ACYLOXYALKYL CARBAMATE PRODRUGS, METHODS OF SYNTHESIS AND USE This
application claims the benefit under 35 U.S.C. 119(e) from U.S. Provisional Application Serial No.

60/496,938{ladodwpigs 20, 2003 and U.S. Provisional Application Serial podirdoemssol3, 2004
entitled "Methods for Synthesis of Acyloxyalkyl Carbamate Prodrugs"” which are herein incorporated by

caroamate (OHEORAPA A B A e TGS BTG GaRIRLS S =o'

pharmaceutical compositions thereof, methodaNDri@#ng prodrugs of
(h)-4-amino-3-(4-chlorophenyl)buttmoic acid and analogs thereof and methods of using prodrugs of
()-4-amino-3-(4-chlorophenyl)butanoic acid and analogs thereof and pharmaceutical compositions
thereof to treat vaifoissagideases otadisothie endieudikn! 35 e GefeihHdmmialé.fo such prodrugs
suitable for.gral. dministration.and.for oral Inistrati sing s [ ele osage forms.
2.Backaroulr§|)r(§) VSIS aﬂ%afllﬁél@? -%ﬁfgg‘ﬁ}%% ahg%%é&lg%%sgzgfg%gi(fﬁ(@%# analog of
gamma-amRrobsignid Agipl¢aiphGABia) Mat selectifiddd ActgratdsS CABAEtHeddbsthedsulting in
neuronal hypegpolarization, GABAB r ors are located,in Jlaminae I-1V. of the spinal cord, where
primary se ﬁgf)%@éﬁs é’%& W&%a%}%?gﬁéﬁﬁ%%ﬁepﬁ?@?ﬂe%se p‘{v(%]rlgr%%{f?\?g%e(% hiTe é:%%}gén?f/thselective
ion channelsfarsicam theineatitetyents mediated by Ca2 channels in certain neurons. Baclofen has a
presynaptic inhibitory effect on the release of excitatory neurotransmitters and also acts
postsynaptically to decrease motor neuron firing (see Bowery, Trends Phartnacol. Sc!. 1989, 10,
401-407; Misgeld et at, Frog. Neurobiol11995  F&ehARS KR} OH

The disclosures herein relate generally to acyloxyalkyl carbamate prodrugs of

(&)-4-amino-3-(4-chlorophenyl)butanoic acid and analogs thereof, pharmaceutical
compositions thereof, methods of making prodrugs of
(£)-4-amino-3-(4-chlorophenyl)butanoic acid and analogs thereof and methods of
using prodrugs of (&)-4-amino-3-(4-chlorophenyl)butanoic acid and analogs thereof
and pharmaceutical compositions thereof to treat various diseases or disorders. The
disclosures herein also relate to such prodrugs suitable for oral administration and for

oral administration using sustained release dosage forms.

2. Background

(f)-4-Amino-3-(4-chlorophenyl)butanoic acid (baclofen), (1), is an analog of
gamma-aminobutyric acid (i.e., GABA) that selectively activates GABAg receptors,
resulting in neuronal hyperpolarization. GABAg receptors are located in laminae I-IV
of the spinal cord, where primary sensory fibers end. These G-protein coupled
receptors activate conductance by K'-selective ion channels and can reduce currents
mediated by Ca®* channels in certain neurons. Baclofen has a presynaptic inhibitory
effect on the release of excitatory neurotransmitters and also acts postsynaptically to
decrease motor neuron firing (see Bowery, Trends Pharmacol. Sci. 1989, 10,
401-407; Misgeld et al., Prog. Neurobiol. 1995, 46, 423-462). ‘



Baclofen (1) Many examples of compounds having agonistic or partially agonistic affinity to
GABAB receptors exist and include certain amino acids, aminophosphonic acids, arninophosphinic
acids, amingpasBhesrds acids and aminosulfinic acids such as, for examglgygkaiiitolrazo
to-3-(2-chlorophenyl)butanoic acid; 4-amino-3-(4-fluorophenyl)butanoic acid;
4-amino-3-hydroxybutanoic acid; 4-amino-3-(4-chloropheny1)-3-hydroxyphenylbutanoic acid;
4-amino-3-(thien-2-yl)butanoic acid; 4-amino-3-(5-chiprothien-2-yebutanoic acid;
4-amino-3-(5-bromothien-2-yl)butanoic acid; 4-amine<3x(5-methylthien-2-yObutanoic acid;
4-amino-3-(2-imida7olyebutanoic acid; 4-guanictin chlorophenyebutanoic acid;
(3-aminopropyl)phosphonous acid; (4-aminobut-2-yfigfiospbonous acid;
(3-amino-2-methylpropyl)phosphonous acid; (ﬁ-ﬁminbutyl phosphonous acid;
(3-amino-2-(4-chlorophenyl)propyl)phosphonotfs aefd;
(3-amino-2-(4-chlorophenyl)-2-hydroxypropyl)phosphonous acid;
(3-amino-2-(4-fluorophenyl)propyl)phosphonous l31@(&‘?(%'3364%o-2-phenylpropyl)phosphonous. acid,
(3-amino-2-hydroxypropylphasphenous acid: (E)-(3-arninopropen-1-yhphospheno cid;
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(3-amino-2-cyclohexy osp us acl nzylpro yf’)%%osp onous acid;

[3-amino-2-{@ G phespidipeaps Biphosbinden@ursiacidiino acids, aminophosphonic acids,
[3-amino-2-§4-trifl oromethylphenyepropyllphosphonous acid; . L
[3-amino-2- _mcg{[h%s ;%.Hlé:nay%p ro%i’/ﬁ)‘b?%%’]ﬁ%%%%%“é gccllés 2d%minosulfinic acids such as, for

[3-amino-2-¢danipptepopheny1)-2-hydroxypropyliphosphonous acid; (3-anainopropyl)methylphosphinic
acid; (3-amino-2-hydroxypropy! ethgﬁlph hinic .acid;.(3-atnin. opropyl)(diftuoromethyl)phosphinic
acid; (4-aminobut- -zylﬂnm}éo't%%r%gfé)ﬁ n|%n§§§?£(a§l%{ﬁ1?ﬁbd-1-hydroxypropyl)methylphosphinic acid;
(3-amino-2-hydroxsarnpyhidifdbromgtibyfiDhopbiniacat;id; (E)-(3-aminopropen-l-yl)methylphosphinic
acid; (3-amino-2-oxo-propyl)methyl phosphinic acid; (3-aminopropyl)hydroxymethylphosphinic acid;
(5-aminopent-&yl)?ﬁ%‘ﬁ%@%%b)ﬂggﬁ?n%Bgct:?a;&(ﬁ?ﬁ%f%no-1,1,1-trif|uorobut-2-yf|methy|phosphinic acid;
3-aminopropylsulfipimnsiais3 (B4arhinhédyth b iophenyplrrofylianliciacadid;
(3-amino-2-hydroxypropyl) ﬂgic ciiijb %{-ES-a iIno-2-hydroxypropyl)sulfinic acid;
(2R)-(3-amino-2-hj¥(fr13%%§6 ly i e% ;0 ek 1o o-2-fluoropropyl)sulfinic acid;
(2S)-(3-amino-2-fldanapiody)Suliloio i Z2R)b (Baasitrueid; fluoropropyl)sulfunic acid; and
(3-amino-2-oxopro ¥Igsulf njc acid. . . A principal pharmacological effect of baclofen in mammals is
reduction of muscl‘g2 °§1’$§tﬁé°8?88’1§”r%a%%§? P& the treatment of spasticity. Spasticity is
associated with dafnagiad3 (B metlighhRnd-teitansiéaaidommon complication of neurological
disease. Diseases and. cogﬂg’onsé% ich s asticiétjy may be a prominent symptom include cerebral
palsy, multiple scléfgg}gfos‘ ora™H gﬁ?ﬁ’if@ t% injuries, traumatic brain injury, anoxia and
neurodegenerativel giseddam- Ralichisiheapbbliciororsidain of stiffness, involuntary spasm and
pain. These painfl:d%s asms m%?e S ontaneoua_or triggered by a minor sensory stimulus, such as
touching the patient; *™ 8B ﬁ%b%??ﬁ &8fitrolling gastro-esophageal reflux disease (van
Herwaarden et at,(Alimenstibaryigstalsphenodd@ad16, 1655-1662; Ciccaglione et at, Gut 2003, 52,
464-470; Andrews ft at, U.§. P?ltlei\t NoO. ?,ﬁl?, 08; Fara et at,

(3-amino-2-methylpropyl)phosphonous acid,;

(3-aminobutyl)phosphonous acid;

(3-amino-2-(4-chlorophenyl)propyl)phosphonous acid;
(3-amino-2-(4-chlorophenyl)-2-hydroxypropyl)phosphonous acid;
(3-amino-2-(4-fluorophenyl)propyl)phosphonous acid,;
(3-amino-2-phenylpropyl)phosphonous acid;
(3-amino-2-hydroxypropyl)phosphonous acid;
(E)-(3-aminopropen-1-yl)phosphonous acid;

(3-amino-2-cyclohex ylpropyl)phosphonous acid;
(3-amino-2-benzylpropyl)phosphonous acid,
[3-amino-2-(4-methylphenyl)propyl|phosphonous acid;
[3-amino-2-(4-trifluoromethylphenyl)propyl]phosphonous acid,
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International Publication No. W002/096404); in promoting alcohol abstinence in alcoholics (Gessa et
aL, International Publication No. W001/26638); in promoting smoking cessation (Gessa etal.,

InternationalyigulalisaiieigNo. W001/08675); in reducing addiction liability ofagreRtgdgsnts (Robson
eta!,, U.S. Patent No. 4,126,684); in the treatment of emesis (Bountra et at, U.S. Patent No.

5,719,185) and as.an anti- ive for the treatment of cough (Kreutner et al., U.S. Patent No.
5,006,560). Bigm%%z%@%{gﬂwgﬂg&&%@%ﬁ%ﬁm 18 delivery through a surgically
implanted prograrf8rabigopeHiecHlbm plisgyil-rahidiso asomaeth ieyphiie gaséigintestinal tract and has
an elimination half:ife of g&gryoﬁlnﬁg el %p%s' Baclofen is partially metabolized in the liver but is

largely excreted b AR ‘A58t half-life of baclofen necessitates frequent
administration witi3tgpited-arhlydasingropgimesbylphgipaifiioricatout 10 to about 80 mg of three or four
divided doses daily, Plasma ba I{:)él conce trﬁtiﬁns f about 80 to about 400 ng/nit result from these
therapeutically ef CHBRERE I% g[]'rleoﬁ??ﬁ{%}' PARP “'fed. Rehabil. 1988, 2, 108-116; Krach, J.
Child Neural. 200{4-htniddb862-Vihenhygstibéphits gieety orally, sedation is a side effect, particularly at

elevated doses | alrmeqﬁggygﬁg%}/e f;jxcgﬁr@lgﬁg%%éq mory loss, dizziness, weakness, ataxia

and orthostatic hy ofeH&R clofen side-effects. Intrathecal

administration is qBemmieeavingérasgrigpybdddhisrachetlivigptissidueraeigffects of oral baclofen
intolerable. The imgkrecal.use of baclofen er[ﬁﬁ%s) egective. ‘eatment of spasticity with doses less
than 11100th of thoSe @&B%B%PSW?‘& g,eéfga & P ectly into the spinal subarachnoid space
permits immediat€3aneess-tookhe (siyHbabet ptarspizscadide dorsal horn of the spinal cord. Surgical
implantation of a pymp.is, howeyer, inconvenient and a varijety of mechanical and medical
complications car?%ﬁ&?%?é?%%&%’?‘&f%%%@%%ﬁﬂ%ﬁlﬂﬂ ‘or blockage, pump failure, sepsis and
deep vein thromb(SianiAcpiatdisdpnttinapiosspiibachofen therapy (e.g., in cases of mechanical failure)
may cause serious, withdrayval.s toms c)gﬁsgg%qgcin ions, confusion, agitation and seizures
(Sampathlcumar §‘%‘§E‘%?t¥?f?fﬁ]‘a%8rg%’é‘g§ : U%%ﬁp m%ﬁﬁg the clinically prescribed baclofen
product (Lioresal TAvinisnapealsyikaifinly asid; racemate, the GABAB receptor agonist activity resides
entirely in one engptiomer, R-é- - acla{&e%a% %m@te ed L:baclofen). The other isomer,
S-baclofen, actua '%ﬁ@nf e tREBLY f af'aBAB receptors and its antthociceptive
activity in the rat gpHaalieer (og)slee) il Eaplogy , 27, 85-94; Sawynok at al.

ivity in th qpiaaliaord-h PefopyénRdemdapl 1983, 27, 85-94; S k I
Pharmacology 19%% 3€JA, 248-2 Mal)lé adn;ér%‘iﬁ red R-paclofen is reported to be about 5-fold more
potent than orally GaMRiSBRR THbE A PLeRsFasH FHR-baclofen regimen of 2 mg t.i.d being
equivalent to race(zi)gaciafien-atdwiregybreh (jsammiceicat; Neurology 1987, 37, 1725-1728).

Moreover, the side effect pé%’ followi }gﬁgﬁinis}[ ation of R-baclofen, has been shown to be
significantly reducedf Teive fé’cﬁ’lﬂ%ﬂiﬁp foffd%lose of racemic baclofen.  Baclofen, a

zwitterionic aminqz8)d 3laakadiefieatoptis phyisiarhwidical characteristics for effective passive
permeability across_cellular mergg[anes. Pa§sa of the drug across the gastrointestinal tract and the
blood-brain barrie PR fhed e aPA PR Al ca%ﬁge‘al‘? nsport processes, rather than by passive

diffusion. Accordiq@mmbﬁ@§HMQ #gfdactive transport mechanisms shared by neutral
ct-amino acids like leuycine, and 13-ai1in,o acids like 13-alanine and taurthe (van Bree_at at, Phann.

[
Res. 1988, 5, 369/ R RRAERR (0 oﬁcﬁ,e&?ﬁﬁﬂ?ﬁ?}@%@. PORGELIS (, BEBP7: Deguchi at at,
Pharm. RegutfR0i22d@8% dbddisMelNavatiseatathd fiommnentel spaeiRo, Spdficlz54). Transport
across the BBB is, stegqu{fctive, WEE preferential P take of the active R-enantiomer (2) being
reported (VAREPEERSH AV AERASRELNT 56719 spBE L Xes| A AN ARIRMRD ARFERIfRI R Msporters
localized imeapiltaiy diasheliabbrlisesfatibcbiaiit Jpkaiin whitiespasieifyaanyimplicatediirmfflux of
baclofen from the brai egughi et at, supra; Ohtsuki et at, J. Neurqchem. 2002, §3, 57-66).
3-(p-ChlorSERERB %ﬁ%@%ﬁaj}}g@}ﬁ Hﬁ"s%ﬂ eW%§§°§%RE°$%§§ﬁ%B?§ ﬁpc')%‘?‘ﬁfgo’é bacloferz (Wall et
at, J. Meetifgjheiis, H28Mhade br@40n] 348 inbradiugnairothgetsiiidcalisdags aratiagswigd in Bryans at
at, International Publication Na. 01/90052; Bryans at al., EP1178034; Ca et at,U.S. Patent
Applcatior PUBREX TS RBIS e GTexs 25 Ry oA F ik RABRELN BETEaton No,
2003/017639§;He efom ficaisbSrigaéant Kypp licaite sensdrjcatinnldo s2Q0 Gdud3ngiKsallop et at, U.S.
Patent Application Publication No. 2004/0006132; and Raillard et at, U.S. Patent Application
PublicatioPRilf?2004/0014940.  Sustained released oral dosage formulations are a conventional
solution to the prahielvfed tapidfay stapmtrditigegiasiansephsgsalvellindigsaie harart (see, e.g.,
"Remingtop’'s Pharmaceutical Sciences," Philadelphia College har y and.Science, 19th Edition,
1995). gsrﬁﬁﬁ‘@%ﬂ%ﬁ; g@s?e(m?’étri 2@8’?@8 g%gé&pﬁ@ﬂf%é%ﬁ ﬁ%ﬁ% Weflvery (See, e.g.,
Verma etah, DGug 1063, b1 4Bhann; RARwA6::6951 S8 Panitadssiyl eppiieatian ef Higse technologies
depends on the drug of interest having an effective level of absorption from the large intestine (also
referred to herein as the colon), where the dosagg form spends a majority of its time during its

passage down the gastrointestinal tract. Baclofen is poorly absorbed following administration into the
colon in animal models (Merino et aL, Biopharm. Drug. Disp. 1989, 10, 279-297), presumably, since

+thoa tranennrtar nrntaine maoadiatina baclafan ahenrntinon in the 1innar reaninn Af tha emall intactina ara



making acyloxyalkyl carbamate prodrugs of baclofen and baclofen analogs and methods of using
acyloxyalkyl carbamate prodrugs of baciofen and baclofen analogs and/or pharmaceutical

compositioRehgsseispsireat various medical disorders. In a first aspect, agOfRRIHNGHHHprmula (1) is
provided, R5 0 R2 R30 (I) or pharmaceutically acceptable salts, hydrates or solvates thereof, wherein:

R1 is selected from the gr. onsisti stituted agyl, alky], substituted alkyl, aryl,
substitutedig‘f??% %‘i‘iﬁ“@ﬁgﬁﬁﬂﬁﬁmgﬁ%ﬁ%ﬁﬁw&%ﬁ@%ﬁxﬁf&%ﬁﬁ% substituted
Cynghl‘ger@Wﬁméﬁmﬂwl lhtssﬂbﬁilttﬁﬁiﬂl' 'bmmhli@dﬁbﬁﬁdtgaw}l(ﬂmm)eﬁlhﬁtmmﬁmg, heteroarylalkyfl
and substituted heteroarylalkyl: R R3 are i ndently se le group consisting o
hydrogen, asfféﬁ, sﬁggﬁfﬁﬁeo zﬁ?/f,s%ﬁ(%%zﬂétr%%ﬁyﬂ%%ﬁ%?ﬁ?%%&ﬁ&y%@i@&%,“gubstituted aryl,
arylalkyl, subdtitirtgcdidttinyiabilitp afladratiostgened(Ryblanileyla hete o @ateraMstituted heteroaryl,
heteroaryla ubstituted heteroarylalkyl or optionall %ZEa dR b, the,carbon atom
to which th&/%?égggd‘ééb%ﬁﬁag%%lgg n}} ,Sgéu@s(fl u{reade %}%‘I’oal y?%t)‘?g?ofﬁ?((gt?r%i%@g%rasnljiostituted
cycloheteromsllayl atigtussiVRAfis el eekechérorof e ghidiperomsi gting 4 ISy eogetriNalkyl, substituted alkyl,

aryl, substitgj %% arylalkyl, substituted arylalkyl, aryldialkylsilyl, cycloalkyl, substituted cycloalkyl,
cycloheterodllcyl, su?jstituted cycloheteroalkyl, heteroalkyl, substituted heteroallcyl, heteroaryl,

substituted heteroBadlofieteragryteddytisistestd endi otdrpanatheghbddtiabcyldiisolighred  R5 is
S o AR TSRS S S, R A B oo o

gastrointestinal tract and has an elimination half-life of approximately 3-4 hours. .
Baclofen is partially metabolized in the liver but is largely excreted by the kidneys
uncha.hged. The short half-life of baclofen necessitates frequent administration with
typical oral dosing regimens ranging from about 10 to about 80 mg of three or four
divided doses daily. Plasma baclofen concentrations of about 80 to about 400 ng/mL
result from these therapeutically effective doses in patients (Katz, Am. J. Phys. Med.
Rehabil. 1988, 2, 108-116; Krach, J. Child Neurol. 2001, 16, 31-36). When baclofen
is given orally, sedation is a side effect, particularly at elevated doses. Impairment of
cognitive function, confusion, memory loss, dizziness, weakness, ataxia and
orthostatic hypotension are other commonly encountered baclofen side-effects.

Intrathecal administration is often recommended for patients who find the
adverse effects of oral baclofen intolerable. The intrathecal use of baclofen permits
effective treatment of spasticity with doses less than 1/100™ of those required orally,
sin'ce‘administration directly into the spinal subarachnoid space permits immediate
access to the GABAg receptor sites in the dorsal homn of the spinal cord. Surgical
implantation of a pump is, however, inconvenient and a variety of mechanical and
medical complications can arise (e.g., catheter displacement, kinking or blockage,
pump failure, sepsis and deep vein thrombosis). Acute discontinuation of baclofen
therapy (e.g., in cases of mechanical failure) may cause serious withdrawal symptoms
such as hallucinations, confusion, agitation and seizures (Sampathkumar et al.,
Anesth. Analg. 1998, 87, 562-563).

While the clinically prescribed baclofen product (Lioresal ™

) is available only
as aracemate, the GABAR receptor agonist activity resides entirely in one enantiomer,

R-(-)-baclofen (2) (also termed L-baclofen).



XY R2 R30 (I ') wherein: X is fluor, chloro, bromo or iodo; and R2, R3, R4 and R5 are as defined,
supra. In a third aspect, a method of synthesizing a compound of Formula (1) is provided, comprising:

RS 0 RI rox@yNbils0153¢3R30 (1) R505CY R2 R30 (II) PCT/US2004/027330
Cl Cl
0 “ 0
H,N oH HZN\/'\/U\OH
R-Baclofen (2) S-Baclofen (3)

The other isomer, S-baclofen, actually antagonizes the action of R-baclofen at
GABAGp receptors and its antinociceptive activity in the rat spinal cord (Terrence et
al., Pharmacology 1983, 27, 85-94; Sawynok et al. Pharmacology 1985, 31,
248-259). Orally administered R-baclofen is reported to be about 5-fold more potent
than orally administered racemic baclofen, with an R-baclofen regimen of 2 mg t.i.d
being equivalent to racemic baclofen at 10 mg t.i.d. (Fromm e al., Neurology 1987,
37, 1725-1728). Moreover, the side effect profile, following administration of
R-baclofen, has been shown to be significantly reduced, relative to equally efficacious
dose of racemic baclofen.

Baclofen, a zwitterionic amino acid, lacks the requisite physicochemical
characteristics for effective passive permeability across cellular membranes. Passage
of the drug across the gastrointestinal tract and the blood-brain barrier (BBB) are
mediated primarily by active transport processes, rather than by passive diffusion.
Accordingly, baclofen is a substrate for active transport mechanisms shared by neutral
a-amino acids like leucine, and 3-amino acids like 3-alanine and taurine (van Bree et
al., Pharm. Res. 1988, 5, 369-371; Cercos-Fortea et al., Biopharm. Drug. Disp. 1995,
16, 563-577; Deguchi et al., Pharm. Res. 1995, 12, 1838-1844; Moll-Navarro et al., J.
Pharm. Sci. 1996, 85, 1248-1254). Transport across the BBB is stereoselective, with
preferential uptake of the active R-enantiomer (2) being reported (van Bree et al.,
Pharm. Res. 1991, 8, 259-262). In addition, organic anion transporters localized in
capillary endothelial cells of the blood-brain barrier have been implicated in efflux of
baclofen from the brain (Deguchi et al., supra; Ohtsuki et al., J. Neurochem. 2002,
83, 57-66). 3-(p-Chlorophenyl)pyrrolidine has been described as a CNS-penetrable
prodrug of baclofen (Wall et al., J. Med. Chem. 1989, 32, 1340-1348). 'Prodrugs of
other GABA analogs are described in Bryans ef al., International Publication No.
WO01/90052; Bryans ef al., EP1178034; Cundy et al., U.S. Patent Application
Publication No. 2002/0151529; Gallop et al., U.S. Patent Application Publication No.



contacting a compound of Formula (II), a compound of Formula (lll) and at least one equivalent of a
metal salt or an organic base or a combination thereof wherein: X is fluoro, chloro, bromo or iodo; and

RI, R2, R3Wd ek B Rsdre as defined, supra. In a fourth aspect, a mephathRbsy4ARESIZING a
compound of Foimula (I) is provided, comprising contacting a compound of Formula (XVI1II) with an

oxidant, wherein ) RI, R2, 4, and re are as defined, supra. I ifth, aspect,
pharmaceu |§§P¢O&g%(§sﬁti§%§%%%zrﬁ£ﬁzs§) c%erﬁtpogﬁgcgp &%?rhll{ﬁﬁé: "ldﬂ?%r pﬂﬁazpr%%@éﬁtica Y acceptable
salts, hydratallop sot/atEsStdateof, SippliagbioarRuhtieation Noa2 064to00é \ahistel RisHaad & diluent,
carrier, excipjept @r-adj royided. T.he choi il , carrier, excipient and adjuvant will
depend upo%}}’gm%r%qﬁgﬁé@%@@%ﬁb glecs#r-lé)(rj‘ m%éﬁ)ﬁggmﬁgfraﬂon In a sixth aspect, a
sustained release Buslatisshipefsech pcdrigsigie fparhadtioterapr acieny entiobalctofeticartal g prodrug of

o () SASRUIT Sogt UE Tl ospl L B et gt oo
adapted to fRemsugtbe’LRivioisrgricili§ceradsgchidml elphle ¢ pliegeuef PhEonanyland gradually into the
st e agheL TR D PR IR A PR AR
providing a fhesagieintid dorpodsliratip (Sekbaglofénmn thehablofe Pandiol) Rhire: 288M 2 6f the patient. In
= soveth 3 SIS S G AR sallen e g Sl anlos o of
release oralistesatkafong pineftehtoia detred citmtsge fomfioto thed drge stiteatihmielscofefepatient by having
the patient Y ﬁnlélr%\,n\{ gg%h%oc%efgt?)f Whire the dosage form spends a majority of its time during its

passage down the gastrointestinal tract. Baclofen is poorly absorbed following

administration into the colon in animal models (Merino et al., Biopharm. Drug. Disp.

1989, 10, 279-297), presumably, since the transporter proteins mediating baclofen

absorption in the upper region of the small intestine are not expressed in the large

intestine. Development of an oral controlled release formulation for baclofen should

considerably improve the convenience, efficacy and side effect profile of baclofen

therapy. However, the rapid passage of conventional dosage forms through the

proximal absorptive region of the small intestine has thus far prevented the successful

application of sustained release technologies to this drug. A number of exploratory

delivery technologies that rely on either mucoadhesion or gastric retention have been

suggésted to achieve sustained delivery of baclofen (Sinnreich, U.S. Patent No.

4,996,058; Khanna, U.S. Patent No. 5,091,184; Fara et al., supra; Dudhara et al.,

International Publication No. W003/011255) though to date none of these appear to

be able to achieve sustain blood levels of baclofen in human subjects.

Thus, there is a significant need for new prodrugs of baclofen and baclofen
analogs which are well absorbed in the large intestine/colon and hence suitable for
oral sustained release formulations, thus improving the convenience, efficacy and side

effect profile of baclofen therapy.

3. Summary
These and other needs are satisfied by the disclosure herein of acyloxyalkyl

carbamate prodrugs of baclofen and baclofen analogs, pharmaceutical compositions

of acyloxyalkyl carbamate prodrugs of baclofen and baclofen analogs, methods of

6



releasing the prodrug gradually from the swallowed dosage form into the intestinal lumen of the patient
over a period of hours; and allowing baclofen or the baclofen analog to be cleaved from the

promoiety {fighsiidSyallowing to provide a therapeutic concentration of thebaglgieAsfaclofen
analog in the plasma of the patient. In an eighth aspect, methods are provided for treating or

preventing stiffness, i voI tar ove ents.and omat W|t pastjcit thods are also
provided foﬂ?]t% ;é@( arl\f\'/ At ga o%%%rﬁﬁﬁggg?‘aé’f? qﬁ&ﬂ?fg Eﬁggeor addiction,
nicotine abnmlmrdadﬂm@ngm amﬁmqtm‘kﬂbuﬂ&mm@duﬁmgs eﬂ&sﬂsﬁnmmughlo}'éiemmﬂg@ds generally
involve adminijstering to a patient in need of t ent or revention a therapeutically effective
amount of a c‘g HL%]‘H Egrrilu?a nc?/lg’r eﬁ?ﬁﬁ%é comp%& ?(ﬁ é{Fe%f \We
2005/919163PC1Td 2 52B0b{iie 7, 336t pretaded Hﬁﬁmipmrisébi@ai&dnons "1-Acylo xy-Alkyl
Carbamate" refers to an N-1 -acyloxy-alkoxycarbonyl derivative of baclofen or a baclofen analog as
iil) iﬁ

encompassed by compounds of Formulae (2), (V).,and closed herein.  "Alkyl" by itself or as
part of another substituent refer® mﬂa ched, straight-chain or cyclic
monovalent hydrocarbon radical dellived’by th removal of one ydrogen atom from a single carbon
atom of a parent alkarte, alkene or Qlk%e ﬁ/pﬂ:al alkyl groups include, but are not limited to, methyl;
ethyls such as ethanyl, ethenyl, ethynyl, propy, { such as propan-I-yl, propan-2-yl, cyclopropan-I-yl,
prop-l-en-l-yl, prop-1-en-2-yl, prop-2-en-l-y1 (all Pél) cycloprop- 1-en- 1-y1; cycloprop-2-en- 1 -yl, prop-1
-yn-1 -yl, prop-2- ynrlp}zialmacebuwl&}sammmelt{ahd ;xydmammyl,vzmebh;ftqﬁoﬁmdhyl

2-methyl-propan-2syl C%%(@%Ht?r %1 butPIlgentl b ulljt |- % [E I b 21 en-2-yl,
obu Fen-a-

buta-1,3-dien-I-yl, c BN yclGbuta-1,3-dien-1-yl,
but-I-yn-I- ylstkimﬁhynd&mwbat}& ymbbgrtuwa@hdnﬁelkyb substirhedemyia‘ﬁdkylbyslspmyincally intended to

include groyps ﬁ&éaree [l tion exclu ly single
carbon- carb§P1 E %rfl%ﬁrgu a ff?o oneerooa dre‘gl E)t% g%on cargﬁl\érib aﬁhga’ps having one or
more triple mﬂrmnmmtbmdaﬂqulmdgnmumbmnngimammwbﬂsﬁ&giarﬁ@whadd triple

carbon- carbog P‘?ﬂ?e Where ﬁ@gﬂflc level of saturation is intended, the expressions "alkanyl,"

"allcenyl,’ ﬁtgrre referably, an alkyl group comprises from 1 to 20 carbon atoms,

more preferably, fIb’rmitiIRPhﬁeondmpamlmiﬂy selestep fidarabdygrivoprcartsisficg dfdrydtogas,  “"Alkanyl"
b L T et T e e e
Typical alkany, grphn@lnmhbdanineﬁ mﬁﬂbyl;mwtﬂdalkynmﬂsmyteémmdugrbpatwlmguph as propan-1
S ety PR SR B L LT OB AA ST OBHE e e e,
R? and R? together with the carbon atom to which they are bonded form a cycloalkyl,
substituted cycloalkyl, cycloheteroalkyl or substituted cycloheteroalkyl ring;
R* is selected from the group consisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, arylalkyl, substituted arylalkyl, aryldialkylsilyl, cycloalkyl,
substituted cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl, heteroalkyl,
substituted heteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl, substituted
heteroarylalkyl or trialkylsilyl; and
R’ is selected from the group consisting of substituted aryl, heteroaryl and
substituted heteroaryl.

In a second aspect, a compound of Formula (II) is provided,

wherein:



"Alkenyl" by itself or as part of another substituent refers to an unsaturated branched, straight-chain or
cyclic alkyl radical having at least one carbon-carbon double bond derived by the removal of one
hydrogen a{pgn,{js¥:@549le carbon atom of a parent allcene. The group rpay,be, R sigssthe cis or
trans conformation about the double bond(s). Typical alkenyl groups include, but are not limited to,
ethenyl; propenyls such as prqp-I-en-I-yl, prop-1-en-2-yl, prop-2-en-l-y1 (allyl), prop-2-en-2-yl,
cycloprop-1-en-l-yf; & \18[5?% Q[-%ﬂé rlf-r)‘yf?(gﬁféﬂ % &fth as but-I-en-I-yl, but-l-en-2-yl, 2-methyl-prop- |
-en-l-yl, but-2-en-]R§l,R)hR2mWIamas%emaadylg@u&a-l,&dien-l-yl, buta-1,3-dien-2-yl,
cyclobut-I-en-I-yl, clotglltf_ -l-en-3-yl, cyclobuta-1,3-dien-l-yl, etc.; and the like. “AllcynvlI" by itself or
as part of another(is}/h%s i L(:]e%sf) F&‘é?rlsnfg%?] Lﬂ%ﬁ’&%ﬁéﬂ%éﬁgﬁp&u& a‘igﬁf?{i‘ﬂ&m @ &/clic alkyl radical
having at lepstvide] cashprisiaghbon triple bond derived by the removal of one hydrogen atom from a
single carbon atom of a parent alkyne. Typical alkynyl HPUPS include, but are not limited to, ethynyl;
propynyls such.as prop-l-yn- 1 '\ﬁl{ prop-2-yn-l-yl, gtc.; butynyis such4as but-l-yn-I-yl, but-l-yn-3-yl,
but-3-yn-l-yl, etc.; and the like. \ﬁeQ elfid [ Rer substituent refers to a radical
-C(0)R30, where R30 is hydrogen, falk %clo Ikyl, cyclobeteroalkyl, aryl, arylalkyl, heteroalkyl,
heteroaryl, heteroarylalkyl as definéd H&reifRépresentative examples include, but are not limited to
formyl, acetyl, cyclohexylcarbonyl, cyclohexylr‘g thykarbonyl, benzoyl, benzylcarbonyl and the like.
"Alkoxy" by itself or as part of another substituent refers to a radical -O0R31 where R.31 represents an
alkyl or cycloalicyl group as defined herein. Représentative examples include, but are not limited to,
methoxy, ethoxy, propoxy, butoxy, cy@oheﬁlloxy and ec;iQkﬁq‘t "Alkoxycarbonvl" by itself or as part
of another substituent refers to a raqjcal C(0)OR3' where@R31 represents an alkyl or cycloalkyl group
as defined herein. Representative exauEles include, but are not limited to, methoxycarbonyl,
ethoxycarbonyl, propoxycarbonyl, butoxycarbanyl, cyclohexyloxycarbonyl and the like. "Aryl" by
itself or as part of another substituent refers to @ monovalent aromatic hydrocarbon radical derived by
the removal of one hydrogen atom from a sin@e carbon atom of a parent aromatic ring system.
Typical aryl groups include, but are not Iimitagwt;), groups derived from aceanthrylene,
acenaphthylene, acephenanthrylene, antRtacené&thzulene, benzene, chrysene, coronene,
fluoranthene, fluorene, hexacene, hexaphene, hexalene, as-indacene, s-indacene, indane, indene,
naphthalene, octacene, octaphene, octalene (Blalene, penta-2,4-diene, pentaeene, pentalene,
pentaphene, perylene, phenalene, phenanthrene, picene, pleiadene, pyrene, pyranthrene, rubicene,
triphenylene, trinaphthalene and the like. Preferably, an aryl group comprises from 6 to 20 carbon
atoms, moreoptestingohcdnpoudde f Pararbler(Bjo asnmpottadyl ffgitninlai(EBl) endist peastofanother
substituent éﬁ/ﬁ‘f@%‘ﬁt"’d’f %‘R{QLS Qﬂ%g A %a}ﬂc‘"@?eh ?'AG%SML&%H%%?& pefipnded to a carbon
atom, typically a terminal or sps carbon atom, is replaced with an aryl group. Typical arylalkyl groups
include, but are noX lisiteat tochlenz,ybreyphanygidohand1-yl, 2-phenylethen-I-yl, naphthylmethyl,
2-naphthylethan-1:ul, hylethgr-1-yl, naphthobenzyl, 2-naphthophenylethan-1 -yl and the like.
Where specific alky ’nlwggién%%?dre In en%rgy&st eeﬁrrllgahgfﬁ:rlg’[ure arylalkanyl, arylalkenyl and/or arylalkynyl
is used. Preferablynanantiaaspyday empetbdC 3t RO eniyiakkylcenpotnd afi@oryhuddidhid or alkynyl moiety

of the arylallcyl group is C1.-C1(%2)1_1 n?the aryl moie yﬁ:gCS- 2&\@ e preferably, an arylalkyl group
is (C?-Czoféér/ygﬁ(d;ﬂg'%rp.,n%megéﬁ a%;c/ }naﬁlge%o)# Pa y%y m0|et;§/o t esa‘rﬁﬁa’lll%ﬁ %’%@?j‘g‘ is (CI-Cs) and
the aryl moigheisifC6-C12). "Aryldialkylsily1" by itself or as part of another substituent refers to the

radical -S1R32R33R34 where one (8‘ R32, R33 or R34 is aryl as defined herein and the other two of
R32, R33 or italkyl as defined hereir. "AUGY is thﬁ areé under the plasma drug
concentration-versus-time curvey Qﬁgil/f ' c;eﬁFﬁ"inity. e
2005/019163PCT/US2004/027330 isithe highest drug concentration observed in plasma

following an extravascular dose of cﬁﬁg. 'Péo(?npounds" refers to compounds encompassed by
structural fatulae (1) - (XVIII)

and R!, R?, R3, R?, and R’ are as defined, supra.
In a fifth aspect, pharmaceutical compositions comprising a compound of
Formula (I), or pharmaceutically acceptable salts, hydrates or solvates thereof, and a

pharmaceutically acceptable vehicle such as a diluent, carrier, excipient or adjuvant



(XXIII) disclosed herein and includes any specific compounds within these formulae whose structure is
disclosed herein. Compounds may be identified either by their chemical structure and/or chemical
name Whengbeahamiggd structure and chemical name conflict, the chemigglsiivsisieis sieterminative
of the identity of the compound. The compounds described herein may contain one or more chiral
centers andjor dauple LORES ARG INGF§IRIS ,@%@?ﬁ'é&%ﬁﬁ% T % Q%%%tsuﬁhdaseﬂﬁi i§;00ond isomers
(i.e., geometric' Isomers), enantiomers or diastereomers. Accor |nglly, e chemfcal structures depicted
herein encomsasiiepdivis thealssordamdndistdrdnisatiors of the illustrated compounds including
the stereoisomericgly gif JOSI(S S ERMELIIEAL R, SARIATECERIN AU Bk fiagier comericafly

pure) and enantiomeric and stereoisomeric mixtures. Enantfomeric and StereGisomeric mixtures can

be resol_vednm@'@ﬁé?f @mmmmgﬁfm&ﬂ@@wﬁng,sﬁbpdcaﬁgﬁﬁ@hniques or chiral
synthesis t%ﬂ%’éﬂﬁ?é@’@ 't'okﬁé)whfff)% o '&?ﬁﬁ‘éﬂ?ﬁ%fﬁ@?ﬁ%‘?ﬂ@g?h@ﬁ‘gfsgllﬁ%og&z%ils{ﬂ% several

tautomeric forms including the enol form,the keto form and mixtures thereo ordingly, the

chemical stegcmirstne piersd hétedrpatiosnbadesaebssifiotzntberingiedaptedtofrtheritubaated

compound i i ' i where one or
more atom?%\%égpﬁ aﬁom C m%eg%%%ﬁ%ﬁ?&@?ﬁ?ﬁ%@%&@%@gﬁ%ﬂoﬁﬁy ?§§nd in nature.
Examples ofisstiopbbithen afahdpatiand qsrapdrintbofeosonafiousad siwalosedgenddn include, but are

not limited tg‘{%%dﬁ% ﬁ%tie]asé%l%sﬁf’coa floned%ythyb%ch a%%%%%@g% Jﬂe@(/eed(lf 1j};tﬂgsolvated forms as

well as solv s, Including’hydrated forms an s. In' general, compounds may be
hydrated, sprseithr e gidsvadawing endpoarding ayhexipeinimedtiptattayistabifieaciofmorphous

forms. In ge&ﬁtﬁ%'b%ﬁl@%ﬁ{%%% g'%r@&gﬁs a(%&%?lﬁgfﬁ%i etﬁg uses contemplated herein and are intended

to be within the scope sent osure. er, it should be understood, when partial
structures of the comepsavedthaspéitstmesbiodrefidraiyiasis indicttes thbastiftropmidacs ntent of the partial

structure to,the rest of the molecul " alk bonyl" by itsel s. part of another
substituent lr)éﬁecr)fe oag%lg%gg?u%l(%;gg&ggn#%ﬁ%gég ?g(ge?éssemngsné%%}gacféa{%@ﬁ SgréUp as defined herein.
Representative explapiesacomgewindiv fFomatlirtiied 1cusiacieduimsy canbdnsd geyolmmexyloxycarbonyl

and the like "Cycloglkyl" by itself s parto her ituent refers t urated or
unsaturated cyclicéﬁ%ﬂ%}%ﬁé\ﬁlﬁs&% goggelg&t?ct%ﬁ}e(ﬁ%sgﬁ%%nog f%qr%ggg?tﬁge%r{l(%nenclature
"cycloalkanthe patient kyedklomy thisdasegt: oypical cycloalkyl groups include, but are not limited to, groups

derived from cyclopropane,.cyclohutane tane, ahe and-the like. Preferably, the
cycloalkyl group is%&?gﬁ%%%fém;%%%%ﬁﬁﬁ% %%@%%‘?:%%&%?“ﬁ llgj"§’:31-'/l:}):‘%oheteroalkt" by
itself or as patstihahlmien sdlistipatient efensatpezisdnfibdadspanthsaturated cyclic alkyl radical in which
one or more carbon,atoms,(and.an sqciated hydrogen atoms) are independently replaced with the
same or different k%]t%%%oérﬁa?%géél %(iDear%g %nm%“?lg’gj&aﬁ%é ?133:’ %é%f%ﬁ?aﬁ% ?51 c|)nc%de, but are not
limited to, Naffer 6ai6 s®alktwing e ravsiseciliertpeetioftsatentidvisofitentedo fe sromenclature
"cycl_oheter%gélfgpe\ﬂ'égrlg%% gt%g]%lg% }i'l'é%aﬁ%ﬁff‘- Typ_i_cal cycl_oheteror_sllkyl groups ing:lude,_ but are
not limited to, groups derred from epoiddes,‘azifines, thiiranes, imidazolidine, morpholine, piperazine,
piperidine, pyrazolidiae gightiohsiiect, qpethodsdirecpamd ded fok dreatin'g dd plestioti@tiinets" refers to an
N-1-haloalkox ?arpon I derivatitve 0(5 ba.clofencortadbaﬁllosfen aggl‘i')%%h%ﬁ%oarrn{)ﬁssed by compounds of
Formulae (I]IBN%\H‘B %WMW&PS%%%&%%?H. 12leGHE erB%ﬁEy}, Jeteroaltoalkan L and Heteroalk 1" by
themselvespooad qibforot eatntp er prevatititeng astier dsophagea iteflnyl daéesey bhotialknsd groups,
respectively, E c\%hich L one or more grf ;}Q&c arboglar%t mga(glns% any d%?&?&,i]at%je@’dm ggughoms) are
independenat?y rep(fgte Wi & Same ST different Retaroatonmic groups. ﬂﬁyplcaﬁ Hetéro&btnic groups
which can BEnerletiedsigehesd ghoudsdndndestoringte apationten noed®f sSeh t0e@ane8t 8k, -0-5-,
-NR37R38-, =N-N=, -N3zN-, -N=N-NR39R40, F.R41 , 43(n U) POR42 -, -0-P(0)2-,
S0-, 802" SRR o gaﬂi\gﬁﬁt?ﬁ%f‘ﬁr%‘?% %%%@%ﬁﬁ%?ﬁ%ﬂﬁ‘s‘%%%m
Rindependehtsniagdntigehceniqydsition thereof.



substituted alkyl, aryl, substituted aryl, arylallcyl, substituted arylalkyl, cycloallcyl, substituted
cycloalkyl, cycloheteroalkyl, substituted cycloheteroallcyl, heteroalicyl, substituted heteroalk-yl,

heteroaryl, ugsiitiiemdfagteroaryl, heteroarylalkyl or substituted heteroarylglefly;sr00disigigaryl” by
itself or as part of another substituent, refers to a monovalent heteroaromatic radical derived by the

removal of one hydrogen atom from a single atom qf gar,ent heteroaromatic ring system. Typical
heteroaryl groups include, but are notﬁlmiteﬁ%@@%ﬁ%&mgfrom acricline, arsindole,
carbazole,13-carboline, chromane, chromene, civanoline, furan, imidazole, indazole, indole, indoline,
indolizine, isobenzofw-an, isochromene, iség'#wdol 'isucn){ doline, isoquinoline, isothiazole, isoxazole,
naphthyridine, oxadiazole, oxazole, perirnidine, p&%ﬂ‘aﬁ%‘ﬁiine, phenanthroline, phenazine,
phthalazine, pteridine, purine, pyran, pyrazine, pyrazole, pyridazine, pyridine, pyrimidine, pyrrole,

pyrrolizine, quinazgling, guinolj inplizine,, gyinoxaline, tetra Ie,_taljj%diazo e, thiazole, thiophene,
triazole, xanthene, é&ﬁ%&éﬂ&&%ﬁ%ﬁe%%%%a%%zﬁW%*%m - arﬁlbedr%gfered heteroaryl,
more preferddiydtomB-14 lnfembe dohtiefencantb Srebtanadjasteddaydogipopsdaref those derived from
thiophene, @érrol b zﬁ)iio % “bf? zofyran, indole, pyridine, quinoline, imida7ole, oxazole and
pyrazine. éﬁ%‘?o@ry al f}ﬁ W@e (giro ?fsgélgﬁ Of another substituent refers to an acyclic allcyl
radical in which one of the hydrogen atoms bonded to a carbon atom, typically a terminal or sp3
carbon atom, is replaced,with.a heteroaryl up,, Where. specific alkyl moieties are intended, the
nomenclature hete a\lﬁérlltﬁ, 2tér Qr/ry}lgﬁ%n%}ll A }’GQ'P eetrétrg?fﬁgﬁﬁg/r?yﬁ%suﬁag%%?fn preferred
embodimentssshedtedcboaryhek; ptgighicisam 6:3() che mbeoed] betbydaogtabod, redicathe alkanyl, alkenyl

or alkynyl moiet [lth heteroarylallcyl is 1-10 membered and the heteroaryl moiety is a

520 membUb e S L e o R AR R B By, akeny
or alkyny! medianeoflitvedetatkmnglafiyyidsl BB yingmipsredladel the freteod diryltetbiefynistlay];
5-12-membgtrheqshsetc%ro§1%an 1"gt§érelnf ,g%)ma}ltic I(:\;ir%gségsrtlea@" rgferglt_o AN unsatyir ted cyclic or
polycyclic ring}éys%lem%avmg%’conju Attt erd8 sys(fem. grpggﬁicaﬁy FeRiGEa Within the
definition ofc{zdrpriparcingljpropg Isystéml, arepilsed 2igh sygidvenib-yihjghybne or more of the rings are
aromatic and ane or mare of the rings are saturated or unsafurated, sych or ex e, fiuorene,
e, indSH OBtk A R g AL Wi s S R X1 2 S it to
aceanthrylenehasdnaphihyle betaac2phehiarthplierepaantiyh Genetlagypeneanb@iene, chrysene,
coronene, fluoranthen ]1{ rene, hexac,ene, hexaph nefg alene, as-indacene, s-indacene, indane,
indene, nap%?igPéuﬁaél}'gﬁjf Lcl:%urfg, 'ngzaae%uetfeidg{ﬁ?éﬁe%\l}g Pe{fes?lboé)ﬁ é?ﬁ:i:&,%%‘éf‘ 'gﬁff‘}\'c‘ghe, pentalene,
pentaphendype-gedeylphetaalehdi phéndiithtend -pieeneylpeiekdéne | pyrdnel, pyranthrene, rubicene,
triphenylene, trinaphthalene and the like., .. "Parent Heteroaromatic.Ring, System" refers to a parent
aromatic ring cslif/)qs)tlg%'ﬁ]n%'eclhc ﬁ%’%#?ﬁ%?édég%%xﬁa 8#?5' }(gh%ya{;:@ué'sls—zlcl?gf d hydrogen atoms) are
independertiy-3ptated, with; el theréker different heteroatom. Typical heteroatoms to replace the
carbon atoms include, but are, nat limited to, .N,.P, O Si, etc.,Specifically included within the
definition of "paren eéf%a@@(gtitsrsi EJCIStilcS e%’s’f"&fiés‘ﬂ}%eiag&hdge gf]é’r%%mﬁn%ﬁ g?‘%egr more of the
rings are aroniext afshtumationnieregpdtbe htviypane satuehtathgleuashdnratebhshohdas, for example,
arsindole, benzodioxan, benzofuran, chromane, chrgmene, indole, indoline, xanthene, etc. Typical
parent hetcROATBHERI T g SRS TS RED RN 0 WS RIGHE, BSRIULES p-catboline
chromane, tfiytzoerbeneatartalineofidscand gricigrdieyingl adeterds db kn ghelalmb ] enotaliripée isobenzofuran,

isochromene, jsaindale, ispinlolias Jsoduinoline. isothiazole. isoxazole naniityridine oradiazole,
oxazole, perimidine, phenanthridine; phenanthroline, phenazine, phthalazinhe, pteridine, purine, pyran,
pyrazine, pyrdizolgl, piaiitenyle’, mdithtiemyyiancdise]. phrefdes hyy aslizikg, groinazadipeisegiinolice,
quinolizine. uinpalipe. tetazale, thiadiazols, digzale, (hieplisne,driazele, apihene. and the like
Pharmaceutical composition™re ers 10 atieast ona compound and a p?warm’aceu ically acceptable
vehicle, witprefetahlihdreconipouncaibamatomistered to a patient. "Pharmaceutically acceptable salt"
refers to a salt of a compound, which possesses the desired pharmacological activity of the parent
compound. Such salts include: (1) acid addition salts, fixated with inorganic acids such as hydrochloric
acid, hydrobromic*‘#dikarsdifimydtaeifipnisipasioid apbibsp harititieiok, mictstihe dikatuotédrmed with organic
acids such tic acid., prapionic acid. hexanoic aci | e igRi¢ acid, glycolic acid,
pyruvic acicﬁé?iggi}c égﬁpﬁ?g-lon%na% ; g%%g:ﬁﬁg 5\%’% afr‘%ﬁ%?ﬁ%&%?&%p ora‘?:%g l?%garic acid, tartaric acid,
citric acid, Hydrogeraaion3ienhy dngigherroyatdendeipaeid, atkmamicypisial, atkanykgouapid,-
methanesulfonic acid, ethanesulfonic acid, 1.2-ethane-disulfoni | 2= anesulfonk acid,
benzenesu Hbcr%lllc?:j %{?;f&t %%Hﬂ)ﬁgglel%ggﬁérsng on@’a%tlﬁlh%%ﬁgﬁeﬁsgglﬂ%%gﬁ%&i-tbluenesulfonic
acid, camplporsattf@rid @sigrdpwikttythipyopaf 12y2) act-Butmeds -watb ex plitaacldylglucoheptonic acid,
3-phenylpropionic acid, trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid, gluconic acid,
glutamic acid, hydroxynaphthoic acid, salicylic add, stearic acid, muconic acid, and the like; or (2) salts

formed when an acidic proton present in the parent compound is replaced by a metal ion, e.g., an
alkali metal ion, an alkaline earth ion, or an aluminum ion; or coordinates with an organic base such as

othannlarninea dAdiathannlamina triathannlamina Nomaoathvilahiicaminea and the ik




"Preventing"” or "prevention” refers to a reduction in risk of acquiring a disease or disorder (i.e., causing
at least one of the clinical symptoms of the disease not to develop in a patient that may be exposed to

or predispoggslinihasodisease but does not yet experience or display symg;e:it)ﬁs(}fn;%zq%?gase).

"Prodrug" refers to a derivative of a drug molecule that requires a transformation within the body to
release the active drug. P r(“)l[gr gs are frequently, although not necessarily, pharmacologically inactive
until conveﬂ?&%?f?ﬂ%’iu(g%‘fé %ﬁugfmethyimﬂf’&‘éfy{ Fbgfégrgt%agfé’ﬁ‘?&cﬁ m%gygroup that when used
to mask a fretiytiakgembminiillingg esigafitbieelle converts the drug into a prodrug. Typically, the
promoiety will be attached to the drug via bond(s) that are cleaved by enzymatic or non-enzymatic

means in vivo. "Protecting group" refers to a grouping of atoms that when attached to a reactive
functional group iri‘AlkealdCie itsalks; 1egates aiotierantistiteantivdfreftohen fumciionadroup. Examples

of protecting gr an he found in Greene! al., 'Protective Groups in Organic Chemistry"”, (Wiley, 2'd
ed. 1991) a%(%]ﬁogé)(rfs%naé)r’319, o%ﬁé’ﬁgﬁﬁ‘ﬁ%iré% éﬂ%ﬁg el%sﬁ)?&ﬁ%r ‘,’%@.’%8 (John Wiley and
Sons, 1971db88k6)bérdpiasentdtivth aeinovate®sainbydropas dtiehuffenbutargldhedrbotited o, formyl,
acetyl, trifluogoacety|, henzyl, benzyloxycarbonyl (‘{CBZ"), tert-butoxycarbonyl ("Boc"), trimethylsilyl
("TMS"), Z-ﬂ’frﬁpeaﬁ%lsﬁ@ﬂ?g%aﬁé% ‘Hﬂ%r(a@ Fgﬂ}ﬁ ﬁ’r‘%oc?u%stﬁﬁ%&oﬁfm%gﬂéfbgk‘/ Sycarbonyl,
9-fluorenylrdetbjddorckishoTyb{ceMOEny] gisopyiialidtycareary| NN O (S, edrg ghe like.
Representative %

roxy, protecti rqQups include, hut are nof limited to, those where the hydroxy
group is eitREra ?5%1 %?Sa?ﬁgpdqgaq?%éﬁ?%o@é f?fl}é dlﬁﬂl}TEe' 'jes'yégﬂlé'ﬁas alkyl ethers,
tetrahydropyremgl-atiiesd, tyelepisibyl ethdrsRogcidhtbptdens.1-yl; " Bubatdstadly ane diastereomer” refers
to a compouynd.containi or more stereggenic centerg sych that the diastereomeric excess (d.e.) of
the compmﬁ%’ }s'eélr'fépfqer é%ﬁ&'gf%%ﬁ'?ﬁogéﬁ?éﬁg&%ﬁ ‘ﬁfg?ﬂﬁg‘g‘ Mor Example, greater
than or at |éast29dd4 -9 Yt D3P A 6] 5 Mnaa%ys A4 -98%yolo8ald -en- 1Spstituted” refers to a
group in which gne or mgre hydrogen at are independently replaced with the same or different
substituent@ﬁ&%}ﬁf Rl M RT s it 2V R AR HEE -R60. -0- =0, -OR. -SRE0, .S,
S,NR612R61, _cF3, CN, -ON, -SCN, -NO, -NO2, =N2, -N3, -S(0)20-, -S(0)20H, -S(0)2R60,
C(0)0RGD, -C(ON LR MO AP  AOLTE NAEFS SRHG BEIRIRURET .
- R60, - N rmocr, - , - ) S I,
_NR62c(NRa3)HRE GkaightadhaitNIR 62¢NRARR cddwhicievidgxirdep endeatlya-baibgen; R60, R61, R62
and R63 arg. inde entl ogen, alkyl, substituted alkyl, alkoxy, substituted allwxy, cycloalkyl,
substituted %?l%ﬁ@%%%%%&%%@%%oﬁﬂéy é%lhé%% %ﬂ,aa ,g%uco%ﬁ?&gg) ryl, heteroaryl
or substituteflaeteraailidyey. opyisioal Y Ro wngddeslitoty=ik) dnuville tiee Hitrgeto ptdprigi;which they are
bonded total a ¢ c*ohe‘tﬁroalk |%9J substituted %Xclo eteroalky! r{'n ; and R64 and R65 are

independerti§ OJeH ARIPRUpEUtEd B AR, & i %ﬁﬂftléascycloallcyl,
cycloheteraaltcilysubstjtbiied -gych g tioaty, layy esipatdutedikeyl, heteroaryl or substituted
heteroaryl, or optionally R64 and R65 together with the nitrogen atom to which they are bonded form a
cycloheteroalkyl or substituted cycloheteroalkyl ring. Preferably, substituents include -M, -R60, =0,
-0R60, _sR00,-NRARRBLy it IN B 45 hpast-6IMinoB&NubSiEint MDersNO2 radita] -NEOYRY)2R60,

“05(02)a, - W gr)&B@Ps ﬁ}%x(')czge)fzzéjkyl, cycloalkyl, cycloheteroalkyl, aryl, arylalkyl,
heteroalkyl, heteroaryl, heteroarylalkyl as defined herein. Representative examples
include, but are not limited to formyl, acetyl, cyclohexylcarbonyl,

cyclohexylmethylcarbonyl, benzoyl, benzylcarbonyl and the like.

“Alkoxy” by itself or as part of another substituent refers to a radical -OR?
where R*! represents an alkyl or cycloalkyl group as defined herein. Representative
examples include, but are not limited to, methoxy, ethoxy, propoxy, butoxy,

cyclohexyloxy and the like.

~ “Alkoxycarbonyl” by itself or as part of another substituent refers to a radical

-C(0)OR?! where R*! represents an alkyl or cycloalkyl group as defined herein.
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P(0)(0R60)(0), -OP(0)(0R60)(0R61), -C(0)R611, -C(S)R60, -C(0)0OR60, -c(0)NRE60R61rc(c)cr,
_NRs2c(0)NRson.x61, more preferably, -M, -R6, =0, -OR6, SR60, -NR60R61, -CF3, -CN, -NO2,

-5(0)2R60,wR(M§9RHBL0). -OP(0)(OR60)(0R61), _c(c)Rs0, -C(0)OR60,, S '1%%?‘5%6%%6&'7%%&(0)05 most
preferably, -M, -R60, =0, -OR60 , -NR60R61, -CF3, -CN, -NO2, -S(0)2R60, -0P(0)(OR60)(0R61),

_c(0)R60 , -C(0)0OR6 ,-C(0)0-, where RGO "Treating" qQr "treatment” of any disease or disorder
refers, in so%‘féré%@dﬂ%g @%%ﬂ%ﬁ@?&% PGk Ego’iodf% Y§BOW¥bsting or reducing the
developmesthokifartissassropatyieabbovie mithxelibinal syyopiberslhsieehodyl aiiethembodiments
"treating" ot.'treatment" refers to ameliorating at least one physical parameter, which may not be
discernible By the patient. In yet other embodiments, "treating” or "treatment” refers to inhibiting the
disease or disorder, either physically, (e.g., stabilization of a discernible symptom), physiologically,
(e.g., stabilization of a physical parameter),.or both. In still other embodiments, "treating” or "treatment”
refers to delaying flé@gqn?&tlgf#ﬁgr(ﬂ%‘?ﬁgeggm OSUTUSREESISES QA IOAgNAIRe amount” means
the amountanbraativhpdroced: toat rauiveih datinid $ie thel rona pa tidinioh yiratieg adiseaseais sufficient to
effect such tregtment for the djsease. The "therapeutically effective amount” will var. dPe ending on the
compound, YHE & ERAE AT o4 &BILTH EHEIHE He oeTht, QR THLESCHRE Pect

are not limited to, groups derived from aceanthrylene, acenaphthylene,

acephenanthrylene, anthracene, azulene, benzene, chrysene, coronene, fluoranthene,
fluorene, hexacene, hexaphene, hexalene, as-indacene, s-indacene, indane, indene,
naphthalene, octacene, octaphene, octalene, ovalene, penta-2,4-diene, pentacene,
pentalene, pentaphene, perylene, phenalene,vphenanthrene, picene, pleiadene, pyrene,
pyranthrene, rubicene, triphenylene, trinaphthalene and the like. Preferably, an aryl
group comprises from 6 to 20 carbon atoms, more preferably, from 6 to 12 carbon

atoms.

“Arylalkyl” by itself or as part of another substituent refers to an acyclic alkyl
radical in which one of the hydrogen atoms bonded to a carbon atom, typically a
terminal or sp° carbon atom, is replaced with an aryl group. Typical arylalkyl groups
include, but are not limited to, benzyl, 2-phenylethan-1-yl, 2-phenylethen-1-yl,
naphthylmethyl, 2-naphthylethan-1-yl, 2-naphthylethen-1-yl, naphthobenzyl,
2-naphthophenylethan-1-yl and the like. Where specific alkyl moieties are intended,
the nomenclature arylalkanyl, arylalkenyl and/or arylalkynyl is used. Preferably, an
arylalkyl group is (C;-Cso) arylalkyl, e.g., the alkanyl, alkenyl or alkynyl moiety of
the arylalkyl group is (C;-Cjo) and the aryl moiety is (Cs-Cy0), more preferably, an
arylalkyl group is (C7-Cyp) arylalkyl, e.g., the alkanyl, alkenyl or alkynyl moiety of
the arylalkyl group is (C;-Cs) and the aryl moiety is (Cs-Ci2).

