: XYZ[ e3eHDHAP66T .. . WD 02/ 055498 PCT/ GB02/ 00106 PHARMACEUTI CALLY ACTI VE@
PI PERI DI NE DERI VATI VES The pre n relates to novel piperidine A
deri vati vag é¢saRkssk as i nhibi tomﬂﬁ@m\mﬁmg@mﬁgger am de synt haecR§26o106

UDP- gl ucose: ceram de gl ycosyl t gl ucose: N 5 acyl sphi ngosi ne
D-gl ucosyl transferase, EC 2.4.1.80)'fethods for their preparation and

their use in W(MWXC'IJWE P RWBER‘WQT ention of

di sease states T1ITe corpoun nn—uve—rn% treat ment of
gl ycolipid storage di seases, di seases assocCi at ed with glycolipid

accunul ati on, CEhepessent invenivingtiategd tpmovel piperidinedenizatives issfud bhishibitdrs of nf ect i ous
di seases Cgms@qte&m@é gﬂmh@r(scahuphguﬁase&eﬂaim@tgryta@&ra@dféf@se IUDP-glucbse:N-

Jeceptars, §19p l#lvo?fié b%‘t\?caéyléa%@f'&%‘é EG ﬁ]"!‘i ﬁd} xﬁétﬂédﬁ‘i‘éﬁtﬁe.fi;? Q{d dGf am de is

essentlal excess nt hesi s
occurs, né’tﬁ?tﬁ'rfafd“ﬂl'i'esﬂ’feﬂ‘gf“’é yaﬁﬂleﬁéﬁf“ﬁﬂéf‘ "(W"?“o t'?%? eﬁ%s al so

descri bed,GGS The eomprandrefodwse indhe tregtment @ftglmbplé stopage disergest diecasssnpounds and
met hods  Of asdoket Rt ol3¢6lipid adchRuIBGEH) O4hBErs in VAt dlgcoipidispithesal dtubial,enzy me

e hed ?ff%"’a‘?“ Hﬁﬁg&%ﬁm‘“ s %‘?%‘*’sq" &;%E%Qpﬁ’mféﬁfé“%‘“? ‘&Qdcﬁﬂgnmt '
the s edptegiaus RN of glpfos WEFrarpids fr essentil OF BTt seases | ¢

many i nvesh mjzhexesaveglyelipid symigesis hecurspheurerial dbgsisrnandaguronal iniery.c &heiri de

| evel s si ng@hésdiiS al6®UREbeR, 6 are phﬁlﬁﬂﬁdﬁtlaﬂ(ﬁd}hﬂlatlﬁnsﬁﬁhlbndﬁ@mb céndpoufdisol . Chem

2000, Mar 3319&%@%54&Q)emn7eﬁ§§1 %@ﬁe °’Q":Pg‘1‘ q@rly, there is active research into
0

the role LN, mal nt al cell 20

erol /
surface menbrarf€® %Iﬁr?ﬁl“ﬁ‘éacﬂ g‘é’éf“&ﬂ}a%%"é“l ﬂ’ﬁéﬁ?ﬁ’@ﬁ% ﬁﬁlﬁ‘t“é?‘tﬁ‘f?m ity that
appearl5t o gheoseand ceranhiderinta theahycelipid, giucesy allmlcter &H(suold lerl?loéqgérlﬂ s (Nature,
1997, Jun dprertf thbabiit, of Ddéhsd Basic 2lapplied ridnSe Mtek . gk ekamipld, iRy i Ng certain
2 urman dd: > RSt ogotsig ggaft) rtﬁer?ofé%f@i@l@\}mﬁ ke htgté.tgtt%tawda@ta; me@tyaalet@i Slst are
o1 A T e A St
Gaucher, Thsre Baeties reansh g ths rolepfiG wgmlmm@ésh esipiel/ ghyeplini dﬁ%%af@%s)
a ycol2iOp| GuFh@migtbralesiomains of spedidlized seemenbdilay ynddhh@iohalitythsiappeat tcstgues (e. g. ,

neuronal 1 &) X‘”vﬁtjikt}g&rlghhl(iraﬁﬁa&ﬁﬂ%vgﬁss@ﬁﬁﬁé 1591 Muress 389 66BN rscs&vz)k C
di sease, mucopQ

mucol i.pi dosi e Acad.
Sci. USA, 1998,&' 98 atﬁge?iT%eat%ﬁmé ana ase%reaégngisuf:%s&ngrsa roc Nat | .
Acad. Sci .strustarally giiptedglycoligids gsetmsi in the lysesomys o |Itatlwé%w'é'éé'-‘ﬁetﬂ¢éh%eat?éd t hat
GCS i nhi biwldelsred ik finay a bmtagippin onel of the esschtiakglydotipidakegradihg glzymed (eggi.d synt hesi s

in di ggas @au@ﬁ‘érlﬁy%acﬁsh%dﬁéfﬁr GMl%aﬁg%%§d<§’shSYa%9 IRhtry disBdsesy eutyctltpubaorag@r ed, a

t r eat ment pr.oach str va nstrat ed
t hat GCS i% ﬁ?u SiBrTors a Secon Qrﬁ fkg %En%tﬁlge t‘k‘%@nalﬁ sﬁ% \%ﬁ.‘g ﬂ%&iﬁ’ﬁ
accumnul at |45Wa%eéé'ﬁ’h aﬁ E?é‘FaP“ Celisenssy ml"ﬁ?(ﬂ §a° 1 ?VE(B‘F‘HC Rl (Proc.

Nat | . AcadPrd8ciNatl. 48AJ. SQ;QUQA 9§, Mgy, 260 85(11) 63838 8nd@-maguesistesie (Praqdfatl. Apr 18,

276(5311) ,AhdS8cBUSA.196) D& 15358(124)VE13'BO-4) 0B beeh iBasodddTha BCS idtSBitorsy’ 1) .

Eﬂﬁﬁh?s mor th eé e%rlh(r)e(ab&enh@ﬁ E&Bgﬁg;%ts@m@ H"?e%fs??%tg%e ts'lgkhg'n tors
batients vﬁ tdybestorscl » reaimens approgsh ermad subsiate dapsl @m?gldlfasl 5) .

The use ofhat'héemqwtnzte@bgaﬁcmhms e in facis Userhiospduse theglyaplgad osed in
EP- A- 0698 (it dumititioh-seén3h é€lPandndintaPmédelosT§O T Alipid stolags @récBiatl.Mecad. ISyi.

derivati ve@ &flgggﬁyﬁﬁ gg(mn@j%ﬁiﬁi& 15999 A le4976(5311) 428-31; J. Clin.

of 41 Yol ?%&%0@5 Shp 5] Dbl BolhetBl 18 Bl o g o2t =

correspon lelﬂ?yPrS geshiag Nrhuppideogmoismyrss VB-QBUas psefel g seating NEoaDF))  and
N-acet yl gl pmaﬁawitme;a(xdﬂad%@e (Hancen2000cApredS, 355@254], 481 -0f T¢ yseof thpi d _
bi osynt hesjigno su;ar\f@-b)\ﬁ/ayz?@c@anm ﬁ%tt%rotéd% Eb-AL06og0sE WP-AWSS6402hhdi tors in

the treat rﬁpé %sglllé@ clos hfltqg fl.'cclfd%rlraﬁ%éﬁ ol%%g%i(ﬁ{l&g ?ﬁmlyg- tégﬁ‘.]D%UNS can

synt hesi ze a uan I ds not

preserftO | rP“EXt@ﬂoﬁWFO“?JFM@ (NBDG dF‘PY @FP B Qf s Wﬁt“’c&eaﬁ?enb%frf@f"%%‘ des in
parti cul arstaage didvedbrd) \ER-A1D698012 elst discoses thetl theerespondiog NAmitd dentatedslofi| ar

space and ﬁﬁt&o@(ﬂ@ﬁ%?@&&sﬁ@ﬁbﬁfﬂma%??lu@dﬁdmﬁﬁ'(NBﬁi&@Tdo&féﬁadﬁ@dmd t umour

gangl i osi de e r host ce I nteractions such as cellcell
contacts orﬁlgl e %&éoﬁj@%ﬁosﬁ% ttézym)l , 2000) 312, 447-58), cell notility

(Mol . Chem Neuropat hol ., 1995 Feb- Apr, 24(2-3), 121- ctor
signalling events (J. Biol. . Chem, 2000 Nov 3, 275(‘3’%""”%&%@“% t unour
stinul at ed angi ogenesis (Acta. Oncol ., 1997, 36(4), 383-7

specific i mmune responses (J. Imunol., 1999 Cct 1, 163(7), o0 3718- 26)

All these events can affect tunour devel opnment and progression.
A ycol i pi ds gI ucosyl ceram de | n part | cuI ar, are knovvn to accunul ate | n
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( 1998), Ann. NY. Acad. Sci., 845, 363-73; Ceisler, ( 1998), Ann. NY. Acad.
Sci.) 845, 37481 ). It is possible that co-adm nistering glucosyl ceram de

synt hesi swigWdakfogr s woul d provide the clinician greater goayvERéy@YR this
treatment course. Inhibitors Iike NB-DNJ would [i rrit WO 112/ 05y98

PCT/ GB(1210010G pati ent-specific inconsistencies 'by blocki ng the| r

neur onal egcoI I nhibi.ftin | cera

oynt heai s voul o TEF EPERE R as 4 1o e ) b i e e i RE ORORT,

ot her, perFhapsrsgapsudhesies smorma guantitigyaf glycelipidsapd/or slycqheldﬁrwmr%f@@ in

o] ucosyl c ehanorthel syuel e sddstion glyTolipilis dri gangli®sidesdh patcuiB-atahedrbytubeutisef ul i s

treat nent Qfis é’nd‘%l@fsed/ﬁfd 1S yxtﬁtelﬁuara SpHcO Bl thbis Qs &kS - BJuh tuhmr &g andrefn shown
ol hat I no uﬁu&%o%mcf: télglOltlI' g’;ln%hosﬁﬁsy can 61%1encegﬂr§ou5%%s? cell 1 e}[a&?ongtsyc?h qs CQl?r ef ore be

used as mal'e Con

1-but yI - 2-qeRyeRtasisaragiegion (Mefhods Exrym 3600, P12 41 EehossdlamatiitniMal. Csmochem
2000, 284 Néiropathsb- 1942 FesApm 24(248),)1Ri-348), gmeptactat srgn,allmg etéhtypiaBinkceut i cal
g]E't|e'rt%’h'escﬂaﬁ(dO@@ﬁQv9;275#4@9@&41%(1235Qﬁm&ﬁ'sﬁmﬁlﬁt@@ Sgéség(%{al%%? (publ i shed
N nony - al EPGasbi S P lmblh Be AR RBdny esrfiﬁhwm o 63 @Z&R&)

(2S, 35104R %YSW%M%SG @veu%arr ?ﬁ%h@@?%ﬁ@ﬁe%md\ﬂr@wsswnf Ebicpliids. Tet

Lett., 199%coSylcaraimiye i partic81ar, diedmbws esactimaulate impoultidiud redis@ap@MiER) di netri ol ,
115 phenythﬁs&rfuhs(%nﬁmselér%y MB3o8\rhn-Feb, ﬁé?($B>’5 BR75L80)2m) irAStrSerdatmet: oPdhedRr oduct

in the synt,

| - phenyl et Egﬁ'{@gﬁ 1%"})“0?5 é%b E&{e&gh@?\@%% nﬂ%p%g) Biok Cheﬁ'arlﬁd& i‘tal utility

is discl os7e78 “‘Feé’r 0)-The corrpounds pi peridine, 1

phenyl1®et hyl - 3, @l&uﬁaqeﬂ)phlangﬁ MMng)esZH{n(eph@mylismb Fservyng-asedchptbis for

(1 ZShSR |4R , tBShindingl oﬂsaﬂfa i BRieria (APMIS, 1990, Dec, 98(12), 1053-60, Review), fun 4R 59)
pneny

are 20 al s(f[)‘n%'J IﬁTm (]‘JMO| ﬁg%g@ &QQ%?@S) a%%Lg‘?s(ré\le g‘%ﬁéyﬁﬁw e’éllg’&%} %§h

cor r espondPndp 33 FQ‘OB’FS éﬁo‘b@ﬁﬂ%ﬁ@ﬁﬁg celigirg 91’1‘%‘61 ¥ Ractertghtoxing Qylgthods3 407 16

di scl oses Edzgmobr20i3d 4{59-@é)rfpdmster;ce the B subunit of cholera toxin (ganghosxde GMl)

1phen>dorretﬂulver%cﬂot5md 1mwsmeya)nnae GBhenyhfeet bax ehok sigppreryg| r83h.hoxy) - met h

yl1) (2S, 38 4R ;gt? also be appropriate i ber of other clinical

| - met hyl - ce Ifrhop ggm

[ (phenyl bR \g@f'hﬁfsw% tﬁ%lﬂ%}% RASETESEEPREPHE ¢ ne
synt hesi s lé‘flOTtSWéhl@mnraesﬁ)b?maﬁ'@ghélzﬁn@@ﬂﬂ?C@@nt@@npmff@d@d rggiaye ofjhnaertaand
Medi ci nal d4oteefuitgaygliodi@déoncdiirhiigns ih Sheroftlerdlicpalicnteise hibker GMMOLGIthal

pi per iz} nemdlwduals (Llpld 94, 29(1) 1-5). Tissue derlved fro the kidneys of patients with
1- phenyl ne % oa%' | met haxy) met hy
1] PNDL Do) GROS ik B Lien dpi b bl RS

cerami

3, 4, 5- pi pelildpideRasi. 6996, JngdT (E)§IRAAY- nB?rﬁtyh»Pcrtroplzsn3Ramma5!9)‘>delef digheteshe

| mpor t anceis edsoddES with mcrebsdeinghgrolipid symhesisa@i Ainamtep HI3cMas OL @R TO7-

I nterests,gget, i s essential that new tools that prow de a neans for

g‘;ﬁ?lhggg: rz]g dt a' f]G]e %%?Taabo%nrﬁtaisg%gg agr 1Cf1ihr8t% in othcr ncu1}0nsr% dlsord%rﬁhs%h mghz&vg s
cat al yti c Alghgipprsyliseass apdepilepsyn ot gstense. N‘ﬁWé‘H’t’}i’ 16‘?1 {(NBELPatigntyewronyed a
conpound gfreseutrwith fabriflhr) tagglesaepiniscers obihe nogihblpgpseer pt Alzheimsidd disease. pr odr ug
thereof: R1 N Ih@regtl @Mrgangﬂ)s% Hirddingy aﬂm&bdﬁa-ﬁm Adickd Sy 98

PCT/ GBllZ/ cﬁa %l]!s ﬂo?ﬂ %%m%ixox?{) &E% S rﬁl ﬁ hbnl pt ional l'y
bst i tut t hied % % th
Egl ?\glségpe B‘P% R’ﬂt@mrl?%b‘s 2y vy é’h‘k‘}gn?‘&?‘)gl disgase ( Y%%g’é%\"}’%%ﬁl &lcggﬁ)se or” 0"

Cl- 10 al kyNairMbd \M]t%&ﬁaemo $191tlp¢telh)(l997p))ﬂwlo(9hem 2R E32987-00). fThng |  wher ei n
phenyl is depichdipabiy spidhsisiviititagehtstch BENBIDNIMoBIdSHIS fht GBR! fSrmeabesded from
F, O, BrinArsEinerhbase, ORL) and C1_6 straight or branched-chain alkyl; and
In contrast, preliminary clinical trials have shown that neurodegenerative processes
40  seen with Parkinson’s disease, stroke and spinal cord injuries seem to improve by treating

patients with GM1 ganglioside (Alter, (1998), Ann. NY Acad. Sci. 845, 391-4011; Schneider,

(1998), Ann. NY. Acad. Sci., 845, 363-73; Geisler, (1998), Ann. NY. Acad. Sci., 845, 374-

81). 1tis possible that co-administering glucosylceramide synthesis inhibitors would provide

the clinician greater control over this treatment course. Inhibitors like NB-DNJ would limit
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“an organic acid such as nmalate, mal

R is hydrogen, or Cl-6 straight or branched-chain al kyl; provided that the
conpound is not: a} 3,4,5-piperidinetriol, 1-butyl-2-(hydroxynethyl)-,

(2S, 3R, 4ARWDI2/058s 3, 4, 5- pi peridinetriol, 1-phenyl nethyl - 2-fdyg@opigt hyl ) -)
(2S,3R 4R, 55); or 10 c) 3,4,5-piperidinetriol, 1-nonyl-2-(hydroxynethyl)-
(2S, 3S,4R, 5S). The hydroxyl group at position 3 may be fixed in either the
R or the S co I erably in
the R conpasm A a]%egff' SJ%Ster{ILéﬁ bQXﬂEﬂﬁ%@e@#}&?&aﬁﬁ&ﬂﬁd) &xﬁﬂes?’s IS addifth

st er eocherifld lwg glz@sép@rarmds gynthessis “@ulﬁr ipidhe pelpbets éﬁf‘@ffﬁg ysolipids

br anched- ditaiother pkitdps enproHuctie, dbringl Fhenthe alwhtynemdlnlﬁte gheosylceiagidgpt | onal | y
substi t ut %S‘ntﬁéélscmﬁ) iibiEdRS Quch WONBLIINERASbeREFALE BEatEM B kwidd variddy of CF3, OCF3,
OR1, apd %ur(émﬁ fsﬁ]‘ t or branched-chain alkyl. Ris m)re preferably C 16
straight or branche chal al k Even mreg{s®erabl is.C3 10 strai ght

chai n al kyl , e%b‘?é‘é?]é“? V“@ho"‘?“ %‘%‘r‘ﬁ’ilwgaéﬁ%i“ﬁe md“ler‘?ém’é% Jitn@d By use in

t he net hod@refbretbhesqdravmtqQontrmldfvm ably have a nol ecul ar 20 wei ght of |ess

t han ?00 nor e The@bapsual B 415315 erldikfé&lo@QQ)utyl-?S(Bﬁﬁb{)in{étlﬁ@WQSlBﬂﬂR(SB)ishe
i nvention e
5/ 5 psibed IR ik BIEHh. A6, ffﬂgp 01428 b g**‘cﬁ?mﬂo 9 55)
i péﬁhﬂf&}aﬁ%{t‘F‘i'BFﬂlty|‘S<§ ‘i‘°’25“ %iiw d (25 3R 4R 5S):
pi peri di rWOr(]ldD429l(PhUph<;d af@r (hh pderoy gate ofthis ppplicgd®) 8iRcldRs 88) ; 25
I pebingbiaIN-héHyl-altrofatny(B3 45~ fi mh@tfwrr&tdtwl)z ¢hydrdDymsthyiR, 59) ;

p
Pi Pebé glé PRE] )9 dng% 1Q¥ljxen21/ ‘gﬁﬁt (25,3R 4R 5S); -
ATt T SChyar t hyl 3R 4R 59):
D Per | di 1t ey 19 ? By 61&5 “’%%fm% ldinetpb 3 S 4R o0
1 pe@herimeshyliZofhydroxyetien (3 553{411@ & hipdr yxpraduchipl the synthess R, 4R, 5S) -

