NOVEL conmposnmoNs FOR PREVENTI NG ANDY OR TREATI NG DEGENERATI VE DI SORDERS OF
THE CENTRAL NERVOUS SYSTEM CROSS- REFERENCE TO RELATED APPLI CATI ON
100011Thiwoappli4embi on cl ains the benefit of U S. Provi gcorabkodppidTat i on
No. 61/252,803, filed October 19, 2009, the contents of which is

i ncorporated by reference herein. FIELD OF THE | NVENTI ON 5LOOOZ] The present
i nvention pr NOVEL QOMPOSHHENS EOR PREMENTING ANRIQR IREATING aper ones, as

et ng dEIRENSIRATE DISQRHERS DR IHE RENERAL NERUOWE SYRremc o'

particular, the present invention provides nethods for preventing and/or
treating Parkinson's disease. BACKGROUND OF THE | NVENTI ON [ 0003] Many
degener ati ve di sor GROSHNENERENGE A0 RELF T xehssociated with
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synucl ei Qo 6 o282 BOROfilRASOEBbEF 1920869, the dbatentsablvhichyis indogporatehbegat i on
is associ ated with pathol ogi cal conditions characterized by Lew bodi es,
such as efgrenee bereindi sease, denentia with Lewy bodies, and nultiple system
atrophy. Likew se, al pha-synuclein fragnent, non-Abeta conponent, is found
in anyloid plaques of Alzheiner's disease. Recently, enhancenent of
gl ucocer ebr osi dase (bet agl uHELDQE, THEINYENItONvity in the brain has been
shown to prevent accunul ation of synuclein in the br 'nkrgSean Clark, Ying
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may provigigof fbhfilg ParkiReSr'€Biseadé. ri sk for devel oping or diagnosed with
degenerative disorders of the central nervous system [0004] There is a need

for new therapeutic conpounds that can be used to prevent and/or treat
degenerative disorders ﬁmw that provide patients
with a higher quality of linical outcone. In
parti cul @oe3jt her e Mang d@g@defamerlﬁyér_ﬂbl%r@”ﬁﬁétdeﬂtrémbﬂdiyét@npéfwent and/ or
treat synuclei nopathies such as Parkinson's disease and zhei mer' s di sease
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Gregory Grabowski, and Brandon Wustman, “A biochemical link between
Gaucher and Parkinson's disease and a potential new approach to treating
synucleinopathies: a pharmacological chaperone for beta-glucocerebrosidase
prevents accumulation of alpha-synuclein in a Parkinson's mouse model,”

Presented at the Society for Neuroscience Annual Meeting, San Diego, CA,



R6 R5 wherein: Rl is C(R2)(R3)(R4); R2 is hydrogen, -OH or halogen; R3 is
hydr ogen, -OH, hal ogen or Cl1-8 alkyl; R4 is halogen, Cl.8 alkyl,

substi t utwo 2@1104873al kyl , aryl, substituted aryl, al kyl cycirasbkgplosan7
substituted al kyl cycloal kyl; R3 and R4 may join with the carbon to which
they are attached to forma cycloal kyl ring, which may be optionally

subst it Weny). Mhekeagéty that énHamcedaOase dctintyenpy previdereliefiferpalieatsr nore
fluorine atons; R6 1s hydrogen, Cl1 8 3l kyl ubstit ut - yl,

ar yl al kyat riskjpsdeyelpringzaniagnase: ‘@ﬁka?%%/@ﬁr?ﬁ‘é‘? %%B‘i?’gf%ﬁﬁi%g%l é)jl aryl; Zis
optional,g s tgﬁ'P”t Zis -(CH2)1 8-, -C(=0)-S(=0)2NH, - S(=0)2-,
-C(=S)NH, - :g% -CH3, C(=0)-NH, -S(=0)2-NRIR19, -C(t:O)Cl 8 al kyl or

- C( =0) CHO004]) CH3; TReereds hyweddon newtherapeiic G@mmulﬂﬂﬁilﬁ@hf@!’—bﬂ!—lseéﬂyl; R19

97 Wbt B ok bl e
substi t yirgdide patiéntd WRAY higﬁéw@élﬂ bf life et adhiéwsla deteathnital altsgrher yl

substituted al'kylaryl, am noaryla %I or substituted am noaryl al kyl; R7 is
-OH or Halpagticular themrds aneaddios gew, threansydis comMpounds talpl@\(e,nt[ﬁ’@(ﬁrded t hat

R2 and ,aﬁ%&%ggﬁg@&%ﬂﬁgs gﬁgﬁ %gg{b(;ié‘@%{?n’g%iéé:as% A RERBIm&rd SisBaLe PF €SENL,

R7 is -
that provide patients with a higher quality of life and achieve a better clinical
outcome.
SUMMARY OF THE INVENTION
[0005] The present invention provides novel compounds as well as

compositions and methods using the same to prevent and/or treat a degenerative
disorder of the central nervous system in a patient at risk for developing or
diagnosed with the same which includes administering to the patient in need
thereof an effective amount of a compound described herein.

[0006] In one aspect, there is provided a compound as well as
compositions and methods using the same to prevent and/or treat a degenerative
disorder of the central nervous system in a patient at risk for developing or
diagnosed with the same which includes administering to the patient in need
thereof an effective amount of a compound defined by Formula |

OH
R7
R1
R8
T R6
N
R5



[ 0007] I n anot her aspect, there is provided a conpound as well as
conpositions and nethods using the sanme to prevent and/or treat a

degener atwoeodimorider of the central nervous system in &CpAtS2@058W7 ri sk
for devel oping or diagnosed with the same which includes adm nistering to
the patient in need thereof an effective anount of a conpound defined by
For mul awhereinOH wherein: Rl is C(R2)(R3)(R4); R2 is hydrogen, -OH or

hal ogen; R3 i§.h 40OH, hal ogen or -CH3;
R4i shal ogen, R:lj%,&gﬁgggl%,@l)uor ophenyl , net hyl phenyl , cycl ohexyl net hyl,

wher ei n whenRR4s hiddgeal Q0BT HaddgerR2 and R3 cannot be hydrogen; R3 and R4
may join with _the carbon to which they are attached to forma cycl oal kyl

ring, which Rayis bydwgenorat balogesariCutsck¥li t h one or nore hal ogen at ons;
R6 is hydro s lal kyl o4 d e I ; i t geypal , when
pre!sZntyZ igﬁ}( Eﬁg?%eﬂc@cﬁ kayF“%?ézé&l}Lghﬁ'_Cpha %}ﬂ:yg) gm S%?é:tgl)'l%a 7 .
(=0) - N+, -ﬁ(‘ 23N Or su&m%%ylgclemﬁ0) 2- CH3, hR9 i's hyflrogen or
CH3; R19 i CH3; R5.i [ ' N - R7 is -OH
of “hal ogen: BRI Ay @B gEH theragen BrnehiBeY 378 HEHEY fHIom g s

t both ' | ' 7 with - OH,
g{gﬂng@ bot ng?gﬁﬁgggﬁg;g‘gﬁmﬁ%éﬁ b&! Gstfshallg sSbstRiited! asrefdrabi? with

halogen and more preferably with one or more fiuorine atoms;

R® is hydrogen, Cis alkyl, substituted Cis alkyl, arylalkyl, substituted

arylalkyl, alkylaryl, or substituted alkylaryl;

Z is optional, when present Z is -(CHz)1s—, —C(=0) —, —S(=0)NH-, —

S(=0)2,

—C(=S)NH-, —S(=0);-CH3, C(=0)-NH-, —S(=0),-NR’R™, —C(=0)C1.5

alkyl or

—C(=0)CH(NHz)CHs;

R® is hydrogen, C1.s alky! or substituted C.g alkyl;

R' is hydrogen, C1.s alkyl or substituted C.s alkyl;

R® is hydrogen, C1.g alkyl, substituted C 1.5 alkyl, aryl, substituted aryl, C1.

alkenyl, substituted C 1.5 alkenyl, arylalkyl, substituted arylalkyl, alkylaryl,

substituted alkylaryl, aminoarylalkyl or substituted aminoarylalky!;

R’ is —OH or halogen; and

R® is hydrogen, halogen or Cy.g alkyl,

provided that R? and R® cannot both be hydrogen when R* is a halogen, Z

is not present, R” is ~OH, R®, R® and R® are hydrogen.
[0007] In another aspect, there is provided a compound as well as
compositions and methods using the same to prevent and/or treat a degenerative
disorder of the central nervous system in a patient at risk for developing or
diagnosed with the same which includes administering to the patient in need

thereof an effective amount of a compound defined by Formula II:



WO 2011/ 049736PCT/ US2010/ 051447 [0008] I n yet another aspect, there is

provi ded a conpound as well as conpositions and nethods using the sane to
prevent amo/20rv/meBat a degenerative di sorder of the cenPcaluSa@o®sg7 syst em
in a patient at risk for devel oping or diagnosed with the sane which
includes adm nistering to the patient in need thereof an effective anount
of a compound defined by Forrmula I11: gBH 7. wherein: Rl is C(R2)(R3)(R4);

R2 is hydrogen, -OH or halogen; R3 is |hydrogen, -OH hal ogen or -CH3;

R4i shal ogen, - CH3, phenyl, f| uorophenyl , et hyl phanyl , cycl ohexyl met hyl,

wherein when R4 is a halogen Rot cannot be hydrogen; R3 and R4
may join with the carbon to C attached to forma cycl oal kyl
ring, which may be optionally subsjituted|with one or nore hal ogen atons;
R7 is -OH or halogen; and R8 is hy al ogen or -CH3, provided that R2

and R3 cannot both be hydrogen when R4 | ogen, R7 is -OH and R6 and
R8 are hydrogen. [0009]1t is understodd by a person of ordinary skill in
the art that R2, R3 and R4 in aforenentioned Fornulas I, Il, and Il wll
not be sel ected such that an unstable |l ecule will result. [0010]In still

anot her aspect, there is provided a conpgand as well as conpositions and
met hods using the same to prevent and/or treat a degenerative disorder of
t he centwhgéreirer vous systemin a patient at risk for devel oping or

R'is C(R)(RO)(RY);

R? is hydrogen, -OH or halogen;

R? is hydrogen, -OH, halogen or —CHj;

R* is halogen, -CHs, phenyl, fluorophenyl, methylphenyl,
cyclohexylmethyl, wherein when R* is a halogen, both R? and R® cannot
be hydrogen;

R® and R* may join with the carbon to which they are attached to form a
cycloalkyl ring, which may be optionally substituted with one or more
halogen atoms;

R® is hydrogen, phenylalkyl or substituted phenylalkyl;

Z is optional, when present Z is —(CH;)—, -C(=0) -, =S(=0),NH-, —
S(=0)2—,

~S(=0),—-CH3, C(=0)~NH-, —S(=0):NR°R'®, —C(=S)-NH-~ or —C(=0),-
CH;,

R? is hydrogen or CHs;

R'is hydrogen or CHj;

R® is hydrogen or aminophenylalkyt;

R’ is -OH or halogen; and

R® is hydrogen, halogen or —CH,

provided that R? and R® cannot both be hydrogen when R* is halogen, Z is
not present, R is —OH, R®, R® and R® are hydrogen.



di agnosed with the sane which includes adm nistering to the patient in need
thereof an effective anount of a conpound selected fromthe followng: OHF

HO. 1/ 4., WO2R1N4py36H OH HO. ""..>-,,..."00-...., Th\J HPCT/US201QM5 @K Ha) <
I\1 H OHF FHO 1/4.1<Ft'l HOHHO'F 1\1F H
[0008] In yet another aspect, there is provided a compound as well as

compositions and methods using the same to prevent and/or treat a degenerative
disorder of the central nervous system in a patient at risk for developing or
diagnosed with the same which includes administering to the patient in need
thereof an effective amount of a compound defined by Formula lll:
OH
R7

R1
RB

Iz

wherein:
R'is C(RY)(R*)(RY);
R? is hydrogen, -OH or halogen;
R3 is hydrogen, -OH, halogen or —CH3;
R* is halogen, -CHs, phenyl, fluorophenyl, methylphenyl,
cyclohexylmethyl, wherein when R* is a halogen, both R? and R® cannot
be hydrogen;
R® and R* may join with the carbon to which they are attached to form a
cycloalkyl ring, which may be optionally substituted with one or more
halogen atoms;
R’ is -OH or halogeh; and
R%is hydrogen, halogen or —CHj,
provided that R? and R® cannot both be hydrogen when R* is a halogen,
R’ is ~OH and R® and R® are hydrogen.
[0009] It is understood by a person of ordinary skill in the art that R?, R®
and R* in aforementioned Formulas I, II, and Il will not be selected such that an
unstable molecule will result.
[0010] In still another aspect, there is provided a compound as well as
compositions and methods using the same to prevent and/or treat a degenerative

disorder of the central nervous system in a patient at risk for developing or
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diagnosed with the same which includes administering to the patient in need

thereof an effective amount of a compound selected from the following:
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0 NH2 OH HO,,,-, OH OH_ _ HO\ NHor a pharmaceutically acceptable
salt, solvate, or prodrug thereof. [0011]In one enbodi nent, the conpound is
(3R, 4R, 53yo02011(dpf3buor onet hyl ) pi peri di ne- 3, 4-di ol , PCT/US2010/051447

(3R, 4R, 5S) - 5- (1-fl uoroet hyl) pi peridi ne-3,4- diol,

(3R 4R, 5S) - 5- benzyl pi peri di ne-3,4-diol, or a pharmaceutically acceptable
salt, solvat® &r prodrug thereof. In one enbodinment, the conpound is

(3R 4R, BB\ -5 éuoronethyl)piperidine-3,4-dio|, or a pharmaceutically
accept abl e|saljt, solvate, or prodrug thereof. In one enbodi nent, the
conmpound i

N3R 4R 5S)-5-(1-fl uoroethyl)piperidine-3,4-diol, or a
phar maceutichl |y acceptable salt, solvate, or prodrug thereof. In one
enbodi ment 8t conmpound i s (3R 4R, 5S)-5-benzyl pi peridine-3,4-diol, or a
pharnaceuticaf1¥ acceptabl e salt, solvate, or prodrug thereof.

HO
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[0012] I n one enbodi nent, the degenerative disorder is a synucleinopathy. In
one enbodi nent, the degenerative disorder is characterized by Lew bodies.

I n one emwodnmb36t he degenerative di sorder is Parki ns@nTaSdi19pa6e7
denmentia with Lewy bodies, nultiple systematrophy or Al zheiner's disease.

I n one enbodi nent, the degenerative disorder is associated with aggregation
of at l|east @Hefprotein. In one enbodi ment, the degenerative disorder is
associaﬂﬁuqfﬁif)aggregation of al pha-synuclein. In one enbodi nent, the
degenerati Ve djsorder is associated with aggregation of non-Abeta
cornponent . >Nt one enbodi nent, the degenerative disorder is associated with
accunul ati onjof at |east one glycolipid. In one enbodi nent, the

degenerat i 1 der is associated with accunul ati on of at |east one

gl ycosphi ngol i I n one enbodi ment, the degenerative disorder is

associ ated with accunul ati on of glucocerebroside. In one enbodi nent, the
degenerative gHs@uler is associated with a mutation in glucocerebrosidase.

I n one equﬁiﬁiﬁy, the ethod further conprises administering an effective
anmount of aty | egst @ ot hes therapeutic agent. In one enbodinent, at | east
one ot her t e agent is | evodopa, an anticholinergic, a

cat echol - O nefjhyl transferase inhibitor, a dopam ne receptor agonist, a
nonoamni ne oxi dase inhibitor, a peripheral decarboxyl ase inhibitor, or an
anti-inflammatory agent. 100131The present invention also provides nethods
for preventing and/or treating Parkinson's disease in a patient at risk for
devel opi ng or di ed with the sane, which conprises adm nistering to the
patient in nged?t efeof an effective anount of any of the aforenentioned
conpounds, or" rmaceutically acceptable salt, solvate, or prodrug

t hereof, or any conbih@ti on of two or nore thereof. WO
2011/049736PCT/¢§2010/051447 [0014] I n one enbodi nent, the nethod conprises
adm ni stering the conpound

(3R 4R, 5S)-5-(difluoronethyl)piperidine-3,4-diol, (3R 4R 5S)-5-(1-

f1 uoroet hyl ) pi perdygli ne-3, 4-di ol , (3R 4R, 5S)-5-benzyl pi peridine-3,4-diol, or
a pharnaceutbﬁpllf acceptabl e salt, solvate, or prod rug thereof. In one
enbodi nment , metfiodokdonpri ses admi ni stering the conpound (3R, 4R, 5S) - 5-

(di fluoronethyl \pi peridine-3,4-diol, or a pharmaceutically acceptable salt,
solvate, or prodrjg thereof. In one enbodi ment, the nethod conprises

adm ni stering the ound (3R, 4R, 5S)-5-(1-fl uoroethyl)piperidi ne-3, 4-diol,
or a pharnaceut&cgl cceptable salt, solvate, or prodrug thereof. In one

enbodi ment, the conprises adm nistering the conpound

(3R, 4R, 5S) - 5- benzyl| pi peri dine-3, 4-diol, or a pharmaceutically acceptable
salt, solvate, or prodrug thereof. [0015]In one enbodi nent, the nethod
conprises adm nistering an effective anount of at |east one other

t herapeutic age@H In one enbodi nent, at |east one other therapeutic agent

i s | evodopadogn - antichol i nergic, a catechol-0- nethyl transferase
inhibitor, a 'né”?eceptor agoni st, a nonoam ne oxi dase inhibitor, a
peri pheral dec xyl ase inhibitor, or an anti-inflammtory agent.

[ 0016] The prese inventjon also provides kits conprising: a container
havi ng an effecti t of any of the conpounds of the present

i nvention, alone n conbi nation; and instructions for using the sane to
prevent and/or treat a degenerative disorder of the central nervous system
I n one enbodi nent, the degenerative disorder of the central nervous system
i s Parkinson's disease. In one enbodi nent, the degenerative disorder of the
central nervous systemis Al zheiner's disease. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON [ 0017] As used herein the following terns shall have the
definitions set forth below [0018] As used herein, the phrase "degenerative
di sorder of the central nervous system nmeans any di sorder associated with
the premature degeneration of any conponent of the central nervous system
such as neurons, nmyelin sheaths or axons. Such disorders include but are
not limted to multi-infarct denentia, Huntington' s disease, Pick's

di sease, anyotrophic |ateral sclerosis, Creutzfeldt-Jakob's disease,
frontal -1 obe degenerati on, corticobaigl degener ati on, progressive
supranucl ear pal sy, Parkinson's disease, denentia with Lewy bodies,
mul ti ple system atrophy or Al zheinmer's di sease.




[ 0019] As used herein the term"treating"” nmeans to aneliorate one or nore
synpt ons associated with the referenced disorder. [0020] As used herein, the
term " prewvenvimgy7ireans to nmtigate a synptom of the refPerarsead/odi4sdr der

[ 0021] As used herein the phrase "an effective anmount” nmeans an anount
effective to prevent and/or treat a patient at risk for devel oping or

di agnosed with ¢he referenced disorder, and thus producing the desired

t her apeut i gygf f &Ct %0022]AS used herein the term"patient” nmeans a mamal
(e.g., a hunﬁﬁzg;gﬁb B] Li sted bel ow are chenical definitions of various
terms used to ribe.this invention. These definitions apply to the terns
as they are used throughout this specification, unless otherwise limted in
specific instanc rfier individually or as part of a |arger group.

[ 0024] The term "a " refers to straight or branched chain unsubstituted
hydr ocar bon groups™f 1 to 20 carbon atons, preferably 1 to 8 carbon atons,
nore preferably 1 to 6 carbon atons. The expression "lower alkyl" refers to
unsubsti tut ed alk?h groups of 1 to 4 carbon atons. [0025] The term
"substituted kyE"™ refers to an al kyl group substituted by, for exanple,
one to four I tyenos, such as, hal o, hydroxy, al koxy, oxo, al kanoyl,
aryl oxy, al kanoy| oxly, am no, al kylam no, arylam no, aral kyl am no,

di substituted amiNes in which the 2 am no substituents are selected from

al kyl, aryk or~aralkyl; al kanoyl am no, aroyl am no, aral kanoyl am no,
substituted plk noy?anino, substituted arylam no, substituted

ar al kanoyl am noNHehi ol , al kylthio, arylthio, aral kylthio, alkylthiono,
aryl t hi ono, aral kylthiono, alkylsulfonyl, arylsulfonyl, aralkyl sul fonyl,

sul fonam do, e.g. SO2NH2, substituted sul fonam do, nitro, cyano, carboxy,
carbanyl, e.g. COSH2, substituted carbanyl e.g. CONHal kyl, CONHaryl,
CONHar al kyl a#ogases ere there are two substituents on the nitrogen

sel ected fron1a|ky|] af§1 or aral kyl; al koxycarbonyl, aryl, substituted
aryl, guani dino het er ocycl os, such as, indolyl, imdazolyl, furyl,
thienyl, thiazolyl], pyrrolidyl, pyridyl, pyrimdyl and the |ike. Were

not ed abové\yﬁé&elﬁbe substituent is further substituted it will be with

al kyl, al koxy, gyl or aralkyl. [0026] The term "hal ogen" or "halo" refers
to fluorine, chlofine, bromne and i odine. [0027] The term "aryl" refers to
nonocyclic or bicyclic aromatic hydrocarbon groups having 6 to 12 carbon

atons in the ring portion, such as phenyl, naphthyl, biphenyl and di phenyl
groups, each @ wii ch nay be substituted.

hOR

HQ IZ
I
M

N
ora pharTnaceuticaIIy acceptable salt, solvate, or prodrug thereof.
[0011] In one embodiment, the compound is (3R,4R,5S)-5-
(difluoromethyl)piperidine-3,4-diol, (3R,4R,5S)-5-(1-fluoroethyl)piperidine-3,4-
diol, (3R,4R,55)-5-benzylpiperidine-3,4-diol, or a pharmaceutically acceptable
salt, solvate, or prodrug thereof. In one embodiment, the compound is

(3R,4R,55)-5-(difluoromethyl)piperidine-3,4-diol, or a pharmaceutically
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[0028] The term "aral kyl" refers to an aryl group bonded directly through an
al kyl group, such as benzyl. Sirnilarly, the term"alkylaryl" refers to an
al kyl gr owp 20ordetsédi rectly through an aryl group, suchprag/usedlopsiaenzyl .
[0029] The term "substituted aryl"” refers to an aryl group substituted by,
for exanple, one to four substituents such as alk su&stitut ed al kyl,

],
hal o, tagaeptahiesattnenlyate; o prodsegtharagl. | Inang e PXW%X e GO
al kanoy; , QR G, (43 AR abad Ky l4a] ' i al kanoyl am no,
hi ol . A4S A OB DpipeRety bR ier aprainacBiay 2 oar bamy1 |
al koxy ca¢deprable saltksdlvatepoppraairyg thereab, Inaond embbdimyerdnthesgonspodnshi ¢ aci d,
al kysul fonyl, sul fonam daq, aryloxy and the |ike. The substituent my be
furt her‘3é@éﬁﬁ@@'@dbw)ﬂg)ﬂ?wg?’%%(ﬂﬂqg Or RBRIMacE \C?"%aﬁg?ﬁt?ﬁl?&?“aryl ,
substi t a I | . [0030] The term "heteroaryl” refers to an
opti ona Iggseuh}s(ﬁotoﬁ'fl%g,{ég%nati c group for exanple, whichis a 4 to 7
menber e@opynocy cl inconeZembotiimentiier depdriergiive disowler iDat o 15 menber ed

tri i t whi h I t het t d N t

car bon SGABERRAT MyoPF ADolReRk 5 ARSeRYAUE HEo dl F G081 A hzol o
[0031] TIB‘fLEWY BodiK fvhe enfRiitehe thé Héggﬁéra‘ﬂf/e Riisrgéed Pedikingoivgdr ocar bon
groups of 2 to 20 carbon atons, preferably 2 to 15 carbon atons, and nost

pr ef er athisgase, tdendentiar With Lewyrhndiesamultiplersysteim Ryiophy onMlehaipgds. WO

2011/ 049736PCT{ US201 1447 [.00 T . " i | kanyl " refers to
an al ke%??a%?'o %0%%88{%51‘%" b’f 3%%‘?@%@%&80?%%& ?%géﬁgtegu\@gfi tuents, such
as, hal gggreyetien vf afblelsstone prdtéinoYh onalérBedihny, thedegenerdtivel ani no,

di al kyl am no, al kanoyl am no, thiol, al k%l thi o, al kylthiono, alkylsulfonyl,

sul f onadis@wler is asspciatpd with aggnseation ehalphayaynusiens inepeambadiment |
S o RN iyl
oyr yl D8 sdiiEtive HEHRERN dosociaibdwin HdtBation of Ao fingota BYLTO! | OV

st r ai gh¢orapohertn dhetiecdrabaodimetit, aherdegengrativeslisdrdér iscasddciatedwithat ons,

preferably 2 to 15 carbon atops, and nost preferably 2 to 8 carbon atons,
havi ng Ffaimyatien,pf atrlﬁaﬁteornﬁ)ahrgol'q'éompmﬁ@nﬂmﬁmegh5@% Aegeagralivgyny| "

refers §igofferd Ké’é&’di?tE&%ﬂl a leéﬁéﬁgf Eﬁfleagfén&é@%é&\iné%lmi@s A bhgnt., such

as, hal o, hydroxy, alkoxy, alkanoy anoyl oxyy “am no, | am no,
di al kyl embodimexitktecjegenienatjvet disotder & asdddimted vathkgddumudation ef kyl sul f onyl ,

guant o IocsarShsie A obBATSH R Aol S TR )
pyrrolighh a MYttiEHin IgR/b’o'scgtébesiaﬁgeth?ohé Eﬁwbdgﬂﬁéﬁq, gri@wﬁéaf roal ky

refers to an optiona stitufed, saturate rocarbon ring
syst ensGorpprsas adininisteringiani efteclive an®unt of at leadt Gne otherdberapestiper ring

whi ch na '_Be further ({fﬁsedtw’tgh %n unﬁsturhat ed -C7 ?arlboc lic ring.
Exenpl a?qﬁ réﬁﬁgei l? @egy(ﬁ ?ﬁ WF,O A SBQH%H IC qg?@l b%&ﬁ? ?Pa'(ﬂ%l ohexyl ,
cycl ohegititholif#@li® & ddteckND PEERYI traksfElREqRKIBIGS, atdibarsineasaptor Exenpl ary
substituents include one or nore” al kyl groups as descri bed above, or one or

mor e gragqiistdaseencaringrxidasesingibiter, apedpherabdecarbpxydasy nhéitos, o

"het ero 2 {c" and "heterocyclo” refer to an optionally
substi t%’?éhﬁ '?Ilﬂrﬁq@%g{aﬁ&\égbgd or unsaturated, aromatic or nonaromatic cyclic
group, [oo13jexanpl Ehe phasent irvedtién Ta(mkr@ldé@rrﬁdth@dﬁ%N@Jewéntiﬂ%hﬁd/bl menber ed
bicyclic, or 10 to 15 nenbered tricyclic ring system which has at | east

one’ hetE¢@iGRATKINSAN'y digsaseifa patieriatdiskfoedavelppingprdiagnosedomith i ng of
the helGeacrid \inigh QWotRBE ARlifgidtinAThhe BefEh TRl fierkof 4rT
et eroatons se€lecte omnitrogen atomns, oxygen atons and sul fur atons,

wher e téfteative rangeumtafdnyg of the aferemeationes compoahds, ard pleaahaceutiealki di zed
and the nitm)qen L
acceptable salt, solvate, or prodrug thereof, or any combination of two or more

thereof.
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het eroatons nmay al so optionally be quaterni zed. The heterocyclic group may
be attached at any heteroatom or carbon atom [0037] Exenpl ary nonocyclic
het er ocycWocograes i ncl ude pyrrolidinyl, pyrrolyl, indecyrus2gapnsweaetyl,
oxetanyl, pyrazolinyl, imdazolyl, imdazolinyl, imdazolidinyl, oxazolyl,

oxazolidinyl, isoxazolinyl, iso olyl, thiazqlyl, .thiadi.azqgl yl,

t)r(ﬂ gzo: [0l(9i1 |, ! i sé’( éﬁ‘ealﬁ ,"}‘?%tt);ﬂfﬁ 5%&?941?9"{96{'3%/%?94“,'&'%@I{"F'éﬁg%r of uryl,

Chi | . | R . . i . Ay

5 oxont SBEEG (SRR 58) BYGIfoRhet B BREAAINEIS.4-dipDITR RCOSF 51

4- pi per flaanopthyl)piperidine-3 M-divb {PR14RIHS)-Syereyipigeridipg-Si 4xditil,rorg  pyri dazi nyl ,
t et rahydy opyr anyl nor phol.i.nyl ,. thianorpholjnyl,. thj rphol i nyl sul f oxi de,
i ooy ShaYad ey B eEbtabid st SO aRe oAby therblt ROy oot b enul

di oxanygmpogmhéntafiel indthdd corhphigdsaadinistBing wb@mbbhﬁai(m!m,gsgst riazolyl,

and the |ike. [0038]_Exer_rpl ary bicyclic hetrocyclic groups Include
2, 3- di hidiflupromethyl)piperndingBy4-dioheai fophararagepticalheacespialle galt, selviatet hi enyl ,

nucl 1 dinvl. auinol .0yl "ol iyl o N oxi.de. "o nal i nyl .
"soqui rdt Pigos BiERt: s SHboBhey E Eies carfhiea s fe,

chr onongdmpeandedR AR, 5S§-6ndliohvéthy hpipsadiabi3gidioll HEapabrhacelticaly opyri dyl ,
furopyridinyl (such as furo[2, 3-c]pyridinyl, furo[S,l-thyrldlqgl or

f ur o[ 2, 3cqsPIR e SaKy s9lvalgi Ry arasirdgithrierl;| In enegabedimentz B methqdsuch as
3,4-dih =4 = aui L, j ' I J :

benzodi SoNRGfeS BHHHRRRG e Eompoll aR A b3 E S ez RBEIARE 3.
benzpyraze bhbrmacdutitaip aseeitable salilisbiveten e predriugehsiteof.

di hydr obenzot hi opyr anyl , di hydrobenzot hi opyranyl sul fone,.

