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TREATI NG CANCER, | NFECTI QUS DI SEASES AND AUTO MMUNE DI SEASES Thi s
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the National Institute of Health/National Institute of Allergy and

I nfecti ous Di seases, and grant nunber RO 1 GM 60271, awarded by the
National Institute of Health/ General Medical Sciences. Accordingly, the
United States CGovernnent 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, infectious diseases and autoi mmune

di seases. Specifically, the invention is directed to novel synthetic

anal ogs of a-C-gal actosyl ceram des, which are potent nedi ators of Natural
killer T cells, and to nmethods of making the novel synthetic anal ogs.
BACKGROUND OF THE | NVENTI ON Natural killer T (NKT) cells are |ynphoid cells
which are distinct from mainstreamT cells, B cells and NK cells (Arase et
al ., 1992, Proc. Nat 'SYNMEHETICC-GLECOLIPIDGOND ITBAGSE| ac et al ., 1997,
Annu. Rev. | muneFOR TRESBING TENECER; INFEQTHOUGHDISEASKISzed by
co-expression of NK cell ANDERUAICIMMUNSEDISEASES ant T cell receptors
(TCR) encoded by Val4 and Jo281 gene segnents in mce and Vo24 and JaQ gene

segnents in humans. The activation of NKT cells in vivo progtly i nduces a
series of WO 03/ 1057 epplpafipwcernsisrady usddr Baltad Gl PleafioonUsvent s | eadi ng
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(Burdin et al. s inyenfiopiyapmadewith ggyernment support under grant number R21

AI47840-01A1, 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 a-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,
89:65006; 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 Vo224 and JoQ gene

segments in humans. The activation of NKT cells in vivo promptly induces a series of
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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. o~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 i1 vivo. a-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 o-GalCer was initiated
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(Kawano et al., 1@€BICTintesperel in Py sogqggytions by mouse and hum
CD1d-restricted lymphocytes that express a semi-invariant TCR and exert potent effector

and regulatory functions (Kawano et al., 1997, supra). CD1d/ a-GalCer complex is, in
turn, recognized by the antigen receptors of mouse Val4 and human Vo24 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 NKT-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 o-anomeric
conformation of sugar moiety and 3,4-hydroxyl groups of the phytosphingosine (such as
o-glucosylceramide [o-GleCer], Galal -6Galal-1'Cer, Galod-6Glcol-1'Cer, Galol-
2Galad-1'Cer, and GalB1-3Galol-1'Cer) have been demonstrated to stimulate proliferation
of Vail4 NKT cells in mice, although with lower efficiency (Kawano et al., Science, 278:
1626-1629, 1997, supra). By testing a panel of a-GalCer analogs for reactivity with
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Various a-GalCer compounds have been shown in the prior art. U.S.
Patent No. 5,780,441 describes mono- and di-glycosylated o-GalCer compounds of the

following structure:

wherein R! is H or
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OH OHO OHOH x is aninteger from19 to 23; and R7 is -(CH2)11-CH3
-(CH2) 12- CH3, -(CH2)13-CH3, -(CH2)9-CH(CH3) 2, -(CH2)10-CH(CL3)2? 1

- (CH2) 11- G BHB3 B9 - (CH2) 11- CH(CH3) - C2H5, wherein at | eastpamesoofisiy, R2,
R4 and RS is a glycosyl noiety. The conpounds are disclosed for use as
ant it unpr. ﬁgﬁats,_as bone marrow cell-proliferation treating agents, and
as i d8 lating agents. Recepyly, a-Gal Cer nol ecul es have al so been
shown to have activity againgt viral diseases. Kakim, J. Exp. Med. 192:
921-930 (2000) discloses that|natural killer (NKT) cells in the |iver of
hepatitis B virus (HBV) tra yeni € mce were activated by a single
injection of a Gl Cer, ther i iting HBV replication. a-Gal Cer has
al so been shown to be effe§tilve aggi nst m crobial infections.

Conzal ez- Asequi nal oza, Proc. Acad. Sci. USA 97: 8461-8466 (2000)

di scl oses that the adm nistra oft a-Gal Cer inhibits the devel opnent of
mal ari a parasites, resulting in stfrong antimalaria activity. a-Gl Cer has
al so denpnstrated inhibition of thg onset and recurrence of autoi nmmune

type | }Q{Sadgqﬁtggerﬁ%%q'gftozj\;l%gre Medi cine 7: 1057-1062 (2001) denonstrates
that activation of NKT cells by a-Gal Cer protects mce fromtype | di abetes
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ZBF?:f?ﬁi?ﬁ?{&§ﬁ§Hd¢G%Eﬁ@%ﬂﬁgﬂgyghéﬁ§: which is believed to be due to the
- o render cell.s full esponsi ve t -@&l Cer. a-
qR%\’I‘g 5 yy[ g 0 a r. a-Gal Cer

has al sehefeinohbastanediRnt dngad Rads # ghyess ami, Infection and
| munity 69: 213-220 (2001) denonstrates that upon administration to mce,

hhi bi 1 on of t neltUHRO ST Ree s e A e, ol R ) L5760
PCT/ USO@II%Zﬁﬁration treating agents, and as immunostimulating agents. '
Recently, a-GalCer molecules have also been shown to have activity
against viral diseases. Kakimi, J. Exp. Med. 192: 921-930 (2000) discloses that natural
killer (NKT) cells in the liver of hepatitis B virus (HBV) transgenic mice were activated

by a single injection of o~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 a-GalCer
inhibits the development of malaria parasites, resulting in strong antimalaria activity.

o-GalCer has also demonstrated inhibition of the onset and recurrence of
autoimmune type I diabetes. Sharif, Nature Medicine T 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, o-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 o-GalCer.

o-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.
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Kobay agltepha@dmypdlitis. Oncol . Res. 7:529-534 (1995). In particular, KRN 7000

has been shown to be effectiv t tqsis. See, e.g.,
Nakagawa, Canc. Asynthsfc an: %@Ofe qf%lf?e(’%égjg)io? g&%ﬁ?}g% ), <?Z@tl?ve in treating
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Pat ent 485" e(gmé\é%n@'/eéal }nﬁ/gerdi ?’T‘y g/?fgll ti ongt oits ability to stinulate
i mune reSponseSKRNG@(mhashhérﬁmCMreal s have shown that a-Gal Cer is not
cytotoxic in humans. See Shinosgka et al. Cell Therapy: Filling the gap
bet ween basic science and clinfcal trials, First Int'l Wrkshop 2001,
abstract pp. 21-22. O her studies have denfnstrated that a- Gl Cer,
i ndependently of its dosagem|do not indu ‘e toxicity in rodents and
nonkeys (e.g., Nakagawa et 998, Ca s., 58: 1202-1207),

al t hough a recent study sh t ran@Nent é{}evatl on of liver enzyne
activities inmmediately afte Cer tfeatnedt in

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 c-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 a-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).
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have i PSPBGE e%get%é%}ayiﬁ%&}uﬁ%i vo over a-Gal Cer. Applicants have, al so

di scover ed a- Gal Retendlyzit basbeshishowinthatthe mpiviseef o- axsaw be mogHicicacy over

a-@&l Cer. OBJECTS OF THE I NVENTION. It .isS i f -1 ol to form
conpoutueughdormajionf 2 tﬁﬁ'gf‘%é 1BeAstR Chlgl& ?@ﬁe?@é(ﬁgﬁé%&gaﬁ%é%rlg Qfgﬁihtvbggi st ance
to a- gﬁ%@ﬁ%%ﬁ{o%%ﬁﬁmereﬁééﬂhﬁioﬁ@ehﬁs i i OMBglarRitalet hll,W¥atime AIBSG1-3% i s al so an

obj ect "0 he 1Tnvention'to form novel conpounds for treating cancers,
i nf ect (200%).di seases and aut oi mune di seases. SUVMMARY OF THE | NVENTI ON Thi s

o e ST AGhRCl uARIS Bl KER Bl AR R haledihad( 1) XRS5 O

stability in vivo over a-GalCer.
Applicants have also discovered o-GalCer analogs which have improved

therapeutic efficacy over o-GalCer.

OBJECTS OF THE INVENTION

It is an object of the invention to form compounds having the

pharmacological activity of o-GalCer, and resistance to o-galactosidase, resulting in

improved stability in vivo.
Tt 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)

jay)
%O
j @]

Ly Q-X"-Q°
o )

Rl

OH

wherein X is O or NH;



4 RCHZ R HOH wherein Xis 0 or NH 8 WO 03/105769 PCT/ US03/ [
X 187
sel ected fromthe group consisting of -(CH2)11CH3, -(CH2)12CH3, - 9 RIS
( CH2) 13CH®/0 03/10€Hd2) 9CH( CH _3) 2, -(CH2)10CH(CH3) 2, -(CH2) 1l1@dIarpasmnd
(CH2) 11CH(CH3) - C2H5; R3 is OH or a nonosaccharide and R4 i s hydrogen, or

R3 is hydrogen,and R4 is OH or.. arses [
A I -schyflicigen or
monos ﬁlgg‘ﬁéﬁfg’%‘} %lég %FS Y %"ﬁ‘%ﬁ‘@ ok Qﬁs%eizﬁ@%g%a (ibgﬁ)ézdg%’lgcst r Sﬁg’ it oor
chai n_al kyl ene, I s e i
or eseriCHad HETh: S G CEH SEBp R B TR Gy TR Y
strai ght or branched chain alkylene, alkenylene or alkynylene; X' is
optionally present and is 0, S or NRB, B is a straight or branched chain

Cl-1lo gikylene, al ke : . L B 4 -

. . @ n h
o7 BTG DR R P IR B o ot e @
g%bx;ﬁeﬁ%ﬁa@&aﬁﬁw-m; and wherein R$ is hydrogen, CL 5 alkyl, CL.5

, .hal ogen, cyano, nitro, SO2 or C(=0-R9; R9 i s hydrogen, Cl.5
al kyl ,R&:@_lydma@apya@wwm@}?ﬂdemo i s hydrogen, Cl1.5 al kyIy orgCL 5 al koxy;

and ph "%%h' I MeRGRERL 2B & sERkhBorbrahbe thaih ARyRnt, alkeng] i
groups%y e a@fﬁ@ﬁ%‘@ to thel'lg(g, 4 or raRS struét uﬁkg, ’fao imgr?;mzﬁgggg;: ae
bond. dpnyahd;y, the nonosaccharide is attached to the R3, R4 or RS

ngirr;[ L%U%Sa@tiggﬁlyoﬁ%g&rtl 2 1a5hed Rt he C 1 carbon of the monosacchari de,
Q? is optionally present and is a Ci.10 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 Ci.10 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, Ci.s alkoxy, halogen, cyano, nitro, SO or
C(=0)-R’;

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

R'¥ is hydrogen, Cy.s alkyl or Cy.s alkoxy;
and pharmaceutically acceptable salts or esters thereof.

The monosaccharide groups may be attached to the R3, R* or R’ structure,
to form a glycosyl bond. Typically, the monosaccharide is attached to the R’ 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—acetylnonadecy1—2,3,4,6-tetra—0—acety1—a—C-D-galactopyranoside (wherein X is O, R’
is OH, R* and R’ are hydrogen, R! is -(CH)13CHj3, 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 pharmaceutically 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.



standard gl ycoside |inkage. A preferred conmpound of formula (lI) is 3 S,
4'S, 5 R-3'-hexacosanoyl-4,5" -

di - O acet plownasiweyl - 2, 3, 4, 6-tetra-0-acetyl - a- C- D gal act op0Tams»siigis9
(wherein Xis 0, R3 is OH, R4 and R5 are hydrogen, Rl is -(CH2)13CH3, QL
is C25 al kenyl, X ,. and X' are | SqiRyHdE egledtdd frodai ch i s
al so known as Cﬁé@\m%'ﬂonﬁ'n 59 ﬁw%:%%d?tgﬁﬁ%odgﬁaggreﬁée%?g%ﬁtO. prodrugs and
phar ”Bcﬁé"gxtoiug RbhHstRECERARS auahinenedistdes aulipfrotioss dessessi(BelImegnd t o

phar macetiti cal conpositions suitable for different routes of drug

admi niBBEV and epatitis§? visialg a t herapeutically effective anount of a

descri bed conpoupd 0 ! ' ) Widdl camphsiticraaetiprisiak| y
acceptabl e carr iujejl?e. m&e%%dg?l\{(g@{}%%&P@ /USO%/ 18789 ?’he invention is al so
di r ectgd cbBpoEidedisictd tiseat dsngelbasthetbadeofgwingdhess cPrpASIHARS 19/M5aD

consi sting of cancers, autoi mune diseases and infectious di seases

(i ncl ueHnAgy 111@090&?1615?%96%&“?4?‘EOIWLﬁﬁe?SG?he invention is also directed to

phar maceut i cal C@g@&%ﬁﬁ&% 2ROAREHSE ROmethbés cRinpuimgite praticterdf Hoove, as
wel | as nmethods of using these conpositions to treat . can i nfectious

er
di seasgpe aypdkmes,chohrasn BNy sied Jled 2, Mraanppmehin u5ed Rereafsyy iniiHs: o net hods
of inducing the production. of. Thl ¢ t ok S Deere@and | L-12,
"n & i mar) GeRGHEEY e i T BlrRiRd pf e, o) rbkke
t her apgut i Galehis. BbfSahinyes akamah. of a conpound of claim1. In preferred

t he mammal

enbodi nent s, e is a human. The inventiaqn is al so.di to novel
i ntermedi at e confibefmieniden isaksmizgcted fq Jovghite %tﬁt—? @W&P{ﬁ%&qm CH2 R
HO
ey
NH, oH 1)
CH, : :
Rl
| \/\r\
OH
wherein
X is O or NH;

R? is OH or a monosaccharide and R*is hydrogen, or R? is hydrogen and R*isOHora
monosaccharide;
R’ is hydrogen or a monosaccharide; and
R! is selected from the group consisting of -(CHz)11CHs, -(CHz)12CHa, -(CH2)13CHs,
-(CH2)oCH(CH 3)», ~(CHy)10CH(CHs)2, ~(CH,),;CH(CH3); and (CHy)11CH(CH;)-CHs;
and salts or esters thereof.

A preferred embodiment of formula (IT) is the novel intermediate
compound 3S,4'S,5'R,3-amino-4,5 '-di-O-acetylnonadecy1-2,3,4,6-tetra—0—acety1—oz—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 ().
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OH wherein Xis 0 or NHL 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
nonosacchwa aaosmwsnd RL is selected fromthe group consi stiray/o803/18789

-(CH2) 11CH3, -(CH2)12CH3, -(CH2)13CH3, -(CH2)9CH(CH 3)2, -(CH2)IOCH(CH3) 2,
-(CH2) 11CH( CH3) 2_and 2).1 ; : ofipidhereof . A
preferred enbodi hEHEY %P&#%"g%&%t%i?a?ﬁte 8&%?)2@6{5%%%%%?%{ e conpound
3S, 4S, &R odnd 3FFdianta jb}daqyﬁtmgatcphmnmﬁeﬁmmaﬂmw&heenn@l@tfa%@t- yl - (x-C D

gal actopyrano side, which is used as a scaffold.for the jnt j on of
acyl chai ns C(=CFhe gventiandp alge dpgetp totrf?é(egvmﬁ@?tfcﬁnp@%%ootrmgs c%? f or mul a
(. 1 03/ 105769 PCT/ US03/ 18789 The invention is also directed to a

met hod synt hesi zing a Cglycolipid conmpound of formula (1) by acylating
a conpound of formula (Idg’ at the am no nitrogen. The invention is also
directed to novel interpedi ate conpounds of fornmula (I1l) ORS R40 0 OR
NHR6 OH RL 2 OH whekein RlL is selected fromthe group consisting of
-(CH2) 11CH3, -(CH2)12 - (CH2) 13CH3, -(CH2)9CH(CH 3)2, -(CH2)1oCH(CH3) 2,
-(CH2)i 1CH(CH3) 2 and (CH3)-C2Hs; R2, R3, R4 and R5 are each

i ndependently sel ected consisting of alkyl, aryl, alkylaryl
and trial kylsilyl; NER? 919

’ OH
wherein R! is selected from the group consisting of -(CH,);1CHs, -(CH2)12CHs,-
(CHy)13CH;s, -(CH2)oCH(CH 3)2, -(CH2)10CH(CHs)2, -(CH,);1CH(CH3); and
(CH2)1 1CH(CH3)-C2H5;

R% R3, R and RS are each independently selected from the group consisting of alkyl, aryl,
alkylaryl and trialkylsilyl;

RS is selected from the group consisting of alkyl, aryl, alkylaryl, trialkylsilyl, (C=0)-O-
alkyl, -(C=0)-O-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
RS is benzyloxycarbonyl.

A preferred embodiment of formula (IIT) is the novel intermediate
compound 1-(2',3’,4’,6’-tetra—O-benzyl-oc-D-galactopyranosyl)—3-
benzyloxycarbonylamino-l-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 (IIT), which is subjected to reduction of the

carbon-carbon double bond and deprotection of the amine and the sugar hydroxyl groups

11



R6 is selected fromthe group consisting of alkyl, aryl, alkylaryl,
trialkylsilyl, -(CO-0 alkyl, -(CGO-0Caryl and -(C0O-0Calkylaryl; or a
salt or ewtoess/mbmpeof. Preferred compounds are those wher @ar/esaschssd R2,
R3, R4 and Rs are alkylaryl, for exanple benzyl or 4,6-benzylidene. Al so

f d i d
B e o B SO Sy b S SN m R hodiar ¢

1-(2' ¥ acl oh@mstGiLO?-@)U %yd"la Bt'@alaanﬁq)mymgmsyl) 3-

benzyl oxycar bonyl am no- | -nonadecene 4, 5% y“gl‘ ven Icﬁi 'llglfdal SO
directed to a rre’fltmmjvqﬁlogymﬂh‘é@if%t‘??gto&@ P‘§8€ﬁ 68121%%%' na fornul a
(n) V\/nerel n F}‘do ER°ishydiygbhpgen, from
a conpitRy? %< %f)ornf%l %)(Wﬁ?rgﬁ)@ 01%3' lgﬁ)s%%[jgzlg?*edg F%p?gductl o};l ogfyht he '

car bonseRhARTE A rnboendranth @€pr ot ection of the amine and the sugar
hydroxyl groups 11 WO 03/105769 P(CT/ US03/18789 to forma conpound of
formula (I11), which nmay be usedogs a scaffold for the introduction of acyl
chains C(=0-Q -X -Q@-X"" - the am no nitrogen. The invention is also
directed to a nethod of syntihésizing a Cglycolipid conpound of formla
(I') wherein Xis 0, R3is ohydrogen, and R5 is hydrogen, by
reacting a conpound of formnuNa 3 OR 12 0 R110 OR10 O (IV) wherein
each of Rlo, R1, R12 apdg i endently selected fromal kyl, aryl,
al kylaryl or trialkylsilyl; withfa cgnpound of fornula V R14RN

10
OR —0 )

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

X

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

wherein R! is selected from the group consisting of -(CH2)1:CHs, -(CH2)12CHs,-
(CHy)13CHs, -(CH;)oCH(CH 3)2, -(CH2)10CH(CH3)z, -(CH,)1:CH(CHj), and
(CH2)1 1CH(CH3)-C2H5;

to form a compound of formula (VI)

12



NRL 02S (D// S OO wherein R14 is selected fromalkyl, aryl, alkylaryl,
trialkylsilyl, -¢(=0-0alkyl, -(=0- 0-aryl or -Q=0)-Oalkylaryl; and
wher ei n RWa ®/1®&iéect ed from the group consisting of - (CH2)PCHOER3/18789

-(CH2) 12CH3, - (CH2) 13CH3, -(CH2)9CH(CH 3)2, -(CH2)10oCH(CH3) 2,
-(CH2)11CH(CH3) 2 and ( )11 CH(CH3)-C2H5i to forma conpound of fornula
(V') 12 WD 03/ 10576 RlE /US03/ 18789 OR13 OR 12 OR14 HN OH R110 GR10 1 O
(VI) and subjectin e conmpound of forrmula (VI) to (a)

dei sopropylidenatio remove the ring structure; (b) reduction of the

C- C doubl e bond; an otectign of the sugar hydroxyl groups, thereby
formng the cprrplc?und of | a (]t‘l = wWhic :__Q y be used as a scaffold for
the introducti ok O 5 EQ@-X'"-@ in the synthesis of
conmpounds of formula (1) ./ BRI EF DESCRNRTVON THE DRAW NGS Fig. 1(A)
depicts the results of tggtin BALBt'c nice treated
intraperitoneally with 2g of a-C Gl -Gl Cer, or nothing two days
before challenge with live P. vy I ozoites, and t h@fd) checked for

mal aria |liver stage devel opnent;

and 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), which may be used as a scaffold for the introduction of acyl chains C(=0)-
Q-X ’-QZ-X”-Q3 in the synthesis of compounds of formula (I).

