2- 0X0- 1, 2- DI HYDRO- QUI NOLI NE MODULATORS OF | MMUNE FUNCTI ON [ 0001] Thi s
application clains the benefit of priority of United States provisional
appl i cati swvo bino/oggDA093, 943, filed Septenber 3, 2008, t hepch/gsioosodsgo0f
which is hereby incorporated by reference as if witten hereininits
entirety. [0002] D scl osed herein are new substituted

2- 0x0- 1, 2-di hydr o- qui nol i ne conpounds, pharnaceutical conpositions nade

Lnereof  and et hodsoo. AARELRO MINOIMISUGBURLTORSIO IfUSED] oct are

al so provided for, for the treat of disorders such as

sclerosis and autoi mune di sorders. [GBOTHNI ni nod (ABR 215062 SALK- MB;
ABR- 215062; SAI KMS; CAS # 248281-84-7),

5-chl or o- 4- hydr oxy- 1- net hy1- 2- oxo- 1, 2 -di hydr o- qui nol i ne-3- carboxylic acid
et hyl - phenyl - ani@§€1] i s Thin applieatien dlaims thedwanefid dfipradrity oflllm'wdi&lmcmd is

currently under i f ero

(Burton et al. P ﬂ&gﬁﬁﬁ&ﬁg@%ﬁ& ]ggl\?elzdragsggg e‘tﬁ%apo em%ﬁb%];bbéf?@)dls

Tuvesson et al. Whl)s{b mdistaby ircar@e6d] by3tleBnce 298wHel heﬁ‘@ﬂnmtsaetnu&ky I nt. J.
Clin. Pract. 2007, 61(11), 1922-30). Laqui aai nod has al so shown prom se in

treating autoi mune di sorders (Tuvesson et al., Xenobiotica 2005, 35(3),
293-304). CI OHOORHqui Disniosbd[Hefdrk aew isubistmebdi2sox Lo} - erhsrdfoaluﬁmh@élsi ve

oxi dative net abol | sm y t ochr o P450 enz artl C b CYP3A4
(Tuvesson et al ™ %¥ "B:eutgage(g??os 8’6*5’“%\?3]?%?& %’PP

met abol i tes i nahruﬁlmﬂfxlmsm fiv it th fbsubmn drehlsdgrobiged ﬂﬁ(}fblathb ﬁ@atﬁh&nt\b&rl ous
i i and aniline

ﬁl tes, quinoli CF o[rﬁrmt h\p/gsat I ](é) {es L | i ne de- et hyl atslor%re]

ydroxyl ation a PosPs6 ({S*Fl?{}‘ég‘gﬁl [SordeRenobi ot i ca 2005,

35(3), 293-304)[0003] Laquinimod (ABR 215062; SAIK-MS; ABR-215062; SAIKMS; CAS #
248281-84-7), 5-chloro-4-hydroxy-1-methyl-2-oxo-1,2-dihydro-quinoline-3-
carboxylic acid ethyl-phenyl-amide, is an immune function modulator. Laquinimod
is currently under investigation for the treatment of multiple sclerosis (Burton et al.,
Curr. Neurol. & Neurosc. Reports 2007, 7(3), 223-30; Tuvesson et al., Xenobiotica
2005, 35(3), 293-304; Cohen et al., Int. J. Clin. Pract. 2007, 61(11), 1922-30).
Laquinimod has also shown promise in treating autoimmune disorders (Tuvesson et
al., Xenobiotica 2005, 35(3), 293-304).
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[0004]  Laquinimod is subject to extensive oxidative metabolism by cytochrome
Pyso enzymes, particularly by CYP3A4 (Tuvesson et al., Drug Metab. & Disp.
2005, 33(6), 866—72). Primary metabolites include those formed by quinoline
hydroxylation at various sites, quinoline demethylation, aniline de-ethylation, and
aniline hydroxylation at the para position (Tuvesson et al., Xenobiotica 2005, 35(3),
293-304).



Deuterium Ki netic Isotope Effect [0005]1n order to elimnate foreign

subst ances such as therapeutic agents, the animl body expresses various
enzynmes, 3WRR018O280ME cyt ochrome P450 enzynes (CYPS), estBCBESHN9/PIs@9Lases,
reduct ases, dehydrogenases, and nonoam ne oxi dases, to react with and
convert these foreign substances to nore polar internediates or netabolites
for renal excretion. Such netabolic reactions frequently involve the

oxi dation of a DrRahkennhKilegeWatdpeHlecoond to either a carbon-oxygen (C0)
or a car bon-carﬁ%na(jc- C) 7c-bond, The resultant nmetabolites may be stable
or unst abl e und&P0hy silbpdeite slimpaisdpicieanebstaners seerpsitbareeytimagenttthal | y

di fferent phar mRGaii BRI lefpreRBAFRBEOGHIALY Such 3 fhe gg%&fg%l?@%&s %H}gfngﬁr m

toxicity profiles relative to the parent conpoun rugs, such
oxi dati ons are enpasicipsesapiotagndedictperadayJropeaskstand mbmommint paidhses, of

D o PO 182 bt AP ek ARAASHENR L BLALLATSPoRRIHERRLAAR Bot 1 vat ! on

energy and the rate of reaction may be quant | ent us
equation, k = AwcRbelit¢sHpr rem exgretidne Bucis megbialicireastisisdtaggertlyatvolattha gi ven

tenperature, the.:pa; = [ i n xponentially on the
activation ener%?&%éggt? % CQ?WC%%J%((F ?Q%éiil(ﬁ%gﬁ%s}? a %bolﬁ-ﬁg ePZéb@ioé is a
short lived st atagbatamrigni@e)rmelamtli Ghe railtmeayetdbuiites gnastticcablche uastitgd nal
bonds have stretn%he to thef'r li.mt, gefi nLti on élﬁfg activation energy
Eact for a reactiCSHPEolgakgondigons, %’Hﬁ%ap tvesyostasially ¢iffErefit ansi tion state of
that reaction. pghaneacoki@etio; pldinkdodpniatadd asutd SAAHRerth Ao pRFIMES can
either revert to E.he Of(;ii i nal reac%ants, or form new bonds gi vi ni;; rise to
reaction producdt@ivetodhs pargnt orppqungs. Eor mostragsatuch gridations arsgergyalllower i ng

the activati on epidhgyukieadiyigad © admididRot bﬂﬂulﬁ%l@b?higﬁﬁiﬂ&%%es@re exanpl es
of bi ol ogi cal 38{)(% yst.s. t[i]g008 Car bon- hydrogen bond strength is directly
proportional t d” abSs Eipdonship batwsen ik @ciirgomencegy-and the e of rgtian ener gy

of the bond. Thigy e ae@ifica®d!theRRR@YsSGRRBE K OREWET MpgSA Bfienti€ at ons t hat
formthe bond, and increases as the mass of one or both of the atons making

t he bond i ncr e&gBiongfals dhagal,p giveRipmPespiuER sherrpie ©f @ ehpmipad sepctidn deperdsum (1H)

a CD bond is skpoRe@ilylnar daeatfach&epend ng C 1H bond. If a C1H bond is
broken during a rate-détermning step in a chemcal reaction (i.e. the step

with the hi ghed®047} ansibeitighsiderntiate Brtieastipn ix dwbartdiypdstite along theacadtiort er i um
for that proti Q@h\%hﬁ@'ﬁ' S : ' ' aten This
phenonenon is ll%novyr]i’ ag t eﬂgggltg gﬁ%ﬁ%ﬁ??\%&}’%a@%@gﬁeﬁ%{ ;@E:tt B(y DICE). The
magni t ude of t HefimkeE theapstivasion eperes Eedorsrepttionisthe ondigt mawredtthesaclat es of a

given reacti O%thanmw%atg 8@&&!’1&3?&1’89. b?ﬁé;ﬁ‘%ﬁ‘f?’%i%og‘@gmt i@?ea%l%ﬁethg eaction where

deuteriumis substituted Tor protium n range fromabout 1 (no
i sot ope ef f ect molasulgeean dithenyeverumoitier @igiml odactaigs, 50 fom mertendSgibisg iriseit i on of

tritiumfor hy Sl Str er. bond thap deuterium and
- gives nuneri ca?‘{‘gg‘ﬁ%@g@%‘o ggtg}g'giffaggf%es?g%ﬁé? at et ?XJ{:?\W(E?PF D is a
st abl e and nonastwdiioaakigydeddsg to pdranditidwysthto genrywies e ehasplapibivtegiat el y
tw ce the masscﬁ%lﬁﬁ%oti um (1H), the nost comon isotope of hydrogen.
Deut eri um oxi de or "heavy water") | ooks and tastes |ike H20, but has

di fferent phys[88] pr Gpmohibgdrogen bond strength is directly proportional to the absolute
value of the ground-state vibrational energy of the bond. This vibrational energy
depends on the mass of the atoms that form the bond, and increases as the mass of
one or both of the atoms making the bond increases. Since deuterium (D) has twice
the mass of protium (‘H), a C-D bond is stronger than the corresponding C-'H
bond. Ifa C-'H bond is broken during a rate-determining step in a chemical
reaction (i.e. the step with the highest transition state energy), then substituting a
deuterium for that protium will cause a decrease in the reaction rate. This
phenomenon is known as the Deuterium Kinetic Isotope Effect (DKIE). The

magnitude of the DKIE can be expressed as the ratio between the rates of a given
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[ 0010] When pure D20 is given to rodents, it is readily absorbed. The
quantity of deuteriumrequired to induce toxicity is extrenely high. Wen
about 0- 1599 ¥f0ME1Hody wat er has been repl aced by D20, Rmi/usdosv/esseszheal t hy
but are unable to gain weight as fast as the control (untreated) group.
When about 15-20% of the body water has been replaced with D20, the aninmals
becone excitable. Wien about 20-25% of the body water has been repl aced
with Isz, tha’h ardaceiingn :aetcage::-gob@mh biakdre afdat seﬁl’ib&‘tac@@rﬁ Yt dEﬁt@tQMﬁd 1N |
convul si ons en . sti at ed, n ions, ulcers on the paws and nuzzl es,
and necrosis of® bﬁtémggifqri’r%{ﬁ‘ﬁbii’?[)ﬁécﬂlr@%l fomyphogt hBRJIRORFSTECtAlgr essi ve.

When about 30% @dry tdhg: Mu@thyrs\aicR bs STAS QS Bub&RRA D trubfoPRMiroddnGesltt Mal s
refuse to eat and become conatose. Their body wei ght drops shar&l y and
e

their metabol i ciY&t 2EIWEPopd thap dewseniurbindgaives gpmericay targes isetope t about

30 to about 35%oneg! aCHBRB M brPRGs o sthie S RALSdAvd @&%ﬁé&fh{yamggﬂ ess
more than thirty percent of the previous body vvelllght- has been I'ost due to
D20. Studi es haVBichhasappiesimateln fivice the masseofprotippy h thededshgommen igptopt h of
cancer cells ang1£aR38C DLRLIEYELE, 610k ¥l Ao B! hC agents.
[ 0011] Deuterati or??’of %ohar rlrlacléluti cflqs.Z?g i r?p%yo‘\%gt%ﬁ%?mcgﬁélﬁeg?#ggg?PK) ,
phar nacodynani cat hpplitferapi@hyvsal piopsrtipy of i | es has been denpnstrat ed

previously wt C . d ; I sed to
decrease the hggg%?oxWﬁ@ﬁ%@ %gﬁr%?%atﬂg&%@é@ﬁﬁ%@ﬁgﬁ%@ﬁ%ﬁ%ﬁ%@ﬁe
production of rafdewttrwn sgguredte igduchtoawmity isi dxiramelp htght WhenhbaoutiOds% sowever ,
this nethod may, I | ~dr cl asses. , For ex | e,
deuteriumi ncor%%?cgily Bx(;%rtleq@l génﬁﬁ%gg%)?atcég?i{)é%%f#%lss%e %aﬁtﬁ%aut %Ylgggﬁ? c
swi t chi ng occurginheaghtye st comgouestrated)igloyp. PWaseadouesizy0t sf thei nd

reacti on (o g. Poura s el 010 TR s S BR b ene” ©
rel atively vastabeit26-26% dfitdbaily wee ke seen ne_ptmayw&]lm@@b, the @fi@ylRBecoaiRd t he
Pead 1o di11erbatiris FBF e s FBY Mol iey Snor vieas el SKadSneget ner
new net abol i t esiceiSunsheyeawsrmed atvetles; alt @ctdsB offfhy tdiRPBHdar. 'THE @nifalsl DS
toxicity. Such.,pitfalls are .non-obv Ou§0‘2{:&-tare not ictable a priori

i

pre
for any drug clPSede HOAEBIFHY Hihshow li‘ﬁﬁ?ﬂé“‘iaf?ﬁg‘l‘si AP FBREEGY b . The
car bon- hydr ogem,0pthd anigfals|rafijsd 13icBihd ©e¢Hind ddniAtodet THedd Hody Qe iyt dhjo%bg
distribution of, h drg@«igi i SQS‘%’O es, nanely 1H or protium ﬁabout, 9. 98449 ,
2H or deuteriuﬁ}i‘a(réPSG thgtr C,raé?ﬁ&m\?l-ﬁa‘iﬁdct"ﬂ(fmﬁmw(“ihrﬁie%t ECUEIPAt bet ween
about 0.5 and @Fou B0 td dbOuEE598FepREEMMY H&h [DY,0! TUELREAE revbIDlaRRRYH | evel s of
deuteriumincorporati on may produce a detectabl e Deuterium Ki netic |sotope

p .
Effect (DKIE) {15t NEbtl ReFTeate! horrepRuy bedy siergbbasdeepgirdiatoPdyi ¢ and/ or
toxi col ogi ¢ pr ghidleg fiawfaldodBbi A iAPHe Lk of D,O can delay the growth of cancer cells

and enhance the cytotoxicity of certain antineoplastic agents.

[0011]  Deuteration of pharmaceuticals to improve pharmacokinetics (PK),
pharmacodynamics (PD), and toxicity profiles has been demonstrated previously
with some classes of drugs. For example, the DKIE was used to decrease the
hepatotoxicity of halothane, presumably by limiting the production of reactive
species such as trifluoroacetyl chloride. However, this method may not be
applicable to all drug classes. For example, deuterium incorporation can lead to
metabolic switching. Metabolic switching occurs when xenogens, sequestered by
Phase I enzymes, bind transiently and re-bind in a variety of conformations prior to
the chemical reaction (e.g., oxidation). Metabolic switching is enabled by the
relatively vast size of binding pockets in many Phase I enzymes and the

promiscuous nature of many metabolic reactions. Metabolic switching can lead to
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conmpari son Wi th laquininod having naturally occurring I evels of deuterium
[0013] Based on discoveries made in our |aboratory, as well as considering
the |iter QrEO/028Eui ni nod i s netabolized in humans at tET/gsionwbssee ri ng,
the N-nethyl group, the N-ethyl group, and the phenyl ring. The current
approach has the potential to prevent netabolismat these sites. O her
sites on the nolecule nmay al so undergo transformations |eading to

met abolites wit hlf&seny@topw&mmmmﬁmeamh@wwews §10JgelYr neki MbthbdMekst he
production of t se msta |te§]§has t he potentl al to decrease the danger of

the adninistrati 'ﬁHBY’ Hl%lPrﬁ mAY MRS MR 168 Posifity nSvdarii@lls@trnege and/ or

i ncreased effi cagyousAhll a@fnoiﬁlﬁcﬁ@taﬁlé@B%’BF?@%&%H%%@ occur through
pol ynor phi cal | y- exgressed enzymes, exacerbating Interpatient variability.

Further, sone di®étler §a‘&}“€m196sstantlmé’éw@alnﬁﬁélrfnwﬂéﬂt@uﬂ]lee@tbonélym;ﬂc at ed
around the cl 0CKors of Qﬁulﬁ‘iﬁlo@)&Bx?c&Q%%aﬁ?Jl Q)gcd?{l] %?&Fbﬁ; o?nrofﬂl(!iro n t hlen or eat er

foregoing reasons, a nedicjne wth a ger may’ r e
efficacy and co@@towvm@éy Hprrrretisn @ém@ﬁ&ﬁﬂ%) Aot éerut%lume(abdne used to (a)

(educe ar e11 T 001 SAURHE] RLREIE Kt ikl DEUEES Frd R add e o 1"

parent drug, ease er o oses nee 0 ac reve A desired
effect, (d) decpeéé@ e prdtemaateunt nsfeaseddosb afdedetin ocaphiatvremay predideed

effect, (e) incy &hschan Ex{}ﬁeufté%{u ngtnc 1(33 Pged}ti fec‘t:‘\ r| ous altg:t ?(iéffec{ %lany are

formed, (f) decrease t |on 0 €in specific

ti ssues, and/ orpl(agi)lacoklaaiceplaarmmo@@idndﬁiruoxecoﬂjgug)raﬁﬂdd «sfrla@nﬁmbetnhdr ug for

gglu%/g:l:: Pgﬁyap\égrbg}ggﬁgoﬁl : %HIMF‘r onavm % ?11§]1EC%B%{“§{1]%{?}S Oﬁgé}ﬁ?ﬁl“ggo?l sm of

| aqui ni nod and [ﬁOIﬁnuaBzeedumélsqmbm@nMdym mabablo_rdtgﬁy, a{s@@llgi]; B@M?ﬂerlﬁ}%tﬁpounds

modulate | mmnd FEREE PBRMRES Bkl ubyiiel s fudtiEe tRedhe MHtheds o

synt hesi zi ng angoups thegv-tthe @@Wmﬁﬂsphmpmmrﬁazuﬁhﬁuﬁpgggéﬂas'&}hﬁr;t ;1 Sat Lrgnt
th

o e T LAl g el 0 A PRSI DY AL TSI Ig (he
have struct ur alunff@porth@fdrinatidrs lea@ingdo fdtabelits&Ok Mdseyet-hkndkvadr ug t her eof ,
R pharmacology/toxicology. Limiting the production of these metabolites has the
potential to decrease the danger of the administration of such drugs and may even
allow increased dosage and/or increased efficacy. All of these transformations can
occur through polymorphically-expressed enzymes, exacerbating interpatient
variability. Further, some disorders are best treated when the subject is medicated
around the clock or for an extended period of time. For all of the foregoing reasons,
a medicine with a longer half-life may result in greater efficacy and cost savings.
Various deuteration patterns can be used to (a) reduce or eliminate unwanted
metabolites, (b) increase the half-life of the parent drug, (c) decrease the number of
doses needed to achieve a desired effect, (d) decrease the amount of a dose needed
to achieve a desired effect, (e) increase the formation of active metabolites, if any
are formed, (f) decrease the production of deleterious metabolites in specific
tissues, and/or (g) create a more effective drug and/or a safer drug for
polypharmacy, whether the polypharmacy be intentional or not. The deuteration
approach has the strong potential to slow the metabolism of laquinimod and
attenuate interpatient variability.