di hydr ol98k3lbopyr anl?,é‘l Qnﬁy ganbedinent, thesrgthaeeRmprisesoadMBistalng aRapnt hyri di nyl ,

pht hal aédﬂébﬁve a%&‘?ﬁt%%t 1eé%‘ﬂ'bb@36therﬁg‘uﬁ;}ag§nég%iyra%§bf., ﬂt’é}ﬁ@é bod¥hent, at

t et rahydr oqui nol 1 nyl, thienoturyl, i enothienyl, "and the

| i ke. [leasodriexether dhgrapeblic agertis evadopadan anticlolinengie, alcatdchot-Oar al kyl
groups as d?cri%ed al@ve or ane or nore groups.described above as al kyl
subst i t WEHDE ranstshasenniiPrion:? daRAMIIS"SCRRIAT A0 <7 BIQRAAHUNE OxIdasss

epoxi dephiidr, a7 pélishdtaPdeddifhlidSei itBr. iy bAg! ude oxygen,
sul fur and nit r%gé‘?ﬁ V\g2(_)1%497?&@&@[0%%@%%&1447m§%g%gsgfr:ki nson's

di seasel0fik§]l be di Hagpeaent inveatioraise provistedikity comprisingJni t ed Ki ngdom
Par ki nson' s Di sease Society brain-bank c]inical, diagnostic criteria (see,
Hughes et ®al?@ %0 %@?ﬁr NG g’&?ﬁﬁ?@’zﬁ arapgg{]g%ry %ﬁ‘tﬂﬁd-‘l%ﬁlﬂﬂ%dé o5& nson' s

di sease: a ChrogbAtinpahisH Abribr midbiRktidPQreases. J Neurol Neurosurg
Psychiatry 1992; 55:181- 184) and/or the cri'teria described by Gelb et al.,
Di agnost i e Gnstrecticnsffor usiagkhe senestopreeasteandiorciredeaidegencrafides
56(1):33-39. .Likew ﬁ@ thet- ajeveri ty of Parkinson's di sease may be

ascert ai ned YUSY'H§" OhEeEHY PRSI HSHHMs Di sease Rating Scale. See, e.g.,
Fahn ang drlet @bodfereif! ﬁweQ_iedefHéréWefd@Qro%ﬁbk%@égﬁt%I%ﬁfrﬁ&%&?ﬁd&w Scal e

Devel opnent Conm ttee. Unified Parkinson's sease Rating I n: Fahn

et al . ,P#&insen'sddiseasspnibnene embpdinkénts the degiénsrative disowderof khe Macni | | an,

1987: - | zhehmer' s di sgease may be di agnosed in patients
accor dﬂ%}tﬂa@ﬁm@%@%@%@;ﬁg ?‘g?'eﬁ'@%%a'isgaﬁ?' the Al zheimer's type of the
D agnostic and Statistical Manual of Mental Disorders, 4th ed.: DSM I V.
Washi ngton, D.C.: Anerican Psychiatric Association, 1994. Likew se, the
criteria for probal2ilA 2 DESCRIRTIO! hHE INVENTON ai ned based on
criteri t he i ' ralogi.cal .an muni cati ve

Di sor déragﬁalnd St r'%i[égéa@ e't %@é}’vﬁ{&@g B%Q%ﬁQée%geagﬁﬁﬁgﬁsﬁF orders
Associ doitbbeld®ee al so, McKhann et al., dinical diagnosis of Al zheiner's
di sease; port of the N NCDS- ADRDA wor k group under the auspices of
Departﬁ@‘ﬁ{ﬁof Hedl% Hs%gleﬁ'ﬂvéheQ@F@ﬁ%é’@gﬁég'@t!yér%@réﬁrN thecgandial s Di sease.
Neur ol ot dysteit ARty dROAHMILOLBICE THTLEMAMARRY (V) 1S
characterized by glial cytoplasmc inclusion bodies (al'so known as

Papp- L&legesermiioinesf)anyrcanhgonant efithe cerited| aereowmsly stermpsadh as eeatorsl centers
of the brain. The nost common first sign of MSA is the appearance of an
"akinetic-rigid syndrome” (i.e., slowness of initiation of novenent
resenbl i ng Parkinson's disease) found in 62% at first presentation. O her
comon signs at onset include probl dvs with bal ance (found in 22%,

foll owed by genito-urinary problens (9% . For nmen, the first sign can be
erectile dysfunction (unable to achieve or sustain an erection). Both nen
and wonen often experience problens with their bladders including urgency,
frequency, inconplete bladder enptying or an inability to pass urine
(retention). About 1 in 5




MBA patients wll suffer a fall in their first year of disease. As the

di sease progresses three groups of synptons predom nate. These are: (i)

par ki nsorwerm(1gl49t8s stiff novenent, witing beconmes snalPCTASd019OFET Y) ;
(ii) cerebellar dysfunction (difficulty coordinating novenent and bal ance);
and (iii) autonom c dysfunction (inpaired automatic, body functions)

i ncl udi myelipskeathalor @xops: Bush slisardarsipeldgib arg eehh'mﬁ%@;tq MUH-zzi ness or

fainti adi i i t s an CRi nsti pati on;
ary o B Bk ikttt diiatel PERSLASERES e/ R BlerBls O
sweat i ngsler@BiR Oralitzigideldkonds diseass frdrtaidobéldegbhgratioot caiticobasalhese

synptons are experienced by all tients. [0045] Dengntia wth Lewy bodies
( DLB) i@ewramon,rpéomlvemtf Palsy. frasking @?Es‘??éﬁe\a‘?m. It-"’1‘he central
featur 1Sqi I [ I imer's ddaiseed with three

addi ti gvr‘{gllf' ng&idrﬁ%rllégg’?@élﬁﬁlr%e : tﬁ%ﬁ??%?&%@f@?mct uat ia'ons" in alertness
and att@o19jon, sulé usedtheegjndhe tetmoitedatings mdaamsiaraggelidrategens opeoreds of

time spent staring intqg s e, or disprganjzed speech; (2) recurrent visual
hal | uci HAPPORE @ "%@g“ﬁ@‘%?ﬁ?&ﬁ?’&%%‘gﬂd%ymt oms, such as rigidity and
the | osgogl] SPONt AHBLEE HERYARNBR! terrReBRAVRNIRY” eafs $6/igatbrPsyfpnessi on.
The synptons of DLB are caused by the build-up of Lewy bodies - accunul ated

bi t s of ofdthphefesgmegd disard@rotein -- inside the nuclei of neurons in areas of

t he braj hat coptr ol rt.icul a t : ' r rol.
rescar MIPY don' ¢ Ak Hasr SRk e RhR 3RSt PR AR s ar B, Loy
bodi es &fediNg tbPreve@ndiordraii@ patRent uimsIOfET deiveldpihg brdiaghesediwitknow t hat
al pha-synucl ein accumul ation is also |linked to Parkinson's disease,

nul tih pl esr@arlgm%d disprder, and thus,pioduciagribe dgsised therapeylic effectr e r ef er(rj ed to
¢ ; 5 el OB
Bar ki nslEAG) S oaR8 gy SRpein 10 eth{palicht tndons o WAt REBLEE" DLE BT,

make ithghbah).cult for a doctor to nake a definitive diagnosis. In addition,

Lewy bodies are often also found in the brains of people with Parkinson's
and Al zZ982¥er' s dliistess belowriare cchemigah gietislliggesef vaHeURiterBS Ysad 12 rel ated
to thes har : fl : I gadi M v th

i scascde BB ROINERASH. ARG’ dsffifions"Bbofino B8 terfilsis WY JRVESSE 1 L
no knovthréwghduy this specificafiori, hmleSssathepviseidinitedrin speciicfinstahced, aithees have

occasi ongl | een repoted Conpounds 100461Novel conpounds of the present
e et BRIl b e Al BEA IagasT SToup.

3R 4R, 5-(dif g " J i Qi . i .
(58) iy b@ﬁ%yl pi( plerTFa‘?E]ée}ﬁg, AI, él)rgfé\?gb%'h%fgrﬁ of bfrthedX¥RafRunsubstituted

5R) - 5- (hydigcarbrnegroyps pf pée 20icacb®) atadnsyIpréferakir 1 to 8 carbon atoms,

5R) - 5- (1- hydr Qx hyl ) pi peridi pe- 3, 4-di ol (stergoi soner,, A

o 3r, AROSHHIIR B o0 Bl cibon it o heeNeresishiokl kY Wesoler ©) o

F( 3R, 4R,isubskitutdd blkyPg i) IoReEaBoRatemd: di ol HO _

(3R 4R, 55)-5-(1-fluodroethyl)piperidine-3,4-diol (stereoisoner A)
[0025] The term “substituted alkyl” refers to an alkyl group substituted by,
for example, one to four substituents, such as, halo, hydroxy, alkoxy, oxo,
alkanoyl, aryloxy, alkanoyloxy, amino, alkylamino, arylamino, aralkylamino,
disubstituted amines in which the 2 amino substituents are selected from alkyl,
aryl or aralkyl; alkanoylamino, aroylamino, aralkanoylamino, substituted
alkanoylamino, substituted arylamino, substituted aralkanoylamino, thiol,
alkylthio, arylthio, aralkylthio, alkylthiono, arylthiono, aralkyithiono, alkylsulfonyl,

arylsulfonyl, aralkylsulfonyl, sulfonamido, e.g. SO,NH,, substituted sulfonamido,

nitro, cyano, carboxy, carbamyl, e.g. CONH,, substituted carbamyl e.g.
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(3R 4R, 5S)-5-(1-fl uoroethyl)piperidine-3,4-diol (stereoisoner B)
(3R, 4R, 5S) - 5- et hyl pi peri di ne- 3, 4-di ol

OH( 3R, 4R,W6)203404snpropyl pi peridine-3,4-diol IN H PCORS@H O 49
(3R 4R, 5S) - 5- ( 2- hydr oxypr opan- 2-yl ) pi peri di ne3, 4-di ol

(4R 5R) -3, 3-di f | uor o- 5- ( hydr oxynet hyI ) pi per.i di n4 ol

(4R 5R) CONHlleyloihiaml, CONMarally s sased whese sbgfiegre two substituents

3R, 4R, 5S 3
EBR AR %réihqsmiﬂg)pé?%&Oécg%eﬁﬁﬁr%ﬂk}l hﬂﬁ’glﬁ' %Eé]gyl Igoﬁkréarbonyl aryl,

(3R 4R ﬁﬁ)stlﬁxtéa atyldgtianidinoedrit/heterquyclodi, saetd ad; iddolyl, imidazolyl, furyl,
(3R IR aan EZ@LI[yE?Ryﬁr oeﬂthh%; :D)g?n e:]@?rh;\llgyﬁ:{argq-l ﬂwlao%l' e. Where noted above

(3R, 4R, thignys.t

o 3R, TR B B Rifhey subettuted il wih s akoxy, aror
aralkyl.
[0026] The term “halogen” or “halo” refers to fluorine, chlorine, bromine
and iodine.
[0027] The term “aryl” refers to monocyclic or bicyclic aromatic

hydrocarbon groups having 6 to 12 carbon atoms in the ring portion, such as
phenyl, naphthyl, biphenyl and diphenyl groups, each of which may be
substituted.

[0028] The term “aralkyl” refers to an aryl group bonded directly through
an alkyl group, such as benzyl. Similarly, the term “alkylaryl” refers to an alkyl
group bonded directly through an aryl group, such as methylbenzyl.

[0029] The term “substituted aryl” refers to an aryl group substituted by, for
example, one to four substituents such as alkyl, substituted alkyl, halo,
triluoromethoxy, trifluoromethyl, hydroxy, alkoxy, alkanoyl, alkanoyloxy, amino,
alkylamino, aralkylamino, dialkylamino, alkanoylamino, thiol, alkylthio, ureido,
nitro, cyano, carboxy, carboxyalkyl, carbamyl, alkoxycarbonyl, alkylthiono,
arylthiono, arylsulfonylamine, sulfonic acid, alkysulfonyl, sulfonamido, aryloxy
and the like. The substituent may be further substituted by hydroxy, alkyl, alkoxy,
aryl, substituted aryl, substituted alkyl or aralkyl.

[0030] The term “heteroaryl” refers to an optionally substituted, aromatic
group for example, which is a 4 to 7 membered monocyclic, 7 to 11 membered
bicyclic, or 10 to 15 membered tricyclic ring system, which has at least one
heteroatom and at least one carbon atom-containing ring, for example, pyridine,
tetrazole, indazole.

[0031] The term “alkeny!” refers to straight or branched chain hydrocarbon
groups of 2 to 20 carbon atoms, preferably 2 to 15 carbon atoms, and most
preferably 2 to 8 carbon atoms, having one to four double bonds.
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H3B, 4-diol (3R 4R 5S, 6S)-6-ethyl-5-(fluoromethyl)piperidi ne3, 4-di ol
(3R 4R, 5S, 6R) - 6- et hy1-5- (fl uor onet hyl ) pi peri di ne3, 4-di ol

(3R 4R, 53y63Yt1549 6 f | uor onet hyl ) - 6- et hyl pi peri di ne- 3, 4PdiraiS2010/051447
(3R, 4R, 5S, 6R) - 5- (di fl uoronet hyl )-6- et hyl pi peri di ne-3, 4-di ol

(3R 4R, 5S5) - 1- benzyl1- 5- (di fl uoronet hyl ) pi peri di ne3 4-dj ol o4 .

OH( 3R, 410083 - 5- ( ( Ehe tesomyaybskiutemalienyiréeieys Sop?'bépﬁe&VL%L%Pzﬁl{?ﬁBiUted OH F

(55 1 8ZoleRiyb Bnbds HABEBIAY RBRS B i lakonf F O F
alkanoyl, alkanoyloxy, amino, alkylamino, dialkylamino, alkanoylamino, thiol,
alkylthio, alkylthiono, alkylsulfonyl, sulfonamido, nitro, cyano, carboxy, carbamyl,
substituted carbamyl, guanidino, indolyl, imidazolyl, furyl, thienyl, thiazolyl,
pyrrolidyl, pyridyl, pyrimidyl and the like.

[0033] The term “alkyny!” refers to straight or branched chain hydrocarbon
groups of 2 to 20 carbon atoms, preferably 2 to 15 carbon atoms, and most
preferably 2 to 8 carbon atoms, having one to four triple bonds.

[0034] The term “substituted alkynyl” refers to an alkynyl group substituted
by, for example, a substituent, such as, halo, hydroxy, alkoxy, alkanoyl,
alkanoyloxy, amino, alkylamino, dialkylamino, alkanoylamino, thiol, alkylthio,
alkylthiono, alkylsulfonyl, sulfonamido, nitro, cyano, carboxy, carbamyl,
substituted carbamyl, guanidino and heterocyclo, e.g. imidazolyl, furyl, thienyl,
thiazolyl, pyrrolidyl, pyridyl, pyrimidyl and the like.

[0035] The term “cycloalkyl” refers to an optionally substituted, saturated
cyclic hydrocarbon ring systems, preferably containing 1 to 3 rings and 3 to 7
carbons per ring which may be further fused with an unsaturated C3-C7
carbocylic ring. Exemplary groups include cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cycloctyl, cyclodecyl, cyclododecyl, and adamantyl.
Exemplary substituents include one or more alkyl groups as described above, or
one or more groups described above as alkyl substituents.

[0036] The terms “heterocycle”, “heterocyclic” and “heterocyclo” refer to an
optionally substituted, fully saturated or unsaturated, aromatic or nonaromatic
cyclic group, for example, which is a 4 to 7 membered monocyclic, 7 to 11
membered bicyclic, or 10 to 15 membered tricyclic ring system, which has at
least one heteroatom in at least one carbon atom-containing ring. Each ring of
the heterocyclic group containing a heteroatom may have 1, 2 or 3 heteroatoms
selected from nitrogen atoms, oxygen atoms and sulfur atoms, where the

nitrogen and sulfur heteroatoms may also optionally be oxidized and the nitrogen
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1- ((3S, 4R 5R) - 3- (di fl uoronet hyl ) -4, 5- di hydr oxypi peri di n-1-yl ) pentan-1-one
HO H F(3R, 4R, 5S) - 5- (di f | uor onet hyl ) - 1- ( 3-
met hoxybewoyb)ipispsesi di ne- 3, 4- di ol OH F HOF PCT/US2010/051447
5S5)-5-(difl uororret hyI) 1- (4- nethyl benzyl ) pi peri di ne- 3, 4-di ol

o o S v SR IR o 4

(3R 4R,

(3R 4R SR

é%&?@ﬁ\yér)c(dwyﬁ atom et hyl ) pi per i d| ne- 3, 4- di ol

4rarf
2011/ 049736PCT/ US2010/ 051447

[0037] Exemplary monocyclic heterocyclic groups include pyrrolidinyl,
pyrrolyl, indolyl, pyrazolyl, oxetanyl, pyrazolinyl, imidazolyl, imidazolinyl,
imidazolidinyl, oxazolyl, oxazolidinyl, isoxazolinyl, isoxazolyl, thiazolyl,
thiadiazolyl, thiazolidinyl, isothiazolyl, isothiazolidinyl, furyl, tetrahydrofuryl,
thienyl, oxadiazolyl, piperidinyl, piperazinyl, 2-oxopiperazinyl, 2-oxopiperidinyl, 2-
oxopyrrolidinyl, 2-oxazepinyl, azepinyl, 4-piperidonyl, pyridyl, N-oxo-pyridyl,
pyrazinyl, pyrimidinyl, pyridazinyl, tetrahydropyranyl, morpholinyl,
thiamorpholinyl, thiamorpholinyl sulfoxide, thiamorpholinyl sulfone, 1,3-dioxolane
and tetrahydro-1, 1-dioxothienyl, dioxanyl, isothiazolidinyl, thietanyl, thiiranyl,
triazinyl, and triazolyl, and the like.

[0038] Exemplary bicyclic hetrocyclic groups include 2,3-dihydro-2-oxo-
1H-indolyl, benzothiazolyl, benzoxazolyl, benzothienyl, quinuclidinyl, quinolinyl,
quinolinyl-N-oxide, tetrahydroisoquinolinyl, isoquinolinyl, benzimidazolyl,
benzopyranyl, indolizinyl, benzofuryl, chromonyl, coumarinyl, cinnolinyl,
quinoxalinyl, indazolyl, pyrrolopyridyl, furopyridinyl (such as furo[2,3-c]pyridinyl,
furo[3,1-b]pyridinyl] or furo[2,3-b]pyridinyl), dihydroisoindolyl, dihydroquinazolinyl
(such as 3,4-dihydro-4-oxo-quinazolinyl), benzisothiazolyl, benzisoxazolyl,
benzodiazinyl, benzofurazanyl, benzothiopyranyl, benzotriazolyl, benzpyrazolyl,
dihydrobenzofuryl, dihydrobenzothienyl, dihydrobenzothiopyranyl,
dihydrobenzothiopyranyl sulfone, dihydrobenzopyranyl, indolinyl, isochromanyl,
isoindolinyl, naphthyridinyl, phthalazinyl, piperonyl, purinyl, pyridopyridyl,
quinazolinyl, tetrahydroquinolinyl, thienofuryl, thienopyridyl, thienothienyl, and the
like.

[0039] Exemplary substituents include one or more alkyl or aralkyl groups

as described above or one or more groups described above as alkyl substituents.

[0040] Also included are smaller heterocyclos, such as, epoxides and
aziridines.
[0041] The term “heteroatoms” shall include oxygen, sulfur and nitrogen.
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OH F(3S, 4R 5R)-3-(di fl uoronet hyl) -4, 5-di hydr oxy- N

HOpr opyl pi peri di ne-1-carboxamde ONH OH F 0==0 OH HO OH F HOF

(3R, 4R, 53yo0201di4p1360r onet hyl ) - 1- t osyl pi peri di ne3, 4- di ol PCT/US2010/051447

(3R 4R, 5S) - 5- (4- net hyl benzyl ) pi peri di ne- 3, 4-di ol

G o motazr L P anineons Hidease ey Y disgnossa I patibn According 1o i Pxam de
United Kingdom Parkinson’s Disease Society brain-bank clinical diagnostic
criteria (see, Hughes et al., Accuracy of clinical diagnosis of idiopathic
Parkinson’s disease: a clinico-pathological study of 100 cases. J Neurol
Neurosurg Psychiatry 1992; 55:181-184) and/or the criteria described by Gelb et
al., Diagnostic Criteria for Parkinson’s Disease. Arch Neurol. 1999; 56(1):33-39.
Likewise, the severity of Parkinson’s disease may be ascertained using the
Unified Parkinson’s Disease Rating Scale. See, e.g., Fahn and Elton, Members
of the Unified Parkinson’s Disease Rating Scale Development Committee.
Unified Parkinson’s Disease Rating Scale. In: Fahn et al., Recent developments
in Parkinson’s disease. New York: Macmillan, 1987: 1563-163.
[0043] Alzheimer's disease may be diagnosed in patients according to the
criteria for dementia of the Alzheimer’s type of the Diagnostic and Statistical
Manual of Mental Disorders, 4" ed.: DSM-IV. Washington, D.C.: American
Psychiatric Association, 1994. Likewise, the criteria for probable Alzheimer’s
disease may be ascertained based on criteria of the National Institute of
Neurological and Communicative Disorders and Stroke and the Alzheimer's
Disease and Related Disorders Association. See also, McKhann et al., Clinical
diagnosis of Alzheimer's disease: report of the NINCDS-ADRDA work group
under the auspices of Department of Health and Human Services Task Force on
Alzheimer’s Disease. Neurology 1984; 34:939-944.
[0044] Multiple system atrophy (MSA) is characterized by glial cytoplasmic
inclusion bodies (also known as Papp-Lantos bodies) in the movement, balance
and automatic control centers of the brain. The most common first sign of MSA
is the appearance of an "akinetic-rigid syndrome" (i.e., slowness of initiation of
movement resembling Parkinson's disease) found in 62% at first presentation.
Other common signs at onset include problems with balance (found in 22%),
followed by genito-urinary problems (9%). For men, the first sign can be erectile
dysfunction (unable to achieve or sustain an erection). Both men and women
often experience problems with their bladders including urgency, frequency,
incomplete bladder emptying or an inability to pass urine (retention). About 1in 5
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HO 1/ 4

(3S, 4R, 5R) - 3- (di fl uoronet hyl ) - 4, 5- di hydr oxy- Nphenyl pi peri di ne- 1- car bot hi oam
i de (3S, MRO2ER /M6t yI - 3- (di fl uor onet hyI )-4, 5- PCT/US2010/051447

di hydr oxypi peri di ne- 1-car boxarri de H F HOAF *N1 0-4=0 / N\

OH OH HO 7 (3S, 4R 5R) - N-buty &dlfluoromthyl)

di hydr oM&A pgtler@nsnfélll suffar g@alhqndamr jigst year of disease. As’ the disease

(55, el B4R i gt IGBE R i ouona

F( 3R, 4R(S16N; §tiff thovealertewsiting betéthes sneditand $pidery);i (@) ceredellari ol
dysfunction (difficulty coordinating movement and balance); and (iii) autonomic
dysfunction (impaired automatic body functions) including: postural or orthostatic
hypotension, resulting in dizziness or fainting upon standing up, urinary
incontinence, impotence; constipation; dry mouth and skin; trouble regulating
body temperature due to abnormal sweating; abnormal breathing during sleep.
Notably, not all of these symptoms are experienced by all patients.
[0045] Dementia with Lewy bodies (DLB) is one of the most common
types of progressive dementia. The central feature of DLB is progressive
cognitive decline, combined with three additional defining features: (1)
pronounced “fluctuations” in alertness and attention, such as frequent
drowsiness, lethargy, lengthy periods of time spent staring into space, or
disorganized speech; (2) recurrent visual hallucinations, and (3) parkinsonian
motor symptoms, such as rigidity and the loss of spontaneous movement.

People may also suffer from depression. The symptoms of DLB are caused by
the build-up of Lewy bodies — accumulated bits of alpha-synuclein protein --
inside the nuclei of neurons in areas of the brain that control particular aspects of
memory and motor control. Researchers don’t know exactly why alpha-synuclein
accumulates into Lewy bodies or how Lewy bodies cause the symptoms of DLB,
but they do know that alpha-synuclein accumulation is also linked to Parkinson's
disease, muitiple system atrophy, and several other disorders, which are referred
to as the "synucleinopathies." The similarity of symptoms between DLB and
Parkinson'’s disease, and between DLB and Alzheimer’s disease, can often make
it difficult for a doctor to make a definitive diagnosis. In addition, Lewy bodies are
often also found in the brains of people with Parkinson's and Alzheimer’s
diseases. These findings suggest that either DLB is related to these other
causes of dementia or that an individual can have both diseases at the same
time. DLB usually occurs sporadically, in people with no known family history of
the disease. However, rare familial cases have occasionally been reported.
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OH OH OH

OH F HO AF 0
(3R, 4R, 5S) - 5- (4-fl uorobenzyl ) pi peri di ne- 3, 4-di ol
di f | uor opwerzgityaabsdr oxy) et hyl ) pi peri di ne- 3, 4- di ol

(3R 4R 5R) - 54(3, 5-

di f 1 uor ophenyl ) fl uor omet hyl ) pi peri di ne- 3, 4-di ol
14(3S, 4R 5R) - 3- (di fl uor onmet hyl ) -4, 5- di hydr oxypi peri di n-1-yl ) et hanone

((3S, 4RCoRPEUR

di hydro
(3R 4R,

hydrochloridgH €H CH F',,
(3S, 4R, 3.~ 3=f | olg 0- 5- (hydr oxynet hyl ) pi peri di n-4- ol

fluoronet hyl)-4, 5-

(3R, 2RTASPOIBALRLS-

RS ' BogerrarmBalitls JfIhe BASSE ibiantion are provided BeloW e 3. 4- gi o

Iz

HCI

(3R ,4R,58)-5-(difluoromethyl)piperidine-3,4-diol
hydr ochl ori de

(3R,4R,5S)-5-benzylipiperidine-3,4-diol

(3R,4R,5R)-5-(1-hydroxyethyl)piperidine-3,4-diol

(3R,4R,5R)-5-(1-hydroxyethyl)piperidine-3,4-diol
(stereoisomer A)

(3R,4R,5R)-5-(1-hydroxyethyl)piperidine-3,4-diol
(stereoisomer B)

(3R,4R,5S)-5-(1-fluoroethyl)piperidine-3,4-diol

(3R,4R,5S)-5-(1-fluoroethyl)piperidine-3,4-diol
(stereoisomer A)

(3R,4R,58)-5-(1-fluoroethyl)piperidine-3,4-diol
(stereoisomer B)

(3R,4R,5S)-5-ethylpiperidine-3,4-diol
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oH

(S)-2-amWo-20H(BR34R, SR) - 3, 4- di hydroxy 5-

(3R 4R 5R) - 5-( hydroxyrret hyl )- 1- ( 2-
OH HO

ni t r obenzyl ) pi peri di ne- 3, 4-di ol
, OH

(hydr oxymet hyppi peri di n-1-y1)-4-net hyl pentan-1 - one

(R) - 2-am no- 14( 3R 4R, 5R) - 3, 4-di hydr

8

PCT/US2010/051447

(hyd roxynethyl)piperid in-1

OH

-y1) - 4- net h@alent an-1- one (3HK3 Rﬁ%@)sgfﬁ@ppmnymmqlnmqu Idi ne- 3, 4-di ol
F

hydr ochii

i

O IZ

HO

N
OH OH

4o

(3R,4R,58)-5-(2-hydroxypropan-2-yl)piperidine-
3,4-diol

(4R,5R)-3,3~difluoro-5-(hydroxymethyl)piperidin-
4-o

(4R,5R)-5-(hydroxymethyl)-3-methylpiperidine-

3,4-diol

(3R,4R,5S)-5-(1,1-difluoroethyl)piperidine-3,4-diol

(3R,4R,58)-5-(trifluoromethyl)piperidine-3,4-diol

(3R,4R,5S)-5-(2,2-difluoroethyl)piperidine-3,4-diol

(3R,4R,5S)-5-(2-fluoroethyl)piperidine-3,4-diol

(3R,4R,58)-5-cyclopropylpiperidine-3,4-diol
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N H WD 2011/049736PCT/ US2010/ 051447 Chem cal Process [0047] Conpositions
of the present invention can be nade in accordance of one or nore of the

f ol | ow ngwechemegi36Pr ocess Schene 1: 0 OH 23 PCT/US2010/051447

[ 0048] ((2S, 3S, 4aR, 8R, 8aR) - 2, 3- Di et hoxy- 2, 3-di net hyl oct ahydr o-

[ 1, 4] di oxi no[ 2, 3-c] pyri di n- 8-yl ) net hanol I-%/dr ochloride(2). A solution of 1

(20.0 g, 559 1) in MeOH (H8B.4R.S8)-5nizszsiflusrocyslonropyliripergine( 4- 6 g)
and a LA f e (14 g, 2844diell) and the mixture was heated at 50-55
C. Additiopnal Janounts (3x100.0 mmol ) of amoni um fornmate were added over

the next 8~ysS. After the final addition, the reaction m xture was further
stirred andhheated an additional 16 hrs at 50-55 C. The catal yst was
renoved by OHl tFration and the (8RI4R 85¢53p6-ettwiidofflabesmethyl)pipesidinEre crude
pr oductym@@s ‘di gsol ved in acet @uediat50 nl), filtered, and HCl in 2-PrOH was
added. Aftler $eeding and then cooling in an ice bath, the product was

col |l ected v, White crystalline solid (11.0 g, 71%. 1H NVMR (DVBSO d6) 9. 45
(s, 2H), 4.80 (|t, 1H, ex), 3.85 (m 1H), 3.0-3.75 (m 11H), 2.8 (q, 2H,

1.95 (m 1 2 (2, 6H). A s i

[0049] &g‘ésﬁgg, aR, 8R. 8aR) - 6- Bﬁgggﬁl’??ﬁ% S5ty (lyoromethylpiperidine

di net hyl a ro-[1,4]dioxin ",f?—c]pyridin-8-y1)rrethano| (3). To a

sol ution 14.85 g, 50.0 mmol) in DVF (200 nL) was added K2CO3 (17.25
g, 125 m‘ml}‘j anid the m xture was stirred at 40 C for about 4 hrs. At this

point, BnCl (5.7 nL, 50.0 mml% was added in one portion and the reaction
was stirredO8t F40 C over ni ght (SRR §818Dn%-(difldoremaiBylied i n vacuo and the

resi duet ' gnded in vat eetiydpiperidneshd-didl was added to dissol ve the
resi due. The solution was washed with Et20 and then basified with Na2CGC3.
The sol uti ON v'\'ka]s extracted with Et OAc (2x) and the conbined extracts were
washed wit hHwatler and then brine and then dried over MySO4. The sol ution
was filteregHard the filtrate (8RR 68!6R)-bidiflactométhyijeve the title

conpoungp (14 24g, >95% as a eahypipeREine™ 4&fin pal e yel | ow vi scous oil
whi ch was Jusefd wFt hout further purification. 1H NVR (CDCI3) 7.3 (m 5H),