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1(A) depicts the results of testing of wild type BALB/c mice treated
intraperitoneally with 2 ug of a-C-GalCer, a-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 g
of a-C-GalCer or nothing two days before challenge with sporozoites, and then checked

for malaria liver stage development;

Fig. 1(C) depicts Ja18- 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;

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



Fig. 1(B) depicts CDld- deficient mce treated intraperitoneally with 2 g

of a-C- Gl Cer or nothing two days before challenge with sporozoites, and

t hen checwados/fsteonmal aria |iver stage devel opnent; Fig. 1(FOT/0ukepiigiss Jal8-
deficient mce treated intraperitoneally with 2g of a-C Gal Cer or nothing

two days before chal)l e WI. | : fier mal ari a
liver gt age deveﬁclgg%@ﬁ{&,%plﬁgd@?d %%B‘}g%%&?@)e “%ggflté‘?%ffﬁ%@? i g.t 2(A)) and
| FN-y &iﬁ%&%%?&seé 5t @) 2CEBAICEASS (£0iceGlTer daed dayabefdre challepes Withhigal |y wi t h
2g of a-C Cer or "nothing two days = hefore chalﬁ}léﬁ&%g Wi th sporozoites,

and t hBrycelisposstottes; andithenichedlkied or mplage v FEIEG 9% WD 03/ 105769
PCT/ US03/ 18789 Fig. 3(A) depicts wild type BALBc mice treated

i ntraperitoneal |y vy flh el Aty da80%m Ohideeatid Catilofiaincaily Gith 180 Gal Cer
ge w .

t hree days befor ive P. yoelii sporozojtes, and then
checkegy hp(w)mRCaGAIEet bvE@r) osGalfter devarlonp tiews pefbrachaleme WillpsROreZHFhd type
BALBc nice treated intraperitoneal I%q with 100 ng of (0) a-CGal Cer or (r-)
a- Gal Cend then vhgokerd Br malerde W stage RIS with sporozoites, and then

checked for malaria |iver stage devel opnent; Fig. 3(C) depicts wild type

BALBc mi ce treat ?%, B{tﬁ)&r&gf‘c’ié Y08 eF DAMBE idddeatddtntbperi@neall Owishl108r , ()
a- Gal Cer or not hing ) days before challenge with I|ﬁve P. 1%0 I
SPOT 07 8 LEED ) ML-CSaMer (uY dr€Tal G mothéni ) 3 Jaysdretarp ehleagedB I3F 7b| ood

stage parasites; Fig. 4. depjcts the lun fMYsesthgeat ed

i nt r aveeeli SPYrogRites: Ngf’? VVQP@H‘F“H@?&’%O%% H%lgéf-ogg @g@i&éég_ Gal Osérétwo days
before L{A%ili‘%venous challenge with 5 x 104 syngeneic B16 nel anoma cells.
The reStits 1n the study are expressed as the average +/- SD of five nmice;

Figs. 5(A), (B) and (O . depict wild t BALB/ c pi.ce treated int |
W ih 110 of b G dopieiy Bp et G ELIS TR e R NGTRI O ) | Serum

| es,. bt ai el ' | lleyeawith Hr f
o1 on diisaaet et EIo et et A Eel BB os G Oh o' s

(9) Cg@ﬂz SPHobAtit BNE mdTibona &{14) Thaces(B) indbpstudy aelcaptoisd a8 IGAVEBER) ) o
| L-12-deficient (Fig.
+/- 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 «-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 (A ) or four days before challenge with live P. yoelii sporozoites, and then

checked for malaria liver stage development.

DETAILED DESCRIPTION OF THE INVENTION

o-Galactosylceramide (o-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 a-GalCer of general formula (1) act as an NKT cell ligand and display 100-
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6(B)) mce treated intraperitoneally with 100 ng of a-C Gl Cer (O or
a-G@lCer (0) or with nothing (A or four days before challenge with live
P. yoeliiwspwriozwpt es, and then checked for malaria |iverrcavresya/18789
devel opment. DETAI LED DESCRI PTI ON OF THE | NVENTI ON a- Gal act osyl cer am de

a-Gl Cer) is ., | ycalipid |jgand f t ' : ; cells, which
ﬁes ponéoq(i)fol(ﬁ@gbq%fé% 1%%‘3‘“% ?Ioaﬂg%éal%%f W?llr?f églrsét(iaa‘rﬂé/ r%&%lfcl(l: iﬁ)Sy and |
i nt er | suh ol doT1d -ty 6y tBKkiRes) CENONarell TLH 1, geviamp Adtsnistiativotdf tiy@-6ki nes,
whi ch possess oppoSite biol ogical effects, i.e.  Thl- d _['j’fqzt-t%/pe
r espon§a]CéramiresonsiGehite restiteshin nek eplyprelengsdmreduction P?@‘& f'&%. 1t has
now been dj scover.ed.,t hat nt het i c | I Cer of
gener afy®P ?’Ht 459 de(%?asg@g%uq of gl? %@?@iﬂﬂﬁ%ggrﬁkgg‘?ﬁg&%ﬁ@ﬂ VO

03/ 105@&%&0’114 HSP@LdBL 8 deba8sifing Thhigheespantes for gonaghnAwelytnderia and

mal aria, by preferentially inducing the producti og 8f Thi -t;g)&}fytoki nes,

| FN-y andnelznd®a nictastses o-Befrtlies exhibited s 1900l and 3 00¢aldanprergtenf ¢ o
consistently resulted_ in nat. only prol onged production of the Thl -type

cyt oki r@é‘éYltY@EﬂSP%ﬂt‘é(Blydg’@PgééglﬁgﬁopuI ation of the Th2 cytokine, IL-4, as
conpared to a- GalCer. In two disease nodels requiring Thl -type responses
for coffdelitiof@nel y malaria and nmel anoma net astases, a-C GalCer exhibited
a 1000- "(H’md 100-fold nore potent activity, respectively, than

a- Gal Cer. Defini tj & L EBhaAROOS &S Rah batenoleRAn Baving bighain nHB-40ul e
having a chain o?hg?%qg%éﬁon atons in thegform of an al dehyde (al dose) or

ket one dafth@se)s inShk foatnl & mr@@y@@h@s@@é&@@ﬁ(@me& 2vitabls se in the
' tion include both naturall - _ . the
LI e AL B LT Ay g e

suc ceros€é an
di hydr O&M%?ﬁh&%oﬁ@s’é&&ﬁﬁﬁés. Riehplamotstiiacides ianlide trjushs, shdses, pent oses
such as xyfose, arabinose, ribose, xylulose_ ribul t hy

: | t
( 6- deoxglpexasesn] dihydunxyacatoneh {EHHOSE SHAtRS HEHERSe aﬂ‘g g@?&nﬁ’%&?ﬁ{%’g&é S|S 3§ ose,

e s SThS B S0 o PURRE A Ak esEsiconymons)

t0sé; sedoheptul ose” and mannohept ul ose.
Pr ef er r g, PPREASS A Fesscahexdses owhss ghwoses frfapnodey galagipig fructgse e

compot néjorl];(;)sg; z;[nrd%%{)tlors]egs, 2uc(]jnl assefg?lfc%he&bge; galgmannoheptose, sedoheptulose and
mannoheptulose. Preferred monosaccharides are hexoses.

An "effective amount” of the compound for treating a disease, e.g., 2

cancer, an infectious disease or an autoimmune 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 "prodrug" 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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cancer, an infectious disease or an autoi mmune di sease, is an anount that
results in neasurable anelioration of at | east one synptom or paraneter of
t he di seaw® o3noswpmal s, i ncl udi ng humans. The term " pr odrray/UsS/18med
herein refers to any conpound that nay have less intrinsic activity than
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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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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,
thinovirus, 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 cruz, 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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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
Jeast 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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Examples of embedding compositions which can be used are polymeric substances and

waxes. The active compounds can also be used in microencapsulated form, if appropriate,

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, ethyl
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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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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surfactants. Dosage forns for topical admnistration of a conpound of the
|C(r;vent |®:np0r51|’mon&|de oi ntments, powders, sprays and inhalants. The active
component can be i e #A4BFBHAdA R FOBdidcanbe fambilated lreszpides

ions) wth a phys of ogi cally acceptable carrier __and an

pr eser Varthblets, eadoh bfefeablyaoniiming 50-200 mgf thagorsroundsof thedov ﬁ‘b hfi9ni ¢

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 therapeutically effective dosage of
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formul ati ons, eye ointnents, powders, and solutions are al so contenpl ated
as being within the scope of this invention. Effective Dosages An
ef f ecti vewanmuns7ébor treating the di seases can easily be detRUSIBNETSIbY
enpirical nmethods known to those skilled in the art, such as by

est abl icghBondd JTRE }%rése‘ﬂt inveRSADIAhuaEs flésﬁﬁﬁﬁfubll}eﬁflthfn zﬂﬁﬁ‘g@bﬁdlrcalatlng and

comparing-a group experinental units or subjects to each n]it1 in the
matri x coﬁmmumthanmlndeﬂléwoaﬂlﬂi hﬁ]@toéﬁ@@mﬂ@t}’a Therdaspge ¢ yWﬁ s
dependi on the particul t teS ¥ir@font he di sease,
and t he ﬂlgﬁmgf d@B‘T’ st ed%%aﬁ%ﬁosrﬁl 6111%1 @ﬁﬁ%&surg\é@lgml iOration of
any sy niiesd. orde;, Wek %d&é%ﬁ&l&’ﬁ&'ﬁ&éﬂ%/ 18789 paraneter can be deternined
by a physician skilled in the art or reported by the patient to the

physici an. Cini cal ly si gn| f| ant .attenuation or anelioration neans

per ceptvithe ofiComponnds - 0o the physician. It will also be
under st ood t hat the speci fi and dose rticul ar
patient will depdid fgst methg &Pg 8?@?%@68&%1?he§%8&§mﬁte$%of t he
speci f i St éd‘ﬁ Iﬁ%nu&@a)al ja61Hble sGeier Mhickigil th, and sex
of the &Itﬁgl Vi uadg :y?gé tltneat e%l the ti rre}y\?nd route of adm nistration; the

rate ofgatactusepiminacastaét) andrluhemosririoh (Baosshowahedrsl y been adni ni st er ed:
and the severity of the particular disease undergoing therapy. The anmount
of the agent to be adm ni spgred can range from between about 0.01 to about
25 ny/ kg/ day, preferably #rom between about 0.1 to about 10 ng/kg/day and
nost preferably frAeth betdveen about 0.2 to about 5 ng/ kgll\ﬁf”tzy. It will be
understood that theg ph rmabeutl cal conpositions of thezpresent invention
need not in thenselv n he entire anount of the agent that is
effective in treatin ' er, as such effective unts can be
reached by admi ni 8¢@at i on| of a plurality of M&b ceuti cal
conposi tions. For examﬁ\ t he conpouhds o'\‘_I the invention can be formul ated
in capsules or tablets, each preferably containing 50-200 ng of the
conpounds of the | i vefoar 9@@( i gaft to a
patient at a tot a%giéa%gfl ggjrbcqn?l ?09%4?)@;& ]prrggf g?gayh Pigkip

introduced into the homosphlngosme moiety. As taught in Belica, et al 1998,

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 ltnked to the

galactose. The alpha configuration is established using the method of Yang, 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 (II) by acylating a compound of formula (IT) 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, o0-N-succinimidyl, chloride, bromide, or mixed anhydrides.

The compounds of formula (IT) can be formed from the compounds of
formula (1) 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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150- 250 ng, and nost preferably about 200 ng. Toxicity and therapeutic

ef fi cacy conpositions containing conpounds of the invention can be

det er m newdns/esmndar d phar maceuti cal procedures in experircamsB/1sani nal s,
e.g., by determining the LD50 (the dose lethal to 50% of the popul ati on)
and the ED50 (the dose ther utical. f { i Yeeion he

popul ation). Thi“ %Ié"scén&é’ﬁt oﬁoﬁmtéﬁﬁ%%gf@ Jgn ﬁ%r%ﬂgggg}égﬁef fects is the

t her apelfige isnﬁea‘gas’flaﬂieh&dee a3, hec-expstess atiichpde, istreupltlivat 180/ ED50.
Conposrtions that” exhibit |arge therapeutic jndices e ef e%red. VWi | e
t her apeninicesalliataileblaichinpovakphytespiimsesine c¢-< FAarlRRY] 8@8%%&?5 ° when

treati ng severe_ for of cancer qr life- S0P A1teGdd. ons), care
shoul domeedibyibs Bednay ip%egmggﬁn%girefurtsng%{ng{r%ﬁ?hat a'(r;get.s such i munogeni ¢
conposi ti ons t o 1 .aP@e fehioi yi€ld{ £ cmpounyryfifiarindila Tl s¥hieh iwghemat i ng an

i mmune response, tunor orf an organ supporting replicatipn he

i nf ectsubjested gecledvage ob ARILSOPIORY YR | FF AW M@i@%%ﬁﬁﬁﬁ?ﬁ%ﬁ%&%{‘ er tissues
and organs and,, thereb j fects. As specified above, data
obt ai ,f%arqt?c‘élﬁpttﬁé’lfgﬁ,*%‘%’m U ?ggf(’?gﬁﬁb@hsed in formulating a range of
dosage for use in humans. The therapeutically effective dosage of 21 WO

03/ 105769 PCT/ US03/ 18789 conpounds of the present invention in humans lies
pr ef erabl ¥ =W fifodimbae 9¢ tBd Infvienfih at i ng  concentrations that include the
ED50 OXiCIty. e dosage can vary within this range
dependi ng upon the d I?oq.s SAPLRE AndiRirtpRepaalonecanbeaddérsiosd r at i on
utilized. |deall ,e%?%?l ngfléeggﬂci;ﬁsse shoul d be usﬂg . S}/l.nt hesi s of Conpounds of

the | ngeimes @thb%xﬁnﬂeﬁ shidheilhgrhtosonsyefithepiogesies BHWNCHBSE SALPEIFhe

i nventi on, nthesis A, the conppun ]{ngdm-f : perercial ly
avai | aieereprEadrigedrat RESFHPRAmD %ﬂfg’ ogilglq%é% gleé{g%t' at ea?%@ %ﬁd L- honpseri ne

(2), alsnv%rr&%'fp n%lk?l%n%?urtlﬁ? @Mbped, ate@onsidered to fall within the scope of the

2

present invention as hereinafter claimed.

1. Svynthesis of CRONY-101 by Synthesis A Method

The o-GalCer derivative CRONY-101 may be synthesized according to the

following synthesis.
Scheme Al

HN  OH

O v -

OH
phytosphingosine

CBzHN OH N

CBZHI_;I (__)

Iz}
HO/\/Y\CMH” : RO/\/Y\C14H29 diastereoselective ]
OH OH
C

dihydroxylation

B

NHCBz
2 Cy4H. L-homoserine
N N 14129
RO =
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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OAc AcO HO COOH AcO + As taught by Kolb et al, 1994, Chem Rev. 94: 2483,
hydr oxy groups are introduced into the honbsphi ngosine noiety. As taught

i n Bel i cawoets/iab7691998, Tetrahedron Lett. 39: 8225-8228, pPlamgsostisab .
1999, Organic Letters 1: 2149-2151, and Yang, et al, 2001, Organic Letters
3. 197- 200, e haonos |n i m@;ﬁllnﬂ@ﬁcﬁﬁ avdifedleal pha
confi Q’lﬁF&‘i‘t}VS jng2 JEeY gqercgﬁggasglgwpn’gh% ﬁﬁhﬁ%{: %@gég@ Yang, et 1ZI , 1999,

Or ganifcy, Bée@i‘h@lsjsho%‘iﬁSZﬂéﬁeA’Ehe sphingosine is converted to the ceranide

usi ng we est abl i shed net hods. Th 0 y be fornmed
fromthe corrpourldbomﬂsefmérlr?‘ﬁzisa@(l}’?‘}e ng%ﬁ% %te%avf 1%{8{8‘&%%#1)69 %‘aor mula (I1)

with are t pgadsz, t5|®e76()§ S}ﬁbﬁﬁ @otalB chain at
the am" ﬁ@?lrﬁ‘?l?&()ﬁns}%’s% FtoaglJ ‘?)(f C?gm I'IJ[')he acyl at | on@z)f an a geiragc roup is

wel | kpamsyidh., w&gms; B). fitdritieapiimatyradeokipl was Prategisd: the esiohPa ui tabl e
reactants |ncI ude ni car i Mher ophenyl
as t augten aldehyds 3 Pgn%fhl%ﬂ%%pyﬁaxmmggﬁdﬁ?gg y‘ggfh%zr%d?f ,tAI ter ngtl vg
R' grgy L\:ﬁéﬁ c@uﬁ'l'e& k®eNaBE-chain Wlﬁlgllﬂiolsphmm;lh salt hsiog is@bumm oni de, or
m xed anﬁi\},& es. The conpounds of formula (1] %%ﬁﬂr‘]‘c?ﬁ%beoor ned f omthe

COWDOUhHS@nﬁfhylcﬁmazmdNaHh@SbwTHEﬁﬁrﬂjt‘? BYC & 1Y B e bond, and
then deprotecting the am d Y, fR{1Q1, Segakedrom €t Y
Conpoutftpaukigu, Polifi E ors @(m@?ﬁl Q%i %%I—Allzr(r)g’ e fgg;%% gc;o&é? ng to the
net hod 1k dihy@¥e: laheh(Shailﬂeés ctd., 4(@ye: Ciog7-70. 22
WO 03/ i%ég';ggh@ 9762%§®187g‘3’ I n1 ﬁsegond met hoqd _of nt hesi 27|§1g t he

conpounsis, o, 1768-27V )k of thernptisyih #rskyF £-@efinusing H’P’& tﬁ?&%c

a- C gal act osy] c SeB detiveél arﬂeabl e
corrpouﬁHXtBWﬂ é§pﬂ§r§%&%ﬁgd§§ %% %ﬁe@%@ﬁ‘f"g‘gﬁd@ﬁgde géﬂg?%g Vfzr med by the
Bednar slily; R0 §84die cBQﬁgdrbmgtvaerre bofirmet dyicampresdnf MR bR Her The
coupling reaction yields a conpound of formula Ill, which is then

subj ectedictaartmineta/dagivavesan i sopr opyl i dene group, reduction of the double
bond, and
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deprotection, to yield the conpound of formula (I11). Exenplary Enbodi nents
of the Invention The conpounds of this invention and their preparation can
be under swaoas/10576pt her by the exanples which illustrate saoa/oso3tismsy
processes by which these conpounds are prepared or used. Theses exanples
do not Iﬁ Ehe I nvention. Variations of the invention, now known or
further d%%eﬁoped are considered to fall within the scope of the present
i nvention as hereinafter clainmed. 1. Synthesis of Synt hesis A
Met hod The a-Gal Cer derivative CRONY-101 nay

nt hegj; according to
the followi ng syfihesi sl B8BA@ARNAICAPN OH H%?H@/Ag Cthzcmzhgsb/psphl ngosi ne

CBzHN OH CBzANOHNAQ il 4% 79 it ast erceionel ective OH OH
di hydroxylation CB Nl-éé}«ﬁr%aijm 9 L-honoserine A JgBAL, THF,
di ast er eosel ecttiomesetthdhydr oxyl aton of the optically ackhigvesplefin A which

Is readily accessible fromL-honoserine, woll d afford the protect ed
honmophyt osphi ng&sl ne 23 WD 03/ 105769 PCT/ US03/ 18789 derivative Bin a
stereosel ective fashion. The synthetic route fromcomrercially avail able
L- honoserine i s shown & Schene A2. L-honoserine 1 was cBHVBFted into
met hyl ester 2 via t]QUEJT Ig % efpdinmybisgggthylsilyljamide TEDMSO A~ CraHng

/\/\ >
TBDMSO CHO ¢, H, PPhyBr, THF, 85%
3 4 ( Z isomer only, Jcis=10Hz)

CBzHIN OH CBzHN OH

AD-mix-b A A

———— = 1BDMsO” > CuHy  * TBDMSO v > Ciabs
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 BusNF solution as the
buffer (Niu, C. et al., J. Org. Chermn. 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 PPhs, 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 o.-C-galactoside (Yang,
G. et al,, Org. Lett.; 1999, I,2149-2151), the synthesis was continued by treatment of
thioacetate 10 with hydrazinium acetate in DMF under N to deprotect thioacetate (Park,
W. K. C. et al., Carbohydr. 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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overall yield (Ozinskas, A et al., J. Og. Chem 1986, 51, 5047-5050;
Shioiri, T. et al., Og. Synth., 1989, 68, 1). After the prinmary al cohol
was prot eetoead/105tse@ ester was reduced to an al dehyde 3 usir@I/US03/18789

di i sobutyl al um num hydri de (DI BAL) as the reducing reagent. The al dehyde
was then coupled to C15 | ong-chain Wttig phosphonium salt using sodium
hexangdheyledd3i | azane (NaHVDS) in THF( 75C) to give Z-olefin 4 as the only
product (Beaulieu, P. L. et aI g% Chem 1991 .ppfy 4196-4204; | nashiro,
R et al, Tetcad@dr oQH 1998 5 3,1)}@8 210670). Shar pl ess_aiCrer oxyl ati on

( Shar pl ess, Wﬁle " Chem__,19€8HM 68f2731), of the
opt i cal T§PMEQ| ve z-bl ef T'A Dsi ngc}f@r ngsy- (3 gave ca, 7:3 oniLture of 3S, 45,
5R (5) and 3Ss 4R, @5 (6) di hydroxyl ated isoners, respectjvely. Their

rel atlve and absol ute configurations were confl r med by comparison of NWR

dat a of I | c caBiiﬂmat e 4 WO @Bé}m®5769 PCT/ US03/ 18789
Schene B hé‘%’% NZI NHCBz i ni dazgle, gT CH2C12,
95% HO~ 2. TI\/B@QNZ I\/E Q-lo thwo DI BAL, THF,

L- horoser tHE 2 -780, 93%1 Nﬁ(éﬁ% NHCBZ Sodi um bi s(trimetdydsi |yl )ani de - C
g TBDWSO -- 14 29 TBDMVEO" ~\ C15H31PPh3Br, THF, 8§% (Z isoner only,
Jcis=l OHz) CBzHN OH CBzHN OH AD-mix-b 7 'Z TBDVBO Cl4H29 + TBDVBO Cl4H29

