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TRÁMITE:

Expediente No. 13 -  159.964

“MÉTODOS PARA PREPARAR GLICOESFINGOLÍPIDOS Y USOS DE 
LOS MISMOS”

NATIONAL TAIWAN UNIVERSITY

Respuesta a Concepto Técnico notificado mediante Oficio No.
8.103 del 15 de Julio de 2014.

JAIME EDUARDO DELGADO VILLEGAS, en mi condición de apoderado de la NATIONAL 

TAIWAN UNIVERSITY, dentro del término legal, presento respuesta a Concepto Técnico 

notificado mediante Oficio No. 8.103 del 15 de julio de 2014.

1. Excepción de Patentabilidad (Art 20 D 486 literal (d))

El Examinador Técnico de Patentes objeto la invención porque:

“El objeto de las reivindicaciones 22 a 26 no es patentable de acuerdo con el 
Art. Citado".

Rl: Nuestro poderdante de acuerdo a lo expresado por el Examinador Técnico de

Patentes, eliminó las reivindicaciones 22 a 26.

NO. 13-159964- -00005-0000
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2. Unidad de invención (Art 25 D 486)

El Examinador objeta la unidad de invención de la Solicitud porque se refiere a 4, 

Grupos Inventivos:

“Los compuestos glicoesfingolípidos en los cuales R1 es OH son conocidos 
(documento D2), por lo cual esta característica técnica común no es el “único 
concepto Inventivo” de las invenciones, como se observa en la siguiente 
comparación:

“Por lo tanto, no hay unidad de Invención entre los compuestos donde R1 
tiene significados diferentes”.

“De otro lado, el compuesto intermediario 5 de la reivindicación 20, además 
de ser conocido (documento D2), sólo representa una parte de la estructura 
final del compuesto final; por lo cual no hay unidad de Invención entre este 
tipo de compuestos intermediarios (que forman la cadena R del compuestos 
final) y los compuestos intermediarlos que forman el anillo galactopiranosil del 
compuesto final; como se observa en la siguiente comparación:”

“Y el compuesto Intermediario 3 de la reivindicación 20, además de estar 
sugerido (documento 01), sólo representa una parte de la estructura fínal del 
compuesto final; por lo cual no hay unidad de invención entre este tipo de 
compuestos intermediarios (que forman el anillo galactopiranosil del 
compuesto final) y los compuestos Intermediarlos que forman la cadena R del 
compuestos final; como se observa en la siguiente comparación:”

“Por lo tanto, los Grupos Inventivos están definidos por las siguientes 
características técnicas esenciales:

“1° Compuestos en los cuales R l = OH y el segundo 0  después del grupo 
éter (-0-) está sustituido con N3, NH ó NHC(0)R2 (reivindicaciones 1, 2, 18, 
reivindicación 19 en parte, y reivindicación 20: compuestos 2, 8, 9, 10 y 11)”. 
“2° Compuestos en los cuales R l = N3, NH ó NHC(0)R2 y el segundo C 
después del grupo éter (-0-) está sustituido con N3, NH ó NHC(0)R2 
(reivindicación 8, reivindicación 19 en parte, y reivindicación 20: compuestos 
1, 12, 13, 14, 15 y 16)”.
“3° Compuestos intermedios que forman la cadena R del compuesto final 
donde R=alquilo terminado en arito o heteroarilo (reivindicación 20: 
compuestos 5 y 7)”.
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“4° Compuestos intermedios que forman el anillo galactopiranosil del 
compuesto final (reivindicación 20: compuestos 3, 4 y 6)”.

“Se sugiere presentar las solicitudes divisionales que considere necesarias, o 
limitar la solicitud inicial a una sola invención, eliminando de ella las otras 
invenciones”.

Rl: Nuestro podercdante de acuerdo a lo expresado por el Examinador Técnico de

Patentes, de la unidad de invención, eligió a los compuestos donde R1 = OH y los 

compuestos intermedios donde R = alquilo que terminan en arilo o heteroarilo 

(compuestos 5 y 7 de la reivindicación 20).

Se modificó la reivindicación 1, donde se incluyeron las diferentes etapas del 

proceso para preparar el compuesto quiral, teniendo en cuenta lo descrito en las 

reivindicaciones 2, 4 y 6  para los compuestos de fórmulas (6 ), (7), (5), (4) (3) y (2) 

Se eliminaron las reivindicaciones 3, 4 y 6

H|NNO
OHOH

O

OH

Las reivindicaciones 18 a 21 son reivindicaciones de productos definidos por el 

proceso y se eliminaron con base a la presente elección del compuesto conocido, 

C34.

Se añadió la reivindicación 5: “El método de la reivindicación 1, en el que el grupo 

saliente que contiene tiol es thiotoluene (STOL)”.
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El soporte a las reivindicaciones, se encuentra en la Figura 1 y el apartado 0066 de 

la Especificación.

Por lo expresado anteriormente, el solicitante pone a consideración del Examinador 

Técnico de Patentes un NUEVO CAPITULO REIVINDICATORIO, el cual consta de cinco 

(5) Nuevas Reivindicaciones en tres folios.

1. DEL ANALISIS DE PATENTABILIDAD. 

Novedad y Nivel Inventivo (art.16 y 18 D 486)

El Examinador objeta la novedad para las reivindicaciones 18 a 21 con los 

documentos D1 (W 02008128062), D2 (“In Vivo Protection Provided by a 

agents and chemotherapy Synthetic New Alpha-Galactosyl Ceramide Analog 

against Bacterial and Viral Infections in Murine Modele”) y el nivel inventivo

para las reivindicaciones 1 -  17 y 22 porque:

“Las características esenciales del compuesto gllcoesfingolípido 1-0-(a-D- 
galactoplranosll)-2-(11-(4-(4-fluorofenoxl)fenll)undecanoll)amlno-D-ribo-octa 
decan-1,3,4-triol (C34) de la reivindicación 18 habían sido divulgadas 
previamente en el documento D2, el cual enseña el compuesto 
gllcoesfingolípido 1-0-(a-Dgalactopíranosil)-2-( 11-(4-(4-fluorofenoxí)fenil)
undecanoíl) amino-D-rlbo-octadecan-1,3,4-triol (C34) (Pag. 4130, Col. 1, 
compuesto 5)”.

“En consecuencia, la reivindicación 18 no es nueva, según lo divulgado en el 
documento D2”.
“De otro lado, las reivindicaciones 18 a 21 no son nuevas, considerando que 
lo particular del estado de la técnica anula la novedad de lo particular que se 
reivindica, según lo divulgado en el documento D2:..”
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'"Nivel Inventivo.

“La diferencia entre la Invención, definida en la reivindicación 1, y el proceso 
divulgado en el documento D2 consiste en que en los compuestos obtenidos 
R1 es OH, NH2 y NHC0R2 (donde R2 es H ó alquilo terminado en arilo), en 
lugar de los grupos OH y COOH en el anillo galactopiranosil”.

“No hay evidencia de que el proceso reivindicado, por el cual se obtienen 
diversos compuestos en los cuales R1 es OH, NH2 y NHC0R2 (donde R2 es 
H ó alquilo terminado en arilo), sea un proceso con algún efecto técnico 
diferente al que ya proporcionaba el del documento D2”.

“Por lo tanto, la persona normalmente conocedora de la materia, incluiría los 
grupos OH, NH2 y  NHC0R2 (donde R2 es H ó alquilo terminado en arilo) en 
los compuestos del proceso divulgado en el documento D2, teniendo en 
cuenta que el documento D1 enseña el proceso para preparar compuestos 
que tienen los grupos OH, H, COOH, 0 0 0  alquilo, CH20H y CH20 alquilo 
(cuando el sustituyente R2 es alquilo) en el anillo galactopiranosil, que son 
grupos químicos que tienen la misma distribución estérica de las cargas, dado 
que son semejantes. Además, los compuestos del proceso alternativo 
reivindicado, de la misma manera que los compuestos del estado de la 
técnica, son también compuestos inmunogénicos que sirven como ligandos 
para las células NKT (“natural killer T”, que son linfocitos que tienen actividad 
antitumoral, antiviral y antibacterial). De manera que la reivindicación 1 de la 
solicitud se considera obvia y, en consecuencia, no tiene nivel inventivo”.

“Dado que las reivindicaciones dependientes 2 a 17 no presentan alguna 
característica adicional que conceda nivel Inventivo al objeto de la 
reivindicación independiente, se considera que tampoco tienen nivel 
inventivo”.

“La composición de la reivindicación 22, que se caracteriza porque contiene 
un compuesto de las reivindicaciones precedentes, no tiene nivel Inventivo, 
dado que aquellas no lo tienen”.
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R/; Con relación a las objeciones del Exanninador de Patentes con respecto a la falta de 

Novedad y Nivel inventivo de la invención en estudio, el solicitante 

desea resaltar lo siguiente:

En cuanto a la novedad, las reivindicaciones tienen por objeto cubrir un 

nuevo método de fabricación de los compuestos. El compuesto C34 

primario es conocido y fue inventado originalmente por un subconjunto de 

los inventores (documento 0 2 ).