[0014] Novel compounds and pharmaceutical compositions, certain of which

have been found to modulate immune function have been discovered, together with
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R1-R17 are independently selected fromthe group consisting of hydrogen and
deuterium and at |east one of RL-R17 is deuterium [0016] Certai n conpounds
di scl osed WerEPMA289%Y possess useful immune function nodedEUSINQY/6ESEINVI LY,
and may be used in the treatnent or prophylaxis of a disorder in which
i mrmune function plays an active role. Thus, certain enbodi nents al so
provi de pharmaceuti cal conpositions conprising one or nore conpounds
di scl osed her ei methogebsienthediiify andrBRE ARCRBHpbERK) iuclw«égmémbasefoﬁﬁaéri er, as
wel | as net hods of maki.ng and usjng the conpounds and conpositions. Certain
enbodi nent's pr oFFReHOf BN YRctopdRAdintqd HisordrrLiA @ PREGIE by agmintreriag the
embodi ments pr ovémeoui®d hods for treating a inmmne function-nediated
disorder in a patient in need of such treatnent, conprising adm nistering
to said patient [®1¢her dpestieineabodiments of thepeesenbnygrtion; campogngdiane or
conposi tion accg@riivpg Fofndihe present invention. Al so provided is the use of
certain conpounds disclosed herein for, use in the manufacture of a
medi canment for the prevention or tre 1nt of 6di§19rder anel iorated by the
nodul ation of immune function. [00Ry] The campoundS as di scl osed herein may
al so contain |l ess preval ent isatopés NQr ot her S 1nts, i ncl udi ng, but not
limted to, 13C or 14C for carbo 3S, [ 34S, .or for sulfur, 15N for
nitrogen, and 170 or 180 for ogyge 2 ReeR{sai n enbodi nents, the
conpound di scl osed herein may e € @_papi en Reo a maxi num of about
0. 000005% D20 or about 0.00001% DHO, sipng that all of the CD bonds
in the conpound as disclosed herein are netaBddiized and rel eased as D20 or
DHO. I n certain enbodi nents, the |evels D20 shown to cause toxicity in
animal s is nuch greater than even the maxinmumlimt of exposure caused by
adni ni st rati on ¥R spheolaig: @rredmehecehwlierebhpound as di scl osed herein.
Thus, in certain e i : i I ] Lscl osed
herei n shoul d not g‘gﬁg{éﬂgﬁT;/I%g%%r{ag?tgﬁg{ea{eg%ﬁg{g@ﬁg@@@%&g@%ﬁ on of D20
or DHO upon dr vgddestemoriaseh [ 0019] I n certain enbodi nents, the deuterated
conmpounds di scl osed ' § i aj eneficial aspects of the
correspondi ng non-i gglt%%%:olgba%r%ﬁlrs{agﬁggmﬂol ecul es while substantially
i ncreasi ng t he [A@hl nurfarBinggoapeundd diselosdiderasamay gossex usiftlymmuner easi ng t he
hal f-1ife (T11 . ' x| ntration, (Crax) of the
i mum of 11 cacy Ut ApauRth i RE EhIME B ARIR, GPNEARLATK EDRUSIRAY fus
decr easi ng t he dirordenmchizich srmurel fanotidn plays @i dcyiye s/ Thius,|comin iemodiments
probability of drug- interactions...[0020] Al.I publications and
ref erences’ ci teagoh}gorvg(l{e:ﬁgé%cg%%f%ecgapﬁslfléhnc@g? B rrl%{?%gne Of more compounds

disclosed herein together with a pharmaceutically acceptable carrier, as well as

methods of making and using the compounds and compositions. Certain
embodiments provide methods for modulating immune function. Other
embodiments provide methods for treating a immune function-mediated disorder in
a patient in need of such treatment, comprising administering to said patient a
therapeutically effective amount of a compound or composition according to the
present invention. Also provided is the use of certain compounds disclosed herein
for use in the manufacture of a medicament for the prevention or treatment of a
disorder ameliorated by the modulation of immune function.

[0017] The compounds as disclosed herein may also contain less prevalent
isotopes for other elements, including, but not limited to, *C or “C for carbon, >3,
S, or *S for sulfur, °N for nitrogen, and 'O or *0 for oxygen.

[0018] In certain embodiments, the compound disclosed herein may expose a

patient to a maximum of about 0.000005% D,0O or about 0.00001% DHO,



herein by reference in their entirety. However, with respect to any simlar
or identical terns found in both the incorporated publications or

ref erencew@amontsose explicitly put forth or defined in gduesmowesssnt, then
those terns definitions or nmeanings explicitly put forth in this docunent
shall control in all respects. [0021] As used herein, the terns bel ow have

t he nmeani ngs indicated. [0022] The singular forns "a," "an," and "the" may

refer to plural a@ﬁ&ir%'t@aﬁi all Of @8 -5 P6kdshih fRlcbMpSind b GisQbdR8 h¥emure [ 0023] The
term "about," as used herein, is intended to qualify the nunerical val ues

whi ch it nodifi Bgtabeligeentigleassdies B2Q a1 BEOadn geftaipmbodignants, hedeveirai n of
error. Wen no B Ehduh BlcalbRiKidiy i fg&%lﬁs ﬂg%h;é?ea?ét&n%@:gﬂ%gﬁ%\ﬁ& ation to

a mean value given in a chart or ta%_ _ , Is recit e term
"about" shoul d baitgfeenosure easebbynasannistirdion phihg dewgrivehenishedicompoondaiss t he
recited value a g I Lnc } ' r down
to that figure @%%W‘,&%{ha%hﬁg lf%trt \éﬁgklg)ggﬁ}teh{sgi %gg‘fg}q%rg]ﬁ}t E’ﬁég%dr%%p%ﬁlbcgzq When
ranges of val uedisdosed dersinlsbewd potaadsetahy advitianti toxicttyf duprto tie formatibwofi2" or

"ni-n2" i s used r he nunbers, then unless otherw se
Dy bED ST

specified, this Ion'rs ended to include the nunbers thensel ves and
t he range bet wel®i12]henin cEitais embndjementa,thddeutandtedjccmipoondsaiinetosalicusin bet ween
and i ncl udi ng trplgzm apnd y é%ﬁ%im V\lth(%Q/ 028015 iCT/ LIJlgiZOtOQilg 5692% 0025] The
term "deuteriuni enri chient - FefPBFE ¢ 6t RE PP CBRT UG SF H B BSFat i on of
deut eri um at a mgolkearespasletsuiosanitinllyainohsiy the maxintubfretoRtawiadosé, degrelsigen. For
exanpl e, deuterjiumenrichnent .o %, at iven position neans that. 1% of
mol ecul es in a §F¢Eh 1%°§??‘5’In§%d}?{féffﬁgﬁ%?oé’%ﬁaﬁﬂﬁtmﬁx%u% BlaRE FUCHBEPT | on.
Because the nat(a) bfthe atuimngficic®ls dd3e{(MBD),abwetbigities dffitacious alehd 0. 0156%
deuteriumenrichnmenpt at a osi tion in a conpound synthesized using
non-enri ched st'8r%{eAyaed @‘%ingrf‘gle?}éanﬁﬁb‘i?{ate@.t%ngé’%mf‘ﬁﬁo‘ﬁgﬂ’tgéﬁ‘i Qfﬁ?@ﬂ’r‘w chnent
can be determ rtg‘dmgsdragilﬁ@w@ﬂg_i onal anal ytical nethods known to one of

ordinary skill in the art, jnc¢luding nmass spectronmetry and, nucl ear nmagnetic
y Q)?é)éopyaglrl publ{cat?ons and 1geferences ciPed %erein are ex)xl)ressly incorporated g

resonance spect[P
herein by reference in their entirety. However, with respect to any similar or
identical terms found in both the incorporated publications or references and those
explicitly put forth or defined in this document, then those terms definitions or
meanings explicitly put forth in this document shall control in all respects.
[0021] As used herein, the terms below have the meanings indicated.
[0022] The singular forms “a,” “an,” and “the” may refer to plural articles
unless specifically stated otherwise.
[0023] The term “about,” as used herein, is intended to qualify the numerical
values which it modifies, denoting such a value as variable within a margin of error.
When no particular margin of error, such as a standard deviation to a mean value
given in a chart or table of data, is recited, the term “about” should be understood to
mean that range which would encompass the recited value and the range which
would be included by rounding up or down to that figure as well, taking into
account significant figures.
[0024] When ranges of values are disclosed, and the notation “fromn; ... to ny”
or “n;-n2” is used, where n; and n, are the numbers, then unless otherwise specified,
this notation is intended to include the numbers themselves and the range between

them. This range may be integral or continuous between and including the end

values.



[0026] The term "is/are deuterium"™ when used to describe a given position
in a nol ecule such as R1-R17 or the synbol "D," when used to represent a

gi ven poswo zmo/ors0es dr awi ng of a nol ecul ar structure, neEBUSied/ 0352
specified position is enriched wth deuterium above the naturally
occurring distribution of deuterium |In one enbodi ment deuterium enrichnent
is no less than about 1% in another no | ess than about 5% in another no

I ess than about [b0%) | ThéReh P@sudRin @sishhd@NeRROYthedR%WenlaBe N0t her no | ess
t han about 50% _in anaother no | ess than about 70‘V? in another no | ess than

about 80% in aiEPRemtipmOfdegisrivmahe giouRosYOY N bmolerlaiighpplecf | ess than
about 98% of deH}‘(ﬁ'{) HME eex%@?le?(ﬁ)e%&'ritﬂn iPRdnt bOIY, at[ép%g%r%p-légﬁiloh el thOt Op! €

enrichment” refers to t centage of Incorporatio _ ess preval ent
i sot ope of an el‘rmémolegulesningi giean spoplecpeipinidauterivmp bighesnecifind posétiqnl ace of t he

ore preval ent sl QiR bt heE Mk A0PEIbR &1 0ADD {595 0PI cal Iy

enriched" refers to a nolec e percentages o he”’vari ous
i sot opes are sudsitesinmi cakitlyment et mzpesiaon inheomatundayhtestred using ngp-per cent ages.

[ 0029] Asynmetri rs exjst . in.th unds di scl osed herein. These
centers are destBEERLETu et Rbrl oimg MG RoNIS Silbe,
configuration odetsmibstusing ndrseaticnalnhalytien! afthiodd kroambo nnadfamdindy skiianl d be
understood that,th ntion en st ereochem cal i

.l nv 0 sses all Soneric
Forms oot udh rig® AP e O RTRRT REN Pl e eSS P ae. e |
as D-isoners an@ols]i sofiestsym Gndrerdenictiies whee nedfto ddsotbevd glual positier @04 SONMer s
of conpounds can lbe re arlgd synthgetigall“by,,from commercially avail.able
starting mat er i BPSHRTUER 2L BhRyioR Ry REY! Do nthendisgt Lo fgPreseRi e Ee RORItiGH
m xtures of endnkideswEng 6f Pnodeitirstric@hleomesnts that e priciict PBsiSHCH eSche@nVver si on
to a mxture of diastereoners follo aration &ru r_ecr¥stal lization,

. d bése
chr omat ogr aphi VLMY ERALovethe aptpraly geruiingshistdpution shdsutsriups I ¢4l chi r al
chromat ogr aphi GenfRliMeAsdeutiuai Bariohmiert isHNER Mianabsut T84, idshokREWMIckdtnihe art.
Starting conpounds Q;Yélgartl cul gg %t ereochem stry are either comercially
avai | abl e or cdfOHe mitinoieyne Esviberebayy | PedhArdieE 80 IgibihAn pbput A% dnt |
Addi tional ly, tahetheaineddishs aBbsG00S AhndgkendlciBNanSbbt 7088 OSRMRE hd C
i soners. The present invention includes all cis, trans, syn, anti, entgegen

(E), and zusanres theppbowt §f%r i aethgriq leggdhaniabout987e pr inapether netless dkgnt her eof .

Addi tional ly, GOSROYNLT (BR¥iEX afithe §ociREbAMInS; al | tautoneric isoners are
provided by this invention. Additionally, the conpounds disclosed herein

can exist in und@Mat ddhedgmaigiotopigsensishmentetefasionthe niresntaghaf Weeeemiiaml | y
accept abl e sol yenisg, ﬁr‘éﬁh I@%Oﬁ%@%f‘an eﬁ%rgé}ﬂ%! a giaﬁ%otsf?i%n }id A(ﬁoﬁbpe gegeral, the

<
solvated forns are considered equivalent to the unsolvated forns. [0030] The
term "bond" reblaceof the moprivrayadent ispionk affée blemerten two at ons, or two

[0028] The term “non-isotopically enriched” refers to a molecule in which the
percentages of the various isotopes are substantially the same as the naturally
occurring percentages.

[0029] Asymmetric centers exist in the compounds disclosed herein. These
centers are designated by the symbols “R” or “S,” depending on the configuration
of substituents around the chiral carbon atom. It should be understood that the
invention encompasses all stereochemical isomeric forms, including diastereomeric,
enantiomeric, and epimeric forms, as well as D-isomers and L-isomers, and
mixtures thereof. Individual stereoisomers of compounds can be prepared
synthetically from commercially available starting materials which contain chiral
centers or by preparation of mixtures of enantiomeric products followed by
separation such as conversion to a mixture of diastereomers followed by separation

or recrystallization, chromatographic techniques, direct separation of enantiomers
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noi eti es when the atons joined by the bond are considered to be part of

| ar ger substructure. A bond may be single, double, or triple unless

ot her w sewypeoMisets A dashed |ine between two atons i n ECcTHusMon9Igssed; a

nol ecul e indicates that an additional bond nmay be present or absent at that
position. [0031] The term "disorder” as used herein is intended to be
general ly synonynmous, and is used interchangeably with, the terns

"di sease” and " gpBiltal titOmato@@phil cABAS 8F any Uk bpREpriatd RethdtBiknodnlin fHRf | €Ct an
abnormal condition_of the human or animal "body or of one of its parts that
i mpai rs normal MbneerteaicAgpounss eRnsiticalar fteiqpahiemisay et aerosmiaRidivshi ng si gns
and synpt ons. [Q\Qaﬁgt%lggfcarn%re%dg Bﬁc@@éol\'/'edfb rt@cﬂﬁig%’khoﬁf?qlfﬁé fgatment” are
meant to include alleviating or abrogatihg a disorder or one or nore of the
synpt ons associ Addidonglly hthe cetnprundiedisclased bdréin wiagekisigps georestediscmeisnghe he
cause(s) of the,di | ) t ment " of
2 i sor der s i Pengngefishiifldes e 438E ERAL Yl Eh L R Enk Bunth )
"preventing," awnomémprewelhad beaipprefrate rhigtugesitisdréndd Additicellay¢ompoondspmeagc| udi ng
the onset of a (i - .an [, it ndant. s t bharring a subject
from acquiring éa;ﬂsg%s%?{?glre?sb%i %3@@8?1%%%511%3 jpé%‘flé{egipo ﬁgﬁinc}lf%éoélqui ring a

di sorder. [ 0033Addigortally nhe tdngroapdsutisctoaéd heraf tacdxisy @ mnaluated asrvedlesss t o t he

amount of a co u f hat ,..when adm nj st er is suffi.cient tq prevent
devel opnent of %gvrape If?rén\ﬁngh%agn%S%a@?%Fﬁ%l%WzveB SHghas Wptery ‘ﬁlé"{)“gg npt ons of
t he di sorder beindghd lilkeatlegenetbiiehd wivatedtfbratsapatohiidatd squifaiepcioitie anount
also refers to thel atna)}l:mt of a conpound that is sufficient to elicit the

bi ol ogi cal or nEEY 4P %8 \onse of a cell, tissue, system animal, or hunman
t Ihat_ i's bei ngog[gmt theaeﬁneﬂﬁ)@ﬂ’Cﬁﬁrs to}é&fo%lérﬁiﬁhka’ga bpb%&iﬁ@atfiﬁ%b@fwo gr
clinician. .The term "subject” r rs.to an, anima), 1ncluding, but not
limted to, [a ﬁP%lFﬁhﬁSéVL*k"%F ato H’é’ﬁ‘}%ﬁ’ﬁ%@&}‘! af&ﬁ?'ﬁﬁ*ﬁ??ﬂé%i?e%‘?fﬂfrrg?f and the

: i teg : Irodent S shBsticturd. 3 Bondthabe sﬂ%ﬂé)!dbﬁblq[, ba@tearnjﬁass biBErvleSpeciidd, the

i ke), lagonorphs, swine (e.g., pig, mniature pig),.equine, canine,
feline, and ¢ helaplied dine Qﬁ@g%‘?g”ﬁsa“g%ﬁ%sjaéi&‘m%%ﬁ mglé‘tgql%wé%atamat?é’ed

i nt er changeabl ydhigbfil Bord mbEbsr8Ra€or abQint SXRPbSLont © @ Mmanmmal i an subj ect,
such as a hunman _patient. [0035] The term "conbi nation therapﬁ; means t he

adni ni strati on (81314 wo g tefBy ‘Wisordsr s aised hereigy isrittgnded tq beganerslly her apeut i ¢

di sorder descr ishgshyidud, Bfd Eﬁx@&ﬁﬂﬁem@lh@‘éh&ﬁ WifB; thokedls A 3hd &oh@ton”
enconpasses Co- adm ni strati Qn of these ther apeut| C agents I n a

substantial |y $asibmediselagadifamniayrthatall epflegsen anerme] pyidision aphglhempmot ng a
f1xed ratio of (aghi Ky ok 68 A1l mb Bkl AbhS AAGRARANE viRARY! € T Or

each active ingredient. In addition, such admnistratio conpasses

use of each typangestedhyrdigoguiskinggiertandsyaptoaguenti al manner. In either
o ot Son SoHBEL | S0 Sk S0 PR Sl 1o 7
alleviating or abrogating a disorder or one or more of the symptoms associated with
a disorder; or alleviating or eradicating the cause(s) of the disorder itself. As used
herein, reference to “treatment”of a disorder is intended to include prevention. The
terms “prevent,” “preventing,” and “prevention” refer to a method of delaying or
precluding the onset of a disorder; and/or its attendant symptoms, barring a subject
from acquiring a disorder or reducing a subject’s risk of acquiring a disorder.
[0033] The term “therapeutically effective amount” refers to the amount of a
compound that, when administered, is sufficient to prevent development of, or
alleviate to some extent, one or more of the symptoms of the disorder being treated.