$3% OH OH

Dimethyl acetal (Johansson, R. et al., J. Chem. Soc. PerkinTrans. 1 1984,
2371-2374) and p-toluene sulfonic acid gave 4,6-0-(4-methoxybenzylidene)-B-D-1-th10-
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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5 70% 6 30% Acetonide formation was used to protect the 1,2-diols in
conpound 5 (Schene 3), then the primary al cohol 8 was rel eased by

desi | yl at wanospios769 Because the basic fluoride ion caused RdmUspgasiszati on,
acetic acid was added to Bu4NF solution as the buffer (Niu, C et al., J.
Og. Chem 1996, 61, 1014-1022) to afford 8 as the only product, since

t her eSoleemend4cycli ¢ compound fornmed. The iodo conpound 9 can be made by one

skilled in the art using PPh3, iqdin i rp o] lvpopi N THE ( Spak, S.
J. et ale _Jigtraheapon 20069 6)%"213:-5%%%) . %g%e% i dea of
synt hesi f ot he rreelel——a—-%cg@%o/sg e 0,50 G2 pMealCH,CHIOYe)lett.; 1999,
1, 214 ~Sthe BNt hésTs wapaeont i nue t rEe 0B DMEFGH,Cli,hi oacet ate 10
with hydrazi iPAaen &%Btate in DVF under N2 to|depr8&iect thioacetate (Park,
W K. C &0 al., Carbohydr. Lett. 1995, 1, 179-184). The freshly

depr ot egé}ggwlt%hi o derivative was subsequent]&y treated with electrophile 9
to prov i 0-gal actoside 11 in 95% ove 4‘PM§/i eld (Schenme A4). Treatnent

of (3-Dthi o- gal act osi 1 with NaOWe i nt~deCH fol | oned by protection
usi ng p-Pet hoxyb STEdeﬁ@ﬁ”e}?? bYaRpBBRP 05760 PCT/ USOSzBBY 89 Cigbhene A3

CBzHN ) HNW IB?IEO!,& 14H29 OH
CH2C1Z, " 95%¢g 5 Bu NF c/ %%—{KDI ﬁﬁ%ﬁoﬂ 9 , PPPh3, THF,
Cl4H29 HO O ref 1ux, 88‘V 86%8 0 9 O~ Dinethyl ggetal § anson, R et
al., J. diem Soc. PerkinTrans. 1 1984, 2371-2374) and p-t'ol uene sulfonic
acid gave 4, 6-0-(4-net 9¥enzyl i dene)-R-D-1-thio- galactoside 12 in 86%
yi el d. Benzyl ation of of ol  owed by oxidation of thiogal actoside

C2F4BI'2, KOH/Alzo:i (0] o Cb 7B n1§ C14H29

t-BuOH, reflux, 76% BnO = /\‘/K

OBn O

0
14

The RB reaction using C,FBr,/t-BuOH at reflux afforded the product 14

(Scheme AS5). 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 p-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 1N HCVEt,0 in methanol generated the corresponding
diol 16. Cyclic carbonation of the diol using triphosgene (Burk, R. M. et al., Tetrahedron
Lett. 1993, 34, 395-398) followed by silylation of the axial hydroxy! 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;. Bt,0 in CH,C,; solution (4:1, 0.05M) afford
o-C-galactoside 18 and cyclized compound 19(20%). Treatment of silyl ether 18 with 1N
Bu,NF in THF afforded product 20, which is identified by 'H NMR (anomeric H:

3.95ppm, J 1,=4.6Hz) and TLC.

27



usi ng MWPP gave sul fonyl gal actoside 13 in good yield. N-benzlyation could
not be avoided in this step. 26 WO 03/ 105769 PCT/ US03/ 18789 Schene A4 Aco
OAc CBzHN\WO MBAoR@91. NaOve, MeOH Aco OAc NH2NH2 = SAC Ac@(3/(303/18789

p- MeOC6HACH(OWve) 2 Aco 9, Et3N, O QAc 0-~_ p-TsOH, DWW/ CH2Cl12, CQAc 95% 11
86% 10 COrHAOVE C6H4OVE O 0 CBzHN C14H29 0 1. NaH, BnBr, 83% O CBzBnN
Cl4H29 HO O S O 2. MWP, 93%BnO O S02 0 COH ol OBn 12 1° 13 O Q H40Me O
C2F4BSghem©MSA1203 O O CbzBnN C14H29 t-BuOH, reflux, 76% BnOO OBn 14 The
RB reaction using C2F4Br2/t-BuCH at reflux afforded the product 14 (Schene
A5). The ratio of Z:E al kene isonmers was not determ ned because of peak
broadening in the NVR The internediate 1- OI\/Et hyl - 2, 3- di benzyl

R-gal act osi de can bepvdtadgon) oneHst QB’E)y g chI rotrimet hyl silane in
net hanol . Esterificgid g, of t he pr =oxyl 1dgbUHpﬁicv§@oaf forded the
benzoate 15 i nif8% MeOH, 90%
2. BzCl, Bt;N OOMe o
HO OBz | 1. triphosgene, i OBz
o CBzBnN  OH pyridine, CH,Cl,, -Pr,HSIO CsznN C14Ha9
BnO - ~ 83%
BnO Ci4Hp9
OMe OH 2. i-Pr,SiHCI,
imidazole
16 DMF, 96% 17
RO OBz
5 eq BF3,.Et20,
CH,Cl,, 0°C
et

18 R=i-Pr,SiF OT<

0]
76% llN BuyNF
THE/HOACc ChzNEn -
20 R=H, M*+NH," (1029) o W
O
H X
0 0&
BnO 0

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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Treatment of the acetonide 15 wth 1IN HC/Et20 in nethanol generated the
corresponding diol 16. Cyclic carbonation of the diol using triphosgene
(Burk, R wdosewsmb., Tetrahedron Lett. 1993, 34, 395-398)rdToUsocmens by
silylation of the axial hydroxyl group at C4 afforded the silyl ether 17.
Punp addition (McConmbie, S. W et al., Tetrahedron Lett. 1991, 32,

2083- SeBemed¥d 17 in CH2C12 (0.01M to BF3. Et20 in CH2Cl12 solution (4:1,
0.05M afford a-C-galactoside 18 and cyclized conpound 19(20% . Treat nent

of silyl etfper OB with 1IN Bu4NF in THE af product 20, which is
4. %I;% nd TLC. 27 WD
) z CbzBnN C 14H29

identified 1HyNVR (anoneric H 3. 95ppm

03/ 105769 ChET80 c SphedioxmgHO T \ 3
0C, 66% BnO O B 14 podvesdh, 90% 2 ~ BN BnOOVE p
CH2C12188% 15 HO t?i phosgene, i-Pr HSi0 OBz 0 Bnhi,OH pyri dine,

CH2C12, 2 CbhzBnN,g& 14H BnO 83% O C14H29 Bn020 Bn o i -Pr2Si HCL,
BnO Ove 0 O imdazole O 016 DMF, 96% 17 5 eq BF3,.Et20 RO OBz BzO O

CH2C12, OOC BnO O CbZN% OggbzNBn 14 29 14 29 Br(']I/O C Bn0 C H
KOH/ethanol 10% Pd/C, cyclohexene

—

reflux, 80% IN HCI1, MeOH

reflux, >90%

M s
HN 24

24 R=H OR
Ac,O, DMAP
80%

25R=Ac

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 CHCl3: MeOH
(4:1). The ' and *C NMR and optical rotation {[oc]25D +40.8° (c=1.3, pyridine)}, mp
175-178°C, high resolution FABMS m/z 856.7601 (C51H10108N+H+ requires 856.7605)
obtained for a sample of 24. The mass spectrum and "H NMR of fully acylated compound
25 further confirmed that 24 was the right compound, namely, CRONY-101.
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o e A TR 22, 7

/ C, cycl ohexe
R et al., J. Og. Chem 1985, 50 \ y ne) (Roush, W
overal |l yield. The seliign o beresrisd e et FabaE ot ere 6 Ho CBs
HO OH di oxanek K / 89 Scheme A6 HO OBz
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stirred at 23°C for 24h and then extracted with ether(2x200ml). The aqueous phase was

ice cooled, carefully acidified to pH 2-3 with 3N HCl, and extracted with ethyl acetate

(4x100ml). The extract was dried over Na,;SOy, filtered, and evaporated to afford 6.52g

(77%) product as a white solid. '"H NMR (Me;CO-ds, 300MHz) & 7.39-7.31(m, 1H,

C¢Hs), 6.63 (d, J=7.7Hz, 1H, NH), 5.08(s, 2H, CH,Ph), 4.42(m, 1H, CH), 3.70(m, 2H,

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 2ZM trimethylsilyldiazomethane in hexanes (22.5ml, 25mmol) at 0°C. T he

. reaction mixture was stitred at 1t overnight. Basic dowex resin was added, filtered and
rinsed by methanol. After evaporation of the methanol in room temperaturs, 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 (CDCls, 300 MHz): 8 7.35 (s, 5H, CeHs), 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). 3¢ 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] -4-0-(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. I NMR (CDCL, 300 MHz): § 7.34(s, 5H, CHs), 5.93(d,
J=7.7Hz, 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). 13¢ 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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g agent to afford the target 24 (Morit
al., J. Med. Chem 1995, 38, 2176-2187). Final purificgtion \M(iS dong bl\//l .
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Sng‘ gﬁﬁ{z@}ﬁhg‘% givfﬁgam%%(?whf ragtﬁmunﬁnetllrel\ﬁés exérgeted B‘chrﬁtd}%r @Xg\g@gl)’st irred at
_ acted w th, ethe QF
; fﬁ ?:ccbieé@yelt‘)ﬁaﬁﬂﬂ filjerad prd eqnegntaiedyn fo"rﬁé‘\;?lv?ﬁ%’ gem ‘cﬁ’&afg%éﬁggggg faclf:){1 236\,““??1
v é 1%1;[1161i }:}?romatography on silica gel eluting with EtOAc-PE (20%) to afford 4.03g (85%)
3 as a colorless oil. "H NMR (CDCls, 300 MHz): 8 9.59 (s, 1H, CHO), 7.35(m, 5H, CeHs),
5.86(br, 1H, NH), 5.12(s, 2H, CH,Ph), 4.30(m, 1H), 3.69(t, 2H), 2.14(m, 2H), 0.86(s, 9H),
0.03(s, 3H), 0.02(s, 3H). °C NMR( CDCl;, 75MHz), § 199.01, 156.18, 136.41, 128.65,

128.29, 128.16, 67.20, 59.21, 59.13, 32.16, 26.09, 18.42,-5.21, -5.30.

Preparation of Z-olefin (4)

To a suspension of pentadecylphosphonium bromide (5.52g, 9.8mmol;

prepared from 1-bromopentadecane and triphenylphosphine, refluxed in toluene for 5
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, Tmmol) 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(100ml)
and extracted with ether. The organic extract was washed with brine, dried over NaxSOs,
filtered and concentrated in vacuo. The residue was purified by column chromatography
on silica gel eluting with FtOAc-PE (10%) to afford 3.44g (85%) Z-olefin4 as a colorless
oil. 'H NMR (CDCls, 500 MHz): § 7.34-7.31(m, 5H, Ce¢Hs), 5.47(after decoupling, d,
J=10Hz, 1H, vinyl H next to CH,), 5.42(m, 1H, NH), 5.27(t, 7=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). 13 NMR( CDCls, 75MHz): 8 155.71,
136.96, 132.39, 129.96, 128.52, 128.16, 128.02, 66.59, 60.34, 60.31, 47.24,38.06,32.21,
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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(4x 100m ). The extract was dried over Na2SO4, filtered, and evaporated to
afford 6.529 (77% product as a white solid. 1H NVR (Me2CO d6, 300MVHz) 6
7.39-7. 31w@ 0365769 C6HS) , 6. 63 (d, J=7.7Hz, 1H, NH), 5. 08(s,piHSCHRRN) ,
4.42(m 1H, CH), 3.70(m 2H, CH20, 2.05(m 1H), 1.91(m 1H). Methyl -

L-2-T (b | i nol.- 4- Qwbutyrate (2) T | uti f ab
Coor s Iy ayiiopmtoliis GO -8 Aipg AN 2u YT RE (5] onei oe o 07 OF apove
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NMVR ( . 300°MHzj: 8 7.35 (s, 5H _CGHE) . 5 G@MN C}gl?l,%%z .M]SNH),
fﬂlz( md%?ﬁi?%mh’m@%m owligeg' ?&g&a MR dERELR4 %mﬂgs- éﬁmgm( or
y » . : . { T y
153. %@&Vﬁ&%%&i@g’%‘? 1]‘12f fh g 0 7

_ 8.18, 67.42, 58.60, 52. 77, 51.(%g 35. 33.
Met hylwde})%rﬂ:l@d By 6luttin dhoraitograply (RIOH\C/AB-8miieI2)ve h(3zbRMm BBl 98 was added

TBDVSC . 839, 18.8mmp]| ) followed by .imd .55g, 37.6mmol ). This
reactilﬁ}oyrﬁléat’cﬂilﬂé @d‘sa@%%qmleldljga;gg/‘bgﬁdbg%glﬁg%gorlé&for 2h. The nixture was
filtered, rinsed by CH2Cl2 and washed with water. The sol utjon was
concentrated and purified by colum chromatography on silica gel eluting

i R DA oSO o o
NGRS SRR W gt
136. 35, 128. 56, ’m@gi%é(fdli@]@oéwéf;s%%‘%ggﬁwh’?ﬁﬁ%ﬁ} 13, 26.12,
18. 46, -5. 26, 1 P Ik 87 T3,

L- 2- [ ( BEREy pg@%a%%%; g%gﬁfﬁéﬁfg g'rot]t@bglt%y%ﬁ?m@f ﬁ;? gfl’ vk §3§‘y| al dehyde

| yi
(3) Toyas 8111&Uiﬂ)ors.sﬁ(b@bpn;,@.gquamm.o&dﬂkgw}lzs.1BBn1r86()n,i2ﬁ§2z)?ri(anE at - 78C
was added 1M DI'BAL i

AL in heptane (43ml, 42 | ! r L ON. M r€ Was
St 11 edin)al. 5SBCH ok 26, S4Hhe 0806 410h (ot orC WRAREERGRy Tt TS
100m %g7.l62,e1-3c6%8? 1%@.‘6g1q28.35, 128.22, 76.43, 71.53, 67.38, 60.08, 50.22, 49.86, 35.46,
33.52, 32.23, 30.10, 30.00, 29.96, 29.66, 26.11, 23.00, 18.43, 14.43, -5.20, -5.23.

@3S, 45, 5R)-1-O-(tert-butyldimethylsilyl)-3-[(benzyloxycarbonyl)amino-4,5-
nonadecanediol (5)

mp 40-43°C. [a]” 16.3° (¢ 9, CHCL). 'H NMR (CDCl;, 300 MHz): 3
7.38(s, 5H, CgHs), 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.
(3S,4S,5R)-1-O—(tert-butyldimethylsilyl)-3-[(benzyloxycarbonyl)amino-4,5-0—
isopropylidene —nonadecane @)

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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with stirring over 10m n, and the aqueous m xture was extracted with Et OAc
(3 x 100m ), dried over Na2SO4, filtered and concentrated in vacuo. The
resi due wa® @uosfeoed by col umm chromat ography on silica galCTeUSBi1smow t h
Et OAc-PE (20% to afford 4.03g (85% 3 as a colorless oil. 1H NVR (CDC13,
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extract was washed with brine, dried over Na2SO4, filtered and
concent.2&ted in vacuo. The residue was purified by colum chromat ography
on silica gel eluting with EtOAc-PE (10% to afford 3.44g (85% Z-olefin 4
as a colorless oil. 1H NWR (CDC13, 500 MHz): 8 7.34-7.31(m 5H, GC6H5),

5. 47(after d | =| ) hipn@tiedanob(®}2(m 1H,
| srs, SIo-§ B HIpRycaPROD Bpinksd s 0 B gy, ‘ﬁ’]“ P Crorny | 4.58(m

1 3. 67 2 2. 11 12H),
o.Hz)s(s 3I(-|)m 0%%@8%&&“@@%9&?‘%%@%5@@@ 155. 71HIOY§%(S6 K

132. 39 owkd By A2 mGReiOacih.0A Bet, thé tragtion mixtwa, 38. 06,
32. 21, ad‘%é%ygg“@gﬁ’s%ﬁ%l 69) %‘glg 65, 229 %5 29. 5 %%7 96, 26..17, 22.99,

18. 43, whéstied at5t deornight, ) B g T AR LS E] HUEARII Uyl ation of
olefin (2) -4 u5|n AD-m x- (3 To a,solu XakRafidh 304@) and
ret han@siaCh(Hairde 106 Rt e yam?% ‘%eﬁt%%bb% I§1 1, 101) was added
Z 4 (2 H@% 2S5kt QRS resitthd W@Q}ﬁmf&ﬁm&mhﬁnlechfﬁh@tqgmpﬂam e was
stirref®d %ﬂtufld?r% g%%c quenchéd with Na2S208( 6. dg}\/l . 53 70

(EtOAc/PE=50%) to give 8 (2.56g, 90% yield) as a whlte soli p 58-60°C. [a]

(c 3, CHCly). 'H NMR (CDCls, 300 MHz): 8 7.36(s, SH, CeHs), 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,

2HD), 1.52(m, 24H), 1.44(s, 3H), 1.33(s, 3H), 0.88(, 1=6.6Hz, 3H). 130 NMR(CDCl,

75MHz): 6 156.91, 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.

(3S,4S,5R)—1-iodo—3-[(benzyloxycarbonyl)amino-4,5-O-isopropylidene—nonadecane
®

A mixture of 8 (2.5g, 4.95mmol), PPhs(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 CH,Cl,(100ml) and
solids were removed by filtration. An equal volume of saturated aqueous NaHCO3 was

added and the mixture was stirred for 10min. Iodine was added in portions and when the
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S, 4S, 5R) 1 O(tert butyI di met hyl silyl)-3-[(benzyl oxycarbonyl ) am no-4, 5- &

|3 Sggro 3 :a?ﬁ% cﬁ?ﬁimmmm,ﬁt-wmogomﬂmn%— (2.23g, 3.85mmml) in
ec 5 | 4%-teiral REpYD Ry ragesd (1), 19. 3nmml ) fol | oned
PPTs( 8 ﬂl ’ ter the  reaction m xture was stlrred)at rt :‘Ngr >

1. 5h, 50ml sat urat ed NaHCO3 was added and 3
2 WO 03/ 105769 P
extracted with CrR@glidgaed slhtionldfe. Qﬁg@%%lmnpﬁéisé%ﬁa@tedﬁar@dm% USRglzé%Z%

e et o o S AR I AR RETO T ekt e e
(2 287%}115983%%&1 %Ja(sj)degasss@dﬂ'at%ém tén]rﬂerature for 1h. Jodide 9 (2.55g, 4014%;11\1/31) L‘);a(;duct !
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, CDCls): 8 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, J=9.9Hz, 1H, H-1), 4. 13(m, 3H),
4.04(t, J=5.8Hz, 1H, H-5), 3.94(, 1H), 3.79(m, 1H), 2.85-2.72(m, 2H, H-SCHy), 2.12(s,
3H, H-OAc), 2.05(s, 3H, H-OAc), 2. 04(s, 3H, H-OAc), 1.98(s, 3H, H-OACc), 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). PCNMR
(75MHz, CDCl3): 8 170.27, 170.21,170.04 169.56, 155.77, 136.49, 128. 60, 128.24,
128.12, 108.09, 84.30, 77.77, 77.45, 71.05, 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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NMR (CDC13, 300 MHz): 8 7.34(s, 5H, C6H5), 5.17(d, J=8.8Hz, 111, NH),
5.07(s, 2H, CH2Ph), 4.13(m 2H), 3.90(m 1H), 3.78-3.70(m 2H), 1.89(m
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128. 22mem98yl)zeg,za1¢§.l>'ﬂ8,d(11%8Dt%Mga}°e‘ﬁ;?’w?‘i ??‘%5?‘9)’7/‘%?13@&8& glél,%égsl.z %?6?1148. 70,

‘;’g gg Di&il? %r%s adtid %ﬁtoh?e%e Qiforad a88 moaShifate 2016B) at 28012 FemPetatlre, AfRE. 74,

(3S, ?3)25,?16 ﬂn}tt@ﬁoyva%;rie@m}nwﬂl witly wiityd Wifyezﬂﬁ;@cﬁ?@, @n@qtré‘ﬁ?lﬂr 816‘3/2;?'&8?1 _e&j non iad eca
ne m xture (2. o 30.,12G1 A |dazol e
(06879 was i@?%%%ﬂ%‘l%dﬁﬁ@%@%ﬁ 2@%%3??2;? g%ﬁ%g}%’g W\é\)%gé%i rr edd t
under re : . {[\fMgr@(yMHQ,r@C. . £ ngn), yude produc
was di é’lseféar)\%éf“?{%t%ﬂg%lz}(lloom(? and sol %?:Irs vvereererrﬁv gs? finésigrati olrcl). An
equal wplp,wm(de%aHzaZIé);ISeﬂé}(seéH& SN9oBH s 7(A bl &% ] ﬁ%d‘ re was
stirred for 10m ' d [ OF i e eH$3 WO
03/ 105769, FRKM3 1%2%%%3%@?‘%%23& kLot hé‘?%(%f?ﬁd, t he
m xtur %,(}é‘%ﬁ $ir), 1 fml 2),aN6RE 0 {h,B0R), 0.8 3H). PEERERS (750N £T9): fest r oyed
by the “additTon of saturated aqueous Na2S2C(3 sol gti%n 'Il'Bg 01.17

160.14, 156.19, 136.45, 130.37, 128.56, 128.16, 128.08, 127.75, 113.61, 108.03, 101.17,

85.69, 79.64, 77.76, 75.74, 73.88, 70.19, 69.33, 68.98, 67.00, 55.38,50.59, 32.62, 32.09,
290.88,29.79, 29.73, 29.53, 29.11, 27.50, 26.95, 25.63, 25.33,22.87, 14.33.
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organic layer was diluted with CH2C12(50m), se |
: , par ated, washed with
(53 m), dried over Na2SO4. After evaporation of the solvent under ;Aﬁfaer
rE uced pwesNslc9t he residue was purified by colum chr orrdTogsansns9
(Et OAc/ PE=20% to give 9 (2. 57g, 87%yie|d) as awhite solid. I\/p79 81C.

