WD 03/ 105769 PCT/ US03/ 18789 SYNTHETIC C- GLYCOLI PID AND I TS USE FOR TREATI NG
CANCER, | NFECTI QUS DI SEASES AND AUTO MMUNE DI SEASES This application clainms
priority under 35 U . S.C. 119(e) fromU. S. Provisional Application Serial No.
60/ 388, 862,k une 13, 2002, which is incorporated h ' ef erence
inits entﬂyé?gﬁg?ﬁis i nventi on was made w th gover nnment gﬁgﬁgﬁﬁ%ﬂﬁder gr ant
nunmber R21 A147840-01 Al, awarded by the National Institute of

Heal t h/ Nati onal Institute of Allergy and Infectious D seases, and grant
nunber RO GM 60271, awarded by the National Institute of Health/Genera

Medi cal Sciences. Accordingly, the United States Governnent has certain
rights in the invention. FIELD OF THE | NVENTI ON The invention is directed to
novel synthetic C-glycolipids, which are useful in treating cancer,

i nfecti ous di seases and aut oi nmune di seases. Specifically, the invention is
directed to novel synthetic anal ogs of a-C-gal actosyl ceram des, which are
potent nediators of Natural killer T cells, and to nmethods of making the
novel synthetic anal ogs. BACKGROUND OF THE | NVENTI ON Natural Kkiller T (NKT)
cells are lynphoid cells which are distinct from mainstreamT cells, B cells
and NK cells (Arase et al., 1992, Proc. Nat'l Acad. Sci. USA, 89:6506;
Bendel ac et al., 1997, Annu. Rev. |Immunol ., 15:535). These cells are
characterized by co- e 3¥CEHETHC £i-GIX CRLIPIPANBUIFTSISHd seni-invariant T cel |
receptors (TCR) eNORIFREATING CANCERJINFEGHOUSBISBASESi n nice and Va24 and
JaQ gene segnents in hunahAND AUEOINIMUNE IISEASESKT cells in vivo pronptly

i nduces a-series of WD 03/105769 PCTIUS03/ 18789 cellular activation events

| eading to the actiyatign of innate cell ural _killer (NK) cells
and dendritic cell _hlf Béilzcatﬂ%d%@tsip\?gﬁydlﬁﬁ?f?’gggﬁgf ilgg(lel:é?rpé}séuch as B cells
and T  c@kdvisiodah Applivdtied Seriul Do, 60)386,36ZUFRE Piné 1TDLE02 WaRhIEIcdPSraRpr Ut

rel ease of cytokines such as interleukin-4 (IL-4) and interferon-y (IFNYy)

(Burdi n SFreHkbY BlFFencoiniffRHELY. 29: 2014- 2025, 1999; Carnaud et al., J.
I 'munol ., 163:  4647pi¢ BrEntichWa mdtelvii foRertineAt supporfdier grant mumber R21

Al47840-01A1, awarded by the National Institute of Health/National Institute of Allergy
and Infectious Diseases, and grant number R01 GM 60271, awarded by the National
Institute of Health/General Medical Sciences. Accordingly, the United States Government

has certain rights in the invention.

FIELD OF THE INVENTION
The invention is directed to novel synthetic C-glycolipids, which are useful
in treating cancer, infectious diseases and autoimmune diseases. Specifically, the
invention is directed to novel synthetic analogs of c-C-galactosylceramides, which are
potent mediators of Natural killer T cells, and to methods of making the novel synthetic

analogs.

BACKGROUND OF THE INVENTION
Natural killer T (NKT) cells are lymphoid cells which are distinct from
mainstream T cells, B cells and NK cells (Arase et al., 1992, Proc. Nat'l Acad. Sci, USA,
89:6506; Bendelac et al., 1997, Annu. Rev. Immunol., 15:535). These cells are
characterized by co-expression of NK cell receptors and semi-invariant T cell receptors
(TCR) encoded by V14 and Jo281 gene segments in mice and Vo24 and JoQQ gene

segments in humans. The activation of NKT cells in vivo promptly induces a series of



Med., 189: 1121-1128, 1999; Kitamura et at, Celllmmunol., 199: 37-42, 2000;
Aderemet al., Nature, 406: 782-787, 2000). In addition, activated NKT cells

can thensel ves bring about killing nediated by Fas and perforin. The full
activati on wa98asesscan be recruited by the engagerrent of %S-c@ﬁ"

Al ternati-vely, powerful T-helper-cell type 1(Thl functi e

sel ecti vel tr| gered by cytoki nes such as |nterleuk in-12 (1L-12) rel eased
by i nf ect® gnt@lea@@gtmheg@mmmﬂmaée@ilemy@ﬁsm killeel y to be
correl at qfgy anhfa@ndﬂmceef@gﬁcy e SoaibTr b dofls GRAU BloBfiSarigch as
aut oi rmune |a etes, reject o0f  “esta tunours or the prevention of

cheni cal |oglls, thitvindwttiom nbea-stinfntatetyi mdbml@tandthe abfiPofeleaSe dforytakined ikh ag 845;

Nt |- ac et 0B gl gt Barii o, B £35S Ble "ady "550

1998; Wlmm, 1999 atmnauﬁl&t a!renlnaﬂzlnol 1i65: 46417,-46569&999141&rhmetet i, J. Bxp. Exp. Med.,
191: (l%tg 200) aII NKT cel |l s are thought tqo contribute to
ant i mi cr d¥¢dy 189; ltlﬁg yrp g 3l C8lb pmunels B AT 144e00; Adeemist - Tho

pol ari zatg, ONat(zQJ l406°»t78§11787 J20059< Pn aM&iflon, adtRited bﬁ@ﬁc&i%?can ih%%%glvé' H}QJ% et al.
| munol ., 163 1999; Shinkai et at 19 907- 914

2000) . Thebewt 1%1@113 Qleé!a@dtbb!é‘iaemﬁleﬁfml Thaﬁékﬁc&@tﬂeéya%ﬁdmm resmlited in i nnat e
e r SRR R VGG 100 RALAANR, philefn Wl P8 1 Byfie devel opment

of adaptrve i ne’ r esponses rerai nmol ecul es
t ypi cal | annﬂcmmepbhmlmrgperemhﬁcMMmuﬁﬂasmdemduam (IE€12) geleastdycol i pi ds

contain an.o sacc bonded .a |ipid conponent..
Sphi ngogﬁ?’dﬁ%"?%?ﬂ?“&? ﬂ‘pﬁgg clgf"ifr' qgpLAre &?313(‘5#]'61%“5’ NBFQP?B(T@ as the
l'i pi d conromgidttanteR ofmpcalfs 1S SN RHAYEIE Bk éuﬂdnﬂﬁndn% dajbeRa rejettmlopsy| ceram des

(a- GalOer%ahhv\,hl ch contain D-gal actose as the saccharide noiety, and ceram de

as the | iogiablishadtumoprs of tprexsntips ofchgmijcadly indnerdnmgns Y pshimetochal-ed from
CKi nawan gk i (ﬁ@ﬁg a s 4,1994). It
has been ?%D%%??%?Z%qt%ﬁ%t a- lidcggtral c'éﬁ"%c %d:igtgzd]l@z 18§€ 193%‘71%%@§ vitro and
in vivo. ehalGd99%PrbaNatiedeuds BoWDISH,P 5s 5630 Lettuen Maladt Expi Medab8B: d§3loki ne
product i cells b t r tiMIitY, N Vivo
( Kawano 3@3%?1%9%‘%1}301@6 %ﬂ@@ur 325/'%1 1111762@ gg‘g’%gm%gf %p §}8 Blupra;
Ki t anur a 81-688, 2000 FindlyPNKT: cells b ihbughtb catributé ﬂ&ﬁ&m&umﬁhn@mﬁ@nst rat ed
that the | rmunostl mul ating effect of a-GalCer was initiated 2 WO 03/ 105769
PCT| US03/thigugiotheir capacity to influence the Th1-Th2 polarization (Cui et al., J. Exp. Med., 190:

783-792, 1999; Singh et al., J. Immunol., 163: 2373-2377, 1999; Shinkai et al., J. Exp.

Med., 191: 907-914, 2000). These cells are therefore implicated as key effector cells in

innate immune responses. However, the potential role of NKT cells in the development of

adaptive immune responses remains unclear.

Glycolipids are molecules typically found in plasma membranes of animal
and plant cells. Glycolipids contain an oligosaccharide which is bonded to a lipid
component. Sphingoglycolipids are complex glycolipids which contain ceramide as the
lipid component. One class of sphingoglycolipids is alpha-galactosylceramides (o=
GalCer), which contain D-galactose as the saccharide moiety, and ceramide as the lipid
moiety. c~GalCer is a glycolipid originally extracted from Okinawan marine sponges
(Natori et al., Tetrahedron, 50: 2771-2784, 1994).

It has been demonstrated that o~GalCer can activate NTK cells both in vitro
and in vivo. o-GalCer has been shown to stimulate NK activity and cytokine production
by NKT cells and exhibit potent antitumor activity in vivo (Kawano et al., 1997, Science
278: 1626-9; Kawano et al. 1998, supra; Kitamura et al. 1999, supra). Kitamura et al.
(1999, supra) demonstrated that the immunostimulating effect of a-GalCer was initiated



by CD40- CD40L- nedi ated NKT-DC interactions. As the imunoregul atory functions
of a-GalCer were absent in both CDd-I- and NKT-deficient mce, this

i ndicates that a- Gal Cer has to be presented by the MHC class |-1like nol ecul e
CD1ld. CD 1 we oangpesserved fam |y of non-pol ynorphic genes iy | ated to HC t hat
seens to have evolved to present |ipid and glycolipid ant i'§&ASOVET® cel |'s and
in this way articipates in both an innate and an adaptive pathway of

anti gen I’EGPQ&QD% -tedioled WET-DY interactionst Aaslthe ummregufatmﬁmMM2 2000:;

ee al so Jorcelli et
S : Aﬁnu@akg%w én%Iu?s%oﬁmEHtI?'F]%@?I WQ@%%&%%&@%%&%?CO@H sesI up to
flve di sGalet hageo be ptasamiedpethy MHEA tlasdHikeanslequde @edl i nto two groups on the

basi f I €] 1, .whic CD1 d
Cole, s prosent CH RARRECRA BT or P pelmEorBhe ssamacrat 1o Wl chab o o

i ncl udes sdehls@o hive evdREd b présedt lpi® aﬁpglﬁ@hﬁfdtaﬂhg&s $PT Calls anldig tHigwRg humans. CD1
| sotypes _are expressed selectlvelg by antigen-presenting cells such as

dendr i t i BarEgippies inhod an inpate piinepatumey of antigen peegnifion (rpteweddar t from
CDl d exppggsi 51“ e Imam%z%odm%eé r?gsg%a%{'afﬂ' Er .I}%nﬁ)ﬁgf ysggsin solid

tissues &Porce I et al., supra, l'ac et Annu I munol ., 15:
535-562, 2299939 Parﬂi@el Amur Boo fmared, 1'h 257-669;[1939) dﬂlmfmﬂtfaamlyons by mouse
and hurra ted I hat em -invarjant TCR and
orer - moPormpriess b BCAe Al act BRI Tt A nRkRATRY o ol €0 TS0 DS

CD1d/ a- Eﬂimsecpxeﬂwmndlagy iGroup UrwhicH eqgisesZCl1) CD1beCBNE ingiewregeseptors of
nouse Val4 and human, Va24 natural killer T (NKT I\‘GCI&I | s (Bendel ac et al.
Sci ence, PrgRat indgimnagg But abgapit romapepse a6d . Group 2awhigh tneiigles CPMdaifol ., 15:

535-562, {R8din cied stillied sdHdf, inchididgmospmt - . 30: 620- 625, 2000) a- GlCer has
been dermnstrat to activate nmurine NKT cells both in vivo and in vitro,

upon bi ndi ng to CC¥A1 isahypesvye expressed selegvely by pntigen-prasefitingesellsguch as1 998, J.
| munol . I

1908, g, Skt SEDERS aoroBiieh BB BT o6 Sl b s DITRRERSH T
188: 152 lm]t&ﬁﬁt)mytﬁcthe)eam pieeally mot Seréseed inaslidstissues (Parceliisp hlayuMﬁ,T- medi at ed
anti-tu tivity, in ob t uman NKT cells (Kawano et al.
1999, Ca E‘Eﬁﬁ‘ﬁég‘ﬂ Ag@“s%’zf 8l al% hyié‘I% 3?$ to a-Ga] Cer, other

gl ycosyl ceram des @@mwlm@gamwlcmﬁamhmwtymmﬂmm and
3, 4- hydroxyl groups of the phytosphingosine (such as c*g Iuco?fyl ceram de

[ a- GlcCefP1d-epstrigtedsigaphocytes tiat expregs 4/semisinyamant TERand exerypotent effector
and regulatory functions (Kawano et al., 1997, supra). CD1d/ a-GalCer complex is, in

turn, recognized by the antigen receptors of mouse Vail4 and human Va24 natural killer T
(NKT) cells (Bendelac et al., Science, 268: 863-865, 1995; Bendelac et al., Annu. Rev.
Immunol., 15: 535-562, 1997, Park et al., Eur. J. Immunol., 30: 620-625, 2000).

o~GalCer has been demonstrated to activate murine NKT cells both in vivo
and in vitro, upon binding to CD1d (Kawano et al., 1997, supra; Burdin et al., 1998, J.
Immunol., 161:3271-3281), and in human NKT cells in vitro (Spada et al., 1998, J. Exp.
Med., 188:1529-1534; Brossay et al., 1998, J. Exp. Med. 188:1521-1528). For example,
o-GalCer was shown to display NK T-mediated anti-tumor activity in vitro by activating
human NKT cells (Kawano et al., 1999, Cancer Res., 59:5102-5105),

In addition to a~GalCer, other glycosylceramides having a-anomeric

conformation of sugar moiety and 3,4-hydroxyl groups of the phytosphingosine (such as
arglucosylceramide [o~GlcCer), Galal-6Galal-1'Cer, Galal-6Gleal-1'Cer, Galal-
2Galwl-1'Cer, and GalB1-3Galal-1'Cer) have been demonstrated to stimulate proliferation
of Val4 NKT cells in mice, although with lower efficiency (Kawano et al., Science, 278:
1626-1629, 1997, supra). By testing a panel of o-GalCer analogs for reactivity with



2CGal al-1'"Cer, and G]f |-3Glal-1"Cer) have been denonstrated to stinulate
proliferation of Val4d NKT cells in mce, although with |ower efficiency
(Kawano et al., Science, 278: 1626-1629, 1997, supra). By testing a panel of

a- Gal Cer angb@9gesh@r reactivity with 3 WO 03/105769 PCT/ U%%}l,[?8789 nmouse
Val4 NKT cell hybridonmas, Brossay et al. (J. InmmunolL, 161: B8 1998)

determ ned t ete _truncation of the C chain from 24
to 2 car BSH¥ h@@éﬁ%ﬁ%ﬁ%&%rﬁm?%ﬁf%&’ If”ﬁ%‘”%dgépﬂﬁge%ggll)é?@sponse to

gl ycol i pisteriifeitnitSdarl Ponii1bte GndHBYS 6f P oIGACerab Pl ABMBLN QAR P9. |t has been
al so dermnstrat ed that into adm nistration of csGal Cer not only causes the

acti vat i eabesss depsma significansly affegtthe alogserlﬁﬁg cplkregpanis¢ ot glyeplipidpressried e
producti Bgeﬁif'er use'é for B\ﬁganﬁmln y) by Md-restricted nechani sns, but
lon o

al so indu e ac Iva Goregul atory cells involved in acquired
i mmunity (Nishi rrurlahstbeaﬂl also daﬂﬁr&u'atbahthat inm\mrndtmniﬂiﬂttioﬁ@fa%&()fernﬁpeci fically,

in addition to t ct .vatj NKT c it was shown
a1 Oy gasken e sefative R Sate el R BEGRDE SN hY R HRIEEL  on of ¢ ho
ear |y achpiodadtione. ganmrqu&dqmq@%y CD1dekdtficted 8chahisA] hift alsdffliucd cel | s
(Burdin et al 99, Eur . I'mmunol 29: 2014; Singh et al., 1999, J.

| munol . em@vaﬁggq@mm}a&orglcelgg mvolyesiin acquired immpnity QFishimyraztal,schof i el d
et al ., 38009 e oL, 1228837 9&@55 Eé@ﬁ‘aahyﬁg &htmn %W actid uddﬁwnol

165: 4305 43171)"." Var1 ous r- conmpolinds have been s own in the rior art.
U.S. Patesophiges @memlis, ttoes shoyves thaoin wivo aduiindgtraipy obeidal{fes dgesulie@n 1 Cer

(F:Q(7) mpound th tﬂg mth&lon o?k‘ﬂe e‘Q’i’l{} Doiatids }n'ﬂfk%r CB%Q oh %%+%ell§%]§8+ Qc'élll_sl, 91_!1 ORz O R4
B cells (Burdin et al., 1999, Eur. J, Immunol. 29: 2014; Singh et al., 1999, J. Immunol.
163: 2373; Kitamura et al., 2000, Cell. Immunol. 199:37; Schofield et al., 1999, Science
283: 225; Eberl et al., 2000, J. Immunol., 165:4305-4311).
Various o+GalCer compounds have been shown in the prior art. U.S.

Patent No. 5,780,441 describes mono- and di-glycosylated a+-GalCer compounds of the
following structure:
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ORI OH wherein R is Hor 4 WO 03/105769 PCT/US03/18789 OHO OHI OH OH
RZisH OHOH OHOO Hor OHOO- CH3CONH OH R3 and R6 are H or OH,
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OH x is an integer from19 to 23; and R7 is -(CH2)11-CH3, -(CH2)12-CH3,
-(CH2) 13-CH3, -(CH2)9-CH(CH3)2, -(CH2)10-CH(CH3)2, -(CH2)1l1-CH(CH3)2,
-(CH2) 11- CH(CH3) - C2H5, wherein at |east one of Rl, R2, R4 and R5 is a

gl ycosyl nomg os/1097@¢¢ conpounds are di sclosed for use as antitunor agents, as
bone marrow cell-proliferation treating agents, and as i nhtHBE®B{138Pati ng
agents. \Ij?;:eﬁtly, a- Gal Cer nol ecul es have al so been shown to have activity
agai nst Vi & Qi seases. Kakim, J. Exp. Med. 192: 921-930 (2000) discl oses
that natural killer (NKT) cel IS T8t he 1iver of hepatitis B virus (BBVY)
transgenic mce were activat ﬂ by a single injection of a-Gal Cer, thereby
inhibiting HBV replication. 4 € has al so been shown to be effective
agai nst mcrobial infections.|/@mnzalN\ez-Asequi nal oza, Proc. Natl. Acad. Sci.
USA 97: 8461-8466 (2000) disd yat t he administration of a-Gal Cer
inhibits the devel opnent of nd arasites, resulting in strong
antimalaria activity. a-@l Cer allso denonstrated inhibition of the onset
and recurrence of autoi mMmune typeil diabetes. Sharif, Nature Medicine 7:
1057-1062 (2001) denonstrates thapgactivation of NKT cells by a-Gl Cer

pr ot ect s s ar integenfroén9 tb 2dj idet es and prol ongs the survival of pancreatic
islets transplanted into newy diabetic mce. See also Hong, Nature Medicine

9: 1052- M&@-(Cﬁ%lQ:H3,St@gj)%;|§ﬁ1c%g%ﬁgpm,r_@iﬁgg_cm@HMQmﬂgm@mzpd ~after

the onset of insulitrs, a- 1L-7 di spl ayed 'a synéergy, which is

bel i eved _{@{ngg}&@?l 2;)_@2@&?'[3&@;1:1%?_@2 s,lL- 7 to render NKT cells fully

responsi ve t . as al so denonstrated antifungal activity.

Kawakam ,wtiegf&tléagponead}q{ﬂzﬂh@gaégliﬁ%:a@ggﬁ%?%ée&ml) denonstrates that upon

adm nistration to mce, a i ncr serum | evel of gamma
interferon, resulting in inhibition of the fungal pathogen Cryptococcus

neof or mans. 6 WO OBhd EdnisshnBdre IROBsETFORe afarthinkby ageiits] Bdond AN LovAl SO
denonst rat@%‘i ffectiveness agai nst ,autoi mmune, di seases. M yanoto, Nature 413:

531-534 (SHETifeRiqn Fe3HRg ARRIS, Aud A dmewnostigilatisg 28 ch i nduce TH2 bias of
aut oi mune T cel | SRBYnARURGARER MolcRles Hivk aRb bler Méwh to BRel stidify Produce I L-4,
| eadi ng to suppression of experinmental autoi nmune

against viral diseases. Kakimi, J. Exp, Med. 192: 921-930 (2000) discloses that natural

kitler (NKT) cells in the liver of hepatitis B virus (HBV) transgenic mice were activated

by a single injection of a-GalCer, thereby inhibiting HBV replication. o~GalCer has also

been shown to be effective against microbial infections. Gonzalez-Asequinaloza, Proc.

Natl. Acad. Sci. USA 97: 8461-8466 (2000) discloses that the administration of o~GalCer

inhibits the development of malaria parasites, resulting in strong antimalaria activity.

a-GalCer has also demonstrated inhibition of the onset and recurrence of
autoimmune type I diabetes, Sharif, Nature Medicine 7: 1057-1062 (2001) demonstrates
that activation of NKT cells by a-GalCer protects mice from type I diabetes and prolongs
the survival of pancreatic islets transplanted into newly diabetic mice. See also Hong,
Nature Medicine 9: 1052-1056 (2001). Sharif also demonstrated that when administered
after the onset of insulitis, a-GalCer and IL-7 displayed a synergy, which is believed to be
due to the ability of IL-7 to render NKT cells fully responsive to a-GalCer.

¢-GalCer has also demonstrated antifungal activity, Kawakami, Infection
and Immunity 69: 213-220 (2001) demonstrates that upon administration to mice, o~
GalCer increased the serum level of gamma interferon, resulting in inhibition of the fungal

pathogen Cryptococcus neoformans.



encephal onyelitis. A synthetic anal og of a-Gal Cer, KRN 7000
(2S,3S,4R)-1-0 (a-D

gal act opyr anosyl ) - 2- (N- hexacosanoyl am no) - 1, 3, 4, - oct adecanetriol, can be
obt ai ned fr owp odfvefsguceuti cal Research Laboratories, Kirin_Brewer Guma,
Japan) or synthesized as described in Mrita et aI J. MBETY 89 1995,

38: 2176-2187. KRN e structure: 74 LIN)~ COH Q—| O H73
OH KRN 7000 has bé@é%ﬁﬂﬁ?ﬁ%vgzﬁlﬁ%m?ﬁﬂ fe&@&‘?%‘*%ﬁbrs in mce.

Kobayas higutoRimiHe dise486.0MiydEsto, Marmre 41533139 95001) ddicRidstsC bt &gﬂ]déﬁl\l 7000 has

been shown_ to be effective in preventing cancer” netastasls. e.g.,
Nak agawa Anategsavhighdnducs §H2| bigoof appuimmuue’D g3llsbumanshanmatet kilei TENKD t r eat i ng

desar | bodar RS LT URGR6 bigRRaG b opineif aiubliyll °C)) “nano ot ol

1997, Scienosplalor?@hitid.626-9, Burdin et al., 1998, J. Inmunot, 161:3271, and

gl gggu(r)%et I ﬁ{)or t ants%ﬁ) qcnan%ﬁgl %P‘%‘%@&%ﬁ@#ﬂ%dﬂg'ég @g?é i’\bm"rune

res ponsegﬂaﬂqgmbwl}iﬂ@ﬁhﬁ%@hﬁoyhﬁﬁ@o)ﬂt&}ﬂ%eﬁaﬁﬁanﬁh@lcéif)lie otainéd frényt ot oxic in
humans. §=e Shi rmaigl a et Cel | Therap%‘25 Filling the gap hetween basic
sci ence RAYTREUHE Kesqarg °rﬁi‘?rf‘e§tK1F1HtBr?W (‘ﬁ‘é"ﬁ%‘b Janso)or sypdesizedas pp. 21- 22.

Q her stuédcﬁ&dhamrﬂ@mrsyrm@%waﬁg%f@lz@% p187,ndependent |y of its dosage
does not induce toxicity in rodents and nonkeys (e.g., Nakagawa et al.

1998, Cancer Res. KIRY:7090bss thogimctureil t hough a recent study showed the
transient elevation of |liver enzyge activities imediately after a-Gl Cer
treatment in mce, suggestingZa mnor liver injury (Gsman et al., 2000, Eur.

J. Immunol., 39: 1919- 1928). °
¥ JI\H/
24

KRN 7000 has been shown to display activity against tumors in mice.
Kobayashi, et al., Oncol. Res. 7:529-534 (1995). In particular, KRN 7000 has been shown
to be effective in preventing cancer metastasis. See, e.g., Nakagawa, Canc. Res. 58, 1202-
1207 (1998) (KRN 7000 effective in treating liver metastasis of adenocarcinoma colon 26
cells in mice). KRN 7000 is also described in Kobayashi et al., 1995, Oncol. Res., 7:529-
534, Kawano et al., 1997, Science, 278:1626-9, Burdin et al., 1998, J. Immunol.,
161:3271, and Kitamura et al., J. Exp. Med., 1999, 189: 1121, and U.S. Patent No.
5,936,076.

Importantly, in addition to its ability to stimulate immune responses, recent
human trials have shown that o~GalCer is not cytotoxic in humans. See Shimosaka et al.
Cell Therapy: Filling the gap between basic science and clinical trials, First Int’l
Workshop 2001, abstract pp. 21-22. Other studies have demonstrated that o-GalCer,
independently of its dosage, does not induce toxicity in rodents and monkeys (e.g.,
Nakagawa et al., 1998, Cancer Res., 58: 1202-1207), although a recent study showed the
transient elevation of liver enzyme activities immediately after a-GalCer treatment in
mice, suggesting a minor liver injury (Osman et al., 2000, Eur. J, Immunol., 39: 1919-
1928).



7 WO 03/105769 PCT/US03/ 18789 However, nost manmmal s, includi ng humans, have
abundant anmount of a gal actosi dase, an enzyne whi ch di gests a-Gal Cer by
catal yzing the degradati on of a-D gal actoside bonds. As a result, a-Gal Cer
has a short wagbinkishe, and therefore its in vivo therapeutic effect my be
reduced. Recently, it has been shown that the activity of BCHHPBERan be
nodi fied through formation of a truncated sphingosine chain. The nodified c

-Gal Cer is effect i HRVe¥sr, mostmapynplssinc g drmans, havsrabradanbameyns of ¢ i ce.
M yanat 0 gabctélidase, %W@Nﬁbﬁ%egggga@&@mm@%g itl‘f@dkf;?ad?@dﬁeofw di scover ed

a- Gal Cer "anal ogs "whi chi have | stabilify n vivo over a-Gal Cer.
Appl i cangd honds A$ 8 tasvlbroeGalfeckas @shorthalf-bifgs andrthedefdveiteiniviner oved

t her apeuty [ Vi - (gl Cer. OBJECTS OF THE INVENTION It is an object
of the i#&%ﬁﬁ%ﬁ@%?&%?@u&%@mds havi ng the pharmacol ogical activity of

a- Gal Cer, and r esiRdcanity itttms beqycshoven that ilie setivityef td GdlGer dan be mudifisded stability
invivo. Jt is also a bj ect, of. t he ipventjon f.or ovel ..C ounds for
{ront | g triughefiaton 5P BRheird Shivkaite R o The Pafific) UL R e e By oF
THE | NVENEtoh adtoirsminie/@ideptalomyelitlé ngsic€ OMiyRmatyét lal. Vatyecal3t53i d3g onmpounds  of
formul a &!0})1) XR 0 RROOHHY -~kQmMm R4 CH2 Rr H

Applicants have now discovered o-GalCer analogs which have improved
stability irn vivo over a-GalCer.

Applicants have also discovered a-GalCer analogs which have improved
therapeutic efficacy over a-GalCer.

OBJECTS OF THE INVENTION
It is an object of the invention to form compounds having the
pharmacological activity of a-GalCer, and resistance to o-galactosidase, resulting in
improved stability in vivo.
It is also an object of the invention to form novel compounds for treating

cancers, infectious diseases and autoimmune diseases.

SUMMARY OF THE INVENTION
This invention is directed to novel C-glycolipid compounds of formula (I}

0
‘”E)'\Q’-X'-Q’-x'-q’
: o M
Rl
OH

wherein X is O or NH;



OH wherein X is 0 or NH, 8 WO 03/105769 PCTI US03/18789 Rl is selected from
the group consisting of-(CH2)11CH3, -(CH2)12CH3, - (CH2)13CH3, - (CH2)9CH(CH
3)2, -(CH2)1OCH(CH3)2, -(CH2)11CH(CH3)2 and (CH2) 11CH(CH3) - C2H5; R3 is OH
or a nonosaw’yBnvgey and R4 is hydrogen, or R3 is hydrogen and R4 is OH or a
rmnosacchari de; R5 is hydrogen or a nonosaccharide; QL is 'Ef‘pwwamm present

and is ‘;le % ht or brapched chain _al k Iene al kenyl ene,

al kynyl elss Bt ‘bﬁ'&PP 90119%38%%?!5( (%"%13’ CHy)CHyR{C 1’%2 Opt i onal | y

pr esent is a Cl.1o st ht or branched cha| n_ al ene, al kenyl ene or

al kynyl e 2)9QH(C§ 3bpt(p§1hb¢1§1 Y5 dGH2 ) (CELY ,im‘S(QirIz)NéH(CT@ iGGHsi straight or
branched chain Cl-10 alkylene al kenyl ene or al kynyl ene, or is hydrogen,
wherein each QL, @ or is optionally substituted with hydroxyl, hal ogen,

cyano, 1 an D |:$,40 Cl.5
al kyl gi} %}fﬂ %Om# ge‘(ri:é an%%%ﬁﬁo b&%ggﬁg&gg%(mg?‘ I%aﬁ&ggl s hydrogen,
Cl. 5 aI kmbnosﬁtfbhm@l; koxy or NHR10; R10 is hydrogen, Cl1.5 alkyl or Cl.5

al koxy; ﬁ‘g‘%r naceutlcal (fcept able salts or esters thereof The
nonosacc aIPIh a‘ifé"’%etached to the R3, R4 or R5 structure, to form

a gl ycosgl 1s|69ﬁ6hallg)5fﬁséxﬂ|ah&1sd@ﬁomg}&%%ﬂﬁéﬂed%hﬁﬁ aikylens, Betnylend, b R3, R4 or

R5 p05|t|on at the oxygen attached to the G 1 carbon of the nonosacchari de,
form ng dkayleggandar d gl ycoside i nkage A preferred conmpound of formula (1)

is 3'S, #igop gbn%l?pﬁeg%aﬁ&’?s%‘@@ rNRED

di - O acetyl nonadec 2,3,4,6-tetra- Oacetyl a- C- D gal act opyr anosi de (wherein
X is 0, &3isoptionally pmeramudma@msmgm@gbmcm chain alkglday, Wienglendir i s C25
al kmle% and X' are absent, and @B is hydrogen) , which is also known

as :
X" is optionally present and is O, S or NR®;

Q3 is a straight or branched chain C,.) alkylene, alkenylene or alkynylene, or is hydrogen,
wherein each Q', Q* or Q* is optionally substituted with hydroxyl, halogen, cyano, nitro,
SO,, NHR®, or C(=0)-R’%; and wherein

R¥is hydrogen, C,.s alkyl, C,.s alkoxy, halogen, cyano, nitro, SO or

C(=0)-R%

R®is hydrogen, C,.s alkyl, C,.5s alkoxy or NHRw;

RYis hydrogen, C.s alkyl or C.s alkoxy;
and pharmaceutically acceptable salts or esters thereof.

The monosaccharide groups may be attached to the R}, R* or R? structure,
to form a glycosyl bond. Typically, the monosaccharide is attached to the R3, R* or R
position at the oxygen attached to the C-1 carbon of the monosaccharide, forming the
standard glycoside linkage.