The term “therapeutically effective amount™ also refers to the amount of a

compound that is sufficient to elicit the biological or medical response of a cell,



[ 0036] The term "i mune function” refers to the collection of mechani sns
within an organi smthat protects agai nst di sease. Such nechani sns i ncl ude
macr ophag®a] 20Te/Msaphocyt es, and B- | ynphocytes and t hei rPCEBE2009/055692
activities. [0037] The term "i mmune function-nedi ated di sorder,” refers to a
di sorder that is characterized by abnormal imune function. An imune
function-nedi ated di sorder may be conpletely or partially nedi ated by

nodul ating the tigneRestéhN@irh#brihiman Sabis 86ihg sdughtbyrd redticBér, vadridalFRINe
function -nedi ate gl sorder js.one in which nodul ation of irmune function
results in some™efif @Pc%hofﬂgll%’derlyl ng disorder e.g., administration of a

i mune functi onpogBgiul atTRg tefife SttbjedtIrEFeR A érfr:ﬁélol*{@lﬂ&ﬂg Hu’i‘n&tlnﬂlﬁeﬁ% aSONe. of
the patients bel ng treated. [0038] The term "inmune finction nodul’ator,

refers to the abiPate (e fhunancoppshrdirnagecosutlamaddhalived redentsrcearaime
function activi MR i I i mmune
function activi ‘%"e gr?ili;(;/llsactl \%égt ?}l}{o‘\e}'S %ﬁhtﬁgﬁkg)q%r% uﬁ%{l% gafc%l vity

dependi ng on_t hainizsire eig)reqpinereanipe tfplinecandgbuliies. é")bptﬁx@si“&umet:h@n@ubj ect, or
may 1nhibit | MGl UAE LLLM@EhLENY holifih AR hORa AP fY DI L1 on may be

contingent on the occurrence o specl |c event activation of a
si gnal tr ansduchamomalaseyast, sushdy @humanpabientrani fest only in particular cell

types. For ' ' . I i nmune
funoti on by i nHOBRL: ng et e roftai 350y EGHL be b RA P2

macr ophages i ntrooredierapahtiavgents trstrdat sﬁm@gelaimcﬂisotmmésn@oeﬂhmth'&pkqwmhocyt e
popul ation in f ressing Th2/ Th3. ¢ n terl eukin
(IL)-4, IL-10 a“ﬁs(f?‘i%r angs Cg(r?‘%]mhn“%ap"%’ﬁ"?’ OB g ‘mé{f“go ﬁgeséﬁ%é%’e%%t s,
modul ati on of tdgents rmambstﬁmmﬁy slmmltameﬁubmamsee&ed ins smgebmumaﬁﬁgia
described in K Si.S 1993, (34 6 Yang, et
al ., Journal afr’ﬁgﬂarué)l MWSI%%P%%IH étpi Sqparale’ c‘gpgugsg' 6}kadé‘tve J.
Neur oi nmunol . 2fg2diert3M,addi6dn, kddy ad&ﬁﬁistﬂ%ﬁalsaeﬁion@hsses ulse oedh t@ae)m 2004
47, 2075-88. | ng The term"thera eutl c acce &]gbl e" refers tq those
conpounds (or uHe 38581 B GSeI4eRY ‘?rtcé?er reatmsptreeimep @il \whi ch
are suitabl e f grovidebentficidlRfags ofvhé muglaembmstmeﬁtr@sfnn@aﬁd @flr@erM t hout
excessive toxicj %‘F¥ 4%%; tation, allergic response, inmunogenecity, are
conmensur at e wiHT8e4 Bet&Bnabl e benefit/risk ratio, and are effective for

their intended [ma [ 0G4 GdriltembRAOFunBiy m&@@whe%lh@éu@p@ﬁﬂécﬁahﬁn§arrier,"
pharnaceutlcall accept abl e excipient," "physiologically acceptable

carrier," " W Sginisa hot preteess peainsh dissass- &u@hmc giswp wchude 5
phar maceutl cal |1ﬂé1'c§>?ﬁ@@§ a]yenpBdyRdsi Ald, B- qg@q&yt@g Y hQF reRlRlied Reivigich as a
|

liquid or solid filler, diluent, exci sol vent, or encapsul ating
material . Each[@Bdhondie “ﬁﬂi‘stlm%‘én@@H%%@Q‘F%@quﬁfadé@ﬁttabIdéordiehth@the sense

of bei ng conpatd hheciditda t;yhl%n&m%md)mrf@ﬁ!ﬂtl%ﬂt ﬁn%mﬁn@ﬁﬂ&%%ﬁﬁdtﬁ@l _
formulation. It nust also"be suitable for use in contact with the tissue or

organ of humangisaider may bagosnnlteli oupartinbienediated bioxpdulating the imnmugei on,
al lergic I’eSpO?,ﬁ.ﬁtmd H‘%ﬂﬁﬁg&n?&b%ﬁcul r f%ﬁ%e%r&%@ ed?a[teo%ﬁgg?cllér?saédeons

commensurate with a reasonab ene ratio em ngton: The
Sci ence and Pr atWh@bmﬂulmmTQfamyanﬂ@ttl@jmuk@m somiepffectantthe lwileﬂylagns &

Wl kins: Phila |p|ents 5th
Edi ti on; Rowe g{g&gfy @gEféisﬁnn@L?%ZmSE‘g?}gn@gxg{@?%ﬁ%d@ g&g‘%\ lc‘iﬁﬁr]l Sg‘ﬁmer i can

Phar maceut i cal indgreoamicat ingih lea@ @0 ofithd phiaamdtieolg tehte®har naceut i cal Addi ti ves,
3rd Edition; h Eds‘ r Publ i any: ,.2007;

Phar maceut i caAﬁl?J g?or it ST oI fvﬁ%?t%llnéﬁ ug’%ﬁ Brgg%ﬁléﬁbl%%dfé Press LLC
Boca Raton, FlLeom@fd] dis¢l0d hprkiretotatemnimnivme tineeon :myweydl Animmuneafhétioa
conpound, * andmog Cla’cor may stimulate immune function activity, may activate or inhibit immune
function activity depending on the concentration of the compound exposed to the
subject, or may inhibit immune function activity. Such activation or inhibition may

be contingent on the occurrence of a specific event, such as activation of a signal

transduction pathway, and/or may be manifest only in particular cell types. For
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substance" refer to a conpound, which is adm nistered, alone or in

conbi nation with one or nore pharmaceutically acceptabl e excipients or
carriers, wiopz0a0/6280j%ect for treating, preventing, or anelRCIBSHYSSEH2 Or
nore synptons of a disorder. WD 2010/ 028015PCT/ US2009/ 055692 [ 0042] The
terms "drug," "therapeutic agent," and "chenot herapeutic agent” refer to a
conpound, or a pharnaceutical conposition thereof, which is admnistered to

a subject for tg _Flé‘%mﬁlﬁﬁ&@dﬁdldwd h&ém%f@'rﬁ&lhﬁid1Hﬁnﬁ9ﬁm@ﬁoﬂW1ﬁhlﬁi{ﬂf@t ons of
a disorder. [0043] he term "rel ease controlling excipient” refers to an

exci pi ent mhosethsrnafﬁﬁ?tgpnfoéhetbuﬁ“&? ilscellpandygpargphages o centiabRerius Hpdee of
rel ease of the gefdy xx?gllﬁlﬂnftrél%ﬁhci‘c&farpoﬁuls’t%%ﬁv%ﬁvdﬁc@iﬁ PR ELEhoMsh a

conventional inmedi ate Telease dosa%J form [0044] The term "nonrel ease
control | i ng excéyeldras interdquisingdIly)ot, Hlar 1@ gied pansforming gaevth factpsbytaf lmsemeon do not

ol ude modi 1Y Qe 0805t R B RhuIcRbEASPoOkublin Akiye substance

froma dosage formas co a conventi ona te rel ease dosage
form [0045] Themetbpdrdésmbﬁdnmgﬁmsm‘ @rals Arp. Hewolp¥n B4, pdtG60ndingdetalyat i ve

of the corrpoug;iaug;algbﬁ&l %%%q’fi o fﬂszﬁr gagplPk_%/ %&%ﬁt}bl e into the

parent conpoun are o use cause, in sone

si tuations, theyem'azyzntmoleaMZeiS(L d)63adﬁ'ﬁ andfoassot kal., V. Hiéecbéwemzownﬁound. They
may, for inst agﬁﬁ 8§e bi oavai | abl e by oral adm ni stration whereas the
parent conpoun g The prodrug may al so have enhanced solubility in
phar maceut i cal [©03gjosi Theotasn tjthﬁapemﬁeﬂlgacmptablebrqundthosé cpmpdlmdg(dray be

converted into the rent vari o rrech ni. Ss enzyrratl c
processes and rfélp%iﬁ’gq S’h’?‘g ?@s%(xémer@é’é Spgtf%“igf%‘ga? sé‘érﬁfl geg Resear ch
1962, 4, 221- Z%ntabhﬁiﬂﬂhb\hﬁdﬂeﬂfqiatleﬂtmmaﬁls txgBssofe tBiiciph afitEos utlergl

Pro ertles t hrough Prodrugs and Anal o " Roch d, Pharm Sci.
1977: " Bi or ever EHOrE. BUPYREPECHY, 2 TRy gﬁﬁﬂnab%r&m Hsk g,

Application,™ %ah&&ﬁcmvmeﬂﬁmde&ﬁgum Sci. 1987; "Desi gn of Pr odrugs,"
Bundgaar d, El seyj er, Curr. Pharm DeS|

2% &8

265- 287, Paul etlP?40dt e terﬂuwhgtﬁaﬁamceibf JegRsPleeaprier gghe Cfutl 256 M zen
et al., Pharm a&égia%@bxcﬂ;ﬂegﬁ” “ph%swl%éﬁal%%ce;%l@&ﬁh@rt” o@t‘p}@klologl%ﬁﬂiﬁt Med.
ra

Chem 1996, 671 96; Asgharnejad in nsport Processes in Pharnaceuti cal
Systems, " Ani déhcetablg exmpEat rt%ép]‘ar@éﬁkléi;al lyjagecpiable mateyind: Bal ant et al .

Eur. J. Drug MbaBesift (hﬁf)m% B&%h-as 2990id of SolidlfiBr, WueBalxLiBRAL s@sht, Si nko,
Adv. Drug Delivery Rev.
or encapsulating material. Each component must be “pharmaceutically acceptable”

in the sense of being compatible with the other ingredients of a pharmaceutical
formulation. It must also be suitable for use in contact with the tissue or organ of
humans and animals without excessive toxicity, irritation, allergic response,
immunogenecity, or other problems or complications, commensurate with a
reasonable benefit/risk ratio. See, Remington: The Science and Practice of
Pharmacy, 21st Edition; Lippincott Williams & Wilkins: Philadelphia, PA, 2005;
Handbook of Pharmaceutical Excipients, 5th Edition; Rowe et al., Eds., The
Pharmaceutical Press and the American Pharmaceutical Association: 2005; and
Handbook of Pharmaceutical Additives, 3rd Edition; Ash and Ash Eds., Gower
Publishing Company: 2007; Pharmaceutical Preformulation and Formulation,
Gibson Ed., CRC Press LLC: Boca Raton, FL, 2004).

t” (13

[0041] The terms “active ingredient,” “active compound,” and “active
substance” refer to a compound, which is administered, alone or in combination
with one or more pharmaceutically acceptable excipients or carriers, to a subject for

treating, preventing, or ameliorating one or more symptoms of a disorder.
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1999, 39, 183-209; Browne, din. Neuropharmacol. 1997, 20, 1-12; Bundgaard,
Arch. Pharm Chem 1979, 86, 1-39; Bundgaard, Controlled Drug Delivery
1987, 17, wiven@6zsoBundgaard, Adv. Drug Delivery Rev. 199%T1/8$2009/@&%692

Fl ei sher et al., Adv. Drug Delivery Rev. 1996, 19, 115-130; Fleisher et
al ., Methods Enzynol. 1985, 112, 11 360-381; Farquhar et al., J. Pharm
Sci. 1983, 72, 324-325; Freeman et al., J. Chem Soc., Chem Comun. 1991,
875-877; Friis god2Bundgaafss «da.” “tﬂeraﬂ%hﬁé $BentSCdnd 49 thapedtf 5> GANGWAr
et al., Des. Biopharm Prop. Prodrugs Anal ogs, 1977, 409-421; t hwani and
Wood, Drugs 199%ferdsa cgwmugd or sphrEBayical cemmasiior diereokdyhiciosug Del i very
Rev. 1996, 19, gfhliniibrd t§5§1!1tljé%:t ?{;r@rjeatmg Hé%tlﬂgq%ﬁamgl%ratf}é%ng grmd@n et al.
Adv. Drug Delivery Rev. 1999, 39, 151; | or, Adv. "Drug Delivery Rev.
1996, 19, 131- 1wptqms@ratdlmdeand Bor char dt, Drug Di scovery Today 1997, 2,

148- 155; Webe Kna val | er
etal., Br. fmgg]Pha?ﬁn?atf‘ffbfﬁi 5?@ L%gt%h%g\;%%ﬁ[%%%q]g%e%f lﬁpggv&ﬁgs

di scl osed herelpﬂmm’i figxtiet lsa@mpﬂnér‘dapdurtatlmmrlmacaoﬁemamfehmht/e; The term
"t herapeutical l re I nt.s _salts or
Switterionio fo%{rrt%%&g g%{ %Pel c?osﬁ% rnaasa%mﬁ)safeg S“te]% éoﬂ%nﬁgﬁ) l?rﬁﬁx (Elate re%

t her apeuti cal | ydamegedptnabl e as defi ned here| n. The sal ts can be pr epar ed
during the fin j sol 1.on and r|f|c eparately
by reacting thjogalgr og{r]?a réncné’ngg ﬁedcon?r? m%eXCLﬁl? bTe ergé)) 4 ‘%?‘Plem WSS

base. Ther apeut i prahdry ﬁmcmﬁpdoahalt enchdk hdifpia tdelumtibal oaplebchd sdleasactthd i on
salts. For a moy.e coggtl dl%ﬁi $ef;‘iafon of th §gre aration an d se(i{ectlon of
salts, refer td ™l BPHRCEL ] CRPASAY %PB%%IP?% JEMeH Use,

St ah and Wer I’fUtrh],eadEdloS'«fgethﬁy VCH and VHCA, Zuri ch 2002) and Ber ge et al.,

J. Pharm ScL 66, 1-19, 047] t abl e ac se i.n

preparati on of gﬁ%ﬂ mac Bt PEn P %&fg Séﬁ?éo@%ﬁ?“?gg‘ﬂ‘i&?‘ﬁ’agenvﬁﬁ‘f‘e %frﬂee not
linited to, acebipoasid disdlogeddietdi ﬂfdlﬁf‘e@ﬂlﬂ}cco&%ﬂbleaxﬁy tRtpReneenpouRei ds,

adi pic acid, al.ginic_acjid, ascorbic acr d, OB@?rtr [ acr d, benzenesul fonr c

aci d, benzoic aABIEO Rrodeuss At UiShdsYibecanss, éPS sitpatioas, dhey(may. becatitior i ¢

aci d, canphor sub h@finfsten@iadl the(phtent doMpouadPTIR:yndY; fod ﬁrfs&ﬁbé? b@biofvaile@Pby C aci d,
caproic acid, caprylic acid, cinnamc acid, Ctric acid, cyclamc acid,

cycl ohexanesul fo&HREmIistationwheseas|the tarent pempaund is nof. nEHeeradrog wR¥ albe oni ¢ aci d,
et hanesul f oni ¢ naed hhareeDYSLONY-i8 bharasktitoobspRaiots of L fareaci d, fumaric
acid, galactaric acid, gentisic acid, glucoheptonic acid, D gluconic acid,
D- gl ucuroni ¢ aéP@pPOYs gﬂﬁfaﬁué%rbﬂcogﬁﬁ%bm@th% B daess by, vagipysc ol c acr d,

hi ppuric acid, nméﬂz[n%%sofﬁhﬁxd %eﬂzyn@flg'i)%@és@sr dnfl riddlic Wdil&?élé)%e%

(+)-L-lactic acrd - ic acid, lactobionic acid auric ac d° mal e
acid, (-)-L- rrall’r@gramermK@mréh 196244, 21250 Maredewich eta&'lrld“Dn%gm@nesul f oni c

acid, napht haI hmg&tggﬂ 1& thﬁamgagljuggr}%d}?@% Eiow{wir c aci d orotic

1- hydroxy 2- napht hoi ¢ acid, nicotinic acl
aci d, oxalic adicad. PhaimniSei. 98T Hlorqyamhlq:cauma in EmgohIDmmg Besagn, aheorjphosphori c

actd, L-pyr ool yh AR} iRl RSAEHIA W AR, PRA SY! 143705 dignram Nosal i cylic

acid, sebacic acrgb&stear’ ic acid, succini¢ acird, sulfuric®acid, tannic
acid, (+)- L-t&radargst Pawilghard, RisociyahP&S; A¢ing eteri wrmé’hmulDfeagm ¢9%c5d

undecyl et o achilaPaBhLLE 5. AT M P PaSER RS 1 1

limted to, i thoyamBﬁotMsw,S $1u6h5-a65 r@@m&lt etral. hyaieo MedeCheeali896)671-

hydr oxi de, pot ium hydr xr“ r Ox S m hydr o |de and
o)r/gani c basgs, g%géﬁglé@% ?Vhs ﬂ%%?’ n %@Piﬂrﬁwa?g )a/{g
zgl [ phaLr c andharr M@Mﬁceﬂl@é‘lﬁ@r 13512184(100(1; Ha}aaf@ianlirelJ@agmamm neh |

enzat hine, ¢ i ne, dea ie nol am ne am ne, di net am ne,
di propyl am ne, rf"é’6‘bl‘? }gé?n]g 132% @PW”&%‘&? y@‘t Rawghel “’éﬂr’féﬁ%l am ne,
et hyl am ne, et tad%gredemmamwﬁ@mmm@@mmaw nBYNV; B BERARURR,
hydr abam ne, 1H i m dazol e nor phol i ne

ey b

4- ( 2- hydroxyetﬁ’gfﬁ ?ﬁﬂ”ﬁh@‘i’”ﬁé” Bunegaant. SopirelladeDruginstivery 198,
propyl am ne, pys 110408 B\gdgdard, 24N Y0F W&@M@ev PG, 8) 1-68; BuishBY Lt aﬂ'fﬂﬁ)

qui nucl i di ne, quinoline, Tsoquinoline, secondary am nés, triethanol am ne,
trimet hyl am neDmgrlPQiltVWI@mlr? 6, M4, bt h%ﬂ Fivishienrs alvi Methods Enzymol. 1985, 112,

2- am no- 2- (hydroxynet hyl ) -1, 3- propanedi ol , and tronet ham ne. [0049] Wil e
it may be possible for the conpounds of the subject invention to




be adm nistered as the raw chemical, it is also possible to present them as
a pharnmaceutical conposition. Accordl ngly, provided herein are

phar maceuwccamlio/ezsososi ti ons whi ch conprise one or nore GfCTES260/05562MPOUNdS
di scl osed herein, or one or nore pharmaceutically acceptable salts,
prodrugs, or sol vat es thereof, together with one or nore phar rraceuti cally
acceptable carriers thereof and optionally one or nore other therapeutic

i ngredients. Progesgifes aatamnmszaﬁl@m@ndm 7o R 3bherrEmingt af, J. Chem.
adni ni stration chosen. wel | - known t echni ues, carriers, and

excipi ents may S&-(d€d- Q@m@lﬂ’? t1§%1 §7%rﬁd7 5§“W€§“§4 W fHdagpeSeie g, in

Rem ngton's Phaimcmbtﬁabal%&a@epﬁsfaﬁ B pRORL. TRGE B LS A?MH&Q%W? ons
di scl osed herein nmay be manutfactured In any manner known in the art, e.g.,

by neans of con‘%’né! loNaﬂthlwinﬁéVOOdn @@6F\Jf?9$g45 goerfth Helahgbu @ﬂé@e‘éﬂeﬁakl ng,
| evi gating, emis é‘Beln%@Hf‘é%Sw%tld‘Qﬂ S 'S?eﬁﬁ’lsm Plugs 98, 05345913

processes. The p ar maceut | conpositions may al so b€ forrnulated as a
nmodi fi ed rel eas€andshgbivi Brug Délimerly Bav.1§9%ePalidels ] ; Ealandda DrugoPeivenrged- ,

sustained-, pul 531 jddy 19, G948 N £ino ARCS 3 Hr %}S’coté?%wa t1§§9%t ed-,

pr ogr amed- r el ease, ahd’gastri’c retention dosage forns osage f or ns
can be prepar edl@emrwimandmmvém DowgDelivetyats1998039, 628MnWellee st dnown to
those skilled i a e The Sci ence and Practice of

Phar macy, supr aﬁ rébh% P%d(”ﬁ ﬁegggeﬁuﬁ%%l i ver Technol ogy, Rathbone et al.,
Eds., Drugs ando0o4#d tha‘lnerm@uumdsalﬁscﬁseddrem caubxeds thekpeatically acceptablew Yor Kk,
N, 2002 ol RO Tl B S O SR AL S PR OB
“intravenous, i nztmaaidntocfahmofthaaxcbrﬂpptmcanﬁdlmbédareyan which a&pﬁefraﬁepﬁmb/
transrrucosal tran ct al d to i ncl udi buccal ,
subl i ngual and aicﬁefp?ag’gec%aéﬁp‘)‘edimlﬁl% Fa:ﬂSl ffﬁgf‘&jg#’r‘"flﬁ@%ﬁg‘é n@ﬁl‘lﬁ({nabl e route
nmay depend uporanfl @urifeediop betht b@np?dmlﬁds &rlse;buraagl bliraofitiethe efprégrater eci pi ent .