“Aryldialkylsilyl” by itself or as part of another substituent refers to the radical
~SiR*2R¥R* where one of R*2, R* or R* is aryl as defined herein and the other two
of R¥, R* or R* are alkyl as defined herein.

“AUC” is the area under the plasma drug concentration-versus-time curve

extrapolated from zero time to infinity.
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"Trialkvisilyl" by itself or as part of another substituent refers to a radical - SIR50R51R52 where R50,
R51 and R52 are alkyl as defined herein. Reference will now be made in detail to particular

embodimeg}s, 9h Fpeynds and methods. The disclosed embodiments af,gfpﬁfsi{bt&r/g;?%o be limiting
[

of the claims. To the contrary, is the claims are intended to cover all alternatives, modifications and
equivalents. 4.2 Compounds In a first aspect, a compound of Formula (1) is provided, R5 0 0./R4 0 R2
R30 (1) or pharmaceutically acceptable salts, hydrates or solvates thereof, wherein: Rl is selected

from the group comgjgiings eiclbih &t ldstiplieacaithtilk)dbssrosd it pthatky kotlohisghstituted aryl,
arylallcyl, SUbStitUt%ﬁé?raflialkf%s %cloallcyl, substituted cycloalkyl, cycloheteroalkyl, substituted
cycloheterc‘féﬂi'ﬁlﬁfaL oIk Stituted heteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl
and substituted heteroarylallcyl,  R2 and le are independently selected from the group consisting of
hydrogen, alkyl, sybstituted allcyl, alkoxycarbonyl, substituted alkoxycarbonyl, aryl, substituted aryl,
arylallcyl, substitut l,l g‘%@%&ﬂ&ﬂ%ﬁéﬁ&@%ﬁ%ﬂﬂ%ﬁ@@%ﬁﬁg ftited heteroaryl,
heteroarylgikWaNsdisiiatedde eidaliadayhoy guionalyripauads witagethese\itiriitgecarbon atom to

which they are bonded form a cycloalkyl, substituted ¢ycloalkyl, cycloheteroallcyl or substituted
cycloheteregi@? fAycturepsdis 8?8@%??%‘m%%ﬂ’(‘ﬁ% SR AT BREMPRIRSH substituted allcyl,

aryl, substisttesieiysaptatohdebaiipied] aptalkyw iy idiatadsidal eyalonlievinahstitisad cycloalkyl,
cycloheteroallcyl, substituted cycloheteroalkyl, heteroallcyl, substituted heteroalkyl, heteroaryl,

substitutecPAREFORTICt te AasRHEpk Bt drieraieriX A ALIIRA RN OISIA COMPOUNRs is selected
from the groMpcaRsisiag alssHbsttiadandy heiRmatanchmbikedoneieyaa: I some
chlorop U BRI e £ B SHSERSALIEH SR GRS SEFRB Ry rion-2-y1
and 2-imidgze)| e dinethicr symlesy] isnentidnssissdiatteshirers. the errlingtensisiRengtathlorophenyl,
@ R)-4-ChlOspot&)crt]&r%%IHgl;fcqg%rggr%%@ngrlicﬁﬁqga%rsoﬁ?Sggs!ible enantiomers and stereoisomers of

the illustrated compounds including the stereoisomerically pure form (e.g.,

geometrically pure, enantiomerically pure or diastereomerically pure) and

enantiomeric and stereoisomeric mixtures. Enantiomeric and stereoisomeric mixtures

can be resolved into their component enantiomers or stereoisomers using separation

techniques or chiral synthesis techniques well known to the skilled artisan. The

compounds may also exist in several tautomeric forms including the enol form, the

keto form and mixtures thereof. Accorciingly, the chemical structures depicted herein

encompass all possible tautomeric forms of the illustrated compounds. The

compbunds described also include isotopically labeled compounds where one or more

atoms have an atomic mass different from the atomic mass conventionally found in

nature. Examples of isotopes that may be incorporated into the compounds disclosed

herein include, but are not limited to, 2H, *H, ''C, 3C, **C, N, *0, 10, etc.

Compounds may exist in unsolvated forms as well as solvated forms, including

hydrated forms and as N-oxides. In general, compounds may be hydrated, solvated or

N-oxides. Certain compounds may exist in multiple crystalline or amorphous forms.

In general, all physical forms are equivalent for the uses contemplated herein and are

intended to be within the scope of the present disclosure. Further, it should be

understood, when partial structures of the compounds are illustrated, that brackets

indicate the point of attachment of the partial structure to the rest of the molecule.
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In still other embodiments, the compound of Formula (1) has the structure of Formula (V): CIORI 0
R20 (V) or pharrnaceutically acceptable salts, hydrates or solvates thereof; wherein: RI, R2, le and R4

are as defmpaglagosrdies  In still other embodiments, a compound of Fornpigq, (i, iapihgstructure of
Formula (VI): ClI  (VI) or pharmaceutically acceptable salts, hydrates or solvates thereof;

“Cycloalkoxycarbonyl” by itself or as part of another substituent refers to a
radical -C(O)OR>® where R* represents an cycloalkyl group as defined herein.

Representative examples include, but are not limited to, cyclobutyloxycarbonyl,
cyclohexyloxycarbonyl and the like. '

“Cycloalkyl” by itself or as part of another substituent refers to a saturated or
unsaturated cyclic alkyl radical. Where a specific level of saturation is intended, the
nomenclature “cycloalkanyl” or “cycloalkenyl” is used. Typical cycloalkyl groups
include, but are not limited to, groups derived from cyclopropane, cyclobutane,
cyclopentane, cyclohexane and the like. Preferably, the cycloalkyl group is (C3—Cio)
cycloalkyl, more preferably (C3-C7) cycloalkyl.

“Cycloheteroalkyl” by itself or as part of another substituent refers to a
saturated or unsaturated cyclic alkyl radical in which one or more carbon atoms (and
any associated hydrogen atoms) are independently replaced with the same or different
heteroatom. Typical heteroatoms to replace the carbon atom(s) include, but are not
limited to, N, P, O, S, Si, etc. Where a specific level of saturation is intended, the
nomenclature “cycloheteroalkanyl” or “cycloheteroalkenyl” is used. Typical
cycloheteroalkyl groups include, but are not limited to, groups derived from epoxides,
azirines, thiiranes, imidazolidine, morpholine, piperazine, piperidine, pyrazolidine,

pyrrolidine, quinuclidine and the like.

“1-Haloalkyl Carbamate” refers to an N-1-haloalkoxycarbonyl derivative of

baclofen or a baclofen analog as encompassed by compounds of Formulae (I), (VII)

and (VIII) disclosed herein.

‘“Heteroalkyl, Heteroalkanyl, Heteroalkenyl and Heteroalkynyl” by themselves
or as part of another substituent refer to alkyl, alkanyl, alkenyl and alkynyl groups,

respectively, in which one or more of the carbon atoms (and any associated hydrogen
atoms) are independently replaced with the same or different heteroatomic groups.
Typical heteroatomic groups which can be included in these groups include, but are
not limited to, -O-, -S-, -O-O-, -§-S-, -O-S-, -NR*'R*-, =N-N=, -N=N-,
_-N=N-NR**R¥, -PR*'-, -P(O);-, -POR**-, -O-P(O);-, -SO-, -SO;-, -SnR*R*- and the
like, where R*7, R® R* R¥, R R% R® and R are independently hydrogen, alkyl,
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wherein RI, R2, R3 and R4 are as defined, supra. M. some embodiments of compounds of
Formulae (1), (V) or (VI), R1 is selected from the group consisting of C1.6 alkyl, substituted C1_6 alkyl,

C3.6 cyclog{gyhopbsivssubstituted phenyl, C74 phenylallcyl and pyridyl. Ipcathrhainbedynents of
compounds of Formulae (1), (V) or (VI), R1 is methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,

sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl, peopentyl -dimethgxyethyl. 1,1-diethoxyethyl,

phenyl, 4-m%%f&%%ﬁe%bﬁ%ﬁ%%ﬁ@%ﬁﬁ?@&!ﬁ%tFcl)lgrs)c()l&l;ﬁ? cfféﬁ%ﬁf@t, é’ﬁg}é‘B@ﬂ‘tyl, cyclohexyl,

2-pyridyl, 3-qupstiyited dyplradiyyl,|nystithetamrma eabstiutisdafyctvhpiersudk yof kedero (D, (V) or (VI), Ri
hyl, ethyl [, n-butyl I buty! b Iyl’ I I

is methyl, ethyl, n-pr isoprapyl, n-butyl, isohutyl..sec-but rt-butyl, n:pentyl, isopentyl,

see-pentyl, SrIué%BteurE?é/)I%{?ﬁ%b)ﬁ({%etWy, phsélsr?fllﬁﬁé}&c leglﬁeg/’f%ﬂ _B%ﬁ%%ﬂﬂl&%o%” other embodiments

of compourstbsiittedrhetem4t);1¢Kybr (VI), R2 and R3 are independently selected from the group

consisting of hydrogen, alkyl, substituted alkyl, allcoxycarbonyl, substituted alkoxycarbonyl, aryl,
substituted aryl, arylalkyl, substituted arylallcyl, carbamoyl, cycloalkyl, substituted cycloalkyl,

cycloalkoxycarborf{fleseroativlitéy igeld atkaqyaadicngthbesebstitybns tedtitsito ch hetecvalerlt

heteroarylalkyl and substituted heteroary! . In still other embodiments of compounds of Formulae
(0, (10 of (B SR o SR B SRR P S rogen, c14
alkyl, substittdedo€4 daatky hEtdoatvmattaringreyist&Gn-Glypotablopbr 836 gynipaikokydeatimonyl, phenyl,
substituted phenyl..C7.9 phenylalkyl and pyridyl. In still other embodiments of ¢ ounds of Formulae
(), (V) or ( ?E?}gﬂ’dt?%’op%r%r ESSSHHSIf g’e?@?%éﬂefrgmfiéﬁr%ﬁ%a&?g i85 gcﬁr’?‘ﬁ\?drogen, methyl,
ethyl, n-propioisepsaitodaefinsobuy fusee iitdzdrtihadybleyrlaprnidssdohexyl,

methoxycarbgqnyl,.ethpxycarbanyl, isopro OXﬁcarbon [, cycloh onilécarbon |, phenyl, benzyl,
phenethyl, SOV SBORRRA AFE-L RGBTt BRLF RS (SoBPERR i unds of Formulae 00,

('r) or (VI), RtisidxeoperasoridpRiyidinpyopydidsoreykdlepptrinisdibytyl, sec-butyl, tert-butyl,
cyclopentyl, cyclohexyl, methoxycarbonyl, ethoxycarbonyl,.isopropqxycarbonyl,

cyclohexylcﬂgt:‘!ffgbﬂ Ma{} (ﬁﬂepﬁlé‘??éﬁ]@? Ehﬁgﬂaﬂ?ﬁ—ﬁvmﬁrpﬂb@%@?%d R3 is hydrogen.
In still othergrakiod|paainR] poritheingd@idiadnaEm{dintyppidlé) piRZoe]@aaazdneihyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, see-butyl, pheny| or cyclohexyl and R3 is hydrogen. In still other
em bodimerﬂ&ﬁﬁﬁ%o Wousii ﬁ‘éﬂﬂﬁiﬁ@%lf&%‘%(\&%ﬁ%n@ﬁﬁﬂﬂn@ rbonyl,
ethoxycarb@figdois opiepenyCcaib onylite CYelgbRKORERERooMy B IRIdTiaathylo  In still other

embodiments of a compound of Formulae (1), (V) or (V1), R2 and R3 together with the carbon atom to
which they SR %&ar@vreﬁxﬁﬁméalé{faﬂa%ﬁ glgtatodikgBEdubstituted

cycloheterdadierbing gk il 28 wosikedn eris eliepheRe undsol, erpstidiehsnd/) or (VI), R2 and R3
together with the carban atom to, which they are attached form a cyclobuty|, cyclopentyl or cyclohcxyl
ring. In%ﬂ?‘?ﬁﬁé?’e‘m ﬁim&@ﬂﬂi’%mgﬁr ARAPYBE), R4 is selected from the
group consisting of hydrogen, C1_6 alkyl, substituted C1.6 alkyl, C3.6 cycloalkyl, phenyl, substituted

phenyl, C7_6 phenylalkyl, substituted C7_9 phenylalicyl, trialkylsilyl and aryldiallcylsilyl,.In still other
embodiments ofa@W@o‘Pm&g Bh 2BPRE AT Rar SRS BB TSR AR e rt-butyl, allyl,
benzyl, 4-napAGkaNzY wHipheny sreHyhytiphanMonaBhdeaeth Waibdn ity lshitatriigopropylsilyl,
tert-butyldimethylsilyl or,phenyldirnethylsilyl. In sti|]l other embodiments of a compound of Formulae (1),

(V) or (VI), EEHA A S5 eFRIRAT 210805 TSP R et iR adil s iPe nintdmiRAtEsfk¥b mpound of
Formulae (bhdi¥iéy £¢ intBtis nitdrag@enclatulf BeldeLMaeaiye AtebagrReeudObFormula (1), RS

is substituted aryl. In other embaodiments of 4 compound of Formula (1), R5 is substituted phenyl. In still

other embolfitFidrrdaliosd fsec stjirirzes e ot gtsn e hesroer aboPh §70UP ¥dsome

C1 6 allyl subatuted CL AT ot cscliala) Shenyl Sibsttutertshenvl 7.8 phenyialkyl and
C1_6 alkyl, substituted C1-6 alkyl, C3-6 cycloalkyl, phenyl, substituted phenyl, C7 9' phenylalkyl an
pyridyl, R2 %ﬁafwgy%ﬁa%b- o6 %@&I&HJIF Pﬁ@ﬁ%@ﬁ‘&%ﬁ&%&%ﬂ%ﬁﬁ . C1_4 alkyl,
substituted Keferd @y mork. prefiseatyigatonnyheBete aNIRaNYLI1AIBYE eye|ahikaikyagakstyphenyl,
substituted phenyl, C7 9 phenylallcyl and pyridyl R4 is selected from the group. consisting of
rycrogen, CIARTTIER A EACRANPIRELE Sy EL NI SHEHR IR, C7 o1
phenylallcyh Subsiiiiitdred tgtpremylalkyl, trialkylsilyl and aryldialkylsilyl. Preferably, in the above
embodiments, RI is methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl,
isopentyl, sec-pentyl, neopentyl, 1,1-dimethoxyethyl, 1,1-diethoxyethyl, phenyl, 4-methoxyphenyl,
benzyl, phenethy!; Biveyk AyeiogioRiheEoabutytefarehonentscueiadiieoytlic-aypislytydeyridyl or
4-pyridyl, more preferably, Rl is methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, ten-butyl,
n-pentyl, isBP&AKACEREASEEA RBBISEHRGIT £ @H@ﬁ@&%mﬁ?%@ﬁﬂyemﬁs yYBR8 Bridyl. In the
above embodiments of a compound of Formula (I), R5 is preferably substituted aryl, more preferably,
substituted phenyl, most preferably, phenyl substituted with one or more halogen atoms. In some
embodiments of a compound of Formulae (1), (V}#or (VI), Rl is selected from the group consisting of
C1-5 alkyl, substituted C1.6 allcyl, C3.6 cycloalkyl, phenyl, substituted phenyl, C7.9 phenylallcyl and
pyridyl, R2 and le are independently




WO 2005/1)19163PCT1US20041027330 selected from the group consisting of hydrogen, methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, cyclopentyl, cyclohexyl,

methoxycawgayése#dged/ carbonyl, isopropoxycarbonyl, cyclohexyloxycarqmyl; gyl gnzyl,
phenethyl, 2-pyridyl, 3-pyridyl and 4-pyridyl and R4 is selected from the group consisting of hydrogen,

C1.6 alleyl, jfuted. | .cycloalkyl, phenyl ituted phenyl, .C7.9 phenylalkyl,
substiej[lu(t:gd %%Héﬁegngyé%@t%a&@%ﬁ%ﬁﬁf §Fy dia I%%Lglﬁ/qsrﬁ%% rgé%fls,n}lr}\en%cgb%%ee%rﬁ E)c/)jli m)(/ants, RI
is methyl, etkye nfr.tillgWg@pmpmgﬁm@pmm:@%@ngmmmﬁentyl, isopentyl,
sec-pentyl, ARGRRANY: Mﬂ%ﬁ%@x@g@éﬂstw&a@ hé%@egyéné%%g%yﬁgﬁaxi’ benzyl

phenethyl, styryl, cycl’opropylj cyclobu pentyl, cyélohexyl, 2-pyri pyridyl or 4-pyridyl, more
preferably, FRIeld arenrafic athgisystorapicisdearogydrambuiliited botpkesothinlapietert-butyl, n-pentyl,
isopentyl, sgg-gﬁ I Lﬂgl?g}z X g@él3 he c gg?é\él or.3-pyridyl. In the above
embodiments o g%kﬁ%g%ﬁ%? é%‘}tn a %’%ﬁ IS g?lgfe%f@és’tlﬁ)stltut%’dp a ?,%Irlrgbre preferably,

su bbstiégted mmg,rﬂ@grmmmypmybm?mm@m%hmp ﬁblemgrﬁhal@@en%ltoms. In som fe
embodiment: Jole) 0 r lgrlﬂ\g r : e oup consisting o
Cl.6 aIIcyI,lg sueé%uté_g Cl.anﬁééﬁQC%}? cyéfg}éﬁlz%%%%éyﬂ% ﬁgﬁdtgﬁ%%%%ﬁ”ﬁ%%%’phenylalkyl and
pyridyl, R2 psitpchdebipnenpenidcentypentplansy histaphspyl petlaye, sumalghesec-butyl, phenyl or |
cyclohexyl, |g i n%ﬁ g i e 0] ?2 AS| n‘&?f en, C1_6 alkyl,
substitutedﬂgi'? a %/gi %%%%ﬁoé@éﬁ%&%%@@%%{%@ﬁﬁﬁ% - p%%ﬁgﬂcyl, substituted C7_9
phenylalkyltringgkihsisrne and theyldiadicylsilyl. Preferably, in the above embodiments, R1 is methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl, neopentyl,

1,1-dimethoxyethyl, 1,1-diethoxyethyl, phenyl, 4-methoxyphenyl, benzyl, phenethyl, styryl, cyclopropyl,
cyclobutyl, cyclop&Payentyisits my/Rivt, Srgsemidyetarsitp prigyennaneptefeiag BysRinis methyl,

S CSMeIITTALID/ N OV, )

ethyl, n-propyl,.i - [sobutyl I . isopentyl, sec-pentyl,

neopentyl, #ﬁgﬁéggééé}ﬁgﬁ%ﬁ/ ,%}%83%@(%/)#5? §%§({§rﬁ%§ﬁ%}m%§ﬁ%€!§%%§c%iments of a

compound wiEetndetlyl yeplBordpride the samenutiliffertrijk tenostopre feypishl haigrstitatasitphenyl, most

preferably, L.gUBSHE ezgq |igEelei=Relguaials r}%p%ﬁﬁ%nﬁ Ip g9ree gmhodiments of a compound
é‘aﬂgﬁg\bﬁ %/ #%m h ' '

of Formula or (V1), RI'is selected the group consisting of Ci..6 alkyl, substituted Ci_6
alkyl, C3-6 Syetifidkily iptiodsd, withinitbredefinisiop of bwephbeigralindmaticpingisystefasid areethy |,
methoxyca ony, net % Ich%rglov@ l,c'gg o&oxxrg%rtqgn)ﬁ or Q%?I%ex%{@%ggé%gwlfégﬁaggnethyl and R4
is selected from ég oup consisting of hydrogen, iggglky substitlite -6 alkyl, C3-6 cycloallcyl,
phenyl, sulibtittited pheatdra@d @ pheatytatkd), ssobstidice d:x@mpdepmsmdalky henziRidsiy, and

aryldialkylsjlyl. Preferahly, in the above embadiments,. Rl is. methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, si%%éﬁ%‘r%%%p&:?y ,e‘lrsl%puelﬁ%f/?,’ TG, Kathiond o %?Elgﬁrf:i%?né

T en sec-pentyl, neopéntyl, oxyethyl,
1,1-diethoxXiyettgirphetyridgraptteoxy plodmdd, berarynpHenstdyto stysirdoleicatopylecyclobutyl,

cyclopentyl, cyclohexyl, 2-pyridyl,.3-pyridyl or 4-pyridyl, more preterab | is_ methyl, ethyl, n-propyl,
aopropyl B B e LR P o BE o Bty

1,1-diethoxiy@idiide pindolikinycledtexylodirany ysodittolneting @bde lenibwdidubns isdqueaiipgund of
Formula (1), R5.is preferably substituted aryl, more preferably, substituted phenyl, most preferably,
phenyl sub éﬁg&ﬁnﬁ%ﬁ%’ﬁ’rﬁﬁéﬁg@gﬁ 31‘8?1‘@20 © qﬁagé}ﬁ,ep Sﬂ%@&ﬂ?fents of a compound of
Formulae (hhdMnthr{ihe, phis setiaciaefreieriwing] plifhslanristipigrodiad, . fualky) psuistituted C1.6 alkyl,
C3_6 cycloalkyl, phenyl, substituted phenyl, C7_9 phenylalkyl and pyridyl,.R2 and R3.are
independeﬁﬁ%ﬁ%&miuﬁﬂﬁg f)’ Bﬁgﬁﬁrﬁyﬁfﬁé}&%&ﬁ" @ﬁf gﬁkﬁ%@%é’tﬁ%ﬁ&fﬂ alkyl, C14
alkoxycarbquidolGiz; Gpiycibzithey g isfatire patkengeathadiykobdehidzslebttityteehphenyl, C7.9
phenylalkyl and pyridyl and R4, is hydrogen, methyl, ethyl, tert-butyl, allyl, benzyl, 4-methoxybenzyl,
dipheny|m&h%@ﬁ&ﬁgﬁ’ﬁ“nﬁe?ﬁ%ﬁ%ﬁm}{%?hylsi|y|, triisopropylsilyl, tert-butyldimethylsilyl or
phenyldimethylsilyl. Preferably, in the above embodiments, RI is methyl, ethyl, n-propyl, isopropyl,

n-butyl, isobutyl, seg-butyl, tert-butyl. n-pentyl, | ntyl, sec-pentyl. neg [, 1,1-dimethoxyethyl,
1,1-diethoxyethyl, &y d 1-1%0 ot Bgo, b’rg%%?sll’op e}ﬁ%ﬁiﬁ%&tﬁn ,%%fé}éyo%yl, cyclobutyl,
cyclopentyblmarolabexidaRymedeylatdeovetdylep mathp windish, theorenurefexdis pdRinssterethid, aethyl, n-propyl,
isopropyl, n-tﬁjtﬁ/l, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl, neopentyl,
1,1-dietho>8/ae ﬁyli’, phenyl, cyclohexyl or 3-pyridyl. In the above embodiments of a compound of
Formula (1), R5 is preferably substituted aryl, more preferably, substituted phenyl, most preferably,
phenyl substituted with one or more halogen atoms. In some embodiments of a compound of
Formulae (1), (V) or (VI), Rl is selected from the group consisting of C1.6 alkyl, substituted CI-6 alkyl,
C3-6 cycloalkyl, phenyl, substituted phenyl, C7_9 phenylalkyl and pyridyl, R2 and R3 are
independently selected from the group consisting of hydrogen, methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, tert-butyl, cyclopentykscyclohexyl, rnethoxycarbonyl, ethoxycarbonyl,
isopropoxycarbonyl, cyclohexyloxycarbonyl, phenyl, benzyl, phenethyl, 2-pyridyl, 3-pyridyl and
4-pyridyl and R4 is hydrogen, methyl, ethyl, tert-butyl, allyl, benzyl, 4-methoxybenzyl, diphenylmethyl,

trinhanvimathv/l fricmathyv/licilv/l triiecanronvzicilv/l tart_hiitvidimaoathy/ilcihvi1 Aar nhanviciimaoathvlicihv/l Drafarabhlvy



4-methoxybenzyl, diphenylmethyl, triphenylmethyl, trimethylsilyl, triisopropylsilyl, tert-butyldimethylsilyl
or phenyldimethylsilyl. Preferably, in the above embodiments, Rl is methyl, ethyl, n-propyl, isopropyl,
n-butyl, isowg b z kgyl, ter/-butyl, n-pentyl, isopentyl, sec-pentyl, ne,o -] oxyethyl,
1,1-diethoxyet)%y?,§p %qnyl, 4-methoxyphenyl, benzyl, phenethyl, styryl, cycﬂﬁ%r@é&ﬂ&é@%%ﬁtyl,
cyclopentyl, cyclohexyl, 2 yridyl, more preferably, Rl is methyl, ethyl, n-propyl,
isopropyl, n-butyl, 588 e S -Héfﬁﬁﬁoiééﬁgrﬁ% By Yihentyl,
1,1-diethoxyedkassephipaibsavelphavithes Syl diti Vit e e frjeesiBiats Sheh carpound of
Formula (1), R5 is preferaply substituted aryl, more preferably, substituted phen%{‘bmost_ referably,
phenyl sub¥t (hikah additn 2 s iy dmithemoreaneatits sHecdimehes BeacaHtbound of

Formulae (hydxobestid adr, susRlesteadiramitha gt gdosis o 04-al the mlleylostiaidated C1.6 alkyl,
C3-6 cycloalkyl, phenyl, substituted phenyl, C7_ 9 phenylalkyl and pyridyl, R2 is methyl,

methoxyca 9f,géf%9<§/§irﬂ’f9ﬁﬁ§ REHOPYLy BERBISRE 8718y 8RB arbony!, R3 is methyl and R4
is hydrogeryolepeitasipidpienidatid, gioRenad, praethaibeiay aciphenidmets, triphenylimethyl,
trimethylsilyl, triisoprqpylsilyl, tert-butyldimethylsilyl or phenyldimethy]silyl. Preferably, in the above
embodimeritE R & rﬁ&?t],}‘(% > [ f))‘?FIF!;ofBFBWW UW%B%@F&E&%@LWSBEWI, n-pentyl,
isopentyl, sesdpsnialhnRoRENboyl] timeibaxiEtivhanicdis) exyeibit ahenyl, 4-methoxyphenyl,
benzyl, phenethyl, styryl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 2-pyridyl, 3-pyridyl or
4-pyridyl, n%?g‘ﬁﬁ?gm,%emé?ﬁ%}/ml ,aﬁ‘-(}) rgﬁ)’ﬁ,ﬁ?@ﬂﬁ'r‘gf)%fo&l%am’ isobutyl, sec-butyl,
tert-butyl, mpgdx izeReRilSER- B eRRREMDINiE dcRicihenyesByhAeheikoays iRieXxy! or 3-pyridyl.

In the above embodiments of a compound of Formula (1), R5 is preferably substituted aryl, more

preferably, stgBhthtkamssiLiopiceid: riofuenssrlinnis:oF Cu ABRRSE AN Ak more halogen atoms.

In some enbedimapis,elofocpRrBideat HopmBag b atld, iddieptbissaacted from the group
consisting of C1..5 alkyl, substituted C1 5 alkyl, C3.6 cycloalicyl, phenyl, substituted phenyl, C7.9

phenylalkyPZRREBYRERIIGRC 36 HEmrthiaesiic Rt by R RErH RS 1S r SR Eodiutifg of hydrogen,
C14 alkyl, sebptiniashie heill alithrkié-4cRIKRYHEAHAIPNG13 - So iy JRRpb fefiseyiealisaxycarbonyl,
phenyl, substituted phenyl, C7.9 phenylakyl and pyridyl and R4 is hydrogen, ally!, benzyl or
trimethylsiliupeate asify and the ke Ehheetsframed R deasidicRsgton Biessdt IsBisopyl, n-butyl,
isobutyl, seegRubdolpbiitiih MBI b IFRRRAN ke e PERYAMIREPRRY o, lnfimaihvemthy!,
1,1-diethoxyethyl, phenyl, 4-methoxyphenyl, benzyl, plaenethyl, styryl, cyclopropyl, cyclobutyl,
cyclopenty OBy SlMBAIIBTYIRR; o 69PRnates _'&9|9¥ﬂ%§?ére$a rethanakiAcethyl, n-propyl,
isopropyl, ReeihoBRRH W&%ﬁ&%}ﬁ%@@i thilRORENING BRE-pentyl, neopentyl,
1,1-diethoxyethyl, phenyl, cyclohexyl or 3-pyridyl. In the above embodiments of a compound of
Foiniula (1), R5 is preferably substituted aryl, more preferably, substituted phenyl, most preferably,

phenyl substitutedmmﬂ&%afcmg%%g@e AR refeld RPANBIGEDAIRMICHE St d@prappound of
Formulae (1), (V) or (VI1), Rl Is selected from the group consisting of C1.5 alkyl, substituted C1-6 alkyl,

C3_6 cycldleg whiship GrBnoNBAiseHmIii@sdlalkyl and pyridyl, R2 and 123 are
independently selected from the group consisting of hydrogen, methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, ten-butyl, cyclopentyl, cyclohexyl, methoxycarbonyl, ethoxycarbonyl,
isopropoxycarbon‘ﬁ@?ﬂﬁh@l?@%ﬁfﬂé‘ﬁyl?bﬁ%? HERAIR pheh RRYES- AFAAFES-pyridyl and
4-pyridyl a'ﬁﬁ’t%ﬁ@é’ﬂ?%iﬁ!ly" benzyl or trimethylsilyl. Preferably, in the above embodiments, Rl is
methyl, ethyl, n-propyl, iSopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl,
neopentyl, 1,1-dimethoxyethyl, 1,1-diethoxyethyl, phenyl, 4-methoxyphenyl, benzyl, phenethyl, styryl,

cyclopropyl, cycloRsiiy)ealRaN b cYslRRE kR RY ik BRATEWISE drRkEiiogiare preferably, R is

methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl"sec-pentyl,

neopentyl, éf%?e@ﬁé‘i@%ﬁ??l(imiéﬁébkéﬁww of feiskmical sanpioms efitbedissaits of a
compound Qft ko el inRDisierelripklyySHbeibded &k aiRguSieislhe si4batiwad phenyl, most

preferably, phenyl substituted with one or more halogen atoms. In some embodiments of a
compound &@%ﬁé@x@ﬁrﬁﬁfﬁPMﬁPM@MM&ﬁ #3835Rup consisting of C1.6 alkyl,
substituted C1_6, alkyl, C3_6 cycloalkyl, phenyl, substituted phenyl, C7.9 phenylalkyl and pyridyl, R2
is hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, phenyl or cyclohexyl, le is
hydrogen and P.4 Jeferafiga Berytise afhdipamicaebaiBRAtNGha above embodiments, RI
is methyl, efhydf8lREABYIWRART BRYhJAPHYb1SRE K as@fe liulyl, BEdRUEY af BRIAMIBRPENtY,
sec-pentyl, neopentyl, 1,1-dimethoxyethyl, 1,1-diethoxyethyl, phenyl, 4-methoxyphenyl, benzyl,
phenethyl, dfaAgkyebrresssartyec smRRcelgissdiinactvtordihtonvsitsaye BispaEAtor 4-pyridyl, more
preferably,dﬁ[é‘_s methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl,
isopentyl, sec-pentyl, neopentyl, 1,1-diethoxyethyl, phenyl, cyclohexyl or 3-pyridyl. In the above
embodiments of a compound of Foimula (1), R5 ig preferably substituted aryl, more preferably,
substituted phenyl, most preferably, phenyl substituted with one or more halogen atoms. In some

embodiments of a compound of Formulae (1), (V) or (VI), Rl is selected from the group consisting of
Cl & allnv/l cirithetitiitead C1 A& allv/l C2 A& ~Avielaallinvyl nhanyvyl cirithetitirited nhanvl 7 O nhanvialinvl anAd

-pyridyl, 3-pyridyl or 4-
"'!- = 9 COVWARIC SH




cyclohexyl or 3-pyridyl. In the above embodiments of a compound of Formula (1), R5 is preferably
substituted aryl, more preferably, substituted phenyl, most preferably, phenyl substituted with one or
more halo In some embodiments of a compound of Formulae (1), (V) or (V1), Rl is
selected fr%ﬁr(r? %@@%b‘% consisting of C1-6 alkyl, substituted C1_6 alkyl, aage%[‘%):syzé (Sléq%é?%henyl,
substituted phenyl, C7.9 phenylalkyl and pyridyl, R2 is hydrogen, methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, phenyl or cyclohexyl, R3 is hydrogen and R4 is hydrogen. Preferably, in
the above embodipienls;dR} 13RIy S5 of REREM NS BRSAP Yhal st hui3ARY Masies-butyl, tert-butyl,
n-pentyl, isopentyl, sec-pentyl, neopentyl, 1,1 -dirnethoxyeth yl, 1,1-diethoxyethyl, phenyl,
4-methoxyPHEHIN SRAP, WHERH LS HIAFCBIR ROBSH JE‘?@WBL]WP eperspugtylyRierexyl, 2-pyridyl,
3-pyridyl opf-pieietp e/ Beetaiahby ki MEH M SERd) R BY JRARKARY), Belidkidsobutyl,
sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl, neopentyl, 1,1-diethoxyethyl,"phenyl, cyclohexyl or
3-pyridyl. A ARNAFEVERHIIBEMFEH R BP-a compound of Formula (1), R5 is preferably substituted aryl,
more preferably, substituted phenyl, most preferably, phenyl substituted with one or more halogen
atoms. In some embodiments ,of a compound of Formulae (1), (V) or (VI), Rl is selected from the
group consisting oPtegingkgrosnhsaferet @ grapirgiotaomtihabuien abaeksd, @ @stituted phenyl,
C7_9 phenylaliod aRdmyitshoRe is Mesdulb aihay cabaidy pHeosycadienviyisantpoxycarbonyl or

cyclohexyloxycarbonyl, R3 is methyl and R4 is hydrogen. Preferably, in the above embodiments, Rl is
methyl, etHjRsiRBlgIOWo ispP ISRt rotssbng srawrs samberfruml iy Giegr gyl isopentyl, sec-pentyl,
neopentyl berdimetioroing Grdasiebeuyahy’, phany, Augthosyphsnylhanzyl, ahenethyl, styryl,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, Zéaxrgjzyf, 3-pyridy! or 4-pyridyl, more preferably, Rl is
methyl, ethﬁ?ﬁl?ﬁﬁmﬂiﬁﬁﬂﬁbﬁtﬁgﬁmyéﬂw Bl&yl,‘%/eﬂoﬁgtwlﬁéb@ﬁﬁﬂé%pentyl, sec-pentyl,
neopentyl, bArcigdRyXyelipds ARATVL EXSIOBRNELRRS dytisy Inbluihe Bhove ssphadisepts of a

compound of Formula (1), R5 is preferably substituted aryl, more preferably, substituted phenyl, most

preferably fperly peetybtitifi@inascohd sraro Renribiryaaaborid (“CBE shme embodiments of a
compound;gf, FatBYaRHSh M) B &) R ISy -2 AR HS RREARh Ariybniobutyl,
sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl, neopentyl, 1,1-diethoxyethyl, phenyl, cyclohexyl,
2-pyridyl, @%ﬁ’(ﬁ)yItEFYA%JW?WtJHW@@@WWMW(&W}%YbrOpyI, isopropyl, n-butyl, isobutyl,
sec-butyl, pheRLAyEY h%%%}aa%@l%ﬂ@ﬁf"?%ﬂz&%ﬁﬁB&?@ﬁb%@QW@?HH&“tS of
compounds of Formulae {l), (V) or (VI), Rl is met‘nyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
sec-butyl, tanlBiayRepprsenjntive padtgK seaiseng sr@m@en&udf,@eﬁ_éfn@@éw%_%nyl, cyclohexyl,
2-pyridy!, SRYCIDARE KA R i PILERIER VRHRY oP AEORNECK PRI B8R 34 Mydrogen and R4
is hydrogen. In still other embodiments of compounds of Formulae (1), (V) or ( D, Rl is methyl, ethyl,
n-propyl, i$8pfophera asurgll ispelis ethsesbigtyainakopirgnpistiegs, &yalisneilyl eferpgndyl, R2 is
hydrogen,mg%efg.propyl, or isopropyl, R3 is hydrogen and R4 is hydrogen. . In still other
embodimentS of compounds of Formulae (1), (V) or (VI), Rl is methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, _isopentyl, sec-pentyl, neopentyl, 1,1-diethoxyethyl,
phenyl, cyclohexyls gspytidl: 3Ry dhd e SrnyiduteR 20i3 BBIBYLAa iR ERE OSSR OXycarbonyl,
isopropoxyearbonyl or cyelohexyloxycarbonyl, R3 is methyl and R4 is hydrogen. ~ In some
embodimeﬁpse@gane@ﬁ@pwﬁat@hMﬁhﬁabaetﬁrwyx@nmpw i@méﬂfy}b%ﬂ?mpﬁ%ﬁyl, isopropyl,
n-butyl. ISRy s B e Sy e ofdaiRNOlE BXIEY R e ladyliqneneRS is hydrogen

and R4 is Rydrogen. In other embodiments of a compound of Formulae (1), (V) of (VI), Rl is methyl,
ethyl, n-prépyl osabiesst P It Q0.1 98 buti %eel Shutyb tert BanA8ihenyP “eyelohexyl or 3-pyridyl, le is
methyl, R3 is hydrogen and R4 is hydrogen. In yet other embodiments of a compound of Formulae (1),
(V) or (VI),R1is ‘rpethy], eth ,I, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, phenyl,
eyelohexyl or 3-p3§!&%§‘§_1!§2ig FeBHSA912 RIDWD R YRGB 0REOF RIPTS Wtﬂﬁnﬁﬁ%ther embodiments
of a comp &fdéﬂﬂ?%ﬁfa&@d OMAPMEVmR bisdirint @i nm9PYEypRAIRYkt R, isobutyl,
sec-butyl, tert-butyl, phenyl, cyclohexyl or 3-pyridyl, R2 is isppropyl, R3 is h)ﬁé(gg}ﬁeé} and le is
hydrogen.inclugesbihare aidamien oMb BmpSlrddr E8rmul(l), R2 3 different and the
compound-affforoaa (s sgbsianialy 9qe, diasictaameay, Iospthpoeniedioents of a compound of

Formula (1), the stereochemistry at the cgrbon to which R2 and R3 are attached is of the

S-configuratf&h=8nd 1S @nPecA8Edrs FsuBEAHARIYENS diastereomer. In still other
embodimerip @) peRMpord QosRiladik) e sefenoReMisiiyMRiierearpeyo-which R2 and R3 are

attached is of the R-configuration, and the cgm oun(‘j5 of Formuy aél}% su6§5a|g ialfy one diastereomer.
In some entéS¥ARen Mof@rrﬁﬁﬁi@ RS isNRE ??Misﬁmyéf@gen and the

compound ehfmietReisHbsteNtiali Qs SRR B84 ROOtRer arrhogimenisof a compound of
Formula (1), 1(2 is C14 alkyl, 1(3 is hydrogen, the stereochernistry at the carbon to which 1(2 and R3
are attached is of the 5-configuration and the cojppound of Formula (1) is substantially one
diastereomer. In other embodiments of a compound of Formula (l), R2 is C14 alkyl, 1(3 is hydrogen,
the stereochemistry at the carbon to which 1(2 and R3 are attached is of the R-configuration, and the

comnniinAd nf EAaimiila (1N iec ciithetantiallhs anne AdAiactaranmar In ecnmoe amhndimaoante nf a9 ~romnniinAd




In some embodiments of a compound of Formulae (1), (V) or (VI), Rl is methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl or 3-pyridyl, R2 is methyl, 1(3 is
hydrogen, &(@ 18¢3ydseaen, the stereochemistry at the carbon to which R2p/6 R} s, 4gched is of
the S-configuration and the compound of Formulae (1), (V) or (V1) is substantially one diastereomer. In

other embodiments of a.c ound. of Formulae (I ) or (V), Rl is.me ethyl, n-propyl, isopropyl,
n-butyl, iso'gl(:lm ?%i%%”?ﬁ#?ﬁ%ufly, fljhsélr%ﬁ!%tféég(géy%rg §})pflﬁ{?jsﬁfr%‘lzg?gﬁr(ﬁét¥lyl, R3is hydrogen, 1(4
is hydrogenythmlktdr subketmtisdryyal dhlicdadyoloietevbidkyR 2uet tRR8depchitatbredlisybf the
R-configuratign . und of Formulae (1 or (V1) is substantiallsoone, géastereomer. In
still other e%@’o%ﬁ?n%ﬁ‘é%g%? g(()hrﬁtpeg)%anr&lc? %%#Fﬁél‘gee(%),t ’(\%)?E%olgar]r;% ylfa%%hgl, n-propyl,
isopropyl, tepeflydr iwthuhd nseogsutytote to witidh peyrare byalidueforhoa 8ypiotobyer&kid nrpropyl, R3 is
hydrogen, ' rogen stereochemistyysa éarbon to which and R3 are gttached is of
the S-configﬁéﬁfﬁf{gﬁag%qﬂ%lgé?n%rl?a%falg%%u%g % ('% glr&%yﬁl,ul%nst?%s a?ﬁﬂgﬁ?ag'ﬁ(ﬁdiastereomer.

In still othesubstifuigiidlars of 1, conipalili aftsonted asciali)orydloh cRidsiingisybssitwedn-propyl,
SOpropyL, 1 SORUIM. S9N SEL Y BRI YN O SR, B2 s -propyl, R3 s

hydrogen, ydrog e’stereochernistty at the carbon to whic K3 are attached is of
the R-confioptiailly, BAicethbR S ogetied with tremitere¢h afotndo Whjdb theystembiatigedrferdiastereomer. In
still other embodiments of a co nd of Formulae {I).. (V) or{V1), Rl.is methyl. ethyl, n-propyl,
isopropyl, r%—%t&?%geor u ?gég%s%ﬁut[%&:tc%??ﬁ %%%&klé;aﬁb#égg?rg}r’ ’ﬁ;}lﬁéﬁ“ is isopropyl, R3 is
hydrogen, RdlisidwdioHSh, e oeSRThistry=8, tNRCIRB rdRIhiclFR 2GNd-RE N attached is of

the S-confi ionang the compound U V) iSesUl ially one diastereomer. In
other embo |mé2$s(%f(y§6m&%n%%0f Ié%tr)ﬁ%{lae‘ﬁg( é(%r’ (@ré(ng mﬁ?ﬁ%l, n-propyl, isopropyl,
n-butyl, isof(@)(GREAY| -BROUOR IR o yEdRY) « 3R @DRTSopropyl, R3 is hydrogen,
R4 is hydro ere iS{ry, & @age to which R2 and eattached ds of the
R-configuré%g(ﬁ)éggﬁe’égﬁ?ﬁj% I&g@ﬁ%ﬁl),’ C5eP feﬁéj‘fﬁg%u-b%s‘%a%ia’lly%’ﬁe g‘la’stereomer. In still
other embefRA ARSTREoEBgUOINpIFOsMS(ES.RS°,(\P(O)(OR R03,isOREYOR)©ORBpropyl, R3 is
hydrogen, I dr S Estr carbon hich,R2 F @ttached is of
the S-confi!g%jr@ ion; %ﬁ?ﬁmmﬁ@m of GF§@3§E°£ (r)erif{ﬂ;@%’ g%%égﬁaﬁ 3;)1% diastereomer. In
still other eSREiINBARBf aCFamEdYRNOS, FHOWRE, CORD)O@RINGRIY jseppmpyf, R2 is isopropyl, R3
is hydroge 4 is byd -the steregchemisiryat the carhon to,which R2 and R3 are attached is of
[](a ‘?@% Whe e?g@ anné af\ge nf\t}l bove
the It-configurafion, ah cbmpound ot For uaea(ﬁ, r Ijl 19 stibstantially one diastereomer. In
another aspect, a compound of Formula (ll) is provided, H6 X 0Y N.N...",c}1,, X0 R2 R30 wherein:

“Treating” or “treatment” of any disease or disorder refers, in some

embodiments, to ameliorating the disease or disorder (i.e., arresting or reducing the
development of the disease or at least one of the clinical symptoms thereof). In other
embodiments “treating” or “treatment” refers to ameliorating at least one physical
parameter, which may not be discernible by the patient. In yet other embodiments,
“treating” or “treatment” refers to inhibiting the disease or disorder, either physically,
(e.g., stabilization of a discernible symptom), physiologically, (e.g., stabilization of a
physical parameter), or both. In still other embodiments, “treating” or “treatment”

refers to delaying the onset of the disease or disorder.

“Therapeutically effective amount” means the amount of a compound that,

when administered to a patient for treating a disease, is sufficient to effect such
treatment for the disease. The “therapeutically effective amount” will vary depending
on the compound, the disease and its severity and the age, weight, efc., of the patient

to be treated.
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X is fluoro,

chloro, bromo oriodo;  R2 and B? are independently selected from the group consisting

of hydrogen, alkyl, substituted alkyl, alkoxycarbonyl, substituted alkoxycarbonyl, aryl, substituted aryl,

arylancyl,
heteroaryl

to which they are bonded form a cycloalkyl, substituted cycloa

j lalkyl, cycloalkyl, substituted cycloalkyl, heteroar
X@?Qﬁ%@?ﬁgﬂtuted heteroarylalkyl or optionally, 122 and R3 t())ﬁI Ciﬁ%?%%g

2;:;Ihﬁ(&teroaryl

€ carbon atom
cloheteroallcyl or substituted

lk
cycloheteroalkyl rlmlﬁ Sevdtseld ‘%‘?ﬁﬂh‘é‘&%ﬁ%ﬁg ﬂ‘é FfaFe dR A 1afiSAl substituted alkyl,
aryl, substitgir®rit Bphateyk S ukStidter anylalieyh ankdiaby/isibincycloallcyl, substituted cycloalkyl,

cycloheteroallcyl, substituted cycloheteroalkyl, heteroalkyl, substituted heteroalkyl, heteroaryl,
substituted heteroaryl, heteroarylalkyl, substituted hetcroarylalk-y1 or trialkylsilyl; and

from the group corsigiinrehaubsiubecrbd inaieinasp atousubsibiehaigwaryl,

R5 is selected

In some

embodiments, R5 is selected from the grou& consstw;{égﬁg)f 4-chlorophenyl; R-(4- chlorophenyl)
rHb R 50,0 digting

2- chlorophéﬁﬂ?oﬂﬂfcﬁ%% metipdhickhe dipc

355 SrobREA ety age

S-methylthightRelaims |NMTOtHRS MBAYIMEINS cHifh ¢ Baunek@ &6 al ()t Basdkesstructure of

Formula (VII): PL (VII) oré)harmaceutlcally acceptable salts, hydrates or solvates thereof; wherein: X,

le, R3 and RRAficalopseaR

Formula (I) has the structure of Formula (VIII):

4.2 Compounds
In a first aspect, a compound of Formula (I) is provided,

R o
R{_0o.__0 HQ\)L _R¢
PP e
O RR RO
()

or pharmaceutically acceptable salts, hydrates or solvates thereof, wherein:

R! is selected from the group consisting of acyl, substituted acyl, alkyl,
substituted alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, cycloalkyl,
substituted cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl, heteroalkyl,
substituted heteroalkyl, heteroaryl, substttuted heteroaryl, heteroarylalkyl and
substituted heteroarylalkyl;

R? and R® are independently selected from the group consisting of hydrogen,
alkyl, substituted alkyl, alkoxycarbonyl, substituted alkoxycarbonyl, aryl, substituted
aryl, arylalkyl, substituted arylalkyl, cycloalkyl, substituted cycloalkyl, heteroaryl,
substituted heteroaryl, heteroarylalkyl and substituted heteroarylalkyl or optionally,
R? and R? together with the carbon atom to which they are bonded form a cycloalkyl,
substituted cycloalkyl, cycloheteroalkyl or substituted cycloheteroalkyl ring;

R* is selected from the group consisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, arylalkyl, substituted arylalkyl, aryldialkylsilyl, cycloalkyl,
substituted cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl, heteroalkyl,
substituted heteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl, substituted
heteroarylalkyl or trialkylsilyl; and

R’ is selected from the group consisting of substituted aryl, heteroaryl and
substituted heteroaryl.
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GIRPERIFMEd, supra.  In still other embodiments, the compound of



WO 2005/019163PCT/US2004/027330 CI (VIII) or pharmaceutically acceptable salts, hydrates or
solvates thereof; wherein. X, R2, R3 and R4 are as previously defined, supra. In some

embodimenty@hgosamppund of Formulae (1), (V1) or (VIII), Xis chloro, brogeraism@einzgsher
embodiments of a compound of Formulae (H), (V1) or (VIII), Xis chloro. In still other embodiments

of a compound of Fﬁr%ﬁ%@ﬁéﬁg& éya#fi f"afzﬁ’( ?e'&dfr%éb %gﬁsﬁgg&gﬁs tl setlected from the group

consisting of hydrogen, a tute yl, alkoxycarbon stitute §II?oxycarbonyI, aryl,

substituted ahyihianyiptieplls (ER)ithrecacplatiey, Cvhiamooizkroyclodiopbrbubsiitita Gyvloalkyl,
CYC'Oa'koxy%ﬁﬁ%%ﬁ&?ﬁ%‘@%wﬂ%%% -39 HAEERAT( SHPSUHIAE BRIET O Dftor

heteroarylalkyl an stitutéd hetero .In st rem ents of a compound of Formulae

(1), (V1) or (embodizentsl R3inselhstrshEnuetityesnip cuisting tfedMomgpbengisting of hydrogen, C1-4

alkyl, substitytgd € | -4 yl oallcyl, C3-6 cycloalkoxycarbonyl, phenyl,
substituted p@gﬁy%%gﬁ%nﬁﬁﬁg%%% ' yﬁ/ﬂl]%%ﬁ?g%ﬂ'embodiments of a compound of
Formulae (1), (VII) br gillwthrZehd dRBents, iddaparmbentdyos Slemadatbriah éhgsuswonsisting of
hydrogen, n@&%ﬁt ,.n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, cyclopentyl,
cyclohexyl, methoxycarfbonyl, ethoxycarbonyl, isopropoxycarbonyl, cyclohexyloxycarbonyl, phenyl,
benzyl, phenethyl, 2-pyridyl, 3-pyridyl and 4-pyridyl. In skl other embodiments of a compound of
Foimlae (11), (VII) or (VIII), R2 is hydrogen, methyl, ethylin-propyl, isopropyl, n-butyl, isobutyl,
sec-butyl, phenyl or cyclohexyl and R3 is hydrogen. | ther embodiments of a compound of
Formulae (1), (V) or (VIII), R2 is methyl, methoxycarbqQuyt, eft oxycarbonyl, isopropoxycarbonyl or
dimer}{g of a compound of Formulae (11),
hey are attached form a cycloalkyl,

cyclohexyloxycarbonyl and R3 ing]ethyI. In stillptherlemb
(VII) or (VIII), R2 and R3 together wifh-{A brar ok

O R2 RQ
V)
* or pharmaceutically acceptable salts, hydrates or solvates thereof;
wherein:
R!, R% R* and R? are as defined, supra.
In still other embodiments, a compound of Formula (I), has the structure of

Formula (VI):
ol

RHVXT“ | o~ N
o R RO
(Vi)

or pharmaceutically acceptable salts, hydrates or solvates thereof;

wherein Rl, RZ R? and R* are as defined, supra.

In some embodiments of compounds of Formulae (I), (V) or (VI), R! is
selected from the group consisting of C,.¢ alkyl, substituted C, ¢ alkyl, Cs.¢ cycloalkyl,
phenyl, substituted phenyl, C7.9 phenylalkyl and pyridyl. In other embodiments of
compounds of Formulae (I), (V) or (VI), R! is methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl, neopentyl,
1,1-dimethoxyethyl, 1,1-diethoxyethyl, phenyl, 4-methoxyphenyl, benzyl, phenethyl,
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WO 2005/019163PCT/US2004/027330 substituted cycloalkyl, cycloheteroalkyl or substituted
cyclolieteroalkyl ring. In still other embodiments of a compound of Formulae (11), (VII) or (VIII), R2 and

R3 together with:6bgqaibpn atom to which they are attached form a cyclobylylgxslopgsyier
cyclohexyl ring. In still other embodiments of a compound of Formulae (11), (VII) or (V111), R4 is

oy, subclTLE SRRy et Rt C R PR D TS ?ﬁé"a"cy"
aryldialkylsilgplyrisil. ohmehﬁmﬁbodm@nthmtﬁ&:@fnpmmdnﬂs@cﬂﬁnulmd:(ﬂIII\(M)@H((WIII)) 4is

[]r?/r?]re(iﬁ;lr']snyl %yl& J'Tltr’ |s?%b§g§|£¥%ﬁp§g}ﬁyl’u§/ ?tﬁiﬁg}%gﬁ For pﬂ@?\y{% h@rsnéaﬂfg%l{gﬁgll

em bodlment§mtc’d>rfmpmtsdf Fspantze IH)d(Qﬂ@lil)Pmyl; hydntg:w atppyeidz¥l or
trimethylsilyl. Inlﬁtgglﬁtgﬁl FEB%‘H{H]%H{M“ dgnﬁ il gygfgg)ﬁ) m Lteﬁeg}l}l A 2(%15) Xis

chloro, bromo or iodo, R2 and R3 are independe nsisting of hydrogen,

C14 alkyl, SlBgsmmdegqnﬂanlw selectes Koxychemnyh mumoﬂmrm awbalkoxycarbonyl

o myerogen LA S S LA e AR R R B P oo

phenyIancyéagdbﬁtuht@dbﬂlmﬁmf@l@kﬁ?ﬂpm@Mdndlarylsilhﬂtgtljwﬂl F;:gcbmﬂkuﬂher embodrllrr:entﬁ Iof
a compoun [ 0 regen, methyl, ethy
n-propyl, |s.op$op3%1g3 %%x?)]ollg)gk\é@s?gtéﬁceé z?{/)i Ai]‘% l?o d%lggﬁy a.rag/ltf% kg{‘gn&:ethoxycarbonyl
ethoxycarbohsfi¢risaptobeteyezmbaliyl, mttlmhsbtgdtndybadnwyl,aﬂ)én% fdhethepbmbothye@pyridyl,
3-pyridyl or | he. |st| f hydrogen, C1_6
alkyl, Substlt%tégég% %W@@gﬁ c@gd@d P@yl s stltut% ngﬁgﬁg? qgcn%/fplkyl, substituted
C7.9 phenylélmylthngl@dplgtmast@hgnyfdlmwtylOmmhwﬁmmnwbﬁﬂompound of
Formulae (II VIII 0 QL9 met hyl, n-propyl,
isopropyl, n% )%'L}lso I&’ éé ﬁﬁaﬂsﬁigg OF phe bmﬁ%gxg{hﬁgﬂﬁen la?fn)él sselected from the
group consmhmgyif Gydrpﬂmry alXybaatkprelpsthustdl 6hes eiilyd dB3:6ieploaikydupdenyl, substituted
phenyl, C7. Q7 enylalkyl |aI Isil 1an aryldi silyl. WO
2005/01916 g@ﬁ 7@§ng angIEjl?o efl tljl¥ tPsé 0 grcggn%ogé "8f Formulae (1,
(VW or (V1lcapsitisghfdrpdiogemormtigt @tiR2, vzs-mqnlyylmmrbmyndmtyﬂlmcéim*,ycarbonyl
|sopropoxycarb nyl..o X met l.and ectedf m the group
consisting of ﬁy rg 1értwre ré’ﬁ q@’hleﬁiﬁ g elrala?f clzc]% aﬁ}y 8‘3«:81 ? Péaﬁ ’%ﬁe bestltuted phenyl,
C7.9 IOhenylﬂmwbwnmlwwbnaﬂbmhdvb'hmlwxﬂlthWJ 2-pyﬂrﬂl)§tlll other

embodimen und f mulae f;){, 2} %ﬂlll) IS chlor br 0 Qr, |o R2 and R? are
mdependent? e geygr%%p%(@né}s ing o (%m oggﬁ( oui gfkyﬁ frglrtntlu ed 14 alkyl, C14
alkoxycarbof(V)), @3\6),R is hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,

sec-butyl, tert-butyl, cyclopentyl, cyclohexyl, methoxycarbonyl, ethoxycarbonyl,
isopropoxycarbonyl, cyclohexyloxycarbonyl, phenyl, benzyl, phenethyl, 2-pyridyl,
3-pyridyl or 4-pyridyl and R? is hydrogen. In still other embodiments of compounds
of Formulae (X), (V) or (VI), R? is hydrogen, methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, phenyl or cyclohexyl and R? is hydrogen. In still other
embodiments of a compound of Formulae (I), (V) or (VI), R? is methyl,
methoxycarbonyl, ethoxycarbonyl, isopropoxycarbonyl or cyclohexyloxycarbonyl,
and R? is methyl.

‘ In still other embodiments of a compound of Formulae (X), (V) or (VI), R? and
R? together with the carbon atom to which they are attached form a cycloalkyl,
substituted cycloalkyl, cycloheteroalkyl or substituted cycloheteroalkyl ring. In still
other embodiments of compounds of Formulae (I), (V) or (VI), R* and R’ together
with the carbon atom to which they are attached form a cyclobutyl, cyclopentyl or

cyclohexyl ring.
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cycloallcyl, C3.6 cycloalkoxycarbonyl, phenyl, substituted phenyl, C7-9 phenYlalkY1 and pyridyl and it
is hydrogen, methyl, ethyl, ten-butyl, allyl, benzyl, 4-methoxybenzyl, diphenylmethyl, triphenylmethyl,

trimethylsilyy iisibhaisdykstriisopropylsilyl, tert-butyldimethylsilyl or phenyldi éﬂM/ 2330 still other
embodiments, of a compound of Formulae (11), (VII) or (VIII), X is chloro, bromo or io o R2is

hydrogen, methyl, l,.n P l, iS butyl, isoQutyl, sec-butyl, /err Lopentyl
cyclohexyl, methox%’cg}g(?% é‘%ﬂ&@&?ggﬂﬁ |§8%1Q9ﬁ8>8ﬁé? F @ oé@ dfyl, phenyl,
benEyI ﬁ)helmelémhtﬁﬁmmwd: oy W@yﬂﬂy&@@(Dblgiﬁﬂ%mabgh&‘ﬂet‘é@y@laﬂgﬂmmethyl ethyl,
tert-butyl, all iph thyl, triphenylmeth imeth riethylsilyl,
trilsopropylsi ?jf%ewué?anrﬁeﬁ’l@éﬂ%'f érpgﬁ%@?g eﬂ?@ﬂgy ‘%@FEH%F%{%&’&%{YZ%@LB of a
compound o fatkryiuiltgleatid JaMdaticy(MIY), istichictier Exdrdinentdef Reoiggydi®@gen, methyl, ethyl,
n-propyl, is utyl,.iso cIo henyl, R3 is hyd and R4 is
hydrogen, r?‘ip ‘Hﬁ‘\%ﬁ@ &2 W&ﬁ@eﬁ%@/ Xi;f&ﬂz |F’[_’ﬂ%lnfmgf/}a't&?%‘z?':'\’phenyImethyl,
trimethyIS|Iynﬁmethgd@tbdnﬂylsdnm@mﬂmhhsdrﬂﬁpﬁy@meﬂiylﬁﬁﬂlﬁﬂmmmldtﬁeeipwﬂyyl In still other
embodiments,.of a compound o Fo mul VII o or iodo, R2 is methyl,
methoxycarSoRIPTRRG %%gfﬁcfn Wq}ﬁ?qﬁéﬁ&g]&' gqﬁﬁ“(g%ggi]é@% c%‘lerRS is methyl and R4
is hydrogen embdd;mmtsybﬂsmbwmdlbﬁbmnmdemnemmmmzw mlilp}’thagmeﬁnyl triphenylmethyl,
trimethylsily trlet Isi Isi t-butyldime |SI| 10 In still other
embodiments’ axconn{po%ﬁ%ﬁ:éfﬂﬁg'gg% féfﬂ%]?] ﬁ/ @%5%&%49 ’R2 and R3
are independ@hﬂy(&ﬂ):dlédsfhyﬂrdbmgroup consisting of hydrogen Cl 4 alkyl, substituted Q4 allcyl,
C14 alkoxycarbonyl, C3-6 cyclo C3-6c¢C cloalko rbo ], substituted phenyl, C7.9
phenylalkyl and p ﬁi‘a@?‘éﬁo"@l a‘ﬂ{?&%%ﬁ" WO% {S e(ti? (E}y)llf Ub ?%I%%‘]érﬂy
embodimentsthef entlatipeetitel &ff Sasmpdasd B HdfHuld @)J [R)5 P mlo;stﬂamdqjmnylonnmﬁu R2is
hydrogen, me -pronys, yl, .n-butyl |s I sec-butyl, ten-butyl, cyclopentyl,
cyclohexyl, &‘é?i&%}&gﬁﬁgﬁs 3%16%( %&qu&) rBBHSﬂTCE}v\%%}&Y Carbonyl phenyl,
benzyl, phenethyl, mpyﬁﬁwxﬁrmmbﬂwbﬂwmu%dsmmmm&umymgen allyl, benzyl or
trimethylsilyl. till other embodlments d of F g, X is chloro,
bromo or iod5, eﬁfqg %&&Mﬂéfms ﬁ?b ’|§‘6 bw Rj}( Célﬁgp'cég%dt

cyclohexyl quhgn)slulﬁﬁﬂﬂéwghegﬂn(ambﬁéhﬁdwrmepyﬁﬂyl RélaﬂulRfr :lfﬁﬁﬂdby&l&dntly In still other
embodiments, of a,.compqund of Formulae (I 1) or (\INI), chloro, bro iodg, R2 is methyl,
methoxycarB'("Jllﬁ e%éﬁ%%f%ﬁrm C%Ibiﬂﬁ%%ﬁgbg oS H:)?ﬁ%éff! ﬁﬁé %H‘hethyl and le
LT.)“V(‘&?)QSP?HMY“““”"“‘5"5 o ““o?ﬁ‘édc3'6§¥8‘”ngsm""b@ﬂmZ“?‘f”““fmtmd‘#”d the group.