3.6-3.8 ( , 3.5 (s, 3H), 3.4 (t, 1H), 3.26 (s, 3H), 3.268 (s, 3H), 2.9
(m 2H), 2.8 (9r s, 1H). 2.05 (m 1H), 1.85 (t, 1H), 1.28 (s, 3H). 1.26 (s,

3H). [0050] (((2% 3S, 4aR, 8R, 8aR)38- - = d] - T

di|_|)rret Lyl oc% é&y ro-| 1?4] di ox?n)??:%gﬁﬁjfgﬁaﬂgggﬁ@gﬁ%@ip@ﬁ{}gg‘e('Gener al
Pr ocedup £ To a sol uti G a'DVBO (7.3 g, 96.9 mmol) in G4 2 (150
m.) cooled toJ-78 C was added a solution of oxalyl chloride (6.1 nL, 72.8

mmol ) in RCl 2 dropwi se. After the addition was conplete the reaction

m xture was stjigred for an additional 30 mn at which point a solution of 3
(17.0 g, 48.4 ) in CH2A 2 was added dropwi se. After addition was

conpl ete, the ction was stirred for 1 hr at -78 C and then

di i sopropyl gfyhy,pam ne (34. 4 mf3RLﬁ$5 O(Syvas added dropwi se. After this
additiqp was cgnpl ete, the coglHhsy iA83 4Jagpir eact i on
HyyRekyidhyfrmethamieRiings, 4ok

m xture Was a1 owedxzto warmto ura NaHCO3 was added. The

m xture was di | utle ith some additional CH2CO 2 and then the organic |ayer
was separatPd and dried over MySO4. After filtering, the
OH F (3R,4R,5S)-1-butyl-5-(difluoromethyl)piperidine-
HO_~ 3,4-diol
F
N

1
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sol vent was evaporated in vacuo and the crude product was purified by
silica gel chromatography (Hex/EtOAc) to give the title conmpound (12.7 g,
75% as awoistods73ei | . 1H NVR (CDCI 3) 9.73 (s, 1H), 7.2PCWUS2HpP/05B475 (m
2H), 3.5 (g, 2H), 3.2 (2s, 6H), 2.7-3.0 (m 3H), 2.05 (m 2H), 1.25 (2s,
6H). [0051] ((26, 36, 4aR, 86, 8aR) - 6- Benzyl- 8, 8-di fl uoronet hyl- 2, 3-

di met hoxy- 208- i et hyl oct ahyd(8R[4R,85H1eadiyh6f(BiftlBocdmethybpiperidingr ochl ori de
(Gener glopPracegure B) (5). To3M-dilution of DAST (1.4 nlL, 10.3 nmmol) in
CH2al 2 (50 nlY cdoled to -15 C was added a solution of 4 (2.4 g, 6.9 mmol)
dropwi se. After 10 minutes, the ice bath was renoved and the reaction was
stirred at noomtenperature overnight. At this point the reaction m xture
was again cokﬂ\gd in an ice bath and the reaction was quenched by addition
of saturated HCO3 (dropwi se at first since this does produce a slight
exothern). ®Re prganic |ayer Weg3SapabR}-8ddifludronettyl)od,6r Na2SO4, filtered
and theygol yeny was evapor at e@iHydrad/piseridn-alyipentaretlsne oi | . The residue
was purifijed By €hromat ography on si'lica gel (Hex/EtOAc) to give the title
conpound ( NE 9 629 as a colorless oil. 1HNWR (CDCI3) 7.2 (m 5H), 6.0
(dt, 1H), 3;75 (m 1H), 3.55 (m 3H), 3.2 (2s, 6H), 2.95 (m 1H), 2.85 (m
1H, 2.3 H, 1.5 (br s, 1H), 1.2 (2s, 6H). 100521(3R 4R

56)-5-(Di fl uotonet hyl ) pi perdi ne 3, 4-di ol Hydrochl oride (General Procedure
C (6). Conmpound 5 (1.6 g, 4.3 nmmol) was heated at reflux in a m xture of
Et OH/ H20/ HCI (40 mL/40 nL/5 mL) and the reaction nonitored by HPLC until
the startingHndt eri al coul d n¢3R@ARES)-beddeipearnethyl)Th3-sol vent was
evapor aiad ~ cuo and then eotethuabenayBpipéridiwet3)4idiiH. The resi due was
di ssolved [in 0f and hydr ogenat ed over Pd(CH) 2. \Wen conpl ete, the

cat al yst §-Temoved by filtration and the filtrate evaporated in vacuo.
The resi duejwas re8rystallized fromEtOH (50 nL) to the title conpound
(0.55 g, 66% a"white solid (nmp 168-170 C). 1H NMR (D20) 6.15 (dt, 1H),
4.3-4.8 (m 24),J3.0 (t, 1H), 2.85 (t, 1H), 2.3 (m 1H. WO

aoﬁg 01‘212689 F 520107051447 (3R,4R,5S)-5-(difluoromethyl)-1-(4-

[ 0053] (HYanc $- ((2S, 38, 4arMEtghenzIniRGTidine-3,4d1@l et hoxy- 2, 3-

di et hyl ogt ahydr o- 0, 41di oxi no[ 2, 3-c] pyri di n- 8-yQet hanol General Procedure
D(15116). TR“a solution of 4 (7.0 g, 20.0 nmol) in dry THE (100 nlL) was
added MeMgBrt_ (20.0 nL, 1.4 Min 3:1 THF/tol uene) and the reaction was
stirred overn at roomtenperature. The reaction was quenched with

sat urated NH4Sl_~and the m xture was extracted with EtOAc (2x). The conbi ned

extracts wegg washed with bri Ag{jjg_s_cm Lo |)_alr1d the filtrate was
evapor d En vacuo. The resi § \9?53‘ w) 'k% i %_ lt-l i&a gel chromat ogr aphy
(hexan r Fo give the P‘ $ : é’ 24. 699 . 1H NWVR

(Cba 3). 7.3 5H), 4.15 (m 1H), 3.5-3.9 (m 3H), 3.3 (2s, 6H), 2.85 (m

2H), 2.0 (®m 4H), 1.3 (2s, 6H), 1.2 (d, 3H). The nminor isomer (16) was
al so isolatedo(0.55 g, 7.5%9 7.3 (m 5H), 3.75 (m 2H), 3.5 (m 2H), 3.2
(2s, 6H), 2!8 (m 2H), 2.0 (t, 1H), 1.75 (m 2H), 1.2 (2s, 6H), 1.0 (d,
3H). [0054]9BRFAR, 5R) - 5( ( R) - 1{3R 405§ ebHdifluprgreetthyhel -@1-4- di ol (17).
Compoumd 15~ (0455 g, 1.5 nmol jlusabeatylipiperidined 4adiglur e of 9/ 1 TFA: H20 (20
m.) until |the sthrti ng material could no | onger be detected by HPLC. The
vol atil es e renoved and the residue was co-evaporated 2-3x with EtOH and
then dissolyed in EtOH and treated with solid K2CO3. After filtering the
solid, the fi te was evaporated in vacuo, and the residue was converted
to an NCI sal d hydrogenated over Pd(OH)2. The catalyst was filtered and
the filtrate evapdrated in vacuo. The crude product was purified using an

i on exchang@Hr @i n (Dowex 50WER AB03Reb+(t4-ng with 0.1 N NHACH The

appr opHogt e~f ract iens wer e cofthoropteaylihygaxgimethytipiperigines3 dhdiot i t 1 e
conpound (0. 142 g %9. 1H NWR (D20) 4.2 (g, 1H), 3.65 (m 1H), 3.45 (m
3H), 2.8 2H) ~¥65% (m 1H), 1.15 (d, 3H).

[ 0055] (3R, 4R, 5R) - 5((S) - 1- Hydr oxyet hyl ) pi perdi ne 3, 4-di ol (10). Conpound 16
(0.34 g, 0.93 mmol) was deprotected as described above to give the title
conpound (0.11 g, 75%. 1H NMR (D20) 4.15 (m 2H), 3.5 (m 1H), 3.35 (t,
1H, 3.15 (m 2H), 1.8 (m 1H), 1.125d, 3H).

[ 0056] ((2S, 3S, 4aR, 8R, 8aR) - 6- Benzy1-8(S)- (1fl uoroethyl)-2, 3-

di met hoxy- 2, 3-di net hyl oct ahydro-[ 1, 4] di oxi no[ 2, 3-c] pyri dine (11). Conpound
15 (1.8 g, 5.0 nmmol) was fluorinated using General Procedure B. Silica gel
chromat ogr aphy (Hex/ Et 0Ac) gave the title compound (0.42 g, 23%. 1H NWR
(CbCl3) 7.25 (m 5H), 4.7-4.9 (dq, 1H, 3.75 (m 2H), 3.4 (m 2H), 3.2 (2s,
6H), 2.8 (m 2H), 2.0 (m 3H), 1.35 (dd, 3H), 1.2 (2s, 6H).




[ 0057] (3R 4R, 5R)-5((S)-1-Fl uoroethyl)piperdine 3,4-diol Hydrochl oride
(13). Compound 11 (0.42 g, 1.14 mml) was deprotected as described in
Gener al Rvocedurer3e. After catal yst was renoved, the fi PCTAISROM@SI447
evaporated in vacuo and then co-evaporated with EtOH (2x). The resulting
residue was triturated with acetone to give the title conpound (0.20 g,
88% as a WHtE solid. 1H NVR3S4REBR)ds|diluaromethy)-4bglihydraxyc- 1H, ex),
5.4 (dHOlLHAe 5.0-5.2 (dq, prbﬁylplpbrﬁﬁne{ -hcatbhxaBide (m 2H), 2.9 (t, 1H),
2.7 (t, 2.2 (m 1H), 1.3 (dd, 3H).

[0058] ((2 , 4aR, 8R, 8aR) - 6- Benzyl 8(R)- (1fl uoroethyl)-2, 3-

di met hoxy- ,3 di nmet hyl oct ahydr o-[ 1, 4] di oxi no[ 2, 3-c] pyri d| ne (12). Conpound
16 (0.55 @7 hHb mmol ) was fluorinated using General Procedure B to gi ve the
title corrpouﬁdj(O.ZZ g, 40%. 1H NI\/R(CDCI3) 7.3 (m 5H), 5.0 (dq, 1H), 3.8

(m 1H), 3.5-3375 (m 3H), 3.3 (2s, 6H), 3.0 (d, 1H), 2.9 (m 1H), 2.1 (m
2H), 1.85 (m 1H), 1.3 (2s

[ 0059] (3R, 41 5R) - 5((R) - (1 Fl u&%@Rtﬁﬁ)ﬂy@ﬂlﬂQﬁomhw)arteﬁylm}a@flémor| de (14).
CorrpouH@mpJQ,_Z g, 0.6 nmol 3.4vdiel deprotected as described in General
Procedure|C. |After catal yst was renoved, the filtrate was evaporated in
vacuo and n co-evaporated with EtOH (2x) The resulting residue was

trlturatqji.é/udh acetone to give the title conpound (0.08 g, 67% as a white
solid. 1H NWR (D20) 5.1 (dg, 1H), 3.5 (m 4H), 2.8 (m 2H), 1.8 (m 1H),

1.3 (dd, WO 2011/ 049736PCT/ US2010/ 051447 Process Scheme 2: \ 00. 0CH
\y\"0%07?, ?rsrsu ,r, . 1 .Pd (OH)2; H20yL i n N2LA-13,
...... 'y e mmm-o 0" 20 HAOBNCG H HCG 23
OH (3R,4R,5S)-5-(4-methylbenzyl)piperidine-3,4-diol
N
H
OH F (3S,4R,5R)-3-(difluoromethyl)-4,5-dihydroxy-N-
Ho\L/j/kF phenylpiperidine-1-carboxamide
N
O)\NH
OH F (3S,4R,5R)-3-(difluoromethyl)-4,5-dihydroxy-N-
HO\‘\/:j)\F phenylpiperidine-1-carbothioamide
N
S)\NH
OH F (3S,4R,5R)-N-butyi-3-(difluoromethyl)-4,5-
HO__~ E dihydroxypiperidine-1-carboxamide
N
02\”/\/\
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45 [ 0059] ((2S, 3S, 4aR, 8R, 8aR) - 2, 3- Di net hoxy- 2, 3-di et hyl oct ahydr o-

[ 1, 4] di oxi no(2, 3-cj pyridin-8-yl)nmethanol Hydrochloride(2). A solution of 1
(20.0 g, %6.2001vIR13p in MeOH (500 nL) was conbi ned with PArT@p@00dH447 g) and
ammonium forrmate (14 g, 220 mmol ) and the m xture was heated at 50-55 C.
Addi tional amunts (3x100.0 rnnol) of ammonium formate were added over the
next 8 hrs.Olffer the final a@$ 4RAEAR)-Nibutyleatdifluoromethyl)y-¢,5vas furt her
stirredognd~h 'g:d an addi ti odibydrb&ypiperidinesDcatbothiodmidecat al yst was
removed by fifltration and the filtrate was evaporated in vacuo. The crude
pr oduct i ssolved in acetone (150 nlL), filtered, and HCl in 2-PrOH was
added. After seeding and then cooling in an ice bath, the product was

col | ect eds sbr\f{W'u/t\e crystalline solid (11.0 g, 71%. 1H NVR (DVSO-d6) 9.45
(s, 2H), 4.80"' (t, 1H, ex), 3.85 (m_1H), 3.0-3.75 (m_11H, 2.8 (q, 2H),
1.95 (m 194 k.2 (2, 6H). M:@R)%@&mnmmﬁ%mamxv%'}-
1006018Q8, 3 8R, 8aR) - 6- Betimethylpipeddimet hsulforigraide

di et hyl oct ahydro- (1, 41di oxi no[ 2, 3-c] pyri di n-8-y1) nmet hanol (3). To a

sol ution ofy2 (14.85 g, 50.0 nmml) in DWF (200 nlL) was added K2CG3 (17.25
g, 125 mpld-pnd the m xture was stirred at 40 C for about 4 hrs. At this
point, BnCli (5.7 nmL, 50.0 mml) was added in one portion and the reaction
was sti rred\l\at 40 C overnight. The sol vent was evaporated in vacuo and the

resi due m%§u§ﬁended in wat e3R HRGRILE-(RBGcibhéxyras added to dissolve the
residu The seol ution was wa %Weiﬁyl i%’ricﬂﬂé’%t 1§y basi fied with Na2CO8.
¥ t'0AC EZ

extracted w t'h and the conbi ned extracts were
washed wi th and then brine and then dried over MgSO4. The sol ution
was filter%i he filtrate evaporated in vacuo to give the title
conmpound (17.2 >95% as a colorless to very pale yell ow viscous oil

whi ch was dew thout furth ielqdyaaid_ NWR (CDCI3) 7.3 (m 5H),

3. 6-3i_§o( lé‘%za ¥, 3.5 (s, :%I—l),e(F3 rﬁgﬁéﬁ@%@?@%ﬁw 3H), 3.268 (s, 3H), 2.9
(m 2H) % NS, 1H), 2.0 m . g (v, 1.28 (s, 3H), 1.26 (s,

3H). 100641
(1, 4] di oxi no[ 2, 3-c] pyri di n-8-yl)carboxal dehyde (CGeneral

di net hyl octahyd
Procedure (4 To a solution of DMSO (7.3 g, 96.9 mml) in CHd 2 (150

m.) cool ed -78 C was adde Iy 1200 _Af ; dde 6.1 nL, 72.8
nmol ) 'i_la CI% 2 dropw se. Af Sgrﬁﬁgl%d%p‘t ﬁ%%ﬁ\ﬁgéysggﬁn%ﬂlggt%h‘ég}%acti on

m xt ur e s st S for an additional 30 mn at which point a solution of 3
(17.0 g, . : in CH2A 2 was added dropw se. After addition was

conpl et e, e reaction was stirred for 1 hr at -78 C and then

di i sopropyl et hyl am ne (34.4 rimpl) was added dropwi se. After this
addi tion \/\@é" C'F‘r'pl ete, the c%ﬁ'ﬁgggﬁtiﬂ( 5 renmoved and the reacgtion

m xt ur @O awed to war m tdiflurophenylXBydroxy seetubripgiidivetitetol The

m xture wi th sonme additional CH2C 2 and then the organic |ayer
was separ ansd andydried over MpSO4. After filtering, the solvent was
evaporatedH n vacgo and the crude product was purified by silica gel
chromat ogr gphye ( Hex/ Et 0Ac) t83 i 5@9_ _(§t5l_e conpound (12.7 g, 75% as a
vi scoug.~oi I5. 1H NWR ( 1 3) ?ME ’ 3 45 em 2H), 3.5
(q, 2HO8 2 (2 7-3. L?% Bh ,'f"é‘.‘%‘%’%?ﬁnmﬁ%%dﬁ‘.%z’i’i(égf 6H). WO
2011/ 049736Pf 0/ 051447

[ 0062] ((2SN3S, 4aR]8S, 8aR) - 6- Benzyl- 8, 8-di f| uor onet hyl - 2, 3-

di met hoxy- 2, 3- di mét hyl oct ahydro-r 1, 4] di oxi no[ 2, 3-c] pyri di ne Hydrochl ori de
(General Popceglure B) (5). Tol-g3SHURBR)B-@fifludhdSmetiylf4/8, 10.3 mmol) in

CH2C %ééﬁ?i)kcool ed to - 15QiNRFoRASIBENdNSOYNEthaRoRé 4 (2.4 g, 6.9 mol )

dropwi se.T After F10 mi nutes, the ice bath was renoved and the reaction was
stirred at,roomtenperature overnight. At this point the reaction mxture
was again gooled in an ice bath and the reaction was quenched by addition

of satur NaHCO3 (dropwi se at first since this does produce a slight
exot hen-n). The organic | ayer was separated and dried over Na2SO4, filtered
and the sol vent was evaporated in vacuo to give a yellow oil. The residue

was purified by chromatography on silica gel (Hex/EtOAc) to give the title
conpound (1.6 g, 62% as a colorless oil. 1HNWR (CDCI3) 7.2 (m 5H), 6.0

(dt, 1H), 3.75 (m 1H), 3.55 (m 3H”y, 3.2 (2s, 6H), 2.95 (m 1H), 2.85 (m

1H, 2.3 (m 2H), 1.5 (br s, 1H), 1.2 (2s, 6H). [0063] (3R, 4R

5S)-5- (D fl uoronet hyppi perdi ne 3, 4-diol Hydrochloride (General Procedure C
(6). Conpound 5(1.6 g, 4.3 mmol) was heated at reflux in a mxture of

Et OH/ H20/ HCI (40 mJ40 mJ5 nlL) and the reaction nonitored by HPLC until the
starting material could no | onger be detected. The sol vent was evaporated

in vacuo and then co-evaporated 2x with EtOH The residue was dissolved in

R A ~/~1 1 o, 17 ~a I\ A e o o, T T



R5 67(a-e) [0064] (3R 4R, 5S)-1.Butyl-5-(difluoronethyl)piperdine3, 4-di ol
(General Procedure D) (la; R6 = Bu). A mxture of 6 (0.30 g, 1.4 mmol),
K2CO3 (0.w6 2011/@9B6mol ) and BuBr (0.20 g, 1.4 mmol) wa®Crarsbimosi4sh DV
(10 nL) and heated overnight at 60 C. The solvent was evaporated in vacuo
and the residue was dissolved in Et0Ac, washed wth water and then brine
and dried dfr FNa2SO4. After HRB14RORY3: (Cﬁﬂt@mmleﬂ'%)r%%s evaporated in
vacuo HEO g crude produdbyde&hlPﬁﬂQ"birM)mhﬁl\YByﬂﬁthamﬁﬁ ogr aphy
(CH2C12/ (9:1)] MeOH NHAOH) to give the title conpound (0.25g, 80% as a
col orl ess up. M+ = 224, 1H NWR (DMSO-d6) 6.2 (t, 1H, J = 57 Hz), 5.13
(d, 1H, ex 4,91 (d, 1H, ex), 3.3 (m 1H), 3.1 (m1H, 2.9 (m 2H), 2.3
(m 2H), Q@79 2H), 1.75 (t, 1H, 1.2-1.5 (2m 4H), 0.9 (t, 3H).

[ 0065] (3R 4R, -1. Allyl-5-(difluoronethyl)piperdine 3,4-diol (7b; RS =
ally!). Follow ng General Procedure D using ally' bromde (0.17 g, 1.4mmol)
the tile compoupd was obtained as a white solid (0.22 g, 76%9. W+ = 208.

1H NVR (BVBQ d6) 6. (y;, 1H, J = 57 Hz), 5.8 (m 1H), 52(m 3H), 4.92 (d.
i-H)ﬁS ?tB m 3R, E?i" (3R4F$5R6§?6(24d|f|&grobe|l;|;.yl) 5- (br-m 2,

5S)-5- (Di f | Jpronet Nyl ) - 144- f |(hpdicupmethy)\pinsridinerd,4dipl hydrochloride 126 =

4-fl uorobenzyl). Follow ng General Procedure D except that reaction was run
at room tenperature and using 4-fluorobenzyl bromde (0.26 g, 1.4mml) the
tile conpound was obtained as a white solid (0.22 g, 56%. M+ = 276. 1H
NVR (DMBO- d6) L,.,4 ~(m 2H) 7.15 (m 2H), 6.2 (t, 1H J= 57 Hz), 5.2 (d, 1H,
ex), 4.9 (d, 1 9-l) 5(q9, 2H, 3.3 (m 1H, 3.1 (m 1H, 2.8 (m 2H),

AR @;? th;m)l“) 13%]’2‘?%-“ PP ENRNSY IR TR g -

4- et hyl benzyl%. Fol | ow ng dure D except that reaction was run
at room tenperature and using 4-nethyl benzyl bromde (0.26 g, 1.4mml) the
tile conmpound was obt ained as a white solid (0.30, 81%. M+ = 272. 1H NWR
(DVBO-d6) 7.2 ( 6.2 (t, 1H, J= 57 Hz), 5.2 (d, 1H, ex), 4.9 (d, 1H,
ex), 35( 33(1H) 3.05 (m 1H, 2.8 (m 2H), 2.5 (s, 3H), 1.95

(m 2H), oH 0068] (3R, 4R,
5S) - 5- (Dfluororre hyl)-1-(4- n'ethoxyl benzyl ) pi perdine 3,4-diol (7e; R6 =

4- met hoxyl benzyN). Fol | owi n r t that reaction was
Lo eotac tr o i SRS MEBOPIORE, 102 (28

run at roomtenp re and
1.4mmol ) the t-| | e pound '865 %gf%?ll ess sirup (0.19 g, 49%.

M4+ = 288. 1HC VO d6) 7.3 (m 1H), 6.85 (m 3H) 6.2 (t, 1H J = 57
Hz), 5.2 (d, 1H! ex), 4.9 (d, 1H ex), 3.75 (s, 3H), 3.5 (g, 2H), 3.4 (m
1H), 3.1 (m 1H), 2.85(m 2H), 1.95 (m 2H), 1.8 (t, 1H. OH FOH F R5ZX,
K2CB  Z. R5 8(a-c)

OH

(3R,4R,5R)-1-(3-aminobenzyl)-5-

N

| : NH, (hydroxymethyl)piperidine-3,4-diol
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[ 0069] 14(3S, 4R, 5R)-3-(Di fl uoronet hyl) -4, 5-di hydr oxypi perdi ne- 1-

yl ) pentane-1-one (8a; Z = CO R6 = butyl). Follow ng General Procedure D,
except t O 20h@4pBacti on was run at room tenperature aneCudisagopsensanoyl
chloride (0.17 g, 1.4 mmol), the title conpound was obtained as a white
solid (0.26 g, 719%9. M+ = 252. 1H NWR (DVMSO-d6) 5.9-6.5 (dt, 1H), 5.35 (m
1H, ex), 5.25 6m 1H), ex), 4.2 (dd, 1H), 3.75 (dd, 1H), 3.35 (m 2H), 3.1
(m 1H, H®BS £ H, 2.3 (t, 2H, 1.9 br m 1H), 1.4 (m 2H), 1.25 (m
2H), 0.85 (t,7 3H . PH070] (3R 4R

5S) - 5- (Di f 1 uorgret hyl h- 1- (met BRNeR WR)BIHydRbBhEhYB-13¢34-di ol (8b; Z = SC2;
R6 = Me) Foll oy ng Geﬁer al Prrﬁﬁmﬁl)ﬁ@)‘@ﬁ% t4hai§|the reacti on was run at
room t enper at ureyanrg” d¥p ng net hanesul’tonyl ¢ ?’OI’I e (0.16 g, 1.4 mol), the
title conpound btai ned as a white solid (0.17 g, 519 . 1H NWR
(DVMBO-d6) 6.2 (t, 1H, J= 53 Hz), 5.43 (d, 1H, ex), 5.38 (d, 1H ex),
3.2-3.7 (m 4H), 2.95(s, 3H, 2.85 (m 1H), 2.7 (t, 1H), 2.1 (br s, 1H).
(3R 4R, 5S5)-5- (pyfluoronethyl)-1-tosyl piperdine 3,4-diol (8b; Z = SO2; R6
= Ph) Foll ovl\j!cpg :Ceneral Procedure D except that the reaction was run at
roomtenpera i ng toluenesul fonyl chloride (0.26, 1.4 mmol), the
title conpound obt ai ned g$)2-awirice1g@AR dR(ZR)ES 4adihpdiBky-5L1H NVR
(DVBO-d6) 7.6 (dN 2H), 7.45 ((ElydMme@af}?idéridiﬁJﬁFyl)lﬁ-rﬁéthV?Lnt%-‘l-(2d, 2H,
ex), 3.3-35 4H), 3.2 (mpelt) . 2. m 3H), 2.4 (t, 1H), 2.1 (m 1H).
OH F R5NCX XRQHR- 9(a-e) 6 [ 0071] (3S, 4R,

5R) - 3- (Di f | uor &t hyl ) - 4, 5- di hydr oxy- N- propyl pi perdi ne- 1- car boxani de
(General Procedure E) (9a; X = 0; R6 = propyl). To a solution of 6 (free
base) (0.29 g, 1.2mmol) in dry DW (5nmL), was added propyl isocyanate (0.10
g, 1.2 ncirnol) @hd the reaction was stirred at roomtenperature overnight.
The sol vent eygpaerated in vacuo and the residue was purified by

chr omat ogr aphy a % MeOH) ive iLLle.c ngd as white solid
(0.14 g, 48%. W = 253. 1H!( ngﬁéék )(.18,'111)&5},5’;@_,%5“1 1H, J= 53
Hz), 5.25 (d, 1H| ex), 5.15 (aydrepymeihyhpipesisdin-d-yrdgmethylpeptan-1+y) 3.3 (m
2H), 3.0 (W@.S (m 1HgQn€1.8 (br d, 1H), 1.4 (m 2H), 0.85 (t, 3H).
[0072] (3S, 4R, §R),-3-(Di fluoronethyl)-4,5-di hydroxy- N

phenyl pi per di ne- 1- car boxami de (9b; X = 0; R6 = phenyl). Follow ng General
Procedure E and using phenyl isocyanate (0.14 g, 1.2 mol) the title
conpound was obtained as a white solid (0.21 g, 62%. MH = 287. 1H NMWR
(DVSO-d6) 8.7 (LH1R), 7.45 (d, 2H), 7.3 (t, 2H), 6.95 (t, 1H), 6.3 (t, 1H,
J = 53 Hz), HO35~(# 1H), 5.25 (d, 1H), 4.1 (t, 2H), 3.3 (m 2H), 2.85 (t,
1H), 2.75 (t, HCOO5 (br d3RHMR,5S)Gofigpaeethrl)piperidine-3,4-diol

5R) - 3- (Di fl uor ongt hyl ) - 4, 5- dinyddvabgride but yl pi per di ne- 1-carboxani de (9c; X
= 0; R6 = butyl)H Follow ng General Procedure E and using butyl isocyanate

(0.12 g, 1.2 mmol) the title conpound was obtained as a white solid (0.24
g, 76%. NH+OI-:| 2@7. 1H NVR (DVBO-d6) 6.6 (t, 1H), 6.2 (t,

HO - -
m (3R,4R,55)-5-((R)-1-fluoropropyl)piperidine-3,4-
di
" iol
H

H F

HO < (3R,4R,5S)-5-((S)-1-fluoropropyl)piperidine-3,4-
diol
N
H
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1H, J= 53 Hz), 5.25 (d, 1H), 5.1 (d, 1H), 4.05 (d, 1H), 3.9 (d, 1H), 3.35
(m 2H), 3.05 (q, 2H), 2.65 (t, 1H), 2.45(m 1H), 1.8 (br d, 1H, 1.2-1.4
(2m 4H) ,wO0.286/0497363H) . [ 0074] ( 3S, 4R, PCT/US2010/051447
5R)-3-(Di fl uoronet hyl) -4, 5-di hydr oxy- N-but yl pi perdi ne- 1-car bt hi oam de (9d;
X =38 R5 = butyl). Follow ng General Procedure E and using butyl

i sot hlfc‘aqumld’(o&ess g, 1.2 mol) the title conpound was obt ai ned as a

col orl 639

coL o i3 oM GuBs B i esgntpan BB RERIBNE BB, 1,
(m 1|'¢Bnm3ré)5fthbfolld®mg%cﬁeﬁes 1H), 1.85 (br d, 1H), 1.4 (m 2H), 1.35 (m
2H), 1.1 (m 1H), 0.95 (t, 3H). [0075](3S, 4R,

5R) - 3-RMacessSeheme:) - 4, 5- di hydroxy- N- phenyl pi per di ne- 1- car bt hi oani de
(9¢; X =S; R5 = phenyl). Follow ng General Procedure E and using phenyl

i sot hi ocyanate (0.16 g, 1.2 mmol) the title conmpound vva obtained as a

V\/mtesolld(03lg 86%) . M—|+:$03 .1HN|\/R(DIVIS‘Q) ‘95 s, 1H), 7.3
(m 4H, 7. }3 635(t 535(2d 2H) , , 4.55 (d,
1H), 345\<cgr; ,32 \ " ( ,1 205(br \ :
[ 0076] Conpo ds f the1 F‘Q@é 2" Vhve t| c5%l so be ma y one skilled in
the art usin j/\ﬁéjf‘ | owidng gene‘? me§nc, B§.q 23 45 Schene 3 Schene
5
N Hel
1 2 3

o
\ Lt
\ te,
O'/H\ : O/Ii e F OH F
O <
Swern O\Ej/ DAST \(j}\[: 1. HCI HO\(j)\F
—_— —_— —_—
N 2. PA(OH),; H,

o o

[0048] ((28,3S,4aR,8R,8aR)-2,3-Dimethoxy-2,3-dimethyloctahydro-

[1,4]dioxino[2,3-c]pyridin-8-yl)methanol Hydrochloride(2). A solution of 1
(20.0 g, 55.0 mmol) in MeOH (500 mL) was combined with Pd(OH)2 (4-6 g) and
ammorium formate (14 g, 220 mmol) and the mixture was heated at 50-55 °C.
Additional amounts (3x100.0 mmol) of ammonium formate were added over the
next 8 hrs. After the final addition, the reaction mixture was further stirred and
heated an additional 16 hrs at 50-55 °C. The catalyst was removed by filtration
and the filtrate was evaporated in vacuo. The crude product was dissolved in
acetone (150 mL), filtered, and HCI in 2-PrOH was added. After seeding and
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Scheme 6 WO 2011/ 049736PCT/ US2010/ 051447 10a Deoxo-Fluor OH F Bn 10a
Ph3PCH3Br BuLi OH Bn .-
WO 2011/049736 PCT/US2010/051447

then cooling in an ice bath, the product was collected as a white crystalline solid
(11.0 g, 71%). 1H NMR (DMSO-d6) 9.45 (s, 2H), 4.80 (t, 1H, ex), 3.85 (m, 1H),
3.0-3.75 (m, 11H), 2.8 (q, 2H), 1.95 (m, 1H), 1.2 (2, 6H).