5 pm:e. ipehii figdtsi a1 01 -phehyln@thyh 2 ildaxympy b2 (ARBRI4RS SRS Phdrthaceutical
gﬂxdr oxynet hyl ) -

R 4R gg& is gisc osgd Bf‘ és H@@rttﬁl's 9 ojan 1Tl%tc,13 igﬁ% gnipzlédlfil 4}({ gsg X({mt s

, 3R
gR 4R l{r}e y§12 [(pjﬁe Finhb @283
2
, 5%

5
5-
5-
, 5-
5-
5
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R) - ( znnmﬂmyl Lmlepﬁ@nshvy%ﬂ ﬁ;mq(a@tyéq#thﬂwéﬁwthyll( @8, BRARIE)BE)

2pi peaillsodisorRbdd a@ by-products obtained in the synthesis of the corresponding (2R,3R,4R,5S) :
29) - (2% EEHML 2- phenyl ) et hyI] 2- (hydroxynmethyl )-) (2S, 3R 4R, 5S); 35 and
phar maceut i c e . prodrugs ther eof rticularly
preferred conp o%ﬁa %&3@7 53; %@7311%%&) eSIﬂ?egcf S PP5 ﬁ?gioxymet hyl ) -

(2S, 3R, 4R, r@g)ylraﬁhylétﬁ -Arcetiany Hrg}lea:d@ethMM(@amtl@ethwm yllA speci fic
group of apSPRURGS) adpipedting, Itmethyles45}dréatblyhny)A$}(ghlan)r}mythbw)mnt| oned are
t hose ogf f hERY1Rethd:d)-nRihyf b@sm@g rba/uc%czﬁameam (e Sllesit bemeof 1 40 R |
HO~~~~"" i%} m xﬁi é&gsﬁco Q4 PCT/ GB02/ 001OG§>?1= a) Wierein Ris
Cl_16 strai fﬁp goﬁ' hch h % fl?é, or 10 _al kyl aryl where aryl is
phenyl, pyri dyIB‘O?rH?'éCniﬂd Mg ‘?‘Eﬁlﬁhew 4P 6%?@”35] @ Gprlesshitke FAMROUMLT i t ut ed
by one or pigeridingulbgttenylmethlyk3,8-dgphanyimethoky)eir{benzo@oxy)B-[(plgmglme@Crk®; ORI, Cl-6
strai ght Qﬁeukynamtsmmmbsuaa adlrfetinicdiam ch e synthekiy 6f RYSPipediineitiof2st I i ght or
branchg fd ﬂ (?%%*? rq)that the conpound is not; . a)
3, 4, 5 p| per di g bu %,é(l dr pxynet hyl R 4R, 5S); b)
3, 4, 5- pi peri di et ‘FlmPf“ﬁ’PFér?W vé MF‘&%%?F&"%‘@P)’ ‘ed(s"z‘g‘ch 4R 5S): or
10 c) 3, 4,ilergitpdt is disertial that newltogls hpt prg\uqehaymmxquyllapmg th{s282y38 'UR, 5S). As
descri bed fagtioh be dévBRpaD MamrdshiOénd, ve hpreap@hdsizedy Rithbed bf G@vel domposield f or
the inbhi b|t 1t 9R lggfu%hmggﬁhsﬁcg@ BB Andit }aspect the present invention

provi e usge o @ ut the provisos
a) an%g in rﬁcﬁf’@f%é" th§ '%P??%ﬁgﬁfﬁ?Bﬁvﬁ‘g% af°8‘$1p%}i§'8 H:P”PH gﬂgéﬁect of the

i nvent i on 'pharmageisicallyraceapenble salh of prodmg dereaint i oned 15 above, the conpound
3,4,5-piperidinetriol, 1-butyl-2-(hydroxynethyl}-, (2S, 3R 4R 5S). Suitable,
pharmaceutical ly accept abl e salts of th8 corrpounds of formula (n include,
but are not Iimted to, salts w th_ imprgani c acids such as hydrochl ori de,
sul fate, phosphate) di phosphate, drbrofnide, and nitrate, or salts with
Wrprate, tartrate, succinate,
gte, p-toluenesul fonate, 20

pal mtate, salicylate, and stearate. Suitable prodrugs of the conpounds of
formula (n include) but are not limted to, pharmaceutically accept(QbI e
est er #0sucwhessin C1. 6 al kyl esters. Some of the conpounds of this invention
may be crystallised or recrystallised fromsolvents such as agueous and
organi ¢ solvents. In such cases solvates may be formed. This 25 invention
includes within its scope stoichionetsic solvates including hydrates as
wel | as

prﬁﬂﬁwwwwwwww

~ — -

citrate, acetate, |actate, nethanesulfo




conpounds contai ning vari abl e amounts of water that may be produced by
processes such as |lyophilisation. Certain of the conmpounds of forrmula (n
may exi Stwign2iohgeg or m of optical isonmers, e.g. diastereoi QTaEE2A0TH6

m xtures of isonmers in all ratios, e.g. racem c m xtures. The invention 30
i ncl udes all such fornms, in particular the pure isoneric forns. The

different isoneric forns nmay b epar d ar resal ved one fromthe other by
conventional netih dg,Stffasht&ﬁ\éfag‘ﬁ\?@ﬁ'?ﬁ‘%%fﬁ%ﬁr"l’ﬁﬁ%ﬁ"ﬁé‘%BP&EE’é?s&VCleﬁ‘ﬁiQenti onal
synt het i c anceortioallydntetyyptest eyt €b shpeasiy gendeing sepaxateddton the gygmitregeady aki nce t he
conpounds i&ft the t4fubatérhg, 0B CE o hIRYRAAI@Hert By is pReniyl) ppifiBl, MHEBI bi BRI 35

conposi t %@rseh ! h%% lllsI %Eg% Béu&ﬁ‘;dt% roﬁé &%fort gﬂktithatﬁyﬁeﬁrc@d%ﬁm, Qfl,q;r,e rably

Jprovided i M y pur r or .e | e at least 60% pure, nore
sui t abPy é}%’l 3t OB 580 ired r%‘ﬁ’g‘oﬁg@f’ gﬁéi}“équ&é’ st 85% especially at |east
98% pure (% ar &' drhydrogen, oh€..§ treighiedr dranchsdshaiy alkylppur e preparati ons of the
«conpounds may Beovitea that Be chmpimld ittt he nore pure forns used in the

phar maceuti cal ,conpasj & | s L hase S5 arat i . the compounds
shoul d 40 cont %{n a? i%g@ﬁdl&%tn%{g@ﬁgéﬁ§%ﬁ%£;§%§§t ‘ﬁ%ﬁ erably
from 10 to 59%Pof a SconBBEHYngHol; fahep e fyfirogympy S
acceptilbl e der icvat i et 3-piperdinetrithbneny-Aa(hydraxymethyly-, (25638.%e¥Bi n whet her on
its own or as [Taehydrbxyd gtoap @Eposigion B na@ b fixéddh kieath¢ IR or tha® bandigsratiait h

strai ght I ' al ' t hose
radi cal s \Z}{hﬂgpﬂriﬁggﬁqgrﬁ%@ 8{1 %ﬁﬁaﬁyéﬁé@%}%ﬂﬁkﬁ%}]ﬁ&g@ﬁi), IuH&o]Ir‘éiis ne. WO
02/ 055.19 o’ﬂ‘ﬁ‘/( o ere%‘e'f'ﬂﬁy gﬁﬁ )‘of formula (1) can be prepared by
art - r ecogni zed Rois predateile €1 fs storigtit aobianched-eha ipradleyd Pl yallsxlalengloyheredn ar t i ng

mat er 18l s phédyl fslpticiiaBy hibsgtutel be bhadrnde sbsthaensi sblabibefrbmdrCh Be,dlier ci al

source, thgid, SYNLRES sétréight%?ﬁﬁﬁéﬂa@ghd?ﬂl INR i@hoteMederaRY CHE sPAigR?E €d by

procedurez) ﬁ%gn I.n b‘gﬁe[‘g t. 5 Sgtec :Rcal y,tt. e orrglgulnds of] roula (1)

may be préfaf 'CBE‘/"’Q y&Rgnore pr 881}?{3' §iml? “tlg\} cpan Ay PRl B und  of

formul a ( Istrjightjghgin ~~'"" NHO |~~~OH OH 10 (Il) with NaBH3CN and an

al dehyde of f ormikempRotiIor nsedn deinttiands of-thesihantioh preferably tidve haBldcidc) 3 and.

g al @%hqugeié?iE oﬁclesrsrﬂi%é!n%om,b #@pfé?eé%lﬁfé_gs\/tﬁﬁ}m@ﬂ(?h af_ di Clhor.()m?t hane; t\’\ge[)e' n
is d_I5stral or _branched- chai Q .ut ed by

Ca_7oyol oal kyl SPias pmsidoy % lgveﬁﬁ?nﬁklﬁaﬁéﬁa Rendiicloe BUIRIYAL g

separ at ed J¥4opipenbnetigh hpropyl2-thydrarymesidr (%‘?’réR’éérS%n atom or C0_9al kyl aryl

wher e ar yI3,4,5pipsridiiefrdial eldpéntyl f2ethpdrbeyniethyDo (23, 38.4R6px ot ect i on of a conpound

gf f formul %,A?Slﬂiﬂaériidiﬂtrliol,l\i-ﬁ’éBc?rl-”z'-('h'ydr_E’)@ﬁTetﬁ'yg?(Q?BRAIQ,SS)"-ZO WhegI _e:c ][1 R tS as

efingd i .y : [ me or different, are

hydr o%g p:}cﬂt’%%? ?rhgneérﬁ%ulggﬂé X gghy%ﬁi??tﬁgﬁ%n(?s’%%ﬁﬁgg i s CH2Ph the

depr ot ect i3ghP-Piger t beonyh 2oy medil e SRRk Ygen gas and a catal yst

such as Pdd.2pigeridimtiicldl-(inethyl)peenyb2hyidroxamethy -a@SSReR.¥Ont  such as an

?::4 ggﬂol )h %é%-pi@éﬁ'kﬁﬂf&liol, i-(3-méﬂ1y1)ﬁmeymr(dﬁ$3§yﬁﬁdlygh@as,m;g,_sg’)_;i s CH2Ph and Riis

e LSRR POpGy DRI Remhops, fongsyions Lo give
conpoynds 2% ©; rrruhgilf ¥§# unds of ‘T qf ) where R is CH2Ph
are preferabl” o us 2§ ands of fornmula
B0t o ot leffr‘dg'&ﬁﬁrc}%l Lo ORI O B ) s
(11) are Rrfehpiperidivetiolgl-(Icethy By r2-(hptrexymethyhs 2HIB4RIBRZ1 ( 2S3RAR5S) and
Tet. Lett 3,4, 5p9FidiafGd5)-(2-G0ADul22{(RERGSRBGY])-, QuR4mas); of fornula (111)

2 b o e R oo 0
groups, ‘&?' i erf.fg’%e\?ﬁi{’]’ tH& zfrgetg‘g}éfp ™ Sglyﬁ%?EY%Pweéhy‘g)l"ﬁ%’?ﬁ\?\nﬁtséﬁan a%i ne

of fofRul angulMpmacghisgally georptable salts gud pradrges there@fy nul a 35 {1), either neat or
in a sol vent sucpardaulirBtprefhyett ampoanl is §4,5-piperidide®idh 4 P8ntpl=d/ GB02/ 00106

_ Conmpound  (AakoxyWa&yBL, 129;3R SR 3BS M phAvchabeutiSal) @B lableisitsahdseygn  conpound:
V.S A specific group of compounds according to the invention which may be mentioned
are those of formula (Ia) or a pharmaceutically acceptable salt thereof:
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Rao et al., Can. J. Chem, (198l), 59(2), 333-8; P.A. Fower et al.,

Car bohydr. Res., (1993), 246, 377-81. H= Ow Ovs BnO BnO'~~ Y.~~"OBn OBn 5
(Na) Conpwend/obid®), wherein L is nmesyl and P is benzyl, maw/dsomofreared by
reacting 2,3,4,6-tetra-O benzyl-D-galactitol with nesyl chloride in the
presence of a base such as pyridine. H- OV OWw BnO BnO ~~' OBn 10 oen (Nb)
Any novel internedi ate conpounds as described herein also fall w{hin the
scope of tfi[lg present invention. 15 Thus according to a further aspect of
the invent'6%"™ here is provided a compound of formula (111) as defined
above, provi ded i Ratsstraightebbrgeaadichain #llstl; oriCy.10]kytaryl sihaws aryl is phenyl,

1- phenyl mpiiidyll,-tBery] br furyl Sihpledrphbmg ishupkiynally sybsidned bl oBd dramory subetichsttd |,

(2S, 3Rg 4RsaRked fidml FREIPBE, I, WGF;, OR', C, ¢ straight or branched-chain alkyl; and

1- phenyl et hyl 3 %-tl‘l sf cet vyl tho¥)ofa%Et[e§a et Xﬁqglxy) -methyl'], 20

(25, 3R, 4R 59); N 15 e of Grasiaet “chiain dlkyl~*

.1- phenyl net hy| p@vided that thg sempquad isnot- ( phenyl et hoxy) - 2[ ( phenyl et hoxy) - met h
yl ], (2S, 3S, 4RabS); 3¢tf,5-pipgridimeninl,i ldbung;2-(hydroxymethyl)-, (2S,3R,4R,5S);

1-met hyl - 3, 4, 5+¢li (a A =2 {1 P ¢ Ll et thyl],
Rl b e

| abi | €2f uncti ofhl groupEPrHRel Ry Revira BEYsu s> &) hydroxy,
carboxy and amiAidessribetbkereipydlie qemppings etthe present wsentior paavhsivged fgr ®eussi on of

t he ways iinhibifioncdd GGH. i Thus, in akecbrel dspued theqnaknt giivetts praviddseheprsobfthe ed and

ol o proTEB@ATO I SRUIbMINOYIRE pihaifIip YERMES Shairl o8 My "

wic s, (w FRyPs By wedt i oo RN oS DR i aqoiieh <TG Reriiat L™ e ai 1

for the prBoYsrthe sosmpoynd 34nminsrdigespl. 4 HrR-AhydroxyaedyPo RSP R-3Me exanpl es.
The conpoundsuidbld, pharmheulicallyrageefteblp sadtp af thel cahpryhds of foramladDripduded

i brari es bROFPAt Hildigd &, 5418 th irdrgahRlac¥ ¥R h€hyrdRlondd) sﬁl@é@%&ﬂ?ﬁw,and m)(rje
of compounds

pref erably,. 10 * 100,35 .co unds of formula (1.). .Librarie

01 1 or mul St el AR P PRAUEE oF et S5 Bbt sl el e BT DOCC
or by nul fparaesyrate; YIFCBAn CIas; aceias; lagfate; methanesitfiopats: priclyenssdionatesof i d
phase2@¢heprlgtitat, saligylge,codsemsds. known to those skilled in the art. WO

U2/ 0OSS~98 PCT/ GRabld prchiGkz dithéSconp6ids bfi@rinfa &) fndfulid) it ASRQ Ginited td, he

i nventi Onph%}ﬁ%&rllirir%ﬂ?ég%f gglrg e&ﬁgmgyed A %s"i‘éré’. conprising at |east 2

conpounds "0 rmaceuti‘c acceptabl e salts thereof. The
phar naceut i cal Cls)9m%f’ £PREUBGY A SHifig¥entien pgy ?%Stflﬁﬁedé‘ﬁffcﬁ'ﬁ"éﬁ MWically 5

accept abl eolgenits such dscaquerfus andegrgdmic sabveitsi Itsuctedséssolyapsmat peoiommedd dhisge f or ns
prepapsd hiwvesiilihdhideg within I BEIPB skoRhiofmetiidgblvatésinfluding hydeattstgmeliaent ") Wi th
standard p gse%mam%ﬁ?i%lk BhSun® of Haked AL RaPEEREHIEIbY) Ro&RRY Slthional
procedure bz known 1h the art. These procedures may ‘i

. vol ve m xiI ng,
granul ati i?éf tl8’6‘rrpressi ng or dissolving the ingredients as appropriate to

t he desired pr&pazinof tha comppundscad fermylp (Danay ekist intles fogms phenticaliemsrses ent

i nvent i on dpseiebd@ter mad mixaeestaf Gameis of ilitadibs, @ Sra@RiPmixsirey The énveiitioior e
conpoyfds jQfudb CNIMMER fdrfs, P prtidMdr AR YPurddE¥erie 96inR) TROG fOknt iLREEE B&msWM th one
or nore pharnaceut (csl%l I‘i}é l@&ﬂ%@tf%bltﬁe garnier Sveﬁé egcgtglq%nt S. Thg

phar maceut ¢ &F S%’BW‘B? S PR AP TORT PO Y SO R RUSPALRE PN 0¥ BYCY or

adni ni st r AMShMpY bepRiaipgs iy eonvgpirialhrynibgtéc pethads or By gerresppsifitiipt ed for oral
t opi cal omsypanend gmetleset5 admi ni stration to mammal s including humans.