: : are independently selected fro e group
consisting oPP QﬁWTéﬂgﬁ%‘?é'ba@i alkgF! ?f’t"eé~| g (éWf oalkyl, C3.6
cycloalkoxyegdoh, m%wmmedmmmcmwmw mﬂymtﬁnw4 is hydrogen.

In still other embod co und of Form Iae VIl) s chloro, bromo or iodo,
R2is hydroé’é‘ﬁn% 39Ip M&E‘@Fﬁ%ﬁ‘?&w é B'Lﬁ](y?ﬁ iféléh |, ten-butyl, cyclopentyl,
gyclohlexsrlll mgt&ﬁ&&ﬂaﬂ;@@%@%ypﬁf lﬁ!b"%of@ﬁgbé@d&g@gf&;d{fyis Q)é@igﬁedurr]i%yﬁpfbpylyl, Ipher:?/l, )
enzyl, pheneth p ri iS hydrogen an is hydro n still other
embodlmenf§° B’% b‘é&rlr 58?; % 'ﬁ}"&'iﬁx/ﬂf)e R r&ﬁ@%ﬁgdo R2 is
hydrogen, mﬁﬂpdn@uhyl,,lrummdxmmpyl m&u@»dy¢aﬂﬁupﬂersﬁp4ammwlaﬁymm@ﬁenyl R3is

hydrogen and R4 js dro
yarog phenethyl,’s % cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 2-pyridyl,

3-pyridyl or 4-pyridyl, more preferably, R is methyl, ethyl, #-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl, neopentyl,
1,1-diethoxyethyl, phenyl, cyclohexyl or 3-pyridyl. In the above embodiments of a
compound of Formula (I), R’is preferably substituted aryl, more preferably,
substituted phenyl, most preferably, phenyl substituted with one or more halogen
atoms.

In some embodiments of a compound of Formulae (I), (V) or (VI), R is

selected from the group consisting of Cy.¢ alkyl, substituted Ci.¢ alkyl, C;. cycloalkyl,
phenyl, substituted phenyl, C7.o phenylalkyl and pyridyl, R? and R? are independently
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In still other embodiments, of a compound of Formulae (H), (VII) or (yin), X is chloro, bromo or iodo,
R2 is methyl, methoxycarbonyl, ethoxycarbonyl, isopropoxycarbonyl, or cyclohexyloxycarboiayl, R3 is
methyl and R4 is hydro en. In still other embodiments of a compound of Formula%éllf?, (Vi) or
(vin, Xis éﬁ&%‘?“&%‘ﬁ% or iodo, R2 is hydrogen, methyl, ethyl, n-propyl, is%%%[b?lo,oﬁf {’)9 isobutyl,
sec-butyl, phenyl or cyclohexyl, R3 is hydrogen and R4 is hydrogen, allyl, benzyl or trimethylsilyl. In
other embodfieid 5 Bmepounacasistns afdydrogsnnesrl oyl x-rrepids &oBreR or iodo, R2 is

hydrogen, megyl by, cLBaRyoRYH-Bitys Bydopesn Bagcidds Ny HaasRyali¥ohgnzyl or

trimethylsilyl. In still other embodiments of a’compound of Formulae (11), (VII) or (VII . X is chloro, R2
is hydrogenFW@%HW‘PPBYJ)[}W%PWF@H%@P@;@Yﬁlﬁ%}‘%’é’éﬂ“é‘ﬁ}b‘@ﬂsiQWeé@hz,yézlIy!, benzyl or
trimethylsilyphenetfly il &E@Wm@hﬁqtﬁyﬁamfaﬁaﬁ@@‘E&é@%&%ﬂikb@é}bﬁ’ﬁ (ViiI), X is chloro,

bromo or iodo, R2 Is methyl, methoxycarbonyl, ethoxycarbonyl, isopropox%(;,ar onyl or
cyclohexylo%§BissBgn Ry deogmanG1aala asibriaied Sns alkyl dens gheloalkybirhaaixh.  Compounds

of Formulaes{if3iifvita sRehOY !, ntermedialg Tl Big ygls of Formulae
(2), (VD andS(VIFI%, as dﬁescrsl)ged i%%ﬁ%gection 4.3 belir(l))\%.}%. Synthesish%qg%e compounds

disclosed héwidalaylulybRariEatha hdhephovsrhedipaain Fstiamathys efemmapiond, Those of
ordinary skillsigh B arh Witk A RSIRE wé‘%t?f,et@‘ifﬁﬁilﬂ'ﬂ%gﬂﬁlf,%’?éﬁtm?sgﬁﬁgﬁ?ﬁd compounds
ofe

consists of attaching promoieties to baclofen or baclofen analogs. Numerous methods have been

described irPgodeiol thdisyptheyietirlphdiskstharyrihabl ohandnithexypheere Hengylat, U.S. Patent

No. 3,471,548, r 3 : =L.arse . Res. Rev. 1988, 8,

27-56; Bertt?eﬁlf)%gtggi,m%%#%%&%%&&ggéﬁ@gﬁﬁs ot %{%){}@]Mefg C?]%m. 1991, 34,

2557-2560; DeYadyt e 4 widphaierreiaakly, Rpivmsiodoctiny. mempyb Ranseephration of

R-baclof | seribad,intherart ' : P . Pharm. 1980,
aclofen haygalse,BesN Jeserinad: s ABatr 'L?%?W’s'i%a@ %EJ;;%%I, ﬁ@fﬁ‘é%ﬁ@ arm

32, 187-196; Chénevert et at, Tetrahedron Lett. ) “4250; Hérdeis et af, Tetrahedron
Asymmeuy 1dediethoxyethvlpphenylysiyriphesykar Sapmar Phrdit aigyrcembadusenioi224342 Al;

Yoshifuji et gbntaern BhegRa BT} 885, 24307, 130G \MlderRRms €balrehEy, Patent No.
6,051,734; Thalau- et al., Tetrahedron Asymmetry 2003, 14, 581-586). Other prodrug (or related)

derivatives EPHEIBfaPhand Hees prederabb Rhenn subptityted apiaeeg er morehplggsat No. 4,094,992;
Mazaki et aky,Jpn. Kokai Toklcyo Koho JP 01319466 A2; Castagnoli et al., International Publication
No. W098/22110; Guillon et al. Phann. Phannaeol. Commun. 1999, 5, 243-247; Leisen etal., Phann.
Res. 2003, 20, 77usmenefmbadisepisteht s e gdommnige (Us (BhestVAbR. Bubl.

2003/02286&4&0@@%@@3{%‘3&0%@{%&@@Embtg@u%éﬁm?eﬁ@fs _ Pm%%\%ﬁ?‘?”bed herein

are available in the art (e.g., Green et al., "Protective” Groups mé%rganlc hemistry”, (Wiléy, 2nd ed.
1991); Harr@bﬁﬂ%;ﬂ‘.{bsgﬁméé?hmh sz-sphm&aél@;g@mm}a S m&@gp;s (@@hﬁlwneydand Sons,
1971-1996; LarpcknfeBNPY; e HaNis s smalionshehGHbFARliShers), 3988: and Paquette,
"Encyclopedia of Rgaggiﬁ’t§%?%§}géﬁic‘%}§/hthesﬁ?"John \{{gil’ei))/ & gons‘}%%). 7 Accordingly,
startri]n?]I mdathdmgQB@nﬂ Er@@é@ﬂﬁ@@ﬁ@mﬁ&ﬁ@;@&;@$m&§ﬁm§m§;§§f¢ alkatlor practicing |
methods deggrieg in aecemmels e Q6 SR8 Mepared by yelkpoyn synthetic
methods. Other methodls'Gf%ﬁl?gy’ntﬁgsz oé%qt!#gﬁ g@drgdg describe(ﬁ%e ein gr%)bg%hgr déscribed in the art

or will be reaehsfipprhfent pbamdalkiletratissH yhanéardfinkyisiérenBeedfqrblsdiutabaheyand may be
used to synihosize 06 COMPOHR H%?ﬁﬁ?ﬁ%ﬂ) Ns SEGRYHINAN NG AGIRAdS PiGRGNtEd in the

Schemes herein are illuétrative rathér than comprehensive: Intermediate’(XI) usefll in the
preparation ‘eftibhaib atipgntsktisenarsslofermentyia Heanenisly bd yemethssyaterbrding to reactions

detailed in SchafpgdxyertiepienyR2-AEBISPRRAA, benzyl, phenethyl, styryl, cyclopropyl,

cyclobutyl, cyclopentyl, cyclohexyl, 2-pyridyl, 3-pyridyl or 4-pyridyl, more
preferably, R! is methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl, n-pentyl, isopentyl, sec-pentyl, neopentyl, 1,1-diethoxyethyl, phenyl,
cyclohexyl or 3-pyridyl. In the above embodiments of a compound of Formula (I), R’
is preferably substituted aryl, more preferably, substituted phenyl, most preferably,
phenyl substituted with one or more halogen atoms.

In some embodiments of a compound of Formulae (I), (V) or (VI), R'is
selected from the group consisting of C,.¢ alkyl, substituted C,.¢ alkyl, Cs.¢ cycloalkyl,
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phenyl, substituted phenyl, C7.9 phenylalkyl and pyridyl, R* is methyl,
methoxycarbonyl, ethoxycarbonyl, isopropoxy carbonyl or cyclohexyloxycarbonyl,
R? is methyl and R? is selected from the group consisting of hydrogen, C; alkyl,
substituted Cy.¢ alkyl, Cs.¢ cycloalkyl, phenyl, substituted phenyl, C7.9 phenylalkyl,
substituted C7.9 phenylalkyl, trialkylsilyl and aryldialkylsilyl. Preferably, in the above
embodiments, R' is methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl, n-pentyl, isopentyl, sec-pentyl, neopentyl, 1,1-dimethoxyethyl,
1,1-diethoxyethyl, phenyl, 4-methoxypheny1, benzyl, phenethyl, styryl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, 2-pyridyl, 3-pyridyl or 4-pyridyl, more
preferably, R' is methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl, n-pentyl, isopentyl, sec-pentyl, neopentyl, 1,1-diethoxyethyl, phenyl,
cyclohexyl or 3-pyridyl. In the above embodiments of a compound of Formula (I), R’
is preferably substituted aryl, more preferably, substituted phenyl, most preferably,
phenyl substituted with one or more halogen atoms.

In some embodiments of a compound of Formulae (I), (V) or (VI), R is
selected from the group consisting of C,.¢ alkyl, substituted C,.¢ alkyl, Cs¢ cycloalkyl,
phenyl, substituted phenyl, C7.o phenylalkyl and pyridyl, R* and R? are independently
selected from the group consisting of hydrogen, C, 4 alkyl, substituted C,4 alkyl, C;4
alkoxycarbonyl, Cs.¢ cycloalkyl, Cs.¢ cycloalkoxycarbonyl, phenyl, substituted
phenyl, C7.o phenylalkyl and pyridyl and R* is hydrogen, methyl, ethyl, zert-butyl,
allyl, benzyl, 4-methoxybenzyl, diphenylmethyl, triphenylmethyl, trimethylsilyl,
triisopropylsilyl, zert-butyldimethylsilyl or phenyldimethylsilyl. Preferably, in the
above embodiments, R' is methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl, neopentyl, 1,1-dimethoxyethyl,
1,1-diethoxyethyl, phenyl, 4-methoxyphenyl, benzyl, phenethyl, styryl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, 2-pyridyl, 3-pyridyl or 4-pyridyl, more
preferably, R' is methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl, n-pentyl, isopentyl, sec-pentyl, neopentyl, 1,1-diethoxyethyl, phenyl,
cyclohexyl or 3-pyridyl. In the above embodiments of a compound of Formula (I), R®
is preferably substituted aryl, more preferably, substituted phenyl, most preferably,
phenyl substituted with one or more halogen atoms.

In some embodiments of a compound of Formulae (L), (V) or (VI), R' is
selected from the group consisting of C;.¢ alkyl, substituted C,. alkyl, Cs.¢ cycloalkyl,
phenyl, substituted phenyl, Cs.9 phenylalkyl and pyridyl, R? and R? are independently
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(IX) (X) Coupling agent DeprotectR5 0 amino group H2NLOR4 (XI) The amino group of (IV) is
protected under standard conditions with a protecting group (Pg) to afford compound (IX). The

carboxylic agig 59MRR193(1X) is esterified to yield compound (X), either via glkyiadinn,wiks34-Y, where
Y is halide, -0S02R' (R’ is alkyl, substituted alkyl, aryl or substituted aryl) or any other suitable leaving

group or via_¢on ation with alcohal R4-0OH under standard acylation con(jjitions e.q., in the
presence of%%%%%?ﬁ%”ég‘é gﬁgﬁ%nsggt%:nﬁggg rar%o ?q’/%l%%}%tﬁmlﬁé’,r R ésr(\)l%r/é‘tr’?gé or other

activated estebutyhnsvddityleyeRbntyply abxeftitylp oytdepiens i oyl dhexy X ethdeysismoaid deprotection
conditions affords co n 1), Preferably, the protecting grou is removable under acidic
conditions a%]"goﬁlrcﬁ%gqﬂ%r?(r’ (Bg?)%(sob%lsiaer&%én }’;i?é‘f%%vxl i?}f%%%}fzgg lé%nj@ﬁ%z&!’im formation relative
to the corregbeneling, fPepybidyt. enatistbayt drpgrigiliand Rbw) iydbneenrefetiad, pthybcting group, and
may be remgved with HC1.to afford (X1) as a hydrochloride salt. . .1n some embodiments, the
hydrochlori S’§§|‘t”é{i’6lﬂ%sb8%g§r‘gé“ glré)c):(ﬁ')? ?Pé%f’(ﬁﬂkﬁ)%reg%n%h?l\ﬁ?[ﬁng g)%l: gs of thionyl chloride
or hydrogentahiettigésidgs tansdpriopyisl 1iRd o Siyhdireth) 1 Fiiydioa breiyddadet iyl sidyihionyl chloride from
between abgut l:1. and abaut 1:20, and.ratio {I\V).to alcohol from between abouyt 1:1 and about
1:20 may be9 ﬁ%%%%bi én?te%éec ion ?n%n?/%)gm&er?gsr’onfw{e Sat %ﬁr’xngra?é’rgép B%Q%Yéésr? RBBYT-20 C and about 25

C. The alcohebuhidyibsbuisddsestasdlvert fotyth e-reacyio sopwtylconditmmglyrdeepeiRv0H is a liquid.
plemaively e SaRMRY 1 MU0 OGS TSRO R pa et suaot
dimethylacesgmyt] eyblopeihwllpyrebitaindney qhypicting, oy cohriyiaemgidlr Sopyriisfiesred alcohols R4-0H
or s e ol sl end e o A el b

sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl, neopentyl, 1,1-diethoxyethyl,

phenyl, cyclohexyl or 3-pyridyl. In the above embodiments of a compound of

Formula (I), R’ is preferably substituted aryl, more preferably, substituted phenyl,

most preferably, phenyl substituted with one or more halogen atoms.

In some embodiments of a compound of Formulae (I), (V) or (VI), R' is

selected from the group consisting of C,.¢ alkyl, substituted C,.¢ alkyl, C;.¢ cycloalkyl,

phenyl, substituted phenyl, C75 phenylalkyl and pynidyl, R2_is hydrogen, methyl,

ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, phenyl or cyclohexyl, R?is

hydrogen and R*is hydrogen, methyl, ethyl, zer¢-butyl, allyl, benzyl,

4-methoxybenzyl, diphenylmethyl, triphenylmethyl, trimethylsilyl, triisopropylsilyl,

tert-butyldimethylsilyl or phenyldimethylsilyl. Preferably, in the above embodiments,

R' is methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl,

n-pentyl, isopentyl, sec-pentyl, neopentyl, 1,1-dimethoxyethyl, 1,1-diethoxyethyl,

phenyl, 4-methoxyphenyl, benzyl, phenethyl, styryl, cyclopropyl, cyclobutyl,

cyclopentyl, cyclohexyl, 2-pyridyl, 3-pyridyl or 4-pyridyl, more preferably, R'is

methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, ter¢-butyl, n-pentyl,

isopentyl, sec-pentyl, neopentyl, 1,1-diethoxyethyl, phenyl, cyclohexyl or 3-pyridyl.

In the above embodiments of a compound of Formula (I), R’ is preferably substituted

aryl, more preferably, substituted phenyl, most preferably, phenyl substituted with one

or more halogen atoms.

In some embodiments of a compound of Formulae (I), (V) or (VI), R'is
selected from the group consisting of C,.¢ alkyl, substituted C;. alkyl, C3.¢ cycloalkyl,
phenyl, substituted phenyl, C7.¢ phenylalkyl and pyridyl, R? is methyl,
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In some embodiments, a compound of Formula (Il) is prepared by acylation of (XI) with compound
(XI1) (see Scheme 3), where X is halide and Z is a leaving group (e.g., halide, p-nitrophenolate,

imidazolyl, i@ dssRtogszembodiments, Xis CI, Bror I and Z is Cl. In yet ofhef, mbRdimsits, X and Z
are both CI. The acylation reaction may be performed in the presence of a inorganic base or an

organic base (e.qg., tertiary amine bases, such as triethylamine, tributylamine, diisppropyjethylamine,
dimethy oL R R S o R RSP A R SR TG yricine,
2-methylpyris|imeﬂ@l6addmﬁ’étmlgﬁm§aﬁ,,memyieﬂﬂyjanéﬂelﬁ);ﬂsidmbyﬂbéndj&zabicyclo[z.2.2]octane, 1,

8-diazabicyglo[5.4.0Jundec-7-ene or. 1, 5-diazabicyclo[4.3.0lundec-7- or. combinatjons thereof) or
combination% eetéggy%gﬂ%]bpg%&nv%n g%ﬁ’ac&?é?ﬂ%?n%}ﬂgme?ﬁ Tesﬁp?)l? flelﬁ?f)en&q%y,n%}aﬁf;oromethane,
dichloroethaes; witiddofoethy sl yeoepltinyédinpktyisitpl d @r efierathy lactta abiote:; etabretingpysyolidinone,
&methyl sulfpxide, pyridi thyl acetate. isopropyl acetat etonitrile, acetone . 2-butanone, methyl
teri-butyl etg%%%gﬁﬁ-ﬁgﬁﬁ%?ﬁﬁ %ﬁé?ﬁ%%\i%ﬁ?ﬂbﬁgé}@gbf\%n UMX?ﬁrréIg) ¢ }ﬁprising water and

including one-pentydrsafedish) ceorpethidnesafiettivi; dethdinestobryeoliyini,, tediethexwthylacetate, isopropyl

acetate or methyl.ter/-butyl ether be .utilized, Typjcal temperatures for.performing this reaction are
between abB%fr-}g]O '%?’L\%%a uF%ﬁC%,%r%ZJrléppr%I}é{rh%?llf \lﬁlg Q%SB Ei_,_%c alhlgf’about 25C. WO
2005/019168RYEHI0 04033 Soyeid)d, 3-BaddyxD\WRsndyR 42 Ribetidly, Riniother
embodiments o] und of Formula (11), where R4 s trialkylsilyl or aryldiallcylsilyl, may be prepared
directly from%%%o%ﬁ ’(1\‘8%9%?";/?8%{%1{’ #é.ﬁig%@hbs%bgl ll’ %fi%éytg?’stﬁ%iﬁlﬁ%léﬁgg\é%@) followed by
acylation of idvpesisil)trag peteyh) adoqpentyith dedigtbomyb (i) thewys clyelvieeyl Sualyedydlvents for
performing i%l%e%:tioen ingllgac}%e%yst gno% Iig)nit%d0 dichlor, ﬁawlasmeégir% rg]ﬁ)tg{%r%%dchloroform,
toluene, pyridine, ACSORITE OF comPINAO Er30t. Bultable’basesHor per grmlng IS reaction

include but argl nmbtiemitetktab lyjatibstimiedep hebyityterst pee sy phytethylhsnitueed with one
dirnethyliso%rorﬁélanaineéN- ethylmorpholine, N-mcthylpyrrolidine, N-methylpiperidine, pyridine,
2-methylpyr|crlln ,reZ},)g-a%ge oﬁlﬁyridine, 4-dimethylaminopyridine, 1, 4-diazabicyclo[2.2.2]octane, 1,
8-diazabicyclo[5.4 bjsonecmitenkmini-ofazahigyrinits Birmdee-De (¥)arqdhbRhtions thereof.

T B S SR D SRS TS Rt e,

R2 R30 on phenyl, substituted phenyl, Cy.o phenylalkyl and pyridyl, R* and R’ are independently
selected from the group consisting of hydrogen, C;.4 alkyl, substituted C;4 alkyl, C;4
alkoxycarbonyl, Cs.¢ cycloalkyl, C;.¢ cycloalkoxycarbonyl, phenyl, substituted
phenyl, Cy.o phenylalkyl and pyridyl and R* is hydrogen, allyl, benzyl or
trimefhylsilyl. Preferably, in the above embodiments, R! is methyl, ethyl, n-propyl,
1sopropyl, n-butyl, isobutyl, sec-butyl, fert-butyl, n-pentyl, isopentyl, sec-pentyl,
neopentyl, 1,1-dimethoxyethyl, 1,1-diethoxyethyl, phenyl, 4-methoxyphenyl, benzyl,
phenethyl, styryl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 2-pyridyl,
3-pyridyl or 4-pyridyl, more preferably, R is methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl, neopentyl,
1,1-diethoxyethyl, phenyl, cyclohexyl or 3-pyridyl. In the above embodiments of a
compound of Formula (I), R’ is preferably substituted aryl, more preferably,
substituted phenyl, most preferably, phenyl substituted with one or more halogen
atoms.

In some embodiments of a compound of Formulae (I), (V) or (VI), R'is
selected from the group consisting of C;.¢ alkyl, substituted C; alkyl, Cs.¢ cycloalkyl,
phenyl, substituted phenyl, C7.9 phenylalkyl and pyridyl, R? and R? are independently
selected from the group consisting of hydrogen, methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, terz-butyl, cyclopentyl, cyclohexyl, methoxycarbonyl,
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R4 = trialkylsilyl, aryldialkylsilyl In still other embodiments, 1-acyloxylalkyl carbamates of Formula
(I) are prepared from compounds of Formula (H) by treatment with carboxylic acids of Formula (l11) in

the presengg@h@R,QIERRIC or inorganic base, or other metal salt, as illustraiegliR9eheM8P: Scheme
5 (V) + R1OH (Ill) Base RlyOx0y..NOR2R30 O

ethoxycarbonyl, isopropoxycarbonyl, cyclohexyloxycarbonyl, phenyl, benzyl,
phenethyl, 2-pyridyl, 3-pyridyl and 4-pyridyl and R* is hydrogen, allyl, benzyl or
trimethylsilyl. Preferably, in the above embodiments, R'is methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl,
neopentyl, 1,1-dimethoxyethyl, 1,1-diethoxyethyl, phenyl, 4-methoxyphenyl, benzyl,
phenethyl, styryl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 2-pyridyl,
3-pyridyl or 4-pyridyl, more preferably, R' is methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl, neopentyl,
1,1-diethoxyethyl, phenyl, cyclohexyl or 3-pyridyl. In the above embodiments of a
compound of Formula (I), R? is preferably substituted aryl, more preferably,
substituted phenyl, most preferably, phenyl substituted with one or more halogen
atoms.

- In some embodiments of a compound of Formulae (I), (V) or (VI), R'is
selected from the group consisting of C¢ alkyl, substituted C,. alkyl, Cs¢ cycloalkyl,
phenyl, substituted phenyl, Cy. phenylalkyl and pyridyl, R? is hydrogen, methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, phenyl or cyclohexyl, R? is
hydrogen and R* is hydrogen, allyl, benzyl or trimethylsilyl. Preferably, in the above
embodiments, R! is methyl, ethyl, n-propyl,'isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl, n-pentyl, isopentyl, sec-pentyl, neopentyl, 1,1-dimethoxyethyl,
1,1-diethoxyethyl, phenyl, 4-methoxyphenyl, benzyl, phenethyl, styryl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, 2-pyridyl, 3-pyridyl or 4-pyridyl, more
preferably, R! is methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl, n-pentyl, isopentyl, sec-pentyl, néopentyl, 1,1-diethoxyethyl, phenyl,
cyclohexyl or 3-pyridyl. In the above embodiments of a compound of Formula (I), R®
is preferably substituted aryl, more preferably, substituted phenyl, most preferably,
phenyl substituted with one or more halogen atoms.

In some embodiments of a compound of Formulae (I), (V) or (VI), R'is
selected from the group consisting of C.¢ alkyl, substituted C,.¢ alkyl, Cs. cycloalkyl,
phenyl, substituted phenyl, C;.9 phenylalkyl and pyridyl, R? is methyl,
methoxycarbonyl, ethoxycarbonyl, isopropoxycarbonyl or cyclohexyloxycarbonyl, R?
is methyl and R* is hydrogen, allyl, benzyl or trimethylsilyl. Preferably, in the above
embodiments, R' is methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl, n-pentyl, isopentyl, sec-pentyl, neopentyl, 1,1-dimethoxyethyl,
1,1-diethoxyethyl, phenyl, 4-methoxyphenyl, benzyl, phenethyl, styryl, cyclopropyl,
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() Those of skill in the art will appreciate that the following embodiments, infra, refer to compounds
of Formulae (1), (II) and (I111). In some embodiments, the ratio of the compound of Formula (II) to the
compound Q,&féﬁ@ﬂ%ﬁl) is between about 1:1 and 1:20. In other embodil;%ent 2(t)ge ratig) of the
compound of Formula (1) to the compound of Formula (lll) is between about 1: AR5 still other
embodiments, the ratio of the compound of Formula (H) to the compound of Formula (Il) is about 1:1.

In some enfi¥sHREhCiHeRERboYsiRher Horrurdy - Ryredyl 97Ad Yrid ¥hésrealt are contacted with
a solvent. In,QiBRLBTROAMBHS), B8 yAILREIHE &8 ggﬁpg_gﬂfﬁi’l:i%gmm to thgepmpound of Formula
0

(1) is between about 1:1 and 1:20. In still other embodiments, the ratio of the comgound of Formula

(I1) to the cofpBRl BPEBRhUROPANYS sefonsalylaBerren lahd Histhaxsaitathehemibodiments, the ratio
of the compguRh&H ef B a{iYToth e anyReWRthodinRITURR 4 dbnip ARRLS AXbriu 3PN RMbodiments,

the solvent js dichloromethane, dichloroethane, chloroform, toluene, dimethylformamide,

dimethylacdtasiseatly sibstise shvinmeee Hﬁf@ﬁ@Vsﬂﬁb%H’é?%?h%é,@ paelstadysacetonitrile,
acetone, Z'Pb%ﬁ%s 7 wﬁﬁt&g&%@é,ﬂa@é@ﬁ@gﬂﬁthaml, isopropanol, tert-butanol, water,

hexamethylphosphoramide or combinations thereof In other embodiments, the metal is Ag, Hg, Na, K,

Li, Cs, Ca, Mg oy Zhsomasubairesnisafimesrpawd e Fipsumas doASthan€HR alsd (111) and the
organic basg péeeeriaciedarith 3 slvenk br et qu@yneﬁsémﬁw&@hgm?, of,lhe,emrgynd of

Formula (H) to the compound of Formula (HI) is between about 1:1 and, 1:20. In still other

embodimerRECHNb T B P Remih Scrpbemdatkul aqd pisidid. &b rapd & st imderamdeptlly is between
about 1:15 gng:k2Boln &1l R QRRATITEPISdiBgHR1D oLikgIcamRAURM o Eaimla(H) to the

compound of Formula (11l) is about 1:10. In still other embodiments, the ratio of the compound of

Formula (1 Bksarbensbdunacyrioatal & ue pydasdpresihearh Phenrl substivited) other
embodimenigedpe @B%Héﬂpﬁ@ﬂﬁﬂ%@(}fﬁfd‘kﬂ@s@}dﬁbgéﬁ.CPF@&%!SIE},%'ﬁ?é%&@e (111) is about

1:1. In some embodiments, the solvent is dichloromethane, dichloroethane, chloroform, toluene,

dimethylforfrebakisicatingthin saeitrhislyh HrireemylaoBreRab it wim csshwyliderBuiridine, ethyl
acetate, acgipnitila, ACRIADE iwPsiaNonNe. ferlyhiggat/ eihemetrigeglyethanol, isopropanal,

tert-butanol, water, hexameth}%p osphoramide or combinations thereof. In other embodiments, the
organic baselidietBaweinhe Mtﬁdﬁﬁﬂ@,@ééﬁbm&mﬁﬁbﬂkﬁ@w}ﬁéﬂﬂﬁ%ﬁﬂnine,
N-methylmareholing, -ert&;ta@w@ s N-TRhpieerdns, mmd%%_' 3 1IMmRdhyIpyridine,
2,6-dirnethy§§yridine, Ej};qi ethylém%lopyrl}cjj#ne, ’ 4%iaz%bicyclo[2_. .Z]ggténe, 1,

8-diazabicyRiefB btk dsdneibitk ethd, dpremibysrspemyberisy isehntph serrbiidtions' thereof  In
some embqg,imﬂgézf_ At ROYRAT, EorpatiR (| hbspéhtifuidiugrar ldg,tﬁgﬁ" 1of said contacting,
the compound of or’rrrﬁa 1) furthegf’sérv?n;g g’si’aédgive%?’fo’r the reggf%%g\?v’i h thg compgund of

Foimula (I1cYpleiersd embooridehtdnithe ebavssuhrdinmsiseia compoaedwd EermnedthoRyacetic acid,
ethoxyacetic acia ABAGRIG AR Y1V A ASADND b aRislBiNRlS ACHLYaIRIG SIS, iSovaleric acid,

2-methylbutyric acid, cyclobutanecarboxyllc acid, cyclopentanecarboxylic acid or
cyclohexaneeyorprtiatd with pneemaembdeseeaienthe compound of Formula (11), the compound

of Formula (Il) ang %%@%&ﬂ%gﬁ%m%%%@&wﬁ%mwou A9 1-25 C and about 120

C. In other embodiments, the temperature is between about 0 C an In still some other

embodimerseicited Sompbestrspronsistag pf the elivlpsihséotmdemautdkyl @ rstoaigdnic base are

contacted b -l%ﬁaﬁ( @pﬁlﬂa 2 E{ggﬁg HPEHNS , the
temperatuzl}%&&?}vgggﬁlﬁgg%?{w értkr-%g%%eu 25 g}f&ﬂ In :so};rllﬁeﬁ (za(%nntl‘?c.)lgi{r%%éntg, t eqcompound of
Formula (lIelefseddopntheosspropansistimg) odmydraesrgastb Baeddr e aoapyi P RYRRYS catalytic amount

of an iodide, Sait ISk esBROCmERS e BINA SRR RALLT inliis.RatBasMm iodide,

tetramethylanurionium iodide, tetraéthylanunonitun iodide or tetrabutylammonium iodide.  In some

embodimestBorRatbandr iRopyie acYaperaiiesghseplmarcetend.rBhsaybPerddr mild conditions to
provide a copRAHPH PLEARMURADMYLEE RA IS WYPA P88/ QIR Edn! TREROP2 {7 3

above embodiments, R' is methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,

sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl, neopentyl, l,l-dimethoxyethyl,

1,1-diethoxyethyl, phenyl, 4-methoxyphenyl, benzyl, phenethyl, styryl, cyclopropyl,

cyclobutyl, cyclopentyl, cyclohexyl, 2-pyridyl, 3-pyridyl or 4-pyridyl, more

preferably, R' is methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,

tert-butyl, n-pentyl, isopentyl, sec-pentyl, néopentyl, 1,1-diethoxyethyl, phenyl,
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hydrogen. Carboxylic acid protecting groups removable via mild acidic hydrolysis, fluoride
ion-promoted hydrolysis, catalytic hydrogenolysis, transfer hydrogenolysis, or other transition

metal-megigiagdidapsaigction reactions are preferred. In some embodimepgs; R dssisanshylsilyl, allyl
or benzyl. In still other embodiments compounds of Formula (1) are prepared as illustrated in

f’cpﬂemﬁl 6. %gllg ?’160r@( })nleo%rl}lﬁle alt%)\éce% n&ggl}@ 0[5 alg%}z)]dﬁnlvé of I 0%1%932 %B:ZﬁM Ag ., m=
is preferably substituted aryl, more preferably, substituted phenyl, most preferably,
phenyl substituted with one or more halogen atoms.

In some embodiments of a compound of Formulae (I), (V) or (VI), R'is
selected from the group consisting of C,¢ alkyl, substituted C;.¢ alkyl, Cs.¢ cycloalkyl,
phenyl, substituted phenyl, C7.9 phenylalkyl and pyridyl, R? is hydrogen, methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, phenyl or cyclohexyl, R? is
hydrogen and R* is hydrogen. Preferably, in the above embodiments, R' is methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl,
sec-pentyl, neopentyl, 1,1-dimethoxyethyl, 1,1-diethoxyethyl, phenyl,
4-methoxyphenyl, benzyl, phenethyl, styryl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclchexyl, 2-pyridyl, 3-pyridyl or 4-pyridyl, more preferably, R' is methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl,
sec-pentyl, neopentyl, 1,1-diethoxyethyl, phenyl, cyclohexyl or 3-pyridyl. In the
above embodiments of a compound of Formula (I), R’ is preferably substituted aryl,
more preferably, substituted phenyl, most preferably, phenyl substituted with one or
more halogen atoms.

In some embodiments of a compound of Formulae (I), (V) or (VI), R'is
selected from the group consisting of C;.¢ alkyl, substituted C,¢ alkyl, Cs.4 cycloalkyl,
phenyl, substituted phenyl, Cy. phenylalkyl and pyridyl, R? is methyl,
methoxycarbonyl, ethoxycarbonyl, isopropoxycarbonyl or cyclohexyloxycarbonyl, R?
is meﬂlyl and R? is hydrogen. Preferably, in the above embodiments, R' is methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl,
sec-pentyl, neopentyl, 1,1-dimethoxyethyl, 1,1-diethoxyethyl, phenyl,
4-methoxyphenyl, benzyl, phenethyl, styryl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, 2-pyridyl, 3-pyridyl or 4-pyridyl, more preferably, R' is methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl,
sec-pentyl, neopentyl, 1,1-diethoxyethyl, phenyl, cyclohexyl or 3-pyridyl. In the
above embodiments of a compound of Formula (I), R is preferably substituted aryl,
more preferably, substituted phenyl, most preferably, phenyl substituted with one or
more halogen atoms.

In some embodiments of a compound of Formulae (I), (V) or (VI), R' is
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl,
isopentyl, sec-pentyl, neopentyl, 1,1-diethoxyethyl, phenyl, cyclohexyl, 2-pyridyl,
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Base (XVI) -F (XI)(I) Cblorofomiate (XIII) is treated with an aromatic leaving group such as
p-nitrophenol in the presence of base to provide p-nitrophenylcarbonate (XIV). Halide interchange
provides iqg'@lgogg\ﬁg hich is reacted with a metal or tetraallcylammoniu ‘é?ﬂ ylic acid to
afford compoun (/XVBg. Treatment of (XVI) with baclofen analog derivativrg| Sgég‘i@)?fg y, in the
presence of trim,ethylsiflgl chloridg, .affords a compound of Formula (). Methods for making related

acyloxyallcyRAFBRHRAARGHNE IS Prdrogsse meabyd, sihylin#ronyh (aseserder-0&lpatent No.

4,760,057; i6dprandess-bufyl Raiaiil e e RECRIR Mexsidebnlint RBie R, Mognd G Sthéi Alexander,
U.S. Patent No. 5,684,018). Another method for synthesis of compounds of Formula (1) proceeds

via carbonyIRRSABIBLE AR QL FOsmIe ek D16V THE Bt etaftiy hcid species, which is

captured b)ﬁ@fb'pyls,ii%@ﬂ@yﬁ;imﬁgapmad@gqmga;i@ptqfu@gthq%g,iﬁqmgﬂm,the art (Butcher,
Synlen 1994, 825-6; Ferres ei al., U,S, Patent 4,036,829). Carbon dioxide gas IS bégbled into a

solution coﬁﬁiﬂﬁ?&{ﬂf%&?ﬂg pass AP RRIBYSIIESY b el Y 4 FEO03, Ag2CO3

or AgO) in a-ppiBn; Rtiehhaaiopsh, aidiVP » Thepytivtairpphdrbiadgeash Latigmaly idn the presence
of iodide ioH a? a catalyséuan the carbonylation continued until the reaction is comgletgd. This
)

method is INSEPEEY i sEi o FRIISRL At SaBwardsAbEarRLlet Hor AR halide (xvi).
Scheme 7 is eXdiny1C621(N-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, zer¢-butyl, phenyl,

cyclohexyl or 3-pyridyl, R%is hydrogen, methyl, n-propyl, or isopropyl, R is

hydrogen and R? is hydrogen.

In still other embodiments of compounds of Formulae (I), (V) or (VI), R' is
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl,
isopentyl, sec-pentyl, neopentyl, 1,1-diethoxyethyl, phenyl, cyclohexyl, 2-pyridyl,
3-pyridyl or 4-pyridyl, R? is methyl, methoxycarbonyl, ethoxycarbonyl,
isopropoxycarbonyl or cyclohexyloxycarbonyl, R? is methyl and R* is hydrogen.

In some embodiments of a compound of Formulae (I), (V) or (VI), R'is
methyl, ethyl, n-propyl, isopropyl, #-butyl, isobutyl, sec-butyl, terz-butyl, phenyl,
cyclohexyl or 3-pyridyl, R? is hydrogen, R? is hydrogen and R* is hydrogen. In other
embodiments of a compound of Formulae (I), (V) or (VI), R' is methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, ferz-butyl, phenyl, cyclohexyl or
3-pyridyl, R? is methyl, R? is hydrogen and R* is hydrogen. In yet other embodiments
of a compound of Formulae (I), (V) or (VI), R' is methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl or 3-pyridyl, R’ is n-propyl,
R? is hydrogen and R* is hydrogen. In still other embodiments of a compound of
Formulae (I), (V) or (VI), R' is methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
sec-butyl, fert-butyl, phenyl, cyclohexyl or 3-pyridyl, R? is isopropyl, R? is hydrogen
and R* is hydrogen.

In some embodiments of a compound of Formula (I), R? and R? are different
and the compound of Formula (I) is substantially one diastereomer. In other
embodiments of a compound of Formula (I), the stereochemistry at the carbon to
which R? and R are attached is of the S-configuration and the compound of Formula
(I) is substantially one diastereomer. In still other embodiments of a compound of
Formula (), the stereochemistry at the carbon to which R and R? are attached is of
the R-configuration, and the compound of Formula (I) is substantially one
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(XVII) (Xvl) (Xvil) (XIX) X=ClI, Br, 1 Yet another method for synthesis of compounds of
Formula (1) relies upon oxidation of ketocarbamate derivatives of baclofen and baclofen analogs (e.qg.,

Gallop et ajyl s08/@l605 Appl. Pub!. 2003/0171303; and Bhat et al., U.S. Batept Appligaign Serial No.
entitled "Methods for Synthesis of Acyloxyalkyl Compounds"”). As illustrated in Scheme 8, oxidation of

cocaroanui gt TRy (| Vel B shep lcspemy o Formue
been succeBfisllydsetinBh dyecovilagad ofEatiods @) ketobsartatisiem didsieieoam Stikul,
pronen g LG LB AR GRS TR RR e o
1998, 2, 195tekeaybemixtat abitrletri @9 WhichR? Thé Riserohanthedrousf thédants may be beneficial
Snce Do IS S T R O R A DR o conions

In other embodiments of a compound of Formula (I), R? is C; alkyl, R’ is hydrogen,

the stereochemistry at the carbon to which R? and R? are attached is of the

R-configuration, and the compound of Formula (I) is substantially one diastereomer.

In some embodiments of a compound of Formula (VI), R? and R? in the

comgpound of Formula (VI) are different and the compound of Formula (VI) is

substantially one diastereomer. In other embodiments of a compound of Formula

(VI), the stereochemistry at the carbon to which R? and R are attached is of the

S-configuration and the compound of Formula (V1) is substantially one diastereomer.

In other embodiments of a compound of Formula (VI), the stereochemistry at the

carbon to which R? and R are attached is of the R-configuration and the compound of

Formula (VI) is substantially one diastereomer. In still other embodiments of a

compound of Formula (VI), R? is C;4 alkyl, R? is hydro gen, and the compound of

Formula (VI) is substantially one diastereomer. In still other embodiments of a

compound of Formula (VI), R? is C 4 alkyl, R? is hydrogen, the stereochemistry at

the carbon to which R? and R? are attached is of the S-configuration, and the

compound of Formula (VI) is substantially one diastereomer. In still other

embodiments of a compound of Formula (VI), R? is C14 alkyl, R? is hydrogen, the

stereochemistry at the carbon to which R? and R? are attached is of the

R-configuration, and the compound of Formula (VI) is substantially one diastereomer.

In some embodiments of a compound of Formulae (I), (V) or (VI), R' is

methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, ferz-butyl, phenyl,

cyclohexyl or 3-pyridyl, R? is methyl, R? is hydrogen, R* is hydrogen, the

stereochemistry at the carbon to which R? and R? are attached is of the

S-configuration and the compound of Formulae (I), (V) or (VI) is substantially one

diastereomer. In other embodiments of a compound of Formulae (I), (V) or (VI), R

is methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, phenyl,

cyclohexyl or 3-pyridyl, R? is methyl, R? is hydrogen, R? is hydrogen, the

stereochemistry at the carbon to which R? and R? are attached is of the

R-configuration and the compound of Formulae (I), (V) or (VI), is substantially one
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(XX) Preferably, the oxidation is performed in the liquid phase, more preferably, in the presence of
a solvent. Choosing a solvent for oxidation of a compound of Formula (XVIII) is well within the ambit of

one of skilli?d%ogmlﬁgperally, a useful WO 2005/019163PCT1U52004]1C@F,%§90§‘% enfowill
dissolve, at least partially, both the oxidant and the compound of Formula (KM) and will be inert to the

reaction congitions. Preferred, solvents are anhydrous and inclyde, but are ngt limited t
dichloromet Ee,r?ﬁl]?ﬁﬁrég 8?{t‘i’il8ﬂh8ﬁlﬁf}e§fﬁﬁf&é‘élna%?‘f§ Q%E%E%@l&gé’ﬁé%’
chlorobenze}mbiymangz], aﬂgtpMﬁbpﬂgﬁwremrnmﬁmyimn@myb@mﬁmgﬁeﬂmﬁﬂg, cyclohexane and
hexanes. Mixtures of the abqve solvents may also be usgd in the oxidation of a compound of Formula
(XVIII) to a é%ﬁ?ﬁ&ﬁ#&%?ﬁ&ﬁﬁaé-wvﬂﬂﬁ S e R ,caﬁ%naﬁhyamﬁg%%fa&ﬁ? is an
anhydrous pespcacitdigeneratedifboitibwhreachoardf Riardratatlyei egentperoxide complex (4)
("UHF") wit&a capboxylic acid aphydride. In other embodjments, t nhydrous oxjdant is an
anhydrous 'F@Qs%ﬁ'ﬁ 00204 &a@%ﬂgff Wgﬁ%‘zﬂ;?éétﬂ‘é alhSeREEERA ¥ de complex
(4) with a sutfastie«aeitarniysiiteththerhfdiheam Riex Genyet@bd Fotitdef @) Iygeuiydrogen
peroxide and has been used in a variety of oxiitati e transformations in gnhydrous organic solvents
(Cooper et at, ﬁi@%@ﬁ’dﬁ'@-@%ﬁ égﬁé?cﬂy i fﬁ?%'&(ﬁrﬁ‘fﬁi%‘i@%éf 3‘,’%&9; Astudillo et at,
HeterocyclepHea9B c56lohex - 308G Wiy Fetialk-f2sgoniR Liethydfgn] R1§OHA) gkt Wever, other
suitable sources o anh)%:iyrousghydrg en peroxidg may glso be u e& in tg%reaction instead of the
UHF-compl TG SRS 1Y AHiRS S7% 5&5‘[2’.’? t&R X-?ryafﬁﬁgﬁcgg dRidedmplex). A useful
oxidant is aayenfgaraex vt 1e easgimat st Benrlata®) BitoVRastidesthaibfogemplex with
trifluoroacetic, anhydride (Cooper et at, Synlett. 1990, 533-535; Bgn'ami ,etal., 1 Am. Chem, Soc.
2002, 124, SPPEEBI LS VEF SRR SO S R OESSrALy TR ) AVl by reating
carboxylic agitapfeyslyides yijth-pripydr aupropdrogentpieiexiney Imerehtgierabiutyith the UHP-complex
(4). Similarly, anhydrous peroxysulfonic acids (XXII) may be prepared hy,reacting sulfonic acid
anhydrides B3y ﬁ%%%&f&ﬁé%ﬂéﬁﬁp‘éﬂéﬁﬁ%‘%eﬂa@ﬁ%ﬁ% Eﬁi‘ﬂéé%‘?& €4). The
preparation gerobiesisyRarhe/eatondydiwiHcioR ¥l Rhaéhepgraxisetfaric acids (Xnt) is illustrated
in Scheme 9, W( 2005/01916%PCT/U S 2004/027330 acheme 9 00 OR6-AdCR6 H2N1 NFI2 H202
(Xx) 0 56)(0?(5‘19 guration and the compound of Formulae (I), (V) or (VI) is substantially one

diastereomer. In other embodiments of a compound of Formulae (I), (V) or (VI), R

is methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, zerz-butyl, phenyl,

cyclohexyl or 3-pyridyl, R%is isopropyl, R?is hydrogen, R* is hydrogen, the

stereochemistry at the carbon to which R? and R are attached is of the

R-configuration and the compound of Formulae (I), (V) or (VI), is substantially one

diastereomer. In still other embodiments of a compound of Formulae (I), (V) or (VI),

R! is isopropyl, R? is isopropyl, R? is hydrogen, R* is hydrogen, the stereochemistry at

the carbon to which R” and R? are attached is of the S-configuration, and the

compound of Formulae (I), (V) or (VI) is substantially one diastereomer. In still

other embodiments of a compound of Formulae (L), (V) or (VI), R' is isopropyl, R* is

isopropyl, R}is hydrogen, R*is hydrogen, the stereochemistry at the carbon to which

R? and R? are attached is of the R-configuration, and the compound of Formulae (f),

(V) or (VI) is substantially one diastereomer.

In another aspect, a compound of Formula (IT) is provided,
RS o
H
X-__O N\/UL R
)0 o~
R2 R3O
(i)
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wo- (XX) (4)cH2cl2 9 9 Rti-s-0-s-R8/ cH2a2 o o (X)I)

WO 2005/019163 PCT/US2004/027330

wherein:

X is fluoro, chloro, bromo or iodo;

R? and R® are independently selected from the group consisting of hydrogen,
alkyl, substituted alkyl, alkoxycarbonyl, substituted alkoxycarbonyl, aryl, substituted
aryl, arylalkyl, substituted arylalkyl, cycloalkyl, substituted cycloalkyl, heteroaryl,
substituted heteroaryl, heteroarylalkyl and substituted heteroarylalkyl or optionally,
R?and R® to gether with the carbon atom to which they are bonded form a cycloalkyl,
substituted cycloalkyl, cycloheteroalkyl or substituted cycloheteroalkyl ring;

R* is selected from the group consisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, arylalkyl, substituted arylalkyl, aryldialkylsilyl, cycloalkyl,
substituted cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl, heteroalkyl,
substituted heteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl, substituted
heteroarylalkyl or trialkylsilyl; and

R’ is selected from the group consisting of substituted aryl, heteroaryl and
substituted heteroaryl.

In some embodiments, R’ is selected from the group consisting of
4-chlorophenyl,

R-(4-chlorophenyl), 2-chlorophenyl), 4-fluorophenyl, thien-2-yl, 5-chlorothien-2-yl,
5-bromothien-2-yl and 5-methylthien-2-yl. ‘

In other embodiments, the compound of Formula (IT) has the structure of
Formula (VII):

Cl

H
0] N /R4

(vin)
or pharmaceutically acceptable salts, hydrates or solvates thereof;
wherein:
X, R%, R? and R? are as previously defined, supra.
In still other embodiments, the compound of Formula (II) has the structure of
Formula (VIII):
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Ra-s-0-OH poao (ax), S6 = CF,, cH3, cH,ci, cHci,, cc13, cHF2, cciF,, cF3cF2 The UHF-complex
(4) and a carboxylic acid anhydride (X1X) or a sulfonic acid anhydride (XXI) are reacted in
dichlorometa%ne osrooghesr suitable solvent at temperatures ranging from about -25 C to about 100 C to
generate the nzﬁ%rg)ulg peroxyacids. The peroxyacids may be generated RV gﬁ&”%ﬂ)’&?@ﬁ‘hently
reacted with the ketocarbamate ()CVIII). In some embodiments, a carboxylic acid anhydride is added
to a stirred suspension or solution containing the 8H_P-complex and (XVIII) to generate the
peroxycarboxylic.acid, which reacts in situ with (yAQ) to give compound (1). In other embodiments, the
molar ratio of UHP-complex and the acid anhyg 5 about 6:1. In still other embodiments, the molar
ratio of UHP-complex and acid anhydride (XIX)ts p&twgen about 5:1 and about 1:1. In yet other
embodiments, the molar ratio of UHF-compldx an§l acidjanhyggide (XLX) is between about 2:1 and
about 1:1. In some embodim ; @ acratie.ef thgperoxyacid oxidant to the compound of
Formula (XVIII) is between aboutg:1 anbout 1:1. In other WO 2005/019163PCT/US2004/027330
embodiments, the molar ratio of the peroxyacid oxidant to the compound of Formula (XVIII) is between
about 4:1 and about 1:1. In yet other embod{Ni#ipts, the molar ratio of the peroxyacid oxidant to the
compound of Formula (XVIII) is between about 2:1 and about 1:1, Preferably, when the oxidant is
peroxytriguoroacetf BEATRAEHB V%B@fﬁ%%&ﬂ&%@@ﬁ@%‘?&%ﬁé R ratio of the peroxyacid
oxidant to the comp@aigagif Formula (XVIII) is about 2:1. Further, the use of additives in the

oxidation of a compound of Formula (XVII1) to a compound of Formula (1) is also contemplated. While
not wishing to be b%ouﬁd’ (ﬁy,aéﬁﬁﬁtwgglﬂ\’zﬁiyég %e the reaction or stabilize the final

product or both, In ospe&apildnRAS oF 4 exipH&eid 6f Popiatiaadit), VAl QVIHNAROR of Lewis acid
or protic acid,may be used in the oxidation of a compound of Formula (XVIII) (preferably, in the
presence of@g'g’(’i% ?)r.nﬁé’&'v}gé@fcic]og ﬂ%@ﬁﬁ&g}béﬁﬂxﬂ@ S ArfREwR R I%,ijg’éﬁ‘él,aﬁ/l b8 X11102, Snai,
Sc(OT03, TP PR, Xl20hrne. Fe203. Protic acids include, but are not limited to, trifluoroacetic acid,
acetic acid, p-toluenesulfonic acid, methanesulfonic acid, trifluorotnethanesulfonic acid, hydrochloric
acid and sulfuric actiSWiieh& fﬁmﬁnfé %iaﬁ&mm&ﬂéﬁmﬁéi@é% & rotic acid may
catalyze oxigétiad RY ireinagieaddnlgiatsaphificiy Bt e gasbnayligpsiniifouenaexVIl.  In
other embodiments, the oxidation may be conducted in the presence of an anhydrous base. While not
wishing to b@rﬁﬁm&@ﬂ%&&%@e&mﬁ%ﬁm&%@m@ BrOatRRSHYFEALHhg with acidic
by-products fefaieel ditisgrensidationiyl, casasicly clheidmpamisiarlitbecieasyon may be readily

optimized by methods known to those of ordinary skill in the art. Preferably, the oxidation of a

¢ Y.
compound SPEIRHIYeRPARYL subsiiyted cuslaalkeiyermbony bagiearrdhsipsaredand about 100 C
(more preferialyoi9iVIReRRRAMIE (aad Subbtfheibr-Syasikantagequs thaterateithienrethod of

synthesis of compounds of 2 3 .
of a compound of Formulae (II), (VII) or (VIII), R and R” are independently

selected from the group consisting of hydrogen, C,4 alkyl, substituted Cy4 alkyl, Ci4

alkoxycarbonyl, Cs.¢ cycloalkyl, Cs.¢ cycloalkoxycarbonyl, phenyl, substituted
phenyl, C7 phenylalkyl and pyridyl. In still other embodiments of a compound of
Formulae (IT), (VII) or (VIII), R? and R? are independently selected from the group
consisting of hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
sec-butyl, tert-butyl, cyclopentyl, cyclohexyl, methoxycarbonyl, ethoxycarbonyl,
isopropoxycarbonyl, cyclohexyloxycarbonyl, phenyl, benzyl, phenethyl, 2-pyridyl,
3-pyridyl and 4-pyridyl. In still other embodiments of a compound of Formulae (II),
(VII) or (VII), R? is hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
sec-butyl, phenyl or cyclohexyl and R? is hydrogen. In still other embodiments of a
compound of Formulae (IX), (VII) or (VIII), R? is methyl, methoxycarbonyl,
ethoxycarbonyl, isopropoxycarbonyl or cyclohexyloxycarbonyl and R? is methyl.