A preferred compound of formula (I) is 3'S, 4'S, 5'R-3-hexacosanoyl-4,5'-
di-O-acetylnonadecyl-2,3,4,6-tetra-O-acetyl-a-C-D-galactopyranoside (wherein X is O, R?
is OH, R* and R® are hydrogen, R! is -(CHz)13CHs, Q' is Cys alkenyl, X', Q% and X" are
absent, and Q is hydrogen) , which is also known as CRONY-101.

The invention is also directed to prodrugs and pharmacentically acceptable
salts of the compounds described, and to pharmaceutical compositions suitable for
different routes of drug administration comprising a therapeutically effective amount of a
described compound of the invention admixed with a pharmaceutically acceptable carrier.



The invention is also directed to prodrugs and pharmaceutically acceptabl e
salts of the conpounds described, and to pharmaceutical conpositions suitable
for different routes of drug adm nistration conprising a therapeutically
effective ampupiio9ke @ described conmpound of the invention adm xed with a
phar maceutical [y acceptable carrier. 9 WO 03/105769 PCT/ UHSSI 4348789 The

I nvention is also _directed to nethods of treating a disease selected fromthe
group consi sting Jheinysatenis alsp disesier teaetods of ealing g dissrsecelpeietiomseases

(i ncl udigggry yoﬁﬁ%ng‘spéﬁic&k,sauféiﬁﬁhﬂéﬁse Gt IHEHOLO BisdaSeH it fudiigr €Ct ed to
pharmaceut 'cal conpoSitions conprising the conpounds disclosed above, as
wel | as B mdddepatitiuCivimysk hese conpositions to treat cancer, infectious

di seases and aut oi ARG ' S ot ' ' ' . ' . t o net hods
of inducing the p?@guctlgﬂ‘l%?ﬁﬁh r“’%&}g@hc!][ygﬁ'gidlu(r%gls‘%&?g&clﬁg%sgdof@ﬁé@ and |L-12,
i n a manthetompoundedistlbedabbve, isywelbasimétbddsiof ngng thesd doeposition to dreat

therapeutical.ly effective a nt of a.conpound of claiml1. In prefer rd
enbodi neRPET Lpf?gh%rgﬁﬁgpselsgngg# , e%ﬁgasgﬁpvent ion is also directed to novel
i nternedi at e conpqwetisvedfior 18a diect&d tIndthodPof hdueingite pRsiutiidh dfiTh1 HO OH

wherein XisOorNH, R3 is OH or_a nonosaccharide and R4 is hydrogen, or R3 is
hydr ogertyesmeyiokingsssuchag FFNrY afe Herd &8 B spaeal irmeed shasgad, bypadiniaistegng

MoN0sacGiMd Hemmaf Wiherapeutically effective amount of a compound of claim 1. In preferred

embodiments, the mammal is a human.

The invention is also directed to novel intermediate compounds of formula

(I
%R
3
R 0
OH
I NH, oH )
R CH, H :
R!
A \/Y\
OH
wherein
X is O or NH;
R? is OH or 2 monosaccharide and R* is hydrogen, or R® is hydrogen and R* is OH or a
monosaccharide;

R? is hydrogen or a monosaccharide; and

R' is selected from the group consisting of -(CHz);CHs, -(CH,)12CHs, «(CH)13CH,,
-(CHz2)sCH(CH 3)3, -(CH2)10CH(CHa)3, -(CHz)1;CH(CH3); and (CH;)1:CH(CH,)-C;Hs;
and salts or esters thereof.

A preferred embodiment of formula (IJ) is the novel intermediate
compound 3'S,4'S,5'R,3"-amino-4,5"-di-O-acetylnonadecyi-2,3,4,6-tetra-O-acetyl-o-C-D-
galactopyranoside, which is used as a scaffold for the introduction of acyl chains C(=0)-
Q-X'-Q*-X"-Q in the synthesis of compounds of formula (T).

10



R is selected fromthe group consisting of -(CH2), | CH3, -(CH2)12CH3,
-(CH2) 13CH3, -(CH2)9CH(CH 3)2, -(CH2)10oCH(CH3)2, -(CH2)uCH(CH3)2 and

(CH2) r3CH(CH3) - C2H5; and salts or esters thereof. A preferred enbodi nent of
formula (11)wos3yiosmenovel internediate conpound

3'S,4 S 5 R 3 -amno-4,5" -di - O acetyl nonadecyl -2, 3, 4, 6-tet FST’@S%’&VI -rr-GD
gal aact opyranosi de,, which. is ysed as . a scaffold fqr the introducgtion of acyl
chains Q(=0) - Q -xiB YS‘?Q‘P@Sﬁﬂﬁ?‘idl%t%%ms@&gﬁwgﬁciﬁ%aﬁ&gw&% mila (1). 10
VO 03/ 10%66Hound b Espaialal(@y5Oacy Thiifs b BOHAFHRE Bf fobm@a$0) &tithEahRE nitRgan et hod of
synt hesi zing a Cglycolipid, conmpound of fornul aéq(il by acylating a conpound
of formula (11) at TRe@ventionds alsa dirsgied to nomskiniermedisic pmpeyngs abfopmulact ed t o
novel in nmedi at e conpounds of fornmula OR5 140 ONMI OH Kr? RI OR2 OH
wherein RL°is selected fromthe group consisting of -(CH2)11Cl 33i

- (CH2) 12CH3, - (CH2) 13CH3, ORfCH2) 9CH(CH 3) 2, - (CH2) | OCH( CH3) 2,

-(CH2) 11CH(CH3) 2 and ( )11 CH(CH3)-C2H5; R2, R3, R4 and R5 are each

i ndependent|y sel ected f§&omthe group consisting of alkyl, aryl, alkylaryl
and trialkylsilyl; R6 iglodel ected fromthe group consisting of alkyl, aryl,
al kylaryl, trialkylsilyl, -~ -0 alkyl, -(CO-0Oaryl and
-(CGO-0Oalkylaryl; or ajfakt or\ester theseof.  Preferred conpounds are those
wherein each of R2, R3, and are Eﬂiyl arg’, for exanple benzyl or

4, 6-benzyl i dene. Also pre re compounds wherein R6 is

benzyl oxycarbonyl. A preferre di e _of la (111) is the novel

i nternnedi ate R!

' OH
wherein R' is selected from the group consisting of «(CH3);CHj, -(CH_)1,CHj3,-
(CH2)13CH,, (CH2)9CH(CH 3)3, -(CH3)1¢CH(CHa)3, ~(CHz):1:CH(CH3), and
(CH;)1;CH(CH,)-C,Hs;

R% R? R* and R® are each independently selected from the group consisting of alkyl, aryl,
alkylaryl and trialkylsilyl;

R is selected from the group consisting of alkyl, aryl, alkylaryl, trialkylsilyl, -(C=0)-O-
alkyl, -(C=0)-0-aryl and -(C=0)-0-alkylaryl;

or a salt or ester thereof,

Preferred compounds are those wherein each of R?, R?, R* and R® are
alkylaryl, for example benzyl or 4,6-benzylidene. Also preferred are compounds wherein
Réis benzyloxycarbonyl.

A preferred embodiment of formula (ITT) is the novel intermediate
compound 1-(2',3’,4’,6'-tetra-O-benzyl-a-D-galactopyranosyl)-3-
benzyloxycarbonylamino-1-nonadecene-4,5-diol.

The invention is also directed to a method of synthesizing a C-glycolipid
compound of formula (I) wherein X is O, R? is OH and R* is hydrogen, and R® is
hydrogen, from a compound of formula (III), which is subjected to reduction of the
carbon-carbon double bond and deprotection of the amine and the sugar hydroxyl groups

11



conmpound 1-(2',3",4',6"'-tetra- O benzyl -a-D- gal act opyranosyl ) - 3-
benzyl oxycar bonyl am no-1| - nonadecene-4,5-diol. The invention is also directed
to a method of synthesizing a C-glycolipid conpound of formula (1) wherein X

is 0, R3 isw@bsanshs®d i s hydrogen, and R5 is hydrogen, fr a_conpound of
formula (111), which is subjected to reduction of the cargg]jr:{p%oéflgpéﬁ doubl e

bond and deprotectio th i ne .and t he sugar roxyl .graqups 11 WO
03/ 10576'6% E%B%‘?“fg?gg”m‘r‘@ Py s %M\g?ﬁ@a%qmﬁg‘gﬂ\f% Fﬁaﬁq aonch may be
used as ¢f gkl O(LOFQLIE PR Q3ee it @i nit6aen, Chai ns C(=0)-Q -X - Q@-X"" - Q8

at the amno nitrogen. The Invention is also directed to a nethod of
synt hesi zi ng a C Jibpdeventionis alse figestetitogmetbodaflsamthesizingie Ceglycolipids 0, R3 i s

OH R4 i ' . j . of fornmula
() Cro b SRR ED hctchn SOIR o B 1 AR RN 00 "R13 1
i ndependeyteastingalcempeuhd ofdomallk{lV) aryl, alkylaryl or trialkylsilyl; with a
conpound of fornmula V R14HN fIx%R{3 M wherein R14 is selected from al kyl,
aryl, alkylaryl, trialkylsilyl E(ar‘r)-OaI kyl, -C(=0- Oaryl or

-C(=0) -0 al kylaryl ; and wher Rl is selected fromthe group consisting of
-(CH2) 11CH3, -(CH2)12CH3, - ( 13CH3, -(CH2)9CH(CH 3)2, -(CH2)1loCH(CH3) 2,
-(CH2) r1ICH(CH3) 2 and (CH2), 1 0C2H5; to forma conmpound of fornmula (VI)

rR'lo
=" Iv)
wherein each of R'®, R, R'? and R* is independently selected from alkyl, aryl, alkylaryl
or trialkylsilyl;
with a compound of formula V
R"“HN
N H
N\ R
~$ 0 0

wherein R'* is selected from alkyl, aryl, alkylaryl, trialkylsilyl, -C(=0)-O-alkyl, -C(=0)-
O-aryl or -C(=0)-O-alkylaryl; and

wherein R’ is selected from the group consisting of -(CHz);;CHs, -(CH3)12CHs,-
(CHz)13CH3, ~(CH2)sCH(CH 3)2, -(CH2)10CH(CH3)2, (CHz)11CH(CHs), and

(CH>)1,CH(CH,)-C;Hs;

to form a compound of formula (VI)

12



12 WO 03/105769 PCT/US03/18789 OR13 OR12 ORL HN. OH R110 OR16 Rl 0 and
subj ecting the conpound of fornmula (VI) to (a) dei sopropylidenation to renove
the ring structure; (b) reduction of the C C double bond; and (c)

depr ot ect i owoebnéshe® sugar hydroxyl groups, thereby form’n Ct&ﬂ‘g%o?’g ound of
formula (11), which may be used as a scaffold for the intro “of acyl
chains C(=0- Q-X -QZ- X" I n the synthesis of conpounds of fornula (1).

BRI EF DESCRI PTI ON OF TH BRAWNGS Fig. 1(A) depicts the results of testing of
wild type BALB/c mc eated intraperitoneally with 2 pg of a-C Gl Cer,

a- @Gl Cer, or nothingit days before challenge with live P. yoelii
sporozoites, and the for g@l aria liver stage developnent; Fig. 1(B)
depicts CDl d- deflIC|e ] t\ eat 41‘F_ysltrap HtoneaIIy with 2 pg of

a-C Gl Cer or no®hp erige wi th sporozoites, and then
checked for malaria live ~FLig. 1(C) depicts Jal S
deficient mce treated intrapemd fth 22y of a-C Gal Cer or nothing
two days before challenge with sporo and then checked for nmalaria

| i ver stage devel opnent; Figs. 2 ) depict IFNy VB g. 2(A)) and

| FN-y receptor (Fig. 2(B)) deficient mce treated intraperitoneally with 2
pg of a-C Gal Cer or nothing two days' before challenge with sporozoites, and

then checkeguti&fingHeabinpolnd/ 6F fosinadpvyey el opment ;. 13
(a) deisopropylidenation to remove the ring structure;
(b) reduction of the C-C double bond; and
(c) deprotection of the sugar hydroxyl groups, thereby forming the compound of
formula (II), which may be used as a scaffold for the introduction of acyl chains C(=0)-
Q-X"Q%-X"-Q’ in the synthesis of compounds of formula ().

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1(A) depicts the results of testing of wild type BALB/c mice treated
intraperitoneally with 2 pug of ¢-C-GalCer, ¢-GalCer, or nothing two days before
challenge with live P. yoelii sporozoites, and then checked for malaria liver stage

development;

Fig, 1(B) depicts CDId- deficient mice treated intraperitoneally with 2 ug
of a-C-GalCer or nothing two days before challenge with sporozoites, and then checked

for malaria liver stage development;

Fig. 1(C) depicts Jo.18- deficient mice treated intraperitoneally with 2 pg of
o-C-GalCer or nothing two days before challenge with sporozoites, and then checked for
malaria liver stage development;

Figs. 2(A) and (B) depict IFN-y (Fig. 2(A)) and IFN-y receptor (Fig. 2(B))
deficient mice treated intraperitoneally with 2 pg of a-C-GalCer or nothing two days

before challenge with sporozoites, and then checked for malaria liver stage development;

13



WO 03/105769 PCTIUS03/18789 Fig. 3(A) depicts wild type BALBc mice treated
intraperitoneally with different doses of (.) a-C Gl Cer or ((r)) a-Gal Cer
three days before challenge with live P. yoelii sporozoites, and then
checked for wabmfosmol i ver stage devel opnent; Fig. 3(B) depicts wild type
BALBc nice treated intraperitoneally with 100 ng of (0) aFENES$3E8P9or (m
a-G&l Cer at vario tinmes hefore chal|lenge wth orozoites, .and then
checked for nalari g'lﬂggﬂ"'@?té&%lddﬁﬁeﬂ%mcﬁUF%SP@@ES‘“HWIE%&V\A ld type
BALBC M affetdnpadseslof () bd@RIAE W 1) o-CUCER thH HayP Befoie dhadlerie Wifiaveer . (0)
a-Gal Cer or not hi n%_@\) 3 days el chal | engé wi th | %%%E.Q‘@?S’a i

spor ozoi Pewelifspomzoites; and themcheckdd for malata livey stage devieloppresence of bl ood st age
parasites; Fig. 4 depicts the lungs of C57BL/6 nouse treated intravenously
with different dog d&n& = L e hAIt ravenous
chal l enge with 5 X g'?(sﬁiy é‘gﬁgﬁg%g%%a%ha%c%ﬁip%agﬁgn%gg%@s}wn t he study
are expr eg o) asCiGuiCence (Rpe-GalCer abRrmis fimesbafore ehallengs with §porozditly, and (C)
depict w ld.type /c m.ce treated intravenously with 1 g of a-C Gal Cer
(0) or ag?gﬁhd&ef%%l-fglfm\ﬁﬁlﬁﬁ?{%ttssﬁgﬁgwe&?me%r um sanpl es were obtained at the
indicated tinme points after injection for ELISA analyses of IL-4 (Fig. 5(A)),
| FN-y (Fig. 5(B)) ,Fig/8iC) Hepiéts ¢Hld gype BALB ) mive estad intdaparitenealty géth 16¢ A) and ( B)
depict wld e [ ) ) | L-12- def,ici ent (Fi 6(B 1ce treated

i nt raper "€ 8%@%??3#’%@%@“7{53@? 05-“8&‘% (Oér%(d@)'s _053%&1#@3%? 2’%&;{‘1"6 " with

not hi ng (A pr QordRiths. M vk ¥hEn MBAdENER1y Writhe pre¥edicEof MBI dthgeS POT 0ZOi t es,
and then” checked for malaria |iver stage devel opment. DETAI LED DESCRI PTI ON
OF THE | RAYBNIEBION  c- Gal act osyl ceranide (cd-Gal Cer) is a glycolipid ligand for
natural killer T (NKT) cells, which respond to the glycolipid and produce

poth interferon (il 4 depflise IS bt €16 frohis featelifirR/eAGUH AN OF | arge

anounts of both cyt possess opposite ol ogi effects, i.e.
Thl - anddiffefent ggses ofos-feGal€er troprtalGer awddyCbefoferintraveasaoakallenge svithter desi r ed

G T T R R e

+/- SD of five mice;

Figs. 5(A), (B) and (C) depict wild type BALB/c mice treated intravenously
with 1 pg of a-C-GalCer (<) or a-GalCer (&) or with nothing (4). Serum samples were
obtained at the indicated time points after injection for ELISA analyses of IL-4 (Fig.
5(A)), IFN-y (Fig. 5(B)), and IL-12 (Fig. 5 (C)) concentrations;

Figs. 6(A) and (B) depict wild type (Fig. 6(A)) or IL-12-deficient (Fig.
6(B)) mice treated intraperitoneally with 100 ng of ¢.-C-GalCer(<>) or a-GalCer (W) or
with nothing (4) or four days before challenge with live P. yoelii sporozoites, and then

checked for malaria liver stage development.

DETAILED DESCRIPTION OF THE INVENTION

a-Galactosylceramide (e-GalCer) is a glycolipid ligand for natural killer T
(NKT) cells, which respond to the glycolipid and produce both interferon (IFN)- y and
interleukin (IL)-4. The production of large amounts of both cytokines, which possess
opposite biological effects, i.e. Thi- and Th2-type response, hampers o-GalCer from
executing either desired effect. It has now been discovered that synthetic C-glycoside
analogs of o-GalCer of general formula (I) act as an NKT cell ligand and display 100-

14



WD 03/ 105769 PCTI US03/ 18789 1000 fold higher activity against tunor and
mal aria, by preferentially inducing the production of Thl-type cytokines,
|FN-y and 1L-12, in vivo. Admnistration of the a-C @Gl Cer to m'ce

consi st ent | waesgud7eed in not only prol onged production of ée} Thi -t

cyt oki nes, but al so decreased popul ati on of the Th2 cytok| mqogllggs

conpar ed - I n t di sease requ ype responses for
control, 1&%‘@%15? agtivity aﬁ‘ﬂﬂ %ﬁ?&ﬁrﬂ‘% @%’g’ héﬁlﬂgé%‘f Cexhibited a
1000- f ol Brodiictioh @OTA Rbye KOFoRInROFRLy ardali19] d¥bivol @ﬁﬂnﬁﬁishé{t?dd/ofﬂié‘@c- a-Gal Cer .

Definitions The term ™ nonosacchari de" nmeans a sug nol ecul e having a chain
of 3-10 Galizentamise eonsistently mesultest imnot only prelanged predyction of &e Thi-tkee one (ket ose).
Sui t abl e S r ntjion include both
nat ur al | g%{c}ét}f@#%jglg d%%ﬁése&ﬁ%uﬁ | caotrt;nﬁ%gfshg&%g@f’dﬂi Qgcbl%ﬁ &n%nd(;saccharl des

i ncl ude GalGeseh twedmbmmo@kye«gﬁﬁsga%@dm@cﬂmm@amenambgﬂmmes such as
eryt hrose ‘fngl eryt hrul ose; E%oses such ase@%ose ar abi nose, ribose,

xyl ul ose ¢ M m?Fé’i P % Cexexpibited  J)Matoliand) 100-feldaporg goteptanmose and
fucose; Q&M’@ Qldg@ese, nmannose, gal actose, fructose and sorbose;
and hept oses; suc as gﬁnco ept ose, gal amannohept ose, sedoheptul ose and
mannohept ul ose. Preferred nonosacchari des are hexoses. An "effective anmount”
of the cBefipltions for treating a disease, e.g., a cancer, an infectious

di sease or an autoi nmune di sease, is an anount that results in neasurable
anel i oration of atTHeeam mmswphwidnﬁmanspasugammﬂecuﬁhavﬁm atmigef8-i0n manmal s,

includin ter as, used herein, ref. to any conpound
t hat may ﬁgve e OPPIO gfdoﬁ“f#gf‘l[i?fel?{}?goflﬁgkeg%ﬁq’\/gm§§%pound or "drug" but
when ad mmnsdaajhmddets@oﬁemblat&dcfgr aselin &ysﬁveﬂmcgﬁﬁdﬁ&éleahhﬁeraagﬂowmngorrpound or

"drug" substance either as,a resujt spo ta.neo s chem cal reaction or by
enzyme cHLIEL BPUQTEARBIG: SAeR “PQS‘HS“ SEBCHds Eioses, FUch 28 or m

" phar mc?&&&@@'aﬁ&dﬁ?&%ﬂ&ﬁ@cﬁe%ﬁ&% ReH & ythAIRL BePerythAflSsed &ﬁ‘dsb@s" refer to

t hose sa .g., Carboxylate salts, amno acid add| tion saI ts esters,

am des, awéapxﬂeﬁeuggbmses nbosedmﬂdem@ume,tmﬁhﬁrpemem (-dowyhe: hich are,
wthin t _ f ) ontact with
the ti ss%gagF pa?éléear?tﬁgﬂ&qe qﬁ st%Q’un gglet rbér E[cgoglé oﬁ.nb%%S {Léi(r:g iC

Ir espons e sorbosd; anld deptoses, such nsrglueuheptbsa, gnlmhannohcptose, sedoheptulose and
mannoheptulose. Preferred monosaccharides are hexoses.

An "effective amount" of the compound for treating a disease, e.g., a
cancer, an infectious disease or an autoimumune disease, is an amount that results in
measurable amelioration of at least one symptom or parameter of the disease in mammals,
including humans.

The term "prodmg" as used herein refers to any compound that may have
less intrinsic activity than the active compound or "drug" but when administered to a
biological system generates the active compound or "drug" substance either as a result of
spontaneous chemical reaction or by enzyme catalyzed or metabolic reaction.

As used herein, the term “pharmaceutically acceptable salts, esters, amides,
and prodrugs” refer to those salts (e.g., carboxylate salts, amino acid addition salts), esters,
amides, and prodrugs of the compounds of the present invention which are, within the
scope of sound medical judgment, suitable for use in contact with the tissues of patients
without undue toxicity, irritation, allergic response, and the like, commensurate with a
reasonable benefit/risk ratio, and effective for their intended use, as well as the

zwitterionic forms, where possible, of the compounds of the invention.
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reasonabl e benefit/risk ratio, and effective for their intended use, as well
as the zwitterionic forns, where possible, of the conpounds of the

i nvention. 15 WD 03/ 105769 PCT/ US03/ 18789 The terns "treatnent"” or
“"treating" iwolbsdargr ophyl actic or therapeutic administrati gn of corrpounds of
the invention, for the cure or aneli oration of di sease or PH1pes:
associated with dlffase and |ncI udes any. benefits obtained or der| ved from

the adm nistrati ohPSHFIRY dreghent ?Seﬁe%ﬁp’élﬁ & proppylagtic on thargpepticie ut i cal | y

ef f ect i vadimmpihii®fof OnpRaedsUT i RiHtion, 3rahé cir® of &AliorsbAYfidls¥es@br @ CcOnpound
or pharmaceutical conposition that is sufficient to result in a  desired

activity syraRIpma assPFinted wath diveasep and inelndesany Wﬁ@c?bm@déﬁﬂmﬂqﬁiéf%ﬁhﬁs
"phar mc%ﬂﬁﬂn&ﬁ% ERLRARLE i’rﬂ:@und@hys' ol ogically acceptable"” are used
ngeably,

I ntercha as Used | nriconnection with conpositions of the invention
refer to nol ecul arTlmtbrmr%serGeﬂ)rﬁ‘fechwgrapplmdmdos;forsumhntcrefmcteﬂtatons t hat

are physj | | bl e and do not..t al | uce unt owar d
reacti onsgué)ﬁ?ggc’fc #ﬁ ‘Jf rent Wos’ﬁ%ﬁ? CP?E %?%'&t’ﬂérel n, the term
"phar Waceluﬁmedaéﬂvytyupﬁﬁ&mhﬁﬁﬂuahomﬁaﬁﬁmﬁﬁﬂﬁﬁn&dtb&cﬁ regul atory agency of the

Federal or a state_governpent | sted | " har, cope| or ot her

general |y recogni z oY F‘&“’F'&facﬁ%aq?] angra‘ﬁli‘b&}‘% %art icularly
i N humansye utbEintefdtihg 81y, mﬁféslﬁwinlc%ﬁ!nebﬁom ﬁdﬁ@hf&@%@ﬁ&d ons of the
i nvention refers to a | uent, excipient, or vehicle with which a conpound

of the |ﬁeferrtﬁmlﬁcm@re@kﬁwm@@ﬁé&w@moﬁﬁmﬁhmmn%m&amr| ers can be
sterile | gﬁgﬂtﬂ%Talﬁrli&lgraﬁﬁe ?fl}plcﬁy ﬁ'oduc ﬂﬁﬂowmaét{% AsGn@f petrol eum

ani mal , e’or s nt suc peanut ol l, soybean oil,
m ner al @dmzmmm lmm:anarl’deibﬂablyl asl«used Mmﬂhe)termqpimmacmbaﬂwl on, saline

sol utions AgquUeous dext{ose a cero, tlons eferably used as
carriers, "“"’g‘g %ﬁﬂfralpi}mﬁfﬁ {’Y ﬁfe&lpgﬁgﬁg g{t}lgﬁg eraéar?gﬁfe °g AP ceut i cal
carriers oaﬁaediﬁwmlseﬂhmacoﬁmﬂrweﬁgemaﬁbaédamw piaihadopeia fisrase iy E. W

Martin, 18th d|t|on thIC Uses I n one enbodi nent, the conpounds of
the i nvem® S AR 'tﬁ'g@fﬁi’lm Ytlﬁé‘“m?’}seat ment of cancer, e.g. as anti-tunor

agents for inhi bi {TRO et €cadfiMapplial td a%euti’d%ﬂccfrﬁﬁosxtioh?@f & tveioncel |
proliferative disorders. The conmpounds of the invention nmay be used
refers to a diluent, excipient, or vehicle with which a compound of the invention is

administered. Such pharmaceutical carriers can be sterile liquids, such as water and oils,
including those of petroleum, animal, vegetable or synthetic origin, such as peanut oil,
soybean oil, mineral oil, sesame oil and the like. Water or aqueous solution, saline
solutions, and aqueous dextrose and glycerol solutions are preferably used as carriers,
particularly for injectable solutions. Suitable pharmaceutical carriers are described in
"Remington's Pharmaceutical Sciences" by E.W. Martin, 18th Edition.

Therapeutic Uses
In one embodiment, the compounds of the invention are useful for the

treatment of cancer, e.g. as anti-tumor agents for inhibiting the growth of tumors, and for
treatment of cell proliferative disorders. The compounds of the invention may be used
alone, or in combination with chemotherapy or radiotherapy.

More specifically, the compounds of the invention are useful in the
treatment of a variety of cancers including, but not limited to carcinoma such as bladder,
breast, colon, kidney, liver, lung, including small cell lung cancer, non-small cell lung
cancer, esophagus, gall bladder, ovary, pancreas, testicular, stomach, renal, liver, cervix,

thyroid, prostate, and skin, including squamous cell carcinoma; hematopoietic tumors of
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al one, or in conbination with chenotherapy or radiotherapy. Mre
specifically, the conpounds of the invention are useful in the treatnent of
a variety of cancers including, but not limted to carcinonma such as bl adder,
breast, col woo3iosteey, |iver, lung, including small cell | ancer,
non-small cell lung cancer, esophagus, gall bl adder, ovary&fﬂgq‘?@r’éﬁs,
testicular,. stomach,. renal, liver, cervi .. thyroid, praqstat and skin,
i ncl udi nﬁ@aﬂéﬁaﬁ@ee@ﬁ&egﬂwﬁmac%@ﬁ%%%wﬁtg‘%&%% 03/ 105769
PCT/ USO3leli%A8S B J:ﬂlflpﬂ@hﬁhlh,i'l"&igﬁmphdiﬁd, Bt glan's Biaind, nACHb hocitic
| eukem a, acute | rrpagbl astic eukem a, cel|l |ynmphona, cell [ynmphons,
Hodgki n' ?Fﬁfhé'ﬁ%? c mg}éiaﬁflgw@? Plamﬁn?. R?éﬁt’lct‘l“fi?\'ﬁﬁﬁrm and
Bur ket t' fykl¥iaMine4gR; ind RidRisRRle@hd EhrbMBRIyeloRéndlY RluRériak, RAGTsplashe! udi ng acute
and chroni ¢ nyel ogenous l'eukem as, nyel'odyspl astic syndronme and
pr ony el ogxpdiogic|aad pramyelocytipisukensia; waosadmesenchymalgrigin, ingduding ng  fi br osar coma
and rhab : '-%_lggg] vous system
i ncl udi ng&gas/a?cr%ﬁzay gqn%?ﬁdﬁggp%é%%ﬂtt’ (@%ﬁf@g}@%@&%ﬁ%ﬁ nn?ﬁcﬁ@;ﬁg ot her tunors,
i ncl udi ngystem, mchiding astrotytoms netwebkstomargliomeapd schswasnemass otfrer tumerspder ona
pi gnent os%ker%oct ant kograa, tt ht\éroi.d f ol Iti cul ar cancgr and Kaposi's sarcona.
Cel | pr ol Pt AR OB s SR e & O R T A R R {88 sef ul i ncl ude
]EJ_eBi gn ppigekibsant) kpeikdekmtticna, th@ml id 'foallicumlemaiaml | a{@lopi]gslsumﬁm_ bS, neuro with

i bromatosis, psoriasis, vascular snoat, ell proliferatjon associated wt
at her oscl er osi s, &ﬂurRSﬂ]éﬂe’?t“’FﬁEP Elis_é‘?r“éh‘aht?‘???‘gp%ﬂé‘?dﬂs bpeiide i s and
post - Sufgénfﬁalprés&ﬁé‘ﬁﬂé?lﬂﬂg, fBRiaPARAdMRatodipAYVsRehentdBRRIARAL, the conpounds
of the invention are also useful for treating Infectious diseases, including
par asi t i psorifsig: gascnlay smeoeth cpld prodifgration we@pﬁa\s&@rthmlerw% pilmgng¥ases (where a
particul . I . i tl L] tng.the infective
entity). f o&’%&gﬁ% %lggﬂehgoﬁcgﬂn%@faﬁgggﬁa#%c?ﬂse G%E?gésﬁng%}f'i ng i nfections from
a human papi | | omdn dnéther, entboldemgue she/dompeursdsaif thesnvemtipe sresilsopisefil for her pes

zoster, a retrqvirus.. such.as human j. nodeficgiency. virus.1 or 2, a
hepat | 11 BeRing HUSCHAUR dstaErs, IR AiE R AR Yeeshoherietial BYGPRATA 1) “non- A
bl ood boying disbapatvlerSa partiaular s 6f ceBNt LY BeGaditified bahabdringate infped i t1 S

(hepatitis, E), and HBV associ ated delta agent (hepatitis D)), influenza
virus, F ovirus, respiratory syncytial virus, cytonegal ovirus, adenovirus,

Mycopl asma For example, the compounds may be useful in treating infections from a

human papilloma virus, a herpes virus such as herpes simplex or herpes zoster, a retrovirus
such as human immunodeficiency virus 1 or 2, a hepatitis virus (hepatitis A virus (HAV)),
hepatitis B virus (HBV) non-A, blood borne (hepatitis C) and other enterically transmitted
hepatitis (hepatitis E), and HBV associated delta agent (hepatitis D)), influenza virus,
rhinovirus, respiratory syncytial virus, cytomegalovirus, adenovirus, Mycoplasma
pneumoniae, a bacterium of the genus Salmonella, Staphylococcus, Streptococcus,
Enterococcus, Clostridium, Escherichia, Klebsiella, Vibrio, Mycobacterium, amoeba, a
malarial parasite, Trypanosoma cruzi, helminth infections, such as nematodes (round
worms) (Trichuriasis, Enterobiasis, Ascariasis, Hookworm, Strongyloidiasis, Trichinosis,
filariasis); trematodes (flukes) (Schistosomiasis, Clonorchiasis), cestodes (tape worms)
(Echinococcosis, Taeniasis saginata, Cysticercosis); visceral worms, visceral larva
migrans (e.g., Toxocara), eosinophilic gastroenteritis (e.g., Anisaki spp., Phocanema ssp.),
cutaneous larva migrans (Ancylostona braziliense, Ancylostoma caninum).