El nivel inventivo clave en el método del método es en la utilización del 

compuesto de fórmula (6 ):

PGO-
PGO

LG (6)

en la que LG es un grupo saliente que contiene tiol.

El estado de la técnica anterior sólo describe el uso de un tricloroacetimidato 

(OC (= NH) -CCI3) grupo que el grupo saliente LG. (Ver en el documento D1. 

Figuras 7 y 7 (continuación) y los párrafos 0061, 000102, 000104, 000291 

(compuesto 20), etc Como se describe en documento D2, el mismo 

glucósido tricloroacetimidato se utiliza en el mismo por Un para la fabricación 

de 034.

De acuerdo con estos métodos, a fin de preparar glicósido-tricloro imidato 

(compuesto (6 )), primero el grupo tio de 1-tio-glucósido se elimina por N-
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bromosuccinimida (NBS) para dar 1-OH-gIucósido. A continuación, el 1-OH- 

glucósido se hace reaccionar con CC13CN y la base (normalmente K2C03, 

□BU u otros) para generar el compuesto donador de glysoside tricloro- 

imidated (6 ). Este es el método descrito por Plettenberg O., J. Org. Chem. 67 

(13): 4.559-4.564, en 4564 (2002), ver anexo.

Este ha sido el método aceptado para la síntesis de compuestos a-GalCer 

desde como se describe porTrappeniers (Chem Med Chem 2008, 3:.. 1061- 

1070) que fue citado durante la tramitación de Estados Unidos. (Ver 

Trappeniers en el Esquema 3, se adjunta copia)

El glicósido tricloro-imidated es un compuesto inestable. Para utilizar 

glicósido tricloro-imidated como donador de azúcar, que debe prepararse de 

nuevo inmediatamente antes de la etapa de glicosilación como se describe 

en el párrafo 0042 de nuestra especificación ("Debido a la imidato ser 

fácilmente hidrolizado y por lo general necesario para estar preparado 

fresco, el uso de este grupo saliente para la glicosilación en la síntesis a 

gran escala podría encontrarse con problemas de almacenamiento y 

purificación").

Este inconveniente de los métodos anteriores se supera mediante el 

uso de tioglicosido como un donante con catalizadores ácidos de 

Lewis y el uso de tamices moleculares para de-hidrato. (Véase el párrafo

0.042 de nuestra especificación). El compuesto donador de tio-glucósido 

que se especifica en las reivindicaciones es muy estable y por lo 

general se puede conseguir por recristalización.

Además, tenga en cuenta que los documento D1 y D2 describen métodos 

usando fosfina utilizado para reducir la azida. Se modificó el término

7
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"complejo de fosfina" se elimina de la reivindicación 5. El uso de 

agentes tales como hidruro de litio y aluminio, borohidruro de sodio o 

un complejo de borano reducción no se ha demostrado previamente 

para la preparación de compuestos C-34 relacionados.

Los inventores han observado que la reducción de la azida por fosfina es 

bajo rendimiento, baja conversión, y su producto secundario fosfina- 

óxido es muy difícil de eliminar. (Véase el apartado 0043 de nuestra 

especificación).

Por lo tanto, el objeto de la invención revelado en las nuevas 

reivindicaciones de la presente solicitud de patente de invención 

implica NOVEDAD Y NIVEL INVENTIVO y no son evidentes para una 

persona experta en la técnica en comparación con los documentos D1 y 

D2 del estado de la técnica mencionados por el Examinador de Patentes.

En conclusión, de acuerdo a lo expresado anteriormente, el solicitante pone a consideración 

del Despacho UN NUEVO CAPÍTULO REIVINDICATORIO el cual consta de cinco (5) 

Nuevas Reivindicaciones en tres folios, el cual cumple con los requisitos de NOVEDAD, 

NIVEL INVENTIVO Y APLICACIÓN INDUSTRIAL exigidos por la Decisión 486 del Acuerdo de 

la Comisión de la Comunidad Andina y se esta dando respuesta al Concepto Técnico notificado 

mediante Oficio No. 8.103 del 15 de julio de 2014.

Por lo tanto, solicito respetuosamente se proceda a CONCEDER la Patente de Invención 

titulada: “MÉTODOS PARA PREPARAR GLICOESFINGOLÍPIDOS Y USOS DE LOS 

MISMOS” a nombre de la sociedad NATIONAL TAIWAN UNIVERSITY, para las Nuevas 

Reivindicaciones 1 a 5 inclusive.
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43.308 C.S.J

>lDO VILLEGAS

Anexo:
Nuevas Reivindicaciones (5) en tres folios.
Plettenberg O., J. Org. Chem en seis folios.
Trappeniers Chem Med Chem 2008 en el Esquema 3 en diez folios.



NUEVAS REIVINDICACIONES

1. Un proceso para preparar un compuesto quiral que comprende una forma R 

o 8  de un gUcoesfingolípido de la fórmula (1)

O  R a

 ̂ OH R4

° \ ' ' " ' Y " C i 4 H 2 9

OH

HO
OH

(1)
(1)

en donde Ri=OH, R2 = H o un alquilo, alquenilo, o alquilo terminando en 

arilo, arilo sustituido, heteroarilo, o heteroarilo sustituido, X=grupo alquilo, 

Ra= OH o H, R4 = OH o H, Rg= arilo, arilo sustituido, heteroarilo, o heteroarilo 

sustituido, o una sal farmacéuticamente aceptable del mismo, en donde el 

compuesto de la fórmula 1 se prepara mediante

(a) reacción de la alfa-glicosilación en presencia de un ácido de Lewis y, el 

uso de tamices moleculares para deshidratar, un compuesto de fórmula 

(6);

PGOl

LG (6)

en donde PG es un grupo protector de hidroxilo y LG es un grupo 

saliente que contiene tiol,

con un compuesto representado por la estructura de la fórmula (7):

N3 gPG

GPG (7)

para obtener un compuesto de la fórmula (5)



n

Ph
" V

P G O ^ ^  . ^
N3 OPG

C 1 4 H 2 9

ÓPG

(b) reducir el compuesto de fórmula (5) para obtener un compuesto de 

fórmula (3)

P h ^

09

PGO
PGOn NH2 OPG 

O .

' 0 1 4  H 2 9

OPG (3);

(c) acoplamiento por medio de la etapa de formación del enlace amida con 

reactivos de acoplamiento, del compuesto de fórmula (3) con un 

compuesto de fórmula (4):

O  R 3

(4)

donde X=grupo alquilo, alquenilo, R3=H, OH, R4= H, OH, R5= arilo, 

arilo sustituido, heteroarilo, o heteroarilo sustituido, o una sal 

farmacéuticamente aceptable del mismo,

para obtener un compuesto de la fórmula (2 );

PGO
OPG

O R,

H N ' ^ X  
 ̂ OPG R4

R .

C 1 4 H 2 9

OPG (2);



(d) desprotegiendo el compuesto de fórmula (2 ), con hidrógeno bajo 

catálisis de hidrogenación.

2. El método de la Reivindicación 1, en donde el catalizador de hidrogenación 

se selecciona a partir de Pd/C, Pd(0 H2), o Raney-Ni.

3. El método de la Reivindicaciónl, en donde la reducción en la etapa 1 (b) se 

se consigue utilizando hidruro de litio y aluminio, borohidruro de sodio, 

complejo de borano, complejo de fosfina, reducción de enzima, 

hidrogenación, o hidrogenación por transferencia.

4. El método de la Reivindicación 1, en donde el ácido de Lev\/is se selecciona 

de TMSOTf, J W ,  BF3 . OEtj, TfOH, MesSs-TfsO.

5. El método de la Reivindicación 1 en donde el grupo saliente que contiene tiol 

es tiotolueno (STol).
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a-Galactosyl ceramide has been iden tified  to be a potent s tim u la to ry  agent fo r a novel im m unological 
process, m edia ted by G D I molecules. T h is  paper describes a sho rt and e ffic ie n t synthesis of 
a-ga lactosyl ceram ide. S ta rtin g  from  com m ercia lly  ava ilab le  2-deoxy galactose, a su itab le  sph in- 
gosine d e riva tive  was obtained in  n ine  steps and 36% overa ii y ie ld , w h lch  was subsequently 
glycosylated to give the ta rge t molecule. T h is  flexib le  route w i l l  provide various g lycoliplds for fu r th e r 
exp lo ra tion  o f th is  in te re s tin g  h io logical process.