Phar maceut i cal sfreg Mélcainpinas S ﬁ)cm;neéadémr adm plaShdcBhdfic@n by any
approgg| atc?mf)c%}fltoes tfw?ﬁ re%‘lﬁﬂ}%' u%deqyto(% ?at%e%lar (e!agl%: l r"é%'ra%%pqg‘?lgadlin or

subl i ngual”), recf’a’l , hasal’, topica L ncP adi ng %ucca Subr ngual or

t r ansder maPystantjallyipyzg fopp. tprgample adpast 947 pyra; HYFe stisblyiehlsav d3% PRt nuscul ar,

i nt r avenopsfaably attleantiBivmbpeciahuatdeastNBhpuro (drateaniaoveightrfoy weizhphagisar ed by any
" met hod Kn@wpurk Pregdlatidie ofitht cGthpdahdy M4, usddfor Srépamak theliord pikrd Eirhd utedti®
associ at | g g 8GHMR olPMEAL ke WS fhrd (HEpafaifohd &t copolint sduf (S) -
- 40  contain at least 1%, more suitably at least 5% and preferably from 10 to 59% of a compound
of the formula (I) or pharmaceutically acceptable derivative thereof.
The term "alkyl" as used herein whether on its own or as part of a larger group e.g.
"alkylaryl", includes both straight and branched chain radicals. The term alkyl also includes
those radicals wherein one or more hydrogen atoms are replaced by fluorine.
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Phar maceutical fornul ati ons adapted for oral adm nistration may be
presented as discrete units such as capsules or tablets; powders or

gr anul es; wod2us508S Or suspensi ons i n aqueous Or nNon- aque /G BEN0 IR,

edi bl e foanms or whips; or oil-in-water liquid enulsions or 25 water-in-oil
i quid enul sions. Pharmaceutical formnulations adapted for transdermal

adm ni stration emain in
intimate cont ag?@%lnﬁﬁop ot gdr rﬁh%aﬁjbf&%ﬁ& tr Cl gckiz?%&ag&qrr (E)F} o ed period
of time. FAVEISApMErcigl avaifables @ﬂm&gﬁm&m ' E'Hgg HEIYE R AT VAOARR he pat ch
by i ont opfromasiosmescigisnerca thejr sdleibesrsub@cmmdhhamn@mbaytqanm pRpmathych, 3(6),
318, (198pjocedtiesRhowiaheiat.cal fornul ati ons adapted for topical

«Qdmnigtration f LR $ nsi ons,
ot ond. povae’ Ay DB oF ol ATERY Be pRPABITY, pRNERETT O™ et ays,
aerosol s GPIRTE and may contain appropriate conventl onal additives such as

.pr eser vat (@ asactisg p gempannd of fprmula {lir ug penetration and enollients in.

oi ntments and creans. For applications to the eye or other external

ti ssues, for exanple the mouth and skith, the 35 fornul ations are preferably
applied as a topical ointnment or crgam _Wien fornulated in an 0|ntnent t he
active ingredient may be enployé@\m h ¢ither a paraffinic or a

wat er - m sci bl e oi ntment base. Altegp iveby, the .active ingredient nay.be
fornmulated in a creamwith an oil-in r cream base or a water-in-oi

base. Pharnmaceutical fornulations adapted for topical adm nistration to the
eye i Ml ude eye 40 drops wherein the acPve ingredient i's dissolved or
suspended in a suitable carrier, especially an aqueous solvent.

Phar ”aceuwltﬁfl\faBiECNléh@Eﬁ £8chy ééiﬁ%ﬁnﬁnldc l@'*CH(S’i?n' a%é}lc a%ﬁ%élha%f at M&E‘ ' n the nouth

| ude | /G
:38(2:/ l(J1810?’Z|5’E Bﬁ&?‘%g@ a&%ﬁ’ﬁ%?ﬁ?ﬂ“ﬁﬂ‘%ﬁ ?lv%i“ f“fflh & 818{?%{13‘“3 hi stration
may be pr &4 é‘i‘?’c”é’ef ig6 séﬁf%&lgp’c’ UP?@@W‘“&W@’M i}y syhstitated by hoyelpatkilat i ons
adapt 88 f end opieoadilyddterrmpted iyadO- te oxbgen deing sdparatédfroat the €HO moikiydyiancl ude a

con 38 PRSI bl SR Il Q2002 20,10 500,

m crons 5

by rapid |%%elpmtteic§?1"PT;?rcomé’ﬁu?‘ﬁce%f%rglga assage from a contai ner of the
powder held close up to the nose. S),utﬁble formul ati ons wherein the carrier
is aliquid, for administration & a” aspl spray or as nasal drops, include
aqueous or oil solutions of the act} ppedi ent. Phar maceut i cal

formul ati ons adapted for adm nistrati og,by inhalation.include fine 10
particle dusts or msts which may be geﬂf)-rat ed by neans of various types of
met ered dose pressurised aerosols, nebdPzers or insufflators.

Phar nd@ euthersin B isragdefined dmtormawla (.aad Povhichugrybe the sawersi diffezant. et nay be

pr esent ed hgdropemsRetirgrodpd BRObAzy] (B©a Véhen @b SHRMEE Eprotéctionss condusid ay

formul ati gge pREACEBERME &@gas aRd el ORA 22H3E) ahmlurﬁaﬁ@m&ﬁa'

o o e 5 £ 5 ae”go%%%gﬂ"@walﬂﬁ%qnéﬁrgtooiée&&qn?gf g

sol ut es wArER 1-?@&1 the R group £3n alsprhesemeved rser thesg conditions te Eiye oreoundse

" ‘i nt end®d peforpule () thasebrpqueets v foamuala (I wherg Reio CHLRH @€ pleferdlyspedigedns whi ch

may i ncl udgns PR gvagent s and thi ckeni ng agents. The for mul ati ons may
ot oe o yind SomdiRRCo St i 34 TAGE QR OL EShRund o NBIEN SPA >

anpoul es and vial o eze-

~condi ti on%E$384% §$)i%‘éT6hL§r“tW37a3§€ﬁS?’|8%9 5 ztsﬁ%‘mss(sérl I e I iquid carri er for

L ex ampl e. wat er Comppurde of foomsla (Mrmeyl bepreparedibryi reactinga ceepouhd bfopmrianeous

. Injecgpon(®ol utions and suspensions nay be prepared fromsterile powders,

granules and tablets. It should be undcegst od that in addition to the

‘ingredients particularly nentionedrdb e formul ati ons may al so incl ude

- other agents conventional in the artg ﬂg, regard to the type 25 of

“fornul ati &

formulation in question, for exanple thgse suitable for oral adm nistration

“may i'nclude flavouring agents. The pharmceutl cal formulations accordi ng to

the i nventi Onin[y r ef erabdé%/ ada for oral. adm ni stratl on. The

idymaohetas smeShBieren) e LaHIRHOPRInSIch peimeruh and KigaR as
cream or 9¢fingd ferformulpdHe svithad awing ghfsrmula ROy Wheatin Brinas defined informek.  Such

.carriebs (Byeither rgass @i schfent suolaabedydrdfgrand t o about 98% of the

formul ation. More usually they will formup to about 80% of the

formul ati on. Tablets and capsules for oral admnistration may be in unit
dose presentation form and nmay contajgh conventional excipients such as
bi ndi ng agents, for exanple syrup, acacia, 35 gelatin, sorbitol,
tragacanth, or polyvinylpyrrolidone; fillers, for exanple |actose, sugar,
rral ze-star ch cal ci um phosphat e, sor bi toI or gl ycine; tabletting

- . s _ I T o I o



40 preparations may be in the formof, for exanple, aqueous or oily
suspensi ons, solutions, emulsions, syrups or elixirs, or may be presented
as a dry wioadweigor reconstitution with water or other suydrabsR/ali cl e
before use. Such liquid preparations may contain conventional additives)
such as suspending agents, for exanple sorbitol, nethyl cellulose, glucose

syrup, gelatin,chydro he 1ﬁ Y %Iowﬁegm aI um ni um
ORIl e e ) e

non- aqueo?46,8Mi8¢1 es (whi ch may i ncl ude edible oil s), for exanple al nond
oil, oily esters such as gl ycerine, ‘psmpsene gl ycol, or ethyl al cohol;
\preservatlves for exanpl e met h§° or] prlopyl p- hydroxybenzoate or sorbic
acid, and, if desired, conventi ong" vgasri ng or 5 colouring agents.
Suppositories will contain conventiongd, suppository bases, e.g.

.cocoa- gutter or other glyceride. For p anteral adm nistration, fluid unit
dosage~forns are prepared utilizing th onpound and a sterile vehicle,

wat er being preferred. The conpound, depending on the 10 vehicle and
concentration Womthound(TVble whertindris swsy emtid benzytimg bk pegared by feectinghi cl e. 1 n
preparing m,Metﬁ@b&ﬁgl -BYAROHMCyifPRlesyEchitRIE B HE Fredcice\Gtla¥asd QEh A1) €Cti on
and filter séerlllsed efore filling into a suitable vial or anpoul e and
seal i ng. AV n?ageously, agents sucly as a |ocal anaesthetic, preservative
and buffering agents can be di sgg Ns-Oshe vehicle. To enhance the
stability, the conposition can be frozgn after 15 filling into the vial and
the water renpved under vacuum PR@ y ‘PBrophi | i zed powder is then seal ed
in thdovial and an acconpanyi ng vi al %EF‘ water for injection may be supplied
to reconstitute the liquid prior to uge/b)Parenteral suspensions are
prepared in substantially the sanme manner except that the conpound is
suspended in the vehicle instead of belr sal ved_and,. sterilization
cannot be accor@\ |"§H%H’twe P FQPIROIATS 35 95 ‘bg‘?)ﬁr% ﬁﬁlﬁo%gl‘i‘“@é’t etsé?ﬁ'e tEhgd by 20
exposur e (PESE HYPHI®B: oxi de before suspendl ng in the sterile vehicle.
Advanti&geousl y,Thas suortigtanfurthar aspettiof thg insgeioh ther id providedadoinpount ef

conposi :I Q&-rriu&(hﬁ%hiﬂn@&@ooUé"pfond@&ﬂ'xht&ﬁerdoBﬂBﬁrﬂ@sﬂ the corm]g)und 1ghgw
conposi tions nmay conta r ro o b

wei ght, of the ‘acti V&¥ erﬂfne gl}enylalgtﬁg ¥4%H%’Eheth VIIP" ﬁjé’ e(%l}en’ég‘&hﬁx@t rati on
25 Phar maceut i d%ﬁthbfbﬁ%ﬁﬁ%ﬁéﬁ)s may be presented in un|t dose forns

cont ai ni ng a prigdet epiparidend, plenylimetiyl-3d bitsigadendoxgi-¢atetydexy)aasleyl], Such a
unit mgy cont al(mmmR@serrpl eup tol g, suitably 10ng to 600ng, preferably

50mg to 300ny q*‘)he”?ﬂoﬁ ,mn%ffgg Bj/lyneé. ﬂy4scal(%§39ﬂ9xyggﬁz§m»ﬂgm%q ifie condi tion

bei ng. treated, wel g and

condition of tH® f)“éﬁh?‘%‘q?"yﬂe &@3 frﬁrstS J®sage forrrul ations are those
contai ning a davly dupssidine, Boethyb3. 4o diacetidoxytp éphengothexy)éei t ed, or an
appropri at e frqghéiméhedypafethyllf (28/35aRISSy.e ingredient. It wll be

db f i
L?C?ggils\z“e dua?/ gg‘.gl §th§4§r¥nﬂh£s1é oF tﬁe'l%nﬁ;%ﬁnd% B%nﬁlﬂ?(}?ﬂ]:{le{rﬁbctﬂ) Ql'btrb gf'db; p?ﬁleng
nat ure and™&RqeERte S F‘PPWéis 30518?"{1“’%

oun eter
o330 PP gpptbs ey g PRl ?‘e and site
of adm ni semprehensive diseussign opthe waysin ahichyaseus 14hde Amctionabgrewps mavdet hat such
opti muns @anednsl aile erhodnfd cleyvigghy esidliig@bteded degivhtives| isgsvenlih fonexdmpid so be

appr eci at q:t#ozb&w%@‘msys lﬁbygabucldhe;zk}syafw Ghihe idae QRLIWRE, (GaKryse of

treat Iﬁmguazogde i Oﬁ?i of the fornula (n conpound given per
day f al%fsfff‘ﬁ‘ga Uhere st é h be ascertained by those skilled in
the art using &yrbaseadnier ﬂ@cvmpéréﬂmofm@awéﬁ? foapds () Hafquadintat s, No

t oxi col ogiegahplet f ect s are indicated when a conpound of fornula (n or a 40

' ggg\r/ gafrgﬁt : g f," IThe e&ﬁs&;nabbﬁoﬁﬁﬂa IRhby/ ﬁréﬁfe@%fngly%éﬁﬂfﬂengﬁoﬁﬁ@mﬁréﬁérs‘?l 2 Eear .
| n C?IH% 31?%1Q?eagez for egzu%q ? f %@ﬁﬁg&t ds, S ?md {nore ef? th tghdo

useful are ca famde synt hase.
“ Thus, 3Phe celaﬂ%dméowle o Irl tlvea%ﬂq SAMBRdRf B%’é’éF Glmm@ nreRsged ¥t of
vari ous glcymbinatpria ‘sptitanggeix Gipproachas by nwhipespa@dlalcdysthess wingedthe, solfaendhof f ' s
di sease, %se OR60Na phike chdifilstdy, b piedetiurds khdsRDRY thdsk kkiflddlih 1t fease; Fabry
di sease, gangl i osi dosis etc. In addition, conpounds such as this also
can find use in the treatnent of conditions in which glycolipid
accurul ati on occurs such as N emann Pick di sease, nucopol ysacchari doses
(MPS 1) MPS IHA, MPS I11B, MPS VI and MPS VII), nucolipidosis type IV and
a- mannosi dosis. 5 The conpounds of the present invention can also be used
in the treatnment of cancers in which glycolipid synthesis is abnornmal such
as brain tumours, neuroblastonma, nalignant mel anonma, renal adenocarci noma
and nultl-drug re5|stant cancers |n general The conpounds of the present

o o o, Y Y




caused by infectious organisnms which use cell surface glycolipid as
receptors for the infectious 10 organi smor toxin produced by the

i nfecti ougygan@asiogm The conpounds of the present inventi GeregBo2abi@ be
used in the treatnment of disease caused by infectious organisnms for which
the synthesis of glucosylceramde is an essential or inportant process such
as the pathogenic fungus cryptococcus, neoformans. .The %0 ounds of the
present i nvent i NS IS afrthgEaspest A ‘t‘ﬁé“’?’t"@&ﬂﬁ@df PGy Ec{rg‘é"&g’é?“? 15 whi ch
excessi ve litrarg obmyrisihgsy kafi@sompaondueffommid(Das pharmaceptically atceptable salts

at her oscl grg8des, pol ycystic ki dney di sease and di abetic renal hypertrophy.

e oPOuNe  Sine e ARl dUER Lo E B3R J%Egjngcewau%reat ment of

.neuronal di sor der sease d neuronal
degencPat | FePHbleAluReERimaL besmipisteis b copyesbonel osee s BB Res of t he

present i roombininge @ampowndsef freuladBd"active ingredien twithystanddrd peamnanentical nj ury such
as spinal Gefetk dr'ili]k'édts%‘éc&ﬂlﬁ td @Kﬁbntﬂrﬁh?g@@dﬂﬁﬁbl Wl kedwil il ehepiite T@E¥e | Nvent i on

can 250 Wieqhifids bl b8yt bERE b8l ORE ShbeschP AR i SREL S

t her ef or e, P2 e use

fornmul a (r?PB’iSPP"%FE%B%t‘eSH?‘i‘)P}F%a&m&) to c), as an inhi bi tor of 25
gl ucodyl cer ani décceydinighas Buth¢riaspectitheepressus lmnt@n@mﬁmnmcwigairml a (1) but
wi t hout prf@r\fﬁtﬁé%nﬁéon{ﬁ)ﬁsxﬁé oneloPmbig @omiPdt At Fdtn6la Qlh, bat WilbuCRHERE af 4 bY, he

t t t I I d st
ST eyt A O A e S g o] 15 o 00

di sease, SandhofhePh Elmsaé%tg‘éa °?’§9°S§5’Bﬁ%f (‘é%i’é‘@“ "’%B‘f t?“m’lgté% or GML
gangl i osi cdgiirgstratio®by 4riyi rpyte,talnélluhlée @pserneéq’rpmdnm%tor ¢iak. tapical qripprepigral wi t hout
provi §6s aMdndifistfation o mdri@almolbiag huhensof a medi canment for the treatnment of

Ni emann- Pi ck di formul a
(1) but witho tﬁgt;‘}rgasletwﬂ éﬁigi:ﬁy'b%ht te&fb“r‘a @ﬁxs&’iﬂoﬁ‘b&%[}ﬂBi%@%;a%&me for
the treat rfeWe TBFexAmR & bugeal °E§/‘B’ é%”écé HEa0si s type
111D, nucdpmaysddmalali Prdmst?dﬁmﬂﬂ/)p‘@gmﬁll q&parmj@r@lpprly@a& Q)5 igtranusenlagy’
mucopol ys agedvalidusl BSihtSadeinid®) raie. \Suth fofiiylatichemuse: ppépared tby)ﬁlfgomlld)ddcfm\fnoihrml a (n

but \MZTOhOLtL %&Hﬁcyﬁ} rteQa eb y bingi ?flnf@a@%f:ﬁﬁé&m@acmel BRdi GaBRt for the

t r eat ment nnosi dasi s “or “mucol T pi dosi's type IV. {vi) the use of a
conpound oqﬂHP%FrPﬁF’é?’ 0)put wi t hout provisos a) to c), in the manufacture
of a medi carrentPlfamac@lﬁléaltf?@wtaﬁ@ﬁtadmedé%ﬁ’é"éP‘é‘mpﬁtfﬂmﬂ EQYB?RFE%PIF‘b?Sd synt hesi s
i s abnor madiscretenmibtsishich gs dapduled Or talséts; Ipbwildred gtanulee solativab orcaspersions inc| udi ng

neur obl ast U%u s B'dhA &%ﬁﬁﬁfunds,reﬁi'ﬁﬁlfoﬁﬂ%?%ﬁﬁ O B fFBwatéFBighid RARioREdranona,
rrultr%ﬁ n? ﬁnd nmul.t.i - drug resi stant cancers (vrr) the use of a
conpodid o ‘T‘rd?ﬂt!l Uid ¢RI + hout pr avi sos. a) . in the manufacture of
a . nedi canent EW“%S@B‘C?IﬁOWB‘“?’Fé%P%\Qﬁ?Y tps N‘E‘h@"ﬁ'@?“@oﬂ?‘%%ew&ﬂ Pepsy or
stroke. 1ldiscretPa(chéyiftbyded tcREMAIGCBORIGNd @Btaftwith the dpivermis of thé recipiewrigraund  of

formula (Ilgoibed p éﬁotrtap&khe FoPMaRHIS, tHY acti® ifigrediédd mal Be ABANSHEEIMINS patth By

medi cament} oS of eérgytetsﬁtdtﬁ@tﬁ& eﬁt?cral(f{élﬁa%h§6ﬁj'3§§g 6 (1X) the use of
t he corrpodﬁ%f% efs rﬁrp D %

manuf &8t ure of %‘%P‘E'& ?Hnu}aﬂorpﬁgapfngg{tt&gﬁy dtsﬁ‘t‘mét i, ay far"gr“a‘ ¥x) the
use of a ocommentmdreats,Sespensioas, {atiospowdershiolitionss pasies @els.dipregnateyl drepsingshe

manuf act urg@ragf, agrodbRbr 6@ EME tmal eénm@prdpnttaeortvemﬁammﬁtwat swh sqraervabsed by