In certain preferred embodiments, the compounds of the invention are

useful for treating infection with a hepatitis C virus.
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pneunoni ae, a bacterium of the genus Sal nonella, Staphyl ococcus,
Streptococcus, Enterococcus, Costridium Escherichia, Klebsiella, Vibrio,
Mycobacterium anoeba, a nmlarial parasite, Trypanosoma cruzi, helmnth

I nf ecti ons, veauainogse nenat odes (round worns) (Trichuriasis Jé@%er obi asi s,
Ascari asi s, Hookworm Strongyloidiasis, Trichinosis, fil aFF %’51 8f"remat odes

(£ ples) (e St oxgras e ORISR, B okl P LPBSMORTh M i ccer
chi nococcosi s, , , Viscera
| arva ngcgmmﬁlg(lﬁn@nunﬁﬁma&ﬁfo@&myﬁﬁ&lmlhd% &é%i‘Aév@ﬂtliHanﬂxﬁfE&ghQ:ygl1 Ani saki
spp., M Ssp uta ous rva ngrans ncyl ost ona braziliense,
Ancyl ost tgﬁﬁ??ﬂ?ﬁ?‘)"fl’-ﬁfc p‘f"g'fﬂéerﬂré‘ff ?Féfﬂagne“fﬁghéorrpounds of the
I nvent i OResAllf (?gﬁ-gyimflﬂﬁe ggfg%by@nuf&f ?.WI th a hepatitis Cvirus. 17 WO
03/ 105769 PCIT U erred enbodi nents, the conpounds of

3/18789 I n other
the invention are m@p@mpre&medemb¢£geﬁuthammmd@q%m@mvmm rus (HV), and
in the ppe 9@ By AT Biordf &l BES by H V and
t he preven g{)lljtgér% %n{a&g}% a#(%\ﬁmagg@f% ng aglilqowctrfea ﬁ;‘\#he defi ci ency
syndr onetl(eAﬂnEéﬁylonl n anot her pr ef erred enbodi nent, the conmpounds of the
I nvention are for t eat mal ar i ( human) by
admi ni stration of ntﬁﬁ‘éoq“?%&wfglﬁ mV?P%ﬁéer“sngf’al nents, the
conpou ndaeaﬁngtahﬁmmwaﬂsmesamhus ﬂfetﬂnaﬁ;ﬂfaﬂhhﬁ@@fsbﬂ&c&bthﬁhﬁiﬂﬂ[@ld | seases, such
as rheumatm d arthrltls psoriatic arthritis, nulti, sclerosis, systemc

| upus er §RiFeTR SyLemRIc InpHseryiBrmalosys. muyasthenia giaiis) iuvem é’PS‘HI dipBelens
gl oner ul glaﬁﬁﬂfléﬂebﬁmus'iuﬁtﬁidmuﬂﬁh%ﬁﬁy HEfdefs difRabe sﬁd Sthéll cﬁﬁﬁ@e?s s@fids ot her

di sorders such as hn's di sease, ulcerative c¢olitis, bullous penphigoid,

sar coi do§kahn' s;ﬂwasea@lmahvmqhhy,@gﬂeus pemphigeid, wpteidnsisnprosiasis; ichthyosist hrm. The

subj ects Jqivention is applicable may be any mamalian
or vertebrate ﬂspemeéatgﬁoe%%cl ude, but are not limted to, cows, horses,

sheep, pigs, fow Tlmsybjectshm which e, preponitinventian i, appliapble lgrbetaays, mce, rats,
nonkeys, rabbits c anzees, ferred. enbodi nent, the
o} o FEREA R v ea it tat R Do BBl LS B SRR 1 on o
conpoundshedp, pig AL ki, GRiSk@E), bbits, city,QIk4, RBmsters, mice, rats, monkeys, rabbits,

chimpanzees, and humans. In a preferred embodiment, the subject is a human.,

Modes of Administration

Modes of administration of compounds and compositions of the invention
include oral and enteral, intravenous, intramuscular, subcutaneous, transdermal,
transmucosal (including rectal and buccal), and by inhalation routes. Preferably, an oral or
transdermal route is used (i.e., via solid or liquid oral formulations, or skin patches,
respectively). In some cases, the compounds can be pulsed with syngeneic dendritic cells,

followed by transferring intravenously into patients.

Pharmaceutical Compositions
Solid dosage forms for oral administration of compounds and compositions

of the invention include capsules, tablets, pills, powders, granules, and suppositories. In
such solid dosage forms, the active compound of the invention can be admixed with at
least one inert customary excipient (or carrier) such as sodium citrate or dicalcium
phosphate; or (a) fillers or extenders, as for example, starches, lactose, sucrose, glucose,
mannitol, and silicic acid; (b) binders, as for example, carboxymethylcellulose, alignates,

gelatin, polyvinylpyrrolidone, sucrose, and acacia; (c) humectants, as for example,
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i ncl ude oral and enteral, intravenous, intranuscular, subcutaneous, trans
dental, transnucosal (including rectal and buccal), and by inhalation
routes. Preferably, an oral or transdermal route is used (i.e., via solid or
i qui d oral Wwousndsabi ons, or skin patches, respectively). |In sone cases, the
conpounds can be pul sed with syngeneic dendritic cells, f&8CTIREMSHRY
transferring |ntravenously I nto patients. Pharnaceutlcal Conpositions Solid
dosage f 8lyaerok &P disiniperating saentsrastiorsragplecaganagancralonm cubomas PORIE  of t he

i nvent i og, wasktu&ﬁ | B&% m‘%x‘i”rgcl:o% ex Plidales, anf QYA G bgﬁa%)es%iutﬁﬂd

supp05|to | es. ch s osage forns, the active compound of the
i nvent i oratz:réws,tae ﬁa‘(tmmpu w&fﬁn &0 absoaam aowéeratmsr s foustample, guatsroayi ent  (or

ext enaer Sl Sy B0 T Wik bt Rrhidibie AR RRB S el o 200 1

and sili monomalrde, (h}JédSbnbads,ras foraxarhple, lavsHinpidhentomitdond i) tibricasts, lasl ose,

Pumact an e xafeP Ppioucelih Sopid eptrarCR RS So ERAE AR ycer ol (d)

di si nt egeatiim taudd RilESe, @snlkﬂfeswlmmea&@éo ulesCiableisUAMdGANS BRat e, potato
or tapiqca starch, alginic acid, certain _conplex silicates, and sodi um

car bonat osageformpmayialsn comprisebudiesing ageniso Suehsolidcempasivgmsion solid ) absor ption
| tt
accel er akGhgositits [l T.eé&gsgﬁ hBARBR Yan %E@J@éﬁ‘a&ﬁﬁ&@%% ah@) Vetting

agents, or exanple nonost earate; (h)
adsor benhard- Iﬁbdfgdahex@spleeusma@dmpnemclbmqsem mitknsugai 3s welbas mgnts, as for

exanpl e, ar a e m stearate, solid polyethyl ene
gl ycol s, mO%c il a‘lgﬁ{ﬁoy}'e tygdls 9% %res thereof. In the case of

capsul es, tabl et S, Scﬁialoﬂorsagelibnnstsheh astablegelrdgéesyeapsales, ik andgrmidleee buf f eri ng
agents. Such sol i 05|t *glLs sojid co OSItIOﬂﬁ’alt_ hat are simlar to
those deS¥ErheduEep %’gpg(fh f4e Ia%q:rgeq oaigs.or gfbar syitablg_ ¢ | | ed gel ati n
capsul eScéh‘ﬁhﬁ'Qor%}SélldO'S%%ril fudk Boafingd BRlP SR8 ra:erwélkmowgﬁ&h@a& Wed danas hi gh

nol ecul ar werg ol yet hyl enegl ycols, and the |like. Solid dosage forms such

as tabl ei?@ltald p I aeatys,wmégan 259 hesof suchcrompasitipe that Beyraiesseihe p@trved wi th

coatings 3@190 A t coatings or
shel | s. e eransuc coa{]}nﬁa;csegg%g’%r gﬁﬁtrégggl%c&gllﬁ%Lﬁém I'n the art, and
can conEzaamplepafEnibeildigg agepdsitions milichaan bé wsed bee polynsaricsubsapesandi on t hat t hey
[f;gf‘sfn%}‘?ﬁﬂ% v%?{qg&%ﬁéjca%rms%%e D it B af i BBk bpiprials ' Nt estinal

with one or more of the above-mentioned excipients.

Liquid dosage forms for oral administration include pharmaceutically
acceptable emulsions, solutions, suspensions, syrups, and elixirs. In addition to the active
compounds, the liquid dosage forms can contain inert diluents commonly used in the art,
such as water or other solvents, solubilizing agents and emulsifiers, as for example, ethy!
alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate,
propyleneglycol, 1,3-butyleneglycol, dimethylformamide, oils, in particular, cottonseed
oil, groundnut oil, corn germ oil, olive oil, castor oil and sesame oil, glycerol,
tetrahydrofurfuryl alcohol, polyethyleneglycols and fatty acid esters of sorbitan or
mixtures of these substances, and the like. If desired, the composition can also include
adjuvants, such as wetting agents, emulsifying and suspending agents, sweetening,
flavoring and/or perfuming agents.

The composition may include a carrier, as defined herein. Suitable carriers
include macromolecules which are soluble in the circulatory system and which are
physiologically acceptable, as defined herein. The carrier preferably is relatively stable in
the circulatory system with an acceptable plasma half life for clearance. Such
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Exanpl es of enbeddi ng conpositions which can be used are polyneric substances
and waxes. The active conpounds can al so be used in nlicroencapsul ated form
if appropriate, wth one or nore of the above-nentioned excipients. Liquid
dosage for nwd @fwogsl adm nistration include pharnmaceuti cal l accept abl e
enul si ons, solutions, suspensions, syrups, and elixirs. Inf $03i19t 0 t he
active conpounds, the | iciui d dogsage for can contajn inert diluents

comonl yRgeegolesulesjacide bu aﬁ!&ﬁh&’étca/é‘t @}ya geitim, pleicagid aadserbitat| ybi | i zi ng
agent s apdleafdliwith kbrBitsn r@fealePrefer¥aiP! €, ethyl al cohol, isopropyl alcohol,
ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate,

propyl enegl ycol , Suspensiops, éhadglitiendp theictiva somposndsaeanchontay) suspendigpar t i cul ar,

cottonse ' I - Q| | | Ol r oil and
sesane oﬁé,nts’g ub%gg gﬁlt&?lgété ? éﬁ%%ﬁ%gé O%%%%%%K%H ¥°g%‘ 3}3? y e{rtf@gl ycol s and
fatty aceésters stieosrystalline ctllulese, aluminmindnetalgsraxide, bedenitspdpar-agares, and the i ke.
If desirgd, the c I tion can.al so i ncl ude dj uv .. such as wetting
agents, g‘?ﬁﬂfs Wﬁg}égﬂ‘& éﬁ?ﬂ’éeﬁ(?fﬁ‘ﬁpgﬁi&%@@%ﬁ@&ée%@&d%sﬁ%avori ng and/ or
ge_rfum ng agents. @t@fmgﬁ@ﬁrtécmwgiﬂﬁdn\:ﬁg;ﬁeﬁﬁw@ pﬁmrieke&ﬁiﬁﬁd herei n.
uitable carriers . inc]ude macronol ecul es ich are solu in the

ci rcul at%embé{ﬁHKMi%c%?H@m‘ﬂﬁﬂf AR o # ﬁ“éﬂﬁ% as defined

herein. ddiritding eRipRhQLLERRLY sich ars%b&h!bﬁ&éqpﬁyéﬁﬁaaejgrycor, Beacircul atory
systemwi th an acceptable plasma half [ife for” cl'earance. Such 19 WO
03/ 1057 6PPesiprySeay whirb gre splid piorrdinaty ieraperatueer butdiqyisd atpdy teppetati¢ t ed t o Soya

| ecithin ' |8} i dniql: ] o] .ol eat e
preferre}(ljn.d %é%é%gegrﬁagirn&%@g%mﬂf@l tslﬁaselgaeé%%/{eileggﬁn‘géo‘%n g?lédé'an cont ain
suspendi ng agent Compositioassuitabla dorypasmtedal iirg ectioe aary toraprise iphysglogicdllyox y et hyl ene
sorbit ol a%\pg%ﬁorbi.tan esters, mcrocrystalline cellulose, alumnum

met ahydr PRI gierile arpcous ornonagueniis solutiops, JISPELSIONS, SUSPENSIQTS qrieﬂléli.mqut ures of
suspendi s segits v doad fob fecorsticlitioh it6 stefiRdnjestabTo Sslitidng 8 dispérsibast al

adm ni stratigons are prefer ablg supposi tori es@_ﬁni ch _can be lﬁr epared by m xi ng
t he conp%’eﬂw@esaf spifablepqueusand aonaqpeays cofrien dientsmolvents s vetilest i ng

exci pi e 8 lehahS ng&ﬁ t Loy b1 ¥Ohe OF a
supposi ?Efg é\;/v‘g%%fv’\ﬁt%% ]3511?%19(;51?) i0 at %ﬁ’n%ﬁeﬁg%gﬁa?ﬁéggﬁ%t Iiaui d at body

t enper at suiighle mindnrss thereof, vegatatilpoils{suchag olive oib) apd injeciableorganiy and rel ease
the acti &terS IR gpgt%l oleate. Proper fluidity can be maintained, for example, by the use of a

coating such as lecithin, by the maintenance of the required particle size in the case of

dispersions and by the use of surfactants.

Dosage forms for topical administration of a compound of the invention
include ointments, powders, sprays and inhalants. The active component can be admixed
under suitable conditions (e.g., sterile conditions) with a physiologically acceptable carrier
and any preservatives, buffers, or propellants as may be required. Ophthalmic
formulations, eye ointments, powders, and solutions are also contemplated as being within

the scope of this invention.

Effective Dosages
An effective amount for treating the diseases can easily be determined by

empirical methods known to those skilled in the art, such as by establishing a matrix of
dosages and frequencies of administration and comparing a group of experimental units or
subjects to each point in the matrix. The exact amount to be administered to a patient will
vary depending on the particular disease, the state and severity of the disease, and the

physical condition of the patient. A measurable amelioration of any symptom or
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Conpositions suitable for parenteral injection can conprise physiologically
acceptabl e steril e aqueous or nonaqueous sol utions, dispersions, suspensions
or ermul sions, and sterile powders for reconstitution into sterile injectable
sol uti ons owglisgapeesi ons. Exanpl es of suitabl e aqueous and nonaqueous
carriers, diluents, solvents or vehicles include water, eRGHAWWP/I878Y| yol s

(propyl eneqgl ycol , pol yeth ne col, cerol, and th l.ike), suitable

m xt ur espafrﬁﬂé%“fa? b\?é‘ﬁéﬁ‘&%‘g}ﬁi&%}g{%ﬂﬁkﬂfé 1 ihe gt Oqup))ﬂgﬁiay Fhﬁjpé%et“éfﬂ e organic
esters sthephpsciéd. hOlinidUS3ighifidanOARhuatibhl bflirhticeidn Rfeali®pdrbptibRdo theor exanpl e,
by the use of a coating such as lecithin, by the maintenance of the required
parti cl ep%tieE@nﬁf?rf?]@.e@H%mE‘f-. di spersions and by the use of surfactants.
Dosage forms for tipgiieaks ﬁé.maafswoamgﬂisgéci &&mﬁg aRld dbddGeveogNt i ON

i ncl ude oi ntnents, powders, sprays an hal ants. active conponent can be
adnmi xed anyagicula patiant wilt depehd poa yarjedy of factorsandluding b @btivigredtheni t h a

physi ol ogj.G:al | p;gﬁ carrle n | V. ffers, or
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subj ects to each poiermauat efibe agept to,be adminisisrad eangargefror betysemdhorhi st ered to
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Wi al so be understopd that the specifjc dosage forma ose.level for any
parti cul aa‘P"‘H’éS[‘?aEﬁ’F refiched We%é‘ﬁﬂ‘sgﬁl% GgéPl‘EWBE&fsﬁsc?{i“ PRAMAURRR t he activity
of the stﬁi(,ﬁs_corrpound enpl oyed; the age, body wei ght, general health, and

sex of the individual being treated; the tinme and route of admi nistration;
the rate of excr etHosgxampledhe compounds of the invention can be formulated in capsules

)

or tablets, each preferably containing 50-200 mg of the compounds of the invention, and
are most preferably administered to a patient at a total daily dose of 50-400 mg, preferably
150-250 mg, and most preferably about 200 mg.

Toxicity and therapeutic efficacy compositions containing compounds of
the invention can be determined by standard pharmaceutical procedures in experimental
animals, e.g., by determining the LD50 (the dose lethal to 50% of the population) and the
ED50 (the dose therapeutically effective in 50% of the population). The dose ratio
between toxic and therapeutic effects is the therapeutic index and it can be expressed as
the ratio LD50/ED50. Compositions that exhibit large therapeutic indices are preferred.
While therapeutics that exhibit toxic side effects can be used (e.g., when treating severe
forms of cancer or life-threatening infections), care should be taken to design a delivery
system that targets such immunogenic compositions to the specific site (e.g., lymphoid
tissue mediating an immune response, tumor or an organ supporting replication of the
infectious agent) in order to minimize potential damage to other tissues and organs and,
thereby, reduce side effects.

As specified above, data obtained from the animal studies can be used in

formulating a range of dbsage for use in humans. The therapeuticalty effective dosage of
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drugs whi ch have previously been adm nistered; and the severity of the
particul ar di sease undergoing therapy. The anount of the agent to be
adm ni stered can range from between about 0.01 to about 25 ny/kg/ day,

preferably woeshéeforeen about 0.1 to about 10 ny/ kg/ day a;bg: ﬂ@%&s 1y eferably
from between about 0.2 to about 5 ng/kg/day. It will be u J 4%t hat  the

phar maceut | Ll L 1. r I I: need not_in.thensel ves
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di sor der comsnisativhs #iaf incinde the Efduwitislitieor inetoxieity. HElte dysagedan viuytwititin on of a
plurality.of doses of suc armaceuti cal . conpositions. .For exanple, the
corrpound?"%fangﬁéeﬂeﬂ@%w%ﬂhga?FaS%FOFBFW&XF%@ K es?flr%g“m alPlp| et s, each
pr ef er abhyiligedn Tddally,aGsirple 3636 shahldbe idag. conpounds of the invention, and are
nost preferably adm nistered to a patient at a total daily dose of 50-400 ng,

pr ef er abl ef erably about 200 ng. Toxicity and
t her apeu oAt ai ni ng conpounds of the invention can

be determ ned by s}a rd pharpaceut.i.cal, procedures in experijnental aninmals,
o0 by ot or o ni I R eBRBol BRGeGGE te BOREFTS SE e oLt SHRH: | o) and
the ED5Q, (Heompoa®ismifhfomtiddodnh Yorehéreally Yeailable SR mithgatpopul ati on) . The
dose ratio between toxic and therapeutic effects is the therapeutic index
and it c&nlagtesenepiagsetaly (Deanddyhomosering @hasshomdela®nposi ti ons t hat exhi bit

| arge therapeutic indices are preferred. Wile therapeutics that exhibit
toxic side effects can be usad (e.g., when treating severe forns of cancer
or life-threatening | ons), care should be taken to design a delivery
systemthat target uch{i munogeni ¢ conpositions to thRugpecific site (e.g.,
| ynphoid tissue neditati 0 i mune response, tunor orsan organ supporting
replication of the i i t) in order to mnimMze potential danmage

to other tissues ap , thereby, chts. As specified
fr oot he ani mal gt udi ge“can used i Mrgdoy mul ating a

above, data obtaine
range of dosage for use in humans. The therapeutically effective dosage of
21 WO 03/105769 PCT/US03118789 conpounds of the present invention in humans
| i es preferabl y- wi dhtanght bydiall el 1894, Elrerat Ravg 94 c2A83 elitdrexy goupstarfat i ncl ude

the EDSO0 ;4 4lo!ihth e ¥mdiBhib@osinfe' thofiety. AS tHBRAA BB oAl Yoos! L hi N
| Tetrahedron Lett. 39: 8225-8228, Yang et al., 1999, Organic Letters 1: 2149-2151, and
Yang, et al, 2001, Organic Letters 3: 197-200, the homosphingosine is linked to the
galactose. The alpha configuration is established using the method of Yaﬁg, et al., 1999,
Organic Letters 1: 2149-2151. The sphingosine is converted to the ceramide using well-
established methods.
The compounds of formula (I) may be formed from the compounds of
formula (IT) by acylating a compound of formula (I) with a reactant R*-C(=0)-
Q' X’Q*X"Q’ to add the C(=0)-Q’X'Q*X"Q’ chain at the amino nitrogen position of (II).
The acylation of an amino group is well known to chemists skilled in the art of organic
synthesis, Suitable reactants include p-nitrophenyl carboxylates, wherein R* is p-
nitrophenyl as taught in Morita et al. J. Med. Chem, 1995, 38: 2176-2187. Alternative R
groups include o-nitrophenyl, o-N-succinimidyl, chloride, bromide, or mixed anhydrides.
The compounds of formula (IT) can be formed from the compounds of
formula (TIT) by reducing the carbon-carbon double bond, and then deprotecting the amine
and hydroxyl groups of the sugar moiety
Compounds of formula (T) wherein X is NH may be formed according to
the methods taught by Savage et al., Org. Lett. 2002 Apr. 18 4(8): 1267-70.
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this range dependi ng upon the dosage form enpl oyed and the route of

admnistration wutilized. lIdeally, a single dose should be used. Synthesis of

Compounds of the Invention In a first nethod of synthesizing the conpounds of

t he i nventi wo03gy¥ehesis A, the conpounds may be forned fromcomercially

avail abl e starting materials galactose penta acetate (1) HidUi03/888bserine

(2), as shown below. QOAc @) 2. QO 0Ac AcO Agcp + HO COON As taught by
@%@45“% e

Kol b et al, 1994, Eferrond oIz GopPQyngs pithe invention r oduced into t he

horos phighainsid s, JRpataldehfde, b2UGI ph1BE8] AEdhyd€ s @upleiSRth thd €t rahedron Lett.
30: Boos s SRR ea?‘%f %99,309‘5%(: Letters T, 2149-9151, and Yang, et

al , 200 tommersially aviilsblecogpgund pintaaplingesine. kdtredpetosdelleieleican bé nked to t he

gal acto | pha flauratdon.is t abl i d, usi t he met hod of Yang,
et al., %%pﬁﬁ%r%gﬁ?rgﬁﬂ)&%‘??ﬁ%@ Q‘Tiﬁfﬁwﬂ%ﬁs}%ﬁgﬂ%&?‘ﬁ’e is converted to
the ceram de usi NMhemduplingrehetioniyididach svatpoasisof fdieuls Twhictchs tisnh formul a (1)
may be faqr.nmed fromthe _coppounds, of fornula (I cyl ating a conpound of
f or mul asﬁv?ﬁtWFﬁa‘éﬁgPé%&‘? BAPToRY -‘EPEEPPP’&W%B S%Jbgfd%m%h@ =0 -Q X X" @B
chai n aldefrbRctidh, ROyidl tHe@RipoRadbt fotnl@fmy( | I) . The acylation of an am no
group is well known to chemsts skilled’in the art of organic synthesis.
Suitabl e reactants includep-nitrophenyl carboxyl ates, wherein R' isp-
nitrophenyl as taught in Mrita et al. J. Med. Chem 1995, 38: 2176-2187.
xemplary Emhediments of thednwentionr ophenyl , o- N-succi ni mi dyl, chlori de,
brom de, or m xed anhydrides. The conpounds of formula (lI1) can be formed
from t he conpoundEhecfompoondsdfahif irventidmand éetirpirepgration cammbdanlerstoodon doubl e
bond, and,then_deprotectjng.the am ne nd hydr qoxyl,.gr gups of the sugar
noi ety &Tﬁ%ﬁhﬁ@ °g?m1?18§ th’lcg llﬁ‘fgat\ﬁﬁ%?l%%tﬁs(p@géﬁﬁoq%‘@mg%&ﬁ%r9%“:?051& ording to

are prepared or used. Theses examples do not limit the invention. Variations of the

invention, now known or further developed, are considered to fall within the scope of the

present invention as hereinafter claimed.

1. Synthesis of CRONY-101 by Synthesis A Method
The o-GalCer derivative CRONY-101 may be synthesized according to the

following synthesis.
Scheme Al
H:N  oH
HO_A_A
OH
phytosphingosine
CBzHN OH CBzHN QH N
HO " Cutyy = RO Cidly (Gmsterooseleciive )
OH OH dihydroxylation |
c B
NHCBz

RO/\/\—_z/Cl4H29 — L-homoserine
A

The diastereoselective dihydroxylation of the optically active olefin A, which is readily
accessible from L-homoserine, would afford the protected homophytosphingosine
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t he net hods taught by Savage et al., Og. Lett. 2002 Apr. 18 4(8): 1267-70.
22 WD 03/ 105769 PCT/ US03/18789 In a second nethod of synthesizing the
conpounds of the invention, Synthesis B, a sugar al dehyde, e.g.

a- C-gal act mybs/mbd@dehyde, is coupled with the comrercially avail able conpound
phyt osphi ngosi ne. a-C gal actosyl al dehyde can be fornmed 9T/pﬁ‘?’1§@anar ski

proced fromthe starfin terial t hyl gal act osi de.. ling
react i O‘E‘F‘KV[“%“[ ma?%ﬂﬁ?f&t?ﬁ@‘%og&f‘% h‘ﬁ? ayrﬁ%?efl,zf?)ﬁ?ﬁ icngFFé‘Ha] Ys‘ﬂ’lﬂ'] %i‘tped to
cl eavage.heﬁomneﬁcgaammsdﬁﬁﬁﬁgz oup, reduction of the doubl e bond, and
deprotection, to_yield the conmpound of formila (I1). Exenp|ary Enbodl ments of

the Invention Thé’%ﬁ?ﬁﬂ?ﬁ%wﬁCQ‘WFﬁedi‘H\?@Pﬁ@%ﬁ“ﬁ‘hﬁ“@ﬁﬂpﬁteﬂ?@p@/‘at| on can be
under st b1l yild [ORhskaY, A€ 5O0R. €heii 9B, 51* bow;ts@oesﬁﬁimo&taahe processes by

whi ch these “co ounééa'y are repared or used. Theses exanples do not linmt the
i nvent i @rg. Sxh-.i 81906& 1pf Aﬁhﬂathepnmemal@holwmwr%m tlay esten wak taduetdv el oped, are

consid |l chereinafter
ol o eqto i aldidB 3 nate dls bt PR BERRF gt (51m 038 R el e e T 11
der i vat dliehy@R@\thdDdouptedite Ciylohfrelsdin Wittig phosphomigmt saltmklﬂg séditthowi ng synt hesi s.
Schene hi.n HN . OH zHN OH HO
~Ct 4H2 Wﬁgﬂ%lﬁ’%@%@@é Hcﬁépp -8k wive %Pl?%rlaﬁ 30 oy o, Rop. ~a1 A29
L- honDs@lehilfeu, P L. et al,, Org. Chem. 1991, 56, 4196-4204; Imashiro, R. et al, Tetrahedron

1998, 54, 10657-10670). Sharpless dihydroxylation (Sharpless, K. B. et al., J. Org. Chem.

1992, 57, 2768-2771), of the optically active Z-olefin using AD-mix-p gave ca. 7:3

mixture of 38, 48, 5R (5) and 38, 4R, 5S (6) dihydroxylated isomers, respectively. Their

relative and absolute configurations were confirmed by comparison of NMR data of their

cyclic carbamate derivatives.
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The di astereosel ective di hydroxyl ation of the optically active olefin A
which is readily accessible fromL-honoserine, would afford the protected
honophyt osphi ngosi ne 23 WD 03/ 105769 PCTI US03/ 18789 derivative Bin a

st er eosel eawpy®1tk®dNi on. The synthetic route fromcomrercially avail abl e

L- honoserine is shown in Scheme A2. L-homoserine 1 was coRverte¥isis o net hyl
ester 2 %‘%‘g’“&?& steps in 60% overall yield (Ozinskas, A et al., J. Og.
Chem 1980, , 5047-5050; Shioiri, T. et al., Og. Synth., 1989, 68, 1).
After the primary al cohol was protected, the ester was reduced to an

al dehyde 3 using dqj.isobutyl al uni num hydride (DLBAL) ad-TBRM§@duci ng reagent.
The al dehyde was ¥'Tfen coluph@ePaLaalli0; Iong-cth}WBthi S honi um sal t

usi ng sodi ungohexamgicow " LAT~FBhe 7 ? ive Z-olefin 4
as the only product (Beagbl Gistefs- L- et al., Og. &g%m;ggl;m 56, 4196- 4204,
| mashiro, R etl-hemoseruet r ahedron = 1998, 54, 10657- 10670) 400 Ghat pl ess

di hydroxyl ati on gSharpless, K B. et al., J.2C)rg. Chem '"1992, 57,
2768-2771), of the optically active Z-olefin using AD-m x-p gave ca. 7:3

m xture of 3S, 4S, 5R (5) and 3S, 4R 5S (6) dihydroxylated isomners,
respectively. Their (ghative and absol ute configurati od¥CRere confirnmed by
conpari son of NWVR dat@m of tsﬂdé‘f"i‘a%’gwg‘ﬁy?séﬂkﬁ’rdba erl At e3¢ WO

03/ 105769 PTADMIESO3 S 7880 Qg%{@hﬁgﬁ gBDOVSC, 1. BnOCOCI, NaHCO3 NHCBz
i mi dazole, CH2c12, 95% HO'=-=~COOH 2. "TMSCHN2, MEOH, HO- "~ ~COOMe

L- honoserine 62% “two steps 2. DIBAL, THF, 2 -4(dfisomsnudyleiiifi) Sodi um

bi s(hinmethylsilyl)amde | TfiCBz TBDVMSO - CHO TBDMSO ~=~Cl141i 29
C15H31PPh3Br, THE, 85%

. CBzHN OH CBzHN OH
AD-mix-b Al A /\/'\/'\
———TBDMSO” "y “Culy *+  TBDMSO v CiiHy
83% OH OH
5 70% 6  30%

Acetonide formation was used to protect the 1,2-diols in compound 5
(Scheme 3), then the primary alcohol 8 was released by desilylation of 7. Because the
basic fluoride ion caused the cyclization, acetic acid was added to BuyNF solution as the
buffer (Niu, C. et al., J. Org. Chem. 1996, 61, 1014-1022) to afford 8 as the only product,
since there was no cyclic compound formed. The iodo compound 9 can be made by one
skilled in the art using PPh;, iodine and imidazole reflux in THF (Spak, S. J. et al,,
Tetrahedron 2000, 56, 217-224).