In trod u ction

G D I m olecules represent a new class o f h ig h ly  con­
servad, an tigen-p resen tlng  cell surface prote ins.* They 
recognize and b ind  g lyco lip id  an tigens th rou gh  l ip id -  
p ro te in  in te rac tio ns  and present the  sugar m o ie ty  o f the 
an tigen to a receptor on n a tu ra l k il le r  T-cells (N K T  cells) 
to  actívate the im m une system. In  hum ans, five d iffe re n t 
isoform s o f G D I have been detectad so fa r. Since the 
recogn ition  event is h ig h ly  specific fo r  g lyco iip ids and no 
c a rr ie r p ro te ins  are required, th is  novel defensa mecha- 
n ism  has gained considerable in te re s t in  the  past years, 
w ith  the hope th a t a new type o f vaccine m ay be 
developed in  the  fu tu re . Since the  discovery o f a-galac­
tosyl ceram ide 1 in  1993 from  the m arine  sponge Agelas 
maurítianus,^  i t  has been shown th a t 1  e xh ib its  tu m o r 
g ro w th  in h ib it io n  activ ities.^ F u rth e r exam ination  o f the 
pharm aceutica l po te n tia l o f th is  class o f compounds has 
led to the  discovery th a t 1 is capable o f in it ia t in g  a C D l-  
m ed ia ted ac tiva tio n  o f N K T  cells^ and p reven ting  au- 
to im m une  diseases such as type I  diabetes.^ A no the r 
de riva tive , whose sphingoside cha in is trunca ted , seems 
to p reven t au to im m une encephalomyelitis.® I t  is  w o rth  
n o tin g  th a t, a lthough  / 1-ga lactosyl ceram ides are fre- 
q u e n tly  found in  m am m a lian  tissues and do possess a

* To whom correspondence should be addressed. 
t C iirren t address: Aventis Pharma Deutschland GmbH, D I& A  

Chemistry, D-65926 Frankfu rt, Gerniany.
(1) (a) Burd in , M.; Kronenberg, M. Curr, Opinión Immunol, 1999, 

11. 326-331. (b) Park, S.-H.: Bendelac, A. N ature 2000. 406. 78 8 - 
792.

(2) (a) Natori, T.: M orita, M.; Akimoto. K.; Koezuka, Y. Tetrahedron 
Lett. 1993, 34. 5591-5592. (b) Natori, T.; M orita, M.; Akimoto, K.; 
Koezuka, Y. Tetrahedron 1994, SO. 2771—2784.

(3) Koezuka, Y.; Kazuhiro, M.; Sakai, T.; Takenori. N. Recent Res. 
Dev. Cáncer 1999, /, 341—354.

(4) Kawano, T.; Cui, J.; Koezuka, Y.; Toura. I.; Kaneko, Y.; Motoki, 
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M. Science 1997, 278. 1626-1629.

(5) (a) Sharif. S.; Arreaza, G. A.; Zucker, P.; M i, Q.-S.; Sondhi, J.; 
Naidenko, O. V.; Kronenberg, M.; Koezuka, Y.; Delovitch, T. L. Nature  
Med. 2001, 7, 1057—1062. (b) Hong, S.; Wilson, M. T.; Serizawa, 1.; 
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num ber o f functions,^® a -lin ke d  galactosyl ceram ides 
have no t been detected in  no rm a l m am m a lian  cells so 
fa r. They have been found in  cáncer® or fe ta l’® cell Unes, 
however. In  ad d itio n  to the  unusua l a -linkage  between 
galactose and ceram ide, the ceram ide po rtion  o f 1  also 
d iffe rs  from  the n o rm a lly  found ceram ide in  w h ich  a 
/.rans-olefin instead o f a d ihyd roxy  geom etry is in  place.

A  few  syntheses o f 1 have been pub lished so fa r . "  ’  ̂
As a p a rt o f ou r e ffo rt to  unders tand the  m echanism  of 
C D l-m ed ia te d  T -ce ll ac tiva tion  and to develop novel 
g lyco lip id  vaccines, we are in te rested  in  developing a 
general and effective s tra tegy  fo r the  synthesis o f th is  
compound and re la ted s tructu res.

R esu lts  an d  D iscu ss io n

O ur synthesis s ta rts  from  2-deoxy galactose (Scheme 
1 ), a re la tiv e ly  inexpensive s ta rt in g  m a te ria l, w h ich  
possesses a ll necessary stereochemical In fo rm a tion  found 
in  compound 1 .

B y  W it t ig  reaction o f a su ita b ly  protected 2-deoxy 
galactose de riva tive , i t  should be possible to in troduce 
the  long chain. The absence o f an e lec tron -w ithd raw ing  
hydroxy group a t G2 position should fac ilíta te  the  opening 
o f the pyranose ring . The sing le  free hyd roxy  group 
generated in  the  W it t ig  reaction can be converted to  an 
azide, serv ing  as a protected fo rm  o f the  am ide group.

(7) Harouse, J. M.; Bhat, S.: Spitalnik, S. L.; Laughlin, M.; Stefano, 
K.; Silberberg, D. H.; Gonzales-Scarano F. Science 1991, 253. 3 2 0 - 
323.

(8) (a) Leeden, R ../. Neurosci. Res. 1984, 12, 147—159. (b) Hannun, 
Y. A.; Bell, R. M. Science 1989, 243. 500-507.

(9) Watanabe, K.; Matsubara. T.; Hakomori, S. J. Biol. Chem. 1976, 
251. 2385-2387.

(10) N ishimura. K.; Nakamura, A. J. Biochem. 1985, 98 .1247—1254.
(11) (a) M orita, M.; Motoki, K.; Akimoto, K.; Natori, T.; Sakai, T.; 

Sawa, E.; Yamaji. K.; Koezuka, Y.; Kobayashi, E.; Fukushima, H. J. 
Med. Chem. 1995, 38. 2176-2187. (b) M orita, M.: Natori, T.; Akimoto, 
K.; Osawa, T.; Fukushima, H.; Koezuka, Y. Bioorg. Med. Chem. Lett. 
1995, 5, 699-704. (c) Figueroa-Pérez, S.; Schmidt. R. R. Carbohydr. 
Res. 2000, 328, 95—102. (d) Takikawa, H.; Muto, S—e.; Mori, K. 
Tetrahedron 1998, 54. 3141—3150.

(12) Several derivatives have been reported: (a) NBD-derivative: 
Sakai T.; Ehara, H.; Koezuka, Y. Org. Lett. 1999, 1, 359—361. (b) 
biotinylated derivative: Sakai, T.; Naidenko, O. V.; lijim a , H.; K ro­
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Schem e 1. R etrosynthetic A nalysis o f  a-G alactosyl Ceram ide 1

Ple ttenburg et al.
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S chem e 2 Toward th e  Synthesis o f  th e S ph ingoine D erivative 11^
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(a) AC2O, py, quant; (b) TolSH, BFs-OEtz, 83%; (c) NaOMe in MeOH; 99.5%; (d) TIPSCl, imídazole, THF, 8 6 %; (e) BnBr, NaH, DMF, 
(O NBS, acetone, 77%.

Schem e 3. Preparation  o f  th e S phingosine D erivative 11'*
OH OBn

TIPSO
BnO.

OBnOH

H OTIPSO

OBnOBn

“ (a) n-C i2H 25PPh3Br, BuLi, THF, 92%; (b) H N 3 , PPhj, DEAD, THF, 93%; (c) TBAF, THF,

A n  idea l s tra tegy  is to have an easily  and selective ly 
cleavable p ro tec ting  group a t the  p rim a ry  hydroxy group 
and ano the r type o f m ild ly  cleavable pro tec ting  group on 
the  hyd roxy  groups a t C3 and 04 positions, We decided 
to use benzyl ethers as the  p ro tection  groups since th is  
would a llow  s im ultaneous conversión o f an azide to am ine 
and reduction  o f the  double bond w h ile  lib e ra tin g  the 
molecule in  the f in a l stage o f the synthesis.

The rou te  described in  Scheme 2 involves the  use of 
th io to luene  as a selective p ro tec ting  group fo r the ano- 
m eric  center. F ree 2-deoxy-galactose was peracetylated 
and then  reacted w ith  th iocreso l under B F 3 e thera te  
ca ta lys is  to give th iog lycoside 4.

Subsequent cleavage o f the  acetates by sodium  m eth- 
oxide in  m ethano l, fo llowed by selective s ily la tio n  o f the 
6 -O H  o f 5 and benzy la tion  o f the hyd roxy  groups, gave 
7, The choice o f the  s ily i p ro tection  group tu rne d  ou t to 
be im p o rta n t, since use o f T B D M S  or TBDPS led to 
cleavage o r m ig ra tio n  o f the  s ily l group d u rin g  benzyla­
tion ,

Cieavage o f the  th io to luene  group was perform ed w ith  
NBS. The reaction  is com plete w ith in  m inutes. The 
subsequent W it t ig  reaction was then  carried  ou t us ing 3 
equ iv o f the  W it t ig  reagent and 2.8 equiv o f B u L i. The 
reaction  proceeds ve ry  fast; a fte r 2  h, l i t t le  s ta r t in g  
m a te r ia l can be detected by TLC . The E / Z  ra tio  o f the 
iso lated o le fin ic  product was de term inad to  be 3.7;1. O u r

a tte m p t to in troduce the azide group by m esy la tion  o f 
the  free hyd roxy group in  9 and s u b s titu tio n  by azide 
gave e ith e r no conversión a t low  tem peratura , or decom- 
pos ition  a t h igh  tem peratura , T h is  was s u rp ris in g  to 
soma extent, since a successful conversión was described 
recen tly  fo r a s im ila r  m olecule.'^ C hang ing the  so lvent 
from  D M F  to  DM SO  d id  no t m ake any d iffe rence ,''' Also, 
ch lorom esyla tion d id  not g ive the  desired product.*’

However, reaction w ith  a fresh ly  preparad H N 3 solu- 
tion*® unde r M itsonobu conditions led to the  desired 
compound 10 in  93% y ie ld  in  a ve ry  clean reaction, A fte r  
de s ily la tio n  w ith  T B A F , the  sphingosine de riva tive  11 
was obtained in  91% y ie ld  (Scheme 3).

