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DESCRIFTION
CI-HETERGARYL DERIVATIVES OF OLEANOLIC ACHD

ANE METBODE OF USE THEREOY

b Tlos appbication claty the bengfit of Uniied Ssates Provigional Patent fi;spiimt;f\ﬁ
Wa, 61890, 199 filed on Sepramber 10, 2012, the entiraty of which s eorpomsed herein b
voference.

Purstat o 37 CFR. LE821H{e), v sequence listing is subaitted herowith as an ASCH

compliant text file pamed “REATPOUTOUS Bequoncelisting STI5n", crewed on

"

10 Seprember 8, 2017 and Baving w size of ~1 KB, The content of the sfransemioned fil i

hersby incorporated by referance it s entirety.
BACKGROUND OF THE INVENTION
L Field of the Inveniion

The prosent mvemion relates geverally @ the Balds of blokogy and medivine.  More

15 patiogdardy, B coeoms componnds, compositions and methods for the estmient mxd
preventon of discases such axfhose asseoiated with axidative sressand inflanunation.
i Preaription of Related At
The ant-inflammatory and anfi-profiferative activity of the nammdly ccomring
{riterpenoid, slaanolie ackl has boen improved by chemical modifications. For exumple, 2-
o evane-3,12-diooxeoleans-1 311 1 dien-28-m0 acid {CDDOY and refaind composnds have
brgn developed (Honds e al, 1997 Honda of of, 1908 Honda ar &f, 1999 Honda o ol
200, Houde a0 of, 20000, Honda, e of, 2002, Sub e of, 1998 Sehoe of , 1999 Place ¢
wl, 2003, Lilw et o, 2005 snd UG Patos 120,420, TH15.402; /124,754, §.0M1.632;
£.338.61% and 7943778y The methy! exter, bardoxolne methyl (CRDGMe), Bas bean
25 evaluated clnically fin the weatment of concer and cheowie kidney disesse (Prrgola of ol

A Ly Hong ef ol 2013}

Synthetic triierpenmd analogs o 1zjizmg‘.ri§£. acid hrave alsn born shown o be inhibitors
of eplhulay vadlanematory processes, sach ag the Induetion by TNy of inducible sirie oxide

sywthase (INDS) and of CONZ in mouse paeropbages, See Honds o ol (800x); Honda o
3 ol {2000h), dud Honda of ol {2002, Synthetic derfvatives of another titomencid, bowilinie

acid, have absc been shown to ivhibid colludyr inflennomiory processes, although these

SUBSTITUTE SHEET (RULE 26)



10

15

20

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

treatment of one or more indications.

SUMMARY

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

their manufacture, and methods for their use.

In one aspect, the present invention refers to a compound of the formula:
H,C,  CHs

& ~
R >
A o

S
N

@,
wherein:
nis 0-1;



Ar is heteroarenediylc<g); and
Y is:
hydrogen, hydroxy, halo, amino, or cyano; or
alkylicssy,  cyclopropyl, methoxymethyl, acylc<iz, alkoxycss),
5 acyloxy(c<s), alkylaminocxg), or dialkylaminocss),
or a pharmaceutically acceptable salt thereof In another aspect, the present invention
refers to use of a compound according to any one of claims 1-17 in the manufacture of
a medicament for treating and/or preventing a disease or a disorder selected from the
group consisting of cancer, diabetes, rheumatoid arthritis, lupus, psoriasis, multiple
10 sclerosis, Alzheimer’s disease, Parkinson’s disease, cardiovascular disease, chronic
kidney disease, inflammatory bowel disease, dermatitis, mucositis related to radiation
therapy and chemotherapy, uveitis, glaucoma, macular degeneration, retinopathy,
ischemia-reperfusion injury, osteoarthritis, osteoporosis; asthma, cystic fibrosis,
muscular dystrophy, pancreatitis, chronic obstructive pulmonary disease (COPD),
15 idiopathic pulmonary fibrosis, sepsis, amyotrophic lateral sclerosis, Huntington’s
disease, and Crohn’s disease.

In one example, there are disclosed compounds of the formula:

HeC, CHs
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wherein:

nis 0-3;

Ar is heteroarenediylic<g) or a substituted version thereof; and

Y is:

5 hydrogen, hydroxy, halo, amino, or cyano or ~-NCO; or
alkylces), alkenylicss), alkynylcss), arylesia), aralkylicsiz), heteroarylcss),
heterocycloalkylc<izy, acylcsi2), alkoxycss), aryloxycsiz), acyloxycss),
alkylamino(c<s), dialkylaminocss), arylaminogss), aralkylaminoccss),
alkylthioc<s), acylthioccs), alkylsulfonylaminowss), or substituted
10 versions of any of these groups;

or a pharmaceutically acceptable salt thereof.
In some examples, Y is —H. In some examples, Y is alkylc<s), for example, methyl,

n-propyl, isopropyl or cyclopropyl. In some examples, Y is substituted alkylc<s), for

example, methoxymethyl.

-~ O - -~ N u
In some examples, Ar is ﬁé‘i“z}s or f\g/_z% .

In some examples, n = 0. In other examples, n = 1.

15

In some examples, the compound is selected from the group consisting of:
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, and
or a pharmaceutically acceptable salt of any of the above formulas.

In some examples, there are provided pharmaceutical compositions comprising one or
more of the above compounds and an excipient. In other examples there are provided
methods of treating and/or preventing a disease or a disorder in patients in need thereof,
comprising administering to such patients one or more of the above compounds in an amount
sufficient to treat and/or prevent the disease or disorder. In one aspect, the present invention
refers to use of a compound as defined herein in the manufacture of a medicament for treating
and/or preventing a disease or a disorder in a patient in need thereof.

Other objects, features and advantages of the present disclosure will become apparent
from the following detailed description. It should be understood, however, that the detailed
description and the specific examples, while indicating specific embodiments of the
invention, are given by way of illustration only, since various changes and modifications
within the spirit and scope of the invention will become apparent to those skilled in the art
from this detailed description. Note that simply because a particular compound is ascribed to
one particular generic formula doesn’t mean that it cannot also belong to another generic

formuia.
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DESCRIFTION OF ILLUSTRATIVE EMBODIMENTS

Disclosed horsin are gw componds aod compositions with antioxidani andior st
inflammatory properties, methods Tor ol menelicnre, and methads For thelr use, including

for the treatrient aadfor prevemsion of disesss,

A

L Dofinitions

When used iy the context of & chemival grogy “hydrogen”™ mesns ~Hy “hydiony™

megps, ~OF “oxo™ mreang =0 Yearbony (™ moms ~{f{}f 7 “oarbosy™ wiesny ~CEOMOM

-

{adao sweitten as ~C

SOH or ~COMY “hale” weans independently ~F, ~Cl By ar ~;
“apgtne” tass My “hyvdroxpaming means ~NHOH “mlire” means N0y bnine meens
W NBG “oyane” mmmm ~CNG “socvanate™ memds ~NeCaO) “wride”™ wmesss Ny is 8
memovalint context “phosplet” mows ~OPIOWHY: or & deprotonated form heveol) 1 a
divalent cootext “phosphate” means ---{}1‘{{}}5\‘0}‘3‘}{% or & depeotonated form thegeof
“mercapio” Wreans ~3H; and “thie” means =8, “sulfony?”™ means ~S{0L-1 aned Senifing”

mesng S

P
La

In the context of vhonueal formustas, the symbol " mesns a single bowed, »=" means

a desble bond, and "= mems uiple hond. The syabol “w---" represents an aptional bond,

whizh i rresent fs either single or double. The aywmbol “rees ropresents 3 singdo bond or a

,r;.- f"}"\ e ‘\‘\‘ N A“\,i r.«'" N
i id Lo
double bond. Thas, for exangple, the t@mmiag Sop? Wchudes L J,,. NN ‘l\/ﬁ RYaN

C
i\&fJ, And 15 is endestond that no one sueh tirg atont forma pard of more tha one doubls

0 hoad Fwthempore B s notd that the covalent bond symbol ™7 when conmenting one oy
v slarengsely atoves, does st fadicaty sy preferred stergochemisry, Tosead, i cover all
sterectsomenst 3 well as mixbuves thersoll The syahiol “wwna ™) when drawn papendicularly

aross 8 bond {« g?fﬁ for methyl) indioates @ podut of attashment of e grosp, It is

noted. that the poind of sttachment ia typioally ooly antified iy s manner for leger groups
25w ovder fo assist the reader tn unarabigpoualy identifving o point of mmchnnt. The synbod
ool qyeans & single boad where the greup attached 1 the thick end ofthe widge Is “oal of

the page.” The svbed "8 gyens 2 singls bond where the gring stbohed 10 the thick endd

of the woedge I “nko the page”™. The syl “wova ™ memw o stagle bond whare the
gecmnelty arouid g diubile Blud (e, oo B ob ) Woundelined, Both ophions, as well ag

30 combnnations therso! sre thesefore infeaded.  The beud orders desoribed shove are wot

YAy
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i

1

Y

Hmiting when ons of the stoms comected b the bond ¥ @ metd atom M. T such Sases, #
i understood tat{he sohel bosding may comprise sigouificont multiple bonding andior fonic
Mo and M

=3y, ench refirs 0 & bood of auy and tepy and erder hatweeen w meir atom wnd & carbom

charsoter, Thaeefors, ualess dudivated otherwise, the Tunraalay M-, M=,

atova, Auy sudefined valeioy on an atow of 3 stmickars shown o this applicasion bnplinitly
wpresenss & hvdrogen alom bouded o thal slom. A bold dot on g carben stom indicsies S
the rydrogen attached 1 that carbog is ovicated ent of the plane of the paper.

Whep s groap “R” is depioted 25 2 “Sonting growp™ on a ring system, for example, in

the formia;

S

thew R may replace apy hydrogen atms wiiached o any of the ring stooss, neluding g
depicted, hapliad; or axpressly defined hydmgen, so Josg av a sible seoctwe B formed.

When & groap “R™ is depicted as 2 "Hoating group™ on 2 fosed ting svstor, w for example {n

the formnla

3

then R nray roplace any hydrogen attached o any of the sag stms of either of the fused
rings woless specitiod otherwise,  Replaceably lndmgens fochude depioisd hydrogens {e.p.
the hydrogen attached o the nitrogen o the formnila above), buplied hydrogens {eg., 2
bydrogen of the Romuils sbove that i not shown but wndersiwod o be present), Am:ﬁ:k
defioed hydropens, snd optional hydrogens whose presenes depends on the idemtty of a rdng

gtom (g, a hydrogen atached © groop X, whin X sguals ~CH-Y, 8o dong 88 2 stable

.

strsetre i Tormad. I the oxample deploted, B sy reside on sither the S-erebered or the &

inembered rhag of the fused ring systern In the formda abave, e subsoript leter v

mymedistely following the group "R anclosert in parentheses, repressnts 2 wumperks vardabls,

nless specified otherwise, this vaviihle saw be iy, 1, 2, 0r auy intsger groater than 2, only
Lmmited by the maxanum number of replacsable nadrogen atoms of the ring or ving systam,

Fewr the woups and classes balow, the following parenihstion! subscripty further dofine

s N

e groupilasy as follows Oy defines the exaot nomber (v} of cosbion stoms i the

grongyclass, {C8yT" defines the madmum munber () of carbon sicens that oaw by in the
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Tans, with the minfawm spenber 1o small 2 possible fur the group In question, e, &
15 understood it the susimm auwber of carbon ates m the group “alkenyles’ or the

WS

clags Sadlens

o For example, Tutkogy

oy designais those alkoxy groups having

from 1 o0 1 cirbon atoms, {Onny defines bogh the minfmuom {1 and mazimem nesher (0

S8y

of cwrhon atans i the grougy. Stmblady, “allybern” designates those alky! groups having
from 2 to 10 carbon aloms,
The inrféz “satirated” as nsed herein maans the compound s group so modifted hes no
sacbogecuchon dmible ad no vashon-carbon tiple tonds, exvept ae notwd below, T the case
of sibatitured versions of satwatsd groupy, one ov move carhon oxygen double bond or ¢
10 carbon mitinges dowbde bond may be prusenl, And-when such = bond s prosent, then carbon-
carhon double bonds that muy socwy as pwt of beto-onal wumnerisy o iy enaning
asiomerism are ot preciuded.
The torm “aliphate” when used withow the “substinsied” modifier sigrafies that the

compramdigroup s modified ¥ an meyelic or owelic, but pon-avommiic hydrocarbon

15 compound o growp. In aliphatic compoands/gronps, the varban atoms oan be joined together
i soaight chetos, beanched  oheive, v ropavomatic rings {aliowelich iﬁi’{iﬂ}‘é&ﬁ{:
crmpoundsigrupe ¢in be salurated, that B jolsad by dngle bouds {alkabesialkyt),
ursatated, with one oy siove déuble bonds {allenegfallonyl) wr with ore o vaore tiple
honeds {allomees/aliomyih

28 The term kD white wsed withoot the “substingted™ modifier refers 1o 8 monowudom
sxtueated aliphatic graup sith @ carbon atom as the point of attechment, x Hnear or branched,
ayade, ovelic nr aoyelie sicturs, and 10 gtoms otber than carbon and hydrogen. Thus, as
used heroin eycloalind s 2 subset of alled, with Ge carbon stom dat forms e polnt of
sttachogent also being a wember of one or more noweammatic ring swuctires wherely the

25 cvcloatkyl grong consists of no atoms other Gan warben and hydrogen,  As ased hereln, the

farm does not preclude te prasence of o or wore alkd groups Sarbon namber Hadtation
peenniting] attached to the ding or dng systenn The groups ~CHy (M), ~LTH, (B,
SO CHCH: (R o propely, ~CHECH ) &P Proor wopropyhl,  ~UHICH: ),
{eyrloprapyty, ~UHCHOHAH,: eBr), ~CHIOCHQCHCH ool ~CHOHECH),
{isobutyl}, ~C{CH b {zorrbuts], wbatyl, #Bwoe Ba}, ~CH6

