meebated at 3770 with 5% COp On the next day, colly were pro-reated with DMSO or drug

{2080 v dose rangey for 2 houws, and then freated with recombinant mouse My (R&D

P8 Systmms) fir 24 howrs, Nitrie Oxide concentration in medi way determined wsing the (iriess
resygeat systom {Promesa). Cell viability was determined wsing WET-1 reagent (Roche) Gy,
values ware defermined based on the suppression of IFNy indaced Mk Oxide production
normalized o cati viabilin

NQOL-ARE Lucilerawe Reporter Asssy. This assay allows for geudtitatnve

20 assessnient of the endogeoons setivity of the Nef2 trnseription factor W coltored nammalian

B lueiferase from NQOT-ARE luctfersse reproter plasnad i3
controlled by binding of Nrf2 o a specilic cobmwor sequence cotresponding 1o the
amttokidant response slement {ARE) that was tdeatified i fhe promoter region of thy human
NaADPH guivone oxidereductase T {NQOT) gene (X of ol 1995, The plasmid was

35 constractad by inssrting 8 sequence:

FCAGTCACAGTOATTCAGCAGANTCTR 3 (SEQ D NO

encinnpassing the boman NQOT-ARE fnto the plae-MOS v ng HindtXhol cloning

&

sites {UenSoripr Corp, Pltcatywiy, ML The assay I8 parformed in HuHT cells maintabied in

DMEM (nvitrogen) supplomented with 10% FBES and HHH
AP sireptomnyeln. Fur the assay; colle ser plated w S6owell plates
Twepty four hours Jater, the cells are ot

phasnud and pRL-TE plasand ustag Uipofoctaming 2008 cagent {Invirogen),

SUBSTITUTE SHEET (RULE 26)



WO 2014/040056

(323

over @ vehiele vontrol (DMSQY of newnudized

pRIL-TE plasiiad conatiugively axprosses Ronille looiforase and is used axan intermal contral
for nommabization of transfection levels, Thurty bours alter travsfection, the celly are trogiesd

with compounds (s concenirtions rangiog from 310 1wy for eighieon hourst. Firef]

v g

Renille fuciforsse sotivity 8 assay

e by Deal-Glo Lucifersse Assay (Proanega Cop,

Miahison, W, e handnescence signal s nessared oo an L-Max  iminemeter (Molecula

1 4

Devices), Firefly tociforase activity Js normalized 0 the Rewifle

-

ctivity, and fold induction

vEy b caloulued The fold

induction ab 62.5 0 concantration is used for comparing refaiive patencics of compowuls o
ihice Nef? troseriptional sotivity, See Xie ef af, 1993, whach s incorpogatad herein by

refirence.

s
o
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Synthesis aud Characterization of Compoands and Intermediates

Compound 1 Componnd RTA 481 (100 g, 203 mmol) was dissobvad tv OFRLEOL
(20 mb), smd the sohution was cooled 1o § %, Oxalyd ohboride {0.58 ml, €.50 nusol) wis
added, followed by DMF {2 deopsy. The sescion suxturs was stivred at room femperatns foy
2 &, then the regetion mixtare was conventigted. The renidue say azeotraped 29 with CHLCh
tor give compound 1 as @ yellow fany, whieh was usid divcotly fo the pext stap.

Cimpannd 20 Compound 1203 mmmol) was dissolved in BLO (20 ml), and te
solutions was conded w O %L To the waction mixture ware added BN {0563 ml,

4,05 mumol} and a solution of acathyiliazide (226 m: 3,08 mmel} o CHCE (10 mLy The

vesction mixiure was stived st voom Bmperature for 3 min, and was then estracied with
EsOAC and washed with water, | N HOL md water againe The organie axtracts were dried

over MaSO:, filiered, and concentrated. The wésidue was punified by Hash chromwography
{silicr gel, 0% to HXMG ThOAC b1 bevanes) &y give compouad 2 {1.08 g 7% from RTA $1)
az.an of -white foant solid: mda ME3 (1)

Compound TXEIIRS To v solution of vompound 2 (348 mg, LI numed) i soluens

N

{20 mL) was added pTsOH (93 mg, (.50 mmol). The reaction was heated as 138 %0 with a