Based on the general idea of synthesis of the model a-C-galactoside (Yang,
G. etal., Org. Lett.; 1999, 1,2149-2151), the synthesis was continued by treaiment of
thioacetate 10 with hydrazinium acetate in DMF under N to deprotect thioacetate (Park,
W. K. C. et al., Carbohydy. Lett. 1995, 1, 179-184). The freshly deprotected thio
derivative was subsequently treated with electrophile 9 to provide thio-galactoside 11 in
95% overall yield (Scheme A4). Treatment of B-D-thio- galactoside 11 with NaOMe in
MeOH followed by protection using p-methoxybenzaldehyde,
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34 (Zisonmer only, Icis=IOHz) CBzH OH CBzHN OH AD-m x-b ' TBDWVSO ~Cl14H29
+ T13DMSO' C14H29 83% OH OH 5 70% 6 30% Acetoni de formati on was used to
protect the 1,2-diols in conpound 5 (Schene 3), then the primary al cohol 8
was rel easedobyiedi | yl ation of 7. Because the basic fluoride ion caused the
cyclization, acetic acid was added to Bu4NF sol ution as tKET/USG¥ 18289 (Niu, C.
et al., J Og. Chem 1996, 61, 1014-1022) to afford 8 as the only product

si nce tScheme Ads no cyclic compound forned. The iodo conpound 9 can be nmade by
one skilled in the art using PPh3, iodine and im dazole reflux in THE ( Spak,
S. 3. et al., CPeil¥ah&ron ZOOGCH%(OI‘@&? 224) . BaSBERbn t hesgener al i dea of

synt hesi al a ide (Ya g. Lett.; 1999,
1, 2149- 3?@%6 t he %Et hé‘gI vvaéﬂ%(prgslynuedn%y treat men \ré\a t hi oacetate 10

wi t h hydrazi ni @dm ac te in DMF uhder N2 to deprotéct th cetate (Park, W
K. C. et al., Carbohydr. Lett. 1995,1, 179- 184) The freshly deprotected thio

deri vat |M§A@ﬁhﬁequerﬁﬂﬂ;ﬂ‘1t reai‘ceﬁ vm t Q t rophid. to provide

t hi o- gal :\g e 8 hene sTreafnint of R-D-thio-
gal act osi dessd1l with Sve i n for owed—by-pr of & i ng
p- met hoxybenzal dehyde. 25WO 05769 PCT/ US03/ 18789 me A3 CBzHN CH

(CH3) 20( OME) 2 CBzHN Cl4HR8 PPTIS TBDVBO ~Cl4H29 TBDVED yp
O f HOACPI HF CBzHN B4NF. CL14H29 |2, PPh3, |HF, CBzHN C Hzs

OH CH202, 95% 7

Dimethyl acetal (Johansson, R. et al., J. Chem. Soc. PerkinTrans. 1 1984,
2371-2374) and p-toluene sulfonic acid gave 4,6-O-(4-methoxybenzylidene)-p~D-1-thio-
galactoside 12 in 86% yield. Benzylation of 12 followed by oxidation of thiogalactoside
using MMPP gave sulfonyl galactoside 13 in good yield. N-benzlyation could not be
avoided in this step.
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86% HO ~p teflux, 85%0 1to g OG-~ 9 0 D nethyl acetal (Johansson, R et
al., J. Chem Soc. PerkinTrans. 11984, 2371-2374) and p-tol uene sulfonic
acid gave 4, 6-0-(4-net hoxybenzylidene)-(3-D-1-thio- galactoside 12 in 86%
yi el d. BenWOasmasmsoof 12 foll owed by oxidation of thiogalactoside using M
ATP gave sul fonyl gal actoside 13 in good yield. N benzl yattCEASeHIHY not be
avoi de n this step. 26 WO 03/105769 PCTI US03/ 18789 Schene A4 AcO QAc
NH2 NH2 CBzHN C 14H29 1. NaOwe, MOH O -- O AcCSAc 9 Et N AcO S~~O 2.
p- MOCACH( Owve) 2 CQAc 9598 OAc_ 11 OI L }Hg—{ DVF/ CH2C12, 10 C6 Owe ~O

0

C6FI 40Ve Ac@BzOM Ct aﬂim Né BnNNePMaMz@H HO OH $" O 2.
MVPP, 93% BA000 %ﬂ/
Cl 4H29 AP~ ?@FsNux °oB A

C2F4Br 2/ t- By PRt r éPfux afforded the produc 1450

CGH**OMG CeH,OMe
4H29 1. NafL, BnBr, 83% \50
. CBBON  CiHy
2MMPP,93% B0 sow
OBn 0
13 o\ﬁ
c6H40Me
CFBr, KOWALO; O
3 o PN Oy
t-BuOH, reflux, 76% BnO — -
OBn 0

0
14 \F

The RB reaction using C,F4Br,/t-BuOH at reflux afforded the product 14
(Scheme A5). The ratio of Z:E alkene isomers was not determined because of peak
broadening in the NMR. The intermediate 1-O-Methyl-2,3-dibenzyl $-galactoside can be

made in one step by using chlorotrimethylsilane in methanol. Esterification of the
primary hydroxyl group at C6 afforded the benzoate 15 in 88% yield (Scheme AS5).
Treatment of the acetonide 15 with 1IN HCI/Et;0 in methanol generated the corresponding
diol 16. Cyclic carbonation of the diol using triphosgene (Burk, R. M. et al., Tetrakedron
Lett. 1993, 34, 395-398) followed by silylation of the axial hydroxyl group at C4 afforded
the silyl ether 17. Pump addition (McCombie, S. W. et al., Tetrahedron Lett. 1991, 32,
2083-2086) of 17 in CH,Cl, (0.01M) to BF;. Et;0 in CH,Cl; solution (4:1, 0.05M) afford
a-C-galactoside 18 and cyclized compound 19(20%). Treatment of silyl ether 18 with 1IN
BuyNF in THF afforded product 20, which is identified by "H NMR (anomeric H:
3.95ppm, J1=~4.6Hz) and TLC.
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(Schenme A5). The ratio of Z:E al kene isoners was not determ ned because of
peak broadening in the NVR The internediate 1-O Methyl -2, 3-di benzyl

(3-gal actoside can be made in one step by using chiorotrimethylsilane in
met hanol . E¥OaBi16§7¢at i on of the primary hydroxyl group at_ C6 afforded the
benzoate 15 in 88%yield (Scheme AS). Treatment of the ac®tiPi¥e878% with I N
HCl / Et 20 i n net hanol generated the corresponding diol 16. Cyclic carbonation
of the gl ol u%ng tri phosgene (Burk, It. M et at., Tetrahedron Lett. 1993,
34, 395 |l owed by silylation of the axial hydroxyl group at C4
afforded the silyl ether 17. Punp addition (McConbie, S. W et al.,
Tetrahedron Lett. 1991, 32, 2083-2086) of 17 in CH2Cl12 (0.01M to BF3. Et20
in CH2Cl2 solution (4:1, 0.05M afford a-C-galactoside 18 and cyclized
conpound 19(20% . TnemuswmmMecnf sil Bfer, 18 with IN Bu4NF in THE aff orded

product 20, which isoPalestified by rn J124. 6Hz)
and TLC. 27 WO 08/ 10‘5769—PC‘TI’USO ﬂ%ﬁ%v OH, HO O OBz u
66% CbzBnN C14H29 14-B¥ % / BnO IN ?@dwﬁtzo b o 3N"BnoOVe 0 0 MEOH,
90h CH2Cl2, 88/0 I 5800 Bz 1. tri phmgene‘if-- PyFidine, zBnN QH CH2CL2
t-Fr2HSi O CbzBn CtaHZ9 BnO ~ 29 83%0 BnO Cl4l BnO OMe OH 2. i-Pr2Si HCI,
BnOOMe p 16 i mgla IzeCl!’DIVF 96% 17 Q .8 eq BF3, . Et20, RO OBz BzO 0

OBz
ZBnN OH i-Pr HSiO
= ¥ idine, CH,Cl,, 2
BnO : z . 183:{‘2/10 B0 0 CbZBnh:] CraHag
BnO 14H29 n
OMe OH o BnO O

2. i-Pr,SiHC), OMe o‘\<
16 imidazole
DMF, 96% 17 0
5 eq BF3,.Et,0, RQ OBz

CH,CL,, 0°C

18 R=i-Pr,SiF o\‘<

6% | INBuyNF
THF/HOAc

20 R=H, M*+NH,* (1029)

Bn

0\,(\/?\‘/L
X O
i 0

(8]

OBn

19 X=0Bz
The carbonyl groups were removed prior to debenzylation. Compound 20

was treated with NaOH and refluxed in 1:1 dioxane and H,O to afford the oxazolidinone
21(Scheme A6). Hydrolysis of 21 gave the N-benzylamine 22, which was fully
debenzylated by transfer hydrogenolysis (10% Pd/C, cyclohexene) (Roush, W. R. et al., J.
Org. Chem. 1985, 50, 3752-3757) to afford crude 23 in 80% overall yield. The fatty
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CH2C12, 0OaC BnO 0 CbzNBn C14H29 0 CbzNBn BnO + Brio Cl4H29 BnO 18
R=i-Pr2SiF OO O 76% 1 1NBu4NF 0 THF/ HOAc CbzNBn 20 R=H, M++NH4* (1029)
O\'C Cl4H29 X "j\j~ OO BnOa OBn 19 X=0Bz The carbonyl groups were
renoved priwo oimstebenzyl ati on. Conpound 20 was treated with NaCH and
refluxed in 1:1 di oxane and H2O to afford the oxazol i di noRET/US43/18%hemre A6) .
Hydr ol y;i s of 21 gave the N-benzylam ne 22, which was fully debenzyl ated by
transfe °bﬁ§‘!!’r%enol ysis (10% Pd/ C, cycl ohexene) (Roush, W R et al., J.
Org. Chem 1985, 50, 3752-3757) to afford crude 23 in 80% overall yield. The
fatty 28 WO 80/ 108769 PCT/ 1J803/ 18789 Schegae &8 HO OBz HO On BnO O CbhzYVBn

C14H29 diox"1 O NaOH, BnO 00920 O' 21 Cl4H29 O
HO BnO BnO BoN

\\O

)

21

HO

KOH/ethanol 10% Pd/C, cyclohexene
reflux, 80% IN HCl, MeOH
reflux, >90%

amide chain was then introduced using p-nitrophenyl hexadeconate as the acylating agent
to afford the target 24 (Morita, M. et al., J. Med. Chem.1995, 38, 2176-2187). Final
purification was done by flash chromatography on silica gel eluting with CHCl;: MeOH
(4:1). The 'H and *C NMR and optical rotation {{o]*’p +40.8° (¢=1.3, pyridine)}, mp
175-178°C, high resolution FABMS m/z 856.7601 (CsiH\» OgN+H" requires 856.7605)
obtained for a sample of 24. The mass spectrum and 'H NMR of fuily acylated compound
25 further confirmed that 24 was the right compound, namely, CRONY-101.
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KOH et hanol HO OH 10% Pd/ C, cycl ohexene O reflux, 80% BnO HNBnh OH I N HCl ,
McOH BnO Cl4H29 reflux, >90% 22 CHHO OH ROOR Op 0 HN'* M4 HO NHz OH
cat. DMAP, THE RO- OR HO - RO C14H29 _ 13 23 OH C25H51C02 ¢ NO2 24 R=H OR
60% 1Ac20, WNR10580% 25R=Ac ami de chain was then introduced using

p- ni trophenyl hexadeconate as the acyl ating agent to aff of§T{Ue/18399get 24

Mori t et .al., J. d. 1995, 38, . 6-2187). Final urification
\(/vas do ‘%’“PF%‘&W °é‘ﬁ$?m5?‘83¢?‘§gﬁ$’gﬂ ‘W’E%Fg‘ﬁﬁm ut i nzg with CHCES: MeCOH
(4:1). The "H angljr 13C NWVR and optical_ rotation {[a] 25D +40.8 (c=1. 3,
pyridine)), np IPs goiuken oflshprmoseripe t (4die. Ehfuormohiis 160wl ofddY ( Cs1H10103N+HF

requi r e9aH00, waOkied 610hA(3NRhol)UT benzyPEMbBfofhaté AThe TEAHIBR $Rx®RAFsr UM and ' H NVR
of fully acy1 ated conmpound 25 further confirned that 24 was the right

conpourtirred afdd° ¢ fordhavd tigen exiractedovitinethe 6273 00BTTHeSEBEB PBSE Was

L-2-[ (b onv.l.).am n - r tyric, aci 1),,To a sol ution of

L- homs‘g‘?%‘}r@g"%ﬁﬁ%&’ aéﬁg@%ﬁ’o‘% 37%‘@6%&1“@‘"?&3‘1‘% %\%‘Oaéi‘draéd 6. Om (37mmol )
of benzik1eodIp ThE extdt as dikl JveANE SO, fiftexddUaR evaporated td 4fBsdd 8152g3C for 24h and
then extracted with ether 2>3200rrfL). The aqueous phase was ice cool ed,

car ef ul (7y7ehprodudti asch wiitqsialid- B NMR{(MmCOk, 30V » 73T 8Homilh ethyl acetate
(T oy g, B8 @977, YN, ST 98] RS Lach SRS 5 AR, A 2Porated 1o

af f or
CH;0), 2.05(m, 1H), 1.91(m, 1H).

Methyl- L-2-[(benzyloxycarbonyl)amino}-4-hydroxybutyrate (2)

To a solution of above compound (5.7g, 22.5mmol) in 50ml MeOH was
added dropwise 2M trimethylsilyldiazomethane in hexanes (22.5ml, 25mmol) at 0°C. The
reaction mixture was stirred at rt overnight. Basic dowex resin was added, filtered and
rinsed by methanol. After evaporation of the methanol in room temperature, the residue
was purified by flash chromatography on florisil eluting with 50% PE/EtOAc to afford 4.6
g (77%) 2 as a colorless oil. 'H NMR (CDCl;, 300 MHz): 8 7.35 (s, 5H, C¢Hs), 5.69(d,
J=6.6Hz, 1H, NH), 5.12(s, 2H, CH,Ph), 4.55(m, 1H), 3.76(s, 3H, OMe), 3.70(m, 2H),
2.81(br, 1H, OH), 2.15(m, 1H), 1.71(m, 1H). *C NMR( CDCls;, 75MHz): & 174.09,
153.72.136.21, 128.21, 128.61, 128.18, 67.42, 58.60, 52.77, 51.69, 35.33.

Methyl- L-2-[(benzyloxycarbonyl)amino}-4-O-(tert-butyldimethylsilyl)-butyrate

To a solution of 2 (4.19 g, 15.66mmol) in 20ml CH,Cl; was added
TBDMSCI (2.83g, 18.8mmol) followed by imidazole ( 2.55g, 37.6mmol). This reaction
mixture was stirred at room temperature for 2h. The mixture was filtered, rinsed by
CH;Cl; and washed with water, The solution was concentrated and purified by column
chromatography on silica gel eluting with EtOAc-PE (30%) to afford 5.429g (90%)
product as a colorless oil. 'H NMR (CDClL, 300 MHz): 3 7.34(s, SH, CsHs), 5.93(d,
J=1.7Hz, 1H, NH), 5.10(m, 2H, CH;Ph), 4.45(m, 1H), 3.73(s, 3H, OMe), 3.68(m, 2H),
2.00(m, 2H), 0.87(s, 9H), 0.04(s, 6H). 13C NMR( CDCls, 75MHz): § 172.72, 156.06,
136.35, 128.56, 128.12, 128.02, 66.99, 60.16, 52.88, 52.47, 34.13, 26.12, 18.46, -5.26.
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(77% product as a white solid. '"H NVR (Me2CO d6, 300MHz) S 7.39-7.31(m 1H,
C6Hs), 6.63 (d, J=7.7Hz, 1H, NH), 5.08(s, 2H, CH2Ph), 4.42(m 1H, CH),
3.70(m 2H, CH20O, 2.05(m 1H), 1.91(m IH. Methyl-

L- 2- [ (benzW@RywWard@onyl ) am no] - 4- hydr oxybutyrate (2) To a %gjﬁgtion of above
compound (5.7g, 22.5mmol) in 50mM MeOH was added dropwi s&CoHP03/18789
trinmethylsilyldi azomet hane in hexanes (22.5ml, 25mvl) at O0C. The reaction
m xture was stirred at rt overnight. Basic dowex resin vvas added, filtered

d th Af t f net h
Fenper A itberyatyeatRyDamig 40 GFEby Q'F&aLSHY'SM&@E v on 1l orisi|
eluting with 50%PE/EQAC go affo rd4?g§;g 2.as_a colorless oil.1H NWMR
(CDC13, 300 Mz): °§S?U§8ne aboyecompoundd (5.42g; %éﬁmm9196néi1@1wakn4), 5. 12(s 2H,

CH2Ph) 7m%g?d£annﬁd%ﬁ@@é@4%)%ﬁ% 5"%&93 i vl st O o0,

2.15(m 1F)
128. 21,at 1788C6ar, 3h1 :me ﬂe@ulnﬁg eml,smﬁ&ras slowlPpatifed ifith. 169mlI 85icaaoldNmE HEI -

Sof ut | OPILEHITERY varg UG, B dhssprops i atescriesisd W B A OBRAG, (2. 530,

18. 8mmiﬂed%%r'W&Q@é4,lﬁ1tefe@a9&%&lc%n&a%ecﬁﬁgram%7mwe wlﬂlﬁlﬁeﬁ%t on mXxture was

stirred at roomtenperature f . The mxture was filtered, rinsed by

CH|2 C12 eehunnyeghsoraafogriaphy emsikca geil'ﬂgtl@m EABE (28hicteafford ‘b@ﬂﬁﬁﬂ%ﬂ)ur i f :c fed 3y
- P

54990 1EOPTHRNRPHA0ER (B 3p@fimasi 49 598, Yt Chioh 2 : Osa7. 34(s,

5H, C6HR36(b5 183KH), 5.10%5] 2BHCH, B, 4.Bbfm, 150),15060¢m, 2852, IQ’(BPI‘BI) 04366559

3.73 ove , 6W ' 3C
NNR((?:&%S, 'i@l\fi-é%(s, 3@1%&&(@@:@#%@%‘%01,11?9 1§6136|i%"8118265:1;8 02, 66. 99,
60. 16, %g.%gbzsﬁ% 87.20,39:24 359 263346, 205 $8.42,25.3F 539, VO 03/ 105769

PCTWS03

L- 2-[ (benzyl oxycar bonyoanuno) - 4-0- (tert-butyl di met hyl sil yl)-butyl al dehyde (3)
To a solution of above compound (5.42g, 15.66mmol) in 20m THE at - 78C was
added INeparafioniof Zhdefie@® ( 43nl, 42mmmol ). The reaction mxture was stirred
at -78C for 3h. The resulting emulsion was slowy poured into 100m of

ice-cold IN HO T¢lalsGspehsion bﬂﬂan&ﬂ@dylph@&@h@muamoﬁﬁ@ (83298 EmiAbKt Ur e was

extracted with Et QAc (3x 100nm
prepared from 1-bromopentadecane and triphenylphosphine, refhuxed in toluene for §
days, 98%) in THF(20ml) was added dropwise NaHMDS (0.6M in toluene, 15ml,
9.2mmol) at -75°C under nitrogen atmosphere. The solution was gradually warmed to 0°C
and stirred for 1h. To this solution, which was cooled down to -75°C again, aldehyde 3
(2.472g, 7Tmmol) in 8ml THF was added dropwise over 30 min. After the reaction mixture
was stirred at rt for 2h, the reaction was quenched by addition of saturated NH4C1(100m1)
and extracted with ether, The organic extract was washed with brine, dried over Na;SO,,
filtered and concentrated in vacuo. The residue was purified by column chromatography
on silica gel eluting with EtOAc-PE (10%) to afford 3.44g (85%) Z-olefin 4 as a colorless
oil. '"H NMR (CDCls, 500 MHz): & 7.34-7.31(m, 5H, C¢Hs), 5.47(after decoupling, d,
J=10Hz, 1H, vinyl H next to CH}), 5.42(m, 1H, NH), 5.27(t, J=9.8Hz, 1H, vinyl H next to
CH), 5.09(m, 2H, CH,Ph), 4.58(m, 1H), 3.67(m, 2H), 2.11(m,. 2H), 1.73(m, 2H), 1.25(s,
22H), 0.89(s, 12H), 0.05(s, 3H), 0.04(s, 3H). *C NMR( CDCl,, 75MHz): § 155.71,
136.96, 132.39, 129.96, 128.52, 128.16, 128.02, 66.59, 60.34, 60.31, 47.24, 38.06, 32.21,
29.99, 29.85, 29.69, 29.65, 29.55, 29.50, 27.96, 26.17,22.99, 18.43, 14.42, -5.15.
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dried over Na2SO4, filtered and concentrated in vacuo. The residue was
purified by colum chromatography on silica gel eluting with Et OAc- PE (20%
to afford 4.03g (85% 3 as a colorless oil. "H NWR (CDC13, 300 MHz): S 9.59
(s, 1H, CH®Oo71839m 5H, C6H5), 5.86(br, 1H, NH), 5. 12(% éﬁb CH2Ph) ,
4.30(m 1H), 3.69(t, 2H), 2.14(m 211), 0.86(s, 911), STASOBT 5’ 02,

126 16, DB o) 654 wind AD-B-85” 15 42, 5 21 530 Preparation of

Z-olefin (4) To a suspensiaon of pent adecylghosphonl um brom de (5.529g

9.8mml ;  prepar kP & salpHon of A rapE R (§ 4848 58 W@@?ﬁpﬁﬁwﬂﬁ)%ﬂﬁ# ne, refI uxed

in tol . MDS (0. 6M i
!t(r;l ugng%%ﬁbéé@%ﬁ* 8?& %@ﬁ%ﬁg #Y@g’se%qg@?r%g%ﬁere e sol u'gi on vviag
gr adual hmogmalmdsphareome mlindtmtwasrs&ded ant ﬂar #8h, quenchedswithh NaiS,05(6. 7g)1i ch was
cool ed do to =75 alde 7 was added
dr opwi s&% V‘é’tac% ﬁﬁllla‘a&&f‘ l}e[%&“g‘ f%@tﬁﬁgﬂﬂnﬁp t for 2h,
the r eaeﬁmmzsmeﬂﬁ&eﬁawa@&ﬂ bf the aoloént Sided &@t@&&wﬂ&iﬁew&ols and

extracted with ether. The organi ¢ extract was washed with brine, dried over

Na2S04, wefqnwéﬁ@byaﬂame& qezandy (EQ Acé%%@o‘%mgweél(a&ém&mpm,f i ed by

col um Et CAc-PE (10% to afford
3. 44q (g%@%ﬁ?&? R?’angs%%&gg??rﬁgg'gﬁ hgwﬂ'iéllﬂgc’ql\fP/R (CDC13, 500 MHz): 8
7.34-7.31(m b5H, C6H5), 5.47(after decoupling, d, J=10Hz, 1H, vinyl H next
to CH2), 5.42(m 1H, NH), 5.27(t, 1=9.8Hz, 1H, vinyl Hnext to CH), 5.09(m
2H, CH238) 4RASHA-Or(teripntyddiddetinylsiBIR3-[(benzykiyrarbBhfDamings(Sn  2H), 1. 25(s,
22H), OnGf¥decankaidl (6)0. 05(s, 3H), 0.04(s, 313).13C NMR( CDC13, 75MHz): 8
155.71, 136.96, 132.39, 129.96, 128.52, 128.16, 128.02, 66.59, 60.34, 60.31,
47.24, 38.06, 32.2 39-4@&33&325 90 859 (R 9‘,Hﬂ9mﬁ}‘c %mMg@) .50, 27.96, 26.17,
22.99, 18.43, 14.4 31 03/ 105769 PCT/ US03/ 18789 ~ Di hydr oxyl ati on
of ol ef 6:36(SZ§H -QHs) i529(WD=-8:B Rz, A HL NFD), §.01 (8121 CHPhY)\B-16{m, Bl) 3.73@4g) and

o B8 20 % sbBr 18053 3 FRTH0Ag, s iR, TGN el o ) 1B Bddled

stirrediss, 1r55(1‘f1,011{)48h6(5921ﬁ!['};0‘89(s¥\421-l) NQG’(SM( 'GCM(@DGhQX‘IMHE)t 8d with EtOAc.

The organi c extract brine and dried over

Na2SO4. 13F- %r136§§d68é& b%}#f: 1%&1%2 §é+4§e7rlt53uﬁ'6%$ 69r9§ ¥ ARB0pteure, the
diol's 3352 3223,30.10, 30.00, 29.96, 29.66, 26.11, 23.00, 18.43, 14.43, -5.20, -5.23.

(38, 48, 5R)-1-0-(tert-butyldimethylsilyl)-3-[(benzyloxycarbonyl)amino-4,5-
nonadecanediol (5)

mp 40-43°C. [a]* 16.3° (¢ 9, CHCL). "H NMR (CDCl;, 300 MHz): &
7.38(s, 5H, C¢Hs), 5.61(d, J=8.0Hz, 1H, NH), 5.08(s, 2H, CH,Ph), 4.09(m, 1H), 3.73(m,
3H), 3.57(m. 1H), 3.49(m, 1H), 2.11(br, 1H), 1.95-1.76(m, 12H), 1.26(s, 26H), 0.89(s,
12H), 0.07(s, 6H). *C NMR(CDCl;, 75MHz): § 156.41, 136.57, 128.58, 128.17,
128.12,76.26, 73.22, 66.95, 59.98, 51.36, 33.77, 32.19, 32.05, 29.63, 26.12, 26.04, 22.96,
18.44, -5.20, -5.27.

(38,4S,5R)-1-0-(tert-butyldimethylsilyl)-3-[(benzyloxycarbonyl)amino-4,5-O-
isopropylidene —nonadecane (7)

To a solution of diol 5 (2.23g, 3.85mmol) in 30ml CH;Cl, was added 2,2-
dimethoxy propane (2.37ml, 19.3mmol) followed by PPTs( 97mg, 0.38mmol). After the
reaction mixture was stirred at rt for 1.5h, 50ml] saturated NaHCO; was added and
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were purified by colum chromat ography (Et OAc/ PE=E30% to give 6 (3,4 syn
form 0.5g, 19%yield) and 5 (3,4-anti form1.7g, 65%yield) as a white
solid. (3S, 4R,

5S) - 1- 0- (t VO oUsydodi net hyl sl yl) - 3- [(benzyl oxycar bonyl )a 4 5-
nonadecaned| ol (6) nmp 39-40C [a] 25 3.0 (c 9, CHC13). %‘ﬁ&ﬁ’é&iﬂﬁ@ 300

A 36( m RS Wi eIy e iy pﬂaégg%%%#edlc?ﬁﬂ% &%‘m‘ >11). 3 04(d,

J=4. OHzevapdthtionl ofhé Bdlvertunder. tHefetuced pidssurd, ieaesiiuelvkds) purikied 6§ Solu.ﬁ.‘tﬂH) 0. 89(s,

156 55, o $@gaﬁwﬁ@&3§§”&@2%€%p%§%@ o 35 i Sl 2%

32. 23, 5.23. (35
15, s B S M T 2R, o5,

nonadec@Hﬁ:h),cﬂ 13(®) 2H)p 3430(1113121‘1), BAB5I06M 2H)e 1. 89(nCRBD3).56(mH2ZRWR 43GDC13, 300

we) 3D 1%%831:5)??‘25@6% 0356 i%x])r dpfs ¥, o3, 3}%011;0 W((l(?%cgll CH2Ph) |

111) 1. PEMHz)( 8(155. 86,2136)77 128243 $28. @1@778 @939 F1.96, 68.68)60.15,09.4%,, 611).13C

MR( CDC13 75M—|z£ 41, 136.5 128.58, 128. 17 128.12,76.26, 73.22,
56, 95 KA g2.16, 939@ 2%5,972?123%71@)27:92 513, 256532.92618.39, 13330:4,2592. 96,
18. 44, - 5920, - 5. 27,
(3S,4S,5R) - 1- O(tert- but yl di nmet hyl silyl)-3-[(benzyl oxycar bonyl )am no- 4, 5-0-
| sopropyl i dene -nonadecane (7) To a solution of diol 5 (2.23g, 3.85mvl) in
30nl CH2Cl 2 was added 2, 2- di net hoxy propane (2.37m, 19.3muvol) foll owed by
PPTs( 9(38y4S,BR)SH{(benzyloXyrarbonjbamineaki-Odsopropylidene weonade¢anok@) at rt f or
1.5h, 50m saturated NaHCO3 was added and 32 WO 03/105769 PCT/ US03/ 18789
extracted with Gﬂ%@s%dﬁibﬂi@fﬂbovﬁbﬁp&l@d%tg,ﬁkﬁamw}amqunldtl-m)wm Na2SO4. After
evapor ere uced the residue was
purlfle‘b&dﬁg M&?‘ﬁﬂﬁ 3#2%8&@%@%?&5 é?fiﬂg éﬁg&ﬁar@gﬂo&%%? 7 (2.287g,
96% vyi e&@sﬁd%ﬁ%ﬁ%ﬁZ%&%Naﬁ@@;%M&ﬁaZd@ﬂfa%tethh C6115), 5.17(d,
7=8.8Hz, 1H, NH) 2H, CH2Ph), 4.13(m 2H), 3.90(m 1H), 3.78-3.70(m
2H), 1.€HGH(50mbP). The%mcmaI;ewasdr@@gverE Ds. Aftgayeporatign ofithes (s, 2411),

0.88(s, SO ven% ﬁndoer 84 g‘ed‘uc I’essure, esuﬁlg)Was %ur%e'ﬁ'@co%}gmomatogmphy
(EtOAC/PE=50%) to give 8 (2.56g, 90% yield) as a white solid. Mp 58-60°C. [a]* 3.67°
(¢ 3, CHCL,). 'H NMR (CDCls, 300 MHz): & 7.36(s, SH, CgHs), 5.11(s, 2H, CH,Ph),
4.86(br, 1H, NH), 4.12(m, 1H), 4.03-3.92(m, 2H), 3.72(m, 2H), 2.82(br, 1H, OH), 2.02(m,
2H), 1.52(m, 24H), 1.44(s, 3H), 1.33(s, 3H), 0.88(t, =6.6Hz, 3H). 13¢C NMR(CDCl;,
75MHz): § 156.91, 136.38, 128.72, 128.41, 128.22, 108.28, 79.78, 78.03, 77.44, 77.39,
77.02, 67.38, 59.06, 48.70, 35.36, 32.21, 30.16, 29.99, 29.90, 29.85, 29.65, 29.25, 27.04,
25.74,22.98, 14.42. |

, (38,45,5R)-1-iodo-3-[(benzyloxycarbonyl)amino-4,5-0-isopropylidene-nonadecane
®

A mixture of 8 (2.5g, 4.95mmol), PPh;3(1.63g, 6.1mmol), imidazole (0.87g,
11.8mmol) and iodine (2.03g, 7.4mmol) in THF(50ml) was stirred under reflux for 2.5h.
After evaporation of the solvent, the crude product was dissolved in CH2Cly(100ml) and
solids were removed by filtration. An equal volume of saturated aqueous NaHCO; was
added and the mixture was stirred for 10min, Iodine was added in portions and when the

33



75MHz): 8 155.86, 136.77, 128.47, 128.02, 107.78, 79.39, 77.96, 66.68, 60.25,
49.19, 34.40, 32.16, 29.92, 29.59, 29.12, 27.44, 27.01, 26.13, 25.61, 22.92,
18.39, 14.35, -5.25, - 5.28. (3S, 4S, 5R) -

3-[ (benzyl ¥goexrobmwayl ) am na4, 5- O-i sopropyl i dene - nonadecan&ﬂyg To a

sol ution of above compound (3.31 g, 5.33mmol) in 25m THEP 0348W8d | M BuaNF
I n THF( foll owed,by.. 0. 5npi etic acid. After the.reaction mxture was
sti rredojf Nt hﬂ%ﬁf&?‘ﬁﬁ"ﬁﬁ%"v %‘?ﬂbrg‘g%&er’ﬁ{x&ﬁe N&ﬁ%“i&%ﬂnﬁm g‘d& ™ racted with
CH2Q 2(Bxl2edbiddine Winadestrgiediby hb additivyder satin=6d aquesus Na2$S04 solbfibie Thevapor at i on of
the solvent under fhe kﬁgﬁgd pressure, the real due was gurlfled by col um

chr ot BEAMGAYFET Wag-ddpted C(RPmah). eparateds waghed volow ater L Pﬂhgn%fl white solid.

Mp 58- Gdver Nraéﬁdib,ﬁ&a @Zgorﬁﬁoﬁg of HEGdident Wi R rﬁ@gégreséﬁ%) tMiedidued 7. 36(s, 5H,
CorB). 5. 11(¢ e 7. 92(m 2H),

3. 72( mWasmprified Oéwnmmom@tq)grapmsﬁ?z AF/PEzZé:%«w) tonglsezé(ﬂsmm% yieldags, 3H),

1.33(s,, 3 156. 91, 136. 38,

Toa. o ik sqlle b 10-81°C. Hiium e, OIS PRAG, o Gl Sov, 70 9 50

59. 06, 3481570, 3BH3.38(m, IH)23.23(31) 2H{, 2. 250m 22H), L.89@4) 21D 01.82(s, 31D, £580(s,29. 25, 27. 04,

25.74, 22. 4.42.