In still other embodiments of a compound of Formulae (IT), (VII) or (VIII),
R? and R? together with the carbon atom to which they are attached form a cycloalkyl,

35



Formula (1) is that oxidation of ketocarbamate derivatives (XVIII) proceeds stereospecifically, with
retention of configuration at the carbon atom initially adjacent to the carbonyl group in ketone (XVIII).
This may be exploited in a stereoselective synthesis of prodrug derivatives. For example, the chiral
R-baclofen B’l%éi’ﬁﬁ%?{'ﬂsyisobutanoyloxyethoxy]carbonylamino)-(3 R)-(4-%‘;%‘]361’1}@(@17)98utan0ic
acid (34) may be synthesized as a single diastereomer by stereoselective oxidation of
4-{[(1S)-isolsubstitytedisygiqabicorytdehate pabn-on subksioned eyl pinicaoaicyhcing (38)s88 described in
Example 304 Seaipsialowr AesnsiioL Praz MR PAGYPTIANIngR Ray be amenable (o

synthesis from the appropriate ketocarbanaate derivatives via Baeyer-Villiger type oxidation, provided

that they dotRgetBenvaith theparbanratest daainch iber pribattached dempa siyidatmther transformation

under condiﬁg&gﬁgn@,%p@%lgﬁexyl rﬁ%pther method for synthesis of compounds of Formula (1),
illustrated in Scheme 10, rélies upon reaction of compounds of Formulae (1V) or (XI) with a

1-(acyloxy)-alky! NIpyiilbeikscenasageeiaeioneaponmd fftpanmeatih (XMipr & H&xcribed in the
co-pending gpplicafienEallpPRL odﬂ-&r@fs@ﬂiﬁieﬂﬂ#@%@ e Eéeguﬁ@ioeuﬁaﬂﬂléﬁ%%msq, “Methods

for Synthesis of Acyloxyalkyl Carbamate Prodrugs," Ti ugust 13, 200_4). Scheme 10 wherein R9
and RI are ifdepeattatioyl infemdernbatisedipheradyfoxypheryialisakabytantrbCalkoxycarbonyloxy,

alkyl, substiyed i Al sipaituied ey BN e be e Anbaandalk garbamoyios,

diallcylamino, heteroaryl, hydroxy, sulforiamide, or’optionally, R9 and RI together with the atoms to

which they aemneasdad Famelan @8Vl oy (WHKy RS inbrdressroyorshptertalkyearaidstituted aryl
ring and RI tg ?b%‘i% S g_%ﬂ L.qlgg,c' R eth}'rﬂ m&@m& es.afvignethod described

)

in Scheme 10_$§)r syn ’es_,l_zmg a éo.mpoun of Formula (1), R2 and R%_llh the cp&p und of Formula
(XXIIl) are diffetierisikldnisepronylsdybaeratoviyidimetiersibhd s sheeyidierthaleilstiabhydlis a
Stere0genC il Umbo SN ERAREITIANN? LRI ORH SRS S RTGAQL yithesizing
a compound of Forma a(l), R9 and_R?iél%%E{; compoun(ﬁtci)if%: rmula (XXI1T) are eagh bénzoyloxy, the
stereochenridty), detaplcarbonebylsilyh RO is attached is of the R-configuration, and the

t hemistry at i [ is of - ' ' bodi t
of the method dos e P GeN B e A aeinind of EEER S B i mim n e
d oX Fochiate, Bemi oaiedeadi bahRoyimdndéresientiycielsetiedr fremttee gaobpn to which 12.9 |
gagcphoeudnis %Hgfsﬁgﬁg(&? ' ) 'gljil end SIEIS: @&n'@tr p%car By Xi‘@bqlrﬁb'g act)tevlvcr:gd is of °
?ﬁ'%%rgle ’emlﬁio%]{z I%%ﬁ dynt eé?lc omp

. a
the S-configuration. iménts of the methods for sy zing a’compound of

Formula (1), x@leattiyB Lins thyeloatpryraebonio prheral( yuinsitiftd pheraidthe ptemgelytiaadFormula (1)
ymthesizing B e e AT B R crogen, e
stereochemistpgtiitted CaglobirytoCakicye Ralgd dpResitesubsiihted shehyheCsoqdrdiylatkybn and the
compound of PR &) S henylaliyl, trialkylsilyl and aryldialkylsilyl.
In still other embodiments, of a compound of Formulae (IT), (VII) or (VIII),
X is chloro, bromo or iodo, R? is hydrogen, methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, tert-butyl, cyclopentyl, cyclohexyl, methoxycarbonyl,
ethoxycarbonyl, isopropoxycarbonyl, cyclohexyloxycarbonyl, phenyl, benzyl,
phenethyl, 2-pyridyl, 3-pyridyl or 4-pyridyl, R? is hydrogen and R* is selected from
the group consisting of hydrogen, C;.¢ alkyl, substituted Ci.¢ alkyl, Cs.¢ cycloalkyl,
phenvl, substituted phenyl, C7.9 phenylalkyl, substituted C;.9 phenylalkyl, trialkylsilyl
and aryldialkylsilyl.
In still other embodiments, of a compound of Formulae (XIT), (VII) or (VIII),
X is chloro, bromo or iodo, R? is hydrogen, methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, cyclohexyl or phenyl, R3 is hydro gen and R*is selected
from the group consisting of hydrogen, C,.¢ alkyl, substituted Cy.¢ alkyl, Ci.¢
cycloalkyl, phenyl, substituted phenyl, C7.¢ phenylalkyl, substituted C7.9 phenylalkyl,
trialkylsilyl and aryldialkylsilyl.
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substantially one diastereomer. In still other embodiments of the method of Scheme 10 for
synthesizing a compound of Formula (1), Rl is isopropyl, R2 is isopropyl, R3 is hydrogen, the
stereochemistry at the carbon to which R2 and R3 are attached is of the R-configuration, and the
compound YOHMELE is substantially one diastereomer.  In some eRfBEYHENEL26Pthe method
of Scheme 10 for synthesizing a compound of Formula (1), Rl is C1.6 alkyl, R2 is hydrogen or C1-4
alkyl, R3 is hydrogbrstilothdryainbgdim étsjo Aachimpapindrof FRSumit R revERch: FeRE)yloxy, and the
stereochernigtr the carbon to whicly it is attached,is of the R-configuration. hi still other

r??lsy Qr0s OIRat I i{t aﬁ’i@ﬁfﬁegﬁﬁagrgoggm%uﬁ No &%ula (I, Rl is isopropyl,

embodimenits of the Method of Schame 10 Tor
R? is isopropgbr&®iyéatinnytrerRedehydlogpeariRmis, Rtivonetitydayt RYiaseldiedrframach
benzoyloxy,and the stereqchernisiry at thecar to whi is attached is of the R-configuration.
In still otherﬂe?en‘%é‘é?rﬁé%fz%?&%?ﬁ%ﬁ%ano%éfﬁ%%éS %&%?/%t ’é%fizlﬁﬂg]’ § %'Sﬁ?'ﬁ%oun Iﬁdf Formula (1), R
is isopropylpRhjs, isdstipydd RBeisyhyCro phen RalkslhsulrsigetedRE isphertylatbph eriali?lgnd RI are
each benzogrll x&iﬁ&%ﬁﬁr&o?hemistry at the carbon to which R2 and R3 are attached is of the
S-configuration, stereochémistry at the carbon to which R5 is attached is of the R-configuration,
the stereochemisttinatilhetbarkeorbédivmbith, RBaiscattaehechiHoting 42 -[dd) (Yo (YAHY, the
stereochemystr the carbon to which Rl js,attached is of the R-configuration. In still other
embodimenrgilgf ﬁg%rcr)ﬁe{ﬁcr)n(f c?fr é(;c%oéﬁn{‘éafé orasr)%?ﬁ ?ﬂ%%n%ﬁf:%#ﬁgelﬁ%%? oerﬁ{ﬁlg’(l), Rl is isopropyl,

R2 is isopropylsiRBigsdiygrdggen,R2 isatigdy egiestitiRédi€ s clitytoGhe nitoR@ abdiyl, &eseach

benzoyloxy, th reqchemistry;at the carbqn to which.R 3 are attached is.of the
R-configurakf' cn?%{wfey gggf" océﬁior%}g s C?]%n qél%n%ﬁbf% %’Fﬁw@@ @%&X@heéa’ R SPYL%]%fggﬁﬁguration,
the stereocpgr‘rdylryndtRﬁés bsdongety metigh, Ry, attabled,islbfl fherGytodigettatiyheanylthe

stereochemistry at.the an.to which Rl js attached is of -conpfiguration. ., . In some
embodimen@?ﬁlﬁ%ﬂrﬁngﬁ]ﬁ%%?@gﬂgﬁnngﬁglégg?ﬁgés b%i iﬁlg sﬁl@e’ﬁt.%‘gg JPgQ%Ht include, but are not
limited to, aceténgyldoetahitisiéyldiciplenyhithethelsdidhloroethane, chloroform, toluene, tetrahydrofuran,
dioxane, dimethylfor ide, dimethylacetamide, N-met rrolidino hyl xide, pyridine,
ethyl acetate, met y{g@g%%?l{/leéh%#xrﬁg aonr?oﬁ,cgfﬂ%%%qﬁgé%)gﬁéﬂ% ,@t%ﬁnﬁﬁvﬁ T or
combinatio?$ ithehlenb, IBrefeoahljodbaIédls/hyd:isgan,emmhy]ae&mh itrpeopythisoprogghane, toluene,
tetrahydrofuran, pyridin ethyl tert-butyl ether, methanol, ethanol. isopropanol, water, or
combinatior?é%}% re‘éﬁh}ﬁg{;ﬁe&é}hﬁ% |rrr%>e()r111 1 ’tﬁ%%&?/’gﬁrﬁgyé%%&ﬁ}?e% ag%?g:r?ﬁltr)ﬁg}éhd water. In other
embodimentthahgradivent, isepropdxyeadiagéfopdioleayid vyasebpnilhphewfiirhenzadio of acetonitrile to
water from apout 1: aboypt 5:1. In stjll other e iments, the solyent.is a mixture of methyl
P B LR SO L ST e Bt et

tert-butyl etRer an n eremb S, the Y MixiLre P ﬁ?@thyl tert-butyl ether

and water, witthglyetiyheaattmtfl nadiiybsariyh utyhetieryieenrgde diphenghoath P10:1 to about 2:1. In still

other embogdiments, the solvent i ixtur O[& hyl.tert-butyl.ether and water }Ere'n the methyl
tert-buty! ot B oA 60c 15 RN SO0 SRRBHE T eI e [ B SARLY srmbochments,
the solvent & ghehnlddimetidsidylwater or a combination thereof. In still other embodiments, the solvent
is a biphasic mix»tui“e %%]Idcl) é(g[eong%t ane an \évater. In s&ill ger gl j , trh entis a
biphasic mixture of dic SrometRane aRa W ercgglrﬁg}]rﬂné) forn abou .mﬁl lents to about 0.1
equivalentsXischhaschiramsfer tata)&tiFradesgialy ntbiayihetbe iransterytatalysipsla
tetraalkylammonium salt, more preferably, the phase transier catalyst is a tetrabutylanunonium salt.
The method%fu@' hlgﬂs?élﬁl ﬁfﬁr&&gﬁwkégfﬁ%% & %? pelr%ﬁyg waénedrtﬁablcs)u 205 and about 40
C. In some eiethllistion) sethbusin piyhtteazgl bbtwethoxgbenty? difhanglmbtiyl 25 C. In other
embodiments, the temperature i %e n abqu and about.25 C. In still oth wodiments, the
temperatur%r}gl}gle1 L@%ﬁl}éﬁbé—l‘ﬁﬁé SQ%S%‘S@E}? %&YCL: lsoﬁlr%fc'él%ﬁn%ga?fr%lln ?S?‘[%P?lgfp Eéthod of
Scheme 10otipbaeddimatly sdifbrmed in the absence of a base. In other embodiments of the

method of Schem?nls(gﬂtf%%%?%%iggdi&%%%%ﬂe H]\ tg&g%ﬁﬁﬁ“ﬁ%ﬁg i h%gggﬁ.),ln some

embodiments, the reaction is performe e presence of a e or alkali metal

carbonate Sélis biiotioebremisoctinednt R Henetpliondthpeyfarhag linethexyrasesnd, of sodium

bicarbonate, till ath bQds f IoN i f di
ine procenciBrAR AR L RERIR R BESE & SEISTRA R e
b o e
-me rowdin 3M ipenadine, 1ain zme | ) Ii0e,
a-metny A e R R SRS IR e o1 o,

5-diazabicyatqie8y0jumetgdgibhe, more preferably, the reaction is performed in the presence of
triethylamine, diisopropylethylamine, N-methylmorpholine, or pyridine. 4.4Pharmaceutical
Compositions Pharmaceutical compositions comprising a therapeutically effective amount of one
or more baclofen or baclofen analog prodrug compounds of Formulae (1), (V) or (VI), preferably in
purified form, together with a suitable amount of & pharmaceutically acceptable vehicle, so as to
provide a form for proper administration to a patient are provided herein, Suitable pharmaceutical

vvohiclae infhiidae aveiniante crirh ace ctarcrh AlirAca |larcrtnca crirrnca Anlatin malt rire flatir ~rhallr




The present pharmaceutical compositions can take the form of solutions, suspensions, emulsion,
tablets, pills, pellets, capsules, capsules containing liquids, powders, sustained-release formulations,
suppositori%%ﬁmy@igﬁ, aerosols, sprays, suspensions, or any other forrBéH' %849857%%9' In some
embodiments, the pharmaceutically acceptable vehicle is a capsule (see e.g., Grosswald et aL, U.S.
Patent No. 5,698,155). Other examples of suitable pharmaceutical vehicles have been described in

the art (see ReminfteHY Bher rrabediteents 9éncesmonnd adBrrmelande. SVBhane¥Mind Science,

19th Editionx199hilors) 5eshH @MiddIREntR] ROMBINIpRsdRIRIJuTHRIEE R Brabripvery, particularly
for oral sustained release administration. = Pharmaceutical compositions for oral delivery may be in

the form of SHHURLING o Kydrosst Coud bybirpatitpisAsonalgrhfute alknswersronsinGistons, capsules,
syrups, or eliyiaiRyiexameIRlSAlkdy;REFRiRRLgIRch R RHIRE HeREpReY LA 3iPheRA Akyard optional

agents, for example, sweetening agents such as fructose, aspartame or saccharin, flavoring agents
such as pepdEHRANS RotWiNtEPEe 4 5k bEBAY SoiBms3Es and preserving agents, to provide a

pharmaceutically pglaiabigherenasatinnedrt) sFv@mphian ivfteotehdiddiio (vithe: ¢omepsitions may be
coated to delay disinte'ag?;_ation and absgrptjon in the gastrointestinal tract, thereby providing a

sustained actiGheBIREP BT ARRATIEDRioS Brdiaenapaednfibdiomseny i5erig8Y andard vehicles
such as manniial1laséeseylSiaEchutyiagnesiug), SRAspiaty0 sy IS thadaRxseliHeag, magnesium

carbonate, etc. Such vehicles are preferably of pharmaceutical grade.  Far oral liquid preparations

such as, for SRBRIIED YEpISABFIRS X ¥R BAYEIORBRA K HIBRI L PRERY e RERSENS or diluents
include watglhRtRg, 2USHRIVEHYSHRI{8 & 4RFaRTIRTE adisrilo palyalkyeéne 19hieaier eaflyl polyethylene
glycol) oils, alcohols, slightly acidic buffers between pH 4 and pH 6 (e.g., acetate, citrate, ascorbate at
between abBERFIPNFHEEIBHIHIED mM), etc. Additionally, flavoring agents, preservatives, coloring
agents, bile salts, agyleRigitsemddiientke maskpagdast Fordite(BEewRgvadwvairbormulae (1), (V)

or (V1) is acidic, it may be included in any of the above-described formulations as the free acid, a

pharmaceutfcafi§HieT HEBRS SRHOILsBiv i BYSH sy s ha e SIRRORY) A2pRYbe salts substantially
retain the afiyiinyRfiBBICEIHuTTRY RIGBERPRERGHRY yEaCTRIMYdia fiasast RAG ByEdgehe more
soluble in aqueous and other protic solvents than the corresponding free acid form. In some
embodimen?%l,yédlﬁﬁ?'ﬁlsodlﬂ’s'l’é‘ﬁg‘&ﬁ%ound of Formulae (1), (V) or (VI) are used in the above
described formulatigrgitoiRysiabirshiRals 3o Qbalsesa ée ptitae (IHNevAHPPseHpYMpounds can

be used with a number of different dosage forms, which may be adapted to provide sustained release

of a compouhif ShIEEPRIREY 27, iedp ok (VA YREYEY. SRS AT BT AhoXY R308RI embodiments, the
dosage fomis(?fgpé'b%@:%&%ﬁ?ﬁ haseprisspivjerndiifrdinmiseasma rOBPUAsEisclosed herein
over an extended period of hours, preferably, over a period of at least 6 hours, more preferably, over a
period of at b ot &ﬁ@ﬁ*ﬁgﬁlﬂ‘bferably, over a period of at least 12 hours. The beads may have

a central ComDQSitErsﬁ’l'l Bﬁ_[@r%‘ﬁ{BBHﬂ{&t@ 6@5‘&%196’113_@6%%‘&%@' naphaspreeptically _
acceptable vehicles, including an optiopal iublrlcant, antioxidant and buffer. The beads may be medical

preparationsitFiPEabTere? oF insiouR) e Rinte mderrdently frdsoiad sredbe #F8P comprise doses of
a Compoun%ﬂ%ﬂ%gﬂlﬁfﬂgéﬁ!@fé?ﬂﬂ@j%s%%ﬁt@ﬁ@j‘hﬁ?ﬁ@@aﬂl@:@k ugpg, The beads, in
e

some embodiments, are formed of non-cross-linked materials to enhance their discharge from the
gastrointestf¥&lererl e srclaalkexysabonstephanid suestigded aherdntronpRepyiciad bt gives a
timed releasgpagfiled r* i‘ghﬁ,aimgeﬁelease beads may be manufactured into a tablet for therapeutically
effective administration. The beads can be made into matrix tablets bé the direct compression of a

plurality of beads dBatE e, sebedimesis, afpsorreradiaf &io G AR such as

hydroxypropy et shesRs T&&!‘P@Hk‘iﬂ@%ﬂsﬁﬂfﬁeﬁ% basbasieistloapddpythe art (Lu, Int. |
Pharm,1994, 112, 1 1 7 -124; Pharmaceutical Sciences by Remington, 14th edﬁ’££|1))1626-1628 (1970);

Fincher, Ph&rPH.tlée‘ts‘i@‘éE}’57?1’8‘?!‘#I%é%%@%n?ﬁ&@b@%@ﬁ@?’é@ & manufacture of
tablets (PhagiRaeRIAHSSH CINH85 oRYRBOUPD @1 dnEky Festy b S8 IPPAGHA; b6RA(1985).  One type

of sustained release oral dosage formulation that may, be used with the disclosed compounds

comprises diMfRe o feP itk a3 BYEIGYL PE ARt o Bidd hioginandr Ririb¥drEsing layer and an

outer membrane Igygtigastterlinghaaisiépieata tanphaduirrdanaad(Bsacmorenbe provided
between the inert core and the layer cgntaining the active in%gdient. When the core is of a

water-solubfe SEHaTer MR aTdaAer RSy s DethybasTyhramiany, iNBRORSm of a relatively
thick layer of BuMalesotagiybie-Batyineyc RHekvREPHERYER Palaare deachnday s aespeiise: (i) a core

unit of a substantially water-soluble or water-swellable inert material; (ii) a first layer on the core unit of
a substantially water-insoluble polymer; (iii) a second layer covering the first layer and containing an

active ingredient; and
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(iv) a third layer on the second layer of polymer effective for controlled release of the active ingredient,
wherein the first layer is adapted to control water penetration into the core. Usually, the first layer
(i) above CQ?)S wg re than about 2% (w/w) of the final bead compositierRigisIaRlYsgMore than
about 3% (w. W?, e%ﬁﬁr}’gm about 3% to about 80% (w/w). The amount of the secon(flayer (i) above
usually constitutes_from.about 0.05% to about 60% (w/w), preferably from about 0,1% to about 30%

(wiw) of the final bEaEP U S STROR AN S it BRPREAA R4 TRy R Ehb (¥ TR Q& kY Bdhstitutes from
about 1% toxahaH&0Ybiuviv biieier aBlis diethyaheethefydamhslt hlayrvdudefithe final bead
composition, The core unit typicall S a size in the range, of from, abQut,0.05 to about 2 mm. The
controlled réfgaé@mq‘?f%ﬁt% &8%%@8%%9%2 ﬁ’csfﬂl’ﬁ&gf]g ,Igdélli‘ﬂy%gﬁ'é“psule or a tablet.
The cores are prefgrahly gthér eiatardsekiiicosh sompabifl vrreHalarATIRYVE Pen( vul), Katerial that is
conventionally used as cores or a%p_ther (ﬁharmaceuticall cceptable_water-solumg

rials such as

water-swell2b R AA Q0 Aot 8 A BPEMRS Bt eC Lt £ PERP Kl ISPPRORRY,
sucrose/staighhB g ghdly) 03 USKISRRRISIISs By @ssueefldrtligdiod-spbgrasyypically

comprised qf excipients such aisl micro&gstalline cellulose and lactose. The s‘flj'bstantially

water-insol B2 Qe st g rpRpfimsnis QfeheraRPanERfihosibie il partially

insoluble" filwTpysipEIPDYX R ddisebethe belisde|EdiimpdsepeanteBrampiespiicibide, but are not
limited to, ethyl cellulose, cellulose acetate, cellulose acetate butyrate, polymethacrylate.s such as
e o it

ethyl acrylaté e E 08 R ELSBZY) RPN it A rylate

copolymer tyggs dnaodiBdisgragibRb3@ia afERSAMD)R) (vliconevarsiomesthids,ally, a plasticizer
is used together with the polymer. Exemplary plasticizers include, but age not limited to,
dibuty|sebaestecdmsw&fé%glyeowﬂx?é@h9raipﬂézpﬁﬂb&y&hw£f8,gea%4 Bil 1sb¥tyragr Aldhoglycerides,
acetyl triethylgitidter aaatrhPuifeitrate, diethyl phthalate, clibutyl phthalate, triacetin, fractionated
coconut oil (medium-chain triglycerides). The second layer.containing the active ingredient may be

I
comprised of the aftivRh rerarReHR B At AP SBRACE FRE AR AEY: TRLLLH Y I nén used, is
usually hydrgRRibed)utsnaydsgo dvatet sahdmg 10 mataisyiasbbngie chyepatdonpplymers that may be
used in the second layer containing the active drug are hydrophilic polymers such as, for example,
polyvinylpyriRARIBRE YIS LRT AR YIORYFLRERYAR pisyREHRIL ARIIR dS Ry diagsfe 2H¥lyviny! alcohol,
starch and degi¥sitesitheksadilgellulose derivatives, such as hydroxypropylmethyl cellulose (HPMC),
hydroxypropyl cellulose, carbogzrgeth | cellulose meth&&eﬁllulose, ethyl cellulgse, hydroxyethyl

cellulose, carboxy&tPRAROMRHE ?&ﬁ@tw&& gavisty migmediztes folmers,
polymethaceyiiesiss RRYPHeIdn baFasaulicaly(wTy eriahenely met:bee raters diug to hydrophilic

polymer in the second layer is usually in the range of from 1:100 to 100:1 (w/w). Suitable polymers for
use in the trﬁP&tB?é‘I‘?’&eii/%@(mbrane, for controlling the drug release may be selected from
water-insoluble polymers or polymers with p1l1-dependent solubility, such as, for example, ethyl
cellulose, hydroxypropylmethyl cellulose phthalate, cellulose acetate phthalate, cellulose acetate
trimellitate, polymethacrylates, or mixtures thefledf, o&lf&%@-"combined with plasticizers, such as

those mentioned apky gofpiigiam|biséNss 6@ RbRlIeEhAG BBt IANE SRR ISARKENadektiado the polymers
above, other substance s! with different solubility characteristics, to adjust the permeability and

thereby the TEEIEG e &s dohthoilde e Rbasdinars skl iniheA Bal Avareqiats thehbe used as a
modifier toggiigRfrédtiitleaxabupa o aHdcelb dQBEIRBIARAs RBh AL RFLIMIEHLDrdBMEhYydroxyethyl

cellulose, hydroagxropyl cellulose, methylcellulose, carboxymethylcellulose, polyethylene glycol,

polyvinylpyrRagaepry bsclodsn analons o PBImsERRERERRAR hpv'e- Hbed A uch as
cellulose acgipieeRiRdaie AR i deikIB sy Aig16LPQ YN ReB B eeHIaandcragidtcopolymer, or
mixtures thereof. Additives such as sucrose, lactose and pharmaceutical grade surfactants may also

be included NP tA& EhntitiR aaee £ etaylr - F alcahNg: 36344 R sttt reemdifle unit
formulation Reynpeise® $8e Hdditsen Mesthel 6if df an sio MR o0he 818 e3h bessig 46t Baredstnaceutical
formulation, such y filling a predetermipned amaount of the heads into a capsyle, gr compressing the
beads into t%fkﬁgts}? %@&’m‘}{yf‘ég’oﬁg‘itt%{a#%gﬁﬁ%@ﬁi&ﬁféﬁ%&%a@?@%@s@ﬁ&%n’% are described in,
for exampleNd$B6P BENt MerhoBCRT Fiépanittbd 22R-badofen Havethisd ®ednaibsaebes ianieral sustained
release pump may be used (see Langer, supra; Sefton, 1987, CRC Grit Ref Blamed, Eng. 14:201;
Saudek et aﬁr,tfggg,%F%I‘?’J"l&?o‘??ﬁl?gﬁ’ﬂaw[ iy ﬁ%m&%%ﬁ'é%d%ﬁ%&&&mﬁé materials can
be used (Seg ' Wgrizad»pIlBAlG9 of Capiplod REladsE, ol AN dRRAIMS NSRSy RC Press.,
Boca Raton Floridaé19\7k42' "Controlled Drug Bioavailabilit{," Drug Product Design and Performance,

Smolen and 5% fediél3 %,W%E’ﬁ@éﬁﬂé‘hg@?@ APPSR N DB #1842 Rev. Macrontol
Chem. 23:6A] syl e/1.© Chert 3922 CIRNLE 898 45903 BMTingse Wl dbPaRicRBNafNeurol, 25:351;

Howard et at, 1989, J. Neurasurg. 71:105). In some embodiments, polymeric materials are used for
oral sustained release delivery. Polymers includegput are not limited to, sodium
carboxymethylcellulose, hydroxypropylcellulose, hydroxypropylmethylcellulose and

hydroxyethylcellulose (especially, hydroxypropylmethylcellulose). Other cellulose ethers have been
Aocerribhad (Aldarman Int 1 Dhartn Tarcrh 2 Drad Mfr 1094 E/(2N 1.0\ EacrtAarc affartinAa dAriina ralaacoa



In other embodiments, a controlled-release system can be placed in proximity of the target of a
compound disclosed herein (e.g., within the spinal cord), thus requiring only a fraction of the systemic
dose (See, §@2daAdse). in "Medical Applications of Controlled Release,ps4RigaotPh9s R 115-138
(1984)). Other controlled-release systems discussed in Langer, 1990, Science 249:1527-1533 may

also be use n ot ew)ﬁ ime he dosage form comprises g ¢ u I d herein
coated on aq;%'o y#naé?nsu Stra e.c’irjié]éﬁpo jh/frcr%re tc‘glh’%%tﬁar{{g?% i1 G 56}5’6%@6 dl{:ﬁ%gfé%%e?r The coated
substrate m&thee foddenkotadisteld)dqriatitiessob baylefgohaveh abinidedogbgeifotim. ardegxample, a

compound djsclosed heregj b a a.polymer sych as.a pol: tide_collagen, gelatin,
polyvinyl al%%f%gfgﬂﬁégé?ﬁoﬁﬁagﬁﬁ%gg %1’ 6%%%/ %é’z-r Sﬁa}%‘%ﬁﬁﬁ@‘é’é’éﬁmﬁmer folded
onto itself toOpBdﬂél@Mth@mli@@g@femﬁmhﬁmithbiwmmljmsa@ﬁli_om erodes at a
controlled raet? atp Ig}ls r%nﬁé a ﬂ(’:z%naf?.o&r)lrgz ”czilllsncli)&i% gfeénﬁegr‘uh%zrlggig%s;%l?&?#%%%;%%enod.

Representative biodegradable polymers compri p consisting of

biodegradat260303QaRTRIGSR; pdiil{dhth P atetd Y op 61785625 Mibity (AStie ateid)ApplyRubykolic acid),
poly(carboh t ly(ortho ester), p oly_ (orthocarbonate), pol etyl), poly(anhydrides),
Piorearadati B Ao et sl et R R

Controlled Readedh&reigareiegilablpm ths-85 (K98 Breandrinll) Protattnt Kosus 811,444, 3,962,414;
4,066,747, 4,070,347: 4,079,038 .and 4,093,709).. .. In.other emhadiments, the dosage form
comprises a c&%%%é grgllgc 0$ h8¥e?n |8§.dle§ ilr?tc}%%fiprﬁéra zp’la?%erpetz’g@ eogompound by
diffusion thrSyathetipdyrgaaic dMdaidtisk, thiedsioh Siutm W iiyyrapt Sensf OpONOE; hatkstk The drug

delivery polymeric dosage form comprises between,abqut 10 mg to ng aof compound
homogenous 083)?{5:5?1% W%?é?ggﬂ“é M@ﬁ(’é}%oy gir&wggﬁpi%%gwaqu&e’
2005/019163E{cy s efia 4R ISR B fleaStgane Sxpdssit SUdbodMildh &I Bginning0f dose delivery.

The non-exposed syrface, when present, is.coated.with a pharmaceutically acceptable material
impermeable to thé%g‘% Wl}éfsé &ﬁﬁﬂ?‘%ﬁlée s%é@%ﬁﬂ‘fﬁ&f%g%ﬁﬂjﬂ ured by procedures
known in theémetnAdieteathpteod] pidiatiprgct clngageHadsndessripeids asrbienaing aupbatiaipceutically
acceptable carrigf Jike polyethylene glycol, with a known dose of a ¢co und at an Ce;ﬁJpevated
temperature?‘(%l.éﬁig‘?réﬁ&/a%&yé?&ﬁ% ﬁ%g"g\fg ﬁglﬂg&ggcgrpg&oéag{%ﬁ%m%ogs 5ss-linking
agent, for exgnihigisastanoaiaidalioféectbyCasibig dfe 2ithetdeddiibstci h¢epeateditareeach optional
successive layer, - The system js a|l d to set for.about 1 hour, to provide, the dosage. form.
Representaﬁ%e(a&l%@%nf&? ﬁ#ﬁ%@%ﬁﬁfﬁ‘é%@d%%‘ﬁ@g %?ﬁ?‘yﬁfs%gﬁe%‘i‘é‘a%gﬂgﬂ‘ée p consisting of
olefinic polymeyshe4irgl e kit Acititi oonpstyimBrdeneitddnsaéian pebontngl gatiohydrate polymer
and silicone polymers as represented by polyethylene, polypropylene, polyvinyl acetate,
polymethylag}%g? SBWMI %g%i‘éf?ﬁﬁ erﬁb‘{f%é%mga 8|§éﬁﬁ6@%8°ﬁ%§§§1?&§wee: The polymers
and procedures formmeanddiaty ((N)thestu hiave dprpaigseiibe d-nlbaliet (&zblenaas ef at, Polymers
1990, 31, 1187-1231: Roerdjnk et at, Drug Cayrier Systems 1989, 9, 57-10; Leqng et at, Adv. Drug
Delivery Red o1 (B8 AT AL BB SD BT CORIRBHR SITOIL. GRC Pross; and
U.S. Patent No. 3,992,518). In other embodiments, the dosage from comprises a plurality of tiny
pills. The tiny time-release pills provide a number of individual doses for providing various time doses
for achieving a sustained-release prodrug delivery profile over an extended period of time up to 24
hours. The matrix comprises a hydrophilic polymer selected from the group consisting of a
polysaccharide, agar, agarose, natural gum, alkali alginate including sodium alginate, carrageenan,
fucoidan, furcellaran, laminaran, hypnea, gum arabic, gum Omni, gum karaya, grum tragacanth, locust
bean gum, pectin, amylopectin, gelatin, and a hydrophilic colloid. The hydrophilic matrix comprises a
plurality of 4 to 50 tiny pills, each tiny pill comprise a dose population of from 10 ng, 0.5mg, 1 mg, 1.2
mg, 1.4 mg, 1 6 mg, 5.0 mg, etc. The tiny pills comprise a release rate-controlling wall of 0.001 mm up
to 10 ram thickness to provide for the timed release of a compound. Representative wall forming
materials include a taiglyceryl ester selected from the group consisting of glyceryl tristearate, glyceryl
monostearate, glyceryl dipahnitate, glyceryl laureate, glyceryl didecenoate and glyceryl tridenoate.
Other wall folining materials comprise polyvinyl acetate, phthalate, methylcelhdose phthalate and
microporous olefins. Procedures for WO 2005/019163PCTTUS2004/027330 manufacturing tiny pills
are disclosed in U.S. Patent Nos, 4,434,153; 4,721,613; 4,853,229; 2,996,431; 3,139,383 and
4,752,470. In still other embodiments, the dosage form comprises an osmotic dosage form, which
comprises a semipermeable wall that surrounds a therapeutic composition comPrising the compound.
In use within a patient, the osmotic dosage form comprising a homogenous composition, imbibes fluid
through the semipermeable wall into the dosage form in response to the concentration gradient across
the semipermeable wall. The therapeutic composition in the dosage form develops osmotic pressure
differential that causes the therapeutic compositig to be administered through an exit from the

dosage form over a prolonged period of time up to 24 hours (or even in some cases up to 30 hours) to
provide controlled and sustained compound release. These delivery platforms can provide an

ncceantiallyr 7arn Aardar AdAaliviaryy nrafila aec nnnnead +n the enilvad nrafilae Af iIMmmadiata ralaaco




In still other embodiments, the dosage form comprises another osmotic dosage 'form comprising a
wall surrounding a compartment, the wall comprising a semipermeable polymeric composition
permeable b Hassgge of fluid and substantially impermeable to the pagspg’Ah&esmagund present
in the compartment, a compound-containing layer composition in the compartment, a hydrogel push
layer composition in the compattment comprising &l osm?tic formulation for imbibing and absorbing

fluid for expanding in size for pushing the compoun %%lr%position layer from the dosage form, and at

least one passagewgy in ¢the wall for releasing the prodrug;om osition. The method delivers the
compound by im@i&@hthrougl?tﬁ@@bmipermeable Il atip fluid imbibing RftY determined by the
permeability of ths semipenfBable wall and the gsm%ﬂn/;f&i' eri ross th& semipermeable walll
causing the push Ia(yf to expand &Y Weliverthg the compound from the dd@gfe form through the
exit passageway to aeé)atient over a prolonged period of e (up to 24 or even 30 hours). The
hydrogel layer composition may comprfge 10 mg to 1000 mg of a hydrogel such as a member selected
from the group consisting of a polyalkylene gxide of 1,000,000 28,000,000 weight-average molecular
weight, which are selected fr gsti'r?ig of a polyethylene oxide of 1,000,000
weight-average molecular welgqnt, a pgiethylene oxide of 2,000,000 molecular weight, a polyethylene
oxide of 4,000,000 molecular weight, a polyethylene oxide of 5,000,000 molecular weight, a
polyethylene oxide of 7,000,000 molﬁg_ I, weight and a polypropylene oxide of the 1,000,000 to
8,000,000 weight-average pglecular wi‘%ht; ap10(x)g to 1000 mg of an WO
2005/019163PClYUS2004/02733),3 ﬁqb Hoxymethylcellulose of 10,000 to 6,000,000 weight
average molecular weight, such as sodiim tarboxymethylcellulose or potassium
carboxymethylcellulose. The hydrogel expansion layer comprises 0.0 mg to 350 mg, in present
manufacture; 0.1 mg to 250 mg of BeRfaesdalkylcellul Se 7,500 to 4,500,00 weight-average
molecular weight (e.qg., hde ymethylcelluidse Hiydraxyethycellufdse, hydroxypropylcellulose,
hydroxybutylcellulose or hydroxy&EMBfc@iBse) in present mz%ufacture; 1 mg to 50 mg of an agent
selected from the group consisting of sodium chloride, @d}assium chloride, potassium acid phosphate,
tartaric acid, citric agid u fat [ i |l rea, inositol, sucrose,
glucose and sorbit@ﬁeoa{;oﬁggr%g&g? m}aﬁﬁééﬁeﬁ% (E:-rffl'r{r:‘éE 8%(?§%W8%%§%§%0%n%§%n a present
manufacturpr@¢tting gwosp (Rg)db affigudrossmamd 41X cdhdescbok 2R ibREBIHGN AW rikge-number

molecular weighh Selecherh Tam NG, §TaHP SRREISING, ) Rydr yipreryietvlceuo
%f lose I%;) roxypr b% #C%ﬁ% )gp?}gp

hydroxypropypentylcel ylmethy ose, an y&rdpropylbuty%%%?bse; 0.00to 1.5
mg of an a3 @R (Bélsctiky remhstitgdalloytonyistimpbstistor biylxoidaiyuttmmsthitshlroxyanisole,

butylated hydroxyquinone, butylhydroxyanisol. hydro rin, butvlated hydroxytoluene, cephahn,
ethyl gallatg,g?)ro 83%{5%10}((9%%“% %é%‘ a‘ﬁlry %%ﬂa?é%%?%@g%%%%&gﬁ%ﬁﬁ%
trihydroxybatddopbenens, dithetbydpinenolf dimylpgeapshibtamas &cieondtimade) athamolamine; and
0.0 mg o 7,mg Rl LRIGANSAIBGLCS oM e AtuRcensiRling #f 68l ki slegralgmagnesium
stearate, zinc’s eara?é, magnesium oleate, calcium p%tslmitlél1 e, sodium’su era‘fe, potassium laurate,
salts of fattpmtedsngadtewf fivoy (K aoitts staltswf damotaticoncidsdstensieffmids odeipacid, palmate acid,

a mixture o alg of.a fatty,.alicyclic or aromatic acid. and.a fatty, alicyelic, or,aromatic acid. In the
camotc dolRlE p L B e e O S B R e o e
passage of ¢higpaund i@ imsalledashassigsshigh sfsrbidirel agamstadiciamdotoxiiand comprises a
polymer seIeTtﬁgefgg%the g%gur%%}slns geng of a c’gtcl_jﬂlcgse ac;ﬂa}le ellulgse dlag éate, cellulose

triacylate, celliiose aceetg?e, iacetate tgn PoSE t?la?g Ate ﬁél\ﬁval comprises 75 wt %

(weight perpesferted 130 teat B4g gfrotup, caitUtnaycheadixfovad v thdieh ér atfotideXMlIhsan comprise

additionallyho. 1 Vl\ﬁ %dtg 80 wt % of polyethylene glycol, or 1 wt % to 25 wt % of a cellulose ether
oCcnlori salt. . .

selected from the group consisting of hydroxypropylcellulose or a hydroxypropylalkycellulose such as

hydroxypropylmethyksetia lombodimectdsathedipiropblaade s#ladfddbpepaensred diversivdidma wall is equal
to 100 wt %ﬁ?ﬁ}’%gg{}ﬁém\t’\(@t@%%gslgf)’%;olléﬁggééo&%%% gen chloride gas and

alcohol R*-OH (Scheme 2). Typical ratios of (IV) to thionyl chloride from between
about 1:1 and about 1:20, and ratios of (IV) to alcoho! from between about 1:1 and
about 1:20 may be used. The reaction may be performed at temperatures between
about -20 °C and about 25 °C. The alcohol may be used as a solvent for the reaction

under conditions where R*-OH is a liquid. Alternatively, the reaction may be
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compartment comprises the compound-containing composition alone or in layered position with an
expandable hydrogel composition. The expandable hydrogel composition in the compartment
increases in dimension by imbibing the fluid through the semipermeable wall, causing the hydrogel to
expand anWeIpYPIgpeLe in the compartment, whereby the drug compostIHl8280&#Ed3from the
dosage forrn. The therapeutic layer and the expandable layer act together during the operation of the
dosage forrddeted aeaseitab rodivaptcich atidithbuentithand, i didaageh foie) doonpfises a
passageway.in the nects the exterior, of the dpsage form with the internal compartment.
The osmotigoé%ev%réﬁégﬁgigﬁo%%%@&eﬁ%%e 0 gﬁvgfrz%ro EP r8\l¥rlr(1]i %na’o%e 8 to the
patient at a xenbivatiensdtershfe Befertedalcopelidf-Hifaotaisoea@ibh tuinde arflakgxpression
"passagewayj. el mprises, S a thods suitable Ilgr the metered release of the
compound %%%&%gggfﬁgaﬂgﬁiléi%g 8@8?8%’f§§ﬁﬁ%%&fl rﬁé%%% %c&re}g &%t least one
passagewapaicilatlyporfiicedbore, aperture, pore, porous element, hollow fiber, capillary tube,
channel, porous overlay, or porous element that provides for the osmotic controlled release of
compound. The passageway includes a material that erodes or is leached from the wall in a fluid
environment of use to produce at least one cofitiateeldelease dimensioned passageway.
Representative materials suitable for formﬁg assageway, or a multiplicity of passageways
comprise a leachable poly(glycolic) ﬂq'jj QLpg)]Lﬁar,ﬁc) agig| Q@ml)ner in the wall, a gelatinous filament,
poly(vinyl alcohol), leach-able polysacchari%(@ﬁ alts, and oxides. A pore passageway, or more than
one pore passageway, can be formed by le a leachable compound, such as sorbitol, from the

wall. The passag%%ﬁemma&rg%ﬁéﬁ%lﬁmmme ﬁ%@;ﬁ%&gjﬂgcﬁ@i&ﬂl&?h square
r e do

and elliptical, for the metered release of prodrug from the dosa'%e form. Th sage form can be

constructedmh%ﬁéﬁmi%d@ggééﬁﬁl bepmeghcukern Xrisbrids i dh BlewEIe Sace or on

more than qpg sHafase ik ¥RlkoliNE BRSO YIdLBMIERRMBNELFEAR!eSs RITAgyEguUS o
biological fluid as in a human patient, including the gastrointestinal tract. Passageways and equipment

for forming ba&d4gé rky vt GitianselofinentspXiand Kake Bath £ 7bhaagylsionraadion 064
4,088,864 angh’h8 perRfiithdd 3308 BYERMSEBMEH (Y8R WUED0R S GSelarReshia (¥ . tBakagts Nos.

4,200,098 and 4,285,987. Regardless of the specific form of sustained release oral dosage form

used, comﬁﬂ%&%ﬁ%?@r%‘?g@@é%%ﬁhwg@&%&i%ﬂwmww of at least WO
2005/0191Qﬁﬁ%ﬁg&%%g@%@?ﬁ%@gWiﬂ&g{ﬁﬁéﬁ{ﬁﬁk}%ﬂgg,a period of at least about 8
rab

hours, and most prefe , over a period of at least about 12 hours. Further, the dosage form

preferably i ¥1Hi@ﬁﬂ3{l'§ﬂﬂ%%ﬂ?h%'%m@m@%226h@§&§w&ﬂ@b&® 50% of the prodrug in 2 to
12 hours, fr@_%@@lgé%g?}tﬁmgpg!g%jgzgggy%%pgyﬂ@&gng[qgter than 75% of the prodrug in 5 to
[ u

18 hours. The sustained reléase oral dosage form further provides a concentration of baclofeu or

baclofen arfidiaztbines Inbot Qluadss- fonreop dtidritisrablanele] vhiEheds<d 1988 ah area under the curve
(AUC) that E%ﬁ'iﬁﬁ&iﬁﬁ@ﬁﬁé&yfﬁd?%?ﬂﬁﬁﬁt%ﬁé%%ﬁfﬁﬁ&iﬂ@Qo@&é?ﬁ&@%f‘l@ﬁlﬁg administered, and

a maximum concentration Cm,. The Cmax is less than 75%, and is preferably, less than 60%, of the

Crn,,,, obtaifeldeoRibenmtinHgdie-cithleraneane gidherosHhms faAHPER, l@iate release
oral dosageyfpism, CamrabaiRRtiaba R SRS By HRidiHo ORiRRet) Iramagaeinistering an

equivalent dose of the prodrug from an immediate release ‘oral dosage form, = Preferred dosage

forms are aPYAiRSePtty beraats inapEopst esfate arstpnitrilesretorpel fartanepesBathzlapeutic Uses of
Componds, EHRACSHATS: SARIROTRAR ARV AISLSAMEeERpUIEGRAhEraReytcaly cficiive

amount of one or more compounds of Formulae (1), (V) or (V1) is administered to a patient, preferably
a human, sGFERASROIASTARISEcIHIME Rs PHRTE PEdichisares thans, dicieraetianfn spasticity. The

underlying eiglRy: 21 V8hsHa By Rl SasRSHrbERAL SUB PRIy RgEgiRgy Deludng, €.,
ad an

cerebral palsy, multiple sclerosis, stroke and he d spinal cor inéuries. In other embodiments, a

therapeuticifi{izsfe AR Sl smReEstBrs B peifermyRgdbina OB DR IR tb9¥r&A) §s administered
to a patientapieisadty ThiBpresdfssipp iRt asta-esopbasgalbaftpsesease. In still other

embodiments, a therapeutically effective amount of one or more compounds of Formulae (1), (V) or
(V1) is administered to a patient, preferably a human, suffering from emesis. In still other
embodiments, a therapeutically effective arnount of one or more compounds of Formulae (1), (V) or
(VI) is administered to a patient, preferably, a human, suffering from cough. In still other embodiments,
a therapeutically effective amount of one or more compounds of Formulae (1), (V) or (V1) is
administered to a patient, preferably a human, suffering from drug addiction. Addiction to stimulants
such as cocaine or amphetamines, or narcotics such as morphine or heroin may be effectively treated
by administration of one or more compounds of Formulae (1), (V) or. (VI). In yet other embodiments, a
therapeutically effective amount of one or more compounds of Formulae (1), (V) or (V1) is administered
to a patient, preferably a human, suffering from alcohol abuse or addiction and nicotine abuse or
addiction. In some of the above embodiments, suained release oral dosage forms are administered
to the patients. Further, in certain embodiments, a therapeutically effective amount of one or more

~oomnniinAde nf EAarmiilaa (N A\ Aar A/ ara adminictarad +tAn 2 natiant Nnrafarabhlhhs 2 hitiman ac a



Dosage forms, upon releasing the baclofen or baclofen analog prodrug, preferably provide baclofen or
baclofen analogs upon in vivo administration to a patient. While not wishing to bound by theory, the
promoiety or promoieties of the prodrug may be cleaved either chemically andior enzymatically. One
or more enM@885Mdd6ht in the stomach, intestinal lumen, intestinal tissuUBCHBdWORPRT3Brain or any
other suitable tissue of a mammal may enzymatically cleave the promoiety or promoieties of the
prodrug. If the promoiety or promoieties are cl§akea€lesdter absorption by the gastrointestinal tract, these
baclofen or baclofen analog prodrugs may have the opportunity to be abs&gbed into the systemic
circulation from the largggiptesting. It is preferred that the promoiety gr promoieties are 4cleaved alter
absorption t@xﬂhe g.astroingeiingﬁ(act. 4 B R eg%rodrugs are
administered to treat or ﬁfeveﬁ} diséases or disorders suclya spdsticity, gastro-esophageal reflux
disease, emesis, cough, alqetml, nicotine or other drug addictiéh. The amount of baclofen or
baclofen analog prodnig that will be effective in the treatment of a parti@lar disorder or condition

isclosed herein vl AEgEA S0 1S AT AR IBPFIRH S TICIIRR AR CARIG Aaiprined by

standard clinical techniques nin the art: on, In vitrd or In vivo assays may optionally be

employed totastdidarinilphtinas boysgered trestlY iwmmonpouid @dhpysiylaimitdstered will, of

course, be . f ] [ jght of the subject, the
severity of t%%%%%ﬁ%nﬁ%%%%%@r 0 %%fﬁ?r%gs%tﬁ;}t%i&gg%ﬁfg ‘}B%étf ﬁ%gh?qé}}%%eg{gﬁéggribing physician.
Preferably, ihterdudsaje fathneompoadd (R )\ ¢sbe Saliemeidie r8ditable patiemtnonperéotnangwice per day,

more prefer, C I .Dosi b vid lone Qr.in hination with other drugs
and may co@%?r?f ueé)dgg Illon8%%%33%%%%@&3&%%@%%%&%%%%%%é ‘gﬁs%lgiéégg}g?g or disorder.
Suitable doshigeofargete foemssalyaiitine) strettioiirdesodepuhitetivos theeeobtehuyabiehespafent baclofen

analog. For b IofE.n ses are generally, between about .1% [TA? t abgut 2 er kilogram body
weight. Othg??élc 0 é%gésng %Cg%%"l]é]f%léiér%gfeargo é;n?rglr%dl%(\)ﬁere ogie):s mgytgg%a propﬁate for both the

parent drugdsisdpzepyjatbytargifmedisetilsopmpatamniate N-melly lhesis) o o, example, doses of
R-baclofen pradrugs that are equivalent (on a molay basis)to Rabaclofen doses of between about 0.03
mg to abouﬁgrlﬁéﬂg%mﬁggdﬁglsﬁ o'gi/él&l eiféﬁ %%ﬁg%%ﬁgtg%%t&qggﬁgﬁﬁ%s may be readily
determined2)§-duatibylpkmdwe, tbdhmethylanianpyadinte Bl dnduesbi cycIbi@ bidoctageekamples describe
in detail preparation of nds and compositions. discl erein and assays for using
compound‘ég)a%rll 8%%&?52%@%?5@%%%@&%%‘% ec% %%%J:]u{l%%h%%eo?rordinary skill in the art
that many maoulifinations (et fo Tyaiezidsrpedimethiod penfieyibegghas ticadion artrbteestamples below,
the following ahpreyiation v llowing meanings. If an abbrevjatipn is,not defined, it has its
generally agé’g}é e—zgmaéaarllllaga. c\}%g@égg}&egﬁrg’g%% it %%?E/G%"/‘é{f(\rg @o@%‘%&%ﬁ%ﬁ oi?garbonyl

Cbz=carbobenzyloxy

Scheme 4
RS o)

« H 4
(i) Sitylate _ XXOTN\/UJ\O/R

(II) (X") , Base R2Z R3O

(n
R4 = trialkylsilyl, aryldialkyisilyl

In still other embodiments, 1-acyloxylalkyl carbamates of Formula (I) are
prepared from compounds of Formula (IT) by treatment with carboxylic acids of
Formula (IIT) in the presence of an organic or inorganic base, or other metal salt, as

1llustrated in Scheme 5.
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DCC=dicyclohexylcarbodiimide DMA]?=4-N,N-dimethylaminopyridine Miff=NN-dirnethylformainide
DMSO=dimethylsulfoxide Fmoc=9-fluorenylmethyloxycarbonyl gram hour HPLC=high pressure liquid

chromatogr‘ger%(y%lislﬂgMS-quuid chromatography/mass spectroscopy mg@fﬁg%ggog.}gsgnilliliter

mmol=millimoles

Scheme 5

0 R® o
Base H \)\) 4
W+ g on — O o

() O R RO
(I

Those of skill in the art will appreciate that the following embodiments, infra,
refer to compounds of Formulae (I), (IT) and (IIT). In some embodiments, the ratio of
the compound of Formula (IT) to the compound of Formula (III) is between about 1:1
and 1:20. In other embodiments, the ratio of the compound of Formula (II) to the
compound of Formula (IIX) is between about 1:1 and 1:5. In still other embodiments,
the ratio of the compound of Formula (II) to the compound of Formula (III) is about
1:1.

In some embodiments, the compounds of Formulae (II) and (III) and the
metal salt are contacted with a solvent. In other embodiments, the ratio of the
compound of Formula (IT) to the compound of Formula (IIT) is between about 1:1 and
1:20. In still other embodiments, the ratio of the compound of Formula (II) to the
compound of Formula (IIT) is between about 1:1 and 1:5. In still other embodiments,
the ratio of the compound of Formula (II) to the compound of Formula (III) is about
1:1. In some embodiments, the solvent is dichloromethane, dichloroethane,
chloroform, toluene, dimethylformamide, dimethylacetamide, N-methylpyrrolidinone,
dimethyl sulfoxide, pyridine, ethyl acetate, acetonitrile, acetone, 2-butanone, methyl
tert-butyl ether, methanol, ethanol, isopropanol, tert-butanol, water,
hexamethylphosphoramide or combinations thereof. In other embodiments, the metal
is Ag, Hg, Na, K, Li, Cs, Ca, Mg or Zn.

In some embodiments, the compounds of Formulae (IT) and (III) and the
organic base are contacted with a solvent. In other embodiments, the ratio of the
compound of Formula (IT) to the compound of Formula (IIT) is between about 1:1 and
1:20. In still other embodiments, the ratio of the compound of Formula (II) to the
compound of Formula (IIT) is between about 1:15 and 1:20. In still other
embodiments, the ratio of the compound of Formula (II) to the cbmpound of Formula
(IIT) is about 1:10. In still other embodiments, the ratio of the compound of Formula
(II) to the compound of Formula (IIT) is between about 1:1 and 1:5. In still other

embodiments, the ratio of the compound of Formula (IT) to the compound of Formula
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Tiff-tetrahydrofuran TFA=trifluoroacetic acid TLC=thin layer chromatography TMS=trimethylsilyl
microliter PM=micromolar v/v=volume to volume Example 1:

4-tert-Butoxyepshrnyiaryno-(3R)-(4-chloropheayl)-butanoic Acid ill TopsHrEssh sy containing
(R)-baclofen hydrochloride (234 g, 9.36 znmol) and NaOH (0.97 g, 24.34 mmol) in a mixture of

dioxane an ter 1(:)%1} Yviils I%ds%ed a S%%J&%IOJ{I of di-tert- %H{I.di?c_gmonate 2.65 g, 12.16 mmol) in

dioxane (10'mL). The resulting Solution was seﬁlrtrsé Sambieht ecmﬁ)écr’ﬁﬁ 5% 40 min. Then the

reaction mixdiniavastlvores ehtoacéeon talnetesydeveihytfiton imiden dirathy et aintane, the residue was
extracted Wiﬁ]_ I%te glto remove excass rS%i-}(—:-Srllﬂlffaolg(t%iedicargonate aTd t e.aque Oustﬁﬂ}ase was acidified to
pH -3 with saturate he acia sslltion precipl Q85 White“solid” THe premplrt%l e Was filtered,
washed withaeetipe, Arietiaimoned esityd terifbuiad ethe, affshdnbk ¢thercdnippuoph(®),as a white fluffy

powder (2.4.9,.82%). 11- , Hz): 8,1.40 (s,.9H)..2.56,(dd 2.68 (dd, 1H), 3.26
(m, 211), 351%‘t($%%%(5} ‘}vil\%\ﬂ(glégﬁ%gﬁgﬁ%gs%f x(gerr%l%ggl:b eg'r?zoy %ereb%%otéé
4-terr-Butoxgududsimglels) itic48 Binid s tiethylshaig iohutylaniineadtropbppletiiyraaizompound (5)
(1.41 g, 4.49. and benzyl.brogide (Q.769 .49 mrriol) in DMIE was added Cs2CO3 (1.46 g,
4.49 mmol)%élt%m ie?ﬁqgg%@%éfeﬁ]ﬁ%&@gﬁﬂf%%ﬁgbg\%%%%%ﬁ%ndﬁ for 3 h, with the reaction
progress mavwitoettylpyp i giordia N Sn&hplpgedion 2yidirethplp podireg into ice-water, extracted

with ethyl a te and the combjned.organic phas ashed with water and brine, dried over
anhydrous a@%%ygﬁa‘%%ﬁ%%ﬁw&eld% v%zc?géc 5%#(?%?12?/ g?%irtli% (Y:vbmpound (6) as a white solid (1.69
g, 94%), IHEMRADREIR] A0 Mtded-B-dn89 (S-&hzibiRFElo[ddB . And274-&dd ot H), 3.30 (in, 2111), 3.40
(in, 1H), 4.490@1{)3 %%11%4.‘%% (s, 211), 7.07-7.35 (in, 911). Example 3:

Benzy14-Am|no-l'§ -Flf-c %rophenyl)-butanoate Hydrochloride Compound (6) (1,69 g, 4.19 nunol)
was dissolved in a iN@oktiahodlitd&itsnthecoanpoand ¢ & oasultif B IR &chitiqurdxinderstiered at room

]Egmperaturecg%r 4%% Iq"sli_nf'sl'h gg%%tiﬁg m&teucrgmw%s c%ilu}ei% rvrvrilmaeé[ﬁ# éﬂ%‘r&sgltin %geacipitate was
iltered off, washe With &t and egfane, ana dried’in VACUO to- afford the tre mpound (7) (1.39 g,
98%). LH NkR ¢aIa0Me 480t m)ith Thé 2nighoiht) of Bertdda (L), 18.6¢mendietlin®RE,(m, 1H), 3.47
On, 1H). 5.4 (G 2bunPSr Fadulfl Ay iR A 214 AR M bk, ethoxyacetic acid,
propionic acid, butyric acid, isobutyric acid, pivalic acid, valeric acid, isovaleric acid,
2-methylbutyric acid, cyclobutanecarboxylic acid, cyclopentanecarboxylic acid or
cyclohexanecarboxylic acid.
In some embodiments, the compound of Formula (II), the compound of
Formula (III) and the metal salt are contacted at a temperature between about -25 °C
and about 120 °C. In other embodiments, the temperature is between about 0 °C and
about 25 °C.
In still some other embodiments, the compound of Formula (IT), the
compound of Formula (IIT) and the organic base are contacted at a temperature
bétween about -25 °C and about 120 °C. In other embodiments, the temperature is
between about 0 °C and about 25 °C.
In some embodiments, the compound of Formula (II), the compound of
Formula (IIT) and the organic base are contacted with a catalytic amount of an iodide
salt. In still other embodiments, the iodide salt is sodium iodide, potassium iodide,
tetramethylammonium iodide, tetraecthylammonium iodide or tetrabutylammonium
iodide.
In some embodiments, R* is a carboxylic acid protecting group that can be

removed under mild conditions to provide a compound of Formula (I) where R* is
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Example 4: Benzyl 4-(Chloromethory)carbonylamino-(3R)-(4-chloronhenyl)-butanoate To a stirred
suspension of compound (7) (500 mg, 1.47 mmol) in CH2C12 (20 mL) at 0 C was added
N-methylmorpholine (0.404 rnL, 3 67 mmol) The resulting mixture was stirred at 0 C until a clear
solution wa¥"Oei8¥¥hen 1-chbromethyl chloroformate (199 mg, 1.544 F&R&IFAHPEEE92 (1 mL)
was added and the reaction mixture was stirred at 0 C with TLC monitoring. After 40 minutes, the
reaction wasydrog2005/0bos gBeLid PR2atihE (233 retitiotad \vithn GHIACGER] ivapthedysisth citric acid
solution and frin dried over,anhvdrous Na2SQ4.. The sglvent was.remoyved in yacuo to afford the
title compouégééeg%%pnﬁ%?%f@os{y?Mﬁ ‘i@‘@éﬁf %8%%85’2&@28(%5@ i’gf)ogfnfﬁl}%dsd 1H), 3.49 (m,
2H), 3.53 (moriother #BRithm syatkl)nBdatéd d2ptptecton AR agioRs Bye PRTeEAD (Ims@HY. Example 5:
Benzyl 4-1( hexy)earbonylaminol(3R1:(4-ehlorophenvl)-butauoate L9i  To a
suspension ?ﬁﬁ%%@g(%&m%ﬂg@@%%o Sg%ﬁﬂbffé% i¢ acid (0.170 mL, 3.028 mmol) in CHC13 (2
mL) was added a swlstirotiferempodingk(8) (80P amgd Vof Fommnie flraehp@paret tsl ). The resulting
suspension Wﬂﬁﬁ%@%%ch%%m jemperature for 24 h. The reaction mixture was then diluted with
CH2C12, filtere ?hrough a pag of Celite, and the filtrate washed with 10% aqueous NaHCO3 solution
and brine, then dried over anhydrous Na2S04 Sélimmegmoval of the solvent in vacuo, the residue was

purified by flash chromatography on silica gel, eluting with a gradient of,45% -30% ethyl acetate in
hexane to affard theetifle comaeNitcbe(B0 mg, 88%)HIMR ( 7400 MHZN%Z.OS (s, 3H), 2.62

(M, 1H), 2.70. (< 113,33 m2H), 3477, 1H), %99 (¥, 3 (s, 21-1).7.08-728 (m, 9E1),
Example 6: Sodiuny 4-1 cetoxynw!ha‘»xy)carborf'})lamiﬁbl-(?ﬁ)-(4-ehIorophenyE %gf)cﬂﬂgnoate (10) A
solution of comp@liH (9) (80 mg, 0.190 rnmol) in ethan unL) was stirred with 10% Pd on carbon

(8 mg) in a 50 mL round-bottomed flask under an atmosphere of hydrogen gas (balloon). The reaction
was judged complete in 30 min. (monitoring by LC/MS). The mixture was filtered through a pwbg)f

Celite, and the solvent remoyed jaN@c-uo IR SHEudHOErude productomdzlfgkgpza purified b
preparatory [RS{\MS i oduct imitsprotormated-acid form (96“;(182 %)Hlj MAR.(SD30D, 400

MHZ): 62.04 (8] 3ty 25 ), 2.72 (MRIEMNBR] (m, 31-1), B'61 (s 2H),9.22-9.28 (m, 4}1). Ms
(ESI) nilz 328.13 EM-H). M=Ag m=1: xXvi
(XV) M=Hg m =2 )
Base
XVI) + (XI) )

Chloroformate (XIII) is treated with an aromatic leaving group such as
p-nitrophenol in the presence of base to provide p-nitrophenylcarbonate (XIV).
Halide interchange provides iodide (XV), which is reacted with a metal or
tetraalkylammonium salt of a carboxylic acid to afford compound (XVI). Treatment
of (XVI) with baclofen analog derivative (XI), optionally, in the presence of
trimethylsilyl chloride, affords a compound of Formula (). Methods for making
related acyloxyalkyl carbamate compounds have been described in the art (Alexander,
U.S. Patent No. 4,760,057; Alexander, U.S. Patent No. 4,916,230; Alexander, U.S.
Patent No. 5,466,811, Alexander, U.S. Patent No. 5,684,018).

Another method for synthesis of compounds of Formula (I) proceeds via
carbonylation of baclofen analog derivative (XI) to an intermediate carbamic acid
species, which is captured by an in situ alkylation reaction in an adaptation of
methods disclosed in the art (Butcher, Synlett 1994, 825-6; Ferres et al., U.S. Patent
4,036,829). Carbon dioxide gas is bubbled into a solution containing (XT) and a base
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The carboxylic acid was converted to the sodium salt by dissolution in MeCN (0.5 mL) and then
addition of aqueous NaHCO3 (1 equiv.) with sonication for 10 min. The solvent was removed by
lyophilization to afford the title compound (10). Example 7: Benzyl 44B enzoyloxymethoxy)carb
onylaminol WARMX%A1§%o ph en yll-butan oate (11)  Following the procBaTESaIERARHe 5 and
replacing acetic acid with benzoic acid, compound (11) was obtained in 72% yield. 1H NIVIR (CDCI3,
400 MHz): 6282088 QiN 2G040t Aig9), iB.380(ven2 BicIBB DOME oHNM®S The. ast®ated 5.90 (s, 211),

7.05 (d, 2H),.{-12- 3 . 2. 8: Sodi
4-1(B(enzoy%éér%éiﬁ%@%?g%@ﬂﬁ%&égﬁ%g%]fbé%{%i/ﬁ%ﬁ%gﬁgg}g@(ﬁ? %% Follo?/vilr?g;n the
procedure cREbeaEN]plioB condingpthent therrqaction issomipletesin Jdisoh ¢lidat ehuetdataé iproduct in its

protonated agj formdn G4 g#%ja- - 9 @8%2 ﬂ% 71 (m, 1H), 3.33 (n,
311), 5.89 (AB q, 211), 7.2(?r(i',, 4H), %é?) i, 61 ,§7.g§ t, 1H),8. TS},Z af) ESl) rrz/z 390.15
(M-Hy.  The carboxylic acid was converted to the sodium salt by dissolution in MeCN (0.5 nal) and
then addition of agueous NaHCO3 (1 equiv.) vglé e%)@if:ation for 10 min. The solvent was removed by
lyophilization to afford the title compound (12). Example 9: Benzyl 4- C eltillexaneearboethoxmlro hen
1 -butano ate (13) Followi e pracedure of Example 5 and replacing acetic acid with
cyclohexane carboxylic acid, d (1%) V{?qqpt ined in_38_%44eld.( 11 NMR (CDC13, 400 MHz):
(0, 1H),

8 1.20-1.42 (m, 5H), 1.628187 (iff, 5HY¢ 2.2 612(in, 114), 2.71°¢m, 111), 3.32 (m, 21-1), 3.48

(n, 1H), 4.99 (s, 2H), 5.12 (br. s , 5.64 (m, 211), 7.06-7.28 (m, 9H). Example 10: Sodium
4-1(CycloliexanecarboxyinethoXy)eatbonylaminol-(3R)-(4-chlorophenyl)-butano
X=Cl,Br, |

Yet another method for synthesis of compounds of Formula (I) relies upon
oxidation of ketocarbamate derivatives of baclofen and baclofen analogs (e.g., Gallop
etal., U.S. Patent Appl. Publ. 2003/0171303; and Bhat et al., U.S. Patent Application
Serial No. entitled “Methods for Synthesis of Acyloxyalkyl
Compounds™). As illustrated in Scheme 8, oxidation of ketocarbamate (XVIII)

affords a compound of Formula (I). Methods for synthesis of compounds of Formula
(XVIN) are disclosed in the pending applications, supra. Typical oxidants include
those, which have been successfully used in Baeyer-Villager oxidations of ketones to
esters or lactones (Strukul, Angnew. Chem. Int. Ed. 1998, 37, 1198; Renz et al., Eur.
J. Org. Chem. 1999, 737; Beller et al., in “Transition Metals in Organic Synthesis”
Chapter 2, Wiley VCH; Stewart, Current Organic Chemistry, 1998, 2, 195; Kayser et
al., Synlett 1999, 1, 153). The use of anhydrous oxidants may be beneficial since
prodrugs (I) may be labile. Thus, performing the oxidation under anhydrous reaction

conditions may avoid hydrolysis of the reactive products.

