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2. Background

(&)-4-Amino-3-(4-chlorophenyl)butanoic acid (baclofen), (1), is an analog of
gamma-aminobutyric acid (i.e., GABA) that selectively activates GABAp 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). '



to GABAB receptors exist and include certain am no acids, am nophosphonic
aci ds, am nophosphinic acids, anli nophosphonous aci ds and am nosul inic
acids su k3 exanple, 4-am no-3-(2-chlorophenyl)
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4- am no- 3- (4- chl orophenyl ) - 3- hydr oxyphen | but anoi ¢ aci d;

4-am no- 3-(thien-2-yl)butanoic acid; 44dm no-3-(5-chl orothi en-2-yl) butanoic
acid; 4-am no-3-(5-bronot hien- 2y|)but0|c aci d;

4-am no- 3- ( 5-met hyl t hi en- 2-yl') but anoi
4-am no- 3- (2-i m dazol yl ) butanoi ¢ aci d;
4- guani di no- 3- (4- chl or ophenyl ) but anoi ¢ aci d:Q ( 3- ani nopr opyl ) phosphonous
acid; (4-am nobut-2-yl)phosphonoug Nam d;
(3-am no- 2- et hyl pr opyl )phosphonous actd; > ( 3-Ghki nobut yl ) phosphonous aci d;
(3-am no- 2- (4- chl or ophenyl ) pr opyl )phosphonous aci d;

( 3- ani no- 2- (4- chl or ophenyl ) - 2- hydroxB@Glofﬁ)n ()’Bhosphonous aci d;

(3-am no- 2- (4-f | U0r0|0heny propyl ) phosphonous aci d;

( 3- ami no- 2- phé\‘{%}fﬁ P8 agggdtgomstlc or partially agonistic affinity
(3-am no-2 %

(E) - (3 anun opr 0?) en x)rﬂ E‘{}%g\%%t%% gﬂnno acids, aminophosphonic acids,

(3-am no a&ungpﬂoeﬂflﬁnmlapms,mdﬁ)lpphmphmmmaclésmﬂl aminosulfinic acids such as, for
(3-am no- 2- beszI propyl ) phosphonous aci d;
[ 3- ami no-Z&Beet hyl phenyl ) propyl ] phosphonous aci d;

| 3,2m no 2. (& AR UL S0 B o] Phosphonous eci d; 2 10

[ 3- ami no- 2- (4-4mhinox3rhAnytophenypphifapbioapidpnous aci d;
[ 3-am no- 2- (4-chl orgphenyl ).- 2- hydr oxypr opyl ] phosphonous aci d;
( 3- ami nopr opy|4r#ERIAA-RYERBHUANOICRG:

(3-am no- 2- hy 4 gxyRr0aN LB LRY 9 398 oRYShedGIbltanoic acid;
4-amino-3-(thien-2-yl)butanoic acid;
4-amino-3-(5-chlorothien-2-yl)butanoic acid;
4-amino-3-(5-bromothien-2-yl)butanoic acid;
4-amino-3-(5-methylthien-2-yl)butanoic acid,;
4-amino-3-(2-imidazolyl)butanoic acid,
4-guanidino-3-(4-chlorophenyl)butanoic acid;
(3-aminopropyl)phosphonous acid;
(4-aminobut-2-yl)phosphonous acid,;
(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-cyclohexylpropyl)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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(4-am nobut - 2-yl ) net hyl phosphi ni ¢c acid; (3-am no-1

- hydr oxy py6Byis)di®ishy! phosphi ni ¢ aci d;

(3-am no- 2- hydr oxypropyl ) (di f | uoronet hyl ) phosphi ni ¢ aci g;CT/US2004/027330

(E) - (3-am nopropen- 1-yl ) met hyl phosphi ni ¢ acid; (3-am no-2-o0xo-propyl)nethyl
phosphi ni ¢ aci3amig@2-4éimetimxypidnybpepykphesphonqisasishi ni ¢ aci d;

(5-am nopent - 3; yl ) ne | phosphi ni ¢ ,aci d; -

(a-am nort. 1. ALY SRRRBEn ). fb R myprmpyHphasehany g acic

3-am nopr opyl g&bﬁlﬁﬂUpQOMthﬁﬁlWa%ld’4 chl or ophenyl ) propyl ) sul finic acid;
(3-am no- 2- hy roxyprgiyl)sulfmc aci d; L

(29) - ( 3- ami no{Pamnp-hydospropxlmethyipbosphinie acid;

(2R) - (13- am noy2- hydr oxypr | )sul.finic aci.d; ..

(3- ani no- 2-f & oK é@ﬁﬁ?gﬁ?’?@é%?sl’%mg acid;

(29) - ( 3- am no(LaminedueeydReityaphdspRinte ed;d;

(2R) - (3-am no-2-f | uoropropyl)sul finic acid,; and

( 3- am no- 2- ox 6bABERA-1-SydPxprepyimethylrbesphinie peid; phar macol ogi cal ef fect of

bacl ofen in Y b | .t.he drug is frequently
used in the t ee@kn@n% %Xél%ggé&s)#ﬁgdﬁ/@r@ggtg&ﬁgﬁggﬁn@&é&s’soci ated with damage
to the corti CQB)D@nﬂhjnbp@pén-aI}d)mahﬁpm a&idrpl i cation of neurol ogical
di sease. Diseases and conditions in which spasticity may be a prom nent

synpt om i ncl uéasiochese-prpydmethyl phosphinie atidy osi s, stroke, head and spi nal
cord injurieg,. “ﬂ p{ﬁ{ '5 LA 04 . ;A and neur odegenerative

di seases. Pat ?Ben S &n )ﬁgpgs o] pipﬂéiy?nhlpﬁglgﬁhbf stiffness, involuntary spasm
and pai n. Theg¢®Baméiopenti3-shmethyylphosphibie asidpnt aneous or triggered by a m nor
sensory stimulus, such as touching the patient. Baclofen is useful in

control ling g&ktmgoskbdrEfuarobpg{ylimetndehosphinieA¢id; Her waar den et al,

Ali ment. Phar Rt .1.16, 1655-1662; Ciccaglione et at, Cut 2003,
52, 464- 470; ﬁ?g%"g@g‘éllﬁ@%ds. Patent No. 6,117,908, Fara et at, 3 WO

20051019163 PQGratbeDM-oRlétphenyl)prepyipulfmiascidubl i cati on No. W02/ 096404) ;
I n pronoting al cohol abstinence in_ . |

(3-amino-2-hydroxypropyl)sulfinic acid;

(25)-(3-amino-2-hydroxypropyl)sulfinic acid;

(2R)-(3-amino-2-hydroxypropyl)sulfinic acid;

(3-amino-2-fluoropropyl)sulfinic acid,;
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i

(3-amino-2-oxopropyl)sulfinic acid.

A principal pharmacological effect of baclofen in mammals is reduction of
muscle tone and the drug is frequently used in the treatment of spasticity. Spasticity
is associated with damage to the corticospinal tract and is a common complication of
neurological disease. Diseases and conditions in which spasticity may be a prominent
symptom include cerebral palsy, multiple sclerosis, stroke, head and spinal cord
injuries, traumatic brain injury, anoxia and neurodegenerative diseases. Patients with
spasticity complain of stiffness, involuntary spasm and pain. These painful spasms
may be spontaneous or triggered by a minor sensory stimulus, such as touching the
patient.

Baclofen is useful in controlling gastro-esophageal reflux disease (van
Herwaarden et al., Aliment. Pharmacol. Ther. 2002, 16, 1655-1662; Ciccaglione et
al., Gut 2003, 52, 464-470; Andrews et al., U.S. Patent No. 6,117,908; Fara et al.,

3 .



al coholics (Gessa et at, International Publication No. WX01/26638); in
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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,
since administration directly into the spinal subarachnoid space permits immediate
access to the GABAg receptor sites in the dorsal hom 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).
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S-Bacl ofen (3) The other isoner, S-baclofen, actually antagoni zes the action
of R-bac BAB receptors and its antinocicepti in the
rat spi né@cor@ig(mrerrence et at, Pharnacol ogy 1983, 27¥€g§§}9024\//bi§¥30 nok et
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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 $-amino acids like B-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 et al., International Publication No.
WO01/90052; Bryans et al., EP1178034; Cundy et al., U.S. Patent Application
Publication No. 2002/0151529; Gallop et al., U.S. Patent Application Publication No.



2003/ 0176398; Gallop et al., U S. Patent Application Publication No.
2003/0171303; Gallop et al., U S. Patent Application Publication No.

2004/ 000§z 250s@deRRai | lard et at., U S Patent Applicapipasiabbisati on No.
2004/ 0014940. Sustained rel eased oral dosage formul ations are a conventi onal

solution to the problemof rapid system c drug clearance, as is well known
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herein a o8 f QL of its time
during i tspg&ﬁlg;ggogg@ga a%sm“}\}ﬁltcﬁ%ﬁ gg&%@)ﬁ&?ﬁi&@%ﬁ%ﬁe ﬁgﬁ%’f&é 1’i s poorly
absor bed ‘RehlingtorigPhatniceutal S¢iemues,! Phitadelphix Cbli¢pel of Rhaimady diiddel s (Meri no
et al., Biopharm Drug. Disp. 1989, 10, 279-297),. presunably, since the

t r anspor tSsienge.doth Bditigp gl 9§t55)-n831§8€¢ delivery sysisEIs e also repogpizedimsthods egi on of
the smal | ¢ ] ' . S ' h Lnbest vel opnent
of an Ora@f@fgﬁlﬁe@?ﬁé&@g{% agsge)é’lfoé r’rﬁlﬁgﬁ %r?tl 'f%f’}l %gg?({fz g’nﬁ}gﬁi%?goo’?ghsi dgrabl y
i nprove t498-708N vSuwdicessfid appli¢ativay tlsslteshrbtogiés dependy ¢ thedrgd ofbacl of en

t herapy. However, the rapid passage of cgnventional dosage forns through the

proxi mal iBleEsst pavingan effchive kvel ‘Plfea%g‘PFﬁPPn framdhe jasge Wé@t’?ﬁg’ﬁsq wierpdevent ed t he

successf i ' ' | thi s.drug. A
nunbor - of 0 LRk FEoIBE), Hnct 36 ARG i SR0% § FEIHIY BBl Rl e
mucoadhespassage down e gastromtestihalarach Bazldfeels postlg @bsirbed fobloaddy eve sust ai ned

delivery of baclofen (Sinnreich, U S Patent No. 4,6996,058; Khanna, U.S.
Pat ent NRdmsnigtationdto the ealon in animal medels Meringietala Béaphgrm. Drygalishat i onal

Publ i cati 19340 h ﬁa%g . Of e to be able
to achi evfggg’::&’ %Mggf)bégf%@é%]&sag%% 0 Eﬁﬁ?ﬂﬁﬁﬁﬁﬁ é@@g@&ﬁus there is
a si gni fiabasrptiorescthé apperregiop bdtheuanll ditedtinelacd wot exprbsieddh dliclargeanal ogs whi ch
are well absorbed in the large jntestine/colon and hence suitable for oral

sust ai neduiegimea Developmentef averal ¢ondrelledasieass fogmulaion dorRagiaferghould 1 j cacy and
id ff : Is : o th d
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of bacl of eherapy] Howewd she 2apid pasageifabnventiohil dabagedbnnsthirowghsthe of

acyl oxyal kyl, carbamat e prodrugs of bacl of en and bacl of en anal ogs, _nmethods of
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. WO03/011255) 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
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6 WD 2005/019163 PCT/ U52004/ 027330 naki ng acyl oxyal kyl carbamate prodrugs
of bacl of en and bacl of en anal ogs and nethods of using acyl oxyal kyl

car bamat of bacl of en and bacl of en anal ogs a Heypeuti cal
conposi ti%%(gésda%ieb?isof to treat various nedical disorder gl?éws%ﬁ?(?rst aspect,
a conpound of Formula (1) is provided, R5 0 RO OYNUORa 14 R22 R3 0 (1)
or phar naeaking asyloxyalkybeasbampate peadirugs ofthpclofenawd baclofimanalogs ahdr eof , wher ei n:

Rt i | f t i St f bst i d |, alkyl,
Substi ¢ e e bl oM LR BrP Gt o ated I b SR BRAGH nv o1 o by
cycl oal kyahd/or Ehtfiﬁfabé%’&:@l%o%@ﬂsﬁﬁhklﬂeredﬂ&ﬁéﬁﬂ%ﬁdi@&hé’ddbal dBoRadrk.t ut ed

y

cycl ohet er oal ,_ heteroal Kyl , substituted heteroal kyl, heteroaryl,
substituted héeadisgrgpect,Recommneang ofReynuladyis pravidedt ut ed het eroaryl al kyl ; R2
and R3 are independently selected fromthg group consisting of hydrogen,

al kyl, substituted al kyl, al koxycarbqpyl,| subgtituted al koxycarbonyl, aryl,
substituted aryl, aryl & oS ti e r ékﬁv, cycl oal kyl, substituted
cycl oal kyl, heteroaryl, s{{bstfnut het er oarylY heteroaryl al kyl and
substituted heteroaryl al kyD & opfidonally, R2 and R3 together with the
carbon atomto which they are bonded forma cycl oal kyl, substituted
cycl oal kyl, cycl oheteroal kyl or sufdtituted cycl oheteroal kyl ring; R4 is

I d f h . | St ] h | k ' d al kyl,
e oot o0 1 o BTSSRI R Sl T
cycloal kyl,  SUBSidIsASPRoMYRS Bkl KbnsidtinelPaesIen®aiddd acslARkAt Ut ed

cycl oheteroal kyl, heteroal kyl,; substituted "heteroal kyl ;7 "heteroaryl,

subst i t utsebistittedalisgl, gtyl, substgnted ayyladridalkyl, substitiuted apdalkyle cyaloalkyll al kyl or
trialkylsi]yl; d. Ry i l.ect f t.he | St bstituted
aryi s hesubditited Seigatod el e rbriRg YRR PRl e et 3 compound
of For nulsgbdtinkidd héterdbRYl, Kefroar3? sBstivtiddH¥dRary et aPylalkyl 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.

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

XXO\[]/H\)\/U\ o~ R*

R2 R3O

wherein:



(11) wherein: 7 WD 2005/019163 PCT/ US2004/ 027330 X is fluoro, chloro,
bromo or iodo; and R2, R3, R4 and R5 are as defined, supra. In a third

aspect, synt hesi zi ng a conpound of Formul a ' | ded,
comrisiﬁg&@éﬁ%lﬁé JOoyN 111 ORé ~OR2 R3 O\ (I) LEUSPURRILG ) s
O(lIl) ORL ~OH (IlIl) contacting a conpound of Formula (11), a conpound
of Forrmul a (I 1X)s Buatoathléregeromone iodmandal ent of a netal salt or an organic

base or a conbinasi t eof rein: Xis fluoro, chloro, brono or i odo;
and Rl, R2, gg,k’ 4’,@%@?3%%@%%& supra. In a fourth aspect, a
net hod of syntlheshitd Bgpedt, 8 ABMVHSK Shthlesiving laofdpbuhd of Pé@MiISAYis conpri si ng

contacting a conpound of Formula (XVIII1) with an oxidant, ereini. R R
OyN ""U orevidedzomprisingxvi|1) and R, R2, R3, R4, and R5 are as defi ned,

supra. In a fifth aspect, pharmaceutical gpnpositions conprising a conpound
of Formula.(l), or phar rnaceut ically ﬁw sal4ts, hydrates or sol vates

t hereof, and a R o._ O N o~
O R2 RO
(I
RS o
X0 H\/U]\ R
o
R2 R3O

(1)

contacting a compound of Formula (IT), a compound of Formula (IIT) 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

Rl, R2, R3, R4, and R are as defined, supra.

In a fourth aspect, a method of synthesizing a compound of Formula () is
provided, comprising contacting a compound of Formula (XVII) with an oxidant,

wherein:

R2 R3O
(X
and R}, R% R3, R4, 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



pharmaceutically acceptable vehicle such as a diluent, carrier, excipient or
adj uvant 8 WO 2005/019163 PCTI US2004/ 027330 are provi ded. The choi ce of

di l uent, wer%bsdio16d8xci pi ent and adjuvant will depend upggr/usahings8s her
factors, the desired node of adm nistration. In a sixth aspect, a sustained

rel ease oral dosage form caonprising a baclofen @(grodrug or a bacl of en

anal og prasgPiRyidsd. Adectipige of dilyent, sagier.fxgipiant and adinvant MaH dependi Upghadapt ed t o
be swal | e ' r gi'nrﬁﬁi e the dosage forminto an

i ntestina mn&ofga%ﬁémgae%ér?trggé%%ﬁ osaétg E)hf m further being adapted to
rel ease the Haclsifthaspscodrsustained seltase brafl dosaga ddrag cpmpeising atfacledermul a (1)

3 ter salMOBRECF 8 heripterciiples rapdbE af Franda g RROERRG DAlPRERIEr the

o ovi i ng et RepER 10 Be B BN B et A T KB R o o e 0
t he pl asrm iofestited lypnén efthe patiens thedesapdfamfarcther tringeadaptbdad releak ithe

(1) 1" priss oA proREHEP e LA e Of FPOHA GD Ao e o For mul 2 (1)

e | i aa e D e D T ok ] Sl 00, e dosage

form relgradiahrpl¢dse carsingy haglofernciithe bacldéfen emdlbg tebadleanmwd drao tlege forminto

the intestinal |unmen of the, patient ,Qver eri.od of houyrs; _and allow ng
bacl of en RPTPIEY B BiSAIR Proadogafhe ﬁf%ﬁ%#éﬂrawmfwgofe%fter sai d

swal | ow | i tration of the baclofen or

bacl ofen%&%@ﬁﬁhﬁ%%ﬁgﬁg@atﬁg& aﬁlglgtht. In an eighth aspect, nethods
are provi ded flara severth aspgec i npsthadof arally ainihisters,a baclofed prodargyorraovenent s
and pain assqciated with spasticity.. Methods afe also provided for treating
or pr everhapﬁgmg%@fq&ﬁre%lgwggeg{mlaé?sumroa}dgga%f mefhodROmPHEREe or addi ot i on.

i cotine abusGgingddhbo o o 1R% k! (i dERinel rAtEle Gl MrageTBRks and cough.

The net hods genera ni'stering to a patient | of such
treat nent or iptreduing the dasdgedompintd theahtestinal fuaeini ofe metentriy ldvirg conpound  of
Formul a ( and/ or ? BnhaJ macefut I cal conposition thereof. 9 WO 2005/1119163
PCT/ Us2004¢ Batieaggwallow the dosage form,

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
after said swallowing to provide a therapeutic concentration of the baclofen or
baclofen analog in the plasma of the patient.

In an eighth aspect, methods are provided for treating or preventing stiffness,
involuntary movements and pain associated with spasticity. Methods are also
provided for treating or preventing gastro-esophageal reflux disease, alcohol abuse or
addiction, nicotine abuse or addiction, narcotics abuse or addiction, emesis and cough.
The methods generally involve administering to a patient in need of such treatment or
prevention a therapeutically effective amount of a compound of Formula (I) and/or a

pharmaceutical composition thereof.



4. Detailed Description 4.1 Definitions "1-Acyl oxy-Al kyl Carbamate" refers
to an N 1-acyl oxy-al koxycarbonyl derivative of baclofen or a bacl of en

anal og aswpeyMgfRsed by conpounds of Fornulae (1), (V)I’C%ﬂ%zﬂowobsgti scl osed
herein. "Alkyl" by itself or as part of another substituent Terer

saturated or wunsaturated, branched, straight-chain or cyclic nonoval ent

hydrocarbon radi cal deri ved4by th&aﬂﬂﬂg@ﬂ@ne hydrogen atom from a
single carbon atom of a parent al kane, al kene or al kyne. Typical al kyl
groups include, but are not limted to, methyl; ethyls such as ethanyl,

et henyl, ethynyl; propyls such gy pr gefifitiong! . propan-2-yl,
cycl opropan-Il-yl, prop- |-en-1-yl, prop- I-en-2-yl, prop-2-en-l-yl (allyl),
cycloprop-l-en-l-yl; cycl oprop-2-en-1-yl, prop-1-yn-1-yl, prop 2- yn 1-yl,

etc.; butyls « | ,bu ro

2- rret hyl - propaﬁ‘-‘é&%&ﬁ%}r 8}7@&0 bu -I1 gcrﬂ% %ﬂm)&?

2- et hy| -derioptive ¢fibatlofén oﬂwlbaci’ofaﬂadai as enboth %s&ﬂbﬂcdxhpoﬁidlts@f 1, 3 dl en 1-yl,
but a- 1, 3-di en- 2(§n cycl obut-I - en- , cycfobut-l -en-3-yl,

cycl obut afqrmylag; lowslhergm but-1-yn-3-yl, but-3-yn-1-yl, etc.;
and the |ike. The term aI kyI Is specifically i ntended to include groups
havi ng any degree or |level of saturation, i.e., groups having exclusively

si ngl e car bon-‘k{ESbylited%r as garooPenotiRy sutgtitiest @fersy £sai@atdercar bon- car bon
bonds, groups havi ng one or, nore, triple carbon-carbon bonds and groups

havi ng i Yasefeaieds braneheg, straigbighein %rmyclmmsn@va %M@ﬁ?ﬂ@rbpaé@ﬂ%nds Were a
specific de?i‘og{ijb)?hTe%@In%ﬁtdt%'ﬁeu deggagm@er%;g Fl%ufggeﬁé aﬁ@ @Bﬁ: of & ;:!a!réiﬁ‘”y'

"al kenyl are roup conprises

from1 tcall?@epﬂkémbraﬂlqm Typicel alkﬁf@asupb hl}t;luder b dre hot lltﬁlte(ﬁfdQﬁRﬂﬁﬁ ons, nDst
preferably, from1 to 6 carbon atons. "Al kanyl 'by itself or as part of
anot her sSids suctias etheayk etheny), ethynyl; prapyly suthaarpém 1-gL, prorgBt2-Fhai n or

crcl)  clitlphahanl, BEHLSE I M ARVl 0 gaen 2 om o
are not |dyglopeup- I@n-lnﬂt bmy;impetémanyl prd@LDB’ﬁﬂWlﬁprI*yﬂﬂ -Yij epgbutylsy|
pr opan- 2- yI (i soprop cl opropan-l-yl, etc but anyl s such as
but an- 1- ysuch agpbugy- iﬂé 1!59!9 ﬁmvﬁmépmau@zda’émeﬂwmwa@w L(sec-butyl),
2-met hyl - REOBAAR - bd PRRULW! But- RedBYT Y- mBRORRR DI -¥h-1-y1, but-2-en-1-yl,
but-2-en-2-yl, buta-1,3-dien-1-yl, buta-1,3-dien-2-yl, cyclobut-1-en-1-yl,
cyclobut-1-en-3-yl, cyclobuta-1,3-dien-1-yl, but-1-yn-1-yl, but-1-yn-3-yl,
but-3-yn-1-yl, etc.; and the like.
The term “alkyl” is specifically intended to include groups having any degree
or level of saturation, i.e., groups having exélusively single carbon-carbon bonds,
groups having one or more double carbon-carbon bonds, groups having one or more
triple carbon-carbon bonds and groups having mixtures of single, double and triple
carbon-carbon bonds. Where a specific level of Vsaturation is intended, the expressions
“alkanyl,” “alkenyl,” and ‘“alkynyl” are used. Preferably, an alkyl grdup comprises
from 1 to 20 carbon atoms, more preferably, from 1 to 10 carbon atoms, most
preferably, from 1 to 6 carbon atoms.

“Alkanyl” by itself or as part of another substituent refers to a saturated
branched, straight-chain or cyclic alkyl radical derived by the removal of one
hydrogen atom from a single carbon atom of a parent alkane. Typical alkanyl groups -
include, but are not limited to, methanyl; ethanyl; propanyls such as propan-1-yl,
propan-2-yl (isopropyl), cyclopropan-1-yl, etc.; butanyls such as butan-1-yl,
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(t-butyl), cyclobutan-1-yl, etc.; and the like. "Alkenyl' by itself or as
part of another substituent refers to an unsaturated branched,

st rai ght w@%cfgmgléycl ic al kyl radical having at | east n??f’gﬁﬁ{gg@]’ﬁ:?ar bon

doubl e bond rived by the renoval of one hydrogen ato e carbon
atom of a parent al kene. The group nay be in either the cis or trans
conf or matbiutam-2xplsec-buiyl), 2Zoudthy-fropeit 5yl (isbppiyt)al-ma¢thplrpropan-2ups i ncl ude, but

are not limted t t henyl .  pr nyl s such as prop-1-en-1-yl,

prop-1 - er{’f’g‘]}? » Y %@B?a?bﬁ;ﬁifi@’lﬁegﬁqe@%% prop- 2-en- 2-yl ,

cycl oprop-1-en-1-yl; cycloprop-2-en-l-yl; butenyls such as but-I-en-I|-yl,
but-1-en-2-yl, 2-nmethyl-prop-l-en-1-yl, but-2-en-1-yl, but-2-en-I-yl,

but - 2- en- 2- y| ,“Abkanyl" byzitsel fear-as patt of mapther|substitneat referg|to an yosagiyated| - en- | -yl |

cycl obut 5] -en-3-yl. . cucl obut as.1, 3- di en-1- vyl tc.. and the [jke. "A knyl" by
itself orbra&*?ﬂ%d:\#&‘%?f:%hﬁé‘% ﬁlé?ycélﬁ Bﬁ&yf{aﬁ'}é’ﬂfh%&%ﬁéeﬁsz)o%encaﬁh%‘ﬁf’ﬁlpﬁq ed branched,
strai ght -delisle bofd deiveaditsy thk ksthovadef &l h Hdtor foRPS binfRRafdhaein car bon

triple bond derived by the renoval of one hydrogen atomfrom a single carbon

atom of odapareahalkeneyrhe groypmasibe i ¢ithey thegioenizansrronfymatiby abent ghenot

limted t h : [ nyl.s such as op-1-ypel = op-.2-yn-1-yl,

ete : putGHEEONIE), TR LB petigd baPard pdbitpicda jo BEGRUE Y™ 1YL

and t he Iﬂ(r:d?ﬁn 1s86oH as pr¥pilt&el fyl ProR s-eRAL 1, pffog@&i_h%ﬂ (@uagtituent refers to a
0 wher e 0 h al

radi cal -C(Q , R30 i s hydrogen, yl, cycl oal kyl
cycl ohet @reraiient2-ylaeyaloprapyit-en-kyil; cyclapioprioen-kyil; bienyds snehydls,  het er oar yl al kyl

as defin erei n. . Represent at i exanpl e i 1 bu e not, limted to
fornyl, Zogg?yepﬁ-%gﬁéﬁg %’@a?%ﬁi@ljpmpgggpglﬁ%]kg&ﬁ%gﬁi}l'@af)‘btg%ﬁ&')Q’enzoyI ,
benzyl carappyh-2idbhtad ,3dked-1-yHbkaxl,3-dieni2-gebiclébutdsemaryl, of anot her
substituent refers to a radical -OR31 where R31 represents an al kyl or

cycl oal kyyclgbwuipend-egyicbyta biadion-1-wbsfcesadtia like exanpl es incl ude, but
are not limted to, methoxy, ethoxy, propoxy, butoxy, cyclohexyloxy and the
| i ke. "Al koxvcarbonyl" by itself or as part of another substituent refers to

a radical - CEAQUSRYE hyhigdels 313l pariof &srtihdr Substitgdnk yéfergito ai aheniritel group as
defined herein, 11 WD 2005/019163 PCT| US2004/ 027330 Representative exanpl es
i ncl ude, branched; straight-ghain ereeyclis alkybradisal havingon Jeast ong ¢rsherrearbemy | |

propoxycar0aR¥ha alWedhyIRE PARWal of i I3RFSE HOHE AORCH¥he R rtoB Gtonh | KE-
of a parent alkyne. Typical alkynyl groups include, but are not limited to, ethynyl;
propynyls such as prop-1-yn-1-yl, prop-2-yn-1-yl, etc.; butynyls such as
but-1-yn-1-yl, but-1-yn-3-yl, but-3-yn-1-yl, efc.; and the like.

“Acyl” by itself or as part of another substituent refers to a radical -C(O)R™,
where R* is hydrogen, alkyl, 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(O)OR> where R*! represents an alkyl or cycloalkyl group as defined herein.
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"Aril" by itself or as part of another substituent refers to a nonoval ent
aromati c hydrocarbon radical derived by the removal of one hydrogen atom
froma on atom of a parent aromatic ring sy, Lcal aryl
groups I?(’:(? 3%%{;}8 are not limted to, groups deri vedﬁ(}ﬁggn%og%@g\%@hryl ene,
acenapht hyl ene, acephenanthryl ene, anthracene, azul ene, benzene, chrysene,
coronene Rebtasaﬂatm&%amplesmﬂml&; et arh extlieited tohmcﬁmhymbom}dx al ene,

as- i ndacepne geene i.nden t.hal ene, oct aphene,
oct al ene, ﬁ’é’a‘&?aéfﬁ ﬁ’é?R(B‘y arory e ‘étox @%"%@ ﬁg"q(’heﬁ‘e’!ﬁ’t’%ﬁ’@g@ny @H?@phene,
peryl ene Jixghenal ene phenant hrene, picene, pleiadene, pyrene, pyranthrene,

rubi cene, triphenylene, trinaphthal ene and the like. Preferably, an aryl
group corrprises from6 to 20 carbon atons, nore preferably, from6 to 12

b i ) b f h bsti
ators to an aarl by Mator o Vel el ufRRRE R R R R gen ot o

bonded t arémsRHydrbcaftfiradivali dedlved bRthelr8hbVAI B ofé hﬁﬁoéerpﬁbﬁpﬂﬁorﬁtaom i's
replaced with an aryl Dgroup Typi cal aryl al kyl groups include, but are not

linited tBgldxathap atom.oadasant etearatie ripg, syszerphérrywcel arrhgroups includadhthy | et hy | |

2- ht h h th pht I
2- Egght h)é}%liﬂmfeﬁ gfguyé]a({% 8 %h@q *Ie"E%“]“"ﬁIIFé‘F ‘?‘%ﬁcz‘%’ll kyl noieties are
i nt ended,acephlaﬁadm&mslamta@enarwu%n%%mhmeaéwﬁnkwbn@@dﬂ@draﬁmﬁ@l kyyl is

used. Preferably, an arylalkyl group is (Cr7-C30) arylalkyl, e.g., the
al kany! , fhoreaayhexaeeng h@;ﬁﬁphenﬁnh@qalcna.fas-mcﬁp@em ytiaddegne, gndmtp indeeC1- 4 0) and

the ar I nor e, prefer abl a | K oup is

(- Cob) EisRaitag, Poteieh, SctineB abuditnd. Sialdied ot e pilaeder\ P ot ° e
aryl al ky pefitaleu, peﬁtaf)@nec?éryﬁlaﬂé ﬁH&ﬁal@ﬁé{ bhéﬁahﬁiréhel Ewé@pﬁlgdene pyrene,

"Aryl di al kyISIIy | or as part of another substituent refers to

the radi mmtmmmmmphmﬂ@eohmaphthﬂsm gmeizhe like3Rreferablyyan ayl def i ned

here| n a t he ather f 2. R33 or I ned herein.
< ot B8 ot o Em i Pt Reee s RO TSR Cr ve
ext rapol Q{cﬁﬁg.f romzero tinme to infinity. 12 W 2005/ 019163 PCT/ US2004/ 027330

I s the highest drug concentration observed in plasma foll ow ng an
extravascul ar dose of drug. Conpounds' refers to corrpounds enconpassed by

structural f Or‘m;g@yflw#‘ﬂr })a.lqlo? e?%ul?%tuenpre? 1S tb Ql(flzzlclzj}% %a Y specific

conpounds with
radical in which one of the hydrogen atoms bonded to a carbon atom, typically a

J

)

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 (C7-Cyp) arylalkyl, e.g., the alkanyl, alkenyl or alkynyl moiety of
the arylalkyl group is (C;-Cjo) and the aryl moiety is (Cs-Cyg), more preferably, an
arylalkyl group is (C7-Cy) 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*?R*R* where one of R*Z, R® or R* is aryl as defined herein and the other two
of R*2, 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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whose structure is disclosed herein. Conpounds nmay be identified either by
their chem cal structure and/or chem cal nane. Wen the chem cal structure
and Che”kﬁfio conflrct the chem cal structure iségﬁr %# e of the
identity o %e conpound. The conpounds descri bed her iﬁéﬂ%@ érn one or
nore chiral centers and/or double bonds and therefore may exi st as

st ereoi soners, such as doubl e-bond isoners .e., geonetrrc i somers),

enantionmers oy, diastereoners. Accordin t he c structures depicted
her ei n enconpags“a}sltﬁﬁw%aﬁlge%&ﬁ?&@ﬁ‘gPQb%ﬁW@P 338”8 t he

i ['] ust r agashvaQupR @a8Sof diegudi ng the stereoi someri cal ly pure for m(e.g
geonetrically pure, enantionerically pure or diastereonerically pure) and

enantionmeric and stereoisoneric mxtures. Enantioneric and stereoisoneric
m xtures can, e res I,ve i nto their, conponent, .en troqrjrs qr ereoi soners

usi ng separ atr ?fééo‘b‘?m%?’r’rnflﬁfs Arediby "known to

the skil eXTRY bdissl8sed h-EPéi‘n aﬁ&iﬂéﬁfd@@&f@éaﬁb%@n@éhﬁds Withifi EHRE %milﬂ’éét omeric
forms including the enol form the “keto formand m xtures thereof.

Accor di nghyse sthvetuct isrdissiised hergint (Cavpalwds otay Hehidentified eéh@rdmihsts all possible
taut oneric_f.or of t ustrat ed Th de cribed al so
i ncl ude 9}53?18?)1 ‘F‘g‘éoé'l b %%ﬁ’r@ﬁ{m agftr?f‘%&g af’@ ve an
atoni ¢ Nigfie _d(bﬁffl@tr ﬁratchéxhﬂm §thRnak m&erﬁ%%ve%ﬂeﬂawﬁybmefc@%@uﬁm hat ure.
Exanpl es_of isotopes that may be incorporated into the conpounds disclosed

her ei n i kB¢ cefapounds descabedhereinmayeepntain opgor @pre ¢himgl agnters a@l/on 5N1180, 170,

t ted f ted f
nci uch raPCat e et i iores ey SR AR sOhTR, ERAF druPTE BBt RS rmy Do
hydr at edg. ¢S @leymb@t iS8merd); exdntiomers< & didtdteiREH 0 NRBSTdiiBYy, € SHenlitalMul ti pl e
crystalline or anprphous forms. In general, all physrcal forms are

equi val estructuses dmt%b@emm@mmsa@amomblerenmeas and stmeexsqmarsmcf be wi thin

t he scop present . di scl.o e.. Further t _sh under st ood, when
parti al @[eg %srt{?fe o&po%%“ @%15‘%3]&5 St%l}ﬁng?liﬂFﬁ(‘éalllb’é{Ué%Po tg’br ackets i ndr cate
the poi ngedphetdtd] %harﬁforﬁéﬁ%a]ﬂ’ﬁgﬁﬁe%k dfdsferdpimsrieall P Fiul% afigst of the

nol ecul e. 13 WD 2005/019163 PCT1uS2004/ 027330 " oal koxvcar bonyl ' by

i tsel f ognaatomsrie and stereotsp@erie mixturasy &n@ntroemeér@nd@teaemm@m numr@y OR36 wher e

amp! oot avedibio 87 SupSidth Brdofifr At pyRERpBRGI" |

cycl ohexytkniyeeald? @Rirhl synthedil echhilies wéll Rhdwn toythé blgHkd aisarSTIRAr t of anot her
substituent refers to a saturated or
compounds may also exist in several tautomeric forms including the enol form, the

keto form and mixtures thereof. Accordingly, the chemical structures depicted herein
encompass all possible tautomeric forms of the illustrated compounds. The
compeunds 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, °H, *H, ''C, *C, '*C, N, '*0, 70, 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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unsaturated cyclic alkyl radical. Were a specific | evel of saturation is
i ntended, the nomenclature "cycloal kanyl” or "cycloal kenyl" is used.

Typi cal eusbdgbiofés 9roups include, but are not |imtedpdPRusfhHtRssederi ved
from cycl opr opane cycl obut ane, cycl opent ane, cycl ohexane and the |ike.
Preferably, C cI oal kyl group is (C3- Clo% cloal kyl, nore preferably
(C3-C7) cycl oa etrYdéﬁelf\maSBWp and ercsrlbsiguqsvém ersfto anot her
substitu 30 | radical in
whi ch ongé%rﬂeé@&%rgglﬁra o] % té%"ﬁ %ﬁcgf%%ﬁfa% ;&oéjh%{éérilxatorrs) are

i ndependmpfegemapteaa@mprtﬂmlndeebamenwhxﬂltéd 120 eyﬁlobduﬁbﬁy@mwm, Typi cal

het eroatons to replace the carbon aton(s).include, but are not Ilimted to,
N, P, O, °$°1°1§xy1‘8‘tyﬁarb9%)élr3§déheslt'@elflc | evel of saturation is intended, the
nonmencl ature "cycl ohet eroal kanyl " or "cycl ohet eroal kenyl" is used. Typical

cycl ohet eroal kyl groups include, but are not limted to, groups derived from
epoxi des, azi‘Cy cﬂea_lm 1oy itsalfes as part dﬂmmthedisiﬂn’sntumt refers itme satprapedraazi ne,

i peridi ne, zol | rrolidine, ucI di ne, and, the, i ke.
IO1IOHaI oalmﬁnﬂé&aﬁﬁﬁ]é‘i %ﬂgy]r py CTe & SRFC’l fj Fﬂﬁ?m@éfﬁg@at ive of
bacl of en . ﬁﬁg& db Bmf mul ae (11),
(Vi) angﬁl(en\el‘/cllEﬁ@‘3:?f scl ose her c E@?Z?g%l k;ylrl}/.f)&%t er oa )Egrr]y E ()

Subst ??L?'F&““ﬂl?‘??rf?‘e‘mm“?mpwmfm P and Bl aromoa
respect i F¥glgpen; WW‘& @%tﬁ%ﬂ%e oRrel q’i@qﬁéh%@f?l%% ‘&191’{5 (ép Bssoci at ed
EZ?2382{‘o%ﬂmf%ﬁf?’é@l@*eﬂr?%‘.ﬁ%g@?@t%%at B aroups whi ch can be i nel uded i n
t hese groups include, but are not limted to, -0-, -S, -0-0-, -S S,
0 %2 oo it o R e T s o

R41, R42 I /019163
PCT/ uszoﬁﬁ%ge%%gmg ubst |%§€?&2F%31cm Ig?(qf‘ Bk orthift carblsh ng‘ﬂ% al kyl ,
subst i t uaeylassogibtedhyiirogey etonss) kel mdepenrllmﬁlytreplwbdomdi ﬁmlskmle or different

cycl ohet eroal kyl , _subst | tuted c cl ogg r oal kyl , é&e f K subst I tuted
het er oal R§iETo24(m. eIX&‘P he eé%%m? SEEhon Atom é‘F‘?(

subst i tuaﬁ;tea%qﬁ@rdlsa'skyézc orspait 1ev@yof§a&15tion% éag 1A fneO” “anot her

substituent, réfers t’o a nonoval ent eteroaromati c radi derived by the
r enoval nbmemdaih:patl‘ronghemmalkahylﬁ or deyelohgteeoalkenyl” 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 (II), (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-, -0-O-, -8-S-, -0-8-, -NR*'R*-, =N-N=, -N=N-,
_-N=N-NR**R* _PR*., -P(0);-, -POR*%-, -O-P(0);-, -SO-, -SOz-, -SnR*R*- and the
like, where RY7, R*® R*, R®, R, R, R®® and R* are independently hydrogen, alkyl,
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atom of a parent heteroaromatic ring system Typical heteroaryl groups

I ncl ude, but are not limted to, groups derived from acridine, arsindole,
carbazol o bdspfip! i ne, chromane, chronene, cinnoli nePC’f/HéZ%EMOf.?EgOdaZOl e,
i ndazol e, 1 ndole, 1ndoline, indolizine, isobenzofilran, 1sochronene,

i soi ndol e, isoindoline, isoquinoline, isothiazole, isoxazole,

nap ht hyL isubstituted alkal, and) mbsbfsftﬁrﬂ, anykaliyki s@bﬁgyted@mdalkprb lay¢lialivg, .
pyr azol o, upyrEABTEAE FroiptReibR ARs Bl QoG il P/ e

qui nazol ispBstituted heretdalieyl, Hetdrogbi, sibdtutéihetersatyl, heterd2y1al&0be, t hi adi azol e,

t hi azol e, thiophene, trjazole, xanthene, and the |ike. Preferably, the

het er oar ysubsitefed heterorrdalksl. 20  nenbered heteroaryl, nore preferably from
5-10 nenbered heteroaryl. Preferred heteroaryl groups are those derived
fromthi ophene, pyrrole, benzothiophene, benzofuran, indole, pyridine,

qui nol i ne, i mM‘CRIBbAEyl bieitselforasfamdyf abilive substitiet, aefeyd taladadbnovalent t sel f or
as part of another substituent refers to an acyclic alkyl radical in which
one of t Hetergaremaimragdicahdeniedhydhe smovakefinss hyfeagen elgm &am gsipglet er ni nal  or
Spa carb ' A he . fic alkyl
oyt | e o of FpaieRL At RpRERGY red Tl TYBRA I BoRPproliEln s

het er oar ydr@hdtainitedbdgrotips deaivet Grovd ardiney hrsindlolés €atbadole, P-&rslied

enbodi nents, the heteroarylal kyl group is a 6-30 nenbered heteroarylal kyl,
e.g., thehmnaneythromene eynotine,fitenipidarolesindagdlesindolenimtelingar yl al kyl is 1-10
menber ed .agq.the. h terﬁ%%all. rrgjifoet .S .a ﬁ 20-.ngr1bered het eroaryl, nore
preferabl@,o%yfols e > RACETSY 1‘5‘?%‘? & 1@9’5.?“’[%50311”}23 P, al kenyl or

al kynyl nedtBia¥ol6fisdxagoleshphaiitindl éddidzsle lokhzbRP&iRMi)d t he heteroaryl
moiety is a 5-12-nmenbered heteroaryl. "Parent Aromatic Ring Systent refers
to an unghensnthridine pbenantlyoling iphensgine cphthglagine piaritineg puiing paravonj ugat ed n
el ectron _system %g(aci fi Cd%';" % i n((:ﬁ uded. w t hin thle 15 M0 2005/ 019163

PCT/ US20 BT 5F 3By A< Ridering, Ryftding,pyriudine, Ryro'e: pYTFQJiales fWRAZOME, | ysed
ring syst@ifoling qiMdH2ifR)§uidbxalifie! Rtredold, Headibstls thiagole! tAifphése, and one or nore
of the rings are saturated or unsaturated, such as, for exanple, fluorene,

i ndane, itnakotes xanthenes had the likec Preforsblyathe heterenmy! groupristfram 5i2Yy syst ens

i ncl ude, b Linited | | |
wcephenaait i Ehat Pabrd put R AR S {pmEBRerea BEEIRRN. PREPE e e,
f 1 uor ant hepeoarfll g1 e HHBY A6ENA. frdte NAGIIRAE, pyhRl befthidghdnedacene,

s-indacene, indane, indene, naphthal ene, octacene, octaphene, octal ene,
oval ene, benzofuran, indole, pyridine, quinoline, imidazole, oxazole and pyrazine.

“Heteroarylalkyl” 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 a heteroaryl group. Where specific alkyl
moieties are intended, the nomenclature heteroarylalkanyl, heteroarylalkenyl and/or
heterorylalkynyl is used. In preferred embodiments, the heteroarylalkyl group is a
6-30 membered heteroarylalkyl, e.g., the alkanyl, alkenyl or alkynyl moiety of the
heteroarylalkyl is 1-10 membered and the heteroaryl moiety is a 5-20-membered
heteroaryl, more preferably, 6-20 membered heteroarylalkyl, e.g., the alkanyl, alkenyl
or alkynyl moiety of the heteroarylalkyl is 1-8 membered and the heteroaryl moiety is
a 5-12-membered heteroaryl.

“Parent Aromatic Ring System” refers to an unsaturated cyclic or polycyclic

ring system having a conjugated n electron systern. Specifically included within the
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pent a- 2, 4-di ene, pentacene, pental ene, pentaphene, perylene, phenal ene,
phenant hrene, picene, pleiadene, pyrene, pyranthrene, rubicene,

t ri phenygpgwspisisnapht hal ene and the |ike. "Parent HetghoaéRiBhh&eR NY
Systeni refers to a parent aromatic ring system in which one or nore carbon
atonms (and_any associ ated hydrogen atons) are independently replaced with

t he same d6fnifPR pERATENt BEQTBAtICARESYstepy) A fusedring systemsinywhich @pe ae t he car bon
atons in .| . ' Specifically

i ncl uded%vﬁﬁgﬁlﬁr}llgt ggglgf#%ﬁl%%ﬁ%&'ggg?oergtofE‘gtrfe?lrgg%eo%a iat%ﬁ?ﬁr ng systens" are
fused ri mgssyratedysuich as, i etample, fhrorene) iadade, indend, iphesalees el Mypicat and one or
nmore of the rings are saturated or unsaturat ((ald, such as, for exanple,

ar si ndol @TBLAHOBANG KA SySterasMGHusecbit apgnob died temcesthiylenendol e, i ndol i ne,
xant hene, o | 51%%, el .88 b oIl  ncl ude, but are
not lim tag P%th}-%?és’l%ﬁggﬁg C rl%rlaako' e, n&%@& l:)ér?\%?ﬁ%/%r rranéé, chr onene,

ci nnol i neorohemen finoranthene, dluererienhiexacdne, héxapldne, hexatetio) asaimdadendol i zi ne,

| sobenzof urgm, i sochrongne, i sQi ndol e, isoindo]ine, isoquinpline,

i sot hi az&iadacens, iudpape.dndeng. manhihalene, potacgne gelaphtng, ogalepe avaleser i i di ne,
phenant hipeghaet-diafe HRataBiR) bofalehl SRAZbIEe, RAVIERE, phbiMiend! €7 di ne, purine,
pyr an, yrazrine, pyrazole,  pyriddzine, pyrid ne,’ pyrimdine, pyrrole,

pyr r ol i ziphenantlwéneapiobne) pleiadgne,noirenecpyranthrenk, rmbitene, quplenykhene, tetrazol e,

t hi adi azol, e, én,gi azol tﬂ(iﬁophene, triazol e, xanthene, and the I|iKke.