O vera ll, the  sphingosine b u ild in g  block 11 was p re ­
parad in  n ine  steps s ta rt in g  from  com m ercia lly  ava ilab le 
2-deoxy galactose in  an ove ra ll y ie ld  o f 36%. O u r fu r th e r  
s tra tegy fea tu red s im u ltaneous deprotection a fte r glyco- 
sy la tion  by s im p le  and m ild  hydrogenation , the reby 
cleaving a ll benzyl groups, rem oving the double bond, and 
reducing the  azide to an am ine. A m ide fo rm a tio n  us ing

(13) Ohlsson, J.¡ Magnusson, G. Carbohydr. Res. 2001, 331, 91 —
94.

(14) Alvarez, S. G.; Aivarez, M. T. Synthesis 1997, 413—414.
(15) Saotome, C.; Kanie, Y.: Kanie, O.; Wong, C.-H. Bioorg. Med. 

Chem. 2000, 8, 2249-2261.
(16) The preparation and handling of hydrazoic acid Solutions are 

described: Wolff, H. Org. React. 1946, 3, 307—336.
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S chem e 4. P reparation  o f  a-G alactosyl Ceram ide 13®

p r o d u c t jaddition

BnO. STol
BnO

BnO.
Na OBn

BnO

OBn

' (a) 11, NIS, AgOTf; (b) 11, DMTST, 39%.

S chem e 5. Preparation  o f  a-G alactosyl C eram ides 13 and 17®

BnO.HO. STol BnO. STol BnO,HO
BnO

NH

BnO.BnO.
OBn

BnOBnO,

OBn

' (a) See ref 19; (b) (1) NBS, acetone, 95%; (2) CCÍ3CN, DBU, 93%; (c) 11, BFj-OEtz, 6 8 %; (d) see ref 20; (e) 11, BFa-OEtz, 50%.

Standard techniques should y ie ld  the  desired galactosyl 
lip id . T h is  s im ple reaction sequence should fac ilíta te  the 
synthesis o f g lyco iip ids  and re la ted  s tructures.

To s im p lify  the  depro tection o f f in a l products, a s u it­
able g lycosyla tion donor should be used so th a t the 
protected g lyco lip id  p roduct can be com ple te ly depro- 
tected by hydrogenation . We f ir s t  tu rn e d  our a tten tion  
to thioglycosides. In  a f ir s t  experim ent, N IS  and A gO T f 
were used as a p rom otor system  and perbenzyla ted 
th iogalactose 12 as the  donor, a system  th a t was used 
successfully in  p re iim in a ry  experim ents.'^ U n fo rtu na te ly  
in  th is  case, the reaction led to the  fo rm a tion  o f several 
byproducts resu ltin g  from  add ition  o f e lectrophiles to the 
double bond (Scheme 4). Therefore, DMTST'® was used 
as ano the r prom otor to avoid the  production  o f electro- 
p h ilic  iod ine species. The reaction  led to glycoside 13, 
con ta in ing  the  desired a -linkage  and whose exact mass 
corresponds to M N a  — N 2 . The observed isom eriza tion  
o f the double bond was deemed in s ig n ifica n t, since 
subsequent hydrogenation o f e ithe r isomer wouíd fu rn ish  
the  desired product. No y3-anomer fo rm a tio n  was ob­
served. F u rth e r op tim iza tio n  a llow ed iso la tion  o f the 
ga lactosyl ceram ide 13 in  39% y ie ld .

O n the  o the r hand, S c h m id t" ' had dem onstra ted in  a 
s im ila r  case the  benefits o f us ing the  4,6-benzylidene- 
protected trich lo roa ce tim ida te  16. 16 can be obtained 
easily from  th iogalactose 14'® (Scheme 5). B F 3 e therate 
was chosen as a m ild  prom otor, de live rin g  the  galactosyl 
ceram ide 17 in  a clean reaction in  68% y ie ld . A  s im ila r  
reaction on perbenzylated trichloroacetim idate 18®" yielded

(17) P lettenburg, O.; Wong, C.-H, unpublished results.
(18) Ye, X.-S., Wong, C.-H. J. Org. Chem. 2000, 65, 2410-2431.
(19) Zhang, Z.; O llmann, I. R.; Ye. X.-S.; Wíschnat, R.; Baasov, T.; 

Wong. C.-H. J. Aw. Chem. Soc. 1090, J2J, 734-753.

the  desired a-galactosyl ceram ide 13 in  50% y ie ld  along 
w ith  o the r products, the  a//I ra tio  being 2.9:1. In  bo th 13 
and 17 E /Z  ra tio  was found to be unchanged compared 
to the  s ta rt in g  ceram ide (3.7:1).

O u r fu r th e r  investigations emphasized the hydrogena­
t ion  o f bo th 13 and 17 us ing  P ea rlm ann ’s cata lyst. The 
y ie lds  thu s  obtained were, however,. re la tiv e ly  low, and 
we noticed th a t the  reactions were accompanied by 
decomposition upon longer reaction tim es. A n  a lte rna tivo  
syn th e tic  s tra tegy  (Scheme 6) was there fore  tr ie d  on 
galactosyl ceram ide 17. S taud inge r reduction, fo llowed 
by coup ling  o f the  free am ine 19 w ith  hexacosanoic acid 
gave the  expected galactosyl ceram ide 20 in  69% y ie ld , 
w h ich  gave 1 upon hydrogenation  w ith  p a lla d iu m  black.

In  sum m ary, the  new s tra tegy described here fo r the  
synthesis o f 1 and re la ted  g lyco iip ids  should provide 
access to g lyco lip id  lib ra r ie s  fo r exp lo ita tio n  o f th e ir  
im m u n o s tim u la tin g  ac tiv ities . The am ide as w e ll as the 
ceram ide cha in can be easily m od ified. In  add ition , the  
stereochem istry  o f the ceram ide p a r t can be a lte red  by 
use o f d iffe re n t s ta rt in g  sugars.

E x p er im en ta l S ec tio n

General Methods. Tetrahydrofuran (THF) and diethyl 
ether (Et2 0 ) were d istilled over sodium/benzophenone, and 
methyiene chloride (CH2CI2) ovar calcium chioride. Reagents 
of conimercial quality were purchased and used w ithou t 
fu rther purification. A ll reactions were carried out under an 
argón atmosphere w ith  dry, freshly d istilled solvents under 
anhydrous conditions, unless otherwise noted. Glycosylation 
experiments were performed by using molecular sieves, which 
were flame-dried righ t before the reaction under high vacuum. 
Analytical thin-layer chromatography was performed using 
silica gel 60 F254 glass platas, compound spots were visualized
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S chem e G. Preparation  o f a-G alactosyl Ceram ide

P le ttenburg et al.

BnOBnO.
NH2 OBn

BnOBnO

OBnOBn

BnO.HO.

BnO,HO,

OH OBn

" (a) PMea, THF; then aq 1 M NaOH; (b) C25H 51COOH, l-[3-(dimethylamino)propyl)-3-ethylcarbodiimide hydrochloride (EDC), 69%; (c) 
H 2, Pd/EtOAc, quant.

by UV ligh t (254 nm) and by stain ing w ith  a yeliow solution 
containing Ce(NH4)2 (N0 3 ) 6  (0.5 g) and (NH 4)6K4 o7 0 2 4 ‘4 H 2 0  

(24.0 g) in  6 % H2SO4 (500 niL). Flash chromatography was 
performed on silica gel 60 Geduran (3 5 -7 5 /¿m, EM Science).

1,3,4,6-Tetra-O-acetyl 2-Deoxy-D-galactopyranoside (3). 
2-Deoxygalactose (10 g, 60.9 mmol) was dissol ved in a m ixture 
of 50 m L of pyridine and 50 mL of acetic anhydride. The 
m ixture was stirred overnight. The solvent W'as removed in 
vacuo, and the resulting syrup was taken up in  200 m L of 
chloroform and extracted w ith  sat. sodium bicarbonate solution 
(three to four times) and w ith  brine ( Ix ) . The organic layer 
was dried over sodium sulfate, and the solvent was evaporated 
to give 3 (20.0 g, quant.) as a yellow oil. I t  was used for the 
next step w ithou t fu rther purification. 'H  NMR (CDCI3 , 500 
MHz): <5 =  5.75 (dd, IH , J =  2.6, 10.1 Hz); 5.25 (d, IH , J  =
2.9 Hz); 5.07 (ddd, IH , J =  12.5, 5.0, 3.1 Hz): 4.13 (dd, IH , J  
=  11.0, 6 . 6  Hz); 4.07 (dd, IH , J =  11.4, 6 . 6  Hz); 3.90 (dt, J  =
6.6,.1.3 Hz); 2.11 (s, 3H); 2.09 (s, 3H); 2.00-2.07 (m, 2H); 2.00 
(s, 3H); 1.96 (s, 3H). ‘^C NMR (CDCI3, 101 MHz); á =  170.37; 
170.13; 169.80; 168.71; 91.59; 71.88; 67.93; 65.03; 61.51; 30.00; 
20.91;20.68;20.62(2C).HRMS: Caled.(Ci4H 2o0 9 Na+): 355.0999, 
found 355.0996.