“

(333
P
e

CHik (neogentyll, oyelidustyd,

1

velopentyd, oyelohinyd, and oyeiohoyimettivl are ne-Hirniting examples of alkyl groups.

iy

The tars “alewednd” when used withowt the nbeiiuted” modifer sefers © o divalam

aterntesd aliphatic groap, with one or two sanratad cwbon atomist ay the pommis) of
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s

aftachment, 8 Hoear or branchad, eyele, wyolie ov aspelic stnemre, 0o cadbon-carbon doable
o triple bonds, and wmo awans other than carbon and hydrogen.  The grewps, ~Cly
o
(methylene), ~CHOly-, ~CHAOCH M, ~CHCH O, aid 5&&” . W non-
jmiting exmnples of albancdiyl grovps,  The fam Salkyiidene” when wesd without the
£ auhebitted” modifier mfery fo the divalest goup ~CRRY lv which R oand R are
hrdepencdently Inedrogen, alkyl, or B and R are wken weether o represent an alkanedivd
having = lesst dwo cwrbon atoms, Nop-leoiting examples of alipvhdene groups ncheder
SOH, =CRICHOHL), aod =CCH: R, An “allane” reflrs to the compound H-R, whersin R
i kvt ax this top i dofined shove. When any of thase terms i axed with the “sabstituged”
Hr piodifier one or more hydrogen stom bes been ndependontly roplaced by ~OH, ~F, -] ~Br,
wrf =P, WO, ~COH, ~COCH;, ~ON, ~8H, -00H, ~COHCH;, ~ SO H, -NECH,,
SRHOHCH, RO H , ~CIOIRH,, -0 EENIH, or \{{}} sNH: The follvwing gronps e
non-imiiting examples of substituied alid groups: ~CHOH, ~CHGY, ~OF;, ~CHaON,
SCHOENOH,  ~CHCIGCHE;, -~ CHOOINEL, OO CH,, ~CHO0 s,
SCHOCENCH;, ~CHNFG, ~CHMNCHY, sad ~CHCHCL  The s “heloatie?™ & s

Lae

N

subset of substituted alkyl, in which one or move hiddvogen aiowms hes been substinged with
aby group and no other stoms saide Bow cebon, hydrogen and baloger e present The
groap, ~CHaCL s o non-Honiting example of & holoalkyl The torm “Thwwoalky!™ is a subset
of substituiod sikyl, iy which ane wr more hydroge has been substituted with 2 fluoro group
20 and no other atms aside from carbon, hvdogen and floorine are proseat,  The groups,
wCHR, ~CFy, and ~CHCF are non-lmdting sxamples of fuorcatky! groups.
The terns “atkenyl” when weed without the “subsituted” modidler refers 6 an
onovatent waktarated aliphatic group with ® viwbon atorn as the poiot of atmclurunt,

tnear o brswched, cyels, oyelie o aoyelie shaetores, ot Joagt v Ronsromatic sarbow-carbon

5 doubls bond no casbon-carhon teiple bonds, and no atoms ather than carbon aad hydrogen.
Nep-hmiting exanples of slonyl goops fochuder ~CHsCH, Gotmedy, ~CH=CHOH,,
SEMECHCE Oy ~CRCH=CH, (@i, ~CHUH=CHCH,, sod ~CH=CHOHSCH,. The
wim Cxlkenadiyl” when wsed withesd e aibetinted” wodifier refers 10 & divalent
prstvoded aliphatic woup, with two catbon stoms. ax points of atizchmenz, » jinear m

8 peanched, cyelo, ovelie or aovelie strachure, 2t foust one pomaronatic cathor-narboy double

pond, nor carbon-carbon triple homds, and no atonts other than st and hydrogen. The

ST
gronps, ~CHSCH, ~CHsCUH)C, ~CHRCHO -, and 97 are noninsiting
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examples Of allenedhy! gronps, Ry noted they while the alkesediy? group i3 alipbuie, e
commecisd 2t both eods, s group b osol peecluded fom Forwdng pant of @ aromatic
structore, The tooms “alkene” or elebin™ are synouymons sud el & a cornposnd having

the formuls H-R, wharein B is alkeny? ax iy term i defined ghove. A “lermival atkeng™

YA

refory o gu slhene having just coe carbon-carbos double bond, whersin that bowd forms
vinyl growp s one end of $ie medeculr. VWhen any of these termas e med with te

“substituted” modifier one or mose ivdrogen atom has besn independently replaced by ~OH,
~E, SO -Br, h oNHa, NG, ~COsHL SCOWCH,, ~EN, ~SH, ~OCH;, ~OUHCH;,
SCEONCH, ~NHCHs, ~NHCHCH:, ~NICH: ), ~CENH,, ~OCERCHs, o ~S{ORNHL,
W The grogps, ~CH=CHE, ~CH=CHOD and ~OH=CHBr, we nondinutng ovanples of

substinsted afkenyl grovps.
The e “alkynyl” when used withont (e “substituind” modifier refas fo an
monovakens vasamstated aliphatic group with a owmbon atom as the point of attachment, a
linear or branchied, ayvclo, eyelic or sovelie sthueture, ot foadt one carbomeearbon wiple bongd,
15 and oo mouts othe thae oarbon and hydrogen. A% osed bevedn, the torm afiopnyd doss nev
prochadi thy presesce of o womme pensstomatic sarboa-casbon doable boads: The groups,
~CECH, ~CaCOH), and ~CHO8CCH,, are pon-limiting exaenples of allovoyd groups. An
“athame” refors w the componmd MR, whereln R s alynel, When any of these terms ang

“

pserd with the “substitated” modifier sme or more bydroges alom has been Independently

2 seplaced By O, ~F, ~CL ~8r, ~f ~NHy, ~ROy, ~COHL, ~CCCHy, ~ON, =83, ~0D0H:,

~OUHCH, ~CEACH;, -NHUH, -NHCHOH,, NG, ~GORE, ~00a0CH;, ot
~S{OnNH:,

The term “aryd” when tsed without e “substituted” modifier refers to & monovalens

onsatinted sromanie gy with an avomatle cwbow s as e pong of stischment, seid

X carbon wom ol part of 3 one o more sivmanbered gromatie sy sivnctes, wherein

the ring atopz are #l creboy, and whirtsl the grwp Samsiata of no atonts other Gan carbon

and hydrogen. H wove than onening s preseat, the rings may be fused or undised, As nsed

heretn, thy tom doss nst preclude the presence of ong o wore alkyl or aralkyl sroups

{caibon sunber Bmieton peonitiing sttached o the fisy aromelic g or any additimal

.

arcematie ring pressnl Nowelimibing exaoples of aryl groupy include phenyl (B9,

22
£,
(e

methyipheny!, {dimethyljphenyl, ~CaHLCHCH: {sthyipbenyl), naphind, snd 2 mosovatent
growp devtved from biphewyl, The fomn “araodl” when wsed withoul the “substingted”
madifier refers to a divalent aroniatic gy with two amimatie’ carbon atomy a8 pofuts of

astachment, said carbon atoms ‘muéng part of one o more siy-menibred aromatic rhig

by

SUBSTITUTE SHEET (RULE 26)
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troctuwrels] whereln T ring ators gre all carboy, and wheresi the monovalant mougp onsisis

of no-atns viher then cavbon and hydrogen, As wserd berstn, the teem does not precuds the
prosenee of ofie or more atkyl, arylor aralkyl grovnps (earbon number limitelion permitiing)
sttgcher) fo the first aromatic ving o any additfonal sromsatic ving present. I more tha one

3 vlug s prasent, the tgs may be fosed ov cafised. Unfused rings miay be cenected vig one
or more of the fuflvwisg @ covalent bood, atkancdiv, o slkenediy groups {carbon munber

limitation permiting), Nondiniing examples o menediv! groups include:

e P
P ™
ot Presa ;'.:;,;:‘,{

B *
P
H D
Rrsrera S X S R
s AN S LN
2. ! 3 o R
Hopeor K
N vl L and (I X

HE An “arene” refory 1o e componnd F-R, wherein R is anvl as that twow s defined above,
Rewzene sad toluene sve son-limitisg ex:m;piés of senes. When any of these twrms ane used
with the “substitmed” sindifler ane or more hydrogen atom has been independsatly replaves
by ~OH, =F, -CL B, -4 -N#y, WOy ~COH, ~COCHy ~CM, -SH, ~0CH,,
~OCHCH;, ~CEOICH;, ~NHCHy, ~NHOH,CHy, ~NCH; b ~CEANH, ~OCOICH,, or

oy
%4

&
e

The term “awalkyl” whon wed stthowmt e “subsiiuted” modifier refos © the
monovalent grovp ~atkanecdivi-arel, in whish the isow alkavedivl and arvt are cach vsed in g
neanner sonsistent Witk the definitions provided sbove, Nop-finiting oxsmples of avaliyls
aves phenyhoetiyl (beazyl, Ba) and 2-phenyl-ethyl. When the tenn walkyt i wed swith the

30 “substiuted” modifier one oy moss hydrogen atom from the albanediyl andir the vl group
Tas heen dependenthyreplaced by -G, <F, ~CL ~By, =L, =Ny, =NOs, ~UOH, ~COL0H;
SORC ~SH ~OCH:  ~OCHL s, ~CHOWIH,, ~NHCH,  -NHUHSCH, --Nf{i}‘i;;‘}g}
SCEONH:, ~COCIOITH;, o ~S{OLNM. Noneliniting examples of substituted avalionts e

{3-vhlomphenylmethyl, sad 2-clforo-2-phemd-eth-Tel,

Tor
(¥ 53

The teymy “heteroaryl” when ased withom the “substituted” medifier refors © &
mgndyalent aromwatic groum with s aromatie carben whow o ptegen atoms as the 1 point of
asttactinon, sald varbng stom o wimgss st formung paet of oue or Dwwe sromatie tng
struchurey whereln at teast one of the ving awms 15 nirogen, oxvemn or sty wd whersin

the heteroaryd group consists of no atomgs wther fhan carbon, hydrogen, aromatic nitrogen,

L

srometic vy gen and arometic sulfer. 1 more than one ving s present, the rings may be fsed

fsae
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L

o pafuged, As weed hevaly, the tam doss pot prechede the presence of one or duws alld,
gyl andine sralkyd groups {varbon wumber Rmtation pemitng) attiched o the momatic
ving of avematic ripg system. Nop-liiting examples of hetevomy] growps inchade furanyd,
imidsgrolyt, indobyl, indazolyl (Tm), femaenisl, methyiparidingd, oxazolyl, phenylpyiidingl,

pyridipyl pyrodyl, pyrioudingl, pyrazioyl, guinelyl, qouinazolyl, emexatinyl, etz

oY

fetorzolyl, tevolel thionsl, and wivzolel. The tem “Nheterparyl” refers i 8 hetervanyd
group with a pitrogen.aiom &y the point of sliachment. THe tewy “hetercareaadiyl” when
userd withoat the “substitued” pedifier refar to A divelont avomstic group, with two
gromatie sarbon afoms, two arowmatiy sivogen sy, or ane aromatie carbon mom and one
aroniic plfrogen wom as the two pobus of atachment, suld atoms rming part of oue or
more aranlie Ning stnuchuely) whorein ot keast e of the ving alowms is mirogen, oxygm or
suitur, and whersin the divalont group sonsixts of no atoms other than carbon, fepdeogen,
AUl nRrogen, srofmatie oxygen and aromatie sulfur, I more than one ring 18 prasent, the
vings hay be fused or wadisrd, Unfused rings may be conneted via one or mune of the
foltowing & covelent bond, dlancdiyl, or atkencdivl woups {corbon number Dnsitethng
pormitiing). As osed heeain, the worp doos not prectede the presence of one ov more alkv,
aryl, andir walkyl groups {oarbon raaber Tmhation pemuting slsched © the arometic

>

ring o arosatic ring systenn. Nop-limiting examples of heterorrenediy] grovps mchuds:

ool ..g.m":-", i‘ ] fny
AN A i, N
N, H and T .
A “heteroareny™ refors B the orund R wherein R s heteroanyl, Pvridine sind

pinoline o nop-lifiting exampled of heteroarenes. When these termy are wsed with the
“substiuted  modifier ane or more hudrmgen atom has bess independenty replased by ~QH,
~F, ~Cl By L -NHy, ~RQ. -COFL ~00:0H, ~ON, ~88, ~OCH;, ~OCHCH;,
SN, ~INHCH;, ~NHCHCH;y, ~N{CH ), ~CROMH;, ~OONCH,, or -${O%RNH,,

The wgray “hateroeveloaliorl™ when weed without the “substituted” medifier rafors to 8
monosidont aom-aromatic groeup with 3 carbon atom ov wimgen aiom w5 e poimt of
sttachumer, satd carbon afoin or mitrogen atom fming part of oneg s more sog-montatic Kbg
structuees wheretn at least one of the ting awms s niroger, oxygze or sulfie, and wharein
the heloroeyeloalkyl group vonssts of no sioas other than cwrbon, hythogon, mitogen,
axyen wnd sulfer, B more than one ving fs present, the ings may be fused or unfised, As

psert hefredd, the torn doas mal préclude the presense of one ov more alks! grovps fowhion

mamnber Hmitation permitting) steched t the ving or dng syseepr. &dso, e tenw dows nat

H
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preclude e pressoce of sre or more doable bonds fo fie ring or ring systom, provided that

the resubting grovp remains noarematic. Noa-lniting examples of hetereyoloatky! moups

»

N

inchude  oawiedimyl,  averidingl,  peoolidingd.  pipeeidingl pigma‘amirzyL nurpholin,
triomorpholingl, wiabydrtiranyl,  tetrabpdrotiobranyl, tetabydrpyians],  pyranyd,
extranyl, and oxetaoyl The term "N-betsrocyoloalkyl™ refors 1o s betesioycloalkyl group
with 8 nitrogen stom ag the point of sitachment. The e “herocycioatkansdivl™ when
nged withool the “sobstiotad” modifior refers 1o an o fayeie group, with twe carbon
sonm, fwo mfsm;m atoms, OF one carbon alom cmc'% s niogen slom a the T pum of
ms‘achmﬂm} saiel atomis fitming part of ong or wrve ring sirueture(s) whareln ot least one of
the ring atoms 19 sivngen, oovgen o sulfur, and wherein the divalent provp consists of ne
astoms other tan crbon, hydvogon, nitrogen, oxygen and sutfer, I mere than one wing is
present, the sings may be fosed or wnfised. Unfised rings may be connseted via one o more
of the following: & covalent bond, atkanediv, o allconediyt wroups {carbon nuatber Toniation
permitting). As wsed herei, the term does not preciude the presence of ene or more aliyl
groups {carbon mumber liniation permitiing) attached 0 the nag or rng wwetem,  Also, the
ten doey pot preclode the pressnce of one ot double Tonds 10 the tng o rag gystem,

provided that the rosuling growp rsoainy sonearomastic, Nowlmiting everples of

haterocycioaloancdiy! groups Behade
3 {:} \ —
oD : ; My
éf 4 M3 ! & i 3 I
Y ﬁ"ﬁ"’ s Mg o, M~
Y % Y. B T
s . 3R .