" Phar mac &iRapB eEBﬁ’b‘gg’ietl n" refers to at | east one conpound and a ‘
phar maceutical ly acceptable vehicle, with which the conpound is adm ni stered
to a patient. 16 WO 2005/019163 PCTI US2004/ 027330 "Pharmaceutically

accept abl e safPirentdietervatomaticRihp Sgftem” cafens dola parenharomapio smgsyge#emt he desi red

phar macol.ogj cal activity of the parent conmpound.. Such salts include: (1)
aci d addi“ig'bjr?%§§139§fn°feo arRen afems (ndany aasaciak QRS- ochl ori ¢ aci d,

hydr obr O%dé&éfdleﬂtl){ ?ééb'lzfch'& Withgﬁé gamﬁi)lt ditfErefChdleroMBRS PRl hefetdhtorddd the |1 ke;
or fornmed th organic acids such as acetic acid, propionic acid, hexanoic
aci d, cycéplmerthecespomgomsiinclads, Hut ayé petdimiteddoj N, PpQr SiSicetaci d, | acti c aci d,

tartari o Saericatfigiinds et the A8t for S RarerEndarSafiae DO BEnzol c
act d.¢i BKafikig 35dilins HADAEh lofic BF hfbre of T NABSHY Wik A8'dhe oPHRROEHUI oI C

aci d, I sul fonic acid,
the rings are saturated or unsaturated, such as, for example, arsindole, benzodioxan,

benzofuran, chromane, chromene, indole, indoline, xanthene, etc. Typical parent
heteroaromatic ring systems include, but are not limited to, arsindole, carbazole,
B-carboline, chromane, chromene, cinnoline, furan, imidazole, indazole, indole,
indoline, indolizine, isobenzofuran, isochromene, isoindole, isoindoline, isoquinoline,
isothiazole, isoxazole, naphthyridine, oxadiézole, oxazole, perimidine,
phenanthridine, phenanthroline, phenazine, phthalazine, pteridine, purine, pyran,
pyrazine, pyrazole, pyridazine, pyridine, pyrimidine, pyrrole, pyrrolizine, quinazoline,
quinoline, quinolizine, quinoxaline, tetrazole, thiadiazole, thiazole, thiophene,
triazole, xanthene, and the like.

‘“Pharmaceutical composition” refers to at least one compound and a
pharmaceutically acceptable vehicle, with which the compound is administered to a

patient.
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2- hydr oxyet hanesul foni ¢ aci d, benzenesul fonic acid, 4-chlorobenzenesul fonic
aci d, 2 naphthalenesulfonic acid, 4-toluenesul fonic acid, canphorsulfonic
aci d, clo[2.2.2]-oct-2-ene-|-carboxylic a ucohept oni c
aci d, - iogy/{"%?ﬁ(c)%l onic acid, trinethylacetic acid, 34(?”%%9 0& acet i C
aci d, Iauryl sul furic acid, gluconlc aci d, glutan1c aC|d hydr oxynapht hoi c

acid, salicyl I“Ehania@utisa@adceptable(m t* refiers td < saicofth commpbutnﬂ;ewhicke; or (2)
salts formed wh |d|c roto present_ in the arent und i's

repl aced Pﬁﬁeﬁeﬁ&eﬁs#%rp @éj ?ﬁ&f"i&‘é‘iy OfIr?%? BfTeRto! Pé’Hnﬁl ﬁ%‘&} Searth ion,
or an al ﬂf@lﬁ&é”‘(l&%&d a‘&Ehtfbﬁ%ﬁE’é %&ﬁ%ﬁﬁo@%ﬂrﬁm'sﬁc@ﬁ@{&@oﬁémm

et hanol am ne i et hanol am né, tri et hanol@am ne am ne ‘and t he
like. " Phydwohrsit acid) Mrfuac@elﬂt alﬂlheaoxé,ipms}mbnlcefnd; and thedikdj dnfermed adj uvant ,

excipient .,or carri.er wth which. ound s adm ni,stered. "Patient”

i ncl udes "t fEgEIC ‘ﬁ%@s ﬁu\éif’ﬁ}?acqli]ﬁﬁﬁ nig,agid, i’ﬁf‘anoé?% Cifsed i nt er changeabl y
herein. cHe6peidnep@pionic adid %Yﬁi&hb Q8d, ﬁﬁﬁ@i&%cfﬁolaétlé 88hhPRic #id, | Sk of
acquiring a di sease or disorder (i.e., causi ng at | €ast one of the clinical
synpt ons sedcinié acidi melissasid, mealeic acide fumazis acid, arqaat: iaeids citriagcidehentaic exposed t o
or predispqs 0.th dIS e but Qes not ri ence or display

synpt onms %‘ﬁ fﬂ%h&q@@ﬁ 8703' ea)rzglé‘.ach]clé]pgm{ca g@‘f P& of a drug nol ecul e

that reqyidtifmedulfohicidfd, efhaBdsuonitiakid, mzté%ﬁ‘anleQﬁmfow&h&ase the active drug.
Prodrugs are frequently, although not’ necessarily, pharmacol ogically

i nact i ve2thydrdxyecibanesnifenic wdt benzprasalfenic deid gi-chlprapenzmesil o

PCT/ US20Q4/ O rom)Je refers tao a.form tecting group t hat when
used to 21&??%%&%87‘?8{ §F1dg$(§?}ﬂe%s?ﬁ?mcﬁlﬂ’r Pﬁlmsgl@o Hﬂverts t he drug
into a pmqﬂétﬁglbmi‘/m[z:@!z]-w-z b1 RaBORYIRS il ghlcoRSptahicaefied to the drug via
bond(s) that are’cleaved by enzymatic or non-enzynatic neans in vivo.

" Pr ot ect Brieaylpropianicscid,tomethylasatic mcgd,demat)obtﬂyhamuc aghth tavayk salfiie to a

reactive _f.yncti onal D in a I ecul e sks revent.s

reacti vi ??}Hbélu?cﬁléc a‘i’%rﬁ?‘ﬁ%a Clcb l%gdlg’fs ﬁ?’g 4(? e 86 can be
found i npfacBMR adid, Ad the mc.E’rd?t(z!)cgautwor@fea%%nlaﬁ aldePpYofo n%egenﬂﬂtne, (Wley,
2"d ed. 1991) and Harrison et al Conpendi um of Synthetic Organic

Met hods" pargpl eompbugd (skchlncww)eymted 1cgong,, an pikali-megalapn, egkdmsreadhi ve ami no

protecti P(gl, 8t &' ﬁﬁnﬁrpu(xzrll Pocrile br cl?oc;[rdﬁzrat%s Qv?ﬁ orgamcdbase such as ethanolamine,

diethanolamine, triethanolamine, N-methylglucamine and the like.

“Pharmaceutically acceptable vehicle” refers to a diluent, adjuvant, excipient

or carrier with which a compound sis administered.

‘“Patient” includes humans. The terms “human” and “patient” are used

interchangeably herein.

“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 predisposed to the disease but

does not yet experience or display symptoms of the disease).

“Prodrug” refers to a derivative of a drug molecule that requires a
transformation within the body to release the active drug. Prodrugs are frequently,
although not necessarily, pharmacologically inactive until converted to the parent

drug.
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formyl, acetyl, trifluoroacetyl, benzyl, benzyl oxycarbonyl ("CBZ"),
tert-butoxycarbonyl ( Boc"), trinmethylsilyl ("TMS"),

2-trinmethylsj - et hanesul fonyl ("SES"), trityl and substituted trltyl
gr oups, \Sﬁ@ gé‘ﬁ%b‘sgr bonyl, 9-fluorenyl met hyl oxycar bony FCEASRRYH03735

nitro-veratryl oxycarbonyl ("NVOC') and the |ike. Representative hydroxy
protecting groups include, but are not limted to, those where the hydroxy
group is either acylated or alkylated such as benzyl, and trltyl et hers as

vel | as al kyl ?éametgx reéars torg o PEatoetingt greynsthat v mwrlé@m 8t hers and
al lyl ﬁ‘:ﬁ@o &%ﬁ%%é'ﬁ RORAE 35 xﬁ@&@%&rﬁgyﬁ §%&8§?g§§%§’dml .

cont ai ni ng ere entc centers suc

excess (ifie prgmeibtytwid attachwddo itle drgp @t nd(s) dint afe dléavied d§lenDpftatid n sone
enbodi nents, the d.e. is, for exarrple greater than or at least 91% 92%
93% 4%II§’5‘%DZ%‘%°91P%3198’°/’600r 99% "Substituted" refers to a group in
whi ch one or nore hydrogen atons are independently replaced with the sane
or different substituent(s). Typical substituents include, but are not

limted to, -9 _rgte@_g;o_ﬁp_” reféps to OplpingF@tonts thatSvhenNBRGRaIto a=NR60, - CF3,
-CN, - QCN, =N2, -N3, -S(0O20, -S(O20H, ,  -S O)2R60
- 05(02) c;eacuvesfe@)mbgrounom wojesule mpgsky;, (reﬁm pryyreventyseeyyitre)theors1) |

O R6 OR60
; ﬁ(RG)Z o %?ﬂﬁgdﬁ%&gw ﬁé@%&%ﬁ%"%ﬁ% %@@"@3 f@&é%@?@;ﬁ&@ 62) NR6OR61
where M ‘i‘]?ﬂ’oilenmimiﬁfmhpliﬂ @r@nfca(Ehmaslry’RﬁW;lleR&P ecR699a)n11dH6ﬁr180met dag WO
i A ik ek LA Ty i e o

| ohet gy t.ed I
(I:Igtce(r)ogryl or shbs?ﬂggéﬁagﬁh% Oﬁo%ﬁ%&%ﬁh#ﬁgﬂla %ﬁtgg"gﬁ tg tg(rg)ét her
Wi Lhtt{]eftormyr aqﬁiﬂhaimmmefcﬁm?lbehzﬂmZﬂbﬁymngg‘[mZﬁ)a cycl oget;alroalhkél or
substitute cl ohet er ring, .and, en rogen,
eyl et rieans (Bp Sermeiayb oAt D, 2 somel i ebkpenianty o

| ohet 1> SIS I bt t ut ed I
ﬁgfe?o:rgFﬁgr)kﬁ%lst | tu?%%g%y?é%hﬁ?%ﬁ?@g%{f‘?o éﬁw RGASIUa?]dI RESEt ogtra%/her
Wi L ht t P@-ﬂubreng?reﬁh%lomymfbm] CEMOEY), m;txe xtmtr;mb ykgnb:rn¥H ‘bMt ])@’I)emflr gal kyl or
3%68 itu elgc%cel())me er%%hgﬁ:ox&%?oe Prefera ﬁ %us&glgteln S lnc ude Sg\l
-NO" - NGBoschRere W hydrodly JoiE R eithgﬁc(cgr?a)t&' or 11BN 8RAs bRk én% )2,

trityl ethers as well as alkyl ethers, tetrahydropyranyl ethers, trialkylsilyl ethers and
allyl ethers. ‘

“Substantially one diastereomer’ refers to a compound containing 2 or more
stereogenic centers such that the diastereomeric excess (d.e.) of the compound is
greater than or at least 90%. In some embodiments, the d.e. is, for example, greater
than or at least 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99%.

“Substituted” refers to a group in which one or more hydrogen atoms are
independently replaced with the same or different substituent(s). Typical substituents
include, but are not limited to, -M, -R%, -0, =0, -OR®, -SR%, -§", =S, -NR*R®,
=NR%, -CF3, -CN, -OCN, -SCN, -NO, -NO,, =N3, -Nj, -S(0),0", -S(0),0H,
-S(0)R%, -08(02)0', -OS(0):R™, P(O)(O)z, -P(O)(OR™)(O),
-OP(O)(OR*®)(OR®", -C(O)R%, -C(S)R®, -C(0)OR®, -C(O)NR¥R®,-C(0)O,
-C(S)OR®, -NR2C(O)NRER!, -NRGZC(S)NRGORm, NRZCNR®)NROR! and
-C(NR®)NR®®RS' where M is independently a halogen; R%, R®!, R® and R® are
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-P(0Q) (0R60) (0), -OP(O (OR6) (OR61), -C(OR60, -C(S)R60, -C(O) OR6O,
-C(ONRGOR61L -C(OO0 , -NR62C(O NR6R61 nore preferably, -M -R60, =0, -OR60,
- SR60, - WebRede191GF3, -CN, - N2, -S(0)2R60, -P(O (OR60 2004/02733(
-03(0)(0?60)(0?6) C(O)RGO -C(OOR', -C(O NR60R61, -

preferably, -M -R60 OR60 SR60, -NR60R61, - CF3,

_S(0) 2R6U ep@e@}xmggqnoram; substitutgdelkyl, alkox subusited d@c@m V\/ner e R60, R61

d R62 d
it sor der SR EblGaAel Ryl HiBhaHonh, s BT RIoRertii L S05r
di sor der arfyl, sebstinsted &3, rhmr@zrryrmtmsmged heterdiﬁyrled»rcdplﬁeﬁﬂl)ORmtdﬁﬁ Rit sease or at

I east one of the clinical synptons thereof). In_ other _enbodi nents

"treat i nipeeter with e niragen gtamde yhich @%W@PH@‘F%@H&%‘ qyslobetesnpdlop Ry si cal

par anet e allgﬁ r taﬂgr'i her

enbodi rre%ﬁbssm{ﬂb eat engc} rﬁ?’r%@tlirme%& er S %ﬁreﬁﬁ B?«ltkgﬁgr? ’di sease or
di sord (r?r)r subehmtﬁdralllghyaryl; iayd:l;r)alkyl( ﬁll@tltut%itc?bldaﬂ@htdy@]?hﬂ:ﬁro&ﬂ@ﬂ Ssﬁbsi;muibﬂ e 5
synpt o i ol ogically stabilization o physi cal paraneter

or bot h. ¥ q’é"P@F‘P"}u“ tﬁéA SB%‘&‘&F%%W% deterqary grisypsti t‘&ngPtP@&‘W}e?Ft refers to
del ayi ng, et R RGN fective
amount " ans e %{rzrin%nt&%@ %Q@%%%@rﬁgéﬁﬁﬂ?{to\m%ﬁfg%%%l’éc{hgl%%gofﬂ; a patient
for treaa cytgot&teioﬂkplsc& substitated Eycdolﬁanéroﬁlhyleiﬂgacﬂre&mﬂhy subsifthmt for the

di sease., The ' ther peutrcag gf fective @g{qﬁr éﬁﬂ II va ending on the
corrpoundmcl“ﬁ@% ase0 oé evRr Ty Cﬁﬂ , of the

atient bRid. " 0, P @4/ Trralklsrl I
Ey itsel fgdg\rI ag X tzedlﬁz’ &V\@ég)%;kﬁ%ség@got’ qrgé@zlg fﬁéﬁﬁgf cal Si RéORSr >IQSZ
wher e R5€P(OR5)R65)(0 )R&E’(@)&)R@)GDIR“&),S-G(@)RWM(E)R%-E(ORBR@; ence will now be
made in det ticul ar, od ts of nd ds. The
di scl :)se @%Bd& i r@@)l ,gNﬁé%&ﬁgNBhdﬁg D%QSeBF-? ' TuMgi of™ Q”@E{d{r’?ar ms. To the
contrary, _ e 00 al &
modi f i cgtsrnorisﬁgn equr \/’aI@g\ﬁt}g@t2 SgGPR 013%@1} b)f |C?ﬂp)§'g%egt® a? conpound
of For mHGO)RY, i YORH!, de(D)NFIRY)- erom most préferably, MRRR3=0, -OR®,

-SR%, .NR®R®, -CF;, -CN, -NO3, -S(0);R?, -OP(O)(OR*)(OR®"), -C(O)R%,
-C(O)OR® ,-C(0)0", where R®, R®' and R are as defined above.

“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, etc., of the patient

to be treated.
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(1) or pharmaceutically acceptable salts, hydrates or sol vates thereof,
wherein: R is selected fromthe group consisting of acyl, substituted
acyl, al ituted al kyl, aryl, substituted aryl,_arylallcyl,

substi tﬁéﬁ’“&?’b}ﬁiﬁw , cycloal kyl, substituted cycl oalw 052004/027330

cycl ohet eroal kyl , substituted cycl oheteroal kyl, heteroal kyl, substituted

heL er oal kylj, hi‘l‘&‘ﬁ&@lsﬂyl l”i)bk)sitdeisﬂdrtaslb?dohﬁioﬂ[e@aubstituelngt&'ﬁ?% }Ikz?iﬁd{eﬂ l-da][]d )
substitute t @) oar ;. R2.and R3 are _independently selecte romthe
gr oup com¥Rs ?lﬁgfwﬁe‘%ﬁr’%%ﬁ?d@?ﬁwwlsﬁb@ﬁp? h@§ta| kyl | al koxycar bonyl ,
substituted al koxycarbonyl, aryl, substituted aryl, arylalkyl, substituted
aryl al kyl, cycl oal kyl, substituted cycl oal kyl, heteroaryl, substituted

het eroaryl, h&eferemmeywidll dopr bamdds inhdetdil totpacticniar embadishedtkyf or optional |y,
R2 and R3 together with fhe carbon ato o which the re honded forma
cycl oal kﬁwpggﬁ@ﬂﬂﬁt‘é‘ﬂfsc&éﬁgﬁcﬁiﬁ@e@ ﬁ@?é%eonaqtﬂ%%n‘g‘?dtg dmifing o ¢

cycl ohet ri ' I 8-St of hydrogen,
al kyl , s%gﬁ%}%#gdqgﬁg%&§¥’§€?ﬁgd%g?Heaﬁgg@%r%lc?vgrr% % <yt %ubst ituted
aryl al kylmodifigdtidhsand/dgmivaténts.cycl oal kyl , substituted cycl oal kyl,

cycl ohet eroal kyl , substituted cycl oheteroal kyl, heteroal kyl, substituted
het eroal kyl, heteroaryl, substituted heteroaryl, heteroarylal kyl,
substituted heteroarylal kyl org4ri idael ; and R5 is selected fromthe
group consi sting of substitut ed4'%ryf¢ aiddéaryl and substituted

het eroaryl . 2(nWGr@epdct baporad bf Banodd JRik380vided, some enbodi ments, R5 is
sel ected fromthe group consisting of 4-chl orophenyl, (3R)-4-chlorophenyl,
2-chl orophenyl, 4-fluorophenyl, thi en; 2-yit; -chl orot hi en-2-yl,

5- bronot hi en-2-yl, 5-netRlyl Lt en®- yIN.andk2- Ji da#8l yl . I n ot her

enbodi nents, R5 is selecteff fr t group consting of -chlorophenyl,
(3R) - 4-chl orophenyl, 2-chl or g2herylp 4-fl uorophenyl. In still other

enbodi ments, the conpound of Fornula (1) has the structure of Forrmula (V):
C O R OOM OR4 101 Rx2k3.101 (I)

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, substifuted heteroaryl, heteroarylalkyl and
substituted heteroarylalkyl;

R? and R3 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 alky],
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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(V) or pharmaceutically acceptable salts, hydrates or solvates thereof;
wherein: R, R2, R3 and R4 are as defined, supra. In still other

embodi MeNgRy 208s/g@MgoUNd of Fornula (1), has the st ruct urg9fis2obaBaha (V1)
Cl R /O-O-NOR4 O K3 O (VI) or phar maceutl cally acceptable salts,
hydr ates or sol vates ther.eof; erein R1, R3 and R4 are as defi ned

supra. | n some lesaiBeirmbedinests, Bofﬁp?@lmtﬁ@m!b@rgmpa@nﬂsymgef/) or (M), R is

& 6 oyel aBrpfndl, E49 SBRRIHRG, 2 cnichoeltil mgRifizhyr Lo 0 0L o1
:rgt gt Iher émm&oﬂmmtz-ybﬁ-bmmmﬂnemﬂgll f-methyithiea- ¢l and zmldazolywlm ottiel i s
y

py!, .isoprop n- but yl ty sec- butyl,
tert- butylen%ﬂdlﬁ%q‘??syﬁ Y éﬁf ﬁ%@o&maﬂsﬁn&eg rgphenyi 1- di met hoxyet hyl ,
1,1-dieth i tﬁﬁte enzyl phenet hyl , 21 WO
2005101912%%%5%%1&{%6 stﬂgl%ﬁﬁ%p%ﬂhF propyl, cycl obutyl , cyclopentyl,
cycl ohexyl, 2- ﬂirystiluyﬂhpr Gnlpydimdpts, the compwrdaf;ﬂonnhh () hndslthesthesturewfodi ment s
of conpou%(gs (Wrm“ ae (1), (V) or (M), RLis nethyl, ethyl, n-propyl,

i sopropyl; i sobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl,
sec-pentyl, neopentyl , 1, 1-di et hoxyet hyl , gghenyl, cycl ohexyl or 3-pyridyl.
In still other enbodi nents of conpounds of| Formulae (1), (V) or (M), R2 and

R3 are independently selected fromthe g
substituted al kyl, al koxycarbonyl, subst

consi sting of hydrogen, alkyl,
ed al koxycarbonyl, ary I,

S

substituted aryl, arylalkyl, substitutetNgylagl kyl, carbamoyl, cycloal kyl,
substituted cycl oal kyl, RchI oaI koxyc#t bonyl , ubstRJ4t ut ed

cycl oal koxycar bonyl , het er ?ﬂq sedhei€roaryl, heteroaryl al kyl
and substituted heteroaryl a k till other enbodinents of conpounds of

Formulae (1), (V) or (VI), Rz are i ndependently selected fromthe
group consi sting of hydrogen, CI - }( substituted CL.4 alkyl, Cl.4
al koxycarbonyl, C3.6 cycl oal kyl, C3 cycloalkoxycarbonyl phenyl ,

substituted - orpharmaceutically acceptable salts, hydrates or solvates thereof;
wherein:
RY, R% R® and R* are as defined, supra.
In still other embodiments, a compound of Formula (I), has the structure of

Formula (VI):
Cl

H
R _O0._O_N Re

(V1)

or pharmaceutically acceptable salts, hydrates or solvates thereof;

wherein Rl, R2 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.¢ 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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phenyl, C7.9 phenyl al kyl and pyridyl. In still other enbodi nents of
conpounds of Fornulae (1), (V) or (VI), RZ and R3 are independently

sel ect ed WWeriokp1&y oup consisting of hydrogen, nethyl ’P(F’Ffﬁé’ioou(f}ﬁhro‘)py'
i sopropyl, n-butyl, isobutyl sec-butyl, tert-butyl, cyclopenty

cycl ohexyl , nethoxycarbon , ethoxycarbonyl | Sopr opo carbonyl
3

cycl ohexyPERylcacipignyL, ‘Hﬁ fy1, qyelepgntyl, sylplkaxyls 2-pyr -pyidyl o8- pyri dyl and

EPT T st e A RS cRboRIRRR AL (otvRbATT R () o
Z'? ﬁogyzglr E)So?eulhy} Ie:.‘ligfgln,-pmpylL f:sg?mg?]l] n bIlgyuclleohex Te()Cx ca?lt)@gﬁbumm#emtyl benzyl, |
phenet hyl ISOEX ]Pig?fyl"g‘tﬁ eRRyd L Iéﬁleﬂlo%yqthﬂypg%h%p@opgx}ﬁygﬁp HYI I n sti I>/I

ot her enbodi mag}? &1195%&'0 Ents%?cglﬁ]%ﬂﬂd?ﬁf F&ﬁnuléevelg,c(v)%}/mf vl e sec but yl ,

hydr ogen, neth n- propyl, 1sopropy
phenyl or yuﬂmﬂqoeyitlem}){tel%@tads&dmdrecgwp cdnsisihg bfhyﬂrbm akiyhodi nents of a

conpound of Eor V h |,
ot E‘éxlycar &ul%gﬁ, elsbisstathnghyvbsshited Skemaoatl ant ke (df;-ﬁ?é) s
me @ﬁp@ﬁdg,g% MROU ﬁ;ptq or
(W )y aﬁaéu%s%gglt&eher W t he cg ggﬂgatomglgogﬁ\%n?cg t dil(ﬂ;@,are attached
forma cchiealkty)tycarb@njzisSuhstltlmﬂ ccyptdaﬂmbcygdrbomd{,dietﬂnmlr eatbskiydtedar substituted
cycl ohet eroal k r| n L1 . at her. enbodi ou of Formul ae
(1), b %aa‘ﬁ(tlfrﬁ% aP%@'étlsﬂE}te‘{}iﬁt?rﬁ L?élqgai‘h%u aﬁ'ﬁnﬁ?@ ‘aﬂeﬁ‘ﬁ they are
attached (?I‘I[r)ﬂ] WO
2005/0191%85@@ IU82004 0273§quvﬁepch? dggmghgng?%gﬁhgyg?céa%onpound of
Eo(r]I mul ae (din tél@‘gljol:qrco@sis%ng (Ffmydmgegl@gzt HF}I;H Tlﬂxstégjtméi @fm]byl lcCnsi st i Rg o:‘
rogen, - .~ Substitu - : - cyc en

SUbS it Ut 8 015)‘@%8“%’ &S EREl) %wc,loglgw?éﬁmflzéldp@ﬁ% RG] 1
trial kyl s I lenfbo ﬁ{%@% d
of Fo?/rru i<'31éeﬁy(1 I?{\e/%@lgﬂ@i(éﬁ |Isn§ri1531/1 oéren Hﬁﬁ% et tertabﬁ?g})oun
?I Iyl : hbfﬁwulaea)r@?t)lmolﬁ\ﬁ)l ylhdR mphndephm@ﬂylsdectad ;&Ioant;hlemuéyl ol sil vl

rime Si Si r||so S i met Si
or phenzl B?I}F}e/%tlﬁﬂoﬁlp’éfpgefbﬁnélﬁlw %‘tﬁé’ngyid%qm R%ﬂfg l%Pgebﬁpound 01}/ Y
For mul ae gé&-butﬁrlv)erpf)ut@i‘/'c%@loﬁ%tﬂllscﬁ‘)’(ﬁfeﬁﬂeHletlﬁlxglé/drbonﬁeéMyc% opyll met hylsilyl.

In still other” émbodi Men a’ conmpound of For nul (VM or (M), R4
i s hydr ogesepropoxycarbonyl, cyclohexyloxycarbonyl phenyl, benzyl, phenethyl 2-pyridyl,

3-pyridyl and 4-pyridyl. In still other embodiments of compounds of Formulae (I),
(V) or (VI), 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.

~ Instill other embodiments of a compound of Formulae (I), (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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In sonme enbodi nents of a conpound of Forrmula (1), R5 is substituted aryl. In
ot her enbodi nents of a conpound of Fornmula (I), R5 is substituted phenyl. In

still ot‘lg,%rm&gm% ments, R5 is phenyl substituted wt hfgqﬁ{#&“w{;@? hal ogeln

atoms. | n Sone enbadi ments of a conmpound of Fornmul ae (|
selected fromthe group consisting of Cl-6 al kyl, substituted Cl 6 aI kyI
C3. 6 cycl oal kyln Stllbhfénlyd;mbcshmsmtst)ﬂa e@nmlmdwffoﬁﬁutaemeﬁﬂ al (W), Ringl pyr i dyI

R2 and R3 dent | | f th f hyd
o - 4"l oy P B EER B etohnsifiieot todipee G aioms moRy et el byl o
C3-6 cycl @ﬁlmcﬁﬁéﬁ?ﬂﬁhbstﬂhéd‘yﬂmn%@ \h$ phenfiAky1, PiREMted @%ﬁh&?ﬁMIal kyl and

pyridyl and R4 I1s selected fromt gr oup consi sting of ydr ogen, Cl1.6
al kyl , subtalkylsilydandarybdialkidsilyl. @sﬁuoghcr gabdxqamenpw&mompsmmut ed phenyl,

gy?dPQFE %’@‘:‘H‘(‘SXI‘T(I)WS“ t?“’w% BLSR0E b et ﬁ‘é’gy g, bizsf thyI et hyl ,

n- propyl, 4-rh&RGtydRNZy], cﬁpmiynhethylsﬁtm&whneﬁm mﬂlteﬁiylsntﬁm fiﬁetﬁgl‘sﬂ n-pentyl,

|sopentyl sec- pentyl, neopenty [ di met hoxyeth dlethoxyethyl

phenyl , 4trrtsqpﬁ@pbsl§; yirt-blmddm}aﬂlylmbhenphdwldlmsﬂnylsw I@)Stlllcqﬂnﬁmpyl

oyl 00Uy Lo RS Loy PSR L AV R S Y

i sobutyl, be@yt &Uﬁ-ﬂﬂeth)ilﬁ[}fl Buitill othér ddettdithents §PPEsthydundssTFop@ita¥ (T), neopent y! ,

1, 1- dlethox e cycl ohexyl or 3-pyridyl. In the above enbodlnents
of a nﬁ&mﬂ% hﬂxl‘ag‘( R5 is preferably substituted aryl, nore

preferably bstltut e nDst rably tltuted wth
one or nore ha ?%‘HEI Q%’k%(ﬁ 11 W@rogjf‘% ia(’&ﬂ; %%@@E(Sﬁi%ﬂ I;Brrml ae
(1), (V) othef éfhv,odlﬁkntssof aeohpetRTofl Fpmuld\®), meb@@m%dsﬁneﬁgl Ths@ll-6 al kyl,

substituted Cl-6 al kyl, (3-6 cycloal kyl, ‘phenyl, substituted phenyl, C7- 9

phenyl al kyuheamb@meut;u R’ inphard sebstisuted with ope atimore halogen atoms. 2005/ 019163

PCT/ US2004/ 02733 d fr of Q nmet hyl ,
ethyl, n-pr opyfné)ln%o%bg% ents O?g]u%’lgpogfdoog@:u%?uﬁe@(t?@u J‘HY?’Q# butyI
cycl opent yélectedfﬁbmhﬁa giouprwhéimgwdqq randyl susém@tw@e tamyylc3 ¢ cycloalkyl,

|sopropoxycarbo cl ohexyl oxycar bonyl phenethyl

2- pyri dyl phedyby g&mteénbelwl 9|Rhynylalﬂml aml py@dybﬁ/?e@nédjl fam)mdmdgntbu
oheny! + | Sifhesd 3B BivaR ot En b mrdinaRh Go BOL LR Rl 8 By Vol ki
trial kyl f%lkﬁkyo@f%n?'ﬁﬂék@yélggklﬂ@ls Y bycl&l@&@l’c%bﬁyl pReriy)@uBdiaved embodi ment s,
ﬁ/enyl Cro phenyla yl and pyridyl and R’ is selected from the group consisting of
hydrogen, C;.¢ alkyl, substituted C;. alkyl, Cs.¢ cycloalkyl, phenyl, substituted
phenyl, C;.9 phenylalkyl, substituted C;.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,
nedbentyl, 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. phenyla]kylvand pyridyl, R? and R® are independently
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| sopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl,
sec-pentyl, neopentyl, 1, 1 -dinethoxyethyl, 1, 1 -diethoxyethyl, phenyl,
4- et hoxyphen |, benzyl phenet hyl , styryl, cycl opropyl cIobut
cycl open%@q’ ‘% &?lé?lexyl 2-pyridyl, 3-pyridyl or 4-pyrP Q'VF% P@:’

preferably, R is nethyl ethyl, n-propyl, isopropyl, n-butyl, isobutyl,

sec- but yl seldcesdt frdanitiyd grot Iaslliﬂisﬂngolfﬁmiﬁ m;hxetﬁﬁCe DhYropylSi W
1, 1- di et hoxyet hyl, phen%%ltx cl ohexyl gér 3-pyrid tﬁ_fi -F* py]e%aiggl?/e enbodi nment s
toatyly

of a conpbityd 13Uy seg ri-tratyl; eyclnpsniyt, &UP%?hg)@dsmP‘ﬁlQwaml,, nor e

pr ef er abl t p tituted with
one or mérigowkh%g}el# }goﬁlq)ﬁgﬁﬁﬁ ds? %l?rlgerxg 2{3@%‘)8%1 é}?erl]%, of Fornul ae
(), (Vv ﬂhenéﬂdVD,Zﬂ?&xdlylss m&lmw-byﬂmmdeﬁ@mbaMomtthmgmoﬁ Cl -6 al kyl,

substituted O - 6 cycl oal kyl phenyl , substi tut ed phenyl, Cr7- 9
phenyl al k‘;ﬂnﬂa‘i%ggf} YC%%CH Re-s pYh pebstitited Ch@ilhylb Cs.6 Ylgalkylnphanyby |

I Lt
nar ogen SEG P Ren ERY bibmdE, i et Sl B BRI el ' &
al kyl,  satgRiialkylsibyl. Cieferablyyin m%b@ewymﬂodahémt,,R b efestyl, ahylsh-prapytd phenyl

Cr7-9 phenylalkyl substituted C7.9 phenylalkyl trial kylsilyl and
aryl di al k?P@'PPX‘l ”"bPFYéflé‘Pb&’:SYlysecrthlh"é" Asvlen-penfyh dsapeRiyS sempentyl, net hyl |

ethyl, RJO?QX‘(LE/I 11 1S QiRf AR ethpl Byt ¥ thoki@wtﬁﬂlenyg%aéﬂ%g hengleﬁéqzw yl,

n- pentyl Ayl , sec- neo

- di et hoxyﬁidnvﬂhyl sfmyéycldbrﬁwm@wmhwnwyclobmu lcyclommtzﬂy&ndﬁ yr yl,
cycl opropy!l cycl obut cyclo entyl, cycl ohexyl yridyl yrldyl or
4-pyridyl+ -Piighd or r@F@éb@%ﬁe pre er,a‘glyngt isyethyly ?WV ”rprﬁl?ﬂpl;’iPProplélopr opyl ,

n- but yl g 531%]7 1.sec- pentyl,
neopentylhﬁ%kyitﬁéd thoxylg)t ,It’ert rly“%@’ %68%&2{?& 1iy I n the above
enbf)dl ment,$- Mt?@(wg}mmﬂylofyﬁem a %ﬁ))ndyRSIn t%lﬁ abas\;za‘ eanlataihmemsl Eﬁa [ It ut ed

ary nore pre Y, stitute st prefera pheny

subst i t ut GWIRGURA 0 gﬁemewla rg waqr%'g@ﬁ éw”ﬁ fé?fﬁ%&ﬁ‘rlr)énts of a

conei ot 1 PRl bst drsferdily, by b ‘fdﬁﬁ**%%%@%““ 7% o
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phenyl, substituted phenyl, C7.9 phenylalkyl and pyndyl R2 is hydrogen, methyl,

ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, phenyl or cyclohexyl, R? is
hydrogen and R* is selected from the group consisting of hydrogen, Ci.¢ alkyl,
substituted C,.¢ alkyl, Cs.¢ cycloalkyl, phenyl, substituted phenyl, C7.o phenylalkyl,
substituted C;.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-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 (), (V) or (VI), Rlis
selected from the group consisting of C,.¢ alkyl, substituted C;.¢ alkyl, Cs.¢ cycloalkyl,
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substituted C7.9 phenylal kyl, trialkylsilyl and aryldial kylsilyl.
Preferably, in the above enbodinments, Rl is methyl, ethyl, n-propyl,

i sopr opyl i sobutyl, sec-butyl, tert-butyl, entyl,
sec- pent y1 2 Qn@@%%rﬁy 1, 1 -dimethoxyethyl, 1,1-diet h'o’&}ef;é]ltsf{‘g?l‘mnﬂ nyl

4- met hoxyphenyl , benzyl phenet hyl , styryl, cyclopropyl cycl obutyl,
cycl ope ntphenybwsbhtheth Bys pﬂqﬂylalBylrmd peisidyloR® &-mgthilly| , nor e
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cyclopropyl cycl obuty cyclopentty cycl ohexyl ,;” 2-pyrid pyrldyl or

4-pyri dyIlS pmfm lyprlwléultad) pxyl, rRAreipse mab}yysl}bsb phenyb mqsyprefqrdﬂnr opyl ,
but n-pentyl, isopentyl, sec- pentyl

n- but yl , ut
neopent y! heﬂy Stﬁ?@&%&\}’é{tﬂﬂmorﬁ 8lﬂ§?n‘¥‘ el ohexyl or 3-pyridyl. In the

above enbodi neRissme fenfbobRigi bt &mptahd et Bofmulae ﬁﬁ (V) or PYEf RF &Pl ¥
substituted aryl, nore preferably, ‘substituted nost preferably,

pheny!l  susstected droseithei gronoennsistingof Gmdkyigsrbsbtl@ﬁﬁsQ 4 aii(ﬂofﬁas eydleadkylent s of a
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i ndependently 25 WO 2005/ 01916 2004/ 02 sel ected fromthe group

consi st i rafkaxycarhamdgens cyetaalignl, Cxt dyploalkexpeasianyl, phsnyir gbptituted

phenyl, Cy.o phenylalkyl and pyridyl and R* is hydrogen, methyl, ethyl, tert-butyl,
allyl, benzyl, 4-methoxybenzyl, diphenylmethyl, triphenylmethyl, trimethylsilyl,
triisopropylsilyl, fert-butyldimethylsilyl or phenyldimethylsilyl. Preferably, in the
above embodiments, R' is methyl, ethyl, n-propyl, isopropyl, 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
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subst i t ut (e HRGMHG R* G hyirBEGT YleBlyt Yetn ANty 10Xy, Bzy ”Et hyl,
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, terz-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.o phenyla]kylr and pyridyl, R? is methyl,
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phenyl, cycl ohexyl or_ 3-p e above enbodi ments of onpound of
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(VI ), R alony@eﬂbeﬁyled:ﬂ; byzmamﬁ 01 pexrlcutiviysdrbovgyl ofhe@dt, Sutatikatéd substi tut ed

6 al kyl, C3. KCl oal
p enyl C7 9P enyla]kyl and pyridyl and R* is hydrogen, allyl, benzyl or

tnmethylsﬂyl. Preferably, in the above embodiments, R' is methyl, ethyl, #-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, #-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 (X), (V) or (VI), R' is
selected from the group consisting of C,.¢ alkyl, substituted Ci.¢ alkyl, C3.¢ cycloalkyl,
phenyl, substituted phenyl, C7.o 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,

27



phenyl , substituted phenyl, C7.9 phenyl al kyl and pyridyl, R2 and R3 are

I ndependently selected fromthe group consisting of hydrogen, nethyl,
ethyl, n 9 lksopropyl, n-butyl, isobutyl, sec-but 0 |,

cycl openivg?, &%{?%?llgﬁexyl , met hoxycarbonyl, 27 WD 2005/ Olg&iw%ﬁm%w/

PCT/ US2004/ 027330 et hoxycar bonyl, isopropoxycarbonyl,

cycl ohexy$thexscameByly isopripexytarbasyh gyeloh earhonyl, pheayh, begayl, 3- pyri dyl and

4- pyri dyl I 20 s 4 ' | 81 Preferably,
T e AoRROLN 2P Sty Bd oy bR RO by by, Bl or 10
n-butyl, irinedthutlsilyl. Bederablyyin thé ebdveleaibpliments ®itiy mettiys aaten) abropgkc- pent yl |
neopentyl, 1,1-dinethoxyethyl, 1,1-diethoxyethyl, phenyl, 4-nethoxyphenyl,
benzyl ,  lseRIARYIRDUtY isoRAtYL, Ferdiubyy fspshuty cwpwhtlgqppnéyé%a@wm ,

0 e . o Gy, BB

met hyl , et 'S0 sec-

t er t - but yphensthpk styyyl, cyciqrepylydyclobaty mgoloptntyl) epgledxwl, 2-pyridid,di et hoxyet hyl ,
phenyl, cycl ghexyl or, 3-pyridyl. In the above odi nents of a conpound of
Formul a (¥-Pyne of é-pyridyb magse prefersly; Buwéaetbxly?t,ﬁy TREORYL IS RRTABYly |

substi t ut g 1 ef.er Iy_?&gln éryfgp'_ | e or nore

hal ogen Igfgg ’?%tysl’(?r%g bg%’o%?ne l§n8 ’%:ggﬁpo ﬁg&g Fir%ﬂtpane YY), (V) or

1), Sebmetod ot st e s bl 11 1 o
-6 al kyl, - clo . phenyl ., substitu pheny] , _9 phenyl al ky

and pyri dggtgpq:qggio&ﬁg@ﬁggénl,{s W?fﬂaplysé‘bl?mt,ed IXr BBIA I?re* sopyl , n-butyl,

| sobutyl, O p. . ' R4 is

hydrogen,ﬂ% y%g&%l%]%lyﬁ%% r%frélfar?‘i;%f ﬁ%%?%syn@e*"g?ggggf&?ﬁ%e Above

embodi menatemsRl is nethyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,

sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-peniyl,. negpentyl,

1, 1- di et hoxy me eynil?ofﬂﬁglgfﬁ %%PPRFF‘E oﬁ‘gﬁwl,ae @n&)%mgﬁ% ., benzyl,

phenet hyl r PBKisti | & , |,

2- pyri dyl s:ele%?e)gyﬁr‘é%y %?912- pyrs}tlgglg?{@}fg?]!e&b’/%#beﬂ gﬁ%ﬁ?g{%l’ F§¥Eg?ﬁ§{éyl’ et hyl,

n- propy!  plieagh sulmsitutedrptiznlyy (G pherylly] and porityt Rf is hydeagonbubatyl, n-pentyl

i sopentyl, sec-pentyl, neqpen . 1, - dj et hoxyet hyl , phen . cycl ohexy

or 3- pyri A9l mPFORYhdSpS ”é'HBéLiIWéH{Yi SEF-DLY; ﬁ*ﬁaﬂrﬂa Caf?logwil}’ﬁam 1), R5 is

pr ef er abl Iy o4 r Sp ; nost

pref er abl li[yd%%atghg }ﬁ gg%gc%ﬂx%%nf gg{' lx’?\nb %Hﬁ%ﬁéa% i %s?rgp hgﬁegéggétgghltﬁgﬁ né:jmoivﬁ sone

enbodi mendmbadiments,d'nis nrethydf ethyl; mptapyl, ($opropii)n-butyl, WopbntyRl sec-dutydel ect ed from

t he group c%nsi sti ng i)f, Cl-6_al kyl, substituted Cl-6 al Elyl1 C3.6 cycl oal kyl

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.o 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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1,1-di et éﬁ@ﬁt@%lpheﬁﬁ‘iﬂ?ﬂan pfiﬁa}i'ﬁffd/ﬁh%rh\yhm BN PYferabRCEHBYboveSt YT Y1
yl, utyl, 6) I dyl,

cycl opro > cycl ob cyc entyl, cycl chexyl, 2-pyri 3-pyridyl or
4- pyri dylembodineentsy R ismethlyl; ethil, ri-gropyt; isgbropel; hbiutylpispbwply kec-bwgpr opy! |

n- butyl, isobutyl, c-butyl, terf-butyl, n-peptyl, isppentyl, sec-pentyl,
neopent yf€rt-puty ”—'Eﬁ%ﬁh’ﬁ%ﬁé%ﬂ ﬁc'%@hﬂ@ge%vc}’gﬁ&('ﬁhwéyeé yridyl. In the
above e i R 'ty?*qur

subst i tzﬁg%&g?%,?e l’rlzhégl?e’f er g%logilphgg%lgﬁrté% ggengﬁgﬁ’yél , rfocgéﬁgfb?%r ably,
phenyl suebdobutyl, eytlopentylpeyelaexylp 2@ ytidylodrpyridylorst-pymdyd,anereenbodi nent s of a
conpound of. For ae , or 1), R . l.ected frogmthe gro

cony st Mo Sanebit eyl anhrol Aorpoy: SRR SRR ot ky P pheny!
substitu i n n%B;S’e ri i r

i ndependgﬁﬁ)wﬁs%eﬁlgegggelg @%%ﬁ?eg%up C(?%’I 15"? ?dé%ﬂlg?yeﬁ%,rﬂoﬁégﬁl: met hyl ,

et hyl, n-<cpelofaxly] ot 3ppidyly [n the above embodiments of a compound of Formula (), 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, C7.o 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, tert-butyl, cyclopentyl, cyclohexyl, methoxycarbonyl,
ethoxycarbonyl, isopropoxycarbonyl, cyclohexyloxycarbonyl, phenyl, benzyl,
phenethyl, 2-pyridyl, 3-pyridyl and 4-pyridyl 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, l,l—dimethoxyet}lyl,
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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n-butyl, isobutyl, sec-butyl, tert-butyl, cyclopentyl, cyclohexyl,
nethoxycarbonyl et hoxycar bonyl, isopropoxycarbonyl, cyclohexyl oxycarbonyl,

phenyl , Rgoklororepnenet hyl , 2-pyridyl, 3-pyridyl and 4P@y/hsgm/0g§|§, R4 is
hydrogen Preferably, in the above enbodi nents, Rl is nethyl, ethyl,

n- propyl, isopropyl, butyl, isobutyl, sec- butyI tert but pentyl,
i sopent yfyclahsgylgs ﬁr@bmd}’hebb@ﬁ gheve embogimentsrof #esthraund) Eﬁ(ﬁbi{ﬂ oxyet hyl

Egglnglout ylpqg%{/ag osglgﬁpﬁ ed @2@ Xﬁeeg(rg{%?ﬁy géﬂ?m&ﬁ %Xﬁ%énaz)lf ﬁpéfé)ﬁﬁfypy“ dyl, nore

preferabphcnyl%ubsﬁtutedt\hﬂioneech’rmbr,eha}dgemﬁmtns i sopropyl, n- butyI i sobutyl
sec-butyl, tert- butyl n- pen | sopent se penty pentyl
1, 1- di et hoxyelipm eﬁﬁ&ﬁl}mm EQ%W\EPIZB@M PHBWC%) ?33%) cycl ohexyl

O 3P bt o B SRR D R RUPRU O] LM P 1S
pr ef er abplyenyl, jsitsstiytitedspiiesiyl, (G4l phenylilRyloane p(yndyrb 1d11a19cbq , afetiyd, I n sonme

enbodi ment s, of a caonpound of For.nul ae (I Rl i s, selected from
the gr oufth¥le APraRylisonser 1n~@uﬁf|1,|e§crbut>§w§§%bm§a®anﬂlor@ya fokgxyl, R%ise cycl oal kyl ,

phenyl, ﬁ%«%ntaﬁ’lh‘?{j 1Pﬂ€cf}¥ ben. Ci;rePerzﬁ*f Y h%l J[%{'e é'lﬁgo WehflYR? 1s|?a%th?1y hydr ogen,

nmet hyl , prop | SOpro | SO uty , secC phenyl or

cycl ohexgthyl Rpropyl, 1l§t)p3l¢5mg,embatyli 1R4but3£l, day&uq@,e‘art-h‘atﬂ;‘ Bpaityl; ,1sdent1yhe above
enbodi nents, Rl is rreth et hyl r.o I SO ropyl n-butyl, isobutyl,
sec- but yfec-ReapLnsepgAtyL, pflémemoxy‘ﬁbﬂpgﬁtcgﬂhoxxegkﬁ . neopentyl, 1, 1

- di met hoy b I,
ohenet hy | ERyphenL ben AL ARG %Jr%b{}‘*ﬁ%payﬁs@hﬁwi@@ fhy Loz
2- pyri dyéyclcheryly n@yhdﬂ; 34:ynylyl -pyrltﬂyl enmqaiea‘bablel Rimethylyetyy, , et hyl,

n- propyl, iso I sobut sec-butyl, terf- butyI n- pentyl,
i sopent yI Proﬁgés%&ﬁﬁln'b%gb&bpw seq}!ggtyhlt@?ﬁg%gt-n% tyl, gepeRtvLl cycl ohexyl or

et e AT T

pr ef er abibove pidodimentsasfta donipaiinivof Roromea ), R p&fhabl;@abst&umd&:yu n sone
enbodi nents of _a & npound of  Fornmul a TP%%‘ uia %} Rl is selected from
t he grou’|'t§‘°f?d?¥§fe§3cb Yh §ulptitgied Bh%nywpostg fﬂlel@a stigfedyvith ene @ cycl oal kyl |
phenyl , %sﬁ“fg%g& enyl C7.9 phenyl al kyl and pyridyl, R2 is nethyl,
nethoxycar on oxycarbonyl | sopr opoxycar bonyl or

cycl ohexyl oxylnaohmreyﬂhodﬂﬁents efmmycbunderEénulae M AVoaeVIPREferably, in the

above enb?dl ments, Rl is nethyl,
cted from the group consisting of C,.¢ alkyl, substituted C.¢ alkyl, Cs.¢ cycloalkyl,

phenyl, substituted phenyl, C7.o phenylalkyl and pyridyl, R? is methyl,

methoxycarbonyl, ethoxycarbonyl, isopropoxycarbonyl or cyclohexyloxycarbonyl, R>
is mqthyl and R* is hydrogen. Preferably, in the above embodiments, R! is methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, terz-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, zert-butyl, n-pentyl,
isopentyl, sec-pentyl, neopentyl, 1,1-diethoxyethyl, phenyl, cyclohexyl, 2-pyridyl,
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ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl,
n-pentyl, isopentyl, sec-pentyl, neopentyl, 1,1-dinethoxyethyl, 1, 1