1H NMR 1
A S A e
155. 88, 136.35, 128.59, 128. 26, 128 21 108. 11, 739{&13;%‘“1,;;26‘ ;g%)l °

52.56, 36.72, 37-34zl@msiE 12 (3926l 8Gmmgl) wasglisselve
27 36, 26.99, 25 5 29.1 4
[ ( RMFy Nald(B &ep Sy ‘)“émnﬁ@ 311)3\3% EEﬁaesopr opyﬁuﬁed‘g%lsestl-rrercllé1 I”Clg.t fg%gzhl t hi o]
2 0 3 (tg %@tdﬁ%g% @gﬁhﬂioi)(tgtg%bgf}lrlﬁmgemyﬁBD?ﬁle vx(ai;]a)ida"bfoélov}'e@h}éﬁéa ol ution of
o iy Iiramide (rtdirptnth Al ghaomhoe i pagon wpe g Sk s '

degassed at .roomte
Fol | ovBarBytoT FEt HOTICDr wn g O i ot et nyl

acet at o aNg,0 2QNExtHRtAbWBIGAadden! x Bh&ho Dwmoqohaaﬁy‘é’ﬁs washedhybEdeni t h wat er

and brine, and dried over anhydrous sodi ums fa
t
the or ganirizdsuknNaSOx e conegnirgisduhiae Tepry Feog g‘}%@h%%’&?\gg ohl o ?I:a

3% g') U nga g (g]%? &{%ﬁ 9%/ % Méxcopegfoiefaﬁfietﬁ tcgafffordummabm Cﬁé&l"/ﬁi)easlll (90%

1 ot il e 5
¢ 13T Taseir i 2 a2l Ao 83 69%3;[ g gaskint D).

3H Hé@&”%ﬁg’g &%ﬁ? ﬁ%@_}?ﬁﬁ)im% JHBQH% 1H)‘240151(1$1, 18H3,950AH), 2 04(5
1.32(sg, 7@%31{; 2$U(ad, 12419 9. (ELBEE), 3.0, BH),?; TS 100, 21(1%57_@52 CDC13) .

108, 092134401 1%53;%)%3993363&»%%3733@5@?) P 67 52
56.99." 144050 970 (32, 13, 44120012605 9013600780, 120782273, 20

\2,\17332 . 21 03, 20,87, 20,84, 14.35. 34
/ 1858691 7CGH, UD31 1878, 12"30511a 59; 1@@) 10133, 81.23, 79.64,79.59,

[(benz | oxycar bonyl
. 77387579, YRR 195 %009, 6620, 5304 10BY 1k 009165, 30.08, 29.92, 29.85,
29.63,29.57, 27.74, 25.54, 22,91, 14.35.

(3'S,4'S, 5'R) 3'- [(benzyloxycarbonyl)benzylammo-4’ 5'-O-isopropylidene -
nonadecanylsulfonyl] 4,6- O-benzylidene-2,3- dl—O-benzyl-B-D-galactopyranose (13)
A solution of MMPA (2.1g, 4.26mmol) in H,O (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,SO; 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.
CesHgsO125N, 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, 1=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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nonadecanyl t hi 0] 4, 6- O benzyl i dene- ( 3- D- gal act opyranose (12) Into the
solution of 2.31g (2. 71lmmol) of 2,3,4,6-tetra-0O acetyl-[i-thio- gal actosi de
11 and 50wio osebmmol was added NaOve(70nmg, 1.3mml). The mRCAVUS0S/18%S
stirred at rt until a white precipate was forned. The precipate was

di ssol ved, i.n. E bcH. C [ =), acrbes 230M), 1.17(kSHH8P(tt he
slol uti%ﬁ’ %\‘IQQ(th@A’fZa%S.(HFEED’?%%qth’ 1\/\%)2@':‘3??8}[’,\% éddﬁgff 21?1{:1 ri(nsgg?by Et CAc. The

sol ut i3, MENMIRNGSMHACICK) 81160 805HA6A7e 1§8.64.y1 38 Tal 3621 139-3%969 of a white

solid. To a mxture of above saolid (1. A 1z

met hoxi2Beilz A2&16hyids8 68 A3 fsl 12808+ &7%01@%722‘@5%@?63%3 St ar y CH2C12
d 3 j.C1,40i10, TOAD, 56.56.20r t

an @@E_gﬁ?ﬁﬁﬂ%ﬁgﬁ%%ﬁymm £1,32i10, TeAD/6sR2a 856 22, at room

t enpe e mxture was neutralized with triethyl am ne
(I'm) 300h, comeepe. R85, TRO3 2636 38.67Twds 9% Hidttat ogr aphed (Si 02, Et OAc/ MeCH,
100% to 95% to give 12 (1.72g, 86%overall vyield) as a white solid. 1H
NVR (300MHz, CDC13): S 7.48(d, J= 8.8Hz, 2H), 7.29(m 5H), 6.82(d, J=8.8

Hz, 2H), 5.43(s, 1H), 5.06 3H), 4.17(d, 4.16(s.,1 4,05 1H),
3. 90( :Dqs'sams, 5%5)756[;Il?)emm)qu(sa%pp;%bwlangwsﬁ(%g?'01‘?31’"’%?%%'?% 4079 (2.mas( mH)
1H), ge,%ggmnezm,dmaﬁml-mmgamctmzmnm(lnd;engemde@?%% 1) 3H). 13C NM\R

(75MHz, 13): S 160.14, 156,19, 136.45, 130.37, 128.56, 128.16, 128.08,
127.75, 113.61, 498 BRitioa®T143.g 1383 . BROmalYircimiz7BYQH and 10m! 73,88, 70. 19,

69.33, 68.98, 67.00, 55.38,50.59. 32 62, 32 09, . 29 3 A% 73,
29. 53 CPBrCF.BR #g%%(ba.“%ght)z%%‘%éﬁé& %?af“’ﬁ‘.’%dﬁayfﬂﬂ% W%ga‘\ﬁ% 03/ 105769
PCT/ US03/ 18789 ﬁﬁﬁ%ﬁt%% £5¢ TBh. The solutjon was filtered through a pad of celite

3' - [ ( bBWERORE efzyl am no-4', 5 - O i sopropyl i dene non
adecanylt hiwls Waie@bh CHTY). THersidde vad iputifibd by egibmi.chrogastag el Mhnos e

R-S-gal actoside 12 (1.49 1. 86mol s dj vied | nd 5ml
DIVF, gNail-ic(t @el&@utin%@i(%l Qﬁ%ﬁﬁ:wEEﬂ ‘ff%oragéggfd‘soég% ?%gdgn?%%ggeég&vggﬁg irred at

rt for 1/2h, the 0 Jay ,raalb&[t(ygﬂgmpdm,um’i)oHHWR/as added
f ol | ondHFIFS Or?egggfziy brom geé(l 4ﬁ§m*$ol ). After the mixtyre was

sti rregg,(ﬁﬂ\/[ﬂg,cmmt:gw.aﬁ (d, =B 8B 2FYHT.39-7t 106my 2088, B (dads8-§Hemched with |
Oral o

MeCOH.” The resulting soluti 0 0 n xtracted
by Et OQCSOKSJ,OWﬁ-*O(&)lﬁhé-léggﬁa’%ﬁ)ﬁﬁﬁggiﬁjaa@%ggjﬁéﬂ’ 50@’ ?rslzﬁé’gméﬁggdri ed over
Na2S0O4 cQnce HE& CIp reed geay; aphSddgm, dHyol umm  of
sili ca4gazzg4l?m( gﬁ3t42@'%b?ﬂn§g®§%t7%§é?g§t3¥?ﬁgﬁane)’t hegrq?1 tgmaf f&omrnd 1. 62g product
(83% as54¢, 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 m1 MeOH, TMSCI (73ul)
was added at 0°C. After the mixture was stirred 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,SOs, concentrated, the residue was purified by column
chromatography on silica gel eluting with 35% EtOAc-PE to afford 0.36g product (66%).

'H NMR (300MEHz, CDCls): 5 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(mw, 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 CHyCly,

BzCl (66p1, 0.56mmol) was added at 0°C, followed by EtsN (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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colorless oil. Ms: mz 1094(Mt+Na ), (calcd. C65H850

_ , . 10SN, 1071). 1H NMR
S§gog/rH|§, m%%g/lé;%s? 7.411%(1, é:%? Hz, 2H), 7.43-7.22(m 20H), 23.88(d
=8. 8Hz. s, . 5.17(m 2H), 4.78(m 6H), 4. 34awushBiissd. 16(d
J=3.3Hz, 1H), 4.14(m 1H). 3,95(m 1H), 3.79(s, 3H), 3.59(dd, 321%3 (d

9. 1Hz,
1. 47- &‘Q"#ﬁcﬁgﬁéﬂ %I‘J[@ &4@%)”%&59&%% ?gﬁagdggl%f pﬁgm%bztg% 15 8. 66,
139. 1%0ndeifratd, theISsidiie wa.ﬁﬁxrﬂﬁd biz&ﬁltﬁm cltedatgraphp on sdica EEIGNE 127. 84,

127.78 127.67 127.50. 127.34, 1 7.21 127
101, 33witls25%FL0AG-Bi to #igord §.365g §r ‘35}(938(% 75. 79, 73089 117? ?Z é87989

0280 33 8h TonddonpRing IRA (ARAolh REm RDIIN 20,57, 27,74

nong((j Egﬁ/ﬁtqumgr\imraym&dmngzl Afienibe mixtre @as sbpdap PFE ek, 20ml
yl sul f ] 4,6-0-benzylidene-2, 3- %ﬁ | =
gal actsap;rmda@éiqéﬁwas alded) Thei T IBE Wk SR ‘tféeddf@l @éﬁ%ﬁ“ﬁ% o (1oM) was

added to a Iutlon of
o TSRy Rl Bl e 88 A el et s

concengdlaia@hidateguphyt on sitigenges slutlﬁg avithr % BIRANRE to 2HaTEY 2w h 50m

turated NaH

Bgzgﬁp&wc@mgmgyéﬁw' MR OpRs CREE: FELberah i by Pt 7.390 1 ed over
rona

Ul Tond JHERRLYs B el Ao, 2 RGeS HGRR) ‘“?PESB@MHW PR

1121( N&W+)H) gmLszgls(m snﬁlaaﬁmzm 342@@)1%1&1WR31(1E%17§M J1ch |sz heat ed

at 55 Q) 46-7.18 d,..]58 3% 5. 13

2H) 419’5(ra,,211)ﬂ)1 ATfm }:1121?@26129 Ps“%gt 3 CWWFE 1543 ' J=0. 6I(—I§

2 gl(dagé?%g&ls%? é?g %3%6 i3z g 218()@1 2i)82, 429.7(0128766) 12860028148, 1,

dd
36 VO Q34 389578%22PCTE. USO0RYT 067 827 §9m)27 68, 1’:113(1@% 7§1&? 795?>%§ér%1 %ﬁi?g ]7'_0127@?b28(1|12|)

CD?élg) 72@5%@?)3439381]57665% 34 6%%283%% f’s”gmg?é i%}ozg?g@ 2%%3%?@@12%85?5/32

g0. 0. F8°04" 307 03 7742, 76,58, 75.78, 73.27, 7311, 72.10, 70.71,
2525: 85, ?i 22. ?g %1 . %o (SJQ,R) 29.96, 29.92, 29.65, 28.03, 26.36, 25.67,
-[ (benzyl oxycar bonyl ) benzyl am no-4', 5" - O-i sopropyl i dene] 4, 6-0-
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, (3 Oml), quenched with 20ml saturated
NH,Cl, then extracted with CH,Cl, (20ml x 30). The organic phase was washed with 1N
HCl, saturated NaHCO3 , and brine. The organic layer was dried over NaSOs4,
concentrated, the residue was purified by column chromatography on silica gel eluting
with 20% EtOAc-PE to afford 0.265g product (90%). '"HNMR (300MH2, CDCly): &
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, CDCls): 8 166.41, 156.85, 153.62,
13&54,13&47,13834,13832,13&04,13619,13313,12982,12887,12872,12856,
12835,12&25,12813,12&08,12197,12784,12175,12761,12757,12752,1OL95,
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benzyl i dene- 2, 3-di - O benzyl - P- D- gal act opyr anosyl i dene nonadecane (14) To a
solution of 1.45 g 13 (1.32mml) in 1OM t-BuOH and | Ol  CF2Br CF2Br, 4g
25% by wewgha3)105Gh/ A1203 (prepared one day earlier) was adaaduso3hsm9

m xture was refluxed at 47C for | Oh. The solution was filtered through a

L0 - : | i6pj ed b
ol uomgogﬁ,%ﬁéq,ggﬂiggﬂ}%’g§77‘f%?9?.‘1‘1?)‘7. 9659 75'55)13,_72% 91806852467 i6Dj ed by

I'i'ca’ gel el utin with 25% Et OAc- PE to afford
0. 69 %é ?@%M@eﬂ 3128 S0ME ROO7S2RTL,20G3, A6 BA%al9) 2882e2&H1:8P108ss oil . M
mz 10 8 Mr+N& ), (cal cd. C65H83010N, 1037). 1H NVR (300MHz, CDCl13), 6
7.46 @8,93)5838Hz, 2H), 7.39-7.10(m 20H), 6.87(d, J=8.8Hz, 2H), 5.50(s,
1H), 5.40(t, 1H), 5.13(m 2H), 4.97(d, 1H), 4.82-4.66(m 5H), 4.52(m 1H),
4.40- 4.24(m 3H), 4.09-3.99(m 2H), 3.79(s, 3H), 3.72(m 1H), 3.58(m 1H),
3.48(m, 1I—Q , 2.54(t, 2H), 1.41-1.12(m 32H), 0.89(t, 3H). Benzoate (15) To
a sol wilybethsr (Beg 14 (Z+E, 0.578mmol) in 10 M MeOH, TMBC (731) was
added at OC. After the m xture

stirre C far: ' 20ml saturated
NaHCO8 was addedlo FBRIutign® %mggcé’fﬁ?%%‘?ajé%@%fméﬁf&%%l 2}%’0%1). The
or gani j rohag3HdazeRAeas alddde Aft t the migdirewes was
pu?i fi%&ﬁgﬁgbﬁé@nzogélﬁmglr aphy onazsi | ica ggl el eti ng_ W tEo a%:ﬁ%,Et QAc- PE
to af f@ieddt BGor i, tikisfut{oB6sgds. congdutmper and PR b@lﬁ@ﬁ%‘}n &6“"?‘? §% 20H)

5.08(m 2H), 4.90(d, 1H). as%: @fdribss di)MS4. 51(d,
1H), ( grsggb@ﬁ ge} Péu,ﬂ%& W}él% @é%@?‘@ﬁ)@%ﬁ"ﬁ%@ggﬁé@? I-)I)aSAa %%5( m H)lH) , 3. fss( m
3H),

1H), 3, 00( D;%':D%Z- LC O, BIR3(135). HHNMR (F0MiTzAFPCL), 350%(d,
1.33( smng‘é?og( 1. ‘t%’igél% 6%#%982?, 3H). To_a Sgérlljglléﬁzﬁq% a e conpound
0. 369 1AHA7AMUBH(E MH)T.47(t CHRC140-7.280 19EB67 040, 1Y Wt Dadded at oC,
fol lowed by Et3N (0. , 3 ) Socxt 9Es, yRg(nstliH)y ed at OC for
2h, 20&@1@%3}%&?&(& g‘ﬁlﬁt‘%gﬁm 454%%&%?@’% ??t(ur’eHgY V\% OSI]HZ)L05769
PCT/ USQ%()@{%@ 3 W83 G4(tW S Sih @eisyB 1)) 1GHARE] PHY, 1x600m J 1), THE (&5 Fhilebhase was
dried ove S04,  concent rag ed, the resi‘gﬁa}m j fli g% b¥/53c§gll umm
chr omapery, apitymp i), 0igo, 38). T DR 47 HR: 100 Bk 1p '_ 87 Ford 0. 365g
product  22:(38%: 13918 391381 {3£1128.78508 42 149524270 128.59,10820, MBCH, I N
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,0(50u, 0.4mmol) in 6ml CH,Cl, was carried out over a 5h
reaction time. The mixture was then treated with 20 ml sat. NaHCO3, 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
BusNF was added. The reaction was stirred at rt for 1 h, the mixture was diluted with
CH,Cl,, washed with water. The organic was dried over Na,S04, 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,"), (calcd. CesH7O1N, 1011). 13C NMR (75MHz, CDCL): & 166.54,
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HC /Et20(1 M) was added at OC. After the mxture was stirred at OC for 2h,
20mL saturated NaHCO3 was added. The m xture was extracted with CH2Cl2

(2x40m ) . whhes/108megani ¢ phase was dried over Na2SO4, and cauawsosasmsd, the
residue was purified by columm chromatography on silica gel el lilti ng with
30% E - PE.t VNG r t 13661 89936, 12d.9MVIRE.8QAMBL/1, CDC13): 6
7. 92(3%%%&3!@: ?%é—\gé’dl‘;%@( ?%3%)1%?(73193’13617(1’20 2211) . b, 15%?1793:% , 4.94(m

2H), 408414 BAUMI 28K, 128.253(28.23, 198, 1241 BEImI 228§, 127034308 1%,

.08-3.93 . 3.55(d,_1H), 3. | | ATy
T 76( W.m(mm?.gé—? 74774%?2.%2,133}%% _753)(32'?5.%'_7‘)]0!@00_6%.3%1475.533%%598%3%5.2'\'(7'\792? 8, 1) ,

CDC13),, . 231.38.92425.33603306, 2183, 0930.130. 21, 129.82, 129.71,
128. 662,99%2%é2g,29&1%68%§§,0%123 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, 33.78, 32.18, 29.96, 29.60, 27.81, 25.89, 22.93,

14. 30.oNelilmondi(PDnat e To a solution of 0.27g 16 (0.266mpl) in 4 m
CH2C12 and pyridine 0.13nml, 40ng (0.133nmol ) triphosgene in I mM CH2CL2 was
dropwi de added &gy ndRfe 20 Gidnss, OldESmaE) Waodissseedfinfishdigxanci®Q €abk i on

m xture was Warmec]r up to roomtenperature. gﬁ&terﬁ% (Z&b ‘;eheﬁ&i Thgre was

di | ut emdridated HECN2OHIDAGS anddireirdiadergeflix senitiasel P% eV NB' T t hen
extracted with CH2C12 (20 - Of apP ¥sEhtpwithaateckdwi th | N
HO, sBISTaycqds eé ) u%ra]?(g)ee.dls 26(1(;{11?;%?% alaayer was_dried over Na2SO4,

concen At Ebiutdie Th Sdts 1886r Wiy dxftiacidd inithaGH T2k o A BGOEFHYC on si | i ca
gel eluting wth 20% Et CAc-PE to afford 0.26 q Brod%tag[ggg%@mng NVR

( 300VHwas GREG)er Na:S@, Gopeentimpter, M?Sl‘%lﬂwaﬂfﬁ. 5€§( B acﬂc?) e °2H),
7.36-7.24(m 705 . : H NMR (590F1Hz. 49( m

8H) , @@éﬁ%ﬂ]ﬂ%’i\’[ﬁ9’(’%971‘.@?,)“*121{50%?@ cf%g?oggﬁgg%(m 1H) . (3.82(m 2I(-|),

3. 14- 30%%1@%253519.'26(@,,15%) 4. 8AH B, OB H)14.85Em2HH 67, E6ORHEBH) , 1. 46(m

155 62110, ok (6,0- 113824710, 263 (615 305, 59, +03L 621536 4D, AR AR 13072

157 754 1-(3esD, R BB, 2 00) 1000 R e 08 10780
20- 80 103, 7 ({ I 53(Br, 281, O, 236(bE71H,I0HY, 1.98¢m, rﬁ),?fzs(lrs.lﬂia, GPAg 3.