e Compost Lo Bty OB Sl O PLGRERC A1 MLl B L mnd o

Typi cal |y, thesgdbedibedsidnnekd)dor b A rSERpIaE dibddssigh 8Os plefarainaaiiat i on a
conmpound of the subject .invention og(ya phar maceut i cak? salt prodrug, or

sol vat e t her eofseleetiqurqfyalis; redr &y Teandbgok gt Pharpraeeutics Salts. Prgpettes. @B 5se-( ut es
one or nore aCC&&ﬁQxHWélﬂﬁE}E@Ue@Wﬂey WVOHoaReVRCA, Zlhi%hcmmpéﬁidtBe@nget ar.er

prepared by uniform u%/ and intimately bringing into association the active
i ngredi ent” wi t HAerguicd 1888009 0r finely divided solid carriers or both

and then, if negesgar YsuighaRbiagrot i& lﬁmciy@aardueﬁ efﬁﬂaan&eﬁﬁaaﬁg acfc@pt%l!e ation.
[0051] Fornul ations of the conpounds disclosed herein suitab for oral

adnmi ni strat i on Syingladg, buieerde dmisd &), seqticpeldyhi-dishlomearetieacidapyiateds, cachet s
or tablets eachnfaiaididifc foibl ik S et RTBHN aflurddiRigaCt i Ve | nOr edi ent;
as a powder or granul es; ution or a suspension in an aqueous I|qU|d
or a non- aqueo@gnzen@ﬁulfdmc e¢ld a*@n%mc oiid, dragetamidoberizoigucid, arislagidothor a

wat er -i n-oil S esent ed
as a bol us, eI ect gorr%rggird %a h&éﬁ%@@% %har ggﬁ?‘?@éﬂ?ﬁ“@‘glaf%%‘?gﬂ’%mi ch can
be used oral | y apidctaptidc acab cenrslic ik kinhamicagidsdiirssicidackslasfic gad.at i n, as wel |
as soft, seale f [ ch as

gl ycer oI or sorq‘pﬁ@g‘%%%g%@?gcﬁadfggég%ﬁﬁ%fgre@%% %tg%lpeﬁggsd:}%ﬁg%? a@r@l di ng,
optionally w t kthensulfonicrmié 2dodesyathanesutfordiaant formiCooy femsedadidbl et s may

be prepared by I.eSS in a.sujtable machine.the. acti Ne in redl ent in a
Freo i1 ow ng t 8B R, 0 ik o ep Pularidl By ebfisAEHy ¥ Enddh® th
bi nders, i nert a¢itd) LighitBnic a¢id) aibxd- glatarxagcxd%hydoacecladﬁppuac eanddl spersi ng

mxture of ¢ he BORMEILALL ATORO A BRUGITH e AEPE O | uent

The tablets rrayacﬁ@adl@nahéworh@amd qaaicadldomalembﬂd( PDdndiRYcidemblonidutial ed so
as to provide slow or caontroll ed rel ease of t actl veuatlﬁngredl ent therein.

Al formul ati of9-TPloimagdelic aaﬂlmnﬁihe%qsalﬁ?%a%aa@ 85366 suitabl e for
such admi ni str a4iaiendNS-Bkalmid deid M HoRP-2GR tﬁaehau MiddMRicaRldl Nific
ingredients in adm xture with filleéer Such as [actose, binders such as

st arches, and/ &gid|alge ﬁ@@\rﬂf@tlcsaﬁlﬂﬁ oxalicragidcpabmiticngideranme atid emshlorie Acid,
optionally, stabilizers. In soft capsulez t he active conpounds may be

di ssol ved or suspended in suitable Iiqui ¢ such as fatty oils, liquid
paraffin, or liquid polyethylene glycols. In addition, stabilizers may be
added. Dragee cores are provided with suitable coatings. For this purpose,
concentrated sugar solutions may be used, which may optionally contain gum
arabic, talc, polyvinyl pyrrolidone, carbopol gel, polyethylene glycol,
and/or t|tan|un1d|OX|de Iacquer solutlons and SU|tabIe organlc solvents

o, ~ i1 rr e o - M .



agents such as suspendi ng, stabilizing and/or dispersing agents. The
formul ati ons may be presented in unit-dose or nmulti-dose containers, for

exanpl e se&wdeddomsgoosil es and vials, and may be stored in pongdeiood/edsga0or in a
freeze-dried (lyophilized) condition requiring only the addition of the
sterile liquid carrier, for exanple, saline or sterile pyrogen-free water,

i mredi ately prior to use. Extenporaneous injection solutions and

suspensi ons My ph&pRERARIIEH-ghy FRMMithiS hlill SaRAWAISIR, sEHHUASS 4adnd.abl et s of
t he kind previ ogsl g.descrl bepfgi].d% 00514] Flor ?rul at i gnssf S?Ipar ént erlzﬁ

adni ni strati on pHiEYiRReihehesiogcidriteariopeid anerinieecid, shllyric asidetennie agidj @t i on
sol utions of the. Al YeidcATROMICRIGldtr ARAER! AMMLAKIARRRS,  buTer s,
ch ren e atl o

bacteriostats and solutes wh er t ormu rsotordic with the
bl ood of the invdeideatid eci pi ent; and aqueous and non-aqueous sterile

‘suspensi ons whi y | i hi.ckeni ng agents.
Suitable Ii pophmaiél?:jasOFE%%)%ble Sﬁg%qgﬁﬁ?gﬁtggpli%ﬁ%%o eO%E g% ﬂc%ﬁtlfégiysag%ﬁ?%ige sesane
oi |, or synt het sats fincluding birchog §tméted to, Buargania bases, hydh sineghesivon hydrogliajcer i des,

or |iposones. A njaction.suspensi.ons ey cantai n.subst ances whi ch

i ncrease the vi gagcg'gr#?l ?f‘l‘lmggﬁgtpﬁéss%lﬁnsi pg(%g’f 14 Zing &X%Oﬁlge’soéa?‘ﬂwE‘ﬁ?ﬁr%‘é?fr?ﬁ\flmyI

cel l ul ose, sor borgalic bayes, dechtas arimaPpidacardatyl, yertidry) and yeqpansy Giliphaié aall SO
contain suitabl e %%acbag Iii zers gr igeni ) vgﬂ Ctp i.ncrbeasggt he slol upility of the
conpounds to al FORAT T PR NSFERE AT EBe ot nrhyRIns, bERHERG Faglwe <8Rk i ons.

[ 0055] I n addi t i disthimldnhiae, idisthldnsihé, @ivbetRisbint, igstoRain e Uisdprogyienie®rpounds
may al so be fornul.ated as d t preparatjon. Such |ong acting

fornul ati ons ma Ieg’é’tlaélaﬂ? heiﬂgﬁng‘?gtga ni“ﬁ?)le%la&’t“?eoﬁé{{’lﬁﬁ‘?d“’égé‘ﬁpl e

subcut aneousl y iespropylangifit) NCthkakl-yhicadkind) Yy dribanane) s Huibiddazbe) BGfsingn. Thus, for

exanpl e, the conpounds be fornmulated with suitable polyneric, or
hydr ophobi ¢ nat'r!ggripg‘ir’]?e(mhyé&%iﬁﬁhggé‘?‘@??héﬁlﬂeé}iy&?“% PHTIdIRE PRI 0i | ) or

i on exchange r gsbpigamias, pifoSdad, 100hydiS I liivatgy¥igme, JudfucBiadpl e, as a
sparingly soluble salt. p?0056] For %ccg&?f%ﬁ i nguﬂgl adnﬁI niugt ration, the

conposi ti ons neElMOARE itoqRinplientespndeuaings, tricdippoigfame, thmsthylamize, or gel s

formul ated in apaupBhineRmdARMIRENCAGE 2CONRASih @OS Ty NCOFPT i e the
active ingredient I1n_ a flavored basis such as sucrose and acacia or

tragacanth. [00’5@13]3%010%%?&@% al so be formulated in rectal o
conposi tions sygiuoRs WHRPRRaY 88 b&SibR fof Bk 85h &ﬂd§mﬁ@%1b§/eg’% %;efntigﬁ)ﬂ)t al ni ng

conventional suppository baseS such as cocoa butter, p ene gl ycol,
or other gl ycerbead@inigerehs tpravghamicehjidusiemspassibletopissenhtemianamay be
adm ni stered t QpheakdNicaltcB@bodiSoYA. - i %.g;'] i i on. This
i ncl udes the ag)pl I catilg%l of b%lcoqfrpoégg@n%@éﬁg]sag%ﬁ er glhs Hélx Aé:rg%qza *y to the
epi derm s or tlgempesatecad whiphicognpesedone loe moresafickitan conpavhdsdisdiosed baepound i nt o

the bl ood <t r eant g oS ilmp i RlicA D ScRARBAIN, BRA%eNON LA bbEgro L o

i ntravenous, i tagethpewith orealmanghirmeceaticrly ab@ptabiiwhmicst thatdfand
optionally one or more other therapeutic ingredients. Proper formulation is
dependent upon the route of administration chosen. Any of the well-known
techniques, carriers, and excipients may be used as suitable and as understood in the
art; e.g., in Remington’s Pharmaceutical Sciences. The pharmaceutical
compositions disclosed herein may be manufactured in any manner known in the
art, e.g., by means of conventional mixing, dissolving, granulating, dragee-making,
levigating, emulsifying, encapsulating, entrapping or compression processes. The
pharmaceutical compositions may also be formulated as a modified release dosage
form, including delayed-, extended-, prolonged-, sustained-, pulsatile-, controlled-,

accelerated- and fast-, targeted-, programmed-release, and gastric retention dosage

forms. These dosage forms can be prepared according to conventional methods and
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[ 0059] Fornul ations suitable for topical admnistration include liquid or
sem - liquid preparations suitable for penetration through the skin to the
site of i w0 zorwadsoon such as gels, lininents, |otions, QE@O0PIBEIFENLS Or
pastes, and drops suitable for admnistration to the eye, ear or nose.

[ 0060] For adm nistration by inhalation, conpounds nmay be delivered from an
i nsufflator, nebulizer pressurized packs or other conveni ent neans of
delivering an agtRSQles &R0 1R SGHEd i3 b RASHS ROBM BRI Is88n& Hii t abl e
propel  ant such as dichl orodifl uoronet hane, trichl orofl uoronet hane,

di chl or ot et r af | fiticea HThemasuroBon; HpdfiediBelerse By rePeldiar Tehh@ogias. 1 n the
case Of a presSRinES LAl 830! DbOmdIRS PR hcRYeE MBLATHIRET Y
providing a valve to ge Iver a metered anount. ternatively, for

admi ni strati on NywiYeha™Nat,i2002;0foLildguf f | ati on, the conmpounds according to
the invention ake .m. of - r os] Li.on, . for.exanple a
powder m x of F@ésgom%&nﬁ@fﬁg Hgl%slﬁl&tl%ﬁ (ésggomggrf&g%glé&g%dé%&a% ¢ éi(I: ose or
starch. The powsbcutosowo sitidearmalrayraligsquiagsetreavenbus nntrirticuthosade form in for

exanpl e, capsul [ .gelatin or blister cks. .from which the
powder may be a@rﬁnamn‘lg@glé&}égﬁﬁ?rﬁtgﬁﬁgtﬁgfl%n ol Sa{lﬁiﬁraflsn %’{19 ag’trg?%alc?f}glmr%ctﬁ‘} f1ator.
[ 0061] Pr ef er r ed(inchidingdipsag cbccal paubiguelnmd arteot i admtiointrationialttowsh tef f ect i ve

dose, as herein_belo ecited, .or an appropriate fraction. thereof,,. of the
active ingredi elﬁ?s.% ST%{B%ﬁf%ﬁ%%ﬂ?&ggﬁﬁvpﬁée’gﬂ’ﬁﬁeﬁﬁ%@@gg nS’P%ﬁthF?fd%rrOf\t}}ea
injection at a rdpentoThd compobitidnst roaybddavanignkig bﬁ)ﬁfescdlmgl.in Iﬁed@t@g@fﬁhﬁlﬁfg& for f
adult humans is neral ly .from ng..tq 2 day.. Tabl ets. or other forns o
presentation pr%%lletifé’&eqaﬁéé&ysagy8f§eﬁf%ﬂogsWﬁ@“%%%\/‘@meeaﬁttquh%‘mf%i n an anount
of one or nore TpiGaNuNEse wihobs molu@d the step Uﬂorgigir@mtb agtggiag@ momrﬁd mul ti plj e
of the same, for,.insfance, units gontain|n to , usual l'y aroun
10 ng to 200 _ngo.m[e(?@ gjtmvgng%%ﬁp ‘fmaéﬁ‘{t}cﬁlgy ?aﬁggr@@i“%’rﬂr S?lfrir%? thﬁﬁ‘)?fbe conbi ned
Wi th the carri gractied Bpiedlest"S Wit thHeueier Rhish BEHsEuEO SAOS th&t Brodkdoly vary
dependi ng upon .t he host treated and the particul ar node of adm nistration.

[ 0064] The conpdUABEcHS NN SENSE A FUPRISEINS fePEPRist 8y niidumly @ndgntimsptgly| v

bringing into association the active ingredient with liquid carriers or finely divided

solid carriers or both and then, if necessary, shaping the product into the desired
formulation.

[0051] Formulations of the compounds disclosed herein suitable for oral
administration may be presented as discrete units such as cépsules, cachets or
tablets each containing a predetermined amount of the active ingredient; as a
powder or granules; as a solution or a suspension in an aqueous liquid or a non-
aqueous liquid; or as an oil-in-water liquid emulsion or a water-in-oil liquid
emulsion. The active ingredient may also be presented as a bolus, electuary or
paste.

[0052] Pharmaceutical preparations which can be used orally include tablets,
push-fit capsules made of gelatin, as well as soft, sealed capsules made of gelatin
and a plasticizer, such as glycerol or sorbitol. Tablets may be made by compression
or molding, optionally with one or more accessory ingredients. Compressed tablets
may be prepared by compressing in a suitable machine the active ingredient in a
free-flowing form such as a powder or granules, optionally mixed with binders,
inert diluents, or lubricating, surface active or dispersing agents. Molded tablets
may be made by molding in a suitable machine a mixture of the powdered

compound moistened with an inert liquid diluent. The tablets may optionally be
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topically, or by injection. The precise anount of conpound adm nistered to
a patient will be the responsibility of the attendant physician. The

speci fi c dasmib/easels for any particular patient wll depech/usom@syariety
of factors including the activity of the specific conpound enpl oyed, the
age, body wei ght, general health, sex, diets, tinme of adm nistration,
route of adm nistration, rate of excretion, drug conbination, the precise

di sorder being &da%&ﬁﬁbor@fﬂdtrﬁh‘? bS N Bulated s@fas {hBoHiSQHeF cotﬁ%f‘tgi elegat ed.
Al so, the route of adm nistration may vary depending on the disorder and

its severity. [90ksidtive ingeedicatibesgive rAé f?”f“ﬁ@m@&tfqr orl administration baulddes not
i nprove, upon t{e,doet Qitafe @t?r%ﬁéheidnf?ﬂstfalﬁgn agid s ?%’E‘g& d&fl bitgi 8919&{“’ ounds

may be admi nistered "chronica for "an ex erio tinme,
i ncl udi ng t hr oudpHiBEIingtedisnt im admigfurowity ﬁ]éerpacth ag factase, Ihnfd@rswnclmsc*arcfte&

anel iorate or %?% 20 ept's

di sorder. /r gdzngam m“]}?}Sﬁgooé%g%eégghﬁﬁg%gﬁd%@f?%gaQﬁb éer% eil}ln t he
patient's st at unftdepwiles the aviee cmmmmndmasdbmdlssplvsd ocusenddd ionuitdbie

adm ni stration h usI enporarily
suspended for :J?“é&rst%?‘?]meg ﬁssh?r{‘ﬁgpgrgf i’Or lqu?(ﬁmtlyc?r enﬁg?g'l glgyﬁ} [0067] Once
i nprovenent of ddhmop,asttabdrwtssnaydmdddiedoeragmsonas:maproezmﬂedantﬁmumm}ance dose is
adm ni ot rat i on, “BEoEH NEARTRSS PUGTLEEd e% SRR b ot R S e, o
a level at whi odptibxhvélywnmam\gedl aﬂilﬂ@nalcFIpOIySmyEﬁ}&lloﬁéﬁhe &alidpenges, can, however]c
require interm:t t treatment. on, a.long-term basi on any .recurr.ence o
synpt ons. [OOGEﬂB {8 é@ ﬂe?né]{% tléaﬁlglnh‘é'gﬁgﬁéac@erts?@ﬁ? de?HY‘ri‘brlr‘?‘r‘Bfﬁ%mC
functi on- nmedi atsefests sO3othent mﬁlﬁnésj S])y’&gtuﬁfdm MEséRy mbgbd Aldad suhd @Bltshavi ng or
suspected to have such a

r ath era eut | |y effective ampunt of a
conpound as d| ?%gg%tlﬂ%srfgf ‘rﬁlelﬂ)tf Céﬁ‘ﬂh%frt q”&%ﬁ%{? %&%‘Eﬁ‘%ﬁﬁ‘lo%s offctive
sol vate, or predmguidriessof .

[0053] The compounds may be formulated for parenteral administration by

injection, e.g., by bolus injection or continuous infusion. Formulations for injection
may be presented in unit dosage form, e.g., in ampoules or in multi-dose containers,
with an added preservative. The compositions may take such forms as suspensions,
solutions or emulsions in oily or aqueoué vehicles, and may contain formulatory
agerits such as suspending, stabilizing and/or dispersing agents. The formulations
may be presented in unit-dose or multi-dose containers, for example sealed
ampoules and vials, and may be stored in powder form or in a freeze-dried
(Iyophilized) condition requiring only the addition of the sterile liquid carrier, for
example, saline or sterile pyrogen-free water, immediately prior to use.
Extemporaneous injection solutions and suspensions may be prepared from sterile
powders, granules and tablets of the kind previously described.

[0054] Formulations for parenteral administration include aqueous and non-
aqueous (oily) sterile injection solutions of the active compounds which may
contain antioxidants, buffers, bacteriostats and solutes which render the formulation
isotonic with the blood of the intended recipient; and aqueous and non-aqueous
sterile suspensions which may include suspending agents and thickening agents.
Suitable lipophilic solvents or vehicles include fatty oils such as sesame oil, or
synthetic fatty acid esters, such as ethyl oleate or triglycerides, or liposomes.