[0049] ((2S,3S,4aR,8R,8aR)-6-Benzyl-2,3-dimethoxy-2,3-
dimethyloctahydro-[1,4]dioxino[2,3-c]pyridin-8-yl)methanol  (3). To a
solution of 2 (14.85 g, 50.0 mmol) in DMF (200 mL) was added K2CO3 (17.25 g,
125 mmol) and the mixture was stirred at 40 °C for about 4 hrs. At this point,
BnClI (5.7 mL, 50.0 mmol) was added in one portion and the reaction was stirred
at 40 °C overnight. The solvent was evaporated in vacuo and the residue was
suspended in water (600 mL) and HCI was added to dissolve the residue. The
solution was washed with Et20 and then basified with Na2CO3. The solution
was extracted with EtOAc (2x) and the combined extracts were washed with
water and then brine and then dried over MgSO4. The solution was filtered and
the filtrate evaporated in vacuo to give the title compound (17.2 g, >95%) as a
colorless to very pale yellow viscous oil which was used without further
purification. 1H NMR (CDCI3) 7.3 (m, 5H), 3.6-3.8 (m, 2H), 3.5 (s, 3H), 3.4 (t,
1H), 3.26 (s, 3H), 3.268 (s, 3H), 2.9 (m, 2H), 2.2 (br s, 1H), 2.05 (m, 1H), 1.85 (t,
1H), 1.28 (s, 3H), 1.26 (s, 3H).

[0050] ((2S,38,4aR,8R,8aR)-6-Benzyl-2,3-dimethoxy-2,3-
dimethyloctahydro-[1,4]dioxino[2,3-c]pyridin-8-yl)carboxaldehyde (General
Procedure A) (4). To a solution of DMSO (7.3 g, 96.9 mmol) in CH2CI2 (150
mL) cooled to -78 °C was added a solution of oxalyl chloride (6.1 mL, 72.8 mmol)
in CH2CI2 dropwise. After the addition was complete the reaction mixture was
stirred for an additional 30 min at which point a solution of 3 (17.0 g, 48.4 mmol)
in CH2CI2 was added dropwise. After addition was complete, the reaction was
stirred for 1 hr at -78 °C and then diisopropylethylamine (34.4 mL, 193 mmol)
was added dropwise. After this addition was complete, the cooling bath was
removed and the reaction mixture was allowed to warm to 0 °C when saturated
NaHCO3 was added. The mixture was diluted with some additional CH2CI2 and
then the organic layer was separated and dried over MgSO4. After filtering, the
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Schene 7 Salts, solvates and prodrugs [0077] Conmpounds of the present

i nventi or‘lW'Omoilumlmsphar maceutically acceptabl e salts, solPcatusgo1a64pT 0- dr ugs
of the compounds discl osed herein. Pharmaceutically acceptable salts

I nclude salts derived frominorganic bases such as Li, Na, K Ca, M, Fe,
Cu, Zzreolvant was evapsratedganiasupansstheeride progduet was a@reftqd by Bijicaigetii ani ne,

9L vearepmeldd SHEY, ABASOAITK Bie, BETIRY e S} 2782 s Ao

gl yci ngécoushsinyiH NMFC((DICB)SQWKSS(SO\‘I Hpax.ar(ad, 56\171 BF53@n, CEH)$BC81(CPQI-D| yci ne,
al ani ne, valine, ci ne norIeUC|ne tyr05|ne cysti ne,

cyst el%g (28pcitb), 8r7 ﬁé) (r@,r@ﬂ) r2e05 (Wd?'d%y %5&2$ 4. hi sti di ne, onithine,

l ysin gi ni n | rqﬁn D-i soners or
substﬁtuﬁa‘d am n %g?ﬁﬁg%% bsfglgi @fd uani d.zﬁ:‘z wherein the
subst |dmmthexyﬂ%&bﬂmthﬁdctalwdm#[ﬂrqm@xmb{ﬂ 3€d]byhdm?é KHyarbchiorideny| |

anmoni ym or bstituted a umsalts an um num salts, Salts, may
ncl udGenaral Raasedure 8 ). m#ierae w@pwd Wil dh ik 10-By@MRhitor | des,

sul phaéﬁéCIZ‘ 56 ng%oo?éq)?&h% g wBEra‘a'?ileBré“sﬁﬁrtloHOéfa& ?ﬁ.gl @Dg{eg@%dlf’es

acet at es, tra eates, citrates, succl nates,
met hardafspw;sleonmfbes 1CbmllKIIIESE$he scd batH wassremwmbaeduhéombben veasor bat es,
gl ycer ket o | ut ar at es ment,. .t he pharmaceutically

S ere e ied BLFoSTH tef Ttk SYATUOHY . At JBEPRBH dhe TRBCdE PN TG | U

salt. again cooled in an ice bath and the reaction was quenched by addition of
saturated NaHCO3 (dropwise at first since this does produce a slight exotherm).
The organic layer was separated and dried over Na2S04, filtered and the solvent
was evaporated in vacuo to give a yellow oil. The residue was purified by
chromatography on silica gel (Hex/EtOAc) to give the title compound (1.6 g,
62%) as a colorless oil. 1H NMR (CDCI3) 7.2 (m, 5H), 6.0 (dt, 1H), 3.75 (m,
1H), 3.55 (m, 3H), 3.2 (2s, 6H), 2.95 (m, 1H), 2.85 (m, 1H), 2.3 (M, 2H), 1.5 (br s,
1H), 1.2 (2s, 6H).
[0052] (3R,4R, 58)-5-(Difluoromethyl)piperdine 3,4-diol Hydrochloride
(General Procedure C) (6). Compound 5 (1.6 g, 4.3 mmol) was heated at reflux
in a mixture of EtOH/H20/HCI (40 mL/40 mL/5 mL) and the reaction monitored
by HPLC until the starting material could no longer be detected. The solvent was
evaporated in vacuo and then co-evaporated 2x with EtOH. The residue was
dissolved in MeOH and hydrogenated over Pd(OH)2. When complete, the
catalyst was removed by filtration and the filirate evaporated in vacuo. The
residue was recrystallized from EtOH (50 mL) to the title compound (0.55 g,
66%) as a white solid (mp 168-170 °C). 1H NMR (D20) 6.15 (dt, 1H), 4.3-4.8 (m,
2H), 3.0 (t, 1H), 2.85 (t, 1H), 2.3 (m, 1H).
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[0078] " Sol vat e" denotes a physical association of a conmpound with one or
nore sol vent nol ecul es. This physical association involves varying degrees
of 1 oni c wodotiesaident bondi ng, including hydrogen bondi RgT/USR010MS14aT N

i nstances the solvate will be capable of isolation, for exanple when one or
nore sol vent nol ecuI es are incorporated in the crystal | attice of the
crystalli ne solid. "Solvate" enconpasses botth sol ution-phase and isol atabl e
solvates. "Hydrate" is a galvate wherei mthd.sol vent nolecule is H20. O her
non-limting exanples & sthaQH e sol vat é)smé;@I al cohols (e.g.,

et hanol ates, mRthHanol at es he like). © rodrugs are conpounds

whi ch are ‘tonve"r-t-'ed in vivio to active fornms (sgde, e.g., R B. Silverman,
1992, "The Organic Chenmi str¥ of Drug Design nd Drug Action", Acadenic

Press, Chapter 8, incorpora erein by refer ). Additionally, a
di scussi on of progyu is pr ed in T. H guc nd YPASt el | a, Pro-drugs
as Novel Delivery -8ystens, Volume 14 of the A C S. Synpesium Series, and in

Bi oreversibl e rriers in DPug Design, Edwar d"®B. Roche, &d. y American
Phar maceut cal Associ ation,and Perganon Press, 1987, both of which are

i ncor p}m g herein by ref erence ihereto. Prodrugs can be.used to alter the
bi odi st ¥pbuti oh (e.g., to allow camg@dnds whi ¢ch woul d not’dypically enter
t he react?@?ﬁe of the prot ease) or the phafmacoki netics Wparti cul ar
conpound. exanpl e, a carboxylic acid group, can be esterinfied, e.g.,

with a nmethyl _group or an ethyl group to yield an ester. Wenithe ester is
adm ni stered a subject, the ester is cleaved, enzymatically
non-enzymaticafly, reduct |%I°§“ oxi datively, o drol yticall y, o reveal

t he anionic group. An roup can béosg‘\jxil ed with et| es (e.g.
acyl oxyrretﬁ esters) whi c are cleaved to r al an int errre iate corrpound
whi ch subsequent |y deconpdbes yep yield the acli vieeiconmpound. [0080] Exanpl es

of prodrugs| and their uses are well known in the art (See e.g., Berge et
al . (1977) 'I}t%f[‘dmc,eutl cal7Salts", J. Pharm ®ci. 66: lefggl), The prodrugs
can be prepared 11t €itu durlngtheflnal i sol ation and purffffation of the

conpounds, or by separately reacting the purified conpound with a suitable
derivati zi ngragent . For exanpl e hydroxy groups can be converted into esters
Vi a tream‘%/ith a carboxilic acid in the presence of a catralryst.

Exanpl es of eavabl e al cohol prodrug noieties include s N uted and
unsubsti t ut branched or unbranched | ower al kyl ester noileti es (e.qg.,
et hyl est ersj 1Swer al kenyl esters, di-lower alkyl-amno I | kyl

esters (e.g di et hyl am noet hyl ester), acylam no |ower al kg est ers,
acyl oxy | owét‘ al kyl esters (e.g., pivaloyloxynmethyl ester), "aryl esters
(phenyl ester), aryl-lower alkyl esters (e.g., benzyl ester), substituted

(e.g., with nethyl, hal o, or nethox substltue&@ aryl and aryl - I owner
al kyl [@@33%rs, a (S)ﬂ\nﬂzseﬂ&ﬁR ,8aR)-64Ben 3adlmﬁ aKyded- and

ont1 o B e MGl S E BT I S NERBL o 25 heSeeret CT Lt ng
t hose Prbcetiars §(15/16%.0Tvad Sﬁluﬁﬁd afr4od .0 49209 minhislp th dgPEENAdS0anLel | as
the salts and solvates of the prodr ugﬁ)ﬂ_ such as_those which may exist due

to asyYafeddded MgMaRe (%Q}O\Aah au’slvbub HEAoene) anddthegreastion ivaferi ¢ f or ns
wh f

for e SUETBY Sl 80 o erfligAte D TS eRElGH wbS! Biched BT D (e
s c ope saturtathSNHﬂ@ ramiddhe rhixtlireiwaskxisacted wittoBHDAC ¢2x)t h'Elw combjnagnds nay,

for exarrpl e, be substanti free of other be adm xed, for
exanpl& tragls' werenwashed W'at\)\n grl‘f’eal frigd @yer Nazgﬁirarsdelﬂé%t éatest"@rsem somers
The c tier t

confi ?X?Et’fagﬁ@éﬁ \%C&Bnegﬁgy WSECB%#EECOW E?Pm&#%p@se of the

t er ns (hexane/2-Prodl)v &b e@véptthnﬂmgjoramﬂmﬂére (N5ke1.6 sg,i tﬁ4e6\%¢dl-t ch‘dﬁUaI |y

7ot amdP O s 8 45T ot b el a7 I, B o i 8 280 i esent

i nvention disclosed herein. Fornulatlons [ 0082] The therapeutlc agent(s) can
be fornulated to be suitable for any route of adm nistration, including
e.g., orally in the formof tablets or capsules or liquid, or in sterile
aqueous solution for injection. W83 the therapeutic agent(s) is fornul ated
for oral adm nistration, tablets or capsul es can be prepared by
conventional means with pharmaceutically acceptable excipients such as

bi ndi ng agents (e.g., pregelatinized maize starch, polyvinylpyrrolidone or
hydr oxypr opyl nethylcellulose) fillers (e.g., Iactose m crocrystalline
cel l ul ose or cal cium hydrogen phosphate); lubricants (e.g., nmagnesi um
stearate taIc or S|I|ca) d|$|ntegrants (e 9., potato starch or sodlum

o, - o, a4 a0 oy 1 . o



or termnal sterilization. Generally, dispersions are prepared by

i ncorporating the various sterilized active ingredients into a sterile
vehi cl e vwiDchi1oaat3ai ns t he basi c di spersi on nmedi um and Phe/usequiosad? ot her
ingredients fromthose enunerated above. In the case of sterile powders for
the preparation of sterile injectable solutions, the preferred nethods of

pr eparéﬂl(am A, ﬂaﬁ:(ﬁﬂnﬁdﬂ)yﬂﬂg((h@dﬁ )t HEhe mirordsamer (1P) wasmispuisoldiedh yiel d a

o ovi 609 00 &) 5 BHE Bk 2. BBt (B0agr R ER AT HiPon can

cont ai 10gf) 18K CH msed, - 2Hh arrese 6H) CR0l (i, 8FF.ept abl e exci pi ents which may be
included i'n the fornulation are buffers such as citrate buffer, 1j)hosphate

buf f erl003Het at e (BF4R/ éﬂh5ﬂmérﬁwﬁEQ’@YQSDV*)EFPWQPH%o 3drdiol (19
| h i i b
col | ageamPBRif B Q-?ﬁ';gq 1B Wa S stitpihcs figine ¥l XERBRATIFY DU

| i posanky, urmblthalstahm!gr Mdtenlaineouldug@rleng@tmb deted&;d bgnHPI@Ni The |,
sorbitol, and glycerol; propylene glycol and pol Iene %Iescol fi
PEG 406253“'%@969(595“0@?’33!& e regidue Was Go-exanara Xé’&'ﬂh i pi ds.

Buf f | t
brcasgoﬁé'?ém phospha HWréa??dJ@ﬁ@éH@éK%?B gﬂergﬁe'ﬁsé g?épg%l ?’?éeg ©
enb](c)dlfmeaib w"g@@@bﬁi’uéetﬂ om rvabab; and (tlaeld re$F|)dloe mﬁbaomwezttoeu)tg anrHCl sisit eggent .
Preferre n-ionic eter ude Pol ysor ba sor bat e

Tri tor@r;gdmgrogﬁqag% %ei Jf q:q?é)aly t\ %{Pdcﬁ@‘? 0% @2'

6- 9l uckipdfateliihl vattro. P"I'Héo?‘uﬁe n@%B‘W’?g ;?l?ﬂfe'aOH%ﬁg & ¢ .&@@xehéﬁ gétion

[0087] Th rapeuti c agent mni stere or par nterally,
i ncl udeaip (Doweax 8OMOE- 200)selhtmg amthoﬁllgl N N 4OHa- Bine appedprgaxe fractions

ht h I [y,
vagi nah e ORIt AR BaRiZefito;give dBe AR, SSTRBHod o (GRE I 0L 4 ani 31 1y,
Intrawwaaf[byo) it (c{ivm')t 13 5 1), ngeﬁhgﬂfl%mt r@m)aql 65 ‘%ﬁf‘éﬂl-l))’

intracapsularly, rapul nonarily,” intranasa ransnucosal 'y,
transdbidbddl 3H).or via inhalation. In one preferred enbodi ment, the

bos1, OEIGpayy IaBAR, o BRI STy HT &k Rty DaineEing 34rdiBLuc MDagent ()

ey beCémpbend dai ©.349geotaP el wasbdépiotetted e dedthbédiabole tergivey be
adm ni stered by intravenous_or Intraperitoneal admnistration froma

r eser Ube rtitigheemprend X0 dringl 78%)g. THMNMR (D2@x¢) 1(m; 2HDr 38 (Me 141), a

b t Nos. 4,407,957 and 5, 798, 113,
e;gﬁrﬁggr(g ‘Lgp@grf}‘}é‘s'ﬁ P)g?eﬁ"grf“?)eﬁ (Cl?ﬁtm apﬁl nonary del i Sgry met hods and
appar goosejar e dE((SZS BB@@hRBRf Bﬁ)amB@zyll-la(S) Aflusroetiiyly-2,3, 654, 007,

5, 780, 014 and each incorporated herein by reference. Clher

usef ul 'mﬁtbﬁ!()é'r?a:# dd@ﬁﬁwpﬁt%]wrérﬂ A]H&’UB@[%?’TS]PEHQINR nyl acet &8- copol yrer

partl i Y, | gvery,

encapsu‘lﬁﬁpegﬁcelq ‘(:del ver yHmbgg&s%&rrgﬁohﬂ%ﬁé\?egé)nan%éﬁ%%‘ ﬂ’%e‘ﬂgd i njection,

needl eSilies gel olnMatographyt(uieletOAcgegmdheztﬁle carhpeotind f®@datg pR3%nd.

transdernal patc | ess injector devices ar descrl b%ﬁ’-}) 3 U S. Pat.
b

Nos. 51%?!3\/'82(930@352626:491 Sl de/ -4 (dnd M, 30b (5‘1,1 the4dpe & ions of
whi ch b the f | at

delsgrl gg%ﬁggﬁ%@g zr’%éﬂ%t ??Qt Zﬁgghgglgﬁéettﬁgﬁsw %t hogs OE (r)r:J)Sg] ISlcj)Bzut aneous
i nj ect]DesY (BRM4R} ER)-Sﬂ\Sam-Ebmoethyiyplpgrckabf3 4€dicd hysiroehloride (13)! e al so

resul tj in n ged Ias alf-life as aryed.to,i.ntraven

i niGaTaened D ARcsndnd T as feBroteioicas describstbdn (SN | en
converpgBegureSOC hafler éé’t&lyjsk Q@serén%\&‘éf itRE fiRRIE Xl eVESEHated AP Gady ection
devi ces, may be used wth e fornulations of the present Invention as

di scuﬁ@dhaemwanmst@gem[mﬁmm(%m Thé resyiting ra,ﬁm;awaaltnt;ur@tpdrvuth onisin

Cui 2R B o b BB ot (6,65 S FER) i 8 il SR MM 201 ve

conponent, e.g., an effective anDunt to achi eve the deS|red pur pose. In
certain enbodinents, the therapeutic agent(s) is adm nistered in one or
nore daily doses (e.g., once-a-day, tw ce-a-day, thrice-aday). In certain
enbodi nents, the therapeutic agent(s) is admnistered in intermttently.
WO 2011/ 049736PCT/ US2010/ 051447 [ O@31l] Exenpl ary dosing regi nens are
described in International patent



application PCT/US08/ 61764 published as WD 2008/ 134628 on June 11, 2008 and
U.S. provisional patent application 61/108,192, filed on Cctober 24, 2008,
bot h of wWNOchi1aer3sncor porated by reference herein in tirerruSenbiosaty. | n
one enbodi nent, the therapeutic agent(s) is adm nistered in an intermttent
dosin r inmen that includes an initial "|oading dose" given dail

(o1 | ofbiSh )4 b o1 Hof Gl 11 ia) o5 4l dbls PR 5 G 0B M HFadMi of
ff th f d
i 535’3’““'” SRR 2 i By B ) A I e ek Tl ea T the

art. Tﬁlbss:]trmunt ((28j38[4szR§3aRJ)f-G-abnzwI-s(R)a(ifmrobthyIPZImer apeutic agent(s)
will be ul ated accordi nea(‘_;to the d men& of _the attending CJ@I ni ci an

(physﬂ!F‘&r‘iﬁoH)ﬂé GHF‘PHQ)"QE )‘IdJEt[a !ﬂ;’“ﬁa 3cdpYRIding, and si zd%¢ the
g?t It ﬁe@c%rﬁ?o% |163§. £ fagﬁhgﬁcﬂy%gmu%ﬁngfeﬁpﬂﬂﬁg @éne?ﬁygﬁdée&ﬁﬁéeBtfbe synpt ors

erence treate nati on rapy
[ 0093]giteethiehtitlaenipondgén? g) 4@%1 h&H pM & (E DTy h8 i(om ﬁ-zh)n @ (dgi ni stered

the.cREDagcL e HhehBearS TR R s Rugironl T8 B 28R 1 HIc2dt bBne ot hor

ther apgyt h @5a@€NH), 9. 3pde bRy ood to enconpass administration that is
sequenti‘al or concurrent. |n one enbodiment, the therapeutic agents are

aﬁm nil@@s ed in (3B;ﬁ,at e doSBb-é((RHﬂrfluOmchwl)pmerdmmd| ment3,4-<diol orf nor e
[ 0ooaFifroERfetide 38ha: GambBURe vlZ Tharhhe oiE habln et Seafired ilen

i nvemde%n@é@lrﬂ%n@réitm*oééduﬁé eormﬁé\aéataryswalg eindveas the fikradé RRls

t her apeuti ent which is an anti-dyski nesi aEL(gent S ﬂ' Car bi dopa,
Levod@yaporaéeé dntvaguef eaduth@na@ceﬁvam@raged withg EteHa(3x). arfhentasséingl ast i c

vt ny (R e Bl W@%P%ﬁ“?ﬁﬁ&i\?@ 8 oRBBR0R B8 Gt aTER R ¢ orof

Er goc altief syliall. S1HWM (idql,a%goasa (rhcd|y, 28R, AH), 9.8 (Makkitriol).
WO 2011/ 049736PCT/ US20 0/ 05144 0095] I n certain enbodi nents, the

t her adedi{dd Adent (s) of the present invention are adninistered in

conbi nation with all opregnanol one, a | owchol esterol diet, or

chol esterol -1 owering agents such as statins (e.g., Lipitor(r)); fibrates
such as fenofibrate (Lipidile); niacin; and/or binding resins such as

chol estyram ne (Questrane). 100961l n one enbodi nent, the therapeutic

agent (s) of the present invention is adm nistered in conbination with gene
t herapy. CGene therapy is contenplated both with repl acenent genes such as
gl ucocerebrosidase or with inhibitory RNA (si RNA) for the SNCA gene. Gene
therapy is described in nore detail in U S. Patent No. 7,446,098, filed on
February 17, 2004. [0097]1In one enbodi nent, the therapeutic agent(s) of the
present invention is adm nistered in conbination with at | east one other

t herapeutic agent which is an anti-inflamuatory agent (e.g., ibuprofen or
other NSAID). [0098] 1 n one enbodi nent, the therapeutic agent(s) of the
present invention is admnistered in conbination with a substrate inhibitor
for gl ucocerebrosi dase, such as N butyl-deoxynojirimycin (Zavescae;

m gl ustat available from Actelion Pharmaceuticals, US, Inc., South San
Franci sco, CA, US). [0099] Conbi nati ons of the therapeutic agent(s) of the
present invention with at |east one other therapeutic agent which is a

t herapeutic agent for one or nore other |ysosomal enzynes are al so
contenplated. Following is a non-limting Iist of therapeutic agents for

| ysosomal enzynes. Table 1
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LYSOSOVAL ENZYME THERAPEUTI C AGENT a- d ucosi dase GenBank Accession No.
Y00839 1-deoxynojirinycin (DNJ) a-hononojirinycin castanosperm ne Acid

6- G ucosivwaze11(f3736i sof agom ne WO 2011/ 049736PCT/ US201®0COABI6B/051447

gl ucocer ebrosi dase) GenBank Accession No. J03059 C benzyl i sofagom ne and
derivatives N-al kyl (C9-12)-DNJ d ucoi m dazole (and derivatives)

C- al kyRrocpss GohemerR: vat i ves) N al kyl - 13- val ei nani nes Fl u phenozi ne

cal ystegines A3, 131, B2 and Cl a-Gal actosi dase A GenBapk Accession No.
NMD00169 1-deoxygal actonojirinmycin (DG]) a-all o-hononojorimnmycin

a-gal/ act o- honpnoj i rinycin 13-1-C putyl -deoxynojiri n}/&}i,lpitoal yghegi nes A2 and

B2 N-net hyl yst egi nes A2 an B i
AN atd o
00 1PdOH) H 1~ Q  OH  K,COy
O~ CN T ™ 07 - > N
Ij 2. HCl BnC!
1 2 3

: O~ :
Swern O\Ejj DAST \\\/j)\F 1. HCI HO\(j)\F
LA LN S . —_— =
N 2. Pd(OH),; H,
b J H
4

[0059] ((2S,3S,4aR,8R,8aR)-2,3-Dimethoxy-2,3-dimethyloctahydro-
[1,4]dioxino[2,3-c]pyridin-8-yl)methanol Hydrochloride(2). A solution of 1
(20.0 g, 55.0 mmol) in MeOH (500 mL) was combined with Pd(OH), (4-6 g) and
ammonium formate (14 g, 220 mmol) and the mixture was heated at 50-55 °C.
Additional amounts (3x100.0 mmol) of ammonium formate were added over the
next 8 hrs. After the final addition, the reaction mixture was further stirred and
heated an additional 16 hrs at 50-55 °C. The catalyst was removed by filtration
and the filtrate was evaporated in vacuo. The crude product was dissolved in
acetone (150 mL), filtered, and HCl in 2-PrOH was added. After seeding and
then cooling in an ice bath, the product was collected as a white crystalline solid
(11.0g, 71%). 'H NMR (DMSO-ds) 9.45 (s, 2H), 4.80 (t, 1H, ex), 3.85 (m, 1H),
3.0-3.75 (m, 11H), 2.8 (q, 2H), 1.95 (m, 1H), 1.2 (2, 6H).
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Aci d 13- Gal actosi dase GenBank Accession No. M4423 4-epi-isofagom ne

1- deoxygal actonojirimyicn Gal actocerebrosi dase (Acid 13- Gal act osi dase)
GenBank Awoessli/m@a73blo. D25283 4-epi -i sof agom ne 1- deoxygRCAAISMOjO5TH4UTYCI N
Aci d a- Mannosi dase GenBank Accessi on No. U68567 1-deoxymannojirimycin

Swai nsoni ne Mannostatin A Acid | 3-Mannosi dase GenBank Accession No. U60337
2- hydrl8960]i sof adb$.RS.4aRSR:BARN-6BrNZYAR3-dimetheXXrédettoj i ri nycin WO

A Ry RS b T8

2, 5- d&vh}tto?h &2 (114]85 g; 600 MOI)ZmHBMIFI (@2001mR) \Eas lalddedmmsa(lﬂ 45 g|

a-N Acetsy m%lncgjl)C(a)rS)czii ?P\e“}nﬁjﬁﬁfe \%2 sﬁ?rgé 48%%Sgor abouf 4 Hf}sos,ﬁ? this point,
BnCI (5.7 mL, 50.0 mmol) was added in one portion and the reaction was stirred
at 40 °C overnight. The solvent was evaporated in vacuo and the residue was
suspended in water (600 mL) and HCI was added to dissolve the residue. The
solution was washed with Et,O and then basified with Na;COj. The solution was
extracted with EtOAc (2x) and the combined extracts were washed with water
and then brine and then dried over MgSO4. The solution was filtered and the
filtrate evaporated in vacuo to give the title compound (17.2 g, >95%) as a
colorless to very pale yellow viscous oil which was used without further
purification. '"H NMR (CDCls) 7.3 (m, 5H), 3.6-3.8 (m, 2H), 3.5 (s, 3H), 3.4 (t,
1H), 3.26 (s, 3H), 3.268 (s, 3H), 2.9 (m, 2H), 2.2 (br s, 1H), 2.05 (m, 1H), 1.85 (t,
1H), 1.28 (s, 3H), 1.26 (s, 3H).
[0061] ((2S,3S,4aR,8R,8aR)-6-Benzyl-2,3-dimethoxy-2,3-
dimethyloctahydro-[1,4]dioxino[2,3-c]pyridin-8-yl)carboxaldehyde (General
Procedure A) (4). To a solution of DMSO (7.3 g, 96.9 mmol) in CH2Cl> (150 mL)
cooled to -78 °C was added a solution of oxalyl chloride (6.1 mL, 72.8 mmol) in
CHaCl, dropwise. After the addition was complete the reaction mixture was
stirred for an additional 30 min at which point a solution of 3 (17.0 g, 48.4 mmol)
in CH2Cl, was added dropwise. After addition was complete, the reaction was
stirred for 1 hr at -78 °C and then diisopropylethylamine (34.4 mL, 193 mmol)
was added dropwise. After this addition was complete, the cooling bath was
removed and the reaction mixture was allowed to warm to 0 °C when saturated
NaHCO;was added. The mixture was diluted with some additional CH,Cl, and
then the organic layer was separated and dried over MgSQO4. After filtering, the
solvent was evaporated in vacuo and the crude product was purified by silica gel
chromatography (Hex/EtOAc) to give the title compound (12.7 g, 75%) as a
viscous oil. '"H NMR (CDCls) 9.73 (s, 1H), 7.2 (m, 5H), 3.75 (m, 2H), 3.5 (q, 2H),
3.2 (2s, 6H), 2.7-3.0 (m, 3H), 2.05 (m, 2H), 1.25 (2s, 6H).
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1, 2-di deoxy-2-N-acetam do-nojirimycin a-N Acetyl gal act osam ni dase GenBank
Accession No. M52783 1, 2-di deoxy-2- N-acet am dogal actonojirinycin

13- Hexosawonodase73d CenBank Accession No. NM 000520 PCT/US2010/051447
2-N-acet yl am no-i sof agom ne 1, 2-di deoxy-2-acetam do-nojirimycin Nagstatin

[ZBI\LH:ﬁgQS%m 3ijd?iagagﬂjﬁ’gggﬁéﬁgﬁmlg?sdewté‘?#gggﬁ#w‘?r%wc| n Nagstatin
5 car Siith63y 2, RNy IBE VBT AL el MydrcBlide ™ No.
NM 00qGehedalRrduedure By (8o Toreesdutian bbRAST, @, 4 mly, i1@cdrypolpér i di ne _
S ast 4OV BRI FROPLR 1 2 kokenaaane sOuiRirhiag o, RS s = © '
2, 5- anfyy P RER IO RifHEPNREfce bath was removed and the reaction was

stirred at room temperature overnight. At this point the reaction mixture was

again cooled in an ice bath and the reaction was quenched by addition of

saturated NaHCO; (dropwise at first since this does produce a slight exotherm).