When shese terms are dsed with te “substituted” wedifier one or more bydrogon atom has
boen nlependently replaced by ~OH, ~F, -CL ~Br, -1 ~Ney, ~NO,, ~COH, ~C0OCH;,
~CN, ~8H, ~OCH; ~OCHCH;, ~CICH;, ~4?§3:I£3Eig, SNHOHCHs, Ok,
LN, ~QCUDCH:, ~BORNH, o ~COROCICHs)s ferr-atybmvombonyl, BOC),

The fenm "‘azc:.;;l when used without the “substituted” modifier vefiers to the group
~C{ONR, I which R s hodrogen, alkyl, ol avslkyl or bBeteroaryl, w5 those woms are
defiped  above, The growps, ~CHO, -OOiCH; (aeetyd, AQ), ~L{ONCHCH.
SOEOICHCHAH,,  ~CEHCHICH s, ~COHICH ), ~CIOWCHs,  ~CIOICHLCH,,

~CHCHCells, ~Ch(imidagolel} are noselimiting evamples of aoyl groups. A Pthiosnd”

ix defined B an snelogous manuer, axeop! that the oxvgen atms of the group ~CEOIR hag
bewn replaced with a sulfer atom, ~CSIR. The toom “aldelyde™ conesponds 1o an slkane, 25

defined sbove, wherain at loast o of the lydrogen atoras has bebn veplaved with & ~CHE

groevp, When aty of tese torms e ssed with the “sobstitnted” modifier ons of more

fa]
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hydrogen stom {tchading a hydrogen diow directly atacbod the cabongd o thicssbonyl
group, if may} has besp zmie;%emim?v optaesd by ~OH, -F, ~CL ~Br, ~L >Ny, ~RGy,
~Clal, ~CO O, ~ON, -8, ~OCH,, ~OCHT,, ~CEOH, ~NHOH,, ~KECH:CH,,
SNECHaY, ~CLOMNH,, ~OCEHCH:, or ~SEOuNH. The groups, ~COICHRCE,, ~COLR

LA

{earboxyl), ~COCHy  (outhvisarhoxyl), ~COHR M,

Oy (carbamoyl), end
CONTH: ), are nom-iimiiing examples of sabstiteted oyt grogps.

The term “atkoxy”™ when sed withoat the “substitated” modifier refers o e groep

SOR, i whivh Rois arallod, g that e iy defined above, Non-limiting examples of alkoxy

groupy mwdader ~GQCH: {mathoxyl, ~OCHCR, {,(t{hta’xgs}, SCHAUHRCHY, ~OUHICH )

1 {seprmioxy), ~CGCHyY ferrbutoxs), ~OCR{CHh, ~O-ovnlopenyl, snd ~O-evelohesyl,

The woms  Calkemylowy”,  Catkewvloxy”,  Cevlery™, Carlkesy”,  “hetersaryhoy™,

“hetgrocystoatkoxy”, aot “atvlaxy”, when used withowt the “substitoted”™ modifier, fers 1

grovps, dofimed sy ~OR, v whith R b alkenyh alkynyl andl srdiad, heferoaryl,

heterbeyeloutiy], and acyl, respectively. The term “alhoxydiyl” refiers w the divalens gronp

15 ~@O-ulbanediyle, ~O-alkaradivi-0-, o ~albagediyl-Oallanediyl. Thy torm tathylihio”
andt “uoylthie” svhen vsed withoo! the “substiated”™ modifier velore o the group -8R, in

which R is an alled apd-acy, vespestively. The tenn “aloebol™ rosresponds 1o s allone, as
defined above, wherein ad Tost ong of the hydroges ators bas beon replaced with 8 hvdrony
group. The tenm “ether” convosposxds 1o an alkane, 53 delined shove, whereln ¢ Jeast eng of

20 the hydrogen atoms has beew roplaced with an aﬂ»:oxy gungy, When any of these torms i
used with the “sabstitaed” modifier one or move hydrmogen stom: has boen independenty
replacnd b}' O, ~F, ~CL -8, <L My, oNOg -COH, ~COCH,, ~CX, ~8H, ~OCH
SOCHCH:, ~CIOWH;, ~NECOH;, ~NHCHCH, -N{CH R, ~CONH,, ~OC(OWCH:, or
‘\iﬁ\iv’\'ﬁ*

25 The torm “alkviaming” when wséd withoet the Msebstituted” modifier refias 1o the
erong ~WHE, v which R isan aibyl, as that tere §s defined above, Noundimivng sxsunples of
aliovlening groops inchude: ~NHCH: and ~KHCOHCHy The wrm “dialkvlambyy™ when

s withon the “suhsututed” modifier refirs to the group ~NRRY, in whish K and R can be
e samo of difforend wlikyl groeps, or B oand B oan bo taken fogelher 0 soprvsem an

3 skavediyb  Nopdimiting  cramples of  distkelennne g aps g per Ny
SNOHHCHOH), and Nepyrolidingl, The seome “alkonyamine”, “alkeaylming”,
“ikynylamine”, “arvianing, asdkytamine”, “hetervarviaming™, “heterooycloatiylamine”
and “alkyludforylanune™ when nsed withowl the “aubstinsted” modifier, refors w groups,
defined a3 ~NHR, in which R & alkosy, pikenyl albynyd, and aealkyl befercaryl,

13
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feterooyeloatkyd and alkylsullfonyl, respectively, A non-linsitng example of s sevlaming
geoup s -NHCHs The reni “weide™ faoviambne), when used withoat (e “substituted”
madifior, refere o the groage ~NHR, tn wiich R b noyl, as that foom indefined above, A now-
limitiog exavple of an amide grovg be ~NHOOICHL The o “locliondne™ when wsed
without the “sobstitated” modifier vefers w the divadent group =NE, i whinh R s analkyd, &
thal term i defined ahove.  The term “aliovtamingdivt” refers @ the dhvalent group
~MF~alkanedivl, ~NH-aikanedipb-NEH -, or -alksredivi-Ni-alkanedivl-. When soy of
these formy is wved with the “substiteted” modifier ove or wore hydrogen aibm hay haen
ndependently replaced by ~QH, -F, -Cl, ~Br, ~f, -NH;, -NO;, ~COH, ~COCH,, ~CX,
~SH, ~OCH;, ~OUHCH;, ~CEOWCH, -NHUH;, ~MECHOHy, ~N(CH, ~CIOINH;,

~OUCIBICH,, RN, The groups ~HECEONOCH: wnd ~NEO[OINHCHy 06 non-

limiting examples of subsituted smide groups.

The terms “alylsalfony!” and “allylsalfimd” when used without the “substinsted™
e ey refies 10 the groups ~S{ORE. and ~SEK, respectively, by which R is an wlkyh aa
that term i defined sbove. Th tersay “alkenylsulfeand”, “alkwnyisalfomyd”, “arylsatfonyt”,

“arnikylsuifonyl”, “hetwroanisalfony!”. and “heterocveloatiylselfonul” are defined In an

analogony manper. When sy of theye torme Iy aved with the “substibued” modifier one o

mare hydrogen ators has been independently replsecd by 04, -F, -0 ~Br, -3 ~NH;,
SNy, ~COH, -COLH;, ~ON, -8H, ~OCH;, ~OCHCH;, ~ClOICH,  ~NHUH,,
SNHCHACH;, ~NECHy g, ~COWNH,, ~OCOHH;, or ~SOR N,

The ey Mallodphosphate™ when wsed withou! the “sehsituted” nwdifier refors to the
group ~OPHOOENORY, o which R s an allyd s that toon s defined above, Non-limiting
expmples of alkyiphosphate groups fofudes ~OPOYORNOM) and ~ORNOXOHNOED,
The term Sdadkyiphosphate™ when wsed withowr the “substtoued” modifier yefers 1o e
group ~OFOHCRNORY, dn which R avd R cag be the same o difforent sfvt groups, o R
msd R ocan be token fogether o reprosiet sn alksnedivl  Wondindting sxattplss of
diatkylohowphate groups nchude; ~OROROME), ~OROYOENOMeY and ~CRORORN,.
When any oof thesy e I used with the “sabstitasd™ modifier ane o wore Bydiagen stom
has been independenthy replaced by OB, -F -G Bt =Ry, -NG,, ~COH ~COCHG,
O, -SH, ~O0H,, SOCHCR, ~CIOCH,,  -NECH,, -NEOHCHs, ~S{0H %,
~CHONH,, ~OUEHCH,, or \[f}}\éii

1-&

The e of the word ar “an” when wsed i congunction with the lemm

“pomprising” in the claims andlor the speeification muay e e, s it e alse consistem

s,

Wity the roveniug of oot 0P more,” Tab keast o, and o or ot Gy ane”
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Theovghewt thiy apphicaton, the term Sabout™ s asad to indioste that & wilue inclades
the imbevent varisiw of voror for the dewior, the method boing employed o dotermine the

vartue, ne the varlation that exasts among the stady subjecs.

Axweed berein, 8 “ohiad aoilisre”™ refers o removable ehival group tat is capable
of infuencing the strenschontivity of & reaetiont, Powsous of <kl in the et sre familiar with
sech componuds, and many e connnerciztly avalable.

Thi emms “pomprise,” “have” and “include” sre vpen-snded Huking verbs,  Any
Forms or tenses of one oy move of thase vobs, wuch o vosprises,” “oomprising, “hds”

LT

Myeeing,” “mctudes” and Vine Euti‘i;ztg,” ars/also opom-ended. Fovr swsople, sy method that

“pomprises,” “has”™ me “inclades” ope ot more steps i3 o limited W possessing valy those
ope ormortsleps dod alse sovers othier waisied sieps,

The term "effeotive” as that tome v used in the sposification mdir clains, weans
adequate © seconmplish 3 desired, evpeeted, or fnended remdt  “Bffecttve snoum”
“Therapeutioally sffective amand” or “pharmeventically effective amomnt” whey veed i the
context of teating a patient or subject with & sonpound means that amousnt of the compound
witich, whon sdnainistered 1o & subjeet or patient for froating a dleeass, 1 auffiotant o offent

ueh treatment for thy disease.

As used heret, the e "ICyw™ rolers ® an inlubitory doss which fs 846 of the
maximant response obdned. This quantiative measure Indigates bow puich of 2 pretioulsy
drug or other substanes {inhibitng} is neaded 1o Inhibit o gheen biodogieal, biochensics! or
chemisal process {or pompouasl of @ prooess; Lo sn omvoe, o, sell meceplor or
micsoorginism) by lalfl

An “isomer” of x frst songpound s 8 sepurate comprrand i which sach molecude
corgtains the same constivent stoms as the first compound, but whige the configemtion of
hosa atoms i Gree dimensions Sl

A used herem, the terin “patiend” or “sebiect” refers fo 8 Bving memmalin
organism, such as @ humen, monkey, cow, sheep, goas, dog, opl, mouse, s, guines pig, of
ganepenie species theveol. In Coviiin smbodisents, the pations or sublect s o primets, Mow-
limiting examples of human suljects are adubls, Riverades, infas and fetses:

Ax. genesally osed bersin “pharmaceativally sceeptable” refors @ those compounds,
matarisls, sompasitions, ancdor dosage forme which are, withia the soope of sound medical
Judgment, suitable for use i contast with the HISRUES, orgavs, andior bodily finids of human
beings and animals without excessive mxkeity, iritation, allaigle resprnes, or other preblems

oy conphieations commensuray with 4 reasonabile benefiiirisk mito.

L8y
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“Phamsacentically  accopieble hjs”' weans salis of compotnds of the present

\

iventton whish are phannsesutivally avcepteblo; ax defimed ahove, sad which possess the

desired pharmseclogical activity,  Such selty molede acd sddigon salts 'fanmt.:i with

worgante ackle soch sy hydeoohlotle auid, hydrobromie seld, sulfore acid, niwdo ackd

1

phosphorie weid, and fe ke o with organie acids such as 1 2-othanedisulfomia audd

.