- di et hoxy tIaIIIémfé}e“y' e LR Pt phen?’%’“"@%?.dyl or

cycl opropy obutyl, cyclopentyl, cyclohexyl,
4-pyridyl, nore prefera bI Rl is methyl, ethyl, n-propyl, isopropyl,
n- but yl , 3+pynkiylgd4-p$mt}4 ryslhydttogem -tethyl] ethy} mpmtbpyl 1sd>mpy:lnh-)blutyl sec- pentyl

e imen SR R TR g s Pbroge st o sbove
mor e pr eEﬁbé&hﬁéﬂts%fQﬁfanHﬁcﬁs%f%ﬁﬁﬂﬂae% omlew?é ﬁaemgb%&% substituted

with one or nore hal ogen atons ments o npound  of
For nul ae n{}:IIprl,(mt)propyl( Rbntyl,Rdobiugyl, m{quy)Il temttiugyl, n-Ipemyhp;dp,enIyisopr opyl ,

v DU e e kS By R o B P og, Po

2005/ 0 191§>°yn8§v‘1T R@mééé%@é&yl 3= ;Il%f)yld Wt 1s9;|5rof]ylpkf‘ is‘Mdmg%% and R8I Oge n,
met hyl , ethyl; n-prcopyl, isopropy I sobut’yl , sec-butyl phenyl or

cycl oheébydrfog? iln shildxﬂurg@mbadmm cpfg:ompdum@s)f ForntnuthﬂI%; (V)scu‘f(éﬁ) Rent sI of
conpounds_ 0 ro
i scr)rBr opyt® mﬁﬂ%ﬁF% '@Mh? I\)Qogglc MI 155{1“@“1“ ”f‘H teﬁt'%‘gﬁ’ pen ’soggnt yl,

sec- pent ¥l d nggu &My, nphs) Yis, 2-pyridyl,
3-pyri dylilo oHE@tZP&"B* ié&m YL h%llfb%élﬁr{gﬁeni’1 ’rlret hyl ,°rﬁ£dp§’?%%’ﬁ( ﬂgr I sopropyl, R3

is hydrog}!drogmmHARnshydWcmgen In sti II ot her enbodi ments of corrpounds of

nobutyi . 1 soblit s Segcefidmont of eoeries of kel W IR NROVDIREE"S by i a1

Rz is hygy rbthyms Brdpyl, 7 nsd%f&i%ﬂ'n—bﬁt&l I@B@@p@yé-buﬂ?ﬁ téﬁ-buﬂarou pafyl, and R4 is

hydr ogen, In still other enb ntS of conpounds of For nul ae f , (V) or

(M), R 1sopent1vﬂes¢¢ypent3dxwpentﬁl, pIrloqbythoxye;bﬂr phepyl, criclohexyl, 2-p tyI

1oL e U b S et rae PR tany, 8BTS Lo P e At

R2 is meidaptop owp@r Dhkxylek aitongl, RO Wineth EQRIR‘IJBW qnyl or
cycl ohexylgxycar bon I@QI S rr}éth I ang R4 is hlydro% Inggome enbodi nent s

of a corrpoundln)$0m'ﬂ)¢m’m€hme(l$)0fa@M}‘lpolﬂm’(QﬂEOmelael(!‘) II(NI) Ritiayl, n-propyl,
lsopropy I ut cyclohexyl or
3-pyri dy : lﬁy}i / 'rogﬁgﬁs,o\{’ﬁg)y?#h%t XSQBWYE */éér ﬁ@&ﬁ'&d’&?ﬂ Yh'h ot her
enbodi neay&oﬁb&ypomﬁ;&my],okhfs hiy@rogeh, 38 i§ hydrogef) ard R ¥ hydroBen fn smBéhy! . et hyl,
embodiments of a compound of Formulae (I), (V) or (VI), R! is methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, terz-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, #-butyl, isobutyl,
sec-butyl, zert-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
(1) is substantially one diastereomer. In still other embodiments of a compound of
Formula (I), 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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n- propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, phenyl,

cycl ohexyl or 3-pyridyl, RZis nethyl, R3 is hydrogen and R4 is hydrogen.
In yet o 5 i ments of a conpound of Formnul ae (I) ), [
nmet hyl , Wy@gﬁﬁqgjr opyl, isopropyl, n-butyl, isobutyl, @%’8{/0%%40

tent - butyI phenyl , cycl ohexyl or 3 pyridyl, R2 is n-pr p R3 I s hydrogen
and R4 i @?}Q!PQJQ@!H In spmg embp digaemisy of srdoopionnd o &Ferima Gc)rﬂbolarﬂlj4@ikyl,For mul ae

cobutyl i b¥egrind BBl S Elbon o S nstal Bof Blbstr B By 4

i sopr Opy|0ﬂldR%mb©diiﬂ€thﬂilconapUimﬂl45fFénﬁMQ gRhis @41 aﬂm%m@dwgeﬂttﬁe of a
conpound of Formul a R3 aye different arid the conpound of

Formul a (SFWCQ@G@%*’&H)M @Fbajlatgﬂﬂuﬁgsm%oﬁéﬂ“aqmd&%@he enbodi nents of a
conpound

R re arTALRaatoR shtkne Ao ORI Wn bbby Al boratl 01T (1)

i s subst dnbitek bmbadmldﬁw&ta&foﬁmﬁdofmﬁuld (1) ®%ig C, gahetliREphgdegerg conpound
of Formula (1), the stereochenm stry at, the,carbon to WhICh RZ and R3 are

at t ached th"sStélfeOCl%%SWéUhPPgb?%iq‘MththGH@Ream%éhﬁdjl eftheormula (1) is

ambod mert S Mok s Yo ot (RS ST onf UBSEEERET, L or Ggen

and the conpoundomé eﬁtbbﬂmh@ts(df)adom;ﬁ)ub&bﬁFlémﬁﬂiWI)DRZ &ncaRf gr@ener. In ot her
enbodi nents of a conpound of Fornul a d‘l% Rz is Cl4 al ki/ R3 is hydrogen,
t he ste@@%ﬁ@é@ﬁwla(‘ﬁ'aa&@ﬁewm ¢ epmpoungof Fegmalee VA 1sached i s of the

S.- confi g%ggtgnﬁ{gpg%ﬂ? %tcrc Er)ﬂeé.l n.enﬁs Or;?tFJHﬁhQnts B} a é&gﬁ&%@iﬁcﬁf&f&a{ﬁkj | one

di ast er eoner er enbo a compoun R2 is Cl-4

al kyl , RRVI) thy/si¢regetemisthha thé esrbmcioartiich RY agd RE be atachudris bbthehi ch R2 and R3
are attached is of the R-configuration, and the cog&mnd of Formula (I) is

subst ant iSaenfiggration;and the ewmound pfFarmia GWH desubstentally one asireomer. of For mul a

(v), R2 18 ﬂP@ 9;[{1'\1” and the
conpound o grgnrrlhp s)oct%rsm 9@%%(?{%1%5 a Wlﬁ%élstgg qéﬁse&%pﬁhﬁ ot her
enbodi meramoafto arhﬁmmbammbdre Bnadlied & ofthe chohﬁguﬁtleﬂi and the ofipodndsf t he
carbon to which and R3. are attached is_of the S—conflguratlon and t he

conpound @Pnlil?r(w} i spbstantially onp diagtersomer.y Iibsidl ofhersarehadiments of ¢y ot her

enbodi ne NAAQT 3); t the
car bon tgg%??%%éﬁgﬁgwau T%thc?ggﬁ(ggﬂ s}sgﬁé}gﬁé{&ﬁ%gﬁpﬁ%@ﬁ%?gﬁ and the
conmpound Rahnulaquisaubéfhﬂtiamy ond dizksterdontr. Jh aileotierashivodbmemes ofan still ot her

enbodi ment s of 3.
compound of Formula (VI), R%is Ci4 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 Ci4 alkyl, R3is 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, 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
S-configuration and the compound of Formﬁlae @), (V) or (V1) 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, terz-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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conmpound of Forrmula (VI), R2 is Cl-4 alkyl, R3 is hydrogen, and the conpound
of Formula (VI) is substantially one diastereoner. In still other

enbodi e onpound of Formula (M), R2 is Cl4 hydr ogen,
the ster 3%)‘2%@%402%1?5 at the carbon to which R2 and R3 a%@@?@?ﬁd&?l s of the
S-configuration, and the conmpound of Fornula (VI) is substantially one

di ast er eodnesterebmestlmlsﬁllmthﬂreml:@dhmﬁtsm cs)m}fouad ocﬁ‘t?pnmuide &, Vorom(VH, (VI), R2

S drogen, the e emstr h carbon to which
Rz and %é”ﬁﬁaﬁ'ﬁ@gx'@(’&ﬁ {spRropy, %bﬁ%ﬁ IUWC LH'iaﬁlwpound of

For mul a (2] é) S }g;ap(gg@ ts of a
corrpound(l?')ﬂi Eoré}r,r(?}Hllzii)et':aﬁtyqi8f B%?thIOR 1s0H R Egaﬁydré%)l}f Rﬁgst Ryl , Hn%rBopyl

i sopr opy| stengothemystry ﬁtstbbambbn tcsthCbBt ymd mamaclyddlspﬁ&xwl cycl ohexyl or

3- dyl ¢ R2 h h
3B O o A e koY s T, L PSS iy ot ¢ e
S-confi gualagtbﬁameﬁ dint fi@1 &H&%%:@éntf&ﬁd@ﬂnﬂ%uﬁ& bf Forthul8é (19 V) ok $VI),

substantla} y one diastereoner. In other enbodi nents of corrpound of

For mul ae Rlis, me(th»yl ethy, vmrom; lsoprgpyieuhytyl muuwl sqq—hmdpt;rt-butslopr opyl ,

n- butyl , |sob S byt Bt - but ¢l 3-pyridyl,
R2is rret °1P‘%e’ﬁ3’§8¥ gé’&ﬂdleg fss"'w ehs %dﬁ }@B’%{&?f‘s@h g%/ thg
carbon tOst%bé}{énﬁ@rﬁﬂdh&ax%ﬁt&wm@ﬁké%dw% étﬂﬁ@hedﬁs@)@ﬂ:fel guration and the
conpound of Formnul ae (I) (VM) or (VI), is substantially one 32 WD

2005/ 0191BZopfiguratio eud tizrastpousi of Femudaa(l), (V)os(VI)lis sibstantialihenti nent s of a

" opr opy! Serets. T i@l gfs bt B R OB VERL 1 o

3-pyridylR! Banétﬁylnetﬁzpaydm%ﬁ%bﬁo dﬁ-fb gg,,lsdﬁﬁtﬁsseb%hqg@ﬂrbdtﬂe
stereochem stry at the carbon to are aattached is of the

S- conf i gupkenyb ﬁyclahﬁ:cyi pe3-porpPuRY 1sc$0p|:@wlnﬁ~ aie hydrogen,\R" ip hydroggn, thes

substanti one 0 3t 3 nts of a conmpound of
For mul ae %}?Jexc S'?‘rjéﬁﬁ/% 5%1%0&3 W}élcﬁr& ({lk 8{ %%Cﬁeﬁbggkg% i sopropyl,
n-butyl, S-%@Hﬁ'gdtbuorﬁzﬁi&thé'b&xhpoﬁrﬂrdfliéﬁhtﬂlae (I)M\@W'(Vlﬁﬂé%hﬁﬁﬂﬁm\élly@ﬁe3 pyridyl,
R2 is n-propyl, R3 is hydrogen, R4 is hydrogen, the stereochem stry at t he

carbon t odia#ierepmen arrdh@emhodimentsefaepnpound of Eeﬁnﬂa@ﬂbef(l‘@@lf &YDoR, and the

T o hEm o A mtu HowBhd b sl e i Gk R "
nmet hyl, ege¥dhexyl-d2ROpdyl, OB ERBIdpyY], Wb&lﬁydrogdnSRbibth/}}drog‘eﬁCﬂ@Ut yl,

tert- butyI phenyl , cIohex | “or 3spyridyl, R2 is |sopropyl RBis
hydr ogen, stmocplgnhgmf ajgéﬁcarbmto 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 (T),
(V) or (VI is substantially one diastereomer.

In another aspect, a compound of Formula (IT) is provided,
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stereochem stry at the carbon to which R2 and R3 are attached is of the
S-configuration and the conmpound of Formulae (1), (V) or (VI) is

subst anti al lX one diastereoner. In other enbodi nents of a conpound of

For mul ae WOPRYO5NH163, (vi), RL is methyl, ethyl, n-propPCT/USEWpOBIRN |
n-butyl, isobutyl, sec-butyl, tert-butyl, phenyl, cyclohexyl or 3-pyridyl,
R2 is isopropylyhef@h:1 S hydrogen, R4 is hydrogen, the stereochemstry at the
carbon to which R2 and R3 are attached is of the R-configuration and the
conpound of FoXrisflaerog ¢hlorq, byome ofighly; is substantially one diastereoner.

1 Moo R BTG PR oSl
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(V) or (V1) is substanti allgly one di astereoner. In another aspect, a conpound
of For mul 8ubgtifufed; cycloplkyl, gyelohetexpatiyyl ssubjtitrted crolobgieroathyl ying3 WO 2005/ 019163

re i ndependent § SBP BNt Sen il Sy S RETE sibsplTaIE 21N,
subst i t ut g, shbsfituted@biyay@alkiyn rsmbstin&ed)agfianm,eﬂylaidﬂoyisiga,r&y@mankyll,ar yl,

substituted  aryl, arylalkyl, substituted arylal kyl, cycloal kyl, substituted
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substi t ut ] r | .k I Qpti t her..wi tsh t he
carbon. at ST SHHRRRR L HereRap bR Rl Hererodon Mo 1R, MEildee

cycl oal kyhete@mjlgmﬁtoemkymﬂylpamsubsti tuted cycloheteroal kyl ring; R4 is
selected fromthe group consisting of hydrogen, alkyl, substituted alkyl,

aryl, substit uReis sglepted fepny the grgup cangisting efsubstitited gyl heteroary} ped al kyl si | yI ,
cycl oal kyéubs '@%Qﬁfe&eé’ PI cycl oal kyl, cycl oheteroal kyl, substituted
cycl oheteroa‘i1 yl-, heteroal kyl ,

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 S-methylthien-2-yl. _
In other embodiments, the compound of Formula (IT) has the structure of
Formula (VII):
Cl

oK R¢

(viy)
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 (VIIX):
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substituted heteroal kyl, heteroaryl, substituted heteroaryl,

het eroaryl al kyl , substituted heteroarylalkyl or trialkylsilyl; and R5 is
selected fromthe group consisting of substituted aryl, heteroaryl and
substitut‘@ﬂzﬂ‘?("é?légryl. In sone embodi nents, R5 is sel eREBFSEOMRIBHe gr oup
consi sting of 4-chlorophenyl; R-(4-chlorophenyl), 2-chlorophenyl),

4-fl uorophenyl, thien-2-yl, 5-chlorot@ien-2-yl, 5-bronothien-2-yl and
5-nmethyl thien-2-yl. In other enbodi nents, the conpound of Forrmula (I1) has
the structure of Forrmula (VIl): C X OR4 R'2 Ft3 O (M) or
pharmaceutically acceptable salts, At es or sol vates thereof; wherein:
X, R2, R3 and R4 are as previousl neg, supra. In still other

enbodi ments, the conpoung, of ¢ I 1){} has gshe structure of Formula
(M11): 34 WO 2005/ 01916 33~ Cl X O-N"I O Rz a O (VIII)
or pharmaceutically accepyab alts, hydrates or sol vates thereof;
wherein: X, RZ, R3 and R4 are as previously defined, supra. In sone

enbodi ments of a conpound of Forrwlmi)e (rr)y, (Vi) or (MIl), Xis chloro,
bromo or iodo. In other enbodi nents ‘of a conpound of Formulae (11), (VII)

or (VI11), X ierpharmacentitallysdceéptalie baits, bydratds oresuiwatesfthereofjnpound of For mul ae

(1), (V1) or (VI11),

X, R%, R? and R* are as previously defined, supra.

In some embodiments of a compound of Formulae (IX), (VII) or (VIII), X is
chloro, bromo or iodo. In other embodiments of a compound of Formulae (II), (VII)
or (VIII), X is chloro.

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, alkyl,
substituted alkyl, alkoxycarbonyl, substituted alkoxycarbonyl, aryl, substituted aryl,
arylalkyl, substituted arylalkyl, carbamoyl, cycloalkyl, substituted cycloalkyl,
cycloalkoxycarbonyl, substituted cycloalkoxycarbonyl, heteroaryl, substituted
heteroaryl, heteroarylalkyl and substituted heteroarylalkyl. In still other embodiments
of a compound of Formulae (IX), (VII) or (VIII), R? and R? are independently
selected from the group consisting of hydrogen, C;.4 alkyl, substituted C,4 alkyl, C;.4
alkoxycarbonyl, Cs.s cycloalkyl, Cs.¢ cycloalkoxycarbonyl, phenyl, substituted
phenyl, C7.9 phenylalkyl and pyridyl. In still other embodiments of a compound of
Formulae (IX), (VII) or (VIIX), 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 (VIII), 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 (VIIL), R? is methyl, methoxycarbonyl,
ethoxycarbonyl, isopropoxycarbonyl or cyclohexyloxycarbonyl and R? is methyl.

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

35



Rz and R3 are independently selected fromthe group consisting of hydrogen,
al kyl, substituted al kyl, al koxycarbonyl, substituted al koxycarbonyl, aryl,

substituted arﬁ) , arylalkyl, substituted arylal kyl, car bam)%/ 7ycI oal kyl ,
subst i t ut\@ 20501 Y4 kyl , cycl oal koxycar bonyl, substi t ut BgT/US 004/02733
cycl oal koxycar bonyl, heteroaryl, substituted heteroaryl, heteroaryl al kyl

and SUbSt#deﬁﬁfleth&WaH@[ Y:Bf@lbhétbroaﬂ(m &dubbhﬁkﬁ%&cl%ﬁ&@ﬂi tifg. ®f stAl conpound
of For mul ae (11 g VI1) or (M1 R3 are i ndependen?l sel ected

fromthe eh ents Phg cemp qf@@m@ﬂ&lwl)or:{wﬂbmm&cm al kyl, C1

ARl Ll AR L 1

enmbodi nen&ﬁla;fen@ﬂ@ﬂemﬂmymn Formulae (I1), (M1) or (MIl), R2 and R3 are
i ndependent |y sel ected from the group consi st| of hydr ogen net hyl ,

et hyl, n- propy stilkespersyhodiments;efa compaymdof e (YD ar VTyt y | |

I t y4 h
L opr oporcis EsEle o e &E&W%@ﬁﬁﬁf‘##ﬁ%ﬁ@ﬁé%ﬁenzsbrute fFendiy
2- pyri dyl Cs.¢ Sycyallcyypheas Us@sﬁﬁfcé&bﬂenyll ®7§bhédylalk*}'16§ub@ﬁﬁ@éﬂ opnts of a
conpound of Formul ae (II) Vil) or (VII RZ is hydrogen met hyl , ethyl,

n- propy| , Pheagladlopytrialkylsgy E%ﬂdar)’@@ﬂiﬁliﬂy Iﬂs%’é]-%hﬁrqu qdiraents obe cycl ohexyl and

15 oyt ot bbb B IS IP TERE B Bl IR b, o (1)

| sopr opoxaltd) teazyl 4Qﬁetﬁt)@bem&)d1 ohidueylytriphel/iimathys, tikfethylsily ln still other
enbodi nents of .a caonpound of Forrml ae (11), (VII) ar (Vllliyl RZ and R3

t oget her Wethylsilyd twpbr@ﬁylatlﬂnierbbwgnetbw@}ylém anxl@@hfélwhrl mwstdl el oal kyl ,
35 WD 200
cycl ohet e%%&éﬁ%élg?%g%é%éﬁ%ﬂ&%&n;w o‘I‘W&ﬂ ’I n sEﬂ VT8t her

enbodi menilylHendylaapmathdlsithl. For nul ae (11) (VI1) or (VI 1), RZ and R3

together with the_carbon atomto which they are attached forma cycl obutyl,
cycl opentyl orInsfill eshenegbodimagnts, ofi a semppunst afdioratas dThe(HID) @ (VARonpound of

yr ogen, &1 thloly btam b fodo, K and 1 frd BraBRorBEAG SR A4IR E Bl O1C T B 1
subst i t ut emhsitiagyf hydedgén, ghe mﬁbﬂbshmt&lbﬁl alksdlt €4l leoﬁydaﬂawl fﬂzl"ew

trialkylsilyl and aryldial kylsilyl. ot her empodi ment s of

In

conpound ®f qﬂ@ﬂﬂl@g@cyelqa}koxywbqnybrpbmh $19bst1wpd1 phepyly pog ahenﬂ?émﬁnd ethyl,
tert-buty, 4;e t
tri phenyléfvéﬂﬁH #I’I ne{éﬁ%h cﬁlfﬂé gﬁlwée?)?ﬁ@{ﬁs% ?ﬁ}‘lﬁ]%% sb‘f)r ob{w silyl,
tert - but ydubkstitatddy®,sd dli, ©3r s Qlevaidydliphehylysubstityted phensl; Ch.b phenylalkyl,

substituted Cs.¢ phenylalkyl, trialkylsilyl and aryldialkylsilyl.

In still other embodiments, of a compound of Formulae (II), (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, R3 is hydrogen and R* is selected from
the group consisting of hydrogen, Ci.¢ alkyl, substituted C;.¢ alkyl, Cs.¢ cycloalkyl,
phenyl, substituted phenyl, C7.9 phenylalkyl, substituted C;.9 phenylalkyl, trialkylsilyl
and aryldialkylsilyl.

In still other embodiments, of a compound of Formulae (II), (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, R? is hydro gen and R*is selected
from the group consisting of hydrogen, C,.¢ alkyl, substituted C,.¢ alkyl, Cs.¢
cycloalkyl, phenyl, substituted phenyl, C7.5 phenylalkyl, substituted C7. phenylalkyl,
trialkylsilyl and aryldialkylsilyl.
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ot her enbodi nents of a conpound of Fornmulae (I1), (VIl) or (MIl), R4 is
hydrogen, allyl, benzyl or trinmethylsilyl. In still other enbodinents, of a
conmpound of Forrmulae (1), (VII) or (MI1), Xis chloro, bronmo or iodo, R2
and R3 aMORosdepantient |y sel ected fromthe group consiE@TIHWOM/OMWr ogen,
Cl4 al kyl, substitut ed C14 al kyl , Cl14 al koxycar bonyl , - cycl oal kyl, C3-6

cycloalkoxycar I and

pyridyl and R419|%§¥l ect h]rﬂ?om thg%ﬁrl %ﬁ%@?ﬁ%éﬂ&ﬁ %33’?5‘5 Cl.6

aI kyI lenssd:hldmot brdndloriodd I<B(2I1$ niethyf, methdogbhibphyl, pthexydarbaniyhst i t ut ed phenyl ,
phen | al k substltu 7- hen l.kyl I al kyl sj | and

ar yI di al K§PREPP ycar| PRNY, P1 ‘chiﬂ LAY W&?Pﬁg#{@és msﬁhyjsl%ﬂgwﬁkf%fl f1081 nul ae

(rr)y, (w 011]::;1 HQE&? lﬁiﬁ]sg met hyl ,

et hyl , n%% |§§%)%I%g00f>ﬁ})d§0g%9’bealtﬁy 1 SO btt%ﬁd @lsec ‘? men- utyI

cycl ope ntphenylgylxﬁsuhﬂedthenybGa@phe:@ﬂdjbylyéubstﬂﬂtdddkyygqﬁrehﬂaﬂdyl trialkylsilyl

|sopropox nyl ﬁ%clohexyloxycarbonyl, phenyl , benzyl, phenethyl,
2- pyr|dyl a.}aﬁ@@q r 4-pyridyl, R3 is hydrogen and R4 is sel ected from

t he group con fe

cycl oal kyl | %h%/l{?ﬁh& B{%g’“g?‘g&";f)%%’??aﬁy% °ﬁﬂg§i‘§|d1?l @ql)q lgb; sIﬁ tut ed C7 9

phenyl al kXchs c}ﬂonoabﬂopicmﬂ igtio, Rfredd R )ateimdépeyltlmﬂwdelected fsdm lthe grotye

enbodi nent s, ou of For nul,ae Vv X is chloro,

brono or QOBEFStm tfy@"&%ﬁ& gg@ﬂ-ky]rré'{ deé ]k§1b 9’!‘5g b%‘%ﬂ’gp n-butyl,

| sobutyl, I%%I]@}' e ?e%:g sel ect ed

fromt%e géoup cgm 3’6?6%%‘%2 0(51%) Hgﬁﬁgfb%tﬁgeH?PQﬁ{ g&lﬁ% ?ﬁg%aﬁ&G al kyl ,

g- g ﬁymwﬁ:vtadd R‘bitséryslfqge? lmelﬂhylt ethgk rphbuty], ,ally‘ﬁz bélmyhemﬂeﬂiok Zegggly t(ﬁ t9 I1 té gt ed
-9 phenyl a ri Si i

PCT/ USZOdﬁV’ g%hy lg'ﬂ‘i'/ ﬂ’d@&g’*ré‘ﬂ?tg f, E}/ ?!\gl’of For nul ae

(rry, (V|tle)t-Hﬁ§71éﬁﬂ lsv)f ghg[{ly?(ﬁﬁigth gfm or iodo, R2 i's methyl,

met hoxycar bonyl opoxycar bonyl , or
cycl ohexyl oxydarstimgher embodrmem (0} 77] campbtﬁd qf§osrahlaet(ﬁbi, (Nfﬂ»mr (VEH),gr oup

consi st .of h ogen, .Cl - subs Cl - 6 cycl oal kyl
Coanyt | o emdh e bt i ioio, ka3t Bashamy et Sl RIS phomu o kyly
trial kyl r I , of a
corrpou%dsﬂobﬁkorls%uwslq S% %Iu%h i((t %/’tt%w cyd\c/)P ‘ﬁ§'1 lc&)%%és?&(q: ﬁlﬁ%ﬁrqg@cbr oir}gl i odo,

and R3 areéhomydabemﬁembpxppewcaﬂioayﬂ, ’cyubheb(ybxgcavh@yl phenyl, benzyl,

phenethyl, 2-pyridyl, 3-pyridyl or 4-pyridyl, R? is hydrogen and R* is hydrogen,
methyl, ethyl, tert-butyl, allyl, benzyl, 4-methoxybenzyl, diphenylmethyl,
triphenylmethyl, trimethylsilyl, triethylsilyl, triisopropylsilyl, zert-butyldimethylsilyl
or phenyldimethylsilyl.

In still other embodiments, of a compound of Formulae (II), (VIX) or (VIIL),
X is chloro, bromo or iodo, R? is hydrogen, methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, cyclohexyl or phenyl, R’ is hydrogen and R*is hydrogen,
methyl, ethyl, tert-butyl, allyl, benzyl, 4-methoxybenzyl, diphenylmethyl,
triphenylmethyl, trimethylsilyl, triethylsilyl, triisopropylsilyl, zer¢-butyldimethylsilyl
or phenyldimethylsilyl.

In still other embodiments, of a compound of Formulae (IT), (VII) or (VIII),
X is chloro, bromo or iodo, R? is methyl, mgthoxycarbonyl, ethoxycarbonyl,
isopropoxycarbonyl, or cyclohexyloxycarbonyl, R? is methyl and R* is hydrogen, |
methyl, ethyl, tert-butyl, allyl, benzyl, 4-methoxybenzyl, diphenylmethyl,
triphenylmethyl, trimethylsilyl, triethylsilyl, triisopropylsilyl, tert-butyldimethylsilyl
or phenyldimethylsilyl.
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consi sting of hydrogen, Cl4 al kyl, substituted Cl4 alkyl, C -4
al koxycarbonyl, C3.6 cycloal cyl, C3.6 cycloal koxycarbonyl, phenyl,

substitu C7-9 phenyl al kyl and pyridyl and g
nmet hyl , ﬁﬁ%@%f%ﬂ butyl, allyl, benzyl, 4-met hoxyben%ﬁ’ﬁsg’x ﬁzgg@l met hyl ,
triphenylmethyl, trimethylsilyl, triethylsilyl, triisopropylsilyl,

tert-butyldi neInImulsdthe;tlenﬂyodnhansglo@hmbw:ﬁi dﬂHomﬂllaeS(l]I)J (IVIQ)dne(rvm);bodi nments,
of acorrp orrrula,e(ll) ME).or (ML),  Xis chloro brono or

:gggut I nh Aot 9’|R %!'IdI% o H‘dﬁ?%ﬂﬂy $%W9m CELOHB';yI:ar bonyl

et hoxy%:/ar onyFRél%’gﬂégg&%)xycg%hﬁ@Sﬁ %é( xycgﬁgg%#afbéﬂé'heﬁﬁ benzgl
PVt ogon, e Ty e et ""‘""%‘I T“‘””Wfﬁ’i‘efym%?ﬂé’?ﬁ’giﬂﬁﬁﬁ? e
d?/phe%yl’ IaXABrIS é‘FRﬂe 1I}§L%m¥¥h %}I’xsﬁ Yitiet hyl si|§| 7 |
triisopropylsifyd cItﬁérten{Bbtd}ih&Itén%rf?%ﬁP&)ﬂ-*d oﬁoﬁﬁﬂfa@xilﬁ1§iqir (@ﬂ% In still

ot her enbodi ments, of a conpound o Xis
chl oro, bXasmhloro, brmim omdo,stmydiydxggm, metiyiydthylenpydpylnisgpropyl) , i sopropyl ,

e
fPreny) n&t‘{%"f’r bohy1 g?ﬁ&g»bﬂ?&%’dngyﬁ éwﬁ\é’& X%Ar%myltéﬁeglﬁ' )?}13| Iyl In still

triisopropyls utyl di I sil or phenyl

ot her enbpltineathyl, ﬁ-p}mifdyh Sepymistylioni-ppridsdy Rids dydroged and B IS)h)@kogevJ allyl, Xis

chl or o, no, or, .i o&[y Ri I's nethyl, methoxycarbonyl, ethoxycarbonyl,
|sopropox§F@§ Sﬂé’ cl ohexyl oxycarbonyl, R3 is nmethyl and R4 is

hydr ogen, net I ;Ig,?ﬂ )lej zyl,
di phenyl met hyl my&lglrcﬁ%é%nhybogeﬁ’éﬁp%?rk?n&g{ﬂﬁm e Mfr@ét@l A

triisoprokyis ehlbsp, broney or iodo R s hypdriogérs meghyl, chylphr@mpydtl 1aq1rhpyls| I yl. 37 WD

B o e TPy apnr s5r bt Qycloesor pherghdC i PARDEE SnbRois HeRehe Ba arc

I”deI)e”deilgIl)‘erE}I%‘Etu%efh?%ﬂZf he group consisting of hydrogen, Cl -4 alkyl,
substituted Cl4 -al kyl al koxycarbonyl, C3.6 cycloalkyl, C3.6

cycl oal koxycarlncmifllqthqﬂ@mbpﬂlmmbsf a compoungheiprmulae-(H) (Y kyorVIH), and
RURTNE N NI N R SO

isopropoxycarbonyl, or cyclohexyloxycarbonyl, R? is methyl and R*is hydrogen,

allyl, benzyl or trimethylsilyl. |

In still other embodiments, of a compound of Formulae (IT), (VII) or (VIII),

X is chloro, bromo or iodo, 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, C7.9 phenylalkyl and

pyridyl and R* is hydrogen.

In still other embodiments, of a compound of Formulae (IT), (VII) or (VIII),
Xis 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 hydrogen.

In still other embodiments, of a compound of Formulae (II), (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, R? is hydrogen and R* is hydrogen.
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X is chloro, brono or iodo, RZ is hydrogen, nethyl, ethyl, n-propyl,

I sopropyl,

n-butyl, isobutyl, sec-butyl, tert-butyl, cyclopentyl,

cycl ohex carbonyl et hoxycar bonyl , i sopropox
cycl ohexﬁ%ﬁ@?gﬁdﬁ phenyl, benzyl , phenet hyl , 2- py?&'@[r?ﬁ@ébmﬁo

4- pyridyl

R3 is hydrogen and R4 is hydrogen, aIIyI benzyl or

i dyl or
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I sopropyl,
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hyd R4 h 5/019163, PCT/ US2004/,027330 |
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synthesis of compounds of Formulae (I), (VI) and (VII), as described in detail in
Section 4.3 below.

4.3  Synthesis
The compounds disclosed herein may be obtained via the synthetic methods

illustrated in Schemes 1-10. Those of ordinary skill in the art will appreciate that a
preferred synthetic route to the disclosed compounds consists of attaching promoieties
to baclofen or baclofen analogs. Numerous methods have been described in the art
for the synthesis of baclofen and baclofen analogs (e.g., Keberle et al., U.S. Patent
No. 3,471,548; Keberle et al., U.S. Patent No. 3,634,428; Krogsgaard-Larsen, Med.
Res. Rev. 1988, 8, 27-56; Berthelot et al., J. Med. Chem. 1987, 30, 743-746; Berthelot
et al., J. Med, Chem. 1991, 34, 2557-2560; Debaert et al., European Patent No. EP
0463969 B1). Methods for preparation of R-baclofen have also been described in the
art (e.g., Witczuk et al., Pol. J. Pharmacol. Pharm. 1980, 32, 187-196; Chenevert et
al., Tetrahedron Lett. 1991, 32, 4249-4250; Herdeis et al., Tetrahedron Asymmetry
1992, 3, 1213-1221; Hubmann et al., German Patent Application No. DE 4224342
Al; Yoshifuji et al., Chem Pharm. Bull. 1995, 43, 1302-1306; Wildervanck et al.,
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i sobutyl, sec-butyl, phenyl or cyclohexyl, R3 is hydrogen and R4 is

hydrogen, allyl, benzyl or trinmethylsilyl. In other enbodinents of a
conmpound kge (1), (V1) or (MIl), Xis chlorg g odo,

is hydr og‘gfr)lzgdg%?ﬁ? n-propyl, or isopropyl, R3is hydr ogen angi?’ém
hydrogen, allyl, benzyl or trlnethyI5|IyI In still other enbodlnents of a
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benzyl " or ORIeF Risdrus lor o RRAFBekvaifie o5 balb aIBS A pRET it B8R O
Fornul ae Khplhn ef ¥,10.SOPaténdINd. Mrogx 992 s MahalaePal., ﬁ”ﬂol% 'I'ollﬁ?o KB¥o 1B rret hyl,

nmet hoxycar bonyl , ethoxycarbon |sopro oxycar

cycl ohexyPE3do466 lé@n@ﬁswglolhset Mﬁ L @am@mNggW@%éZzlﬁpg Guillenzy| or

trlrrethyls y oun a e usef ul
i nt er medi St “e’s)”."ﬂ”% @ %dfﬁf hedt "g}ibg%r%gh%gé&;ﬂ’e %—%’r Eﬂ aw"(r{ fVI ) and
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i |1 ustrat 8e03/92286A®mseneral gyn ethpdsorsgfud in thesynthesis af thesompoungds| |

appr eci at r t r te I onpounds
consi sts g?sggﬁédaﬁﬁenﬁﬁ%&m&gﬁg?{ {t;,hs hﬁ»{(i) a%%%'fgt}]aqmﬁ %ﬁ’% c%&grgfalﬁogs. Nuner ous
met hods h@ygane€herfiss ¢, i((WEIEy] 2'° €l el 991 }; Hdrflfon! 3@l sYOdhp&idsurdof bacl of en and
bacl of en anal ogs (e.g % grl e et at) U. S0 Pat e?lt 3,471, 548; Keberle

et al. USEI ﬂm@rﬁanmd\de@O@ 4Valsg]1-8(Johys Waley and Spred 97 m2896; Imeack Rev. 1988,

5 2738, OB St bR YO Bt AR HIRRATELO (&

0463969 B“Eﬂcc bdia d$ REQFenky foP O @S'ylﬁlﬁesR*’bRﬁJhWﬂ &aswlsaim been descri bed
in the art e].\u;g., Wtcéz)guk et at@éllli?ol . Pharmacoiﬁy Phar m 15)980 32,

187- 196: CheneAémrd@gly,a'tamngemataﬁ@lan@efult_f@tprepmcomundgmd4250 Herdei s et
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may be used to synthesize the compounds described herein. Accordingly, the
methods presented in the Schemes herein are illustrative rather than comprehensive.
Intermediate (XI) useful in the preparation of 1-haloalkyl carbamates of

Formula (II) may be generated according to reactions detailed in Scheme 1.
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01319466 A2; Castagnoli et al., International Publication No. W98/221 10;
Quillon et at Pharm Pharmacol. Commun. 1999, 5, 243-247; Leisen et at,
Pharm R 0, 772-778; MIls, U S Patent No. ' Il's, US.
Pat ent Apag??()%%g%flész 2003/ 0228644). Ceneral synthetic n&%%@%ﬁgé"ez% in the
synthesis of the conpounds described herein are available in the art (e.g.,
Green et al., "Protective Groups in S¥hgmsilc Chemistry", (Wley, 2nd ed.
1991); Harri songet d8| ., "Conpendi um of Synthetic Organic Methods", Vols.
Sons

1-8 (John Wl eyl|an , -1996; Lar ockR® " Gonprehensiv gani c
Tr ansfornﬁbNW&él‘Dtml %gcﬁé(r:ts, 198%@and Padlett e, Eﬂ&%ﬂlﬁ)ﬁdl a of
Reagents for Organic Syn | Sprtind ONY 0 1995). Accordingly,
starting materighs usef u%nﬁdra'grugpar?bng cog& unds and int eﬁ?ﬁ?di at es
t hereof, and/or practicing nmethods describ herein are commercially
avail abl e or can be prepared by well-known synthetic nethods. Qher methods
for synthesis of the progrugps described herei QQ‘@PF‘ ei ther described in the
art or will be readilég/ t ARE skille isan in view of the
references provi ded abo¥e a”3X) may Qe used to synt hesi ze the conpounds
descri bed herein. Accordingly, the nethods presented in the Schenes herein
are illustrative rather than conprehensive. Internediate (Xl) useful in the
preparation of 1-hal oal kyl ®adramates of Formula (11) may be generated
according to reacti o#) detatrted—n>Scéhe 1. 40 WO 2005/ 019163
PCT/ US2004/ 027330 Schenmduphh?\Ia tO Protect HR5S OR4-Yz OH_~ N1 "~ --,
am no group Pg "/ ~/ OH Base ( (IX) R O,NI ~J ~WR4#H Pg (X) o R4-CH
(I'X) (X) Coupling agent Deprotect R5 0 RS

0

Deprotect
(X) HzN \)\/U\o - R4

amino group
(X1)

The amino group of (IV) is protected under standard conditions with a

protecting group (Pg) to afford compound (IX). The carboxylic acid moiety in (IX) is
esterified to yield compound (X)), either via alkylation with R*-Y, where Y is halide,
-OSO,R’ (R’ is alkyl, substituted alkyl, aryl or substituted aryl) or any other suitable
leaving group or via condensation with alcohol R*-OH under standard acylation
conditions (e.g., in the presence of a coupling agent such as a carbodiimide, via an
acyl halide, acid anhydride or other activated ester intermediate). Removal of the
protecting group from (X) under standard deprotection conditions affords compound
(XI). Preferably, the protecting group Pg is removable under acidic conditions and
compound (XT) is isolated as a salt, which is stabilized against lactam formation
relative to the corresponding free base. tert;Butoxycarbonyl (i.e., Boc) is one
preferred protecting group, and may be removed with HC! to afford (XT) as a
hydrochloride salt.

In some embodiments, the hydrochloride salt of (XI) is prepared directly from
(IV) by treatment with an excess of thionyl chloride or hydrogen 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 alcohol 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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(X)) " H2N 1 Il ,R4 amino group /~ O (Xl) The amno group of (IV) is

prot ected under standard conditions with a protecting group (Pg) to afford
conmpound (I X). The carboxylic acid noiety in (I1X) is esterified to yield
conpoundwaops/eigtiéser via al kylation with R4-Y, where Y RGI/0$€004427330- OSO2R
(R is alkyl, substituted al kyl, aryl or substituted aryl) or any other

St hnanr o PR OMBIoNNE sEAN AR HRhE il GORR 8 i

standard "acyl ation conditiong rresence of & coupling agent
such as dobenddimethydermamide,atimethyiacetmalded™-methiyth yamokivihionelepysidinetdner
activated ester. internedjate).. Re 4 he . protecting group from (X
under st aﬁ?&iﬁ“ﬁf“ﬂ@%h@f‘%&t ?ﬁe&%ﬁ:@%@ 'éhfftﬂ}’ §§S %ﬁ?ﬂﬂﬂﬂﬁﬁlug? %ﬂ@lﬁﬁr ef erabl y,
t he prot ' ' gl L1t nd conpound
) 1o rabilted e R AERERE AOR ol S SRR bR o hat o
rel ati ve padiqulerlyquefeersgondi ng free base. tert-Butoxycarbonyl (i.e., Boc) is
one preferred protecting group, and nay be renoved with HC to afford (XlI)
as a hydrochloride salt. In some enbodi nents, the hydrochloride salt of
(XI') is prepared directly from (I¥dyesreatment with an excess of thionyl
chloride or hydrogen chloride gas an}é al cohol R4-OH (Schene 2). Typi cal
ratios of (IV) to thionyl chl or R4€firom bet ween about 1:1 and about 1: 20,
and ratios of (1V) to al coHdY) frombetneemGbé¥l) 1:1 and about 1:20 may be
used. The reaction may be perforggg;lat t enper at ures between about -20 C and
about 25 C. The al cohol may be use 4s a solvent for the reaction under

condi ti ons whdhegofié efiotinéhtd, a@dirgourt dfFormulav@)is Fiegﬁreﬁ%@%iyﬁﬂoﬂﬁﬁl be 41 WO
a

20051019163 PCT/ US2004/ 1127330 perforned in a sui | e sol vent, such as

di chl or orf¥dh#ith compernbdd) anScheaa By where X is habifeandZ isip inavinglroimmani de,
Pr of er t ecar- ol 2 HORebsRe iR R3, KRSl HaBodhnan B R RS, (ot ea
aryl al kylI aad@ i8ICly In getaltivsreaibddinfdntsy X @ld@ irelboenOl. bEwadylaioaebutionr €
particul %L}y beplge?'tto%reg C1in thSeCer?srrcgcezof a?ﬁérg_lanig Ibﬁe or agcgrgéxi(clz %ase (e.g., tertiary

amine bases, such as triethylamine, tributylamine, diisopropylethylamine,

dimethylisopropylamine, N-methylmorpholine, N-methylpyrrolidine,

N-methylpiperidine, pyridine, 2-methylpyridine, 2,6-dimethylpyridine,

4-dimethylaminopyridine, 1, 4-diazabicyclo[2.2.2]octane, 1,

8-diazabicyclo[5.4.0]undec-7-ene or 1, 5-diazabicyclo[4.3.0Jundec-7-ene or

combinations thereof) or combinations thereof. Suitable solvents for acylation

include, but are not limited to, dichloromethane, dichloroethane, chloroform, toluene,

dimethylformamide, dimethylacetamide, N-methylpyrrolidinone, dimethyl sulfoxide,

pyridine, ethyl acetate, isopropyl acetate, acetonitrile, acetone, 2-butanone, methyl

tert-butyl ether or combinations thereof. Alternatively, biphasic solvent mixtures

comprising water and including one or more of dichloromethane, dichloroethane,

chloroform, toluene, ethyl acetate, isopropy! acetate or methyl tert-butyl ether, may be

utilized. Typical temperatures for performing this reaction are between about —20 °C
and about 50°C, more preferably between about —20 °C and about 25°C.
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SOCI 2 I n sonme enbodi nents, a conpound of Formula (11) is prepared by
acylation of (XI) with conpound (XIl) (see Schene 3), where X is halide and
Zis aleaving group (e.g., halide, p-nitrophenolate, imdazolyl, etc.). In
ot her enaizeowoiozes X is Cl, Br or | and Zis O. In yerRCTW$4/RABOdI nent s,
X and Z are both . The acylation reaction nay be perfornmed in the
presence of a inorganic base or ansgﬁ%qg%c base (e.g., tertiary amne
bases, such as triethylamne, tributyl'am ne, diisopropylethylanm ne,

di et hyl i sopr opyl am ne, met hyl nor phol i ne, N net hyl pyrRol i@i ne,

N- et hyl pi peri di neljgg‘i ne, 2-rnmidayl pyridj ne,, 2, %Myri,@i ne,

4- di met hy(#mi Alepyr i ot 4- di-ezabreycl o[ 252, 2hettane, N\t~ ~o~

8- di azabi cycl o[ 5. 4”0] undec-7-ene or 1,5-di b ch)E/Io[ 4. 3. 0] undec- 7-ene or

conbi nations thereof XXy conbinati ons thereof. Suitable solvents for
acylation include, but are not limted to, dichlorord}hane, dichloroethane,

hi or of t gl _diet hyl f i di net byl acet api.d :
oo o C G AR ST SRR P AR At o
i sopr opylorapReiakslsilgh My td preped &rktl9Hom é?od&*}st%@aqm byr&’q;flxﬁon eyt - butyl

ether or conbinations thereof. Alternatively, biphasic solvent mxtures
conpr i si niyingeat sthyl balifle on silyldimide wagentyrfolowed by acjilatoinmnfdherdsaltiog

di chl or oet hane,. . ch) or of or ene, ., ethyl acetate, isopropyl acetate or
mec i+ aneaneiss Saiyrararay (5D G Sendherd. SiRhESrenbhadomtiie,

per f or m ngistricion ﬁﬁﬁde?ﬂut%@n&qiﬂﬂ@ﬁlo?&@mbmn?e%&e &@ﬂlo?&%%e?oc’ mor e
preferably between about -20 C and about 25C. 42 WO 2005/ 019163

PCT/ US20GhlayefoasptolBobaneidineRacadinily oricombimtioBa thereofp Shitablobmes fot O Z (X 1)
R2 R3 0 (Il ] t her .enbodi . F 1.l wh R4 i
2R3 O Qb B TSL SO TN & 15, MBS 9L COUL S, (1L wher e R s
(1V) by <iisibrdpiieBylafnifle, dimdhiifbrorhidnihe, Ny dlortidiigban de reagent)

followed by ‘acyl ation of the fesulti'ng internediate w th conpound (XI1)
(see Scheé¥mmethylpBralidite, N-sethydpiperiding, ppedifieZynethylpymiding eact i on i ncl ude, but

are not 1) gt et iSmidhs Y- RS, i 0% W8S e1012.2. 2 octane, 1,

8-diazabicyclo[5.4.0Jundec-7-ene, 1, 5-diazabicyclo[4.3.0Jundec-7-ene or

combinations thereof. Typical temperatures for performing this reaction are between
about —78 °C and about 50°C, more preferably between about —20 °C and about 25°C.