(3S, 4S, %ﬁ} ?% i&é@%@‘*ﬁ@ﬁéﬁ% pﬁ@?@ér%@n@q: %%%DQISE)'ZM{%B&I@MN dene- nonadecane

(9) A Magasr £280b, e %, 39821 198 THDI0) W%h?% 5?3&7@‘@ 14,3088 dazol e (.87,
mol) and | odi ne . 03, mol § in THF was stirfred under reflux

for 2 51926, 29?1629&1(5\%7612945&, HISLHM@;QISAPQIQS 5l B2 9¢r14efy. pr oduct was di ssol ved

in CH2Cl 2(100m ) and solids were renoved by filtration. An equal vol une of

sat urat ed agueous NaHCO3 was added and the m xture was stirred for 10m n.

| odi ne i ons_and when 1 33 WO 3/ 105769 PCTI US03/ 18789

or gani c(g%hﬁgegﬁg?mﬁhéﬂy 06!1?%‘30’63& A)T%‘SHPT& fideners siirred for an

addi t i dipApdecgnyjthio] ZsEQ&e@!farGﬂFﬁ@l'ﬁv&’sg%&?l?%ywelﬁ&l)t he addition of saturated
aqueous Na2S2G3 sol ution. The organic |ayer was diluted with CH2A 2(50nt),

separ at ed, washe&iigIe dteg Vot £ ngﬁgf%p%%(gg?&é&gp@oygu d\%aég"ac ter evapor ati on

of the sol vent uf e reduce ué was purified by colum
chr omatgapepfl Yhi¢dce @A (PL13RH DM, mwo&QY@g,sﬁ%amoe)lwsaam a white solid.

Mp 79 8llhls solutllc_aln I;lvl\éls?dggassegl%t ro%(r)notempcx)ature for 1h. %tfide g l_k 55g, 4. 14mm01 07agm

added, followed by triethyl amine (0.64ml, 6.58mmol). After 2h, 100ml ethyl acetate and
50ml water were added. The organic layer was washed with water and brine, and dried
over anhydrous sodium sulfate. After evaporation of the organic solvent, the residue was
purified by chromatography on silica gel eluting with 50% EtOAc/PE to afford 3.2 g B-
thiogalactoside 11 (90% yield) as a sticky oil. 1H NMR (300MHz, CDCly):  7.32 (s, SH),
5.42 (d, J=3.0Hz, 1H, H-4), 5.24(t, J=9.9Hz, 1H, H-2), 5.10(m, 2H), 5.03(dd, J=3.3,
9.9Hz, 1H, H-3), 4.83(d, J=9.5Hz, 1H, NH), 4.46(d, I=9.9Hz, 1H, H-1), 4.13(m, 3H),
4.,04(t, J=5.8Hz, 1H, H-5), 3.94(t, 1H), 3.79(m, 1H), 2.85-2.72(m, 2H, H-SCH3), 2.12(s,
3H, H-OAc), 2.05(s, 3H, H-OAc), 2.04(s, 3H, H-OAc), 1.98(s, 3H, H-OAc), 1.76(m, 1H),
1.54(m, 1H), 1.43(s, 3H), 1.32(s, 3H), 1.26(s, 24H), 0.88(t, J=6.6Hz, 3H). ’C NMR
(75MHz, CDCl,): 6 170.27, 170.21,170.04 169.56, 155.77, 136.49, 128.60, 128.24,
128.12, 108.09, 84.30, 77.77, 77.45, 77.05, 76.96, 74.62, 72.05, 67.38, 67.32, 66.99,
61.43,50.97, 32.44, 32.14, 30.26, 30.18, 29.92, 29.82, 29.28, 27.55, 26.95, 26.78, 26.75,
25.64,22.91, 21,02, 20.87, 20.84, 14.35.
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34.05(m 311), 3.78(m 1H), 3.23(m 2H), 2.26(m 211), 1.89(m 211), 1.42(s,
311), 1.30(s, 3H), 1.55-1.26(m 24H), 0.88(1, J=6.6Hz, 311). 13C NVR( CDC13,
75MHz): 8 155.88, 136.35, 128.59, 128.26, 128.21, 108.11, 79.57, 77.75,
67.11, 52.B%0oBfs%d, 32.14, 30.35, 30.26, 29.91, 29.81, 29,76 29 58, 29.15,
27 36 26.99, 25.51, 22.91, 14.37. (3'S, 4 s 5'R) 3/18789

>3, 2“2%&%@@33&?&@1 SatpmsDeiRarEas 0o e f*?l?fﬁeng fogassed 2ol ut fon of
2. 029(4’l 1thio}d W‘%&%%?PPY‘B%?S% Bsyl thioacetate 10 in 15n

DWVP, NH2NH2. HOAc(0.47g, 5.96mmol) was added. This solution was degassed at
room t enper at ur e Iﬂt?rthﬁ polutionnf@e3 1g (2.31mmgl) of 2.3 debrisip-Gracetylsiithicd, f ol | owed by

it or BB 1 Il BT Pl Ot R BEENRRE 1O

dried mmnmﬂrmwmtspdcmmmdsﬁ‘md TAdetpeacipateayomy dissotved af EtCAe, or gani ¢

| t,,th d 1 fied hr. | | | uti
ot o hen Ao PR e MR nBtlshe b O &%PﬁPﬁﬁh”?a%%Bgﬁdih%%ss' ' Pa) “as a
sticky offland ﬁhﬁe&"'@ Et@ﬁQM“ﬁ’a sofdtlon fas c&cgnt&?ed(lﬁml 3plete tc( eﬂ'ford] OHz, 1H,
H4), 5.24(t = |H H2), (dd, J 3, 9. 9HZ 111,

H 3) . 41§§safawh@emhﬂ Tq-p miyce of ﬂhe*(@n]lgf:@ﬂéazﬁmolbwr) 4.13(m 3H),

S gl UL A P St SRR, 1

3H, H ORME was &igedp-talagne sulfom(aqﬂmyhydlata@mg) zmomltcmpmmresﬂﬁpr 1.26(s,

169 56, %ﬁéﬁ m@%%&c@a]tﬁ%tﬁ“@%aﬁ”*m%g’%ﬁc&%%ﬁ%@%17%7073445,
77,05, Was Somatégaphed(Bi05 EtGAc/MROH, TOMA to 958010, givedl 4 J25B6%overddl 44, 32. 14,
30.26, 30,18, 29,92, 29.82, 29 28 27 55, 26.95, 26 78, 26 7? 25. 64 22. 91,

21.02, Y8lB s a whitgsolidy JHMMRAAONHBLDEGR), 89 486k Frdetiz: 8Hdg 2% s 4' s, 57)

[ ( be 0 d
nonadecgﬂzl %l%ﬁé)g@%ogmnz%% éﬁ)e SI(@Bg_ﬁ,Oﬁ-Pa?‘EIZQd ?lgﬁgslgf gl)’ltlnots(()m’t he sol ution
of 2.31dH),3, 9Mmmﬁi{)) 36’ﬁ(s2313) 3,68 (meAt)a3. @(@.dél)yl 82{-’-!1, HED-2.68(madtbsi de 11 and 50m
nmet hano d ( dorors 1- at rt until
2w ¢ o 25P R 2Rk ES0GRE 2HD P 20 RE s 90,06 WM DB ERGRBA™ {hen
aci d; Pl us@md 196159,a06.28, 180,37, 128156, 0b3.06, 128.68,5IQ7175] DIB.61G308163/10RL7, The resin
was t8§.r69e, 79.64, 77.76, 75.74, 73.88, 70.19, 69.33, 68.98, 67.00, 55.38,50.59, 32.62, 32.09,

29.88, 29.79, 29.73, 29.53, 29.11, 27.50, 26.95, 25.63, 25.33, 22.87, 14.33.
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off and rinsed by Et QAc. The solution was concentrated until conpletely dry
to afford 1.76g of a white solid. To a m xture of above solid ( 1.75qg,
2.57muol ), p- net hoxybenzal dehyde di net hyl acetal (I. 6. 42mol ), and 50ml
dry CH2CI 2vwaowb/idsbe DVF was added p-tol uene sul fonic aC| d_nonohydr at e (29ng)
at room tenperature. After the mixture was neutral i zBgr W‘Pﬁ 8187 et hyl

i ) trated. T d h hed (Si02,
B oac/ @%si%%%ﬁ"&ﬁe” f?wga-gwi\%fﬁg “94“%‘2-2%% ARRIINeey | ol d) a5 a whi t o
sol i d. Bqgafppan lideneg,3rdiy (‘!f al&ctommpnow 29(m 511),6.82(d,
J=8.8 Hz, 2H), 543( 1H), 5.06(m 3H), 417(d 2H), 4.16(s, 1H), 4.05(m

111), 3.90(m 318)S-galactagide IBH)49g31 gamme]) may dissplesiis 20miTHF 20850l 1H) ,

2.68(m 3 311). 13C
NR( 75RRD Ntk 8" 8ot inetsy Sl Who e e ke 906 Wretlihe o8 1 51105 3
127. 75, thénl 8. 068g (Olf%nﬁﬂol}%alﬁuylmﬁﬁoﬁﬂm idfidé6vas added Eollowed B .89l 88, 70. 19,
69. 33, 68. gg 87g 55. ﬁ 3 9,.32.62, 32.09, 29.88, 29.79, 29.73, 29.53,
29. 11, ro%e A4mgoh Afterdhoygixfuse way stived agmonsiempeyatyisy qYsEHighy.
PCT' USO@é feddtith wa(sfilugmch@d HithT OB of MeOH The resulting solution was added to

-[ (benzyl oxycar bonyliﬁ;}n | am no- 4 -O-i sopropylidene -

no nadec¥igliH:0) 207 xgaaty AgldRembx 3)~'Bli1& Q@eirhpliase pas waghet By bopsr anose
(3. & St 2 G AR A Red 00 Jifan 5L D

NaH (O her a was a Was StirTred at it for
1/ 2h, dsﬂmlncaOgeD@agec( @ith 8 6% ELOA ctpetrolaurh wthet) aomfforid iné 2 g diet (88%) adaled f ol | owed

O O SR s S T TR A s J&W@%&%‘i e

resul ti OECﬁplaUMsw W83 Hii(i?ﬂ 1.43- 752%11‘@0%?@%(@ JEX BHACIDS. b%ali c (100m x

3). The organi c phase was waShed rine dried over and

concent?¥. hl(m2HIHe78(m56Hhé3m %Hr'@)h@(ﬂob’ﬂaﬁﬁhedl‘lbﬁ 14(mol Hl3,95@1, 18D] i ca gel

Col or 186 ﬁﬁ%ﬁhﬁc—%ém@}?&?@ By Rl %R0 R0 6k Pk °° °
S 3gogﬂ:ézﬁ) cgma)s (mB2H)46.00t, 31H6" @bmr; ﬁﬂl{ztﬂ%(?ﬁilzom 13825?) 6. 2?(1 d,

4. 16(d 13?—1& iﬂﬂzﬁ iﬁ)ﬂ léﬁfé(ﬁ‘)ﬁfﬂéﬁ 131%%%123_9%)1 8&%(@ ?3"(1%)) 3 59(dd
J=3.3 7735'd212713141h27;§;6519<7@1 1oblg, LB%S%%@? 69180, 33 2&1713('7962%?59

211), 1.4 3 160 06 158. 66,
139. 19, 795342, 3% 88,17379413.99,34. 747369 2R6944, 54, 2\11 @599330 08,28. 9@929 85%27. 84,

127. 78, 3¢d5,99.57, 27.74, 25.54, 22.91, 1435,

(3'S, 4'S, 5'R) 3'-[(benzyloxycarbonyl)benzylamino-4',5'-0O-isopropylidene -
nonadecanylsulfonyl] 4,6—0—benzylidene—2,3-dl-q-benzyl-B-D-gdactopyranose (13)
A solution of MMPA (2.1g, 4.26mmol) in H,0O (10ml) was added to a
solution of thio-galactoside ( 1.52g, 1.42mmol) in EtOH (10ml) and THF (10ml), the
mixture was kept at 60°C for 3h. The mixture was concentrated in vacuo to dryness. The
residue was treated with 50ml saturated NaHCO; solution, and extracted with EtOAc
(50ml x 3), dried over Na;SQ4 and evaporated to dryness. The residue was purified by
chromatography on silica gel eluting with 40% EtOAc/PE to afford pure sulfone 13 (
 1.45g, 93%) as a white solid. mp. 40-43°C. MS: m/z 1121(M"+NH;", (caled.
CesHss0128N, 1103). 'H NMR ( CDCls, 400 MHz heated at 55 °C): § 7.46-7.18(m, 22H),
6.88(d, J=8.8Hz, 2H), 5.39(s, 1H), 5.13(s, 2H), 4.95(d, 1H), 4.84(d, 1H), 4.73(s, 2H),
4.65(m, 1H), 4.42(t, J=9.6Hz, 1H), 4.30(m, 2H), 4.24(s, 1H), 4.22(d, 2H), 4.11(d, 1H),
4,07(m, 1H), 3.91(dd, 1H), 3.79(s, 3H), 3.66(dd, 1H), 3.55(b, 1H), 3.32(s, 1H), 3.28(b,
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127.50, 127.34, 127.31, 127.21, 127.08, 113.57, 107.69, 101.33, 81.23, 79. 64,
79.59, 79.42, 77.88, 75.79, 73.99, 71.77, 69.99, 69.40, 55.41, 32.14, 30.99,
30.08, 29.92, 29.85, 29.63, 29.57, 27.74, 25.54, 22.91, 14.35. (3'S, 4'S,
5R 3'- [(hmzyiogmcar bonyl ) benzyl ami no-4',5' - O-i sopropylidene -

nonadecany! sul fonyl ] 4, 6-0 benzyl i dene- 2, 3-di - O benzyl - p- BCHFESEKBFyr anose

(1) SoBE ST ANECL 7 2 SR A AT SRS €, 2

(10m), 3Hhé’cmmmm€n@ tamoﬁomw 13&64'ﬂ|380m}<56tﬂ’16130?69 concentrated in
vacuo t sat ur at ed NaHCO3

dr
sol ut i 0228 %ﬁdz%ﬁg r13§168d1% 4%1{&@(%27 ?%dﬁ? 7% 1@7 59d1f]|3e§§ VR3S, 1@b& and

evapor agg o, 78, 9<§r7‘ﬁ§§377 4316 5295 @}8'913"‘@3733W '7&'1@‘1'{63’/1 6800 5609 8RNy on silica
gel elutln&wlth 0% Et GAC/PE to a ure sul fole 13 ~1.45g, '93% as a

whi t e s 80.09.29/86, 292, 29@5, 2803, %26,12&617(2215&;1&14-4)1 (cal cd. ©CB5H85012SN, 1103).
"H NVR (CDC13, 400 MHz heated at 55 C): S 7.46-7.18(m 2211), 6.88(d,
J=8.8Hz, 211), 5.39(s, 111), 5.13(s, 211), 4.95(d, 111), 4.84(d, 1H), 4.73(s,

4211%)2( d, mffnf’zﬁ)ﬂji'(lﬁ’enlé #Ycﬂrbt’"éﬁg?ﬂz!’?ﬁ‘y‘)"“aé ﬁ'?%&'“ﬂh;’e""éﬁ gs Bﬁ)l)

3. 66( dd bengyliflenes?, 3:0j-¢-benzyi-B-Dsgala¢topyranqsylidenepyngdecage (i4) 03/ 105769
PCT/ U803118789 111) 3.00(6, 111), 2.35 H, 2.20(b, IH),1. 34(s, 3H),
1.25(s, 2811), 1. ’1107@0111@@!11 f1.45. @t 1 32@0&)111]19@1!:113!10 mmﬂmlcocm) S 160. 39,

150, 25, CEBICRAY A3l velingRoRIRYOF orepaitashe g7 binfiéh wacidsd uis

5 B s i e 0. 5 8
5 R 3 B 4)@@1:92%“5%5“1@6%3’3’ COlMII AP ARINSR 4, 6. 0-
benzyl i dgpe éeﬁuﬂgwﬁh%@zuﬂoﬁ-ﬁwﬁﬁoegw bis@@B&rd&Q&@&?&ﬁﬁ%:( 14) To a

sol uti on of Z}i)a uOH and 10m 2Br,
25% by mteghlt))ls K@lpvlqsa@a MSI‘ @(MH’N @abdr%sﬂsspm%éoé’ﬂdéﬂmﬁm s i xt ure

corite CHRFE oty & R - RB%80 Al d0m, €t Bagaey, & bRl O
e ottt ss v iy iy 1
1060( W-R@4m, 3D e 0%3.9 68131-@%0%6?\(9 31@83’?2 #&%@F?ﬂms f5i4ts, i,

2.54(t, 2H), 1.41-1.12(m, 32H), 0.89(t, 3H).

Benzoate (15)

To a solution of 0.6g 14 (Z+E, 0.578mmol) in 10 ml MeOH, TMSC1 (73ul)
was added at 0°C. After the mixture was stitred at 0°C for 30 min, 20ml saturated
NaHCO; was added. The mixture was extracted with CH,Cl, (2x40ml). The organic phase
was dried over Na;SO;4, concentrated, the residue was purified by column
chromatography on silica gel eluting with 35% EtOAc-PE to afford 0.36g product (66%).
'H NMR (300MHz, CDCls): & 7.28(m, 20H), 5.08(m, 2H), 4.90(d, 1H), 4.68(s, 2H),
4.61(d, 1H), 4.56(d, 1H), 4.51(d, 1H), 4.35(d, 1H), 4.02-3.95(m, 4H), 3.84-3.81(m, 3H),
3.65(m, 1H), 3.58(m, 1H), 3.00(s, 3H), 2.59(br, 1H), 2.23(br, 1H), 1.51(m, 4H), 1.39(s,
3H), 1.33(s, 26H), 1.20(s, 3H), 0.89(t, 3H).

To a solution of above compound 0.36g (0.378mmol) in 10 ml CH;CI;,
BzCl1 (661, 0.56mmol) was added at 0°C, followed by Et;N (0.3ml, 2.3mmol). After the
mixture was stirred at 0°C for 2h, 20ml 10% ammonia solution was added. The mixture
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(300MHz, CDC13), 5 7.46 (d, J=8.8Hz, 2H), 7.39-7.10(m 2011), 6.87(d, J=8.8Hz,
21), 5.50(s, 111), 5.40(t, 111), 5.13(m 211), 4.97(d, 111), 4.82-4.66(m
51), 4.52(m 111), 4.40- 4.24(m 31), 4.09-3.99(m 211), 3.79(s, 311),

3.72(m 1lwo@®8n 111), 3.48(m 11), 2.54(t, 211), 1.41-1, 1‘!2*%%9 3211),
0.89(t, 3H). Benzoate (15) To a solution of 0.6g 14 (zZ+E, PETEIBARS®) in 10 n

MeCOH, TI\/ISCI 73 C Aer the ] Xture stlrred at 0C for
30 mn, tﬁ?ﬁ?@@’@(ﬁq\é% are Bxtracted with
CH2C12 6&&&%&1 mImldﬂewPﬁnﬁaﬁﬁﬁcolmcrﬂém% g1BNBY o\ %1 elggRcentrated, the

resi due was dDUI’Ierd by co chr omat ogr aphy on silica gel eluting with 35%

Et OAc- PRIt $5%EEAG-RE togiopt & 3engrredstaAS (O %94 NI\/R (300|v|;z CDC13) : sd .28(m
2011), 5.08 2 11), 4.56(d, 111),
4, 51%d |M(£1n 35?&”‘ ‘ﬁ@“%ﬁoégz%ﬁ% 5"1‘?%)&0&*%9%‘1‘(%* 3?11) 3(65(m ?m),
gli?(mHCllE)zO(Bnlﬁ)@(asadM]a)O°(2?{\'f@ ﬂueo Sgemgﬂlfrbdatorcmzm Zi)ir(lmof 4;&%1 39(s,
conpounffﬁﬂg%aéﬁé&mﬁé&}]mﬁﬁgw efae%azteg‘%%;ﬁ@s@ @“ggﬁgﬁbl) was added

at 0C, 1%5151@8@&3 e s B &Nove NB[HO,, ﬁld%ﬁwnﬁate&‘ftﬁ@fesﬁﬂ@waﬁhﬂﬂéﬁﬁywas stirred at
OC for 2 10% anmoni a sol uti on was adde he mXxture “37 WO 03/ 105769

PCT/ USO%) mslgomaﬁ’gra@ky paéﬂle@gqheluﬁnm@w%(ﬁm@rmf} to affeed B2%%%ni ¢ phase was

dri ed _
Chr ooy 6 ti0te), 118 NATR MAGORERE crlchy, st 3-H3Ra A 5360 108 £ 98- s
ﬂEIO? lé0t27 2602085 H15(d A1, ‘594@%%15)] :gm—@éﬁﬁ@mﬂa G30br A5 5 (m, i 2H),1 0 MOCN]?O" 2|hN
t S a at t e mxture was stirre at or
20 %‘W&t@ﬁa ‘1\%@4&%&9\&@ A6 s 22‘3“)(1@’@ Wess3E) 2rld@rel i t h cHea 2
2x40m " 8 trated, th
o e 6N 2L AR, BERNN, Y68, BisoRcBY BC NRRSPAMIENEDRIRE T T8 o0 i T 3006
Et OAc- PESG.35, éﬁ%ﬂdS&SQ?BQ.Mptinl‘PcBmH 12982, 12m1m&663m&m9z12&m:13): 8

L 0 it e oy oo Wt [y B e o o 24 20

3 55(d 7260, 6934468, 10, 61.83)64.57, 41.85,,3336) 33.78, 37,0 By29.96t{9.60 127786(215 8RH), 1.47(m
L-29651,361) 0-89(1, 3H. 13C NR (75MHz, CDC13):

Cyclic carbonate

To a solution of 0.27g 16 (0.266mmol} in 4 ml CH;Cl; and pyridine

" 0.13ml, 40mg (0.133mmol) triphosgene in 1ml CH,Cl; was dropwide added at ~70°C.
After the addition was finished, the reaction mixture was warmed up to room temperature.
After 1.5h, the mixture was diluted with CH,Cl; (30ml), quenched with 20m] saturated
NH,Cl, then extracted with CH,Cl, (20ml x 30). The organic phase was washed with IN
HC], saturated NaHCO3 , and brine, The organic layer was dried over Na; SOy,
concentrated, the residue was purified by column chromatography on silica gel eluting
with 20% EtOAc-PE to afford 0.265g product (90%). '"H NMR (300MHz, CDCl): &
8.06(d, J=7.3Hz, 2H), 7.58(t, 1H), 7.46(t, 2H), 7.36-7.24(m, 19H), 7.05(m, 1H), 5.16(m,
2H), 4.99(d, 1H), 4.71-4.49(m, 8H), 4.32(m, 1H), 4.09(m, 1H), 4.03(dd, 1H), 3.90(m, 1H),
3.82(m, 2H), 3.14-3.05(two singlets, 3H), 2.48(s, 1H), 1.85(m, 1H), 1.66(m, 3H), 1.46(m,
2H), 1.27(s, 24H), 0.89(t, 3H). ’C NMR (75MHz, CDCly): § 166.41, 156.85, 153.62,
138.54, 138.47, 138.34, 138.32, 138.04, 136.19, 133.13, 129.82, 128.87, 128.72, 128.56,
128.35, 128.25, 128,13, 128.08, 127.97, 127.84, 127.75, 127.61, 127.57, 127.52, 101.95,
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166. 35, 157.80, 138.54, 136.34, 133.09, 130.21,129.82, 129.71, 128.66,

128. 60, 128.48, 128.43, 128.22, 128.04, 127.96, 127.79, 127.60, 103.18,
79.89, 79.05, 75.91, 75.58, 73.17, 72.60, 69.34, 68.17, 67.83, 64.57, 47.81,
33.80, 33. MWooBdsHk8, 29.96, 29.60, 27.81, 25.89, 22.93, 14. 30. clic
carbonate To a solution of 0.27g 16 (0.266ml) in 4 m CREEPSIARHIpyri di ne

Cr0c SR PR LA e R D e nes SIS o i SBARTR: ar med up 1o

room t e6W3S, 85.47,218.21A82.28, 32.26199.97, he.79)29(73! 2998290 b] 28.9] 28i4y Ip5@d2C12 (30ml) ,

quenched with_20mL saturated NHACL, then extracted with CH2Cl12 (20nl x 30).
The org%?rﬁ:”el"bﬁ%se was washed with IN HC, saturated NaHCO3, and brine. The
organi c |l ayer was dried over Na2SO4, concentrated, the residue was purified
by col unm chromat ography on silica gel eluting wth 20% Et CAc-PE to afford

0. 265 0% . 'H NMR (300MHz, CDC13): 5 8.06(d, J=7.3Hz, 2H),
7.58(?,%%%{%12?2((? 2H) 7.353-7.24(m 191)? 7.05(m (1H), 5. 16(m |2-|)I—|),

4.99(d, 1H), 4.71:-4.49(. 4. 1 09 . - 4. 03(dd, 1H),

3. 9oEm 1[2, 3.&Q{A’W?“%‘E%‘??%‘?Ol‘&-gég%ﬁa\k%‘ﬁfon ‘?98%“2@’?%?1%8'( s,(lH), ?85(m
1) s e S B i s i S S

756, ok Sligd Heft 157 24, e solgiep W copbaptraipd andpuriisd byelifan cugisalogEPhY g 25

128. 13, onlsiifoa lelﬂ!c?r/Yg\Qizh 30% Ft@Ac-PEAS affdrd olz&?s?ﬂs%%@m&féﬁ &igMs:01. 95, 38 WO
03/ 105769 PCTI US03/18789 80.64, 79.96 5,6 77.48, 77.42, 77.11, 77.02,

. 79.
76. 90, mA143(M7PNBE’ ,@@19¢03,691&80&$iN,81.539,?H NMRZ300MHBz,ADCYR 5B06(8B2. 28, 32. 20,

29. 97, , . 9 . . 93, 14.30. Silyl
cther (THAADT S ARGt 2830407 200 £ 9P TR0  29GMAEy i smi OV, -
Pr 2Si Htcs_mn(a,gmgusctr(amm )gﬁaozti,hmm}g444mdﬁ,mnesm(ne Zfigl,cﬂesﬁémﬁug)ar t _h](ca_ m;jxtj ure
was S e r ’e e on S nc I ITre Yy
col um jcé\d(ﬁ‘ﬂﬁﬁbérlé;%&( siaglpts gg&@'&mr}g&@ﬁ“{ ﬁ%é%&[‘cﬂ& b%fé'o af ford
0. 228¢g 2'512(186‘?&1 A5H} 0%9(tO3HE ST MR (7MHHz @b%:l,gﬂfdﬁl\ésfwﬁs, 16834 cd.
C69HO3012SI N, 1155)7 1H NVR (300MHz, CDC13), S 8.06(d,  7.311z, 211), 7.59(t,
111), 7h3878t 138801133.15,402.36,280:36, 129179) 128791042857, 12147, B8B9( 138.2211)

128.08, 127.90, 127.77, 127.70, 127.57, 127.51, 127.44, 127.40, 127.35, 101.95, 80.71,

80.29, 79.68, 77.43, 77.38, 77.11, 77.02, 76.98, 75.56, 73.16, 71.56, 70.55, 68.28, 64.55,

48.13, 32,21, 29.97, 29.93, 29.79, 29.71, 29.62, 29.26, 28.97, 25.57, 22.94, 17.95, 17.91,

17.84,17.77, 14.31, 13.22, 13.16.

o-C-glycoside (20)

Syringe pump addition of a solution (92mg, 0.079mmol 17 in 6ml CH,CL)
to a solution of BF3.Et,O(50ul, 0.4mmol) in 6ml CH,Cl; was carried out over a 5h
reaction time. The mixture was then treated with 20 ml sat. NaHCO,, and extracted with
CH.Cl; (20ml x 3). The organic solvent was concentrated to afford a mixture of 18 and
19.