Drean-Stark condenser attached fiw After cooling 0 mom komperatire, the reaction

mixtore was winhed with water, dried over MaSy, filtered, and concentrated The rsidue
was purtiisd by fash chromatography {(nilics gl 89 1o 78 BEtOAC i bexanes) o give

compound TX63384 (300 mg, T455) as an offwhize foam soid H NMR ($00 MMz, CHCE)
S 307 {5, 1HD, 396 s, 1M, 300 {my 1M, 294 (W 7= 4.8 Hey, 253 {sp ‘;‘x‘é"i}, 349 (:m,
PH, 2008 (my V4HG, 148 (5 38, 125 (5, 38D, 119 (3 3H)

LOS (O 3H 095 (5 3 nve 5303 OV 1),

s
K
p
Py
P
e
wl
P
VA
vt
=
C
fe
-~
e
Lpd
ot
ir
-.->/

Compound 3 To asolution of boaverie setd hydrazide 1156 myg, L33 vamol) aned BN
{058 b, 416 nwoad) i OOl {5 il was added a solution of compound 1 {310 mg, LA
snol) dn CHaCle (3.0 mibl). The rosstioey nudxbire wes sileved st sonn tetpesatuge for 25 R

The reaction nuxture was ten eximoted with EOAC and washed with 1 N HOY aned ben

M,‘

W

p

The mrganiz oxtres were dried over MapRQy, Hliered, and concenteaed. The residue waa

y

purified by fash chromatography (sifica 3& 85 0 100% BtOAc i hexanes) by ghve

[erh

comapound 3 (366 g, S8%) ay o whale solidh mvz 8764 (M1}

i) 4

Compound TXEHS: To a solution of comgpound 3 1197 myg, 0332 mneld in

tolagne (2 mml) was added p TsOH (33 my, 0.074 puvoly. The ractions was heated st 135

SC with g Dean-Stark condonser attached B 25 b After cooling to room tomperatirs, the

t

:i'.
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A

reaction muaxhme was extacted with FY0O&s wuh washed with sutursded KalHCO, and bring,

The orgare eximets were dred over NaplQy, llored, and concentrated, The restdus was

paitied by Hash obromatography (ailics gel, 100% Fi0Ac m hoxanes) o give i..-iﬁi‘zfg;;‘ssi&u}}d

TXEIATS {159 g, $306) as & white solids H MR (400 MHz, CDOL 8 801 ¢, 1
{s, U, 304 g, 1L =

£
w/
4
t]s
7o
e

;;,

A

b 30134 By, R, THL J = T ey, 2R (G M, s 76 By,
209 Gmy VHY, LB (o, 3R, LA0 (o, IRHY, LAS (3, 3H), 128 (5 3M), L6 e, 3D, LIS (s
M), LOS (5, 3H), 104 s, 3H), 0,99 ¢, 2

Compound 4 To a solution of wobutyrie acid hvdranide

FN (O 88 prl, 216 numol) in O

(5 ml) way added aselation of compound 1 {310 mg,

100 numoly i OFUE (5.0 b The reaction mpxtare s

as stivred &b room tempetatore for 3
b, The reaction mixture was then sxtracted with FifiAc and washed wish 1N HC and brine.

The orgamic extracts were driad over NapSO;, fltered, and concentrated,  The restdae was

parified by fash chromatography (silica gel, 0% 1w 100% BAc

compound 4 (3

3% a white selid wdz §76.4 (4D

Compowmud TREMT&  To a solation of compound 4 (382 mg, 0.450 sanel)
tohrene (12 oY was added p-TeOH (48 mg, Q.253 numol). The reaction was heated at {38
SC with & DeanStark condenser atteched for 1 h After cooling to room tomparate, the
reaction muixhwe was exfracted with Bi0Ac end washed wak satoned KaHCD: and brins,
The orgaue extracts were dried over NapSQs, filtered, and conventrated, The residus was
matlied by fash clvomatopraphy (silica gel, 0% o 100% EtfQAc in hoxanes) to gm
comopoend TXH34TE (233 my, B384 a8 2 white solids H NMR 400 MHz, CDCL) 8 842 (s,
THE 595 (s THY, 307 (my, 2H), 299 {d, 1L = 407 Ha, 238 (dy, 1HL P = 43 14.8 Ha,
OO (on, 3H), L8 {oy THHD, DAS s 3R, 137 G OHL /=70 M), 125 (x 3H), 116 (s, 3HY,
1.1