' 2H), 1.57(m, 2H), 1.42(m, 2H), 1.25(m, 22H), 0.88(, 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, 63.41, 63.28, 57.34, 46.80, 34.99, 32.17,

20.94, 29.59, 24.94, 24.45, 22.92, 22.13, 14.30.
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gg. gg ggg 4212 é% 3%2283 3%42g0 22. 97, 29.79, 29.73, 29.61, 29.19

.92, 28.47, 25.66, .93, 14.30. Silyl ether (17) To a sol ution of

ng above wa@riosdeo (0. 249mmmol ) in 5ml DMF, | ' L) and
ve : , i- Pr2Si HC10. 13

101ng i m dazol e were added. After the m xture was sti rre%@?}?ﬂﬁlg?)ﬁnd

the sgl ution , wag,concentrated and I fi
he ( purified by colum chr
si | i caepgl a’é‘F‘Eﬁ&ﬁ with 30% Et OAc-PE to affo?/d 0. 228¢g 170?gt700/§r22hg o

colorless oil. Ms:
(300MHz, CDC13) Thg cgl%é@él%%ﬁ%g‘? 0%@1%%{96‘1"‘) w&@ﬁb@%&%ﬂ'f?(&t}m 131210355) 1H NVR

7.40- 7,8 3{%@1{2 9%)1 ¢reZte@4A(1fH KOH) (0.32) dbfefinx %ﬁmlghﬁ Tlhﬁ(caoleé p@lutlgn w6¢d, 1 H) ,

4. 65(m 7

3. 16- Jilatdtwith wtmgﬂeéﬁ\ﬁhn&; mlmlqn?’ 9%%;2%21@3 ﬁ‘%‘@%ﬁ( FbeH)?f 121]’}’ ‘ﬁfg@

26H), 1.07(in, eg) 5@%@ 1 fedViite re§ihe Whs Lﬁfﬂfﬂﬁ)H) 127t

) 2‘7';7{“5‘%8’6%% Syenbiay E’)‘edlég %Aéqngéao 36, 159. 79, 128, 91 y3izslg$ o

127. 4% ‘%‘%ﬁ % mat%%ga gonfgl%a ggeﬁelu%@?vlvﬁﬁ CHXZMeOH (47) tpeifford39mg . 127, 51,

e T iy e P

2

17.91,CDEH) oh o o A g PR Il e e 201 Sy noe

gF3| tE L g@(g&@i QH%@ 69Y0d, (J&?nméﬁgmmmﬁmom 34, 6#@(@—1&@1?)’5 i ég‘ré%n 8t i gﬁngf

L e, g 24 - BB e G 2 A 23 QS 20 v eact on

it ur 2P0 M M R S, 3 B e i Th and 301

icet ic éﬁln? xltzz rgg [\ggsgtj\ulzﬁtuéjaﬂ% 0R T 63802460, T2y &89a|7|0”nr3%/5§ 78t1{1rE3‘€3da? OIrt for
i luted wi oYValogy:

\(l;\ﬁf dr6&d3,(ﬁ8e50 8.2 25 7%&36%?99?&)1%%%67%% 1?\1&%@pur| f |3e%§-|g§ g(r)lgﬁch

rogﬁ%g.gé?%%%;?g Lag # gel eluting with 20% Et OAc-PE to afford 61lny

p ng side product 19 (20%. Ms: nmiz 1029( M++NH4

(cal cd. C66H770L1N, 1011). 13C NMR (75MHz, CDC13): S 166.54 359 K

?'§34'S,S'R-3’-N-hexacosanoyl—4',5’-dihydroxynonadecyl—oc—C—D-galactopyranoside
2

A solution of benzylamine 22 (39mg, 0.052mmol) in 1ml MeOH was
treated with 10% Pd/C (40mg), 1IN HCI (52pl, 0.052mmol), and cylcohexene
(0.2m1).(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 CHCl3 ‘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.
Cs;H;01OsN+H", 856.7605, found 856.7601). '"H NMR (500MHz, CsDsN): 8 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). °C NMR (100MHz, CsDsN): 3 173.36, 78.37, 76.90, 73.65,
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WD 03/ 105769 PCT/ US03/ 18789 156.86, 153.59, 138.48, 138.30, 138.12,

136. 17, 133.10, 130.36, 129.84, 128.89, 128.71, 128.61, 128.49, 128.41,
128. 27, 18& @3B057628. 12, 127.95, 127.85, 127.68, 80.54, 79.PA/USNI1FBY 77.50,
77.43, 76 22 73.67, 73.03, 72.94, 70.30, 68.32, 67.53, 63.83, 535 20,

32.18 7. 221, 98.26 29%3, %7 22. 93,

14. 3072&617 a§%®n®%¥%%%&5%%%ggeg%g48%63@ 0. 06%) was dissolved in 5
m di Qggqu—j@ozﬁmlj)a, 1:3nd treated with NaCH 0. 46g and heated under refl ux
condi tions at 90C overnight. The sanple was concentrated in vacuo and

redi ssol ved |n CHC13 and washed Wi th saturated NHACL sol uti gﬁr;’i The aqueous
| ayer 3nadebheyld,3do-etras@saceyl-ed over
NaZSoay&% ]f\;-ﬁe 3\%% 'e%l\;\!/ﬂaestyl(ljlrl ed |ﬁyve’1%u?to af ford 50ng

pr odu&P£RAR %‘%fanﬂféd 774( M+HH) , (cal cd. CATHE708N, 773). 1H NMR

o T e i R, T
4. 05( =15 1% %%{}(ﬂy %%%@&?ﬁweﬂm@d 3h83(1kmrelwzs ﬁhized ak), 3. 66( d,

J=10. , 8.5Hz, 1 7é i
2. 53( e t"@lé)resﬂue?ﬁé urifidd, byQdlyma clesaiogIamy on. S’flsf@rﬁe ilFﬁm %9( m  2H),

1.57(m 2?—%, 1. 25 C NMR
(75ijﬁOA@ﬂniGw9®Spﬂﬁbtgﬁﬂg2§§-gozaég%”dgs %5L6+Tﬁl§gégf§m?§§i§8 128. 16,
127. 96, .8 41 G‘Mﬁélcﬂ 85.56(, ZH), 57 68. 91,
5. 41 1130 GaRR:CHi 0y, fRoTI IHIRMRY TR 4 A8, 2445
22.92,54, @@Hzlﬂﬂ;s@ 2HE, MO0, Iﬂimm(@d?ﬂwgﬁgl 1z g6 ( @e%léiﬁ Be (22) The
crude ‘compound 21 (50 ) % and I H20
and t r &), d0@dd; K ng%gsfg)ag EZ@F Uﬁﬂag\pg n’i ?%‘?Fu bggq?ni%!?ﬁig)utl on was
dilute i ths Ol BdisOBHRNAS IIH t1ekh- 20mL x 3
The orgggristgh)éz’??g(}s m}e%g:ég}?)egléo{/ser )l%lazsgﬁa f)ﬁI tered, and con((:entrat ed)
the regbdweg 68ps purified by colum chromatography on silica gel eluting
with CHC13: MeOH (4:1) to afford 39ng product 22 (80% . MS: mz 478( M++H+)

(cal cd. CA6HB907N, 477). 1H NMR (300MHz, CDC13): S 7.35-7.25(m 15H),
4.76-4.70(m 3H), 4.59(d, J=11.7 Hz, 1H), 3.97-3.85(m
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4H), 3.77(s, 2H), 3.69(dd, J=3.6, 12.1Hz, 1H), 3.60(m 3H), 3.52(m 1H),
3.30(t, J=6.6Hz, 1H), 2.79(br, 5H), 1.88(m 1H), 1.73(m 2H), 1.57(m 2H),
1.25(s, 26i)03/10589(t, J=6.9Hz, 3H). 13C NMR (75MHz, CDCLICT/6503387856,

138. 19, 128 70, 128.58, 128.51, 128 .17, ~128.12, 12795, 12787, 127.43,
78.06, 76.48, 74. 60 . 74 84, 72.79, 71.34, 68.53, 68.50,

68. 122 67. 'eﬂhf S 9 S 5 34766, 32.20, 30.18, 29.99, 29.63,

25. 768 héﬁ g9, 22. 95 21 91 14 33

3'S 4 % 5" R-3' - N- hexacosanoyl - 4' .5, didydr oxynonadecyl - acé‘zkﬁ} gaﬁHact opyr anos
ide (23) AN§oPltion of benzyl am ne 2Z (39ny, O. 052mml%%9| n OH was
treat ede_I/n:éO@(@PdJ%(—#eﬂ‘g—)—' |HO4I-‘16\K§<T]/q cyl ohékene
(0.2m) . (Rou et al J. Org. Chem 01985 50 3752- 3757) TheFesul ti ng

slurry was hegted at reflux for 4h,3ihen cooled to roomtenp tature,
filtered through a pad of celite and basic resin, and concenfrated to give
23ng of crude 23. A solution of this material in THE (Im) s treated

wi th p-nitrophenyl hexacosanoate (75ng, 0.144mol) (Morita etlal., J. Med.
Chem 1995, 38 2176-2187) and a crystal of DVAP. The resulting solution was
stirred at rt for 48h and concentrated. The residue was purififed by col um
chromat ogpzegphy on silica gel el®Hi¥ing with CHC13: MeOH (4:CleH¥o affgrd 23ny
product _24 600 s a white Sﬁbi ~AM AT 5,178 C [ a] 2BscHo- =3,

pyri di RS- (high-tes.): nTz (dal &l. C51HL010BN+H+, 85857605, found
856. 7601) . WNR (500MHz, CSD5N) S/8.47(d, J=8.8Hz, 1H NHY,
6.78-6.00(br, gH OH), 5. 14(m 1H) 4,.44(dd, J=5.5, 8.8Hz, 1H)3* 4.52(m
3H), 4.37(dd, J=4.3, 11.0Hz, g(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). 13C NMR (100MHz, CSDSN): S
173.36, 78.37,| 76.90, 73.65, 41 WO 03/105769 PCT/ US03/ 18789 72.53, 72.07,
70. 46, 70.27, p2.61, 52.56, 36.86, 34.33, 32.00, 30.26, 30.07, 29.88,
29.70, 29.49,Y26.42, 22.81, 14.15. 3'S, 4 OBn

S, 5" R-3' - pkARxacosanoyl -4', 5' - di -d3 g€et yl nonadecacyl! - 2, 3, Bn tgt ra- O acetyl
-a- CD-gal agtop oside (25) To 0|l&v|ieO'l’Jj§f:Zle—5ﬂg, 20 ) inIm
Et OAc, B 20}(?57%?@ HO=5 g BnO” |

>< o]

a7 38
OBn
BnO
o O CBZHN 0
- » Bn H b
37 + 38 BnO L l/\%
O

39

OBn
HO OH OM BnO
0 O CBZHN OH
Ho WYY R < o ;i
HO B ; BnO - 13
OH
CRONY 101 40

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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0. 158mmol ) and DVAP (1nyg,
rt overnight.

8.19nvl ) were added. The m xture was sti d
The residue was purified by columm chromato S on el

. : raphy o

gel el utiww aiokre Et OAc: PE (40% to afford 5ng product 25(1%(19}&')50%,{!&29?1;}'2&1

(M+H+) 1108, (Mr+Na"), 1130, (calcd. C63HL13014N, 1107). 1H NVR (500MHz

5 16(
1H),

1.73(s
0. 90(
Met ho
H 33
34 3

giensHtuffosu%x]Z alzdf de X/"iﬁ(?%m%%&ﬁb%eggn%ﬁ‘% clzdrhﬁyl,ete5h§1"d( sidechaia, OHe,

Suddt CBinpdddhk was. @a (o C- @Tﬁcxosjzl ga¢hyde H8) whichgwps pre:pp.Bed acqor

H), 4.10(dd, JgO 115HZ

BELO 3H),

3H), 1. 70( 62(
e Be_ctn)arsknnroﬂzﬁIUSIS @om%wtﬁyécgg}af??%%?‘ aH‘gb"%" @§S°iat%§‘%mlol by

3 353 o b SIS
q‘@z/ a§t egf’f’z %N 3 A 13 g‘,ioﬂaf%ﬁg%mmy m;hblem H

OH

GhghssBAgosERAINTHOpE tedbivd strategy BRObsEHYithR e@ﬂb’al}%?gé{?@r@? P ’%X039(g8

followed by selective silylation of the primary alcohol. After routine blocking the two
secondary hydroxyl groups as an isopropylidene ketal, the primary hydroxy was released
for Mitsunobo transformation to thioether. Oxidation of the sulfide 36 readily afforded
sulfone 37 with an overall yield of 70 % after six steps. The convergent coupling of 37 and
38 was carried out by employing the Julia-Kocienski olefination under an optimised
condition to obtain 39 in 72 % yield. Finally, removal of protecting groups and
simultaneous reduction of the double bond according to standard procedures afford

CRONY 101.
(ZS,3R,4R)-2-amino-1,3,4-0ctadecanetriol 31

(2S,3RA4R)- -2-benzyloxycarbonylamino-1,3, 4-octadecanetriol (32)

(Ozinskas et al., J. Org Chem. 1986. 51: 4057-5050). To a suspension of starting material
31 (Cosmoferm B.V., Delft, Netherlands) (6.35 g, 20 mmol) in aqueous NaHCO; (1 N, 80
ml, 4 equiv.) and 1,4-dioxane (30 ml) was added benzyl chloroformate (3.31 ml, 1.1
equiv.). The reaction mixture was stirred at rt overnight, whereupon tlc (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,CI, brine, dried
over Na,SO4, 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, CDCly) 7.39 = 7.35
(m, 5 H), 5.48 (d,J =73 Hz, 1 H), 5.02 (5, 2H),385383(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, T = 5.5 Hz, 1 H), 1.62-1.18 (m,
26 H), 0.79 (t, ] = 6.8 Hz, 3 H); 13 0 NMR (75 MHz, CDClL) 1532, 1363, 128.5, 128.2,
128.0, 764, 73.1, 672, 62.2, 53.6, 33.3,32.0,29.8,29.5,25.9, 22.3, 14.2.
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Bn0 OBn O CBZHN 0 37 + 38 - BnO = BnO
= 13 0 39 HOOH QO
OH O CBZHN OH HO _ BnO = HO BnO 13 H2C 13 OH O—|CRO\IY10§ ESOTﬁSnOHN

f ol | owi ngwaoomsviesgent approach to [
_ t he synthesis of the C gl s0das
a- Gal actosyl ceram de uses the one-pot Juli a-Koci enski o?em i on%!!}'g?l()og °

coupl i-0d i
wi th %ﬁz*ﬁi—ﬁ??-t%ggbe- QAT SRAIbERAMGBTAAG BASE dctadecnngiel 2l dehyde

| pid sidechain. The
conmpo t was the a-C- gal actosyl al dehyde 38, which was preparegugggording

to t Bednar skj pr.ocedure ' r t 1y i i
over al?éha}“gg?ré(teiai'yf &% wg'fo_n %}eg}{i g?’{gg ? b'f ?E\‘/n(la@?f Eg; . Sg'%{rt\%ﬁlto?;?gég \ll(lll o ﬁgi n
o Spaned i o TN 27 iy and IV 5 )R Gpd'e " e
_ Str y was_begun. wit e I r i on, i

:gl:g(r:]gxél?/é.lsmu}‘i’-hta &n (bffollﬂ@e?)rbp’rfél'i}\?%zﬁ%%gl%? Ig\g’pg? eerqi@ﬂt}{?%{ed nggtgL}{th]l ? \rﬁdt \%
e AR A s B K s ot
zlui(f ;;ige gﬁxﬂ_lqﬁa;dria‘s yilafeflovitle ®CM ahd sashed7sulseqyes 3‘8@: ‘gl%iref %;&gﬁﬁ# &%OOZA) :[ent] 1(:a er

. convergent couplin 37 '
g EFI _o;mgg?l_t e Bigms: aﬁ!@oeﬁgéﬂgkﬁ%‘g? 3’%15 ;h[é}e?o%@d&ﬂ%le%ﬁgﬁa’zc?ﬁmﬁgh @g%:\h?/t ion to
o mi: [}gg;f(z%e' u}ghﬁr%%gzé’cy%’ﬂé%hd:o%dﬁhlﬂdirbrylatogmmwﬁ’letroéthqxfﬁit)é@t Hgtog’ﬁladﬁ§r‘ﬁ’ﬁ
siultan o %I).Ol’l of the doubl e bond according to standard procedures

| H NMR (300 MHz, CDCI3) 7.39 — 7.34 (m, 5 H), 5.46 (d, ] = 8.4 Hz, 1 H), 5.14 (s, 2 H),
3.093.91 (m, 2 H), 3.83-3.79 (m, 1 H), 3.67-3.61 (m, 2 H),3.13 (4,7 =7.7 Hz, 1 H), 2,64 (d,]
7.7 Hz, 1 H), 1.75-1.21 (m, 26 H), 0,93 (5, 9 H), 091 (t, 7= 9.9 Hz, 3 H), 0.13 (5,3 H).

(ZS,3R,4R)-1-O-tert—butyldimethyl—Z-benzyloxycarb0nylamino—3,4—Di—O-
isopropylidene—l,3,4-octadecanetriol (34)

(Kitamura et al., J. 4m. 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 NaHCO;. After
separation, the aqueous phase was extracted with DCM (3 x). The combined organic solutions
were washed with brine, dried over Na,SO,, 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) ™.

(2S,3R,4R)-2-benzyloxycarbonylamino-3,4-Di-0-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. After stirring for 1 h, saturated aqueous NH.CI 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;SOq, concentrated, and the residue purified by flash
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(2S, 3R 4R) - 2-am no- 1, 3, 4- oct adecanetriol (31)

(2S, 3R, 4R) - 2- benzyl oxycar bonyl am no- 1, 3, 4- oct adecanetri ol (32) (Qzinskas et
al ., J. Omp Bhesie91986. 51: 4057-5050). To a suspensi on oOfPCIVEsIBi18T$9
material 31 (CosnofermB.V., Delft, Netherlands) (6.35 g, 20 mmol) in
aqueous NaHCOB (1 N _ o?pcu ¢idd attoRb1I®SANE8 (392 ? for e added
benzyFOIEﬁPa”i?fl}?](’ol%atpgy?g‘?@%lhﬁ% ],é}t : ih'\{()a%qouﬁg. ). The ?sgcti (gﬁ m xture was
stirregdpsdhs 4 whitysolidi ght, whereupon t.l.c (only ethyl acetate or DCM MeCH
5:1) indicated the reaction was finished. The suspension was diluted with
Et OAc and poured onto water. After separation, the aqueous phase was

ggh;gg@m%w g‘% gfée}q 51?: Zé?j 14 (gegrmﬁbi‘ﬁmgr(@mwi@@m ggé ‘V?B?lgnhffg h:d
resi dse), THe (¢,dsi B6&aaEDpui? (4 &d 1%%%)3&?‘? 35p S Bt Iééz’?aﬁ (?Z

pet heni & 9890 & l . Oovitge. oI AR. BP(t(J5 1 .90
(Pet r Cl;&)aﬁ,iﬁ} gt P—“ﬁio dﬁzﬁ}sﬁig 321 3}'865(&191\%, 1,94 @h,oMiTY6. T ( g

% as SO , mz): 2 (M.+ +, 4 . NVR (500
Mz, GRC13), 76B9.24 (i, 36 H)(#5 &, 3—&*), 123348 XD nggét’?.?géﬁfz%%%mg (s, 2
H, 3.85-3 8 h393. 4. 1H78.037768)-673, 686(510.9,2214)29.8. 09 (d, J
= 5.5@5@’&?@%%}@%}%&1’ %@g 1%%2118@7& 3 =5.5 H, 1H, 1.62-1.18 (m 26
H, 0.28% 06.7,2b.5;26.582H8, 2638, 8.5, 28, C4RVR (75 MHz, CDC13) 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. 44 WO 03/ 105769 PCT/ US03/ 18789

(2S, 3R_f(Rk-4R SRI-80eniloxy etirbeiylyinii-65:DiyOcisgprapsliggneahPno- 1, 3, 4- oct adecane
triol a,éQ}@;PbiihﬁB cabotdliazole (86y ahedron Letters. 1979. 20: 99-102). To a
solution o riof 32 (1.6 g, 3.54 nmol) in anhydrous DCM (25 m ) and DW

(5 m )(%ﬁ@gﬁ?@eg ol T bplustar906e26302%)  AndolutibnlofSAD J0.5G md, 254 mReloved by

t - BuMeZSi 87 ny,” 1.1 equi vas%i and a catal yti z of, 4-IMAR (22 nu,
0. 05 enuiequiy) inMtyesPHE t(il mali)rigasf asided tha a@lutl%og%%ﬁ@‘%‘g'ggg? e T ihe mxture
was diluted with and hed ehzdbiiatas (BPSH) 44%mong

NHAC Bl @GR mes Z%gh (WIEL%#]V?? %ﬂé@gﬁgﬁéﬁm&%ﬁtum suﬁ,at gt%p]: 8coneglrjli'S r at ed

gncil t h§_§4rf§]§{bﬁ|ule.1 Qqﬁja,f) iiégrm)?' (80 asih doopivism vighyysinge-oiftanh BTES R #Er - Et OAc,
1 to 4. to provide iol 33 (1.9 9 NG 0.CDC13
7.39 - ambBat t@mpg@nmy,, the mytuyevas 1ﬁlt%§‘.2 ‘ﬁ%ﬁ?%%{ @ﬁ??&g‘;’{%% ss,g@gQH), OLCL3)

The phases were separated and the aqueous phase was extracted with DCM (3 x). The

combined organic solutions were washed subsequently with aqueous NH4CI, brine, and
dried over Na;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) *. IJ{ NMR (500 MHz, CDCls) 7.70 (d, J = 8.1
Hz, 1 H), 7.64 (d, = 7.7 Hz, 1 H), 7.29 (t, = 7.5 Hz, 1 H), 7.20 (t,J=8.1 Hz, 1 H), 7.17 (br
s, 3H), 7.04 (br s, 2 H), 5.54 (d, J = 6.5 Hz, 1 H), 4.93 (4, T = 12.5 Hz, 1 H), 4.87 (d, = 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-benzyloxycarbonylamin0-4,5-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;3 (709 mg, 5 equiv.) and MCPBA (948 mg, 2.5

equiv.). The mixture was stired at ambient temperature overnight, whereupon t.l.c.
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91 (m 2 H), 3.83-3.79 (m 1 H), 3.67-3.61 (m 2 H), 3.13 (d, J =

3. 99- 1
7.7 1H, 2,64 (d, J =7.7 H, 1 H, 1
: : : : , 1.75-1.21 (m 26 , 0,93
I(—l)2S gR 4RW£01033105:769 9 Hz, 3 H, 0.13 (s,3 H. PCljl“D/USO3/’18789(S’ ’
, ) Otart- butyI di et hyl - 2- benzyl oxycar bonyl am no- 3, 4-Di - O

i sopro &{g @,ét Jﬂg g}lc%%gq;a%a nehsibel Tha4hixidet waudduiet. with, DOM and Chem