/^M e th y lp h e n y l 3,4,6-Tri-O -acetyl 2-deoxy-l-tliio-D-ga- 
la c to p y ra n o s id e  (4). 3 (21.0 g, 53 mmol) was dissolved in 
350 mL of dry dichloromethane. Thiocresol (13.22 g, 106 mmol, 
2 equiv) was added. The reaction m ixture was cooled to —40° 
C. Bp 3*OEt2 (11.9 mL) was added slowly. The reaction m ixture 
was allowed to warm to O °C and stirred for 1 h at this 
temperatura. The reaction was monitored closely by TLC 
(bexanes:ethyl acétate 1;1). A fter almost a ll starting m aterial 
was consumed, the reaction was quenched by addition of 
saturated sodium bicarbonate solution. The organic layer was 
extracted w ith  sat. NaHCOs (3x) and brine ( Ix ) , dried over 
sodium sulfate, and evaporated. The resulting oil was chro- 
matographed on silica gel (hexane.ethyl acétate 4:1) to give 4 
as an oil (20.8 g, 83%). The o//? ratio was estimated from the 
'H  NMR to be 2.5:1. ‘H  NMR (CDCI3 , 600 MHz): ó =  7.41 (d, 
2H-J5, J =  7.9 Hz); 7.35 (d, 2H-a, J =  7.9 Hz); 7.10 (d, 2H-/3, J  
=  7.9 Hz); 7.09 (d, 2H-a, J =  7.9 Hz); 5.66 (d, IH -a, J =  5.7 
Hz); 5.36 (d, IH -a, J =  2.6 Hz); 5.28-5.23 (m, IH -a  +  1H-/S);
4.98 (ddd, 1H-/3, J =  9.9, 7.2, 2.9 Hz); 4.75 (dd, 1H-/3, J =  8.3, 
5.7 Hz); 4.69 (t, IH-y?, J =  6.6 Hz); 4.16 (dd, lH-,8, J =  11.2,
7.2 Hz); 4.11-4.06 (m, 2H-a+2H-/3); 3.80 (dt, 1H-/3, J =  0.9,
7.0 Hz); 2.44 (dt, IH -a, J =  5.6, 12.8 Hz); 2.32 (s, 3H-/3); 2.30 
(s, 3H-a); 2.11 (s, 3H-a); 2.10 (s, 3H-/S); 2.09-2.02 (m, IH - 
a+ lH -^ ); 2.02 (s, 3H-/I); 1.982 (s, 3H-a); 1.978 (s, 3H-a); 1.97 
(s, 3H-/?). ‘^c NMR (CDCI3 , 110 MHz): a-isomer; ó =  170.43 
170.20; 169.88; 137.75; 132.26; 130.04; 129.72; 84.01; 67.44 
66.68; 66.66; 62.42; 30.57; 21. 09; 20.81; 20.64 (2C); ,8-isomer 
<5 =  170.27; 170.25; 169.96; 138.07; 132.55; 129.59; 129.48

83.04; 74.61; 69.37; 65.35; 62.12; 31.46; 21.11; 20.77; 20.68. 
HRMS caled (C,9H2407SNa+) 419.1135, found 419.1141.

/^M e th y lp h e n y I 2 -D eoxy-l-th io -D -ga lac topyranos ide  
(5). 4 (1.4 g, 3.53 mmol) was dissolved in  75 m L of dry 
methanol. The suspensión was cooled in  an ice bath, and 3 
m L of a solution of sodium methoxide in methanol was added. 
The reaction was allowed to warm to room temperatura and 
stirred for 3 h. Amberlyst 15 (H'''-form) was added to neutralizo 
the sodium methoxide, the m ixture was then diluted w ith  
methanol, and the exchange resin was filtered off. The resin 
was washed thorougbly and the fíltra te  was concentrated to 
give 950 mg (99.5%) of a white solid. ‘H NMR (MeOD, 600 
MHz): ó =  7.29 (d, 2H-a+ 2H-/3, J =  8.3 Hz); 7.00 (d, 2H- 
a + 2 H -^ , J =  7.9 Hz); 5.46 (d, IH -a, J =  5.5 Hz); 4.68 (dd, 
lH-;9, J =  11.0, 3.1 Hz); 4.18 (1, IH -a, J =  6.1 Hz); 3.82 (ddd, 
IH -a, J =  12.3, 4.8, 3.1 Hz); 3.74 (d, IH -a, J =  2.6 Hz); 3 .67-
3.55 (m, IH -a  +3H-/1); 3.35 (dd, 1H-/3, J =  11.2, 7.2 Hz); 3.21 
(m, IH , OH); 2.27 (dt, IH -^  +  IH -a, J =  2.0, 12.7 Hz); 2.20 (s, 
3H-a, 3H-^); 1.86-1.81 (m, IH -a+ lH -^). «C NMR (MeOD, 110 
MHz): a-isomer ó =  138.55; 133.54; 132.66; 130.55; 86.22 
73.09; 69.54; 67.44; 62.74; 34.37; 21.10. /3-isomer (5 =  138.26 
132.47; 132.28; 130.52; 84.31; 80.69; 70.73; 68.44; 62.92; 35.52 
21.06. HRMS caled (Ci3His0 4 SNa+) 293.0818, found 293.0820.

p -M e th y lp h e n y l 2-Deoxy-1 -th io -6- O -tr iis o p ro p y ls ily l-  
D -ga lactopyranoside (6). 5 (553 mg, 2.05 mmol) was dis­
solved in  5 mL of dry THF. Tmidazole (181 mg, 2.7 mmol) was 
added, and the reaction m ixture was cooled to O °C. TIPSCl 
(0.49 mL, 2.25 mmol, 1.1 equiv) was added dropwise. The 
reaction m ixture was aliowed to warm to room temperature 
and stirred for 2.5 h. The reaction was monitored by TLC and 
after completion quenched by addition of saturated NH,|C1. The 
reaction m ixture was diluted w ith  ethyl acétate. The aqueous 
layer was separated and extracted w ith  ethyl acétate. The 
combined organic layer was extracted w ith  brine, dried over 
sodium sulfate, and evaporated. The residue was chrornato- 
graphed on silica gel (hexanes:ethyl acétate 2:1) to give 750 
mg (86%) of 6. Since alfi assignment of the protons is d ifficu lt, 
integráis are given as absoluto valúes, referring to the signal 
at 7.31 ppm as 2. Due to chromatography, a//? valúes changed- 
to-a ratio of about 1:1.4. ’H  NMR (CDCI3 , 600 MHz): ó =  7.39 
(d, 1.4H, J =  7.5 Hz); 7.32 (d, 2H; J =  7.9 Hz); 7.06 (2d, 3.4H); 
5.61 (d, IH , J =  5.3 Hz); 4.64 (dd, 0.7H, J =  11.8, 2.2 Hz);
4.22 (t, IH , J =  4.8 Hz); 4.04 (s, IH); 4.00-3.87 (m, 5.3H); 
3.68 (b-s, 0.7H, OH); 3.62 (d, IH , J =  3.1 Hz); 3.38 (t, 0.7H, 
J =  4.8 Hz); 3.24 (d, 0.7H, J =  5.3 Hz); 2.95 (bt, 3.0H, J  =
iO .l Hz); 2.35-2.27 (m, 1.5H); 2.30 (s, 2.1H); 2.29 (s, 3H); 
2.09-2.02 (m, 1.3H); 1.89-1.81 (m, 0.7 H); 1.13-0.98 (m, 37.9 
H). NMR (CDCI3, 110 MHz): ó =  137.43; 136.91; 132.10; 
131.40; 131.27; 130.05; 129.49; 129.45; 84.38; 82.96; 78.26; 
70.18; 69.69; 69.33; 67.93; 66.46; 66.36; 63.76; 34.75; 33.59;
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21.02; 20.97; 17.85; 17.83; 17.80; 17.77; 11.72; 11.69. caled 
(C22H 3 8 0 4 SSiNa+) 449.2152, found 449.2158.