I nfectious er £B% %@Hﬁug ett'ﬁtloﬁ'an 1t&r§u%ﬁ{&%hts%&¥3eaﬂﬂ the surface of cells

as receptors |sm|t ns by .t h ni sm
(xi) the use off 47 5oy g ra‘t?r&aﬁlgrfa‘fs AR S A
t he nedduf clomumlasions araprmrahty@preiam topigal ojpgreent or orgam. Whemtorrawetedip 28| sease
caused by diftirest] thoatsivoing@dies ity boemplbyediwithfeithes y pirbffinicor ovatgtniseisly| cer ami de
is an ess t]n tb%e Aﬂaﬂéﬁ@&t P@E&G@ﬁ&c&%%a?%e Rittul2Rd inl 4 ddatBfitit 8 oR@d-hol ogi es
cassoci at e |n ectlions’ o0 pat hogeni ¢ fungus cryptococcus

neof or mans" at?rffeiaﬁﬂ bpsger § XBEPA B8 hmound of formul a (1? but wi t hout provisos
a) toc), in th@armqerrtlaetfmlamnsad%érfeamﬂ adngpistrptian forthe gy includegyeent  of
“di sead@s adksmathatemdhadctive iafradientizldisgblyialr syspehded/int haible carbien, espédindly ag but not
limted taoq.Rohysorehi ¢ kidney d| sease, diabetic renal hypertrophy and

at her oscl er oSl XI 1 the 0 u f.armul a. ( hout

provi sos a) toSP ")fﬂ d?nzi fl@?e(‘f%rf ca?gd am"mmtﬁgmﬂ&rﬁm treat ment of
a conditi dﬁzepseéeaaaﬁlreemréwlqurtbwaétaﬁh ni stration of a gangli oside such as GM 1
gangl i osi de. Exanpl es of such conditions are Parkinson's disease, stroke
and . 20 spinal cord injuries. (xiv) the use of a conpound of fornula (1]
but without provisos a) to c), in thegmanufacture of a nedi cament for
reversibly rendering a male mammal infertile. (xv) the use of a conpound of
formula (1) but without provisos a) to c), in the manufacture of a

rredr carrent for the treat rrent of obesrty, e.g. as an appetrte suppressant

o o e o, o N L

ound of




(xvix) a nmethod" for the treatnent of a-nmannosidosis or nucolipidosis type
| V which conprises the step of admnistering to a patient an effective

amount of way @are@ynd of fornula (n but w thout provisos a)pd@geioofosx) a
met hod for the treatnment of cancers in which glycolipid synthesis is

abnornal , including 40 but not limted to neuronal cancer i ncl udi ng
neuroblast oma, ra' adeufi forin auonQE‘Aa fo@?%%[ Cdmm%no nan%ntglealsan ma,
mul tiple nyelo cancers rf’prl sés the step

of admi ni sstlmmeweae%tu ent an effectl ve anount of a corrpound of fornula
(n but w thout Rhaenicatisal frmbiatiany adap@d for WEa BBk WRHERMGBO2NBO 16 (XxXi) a

met hod f OrsoﬁJ‘ﬁclBJeeﬁJo%@ﬁo“ﬁfzr r&%ﬁ@@pame ﬁze%x%&%ﬁe infRd Ja@@% tP5003hiteke Whi ch
conpr i %es t hel\'nofz%gmqmstfrfél m%e?masnnff-errmw Icltl snu 1? tglt(enal)e ?y ra%1§ mhgl(:%c)»zlx o gmhlnt of a

conmpound 2 fret hod
for the t r’@ﬁﬂ passige BpmpgPaineg g th %Pw@ggédec OSGMP toHhecios Prigable forpwlatiensy of 5
adm ni st erwhergirt the earyiensi adiqbid Afar adfrfirdsttationeas amesahdprayfor 25 rasatpops) thelofle f or nul a (1]

but W|thoqtquég,(,pwoa@glu@ansgiqhe,cgctwg Morbditnt, @ rret hod for the treatnment of spinal
I nj ury which C%ag& 1%:2}1 onn&ltat?&s égﬁj{r atltogb nha‘i?}at%frﬂltir:%l u’&%fa” .ef fective

amount of a co (xxiv) a
net hod Of orpattigle dpsteQitpethy B‘Fmébi'%eéfégf‘éatﬁda‘Esté‘Ei‘"b vamtwpmfgnqtﬁr@rde& gani sns
whi ch uti |preseuridéll agtogale metplizkss awmstffietosur f ace of cells as receptors for the

organi sm i t sel fpygimakQitdl forRhIAEHAS S Quf&b@glm %ﬂhlmmnsyb@ﬁsmﬁtwﬁs the step
of adm nisterin a conpound of formula

(1) but wittHAE g[ﬁrf'%om cpeams )ng% 3%&3 Ofms Conhi PEY ?or?]ﬁlatamf the treat nent of
di sease caused Pérmaﬁ?‘@eatl f%mgla'eﬂn@eﬁmeﬂr@rpwmm aéwrvqtrétl%ymlwégﬂ@ownd

gl ucodyl cewanieeus serikrinjesior slutiahs which mmorontaim anthogidats buftecs) batribudts not
limted tQndSmRatWiiHeidesthefmaRfitdh Kdtonictwithiths B6ddiopihs ikdndéd\Rcipiadthmgeni ¢

fungus cryj I nlsterlng to
a pati ent Qﬁe%ﬁgafnﬁ‘dg V@%éu? £H1[@§us}§€}!§ﬁ¥c}so &ﬁE@P&%f’ﬁ@ e*lﬁ% cﬁ%a% m H‘ Hout

provi sos dhickeging peenis, Ihe |?"“é! aH%‘FI‘F&‘éi FB’ie °t" I, Yt 4ofR:as mult Q:TF%%‘(%‘EES soci at ed
wi t h abnoremahplgiegled kinpiuits ydidie sidsmayielstotidriya fresze-Aued (Iyophilized) conditian ycyst i ¢
ki dnepodi seg Hifior ST steR)epRybidcaBby for BthmpR water fttinjEtioss| er osi s,

whi ch conpr | g?ﬁt{:ggﬂoﬁ& iR, r@ﬁmn@au%%g&wsosu%es aﬂa&;ss{mmﬁ%}nsme;&}asw amount

of a corrpoun ut provisos a a net hod
for the t AR °6"fde'é%‘6’ Gfﬂ &Pq‘sreatable by the administration of a .
gangl i osi de sudtﬁhalsld tvinderatned theydn eiditiopkn thtringrsdipnts pasticulaky menéqpedysbove,

admi ni st erthdFermutationgxadyi 40 tinchide otherfabertd dovieendombin ttheakt havia@regad Rahefypd or nul a
(n bupgwi to?%gfnulgﬁd?l\{h qéstion) f fol (9(8&12)1’6 tﬂmgﬁéfopf)ra%ﬁﬁ}u&én&ﬂﬂ 1}1&1@35 are

Par ki nson I Ssease, stroke and spinal cord injuries. (xxvViil) a nethod for
rever si bl yAYSRIEPERY a mal e mammml infertile, which co rises the step of
admi ni stering tidesharmaceptical fompiationsascading torthe iavestien ase preferablyedapisdderd of
formul a ( loral bdrhiniairdttoout provi sos a) to c). (xxix) a nethod for the

treatment of Obﬁlé 'f&r)hulaVi@ds%'hy%&%&ﬁtﬁﬁ%oﬁlﬁﬁlbfetd%ﬁvéﬁﬁoﬁﬂéﬂrﬁé@ tsﬁc!ﬂ a@&e%rﬁo? fg
|ve ou e

pati e@b an. n%tngrﬁg)%ses cfi eriman& oro e&laalco'?lnpf%r fggons Suc came{sr_lr(la)) beepreSFn 2 corrp ound of

provi S0s a
formula (R %twwntﬁamut B%@f @6@@)11%1@' dyloqedlﬁuaﬂlméwweléf%mp topboph&0%bove
ment i oned ofiitedasmiatiand condi tions: Figure 1: shows representative pat hways

for the nmetabolf.pRisQhd ephfiad foiiraladnihisRiBRInh ?Be i6 @hit Sose PRRertRRA ForiH)
catal yzed By 19{'] %:'&&ﬁ)( L&x‘géﬁ%ﬂ%x é@ﬁtbgﬁﬁ a? &H%n ?%eggbilo}{%i(% pl?é sythl é%hél?

di phaé hat'e- ‘Enzyne
pat h 5 s 1Bee v’tsprﬁgolr PRty V3R 6f|° i &P éxﬂi‘l%"e]ég@ée SUEA. el | as the
gl ucosy! cenagersthacts paicinm phospbaie 1o “OllcﬂBlymﬂ?éﬁblﬁyﬂg\lubmayﬂsdeDWM]eI rimycin
(NB-DNJ) ahisgnésfi@stefine as6 pbBethylehdglganl af slmsdlsmllag}a@s Gor dxamgle rpetato

- di phosphogj aH._q]O§Ied,cc %ble v?e?tfr@r érﬁi%ucfh odiund l%ﬂyf;sug)‘ﬁh able@ gose

Gal NAC N- ace aCt OS uc n ur e OWS a a
LA ”i SF BB EBATBEe R PrAsficso | QAT lmu o

4

thin | ayero# B‘ért%lﬁlﬁ S‘VE’E)IG‘BW d fraction
" ext r ad® ed prapexatipspnay bsinthe formaf dorexsmpleetqueousiop ol yoriispensions, sutiongi t h 50uM
exanpl e 2 ekl igrups dr elixirdyoimdy by ptahted as £ @roluetdbd reconatjtutiondvih3)

represent v@at&'oi—'&ﬁi%bﬁa%'ié\}%i@% b'éfo?é‘&@r gud‘ﬁ%ld( ) 8 a‘ﬁ serﬁ ﬁtaﬂa JdORGeRtbRI Of the

gl ucosyl cer enS|t fromthe
TLE ont onat B emorB R rRding a5 F%’ﬁﬁ@ﬁvﬁo’é"hm s B Vel o 2
conpound @p’@&m duidrogyptybealinlesy, garbwemﬁm pedlalose ablamm@lstearAtel gebqybl i cati ons,
including, but not limted to) patents and patent applications, cited in
this specification, are herein incorpgrated by reference as if each

i ndi vi dual publication were 5 specifically and individually indicated to be
i ncorporated by reference herein as though fully set forth. The invention
mﬁll nom1be described by reference to the follomnng exanples mhlch are

I . T T . e T T e . Y .




Bn0 Ovs Bnl BnO 15 2, 3,4, 6-Tetra- O benzyl -D-glucitol (45g) was dissolved in
pyridine (200 m) and added over 30 mn to a solution of nmesyl chloride (
15 M) i nweyededspe ( 100 mM) at OC. The clear sol ution wasp@yQsehosds 4C
overnight, after which tinme TLC anal ysis showed conpl etion of the reaction.
The reaction m xture was partltloned bet ween et hyI acet ate and water/ice.

The organiy ae‘oé}, agakﬁl R iR nks,fo??{ o&Qﬁ@o%aturated
dﬂ lmrgr %9'519

agueous SO | cCa trated to
2 'yel | ow GFE; aorb?queoufwsﬁl@ﬁ %@1 ra%a@r% Roarely At ed y

i n t he neestesstsaghens ghBerine, propylene glycol, or ethyl alcohol preservatives, for example methyl
Pi peri di nex propyigbildrokyBenodid rsofREdRId, B, ﬁmuaed&ob(dahmyﬂamﬁﬁg&y) met hyl ],

(22§ iR 4$§t§t§g{l%@eﬁz§ N CBn Crudel}/ g luci to 988 s dissolved in
npr opyl ani ne BRALY d" ‘E‘?”i“’r‘%ﬁo"é{? t’S’B %ﬁ’l‘mﬁ’r’ﬂ s OB %?n teserothendi cat ed

the react |§b§f¢e¢n®d gone to conpletion. The reaction m xture was concentrated
and the resul t @af paénteeal aarrﬁnlmsioﬁ@lumurnitfdbﬁgeibynﬁhag&pﬁha QiTBdHpghaphy

é?;g?' elnﬁl é:%}n &inﬁ@n@% stgnl' v gél)vga Q%Em%i cré)ﬁ &ég Agnc})nch ' \r/rgt hyl ]
(25, 3F"< 4R VEUf e@ﬁ%@"mﬂ%@ used, P§ Xt gisg Eﬂ"‘th "ép&ac“zt é m,

2. 45( 2H, rprepagg splugiong-the m)mpogmsqanme d@faolvq;l utwster for injeeyion @dsﬁlwistems)eds 5( 2H,
n, 6( 2liefom fillivg l_r'l(o]d'Bmtdldé viaor4hpS§18 khd sealingCH2Ph) , 7.2- 7.4(20H, m) ArH).

¢) 3,4, p. per' LAt s% 16 93&%":‘{@ ativelafiPbiifriiFagents HO HO
0 con e

o
1-pro §a‘h %C
(2S, 3|12 4R e l(ﬂmlmgal mﬁﬁlemases smoved wrdewmumﬂ 1Breadry byaphikizedpowderds/demi ght
under a hyeilabiatheatidranditedceorhpanying viat meordﬁjedmmy(baamad toTLC i ndi cat ed
conpl et oneQfstinl @threﬁaﬁlh'pﬁer to-l.ilfy9 PaRAkkdl Qlﬁ gﬂs?&hé’a{r@ e in shﬁs‘ia@xﬁaﬁ pough

celite (fallo [ wat.er vvas cetrated
The. sol ut (oS Tmep Pregp dip e R g iyl dl&ﬂ}ﬁvg ef%%%b&a‘g

Dowex 50X4and gerilizadonrapngibe peegmplishad py & %@hé&emmwu ezrrd@wre@hﬁasl bélm d. The
resi n2@as expassieedetiylede axidedefopispending & ti¢ sterilewdhiclas Advahtagepusly, al: 7 conc. -
aqueous angiBbkai weeﬁng fexg%&méédaﬁme%épmroﬁ t& ABHEN dnibafl ik PibiohSr

3,4, 5-pi pqﬁldl netnrlo propyl - 2( hydr oxynet hyl ) -, (28 3R, 4R, 5S) (200rrg
90% as a gu i d. 1H NWR ( DZOé b 10 0. 75(3H, L 1352H

2.45(3H, m) 2. ?'seqmposm?ns mpay-cagtainy fpon (1,17 b}?,wwmmfa@ Iy from 1)- 6@"-@3 3. 3(1H,
t), 3.45( Wdighujof 18 adivEitataidl], dpendibg od Gielzmetho8 of ¢ddiipistgtion Ex anpl e 2

3, 4, 52Bi peri di rPhhrniaBdutidal hiﬂﬁmmlanc%s ﬁﬁyﬁé $3hRd Wit dose fots 3&3:&& a)

’_S-u’.b

Pi peri di n Q&L%édgﬁﬁﬂnt%a k/é gl%pgpéopeoﬂ):h azurLt(rPag%Q t!nn or e)(()a.n}ge u’i’ﬁt hyl], 15
SRS ell;é; kg %Qo@%efea D e309mg apd Bpre pisfestily omets 150E) vas

di ssol ved dppﬁnmg on e t:gndmn heing R@E@dthe rontd obadminigirationt ang O€ ageyrwerghtiands. TLC
anal ysi s icotiticatof the phtint, Pa¢féried Anid a&amtﬂdﬁommh&b ctainil$£d4il§ d6deiopn

m xt ung W%ﬁb—@&@%@ﬂér%;ﬂ%ﬁ&e?éaﬂedt BEin'a ﬂaﬁq{acﬁnliﬁe?ﬁo?'okaﬂ\ﬁﬁv@iﬂééré d by flash

,f gr gln\'?teoglr ggr Iy d \ﬁlil%e recogmzed%y o of skill'in the art ﬁlat they optima (Eu%;[ltltyg spacing g? ether)

1- but y! - 3,imdividyal desegssof g farmuladR wypmpoynd wlk be detesminss by thematuge and exterg of R, 4R, 59)
(23g, 90%the conditibdRbeigIEa); th8fddm, B(BHnd sile, of 2dAiaRirktion) andlheﬁl[(aﬂtdulaﬁ} 25

2.5(2H, ”)man%naz ()él'ﬂk trégted Zndtha Suchdftindms cfr be ilteflfihed ébg\;elﬂtlom .5(1H, AB
quart 1 13 Hz),

H . 65
158 daronduset b o Hpedloeadyi2nb S it he sbiptpomgir > 115
b) 3,4, 5- MEAEER-hehe manbez[oiﬂﬁsgﬂofzhe(fﬁywham»pﬁwd)gwen(pz@axmor@eﬁsad 30
HO' =~~1~~ nkidb¢d@f days, can be ascertained by those skilled in the art using conventional course of
) treatment determination tests.