¢

2hydraxyethanesulionie. acid,  Zenaphthalesesuifonic  acld,  3-pheuylpropionic  asid,
44 methylenehist M ndrogy-2oane-Lombonydic  acdd),  demethviblovclo]2.2 2fock2ane-
f-carbosyli seid, avetic acid, aliphatic mono- and dicarbasylic soids, alivhatic sulforis asids,
aromatic sulfare acids, benvenesulione ashd, beprote acid, cmnphorsulforic acid, sarbowie

W o, cinnamic wld, ciie acld, cyclopentepopionic acid, ethanesulfonie acll, fumanic
aoid, ghaoheptonic anid, gloctmie asid, glotamic actd, glyookicacid ise;:{;»lzm,ic anid, heravoie
aoid, hvdroxynaphthoin wold, ketic acld, lawrvisulforic aoid, madiie acid, malie aoid, malonic
avid, mandabic aokd, methanessifonte ackd, wuconie aeid, m(ﬁ-hydri}:»iyhen:x{x}f;}bmsZtﬁc acid,
oxabic atid, p-chlvrobenzenesalfonis anid, phedvl-subititoted alkancde soids, proploniy acid,

.

prcheenssationis acid, pyravie soid, saliobic add, stearie ackd, suceinie ackd, tavtanie sobl,

-
2

tertiarybntylacetio soid, trimathydacetic acid, and the ke Pharmsceateally acceptable salts
s frcludde base addition salis which may be fomed when neidie protons prosent are capable
of rescting. with inorganic vr organis buses.  Acceplable inwegame bases inchde sodinm
Bydroxide, sodiom cabonsle, pomssien hedioxide, ahuebuen hvdeoxide and calvian
20 hydroxide. dvcepiable vrganie hases inchude sthanclamine, dicthannlaming, wisthanoloming
ranetamine, Mmethylghwanine and the ke 3t should be recopnized that the pmﬁwim
amon v cation Tivming a part of any salt of this invention 1a not enitieal, so Jong as the sall, ax
a whole, v pharmacologionlly acceprable,  Additional exgmples of pharmuceutivally
acouptable salts and thelr mothods of preparation and wse are prosented tn Mondbook of
25 Pharmocentival Saltss Properdes, ded Use (BHL Subl & € O Wernsth oy, Verlag
Hebeetion Chinaioa Aoy, 22
The toms “pharmaceutically  acvepsble cwrier” av wsed  horeln meas a
pharsaceuticatty-acooplable material, composition ov veldole, nsh e Tgud or solid fitler,

diduent, exaipient, subent ov encapsalating maleriad, wvobed in carrying o Gransporting a

s

{1 chemicsd agent,

“Proventiow” or “preventing” hwhudes: (1) intdbiting the onset of & dsvase b 2
subject or pavient which sy be st visk andior predisposed to the disesse but docs not yat
experiense or display any or all of the patholagy or sympromtology of the disease, and/or 1)
showing the cnsal of the pathology or symptonattegy of & discave I & subject or fationt

[N
ER S
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which may b ol sk sador prodispossd 1o 1he discase at dies not yel experienseor display

any or afl of the pathology or spoptoatology of the discase,

“Prodrag” mesrs & comypound Hhat i copveriible v vive wowbolivelly o

oty Tl may or may pot alio héve

3

{nhibitor sccording to fhe pressnl tnvention, The p
acttvity with respent 0 given fevpst profein. For oxample, @ compound sonprising a

£

hydroxy group may be administered as an ester thet & conveniad by bydrobesis i 010 the
hydepsy compound, Buligble ovters D moay be soavveried B2 vive dnte hydrony cinapounds
elude avetatey, ciirstes, Jaolutes, phosphetes, tanvates, mudonstes, oxadates, salioylates,
propionates, wwoninates, frmaritey, smalestes, metylene-bis-Hhydrovenaphionte, gentisates,

Hr o dsethiongtes, dip-ioiuoylamates, methanssubfonates, ofhanesalfosnies, henzeacsaifonates,
eetolsenesulfonses, oyclobesylsuliamates, quinatzs, esters of wming ackds, and the [ihe
Struflarly, & compound camprisiug an anune group may be admintstered s an amide tatis
corpvertad by hvdrolysds e vive 1o the amine compound,

A Usterecisnrner” or “optiond stmer” 18 an tsomer of » given-compound in which the

o,
K2

s atmns are bonded to e same otber atoroes, but where the configuration of those atoms
i thee dumensions differs. “Enastomens” s swreoisimers of o ghven compoasd that are
miveer ey of cach othey, ke Toft and right hands, “Diaviereomens”™ are steresisomiors of'a
ghven compound that ate wob enantiomers. Chinal mplecules coatain o ohinal cuntey, sl
referred W 85 & storeovenier OF stareogenis vonter, whish s any peint, thoeugh ol vecassarly
20w atom, i mokecude bearing groaps such that an interchanging of any two groups leads o 2
ssereniserner. Im organic compoands, the ohirgd canuer i typieatly a carbon, phosphoras or
sulfur ator, thowgh 30 3 gleo poasible for other atome W be sloreocaniars 1o ovgande and

frorgapic componnds. A mocleoule omn bave muldple streocenters, giving ¥ many

=z

stersotsoners, B ormpounds whose stareofoonerisn i due o tetrhedid stereogenic canters

NS
R

{2z, tivabedral carbony, the total mntr of hypothetically possible stersolzomars will
exosed Jm, whore n is the mimber of wiehedia! sroneomers, Mokeoslss with syounewy
frequently have fower than the maguineg possible nowber of Mefemsonias. A 30 mixtak
of enantiomers fa reforned W as @ racemds mixtwe, Altematively, & mixture of eomtiomers
cxn be opruticmerically ennched so that one enantiornet I8 present by sl amoednt greater tan

5,

300 50%.  Typisally, enantiomers andior disstorcomers can be resolved o sepsrated using

'

techmigues koo Tr the drl B contomplaied it that for any Notoodemer o axis of

ehirliny for which stervochenssiny has nor boen defined, that sstoncenter o axds of eldmiity

oan he present In s & form, & form, or s @ weisture of e § and S forms, weloding racemic

-
-3
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and woneracensly velvnwes A el heeely, the phomge “aubstantisily Dee from other

storsotsomsans”™ moany that the compusifion containg € 1A%, more prefembly < 16%, wven

e preferably = 39, or wost prefirably = 1% of another stereoisonar(s).

“Tresmen™ or “reating” wlndes {17 inhibitng & dsesse in g subject or patfony

S eyperiensing o displaving the pathology or symplomatology of the dissase (eg, arresting
Hther devedprment of the patholegy sadier sympomaolney), {2) ameliomting & disesse in g
aubfect or patent that is expeviencing or displaving the pathology ot symplomatology of the
discass {ep, rovasing te pathology andior svoyptomatologel, andfor (3} offecting suy
muasarable decriase ina dissase I e sublject or patient thaf is experiencing or displaving the

W patholegy or sviplomaolgy of e dissase,

Laher altbreviations wsed hovein are as follows; DMBQ, divethyd salfoxids; (0O,
oxalyl shiovide; BOG or TEA, tiethvlamine; DMAP, dimethylamivopyridine; LG, disthyt
gther, n-PrCONHRE,, bubyrie acid hydoring, #PrCONHNH, isobuteric acld hydrsdine; o
PrOONHNH,, oyclopropane carboxylic seid hydmane: p-TsOH, p-wloeneselfonie ackh

1§ DME, dimsthyHonsamide, ¥R ot 3-Grdimethleninopropylomhoditntids, N0,

nitrde exide; N0, inducible niowr oxide symthase; COKZ, eyclooxygmase-2y FRY, foud
Bevine sorany Ny or BNy, interferey; TREFwor TNFag, oy secrosts factorog 18,
interfenkine 1 HO-1, indecible heme oxvgenase,
The above definitions supersede any oonflicting sdefinition 1 sy of the reference that
2 iy ineorporated By reforence bevebe Thy feo that erain terms are defined, bowever, should
not be considered as indieaive that avy erm hed owdafived s ndefinie. Rather, alf terms
wseld are believed 1o describe the invontion 1 torms such that mie of cxdimary siall can

appreciate the scops and practice the prosent ivention,

~

. Compounds and Synthetic Methods

KN The compoands provided by e present distlosere are shoven sbove in the sahwmary

of the wvention, 1 the clains, and o the seolions below., They ey be made ssing the
mathads ontdined 4n the BExamplos section,  These methods can be Rother awdified wud
sptivaieed uning tee pringiples and trobnigues of organic chemadny as apphied by ¥ person

skitied in the arl Swoh puincples and techuijues are tught, for example, . Mared s

LX)

™

A sdvheesd Ovgomie Chemistre: Regotions, Mochowivas, wnd Soaonee (2007), which {

inoorparated by reference hevein,

Compowads of the wyvention may contdin ohe oF more asyinmenicallv-substiied

parfion o nifrogen aton, and mwy be iolated s optically active o moemie form. Thus, ofl

ey
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chival, dlastersomeyie, soombc fw, epimerie form, and 2l peomeiric soweris forms of g
chzmioat formudda e tended, wdess the spouifie. storeochenuibiny of Domene fomt iy
specifically ndicated. Compounds may ocor ay moemates and meende adxtues, singls

ensmionees, dsstercomerte mboures avd ndividus! dastereomets, I svpe ombodiments, a

Ay

single diastersomer is obtined. The chiml conters 6 the compounds of e prssent Jnvention
o have the ¥ or the R configuration.

Chenveal formsulss psed & represent comprasda of the tvention will typlcally only
show ane of possihly severe] differcet Butomeny, Piw axample, many types of ketons groups
e known to exist in equilibrien with corveésponding snel groups. Stenilardy, many types of
0 iming groups exist in equibbrivm with enemine groupe.  Repardioss of which Sutomer is
depicied for 3 gleen compound, snd regnedloss of wideh voe s most preveleny, all teulomer
of a given chomical foroule are intended.

Atosas making ap the compounds of the present invention are msended o wlede all

wotopie fams of such sterns, Comspounds of the prasent Inventon include Bwose with one or

e
(941

mevs oy that have hoon sotopivally modified or eariched, in paticnlar those with
pharmsosativally secoptable ivotopes or those useftd for pharmaceutically resvarch. Isotopes,
e woed horsty, inohele thoes atoms having he e stomic number but dlfereat mass
menbers, By way of goseral exanygde and withowt Hmitation, isatopes of hydmpen includy

detterium. avd frivina, and isolopes of cwbon inclede ¢ st YO Similady, # i

73

H wmw};ﬂat od that o or mose carbon aom{a) of a compound of the present tvention nwy

be replased by 2 silicon atomds). Farthomore, B s condempdatad that ong of move syvgen

stomis) of a compownd of the presund Invention may be replaced by & sulfur or sefeniom
soni(sh

Congpeaends of the present irvgntion may also sxist i prodrag form, Mawe prodrugs

25 are kewwn o cnhance manerous dosindde quabiies of phermscomicels {eg. solubility,

.

bragvaifability, meindhonping, oo e ormpoends ompleed i some medhods of the

Imvention may, i deshod, bo deitvered b prodeug Sam Thus, the tvention Comtamplaws

procirags of sompeands of the mosent mvantion g3 well s methods of doltvering prodmgs,

4y

\

Prodiugs. of the componnds ewmployed fn the invention may be propared by mdifving

30 fuetonal groups present n e compound I Sl & way tht the modifications e cleaved,

sithey I sontine nantpulsion or 7 wee, W e perent compound,  Acedrdingly, modrags
wmelude, for example, componnds described berein in which a hydvoy, sming, or carboxy
wrenp s bonded o sy wroup that when the prodrag is admbtistered o 8 sohive, olesves
frar @ hycdrowy, aming, o carboxylic asid, respeatively,

19
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)

Tt should be recogrmzed that the particelar anion o eattren forming 6 pat of ey saft of

tas inventon i et ontieal, so Jong s the sali, us o whale, B phemecalogically svroptble.