/>-MethyIphenyI 3,4-Di-0-benzyl-2-deoxy-l-thlo-6-0- 
trlisopropylsilyl-D-galactopyranoside (7). 6 (700 mg, 1.58 
mmol) was dissolved in 10 m L of DMF. The reaction m ixture 
was cooled to -1 0  °C (ice batli/NaCl). Benzyl bromide (0.48 
mL, 3.95 mmol, 2.5 equiv) was added, followed by 84 mg (3.32 
mmol, 2.1 equiv) of sodium hydride (95%). Tbe reaction was 
monitored by TLC (bexanes:ethyl acétate 2:1) and completed 
after 40 m in at -1 0  °C. The reaction was quenched by addition 
of solid N H 4CI, diluted w ith  water, and tbe reaction m ixture 
was extracted w ith  ethyl acétate (3x). The combined organic 
layer was extracted w ith  water (3x) and brine, dried over 
sodium sulfate, and evaporated. The residue was subjected to 
column cbromatography (hexanes:ethyl acétate 15:l) to give 
880 mg (89%) of 7. Ratio of the isomers after chromatogra­
phy: approx. 1:0.6. >H NMR (CDCI3, 600 MHz): ó =  7 .45-
7.25 (m, 24.6H); 7.09 (d, 2H, J =  8.3 Hz); 7.06 (d, 1.2H, J  =
7.9 Hz); 5.68 (d, IH , 5.7 Hz); 4.99 (d, 1.6H, J =  11.4 Hz);
4.72 (dd, 2.3H, J =  11.8, 3.1 Hz); 4.69-4.58 (m, 4.2H); 4.29 (t, 
IH , J =  6.6 Hz); 4.05 (s, IH ); 3.97 (ddd. IH , J =  12.2,4.1,2.5 
Hz); 3.93 (s, 0.6 H); 3.89-3.84 (m, 2.1H); 3.74 (dd, IH , J  =
9.7, 5.7 Hz); 3.62 (ddd, 0.6H, J =  11.7, 4.3, 2.3 Hz); 3.44 (t, 
0.6H, J =  6.6 Hz); 2.63 (dt, IH , J =  12.7 Hz, 5.7 Hz); 2.33 (s, 
3H); 2.325 (s, 2.1H); 2.20 (dd, IH , J =  12.9, 4.6 Hz); 1.16-
1.01 (m, 37H). '^C NMR (CDCI3, 125 MHz): <5 =  139.12; 138.94 
138.31; 138.20; 137.08; 136.94; 132.03; 131.57; 131.11; 130.55 
129.50; 129.39; 128.37; 128.32; 128.10; 127.98; 127.73; 127.69 
127.54; 127.33; 127.30; 127.24; 127.13; 84.88; 82.96; 79.71 
78.51; 75.43; 74.46; 74.03; 73.08; 72.35; 71.48; 70.40; 70.10; 
62.36; 32.52; 31.86; 21.02; 17.96; 11.81. HRMS: caled (CseHsoOr 
SSiNa+) 629.3091, found 629.3075.

3.4-Di-0-benzyl-2-deoxy-6-0-trüsopropylsilyl-D-galac- 
topyranoside (8). 7 (820 mg, 1.35 mmol) was dissolved in 50 
mL of acetone. The reaction m ixture was cooled to O °C, and 
NBS (281 mg, 1.59 mmol, 1.18 equiv) was added. The reaction 
m ixture turned orange immediately. After 10 min. the reaction 
was quenched by addition of solid N H 4CI. The m ixture was 
diluted w ith  water and ethyl acétate, and the aqueous layer 
W'as extracted w ith  ethyl acétate (3x). The combined organic 
layer was extracted w ith  brine, dried over sodium sulfate, and 
evaporated. The residue was subjected to column cbromatog­
raphy (hexanes.ethyl acétate 4:1) to give 520 mg (77%) of 8. 
Ratio of aJ[i isomers: 1:0.4. ‘H NMR (CDCI3, 600 MHz): d =  
7.40-7.22 (m, 14H); 5.42 (d, IH , J =  2.2 Hz); 4.96 (d, 1.4H, J  
=  11.4 Hz); 4.70 (dd, 1.8H, J =  11.6, 5.5 Hz); 4.67-4.57 (m, 
2.8H); 4.02-3.97 (m, 3H); 3.94 (s-b, 0.4 H); 3.90 (t, 0.4H, J  =
9.2 Hz); 3.81 (dd, IH , .7 =  9.7, 7.5 Hz); 3.80 (m, 0.4H); 3.73 
(dd, IH , 9.7, 5.7 Hz); 3.57 (ddd, 0.4H, J =  12.1, 4.2, 2.6 
Hz); 3.52 (s-b , 0.4H); 3.40 (dd, 0.4H, J =  7.9, 5.7 Hz); 3.39 
(s-b , IH ); 2.20 (dt, J =  12.5, 3.5 Hz); 2.15 (dt, 0.4 Hz, J  =
12.3, 2.1 Hz); 2.00 (m, 0.4H); 1.98 (dd, IH , J =  12.7, 4.0 Hz)
1.15-1.03 (m, 31H). "30 NMR (CDCI3, 125 MHz); á =  139.00 
138.89; 138.55; 138.21; 128.40; 128.34; 128.11; 128.04; 127.60 
127.36; 127.28; 94.82; 92.62; 77.14; 75.86; 74.53; 74.40; 74.26 
72.91; 71.76; 71.43; 70.36; 70.20; 62.38; 61.63; 34.90; 31.12 
17.98; 17.96; 14.14; 11.86; 11.84. HRMS caled (C29H«05SiNa+) 
523.285, found 523.284.

3.4-Di-£?-benzyl-l-0-triisopropylsilyl-octadec-6-ene-2- 
ol (9). Dodecyl triphenylphosphonium bromide (1.53 g, 3 mmol, 
3 equiv) was stispendetl in  20 mL of dry THF. The m ixture 
was cooled to -10°. BuLi (1.75 mL, 2.8 mmol, 2.8 equiv) (1.6 
M  solution in  hexanes) was added dropwise. The orange 
solution was stirred for 30 min, and then the starting material 
8 (510 mg, 0.99 mmol in  15 m L of dry THF) was added slowly. 
The reaction was allowed to warm to room temperature and 
stirred overnight. The reaction was monitored by TLC using 
hexanes:etbyl acétate as a solvent system. For workup, the 
reaction m ixture was quenched w ith  methanol. Afterward 80% 
methanol in  water was added and the reaction m ixture was 
extracted w ith  hexanes (4x). The combined hexanes layer was 
dried over sodium sulfate and evaporated, and the residue was 
subjected to column chromatography (hexanes:ethyl acétate 
10:1) to yield 610 mg (92%) of 9. 'H  NMR (CDCI3, 600 MHz):
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ó =  7.33-7.25 (m, lOH); 5.57-5.33 (rn, 2H); 4.69 (d, IH , J  =
11.4 Hz); 4.60 (m, 3H); 3.94 (m, IH ); 3.72 (m, 4H); 3.07 (d, 
IH , J =  4.8 Hz); 2.45 (dt, IH , J =  15.4, 7.0 Hz); 2.39 (dt, IH , 
J =  15.2, 5.6 Hz); 1.99 (q, 2 H ,J =  7.0 Hz); 1.33-1.20 (m, 19H); 
1.12-0.99 (m, 2 1 H); 0.86 (t, 3H, J =  7.0 Hz). '^C NMR (CDCI3 , 
125 MHz): ó =  138.29; 133.64; 132.33; 128.34; 128.30; 128.00; 
127.77; 127.70; 127.57; 124.99; 80.06; 78.14; 73.69; 72.71; 
71.30; 63.86; 31.91; 29.67; 29.64; 29.57; 29.38; 29.35; 29.01; 
27.54:22.68; 17.99; 14.10; 14.10; 11.87. HRMS caled (C42H 70O4- 
SiNa+) 675.4779, found 675.4780.