No toxicological effects are indicated when a compound of formula (I) or a
40  pharmaceutically acceptable derivative thereof is administered in the above-mentioned dosage
range.
The compounds of the present invention are useful in that they are capable of inhibiting
glucosylceramide synthase. Thus, the compounds of the invention can be used in the treatment
of various glycolipid storage diseases such as Gaucher’s disease, Sandhoff’s disease, Tay-Sachs

10



OH Pi peri di ne,

1-butyl -3, 4, 5-tri s(phenyl met hoxy) - 2- [ (phenyl net hoxy) - met hyl |, (2S, 3R 4R, 59)
( 159) weswodizmssdyed in MeOH (300ml) and stirred overni ghtpctry(ckan/oamhydrogen
at nosphere in the presence of PdC 2 (5g). TLC indicated conpletion of the
reaction. The reaction mxture 35 was filtered through celite (foIIowed by

a ~net hangl / wa t faltr n 0 The .
sol ution @5? S’P:ebvw \éa?as‘)‘ éﬁ@fj%an?h 198818 et‘%iht%iﬁ%og(égé{é%h%%ﬁéh aesgl%sna1 HITtllfullldad been
pr e- was hedsaip the Uﬁ%\e@@ﬁF@ﬂ’f"@“SdEWBm Thyeolipidareumpytationpeepre suoias Niemagnehicking ¢ hen
eluted w tdhezﬁe,mmbpmﬂ;ea@hmiﬂo%s adrslL, Nﬂ?stlBALMP&HE)M%WéWSWIDduct fractions

wer e conc%'&d; wm@mgm'émaésp@rl di netriol,

o F”t{ N (“yoa‘ésx ”*ﬁptoh*lf (ﬁlﬁ$ R&‘*@&f?@h&“ B i@(e‘}m?‘%ﬁﬁw‘*%né%% B G
15 mmebw aoraipyfumpygs) neursblagiora, malignant > g7( 1H, -
dd), 3. 14(m1alanoxqa) renal aﬁd:(o]:mmm)laarﬂrﬁdt(-dﬂue reglait cal&cri’ﬁ(geh{;raldd) 3 85(1H, dd),

?22,95 é H4Rdg) Emélemﬁ;%uﬁds%f the PreRinPRVéntlb\@h his®be vked B Metteatdrehi b Biséady et hyl ) -

Pi per| di ngalféd bé'ﬁ?y? u°§S argzgus[ ri s"{‘%‘ ﬁléencep Sw{aﬁ%%%“@“ﬁ ﬁﬁeg i forrr%‘f Wg"')%%ursret hyl ],
(2S, 310 4 RoEeyisADOKAPrY

2,3, 4, 6-tetra- (Dhbecrmgohndboﬁﬂﬂpre@nnmsgme@;aglalacbdzl@bd@mmntld)h,seabg) was

di ssol ved chdaedlsynﬁf@&twu Afsnis 13:00Hoh @éug}maésisrdfgmc@ Iciridé Rlan dsséh@asor TLC

analysi s iadl caedelh chdaga@&atgg,;een]@m DSt RoGOMBLALLER. The reacti on

mi xture wasPeon cru purified by flash
chr omat ogr aphy ThgFeeRospds of fligPregrat Byengon.cap also bs #sed méweé‘l"@}‘%fhﬁ%%‘ﬂm et her)
to gi ¥& piwhishieskessive glycolipid synthesis occurs such as but not limited to, atherosclerosis, polycystic

(1-2 gegtR yl4-R ?mgge); @am&h@b&a&mhmﬂ% ophy[ (phenyl net hoxy) - nethyl ], 15
1.4(4H ™), ﬁg?@&o ni%?gﬁgék E?'B mqés‘gg?"{?bf"fﬁd%@ﬁ_ 5, 10.5
Hz), 3. 55(dfprdemsuclsa%'z mRYS d*ssassstl Tg¥soal legeppiptivg discase s“@“ﬁz) 4. 6-
5.05(8H, murkipSaRtijepse7. 4- 7. 5{20H, m ArH) b)

3, 4, 52@i peri di magé Ec'blﬁﬂouﬂdsr&ﬂfe)ﬁeséﬁt nkate 5102y AR Bé’ﬁs):dhtﬁe&ﬁa&ﬁnl‘ﬁ?nﬁ@na?e HO HO

HO OH Pi p
1- pent yl - 35]%9@ 'as § cord une?]orstr

ri he ox rreth
(2573R 4R 5s) (88 neithoy AT Dt b B o oht
under a hydrog achiutmelpamﬁfét@%efprn,tbmespmt@yemp&MWG 2 (300ngy). TLC
i ndi cat ed (i) eTbedfia@ompdunt beformAc() lunwitAdueproviss b o), 48 axtinhikétorefs filtered -
through cekjts lcg,fag,idegysﬁﬂldspy a nmet hanol / wat er vvash) and the filtrate

concentrat The, concent.r r. and oaded on'to
59 of Doméﬁ)qgetﬂf ffo??"}pgg do%‘?%'\l,’\iamgm w“thmﬂﬁrowsosa mﬁ[ t'c’%f# bric acid.

The resi n Medisament frs theieptmeniof a glyeeligidsipgage QISW%@WPIHS%MWR HﬂrséOI't‘ﬂe 1: 7 conc.

aqueous andisease svhich tarbe tiestediincinde bua ateinorlgni®0 toneFaacleodissst, Saklbaffsdiseage,ve

go% 5-pi pqrayéhdmealrséa@é Fat?n_?ﬂﬁ&%é’ér'(%ﬁ( E%Qlid@iﬁksﬁ?t hyl)-, (2S, 3R 4R, 59) g gzlgng
»3s( (R e o?aw%wn{“%ﬁg{ﬁ% i @mﬁﬁﬁr w@% ﬁhhﬁﬁ itk °]fi2Hz))
3 O(1H, ddnedigamentfor g reatmontof Nigmang- 1° (3. 6(1H) dd, J = 5,
10Hz), 3. 7] Beiuserof a c@bpdindaffbmulh (I) but w1thout prov1sos a) to c), inthe manufacture of a
|§J 4, 5- (Fj)l P efddithrkiétit tdr @e. tekatitRRt of mdopoly, k’ﬁéhm&dmttmﬂ)mucoﬁcﬂﬁa&&rﬂal 1,
i peridin S y
(2S, 3R 4R?‘%D‘%S";b§@%°¥l%”§°és 'g"é%m %@WW%@’@% éﬁ’?@é@ il Fﬁqgg%@% ude
2343 a- O-benzyl -1,5-di -Onesyl -D-glucitol (Exanple |a), ) was
di ssol ved (v)nhwsheiﬁnc,omnund@f@rmlnﬂ) butrwitheutiprovises 2 to ca,amthpmanwfam?g aTLC
anal ysi s ipndicamér® corttearenRif of andnnsckidgsiner neokiidogis &fpe V.. The reacti on

‘moxture Wag) @19 UEeSRh & ﬁﬂn@&ﬁoﬁ[ﬁlﬁ ('i)%%%ﬁl%ﬂttpr&ﬁ%gg) t0 E/J iMRSmahuReleldrgd by

fe![ ﬁ:?) chr On% en%Por¥he at?n%hteo canccar&csJ 1tn|w ycohpld syn e31s 19 lat?ntoplﬁ/all, ir?cliurghe}lrg/b te troleum
: 40

not limited to neuronal cancer including neuroblastoma, brain cancer, renal adenocarcinoma,

malignant melanoma, multiple myeloma and multi-drug resistant cancers.
(vii) the use of a compound of formula (I) but without provisos a) to c), in the manufacture ofa .
medicament for use in the treatment of Alzheimer’s disease, epilepsy or stroke.
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10 to give piperidine,

1-heptyl -3, 4,5-tris(phenyl net hoxy) - 2-[ (phenyl net hoxy) - net hyl ],

(2S, 3R, 4ARWBSR/066/OMD, 76% . 'H NVR (CDC13): b 0.9(3H, t), pbrac¢Bddooids.
1.4(2H, m, 2.5(2H, m, 2.7(1H m, 2.9(1H, dd, J =5, 11 Hz), 3.4(1H m,
3.55(2H, m, 3.7(2H, m, 3.8(1H dd, J =6, 13 Hz), 4.4- 4.9(8H  m
OCHZPh) ,  fuiidythefusé 620 mpBind AF fdmul®qI) but without provisos a) to c), in the manufacture of a

24 g: PReliElnfARE ol Qe st b Bl S PalRERER X AGELDY ') - (2S, 3R 4R. 5S) HO HO HO

1- hept yl - §X>4 058 f e prreneyId Rl dorewla (D butwithru ppavises 1 6xsp) indherpappfacture of a
(2S, 3R 4Rm$yw®9mm@)ﬁ%mnmfswuﬂmmyl n MeOH ( 10nl) and stirred overni ght
.under m hyxjtm@edbfawmﬁmiﬂebﬁohﬁuli@ﬂ)upwmﬁﬁnﬁwafs aRd S, Zn hSR@RBacturelds@ | ndi cat ed

conpl eti o taltége%r ss@%tehg fotf &éeqte'cgtt ﬁgttﬁhmgm ogatft.?stmttﬂough

celite (f ter wash L e concentrat ed.
The conceH‘t‘ltzamﬁ Zdﬁt’ {I'gts SRATEETPITS e&%“‘%’t‘&?ﬂlffr fosingergdusad o 59 of

20 Dowex bytgozagsmesin that had been pre- vvashed wi t h hydrochloric acid.
The resi n(xake washeempolind ofdrtla aNbut tWiBout plovisesth) Wi d)/in the Mianbifudt@e 6f a 1: 7 conc.

BqUeOKs  AHREAn/R &b in B g&u étrzﬁeﬁsggﬂﬁed‘;@ iffe clqg o%g%,% s B e ©

3,4, 5-pi per| r.0X t (260ny

90%) as gsﬂﬂﬁﬁiz f[s%‘tcf’ﬂ Ce‘allt“teﬁ  orgpds SW%XCC as gy} lﬂﬂﬁeﬂ%g 3(2 H r‘r)

2. 45( 3H, pjtholgpiep @sspriatefhwithyintectipns g athoger@sf(.mgqs cxdptocqtcus ndoforBBnOHz ) ,

3. 25(1H, i) tha ugb(of kcormounBofFormbitd, (1) Gt withodt provisbs .t&E} In the3mbhafadtde dﬂ Exanpl e

5 3,4, 5- Plpgkdntlh rt%t ﬁsJe the ritthoh of%nsaa@;%\sm’ehgxtt Lsnopt@ygiﬁpggy@@s
2,3,4,6-T %" Yo Bno
W Tﬁlttr@“%’%@ﬂ%mg%fgx% ey e ST BB Y ed | et hanol

(0 6L) andgherggslerosis. stirring at 0C, sodi um borohydride (31g) was added.
After sti edif)tig By ef ndopipound formamaltsi withontprodies d) 16 @)yl @t anuffure Bﬁa react.ion.

The et hangkqisahdnt f&the\eeaneamflafcbm%t d@%m@w tﬂe@tﬁtm ti édg)a der (
1.5L). The cen rated The

ere
resul ti ng™§l f@@&lsl g‘gﬁg IOﬂE%@%‘Wdlﬁ ‘gfgsﬂ %WP@H%%S@Q?%%VOPQ%WS%%O 1% on usi ng
20- - 58% etiiRAl cord &juies/ pet r ol eum et her) and then crystallised froma mixture
of ethyl &betietued gfatcompaniotiotmia @obugvitleout provisos a) to c), in the manufacture of a

2, 3, 4, 6- t gtAi@mienPB @ Versi %h&ﬁ)%hhﬁ Iﬁa%&m&ér&ﬁ: as a white solid. 1H NWR

0 T e Byt b D Pl el " 7

spectrummFﬁlia“??H%fo’( Fﬁaﬁm%sf RAENGED) 128 @?Ppetlwwsws 498 PCT/ GB02/ 1) O OG b)
2, 3, /2%- Tevi) amEtoeé frx yHe-utatHentiof Oglorm;pid«s@rargaﬂa@‘sq t.gl GdBolpr'98isea6lys OMVs BnO BnO

(228 ﬁ1 ;5 TednBRofRY &I%ZBYTE}LBE@?J (ﬂdéﬁﬂebﬂd}l\'(léa@bsﬂﬁﬁ WhitH dofriseh (He Step 5F pyr bdhn)e
e
was added. i ?t ém%l% HF%%&%SH@Z%%%&H (9 éeura%?fgﬂ%auldl@(?% g‘;r'{fgﬁ)h{sh g owed

conpl et o‘H '3t he reaction. The reacti on m xture was partiti oned bet ween

et hyl acefxuiiea ragipdyer the trdatneent afNderoang Rivk distase &pesoh endfa michaethptieattic h 5%
hydr ath! ostépoof adrigtisteFiffitohpatibnedraifealys entiht SDbotifblid Gfdaama tIEbu Mtk on, - dri ed
(Na2S04) &gqs&qwoeﬁtrat ed to give a colourless oil which was used di rectly
in the next.. §U‘? dé

Pi peri di n&V4) % G‘f’ ﬁ‘e eﬁ‘?’?’&%’ﬁg‘ﬁ S“ﬂ‘f?pﬁ‘@?ﬂ}’i“’t’fé"tcﬁ‘&?g?s!srret hyl ],
(25, 3S, 4RyBSHILEHcRpabysacchpbioss OB yeppeigsaccharidosis type VI or

2, 3, 4, 6- tatdopelgsdochurifbsislty e Il whichesnprisE- thasdtepodf hdrinistaeing W@iapatizhvaad i n

n- butay ar@ﬂ‘é@hvk@n{og‘tg ok éon?ﬂ%gnﬁf'férﬁlﬁﬁ @But@ﬁ@oﬁt%ovﬁop ¥§c The r eaction mxture
was conce ted an? réheeh %a fO argl 1 @3 gr aphy

(gr adi ent x ?P’Sﬂ’og ° e et iy 8%9% gl o gi ve

pi peri di r@mpysaaeheﬂepef éﬂnsmttﬁmg(t%@wmﬁe?%m amoup(9f newym ofdenlatBt hyl |,

" (2S, 3S, 4Ry Sithqul p®gisosadthd)r om

2 3 4, 6- t ®ky PmEMbERE metlleatﬁteﬁiﬂ of Ql¥ESs W wl@ctgﬁir&ﬁ il Eﬁtﬂ)esn@ﬁ a@no?xﬂzh%él{u(ﬁﬁé OIHl) 25
3 ( m 1@ n%t‘cl" te%ii%u%ﬁgl 04'1 cer 1n|f_ﬁ1!li’ng §e1g§l§l%m:|t‘)ma fam\.gcax}ée( fﬁ)aw L 3.8(1H) M,
3 enqﬁtrcmpﬁahgnqnt f};lanqmgeg@tpyle myelg;npﬂand Iayltl -drug res1stant cancers

4, P| pehittidompriseds dhe, step lofiadplini@eringdo opagiemtahn pifyctive z(nﬂﬁnﬁﬁ,aéﬁmﬁa‘ﬁ)td @5 HO

formula (I) but without provisos a) to c).

m(

2
4.
3,
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w HO CH Pi peri di ne,

1-butyl-3,4,5-tris(phenyl net hoxy}-2-[ (phenyl met hoxy)-nethyl], (2S, 3S, 4R, 5S)
(4.89g) wagyglizmzedoyed in methanol ( 100ml) and stirred overpurghBoodrr a
hydr ogen atnosphere in the presence of PdCl 2 (2.5g). TLC indicated

conpl etion of the reaction. The reaction 30 mixture was filtered through

celite (f ha :
aqueous(sg’%’{?ta:l%%h&#ﬂﬁhg@éa "f‘(%%ﬂ WG’?@ng%&é agg&'éh nt’ﬁerllte.
RL20( pl uS7D PRAGTISIgIo HeRSem SR TSR ARSI GOmERPony oh BRI Bt Wl The
resi n was pwassheadd ta)t h water then eluted with a mxture of - 1: 7 conc. aqueous
gngogl a: V\@i‘u@ibaﬁx’é@@d‘f’ﬂal}the%ﬁﬂ%bf?ﬁﬁﬁ%hﬁﬂﬁcdé@&%oﬁ@ﬂﬁpﬁﬂe{mé& & 6f0 Qi ve)) (1 27 )
- -gip 9
70% a§ a%co Os%r?n%{o% pau?]m %ﬁ’é%#%%@%@&gﬁ%& (l§§ ?D&%&I—’& y

1H, dd), 2‘?’(?? 1H, , 2.87( 1H, dd), 2.95( IH, ddd) 3. 76( | H, ddd), 3 78(
JAH, dd), Cex@@(ammcd@r the3regtdent-Hf SM)nJHI%Wb@b mmprmqs)ﬂme step of aENBRHGSS 298

PCT/ GB02/ @Eﬁiéﬂﬁn@fﬁﬂ%ﬁm@mﬁoﬁa&nﬁbﬁﬂbﬁ&ﬂﬂﬁ@&h w&ﬂx&&lptdv;sé’se()lwdr oxymet.hyl ) -,

(2S,3R 4
Pi per i ég@ aaﬁleqlodsfor thg treatme d1se ecau feﬁtl(f é é{ﬁcrocg/r ams c)h r}rl%]]ﬂﬁyl I,
(25,3 4Rgb’§?h Qnﬁ?ﬁjuléfﬁre amsm1 or t xmspro noch d’by the
2,34, 6-t ergapis@whinhzopmpdsesthy sw@fmé@yllistepngw@matlmar(@f@amlaelomapfa 1.09) was
d| ssol ved cbmpmmysf@mm@ajﬁm %ithdu} pravicbsay dorcy.ed at 55C for 5 days. The

reaction an%mw@ﬁx ﬁt%{‘(ﬁgeaﬁe usb A6y &x&éﬁﬂuk @%&u&ﬁ&iﬁﬁwmbﬂ E:’as purified
by col um | ent ut 1 on er/ petrol eum
ether) to s&rf g?qs € IS an essentlgl or unpoxtant process such as l?ut ngt lnmte

1- nonyb- 3 pathgloglcs @quhmwmfmw)of the pptheganic fmgrostybiereedyy nqoformars wilkh4R 5S)
(660ny, 7XYhprisekth i(aaﬂﬁﬁdt&mg fo2@aBent &n FeBB/eAdouiit of a]c&ﬂllb)md of forfmlh (BO( 12H,
m: 1.40- %ﬁmr t%%254(2H M 2.60-2.71(1H m; 2.84( 11 'dd, J -

ia ggz) J (xxv%o m tyeg%m H)f 82es‘3as&) Wedg_ta bno gérﬁﬂfpl%émém) 3. 67(
4.56- 4. 72(mql1;dnmbut n% hmnqtbtepplycymdy ney disgsey dub%tlzmal ypertrpghy and

3, 4, 52Bi pertiechistlabsis, ihich-cowaprisks tRe stépyad ndmiyigetitipto a-patignP48, eBttivRamh@nt bin v -HO. HO

OH 20 Pi p l-ngblﬂﬁ of formula (T) but w1thout s)rowsos a)to c).
%};a?ﬁ? ls, (2S, 3R 4R 59)

_ (l 628%; waf?vdlp 'ggrg%ﬁ\(?ggoen etﬂ?@ﬁﬁ‘&ofgff(fﬁ? ‘g‘{‘g“m& a%t) Im%&hﬁ) yd)m“T under a

hydr ogen c2angliosie puchiap GMizapglinsidpthidhrcopprses E%ﬂﬁj‘ﬂ"“’ﬁﬁ‘@ngg’a&ﬂq‘%% xt ur e
was fil t ereffictivia amowgh ofzedoripeur(dfob formule () tay withons preaised 2) teed) e Exampés)of awnlt t he
filtrage WRiIGQRGRDHBhAM's diEBRe, GROCNE ERh c¥dsnjiniesi fied by 25 absorption

onto Dowe vq)sg n%teQod f&é&\% s&qgen@egﬁég Jnh!l% 3o i rtﬁe '@hi% ldé Ls tille Zte ueous

anmoni a: wa Inetrio yl)-,
(2S, 3R, 4R, aé@}m%e@em@ Tgee Pt f 8 compndo OD) 8
- 0.91 (3H, wijhoutlpr@{isos @Hp chs); 1.45-1.58(2H, n}; 2.53-2. 69(2H n); :

2. 70- 2. 84((Rkik) dvhéthed fepmau&ﬁﬁelhfdbtsuy 3le&5ch ﬂa(eiiﬂc stg) of admikstdinp &(dlH, n);

ot

- 3..70( tlerll eftlctivy nt% { §o ut%l?e%réwfog/ﬁ)"t])) ). 30 Exanpl e
. 7 3, 4]3? Pitper arI‘hrc]aeungclnt;@aso prov15es¥o tﬁ)e us aco po}inc{ f%rmutlah%ﬂ gut Mtﬁo% 3R, 4R, 55)

P| peri di nepravigoaptorn) for thegpepiment of t@qbpvwgﬁ@md digeases snd copditighfeny hnet hoxy) met

L hyl], (2S, 3R, 4Rif¢ 1:FhowsNephieeni@ntk faliiways for the metabolism of glycolipids in

1,5-Di -C Wﬁmﬁmﬁﬁ%ﬁp e réactiortalil g&@& sﬁgms}om&&aﬁm@sﬁmaga afelas&ﬂmgf& was

di ssol yed Thi
O oIk ek BRI AR 7 cLEMhL oSSR s g, St oS- T
purifi ed ugﬂtlw@wsmulam inrtha lvgnea glygolipid gorpgecdisegies. as grel @s ba el uwylcewde

02/ U55. 198symEide@BicRbn hibied by N-butyldeoxynojirimycin (NB-DNI) are also represented.