To the above crude products in 5 ml THF and 30ul acetic acid, 0.4 ml IN
BuyNF was added. The reaction was stirred at 1t for 1 h, the mixture was diluted with
CH,Cl,, washed with water. The organic was dried over Na;SQy, concentrated, the
residue was purified by column chromatography on silica gel eluting with 20% EtOAc-PE
to afford 61mg product 20 (76%) and 18mg side product 19 (20%). MS: m/z
1029(M"+NH,"), (caled. CegH7701N, 1011). ®C NMR (75MHz, CDCl;): § 166.54,
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5.01(d, 111), 4.80(d, li), 4.65(m 211), 4.54-4.32(m 711), 3.99(m 2H),
3.89(m 1H), 3.80(m 211), 3.16-3.06(two singlets, 311), 1.92(m 1H),
1.69(m 111), 1.47(m 211), 1.27(s, 2611), 1.07(m 1411), 0.89(t, 3H). 13C
NVR ( 75MHz , wODBsHi3)ée 6 166.35, 156.88, 153.54, 138.68, 138.32 133,15,
132.36, 130.36, 129.79, 128.91, 128.57, 127.47, 128. 39, 12’8’%@03/181828 08,

127,90, 14265 19354300 10:10A20, P 121305 B 1330 180 36 Bh A0 130 100, 95

70. 55, 6B.AJ12%649,958.41,488D3, 1M32128.2319795219793,12295879054299716 29. 62, 29. 26,

2 C gl y BRI T8 055670 S Gl St Wi 68 52555 P2 .0 70mmol 17 11
6ml CH2§3.89, 20178, 29.6620960,09. 2%, 2863 . 515208 DL 2209349, ) i n 6nl CH2CL2 was

carried out over a bh reaction time. The mxture was then treated with 20 m
sat. NaHCOB3, and extracted with CH2Cl12 (20nl x 3). The organic sol vent was
concentrated to afford a m xture of 18 and 19. To the above crude products
in 5 nl Oxmpolidingng@1)acetic acid, 0.4 nl IN Bu4NF was added. The reaction was
stirred at rt for 1 h, the mxture was diluted with CH2Cl12, washed with

wat er. The or gani@n:bmtecﬁﬁi(édmg,v(b%ﬁhﬂrﬂmasdimb)edﬁﬁﬁmﬂd;oxahmﬂz@ @isl)due was

purifie to hy, on silica W 1 % Et OAc-PE to
o' or d_ YT st b SHg ienise St o UpbC Bubouene 18 o 2

1029( M saitiplel #as cohbéit@td it040d8 A6H tdiissd10edlih CEHRST, MdRvashed/ith sathieled) 8 166. 54,
39 WO 03/ 105769 PCT/ US03/18789 156.86, 153.59, 138.48, 138.30, 138.12,

136. 17, Nia@! sphtiongPheggueops dayguwas extragiod with €HO) (20md g R Theopganay . 128, 41,

77 43, V& W by eSOy oipbaiged, o el s Sl e attol iing T2 05 T 1,
é?aggl | podxs 21 ww)s)sMsz gwsmmmﬂt«;ts(cmd mvﬂaagrsmsmmm(zogm{;lﬁnsg y

di oxaneghggg ﬁ(@'% ﬁ'& fﬁ&?éﬁ&ﬁfﬁ%ﬁg@%ﬁmﬁgﬁ%@ refl ux

condi ti PHP4%(¢9§’QIOSIH mHg,le(thheg 5B2 TP, 0R8, JEPS‘GHQH'H)'[ 99613'87(/@(3“0 and
redi ssol ved i n CHCi3 and washéd wi th saturated NH4 sol ution. The aqueous

| ayer D, Rfialedin Fh 3GACh =10 1103 600 D Pedids 1=3.0, 8511,
1H), 3.47(m, 1H), 2.53(br, 2H, OH), 2.36(br, 15, OH), 1.98(mm, 1H), 1.78(m, 1K), 1.69(m,
2H), 1.57(m, 2H), 1.42(m, 2H), 1.25(m, 22H), 0.88(t, J=6.5Hz, 3H). *C NMR (75MHz,
CDCls): 8 157.97, 138.50, 138.06, 128.92, 128.67, 128.58, 128.16, 127.96, 127.85, 79.49,
78.14, 76.23, 74.51, 73.81, 72.76, 71.08, 68.91, 68.41, 63.28, 57.34, 46.80, 34.99, 32.17,
29.94, 29.59, 24.94, 24.45, 22.92, 22.13, 14.30.
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was dried over Na2SO4, concentrated, the residue was dried in vacuo to afford
50mg product 21(96/x). Ms: mz 774(MA+H), (calcd. CA7TH67GsN, 773). 1H NWR
(500M8, CDC13): 8 7.35-7.26(m 15H), 4.84(d, J=15.0Hz, 1H), 4.73(m 2H),
4.67(d, J=1WoW@bles7selH), 4.56(d, J=11.5Hz, 111), 4.21(t, J=8.5Hz, 1H), 4.05(d,
J 15 O—lz 1H), 3.96-3.87(m 411), 3.82(t, J=7.5Hz, 1H), S’CGG(SG?’/ISJ@lO OHz,

, 3.40 54(dd, 1=3.0, 8.5Hz, 1H), 3.47(m 1H), 2.53(br, 2H, OH),
2 36(br °ﬁ’4“"&5§%m 98(m 1H), 1.78(m 1H), 1.69(m 2H), 1.57(m 2H),
1.42(m 2 1.25(m 22 88(t, J% SHz CDC13): S
157. 5(97, 15?3, 50, 1 cﬁ@e@w@%@ 411@8“16'70 O@Egmggawasl‘g%s@l@d 1‘1%'?‘5@2831{127 85)

79. 49, a:?cﬁl-n%ﬁhzo?&d%atea%éﬁ{oﬁitogé) at fefluk@verhilgh The €8018d solfforidas 63. 28, 57. 34,
46.80, 34.99, 32.17, 29.94, 29.59, 24.94, 24 45 2292, 22.13, 14.30. 40 WO

836 ég57éi91tatmﬂ[x' mvadmglls@ewndmxmtqdmmﬂmcdaﬁmbzabm@m' 1 g 50ny,

KOH
(0. 59%93%1“%&&% "ﬁﬁelgﬁ??’“rﬁ?“"é%oﬁg@a%"sﬂm’ %Cgl&{}’cfv %S{ﬁggg%j\flmht saturat ed
NH4 Cldf?dlm o]mmat&gmphy a? ;smda pélleluting Qith Cﬁﬂﬂg\Meﬁ)I—B(); 1) Th afferd3amigC W:;(t r 3rC|t fs o
by col BRARE RE G ﬁm@@é PH Bl Caiabrha i+ ol ek BO0REE. (55151 o

aLf ﬁrlvdR ?%Mﬁ@@%sﬁzlﬁg})? A ZIS%ﬁ 45 %M—"l"[' ) Hz (1‘}9 £67. 3@%}&‘520;3'( d477)

J=11. 7 4#H), 307s, 28), 05961 56, 124z, 13),336@@;1, nmssmrsgmos NEFE6HA 1H 1H)

5 e A e, g Bl e 7

(75MHz, 3 Iﬁﬂl&/ﬂ{ 7119181256DCJ,3385 13851@8387!1) 128&) 588 53,2&8511 1281717, 128.12,
127.95, 127 73.99 73.84, 72.79,

71. 34, 1%?81251327%%13687,6@7@ 75’696 ‘76436'64 @47462)@?9 %318435’2 7847168, 32.20, 30.18,

29. 99, 8295’53%8 586812, 67.36; o@.91e4 8899%1 8§1 $ée, 33.90,39.18, 29, 99, 29.63,25.76,
3'S 4 -N-hexacosanoy! - ydroxynonadecy “'a-C D-gal’act opyr anosi d

e (23) 25!\6%(2219512)1rl9bﬂ45énzyl am ne 22 (39ny, 0.052mml) in ImM MOH was
treated with 10% Pd/ C (40mg), IN HCl (5241, 0.052mvol), and cyl cohexene
(0.2m). (Roush et al., J. Org. Chem 1985 50, 3752-3757). The resulting

sturry .Z&V%;S 'é],g'%f-f’gv-hexacosanoyl-4',5'-dihydroxynonadecyl—a—C-D-galactopyranoside
2

A solution of benzylamine 22 (39mg, 0.052mmol) in 1ml MeOH was
treated with 10% Pd/C (40mg), IN HCI (52ul, 0.052mmol), and cylcohexene
(0.2ml).(Roush et al., J. Org. Chem. 1985 50, 3752-3757). The resulting slurry was heated
at reflux for 4h, then cooled to room temperature, filtered through a pad of celite and basic
resin, and concentrated to give 23mg of crude 23. A solution of this material in THF
(1ml) was treated with p-nitrophenyl hexacosanoate (75mg, 0.144mmol) (Morita et al., J.
Med. Chem. 1995, 38 2176-2187) and a crystal of DMAP. The resulting solution was
stirred at rt for 48h and concentrated. The residue was purified by column chromatography
on silica gel eluting with CHCl5:MeOH (4:1) to afford 23mg product 24 (60%) as a white
solid. Mp: 175-178 °C. [a]* 40.8° (c 1.3, pyridine), FABMS (high-res.): m/z (calcd.
CsiHy0,0sN+H", 856.7605, found 856.7601). 'H NMR (500MHz, CsDsN): & 8.47(d,
J=8.8Hz, 1H, NH), 6.78-6.00(br, 6H, OH), 5.14(m, 1H), 4.74(dd, J=5.5, 8.8Hz, 1H),
4.52(m, 3H), 4.37(dd, J=4.3, 11.0Hz, 1H), 4.25(m, 4H), 2.72(m, 1H), 2.59(m, 1H),
2.48(m, 3H), 2.33(m, 2H), 2.22(m, 1H), 1.94(m, 2H), 1.86(m, 3H), 1.71(m, 1H), 1.37(s,
64H), 0.88(t, J=6.4Hz, 6H). 3¢ NMR (100MHz, CsDsN): & 173.36, 78.37, 76.90, 73.65,

41



at reflux for 4h, then cooled to roomtenperature, filtered through a pad of
celite and basic resin, and concentrated to give 23ng of crude 23. A
solution of this material in THE (Inml) was treated with p-nitrophenyl
hexacosanoaveoditsreg, 0. 144mmol) (Morita et al., J. Md. Chem 1995, 38
2176-2187) and a crystal of DMAP. The resulting sol ution R&¥US&¥878ed at rt

on si |1 Byt 0P apr 4 B OEr e, R A S0 e o oLt 24 - (6053
as a wWpo4e, 2644, 2281 M#.15175-178 C. [a] 25 40.8 (c 1.3, pyridine). FABMS

(high-res.): i nk (calcd. C51HIO1OBN+H ', 856. 7605, found 856.7601). 1H NWR
(500M—|z C5D5N) S 8.47(d, J=8.8Hz, 1H, NH), 6.78-6.00(br, 6H, OH), 5.14(m

4 25 ( fn Vé4 %’Rﬁﬁm{igﬁgﬁyb@E’)-?i-Ofbcéfﬁ%i%?}ﬁé;%%-@&?-%%%ﬁ.% 1. OHz, 1H),
2. 22(m%GP1 1.86(m 3H), 1.71(m 11), 1.37(s, 64H). 0.88(t,
J=6. 4Hz. 613 1 C NVR..(10 17 8. 6.90, 73.65, 41 WD
03/ 105769 Pc)Tl US %Ff é"‘ %?gcg%%@%"%‘gﬁa% é?zoo’éf gl 52.56. 36. 86,
34,33, Gl P BMAPU G 8298 v sdlh, TROmhe s $med b1, 14. 15

3-N hf—f)%’&@éﬁ’&%? resiflue gvas gurifiedioeeolpne plaeraatagtphyporgsilicasgal gluting Ethc?t yl - a-

C D Et OA
ro20( TAPACRY GIRTOIE bpbiruet 4e0R] M ef (T, BERATOND L i ure s
stirr F:jlclgo (Zslﬂcde%ﬁlﬁmm 110Nhe Hemqeomgrglz ,[U4Dk) |a$53f61m , CHI), tﬁ;ﬂ(cﬁdg: orzngE gg(r%)aphl)\//IS
(r':?zs'( Nﬁ:@)"% PHpd. -’nﬁu&ﬁ*) 0 lgéé iﬁ@%@ 5’%:5733 M1 H NMR (500MHz,
C6D6) @954 56((1&”1—2 %H‘}.2(H}13 74%31}9;2 @L(EWZH),J#%(S 5Hg71(.811(s 131-12, o 112H)

5 16(d 5Hz,
3. WWHM)B(& (h?o(sﬁ@; 1.62(8 3, 1 111[),81%551 3HH) T4H), 78(s,

311) 107%({(,30 %11 1.70(s, 3H), 1.62(s, 3H), 1.45(m 111), 1.35-1.31(m
7411) O 7611). 42 WO 03/ 105769 PCT/ 11503/ 18789 2. Synthesis of CRONY
101 by Method B
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Scheme B NH2 QH CBZHN OH CBZHN OH HO-g HO-ja ---~ TBSO-~3 OH OH OH 31 32
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to OH OH CRONY 101 40 The foll owi ng convergent approach tP§TIUS83/E878% hesi s of
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The following convergent approach to the synthesis of the C-glycoside analog of o-

Galactosylceramide uses the one-pot Julia-Kocienski olefination, to couple the very
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WO 03/ 105769 PCT/ US03/ 18789 sensitive sugar aldehyde with a simlarly
base-sensitive conplete |lipid sidechain. The 'sugar conponent was the

a- C-gal act osyl al dehyde 38, which was prepared according to the Bednarski
procedure saeFiosngofrom nmet hyl gal actoside with an overall isolated yield of
40 % after five steps. The lipid side chain was prepared F?BH?‘F’ 118789

bogun vielits b eeinie A S SR Siee Enutiv cobip Bl ks bl IR UL IS5 o

the prisugdritomb6edn was Mid rC-Ealuétbsyt aldtindkizBgwhish Wa&%re;ﬁ@@M&ﬂﬁlghydr oxyl
groupsdgs an 1 sopropylidene ket al the primary_ hydroxy was rel eased for

M t sundBoBeduasTkt rpeadiTeTiating fienyeethyealagioside Mithrngveraldsaleed yigd ofg readi |y
af f or degh o, sk Q\ﬂ:est? O"M'MT: hpﬁ%é&v%ﬁ%§%$m%ﬂ% aﬁ# ﬁva?ltaﬁlgs The

convergent couplin carried out %y errp oyi ng the
Jul i a- Kekwlosphingosiot 81 Tl protectiondbiategy Wapbagnn swth bepzyl gubamate fametiermi n 39 in 72

he dodB S BoRh e BP Rl of i Y Hilhel Bl ey s o) - "
( gg gg f&ldgyb nz yllgrsggsg bonyl am noﬂeﬂedtetdj,&hé pg?ary hydrr?:gq NS I nskas et
§i| S tya{‘é@é“ y%‘?f’%%ﬁ“?au?ﬁ %§'§ga§ &8 ﬁqup&g%ﬁgﬁﬁeﬁﬁg mat eri al

31( Cos fmff@iem’l&uiﬁan&%hﬁ elUQEh@l% aved sik s(eﬁs :ﬁae@on\%@gdﬁﬂﬁhﬂ) ihglofaru@aus NaHCO3 (1

N, 80 , equi v 1 4- di oxane was added. benzyl c¢hl orof ornate

(3.31 rﬁs w_aLs seam @lu%/by emplaying £be i elip- %@qﬁlﬂeOlﬁ/ﬁ@a@. ypdeg agoptimissder ni ght |
wher eun@hditiod 1§ &b%hysaetlﬂy’n %R CHbiA! ?fﬂly,%d%pﬂfarééegh%gd ghdpSnlihe reaction

was finishe The suspensi on was uted wth Et oured onto water,
After wpdtaamue rredudtionagf ey doyifie bendvascasding ot siehdard procglugyscaff@dx) . The
conbi ne&,\&ggalg jc sol uti ons were washed aqueous NH4Cl, brine, dried over
Na2SO4 ncentrated to afford a residue. The residue was purified by
flash col unmm chromat ography (Petroether-EtOAc, 2:1 to only EtQAc) to provide

compou 13 ol d MS (ES, m 452 (M + +,
47?(M(23§é94$‘g%‘&ﬂh?"(9g60% a“éﬁvéﬂél%s ! 7. 35( (m 5Z)H) 5.43(3 (d, Hﬁ =7.3
Hz, ., 5.02 (a, 211),3.85-3.83 (m 2H) 3.71-3.67 (m 1 H), 3.60- 3.56

2?2 3.09 (d, J = 5.5 Hz, _1I—?, 2,91 (m 1 H, 2.40 (d, J =5.5 Hz, 1
SIRIR) 2rbenzylwxygarbonyiamino-1,34-ec@decametricd 3): " C NVR (75 Mz, CDCL3)

153. 2, &30 et A48 JP0rg ERer. 1986. 51: 4057-5050). To a suspension of starting material
31 (Cosmoferm B.V., Delft, Netherlands) (6.35 g, 20 mmol) in aqueous NaHCOs (1 N, 80
ml, 4 equiv.) and 1,4-dioxane (30 mil) was added benzyl chloroformate (3.31 ml, 1.1
equiv.). The reaction mixture was stirred at 1t overnight, whereupon t.l.c (only ethyl
acetate or DCM-MeOH 5:1) indicated the reaction was finished. The suspension was
diluted with EtOAc and poured onto water. After separation, the aqueous phase was extracted

with EtOAc (3 x). The combined organic solutions were washed aqueous NH,Cl, brine, dried
over Na,SO,, and concentrated to afford a residue. The residue was purified by flash column
chromatography (Petroether-EtOAc, 2:1 to only EtOAc) to provide compound 32 (8.13 g, 90
%) as a white solid.

MS (ES, m/z): 452 M+ H) ¥, 474 (M + Na) * ; ' H NMR (500 MHz, CDCl;) 7.39 - 7.35
(m, 5 H), 5.48 (d,  =7.3 Hz, 1 H), 5.02 (5, 2 H), 3.85-3.83 (m, 2 H), 3.71-3.67 (m, 1 H), 3.60-
3.56 (m, 2 H), 3.09 (d, J = 5.5 Hz, 1 H), 2,91 (m, 1 H), 2.40 (d, = 5.5 Hz, 1 H), 1.62-1.18 (mm,
26 H), 0.79 (t, J = 6.8 Hz, 3 H); ® C NMR (75 MHz, CDCly) 153.2, 136.3, 128.5, 128.2,
128.0, 76.4, 73.1, 67.2, 62.2, 53.6, 33.3, 32.0, 29.8, 29.5, 25.9, 22.8, 14.2.



128.0, 76.4, 73.1, 67.2, 62.2, 53.6, 33.3, 32.0, 29.8, 29.5, 25.9, 22.8,

14.2. 44 WD 03/105769 PCTI US03/ 18789

(2S, 3R 4R) - 1- Ot ent - but yl di net hyl - 2- benzyl oxycar bonyl am no- 1, 3, 4- oct adecanet r
iol (33) (Whamutlsmoy at al ., Tetrahedron Letters. 1979. 20: 99-102). To a

sol uti on of tri ol 32 (1.6 g, 3.54 mvl) in anhydrous DCMPECRAISPY878nd DVF (5

[ muneadet et ol s Slor npafiplio timrnlie 2

0.05 eq After stirring for 1 h at the sarreterrperature the m xture
was di '@hﬁfh{: 1P u ueous NH4C
and brine. ﬁéf%rg’amt@g Aggz,@&%@g?égg ?2?)6 u# ?l\fll\lgé #cgn ’at ed and the
r esi dued. fuminfol)eint dnsayd:basbahol(mml)mdmdgmﬂpms @mdrtnempmmﬁt(om, 8:1to

Elml) 5t OH}IP lOlVI de ha gl éSOIiP‘Y-é%ﬂf'Egﬁ @q} ég?m I\/I?I“é %891%.9/'42 3 @ . 7.23%): 7.34

3.83-3. azaa)uﬁmm.mdm:f(zﬁﬁ: 0®3% eézqmnv)ZAhar sh?nﬂg?’fofd h ¢t the fanfe tdfoperatdrd,, 2, 64 (d, J
—77I—%,1 75-1 (Dn& (s H, 0.91 (t, J = 9.9 Hz, 3
H, 0.1 (ngtgrel_bvas diluted w1th M and washed subsequently with water (2 x), aqueous

(23, 3R ﬁﬁ)cﬂm@sr&ia *m& e hibgt w?asbﬁi@&ﬁédai%&%ﬁﬁ&@)\"céﬁ%ﬂ ated é&mPﬁQ

| sopropyl i dene-1, - oct adecanetrl ol Kitamura et a . Am Chem Soc.
1984. 11@8due33215ﬁec!3125ﬂr-sh #oleron ehrbmatompltyt{gememer-é@mg $:130 451) tépsmd‘?m)l ) in dry

DCM ( 60461138 (oSl 2, i met hoxypropane (6.0 m, 8.0 equiv.) containing a
catal ytic argm %gfﬁ)gPTs (50 nmg) was stirred at roomtenperature for 3 h.

The reaction m xture was diluted with DCM quenched w th aqgueous NaHCG3.

?I)'ﬁr‘gir nel organi j()%r}“sﬂ(')l% k@’gﬁz%%r@@sﬁ\ﬁ@% Sﬁ]d; gﬂﬁgﬁyﬁr :ﬁ&w é’:rsz @128&? and

concent3.99%:-381 (ng 2:H) B.88-379mp hHY 8.6348.61Tine2 H),Ssi3ddef wag HenpHp2ed (d,dr t he next

?Egps\lg ZJE%?H%'{)HL h’?oxi}g@’% ﬁ?‘fda%qﬁgl\{g 6%)10?%?%’5 op IoﬁééheHl6§84( (I\)Ac:a’(;lggza:et

riol (35) (Corey et al. . Am Chem Soc. 1984 106: 3252-3257). To a
solutiog I n, dr was added
ot ab EoRB-Bepl il %‘@t—{f A

sopropy yaA-octa lletl'l

(Kitamura et al., J. Am. Chem. Soc. 1984. 106: 3252-3257). A solution of the diol 33
(3.33 g, 5.88 mmol) in dry DCM (60 ml) and 2,2-dimethoxypropane (6.0 ml, 8.0 equiv.)
containing a catalytic amount of PPTs (50 mg) was stirred at room temperature for 3 h.
The reaction mixture was diluted with DCM, quenched with aqueous NaHCOs. After
separation, the aqueous phase was extracted with DCM (3 x). The combined organic solutions
were washed with brine, dried over Na;SOy, and concentrated to afford acetonide 34. The
residue was employed for the next step without further purification. MS (m/z): 606 (M + H) *
,628(M+Na) ™.

(28,3R,4R)-2-benzyloxycarbonylamino-3,4-Di-O-isopropylidene-1,3,4-octadecanetriol
(35

(Corey et al., J. Am Chem. Soc. 1984. 106: 3252-3257). To a solution of the residue silylether
34 in dry THF (80 ml) was added tetrabutylammoniumfloride (1.0 M in THF, 8 ml], 1.36
equiv.) under nitrogen at 0°C, Afier stirring for 1 h, saturated aqueous NH4Cl solution was
added whereby the reaction was quenched. After separation, the aqueous phase was
extracted with DCM (3 x). The combined organic solutions were washed with aqueous
NaHCO; and brine, dried over Na,SO,, concentrated, and the residue purified by flash
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equiv.) under nitrogen at 0C. After stirring for | h, saturated aqueous NHACI
solution was added whereby the reaction was quenched. After separation, the
aqueous phase was extracted with DCM (3 x). The conbi ned organi c sol utions
wer e washedwaios/iosaggueous NaHCO3 and brine, dried over Na2SO4, concentrat ed,
and the residue purified by flash 45 WO 03/105769 PCTI USGSAAUS9HBT89: 0| umm

chr onmat ogr.a Petr et I 8 92 %
For  twooei SRR i ihnci it p boib Heob B GRS 1% by By 2\
S | Nl\dﬁp(sfe@@msolﬂ)cm) 7.36 - 7.31(m 5H) 5.17(d, J=8. 5Hz,

1H),5.12(d, J=12. 2Hz, 1H), 5. 08(d, J=12. 2Hz, 1H),4.16(m 1 H), 411(t J=17.0
Hz, 1 H), 391386(m1H) 384(m1|—|),371(m1|—|),219(tJ:5.1
HZ’ 1 HMS (E5,6@/2)t 492 (VM HPE, $14.(Mk+ %8) { ' H 1MR)(5001MBS, ¢BCLB7.39 - 7.81 68 (t J=6.9

7 6. oy STakta - 61 e | 6 513 Qg wi2T e 19D, 588 . Yot s d e se g, Cheln
35[(53R212 41)1{4,3—70Hz 1}1),0391-386(m 1H), 3.84 (m, 1 H), 37;(()mr1H),21(91(t J=51

oct adec csf'Bo ?‘ﬁﬁ% tﬁ?“aggﬁg {53@')5ﬁégsﬁant)ﬁéprﬁlg£%é‘b ﬁ%he& s 1996,
285- 2960756ﬂ-&9bm39m55)8 136 BAR28(40 12801, 127.9,2, Bglo, s, 67.0,163%, sneyize)1, e, dry THE (1

nm.) was e saol ut| n of cQ 35 (1.27 g, 2.58 mmol), Ph3P (747 ny,
2.2.84 %3?83899’12915 6#%7.-%' ﬁd’“é ?e?éggt anbenzot hi azol e (BTSH, 449 ny, 2.84

mml, 1.1 equiv) in THE(80 m) dropwi se via syringe. After stirring for 2 h
at anbl nt tenperature, mxture S, |Iuted th and poured onto
sat . E@ IE ‘évvﬁ? isoppopytidenssthdsus phase was

ext ract%‘ﬂawwdm#‘@?]kﬁnm@d@“l%%l ned organl c sol utions were washed

subsequently wi th aquegus NH4Cl . brine, and l.ed over 2SO4. The filtrate
was conBelfinghare gt aln dyrthesis £460285-790 *ﬁ&tﬁ?li“f’%ﬂ ?@&%ﬁ‘snﬁl\z@Mron&t ogr aphy

(Pet’ roef %«(ﬁj @@%Tﬂ% ml 1§.L>) gaslédgwtooi ng‘ﬁhﬂﬁ Jf*&lc?ﬁ&lhﬁl\ga% o 3 sﬁ%mﬁol), 92 % as a

white so (500 MHz,
CDClB) BhsP(Q7‘(7dng22 84.mmokid,1 dquiy)) ard, %me(cdptad)mzﬁﬁhﬂqut (B'IJ;SHqJ)4497mg’,9 (t, J =

s 3H) ﬂ%‘h%ﬁ‘%‘ i @Védﬁdﬁég‘é@ ?ﬁﬁ?@fed’g"( %&g Hfter pirripgsfor 2 boaty 32125

Hz, 1 Hmbidnt @an;(eba:nm th3 nhi)meaya?smﬂ@dd with-DUM. add lppyred ohfp sat3adbNakG0s. 1 H)
1.55-1. ’E’l‘? éhases were separat amg %he aqulégus pjhase wgs éxtracE:Qi Wlal B%I\& (3 x). The 8 H, 3 M
combined organic solutions were washed subsequently with aqueous NH,Cl, brine, and
dried over N2,SO;,. The filtrate was concentrated and the residue was purified by flash
column chromatography (Petroether-EtOAc, 10:1 to 8:1) to provide thioether 36 (1.52 g,
92 %) as a white solid.

MS (ES, m/z): 641 (M +H) ¥, 663 (M + Na) *; 'H NMR (500 MHz, CDCl3) 7.70 (d, J = 8.1
Hz, 1 H), 7.64 (d, J=7.7 Hz, 1 H), 7.29 (t, = 7.5 Hz, 1 H), 7.20 (t, ] = 8.1 Hz, 1 H), 7.17 (br
s, 3H), 7.04 (br 5, 2 H), 5.54 (4, J = 6.5 Hz, 1 H), 4.93 (d, J = 12.5 Hz, 1 H), 4.87 (4, = 12.5
Hz, 1 H), 4.09 (br s, 3 H), 3.70 (d, J = 13.2 Hz, 1 H), 3.50 (m, 1 H), 1.55-1.16 (m, 26 H), 1.41
(s,3 H), 1.25 (s, 3 H), 0.79 (t, ] = 6.8 Hz, 3 H).

2-[(3R,4R,5R)-3-benzyloxycarbonylamino-4,5-Di-O-isopropylidene-4,5-
octadecanediolyl-sulfonyl}benzothiazole (37)

(Bellingham et al., Synthesis 1996, 285-296). To a solution of sulfide 36 (1.08 g, 1.69
mmol) in DCM (60 ml) was added NaHCO; (709 mg, 5 equiv.) and MCPBA (948 mg, 2.5

equiv.). The mixture was stired at ambient temperature overnight, whereupon t.lc.
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2-1(3R 4R, 5R - 3- benzyl oxycar bonyl am no-4, 5-Di - O-i sopropyl i dene-4, 5-

oct adecanedi ol yl - sul fonyl [ benzot hi azol e (37) (Bellinghamet al., Synthesis
1996, 285-296). To a solution of sulfide 36 (1.08 g, 1.69 rrm)l) in DCI\/I(60
m) was addedodoisiiged (709 ng, 5 equiv.) and MCPBA (948 ngy uiv.). The
m xture was stired at anmbient tenperature overni ght, V\/nercgﬁ%lﬁo’(}s% 46 VO

03/ 1057 PCT/ /187 I.ndi ca t the oxid te. The
mxturelg%a gl’ Gt-ed \ﬂcgﬁ Wacnptp?eg%enchmﬁih ﬁ gfuléto S so | i osul fate
(20 m ,qui:ﬁbh%ﬂ .wnéh‘ h@reo'@s)udsdlm tbmlﬂfaﬁaa(zo al] 1NHCARea pdurigpaitatsadrag t he aqueous
phase tragcted wt . The co ani xtrac S were dried
over Ngg%@,ﬁ FERATRHOR aq&‘?? SP eW&PWQFB ﬁ;rdpggf @W)f ebsf

chr onat&g&@dom&aa@e&éreahb@ BvéwsOQdGﬂo%ntrﬁecﬂ- ahyl tﬁ@re&a@ypﬁheﬁﬁw aaa 37 (1.08 g,
96 % asawhltegel M+ NH4) + ; 1H NWR

S, nz
(500 Melgehropatggraphy G’egrgether-ﬁt. CFEHCIE: R 1)1=Fg an(de sulfone yd4%e 1 1), 7.61

(t, I ghyPadPowhile 7.57 (t, J =7.6 H, 1 H, 7.29
(brs, 3H) ?ﬁls(brs %&H) 5.13(d, J=8. 8Hz, | H) , 4. 86(d J= 11.8 Hz, 1H), 4. 77(d, J=

11.9 Hz, 4.31 (m 1H, 4.26 (m 1 H, 413 (m 1 H), 4. 04 (dd, J =
26 1 8’#5’5@("/1)-?” % 88, oo dy= 2t Froul g NeSchp %‘?chécié)(m
166 3 N%4zd, m5275¢;11=3393;, 1BR 78] (128746 Hz 281)27.51@F.47.6 HepBH)),7.2927. 8, 127.6,
1255 gm0y 2 0 1L o B et A 38 7. 296
(2, 3,;1 , 8% Bz, rla)O4 B rimy | 1B, £2Q6, z;ch)amleol;lﬂ,g@Ott@ﬂrhﬁaﬁ I(BBﬂz(Kngret §8et vvgls
or cpar o S by i 5 LRSS a3 oy EF 87 n a1 08 6 B ARIG S AP

gal act csMie” @ NMR (5 M¥dey @DCL) 366. 51549y 1525 136.84185%, 48, é,r121812vé2&1 eps. tH NMR
330 BB b 378 I gty Moo g i i B enteg RATIRAT, 1

(dd, J 29652925,268427—&,,263 £5.2,22.808.2.dd, J 4.0, 2.6 Hz, 1 H), 3.87 (dd, J =
10.6, 7.71liz, 1 H, 3.64 (dd, J = 10.6, 4.4Hz 1 H, 3.62 (dd, J = 6.6, 2.6
Hz, 1 H). Jullacoupllngto gi ve 39

1- ( 2", 32,34, @&ud-etbmﬂhmguhctepﬁagﬁxmmmmyl ) - 3-
benzyl car bon | am no-4,5-D - | i dene adec iol (39)
(o kBber ot oL Siabedih Gpiace (PR 931 G580 The1crS- gelaciasy REFIS 8y ol
Synl et twékgp?gpare%aacg&hmg to the Bednarski procedure starting from methyl galactoside with

an overall isolated yield of 40 % after five steps. "H NMR (500 MHz, CDCls) 9.79 s, 1 H),

7.38-7.17 (m, 20 H), 4.66-4.49 (m, 8 H), 4.33-4.30 (ddd, J=7.7, 44,40 Hz, | H),429(d,J =

4,4 Hz, 1 H), 4.12 (dd, J = 6.2, 4.4 Hz, 1 H), 4.03 (dd, J = 4.0, 2.6 Hz, 1 H), 3.87 (dd, J = 10.6,

7.7 Hz, 1 H), 3.64 (dd, J = 10.6, 4.4 Hz, 1 H), 3.62 (dd, ] = 6.6, 2.6 Hz, 1 H).

Julia coupling to give 39 1-(2°,3%4’,6’-tetra-O-benzyl-a-D-galactopyranosyl)-3-
benzyloxycarbonylamino-4,5-Di-O-isopropylidene-1-nonadecene-4,5-diol (39)

(Baudin et al., Tetrahedron Letters 1991 32: 1175-78; Blakemore et al., Synlett 1998, 26-28).
To a solution of sulfone 37 (185 mg, 0.28 mmol, 1.3 equiv.) in dry THF (5 mL) at -60 to -70
°C was added dropwise NaHMDS (1.0 M in THF, 0.56 mL, 0.56 mmol, 2 equiv. based on
sulfone) resulting in a bright yellow solution, After 45 min, the sugar aidehyde 38 (116 mg,
0.21 mmol) in THF (6 mL) was added dropwise via syringe pump in a period of 1 h. The
mixture was stirred for 1 h at -60 °C, 1 h at -42 °C, then gradually warmed to -10 °C over 2 h.
Stirring was continued for 1 h at rt before the reaction was quenched with water (10 mlL.) and
diluted with Et;O (10 mL). The phases were separated and the aqueous phase was extracted
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To a solution of sulfone 37 (185 ng, 0.28 mol, 1.3 equiv.) in dry THE (5 nlL)
at -60 to -70 C was added dropw se NaHVDS (1.0 Min THF, 0.56 ni, 0.56 mol,
2 equiv. based on sulfone) resulting in a bright yellow solution. After 45
mn, the swoasnsdeehyde 38 (116 ng, 0.21 mol ) in THE (6 0 was added

dr opwi se vi a syrlnge purrp ina period of I h. The mixtur®We34§red for 1

h at - I r Stirring
was conti nuéé @ ﬁ a’trl m%({l(é%m% }ﬂgﬁé%ﬁéﬁg“ﬁmﬁswé%e%gﬁ%gj Wé'i"% wat er (10
m.) anolNev:ﬁmmmﬂconceﬁtraEdZ'ﬂm(mdmd_Was fiifiep by Sflash viermatogeplvaiPeoethed t he aqueous

phase Wap/GAGELEEY o 1. B3k 05109 CH ASONARI B 11 120 (3 20 The

conbi ne organl wer e was ran e, dried (Na2SO»4) and
concentrated. The residue was purified by flash chromatography (Petroether-

VS ( s, VIS5 A 1010 (R P ST RS MR O\l S B O e k) o3 Ra*l‘z?kc%‘cl 3)

7.24- T1.U7(of, R5HRBHY, (df, BY 16.d#z, )15 5R34dhiz] = 16.HHz, GHRS. 1(20(5;1 JIZ:SHB, 1 Hz | H),

vy, plepe§ iy thaof -kl a3/ e bl sidion]

(d J (rd, . H), 59 (br sH) H)M4.S0(A( T 11,432 2 H), 4480 (1.7 H)12,1484 2 H)443 (&I =12. 1

O 1 e 1y e Gl Tpad my o g ot 058t 4. 4B 4@ 1 B

0. 88 (t3.57(ux 260)31.,5%8-1.22 (i) 26 &),9:36 (5,19 HYVR2¢ &) O HyHz88 €DGL8} HE, 2B); 7213

(15223 I(—|z TP’@(”%N%%Z @Ch 75)21721538(%2%&5# (m41§é: ‘-'fr)%"r(“é 1 1{#,5,)81/ (Q §zr

d. J=111 a4l 14079 07 430 318, | B, 007@( K 1720 8, 1HE), e (e 5B algal L. 7
|(-|Z lH) 11455_%6MI 7(|:Zﬂ|3: ; O(Q(-ﬂ*zz ok igl)(ﬂrsgst-]:gl‘r4l(d J= 12.1

d 4. 46 2
He, | H&:TZ éi}{zd”ﬁ 4~‘172(|EPTH21221HWPD446%(5(%- 1 (3°8 6%@%%? 3.87 (m |
l]_.|)’403(8ﬁ2(1% 438 (cil:d)-,1137ﬁz 13H§41 s(zrm 7= H.7 13, 123),(41146(%4")2H)1451?(61121 (m 26 H),
(2 g 8 851 5B 12508 i 3 P ST GBS byl i o
- nona@@ﬁ?%ﬂs&éﬁc’i ﬁf@)zg(g RAB, T.5801123 QR 90w, BAOd] £ &)b2oy/(sas &), MCPBA =
rret a chl or oper benzoi c_aci d PTs = pyridinium p- f ol uenesul fonate DCM =

di chl orb#%&itHan@8 Hz, 3 H).
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1-(2',3',4' ,6'-tetra-O-benzyl-a-D-galactopyranesyl)-3-benzyloxycarbonylamino-1-
nonadecene-4,5-diol (40).