2-Azido-3,4-di-Obenzyl-l-Otriisopropylsilyl-octadec- 
6-ene (10). Sodium azide (6.5 g) was dispersad in 6.5 m L of 
water and 40 m L of toluene. The suspensión was cooled to 
about O °C. Concentrated sulfuric acid (1.35 mL) was added 
dropwise. Wbile the in terna l temperature was kept below 10 
°C, the reaction m ixture was stirred slowly for another 30 min. 
The toluene layer was decanted into a cooled conical ílask (O 
°C), dried over sodium sulfate, and stored in  a freezer. To 
determine the concentration, 0.3 mL of the solution and 0.3 
mL of water were stirred in  a v ia l and one drop of a 
phenolphthalein-solution (1 % in MeOH) was added, and the 
solution was titra ted  w ith  0.25 N NaOH. Triphenylphosphine 
(482 mg, 1.84 mmol, 4 equiv) was dissolved in 15 mL of dry 
THF under argón. The solution was cooled to -7 8  °C. DEAD 
(0.29 mL, 320 mg, 1.84 mmol, 4 equiv) and 1.3 m L (c=  1.4 M) 
of the previotisly preparad H N 3 solution were added. A fter 
s tirring  for 1 min, a solution of 300 mg (0.46 mmol) of 9 in  7 
m L of THF was added rapidly. The reaction was stirred 
overnight. The reaction progress was checked by TLC (hex- 
anes.ethy] acetato 9.T). The reaction was quenched by the 
addition of methanol (color changes from orange to ligh t 
yellow), concentrated in vacuo, and chromatographed on silica 
gel (hexanes;ethyl acétate 20:1) to yield 263 mg (84%) of 10. 
'H  NMR (CDCI3, 600 MHz): ó =  7.37-7.26 (m, lOH); 5 .55-
5.44 (m, 2H); 4.74-4.53 (m, 4H); 4.06 (dd, IH , J =  10.5, 3.1 
Hz); 3.84 (dd, IH , J =  10.5, 7.9 Hz); 3.74-3.70 (m, 2H); 3.63 
(dd, IH , 6.1, 4.2 Hz); 2.48 (t, IH , J =  5.5 Hz); 2.06 (m, 
IH); 1.38-1.23 (m, 19H); 1.11-1.02 (m, 21H); 0.90 (t, 3H, J =
7.0 Hz). >3C NMR (CDCI3, 125 MHz): ó =  138.32; 138.11; 
132.34:128.30; 128.27; 127.90; 127.67; 127.51; 125.14; 79.48; 
78.89; 73.59; 72.05; 64.65; 64.62; 31.92; 29.68; 29.65; 29.60; 
29.57:29.40; 29.35; 27.90; 27.56; 22.68; 17.91; 14.11; 11.85. 
HRMS caled (C42H 70N 3O3SÍ+) 678.5024, found 678.5054.

2-Azido-3,4-di-0-benzyl-octadec-6-en-l-ol (11). 10 (250 
mg, 0.37 mmol) was dissolved in 5 mL of d iy  THF. The reaction 
m ixtirre was cooled to O °C, 1 mL of a 1 M  TBAF solution was 
added, and the reaction m ixture was allowed to warm to room 
temperature. After 10 min, the reaction was controlled by TLC 
and found to be almost complete. A fter 20 min, the reaction 
was stopped by addition of 5 mL saturated NaHCOa. The 
aqueous layer was extracted w ith  ethyl acétate (4x), and the 
combined organic layer extracted w ith  brine, dried, and 
evaporated. The residue was chromatographed on silica gel 
(hexanes:ethyl acétate 9:1) to yield 175 mg (91%) of l l . ‘H NMR 
(CDCI3, 600 MHz): ó =  7.39-7.26 (m, lOH); 5.51-5.48 (m, 
IH ); 5.48-5.38 (m, IH ); 4.70-4.61 (m, 3H), 4.56 (d, IH , J  =
11.4 Hz); 3.85 (dd, IH , J =  11.4, 4.8 Hz); 3.80-3.68 (m, 4H);
2.46 (m, 2H); 2.03 (m, 2H); 1.37-1.22 (m, 18H); 0.88 (t, 3H, J  
=  7.0 Hz). ’^C NMR (CDCI3, 150 MHz): ó =  137.81; 137.58; 
132.81; 128.44; 128.39; 127.97; 127.92; 127.88; 127.79; 124.40; 
80.38; 78.57; 73.59; 72.26; 63.16; 62.24; 31.89; 29.65; 29.61; 
29.54; 29.52; 29.36; 29.32; 28.11; 27.57; 22.66; 17.66; 14.09. 
HRMS caled (C33H 50N 3O3+ -  N 2): 494.3629, found 494.3643

2-Azido-3,4-di-0'benzyl-l-0-(2,3,4,5-tetra-0-benzyl-a-D- 
galactopyranosyl)-D-ribo-octadeca-6-en-l-ol (13). A solu­
tion of thioglycoside 12 (73 mg, 0.11 mmol) and sphingosine 
11 (50 mg, 0.096 mmol) in  1.5 m L of anhyd CH 2CI2 was added 
over freshly dried powdered 4 A molecular sieves and cooled 
to O °C. Meanwhile, methyl disulfide (34.5 pL, 4 equiv) and 
methyl trifluoromethanesulfonate (43.9 f iL ,  4 equiv) were 
mixed in  a sepárate v ia l to form solids. The solids in  dry CH 2- 
CI2 (0.5 mL) were added to the above solution, and the m ixture 
was stirred at O °C for 2.5 h. The reaction was quenched by 
the addition of 3 drops of saturated aqueous Na2S2 0 3 , diluted
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w ith  CHzCla, and filtered through Celite, The organic layer 
was washed w ith  saturated aqueous NaHCOs and brine, dried 
(MgS0 4 ), and concentrated. The residue was purified by 
column chromatography on silica gel (hexanes:EtOAc 7:1) to 
furnish 13 (39 mg, 39%) as an oil. 'H  NMR (CDCI3 , 600 
MHz): (5 =  7.44-7.19 (m, 30H); 5.48-5.37 (m, 2H); 4.94 (d, 
IH , J =  11.4 Hz): 4.89 (d, IH , J =  3.2 Hz); 4.86-4.32 (m, 1IH);
4.05 (dd, IH , J =  10.0, 3.5 Hz); 3.96 (dd, IH , J =  10.0, 2.0 
Hz); 3.96-3.92 (m, 3H), 3.86-3.81 (m, IH); 3.71-3.64 (m, 3H);
3.47 (m, 2H); 2.42 (m, 2H); 2.00 (m, 2H); 1.25 (m, 18H); 0.87 
(t, 3H, J =  6 . 8  Hz). ‘^C NMR (CDCI3, 150 MHz): <5 =  138.82; 
138.76; 138.65; 138.30; 138.09; 137.98; 132.42; 128.35; 128.34; 
128.33; 128.31; 128.28; 128.22; 128.19; 127.79; 127.76; 127.75; 
127.73; 127.72; 127.70; 127.64; 127.53; 127.51, 127.49; 127.43, 
125.50; 98.60; 79.33; 78.89; 78.81; 76.41; 75.08; 73.68; 73.45; 
73.14; 73.12; 73.08; 71.92; 69.02; 68.37; 62.24; 62.15; 31.92; 
29.70; 29.68; 29.65; 29.60; 29.55, 29.48; 29.35; 27.95; 27.58; 
22.68; 14.11. HRMS caled (C66H 81N 3O8H+ -  N 2): 1016.6040, 
found 1016.6043.

0-(2,3-Di-0-benzyT4,6-0-benzylidene-D-galactopyra- 
nosyl) Trichloroacetimidate (16). 15 (600 mg, 1.35 mmol) 
was dissolved in 45 m L of acetone. The reaction m ixture was 
cooled to -2 0  °C, and NBS (231 mg, 1.29 mmol, 1.2 equiv) 
was added. A fte r 45 min, the reaction was quenched by 
addition of solid NH 4CI. The m ixture was diluted w ith  water 
and ethyl acétate, and the aqueous layer was extracted w ith  
ethyl acétate (4x). The combined organic layer was extracted 
w ith  brine (2 x), dried over sodium sulfate, and evaporated. 
The residue was subjected to column chromatography (hex- 
anes:ethyl acetato 1:1) to furnish 461 mg (95%) of intermediate 
deprotected product, which was subsequently solubilized in  1 0  

mL of d ry CHzCL. CCI3CN (1.028 mL, 10.28 mmol 10 equiv) 
and DBU (77 pL, 0.51 mmol) were added to the solution, and 
the m ixture was stirred at room temperature for 2 h. The dark 
solution was then concentrated and purified by column chro­
matography on silica gel (hexanes:EtOAc 2:1 containing 1% 
NEts) to furnish 16 (567 mg, 93%) as a white foam. NMR and 
mass spectroscopic data correspond to the data given in the 
literature.^'

2-Azido-3,4-di-0-benzyl-l-0-(2,3-di-0-benzyl-4,6-0-ben- 
zylidene-a-D-galactopyranosyl) -D-ribo-octadeca-6-ene-1 - 
ol (17). A solution of trichloroacetim idate 16 (50 mg, 0.084 
mmol, 1.1 equiv)) and sphingosine derivative 11 (40 mg, 0.077 
mmol) in 1.3 m L of anhyd EtzO and 0.2 m L of anhyd THF 
was added over freshly dried powdered 4 A molecular sieves 
and cooled to -2 0  °C. BF3-OEt2 (19.5 pL, 2 equiv) was added 
to the solution, and the m ixture was stirred at -2 0  °C for 1.5 
h. Trichloroacetimidate 16 (22 mg, 0.036 mmol) was then 
added. S tirring  was continuad for 30 m in followed by addition 
of another 12 mg (0.02 mmol) of donor. A fte r 30 min, the 
m ixture was diluted w ith  EtOAc and filtered through Celite. 
The organic layer was washed w ith  saturated aqueous NaH- 
CO3 and brine, dried (MgSO^), and concentrated. The residue 
was purified by column chromatography on silica gel (hexanes: 
EtOAc 7:1) to furnish 17 (50 mg, 6 8 %) as an oil. 'H  NMR 
(CDCI3 , 500 MHz): d =  7.52-7.25 (m, 25H); 5.45-5.41 (m, 
3H); 4.92 (d, IH , J =  3.5 Hz); 4.82 (d, IH , J =  11.7 Hz); 4 .79-
4.49 (m, 7H); 4.11 (dm, IH , J =  3.3 Hz); 4.05 (dd, IH , J =  9.9,
3.3 Hz); 4.01-3.92 (m, 3H), 3.83-3.77 (m, 2H); 3.68-3.64 (m, 
3H); 3.50 (m, IH ); 2.41 (m, 2H); 2.00 (m, 2H); 1.22 (m, 18H); 
0.85 (t, 3H, J =  7.0 Hz). NMR (CDCI3 , 125 MHz): ó =  
138.72; 138.21; 137.95; 137.78; 137.77; 132.51; 128.35; 128.31; 
128.24; 128.23; 128.21; 128.08; 127.80; 127.73; 127.68; 127.65; 
127.64; 127.58; 127.50; 127.49; 127.44; 126.32; 101.02; 99.05; 
79.20; 79.09; 75.71; 75.44; 74.65; 73.72; 73.44; 72.01; 71.96; 
69.25; 68.29; 62.91; 61.91; 31.90; 29.67; 29.64; 29.58; 29.57; 
29.39; 29.38; 29.33; 27.98; 27.57; 22.66; 14.11. HRMS caled 
(C59H 873N 3 0 8 Na+): 974.5295, found 974.5306.