Scheme 4

(Iv) () Silylate - X><o\n/K'I\/l\/“\o/R4

(i) (XI) ,Base g Ro O

()
R* = trialkylsilyl, aryldialkylsilyl

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

illustrated in Scheme 5.
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chl oroform toluene, pyridine, acetonitrile or conbinations thereof.

Sui tabl e bases for performng this reaction include but are not limted to,
triethyl utyl amne, diisopropylethylanine,

di met hyl %%@Smylgfn ne, N-nethyl norpholine, N-nethyl pyr(glngc?oﬁoznso

N- et hyl pi peri di ne, pyridine, 2-nethylpyridine, 2,6-dinet hyI pyri di ne,

4-di met hyl ami nopyridi ne, 1, 4-di az3themed of 2. 2. 2] oct ane,

8- di azabi cycl o[ 5. 4. 0] undec- 7- ene, 1, 5- di azabi cycl o[ 4. 3. O] ndec 7-ene or

conbi nati ons thereo Typi c terrperatures for perf rm reaction are
bet ween atﬁg_h_ )H\%nd about” 50C S5 C, rmlR N et en bo,u{R“ 20 C and
about 25C\"&chen®'Z4 ROH (i) Silylate > i) QXI1) , Base
R2 R30 (Il) R4 —(S)I |aI kyl silyl, aryld kgdsu-\lay In st|II ot her

enbodi nents, 1-acyl IaI kyl car bamat es of Formul a (1) are prepared from
conmpounds of Formul a (11) by treatment with carbafylic acids of Formula
(H') in the presence of . an organl c or inorgani c base, or other netal salt,

as il ustrat ekhose okl ireths artmilhgopravisy habthe follewingiembodinesrs #6074, Scheme 5 O

i 111 n os e AgSos S crhad @) iihd gk, B g bodanlE R eaddor 70°C ©

refer to theomapouhd dﬁFoﬁﬁﬁlm(IIaeo (He)con{pbin)d Sff Ebrfviuld (IIT) Imbéw&en syowpdilment s, the
ratio of the conmpound Formul a (I to the corrpound of Formula (Ill) is
bet ween #9920 :Inotherg OQWeWtﬁaﬂ%P(IF}B? 05%661111?@%‘%%0 KormulatIitodke t he conpound

Of For ml & nﬁf&mé ﬁfﬁé‘rﬁ%&gﬁﬁe@&ufé& B! 1%anid'1:5) 1l RiPS R RBAs, 1 1 and

In sti er e
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 (IT) and (IIT) 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 (III) 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 (II) 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, isopropaunol, 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 (IH) is between about 1:1 and
1:20. In still other embodiments, the ratio of the compound of Formula (IT) to the
compound of Formula (III) 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
(II0) is about 1:10. In still other embodiments, the ratio of the compound of Formula
(IT) 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

“



the ratio of the conpound of Fornmula (H) to the conpound of Fornmula (111
about 1:1. In sone enbodi nents, the conpounds of Fornulae (11) and (111
and the are contacted with a solvent. In ot l.nents, the
rati o of ‘Yﬁgwyé%ffl%%und of Formula (I1) to the conpound gﬁ@%ﬁnﬁﬁigﬁl 1) is
bet ween about 1:1 and_1:20. In still other enbodi nents, the ratio of the

conpound @10 mHabeut 4:1¢ 1In pome empadimentppthesalvent isdidhlaramethang, i s bet ween about
1:1 d 1 LI [ . | t . d of
Formila (FyofdRhl dibieh, SR ShlltorhiiidedtinffhadiiyBEPOUCC

enbodi menNemethilpysrolidiaote, idimethgisnifbridet pyaidéne, ehghdcetaee tabetositrilechl or of or m
t ol uene, di net %f or mam de, di rrgt hilltgcet am de, N-nethyl pyrralidinone,
di met hyl 2Sgiongxs-gutanors, methd fersbuiyl ethete methenol shenel; isppopandlcet one,

2- but anong, . iRt day| wateﬁanpa&ﬁafﬁsﬁgzﬁd@ﬁﬁoraﬁmefmgmﬁ%@ﬁ@ ereoleSBPAAANC!

t ent - but anol , wat’er, exarmet phosphoram dée or conbi hations thereof. In
ot her enbemnbodmests, thb ergmicease isdriéthylahine, Mibutiamine, diisoprégylethvplamineZ/n. | n
sonme enbodi nents, the conmpound f Formulae (11) and (111) and the organic
base are @@%ﬁy QRyopylaming, g%‘i“?éﬁ norpholgieNrm ATREAMS, the ratio of the

conpound Wt LI € | . ) is between about
1:1 and l‘fnﬂégtﬁﬂlWegifl ﬁel 13 %%cﬁ%%agnnggg?%%g’?j’? %ﬁ}ﬁ@gﬁ é{tnlet he conpound of
Formul a (4-djméthylhiménopyridine i dl-dibzabivyelo[ 22 Q]dckane] 5, bet ween about 1:15 and
1:20. In stjll_.other enbodi ments, the ratio of the conpound of Forrmula (I1)

to the coSrpbgaRRicYsolbdhOdundec-1-pna, |, p-diazabigyclal450lupdecs?-eng ot her enbodi nent s,
t he ratioco%%i%%fon%ﬂi@i’éﬁfnd of Formula (H) to the conpound of Formula (II1)

i's between a and 1:5. In still other enbodinments, the ratio of the
conpound of Folhsohee gpiodirhents, tke coanpoomd &f H6romda IINeis 44iqi{d @b 219163

PCTI US2004/ Q27330 (L11) is about 1:1. In. so di ments, the solvent is
di chl or on®RAEeEs of éﬁ?‘&?ﬁ%hg‘ﬁ&m@ﬁm@?mﬁaﬁm leT EYEISARI or nani de,
di et hyl ' r el | f.ox] ridine,

et hyl acgstcog{%ﬂda;g%et roe%tgﬂrﬁlt‘{oﬁed} Eﬁéac(r?gl ggié(,p 2- rﬁﬂ?lgérrgirjg%rret fﬁwtogﬁ?e-ﬁt yl et her,
met hanol ,thecbmpoind ofStpmala(@iH) is actte aciduhethatyacetit axid, ethoxyacetic acid,

hexanet hyl phosphor am de, or. conpi natiaons thereof. ]Jn other nbodi.nents, the

or gani ¢ RSB atckfﬁ g‘PWFé‘ﬁ%dnESE‘EWBG‘Fa# I%iﬁ‘in’r?e%‘“ Ma Bﬁraeﬁy}setfﬁw%mlﬁig,

di met hyl i g ] Lag, TN
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) is
)

In some embodiments, the compoimd of Formula (II), the compound of
Formula (IIT) 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 (II), 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 (IT), 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, tetraethylammonium 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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4-di met hyl am nopyri di ne, 1, 4-diazabicyclo[?2.2.2]octane, 1,

8-di azabi cycl o[ 5. 4. O] undec- 7-ene, 1, 5-di azabicycl o[ 4. 3. 0] undec-7-ene or conb
i nationi thereof. In sonme enbodi nents, the conpound of Formula (I11) is a

| i qui d uri@rR0asWa9163ondi ti ons of said contacting, the coREHURPSP2TBHY nul a
(111) further serving as a solvent for the reaction with the conpound of
Formul a ( i : E L) 1s acetic
acid, net tﬁ%(%(r?/%écﬂgt(?ggbg,g}{]%@%lg%gg%ge P{é&?g@gmg ?gzp@gﬁiag{%@f&%lt& yric acid,

i sobut yr i fuendedionprorabied hydiodlysisy edtalytic hpdrogenail gsisy alansfechyatrogenolysis,
2-met hyl butyric acid, cycl obutanecarpoxylic acid, cyglopentanecarboxylic
acid or 8&%&8‘%@?&“@8&? kgpiipte gFHPPeFﬁX%WBu%%ﬂP%@?H@; ril%‘Isl‘émﬁorrpound of
Formul a ( bhboditleRtsCRAMAHAREAAsilyFQNJLrdehsyl] ) and the netal salt are
contacted at a tenperature between about -25 C and about 120 T. In other
enbodi ment's, t hestileother ennbodimerys barhpmmds abBortmula () aredprepdredins 25 T. I n still
sone ot her1 e&t}o‘ﬂi rrgﬂitgs he conmpound of Fornula (Il), the conpound of
Formul a ( THUPtrated i SesmMs Qani ¢ base are contacted at a tenmperature between

about -25 C and about 120 C. In ot hhef@lgodi nents, the tenperature is
bet ween about 0 C and about 25 T. In sone enbodi nents, the conmpound of

Formula (H), t conpo of, Formula (111 he OMgani ase are
cont act ed:%\r/ﬁ&a“cat al %ﬂ@%%lﬂﬂt:of RAn A3 : In_s.tc_ri\l_ﬂ_oi.her
enbodi mentcs; odi de salt is sodijprhodite,Patdssi um isdidie

t et ramet hyl ammoni um i odi d2@5& et r aet hyl anmoni um i odi de or tetrabutyl amoni um
i odide. In s@f) enbodi ments, R4 is a car bexmhi ¢ acid protecting group that
can be renoved under mld conditions to provide a conmpound of Forrmula (I)

where R4 is 45 WD 2005/019163 PCT/ US2004/ 027330 hydrogen. Carboxyligoacid
protecting groups rengevabiN®,vi a [RCAad at ¢ hydrol yQig; kb Qori ¢é 2
‘ cat alo+e—hydregenol ysi s, ra&(er hydgQgehol ysi s,
ac

i on- pr onotRad d] ol yj
or other t FrNgp-relal - medi atpedl otecti onR! tPonsOar eOpreterred. In
some  enmbddi ts,”R4 is trinmethylsidyl% allyl or benzyl. In still other
enbodi nent s c%?unds of Formul MEAgame prepared as il M)ated in Schene
6. M=Hg,m=2
Base
XvI) + (xI) 0

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 (I). 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 iz situ alkylation reaction in an adaptation of
methods disclosed in the art (Butcher, Synletr 1994, 825-6; Ferres et al., U.S. Patent
4,036,829). Carbon dioxide gas is bubbled into a solution containing (XI) and a base
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Schenme 6 R R3~ 4-Nitrophenol RZ R~i I ~NO&Z Nal C OC Base C OO\
Acetone (XII1) (XIV) N [RICO2ImMor 0 RxZ Wp N2 R ~<Rs ~ 00O\ | O
0 a RIC2NR4 R () M= Ag, nE 1, (XVI) M= Hg,nm2 Base (XVI) + (XI) (1)

Chl or of oMR2MES/0ME) s treated with an aromatic | eavi ngPGHBIRI0LUEHR0as

p-ni trophenol in the presence of base to providep-nitrophenyl carbonate

(XI'V). ol T Oy, Q(? WeXel ManeD 1 dwith a
nmet al orwgge??é%?i%%m%?um \e{ﬂlltg%?)lf‘@g%%gf%%xy ic(): acrd ?%%??%%‘g conpound
(XV1) . Trhatideisraddedyfopfidtally, i thh pesedcefof indideiongs deatalyt,iand tifd | 1 )

optionall i .he presence,. trj.met hyl sil hl ori.de,. atfords.a conpound
of For rrulcéfﬁofﬁagﬂ}éfmeagpu%w%hm@c {I’Q!Ft%acymimls illﬂsﬁﬁtﬁéf% conpounds
have beergcHeme7ifgethe phepgahitio!df coMboiiRIe € Formita &) AR BANIdNXVH). 760, 057;

Al exander, U.S. Patent No. 4,916, 230; Al exander, U S. Patent” No. 5,466, 811;

Al exander, U.S. Patent No. 5,684,018). Another nmethod for synthesis of
conpounds of Fornula (1) proceeds §|€ cgr bonyl ati on of bacl of en anal og
derivative (XI1) to an internedi at 8 WHami ¢ aci d species, which is

captured by an in situgalkyl at.ion reaction in an adaptation of nethods

di sclosed in the artM Synlett 1994, 825-6; Ferres et al., US.
Patent 4, 036, 829) .jiCAT hoxi He(Xpst i EQuubbied Tt fl)a sol uti on cont ai ni ng
(XI') and a base 46 WD 2005/019163 PCT/ US2004/ 027330 (e.g., Cs2CO3, Ag2CO3
or AgQ in a solvent sughygs DMF or NWP. The activated halide is added,

optionally, in the presence of iodide ion as a catalyst, and the
carbonyl ati on continued until the X gdduiBnl i s conpleted. This nethod is

i1 Tustrated i Vet another method for synthesis of compounds of Formula (I) relies upon
oxidation of ketocarbamate derivatives of baclofen and baclofen analogs (e.g., Gallop
et al., 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
(XVII) 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
R5
j!><0 n\/]\)i Re Oxidant "
e _—
R \”/ o)
R2 R3O
(XVII

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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Schene 7 for the preparation of conpounds of Fornmula (1) fromhalide (XVI1).
Scheme 7 ORR3I RL AOX + (XI) +CQ2 -" (1) (XVIl) X= 0 ,Br,l Yet another
met hod for synthesis of conpounds of Formula (1) relies upon oxidation of
ket ocar bwazoss/omnédvat i ves of bacl of en and bacl of en analR§F4UR28040273383| | op et
at, U S. Patent Appl. Publ. 2003/0171303; and Bhat et al., U S. Patent

gﬁ{)gﬁﬁéls 9' n§9{11 @F Wei, afﬁéétﬁ’%ﬁ’%uﬁ ﬁlfgsoxgd%éa@lon o? ﬁ’i’eﬁ%céﬁ%dmgl 2( gl(l\/l 1)
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oxi dant s %QBOtmt t0n G Qfe fichlorogthane, chlgrof .

Aognovs * CRUTR{Hb A efle, (A Seh b BoaBShE 1o, ABORAR ] o 1000,

737; Bel |atheranethy] tertrbutilredinesj ddetin am,tcazbk)hexaneragéhemrﬁy nMigtres' of tighapt er 2,
Wl ey VCH Ste an m st y 1998 19 er et at,
Synlett 198 scﬁeeni%@?y a#ﬂgeﬁ@g’&fd’%ﬂ’% Hpd o ﬁgwg Sﬁﬁ? cial since

prodr ugs §l)eolBY f BRidu® (hus, perform ng the oxi dation under anhydrous
reaction cgﬁﬂﬁt}l%ﬁos mayuavgid hydrol ysis of the reactive products. Schene 8

ORSORII O‘Ilﬁ)’sﬁ@e@mbddmnenls t2anRPdroug okitidrt)is aerdfydrcaislppromyh@dom dation is
perforned |n the |1 jquid phase, nore preferabl e of a
sol vent . rﬁ@*"’é" %f‘??ﬁﬂ?n p%ﬁheg;qaggﬁrngngproéld@m (481(6&% mula (XVI11)

is well V\Hﬂbb 1R arftf grdﬂ@@ Hlfotﬁéf'eh{boﬂ&énﬁeﬂfbr My@%ﬂ@"oi‘fdhﬂt’ls%use‘c ul 47
WO 2005/ 019163 P /' US2004/ 027330 solvent wll "disso | east partially,

bot h t he amhjydtans paxoxiysulfenicacidogenerated zﬁwmymactjon/bf thy usgachydrogenbe i nert to
the reaction.conditiops. .Preferred s dro and incl ude, but
e oo Renp oo Sty & akimis asie tnboRyds. cLbe, O Oofley st B

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 anhydrideé (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.

48



ethyl acetate, isopropyl acetate, toluene, chlorobenzene, xylene,
acetonitrile, diethyl ether, nethyl tert-butyl ether, acetic acid,

cycl ohexane and hexanes. M xtures of the above solvents may al so be used in
t he oxi dAYQ 315619163 conpound of Fornula (XVII1) to a coPgBUBIE278Wr nul a
(1). In sone enbodi nents, the anhydrous oxidant is an anhydrous peroxyacid
generated in situ by reaction of theyureg-hydrogen peroxide conplex (4)
("UHF") with a carboxylic acid anhygrlde I n ot her enbodi nents, the
anhydrous oxi dant is an anhydrousOpeﬁexysulfonic acid generated in situ by
reacti on of the urga-hydrogen reOonpl ex (4) with a sulfonic acid
anhydri de. The UHQﬂgonplex serves aaés source of canhydr ous hydr ogen
peroxi de and has,NjeedH,usgd,in _a va y O OX|d§gﬂQ§ ,Okransformations in
anhydr ous organic ﬁlvents (Cooper et at, nIe 990, 533-535; Balick

et al., Synth. Co 1993, 23, %40, Astudrll()Gﬁan Het er ocycl es 1993,
36, 1075-1080; Varrmnmet .at, Organic Lett. 1999,1, 189-191). However, other
sui t abl e sources of gen peroxide may al so be used in the
reaction instead nggxgég Ednﬁgﬁgx (e.g., the

1, 4-di azabi cycl o[ 2.{2. ZPOCdane hydrogen peroxide conplex). A useful oxidant

i s anhydrous per ox rerﬁ% oacetic acid, generated in situ by reacting the
UHP- conpl ex with trifluoroacetic anhydrlde (Cooper et at, Synlett. 1990,
533-535; Benjanin, get at, J. Am Chem Soc. 2002, 124, 827 833). Anhydrous
peroxycarboxyl|CR%Q;d&3HXX) may generally be prepared by treating carboxylic
acid anhydrides wdh anhydrous hydrogen peroxide, nore preferably, with the
UHP- conmpl ex (4). ﬁhgh arIy, anhydr ous peroxysul fonic acids (XXI'l) nay be
prepared by react ul fonic acid anhydrides (XXI) w th anhydrous hydrogen
per oxi de, pXeRilbICF,;, Gl OHIGLCHBIR CCOnDHEXCCH), CFTBIR, preparati on of anhydrous
per oxycar boxylic acids (XX) and the peroxysulfonic acids (XXII) is

illustrated irF . V\o 2 5/ 19163 PCT/ US2004/ 027330 ~Scheme 9 10 O
OR6/III ~& 7 4 (34& CH2Cl 2 ( XX)

4-Cl, 4-F, 4-CF,, 4-NO,

oJ\—o_\“\o A :(:[: R@:/(\(OFH—HCIF
0”0”0 d

(XX1), R8 = CF,;, CH,, phenyl, p-tolyl

The UHP-complex (4) and a carboxylic acid anhydride (XIX) or a sulfonic
acid anhydride (XXT) 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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O0 R6-S-0-S-R6/ CH2Cl2 OO (XXI) 0 R6-S-OOH 0 (XXI'l1) (XIX), R6 = CF3,
CH3, CH2Cl, CHCl2, CC3, CHF2, CAF2, CF3CF2 FOOFOOO/ r Rt =3-C,
4-Cl, 4-F, 4 CF3, 4-NO2 FgCFOFI FR Nz~ 901-~ ~11) ~'& FFFFOFF
:cc F(F RY02005801063 F OO 1S O O (XXl), R8 = CF31 CH31PER&RN04/07330| y| The
UHF- conpl ex (4) and a carboxylic acid anhydride (XIX) or a sulfonic acid
anhydr i deedBedih :d ' i ol vent at
b R S S S R e

anhydr ous(X'pHIdx petwess abditd: hardebpatids Imgst dikergenbedanents, fthe silaand

b tl. ted with .th t banat XV | ' ts,
car Doyl | 4o By it tpd BB BB OB SR TINGS BAVGP BTt on
cont ai ni ngt1tAg abbilt-1o0 PeR¥ AP Ayeihe blidhf is PEBLYANRoLIABetREARKYCar boxyl i ¢
acid, which reacts in situwth (XVIIl) to give conpound (1). In other

enbodi menamwther lsebstibited peraxyaseidd aditiPhe mojdr eaticaofdhe heroayacid oxidimtde tlke i s about
6:1. In still oth enhodj s, .the |l ar ratio of UHP-conplex and acid
anhydr i decm%lhiogkﬁ@ﬁéw (l)lf‘tabgmlz;gﬁd about 1:1. In yet ot her _
enbodi ment s, tﬁﬁ’tﬂ@'tﬁéﬁ@éﬂa@df}ifviyﬁﬁhﬁg%laﬁ&h cofpFindWrYefhae (X1 X) is

bet ween about 2:1 and about 1:1. In sone enbodi nents, the nolar ratio of
t he per ox(Z¥II) toxa aappundof Fermuio @) talsb amtdaaplated.a Whild dat wistingtetheeen about
8:1 and aé)c?ulljatd b%l'tf}éor;l,nadalttlf\]/%g may either catalyze the reaction or stabilize the final

Q

product or both. In some embodiments, a Lewis acid or a protic acid or any
combination of Lewis acid or protic acid may be used in the oxidation of a compound
of Formula (XVIII) (preferably, in the presence of a solvent). Lewis acids include,
but are not limited to, BF3, SeO,, MeReOs, MnO,, SnCls, Sc(OTH)s, Ti(0O-iPr)s, ALO3
and Fegbg. Protic acids include, but are not limited to, trifluoroacetic acid, acetic
acid, p-toluenesulfonic acid, methanesulfonic acid, trifluoromethanesulfonic acid,
hydrochloric acid and sulfuric acid. While not wishing to be bound by theory, the
Lewis acid and/or protic acid may catalyze oxidation by increasing the electrophilicity
of the carbonyl group in Formula (XVIII).

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-{[(18)-isobutanoylethoxy]carbonylamino}-(3R)-(4-chlorophenyl)-butanoic acid
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49 WD 2005/ 019163 PCT/ US2004/ 027330 enbodi nents, the nolar ratio of the
peroxyaci d oxidant to the conpound of Fornmula (XVI II) is between about 4:1
and about 1:1. In yet other enbodi nents, the nolar roxyaci d
oxi dant VO 2&&12¥Apound of Formula (XVI11) is between gggﬂﬁgooﬂ%sgtﬁd about
1:1. Preferably, when the oxidant is peroxytrifluoroacetic acid or another

subst i | t u(3S) apdesoxipediat Exanggle 80 of Bectithl5eldvat Aeylokydlky fed sy 8£ottleroxi dant to
t he ngﬁgﬁgpof For nul (XVIII) is about 2:1. Further, the use of additives
0

in the apalegs may ﬁﬁ@ﬁﬁ@ &to gyathesis Fony thgppprppriateketosatemate of For mul a
(1) is a %Qr eory,

addi ti vegé@ng&gg%‘?ﬁﬁ é% it Itﬁ]g%%a‘gfg 1*1%&&31;@3{&?%?:&?@%% Egnt%ngnal pr oduct

or both. clhemmairf&ncmdnamyrmm@ptlbh tb dedosnRsitidn of otheptratsfornzation underny

conbi nati on of L S acld or protic acid may be used in the oxidation of a

corrpound"ol'&ﬁ“l Lo Syl | ) (preferably, in the presence of a sol vent).

Lew s acids i Ht 1 , MQ2,
SnCl4, Sc(Orf %ﬁbﬂgﬁ?g}ﬂ{lamf?%ﬁg{bg%gflcg?ﬁhg%d%ggF rot??sggl 83 ?ﬁ(%aude but are
not | i m Selttme]O0, relick upon omctdn of cmpbundcef Famutsei(fly) pr @) wdthes ul f oni ¢ aci d,
met hanes | foni f | uor qnet hanesul fonic a dro loric acid and
sul furic ée‘fy °XWWﬁ?ygN1éYAIW‘3§HFﬂ-BWg tt?@ﬁI?cfoB’POFﬂ‘gBﬂ}‘o »s aci d
and/ or pLO&dsEr ,ﬂﬂqgaé/ 1 W ALY BaSH ectroph|I|C|ty
of the car, gn? group? For%gfﬁ)i‘e I;i %oﬂher e 9%%1%%%&

oXi ﬂatl oAppi;gatioa SeralNot ed in erttﬁlenfmwefmgt)mglﬁssmykhy%@ab@te tV\hl | e not
wi shi ng e e e may stabilize aci sensitive
products &@‘ gm tHIi ‘ﬁéﬁ&‘?sélgfogabduct s fornmed during oxidation.

General ly, the tenperature of the reggihfngmaybe readily optim zed by

met hods known to those of ordinary skill in the art. Pref erably, the

oxidation of a conpoundpf Formula (XVII1) is carried out at a teRpergture
between about -25 C and Wboutpd00 C (nore prefergbly,, bet enHabo t OfjC and
about 25 An advanta featuré f tBasenet ho n o

conpound E@ﬁ/ t hat Yoxordatiomof>ket o der| vat| ves

(XVI11) prokee S ereos eci FR®al | jXI)v»i(bEt,dsﬁgantl o] f?guratl on at the
car bon at on®i ﬁf'tl'&ﬂpy adjoacent to the carbonyl group |n ket e (XVI11). This
may be exploited in a stereosel ective synthesis of prodr ug erivatives. For

exanpl e, the chXXlll) R-bacl ofen prodrug 4- {[(1
S) - i sobut anoyl oxyet hoxy] car bonyl am no} -(3R)-(4-chl orophenyl)-butanoic acid

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 (X), R* and R? in the compound of Formula (XXIIT) 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 (T), R’ and R' in the compound of Formula (XXIIX) 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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(34) may be synthesized as a single diastereoner by stereosel ective
oxi dati on of

4-{[(1S) i | et hoxy] car bonyl am no} - (3R) - (4-chl or - anoi c
acid 50 Wg%g@%@%l% PCT/ US2004/ 027330 (35) as descrpww(ﬁgé | e 30 of
Section 5 bel ow. Acyloxyal kyl prodrugs of other baclofen gnal ogs may be
anmenabl e(XXIHY areteach berizowloxy,ithe stersocmmistireatiche oarho torwhish Rids i vat i ves vi a

Baeyer-Villiger type,oxidation rovided that they do.not contajm@ chem cal
funct i on%ﬁtar‘:bg&?fgﬁf)ﬁcf} UYL ‘(")§t|e{e|°81?'Fn?J'Ftr%?WéF °ﬁbaﬂi<r 8%6# on under
condi ti ofxattabhddis of BRE-t&FguMtiehher nethod for synthesis of conpounds of
Formula (I),” illustrated in Schene 10, relies upon reaction of conpounds of

For nul ae (1 V) Ibsongexembedimgnty of the(raethodsdoy symthepizing hgempounsiof Formplady |

car bonat Far mul L1 as..describ in the cozpendin

appl i cat ﬁ&%ﬂﬁmﬁe %qmﬁ&ﬂag& E’?%‘\l}% g) %%@%%P&%‘Rfﬁlﬁi’fﬁmp%?@%p%r: aIg No.
entitl edFBMIlQ?’Ss Substatiislly el dastérediior, @ ¥arhk ¥mboSiaidpd G the iebdugs, " fil ed
August 13, 2004). Scheme 10 RS O HR OO ONR9 + (I\)/}REase RO Nvv'O

Y O Rz \ fisegbedynpSehemed Odomaynthesipinginomneany of Formylx)) R) isviseprenyh RO and R1D

are i ndegendent.| sr | anmin cyl | koxyca nyl.a¥ no,

al koxycarﬁbbsnlgébﬁ ,lpgl ﬁﬁapdéﬁﬁgt%{? ?tﬁjfe@gmgﬁﬁ% thyé? ﬁ%r%)/r,l 9%%@’5“%’3%%‘&3@ al koxy,
aryl, substatta¢Hedds of the S-@nfigatakivh and teltBHpBLAKYE Féthallkgh &m no, heteroaryl,
hydr oxy, sul fonam do, or optionally, RO and R10 toget her with the atons to

whi ch t heupstaatiallyenedinstercomenn la stillipther embedimepts afshk pethod af Scherme ed

cycl ohet I or.. Substi [ ' . R1 2R5. are gescribed in
Shotvon 9 itned B A B hE e intls 00,38 £ Bivichyk R RRisBhRr RO 10 o
synt hesi Eydiggen tHeQstEreodhdmistryF® tie.dagbdnl th wiieh Rheh R aré attacheddsppthed of
Formula (XX[H) are different, such that the carbon atomto which these
subst i t uBrhonfigpratign.tandteeicqmpaynd of Bpawya (F) ds substatially one diastereomer.

In some embodiments of the method of Scheme 10 for synthesizing a
compound of Formula (I), R' is Cy.6 alkyl, R? is hydrogen or C; alkyl, 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 (I), 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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I n sone enbodi nents of the method described in Schene 10 for synthesizing a
conmpound of Formula (1), R9 and R10 in the conpound of Fornula (XXI'II) are
each beg‘;&ﬁo%ﬁ) 3the stereochem stry at the carbon to which RO is attached
is of th F?guratlon and the stereochemistry at THEURMBAEHN o whi ch
R10 is attached is of the R-configuration. In other enbodi nents of the

met hod d@athonlb@wmoh@cﬂsatmchbdldoﬁthe Syconfigwratiomandithe stepanchemisfry@btheul a (1),
RO and R10.in.th ound f For WD 2005/ 019163 PCTI US2004/ 027330
(XXI11) SPPoBIR W oy BHas: e"tﬁé’fgéefﬁ?fgﬁr%‘FﬂWry at the carbon to which R9

i s attached i gpQbmb RfbodmRmt, %&ﬁéth&ﬂo%eﬁa‘é%% 84,88 B8MinSd dotvef. the carbon
to which RI0 is attached is of the S-configuration. In sone enbodi nents of

t he net hddsefud ewlvsmmdaémuungemotbmpgdmd acgitorfeg a¢alidmtril¢, Michle@nethhin®3 i n t he
corrpound f For redffer n e,.Co nd .o Formula (1) is
subst ant| ‘3708 gllé‘%%t?’ ﬁ%@m@f g‘ﬁﬁ% S‘H’Eﬁeﬂ} Iifé’ Gd  descri bed
in Sc he”ﬁiuﬁ@thirﬁéetﬁﬁ’ﬁﬁé“%h%th@ﬂayﬁoﬁ%&ﬂé‘ Qe &thyFQIBYIdR, pyridindXbity$ | Sopropyl,

R2 is isopropyl, I S hydrogén, the stereochem stry at the carbon to which
R2 and Racetaﬂegna&tthheblutyhethﬁ mithasblcethéniadyiserrppanod eyt butanol materod  of

Formula (l).is. supstantial.l di.astereoper. In still other enbodi ments
of the n&‘f’#{? agpn. %@ﬁﬁ?@b ¥Q)lyr}§§/ﬁcflﬂ%‘gllsﬁcﬁg’enﬁ ?98&15’&5‘:11 of Formula (1), R1
is isopr %ﬂloroﬁi%tﬂaﬁe't&fﬁ@ﬁ@l@éﬁah &3 filrdn, @thyl -5t &R&heni stry at the
carbon to which Rz and R3 are attache hé R—conflguratlon and the

conpound nagthanoet, rethanol, lijoprapagelp watentor abmbm@henw’lampé rlsoome. | n some
enbodi rrent f t he net hod, of Schene,.10,f or %m%he a conpound of
PEgE S

Formul a (em ]ﬁinit ﬂt?loéeélltmmmﬁf g‘f?y?i’r‘%% R3 is hydrogen,
R i's hydegi®limdRes, tife sbivdht R ORB@IE of akdborittle HDwales vﬂﬁ?@v@lﬂﬁkqxﬂl&éﬁh and

the stereochem stry at the carbon to which R5 is attached is of the
R- conf i gucetonitile to wates tfiiom absub &5 te @b iSre ninsstitlifothéremhediments theSchene 10 f or

R oy aPagerls SRARREC e BegyL i et etk andiels o b ) PR BBt of o onch
benzoy!| 0Xye sodtsht i emBtBfeS TR $érf Yuidl ethB@andGREtBIO With% Vdlin®B raf ¢fs at t ached

Is of the R-configuration. In’still other enbodi nments of the nethod of

Scheme 1@ndthyl tery-butyd sther tth@ter fr@mwbgmtc?%lf torabont2:a. [ jtill pthet s i sopropyl, RZ
o SO0 Sttt BB RA B e AR L, TS 2
R3 are athe@b@§] lefr-Biityl diRerIofaitsi bt 8du@M0% tB@bout 50% acetone by volume.
In still other embodiments, the solvent is dichloromethane, water or a combination
thereof. In still other embodiments, 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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stereochem stry at the carbon to which R5 is attached is of the
R-configuration, the stereochemstry at the carbon to which RO is attached

i s of tgﬁpggﬁsz(ggi'@uration, and the stereochem stry at Ete}ﬁjsé%@gﬁ%o whi ch

R10 is I'S of the R-configuration. 1In still o nts of
the method of Schenme 10 for synthesizing a conpound of Formula (1), Rl is
i sopropyl, R2Inethexempbeditnentsry thesmethod emR4L 0, thetrpahtivgdsperRBmed

4-chl orophgnyl .. R9 d.R10 are each benzoyl ax the stereochenistry at the
car bon t & ByRF SRR STARdnTERale Bask (10 s Spbodientse e sSaglion jTpeHIBIN t ne

st er eoch@iiihe ipfeéerde 3@ alicedd MM BiBarbbriatdoridlPmetal 8£B6shté §a10 T Intofteer
R-configuration, the stereochemstry at the 52 WO 2005/ 019163

PCTI US206mbodineats, thegeaationtippeafiraied mothe presencectfsadium bitarbheats- conf i gur ati on

and the steregc LStr .{ he rbon, t ch 0, s attached is of the
S-configurati %ﬁaﬁrﬁ&‘?oﬁg‘é%ﬂtﬁﬁi egeqy%cgofﬁc(hﬁglgq ftl’géﬁaeqr]@niﬁ is carried out
in a sol perférmed\if Eidpreseplc¥ 6Nhn origahit Bese. PuéferibBy, QY rehétiinti6 PedfOrmeddRt One,
acetonitrile, dichloronethane, dichlorogethane, chloroform toluene,

t et r ahydihsfniesgace off tsivthylamiag,tabeylaminerdiipansopylefhianing, acet ani de,

N- et hyl i di none. .di get hyl | de; hdi .ethyl acetate, nethyl
tert-but gﬁﬁéetﬁﬂgskgﬁgf%ﬁ%{ﬁné%z]ilﬁgﬂlgﬁ%%g\{g’%é{r}}lpq%{nr}{%éiﬁe-’ but anol, water or
conbi nat Nomethylipaidine, Byafieabiethylgieidse] 3 6dimethydsieidans, acetonitrile,

di chl or onet hane, tol uene, tetrahydrofuran, pyridine, methyl tert-butyl

ether, Aulimgiylamineniaidine, i 4diszalparet(2.2:8leetane,ds conbi nati ons thereof. In

sone enQodi ment sqlvent is M Xt L etonidrile and water. In
othor CoRuBRRIkEors. AR B Titne bf L5 Bb OBt SRR e, oD "onter Wt
a vol une pfeférall %ﬁré&ﬁbﬂﬁﬂ%érfdnﬁedmm@bﬁseﬂdé@ﬂh@&ﬁﬂhnﬁﬂ@ to about 5:1. In
still other enbodinents, the solvent is a mxture of nethyl tert-butyl

et her anédiisgprenylethylaming, N-wethyimerphelienernygiding. he sol vent is a mi xture of
nmet hyl tert-butyl ether and water, with a volune ratio of methyl tert-butyl
ether to water from about 20:1 to about 2:1. In still other enbodi nents,

the solvent is a m xtureg4gf nPhﬁbﬂmadeﬁfi&al@ﬂmfImﬁibﬂ and water, wherein the
met hyl tert-butyl ether contalns from about ot 0 about 50% acet one by

vol une. | n sPhimmagewinal eqraprpitiang cemprisiag 8 theyapeuticallygeftastive ameuidie, wat er
or a combj L on ... thereof. Still r i olkwent is a
bi phasi ggﬂé]%trﬁ&g b&c ﬁ?%ﬂ cgwaglog%@rgggéﬁg\%gﬁg?&nﬁoqlﬁ Wl‘t'lﬂgt(ﬁe&eogbodi ment s,
the sol vevi), preferabily ihparified fotns! togethefwith & blieblymhbanerand wat er cont ai ni ng
from about 0.001 equivalents to about 0.1 equivalents of a phase transfer

cat al yst Pharmaeeitignily acaeptablsvebicls, saastoqrovide 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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catalyst is a tetraal kyl anmmonium salt, nore preferably, the phase transfer
catalyst is a tetrabutylamoniumsalt. The nmethod of Scheme 10 is

pref erab l,ed out a tenperature between about -2Q C and about 40 C. In
sone enb%%@% 6%t he tenperature is between about -26’%@8"@3@3? 25 C. In
ot her enbodi rrents the tenperature is between about 0 C and about 25 C. In
still other eﬂﬂmqbtmnlt;ﬂxmhhmuﬁm?pmnp@siﬁmsimMGeWthomJadfcmiutiBﬁsC and about 40

C. In sone errbodlmanif tha%of Schene 1Q, the reallon i s perforned
in the afY¥FEEDs QUG 19 $OPBISS SERF BE ISy ot her
embodi MeRL¥de, §u|§@1ﬂ%tr@%s@fon§§lgﬁéﬁ &Q}poﬁlﬂﬁleﬁ eani1siehs, 'a%ro@@l"sfs?ﬂ?@,d_ in the
presence of an inorganic base. In sone embodi ments, the reaction is

per f or neduspensmmseopmas@hmefouﬁ saitabld fonluse. nbtsamebmtmdbmms gheor al kali netal
carbonat e, sal t ot her

t h t f dinth
presence? B?“%ﬁ‘fttﬁ*ﬂl%.a’&%ﬁpﬁﬁf‘a\fe C%r‘l‘sﬁzﬁ‘*ﬁ %\ggcéfgg%‘}ai‘é%ter ﬁgfhel Pret hgd of
Schene 1@atehRo! £898,155). '%ﬁ%ﬂfe@%ﬂs&ﬁbmaﬁﬁ%ﬁﬁ@ﬁ vehicRR ha¥ hC base.

Preferably; the reaction 1s performed In the presence of triethylanine,
tri butyl descmbed iti the aptr(sgp/RemingtoalsiPhermaceuticed Syilencas pPlitadephia@ollege

2" et Iyl QY PIRITHAGY a5 SOt RSy ) 1 SO SO R R o RPN RS 1

4- di azabiafyfbf 11%tea 21 616! 88Rery! pam%ulqﬂ??&Qrﬁb’s@lﬁﬁﬁéd%l@léé%@ﬁﬁm@ﬁ% or 1,

5-di azabi cycl o[ 4. 3. 0] undec-7-'ene, noré preferably, the reaction is
performed in tPhempacesm eomposntmrmfmwralrde:haery Ty b@mrthpﬁbrm thlnisne
N- et hyl qor phol i n r mac ons

P oo e eieBe aieauSrs S aShdRiont S, PREf TRISaRy Boleset s ve amount of

one or mg@% baglpkee f&r eﬁﬁﬁl@f@ﬁl@a&hﬁﬁst&fe&%ﬁhgoﬁﬁm SorthinfoRE gl ae (1),
(V) or 5) preferably in purified form together with a suitable anmount

of a phmomopimnad: agdngs, Soroaxpiplel, sweatdning agentscuels as fugiossy amtamb@r m f or
Phar macodtieBtn APENe e ER e BSRPPRREH U OfSIEHTEEwS PEPRTY Sololet
| act ose, 3544 ARFpresigliakia ?enté’”%d) brov[deqﬁphaﬁh%ucﬁwdiatalﬂb bicpara§eh, S Odi um
stearate, gl ycerol nonostearate, talc, sodiumchloride, dried skimmlKk,
gl ycer ol Mqrﬁ%my,l when, mgalglcmr,pﬂslvﬁtrar fheaompositionshay e coitkdto dilay pr esent
conposi ti On%égratlon and absorption in the gastrointestinal tract, thereby providing a

sustained action over an extended period of time. Oral 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), efc. Additionally,

flavoring agents, preservatives, coloring agents, bile salts, acylcarnitines and the like

may be added.

When a compound of Formulae (I), (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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desired, can also contain mnor anmounts of wetting or emul sifying agents, or
pH buffering agents. In addition, auxiliary, stabilizing, thickening,

| ubricating and coloring agents nay be used. Pharnaceuti cal conpositions
may be MAZIEEIM6Ed by neans of conventional mixing, BEEUSEPHARI0
granul ati ng, dragee-neking, |evigating, emulsifying, encapsulating,

ent r appi fgmor Inl soafRhimbodiments) PERHS lts oPR 36MP&@Id d ArmafRRPS (V) &S ey be
formul ated in conventional nmanner using one or nore phy5|ofog|cally

accept ab(eD) @k ysed in thegpbpie dessribeddormulehiens. or auxiliaries, which facilitate
processi ng of conpounds disclosed herein into preparations which can be
used pharmaceutically. Proper fornulation is dependent upon the route of
adm ni strati oschoSgstained Hﬂk&@@ﬁ/aﬂiﬁ@ Hoeh{sUS2004/ 027330 The present
pharmaceutical conpositions can take the torm of sol utions, suspensions,

emul si on, t abileq disclgsed compoundsean bedised with @ nugthss of differamtdesageng | i qui ds,
powder s, csustai.ned- i L} Or 1 1.on aerosol s,
Corays, TS B et Seafied O PP s e EIART bF Phoriou Tl FoifiRe

enbodi me(@,qV) bhEVI)pipen wedl adinigisddtionaccept abl e vehicle is a capsule (see
e.g., Gosswald et al., US. Patent No. 5,698, 155). O her exanpl es of

sui t abl e phar Fewsin sabedipenisthe dosage forpeomprisesbeads thet on disselutipn of see

LB RS A s A SRRy e o

Sci ence, n some enbodl neén ns are

f or nul at peéfdratily,vet a getdiod/ 6f at.led306 hbvitl| raére préforabby, abe drofdt legdtease
admi ni stration. Pharmaceutical conpositions for oral delivery may be in the

form of 8 4pwsesd moskprefgely, aygue perodnf abldagt I kyen sThmbeadgmalibeesa powder s,
enul si on yr - el i xi . ally adm ni stered
conposi t?egxﬁr%?%a oggir? a??r? Oic‘)%g%dm&)%[sm%odr%n@%ﬁl éﬁ%‘f’ﬁg‘gder%rgl,n e\ggr exanpl e,

sweet eni pigarAgesutisalbradtepablevéhicles Sncladipg ah aptoml lutiiaat) aitiokiddnt avdr i ng
agents such as_peppermnt, oi] of wintergreen, or cherry coloring agents

and pr es@ifferndha jesdsqnay be medicalprenaraiions withe digragter 9f shovhPABemEe epar at i on.

Nb . . ; ) _ g
del ay © oiealliguh) G shafinay porbeite dopls XTGP ARG REGECT 7y 0y
provi di nfpraxarfple} diseeef @il dboubd®ing af cenipaimde A hpdeady] irforié me. Or al

conpositions _can include  standard vehicles such as mannitol, |actose,

starch, frabpfinFRn ae femmadof nopuresmlinkedwateripkido celames theirdischatgisesi um
carbonat fomhé gastdfiflesRA FAcESTRE Beddl faFbRRME Wit RiRE Ut | cal  grade.

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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For oral liquid preparations such as, for exanple, suspensions, elixirs and
solutions, suitable carriers, excipients or diluents include water, saline,

al kyl en .g., propylene glycol), polyalkylen 600205309
pol yet h %@g}ogﬁlyﬁol ) oils, alcohols, slightly acidi ce%(g#/yers bet ween pH 4
and pH 6 (e.g., acetate, citrate, ascorbate at between about 5 mMto about

50 m\), @ik layrnef 8 wetertinsoluble palyorer.n§ucicecantrollpd elease beadmsy thys| or i ng

agents, bile.salts, acylcarnitines.and th | ke be ed. When a
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Formulae (1), (V) or (VlI) are used in the above described formulations. 4.5
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a nunber of di f Or | \ rpyide
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admi ni st figdl bedid conipositivl, prebaghlEmbe thid¥bodD3AY /W) lelp. CRomabs@s3 % eads that on
di ssolution or diffusion release a conmpound disclosed herein over an

ext ended@h9et Q94 (wfwh okhesamouatt of the spgopd layee (i2bpee newllyicongtitpienfems hour s,
b ' t bly,
over o papuEobY @HShuB0RRTLN, Hetchlnyy B85 aboll G144 D BB IOVR LuBgeer 201 Y

conposi tthe final'bead comPOsiNG. SThgarBownd &P thienkirdliayer @esboke usiallyand
pharmaceutical |y acceptabl e vehicles, including an ogtiona | ubri cant,

ant i oxi depnstitates ropuationt 1 %erieabpatatdo (W )oerefesahlydforp ebewt2ie toshouhi t h a

rri t i .

Goses or 25 (RRA e BB ComBRiitin, TrlTrd Ot ot nBERGS. IS PTPLLO0: 4o
f

g of comp om BBolR @05t dbBusPiEn. B roHed feleadé Beddemischeo
non-cross-linked materials to enhance their discharge fromthe

gast r oi ritresidpdhin 2 mpliiple unit forpwiaiionnwgh pea eansuledrwitablel rel ease

{ime- ol ense PR A Bist AN R IS S IR T b ol BBt car 1

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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effective adm nistration. The beads can be made into matri x tablets by the
direct conpression of a plurality of beads coated with, for exanple, an

acrylic 5@5/0@193 bl ended with excipients such as hydjs@mj@fo@m%mt hyl
cel I ul ose. manuf acture of beads has been disclosed in the art (Lu I nt.