The organic layer was separated and dried over Na,SQO,, filtered and the solvent

was evaporated in vacuo to give a yellow oil. The residue was purified by

chromatography on silica gel (Hex/EtOAc) to give the title compound (1.6 g,

62%) as a colorless oil. 'H NMR (CDCl3) 7.2 (m, 5H), 6.0 (dt, 1H), 3.75 (m, 1H),

3.55 (m, 3H), 3.2 (2s, 6H), 2.95 (m, 1H), 2.85 (m, 1H), 2.3 (m, 2H), 1.5 (br s, 1H),

1.2 (2s, 6H).

[0063] (3R,4R, 5S)-5-(Difluoromethyl)piperdine 3,4-diol Hydrochloride

(General Procedure C) (6). Compound 5 (1.6 g, 4.3 mmol) was heated at

reflux in a mixture of EtOH/H,O/HCI (40 mL/40 mL/5 mL) and the reaction

monitored by HPLC until the starting material could no longer be detected. The

solvent was evaporated in vacuo and then co-evaporated 2x with EtOH. The

residue was dissolved in MeOH and hydrogenated over Pd(OH),. When

complete, the catalyst was removed by filtration and the filtrate evaporated in

vacuo. The residue was recrystallized from EtOH (50 mL) to the title compound

(0.55 g, 66%) as a white solid (mp 168-170 °C). 'H NMR (D;0) 6.15 (dt, 1H), 4.3-

4.8 (m, 2H), 3.0 (t, 1H), 2.85 (t, 1H), 2.3 (m, 1H).

OH F QH F
Ho\(j)\': RX; K,CO3 HO\('j)\ -
HCI N
H RS
6 7(a-e)
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Aci d sphi ngonyel i nase desi pram ne, phosphatidylinositol-4,5- WO

2011/ 049736PCT/ US2010/ 051447 GenBank Accession No. M;9916 di phosphate
[ 0010011 rwoentizidpr3embodi ments, the therapeutic agent(s) pofi/ush@opsesEnt
invention are adm nistered in conbinati on W th at I east one therapeutic
agent which is an_anti-dyskinesi a Agent dopa, Levodgpa), an

anti-ilB0&dti ve d38AR(e. g5S)-¢ﬁm%-§dﬁlfHéorqwg¢hyémperqm| methérdigk) | an

?:Int):‘ gra |n%25’ %M ham’ ggl-e?}é'rpha atu%ﬁ&?r@gg ﬁ@?’h 2ma%3 an

antir hélﬂr&agl 8.5ameardl) éad BuBrROt20< g réd) mngl pafasacomisined maIDMEe(nO k) g.
Calcitriol, Cholecalciferol,

Vet hyl d | )
Er gos e heagaoveriont aheBdC v Thmeaveft Nas, Sfardmte 0w acums {%ent
(e.g. re%h@%é?%s‘aveoalr{ E‘f@h Wsﬁeé%ﬁﬂﬁ%ﬁgﬁﬁhg(tﬁeﬂ brin l'al‘18 ifdpzol i ne),

vasoconstri ctor agent %al citriol, Tetra rozol i ne 1011l n
certa|0veedhdi0mnv°étertfﬂteatldrerthpddnrate wgem(ay)oratbdt lhevam@smwgmentrmu on are

d t d nbi nat th t th t h i
Chor asute ¢ bpBHEC TR Lot n Pt bR Tipmaton BREY st ey ht ofor ° 2
aci d Qns@HmngHgiatéeg.vértheefﬂe'ﬂcarrwﬁﬁdl EP5S, 80%S éshgre&s%gé: BNt (S) of

the pr esent | nventl on are admnistered in conbination with at | east one

t her a;MHt F@ngerh‘l NMR&DMS@%%) &R (t; hif et SV Ezgdnt3 (.14, ,exM 4Pdddat ), an

aast 1 PR priafalen{ dmy . eoh FF A o) 1 SEGTORIE Tty apeut c

agent (11), of2- ﬂtge(ﬁﬁ{ eﬁ-gnt) d @vemy.ion can be administered in combination with
at | east one ot her t Her apeuti ¢ agent which includes but is not Ijmited to,

(8058 no. (3RARESN.Ally-§-(difleatataethyipizsrsine Sl f?@,rl’égpl Acoment

fﬁ?ﬁ'e'; AN BofowingReehe8E P oS PSRy Bl krofils (0°7F o TRk v oL
(Art anﬁe)ue @drdp@mmwés dlbtmﬁed a:@éewlmel sdlidnetdnyg ! 7e%sf eMIaSe Z080MMH i nhi bi t or

(e ent aca ane) and t one Tasnar e Q mne recept or
agonl | IMRLDHMS Ob‘i’d)m%@r(? ptH. né'@ﬁd?'l)ooﬁa M, 15D aPedBx ity ¢

r opi ni ) pergol i de (Per max) and APO(YI\FI'M i nj ecti on
(aponos:%kurﬁhg ﬁydrgﬁﬁ? oérl9 nonoani ne oxi dase (MAO) inhibitor (i.e., MAOA

anld/ or(<|jj\@l€l} R2.85(d, [@H)nN (beng 2Hx L2 (t| I1H|92 (Deprlenyl El depr yI e Calr bex0),

HCl n ratin t (7 r ilin
(et U)o tBBIAR P SkrsabifibRsarmetnyiitria o bR RRNDRIRGT NSyt r ol c)
and Tigfgpt (77 e Aty seggys' OPsnow.BQOé@ﬁééh FroEORIrRD! &bt ahst

conmbinati o o t he t erap I'c agent (
reactlon was run at room temperature and using 4-fluorobenzyl bromide (0.26 g,

1.4mmol) the tile compound was obtained as a white solid (0.22 g, 56%). MH"
=276. 'H NMR (DMSO-ds) 7.4 (m, 2H), 7.15 (m, 2H), 6.2 (t, 1H, J = 57 Hz), 5.2
(d, 1H, ex), 4.9 (d, 1H, ex), 3.5 (q, 2H), 3.3 (m, 1H), 3.1 (m, 1H), 2.8 (m, 2H), 2.0

(m, 2H), 1.8 (t, 1H).

[0067] (3R,4R, 58)-5-(Difluoromethyl)-1-(4-methylbenzyl)piperdine 3,4-
diol (7d; R® = 4-methylbenzyl). Following General Procedure D except that
reaction was run at room temperature and using 4-methylbenzyl bromide (0.26 g,
1.4mmol) the tile compound was obtained as a white solid (0.30, 81%). MH" =
272. "H NMR (DMSO-ds) 7.2 (m, 4H), 6.2 (t, 1H, J = 57 Hz), 5.2 (d, 1H, ex), 4.9
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the present invention with nore than one other therapeutic agent. Exenplary
conbi nati ons of other therapeutic agents include, but not are not limted
to, carbiwopait@ysdopa (Si nenet(r) or Parcopae), carbi depaushevosapa and
ent acapone (Stal evog, |evodopa with a dopam ne receptor agonist such as

b [ Par | odel ] I Mr I R
pr QoI BaH B8 80, S0, 2B, O B Hor?. Bao bR, AV LERNG f ey

[ 00104 r?n fI rplq?)odl ment, the therapeutic agent(s) of the present invention
i s adm nisteted 1'n combination with vacci ne t herapy, such as a vaccine
conprising al pha-synucl ein and an adjuvant (Pi!cher et al., Lancet Neurol.
2005; [6068]: 458- S(}BR4R059F$ éDlﬂmﬁoﬁli@m@I)n‘ﬁ{ﬂméthbxylbﬁmﬂﬁb&cﬁﬁem(S) of

the present invenfion m ni stered in conbination with at | east one

ot her d.A=tah4&(e:iR agtemettl%y"m}vhe Fellewing Gereral Broeeduwie R exerthor phan (Li

ﬁlIeu?IortepI;r g%@)&’gg qﬁﬁ atAgéTéIg@éﬁég% 3'8% Ps%@n‘In"lﬁInegIé&QIé n '?@Pﬁﬁ?ét al .

Neur olD@6 @) 1s4rr12rﬁ)61)€lthel:tae cbﬁ(ﬁ:)unﬂSQraéﬁz)btanhaawﬁj toloress emdqod) nrergt t he

t hera nvent is adm n ere

comnbi pr&%bn t‘h£é§) 1'3 Rdﬁﬁngéh@ II?I\EIF"h I tI5I<§3 a@%rﬁ“ IIII'E uI‘I:ler apeutic
t I 04@7],P Par ki

i seac HERER M MNETLD GP16. ] 3rte aéiﬁ. Sl 3oét tOP nbal ance.

Pat i er{ts 1Ih-av|21@5(nev%H)Bdc35 (DariiY, 128 &xpEl).i ence strong psychotr c synpt ons

(visual hallucinations) in addition to nental decline such as nenory | oss
and an inability to carry out sinple tasks. Cbservabl e inprovenents in

synptons, or a delay @ @nset of certain SerptOITBQIII nFpatients at risk of
'a del a%gzranq&%gr essi e disorder will be
esponse to the therapi rovi ded herein. WO

devel opi ng a di seinder;
evi dence of a favorab

2011/ 049736PCT/ US20 5144j [00108] I n addition, asur abl e surrogate

mar kers al so nay be useful for eval uating respona? to therapy. For

i nstance, some investigators have reported detecti Rj hi gher |evels of

al pha-synuclein or olggonmeric fornms of al pha-syngglegi n have been detected
in the plasma of patients with Parkinson's disease (Lee et al., J Neural
Transm 2006; 113(10):1435-9; El-Agnaf et al., FASEB J. 2006; 20(3):419-25),
whi l e some have reported decreased plasnma al phasynuclein in Parkinson's

atie o ar g nt roI t rol, 2007,

IC2)04I( ZIIII gI) 6%9%’ %n?'l(g k! SIb"IngSIIQIQWéI)Bﬁ'e‘IIFFC agent(s) of
t he Py h&we@ﬁé‘(’& | 2 =350t RE < BusA). | Fol Gerie?al Mok8ddre heast one

ot her "therapeutic agent whi ch is an al cohol deterrent (e.g., Acanprosate),

a nar except thahthgersiactior was, runeahm@nttample)'atuemaad.usm;mntm@ya agent (e.qg,

Car bi o eclEr B P Mo, RS RIECoRRou TS RERESE Bl RRR 0N G

NEWHN(D%1 W1I%I36M|H+,— fEZiFﬁI-WNMR (DMS@Q:VGI Q‘.I 916 5@ditegH|)l5135 (&, nerret) an
ant|-|nfect|vea thro

A .8 26 dr APomex) ma@a,an>n%75mgde> 55ami Dot t(m . d58nd 860 g

Phenyl ngl T a . Etiracet am
Topi réﬁﬁﬁﬁﬁ Qéa(m r@?”ﬂ IIEI) 4 @II%@t %n@ I(Ib)é!?a t| hypertensive
agent [(gr0g. . Tr @R‘}‘IQWS)I—&(Dﬁmmmmynlﬁ&hemmulfdrwl)plpefa‘lher gol i ne,
PS- K), central nervous system depr essant %EFP Arl razol e, Benzocai ne,

0 ozap ol 4z, S ﬂéﬂ@mFe 'ng[ﬂ;ﬁ'ﬂ%ﬁ@h excspt hatiee Lit hi um
Ror n | d
Rom 1SRG Hag L ol &Iﬁ@?fa‘%@iﬁﬁ A‘i‘?‘@%ﬁé’*‘@f RyFchBpsage 182c) opr | de

Caf f eignd ¢mmap etheItItIdabmpdundhwa@bbtwq:d)aaarwh|t9<$olrcb(001)hgu5a%t) Cld g

Ar gi ni m i.ni_n a sin ,a

der mBSEMEEEN €2 G THLE? Sns Frihrieh mie dd (A a0r 3Pnd dot | na

agent e er i1qlgn 0 I obenzam de),
'gfﬁ?)a%gf rg gIgdatl d IHg &f1 e%tIa@F%I)ﬁﬂg ﬂerﬂﬁngﬁ%nt (e.qg.

AI pharmdummuhylmmwmme Bidydioll (B, & BIS02; IR cF BhdJoallevdng n, | ron,

Tocopherol acetate, Tocopherols, Vitamn B 12, Vitamn D, Vitamn E), a

neur oprotective agent (e.g., Eliprodil, Modaf i ni | , Rasagiline,

Ri vastigm ne, Topiramate), a nootropic agent (e.g., Donepezil,

Etiracetam), a psychotropic drug (&0g., Aripiprazole, G talopram

Cl ozapi ne, Dul oxetine, Lithium Lithium Carbonate, Metyl peron,

Nortriptyline, Paroxetine, Quetiapine, Raclopride, Venlafaxine), a

respiratory system agent (e.g., Dextronethorphan, Guaifenesin, |pratropium

Naphazol i ne, Oxynetazol i ne, Phenyl ephrine, Phenyl propanol am ne), a

vasoconstrictor agent (e.g., Naphazoline, Oxynetazoline, Phenylephrine,

Phenyl pr opanol ar n| ne) [00110] I n one pr ef erred enbodr ment, the

o o o - o o o o v o o o -, T N L




[00112]In certain enbodi nents, the therapeutic agent(s) of the present
invention is adm nistered in conbination with at | east one choli nesterase

i nhi bi t orwQesg/o49menepezil (brand nane Aricept), gal ant agirris2¢ionsnd? nane
Razadyne), and rivastigm ne (branded as Exel on and Exelon Patch). [00113]In

certai enb[g t he therapeutic agent(s) of the present invention is

admi nicg?rl-?rr@ﬁ fage HFﬁ)pr@ﬁeﬁﬁ% E’P\e @aqﬂggéﬁa%ﬂ@ 3idrephisaInaratuee RNBA r ecept or
t ' d

Vorox o (hferesu RIS (0P 0 BB, et mp ot s EBIIRAT ™

agent @s)a whlte lsehqh(@ﬁérg, 67%)entH NMR OME0-als 7ef @] 2H), TatBoidpaH)on with at

ot oo St n(t Moy a5 FBP. B sl w0, A48 (R AN Bien aHy 2830 © = 0

anti - gypkpaegi HR2eNIm( ¢HY.- - Dexet i i de, Gabapentin, Levodopa, Menmantine),
an anti-infective agent (e.g., Acetylcysteine, Acycl ovir, Benzoates,
Deoxygl ucose, Doxycycline, Interferon Al fa-2a, Interferon-al pha,
Interferons, Mxifloxacin, PS-K, Quinacrine, R fanpin, Salicylic Acid,

Val acycl ovir), an antggl pf | ammat ory agent (e.g., ogdspgrin, Celecoxib,

Cur cunmin, |buprofgn, 'Ind met haci RPNCXapr oxen, ngsv rajrol, Rofecoxib,

TNFR- Fc fusi on prot ah anti-obesity agent Ye. (., lPhenyI pr opanol am ne),
an anticonvul sant a e (e. g., Gabapentin, Hono i ne, Lanotrigine), an
antienetic (e.g., A %zapi ne), an anti hypertensi e agent (e.g.,

Trandol april), an antilipemc agent (e.g., Atoryé&hgkbn Choline, Cofibric
Acid, Pravastatin, Sipwvastatin), an antineoplastic agent (e.g., Bryostatin
1, Carnustine, Cyclophospham de, Interferon Al f &8 Leuproli de

Medr ox&r ogester one 17- Acet ate, Met hél t est osterone, PK 11195, Predni sone,
PS- K, [#5dVer at r 63S,4R, SR F{Riflsioremeathyl)4,5-dihydiaxyalol ), an antirheunatic

agent | n Lndoget haci n,
Napro pgﬁge%vera As ? ISt;‘liéx%ecom ‘)G%ﬂrﬁﬁgc?ﬁgrbgﬁ%rdtxel n ﬁz central
ner vopsopyl! dim wls«pluaen ofit6 (freepbase) (01290, amhmolemVQWEG(Sn@cwaee

Gabapent,in, Hal goperidol, Hal operidol decanoate, Lithium Lithium Carbonate,
Lor az @94e¢ PRRM JSACYANalg EHhgi he, 'T'F‘lé’il)p?%ﬁ‘ﬂ r,e@c ieh Wasrbirred@tdeeai ne,

?;535%’“@?@%%0@{#%& ﬁt%%ow-éh?@gf orhe CI ch%%i |nﬁgd;’%mcot ?ngentral

pol acwdserified Wﬂ:}ﬂiatd»graphw(CHQCl;l Me&tﬂ))am»@tle the titlerodmpgune ps aa coagul ant

Sai D e e s T4, b oy 258 M NTRLERESG- A9 B e e s Tl

Lor azqpam= QB"I’-IEaQ'ZBtE(d WE&)"?‘%O‘BE d lim:%xzcmgggﬂ OTHP0d 4, MH), 8 Ay pnoti ¢

and/ or sedatrive’agen gl ycem c dgert (e.g.,

| nsul i(m, 2143,:3.818) 2H) |'-2b5 |(rg.| rlH;),the(bl; dalit), cr4bmt 2Her0.854t, H).
Al pha- Tacopher ol i id, Co 0, . Co , Folic Acid,
ry i olBEbal am KSARSRIA-OftubromathR s ABisdi e N cot i ni ¢ Aci ds,
Pyri d%ﬁ@lpuﬁemﬁb%am%w‘e Robax —Tocm@@bﬁénweren@mnﬁce@ﬁé@! ol s,

Vitamn B"12, Vitamn B 6, Vitamn E, Vitamn K)| a neuroprotective agent
(e.qg. Prwqmtrelﬁwend\ysmgcmrenyl Isocmatedﬁéﬂegm Rayag)) the title rRoMpotNdni ne,

bonep B oot % 2 e SRISTB 210 B2, et s 23T | RANBIR Eisg-§°

ResveBaﬁ (011H), R.4BMC DAY rOBI(E 20H)U6.96q¢,91H), 83 H' PHAaZ &l 53 HBY/[B.85i(@N,

Ci t al opram | oxetine, Gabapéntin, Haloperidol, Haloperidol decanoate,
Li t hi dh), 3.26HAuRrCaA- b2, 3|3dfraz2é-ba2185|\ﬂt,dblﬂbl2a?§ (tNEH), rh@ét(hrnﬁi d anzapi ne,
Par oqu)I Per phenazi ne, Quetiapine, Risperidone, Sertraline, Trazodone,
Trypto Val proic Acid, Venl afaxine), a reproductive control agent

(e.g. {0(!53] r adi oKss,ZR)m-mmmbmetﬁyl)mdﬂhy&do@wqmwlpuﬁetdmdt ol

val erate, |ndonethacin, Leupsolide Medroxyprogesterone

Medr odygArBgEamidan®ct X AQ5t i buyb e hollowingFenaral Bsosedire Bard st em agent

(e.g r W PR Q:l?r’n i
&ym#grzﬁgﬁl}r&gqg@‘%ﬁn%l Sﬁ%:?éqr% en Ppropt!aen érlg&??mgr&ga\agé%%onstrl ctor
agent Whitegolid X8 2Hag, 016%), MB()Fn%b.on NMR (DMSD-ephr6.6dt, 1H), 6.2 (t,

Phenyl propanol am ne). [00115]1n one preferred enbodi nent, the

af orenenti oned ot her therapeutic agents are adm ni stered when the disorder
is Al zheiner's di sease. EXAMPLES %00116] The present invention is further
descri bed by neans of the exanples, presented bel ow. The use of such
exanples is illustrative only and in no way limts the scope and neani ng of
the invention or of any exenplified term Likew se, the invention is not
limted to any particular preferred enbodi nents descri bed herein. |ndeed,
many nodifications and variations of the invention will be apparent to
those skill ed | n the art “upon read| ng th| S speC| f| cat| on.. The | nvent| on |s

[ v L 1 - M Y b1 o o o



[ 00118] Vari ous concentrations of test conpounds were prepared in buffer "M
consi sting of 50nM sodi um phosphate buffer with 0.25% sodi um t aurochol ate
at pH 7. owendipHdB62. Enzyme (Cerezyne(r), a reconbi nantcrarsaeiofstdhe hunman
enzynme p-gl ucocerebrosi dase) was also diluted in the sane buffer "M at pH
7.0 and pH 5.2. The substrate solution consisted of 3 mM 4-

met hy | Uiibet 153fHz)o b2 SodD14) u8.dpidr AHDps4.68 (13X S(d, M), Bid35(nd, 218P6 Tri t on

X-100 ot ' i i.croliter dj Luted. enzy, ed to 15 pi
ot Dt A el b 2B Tablord) 1B Fer AR PERLO200Y: ncubar b
at 37 apyfor 1 hour with 50 nl of the substrate preparation to assess

P- gl ucosi dase activity at pH 7.0 and pH 5.2. Reactions were stopped by
addi tion of an equal volune of 0.4 Mglycine, pH 10.6. Fluorescence was

measur{@d74n a pl(3AS«AR,ER)e3-(Difludroneethyt)-4,5cdihpdrabsNabutytpipesdines and 460

1, SSi . ' it t. ad it t .added i,nhi bit
wer o deeanpioatRis: (45X 25+ B° Kl IRHE eners EIoRA TS £ apect | vel v,
and n%ﬁ%g@%im&ﬂ%i@g&ﬁ@@, 3 Thedl) hEStle cdmBolie Wak obthined\as

2011/ 04 / US2010/ 051447 such in Vi tro i nhi biti on assays for reference
conpouneolpress sirup(8t2d arfiB%pviiHhi= 283t dd WRA(DMSOedst uiritr(t, Adt), bel ow i n

oo 780 TC1ER, 85 (gL B8 BT (08! B R SR A0S (oo o
7.0 6 I BRHERHEI).8t, 114 filasomeert by 1.4 (Bi, 281)i di3send.2H)dH ol (R, P1H90. 0014
0.95 (t, 3H).
[0075] (3S,4R, 5R)-3-(Difluoromethyl)-4,5-dihydroxy-N-
phenylpiperdine-1-carbthioamide (9e; X = S; R® = phenyl). Following
General Procedure E and using phenyl isothiocyanate (0.16 g, 1.2 mmol) the title
compound was obtained as a white solid (0.31 g, 86%). MH* = 303. . 'H NMR
(DMSO-ds) 9.5 (s, 1H), 7.3 (m, 4H), 7.1 (t, 1H), 6.35 (t, 1H), 5.35 (2d, 2H), 4.85
(d, 1H), 4.55 (d, 1H), 3.45 (m, 2H), 3.2 (t, 1H), 3.0 (t, 1H), 2.05 (br d, 1H).

[0076] Compounds of the present invention can also be made by one

skilled in the art using the following general schemes:
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0. 01360. 0008 0. 00580. 00023 0.003060. 00012 13 (3R 4R 5S)-5-(1-

fl uoroet hyl ) - pi peridine- 3,4-dial* 0.09460. 0028 0.04980. 0015 0.01710. 0008
0. 0090. 0080 2911(BR34R, 5R) - 5- (1- hydroxyet hyl ) - pi peri di n@cC3/us2aionbri47

0. 1070. 0041 0. 0440.0017 0.0200.0008 0.0100.0004 10 (3R 4R 5R)-5-(1-

hydr oxyet hyl ) - pi peri di ne-3, 4-di or 0.343t0.021 0.1420.0088 0.0660. 0041
0. 0350. 0021 \

N\
\ \ Oyﬁto OH
\ Laedh \ o O :
O}Kig 1.Pd(OH),, HzO}\iQ OH  K2CO3; \(j/

(0] - ACN » 0 A —_— N
J\/j 2. Hel BnCl

O

1 2 3

os]
3
(@)
o
Iz

Scheme 3
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14 (3R 4R, 5S)-5-(1- fluoroethyl)-piperidine- 3,4-diol* 0.0380.0016
0. 0160. 0007 0. 0070. 0003 0.0040. 0001 none (3R 4R 59)-5-((R)-1-
fl uor opr opI2ptigidpseri di ne- 3, 4-di ol hydrochl ori de 0.2910P00AISR01223340026

0. 0600. 0029 0.0310.0015 none (3R, 4R, 5S) - 5- benzyl pi peri di ne- 3, 4- di ol
0. 6590. 028 0.2730.012 0.1270.01 0.0670.005 none (3R, 4R 5R)-5-((S)-

hydr oxy( phenyl ) net hyl ) - pi peridine-3,4-diol 3.290.25
\
\ o)

AN § \ \o/(k‘”\
vy fra O F
O'/KKQ OH H
T by O
o R  Deoxo-fluor R HO« -
g 1. HCI
2. Pd(OH),; H
K@ (OH)2; Hap H HCl

8a-c %9a-c

1. HCI
2. Pd(OH)»H ,

10a-c
(:)H OH

HI

1. HCI
2. Pd(OH),; H,

N
D F < b
O < T HO - - R
\(j/LR Deoxo-fluor \(j/\R 1. HCI \(jﬁ

N N 2. Pd(OH),; H, N
HCl
11a-c 12a-c 13ac
Scheme 4
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1.360.10 0.0170. 0035 0.00890. 0018 none (3R, 4R, 5S)-5-(2- hydroxypropan- 2-

yl ) pi peri di ne-3, 4-di ol 0.2340.0037 0.0970. 0015 0. 0290. 0013 0. 0150. 0007 none
| FG t ar t rei0eo/@436. 0029 0. 0260. 0015 0. 00740. 00007 0. 00PETBRQ0BF14MDt €S *
St ereoi soner A and/or B In situ assay [00119] The effect of the novel
conpounds of the present invention on |ysosomal GCase activity was assayed
in situ using fibroblasts established froma normal subject. Cells seeded
in 48-well plates were incubated wit® the indicated concentrations of
conpound for 16-24 hours. For th#° sponse assays, cells were

i ncubated with the in situ substrat -

(pent af | uor obenzoyl am no) f | uor escei n’,‘di - 8- D- gl ucopyr anospnler ( PFBFD8GLu) f or

1 hour and subsequently |ysed to detkRrm ne the extentoQfi~ trate
hydrol ysis ig, t‘_he presence of conpound. The assay enpl qQyed a range of 12

concent r@c;i ans N
08 Al
A

RX
RHN” O RNCO
RC(O)CI
OH F
QH F HO&~ F
HO E RNCS
S A — 6 > N
N |
S0,
/j\ RSO,CI
RHN S

Scheme 5

45



enconpassing 5 orders of magnitude, centered on the IC50. Specifically, the
follow ng concentration ranges were enployed: (3R 4R, 5S)-5-

(di f 1 uor onet2hylloupisper i di ne- 3, 4-di ol , PCT/US2010/051447

(3R 4R 55)-5-(1-fluoroethyl)piperidine-3,4- diol,

(3R 4R 5R) - 5- (1- hydr oxyet hyl) - pi peri di ne- 3, 4- di oI (3R 4R, 55)-5-((R) - 1-

f1 uoropropyl) pi peri dld‘le 3, 4-di ol hychm)chl oride, an H(3R 4R, 59) - 5-

benzyl p ine-3, 4-1 :CF1. 0 >H tocl. 0 x i SR 4R, 5R) 544 1-
hydr oxyet Hyl ) - pi-pe#i di nelf 3;4~dir & : X T04 to 3.0 Jx 10-10°M an
(3R, 4R, -5-(1- quoro:ethyI)plperl e- 3, 4-di ol 0 x 10 to 3.0 x 10-11

M wher@'Ln .gonpound S,GRI'I ally dly{[ eg 1.3 frogig:eRhl ghest concentration
in theorarﬂges spemﬂ%d Inhibiti o Wl deternmined as the ratio of activity
in the presence of conpound to that in the absence of conpound. For the
washout assays, cells were treated with conpound for 16-24 hours at a
concentration equal to the I%) IIs were washed extensively and

i ncubated in drug-free nediu %h et conmpound efflux fromcells.
Cells were then tested for |ysosomal GCase activity at 2 hour intervals
over a total period of 8 hours follow ng conpound renoval. The increase in
activity over tine was fitted with a single exponential function to

determ ne the conpound's washout time. The results of these in situ

i nhi bition assays for reference conpound IFGtartrate and several test
conpounds are sunmarized below in Table 2B. WO

2011/ 049736PCT/ US2010/ 051447 Table 2B: In situ Determ nation of Inhibition
Constants Cnpd # Conmpound Nanme In situ 1C50 (PM in situ washout (hr) EC50
(PMEM (% 6 (3R 4R 5S)-5- (difluoronethyl)- piperidine-3,4-diol 0.408
0.046 2.1 0.30 0.018 0.008
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105.6 8.7 13 (3R 4R, 5S)-5-(1- fluoroethyl)-piperidine- 3,4-diol* 0.650
0.172 2.7 0.12 0.044 0.005 92.8 6.6 9 (3R 4R 5R)-5-(1- hydroxyethyl) -

pi peri di no2pd/ddsb* 0.518 0.022 10.5 1.75 0.49 0. 06P83/UR2018/09142D

(3R 4R 5R)-5-(1- hydroxyethyl)- piperidine-3,4-diol* 0.798 0.043 12 1.65
1.06 0.12

-
/O" o O?H F F
10a Deoxo Fluor \(j)( Sl \OK
N
H
/
OH
10a Ph3PCH38|’ e HO\O)\
BulLi T
N
H
’/,‘O/ /,’0/
O/,\/L . e OH
a8y P’\/Lg o T
9-BBN 0 HO
------- >
N H,0 N
Bn 22 Bn u
-
/,’f) //- O_'
I - F F
P ° 0 /o'\/(Q | OH
O~ : :
\(j) CBr,FyHMPT  © e HomF
N Zn, THF N F
Bn Bn ”

/ 7/,
O'\io /O"\iQ 4
Oy oy
__________ . N
Bn gn H
Scheme 7

47



99.3 4.9 14 (3R 4R 5S5)-5-(1- fluoroethyl)-piperidine- 3,4-diol* 0.061
0.019 3.7 0.63 0.026 0.003 89.7 3.5 none (3R 4R 59)-5-((R -1-

fl uor opr opI2ptigi4pseri di ne- 3, 4-di ol hydrochl ori de 0.972 POTAG201ND5A40D86
0.002 84.0 4.1 none (3R 4R, 5S)-5-benzyl - piperidine-3,4-diol 1.299 0.323
1.2 0.13 0.18 0.01

Salts, solvates and prodrugs

[0077] Compounds of the present invention include pharmaceutically
acceptable salts, solvates and pro-drugs of the compounds disclosed herein.
Pharmaceutically acceptable salts include salts derived from inorganic bases
such as Li, Na, K, Ca, Mg, Fe, Cu, Zn, Mn; salts of organic bases such as N,N'-
diacetylethylenediamine, glucamine, triethylamine, choline, hydroxide,
dicyclohexylamine, metformin, benzylamine, trialkylamine, thiamine; chiral bases
like alkylphenylamine, glycinol, phenyl glycinol, salts of natural amino acids such
as glycine, alanine, valine, leucine, isoleucine, norleucine, tyrosine, cystine,
cysteine, methionine, proline, hydroxy proline, histidine, omithine, lysine,
arginine, serine; non-natural amino acids such as D-isomers or substituted amino
acids; guanidine, substituted guanidine wherein the substituents are selected
from nitro, amino, alkyl, alkenyl, alkynyl, ammonium or substituted ammonium
salts and aluminum salts. Salts may include acid addition salts where
appropriate which are, hydrochlorides, sulphates, nitrates, phosphates,
perchlorates, borates, hydrohalides, acetates, tartrates, maleates, citrates,
succinates, palmoates, methanesulphonates, benzoates, salicylates,
benzenesulfonates, ascorbates, glycerophosphates, ketoglutarates. In one
embodiment, the pharmaceutically acceptable salt of the compounds disclosed
herein is the hydrochloride salt.