Additionat examplos of phavmacentically aceeptable salts and thely metdods of prepavation

-

and e ar prosentedt tn Masdbook of Pharsiceutical Sells: Peopeviies, and Tise {26023,
which is incompetated herem by reforeance,

It shenaled be farther reongnized that the Compramds of the present fvvemion inghade
thase fhat have beow fortber modified 10 comprise substitoesty that are convenible o
hydegen i vive. This chudes those grougs that sy be vonvertible fo w hydrogen slowe by
erzvmotogical  of chenuital  means i';'sd;uii.ﬂg, gt hot [hmited i, hedeolyshy oand

hydrogenobysis, Bxanples inciode hydeolyzabde groups, such as acy! growps, groups havisg

an ovyowbongl goop, abdne acld residess, peptide residues, o-ntrophenyizsulfonyl,
mmetheisilyl, toivakydropyrmyd, iii{ibsz;s;pno\p}n myl, sk the Bke, Examplesof sowd groups

inchude formyl, scetyl, uiflvorsacend, and the Tke.  Exenples of wroups having an
envearbonyt grovp Dsdude athoxycarbonyl, fersbatonyearbons] (-CEOHOTCICH L, Roey,
senzvlosyeadhonyl, prauethorsbengyioocarbuny, vinlsyewrhond, Be{p-

!

wivenesuifonyhethosyoebonyl, and the ke, Suitable amino acid readucs include, bat are

igy

ot Hasted 1o, restdues of Gly (ghyetne), Ala Gdaninel, Arg (arainin®), Asn {asspreaghne), Asp

e,

{aspartie ackl), Cps {oysteine), Glu {ghranic ’Eili(i};, His (histidinel, U Gsolonciig), Leu

foucing), Lyy {lysing), Mot [metltondue], Phe {pheoyiabaning), Fro {mofinel, Ser {serine

Thr (threouine), Ty {wyptophan), Tye {'t}'s.‘ilsil}i;‘.}x Val {valing), Nea {norvaliogy, Hee
{homewering), d-Hyp (d-hyhoxyproling), S-Hyl (Shydraxylysiney, Om {omithing) and B
Aln Beamples of suitable amino actd residues also melude smdne seid residues that are
pre::smc-ﬁed with & protecting gooup. Bxamples of suitalile protecting groupy include those
wypiently emploved n peptide synthests, fncluding 2oyl goops (reh 28 Byl aad scetyl),
arvimethoxyearbonyl growps (such w3 banpylosyearhomy! snd pealrobenzylogyearbonyly,
tert-buoxyeachonyt gronps C-OEMOCICH, Bock, and the like. Seiteble peptide residues
tactode peptide residecs copywizing twoto five amine acld residoes. The residues of these
srnin avids or poptides can be prosent in stereochemical configrativas of the D-form, the L
forms or mixdurss thersof by addition, the amino soid or peptide residue way have an
asymmstric carbon wlom,  Exsmples of switable amino acid revidues having s stvdupeniy

s abym mwelude rexidus of Aia, Lo, Phe, Tip, Nea, Vi, Met, S, €

s, The amd Tyr
Peptide restdues having an asynunewic carkon am wichule peptide rexidues having oue or
move constinent amine ackd residues hyving an esydwnelri cwrboy stetn. Enamples of
suifably aming soid protecting groops mohade those tepically employed 1n peptide syathesis,

20
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mchiding aryl groups {such ag ooyl and acatyl), avvimethoxyearbomsd grons fsuck as

vonzgloxyrartbonyl  and parobenzvbervewbond),  jersbnloocabonyl groups

CCEANCICHY ), and e the, Citbor exsples of substitveats “convertide 1 hvihogen in
wve™ inclade md:;mti\-*aig oliminahle hydrogowolyzable groups.  Exanples of soitably

3 redustively stindueble hydivgonolyzable groups metade, but me ot linited t, svvlseifonyt

gromps {sneh ax o-olvencsulforyd); methyl groups substitoted with phenyl o beneyloxy
(such as ooyl witgl and bemrvloxvaethvdh srelmethosvonrbonyd grobps {such a8
bapzploncabonyl and eemiethoxy-bereyloxvenbonylly and heloethusyemhonyl  geous
{such as B8, B-vichloroathoxycarboy! and {ﬁ~§mﬁé>mhm;ycau-hmzyl}.

HY Compounds of the loventisn may also bavd the advaptage that they may be more
sffiackons thavy, be dess wie thas, be onger acting than, b mose potent thas, produce fowsy
side giforts than, be maore caaily absorbed then, andior have o better pharmacokinetic profihe
{e.g, bigher ardd broseatlability andior dowad cloarsmery thum, sndie have other wseful

pharmeasological, plivsical, or shomical praperties over, compounds known @ the prioe an,

13 whether for uss i the indlostions stated herein or otherwdse
HL  Biolsgieal Activity
Assay resauis for the supprossion of IFNyanduced NO moduction are shown for
several of the vmpounds of the presest bpvanvon @ Table | below,  Is the righthand
colomm of this teble vnder the RAWIAAT boading, the vosulis are conpared fo those of
26 bardoxolone medhyl (RTA 402, CODO-Me). Detatls regarding thiv assay are provided in the

Exanyiles sectionbelow,

E2Ng
o
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IV, Diseases Awseigted with Inftunmation andior Oxidative Stress

Inflanumation is & bologial process tht provides rosistence wr Infsctious oy parasitic
organians and the repalr of dawaged thsee,  Inflannetion s commonly characterized by
tocalized vasodilation, vodness, swelling, and pain, the recruitment of Teukooyies w the site of

F o infection or mjury, prodection of inflaematory ovtoldnes such as TNF-o and 11, and
production of reactive oxyger o wHrogen species such as hydrogen pavoxide, supmoxide and
pertssvnitie. o later swges of inflammaiion, Heue wousdoling, englogonesis, and acar
fornation {fhrass) may ocour as part of the wound healing process. Under nommal
cucustanees, the ndloum wory vesponse I8 rogubuted and temporary and i resolved In an

10 orchestrated fashion cuse the dnfection o Infiey has been dealt with adequately.  Hovewver,
geote nflammation vas become ocessive and Hie-tuestening H regulitory mechaniws fail,
Alternatively, inflasmation can bueome cheonic and cause cumulative thsue dumage or
sysiie comphications.  Based af least on the dvidenoe prosented shove, the compamds of

thiy hyvondion ey be wsed in the tetment or prevention of inflemmation or discases

oy
L

associaied with intlanmetion,

Many serious snd intraciable humay diseusse fnvelve dyregulation of nflammarery
prmesses, mohding diseasss surh 8y oswer, atberosclernalz, sl dishetes, winch were not
sraditionally viewsd as wllonponmory conditimms. In they sase of caeer, the inflammatary
processes are associaied with fomer fhonation, progressien, welsstasis, and reshdance 1o
20 therapy. Athernsclorusia, Iomg wviewed s o disorder of lipid metaholivm, Is wow wderstond
t be primarily an nflannsstory eondidon, with astivated macrophages playing an important
wls ju the formstion and evepfual ruptors of atheracleratic plagques.  Activatiom of
mftammatory shpvabing pathavays bas alse heen shows & play a role In the development of

N

maulin resistancr, an well a¢ i the peripherd tiaswe dunage avsoolsted with disbetic

25 hyperglvoamsia,  Bxcessive peotuction of redtiive oxygen speoiss and reactive ailrogen
speeiss such ax saporesside, bydvogen peroxide, mivie oxde; and peroxyminite 1 3 hallmark
of daflemnatery condithons,  Bvidence of dysrepulmiad peroryrduite profustion hes beay
veported 1y 8 wide vaviety of disenses {Szabe-ef o, 2007, Sohuly ef ., 2008; Frostermann,
2008; Fall, 2007),

i Awokmmane disessss aeh a3 rheawetold arbrits, topes, peoviasts, aud wultiple

scloprsis fvolva ingppropriaie and vhronks astivation of inflwmmatiry procusses in affsond
tissues, avtsing frow dysfunction of sell va, novwsed] recognition and response mechanisms in

the frowne sysiem. T seuwrodegenerstive diseness such s Alzhelour's sad Pavkinson’s

35
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diseases, nowral dawsge s coralaed with aoivaiion of micr *ﬁha s elevated fevels of pro-
inflanunatory proteius such as indioible ot oxide synibase {INOS). Chrotic organ fadlare

~

sucht as yemud Bubore, heart Feibare, Yver falture, and cheonie shemuotive pabmanary dHesase iy

M
+

chosely mssociated with the prassacy of chrade onidative svess and miflanuogtion, leading o
the dévelopment of Tlwosts and oventual fogs of cvgan fusetion, Oxidathve stresy in vasoular
endothelial colls, which lne mejor sod miner bléed vessadx, can bad to endothelia)
destunction and is believed fn be an taportant contributing Tader b the development of
systentio sardiovascular disenss, omphoations of diabefey, cheonic kidney didcase and wiber
forms of organ Gathury, and # muvber of other agingeralated diseases neluiling degensrative
disvases of the cevmral wervons system and the reting.

Many other disordors involve oxidative stress and Inflemmation o affected Gesups,
inchiding mflarsmatory bowel discase; inflanumatory skin diseases; mucosits velded 10
sdiation therapy and chemethiorapy; ove dlsemes such sy wveltls, glavemmny, macular
degenerstion, and varkes forms of retinopatiy: tronsplans fibure and refection; ischemia-
reperfuston injury; chvonte pn; dogonssative conditions of (e hones and Joims mchiding
ostecarinitis and  osteoporosly, asthee sod Cyetie fibrosls; setmme dimovders, and

newopsyvehiatrio conditions ncloding whizerbeonia, depression, bipelsr disorder, post
traumatic streas disorder, attestion dofior disorders; autismespeotan diosders, and eating
disonders such as anorenta nervosa,  Dysregulation of inflapmpaiory sigoaiing pathways is
believed to be a major factor in the pathelogy of musele wasting dizenses cluding muscaly
dystophy and varioos forms of cachexia.

A vawiety of Hfe-thwentoning acute disorders alse lnvolve dysremalaed nflonmatory
sipnaling, inchebing scwe organ Shee dnvolving the pancrvas, kidagys, Hver, or fongs,
mvocardiad infarction or soute covonary syndrome, stoks, sepiic shock, tmuna, sovers bums,
and angprladagis

Whany comaplioations of Tefections Bseases also involve dystogulion of nflammatory
regponses,  although an foflamoatory regponse oan &3 ivading pathogons, &0 sxeensive
mflanueatory response omn gl by adte destractive sad dn some ceses can e 8 polmary
sourcr of dumage W infeoted tssuss, Furthermore, ay excessive iflmmatory response oan

also hened fo systenrin complications dag e overpraduction of flammatory evtokines such as
THE- and -1 This & befieved to be a vt i wortality ansing from sevare influenss,

seviete acule respiratory syrdrome, and sepsis
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The sheveant v sxcessive expression of efther WNOS or ovelooxypesase-¥ (COX-D)

w7

3

has been fnplicared i the pathogenests of many dsease processes. For sxvample, # s cleay
that NO is 9 povent mutagen (Taad and Tannchouny, 1996), and thay mivic s dan also
setbvane COX-2 (Sulvernin o4 of, 1994), Furthenmore, there iy a masked mershse i INOS iy

3 b colon tunors mduded by decarcinogas, avoxymethans { Takahashi of of , 1997} A serieg
of synthetie triterpenaid ;zs,xtai_ﬁ-g.ia of olsanolic ackl have bewrt showr 't be poweriid Tnhibitors
of velluls willammainry prodesses, sach ay te inducton by TRN-v of inducible altvic oxide
symtbrase (INOSY sod of COX-2 in muwsy raerophages, Ses Honds o o (2000); Honds 21
. (2000053, and Blondda of o, 2002}, which are alf oorporated bereis by roftrense.

He I ome wapeet, vompounds disclosed herein are Sharactesized by their shility i inkibi
the production of airic gxide in macmphage-derived RAW 2647 colls induced by exposure
to yeuterferon,  They sre Swther charactorized by their ability to induce the exprossion of
antioxidant proteins such ax MQOT and reduce the exprossion of pro-inflammatony protets
such s COXAD and sudueible nirle oxide synthase (N0 These praperties are relevans o

13 de pomment of o wide aoray of disoasss and dinovders nesdving oxidative sttess and
dysregulasion of mitenunatory procosses loding cwnecer, complications S Jocalized o
sotal-body exposurs 10 jouixing radistion, mucotis resulting from mdintion therapy of
chemotherapy, awoooane disoases, cardiovasoudae disesses incloding atherssclervsls,
wohewia-repmefusion fnfry, scute and chronie ovgan fatlure inoluding renal falfure and bt

A Tadlgre, vespivatory diseases, dbetes end complivatlons of divbates, sevare alleriies,
avsplant rejection. graf-versus-host diszase, neorodegencrative diseases, dsvases of the sye
and 1eting, setty and chrmic pain, degenerative bone discases including ostecartmiss snd
;.«\awpmm»,, mflassnatory bowel disoases, dermatisls and other skin dissases, sepels, urms,
sewzure disorders, and newropsychiamic disordurs,

ha Without being bound by theary, the activation of the antiotidantanti-inflanmumstory
Keapl M2 aRE pathway i3 believed o be mydivated in hoth Gw antd-inflamumsiory and
anti-carcinogenid propertiie of the somprands disctosed hérein

{rr mrother Aspert, compoands diselosed hereln may be used For weating 2 subject

4

hivie @ condition waandd by slevetad fovels of oxidative stioss I one of wore Hastes.

& 2

Tk
-
<3

Orxidative strese resalis Bom ghnopmally bigh or prolonged levels of reactive oxygen spacies

such as superoxile, hydmgen peroxide, oitde oxdde, and poroxyaditie (formed by the

reaction of nitrie sxile wd suparosade). The oxidative stress may be accompanied by efther

sevte or chronde inflapvmation. The reidative strbss may be caused by mittoohondrial

L RAN
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dysfanction, by aetivation of Trwmne colls such as macrophages and neutrophils, by acute
expesure 1o 2 exbomal agent such ax lonizing radistion or a oytotosie chemotherapy agest
{o.g. dosonbieiny, by traame or other sooie tsawe ijury, by ischenrinireperiusion, by povy

pironiation of snemia, by Jocaliad or systernie hypexkiy or i?}‘}“}{?é‘mii‘ﬁ, by slevated levels of

(=

inflarnutory oylokives and other inflanmastionerelied profeiny, anbor by other sbuotmal
physiological states such as liyperglycemia or hypoglyeemia.