Aqueous injection suspensions may contain substances which increase the viscosity
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[ 0069] | mmune function-nedi ated di sorders, include, but are not limted to,
mul tiple sclerosis and autoi mmune di sorders, and/or any di sorder which can
| essened, V) 20028081, or prevented by adm nistering a i nramesfouscsscen
nodul ator. [0070]In certain enbodi nents, a nethod of treating a inmune
function- nedi ated di sorder conprises admnistering to the subject a
therapeutically effective amount of a conpound of as disclosed herein, or a
phar maceut i cal | yf f6 e@péidhesusihd sodBal Ry methy IREREb44Ts i &R TlextsA, @S to
affect: (1) decreased inter-individual variation in plasma |evels of the
conpound or a nEPHYBIYtRe fusRusign may 250 pontsip suitellesiabiliagrs opresstiavhidvel s of

t he coMpound or; q ASiBs t tabolite
of the conpound r%%ﬁedgiﬁgle@ﬁ?f?@f% decrdeogggéé??lﬁﬁ?@%ﬁrﬁﬁﬁgf ?%glr‘(gfor

met abol i sm by afoncemgtedsplatienst ochr one P450 or nonoani ne oxi dase i soformin
the subject; (4 cre . i I

pol ynor phi cal | ygoggﬁr esgltsa g%%@ﬁ??@%ﬁ%@ Ql%é%-i‘b g@?nlteylnﬂsﬁ%éhescl?&lpggﬁs (5) at

| east one st at i B8y 2lad bg/fosgatied pcadrpbiprepaatione Guai lsng abéing Gomiutlatibnsanay/ or

di sorder-eradi cat] : i, &l [ i nigal effect ry ng the
treat ment of thlzet %@g%lr g%?;% %lglarg?t}eo\?g(g%rieg%ﬁ@%{&(rii)gg%éeg l‘éﬁ@%{ 1‘?1{6?15%58}1%5@0]:

decl i ne or appeertanstmuwéulatnectoal Thils, ferkanple,dhe dvepatinds npgrtenmet ers as t he
primary clinic |k reductio r.elimnation of del eterious
changes in anya%g Fg‘gﬁtg‘iﬁ% S‘%Eeagfaeg%)g’inﬁngrof/h’fd&lqu’tolblgrrlnaéeﬁl gsélkoﬁt%%m%% %Bhpared to
t he corr espondi amgulsioniniapatapiablaldily oinn exdhetkeaesigpoord spdrid@Fisplublecer t ai n
enbodi nents, | n(}e%%tgvrégif(\a/rieg(ul%ll vaari at ll}%zy i g [i)l a§ma | evel s of the conpounds
as di scl osed herein, or netapst PRt rsé”'i‘b,e%a " decreased; average plasm
| evel s of the d00§6)undFasuctiabelsobleguiladimstarion, iltcoanssdonsansraganh! asma

| evel s of a net boléttﬁ1 of. the con‘Bﬁund aﬁs,tdi ngI o(isj.ed herei n_are decreased,

i nhi bition of d°dyPHEYFHRZBaSePHH It IREERPHRLanYSEPB! BB a compound
as discl osed hedueh borhsosilieas @ageshpride tHRkaRohgBdemlin & levaehROMRGES

di scl osed herein by at | east one | ynor phi cal | y-expressed cyt ochrone P450
isoformis dechB%fg%ecﬁndBfﬁcﬁr(EérFEﬂca{‘)tﬁan about 5% greater than about 10%

greater than aljoest7] 20%he@oRpbKs iR alsabe WrmaRlal i9feat &mpobiatnRents 40% or
by greater than about.50% as conpared to the corresponding non-isotopically

enri ched conpodARPOSTRIISY 9] efeRtoReIeRpR (e  SPURRELCORHHAR SEPDEYIORT Bsesd her ei n,

or net abol it es shdieisRéoa bIBr, Ry dABASH Bftol o Blled M eBIh0ds described by Li
et al. Rapid Copgmunications in Mass ectronetry 2005, 19, 1943-1950;

Sennbro, et al [90Rhpi ¢eeigimsampeunds éiﬁ%lg?eﬁ hggeinsmapbeadminipered toady. thg( 22) |

3313-3318; Edmgypy Iﬁﬁz-s%temic:la‘aﬂﬂhﬂﬁfatigﬁ._’I%iﬁ&ﬁ&é@gﬁ@éﬁgﬂcaﬁ&i oﬁnédrs/ﬁohﬁ@'
Technol ogies in the Bionedical and Life Sciences 2003, 785(2); and any
ref erences ci t diclosrdrherein eyiematiydp theeridenmnis onthe bugchkqastsf and thosilltanpl es of

cytochronme P45Q¢} i ; |4 | i not
Y ea re. eyar iR ebBalnd ifto HREIR bl &Mhd3tR, S i rpaytoc Q08 101
CYP2C9, CYP2C18ignifiyppigroter thybiog str@vRaE¢ont@yPEmicCRigigtratioy BRIRE to CYP2S1,
CYP3A4, CYP3A5 3ASPT. Y AA1]. . CYPABL, CYPAF2,
CYP4F3. CYPAFS ,Orag‘gm:l 101“é%@%@%&@&@%&?&}%ﬁé%&% CYP7Al, CYP7BL,
CYPSAL, CYPSBL[006%P1 Famulgivey siiableGYROMiBH ad@iitAiorOYEEe i@PalsemGYP24,
CYP26AL, CYP2 6§&uid S%BngﬁAgns s&¥£%7f§}pen%¥§%%’thrgl\1{ h4t§e sﬁrrll go t%( spi§eldf

inflammation such as gels, liniments, lotions, creams, ointments or pastes, and

drops suitable for administration to the eye, ear or nose.

[0060] For administration by inhalation, compounds may be delivered from an
insufflator, nebulizer pressurized packs or other convenient means of delivering an
aerosol spray. Pressurized packs may comprise a suitable propellant such as
dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon
dioxide or other suitable gas. In the case of a pressurized aerosol, the dosage unit

may be determined by providing a valve to deliver a metered amount.
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[ 0074] Exanpl es of nonoam ne oxi dase isoforns in a mamual i an subj ect

i nclude, but are not limted to, MAOA, and MAOB. [0075] The inhibition of

t he cyt ocwoproa0/028805 | sof ormis nmeasured by the nmethod ofPdipusbomisses2Briti sh
Journal of dinical Pharmacol ogy, 2000, 49, 343-351 The inhibition of the
MAQA isoformis neasured by the nmethod of Weyler et al., Biol Chem 1985,
260, 13199-13207. The inhibition of the MAOB isoformis neasured by the.

met hod of Uebel hﬁ&hatevtelyaror alRRRiFRESHOSYisdlatoh Yor insuffi@8h, thd3tomp&ufrds 192.
[0076] Exanpl es of poly phi cal | y-expressed c t ochrome P450 jsoforns in a

mammal i an subj e®40y Hkgﬂ%@m\@av%%m the formyaf @ dpppovedepeagposiivpAen  cyp2clo,
and CYP2D6. Mﬁ%wa%&%ﬁﬁ%fki%%ema% s{l%YJﬂoWa%r BRE akalal &cﬁgé lvities

of liver mcrosones, gt ochrone P450 i sof or ns, nonoam ne oxi dase
i sof orms are meistardd Thypavder ATIRSHioN ey be pwé@t%nenmdoqa@@fmpméml es of

i mproved di sor dé%(amg%ncgar Qe r@g% ﬁ{nd(ﬁrbhgt&ﬁ;gib%saﬁ Eﬂ@}?e%o'%d%{ mfly

i nproved clinical feCts inc Je, “but are n cunul at1 ve
nunmber of acti v@ddésﬁlﬁn@dw@mheaﬁldmn@wormmhﬁhIWe and active nunber of

active and gad bé‘l‘]“mﬁ@{%ﬁ@ﬂlﬂgd&% {}fzul&lbhmet %€t %n‘ﬁ%%{féi{f c'ﬁ% apse rate,

mul tiple sclero functional conpds ort orm life
assessnent ( Burdose aeheralln.bplomcmtedNafun@pprol&ld‘sdefnm!isetheﬂeﬁ@xf the azﬁ)@7, 7(3),
223-30). [0079]. Eﬁ%@ﬁ‘@;{ es of diagnostic hepatobiliary function endpoints
i nclude, but are® not limted to, al anine am notransferase ("ALT"), serum
gl ut am c- pyr uvi[6062] ans@ompraisds i ySeRThinistaep ardlgtoe viansjaoion ansdee ate (" AST"

amoni & 1 evel s, MGG R BRI ShEAR FneR R Bl Pl N wbm o
olr "Gaer), | eﬁd rﬂgtoﬁhg/d@pé’pibleﬁh‘a@e)tl(e EoMdns pf prbs_leuﬁflol’gprﬁpﬂyd 1nljdls‘gzjﬁslte 1(1jn1ts

ul t rasonogr a i ver .nycl ear. scan, 5'- nucl eotidase,  a 0 rotein.
Fepat obi | Lary EHSI LAY BT RR A PRR o PR S ORI PRV SNEHE g1 ven
in "Di agnosti c aanghkadage ai Braymdleplt oRek 84r8d) €8 instaHch, vads tdntanind/Baipto 1999.

Th run r | r ri rding to standard
These assays argo i lRGSueld o ARt o' es according

[0063] The amount of active ingredient that may be combined with the carrier
materials to produce a single dosage form will vary depending upon the host treated
and the particular mode of administration.

[0064] The compounds can be administered in various modes, e.g. orally,
topically, or by injection. The precise amount of compound administered to a
patient will be the responsibility of the attendant physician. The specific dose level
for any particular patient will depend upon a variety of factors including the activity
of the specific compound employed, the age, body weight, general health, sex,
diets, time of administration, route of administration, rate of excretion, drug
combination, the precise disorder being treated, and the severity of the disorder
being treated. Also, the route of administration may vary depending on the disorder
and its severity.

[0065] In the case wherein the patient’s condition does not improve, upon the
doctor’s discretion the administration of the compounds may be administered
chronically, that is, for an extended period of time, including throughout the
duration of the patient’s life in order to ameliorate or otherwise control or limit the

symptoms of the patient’s disorder.
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[ 0080] Besi des bei ng useful for human treatnent, certain conpounds and
formul ati ons di scl osed herein may al so be useful for veterinary treatnent
of conmpanwgnoanzalss, exotic animals and farm ani mal s, ipgI/ushoogossenal s,
rodents, and the like. Mrre preferred aninmals include horses, dogs, and
cats. Conbi nation Therapy [0081] The conpounds di scl osed herein may al so be
conbi ned or used in conbination with other agents useful in the treatnent

of immune functjopBsmediAheessd kv%arefﬁetﬁe%%aﬁait:s sPMuRYs Apr&eamRhehOMcYorst he
t herapeutic effectiveness of one of the conpounds described herein nay be

enhanced by adntliffretianghq asknipiptration gfijha gempounds may be gyer qogtipyousliyer adj uvant
may only have m,pi : ' | e ¢ B SO RAlda®n W th anot her
t herapeutic ageﬁ?l?gtﬁhgtsg%?%%ﬁgéTﬁcee?tg%g%%gft_hcoﬁenee(? ]Qf tdom Ed;l dpg ient is
enhanced). [008@P&lich Ondeampenyemens of thdjpaticntis eonddionghasgssurredya be

adm ni stered, by,. | e

si mul t aneousl y %?lﬁtse[é%ﬁéﬁgsﬁgﬁdfﬂ W@ﬁﬁgp Ac%gérrsrs)o 'Wgégﬁgﬁgtﬁgggsgéﬁé&é?n. When a
conpound as di sitéquemy dfiedreinistratson, sgbth, caobe redpod.as e dustign efithd one or nore

ot her drugs, a ph ceut,ical Ltion nt.ai ni ng. such other drugs in
addition to the”Cl %?qu%u{rs?aa laYezéﬁ Vg@gig&l éél%rlg‘rfle(%'gsyor%é S %nl%(;{ega,tlegtﬁtcaﬂl’s not

requi red. [ 0083dweveeretairninenbindntrieatsnt drheloagoqpaiads ughnsal esadetenéi n can
be conbined with one or nore i munonodul ators, steroidal drugs or

cycl osporins. [B084[Th certain enbodi nents, the conpounds provided herein
can be [0068] Disclosed herein are methods of treating an immune function-mediated

disorder comprising administering to a subject having or suspected to have such a
disorder, a therapeutically effective amount of a compound as disclosed herein or a
pharmaceutically acceptable salt, solvate, or prodrug thereof.

[0069] Immune function-mediated disorders, include, but are not limited to,
multiple sclerosis and autoimmune disorders, and/or any disorder which can
lessened, alleviated, or prevented by administering a immune function modulator,
[0070] In certain embodiments, a method of treating a immune function-
mediated disorder comprises administering to the subject a therapeutically effective
amount of a compound of as disclosed herein, or a pharmaceutically acceptable salt,
solvate, or prodrug thereof, so as to affect: (1) decreased inter-individual variation
in plasma levels of the compound or a metabolite thereof; (2) increased average
plasma levels of the compound or decreased average plasma levels of at least one
metabolite of the compound per dosage unit; (3) decreased inhibition of, and/or
metabolism by at least one cytochrome P4so or monoamine oxidase isoform in the
subject; (4) decreased metabolism via at least one polymorphically-expressed
cytochrome Pys0 isoform in the subject; (5) at least one statistically-significantly
improved disorder-control and/or disorder-eradication endpoint; (6) an improved
clinical effect during the treatment of the disorder, (7) prevention of recurrence, or
delay of decline or appearance, of abnormal alimentary or hepatic parameters as the
primary clinical benefit, or (8) reduction or elimination of deleterious changes in
any diagnostic hepatobiliary function endpoints, as compared to the corresponding
non-isotopically enriched compound.

[0071] In certain embodiments, inter-individual variation in plasma levels of the

compounds as disclosed herein, or metabolites thereof, is decreased; average
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conbined with one or nore i nmunonodul ators known in the art, including, but
not limted to, filgrastim nolgranostim sarganostim |enograstim

ancesti m wegfiolgeoasti m interferon gamm, interferon alphgugmoensskey f eron
al pha-2b, interferon al pha-nl, interferon beta-la, interferon beta-Ib,
interferon al phacon-1, peginterferon al pha-2b, peginterferon al pha-2a,
interferon onmega, aldesleukin, oprelvekin, lentinan, roquinimex, BCG
vaccine, pegadepps@a 1REINOF ﬂh%&npdauﬁh ¥s disdfosedRAr¥in ag-lﬁérea{sgd' Qs ﬁlﬁb a

i mmunocyani n, tasonennin, nelanoma vaccine, glatiranmer dceta h| stam ne
di hydrochl ori delevﬁlﬁpﬁﬁmetab@lée optheeompuad as displesadheipcRe, dem@sefiylniphm@yt e

i mmunogl obul i n aaiea) i ahbi & phenol i c
acid, siroli rrusgﬂ?éeﬁ@%om J}y’f&%%‘ge? e\glgsgo(}{ﬂl#uysarbog@spera}ér?ﬁgw&o

ef al i zumab, abetwrmuss detrmawldt qnnmtbohabaf ﬁlcepmpouadm lizclose hereindhyent begt |
infliximb, afe %Q u (o] a umab,

basi | i xi mab, angi%ﬁgorgﬁg@ s&grl nd Cgtgé}%&%\é% gggfgggg hdle%re?sleg]eby ¥ %agefri dom de,
met hot r exat e, athdn hlomaﬁ%dglmteltethax{ o8O0V graaeniou Aisit Qlﬁ)%,cgreaﬁdhdmeibeﬁtn can

al so be admnis red i,n wi th ot nds,

Mol uding. bt Pop st BB B A B Bl UE PmFETRIRE (o)
such as atonnxemomepondmgamnmtdpmummmmmwms (DAR1s), such as

met hyl pheni dat e rot gni n- por.e ephrine,r i nhibitors .(SNRIs), such
as m | naci pran; [nggat i 8@%‘“ g’u%lﬁggg g‘?'?&oél%gfir# ECEH ?r?fgp?{ﬁ?e%’é’-owgbam ne

reupt ake i nhi bi thereof, MaRbS Ineasiivius g tlﬁlﬁétb@is@l@scnbed by Lietal. Rapzd

ser ot oni n- norep n hr.i ne- do r eupt ake-i nhi_hi (SN such as
venl af axi ne; TG & @SSH?W’BWW g(?oé (JQHB%?@F é‘?ﬁnﬁﬁ net Al n§H8e hal ani c
pEOSpﬂol i pi gs emi;a&rh@monsmgmwmm@ﬂg}z?zm (ﬁ@ 3nBi30i¢; WdtmanSedeh as
phosphor ani don; such as tramadol; t oxane receptor

ant agoni st s, u](f’HP ’5’2 fd é@?’i”fﬂﬁ&’ﬁw & deayiicd gﬁ‘??ﬁ?(%’%‘ﬁé’?fé@gme”{lizﬁl&ﬁﬁﬁbfe

i nhi bitors, sucsrbzea@eshzaosdIM(zmaﬂ@a Rfdn6esRIOS BRI Rldthsodifita@¥shnddact or

i nhibitors, such as nodul ators of PDGF activity; platelet activating factor
(PAP) ant agoni sf&efanti-platel et agents, such as GPIIb/Illa blockers (e.g.,
abdxi mab, epti fiobali depxaaipes CS@BM&H& P45J338(f6ﬁ@m a R ARh $hifect frcfhde,

cl opi dogrel, tIC|OpIdIne and irin;, anticoagulants, such as

warfarin; | ow iyt e€apeimij ‘@*@Yﬁb‘})laﬁfYr?éAsz¥§1%ls @r?@%ép@y? 1¥actor Vila
I nhi bitors and RSy, C&@zbé‘f&ﬂi@ @:YPQ@M @YP@@I? @' YP

endopept i dase (NEP) in hi bitors:; vasop dase In |b|tors ua N ACE

i nhibitors), sUcHPH3 Ohadds EiVP281, é?%ﬁ@énﬁb@ﬁﬁﬁ,l@t’mﬂm @XNA%H?Uct ase
i nhi bi tors, suchy@sPrapast Rldvpad10¥EPYRS icrp4Rt %\}’maéﬂfﬁélFﬁ' E‘Eggji

NK- 104 (a.k.a. itavastatin, 'nisvastatin, 'or nisbastatfn) 2 (aI SO

known as r osuvaS¥BHs1nCYBAZ hiGXREA R CIVR AL, YRR, &TIPBNL, @‘q&@leﬂé’Pslﬂfm het ase
i nhibitors; fi QB o) i acin;
anti - at her oscl tgﬁlﬁgla@giﬁﬁs@cbggﬁ gﬁ??}%h ﬁ (Iz)lfg?P%/#gsl nhi BB{]or S;

cal ci um channeIC\£H2dARe®¥P2BJGEY£§9,£fYM plcir@Yl?felsyl at e; pot assi um channel

activators; m: n et a: carinic agents
carvedi |l ol andl?mat pr o {%pf: 1|%a1r}l°raip|ny$ rﬁl%as%lsce)%fm * 0 OF 'fﬂ%:ag Su@ﬁch as
chl or ot hl azi de,mclhykdrbmlareomohﬂmtattodm;AOAl ummmwl de hydr of | unet hi azi de,’

BgInS': ﬁf !a;irrgfa,hl g@ﬁggt hI : hlﬁ‘ébl % ?{Og?h'?ﬁ%cbgcgﬁ ]%1'50 1?&?‘%5 @ﬁgf‘g‘iﬁ%@hﬁért hal i done,

furosenil de, museodf Ke,et bnlurmtzaamvaenaﬁofcam‘c@zrmmna@mgymdw mdm

spi ronol act one mbol ents, such as tis ctivator
(tPA), reconbi ﬁ&ﬁl“ﬁll%ﬁi tt eg%?‘g% poflin lslﬁe@ﬁ%ir?é t% &938 r?é{ ée ai

ani soyl ated pl @m@gemsstmpmbpnaw aﬂieln\/lﬂﬁlﬁbn @ﬂﬁ@N@&oM&&ms
anti-di abetic agents, ch as bi ﬁuanl de | ucosi dase