Soc.

t f th
in drjuddehtd SRthmhquednsl sadlﬁmdihmulf;tﬁ;(ggdghrpé) %/@dé?f]l;ﬁ pOQHég é’&% gdt 5. 88 mol)

3.
Hz,

cont al ning a catal ytic anount of PPT
\tM e [rﬁe mﬁeWhtlon PreaquESHSRET WS %’%&8%1\6@9% g R Cl“hélbojﬂh@ﬁm&]uenc hed
R Due%(t e dNeli &ver N@MI@b(blﬁﬁntrit&E aaduthe ussidvequeifigd byelashact ed

W th SThe corrblne or gani c_sq| ut
i e Cmim gh%aﬁmgr@w Bt Fdoae GOk Fo1d abTis HOCH MR Posi due
Eg/ls+3:) )a%as\gorq\,% e) Taxt step without further purification. M5 (mz): 606
4R) - 2- benzyl oxycar bonyl am no- 3, 4-Di - O-i sopropylid
AR Wl U propyl i dene-1, 3, 4- oct adecan
tsce)![ :’J;IMﬁ (BS, miay &7 @és@@ﬁeﬂx %%Mmﬁ§4 i W%é%%%%n?égﬁgé@ggygd Toa
OC%Aﬁ%epﬁg drdqudl PL'7®9H§31 , 19), Woil (t, THF,6 Bz,ril 1), 7.536¢, Jeqle ¥1z) 1 Ehde?® ni trogen

at hg for sat t
wher oty & nﬁmmr@nzmss@@aem@s‘%‘”‘eiﬁ ey cen PARS IR b i

eXtraCte
aqueoulsl M 1, aHeE anit], ned ﬁfgam),aoac(umtmmmmtélzmg—ned Wi th

oV 2S04
puri fixgs @yJtl1ashHz ASIDS6 T, 30@75@13&1/(@3@@}11817%{;&?{51 @n@d%hr ofa gr ;Sﬁlydue

SR SR\t d (R,él\ﬁgétébn%f%éjg Pasohsh s323d & @389,1292 MELri2io st eps)
Mz, %@)1278%276 71234, (213, 108.3Hy7. 95712 '2.,9 5;7 4§9 3 4 257, BNMR (500
¢ 5319, 254,357,280 (. 3 -

12.2
Hz, 4.16 1 L
Hz, 1 396 2§%i8§ 33764E2 8 %5%1)2¥83%‘§Z‘Z(m 1 H, 3. 7(1m(m 1|_DH),42.1i9(Et,JJ O

Sk, 5 13 C R (78 ME e és 15 B 1363, 128.4 128.1,
" (2 ,ﬁ&ecra-(??oe@zyleq-lbgalegtoeyr@fsgj)c ag gﬁg 9.8, 29.7 29. 51
’ (Kobertz et al8 TERBdrof Lefers 11993 33: 737-740. The o-C-galactosyl aldehyde 38
was prepared according 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), 4.33-430 (ddd, J =7.7, 4.4, 4.0 Hz, 1 H), 4.29 7=
4.4 Hz, 1 H),4.12 (dd,J=62,4.4 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,  =10.6,4.4 Hz, 1 H), 3.62 (dd, J = 6.6, 2.6 Hz, 1 H).

6
.9,

Julia coupling to give 39 1- 2,34 6’-tetra—O—benzyl-oz-D-galactopyranosyl)-3-
benzyloxycarbonylamino-4, 5-D1-O-1sopropylldene-1-nonadecene—4 5-diol (39)

(Baudin et al., Tt etrahedron 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 aldehyde 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 2h.
Stirring was continued for 1 h at rt before the reaction was quenched with water (10 mL) and

diluted with Et,O (10 mL). The phases were separated and the aqueous phase was extracted
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2-[ (3R, 4R, 5R) - 3- benzyl oxycar bonyl am no- 4, 5-Di - O-i sopropyl i dene-4, 5-

oct adecanedi ol yl -t hi o] benzot hi azol e (36) (Bellinghamet al., Synthesis

1996, 285wap@@)108v6sol uti on of Di PAD (0.56 m, 2.84 mmol, IpC/espaiig)soin dry
THE (1 rrL) was added to a solution of alcohol 35 (1.27 g, 2.58 mml), Ph3P

(747 2’19@ ﬁf‘ 51“1% combn@tie %’ﬁ% pagsgs %vd)ﬁ@(l;@@lﬁﬁda\nblemmmndzhﬂn@, mﬁH 449
equiv) in r e via Syri er

st irr i (N2 S afd homentr@tnd)l'lé'!?tfeﬁlé‘#ﬁp‘éﬁ%@‘m%d ‘%ﬁ%‘. ‘i‘f?f?aéo%ﬁé‘ d(? ?tr‘fetha\ "W th DCM

and poﬁl\/\gg‘deé)}t%gt?%t )toﬁ}ﬂwﬁg(%%w {2 hases) weEkwaRkial ed and the aqueous

phase X). The combined organic sol utions were
washed subsequently w th aqueous NH4ACl, brine, and dried over Na2S04. The

filt t g f |

e onab BB oAt B B ookt £ SaL8'S BRI TRMIRIGaTMAL, Lbes) 72601 Lo

Sr-l ia %%(18225%) 5187€d1ﬂ{flll=te6$ﬂzg DIH)I\BE((EB; Jmlzé)lﬂazjlilHlmlﬂ (BT =12.868. (M ;

. DHoG g6 b §o117 et {odfu 55 ope, ey i vy V4 pi P Ubgedog 7 7
%1944 ﬁ?f4§9(b2 "QSH)aLZ%(d(@',—H 416, 15H), 501(dH) = 18.1987, (10D, 342 (4.0 5 Hz, 1

H) 3. 52)1@1,1H)w38(!n515ﬁ)14ﬂ6(1c1n#Héfa“%wé(lﬁﬁl?’ﬁ 5)953(‘33?6 q*’(idﬁ%"]?’é’ 1]1%72 HZ 79

(t, H), 0.88 (t,J = 68H 3 H); Z-9:
2- [(3R§220§R§'—%§ g%%)%?é?y%%g 13;/6 gn? E?)-l P (-S ; )O-I so(tr op i dze ﬁ 35§
oct adeanadR q59d Maly, G@@i)]ﬂﬁ@ﬂ’ktﬁ Brin.206T) 6. @3?91 1 B ¢ 9hGhantide- 4 <d ynt hesi s

1996, 285 296 ti | 6 yn DCM
(80 it § Lard Db nBEie! T 78 e 1380 iRy - Lze 5 0, me’rp o))

equi v 14, J-(sgm\il\om%; ggg%gsl;ﬁcg_ﬁl@glz Ht, ]f;ngMem(dt erperdiurldlh ¢éBr g‘fﬁ 11Wner eupon
t. 1. 4 t t{an was
corrpl efls, 1 Fhet58 @ dre! %?zd{ ﬁﬁ@éﬁg ? Bd}\]ﬁa’ngh?gtu&eéq@h d?%? g)rglg(gu‘gous

sodi un}[ ,tzfi'}i)zstl'lﬁf )24 81 (@qd’dzhl o, 4, 4/@‘9{(1?;{ 1 B304 m.oNHY 3£ﬁt(m,elcﬁ), N&HGes ang
separ ation e’ aqueous phase was_ex i ne

or gani &, &% Lﬁaﬁdt%@b\énez Hﬁf%%f’ ool Hﬂaalzfé’oi% Z‘B‘n%%{]’r% 3 I%?)d 1t2§g§r esi’due
purifi (i um1 chr omat ogr aph Pet r oet her - Et OAc- CHC13, 5:1:1) to
provi dg)cksggrf‘on@g% §% 08 g, 96 %gaspangli te gel. )

Na)
Hz

1-(2',3',4',6'-tetra-O—benzyl—oc-D-galactopyranosyl)-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

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

injection into mice. o-C-galactosylceramide was synthesized as described herein. The
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IVS(ES,_ mz): 673 (M+ H +, 690 (M+ NH4) +; 1H NMR (500 MHz, CDC13) 8.19

(d, \;§7 7.9 Hz, 1 H, 7.97 (d, J =7.9 H, 1 H, 7.61 (t, J =7.6 H, 1
8- H(focqoamoyﬁ.G Hz, 1 H, 7.29 (br s, 3H), 7.15 (br mgT/@S0B)1$78%. 13 (d
: 1H, 4.8 (d, J =11.8 Hz, 1L H, 477 (d, J = 11.9 H, 1 H),

H,
J =8.8
4. 31 1 H. NE . X
- §Rbislotlon fae kgl b o0t o 26 1, 138
(s, 3 Bdfore@nj8&idntintonice, it Fasdilute@to-) <;0n£8nt@t1NWRf(7-%H&4‘é,mél9é%)8) 166.3,
1&234. 9, 152.5, 136.8, 135.8, %rzga) §§)8N 128, d s 127. 6
5. 4 polysorbate-2@Nilko Ghergicaly Fobjo)gR g %‘%??? 91‘97‘.’6? @%.‘tg“,hzg.ss %97, 29.6
29. 6. 20 Sinidficin@ fuile 268, 252, 22.8. 14.2. (2,3,4, 6-tetra-0-benzyl -a
gal actopyranosi de) nethanal (38) (Kobertz et al., Tetrahedron Letters.

1992. 33: 737-740. The a-C-gal actosyl ald d [
g 0 thFI Bednar skiSip(cCD@iéhlqu@englérfﬁmﬁgﬁﬁﬁﬁﬁcﬁggﬁg@%%@%{ﬁ%g%e? hacg(r)]r aing
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4.4 Mz, 1H), 403 (dd, J =40 2 6H 1H. 387 ST 7.7
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Julia i t ' i
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?g n ﬁé: Iﬁ%ﬁ’%f gfbana@Finﬁhﬁntgmsd m‘Larcanimapfaoiniw.i delpdD-dedaisabmisse@f BABEol (39)
., Tetrahedro : - 18:
e Gentb s r e S b L R BB o
equi V'Allgﬂgg%{e:rllﬁ'?ng%ﬂ%mﬁﬂd,@ltpza"tﬁ&ehgﬂe'ez’gndi@oms added dr opwi se NaHVDS (10 M

in THF, equiv. based on sulf [ [
bright yellow sol uti on. After 45 mn, the sugar ;I dce)ﬂe)erggul ELllggrrlgn aO 21
m| ) in THE (6 BLyoeliael 728desrain)opo rg@nwwdé’mltﬁa@tep‘if/ﬁﬁc PPFS%@(*’Sé‘?i od of 1 h.
e I s ot oS fhilodkprtd Swt wlliobmide. [Sptorpfds Shtatberiogr adual |y
( H. I'rring was continued for 1 h at rt before the
react i QR e GHENGhesdvbt MfseddanodghRoed ) waekd afte their defeqlierblEdor
re A €10 nl).
e phases were separated and the aqueou ghase S 8¥li5 &E@ 44 VO
82/ ﬁogﬁ&@ fooTyals0gy algheoricay ¢halleessp (I%ICQ?O. "’F‘T’{g‘u&%ﬁ%idﬁec} @?ganlftlzl bhases were
washe F,ivggﬁg gﬁ%ﬁﬁewﬂl ‘Qéié ;gk&‘foﬂea Sganﬁrh%é%bs igBdichaTaenooaiat: The residue
pu . ash chriomat ogr aphy (Petroether- Et OAC-%I-A%l 7:1:1) to
provi dgp@badites 128 tiielGR veiy, The ocoms of éhd wllengeakasgiefermine 4 holis”

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 6t al., Int. J. Parasitol. 31, 1449-1502,
2001. Challenge of mice toe determine the development of blood stage malaria 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 18S rRNA moelcules in the livers of the
mice by way of the real-time RT-PCR technique of Bruna-Romero et al. A 2 g 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 18S TRNA sequences. T his amplification was performed in a GeneAmp® 5700
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M5 (ES, in/z): 1010 (M+ H +, 1027 (
, , M+ NH4) + ; E-9: 1H NWMR
CDC13) 7.24- 7.17 (m 25H), 5.87 (dm J = 16.4 Hz, 1 H), 5.83 ggg]O \I;/Hi 16.1

Hz, 1 H),wed2ofms J = 12.5 H, 1 -
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uran d
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EXAVMPLES  a- Gal act QUOBH
J apan)micamr%saédgceglz Cﬁ’é&%npﬁ}gg"%%‘iﬁ\?é@g‘% ;%gé%%ﬁﬁ%?%%sb at eﬁéd (230@1 ?Kla kk
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Chemi .
chem ¢ lqw@ﬁ%ﬁﬁjue’t fNaflRB). Ut 868 P (260Doncent rati on of 200 g/ni, and
ust ore injection into mce. a-Cgal actosyl ceram de was

synt hesi zed as descrlbed herein. The 48
sol uti on was 05769 & 789 stock
col or Diermhiny cacsnsitvo8 of N OORBNECV R SRS antr 2t Lo of 1

48, and 72 hours after treatment with o-GalCer, a-C-GalCer, or nothing by way ofa

R

! I\)

O RRPWAMG®
e )

sandwich ELISA (e-bioscience, San Diego). The serum concentrations of IL-12p70 were

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) a-GalCer, when administered to mice two days before challenge with

Plasm
endent on both CD1d-restricted Va14+ NKT cells and TFN-y/IFN-y receptor

odium sporozoites, suppressed development of malaria liver stages in a manner

dep

signaling. To see if 0-C-GalCer exhibited a similar behavior, wild type mice were

injected with either a- _GalCer or a-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 «-C-GalCer showed

virtually no liver stage development as compared to untreated control mice, proving that

o-C-GalCer has in vivo anti-malaria activity similar to that of a-GalCer.

Figure 1(A) demonstrates that 0-C-GalCer displays anti-malaria activity.
GalCer

ed for

Wild type BALB/c mice were treated intraperitoneally with 2 pg of o-C-GalCer, -

or nothing two days before challenge with live P. yoelii sporozoites, and then check
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Before injection into mce, it was diluted to a concentration of 200 g/m
in a 0.5% polysorbate-20 (N kko Chem cal, Tokyo), 0.9% NaC solution, and
di luted i woRBAofw6st before injection into mce. Six to eirgwessaisol d
femal e BALB/c mce were purchased fromthe National Cancer Institute
(Bethseda, M) . Six to eigh o8 aCHhe BemgaiteSDwéf e pur chased
f r om™plariay HrR stge ggg%po{pgﬂytf}%g%hﬁg%%g%%) . CDl d- degfi cient mce and
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background were purchased fromthe Jackson | aboratory (Bar Harbor, ME).
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vi abl e sporozoites into the tail vein. Starting four days after chall enge,
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one bIr&&ﬂresgﬁgg@%&\g&ar\é?{pgoﬁggﬁo ser vlggpdt(jrl? ng the ting oé ei)agi pation. The
degr eﬁpﬁﬁ%édt&%llﬁmez deuetiiep metHGal Gerc Al AOMBe WREIG e € i ned by
Ity

quant Img the anount of P. vyoeli.i-specifij.ci. SBemhent! Ghei N the

i ver scloflengeevithminogozsjteqpd dien; 01?683192‘1“?1%& E%ﬁé&ést%?ghmﬁque of

Bruna- Ronero et al . Le 95 of Real RNA prepared fromthe livers of
chal | eff§ a}ﬁg)g)rggggd %’e@lg%gi@g?anscri bed, and an aliquot of the resulting

CDNA (133 n was used for real-tinme PCR anplification of . .
( ? In Figures 1 and 2 the data represent onrgpor two Oor more expenﬁlents with

similar results.

Since both CD1- and Ja18-deficient mice lack Va14 NKT cells, the results

show that a-C-GalCer is a ligand for this cell type in vivo. Moreover, the requirement of

IFN-y/IFN-y receptor signaling indicates that 0-C-GalCer stimulates a Thl-type response.

The above data indicate that no pharmacodynamic difference in anti-

malaria activity exists between 0-C-GalCer and a-GalCer. To measure pharmacokinetic

the dose response and kinetic effect of the of a-GalCer and a-C-GalCer
ated with a-GalCer

differences,
against malaria were measured. For the dose response, mice were tre

or 0-C-GalCer three days before P. yoelii sporozoite challenge, and then liver stage

development was measured. a-C-GalCer was found to exhibit a much more potent anfi-

malaria activity, with a dose of Ing a-C-GalCer equal to a dose of 1 pg o-GalCer.
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yoelii 18S rRNA sequences. This anplifi [

: nplification was perforned i
grggygfewoo(%;;g;?% RC/:T/ g§§)3/ |1:8789h' Sequence Det e(F:)ti on Sygt Iez1 ?PEERSQFF&)
%¥$m_:_l Eoypl it (A (52r n?\/)l anurSIpf)se, primers SCT/US03/18789

AAA '

dsDNA- speci fi c%@%&gﬁ EIC,?’er disgpd o e o bl |
(PE Bib r ee I'ncorporated I nto the PCR reaction buffer
(P BB Iahete iR @B miEav et ks Hihe BRI

: ure profile of the ctio # ‘
;gk{egﬁtgﬂgﬁﬁﬁmes) of o s Acderbaspressenege S R Spfevo 410 M e es

ng/ ¢ sion at for. 1 m |

ot nstpeseen auk FeBceshe oua R B B T o M e

| nt T ayenousd s i hitrayd 04 ' DVE
g s Syysgemedec B16 nel anona  cel | i
suppl erén#ed W t% 10% FCS. Two weeks after chall enge ;shzus?n_e(r:lceie\c,i\elrg v

sacrificed, the lungs renoved L3 dpaf]
counted, as de%e metg@é@reithe ]Figffih‘? gfg‘%t’%‘i’q.%? wlé&?fé.at@cnvmﬂﬁglﬁﬁie%ﬁb%g% 87|4e?2002)

The ser once i . . .
% 3 LR el ek b vt o L, 1, .
0 a H . . gt L) T 3 I~ NO wa

1 ¢ stk oo ol Sl e St o
tr eat et diays lveaer drana-SHHRNIER: sfpyoy 1o 24 48 and 72 hours atter

Data As reported in Gonzal ' (Pharm ngen, San D ego). Biol ogical
84618466 (2000);,a- za e‘%AseQU' nol aza, Proc. Nat'l| Acad. Sci. USA 97,

Iﬁ.a@%ﬂws & YREATB/S hetetediod mitrepertigmeadlaydtholiOor e

chal l enge with um s i

_ _ porozoites, suppressed devel i
LIe ?/leg %ﬁﬁﬂﬁlfﬁaﬁj@?g)eomm@) ?}Waﬁé%g@@f’ ge-fg@s@laﬁ%%gegy ; (if4+nE|K'6ll'rI :
el | N- ) or _si.gpali it f i bi

si mi | aspotnehites, aind tmpphe%g OTrH’%léngﬁY%s %ﬁflg‘%tl d vtmit't Eﬁ%ﬁsﬁiﬁi G:f(ga:?' f)rEd :

a- C- @Gl Cer tV\é% ﬁl . . )
s¢ té‘é{\%r?g‘éﬂtswﬁweme. with live P. yoelii i
t he de‘f‘j‘rpé%S odf I'i'ver stage devel opment was neasur edyusi n:g asgﬁg(r)ltziolt ;teis(/eand

real tinme RT-PCR assay. Mce treated w i
| . Mce treated with e i
showed virtual | Po nonfitnydis sypager %@ﬁ@%‘ﬁ%@ﬁlégg&é@mar%ﬁ{ﬁegﬁﬁﬁ %S’? L(Cj)e r

control mce, provin
i i8 to p1gevgrll1t%tlood stage malaria infection in mice challenged with live

either glycolip
wn below in Figure 3(C), a-C-GalCer was shown to

sporozoites was assessed. As sho

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 a-C-GalCer (<),

a-GalCer (m) or nothing (4) three days before challenge with live P. yoelii sporozoites.

Mice were then monitored daily for the presence of blood stage parasites. a-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

-C-GalCer against both liver and blood stage infections is consistent and demonstrates

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

Since NKT cell-mediated protection against malaria requires IFN-y/IFN-y

receptor signaling, the enhanced activity with a-C-GalCer suggests it might be superior in

other disease models requiring Th1-type responses for control. One such model involves

es to the lungs, in which a-C-GalCer-mediated inhibition requires an

ated by NKT cells (Smyth et al., Blood 99, 1254-1266 (2002)). To

melanoma metastas

IFN-y response initi
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a-C Gl Cer has in vivo anti-mal ari i vi i m

: - aria activity simlar to th -

ngr?yé(em%bn;nsprates that a-C Gal Cer displays anti-nal :ﬁigfagt |G\6/l: tOer.