In animal models of many such condiziony, sthmulating éxprassion of inductble home
oxygonast (HO-13, & target gone of the Mrfd pothweay, bax been shown to have & slentieant
therapeutit: effect including maodels of myvocardial infarction, renal failure, ansplbust thae
9 and ::,‘;ggez:r;iom sivoks, cardiovasoular disense; snd avtoitunune disease (oo, Swoerdotl of al,

2005; Alwehom & Kepipas, 2005, Brab, 2000, Avavgo of ol 2003; Liv & o, 2000: shikaws
et af . 2008 Krugor e of, 2008 Sateh of of  2006; Zhow e of, 2005, Morse and Ched, 3005,
Morse and Cha, 2002} This duryme biveks free beme dowsn inte tron, carbon monoxgide
(GO0, and tlverdin (which s subsequently comverted & the pofent astioxidant svolecule,
5 bilinubing
In another aspest, compreds of iy fnvantion may by waed in proventing or keating
tasue-damage of organ fatloce, scuty and shronk, resding Trow oxidative stess exsoorbated
by fnflanmmation.  Evaroples of disesses that 1l in this sategory inclade: heart fshare, tiver
Bubee, wansplett fhilew and vgjection, reand fatlure, paoresutis, fbrotic Tung chsowses
20 foystic fbrosis, COPD, and idiopathic pulmonary fibrosts, among others), disbetes Gacluding
a:itemgs‘}_i;;mix}m}, atheroselorsis, wchemia-reparfusion infiry, glavcoma, stroke, auloimmune
disense, autism, maculsr degencration, and museular dystrophy. For example, in. the case of

antism, stodies sugyes fhat noressed oxidative strims In the contral nevvirs sysiom may

comtribnte 10 the develomrent of the discase {Chanhan and Chanhan, 2006),
1% fvilence alse Haks ovidatbve stress and inflaswssuon to the development and

patholegy of many other disordets of the comteal norvous systm, wduding pevchiatie
divorders sueh 8y pavebosts, wsfor deprosaion, and bipolar disorder; sebnre dizorders such as
spilepsy: paln and sensery symdhoanes sueh as migaine, sewoepathic pain o ttes sud

behavional syndromey sach a8 the alention delictl disordurs, Sow, eg, Dickerson o ol

d
Py

2007, Hamson wr od, 2005, Kend aiTaeken, 2007 Lenex of &, 2007 Tudhgaonkar of ol

2006 Led-of o, 2007; Mords of of., 20077 Roster of ol , 2005: Melver or ol 2005 Swthielli
e af , HH0; Kawakami of of, 2006 Rows er o, 2008, which are ol woarporated by wlrage

hergin, For exampls, slevated levels of inflammsatory eviokines, ntkuding TNF, interforons,
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and 106, are assoeiated with miajer meotal ilness (Dickeron o o, 2067 Miwoglisl
aotivationy bay slso been Dnked & major mented dlness.  Therefore, doworeguluiog
mflammatory vyiokiney and inhibitng sxcesstve anbeation of micrelia could be hansfioigd
in patients with schizephrenie, major deprossior, bipolar disorder, spismrspentnnm disoedars,
and other newopsyohiatrin disordars.,

Sceendingly, i putholagies vodving otidaive stress wlope o oxidative steess
sxacethaied by infacpnation, beatment may omopise sdoiinistoring fo 2 Sobjst a
thetapetically effertive amount of & componnd of fus vention, such aé these deseribed
above or dwoughout this specification, Treatment may be admintsiered resentively, i
advance of a prodictable State of owidibive stse [eg, organ ansplopialion or the
schpinistiation. of vadiation leanpy ® a8 cascor putiond), or B may be admisisered
thorapeutiontly i settings invelving extablished oxidative siwess snd inflannmation.

The componnds disclosed heredn may be wonerslly spplied o e teawmeny of
nflammatory conditions, seol as sepets, dermatitis, anoimmame dacase and ostonarthritis,
T one seprct, the compounds of this Investion may be used to rest inflammatory palsmdior
newropathic padn, for example, by fbucing Nef2 andfor inhibiting NExB,

{ sors ombodizents, the compounds disclosed herein may b used 1 the weatinent
and prevention of disesses such 28 cance, inflamwstion, Aldhaimer’s dissave, Parkinson’s
diseass, mulipie solorosts, antismy amyeirophic fameval sclorosts, Fhodington's diseass,
antoinuneng diseases such #s rheumatedd arthotls, fopus, Crohn's disosse and psonasiy,

wftampstory bowed disease, all other diseases whose pathogenesiy s befisved ko fnvolve

T
¢r
’f i

gagive productin of oither mic axide oo prostaglending, and patholngies involving
ovidative siress alone or oxidative siress exacerbated by inflansnation,

Another aspeet of infhanmation i the production of fnflammatry prosuglending
sch ay prosiaglandin £ These mokeoules momote vasodilation, plasss exivasasation,
focatized paby, slevaiod coporaturs, and other symptoms of inflananation. The mducilde
form of the enzyme COX-2 1 seaocinted with it produstiog, and high levele of COXA2 are
found In dlamed tasess, Chnsequently, mihibith of COXC2 manyreliove many symptons

of nflanmnation and # pomshér of importent anti-aflammatory drigs {eg, ibaprodim and

&

colenoabl ast by inhibiing TOX-Z sotivity. Resent rovsnrsh, howevey, ey demoratnaied
that & class of eyelepentenone prostaghutine Y008 (o g, 15-deosy prostaglandin 2, ala.
PCRETY phvs 2 role T sttontlating the orchastrated resolation of inDaneestion {a g, Rujuliariar

ef ., 2007, COX-T §s also assoelated with the prodstion of eyslopenicnone prustaglanding,
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Congguently, fnhibiton of COX-2 muy tnwafors with the &l resobution of nflaemation,

potentislly promoting the persistency of acthvated immmune cells in thssoes and leading o

chronie, “samidening” infhanmation.  This effeed muy be respunsible fiw the thoreased

invidence of cardioveseuder disease in pationts waing seleetive COX-Z jubibitors for g
0 poriods of e,

I gme pspeet, the sompounds disclosed teroln miny bewsed 1o contef the producton
of pro-inflummetey cvtoldaes within the oell by seectively activating regalaiony oysielie
rexiidues (RORaY on profeing dat vegulaw the asteity of redox-sensitive tanseription faetors.
Avtyvation of RURs by oyFGs has beon shown @ nitiste 2 pro-reselution progeam o which te

W activity of the antioxidant and cyioprotestive waseription fotor Nl is potently induesd and
e activities of the po-oxidat sad pro-duflapenstory ansenption factors NPl and the
STATS are suppressed. In soms embodinents, this mreases the production of antioxidant and
reductive moleodles (NQOL, HO-1, SODI, -G8 and decrensss onddative stressy and the
wochiction of pro-oxidant and pro-udhenmerory molenudes (N0, COX-2, TNF0. In some

.

conbodioonts, the compords of this nvention may canse the vells that host the nflammatory

rond
Ln

avat fo ravert o a pop-doflammatory state by promoting the resolutton of fnflanmasion wnd

Tstiting excesstve tvsue damage to the host.

¥, Fharmaseuticad Formulations and Routes of Adminisiration

The compounds of the prasent disclowwre may bo adminisiond by a varlety of

2 methods, eg, orally or by ifection {ey. subouianeows, intmvencus, intmperiiones], o),
Depauding on the mute of administeation, the active compounds may be costed it a masesial

to prodect the sompound frem the action of antds and other natal sonditions which may
practivate the compiund, They mey also be administered by continuows perfusionfinbsion

af 4 dizease o wound stie,

25 To adminsior the thempeutic compomad by other than parenteral adarinisnetion,
spay by povesseey to cont the sompound with, or co-nadratnister the commound with, » materisd
5 provent ity fnactivation. For examply, the thirapaatic compouad may be adninistered 1 &
patient % an appropriets carvier, fr oxample. Nposomes, or a dilvent, Pharmacedtioally
acoeptable diluents inclede saline and aguenus bufler solvtons, Lipostnes inclods veatgiine
0 oildnewaler CGF epmlsions an well ay conventinmal Hposoes {Strefan ot of | 1984},

"y

The thorapeutic comgouad may slso be admimstered paremaeally, ngaperionelly

¥y

iniraspinalily, or racerebually, Dispersions san be prepared in glveerol, iguid poelvetmitene

SUBSTITUTE SHEET (RULE 26)



WO 2014/046056 PCT/US2013/059013

gheeals, and misnures thereod and dn oifs. Under ordimry eonditions of storage and ues, these
HEpRtONS may contain a proscyativi to preverd the growih of puermerganisms.
Pharmaceutical compositions suitable for infectable ose nchader swrile aquomis

sefotions {whore witar solable), dispersions, and stosile powdtrs i the a}%iumgmramm&

LA

prepapation of sterile mjeclably sol lotions or dispension.  See for example TLS Patem
Apphivating by § Zhang, entitfed “Amorphous Solid DHspersicass of CDDCMe for Delaye

Redease Osal Desage Compositons,” filed February 13, 2009, which is dsorporatedd haesla
by refevence. 1o all casey, the composition must be sterile and most be fad to the extent that
ey sycingahility exasts. It prost be stable sader the conditions of mansfsetos wd stommes
W and must be preserved against the sontaminating sctien of mivroorgauisms such as bacteria
and fangl. The ssrrier ol be s sedvasd o dlspersion medivns conlaning, for exarple, watsr,
otfimach, polvol (ach as, ghyverel, propyieons ghveol, and liguid polyvsthylene glyool, and the
like soitable mivtures therood, abd vegetable offs. The proper adity can be malmained, o

e

sxaniple, by the wse of & coating such a5 keotthin, by the maintonanee of the required particle

P
LA

sige i the vase of dsparsion and by the use of surfhctamts. Prevention of the avtion of
microorgsaisms can be schioved by venous antibacterial and antifangal agents, for exanyple,
partbeny, shiorbutansl, phanol, aseorbic acid, Gimerosal, and the ke T many cases, 3t

~

will B preforsble o nclude facdonde sgents, for owunple, sagars, sodbas cllotide, or

polyaleohols suek as mannid and sorbi, i the compositios.  Prolonged absorprion of the

W ingestable compositions van T brought abowt by indheding tn the compoyition an agent which
debiys absovption, for examgde, alarbnen monmsteaate or gelatin,

Sterile pjectable solutions can be propared by bxorporating the  therapiastio

conyrotnd e required et In sy appropriate sohent with one s @ sombination of

mgredizots enmnerated above, as required, followsd by fihered sterflization.  Generally,

few]
s

gispersions v prepared By wmworponating e therapeatie sompound ists a sterile cmne
whinh cottails 8 basic dispdrsiin medbon and the requirad othey tngrediems from thowe
spaisnted dbove, Do the case of stectle powders for the proparation of stextle infectable
sohations, e prefied wathods of prepandion are veoman drvmng sod feaxe-drying which
elds g powdir of the seuve ngredient (e, the terepeutic compound) plus-any additions!
36 “'(TSii‘tité mgredient from & praviously sterile-ifered soluting thereofl
The thevapeutic compmmd zan be swally sdnnistored, for example, with s inen
diteent o a5 sedmilable cdible cavier. The therapentic compnd and sther Ingrediants ity
also be erclosed inoa lord or soll shell geladn capsule, contpressed ing mbiaty, or
ineotporatad dive sy feto the subdeols diet For ond (hompestic admunistration, the

31

SUBSTITUTE SHEET (RULE 26)



WO 2614/640056 PCT/US2013/059015

N »

themapestic comprund way be. ncorporased with excipents sl ased In the Bom of bupaible
tablely, buccal tablals, troches, capaules, elixiey, suspensions, syrips, wafens, and the Hke,
The percentage. of the therpowtit compouad (e compositions and preparations may, of
cougse, hevaded. The amountof the thampoutie sompoend fn susls therapautionlly wsefigl

5 composiions i sweh that s selteble dosage will b obtatned.
I 15 eypecially advantageois to Srmudate prrestersd compdsitions i doéage vait form
for ease of administration ssd wniformiy of dosage. Dosage wndt forr as used bersin volers
e psbysioadly disorete uniie snited ay unitiry dosagay for th subjects o be oo cach upit
comtaining a profelermined quantity of themapeutic compound caloalsted & poduce the
W desired t‘ixaz:z;_;;austic effect in assboigtion with the requived phornesuiionl camier,  The
spevifcation for the dosage wat forms of the vantion are distted by and aiiw.m{y depadent
ot (8} dhe unigue chassoionstios of the therapeutic compound aud the particular therapeutio
¢ffect to he achisved, and {1y the [dtations nhevent fn the art of conwounding sueh &

therapeyutiy compaund for the tresbiment o g sslected constiviondn o pstiont.

et
(74

The thervapeutic compowsd reay slso by sdodinixtzrad wpically 1o the dn, ove, or
muscoss, Aleratvely, i bical detivery © the gy is desired the therapeutic congound may
e sdradmsienad by whalation v a dey-powder or asrosol formulation,

Active compounds ave scministered st & deeapemically effeorive dosage sulficient 1o
teat @ conditon assouisiod with s condion In g patiemt. For example, the efficscy of @
2 compound wan by evalyated byan setmad model systero tet way be prodictive of efficacy @
wealing the dissase w hamans, such us the woded syxtems shows i the examples and
drnwings.

The actual dosage amount of & compound of the present disclosars or composition

comaprising a compound of the present discdosurr administersd 2 sobiset moy b

desermined by phvaical sad physiologival factors suoh 8 age. sex, body weight, severity of

beo?
b

comditing, the tpe of disease being beated, previous or concuerent therepentic Interventivas,

ifiopathy of the subject aud on the voute of administraton. These Soors may be doterined
by o skilled anisan, The practitioner vespouaibde for admbdstration will typivaily desernine
fhe conventration of antive ingredientsy n a conposition snd sppropriate dusels) for the

30 individeal mdgest. The dosage may be adfused by the individual physivien i the event of

any cosmprtionfion,

An effectiveamount typicatly will vary from about 0081 mgky to atowt 100 mpkg,

from zbout 501 gk 1o sbout 750 mgke, fom about [ my

g te aboat 300 mptg, fom

shout 1.0 mg/kg 10 abuid 250 mgRe, Fons abuut 108 mpky to obows 150 mgrky th one o

7
N

«m.t
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pmors dese admibstrations dadly, for one ov seveval davs (doprading of course of the mds of

adeniniatration andd the factors discussed shovel Otber switable dose ranges fchude 1 mg

10004 mag perday, 100 my to 10008 my per day, 500 my fo 10000 mg per shy, snd S8 g e

1000 my per day, Tn some particwlay embodiments, the amenot s loss than, LER00 tg per
S day with & range of 750 mig 1o 5000 me per day.