LAy

{s, 3H), LUS {5, 3H), L0 {5, 3H), .95 {s 3H), w2 3383 (M 1)

Componnd 3 To a solution of cyclopropane earthoylic acld hydmade (135 mg
135 mmoly and E&N (LS8 mb, 4106 mmoly i CHCE {5 ml) was added a solution of
composad 1 {310 mg, L0 mmed) fo CHLCL (80 mb) The reaction miktire was stisred &
room tompertture for 33 b The reaction mixtere wag then evtractd with BtOAC and

washad with 1 W RO and bring. The on

el extracts were difed over NS0, flered, and

congentratad,  The residue was purified by flash chromatngaphy (sihea gl % o 0%

Brde in hevanes) to give compound 3 {493 my, 86%) ay a wihite solidh m 743 M

Componnd TXOMTT Tu o dolution of compownd § {288

2wt} i

4

tedpene (FF mby was added g TsOH (33 mg, 9 mumodd, The resction was hested at 136
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20

R¥3

\\.

°C with 1 Dean-Stuh condenser aitached for 25 b After cooling 1o room femperaturs, the

5

reactinn mistore was extracked with BN and washed with satwrsted {00 and brne,

The orpani: exinets were dried over NapNQy, filtered, and concentrated, The residiss was

purified by fash cheomatography (silica gel, % o 100% BiDAx in hoxanes) o ghve

compoamd TRO34TT (231 g, 3%} a8 @ whae solidh HONME {400 \im CHOEY 8802 4w,
PR, 585 s, THY 300 G, I J =306, 132 Hay, 288 {1, 7 o= 47 Had, 3472 fm, 3,
D00 (o, 3HY, 148 de, O, L3 {5, 13, 125 (8, 3H 118s, 3H, 116 {3 {5, 3M,
104 (s, 3HD, 084 (s, 3D o 3563 DM+

Ce :m;:nmmi & To a sobudon of methoxyacetie acid hydrazide (1668 myg, 139 mmob)

and BUN (056 nall, 400 nwnol) i CHCH {5 mb was added o sohstion of compound 1 (810
mg, 100 mumady m CHYC (3.0 ml), The reachion mixture was stirred at room lpmperatie
for 4 h, The reaction mixtwre way then sxdvacted with PO A and washed with 1 N HCL and

Brine, The organic extracts were dried over Na S0y, fbered, and concanirated. The residue

wia purified by flash chromatography {stlica gel, 0% tv 10028 FIOAc in hexanes) to give
compound & (493 my, 56%) s a1 white foam solid: vz 3784 (M1}

Compound TXH6MTE To a solovon of compoand 6 292 myg, 0505 wnol)
toduene (12 mby was sdded p-TeOH (48 g, 0253 nunol). The reaction was heated at 1530
0 with a Dean-Stark condenser attached for Th Afler coohng to room temperatarg, - the
reaction muixhae was extracted with Fi0Ac and eashed with sanmated NaBOO0: and brine,
The orgesue oxtracts were died over NagSOy, filtond, sad soncentrted. The residoe was
purtfied by fush cheonwtography {silice gel, 0% o 100% FQAc i hexanes) W give
compotnd TX63478 (158 my, $6%6) as o white solidr ' H MR (400 MHz, UDCL) 5 8.02 (s,
TRLY, 5.00 (3, THD), 4063 (3, 2R, 343 4o, 3H 318 (i, VHL =42, 107 Hap, 301 ¢4, 1M, J
4.7 Ha), 221 {m, ) L3 {ztm AH) D30 (m, TIHD, 148 s, 3M), L34 (s 3H), U164, 33
DS £, 3H, LOS G 3H), LO8 {5, 3HY, 0958 (8, 3 w2 5603 (M1