DiPAD = diisopropyl azodicarboxylate

MCPBA = meta chloroperbenzoic acid

PPTs = pyridinium p-toluenesulfonate

DCM = dichloromethane

THF = tetrahydrofuran

DMF = dimethylformamide

The following Examples illustrate the invention without limiting its scope.

EXAMPLES

«-Galactosylceramide was synthesized by Kirin Brewery (Gumma, Japan).
The stock solution was dissolved in a 0.5% polysorbate -20 (Nikko Chemical, Tokyo),
0.9% NaC1 solution at a concentration of 200 pg/ml, and diluted in PBS just before

injection into mice, «-C-galactosylceramide was synthesized as described herein. The
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THE = tetrahydrofuran DM = dinethyl formam de The foll ow ng Exanpl es
illustrate the invention without limting its scope. EXAWMPLES

a- Gal act osyl ceram de was synthesized by Kirin Brewery (Gumma, Japan). The
stock sol umwmes/msme di ssol ved in a 0.5%ol ysorbate -20 (NinFE,P %herri cal,
Tokyo), 0.9% NaCl solution at a concentration of 200 g/ m; AW 8% ut ed in

PBS i U _ C C . : t hesi zed
s des oo RSt wabbighatluselib S B (B BMST R BEAUER A Tt S YT ol
or i gi naBdfgrednjectivn\iatd nice, t00XdIMsDt@s cancemiratiom of 200i Lyimbin 410.564/ i .  Bef ore

i njection int ' I . was .dil ute on tratj. f 0 g/m i 0. 5%
IpoJI ysolrpé)i?fslgr[%i%’ﬁmlm%’g#qu?)oa}?%g‘%f@}ﬁﬁg g‘@cd’ﬁ%dgﬁpﬁgh di | u!t gdai n PBOS
just Dsffere tjectipeiitd ficel Nt o nice. Six to eight-week-old fenmale BALB/c mice
were purchased fromthe National Cancer Institute (Bethseda, MD). Six to

ei ght-week-ol d f | e, C571BL6, M ce I urchased from.the, Jackson
Laboratory (Bar %&E&Wﬁ%ﬂ GT%WE&%‘VWBEC ﬁ&g]ﬁ'ﬁgﬁh"s- deficient nice
wer e ol gioAfCaderdhdtitite (Béthieda, AED), SiR 1 eiphtGRecRiol BRERICCHYEBKGMMeNd  wer e
purchased fromthe Jackson | aborat or Har bor

B ME). | FN-y-
r ecept oVerd meﬁéﬁffomrﬁl%@cméﬁb?fé@%éﬂ(f Hg; B P w—ﬁ?ﬁ%ﬁw wgﬂe apdcility.
| L- 12p4 kol ant: . _ hased f
p ﬂ1§%€ﬁ&%§rﬂggé0@§1% ()ggfﬁ@‘lggﬁgﬁ ﬁ@%,_%%k@ HRE EEBRYBML WRES R Chased from

t he Jackson La m ce were nml ntal ned under
pat hogeweré perehased fomi theFackddn Iytoedtorny (BarAiethorsME) HIN-wasecomordeficieat] by

alternate cyclic sages i, Anophel es stephens| mosquito Swi ss
Viesbt er™iff 8T %ﬁ%@%@ﬁ@?egmm%ﬁgf%ﬁv hr‘gg%‘@t’ cgeaﬁwapgﬁ s of

i nf ect eghdT37MBIIE KORerdukPO&S Ipﬁxfch@éd F0Ri the JakRa la¥6ratdrP Bhr MRfRr, MERd for
chal l enge of the mice. Challenge of mce to determ ne the devel opnent of

li ver - AH gige weae maindaingdrunder pathagers figeeanditioB8l by an i ntravenous injection of
10, 000 viable sporozoites into the tail vein. The outcone of the challenge

was determined 4Q: JRIPAYNKL ki vl allRARK iy itebdife SYBRABIskBePMr den in the

livers of the mce using a quantiative real- tinme RT-PCR nethod, as taught in
Br una- Rbteehdesstepkensi mopquitogs arSress Wesbteg mice] Apgropsiyes obtgiggfronChal | enge of

M ce 1 OfsHRLLLMVAS ofdhds SAKRLAR MRIuiRths 2108 RbABS: TRLANE BB TRE ' ON

used for challenge of the mice. Challenge of mice to determine the development of liver-

stage malaria infection was performed by an intravenous injection of 10,000 viable
sporozoites into the tail vein, The outcome of the challenge was determined 40-42 hours
later by measuring the parasite burden in the livers of the mice using a quantiative real-
time RT-PCR method, as taught in Bruna-Romero et al., Int. J. Parasitol. 31, 1449-1502,
2001. Challenge of mice toe determine the development of blood stage malatia infection
was performed by an intravenous injection of 75 viable sporozoites into the tail vein.
Starting four days after challenge, daily peripheral blood smears were obtained from each
mouse and examined miscroscopically for the presence of blood stage parasites until day
17 post-challenge. Mice were considered positive for parasitemia if at least one blood

stage parasite was observed during the time of examination.

The degree of liver stage develiopment in challenged mice was determined
by quantifying the amount of P. yoelii-specific 185 rRNA moelcules in the livers of the
mice by way of the real-time RT-PCR technique of Bruna-Romero et al. A 2 pg sample of
total RNA prepared from the livers of challenged mice was reverse-transcribed, and an
aliquot of the resulting cDNA (133 ng) was used for real-time PCR amplification of P.
yoelii 188 rRNA sequences. This amplification was performed in a GeneAmp® 5700
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was performed by an intravenous injection of 75 viable sporozoites into the
tail vein. Starting four days after challenge, daily peripheral blood snears
wer e obtained fromeach nouse and exam ned m scroscopically for the presence
of bl ood stwges/paredsites until day 17 post-challenge. Mce were considered
positive for parasitemia if at |east one blood stage par &§T{US03(838%0bser ved

during g he ti of exam nation.. The degree of l.iver .stage. develiopnent in
chal | erfgaeFofg Petechion %@?@r@ﬁrﬁé&h@w&%ﬁ% Fosie i C Ao istRose,
yoel i i prigRed 1 GARATTORTIPECATESITTITAMG 3! {54 #f sthe mce by way of the

real -tine RT-PCR techni que of Bruna-Ronero et al. A 2 sanmple of total RNA
pr epar eAGEARTARATAAAGC GHATAGATCRELA T (60 Bk werswesd gﬂ&"ﬂ’&hﬁ’@i bed, and an

al | qUOlAfsDINIR sl dyb BYHH A Htdoialatdtiio MREFCI actiiPbysier (B PR

anplification yoel 11 sequences. This anp I'cation was
per f or iesystams, Rester@ity,(C4) i5 voder fodeiet 86 PORGReducPETen8al/TI8789 Sequence

Det ecti,Q e P | i gd Bi t Fost er, C .. For this purpose,
or 1 mor SRR RPL e be AR A B By il Rl By 25 ot

AAGCAT ASTABGEdohAd ardl anpedling/ektensdsreat 6980 fortlagiduteer Wi th t he
dsDNA-speci fic dye SYBR Green | incorporated into the PCR reaction buffer (PE

Bi osyst ens, Fost | t I n.order. to detect. t roduct gener at ed.
The terrperature'%er%fvf’?égmgﬁg qfﬂéda}n@g‘@tlwgﬁias%%ﬁ(]ﬁ%m%emes fol |l oned by
ggcc%/c |deternined BlyeﬂﬁtT waﬂéﬁgillﬂgl micesﬁtﬁv&?uusly;iviﬂﬁmoh@nl gﬂﬁioamlmélhﬁ@£xtcg QSB :_8 n at
or m nut.e, . evel opnment @ 0 un tastases i n m ce
was dé&f Wﬁedd?qrﬁﬁg{s@ﬂ elﬁ?ﬁi‘”ﬁ'& 1@@$'%%W€%@F&MW%@&O4 syngenei ¢
B16 nelmpOwsre sedificed, %Mﬁ&i‘éﬁob&&, ENENE SvRbdr @FRieta8@dtivvhé dhick QUi as TWO Weeks

after challenge the mce were sacrificed, the lungs renoved, and the nunber
of net aescaibetindtiiueted, Ve dmewnolad, 86083412098 in Fujii et al., Natl, Inmunol.
3, 867-874 (2002). The serum concentrations of IFN-y and IL-4 were neasured

ot hi ng. by vy of itRl EoncatiibpPbl BN} P TFRerethlauRa g 12104, 5 7 2
concent48pinddthoofs after ticknd ént weithar-GalCen) oﬂ_ﬁ@ﬂ[ﬂedoramtﬁug by wagof£24, 48 a_nd 72
hours af et tEeauent by vey of o sapduich . ELLSA.(Phar, pagn, .San Di ego).
also measured at 2, 6, 12, 24, 48 and 72 hours after treatment by way of a sandwich
ELISA (Pharmingen, San Diego).

Biological Data

As reported in Gonzalez-Aseguinolaza, Proc. Nat’l Acad. Sci. USA 97,
8461-8466 (2000) e-GalCer, when administered to mice two days before challenge with
Plasmodium sporozoites, suppressed development of malaria liver stages in a manner
dependent on both CD1d-restricted Va14+ NKT cells and IFN-y/IFN-y receptor
signaling. To see if &-C-GalCer exhibited a similar behavior, wild type mice were
injected with either a-GalCer or o.-C-GalCer two days before challenge with live P. yoelii
sporozoites, and the degree of liver stage development was measured using a quantitative
real time RT-PCR assay. Mice treated with either a-GalCer or a-C-GalCer showed
virtually no liver stage development as compared to untreated control mice, proving that
0-C-GalCer has in vivo anti-malaria activity similar to that of ¢-GalCer.

Figure 1(A) demonstrates that c:-C-GalCer displays anti-malaria activity.
Wild type BALB/c mice were treated intraperitoneally with 2 pug of a-C-GalCer, a-GalCer
or nothing two days before challenge with live P. yoelii sporozoites, and then checked for
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As reported in Gonzal ez- Asegui nol aza, Proc. Nat'l Acad. Sci. USA 97,

8461- 8466 (2000) a-Gal Cer, when admnistered to mce two days before

chal l enge with Pl asnodi um sporozoites, suppressed devel opnent of malaria

i ver stagewoiosriarsyanner dependent on both CDl d-restricted Vald+ NKT cells
and I FN-y/IFN-y receptor signaling. To see if a-C Gal Cer FETHISB¥I188% a sinil ar

behavi or ., w.l d e, _m.ce r Injected with either a-Gal Cer_or a-C Gl Cer

t wo daﬁﬂﬁlgfﬁé%&ﬁeyﬂﬂ%% terhef SUEs 98° CXPEEFY '”%F%S??eﬁﬁaﬁd the degree of
| iver shiage devel opnment was neasured using a quantitative real tine RT-PCR
assay. Mce treated with either a-Gal Cer or a-C GalCer showed virtually no

liver stage devel.o nt as ¢onpared n ate ontrol mce, proving that
a-C Gal Cer has iJﬁhqe?r}’%gﬁﬂmﬁaTé@}qunélna‘éﬁfwﬁ‘{gé?fmeﬂa PY 25 ptB 1y Gatcer .
Figure y%ﬁFl\ﬂ@/&‘égQﬁtbf WefSnjblted with - GBI, A3 efag&%aépgé@wgagag; Lvity.

Wld type BAL m ce were treated intraperitonea
a- C- Galngasyredh - ABawitle p-GalCem ot CriGatar mas veapds th efppress Fhpddlié lige stagesinl | ve P.

2ot ari 0% e of G AR [ o) dareddifwrilc) fedemyaliitie avor age +/ -
SD of T -GakRr's dMEmaRkh AEtivif) refuifts Ui efflechids i Vo1 4ol 1(defs NEDIY. know as

Ja281), IFN- y, or IFN-y receptor were injected with a-C Gl Cer, and |iver
st age @&lelBogaheient miss wenetgmated dntraperitnpeally avithe) 1Gpof 0-§-GrlCat, BeGal(iers unabl e to

suppre . . Liyer es i.n. the ahsence.of these Lecul es (Figs. IB
ana’ O SEPGPEERY s e R <R 3o 3G i R BRRT o 0 1

acti vi tnyalariadivier ssge@ebelopméretc The sesaitchre/exbiessddlas tioecdvierage EPISD ofg Jul
8-deficient mce were tereated intraperitoneally with 2 p.g of a-C Gal Cer,

a- Gal C#°®-or not hing two days before challenge with live P. yoelii
sporozoites, and then checked for malaria |iver stage devel opnent. The
results are exprEgaRs205) inde¢BpIGhRERate fat HO-GhICer’s Bhtt-aldria@biivesy 2(A) and (B)
denonstrate that a-C-GalCer's anti-nmalaria activity requires IFN-y/IFNy

r ecept EequieFRNy/IAN-v resepjory dEN-6F I ireqeptar-deficient prisewere digeted

i ntraperitor bt &l -& rne 9 Gl not hi ng two
days bgllfi%a&’g&%%y%g%‘%ofﬁmgé%ﬁoégﬁﬁég,%ﬁgﬁ‘% hgﬁu%@g’ke P%érenal aria liver
st age dhaizhgpwitinéporddodtes, and then checked for malaria liver stage development. The

results are expressed as the average +/- SD of mice.

In Figures 1 and 2 the data represent one or two or more experiments with

similar results.

Since both CD1- and Jo.18-deficient mice lack V.14 NKT cells, the results
show that o-C-GalCer is a ligand for this cell type in vivo. Moreover, the requirement of
IFN-y/IFN-y receptor signaling indicates that a-C-GalCer stimulates a Th1-type response.

The above data indicate that no pharmacodynamic difference in anti-
malaria activity exists between «-C-GalCer and a-GalCer. To measure pharmacokinetic
differences, the dose response and kinetic effect of the of a~-GalCer and 0.-C-GalCer
against malaria were measured. For the dose response, mice were treated with o-GalCer
or a-C-GalCer three days before P. yoelii sporozoite challenge, and then liver stage
development was measured. 0o.-C-GalCer was found to exhibit a much more potent anti-

malaria activity, with a dose of 1ng a-C-GalCer equal to a dose of 1 pg a-GalCer.

51



results are expressed as the average +1- SD of mce. In Figures 1 and 2 the
data represent one or two or nore experinents wwth simlar results. Since
both CD1 - and Jul 8-deficient mce |lack Vald NKT cells, the results show
that a-C GaWOs/1bEem |igand for this cell type in vivo. Mreover, the

requi rement of | FN y/ IFN-y receptor signaling indicates tREVUSIER76 Cer
stinmul ates aThI-t r 0 data |n ate t.hat no

phar macodynani c {ﬂ ﬂ%@aiﬁ-ﬁg}ﬁ?%ﬁﬁy@fﬁlﬁm&@p ei‘}?ﬂc’l -mledp PG een

a- G Gal et o-BAlCed- BHIdG9pe BIOBARAGWErepRateARealdriGidally with(d@-&aeses the dose
response and kinetic effect of the of a-GalCer and a-C-Gal Cer against

nal arl Llgithe %@M@d') %ﬂ-qu@erdakédmbs@fs@allm&@mbeh\@R D’edt! ed with a- Gal Cer
or t [ and t hen

i ver s@} e@g%@g&&g@%ﬁ%&%@%@& @@f’%eé& e ?%ghén to exhi bit a nuch
nmor e pmxaressedﬁsﬂleaMQﬁ-/aSQonS\mtcy, with a dose of Ing a-C Gal Cer equal to a
dose of | g a-@al Cer 51 WO 03/105769 PCT/ US03/18789 In Figure 3(A

a-C Gal Cer displ g %ﬁl ' S NOM Gal Cer. WId
type BalLB/c mice vvere %reaf.kug %?F%tglg}rc%tonetg{are?% ﬁ“@?@%ﬁ%ﬁ g%loses of

ei t her &Gald8abeC-GallCenat mfféiaht@iineﬁmx)ts ﬁnoffaySpdmnfod)ueehﬂreagé endtiew th |live P.
yoelii ..spdrozoites ecked, for a liver e devel opnent .
The res]b‘[e??QFé"e"e‘?fﬂsB’éeg é&“ﬁ% g‘r‘e&fé‘eﬁ"‘n m@“‘ﬁ?E%e"gqfdlpﬁBasure t he
ki neti ohgEleet fan eI Cef aggyi th an identical dose of a-GalCer or

a- G &l Oerhg)tFs %Irll%g% erent ti rre&géol gngn prior to sporozoite challenge, and the
liver stages were neasured. a-C Gl Cer exhibited an extended anti-nmal aria

effect of up to FighPEd shayswild hrerBALRp micedzdated intrepegioneglip)with 180g. 3(B) shows
ld ty / f th
B G ol T SlPoEC e el BT B £ CH EPEBR I oelld ShabBlpeifh D L

Spor 0z cipbmxoites mid tenrchetied ferdnilana ek stageedavelopimett dhe rabaltedreprent . The
results are esse /sbei. ver,age +/- SD of five mice. To confirmthis
superi oerxl’E?ﬁief“'?rﬁ‘Fé?’?rﬁgee St fveRiee: x| Cer, the ability of either glycolipid
to prevent blood stage nmalaria infection in mce challenged with l[ive

To confirm this superior anti-malaria effect of a-C-GalCer, the ability of

either glycolipid to prevent blood stage malaria infection in mice challenged with live

sporozoites was assessed. As shown below in Figure 3(C), a-C-GalCer was shown to
better protect mice from sporozoite-induced blood stage malaria infection than a-GalCer.
Wild type BALB/c mice were injected intraperotineally with 100 ng of «¢-C-GalCer (<),
a-GalCer (™) or nothing (4) three days before challenge with live P. yoelii sporozoites.
Mice were then monitored daily for the presence of blood stage parasites. «-C-GalCer
completely protected 9 of 10 mice from blood stage malaria, while an identical dose of -
GalCer protected 0 of 10 mice, the same outcome as untreated controls. Since blood stage
infection requires prior successful development of the liver stages, the enhanced activity of
o-C-GalCer against both liver and blood stage infections is consistent and demonstrates

the superior effect of &-C-GalCer in vivo.

Since NKT cell-mediated protection against malaria requires IFN-y/IFN-y
receptor signaling, the enhanced activity with ¢.-C-GalCer suggests it might be superior in
other disease models requiring Th1-type responses for control. One such model involves
melanoma metastases to the lungs, in which «-C-GalCer-mediated inhibition requires an
IFN-y response initiated by NKT cells (Smyth et al., Blood 99, 1254-1266 (2002)). To
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sporozoites was assessed. As shown below in Figure 3(C), a-C Gl Cer was shown
to better protect mce fromsporozoite-induced bl ood stage malaria infection
than a-Gal Cer. WId type BALB/c mice were injected intraperotineally with
100 ng of awQuGMsTexr (0), a-GalCer (S) or nothing (A) three days before
challenge with live P. yoelii sporozoites. Mce were thePGEIf03/eA780 dai |l y
for the, presence of bl god stage parasites, a-C Gal Cer conpletely protected 9

of 10 rHeEEPE HRPHFHEE 1 pifteapls to GpRtiobsush metpsiressdhan %f a- Gal Cer
Pr ot ectufifle Hefdfinjddled WhR valdifl dB&TRS ALIACHANRRCUMICEAWRUAGORGR! S, S nce bl ood

stage infection requires prior successful devel opnent the liver stages,
t he enithalirage with melangmefcellsa aitl Bahvdeks latgawa shedked thellings forthenishlizod st age

i nfecti gglié.c"%gﬁ&s d denmpn t uperjor effect of a-C Gl Cer
in vi voog PRCe’ e@éﬁqhﬁég‘fvﬁ?‘)@g&)’ p‘g’?@%‘ﬁ%oeﬁ&l;’gtﬁﬁ Ve AT Poéeqftgﬁth'l res

| FN-y/ |cbéey respobsethan &-Galgea Withd, ngldd€-@iiDe 64l taTCh0 N dfn-Galder.a- C Gal Cer
suggests it mght be superior in other disease nodels requiring Thl-type
responses for coptrol. One . suc jnvol ves nel anona, net.astases to the
lungs, in which -ljég’éﬁl“(‘léﬁ"mmr}%{%g%rﬁ’m’B’le{eltﬁfﬁtefiéﬁtfﬂvf"’%%‘mgr?"lﬂ'i FN-y response

| Ni T at gy AT o£ QP oSO8t o AalCor B0 R8s Ioord 2dr i HalORR) ) - TO 52 VO 0
3/1 05 769 PCInB03/187S9 determ ne whether a-C Gal Cer is better able to

cont r ol wighth 1(rsyageneic &3l 6ihelanomais|ICcTwo wieeks lates theilurjgs sreseichafleed forar i ous doses

of a- ey I hal ] l. ma cells, and

t wo me%l%‘gﬁrlrné er {%e C erg%gté °§9%%8§§{“§P9??%‘?h%§§?%g@%}é att c nodul es

t hat hatowesbeipem onardprdSentaibve mouse buttof fiveipengréupnihesqreswitstlearhy i - cancer

response than a-GalCer, w.fh n -Gl Cer equal t 00 .of a-GlCer. In

Fi gur o SHo APy B Gaab s e CafiriCon, mudbeher Sioport SrouRadiatha " di t 1 or ent

doses cg_cgjag(t@rsﬁ@ngte@@p@fgregﬁal%%&fgm,-,Qlwg_ before intravenous chal |l enge
' l's.

with 5 x 104 syngenei ¢c 'B16 nel anona ce Two weeks later, the lungs were

checked for tunor netastases. The results are expressed as the average +/-
SD of 5 nice. TheptinellNey proghetion by dHET ¢ells mequires antigee peesenting 9@l nouse out of

five penppgt ts clearl E b8y, | - cer effect for
- & careReH Befed Frd? Tilibita of ot 335 Hed SRRAIZLTIREC90): BB ERA"CT T S
pr ef er ehlmednoll 163,193pE0 11(€998)1 T8 #ng, Tnt. \linwnol O, i1669-165N290Q)r Sttisetui®n by NKT cel |I's

requires antigen presenting_cell .
GalCer stimulates much greater 1L-12 production than a-GalCer, tests were conducted to

determine if IL-12 is necessary for the difference between ¢-C-GalCer and o-GalCer. As
expected, in wild type mice «-C-GalCer suppressed liver stage development to a much
greater degree than a-GalCer; however, in IL-12 deficient mice there was no difference in
anti-malaria activity between c-GalCer and a-C-GalCer (Fig. 5(C)). The data suggests
that IL-12 is a key factor driving the difference between a-GalCer and o-C-GalCer. It is
possible that a-C-GalCer stimulates more IL.-12 production by APCs, either by way of its
direct interaction with the APCs or via the signalling that results from the interaction of
the NKT cell TCR with APC CD1d/glycolipid complex. Increased IL-12 would result in
enhanced IFN-y and decreased IL-4 production by NKT cells (Ogarra, Trends Cell Bio.
10, 542550 (2000); Elser, Immunity 17, 703-712 (2002), as well as enhanced IFN-y
production by other cell types, notably NK cells Eberl, Eur. J. Immunol. 30, 985-992
(2000). The observation that a-C-GalCer stimulates increased IFN-y and decreased IL-4
production is consistent with its stimulation of increased IL-12 (Fig. 3a). This also helps
explain the enhanced potency and kinetic effect of ¢-C-GalCer against malaria and
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(APC)-derived 1L-12 (Kitanura et al, J. Exp. Med. 189, 1121-1128 (1999);
Tonmura et al. J Immunol. 163, 93-101 (1999); Yang, Int. |Imunol. 12,

1669- 1675 (2000). Since a-C Gal Cer stimulates nmuch greater |L-12 production
t han a- Gal Qﬂé 3%02?{%2 were conducted to determine if IL-12 is necessary for
the differentd en a-C Gal Cer and a-Gal Cer. As expectredusbinstdsl d type
m ce a-C Gal Cer suppressed |iver stage devel opnment to a nmuch greater degree
t han a- Galafsny. Howevegradditionallproptfies Hkdsai lemger in e hdiflife ofide malewtld f er ence i n
anti-naka%itﬁ, ac]tFé\éi'tz%agtetV\een a: Gl Cer and a-C- Gl Cer (Fig. 5(C)). The data
suggest $nphpgrulpd oytas;alternayye explafgtions. i i ng the difference between a- Gal Cer
and a-C- Gl Cer. It is possible that a-C Gal Cer stinulates nore IL- 12
production by APs Fignird BiewildtypeBALBfc mics werh treated inthdvenfiqustyl wikh Wagh t he APCs or
via the signalling.th resylts fromthe interaction of the NKT cell TCR
with AP chf‘SF?%GP‘i &EBO %’&_.(')I%é"flg‘d?gﬂnﬂ {_‘51211‘\1/@%“8 SABRIEY WerE enhanced
| PN apelaiecs eRsdichiv fRpRHCilcP BBl KTEIOSh! a?algga%fﬁm (Hgpds Cell Bio.
10, 542550 (2000); Elser, Fnmunity 17, 703-712 (2002), as we as enhanced

| FN-y  plAo diydFiguye &)k rand Hi-12 (Kignee 3(C)ptonbéngrapnse hesla@aey | , , Eur. J.

| munol __ 30, . 985- 992 0QQ) ... Th bservation t a- C- Gl Cer stinulates

i ncreas&€ T gﬁ‘ﬁﬂ%%egéég@@éwﬁ &ng ﬁ,c%félﬁgqsl ogﬁo%aégﬁ‘si stent with its
stinmulation of increased IL-12 (Fig. 3 a). This also helps explain the
enhanced pot ency IaFibuké 6,ai-CoGalCertcénhariced ali-fialatia effagds stmbgatedlintiea and 53 WO
03/ 105769 PCT/ 1JS03/.18789 nel anona. Howeyer, additi | properties likes a
| onger FWWP\?BEIﬁigf é"f‘ﬁjﬂﬁp%ﬁmﬂ"ﬁ%@%} @%11@'3{3 SR gEe &gﬁ%e@ﬁswr%s alternative
expl anat A¥SntrdparifoneMyewh 190 hflofof OGOLD: Galt & Br Wothhgl fhEHagehdfi¥er avenousl y
with 1 g of erther a-C Gal Oeré?((’O) or - a-tal Cer(0) _or.gtwith Pehdt ng (A), and
ser um sehafiéngs withrlive Bopoelii spetozites, land fhanl cheskesfor mataripdiventstagaf t er i nj ection of
ELI SA a Oof . LL- | | EN- Lgure 5(B)), and IL-12 (Figure
S(0)) cOReRERa ik et Hedibiar W thd et $10PRBTe L e T77 D of two

different dilutions of pooled sera. In Figure 6, a-C Gl Cer's enhanced
anti-mal ari a ef f &uotsee if w0rGaCtrdbes indeddestimmbenprefenéntial TH2typdV | d t ype (Figure

6(A)) or IL-12-defigient (Figure 6(B)) mce re treated intraperitoneally
i th L OSPSGH ROCHESs s ieaied e S sh PHOLPBHIC-GAYe Befor o chal | enge
Wi th | i eIk, alPR! VatioSPRHO BGintsGRerwaRf} HiddARampIREWER dbbiinddBbAELIBA | ver stage

devel opnent. The results are expressed as the average +/- SD of 5 mice.
analyses of IFN-v, IL-4, and IL-12 concentrations in the sera. For IL-4, both a-C-GalCer

or o-GalCer stimulated peak concentrations 2 hours after treatment; however, o.-GalCer
stimluated concentrations roughly 3 times higher than o-C-GalCer (Fig. 6(A)). For IFN-y
both a-C-GalCer and a-GalCer stimulated detectable levels starting at 6 hours, but a-
GalCer’s peak occurred 12 hours post-treatment, returning to baseline by 24 hours. In
contrast, &-GalCer’s peak occurred 24 hours post-treatment, returning to baseline by 48
hours (Fig. 6(A)). Finally, for IL-12, both ¢-C-GalCer and a-GalCer stimulated peak
concentrations 6 hours after treatment; howver, 0~-C-GalCer stimulated concentrations 2
times higher than a-GalCer. Moreover, ¢-C-GalCer continued stimulating detectable IL-
12 levels 12 hours after treatment, whereas at this time point «-GalCer stimluated 1L-12
levels were undetectable (Fig. 6(C)). Thus, over time a-C-GalCer stimluated enhanced
levels of the Thl cytokines IL-12 and IFN-y, and diminished levels of the Th2 cytokine
IL-4 as compared to o-GalCer, showing that, in vivo, it does indeed stimulate a

preferential Thl-typé response.
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To see if a-C Gal Cer does indeed stinulate a preferential Thl -type response
in vivo, mce were injected with the sane dose of either a-C Gal Cer or a-
Gal Cer, and at various tine points afterwards bl ood sanpl es were obtained for
ELI SA anal weas/nasfied FN-y, 1L-4, and IL-12 concentrations in the sera. For
| L-4, both a-C GalCer or a-Gal Cer stinulated peak concentBEVYSHHE878 hour s

after treatnent; _however, a-GalCer _stimu concentration ghly 3 tines
hi gher than a-C éP&ﬁa S{‘WS‘!&‘ 5‘(&%?1.&?6‘?8 Fﬁ@q cﬁﬁﬁﬁa@-lﬁly@% @rt{”gﬁd a- Gal Cer
stimul agathiAQt HGERRNGal BYElyPe febfiinkd SfinatedGo BOGAICer. bl 18 theGhédieds Peak

occurred 12 hours post-treatnent, returning to baseline by 24 hours. In
cont r astaturg of MK Twell sespendes brmammaly, ivis likelythat pfs1GalCerawhich stimwlatesir ni ng t o

ol oy T oot Buck o bt X BAT L il Bl el iR howver
a- G Gal Med. 188, 1501 35281 1999)); €AN 4 REilOER-€-GalCet §TEE- 1 potiiRingtabfvityaméank ffer .  Mor eover,

a-C Gal Cer continued stinulating detectable IL- 12 |evels 12 hours after
t r eat nelfan exgslent gherpotherppantic candidatn 1ot a Rurabgr ofhumgen disqasgseinciuding? | evel s were