The effective amount mey be less than 1 mggihey, Joss than 500 mghg'day, less

P T Pl w2

t]

thart 230 mgkgday, ks tean 100 webgiday, loss dwe 30 wehwday, s den 28

mabeiday o loss than 18 mpkgiday, 1t may alfornatively be in the paage of 1 gy to

200 mgikpidey, For example, regarding treavnent of diabetie patiepty, the wilt dosage vasy
i be avamoost that reduces blood glusose by wt fovst 0% as comparad 0 an witreated subject,
In another entbodiment, the upit dosape 1 an amownt that reduces blood ghaeose 10 & lovel
el is % L0% of the blond ghicose hevel of & non-diabetic subject.
I other non-Horlting examples, & dose may also comprize from aboud | migee

ganvkghody wedght, sbout § micvogramdkgbody weighs, about 10 microgramkpbody

i
Lty

weight, sbout 3¢ microgeam/ky'body weight, about 100 microgram&pbody weigls, sbout
MW awerogamdgbody weiglt, abowy 350 microgramdgbody  weight, abimr S0

puorranigbedy - weighd shonl 1 milligrankgfbody weight, sbaxs § nullipwmdehedy
weight, about L0 milHgramfubody waight, about 30 milligramdg/body weighe, sbow 1
millgramdkghody  welght,  sbrat 2080 millgranvkodbody woighl  abowt 350
20 willigraahgboedy weight, sbout MK milligeatdkgbody waigh, o abow 1000 mgkefbady
wistght or more per adiminietraton, and any range devvable therein. In nondumiting
pramples of u dethvable range froms the ruvabers Heted berein, 8 range of about § myfkehndy
welght o about 106 mefybody waght, showt 3 microgrambehody wagh o abonr 540

nudigramigbody welght, are. dap be adminisiored, based on the numbers deserthad above.

25 T gertain embodimety, @ pharmacstionl composition of thy preseat dsclomues may
sotaprive, oy exanple, of least abowt 0.19% of & comspound of the present dischsre, Tn other
grabocdiments, the comprund of B presess disclosee may comprise betwveen sbo 2% o
ahantt 3% of the weight of the undi, or betwesn aboat 28% 1o shoat 60%, for example, and
any vange devivable theretn,

36 Single or multiple doses of the ageny are codsrplated. Dosived thoe tervsls for

dedivary of muduiply doses orw be deteraained by 0ne of ovdinary skill in the arr emploving no
mors Hen outine exporimeration. Av ancoxample, subiects may by admindstered two doses
daity ar spproxdmately 12 hour imervaly, n sowe embodimens, the sgent is administred

ot a day.

st
et
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The ageni(s) may be adoinistwed oy routie schedule. A% used herein 8 routine
sehedode mefors 1o 8 prodetemuined desigoated penod of thme, The routine schedale may

neompasy pertods of thoe which are identical ov which diffr lewtly, ax long a8 the

sehodale is predutormined. Fer instance, the woutine schedule mby v adminisiration

twhen 2 day, every day, overy two dave, every three davs, every fobr days, every five days,
every six days, a weeldy basis, a monthly basis ov any sef wanber of days oy weeks thive-
betwasn, -Algrustively, e predetermined rostine sthodule may phvidve adusinistration on a
wioe divly basty for the first week folload By & duily basis for soveral months, ete. Tn other
embadimenis, the invention provides the 11&1* sgoni{e} oy e aken ovally and ther the tinung
ot whieh O of is not dependent apen food folake, Thus, for example, the agent can by tabieny

every miining andior every ovening, rogardioss of when the subjeot bas eston ar will eat
¥ Combinatien Therapy

Tu addition o being wsed a8 2 monothorspy, the somprunds of the present ipventon
may also find wse e combingtion theraphs. Bfeetive consbinadion thenpsy tay be schioved
with # single congposition of phasmacslogieal fomvalation that inclides both agends. e with
o distieet compositions o formvlations, admiistored at the same thme, wherein one
composition Inclades o compeund of this (rvention, ad he other inclodes the sevend
apaniy),  Alorntively, the therapy may prevede or follow the oher agent rentmant by
xtervals ranging From naseies o months.

Neme-Himiting exspplos of such combination fherapy include combination of ove or

more compnds of ta vention with another aati-inflenmaniey agent, & chomotherspentic

agent, radiaiin tharapy, an afitideprossant, ab dutipsychiotic agont, an antivonvelsant, & maod

stabilizes, an anti-infective agent, an anshypstiensive agent, » cholestanol-towering sgant o
nther modultor of blond Bpids, an agent for promobng weight s, s artitfeombrtic agsal,
an agent for fréaling o prventing cardiovascalsy ovents siwh af myvecardial infarction or

stroke, an antidihetc agew, an agent o reducing teansple refection ar grafi-versus-host
cisvase, an antrarthritll agent, au analgesio agend, B abt-asifonaile agand or other troatment
foor vosparadary iii.assasc‘:fs, or an agent for tremimgnt o prevention of shin disorders.
Compounds of the invention may be combnned with sgens desipned G improve o patient’s

fTnune TSR o oanoer, tnchuding (bt mov Bmited {0) tuncer vacoines, See Ly er of

{20113, whick is ineorpomated herein by referoce.

¥
o
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ViL o Bxamiples

The Sdloving exbmples e cleded 0 domonstrsie praforred omboditnents of the
invention. irshould be aspicciated by those of skoll by the art fhat the techmigues disvlosed in
the sxmnples which follow reproseat techdgues diseovered by the inventor o fungtion. welt

§ in the practice of the nvenation, end ey can be considorsd 0 constitute prefomed nudes for
s practice, Flowsver, those of skill B B ant shoudd, o Hght of the peexent disclosurs,
appsciate thel many shanges cen be made 1o the spenific crabodinenty which sre disdlosed
awt sH obtain & ke or simile sl withowt departing from the spirt and wwope of the

wvention,

i Muthods and Marerials

Nitrie Orside Production antd Colt Viability Assay, RAWZEL T mouse maomphages
were plated b 9d-wall plates ar 30,000 colls/well w teiplicars iy REMITEAG + (.59 FBS and
incabated 8t 3790 with $% €O, On the noxt day, sells were pre-tremted with DMSO ot drag

{03043 oM dose ranget for 2 hows, and then weated with recombiven mouse Iy (R&D

e
iy
0

Systems} fr 4 horrs, Nitde Oxide coneestvation i orediy way determined using the Criess
reayenl systom { Promegn). Cell viability was detormbned using WETW1 reagend (Roche). 1
valuey were determined based oo they supprossion of 1PNy indaced Mide Oxide production
vormatized 4o cell viability.

NQOL-ARE Lucerage Repevter Assyy.  This away aflows for guantitative

2 easment of the endogenous getivity of the Nef? tanseription factor 1n coltored manoaii

o W37

solls.  Espres of Firefly lucifore frote NQUI-ARE lacifersse repurter plasmad &

'I( 3
fo
el
ol
—

A

centrolied by binding of Nef2 w0 & specific enhancer sequwpce comesponding 1o the
amtoxidant vesponse cloment {AREY that was identifind in the promivter region of dhe e
NADPHguivone oxideretuctase b INQOT) gene (N of o, 1998y The plasmid was
3 consurreted by sening a sequonce:
Fe CAUTCACAGTRACTCAGCAGAATCTS A (SBQ Wy NOn Yy
sheompissing the heaan NQOLARE Into the plac-MOY veetr using HindHE X hol clowing
sifes {enSeript Cop, Pltcatwway, NI The assay is performed in HaHT calls wantalind o

DMEM {Invitrogen) ssz;p;}%tazta@'ﬁcd with H0% FES and HOUml {sech) of penieillin and

R
L,
Py

sireptonsyein. For the asay; colfle sy plated o $6-well plates ar 17,000 cells por wall,

Twsnly oy howes fates, the colls sre co-tmslioted with 30 ng cach of NQOU-ARE reporter

plasndd and pRL-TE plasmdd waing Lipofocianing 300 transfection reagont tontegen)

}‘5 >
L
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Evedd

over w vehicke comtd {OMSQ) of nomaliaed Fir

PRL-TE plasmid onwtibaively axpresses Bondie loviferase and & osed axsn ingernal controd
for normabization of tansfection levels, Tiuny hoors after transfection, the cells are wemserd
with compounds (st concentrtions raging fom B 10 1 udl for eightesn hovrs. Firefly and
Renifle (ueiforsse aotivity o assayed by DoshGle Luciforsse Assay Promega Corp,
Martisen, Wi the hontuescence signal i wessared on an T-dax 1 himinowseter (Mokesnlar

Drevices). Firgfly lociforase activily Js sormalized to the Rewifle actvily, and 0ld ndhsetion

cactivily by calodlmed The told
indistiion 8y 62,5 ad concentration is ted for compariing reladive potencics of compoands o
nchine Nxf? tramseiptional stbeity, See Xie of &, 1995, wihith i im::;a-zjgm'afiﬂzi hevein by

refraenge,

36
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Syathesis and Chavacterization of Compounds and Ixtermedintos

Compound 11 Crupowsd RTA 401 (100 2, 203 mnuol} was dissolvad v €805
{30 mL), wad the sohsion was couled e @ %0 Oxalyl chhnde (.55 ml, &5 sunol) was
addded, followed by DMF (2 dropst. The seiiction arxhite was sirred sf room tomperatane fov
2 b, thew the reaction miviare wis eoncenpiaiad, The residue way azvotroped 20 with UL
o give compound 1ay a vellow fram, whieh was tasd divecdy fo the bext step,

Componad & Compound 1 G073 noanod) was dissobvad 1 BoO 20 mLy, and the
sohtion was covled 0 O L1 To the rcaction mixiwe were added BGN {0585 wmi,
4.03 munold dod g soduGon of acethydvazide (226w, 305 muel) s CHCH (0 mb). The
renedion mishge way sthyed of moom fomperative for M nin, sud was then estueied with
EeOAc and washed with water, 1 N HOL and waer again, The organic extracts were dried

over MaSOs, fittered, and concentrated. The reasidue was paniffed by fhash chromatography
{siticn gef, 0% to J9G BrQAe i hexanes) t give compound 2 {1.0R g, 97% from RTA 400
g5 an off-sitie foam solids mfx S48.3 (W1

Lomponnd TREIE To axeﬁéui&;}sz sf eomnpound 2 (348 mg, L0 manol} inssolaens
(b)Y was added p-TOH 95 my, 0.3 manol), The resction was hested 8t 13850 with g
Digan-Stark condenser atacked fiw L5 B &fler coobing i mivin tomperature, the reagtion

mixture was washed with water, dried gver MgS0O;, fiered, and soscaniaied. The residus

-

way purified by fash chrormatography (stlics gol, #% w0 7% BOAC i horanes) o give
compound TXOII8L (390 my, T4%9) as an offvwhite foars solid: HONMR (#0 ME:, CHOCR)
5807 5, TH), 5.96 ¢, 11, 303 f DM), 294 (d THL 7= 4.5 M), 253 {5 3HYL 209 G,
Ty, §20-2.05 (my Y4H), 148 s 3D, D28 {a, M), 119 (5 3H), LIS {5, 3H), 1.06 (5, 3H),
108 s, 3, 098 {3, 3HE mde 8303 (Vs 1L

Compound 37 To a sohudion of baterie seld hydragide (138 my, 133 mmoi"} ansd BN
{58 ik 436 pawel) iy CHaOh (5 mdly was added 2 solutfon of compounsd 1 310wy, 100
saamoby i CHyCh £3.0 mly The resethor mixiure was siyed st mom tempecatiee for 255
The reation mixture was o estiacted with BiDAS and washed with 1 N BE and teine.
The nrganiz sxdragts wers dried over NagBQ, filered, und concenrared,  The residoe was
pugfied by Josh chromawography (itiva gel 0% W0 T00% BEOAe o hexawes) te give
eompoutid {566 my, 98%) a8 1 white solid oz 3764 (M1}

Compeund TXEMTE To a selution of comgpound 3 {197 my, 0342 swnell
todesne (12wl was adbedd T (3T mg, 4173 mooly. The riaetiog was beated ot 138

°C with @ Dean-Stek condomser alttached for 25 b After vooling to rweom fomporature, the
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reaction MuXhme was extacked with B08e and washed with sierwted KaHCO; and beine.