S met f
i nhibitors (e. Q’Gasué@é’ryﬁ gythogl g& Ft?eHé?Ck?F’éé] I ”FI’WQ‘;P@%}’C@@% 199‘? pai’i ni de) ,
sul fonylureas (e.g., gli rrepl ride, glyburide, and glipizide),
t hi ozol i di nediones (e.g. troglitazone, rosiglitazone and plqglltazone) and
PPAR- gamma agoHl046k: Freaplas ofowimmephierllycxarsssse cainchignn Pst isofosncih sas

spi ronol act one; f

i nhi bi tors; phoggﬁlg%é§%§£222m9%ﬁ@ﬁh?gggﬁﬁgﬂg%iggﬁg%%g??%gléhlbltors (e.g..
ci l ostazol) anehdfDEP3PG.nhi bitors (e.g., sildenafil, tadalafil, vardenafil);
protein tyrosine kinase inhibitors; antllnflannatorles antiproliferatives,
such as nethotrexate, FK506 (tacrolinus,1%rograf), nycophenolate nofetil;
chenot her apeuti c agents; immunosuppressants; anticancer agents and
cytotoxic agents (e.g., alkylating agents, such as nitrogen nustards, alkyl
sul fonat es, nitrosoureas, ethylenimnes, and triazenes); antinmetabolites,
such as fol ate antagoni sts, purine anal ogues, and pyrridi ne anal ogues;
antibiotics, such as anthracyclines bleonyC|ns m t onyci n, dactlnony0|n

o o .



treating i mune function-nmedi ated disorders in a human or ani mal subject in
need of such treatnent conprising admnistering to said subject an anount
of a conpwonebidbzoinsed herein ef fective to reduce or prEVBUS20800369di sor der
in the subject, in conmbination with at | east one additional agent for the
treatnment of said disorder that is knowmn in the art. In a rel ated aspect,
certain enbodi nents provide therapeutic conpositions conprising at | east
one conpound di gmhepsedThe rRiaBolidhcG AR JTalEQRicMkbhesOBRDForiP.S, idHGintsi Onal
agents for the treatnment of imune function-mnmedi ated dj sorders. General
Synt hetic Met ho#l meRoapy e Kidapris BN BISaSP s BY Thegprtbass desepbediisasincan be

i ntroduced into {(5@78’})WQ%MpI@ssoqunﬁl%lv&ﬁﬁgordé?%'b%dT aRY oS e LekRlichBGNNT ques
that enploy deuterated reagents, where I ncorporation rates are

pre- det er m ned; enidingss Olbylpéwe%alﬁg@l ?%Fﬁnndu@sbutmilmltﬁﬁ@oﬂpmﬂ@tmeon rates
are deter m ned Rym@AdtLd0L Ui CRBE QRS AR el Atibel B doPL ©

dependi ng on the reaction conditions. Synthetic tec ques, ere tritium
or deuterium i saudi gadelitiymsnitingipg fisiohe e Wﬁmi?tw@dl@bsclﬂpm taicametlipbr
deuterated reag p t . i um or
deuterium abundgc%(z\mof‘fﬁl {tﬂ)@%ok@? l{g’rr%htg %ggr%lyj%{]chlglltg%\éllye agéegsrl?éélgg?‘%{o ][ Exchange
t echni ques, on #lh€uot Newrohaﬁweurmqupoek a007 6y, 228430).um or deut eri um

i ncor porati on, e .i,50t 0 i stribut ver sites on
the ol ecul e. [@@?3@] hEtdhd IS ol dRehGRC italBHiefl Rl th iy pgd Phere by
nmet hods known timotdimétedfo, sllamhé ammotrktefewsb(&dﬁ’baumm@utamd}ﬁyma;tl ons t hereof,

and/or follow n [.0C Simlar to those de bedl eExarrpIe
section herein ‘g*ﬂ‘a*‘o I?IBEEGQ;%&@%’&#W&&{G BHLER ?rgﬁ?f(s‘ggt tng) gedures f ound
in \nnerberg eALBIAST i@, sdlimaldoRes alk&nﬁephospaﬁk@% (“A1¥]) amdda BO:Is, VAN et

al ., Bioorganic di ci nal . Chem str ett 17(10Q),, ..2817-2822,
Jansson et gaI FL“‘ & grmrggighfa é%nsl’g‘f aﬁe(ggiég WTPJE%g n»eQUCHE g,

Med. Chem 2004zaum1 ?ﬁ as@gii?gv%hvéﬂ%l Mv@ﬁﬁ\@@s@no h: 01%4 B8 foan U2
2005/ 192315; US 20 4/ 0342 2005 4899 WO 2003106424; and WO

1999/ 55678,  whikleatidesn @p&plpod Wotsih Jrepeioliliany qudpgints arcompripd tothesteied er ences

cited therein %ﬁnmwelsrh@ oAl ‘rmagdo@t&sanrdm%&@tfory f&m&efeﬁ&”a@h Giitzsml 0sed
herein can also be p Bared as shown in any of the foll ow ng schenes and

routine nodifi d\é@abanw h&hese pssay g ojrhyeceradifed iibetpterieh acperdingie sipadarded t o
practice the prgsgQf i nvention. Any position shown as hydrogen may be

optionally substituted with deuterium Schene |
[0080] Besides being useful for human treatment, certain compounds and

formulations disclosed herein may also be useful for veterinary treatment of
companion animals, exotic animals and farm animals, including mammals, rodents,

and the like. More preferred animals include horses, dogs, and cats.

Combination Therapy

[0081] The compounds disclosed herein may also be combined or used in
combination with other agents useful in the treatment of immune function-mediated
disorders. Or, by way of example only, the therapeutic effectiveness of one of the
compounds described herein may be enhanced by administration of an adjuvant
(i.e., by itself the adjuvant may only have minimal therapeutic benefit, but in
combination with another therapeutic agent, the overall therapeutic benefit to the
patient is enhanced).

[0082] Such other agents, adjuvants, or drugs, may be administered, by a route
and in an amount commonly used therefor, simultaneously or sequentially with a

compound as disclosed herein. When a compound as disclosed herein is used
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[ 0090] Conmpound 1 is reacted with an appropriate chloroformate or phosgene
equi val ent, such as isopropyl carbonochloridate, in the presence of an

appropri aiwe stiabyymost i ng agent, such as acetyl chloride, poY/es2oepEeRr i at e
sol vent, such as 1,4- dioxane, at an elevated tenperature to give conpound
2. Conpound 2 is reacted with conmpound 3 in the presence of an appropriate
base, such as sodi um hydri de, in an appropriate solvent, such as

di met hyl f or mam gdgyetiReRtoRly Mﬁ%ﬂe @h@é&ﬂ&r&gswﬂﬁ‘&eﬁﬂcﬁf QBRJsitibP 9i ve
conpound 4. Conpound 4 is reacted with an appropriate nalonate derivative,

such as di et hyl congdigingsush othgr digs iprdditiore thf coamponphdisnhrsedhercibaray besuch as

sodi um hydri de, e solvent, such as dinethylformam de, at an
el evat ed tenperlé%ﬂ%reg%uﬁg%%gﬁﬁh ound 5. Conpound 5 is reacted with
conmpound 6 i n aEOO&ﬁpr o dertbio cgbbdigrnts, tuctmmends-dircpsattercimtandie el evat ed

emperature, O NRAATRMIE ol SR8 M JAORHARULFLIATLGAN, be

i ncor por at ed to eren p05| Ions"s
synthetic proce@i8ds ah csi‘talmmbndlfﬁeim,rthe ¢o,m;mynd$_31rmgd@dmpreﬂp¢am)be deut erated

i nternmedi ates. For,..e i ntroduce ium sitions
of Rar R, - compotiPEC T gk Rk PR g B L he 86 St PEaBPCan be
used. To int rOdIUIﬁﬁedieLﬁlgﬂ’asmmrﬁ(Blgmmestﬁn smgramq@ﬁmj ehapnstiof afddstikd, conpound 3
with the correspo t rlumsubs ut| can b . .Jo introduce
Geuterium at oD e Pe Tl o R et Gt SRRt ho
correspondi ng diistfeion iiphs-aidSitriet foifoh GES- 1@ameﬁ‘erou$aat1bllﬁfa&2ﬂoﬁ>aqﬂ1@ddnum Cﬁn be

i ncorporated to varl i ons h Vi n n, exchan eable ot gn, such as
the hydroxyl O-HR§E™A mﬁ‘ra@fq@nztbd%‘?ﬂ“é‘?r %ﬂlﬁ‘l%"r BT ‘fﬂ% slegip, exanpl e,
to introduce dedﬂrcﬂi?dkmnl@hnﬁ7rothhhtﬁe)pBQ@fhcﬁﬁé’ pb@d&ﬁweage&lma Polai, eri um

sel ectively or (i) ectively through a proton-deuteriumexchange net hod
known in the ark toy{‘%@ VMR, HRRPRAGY U, faPRerin, melapems ¥acedehy t he

fol | ow ng exanpligfaméakethtt/RAariR By WRER 0@ Bl A8 dU I dkafor b ARBOf t ' S

ChenDraw 10. 0. EXAWVPLE 1
CD3, antilymphocyte immunoglobulin (horse), antithymocyte immunoglobulin
(rabbit), mycophenolic acid, sirolimus, leflunomide, alefacept, everolimus,
gusperimus, efalizumab, abetimus, natalizumab, abatacept, eculizumab, etanercept,
infliximab, afelimomab, adalimumab, certolizumab pegol, daclizumab, basiliximab,
anakinra, ciclosporin, tacrolimus, azathioprine, thalidomide, methotrexate, and
lenalidomide.
[0085] The compounds disclosed herein can also be administered in
combination with other classes of compounds, including, but not limited to,
norepinephrine reuptake inhibitors (NRIs) such as atomoxetine; dopamine reuptake
inhibitors (DARISs), such as methylphenidate; serotonin-norepinephrine reuptake
inhibitors (SNRIs), such as milnacipran; sedatives, such as diazepham;
norepinephrine-dopamine reuptake inhibitor (NDRIs), such as bupropion;
serotonin-norepinephrine-dopamine-reuptake-inhibitors (SNDRIs), such as
venlafaxine; monoamine oxidase inhibitors, such as selegiline; hypothalamic
phospholipids; endothelin converting enzyme (ECE) inhibitors, such as
phosphoramidon; opioids, such as tramadol; thromboxane receptor antagonists,
such as ifetroban; potassium channel openers; thrombin inhibitors, such as hirudin;
hypothalamic phospholipids; growth factor inhibitors, such as modulators of PDGF
activity; platelet activating factor (PAF) antagonists; anti-platelet agents, such as
GPIIb/Ia blockers (e.g., abdximab, eptifibatide, and tirofiban), P2Y(AC)
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Sodi um 5-chl or o- 3- (et hyl (phenyl ) car banoyl) - 1- net hy1- 2- oxo- 1, 2-

di hydroqui nol i n-4-ol ate [ 0094] 5- Chl or 0- 1H benzord11l, 31loxazi ne- 2, 4-di one:
Under an wioms@isoss of nitrogen, isopropyl carbonochl or ipdates206Mssde2 4. 50
equi v) was added dropwi se to a suspension of 2-am no-6-chl orobenzoic acid
(20 g, 116.56 mmol, 1.00 equiv) in 1,4-dioxane (150 m ). The resulting
solution was nai ntai ned at about 90 C for 30 m nutes, and then cooled to

about 50 C. Aceintdgofidls @é. }'g.g@l_oﬁi@%réﬂ ticlépi@Re SRS 4 MBS e ahflcodPRaROr ti on,
and the solution was maintained at about 50 C fof about 30 m nutes.” The
resul ting sol i dychaywarsin betmelenyarryciaht havpon. aiied apeoxarass; ByptasiVliac a g el
oot S92 (S S ke ek M A ) |
[ 0095] 5- Chl or o-inhihiersyvRsoplpsidase ishipitors (BudNERA{eE mhibitdispwech dsiotepatebat
and gemopatrilat; HMG CoA reductase inhibitors, such as pravastatin, lovastatin,
atorvastatin, simvastatin, NK-104 (a.k.a. itavastatin, nisvastatin, or nisbastatin), and
ZD-4522 (also known as rosuvastatin, or atavastatin or visastatin); squalene
synthetase inhibitors; fibrates; bile acid sequestrants, such as questran; niacin; anti-
atherosclerotic agents, such as ACAT inhibitors; MTP Inhibitors; calcium channel
blockers, such as amlodipine besylate; potassium channel activators; alpha-
muscarinic agents; beta-muscarinic agents, such as carvedilol and metoprolol;
antiarrhythmic agents; diuretics, such as chlorothlazide, hydrochiorothiazide,
flumethiazide, hydroflumethiazide, bendroflumethiazide, methylchlorothiazide,
trichioromethiazide, polythiazide, benzothlazide, ethacrynic acid, tricrynafen,
chlorthalidone, furosenilde, musolimine, bumetanide, triamterene, amiloride, and
spironolactone; thrombolytic agents, such as tissue plasminogen activator (tPA),
recombinant tPA, streptokinase, urokinase, prourokinase, and anisoylated
plasminogen streptokinase activator complex (APSAC); anti-diabetic agents, such
as biguanides (e.g. metformin), glucosidase inhibitors (e.g., acarbose), insulins,
meglitinides (e.g., repaglinide), sulfonylureas (e.g., glimepiride, glyburide, and
glipizide), thiozolidinediones (e.g. troglitazone, rosiglitazone and pioglitazone), and
PPAR-gamma agonists; mineralocorticoid receptor antagonists, such as
spironolactone and eplerenone; growth hormone secretagogues; aP2 inhibitors;
phosphodiesterase inhibitors, such as PDE III inhibitors (e.g., cilostazol) and PDE
V inhibitors (e.g., sildenafil, tadalafil, vardenafil); protein tyrosine kinase inhibitors;
antiinflammatories; antiproliferatives, such as methotrexate, FK506 (tacrolimus,
Prograf), mycophenolate mofetil; chemotherapeutic agents; immunosuppressants;
anticancer agents and cytotoxic agents (e.g., alkylating agents, such as nitrogen
mustards, alkyl sulfonates, nitrosoureas, ethylenimines, and triazenes);
antimetabolites, such as folate antagonists, purine analogues, and pyrridine
analogues; antibiotics, such as anthracyclines, bleomycins, mitomycin,
dactinomycin, and plicamycin; enzymes, such as L-asparaginase; farnesyl-protein
transferase inhibitors; hormonal agents, such as glucocorticoids (e.g., cortisone),

estrogens/antiestrogens, androgens/antiandrogens, progestins, and luteinizing
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at nosphere of nitrogen, 5-chloro-1H benzo [d][1, 3] oxazi ne-2, 4-di one (10 g,
50.61 mmol, 1.00 equiv) was dissolved in N, N-di nethyl formam de (100 m ) at
about 5 Cwaedi/ersobsg/dride (2.8 g, 121.5 mmol, 2.4 equi v)pcrdsaued/énsbo2i odi de
(5.7 M, 2 equiv) were then added, and the resulting m xture was stirred at
anbi ent tenperature for about 16 hours. The m xture was purged with
nitrogen for about 1 hour to give the title product as a yellow solid,

whi ch was used gpmRabhdledsie hb@ndAe %hat ﬁiatsvunufa)@wéoua@ycew infitreRblien. 26
WO 2010/ 028015PCT/ US2009/ 065692 0096] Et hyl
5- chl or 0- 4- hydr 8RYPIr Agsntsyuch apgcirinasaidigs; nvaﬁo&&)merﬁéﬂbilﬁég agentsegichdxy| at e:

Sodi um hydride fglidd, doZe?achY H’«!T?dothﬂ%néoA ‘F%'th)deYi’@&i ROHRA, Lldn 28ViREA!

portions to the m xture of or o- 1- met hy1- 1H benzo

[d][1, 3] oxazi nealzalmdaueomedcmhynptweﬁ, ﬁ@tﬂﬂyﬂnﬁwmt@p@@mwm@u@@r@ Prapikt hyl
rralonate(??g o the
stirred m xtur eprgééilr@%m%g%% glc}i’}mt?g %g&wlé%wﬁqﬁsﬁh{égd;dsa%ﬁqs g@%ﬁﬁ“ﬁg sol ution
was stirred at ddxomethg®n€ cftotoxirhdyugs, such esizzathiring and §@phbsphevaileatidied, and

the pH of the Sﬁh}h&lhﬂgn Ssualddsqgl g 51191 %W&ﬁt%o@w?&{ ec?gﬁ%&%ﬁ?g“g I():;)Il‘lcand

acid (5 nmol /L) resu tlng crude ct was co
t hen re-cryst al 4sictandrcept, @pérayon, and)legummldehmctqyt:]oexmmswt(Cé)K 2 light yellow

solid (2.5 g, yllnﬁjbqors 13%?:/ gs cse ectpxﬂg andS o?eeo 1b; and mlscel(?aneous ajgeiits Such ad,”

hydroxyurea, procarbazine, mitotane, hexamethylmelamine, gold compounds,
platinum coordination complexes, such as cisplatin, satraplatin, and carboplatin.
[0086] Thus, in another aspect, certain embodiments provide methods for
treating immune function-mediated disorders in a human or animal subject in need
of such treatment comprising administering to said subject an amount of a
compound disclosed herein effective to reduce or prevent said disorder in the
subject, in combination with at least one additional agent for the treatment of said
disorder that is known in the art. In a related aspect, certain embodiments provide
therapeutic compositions comprising at least one compound disclosed herein in
combination with one or more additional agents for the treatment of immune

function-mediated disorders.

General Synthetic Methods for Preparing Compounds

[0087] Isotopic hydrogen can be introduced into 2 compound as disclosed
herein by synthetic techniques that employ deuterated reagents, whereby
incorporation rates are pre-determined; and/or by exchange techniques, wherein
incorporation rates are determined by equilibrium conditions, and may be highly
variable depending on the reaction conditions. Synthetic techniques, where tritium
or deuterium is directly and specifically inserted by tritiated or deuterated reagents
of known isotopic content, may yield high tritium or deuterium abundance, but can
be limited by the chemistry required. Exchange techniques, on the other hand, may
yield lower tritium or deuterium incorporation, often with the isotope being
distributed over many sites on the molecule.

[0088] The compounds as disclosed herein can be prepared by methods known

to one of skill in the art and routine modifications thereof, and/or following
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[ 0097] 5- Chl or o- N- et hy1- 4- hydr oxy- 1- net hyl
di hydr oqui nol i ne- 3- car boxam de:

- 2- ox0- N- phenyl - 1, 2-
N- et hyl benzenam ne (430 ngy, 3.55 nmol,

2.00

equi v) wawoeembdedksorsopwi se to et hyl

di hydr oqui nol i ne- 3- car boxyl ate (500 ng,
The resulting m xture was heated about 100 C and the

heptane (10 m ).

5- chl or o- 4- hydr oxy- 1-poatbspbedosessd- 1, 2-
1.78 mol, 1.00 equiv) dissolved in

vol atiles were renoved by distillation over a period of about 7 hours.
After cooling tpro@émfeg@frrmra@fm%s@fdwcﬁbem%er@amptel sealoﬁrhxﬁtradrﬁ YRl col | ect ed

by filtration, washed w th heptane,

and purified by b l'ica

chr onot agr aphy {edifigationt tereo & prblenmsecsdirerfoned mlWQ)netb@f ga?ﬁ ﬁerYgt ﬁ'@C{ itle

product as a vmk%e &5

5-chl oro-3- (et hy (phenyl) car

07 0] ]g?gﬁﬂy%(? 1'\’?3 r‘rg'?ﬁiflftl)’ péqog%(aggc 1(?2 g?e%%]n%? @h%t}y

di hydr oqui nol i niefrers| 280@.: 1 71k, PH AR udawskometab) JiOrprCheh. BMShT ol6set hy 1- 4-
hydr oxy- 1- met nygdr 35 Q@ N BNSWba Endn HobY 29 ASIsknes JosAsRB%FTSle (170 m,
2005/215586; US 2005/192315; US 2004/034227; WO 2005/74899; WO
2003106424; and WO 1999/55678, which are hereby incorporated in their entirety,

and references cited therein and routine modifications thereof. Compounds as

disclosed herein can also be prepared as shown in any of the following schemes and

routine modifications thereof.
[0089]

The following schemes can be used to practice the present invention.