]
undet ecéaflgﬂreall@}:%j&nd%% - infEB d%k!ﬁ% duel8s RenGhid stim uated enhanced
| evel s of the | cyto l?Snes e f ansd IFI\I-];?/‘E",p ét%?bgﬁdmchi shed | evels of the Th2
cytokine 1L-4 as conpared to a-Gal Cer, showing that, in vivo, it does indeed
stinmul ate a prefléieprasent|inveation is pet tode hignisd in Topely B8 sn@dico PCT/ US03/ 18789

The dat RN ‘iﬂfl& - 20 ?eql t S ' : Ly and that it
stinmula ebz) a ;?re e?lgbr?tgi-hg' h d%tﬁype %e@ﬁ%ﬁgaetﬁggo%igkgﬁgﬁ%dng?&% 2. Due to the
consuneld thasatlescabat helkidn wiB becormesapparerd $o thosaskiiled|is theiart from Kiekel y t hat

a-C Gl Cer,.which stinu] ates Val 4+ cel in,dce, also stiMulates

Vi x1 e NEREpIREESeaREoR Bt Bt Bpompityind huds” syeh o Sons B B idd S To0s) )
Asa r esfillwithirGh&sddpe bof the Bppehdedtlainiszi Ng activity nmeans it is an excellent
chenot herapeuti c candi date for a nunber of human di seases, including cancer,

all ergy and variqus i nf ecti ous di seases. sych as hepatitis B and C. The
present inventi ont i Surtist iq by erPPH’&ﬂ’éH%}YPLf%eé@ﬁea Xpaedmders i ¢ enbodi ment s
descri iA&1 Rk Resch >d, various nodifications of the invention in addition
to those described herein will becone apparent to those skilled in the art

fromthe foregoing description and_ the accorrpan%i ng figures. Such
modi fi cati ons ar eAl?pﬁtgﬁg@gpltcghons, publications, test methods, liferature, and

protocols cited throughout this application, are incorporated herein by reference entireties
for all purposes. In case of a conflict between material incorporated by reference and the

present specification, the present specification controls.
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fall within the scope of the appended clains. It is further to be understood
that all values are approximte, and are provided for description. All
patents, applications, publications, test nethods, literature, and protocols
cited thr oughout this application, are incorporat ed herein by reference
entireties P WHP5SH8rposes. In case of a conflict between materi al ECT/US03/18789
incorporated by reference and the present specification, the present
specification controls. 55 WO 03/105769 PCT/ US03118789 What is clainmed is:

1. A corrpoundwdlfﬂtimlmml:ﬂl(ﬂ) XRS ORBR O HQ-xI-.x,.-B D14 RCHZR H
wherein X |510 &Eéof? ted fromthe group con5|st|ng of

-(CHz),, CH3 ﬁf -(CHZ)9CH(CH 3)2, -(CH2)1O0CH(CH3) z,
-(CH2)i ICH(CHS)Z and (CHZ)l CH(QI;{B) - CZHs; R3 is 014 or a nonosacchari de
and R4 is hydrogen, or R3 is hygfogen and R4 is OH or a nonosaccharide; R5

i s hydrogen or a nonosaccharide/ Q1 is optionally present and is a C, _70
strai ght or branched chai n al kyNene, al kenyl ene, r al kynylene; X is
optionally present and is O, ;% 0 y Q@ is optiofjally present and is a

C -1o straight or branched cﬁ i e or al kynyl ene;
Q'-X-@*x-Q’

an

R'

OH

wherein X is O or NH;
R! is selected from the group consisting of ~(CH;);)CHj, (CHz)12CHs, - (CHz)13CH,,
-(CH2)sCH(CH 3);, -(CH)10CH(CHa)z, -(CH3);)CH(CH3); and (CH,);iCH(CHj) -

C,Hs:

R3 is OH or a monosaccharide and R* is hydrogen, or R is hydrogen and R* is OH or

a monosaccharide;
R? is hydrogen or a monosaccharide;

Q' is optionally present and is a C).yo straight or branched chain alkylene, alkenylene,
or alkynylene;

X' is optionally present and is O, S or NR®;

Q? is optionally present and is a C;., straight or branched chain alkylene, alkenylene
or alkynylene;

X" is optionally present and is O, S or NRY

Q’isa straight or branched chain Cy.y9 alkyl, alkenyl or alkynyl, or is hydrogen,
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X" is optionally present .and is 0, S or NRB; B is a straight or branched
chain Cl-to al kyl, alkenyl or alkynyl, or is hydrogen, 56 WO 03/105769

PCTI US03119789 wherein each QL, Q2 or @B is optionally substituted with

hydr oxyl , hal ogen, cyano, nitro, SO2, NHR5, or C(-O-R9; and wherein R' is
hydrogen, Chvboealibgréy C, 5 al koxy, hal ogen, cyano, nitro, S02 or CfcHysoRI$789
RO is hydrogen, C, .5 alkyl, C .5 alkoxy or NHR10; R10 is hydrogen, Cl.5

al kyl or Cl1.5 al koxy; and a pharnaceutically acceptable salt or ester
thereof. 2. WitgeinaaploQndQoér @ RiomidnalyhmbaittteRwiihs hydrokid) Ao g3 cydho, The
conmpound of ¢laim?2, wherein Xis,0, R3is OR R4 and RS are hydrogen, QL is
a C25 al kenym,ro,ﬁ(?z. AR @r C(=Q)-B r0d WheddiBnt and Q8 is hydrogen. 4. A
conmpound according to any one of claims 1 to 3 for use as a nedicanment. 5. A
conpound according to any one of clainms 1 to 4 for use to induce the
production of Thi typmR® Byhydtogee SC;.stalkyd, €onadkoxy] halogern, dyamp, hire; IS8, 5 f or use
inammal. 7. A conphﬁ_rb%aﬁ@cordi ng to claim5b5, wherein said Th | type

cyt oki nes conprise IF C_ d IL-12. 8. Use of a conpound according to any
one of clains 1 to 3, for the manufacture of a nedicanment for the treatnent
of a cancer in a mammal . 9. Use of a conpound according to any one of clains
1to 3, for the manuf d&‘fiamgdmgca, C,mmdﬂt)da@gmlkéx;,rorﬂ‘lﬁHRﬂol;eat ment of infectious
di seases in a manmal . 57 WD 03/ 105769 PCT/ US03/18789 10. Use according to
claim9, wherein the infectious disease is selected fromthe group consisting
of HIV, hepatitis C viglss mopd &L alkyldr Cls8k@ly; 2 conpound according to any
one of clainms 1 to 3, for the manufacture of a nedicanent for the treatnent
of aut oi mmune di seases in a mammal. 12. Use according to any one of clains 8

to 11, whergig a%@aﬂnmmllf a%cébtﬁﬁf?%: or ester thereof.
2. The compound of claim 1, wherein R'is -(CH3),3-CHs.

3. The compound of claim 2, wherein X is O, R? is OH, R* and R® are hydrogen, Q'
is a Cys alkenyl, X', Q* and X" are not present and Q° is hydrogen.

4. A compound according to any one of claims 1 to 3 for use as a medicament.

5. A compound according to any one of claims 1 to 4 for use to induce the production

of Thl type cytokines.
6. A compound according to claim 5 for use in a mammal.

7. A compound according to claim 5, wherein said Thl type cytokines comprise IFN-y
and IL-12.

8. Use of a compound according to any one of claims 1 to 3, for the manufacture of a

medicament for the treatment of a cancer in 2 mammal.

9. Use of a2 compound according to any one of claims 1 to 3, for the manufacture of a

medicament for the treatment of infectious diseases in a mammal.
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13. A compound of formula (I1) RO OR N2 CH RC 42 R HO OH (I1)
wherein. XisOorNH, R3 is OH or a nonosaccharide and R4 is hydrogen, or-R3 is
hydrogen and R4 is OH or a nonosaccharide; R5 is hydrogen or a
nonosaccharide; and R is selected fromthe group consisting of -(CH2)I1CH3,
- (CH2) 12CH3, WO 0ZHBY493CH3, - (CH2)9CH(CH 3)2, -(CH2)I OCH(CH3) 2, PCT/US03/18789
-(CH2)tICH(CH3)2 and (CH2)IICH(CH3) - Calls; or a salt or ester thereof. 58
WO 03/ 105769 PCT/ US03/18789 14. The conpound of claim 13, wherein Rl is
- ( CHZ) 13- CH310. ¥/se Heeordngptou pldim {9, ovlairein 1the vinfegtiouss digee 18'sglec®d Hrom the
3'-amno-4,5-di-O . . i . :
acetyl nonade@&?ul’zi"ii?‘i‘,‘%% ?%W‘é’-*tﬁi’a%téﬁ9|"-“3§ qun@gp&:t opyranosi de. 16. A nethod
of making a conpound of claim11, conprising reacting a conmpound of fornula
(1) XRS R3 O

11. Use of a compound according to any one of claims 1 to 3, for the manufacture of a

medicament for the treatment of autoimmune diseases in 2 mammal.
12. Use according to any one of claims 8 10 11, wherein said mamma] is a human.

13. A compound of formula (II)

l]][=}

n

wherein
X isOor NH;

R? is OH or a monosaccharide and R® is hydrogen, or R® is hydrogen and R* is OH or

a monosaccharide;

R’ is hydrogen or a monosaccharide; and

R' is selected from the group consisting of -(CH»2)11CHs, -(CH,)12CH3, - (CH2)13CH;,
~(CHz)sCH(CH 1), ~(CHz2)10CH(CH3)z, -(CHz)11CH(CH3); and (CHz); CH(CH3) -

C:Hs;

or a salt or ester thereof.
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NHZ OH R CHZ HOOH (Il) wherein Xis O or NHi R3is OH or a nonosaccharide
and R4 is hydrogen, or R3 is hydrogen and R4 is OH or a nonosaccharide; RS

i s hydrogen or a nonosaccharide; and R is selected fromthe group consisting
of -(CH2)12CH3, -(CH2)]2CH3, - (CH2)13CH3, - (CH2)9CH(CH 3)2,

-(Cl 2)i oCH( CM)BN0E768H| ) 11CH( CH3) 2 and (CH2) uCH(CH3) - C2Hs: or a sBFTUSHY18789
ester thereof; with a conpound RX-C(-O-Q X QZX"(@B, wherein Rx is selected
fromthe gro}gﬁ1 consi sting of p-nitrophenyl, o-nitrophenyl, o-N-succinimdyl,
chl oride, brbhi Hee campound of glaimydrperen Raisd(Gdhad 3/ 105769 PCT/ US03/ 18789
Q is optionally present and is a C3.74) straight or branched chain al kyl ene,
al kenyl ene, or alkynylene; X is optionally present and is O, S or NR3; @ is
optional | y predéetcompdundofcléiin 19 whiohas §is 418, SIR, dnemad-4,8adirOal kyl ene,

al kenyl ene or alkynylene; X' is optiqgnally present angq is O, S or NR8;, B is
a straight e wﬁé&l-@%ﬁﬁ-teﬁfa-%a%ﬂ;ﬂ-?-'éw&{éﬁwymoa &ynyl, or is hydrogen,
wherein each Q, @@ or B is optionally substituted with hydroxyl, hal ogen,
cyano, nitro, SO, NHR8, or C(=0)-R9; and wherein R8 is hydrogen, Cl 5

al kyl, Cl1_5 H.omgthodalf atpamg & yempgundidficlaim SORoroprisifif rayptiia ci@powndiofdr ogen,
Cl1.5 al kyl, f%%hglaa(moxy or NHR10; and

—XR®

wherein
X 15 O or NH;

R? is OH or a monosaccharide and R® is hydrogen, or R? is hydrogen and R is OH or

a monosaccharide;
R’ is hydrogen or a monosaccharide; and

R is selected from the group consisting of -(CH3)11CHs, -(CHz)12CH, - (CH2)1:CH,
-(CH2)sCH(CH 3);, ~(CH,)10CH(CH3),, -(CH3)1,CH(CH3); and (CH;)1 CH(CH3) -
CaHs,

or a salt or ester thereof,
with a compound R*-C(=0)-Q'X'Q*X"Q’, wherein R* is selected from the group

consisting of p-nitrophenyl, o-nitrophenyl, o-N-succinimidyl, chloride, bromide, or

mixed anhydrides; and
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R10 is hydrogen, C _5 alkyl or Cl.5 al koxy, to forma conpound of claim1.
17. A conmpound of fornmula (111) ORS R OOOR3 NHR6 Ai (lIlIl) OFCR OH 60
WO 03/ 105769 PC11US03/18789 wherein R is selected fromthe group consisting
of -(CH2)1 ICH3, -(CH2)12CH3i (CH2)13CH3, -(CH2)9CH(CH 3)2, -(CH2)I OCH(CH3) 2,
-(CH2) 1 | CHMEHY S Hd  (CH2)1 i CH(CHB)-C2Hs; R2, R3, R4 and R5 ar &CEASN3/18789
i ndependently selected fromthe group consisting of alkyl, aryl, alkylaryl
and trialkylsilyl; R6 is selected fromthe group consisting of alkyl, aryl,

al kylaryl, trialkylsilyl, -(C=0)- 0O-alkyl, -(GO-0Oaryl and

(€0 -2l b6y iptlonaft ksl g 4 B2 iradhELPRaperkd chERURAEROUIAAL ! 21 m L7

wherein R 1I's - e conpound aim17, érein eath of R2,
R3, R and Rrakenylemezyl. 20. The compound of claim 17, wherein R6 is

benzyl oxycar bonyl . 21. The conpound of claim 17, which is

1-(2',3 ,4",6"-tetra-0-benzyl -a-D

gal act opyragogggibﬁﬁlgﬁ%%yglﬁﬁ gr@q‘pg{ﬁﬁi&.no-l -nonadecene-4,5-diol. 22. A
met hod of making a conpound of fornmula (1) XRSO 3 OOHH Q.Xc-Q@ X -@B
flH R4

Q’ is optionally present and is a Cy.j¢ straight or branched chain alkylene, alkenylene
or alkynylene;
X" is optionally present and is O, § or NR¥;

Q’ is a straight or branched chain C.1p alkyl, alkenyl or alkynyl, or is hydrogen,

wherein each Q', Q* or Q° is optionally substituted with hydroxyl, halogen, cyano,
nitro, SO,, NHR?, or C(=0)-R’; and wherein

R® is hydrogen, C,.5 alkyl, C,_s alkoxy, halogen, cyano, nitro, SO; or
C(=0)-R’%

R’ is hydrogen, C).5 alkyl, Cy_s alkoxy or NHR'’; and

R is hydrogen, C,.s alkyl or C,.5 alkoxy, to form & compound of

claim 1.

17. A compound of formula (ILI)

OR®

R0

nlllll%
%

|l||||l9
s

(In)

OR?

?

OH
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CH2 R HOH wherein Xis 0; 61 WO 03/105769 PCT/US03119799 R is selected
fromthe group consisting of -(CH2)11CH3, -(CH2)12CH3, - (CH2)13CH3,
-(CH2)9CH(CH 3)2, -(CH2),CH(CH3)2, -(CH2)11CH(CH3)2 and (CH2)11CH(CH3) CaHs;
R3:is OH an I drogen; R5 is hydrogen; Q is optionally pres i
a C-10 strg‘fvgﬁbti‘hgsf.}g%r anched chai n al kyl ene, al kenyl ene, or al kynyﬁgﬁgsﬁaﬁﬁ
is optionally present and is O, S or NR3; @ is optionally present and is a

Cl.10 strai : i | eng.,:.al n or | ene; X' is
opt i onal 1y pricsdiniRgRaen g e BighitcSPRsnl TR YR IEHE0" L 2
Cl. 10 ?.| kyl ,(Cd‘[z%@ﬁﬂ!;l QCHa)gKWQ&H,3)20F(OEMWH(@HQE‘,,-(CM@%IGH(E}QMdQ , Q@ or B
is optiona S ituted w ydroxyl, hal ogen, cyan, nitro, : g, Or

t ”r{él‘k/xbétttd th hyd |, hal t S02. NHR
C(=0-R9; a 0t Bi(GHRC1Hs; hydrogen, Cl.5 al kyl, C1.5 al koxy, hal ogen,
cyano, nitro, SO2 or C(=0)-R9; R9 is hydrogen, Cl.5 alkyl, C1_5 al koxy or
NHR10; R10 is hydrogen, C1.5 al kyl or Cl1.5 al koxy; or a pharmaceutically
accept abl e A, R:R® et RY ark leecteintiependemly sigetdsfdah dled grogp eonsismmpofialkynf
formula 111 62] V}Q 3/.105769. PCTI US03/ 18789 ORS R40 0O

aryl, alkylaryl and tnalkylsilyl;

RS is selected from the group consisting of alkyl, aryl, alkylaryl, trialkylsily), -(C=0)-
O-alkyl, -(C=0)-0-aryl and -(C=0)-O-alkylaryl;

or a salt or ester thereof.

18. The compound of claim 17, wherein R' is -(CH2)13-CHs.

19. The compound of claim 17, wherein each of R?, R®, R* and R® are benzyl.
20. The compound of claim 17, wherein R® is benzyloxycarbonyl.

21. The compound of claim 17, which is 1-(2°,3°,4’,6’-tetra-O-benzyl-a-D-

galactopyranosyl)-3-benzyloxycarbonylamino-1-nonadecene-4,5 -dﬁ ol.
22. A method of making a compound of formula (I)

XR®

OH H Q1 'XI'QZ-X"-Q:!

lllg

OH

wherein X is O;



OR3 NHR6 OH ~R1 (I1l) ORZ OH wherein R is selected fromthe group
consi sti-ng of -(CH2)11CH3, -(CH2)12CH3,- (CH2)13CH3, - (CH2)9CH(CH 3) 2,
-(CH2) 10CH(CH3) 2, -(CH2)11CH(CH3)2 and (CH2)11 CH(CH3)-C2H5; R2, R3, R4 and

RS are eacqvgrbgﬁ 5e,?gent!y sel ected fromthe group consisting of al F‘ﬁﬁ”%@m%b
Ia

al kyl aryl ylsilyl; R6 is selected fromthe group consi st
al kyl, aryl, alkylaryl, trialkylsilyl, -(C=0)- 0-alkyl, -(C=0)-0Oaryl and

(C—O) O algayil reduct .Q on nd, (b)
depr ot ecti oh | s? £1¥%]tgd gf%mno "l?pc,onéﬁ@n% %S t(ggb)r’g{%ctchﬁ ’6¢ﬁt”he&?&§ éﬂhydr oxyl
groups; t0(¢E£)G¢H(©Hr5not(cﬁizmcmcﬂm a(CH,),; BFI(CR3),Gnd CCM NEH@#,)R H2 Rl HO
OH wherein X is O; is OHand R4 is hydrogen; R5 is hydrogen; and Rl is

sel ect ed f lekst he group consi sting of -(CH2)nCH3, -(CH2)12CH3, -(CH2)13CH3663
WD 03/ 105769 PCTI 1JS03/ 19759 - (CH2)9CH(CH 3)2, -(CH2)i CH(CH3) 2,
(CI-IZ)trCI-l(CI—B)Z and SCHZ) nCH( CH3) C2H5;
R? is OH and R* is hydrogen;

R%is hydrogen;

Q' is optionally present and is a C).1o straight or branched chain alkylene, alkenylene,

or alkynylene;
X' is optionally present and is O, S or NR%;

Q? is optionally present and is a C.1o straight or branched chain alkylene, alkenylene
or alkynyiene;

. X" is optionally present and is O, S or NR®,
Q? is a straight or branched chain C).1 alkyl, alkenyl or alkynyl, or is hydrogen,
wherein each Q', Q% or Q* is optionally substituted with hydroxyl, halogen, cyano,
nitro, SO;, NHR®, or C(=0)-R’; and wherein
R® is hydrogen, Cy.s5 alkyl, Ci.s alkoxy, halogen, cyano, nitro, SO; or
C(=0)-R’;
R’ is hydrogen, Cy.s alkyl, Cy.s alkoxy or NHR';

R' is hydrogen, C).s alky! or Cy.s alkoxy;

or a pharmaceutically acceptable salt or ester thereof, comprising subjecting a

compound of formula 111
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or a salt or ester thereof; and reacting the conmpound of fornmula (Il) with a
conpound of fornmula Rx-C(=0) - Q X, @X"'@Bwherein Rx is selected fromthe group
consi sting of p-ni trophenyl, o-nitrophenyl, o-N succinindyl, chloride,

brom de, or myead gégydrides; and Q is optionally present and is a FT6803/18789
strai ght or branched chain alkylene, alkenylene, or alkynylene; X 1Is
optionally present and is 0, Sor NRs; 2 is optionally present and is a

Cl. 10 straight or brancheggehain al kyI ene, al kenylene or alkynylene; X' is
optional Iy present and i 8 So NR; Bis a straight or branched chain
Cl_io al kyl, al kenyl or Aalkynyl, or is hydrogen, wherein each Q, Q2 or @B
is optional I y substitut with hydroxyl hal ogen, cyano, nitro, SO2, NHRS,

or C(=0-R9; and wher eifn® chydrogen, Cl1_5 alkyl, Cl.5 al koxy, hal ogen,
cyano, nitro, 802 or (( ﬁ9; RO is hydrogen, Cl1.5 alkyl, G _5 al koxy or
NHR10; and R30 i s hydrogén®RCL1. 5)al kyl Q@ -5 @Hkoxy, to form a conpound of
formula (1). 23. A netho f m ngaccmpound&f formula (1) 64 WO
03/105769 PCT/ US03118789 O OH HQ I-X" @_X._@ IIL1 R CHZ OH
wherein Xis Q R is selectedfr up stlng of -(CH2)11CH3,
-(Cl-12)12CH3, - (CH2)1JCH3, i)

OR?
OH
wherein R' is selected from the group consisting of -(CH3);,CHs, -(CH,):,CH;,-
(CH3)13CH;, -(CH,)sCH(CH 1), -(CH2)10CH(CHj3;);, -(CH3);CH(CH3;); and
(CH,)11CH(CH3)-CaHs;
R%, R?, R* and R® are each independently selected from the group consisting of alkyl,
aryl, alkylaryl and trialkylsilyl;
R® is selected from the group consisting of alkyl, aryl, alkylaryl, tralkylsilyl, -(C=0)-
O-alkyl, -(C=0)-0O-aryl and -(C=0)-0-alkylaryl;
to (a) reduction of the carbon-carbon double bond,
(b) deprotection of the amino group; and
(c) deprotection of the sugar hydroxyl groups;

to form a compound of formula(II)

=

o

wherein

Xis O

R? is OH and R* is hydrogen;

R® is hydrogen; and

R is selected from the group consisting of -(CHz);;CHs, -(CH212CH;, -(CH))13CH;,
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-(CH2)9CH(CH 3) 2, -(CH2)10CH(CH3)2, -(CH2)11CH(CH3)2 and (CH2)nCH(CH3) -
C2H5; R3 is OH and Ris hydrogen; R5 is hydrogen; Q is optionall y pr esent
and is a Cl.1o straight or branched chain al kyl ene, alkenylene

al kynyl ene; tionally present and is O S or NRR i s opt
pr esent andw§03/1§5695’10 straight or branched chain al kyl ene al kenyFg-f‘]fggdsyms9
al kynyl ene; X" is optionally present and is 0, Sor NR; @B is a straight or

Y T T s
SO2. NHRO. @Hsg:( =0)-R9; and wherein RB is hydrogen, Cl-5 aI kyl, C1_5 al koxy,

hal ogen, cyano, nitro, SQ2 or  C(--O-R9; RO is hydrogen, Cl1.5 alkyl, C1.5
al koxy or Nll'iR'F@ltOfRi‘Gfﬂ@fq‘?ﬁcﬂnégen C 1.5 alkyl or Cl-5 al koxy; or a

EQﬁLSﬁﬁS“Z#Q ; tf*???é}?“é‘ﬁ%&??mg's&@?&%@%%@@gﬂw 20 8110
OR10 - O (| \Q'XIREKEQN vamedinof R10, R11, R 2 and R 3 is independently sel ected

f | kyl, I I t | kyLsi |, th a f f la V
ersza y )@ {syselecte% froym reygrcu(z)pr conrsis?ingo ;-Im%ophcn\fx\gfl o-nxtrop?\ngﬁun of rormita

succinimidyl, chloride, bromide, or mixed anhydrides; and

Q' is optionally present and is a Cy.¢ straight or branched chain slkylene, alkenylene,

or alkynylene;
X'’ is optionally present and is O, S or NR®,

Q? is optionally present and is a C).o straight or branched chain alkylene, alkenylene

or alkynylene;

X" is optionally present and is O, S or NR¥;

Q° is a straight or branched chain Cy.1o alkyl, alkenyl or alkynyl, or is hydrogen,
wherein each Q', Q% or Q’ is optionally substituted with hydroxyl, halogen, cyano,

nitro, SOZ‘ NHR®, or C(=0)-R°®; and wherein

R® is hydrogen, Cy.s alkyl, C).s alkoxy, halogen, cyano, nitro, SO, or
C(=0)-R%;

R’is hydrogen, C,.s alkyl, C,.s alkoxy or NHR'?; and

19 is hydrogen, C).s alkyl or C,.s alkoxy, to form a compound of

formula ().

23. A method of making a compound of formula (I)
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R1 025/ SOO0O x (V) wherein R14 is selected fromal kyl, aryl, alkylaryl,

trialkylsilyl, -C(= O-0Oalkyl, - C(=0)-0-aryl or -C(=0)-0Cal kylaryl; and R
is selected fromthe group consi sting of -(CH2)13CH3,

- (CH2) 12CH3, - }]130—13 -(CH2) 9CH(CH 3) 2, -(CH2)10CH(CH3) 2, (CHZ % ),
and (CH2)i | CMPEBY8Eo1E: to form a compound of formula (V1) ERPS138789

RRdHN OH Rt10 ORIC R7 0 (VI) 66 WO 03/105769 PCTI US03/ 18789 subJ ecting
the conpound of formula (VI) to (@) deisopropylidenation to renove the ring
structure; (b) reduction of th - C doubl e bond; and (c) deprotection of the
sugar hydroxyl groups, thereby/form ng the conpound of formula (I1) XRS R3
O OH NH2 OR

%0

Q'-X-QLx"-Q°

oy

ll'e

CH,

w—

OH

wherein X is O;
R' is selected from the group consisting of -(CH;),1CH,, -(CIH2)1,CHa, - (CHy)3CH,,
~(CH1)oCH(CH ,),, -(CH)10CH(CH3),, -(CH2)1:CH(CH3); and (CH;),;CH(CHj,) -
C,H;s;
R’ is OH and R* is hydrogen;
R’is hydrogen;
Q' is optionally present and is a C,.o straight or branched chain alkylene, alkenylene,
or alkynylene;
X' is optionally present and is O, S or NR";
Q? is optionally present and is a Cy.yo straight or branched chain alkylene, alkenylene
or alkynylene;
X' 1s ‘optio_nally present and is O, S or NR®;
Qlisa straight or branched chain C,.)q alkyl, alkenyl or alkynyl, or is hydrogen,
wherein each Q', Q? or Q3 is optionally substituted with hydroxyl, halogen, cyano,
nitro, SO; NHR®, or C(=O)-R°; and wherein

R* is hydrogen, C;_s alkyl, C.s alkoxy, halogen, cyano, nitro, SO; or

C(=0)-R’,

R’ is hydrogen, C..5 alkyl, C,.5 alkoxy or NHR'?;

R'® is hydrogen, C .5 alkyl or C.s alkoxy:;
or a pharmaceutically acceptable salt or ester thereof,

comprising reacting a compound of formula (I'V)

65



RA CH2 R HO OH wherein XisQ R3 is OHand R4 is hydrogen; R5 is
hydrogen; and RI is selected fromthe group consisting of -(CH2)II CH3,

-(CH2) 12CH3, - (CH2)I13CH3, -(CH2)9CH(CH 3)2, -(CH2)IOCH(CH3) 2,

-(CH2) 'l CH( CH2)1 I1CH(CH3) - C2Hs; or a salt or ester thereof: an
reacting th%éﬁﬁ@ﬁ%&g of fornula (11) with a conpound Rx-C(=0)-Q X @9@@?"9789
wherein Rx is selected fromthe group consisting of p-nitrophenyl,

o-ni trophenyl, o-N- succinimdyl, chlorjde, bromide, or mxed anhydrides; and
Q is optionally present and is a Gl A strai ght or branched chain al kyl ene,
al kenyl ene, or alkynylene; Xis tonally present and is O, Sor NR3, Q is
optionally present and is a Cl-10] skrai ght or branched chai n al kyl ene,

al kenyl ene or al kynyl ene; 67 WO PCTNS03/ 18789 X" is optionally
present and is O S or NRs; B is t or branched chain Cl-j alkyl,

al kenyl or al kynyl, or is hydy N each QL, Q2 or B is optionally
substituted with hydroxyl, halogen, cyano, [nitro, SOQ2. NHRS, or C(=0) -R9;
and wherein R is hydrogen, C -5 al kyl ,ORC1 5|.alkaxy, pa]ogen, cyano, nitro,
S02 or C(=0-R9; R9 is hydrogen, C, _5 alkyl, 5 a 3xy or NHR10; and R10 is
hydrogen, Cl1.5 alkyl or Cl1_5 al koxy, to forma conpound of

wherein each of R, R", R and R is independently selected from alkyl, aryl,
alkylaryl or trialkylsilyl;

with a compound of formula V

--um%z

N

N os ¥
Dam:

S 0 (8]

>< V)

wherein R' is selected from alkyl, aryl, alkylaryl, trialkylsilyl, -C(=0)-O-alky], -
C(=0)-0O-aryl or -C(=0)-O-alkylaryl; and

R!is selected from the group consisting of -(CH;)11CHj3, -(CHz2)12CH3,~(CH;),3CH;,
-(CH,)9CH(CH ;);, -(CH3)10CH(CH3);, -(CH32)11CH(CH3;); and (CH,)1,CH(CH2)-
C:Hs;

to form a compound of formula (VI)

(VD)
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formula (1). 24. The nethod of claim23 wherein each of R10, R', Rl' and RJ3
are benzyl. 68

WO 03/165769 PCT/US03/18789

subjecting the compound of formula (VI) to
(a) deisopropylidenation to remove the ring structure;
(b) reduction of the C-C double bond; and
(c) deprotection of the sugar hydroxyl groups, thereby forming the compound

of formula (II)
g oA
CH, : :
Rl
s \/Y\
OH
wherein
XisO;

R*is OH and R*is hydrogen;

R® is hydrogen; and

R! is selected from the group consisting of -(CH;)1;CHs, -(CHa)12CHa, - (CH2)13CH;
~(CHz)sCH(CH 3)2, -(CH2)10CH(CH3)z, -(CH2)1; CH(CH;): and (CH2) 1 CH(CHG) -
CaHs; .

or a salt or ester thereof; and

reacting the compound of formula (II) with a compound RX—C(=0)-Q1X’Q2X”Qs,
wherein

R* is selected from the group consisting of p-nitrophenyl, o-nitrophenyl, 0-N-

succinimidyl, chloride, bromide, or mixed anhydrides; and

Q' is optionally present and is a C).yg straight or branched chain alkylene, alkenylene,
or alkynylene;

X' is optionally present and is O, S or NRY

Q2 is optionally present and is a C).jq straight or branched chain alkylene, alkenylene

or alkynylene;
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WO 03/165769 ‘ PCT/US03/18789

X" is optionally present and is O, S or NR?;
Qisa straight or branched chain C,_o alkyl, alkeny] or alkynyl, or is hydrogen,
wherein each Q', Q? or Q° is optionally substituted with hydroxyl, halogen, cyano,

nitro, $O,. NHR®, or C(=0)-R®, and wherein

R?is hydrogen, C.s alkyl, C,.s alkoxy, halogen, cyano, nitro, SO; or
C(=0)-R’;

R’is hydrogen, C,.s alkyl, C;.s alkoxy or NHR'?: and

R is hydrogen, C .5 alkyl or C}.s alkoxy, to form a compound of

formula (1).

24. The method of claim 23 wherein each of R, R", R' and R"? are benzyl.

68