The orgame exiracts weve dried over N

iy, fltored, and voncenirated. The resihe was
purtfied By Haxh chromatgraphy (slfica geb, 1009 B10Ae v hoxanes) to gbve compund

TXEITE (159 qug, $306) as & white solidk 'H MR (400 M¥e, Dl & 801 {5, 11, 3.08

L)

{5, U9, 504 g THL J = 403, 134 B, 2944, UL J = 47 B2, 280 (g 2HL 0= 7.6 H,

319 (. VH), 103 (3R, 150 (o D3HE 148 (s, 3HY, 128 (s, 3K, 116 {e, 3E), LIS (s,

3H), 1.0 €, 3, 104 (s, 3F, 0.99 (1, 3K, 7 = 7.4 He), 0.95 {3, 35 iz S38.4 (M1,
Compound 4 To & solpiton of Sobutyriy acld hydragide (133 my, L3 nunoly and

Tl 3% miL, 440 wanoly bn CFRCL 3 mly was added solation of covepoind 1 15310 mg,

00 100 somol) i CHCh (3.0 wil). The reaction muviore was strred 8 roomn semporataee for 3
b The rexction mixture was then sxiracted with BrliAc snd washed with 1N HECY and hrise.
The organic extrety weve dried over NagSO;, fltoved, and soncentried.  The restdes was
owified by flash oleomatography (e gel, 0% 10 T00% RBQAc in henanes) to oive
compound 4 (323 my, $1%) 38 2 white salid miz 376.4 (M)

13 Compound TXEMT76 To z solution of compound 4 {282 my, (.45 wdmal) in
tohueme (12 wel} was added p-TaOH (48 my, 0.253 mumol). The reacton was heated ot 133
°C with ¢ Doan-Stark condenser attached for T h Affer coollng to yoom mprranie, the
reaction mixiire was extacted with BiAe snd washed with satursted NaHCO: and brine,
The orgare extracts were dried over NaaSQs Gltered, and concentratsd, The residue was

20 purified by Qash chromatography (silica gel, 0% to 100% BtDAc in hovanes) to give

comnposnd TGS (233 my, 85%0) a8 2 white solid: HONME {400 MHz, CDCIy) 842 (s,

PHG 598 {3 THY 317 (m, 283, 299 {d, 3L 7 = 4.7 Hel, 288 (dy, IR = 42, 148 Ha

190 (o, $H), LA o, JUH), LAS 5, 390, 137 (L 6H, /= 7.0 1), 125 (5, 350, L16 (s, 3H),

LIS (g 34D, LOS {5, 3HY, 1O (s, JH), 0.95 {x, 3HY, iz 3583 (M+1),
a5 Compeand & To a solaton of eydloprpune carboxylic acld hvdenide (133 mg,
135 mmol) and BGN (QUSS mL, 485 wmol) b CHCh (5 mll) was wlded a soluton of
copyonasd § (310 mg, 100 mmel} S0 CRLCH (10 sy, The regotion mibxiure was stirred &
room fomperature for 38 b The reacton mistare was then extraced with Bi0AC md
washad wiih T W HC aed belne. The orgaels exiracts wers driad over WSOy, fltered, and
3 concenwraled. The residee was pieified by fash chromatogaphy {ihics gl % o 100%
Rt i hesanes) o give compound § (405 me, 8697 as & white solidh miz $74.3 {d+ i)
Cemponad TEGMTT Tu o solubivo of compound § {288 myg, U502 mawl) o

toleene (12 mly was added £ TaOM (3% mg, 0280 mmoll. The reention was heated at 130
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0 with & Dean-Mack condenver attached for 23 Afer cooking $o room femperatie, the
reactinn migtore was extreted with B8 snd washed with sstumterd NeHOO and brine
The organie extricts were dited over NagSQq, fled, and contentrated, The restdhe was
purified by fash cheomavgraphy (silica gel, 0% o0 100% BAs in hesanes) to give

3 vompiwd TRE3ATT (231 my, 83%) ie o winie solidh L NME (400 MH 7 DD 3802 (s,

TR, S000 (o VRD 3O Ol THL J = 308, 102 Bey, 288 (4 18 J o 47 My 232 fm, 3D,
DO (v, 3803, 18 o, 3R L3 (n, 15RD), 25 (0 3HL LIS0s, 30, L16 (s 3H 184 {5, 3H),
L (s, 3H), 0.94 &, 3H) nviz 3563 (M)

Componnd & To 2 swoheion of methoxyrcetde aoid hydrazide (166 mg, 139 munol)

H snd BN (056 ml, 402 puned) in CHACE (5 rll) was added » sohstion of sompowsd ¥ (510
wg, 180 nunoly m CHyCH (5.0 ml}, The reaction mixture wip stimed gt room fmperature
for 4 b, The reaction moxws way then sxracted with BGAe and washed with 1 N HCL and
frine, The organie extracls were deied over NgpS0,, filiered, and concentrated. The residue
was purified by fash chromaography (sifica gol, 0% 10 10096 BIOAc in hexanes) to give

{5 compound & (493 my, 86%) 38 2 white foam solid: miz 3784 (M+1).

Compownd TXSMTE: To « solation of compound § (292 me, 0.505 ranel} in
otuene (12 ml) way sdded p-TsOR (48 wig, 3253 mumol). The reactinn was heated af 15
0 with a DexwStark condenser witached for 1h Afler cooling & roon tomperatars, the
veaction mixlre way axiected with BiOAG and washed with sangated NaHOO: and Bine,

28 The orgeivie axtrasts ware deied over NapSUs, filtered, sad concentrated. The sesidie was
mrfied by Sash (thmmaat‘sgmph}? {siﬁs:& gel, 0% fo IS EOAC in benes) w give

conpponnd TREI478 (155 my, 365 axa white solid: 'H MR 400 Mz, LI S 802 65,
PR, 506 (3, 1D, 480 {3, DM, 343 {, 3H) 38 (1, L /= 42,137 }v}..s{‘ £, 1M, F=
7 He, 227 {m, U 191 (O, 3HY, 150 (e, TIHY, 1453 G, 3H), L2465, 3H), L6 {5, 3K,

230 LIS s, R 105 (o 3B 108 (5, 3H), 095 {8 THYy mi 3&D.3 (v

Cempound 70 To v sohution of formie acid hedramide (92 myg, 157 romod} snd BN
{0,536 ml, £.02 simol) tn CHC {5 b)Y vas added o solution of Sompoand ¥ {50 mg, 1.00
pumol) in CHCE (3.0 il The reaction mixtor was stirred af room fomperstrs for 13 4

The resction madxtess seas they extracted with BrOA and washed with 1 N BT and brine,

.
2

Rt

22
Lo

e onpe aaimels worg drted over NSOy, Hhersd, and conventrmed. The residue wis
purified by flash chromatography (siffca gal, 094 w0 HIO% FOAC in hosanes) w yive

sotipound 7 (287 mg, 483 ag x white solidh wiz 3343 (M 1),

47

SUBSTITUTE SHEET (RULE 26)



WO 2014/040056 PCT/USZ013/059015

Comprangd TR To o sohdion of vomp

wad 7 {256 myg Q80 mowl)
whiens {13 k) was added p-TsOH (48 me, 8253 mmed). The reaction wis Beated at 130
Mot & Dean-Spk condenser attached for Th After cooling o room femperstare,

safos mixiaee was extrasted with TI0AC sl washod wdith satmatnd NaBOG, and brive,

ta

The §argahif: gxtracls were dosd over NS4 Hliered, and concentrated. The remidue sy
purified by flash chropmwgraphy {slics gel, 0% o 100% EOAc i hexanes) to pive
gompord TROIATS (120 myg, 49%) as 1 white solid: U NMR $900 MHz, CD '?‘;5{; H836 (s,
THD, 800 €x, THD), 596 {3, THY, 320 {10, THL F =38, B3I M 281 (@ 107 B Ha 2R
{oa, 1EY 193 {my M), LA6 {m, TIFD, LA g, BB, 128 6 3D, LS e, SH L34 G 38,
i L0 (s 3HE FOS (s JHY, 98 18, 3R mér SIS (MG

Conyponnd 8 To 4 sodation of sosamide oxioe {113 myg, 133 mmol) asd ByN
(056 ml, 442 munoly tn CHCL (8 ml) was added 3 soluton of compound 1 {310 my, 1.00
mnol} in CHOL (S0 ml} The resction mixture way stirresd ot room temperaterg for S b

The reastion misure was then conceptated  The weeidne was punfiod by flash

ey
in

chromaingraphy (silicr gol, 0% fo HIUS BOAC In boxanes) w0 give sompound 8 (510 mg,
G351 as 2 white solid: m/z 4R (A1
Camponnd TRES6L Compourd § (27 g, (09 maol was dissolved i olusse
(1 mL), and the selution was beated vis miorowave baating at 178 °C for Hmin, fllowed by
200 ¢ for 20 wine Al eosding @ romn sempendore, the reaction menbie was
A concentrsted. The wesidue was purified by fash chromatography silics gel, 90 10 8%
Ef3Ac i hoxanes) fo give commposivel TXEI30E (12 myg, 46%) ax a whitz solid HONMR
{400 ;\fi}.{z: CDOL 8 B0 {5, 18y, 599 (8 TH), 204 (m, 1ED), 302 €, 1M, = 47 Ha)
RN, 3 L4 fm, TR LBS (e 3R, 130 (s, I3HD LS s 3H, 128 fs, 31D, LIK
(ra, A HD), LS (s, 3H), LIS {5, 380, 1.0 (e, 3H, 0.98 (=, 3HD) iz 3303 (W41}
23 Compound % To & selution of comporad TXEII (32 mg, 0103 menal) in CHEh

{2 mL) wene added poetiv hydrazide (18.6 mg 0251 mmod), €

IN(2E b, 0201 mmoll ad
TAAP (3, 0.200 muoollh BICT 40 my, 0,209 pameld was then ardded, and the resctior
was stisred at oo temnperate for 17 B The reaction mixtee v edoeted with BiQae

.

and washed with ssfrsted 1 W RO and brine, The organic extvacts ware driad over NapSOy,
M flered, and concontraled, The regidus was prified by Qash chenamgography (alion gl 0%
io H% MeOH i CHYCE) o give compound 9 {33 mz, 37807 33 2 white soltl wie 3123

(M)
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Crinponnd TREIHX To o solution of cornpound ¥ 35 mig, 0.045 snol) in dodusne
(1.5 wmLl) was added pTsCH (4.8 mg, D028 somoll, The resctinn mtxiure was healed via
misrowave heating & 123 *C for T h Ader cooling o room womperause, the reaction
ydsnEe wos oxiractod it BOAr and washed with satrated NaHCOy amd brine. The
Qrganic extracts wers dried over NaoSOy, Hitsed, end concentaied. The residue veas purifiss
by Hlash chromatogrophy (sifica gol, 20% o 100% Br0Ac in hevanes) 1 give eompound
TXEIOI (1] mp 4697 a8 an off-white sotid: H NMR (400 MHz, ODClo 8 $.04 {5 143,
S:01 fs, THY, 312 (A L0 = 5.0 B, 202 6, THL 0 = 140 B, 269 (0, 1L 7 = 14.3 Hin,

5% o, 3HR 237 o, THY LB G, THY, LS (my 3HD, 156 G, 3H LA £, 3H), LA {x
IR LT {5, OB, L% (on, T HY 119 {s, 3RE, LO4 (s, 3HD), 091 {5, 3H), 088 i, 38N i

g

443 (1)

e

ERFITXFAIXNFTIYSLR

%
s
2

Al of the compounds, sompositions end methods dsclosed and claimed herein can ba
e and exeoued withont wadee axparimentaton i Hght of the proseut disclosure. While
e disclosars ray bave anly boen desceibed i torms of certaln cmbichments, &t will be
apparent o these of skl v the ant that vanations may be appliad 1o the compounds,
rompositions and methody and in the seps ov in the sequence of steps of the medtod
deseribad boreln withour deporting frow the convient, spivit and scop of the vention, Mo
spocifwally, € wilf be apparest that certsin agents which me bumsh Chepdoslly and
chysiologieally reloted muy be substitted for e agcm& deseribed horsin while the seme or
stvetdar resubs would be sehaeved. Al soch siotlar snbstitates and modifications appavent &
thoss. skilled in the an are desmed to be within the spirit, scope and concept of the inventinn

as defined by the sppendsd claims,
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CLAIMS

1. A compound of the formula:

21

NC

X
/

Ot

o .
MH;C  CHs
(D,
wherein:
nis 0-1;
Ar is heteroarenediyl(c<s); and
Y is:

hydrogen, hydroxy, halo, amino, or cyano; or
alkylic<s), cyclopropyl, methoxymethyl, acylcsiz), alkoxycss),

acyloxyc<s), alkylamino(c<g), or dialkylamino(css),;
or a pharmaceutically acceptable salt thereof.

2. The compound of claim 1, wherein Y is —H.

3. The compound of claim 1, wherein Y is alkylc<a.

4. The compound of claim 3, wherein Y is methyl, n-propyl, or isopropyl.
5. The compound of claim 1, wherein Y is cyclopropyl.
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10.

1.

The compound of claim 1, wherein Y is methoxymethyl.

. O 3
The compound according to any one of claims 1-6, wherein Ar is sg_zl or
N
Y
O—N
The compound according to any one of claims 1-7, wherein n = 0.
The compound according to any one of claims 1-7, wherein n = 1.

The compound of claim 1, further defined as:

or a pharmaceutically acceptable salt thereof.

The compound of claim 1, further defined as:

or a pharmaceutically acceptable salt thereof.

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

or a pharmaceutically acceptable salt thereof.
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13.

14.

15.

16.

The compound of claim 1, further defined as:

or a pharmaceutically acceptable salt thereof.

The compound of claim 1, further defined as:

or a pharmaceutically acceptable salt thereof.

The compound of claim 1, further defined as:

or a pharmaceutically acceptable salt thereof.

The compound of claim 1, further defined as:

or a pharmaceutically acceptable salt thereof.

55



17.

18.

19.

The compound of claim 1, further defined as:

or a pharmaceutically acceptable salt thereof.

A pharmaceutical composition comprising:
a) the compound according to any one of claims 1-17; and
b) an excipient.

Use of a compound according to any one of claims 1-17 in the manufacture of a
medicament for treating and/or preventing a disease or a disorder selected from the
group consisting of cancer, diabetes, rheumatoid arthritis, lupus, psoriasis, multiple
sclerosis, Alzheimer’s disease, Parkinson’s disease, cardiovascular disease, chronic
kidney disease, inflammatory bowel disease, dermatitis, mucositis related to radiation
therapy and chemotherapy, uveitis, glaucoma, macular degeneration, retinopathy,
ischemia-reperfusion injury, osteoarthritis, osteoporosis; asthma, cystic fibrosis,
muscular dystrophy, pancreatitis, chronic obstructive pulmonary disease (COPD),
idiopathic pulmonary fibrosis, sepsis, amyotrophic lateral sclerosis, Huntington’s
disease, and Crohn’s disease.
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