[0078] "Solvate" denotes a physical association of a compound with one or
more solvent molecules. This physical association involves varying degrees of
ionic and covalent bonding, including hydrogen bonding. In certain instances the
solvate will be capable of isolation, for example when one or more solvent
molecules are incorporated in the crystal lattice of the crystalline solid. "Solvate"
encompasses both solution-phase and isolatable solvates. "Hydrate" is a solvate
wherein the solvent molecule is HO. Other non-limiting examples of suitable
solvates include alcohols (e.g., ethanolates, methanolates, and the like).

[0079] Prodrugs are compounds which are converted in vivo to active
forms (see, e.g., R. B. Silverman, 1992, "The Organic Chemistry of Drug Design
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98.0 4.5 none (3R 4R 5R)-5-((S)- hydroxy(phenyl)nethyl) -

pi peridine-3,4-diol ND ND 4.99 0.86 72.1 3.5 none (3R 4R 5S)-5-(2-

hydr oxyprwpanti249386) pi peri di ne- 3, 4-diol ND ND 0. 791 0. P62/uB2®@0851437 6 none
|FGtartrate 0.271 0.012 8.2 0.04 0.31 0.11 105.5 12.8 Notes:

and Drug Action", Academic Press, Chapter 8, incorporated herein by reference).
Additionally, a discussion of prodrugs is provided in T. Higuchi and V. Stella, Pro-
drugs as Novel Delivery Systems, Volume 14 of the A.C.S. Symposium Series,
and in Bioreversible Carriers in Drug Design, Edward B. Roche, ed., American
Pharmaceutical Association and Pergamon Press, 1987, both of which are
incorporated herein by reference thereto. Prodrugs can be used to alter the
biodistribution (e.g., to allow compounds which would not typically enter the
reactive site of the protease) or the pharmacokinetics for a particular compound.
For example, a carboxylic acid group, can be esterified, e.g., with a methyl group
or an ethyl group to yield an ester. When the ester is administered to a subject,
the ester is cleaved, enzymatically or non-enzymatically, reductively, oxidatively,
or hydrolytically, to reveal the anionic group. An anionic group can be esterified
with moieties (e.g., acyloxymethyl esters) which are cleaved to reveal an
intermediate compound which subsequently decomposes to yield the active
compound.

[0080] Examples of prodrugs and their uses are well known in the art
(See, e.g., Berge et al. (1977) "Pharmaceutical Salts", J. Pharm. Sci. 66:1-19).
The prodrugs can be prepared in situ during the final isolation and purification of
the compounds, or by separately reacting the purified compound with a suitable
derivatizing agent. For example hydroxy groups can be converted into esters via
treatment with a carboxilic acid in the presence of a catalyst. Examples of
cleavable alcohol prodrug moieties include substituted and unsubstituted,
branched or unbranched lower alkyl ester moieties, (e.g., ethyl esters), lower
alkenyl esters, di-lower alkyl-amino lower-alkyl esters (e.g., dimethylaminoethyl
ester), acylamino lower alkyl esters, acyloxy lower alkyl esters (e.g.,
pivaloyloxymethyl ester), aryl esters (phenyl ester), aryl-lower alkyl esters (e.g.,
benzyl ester), substituted (e.g., with methyl, halo, or methoxy substituents) aryl
and aryl-lower alkyl esters, amides, lower-alkyl amides, di-lower alkyl amides,
and hydroxy amides.

[0081] All stereoisomers (for example, geometric isomers, optical isomers
and the like) of the compounds disclosed herein (including those of the salts,
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* Stereoi somer A and/or B Cheng-Prusoff equation: Ki = 1C50 1(1+ [S]/Km
where [S] = substrate concentration; 2.5 nM4-MJ13-D-d c was used Km =
M chael i swoaensit@nt3ct hat defines substrate affinity; 1. 8PCO/UB20mM0san7
4-M)JOD-Gc (Liou et al., (2006) J Biol. Chem 281 (7), 4242-53)
1001201When conpared to reference corg)ound 'FGﬁartrat ey t etfolgovvi ng i s
not abl &olvatgs g@gprqlqmgggﬁggese compounds as well as the salts and soivates 0

(3R 4R : Ly idPehid! i@ ic carbons on

(3R aRtaepralirhh} sHoh AT WhidhHnacRey 8yé1eBmmetric

( 3R, 4RVaRbub s(ibstitydntexineluding enantimmeri¢ forn®, (vhichomay exist even in the

3R 4R, 5S)-5-((R)-1-fl | ) pi i di ne-3, 4-.di ol hl ori de, d
(3R, aR26Spnes B ABYTEIEHS FaioRsh rABIIC FRBs oAt RIS eltoe & o o
concentyi.alib A ISRERARR! ald \CoRampldted WRkRPthRCdope! of tAdnesHtRRced enzyne

activity to the same maxi num |l evel as reference conmpound |FGtartrate at
nuch | dedividuahstenesisomers of these costposindp mayd for example, be substantially

3R 4R, 5S)-5-(dif|l t hyl ) .pi idine- 7 d .

(3R 4R1E8 ORthE! kproaz Ry bR P dos Xl abhgemates, wiy ol

benzyl Rithér of bitr 3efocibd| stertiddpsbrautThef cHif® ceiiteds ofite aforgmentioned (in situ
washout) considerably faster than reference conpound I FGtartrate; and

(iii), mommwdaélqma,&ar Rojordigumatianas defined by helkRAC 1874, 4- di ol ,

(3R 4R 5S) -5- (1- £ uor JRuheri di.ne- . 4 di aly» " .

(3R 4R Q@W%ﬁ?ﬂ%ﬁ%xﬁﬁé ﬂ%’)"? t)rfép%r”%i %%'?B,széi‘é%l "prodrug” and the like,

(3R 4R iSMteAddd tawguisllysply to thel suit; sdivate dnd peodrug of 8RaAROHE)s, 5- ((R) - 1-

fl uoropropyl ) pi peridi ne-3, 4-di ol hydrochl oride,, and f(th 4R, SS&de-

benzy| FiY/ECISAMRIS3rolamer. tautameass  [dgealasonrAgs, of R AABIROUNASHf 04 br ai n
barrier, 1 : d-brain barrier (BBB) penetration of
refer eﬁgg%%%g%%“é&%}g'éggﬁg several conpounds of the present
invention (i.e., (3R 4R 5S)-5- (difluoronethyl)piperidine-3,4-diol,

(3R 4R, 5S) - 5- %l-fl uor oet hyl ) pi peri di ne- 3, 4- diol,

(3R 4R, u/ationgy dr oxyet hyl ) - pi peri di ne-3, 4-di ol , (3R 4R 5S)-5-((R)- 1-
fluoro | ) pi pefHeH i l+8 4t %61 a

benzyl glbgge%ji di ne%ﬂ%h%?%%ﬁ%deanégggegggg?idgg@gﬁo‘;%%%ﬁai st ragt iro@n to mce.
For t hirsuteuofradiainistratioakinsiudling edr. torply irathe fotro©f tatdeBL)capsutesaini ni st er ed

o ommocnluih o sfbsle haGe st 1ot ittor: RinehiBE fbrabELfit BBER e "
prepar ggl féruatedrfor é¥dl aanﬁm§ir§s_bn,rfbs|ets/@r®pwé@éérisé prépdte§By at the

followng tinme points: 0-, O. 1-, and 4-hour post-dose. After
eut hanicoaveationalieanswith pharpacentically agceptabie: excipiantsrsush asdvindi®gva i nt o

Pl aorm A0 (s Oy BIRER et il siae AR BB T i PTREA o oo a
4C fol Irﬁmqw@uumgy;dmerso(@a@mctm, mibrlcfystaline seNwtose vasalem n col d PBS to

renmove contam nating bl oo blotted dry, flash frozen on dry ice, and
ul t i mattydjogarpphesriatelsbbricants (emampgngsium sigaspigr talePEFHCAar npl es f or

| veis . BO. . ) . . _
Sanp! o einREES (8% Botplo Ui Gs RTRIEE Syl bketia dBels "D, i 2o
hormge_r(atg_e,I sogiemn ﬂau?rggl;ISp?a@I_.h[ﬂhle tablepd Etmysbl e/\emaigd@ybn_ 'het;rggwivgdfll 25 tl of I
acetonitrile:water 5). iS. was su ted wit cetonitrile
and 50 lﬁB‘PXVFb‘f‘ &k Adﬂu'gtpdﬁea@om%w 9{8? ﬂ&rr'r“!?’]?%@tm mavéa@%?-f%mq n 0.5%

; : — _ P VR : Larified
by cento: Frnplel $6hs 357! SuqdenERirinBPiey, map Bed et e R Bnfe ™11 o
acet oniproducet forSsonstitstionewith wader emanothes ditable velpiolertsefore/edes Such.C- M5/ M5 at

PPD I ng. 230 m ng VWa M ddl eton, W 53562). In ief, a Therno

Bet asi ﬁ'gugﬁ’ﬁe%[%?@@,s%ﬁy ﬁéma@%\ny ¢%‘i%‘ﬁﬂn%'c{ﬁ??%w ed with a mixture of
mobi | e pplaanaceaisEll tdcespabldadditidegoidn 53 Eeéﬁaicﬁn@ageﬂts%?@j%rmtsl acid in
(A) 95:5 acetonitrile:water or (B) 70:20:10 nethanol:water: acetonitrile was
enpl oy S¥TUmREellklose Zgriyativesoophydiaaenatedesible fats); emdlsifyingagestss. For

cal cul ating drug concentrations, raw data for plasma (ng/nL) and brain
(ng/g) was converted to nMusing the nol ecul ar wei ght of respective
conpounds and assumng 1 g of tissue is equivalent to 1 nL vol une.
Concentration as a function of time9fas plotted in G aphPad Prism version
4.02. [00122] The plasnma |levels and brain |evels detected in mce

adm nistered a single 30 ng/ kg (free base equivalent) p.o. dose of
reference conpound (i.e., IFGtartrate) or test conpound (i.e.,

(3R, 4R, 5S) - 5- (di fl uor onet hyl ) pi peri di ne-3, 4- diol,

(3R 4R, 5S)-5-(1-fluoroethyl)piperidine-3,4-diol, (3R 4R 5R)-5-(1-

hydr oxyet hyl ) - pi peri di ne- 3, 4-di ol ,
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met hyl unbel l'i ferone (4-MJ) standard curve ranging from1.0 nMto 50 [LM was
run in parallel for conversion of raw fl uorescence data to absol ute GCase
activity wonotihgopsesence and absence of CBE) and expr egsgdisasionanenol es of
4-MJ rel eased per mlligramof protein per hour (nnol/ng protein/hr). CGCase
| evel s and protein |evels were cal cul ated usi ng M c(go?of. cel (Rednond,
WA) ande@.alghithin aPracegia)e NENwHAUEOYS Vehiste e &-aBlneenaall 'Surmari ze the

dose adnjni [t api ' \ bped above as
wert ARGy sReFaEARERHIE ORI Bl PRiceaiieS o 87, AL b o,

r especthrgpylyp-hgaroxgbenzsates ensortic acid).nThe diquie, preparationd meaynalsat rat i on in

GCase assay and inhjbition constant §Ki .. WD 2011/ 049736PCT/.US2010/ 051447
Tabl e Fentaipbuifes salis davenngi ¢elarng A @e;%s@@m%& SESAPPIORIAG) FBE Grase

: . i Lk d
T BN SRR e L o BT e

concentra (3R 4R, 5S) - 5-
(di f | uasrasustdipéd relpage of thentheBpsulic@gent(sR. 1 55 0. 0002 0. 01360. 0008
[0083] In certain embodiments of the present invention, the therapeutic

agent(s) is administered in a dosage form that permits systemic uptake, such that
the therapeutic agent(s) may cross the blood-brain barrier so as to exert effects
on neuronal cells. For example, pharmaceutical formulations of the therapeutic
agent(s) suitable for parenteral/injectable use generally include sterile aqueous
solutions (where water soluble), or dispersions and sterile powders for the
extemporaneous preparation of sterile injectable solutions or dispersion. In all
cases, the form must be sterile and must be fluid to the extent that easy
syringability exists. It must be stable under the conditions of manufacture and
storage and must be preserved against the contaminating action of
microorganisms such as bacteria and fungi. The carrier can be a solvent or
dispersion medium containing, for example, water, ethanol, polyol (for example,
glycerol, propylene glycol, polyethylene glycol, and the like), suitable mixtures
thereof, or vegetable oils. The proper fluidity can be maintained, for example, by
the use of a coating such as lecithin, by the maintenance of the required particle
size in the case of dispersion and by the use of surfactants. Prevention of the
action of microorganisms can be brought about by various antibacterial and
antifungal agents, for example, parabens, chlorobutanol, phenol, benzyl alcohol,
sorbic acid, and the like. In many cases, it will be reasonable to include isotonic
agents, for example, sugars or sodium chloride. Prolonged absorption of the
injectable compositions can be brought about by the use in the compositions of
agents delaying absorption, for example, aluminum monosterate or gelatin.
[0084] Sterile injectable solutions are prepared by incorporating the
therapeutic agent(s) in the required amount in the appropriate solvent with
various of the other ingredients enumerated above, as required, followed by filter
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(3R 4R, 5S)-5- (difluoronethyl)- piperidine-3,4-diol 100 2.6 301 0.0010
(3R, 4R, 5S5)-5-(1- fluoroethyl)-piperidine- 3,4-diol* 10 1.5 50 0.0002

0. 04980. O80R0(1IARIBR, 5S) - 5- (1- fl uoroet hyl) - pi peri di ne3, 2Cuiuskd1008Q42. 4 415
0.0014 (3R 4R 5R)-5-(1- hydroxyethyl)- piperidine-3,4-diol* ND ND

or terminal sterilization. Generally, dispersions are prepared by incorporating the
various sterilized active ingredients into a sterile vehicle which contains the basic
dispersion medium and the required other ingredients from those enumerated
above. In the case of sterile powders for the preparation of sterile injectable
solutions, the preferred methods of preparation are vacuum drying and the
freeze-drying technique which yield a powder of the active ingredient plus any
additional desired ingredient from previously sterile-filtered solution thereof.
[0085] The formulation can contain an excipient. Pharmaceutically
acceptable excipients which may be included in the formulation are buffers such
as citrate buffer, phosphate buffer, acetate buffer, and bicarbonate buffer, amino
acids, urea, alcohols, ascorbic acid, phospholipids; proteins, such as serum
albumin, collagen, and gelatin; salts such as EDTA or EGTA, and sodium
chloride; liposomes; polyvinylpyrollidone; sugars, such as dextran, mannitol,
sorbitol, and glycerol; propylene glycol and polyethylene glycol (e.g., PEG-4000,
PEG-6000); glycerol; glycine or other amino acids; and lipids. Buffer systems for
use with the formulations include citrate; acetate; bicarbonate; and phosphate
buffers. Phosphate buffer is a preferred embodiment.

[0086) The formulation can also contain a non-ionic detergent. Preferred
non-ionic detergents include Polysorbate 20, Polysorbate 80, Triton X-100, Triton
X-114, Nonidet P-40, Octyl a-glucoside, Octyl B-glucoside, Brij 35, Pluronic, and
Tween 20.

Routes of Administration

[0087] The therapeutic agent(s) may be administered orally or
parenterally, including intravenously, subcutaneously, intra-arterially,
intraperitoneally, ophthalmically, intramuscularly, buccally, rectally, vaginally,
intraorbitally, intracerebrally, intradermally, intracranially, intraspinally,
intraventricularly, intrathecally, intracisternally, intracapsularly, intrapulmonarily,
intranasally, transmucosally, transdermally, or via inhalation. In one preferred
embodiment, the therapeutic agent(s) is administered orally.
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ND ND 0. 0440. 0017 (3R 4R 5R)-5-(1- hydroxyethyl)- piperidine-3,4-diol* ND
ND ND ND 0. 1420. 0088 (3R, 4R, 5S)-5-(1- fluoroethyl)-piperidine- 3,4-diol* 10
1.5 BLQ (W 2BL1D40730160. 0007 (3R, 4R 5S)-5-(1- PCT/US2010/051447

fl uor oet hyp- pi peri di ne3, 4-diol* 100 2.2 41 0.0001

[0088] Administration of therapeutic agent(s) may be by periodic injections
of a bolus of the formulation, or may be administered by intravenous or
intraperitoneal administration from a reservoir which is external (e.g., an i.v. bag)
or internal (e.g., a bioerodable implant). See, e.g., U.S. Pat. Nos. 4,407,957 and
5,798,113, each incorporated herein by reference. Intrapulmonary delivery
methods and apparatus are described, for example, in U.S. Pat. Nos. 5,654,007,
5,780,014, and 5,814,607, each incorporated herein by reference. Other useful
parenteral delivery systems include ethylene-vinyl acetate copolymer particles,
osmotic pumps, implantable infusion systems, pump delivery, encapsulated cell
delivery, liposomal delivery, needle-delivered injection, needle-less injection,
nebulizer, aerosolizer, electroporation, and transdermal patch. Needle-less
injector devices are described in U.S. Pat. Nos. 5,879,327; 5,520,639; 5,846,233
and 5,704,911, the specifications of which are herein incorporated by reference.
Any of the formulations described above can be administered using these
methods.

[0089] Subcutaneous injections have the advantages allowing self-
administration, while also resulting in a prolonged plasma half-life as compared
to intravenous administration. Furthermore, a variety of devices designed for
patient convenience, such as refillable injection pens and needle-less injection
devices, may be used with the formulations of the present invention as discussed

herein,

Dosage

[0090] A suitable pharmaceutical preparation is in a unit dosage form. In
such form, the preparation is subdivided into suitably sized unit doses containing
appropriate quantities of the active component, e.g., an effective amount to
achieve the desired purpose. In certain embodiments, the therapeutic agent(s) is
administered in one or more daily doses (e.g., once-a-day, twice-a-day, thrice-a-
day). In certain embodiments, the therapeutic agent(s) is administered in
intermittently.
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(3R 4R, 55)-5-((R)-1- fluoropropyl)-piperidine- 3,4-diol hydrochloride 10
0.9 BLQ (2) BLQ 0.1210.0026 (3R 4R 5S)-5-((R)-1-
fl uor opr ow2YtPi4pseri di ne3, 4-di ol hydrochl oride 100 1.1 PBBTAISOQOMDS1447
(3R, 4R, 5S) - 5- benzyl pi peridine-3,4-diol 10 1.2 ND ND 0.2730.012
(3R, 4R 58} -5- benzyl pi peri di ne- 3, 4-di ol lé)O 1.4 . . .
[0091] Exemplary dosing regimens are described in International patent
application PCT/US08/61764 published as WO 2008/1 34628 on June 11, 2008
and U.S. provisional patent application 61/108,192, filed on October 24, 2008,
both of which are incorporated by reference herein in their entirety. In one
embodiment, the therapeutic agent(s) is administered in an intermittent dosing
regimen that includes an initial “loading dose” given daily, followed by a period of
non-daily interval dosing.
[0092] The amount of effective therapeutic agent(s) for preventing or
treating the referenced disorder can be determined on a case-by-case basis by
those skilled in the art. The amount and frequency of administration of the
therapeutic agent(s) will be regulated according to the judgment of the attending
clinician (physician) considering such factors as age, condition and size of the
patient as well as risk for developing disorder or severity of the symptoms of the

referenced disorder being treated.

Combination Drug Therapy

[0093] The therapeutic agent(s) of the present invention can be
administered in combination with at least one other therapeutic agent.
Administration of the therapeutic agent(s) of the present invention with at least
one other therapeutic agent is understood to encompass administration that is
sequential or concurrent. In one embodiment, the therapeutic agents are
administered in separate dosage forms. In another embodiment, two or more
therapeutic agents are administered concurrently in the same dosage form.
[0094] In certain embodiments, the therapeutic agent(s) of the present
invention are administered in combination with at least one other therapeutic
agent which is an anti-dyskinesia Agent (e.g., Carbidopa, Levodopa), an anti-
infective agent (e.g., Miglustat), an antineoplastic agent (e.g., Busulfan,
Cyclophosphamide), a gastrointestinal agent (e.g., Methylprednisolone), a
micronutrient (e.g., Calcitriol, Cholecalciferol, Ergocalciferols, Vitamin D), a
vasoconstrictor agent (e.g., Calcitriol).
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ND ND 1.360.10 (3R, 4R, 5S)-5-(2-

ND ND (3R 4R 5R)-5-((S)- hydroxy(phenyl)nethyl)- piperidine-3,4-diol
hydr oxypr opan- 2- yl ) pi peridi ne-3,4-diol ND
ND ND ND woQ9740045 Notes: * Stereoi somer A and/ or B ( PLTRIS@Q16/071447
nmol / kg; (2) BLQ <2.2 nnol/kg ND: Not determned WO

2011/ 049736PCT/ US2010/ 051447 Tabl e 3B: GCase enhancenent in Spl een

[0095] In certain embodiments, the therapeutic agent(s) of the present
invention are administered in combination with allopregnanolone, a low-
cholesterol diet, or cholesterol-lowering agents such as statins (e.g., Lipitor®);
fibrates such as fenofibrate (Lipidil®); niacin; and/or binding resins such as
cholestyramine (Questran®).

[0096] In one embodiment, the therapeutic agent(s) of the present
invention is administered in combination with gene therapy. Gene therapy is
contemplated both with replacement genes such as glucocerebrosidase or with
inhibitory RNA (siRNA) for the SNCA gene. Gene therapy is described in more
detail in U.S. Patent No. 7,446,098, filed on February 17, 2004.

[0097] In one embodiment, the therapeutic agent(s) of the present
invention is administered in combination with at least one other therapeutic agent
which is an anti-inflammatory agent (e.g., ibuprofen or other NSAID).

[0098] In one embodiment, the therapeutic agent(s) of the present
invention is administered in combination with a substrate inhibitor for
glucocerebrosidase, such as N-butyl-deoxynojirimycin (Zavesca®; miglustat
available from Actelion Pharmaceuticals, US, Inc., South San Francisco, CA,
us).

[0099] Combinations of the therapeutic agent(s) of the present invention
with at least one other therapeutic agent which is a therapeutic agent for one or
more other lysosomal enzymes are also contemplated. Following is a non-

limiting list of therapeutic agents for lysosomal enzymes.

ND ND

Table 1
:YSOSOMAL ENZYME THERAPEUTIC AGENT
a-Glucosidase 1-deoxynojirimycin (DNJ)
GenBank Accession No. Y00839 a-homonoijirimycin
castanospermine
Acid B-Glucosidase (B- isofagomine
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Compound Name Dose (ng/kg) FBE GCase increase (fold) Conmpound concentration
In tissue Conpound concentration i nGCase assay Ki pH 5.2 (uM (3R 4R 5S)-5-
(di f1 uor owotznyiou973pi peri di ne- 3, 4-diol 10 1.9 100 0. 0003 POTAB3E0/08008
(3R 4R, 5S)-5- (difluoronethyl)- piperidine-3,4-diol 100 2.4 435 0.0015
(3R 4R 5S)-5-(1- fluoroethyl)-piperidine- 3 4-diol* 10 _
glucocerebrosidase) C-benzyl isofagomine and derivatives

GenBank Accession No. J03059

N-alkyl (C9-12)-DNJ
Glucoimidazole (and derivatives)
C-alkyl-IFG (and derivatives)
N-alkyi-B-valeinamines
Fluphenozine

calystegines A3z, B4, B2 and C4

a-Galactosidase A
GenBank Accession No. NM000169

1-deoxygalactonojirimycin (DGJ)
a-allo-homonojirimycin
a-galacto-homonaojirimycin
B-1-C-butyl-deoxynojirimycin
calystegines A; and B

N-methyl calystegines A; and B;

Acid B-Galactosidase

GenBank Accession No. M34423

4-epi-isofagomine

1-deoxygalactonojirimyicn

Galactocerebrosidase (Acid B-
Galactosidase)

GenBank Accession No. D25283

4-epi-isofagomine

1-deoxygalactonojirimycin

Acid a-Mannosidase

GenBank Accession No. U68567

1-deoxymannojirimycin
Swainsonine

Mannostatin A

Acid B-Mannosidase

GenBank Accession No. U60337

2-hydroxy-isofagomine

Acid a-L-fucosidase

1-deoxyfuconojirimycin

56




1.0 BLQ (1) BLQ 0.04980.0015 (3R 4R 5S)-5-(1-

fl uoroethyl)-piperidine3,4-diol* 100 1.5 948 0.0032 (3R 4R 5R)-5-(1-
hydr oxyetwol2pti/q@d1seri di ne- 3, 4-di ol * ND ND ND ND 0. 0440. @0T/US2010/051447
(3R 4R 5R)-5-(1- hydroxyethyl)- piperidine-314-diol* ND ND ND ND

GenBank Accession No. NM_000147

B-homofuconojirimycin
2,5-imino-1,2,5-trideoxy-L-glucitol
2,5-deoxy-2,5-imino-D-fucitol
2,5-imino-1,2,5-trideoxy-D-altritol

a-N-Acetylglucosaminidase

GenBank Accession No. U40846

1,2-dideoxy-2-N-acetamido-nojirimycin

a-N-Acetylgalactosaminidase

GenBank Accession No. M62783

1,2-dideoxy-2-N-acetamido-

galactonojirimycin

B-Hexosaminidase A

GenBank Accession No. NM_000520

2-N-acetylamino-isofagomine
1,2-dideoxy-2-acetamido-nojirimycin

Nagstatin

B-Hexosaminidase B

GenBank Accession No. NM_000521

2-N-acetamido-isofagomine
1,2-dideoxy-2-acetamido-nojirimycin

Nagstatin

a-L-lIduronidase

GenBank Accession No. NM_000203

1-deoxyiduronojirimycin

2-carboxy-3,4,5-trideoxypiperidine

B-Glucuronidase

GenBank Accession No. NM_000181

6-carboxy-isofagomine

2-carboxy-3,4,5-trideoxypiperidine

Sialidase

GenBank Accession No. U84246

2,6-dideoxy-2,6, imino-sialic acid

Siastatin B

Iduronate sulfatase

GenBank Accession No. AF_011889

2,5-anhydromannitol-6-sulphate

Acid sphingomyelinase

desipramine, phosphatidylinositol-4,5-
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0.1420.0088 (3R 4R, 5S)-5-(1- fluoroethyl)-piperidine- 3,4-diol* 10 1.6 BLQ
(2) BLQ 0.0160.0007 (3R 4R 5S)-5-(1- fluoroethyl)-piperidine3,4-dior 100
2.3 99 0.W00B11/3Rs4R, 5S) - 5- ((R) - 1- fl uoropropyl) - pi per iPdirs2018/0814d1 ol
hydrochl oride 10 0.7 21 0.0001 0.1210.0026 (3R 4R, 55)-5-((R) -1-
fluoropropyl)-piperidine3d 4-diol hydrochloride 100

GenBank Accession No. M59916 diphosphate

[00100] In certain embodiments, the therapeutic agent(s) of the present
invention are administered in combination with at least one therapeutic agent
which is an anti-dyskinesia Agent (e.g., Carbidopa, Levodopa), an anti-infective
agent (e.g., Cyclosporine, Miglustat, Pyrimethamine), an antineoplastic agent
(e.g., Alemtuzumab, Azathioprine, Busulfan, Clofarabine, Cyclophosphamide,
Melphalan, Methotrexate, Rituximab), an antirheumatic agent (e.g., Rituximab) a
gastrointestinal agent (e.g., Methylprednisolone), a micronutrient (e.g., Calcitriol,
Cholecalciferol, Ergocalciferols, Folic Acid, Vitamin D), a reproductive control
agent (e.g., Methotrexate), a respiratory system agent (e.g., Tetrahydrozoline),
vasoconstrictor agent (e.g., Calcitriol, Tetrahydrozoline).