Wi Lypenwiih ”f_m ce were treated intraperitoneally vvithPng)Sfoms'@Galy'Ce
othing two days before challenge with live P. yoelii a

sporozoites, and then checked fo ALUS@GH '
| i verdestraiys Vd@&@r@‘pﬁeﬁ@. efl'ﬁz’e?t%rs{lfﬁtgggl\r{%%lggg%g%?gﬁsggﬁ t he av%?zyagg +/m-51 | grDl gf

5 mce. Thereafter,.:m k&l FTRLG <
o s SR ATt o et b e sl
an WitSmehmemacels, and twi wheks 1agl ‘E%Phecg‘?‘gth%\l%%rfbﬁ@g ﬂafﬁlg%f; f gage

suppress P. yoelii ljver stages.in i '
18" Andt ptaseatfuredyies (b9 A 3T E9P e At e s &Ry S ant | -l ar i a

activity re uire&aggé
) Yoer TESHONSE | 10k gl e8¢ ATl Odiclet-eqdiiTo ¢00 hg of @ralC
8- def P%%%rrffe%r%“ﬁe were tereated i%\traperi togeal |y w?ﬁ %@%fﬂgf Ci]?;aﬂw

a- @Gl Cer or nothing two da ]
. ys before chal ' i
spor ozoi t es, anth Figere 4 vabkizde %7BL/ﬁﬂFi§$i"V!§reqn$%é‘%rlg ) 3Jééen\6 g gi%lgﬁlalrl!t The

result
(B) d gisffﬂiég glg:;(eg ﬁ %31?& aec?é:%\%ﬁ?p'reorg@gﬁﬁﬁo B Hefbre ifeHRnows challage2( A) and

| . I-malaria activit i
i anNr aé@ﬁﬁ\% %%gﬁ%ﬁg%?{%lggwgmgﬂﬂmw% wecleyinier, thrshings ¥are BEasAiRy e 1 reat ed
r - C- _ .

g ?gs b%ﬁ@ff IFetammb.l Fheeeswits HesEpIesEe ia? fhe a%l{qgee{%{; eSﬁ]‘D géegﬁéeed quhg?%tﬁ”leg'g. t WF

e deve ’ malaria |i
e e ol ot e e petoney iy 0o

, o , one or t i
‘,’\IV'KtThce F\g]al S @ SHli lcinceBiepfeer fopeC-GBIGer,and furher spongst the hypgthesss gg'k”f/mls
h Vi veo G e results show that a-C Gal Cer is a ligand for this cell o
I ndi ca?g_ tEeﬂﬁﬂnula‘tehepr@q@pg@mttymresgwW\fzmy receptor signali type
i ndi oat est ha?t ng- ChaG?I Cer stinulates a Thl-type response. Thegaboi/ggdat a
maﬂgﬁg?gﬁfb@&}aﬁoﬂﬁ {RITeRES requiraniuitigen passertingeellvi ty exi sts

?ﬁtewﬁﬁn Ry a- &/ To measur e phar macokipetic dif
EEpC)GRRVBS AN K et ot aBUT Byt Mot 145 R TR ABLBE bl erences,
J. Immunol. 163, 93-101 (1999); Yang, Int. Immunol. 12, 1669-1675 (2000). Since a-C-
GalCer stimulates much greater 1L-12 production than a-GalCer, tests were conducted to
determine if IL-12 is necessary for the difference between a-C-GalCer and a-GalCer. As
expected, in wild type mice a-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 o-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. Itis
possible that «-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. Tncreased 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. 32). This also helps

explain the enhanced potency and kinetic effect of a-C-GalCer against malaria and
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agai nst mal aria were neasured. For the dose response, mce were treated
wth a-Gl Cer or a-C @l Cer three days before P. yoelii sporozoite

chal | engewoansdiostsen | i ver stage devel opnment was neasur ed.P@E/GoGadBer was
found to exhibit a nuch nore potent anti- nmalaria activity, with a dose of

i ng a- C, Gl Cer.. equal : oshil@s 8-16pkeloR vivPlal ROFOF thOmdRQule
PCT/ U%?@%@O%’eﬁiatgﬁlr@ngﬁgpﬁ%ﬁ Gal Ce(?%gi sp‘iuz}ayed a nore potent

ant i - n@haf bariles pensaltcintivae@ingdons. Wl d type BalLB/c nice were treated
intraperitoneally with different doses of either a-C Gl Cer (”) or

a-@&l Cer (') 3 days befor hal i j ¥ I r ites, and
t hen checl(<e2:l f orlnﬁégué? ?awﬁfi\%@re ﬂsflg%é% n\gg%/g’le%)épﬁrlreg‘ﬁéta. m%ﬁ&e‘énlpgsslﬁﬁ?g 12}?%'
expr e\f@%ﬂh@%b@@@%ﬁ{%ﬁ ®r 4l GalCR @) 0P withaethidp(Apasdseruthanipleserde ef f ect,

r W

m ce reate an identical dose of _a-Gal Cer ﬁ](r}/? - Gal Cer at
di f f er gypdindd drehipdivaedpimopoint afpuniseden of Blgry avbeses ghld-1 Hd8¥Fi ver st ages

were neasured. a-C @l Cer i hited a i i ffect of
o ta: By (ume (D et i g R TR b2 O i 1d type
BALB/ C_i G 1 83460 b0/ QTSht tw@BEbredt diluitiond 60poodgl wfa.ei t her a- G- Gal Cer  (a)
or a- CAIPCar %% at vagl ous tinmes before challenge with sporozoites, and

t hen checked for nalaria |iver stage devel opnent. The.resul .
expressed as t helndligwzde 0H¢=G2®ffﬁe“fﬂ%“édﬁ’}1€‘énﬁ%a ‘E%?Y?fsraf?f?%#e? lga%er i or

ti-malari f f a- C.Cal Cer, - ouf ipidt

B eventbsBrasgH Terlg oV i olie G ks G e BPAsdcich fhiguft SORmowen 0@ 1O

spor 02?&-2& inBSerASRANS Sth 160 S ChEllCs, icrGEICgt pendhoE, four-dayehefors was
(6]

shown etter protéct mce from sporozoite-induced,.bl o stage mal ari a
i nf ect tigillehdeawitali@aPCerelii sparpepitespad B0 Eclﬁ*?ﬁ & %U'P aﬂlﬁfresg*f?d‘gd

i ntraperotineall ith, 10 - - mi, Ce t hi
I(A) tﬁﬂ%‘@ﬁclti’g}ﬁ?t'b’ﬁ]f‘%\#feéﬁéﬁw% IeQ S%feemgstﬁe%?%}gg%%%eﬁ? sporo;oi(?zas.or R/IoceI \r/]vgre

then nonitored daily for the presence of blood stage parasites. a-C Gl Cer
conpl etely prot eqghede F 00C-GAlCeT des findsed binowldtess prgterepitab I ktYPGhi | e an

identical dose of a- Gal Cer protected O of 10.m.ce, A out cone as
unt r eatresdowserit pivbsmicsiwese jeehWER Hssame dstph egﬁ ef%qélj ?J%(la(g&g? For successf ul

agai noLorwaId il Tgp BO e P e e e e

demnstaﬁag,&% of IFN-y, 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, a-GalCer
stimluated concentrations roughly 3 times higher than a-C-GalCer (Fig. 6(A)). For IFN-y
both a-C-GalCer and a-GalCer stimulated detectable levels starting at 6 hours, but -
GalCer’s peak occurred 12 hours post-treatment, returning to baseline by 24 hours. In
contrast, o-GalCer’s peak occurred 24 hours post-treatment, returning to baseline by 48
hours (Fig. 6(A)). Finally, for I1-12, both a-C-GalCer and «-GalCer stimulated peak
concentrations 6 hours after treatment; howver, a-C-GalCer stimulated concentrations 2
times higher than «-GalCer. Moreover, a-C-GalCer continued stimulating detectable IL-
12 levels 12 hours after treatment, whereas at this time point a-GalCer stimluated 1L-12
levels were undetectable (Fig. 6(C)). Thus, over time o-C-GalCer stimluated enhanced
levels of the Th1 cytokines IL-12 and IFN-y, and diminished levels of the Th2 cytokine

IL-4 as compared to a-GalCer, showing that, in vivo, it does indeed stimulate a

preferential Thl-type response.
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t he superior effect of a-C-GalCer in vivo. Since NKT cell-nedi ated
protection against nmalaria requires IFNNy/IFNy receptor signaling, the
enhanced waxoviosiow t h a- C- Gal Cer suggests it mght be supaT/ws03i187890t her
di sease nodel s requiring Thl-type responses for control. One sgcg’érmdel
invol ves nel angma, nelast _dPialche 2bidRgs NK T csthiigindan Givepdndehatibdi at ed
i nhibition reqlr}fl?ee‘;aqgﬁh()w&%?é(’tgéponse initiated by NKT cell sﬁ%yt h et

8

al ., . 1266 -1 3OR2nse TanpRedid ©S1al0g7 ddnepetha 1853 9

det er%@g&ﬁgg%%%%g?% Galtgr il')s bette{%ﬁﬁle tqg@gi%gro@ﬁ GhmiBi&st ases than
a- Gal fafire ofINIET velt eesponises irsmammels, § a4 HhY habYes 32 %er and aC Gal Cer
two days before_ challenge with I 9 iMBrdsyuy, wekkd At er we
check¥e 1 #HEKITLeYs 11 TS, ARC %lg}ewoﬁaﬁggﬁaﬂ[‘?%mnggh yé? t hat had devel oped.

a-CG h Di £ 8¢l GogT)ICRs ARYsEIt POt Cardt Th-1 peirsizing 8 FENEEaRHEAN

a- Galc;?%%;e{%ae’?ﬁﬁi)h%fg@a- C@Cjaa_l Cer _e%al to llequ gﬂ of aj-s leéjgﬁ dife Fi gure 4,
Wil d §yReexchildl fhemobtberapeutis capdigte dor 31FRRRE 96 (E1I™ {SFH ™ SNt doses of
either a-C Gal Cer .or .a-Ga el sd RatitieBraad€nous challenge wth 5
x 104 cayeshadeisy BE AL e%‘ﬁé%ste es?.ga\/\f) vveelgg later, the |lungs were checked
for tunor netastases. The results are expressed as the ayverage +/- SD of 5
m ce. The pi ctum@prédeﬁvmilverﬁhsﬁién@ﬁobnéﬁn@éﬁ%é@ﬁ‘?é’ﬁ’it%s e out of five

per group. These results cl I show_a 4. I<Yf b etRRGe add@fibect for
a- G Gaehﬁ@d}mmdﬁfseﬂW%W%@pg‘ﬁaﬁg’tvﬁgoﬁwgflﬁfgg?@#ﬁat a- G- Gal Cer stimul ates

a preferenti.al_ . QpbaRentity chosEtilledhin thepetfropt BGuct i on by NKT
cells tPgh(IfF Idgsg:nﬁ%{l P%réﬁle%’pg%ég%?ng#cel I (gg;@‘ d%{.}_v%d I %‘rfejiﬁteﬁ&gdtt mura et
al, J -fo@?@ingl\d%dcﬂplﬁﬁ,anﬂllma@‘lmgm@ggqresf AORHERHONS FE i inol . 163,
93-101 (1 999) ;. Yang, tletBt Ingé&ag%ns 12, 1669-1675 (2000). Since a-C G@al Cer
st i mul allawthwythe sgpReeidhe PR L E Tat i on than a- Gal Cer, tests were
conducted to determne if IL-12 is necessary for the di ff%rence bet ween
a-C Gal Cer and apGahiemer to undegstoti ¢t allvalies arctappeoxiPYle. HE G| Cer
suppressed |iver stage devel opnent to a nuch greater degree than a-Gal Cer;
howev eprovided fér-degcrgfonei ent mce there was no difference in anti-malaria
activity between a-Gl Cer and a-CG Gal Cer (Fig. 5(C)). The data suggests
that 1L-12 is a ke dagl appitaiivianpubinatiois fesr matedhdtuesr, andal Cer and

a-C@l1Cer. It is ‘possible that a-C Gal Cer st.inul.ates - 1
pr OdUCb}d@(Bbolwci&HGBr,oughmhehis yplisaijorn Arg mgorpora?ed hereim I)y tefiRhée drltirdttes

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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direct interaction wwth the APCs or via the signalling that results from
the interaction of the NKT cell TCR with APC CD d/ gl ycolipid conpl ex.

| ncr easedwide3lidsaoul d result in enhanced | FN-y and decr ea@adusoBA#4789
production by NKT cells (Ogarra, Trends Cell Bio. 10, 542550 (2000);

El ser, Inmunity 17, 703-712 (2002), as well as enhanced IFN-y production
by ot t 1 s, notably NK cells Eberl, Eur. J. Immunol. 30, 985-992
(2000). The observation that a-C Gal Cer stinulates increased | FN-y and
decreased { L-4 AQBﬁQHﬁﬁ&@HohﬁulaQDsi stent with its stinulation of increased
IL-12 (Fig. 3a). This also_hel ps explain the enhanced potency and kinetic
effect of a-C Gal Cer agamﬁét mal aria and 53 WD 03/ 105769 PCT/ US03/ 18789
mel anoma. However, addit/ onal properties likes a longer in vivo half-life
of the nol ecule cannot{be ruled out as alpernative explanations. In Figure
5 wld type BALB/c mce\ were treated intrgvenously with 1 J.g of either
a-C GlCer (O or a-@l Co O or with notfjing (A, and serum sanples were

obtai ned at the indicad ti me\points r 421%%522 "ﬂ@f ELI SA anal yses of
IL-4 (Figure 5(A)), (Fi ghire 5( , and ¥[-~ ‘3(? gure 5(0Q))
concentrations. The da exXpresed @s the %R/erage +/- SD of two

#sena. | n-Ngure a- C- @&l Cer' s enhanced
anti-nmalaria effect is abrogatied | @ 1L-12. WId type
(Figure 6(A)) or IL-12-deficigent (Figure 6@B)) mce were treated
intraperitoneally with 100 ng of a-C-Gal Celh, a-Gal Cer or nothing four days
before challenge with live P. yoelii spor®&bites, and then checked for
mal aria |iver stage developnment. The results are expressed as the average
+/ - Shvikeis Xmis€2or Wlisee i f a- C Gal Cer does indeed stinulate a preferenti al
Thl -type response in vivo, mce were injected with the same dose of either
a-CGal Cer or a- Gal Cer, and at various ?l}ge {3‘ t af_k e bl ood
sanpl g3' 1eesiected Fraimibd ghawp dnsismg enfFiaaSHss -( %ﬁ%’éﬁ éjin L-12
CoNCenBsJCHEH ), H-EHHRCH(CHok, H(CHa) 1 G AL and ¥ Tl Cer

stinmulated peak concentrations 2 hours after treatnent; however, a-Gal Cer

stimuated concentrations royghl.y, 3, tines. s And@REi@HGen (Fig.
6(A) .Rhsrorﬁﬁmwommwhal®-¥ﬁ3%é¥h%4¥8ge£z &ch’?%gﬁgﬁm ated detectable |evels
startiﬁr}‘g at q’&hgu_rs, but a- Gal Cer's peak occurred 12 hours post-treatnent,
r et ur nPRECPECBEERT i ne by 24 hours. In

R’ is hydrogen or a monosaccharide;

Q1 is optionally present and is a Cy.1o straight or branched chain alkylene, alkenylene, or

alkynylene;

X'is optionally present and is 0, S or NR";

Q* is optionally present and is a C1.10 straight or branched chain alkylene, alkenylene or

alkynylene;
X" is optionally present and is 0, S or NR%;

Q’ is a straight or branched chain C.10 alkylene, alkenylene or alkynylene, or is hydrogen,
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contrast, a-Gal Cer's peak occurred 24 hours post-treatnent, returning to
baseline by 48 hours (Fig. 6(A)). Finally, for IL-12, both a-C Gal Cer and
a- Gal Cer wto osulstsed peak concentrations 6 hours after traatmess/sisower,
a-C Gal Cer stimulated concentrations 2 times higher than a-Gal Cer.

Mor eover, a-C Gal Cer ntipue WG i ablopeh)oyai@ nitenel s 12
hour swhdreigreagh 83&%%(59%8@ gygﬁﬁs?%}tgé??rﬁmﬂgg?ﬁ? a-%al Cer stimuated IL-12

| evel U £61_aPl Rd(WHegein6(C) ). Thus, over tinme a-C Gal Cer stinluated
SR A ECPY ‘

enhan the Thl cytokines IL-12 and I FN-y, and di mi ni shed

| evel s of the Th2 cytokine 1L-4 as conpared to a- Gl Oer,SOshovvi ng that, in
vivo, it does ipgeed .sti at I ak&rye Rblogdn, Thdno; nifwe SPe8honse. 54 WO
03/ 105769 PCT/ 5 g%ﬂ}#ﬁse aigpgsﬁféw}fhat gd:a_ C?dGaI Cer acts as a NKT cell
ligand in y;'( -R&nd that it stinulates a preferential Thl -type response
conpared to (x-Gal Cer. Due to the consunmed nature of NKT cell responses in
mammal s, it is likely that a-C Gl Cer, which stl(; nmul ates Val4+NKT cells in
m ce, al so stimgb 4¢eNKdikiin Chyatkosy 0BNHRSay, et al ., J. Exp. Med.
188, 1521- 1528%8%@y%’g%szltlg- C-Gal Cer's Th-1 polarizing activity
means it is an excellent chenotherapeutic candidate for a nunber of human
di seases, includip ancer, r rious infectious di seases such
as hepatitis B aﬁ‘%d Ly n’p(FlésielequFﬁ o?%.ggﬁog% is not to be limted in scope
by the specific enbodinments described herein. Indeed, various

modi fications of the invention in atdd%]?ti o? to those described herein 'will
becomemd pphremdceniicalligseeriible $PTCRC ]t fromthe foregoi ng description
and the acconpanying figures. Such nodifications are intended to fall
within the scope of the appended clains. ,lt @&ur er to be understood
that all vaj ues Hieccapgpuadpfeloin 1awderain® HriGvi2dEd or description. All
patents, applications, publications, test nmethods, literature, and
protocols cited throughout this application, are i ncor porated herein by
reference epti refﬁ@éoangdﬁhd%kblaﬁﬂamhmm)ﬁs@aEelS&Ha£c%4fRi%? bet ween

o e Seniabge O e Contioaph KOG o e ol iesi AP eRFopaeact o, the

4 A method of treating a disease selected from the group consisting of cancer,

. . . . sin
infectious diseases and autoimmune diseases 1n a mammal in need thereof, comprising

administering an effective amount of a compound of claim 1 to said mammal.

5. The method of claim 4, wherein said disease is cancer.

6 The method of claim 4, wherein the infectious disease is selected from the

group consisting of HIV, hepatitis C virus and malaria.

7. The method of any of claim 4, wherein said mammal is a human.
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WO 03/ 105769 PCT/US03/18789 What is claimed is: 1. A conpound of formula

(1) X O RBOOMHHQA-X-@-X'-B 41 HCH HOH wherein Xis 0 or
NH, Rl i swoedsaosmd fromthe group consisting of -(CH2) 11CHET/60@HRBL2CH3, -
(CH2) 13CH3, - (CH2)9CH(CH 3)2, -(CH2)loCH(CH3)2, -(CH2) 110H(CHB%].2 and
(CH2) 11CH(CH3) - - R3O P HoBAcs patytdkinenth Rbamsahydr ogen, or
R3 is hydr%gen %ﬁ%@‘?fg%&l@tggp%r%g%ggcchayt?ge;thS_ is h dgo en or a
Wnosﬁ&g@ﬁ%&&?by minSst@ o tonaikinyanpmelsetherapeiticply aff@il-"f&“&g?‘? t or
branched chai n al kyl ene, al kenyl ene, or alkynylene; X is optionally

pr es ecammmvadiof cimd. or NR8; @ is optionally present and is a Cl-10

strai ght or branched chai n al kyl ene, al kenyl ene or al kynylene; X' is
optionally present and is 0, S or NRS; is a straight or ets)ﬁg 1ched chain
Cl- 1o al kybene, Takketddarfelam lakkyrei ik ThbiyPP§ H‘Fg@@ﬁ‘}ms 03/ 105769
PCT/ US03/ 18789 wherein each QL, Q2 or @B is optionally substituted with
hydr osgd IL-hal ogen, cyano, nitro, S, NHR8, or C(=0-R9; and wherein R8 is
hydrogen, Cl.5 alkyl, C1.5 al koxy, hal ogen, cyan, nitro, SO2 or C(=0 -R9;

10. A compound of formula (II)

|||l||%
il
1 o

CH, ? ?
R® (I
| \/\r\

wherein
X is O or NH;

. 4.
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 -(CHz)11CHs, -(CH2)12CHa, - (CH,)13CH;,
~(CH,)oCH(CH 3)2, -(CH3)10CH(CHs)y, -(CH;);1CH(CH;); and (CH,);:CH(CHs) - CoHs;

or a salt or ester thereof.

11.  The compound of claim 10, wherein R! is -(CH2)13-CHs.
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RO is hydrogen, Cl.5 alkyl, C1_5 alkoxy or NHR10; R10 is hydrogen, Cl1.5
al kyl or Cl.5 al koxy; and a pharnmaceutically acceptable salt or ester
t her eof . @0 iBhesweonpound of claim1l, wherein Rl is -(CH2) M10F®3/1889 The

conmpound of claim2, wherein Xis 0, R3is OH R4 and R5 are hydrogen, Ql
is a C25 al kenyl, X . Nat3 Pres e, 3 andnéd,5di-Bydr ogen. 4. A
net hod of H('eat Ji”hegcoéﬂ%ol%d%@glaén 8k

Sease sel ected fromthe_%roup consi sting of cancer,
| nf ect i QH5oieaA2e54,8netra O mietyionE-Rigelectopyanefler- nammal in need ther eof,
conprising adnrinistering an effective amount of a compound of claiml to
said mammal . 5. The nmethod of claim4, wherein said disease is cancer. 6.
The met hod,of cl,aj M}ﬁkﬁ iy dolioluhd e£dlhiaus, cipemsg i s sel ected fromthe
group consilg‘ti née%gﬁléﬁio, epgti tiﬂg) Cvirus and malaria. 7. The method of

any Ofeqeliaé Acdmpohdrafifornsela hammal is a human. 57 WD 03/ 105769

PCT/ US03/ 18789 8. A nethod of i cing the production of Thl type
cytokines in a manmmal in neefl thereof, by administering to said manmal a
t herapeutically effective anpunt of a conpound of claiml. 9. The nethod
of claim1, wherein said I © cytokines conprise IFN-y and IL-12. 10.