Any position shown as hydrogen may be optionally substituted with deuterium.

Scheme 1
R c o
Rs NH; Re o
—
R OH Re ,&
cl O R4’ Cl OH O
1 2 /& xr o
R ™ Re N0
R2 > I R4
R R{ p Ri
3 2 3R2
3 4 5
Ris
+
Rz R R
o o o R 15
R
8 A N R1s RypR2 4 R7
R N ORB Ri3 R }XN Ris
5 RS N<Riz L
R4R4\R R10R11 9 8R13 R15
Ry R4
7 [

[0090]

Compound 1 is reacted with an appropriate chloroformate or phosgene

equivalent, such as isopropyl carbonochloridate, in the presence of an appropriate

dehydrating agent, such as acetyl chloride, in an appropriate solvent, such as 1,4-

dioxane, at an elevated temperature to give compound 2. Compound 2 is reacted

with compound 3 in the presence of an appropriate base, such as sodium hydride, in

an appropriate solvent, such as dimethylformamide, under an inert atmosphere,

such as nitrogen, to give compound 4. Compound 4 is reacted with an appropriate
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0.48 mml, 1.00 equiv) in ethanol (5 mM) was adjusted to 9-10 with a

sol ution of 5M sodi um hydr oxi de. The m xture then was stirred for about 30
m n at ampeEnonhmoper ature. The resulting solids were copdEOSR0/6REG?2
filtration and washed with ethanol to give the title conpound as a white
solid (70 ng, yield: 39%. |HNVR (300 MHz, DIVBO) 8: 6.84-7.31(m 8H),
3.68(qg, 2H), 3.34(s, 3H), 1.020, 3H). LCGM5 : nfz= 357 (M Na+2H) f EXAMPLE

2 Sodi um 5-c¢ hl = o-1, 2-
di hydr oqui nol i nH‘irogatgtdg%%@%%m&lﬁ%’gmatgwﬁefp}?%emf%ﬁo%‘)@z%%x [0099] d

-Eth 15-chl oro- haSE,lsl}CIZaSO?))dlél&@YﬂﬂQ&mWW@PUNQ@@V%SBCh ascar boxvl ate: The
d f Exa | | t hyl
proceaure o i}§/ dfllagré _ @ﬁ oo @S afeQltd AN, &gu(t}y‘gw%lél?ﬁw&n‘dts.& gé’imd%E y

i odi de for nethy e resulting ow SO | was used
directly in theismesctedstithromptirgif 1nan)apmmpmafta sm\tenbsuch as n-heptane, at an

elevated temperature, to give compound 7 of Formula L.

[0091] Deuterium can be incorporated to different positions synthetically,
according to the synthetic procedures as shown in Scheme I, by using appropriate
deuterated intermediates. For example, to introduce deuterium at one or more
positions of R4-Re, compound 1 with the corresponding deuterium substitutions can
be used. To introduce deuterium at one or more positions of Ri-Rs3, compound 3
with the corresponding deuterium substitutions can be used. To introduce deuteriuxﬂ
at one or more positions of Rs-Ry7, compound 6 with the corresponding deuterium
substitutions can be used.

[0092] Deuterium can be incorporated to various positions having an
exchangeable proton, such as the hydroxyl O-H, via proton-deuterium equilibrium
exchange. For example, to introduce deuterium at Ry, this proton may be replaced
with deuterium selectively or non-selectively through a proton-deuterium exchange
method known in the art.

[0093] The invention is further illustrated by the following examples. All
IUPAC names were generated using CambridgeSoft’s ChemDraw 10.0.

EXAMPLE 1
Sodium 5-chloro-3-(ethyl(phenyl)carbamoyl)-1-methyl-2-oxo-1,2-
dihydroquinolin-4-elate

+

cl “0N30©
7N
o

|
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00-\0/,( ONO+ O CD3 [00100] el-Ethyl 5-chloro-4-hydroxy-1

- met hyl - 2- oxo- 1, 2-di hydroqui no |ine-3- carboxvlate: The procedure of

Exanpl e 1watapoBovms fol | owed, but substituting d3- et hydt/us2009/055692

5-chl or o- 4- hydr oxy- 1- met hy1- 2- oxo- 1, 2 -di hydroqui no |ine-3 -carboxylate for
et hyl 5-chl oro-4-hydroxy- 1- net hyl- 2- oxo- 1, 2- di hydr oqui nol i ne- 3- car boxyl at e.
The title product was isolated as a yellow solid (5.8 g, yield: 57% 2

steps). Step 4 gfhOH 0 O

ct O ct O
Ol — CL 2
NH, Nko
H
[0094] 5-Chloro-1H-benzo[d][1,3]oxazine-2.4-dione: Under an atmosphere of
nitrogen, isopropyl carbonochloridate (50 ml, 4.50 equiv) was added dropwise to a
suspension of 2-amino-6-chlorobenzoic acid (20 g, 116.56 mmol, 1.00 equiv) in
1,4-dioxane (150 ml). The resulting solution was maintained at about 90 °C for 30

minutes, and then cooled to about 50 °C. Acetyl chloride (50 ml, 6.00 equiv) was

added in one portion, and the solution was maintained at about 50 °C for about 30

minutes. The resulting solids were collected by filtration and purified by silica gel
chromotagraphy (ethyl acetate/petroleum ether 10:1) to afford the title product as a
gray white solid (17.6g, yield: 76%).

Step 2
Cl

0 Cl O
I 0

L2 e — L2

N™ ™SO0 N™ >0

H |
[0095] 5-Chloro-1-methyl-1H-benzo[d][1.3]oxazine-2.4-dione: Under an
atmosphere of nitrogen, 5-chloro-1H-benzo[d][1,3]oxazine-2,4-dione (10 g, 50.61
mmol, 1.00 equiv) was dissolved in N,N-dimethylformamide (100 ml) at about 5

°C. Sodium hydride (2.8 g, 121.5 mmol, 2.4 equiv) and methyl iodide (5.7 ml, 2

equiv) were then added, and the resulting mixture was stirred at ambient

temperature for about 16 hours. The mixture was purged with nitrogen for about 1
hour to give the title product as a yellow solid, which was used directly in the next

step without any purification.

Step 3
cl o Cl OH O

—/\ O
o) . 0] O L X o
@)Tio @oﬂ UL,

|
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+ N CD3CD3 [00101] d -5-Chloro-N-eth 1 4-h drox -1-neth

1- 2- oxo- N- phenvl-1, 2- di hydroqui nol i ne-3-carboxam de: The procedure of
Exanpl e 1wstapozowms fol | owed, but substituting d3-et hybcT/Us2009/055692
5-chl or o- 4- hydr oxy- 1- met hy1- 2- oxo- 1, 2- di hydr oqui nol i ne- 3-car boxyl ate for
et hyl 5-chl oro-4-hydroxy- 1-net hyl-2- oxo-1, 2-

di hydroqui nol i ne-3-carboxylate. The title product was isolated as a white
solid (1.0 g, yied] 7%yl 5ShBR-hydrbQ0L8R1hyBedLyT,. d1hvdroqu1nol1ne 3-

5-chl oro- 3- (ethvl(o envlgcarbarmvl )- I-di - met hyT - Z=0Xo0- I, 2-

di hydr oqui nol i ncarbeviates: Sorlin hydside tu? & 7<9f17|59<1m#p1 60 quivgwas addeddm sevetal owed,
but substitutin oﬂénsﬁoﬂm rﬂ&&ré\hf%t a»r&mﬁ} - AP el M oxazif& 0ty ! - 1. 2-

di hydr oqui nol i ne- 3- car boxam de f .
5-chl or o- N- et hy&’Mdh}ﬁdry&oynalmdeﬁhyISi® 20X dipthplesigatel(7 7-gl #B YA moepli 1@ | ne- 3- ca

5055 - Lr R ( 308 ey g0 A 0L saRb oo B0 Y1 €K
LC- M5B : in/z= 36iufdst Nee#2djting soEX@!thEstiﬁredS@‘cﬁbum 85 °C for about 1 hour, water
5-chl or 0- 34d5- 668@; lnfl)osfvgsna\%id%r(fén(g@ngﬁlo)f the sgﬁ waszafd?uxs%_d de) g with a solution of

di hydr oqui nol i n*
hydrochloric acid (5 mol/L). The resulting crude product was collected by filtration

and then re-crystallized in ethanol to give the title product as a light yellow solid

(2.5 g, yield: 18% 2 steps).

Step 4

Gt 0 — G

[0097] 5-Chloro-N-ethyl-4-hydroxy-1-methyl-2-ox0-N-phenyl-1,2-
dihydroquinoline-3-carboxamide: N-ethylbenzenamine (430 mg, 3.55 mmol, 2.00

equiv) was added dropwise to ethyl 5-chloro-4-hydroxy-1-methyl-2-oxo-1,2-
dihydroquinoline-3-carboxylate (500 mg, 1.78 mmol, 1.00 equiv) dissolved in
heptane (10 ml). The resulting mixture was heated about 100 °C and the volatiles
were removed by distillation over a period of about 7 hours. After cooling to
ambient temperature, the resulting crystals were collected by filtration, washed with
heptane, and purified by by silica gel chromotagraphy (ethyl acetate/petroleum
ether 1:3) to afford the title product as a white solid (0.38g, yield: 60%)).

Step 5

)

c OH O /@ o oMo /@
AN

PN POR

X

Lo CLLY
!

[0098] Sodium S-chloro-3-(ethyl(phenyl)carbamoyl)-1-methyl-2-0x0-1,2-

dihydroquinolin-4-olate: The pH value of a solution of 5-chloro-N-ethyl-4-
hydroxy-1-methyl-2-oxo-N-phenyl-1,2-dihydroquinoline-3-carboxamide (170 mg,
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Step 1 [ 00103] tert-butyl phenvlcarbamate: Aniline (2.3 g, 25 mol, 1
equi v) was dissolved in tetrahydrofuran (25 m) at about 5C. A solution of
di - tert- bwtqyordomsaronate (6.0 g, 27.5 mmmol) in tetrahydiafusamdsién ) was
added to the solution, and the resulting m xture was heated at reflux for
about 2 hours. The sol vent was renoved in vacuo and the resulting residue
was dissolved in ethyl acetate (50 ml). The resulting solution was washed

with a IMcitrig, 4@%11%159(50@@915' 14%?&519%)@?% Qﬁds&@ t§ 9104tz soliEn BF 9aNi C

phase was dried over sodi umsul fate and evaporated in vacuo to give the
title product adMgodgmtydrgidedemizgyre t}arneww stiggdor aByus g0 pi atrnbient ¢ [ 00104]

(790 g, 7,05 nicapeigre Bhe iithfs ol Gre kAR MI-Fop gRA BN BBRT 27 T To
equi v) ver e add@tuarmbwt@‘retthbufﬂwonmoemwasmaﬂbamalu@(w5@ywyi, 3Q%BO‘HMMR 1.00
equi v) dissol ve g xture
was stirred at 8/{}%5?1\@% %abou ﬂ%’g]&ﬁga%% 2%)3t3ﬁgh?% { j&#\%@ de was
added (10mL). TM@ 0352 MENaI2H)lr e was then adjusted to about 6-7 with 1IN
hydrochl oric acid. Standard extractive workup with ethyl acetate gave the

title product as a crude residue, which was used in the next step w thout
further purification. EXAMPLE 2

Sodium 5-chlore-3-(ethyl(phenyl)carbamoyl)-1-d3-methyl-2-oxo-1,2-
dihydroquinolin-4-olate

N
cl 0o @
@f%”

N OK

|
CDjs

Step 1

Cl O
@ﬁ ooy = (1.2
1T o o
CcD

[0099] d3-Ethyl 5-chloro-4-hydroxy-1-methyl-2-0x0-1.2-dihydroguinoline-3-

carboxylate: The procedure of Example 1, Step 2 was followed, but substituting ds-
methyl iodide for methyl iodide. The resulting product, a yellow solid, was used

directly in the next step without any purification.

Step 3
o Cl OH O
@5k 2 e CCLs.
0]
A 00q
[00100]  ds-Ethyl 5-chloro-4-hydroxy-1-methyl-2-0x0-1,2-dihyvdroquinoline-3-

carboxylate: The procedure of Example 1, Step 3 was followed, but substituting ds-
ethyl 5-chloro-4-hydroxy-1-methyl-2-o0x0-1,2-dihydroquinoline-3-carboxylate for

28



Step 3 [ 00105] N-cAaLt hyl benzenam ne: Over a period of 1 hour and

mai ntai ning the tenperature at around 25 C, hydrochloric gas was introduced
t o d5- et hwo pnemsocsar bami c acid tert-butyl ester dissol viagh/uspoed/drgboracet at e
(5 nml). The pH of the solution was then adjusted to 6-7 with a sodium

hydr oxi de solution(10 nol/L). Standard extractive workup with ethyl acetate
gave the title product as yellowoil (0.33 g, yield: 93%. Step 4 CI CHO
Lii [00106] 5- 2 - %7 r 5- TG : -+ 2-

di hydr oqui nol i Egdhgr%é%’g%@nh%% e Qr%é%f’d&?%? %E‘xngcr’r%f&? %%rp%?%é' P

fol |l owed, but stilspiogduntiviagispated aps M%lﬁ)b’eﬁf?h@ﬁa&&r)’eemiérwd\? gemy| benzenani ne.
The title product was isolated as a white solid (0.4 g, yield: 58%. Step 5
[ 00107] Sodi um 0-3-(d5-eth 1 hen 1 carleth 1-2-o0xo-1 2-

di hydr oqui nol i nS#pdl ate: The procedure of Exanple 1, Step 5 was foll owed,

but substituting.p -ghlgro-N | OH O
N NK@xy-l

d5- et hyl - 4- hydr oXy- 1F nmef hy1l- 2- oxo- MN~phenyl - 1, .
di hydr oqui nol i ng="3 i de f»ochl or o- |\
4, 2-di Hydroqui nol i nle- 3k cakboxXani de. " The title
yield: @0.5% . 1H NWR (300

- met hy1- 2- oxo- bheny| -
product was i sol at ed as®a white solid (90ny,

MHz, DMBO) 6: 6.84-FP32(m 8H), 3.34(s, 3H) LC- MSD: nfz= 362 (M Na+2H) +.
[00101]  ds-5-Chloro-N-ethyl-4-hydroxy-1-methyl-2-oxo-N-phenyl-1,2-

dihydroquinoline-3-carboxamide: The procedure of Example 1, Step 4 was

followed, but substituting ds-ethyl 5-chloro-4-hydroxy-1-methyl-2-0x0-1,2-
dihydroquinoline-3-carboxylate for ethyl 5-chloro-4-hydroxy-1-methyl-2-0x0-1,2-
dihydroquinoline-3-carboxylate. The title product was isolated as a white solid (1.0

g, yield: 79%).

Step 5
.
cl OH O @ o oo /@
@%’L — Cﬁf i
NS0 N OK

[00102] Sodium 5-chloro-3-(ethyl(phenyl)carbamoyl)-1-d;-methyl-2-0x0-1.2-

dihydroquinolin-4-olate: The procedure of Example 1, Step 5 was followed, but

substituting ds-5-chloro-N-ethyl-4-hydroxy-1-methyl-2-oxo-N-phenyl-1,2-
dihydroquinoline-3-carboxamide for 5-chloro-N-ethyl-4-hydroxy-1-methyl-2-0xo-
N-phenyl-1,2-dihydroquinoline-3-carboxamide. The title product was isolated as a
white solid (0.17 g, yield: 80%). 'H NMR (300 MHz, DMSO) §: 6.83~7.32(m, 8H),
3.68(q, 2H), 1.03(t, 3H). LC-MS : m/z= 360 (M-Na"2H) "
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EXAMPLE 4 Sodi um

5-chl oro- 3- (d5- et hyl (phenyl ) car banoyl) - 1- d3- net hy1- 2- oxo- 1, 2-

di hydr oquivaoioimeztesl at e _Na C 0 CD3 [00108] PCT/US2009/055692

5-chl or o- N-dg- et hy1l- 4- hydr oxy- 1- net hyl - 2- oxo- N- phenyl -1, 2-

di hydr oqui nol i ne- 3- car boxam de: The procedure of Exanple 2, Step 4 was

fol |l owed, but substituting N d5-ethyl benzenam ne for N ethyl benzenam ne.
The title product was isolated as a wakigg@d4id. Step 2 [00109]
Sodito-3-(d8-eth 1 hml mL./ 3-net hyl - 2-oxo-1 2- di hydroqui nolin-4-ol ate: The
procedure of Exanpl¥@dium Sichlore3vidsethpphenpicarbamoydbatethyh2-oxg-1,2-

N- d5- et hyl benzenam ne for N-ethyl mm‘ A title product was

i solated as a white solid ( 0.1 g?ﬂ{}'iﬁg %‘Q)&Q%H NVR (300 WHz, DMSO) 6:
6.83-7.31 (m 8H). LGM : mz= 335 (OMmBzH) +.

Step 1

@NH2+ >J\ojioj\oJ<_‘—’ ©/H\c[)roj<

[00103]  tert-butyl phenylcarbamate: Aniline (2.3 g, 25 mmol, 1 equiv) was
dissolved in tetrahYdrofuran (25 ml) at about 5°C. A solution of di-fert-butyl
dicarbonate (6.0 g, 27.5 mmol) in tetrahydrofuran (10 ml) was added to the

solution, and the resulting mixture was heated at reflux for about 2 hours. The
solvent was removed in vacuo and the resulting residue was dissolved in ethyl
acetate (50 ml). The resulting solution was washed with a 1M citric acid solution
(2x50ml) and brine (1x50ml). The organic phase was dried over sodium sulfate and

evaporated in vacuo to give the title product as a white solid (4.3g, yield: 83%).

Step 2
D

D D
N o Bp Dﬁ/k D
(VY s S
TR T
N
[00104] ds-Ethyl-phenyl-carbamic acid fers-butyl ester: Potassium 2-
methylpropan-2-olate (790 mg, 7.05 mmol, 2.50 equiv) and ds-iodoethane (500 mg,
3.11 mmol, 1.10 equiv) were added to ferz-butyl phenylcarbamate (540 mg, 2.80
mmol, 1.00 equiv) dissolved in N,N-dimethylformamide (100 mL). The resulting

mixture was stirred at about 55 °C for about 16 hours, and then deuterium oxide

was added (10ml). The pH of the mixture was then adjusted to about 6-7 with IN

hydrochloric acid. Standard extractive workup with ethyl acetate gave the title
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[ 00110] The foll ow ng conpounds can generally be made using the nethods
descri bed above. It is expected that these conpounds when nade w || have
activity wondien2s05 t hose described in the exanpl es abovecT/Us2009/055682nd Cl
OH 01 [00111] Changes in the nmetabolic properties of the conpounds

di scl osed herein as conpared to their non-isotopically enriched anal ogs can
be shown using the foll ow ng assays. Conpounds |isted above which have not
yet been made aﬁﬂfdeétagegﬁlagreaiﬁ@e,mwv@ss%ledtiﬁtﬂ&afé@ts@é@aﬂ%dtmhé}bol ic
properties as shown hy one or nore of these assays as well. Bi ol ogical
Activity AssaysPWHicpti®t o Liver M crosomal Stability Assay [00112] Liver

m crosomal stability assays are conducted at 2 ng per nL |iver m crosone
protein with an NADPH generating systemin 2% sodi um bi carbonate (2.2 nM
NADPH, 25.6 nmM §bdose 6-phosphate, 6 units per nlL gl ucose 6- phosphate
dehydr ogenase and 3[53Dn1o\/| magnesi um chl ori de). Test conpounds are

e — (%

[00105] N-ds-Ethylbenzenamine: Over a period of 1 hour and maintaining the

temperature at around 25 °C, hydrochloric gas was introduced to ds-ethyl-phenyl-
carbamic acid zert-butyl ester dissolved in ethyl acetate (5 ml). The pH of the
solution was then adjusted to 6-7 with a sodium hydroxide solution(10 mol/L).
Standard extractive workup with ethyl acetate gave the title product as yellow oil

(0.33 g, yield: 93%).
Step 4
cl OH O D Cl OH O @
H D
CUL ™ (Y9 — CLL
+ —_—
NS0 D D N ODj*D
| | p P
[00106]  5-Chloro-N-ds-ethyl-4-hydroxy-1-methyl-2-0xo-N-phenyl-1,2-

dihydroquinoline-3-carboxamide: The procedure of Example 1, Step 4 was

followed, but substituting N-ds-ethylbenzenamine for N-ethylbenzenamine. The
title product was isolated as a white solid (0.4 g, yield: 58%).