' | _ Abbreviations: UDP-Glc, uridine diphosphoglucose; Cer, ceramide; Sial, sialic acid; Gal, -
galactose; GalNAc, N-acetylgalactosamine; Glc, glucose; and :

40 Figure 2: shows (a) a thin layer chromatography (TLC) chromatogram of the non-
polar lipid fraction extracted from MCF-7 breast carcinoma cells treated for 7 days with
50uM example 2 compound (1), MCF-7 breast carcinoma cells (2) and (3) represent a
glucosylceramide standard; and (b) represents a measure of the glucosylceramide band
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elution O to 15% diethyl ether/petroleumether) to give piperidine,

1- (1-ethyl)propyl-3,4,5tris(phenyl net hoxy)-2-[ (phenyl net hoxy) net hyl |,
(2S, 3R, 4ARWBN2/05349469, 33% as a paI e yellow oil. 'H NVR ( Gio@GISBo2/09106
0.79-0.86(6H, m, 1.17-1.30(4H, , 2.30-2.41(1H, m, 2.622. 71(1H n,
2.83(1H, dd, J = 12, 5Hz), 3.30- 3 34(1H, m, 3.43-3.53(2H,

e %ﬁtﬁsngm" 95’5%341’55 %y niuv%t bkt S Bohpbendly BZ9( 41

3, 4, 5- Pi p&PPaY t‘fFP‘Bﬁ‘ °2‘“("hydr oxynethyl)-, (2S, 3R 4R, 59)
HO HO OH To a <4l publioations, instydingi bht mgt)lmuted to, patents and patent apphcatlons cited in this
1- (1- et hylspgifeapon, &e%cﬁtrixﬁctcﬁﬁ&ﬂaﬂw mdaews)lf&cﬁ {nahvaruyl poblibatisl wert hyl ], (2S, 3

R 4R, 5§) (séecffﬁ:qﬂ¥ Al Qé‘m'm&&?f!ﬁ%b rﬁ&?@ﬁ by Redrénch A0 ﬂﬁmﬁqg[gé&“ on

m xture w% er "an at nosphe drogen over ni ght
anal ysi s % ndi cat ed con‘gl etion of the reactl on and it was filtered
through a cel i tThejrygntiondvil @awdndessribed by Teferengediel the deltovinggxawnles whichfireed by

absor pt i 0fne@dly AluSrdive @id FPONEto BOKASRRA a8 £Hinfatidn f Bk Bddpe Bf thi pleset Hiviitishe Of
1:7 28% aqueous ammoni a:water gave, after |yophil | sation, 3,4,5

triol,. 1- 3R 4R 5S
PLRer L8 DSk eholen, L, o d AR A b e bbb SR 47 59
1.29-1. 58(a4H 133,4,0-Tetrag0-bewzyH1,5rdi-O-mesy>-Iegipditel dd, J = 13, 5Hz), 3. 16(1H,
dd) J 10, 4Hz), 3.36-3.44(1H, n), 3.47-3.56(1H) n), 3.693.77(3H) n). MB iz

234 (M+H) +. Exanple 8 08n
3,4,5-Piperidinetriol,1-(3-neth NPl su2- (hydr oxynmet hyl ) -, (2S, 3R, 4R, 55)
25 a) Piperidine, 1-(3-nethyl)bet , 5-tris(phenyl nmet hoxy) 2

[ (phenyi nmet hoxy) net hyl ], (2S, 3R, 4R, SS) Bn0 BnO gn0 Cen 30

1,5-D - Orrethanesulfonyl-z 3,4,6-tetra-0O benzyl-D-glucitol (4.0g) was

di ssollGed 2 3.6-TemPrbeniyi®-glucitell {45ghwasgtisselvedin pyridia(2p@ mivand agded overe _
reacti on rsoxiinlEcea sogiof ONMEIW cledridd (8510hl)til pyrideeel(l 0N abl°CWThetlearwalatipnir i f i ed

by col um @Qgtefyatap baf.lng aftbd Wlﬁ&tﬂﬁéTﬁ@Eﬁa@sﬁ%oﬁéd%ﬁnBﬁugn b@an20% di et hyl

et her/ petrol eum | ve er|

- (3- ot hyPAERER yine doasion £ Yo YAty )

(2S, 3R, 4R0f881)c Taptics gereovashedhwitts 3% hydrestdena 3é§1§ &9 spturatqd apRUs EdE

0. 80( @6, djcarbomat6sdidtionZdried-(Wa,38()3Hnd cofjcentatedIo 2 y&n2drangeoil. 'Bheﬁﬁl—v?as?O( lH n,
2. 79( 1H, qgeotrépedvaiﬁ'ltoﬂlmand%se%ﬁfn%c ﬁlﬂéne@sta 8- 38-3.52(2H, m, 3.563.67( 2H,
m, 3.74(1H, dd, J = 11, 6Hz) 4.43(2H, ABq), 4.52-4.67(4H, m), 4.75(2H,
ABq), 7.18-7. 30(20H : M

3, 4, 5- Pi p®i di Fdperidine, 1-prapyhSydhs irjsiphepyimethoryh?-Hebenyt mﬁlyoxy)neezlyle 4R, 59)
2U WO OZZSBE,ER%)HO HO HO OH PCT/ GB02/ 0010Cr To a solution of piperidine,
1- (3-pgthyl ) butyl-3,4,5-tris(phenyl net hoxy) - 2[ (phenyl net hoxy) met hyl ], (2S, 3R
, 4R, 5S) (2.53g) in nethanol S ded PdA 2 (1.2g). 5 The reaction
m xture was stirred under. an W hydr ogen overni ght. TLC anal ysis
i ndi cated conpl etion of the react and it was filtered through a celite

20 2?%83%"“9%”%&%5 N 5‘93*1%?59‘ Lol @bt P RRIND 0 oaous

anmoni a: \B&‘Ipé Oxgl) gnq-)stweﬁ &t ﬁj{l rﬁgﬁrqaﬁq TLC analysis indicated the reaction had
1- ( 3net hylgphatoywbmpletiony dmem@mmlx;un; WéQ@nmtmtEd 88 th¢ 860ty crededl was a gunmy
solid 30 1 H dl¥y flabR BhromSofka dleﬁﬂ-,lutﬂ)n of @ — 1698 bihyllacéfate %dgmeﬂ'&étﬂiﬂeth

1.43- eri 4?—& 5@ [(gh h‘lox e%?%% 12 10
ey, 2 o813 méo@‘i“ﬁi “é% %%Nmﬁf% i, 2 on(in

3. 68( 1 Qe(1H, m), 2.8(1H it = snm 3B Bi), aﬁ(zﬂx@),rﬂqzﬂan) BRI, 4d), ?&5—Exarrp| e

9)3 , 5- Pi4rsesH h, 'GTHPR), 72- (. 3208y g hyl --2- (hydroxynmet hyl ) -, (2S, 3R, 4R, 59)
"a

Pi peridi ne, 1- I i hen t hQx henyl hox
hyf’]e (gsg ( %nﬁ?t %’d’ﬁ}?& {y@%ﬁ’ 9 ¥ (2§’3ﬁ)4R gyphenyl met ho y.) et
"1,5-Di - Orrethanesulfonyl 2,3,4,6-tetra- Obenzyl Dgl uci tol (5. Og) was

di ssol ved i n phenet hyl ani ne ( w& Nrred at 55C for 3 days. The
reaction m xture was concentr at® he resultant brown oil was purified
by columm chromat ography on silica k 25 (gradient elution 0 to 30%

di et hyl ether/petroleumether) to give piperidine,

1- (2phenyl ) et hyl -3, 4, 5-tri s(phenyl met hoxy) - 2- [ (phenyl net hoxy) net hyl ],
(2S,3R 4R, 5S) (3.2g, 71% of as a colourless oil. 1H NWR (CDC13): 8
0.86-0.98(2H, m, 1.16-1.28(2H, m, 2¢$62.7(1H m, 2.70-2.88(1H m,
2.91(IH, dd, J = 11, 4Hz), 2.98-3.06(1H, m, 3.41-3.46(1H m,
3.46-3.60(2H m; 3.66(1H, dd, J =9, 6Hz); 3.75(1H, dd, J 10, 3Hz),

3. 87(1H dd, J =10,



30 6Hz), 4.52(2H, ABq), 4.60.74(4H, m, 4.83(2H, ABq), 7.10-7.38(25H, m..
b) 3,4,5-Piperidinetriol,1l-(2-phenyl)ethyl-2-(hydroxynethyl)-,

(2S, 3R, 4ARy2/05kdog HO OH 35 To a sol ution of piperidine, PpCT/GB02/00106

1- (2- phenyl) et hyl - 3, 4, 5-tri s(phenyl net hoxy) - 2[ (phenyl met hoxy) net hyl |, (2S, 3R
, 4R, 5S} (4.0g) in nethanol (30nTL) was added Pdd 2 (1. 4g) The reaction

m xture s stirred unde en _ove analysis
i ndi cat ed *& Qﬁ‘f‘ﬂ]"@’t]i B’ﬂpﬂ%‘{% p@ﬁ'@?’f"%ﬂ ﬁ%'?{PP ‘&a’%e xP’%’er e ’t@?%ﬁg%g celite
pad and cdfbimg) was digsolved imMeOH (1Qrel) prsksErppveright ypres p BEHOZMRHNSDRFIGD!  Dowex
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5 3.86(IH, dd, J =9, 6Hz), 4.47-4.69(6H, n}, 4.83(2H) ABq), 7.17-7.37(25H,
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over ni ght .a)TLC 2:34&etnpasO denzydiDegalactitelonpl eti on of the reaction and it was
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The reacti 8%1\}3‘2@ ME GRS b&QﬂCﬁ%ﬁl&&h&({g-ﬁ%‘ldl%b% 4 Wil shRd tHBINRLCIOC,): Bas

purlfledb g e 0 to 23%
di et hyl %@@%ﬂﬁ{}%ﬁ Aﬁ% Y %er?iﬂ gosh REHEED, AL

1- [ ( 4rf& hoQRGHZHSA-7-ARHy M 4M535tSP?%IP BYR P43 M y§652(1v{*ﬂ5‘henyl met hoxy) me
thyl], (2S,3R 4R 5S) ( 17.1 g, 75 % as a pale yellow oil. '"H NWVR (CDC13):

S 2.50-2. 60( 1H, m, 30 2.83(1H, dd, J = 13) 4Hz), 3.39-3.44(1H, :
3.51-3.61(2H, m, 3.64-3.80(3H, m, 3.484(3H, s}, 3.70-3.77(2H, n), 4.54(2H,
s), 4.58-4.69(4H, m, 4.85(2H, ABg), 6.87(2H, d, J = 7Hz), 7.18{2H, d, J =
7 Hz), 7.26-7.40(20H, nm). Biological Data 35 The conpounds of the invention
wer e assayed (TabI e 1) to det erm ne. the| r IC50 concentratl ons agal nst
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- gal act osiwdaprka@s asesynt hase(1Cso ) (1 Cso )(~ ) (1Cso ) (| CRTT/GB2/00106

) NB- DGJ3. 43708512. 632. 5Exanpl e 5280Not i nhi bi tory80007273.1 Table 2 shows
data for human enzynes. The assay for inhibition of GCS was performed 5
essenti al I,y as te: el Chem, ( 1994)) 269,
27108, the enzy%fgyﬁﬁgg)%gnfi i% i m%éeycl:or’r%a%ncgml GCS expressed i n insect
cells. The glucosi dase assays were Q) rformed as described (Bi ochem cal
Genetics, A Laboratory Mnual, wniversity Press) except that

pni trophenyl |inked substrates weY Sedwi nst ead of et hyl unbel I'i f er one
linked substrates. 10 Table 2 &8 ndHuman GCS ~ (I Cso ~Human ( 3-

e
gl ucosi da ~Hunman ase .Cl H . | @gtosi dase (~
) NB- oD 15 et e ORI T T £ 93E e BRI M PRI 3R DO TR0¢
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i nhi bi toNolf’C bvemhiplitt TNGtanalpéis Hiotved ddmopetion lwéthe oxapmn The whctidnenikmreewdsi on .
exhi bi t | gggitiofdal Hatu&eeﬁ ¥th ClckiR aRRhBFike. PRHer@ahid GRSHAA SRR WiRBedOMAtIATA 0Si dases

(ther eby I eg ghlgac Sci %n sa u?&é(?;}qtueours so(ﬁl?rHF%yrggr%i dsgﬁlnor? %HQ? g\PaIQEqu EIEJ;'B-

whi | e reta ceram gde syt
02/ OB5- 1980@9Nf%“0|§m=/a68192¥%911 ich WaA“if‘—Sﬁ‘ﬁ%ﬁﬁlaidP@Fn%F%ﬁa (n or

phar nmdOeutical |y acceptable salt or prodrug thereof: R | HO~~~~" N z HO 3
= OH 5 Oy (n vi rﬁhﬂe RHu%yl@%ﬁ-ﬁnsﬁHe%EﬂMh&&) -DA@R&dYRAethbR) a1y
cycl oal , and optionally int errupt ed by -O

optional | yzigga 5% C3
t he oxyge % epar at ed frombge ring nitrogen by at 10 | east two carbon

atons, or C _10 al kylaryl where aryl W pyridyl, thienyl or furyl
wherein phenyl is optionally syhs by “0one or nore substituents

selected fromF, d, Br, CF3 OCF3, B“‘Eg?l, and C1_6 straight or
branched- chai n al kyI and Rl is hédrogen

d .6 sé,r-a' %ht or .
br anched- cHigicrda PRAE-tefsp SW%H L foff}?éylc%&%%ﬁ&ﬁﬁ wpgdifpo}d jnsn-btylamine
3, 4, 5-1pi pe0 oireed stiredd at §5°Bfon/g dags.(Fyedeasiommixiye Was conedtard 41 thSyrude

oil purified by flash chromatography (gradient elution of 5 — 16% ethyl acetate/petroleum
ether) to give piperidine, 1-butyl-3,4,5-tris(phenylmethoxy)-2-[(phenylmethoxy)-methyl],
(28,3S,4R,5S) (4.8g, 59% from 2,3,4,6-tetra-O-benzyl-1,5-di-O-mesyl-D-galactitol) as a
colourless oil. "H NMR (CDCLy): § 0.9(t, 3H, J = 6Hz), 1.25(m, 2H), 1.4(m, 2H), 2.6(m, 3H),

20  2.8(m, 1H), 3.0(m, 1H), 3.4(m, 1H), 3.55(2H, m), 3.75(1H, m), 3.8(1H, m), 4.3-4.6(8H, m,
OCH,Ph), 7.15- 7.3(20H, m, ArH).

d) 3,4,5-Piperidinetriol, 1-Butyl—Z-hydroxymethyl)-, (25,3S,4R,58)

NP
HO HO
OH

Piperidine, 1-butyl-3,4,5-tris(phenylmethoxy)-2-[(phenylmethoxy)-methyl], (2S,35,4R,5S)
(4.8g) was dissolved in methanol (100ml) and stirred overnight under a hydrogen atmosphere
in the presence of PdCl, (2.5g). TLC indicated completion of the reaction. The reaction

30  mixture was filtered through celite (followed by a methanol/water wash) and concentrated to
a 25ml aqueous solution. This solution was slowly loaded onto 40ml of Amberlite IR-
120(plus) resin which had been pre-washed with hydrochloric acid. The resin was washed
with water then eluted with a mixture of 1:7 conc. aqueous ammonia: water (500ml). Product

- fractions were concentrated to give 3,4,5-piperidinetriol, 1-butyl-2-(thydroxymethyl)-,
85 (2S,35,4R,5S) (1.27g, 70%) as a colourless oil. "H NMR (D;0): & 0.95(3H, t), 1.35(m, 2H),

2.61(1H, dd), 2.70(1H, m), 2.87(1H, dd), 2.95(1H, ddd), 3.76(1H, ddd), 3.78(1H, dd),
3.90(1H, dd), 3.94(1H, ddd), 4.06(1H, dd).