A conpound of formula (I11)}|/br R3\O O—lI%HO-l R4OHCHZR6(II) HO COH
=2

wherein
X is O or NH;

. 4.
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 -(CHz)11CHs, -(CH2)12CH3, - (CH2)13CHs,
-(CH,)9CH(CH 3)2, -(CH2)10CH(CHa)2, -(CH,)1;CH(CHs)> and (CH2)11CH(CHa) - C,Hs;

or a salt or ester thereof;

with a compound RX-C(=O)-Q1X' 2X"Q’, wherein R* is selected from the group
consisting of p-nitrophenyl, o-nitrophenyl, o-N-succinimidyl, chloride, bromide, or mixed

anhydrides; and

Ql is optionally present and is a Cy.19 straight or branched chain alkylene, alkenylene, or

alkynylene;
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wherein Xis 0 or NH 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

nonosacchew aapsmnd RL is selected fromthe group consi st ipay/ug03/18789
-(CH2) 11CH3, -(CH2)12CH3, - (CH2)13CH3, - (CH2)9CH(CH 3)2,

-(CH2) 10CH(CH3) 2, -(CH2)11CH(CH3)2 and (CH2) 11CH(CH3) - C2H5; or a salt or
ester thereof.

11. The conpound ong claim 10, wherein RL is -(CH2) 13- CH3.
58 03/ 99 RGEhUsRI3s D888 NR'2. The conpound of claim8 which is 3'S,
4 SY\% ,01’gé‘-7aagipﬁo-4, 5 _di-O0

acet yl nonadecyl - 2, 3, 4, 6-tetra-0-acetyl -a-C D gal act opyranosi de. 13. A

met hod, of Ki a of <hiehiBr brareRePchadi alfylengatianyignaoicompound of
f or nuNatl ‘?Hq?’n%ggpreié?g?&%% - SC]-IIg R4 CL R6 HO OH wherein Xis 0 or NH
R3 i s fkh@en® nonosaccharide and R4 is hydrogen, or R3 is hydrogen and R4

is OHof a nonosaccharide; R5 is hydrogen or a nonosaccharide; and Rl is

sel ected fromthe group consisting of -(CH2)11CH3, -(CH2)12CH3, -
(G2) %g'cl:ls_%ptionally present and is O, S or NR%;

Q’ is a straight or branched chain Ci.1o 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(=O)—R9; and wherein

R%is hydrogen, C15 alkyl, C;.s alkoxy, halogen, cyano, nitro, SO, or
C(=0)-R%;

0,
R’ is hydrogen, Ci.s alkyl, Cy.s alkoxy or NHR'; and
R is hydrogen, C1.5 alkyl or Cy.s alkoxy, to form a compound of claim 1.

14. A compound of formula (III)

OR’

-IIII“”%
ille)
o

R! (1)
OR?

OH
wherein R! is selected from the group consisting of -(CH2)11CHa, ~(CH,)12CHs,-
(CH,)13CH;, -(CH2)sCH(CH )z, -(CH2)10CH(CHs)z, -(CHz)1CH(CHj), and
(CHz)l 1CH(CH3)-C2H5;
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-(CH2)9CH(CH 3)2, -(CH2)IOCH(CH3)2, -(CH2)1lICH(CH3)2 and (CH2) 1l CH(CH3)
or a salt or ester thereof; with a conmpound Rx-C(=0 -QLX X" (B,

C2H5;

wher ei n Rwa @/18&leect ed from t he group

consi sti ng of p-ni t rranesvghg789

o- ni trophenyl, o- N-succi nim dyI chl oride, brom de, or mxed anhydrides;
and Qi 8 al FodGrork OhsSiroah abiisisting of alkghed/l.chai n

al kleé%eﬁ %19 ‘ﬁ% 8ie° eaeﬁ%% HYgee?i% 59 WO 0%6%5769 PCT/ US03/ 18789 X'

opti thﬁi a)f Mnﬁ&ﬁﬂkgl@ﬂﬁ |s 0 S or NR8; 2 is optionally present and is a

Cl _10 straight or

ranched chai n al kyl ene, allenylene or alkynyle

optionally present and is 0, Sor N\W @B is a straight or branched
Cl- 10 Iga\ké@l&’? ?%;Joﬁﬁ%oﬂéistﬁﬂg‘blf‘ﬁ&b@ agyl, Akyliyl hyialkglgdyl, -(Calld1@i n each QL,
I ona

Q20r

alkoxy,
Cl_5 al

form éﬁ(ymgygge&he@bﬁl m1. 14. A conpound of formula (I111) ORS R40 0 OR3
[ 1] OH wherein RL is selected fromthe group consisting

N110

is O substituted wth hydroxyl, hal ogen, cyano,
NHIRS, (@ﬁoy;o:@ylm -(6r@)whelkglaryliRs i s” hydrogen, C1_5 al kyl, CI.

ne; X"
chai n

nitro,
5

is

is

hal ogen, cyan, nitro, SO2 or C(=0-R9; R9 is hydrogen, Cl.5 al kyl,
koxy or NHR10; and R10 is hydrogen, Cl1.5 alkyl or Cl.5 al koxy, to

of -(042)11043 - (CH2) 12CH3, - (CH2) 13CH3, - (CH2) 9CH(CH 3) 2,

- (CH2) |

OCH( OHB) 24, - ( GHR) dohidkahi3 e 14, vii6Rréih 1 G (CHBR) - CHHS

16. The compound of claim 14, wherein each of R%, R?, R* and R’ are

benzyl.

17. The compound of claim 14, wherein R® is benzyloxycarbonyl.

18. The compound of claim 14, which is 1-(2’,3',4',6'-tetra—0-benzyl—

o.-D-galactopyranosyl)-3 -benzyloxycarbonylamino-1—nonadecene-4,5-diol.

19. A method of making a compound of formula (I)

O
HN/“\ Q le Q

Q"X
oH

-un””

Rl

OH

wherein X is O;

R! is selected from the group consisting of -(CHz)1:CHs, - ~(CH2)12CHs, - (CH2)13C53H'
(CHy)oCH(CH 3, ~(CH)10CH(CHs),, -(CHy)1 CH(CH;), and (CH2)n CH(CH:) - Gl
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60 WO 03/105769 PCT/US03/18789 R2, R3, R4 and RS are each independently
sel ected fromthe group consisting of alkyl, aryl, alkylaryl and

trial kyl swoyisjioR89i s sel ected fromthe group consisting ofpcalksossaoyl ,

al kylaryl, trialkylsilyl, -(C=O-0 alkyl, -(CO-0Caryl and

-(CQ,3 O al kyl amy] .salt or ester thereof. 15. The conpound of claim
14, %e}se(?ljﬁaé‘.j[g iswd%{)—%}li&a—l& 16. The conpound of claim 14, wherein each
of R2, R3, R4 and R5 are benzyl. 17. The conmpound of claim 14, wherein R6
IS berlléyl oxycar bonyl . 18. The conpound of claim 14, which is

1- (2" R3'slydregent et r a- O- benzyl - a- D-gal act opyrano syl)-3

- benzyl oxycar bonyl am no- | -nonadecene-4, 5 -diol. 19. A nethod of maeking a

conmpound of forrmula (I) XR5 O R3. O - X - R- X" = = RCH R H
OH  wignebptiofially peeserREnd és &61-peiraight 9@;@8}?@3‘( @?ag% Sﬁg%e < as“?‘?“h’lgenggij
-(CH2) 11 , -(CH2)12CH3, - (CH2)13CH3, - (CH2)9CH(CH 3) 2,

- (CH2p B#3) 2, - (CH2) 11CH(CH3) 2 and (CH2) 11CH(CH3) - C2H5; 61 WO
03/ 105769 PCT/US03/18789 R3 is OH and R4 is hydrogen; R5 is hydrogen;

X'is optionally present and is O,Sor NR?;

Q’ is optionally present and is a Cy.1o straight or branched chain alkylene, alkenylene or

alkynylene;
X" is optionally present andis O, S or NR3;
Q’ is a straight or branched chain Cy.10 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

R8 is hydrogen, Ci.5 alkyl, C,s alkoxy, halogen, cyano, nitro, SO, or
C(=0)-R%;

10,
R’ is hydrogen, Ci.s alkyl, Cis alkoxy or NHR™;
R is hydrogen, Ci.5 alkyl or C1s alkoxy;

. _ d
or a pharmaceutically acceptable salt or ester thereof, comprising subjecting a compoun

of formula III
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QL is optionally present and is a Cl-1o straight or branched chain

al kyl ene, al kenyl ene, or alkynylene; X is optionally present and is 0, S
or NR8; am/optsdonal |y present and is a Cl-1o0 straight aciwssasmd chain
al kyl ene, al kenyl ene or al kynylene; X' is optionally present and is 0, S
or NR8; B is a strad'&ght or branched chain Cl.1o al kyl ene, al kenyl ene or

al kynyl ene, or is hydrogen, wherein each QL, @ or B is optionally
substituted with hydroxyl, hal ogen, cyano, nitro, SO2, NHR8, or C(=0) -R9;
and wherein R8 is drogen Cl-5 al kyl, C1.5 al koxy, hal ogen, cyano, nitro,
S or C(=0)-R9;R drogen, Cl-5 alkyl, Cl1-5 alkoxy or NHRIG R10 is
hydr ogen, d -5 al kyj Cl 5 al koxy; or a phar maceutical ly acceptable salt
or ester thereof, i subj eNHR‘hg a @bnpound of fornula Il 62 WO
03/ 105769 PCT/ US03/ S R40 8 OR3 NIrRG OHRL (Ill) 00 OH wherein Rl
is selected fromthe onsi stiing of -Y{CH2)11CH3, -(CH2)12CH3, -

(CH2) 13CH3, -(CH2)9CH(CH 8)2 1- (CHZ)d CH(CH3) 2 and

(CH2) 11 CH(CH3) - C2H5; R2, , R4 and R} are ea®h indepe dently sel ected
fromthe group consisting OBt al kyl, arg@l, alkylaryl and trialkylsilyl; R6
is selected fromthe gr oup consisting &H alkyl, aryl, alkylaryl,

trialk lhgrlehy f{‘ is SN 19m @k l&Qu{p cohistihe & ?@H&)u@lﬂ, -‘(CQEQGH},aI kyl aryl ;
(CH,)13CHj3, -(CH2)sCH(CH 3)2, -(CH2)10CH(CHa),, -(CH2)11CH(CHs)z and
(CHz)l 1CH(CH3)—C2H5;
R? R® R* and R’ are each independently selected from the group consisting of alkyl, aryl,

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

il
2
WO
e

wherein

Xis O;

R® is OH and R* is hydrogen;

R’ is hydrogen; and

R! is selected from the group consisting of -(CH)1:CHs, -(CH2)12CHs, - (CH2)13CHj,
-(CH3)sCH(CH 3)2, -(CHz)10CH(CHz)z, ~(CH,)1:CH(CHj3), and (CH,)11CH(CHjs) - C2Hs;
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to (a) reduction of the carbon-carbon double bond, (b) deprotection of the
am no group; and (c) deprotection of the sugar hydroxyl groups; to forma
conmpound w0 @owsasba(l1) XR5 R3 0 OH2 OH R4 CH2 R HO Gdt/wgesngism X i s
0O; RBis OHand R4 is hydrogen; R5 is hydrogen; and Rl is selected from

t he group con5| sth -(CH2)ii CH3, -(CH2)12CH3, - (CH2)13CH3,

- ( CH2Ymrcalta eaiPbt e“’((% 10CH(CH3) 2, - (CH2) 11CH(CH3) 2 and (CHZ)IICH(CHS) -
C2H5; realifh Ver93&%9@7&&f&@leMﬁ@BWﬂBE8%polﬂnCh0ﬁamulé &Q"Q t hereof ; and
reactlng tgne comoound of formula (I1) with a conpound of fornula Rx- C(=0) -
QX @%KQﬁX"@m@n@ﬁm R< is selected fromthe group consisting
of p-n 'rxro hen h{il, pingtydphenyll oiN-de, broni de, or
m xed qt%ie@om ﬁédé{ &ﬁp?g&g%ltnlggﬁgkmgé?egent ar?tlj ?j;l a Cl-lo straight or
br ancgﬁ&nﬁfﬁ@dﬂ Alldsideshiomidd, loe mikehanhydidesaatdynyl ene; X is optional I'y
present and is O, Sor NRB;, Q2 is optionally present and is a Cl-10
strai ght or branched chai n al kyl ene, al kenyl ene or

Q! is optionally present and is a Cp.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 Cy.10 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 Ci.1o 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, Ci.5 alkyl, C;.s alkoxy, halogen, cyano, nitro, SO, or
C(=0)-R%;

10,
R’is hydrogen, Ci.s alkyl, C;.s alkoxy or NHR"; and

R!? is hydrogen, Ci-s alkyl or Cy.s alkoxy, to form a compound of formula

@)

20. A method of making a compound of formula (I)
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al kynylene; X' is optionally present and is O, S or NRB, B is a straight
or branched chain Cl-10 al kyl ene, al kenyl ene or al kynyl ene, or is hydrogen,
wher ei n ea@h3@bs7662 or (B is optionally substituted wth hyadresoghgrshal ogen,
cyano, nitro, S, NHRB, or C(=0-R9; and wherein R$ is hydrogen, Cl.5

al kyl, Cl1.5 al koxy, hal ogen, cyano, nitro, SO2 or C(=0-R9; RO is
hydrogen, C -5 alkyl, C/t-5 al koxy or NHR1O; and R10 is hydrogen, Cl.5

al kyl or Cl1.5 al koxy, forma conmpound of forrmula (1). 20. A nethod of
maki ng a conpound of fokmula (1) 64 WO 03P105769 PCT/US03/ 18789 XR5 O R3

OOHHQ-X-@-X"-Q@B, 4\ RCH2 R1 H||OH wherein Xis 0; Rl is

sel ected fromthe groyp IXing of -( 11CH3, -(CH2)12CH3, -

(CH2) 13CH3, - (CH2)9C (CHZ)i}Q\QISI_ (&)@,_X-:&Ghz;mlﬂ—l( CH3) 2 and
(CH2) 11CH(CH3) - C2Hb5; and R&Eis hydgpgen; RS is hydrogen; QL is
optionally present and/ i o straight or Branched chai n al kyl ene,

al kenyl ene, or al kyrl en€, iC8L opt j |y _pres eert and is 0, S or NRS;

OH

wherein X is O;
R! is selected from the group consisting of -(CHy)1:CHj, -(CH2)12CHs, - (CH2)13CHg, -
(CH,)oCH(CH 3)2, -(CH,)10CH(CH3)2, -(CHy)1;CH(CH3), and (CHy)1:CH(CHj3) - C2Hs;
R? is OH and R* is hydrogen;
R’ is hydrogen;
Q' is optionally present and is a Cy.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 C1.10 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.jo alkylene, alkenyleng 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, Cis alkyl, Ci.s alkoxy, halogen, cyano, nitro, SO, or

C(=0)-R’
10,

R? is hydrogen, Cy.5 alkyl, Cy.s alkoxy or NHR™;

R0 is hydrogen, Ci.5 alkyl or Cy.5 alkoxy;
or a pharmaceutically acceptable salt or ester thereof,

comprising reacting a compound of formula (IV)
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Q@ is optionally present and is a Cl_1o straight or branched chain
al kyl ene, al kenyl ene or al kynylene; X' is optionally present and is 0, S
or NR8; Q¥a®/asmbrai ght or branched chain Cl-10 al kyl ene,p@alk®aysmme or
al kynyl ene, or is hydrogen, wherein each QL, Q2 or B is optionally
substituted with hydroxyl, hal ogen, cyano, nitro, SO2, NHR8, or C(=0) -R9;
and wherein R8 is hydrogen, Gl al kyl, Cl1.5 al koxy, hal ogen, cyano, nitro,
S or C(=0-R9; RO is hydffogen, Cl1-5 alkyl, Cl1.5 al koxy or NHR10; RIO is
hydrogen, Cl.5 al kyl or C1. Ikoxy, or a pharmaceutically acceptable salt
or ester thereof, conprisi @®ng a conmpound of formula (I1V) 65 WO
03/105769 PCT/ US03/ 18789 R1 10 OR10 0 (IV) wherein each of
selected fromal kyl, aryl, alkylaryl

R10, R11, R12 and R13 ii$ld
or trialkylsilyl; with a conpoun ormula VRI4HN Nt R 02S S OO (V)
oal ky@byl, trial kylsilyl,

gf
wherein R14 is sel ected from al k9lf~
-C(=0)-Oalkyl, -C(=0- 0-aryl or C( =0 -0 al kyl aryl ; and

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

or trialkylsilyl;

with a compound of formula V

Ty
| >< V)

0)-0-alkyl, -C(=0)-

-"lllllgt

wherein R' is selected from alkyl, aryl, alkylaryl, trialkylsilyl, -C(=

O-aryl or -C(=0)-O-alkylaryl; and
Rlis selected from the group consisting of -(CH2)11
(CHy)sCH(CH 3)s, -(CH2)10CH(CH3)2 -(CHy)11CH(CHz), and (CH;)11CH(CHs)-C-Hs;

CHs, -(CH3)12CHs,-(CHz)13CHs, -

to form a compound of formula (VI)

(VD)

subjecting the compound of formula (VI) to
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Rl is selected fromthe grou I sti
F p consisting of -(CH2)11CH3
_Egﬂggiig:?,-(cg?)l3CH3, - (CH2) 9CH(CH 3) 2, -ECHZ%IoCH(bH3)2

0CHApZ76and (CH2) 11CH(CH3) - C2H5; to form a corrpcnmfinsnB/lsmpnul a

(VI) OR13 OR 12 O R14HN OH = .
conpound of _faqrnul R110 = ORIO R~ 0 (V1) 'subjecting the

i Sadpdidule? AOSEAS

X wRCT/ US03/ 18789
gghzfgrgpwa?%?%?@ﬂ&% Péﬁngm etﬁgfln structure; (b) reduc'E?Z)n of the GC
f or mi ng ?E 9g%%g%ﬁr%f%?W-ggdgb&bile(bbnmfanﬂhe sugar hydroxyl groups, therebs 2
wher ei n Xi &) O¢prRBctien lethgﬁagqrﬁly&gg({ﬁliépl?ﬁeﬁ%re%%g%ihﬁ ;5 onifbuRdidf RL  HO CH

rogen; and

formula (II)
NH, of
CH, ? T
Rl
) \/\r\
OoH
wherein
XisO;
R®is OH and R* is hydrogen;

R’ is hydrogen; and
R! is selected from the group consisting of -(CH2)11CHs, -(CH2)12CHs, - (CH,)13CH;,
~(CH)sCH(CH 3)2, ~(CHy)10CH(CHa)2, -(CH,)11CH(CHs), and (CH)11CH(CHs) - CoHs;

or a salt or ester thereof; and
reacting the compound of formula (II) with a compound RX—C(=O)-Q1X' 2X"Q?, wherein
R¥is selected from the group consisting of p-nitrophenyl, o-nitrophenyl, o-N-

succinimidyl, chloride, bromide, or mixed anhydrides; and

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

alkynylene;
X'is optionally present and is O,Sor NRY;

Q’ is optionally present and is a Cy.1o straight or branched chain alkylene, alkenylene or

alkynylene;

X" is optionally present and is O, Sor NRY;
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Rl is selected fromthe group consisting of -(CH2)i1CH3, -(CH2)12CH3, -
(CH2) 13CH3, -(CH2)9CH(CH 3)2, -(CH2)lIOCH(CH3)2, -(CH2)11CH(CH3)2 and
(CH2) 11CHv@HB)10576€2H5;  or a salt or ester thereof; and reaarusvgi$ise
conpound of forrmula (I1) with a conpound Rx-C(=0) -QLX QX' @B, Werein RX
is selected fromthe gro NSi St 518hd 6:00RARNEne, Gr-iBhydropéenyl , o- N-
succi @ isiasyright on Rrppghed °ﬁ%8§$d%?]§%lgﬂe??13§% 12?1%1?/dri des; and Qz is optionally
present and is a G | o straight or branched chain al kyl ene, al kenyl ene, or

al kynylene; X is optionally present and.is, O, S ; initr@pt i onal |y
pr €S epheraintbatls Qb, @lo @’ istaptipeily SGP“’(SWS&Wﬁt:]é‘dh%q]i%ﬁﬁ%aafl%ﬁe?&ao’al kenyl ene or

al kynyl ene; X" is aptjonal esent and is 0, S or NRB, 67 WO 03/105769
PCT/ Ué@B/I‘I%B*SQ’r (%EBF‘? aaﬁs%l[\&%?réglht or branched chain Cl-1o0 al kyl ene,

al kenyl ene or al kynyl ene, or is hydrogen, wherein each QL, @ or B is
optionally substituted with hydroxyl 09 nith, 809 or SO2, NHRB, or
C(=0) - R9; and wReislhylregen; §1- ﬂﬂogéﬁ?&%@@@%ﬁ@;ﬁ% CI1.5 al koxy, hal ogen,
cyano, nitb% )SQE or C(=0-R9; R9 is hydrogen, Cl.5 alkyl, Cl1.5 al koxy or
NHR10; and 1(8 i's’ hydrogen, Cl1.5 alkyl or Cl1.5 al koxy, to forma conpound
of formula (1) 1: 21. The nethod of claim 20 wherein each of R10, R11l, RI12

0.
and R13 are ben%éélié hyd(}ggen, C1.s alkyl, Cy.5 alkoxy or NHR'®; and

R is hydrogen, C1.5 alkyl or Ci.5 alkoxy, to form a compound of formula

M 1:

13
71.  The method of claim 20 wherein each of RY, R, R'? and R" are benzyl.
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