J Pharm, 1994, 112, 117-124; Pharnaceutical Sciences by Rem ngton, 14 ' ed,
Pp1626- 162er-solulie pr waierdrsolubly Exraplaty podymers dggmay be used i the35; and U. S.
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with anslyemlegelatinggpelyyvinyd sleohel) siarel aYéI’dﬁfé’ﬁﬁthb?fe%ﬁdh&ﬁ@ | ayer controlling
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I nert co‘?e a%‘ég ﬁ%‘”?g‘%er g%rg%gﬁe@r%c%ﬁ&% ive C re%&gﬁpg}ymhen the core is
of a wateilfse datdxgmetiwdtalicsermehp] llulee tetlliyﬂtcenmlake hiydxgedyicoat is
preferably in the formof a relatively 56 WO 2005/019163 PCT/ US2004/ 027330
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first layer and containing an active ingredient; . and (iv) a third [ayer on
the secohd0d y/KI0: v/ v b@pvlélaqers/f@r pgsyin damthing)layed, oraneBb@ngffor he active

I ngredie r er penetration
into t hc[,ebtn(t:rgp{eifg tﬁ%ﬂrg%:}glefa% BeF | rs?éﬁtéﬁlds%@]q?&?qn 0%%928%?% es nore than
about 2%dlyheds vﬁfhﬁlﬁ-ﬁepéﬂdﬁﬁﬂsohﬂﬂﬁiypﬁmaslfbtamnmé etigil abllylosgyor e t han about

3% (wWw, e.g., fromabout 3%to about 80% ( )hnghe amount of the second
| ayer ( Ihy)dr%mmyugetam celluloge phihalates colhudepe aa%@tp afptoncelulopearetainos (w w) ,

pref erably, t @?RH[EI Ay Te bead

CONposi t I'on. t%ﬁ%ﬁ&%%ﬁx? %aﬁ%s & ﬁ%f&gﬁf%(p%?ﬁgb%ve ﬁé‘ha y constitutes
f r om aboplastic¥ets) smahcustth(ﬁe thentiongd atpveS Opeibhally, thewonablied reldsé layabout  25%
(ww) of the, final head conposition. The core uni

typi has a size in
t he ra Rﬁse?’r”bﬁ‘?@l&%p eBSIYF@TSaMP’ ogherspb sf%eé%ml atiéﬂ’nT’ el ease beads
may Dbe e t%%ﬂaﬂa@teﬁstf&l i@ Hid &)ﬁmﬁé’a{bﬂ#gr 8 %%ﬁgrquasgrftg‘,b g or a

t abl et . res are e or swe mat eri al
and may daﬁtrolled 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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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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pl astici zers, such as those nentioned above. Optionally, the controlled
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321: 574) reqhiiOrA LA EAHESTRLTI0A (L0, Ghodsen I “Msdien enbodi ment s,
polynmeric materials can be used g,See "Medi ca %I I cations of Controlled

Rel ease, Appleajions ghGontrelied Releasy.” syme, wle,pp; 1Bod 38 (F$dHn Othetor i da (1974) ;
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1989, J. Neur &sethgr embadimests, the dosagenforanesmaprisen & sompounddistlesedat eri al s are

used for,oral sustaine rel eas |ivery. Polyners j.nclude, but are not
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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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sust ai ned rel ease adm nistration. Preferred coating materials include
pol ynmer swoiznés/@91epH- dependent sol ubility (i.e., pH conPCaUSEP402T38xse),
polynmers with a sI ow or pH-dependent rate of swelling, dissolution or

erosi on (j a raded by
enzymes %lf }.egs.t ?n r?%(??:%rr%%r (?I?ﬁ]e&%%@ﬁ% sefiopeo%éiﬁéﬁ yrfrrﬂl;é?ﬁsonta%@to gﬁr mfirrn
| ayers t lsatfaces Whetepxtelsmt,ad cbytedwithnpheascuticailyasssptsblé naterial

pressure- controlled rel ease). In yet other enbodi nents, drug- reI asing lipid
mat ri ces IBRFMSA laéwermﬁsa@%zrfaCgragmmdné&leﬁeﬁasg&sfeﬂamymesm Qdwre An exanpl e

I s when QR‘?H QI??X coated with
athin c§25’?‘&e§ﬁ‘§gre ease{hl‘éayer @FQ%QV@H%CJ&%E%%W gsnate and/ or
gl yceryl bjrabimgtaqpltasnacentipalbsacgdeptable satier likeqaulpdtheenaglycol wikh alhbwnt No.

6, 375, 987 and. Joachi m et at . Patent No. 6,379, 700..The |ipid-coated
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(Verma et arm 2000, In some
enbodi rrepbbqsom(wt)laerykat@ pelyrﬂginatb,)polyanaquopnlwlhcnne Tuepotymiers Vi ew, CA

Pat ent NI BSaBiTos5F TR G DEdR T Ve e OUSTBFR Th B U GRBTRIT. | n ot her
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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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requi ring only a fraction of the systemc dose (See, e.g., Goodson, in
"Medi cal Applications of Controlled Rel ease,” supra, vol. 2, pp. 115-138
(1984)). Oxher controlled-rel ease systens discussed in Langer, 1990,
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| east one exposed surfac t he begi nning of dose delivery. The non-exposed
surface, when 19 Q&ﬁhrer@ ?Déizlﬂw q§28¢ 197 CRRPBSTS BRihey osBelisAoEe mat eri al

| nper mea Wﬂ% y be
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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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~followed by casting in a nol d. The step is repeated for each optional
successive layer. The systemis allowed to set for about 1 hour, to provide
the dosage form Representative polyners for manufacturing the dosage form
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tridenoate er wall formng materlals corrprl se, pol yV| nyl acetate,
pht hal at @ntiggidantselerted fiosnthsrerenn eonaistngrimeardis seiduButylated ns. Procedures for

n YJ"SZO%?@%*?#?%If %4%329%%9?0}?%5?%%%%%%18'9'6' 331 3136, 989,
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t her apeutoct] gﬁffﬁ%é@uﬂ’lcﬁﬂuate 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 éliacylate, cellulose triacylate, cellulose acetate, cellulose
diacetate and cellulose triacetate. The wall comprises 75 wt % (weight percent) to 100
wt % af 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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wal | at a fluid inbihin at eterm ned by the rnmeability of the

sem por ok fa s fisah s n SR R UE aatte Pl FFBRest iR eal e wal
causi ng pbh&d BESMtd #B0RE 24 Ro@ypand, thereby delivering the conpound fromthe
dosage form through the exit passageway to a patient over a prol onged

period of ti ndh¢eppression) " passageveayl B0ushdhersin conipgishy teang4nd mgthods onposi ti on

may conpri.se.l to, 1000 of.,a hydrogegl ch as r selected from
tho or ouB TS s i reisrecrelans 1 o combouy fom Yf CamBmARGRaTES 5. 000, 000

vei ght - au64aa6 fortP | Bl it m¥k 8bthpristh hflBad bRe ﬁ&k%%w%‘, ih&1aMngbRgicer oup

consi sting of a polyethylene oxide of 1,000,000 weight-average nol ecul ar

wei ght , horsphpertung,| pome poriuselamen, lod®woHderedpiliary subenetiaghel, perops| yet hyl ene

oxi de of _4.000, 000 | ecul ar, wei.ght ol yet hyl en xi,de of. 5, 000, 000

nol ecul aPV%@ygﬂ’Egorgusngﬁlpﬁéttﬁ%péﬂ‘@g?ﬁfodghfg?srg"%&fo%),”g@gegrﬁ?lgﬁlOefr wei ght and a
pol ypr Op)éérﬁg&n%'ﬂféﬁss ay IncdBRfes AQatbrPal $ndd Qb de0 Br WakadHed¥SMage ol ecul ar
wei ght; or 10 to 1000 ng” of an 62 WD 2005/019163 PCTI US2004/ 027330

al kal i cwebogyaBuid/¢rdrdnmiend of ke 1OpBGIDCe ot BaPEMeRO0iraledrleasger age

mol ecul imensioned 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,

conipoimds are preferably released from the dosage form over a period of at least
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wei ght, such as sodi um car boxynet hyl cel | ul ose or potassi um

car boxynet hyl cel | ul ose. The hydrogel expansion |ayer conprises 0.0 ng to
350 nmg, in present manufacture; 0.1 ng to 250 ng of a hydroxyal kyl cel | ul ose
of 7,500 WO 2805800690 wei ght - aver age nol ecul ar wei ght ( BCHUS2004/027330

hydr oxynet hyl cel | ul ose, hydroxyet hyl cel | ul ose, hydroxypropyl cel | ul ose,

hydr oxybu I 0 S nufacture; 1
ng to 50 %%Ju‘f? hg*#séglg’ﬁ Eeq% ?%@f?%éﬁo%ﬁdﬂaﬁe%gt?bog{;%gl sg |a§1§t%§gisodi um

chl ori de, prefératsdg, aver alpbdod dfat l¢ust atoat l.mheurs anﬂﬂmpthaﬂesagbdommrl c acid,
citric acid

ff hl d
i nosi t ol pregqggﬁ&éga%gq;e ﬁe%‘gmg}sdﬁ}j%@g F%ngﬁ‘lh‘érsn’of(f:o%%rgg? 39 v easuch as

ferric ox I to 30 ng of a
hydr oxypr E)hg?f%{?&gpnceﬁ g%ngoffan896&%@}%%@9%@8%g%grtggggﬁﬂirsrbrag(rl nmol ecul ar
\r/]ve::I ght, sgileetet &ﬂn}'?ﬁ%lmlyﬁtlhepg:rdmgmh ngioﬂoshSﬂtouﬂg Thafsubtmine?fc}l?{sepydldbkaglecel | ul ose,

ydr oxypr peniyl cel | ul ose ydroxypr.opyl met hyl cel | ul gs
hydroprop&"’é‘tfl’iﬂEx Arpyid gss%coqye@@atpgo?% ‘fq eapplogiy ?%‘@ ected from
the group ﬁ&ﬁ&b?%k?& g&t £OHBI hiPk g%ﬂﬁég&déﬂy@w@p&@e firat Ut Yl at ed

hydroxyqu none oxyanlso roxycoumari n,

hydr oxyt olsypeopnrticmegh Itmﬂmdoeds oOfythe gmdtug ﬁ' bap}o(ﬁqayd»r galofat malogjaﬂrmius@eéd at e,

i oty R R EHGSHEHGNT Coot T4 (o oGRS o S HATUDANRe;  and

0.0 ng tOchnEG%OBfﬂae'G'brb&ﬁﬁﬁedﬁ%beﬁﬁuﬂlsfehﬂg‘aﬁggn%ﬁﬂbodd&%?ﬂﬁt' ng of calcium

stearate, magnesium stearate, zinc stearat gnesi um ol eate, cal cium

pai mt at ecompnimdrﬁmbmmmedlam*eh:am arah dosageaform and tHesAUT if atlisyantiallyls, salts
of alicyclic aci s of tiG acids, stearic ac ol ei c acid,
pahnitic Q€iSgRe3s ﬂl%ﬁ& ’g stering, gt gquivglent dosq %‘dtbf’ PRdEHat i ¢ aci d,
and a fatﬁ% zﬁ'ﬂ?%&ﬁét@rel@a[se%fa@ﬁ@éa Ef@hl. d- In the osnotic dosage forms, the
sem per nea II’Il conprises a composition that is perneable to the passage
of fluid and iByeferreadvisage formsarcpdsswgeredfonpe ortwige perag, matel i s nont oxi ¢
and conprise El pol grrer selected fromthe group consisting of a cellulose
acyl at e, Br& ?]Nﬁv Yate, cellulose triacylate, cellul ose acetate,

cellul ose diacetate and cellul ose tr| acetate. The wall conprises 75 wt %
(wei ght perc“e@t) ’f‘l?e H gy mer or, t he
wal | can conpri seaud vl ene gl ycoI

or 1w %to Z2m satné’/exﬂioMeﬁh Iamaapeutﬁhmwfmﬂveqtmdm‘ dsftmetdﬂmcgé oup
consi sting of hydroxypropylcellul gse_ or a hydroxyproqglalkycelIulose such

as hydr ox§gmrapiset Fomedaq d). d¥eor (v is adiministgesd i Pabiente BIRferablydl | conponent s
compri si nﬁ’utﬁﬁf sﬂ\fﬂljiné ﬁorﬁ%ﬂ?ﬂleés,omqlglgnf%y rﬂ%vél;ﬁgnté %@5% 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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63 WO 2005/ 019163 PCTI US2004/ 027330 conpartnment conprises the

conpound- cont ai ni ng conposition alone or in |layered position with an
expandab | conposition. The expandabl e hydrog bi:hon in the
compart Ngﬁ{wﬂéﬁgg’ses i n di mension by inbibing the fl uﬁJgT{ﬁa%g%bﬁ? he

sem perneabl e wal |, causing the hydrogel to expand and occupy space in the
conpar t mert YIie yetothérhensbdigents, b edapéugioalliseffécsive dndoughofl die od@srge form

The therapeutic |ayer and the expandabl e | ayer act together during the

oper at i orP°B‘lP°P1Pf§5 Of%EI% By Vi admpigieted 49 2 patientpyeterably pat i ent over
time. Th . ' : 0 1 cenhnects the
exterior eno t@%@ggé@g n?glr%ﬁqﬁ%sdt% ﬁseﬁr%@&?ﬁ@ﬁ%\ﬁiﬁyb%ﬂ%@y \é@nléllnaf&d%{rﬁ)g gtgm)t e
power ed doma@é tHecabove embodintentie sustrinbel release orglrdodagegfotme aretddeninliotesgle formto
t he patiﬁn at .a zero order rate of release over a period of up to about 24
hours. T %%585‘?1%1 on "passageway" as used herein conprises neans and

met hods  sui't ef, ¥ cérfifn E?B&diﬁfénﬁ,ed ﬁl@ﬁ?elﬁfcatlg BTN nt BP‘{;Het &ie
compartmment of the’ dosage form The exit meanS conprises at [east one
passagewayore icompoutids @f Forhilae (I), () roe (VB@ee sdminjstgred & a patientyprefermbbnt , hol | ow
fiber, ~ca%ar t ube, channel e|porQus .overjagl, or .gorous | enent that
provi des ¥BHR%0K3s 3 RICKENtAIYeIREISHY againslyasious dispases ordisorders. ’g%sageway

i ncl udes | ' f\ea&jﬁ?;jj ' fluid

envi ronrret%ir 0 ﬁﬁésl ettg&g?% uggﬁz}tﬁﬁgggltnbone o#%?égﬁ%g’-ﬁlrué%yégp%?nensi oned

passagevdyl) Repbesdéminidtered asmpeaverthiivesmedsaty to afpatiefithavingp a passageway, or

a multiplicjty of passageways conprise | eachabl e pol y(gl ycol i acid or

pol y(I actHr_“cf%‘S E’i“ﬂng‘b‘lsk? lﬁwngﬁsFFBf‘?ﬁ%Hhage I F%é%seﬁ&ﬁ%aﬁgﬁé%g’, alﬁg{o}/( vi nyl

al cohol ) adligfeHoPithie RRLHERGERY dr dadicti Pl Sthertils QXIS orhiied e Passagevay,
e forme y | eac

or nore than one pore passageway, can Ing a | eachabl e
conpound, sudkhasussdidireat| or ptevem thhebovaldiscaFiser desostegethay possesses
controll ed-rel ea I nensi ons, such as round, 3 [

et

, r ul ar, _.square and
ol I pti canerapeyficallyetinstivs aponRlof 9Bg opmore LOTOWRs ploharmAe Ds BBk orm  The
d f ; i ; ; d t
05305 | QU R DRFRISLCHSH S5 kBB Blcon A RAPERGREY Sl ThgECC0_apa

rel ati onship e sur nore than one surface of the wall.
The expr dbsapmtitdllydftecting amoumenfiohe demotesmmpouadsiefifirmmilae (), Vyoi cal 1l uid

and oqui SVBHREY gk e AgopiReunt Gielgee TR I targRbA oL SOBer ont Moo
3, 845, 77 Ghracha S AR activegbo ibiuchn b8 doiBihuts AAEoRAherBRSPAOCRYS

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 to 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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formed by | eaching are disclosed in U S. Patents Nos. 4,200,098 and
4,285,987. Regardless of the specific formof sustained rel ease oral dosage
form used compounds are preferably released fromthe f over a
period olORFURIE 64 WO 2005/ 019163 PCTI US2004/ AR S it LR s, nore
preferably, over a period of at |east about 8 hours, and nost preferably,
over a period of at |east about 12 hours. Further, the dosage form
preferably releases fromO to 30% of the prodrug in O to 2 hours, from20 to
50% of the prodrug in 2 to 12 holl's, 50 to 85% of the prodrug in 3 to
20 hours and pabRAkCd'HABRADA:Re fibgrupt AHGAiSeRA'1S rbt e The

sustai ned rel ease oral dosage formfurther provides a concentration of

bacl of en diseadsa ot disendermsutlvas spastidity, pastroebsopiiageatuehix diseaspadmesisy, over time,

whi ch curve .h area und the curve (AUC) that is proportional to the
dose of Fﬂ%@p%ﬂﬁ@gﬂlﬁ?mﬁa@ﬁgﬁ@&%“ﬁgﬂoﬁen anal og adm nistered, and a
RXi mum concene kot FBacloTlFo/URIo SRR PridiaB el Wi Be e ! er abl v,

| ess than 60% of the Crax obtaine omadm ni'stering an equi val ent dose
of the d¢uontpeatmentfof apadiculandisdider er caldgamalisiaied docaywill dependod thdre AUC i s

substanti a] | he. same as the AUC obtained fr adm ni ster.i ng an equi val ent
dose of Pﬁ%’f‘%?f&h?ﬁ’goradﬁ%ﬁ% e chnbey 'Eéé’gglfag;ryﬁ%ﬂ@l‘?agrm Preferred

dosage f QchiBiqRESIRAM fithd & .Sth MG ln Tikh 68 iPhive dadys FRY Spticidlyeabl ¥, once
per day. 4.6 Therapeutic Uses of Conmpounds, Oorrp05|¥|ons gnd sage Forns

In sone empbyjiedtmbelp identificoptimaitdosagde ynges f Fbe ameuntrofaronyfounde or nor e

conpounds ,of .Fornul.ae (I ( or (VI) is adm.istered.to tient,

ot ef e abPgptESiL ofrohisey M SoPERARL i BE e Trop S b8 SYOIRREENt 5 and! or

pai n_ assaehltle Weldht oFMESbjeit the sTRBICOFES LiibGors ohRGherdk  he spastici ty
y

being so treated ave a” nultiplicity of origins, including, e.g.,
cer ebr al apmindstrationland fegudgrhent of iths, prescriblog physiciahead and spinal cord

injuries. In qth dj nent th ticall.y. effective. t of
or more compolTEBH- S AL S arepgptey o mitisEred W agalionth o &
patient, nWr@HﬁﬁQ«bicxper&&w%re&efféﬁﬁl&mﬂ&?ﬁéeﬁah .ODBS§iAp reflux

disease. In still other enbodinentS, a therapeutically effective anount of
one or npravidedratenereadn odmbimetiomivith ofter drugypndmay wotinus asdongidst ered to a

tient, f bl h , J f is. | till oth
gﬁbgginrreﬁ%)%rl%egrﬂ?r é’%ﬁ@%&%@fpﬁ{ﬁe@égﬁ%@ga{?%ﬁ I 'Sonenof | rmrg cg;rpounds of
For mul ae (1), s(i¥ibi@toda¥e Yarighs R Braliat@iigiEhtioR afe Beh@SH: onRAESRERS of

the parent baclofen analog. For baclofen doses are generally between about 0.15 mg

to about 2.5 mg per kilogram body weight. Other baclofen analogs may be more
potent and lower doses may be appropriate for both the parent drug and any prodrug
(measured 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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a human, suffering fromcough. In still other enbodinents, a therapeutically
effective anount of one or nore conpounds of Fornulae (1), (V) or (VI) is
adm nistered to a patient, preferably a human, suffering from drug

addi ct i orwOARdeN®9I6dNn to stinulants such as cocai ne or REHASRAWAIRBSI) or
narcoti cs such as norphine or heroin may be effectively treated by

adm nistration of o or nore conpqunds,Q 0 ), (V) 65 WD

5005/ 019163 PCT/ US2B8%/ 027330 or (V|).tﬁriﬁb‘gtg{&g%%g?‘génbodi ments, a
therapeutically eff€btive anount of onecgbob@izgloxgonpounds of Formulae (1),
(V) or (M) is admni scilered to a patient, preferably a  human, suffering
from al cohol abuse BCGddiction and nic hesyleagboskiingdeli ction. In  sone of

t he above enbodi menmﬁagust ai ned rel eas . r re adm ni stered
to the patients. Further, in certain errgg\?dlf\%ﬁgs; a fé@(rg%%%tically
effective anount of DM or nore cenpouMis-dihethglforndanddé¢!), (V) or (VI) are
adm nistered to a pﬁ&g@t, preferably a human, as_ _a preventative neasure
agai nst various dis or disord&rs. tEpathylsefoxideer apeutically effective
anount of one or no onpounds of _For myl ) may be

adm nistered as a pIr:Feﬁ\(/)gnt ative neasur e”?(@gr%kﬁ%t%%ﬁgéam%n\ﬂé predi sposition
for spasticity, gasgro-esophageal refl ugrath sease, enesis, cough, al cohol
addi ction or abuse,_ nicotine abuse or addiction or other drug addiction or
abuse. When used tB treat or pr event t Bahove di seases or disorders the

t herapeutically eff (ve amount of one ]Fq&g f mul ae (1),
(V) or (VI) may beﬁg%%yni stered or apprl%(&al m%&ﬁ@mﬁmgﬁa{g)ﬁ?@%ati on with
ot her agents. The Lherapeutically=eff eliterve amount of one or nore conpounds
of Formulae (1), ( r.. (M) may al so deljiver a conpound disclosed herein
i n conbi nation wi tﬁgmﬁher phar neceut &‘&Fllcgr%&t?gféplb)’é@ﬁﬁs, i ncl udi ng

anot her conpound di scl osed herein. For fééﬂ‘?#lo y in the treatnment of a
patient suffering from gastro- esophageaf efl'ux” di sease, a dosage form
conprising a conpouNd of Formul ae €1), fidlaror (VI) nmaybe adm nistered in
conjunction with a proton punp inhibitor, such as oneprazole, esoneprazole,
pant opr azol e, Ianso‘&“hzol e or rabepr azof¥2Wedi um or with an H2 ant agoni st
such as ranti di ne, ﬁlmati dine or fanotigiimgie,Posage forms, upon rel easing

t he bacl ofen or bacl of en anal og prodrug, preferably provide bacl ofen or
bacl of en anal ogs upmmdln vi vo adm #i st raifilliawléso a patient. Wile not

w shing to bound byTHaeory, t he pronoi e'tte¥ra}cl)r pronoi eties of the

ydrofuran
TFA = trifluoroacetic acid
TLC = thin layer chromatography
TMS = trimethylsilyl
uL = microliter
pM = micromolar
\/A = 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-tert-butyl dicarbonate and

the aqueous phase was acidified to pH ~3 with saturated citric acid solution to
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prodrug may be cl eaved either chem cally and/or enzymatically. One or nore
enzynes present in the stomach, intestinal lunen, intestinal tissue, blood,
liver, brain ny other suitable tissue of a manmmal gygmispcal 1y

cl eave tmpfﬂ”ﬂ%’léy or pronoieties of the prodrug. If t/[elﬁgr%rn)?ety or
pronoi eties are cleaved after absorption by the gastrointestinal tract,
these bagrafipitatoa whitelsolidnThaprecipitate ods Gijsrednoyshed wetl weteopliedtinai ty to be
absorbed nto the system I.rc atlonf thelar i nt

preferre eflﬁ‘éa(tortzﬁé’a%‘f fé’f‘% RJ&“BFRHOB? aé?‘é"’tﬁﬁeetg&gﬂp ‘ft(igﬁsor ptlon by
t he gast rg@bpt et {40006 & 0 / 2113%Q 4. 7 Doses
Bacl of en and bacl %é]%%% oog prodrugg@gr %ﬁi%sﬁqﬁf gﬁg?oét:%(d@r eﬁf o2r pr event
di seases (o, 2HJ),53)4(M€m,SIH),|dh4a(d APr3127qdt3H). gast r o- esophageal reflux di sease,

enesi s, cough, alcohol, nicotine or other drug addiction. The anmount of
bacl ofen or bacl of en anal og prodrug that will be effective in the treatnent

OF 2. Par it 201807 Ao QRN by B PAECLANTNG bbb piERRGe On the
clinical techni ques known in the art6) In addition, in vitro or in VIVO
assays may opt]j onal ed to I d optjmal dosa ranges.
The amount of Sﬁﬁ%\ﬁ?ﬁ‘m’&gﬁi"ﬂ%‘g m ‘ﬁ g"gf'éf%%l)sé“‘i li’gﬁ@ﬁ’g‘gent on,
anong ot C t he subj ect,
t he seve&g?g/égfaqa ?l??l%%ﬁjoﬁgéacﬁﬁagﬁ%%e%@gadm ni strat | oné etlnd t he

j udgment terhpérhtare r Bscresidiing sysporsian was stifredffer 2ib) with thearedcimmgeogressns ar e
adapted to he m ni st er. tient, no, nore thana(sw ce per day nor e
pr ef er abBPLIGKE ﬂtr 3 PIH@M% eAEACHAY MiRure Wk Pojed Mite i Eaten

conbi nat 'eﬁﬂa%&%tﬁtelﬂf?)f'l ?{%&etgan@ﬂﬁ c%ﬁibufe‘afﬁr%r Rite WA Wat ﬁed‘i:gﬁWa{e?d for

effective treatnment | Ssease state sorder uit e dosage ranges
for oral aadibrine shwdtdvanarﬂrydmaieMMMndmmnCMamdtmmgua)ﬁo affolnétmaltbnt bacl of en

anal og. For bacl of en dgses ar eneraII bet we out to about 2.5
ng per KiPBHPUR &3&?3\}@1@@11‘18 8 e &P@ég ﬁ%l‘@f,z) le3? ot ent  and

| ower do t t r 3n odr ug
(measure??@h%“ (gl}?@g?'engd(ﬁgﬁ%’ ?{)0 %}D EOPlexa 41561 bfiﬂ-g%lg&gacl of en
prodrugs 2Eha07-a35 @g¥H)al ent (on a m)l ar basi s) to R- bacl of en doses of
bet ween about 0.03 ng to about 1 ng per kil ogram body wei ght are

appropriate. Dosage ranges nmay be
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 (CD;0D, 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 (ESI) 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 m1,, 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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readily determ ned by nethods known to the skilled artisan. 5. Exanples The
foll ow ng exanpl es describe in detail preparation of conmpounds and
conpositions disclosed herein and assays for using conpounds and
conposi t i WAL00M8Bosed herein. It will be apparent to PRTFLES2¢H/027330 nary

skill in the art that many nodifications, both to materials and nethods,
may be praphtes eth d:Hﬂ@%@h@&%ﬁ%ldq@hawsomtlsnaﬂdbﬂﬁeam&ﬁ%ar@v\ét ations have
the foll owi ng neanings. an abbreviation is not defined, it has its

gener al | y aeltyslequsdNipzfiOan Thg solvaﬁ wADraooBd01n 9468 tP@fﬁOﬂSﬂﬁOﬁ]{mm@wd Boc =

o = o (BT T FOPPETGRRE A IS R 2t i LRI T g0 =
di et hy! Syl e, 98 F1RE m, Py iRk 18 fgﬂzmgrﬁ%agkm gl 2Eng7 i hour

HPLC = hi gh préss I qul omat ogra i quid
chr omat ogfrap¥fy). mass spectroscopy M = rml ar mn=mnute L =mlliliter
O

nmol = mllinoles THE = tetrahydrofuran TFA = trifluoroacetic acid TLC =
thin | ayer chromatography TMS = trinethylsilyl L = mcroliter pM=
m cronol ar Example 5: Benzyl

4-|gAcetoxxmethoxy)carbonzlaminoH3R)-(4—chlorophenyl)—butanoate ()
To a suspension of Ag;CO3 (417 mg, 1.514 mmol) and acetic acid (0.170 mL,

3.028 mmol) in CHCl; (2 mL) was added 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 NaHCO; 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
(CDCls, 400 MHz): 8 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
NMEP. (CD;0D, 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 NaHCO; (1 equiv.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (10).
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v/v = volune to volune Exanple 1:

4-t ent - But oxycar bonyl am no- (3R) - (4- chl orophenyl ) - butanoic Acid To a stirred
solutio g (R)-bacl of en hydrochloride (2.34 g, and NaCH
(0.97 g?wg)%%lg in a mxture of di oxane and wat er P('1: 1§0%?Hg@32dded a
sol ution of d|-tert butyl dicarbonate (2.65 g, 12.16 nmol) in dioxane (10
m.). The resul ting sol ution wasExampledcBenzylnbi ent tenperature for 40 min.
Then the _ eyaporah gy to renove
nmost of di~o%a ‘ At RS et yl)>-butangate A1, cess
di-tent- butyl F@ll@ﬁﬁigqnapﬁ)oaa&eomga@gl@s%m a@ﬁg%cadéidjw{thgénio‘ib pH -3 with
saturated citric acid solution to 68 WO 2005/ 019163 PCT/ US2004/ 027330

preci pi t &6, eompaund (3b) Ves obfpiaedine pyickt: eH/HMR((FD@beGO MH#ed with water,

dried i whi t
flurty podieh ot o B85 Ghdrboto s i BPE HIGAL6 51y 2 56
(dd, TH) 258, $85 () 1H12-7286n, 1)) 7.86, 18), 44 1(@ 2K 8)03 (4; ). (d, 2H) 7,27
(d, 2H). Exanple 2: Benzyl

4-t ent - Bnt oxycar bonyl am no- (3R) - (4- chl orophenyl ) - butanoate To a stirred

solution of conpound (5) (1.41 4.4 and benzyl bromide (0.769 g,
4.49 nmmol) in DV was added Csf%@'p(l 34%@ 49 mmol ) at anbi ent

t enper at UEHBIRR YIS gui&h%)maﬁ@ mﬁﬁbs%@R%:E&kh[&ﬂ{gﬁ&{xlﬁbﬁtan%&t(l2)“e reaction
progress “ADNITOf € and’ or € reactron mxture was poured

i nto i ce-wat eFollowjngt epmedmwfaxmleé@gﬂmdamcompomnwi)weth or ganl c phase

hed t h b a d d

concent r spmoyt (3L EfioreB8 Shetisb B bl PB4 SRR R B iy Tt solid
1.69 2.74
Edd 1|9_|) 1@6&@3 éoneg]mg@mg 3’52&@@11'\419027&(&1 ?rﬁg(ﬁzs (@{DQH)%%(A@@I(S 20
7.07-7. 33}@;172@(:@1 4HE) A9 (&, 23T), BB £ty L HH -84 (rdo?.HZBM@ESihtné?riiﬂﬂnlényf but anoat e

Hydr ochl in Conpound (6) (1.69 g, 4.19 nmobl) was dissolved in a 4N
sol ution 1 in dioxane and the resulting reaction mxture stirred at

room t enper at ghe chi®ox i il was EoRefBRES the Qodﬂn’ﬁt*lrt oflitioH e Me@N h et her,
the resulting precipitate was filtered off, washed with ether and hexane

and dri ed0.5 mi)enddhemadditior of agueousiNAHCQoftrauivd) With sox(lgzatsm for 1@381% 'H NWVR

iry 5 adrppatyasgeigbvod 6 rophizatse’'s S8 e icOmpeoney ), 304, 10

( MrH) +.

Example 9: Benzyl

-[(Cyclohexanecarboxymethoxy)carbonylamino]-(3R)-(4-chlorophenyl)-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
(CDCls, 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. 5, 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 (CDCl3, 400 MHz): 6 1.20-1.40 (m, SH), 1.63-1.93 (m, SH), 2.35 (m, 1H), 2.70
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Exanpl e 4: Benzvl
4- ( Chl or onet hoxy) car bonyl am no- (3R) - (4-chl or ophenvl) - but anoate (8) To a
stirred suspension of conpound (7) (500 ng, 1.47 mmol) in CH2CI 2 (20 nlL) at
0 C was woadeek/dvergat hyl nor pholine (0.404 nl, 3.67 mmol ) PCTRES26045%138¢ ng
m xture was stirred at 0 Cuntil a clear solution was obtained. Then

1-chloro 0r,0§.0 ) i nm.) was
added angl‘%[% '393?1(1{[? &ﬁ'f) %‘gg iﬁi/%sd%@f eﬁ’ﬁa% (%,‘ mﬁifgﬁ%ﬁa toring.
Af t er 40 7mgdt MBERBI£L1396.1 9 WD 2005/019163 PCTI US2004/ 027330
di |l uted V\ntﬁudﬁ-lg)mz q&a?ﬁgd W t‘g@g{{?l c acid solution and brine and dried

over anhydroneRMSEdlc apird wes canverteditosthe sorbumdsalt hyidssobition imMeSNI the title
conmpound ( H NVR S 2.64 d. 111), 2.74
(dd, 1H) (Oé%%@ aﬁ%‘%“ %%‘%H@“fllﬂa&@@é C@B’rv% Mﬁ%%lca@“of?rf min11y ' 5. 66
(AB q, 2ihk solvert fvab.réBovédiby Blophilizaisnib afferd e Wil cotpbund (14)

(Acet oxymet hoxy) car bonyl ami noI (3R) - (4-chl or ophenyl) - but anoate To a

suspensi on of Ag2CO3 (417 ng, 1. 514 rrm)l) and acetic acid (0.170 ni, 3.028

mmol) in CHC13 (2 nlL) was addeg:| tf\,' on of conpound (8) (300 ng, O0.757
mmol) in CHC13 (1 nlL). The res on was stirred at room

tenper at Uﬂ%g glft%oﬁﬂ_xi netibﬁ)wﬂﬁ)tng%uﬂbE{Jﬁﬂﬂ@ﬁo@ﬁ@nﬁfh\ﬁ% g 18) CH2C12,
filtered rougn a_pa % aqueous

NaHCC3 sol ut i dollewihgihé proceduve of Exaripld Somd replading) acetic ahhiz&&ﬂﬂn-hut}u’wr renoval
on 5111 caeiferempnot (1Y Sasiabiangl it SMICGDEEAAGISL 0, A UHBT &, 07 Cane
2%08 (<. I 2700 BARURE, 48, 47k W, $53m, oI (T 401400 M °

4.99 (m (Gt3, 11, ﬁm(szm,lﬁm(ﬂ D), 7.0887.30(m ). . Exanpl e 6: Sodi um

4( ( Acet oxynet hoxy) car bonyl am nol - (3R) - (4- chl orophenyl ) - but anoate JLO A

solution of conpound (9) (80 ng, 0.190 mml) in ethanol (20 nL) was stirred

with 10% Pd on carbon (8 np) nd- bott omed fl ask under an
aﬁfﬁ%ﬁ%ﬂﬁ%&i&

at rmsphere of hydrogen gas (b ction was judged conplete in 30

Q%thMIMMB@)caM ~childriopheslyl)-ha@tat d of
CeI i te the solvent renoved In vacuo o af T%Fhe crude eS‘f%uct whi ch
was puri f i ed Kpllowing 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
(ESI) 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 NaHCO; (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% vield. 'H NMR (CDCls, 400
MHz): & 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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preparatory LC/ M5 to give the product in its protonated acid form (46 ng,
73%. 'H NWR (CD3OD, 400 MHz): 8 2.04 (s, 311), 2.57 (m 1H), 2.72 (m
111), 3.312 (m 3H), 5.61 (s, 2H), 7.22-7.28 (m 4H. M5 (ESI) mlz 328.13
(MH'. Weeeeaeiosgy! i c acid was converted to the sodi umCIAIS200#02¢38sol ut i on
in MCN (0.5 nL) and then addition of aqueous NaHCGB (1 equiv.) with
sonication for 10 mn. The solyvent repoved by | yophilization to afford
the title conpound (10). 70 !"\6\@@ 1US2004/ 027330 Exanpl e 7:
Benzyl 4- f4-[@ﬂ%@@&%m bﬂhﬂﬁa}ggl_%l(m ldrfpkéil yI)-Bai@exte) - but anoat e
Jul  Follow ng the procedure o arrpe replacrng acetlc acid with
ben20| ¢ acid, compound (11) was obt&8hed in 72%yield. 'H NVR (CDC13, 400

8 2.62 3 50 : 4 98 (br.
s, 5. 90 %%ﬁc’ the émgéd“f"ggf Ei%@‘p]?%la?%f%“ﬁ%m‘?ﬁ&“d?@&”%’t 7. 41
(t, 2H) c8m@3u1(cﬂ(17¥k&brde£&ﬁrﬂib@m8m ttﬂihted acid form in 80% yield. 'H

4-f (Benzoyl oxynet hox ) car bonvl am nol - (3R) - (4-chl or ophen - but anoate (12)
Fol | owi ngMRACHG s d@lMEaF fekmmesﬁ),&m (o R ﬁg(mohﬁiim E02E t h

comouns o T et DSGBLORE 187 TR S S0
(AB q, ggq;,lsmg)(m 4H) 7.50 (t, 2H) 7.63 (t, 1H), 8.00 (d, 2H). M5

(ESI) mz 390. 15%’&) The carboxylic acid was converted to the sodi um
salt by di ssolllei oxyilmmeaﬁ corverted tagthd sodium sahdi»mdlssnl\mbnan]h@ﬁl& NaHCO3 (1

i h f 0
Pyophi | 1 Jwite g i i e e Nt A calio) i Ramiftinctr M) 4.
(Cycl ohe%@@@%ﬁﬁ%&%ﬁb@é&ﬁf@b@ﬂmmﬂ taq!ffofd?»ﬁi)nﬁléc@mpeﬁﬂpaes)vl )-butano ate

Fol I owi ng the procedure of Exanple 5 and replacing acetic acid wth
cycl ohexane carboxylic acid, compound (13) was obtained in 38%yield. 1H NWR

CDC13, 400 MHz): 8 1.20-1.42 5 o521-1 87 (m 5H), 2.29 (m 1H),
(2.61 (m 1H), )2.71 (m 1H), 3‘(:’%‘“ fﬁ]l) 1,8 (m(lH) H)4 99 (s,(2l-l),|_?5.12

(br. s, 1H)yPivaffldxymetioxdy)carbofifinrmins)- (@I@) (@Jélllorgﬁjﬁﬂlﬁbﬁﬁho&qlw
Following the procedure of Example 5 and replacing acetic acid with pivalic
acid, compound (19) was obtained in 36% yield. 'H NMR (CDCls, 400 MHz):
8 1.17 (s, 9H), 2.62 (dd, 1H), 2.72 (dd, 1H), 3.33 (m, 2H), 3.48 (m, 1H), 4.84 (br. t,
1H), 5.00 (s, 2H), 5.65 (s, 2H), 7.06-7.30 (m, 9H).

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 (CDCl3, 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-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 (20).
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B SRR

4-f (Cycl ohexanecar boxynet hoxy) car bonyl am nol - (3R) - (4- chl or ophenyi ) - but ano
ate Followi ng the procedure of Exanple 6 and replacing conpound (9) with
conmpound (13) afforded the product in its protonated acid formin 40%vyield.
'"H NMR (WD2di3/019189 MHz): S 1.20-1.40 (m 5H), 1.63-1. 9BCTms2@#p273R. 35 (m
1H), 2.70 71 WD 20051019163 PCT1U820041027330 (m 2H), 3.36 (m 2H), 3.54

(m IH), 502 (br. m 1H), 5.69 e (d, 2H), 7.28 (d, 2H. M
(ESI) mz 396.18 (MH)-. The ca?%‘lﬂ?‘z% g@ﬂ@-was converted to the sodium

sal t by di Sﬁﬂilﬁﬁlﬂfblédi)%g&arbgnﬂaﬁﬁﬂoIggﬁ!ﬂ@%ﬂl(ﬁgﬂhéﬂgﬁg-;bf?{ana%ms NaHCG8 (1
equi v. Sonicatton 1or MmN SOl vV Was

| yophi I i z at i onTe @ stifred suspenseont ¢fidompoung 60 (B0Q 1hg) 2.6 mamepl) én @H:Cééﬁﬁ yl

Fol | ow na EE (ko an e Mg RTnas 17 ol SR anaRl bekesih 0p © *°

n-but yri Cm@&mféwacscsﬁﬁ@aaﬂoGéﬁhuwaeﬁ%mlaﬁdvas%bkaﬂm ("1@@&13 400 MHz): S 0.93
(t, 3H), 1.6 § H, 2.30 (t, 2H), 4m1H§) (m 1H), 3.33 (m
211), 4bcb1|¢ro- @@mﬂpmpyl QM@rof@malq—MM ;g 0. anmel)ip CIECBﬂl(mL) way

7.06-7. 30

gt an%%"m@w%”‘égﬁ%%% Gt GRR.C ppritaring) RS ATACHOB A & 116

Fol | owi ngwhd\@ilRed #al e, WaNaddnkieh Sitrd'atid SolLa6H Al et tHeaWrie@ bva t h
conmpound (15) afforded the product in its protonated acid formin 40%vyield.

1H NWVR (@baglgjus NS W-zRemeyad obthe splventHy vaduasafiqrded theftitiezogpopad (2294) 2. 65

(7m112;|) 2088 arﬁa“zl‘g)g aﬁ\@“’?ﬁ’é&# ne %Ig)e) 13‘%&5}30@%&@@%&%&5 & 31\}\/)51,5
convert edsfp ltmdsmkgr@(%{ tlI—H}’Z gi &ﬁplls\?lpm dr% ?:gﬂjon &6521_[5!_)5 quﬁll t hen

addi ti on of "agueous

sol vent wHS), Atbed, bI;I),ISyQiF(ls;ZH)zérZAdd 1), Af0767.30 (theOH).t | e corrpound (16)
Exanpl e 13: Benzvl

4-[ (1 sobut anoyl oxvret hoxy) car bonyl am nol - (3R) (4- chl or ophenyl ) - but anoat e
Fol I owi ng the procedure of ExangifinmedB9BeRAIaci Ng acetic acid with

| sobutyric aci d corrpound (17) was obt al 'n 22%yield. 1H NVR (CDC13, 400
MHz): 8 1.4 ot boh d-chil efylf-butaibategd(221H) , 3. 33
(m 2H), 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
N2;SO,. 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 (CDCl3, 400 MHz): 8 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)carbenylamino]-(3R)-(4-chlorophenyl)-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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3.48 (m 111), 4.83 (br. s, 111), 4.99 (s, 2H), 5.65 (s, 2H), 7.06-7.30 (m

911). 72 WD 2005/019163 PCT/ US2004/ 027330 Exanpl e 14: Sodi um

4-1(1sobu thoxy)car bonyl am nol - (3R) - (4- chl or oghgiyd 4%1 ﬁﬁoate 18
Fol | owi ng%@%%@ dure of Exanple 6 and replacing conpound 9

conpound (17) afforded the product in its protonated acid form [ n 80% yi el d.
'H NWVR ( CDC13,Th¢@artidkdylic aéld vas 6orfverted k4) the Bodiom( sajt b:Mdissphﬁioiin MaCNH), 3.35

(0 o) WRseEl e eh aadions! e Nais Ceabied Ve sobivalontEr BB 1 o to

the sodi umablveRwsl &ﬁﬂvb‘& b? [&dg&lﬂ?&% toldPford tHekitRNMnipdgRd ezl t1on of

aqueous NaHCO3 (1 equiv. onication for 10 mn. ~ The soél vent was
renoved by | yophi Ilzatlon to afford the title conpound (18). Exanple 15:
Benzyl .

4- 1(Pi val oyl oxynet hoxy) car bony! Femple 2&Benzyl -1 or ophenyl ) - but anoat e

Fol | owi ng 4-|[18-IRsKARRAGY ﬂgolﬁif@kﬁb@nggﬂnﬁﬂg3®l(%h7&%§gh€n§§bﬂtdﬂohﬁ pivalic
aci d, conpoun Was oDt al ne e ): 8
1.17 (s, 9H), 2.62 (dd, 1H), 2 72 (dd@24}H), 3.33 (m 2H), 3.48 (m 1H), 4.84

(br. t, 1H), 5l'o a so(lution ol-p dompo Eﬁ) (&ﬂ.)ng J 1?4? mmo?ﬁ)m 1g3bu%ync acEci(ed? e 16:

Sodi um

4-[ (Pival M%@Tﬁh{ugwh@ﬁ&awh@my&% phélifle (0% 7chhoN)0 iR ¢t gnoat e
Fol | owi ng t he procedure of e 6 and repl aci ng ‘conpound (9) with
conpound (miglure pyenightiat 0e’G ﬂcedmxttlonmlktuse Wa@d@lﬁa 115, ovasheéch 75% vi el d.

1H NWR 60 (dd, 113 68. (,dd, 1H),
3.34 (m (fE"C)esswéy?iM(k“?zﬁ%te&ﬁ«?"} 9@“6‘&“5(1‘5%&?3 Sor %6%" sa?“déﬁ “%é? 11 (;? 2H) |
7.26 (M Zkr addSdedaSNa,SOZ AﬁZ&e%%vﬁMflfﬁesoh}@aeum{cb@wé tifle a@mgow@s converted

to the sodiumsalt by dissolution in MeCN (O ‘and t hen addition of
agueous Mﬂ@wx@t@m%epwoﬁlmmwﬁpmﬂm) mEhNMRKEDEd, ¢80t was

00/ 001 SRR b, 8k B s st P oy L2 4 B 1402 65 o 1113 213
(m, 1H), 3.31 (m, 2H), 3.48 (m, 1H), 4.68 (br. s, 1H), 6.52 (m, 1H), 7.07-7.29 (m,
9H).

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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4-f (1-Chl or oi sobut oxy) car bonvl am noI (3R) - (4-chl oronhenyl ) - but anoate ((21)
To a stirred suspension of conpound (7) (900 ng, 2.64 mmol) in CH2Cl2 (50
nlL) at 0 C was added N nethyl norpholine (0.97 m., 8.82 nunol). The

resul ti ngwonms/omesvas stirred at 0 C until a clear sol RGIES200#023330ai ned.
Then 1-chl oro-2-net hyl propyl chloroformate (474 ng, 2.77 mmol) in CH2Cl12 (1
nlL) was added and the sol utio C for 3 h (TLC nonitoring).
The reaction mxture was dllute(f%ﬂél%s%g@&, washed with citric acid

sol uti on ang+Butanoyloeyiselnitogy)earbonyRniinel-GRY-(MlachisréphEeyip-hatamvhtd he
solvent in vacuo afforded the title conpound (21) as a pair of

di astereoners (932 ng, 80% . 111 NMR 13, 400 MHz): S 0.99 (d, 311),

1.02 (d, 3 ¢ : CHC 2H) ,
3.53 Em [{)13) 25°§9‘é"%d% B @%fea‘fg)ﬂb,f@g%ﬁ?ﬂe@ m%ﬁﬁﬁé%ﬁgg’“?ﬁ%i ﬁ?‘dﬁﬂ%g} 25 (in,
9H) . Exanpi-butyfic adié, thy titlé cobmpound (26) was obtained as a pair of diastereomers (90

(I -Acet oxyl sobut oi%)car borgl am nol - g4 chl or onhenyl ) - but anoate To a

sol uti on @& ]464091‘:}\’11‘]@)5 9 ?n%‘l’ 9H).nl.@rw12H), 3.96 (M. ) Hwas added

ol )¢ ?ﬁ'ezd%*&r%ﬂ”%%?m?*m%%%“%? %W TSPt ure. The

reaction m-t)e@sg\@@ , Ut @si7 28 ﬂl Cl2, washed successively with water, 10%
aqueous NaHCO3 sol g![{% on, dilut egglgt ric acid solution and brine, then dri ed

over anhydrous Na2SO4. After removal of the solvent in vacuo, the residue
was purified by flash chrorratog.%aﬁlgyﬁ i,llica gel, eluting wwth a gradient
of 10% -20% et hyl acetate in t he t|tIe corrpound (22) as a
pair of di agj@IRRARSY ﬁ@n htanrbaﬂe 92 (m
6H), 2.10 (M 2 .00 (s,
214), 6.44 (m 111) '7.02-7.33 (m 91@11 Exarrpl e 19: SOdI um

e e D

ol | owi ng the Wi

conpound (c%apouﬁdlezﬁmﬁeigfgcdubﬂn GbRA&t /5 ﬁﬁhﬁwi@dﬂﬁﬂ@&a&bﬁﬁfaﬁd as a pair of
di ast ereoners 00 MHz): 5 0.92 (m 6H), 93 (m 1H), 2.05

(s, 13H) 7dzasg@ec(mrs 21475%173'1@2 {Hm)l(cbg:mgo«g uimz)m)a 0. 227 gﬁ m) 1.65. (m,%zo \/\06 50
(23105/ gl) 191 Pb?% &2@?@%@9@%{?&8&?‘3&%55&%§H§s4-7;%&’6%1ﬁ3§ to the
sodi um salg s, ¢35 301 1ud, 98 TRdREDE). MS (BST) m/z 398.24 (M-H)'.