25
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b) 3,4,5-piperidinetriol, I-phenylnethyl-2-(hydroxynethyl)-, (2S, 3R 4R, 5S);
or ¢) 3,4,5-piperidinetriol, I-nonyl-2-(hydroxynethyl)-) (2S, 3S, 4R 5S). 2.
A conmpoungdidsggned in claim1l wherein the hydroxyl groweTaéBRamidsi on 3
isin the 20 R configuration. 3. A conpound as defined in claim1 or 2
wherein Ris C _16 strai ght or branched- chai n al kyI 25 4. A corrpound as

defined i A corrpound
sel ect ed ?r%'hnsi? mgir@ %ﬂlﬁ&m .|foQ|y15i ﬁﬁl‘m
(2S, 3R, 4R3bS) é’lll?r'él% é‘PP!d fu's((ir e“)/‘“'ﬁ EP'( %ﬁvﬁ’g‘?‘ }‘

{2S, 3R 4R(ZEIRAB,S8) 4, 5- pi peridinetriol, 1- heptyl 2- (hydr oxynet hyI ) -
(2S,3R 4R, 55) 3,4,5-piperidinetriol, | -butyl - 2- (hydr oxynet hyl ) -

(2S,3S, 4R 59) 3, 4, 5-piperiy | - 2- (hydr oxymet hyl )
(2S,3R 4R, 55) 3,4, 5-pi peri dah T 1- (1- et hyl ) propyl - 2- (hydr oxynet hyl ) -
(2S,3R; 4R, 55) 3, 4, 5-pi peri di net dB,pI thyl) butyl - 2- (hydr oxynet hyl ) -

2S, 3R’ 4R, 5S) 35 3 4,5-pi peritdi netrlol
2h|t|- hyd t hyl 2S, 3R 4R, triol,
D henfr ey s e %rﬂ%v%syl-n(@gé .38 wabtiGehedimer r i of
1- et hy mmemhe @-X i andstirred eh§8°C for 5@y, Jke maptm)mxztum Wagriopesniraiechet ri ol
- et hylaﬂcbm& ydsnlem{ Sha¥ QxvASIuRHEd by coludsD chRnthR gBephy Gsrabidnt Blufier & Si1ne ri ol ,
g ygéhaf Pet?oxgﬁf&xérz LV dipe -a&@,yldxo%yﬁs.@rxé(ﬁﬁmyﬂr@ﬁﬂ&&ﬁ R 5S} 40

28) (ﬂPHWH%thOZyB‘I‘FéW 21 3RA8-39 (p90mer Dimet YR (300MIE, SRCB5s) or o

har maceui88&@H, v J Jtizk ptlabl.49( A, m)ok.40:t.dURH MY, B4B- A (2R 8n); 2021855, 198

ECT / GFO|2/ @0:1D6a(oH, dﬁhﬁt—qgrmwmﬂs()? F6(H, gh)psawlsmaﬂr th3 64(1H, dd, 9, SI-Ilz?
Do Q%éd&’wﬁ Pooren oo it

accept abl e s A "conpoun in any one
of thé5préc,7§%@‘B6 z;rlﬁig %ﬂ \H?)t hout provisos a) and b), for use in

medi cine. 8. A pharmaceutical fornulation conprising at |east one conpound

as definegyin apys-piperidinetitiol 1MEony]-2-Chydrodtiethyl)t {RSIBRARBS) sos a) and b),
optional Iy together wth one or nore 10 pharnmaceutically acceptable -

carriers, excipients and/or di IHu t s 9. gcess for the preparation of a
conpound as defined in any one qgg lto 15 which conprises: a)
reacting a conpound of formula (In: jdl =~ "' N HO.~~"OH OHwth

NaBHBEQI and an al dehyde of formula R2CHO wherei n R is Cl_ I5 straight or
branchedchain al kyl, in acetic acid-neth or with NaBH( QA 3 and an
al dehyde &iperidingn]inpngls3 ﬁéth@Pw)ﬁz[(w@n@&wqhstw&a£2

br anched- ¢baimg) ahkdibsolvepin Ma@HI|(YOrsyiositstitred exdrriight Gﬂde?cyyﬂrogelnlathSPImnd
optional I y, !h@Pégénupaﬁdidw(so@,g)t MBe RYMDE MiktGieWehs HiREAA a&&ghfcammf&me@HO

moi ety by rl_.Jat as %)V vgartlg “(/:a% S)balcl)lg th%tf(i’ti;gte \9%5) %g %@At%(&’ %Bnéé’?t‘?{tgwa%u}ﬁlﬁe& By 25

- (
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-[(
4,
[ (

TRWRERERER P

defined i I on
f or nufa ( |aP§0}‘Pt102 Qntgd)qwep( ﬂ@LZQQresm ulca;wl mixture of 1:7 aquedu
ammonia: water to give 3,4,5 p1pend1netnol 1-nonyl-2 (hydroxymethyl)-, (2S,3R,4R,5S)

(160mg, 61%) as a gummy solid. ‘'H NMR (300MHz, CD;0D) 8 0.91(3H, m); 1.3(12H, bs);
1.45-1.58(2H, m); 2.53-2.69(2H, m); 2.70-2.84(2H, m); 3.00-3.07(1H, m); 3.35-3.42(1H, m);
3.49-3.58(1H, m); 3.70(1H, dd, J = 9, 5Hz); 3.78-3.89(2H, m). MS m/z 290.4 (M+H)".

30
Example 7 3,4,5-Piperidinetriol, 1-(1-ethyl)propyl-Z-(hydroxymethyl)-,
(2S,3R,4R,5S)
a) Piperidine, 1-(1-ethyD)propyl-3,4,5- trls(phenylmethoxy) -2-
[(phenylmethoxy)methyl], (2S,3R,4R,5S)

35

. N,
BnQ
BnO B0
OBn

1,5-Di-O-methanesulfonyl-2,3,4,6-tetra-O-benzyl-D-glucitol (4.0g) was dissolved in 1-
ethylpropylamine (6ml) and stirred at 55°C for 4 days. The reaction mixture was concentrated
40  and the resultant brown oil was purified by column chromatography on silica gel (gradient
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wherein Ris as defined in claiml1l, and P, which may be the sane or
different, are hydroxy protecting groups. 10. The use of a conpound as
defined i yppwsepg of clainse 1 to 6, but w thout provisos @r/gei200806 | N

t he manufacture of an inhibitor of glucosylceram de synthase. 11. The use
of a conmpound as defined in any one of clains 1 to 6, but w thout provisos

35 f
Sl) yool |t8| E} ioh 0 td fs% HRAY f &E&;ﬁgﬁol%m &h&?ﬂ'g‘f@fﬁm&mﬁen (tllé&yi)bﬁoasil@v\;]efel a

P
gl ycol i pi d“i?l(é;@g@ h@?@é?éé&ef‘ ?ﬁ] 3@%@%%5529#5% é@l%}lagggalg Tay Sachs
di sease, Fabow oidli HOBYR (EPCEMS C5rhB6(6Riralo &1 %1.30@H, mpd 302 41<EH. g 2.62-

PCTI GB02I Y@L, 13, 2.5 eHLER T ofl 2 55 HABBOBGH HI, mie3.# 318 43QH, mpy3.66-8732He| ai s 1

o 6, But rrrxg‘ %@9@%{'\@'6 ?1'939&)2:}(5%%% 4,63, ’?dt@H%%'E?@HUABqPE 28.7pdiogament for

t he treat mann- 'sease type C, mucopol ysaccharidosis type I,
mucopol ysd@®chari dosis type 111D, nucopol ysaccharl dosis type 5 II1A
.mucopol ysacchari dosis type VI, nucopol ysaccharidosis type VII,

a- mannosi 49si s 3y,5-Pipevanietrivl Jodi@hyl)ivepyi2-(hfdrodyinethgp, @8,3R 4R5F)ound as
defined in any one of clainms 1 to 6, but wi thout provisos a) to c), in the

manuf acture of a nedi canent for th t t of neuronal cancer including
10 neurobl astomm, brain cancer, raﬁﬁ&@g\arci noma, malignant nel anom,
mul ti ﬂhe nyel oma and rnul ti -drug resis I%n_t ancers. 15. The use of a

conpourid as defined in any one of clains 1 to 6, but without provisos a) to
c), in the manufacture of a medicanent for use in the treatnent of

Al zhei mer ' agoliian ef pipesidinsi 1-pefhyDpsenybh.4.5-tris(phenasthozy) - Kehs8d- or  spi nal
injury. 1Gmethdxg)mesteyljoR2S ARABIHSY (rvtbghin mieliannigdSmhin wangdded BACE (760mg)ethe t o 6,
but Wi t hoyt, REPHIxBRS wad stirRd Ghder hiartdsphER YA hakbdeh Bvhight. m@aﬁ@y&wt for use

in thg gt red gﬁ%ﬁ%ﬁoﬁgxeﬂﬂn SR reac%uss.% #g@as ﬁ}ﬁ?ecdttm%ug] LU g,% qgmeo%g%e Oach

utili rgani sm

20 itself cv@gm@n&wweg@ew apffévteﬂn@am%éﬁqwomeé 233 %rﬁgl@an
i nf ect i ouslwiog aithamextfugerof t¥i 286 aqueows ymiroeiivaten gavgl aftco bypphitisation, 3et ,5-s an

essenti al ertXRARGE §01-cMyDHBSA-2- (ia?dro;@ﬁﬁmy@e(me.mmemxgmﬂ @a%t;iesfa ned in any
one of clal rrt%fséuf‘h ttg t%é‘é‘i{ HH -1%§’(4?1)m oy 11718 ac“”e of

N R g@,aﬁﬁbeilgmdyleoﬁ‘igzeﬁ'&% ﬁﬁ&ﬁéﬁé‘(?éﬁ @W i

renal hypet7(3ihm). MSd/atIe®tl .er osis. 18. The use of a corrpound as defined
in any one of clains 1 to 6, but wthout provisos a) to c), in the

manuf act ur. me on treat abl e by
t he 30 adrﬁs‘ﬁl eragaé‘j dj@g;ﬁ:(g&g&% "lhglgl(stdégtglggﬁﬂgl ?éiy/? &gng IO)SI de. 19. The use
of a corrpd% fined in any one of clains 1 to 6, but w thout provisos
a) t025), a)n t HRiperiding, d(B-methydibutyludefi-tristrhenylmsthoy®)e2- n reversi bly

render i ng [gheRyimetidaiatethylf,@SSRI4R,5835 20. The use of a conpound of fornula
(n but without the provisos a) to c), in the manufacture of a nedi canment

for the treatnent of obesity. Zé f formula (I111}:" R PO-~~~~'
N PO ~~~~OP 40 oP 30 WO 02/ (1 %M/OM OG wherein Ris as
defined in claiml1l, and P, which mayl bﬁ the sane or different, are hydroxy
protecti ng groups provi ded that the conpound is not: i) pi per|d| ne,

(Z-2 ghgﬁ% i- Ognqtfw)?ne%ﬁ%;)glp nen -ltertrr%%] gé(r}:z f—l%:ggu(cﬁae(ﬂ %lg)rr\%s 1ss3/12/edr5§ thyll,

1- phenyl rrmdayiylaﬁum: (B-mly and (stioet gtl563Cy1)0r 9 dfysa&be sphatien ixipie/was concemBtRR AR, 5S) ;
and the resultant brown oil was purified by column chromatography on silica gel (gradient
elution 0 to 20% diethyl ether/petroleum ether) to give piperidine, 1-(3-methyl)butyl-3,4,5-
tris(phenylmethoxy)-2-[(phenylmethoxy)methyl], (25,3R 4R, 58) (2.53g, 67%) as a

35 colourless oil. '"H NMR (CDCl,): 8 0.80(6H, d, J = 6Hz), 1.12-1.33(3H, m), 2.39-2.50(2H, m),

2.59-2.70(1H, m), 2.79(1H, dd, J = 11, 4Hz), 3.26-3.32(1H, m), 3.38-3.52(2H, m), 3.56- -
3.67(2H, m), 3.74(1H, dd, ] = 11, 6Hz), 4.43(2H, ABq), 4.52-4.67(4H, m), 4.75(2H, ABq),
7.18-7.30(20H, m).

40 b) 3,4,5-Piperidinetriol, 1-(3-methyl)butyl-2-(hydroxymethyl)?, (28,3R4R,58)
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iii) piperidine,
1- phenyl net hyl - 3, 4, 5-di (acet yl oxy) - 5- (phenyl net hoxy) - 2[ (phenyl nmet hoxy) - net h
yll, (2S,w%we.@Rsa%: or iv) piperidine, PCT/GB02/00106
1- net hyl - 3, 4, 5-di (acet yl oxy) - 5- (phenyl nmet hoxy) -2 10
[ (phenyl met hoxy) -nmet hyl ), (2S, 3S, 4R, 5S5). 31
Al Aas. A" Au ?. A . Axa’ AuAﬁ AlaLr. A(" _.A "L.Aas9. Aa L. A
“L.Aa L. Aa’ L. ANsL. AuL_. Aa’ AaﬂWLA@LAar AasL. ANLr. Aa" _#R
wof it p[ $y2L Y i
'l C'}xsmhc”Y] ca] ca] ca] cal] ca] ca] ca] ca] cal ca] ca] ca] cal ca] ca] ca] caU] ca] cal ca
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) *F ++’E<5&Fom;ond\prpeviqu;1§23®w])wt Afpasighenyieg he&])@a] ca] ca] ca] ca] ca] ca]
ca] ca] calj ﬁﬁhﬂﬂkﬁﬁlﬁﬁﬂeﬂ@i] €24, 37IR 35 )0@]568) in aletahd §3Qal) wad sidit B{I=]l38)- B5g66666
66667 \L7 FIgs ed]g@%. %i? & J adhioRpidre aTRGarsiancdvb eadne abl.C adabaisca] ca] ca]
a cal caj

ca) calta) & Eﬁﬁ C@gg;g_tﬁ%shugugmﬁt@mmdcca&m@a cal ca] ca

5JJJJK( KoRdicaed E
SSTToU@X~Vhejredezufiteria] was pusified by abspesipe aifte Aleef\Aoner SOFKE 2P éﬁs’d’é‘]‘@ g1ton ca) ¢ alc
a] ca] ca] caltk ahfirhea¥ w]zmuqﬁaid]s amjnoaiives) gakdd, piwtidimgttiol) 1-6-" " aaabQf hi j i <

1 1] kkl ppp tyl 2 dro 2s IRARSS) (960mg, 97%) as a gummy solid. "H NMR
por }xgrc ST @g,@ acfcg éj;ga, rf@g?h%glﬁ@ln%ai sgfRlELaa) cal cal ca
wwH| | | R} lOHZ)A-”-#HH@ a al Q: bﬁé&j%&r‘%& ]a?ca] ca] ca]

ca] caj CaUISH@UB 081 HAdd; a]=01@] Swz}),chiiﬁtﬂil,ctaﬂ @@fﬂﬁa-"r &‘K}Hf%}d@‘alﬁ 8% e a68(1
B69{ uoj eljl clogfﬂ{%a:] g .b%?(]zﬁalﬁ%& s e avier] cal ca] ca] ca] cal] cal] ca] cal] ca]
Tca aj ca] ca] ca] ca] caU] ca =S

ca] ca]calca] ca _
BEUX* $yt oi d*XSmh] caU] caU] ca] cal] ca] ca] ca cal ca ca] caU] ca] ca]ca]c
a] ca] ¢%/1U] @ammpu]iaug]e%q glwléla]ﬁg]@] c1]a(12 L% Bgadml‘ ltﬂl) Jeatlcal caj cal
$oubp| dgz s3R RPER] C] ca] ca] cal] ca] ca] ca] ca] ca] cal] ca] cal] ca] cal] ca] caU] cal]
cal cal cal gl ca gm. sashaapheliaaben)2: ONN #
} xr ngb] V\k de cq:sf
alU] ca] ca] ca] ca] cal] cal] ca] cal] ca] cal] ca] ca] cal] c
a] cal] ca] cal] caq} qupke [ V] c] ca] ca] gaU cal ca] ca] ca] ca] cal] ca] cal] ca] cal] c
a]J ca] ca] ca]ca] caUl ca] ca]ca]ca]c ]c U] ca] cal] ca] ca
Gr= EP| vgl ga\ Wke™ [ Vimh] c] ] ca] caU] Eral cal aUc aUc"aUc aUc alJc
a] ca] €a] ca] cal] cal] c
a] cal] ca] ca] ca] ca] ca] cal] ca] ca ca C YTmh] ] cal] ca
Ch] ca ca] OfuPLRDHERFORUPSA G ied) APRAV I SO TSPV A e
a] ca] ca] c phedjighhte] (cla]rﬂ)add]lcsm]r@ladt.l]SﬁE for 3dyps The reaction mixture was

besyt o] eﬂ&ﬁ&é&&ahqeéﬂemhm}&m &l aastaHﬁecm}mlmi m}mﬂbmjw@tﬂ]sdmw@ a] ca] ca
]]Ic?] (z:%gkfcg a “ ]ég ca ?&t&%&%&ﬁma e ca ¢ ] Gl caljcall c
P S
tine 1#6##&%5#&@#&#@@&8&”&&@‘@(@@? 9 98(2E. mYadef 6o b ISR ek 8] ca] ca] ¢
a] ca] ca] c&aien) xﬁﬁ]zcalilmimal)pm!(ml &RJ ed] ,c‘&m@]%aii 0] .k 841 SA6CL] ca] ca] ca

Ul ca] cal] rg]ﬁ (‘Sﬁ@ Qi {ﬁ iZB%@Mlﬁ%Gﬁl@&ﬁzﬁ@@?(lH dd, J =10,
i el T e L e Nk
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HO
HO HO
OH

To a solution of piperidine, 1-(2-phenyl)ethyl-3 ,4,5-tris(phenylmethoxy)-2-

[(phenylmethoxy)methyl],(2S,3R,4R,5S) (4.0g) in methanol (30ml) was added PdCl, (1.4g).