Scheme 8
RS
&o ﬁ\)\/ﬁ\ Re (1)
~ —_—
R O
P
(Xvim

Preferably, the oxidation is performed in the liquid phase, more preferably, in
the presence of a solvent. Choosing a solvent for oxidation of a compound of

Formula (XVIII) is well within the ambit of one of skill in the art. Generally, a useful
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ate (14) Following the procedure of Example 6 and replacing compound (9) with compound (13)
afforded the product in its protonated acid form in 40% yield. NMR (CDC13, 400 MHz): 8 1.20-1.40 (m,
511), 1.63-1.93 (m, 511), 2.35 (m, 111), 2.70 WO 2005/019163PCT/U S2004/027330 (m, 21-1), 3.36
(m, 211), 362 295019635 02 (hr. m, 111), 5.69 (M, 2H), 7.15 (d, 2H), 7.28%?’?%‘?%%2%?%1) nilz
396.18 (M-1-1)-.  The carboxylic acid was converted to the sodium salt by dissolution in MeCN (0.5
inL) and thesolzelitiitl disagivepaisiddatpagial(y, bofiithp witld sarina tibe dompOumdofHeersolyvent was

removed by lization { afford

4-1(Butanoyloxy e%o% carb onyﬁt(gr%%%)e-c mp&%&%@}%)p r)ée?ﬁr; l‘%%i&??ﬁ%rt%%?ﬁlpydr%ﬁlowing the
procedure cinixaehple, budaderapd dicin tpd tatiti chbidomitthanb dycid eroiethanen polancf¢it) was obtained.
333 (m, 211000 g i TORFpa) 8RS it fite B et SeRbmla Tl 17 (11
Example 12tBwdneth#ikaubatgydthenreetioxadidadyomiemaircnd3R)x{deeh Miaphenyfitbatanoate (16)
oo TS AN LB RS e
(m, 211), 2,82a(¢pRbd)rE 65 Knntdy @)35 (m, 211), 3.52 (m, 1H), 5.00 (br. s, 1H), 5.67 (s, 21-1),
7.11-7.29 (m, '4I;1hMOSm(SEeSI /néz 356.1 %10/ 4:H ’ .(il'h _igaaabo Ii&ra&id was converted to the_
sodium salt by dissofution |ﬁ&ﬁewt%’5%lmf¥%%d§(&e%xé Elon ofﬁﬁg{legus REARIES (1 equiv.) with
sonication fgerfePatainix e bylvetiva s émavedhydlygahizeasicie tomiides @e(tteE8mpound (16).
Example 13\1:&'1%16{1] (Z:leoxylic acid anhydride. In other embodiments, the anhydrous oxidant is an
anhydrous peroxysulfonic acid generated in situ by reaction of the urea-hydrogen
peroxide complex (4) with a sulfonic acid anhydride. The UHP complex serves as a
source of anhydrous hydrogen peroxide and has been used in a variety of oxidative
transformations in anhydrous organic solvents (Cooper et al., Synlett. 1990, 533-535;
Balicki et al., Synth. Commuln. 1993, 23, 3149; Astudillo et al., Heterocycles 1993,
36, 1075-1080; Varmaet al., Organic Lett. 1999, 1, 189-191). However, other
suitable sources of anhydrous hydrogen peroxide may also be used in the reaction
instead of the UHP-complex (e.g., the 1,4-diazabicyclo[2.2.2]octane-hydrogen
peroxide complex).

A useful oxidant is anhydrous peroxytrifluoroacetic acid, generated in situ by
reacting the UHP-complex with trifluoroacetic anhydride (Cooper et al., Synlett.
1990, 533-535; Benjamin, et al., J. Am. Chem. Soc. 2002, 124, 827-833). Anhydrous
peroxycarboxylic acids (XX) may generally be prepared by treating carboxylic acid
anhydrides with anhydrous hydrogen peroxide, more preferably, with the
UHP-complex (4). Similarly, anhydrous peroxysulfonic acids (XXII) may be
prepared by reacting sulfonic acid anhydridés (XXT) with anhydrous hydrogen
peroxide, preferably, with the UHP-complex (4). The preparation of anhydrous
peroxycarboxylic acids (XX) and the peroxysulfonic acids (XXII) is illustrated in
Scheme 9.
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4-4(Isobutanoyloxymethoxylearbonylaminol-(3R)-(4-ehlorophenyl)-butanoate an  Following the
procedure of Example 5 and replacing acetic acid with isobutyric acid, compound (17) was obtained in
22% yield. 11-1NMR (CDC13, 400 MHz): 8 1.15 (in, 6H), 2.55 (m, 11-1), 2.62 (dd, 1H), 2.72 (dd,
1=111), 3.28Q005P19163 48 (n, 111), 4.83 (in. s, 1H), 4.99 (s, 21-1), 5.65 (BCEYP2006827330) (m, 9H).
WO 2005/019163PCT/US2004/027330 Example 14: Sodium
4-111sobutanoyloxymethoxy)earbonylaminol-{Sétef#e-6hlorophenyl)-butanoate (18) Following the
procedure of Example 6 and replacing compoandég) with compound (17) afforded the product in its
protonated acid form in 80% vyield. 111 N/V1RJ(CDC13, 400 MHz). 8 1.16 (m, 6H), 2.60 (m, 1H), 2.71
(m, 1H), 3.35 (m, 2H), 3&1 (m, 111), 5.03%% t,911)R6.67 (s, 211)n7.12 (d, 211), 7.26 (d, 2H). MS
(ES1)m/z 356.15 (MH;I\)'- NH. heHg@zrboxylic ac(XPs converted tg}thg sogium salt by dissolution in
MeCN (0.5 inT ) and then addition of aqueous NaRCO3 P eqdiv.) with sonication for 10 min. The
solvent was removed by I%)philization to affofeH§Ré title compoundX¥). Example 15: Benzyl
4-1(Piyaloyloxymethoxy)earbenylaginol-(3R)44-ehlorophenyl)-butanoate (19) Following the
procedure of Example 5 apd 1&pading-acgficcacid with pivalic acid, compound (19) was obtained in
36% yield. 111NMR (CD{13,00 MHz): 8 1217 (s, 91-1), 2.62 (dd, 111), 2.72 (dd, 1H), 3.33 (m, 211),
3.48 (m, 1H), 4.84 (br. t, (XXI)

@
R&-S-0-OH
0
(OXXI)

(XIX), R® = CF,, GH,, CH,CI, CHCl,, CCl,, CHF,, CCIF,, CF,CF,

F O O F

o 0
F o F Lq

R 7 R7=3-Cl, 4-Cl, 4-F, 4-CF,, 4-NO,
F F F F -

F F F F o) o

LN, O Y © "
F F 7=
0”0”0 C
0 )
(XXI), R® = CF,, CH,, phenyl, p-tolyl

The UHP-complex (4) and a carboxylic acid anhydride (XIX) or a sulfonic
acid anhydride (XXI) are reacted in dichloromethane or other suitable solvent at
temperatures ranging from about -25 °C to about 100 °C to generate the anhydrous
peroxyacids. The peroxyacids may be generated first and subsequently reacted with
the ketocarbamate (XVIII). In some embodiments, a carboxylic acid anhydride is
added to a stirred suspension or solution containing the UHP-complex and (XVIII) to
generate the peroxycarboxylic acid, which reacts in situ with (XVIII) to give
compound (I). In other embodiments, the molar ratio of UHP-complex and the acid
anhydride is about 6:1. In still other embodiments, the molar ratio of UHP-complex
and acid anhydride (XIX) is between about 5:1 and about 1:1. In yet other
embodiments, the molar ratio of UHP-complex and acid anhydride (XIX) is between
about 2:1 and about 1:1.

' Insome embodiments, the molar ratio of the peroxyacid oxidant to the

compound of Formula (XVIII) is between about 8:1 and about 1:1. In other
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111), 5.00 (s, 211), 5.65 (s, 2H), 7.06-7,30 (m, 91-1). Example 16: Sodium
4-[(Piyaloyloxymethoxy)earbonylaminol-(3R)-(4-ehlorophenyl)-butanoate (20) Following the
procedure of Example 6 and replacing compound (9) with compound (19) afforded the Qroduct in its
protonated WORBHNH6I5% vield. 11-1 NMR (CDC13, 400 MHz): 8 1.19 (B¢8¥$29%867d3d° 114), 2.68
(dd, 1H), 3.34 (m, 211), 3.51 (m, 111), 5.01 (hr. t, 111), 5.66 (s, 2H), 7.11 (m, 211), 7.26 (m, 2H). MS
(ES1)m/z 3rmbodiments, the Fiodarzatioxflibapionpathovddectiadlit esopiuwmdsflfoymiésolution in

MeCN (0.5 i -the it} f S - 3 (1 equiv,) with.sonicati t 10 min. The
solvent Was?mlé %&gﬁﬁ%ﬁéﬂiﬁ%?y 'ﬁzﬁit e é%ﬁpgﬁﬁégﬁ@ér%%ﬁ %&%Benzyl
41(1-Chlorotebb@ohe pendromagldroridinBR) e csmpammt edyipmuinCadID1i betwEenzalstivied
suspension (¥) ol), i ded
N-methylmoirlg)lho mgg(écj)lﬁ&?l??nlﬁg% f%@#ﬁ% %é%qﬁ%g%%u e ng)r gllrc(r%e% 2@(? until a clear
solution wasteinedstitweed parhioractimati hopylahtetiofoflet@gbry avig, & idanhtatliein CH2C12

(1 mL) was f iw’ for 3 h (TLC monitoring). The reaction mixture was
diluted with géﬁgg‘ﬂa%v%%%&% citri gm %%)Flat?dn and brine, then dried over anhydrous Na2S04.
Removal of the solFerthén, tiaruse aff eddétivisaritie candpoom df@ tdmpaupdividf atimsiereomers (932 mg,
80%). Il NI\ 13, 400 MHz)-3 0.9 3H), 1.02 (d, 31-1), 2,49.(m. 1H), 164 (dd, 1H), 2.74
(o, 111, 353 535 el e Ponalal s e Ceniptaty “WB IRk sl S oLy
Example 18b@mdAyy thitiAedditiysohayositheadataiytzrtinop @R @-shkilortbayipdutanoate 12Q,
To a solutio mpeund (21) (246 0.561 mmaol).in CH2CI2 (0.5 nal,) was added acetic acid
(0.32 triL, 5§18§11&r§1{0 gﬂt 'hlﬁnmsg){%&?nrﬁcﬁgﬁlgﬁﬁ%%(&%ﬁiaf.l Pruin %fhaglr&egﬁﬂwg mixture was stirred
for 48 h at roombisatioaraflirevikaeideacpio ¢rrenwzy ditutect witthCore@tiRnwéshedpatrédssively with

water, 10% eou Ws lution, dilute citric acid solution and.brine, then.dried over anhydrous
Na2S04. After ?grlﬁ‘?\?a 0 (apolo v%ﬁoﬁiry ’\/lchl%,p Seresi %Og Waf%selg fified’ E)Syaﬁélsshl% hlrlgr‘%’latography on

silica gel, elbitingrevitht Higitaditmn BH;]1 860, 2D¢ReDy| MoOatBrit Iy eSe(OE fy ATigoH e tithd,ampound (22)
5 AR LR P MIBERGABAEL S g5 g, 210
Example 1%c&dgittoiuti¢duorio atsdautikynesutiomylacnd}afi{tBiefdedtancagdiemylxdiditanoate (23)
oo A TS A R AT ) o P
(m, 6H), 1.9Befmis ddid arRl@b fsotBHcid. Gifayat2h)e 8:38afion iyl inBréimg, théig]et7@pltilicity 1H), 6.50
(m, 1H), 7-10:( aorts? Sl AR MRIEFR VAR, 370-20 (M-H)-.
In other embodiments, the oxidation may be conducted in the presence of an
anhydrous base. While not wishing to be bound by theory, the base may stabilize acid
sensitive products by reacting with acidic by-products formed during oxidation.
Generally, the temperature of the reaction may be readily optimized by
methods known to those of ordinary skill in the art. Preferably, the oxidation of a
compound of Formula (XVIII) is carried out at a temperature between about -25 °C
and about 100 °C (more preferably, between about 0 °C and about 25 °C).
An advantageous feature of this method of synthesis of compounds of
Formula (I) is that oxidation of ketocarbamate derivatives (XVIII) proceeds
stereospecifically, with retention of configuration at the carbon atom initially adjacent
to the carbonyl group in ketone (XVIII). This may be exploited in a stereoselective
synthesis of prodrug derivatives. For example, the chiral R-baclofen prodrug
4-{[(1S)-isobutanoyloxyethoxy]carbonylamino } -(3R)-(4-chlorophenyl)-butanoic acid
(34) may be synthesized as a single diastereomer by stereoselective oxidation of

4-{[(1S)-isobutanoylethoxy]carbonylamino}-(3R)-(4-chlorophenyl)-butanoic acid
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The carboxylic acid was converted to the sodium salt by dissolution in MeCN (0.5 mL) and then
addition of aqueous NaHCO3 (1 equiv.) with sonication for 10 rain. The solvent was removed by
lyophilization to afford the title compound (23). Example 20: Benzyl
4-1(1-Isobmgr?SgJ/?()%S}i]sﬁé’buton)carbonvianainoI-(3R)-(4-eh|oropheny1)-bulfl(zal(r%%\J e2 %%4482733(}0 a solution

of compound (21) (50 mg, 0.114 mmol) in isobutyric acid (0.5 mL, 5.39 mmol) was added
N-methylm ifeseoted infsrmpleOsh fseionhsiare dvaipryitlialsucings pfation mixture was

diluted withpGaiatl Znatashias, BIceRRAMAY W aler sHA%RMRRYS NANGRR SeliaR and brine and

then dried over anhydrous Na2SQ4. After removal of the solvent'in vacuo, the title compound (24) was
obtained adlF¥AIVEF Higd Haryemedigsnims, cxidafion. mardatet f1iotemeio8am1 (m, 6H), 1.17
(m, 6H), 1-9@e§ﬂiczﬂlﬂﬁcﬁo’§%ﬁf9@ﬁ§kﬁﬁ% (ackbbh BB ks Rk udkbn 3ARAM, 111), 4,68
(br. s, 1H), 6.52 (m, 111), 7.07-7.29 (m, 911). Example 21: Sodium 4-[(1-Isob utanovloxvisob
utoxv)earb AR H18)1eacERRro0 ph envl)-b utanoate  Following the procedure of Example 6

and replacing comugyinet (RIMEH fop IRenttk %ﬁiﬁﬂ&geﬁmmcviggtﬁﬁl%%@ﬁm was obtained as
a pair of diastereomers in 50% yield. 1IHNMR (CDC13, 400 MHz): 8 0.92 (m, 611), 1.16 (m, 611), 1.97

(m, 1H), 2.5¢bsma {f, relies)urog sesntian of compaunds of)Formylag BYap Withia). MS (ES1) adz

398.18 (M-11)oy1 repylicoaGid was e eHeR gt spdium spitdindiasatien,in MeCN (0 5
inL) and theﬁagd?ﬁo}r%]%@queo%s N_ZHCOS (1 equiv.) with so%{?c@ation for 10 min. The solvent was
removed b§SspHiRediiBAhe corprading ﬁﬂ@lwﬁ%ﬁﬁgoasﬁelmlészé@smgwﬁﬁ@wuszoo4/027330

Example 2 3apabA SkdaBrianoyloxyisghiiexyigaiRepmansiinhaR biehiergangayl)-hutanoate
Carbamate Prodrugs,” filed August 13, 2004).

Scheme 10
o . T
R (IV) Base RNGPLNGS N\/k/“\o
R10 Xl i
U ks & J (XI) (optional) 0
(XXl

wherein R’ and R' are independently hydrogen, acylamino, écyloxy,
alkoxycarbonylamino, alkoxycarbonyloxy, alkyl, substituted alkyl, alkoxy, substituted
alkoxy, aryl, substituted aryl, arylalkyl, carbamoyloxy, dialkylamino, heteroaryl,
hydroxy, sulfonamido, or optionally, R® and R'® together with the atoms to which they
are attached form a substituted cycloalkyl, substituted cycloheteroalkyl or substituted
aryl ring and R to R are as described in Section 4.2.

In some embodiments of the method described in Scheme 10 for synthesizing
a compound of Formula (I), R? and R? in the compound of Formula (XXIII) are
different, such that the carbon atom to which these substituents are attached is a
stereogenic center.

In some embodiments of the method described in Scheme 10 for synthesizing
a compound of Formula (I), R’ and R"’ in the compound of Formula (XXII) are each
benzoyloxy, the stereochemistry at the carbon to which R® is attached is of the
R-configuration, and the stereochemistry at the carbon to which R' is attached is of
the R-configuration. In other embodiments of the method described in Scheme 10 for

synthesizing a compound of Formula (I), R’ and R' in the compound of Formula
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(26) Following the procedure of Example 20 and replacing isobutyric acid with n-butyric acid, the
title compound (26) was obtained as a pair of diastereorners (90 mg, 80%). IH NiviR (CDC13, 400

MHz): 8 0. 64 (m, 211), 1.96 (n, 111), 227 (m, 211), 2.61 ( 74 (in 111), 3.32
(m, 2H), 3.?3(%%%},3 21%16 (hr. s, 111), 6.53 (m, 1H), 7.06-7.28 (M., 9H). Ergacrjlnmﬁlg@é‘:/@gg?um

44(1-Butan isobutoxy)carbonylamjnol-(3R)-(4-ehlorophenyl)-butanoate, _,Following the
procedure @ﬁ%@%@%@&?&ﬁ?’ﬁﬂﬁm %BC@SWH%B%%’&%% : rdduct in protonated
acid form vaaachlethinedlthe 8-paifighititisteand hersareddmiieig NMIR ¢(GBH13, wRIGHRIZ): 8 0.92 (m,
9H), 1.65 (r”h%al‘}fé .96 e%%} 29 g 211), 2.66 (M, 2H), 3.25-3.59 (m, 31-1), 4.72 (br. d, 1H),
6.52 (d, 11'D)*71 élsﬂ%'? . ?ﬁgﬁﬁ ‘Frs (E51) ink 398.24 (M-H)-.  The carboxylic acid was
conver_ted to the i@cﬁm&ﬁtﬂ@xﬂjﬁi_eﬁduﬁmiméﬂ&ﬁNfb@.@mhamdgth%m_ﬁdﬁM%maws NaHCO3
g) rf]?)‘j)':jg ; @g%ﬂ%@%%ﬁg@ﬁ;ﬁ'ﬁ%}a SIS IS PYIRDIZation tg gfford the title
4-1(1-ChloFaetimbay(Bdstxubytantisdt-6aR Hiasterdonmgph &n g dimb uinbodiedr ) o Fdkanétigp the procedure of

Example 17 and replaging 1-chloro-2-methylpropyl chlorofpimate with 1-chleroethyl chloroformate, the
title compo %&%@Wﬁg@%&ﬂ%&sﬁi)ﬁ%&&5&%%%?&?% 8’?@/})’%\@? I—fﬁl}\?ﬁgr@? 13, 400 MHz):
8 1.71 (d, Rk iddpBofsid, RHM) Rydibpdd, thd st Homiaek ht 34 od 14 whi@O KA’ 6.48 (g, 111),
7.07 (d, 2H), 7.14-7.28 (in, 7H), Ex le 25: B | 1-Acetg etho ea [b on.lamitanoate (29) To a
stirred sol Sﬁ%ﬁéﬁaﬁoﬁfgésﬁ%ﬁ%%ﬁﬁgﬁ%%“&i&é@@#{ ¥Ws added acetic acid (0.26
mL, 4.46 nuntsaatisl N -onetiybietsmhelini (8D titr MBodRABAES S B3METIAIS2O9BAE330 2.23
mmol), and the resulting reaction mixture was stirre faom temperagyre for 48 h, The mixture was
ciuted wit LR ETSIGAREA STERLEN &by STHHIADr R 0BG N AHERH BB Borand brine.
then dried hyérogehythosterblaRSoitriietheeramal of thecadfenid RYasuatibiesteisidfthwas purified by
flash chromatography on silica gel, eluting with a gradient of 10% -20% ethyl. acetate in hexane to
aiford the (N CUHAHEUIRT B8] U6 BQAIPUR R ErabRD 1 TOPREE G Pt RS {CBIELS. 400 MiHz):
3 1.41 (ru, 311), 21030t Shbodifednigoflthe reellddrof $theBe3R(for SdthediAfgau, 111), 4.82 (hr. s,

11-1), 5.00 (s, 211), 6.74 (m, 11-1), 7.13 (m, 211). 7.17-7,28 (m, 7H). E l@ 26: Sodi
) cg’npourzd of Fog'mul]é (I%,) R ils C(lrg alkyl,)fRZ is hydrogc(emor 81)4 aﬁfayT%gls odium

hydrogen, R*is hydrogen, R’ is 4-chlorophenyl, R’ and R are each benzoyloxy, and

the stereochemistry at the carbon to which R® is attached is of the R-configuration. In
still other embodiments of the method of Scheme 10 for synthesizing a compound of
Formula (), R' is isopropyl, R? is isopropyl, R® is hydrogen, R* is hydrogen, R’ is
4-chlorophenyl, R’ and R'? are each benzoyloxy, and the stereochemistry at the
carbon to which R” is attached is of the R-configuration.

In still other embodiments of the method of Scheme 10 for synthesizing a
compound of Formula (T), R'is isopropyl, R* is isopropyl, R?is hydrogen, R*is
hydrogen, R’ is 4-chlorophenyl, R’ and R'? are each benzoyloxy, the stereochemistry
at the carbon to which R? and R? are attached is of the S-configuration, the
stereochemistry at the carbon to which R’ is attached is of the R-configuration, the
stereochemistry at the carbon to which R’ is attached is of the R-configuration, and
the stereochemistry at the carbon to which R'° is attached is of the R-configuration.
In still other embodiments of the method of Scheme 10 for synthesizing a compound
of Formula (I), R is isopropyl, R? is isopropyl, R? is hydrogen, R* is hydrogen, R is
4-chlorophenyl, R’ and R'® are each benzoyloxy, the stereochemistry at the carbon to
which R? and R’ are attached is of the R-configuration, the stereochemistry at the
carbon to which R’ is attached is of the R-configuration, the stereochemistry at the
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4-1(1-Acetoxyethoxv)carbonvlaminoI-(3R)-(4-ch|orophenvl)-butanoate (30)  Following the
procedure of Example 6 and replacing compound (9) with compound (29), the product in its protonated

acid fonn V\@§ %@gg}_%%gs a pair of diastereomers in 57% yield. IFINMR (g?ﬁ%gﬁ)%%gf%%z) 51.42

(m, 311), 2.0 .62 (m, 1H), 2.71 (m, 111), 3.32 (m, 2H), 3.49 (in, br'’s, 1H), 6.74
(in, 111), 7.13 (m, 211), 7.24 (m, 211). MS The carboxylic acid was

\ f(ESl m/z_342.24 (M-Hf'Z]if‘eﬁ

converted t6ARASIITIFRAR by Hiackdds AlihrReNigusation ard eLeRtieRSE Gl E5us NaHCO3
(1 equiv.) withteanisatiaeH e 40 mipcHdddssetventwasi gmpaygd by lyophilization to afford the title
compound (30). Example 27; Benzvl 4-1(1-Buta noyloryeth oxy)earbony | amino' -(3R)-(4-chlorop h
envl)-butanoate (%iome BTM&‘!’F@E% E@&m@%ﬁ%ﬁﬁ% 3% AL R e 3908 acid with
n-butyric adifkefuestilleeaoinpiadsth(3 hievas Dhisines, asetonaihodtdidsitscantatsdhemhang, 68%). 11-1
NNIR (CDC]3, 400 MHz): 30.94 (m, 311), 1.42 (m, 311), 1.64 (m, 211), 2.27 (m, 211), 2.60 (m, 1E1),
2.71 (m, 119 505C NS FFISTBEFRY, 19 ,64,%63&»/@39,%%@,@%@@& gty Herpamidsy 711 (d, 21-1),

7.15-7.28 (dim@thylacetamide, N-meB@ipiaiaidBionediiatthyl sulfoxide, pyridine, ethyl
4-1(1-Butanovloxvethoxv)carbonvlarninol-(3R)-(4-ehlorophenyl)-butanoate Following the

procedure SFEEn BRI e TR Y e SRRk (Rt h SRTRRsIY (21D utnBhotitlet /Y its protonated

acid form sttt asrerireéfliasier e eket i62%e ikl abNtRI§CDC13, 400 MHz): 30.94 (in,
311), 1.42 (m, 3H), 1.64 (m, 211), 2.27.(m, 2E1), 2.60 (m, 111), 2.71 (m, 111), 3.31 (m, 2H), 3.50 (m,

1H), 4.82 (bchlofpmeghancyiolyene, feriyyirofigny pymdine, msthyideieapvh ele70 27 The carboxylic

acid was cafivedesl tetthasomisiropatonywaies obdtamiiesall iR dtiL ingshiben addition of aqueous
NaHCO3 (1 eguiv.) with sonication for 1Q miri. The solyent wa(? removed by lyophilization to afford the
€ an

title compo gii‘feEg&FhﬁI%)b@.n@S@i giture of acetonitril water. In other

4-1(1-Isobudaibeiexyat) ey }oarbmyamiRalre IR Intdraliare phe i wanaatelehe ratid 6fa suspension
of R-baclofen hydrachloride (500 mg, 1.47 mmol) in CH2CI2 at 0 C was added triethylarnine (0.9 mL,

6.4 mmol) RENIN SRSt AB AN b thingahont Srl ctiilothes smbodimsenis, fs)). The

resulting-regsliient iXtHiR Mo SRkl BED B hepihdhenenamastiesther embodiments,
l-isobutangélqoxyethyl;p-nit(o henyl carbonate (577 mg, 1.94 mmol, prepared as described in Gallop

etal., U.S. PBRSAIVERDIS paBK eeredge Rty st epand \wates With mpalvacsaisafred at room
temperaturesf@ryd ReAMnRDEiAerBY WaidYRnddherodivies sith CHRGHZ, yvaghed with citric acid

solution and brine, and dried ova anhydrous Na2S04. After removal of solvent in vacua, the residue

was purifie@BYIRIEgrs SRIYFRbIS A SRR of rethytiteg iyl afher st Water - BhersEh-nitrophenol,

then with 269 ﬁﬂiﬂ&ﬁ&ﬂ%ﬁ}&‘l hiexppenigiaiemhiisoRadusc s Rrotonatetbackhosmas a pair of
diastereomers (400 mg, 73%). LE NMR (CDC13, 400 MHz): 5 1.13 (m, 611), 1.40 (m, 31-1), 2.51 (m,
111), 2.57 {@ctdhathes cobedimaqns, shesekventis fighlorqrpethpne, Aaterior 3 cambinagom (q, IF]), 7.11 (d,

2H), 7.26 (dhbbf Mp B PO 2R3 B8 dRients, the solvent is a biphasic mixture of
dichloromethane and water. In still other embodiments, the solvent is a biphasic
mixture of dichloromethane and water containing from about 0.001 equivalents to
about 0.1 equivalents of a phase transfer catalyst. Preferably, the phase transfer
catalyst is a tetraalkylammonium salt, more preferably, the phase transfer catalyst is a
tetrabutylammonium salt.

The method of Scheme 10 is preferably carried out a temperature between
about -20 °C and about 40 °C. In some embodiments, the temperature is between
about -20 °C and about 25 °C. In other embodiments, the temperature is between
about 0 °C and about 25 °C. In still other embodiments, the temperature is between
about 25 °C and about 40 °C.

In some embodiments of the method of Scheme 10, the reaction is performed

in the absence of a base.
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(WHY.  The carboxylic acid was converted to the sodium salt by dissolution in MeCN (0.5 mL) and
then addition of agueous NaHCO3 (1 equiv.) with sonication for 10 min. The solvent was removed by

lyoplailizatigg 13 @ffs9sthe title compound (33). Example 30: Asymmetricp%m%,&/ﬁ%%adium
4-1[(15)-Isobutanoyloryethoxy]-carb onylarnin ol-(3R)-(4-ehl oronhell Y1/ -butanoate (34) Step A:

Synthesis of 4-1[0.5)-Isobutanqylethpoxylcarbonylamipg): (3R)-(4-ehloronhenyl1-butanojc Acid= To
a solution of (4S)- y%tﬁefyq%ﬁ%ﬁ%éﬁmgf{;ﬁge H%G@’rﬁ?‘f’a’iﬁ?‘mo@#&?ﬁé it) at 0C was
added p-nitifiieenytailesfammateddidbisg Iitsomaeaibhqiitding, (B tadtibn 1spérfomaid and
4-dimethylamtigogyridine{) 1 m%%,gﬁiS r%gf%l%c The rﬁsultljﬂg gﬁg Wa})s\(){%ib{red at Céﬁlor 1 h, then
allowed to Warh 16 Toom er%rb rati i@ Bte @rﬁenf\ e hdf teHE e[ﬁ%]ﬁ & qﬂfoasuspension
containing Bdbadiafentd)yhHeaehtvidtd { peidommyedlid hewresgnch of svdinaithtsitaoea(@. 94 mmol) and
tiethylamine (5.99.mmgql) ijn CH2C12 at OC. The reactipn stirr t room temperature for 5 h, then
diluted with CHzc'ffrﬂﬁa%’s{H%rde cogae%&?{}%& B %\g)?%dﬁ%gﬁsﬁi{?arﬁ%?&%gmnon, dilute citric
acid solutiopeeforhtedrie, tHeepreitince @fenanpyduhisdN F2SAbAterdittation anperésnavdiof the solvent
in vacuo, the crude product was purified. reparatory LC/MS to affard compound (35) (230 mg,
44%). IHN REE?&%%?IEWW%%P%E&)‘%H%&{{%%’}/%E% ?@?’f‘?‘tﬁ’,esn), 2.60 (m, 111), 2.75 (m,
2H), 3.29 (dinithyl®dpr¢pyl ddind Nanfethiorpdife), RIAdthy B olidind). MS (ESI) nth 354.10
(M-11)-. Step B:Synthesig.of Sodiym 4-f! - . e

(15)-Is.obut§%6&f/‘1t &i}%eam%}%t%ﬂ%%ﬁm%ﬂ%%mw&%ﬁ%{% (34) To a solution of
com|o|())un(2i mmh?tﬁﬂmgnw&_ 'ﬂuﬁ_db,l)f?ﬂledlﬁwoo E.ml)]l@ct_lt_&lé;, w,asltadded NaHCO3 (42 rrt1_g, %52% .
mrnol) and m-chloroperhenzgic aci mg, 1.00 mmo ulti uspension was stirred a

to room tepBFARTIEYRIP 442@ 1 ﬁ%%ﬂﬁﬁo%é%ﬁ@f#@ﬁié&i%&% 58852818 cid (174 mg, 1.00
rumol) waspzefdesmbly, the reatiions beefunixiia iaprloned farkihplarabie) temperature for a further 24
h, then diluted with ﬁHﬁﬁthfllteﬁﬁd throu ‘%P?é&ad of Celite, and the filtrate washed with water and
brine, then U GDEHMENEGs Hfg@]ﬁ Hitrtid Bfitffemoval of the solvent in vacuo, the
crude product was purified by preparatory

4.4 Pharmaceutical Compositions

Pharmaceutical compositions comprising a therapeutically effective amount of
one or more baclofen or baclofen analog prodrug compounds of Formulae (), (V) or
(VI), preferably in purified form, together with a suitable amount of a
pharmaceutically acceptable vehicle, so as to provide a form for proper administration
to a patient are provided herein, Suitable pharmaceutical vehicles include excipients
such as starch, glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel,
sodium stearate, glycerol monostearate, talc, sodium chloride, dried skim milk,
glycérol, propylene, glycol, water, ethanol and the like. The present compositions, if
desired, can also contain minor amounts of wetting or emulsifying agents, or pH |
buffering agents. In addition, auxiliary, stabilizing, thickening, lubricating and
coloring agents may be used.

Pharmaceutical compositions may be manufactured by means of conventional
mixing, dissolving, granulating, dragee-making, levigating, emulsifying,
encapsulating, entrapping or lyophilizing processes. Pharmaceutical\ compositions
may be formulated in conventional manner using one or more physiologically
acceptable carriers, diluents, excipients or auxiliaries, which facilitate processing of
compounds disclosed herein into preparations which can be used pharmaceutically.

Proper formulation is dependent upon the route of administration chosen.
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LC/MS to afford the product in its protonated acid form as a single diastereomer (24 mg, 14%). 111
NMR (CDCI3, 400 MHz): 8 1.15 (d, 6H), 1.40 (d, 3H), 2.51 (hept, 111), 2.59 (dd, 11-1), 2.70 (dd, 1H),

3.30 (m, 2ﬂ€m@%m“1m, 4.94 (hr. s, 1H), 6.72 (g, 111), 7.12 (d, 214), 3(%;%92@%27%5 (ESI) m/z

370.15 (M e carboxylic acid was converted to the sodium salt by dissolution in (MeCN (0.5
mL) and then addiﬂ})n of aquepus NaHCO3 (1 equiy.) with sonicatign for 10 min. The solvent was

removed by lyophiliZaREH 8! freviiael CompRTIRePEEAR ks s fosm- Bspfions,

4-1(1-Pivalewdptheions ataaRjoaminedté 3R] Apehbes ophpetiet ) diptanaaisnf3hing lig@ids stirred solution of
compound §28 500 mg, 1.22 mmol). in THFE (5 mL) was added pivalic acid (1.24 g, 12.1 minol) and
N-methyIm8P3Sike 1 rescaEe ﬁ‘i‘b‘f‘];g?ﬂf’tﬁ‘éppé’ﬁmfﬁifT%ﬂﬂ%i%ﬁﬁ?@%&%ﬁ?ﬁed at 50 C for 48
hours. The sesetisions)itsayabedifotetsuidb Rt arctaieomasiesbduaenssively with water, 10%

aqueous NaHCO3 solution and brjne, then dried over anhydrous Na2S04. After removal of solvent in
vacuo, the P WHEP RS g Pdﬁ?a?&@?ﬂjﬁl@egr?'ﬁﬁtﬁrﬁ%ﬁ‘,”ggﬁﬁgf}wM gradient of 5-10%

R e o 110
, :51.15 (s, 3 A7 (S, 6H), 1.40 (q, , 2. 2. , ,
3.25 (m, SRR oy ot Reptngon _ﬁ?@é‘?&?%ﬁ%éfie&ﬁ?ﬁﬁ%?‘%ﬁ!‘?é? S9H). Example
?hze: sr?)dclggl??e fExﬁ?n[lg? &gaaigﬂaefpr)l?cﬂfg corﬁoggfﬁg-(lg) ith iﬁ%ﬁéﬂ?ﬁgﬁuct ir|1: ?tllQ'OWIng
ortormtod HE P AR Gl XE % B O A R R R A RSO e AR CL3. 400
MHz): 8 1.16 (s, 38H3rmat 8ufscb iy mbdditichs3bi hral A9 wehy by Be3h (he, R3d) oBtd8dtF), 1H), 3.70 (dd,
111), 4.82 (m, 111), 6.70 (m, 111), 7.12 (d, 2H), 7.26 (d, %‘ﬂ% MS (ES1) m/z 384.18 (M-Hy.  The
carboxylic A4EN%ES MEHRANE LG QU YU DSHN RS BBV ehisBOHGH i RGBS and then addition of

aqueous NajHg bt b)Y Somipasiootaryl minisEhel solvpotiiassrempvestay bretilization to
afford the title compound (36). WO 20051019163PCT/US20041027330 Example 33:
Benzvl 44@%8%%&?@& S OToR TR %y WA RS BARTOT-E 48D 35 TR OSS p AR BT R oate (Th

To a stirrecksqhiion OheemHpOoATS MR epPerndat, oINS vihldridr dén ok ks, aditathg
cyclohexanecarboxylic acid (1.56 g, 12.14 mmol) and N-methylmorpholine (0.7 mL, 6.05 mmol), and
the resultinBBFELL A RFREOYE 6 ARt A PLRVIEeE RIPHBAGEHISA N 23BN RTER%EEY S vas diluted with

ethyl acetaioasheavaes RIS YV HAEths Q¥mparieRmus NaykeQgasaliiaikiand brine, then dried
over anhydrous Na2S04. After removal of solvent in vacuo, the residue was, purified by flash

chromatogPFBI AR AGADARIRP WS &siramtestina! 1156t LhrproycRraridiihixane to afford the title
compound &3sthiasPaBabnad P stesReMRBYeH bR BYtid Yral compositions can include

standard vehicles such as mannitol, lactose, starch, magnesium stearate, sodium
saccharine, cellulose, magnesium carbonate, etc. Such vehicles are preferably of
pharmaceutical grade.

For oral liquid preparations such as, for example, suspensions, elixirs and
solutions, suitable carriers, excipients or diluents include water, saline,
alkyleneglycols (e.g., propylene glycol), polyalkylene glycols (e.g., polyethylene
glycol) oils, alcohols, slightly acidic buffers between pH 4 and pH 6 (e.g., acetate,
citrate, ascorbate at between about 5 mM to about 50 mM), etc. Additionally,
flavoring agents, preservatives, coloring agents, bile salts, acylcarnitines and the like
may be added.

When a compound of Formulae (X), (V) or (VI) is acidic, it may be included in
any of the above-described formulations as the free acid, a pharmaceutically
acceptable salt, a solvate or hydrate. Pharmaceutically acceptable salts substantially
retain the activity of the free acid, may be prepared by reaction with bases, and tend to

be more soluble in aqueous and other protic solvents than the corresponding free acid
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NMR (CDC13, 400 MHz): 8 1.22 (m, 3H), 1.39 (m, 5H), 1.61 (m, 1H), 1.72 (m, 2H), 1.85 (m, 2H), 2.24
(m, 1H), 2.62 (dd, 1H), 2.73 (dd, 1H), 3.30 (m, 2H), 3.46 (m, 1H), 4.90 (br. m, 1H), 4.98 (s, 2H), 6.73
(m, 1H), 7.07-7.28 gm, 9H). Example 34: Sodium
41(1-CvelSHRZNEBIoxyethoxy)earbonylaminol-(3R)-(4-chlorophenv ) SBIREASAE 138)

Following the procedure of Example 6 and replacing compound (9) with compound (37), the product in

its protonafeiihciifenmesatbesizieris, sediupnnelis dfstoropeurst inf 3pyeyikri(B1AAMR (CDC1i, 400

MHz): 8 1-%91@%&%&%91&%5&9&%@8{&%‘)&%%&“ 2H), 1.86 (m, 2H), 2.27 (m, 1H), 2.59 (dd,
1H), 2.70 (dd, 1H), 3.31 (m, 214), 3.48 (m, 1H), 4.79 (hr. d, 1H), 6.72 (q, 1H), 7.11 (d, 214), 7.25 (d,

2H). MS (ESI) nilz 410.21 (M-H)".
4.5 Sustained Release Oral Dosage Forms

The disclosed compounds can be used with a number of different dosage
forms, which may be adapted to provide sustained release of a compound of Formulae
@, (V) or (VI) upon oral administration.

In some embodiments, the dosage form comprises beads that on dissolution or
diffusion release a compound disclosed herein over an extended period of hours,
preferably, over a period of at least 6 hours, more preferably, over a period of at least
8 hdurs and most preferably, over a period of at least 12 hours. The beads may have a
central composition or core comprising a compound disclosed herein and
pharmaceutically acceptable vehicles, including an optional lubricant, antioxidant and
buffer. The beads may be medical preparations with a diameter of about 0.05 mm to
about 2 mm. Individual beads may comprise doses of a compound disclosed herein,
for example, doses of up to about 40 mg of compound. The beads, in some
embodiments, are formed of non-cross-linked materials to enhance their discharge
from the gastrointestinal tract. The beads may be coated with a release
rate-controlling polymer that gives a timed release profile.

The time-release beads may be manufactured into a tablet for therapeutically
effective administration. The beads can be made into matrix tablets by the direct
compression of a plurality of beads coated with, for example, an acrylic resin and
blended with excipients such as hydroxypropylmethyl cellulbse. The manufacture of
beads has been disclosed in the art (Lu, Int. J. Pharm., 1994, 112, 117-124;
Pharmaceutical Sciences by Remington, 14" ed, pp1626-1628 (1970); Fincher, J.
Pharm. Sci. 1968, 57, 1825-1835; and U.S. Patent No. 4,083,949) as has the
manufacture of tablets (Pharmaceutical Sciences, by Remington, 17" Ed, Ch. 90,
pp1603-1625 (1985).

One type of sustained release oral dosage formulation that may be used with
the disclosed compounds comprises an inert core, such as a sugar sphere, coated with
an inner drug-containing layer and an outer membrane layer controlling drug release
from the inner layer. A "sealcoat" may be provided between the inert core and the
layer containing the active ingredient. When the core is of a water-soluble or

water-swellable inert material, the sealcoat is preferably in the form of a relatively
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The carboxylic acid was converted to the sodium salt by dissolution in MeCN (0.5 mL) and then
addition of aqueous NaHCO3 (1 eq.) with sonication for 10 min. The solvent was removed by

Iyophiliza@a %ﬁo%?ﬁi%ﬁhe titte compound (38). ExamplepggiBesiyd27330
4-1(1-Beazovloxvethoxy)carbonylaminol-(3R)-(4-ehloropheayl)-butanoate (39) Following the

%ic acid with benzoic acid,

synthesis progedure for compound (37). and replacing cyclohexanecarbox
i BEshe %30?36%??0?8‘?35‘% B ﬁﬁ%@ﬁ}%ﬁ YRR (cDC13, 400

the title compoun}ﬁf ) was obtaine a FRers | )
MHz): 8 1.6dn{priSHfi) ¥\Or206i/619 $6RmRAIF 200411 OAUBIBMO 262t dirs vilél Igh 128 .1dr(dd, 111), 3.31 (m,

211), 3.48 (m, 1H), 4.92(br.s, 111),4.97 (s, 211), 7.01 (q, 1H), 7.27-7.0 , 1011), 7.39 (m, 2H),
7.52'(m, 1 ﬁa)fex? 8(]‘(}?71? ﬁs{)l.ag(rg?n 0 e §8r{-§.brﬂ%|’8#a s&st%tl.amf wa%ef-m?ghgme polymer; |
4-1(1-53enz(uf;alaw&hdﬂgyeagbwaTmmmﬁ(ﬁFkay@ﬂMMmmm@mdmmgriaﬁm; gﬁd)llowmg the
procedure of Example 6 and replacing compaund (9) with compound (3 ro in its
protonate ‘&iﬁ&@%ﬁ% EYIATY oélsg g‘ i %%8&%*%98%%%5"% ?4%%/&8@?%@%@&? C13, 400
MHz): 5 1.8&i(k Bigieds®, (mhetdit )the. fis(taydiy,adpBethto 261)trGl 4@ {en peddyafiodtidty, 111), 7.10 (d,

211), 7.25tg1|ed %éLl), 7.42 (t, 211), 7.55 (t, 1H), 8.02 (t, 2H). MS (ESI)m/z 404.17 (M-HI.  The
carboxylic acid was converted to the sodium salt by dissolution in MeCN (0.5 mL) and then addition of

aqueous NaHCOB4iiaky, jtwifirgdajeaijih fosvEonbtitithe moteehtnvatsore i2id@d by df thhilization to

afford the title.compound (40). Example,37: Benzvl

44(1-Benz¥o{9%x%(g%%rpcg?v gaﬂjg A\ %%ﬁ%Iz?gﬁ?)rtéﬂ{lear%%%%e%“{/l‘ﬁilffgﬁo%%n fgtﬁout #&tg stirred
solution of abonti#06 (W21) (THeSzhepuhtds theneljandTlkifer(Gihapoveuswidbdcbestiniesaftwh(1.76 g, 14.5
mmol) and N-methylmorpholing (0.73 g, 7.23.=el), and the r g reacti ixture.was stirred at 50
C for 48 hgy%l.t r?g {‘ég)c%%?ﬂu{r;g&z’réw\{v%é %ﬁ%?é%’ik/’i oghaﬁoﬁzﬁg%, %3%?1%?09 Qﬂ)%yg é“s’?v% y with water,
10% aque thesfidalitz@Bconbptisiti amd Titnanthen aitkel thirdrl ayeny(@drpaisoMa2§@0y After removal of

solvent in vac heresidue w. urified Ry flash, chromatogra on,sili [, eluting with a gradient
of 5%-10 ect?l[)’/%hglé%eete'a S %e()%a'ir?éﬁ/ “[ooaalg’c?rlg %ﬁ?ﬁé"éﬂrﬂ{?&%ﬁf&p@é‘é %l\)%%ﬁra ggfet |§§t%1}teomers (0.59 g,
45%). 11129P4Rw(&Ip 611t e 40221\ &kir) corpdgifian. 6 e 20O 1(mit, thbidaRybidaém sizblp ther4 (M, 1H), 3.32

(m210). 349 (910, 479 B RGP0 2 ST LS B 18 (m 410,727

provided in a multiple unit formulation, such as a capsule or a tablet.

The cores are preferably of a water-soluble or swellable material and may be
any such material that is conventionally used as cores or any other pharmaceutically
acceptable water-soluble or water-swellable material made into beads or pellets. The
cores may be spheres of materials such as sucrose/starch (Sugar Spheres NF), sucrose
crystals, or extruded and dried spheres typically comprised of excipients such as
microcrystalline cellulose and lactose. The substantially water-insoluble material in
the first, or sealcoat layer is generally a "GI insoluble" or "GI partially insoluble” film
forming polymer (dispersed or dissolved in a solvent). Examples include, but are not
limited to, ethyl cellulose, cellulose acetate, cellulose acetate butyrate,
polymethacrylates such as ethyl acrylate/methyl methacrylate copolymer (Eudragit
NE-30-D) and ammonio methacrylate copolymer types A and B (Eudragit RL30D
and RS30D) and silicone elastomers. Usually, a plasticizer is used together with the
polymer. Exemplary plasticizers include, but are not limited to, dibutylsebacate,
propylene glycol, triethylcitrate, tributylcitrate, castor oil, acetylated monoglycerides,
acetyl triethylcitrate, acetyl butylcitrate, diethyl phthalate, dibutyl phthalate, triacetin,
fractionated coconut oil (medium-chain triglycerides). The second layer containing
the active ingredient may be comprised of the active ingredient with or without a

polymer as a binder. The binder, when used, is usually hydrophilic but may be
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311), 7.40 (m, 211), 7.56 (n, 111), 8.01 (t, 211). WO 2005/019163PC1/1182004/027330 Example 38:
Sodium 4-1(1-Benzoyloxylsobutoxy)carbonylaroinol-(3R)-(4-chlorophenyl)-butanoate (4_2)

FoIIowingwiwg@qg‘Lgf of Example 6 and replacing compound (9) with g@rfpRuind/(47330the product in
its protonated acid form was obtained as a pair of diasteromers in 59% yield. Ifl NMIR (CDC13, 400

MHz): 8 8.02.(d, 2H).7.56 (t. IH), 7.43.(t, 311), 7.21 (d, 21-1).7.11 (d. 2H), 6.77.(d, Hi), 4.71 (m, IH),

3.54 (m, 1ﬁﬁtg’.§8r|#1?ﬂ Aty Sr%‘,‘gf&'-%?E%&i%é?ﬁ?}??eﬂtfa(trnn?{yﬁi“% H%H). MS (ES1)m/z

432.25 (Mstt9ynd laydhmomihmng/the acithodnigany dpdrbphitiepsdytners salithas dfssolution in MeCN (0.5
h sonication for 10 mir{hT e%esolvent was

mL) and then addition of.aqueous NaH (1 eq.)wi
removed bg:/x%%%ﬂig%ﬁon 1o gﬁgf@\‘ the &@d%%%%}fﬂﬁfqﬁ%rﬁ%ﬁe %%P%‘X&L%
4-1(1-Piyaglytoly stibtinexptd gvinoyl\d wiog | o 3f)- éhd Hiviophes yigrbofareihtio (€ 31 Step A:
0-(1-Chlorgisobutoxy)S-Ethy] Thiocarbonate (44) To ' olution of ethanethiol (1.23 mL, 167
ramol) an(ﬁ ﬁrllevt%l%ﬁlg%ic‘r?gﬁf%éy mﬁf{girfermoelgh Pﬁ ﬁlfyéi%%g@gs(%@%%o f;c]hloro-Z-methylpropyl
chloroformatbul8se, gaibho Symatioy). cElielpespitie yhoedlnts seastisyirved orsé Ohiydinoxageth@l, and then the
reaction mixture was diluted with CH2C12, washed cessively with dilute HC1.and brine, then dried
over anhy SRR SR SoTHetE SRR e B R PR e ey
thiocarbonpodytdets ypadyoisihimesi ates arsery ditertbhinrtiheentrbliye eeitable polpmeputiication. NMR
(CDC13, 400 MHz): 8 1.05 (t, 6H), 1.35 (t, 31-1), 2.17 (jn, 111), 2.9 . 6.33 (d..1H). Step B:
O-(1-PivalCH ISR AR R e pegnd ever ity T of o

1:100 to 100:1 (w/w). Suitable polymers for use in the third layer, or membrane, for

controlling the drug release may be selected from water-insoluble polymers or
polymers with pH-dependent solubility, such as, for example, ethyl cellulose,
hydroxypropylmethyl cellulose phthalate, cellulose acetate phthalate, cellulose acetate
trimellitate, polymethacrylates, or mixtures thereof, optionally combined with
plasticizers, such as those mentioned above.- Optionally, the controlled release layer
comprises, in addition to the polymers above, other substance(s) with different
solubility characteristics, to adjust the permeability and thereby the release rate, of the
controlled release layer. Exemplary polymers that may be used as a modifier together
with, for example, ethyl cellulose include, but are not limited to, HPMC,
hydroxyethyl cellulose, hydroxypropyl cellulose, methylcellulose,
carboxymethylcellulose, polyethylene glycol, polyvinylpyrrolidone (PVP), polyvinyl
alcohol, polymers with pH-dependent solubility, such as cellulose acetate phthalate or
ammonio methacrylate copolymer and methacrylic acid copolymer, or mixtures
thereof. Additives such as sucrose, lactose and pharmaceutical grade surfactants may
also be included in the controlled release layer, if desired.

The preparation of the multiple unit formulation comprises the additional step
of transforming the prepared beads into a pharmaceutical formulation, such as by
filling a predetermined amount of the beads into a capsule, or compressing the beads
into tablets. Examples of multi-particulate sustained release oral dosage forms are
described in, for example, U.S. Patent Nos. 6,627,223 and 5,229,135.

In other embodiments, an oral sustained release pump may be used (see
Langer, supra; Sefton, 1987, CRC Crit Ref Biomed. Eng. 14:201; Saudek et al., 1989,
N. Engl. J Med. 321:574).
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A mixture of (44) (936 mg, 476 mmol), pivalic acid (2.43 g, 23.8 namol) and N,N-diisopropylethylamine
(2.40 g, 23.8 mmol) was stirred at 75 C for four days, and the reaction was judged complete

byll-l-NV\Q‘l,:i)l ;I'Gla%‘fﬁe}ggion mixture was cooled to room temperature and pegligesadaptgen water and
ether p

ether, the ase was washed successively with water, aqueous NaHCO3, and brine, then dried
over WO 2005/0%%16 PCT/US2004/027330 anhydrous Na2S0O4. After rotary evaparation, the crude
0-(1-pivaloyloxyis mi@%g FRMMRETHEL n i BE HeeguSSht Id, and used in
the next stepptitadohiotiConnaliiaationad ey NMRLRC Was4 QUMHCR S B:86.(BdH), 1.21 (d, 911),
1.30 (t, 311),2.03(m, 1 ,05.(d, 111). Step C; (1-Pivalaylopisobutori) Chloroformate (46) A
solution of%”(’jégl?ﬂﬁ;aﬁ?ﬁ CI&%TQJI%i&?gﬂl%’%% s%ﬁ’fﬁf}gl) r(‘ﬁfb“ﬁ&efigﬁ ol) under N2
for 10 ruin Piéréorihen cepStinlemaxid Ball dais)nritdyatee o dryiess4y) vaagertea affordahe/crude
chloroformate (46) in guaptitatiye yield, which ysed in the next step wit fyrther pyyification. it NMR
(CDC13, AR S Pt A 345 AR LEAY P O e

f(1-Pivaloy k®isDhtiigxey yeiarbosy| dxw SVisswimtie {1 Howardoeasq 1989, gf Nelpysiiggysuceinimide (1.2
eq.) and pyjdjne (2,4 eq.) in CH2C12 at 0 C was added an equi r solution of the above
chlorofonn iﬁ?ﬁé)ﬁ?éﬁ’%‘dﬂ% FREuR 51?858%‘#% e\}b%%f)iﬁfr%ﬁf;s[uﬁt@% 1 h, then was
washed sustessidelyvetih Retanetk|iielide banatdniotitticd dsjeddiver Na2S04. After removal of the
solvent in vaguo, the crude N-hydroxysuccinimidyl carbqnate (47) was obtained jn quantitative yield,
nd was ST i SBS R R EIOF CST HEl QB dep Tlose a0
(1-Pivaloylapdizokys ol petidiosny{aspectilia Rydocinesp plmestid)e BllidasedteO(Het bellulogea stirred solution
of R-baclolen (1q, 4.69 mmol) and,.NaHCO3 (394 4.69 ol) in water a solution of
(47) (4.69 ﬁ%&?%ﬁ%%vﬁé’gfdh%ﬁ)@‘a%‘}mgm%’éc&%’ﬁ{&tﬁ%ﬁ Eﬁ?@%@%ﬁﬁ%ﬁpermure for 1 h,
then acidifib@ Yo fdtorwviffet Gfg g relxiectadweil kot acdiakkiNedsiredawishdhine and dried over
anhydrous Na2$04. The sqglvent was removed in ato d the crude product, which was
purified bybp?r"ébi?%ﬂ'\‘/% S ii’barﬁé’%ff}@}iﬂ%ﬂ?é’iéi% “ThomNMR (CDC13, 400
MHz): 80.88 (m, G4 bthdr Emb@dddhénts] Gefiv;cbathdpbiepiratiddslar Ferugedlfdd pral 27 (m, 211), 3.42 (m,
111), 4.83 gfstla}&gd Zé?e%s(g h&nﬁ‘%ﬁiz&%%lcgg.’ %%e c'rrl\éldS cg)%ﬁx-llg gzli%e?il s'sﬁ%ﬁl“ﬁéHp?élymers with a

pH-dependent solubility (i.e., pH-controlled release), polymers with a slow or

pH-dependent rate of swelling, dissolution or erosion (i.e., time-controlled release),
polymers that are degraded by enzymes (i.e., enzyme-controlled release) and
polymers that form firm layers that are destroyed by an increase in pressure (i.e.,
pressure-controlled release).

In yet other embodiments, drug-releasing lipid matrices can be used for oral
sustained release administration. An example is when solid microparticles of a
compound disclosed herein are coated with a thin controlled release layer of a lipid
(e.g., glyceryl behenate and/or glyceryl palmitostearate) as disclosed in Farah et al.,
U.S. Patent No. 6,375,987 and Joachim et al., U.S. Patent No. 6,379,700. The
lipid-coated particles can optionally be compressed to form a tablet. Another
controlled release lipid-based matrix material which is suitable for sustained release
oral administration comprises polyglycolized glycerides as disclosed in Roussin et al.,
U.S. Patent No. 6,171,615.

In yet other embodiments, waxes can be used for oral sustained release
administration. Examples of suitable sustained compound-releasing waxes are
-disclosed in Cain et al., U.S. Patent No. 3,402,240 (caranuba wax, candedilla wax,
esparto wax and ouricury wax); Shtohryn et al., U.S. Patent No. 4,820,523

(hydrogenated vegetable oil, bees wax, caranuba wax, paraffin, candelillia, ozokerite
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WO 2005/019163PCT11182004/027330  The carboxylic acid was converted to the sodium salt by
dissolution in MeCN (0.5 mL) and then addition of aqueous NraflCO3 (1 eq.) with sonication for 10
min. The sglyent V\ﬁaglremoved by lyophilization to afford the title compou * omlﬁ 40: Sodium
44(1-Prop§¥n%§?3>5<</l ogﬁtoxy)carbouvlaminol-(3R)-(4-chIorophenyl)-butanoate 48) Following the
procedures of Example 39 and replacing pivalic acid with propionic acid in Step B afforded the title
compound 3RdiaBd e Hheracr); ad RVediers 13 S4Batant Dp. 8 480730, (Buxiure oAraraffin) 1.96 (m, 111),
2.33 (M, 23}y ga%,(ma,g)l-l), 2.72 (m, 1H), 3.52-3.28 (nn, 311), 4.69 (m, 1H), 6.51 (d, 1H), 7.12 (m,
211), 7.27 (m, 211). MS (ESI) m/z 384.10 (M-H)". = The carboxylic acid was converted to the sodium
salt by dissolutiondhsHbeRerembadingts 1em SHHFHY G SutleBssusasddar @dq.) with sonication for

10 min. TheusplyRAtraessEMANRR I bPPIizAlNL0 BRI DIhe Hile BRIPPOWIHEAS). Example 41:

Sodium 4-1(1—Cyc|opentylcarbouvloxyisobutoxv)eaébony aminol-(3R)-(4-chloropheny1)- butarmate
(49) - Foltsvifer 198)prbreeineeedrorimaenieCR O ashs s rrpdn/ati A dad darperation,

cyclopentageaENYIE dCiiN ISR B AN 6 R SORPOLLID 4550 (PFIBLINMER (CDCL3

400 MH2): 5 0.91 (m, 617), 1.53-1.98 (m, 911), 2.56-2,74 (M, 3H), 3.31 (M. 2H), 3.45 (m, 111), 4.71
(m, 111), 6249 eSS 10atyny No. 58431707 Thpgnweziet p/ME. BEBatpnt a1 2491 6,890M).  The carboxylic

acid was converteg i ile.sadigm salt Q)é&ﬂﬁ%%ﬁip&é&%%gmgﬁmg&%ﬁﬁfm@@ of aqueous

NaHCO3 (1 eq.) with sonication for 1Q min. The solvent was removed by lyo zation 1o afford the
title compoohidigAgedt Rampomnpousbdisplesed herein (e.g., within the spinal cord), thus

44(1-Cyclojae v 3B IS AR PRI AU SR ) A ehUQLBR e dical

Applications of Controlled Release,” supra, vol. 2, pp. 115-138 (1984)). Other
controlled-release systems discussed in Langer, 1990, Science 249:1527-1533 may
also be used.

In other embodiments, the dosage form comprises a compound disclosed
herein coated on a polymer substrate. The polymer can be an erodible, or a
nonerodible polymer. The coated substrate may be folded onto itself to provide a
bilayer polymer drug dosage form. For example, a compound disclosed herein can be
coated onto a polymer such as a polypeptide, collagen, gelatin, polyvinyl alcohol,
polyorthoester, polyacetyl, or a polyorthocarbonate and the coated polymer folded onto
itself to provide a bilaminated dosage form. In operation, the bioerodible dosage form
erodes at a controlled rate to dispense a compound disclosed herein over a sustained
release period. Representative biodegradable polymers comprise a member selected
from the group consisting of biodegradable poly(amides), poly (amino acids),
poly(esters), poly(lactic acid), poly(glycolic acid), poly(carbohydrate),
poly(orthoester), poly (orthocarbonate), poly(acetyl), poly(anhydrides),
biodegradable poly(dihydropyrans), and poly(dioxinones) which are known in the art
(Rosoff, Controlled Release of Drugs Chap. 2, pp. 53-95 (1989); and in U.S. Patent
Nos. 3,811,444; 3,962,414; 4,066,747, 4,070,347, 4,079,038; and 4,093,709).