The carboxylic acid was converted to the sodium salt by dissolution in MeCN

OXVi §

(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 (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
(CDCls, 400 MHz): § 1.71 (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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(0.5 nL) and then addition of aqueous NaHCO3 (1 equiv.) with sonication for
10 mn. The solvent was renoved by |yophilization to afford the title
conmpound (23). Exanple 20: Benzvl

4-1 (1- 1 solmo 2089190638y i sobut oxv) car bonvl am nol - ( 3R) - ( 4- chIRITAUS2EMWA2TI3BUL anoat e
To a solution of conpound (21) (50 ng, 0.114 mmol) in isobutyric acid (0.5

T 22 B i O R AR 05 (5o Wl B g1 09 e
washed _sUnCEEsjﬁ\xairywdstdhuwatmthCHg%,amshmlmcbbdswﬁgzwﬂhmam(Md brine and
the t ?{I 3"%?%13@@3?3%3%?“5 Sl foep GO AR Row NeSho A s (40 5.
s (m RO soff Uy g Sdeho. e Rt Gl it Oy Mo roligopety 8, 1 110
(br. s, 1H)hca@cl§2h(tmg whith) a gradidrt of 1096 (20% ety aceEKamjiaaﬂé.to aﬁfmldtlm

Iiorl((l)w: Egbu an%l 0X @gt&g;%@% agtg%%lgﬁg\(ﬁ]gé ﬁR}Zué’ 4T§E| oro%l but anoat;a
G ast or contrdy § LB SH2 04 (RGP RLED ) B N 4052 348! ?ﬁ?ﬁf%a?a'lé ’

(m 613) (ml 1€}, 4.82 (bEJSl)lH)ZS 60 ¢s2 214 6™ (n3HH), B133m( 9H),3t07-728%M, (H). 1H),
7.10 (d, 2H), 7.27 (d, 2H). M5 (ESI) nmlz 398.18 (MH) The carboxylic acid
was converted to the sodi um sal t by dissolution in MeCN (0.5 nL) and then

addi ti on of aqueous NaHCO3 (1 e , ication for 10 mn. The
sol vent was renoved by | yophi |Ig§%¥lgie%’&ot§§%ﬁ§£d the title conmpound (25). 75

WO 2005/ 019 165153k i Boyla BR)-?zP-chB@ﬂENdnﬁ-fmiﬁimﬂé @@novl oxyi sob
ut oxv) car bonyl am nol - (3R) - (4- chl orophenyl) - but anoat e n t he

procedure of BEefgrengthe preredersiol Exagpledomdirgpl a@na@p@pmdq( )Hﬂ tyric acid,

thetltle (90 nm,
8009 . 1+ KRRPRLEs) o ot iRt R @ bR &1 Bl Wi GHERLPLSPERIGE (0 T, )
2.27 ( m fﬂrﬁster&n@éks s’.:m% eld2'd Nl\(tKl(CDCthOO M&% (am 42 tﬂh, 3B),482(@, 1H), 4.76
(br. s, 111), 6.53 1-1), 06-7.28 91 npl e 23: Sodi um

3H), 2.62 (m, 1 271 (m, 1H), 332(m,2H) 49(m 1H), 4. 80(br s, 1H), 6.74

(m, 1H), 7.13 (m, 2H), 7.27 (m, 2H). MS (BESI) m/z 342.24 (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 equiv.) with sonication for 10 min.

The solvent was removed by lyophilization to afford the title compound (30).

Example 27: Benzyl
4-[(1-Butanoyloxyethoxy)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: Sodinm

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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4-f (1- But anoyl oxyi sobut oxy) car bonyl am nol - (3R) - (4- chl or ophenyl ) - but anoat e

Fol I owi ng the procedure of Exanple 6 and replacing conmpound (9) with
conmpound 6 t he product in protonated acid form was palr of
di astereo&’é’r%ﬂof/ﬂw % yield. 1H NVR (CDCL3, 400 MHz): W%&’@iﬁ"‘e

(m 2H), 1.96 (m 1H), 2.29 (t, 2H), 2.66 (m 2H), 3. 25 3.59 (m 3H), 4 72
(br. d, 18H), 16453, ZH),m(m,nH)lz(m(mzwI) 277120, (1), 281 Xm, E),(EH fmni z 398. 24

0 TR B AT B P R T

soni catio -10 mn. The solvent was renoved by |yophilization to afford
the title corrpound (27). Exanple 24: Benzyl

IA_:O}‘ I( évfhnl or oet %ngmyﬁdrwas@bnmﬁ)lw ﬂaecshdmrmw@miio{hgﬁmg&ﬁﬂ 2?) Coov
ohl or of of it R Sel fadot R iRetm Npdrth [ERuRY) AR oRtaboRir BT  Bhs Pvas
obt ai ned apheao mgfvgaéreﬁm%aa;y%ﬁmah&l @7::%%& aiechﬂe ddnwand( C13, 400 MHz):

S 1.71 (d, 3H), 2. S49 (m 1H),
5.00 (m 311), 6.48 (g, 1H), 7.07 (d, 21, 714728(m 711) Exanpl e 25:

Benzyl 4-f(1-Acetoxyethoxy)car %aé?ge 421 3R) (4-chl or ophenyl ) - but anoat e
29 To a stirred solutlon of co n% 3 ng, 0.446 mol) in CHzZCI 2 (5

m.) was addg oS ; JRidaeatd ne (0. 25
m, 76 WO 0 o ano € resulting

reaction mxture was stirred at room@peraturefor 48 h The m xture was
diluted with Cl2. washed C v % ue NaHCCB
sol ution and br %S“SPFF&RPIH?’?@E’ ?C)]\‘?g ha/ﬁﬁhl'v;\f (@;@@41& of the
sol vent i matW&CURas ddded friveihylaaineds.9h, 6.4 £Ehdlyardd AN sﬁtﬂh@ff%‘fogr aphy on
silica gel, eluting with a gradient of 10% -20% ethyl acetate in hexane to

afford t hechlarptrineetieydsitso i CERGY. 393anlp.23 mmol). sEhegeadiieg teagtin ny, 57%. ' H
NVR CDClS 400 3H), 2.61 1H), 2.72

1H) , ‘s 33 RIS was ifbg(%nr#%“ffwﬂm%é%‘é’ai B‘?‘{eﬁ], [')11) 5. ogm(s, H)211), 5
(m 1H, 7 ﬁSbﬁtﬂﬁoy?&iByeth 4/1-b fitfoptien! ?lmarl?dﬂ)ate (EBxrmyl €.949amoD Prépated as

4-f (1- Acet oxyet hoxy) car bonyl am-no chl or ophenvl )-but anoate 30

Fol | owi ng depesibed de Gallewr etofl. @&nﬁt@t@\p@ d’ubbﬁﬂﬁifph 398 mindueCl¢.oThenvi t h
reaction mixture was stirred at room temperature for 3 h (monitoring by LC/MS) and
then diluted with CH,Cl,, washed with citric acid solution and brine, and dried over

anhydrous Na,;SOy4. After removal of solvent in vacuo, the residue was purified by
flash chromatography on silica gel, eluting first with CH,Cl; to remove p-nitrophenol,
then with 20% ethyl acetate in hexane to afford the product in its protonated acid form
as a pair of diastereomers (400 mg, 73%). "H NMR (CDCls, 400 MHz): § 1.13 (m,
6H), 1.40 (m, 3H), 2.51 (m, 1H), 2.57 (dd, 1H), 2.71 (dd, 1H), 3.32 (m, 2H), 3.47 (m,
1H), 4.89 (br. s, 1H), 6.72 (q, 1H), 7.11 (d, 2H), 7.26 (d, 2H). MS (ESI) m/z 370.15

The carboxylic acid was converted to the sodium salt by dissolution in MeCN
(0.5 mL) and then addition of aqueous NaHCO;3 (1 equiv.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (33).
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conpound (29), the product in its protonated acid formwas obtained as a
pair of diastereoners in 57%yield. 1H NVMR (CDC13, 400 MHz): 8 1.42 (m
3H), 2.0 2.62 (m 1H, 2.71 (m 111), 3.32 ( aﬂ—@z p (M 1H),
4.80 (br. Wé”"%lﬂlm‘é (m 1H), 7.13 (m 211), 7.27 (m Peyfihongie Li) iz
342.24 (M M. The car boxyl Ic acid was converted to the sodiumsalt by
di ssolution in MeCN (Eme)3%MMMMMMOUS NaHCG8 (1 equiv.)

1 . '

e

W th sonlcat| zation to

afford the ti £HE R “

4-f (1- But anovl oxyet ho v)car bonyl a.mm(;a&@&lm-chl orophenyl )-but anoate 31
Fol |l owi ng the procedure of Exanpl® 25 and replacing acetic acid with
n-butyric acid, the title compound (31) was obtained as a pair of

di astereonmers (109 ngy, 68% . 'Hd,N 13, 400 MHz): 8 0.94 (m 3H), 1.42
(m 311), 1.64 (m 211), 2.27 CHP ré%—%—%m 111), 2.71 (m 1H), 3.31
(m 2H), 3.7 -Is’hlﬂalan Jétho éarb‘bn lahiiho}-BHO4{chio )-batdubic 1H) ., 7.11
(d, 214), 7.715- anpl e 0 |u
4-f (1- But anovl oxvet hoxv)car bonyl am Agid B8R) - ( 4- chl or ophenvl ) - but anoate 32

ESLLS%SQ(%?? Greaiil mt<4$:>*ﬁ‘>?¥5%p9g?3ﬁ@ee§ﬂ%n2§:ﬁgﬁormﬁﬁi‘%{% "as a
pair of PQ}QQ[%’&Q 0i°C wadadde@ dntro ate‘{Q@G Mgm) 57 ﬁmiblﬁm (m
3H), 1. 42 2005/ 019163 2004/ 027330 H) 2H), 2.27

(rn 2H) pyadm@rwliiynL 2.67 mpei) ané+)4,-d131.e@1yl opymdine3(6 50%@5 mml) 4.82 (by.

Gy s TS st i e SR L A4 Fmd @ WP El 1598 G ssof ut i on
in MeCN tEmperitide Gvehifite ITh el dtioR tiRfurefthBes adddE6R shidpepsighy. ) Wi th

soni cation for 10 mn. The solvent was renoved by |yophilization to afford

the titl e couapingR-bagiefen Indsonblaidzd500Gmgi LAY mmol), chlorommethylsllane

33 To o stepeRbinakfRaER RN AR ol o €rc S L) T Grocr

at 0 C wastigedgidobinitednpstatune fe S(H) #enilutdd. wht Tl Tl aweshd bhbceedivélyon of
chlorotrinethylsilane 1n CH2C12 (3 23 nmL, 3.23 mmpl ). The resulting reaction
with water, 10% aqueous NaHCO; solution, dilute citric acid solution and brine, then

dried over anhydrous Na;SQ,. After filtration and removal of the solvent in vacuo,

the crude product was purified by preparatory LC/MS to afford compound (35) (230
mg, 44%). 'H NMR (CDCls, 400 MHz): § 1.06 (d, 3H), 1.12 (d, 3H), 1.32 (d, 3H),
2.60 (m, 1H), 2.75 (m, 2H), 3.29 (m, 2H), 3.44 (m, 1H), 5.13 (g, 1H), 7.13 (m, 2H),

7.26 (m, 2H). MS (ESI) m/z 354.10 (M-H)".

Step B: Synthesis of Sodium
4-{[(1S)-Isobutaneyloxyethoxy]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 NaHCO; (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 filirate
washed with water and brine, then dried over anhydrous Na,;SOy4. After filtration and .

removal of the solvent in vacuo, the crude product was purified by preparatory
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m xture was stirred at 0 C for 10 mn, then was added 1-isobutanoyl oxyet hyl
p-ni trophenyl carbonate (577 ng, 1.94 mml, prepared as described in Gallop

et al. %A’?@Fﬁl?@é Appl . Publ. 2003/0176398, in CH2C12pctii®0dsfasshe ON

mxture roomtenperature for 3 h (nonitoring by LC M5) and
then diluted with C112C12| washed with citric acid solution and brine, and
dried ovelC/MSHpafforsthrpraiogt indfstpsetonatnd ecill form a1 single diastareerner, 2¢he resi due

was oo o TRRMRGPRRTEUOONAGY 115 b 5P PR ra Sl hsl ot i L P
00 g, | SENRSIC, L. A7 @UOTERAIR Rty £ 90 B, B, dE 1S @t O SOTET S
(m 1H), eqamwazm.rm) 226 (d, 8D, Ms(ssnm/zswmmm 3.47 (m IH), 4.89

Elli/[ H) - > The car gg‘ﬁﬁ%ﬁ%éxgpdﬁlqzﬂ %0((53{\9% %&h‘gﬁc’%ﬁﬁ‘fgg%g?'msggpglzm oI?)Zt0 i ég
in MeCN (@5 enlflahd R édﬂﬁibn&ﬁ‘lh&édﬁ@ Nhﬁ{(ﬁ%{q%ﬁlv%rﬁéatﬁﬁ%x\/mmm th

sonication for 10 mn. The solvent was renoved ‘by |yophilization to afford
the titl eThospuemavaszsnoveriwigoplitisdtdnde effordahe e oompoR¥3(3d). Exanpl e 30:
Asymretric Synthesis of Sodium4-1 f (1 S)-1Is

obut anoyl oxyet hoxyl - car bonyl am no} (3R).- (B chI orophenyl) -butanoate f 34]
Step A: Synthesis of 4-1 f xample L:

(1S)-Isobut%ny_lﬁg,£ 0RG ,1 Kolor [TaNVA Eic Add
(35) To a sofrt 0 0t
in CH2C12 (10’Ibta)stmﬁed@olﬁt1msf adﬂlmimdr@sy(émlﬁrgyﬂ Zaﬁmobﬁmﬂ‘iﬁﬁﬁt(é r(1B)36 ng 1.67

0.5 ol ) Was WA R A o TmeDBAN-medimertbofigs (5 L. it a1 | owed

to warmt gt %H%PJ q s then added

to a suspgnr%@?%dcont gllﬁﬁ{i%féaﬁt? ac ot@ghvaﬁ}g'rﬁoc rl(ggr?gg%ﬂfr%,%. 47 mol ),

chl or ot ri reattign m:ttm*eenas(cﬁluﬁeﬁ withp bthybavetate, weshed smovesaively. with watek,) 1004 CH2C12
| stirred at, roomtenperature for 5 h, then diluted

3; t ﬁcml?;i@ie%ﬁééfaéﬁ%ewgg .a%gsme e qvet anhygsous MaesQ+-NABES sol uti on,
dilute ci Hrﬁ&za%f&alﬂéﬁ'tﬂ{va%ﬂ? acﬂgré%{]du@%v s&» ed B 16 (%f%aﬁ)%%ﬂ&%ﬁs Na2SO4.

After filtration and renpva I N° vacuo,
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 (CDCls, 400
MHz): 8 1.15 (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. 9H).

Example 32: Sodium

4-[(1-Pivaloylethoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butanoate (36)
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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the crude product—Wwas puritied by preparatory LG/ MS to afford conpound (35)
(230 ngy, 44%. 1H NMR (CDC13, 400 MHz): 6 1.06 (d, 3H), 1.12 (d, 3H), 1.32
(d, 3H), 2.60 (m 111), 2.75 (m 2H), 3.29 (m 211), 3.44 (m 1H), 5.13 (q,

Synt hesi 3% . 7.26 (m 211). M8 (ESO iz 354. 1GctiszdosnzB6ep B:
Synt hes ilgloongsé@éf%’m 4-{f 2004/0

(1S) -1 sobut anoyl oxyet hoxyl car bonyl anl i no%ﬁSR) - (4-chl orophenyl ) - but anoat e
34 To a solution of conpound (35§xamme 3dyBemeyo3 mol) in CH2C12 (5 nlL) at

?ng,c vas Ong- & 14 Teylo éﬂgpfiggh)oniﬁ%iﬁbﬁﬁ@@?@ﬂ?@@%@ gl)-agiofn (174

tenperature for 24 h, then an addibutsnvake §37)quot of m chl or operbenzoi c acid

174 ng, 1.00 ) added to t . Ih t | | owed t
Stir At room M8 APEAGPIPBOL SomPUED) B0 B L REREOD R A AL DOl D,
fil tereo'%?%@&&"bg@lo‘ﬂ@ﬁa&fz %};ﬁc%@% t ,qﬁmlrﬁﬁ?f)%dv\ashed w th water and

brine, then dried over an ous ter TI'ltration and renoval of
t he sol v®hmethylmexpholind (07 miL1 665 pirnol)cindubsregulting readtiby npxiapewas ory 79 WO

2005/ 019163 PCT 04/ 027330, LC/ VB t fford.th d in it t t ed
oy o AR 5 R A RACR e e e s Bl et a0 heay.
1.15 (d, ; 0 ; 7. .Gdd, 111),
3.30 Em 3rhod %f’é%m?%y‘%%?Va%?’gg/%tﬁ’%‘?jﬁ%coés%u&?g?d%’%’3’ @.‘%&eﬁ(d, 2113,
7.26 (d, oR¢f)anhiBoEND)SOr. ZA B @erhbva] bE k)lvent Theacar thexgdidue was plrified convert ed
to th di |t by di | uti in MeCN., (0.5 nL tg ddi ti f
agueoﬁsS%ﬁlﬂ%&j%a?‘?n@%@@%gﬁsﬁ#a%h% ggﬁthr%gra ’(9“?1%%5.% Tg eﬁ&?@éﬂ?t | \7250

d | A j O g &ﬁkﬁf le 31:
ng;lnz);Ie 4li}y é 1-g?uv%qf%gﬁ%fﬁ%i%@a@gggﬁ)g?ﬁa?g# o?g%g Eg54-0 gar’ﬁ??o%%’nyl 1b5t anoat e
To a sti FHAMRAODCIeH00MMER)PD 102 (12 8H), 1530(niygH)11.82 (nardH), .72 |BJE (5 nl)
was added pivalic acid (1.24.9g, 12.1 mmol) and N-net hyl nor pholine (0.7 niL,
6.05 gk, 1.&htms 7D, Raiim, LG 3650 b 18 WhelHRS. 3\ (280, 466D, C o 48
h . T [ L Xt | AL | tate, hed
SSEEZssi \?g?’y‘{‘gm&ﬁ# @g}g)’)&% A)i,@aggfgé}sh’ @%ﬁggﬁgﬁ’gﬁsgng gri \r/]vgs tehen dried

over anhydrous Na2SO4. After renoval of solvent in vacuo, the residue was
purified by flash chromatography on silica gel, eluting with a gradient of
5-10% et hyl acetate in hexane F¥éamplegdySediam ¢ | ¢

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 (CDCl, 400 MHz): § 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 (ESD) 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 NaHCO3 (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 (CDCls, 400 MHz): & 1.54 (q, 3H),
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conpound (35) as a pair of diastereoners (252 ng, 44% . 'H NVR (CDC13, 400
MHz): 8 1.15 (s, 311), 1.17 (s, 61-1), 1.40 (q, 3H), 2.62 (dd, 1H), 2.74
(dd, 111), 3.25 (m 2H), 3.46 (m 1H), 4.82 (br.t, 1H), 4.99 (s, 2H), 6.71
(m 1H, wolosfo9f3(m 9H). Exanple 32: Sodium PCT/US2004/027330

4-1 (1- Pi val oyl et hoxy) car bonyl am nol - (3R) - (4- chl or oghenyl ) - but anoate (30

ESLLSh“fnSg&iﬁﬁﬁiefﬁ?%&ﬁrﬁﬁﬁﬁﬂ@?@%ﬁk%ﬁ@i}@% e ae 07 b A s

i i 1979153 % 0f ; y S 1.16 (s, 3H

I)O ?I rl.(is (glloal ’il) ) ?'874’{)0%@%%{)5'7%9%?%%3&1%jlg{)ﬁ@(@r@%if)r) 3.48 Efn 1H),
3.70 (dd, 1H), 4.82 (m 11T), 6.70 (m 111), 7.12 (d, 2H), 7.26 (d, 2H. M

(ESI) mz 384.18 (MH) The carbgxyli cid.was converted to the sodiumsalt
by dissolution in MeCN (0.5 i x%‘ﬂa'%t emuon of aqueous NaHCOB (1 eq.)

Wi th soni cay 10Beﬁﬁxl@§emﬁgcafm¥g%@!%3%?-%—5&%%@_@%n¥%—ﬁlﬁﬁﬂgﬂtk;(g_? ionto
afford the T1tTe conpoun . 0 Exanple
33: Benzvl Following the procedure of Example 6 and replacing compound (9) with

4-1(1- Cycl ohexyl nvl oxvet.haxyv) car banyl am nal - (3R).- (4- chl or gphenyl ) -

but anoat o RS ART N UG KGR B e a5 Tl
THE (5 mhiwtﬂ&ﬁp&?ﬁ?%%%él@.h%mfmb@& |4091Vﬁ%)€'8(11.5§@, 8H), b259l@, ol ) and

N- net hyl nor pholine (0.7 °nL, 6.05 nmol), and thée resulting reacti'on m xture

was stirdBg, 2271 @6, 131, 313348, Bol)y 349 (thel H)e 260 i(qnl Hy, Lt10r(d, 2y 7d@5(dd.ed wit h
t hyl Lvel i t , ,10% NaHCO3 | uti
L o o RS SRV A A e CEERED D0, s

vacua, the resﬁﬁe%m%§¥1m1£éia il cor¥rttd Bhe mﬁﬂ%a%zawmﬁan%me@m gel ,

eluting with a gradient of 5-10%ethyl acetate in hexane to afford the
title comi@bml)@dd)themsaddition of agfieahis MNaFEIQ@D (leee) WM Somigatichi7foy 10 miH NVR

CDC13, 4 . 8 1.22 ..1.39 5H), ..1. 61 1.72 210,
L85 o " e poftdstsyes tiioyddlhy Diobhibizitipa tb Thiord the sille SmbOumad).5 50° " o
3.46 (m 11-1), 4.90 (br. m 1H), 4.98 (s, 211), 6.73 (m 1H), 7.07-7.28
(m 9H). Exanple 34: Sodium

4-[ (1- Cycl ohexyl car bonvl oxvet hoExampid¥h\Beaaylnol - (3R) - (4- chl or ophenyl ) -
but anoat e 35, 94O Iod b eSSl PP GBS B 3Rl b POV ()
Cit)
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;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 (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, 1H), 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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conpound (37), the product in its protonated acid formwas obtained as a
pair of diasteroners in 38%yield. "H NWR (CDC13, 400 WHz): S 1.24 (m 3H),
1.40 (m 5H), 1.63 (m 111), 1.74 (m 2H), 1.86 (m 211), 2.27 (m 1H),
2.59 (dd,y la),(,s,oa %9 (dd, 11i), 3.31 (m 2H), 3.48 (m peTAjs20040283( br. d,
1H), 6.72 H? 7.11 (d, 2H), 7.25 (d, 211). M5 (ESI) nmAt 410.21 (MH)
The car boxyl | c acid was converted to the sodiumsalt by dissolution in MeCN
(0.5 nl) and then addition of cK¥Rrapls 3pSediam 1 eq.) with sonication for 10
s e L1 S0l OB YR KO P85 il I i dald © COTPOUNY
4-f (1- Benzoyl oxvet hoxy) car bonyl am nol 42BR) - (4 chl or ophenvf - but anoat e 39

cycl ohexanecar OIS SRoPBCHAFH OLBHPRE Oabt P dohundGRTRG  (39) vas
o0t e caTpdpRTeD, o ShaRdss RETEImAd SRPRM) S idh B s, 100 1)

(dd, 11H) gﬁ;ﬁmﬁm in’59% y&1@811((m1v1m<t):13043, aaom{z) $802L(a 2H)9775€6 &, 112)24)1jL 7.01
(Eg}mm e 33;435&3@%51"}(1 2H),7 11 (d, 2}18"%77@ 1H),471 fm lH) 3.54 (m IH() 3.31 )

4- 1( 1- Bengqy. o anoat e (40)
Fol | owi ng@h%ﬁ}r;rﬁ?ggggre gQWW%%iI%%QD?QQRn Bﬁgmou@ﬁ}ég W th
conmpound @3R25 (MHE) product in its protonated acid formwas obtained as a
pair of diasteronmers in 74%yield. 1H NVR (CDC13, 400 MHz): 6 1.56 (t, 3H),

2.59 (m 1H), The sarbpyyliciagid was epavesied to the sodsum gait hy dissplution mlMeGN 11- 1),

7.10 (d, (t, 2H. M
(ESI) nﬁzgd_%ﬂjqfa?&%eg%ddl@ “%S&H@i@ﬁq@gﬁ‘c%m%ﬁ”}@“ 1% € sodi um

salt by dirasedlvért wasirémdieddby Mplﬁhﬁt))ona@dffbﬂd&he titld corpoural (4@)ueous NaHCOB (1
eqg.) wWith sonication for 10 mn. The solvent was renoved by |yophilization

to afford the title conpound (40). Exarrple 37: Benzyl

4-1( 1- Benzoyl oxyi sobut oxy) car bw R (4-chlorophenyl ) - butanoate To
a stirred solution of conpound 145 mmol) in THE (5 nlL) was
added benzof-[{1-Riviloylbxyisol) i dhlorophehol)-butardate’ 3 g, 7. 23

mmol ), and the resulting reactlon mxture vvas st|rre at 50 C for 48 hours.
The reaction nmixture was diluted wi t#3kthyl acetate, washed successively
with water, 10%

Step A: O-(1-Chloroisobutoxy) 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): & 1.05 (t, 6H), 1.35 (t, 3H), 2.17 (m, 1H), 2.90 (q, 2H), 6.33 (d, 1H).

Step B: 0-(1-Pivaloyloxyisobutoxy) S-Ethyl Thiocarbonate (45)
A mixture of (44) (936 mg, 4.76 mmol), 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 NaHCO;, and brine, then dried over
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aqueous NaHCO3 solution and brine, then dried over anhydrous Na2SO4. After
renoval of solvent in vacuo, the residue was purified by flash

chr omat ography on silica gel, eluting with a gradient of 5% 10 et hyl
acetate iy 663%8 o afford the title conmpound (41) aSpéTﬂl@,hdominso

di astereorrers g g, 45% . 1H NWR (CDC13, 400 Miz): S 1.02 (m 6H, 2.10
(m 111), 2.63 (m 1H, 2.74 (m 111), 3.32 (m 2H), 3.49 (m 111), 4.79
(t 1H), aniggirqus,NSO4) After meary evagbratjon, theGTuded)-(2-pivjaloylodgsabutoxs)) . 7. 27

bOr Uspmo el iter %ﬁp@g?g’é Bheaiiel ip Quadiitaive yield, and el thORET 515
4- ((1- Bengomberpittas %Xﬁ&ﬁ“@m‘l]@g@g - 4GaL: sholoy ngn@ﬁyyll )r@ut anoate (U

Fol Il owi ng the procedure of Exa repI aci ng compound (9) W

conpound 0H),)1.3¢ (heS3H) 3H3cm, |1H);665(110H¢nat ed acid formwas obtai ned as a
pair of diasteronmers in 59%yield. 1H NVR (CDC13, 400 MHz): S 8.02 (d,
211), 7.56 (t, 1H), 7.43 (t, 311) 7.21 (d, 21-1), 7.11 (d, 211), 6.77 (d,
1H), 4.71 (m' 111), . 111), 2.60 (m
1H, .2.11 (m 1H . S%Pg% 19Pivh sobutdx§) Chickbforfaate (4 M- The
carboxylic aci Asnhmonmﬂftﬁ)t(édétrmnbben %Chmtﬁafﬂwwmexbwithsmlﬁnyl n MeCN

(0.5 n) addi.t | queous Na W t h sonl ation for 10
mn. Thea@f}}"éeeﬁrnl Dr‘é'ff@&ﬁifa Hf mqnqi%ela?(ﬂ?ntrgl (W"}f cpﬂ‘ée e’fie conpound
(42) . ExappddneQin wR%b YW ufford the crude chloroformate (46 in quantitative yield, which

4-1(1- Pi val oyl oxvi sobut oxv) car bonvl am nol -(3 R) - (4- ¢hl or ouheénvl) -'but anoat e

Step A aneﬂ idthearent stefywhthay fush &t guyificatiom ¢ B BMR(GD Clhd#00rMHEL)st i r r ed

sol ution t nd triethylamne (2.93 ni,
21.1 nmol 'r(ﬁ) @—é’&g lﬁt(dogﬁgéé%éaagﬁiﬁ]%&@@?z met hyl propyl chl orof ormate
(3.0 g, 17.5 mol). The resulting m xture was stirred for 10 mn. at 0 C
and then the reaction mxture was diluted with CH2Cl12, washed successively

with dilute HCStepri: m4mlog1bmsawtemmonmhyusmmasm) Af t er
concentration ude O (.1-.¢hl.oroi sob t 0X
t hi ocar bonat e h‘g&foaggn@g{\glp)ﬁ{ggxysgp@mnﬂé d- ?‘l)e%‘l Ry} ‘Téef i’cn step wit hout

;‘;;; her pgﬂ(ztlz(\a@%"@@vaségh% é@%ﬁ% é@%nd&ﬁ%%@b&gt h?o'}%fotrma@@lﬂ i- 35 (L,

041- Pi vaI O, Gy iThe besutiing)re &tioh yilx tuFé ivas stirbaine 10 C(f65 ) h then was washed

successively with water, dilute HCI and brine, then dried over Na,SOy4. 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 mmol) 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;SQ;. 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): §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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A m xture of (44) (936 ng, 4.76 mml), pivalic acid (2.43 g, 23.8 nmmol) and
N, N-di i sopropyl ethylam ne (2.40 g, 23.8 mmvl) was stirred at 75 C for four
days, and the reaction was judged conplete by 1H NVR The reaction m xture
was cool gg 20080fo9em t enperature and portioned between vaimusamwh2edsber, the
et her phase was washed successively with water, aqueous NaHCO3, and bri ne,
then dried over 83 WO 2005/019163 PCTI US2004/ 027330 _anhydrqus Na2SO4. After
rotary evapor aiiesarboxiiec eqid s eppvertsd {aihepodiuy safhydisspiution 18

t hi ocarb ' ' i | Ve kel s in the next
Step i thaarot R R e i OO FR L iy YO8y 6’ (3, "6
1.21 (d, Thekdlventlwa(refoyedbiy lyophilization tokfibyd the.tdls cochpohdd (43)St ep C:

(1- Pi val oyl oxvi sobut oxy) Chloroformate (46) A solution of (45) (4.76 nmol)
in CH2C12 at 0 C was treated with sulfuryl chloride (1.1 mml) under N2 for
10 min, then the reaction m xt rated to dryness in vacuo to
afford the crude chl or of or mat eE{‘4%¥ i‘%](ﬁ%%g'ﬁt‘rﬁﬁt ative yield, which wused in

t he next d+{¢bPrepdnoytoxivispbiexy)rarbdnyianing bR y1)-biidnddte): S 1. 00
(d, 6H, 1.20 (d, 9H), 2.143 (m 1H) .54 (d, 11-1). Step D

f (1- Pi val ovl oxyi sobut oxy) car bonvl oxy uccinimde (47) To a solution of

N- hy dr 0Xy SUCC iR1oifiethé pride@ted o £ 39KRPdpfacheiviid ig FHRCI 2 al 0 C vas

added an equi nol ar sol ution of the above c oformate (46) in CH2C12. The
resul ti ngromanit iacid inStep B effordsd tlis titteembnaptoudd @ foacid form. t BENMRs washed

[ i t [ Lute HC | ne, t i ed Na2SO4. Aft
?g(r:rg\?ZISI V(wawé%gém@ﬁis ng Qgc‘ﬁg),’ ?tlﬁiagkﬁétagﬁrﬁyﬁ&g%@i%ﬁé'ﬁl car bonat g
47 . . . . . . ¢ st
(T hole™ (35 B PG SERIAS ey Fo e i1 65D, 112 1, gy 0
4- 1 (1- Pi idd7ofph, 2H)I MS ESI) iz 380 0hMdd .nol - (3R) - (4- chl or onhenyl | - but anoat e

43 To a stirred solution of R-baclofen (1g, ..4.69 ) nd Nad (394 ny,
4.69 nmol) in ﬂ;atcabw%c e as Soveriet F%ﬁi?ea?dlmﬂaltWJeg;OﬁWmm'

acetoni trpl \T. i hX -] reom

t enper at JQ'QWA}?%%&%%M;%%E%(}@ ﬁ(%f)gu%ﬁww@zs%%tﬁéﬁ?ﬂe%ﬁct ed with
et hyl acdihatselventosisardmaon edbyptyiophilizatich Wraffodd theditle cantppdnd (#8)Na2SO4. The
sol vent was renoved in vacuo to afford the crude product,

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 (g, 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)carbonylaminol-(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.

85



whi ch was purified by preparative LCMS to afford 146 ng of the product in
its acid form 'H NWR (CDC13, 400 MHz): S 0.88 (m 6H), 1.15 (d, 9H), 1.92
(in, i), 2.67 (m 111), 3.27 (m 2H, 3. 113), 4.83
(t, 1H) o’@é %igmi 7.21 (d, 2H. Ms (ESl) mz 412.%6%5#%41"?7%&1 VO
2005/0191(133 PCT/ U82004/ 027330 The carboxylic acid was converted to the
sodi um sal H NoVRAiCGIxd, utGOd‘vﬂ-Iz)) 3B (HO6H), 122 @ndH)heA0 &ohd 2H),an6bfm,aqueous

yophi |1 24Eoh 74 et o d 5 3P0 T% Gonibunds sy, '%z?clﬂimiwas éezr‘%éﬁf’u%y
4-i (1-P
ol | omi g rHe by (o BED 47 GRS B 19), 7(19ha e P 2 BRIADY gLl opoet ©

pr opi oni C(E\S:Ii)di/z'mSléﬁ\/IE{-I)a,fforded the title compound in its acid form 1H

21D, .64 (m 1he Fibbsyleadived venks e sudivsashy disomsonm e .51 (d,
11-1), 7 %(?5 3 ahililthen Jdd%?on(d?agééiﬁnﬁ Na'i‘ﬁi(ﬁ E@]%Q %}bsotﬁlg aﬁ%n(fg{} f@mm The

carboxylic acid was converte e sodi I ssolution 1n MeCN
(0.5 nl) a‘hdswlhatt\mtdemowdbylyanhlhwmni‘ﬂahiﬁﬁﬂltmhﬂq@mmmm@iﬂmi cation for 10
mn. The solvent was renoved by |yophilization to afford the title conpound
(48). Exanple 41: Sodium

4-i (1- Cvcl opentyl car bonyl oxvi s )4aa anm nol - (3R) - (4-chl orophenyl ) -
but anoat e (49) FoI | ow ng t he p(r)%%ﬁlgﬁl\rée‘@ Spadis) npl e 39 and repl acing pivalic
acid with 44(2:2-Diethoxymoa " ;i i i . phientl)}-e conpound
inits aC|dform 1H NWVR ( CDC13, 400 I\/Hzg 6091(m 6H) 1.53-1.98 (m
9H), 2.56-2.74 (m 3H), 331(m (m 1H), 4.71 (m 1H), 6.49 (d,
1H, 7.10 (q, 2H), 7.24 (m 211). I\/S(ESl) mz 424.11 (MH)-. The
carboxylic acid was converted to the sodium salt by di ssolution in MeCN
(0.5 nL) and then addition of aqueotssepNAHBERzYl1 eq.) with sonication for 10

s e D Ble SR o o SR E G o AR L oSyl O™
4-1(1- Cycl obexyl car bonyl oxvi sobut ox;ﬁ.&ﬁ{&%@nl i nol - (3R) - (4-chl or ophenvl) -

but anoat e (50)
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;SOy, 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, SH).

Step B: Sodium
4-[(2,2-Diethoxypropanoyloxymethoxy)-carbonylaminol-(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, 6HD), 2.59 (dd, 1H), 2.69 (dd, 1H), 3.31-3.61 (m, 7H), 5.15 (m, 1H), 5.76 (s, 25D,
7.11 (d, 2H), 7.26 (d, 2H). MS (ESI) m/z 430.14 (M-H)".
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Fol |l owi ng the procedures of Exanple 39 and replacing pivalic acid with

cycl ohexanecarboxylic acid in Step B afforded the title conmpound in its acid
form 85 WD 2005/019163 PCT/ US2004/ 027330 'H NWR (CDC13, 400 MHz): S 0.89

(m 61-1ywoie02@14163 3H), 1.40 (m 2H), 1.61 (m 1H), 1PGDUSWP4/OXHO 1.89 (m
3H), 2.27 (m 1H) 2 58 (m 111), 2.70 (m 1H), 3.29 (m 2H), 3.23 (m 1H),

4.73 (br.s, (ESI) n z
438.14 (M H) e ca b%]xacfd_&éasacco Pé&tm%igg}:%e %éiuinééa 1%%' é%gd%%d% %1%4 salt

di ssol utl@)t‘ﬁmﬂl) Men(aﬂdﬁoﬂofa@[ﬁduél‘lﬁlﬁC@Ml 4P withfsoaitagen for NOaB (1 eq )

wi th sonication for 10 mn. The solvent was renpved by IyoPhl lization to

af ford t hehe solyest wapirneedbydyophilization to efford dhafitigrompound (

(2, 2- Di et hogvor onanoyl oxynet boxv) car bonyl am nol - (3R) - (4- chl or ouhenyl ) -

but anoate 51 Step A: Benzvl

4-[(2, 2- Di et hoxynr onanoyl oxymetExample 44w Sualiwinani nol - (3R) (4-chl orophenyl ) -
butanoate( 2) A suspensmn of corrpound 8) 230 ,

2 2 d| eth ..J_."._I',._.‘\l_‘ 'I"l'a ho g vz le s .':‘ = ao Cfor 1
h then cooled to roomtenperat ure.g g_raeact ion m xture was partitioned
between ice-water and ethyl acet at’e— t he organi c phase was washed with

brine, dried oMIowmgmwham@rb&Hﬁ@éofEanleBGQntr@EMg n vacuo to afford the
crude pro purified by chromatography on silica gel, eluting

whi
with a m ﬁ‘g@PH’ %‘F‘Ilegb%)my?hlﬁ@@?%“ﬁ thcllg Yl %@W@Wlh@m t8PeA conpound

() A S g ooy, 29 (7

St ep B Selacidrfotmi 'H NMR (CDCls, 400 MHz): 6260 (dd, 1H),270 (dd, 1H), 3.33 (m,
(2, 2-Di et hox pr opaM_ﬁl ox%rret hoxv -car bon | am nol - -(4-chl oroph_envl | -
but anoat eZIé)l P8I (s Bhés, gRac AkpI2E)s §8\6d,r?é’9b 289 k¢ 2Bnpound (9)

M) S 1748 ??ﬂeéié? . 5'&3%@5’%"%1‘16@5- B 1 5 515 61 (m TH,

Z ; (%5 . El m Ml H) , Bhe/@arbexylid kéid waslcohierfed to ZHelgodium g4t byldisdthtionMh MESN) i nk
( l? 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)carbonylamine]-(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;0D 400 MHz): 6 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 (ESI) 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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86 WD 2005/019163 PCTI US2004/ 027330 The carboxylic acid was converted to
the sodiumsalt by dissolution in McGN (0.5 nL) and then addition of aqueous
NaHCO3 (1 eq.) with sonication for 10 mn. The solvent was renoved by

| yophi | i as0i2e05/0um6af ford the title conmpound (51). ExanpC®usze048m3sum 4- f

(4- Met hoxvbenzovl oxynet hoxy) car bonyl am nol - (3R) - (4- chl or onhenvl ) -butan Date

53 Foll owi ng the sane procedur of le 39 but replacin

1-chl or o- 2-?ret hyl propylo chl oro?‘g’fmlgﬁ%%gm or onet h5| chl grof ormate in
Step A and4-[(€cRpentyl@irbahioxiniethod 1aihiBopLIR)-(#cKofspHBngl)f or ded t he
title conpound In ) : .60 (dd, 1H),
2.70 (dd, 1H) ’1 3.33 (m 2H), 3. ARpate : 3H), 5. 24d(m2|_|)1|—|)ivIS
5.87 (s, 2H), ; : . , 7.96 : :
(ESI)(n12 ZDZO?&ﬁ%&g}mg%ee&gg‘?%%%ﬁf%g@ge&9\/\2bglstg- (%arllv ted to Ehe sodi um
salt by dilghWrer2imethiprdgsCohlofdfolmdié with BHlotdiaethgldshlérofinate a@igoas NaHCOB (1
eq.) with sonication for 10 mn. The solvent. was renoved by |yophilization

to af f or dadeplacgpivalispsishwith syglopenianasarosytic agiddn Higp B afforded the

4-f (Ni cot Bflﬁ&xﬂémtiﬂ%ﬁéﬁ%ﬁﬂnyl am nol - (3R) - (4-chl oronhenvl ) - but anoat e (54)
Fol | owi ng e sane procedures of Exanple 39 but replacing

1- chl or o- 2- met Theé parbpyyliccleidwad convertel toithdisodiim salbdy dissolatibwirffeCNat e i n

Step A and replacing pi,valic acid wwth nicotinic acid.in Step B afforded
t he title(%rﬁlg@ﬁ theq addition-nfjagueqys NaHGQsN/Ra ) Githgonrgtionfon 10 miny 55 (dd,

1H), 2.70 . 7.55 (dd,
11-1), 8.gég?”c]f'ér‘wffféﬂg‘?ei“(pdlg?ﬁ'ﬁﬁ‘?&B?‘gSﬁ‘?'g,tﬁ&@ﬁf’grﬁ‘ég‘fr@sf?m 393. 11
(MrH) +. ThRR &CDeODI400 MEZY 823 7CIo88/@. 1821, 2.94 (g 1HR . 1ins, AH), BRI dingsol uti on
in MeCN %o. SQCrerand then)jaddi tion @?tgggueoug ﬁlaHHpCOBwEml ec?l)) Wi Sﬂtxf

soni cat i oAH),Gx611(q, Ah.7-231¢me, 40 WB(ESRg/7 259eMBY | yophi | i zation to afford
the title compound (54). 87 WD 2005/019163 PCT/ US2004/ 027330 Exanpl e 46:
Sodi um

4-f (Cycl opentyl car bonyl oxvnet hog¥amkste 491gédidin0l - (3R) - (4- chl oronhenvl ) -

but anoat e ‘s 55)
-[(2-Furoyloxymethoxy)carbonylamino]-(3R)-(4-chlorophenyl)-butanoate (56)

CDCl

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
NMRV (CD5;0D 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

Example 48: Sodium

4-[(2-Thienylcarbonyloxymethoxy !carbonylamino]-(3R)-(4-chlorophenvl)—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

titie compound in its acid form.
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Fol |l owi ng the sane procedures of Exanple 39 but replacing
1-chl or o- 2- net hyl propyl chlorofornmate with chloromethyl chloroformate in

Step A ng pivalic acid with cycl opentanecar i’% in Step
B af for deebgglzﬁog% (t?’l%l e conmpound in its acid form The ca\pgg #ol%é/ﬁ%)gﬁ)d was
converted to the sodiumsalt by dissolution in MeCN (0.5 nL) and then

addi tion of aqliemcasbatylic@sid(Wassmpnyervadtth tiosodemn 'sa;l‘nby dissdltion m Me@Ne sol vent

5 ST B L A L ok W SRR R il o
3H) , 5. 61TR&Isolvelt wad rebdovediby4iBphiMatioh & AffdiZhedRe ompddnd (st aep! e a7:

Sodi um

4- f ( 2- Fur BMRB G dR) Mz cn 2138r(dd,ol HY, 282 (dd}-16D)) 280 fime BH),)5-.80u¢Adhgat e (56)

Fol | owi ng. 1 he sane of 3 Acing

1-chl OI’O-%[EI}T&t@F’pISSB fg(grfpof%} c}}‘%ﬁg&m I‘ﬁ%ﬁ%%ﬁg’g hyl chloroformate in
Step A and replacing pivalic acid with 2-furoic acid in Step B afforded the
title conpound in its acid form The carboxylic acid was converted to the

sodi um salt by dissolution in Bxakpl¢d9:Bgdiymand t hen addition of aqueous

NaHCO3 (1 e WI h so ca i on f as rermved by
| yophi | i zat?=8 AL HS AR AL AL NEIERROINS N« ) ) [ anegie 100 MHz): S
2.37 (dd, 1H), 2.52 (dd, IH) 3. 29 ( 311) 5.77 (q, 2H) 6. 61 (d, 111),

7.20 (m 4H), 7.23 (d, 1H), 7.76 (d, . M (ESI) in/fz 379.99 (M 11Y.
Exanpl e 48: SoEbllnwulg the same procedures of Example 39 but replacing

oai e (57 | PRRROAHALHEDE ﬁé%r,e?%@a%r BB VAL BB b lose O TR R A g
1-chloro- g’l%%lg?’ﬁlg?%ﬁl: bl éhc"!cﬁcﬂl Op%ﬁéBQﬂ’ﬁEﬁB@ th€ kigr of or _mat ein

Step A an ng pivalic tht ne-2-carboxylic acid in Step
B afforde«d)mpmmduntm acid dorpound |n |ts acid form 88 WD 2005/019163

PCTI US2004/ 027330 The..carhoxylic aci onverted to the S salt by
di ssol ution i nﬁ%‘a’ip Qxylig 2 ﬁ@)w nf’?féﬁ‘ﬂ%ﬁlaﬁ ﬁ&‘l‘i“ salt by dissplut 1 eq.)
W th soni @A adh QqdvtiB s 8 ighihzation to
SR th@a% a2y a (g{(?r?%oumg nofI&‘f‘eoﬁQN‘!tﬁ@bg‘W q.) SAR\BHicNod ¥R 0Inhih:

The solvent was removed by lyophlhzatlon to afford the title compound (58). 'H

NMR (CD;OD 400 MHz): § 2.38 (dd, 1H), 2.51 (dd, 1H), 3.29 (m, 3H), 5.61 (AB g,

2H), 7.24 (m, 9H). MS (BSI) 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 NaHCOs (1 eq.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (59). 'H
NMR (CD30D 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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‘NMR (CD3CD 400 MHz): 8 2.39 (dd, 111), 2.52 (dd, 1H), 3.30 (m 311), 5.80
(ABg, 2H), 7.16 (m 5H), 7.80 (m 2H). Ms (ESI) mz 419.77 (MtNa) +.
Exanpl e 49: Sodi um

4- [ ( Phenwlgmes/oroysset hoxy) car bonyl anunol - ( 3R) - (4- chl or ophaiys$2pe4n2¥noat e u
Fol |l owi ng the sane procedures of Exanple 39 but replacing

| - chl or o- 2- met hyl propyl chl or of.or matﬁe W th, chl oronmet hyl chloroformate in
Step A and replacing pivalic 2amplg 315 S lacetic acid in Step B afforded
the titl es[PeARRSIIDxY et rBoriy)aminol ISR bmsyb Lﬁ.ﬂﬁﬁaa& erted to
t he sodi umsa y dissolutron 1n en a on of

aqueous NaHC@OUQWEtEt}lemﬁP@@?dIE%(PfCEKWC1Q)b1hﬁrﬂplacm8e sol vent was renoved

)18 ARt et o B oS ;1%

7. 24 (m aBfifrepldding HiShlic adikkwﬂtﬁ&a&hc@MdFﬁlSte;fB affprded Wk tithOEbpound in
4-[ (3- Met hvl but anovl oxvmet hoxv) car bonyl aminol - (3R) - (4- chl orophenyl ) - but ano

ate (59) IF@PIddWIng t he sane procedures of Exanpl e 39 but repI aci ng

1-chl oro- 2-ne h f | or, | Qr tein
Step A and rg@é&%bﬁgylﬁ&‘# Qﬁ%fvgﬁ\?ﬁ% ?ﬂﬁa‘ﬁ%ah} gb%fforded
the titl ¢0sonpDpatiddhen Mditich @ﬂ‘dqdecfumaHCFd)ge mﬁuhéxﬁca%wn%mnﬁ@nverted to
the sodiumsalt by dissolution in ﬁlth %ﬁo mL) and then addlltlon of

@ Of

aqueous NAeEoentiwasFemoyed by kionhidia Ifh@leﬁiﬂﬁ compeand (10)ed was renpved

o8 S5 LA 5 1 TRt RS 81
113204 a0 %, (48300 GiIben s 83048, ) 7 RSB, Wbtesh O3

4-f (Pent ano$DaLy @fHNaYy) car bonyl ani nol - (3R) - (4- chl orophenyl) but anoat e (60)
Fol | ow ng the sanme procedures of Exanple 39 but repl acing
1-chl or o- 2- net hyl propyl chloroformate with chl oronmethyl chloroformate in

Step A Example 52: Sodium

4-[(Cinnamoyloxymethoxy)carbonylaminoe]-(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 Iyophilization to afford the title compound (61). 'H
NMR (CD;0D 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 (ESI)
m/z 440.14 (M+Na)".