The reaction mixture was stirred under an atmosphere of hydrogen overnight. TLC analysis

indicated completion of the reaction and it was filtered through a celite pad and concentrated.
40  The crude material was absorbed onto 20g of Dowex 50X4-200 resin and eluted with a

—<<O
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a) Piperidine, 1-(3-phenyl)propyl-3,4,5-tris(phenylmethoxy)-2-
[(phenylmethoxy)methyl],(2S,3R,4R,5S)

1,5-Di-0O-methanesulfonyl-2,3,4,6-tetra-O-benzyl-D-glucitol (5.0g) was dissolved in 3-
phenylpropylamine (5ml) and stirred at 55°C for 3 days. The reaction mixture was
concentrated and the resultant brown oil was purified by column chromatography on silica gel
(gradient elution 0 to 25% diethy] ether/petroleum ether) to give piperidine, 1-(3-
phenyl)propyl-3.4,5-tris(phenylmethoxy)-2-{(phenylmethoxy)methyl], (2S,3R, 4R,5S) (4.25g,
100%) as a pale yellow oil. 'H NMR (CDCl): & 1.72-1.84(2H, m), 2.54-2.64(4H, m), 2.70-
2.80(1H, m), 2.87(1H, dd, J = 11, 5Hz), 3.34-3.39(1H, m), 3.46-3.62(2H, m), 3.65-3.74(2H,
m), 3.84(1H, dd, J = 10, 6Hz), 4.52(2H, ABq), 4.62-4.75(4H, m), 4.84(2H, ABq), 7.12-
7.39(25H, m).

b) 3,4,5-Piperidihetriol, 1-(3-phenyl)propyl-2-(hydroxymethyl)-, (2S,3R,4R,5S)

To a solution of piperidine, 1-(3-phenyl)propyl-3,4,5-tris(phenylmethoxy)-2-
[(phenylmethoxy)methyl],(2S,3R,4R,5S) (4.2g) in methanol (40ml) was added PdCl; (1.6g).
The reaction mixture was stirred under an atmosphere of hydrogen overnight. TLC analysis
indicated completion of the reaction and it was filtered through a celite pad and concentrated.
The crude material was absorbed onto 20g of Dowex 50X4-200 resin and eluted with a
mixture of 1:7 28% aqueous ammonia:water . The product fractions were lyophilised and
then purified by column chromatography on silica gel (gradient elution 0 to 20%
MeOH/dichloromethane) to give 3,4,5-piperidineﬁ*iol, 1-(3-phenyl)propyl-2-
(hydroxymethyl)-, (2S,3R,4R,5S) (1.36g, 71%) of as a clear gum. 'H NMR (D,0): & 1.69-
1.82(2H, m), 2.44(1H, dd, J = 12, 10Hz), 2.51-2.72(4H, m), 2.78(1H, dd, ] = 13, 5Hz),
3.05(1H, dd, T = 11, 5Hz), 3.34(1H, t, J = 9Hz), 3.52(1H, ddd, J = 10, 9, 5Hz), 3.66(1H, dd, J
= 10, 5Hz), 3.71-3.81(2H, m), 7.17-7.35(5H, m). MS m/z 282 (M+H)*. |
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b) 3,4,5-Piperidinetriol; 1-(2-ethyDhexyl-2-(hydroxymethyl)-, (ZS,SR,4R,SS)

HO \/Q
HO s
OH

To a solution of piperidine, 1-(2-ethyl)hexyl-3,4,5-tris(phenylmethoxy)-2-
[(phenylmethoxy)methyl], (2S,3R,4R,5S) (2.6g) in methanol (20ml) was added PdCl,
(900mg). The reaction mixture was stirred under an atmosphere of hydrogen overnight. TLC

25  analysis indicated completion of the reaction and it was filtered through a celite pad and
concentrated. The crude material was absorbed onto 13g of Dowex 50X4-200 resin and
eluted with a mixture of 1:7 28% aqueous ammonia:water. The product fractions were then
purified by column chromatography on silica gel (gradient elution 0 to 10%
MeOH/dichloromethane) to give, after lyophilisation, 3,4,5-piperidinetriol, 1-(1-ethyl)hexyl-

30  2-(hydroxymethyl)-, (2S,3R, 4R,5S) (320mg, 28%) as a gummy solid. 'H NMR (CDCl): §
0.68-0.80(6H, m), 1.08-1.32(9H, m), 2.30-2.46(3H, m), 2.60(1H, dd, J = 13, 5Hz), 2.90(1H, -
dd, J = 12, 6Hz), 3.30-3.38(1H, m), 3.40-3.49(1H, m), 3.55(1H, dd, J = 13, 9Hz), 3.66(1H, dd,
J =9, 5Hz), 3.74(1H, dd, J = 11, 7Hz). MS m/z 276 (M+H)".

20

35 Example12  3,4,5-Piperidinetriol, 1-(2-ethyl)butyl-2-(hydroxymethyl)-, (2S,3R,4R,5S)
a) Piperidine, 1-(2-ethyl)butyl-3,4,5-tris(phenylmethoxy)-2-
[(phenylmethoxy)methyl],(2S,3R,4R,5S)
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nB} r g450! I'"%l08tkién 69 piperidine, 1-(2-ethyl)butyl-3,4,5-tris(phenylmethoxy)-2-

[(phenylmethoxy)methyl], (2S,3R,4R,5S) (1.93g) in methanol (20ml) was added PdCl,

(800mg). The reaction mixture was stirred under an atmosphere of hydrogen overnight. TLC

analysis indicated completion of the reaction and it was filtered through a celite pad and

concentrated. The crude material was purified by absorption onto 10g of Dowex 50X4-200

20  resin and elution with a mixture of 1:7 28% aqueous ammonia:water gave, after

lyophilisation, 3,4,5-piperidinetriol, 1-(2-ethyl)butyl-2-(hydroxymethyl)-, (2S5,3R,4R,S5S)

(735mg, 94%) as a white solid. '"H NMR (CDCl,): § 0.78(6H, t, ] = 7Hz), 1.14-1.30(5H, m),

2.32-2.48(3H, m), 2.63(1H, dd, J = 13, 5Hz), 2.92(1H, dd, ] = 13, 6Hz), 3.37(1H, t, ] = 9Hz),

3.47(1H, ddd, J = 10, 9, 4Hz), 3.57(1H, dd, J = 11, 7Hz), 3.68(1H, dd, J =9, 6Hz), 3.77(1H,

25  dd, ] =11, 4Hz). MS m/z 248 (M+H)".

"100ZZ& ()-!1S "10%& ()-!6 "10%

Example 13 3,4,5-Piperidinetriol, 1-[(2R)-(2-methyl-2-phenyl)ethyl]-2-

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

a) Piperidine, 1-[(2R)-(2-methyl-2-phenyl)ethyl]-3,4,5-tris(phenylmethoxy)-2-
30 [(phenylmethoxy)methyl],(ZS,SR,4R,SS)'

Me
BnO
BnO Bn0
OBn

1,5-Di-0-methanesulfonyl-2,3,4,6-tetra-O-benzyl-D-glucitol (2.5g) was dissolved in DMF (3
35 ml). Diisopropylethylamine (1.5ml) and R(+)-B-methylphenethylamine (1g) were added and

the reaction was stirred at 55°C for 5 days. The reaction mixture was concentrated and the

resultant brown oil was purified by column chromatography on silica gel (gradient elution O
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analysis indicated completion of the reaction and it was filtered through a celite pad and
concentrated. The crude material was purified by absorption onto 10g of Dowex 50X4-200
resin and elution with a mixture of 1:7 28% aqueous ammonia:water gave, after
lyophilisation, 3,4,5-piperidinetriol, 1-[(2R)-(2-methyl-2-phenyl)ethyl]-2-(hydroxymethyl)-,
(2S,3R 4R, 5S) (300mg, 92%) of as a gummy solid. 'H NMR (CDCl,): § 1.18(3H, d, T =
20 5Hz), 2.42(1H, dd, J = 12, 9Hz), 2.56-2.87(5H, m), 3.29(1H, t, J = 9Hz), 3.39-3.66(4H, m),
7.07-7.23(5H, m). MS ni/z 282.3 (M+H)". '

Example 14 3,4,5-piperidinetribl, 1-[(2S)-(2-methyl-2-phenyl)ethyl]-2-
. (hydroxymethyD-, (2S,3R,4R,5S)
25 a) Piperidine, 1-[(2S)-(2-methyl-2-phenyl)ethyl]-3,4,5-tris(phenylmethoxy)-2-
[(phenylmethoxy)methyl],(2S,3R,4R,5S)

Ma
8n0O
BnO: 00
OBn

30  1,5-Di-O-methanesulfonyl-2,3,4,6-tetra-O-benzyl-D-glucitol (2.5g) was dissolved in DMF
(3ml). Diisopropylethylamine (1.5ml) and S(-)-p-methylphenethylamine (1g) were added and
the reaction was stirred at 55°C for 5 days. The reaction mixture was partitioned between
aqueous NaOH (1M, 30ml) and ethyl acetate (50ml). The organic phase was washed with
saturated aqueous NaHCO;, dried over Na,SO, and concentrated. The resultant crude oil was

35  purified by column chromatography on silica gel (gradient elution 0 to 17% diethyl
ether/petroleum ether) to give piperidine, 1-[(2S)-(2-methyl-2-phenyl)ethyl}-3,4,5-
tris(phenylmethoxy)-2-{(phenylmethoxy)-methyl], (2S,3R,4R,5S) (700mg, 31%) as a pale
yellow oil. 'H NMR (CDCLs): 8 1.17-1.21(3H, m), 2.55-2.64(1H, m), 2.79(1H, dd, ] = 12,
7Hz), 2.87(1H, dd, J = 13, 6Hz), 2.98(1H, dd, J = 13, 7Hz), 3.20-3.26(1H, m), 3.40-3.54(3H,

40  m), 3.69(1H, dd, J = 10, 2Hz), 3.84(1H, dd, J = 13, 7Hz), 4.46-4.70(6H, m), 4.8(2H, ABq),
7.09-7.38(25H, m).
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To a solution of piperidine, 1-[(2S)-(2-methyl-2-phenyl)ethyl]-3,4,5-tris(phenylmethoxy)-2-
[(phenylmethoxy)methyl], (2S,3R,4R,5S) (700mg) in methanol (15ml) was added of PdCl,
(300mg). The reaction-mixture was stirred under an atmosphere of hydrogen overnight. TL.C

10  analysis indicated completion of the reaction and it was filtered through a celite pad and
concentrated. The crude material was purified by absorption onto 10g of Dowex 50X4-200
resin and elution with a mixture of 1:7 28% ammonia: water gave, after lyophilisation, 3,4,5-
piperidinetriol, 1-[(2S)-(2-methyl-2-phenyl)ethyl]-2-(hydroxymethyl)-, (25,3R,4R,5S)
(250mg, 81%) as a gummy solid. '"H NMR (CDCL,): § 1.17(3H, d, J = 5Hz), 2.45(1H, dd,J

15 =13, 10Hz), 2.59(1H, dd, J = 13, 4Hz), 2.64-2.86(3H, m), 2.95(1H, dd, J = 14, 6Hz), 3.34
(1H, t, J = 8Hz), 3.42-3.55(2H, m), 3.64 (1H, dd, J = 8, 5Hz), 3.74(1H, dd, J = 11, 6Hz), 7.08-
7.23(5H, m). MS m/z 282.3 (M+H)".

Example 15  Piperidine, 1-[(4-methoxyphenyl)methyl}-3,4,5-tris(phenylmethoxy)-2-
20 [(phenylmethoxy)methyl], (2S,3R,4R,5S) [protected intermediate]

T

8n0 800

OBn

1,5-Di-O-methanesulfonyl-2,3,4,6-tetra-O-benzyl-D-glucitol (25g) was dissolved in 4-

25  methoxybenzylamine (50 ml) and stirred at 55°C for 4 days. The reaction mixture was
concentrated and the resultant brown oil was purified by column chromatography on silica gel
(gradient elution O to 23% diethyl ether/petroleum ether) to give piperidine, 1-{(4-
methoxylphenyl)methyl]-3,4,5-tris(phenylmethoxy)-2-[(phenyl-methoxy)methyl],
(28,3R4R,5S) (17.1g, 75%) as a pale yellow oil. '"H NMR (CDCls): § 2.50-2.60(1H, m),

30 2.83(1H, dd,J = 13, 4Hz), 3.39-3.44(1H, m), 3.51-3.61(2H, m), 3.64-3.80(3H, m), 3.84(3H,
s), 3.70-3.77(2H, m), 4.54(2H, s), 4.58-4.69(4H, m), 4.85(2H, ABq), 6. 87(2H d, J THz),
7.18(2H, d, J = 7 Hz), 7.26-7.40(20H, m).

Biological Data

35  The compounds of the invention were assayed (Table 1) to determine their ICsp concentrations
against galactosidase and glucosylceramide synthase In the former case, assays were carried out
according to the methods described in Jacob and Scudder, Methods in Enzymology, (1994), 230,
280. In the case of glucosylceramide synthase, assays were carried out according to the method
described in Platt et al, J.Biol.Chem., (1994), 269, 27108.
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Table 2 shows data for human enzymes. The assay for inhibition of GCS was performed
5  essentially as described in Platt et al, J.Biol.Chem., (1994), 269, 27108, the enzyme source being
human recombinant GCS expressed in insect cells. The glucosidase assays were performed as
described (Biochemical Genetics, A Laboratory Manual, Oxford University Press) except that p-
nitrophenyl linked substrates were used instead of methylumbelliferone linked substrates.

10 Table2 .

Compound Human GCS | Human §- Humano- | Human p-
glucosidase glucosidase galactosidase
(ICs pM) (ICs pM) (ICso uM) (i pM)
NB-DNIJ 15 960 <20 uM No inhibition at
1mM

NB-DGJ Not tested Not inhibitory Not inhibitory 40
Example 2 10.6 Not inhibitory Not inhibitory Not inhibitory
Example 3 4.0 Not inhibitory Not inhibitory Not inhibitory

Thus; the compounds of the invention exhibit less inhibitory action against both glucosidases and
galactosidases (thereby reducing side effects) than compounds such as NB-DNJ or NB-DGJ,
while retaining activity against glucosylceramide synthases.
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wherein
R is C,.y¢ straight or branched-chain alkyl, optionally substituted by C,.;cycloalkyl,
and optionally interrupted by -O- the oxygen being separated from the ring nitrogen by at
10  least two carbon atoms, or C;.jpalkylaryl where aryl is phenyl, pyridyl, thienyl or furyl
wherein phenyl is optionally substituted by one or more substituents selected from F, Cl, Br,
CF,, OCF;, OR', and C,.¢straight or branched-chain alkyl; and
R' is hydrogen, or C,.¢ straight or branched-chain alkyl;
provided that the compound is not:
15 a) 3,4,5-piperidinetriol, 1-butyl-2-(hydroxymethyl)-, (2S,3R,4R,5S);
b) 3,4,5-piperidinetriol, 1-phenylmethyl-2-(hydroxymethyl)-, (2S,3R 4R,5S); or
c) 3,4,5-piperidinetriol, 1-nonyl-2-(hydroxymethyl)-, (25,3S,4R,5S).

2, A compound as defined in claim 1 wherein the hydroxyl group at position 3 is in the
20 R configuration.

3. A compound as defined in claim 1 or 2 wherein R is C,.4 straight or branched-chain
alkyl.
25 4. A compound as defined in claim 3 wherein R is Cs.1o straight chain alkyl.
5 - A compound selected from:

3,4,5-piperidinetriol, 1-propyl-2-(hydroxymethyl)-, (25,3R,4R,5S)
3.,4,5-piperidinetriol, 1-pentyl-2-(hydroxymethyl)-, (2S,3R,4R,5S)

30  3,4,5-piperidinetriol, 1-heptyl-2-(hydroxymethyl)-, (2S,3R,4R,5S)
3,4,5-piperidinetriol, 1-butyl-2-(hydroxymethyl)-, (25,3S,4R,5S)
3,4,5-piperidinetriol, I-nonyl-2-(hydroxymethyl)-, (2S,3R,4R,5S)
3,4,5-piperidinetriol, 1-(1-ethyl)propyl-2-(hydroxymethyl)-, (2S,3R,4R,5S)
3,4,5-piperidinetriol, 1-(3-methyl)butyl-2-(hydroxymethyl)-, (2S,3R,4R,5S)

35  3,4,5-piperidinetriol, 1-(2-phenyl)ethyl-2-(hydroxymethyl)-, (2S,3R,4R,5S)
3,4,5-piperidinetriol, 1-(3-phenyl)propyl-2-(hydroxymethyl)-, (2S,3R,4R,5S)
3,4,5-piperidinetriol, 1-(1-ethyl)hexyl-2-(hydroxymethyl)-, (25,3R,4R,5S)
3,4,5-piperidinetriol, 1-(2-ethyl)butyl-2-(hydroxymethyl)-, (2S,3R,4R,5S)
3,4,5-piperidinetriol, 1-[(2R)-(2-methyl-2-phenyl)ethyl]-2-(hydroxymethyl)-, (25,3R,4R,5S)

40  3,4,5-piperidinetriol, 1-{(2S)-(2-methyl-2-phenyl)ethyl]-2-(hydroxymethyl)-, (2S,3R,4R,5S)
or a pharmaceutically acceptable salt or prodrug thereof.
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t!10%Z& (3§- A pharmaceutical formulation comprising at least one compound as defined in any .
one of claims 1 to 6, but without provisos a) and b), optionally together with one or more -

10  pharmaceutically acceptable carriers, excipients and/or diluents.

9. A process for the preparation of a compound as defined in any one of claims 1to 6 -
which comprises: '
a) reacting a compound of formula (II):
15
!
Ho™ "™
HO "OH
OH '

Ly
with NaBH;CN and an aldehyde of formula R2CHO, wherein R? is C,.;s straight or branched-
chain alkyl, in acetic acid-methanol, or with NaBH(OAc); and an aldehyde of formula

20  RCHO, wherein R? is C,.;5 straight or branched-chain alkyl, optionally substituted by Cs.
scycloalkyl, and optionally .intefru_pted by -O- the oxygen being separated from the CHO -
moiety by at least one carbon atom, or Co.salkylaryl where aryl is as defined in claiml, ina

solvent; or _
b) deprotection of a compound of formula (IIT):
25
7
po” N
PO'Q “op
OP
(m)
wherein R is as defined in claim 1, and P, which may be the same or different, are hydroxy
protecting groups.
30
10. The use of a compoimd as defined in any one of claims 1 to 6, but without provisos a) .
to c), in the manufacture of an inhibitor of glucosylceramide synthase.
11 The use of a compound as defined in any one of claims 1 to 6, but without provisos a)

35  toc), in the manufacture of a medicament for the treatment of a glycolipid storage disease.

12. The use as claimed in claim 11 wherein the glycolipid storage disease is Gaucher
disease, Sandhoffs disease, Tay-Sachs disease, Fabry disease or GM1 gangliosidosis.
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&' ()-zA++,15, 6- She pse@f_@@#npou@ial_s@lb@‘le@)in any one of claims 1 to 6, but without provisos a) -
to c), in the manufacture of a medicament for use in the treatment of Alzheimer’s disease,
15 epilepsy, stroke, Parkinson’s disease or spinal injury.

16. The use of a compound as defined in any one of claims 1 to 6, but without provisos a)
to ¢), in the manufacture of a medicament for use in the treatment of disease caused by infectious
microorganisms which utilize glycolipids on the surface of cells as receptors for the organism

20  itself or toxins produced by the organism or disease caused by infectious organisms for which the
synthesis of glucosylceramide is an essential or important process.

17. The use of a compound as defined in any one of claims 1 to 6, but without provisos a)
to ¢), in the manufacture of a medicament for use in the treatment of diseases associated with

25  abnormal glycolipid synthesis, e.g. polycystic kidney disease, diabetic renal hypertrophy and
atherosclerosis.

18. The use of a compound as defined in any one of claims 1 to 6, but without provisos a)
to c), in the manufacture of a medicament for the treatment of a condition treatable by the
30  administration of a ganglioside such as GM1 ganglioside.

19. The use of a compound as defined in any one of claims 1 to 6, but without provisos a)

to ¢), in the manufacture of a medicament for use in reversibly rendering a male mammal

infertile.

35 '
20. The use of a compound of formula (I) but without the provisos a) to ¢), in the
manufacture of a medicament for the treatment of obesity.

2L A compound of formula (II):

40 op
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