[00101] In certain embodiments, the therapeutic agent(s) of the present
invention are administered in combination with at least one therapeutic agent
which is a therapeutic agent for B-hexosaminidase A and/or a therapeutic agent
for acid B-galactosidase. In certain embodiments, the therapeutic agent(s) of the
present invention are administered in combination with at least one therapeutic
agent which is an anti-infective agent (e.g., Miglustat), an antineoplastic agent
(e.g., Alemtuzumab, Busulfan, Cyclophosphamide), a gastrointestinal agent (e.g.,
Methylprednisolone).

[00102] The therapeutic agent(s) of the present invention can be
administered in combination with at least one other therapeutic agent which
includes but is not limited to, RNAI, dopamine replacement (e.g., levadopa (L-
DOPA)), dopamine replacement stabilizer (e.g., carbidopa, and entacapone),
anticholinergic (e.g., trihexyphenidyl, benzotropine mesylate (Cogentin®),
trihexyphenidyl HCL (Artane®), and procyclidine), catechol-O-methyltransferase
(COMT) inhibitor (e.g., entacapone (Comtan®) and tolcapone (Tasmar®)),
dopamine receptor agonist (e.g., bromocriptine (Parlodel®), pramipexole
(Mirapex®), ropinirole (Requip®)), pergolide (Permax), and APOKYN™ injection
(apomorphine hydrochloride), monoamine oxidase (MAO) inhibitor (i.e., MAO-A
and/or MAO-B inhibitors, e.g., selegiline (Deprenyl, Eldepryl®, Carbex®),
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(3R, 4R, 5Ry020(1(B¥736 hydr oxy( phenyl ) met hyl ) - pi peri di ne- 3p¢TdiSed10MEI4MND ND ND

selegiline HCI orally disintegrating tablet (Zelapar®), and rasagiline (Azilect®)),
peripheral decarboxylase inhibitor, amantadine (Symmetrel®), and rivastigmine
tartrate (Exelon®).

[00103] Also contemplated are combinations of the therapeutic agent(s) of
the present invention with more than one other therapeutic agent. Exemplary
combinations of other therapeutic agents include, but not are not limited to,
carbidopa/levodopa (Sinemet® or Parcopa®), carbidopa, levodopa and
entacapone (Stalevo®), levodopa with a dopamine receptor agonist such as
bromocriptine (Parlodel®), pramipexole (Mirapex®), ropinirole (Requip®)),
pergolide (Permax), or APOKYN™ injection (apomorphine hydrochloride).
[00104] In one embodiment, the therapeutic agent(s) of the present
invention is administered in combination with vaccine therapy, such as a vaccine
comprising alpha-synuclein and an adjuvant (Pilcher et al., Lancet Neurol. 2005;
4(8):458-9).

[00105] In one embodiment, the therapeutic agent(s) of the present
invention is administered in combination with at least one other therapeutic agent
that may be protective such as dextromethorphan (Li et al., FASEB J. 2005;
Apr;19(6):489-96); genistein (Wang et al., Neuroreport. 2005; Feb 28;16(3):267-
70), or minoclycline (Blum et al., Neurobiol Dis. 2004; Dec;17(3):359-66).
[00106] In one embodiment, the therapeutic agent(s) of the present
invention is administered in combination with at least one other therapeutic agent
which is therapeutic agent for alpha-synuclein (e.g., Hsp70).

[00107] Patients having Parkinson’s disease experience tremor, rigidity,
bradykinesia, and postural imbalance. Patients having Lewy Body Dementia
experience strong psychotic symptoms (visual hallucinations) in addition to
mental decline such as memory loss and an inability to carry out simple tasks.
Observable improvements in symptoms, or a delay of onset of certain symptoms
in patients at risk of developing a disorder, or a delay in progression of the
disorder will be evidence of a favorable response to the therapies provided
herein.
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[ 00126] As reflected in Tables 3A and 3B, mce adm nistered (3R 4R 5S)- 5-(d
| fl uoronet hyl ) pi perid ine-3,4-d iol,

(3R, 4Rj003D8P- ( 1- frl addmenhyub;asmrpbte smmagaﬁeztnar&ietﬂ alsgmay be useful for

3R 4R, 5S b d - di d i
(enhancsna, kieting reRRArRe R A eIaPYe For isstane STy eb i il pBlef e
[ 00127 ?j,e%blﬁf]g ‘?'frtﬂ*‘érrlé\t/éIQ of Eiﬂwads?}n%cw oPBligorhéfic fatmsadfalpita-sgmesisint he

bi oava test conmpound. In particular, the follow ng PK
par anehave beenealetedted irathecplasmezafiatigpts witly Paskireenr's disgag$ (E@%&t under the

Co t T furth

det nodl-ourue! TraSA0es a3 10 RS Mg BB IASER Ve | and hai f-1ife
(t1/2) 2056f20"($'9|4519125}3®ﬁﬁ|e Sorié Blive réb s gecreDssd pLasmﬁ alphat s were given
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Bl ood \?@Q@o?ﬁéﬁgg 23\538%’6%})24 hr period. The tinme points for bl ood

col | ec{aoa09pft er In bértaimasmbiediambnits)ithée ltlmérapeutmaa@ent(ls)cﬂtlﬁe piesehd, 15, 30, 45
mn, 1, 2, 4, 8, 12, and 24 hrs; tine or blo col | ctlon after

p.o. alMVention isadmiysipeacin eomiinatign wi atﬁ%a%q'ﬂe qfheb eéap%i and 24
h P /I\/IS t PPD.
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(3R 4R 58) 5- I uoro

( 3R 4RBE§sEEAZ] -’f femO&é'P y‘lﬁ%tg%%P[!" eé]%!'blfmp@r gelx""ﬂ'ﬁ%de Droxidopa,

8 Rtk o e oL 10
Selegiline, Sinemet), an anti-infective agent (e.g, Amantadine, Amoxicillin,
Clarithromycin, Ethanol, Interferons, Minocycline, PS-K), an anti-obesity agent
(e.g., Phenylpropanolamine, Topiramate), an anticonvuisant (e.g., Etiracetam,
Topiramate), an antiemetic (e.g., Trimethobenzamide), an antihypertensive agent
(e.g., Trandolapril), an antineoplastic agent (e.g., Cabergoline, PS-K), central
nervous system depressant (e.g., Aripiprazole, Benzocaine, Clozapine, Cocaine,
Dexmedetomidine, Diphenhydramine, Isoflurane, Lithium, Lithium Carbonate,
Metylperon, Morphine, Propofol, Quetiapine, Raclopride, Remifentanil, Sodium
Oxybate), a central nervous system stimulant (e.g., Caffeine citrate, Modafinil,
Nicotine polacrilex), a coagulant (e.g., Arginine Vasopressin, Deamino Arginine
Vasopressin, Vasopressins), a dermatologic agent (e.g., Loratadine,
Promethazine), a gastrointestinal agent (e.g., Diphenhydramine, Domperidone,
Omeprazole, Trimethobenzamide), a hypnotic and/or sedative (e.g.,
Remifentanil), a micronutrient (e.g., Alpha-Tocopherol, Coenzyme Q10,
Ergocalciferols, Hydroxocobalamin, Iron, Tocopherol acetate, Tocopherols,
Vitamin B 12, Vitamin D, Vitamin E), a neuroprotective agent (e.g., Eliprodil,
Modafinil, Rasagiline, Rivastigmine, Topiramate), a nootropic agent (e.g.,
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Donepezil, Etiracetam), a psychotropic drug (e.g., Aripiprazole, Citalopram,
Clozapine, Duloxetine, Lithium, Lithium Carbonate, Metylperon, Nortriptyline,
Paroxetine, Quetiapine, Raclopride, Venlafaxine), a respiratory system agent
(e.g., Dextromethorphan, Guaifenesin, Ipratropium, Naphazoline, Oxymetazoline,
Phenylephrine, Phenylpropanolamine), a vasoconstrictor agent (e.g.,
Naphazoline, Oxymetazoline, Phenylephrine, Phenylpropanolamine).

[00110] In one preferred embodiment, the aforementioned other therapeutic
agents are administered when the disorder is Parkinson’s disease.

[00111] In certain embodiments, the therapeutic agent(s) of the present
invention is administered in combination with at least one other therapeutic agent
which is a nicotinic alpha-7 agonist (e.g., MEM 3454 or MEM 63908 both of
which are available from Memory Pharmaceuticals). In certain embodiments, the
therapeutic agent(s) of the present invention is administered in combination with
at least one other therapeutic agent which is R3487 and/or R4996 (both of which
are available from Roche). Also contemplated are combinations of the
therapeutic agent(s) of the present invention with more than one other
therapeutic agents. Exemplary combinations of other therapeutic agents include,
but not are not limited to, R3487/MEM 3454 and R4996/MEM 63908.

[00112] In certain embodiments, the therapeutic agent(s) of the present
invention is administered in combination with at least one cholinesterase inhibitor
(e.g., donepezil (brand name Aricept), galantamine (brand name Razadyne), and
rivastigmine (branded as Exelon and Exelon Patch).

[00113] In certain embodiments, the therapeutic agent(s) of the present
invention is administered in combination with at least one noncompetitive NMDA
receptor antagonist (e.g., memantine (brand names Akatinol, Axura, EbixalAbixa,
Memox and Namenda)).

[00114] In certain embodiments, the therapeutic agent(s) of the present
invention is administered in combination with at least one other therapeutic agent
which is a non-narcotic analgesic (e.g., Celecoxib, Resveratrol, Rofecoxib,
TNFR-Fc fusion protein), an anti-dyskinesia agent (e.g., Dexetimide, Gabapentin,
Levodopa, Memantine), an anti-infective agent (e.g., Acetylcysteine, Acyclovir,
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Benzoates, Deoxyglucose, Doxycycline, Interferon Alfa-2a, Interferon-alpha,
Interferons, Moxifloxacin, PS-K, Quinacrine, Rifampin, Salicylic Acid,
Valacyclovir), an anti-Inflammatory agent (e.g., Aspirin, Celecoxib, Curcumin,
Ibuprofen, Indomethacin, Naproxen, Resveratrol, Rofecoxib, TNFR-Fc fusion
protein), an anti-obesity agent (e.g., Phenylpropanolamine), an anticonvulsant
agent (e.g., Gabapentin, Homotaurine, Lamotrigine), an antiemetic (e.g.,
Olanzapine), an antihypertensive agent (e.g., Trandolapril), an antilipemic agent
(e.g., Atorvastatin, Choline, Clofibric Acid, Pravastatin, Simvastatin), an
antineoplastic agent (e.g., Bryostatin 1, Carmustine, Cyclophosphamide,
Interferon Alfa-2a, Leuprolide, Medroxyprogesterone 17-Acetate,
Methyltestosterone, PK 11195, Prednisone, PS-K, Resveratrol, 2,3-dihydro-1H-
imidazo(1,2-b)pyrazole), an antirheumatic agent (e.g., Aspirin, Celecoxib,
Curcumin, Ibuprofen, Indomethacin, Naproxen, Resveratrol, Rofecoxib, TNFR-Fc
fusion protein), a central nervous system depressant (e.g., Aripiprazole,
Benzocaine, Cocaine, Gabapentin, Haloperidol, Haloperidol decanoate, Lithium,
Lithium Carbonate, Lorazepam, Midazolam, Olanzapine, Perphenazine,
Propofol, Quetiapine, Risperidone, Sodium Oxybate, Trazodone, Valproic Acid,
Zolpidem), a central nervous system stimulant (e.g., Caffeine citrate, Modafinil,
Nicotine polacrilex), a channel blocker (e.g., Gabapentin, Lamotrigine), a
coagulant (e.g., Antiplasmin, Vitamin K), a dermatologic agent (e.g., Mineral Oil,
Salicylic Acid), a gastrointestinal agent (e.g., Choline, Haloperidol, Lorazepam,
Olanzapine, Omeprazole, TNFR-Fc fusion protein), a hypnotic and/or sedative
agent (e.g., Zolpidem), a hypoglycemic agent (e.g., Insulin, Asp(B28)-,
Rosiglitazone), a micronutrient (e.g., Alpha-Tocopherol, Ascorbic Acid,
Coenzyme Q10, Copper, Folic Acid, Hydroxocobalamin, Inositol, Iron, Niacin,
Niacinamide, Nicotinic Acids, Pyridoxine, Selenium, Thioctic Acid, Tocopherol
acetate, Tocopherols, Vitamin B 12, Vitamin B 6, Vitamin E, Vitamin K), a
neuroprotective agent (e.g., Huperzine A, Modafinil, Nefiracetam, Rasagiline,
Rivastigmine, (3-aminopropyl)(n-butyl)phosphinic acid), a nootropic agent (e.g.,
Donepezil, Nefiracetam), a platelet aggregation inhibitor (e.g., Resveratrol), a
psychotropic drug (e.g., Aripiprazole, Bupropion, Citalopram, Duloxetine,
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Gabapentin, Haloperidol, Haloperidol decanoate, Lithium, Lithium Carbonate,
Lorazepam, Midazolam, Nefiracetam, Olanzapine, Paroxetine, Perphenazine,
Quetiapine, Risperidone, Sertraline, Trazodone, Tryptophan, Valproic Acid,
Venlafaxine), a reproductive control agent (e.g., Estradiol 17 beta-cypionate,
Estradiol 3-benzoate, Estradiol valerate, Indomethacin, Leuprolide,
Medroxyprogesterone, Medroxyprogesterone 17-Acetate, Mifepristone), a
respiratory system agent (e.g., Acetylcysteine, Dextromethorphan, Guaifenesin,
Naphazoline, Oxymetazoline, Phenylephrine, Phenylpropanolamine), or a
vasoconstrictor agent (e.g., Naphazoline, Oxymetazoline, Phenylephrine,
Phenylpropanolamine).

[00115] In one preferred embodiment, the aforementioned other therapeutic

agents are administered when the disorder is Alzheimer's disease.

EXAMPLES
[00116] The present invention is further described by means of the
examples, presented below. The use of such examples is illustrative only and in
no way limits the scope and meaning of the invention or of any exemplified term.
Likewise, the invention is not limited to any particular preferred embodiments
described herein. Indeed, many modifications and variations of the invention will
be apparent to those skilled in the art upon reading this specification. The
invention is therefore to be limited only by the terms of the appended claims

along with the full scope of equivalents to which the claims are entitled.

EXAMPLE 1 Determination of Inhibition Constants

[00117] The binding affinity (defined here by K; binding constant) of GCase
for novel compounds of the present invention were empirically determined using
enzyme inhibition assays. In brief, the enzyme inhibition assays used monitored
the ability of a test compound to bind and prevent the hydrolysis of a fluorogenic
substrate in a concentration-dependent manner. Specifically, the enzyme activity
of recombinant human GCase (rhGCase; Cerezyme®, Genzyme Corp.) was

measured using the 4-methylumbelliferyl-B-D-glucopyranoside (4-MU-B-D-Gic)
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fluorogenic substrate in the absence or in the presence of varying amounts of
each test compound. The resultant data were analyzed by comparing all test
samples to the no inhibition control sample (no compound; corresponding to
100% enzyme activity) to determine the residual enzyme activity in the presence
of test compound. The normalized residual activity data were subsequently
graphed (on y-axis) relative to the concentration of test compound (on x-axis) to
extrapolate the test compound concentration which leads to 50% inhibition of
enzyme activity (defined as ICs). The ICso value for each test compound was
then inserted into the Cheng-Prusoff equation (detailed below) to derive the
absolute inhibition constant K; that accurately reflects the binding affinity of
GCase for the test compound. The enzyme inhibition assays were performed at
both pH 7.0 (endoplasmic reticulum pH) and at pH 5.2 (lysosomal pH) to gain
insight into the binding affinity (i.e., potency) of compounds for GCase in the

endoplasmic reticulum and lysososome.

In vitro assay

[00118] Various concentrations of test compounds were prepared in buffer
“M” consisting of 50mM sodium phosphate buffer with 0.25% sodium
taurocholate at pH 7.0 and pH 5.2. Enzyme (Cerezyme®, a recombinant form of
the human enzyme B-glucocerebrosidase) was also diluted in the same buffer
“M” at pH 7.0 and pH 5.2. The substrate solution consisted of 3 mM 4-
methylumbelliferone B-D-glucopyranoside in buffer “M” with 0.15% Triton X-100
at both pH’s. Five microliters of diluted enzyme was added to 15 ul of the various
inhibitor concentrations or buffer “M” alone and incubated at 37° C for 1 hour with
50 pl of the substrate preparation to assess B-glucosidase activity at pH 7.0 and
pH 5.2. Reactions were stopped by addition of an equal volume of 0.4 M glycine,
pH 10.6. Fluorescence was measured on a plate reader for 1 sec/well using 355
nm excitation and 460 nm emission. Incubations without added enzyme or
without added inhibitors were used to define no enzyme activity and maximum
activity, respectively, and normalize % inhibition for a given assay. The results of
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such in vitro inhibition assays for reference compound IFG-tartrate and several

test compounds are summarized below in Table 2A

Table 2A: In vitro Determination of Inhibition Constants

* Stereoisomer A and/or B

Cmpd Compound ICs0 (HM) Ki (uM) ICso (M) Ki (UM)
# Name pH5.2 pH 5.2 pH7.0 pH7.0

(3R,4R,58)-5-

(difluoromethyl)- 0.0259+0.0014 | 0.0136+0.0008 | 0.0058+0.00023 | 0.00306+0.00012
6 piperidine-3,4-diol

(3R,4R,58)-5-(1-

fluoroethyl)-piperidine- | 0.0946+0.0028 | 0.0498+0.0015 | 0.0171+0.0008 0.009+0.0004
13 3,4-diol*

(3R,4R,5R)-5-(1-

hydroxyethyl)- 0.107+0.0041 | 0.044+0.0017 0.020+0.0008 0.010£0.0004
9 piperidine-3,4-diol*

(3R,4R,5R)-5-(1-

hydroxyethyl)- 0.343+0.021 0.142+0.0088 0.066+0.0041 0.035+0.0021
10 piperidine-3,4-diol*

(3R,4R,58)-5-(1-

fluoroethyl)-piperidine- 0.038+0.0016 | 0.01640.0007 0.007+0.0003 0.004+0.0001
14 3,4-diol*

(3R,4R,55)-5-((R)-1-

fluoropropyl)-piperidine- | 0.291+0.006 0.121+0.0026 0.060+0.0029 0.031+0.0015
none | 3,4-diol hydrochloride
e S;ﬁfﬁ;ﬂﬂ?&zy“ 0.659:0.028 | 0273:0.012 | 0.12740.01 0.0670.005

(3R,4R,5R)-5-((S)-

hydroxy(phenyl)methyl)- 3.29+0.25 1.361£0.10 0.017£0.0035 0.0089+0.0018
none | piperidine-3,4-diol

(3R,4R,5S)-5-(2-

hydroxypropan-2- 0.234+0.0037 | 0.097+0.0015 0.029+0.0013 0.015+0.0007
none | yhpiperidine-3,4-diol
none | IFG-tartrate 0.049+0.0029 | 0.026+0.0015 | 0.0074+0.00007 | 0.0039+0.000037
Notes:

In situ assay
[00119]

The effect of the novel compounds of the present invention on

lysosomal GCase activity was assayed in situ using fibroblasts established from

a normal subject. Cells seeded in 48-well plates were incubated with the

indicated concentrations of compound for 16-24 hours. For the dose-response

assays, cells were incubated with the in situ substrate 5-

(pentafluorobenzoylamino)fluorescein di-B-D-glucopyranoside (PFBFDBGIu) for 1

hour and subsequently lysed to determine the extent of substrate hydrolysis in

the presence of compound. The assay employed a range of 12 concentrations
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following concentration ranges were employed: (3R,4R,5S)-5-
(difluoromethyl)piperidine-3,4-diol, (3R,4R,5S)-5-(1-fluoroethyl)piperidine-3,4-
diol, (3R,4R,5R)-5-(1-hydroxyethyl)-piperidine-3,4-diol, (3R,4R,5S)-5-((R)-1-
fluoropropyl)piperidine-3,4-diol hydrochloride, and (3R,4R,5S)-5-
benzylpiperidine-3,4-diol: 1.0 x 102 to 3.0 x 10° M; (3R,4R,5R)-5-(1-
hydroxyethyl)-piperidine-3,4-diol: 1.0 x 10 to 3.0 x 10"° M; and (3R,4R,5S)-5-(1-
fluoroethyl)piperidine-3,4-diol: 1.0 x 102 to 3.0 x 10™"" M; wherein compound was
serially diluted 1:3 from the highest concentration in the ranges specified.
Inhibition was determined as the ratio of activity in the presence of compound to
that in the absence of compound. For the washout assays, cells were treated
with compound for 16-24 hours at a concentration equal to the IC90. Cells were
washed extensively and incubated in drug-free medium to allow net compound
efflux from cells. Cells were then tested for lysosomal GCase activity at 2 hour
intervals over a total period of 8 hours following compound removal. The
increase in activity over time was fitted with a single exponential function to
determine the compound’s washout time. The results of these in situ inhibition
assays for reference compound IFG-tartrate and several test compounds are
summarized below in Table 2B.
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Table 2B: In situ Determination of Inhibition Constants
Cmpd Compound In situ ICs, in situ
# Name (uM) washout (hr) ECs, (M) Emax (%)
3R,4R,55)-5-
gdifluoromgthyl)- Y 21+030 | 0.018+0008 | 1056+8.7
6 piperidine-3,4-diol )
(3R,4R,58)-5-(1-
fluoroethyl)-piperidine- 06615?2* 274012 | 0.044+0.005| 92.8:6.6
13 3,4-diol* '
(3R,4R,5R)-5-(1- 0518 &
hydroxyethyl)- 0 022 10.5£1.75 0.49 + 0.06 83.7129
9 piperidine-3,4-diol* '
(3R,4R,5R)-5-(1- 0798 +
hydroxyethyl)- 0 043 12+ 1.65 1.06 £0.12 99.31+4.9
10 piperidine-3,4-diol* '
(3R,4R,58)-5-(1- 0061 +
fluoroethyl)-piperidine- 0 019 3.71£063 0.026 £ 0.003 | 89.7+3.5
14 3,4-diol* '
(3R,4R,58)-5-((R)-1- 0972 +
fluoropropyl)-piperidine- 0 201 ND 0.086 £0.002 | 84.04.1
none 3,4-diol hydrochloride )
(3R,4R,58)-5-benzyl- 1299+
none piperidine-3 4-diol 0.323 1.2+ 0.13 0.18+0.01 98.0+4.5
(3R,4R,5R)-5-((S)-
hydroxy(phenyl)methyl)- ND ND 499+ 0.86 721+£3.5
none piperidine-3,4-diol
(3R,4R,5S)-5-(2-
hydroxypropan-2- ND ND 0.791+0.162 | 109.3+3.6
none yl)piperidine-3,4-diol
0271z
none IFG-tartrate 0.012 8.2+ 0.04 0.31+£0.11 105.5+£12.8
Notes:
* Stereoisomer A and/or B
Cheng-Prusoff equation: Ki = 1Csq / (1+ [SV/K)
where [S] = substrate concentration; 2.5 mM 4-MU-B-D-Glc was used
Kn = Michaelis constant that defines substrate affinity; 1.8 + 0.6 mM for 4-MU-B-D-Glc (Liou et al.,
(2006) J Biol. Chem. 281 (7), 4242-53)

[00120]

When compared to reference compound IFG-tartrate, the following

is notable: (i) test compounds (3R,4R,5S)-5-(difluoromethyl)piperidine-3,4-diol,
(3R,4R,55)-5-(1-fluoroethyl)piperidine-3,4-diol, (3R,4R,5R)-5-(1-hydroxyethyl)-
piperidine-3,4-diol, (3R,4R,5S)-5-((R)-1-fluoropropyl)piperidine-3,4-diol
hydrochloride, and (3R,4R,5S)-5-benzylpiperidine-3,4-diol, were found to cause a
concentration-dependent increase in GCase activity and enhanced enzyme

activity to the same maximum level as reference compound IFG-tartrate at much
lower concentration; (i) test compounds (3R,4R,5S)-5-(difluoromethyl)piperidine-
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3,4-diol, (3R,4R,5S)-5-(1-fluoroethyl)piperidine-3,4-diol, and (3R,4R,5S)-5-
benzylpiperidine-3,4-diol, washed out of the lysosomal compartment (in situ
washout) considerably faster than reference compound IFG-tartrate; and (iii), test
compounds (3R,4R,5S)-5-(difluoromethyl)piperidine-3,4-diol, (3R,4R,5S)-5-(1-
fluoroethyl)piperidine-3,4-diol, (3R,4R,5R)-5-(1-hydroxyethyl)-piperidine-3,4-diol,
(3R,4R,5R)-5-(1-hydroxyethyl)-piperidine-3,4-diol, (3R,4R,58)-5-((R)-1-
fluoropropyl)piperidine-3,4-diol hydrochloride, and (3R ,4R,5S)-5-
benzylpiperidine-3,4-diol, inhibited GCase activity.

EXAMPLE 2: Blood brain barrier penetration

[00121] The blood-brain barrier (BBB) penetration of reference compound
IFG-tartrate and several compounds of the present invention (i.e., (3R,4R,5S)-5-
(difluoromethyl)piperidine-3,4-diol, (3R,4R,5S)-5-(1-fluoroethyl)piperidine-3,4-
diol, (3R,4R,5R)-5-(1-hydroxyethyl)-piperidine-3,4-diol, (3R,4R,5S)-5-((R)-1-
fluoropropyl)piperidine-3,4-diol hydrochloride, and (3R,4R,5S)-5-
benzylpiperidine-3,4-diol) were assayed after oral administration to mice. For
this purpose, 8-week old wild-type male mice (C57BL/6) were administered a
single 30 mg/kg (free base equivalent) p.o. dose of reference or test compound
by gavage (n = 3 mice per time point). Dosing solutions were prepared in water.
After dosing, mice were euthanized with CO, at the following time points: 0-, 0.5-,
1-, and 4-hour post-dose. After euthanization, whole blood was collected from
the inferior vena cava into lithium heparin tubes. Similarly, brains were collected
from each mouse. Plasma was derived by spinning whole blood at 2,700 x g for
10 minutes at 4°C followed by storage on dry ice. Whole brains were washed in
cold PBS to remove contaminating blood, blotted dry, flash frozen on dry ice, and
ultimately stored at -80°C until analysis. To prepare brain samples for analysis,
50-100 mg of tissue was homogenized in 400 pl of water/mg tissue. Samples
were then clarified by centrifugation. Next, 25 ul of the brain homogenate
supernatant or 25 pl of plasma were combined with 25 pl of acetonitrile:water
(95/5). This was supplemented with 25 pl of acetonitrile and 50 pL of internal
standard (100 ng/mL IFG-tartrate 13C2-15N in 0.5% formic acid in (70:30)
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acetonitrile:methanol). Samples were again clarified by centrifugation and 75 pl
of the supernatant was combined with 75 pl of acetonitrile. Samples were then
analyzed for compound levels by LC-MS/MS at PPD Inc. (3230 Deming Way,
Middleton, WI 53562). In brief, a Thermo Betasil, Silica-100, 50 x 3mm, 5 p
column equilibrated with a mixture of mobile phase consisting of 56 mM
ammonium formate and 0.05% formic acid in (A) 95:5 acetonitrile:water or (B)
70:20:10 methanol:water:acetonitrile was employed. Between 20 and 30 pl
sample was injected for analysis. For calculating drug concentrations, raw data
for plasma (ng/mL) and brain (ng/g) was converted to nM using the molecular
weight of respective compounds and assumiing 1 g of tissue is equivalent to 1 mL
volume. Concentration as a function of time was plotted in GraphPad Prism
version 4.02.

[00122] The plasma levels and brain levels detected in mice administered a
single 30 mg/kg (free base equivalent) p.o. dose of reference compound (i.e.,
IFG-tartrate) or test compound (i.e., (3R,4R,5S)-5-(difluoromethyl)piperidine-3,4-
diol, (3R,4R,5S)-5-(1-fluoroethyl)piperidine-3,4-diol, (3R,4R,5R)-5-(1-
hydroxyethyl)-piperidine-3,4-diol, (3R,4R,5S)-5-((R)-1-fluoropropyl)piperidine-3,4-
diol hydrochloride, or (3R,4R,58)-5-benzylpiperidine-3,4-diol) reflect that
(3R,4R,5S)-5-(difluoromethyl)piperidine-3,4-diol, (3R,4R,5S)-5-(1-
fluoroethyl)piperidine-3,4-diol, (3R,4R,5S)-5-((R)-1-flucropropyl)piperidine-3,4-
diol hydrochloride, and (3R,4R,5S)-5-benzylpiperidine-3,4-diol crossed the blood
brain barrier more readily as compared to IFG-tartrate. Additionally, higher levels
of (3R,4R,5S)-5-(difluoromethyl)piperidine-3,4-diol, (3R,4R,5S)-5-(1-
fluoroethyl)piperidine-3,4-diol, (3R,4R,5S)-5-((R)-1-fluoropropyl)piperidine-3,4-
diol hydrochloride, and (3R,4R,58)-5-benzylpiperidine-3,4-diol were detected in
brain than that observed following administration of IFG-tartrate.

69



142 2.5 2.5 0.19 19433 3031 VA NV A Note: * Stereoisoner A and/or B WO
2011/ 049736PCT/ US2010/ 051447 |l e 4C. Rat PK for 3R 4R 5S -5- 1-fluoroeth
| eridi ne-\8p4outi/abz3biCl * Dose (ng/kg) ,.. Free AUC ast PCT/US2010/051447

EXAMPLE 3: GCase enhancement

[00123] The ability of orally administered test compounds ((3R,4R,5S)-5-
(difluoromethyl)piperidine-3,4-diol, (3R,4R,58)-5-(1-fluoroethyl)piperidine-3,4-
diol, (3R,4R,5S)-5-((R)-1-fluoropropyl)piperidine-3,4-diol hydrochloride, or
(3R,4R,5S)-5-benzylpiperidine-3,4-diol) to elevate GCase levels was assessed in
mice. For this purpose, 8-week old wild-type male mice (C57BL/6) were
administered a single p.o. (gavage) dose of a compound of the present invention
(i.e., (3R,4R,5S)-5-(difluoromethyl)piperidine-3,4-diol, (3R,4R,55)-5-(1-
fluoroethyl)piperidine-3,4-diol, (3R,4R,5S)-5-((R)-1-fluoropropyl)piperidine-3,4-
diol hydrochloride, or (3R,4R,5S)-5-benzylpiperidine-3,4-diol). Details of the
dose administered for each compound are provided in Tables 3A and 3B. The
dosing solutions were prepared in water. Compounds were administered over 2
weeks as follows: week 1, Mon-Fri (On), Sat-Sun (Off); week 2, Mon-Thu (On);
necropsy on Friday. Thus, a total of 9 doses (dosing solutions prepared fresh
every day) were given to each mouse, with a 24-hour washout between the last
dose and necropsy.