Example 53: Sodium
4-[(3-Phenylpropionoyloxymethoxy)carbonylamino]-(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 valeric acid in Step B afforded the title

conpound in its acid form The carboxylic acid was converted to the sodi um

salt by dicnshioh& in MCN (0.5 nL) and then additi orp@fy@apeRtssoNaHCO3 (|
g.) with soni catlon for 10 mn. The solvent was renoved by Iyophi l'i zation

to afford the title compound (60). 1H NWR (CD30D 400 MHz): 0.91 (t, 3H),

1.33 (m apgiyeplacimgspivalic agif with dshydrecinnamyic acid in Stepr aﬁqmﬁdﬂzetyéﬁ (m 1H), 3.30

(m 311), 7.22 (m 4H) M5 (ESI) mz 394.15 (M+Na) +.

o & ieothpRiind fifltshoid Kikm.

4-f ( G nnanoyl mmﬁmyﬁdmmwm@to«ha@mﬁﬂrmw@mmhmm@moat e 61

Fol | ow n%gt he same. procedures of Exa ig'Pl e 39 but replacin

1- chl or 0495 mk)andhemgqdition of asmesusdy WIHWWWP&HOU%HBQBF%r mate in

St A fforded th
Ui the conpasaientehliBubidty fopilitati 3 S B ctolibol B MAP HF O 0T0 e
sodi um saﬂMRt(ycmos}mbmmm Bn2. M(ad lI-Il) 23527td)d SHY| 2.6118(1 24dlyj 2t88q 28f), aqueous

NaHCGB (1 eg.) soni cati on The | vent was renoved by

| yophi | i é&ﬂm% &58&%&}});{1’&;21 (mJEI:dYﬁSdESB nq/eﬁle 11@4@@ -(CD30D 400 MHz): S
2.39 (dd, 111), 2.53 (d, 113), 3.29 (m 3H), 5.72 (AB g, 2H), 6.49 (d, IM
7.21 (m 411), 7.31 (m 3H), 7.61 (m 2H, 7.72 (d, 111). MS (ES!') ink

440. 14 (MrNa) +. Exanpl e 53: SoHkasiple 54: Sodium

4-1( 3- Phenyl pr opi onoyl oxynet hoxy) car bonvla noI -(3R) (4 chl or ophenyl ) -

but anoat ¢é-J[(2-Methylhwtaneyoxymethaxy carhonxlamine]-R)e L PRODYY)DUEHY aci ng

1- chl or o- 2- met hyl propyl chl oroforwth chl ororret hyl chl oroformate I n
Step A 90 WD 2005/019163 PCT/ US20 330 and replacing pivalic acid with
]gh hydr Oﬁl nnamgblla?zlm’g the s?heproBeafrémﬁdeﬁd m3%bﬁﬂﬁ%1amgporndbi ndi ts ?ci d

orm Tecar oxylic_aci s convert to the sodi um sal t issolution in
MeCN  ( 0.15chigrp-24 mﬂtw@ﬁpﬂdﬁaom@ﬁnaﬁ“a emcihybeloyof O@éﬁtsuv@( P Asoni cati on

for 10 Mafd sl MR koit AR AR Buldhic AP b BlaRRadsmatiber o the title

conpound
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;OD 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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NVR (CD3OD 400 MHz): 8 2.39 (dd, 1H), 2.52 (dd, lH), 2.61 (t, 2H), 2.88 (t,

2H), 3.29 (m 3H) 5.58 (s, 2H), 7.21 (m 914). Ms (ESI) nlz 442.14
(MtNa) + 4 Sodi um
4-1(2- I\/Et‘ﬁé?gﬂg anoyl oxymet hoxy) car bonyl am nol - (3R) - ( 4- cﬁFyrug%l "é’%r’?" but ano

ate (63) Followi ng the sane procedures of Exanple 39 but replacing
1- chl or o- ¥ WI@WGE%WtWWWIMa@D@nﬂﬂWQW of8Pnate in

Step A a e h yric acid in Step B
af f orded W'{ezr) Btoa9§ P’%&ﬁpi?ﬂlé‘q 2%’&5%@ cﬁpngép)drﬁgbcar boxylic acid was
converted to the sodiumsalt by dissolution in MeCN (0.5 nL) and then
addi tion of aqueous NaHCO3 (1 eq ) vmth sonl catlon for 10 mn. The sol vent

was renoved by |yoBtepIB:4 (63) as a pair

T4 “m 1ry, Tq2gpupio ﬁ%ﬁ‘%}“‘g@ ’f"‘ﬁ? %‘h? &‘ﬁ@a&?h{l tﬁ%ﬂ}“"%@é&?’% 3y,
5.60 (AB 0.7 Zifhol) i/ CBACK it 04 hves MEidIESHorofokatq 65 I )6 muBRADI € 55!

Sodi um 4-
E(1- Oycl oﬁHc@lauHme@dhyg tpaytm m@ava@@hybéfﬁrd@lmmp °C4thsniveasopheuy! ) -

but anoat e_f te Q 11 65 9 a £0 on of
tlrJi phosgewgghfi ZPG%SIV %Wét i lht&%?:l & maiﬁ?/ Way eéll nmol ) in
anhydr ousowyk Aftiydraits Na, 508! Ameﬁcdmn@&ﬂﬁdn W:fddihé'@rdd@ (ﬁg Bmoro%ut%&y) nol )

dropw se. The resultl ng sus&ensmn was stirred at 0 C for 30 min. The

r eact i on xﬁﬁmhﬂ)eoqndlmﬁtel (66} 8P 8)rveas phtainedaandnsedalineetdy bribie next séPper nat ant

conc ted on a.r tarym chl or of ormat e
(4 38 g, %’%%ﬂé‘% 8 @/M%g?)g% %&Jﬁf;\é?ﬂ&ed in the
next stepsyy 4, Lt 166 (RS Q@@t d’h‘?\%_‘ﬁI(IFDQ?’ 400 MHz): S 0.95 (t,
3H), 1. 511!(19 f%'lf‘) 21)04 ( Hj ( . Step B: O (1-Chl orobut oxy)
S-Et hyl Thi ocarbonat e (66) To a soI utlon of ethanethiol (1.8 nL, 24.3 muol)
and trlethy m e (4. ) . as .o-
chl or of or mat $2:101 02 : JoriBMER L pte (84 r eact i on
m xture was stArn&&Hué f(sk?(ﬂwﬁaé 7@m§ml mrbyéﬁii) gﬁ%@ﬂs@'m% y with
wat er, dilute HC1L and brihe e organi c phase was dri

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;SQ,. 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
chloroformate 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
CHQCIZ 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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s b SR

over anhydrous Na2SO4. After concentration in vacuo the crude
O (1-chl orobutoxy) S-ethyl thiocarbonate (66) (3.99 g) was obtained, and
used directly in the next step wthout further purification. 'H NVR (CDCL3,
400 MHz) WOR00S/991€3% . 3H), 1,34 (t, 3H), 1.50 (m 2H), BHEEPMO2HY, 2. 90
(m 2H), 6.47 (t, 2H). Step C O (1-Cycl onentanecarbonyl oxybut oxy) S-Ethyl
Thi ocarbonate (67) A m xture of (66) (1.33 g, 6.76 mml) and
cycl opent ancarboxylic acid (1.30 g, 10.1. nmol) was stirred at 75 C for
five days. The reaction was then c&é¢pB: Bedivhbm tenperature and partitioned
bet ween wat ey L rips pdried over
anhydr ous =& T8t T Ot T HeH - efovar —of -t e SoT Vet oy —torary
evaporation gave the title thiocarbpgaheate®69d) (1.62 g, 86% . | H NVR (CDCl 3,
400 MHz): 8 0.95 (t, 3H), 1.20-1.85(rn, 1 , 2.68 (m 11T), 2.82 (m 2H).
6.84 (t, 1H) .Tos sqlution ofR-baglefen (64t meet 82 BuRal) w@Neﬁ@@)(éﬁ B@ny| oxyl
Succi nim ) ' of (67) . 4 ' Cl2 at 0 C
Sk 10 rOn Pt oo 38q » oGP (ROBERZ” 5r 1o

was treate

mn, therp.74%emmeydh iabétonitrilel The rob@RinG PEHREOH friktatk was shrydefse 1 hrat #acuo to
quant |t atPRBerpivE, dhomHS acidified BT Mt 1036 HAlol wcied vaend,

guant i t at'PRABCTHIUES, CTITHES a s Hdils c , and was
added to ] Xtulr . 3 L Q). 14 . : g}ml ) and pyridi ne
(1.28 m,a%itgl%%?%%fnﬁub%@%?%gQagé&l%%%?? %‘r‘n1 %eggo ure was stirred at

0 C for lanhydro€Na)80;. Walsfacion atid tethoval efithe sblveitt e Yichoade theiomedeand dri ed
over Na2SX4. After renoval of solvent in vacuo the tit

|
N- hydr oxysedust:whichiyes perfieshbi prep@etivedae/Md tosatfrd thmaca@uéfm efghe tide yiel d,

2005/ 0101850pt brpBl PRSI decfiy, 1t her purificarton 52 1O

4- 1( 1- Cycl operrhrrashdxpho utiawas baverted cathb aodiuarsaltdy diskblutioh-it Ms@Mphenvl ) -
but anoate_ Tq a solutjon of R-baclofen (644 ng, 3.02 nmml). and NaHCO3 (323
ng, 3. 8441 andithenaddiionef aqyesusNAH(<P =kl fde Widhssonaeatign oisH) min. obheof  ( 68)

(900 ny, | ) A L L] # |1 to LXxt ure was
Stirrod rofett SadfiRioked By Ricbhbialitd touropd heliie bobdogflod fB6T 8tk D B0,
HCI, and (exL08; 4e0MEE)h 02! (m, 355, 1836 (m, I, €564 87REn,oI0dE)) 24 1nfA@se was
washed with brine and dried over

1H), 2.52 (m, 1H), 2.70 (m, 1H), 3.29 (m, 3H), 6.59 (q, 1H), 7.22 (m, 4H). MS (ESI)

opéentapecs

o M
W

=0)

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 (CDsOD, 400 MHz):
8 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;OD, 400 MHz): & 0.92 (m, 6H), 1.31
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e G S

anhydrous Na2SO4. Filtration and renmoval of the solvent in vacuo gave the
crude product, which was purified by preparative LM to afford the aci d
formof the title conpound as a pair of di astereonerssl%gq% ng . The
car boxyl WO 285/01%&3s converted to the sodiumsalt by di 41402'% MBCN (1
m.) and then addition of aqueous NaHCO3 (1 eq.) with sonication for 10 mn.
The sol \(m;t6}1);81355-¢ﬂ0\(&d41919 2.540h) ZH);QMIOQm 11151)83c 53)(1ﬂ 1HNg 3130t (he 3EQpound
(64). 11- }b 400 M—Iz(]% 92_3 QL . 36 (m 211), 1.56-1.87
(m 10 H)6612(m|,11 n722($,1)4H)21\$& $H) m3$50.76 A6 NB)- 1H), 3.29 (m 3H), 6.59 (q,
1H), 7.22 (m 4H). M5 (ES1) niz 448.7 (M+Na)+. Exanple 56: Sodi um
4- J( 1- Cvcl ohexanecar bonvl oxvbut oxv) car bonvl am nol - (3R) - (4- chl or ophenvl) -
but anoate u Fol | owi ng the sanmeExafphes8:SodifmExanpl e 55 but repl aci ng
cycl opent anecar boxyl [ c aC| d Wi t h cycl ohexanecar boxylic acid afforded the

' pix : moate\f21) CD3OD, 400

8 0 94 ‘ 2.26 (m 1) 2. 41
(m 1H) 2.51 I“’@’"’%ﬁg gl?%[)“%%“%%@“@’*%# P§“(e§qfi’¥‘g)7 21 (m( m4H)H)|\/rs
(ESI) M zyélgentndchfbbiaylic adik #/ifhlben2oic ad@difofded the title compound (71) as a
4-1(1- Hexanoyl oxybut oxv) car bonvl am nol - (3R) - (4-chl orxhenvl - but anoat e ,

Fol | owi n@mdwmqm%&émrms) oH ENR{IRCB 5 lMHZ)ép$ Tingn, 3H), 1.14

cycl opent rb a Ol f3,n@ he ti Ie conpound
(70) as &0 gn1 B r@éﬂ%?@n{%? P‘ﬂagzﬁi) 550 @k %&%Db) 8 0.92
(m 6H) 64618(3(1rn 59? V\@z%ﬂoiﬁw&ﬂ@kﬁnﬁ@ﬁl #153@942%?71@@%3%&61% 101 25& (70 (m
m

111) Zﬁ}*(Ma 4H) M5 (ESI) mz 450.76 (M+Na)+. Exanple 58: Sodi um
4-f(1- Benzoyl oxybut oxy) car bonvl am nol - (3R) - (4- chl orophenyl ) - but anoate 71
Fol |l owi ng the sane procedures of Exanple 55 but replacing
cycl opent anecar boxyli ¢ aci d wi Eiah®esy:Sodfid af forded the title conpound
(71) as a pair of di astereoners (100 mj)—._I'Fi NIVR (CDClS 400 M—Iz) 50.71
(m 3H), 101 200, ) Dyl Riy(4<0 hemyl)j-butangate 3. 50 (m
111), 532(brm 1H), 680(m 5H)mi 22(m 2H) 740(m lH) 7.75 (m
2H). M5 (ESI) nfz 456.10

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 (ESI) m/z 422.14 (M+Na)".

Example 60: Sodium
4-[(1-Butanoyloxybutexy)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,ylH), 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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(MtNa) + Exanpl e 59: Sodi um

4- ((1-1sobut anoyl oxvbut oxv) car bonvl am nol - (3R) - (4- chl orophenyl ) - but anoat e

72 Fol | oWy B%odstfeia™ Procedures of Exanple 55 but repl gei

cycl opent anecar boxylic acid with isobutyri c acid affor dgglrﬂﬁ 04[0%7330 conpound
(72) as a pair of di astereorrers (70 mg). "H NMR (CDC13, 400 MHz): S 0.92

(m 3H), paidef digsiereamirs (A0Bme).n{H NMR (CD;@B, 400 MHL)) § 02248, 3H),2L.35m 311)

b bl bintafd B Nt b St 7 2 (0

4-f(1- But@g%@;xyp h,2t0) AaS ey Larsanh gqakag4 chl orophenyl) - but anoate 173

Fol | ow ng the 'sane procedures of Exanp ut replacing

cycl opent anecar boxylic acid with n-butyric aci d afforded the title conpound
(73) as a pair of diastereoner 122 "H NVR (CDC13, 400 MHz): S 0.85
(m 611), 1.24 (m 2H), 1.52 (,.F,Sxagqéw ﬁ"dé_'@n 2H), 2.35 (m 2H), 3.03-3.23
(ZH) I\/?é ?5—!gfrl’r%'“%loalﬂﬁo_ﬁ;?irbﬁny%}m‘-ggéﬂdﬂloéﬁa nfD)-DitdbatefAsy 7- 08 (M

2H) .
4-1(1-Acet oxybmlmrgdleb@nwlmmedutespﬁﬁ){at(lpledﬁlbmquﬂm:u;g) but anoate 74

e oo el e B B At i P B Acidh A Eprded BE MR SBoRd (78) Bfound
74 3 i
o m%f‘%%%%%%%% S 'ai%ﬁgmz fEDGB 00 931 0,08 F SR Q0T © (50D

(1 994(12%(113'3)1'1) 2.33%m( 2), 1664 (n2,. 2H), 2.82- 2333)(111,3&)92 Bo(m3H), 206506@n, 1D, 1H), 7.25
m

(ESI) mz 394.20 (M anpl e 2 Sodiumnm 5 4-
F(1-Pr ow%ﬁ&?@x%@cﬁ%}%émoﬁ%é‘ﬂﬁ% %% olrlo(MJéN?/)m) but anoate f2
Fol | owi ng the sanme procedures of Exanple 55 but repl aci ng
cycl opent anecar boxylic acid with propionic acid afforded the title conpound
(75) as a pair of diastereoneBxapdile638odidid NVR (CD30D, 400 MHz): S 0.93
(m 313), 1. _ , 1133(m 2H) . 2.2

(ESl) iz 408. 11 (M+Na)+ 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;0D, 400 MHz): § 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
an

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 (CDsOD, 400 MHz): § 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 (ESI) m/z 408.11 (M+Na)".
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Exanpl e 63: Sodi um

4-1(1- Cycl ohexanecar bonyl oxypr ouoxy) car bonvl am nol - (3R) - (4- chl or ophenyl ) -
but anoat OWI ng the sane procedures of Exanple gy sbosi@PIsaci ng
but yr al d@ﬁ{/‘%&/&% h propional dehyde in Step A and replacing

cycl openanecarboxylic acid with cycl ohexanecarboxylic acid in Step C
afforded the title corrpound (7E)rampl&aﬁﬁgmm di astereoners (700 ng). 'H
NVR (CD3CQ, . 4 0. ] _ : 2

71-1), 2. iGidippropo e,

(ESI) mz 448 I%Qoév&ﬁg\m ﬂﬁ'@dhﬁeﬁé‘fEﬁﬁﬂilélm but replacin

4-((1- Isobut anoyl 0X propoxy car bony/am no/ - (3 ) (elé)l chForonhenyI) but anoat e
777 Fol | 6¥#labexanecas pragldwmwubncamdmﬁfoed ptitle ceppaunid(F8) as a

cyclohexanec rbo lic a f0 t e conpound
(19 a2 Rt O gl PRI A, 40 ) &%}ﬁﬁbz

(()m8638|) 9%6 o 31F89 (inlzmﬁzlza-"é’ai(ﬂ; 2@1‘}2246(1?%1@%%1}‘%1143@3 (( 4 95 V\% 30
2005/ 019563 @am;mzmym (BSRanHO8 85 (M3DB) UM 4- f '

(1- But anoyl oxvnr ouoxv) car bonvl am nol - (3R) - (4- chl or onhenvl ) - but anoat e

Fol I owi ng the same procedures of Exanple 63 but replacing

cycl ohexanecar boxylic acid w t RxhmbBidé¢6: Sedfhd af forded the title conpound
(78) as a palr of d| astereorrers (1.09 ‘)_TFI NI\/R (CDBOD 400 M—Iz) 6 0.91
4-[SOP xbopylamifoRE y1)-b2

2.51 (m 1H), 3. 29 (m 311) 656 (&:11f) 7.22 (s 4H) S (EI) n12
408. 73 (M+-Na) +. Exanpl e 66: Sodi um
[ (1- Pr oui onoy Ir@usRimH@s ¥imepReatl-ae MlaniskR3 béeflgngnhenyl ) - but anoate 179

Foll owi ng the same procedures of Exanple 63 but replacing
cycl ohexanielobenanssarbaxylic adld\mlﬂhprppl@plmld:af&rﬁ@ﬂ @Eﬁkﬁhe@empph@d (19 hea conpound

79 f di 6 0.88
() 311) PeirSggasiireonsts (190 558 o pMRY B3040 s £5350. 310 885 2”50 (m
111). 3. 38, &, 239 em 5rEB22.25 (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-chlorophenyl)-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 diastercomers (420 mg). "H NMR (CD;OD, 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). (EST) m/z 422.07 (M-+Na)".

Example 68: Sodium

4-[(1-Benzoyloxypropoxy)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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[

(g, 1H), 7.22 (s, 4H. M5 (ESI) mz 394.08 (M+Na)+. Exanple 67: Sodium
4-[ (1- Pi val ovl oxypropoxy) car bonyl am nol - (3R) - (4- chl or ophenyl ) - but anoat e
(80), Followi ng the sanme procedures of Exanple 63 but replaci ng

cycl ohexWRVASMEXA i ¢ acid with pivalic acid afforded t‘ﬁ‘ép §209482 B pound
(80) as a pair of diastereoners (420 ng).'H NVR (CD30D, 400 MHz): 6 0.90
(m 3K, 110 (s, 4.5H, 1 1Ghn 1e4695suhmxﬁ 70 (m 2H), 2.47-2.55 (m
211), 3.30 (m 311) 6. 50 (dt f 4H) . (ESI) rﬂz 422 07
(I\/H'I\la)'l‘ A A K ] ¢ W s

(3R) - (4-chl orouhenvl) but anoate iBi A ﬁl ¢§2¥/\nn thesarre procedures of
Exanpl e 63 but repl aci ng cycl ohe Xylic acid with benzoic acid
af forded the tfroulbemcg)rm@uﬂe gf&éduraésoﬁex 1¢ 595udeE§&m§%gﬁmaeﬁﬁﬁ9 ng). 1H

NVR (CD30D, 400 MHz 3 2 1 2.52
1H), (3 3dv1§lmycmlr)exa1%¢cm@omriem?)n Stlrei)p fealrdﬁephr(:yrnng cyclopentangc meth)7 60 (m (m

pCT) UsoodBioTi Bttioala it Tiafied ff e CoMidithd (o2} s WP 1970
4- E( 1- Acefisieteckn &y ¢7 535y MBENMI YO0 A5 U00 MBIz 0.087R)28((f, eﬂpi)or Ophenvl ) -

but anoate , (82) Follow ng the sane procedures of Exanple 55'b repl aci ng

but yr al derKHESO\(\m; AHY VI olse k. AHY 20 oex b b R/ 3f(ma,n FE, éﬁl/(m;riH),r?em @ei ng

cycl opent ep C afforded the title
compound 1520 00 (i 1288, Ff MRS 373 ™1 R (cos0D, 400 M)
8 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, 41-1). M5
(ES1) mz 434.73 (l\/HrNa)+ Exanﬁlxemiiteﬂ)s@ﬂm

4-1(1- Pr‘P on-kc | oh
but anoat ‘ <

butyral dehyde wth cycl ohexanecq,ri,mfgﬁ[p@yde I n St ep A and repI aci ng

cycl opent anecarboxylic acid with - propronic acid in Step C afforded the
title conpoundolle®ngihe same proceduresioftétagpdohebut r@gl_wng@)ltyra_ldlehsm (CD30D, 400

Miz): S Qmax yclo%exgn@carz)kgraldehyde in Step A and replacing cyclopentanecarboxylic

- 4 chlorophenyl)

acid with propionic acid in Step C afforded the title compound (83) as a pair of
diastereomers (310 mg). "H NMR (CDsOD, 400 MHz): & 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 (EST) m/z 448.10 (M+Na)*.

Example 71: Sodium
4-[(1-Tsobutanoyloxy-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 (CDsOD, 400 MHz): § 0.96-1.28 (m, 10 H),
1.58-1.79 (m, 6H), 2.36-2.54 (m, 3H), 3.30 (m, 3H), 7.21 (s, 4H). MS (ESI) m/z
462.21 (M+Na)".
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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, 411). MS (ESI) mz 448.10 (M+Na)+. Exanple 71: Sodi um

4- ((1-1sqhutanoyl oxy- | -cycl ohexyl met hoxy) car bonyl am nol ; P

(4-chl or o‘ﬁﬂ@?ﬁf( 2483t anoat e(84) Follow ng the sanme pr ocegéi@gwgfﬂog?rrpl e 55
but replacing butyral dehyde w th cycl ohexanecarboxal dehyde in Step A and
repl aci ng cycl opent anecar boxyl i Examgle 32¥$édiunsobutyric acid in Step C
afforded the t 0 (l)und 84) as a pair ofl di astereoners (800 ny). 1H
NVR ( cD30i-[(dtutaneyloxys1yelohexvimethoxylcarhonylaminod-(3R -

(m 3H), 3.30 (in, 311), 7.21 (S,M@Q

2005/ 019163 PCT/ US2004/ 027330 Ex —sodi um 4-f
( 1- But anoyl oxyFbHawing dtiresamambbatudsod Framypleshs bub repl@fthg butycdbdehydphenvl | -

but anoate 85 Fal | owi ng t he procedures qof .Exanpl e 55 buj repl acing

but yr al deW‘gé’y‘?}\Rj‘?’?@E‘%@%@ﬁ%’é‘r 3% @gﬁ‘zxg@%c %&nﬁn&?ﬂi{’?’@g‘%ci ng

cycl opent gheGahiiNHE aci@Gh Sted ¢ Rerbrbd inétitle Bipduhd (8) %R apaftiofor ded 't he
title conpound (85) &gsag p(iugréﬂo(F {)}I astereomargg(st r)rg) aS H NVR (CD3CD, 400
MHz) : S OdigiefeomeRH520 tng)S- H.NMR((GD;OD1 3P0 MH 46 0.928(nf, BH)36P8-128dn,( m 211),

2.39 1H), 2.53 111 . 29 3 6.41 1H) . MS_(ESI) nf

262, 06 (NARBJLS- BT84 BN 24055 A: 752 iy HEN 205 N Bl a0 el |

S) - But b ' -(3R) - (4-chl h | ) - but t St
A Synt neld M D B A R ) i T opheny ) carbonat o To a o
solution of (5S)-5-hydroxyoctan-4-one (1.10 g, 7.63 mml) in CHC12 (50 nl)

at 0 C was addedp-ni trophenyl_ chloroformate (1.90 g,, 9.14 mol ), pyridine
(0.98 L, 12.1 nmol) diwpmplgi73cAsymmefric,s hof Badigmy 1. 52 ol ). The

resul ting mlﬁégi-ﬁuﬁﬁp@ | ure
over ni ght . '

. gr T oted Fi2 e essively
with water, dilute HO and brine, arf86dried over anhydrous Na2SO4.
Filtration and renoval of the solvent in vacuo afforded the crude
carbonate, which was purified by chromatography on silica gel, eluting with

S%ether in hexagigy 4Q syhhifis dif)A sh Bt HIRBINY 4 R Bophbndf-cHrb it -
(87)
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 HCI
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): & 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)-Butanoylbutoxy]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 TMSCI (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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'H NMR (CDCL3, 400 MHz): S 0.94 (t, 3H) 0.99 (t, 3H), 1.51 (hex, 211), 1.66
(hex, 211), 1.85 (m 2H), 2.48 (m 2H), 5.03 (AB g, 111), 7.03 (d, 211),

8.26 (d, B: Synt hesis of

4-(f(1S) ‘@é?ﬁ%"’i @Et oxyl car bonyl am no} - (3R) - (4-chl or ophe m)sz%)ﬁ/togﬁ%ﬂl c Acid
To a stirred suspension of R-baclofen (1.0 g, 4.69 mmol) in CH2C12 (50 M)
at 0 C \NaSu clebih Was aidey b aohutien 02 cémpdund (87)4@.7namio)) iarGH,UWSGE mijadd nl, 9. 38

nmol ) . resltln eacilon m xture was stirre Q. Cfor 15 mn. Then,
to the g‘ F@E?%@JP@Q?@EEP“‘%‘EFS‘%@S% oTREHEWEIES a sol ution

of cormouaﬂute@aatm{zmmsmed PiFRCkR g8 HicI 380 brnami e oy T eact i on

m xture stirred at roomterrperatur ) he mxture was diluted with
CH2C12i watiydbusiNaSOg eThosaveait was eeriBied smdadwito effordthe drideproduet, anhydr ous

Na2SO4. Th ol vent. acu to.afford.the.crude duc whi ch
e S i 1 PGSR OAa by SRR B APD! 01 Sca el clurig BRpw it pb G T & opCLp
to re”DV?en&Né%ﬁl&B?ﬁéﬁ‘ai ané'ﬂﬁ:nt\fﬂiﬂi‘zw teﬁn Qaat 'iH’CH?GEttéfaﬁ‘ofd%hg"z Cl2 to
afford the cafbamate conmpound (88) 0 g, CDC13, 400 WMHz):

g (7)190 (rr;iarbﬁh’atgcgmgg‘ur(mw?ﬁ)zog,@%)( ﬁﬁbgﬂkpféﬂ)GE, 4004MHzt())65 Q?G&il(m %H)lé ;
2H) , (m2665511323|4)m %Deb@?mﬂiﬂ 349 (m, 5802 58 o imy D71 G,y M 718 (4

| S) - But | but [ Aci d
59 Tb a sirroan QAN AEY BY) BTl # per@i?gz"’“%@%'zm 15.2 mol ) in
CH2Cl 2 (30 nlL) at 0 C was added carbamate (88) (417 ng, 1.09 mol) in

CH2C12 (5 nl), followed by dropwi se addition of trifluoroacetic anhydride
(1.06 m, 7.60 nmol). The resulting r¥8BGion nixture was stirred at 0 C and

quenched afg 1§ fyand bl ¥R A Mot RyitBhibingid, DY | e

then dried Td trne cru ch was
purified by preparative LCMS to aAéid(89) he title corrpound (89) (189 ny,

(5 b LR G s 5
m ) H)z 59C fégé%z (id&%? a?q;?q“(a?%d arba;p%%(:{sg1,(4127'ﬂ1g, ﬁo@?mm; in n? 78 (br.

(MHy. St m)mﬂﬁudd byndropwise addition of trifluoroacetic 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). 'HNMR (CDCl3, 400 MHz): 6 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 NaHCO; (1 eq.) with sonication for 10 min.
The solvent was removed by lyophilization to afford the title compound (86).
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4-{1 (1S) - But anovl oxvbut oxyl carbonyl am nol - (3R) - (4 chl orophenyl ) - but anoat e
The carboxylic acid was converted to the sodiumsalt by dissolution in MCN
(0.5 n) d then addition of aqueous NaHCOB (1 eq.) Wi g n for 10
m n. éva(gm’%]r?tm%as removed by |yophilization to afforéd]r/ﬁ%ab‘{;@lt7 33 conpound
(86). 99 WO 2005/ 019163 PCT/ US20041027330 Exanple 74: Asymmetric Synthesis
of Sodium 4-1 Example 74: Asymmetric Synthesis of Sodium

f (1R) - But anoyl oxyi sobut oxvl car bonyI am nol - Z 3R) -(4- chI orophenyll - butanoat e

90 Fol | owi ng4tiHdR)Butane; pxyisgbuggxylearbonrdaminol-3R)-(d:chlorophen

(5S) - 5- hydroxyoct an-4-one with (3R} %g%r_ﬁxy 2- et hyI hept an- 4-one, the free
acid formof the title corrpound ed as a single diastereoner (158

my, 23%. 111 FoWRifgIbEPBoced@s bFExame 03Bt feplachid) 1. 63 (hept 2H) 1.94

1), 4 7 SBF-thisodin <ng W SR b u%dtl?ymep%sztme e BB £S5 ) i
398 14 ( Noih of fife t%%rcg?%}ﬁhh&w%gﬁgm ﬁaQQ tcﬁ&ktér 1§Q‘ijﬁsé’ %‘gﬁ%@Hby

di ssolution in en a |t|on o aqueou (1 eq.)

with somM@]DCb,MODQVIP&iz)WSOSTh&n,SQIl{)/Em (h@s Zl-Enn%meyH) Yashit) At i on to
afford the t|tIe co ound 90) C Sgnt he5| s of Sodi um
- (f (i 250 {ddo kR, 2n @é@;(m,éﬁr%m(m {8 70.¢, 150, £ 31 (4 15D,

onyl am n @5@: - Fol I owi ng the procedures of
Exanpl e %I%@Hé?pl ac doﬁﬁ&%y 'tc’fr oxyoct an- -'one W th

(4S) - 4- hydr OXYP&dxﬁidstyhdn@ﬁﬂmsao@mwdtchmefsbaanmﬂtd:y dissotativn ih MeQNt | e
conpound was obtained as.a single di astereo né% 1H. NI\/R (CDC13,
400 MHz) :(08 rpLpand then agdjtion ofjggueeys MalfCO (136H)(W1th zm)lcat!p rlgminy) 2. 52

(7 15 ety oy PR 00, 10

The car boxyl Ic acid was converted to the sodiumsalt by dissol utlon i n MeCN
(0.5 nL) and then addltlon of aqueous NaHCCB (1 eg. ) wi th sonication for 10
nmn. The sol vent wasExamplecth:id gsispfiSodimor g the title conpound

91). Ex%t@ ! ' L ]
(S)-?sobut -71§0blﬁ§1 wto 11?)% E.EBL = c(d-c ](( Mm -but oatqbutanoate

192 (2]
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 NaHCO; (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 (CDCls, 400 MHz): & 0.89 (m, 6H), 1.15 (m, 6H), 1.94 (m, 1H), 2.52 (m,
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Fol |l owi ng the procedures of Exanple 73 but replacing

(5S) - 5- hydroxyoct an-4-one wi th (4S)-2, 5-di net hyl - 4- hydr oxyhexan- 3-one, the
free ac' the title conmpound was obtai ned as b hagt er eoner
(8.0 /%Ogglms’l?-éle\/R (CDC13, 400 MHz): S 0.89 (m 6H) apéll’q% ?”‘ﬂ B "' 10
(m 1H) é 100 WO 2005/ 019163 PCTI US2004/ 027330 1H), 58 (dd

) 71@1) (465 (D278 (A Fard 28 tam, BT 30 (ma | D).t G5 1), 6H48- (. 48 (4,

NPT i T ) s LI on 11t (0.5t and

then additi on'mecaﬂmepmsadimw@esor(vbrtedtdthwnsbctiumcyaltegrtdwsahftiah idMe@N. The
sol vent %as renmoved by | yophl lization to afford the title conmpound (92).

Eﬁ anpl eb 5 maj ) anddhensaddation qf @q}le%umﬂ%@i dxsa- ks with senicatiog fi Wemm:
Thi T 94) A
ol ut on E v ittebiortd o ERLBE ARSI the BARL RGOSR0 ot

tetrabutyl ammoni um hydrogensul fate (20 g, 60 nmml) in dichloronmethane (1500
m) in a jacketed 10 L reactor eU| pped W|th a mechani cal stirrer,
tenperature priowanpled: Sythesis ahOe(irlsehutapaylexyisehutoxy)§iMethyl ¢ he reaction
m xture was gradual | y added a 0{_ ol ution of sodium nethylthiolate
(3 L, 6.4 nol) over h. The rT:Ilﬁ 8‘aq.%ﬁ&)tlé3—3§[)derateI y exotherm c and the

i nt er nal terrperature was nai ntai ned between 10 and 20C during the addition.
The aqueous phase was searat ed and the organi c . phase was washed with brine
(2 x 2 L) and wadtep A:0(1-Chiexoisebutoxy) StMethvl Thiocarbenate (94, anhydrous

it e compound (440G @%ﬁ %“‘f?@nﬁ‘ﬁf’%é‘@gﬁﬁg‘e@% PAFEEQRIBHL 1 e
(CDC13, MbW&nmSmmﬂhXcﬁﬁgenﬁH&'ate Q02%z, 60vmuhbl) in &cﬁlof@netﬁkﬁe, (160mLHd, 1H).

Step B: Tetramet hyl anmmoni um | sgbutyrate To a 20 L round bottomflask was
added i sdbajaeketed 40ilreactonenuinped mthrmmychanmqhsta?prafqu@s@mg orebe 3 of 25%

tet t h d 5 t d d
reduced ArURRTTRNeL M UBASHbd0eE" Toithe e Beruint S estuallF S8R "
product (199 aq%%o@komﬂwoflsbaum%e tHIIGE1aNAS TUFPmM)iovert hf UhkeR&dction
purification.” Step C. O (1-1sobut anoill oxy| sobut oxy) S-Methyl Thi ocarbonate

(93) To ava8modetately en@bknmo andithsan fempskateng (waspeaintained betwasoH&ni cal
stirrer %1%1 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): 3 1.1 (dd, 6H), 22 (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: 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 80°C for

101



tefl on-coated t hernocoupl e was added (95) (1672 g, 9 nol), isobutyric acid
(264 g, 1.5 nol), and (94) (1050 g, 5.76 nol). The reaction m xture was
heat ed t Qy§QfesfoRdies 101 WO 2005/ 019163 PCTI US20041027330pc#stoos/PB3d OF i Ng

t he reactlon progress by 1H NVR- The reaction m xture was cooled to 20C

di |l uted W|th Et QAc, (1 L) and washed with water (2 x 1 L), saturated NaHCO3
(1 x 2 L) %Hdnﬁhlttfé?ng(tbe[f)%tl%éwé?e@ hy H pMBe Theseastip am'@@‘é{ﬁﬁcoc&%centrat ed

d d f f 659
z“cﬁ{oi&@f?ﬁé@%&@&%&%&?ﬂ%@f‘%@w%f%?%ﬁﬁfi e A I e
2.05 (m NaHICO;4132 L)San(ﬁﬂnéﬁm (12.)6 Thelorddric plﬁsg“&ﬁseﬂaﬁdtecﬁ%rﬁmﬂ e 78: Synthesis
of (1R) 1-1((3S. 4S) - 2. 5- Di oxo- 3. 4-di benz2yi g

vrrolidi n?qucﬁwa,ﬁ@,‘bﬁmwm% prEssiigq to #@F@WD@W%)@% st owl.d5806 Step A

5" i berdoy TR R alid PRI oot AR08 dd (b BHIVERT " Soo
m.) was s(mrr}pf:lzgs{g&'g}g Qgr(n;mHt)l'gaﬂy] d,hepreaction mxture allowed to cool to

room t enperat ure he cfystalline product was collected by filtration,
washed wth a m xture of ether and hexane (1:1) and dried under vacuumto

afford the title conpound (9%%{#8%1 4O NVR (CDC13, 400 MHz): S 5.99

(s, 2H), 7.50 (m 411), 7.66 %M Step B:

suspensi ooieR At Ao AL A b eI o*’ L E I
, D

(8:1, 400 nL) at 0 C was dyipnopsl Z-ovthylprenanoatd (96) on of hydroxyl anm ne

(13.0 nm., 211 mmol). The ruItlng suspensmn was stirred overnight at room
tenperature to obtain a clear solution. The bulk of the acetonitrile was

renoved by rotsgép/Aer)Qsﬁﬁ sMNoro3 4meﬁ@ﬂ@% ﬂotfﬁﬁlgzpet ween et hyl
acetate and water e organi c phase was Wwas successively with water and
brine, dried MSPWﬁakmmwmm&%a@aWﬁnMQwem afford the
i nt er medi V. b Xaa Thi s
conpound %/a{@h gﬁ%{ﬁ)ﬁ&é@fwﬁ%%b%{ﬁ aégg ﬁg%ra%dt% ﬁ%qewg E‘ggag% écﬁ‘?en cool ed
to room t esgdes Riokf Rniperdt@enThe cofistallindlgrodiRt $/ak colleclddeypfiladtion, wiked ol | ect ed
by filtration, washed wth a mxture of ether and hexane (1:1), and dried

under vacWithemeixtre of etherandthexane (@ dhead deed wgler yagumyto the t{lenMVR ( CDC13,
400 M) - 3:8508 67y (86'2) 84%). 2% Nvr (Ebc, 460 Mty 5 3505, 4029 50 (m,

4H), 7.66 (m, 2H), 8.07 (m, 4H).

Step B: 1-Hydroxy-(3S.4S)-2.5-Dioxo-3.4-dibenzoylo. rrolidine (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;SO;, 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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(m 4H. M5 (ES1) miz 354.00 (MH)-. 102 WD 2005/019163 PCT/ US2004/ 027330
Step C

(1R) - 1-((?,%?2065%19?635- Di oxo- 3, 4-di benzoyl oxypyrrol i di nyl ) oxy
1- 2- met hyl propyl 2-met hyl propanoate (96) To a stirred sz)PI U?IO?IJ“??%J())WDOUHd
(98) (35 g, 98.6 Mol ) and thiocarbonate (93) (34.6 g, 148 mol) in

di chl oronet hane at 0 C was dropw se added a 32% solution of peracetic acid
(300 nmol) in acetic acid over 2 h. The reaction tenperature was kept bel ow
35 C during the addition of peracet i%‘_’lhgrd. After the addition was

conpl ete, the {PREIABSHSHIE ik BldilldndyIBN in9h)-dx9 IBRYT at ur e.
The resul ting TtE Prec [ € S ' ) S
water, and a m xture of 2 ] pfecfB6Yri ed under vacuumto

afford the cruge titl u d. \. t s crystall.ized opce froma
M xture of et A9 on a0 oan at romeed (T BoodB Feshbd B tiodrEendlmound ( o6)
(13.7 g, 34.6 e148inasdl PheReMbtomettané hﬁomwtabdrcﬁwﬁlﬁde&\@&%term ned to
be 98.4%d.e. by HPLC using a chiral colum. 1H NMR (CDCl13, 400 MHz): S

1.06 (g, epiption ofbpergagtic 3gid (300 menqllin acghicigeid over@ . nTheltgpction 64 (hept. 1H),
6. 01 . . 64 1K), 074 4.7 1.0 . . 8,.07 4H) .
Sarot o igtnnbithee vasiéegt below s claufihe 4 addiflon b Brhoghheidl e uld” (M 41

car bony! agddifén #a&ormftetd) {1 re a0 Yhikture Wi AltdCoveiight Brdbngt | rred suspension
of (96) (11.7g, 21.7 mol) in a mxture of THE and water (10; 1? (220 m.) at

r oom t enp&amneraterenddie serpdienerwhbite proeipiate ay giligred zpd svashebsuccessivelyr esul ti ng

reaction . stifre til,th ) | on. hec a clear solution

(ca. 2 h)wtl é’#i%@éﬁg%n,f‘ﬁergqeg‘geriaﬂdbggaﬂgeﬁgf?}g%%gﬁ’%gge@cuwggsol vent. The
resi due waffordahé tiudetield coRpveR) Eiifiplodaditvasatwtallitddconet fidm 4 aiureras washed
with water and brine, and dried over anhydrous Na2SO4. After filtration and

concent r aff ¥hyl acetateaanddexamae(lel) del affpidshe itle opmpamdLPaRd 3ahe 25ken Thari fi ed by

acet one | EREARRRS kB ofihe RSV Bl ibh Q5P E R0 Rpruehi O
o o ded. nlclameOTPRMR (CBRL, 40 PR3 186 e) 1o @memg iy corer

purity of the product was determned to be 99.9 LC using a

chiral coBHw2.201¢n,N¥R, 2.68Chept. Y0 608LYr. s,2H), 654 (d, 1HEY,47 ] AH).07.63
(m, 2H), 8.07 (m, 4H).

ot

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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3H), 1.18 (d,  3H), 1.99 (m 111), 2.55 (hept. 1H), 2.64 (dd, 1H), 2.76 (dd,
1H), 3.40 103 WO 2005/019163 PCT/ US2004/027330 (m 311), 4.73 (br. t, 1H),
6.51 (d, Wd2w0d0b96xd. 2H, 7.27 (m 211). MS (ESI) mz &gﬁs 290 dMt -
Exanpl e 80~ Synt hesi s of Sodium 4-(f(1R)-Isobutanoyl oxyi sobut oxyl

car bonyl am n%(SR) (4 chl orophen%)i% - but angat e (100) The car boxyl ilc acid
(99) was @@n #ed 06 ti HD): Scdi @i Bhi7t134¢, 7&"1)53&76%3@1 MS (BB, 5 nL) and
then addi g g{gﬁﬁueous NaHCO3 (1 eq.) with sonication for 15 mn. The
soI vent was Te €d by lyophilization to afford the title conpound (100).
"H NVR (CD3OD, 400 MHz): 8093(d 3H) 094(d 3H), 1.08 (d, 3H), 1.10
(d, 3H), 1.94 (m 1H), %"2 54Rér 3.3L.(m 3H), 6.43 (d, 1H), 7.23
(s, 4H). M5 (ESI) mz 398 _mwgynthems of

' I | | -
FEREHEN 0 EERe i tmmommmrm I

(3R 4R) - 2, 5- Di oxo- 3, 4-di benzoyl oxhutagdatdKQQrofuran (102) To a 3-necked 5 L

round bottom Wé“gsk thted 92 a mechanl stirrer E dja efl on coat ed

t her m)coupl e wd8e sy %D’l’(‘“)c )masev%g}ﬁ Lothaﬁ? pmsai byqligsolgiondn 2. 79  nol )

f ol | owed heated to
M dugq @Bmaendﬁd(t?ontafaqmﬁs Nmmz(p el )wgglagkaﬁﬁsﬂ 5&%

85C for tinme the starting mat I ssol ved. A
short ti rrmmtTtmrsehzfehaas tehmvpdbgimynphﬂagmn toafford titeditld componnd IQH)(R) eact ion

g’gﬁgifeﬁ”ﬁﬂmifus P8R A00 e AT . %a&ioe%c%’aﬁ&ms&ﬂ;sﬁé??é T Lé and
ied | 102
05 o whi't SEL. HONR A7 2 R M0 Iy SR S, DT 33 b6 nfuRo 0 1102
411), 7. 6EESRpL 398.52M-NH-.05 (d, 413). Step B:

1-1ivdroxy- (3R 4R) - 2. 5- D oxo- 3. 4-di benzoyl oxynyrrolidine (103) To a 3-neck
5 L round bottomflask fitted with a nechanical stirrer and a teflon coated

tenperature probe was added ( YA Xg%éﬁ-f |l owed by acetonitrile (2
ﬂ%)n ﬁt;?l % is'of .