Step 5
ct OH © - "Na
cl o o) /@
~
@fﬁx —
VO T N ODND
D | D b D

[00107]  Sodium 5-chloro-3-(ds-ethyl(phenyl)carbamoyl)-1-methyl-2-0x0-1.2-
dihydroquinolin-4-olate: The procedure of Example 1, Step 5 was followed, but

substituting 5-chloro-N- ds-ethyl-4-hydroxy-1-methyl-2-0xo-N-phenyl-1,2-
dihydroquinoline-3-carboxamide for 5-chloro-N-ethyl-4-hydroxy-1-methyl-2-o0xo-
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prepared as solutions in 20% acetonitrile-water and added to the assay

m xture (final assay concentration 5 m crogram per nlL) and i ncubated at 37
C. Final wwmmaovzsais on of acetonitrile in the assay shouwcr/bsoedddseddl i quot s
(501.1L) are taken out at tinmes 0, 30, 60, 90, and 120 mi nutes, and dil uted
with ice cold acetonitrile (200 ilL) to stop the reactions. Sanples are
centrifuged at 12,000 RPMfor 10 mnutes to precipitate proteins.

Supernatants ar g. ﬁhex@mfﬁamﬁd}o&&ndﬁns@%ﬁ;@&armay gﬁlettﬁféeiﬁocﬁeﬂva%tlwlﬁgd 4s0f
LC/ MS/ M5 anal ysis of the d degradation hal f-1i of the test conpounds. The

degradati on hal Whitg Sﬁ\élé (%mﬁlf}ﬁal‘lﬁé%i ﬂﬁiM&%l@Q@ Wéd@Mﬁph@cﬁ%&?’%@t opical ly

enriched drugs)gg{ § 33R0 1A ke in vitro human |iver
m crosomal LM st %gl yyjg)ssa A)blilnﬁcrea e of HI)_M degradation half-life -20%

- 0% 0% - 20% 20% - 100% >100% Exanple 1 +
EXAMPLE 4

Sodium S-chloro-3-(ds-ethyl(phenyl)carbamoyl)-1-d3-methyl-2-0xo0-1,2-
dihydroquinolin-4-¢late

- Na
o e) 0 @
CLG)
D D
NO%Y
|
CDs DDD
Step 1

cl OH O D Cl OH O /@
H D

PHRE @/N%DMCEYH

* D

S DD N O&D

) DDD

|
CD3 CD3

[00108]  5-chloro-N-ds-ethyl-4-hydroxy-1-methyl-2-oxo-N-phenyl-1,2-

dihydroquinoline-3-carboxamide: The procedure of Example 2, Step 4 was

followed, but substituting N-ds-ethylbenzenamine for N-ethylbenzenamine. The

title product was isolated as a white solid.

Step 2

.
- Na
Cl OH O ¢l o O /@
D D
& N"~0 %\K
I D
CDs DD

[00109] Sodlum S-chloro-3-(ds-ethyl(phenycarbamoyl)-1-ds-methyl-2-0x0-1.2-

dihydroquinolin-4-olate: The procedure of Example 2, Step 5 was followed, but

substituting N-ds-ethylbenzenamine for N-ethylbenzenamine. The title product was
isolated as a white solid ( 0.1 g, yield :70%). lH NMR (300 MHz, DMSO) &:
6.83~7.31 (m, 8H). LC-MS : m/z= 365 (M-Na2H)".
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Exanple 2 + Exanple 3 + Exanple 4

WO 2010/028015 PCT/US2009/055692

[00110] The following compounds can generally be made using the methods
described above. It is expected that these compounds when made will have activity

similar to those described in the examples above.

D D
ol o’D o P D D D
D N o Y e b D
D [ N 3 O 4 “cb; D 7\003
D D
c oH oP D Cl OH O Dﬁji[)
D N“So D N"o
D CDs ’ D CDg ,
D
cl :@:D c oH o P b
b X p P NN D
D T O CD3 D T O 2\ P
D , D s
D | D
Cl OH O D D Ccl OH O D D
D S N D C(‘\/\(UD\N D
D N“ 0 \ ° N" "0 4 CDI:
p | , CD; ,
D D
C OoH o P P o on oP D
> D7NK D ° > N\ D ?
V"o V"o
CD; , CD, ’
D D
c oH o P c oH oP D
x SN Y D x D;\ Y D
N~ O o CD; N o
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+ Table 1 In vitro netabolismusin human ¢ tochrone P450 enzynes
[00113] The cytochronme P450 enzynes are expressed fromthe correspondi ng
human cDNfvousiivgesaisacul ovi rus expressi on system ( BD Bi arci/gsmesossean Jose,

CA. AO0.25 mililiter reaction mxture containing 0.8 mlligranms per
mlliliter protein, 1.3 mllinmolar NADP, 3.3 mllinolar

gl ucose- 6- phosphate, 0.4 U nL gl ucose-6-phosphat e dehydrogenase, 3.3

m |l linolar magnesi umchloride apd 0.2 mllinolar of a corrpound of Formul a

|, the correspondi ng non-i sopo

control in 100 m |l

for 20 mrm After i
appropri ate sol ve , et ¢ oroacetl c acid, 94%

acetonitril el 6% gl aci an a@etl aci d, ﬁﬁhl obi “Bicid, 94%
acetonitrile/ 6% gl aci al acetic aci d) and’ ce tifuged (10,000 g) for 3 mm

The supernatant is an&l yéﬁd gy HE I\/IS/I\@ OHQ/(Bochr P450 Standard

CYP1A2 Phenacetin b
J;(Ii M\

Cl OH O

OM Mﬂ\

oHo/©CIOHO/©
D N SN

LT K

CD3 ,and
cl OH O /@
M |
N
|

N

[00111] Changes in the metabolic properties of the compounds disclosed herein

is incubated at 37 C
py the addition of an

picald y engi chad @orrp or standard or
S

OH

W)

O

i

as compared to their non-isotopically enriched analogs can be shown using the
following assays. Compounds listed above which have not yet been made and/or
tested are predicted to have changed metabolic properties as shown by one or more

of these assays as well.

Biological Activity Assays

In vitro Liver Microsomal Stability Assay

[00112] Liver microsomal stability assays are conducted at 2 mg per mL liver
microsome protein with an NADPH-generating system in 2% sodium bicarbonate
(2.2 mM NADPH, 25.6 mM glucose 6-phosphate, 6 units per mL glucose 6-

phosphate dehydrogenase and 3.3 mM magnesium chloride). Test compounds are
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CYP2A6 Coumarin CYP2B6 [ 13C]-(S)-nmephenytoin CYP2C8 Paclitaxel CYP2C9
Di cl of enac CYP2C19 [ 13C]-(S)-nephenytoin CYP2D6 (+/-)-Bufural ol CYP2El
WO 2010/028015 PCT/US2009/055692

prepared as solutions in 20% acetonitrile-water and added to the assay mixture
(final assay concentration 5 microgram per mL) and incubated at 37 °C. Final
concentration of acetonitrile in the assay should be <1%. Aliquots (50uL) are taken
out at times 0, 30, 60, 90, and 120 minutes, and diluted with ice cold acetonitrile
(200 pL) to stop the reactions. Samples are centrifuged at 12,000 RPM for 10
minutes to precipitate proteins. Supernatants are transferred to microcentrifuge
tubes and stored for LC/MS/MS analysis of the degradation half-life of the test
compounds. The degradation half-lives of Examples 1 through 4 (laquinimod and

isotopically enriched drugs) are shown in Table 1.

Results of in vitro human liver microsomal (HLM) stability assay
% increase of HLM degradation half-life

-20%-0% | 0%-20% | 20%-100% | >100%
Example 1 +
Example 2 +
Example 3 +
Example 4 +

Table 1

In vitro metabolism using human cytochrome Paso enzymes

[00113]  The cytochrome P4so enzymes are expressed from the corresponding
human cDNA using a baculovirus expression system (BD Biosciences, San Jose,
CA). A 0.25 milliliter reaction mixture containing 0.8 milligrams per milliliter
protein, 1.3 millimolar NADP", 3.3 millimolar glucose-6-phosphate, 0.4 U/mL
glucose-6-phosphate dehydrogenase, 3.3 millimolar magnesium chloride and 0.2
millimolar of a compound of Formula I, the corresponding non-isotopically
enriched compound or standard or control in 100 millimolar potassium phosphate
(pH 7.4) is incubated at 37 °C for 20 min. After incubation, the reaction is stopped
by the addition of an appropriate solvent (e.g., acetonitrile, 20% trichloroacetic
acid, 94% acetonitrile/6% glacial acetic acid, 70% perchloric acid, 94%
acetonitrile/6% glacial acetic acid) and centrifuged (10,000 g) for 3 min. The
supernatant is analyzed by HPLC/MS/MS.
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Chl or zoxazone CYP3A4 Test osterone CYP4A [13C]-Lauric acid Monoam ne -

Oxi dase A Inhibition and Oxidative Turnover [00114] The procedure is

carri ed odxO 2EDM2POthe net hods descri bed by Weyl er, Jour nadT/o$208/adseep cal
Chem stry 1985, 260, 13199-13207, which is hereby incorporated by reference
inits entirety. Monoam ne oxidase A activity is neasured
spectrophotonetrically by nonitoring the increase in absorbance at 314 nm
on oxidation of kynuram ne w tdytb@iromePy PT 4- Badasp@yaui npl i ne. The
measurenents are carried outp—at-30 C_in 50nM sodium phasphate buffer, pH
7.2, containing 0.2% Triton X- 106YPdBRoanm nehegsdetiase assay| buffer), plus 1
nmM kynuram ne, and the desirfgda WOl ey, L mt total vol ure.
Monooam ne Oxi dase B I nhibitjion and Oxidatjve Turnover [00115] The
procedure is carried out as [descEOYP8B6i n Ueb@llHiSeteptehgpimalcopsychi at ty
1998, 31(5), 187-192, which j i : rence inits
entirety. Determ ning Laquininodin ?asma a\f &b pl ed-col um liquid

chromat ography with ultravigl et aiyPachbancel mielogsbé on [ 00116] The procedure
is carried out as described 3 —Chr omat ogr aphy, B:
Anal ytical Technol ogies in the Brbhedidcal |[dnéHPracpdemdpitels 2003, 785(2),

which i's hereby incorporated by cebepgnce [/ )Baneddl rety.

CYP2E1 Chlorzoxazone
CYP3A4 Testosterone
CYP4A [°C]-Lauric acid

Monoamine Oxidase A Inhibition and Oxidative Turnover

[00114]  The procedure is carried out using the methods described by Weyler,
Journal of Biological Chemistry 1985, 260, 13199-13207, which is hereby
incorporated by reference in its entirety. Monoamine oxidase A activity is
measured spectrophotometrically by monitoring the increase in absorbance at 314
nm on oxidation of kynuramine with formation of 4-hydroxyquinoline. The
measurements are carried out, at 30 °C, in 50mM sodium phosphate buffer, pH 7.2,

containing 0.2% Triton X-100 (monoamine oxidase assay buffer), plus 1 mM

kynuramine, and the desired amount of enzyme in 1 mL total volume.

Monooamine Oxidase B Inhibition and Oxidative Turnover

[00115] The procedure is carried out as described in Uebelhack,
Pharmacopsychiatry 1998, 31(5), 187-192, which is hereby incorporated by

reference in its entirety.

Determining I.aquinimod in plasma by coupled-column liquid chromatography with

ultraviolet absorbance detection

[00116]  The procedure is carried out as described in Edman, et al., Journal of
Chromatography, B: Analytical Technologies in the Biomedical and Life Sciences
2003, 785(2), which is hereby incorporated by reference in its entirety.
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Det erm ni ng | aqui ninmod in human plasma by |iquid chromat ography/tandem mass
spectronetry [00117] The procedure is carried out as described in Sennbro,
et al., Rsyo ghi@ozsoumi cations in Mass Spectronmetty 2006, BO§8ooo/&3dsd- 3318,
whi ch is hereby incorporated by reference in its entirety. Measuring

| aqui ninod's effect on Thl/Th2 bal ance, and Th3 cyt oki ne and TGF-B
cytokine production in Lewis rats. [00118] The procedure is carried out as
described in Yangerfi!laquinl@bd Bthuh phess 6} 1HH00kL080200% /e 4ad) , 3- 9,
which is hereby incorporated by reference 1n 1ts entirety. eExperinental
Aut oi nmune EnceBSUYBYIB! itis Model [00119] The procedure is carried out as
described in Kafjasehs &t dufnBcarhaHs 9 Hgf 4,660 ichis

her eby incorporgted]by r%@ggéﬁce I |t§9g%%%ret9} %%@%OT g?%%ﬁ?he

f or egoi ng descr Cpninaricatione insMuss|Seettiometrn 2006, 0@ An3HSe33 Baiiriclt hderbgent i al
characteristics: .S wl 1.Q0; i thout departing fromthe spirit
and scope theregﬁém%%%ﬁ#gagggg%?gg%agq%'ges and nodifications of the
invention to adapt it to various usages and conditions. CLAIMS Wat is

claimed is: 1. A conpound of structural Formula I (I)
Measuring laquinimod’s effect on Th1/Th2 balance, and Th3 cytokine and TGF-B

cytokine production in Lewis rats.
[00118] The procedure is carried out as described in Yang, et al., Journal of

Neuroimmunology 2004, 156(1-2), 3-9, which is hereby incorporated by reference

in its entirety.

Experimental Autoimmune Encephalomyelitis Model

[00119] The procedure is carried out as described in Karussis et al., 4nn. Neurol.

1993, 34, 654-660, which is hereby incorporated by reference in its entirety.

[00120]  From the foregoing description, one skilled in the art can ascertain the
essential characteristics of this invention, and without departing from the spirit and
scope thereof, can make various changes and modifications of the invention to

adapt it to various usages and conditions.
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or a salt thereof, wherein: R1-R17 are independently selected fromthe
group consisting of hydrogen and deuterium and at |east one of R1L-R17 is
deut er i umwa.20flm2sesnpound as recited in Caim1l whereinpdT/t06d05868 Of
R1-R17 independently has deuteriumenrichnment of no | ess than about 10% 3.
The conpound as recited in Caim1l wherein at | east one of Rl-Rl7

i ndependently has deuteriumenrichnent of no | ess than about 50% 4. The
conpound as recited in Caim1 wherein afAdiggst one of RI1-R17 independently
has deuterium enrichnent of no | ess than About 90% 5. The conpound as
recited in C ai nfVhatihedpigiedisat | east one of RI1-R17 independently has

deut eri um enri chnept, o hoﬁ]ﬁo'f? g&ﬂ%nﬂa t 98% 6. The conpound as recited
formula selected fromthe

in Caim1 wherein sal oun ructural
group consisting of: , Ra-[ 2R, Ris Ris
Ra \k Ri7
Rs X N o R14
Re = N Rg Ri3
Rg
cl O O
R7 R R
12 R11 10
@D

or a salt thereof, wherein:
Ri-Ry7 are independently selected from the group consisting of hydrogen
and deuterium; and
at least one of R;-R71s deuterium.
2. The compound as recited in Claim 1 wherein at least one of R;-Ry7
independently has deuterium enrichment of no less than about 10%.
3. The compound as recited in Claim 1 wherein at least one of R;-Ry;
independently has deuterium enrichment of no less than about 50%.
4. The compound as recited in Claim 1 wherein at least one of R;-Ry7
independently has deuterium enrichment of no less than about 90%.
5. The compound as recited in Claim 1 wherein at least one of R;-R;;
independently has deuterium enrichment of no less than about 98%.
6. The compound as recited in Claim 1 wherein said compound has a structural

formula selected from the group consisting of:

D
D Gl oH o P D
p P N D
D
D 0 'CD3
D D
Gt oH o P D c oH o P D
D NN p P XN D
D D
D N oj\ D N"~o \
D CD, D CD,
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, 7. The conpound as recited in Claim1 wherein said conpound has a
structural fornula selected fromthe group consisting of 8. The conpound
as recitedwono@/esms/ wherein each position represented grHAi$des/shesseri um
enrichment of no |less than about 10% 9. The conpound as recited in Caim7
wherein each position represented as D has deuteriumenrichment of no | ess
t han about 50% 10. The conpound as recited in Claim7 wherein each
position represented as D has deutegriumenrichment of ng | ess than about
90% 11. The corrpound as reci tqgi iA_Cpai m 7 _wherein gach_pgsition
represented as D has dgut @i ment dfl ngHl -’ t about 98% 12.
The conpound as refiied i g J ¥g5 the structural
fornmul a: 13. The c
the structural form

D D
D
c onH oP D ct o o P
D A N D = N D
D D
D
D N” 0 N" "0 4 “cbs
D l 2 CD3 3
D D
ct oH o P D 6 on of D
S oN D A N D
D D
No IN o N\
CD; CDs
D D
ct oH oP Do on oP D
X DN D A DyN\ D
D D
NS0 ep, N"So
D
ct o ob DD G OH O /@
D
N0 K D . DCD3

cl OH O OHO/@
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14. The conpound as recited in Caim?7 wherein said conpound has the
structural fornula: 15. A pharmaceutical conposition conprising a conmpound
as recitedwPr0W@sHSs1 together with a pharnaceutical |y a®cagisabdomssaprri er .

Cl OH O IOHO/Q
X N
ClOHO/@ClOHO/@CIOHOQ

D
o[?\ '?‘OK N’OD cD,

D, CDs l D
Cl OH O /@
N™ O gk
and
7. The compound as recited in Claim 1 wherein said compound has a structural

formula selected from the group consisting of

Cl OH O /@ Cl OH O /@ Cl OH O
Lol M
D
N™ "0 j\CD:; K

i
CD; .C 3

2

ClOHO/@ ClOHO/@

A
D D
N“So {Ncp, Nige! gk
| ,and |
8. The compound as recited in Claim 7 wherein each position represented as D has

deuterium enrichment of no less than about 10%.
9. The compound as recited in Claim 7 wherein each position represented as D has

deuterium enrichment of no less than about 50%.

10. The compound as recited in Claim 7 wherein each position represented as D has

deuterium enrichment of no less than about 90%.

11. The compound as recited in Claim 7 wherein each position represented as D has

deuterium enrichment of no less than about 98%.

12. The compound as recited in Claim 7 wherein said compound has the structural

formula;
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Cl OH O /@
X N
D

N" "0 4 “cby

CDy

13. The compound as recited in Claim 7 wherein said compound has the structural

ClOHO/@
M”

formula:

D

fil O 4 cb;

14. The compound as recited in Claim 7 wherein said compound has the structural

5

AN
o N
CD;,

15. A pharmaceutical composition comprising a compound as recited in Claim 1

formula:

together with a pharmaceutically acceptable carrier.
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