In other embodiments, the dosage form comprises a compound disclosed
herein loaded into a polymer that releases the compound by diffusion through a
polymer, or by flux through pores or by rupture of a polymer matrix. The drug
delivery polymeric dosage form comprises between about 10 mg to 500 mg of

compound homogenously contained in or on a polymer. The dosage form comprises
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bt

butanoate (50)  Following the procedures of Example 39 and replacing lin/alio acid with
cyclohexanecarboxylic acid in Step B afforded the title compound in its acid form. 1IHNMR (CDC13,
400 MHz): 50.89 (m, 611), 1.22 (m, 311), 1.40 (m, 211), 1.61 (m, 1H), 1.70 (m, 2H), 1.89 (m, 311),
2.27 (m, 1%0,2005@1316311-1), 2.70 (m, 111), 3.29 (in, 211), 3.23 (m, 1E1PGTASZEP40297P) 6.48 (m,
1H), 7.10 (dd, 2H), 7.24 (dd, 211). MS (ES nik 438.14 (M-I-1)-.  The carboxylic acid was converted
to the sodiwtiesaitdme digsusledionfackatChé Heginmip @ofldbserdatidition DiagowensdsaHCO3 (1 eq.) with
sonication for 9 mvbrilThe SO|VFD£ was eq—:‘ma}/ed tyrtrrl]yoghtiliz?ltion to ffbcird the title compound (50).
Example 43¥S50im %}@f’i%fﬂét orypropvérlnoﬁlgt}y 3&8)%39 e BorVIAm G -(4-chlorotthenyl)-
butanoate (Bibermeable to the passagBiefnsompomd. The dosage form may be manufactured
44(2,2-Diethonoropanoyloxymethgxyl-carponylamijno143R)-(4-chlgropbepvO- butanoate (2) A
suspensiortlg of Eg(ﬁggﬁyﬁm%ﬁlr%%é%a%ﬁﬁ % 8%18%‘53(#&% 82,82-%55? SYpropnate (233 mg,
0.792 mmabjendidigl k phasmssicead al W2 dprablé direierdda o yetioyientcghppelatvith. allweaction mixture
was partitioned between ice-water and ethyl acetate, and th nic phase was washed with brine,
dried over é%’ﬁ?/a%ucso Ng%%ué/\ﬁgﬁ 8188%?8@%%?8@%" va ec%’tgﬁ%&%@a‘?%“o%lgf%é uct, which was
purified by siwstmaedregdipyada sltistamet, veithtingrosithiaknix hgentffaDeaatipjt asesataiey, hexane to give

the title co un %}52 L1171 I\IMR(‘1 3, OO.M%: 6.1.18-1. 7&%1 611), 2.68 (m, 111), 2.80 (n,

1H). 3353 BEP R VA1 O S s B (bR e BTG SH m o

anometl_svagimrTaatgsterd i alestddno betrforabtanddtenfSo protrdianenty shgefronedure of Example 6

jgg r,\jlﬂ'j)‘f'g%ﬁ%%@ﬁ%@géogﬂymw'é?s%%)xﬁ‘iﬁ%da&%ﬁﬁ% es5ommpound IR RCld A i1 NMR (CDCI3,
group consisting of olefinic polymers, vinyl polymers, addition polymers,

D=

condensation polymers, carbohydrate polymer and silicone polymers as represented
by polyethylene, polypropylene, polyvinyl acetate, polymethylacrylate,
polyisobutylmethacrylate, poly alginate, polyamide and polysilicone. The polymers
and procedures for manufacturing them have been described in the art (Coieman et
al., Polymers 1990, 31, 1187-1231; Roerdink et al., Drug Carrier Systems 1989, 9,
57-10; Leong et al., Adv. Drug Delivery Rev. 1987, 1, 199-233; Roff et al., Handbook
of Common Polymers 1971, CRC Press; and U.S. Patent No. 3,992,518).

In other embodiments, the dosage from comprises a plurality of tiny pills. The
tiny time-release pills provide a number of individual doses for providing various time
doses for achieving a sustained-release prodrug delivery profile over an extended
perioci of time up to 24 hours. The matrix comprises a hydrophilic polymer selected
from the group consisting of a polysaccharide, agar, agarose, natural gum, alkali
alginate including sodium alginate, carrageenan, fucoidan, furcellaran, laminaran,
hypnea, gum arabic, gum ghatti, gum karaya, grum tragacanth, locust bean gum,
pectin, amylopectin, gelatin, and a hydrophilic colloid. The hydrophilic matrix
comprises a plurality of 4 to 50 tiny pills, each tiny pill comprise a dose population of
from 10 ng, 0.5mg, 1 mg, 1.2 mg, 1.4 mg, 1.6 mg, 5.0 mg, efc. The tiny pills
comprise a release rate-controlling wall of 0.001 mm up to 10 mm thickness to
provide for the timed release of a compound. Representative wall forming materials
include a triglyceryl ester selected from the group consisting of glyceryl tristearate,
glyceryl monostearate, glyceryl dipalmitate, glyceryl laureate, glyceryl didecenoate
and glyceryl tridenoate. Other wall forming materials comprise polyvinyl acetate,

phthalate, methylcellulose phthalate and microporous olefins. Procedures for
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(t, 6H), 2.59 (dd. 1H), 2.69 (dd, 111), 3.31-3,61 (m, 711), 5.15 (m, 111), 5.76 (s, 211), 7.11 (d, 2H),
7.26 (d, 2H). MS (ESI) In/z 430.14 (M-H).. WO 2005/019163PC1'1JS2004/027330  The carboxylic
acid was co\QI\(/)er})%g/ to the sodium salt by dissolution in MeCN (0.5 rnL) and then addition of aqueous
NaHCO3 (164 5" With ¥8Rication for 10 min. The solvent was removed by IFSpHH2YEAE%ord the
titte compound (51). Example 44: Sodium

4-1(4-MethdxgpeleByiag s BB sedissinretimbly 3ratqat des rbdRd ik btah & (53)
Following th@mgr@g@@y@& gfﬁmgl&ﬁ%%k’rmacing 1-chloro-2-methylpropyl chloroformate

with chloromethyl chioroformate in Stép A and replacing pivalic acid with p-anisic acid in Step B

afforded the title capBLAESH sEabadEments. theidesase forermprie MR 25 IBRtis BlPsREeL H), 2.70 (dd,

111), 3.33 (R i SRR MPridded) 3B din3Mh) P AHID sk ORISR (Berdpb)tif EShripb 2B 7,09 (d,
2H), 7.20 (d, 2H), 7.96 (d, 2H). MS (ES1)m,/z 420.11 (M-Hr.  The carboxylic acid was converted to

the sodium SaRPYSNELBRERANAUIECR weesHithimadaten dBeRBRobicnsase foRBHCO3 (1 eq.) with
sonication fepH3rRiRy A HBRebERuYsHBERYSY Eab%ephwl%pﬂmgﬁﬁ%&hﬁe%mmnd (53).

Example 45; Sodium™ 4-1(Nicotinoyloxymethoxy)earbonvlaminol-(3R)-(4-chlorophenvl)-butanoate

(54)  FolldWmigaessambrdedatneasoiathe sanecnivaon gphient goross s semiprsmeablopy

chIoroforrna.g@dm/it@m%w&%%gmt&%gggﬁ%ﬁﬂ%g@gjgﬁé&ﬂi&@i&@g@%@/ith nicotinic acid
in Step B afforded the title compound in its acid form.” IHNMR (CD30D 400 MHz): 82.55 (dd, 111),

2.70 (dd, 1H¥ifferentishthed ejusesthecthorapeutic romppsifion to bemadapinastaredathyoyah ap§x8 74 (dd, 1H),
9.09 (s, 1H) M e absapE At bl éMARdiongelifRiE REXME A5 W88 GAR\EHELER8HAedium salt by

dissolution in MeCN (0.5 ml,) and then addition of aqgueous NaHCO3 (1 eq.) with sonication for 10
min. cases up to 30 hours) to provide controlled and sustained compound release. These

delivery platforms can provide an essentially zero order delivery profile as opposed to
the spiked profiles of immediate release formulations.

In still other embodiments, the dosage form comprises another osmotic dosage
-form comprising a wall surrounding a compartment, the wall comprising a
semipermeable polymeric composition permeable to the passage of fluid and
substantially impermeable to the passage of compound present in the compartment, a
compound-containing layer composition in the compartment, a hydrogel push layer
composition in the compartment comprising an osmotic formulation for imbibing
and absorbing fluid for expanding in size for pushing the compound composition layer
from the dosage form, and at least one passageway in the wall for releasing the
prodrug composition. The method delivers the compound by imbibing fluid through
the semipermeable wall at a fluid imbibing rate determined by the permeability of the
semipermeable wall and the osmotic pressure across the semipermeable wall causing
the push layer to expand, thereby delivering the compound from the dosage form
through the exit passageway to a patient over a prolonged period of time (up to 24 or
even 30 hours). The hydrogel layer composition may comprise 10 mg to 1000 mg of a
hydrogel such as a member selected from the group consisting of a polyalkylene oxide
of 1,000,000 to 8,000,000 weight-average molecular weight, which are selected from
the group consisting of a polyethylene oxide of 1,000,000 weight-average molecular
weight, a polyethylene oxide of 2,000,000 molecular weight, a polyethylene oxide of
4,000,000 molecular weight, a polyethylene oxide of 5,000,000 molecular weight, a
polyethylene oxide of 7,000,000 molecular weight and a polypropylene oxide of the
1,000,000 to 8,000,000 weight-average molecular weight; or 10 mg to 1000 mg of an
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~ The solvent was removed by lyophilization to afford the title compound (54). WO
2005/019163PCT/US2004/027330 Example 46: Sodium
4-f(Cvelopentylcarbonyloxymetboxv)earbonvlaminol-(3R)-(4-ehlorophenyl)- butanoate (55)
Following th®sacsepiesedures of Example 39 but replacing 1-chloro-2-mEAAISRIBYPER Y oformate
with chloromethyl chlorofonmate in Step A and replacing pivalic acid with cyclopentanecarboxylic acid

in Step B atfinglpebtbexiiie:-esmepnutage 81ts0ad £ 61000,000Recabaerlisagigiveameonverted to the
sodium salt by dissoltﬂtli‘%)qn in MeCN (0.5 mL) and then addition of aqueous Nal-1CO3 (1 eq.) with

sonication 8P nTHEIRS LR ETDRL g iByosR PR At oy T teeBIRtSound (55). 1li
gV\)llR (Z%D(QCBD}@@%%M\%:&&%Y I;g& gaih(aﬁﬂi%és 3.-54:1@1'7.’0 350 gﬁg&&@ﬁs&ﬁﬂﬁn&@ﬂc{m@H), 5.61 (g,

H), 7. m,.4H). MS (ES1 1. M-H. Example 47: Sodium .
4-1(2-Furoylok tfhg&éI@ﬁréi%é%ﬂﬁﬁ%%@ﬂ&ﬁ?&gbﬁ%\F‘i)‘%t(?%%é’f@%%)werag%IIowing the same
proceduresyaéleeanmeight lpalp e pipetog intagiesitmetey pyapyksRigrpfosnaleyith chdoromethyl

chloroformate jn Step A and replacing pivalic acid with 2-furgic acid in Step B afforded the title

compound YRERETBPHCellurpse, ysosmbutipelimose il n ALY CsHRTRAR by dissolution in

MeCN (0.5 préseanhin@raataiionag asyeaus biedtGRshi kg silithaanieagesutor 10 min. The solvent
was removed by lyophilization to afford the title compound (56). 11-1. NMR (CD30OD 400 MHz): 8 2.37

(dd, 1H), 1597451185 95 Sadrer AhleTHly, DFISEHBIGISES RPIAIHI7 SR PPARS BERHC 1H), 7.76 (d,
111). MS (R84, ¥ithie 18, Pl naExesmpledi&itS eiphesium chloride, urea, inositol,

B A S N I L e
mg, in a present manufacture, 0.1 mg to 30 mg of a hydroxypropylalkylcellulose of
9,000 to 225,000 average-number molecular weight, selected from the group consisting
of hydroxypropylethylcellulose, hydroxypropypentylcellulose,
hydroxypropylmethylcellulose, and hydropropylbutylcellulose; 0.00 to 1.5 mg of an
antioxidant selected from the group consisting of ascorbic acid, butylated
hydroxyanisole, butylated hydroxyquinone, butylhydroxyanisol,
hydroxycoumarin, butylated hydroxytoluene, cephalm, ethyl gallate, propyl gallate,
octyl gallate, lauryl gallate, propyl-hydroxybenzoate,
trihydroxybutylrophenone, dimethylphenol, dibutylphenol, vitamin E, lecithin and
ethanolamine; and 0.0 mg to 7 mg of a lubricant selected from the group consisting of
calcium stearate, magnesium stearate, zinc stearate, magnesium oleate, calcium
palmitate, sodium suberate, potassium laurate, salts of fatty acids, salts of alicyclic
acids, salts of aromatic acids, stearic acid, oleic acid, palmitic acid, a mixture of a salt
of a fatty, alicyclic or aromatic acid, and a fatty, alicyclic, or aromatic acid.

In the osmotic dosage forms, the semipermeable wall comprises a composition
that is permeable to the passage of fluid and impermeable to the passage of prodrug.
The wall is nontoxic and comprises a polymer selected from the group consisting of a
cellulose acylate, cellulose &iacylate, cellulose triacylate, cellulose acetate, cellulose
diacetate and cellulose triacetate. The wall comprises 75 wt % (weight percent) to 100
wt % 6f the cellulosic wall-forming polymer or, the wall can comprise additionally
0.01 wt % to 80 wt % of polyethylene glycol, or 1 wt % to 25 wt % of a cellulose
ether selected from the group consisting of hydroxypropylcellulose or a
hydroxypropylalkycellulose such as hydroxypropylmethylcellulose. The total weight
percent of all components comprising the wall is equal to 100 wt %. The internal
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oate (57)  Following the same procedures of Example 39 but replacing I-chloro-2-methylpropyl
chloroformate with chloromethyl chloroformate in Step A and replacing pivalic acid with
thiophene-2-carboxylic acid in Step B afforded the title compound in its acid form. The carboxylic
acid was coipvestsd it éle sodium salt by dissolution in MeCN (0.5 niL) arCHEsR26dIEGHOf aqueous
NaHCO3 (1 eq.) with sonication for 10 min, The solvent was removed by lyophilization to afford the

title compogisig{thohl 4RI GO BRRD AU M2 ASH{Bisbifd N O 8r Bileekdd. 3.30 (m, 311),
5.80 (AB q, 211), 7.16 (m, 511), 7.80 (m, 211). MS (ESI) m/z 419.77 (M Example 49: Sodium

4-[(Phenyl%f?fé?&%ﬁ’éﬂhWW&MSWIQWGWPQS&@PW%WEL%W&WQ@%@B) Following the
same prOC@Qﬂﬁ%ﬁ%ﬁX@@ﬂ@'&)ﬁ}%&ﬁhéﬁ@iﬁ@é&é{ﬁf@ﬂ%‘i Mhmwigcm@fﬁﬁarmﬁ;@gwith
o)

chloromethyl chloroformate in Step A and replacing pivalic acid with phenylacctic acid in Step B
4 ta

afforded th\GHETUBRIBSARS TellscaeRing s hydregel & ARt AHORPYOTRASEEE tB%he sodium salt

by dissolutigshipdviedehl (Qvheby ansdhertsddsivroaiaguanusiiatieOd dgeGdmwithraenication for 10
min. The solvent was removed by lyophilization to afford the title compound (58). 111 NMR (CD30D
400 MHz): Brapsytic layes snd B¢ exgandable dayer ari togathas duripgsthy opsrationofthe 1) Ms (BSI)

m/z 403.9140¥kdd forlX@mplereRaRosigRddrug to a gatient over time. The dosage form _
4-f(3-Methvlbutanovloxvmetlioxv)earbonylamitiol-(3R)-(4-ehlorophenvll1-butang ate (591  Following

the same piORBTSFES BRISAEFHAEIAAG Y3 Rt FRgmccts hvo eateranffithe dgsetdRsmmitte with
chlorornethykGhiereipeoiaiarimete PP SEISIRI N Bl 8l Sag6 b it Bs Dualtiie acitbivertep B afforded

the title compound in its acid form.  The carboxylic acid was converted to the sodium salt by

dissolutionBFPifEe fiqs. e Aosasriorero tinfoH St abpderosorisn s P TtrsaatsSonication for 10 min
The solvenjyrd EmpusdhdutyRphiization to afford the title compound (59). 1H NAM (CD30OD 400

MHz): 6 0.94 (d, 613), 2.03 (m, 1H), 2.19 (d, 2H), 2.53 (m, 111), 2.70 (m, 111), 3.29 (m, 3H), 5.62 (AB
)

q, 211), 7.23 (m, 4D)TRRESTEe [RATS28OWAYS fkkes) herein comprises means and method

suitable for the metered release of the compound from the compartment of the
dosage form. The exit means comprises at least one passageway, including orifice,
bore, aperture, pore, porous element, hollow fiber, capillary tube, channel, porous
overlay, or porous element that provides for the osmotic controlled release of
compound. The passageway includes a material that erodes or is leached from the
wall in a fluid environment of use to produce at least one controlled-release
dimensioned passageway. Representative materials suitable for forming a
passageway, or a multiplicity of passageways comprise a leachable poly(glycolic)
acid or poly(lactic) acid polymer in the wall, a gelatinous filament, poly(vinyl
alcohol), leach-able polysaccharides, salts, and oxides. A pore passageway, or more
than one pore passageway, can be formed by leaching a leachable compound,
such as sorbitol, from the wall. The passageway possesses controlled-release
dimensions, such as round, triangular, square and elliptical, for the metered release of
prodrug from the dosage form. The dosage form can be constructed with one or
more passageways in spaced apart relationship on a single surface or on more than
one surface of the wall. The expression "fluid environment” denotes an aqueous or
biological fluid as in a human patient, including the gastrointestinal tract.
Passageways and equipment for forming passageways are disclosed in U.S. Patent
Nos. 3,845,770; 3,916,899; 4,063,064, 4,088,864 and 4,816,263. Passageways
formed by leaching are disclosed in U.S. Patents Nos. 4,200,098 and 4,285,987.

| Regardless of the specific form of sustained release oral dosage form used,

corrij)ounds are preferably released from the dosage form over a period of at least
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WO 2005/019163PC'F/US2004/027330 Example 51: Sodium
4-[(Pentanoyloxymethonlearbonylaminol-(3R)-(4-ehlorophenyl)-butanoate (60) Following the
same procedures of Example 39 but replacing 1-chloro-2-methylpropyl chloroformate with
chlorometh)Y @RR¥&HAte in Step A and replacing pivalic acid with valeri® @EHSH S B %fforded the
title compound in its acid form. The carboxylic acid was converted to the sodium salt by dissolution
in MeCN (0.&byetrlHiners, adolit pnedérablyeovsr blpbHod 8f(4t depgt witbus @rtioatigarfd midstmin. The solvent

(- 511y, 1 SO SRR S R IR, PGt B, m 314) 5.9 (ap
g, 2H), 7.22 frefeddt)y eBe4EeS fromdz038 80% (Iithisl ayediEgample 3 2io8oyliftom 20 to 50% of
4-1(Cinnamgylox thoxy)earbonylaminol«3R)«(4;chlgrophenyl)-byt e (61 Following the
same proce tfrgrsxéﬁ%lg)r%% ealé)Q8 ﬂé‘srep gcér%t(iﬁ%’;?g-%g re?é})%ﬁrbnp%&%bo 1g)rrsmgg e with
chloromethygrehtertienrfiate of GeeprédanrnepladidgquinsaliClecsdstuitinedirsieasecosadiddsagiep B afforded

the title com oun@ﬁ its acid form. The.carbaxylic acid was converted to m‘% odium salt by
dissolution ir{?) Me h@ L A e augl |%8€)?%2ﬁ%%8§\%§‘3§6§%1% &qu} Wi r?lggréication for 10
min. The sohlesthwvafthematied byedytteiliwaidinctovef tordath eréidl emizmthe waev AT A MIt (CD30D
400 MHz): 5 239 (dd, 111), 2.53,(d, 1 3.%%@, 1 72%gI B 1@? 49 (d..11-1), 7.21 (m, 4H),
7.31 (in, Slszpfoéf%rﬁn %ﬁhe??afgfé(g}% i %Igij?f}}l?ff%ﬁ ?’ﬁw 3N $?°f§xa:§mp estggé: odium
44(3-Pheny oo pinrajtoxymeticents xim Cpyla Miedl 3 14 | €st-talo A3heamydlis prstattbiyel¢62)
Following the same procedures of Example 39.but replacing 1-chloro-2-methylpropyl chloroformate
with chlorom&é%ﬁy C/ﬁ] 8%%%6)( lgm eo?f %qp]%)m adxmms%grmg | equlvafen? dose of %e

compound from an immediate release oral dosage form and the AUC is substantially

the same as the AUC obtained from administering an equivalent dose of the prodrug

from an immediate release oral dosage form.

Preferred dosage forms are administered once or twice per day, more

preferably, once per day.

4.6 Therapeutic Uses of Compounds, Compositions and Dosage Forms

In some embodiments, a therapeutically effective amount of one or more
compounds of Formulae (I), (V) or (VI) is administered to a patient, preferably a
human, suffering from stiffness, involuntary movements and/or pain associated with
spasticity. The underlying etiology of the spasticity being so treated may have a
multiplicity of origins, including, e.g., cerebral palsy, multiple sclerosis, stroke and
head and spinal cord injuries. In other embodiments, a therapeutically effective
amount of one or more compounds of Formulae (I), (V) or (VI) is administered to a
patient, preferably a human, suffering from gastro-esophageal reflux disease. In still
other embodiments, a therapeutically effective amount of one or more compounds of
Formulae (I), (V) or (VI) is administered to a patient, preferably a human, suffering
from emesis. In still other embodiments, a therapeutically effective amount of one or
more compounds of Formulae (I), (V) or (VI) is administered to a patient, preferably,
a human, suffering from cough. In still other embodiments, a therapeutically effective
amount of one or more compounds of Formulae (I), (V) or (VI) is administered to a
patient, preferably a human, suffering from drug addiction. Addiction to stimulants
such as cocaine or amphetamines, or narcotics such as morphine or heroin may be

effectively treated by administration of one or more compounds of Formulae (I), (V)
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and replacing pivalic acid with dihydrocinnamic acid in Step B afforded the title compound in its acid
form. The carboxylic acid was converted to the sodium salt by dissolution in MeCN (0.5 mL) and

then additige;bolg‘0 Hﬁgkﬁ NaHCO3 (1 eq.) with sonication for 10 min. The selyetiowagssimoved by
lyophifization to afford the title compound (62). 1H NVIHR (CD30D 400 MHz): 8 2.39 (dd, 111), 2.52

(dd, 1H), 2.61 (t, 2H), 2.88 (t, 21{), 3.29 (m, 31-1), 5.58 (s, 211), 7.21 (m, 91-1). MS (ES1) trilz 442.14
(M+Na)4. EXXple Buys sthersabobmaainatirmnsyisalkn effisk) e amumyiahane RI3FYR4-chlorophe
y1)-butano gignfBdnds of FHRNINE (R SRR (WErRAMEMRIEAMRISARPULISRIAER%G

1-chloro-2-methylpropyl. chlgroformate with chloromethyl chloroforrnate in Step A and replacing pivalic
acid with 2-FHEARA SRR dRe T Adeapiok abysr ae ddAie iR SmIRobHG bwes aiaddistion. IThe carboxylic

acid was capwesieciie 1Bsveasiodsaiéty, distalidion] Y efaNdfiatehasdthamaddiian of aqueous
NaHCO3 (1 eg) with sonication for 10 min The solvent was removed by lyophilization to afford the title

compound f% eagagﬁ%qr of diasteromers. 11-1 IsIMR (CD30D 400 MHz): 8 0.87 (dt, 311), 1.08 (dd,

3H), 1.44 (m, 1H) FlfRetMn tEbath 3n0¥diatdnts) Hthérapditibadly? OrfBatiSEino 60k oM #l4), 7.21 (m,
4H). MS (ES1) m/z 394.04 (M+Na)4. Example 55: Sodium . | i
4-1(1-Cyc|dagmaﬂwﬁ8%ma;@é'ar&%mra%am@éy&%%ﬁﬁs%amtmm (64) Step A:

1-Chlorobutyhfzhiar afospaseetbilve mehSuReS@Aition afibip esasacdiitded &6. STmisalieand
n-butyraldehyde (3,0 g, 41,6 mmol) in anhydrous ether (30 inL) at 0C was added pyridine (0.67 ni.L,
8.32 mmo|)th?@@\ﬂf&éﬁ*ﬁ@ﬁ@%ﬁﬁﬁ%%@ﬁ@%@ﬁ?@&ﬁ%#@mwﬁ fhd YeQ&tion mixture

was filteredWypiah peRAchafistalie ANdRe AR ASRLYAS sgiaﬁ@ﬁtn@éeﬂlga a rotary evaporator,
|

affording the title chloroforrnate (4,38 g, 62%), which was used in the'next step without further
purification PIEANeSitoD &1 spasits Kk 835 5o sonbages) refhix discons) empsigriovahy)aleosol(t, 111).

addiction or abuse, nicotine abuse or addiction or other drug addiction or abuse.

When used to treat or prevent the above diseases or disorders the
therapeutically effective amount of one or more compounds of Formulae (I), (V) or
(VI) may be administered or applied singly, or in combination with other agents. The
therapeutically effective amount of one or more compounds of Formulae (I), (V) or
(VI) may also deliver a compound disclosed herein in combination with another
pharmaceutically active agent, including another compound disclosed herein. For
example, in the treatment of a patient suffering from gastro-esophageal reflux disease,
a dosage form comprising a compound of Formulae (I), (V) or (VI) may be
administered in conjunction with a proton pump inhibitor, such as omeprazole,
esomeprazole, pantoprazole, lansoprazole or rabeprazole sodium, or with an H;
antagonist such as rantidine, cimetidine or famotidine.

Dosage forms, upon releasing the baclofen or baclofen analog prodrug,
preferably provide baclofen or baclofen analogs upon in vivo administration fo a
patient, While not wishing to bound by theory, the promoiety or promoieties of the
prodrug may be cleaved either chemically and/or enzymatically. One or more
enzymes present in the stomach, intestinal lumen, intestinal tissue, blood, liver, brain
or any other suitable tissue of a mammal may enzymatically cleave the promoiety or
promoieties of the prodrug. If the promoiety or promoieties are cleaved after
absorption by the gastrointestinal tract, these baclofen or baclofen analog prodrugs
may have the opportunity to be absorbed into the systemic circulation from the large
intestine. It is preferred that the promoiety or promoieties are cleaved after absorption

by the gastrointestinal tract.
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Step B: 0-(1-Chlorobuton) S-Ethyl Thiocarbonate (66) To a solution of ethanethiol (1.8 mL, 24.3
mrnol) and triethylamine (4,3 mL, 30.7 annol) in CH2C12 at 0 C was added chloroformate (65) (4.38 g,
25.6 mmoI%aN(zll?El C;J[%sThe resulting reaction mixture was stirred for 10 rpiR-atQfry/sheR¢vas washed

successive v%\ er, dilute HC1 and brine. The organic phase was dried over anhydrous Na2SO4.

After concentration in vacua the crude 0-(1-chlorobutoxy) S-ethyl thiocarbonate (66) (3.99 g) was
obtained, and used directly in the next step without further purification. 111 NMR (CDC13, 400 MHz): 5
0.96 (t, 31), 1.34 (t, 3H), 1.50 (m, 211), 2.004m, 2H)o<e9O (M, 211), 6.47 (t, 21). Step

C:0-(1-Cyclopentanecarbonylaoxybu ory%ES-Ethyl Thiocarbopate (67), . A mixture of (66) (1.33 g, 6.76
mmol) and cyclop@ﬁ?i?l%arﬂﬁ%a@g 8 %&rﬁﬁfﬁgﬁﬂ{?ﬁ{%}% Fhed doareas of BEYRRE days. The
reaction wagigagascralRdrierooiHenireiitits, anshpasitiagsabesreedivsatel andsaiher. The ether
layer was washed with brine, dried over anhydrous Na2SOA4. Filtration then removal of the solvent by

rotary evaptaggabel e At AR SHREAI8 19106 209, 869%). 111 NMR (CDC13, 400 MHz): 8 0.95

(6 310, 1-20-1.85 (e AR iTlo ks B0 ALY bl BLOR Mectivein
-CyC opentanecar onyloxy ,utoxy caroonyioryr succinimiae . SO ution o . g, o.
mmol) in cﬁ?@f@%ﬁ@@m Frerdsnirnspediionidselgsdherein il drpsishera 2 for 10 min,

then the reagtias Rix fRsYas IR B ORI AAH RS SR YdeYe b9 sfiardd digical
(1-cyclopentanecarbanyloxy-butoxy) chloroformate in quantitative yield. The chloroformate was

dissolved ifcEESKARMMALhe ATE LA iR BHQ-P i SR AERSEH TR QBH983YP8 1 mmol) and
pyridine (1.€8pT¥yed 2thBIpabrfifl biA{na abdd e rime:se aHOMBRLEE N3pbied at 0 C for 1 h, then

was washed with water, dilute HC1 and brine and dried over Na2S04. After removal of solvent in

vacua the tRfEREirIsE AL QLR RefsBradentes) aesrthreisegt dhticuiect kaeand was used

in the subsegiten] HeR By Jue] v rthieatiosty\Whe AERIOISH, 68e nAed 1 352004/027330
Step E: Sodium 4-11_1-Cyc|olﬁieutaneearbouvIonbuto_ry)-earbonyIaminoI-(3R)-(4-chIorophenvl)-

butauoate @Fyinistratipn and the 1 dsR Bk efofarpissiine Blysifi#ol) and NaHCO3 (323 mg, 3.848

mural) in water at pagaat85 IR IoN oW BsrRd desl-a Habdl e O haa@h{SeRie. Xpad8niipol) in acetonitrile.
The resulting reaction mixture was stirred for 1 h at that temperature, then was acidified to pH 4 with

10% HC|, JROTeRRRRIFSRET SRy FaeKe RIS IeTahY: ORlKiARE: BGARY: JRASBRVEEXPSshed with brine and
dried over prfvideausoN@éSadofibiaiidsandhsia\@hes Hia selyeBhiinvaedqdipva the crude product,

which was purified by preparative LC/MS to afford the acid form of the title compound as a pair of
diastereomis@uEssdon sifocfiss treatment of 16 dineask KialF S 59W%ted to the sodium salt by dissolution

in MeCN (1 nalL) @ﬂﬁ’tiﬁ%@ﬁ&@@Q&fgéﬁmaﬁﬁi@@%@n%e)d%&ﬁ@ﬂwi% térQ:fM‘- The solvent
was removed by Iyo%hilization to afford the title compound (64). 111 NAAR;@(}:}%QOD, 00 MHz): 8 0.92

(m, 3H), 1.8 parepHhaqlefemapaiem Her baclolen doses arg gemesallybetpigen A8 29 (m, 3H),
6.59 (0, 1H}o Z1éat s HYpdYBildEREd§ 487zt ¥R baclofen analogs may be more

potent and lower doses may be appropriate for both the parent drug and any prodrug
(mmeasured on an equivalent molar basis). For example, doses of R-baclofen prodrugs
that are equivalent (on a molar basis) to R-baclofen doses of between about 0.03 mg
to about 1 mg per kilogram body weight are appropriate. Dosage ranges may be
readily determined by methods known to the skilled artisan.

S. Examples
The following examples describe in detail preparation of compounds and

compositions disclosed herein and assays for using compounds and compositions
disclosed herein. It will be apparent to those of ordinary skill in the art that many
modifications, both to materials and methods, may be practiced.

In the examples below, the following abbreviations have the following

meanings. If an abbreviation is not defined, it has its generally accepted meaning.
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Example 56: Sodium 44(1-Cyclohexanecarbonvloributoxv)earbonvlaminol-(3R)-(4-elalorophenvl)-
butanoate (691  Following the same procedures of Example 55 hut replacing
cyclopentanecarboxylic acid with cyclohexanecarboxylic acid afforded the title compound (69) as a
pair of diast@3M&ME36 mg). "Il NNW (CD30D, 400 MHz): 0.94 (m, 3H)PETBSaM4/021330 61-1.83
(m, 710, 2.26 (m, 1H), 2.41 (m, 111), 2.51 (m, 1H), 3.30 (m, 3H), 6.59 (m, 1H), 7.21 (m, 4H). MS (ESI)
m/z 462.76 (M+Na)t Exanae 57: Sodium = tert-butyloxycarbonyl
44(1-Hexanoyloxybutoxy)earbonylaminol-(3R)-(4-ehlorqphenyl)-butanoate (70)  Following the
same procedures of Examegfé 55 but replacing_cyclopcélﬁquh &ylic acid with hexanoic acid
afforded the title compour@IGZ0) as a pair of diasteredivpk8dagodibhii¥R (CD30D, 400 MHz): 8

0.92 (m, 6H), 1.31 WO 2 9163PCT/135§004/0§§ 0(m, B11) 1.55430 (m, 4H), 2.64 (m, 211),
2.40 (m, 111), 2.53 (m, 111)7-3:30 (m, 311), 6.61 (m, T 955'5 .y ) m/z 450.76

(M-FNa)+. Example 58: SDadiN = N, N-dimethylformamide
4-41-Benzovloxybutoxy)c Iaminol-(3R)-L4-chI0é%Eh§§!§)J#gbulgnoate fin  Following the same
procedures of Example 5 eplacing cyclopentan F (%2 with benzoic acid afforded the

titte compound (71) as a ffaiteef diastereomers<100 ragjudch vt (CREcE3bOE MHZz): 8 0.71 (m,
311), 1.14 (m, 2H), 1.48 (m, 2H), 2.72 (m, 211), 3.35 (m, 211), 3.50 (m, 111), 5.32 (br.m, 1H), 6.80 (m,

511), 7.22 (m, 211), 7.40 fm, 111), 7.75 (m, 211). M ) az/z 456.10 (M-q'Ta)+.

h = hour

HPLC = high pressure liquid chromatography

L ' = liter

LC/MS = liquid chromatography/mass
spectroscopy

M = molar

min = minute

mL = milliliter

mmol = millimoles

THF = tetrahydrofuran

TFA = trifluoroacetic acid

TLC = thin layer chromatography

TMS = trimethylsilyl

uL = microliter

uM = micromolar

v/v = volume to volume

Example 1: 4-tert-Butoxycarbonylamino-(3R)-(4-chlorophenyl)-butanoic Acid (5)
To a stirred solution containing (R)-baclofen hydrochloride (2.34 g, 9.36

mmol) and NaOH (0.97 g, 24.34 mmol) in a mixture of dioxane and water (1:1) was
added a solution of di-tert-butyl dicarbonate (2.65 g, 12.16 mmol) in dioxane (10
mL). The resulting solution was stirred at ambient temperature for 40 min. Then the
reaction mixture was concentrated on a rotary evaporator to remove most of dioxane,
the residue was extracted with ether to remove excess di-fert-butyl dicarbonate and

the aqueous phase was acidified to pH ~3 with saturated citric acid solution to
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Example 59: Sodium 4-1-(1-Isobutanovionbutoxylcarbouvlamiuol-(3R)-(4-chlorophenvl)-butanoate
(721  Following the same procedures of Example 55 but replacing cyclopentanecarboxylic acid with
isobutyric %9@’3 /{)qg:fﬁhe titte compound (72) as a pair of diastereomersp(#fgshoaldaBEYIR (CDC13,
400 MHz): 5 ), 1.14 (m, 611), 1.35 (m, 211), 1.68 (m, 211), 2.48-2.72 (m, 311), 3.25-3.52
(in, 311), 4.73 (br. m, 111) 111), 7.11 (d, 211), 7.25 (d, 211). MS (ESI) m/z 422.14 (M+Na)4.
Example 607 ate ﬁ‘?’}éitwg‘# %5518% BX#p ’\ﬂ’ﬁﬁnw&ﬁb&‘k‘y@ ‘é’ﬁ?ﬁ’fo?)‘ﬂeéﬁﬁ} 4)-butanoate

L73.1  Folewiapilin sacme wratoduies tafdooipeint ) uk repiac Quepe ppemia(mearboxylic acid
with n-butyric ac:|d1afforded the title co I‘ﬁ&?und 7{? as a pair of diastereomers §122 m?é [ NMR
1

(CDC13, 400 iz W Bs(rP@ A4 ME g 0 (i8 it HL G0 ), 68146, 215 30 211),
3.03-3.23 (g&;h@,@z(mn;)—m 494 bt oeh11p @12, 1H), 6.98 (d, 211), 7,08 (m, 211). MS (ES1)
nz/z 422.14 (M+Na)+. Example 61: Sodium
4-0-Acetoxybutorvicarbonylaminol-(3R)-(4-chloraphenvl)-butanoate (74)  Following the same

proceduresm{*ﬂpmnma%m&aamE@mm :ﬁdg’agﬁg%'%w%aﬁggwﬁamded the title
compound (74) as a palr of diastereomers (600 mg). , z): 8 0.92 (m, 3f1),
1.35 (n, 2H), 1.67 (m, 2H), 1.99 (2s, 3H), 2.55 (m&11), 2.70 (m, 111), 3.29 (in, 3H), 6.60 (q, 111),

7.25 (m, 411). MSK&&&méa@%%(MtB{ﬁbtuﬁampimﬁ% 399 it 4t hhd B aRIoreioRE

toxv)carbouvlamluol (3R)-(4- chloroR@gnyl) -butanoate 7
(0.769 g, 4.49 mmol) in DMF was’added Cs,CO; (1 46 g, 4.49 mmol) at ambient

temperature. The resulting suspension was stirred for 3 h, with the reaction progress
monitored by TLC and/or LC/MS. The reaction mixture was poured into ice-water,
extracted with ethyl acetate and the combined organic phase was washed with water
and brine, dried over anhydrous Na;SO4 and concentrated in vacuo to afford the title
coﬁnpound (6) as a white solid (1.69 g, 94%). 'H NMR (CDCls, 400 MHz): 81.39 (s,
9H), 2.61 (dd, 1H), 2.74 (dd, 1H), 3.30 (m, 2H), 3.40 (m, 1H), 4.46 (br s, 1H), 4.99 (s,
2H), 7.07-7.35 (m, 9H).

Example 3: Benzyl 4-Amino-(3R)-(4-chlorophenyl)-butanoate Hydrochloride (7)
Compound (6) (1.69 g, 4.19 mmol) was dissolved in a 4N solution of HCl in

dioxane and the resulting reaction mixture stirred at room temperature for 40 min.

The reaction mixture was diluted with ether, the resulting precipitate was filtered off,
washed with ether and hexane, and dried in vacuo to afford the title compound (7)
(1.39 g, 98%). "H NMR (CDsOD, 400 MHz): §2.72 (dd, 1H), 2.86 (dd, 1H), 3.12
(m, 1H), 3.27 (m, 1H), 3.47 (m, 1H), 5.01 (s, 2H), 7.06-7.30 (m, 9H). MS (ESD) m/z
304.19 (M+H)".

Example 4: Benzyl
4-(Chloromethoxy)carbonylamino-(3R)-(4-chlorophenyl)-butanoate (8)
To a stirred suspension of compound (7) (500 mg, 1.47 mmol) in CH,;Cl; (20
mL) at 0 °C was added N-methylmorpholine (0.404 mL, 3.67 mmol). The resulting
mixture was stirred at 0 °C until a clear solution was obtained. Then 1-chloromethyl
chloroformate (199 mg, 1.544 mmol) in CH,Cl; (1 mL) was added and the reaction

mixture was stirred at 0 °C with TLC monitoring. After 40 minutes, the reaction was
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Following the same procedures of Example 55 but replacing cyclopentanecarboxylic acid with
propionic acid afforded the title compound (75) as a pair of diastereomers (405 mg). 'H NMI( (0330D,
400 MHz): 80.93 (m, 3H), 1.08 (n, 3H), 1.33 (m, 211), 1.64 (m, 2H), 2.22-2.33 (m, 211), 2.39 (m, 111),
2.50 (m, 1189, 5(?519 21) 6.60 (ni, 111), 7.22 (s, 411). MS (ESI) nilz 40P €T/ 128043738 %ample 63:
Sodium 4-111-Cyclohexanecarbou loxypropoxylearbonylaminol-(3R)-(4-chlorophenyn- butanoate C70
Following thdib#edenptio 63tk s washedmite @Bibacikiiiiog budyysitemdidrisdopeopionaldehyde in

StepAandr, lepen p C afforded
the title comét?%?&l EFS%WSQ gﬁ pat:?;ﬂ cﬁ%ﬁ%@éﬁﬁgﬁ %ggﬁmg?pfeﬁ %ﬁgfg@%&%g‘&%@%ﬁz) 80.87 (n,
3H), 1.25-1.88) (#3 (6g), m%g T BONMRACD(CR, ¥ 005MHin); :mm(ae (htTRH2)74 @ (bkD111), 7.21 (m,
411). MS (ESI le 6 no )ca rbonyla
min ol-(3R)-(4 )' ch orép eny éVI ?}Lf?ﬁ)ﬁﬁ’&% ﬁﬁ?:%dﬁwrn @‘?St:égj i@b E)g(gample 63 but
replacing cyGoHtaneearboxylic acid with |sobutyr|c acid afforded the title compound (77) as a pair of
diastereomers (140 mg). 11-1 NMR (CD30D, 400 MHz): 60.86-0.92 (m, 311), 1.06-1.13 (n, 6H), 1.69
(n, 2H), 2.36-2.55 (n, 311), 3.30 (m, 3H), 6.51 (m, 1H), 7.22 (s, 4H). MS (ES1) 7n/z 408.11 (M+Na)+.
Example 65: Sodium 4- 1-30 0 carllno 3RE—x4mple|51 Bengﬁ3warode1781 FoIIowmg the same
procedures of E) plet 63 butt g 2 arbe \ ric afforded the
title compound FBY 2 ot i) ATO- vt 0.91 (m, 6H),
1.59 (m, 211), 1.69'¢m, sﬁiﬁénél@eiﬁ@z(r@g ZH)] ﬁlgm(ﬁ”t4lxﬁx)1cﬂ)5hdraceﬁd)ac3&@)(m033ﬂ,) 6.56 (q,

111), 7.22 (53 6159 mmolSESI /6 &8 mf)(\IJ\V/HN ed a solution of compound (8) (300 mg, 0.757
mmol) in CHCl; (1 mL). The resulting suspension was stirred at room temperature
for 24 h. The reaction mixture was then diluted with CH,Cl,, filtered through a pad of
Celite, and the filtrate washed with 10% aqueous NaHCOs solution and brine, then

dried over anhydrous Na,SO,. After removal of the solvent in vacuo, the residue was
purified by flash chromatography on silica gel, eluting with a gradient of 15% -30%
ethyl acetate in hexane to afford the title compound (9) (280 mg, 88%). 'H NMR
(CDCl3, 400 MHz): 6 2.05 (s, 3H), 2.62 (m, 1H), 2.70 (m, 1H), 3.33 (m, 2H), 3.47
(m, 1H), 4.99 (m, 3H), 5.62 (s, 2H), 7.08-7.28 (m, 9H).

Example 6: Sodium
4-](Acetoxymethoxy)carbonylamino]-{3R)-(4-chlorophenyl)-butanoate (10)
A solution of compound (9) (80 mg, 0.190 mmol) in ethanol (20 mL) was
stirred with 10% Pd on carbon (8 mg) in a 50 mL round-bottomed flask under an

atmosphere of hydrogen gas (balloon). The reaction was judged complete in 30 min.
(monitoring by LC/MS). The mixture was filtered through a pad of Celite, and the
solvent removed in vacuo to afford the crude product, which was purified by
preparatory LC/MS to give the product in its protonated acid form (46 mg, 73%). 'H
NMR. (CD50D, 400 MHz): 62.04 (s, 3H), 2.57 (m, 1H), 2.72 (m, 1H), 3.31 (m, 3H),
5.61 (s, 2H), 7.22-7.28 (m, 4H). MS (ESI) m/z 328.13 (M-H)".

The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCOs (1 equiv.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (10).
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Example 66: Sodium 4-111-Propionoylowproporylearbonylaminol-(3R)-(4-ehlorophenyl)-butanoate
(79)  Following the same procedures of Example 63 but replacing cyclohexanecarboxylic acid with

propionic qg'@ ﬁg%qgg:{he titte compound (79) as a pair of diastereomerspg4n@l/obisNMR
(CD30D, 400 MHz): 8 0.88 (m, 311), 1.08 (n, 3H), 2.21 (m, 111), 2.25 (m, 211), 2.39 (m, 111), 2.50

(m, 1H), 3.30 (m, 311), 6.52 (q, 111), 7.2 %{94}@%2\4 ES])m/z 394.08 (M+Na)t Example 67: Sodium
R A h%%ﬂie

4-1(1-Pivalovloxvonmoxv)earbonylamino nyl)-butanoate (80)  Following the
same procedi+{(Benlzblampietiv byiiciapie chrbrmpyhienat)cbwitinpitalit icid afforded

the title compound.(80) as a.pair of diastereomers (420 11-1 NMR (CD30D, 400 MHz). 8 0.90 (m,
3H), 1.10 (s, 4.5 &38 ‘.’?I‘%‘ﬁ, .?’iﬁf%f‘fﬁ?‘ri“?"ﬂ“fﬁe;f?ﬁ%g oy .§6“2?W%‘?”§9§8 (dt, 1H), 7.22
(s, 4H). (ESWidp s did (VE)Neds Bixampedarb® % yitiidn 'H NMR (CDCls, 400 MHz):
4-1(1-Benzovyorvpropaxy) laminol-(3R)-(4: h Il- oate (81)_ . _Following the
same proc§<§]%és@$‘§§lm%?§)g§%mél)'géi@’gggﬂ%@a&%gﬁb@%g@%ia’ ’Begﬁ’z@rc acid afforded
the title corBpLMas8d,)218) a7pkHlF hp 8igsfaieEnmMees({ 1D NTH 1 I ENRS(CDEOPER00 MHZz): 8 0.98 (m,
3H), 1.85 (m, 211), 2.39 (in, 1H), 2.52 (m, 111), 3.30 (m, 311), 6.78 (m, 111), 7.18 (m, 4H), 7.48 (in,
211), 7.60 (m, 111), 7.95 (m, 211). MS (ES1) m/z 442.07 (M+Na)+. WO

20051019163PCUUS2004/027330 Exanpiafiple3eSodium
4-1(1-Acetox3/- -eyelohexylmethor eai’bon laminol- R)-£4- ploroﬁ
- oxymetho -chloro

onylamino[- ﬁl -
Following the procedure of Example 6 and replacing compound (9) with

compound (11) afforded the product in its protonated acid form in 69% yield. ‘H
NMR (CD;0D, 400 MHz): & 2.57 (m, 1H), 2.71 (m, 1H), 3.33 (m, 3H), 5.89 (AB q,
2H), 7.20 (m, 4H), 7.50 (t, 2H), 7.63 (t, 1H), 8.00 (d, 2H). MS (ESI) m/z 390.15
M-H).

The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCO; (1 equiv.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (12).

Example 9: Benzyl
4-[(Cyclohexanecarbo ethoxy)carbonylamino]-(3R)-(4-chlorephenyl)-butano
ate (13)

Following the procedure of Example 5 and replacing acetic acid with
cyclohexane carboxylic acid, compound (13) was obtained in 38% yield. 'H NMR
(CDCl3, 400 MHZ): & 1.20-1.42 (m, 5H), 1.62 -1.87 (m, 5H), 2.29 (m, 1H), 2.61 (m,
1H), 2.71 (m, lH); 3.32 (m, 2H), 3.48 (m, 1H), 4.99 (s, 2H), 5.12 (br. s, 1H), 5.64 (m,
2H), 7.06-7.28 (m, 9H).

Example 10: Sodium
4-|(Cyclohexanecarboxymethoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butano

ate (14)
Following the procedure of Example 6 and replacing compound (9) with

compound (13) afforded the product in its protonated acid form in 40% yield. 'H
NMR (CDCls, 400 MHz): § 1.20-1.40 (m, 5H), 1.63-1.93 (m, SH), 2.35 (m, 1H), 2.70
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““butauoate (32) Following the same procedures of Example 55 but replacing butyraldehyde with
cyclohexanecarboxaldehyde in Step A and replacing cyclopentanecarboxylic acid with acetic acid in
Step C afforded the title compound (82) as a pair of diastereomers (759 mg). IHNMR (CD30D, 400
MHz): 6 0.94% 20@8qrm163H), 1.60-1.80 (m, 611), 1.98 (s, 1.5H), 2.01 (s, 1.3CAYUB280473841), 2.51 (m,
111), 3.30 (m, 311), 6.40 (M, 11-1), 7.22 (s, 411). MS (BSI) m/z 434.73 (M-I-Na)t Example 70: Sodium

&-2(1-Propianylegy 3-sgcianenlyImioih ek Jearomy o RS 66 ehlorenheny i, bripnoate (831
Following the 3252)% rocedures of Example 55 but replacing butyraldehyde wit

cyclohexan@g em@ﬁ%{'gﬁ »ard %‘ang cyclopentanecarboxylic acid with propionic acid
in Step C affordedrtiectitfogoitnid e 68 3basen s Heiagiaieomers &L HNUR (CD30D, 400
MHz): 60'926}5'30 :m({ 1), 1.58-1.80 (m, 611), 2.24-2.42 (m, 3H), 2.53 (m, 1H), 3.30 (in, 311), 6.42 (q,

1H), 7.21 ( Adetiom of SARNENAE e e et GoHifonication for 10 min
4-1(1-Isobureeploxyt sy stehsradrae o aashen yrireal 3R ¢sahparhaayl)-butanoate (841

Following the same procedures of Eiample 55 but replacing butyraldehyde with
cyclohexanecarboxaldehyde in Step A and replacing cyclopentanecarboxylic acid with isobutyric acid
in Step C afforded the title compound (8@,@3@;@%9{; ligsiereomers (800 mg). 1H .NM. R (CD30D,

400 MHz): 6 0.96-1.28 (m, 10 H), 1.58-1.79 (m, 611), 2.36-2.54 (m, 311), 3.30 (m, 311), 7.21 (s, 411).
MS (ESI) mAYButanoyoxymethoxpcarbpnyiamingl(3R)-(4-chlorophenyl)-butanoate (15)

4-0-Butanoylory-I-eyglabsiy tRethasuira ey nampiob @ régrsdins aBBEO¥EE RHERHORIERD)
acid, compound (15) was obtained. 'H NMR (CDCls, 400 MHz): & 0.93 (t, 3H), 1.63
(m, 2H), 2.30 (t, 2H), 2.64 (m, 1H), 2.74 (m, 1H), 3.33 (m, 2H), 3.49 (m, 1H), 4.91
(br. s, 1H), 5.00 (s, 2H), 5.65 (m, 2H), 7.06-7.30 (m, 9H).

Example 12: Sodium
4-[(Butanoyloxymethoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butanoate (16)

Following the procedure of Example 6 and replacing compound (9) with
compound (15) afforded the product in its protonated acid form in 40% yield. 'H
NMR (CDCls, 400 MHz): & 0.94 (t, 3H), 1.64 (m, 2H), 2.32 (t, 2H), 2.65 (m, 2H),
3.35 (m, 2H), 3.52 (m, 1H), 5.00 (br. s, 1H), 5.67 (s, 2H), 7.11-7.29 (m, 4H). MS
(EST) m/z 356.19 (M-H)".

The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCO3 (1 equiv.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (16).

Example 13: Benzyl
4-[(Isobutanoyloxymethoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butanoate
an
Following the procedure of Example 5 and replacing acetic acid with
isobutyric acid, compound (17) was obtained in 22% yield. "H NMR (CDCl;, 400
MHz): 6 1.15 (m, 6H), 2.55 (m, 1H), 2.62 (dd, 1H), 2.72 (dd, J = 1H), 3.33 (m, 2H),
3.48 (m, 1H), 4.83 (br. s, 1H), 4.99 (s, 2H), 5.65 (s, 2H), 7.06-7.30 (m, 9H).
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Following the same procedures of Example 55 but replacing butyraldehyde with
cyclohexanecarboxaldehyde in Step A and replacing cyclopentanecarboxylic acid with n-butyric acid in
Step C afforded the title compound (85) as a pair of diastereomers (520 mg). 1H NMR (CD30D, 400
MHZz): 50.92@ing@H)9(:98-1.28 (M, 41), 1.54-1.78 (M, 8H), 2.24 (in, 211) PLBE$RFPORY3H053 (m, 111),
3.29 (m, 3H), 6.41 (g, 111). MS (EST) nt/z 462.06 (M+Na)+. Example 73: Asymmetric Synthesis of
Sodium | (15)-B u tan oylo xybu toxyl cambginseia abddRa{4-ch lo ro h enyl)-1) u tan oate (86) Step
A: Synthesis of [(1 [ 0 a solution of

4-I(1sqhuta
. AHA—

mg, L52 mmol). The.resulting mixture was_stirred at 0 C for 1 h.then at room temperature overnight.
The reaction mixtdrg \Was" ifﬂ?&f?ﬁ%ﬁﬁ@ﬁ F%ﬁ%ﬁe‘ﬁf‘&&?é@ %%WWPW&?QK% Ute'HC1 and brine,
and dried ov@hpaimdl(ONsalferBOtheptatiorians prmaualididetselviang ivisaeuh dfforded the crude

carbonate, which was purified by chfomatography on silica gel, elyting with 5% ether in hexane to
aiford e TP R s ) Bt EE N B0 i, 46 WA sd. 63 G2 0,60 (. 311),
15T (hex, 231 &0 63,034 L9301 Bhls 268, (i 2 0BINT (ARG ABDMESGESY AHD. 8.26 (0
211). Step B: Synthesis of 4-{[(1S)-Butanoylbutoxy]
carbonylanﬁﬁé'}l-wr{ﬁ)-chIorophenyl)-butanoic Acid  To a stirred suspension of R-baclofen (1.0 g,
4.69 mmol) in CHAGA 2B8xikd AN Aded toeHyadnine satbdissotulBrari@rd TMSC1

(2.19 mL, 9.38 mmoD The resulting reaction mixture was stirred at O C for 15 min. Then, to the
suspensionragthdded Rebrddarearatmsous Nesty Qs & wrion ifré sreicstist ey AAdie resulting
reaction mixt @ 3yEERGvas E@%E‘ﬂmp?@dbuﬁiiﬁfi&hoﬁhﬁrmﬂiwlﬂwmm wej CH2CI2, washed
with ice-cold dilute HC1 and brine, and dried over anhydrous Na2SO4. The solvent was removed in
vacuo to afford the crude product, which was purified by chromatography on silica gel, eluting first with
pure C112C12 to remove p-nitrophenol,@%Bwl\yjth;%z%pthyl acetate in CH2C12 to afford the
carbamate compound (88) (1.20g, 67%). IIINMR (CD 00 MHz): 5 0.90 (m, 6H), 1.33 (m, 2H),
1.60 (m, 41-%|@Falgploxymethex pinoh(IR) (4 ehboraphenpl)-butanaage (8 g, 111), 5.06
(t, 111), 7.13 (d, 2folbwirbtid p2ddddure of Example 5 an

P8Pl deing acetic acid with pivalic
4-41(18)-ButanovloxybutoxylcarbonquminQI-éSR -(4-chlpropheny1)-butanoic Acid (89) To a stirred
suspensior&idy FORIAJRE 4EN prabaiiaingedss §°W1¢rm§)ﬁl}@l-( SlesAAMEBELC was added

carbamate §88) 141 Hirg o169 9damMAY), 19 125482 £ mL33 ighloyyed Pysdrppwise addign;of trifluoroacetic

anhydride (1.06 mL, 7.60 mmol) The resulting reaction mixturé’was stirred at 0 C and quenched after
5 h. The redbtiof- MRiksudlivadNEs RED. WiltbwatB (@ dtbkine, then dried over anhydrous Na2S04 to
afford the crude product, which was purified by preparative LC/MS to afford the title compound (89)
(189 mg, 43.5%) as a single diasteremner (as deteimined by chiral LC/MS).NMR (CDC13, 400 MHz):
8 0.92 (m, 6H), 1.38 (m, Example 16: Sodium

4-[(Pivaloyloxymethoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butanoate (20)

Following the procedure of Example 6 and replacing compound (9) with
compound (19) afforded the product in its protonated acid form in 75% yield. 'H
NMR (CDCl;, 400 MHz): & 1.19 (s, 9H), 2.60 (dd, 1H), 2.68 (dd, 1H), 3.34 (m, 2H),
3.51 (m, 1H), 5.01 (br. t, 1H), 5.66 (s, 2H), 7.11 (m, 2H), 7.26 (m, 2H). MS (ESI) m/z
370.22 (M-HY.

The carboxylic acid was converted to-the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCO; (1 equiv.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (20).
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2H), 1.65 (m, 41-1), 2.28 (t, 210,259 (dd, 111), 2.70 (dd, 1H), 3.29 (m, 2H), 3.50 (m, Hi), 4.78 (hr. m,
1H), 6.67 (t, 111), 7.11 (d, 2H), 7.26 (d, 2H). MS (ESI) m/z 398.14 Step D: Sodium
4-11(1S)-Butanovlorybuto Icarbonylamiuol-(3R)44-chlorophenyl)-butanoate (80 The carboxylic
acid was coneeteesiathe sodium salt by dissolution in MeCN (0.5 nalL) anBGR&S2464033#80f aqueous
NaHCO3 (1 eq.) with sonication for 10 min The solvent was removed by lyophilization to afford the title
compound (86). WO 2005/019163Per/ U@gg%ﬁ%%:i_%ﬁﬂmple 74: Asymmetric Synthesis of
Sodium 4-{ 1(112 -B utan oy 'wry's ob u torll ca rb o nylaminol-(3 R)-(4- chIo ro h enyl - butanoate
(901  Follofnid-Ghlaraisobutgxvicarbonylam R)s(4-shlonophenylbusanaat ne with
(3R)-3-hydroxy-2- methxme@aam@@@mtbﬁd‘éﬁq)aﬁﬂm 0bthg tnlezpﬁmiawmdomews@med as a
single diastereomer (158 mg, 23%). EH NMR (CDC13, 400 MH :50. 91 (m 91-1) 1.63 (hept, 21-1),
1.94 (m, 2181 39 ({7128 29dsd Nygpefhvimorphofing ©13y mlkofE? mme))-15¢ trsURE) 4.70 (1, 1H),
6.51 (d, 111ni%rde (a2 bhirdd2f CACRIA1 MFAE Shy04Z 32Bobfhihct)Enen The carboxylic acid was

converted to the sodium salt by dissolution in MeCN (0.5 inL) and then add|t|on of agueous NaHCO3

(1 eq.) with $SiEREATRSRARIARY eLoLRioERR A7 Ameved oD inicAS a6l arb) Ve title

compound (2eExaMRlessRitORERAEICOSINHEsSE AROHibAkoring). The reaction mixture

4-41115)- Isobutanoyloxybut xylcarbonylamino}-(3R)-(4- chloropher(liyl) -butanoate (91)
was diluted with CH>Cl,, washed with citric ‘acid solution and brine, then dried over

anhydrous Na,SO4. Removal of the solvent in vacuo afforded the title compound (21)
as a pair of diastereomers (932 mg, 80%). "H NMR (CDCls, 400 MHz): 6 0.99 (d,
3H), 1.02 (d, 3H), 2.10 (m, 1H), 2.64 (dd, 1H), 2.74 (dd, 1H), 3.33 (m, 2H), 3.53 (m,
1H), 4.80 (br. s, 1H), 5.01 (s, 2H), 6.24 (d, 1H), 7.07-7.30 (m, 9H).

Example 18: Benzyl
4-[(1-Acetoxyisobutoxy)carbonylamino]-(3R)-(4-chlorephenyl)-butanoate (22)
To a solution of compound (21) (246 mg, 0.561 mmol) in CH,Cl, (0.5 mL)
was added acetic acid (0.32 mL, 5.61 mmol) and N-methylmorpholine (0.31 mL, 2.8

mmol). The resulting mixture was stirred for 48 h at room temperature. The reaction

then was diluted with CH,Cl,, washed successively with water, 10% aqueous
NaHCO; solution, dilute citric acid solution and brine, then dried over anhydrous
Na;SO4. After removal of the solvent in vacuo, the residue was purified by flash
chromatography on silica gel, eluting with a gradient of 10% -20% ethy] acetate in
hexane to afford the title compound (22) as a pair of diastereomers (120 mg, 46%).
"H NMR (CDCls, 400 MHz): 5 0.92 (m, 6H), 2.10 (m, 4H), 2.75 (m, 2H), 3.45 (m,
3H), 4.68 (br. s, 1H), 5.00 (s, 2H), 6.44 (m, 1H), 7.02-7.33 (m, 9H).