Compound 70 To a solution of formic and hydrande (92 mg, 133 mowd) and BN
{0.56 mL, £.02 munoly in CHLCl (8 mb) was added @ solution of compound {310 my, 1.00

wunol) i CHsCl; (3.0 mb The reaction mivture was stirred af room tompersns for 13 k

The reaction mixigrg way then extracted wvith 04 and washed with TN B angd brine,

1%

The erpume sxtods were dvied over NaoSy, Bliored, wod concentmted, Jdoe was

ey

parilied by Hash chromatography (sthes gol, 0% w0 10

FAC in hoxapes) o give

3 ag & white sodid m BRSNS SN

conipound 7 {287 ag, 48

3
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Componnd TXE3MTE To g sohuion of vompond 7 (236 myp, 480 wmnwsl) in
webvene (12wl was added pTsOH (38 me, 8233 wowdl The reaction wist heated at 150

*Cowath 2 Dean- ser atlzched fov Dh Afr cooling w soom {emperstuse, the

rearling miviuee with F1OAe sud washod with satoryted NaHOO: and bune.

¥

The organie extracls were dried over NSOk, filtered, and cmoentrated. The residue sas
purified by Hash chromawgraphy {silica gel, 0% o 100% EOAc In hexanes) to give
as & white solid: "H NMR {960 MHz, CDOCLY §
PHY 80T v, THL SO0 (3 THE, 32000, TR = 38, 133 He), 2910 (o 1L J = 48
(m, THY, 1.93 {m, 3H), 146 {m, 1), Vdd {5, 3R, 123 ¢ 3HY, L8 {5, 3H), L34 s 3R,
W L6 g, 3HL LOS (3, 3HL 098 (s, 34 méz $163 (M)

7;.

gomponnd TXO3TY (120 mg, 49

Compound 8 To a sobdion of acstanude oxtme {113 v, 153 nunol) and BN

{0.56 ml, 4.02 munoly in CHCL (3 mb) was added & solution of compound 1 {310 myg, 1.00

ponol) i CHOL (8.0 bl The vesotion wmisture was stirved a1 room tomperatare for 3

The reaction mixture was then concentrated The wadee wis purificd by flash

,,.d
LA

chromatography {silice wal, 0% o 0% BiOAC v hexanes) o give conpound § (510 my,

395

&Y as o owhite sofid mds 3R ML

Compound TREISGL Compod 8 27 g, B89 msoly was dissobeed m toluese
{1 mi;} and the selution was heatad vig nuterowave heating at 175 °C for Wmimn, followed by
200 °C for 28 wine Aftey eosling woroom tonmperature, the reaction guNie was

e ar

20 copcentrated, The residue was purified by Hash clvomatography (sitice gol, 0% 10 80%
FtOAC in hesanes) o give compongd TREI30 (12 my, 46%) av a whits solid: TH NMR
(400 MHe, CDCLS 301 {5, 1HY, 508 (5 UH), 304 {oy, TR, 302 @00 MHL = 47 Hay,

2243, 3HY 204 (m, THY, 193 (m, 3H), 130 {m, 13HD), 145 {5, 3, 128 {5, 34, L8
(o LMD L6 £ 3H), LIS {5, 3H), 104 (e, 3H, .08 (3, 3H); iz 3303 {E»:‘i-‘:'-‘l_}.

235 &m}pumxﬂ O To o selution of compound TXE319 {52 mg, 0,103 minol) i CHOL

o

{3l wore added scotie bydrazsde (15,6 g, 0251 wmmol), BaN 28 @, 8201 mmel), and

tion

1

TRMAPR (34 my, 0200 muely BRCT {40 mg, 4.209 pumely was then ardded, and the rea
was stirred at room tanperatie for 17 B The reaction maxoaee way oxtueted with BtQAc
arpt washed with saturated TN HCT and bring, The organic extracts were dried over NapSOy,
¥ {hered, sud concentrated. The restdue was prified I Sash cheomatograpby (silion gel, 0%
to 1% MeOH in CHCE)

e,

s as a white solil me 8123
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Comiporand TX6IFZ To o soluting of compoand 9 {25 me, 6.045 mmol} in tofusne

- .