[00124] After completion of dosing, mice were euthanized with CO, and
whole blood was drawn into lithium heparin tubes from the inferior vena cava.
Plasma was collected by spinning blood at 2700g for 10 minutes at 4°C. Liver,
spleen, lung, and brain tissues were removed, washed in cold PBS, blotted dry,
flash frozen on dry ice, and stored at -80°C until analysis. GCase levels were
measured by homogenizing approximately 50 mg tissue in 500 uL Mcllvane (M)
buffer (100 mM sodium citrate, 200 mM sodium phosphate dibasic, 0.25%
sodium taurocholate, and 0.1% Triton X-100, pH 5.2) at pH 5.2 for 3-5 seconds
on ice with a micro homogenizer. Homogenates were then incubated at room
termperature without and with 2.5 mM conduritol-B-epoxide (CBE) for 30 min.
Finally, 3.7 mM 4-methylumbeliferryl-p-glucoside (4-MUG) substrate was added
and incubated at 37°C for 60 min. Reactions were stopped by addition of 0.4 M
glycine, pH 10.6. Fluorescence was measured on a plate reader for 1 sec/well
using 355 nm excitation and 460 nm emission. Total protein was determined in

lysates using the MicroBCA kit according to the manufacturer's instructions. A 4-
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methylumbelliferone (4-MU) standard curve ranging from 1.0 nM to 50 uM was
run in parallel for conversion of raw fluorescence data to absolute GCase activity
(in the presence and absence of CBE) and expressed as nanomoles of 4-MU
released per milligram of protein per hour (nmol/mg protein/hr). GCase levels
and protein levels were calculated using Microsoft Excel (Redmond, WA) and
GraphPad Prism version 4.02.

[00125] Tables 3A and 3B summarize the dose administered for each
compound examined in mice as described above as well as the resultant level of
GCase enhancement in brain and spleen, respectively, compound concentration
in tissue, compound concentration in GCase assay and inhibition constant (Ki).

71



3.67 3 1V 1370 109 N A 0.47 192 173 927

10 PO

WO 2011/049736

AUCO- 24hr

98 3.0 1127

PCT/US2010/051447

Table 3A: GCase enhancement in Brain

Compound Name

Dose

(mg/kg)
FBE

GCase
increase
(fold)

Compound

concentration
in tissue2.2

nmol/kg

Compound

concentration
in GCase

assay (M)

Ki pH 5.2 (uM)

(3R,4R,55)-5-
(difluoromethyl)-
piperidine-3,4-diol

10

2.1

55

0.0002

0.0136+0.000

8

(3R,4R,5S)-5-
(difluoromethyl)-
piperidine-3,4-diol

100

26

301

0.0010

(3R,4R,5S8)-5-(1-
fluoroethyl)-piperidine-
3,4-diol*

10

1.5

50

0.0002

0.0498+0.001

5

(3R,4R,58)-5-(1-
fluoroethyl)-piperidine-
3,4-diol*

100

24

415

0.0014

(3R,4R,5R)-5-(1-
hydroxyethyl)-
piperidine-3,4-diol*

ND

ND

ND

ND

0.04410.0017

_

(3R,4R,5R)-5-(1-
hydroxyethyl)-
piperidine-3,4-diol*

ND

ND

ND

ND

0.14210.0088

(3R,4R,58)-5-(1-
fluoroethyl)-piperidine-
3,4-diol*

10

1.5

BLQ (1)

BLQ

0.016+0.0007

(3R,4R,58)-5-(1-
fluoroethyl)-piperidine-
3,4-diol*

100

2.2

41

0.0001

(3R,4R,5S)-5-((R)-1-
fluoropropyl)-piperidine-
3,4-diol hydrochloride

10

0.9

BLQ (2)

BLQ

0.12110.0026

12. 23

(3R,4R,58)-5-((R)-1-
fluoropropyl)-piperidine-
3,4-diol hydrochloride

100

1.1

38

0.0001

(3R,4R,58)-5-benzyl-
piperidine-3,4-diol

10

1.2

ND

ND

0.273+£0.012

(3R,4R,58)-5-benzyl-
iperidine-3,4-diol

100

1.4

ND

ND

(3R,4R,5R)-5-((S)-
hydroxy(phenyl)methyl)-
iperidine-3,4-diol

ND

ND

ND

ND

1.36+0.10

(3R,4R,5S8)-5-(2-
hydroxypropan-2-
l)piperidine-3,4-diol

ND

ND

ND

ND

0.097+0.0015

Notes:

* Stereoisomer A and/or B

(1) BLQ < 7.4 nmol/kg; (2) BLQ < 2.2 nmol/kg

ND: Not determined
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Table 3B: GCase enhancement in Spleen

Compound Name

Dose

(mg/kg)
FBE

GCase
increase

(fold)

Compound

in tissue

concentration

Compound
concentration
in GCase
assay

Ki pH 5.2 (uM)

(3R,4R,58)-5-
(difluoromethyi)-
piperidine-3,4-diol

10

1.9

100

0.0003

0.0136+0.0008

(3R,4R,58)-5-
(difluoromethyl)-
| piperidine-3,4-diol

100

24

435

0.0015

' (3R,4R,58)-5-(1-
fluoroethyl)-piperidine-
3,4-diol*

10

1.0

BLQ (1)

BLQ

0.0498+0.0015

(3R,4R,5S)-5-(1-
fluoroethyl)-piperidine-
3,4-diol*

100

1.5

948

0.0032

(3R,4R,5R)-5-(1-
hydroxyethyl)-
piperidine-3,4-diol*

ND

ND

ND

ND

0.04410.0017

(3R4R,5R)-5-(1-
hydroxyethyl)-
piperidine-3,4-diol*

ND

ND

ND

ND

0.142+0.0088

(3R,4R,58)-5-(1-
fluoroethyl)-piperidine-
3,4-diol*

10

1.6

BLQ (2)

BLQ

0.016+0.0007

(3R,4R,58)-5-(1-
fluoroethyl)-piperidine-
3,4-diol*

100

2.3

99

0.0003

(3R,4R,58)-5-((R)-1-
fluoropropyl)-piperidine-
3,4-diol hydrochloride

10

0.7

21

0.0001

0.121+0.0026

(3R,4R,58)-5-((R)-1-
fluoropropyl)-piperidine-
3,4-diol hydrochloride

100

0.7

60

0.0002

(3R,4R,58)-5-benzyl-
piperidine-3,4-diol

10

1.0

ND

ND

0.273+0.012

(3R,4R,58)-5-benzyl-
piperidine-3,4-diol

100

1.2

ND

ND

(3R.4R,5R)-5-((S)-
hydroxy(phenyl)methyl)-
piperidine-3,4-diol

ND

ND

ND

ND

1.3640.10

(3R,4R,5S8)-5-(2-
hydroxypropan-2-
l)piperidine-3,4-diol

ND

ND

ND

ND

0.09710.0015

Notes:

ND: Not determined

* Stereoisomer A and/or B
(1) BLQ < 6.8 nmol/kg; (2) BLQ < 7.9 nmol/kg
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[00126] As reflected in Tables 3A and 3B, mice administered (3R,4R,5S)-
5-(difluoromethyl)piperidine-3,4-diol, (3R,4R,5S)-5-(1-fluoroethyl)piperidine-3,4-
diol, or (3R,4R,5S)-5-benzylpiperidine-3,4-diol demonstrated significant GCase

enhancement in brain and spleen.

EXAMPLE 4: Rat pharmacokinetics

[00127] Pharmacokinetic (PK) data was obtained in rats to assess the
bioavailability of test compound. In particular, the following PK parameters were
calculated: bioavailability as measured by area under the Concentration/Time
curve (AUC), fraction of dose available (%F; further defined below), clearance
(CL), volume of distribution (Vd), and half-life (t'2). For this purpose, 8-week old
Sprague-Dawley male rats were given either a single intravenous (IV) dose
equivalent to 3 mg/kg of free base or single escalating p.o. (gavage) doses of
test compound equivalent to 10, 30, and 100 mg/kg of free base. Three rats
were used per dosing group. Blood was collected over a 24-hr period. The time
points for blood collection after intravenous administration were: 0, 2.5, 5, 10, 15,
30,45 min, 1, 2, 4, 8, 12, and 24 hrs; time points for blood collection after p.o.
administrations were: 0, 5, 15, 30, 45 min, 1, 2, 3, 4, 8, 12, and 24 hrs. Plasma
samples were analyzed for compound levels by LC-MS/MS at PPD. Raw data
was analyzed by non-compartmental analysis in Win-nonLin to calculate Vp, %F,
CL, and ty..

[00128] Various pharmacokinetic parameters for (3R,4R,5S)-5-
(difluoromethyl)piperidine-3,4-diol, (3R,4R,5S)-5-(1-fluoroethyl)piperidine-3,4-
diol, and (3R,4R,5S)-5-benzylpiperidine-3,4-diol based on the aforementioned
study are detailed below in Tables 4A-D.
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Table 4A: Rat PK for (3R,4R,55)-5-(difluoromethyl)piperidine-3,4-diol-HCI \

Dose (mg/kg)
Free AUC|ast Cmax CL Vb
Salt | Base | Route (hr*ng/mi) Y%F ty7 (h) (ng/mL) | (mL/nr/kg) | (mL/kg) |
AUCq.12 1 11% 2323 & 1555 2612
3.65 3 v 2044 + 294 N/A 0.05 348 218 269
AUCo.12nr 106+ | 258+ 3363 +
12.18 10 PO 6714 + 524 8.6 0.78 219 N/A N/A
AUCq 24nr
21685 101+ | 275 | 10037 ¢
36.54 30 PO 1515 6.9 0.36 865 N/A N/A
AUCq.2anr
79389 121+ | 2411 | 33200
121.81 | 100 PO 8570 12.9 0.16 4990 N/A N/A
Notes:

Non compartmental analysis mean values ( N=3 rats)
BLD Below Limit of Detection (<0.5ng/mL)
BLQ Below Limit of Quantitation

%F= AUC PO X 100 dose normalized
AUC IV

AUC,.s¢ = Area under the Concentration/Time curve to the last data point

Table 4B: Rat PK for (3R,4R,5S)-5-(1-fluoroethyl)piperidine-3,4-diol-HCI*
Dose (mg/k
Free AUC ¢ Chmax CL Vp
Salt | Base | Route (hr*ng/ml) %F tiz (h) (ng/mL) | (mU/hr/kg) | (mL/kg)
AUCq.24n
1421 £ 26% 2328 + 2708 = 9774 +
3.67 3 v 188.1 N/A 0.64 373 410 1551
AUCq.24n 148 28+% 2680 +
12.23 10 PO 7097 + 606 12.5 0.50 167 N/A N/A
AUCo.24nr
21664 t 155 + 2.7+ 6917 %
36.70 30 PO 1708 12.2 0.12 451 N/A N/A
AUCq 241
59481 ¢ 142 25+ 19433 £
122.34 | 100 PO 1005 2.5 0.19 3031 N/A N/A
Note:
* Stereoisomer A and/or B
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Tabl e 4D: Rat PK for (3R 4R 55)-5-benzyl pi peridi ne-3, 4-di ol - HCl Dose
(nmg/kg) Salt Free Base Route AUC aat (hr*ng/ml) % t112 (h) Cmax (ng/nlL)
CL (mhr/WwQ)2oMD4¢T80kg) 3.53 3 |V PCT/US2010/051447

Table 4C: Rat PK for (3R,4R,58)-5-(1-fluoroethyl)piperidine-3,4-diol-HCI*
Dose (mg/kg)
Free AUC|ast Cmax CL VD
Salt | Base | Route | (hr‘ng/ml) %F tiz (h) (ng/mL) | (mL/nr/kg) | (mL/kg)
AUCq.24nr 2.06 £ 2427 + 2188 t 6304 +
3.67 3 v 1370 £ 109 N/A 0.47 192 173 927
AUCq.24nr 98 + 30+ 1127 £
12.23 10 PO 4251 + 88 1.85 0.22 60 N/A N/A
AUCO—24hr
14229 + 104 26 = 4680
36.70 30 PO 127 0.88 0.16 369 N/A N/A
AUCoq.24nr
50946 t 104 24+ 15733
122.34 | 100 PO 713 1.5 0.16 622 N/A N/A
Note:
* Stereoisomer A and/or B

Table 4D: Rat PK for (3R,4R,5S)-5-benzylpiperidine-3,4-diol-HCI \

Dose (mg/kg)
Free AUC 55 Crax CL Vp
Salt | Base | Route (hr*ng/ml) %F tiz2(h) (ng/mL) | (mL/nr/kg) | (mL/kg) |
AUCq 12nr 1.7+ 969 + 5145+ 12570
3.53 3 v 592 + 60.9 N/A 1.5 104 532 1792
AUCq24n 617 3.86 641 %
11.76 10 PO 1200 + 46.4 24 0.6 48.7 N/A N/A
AUCq24nr 623+ 3.8+ 1703 ¢
35.28 30 PO 3690+ 71.5 1.2 0.19 133 N/A N/A
AUCoq.24nr
13519 683+ | 29% 7140 £
117.59 | 100 PO 2177 10.8 0.11 1357 N/A N/A

[00129] As reflected in Tables 4A-D, (3R,4R,5S)-5-
(difluoromethyl)piperidine-3,4-diol, (3R,4R,5S)-5-(1-fluoroethyl)piperidine-3,4-
diol, and (3R,4R,5S)-5-benzylpiperidine-3,4-diol have favorable pharmacokinetic
profiles for drug development. In particular, (3R,4R,5S)-5-
(difluoromethyl)piperidine-3,4-diol, (3R,4R,5S)-5-(1-fluoroethyl)piperidine-3,4-
diol, and (3R,4R,5S)-5-benzylpiperidine-3,4-diol show excellent oral
bioavailability (approximately 50-100%) and dose proportionality, a half-life of 1.0
to 4.0 hours, and a volume of distribution suggesting adequate penetration into
peripheral tissues.
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What is claimed:

1. A compound of Formula I:

OH

R7
R1
R8
T
N
R5

wherein:

R'is C(R)(R)(RY);

R?is hydrogen, -OH or halogen;

R3 is hydrogen, -OH, halogen or Cy.g alkyl;

R* is halogen, Cis alkyl, substituted C 1.3 alkyl, aryl, substituted aryl,
alkylcycloalkyl or substituted alkyicycloalkyl;

R® and R* may join with the carbon to which they are attached to form a
cycloalkyl ring, which may be optionally substituted, preferably with
halogen and more preferably with one or more fluorine atoms;

R® is hydrogen, Cq.s alkyl, substituted Cq.s alkyl, arylalkyl, substituted
arylalkyl, alkylaryl, or substituted alkylaryl;

Z is optional, when present Z is —(CH3)1.s—, —~C(=0) -, —S(=0O),NH-, —
S(=0)z-,

—C(=S)NH-, —-S(=0)—CH;, C(=0)-NH-, —S(=0),-NR°R'®’, —C(=0)C1.s
alkyl or

—C(=0O)CH(NH2)CHj3;

R® is hydrogen, C1.s alkyl or substituted C.s alkyl;

R' is hydrogen, Cy. alkyl or substituted C1.g alky!:
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R® is hydrogen, C1.s alkyl, substituted C 1.5 alkyl, aryl, substituted aryl, C1.g
alkenyl, substituted C 1.5 alkenyl, arylalkyl, substituted arylalkyl, alkylaryl,
substituted alkylaryl, aminoarylalkyl or substituted aminoarylalky!;

R’ is —OH or halogen; and

R® is hydrogen, halogen or Cy.g alkyl,

provided that R? and R® cannot both be hydrogen when R* is a halogen, Z
is not present, R” is —OH, R®, R® and R® are hydrogen.

2. A compound of Formula Il

OH

R7
R1
RB
T "
BN
R5

wherein:

R"is C(R®)(R)(RY);

R? is hydrogen, -OH or halogen;

R® is hydrogen, -OH, halogen or —CH;

R* is halogen, —CHs, phenyl,  fluorophenyl, methylphenyl,
cyclohexylmethyl, wherein when R* is a halogen, both R? and R® cannot
be hydrogen;

R® and R* may join with the carbon to which they are attached to form a
cycloalkyl ring, which may be optionally substituted with one or more
halogen atoms;

R® is hydrogen, phenylalkyl or substituted phenylalkyl;

Z is optional, when present Z is —(CHp)—, —-C(=0) —, —S(=O),NH-, —
S(=0)z-,
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2177 68.3 10.8 2.9 0.11 7140 1357 NNA N A [00129]As reflected in Tables
4A-D, (3R 4R 5S)-5- (difluoronethyl)piperidine-3,4-diol,

(3R, 4R, 53y0301(1104p1360r oet hyl ) pi peri di ne-3,4- diol, and PCT/US2010/051447

(3R 4R, 5S) - 5- benzyl pi peri di ne- 3, 4-di ol have favorabl e pharmacoki netic

profiles for drug devel opnent. In particular. (3R, ) - 5- _

Uit Uor oner-S(FOp-6uis AR IROBNH o EOINRIR'?, LEESNI “oF ~c(=0)-

(3R, 4R, 59) - 1%%-fluoroethyl)piperidine-3,4- diol, and

(3R 4R, 5S) - 5= benzyl pi peri di ne- 3, 4-di ol show excellent oral bioavailability
(appr oxi mat @%is hQdidye) ora@H;,dose proportionality, a half-life of 1.0 to 4.0

hours, and a ol unme of distribution suggesting adequate penetration into
peri pheral R 's&uBydrogemosdHy 049736PCT/ US2010/ 051447 What is claimed: 1.A

conmpound of @gwh%dén Mrﬁﬁ']oBﬁeW‘éfk?i;”: Rl is C(R2)(R3)(R4);
R’ is -OH or halogen; and
R8 is hydrogen, halogen or —CHj,
provided that R? and R® cannot both be hydrogen when R* is halogen, Z is
not present, R’ is —OH, R%, R® and R® are hydrogen.

3. A compound of Formula lll:

alll“”O
I

R7

RB

Iz

wherein:
R'is C(R?)(R%)(R?);
R? is hydrogen, -OH or halogen;
R® is hydrogen, -OH, halogen or —CHj;
R* is halogen, -CHs;, phenyl, fluorophenyl, methylphenyl,
cyclohexylmethyl, wherein when R* is a halogen, both R? and R® cannot
be hydrogen;
R® and R* may join with the carbon to which they are attached to form a

cycloalkyl ring, which may be optionally substituted with one or more
halogen atoms;

R’ is -OH or halogen; and

R® is hydrogen, halogen or —CH,

provided that R? and R® cannot both be hydrogen when R* is a halogen,
R is -OH and R® and R® are hydrogen.
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R2 is hydrogen, -OH or halogen; R3 is hydrogen, -OH halogen or Cl_8 al kyl;
R4 is hal ogen, Cl1-8 al kyl, substituted C 1.8 alkyl, aryl, substituted aryl,
al kyl cyclwel2kylo4or36subst i t ut ed al kyl cycl oal kyl ; R3 and RETA®oOs4W t h t he
carbon to which they are attached to forma cycl oal kyl ring, which nmay be
optional Iy substituted, preferably with halogen and nore preferably wth
one or nore fluorine atons; R6 is hydrogen Cl 8 alkyl, substituted CL_8

al kyl , yl al substl al aIkyIaryI or substituted

it a3 Abonpoigaaes %@HG{K owinds Y ) 16, U0y S(20) 2Nk | -
S(=0) 2-, CXTﬁah&+ -S(=0)2-CH3, C(=0)-NH, -S(=0)2- NR9R19, -C(=0)C1-8

al kyl or 4,~C(Z0)CH(NH2)Cl -13; R9 is hydrogen, Cl..8 al kyl or substituted
Cl1 8 aIkyP s thydrogen, Cl1..8 alkyl or substituted CL..8 alkyl; R5 is
hydr ogen, C al kyl, substituted C 1_8 alkyl, aryl, substituted aryl, Cl1_8
al kenyl , sub ituted C 1-8 al kenyl, arylal kyl, substituted aryl al kyl,
alkylaryl tituted al kylaryl, am noarylal kyl or substituted

anlnoary §Ik X R7 is -OHd or halogen; and R8 is hydrogen, hal ogen or Cl-8
al kyl , V R2 and R3 cannot both be hydrogen when R4 is a
halogen s nmot present, R7 is -OH, R5, R6 and R8 are hydrogen. 2. A
conpound of $brnu|a OH RS

HO

Iz
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NR8 Z\ R5 wherein: Rl is C(R2)(R3)(R4); R2 is hydrogen, -OH or hal ogen; R3
i s hydrogen, -OH, halogen or -C H3;

R4i shal ogw0,20GHB9Bkenyl , f | uor ophenyl , net hyl phenyl , cycl ehefskemiobil7
wherein when R4 is a hal ogen, both R2 and R3 cannot be hydrogen; R3 and R4
may join with the carbon to which they are attached to forma cycl oal kyl
ring, which be optionally substituted with one or nore hal ogen atons;
R6 i s hydf enyl al kyl or substituted phenylalkyl; Z is optional, when
present Zils -(CH2)-, -C(=0) -, -S(=0)2NH, - S(=0)2-, -S(=0)2-CH3,

C(=0) - NH-, -E:O)ZNR9R19, -C(=S)-NH or -C(=0)2- CHS3,
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RO is hydrogen or CH3; R19 is hydrogen or CH3; R5 is hydrogen or

am nophenyl al kyl ;

R7 is -OH or hal ogen;

and R8 is hydrogen,

hal ogen or

-CH3, prowpded/mbss R2 and R3 cannot both be hydrogen wirem/ul401085t3at ogen,

is not present,
Formula 111: OH
hal ogen; R3
R4i shal og@
wher ei n whe
may join wt

i hy, rogen,
yl, fl uorophenyl , met hyl phenyl ,

wher ei n:
-OH, hal ogen or -CH3

s B hal ogen,

R7 is -OH, R5, R6 and R8 are hydrogen.
Rl is C(R2)(R3)(R4);

both R2 and R3 cannot be hydrogen;
the carbon to which they are attached to forma cycl oal kyl

3. A conpound of
R2 is hydrogen, -OH or

cycl ohexyl net hyl ,
R3 and R4

ring, which fy be optionally substituted with one or nmore hal ogen atons;

gen; and R8 is hydrogen,

R7 is -OH or Ohbl
R2 and R30gan
and R8 are hydfogen.
NT
H
OH F
N
H
OH F
HO
N ‘ty
Ho
OH F
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R7 is -OH and R6
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WO 2011/ 049736PCT/ US2010/ 051447 4. A conpound sel ected fromthe foll ow ng:
OHF OHHO.... 1\1 H OH OH H04,01< N HOH F HO OH HONH
WO 2011/049736 PCT/US2010/051447
OH F
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OHF HO41/4_,) HI OHF HO 1/4_,;-..,) 1 ..... --. 1 OHFHO .. "---..]
r

re" HIO—|FHO,j-..FO—|FHG:Th‘Vd.1O-|O-| WO
2011/ 049A86RCI/0433610/ 051447 OHF CHF C) OH F PCT/US2010/051447
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H F

o

I
O
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)

HO

gg}

OH F
HOL_~

N

H

OH
HOW_~

N F

H

QOH OH

I
O
Iz ;-:
n

-

OH F
HO F
N
F
OH F

I
O
ZC&
)

°>\_

OH F HOOOLF ONH OH F F 0==0 OH HO OH F ON\H
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OH F WD 2011/049736 OHF F N OHOHd HO, Th?r " HOHOH F1".,,,,,1 HC

N HOH
WO 2011/049736 PCT/US2010/051447

Irz
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HO ,1/4,..... "00
WO 2011/049736
OH
N o}

HIO
I
ijm

:

I

F

o IZ

N
H

or a pharmaceutically acceptable salt, solvate, or prodrug thereof.

5. The compound of Claim 4 which is:

-OHN 8 OHN OH HO4.:O0H N9- N O OH
OH N YLONH2 OHHQ,,,,0,?.70HN O

PCT/US2010/051447



z NH2 N H or a pharmaceutically acceptable salt, solvate, or prodrug
thereof. 5. The conpound of daim4 whichis: OHFF N Hor a

phar macewoDcalllopomecept abl e salt, sol vate, or prodrug tireraskol0®s5iihe
conmpound of Claim4 which is: OH F or a pharmaceutically acceptable salt,
sol vate, or 8Loc|i:rug t hereof . 7The conmpound of Caim4 whichis: CHF

HO E

N
H

1

or a pharmaceutically acceptable salt, solvate, or prodrug thereof.

6. The compound of Claim 4 which is:
OH F

HO_~
N
H

or a pharmaceutically acceptable salt, solvate, or prodrug thereof.

7. The compound of Claim 4 which is:
OH E
N
H

or a pharmaceutically acceptable salt, solvate, or prodrug thereof.

8. The compound of Claim 4 which is:
OH F

HO(_+
N
H

or a pharmaceutically acceptable salt, solvate, or prodrug thereof.

9. The compound of Claim 4 which is:
OH
N
H

or a pharmaceutically acceptable salt, solvate, or prodrug thereof.
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or a pharmaceutically acceptable salt, solvate, or prodrug thereof. 8. The
conpound of Claim4 which is: OHF HO H or a pharmaceutically acceptable
salt, solwet2e11/m@973pr odrug thereof. 9. The conmpound of Clrairmsdomiosah7is: OH
HO or a pharmaceutically acceptable salt, solvate, or prodrug thereof.
WO 2011/ 049736PCT/ US2010/ 051447 10. A pharnmaceutical conposition
conprising the conpound of Claim1l and at | east one pharnaceutically

accept abj,e Cﬁrﬁﬁé'rhace%calpcd?ﬁﬁ&%?ﬁor{ 86m§f(§p§r]ﬁé REnfpRHA of ISR 1 2hd at

Par ki nson"s di'Ssease 1n a pati devel'opi ng or di agnosed with

t he Samasi\/onefplmnmceamsallythmepwb@calglet.o the patient in need thereof an
effective anount of a corrpound of Caimil1l. 12. A method for preventing
and/or treating Parki nson's disease in a patient at risk for devel oping or

di agnosqq W iinje re\)’é‘rlti?lgna?ﬂ@’ &éﬁﬁmgis%r%r éhQSaéé)lnt@?af?éﬁt'aQ”t in

need thereof an e fectl ve ano a co aim 2 A net hod
for pr evishfordewehoing or dagnosgd Mdthkihesame, vdmsleaempnneaapmmlet&nngtwr| sk for

pat | ont UHEPRGRY 1§ AZEAghetaAY o ebeel L omUIhe! B COM AR FaEH 1Cl ai m 3. 1.

A method for preventing and/or treating Parkinson’ s di sease in a patient at
risk for devel oping or diagnosed with the sanme, which conprises
adni ni st18r i nd methaskfop areventingrandéesdraatingddarkinsonist diseaseinaapatientst a

o P or MR fsreiaiening b ispEsBE WRLE sel € R oatleFisgs bR RAMENY Cor *

16. Theth@pmm nekaitherbéf affeeiive HRPURPBPE EBFMpotind @l Gaim 2.

13. A method for preventing and/or treating Parkinson’s disease in a patient at
risk for developing or diagnosed with the same, which comprises administering to

the patient in need thereof an effective amount of a compound of Claim 3.

14. A method for preventing and/or treating Parkinson’s disease in a patient at
risk for developing or diagnosed with the same, which comprises administering to

the patient in need thereof an effective amount of a compound of Claim 4.

15.  The method of Claim 14, wherein the compound is:

OH F
HO_~

N
H

or a pharmaceutically acceptable salt, solvate, or prodrug thereof.

16.  The method of Claim 14, wherein the compound is:

OH F
HO _~

Iz
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HO - WD 2011/ 049736PCT/ US2010/ 051447 or a pharmaceutically acceptable
salt, solvate, or prodrug thereof. 17.The nmethod of C aim 14, wherein the
conmpound WO:2011/049136a phar naceuti cal ly acceptabl e salt, ®oruSsL@/06r44Pprodrug
thereof. 18. The nethod of C aim 14, wherein the conmpound is: OH F or a
pharmaceutically acceptable salt, solvate, or prodrug thereof. 19. The

met hod of a@harmacduticaiyascapiable saltnseluate.i of-prefrugdhereqf. o phar naceutical ly
acceptabl e salt, solvate, or prodrug thereof. 20. The method of Caim 11,
further conprising admnistering an effective anount of at |east one other

t her apeyyi ¢ Fgethethodbof Claien N8} Whdredt tHe eompddnd sher ei n at | east one ot her
t herapeutic agent is |evodopa, an anticholinergic, a catechol-0O nethyl
transferase @mhEbi tor, a dopamni ne receptor agoni st, a nonoani ne oxi dase

i nhi bi t #10._a~peripheral decarboxyl ase inhibitor, or an anti-inflammatory
agent . ZZ.WOWH sing: a container having an effective anount of a
conpound of aiml, or a pharnmaceutically acceptable salt, solvate, or
prodrug therBof, ar any comnbination of two or nore thereof; and

or a pharmaceutically acceptable salt, solvate, or prodrug thereof.

18.  The method of Claim 14, wherein the compound is:
OH F
HOW_~

N
H

H

or a pharmaceutically acceptable salt, solvate, or prodrug thereof.

19.  The method of Claim 14, wherein the compound is:
OH

N

H

or a pharmaceutically acceptable salt, solvate, or prodrug thereof.

20. The method of Claim 11, further comprising administering an effective

amount of at least one other therapeutic agent.

21. The method of Claim 11, wherein at least one other therapeutic agent is
levodopa, an anticholinergic, a catechol-O-methyl transferase inhibitor, a
dopamine receptor agonist, a monoamine oxidase inhibitor, a peripheral

decarboxylase inhibitor, or an anti-inflammatory agent.

22. A kit comprising:

e a container having an effective amount of a compound of Claim 1,
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I nstructions for using the sane to prevent and/or treat Parkinson's

di sease.
WO 2011/049736 PCT/US2010/051447

or a pharmaceutically acceptable salt, solvate, or prodrug thereof, or any
combination of two or more thereof; and
¢ instructions for using the same to prevent and/or treat Parkinson’s

disease.
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