_ Example 19: Sodium
4-[(1-Acetoxyisobutoxy)carbonylamino]-(3R)-(4-chlorophenvl)-butanoate (23)

Following the procedure of Example 6 and replacing compound (9) with
compound (22), the product in protonated acid form was obtained as a pair of
diastereomers. 'H NMR (CDCls, 400 MHz): & 0.92 (m, 6H), 1.93 (m, 1H), 2.05 (s,
3H), 2.65 (m, 2H), 3.33 (m, 2H), 3.49 (m, 1H), 4.70 (br. s., 1H), 6.50 (m, 1H), 7.10
(m, 2H), 7.26 (m, 2H). MS (ESI) m/z 370.20 (M-H)".
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Following the procedures of Example 73 but replacing (5S)-5-hydroxyoctan-4-one with
(4S)-4-hydroxy-2-methylheptan-3-one, the free acid form of the title compound was obtained as a

single diastwﬁ%((%g, 7%). EH NMR (CDC13, 400 MHz): 5 0.93 (t, 33érdsifdn8i), 1.34 (m,

21-1), 1.68 (M. (m, 114), 2.58 (dd, 1H), 2.71 (dd, 11-1), 3,30 (m, 214), 3.52 (m, 11-1), 4.70
(t, 114), 6.67 (t, 114), 7,12 (d, 21-1), 7.26 (d, 21-1). MS (ES1) m/z 398.14 (M-1-1).. e carboxylic
acid was convertedrlthetﬁérg%}'%@éﬁ%?cﬂ%@%ﬂﬁgﬁqiﬁm%ﬁ?m disepiraardBaor aqueous

N?I ICO3 (1 e(q.-sk Wit} a@@malﬁqadﬁiowomumlérdm E@Iﬁ@)@ﬂ(ﬂf&dﬁéﬁ@ﬁﬂﬂbﬁwmgﬁ&mol t@iﬂfgord the
title compoungd (91). Example 76: Asymmetyic, Synthesis ium 4- 1S -Isopbutanovlo isobinino - 3R
- 4-chloro heﬂ -Sﬁij‘f%‘é{?g [&2pve é&ﬁ%ﬁﬁ&%@‘ﬁ%@éﬁﬁﬁ%@%?%&?ﬁﬁ@% érﬁreplacing
(5S)-5-hydroxyoctan-4-one with (4S)-2,5-dimethy1-4-hydroxyhexan-3-one, the free acid form of the
titte compound was obtained as a single diastercomer (8.0 mg, 2%). EH NMR (CDC13, 400 MHz): 8
0.89 (m, 6H), 1.15 (m, 6H), 1.94 (m, 1H), Z%3mple %Mg(dd, 1H), 2.78 (dd, 1H), 3.28 On, 2H),
3.49 (in, 1114463sGbtan Spiiibobioxyida kBorylinind] (3 R 1) cMr OpBEhF1IZb e BubateV-Hf.
The carboxylic acid was converted to the sodium salt by dissolution in MeCN (0.5 nalL) and then
addition of aqueous NaHCO3 (1 eq.) with sonicatior 10 min. The solvent was removed by
lyophilization to afford kit eMaaHpshiARIEXS0RLE 7.1:1 5y in Hobutyric acid (0.5
041-Isobutanoyloxvisobntoxv) S-Methyl Thiocarbonate jQj Step A: 0-(1-Chlorgisobutoxy) S-Methyl
Thiocarbonaf@f(Qﬁr)39 HW%W%&H%&HBWWM? Oy Btk rmEes 5558 40% 0 mol) and

tetrabutylammapiteokygipneassfate, (ROrgddhranahio wighdaireaathaneHIGN0vakhda a jacketed 10
L reactor equipped with a mechanical stirrer, temperature probe, and addition funne| was cooled to

10C. To the FUSETRSH AR WaleTy b amysus 4 Sssalytieaad BrrvArdrEeR iR ethylthiolate (3
L, 6.4 mol) oyeerhth] R 8 a¢AIOWaA flepsenaiely i xREnRINIS: anddhainiRriakiesnaryaiare was

maintained between 10 and 20C during the addition. The aqueous phase was separated and the

organic phadet i apmed At iedests s ARETWARL IS 3 Dhe BryARR (1% w49 %ried over
anhydrous )45 il ) r | r kRIessurs to gdf tifl@rompound
(94) (1050 g, 5.72 rfoq,%%%%)’gggécggzgégﬁu?dﬁ M?A%f%dg% 3,40 ’I\‘?lgé)@g }?Ptgd?yam, 2.2 (n,
111), 2.4 (s, 6M)18)38-3d, (0. Bidp 8 Kerr ARk thORtmenibbh fsob iy &H(F8)7-7-291Ga 20 L round
bottom flask yygs added isobutyric acid (1300 mL, 14 mol), and an aqueous solution of 25%
tetramethylammonium hydroxide (5 L, 14 mol). The water was removed under reduced pressure, and
azeotroped with toluene (2 x 2 L) to leave the product (95) as an amber liquid, which was used without
further purification.

Example 21: Sodium

4-[(1-Isobutanoyloxyisobutoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butanoate
25)

Following the procedure of Example 6 and replacing compound (9) with

compound (24), the product in protonated acid form was obtained as a pair of
diastereomers in 50% yield. "H NMR (CDCls, 400 MHz): & 0.92 (m, 6H), 1.16 (m,
6H), 1.97 (m, 1H), 2.51-2.74 (m, 3H), 3.33 (m, 3H), 6.50 (d, 1H), 7.10 (d, 2H), 7.27
(d, 2H). MS (ESI) m/z 398.18 (M-H)".
The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCO; (1 equiv.) with sonication for 10 min.
- The solvent was removed by lyophilization to afford the title compound (25).
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~ Step C: 0(1-Isobutanoyloxyisobutoxy)S-Methyl Thiocarbonate (93) To a 3 L three neck round
bottom flask equipped with a mechanical stirrer and teflon-coated thermocouple was added (95) (1672
g, 9 mol), isobutyric acid (264 g, 1.5 mol), and (94) (1050 g, 5.76 mol). The reaction mixture was
heated to 808U@p051@H 6 onitoring the reaction progress by Ili NMR. The r¥aE5RMHREI#4%as cooled
to 20C, diluted with EtOAc (1 L) and washed with water (2 x 1 L), saturated NaHCO3 (1 x 2 L) and
water (1 L). The organic phase was separdigamipld 22nBen#gted under reduced pressure to afford the
product (93) (90 .9 mo 5% B2sa colorless liquid. M(c DCI3, 400 ! zt): 81.0(d, 6H), 1.2
(dd, 6H), 2.05 %R S T R D A Ay B P Sy tHE o
(1R)-1-1((3S,4S)-2.5-Dioxo-3,4-dibenzoylonoyrrol@iély1)-mlyearbonyloxy1-2-met hylaropyl
2-methylpropanoate.(96) Step A: (3S,4S)-2,5-Dioxpn-3 41-dibenzoyloxy-3,4-dihydrofuran (97) A
suspension of 2,3-&@8%‘%&%’ aﬁ%kfgf:%oo j(’%&[ﬁp% r%nrgtgf)p?ﬁcac%ﬁ% %W&rfgé (% nth) was
stirred at 85 @-baty2iv théd) the titacthanponixtl{26a iy ettimed akto pooof diaypearaimees [T crystalline
product was coll Sj[qi_[f'l o hed with a mixture of lﬁg anﬂc'lg%?xa e (1:1) and dried under
vacuum to a%gd%@% itl %&?ﬁ@ﬁgﬁd@@&%@@( I]36 MIE%){SQ é% ,2211), 7.50 (n,
4H), 7.66 (M22Y1(n320%),(26 £ h:, $tEp B74 (Hy drpyys Bb(AL RER -Diexen3 Hagikere e oxypyrrolidine
(98) To a_suspension of (97) (60 g, 176 mmol) in a mixture of acetonitrile and water (8:1, 400 mL)

at 0 C was a&lgéxﬁaséé% é@e&g “doAditiSh 8H9rydroxylamine (13.0 ink, 211 nunoD. The resulting

suspension was stirred overnight at room temperature to obtain a clear solution. The bulk of the
acetonitrile was removed by rotary evaporation and the residue was portioned between ethyl acetate
and water. The organic phase was washe&Xteele3oHim vater and brine, dried over anhydrous

Na2S04 and cRpqepHalfreVId 1A A RIFEbRYR i35 A3 thafbatic acid
mono-hydmxamate. This compound was suspended In toluene heated under refluxfor 2h, then cooled

to room temperature to form a crystalline solid. Th@aoduct was collected by filtration, washed with a

miure of ether and:grang (hlbroaR S LRERVNIAATRIL A AE ARG (96) (58 o
93%). IHNMR (CDC13, 4001VIBz): 8 6.06 (s, 2H), 7.50 (t, 4H), 7.65 (dt, 2H), &.! 6§m, 4H). MS (ESI)
m/z 354.00 (kppound (26), the product myggotonated acid form was obtained as a pair o

(111)-1-1(3HARR IO B HRRNZQY IR RIS oo VAYEAr LS 092l G By ptoPY!
2-methylpropanoate (96)
2H), 1.96 (m, 1H), 2.29 (t, 2H), 2.66 (m, 2H), 3.25-3.59 (m, 3H), 4.72 (br. d, 1H),
6.52 (d, 1H), 7.11 (d, 2H), 7.26 (d, 2H). MS (BSI) m/z 398.24 (M-H)".
The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCOs (1 equiv.) with sonication for 10 min.

The solvent was removed by lyophilization to afford the title compound (27).

-

Example 24: Benzyl
4-[(1-Chloroethoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butanoate (28)
Following the procedure of Example 17 and replacing
1-chloro-2-methylpropyl chloroformate with 1-chloroethyl chloroformate, the title
compound (28) was obtained as a pair of diastereomers in 67% yield. "H NMR
(CDCl3, 400 MHz): 61.71 (d, 3H), 2.63 (dd, 1H), 2.73 (dd, 1H), 3.32 (m, 2H), 3.49
(m, 1H), 5.00 (m, 3H), 6.48 (q, 1H), 7.07 (d, 2H), 7.14-7.28 (m, 7H).

Example 25: Benzyl

4-[(1-Acetoxyethoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butanoate (29)
To a stirred solution of compound (28) (183 mg, 0.446 mmol) in CH,Cl, (5

mL) was added acetic acid (0.26 mL, 4.46 mmol) and N-methylmorpholine (0.25 mL,
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To a stirred solution of compound (98)w(—35 g 98.6 mmol) and thiocarbonate (93) (34.6 g, 148 mrnol) in
dichloromethane at 0 C was dropwise added a 32% solution of peracetic acid (300 =op in acetic acid
over 2 h. The reaction temperature was kept below 35C during the addition of peracetic acid. After the
addition wasNQ e85t 13 reaction mixture was stirred overnight at room Bk EPAMFO2THE resulting
white precipitate was filtered and washed successively with water, and a mixture of ether and hexane
(1:2), then di2e2B umdet)yandtine tesafforgtisetion dexitie coan pirrad aftuspnethieravare doystallized once
from a mixture qf ethyl acetate and hexa e({( :1) to afford the title compaound (96 .7 g, 25%). The
diastereome;}'c %f}d?ig/%{ 5 ee“f)arséagg%ev(?%l%e (lallﬁgll ﬁ’evaatso8 %gesggc_ﬁg% T %}’ ﬁ}%@&’ U)lsﬁ)%];’& a chiral column.
EH NIVIR (CbidédysNaH(4:)s&itios 4dd btiby, he®ddeddtgr andYdehi3 MY, AR0 ffied 11), 2.64 (hept.
114),6.01 (br, s, 211).6.64 (d, 111). 7.47 (M, 4H). 7.63 (M 8.07(m 4I?.|3). Example 79: Synthesis
of 21 (1R eSS e A e R Al P P ATy e DR 00 o
a stirred suspiivgigel ,ofl (@imp(Vitly g 24dkmnfdl P 2 0hbxttingl et diaty iandxuateto (ot (B0 mL) at room
temperature was added R-pagclofen (4.78.g., 22.5 mmok)] e resulting; ti @5 Hre s stirred
until the susg\ﬁ\e{%s?gﬁlg%%%l% e %?e%?(%% l%%'%s %%eo?ﬁr)st 1&?%&%%% 'eniliraéeg invacus ﬁ\g 6:emove most
of the solvenMHbE & 3idilgm B atiod (apBERean(eiidlaad Y aigr] He M3amiagen dadowashed with

water and brine, and dged over anh S 4. After filtration and ¢ ration ip yacuo, the
crude produc@%&%ﬂalﬁg{%@ﬁﬁ&ﬁeﬁ%@?ﬁigﬁg§ %@cﬁﬁmﬁ%&&pﬁ%?ﬁ%@é&el Ig with a
gradient of 10-20% acetone in hexane. Crystallization from an acetone / hexane mixture afforded the

title compound (99) (8.22 g, 95% yield). Tr?:e diaﬁtﬁe/#%p erjc purity of the product was determined to be
99.9% d.e. by HPLC using a chiral columr-Ef i , 400 MHz): 8 0.95 (d, 6H), 1.17 (d, 314),

1-18) (d, SH()d 1-99)@&&(?::%’&50@@%&&@ﬁﬂoﬂdsmgl(%calé’ﬁ)ﬁtd?n@lhﬁa%a&@(ﬁi1), 4-7ﬁ (br. t,f
111),6.51 (d, 1H), 7 , 2H), 7.27 (m, 211). MS (ESI Z 398.50 (34-Hy. mple 80: Synthesis o
Sodium 4-{1(1R)-Isgéf?éﬂ8§g%9igm9 Bﬂmfﬁfﬁﬁﬁ? gﬂ&fﬁ&BﬁYﬁf@s% anoate (100)
The carboxylierapishfQ Mameprueiadras heosaditemasalt foyndivas bbiamid MeGNifQH mL) and then
addition of aqueous NaHCO3 (1 eq.) with sonication for 15 min. The solvent was removed by
yophilizatiorH e RIEREPSFEY Coipdunt CIUES. CUGIR (SDBBRCOIMRER: B34 @M, 0.94 (¢,

3H), 1,08 (d, 334l 3. d 127 1@, (), BL3), oMm311),3.3b (8% sHHP-434d, 111), 7.23
(s, 411). MS%&%&%&S@% Z'é)g/l ai’. rI?x)élm Ie(%f?lgg ’nthggls ’ofn)’ (B} ’HH}?
(1S)-1-W3R 4R)1515 Bidxdms Ahiveh é‘?l’o?r rPARdER 63(9@&1%%@4)?@2 -methylpropyl

2'methylpmpanOG}tQ"ﬁEQ:JJ}boxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCO; (1 equiv.) with sonication for 10 min.

The solvent was removed by lyophilization to afford the title compound (30).

Example 27: Benzyl
4-[(1-Butanovloxyethoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butanoate (31)

Following the procedure of Example 25 and replacing acetic acid with
n-butyric acid, the title compound (31) was obtained as a pair of diastereomers (109
mg, 68%). "H NMR (CDCls, 400 MHz): & 0.94 (m, 3H), 1.42 (m, 3H), 1.64 (m, 2H),
2.27 (m, 2H), 2.60 (m, 1H), 2.71 (m, 1H), 3.31 (m, 2H), 3.50 (m, 1H), 4.80 (br. s,
1H), 5.00 (s, 2H), 6.75 (m, 1H), 7.11 (d, 2H), 7.15-7.28 (m, 7H).

Example 28: Sodium

4-[(1-Butanoyloxyethoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butanoate (32)

Following the procedure of Example 6 and replacing compound (9) with
compound (31), the product in its protonated acid form was obtained as a pair of

diastereomers in 75% yield. 'H NMR (CDCls, 400 MHz): & 0.94 (m, 3H), 1.42 (m,
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Step A:(3R,4R)-2,5-Dioxo-3,4-dibenzoyloxy-3,4-dihiidrofuran (102)  To a 3-necked 5 L round bottom
flask fitted with a mechanical stirrer and a teflon coated thermocouple was added

(-)-2,3-dibe %&ost/%{éq{é'? acid (1000 g, 2.79 mol) followed by acetic anhyq;'td%gibq?/a'ﬁgﬁuspension
ua

was stirred and heated to 85C for 2 h during which time the starting material gra y dissolved. A
short time thereafter, the prodyc an.to crystallize in the reacti ixture and t spension was
then cooled t 5% %@dgém &ﬁ)egtég %9’ ﬁmtéofl \&%{Siﬁg %r’m ﬁrﬁ%zﬁ?:quﬁe? hexane (2 x
1 L), and driett)) 48BAius) INE6AS@RE; DNRrnightdpoafforrtheifinEnLoMRquse) (2229 Js2d white solid.
11-1 NMR (C 3, 400 MHz): 8 6.0 (s, 2H), 7.45 (app. t, 44-1), 7.65 (app. t, 21-1), 8.05 (d, 411). Step

B:1-Hydroxy-(3RAR)-2,5-Diox0o-3,4-dibenzoyloxypyrrolidine (1031  To a 3-neck 5 L round bottom
flask fitted with a matlanitalkslicecand & wiverpdatethéasdienakale tprdigoiasoadaade(JN2) (2.79 mol)

followed by acetonitrile (2.L). The suspension w % in an ice hath to.4C, followed hy the addition
of 50% aque éﬂb{ér&@zﬁ‘gﬂﬁ ‘%f%r?ﬁ_a@%?ﬁq}r sz AP, &fﬂiwgﬁ pr .
2005/019163R{e 5HUGEROAM4G2 DI Db3dyaplitissoly eslatfvid theet Rochtigd andl 3. .reaction mixture
was warmed to 20 C and stirred for 1 h. The reaction mixture was concentrated in vacuo, diluted with
EtOAc (1 L) and washed with 1 N HC1 (2 x 1 L). The organic phase was separated and concentrated
in vacuo to afford a viscous red syrup. Thqggxﬁuplm ediwmated for two hours in toluene (2.5 L) at
100C with azeatropic removal of water. The syrup gradually dissolyed and then the product
crystallized. Affé - LA SN AL BT U ST R A PR HERUBRORIE Wwith 10%
acetone in hexane (2 x 1L) and dried in a vacuum @ggn to afford the tittle compound (103) (862 g, 2.43

0 i H .
ol 87%) as i, ol MR (EOCI A0 MEE) B 0 P 5 opp
(1S)-1-ft(3RAR P 2(5vhainxdded4rikitienzevepyr malidadybirelicaid anibsohitigareethylpropyl
2-methylpropanoate, (101). .. A3 r ecked round bottom flask fitted with a mechanical stirrer,
teflon coated&&fﬁﬁ%ﬁg’lﬁpﬁﬂs %lg%&%rﬁéﬁmﬁgg% \%@Oi a{ll JRRIEIFH, 1 mol), (103)
(330 g, 0.95 mbhurnwal Aidichie@ethare (2200 tHeh)wihgdddction mixturc was cooled under a
nitrogen atmgsphere in gn ice water bath to 15 C, To the s7tj7rred rggction mixture was added a 39%

)

solution of piﬁ%&%@egqﬁy&my BARHORRSEY G A &4/ gy bvér oo hRIFRERAT S the temperature
between 15 alestABed il BslGMPRSRIUS WascimaipiTed f@0as/edrE398aln eH,dyinphehich time a

white precipitate was formed. The reaction mixture was further cooled to, 3-4 C, the EEOdUCt collected

by filtration, AFRFHRESTROEYHRAY AR SEEd 30T, HRETHBHE APTvel GReitrredn i g3fle titie
compound (18dn (RS0 WwitB4AMab1250a3hdd e ehastataniacitubie il tHad) maldivas/getermined to
be > 99% d.e. by HPLC using a chiral column. IHNMR (CDC13, 400 MHz): 8 1.0_%1, 611), 1.2 (dd, 6H),
2.1 (m, 1H), SW5%As Ng250- (HMter spmorap qfsofyent ieeeup the rsidue geas sified by ‘s 05 (d, 4H).

Example 82: fhtbiasinabdrddtl ol spiuataaowiaxnisahutoitvlembon yipnimel< 35lddpasdaroohenyn
-butanoic Acid (10429%9% a 3 L three necked round bottom flask fitted with a mechanical stirrer,

temperature FSb¥ B9 st Acridewnbexanele elfrts (s profue! s ipreianatsdrad S g, 146
nunol), THF 400 b9 dRREEWBIREEIQDMLY, TR SUsPRIIRACTRSISiDRcRdRT & Nitrpgan atmosphere

at 18-20C for 4 h. The reaction became homogenous in 30 min. The THE was removed in vacua and

the reaction RfRikEWER dilheaSditmnidind @rdidHa Rt (&dsh hD) art? WashBd 4 (RHC1 (1 x
500 mL) and wpterdg k2Q01m.) 6T hie @raanicphage 2as pepiatash ands ans i ateshinsvacuo to leave
a white solid. The §oliglbwas g?}r’?ﬁed t@ flzg chrgghpathc%?aphy:%?é(%!)@g silica gel; eluting with 20%
acetone in h%ﬁ’é) to afford the product (50 g, 125 mmol, 90% yield) as a white solid. Crystallization

from either an acete chB¥RHBIRRHIPOCEINHBERIAIR SOBRIARGITHY WRAierad Medije compound
(104) (50 g, 125 mmol, 90% yield) as a white solid. The cliastereomeric pug%/i of the product was

determined t§besogndthengddiporaf amgrausiiaicOlairariva rithequiprtien fanbOvmig):

The solvent was removed by lyophilization to afford the title compound (33).
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8 0.89 (m, 6H), 1.15 (m, 6H), 1.94 (m, 1H), 2.52 (m, 1H), 2.58 (dd, 1H), 2.78 (dd, 111), 3.28 (m; 2H),
3.49 (m, 111), 4.68 (t, 1H), 6.48 (d, 111), 7.10 (d, 2H), 7.24 (d, 2H). MS (ESI) nez 398.14 (M-H)-.
Example 83; S&yntohesbs of Sodium 4-f il S)-I.sobu. tan oyl oxyis obu torsi carW%mmH@R)-@-c hlo
rop henyl) - ANGAL {5 )  The carboxylic acid (101) was converted to the sodium salt by
dissolution in MeCN and then_additi nj)é agueous NaHCO3 (1 eq,), with sonication for 15 min. The
solvent was removed by lyop ﬁ?gﬂgﬁ affiz At LGRS PR 00 of acetone / hexane, ethyl
acetate/heptane, 4Hiff1s3{Isaba andyledivethibexleiitboinsnine} ABMEEH dhb Holgheaylpound (92) as a
white crystalline solid. 111 NMR. (CD30D, 400 MHz ;tS 0 (d, 611), 1.14 (d, 3H), 1.15 (d, 311), 1.91
(m, 111), 2.40 (m, 111), 2.52 (m, 211), 3.30 M—%&% —o4t(d, 1H), 7.22 (s, 411). MS (ESI) nth 398.08
(M-Na). Example 84: Standard Methods for Determination of Enzymatic Cleavage of Prodrugs in Vitro
The stabilities of prodrugs were evaluated [#1 one qr n} re.in yitro systems using a variety of tissue
preparations following methods known in é’%ﬁ‘.' al stability of prodrugs in aqueous butters
at pH's of 2.0, A4[¢18)-8s0butsa aftaivegiiaiddnlianias MER)qitaliletoiben ehrbmgined sources (e.g.,
Pel-Freez Biologicals, Rogers, AR, or GenTest Cqrpgration, Woburn, MA). Experimental conditions
used for the in vitro studies are described in Ta: w. Each preparation was incubated with test
compound at 37C faoame lntion (@S y&E0:A41L]-wetkylpeanayed-ah© (M) agd K67aimat)dmuenched

LOMSIMS (S R TAE b G B A SRR L ET) TS o AL B Ubie enzymes
(e.g., peptidaserlietq). 16 malshawkaessh i vidintyhivientiatpyriditle (6 pigjitesimomiine:

Pancreatin Stability: Stability studies were conducted hy incubating prodrug (5 uM) with 1 % (w/v)
pancreatin (AR BRI SHED A Criadyin B 65 AT HELH BRI A 0.5 M Nacl (o1

7.5) at 37 C femperanife dVardiphctiahevaactiopatsiiyg aadifien addedctmasmigiethanol. After
centrifugation at 14,000 rpm fqr 10 min, the, supernatan s removed and analyzed by LC/MS/MS.
Caco-2 Hom%%%%’@ﬁﬁ?ﬁ?:hé%ﬁ@g&g%w oivﬁm%ﬁsgoﬁ?WS%i@@ﬁng. Culture
medium was(2eomenedipasdcelbhyaniaye(s yveteninseCIe seepie] afhiteteads10 mM sodium
phosphate/0.15 otassium chloride, pH 7.4, Cells were lys sonication at 4C _using a probe
sonicator. LM%&E%@&%B‘M%%F&%& |ﬁﬁ‘fl§‘¢ﬁ§\%%1§%§€1m%@sﬁﬁ TEREFUGEY at 9000 g for
20 min at 4ACwitheviesiiitng sypenalH (Orcoidteel fidmogeaivieidSdtatswamdvasn|igusted into 0.5

inL vials and stored at -80C until used.  For stability studies, prodrug (5 uM) was incubated in
Caco-2 hom8Geh R HUEIRYS M &%iﬁ%@??ﬂ%@%’ﬁ%&%ﬁ@?@%%mﬁfﬁons of intact

prodrug and fijeasesheanlefeneis SeISPRGARIZO DNV a5 dfifRdiswmiRmH8I(R5)-2AFS/MS. Data
from these studies is summarized in Table 2, Table 1. Standard Conditions for Prodrug In Vitro
Metabolism S&dléLopre B CDCls, 400 MHz): 5 1.06 (d, 3H), 1.12 (d, 3H), 1.32 (4, 3H),

2.60 (m, 1H), 2.75 (m, 2H), 3.29 (m, 2H), 3.4 (m, 1H), 5.13 (q, 1H), 7.13 (m, 2H),
7.26 (m, 2H). MS (ESI) m/z 354.10 (M-HY.

Step B: Synthesis of Sodium

4-{[(1S)-Isobutanoyloxyethoxy]carbonylamino}-(3R)-(4-chlorophenyl)-butanoate
(34)
~ To a solution of compound (35) (179 mg, 0.503 mmol) in CH,Cl, (5 mL) at 0
°C was added NaHCOj3 (42 mg, 0.503 mmol) and m-chloroperbenzoic acid (174 mg,

1.00 mmol). The resulting suspension was stirred at 0 °C to room temperature for 24
h, then an additional aliquot of m-chloroperbenzoic acid (174 mg, 1.00 mmol) was
added to the reaction. The mixture was allowed to stir at room temperature for a
further 24 h, then diluted with CH,Cl,, filtered through a pad of Celite, and the filtrate
washed with water and brine, then.dried over anhydrous Na,SQ4. After filtration and '

removal of the solvent in vacuo, the crude product was purified by preparatory
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Substrate Concentration Cofactors Rat Plasma 2.0 uM None Human Plasma 2.0 p.M None Rat Liver
89 (0.5 mg/mL) 2.0 RM NADPH* Human Liver S9 (0 5 mg/mL)

WO 2005/019163 PCT/US2004/027330

LC/MS to afford the product in its protonated acid form as a single diastereomer (24
mg, 14%). "H NMR (CDCls, 400 MHz): & 1.15 (d, 6H), 1.40 (d, 3H), 2.51 (hept,
1H), 2.59 (dd, 1H), 2.70 (dd, 1H), 3.30 (m, 2H), 3.50 (m, 1H), 4.94 (br. s, 1H), 6.72
(q, 1H), 7.12 (d, 2H), 7.26 (d, 2H). MS (ESI) m/z 370.15 (M-H)".

The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCO; (1 equiv.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (34).

Example 31: Benzyl
-4-{(1-Pivaleylethoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butanoate (35)
To a stirred solution of compound (28) (500 mg, 1.22 mmol) in THF (5§ mL)
was added pivalic acid (1.24 g, 12.1 mmol) and N-methylmorpholine (0.7 mL, 6.05

mmol), and the resulting reaction mixture was stirred at 50 °C for 48 hours. The

reaction mixture was diluted with ethyl acetate, washed successively with water, 10%
aqueous NaHCO; solution and brine, then dried over anhydrous Na,SO4. After
removal of solvent in vacuo, the residue was purified by flash chromatography on
silica gel, eluting with a gradient of 5-10% ethyl acetate in hexane to afford the title
compound (35) as a pair of diastereomers (252 mg, 44%). '"H NMR (CDCl3, 400
MHz): 61.15 (s, 3H), 1.17 (s, 6H), 1.40 (q, 3H), 2.62 (dd, 1H), 2.74 (dd, 1H), 3.25
(m, 2H), 3.46 (m, 1H), 4.82 (br.t, 1H), 4.99 (s, 2H), 6.71 (m, 1H), 7.29-7.07 (m. SH).

Example 32: Sodium

4-[( 1-Pivaloylethoxy)carbonvlamino]—(3R)-(4-chlorophenyl)-butanoate 30

Following the procedure of Example 6 and replacing compound (9) with
compound (35), the product in its protonated acid form was obtained as a pair of
diasteromers in 76% yield. 'H NMR (CDCls, 400 MHz): & 1.16 (s, 3H ), 1.18 (s,
6H), 1.40(d, 3H), 2.59 (dd, 1H), 3.31 (m, 2H), 3.48 (m, 1H), 3.70 (dd, 1H), 4.82 (m,
1H), 6.70 (m, 1H), 7.12 (d, 2H), 7.26 (d, 2H). MS (ESI) m/z 384.18 (M-H)".

The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCOs (1 eq.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (36).
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2.0 p.M NADPH*Humarrfritestime59(0:50/rnL) 2.0 uM NADPH* Carboxypeptidase A (10 units/mL)
2.0 p.M None Caco-2 Homogenate 5.0 pM

WO 2005/019163 PCT/US2004/027330

Example 33: Benzyl
4-[(1-Cyclohexvlcarbonvloxvethoxy)carbonylamino]~(3R)-(4-chlorophenyl)-
) butanoate (37)
To a stirred solution of compound (28) (500 mg, 1.22 mmol) in THF (5 mL)

was added cyclohexanecarboxylic acid (1.56 g, 12.14 mmol) and
N-methylmorpholine (0.7 mL, 6.05 mmol), and the resulting reaction mixture was
stirred at 45 °C for 48 hours. The reaction mixture was diluted with ethyl acetate,
washed successively with water, 10% aqueous NaHCOj3 solution and brine, then dried
over anhydrous Na,SO,. After removal of solvent in vacuo, the residue was purified
by flash chromatography on silica gel, eluting with a gradient of 5-10% ethyl acetate
in hexane to afford the title compound (37) as a pair of diastereomers (348 mg, 57%).
'H NMR (CDCls, 400 MHz): & 1.22 (m, 3H), 1.39 (m, 5H), 1.61 (m, 1H), 1.72 (m,
2H), 1.85 (m, 2H), 2.24 (m, 1H), 2.62 (dd, 1H), 2.73 (dd, 1H), 3.30 (m, 2H), 3.46 (m,
1H), 4.90 (br. m, 1H), 4.98 (s, 2H), 6.73 (m, 1H), 7.07-7.28 (m, 9H).

Example 34: Sodium
4-[(1-Cyclohexylcarbonyloxyethoxy)carbonylamino]-(3R)-(4-chlorophenyl)-
butanoate (38)

Following the procedure of Example 6 and replacing compound (9) with

compound (37), the product in its protonated acid form was obtained as a pair of
diasteromers in 38% yield. 'H NMR (CDCls, 400 MHz): 6 1.24 (m, 3H), 1.40 (m,
5H), 1.63 (m, 1H), 1.74 (m, 2H), 1.86 (m, 2H), 2.27 (m, 1H), 2.59 (dd, 1H), 2.70 (dd,
1H), 3.31 (m, 2H), 3.48 (m, 1H), 4.79 (br. d, 1H), 6.72 (q, 1H), 7.11 (d, 2H), 7.25 (d,
2H). MS (ESI) m/z 410.21 (M-H)".

The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCO?3 (1 eq.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (38).

Example 35: Benzyl
4-[(1-Benzoyloxyethoxy)carbonylamino]-(3R)~(4-chlorophenyl)-butanoate (39)

Following the synthesis procedure for compound (37) and replacing

cyclohexanecarboxylic acid with benzoic acid, the title compound (39) was obtained

as a pair of diastereomers in 69% yield. "H NMR (CDCl,, 400 MHz): & 1.54 (q, 3H),
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None Pancréaun 5.0 uM None *NADPH generating system, e.g., 1.3 mM NADP+, 3.3 n-1191
glucose-6-phosphate, 0.4 U/mL glucose-6-phosphate dehydrogenase, 3.3 mM magnesium chloride
and 0.95 mg/nil potassium phosphate, pH 7.4. Table 2. % of Proclrug Remaining / % of Baclofen
Released frevp BaslofersProdrugs after 60 min. in Various Tissue PreparatR§iigUS2004(427$34.4) (16) (18)
(20) (23)

2.62 (m, 1H), 2.74 (dd, 1H), 3.31 (m, 2H), 3.48 (m, 1H), 4.92 (br. s, 1H), 4.97 (s, 2H),

7.01 (q, 1H), 7.27-7.05 (m, 10H), 7.39 (m, 2H), 7.52 (m, 1H), 7.98 (m, 2H).

Example 36: Sodium
4-[(1-Benzoyloxyethoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butanoate (40)

Following the procedure of Example 6 and replacing compound (9) with
compound (39), the product in its protonated acid form was obtained as a pair of
diésteromers in 74% yield. 'H NMR (CDCls, 400 MHz): § 1.56 (t, 3H), 2.59 (m,
1H), 2.71 (m, 1H), 3.33 (m, 2H), 3.49 (m, 1H), 7.01 (q, 1H), 7.10 (d, 2H), 7.25 (dd,
2H), 7.42 (t, 2H), 7.55 (t, 1H), 8.02 (t, 2H). MS (ESI) m/z 404.17 (M-H)'.

The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCO?3 (1 eq.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (40).

Example 37: Benzyl

4-[(1-Benzbvloxvisobutoxv)carbonvlaminLo]-BR)-(4-chlorophenvl)—butanoate
-@n
To a stirred solution of compound (21) (0.634 g, 1.45 mmol) in THF (5 mL)
was added benzoic acid (1.76 g, 14.5 mmol) and N-methylmorpholine (0.73 g, 7.23

mmol), and the resulting reaction mixture was stirred at 50 °C for 48 hours. The

reaction mixture was diluted with ethyl acetate, washed successively with water, 10%
aqueous NaHCO; solution and brine, then dried over anhydrous Na;SOy4. After
removal of solvent m vacuo, the residue was purified by flash chromatography on
silica gel, eluting with a gradient of 5%-10 ethyl acetate in hexane to afford the title
compound (41) as a pair of diastereomers (0.59 g, 45%). 'H NMR (CDCls, 400
MHz): § 1.02 (m, 6H), 2.10 (m, 1H), 2.63 (m, 1H), 2.74 (m, 1H), 3.32 (m, 2H), 3.49
(m, 1H), 4.79 (t, 1H), 4.98 (d, 2H), 6.78 (t, 111), 7.07 (d, 2H), 7.18 (m, 4H), 7.27 (m,
3H), 7.40 (m, 2H), 7.56 (m, 1H), 8.01 (t, 2H).
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Example 38: Sodium
4-[(1 -Benzoyloxyisobutoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butanoate

42)

Following the procedure of Example 6 and replacing compound (9) with

compound (41), the product in its protonated acid form was obtained as a pair of
diasteromers in 59% yield. 'H NMR (CDCls, 400 MHz): & 8.02 (d, 2H), 7.56 (t, 1H),
743 (t, 3H), 7.21 (d, 2H), 7.11 (d, 2H), 6.77 (d, 1H), 4.71 (m, 1H), 3.54 (m, 1H), 3.31
(m. 2H), 2.72 (m, 1H), 2.60 (m, 1H), .2.11 (m, 1H), 1.00 (m, 6H). MS (ESI) m/z
432.25 M-H)".

The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCOs (1 eq.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (42).

Example 39: Sodium

4-[(1-Pivaloyloxyisobutoexy)carbonylamino]-(3R)-(4-chlorophenyl)-butanoate
43)

Step A: 0-(1-Chloroeisobutoxy) S-Ethyl Thiocarbonate (44)
To a stirred solution of ethanethiol (1.23 ml, 16.7 mmol) and triethylamine
(2.93 mL, 21.1 mmol) in CH,Cl; at 0 °C was added 1-chloro-2-methylpropyl
chloroformate (3.0 g, 17.5 mmol). The resulting mixture was stirred for 10 min. at 0

°C, and then the reaction mixture was diluted with CH,Cl,, washed successively with
dilute HCI and brine, then dried over anhydrous Na;SO4. After concentration in
vacuo the crude O-(1-chloroisobutoxy) S-ethyl thiocarbonate (44) was obtained, and
used directly in the next step without further purification. 'H NMR (CDCls, 400
MHz): 6 1.05 (t, 6H), 1.35 (t, 3H), 2.17 (m, 1H), 2.90 (g, 2H), 6.33 (d, 1H).

Step B: 0-(1-Pivaloyloxyisobutoxy) S-Ethyl Thiocarbonate (45)
A mixture of (44) (936 mg, 4.76 mamol), pivalic acid (2.43 g, 23.8 mmol) and

N,N-diisopropylethylamine (2,40 g, 23.8 mmol) was stirred at 75 °C for four days,
and the reaction was judged complete by '"H-NMR. The reaction mixture was cooled
to room temperature and portioned between water and ether, the ether phase was

washed successively with water, aqueous NaHCOs, and brine, then dried over
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anhydrous Na;SOj4. After rotary evaporation, the crude O-(1-pivaloyloxyisobutoxy)
S-ethyl thiocarbonate (45) was obtained in quantitative yield, and used in the next step
without further purification. '"H NMR (CDCls, 400 MHz): § 0.96 (d, 6H), 1.21 (4,
SH), 1.30 (t, 3H), 2.03 (m, 1H), 6.65 (d, 1H).

Step C: (1-Pivaloyloxyisobutoxy) Chloroformate (46)
A solution of (45) (4.76 mmol) in CH,Cl, at 0 °C was treated with sulfuryl

chloride (1.1 mmol) under N> for 10 min, then the reaction mixture was concentrated

to dryness in vacuo to afford the crude chloroformate (46) in quantitative yield, which
used in the next step without further purification. "H NMR (CDCls, 400 MHz):
3 1.00 (d, 6H), 1.20 (d, 9H), 2.143 (m, 1H), 6.54 (d, 1H).

Step D: [(1-Pivaloyloxyisobutoxy)carbonyloxy] Succinimide (47)

To a solution of N-hydroxysuccinimide (1.2 eq.) and pyridine (2.4 eq.) in
CH,C]; at 0 °C was added an equimolar solution of the above chloroformate (46) in
CH,Cl,. The resulting reaction mixture was stirred at 0 °C for 1 h, then was washed
successively with water, dilute HC1 and brine, then dried over Na,SO,. After removal
of the solvent in vacuo, the crude N-hydroxysuccinimidyl carbonate (47) was
obtained in quantitative yield, and was used in the next step without further

purification.

Step E: Sodium
4-[(1-Pivaloyloxyisobutoxy)carbonylamino|-(3R)-(4-chlorophenyl)-butanoate
43)
To a stirred solution of R-baclofen (1g, 4.69 mmol) and NaHCO; (394 mg,
4.69 mmol) in water was added a solution of (47) (4.69 mumol) in acetonitrile. The

resulting reaction mixture was stirred at room temperature for 1 h, then acidified to
pH 5 with 10% HCI, extracted with ethyl acetate, washed with brine, and dried over
anhydrous Na,SOy. The solvent was removed in vacuo to afford the crude product,
which was purified by preparative LC/MS to afford 146 mg of the product in its acid
form. "H NMR (CDCls, 400 MHz): 3 0.88 (m, 6H), 1.15 (d, 9H), 1.92 (m, 1H), 2.54
(m, 1H), 2.67 (m, 1H), 3.27 (m, 2H), 3.42 (m, 1H), 4.83 (t, 1H), 7.08 (d, 2H), 7.21 (d,
2H). MS (ESI) m/z 412.30 (M-H)".
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The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCO;3 (1 eq.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (43).

Example 40: Sodium
4-[(1-Propanoyloxyisobutoxy)carbonylamino}-(3R)-(4-chlorophenyl)-butanoate
(48)

Following the procedures of Example 39 and replacing pivalic acid with
propionic acid in Step B afforded the title compound in its acid form. "H NMR
(CDCl3, 400 MHz): 6 0.90 (m, 6H), 1.14 (t, 3H), 1.96 (m, 1H), 2.33 (m, 2H), 2.64
(m, 1H), 2.72 (m, 1H), 3.52-3.28 (m, 3H), 4.69 (m, 1H), 6.51 (d, 1H), 7.12 (m, 2H),
7.27 (m, 2H). MS (ESI) m/z 384.10 (M-H)".

The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCO; (1 eq.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (48).

Example 41: Sodium
4-](1-Cyclopentylcarbonyloxyisobutoxy)carbonylamino]-(3R)-(4-chlorophenyl)-
butanoate (49)

Following the procedures of Example 39 and replacing pivalic acid with

cyclopentanecarboxylic acid in Step B afforded the title compound in its acid form.
'"H NMR (CDCls, 400 MHz): & 0.91 (m, 6H), 1.53-1.98 (m, 9H), 2.56-2.74 (m, 3H),
3.31 (m, 2H), 3.45 (m, 1H), 4.71 (m, 1H), 6.49 (d, 1H), 7.10 (q, 2H), 7.24 (m, 2H).
MS (ESI) m/z 424.11 (M-H)".

The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCOs (1 eq.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (49).

Example 42; Sodium
4-[(1-Cyclohexylcarbonyloxyisobutoxy)carbonylamino]-(3R)-(4-chlorophenyl)-
butanoate (50)

Following the procedures of Example 39 and replacing pivalic acid with

cyclohexanecarboxylic acid in Step B afforded the title compound in its acid form.
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'H NMR (CDCls, 400 MHz): & 0.89 (m, 6H), 1.22 (m, 3H), 1.40 (m, 25D, 1.61 (m,
1H), 1.70 (m, 2H), 1.89 (m, 3H), 2.27 (m, 1H), 2.58 (m, 1H), 2.70 (m, 1H), 3.29 (m,
2H), 3.23 (m, 1H), 4.73 (br.s, 1H), 6.48 (m, 1H), 7.10 (dd, 2H), 7.24 (dd, 2H). MS
(ESI) m/z 438.14 (M-H)".

The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCO; (1 eq.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (50).

Example 43: Sodium

4-[(2,2-Diethoxypropanoyloxymethoxy)carbonylamino]-(3R)-(4-chlorophenyl)-

butanoate (51)

Step A: Benzyl
4-[(2,2-Diethoxypropanoyloxymethoxy)-carbonylamino]~(3R)-(4-chlorophenyl)-

butanoate (52)
A suspension of compound (8) (230 mg, 0.528 mmol) and cesium
2,2-diethoxypropionate (233 mg, 0.792 mmol) in DMF was stirred at 40 °C for 1 h

then cooled to room temperature. The reaction mixture was partitioned between
ice-water and ethyl acetate, and the organic phase was washed with brine, dried over
anhydrous Na;SO,, and concentrated in vacuo to afford the crude product, which was
purified by chromatography on silica gel, eluting with a mixture of 20% ethyl acetate
in hexane to give the title compound (52). '"H NMR (CDCls, 400 MHz): & 1.18-1.27
(m, 6H), 2.68 (m, 1H), 2.80 (m, 1H), 3.33-3.58 (m, 7H), 4.99 (m, 3H), 5.75 (s, 2H),
7.08-7.29 (m, 9H).

Step B: Sodium
4-j(2,2-Diethoxypropanoyloxymethoxy)-carbonylamino]-(3R)-(4-chlorophenyl)-
butanoate (51)
Following the procedure of Example 6 and replacing compound (9) with (52)
afforded the title compound in its acid form. "H NMR (CDCls, 400 MHz): § 1.20
(t, 6H), 2.59 (dd, 1H), 2.69 (dd, 1H), 3.31-3.61 (m, 7H), 5.15 (m, 1H), 5.76 (s, 2H),
7.11 (d, 2H), 7.26 (d, 2H). MS (ESI) m/z 430.14 (M-H)".
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The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCOs (1 eq.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (51).

Example 44: Sodium

4-[(4-Methoxybenzoyloxymethoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butan

oate (53)
Following the same procedures of Example 39 but replacing

1-chloro-2-methylpropyl chloroformate with chloromethyl chloroformate in Step A
and replacing pivalic acid with p-anisic acid in Step B afforded the title compound in
its acid form. 'H NMR (CDCls, 400 MHz): & 2.60 (dd, 1H), 2.70 (dd, 1H), 3.33 (m,
2H), 3.50 (m, 1H), 3.83 (s, 3H), 5.24 (m, 1H), 5.87 (s, 2H), 6.88 (d, 2H), 7.09 (d, 2H),
7.20 (d, 2H), 7.96 (d, 2H). MS (ESI) m/z 420.11 (M-H)".

The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCO; (1 eq.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (53).

Example 45: Sodium
4-[(Nicotinoyloxymethoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butanoate (54)

Following the same procedures of Example 39 but replacing
1-chloro-2-methylpropyl chloroformate with chloromethyl chloroformate in Step A
and replacing pivalic acid with nicotinic acid in Step B afforded the title compound in
its acid form. "H NMR (CD;0OD 400 MHz): §2.55 (dd, 1H), 2.70 (dd, 1H), 3.29 (m,
3H), 5.90 (s, 2H), 7.19 (m, 5H), 7.55 (dd, 1H), 8.35 (d, 1H), 8.74 (dd, 1H), 9.09 (s,
1H). MS (BSI) m/z 393.11 (M+H)".

The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCO; (1 eq.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (54).
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Example 46: Sodium

4-[(Cyclopentylcarbonyloxymethoxy)carbonylamino]-(3R)-(4-chlorophenyl)-

butanoate (55)

| Following the same procedures of Example 39 but replacing

1-chloro-2-methylpropyl chloroformate with chloromethyl chloroformate in Step A
and replacing pivalic acid with cyclopentanecarboxylic acid in Step B afforded the
title compound in its acid form.

The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCO; (1 eq.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (55). 'H
NMR (CD;0D 400 MHz): 3 1.57-1.88 (m. 8H), 2.54 (m, 1H), 2.72 (m, 2H), 3.29 (m,
3H), 5.61 (q, 2H), 7.23 (m, 4H). MS (ESI) m/z 381.91 (M-H)".

Example 47: Sodium

4-[(2-Furoyloxymethoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butanoate (56)

Following the same procedures of Example 39 but replacing
1-chloro-2-methylpropyl chloroformate with chloromethyl chloroformate in Step A
and replacing pivalic acid with 2-furoic acid in Step B afforded the title compound in
its acid form.

The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCO; (1 eq.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (56). 'H
NMR (CD;OD 400 MHz): & 2.37 (dd, 1H), 2.52 (dd, 1H), 3.29 (m, 3H), 5.77 (q,
2H), 6.61 (d, 1H), 7.20 (m, 4H), 7.23 (d, 1H), 7.76 (d, 1H). MS (ESI) m/z 379.99
(M-H)".

Example 48: Sodium

4-[(2-Thienylcarbonyloxymethoxy)carbonylaminol-(3R)-(4-chlorophenyl)-butan

oate (57)

Following the same procedures of Example 39 but replacing

1-chloro-2-methylpropyl chloroformate with chloromethyl chloroformate in Step A
and replacing pivalic acid with thiophene-2-carboxylic acid in Step B afforded the

title compound in its acid form.
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The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCO; (1 eq.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (57). 'H
NMR (CDs;0D 400 MHz): § 2.39 (dd, 1H), 2.52 (dd, 1H), 3.30 (m, 3H), 5.80 (AB q,
2H), 7.16 (m, 5H), 7.80 (m, 2H). MS (ESI) m/z 419.77 (M+Na)",

Example 49: Sodium

4-[(Phenylacetoxymethoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butanoate
(58)

Following the same procedures of Example 39 but replacing
1-chloro-2-methylpropyl chloroformate with chloromethyl chloroformate in Step A
and replacing pivalic acid with phenylacetic acid in Step B afforded the title
compound in its acid form.

The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCO; (1 eq.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (58). 'H
NMR (CD;OD 400 MHz): & 2.38 (dd, 1H), 2.51 (dd, 1H), 3.29 (i, 3H), 5.61 (AB q,
2H), 7.24 (m, 9H). MS (ESI) m/z 403.91 (M-H)".

Example 50: Sodium
4-[(3-Methylbutanoyloxymethoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butane
ate (59)

Following the same procedures of Example 39 but replacing
1-chloro-2-methylpropyl chloroformate with chloromethyl chloroformate in Step A
and replacing pivalic acid with isovaleric acid in Step B afforded the title compound
in its acid form.

The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCOj (1 eq.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (59). 'H
NMR (CD;0D 400 MHz): & 0.94 (d, 6H), 2.03 (m, 1H), 2.19 (d, 2H), 2.53 (m, 1H),
2.70 (m, 1H), 3.29 (m, 3H), 5.62 (AB q, 2H), 7.23 (m, 4H). MS (ESI) m/z 394.03
(M-+Na)".
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Example 51: Sodium

4-[(Pentanoyloxymethoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butanoate (60

Following the same procedures of Example 39 but replacing
1-chloro-2-methylpropyl chloroformate with chloromethyl chloroformate in Step A
and replacing pivalic acid with valeric acid in Step B afforded the title compound in
its acid form.

The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCQO; (1 eq.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (60). 'H
NMR (CD;0D 400 MHz): & 0.91 (t, 3H), 1.33 (m, 2H), 1.56 (p, 2H), 2.31 (t, 2H),
2.42 (m, 1H), 2.56 (m, 1H), 3.30 (m, 3H), 5.59 (AB q, 2H), 7.22 (m, 4H). MS (ESI)
m/z 394.15 (M+Na)".

Example 52: Sodium
4-[(Cinnamoyloxvmethoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butanoate

(61)

Following the same procedures of Example 39 but replacing

1-chloro-2-methylpropyl chloroformate with chloromethyl chloroformate in Step A
and replacing pivalic acid with cinnamic acid in Step B afforded the title compound in
its acid form.

- The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCO; (1 eq.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (61). 'H
NMR (CD;OD 400 MHz): & 2.39 (dd, 1H), 2.53 (d, 1H), 3.29 (m, 3H), 5.72 (AB q,
2H), 6.49 (d, 1H), 7.21 (m, 4H), 7.31 (m, 3H), 7.61 (m, 2H), 7.72 (d, 1H). MS (ESD)
m/z 440.14 (M+Na)'.

Example 53: Sodium
4-[(3-Phenylpropionovloxymethoxy)carbonvlamino]-(3R)-(4-chlorophenyl)-

butanoate (62)

Following the same procedures of Example 39 but replacing

1-chloro-2-methylpropyl chloroformate with chloromethyl chloroformate in Step A
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and replacing pivalic acid with dihydrocinnamic acid in Step B afforded the title
compound in its acid form.

The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCO; (1 eq.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (62). 'H
NMR (CD;OD 400 MHz): & 2.39 (dd, 1H), 2.52 (dd, 1H), 2.61 (t, 2H), 2.88 (t, 2H),
3.29 (m, 3H), 5.58 (s, 2H), 7.21 (m, 9H). MS (ESI) m/z 442.14 (M+Na)",

Example 54: Sodium

4-[(2-Methylbutanoyloxymethoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butano
ate (63)

Following the same procedures of Example 39 but replacing

1-chloro-2-methylpropyl chloroformate with chloromethyl chloroformate in Step A
and replacing pivalic acid with 2-methylbutyric acid in Step B afforded the title
compound in its acid form.

The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCO; (1 eq.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (63) as a pair
of diasteromers. 'H NMR (CD+0D 400 MHz): & 0.87 (dt, 3H), 1.08 (dd, 3H), 1.44
(m, 1H), 1.60 (m, 1H), 2.36 (m, 2H), 2.50 (m, 1H), 3.29 (m, 3H), 5.60 (AB q, 2H),
7.21 (m, 4H). MS (ESI) m/z 394.04 (M+Na)".

Example 55: Sodium
4-[(1-Cyclopentanecarbonyloxybutoxy)carbonylamino]-(3R)-(4-chlorophenyl)-
butanoate (64)

Step A: 1-Chlorobutyl Chloroformate (65)
To a solution of triphosgene (4.94 g, 16.6 mmol) and n-butyraldehyde (3.0 g,
41.6 mmol) in anhydrous ether (30 mL) at 0 °C was added pyridine (0.67 mL, 8.32
mmol) dropwise. The resulting suspension was stirred at 0 °C for 30 min. The

reaction mixture was filtered through a pad of Celite and the supernatant was

concentrated on a rotary evaporator, affording the title chloroformate (4.38 g, 62%),
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which was used in the next step without further purification. "H NMR (CDCls, 400
MHz): §0.95 (t, 3H), 1.51 (m, 2H), 2.04 (m, 2H), 6.30 (t, 1H).

Step B: O-(1-Chlorobutoxy) S-Ethyl Thiocarbonate (66)
To a solution of ethanethiol (1.8 mL, 24.3 mmol) and triethylamine (4.3 mL,
30.7 mmol) in CHCl, at 0 °C was added chloroformate (65) (4.38 g, 25.6 mmol) in
CH,Cl,. The resulting reaction mixture was stirred for 10 min at 0 °C, then was

washed successively with water, dilute HC] and brine. The organic phase was dried
over anhydrous Na,SOy4. After concentration in vacuo the crude O-(1-chlorobutoxy)
S-ethyl thiocarbonate (66) (3.99 g) was obtained, and used directly in the next step
without further purification. '"H NMR (CDCls, 400 MHz): & 0.96 (t, 3H), 1.34 (t,
3H), 1.50 (m, 2H), 2.00 (m, 2H), 2.90 (m, 2H), 6.47 (t, 2H).

Step C:0-(1-Cyclopentanecarbonyloxybutoxy) S-Ethyl Thiocarbonate (67)
A mixture of (66) (1.33 g, 6.76 mmol) and cyclopentancarboxylic acid (1.30 g,

10.1 mmol) was stirred at 75 °C for five days. The reaction was then cooled to room
temperature and partitioned between water and ether. The ether layer was washed
with brine, dried over anhydrous Na,SO,. Filtration then removal of the solvent by
rotary evaporation gave the title thiocarbonate (67) (1.62 g, 86%). 'H NMR (CDCls,
400 MHz): & 0.95 (t, 3H), 1.20-1.85 (m, 15H), 2.68 (m, 1H), 2.82 (m, 2H). 6.84 (t,

1H).

Step D: [(1-Cyclopentanecarbonyloxybutoxy)carbonyloxy] Succinimide (68)
A solution of (67) (1.83 g, 6.34 mmol) in CH,Cl; at 0 °C was treated with

sulfuryl chloride (0.62 mL, 7.61 mmol) under N, for 10 min, then the reaction mixture

was concentrated to dryness in vacuo to afford crude
(1-cyclopentanecarbonyloxy-butoxy) chloroformate in quantitative yield. The
chloroforimate was dissolved in CH,Cl,, and was added to a mixture of
N-hydroxysuccinimide (1.09 g, 9.51 mmol) and pyridine (1.28 mL, 15.8 mmol) in
CHQClz at 0 °C. The reaction mixture was stirred at 0 °C for 1 h, then was washed
with water, dilute HCI and brine and dried over Na,SO,. After removal of solvent in
vacuo the title N-hydroxysuccinimidyl carbonate (68) was obtained in quantitative

yield, and was used in the subsequent step without further purification.
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Step E: Sodium
4-[(1-Cyclopentanecarbonyloxybutoxy)-carbonylamino]-(3R)-(4-chlorophenyl)-
| butanoate (64)
To a solution of R-baclofen (644 mg, 3.02 mmol) and NaHCO; (323 mg,

3.848 mmol) in water at room temperature was added a solution of (68) (900 mg,

2.749 mmol) in acetonitrile. The resulting reaction mixture was stirred for 1 h at that
temperature, then was acidified to pH 4 with 10% HCI, and extracted with ethyl
acetate. The combined organic phase was washed with brine and dried over
anhydrous Na,SQ,. Filtration and removal of the solvent in vacuo gave the crude
product, which was purified by preparative LC/MS to afford the acid form of the title
compound as a pair of diastereomers (636 mg, 75%).

. The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(1 mL) and then addition of aqueous NaHCOs (1 eq.) with sonication for 10 min. The
solvent was removed by lyophilization to afford the title compound (64). "H NMR
(CDs0D, 400 MHz): 6 0.92 (m, 3H), 1.36 (m, 2H), 1.56-1.87 (m, 10 H), 2.41 (m,
1H), 2.52 (m, 1H), 2.70 (m, 1H), 3.29 (m, 3H), 6.59 (q, 1H), 7.22 (m, 4H). MS (ESI)
m/z 448.7 (M+Na)*.

Example 56: Sodium
4-[(1-Cyclohexanecarbonyloxybutoxy)carbonylamino]-(3R)-(4-chlorophenyl)-
butanoate (69)

Following the same procedures of Example 55 but replacing
cyclopentanecarboxylic acid with cyclohexanecarboxylic acid afforded the title
compound (69) as a pair of diastereomers (596 mg). 'H NMR (CDs;OD, 400 MHz):
& 0.94 (m, 3H), 1.33 (m, 7H), 1.61-1.83 (m, 7H), 2.26 (m, 1H), 2.41 (m, 1H), 2.51
(m, 1H), 3.30 (m, 3H), 6.59 (m, 1H), 7.21 (m, 4H). MS (ESI) m/z 462.76 (M+Na)".

Example 57: Sodium

4-[(1-Hexanoyloxybutoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butanoate (70)

Following the same procedures of Example 55 but replacing
cyclopentanecarboxylic acid with hexanoic acid afforded the title compound (70) as a

pair of diastereomers (894 mg). 'H NMR (CD;0D, 400 MHz): & 0.92 (m, 6H), 1.31
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(m, 6H), 1.55-1.70 (m, 4H), 2.64 (m, 2H), 2.40 (m, 1H), 2.53 (m, 1H), 3.30 (m, 3H),

6.61 (m, 1H), 7.22 (s, 4H). MS (ESI) m/z 450.76 (M+Na)".

Example 58: Sodium
4-[(1-Benzoyloxybutoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butanoate (71)

Following the same procedures of Example 55 but replacing
cyclopentanecarboxylic acid with benzoic acid afforded the title compound (71) as a
pair of diastereomers (100 mg). "H NMR (CDCl3, 400 MHz): 8 0.71 (m, 3H), 1.14
(m, 2H), 1.48 (m, 2H), 2.72 (m, 2H), 3.35 (m, 2H), 3.50 (m, 1H), 5.32 (br.m, 1H),
6.80 (m, 5H), 7.22 (m, 2H), 7.40 (m, 1H), 7.75 (m, 2H). MS (ESI) m/z 456.10
(M+Na)".

Example 59: Sodium

4-[(1-Isobutanoyloxybutoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butanoate

(12)

Following the same procedures of Example 55 but replacing

cyclopentanecarboxylic acid with isobutyric acid afforded the title compound (72) as
a pair of diastereomers (70 mg). 'H NMR (CDCls, 400 MHz): § 0.92 (m, 3H), 1.14
(m, 6H), 1.35 (m, 2H), 1.68 (m, 2H), 2.48-2.72 (m, 3H), 3.25-3.52 (m, 3H), 4.73 (br.
m, 1H), 6.65 (t, 1H), 7.11 (d, 2H), 7.25 (d, 2H). MS (BSI) m/z 422.14 (M+Na)".

Example 60: Sodium

4-[(1-Butanoyloxybutoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butanoate (73)

Following the same procedures of Example 55 but replacing
cyclopentanecarboxylic acid with n-butyric acid afforded the title compound (73) as a
pair of diastereomers (122 mg). "H NMR (CDCls, 400 MHz): § 0.85 (m, 6H), 1.24
(m, 2H), 1.52 (m, 4H), 2.14 (m, 2H), 2.35 (m, 2H), 3.03-3.23 (2H), 3.35 (m, 1H), 5.40
(br.s, 1H), 6.61 (m, 1H), 6.98 (d, 2H), 7.08 (m, 2H). MS (ESI) m/z 422.14 (M+Na)".