L). The suspension was cooled I'n 4C, followed by the addition

of  50% aqu@sii-[((BR4R)2.5+Diogo-31B0ibehzoylox3Pyrmlidinl B oxycalrborylexyt2ar t i ng
materi al 104
-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
thereafier, 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 (CDCl3, 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-Dioxo-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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WD 2005/ 019163 PCT/ US2004/ 027330 gradual |y dissolved during the addition
and the reaction mxture was warned to 20 C and stirred for 1 h. The
reaction_m xture was concentrated in vacuo, diluted wt L) and
washed wWYA20SYeS (2 x 1 L). The organic phase was se%%r@% ﬁ 02217%133
concentrated in vacuo to afford a viscous red syrup. The syrup was then
heat ed f gradtally dissolved idorihg kheeadditiod. ahd lthe rebctibGfix@reivtads vearmed toP0°cC r enoval

of wat er up, gradual l.y di ssol ved and then the product crystallized.
Af t er coo?‘i‘ﬂ%‘"tea l’olgh». [rg%ﬁi?é'flé‘f P uge eascone e ’EBF"F@G@@WCSW&I | tration,
washed wi X ) gﬁ’as'e oven to
afford thg@%&?&e conp%gﬁﬁg&]“?%x’)amgc%gxwi)L%@%n%%ﬁb 9 %% Sgﬁﬁlﬂt?g]e solid. 1H
NVR ( CDC1&yd co@Cenivtated: in 8asuddt® afford 2 Mscous.rdd syrappThe syrupH)a,s tHerdtteatedpp t, 2H),
8 05 (m

((3R 4R) - r W@ﬁwg Hstolﬂge@rs 6%%28;?# 69y P azeRtRpIq rewea%wﬂ ke

1-2-neth t d bott
flas Eefl Y%ﬁ?&%ﬁ\@lﬁ%@ gﬁ{a@ﬁ?ﬁ@?ﬁ?ﬁoﬁ%ﬂafﬁtﬁhﬁe%%ﬁ % n%g)rlg)te ﬁlpe p(r)obgmand
an addi t i tempetature thevsatid siaarcgtiectod bnfiltatipn,(Rdledywith IOﬂrbhc)eIOI(ejlﬁ&):xin’BBO g, 0.95

mol ), and 1, 2-di ch) orqet hane (2200 The, reactio ture was cool ed
under a niZ¥ Hgkam é{f\?éélﬁhéfﬁ@lwom'P@@)OWa‘thlUﬂB&PWPPBmﬁ@Wé( (868 & K3 stirred

reaction § ai %iﬁﬁ 0 fﬂgﬁr ute acetic
acid (SOOEnr%yf’g@%@%Vh?tgqg@%r Ii ggbtﬁjtha?%(?n hgg’?‘:esn(%eﬁgjfg'rdes E%H%’een 15 and
22 C. Thufs[) eI Ees P, 0ES, g\e@(rﬁpnm ained for an additional 12 h during which
tinme a white precipitate was fornmed. The reaction m xture was further

cooled to 3-4 C, the product collected by filtration, and washed with
hexane (2 x IL). The product was $ %dq_hn vacuo, yielding the title
conmpound (101) (128 g, 0.24 rml é di astereoneric purity of the
product was def1g 30 '; Riyyreslidia 1."@ &drbehviegy umm. 1H
NVR (CDC13, 400 MHz): . H .

1H), 6.0 (br. s, 211) 7. 65 (app

8.05 (d, 411). 7 -- ynthe5|s
of 4-(f (1 9 -4 012'1%‘% *gé gﬁﬁﬁﬁﬁggﬁﬁgﬁﬁg tén%%ﬁg h“%g@l(r% %%P%I}Sonhenvl )
- but anoi ccoAedddertipéréiure 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% soiution 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).

105



To a 3 L three necked round bottomflask fitted with a nechanical stirrer,
tenperature probe, and nitrogen inlet was added (101) (75 g, 139 nmol),

R-bacl of §§g 2603h1A6g: 146 mmol), THE (1000 nl), and wat epct/i€ibosrbyrasoThe
suspensi on was stirred under a nitrogen atnosphere at 18-20C for 4 h. The

reacti on becane honogenous in 30 mn. The THE was renoved in vacuo and the
reaction mixture was dil ut edEW‘PH erﬁ;tﬁmé&s_ﬁfbutyl ether (250 nL) and
washed with 4 Nq¥ 3010 x oTe - dhlodd\ gani ¢ phase
was separat €dand I The solid
was purified by fl ash chromat ogba_tﬂ_l_glgzsﬁ @_}m lica gel; eluting wth 20%

h fford,th 0% yi el d
acetone 1 NeXRREh & el Rheh bl Bafi oot Rhefii Ron Rkt A o1 ) 20 @
ethyl acefale raémesfaben&dmlﬁsggnqnﬁi&@g gt(b@ltvsg R ffdRn (50 9, 125

mol, 90% yi el d) a white sol I'ast’ere ric prlty of the product
was deter@lﬂ@jl%mrb@l) m%QQOQIILbWId‘IWh@I'(IH]OH'gL)i "Elhﬁmpensuﬁmm:ﬁ "H NMR

CDC13, 400 . 8.0.89 11), 1.15 1.94 2.52 1

A s i

Ex o g% %%?t 3 g ]_;L d in Vatu edct o

f)gzrgﬁguggfm&hgidmz;g@y&m)&n@be&ﬁﬁ:ﬁﬁ%&a&?ﬁv?ﬁz&h{? rlNr]nHé:gl(Alt ¥ SOO but anoat e
i S Y sodi um s

di ssol ut.ra# 2@5@% Thagreais ol fe‘é{e,waa@qqam%@@nwvé& dy i t h

soni cati o, f,0¢, ?vé‘& Phitd E&hd SPlednit vyﬁ?uﬁﬁé@ﬂfﬁag%’ }k&ﬂ&iygﬂp‘ﬁ?&i&@“g

Crystallization Tromelther mxtures of acetone exan
acet at e/ hﬂhd:aeg&; eliftiafg witlp 26¥teacetond ithekiangtth akyred the produek@0eg, 125 imncded t he

titl t stall lid. 1H NVR (CD3QOD, 400 MHz
6 0.90 (OB lé)fsw tr—soyﬁé Crystalfzatign fﬁ-ﬁylsoﬂz'agfcqtﬂ?e 11161&)ane DO m 1), )
2.52 m
305, 08 (B o508 WO YT b TR R PR PR MO0 2 BT g o
Met hods f9ﬂ% da)ramawdﬁtecmhdf The diastetdomefic pavitgef thé prdénoﬂwana@etmmﬁ&dt ro The
tabilit d | uat d t
ising o vavessPeia L BRLC ees shire sotumsy | DR FbEbaodibtal Tt he art
The 8‘386\?;8@3!961 138, 1.1 o8 o), 99448, 1), 298GR P 4seq6d, Ay, BFeved] 2O 74
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 (CD;0D, 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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et o i ot et b

measured. Tissues were obtained fromcomercial sources (e.g., Pel-Freez

Bi ol ogi cal s, Rogers, AR, or GenTest Corporation, Whburn, M\). Experinental
conditio r the in vitro studies are describedyg el ow.
Each prg‘g)a#gf/glgfﬁ&was i ncubated with test conpound at ;'f%f\]_%r%@r%énﬁour.
Al'iquots (50 Lf were renmoved at 0, 30, and 60 m n and quenched with 0.1 %
trifl uor oaBxamplefdi dStandard o dsif eBming : avagd ofjed and

anal yzed by LC/ Ms/ M5 (se Exa - e. 86 bw Cor et hod details). Stability
e S i ifro

of prodrugs towards specific pepti dases, etc.) were al so

assessed in ViThe@tdbilitied ©8Proidngd wiré Bvdlit@ed Plbineidr 26bre Bz iR syfiemsr eat i n
Stability: Stability studies were conducted by incubating prodrug (5 M

with é :@%Wg@)vaﬁ&wfébsuwre&ryms fellovging metth QWD}mﬁlq%thhﬁas) in 0.025 M
Tri i-ni 5 ,37 6Q0.m.n. T i
wns’ ot osHenRlN AN ptodpl MOGhe B Bufierlas B 1 20,00 ap0 8D e At Fon

14, 000 r pieabered. Tstdsiwert BBtafep dfonatcninetvid so@ByV@L. vl Rew yzed by
LC M5/ M5, _Caco-2 Honpbgenate S9 Stability: Caco-2 cells were grown for 21

days pri éHologisalsaRogers.iARy, or GanT astarperation, WieburaiAdd Experimentel nonol ayer s

were rin . SG. -0f £ i Dt col.d . spdi,um ghosphate/ 0. 15 M
pot assi ‘u%&g 1ﬁ§fr?s| %sgf& f%ﬂﬁg'fl %;méﬂ.\dfess a%@gs%@esdég wesgﬁ?lg‘gt {ﬁéﬁﬁ at 4C using a
probe so ?téiﬁfa@fon wasSachbart vithesteonipband itr3ameffer srkchdun! Alijudts {30 centri f uge
vial s and centrifuged at 9000 gqur 20 mn at 4C. The resul ting supernatant

(Caco- 2 ¢d) werdrasied @039, arded mimndguenehadywidh 8d % triffuprercstiocidi al s and

stored at._ - . 4, U b S ' was
i ncubat egn f‘l%g%%,a{égé'Zgﬁ :Eﬁ‘%ggﬁ%l&ée@tg&@f%%@%%%dRgiyw(ser m.) for 60
mn at 3 Bamply@Ebdlowifbronethod detalls)c Stabilitgiof grodaunis towheis spetiiacl of en were

determned at zero tinme and 60 m nutes using LC/ M5/ MS. Data fromthese
st udi es eBZYNORIEE Reptidasest gta Javere alsg asapgyed g BityIm wsubatipnaiiote/ 027330

Tabl e 1. %ﬁg&lgﬁzglm%)ndi tions for Prodrug In Vitro Metabolism Studies
Pr epar at Pon BuB%™Ate Cofactors Concentration Rat Plasma 2.0 M None Human

Plasma 2.0 M \WemerealiatStdbitipr Stabilidy Sudibd\ABiRonducted by incubating prodrug
(5 pM) 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 metﬁanol. After centrifugation at 14,000 tpm for

10 min, the supernatant was removed and analyzed by LC/MS/MS.

Caco-2 Homogenate S9 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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(0.5 mmL Human Liver S9 2.0 M NADPH* . (0.5 nL Human Intestine 2.0 gM NADPH*
SO (0.5 mnlL Carboxypeptidase 2.0 gM None A (10 units/nL) Caco-2 5.0 pM
None fegncreatin 5.0 Ji m None *NADPH gener at ppg ¥0?)§B£‘933(? g., 1.3
19\ NADP+rW§%g&r§/? ?‘ucose 6- phosphate, 0.4 U nL gl ucose- g %%osp hat

dehydr ogenase, 3. 3 mM magnesi um chl ori de and 0.95 ng/ nL potassi um

phosphat e, pH Talle 1Ta$:tanda2d C%@ﬁolﬁrf@d?t@r%hmlﬁnvd‘éefﬁb%m Sedidsof en Rel eased
from Bacl of en Prodf i parations (10)

(12) 14 1 (18) (20) %epaﬁ‘ 1007 %; (f;%bi'iﬁ'&?o 105/ 0 100/ 0 107/0
pH 7.4 101/3 100/0 {103/1 100/0 0= °"|“f¢ﬂ 8/11 pH 8 0 98/9 105/0 102/2
100/0 102/ 0 103/ 0 90/ 2RePlammasmy 8524512/ 14 55/ Nensa/ 40 39/ 60 92/8 11/93
Hurman Pl asna 64/26 B5/5 90/ 10 62/[20 61/27 82/]9 96/3 Rat liver S9 0/78 3/100
2/99 1/100 1/100 25| 7Huad Plasmg0./5 m2tpMuman Li vdlon&9 1/80 1/100 2/ 102
1/100 2/100 1/100 4105 (0.5 mrlL Caco-2 S9 2/ 96 2/100 2y 97 1/100 1/100

1/ 100 15/87 Pancreaﬁpatﬁ{,e%ggla 77 2ol 17 qquptppl 82/ 24 108 WO
2005/ 019163 PCT/ US2000 A@% m)m(_%) (27) (30)| (33) (34) (40) 43 pH 2.0 101/0

102/ 0 100/0 100/0 1p% u‘nTan WS SPTTT 20 oM NADPH*
(0.5 mg/mL)
Human Intestine 2.0 uyM NADPH*
S9
(0.5 mg/mL)
Carboxypeptidase 2.0 yM None
A
(10 units/mlL)
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

10 | d2) | a4 | (16) | (1A8) | 20) | 23)

pH 2.0 100/1 | 100/0 | 100/1 | 100/0 | 105/0 | 100/0 | 107/0
pH7.4 101/3 | 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 S9 | 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

108



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

Pl asma 9
4/ 101 1/

B e

1/ 105 61/ 39

97

5/8 96/4 90/2 101/2 100/2 Rat Liver
(0.5 mL Human Liver S9 4/91 8/79
(0.5 ng/ L Caco-2 S9 2/95 27/67 24/ 70 3/95 2/100 15/85 51/49

PoRg

SR8 1/ 85
BET>%) 100

Pancreatin _22/84 71/9 90/9 46/52 81/18 43/58 82/4 51 (57) (59) (62) 84) 85
(86) pH 2.p 100/0 100/0 {16250 [1a27)0 [8%3®) d2/(83)101/(84) pH 0y [0743) 100/ 0 103/ 1
94/2 84/0 D2/ 0 ¥92D pH 81@1/91/ 02007 (007 (21830 940/0 [93631090/FB/0Rat Pl asmma
31/ 72 82/ 1p-2/85 5/95 91 [12 1/183 Hiwan Pllaspe 53/50 713/ 14 77/ 11 84/ 2
89/ 4 95/ 4 [3/ 1PH Bk leel0@@ 210058 [2876. |2/788) A/ 800/8/]0106/Do &/®2 (0.5 m
. Human L ver s39g®y 91 17 860/4/182001 69 82/384 2094 216070 [(Yo2M Wa/daco-2 S9
3/100 2/ 10f—3k304 1/8971u,r Hi2gho AELERYI 441 B0 Lol 75 A8H50 1/ 79
47140 157 6n 4RFEPIaEmAY (o F9q J212/84 58/@% 7’3@ T8 82480 6185/ 101/ 0
100/0 pH .4 92/0 97/9 5/0 98/0 170/Q (dH 8 0193/1 94/1 9 0 100/0
Rat Pl asma| SHumag®lasmal 2/ B3/4/|682/12/|885/8HmR6/4P! |a 90K g1101/23) 2088/|1 89/ 3
98/2 Rat |Liver S9 3/85[22/70|6/88 3/85 3//97 (0.5 mnL Humah Liver S9 1/78
1/78 4/ 80 [/ 8Rat3/iter SA 0.5 18 nL)o/sal |1 1485cq- /169 |514006/ 1§96 S5/3%7 7/ 90 17/ 83
(0.5 mg/mL)
Human Liver S9 | 4/91 | 8/79 | 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
(51) | (57) | (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
RatLiverS9 | 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) | oD | (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 S9 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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Pancreatin 9/68 11/78 85/7 68/ 27 90/6 109 WO 2005/019163 PCT/ US2004/ 027330
Exanple 85: In Vitro Determ nation of Caco-2 Cellular Perneability of

Pr odr ug The trans-epithelial cellular permeability o bacl of en
and bacls‘gf)@ﬂosméggpogs maybe. assessed in vitro using st%ﬁgh%&%?ﬁg%s wel |
known in the art (see, e.g., Stewart, et al., Pharm Res., 1995, 12, 693).
For exanple, cellular per meabl lity may be evaluated by exam ni ng the flux

of a prodrug, ac ] 0.
cells). gg “ﬁgFﬁg ¢l 8 |ess than

28) were seeded at high den5| ty onp d‘F{l@swel I poI ycar bonate filters. Cells
were maintained wiwth DVEM/ 10% fe calf serum+ 0.1 mMM nonessenti al
am no aci ds +The ihhg-epitheliabegllae pérn@sbiigpof Badrugs of badmnda@'baxﬂoiiehe

VES. byt PR IRRERT kK AR rsg SepaRet oo B e B ek 1 o
NaHZPO4, o3 | 'S‘iév@&rH%Péﬁ)Plﬂi}ﬁt RE& 719@5b1923@b§‘)t qfo@'ek%z‘rnﬁ]!encéﬁlﬁf%enﬁéﬂbﬂft?ed sal t

sol ution “dontai Ri ng 10 in’the presence of "'ux punp” inhibitors
(250 M mayHgtyalased Iblyveamp:ang th,e ﬂ];xmtf/a@tddwga@rnss a ¢uit.ue¢d polexized cpllaced in 12

or 24 wel |l | at sc uf f ated for 30 mn at 37C
Prodrug %8 P S Hgg‘? é‘belngé?gt g CORILTIONS CWBS t ment (donor)
and conc ki uéaslaaasafzgweéé k&decﬁmﬁgfdénewaﬁtecrrw Slydaghdnatet he opposi te
conpartnent (receiver) were determ ned intervals lover 1 hour usi ng

LC/ M/ Mefiltets| Gietls erreampmtmdwéhmlﬂ/lho% fergd cplf sanet Oall mM at ed using the
equati on;

Comar ¢ naARewatA amigbiagids L4 e e 90 G 9% SR ER LA RS ar g

(Ms), dﬁm&e@é&%ﬂlwsﬁhi@p%efmhb&tm atpH)ts 5. apRIAAS M AL MRMES t he

recei ver conpartment versus tinme; C. initial concentration of
pr odr ug bmfngonﬁmngﬂWs@a@la,dengCbﬂiOImMTHaﬁ} 3meM RCtipnMpr ef er abl y,

B%j‘;‘;r o el B N gludSeh) and B S F?eaﬂfsyfn’f%ﬂeké et S&Bt?stoﬁf:?ﬁxvi"of‘é ff
7 . Typi
\Sal 3es o] Iﬁ&lﬁlj\ﬁgobt al nH%?PF,S ﬁgﬁxpr%ﬁ@oggggfg(fs alrrﬂeﬁbsnf?lr)svxg'?siégd\t?hg fgl I ogmpnga

tabl e: 1MK-571,250 uM 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 (Pepp)

were calculated using the equation:
Papp =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 (uM/s), determined from the slope of the plot of
concentration in the receiver compartment versus time; C, is the initial concentration
of prodrug in uM; A is the surface area of the membrane in cm?®. Preferably, prodrugs
with significant transcellular permeability demonstrate a value of Py, of =1 x 10
cm/s and more preferably, a value of Py, of =1 x 10”° em/s, and still more preferably
a value of Py, of =5 x 10 em/s. Typical values of Py, obtained for baclofen
prodrugs are shown in the following table:
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WO 2005/ 019163 PCT/ US2004/ 027330 Compound Papp (apical to Papp (basol ateral
to Ratio basolateral) cnis apical) (crn/s A-B/B-A (10) 1.1x10 9.2x10" 1.2

12) 1. : " 5.9 14) 2.2x10" 5.3x10" 4.1 16 p x10' 5.1
2183 6. A0oited 0. >1 0, ((2%)) 0 110 7 omrto 118 (%g)?"@%’qé?ﬂ}‘fﬁ% 1.4 x
10' 4.1 (27) 6.5 x 10" 9.4 x 10 6.9 (30) 8.7 " x10 2.3x10' 3.8 (32
3. 7x10" |4. ocotpousd (3¢) Z.PXdficalto 9x]0P,] (Hasola@Bltd. 5 x 10 Ratib x 10"|1.1
(40) 6.9 x 10' 3.0 x 10"baRoBteril}&m/d) 2 x abial)l(chv/s) 10| 2. 3ABASMA 1.1 k 10"
ég X i(‘ 0. 5@0)50) 2. px10’ llxéry()lﬁt) 1] (bDb)x720® x 107 9.6 ¥ 70 3.0 3(23)

.5 X AT(7T o —1-3x1 5 (722 8X1G o 8. 0X10] 3.
(73) 2.2 2ol #)8 i - {o&,@f{ 4 Bx 10" ‘1’;@;3{1@ w-(“ 2- (r8§59¢5‘x‘i6 . 9x10
7.9 The ,Lng(l‘D tr.} s—i-abt nggcn tha. se@é‘ 1gs t-hetprodru s diseloked
her ei n have_hi cellullar nﬁrrﬂ‘pw%l ity and @}%WrL he \pl I ah§nlr hed frbmt he
intestine Wt#E) he except®dx B compound56r0i0°t he apical -tlel basol af er al
per meabill i ti ed20f thes¢ proBdog)’ significdftt W%xceed their1l.8
basol at ¢ral -t q28)i cal per nesBix id7 es, | suggests by t hat [t hese 4cbnpounds may
be substrates @y actiye trggsp@* nmechani sopg pgesent [in the gapi cal
nmenbr ang—of C356) Cer TS (T hogighy e COMpongRt, phs T ST ranscgﬁ‘gui ar
per meabiity— 33 37%10° 49%10° 7.6

(36) 29x10° 1.9x 10> 1.5
(38) 1.5x 10° 1.4x10° 1.1
(40) 6.9x 10 3.0x10° 2.3
43) 42x10° 1.8x10° 2.3
(48) 1.1x10° 1.7x10° 6.5
(50) 2.5x 107 14x10° 1.8
(51) 29x 10 9.6x 10° 3.0
(53) 8.5x 10 3.6x 107 2.4
(71) 9.2x 10” 1.3x 107 7.1
(72) 2.8x 107 8.0x10° 3.5
(73) 22x% 10 6.8x 10° 3.2
(74) 1.0x 10" 89x 107 11.2
(78) 1.5x 10 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:

Uptake of R-Baclofen Following Administration of R-Baclofen or

R-Baclofen Prodrugs Intracolonically in Rats

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 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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may al so be nedi ated by passive diffusion). Exanple 86: Uptake of R-Bacl ofen
Fol | ow ng Adm ni stration of R-Baclofen or R-Bacl ofen Prodrugs
Intracolonically in Rats Sustained rel ease oral dosage fornms, which rel ease
drug sl oW0208¥¥P143er i ods of 6-24 hours, generally rel FSFEURIGHOFMPi cant
proportion of the dose within the colon. Thus, drugs suitable for use in
such dosage forns preferably exhibit good colonic absorption. This
experiment was conducted to assess the suitability of baclofen prodrugs for
use in an oral sustained rSiepascAdmisisieation Brotodédl WO 2005/ 019163

PCT/ US2004/ 027330 Step.A:. Adni ni stration Protocol ts r bt ai ned
comercial ly WF@E%I"éqdccé’Hﬁﬂ?r& ¥ and, wersPrg sy lpted i WZW@VE‘S col on and

the | ugulageniizRolofHndThSjupBIae vER AniAMS wte édpBciblis® tBE tipldSr e peri ment . All
animal s were fasted overni ght and until 4 hours post-dosing. R-Baclofen or

bgczz | of en epmimmsﬁaliaﬂnjmals I@)r% fa_(sw_ﬁ)oivem@l) and @mtjl,4 K@@y pogtaBying( 40) , ( g é)G 200
, n re adm pi ed..as ut.j,on or
fji r)ect I(yq{qkﬁ‘ﬁgpepﬁ?égﬁ‘g?%ﬁ p\;?cgmg%@Oigﬁ#)ufqiﬁg)ﬂﬁ‘}asﬁli@ﬂ,%@ﬁ{ﬁ% 10 ny of )

pacl of €T (§2)14106) &5 Q04 PHere/entifidieretas AiblutiBh P 8GN 1980 UBoPaifelly Wer ©

obtai ned fromthe jugular cannula at intervals over ours and” were
quenched intatthedioderevi thecandulatat e dosd equistaleahtsl 1Q mg qfbaclefin dquivtalents conver si on

of the prodrug.. Bl ao es r n zed .gs. descri bed el ow. .Step B:
Sarpl'e. pPEEA thdvcetel TEP Se ot PR AR oS EEP I S e SR ect eq. a
di f f er entyt inkd¥Pa1P 6V EhRRSankDR e duefthed iR divRSy bRad8Hoh BE RieBAnsReendor f t ube
containing 300 L of nethanol and vortexed to mX imediately. 2. 20 L

of p- chl opogyeeittheranonmersisnof dokipradaig. Bloddeampies| were analarell as @®scried plL of
met hanol s added into each tube followed by 20 L of

p- chl oroé’\é@ﬁ'yl alanine. 90 L of blank rat blood was added to each tube and
m x. Then 10 L of a bacl ofen standard solution (0.04, 0.2, 1, 5, 25, 100
g/ L) was added to nmake up a final calibration standard (0.004, 0.02, 0.1,

0.5, 2.5, 10 M niL)Ste@B: aration forxcalonia as rdrigged at 14, 000 rpm
f 10 mn. .S t ant k C/ vs/ | vsi
O 10 M N\ Rt 5108 Wad calectost difeemt tt poits and 100 322 Phioed 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 pL of
p-chlorophenylalanine. 90 pL 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 API2000 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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Step C LC M5/ M5 anal ysis An APl 2000 LC/ M5/ M5 spectroneter equi pped with
Shi dnmadzu 10ADVp binary punps and a CTC HTS- PAL aut osanpler were used in

t he anal%%@%s/ﬁ%éghenonenex hydro-RP 4.6 x 50 mm col um, ébb?&ﬁgngb”' ng the

anal ysi s il e phase was water with 0.1 % form C aci
acetonitrile with 0.1%formc acid (B). The gradient condition was: 10%B
for 0.5 min, AtFuholooSpmBywssuica was Bsed an the APE 2006 Theamadysinva9deneBn or 1.5

mn. The_nobile ph ned.to 2 112 WD 2005/019

PCT/ uszoBﬂ?‘B&ei‘%dm AR MEM B %*31}"/ @&I}@él St UEedi? B aABtSeS " 2000, The
anal ysi s buélsfel QRERN ranfi€ishs mﬁesaomorfeﬁ? NgM gz 892V @R ink/k 9M2/040 Mz 214/ 151
was used in the analysis of bacl ofen transitions niz 330/240 for (10),

m z 392/ $ar(28) /g 400 24(hfor (2B)2maAD0/ 249 fox @3), m/e 3T 2/240 69r308), 7wz (25), f z

0 240 i B B oo P eOP by il patR ?a?ﬁ)?%eéf?f%m“ﬁgéf‘z‘ﬁof For

(104) Wer(ﬁ)(l) 284 )100/2% Rr (P04)vi%e 8360 ©SUIVEL e sithpleb Rre fle&tedD efes vere

integrated Using Analyst 1.2 quantitation software. owi ng col oni c
admi ni st paakso;vemintq:gratdd using (Ad)yst {.23nant{t2iin sofi@vare. E&B)wmgieal)omc( 40), (51),

(i}, adkuunisgion opalodress (VB B eRL BB LS A STTd0BL lbolEian VS, 11 o

curves (pg4) tﬂﬁh%clﬁilﬂpblfaérﬁél@Mdéntr&{o?ﬁfoFR-ﬂa?lo%éﬁ tdl)), hdRell biidle apdoduced from

colonic admnistration of R-baclofen itsel i's ‘data denonstrates that
these compdernbisbarinfebplasma nuh@n&dtlcasvsc timeaesivtes (AYC) svdre aiighiichotly enhanced

b ti f.ect d | to
i i e BERSGE A 1 B RS PR R PGS PRI TR PARCRAER ARG bl of en
anal ogs. T@@J@J&n%sﬁﬁ@@fmﬂﬁké Ekﬁﬁﬁcﬁﬁdé’&aﬁb@%ﬁflﬁ@d EOLoHYdsibrsNt F avenous

Adm ni stration to Cynonol gus Monkeys R-Batl of en hydrochl ori de salt was
adni ni st ewigable ﬁr’mlmoﬂhﬂsoq;nmranﬂ@usffemIsegtmne@r@lwsaqﬁbmlefesoI ution by

|ntravenou boI us. in ti.on.into t ose of 1.2 ng/kg.
Bl'ood afiess nirtibE prite seihek e BiAnE etinic frtaptedibdte, "2 hour S
post - dosbagofeﬁlaggg yas processed imediately for plasma at 4C. Al plasm

sanpl es were subsequently anal yzed for R-bacl of en usi ng the LC M5/ M5 assay
descri bed above. The nean R-bacl ofen exposure AUCI" f = 3.6 h.gg/nL.

Example 87: Pharmacokinetics of R-Baclofen Following Intravenous

Administration to Cynomolgus Monkeys

R-Baclofen hydrochloride salt was administered to four male cynomolgus
monkeys as an aqueous solution by intravenous bolus injection into the saphenous
vein at a dose of 1.2 mg/kg. Blood samples were obtained from all animals at
intervals over 24 hours post-dosing. Blood was processed immediately for plasma at
4°C. All plasma samples were subsequently analyzed for R-baclofen using the
LC/MS/MS assay described above. The mean R-baclofen exposure AUCiyr = 3.6
h.ug/mL.

Example 88: Uptake of R-Baclofen Following Administration of
R-Baclofen or R-Baclofen Prodrugs Intracolonically in Cynomolgus Monkeys

R-Baclofen hydrochloride salt and R-baclofen prodrugs (5 mg baclofen-eq
/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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Exanpl e 88: Uptake of R-Baclofen Follow ng Adm nistration of R-Baclofen or
It Bacl ofen Prodrugs Intracolonica in Cynonol gus Monkeys R-Bacl ofen
hydrochl Qri d |t and R-bacl ofen prodrugs (5 ng bacl of en- re

admi ni st r()e%?%?@l%b‘%’oups of four .mal e cynonol gus nonkeys Pé&/ﬁﬁpﬁéq%g ueous
solutions or suspensions in 0.5% methyl cellulose / 0.1% Tween-80 vi a bol us
i nj ect i onhélprogizhdloloal(BpprbL. 10ihekesyhdn@fludroshopl| Ménkeqaeteaightigr col oni c
delivery a_flexible French catheter was inserted into the rectum of each

nmonkey arfgdatsd enakpinisiratian ofEelazal keprinsdumerasogs 04/ washewiperiod of i oxi mal

I ' i . | 4 dat ed
by adm nEsF3 3 Seys Wl Tlonds bt con tRERAA o hBRSEUSHE oqd b, 02751 5
| east 5 twerd oblained waintaaldloves JdiomeeamdiwaraimpietatelfFqudmehed gndlosi ng, bl ood

sanples were obtained at intervals over 24 hours and were immediately
quenched PapRessediprlasayakHe. Alhplasma sanaples were sybseghentbanalwed §@r e

subsequent bciaRalxd ilad Broded: RAGL AT AIMSUAR] dBba0dbatal N0 the LO/ M/ NS

assay desc ove. ng-coloni ¢ adm ni'stration of prodrugs (12),

(22), (25ollofvitd) codordic bdiinistiation ofiprodrassi(I2)a@2), (25)) 40y tandt(EDNtheof bacl of en

(CmJ, as wel |l as the area under éhe bacl of en sma concentration vs. tine

|
curves (AU Rlasmasoneenizations obbaclafen (e, @‘?’6‘?8"} thergsen yndst thsr oduced from

colonic Rl ' I | ; Il . i Lni stration
of (92), Eb?[if(gg%n%é%%ﬁd(%ﬁ?d%aﬁggﬁzge@%ﬁ%éf@@%) ﬁgﬂggg%?ggﬁﬂﬁg eﬁé\/jfer(%e greater

t han 10- f2fodd)tthat thpt prddwced ffono oolonic adininistettioniof R-badl @fien dkelB-vdalel of en
Itself. This, dafa denpnstrates. that these conp ds y be fornul ated as
colrrposi tglﬁﬂ%ﬁ@%ggéuqrb?{@%ém&nﬁm g{ngﬁecgﬁgﬁe}ol}% ?’@@5‘?@% bist ai ged
rel ease r [ i AGh: £ K r api
system c cﬁrgg?e%r?ge ofmnl? d;ggt%rggﬁegg&;ﬂngﬁg ogs?. g?r%#?% %g?fgﬁe of

R- Bacl of dtselfoThizuiatagiefXonbtraiesrthat theseadonpounds mby Bafdrofudatedandr ups to

Cynonol gus Monkeys The R-bacl of en_ prodrugs,  (92) and (104). (5 ng bacl of en-eq
1kg) wer OMpaFHIARSTuaaklg |§W£$\a%‘l’ed@§§(§§€°1% @%?roqf%%t%? systamcdglease9fonol gus

col 11 os D25 Efa EploR o AMBEHAICE Rl eclBhcy B 5 PERTLARAE el BE 1 ol s
wer e obt ahesedacivfennhelogal s over 24 hours and were i nmedi ately quenched and

processed for plasma at 4C. Al plasma sanples were subsequently anal yzed

for R-baclofen and intact prodrug using the
Example 89: take of R-Bacleien 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 cynomolgns 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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LC/ M5/ M5 assay descri bed above. The oral bioavailability of both prodrugs
(92) and (104) as R-baclofen was determ ned to be greater than 80%

Finally, it should be noted that there are alternative ways of inplenenting
t hedi scl osures contai ned herein. Accordingly, the present enbodinents are to
be <considered as illustrative and not restrictive, and the clains are not
to be limted to the details given herein, but my be nodified wthin the
scope and equi valents thereof. Al publications and patents discl osed
herein are incorporated herein by reference in their entirety. 114 C ains
1. A nethod of treating or preventi @impasticity conprising admnistering to
a patient in need of such treatnent or prevention a therapeutically

ef fective afmmathodaff t@atirgngrquesentifg spasticity lcamptiging &@nidistdring th\alpatkéntid X Y F O O
m or mediofawbuicamadnt yr precapiba bliershticlly Bfekitbie amonnt ¢fal coaipesnd éfer eof

wher ei Rornfdia (Ig sel ected fromthe group consisting of acyl, substituted acyl
al kyl, substituted al kyl, aryl, substituted aryl, arylalkyl, substituted
arylal kyl, cycloal kyl, subsiituted cycloal kyl, cycl oheteroal kyl,
substituted cycl oheteroal kyl, hetleroal kyl, substituted heteroal kyl,

heterogryl, _substitutBld heferoatlyl, heteroarylal kyl and substituted
het er o3I | ; R3 e J %ggﬁﬁently sel ected fromthe group

consi sting of drogen, al kyl,”subs¥ituted alkyl, al koxycarbonyl,
substi t ut @d carbonyl, aryl, substituted aryl, arylalkyl, substituted

aryl al kyl o cycl oal kyd, substituted cycl oal kyl, heteroaryl, substituted
heteroaryl, heteroarylal kyl and substituted heteroarylal kyl or optionally,
R2 and R3 together with the carbon atomto which they are bonded form a
cycl oal kyl, substitut’ed cycl oal kyl, cycl oheteroal kyl or substituted
cycl oheteroal kyl ring; R4 is selected fromthe group consisting of hydrogen,
al kyl , opiggpacewicaly afqeptablesaly, hydratss or solivates theteqli whereipr al kyl , substit ut ed
aryl al kyl, aryldial kylsilyl, cycloal kyl, substituted cycl oal kyl,
cycl ohet eroal kyl , substituted cycl oheteroal kyl, heteroal kyl, substituted
heteroal kyl , heteroaryl, substituted heteroaryl, heteroarylalkyl,
subst i Ruisselesfed Epmahe Broup gpnsisting of agyksnistityped acyhalkyh, spbstigwpdalkegaryk om t he
group subsitutediand, asylabkyh sebstitntestarplalkyl, cheealkdasupbtituted cyelpalkylt ut ed het eroaryl .
cycloheteroalkyl, substituted cycloheteroalkyl, heteroalkyl, substituted heteroalkyl, heteroaryl,
substituted 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, cycloheteroalky! 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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-115 2. A nethod of treating or preventing spasticity conprising
admnistering to a patient in need of such treatnment or prevention a
pharmaceutical conposition conprising a therapeutically effective anmount of
t he conpound of Fornula (1) or a salt, hydrate, or solvate thereof
according to. claiml and a pharmaceutically acceptable vehicle. 3. The

nmet hod of claim 2, wherein the conposition conprises an oral dosage form 4.
The nethod of claim 3, wherein the oral dosage formis a sustained rel ease
oral dosage form 5. The nethod of claim4, wherein the dosage formis
adapt ed RO Adenethodlolf esmihgly peevpadingesphsticity canpiéding @lnministediflg €ea pdtendidsage form
into an intestinal |unmen of the patient; the dosagﬁ form further being

adapt ed PePdrdsuesEeairment Op RISYEHIN GPhRRACEY | SOMRISHABAPTYIFAE® the i ntesti nal
| umen of yehgeRitallf effg&ao@an@uwfk&dcomgogwﬁpﬁ&har(%ﬁ'ac&aﬁ,wd{a@ef,wopgalvéme

gradual rel ease causing the conpoun Formul a to be cleaved after
sai d swalhepasif agrotdingtoonldiniel andtdphaapangutically eenspehlervghiclen t he conpound of
Formula (I) in the plasma of the patient. 6. The nmethod of claimb5 wherein
t he period of hours conprises at |east about 6 hours. 7. The met hod of
claim5, wherein the period of hours conprises at |east about 8 hours. 8.

The met had THe mdthodofTlaiind e ixhiertirt the carposittbnadonipeiséssanceaobspeSommt. | east about
12 hours. 9. A nethod of treating or preventing gastro-esophageal reflux

di sease conprising admnistering to a patient in need of such treatnment or
prevention a therapeutically effective anmunt of a conmpound of Fornula (1):

-116 0 &~ Fe meffidd MR14nG, MhefeiPRa bR asaEE Sl iy a 3¢EARIABle8seSRhIlddsaghy dr at es

or solvates thereof, wherein: RL is selected fromthe group consisting of
acyl, subbgm.tuted acyl, alkyl, substituted alkyl, aryl, substituted aryl,
aryl al kyl, substituted arylal kyl, cycloal kyl, substituted cycl oal kyl,

cycl ohet eroal kyl, substituted cycl oheteroal kyl, heteroal kyl, substituted
het er oal kyl , heteroaryl, substituted heteroaryl, heteroaryl al kyl and
subst i t utedrieahahabofididmldy wheféth thadodage form ik Bdbppsind dasylleaddastagshtibntom t he

group consi sting of hydrogen, .al kyl, substituted | kyl., al koxycarbonyl ,
Substi £ uiTRerae] tR%%gpé&?%@ﬁﬁ%?%&f% i ppdipieptinab bmep of the aljpns] g AOSage, A8 1 vt el
further being adapted to release the compound of Formula (I) gradually into the intestinal
lumen of the patient over a period of hours after said swallowing, the gradual release causing

the compound of Formula (I) to be cleaved after said swallowing to provide a therapeutic

concentration the compound of Formula (I) in the plasma of the patient.
6. The method of claim S wherein the period of hours comprises at least about 6 hours.
7. The method of claim 5, wherein the period of hours comprises at least about § hours.

8. The method of claim 5, wherein the period of hours comprises at least about 12 hours.

9. A method of treating or preventing gastro-esophageal reflux disease comprising
administering to a patient in need of such treatment or prevention a therapeutically effective
amount of a compound of Formula (I):

-116-



aryl al kyl, cycl oal kyl, substituted cycl oal kyl, heteroaryl, substituted
heteroaryl, heteroaryl al kyl and substituted heteroaryl al kyl or optionally,
R2 and R3 together with the carbon atomto which they are bonded form a
cycl oal kyl, substituted cycl oal kyl, cycl oheteroal kyl or substituted

cycl oheteroal kyl ring; R4 is selected fromthe group consisting of hydrogen,
al kyl, substituted al kyl, aryl, substituted aryl, arylalkyl, substituted
aryl al kyl, aryldial kylsilyl, cycloal kyl, substituted cycl oal kyl,

cycl ohet eroal kyl , substituted cycl oheteroal kyl, heteroal kyl, substituted

het eroal kyl , heteroaryl, substituted heteroaryl, heteroaryl al kyl,
substituted heteroarylalkyl ialkylsilyl; and R5 is selected fromthe

group §0n3| S |ng sufdstit yted ryI, F@eteroaryl and substituted heteroaryl.
10. A ne iAQg gastro-esophageal reflux disease
conprisin nlsterlng to the pa ient in need of such treatnent or

ha

preventlo gPageutical  conposition conprising a therapeutically
effectlvecannunt of @ he compound of Formula (lI) or a salt, hydrate, or
sol vate thereof according to claim9 and a pharnaceutically acceptable
vehicle. -117 11. TW@ met hod of claim 10, wherein the conposition conprises
an oral dosage form*“12. The nethod of claim 11, wherein the oral dosage
rmis sust al. ned reIe e oral dosage, for .. The met hod of claim 12,

wher ei fif @}?8“%8%%‘ Y gt Eeség%ﬁ/%f&‘eﬁ 89%""%‘?/%@%‘\’%@8}‘5‘37‘% patient in order to
i ntroduce the dosage forminto an intestinal |lumen of the patient; the
dosage form further being adapted to rel ease the conpound of Formula (1)
gr adual_h he ntestlnal n of the t i od of hours
2 ter YS e@ awit s %rasFE 3 ubineb gy ﬁ‘a‘yl’tsﬂ stigad gt For mul a
(1)t oSubstiied a0 prylptky). suby Bt syclediyly gipstifited cyelasliyleut i ¢
concengyeiehetsroallyd, subsi @ie%aycwherfmamldl qrgalky, &uheltgqe%ﬁtﬁm@fky{ hetepparlent . 14.
The mesubsttutetl heteznanyl i terhary kaiky! tlmbsuibetrtw@dh@iﬁrohtyllﬁl ylconpri ses at |east about
6 hours. 15. The nethod of claim 13, wherein the period of hours conprises
at | east about 8 hours. 16. The nethod of claim 13, wherein the period of
hour s cgnprlses at | east about 12 hours. 17. A nmethod of treating or
pr evenRi ard R arg insdopendensty sedgiedtfiapnthe gnypi consigsingdriihpdroger, iabkyl, sebstitutgsat i ent i n
need o#lkglyalkoxycedongnsubstitupdelienydaobongl, nhérsapsingted atyl, \ardélkglc subsétuedount of a
conpouadlaliofl, dycloatitl i s§tsjitutedlclBlobtkyDhet¥fohryRSubstituted 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 heteroarylalky! or trialkylsilyl; and

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

10. A method of treating or preventing gastro-esophageal reflux disease comprising
administering to the patient in need of such treatment or prevention a pharmaceutical
composition comprising a therapeutically effective amount of the compound of Formula (I)
or a salt, hydrate, or solvate thereof according to claim 9 and a pharmaceutically acceptable

vehicle.
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O O mor pharmaceutically acceptable salts, hydrates or sol vates thereof,
wherein: R is selected fromthe group consisting of acyl, substituted acyl,
al kyl, substituted al kyl, aryl, substituted aryl, arylal kyl, substituted

aryl al kyl, cycl oal kyl, substituted cycloal kyl, cycl oheteroal kyl,
substituted cycl oheteroal kyl, heteroal kyl, substituted heteroal kyl,
heteroaryl, substituted heteroaryl, heteroarylal kyl and substituted

het eroaryl al kyl ; R2 and R3 are independently selected fromthe group

consi sting of hydrogen, alkyl, substituted alkyl, alkoxycarbonyl,
substituted al koxycarbonyl, aryl, substituted aryl, arylalkyl, substituted
aryl al kyl, cycl oal kyl, substituted cycl oal kyl, heteroaryl, substituted

het er oar yi, Tl’fe&hah@%ﬂ’dlﬂlnkbd whaieth tﬁblb@rhpdsittcﬂd:ohl@h@d’s%ro)‘ilaibkagb févn.opt i onal |y,
R2 and R3 together with the carbon atomto which they are bonded forma
cycl oal kyl, substituted cycl oal kyl, cycl oheteroal kyl or substituted
cycloheteroalkyl ring; R4 is selected fromthe group consisting of hydrogen,
alkyl . SUbSHHER &f deih 1 13 WhkreirsHE Sl awagéiforﬁnyg sustHiRdatEf e orfl WBSgE t Ut ed
arylalky aryldial kyl'sil1yl, cycloalkyl, Substituted cycloal kyl,
cyclohetémvalkyl substituted cycl oheteroal kyl, heteroal kyl, substltuted

het er oal kyl , heteroaryl, substituted‘heteroaryl, heteroarylalkyl,
substituted heteroarylal kyl or trialkylsilyl; and R5 is selected fromthe
group consisting of substituted aryl, heteroaryl and substituted heteroaryl.
18. The metTiethahoddflaimlin, whbincthe désage fbmds hdapted|te bt ewalfovashblyhgagemup
consisting of alcohol, njcotine,, and narcoﬁlcs -119 19. A nethod of

treati ng NP QiRfEdugs thy dasage iferm imknasrintesting! lumen of Shenatiany: the dgsagafqrant i n
need of s, Jouyicl t i [ conpr|5|ng
ot her apaat BoF SR (B el e U o B T e R e ey

sal t, hyduwmseneqf the patiehtvatera pcrl'rmiraichbua(aﬁelr:dld‘@vailowm@thmgtﬁduamﬂwse causmg
pharnace |caII ta % of claim19, wherein the
Pormos: t HnFonnind SOG4 B obatse 416 A DYTONIEE Rernied biRecpai 20,

wher ei n &:&a:eﬁmiondp&aﬁ@&uaa of FemulsUpinahd\GldsniLoaBS pathel dosage form 22
The nmethod of claim?21, wherein the dosage formis adapted to be swal | owed
by a patient in order to introduce the dosage forminto an intestinal |unen
of the patient; the dosage form further being adapted to rel ease the
conpound 19 TiGhihbPof didimIf SR hd SUkiBd o Rour LSRR8kt 1edst AR Bholige_pati ent
over a perlo ours ter sal oW ng, t e gradu rel ease causi ng

t he conpound of Fornula (I') to be cleaved after said swallowng to provide a
t herapeutic

15. Tne method of claim 13, wherein the period of hours comprises at least about 8 hours.
16. The method of claim 13, wherein the period of hours comprises at least about 12 hours.

17. A method of treating or preventing drug abuse or addiction comprising administering to a
patient in need of such treatment or prevention a therapeutically effective amount of a compound
of Formula (I):
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concentration the conmpound of Formula (lI) in the plasma of the patient. 23.
The nmethod of claim22 wherein the period of hours conprises at |east about
6 hours. 24. The nethod of claim 22, wherein the period of hours conprises
at | east about 8 hours. 25. The nethod of claim22, wherein the period of
hours conprises at |east about 12 hours. -120
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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,
substituted 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 heteroarylalky! or trialkylsilyl; and

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

18. The method of claim 17, wherein the drug is selected from the group consisting of

alcohol, nicotine, and narcotics.
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19. A method of treating drug abuse or addiction comprising administering to a patient in
need of such treatment or prevention a pharmaceutical composition comprising a
therapeutically effective amount of the compound of Formula (I) or a salt, hydrate, or solvate

thereof according to claim 17 and a pharmaceutically acceptable vehicle.

20. The method of claim 19, wherein the composition comprises an oral dosage form.

21. The method of claim 20, wherein the oral dosage form is a sustained release oral dosage

form.

22. The method of claim 21, wherein the dosage form is adapted to be swallowed by a patient
in order to introduce the dosage form into an intestinal lumen of the patient; the dosage form
further being adapted to release the compound of Formula (I) gradually into the intestinal
lumen of the patient over a period of hours after said swallowing, the gradual release causing
the compound of Formula (I) to be cleaved after said swallowing to provide a therapeutic

concentration the compound of Formula (I) in the plasma of the patient.

23. The method of claim 22 wherein the period of hours comprises at least about 6 hours.

24. The method of claim 22, wherein the period of hours comprises at least about 8 hours.

25. The method of claim 22, wherein the period of hours comprises at least about 12 hours.
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