(1.5 ;b)) was added pTeOH {48 me, 0035 wmel)l, The reaction mixinre was heated vz
wicrovave beating at 125 °C for Th After cooling o voom tomperatere, the resction
rdsire was extactod with BOAz and washed with satuvated NaHCO: and bane. The

5 organic extracts wene dried over NeoSQy, fliered, and concentratid. The residoe was purtfisd

by flash chvowatogaphy {sikica gel, 20% to 100% Bi0Ac i hexames) 1o ghve conpound

TXEISEI (11 mp, 36965 18 an off-white solid "H NMR {400 MEz ODCL) 8 8.04 {3, 1,
SO fs, 1M, 3A2(d TH, F= S0 H), 12 ¢, 1N = 140 Hap, 2209 () VL = 1403 H,

282 qs, 3H, 237 dmy, THY 18R (m, 3

1 LA (30D, D36 {m, 3HG 1364, 3H), 182 (s
{8, 3H, L0 {5, 3H), 081 (5, 3H), 08

W 3E, 127 {s, 3HL 119 m, T HY, 139

"/'./

38 {5, 3HY, mx

«

3
3
o
2
)
-
3
P
@+

AR IE RN

Al of the compounds, compesitions sud methods diselosed and clatmed hereln can be

muade and executed withort undee axporimentation in Heht of the present disclosure. While

I the diselosars may have only boon described 1y torms of certain embodiments, 1 will be
spparcd to those of skill i the art that vanations may be applind fo the compounds,

compositfions ad methods and in the steps or W the segquense of 3

’)’J

tops of the methed
desoribad horetn without departing frova the soncept, spirit aud scope of the lvention. Mor
specifically, it will be appuent that certon agents which we both chemically and
20 physologieally related may be substituied for the agents deseribed horgin while the same or
sirmlar resnlts would be aclueved. AJ stk smular substitatss and modifications appavent
those skilled in the ant are dosmed 1o be witlun the spinlt, scope and concept of the lavention

as defined by the appended clinms,
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CLAIME

IR A cosmpound of the Bl

@

o

ocnrocenscencty
i

-
R LU AN
. | \Y\\ 4 ~
bl I B | ¥
| ¥
7~ ! 3 o
N’u.\ L )\\ T \ ¥ ;),f
- - A
Ry N ™ i
Pyt .
& 18

-
et
o

whereny

5 f 1% G-3;

A hotoomsnadiviieos: or & substituted verson thersof) and

¥ s
Dydrogen, bydeoky, Iale, anano, or ovane or -NCO; or
atkymyls,

alkvloan,  alkenyloa

14 heteroarylcs,  heterocyeloatkyly

alkvhuninmea, diall

T T
ATV o,

arvimuag ey, aratkylamin atkylhio

sikvlanifonyvianuneca, o substibuted versions of any of thexe

Eroups;

LAt

o
.

a1 3 pharmacentically seceptable st thereof,

2. The compound of eham 1, wherain Y s =HL

i

e compounid of ¢

4, The compoinsd of cladm 3, wherein Y 15 wethyl, repropyl, opropy! or exclopropyl.

v

Lav

The eompound of elaim 1, whareln YV is sabstttuted aliod

33
A pok
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The conypround acsording

o

The compmund of claim §, whereln Y iz methogymethyl.

G

N
als

™,

¢ ar

N

The compound according o any ane of clanns 16, wherein Ar iy

sy de of sl 17, whersinn = Q.

of

Fhe compownd according o mwy ane

sl 17, wherding = 1

The compound of viaim L, further defined as;

A
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A pharmaveutioy composiiion congisieg

ab the compound according 1o any one of elaims 1-1E and
B3} ap exciprent,

A msthod of teatmg andfor proventing & disesse or a disorder v a patient o nsed

thersof, comprismg adimnistoning to the patient 8 compound according s any one of

clatms 1-10 i an amount sufficiont 1o reat andor prevint the dissase or disorder,

Al
R
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