Example 61: Sodium

4-[(1-Acetoxybutoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butanoate (74)

Following the same procedures of Example 55 but replacing

cyclopentanecarboxylic acid with acetic acid afforded the title compound (74) as a
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pair of diastereomers (600 mg). '"H NMR (CD;0D, 400 MHz): 3 0.92 (m, 3H), 1.35
(m, 2H), 1.67 (m, 2H), 1.99 (2s, 3H), 2.55 (m, 1H), 2.70 (m, 1H), 3.29 (m, 3H), 6.60
(q, 1H), 7.25 (m, 4H). MS (ES) m/z 394.20 (M+Na)".

Example 62: Sodium
4-[(1-Propionyloxybutoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butanoate (75)
Following the same procedures of Example 55 but replacing
cyclopentanecarboxylic acid with propionic acid afforded the title compound (75) as a
pair of diastereomers (405 mg). 'H NMR (CDsOD, 400 MHz): & 0.93 (m, 3H), 1.08
(m, 3H), 1.33 (m, 2H), 1.64 (m, 2H), 2.22-2.33 (m, 2H), 2.39 (m, 1H), 2.50 (m, 1H),
2.30 (m, 3H), 6.60 (m, 1H), 7.22 (s, 4H). MS (ESI) m/z 408.11 (M+Na)".

Example 63: Sodium

4-[(1-Cyclohexanecarbonyloxypropoxy)carbonylamino]-(3R)-(4-chlorophenyl)-
butanoate (76)

Following the same procedures of Example 55 but replacing butyraldehyde
with propionaldehyde in Step A and replacing cyclopentanecarboxylic acid with
cyclohexanecarboxylic acid in Step C afforded the title compound (76) as a pair of
diastereomers (700 mg). 'H NMR (CD;OD, 400 MHz): 5 0.87 (m, 3H), 1.25-1.39 (m,
5H), 1.62-1.86 (m, 7H), 2.1-2.54 (m, 3H), 3.29 (m, 3H), 6.51 (m, 1H), 7.21 (m, 4H).
MS (ESI) m/z 448.20 (M+Na)".

Example 64: Sodium
4-[(1-Isobutanoyloxypropoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butanoate
(17)

Following the same procedures of Example 63 but replacing

cyclohexanecarboxylic acid with isobutyric acid afforded the title compound (77) as a
pair of diastereomers (140 mg). 'H NMR (CDs0D, 400 MHz): 6 0.86-0.92 (m, 3H),
1.06-1.13 (m, 6H), 1.69 (m, 2H), 2.36-2.55 (m, 3H), 3.30 (m, 3H), 6.51 (m, 1H), 7.22
(s, 4H). MS (ESD) m/z 408.11 (M+Na)".
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Example 65: Sodium
4-[(1-Butanoyloxypropoxy)carbonylamino}-(3R)-(4-chlorophenyl)-butanoate (78)

Following the same procedures of Example 63 but replacing

cyclohexanecarboxylic acid with n-butyric acid afforded the title compound (78) as a
pair of diastereomers (1.09 g). "H NMR (CDsOD, 400 MHz): § 0.91 (m, 6H), 1.59
(m, 2H), 1.69 (m, 2H), 2.23-2.25 (m, 2H), 2.40 (m, 1H), 2.51 (m, 1H), 3.29 (m, 3H),
6.56 (q, 1H), 7.22 (s, 4H). MS (ESI) m/z 408.73 (M+Na)".

Example 66: Sodium

4-[(1-Propionoyloxvp‘ ropoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butanoate
(719)

Following the same procedures of Example 63 but replacing

cyclohexanecarboxylic acid with propionic acid afforded the title compound (79) as a
pair of diastereomers (100 mg). "H NMR (CD;0D, 400 MHz): § 0.88 (m, 3H), 1.08
(m, 3H), 2.21 (m, 1H), 2.25 (m, 2H), 2.39 (m, 1H), 2.50 (m, 1H), 3.30 (m, 3H), 6.52
(g, 1H), 7.22 (s, 4H). MS (ESI) m/z 394.08 (M-+Na)".

Example 67: Sodium

4-[(1-Pivaloyloxypropoxy)carbonylamino]-(3R)-(4-chlorophenvl)-butanoate (80)

Following the same procedures of Example 63 but replacing
cyclohexanecarboxylic acid with pivalic acid afforded the title compound (80) as a
pair of diastereomers (420 mg). 'H NMR (CD;0D, 400 MHz): § 0.90 (m, 3H), 1.10
(s, 4.5 H), 1.16 (s, 4.5 H), 1.70 (m, 2H), 2.47-2.55 (m, 2H), 3.30 (m, 3H), 6.50 (dt,
1H), 7.22 (s, 4H). (ESI) m/z 422.07 (M+Na)".

Example 68: Sodium

4-[(1-Benzovloxypropoxv)carbonylamino]-(3R)-(4-chlorophenyl)-butanoate (81)

Following the same procedures of Example 63 but replacing
cyclohexanecarboxylic acid with benzoic acid afforded the title compound (81) as a
pair of diastereomers (129 mg). 'H NMR (CD;0D, 400 MHz): § 0.98 (m, 3H), 1.85
(m, 2H), 2.39 (m, 1H), 2.52 (m, 1H), 3.30 (m, 3H), 6.78 (m, 1H), 7.18 (m, 4H), 7.48
(m, 2H), 7.60 (m, 1H), 7.95 (m, 2H). MS (ESI) m/z 442.07 (M+Na)'.
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Example 69: Sodium
4-[(1-Acetoxy-1-cyclohexylmethoxy)carbonylamino]-(3R)-(4-chlorophenyl)-
butanoate (82)

Following the same procedures of Example 55 but replacing butyraldehyde

with cyclohexanecarboxaldehyde in Step A and replacing cyclopentanecarboxylic
acid with acetic acid in Step C afforded the title compound (82) as a pair of
diastereomers (759 mg). "H NMR (CD;OD, 400 MHz): § 0.94-1.28 (m, 4H),
1.60-1.80 (m, 6H), 1.98 (s, 1.5H), 2.01 (s, 1.5H), 2.39 (m, 1H), 2.51 (m, 1H), 3.30 (m,
3H), 6.40 (M, 1H), 7.22 (s, 4H). MS (ESI) m/z 434.73 (M+Na)".

Example 70: Sodium
4-[(1-Propionvloxy-1-cyclohexvlmethoxy)carbonylaminol-(3R)-(4-chlorophenyl)-
butanoate (83)

Following the same procedures of Example 55 but replacing butyraldehyde
with cyclohexanecarboxaldehyde in Step A and replacing cyclopentanecarboxylic
acid with propionic acid in Step C afforded the title compound (83) as a pair of
diastereomers (310 mg). "H NMR (CD;0D, 400 MHz): 4 0.96-1.30 (m, 7H),
1.58-1.80 (m, 6H), 2.24-2.42 (m, 3H), 2.53 (m, 1H), 3.30 (m, 3H), 6.42 (q, 1H), 7.21
(s, 4H). MS (ESI) m/z 448.10 (M+Na)".

Example 71: Sodium
4-[(1-Isobutanoyloxy-1-cyclohexylmethoxy)carbonylamino]-(3R)-
(4-chlorophenyl)-butanoate (84)
Following the same procedures of Example 55 but replacing butyraldehyde

with cyclohexanecarboxaldehyde in Step A and replacing cyclopentanecarboxylic
acid with isobutyric acid in Step C afforded the title compound (84) as a pair of
diastereomers (800 mg). 'H NMR (CDs;OD, 400 MHz): & 0.96-1.28 (m, 10 H),
1.58-1.79 (m, 6H), 2.36-2.54 (m, 3H), 3.30 (w, 3H), 7.21 (s, 4H). MS (ESI) m/z
462.21 (M+Na)*. ‘
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Example 72: Sodium
4-[(1-Butanoyloxy-1-cyclohexylmethoxy)carbonylamino]-(3R)-(4-chlorophenyl)-
butanoate (85)

Following the same procedures of Example 55 but replacing butyraldehyde

with cyclohexanecarboxaldehyde in Step A and replacing cyclopentanecarboxylic
acid with n-butyric acid in Step C afforded the title compound (85) as a pair of
diastereomers (520 mg). 'H NMR (CD3OD, 400 MHz): § 0.92 (m, 3H), 0.98-1.28 (m,
4H), 1.54-1.78 (m, 8H), 2.24 (m, 2H), 2.39 (m, 1H), 2.53 (m, 1H), 3.29 (m, 3H), 6.41
(q, 1H). MS (ESI) m/z 462.06 (M+Na)".

Example 73: Asymmetric Synthesis of Sodium

4-{[(1S)-Butanoyloxybutoxy]carbonylamino}-(3R)-(4-chlorophenyl)-butanoate
(86)

Step A: Synthesis of [( 1S)-Butax_mvlbutoxv]-(4-nitropﬁenvl)-carbonate
(8N
To a solution of (5S)-5-hydroxyoctan-4-one (1.10 g, 7.63 mmol) in CH,Cl,
(50 mL) at 0 °C was added p-nitrophenyl chloroformate (1.90 g, 9.14 mmol), pyridine
(0.98 mL, 12.1 mmol) and 4-dimethylaminopyridine (186 mg, 1.52 mmol). The
resulting mixture was stirred at 0 °C for 1 h then at room temperature overnight. The

reaction mixture was diluted in CH,Cl,, washed excessively with water, dilute HC1
and brine, and dried over anhydrous Na,SO,. Filtration and removal of the solvent in
vacuo afforded the crude carbonate, which was purified by chromatography on silica
gel, eluting with 5% ether in hexane to afford the title compound (87) (1.45 g, 65%).
'H NMR (CDCls, 400 MHz): 5 0.94 (t, 3H) 0.99 (t, 3H), 1.51 (hex, 2H), 1.66 (hex,
2H), 1.85 (m, 2H), 2.48 (m, 2H), 5.03 (AB q, 1H), 7.03 (d, 2H), 8.26 (d, 2H).

Step B: Synthesis of
4-{[(1S)-Butanoylbutoxv]carbonylamino}-(3R)-(4-chlorophenyl)-butanoic Acid

(88)
To a stirred suspension of R-baclofen (1.0 g, 4.69 mmol) in CH,Cl, (50 mL) at
0 °C was added triethylamine (2.4 mL, 18.76 mmol) and TMSC1 (1.19 mL, 9.38

mmol). The resulting reaction mixture was stirred at 0 °C for 15 min. Then, to the
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suspension was added a solution of compound (87) (4.7 mmol) in CH,Cl;, (5 mL) and
the resulting reaction mixture stirred at room temperature for 5 h. The mixture was
diluted with CH,Cl,, washed with ice-cold dilute HCI and brine, and dried over
anhydrous Na;SOs4. The solvent was removed in vacuo to afford the crude product,
which was purified by chromatography on silica gel, eluting first with pure CH,Cl, to
remove p-nitrophenol, and then with 20% ethyl acetate in CH,Cl, to afford the
carbamate compound (88) (1.20 g, 67%). 'H NMR (CDCls, 400 MHz): & 0.90 (m,
6H), 1.33 (m, 2H), 1.60 (m, 4H), 2.39 (m, 2H), 2.58 (m, 1H), 2.71 (m, 1H),
3.3.25-3.50 (m, 3H), 4.90 (AB q, 1H), 5.06 (t, 1H), 7.13 (d, 2H), 7.26 (d, 2H).

Step C:
4-{[(1S)-Butanoyloxybutoxy]carbonylamino}-(3R)-(4-chlorophenyl)-butanoic
Acid (89)

To a stirred suspension of urea-hydrogen peroxide (1.43 g, 15.2 mmol) in
CH,CI, (30 mL) at 0 °C was added carbamate (88) (417 mg, 1.09 mmol) in CH,Cl; (5
mL), followed by dropwise addition of triflucroacetic anhydride (1.06 mL, 7.60
mmol). The resulting reaction mixture was stirred at 0 °C and quenched after 5 h.

The reaction mixture was washed with water and brine, then dried over anhydrous
Na,SO;, to afford the crude product, which was purified by preparative LC/MS to
afford the title compound (89) (189 mg, 43.5%) as a single diastereomer (as
determined by chiral LC/MS). "H NMR (CDCl;, 400 MHZ): § 0.92 (m, 6H), 1.38 (m,
2H), 1.65 (m, 4H), 2.28 (t, 2H), 2.59 (dd, 1H), 2.70 (dd, 1H), 3.29 (m, 2H), 3.50 (m,
1H), 4.78 (br. m, 1H), 6.67 (t, 1H), 7.11 (d, 2H), 7.26 (d, 2H). MS (ESI) m/z 398.14

Step D: Sodium
4-{[(1S)-Butanoyloxybutoxy]carbonylamino}-(3R)-(4-chlorophenyl)-butanoate
(86)
The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCOj (1 eq.) with sonication for 10 min.

The solvent was removed by lyophilization to afford the title compound (86).
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Example 74: Asymmetric Synthesis of Sodium

| 4-{[(1R)-Butanoyloxyisobutoxy]carbonylamino}-(3R)-(4~chlorophenyl)-

butanoate (90)

Following the procedures of Example 73 but replacing
(5S)-5-hydroxyoctan-4-one with (3R)-3-hydroxy-2-methylheptan-4-one, the free acid
form of the title compound was obtained as a single diastereomer (158 mg, 23%). 'H
NMR (CDCl3, 400 MHz): 8 0.91 (m, 9H) 1.63 (hept, 2H), 1.94 (m, 2H), 2.29 (t, 2H),
2.60 (dd, 1H), 2.71 (dd, 1H), 3.30 (m, 2H), 3.51 (m, 1H), 4.70 (t, 1H), 6.51 (d, 1H),
7.12 (d, 2H), 7.26 (d, 2H). MS (ESI) m/z 398.14 (M-H)".

The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCO; (1 eq.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (90).

Example 75: Asymmetric Synthesis of Sodium
4-{[(1S)-Isobutanoyloxybutoxy]carbonylamino}-(3R)-(4-chlorophenyl)-butanoate
1)

Following the procedures of Example 73 but replacing
(5S)-5-hydroxyoctan-4-one with (4S)-4-hydroxy-2-methylheptan-3-one, the free acid
form of the title compound was obtained as a single diastereomer (20 mg, 7%). 'H
NMR (CDCl3, 400 MHz): 6 0.93 (t, 3H), 1.16 (m, 6H), 1.34 (m, 2H), 1.68 (m, 2H),
2.52 (m, 1H), 2.58 (dd, 1H), 2.71 (dd, 1H), 3.30 (m, 2H), 3.52 (m, 1H), 4.70 (t, 1H),
6.67 (t, 1H), 7.12 (d, 2H), 7.26 (d, 2H). MS (ESI) m/z 398.14 (M-H)".

The carboxylic acid was converted to the sodium salt by dissolution in MeCN

(0.5 mL) and then addition of aqueous NaHCO3 (1 eq.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (91).

Example 76: Asymmetric Synthesis of Sodium
4-{[(1S)-Isobutanoyloxyisobutoxy]carbonylamino}-(3R)-(4-chlorophenyl)
-butanoate (92)
Following the procedures of Example 73 but replacing
(5S)-5-hydroxyoctan-4-one with (4S)-2,5-dimethyl-4-hydroxyhexan-3-one, the free

acid form of the title compound was obtained as a single diastereomer (8.0 mg, 2%).

'H NMR (CDCL, 400 MHz): & 0.89 (m, 6H), 1.15 (m, 6H), 1.94 (m, 1H), 2.52 (m,
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1H), 2.58 (dd, 1H), 2.78 (dd, 1H), 3.28 (m, 2H), 3.49 (m, 1H), 4.68 (t, 1H), 6.48 (d,
1H), 7.10 (d, 2H), 7.24 (d, 2H). MS (EST) m/z 398.14 (M-H)".

The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCOs (1 eq.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (92).

Example 77: Synthesis of 0-(1-Isobutanoyloxyisobutoxy) .S-Methyl
Thiocarbonate (93)

Step A: 0-(1-Chloroisobutoxy) S-Methyl Thiocarbonate (94)
A solution of 1-chloro-2-methylpropy! chloroformate (1026 g, 6.0 mol) and

tetrabutylammonium hydrogensulfate (20 g, 60 mmol) in dichloromethane (1500 mL)
in a jacketed 10 L reactor equipped with a mechanical stirrer, temperature probe, and
addition funnel was cooled to 10°C. To the reaction mixture was gradually added a
15% aqueous solution of sodium methylthiolate (3 L, 6.4 mol) over 4 h. The reaction
was moderately exothermic and the internal temperature was maintained between 10
and 20°C during the addition. The aqueous phase was separated and the organic
phase was washed with brine (2 x 2 L) and water (2 L). The organic layer was dried
over anhydrous Na,;SO,, filtered, and concentrated under reduced pressure to afford
the title compound (94) (1050 g, 5.76 mol, 96%) as a colorless liquid. "H NMR
(CDCls, 400 MHz): & 1.1 (dd, 6H), 2.2 (m, 1H), 2.4 (s, 3H), 6.35 (d, 1H).

Step B: Tetramethylammonium Isobutyrate (95)
To a 20 L round bottom flask was added isobutyric acid (1300 mL, 14 mol),

and an aqueous solution of 25% tetramethylammonium hydroxide (5 L, 14 mol). The

water was removed under reduced pressure, and azeotroped with toluene (2 x 2 L) to
leave the product (95) as an amber liquid, which was used without further

purification.

Step C: O-(1-Isobutanoyloxyisobutoxy) S-Methyl Thiocarbonate (93)
To a 3 L three neck round bottom flask equipped with a mechanical stirrer and

teflon-coated thermocouple was added (95) (1672 g, 9 mol), isobutyric acid (264 g,
1.5 mol), and (94) (1050 g, 5.76 mol). The reaction mixture was heated to 80°C for
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12 h, monitoring the reaction progress by 'H NMR. The reaction mixture was cooled
to 20°C, diluted with EtOAc (1 L) and washed with water (2 x 1 L), saturated
NaHCO; (1 x 2 L) and water (1 L). The organic phase was separated and
concentrated under reduced pressure to afford the product (93) (905 g, 3.9 mol, 65%)
as a colorless liquid. 'H NMR (CDCls, 400 MHz): § 1.0 (d, 6H), 1.2 (dd, 6H), 2.05
(m, 1H), 2.35 (s, 3H), 2.6 (m, 1H), 6.7 (d, 1H).

Example 78: Synthesis of
(1R)-1-[((3S.45)-2,5-Dioxo-3.4-dibenzoyloxypyrrolidinyl)-oxvcarbonyloxy]-2-met

hylpropyl 2-methylpropanoate (96)

Step A: (35.45)-2,5-Dioxo-3.4-dibenzoyloxy-3.,4-dihydrofuran (97)
A suspension of 2,3-dibenzoyl-D-tartaric acid (100 g, 279 mmol) in acetic
anhydride (300 mL) was stirred at 85 °C for 2h then the reaction mixture allowed to

cool to room temperature. The crystalline product was collected by filtration, washed
with a mixture of ether and hexane (1:1) and dried under vacuum to afford the title
compound (97) (80 g, 84%). 'H NMR (CDCls, 400 MHz):  5.99 (s, 2H), 7.50 (m,
4H), 7.66 (m, 2H), 8.07 (m, 4H).

Step B: 1-Hydroxy-(3S.,45)-2.5-Dioxo-3.4-dibenzoyloxypyrrolidine (98)

To a suspension of (97) (60 g, 176 mmol) in a mixture of acetonitrile and

water (8:1, 400 mL) at 0 °C was added a 50% aqueous solution of hydroxylamine
(13.0 mL, 211 mmol). The resulting suspension was stirred overnight at room
temperature to obtain a clear solution. The bulk of the acetonitrile was removed by
rotary evaporation and the residue was portioned between ethyl acetate and water.
The organic phase was washed successively with water and brine, dried over
anhydrous Na;SO4 and concentrated in vacuo to afford the intermediate,
2,3-dibenzoyloxy D-tartaric acid mono-hydroxamate. This compound was suspended
in toluene heated under reflux for 2h, then cooled to room temperature to form a
crystalline solid. The product was collected by filtration, washed with a mixture of
ether and hexane (1:1), and dried under vacuum to afford the title compound (98) (58
g, 93%). 'H NMR (CDCls, 400 MHz): & 6.06 (s, 2H), 7.50 (t, 4H), 7.65 (dt, 2H), 8.06
(m, 4H). MS (ESI) m/z 354.00 (M-H)".
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Step C:
(1R)-1-[((3S.,4S)-2,5-Dioxo-3.4-dibenzoyloxypyrrolidinyl)-oxycarbonyloxy
|-2-methylpropyl 2-methylpropanoate (96)

To a stirred solution of compound (98) (35 g, 98.6 mmol) and thiocarbonate
(93) (34.6 g, 148 mmol) in dichloromethane at 0 °C was dropwise added a 32%

solution of peracetic acid (300 mmol) in acetic acid over 2 h. The reaction
temperature was kept below 35 °C during the addition of peracetic acid. After the
addition was complete, the reaction mixture was stirred overnight at room
temperature. The resulting white precipitate was filtered and washed successively
with water, and a mixture of ether and hexane (1:2), then dried under vacuum to
afford the crude title compound. This product was crystallized once from a mixture
of ethyl acetate and hexane (1:1) to afford the title compound (96) (13.7 g, 25%). The
diastereomeric purity of the product was determined to be 98.4% d.e. by HPLC using
a chiral column. 'H NMR (CDCl;, 400 MHz): & 1.06 (d, 6H), 1.22 (d, 3H), 1.22 (d,
3H), 2.20 (m, 1H), 2.64 (hept. 1H), 6.01 (br. s, 2H), 6.64 (d, 1H), 7.47 (m, 4H), 7.63
(m, 2H), 8.07 (m, 4H).

Example 79: Synthesis of
4-{[(1R)-Isobutanoyloxyisobutoxy]carbonylamino}-(3R)-(4-chlorophenyl)
-butanoic Acid (99)
To a stirred suspension of (96) (11.7g, 21.7 mmol) in a mixture of THF and
water (10:1) (220 mL) at room temperature was added R-baclofen (4.78 g, 22.5

mmol). The resulting reaction mixture was stirred until the suspension became a clear
solution (ca. 2 h) then was concentrated in vacuo to remove most of the solvent. The
residue was partitioned between ether and water, the ether layer was washed with
water and brine, and dried over anhydrous Na,SO,4. After filtration and concentration
in vacuo, the crude product was obtained and then purified by flash-chromatography
on silica gel, eluting with a gradient of 10-20% acetone in hexane. Crystallization
from an acetone / hexane mixture afforded the title compound (99) (8.22 g, 95%
yield). The diastereomeric purity of the product was determined to be 99.9% d.e. by
HPLC using a chiral column. 'H NMR (CDCls, 400 MHz): § 0.95 (d, 6H), 1.17 (d,
3H), 1.18 (d, 3H), 1.99 (m, 1H), 2.55 (hept. 1H), 2.64 (dd, 1H), 2.76 (dd, 1H), 3.40
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Stewart, et al.;Pharr!. Res., 1995, 12, 693). For example, cellular permeability may be evaluated by

examining t fI r ros rg@i nﬂ,@/eﬁgse §1 -2 cells). Caco-2
cells obtaine C%E?\Er@ %53 c igirgl( giﬁéiﬂg &lt’h 28?@@% se @1 density onto
Transwell pcﬂ98&§r%6ﬁalﬁ filters. Cells were maintained with DMEM / 10% fetal calf serum + 0.1 niM
nonessential amino acids + 2 mM L-GIn, 5% CO2/ 95% 02, 37C until the day of the experiment.
Permeability studies were conducted at pH 6.5 apically (in 50 mM MES buffer containing 1 mM
CaC12, linM MgC12, 150 inM Nacﬂammmmmm&MS mM glucose) and pH 7.4
basolaterally (in 2 3 ) ) {he presance of efflux
pump inhibitors (25C T %EM placed in 12 or
24 well plates containing buffer and mcubatd!mmm 37C. Prodrug (200 p.M) was added to the

apical or basolaterallh%om 8&;&%@ tfﬁ@?o(afilﬁfpgam%}?qg&rlﬁﬁh% ed parent drug

in the opposite compartment recerve ere etermrne at intervals over’1 hour using LC/MS/MS.

Values of apfkﬂ&@ﬂ(@érmbhmdﬂ@amnmmﬁmwg@ﬂm ﬂieeéduﬁﬂbnomaymn f¢r (dfCrdt)/ /(AC.)
Here V, is thgYolyng 9 %g?\{'g %%gﬂgﬁg%fzgh%%da%ﬁh'%@ﬁt )étﬂld ug and parent

drug (pM/s), determine romt oncentration in t ere |ver mpartment versus

time; C. is théﬂNﬁ*ﬂkc{(ﬂMﬁf&%M}h)ocﬁwm(ﬂ mem&s&}&ch%’éé, 6i-1]ne1rh@(dbrane in cm2.

Preferably, |th e %‘:}@m of Papp ofx 10-6
cm/s and moré bre%ang # ﬂfb?o’% Q]ﬁ d sti m{c}?é pre?cla a \E/\g e of Papp of
.a.5xi0 cm/@SmehBQ&JﬁféSMﬂR@pp obtained for baclofen prodrugs are shown in the following table:

WO 2005/019163PCT/US20041027330 Compound Papp (apical to basolateral) (cm/s) Papp
(basolateral to apical) (crn/s1

Example 81: S}gthesis of
(15)-1-[((3R.4R)-2.5-Dioxo-3.4-dibenzoyloxypyrrolidinyl)-oxycarbonyloxy]-2

-methylpropyl 2-methylpropanoate (101)

Step A: (3R.4R)-2.5-Dioxe-3.,4-dibenzoyloxy-3.4-dihydrofuran (102)
To a 3-necked 5 L round bottom flask fitted with a mechanical stirrer and a

teflon coated thermocouple was added (-)-2,3-dibenzoyl-L-tartaric acid (1000 g, 2.79
mol) followed by acetic anhydride (2 L). The suspension was stirred and heated to

85°C for 2 h during which time the starting material gradually dissolved. A short time
thereafter, the product began to crystallize in the reaction mixture and the suspension
was then cooled to 25° C. The product was collected by filtration, washed with 10%
acetone in hexane (2 x 1 L), and dried in a vacuum oven at 50°C overnight to afford
the title compound (102) as a white solid. 'H NMR (CDCls, 400 MHz): & 6.0 (s, 2H),
7.45 (app. t, 4H), 7.65 (app. t, 2H), 8.05 (d, 4H).

Step B: 1-Hydroxy-(3R.4R)-2.5-Dioxe-3.4-dibenzoyloxypyrrolidine (103)

To a 3-neck 5 L round bottom flask fitted with a mechanical stirrer and a

teflon coated temperature probe was added (102) (2.79 mol) followed by acetonitrile
(2 L). The suspension was cooled in an ice bath to 4°C, followed by the addition of
50% aqueous hydroxylamine (180 mL, 2.93 mol) over 1 h. The starting material
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gradually dissolved during the addition and the reaction mixture was warmed to 20° C
and stirred for 1 h. The reaction mixture was concentrated in vacuo, diluted with
EtOAc (1 L) and washed with 1 N HCI (2 x 1 L). The organic phase was separated
and concentrated in vacuo to afford a viscous red syrup. The syrup was then heated
for two hours in toluene (2.5 L) at 100° C with azeotropic removal of water. The
syrup gradually dissolved and then the product crystallized. After cooling to room
temperature the solid was collected by filtration, washed with 10% acetone in hexane
(2 x 1L) and dried in a vacuum oven to afford the title compound (103) (862 g, 2.43
mol, 87%) as a white solid. 'H NMR (CDCls, 400 MHz): & 5.85 (s, 2H), 7.45 (app. t,
4H), 7.65 (app t, 2H), 8.05 (m, 4H).

Step C:
(1.5)-1-[((3R,4R)-2.5-Dioxo-3.4-dibenzoyloxypyrrolidinyl)-oxycarbonyloxy
|-2-methylpropyl 2-methylpropanoate (101)

A 3 L three necked round bottom flask fitted with a mechanical stirrer, teflon

coated temperature probe and an addition funnel was charged with (93) (234 g, 1
mol), (103) (330 g, 0.95 mol), and 1,2-dichloroethane (2200 mL). The reaction
mixture was cooled under a nitrogen atmosphere in an ice water bath to 15 °C. To the
stirred reaction mixture was added a 39% solution of peracetic acid in dilute acetic
acid (500 mL, 2.94 mol) over 2 h, maintaining the temperature between 15 and 22 °C.
This temperature was maintained for an additional 12 h during which time a white
precipitate was formed. The reaction mixture was further cooled to 3-4 °C, the
product collected by filtration, and washed with hexane (2 x 1L). The product was
dried in vacuo, yielding the title compound (101) (128 g, 0.24 mol, 25%). The
diastereomeric purity of the product was determined to be > 99% d.e. by HPLC using
a chiral column. "H NMR (CDCls, 400 MHz): & 1.0 (d, 6H), 1.2 (dd, 6H), 2.1 (m,
1H), 2.65 (m, 1H), 6.0 (br. s, 2H), 6.6 (d, 1H), 7.45 (app. t, 4H), 7.65 (app. t, 2H),
8.05 (d, 4H).
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Example 82: Synthesis of
4-{[(1S)-Isobutanoyloxyisobutoxy]carbonylamino}-(3R)-(4-chlorophenyl)

-butanoic Acid (104)
To a3 L three necked round bottom flask fitted with a mechanical stirrer,

temperature probe, and nitrogen inlet was added (101) (75 g, 139 mmol), R-baclofen
(31.2 g, 146 mmol), THF (1000 mL), and water (100 mL). The suspension was
stirred under a nitrogen atmosphere at 18-20°C for 4 h. The reaction became
homogenous in 30 min. The THF was removed in vacuo and the reaction mixture
was diluted with methyl zert-butyl ether (250 mL) and washed with 1N HC1 (1 x 500
mL) and water (2 x 200 mL). The organic phase was separated and concentrated in
vacuo to leave a white solid. The solid was purified by flash chromatography (800 g
silica gel; eluting with 20% acetone in hexane) to afford the product (50 g, 125 mmol,
90% yield) as a white solid. Crystallization from either an acetone / hexane mixture
or ethyl acetate / heptane mixture afforded the title compound (104) (50 g, 125 mmol,
90% yield) as a white solid. The diastereomeric purity of the product was determined
to be > 99% d.e. by HPLC using a chiral column. 'H NMR (CDCL, 400 MHz):

& 0.89 (m, 6H), 1.15 (m, 6H), 1.94 (m, 1H), 2.52 (m, 1H), 2.58 (dd, 1H), 2.78 (dd,
1H), 3.28 (m, 2H), 3.49 (m, 1H), 4.68 (t, 1H), 6.48 (d, 1H), 7.10 (d, 2H), 7.24 (d, 2H).
MS (ESI) m/z 398.14 (M-H)".

Example 83: Synthesis of Sodium
4-{[(1S)-Isobutanoyloxyisobutoxy]carbonylamino}-(3R)-(4-chlorophenyl)
-butanoate (92)

The carboxylic acid (101) was converted to the sodium salt by dissolution in
MeCN and then addition of aqueous NaHCO; (1 eq.) with sonication for 15 min, The
solvent was removed by lyophilization. Crystallization from either mixtures of
acetone / hexane, ethyl acetate/heptane, THF/heptane or 1,2-dimethoxyethane/hexane
afforded the title compound (92) as a white crystalline solid. 1H NMR (CD3;0OD, 400
MHz): 6 0.90 (d, 6H), 1.14 (d, 3H), 1.15 (d, 3H), 1.91 (m, 1H), 2.40 (m, 1H), 2.52 (m,
2H), 3.30 (m, 3H), 6.41 (d, 1H), 7.22 (s, 4H). MS (ESI) m/z 398.08 (M-Na)".
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Example 84: Standard Methods for Determination of Enzymatic Cleavage of

Prodrugs in Vitro

The stabilities of prodrugs were evaluated in one or more in vitro systems
using a variety of tissue preparations following methods known in the art. The
chemical stability of prodrugs in aqueous buffers at pH’s of 2.0, 7.4 and 8.0 were also
measured. Tissues were obtained from commercial sources (e.g., Pel-Freez
Biologicals, Rogers, AR, or GenTest Corporation, Woburn, MA). Experimental

. conditions used for the in vitro studies are described in Table 1 below. Each
preparation was incubated with test compound at 37°C for one hour. Aliquots (50
L) were removed at 0, 30, and 60 min and quenched with 0.1% trifluoroacetic acid
in acetonitrile. Samples were then centrifuged and analyzed by LC/MS/MS (see
Example 86 below for method details). Stability of prodrugs towards specific
enzymes (e.g., peptidases, efc.) were also assessed in vitro by incubation with the
purified enzyme:

Pancreatin Stability: Stability studies were conducted by incubating prodrug
(5 uM) with 1 % (w/v) pancreatin (Sigma, P-1625, from porcine pancreas) in 0.025 M
Tris buffer containing 0.5 M NaCl (pH 7.5) at 37 °C for 60 min. The reaction was
stopped by addition of 2 volumes of methanol. After centrifugation at 14,000 rpm for
10 min, the supemnatant was removed and analyzed by LC/MS/MS.

Caco-2 Homogenate 89 Stability: Caco-2 cells were grown for 21 days prior
to harvesting. Culture medium was removed and cell monolayers were rinsed and
scraped off into ice-cold 10 mM sodium phosphate/0.15 M potassium chloride, pH
7.4. Cells were lysed by sonication at 4°C using a probe sonicator. Lysed cells were
then transferred into 1.5 mL centrifuge vials and centrifuged at 9000 g for 20 min at
4°C. The resulting supernatant (Caco-2 cell homogenate S9 fraction) was aliquoted
into 0.5 mL vials and stored at —80°C until used.

For stability studies, prodrug (5 pM) was incubated in Caco-2 homogenate S9
fraction (0.5 mg protein per mL) for 60 min at 37°C. Concentrations of intact prodrug
and released baclofen were determined at zero time and 60 minutes using LC/MS/MS.

Data from these studies is summarized in Table 2.
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Table 1. Standard Conditions for Prodrug In Vitro Metabolism Studies

Preparation Substrate Cofactors
Concentration
Rat Plasma 2.0 uM None
Human Plasma 2.0 uM None
Rat Liver S9 2.0 uM NADPH*
(0.5 mg/mL)
Human Liver S9 2.0 uyM NADPH*
(0.5 mg/mL)
Human Intestine 2.0 uyM NADPH*
S9
(0.5 mg/mL)
Carboxypeptidase 2.0 pM None
A
(10 units/mL)
Caco-2 5.0 uM None
Homogenate
Pancreatin 5.0 UM None

*NADPH generating system, e.g., 1.3 mM NADP+, 3.3 mM glucose-6-phosphate, 0.4 U/mL
glucose-6-phosphate dehydrogenase, 3.3 mM magnesium chloride and 0.95 mg/mL potassium
phosphate, pH 7.4.

Table 2. % of Prodrug Remaining / % of Baclofen Released from Baclofen

Prodrugs after 60 min. in Various Tissue Preparations

0 | 42 | a4 | d6) | A8 | 20) | 23)

pH 2.0 100/1 | 100/0 | 100/1 | 100/0 | 105/0 | 100/0 | 107/0
pH 7.4 101/3 | 100/0 | 103/1 | 100/0 | 95/0 | 100/0 | 89/1
pH 8.0 98/9 | 105/0 | 102/2 | 100/0 | 102/0 | 103/0 | 90/2

Rat Plasma 85/15 | 72/14 | 55/48 | 54/40 | 39/60 | 92/8 | 11/93

Human Plasma | 64/26 | 95/5 | 90/10 | 62/20 | 61/27 | 82/9 | 96/3

Rat Liver S9 0/78 | 3/100 | 2/99 | 1/100 | 1/100 | 25/75 | 3/107

(0.5 mg/mL)
Human Liver SO | 1/80 | 1/100 | 2/102 | 1/100 | 2/100 | 1/100 | 4/105
(0.5 mg/mL)

Caco-2 S9 2/96 | 2/100 | 2/97 | 1/100 | 1/100 | 1/100 | 15/87

Pancreatin 75/21 | 15/77 | 2/101 | 1/84 | 2/91 | 58/36 | 82/24
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(25) 27 (30 33 34 (40) (43

pH 2.0 101/0 | 102/0 | 100/0 | 100/0 | 100/0 | 103/0 | 95/0
pH 7.4 100/0 | 100/0 | 87/1 72/0 | 100/0 | 100/0 | 87/0
pH 8.0 100/0 | 101/1 | 81/3 | 101/0 | 100/0 | 107/2 | 92/0

Rat Plasma 5/96 | 12/88 | 58/42 | 73/30 | 78/18 | 72/17 | 71/29

Human Plasma 93/4 | 82/12 | 85/8 96/4 | 90/2 | 101/2 | 100/2

Rat Liver S9 1/98 | 0/89 1/85 | 4/101 | 1/100 | 8/96 | 3/97

(0.5 mg/mL)
Human Liver S9 | 4/91 | /79 | 7/87 | 3/101 | 3/100 | 1/105 | 61/39
(0.5 mg/mL)
Caco-2 S9 2/95 | 27/67 | 24/70 | 3/95 | 2/100 | 15/85 | 51/49

Pancreatin 22/84 | 71/9 | 90/9 | 46/52 | 81/18 | 43/58 | 82/4

G | 657 | (59 | (62) | (84) | (85) | (86)

pH 2.0 100/0 | 100/0 | 103/0 | 105/0 | 85/0 | 82/0 | 101/0
pH 7.4 97/2 | 100/0 | 103/1 | 94/2 | 84/0 | 92/0 | 99/1
pH 8.0 91/9 | 100/0 | 97/2 | 88/8 94/1 93/0 | 94/2

Rat Plasma 31/72 | 82/10 | 2/85 5/95 | 91/11 | 82/12 | 1/83

Human Plasma | 53/50 | 73/14 | 77/11 | 84/2 89/4 95/4 | 73/13

Rat Liver S9 2/103 | 2/78. | 2/85 2/80 4/91 2/91 2/92
(0.5 mg/mL)
Human Liver S9 | 6/91 1/86 1/82 0/69 2/82 2/84 2/87
(0.5 mg/mL)
Caco-2 S9 3/100 | 2/104 | 3/104 | 1/89 | 13/76 | 4/82 2/95

Pancreatin 44/50 | 12/75 | 46/50 1/79 47/40. 15/64 | 4/76

(90) | O [ (92) | (100) | (104)

pH 2.0 97/0 | 100/0 | 97/0 | 101/0 | 100/0
pH 7.4 93/0 | 97/0 95/0 98/0 | 100/0
pH 8.0 93/1 94/1 96/1 95/0 | 100/0

Rat Plasma 5/77 | 80/10 | 12/73 | 9/64 | 14/85

Human Plasma 81/2 83/2 86/1 89/3 98/2

Rat Liver S9 3/85 | 22/70 | 6/88 3/85 3/97

(0.5 mg/mL)
Human Liver 89 | 1/78 | 1/78 | 4/80 | 1/83 | 3/97
(0.5 mg/mL)

Caco-2 89 5/90 | 6/107 | 55/53 | 7/90 | 17/83

Pancreatin 9/68 | 11/78 | 85/7 | 68/27 | 90/6
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Example 85: In Vitro Determination of Caco-2 Cellular Permeability of

Prodrugs
The trans-epithelial cellular permeability of prodrugs of baclofen and baclofen

analogs may be assessed in vitro using standard methods well known in the art (see,
e.g., Stewart, et al., Pharm. Res., 1995, 12, 693). For example, cellular permeability
may be evaluated by examining the flux of a prodrug across a cultured polarized cell
monolayer (e.g., Caco-2 cells). Caco-2 cells obtained from continuous culture
(passage less than 28) were seeded at high density onto Transwell polycarbonate
filters. Cells were maintained with DMEM / 10% fetal calf serum + 0.1 mM
nonessential amino acids + 2 mM L-Gln, 5% CO,/ 95% O,, 37°C until the day of the
experiment. Permeability studies were conducted at pH 6.5 apically (in 50 mM MES
buffer containing 1 mM CaCl,, 1mM MgCl,, 150 mM NaCl, 3 mM KCl, 1 mM
NaH,P04, 5 mM glucose) and pH 7.4 basolaterally (in Hanks’ balanced salt solution
containing 10 mM HEPES) in the presence of efflux pump inhibitors (250 pM
MK-571, 250 pM Verapamil, 1 mM Ofloxacin). Inserts were placed in 12 or 24 well
plates containing buffer and incubated for 30 min at 37C°. Prodrug (200 pM) was
added to the apical or basolateral compartment (donor) and concentrations of prodrug
and/or released parent drug in the opposite compartment (receiver) were determined
at intervals over 1 hour using LC/MS/MS. Values of apparent permeability (Pqpp)

were calculated using the equation:
Pupp =V (dC/dt) /(AC,)

Here V; is the volume of the receiver compartment in mL; dC/dt is the total
flux of prodrug and parent drug (WM/s), determined from the slope of the plot of
concentration in the receiver compartment versus time; C, is the initial concentration
of prodrug in pM; A is the surface area of the membrane in cm?. Preferably, prodrugs
with significant transcellular permeability demonstrate a value of P, of =1 x 10°
cm/s and more preferably, a value of Py, of 21 x 10 cm/s, and still more preferably
a value of Py, of =5 x 107 cn/s. Typical values of Py, obtained for baclofen
prodrugs are shown in the following table:
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table shows that several of the prodrugs disclosed herein have high cellular permeability and should

The data in this

tin the

f

be well ab ggsﬁ%‘p tJhe intestine. With the exception of compound (10) theApieaiosapsolateral
permeabilities of these prodrugs significantly exceed their basolateral-to-apical perrneabilities,
suggestln that these con Jalall nds mTay_be_Su_bst_;afnc for active e transpot mnrhamsngg_ppeg@n
apical me nbraﬁé’IBP o cells jthgmﬂgﬁﬁgﬁiﬂéocomrvo%@n%fsﬂ“\%eﬁ%ﬁchIIuIar pemﬁbility may also be
mediated py-passive-diffusion}. minrstrati
R-Baclofenh.or R- sd8hfen Profruas I]mlrMch‘all in Rajs2 X 10° 1.2

(12) ©1.0x 10" 1.7x10” 5.9

 (14) 22x10° 53x10° 4.1

(16) 6.1x10° 1.2x10° 5.1

(18) 6.4x 10° 56x10° 1.1

(20) 9.1x 10° 7.7x10° 11.8

(25) 58x10° 1.4x 10 4.1

27 6.5x 10 9.4x10° 6.9

(30) 8.7x 10° 2.3x10° 3.8

(32) 3.7x 10” 4.9x10° 7.6

(36) 2.9x 10” 1.9x 107 1.5

(38) 1.5x 10 1.4x 107 1.1

(40) 6.9x 10 3.0x 107 2.3

(43) 4.2x10° 1.8x10° 2.3

(48) 1.1x 107 1.7x10° 6.5

(50) 2.5x 10° 1.4x 107 1.8

(51) 2.9x 10 9.6 x 10°° 3.0

(53) 8.5x 107 3.6x 107 24

(71) 9.2x 107 1.3x 107 7.1

(72) 2.8x 107 8.0x10° 3.5

(73) 22x10° 6.8x10° 3.2

(74) 1.0x 107 8.9x 107 11.2

(78) 15x10° 1.9x10° 7.9

The data in this table shows that several of the prodrugs disclosed herein have
high cellular permeability and should be well absorbed from the intestine. With the
exception of compound (10), the apical-to-basolateral permeabilities of these prodrugs
significantly exceed their basolateral-to-apical permeabilities, suggesting that these
compounds may be substrates for active transport mechanisms present in the apical

membrane of Caco cells (though some component of this transcellular permeability

may also be mediated by passive diffusion).

Example 86:

Sustained release oral dosage forms, which release drug slowly over periods of

6-24 hours, generally release a significant proportion of the dose within the colon.

Uptake of R-Baclofen Following Administration of R-Baclofen or

R-Baclofen Prodrugs Intracolonically in Rats

Thus, drugs suitable for use in such dosage forms preferably exhibit good colonic

absorption. This experiment was conducted to assess the suitability of baclofen

prodrugs for use in an oral sustained release dosage form.
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Sustained release oral dosage forms, which release drug slowly over periods of 6-24 hours, generally
release a significant proportion of the dose within the colon. Thus, drugs suitable for use in such
dosage fonus preferably exhibit good colonic absorption. This experiment was conducted to assess
the suitabiltkPFHB4IB¥eH prodrugs for use in an oral sustained release do8&J&FAAGH/0FAS0
2005/019163PCT/U52004/027330 Step A: Administration Protocol Rats were obtained
commercially and were pre-cannulated in the both the ascending colon and the jugular vein. Animals
were conscious at the time of the egi%grr@e hAJI animals ere fasted overnight and until 4 hours
post-dosing. R-Baclofen or baclofen pro rtrgs%%%fj(gw » » , (27), (32), (33), (40), (51), (92),
(100) and (104) wBrésawitrérnbtensst acmmetotabhy tmdweerer e e&E@WAOY dirutlpotidihie colon via the
fuma:0lRaciolen equivalents et badvieidhl plood samples (0.5

cannula at ggﬁﬁ( uiy len
inL) were o%stame %?%Omoﬁ%éﬁ%tg}ﬁ rtannula at'intervals over 8 hours and were quenched immediately
by addition @paretteaholAth praveltwerthEstedrorersight eithentilothogr Bpostdsingles were analyzed as

described kel ep B: S e ration f [ S I was collected at
different tirﬁ%%%l%%‘épﬁé %@@?@%ﬁ%@%@a@?ﬁ@&f@éE%ﬁ%ﬁ#&%’ﬁ%ﬁ?a iy 300 AL of
methanol a(fy¢ieRexh o hHK) werneatiatilistered @da efpitibio(mpheteylatdtiide 4083 didatlg as an internal
standard. 3. 300 {tla of methanol was added into each tube followed. by.20)iL of p-chlgrophenylalanine.
90 !AL of bﬂ?ﬁ(%laét%%gf v%geffc?gga%?oa%gé% bR Ir#i?g ]I'nglngf gi)ég#g %qclfglfagﬁngfandard solution
(0.04, 0.2, pebk@bpdPtvpightl Blvad satdpidtdiniakk)upeecftiahicalibfiatio thstarpidarcéhiid, 0.02, 0.1,
0,5, 2.5, 10_pg/mL).. 4, Samples were vartexed and centrifuged at 1 0 rpm for 10 min. 5.
Supernatanalpvg\}eflgsrél?e%v%r &’SHRI}IS S%R}%N aeﬁ%ﬂ}lsﬁlsl? e%“&eét??ﬁ%ﬁ%ééé’?ﬁ?y“s?f AW ABI 2000
LC/MS/MS mpeeitdnrtier covigszoh witthSprddreglz B1o6d Elvip s asrpanapez et dsal STtib el S-PAL
autosamplel)rechveJe used in the analysis. A Phenomenex hydro-RP 4.6 x 50 mm column was used
during the anaﬂys’is. The mobile phase was water with 0.1% formic acid (A) and acetonitrile with 0.1%
formic acid (B). The gradient condition was: 10% B for 0.5 min, then to 95% B in 2.5 min, then

maintained at 95% B 10f .5 jin, The ol e oS (R HISH A0 o 2

1. Ratblood was collected at different time points and 100 uL of blood was
added into an eppendorf tube containing 300 pL of methanol and vortexed to
mix immediately.

2. 20 pL of p-chlorophenylalanine was added as an internal standard.

3. 300 pL of methanol was added into each tube followed by 20 uL of
p-chlorophenylalanine. 90 puL of blank rat blood was added to each tube and
mix. Then 10 pL of a baclofen standard solution (0.04, 0.2, 1, 5, 25, 100
pg/mL) was added to make up a final calibration standard (0.004, 0.02, 0.1,
0.5,2.5,10 pg/mL).

4. Samples were vortexed and centrifuged at 14,000 rpm for 10 min.

5. Supernatant was taken for LC/MS/MS analysis.

Step C: LC/MS/MS analysis
An API 2000 LC/MS/MS spectrometer equipped with Shidmadzu 10ADVp
binary pumps and a CTC HTS-PAL autosampler were used in the analysis. A

Phenomenex hydro-RP 4.6 x 50 mm column was used during the analysis. The
mobile phase was water with 0.1% formic acid (A) and acetonitrile with 0.1% formic
acid (B). The gradient condition was: 10% B for 0.5 min, then to 95% B in 2.5 min,
then maintained at 95% B for 1.5 min. The mobile phase was returned to 10%B for 2
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min. A TurbolonSpray source was used on the APl 2000. The analysis was done in positive ion mode
and an MRM transition of m/z 214/151 was used in the analysis of baclofen (MRM transitions m/z
330/240 f 9930@%%92/240 for (12), m/z 372/240 for (23), tn/z 400/2405p%A2ShoIN 3745301240 for
(27), nt/z 372/240 tor (32), in/z 372/240 for (33), 406/240 for (40), 454/61 for (51), 400/240 for (92),

: , m ncentrations
of R-baclofgn fg: 9)‘7@% ell %s the gr bj ggr th cl%e ﬁz%nta canecent iﬁm\? time curves
(A1LJC) Wereaglg%eﬁi antly grae% er f§ b ;%) fganfff{aﬁlgfb'g cébdﬁ) rom &r)lglr%i ggfﬁﬁgﬁlgﬁon of

R-baclofenfiis€¥3)] hi& dat2dorfar28nteszthod/ s c@npaut 33 280 erf@R)tated as compositions

suitable for ced OfRili d/or effecti ustaine ease of haclof logs to minimize
dosing ec BREGES A A Bk A T S e T Rl RO e
Pharmacokiresicsa4BoRaclde i1ballowtag sadnarendust ihedminislestios éadiasiednatgels Monkeys
R-Baclofen hydrochloride salt was administered to four male cynomalgys monkeys as an aqueous

g
solution by BtV EFSUE BEIHIS SRR TAS He? SHRBIGI0R Seffrare Jwyines . Blood samples
were obtaingehiesi-albaoiedd Rl eyAIDYESIATDU(S DO OG0Y - (BI9cO 1yE poyaassed

immediate% for plasma at 4C. All plasma samples were subsequently analyzed for R-baclofen using

the LC/MSAWERRE R AI0um, B SHR GanSeRtr#Hans & HRarfdi A REiCas thete b g/mL.

Example 88nklptake afiGrdnaniaian Esiening Hovei tisisasieres | Rutgelade spnii&adpfen Prodrugs
Intracolonically in Cytt;t)c\)r}r}ﬂgys Monkeys R-Baclofen hydrqchloride Ealt and R-baclofen prodrugs

(5 mg bacl FEREd i 2R atierafuged Trot el B eRATHRIRRUAR hadedimisetas either
agueous sOHiioME I BhiSREASRNBANTKLEY b snpbIAEetialpBe fxlYatbaasBodihbyiatipkls injection

directly into the colon via an indyelling cannula. For colonic delivery a fleghk;:&gench catheter was

inserted intSHHE Frivged A REY ARt aHRRE SIsto oA 8 fiProx. 16 inches)
using fluoresanps tehkeysswsdighty redales by Rgnissteationiehralazefkaiamine during dosing.
A washout period of at least 5 to 7 days was allowed between treatments. Following dosing, blood
samples W§F§18 I"H@E}oéf'intervals over 24 hours arid were immediately quenched and processed for
plasma at 4C. All plasma samples were subsequently analyzed for R-baclofen and intact prodrug
using the LC/MS/MS assa des-cried above, Following colonic administration of pmdrugs (12), (22),

(25), (40) and (51), tFEAFRKATim Pharmacokineti v

, s the area

under the baclofen plasma cornggniiriieFhtionttd) € ehsRAdA N MR Significantly greater (> 2-fold)
than that produced from colonic administration of R-baclofen itself, while colonic administration of (92),

(100) and (104) pRidtrcifR byleshloadp salt waspdmipistersidadainmale xerMiaihroduced from
colonic adraipigtegtian £f KlepisniisabylibisdatodapResHaieniiatdiReagmeaynds may be

formulated as compositions suitable for enhanced absorption and/or effective sustained release of

baclofen ar¥§18g¥ #siasidhiz2 B8y Blanderaplisevds abfaiasd dam Aeimale 3f these baclofen

analogs. Exgeipigs@VelPialifj3sBasiaien Bribawing fasséAsiminiauatien pfdr fiagkafgn Prodrugs to
Cynomolgus Monkeys The R-baclofen prodrugs (92) and (104) (5 mg baclofen-eq /kg) were

administerddby 141 g0 EBIET SRTE SHtRRAUAMIE MAN G O RrhareLss udngdher an aqueous
solution or BUSRRAYIFS L8y 884chIiAvheRUITEE 1ok R DUGSRIBERERES N, ~oi@wving dosing,
blood samples were obtained at intervals over 24 hours and were immediately quenched and
processed ]Po‘llqzﬂﬁéma at 4C. All plasma samples were subsequently analyzed for R-baclofen and
intact prodrug using the LC/MS/MS assay described above. The oral bioavailability of both prodrugs
(92) and (104) as R-baclofen was determined to be greater than 80%. _ Finally, it should be noted
that there are alternatifea7eRle 88imbRiaks,0f B+Rackefon Hollevwing Ad minisheation of
present embRIBRERIR A R-BAJENSINSearass THBHR UK RN B CPdHYRnRNsaRGGIMS are not to
be limited to the detalls given herein, but may be modified within the scope and equivalents thereof All

publications and gt fradydesMaridn salk ard BPorieden merdm e (PreiiePfitsSir entirety Claims

/kg) were administered to groups of four male cynomolgus monkeys as either aqueous

solutions or suspensions in 0.5% methyl cellulose / 0.1% Tween-80 via bolus
injection directly into the colon via an indwelling cannula. For colonic delivery a

flexible French catheter was inserted into the rectum of each monkey and extended to
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1.Use of a compound selected from compounds of Formula (V) for the manufacture of a medicament
for treating or preventing stiffness, involuntary movements and/or pain associated with spasticity: CI

or pharmag%%eglrxﬁ%gfptable salts, hydrates or solvates thereof, Where%ﬁﬁs%mﬁmxgnethyl,

n-propyl, isopropy utyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl, neopentyl,
1,1-diethoxyethyl, phenyl, cyclohexyl, 2-pyridyl, 3-pyridyl, or 4-pyridyl; R2 is hydrogen, methyl, ethyl,
n-propyl, is&is SEYHLAADGRIPIBPRIGY- J8cnshed) prasfiusresreheXpnley s werarbgity and R4 is
hydrogen. Zdds@b SAMRRHAEICITASHIEMTLCAMROMNHS: RN UIR W4kiBhierpaagiacture of a

medicament for treating or preventing gastro-esophageal reflux disease, emesis or cough: (v?
least 5 to 7 days was allowed between treatments. Following dosing, blood samples

were obtained at intervals over 24 hours and were immediately quenched and
processed for plasma at 4°C. All plasma samples were subsequently analyzed for
R-baclofen and intact prodrug using the LC/MS/MS assay described above.
Following colonic administration of prodrugs (12), (22), (25), (40) and (51), the
maximum plasma concentrations of baclofen (Cpax), as well as the area under the
baclofen plasma concentration vs. time curves (AUC) were significantly greater (>
2-fold) than that produced from colonic administration of R-baclofen itself, while
colonic administration of (92), (100) and (104) produced R-baclofen exposures that
were greater than 10-fold that produced from colonic administration of R-baclofen
itself. This data demonstrates that these compounds may be formulated as
compositions suitable for enhanced absorption and/or effective sustained release of
baclofen analogs to minimize dosing frequency due to rapid systemic clearance of

these baclofen analogs.

Example 89: Uptake of R-Baclefen Following Oral Administration of

R-Baclofen Prodrugs to Cynomolgus Monkeys
The R-baclofen prodrugs (92) and (104) (5 mg baclofen-eq /kg) were
administered by oral gavage to groups of four male cynomolgus monkeys as either an

aqueous solution or suspension in 0.5% methyl cellulose / 0.1% Tween-80
respectively. Following dosing, blood samples were obtained at intervals over 24
hours and were immediately quenched and processed for plasma at 4°C. All plasma
samples were subsequently analyzed for R-baclofen and intact prodrug using the
LC/MS/MS assay described above. The oral bioavailability of both prodrugs (92) and
(104) as R-baclofen was determined to be greater than 80%.

Finally, it should be noted that there are alternative ways of implementing
thedisclosures contained herein. Accordingly, the present embodiments are to be
considered as illustrative and not restrictive, and the claims are not to be limited to the
details given herein, but may be modified within the scope and equivalents thereof.
All publications and patents disclosed herein are incorporated herein by reference in

their entirety.
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Cl or pharmaceutically acceptable salts, hydrates or solvates thereof, wherein: R1 is methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl, neopentyl,
1,1-diethoxyethyl, phenyl, cyclohexyl, 2-pyridyl, 3-pyridyl, or 4-pyridyl; R2 is hydrogen, methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, phenyl or cyclohexyl; R3 is hydrogen; and R4 is
hydrogen. 3.Use of a compound selected from compounds of Formula (V) for the manufacture of a
medicament for treating or preventing alcohol ahpggrg addiction, nicotine abuse or addiction or
narcotic abuse or addiction: 0 or pharmaceutically acceptable salts, hydrates or solvates thereof,
wherein: R1 is methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl,
isopentyl1 sec-peRtybf @ﬁtwwhcﬂ.sél-ditﬁdﬂﬂxyﬁ%rhﬂmmﬂ}z|of3§‘©mlﬂﬂ&xV¥f9Vthé/in§ﬁm€(¢dﬁle of 4-pyridyl;

R2is h hyl I henyl lohexyl;
S Ot ot tretfig OF pr ety S e TRy Moy ansents Midih panCr cyelohexy
associated with spasticity:

V)
Cl

R! o) 0 I}\TI
\”/ X T o e
o R R g

or pharmaceutically acceptable salts, hydrates or solvates thereof, wherein:

R' is methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl,
isopentyl, sec-pentyl, neopentyl, 1,1-diethoxyethyl, phenyl, cyclohexyl, 2-pyridyl, 3-pyridyl,
or 4-pyridyl;

R? is hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, pheny! or
cyclohexyl;

R®is hydrogen; and

R*is hydrogen.

2. Use of a compound selected from compounds of Formula (V) for the manufacture of a

medicament for treating or preventing gastro-esophageal reflux disease, emesis or cough:

V)
Cl

R4

R! o) 0 I}\II
\”/ X \’( o e
o R R g

or pharmaceutically acceptable salts, hydrates or solvates thereof, wherein:
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R3 is hydrogen; and R4 is hydrogen. 4.Use of a compound selected from compounds of Formula (V)
for the manufacture of a medicament for treating or preventing drug addiction: ClI or
pharmaceutically acceptable salts, hydrates or solvates thereof, wherein: R1 is methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl, neopentyl,
1,1-diethoxyethyl, phenyl, cyclohexyl, 2-pyridyl, 3-pyridyl, or 4-pyridyl; R2 is hydrogen, methyl, ethyl,
n-propyl, rEaprapyin by nisnbpyyi Ssdpyly h-pognYi sbaygldexihyR Iea-byefogeperapd R4 is
hydrogen. . , ,

Isopentyl, sec-pentyl, neopentyl, 1,1-diethoxyethyl, phenyl, cyclohexyl, 2-pyridyl, 3-pyridyl,

or 4-pyridyl;

R? is hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, pheny! or

cyclohexyl;

R®is hydrogen; and

R*is hydrogen.

3. Use of a compound selected from compounds of Formula (V) for the manufacture of a
medicament for treating or preventing alcohol abuse or addiction, nicotine abuse or addiction
or narcotic abuse or addiction:

V)
Cl

R4

R! 0 0 E
T XU o
o R R g

or pharmaceutically acceptable salts, hydrates or solvates thereof, wherein:

R ismethyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl,
isopentyl, sec-pentyl, neopentyl, 1,1-diethoxyethyl, phenyl, cyclohexyl, 2-pyridyl, 3-pyridyl,
or 4-pyridyl;

R? is hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, phenyl or
cyclohexyl;

R® is hydrogen; and

R*is hydrogen.

4. Use of a compound selected from compounds of Formula (V) for the manufacture of a

medicament for treating or preventing drug addiction:
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V)
Cl

R4

R! 0 0 §
\[( X T o Ve
o R R g

or pharmaceutically acceptable salts, hydrates or solvates thereof, wherein:

R' is methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl,
isopentyl, sec-pentyl, neopentyl, 1,1-diethoxyethyl, phenyl, cyclohexyl, 2-pyridyl, 3-pyridyl,
or 4-pyridyl;

R? is hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, phenyl or
cyclohexyl;

R®is hydrogen; and

R*is hydrogen.
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