P le ttenburg et al.

2-Amino-3,4-di-0-benzyl-l-0-(2,3-di-0-benzyl-4,6-0-ben- 
zylidene-a-D-galactopyranosyI)-D-ribo-octadeca-6-en-l- 
ol (19). The azide 17 (20 mg, 0.021 mmol) was dissolved in 
0.5 m L of anhyd THF and cooled to O °C. PMe.i (0.11 m L of 
LO M in  THF, 0.11 mmol) was added to the solution, and the 
reaction was stirred for 45 m in at O °C and 2 h at room 
temperature. A fte r complete disappearance of the starting 
material, 0.2 m L of aq 1 M NaOH was added to the m ixture 
and stirred for 2 h. EtOAc was then added to the solution, 
and the m ixture was washed w ith  water (3x) and brine (1 x), 
dried (MgS0 4 ), and concentrated. The residue was used for 
the next step w ithout prior purification. 'H  NMR (CDCI3 , 500 
MHz): <3 =  7.53-7.26 (m, 25H); 5.50 (m, 2H); 5.47 (s, IH );
4.97 (d, 1 H ,J =  3.3 Hz); 4.85 (d, IH , J =  11.7 Hz); 4.82-4.56 
(m, 7H); 4.18 (dm, IH , J =  2.3 Hz); 4.10-4.07 (m, 2H); 4 .01-
3.98 (m, 2H), 3.89 (m, 2H); 3.76 (m, IH ); 3.57 (rn, IH ); 3.38 
(m, IH ); 3.26 (m, IH ); 2.47 (m, 2H); 2.04 (m, 2H); 1.26 (m, 
18H); 0.89 (t, 3H, J =  7.0 Hz). ‘^C NMR (CDCI3 , 125 MHz): ó 
=  138.73; 138.59; 138.48; 138.05; 137.81; 132.29; 128.84; 
128.36; 128.37; 128.32; 128.28; 128.27; 128.09; 127.79; 127.67; 
127.66; 127.62; 127.60; 127.54; 126.32; 101.04; 99.23; 79.61; 
76.11; 75.72; 74.48; 74.47; 73.66; 73.61; 71.94; 71.79; 69.36; 
69.37; 62.65:52.77: 31.91; 29.69; 29.65; 29.64; 29.60; 29.43; 
29.42; 29.35; 28.36; 27.61; 22.7; 14.12. HRMS caled (CsgHrs- 
N08Na+): 948.5385, found 948.5379.

3,4-Di-0-benzyl-l-0-(2,3-di-0-benzyl-4,6-í>-benzylidene- 
a-D-galactopyranosyl)-2-hexacosylamino-D-ribo-octadeca- 
6-en-l-oI (20). The crude amine 19 was dissolved in  0.5 mL 
of anhyd CH 2CI2 and hexacosanoic acid (26 mg, 0.06 mmol, 3 
equiv) and l-[3-(dimethy]amino)-propy]]-3-ethylcarbodiimide 
hydrochloride (EDC) (11 mg, 0.063 mmol, 3 equiv) were added 
to the solution. The m ixture was stirred at room temperature 
for 24 h and then diluted w ith  CH2CI2 and washed w ith  water 
(3x) and brine ( Ix ) . The solution was dried (MgSOJ and 
concentrated, and the residue was purified by column chro­
matography on silica gel (hexanes:EtOAc 4:1) to furn ish 20 
(11 mg, 69%) as an amorphous solid. 'H  NMR (CDCI3 , 400 
MHz): (5 =  7.52-7.25 (m, 25H); 5.70 (d, IH , J =  8.2 Hz); 5.47-
5.45 (m, 3H); 4.93 (d, IH , J =  3.5 Hz); 4.83 (d, IH , J =  11.7 
Hz); 4.78-4.48 (m, 7H); 4.38 (m, IH ); 4.16-4.04 (m, 3H), 4.07-
4.04 (m, 3H); 3.94-3.87 (m, 2H); 3.77-3.73 (m, IH ); 3.59 (m, . 
IH ); 2.45 (m, IH ); 2.09 (m, IH ); 1.87 (m, 2H); 1.73 (m, 2H);
1.50 (m, 2H); 1.35-1.20 (m, 62H); 0.90 (t, 6 H, J =  7.0 Hz). '^C 
NMR (CDCI3 , 150 MHz): ó =  172.87; 138.67; 138.56; 138.37; 
138.32; 137.81; 132.29; 128.84; 128.44; 128.37; 128.32; 128.31; 
128.08; 127.87; 127.84; 127.76; 127.73; 127.66; 127.61; 127.57; 
127.54; 126.31; 125.09; 101.00; 99.63; 79.93; 78.99; 76.13; 
75.65; 74.40; 73.73; 73.34; 71.76; 71.59; 69.40; 68.24; 62.90; 
50.20; 31.90; 29.72-29.61, 29.45; 29.42; 29.36; 27.99; 27.57; 
25.71, 22.69; 14.13. HRMS caled (CssHiz.sNOgNaU: 1326.9246, 
found 1326.9248.

l-0-(a-D-galactopyranosyl)-2-hexacosylamino-D-rlbo-
1,3,4-octadecantriol (1). A solution of 20 (11 mg, 0.008 mmol) 
in  EtOAc (1 mL) was added to 3 mg of palladium black 
suspended in 1.5 m L of EtOAc and saturated w ith  hydrogen. 
The reaction vessel was purged w ith  hydrogen, and the 
mixture was stirred at room temperature for 10 h. The reaction 
m ixture was diluted w ith  pyridine, and the catalyst was 
removed by filtra tio n  over Celite. Evaporation o f the solvent 
gave puré 1 (7 mg, 99.5%). The obtained spectroscopic data is 
identical to the one reported in  the lite ra tu re ."" HRMS caled 
(C5oH99N 0 9 Na+): 880.7212, found 880.7227.

A ck n ow led gm en t. O. P. acknow ledges a fe llow sh ip  
o f the  Deutsche Forschungsgem einscha ft. V . B .-N . 
acknow ledges the  Sw iss N a tio n a l C hem ica l Society 
fe llow 'sh ip. T h is  research is  supported  by th e  Skaggs 
funds.

(20) (a) Mottaw ia, M. S.; Oisen, C. E.; Denyer, K.; Smith, A. M.; 
M oiler, B. L. Carbohydr. Res. 2001, 330, 309—318. (b) Wegmann, B.; 
Schmidt, R. R. J. Carbohydr. Chern. 1987, 6. 357—375.

(21) Koeman, F. A. W.: Kamerling, J. P.: V liegenthart, J. F. G. 
Tetrahedron 1993, 49. 5291—5309.

S u p p o rtin g  In fo rm a tio n  A va ila b le : ‘H  and '^C NMR
spectral data of compounds 3-11, 13, 17, 19, 20, and 1 is 
available free of charge via the Internet at http://pubs.asc.org.
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Synthesis and ¡n vitro Evaluation of a-GalCer Epimers
Matthias Trappeniers/^' Stijn Goormans/®' Katrien Van Beneden,"’' Tiñe Decruy,"’’ 
Bruno Linclau/*"’ Aymen Al-Shamkhani/'" Tim Elliott/'" Christian Ottensmeier,'^" 
Joern M. Werner/®' Dirk Elewaut,"’’ and Serge Van Caienbergh*'"'

u CwICPr ( iiltn  In o w n  <i? KRNhlCIÚ) l í  on iin rru inom odulo lory gly 
co 'ip id  tho l i í  known U> po ten lly  ortivc iie  invü iid iit n a tu io l k iílrr 
T iNK f) te l l í  u fion CPU¡ m ctlin ted M irniilntion Brcoinp í h l  and  
Jh2 cytoktnéi, which ate lefemed añer n-ColCei p 'e ienuu ion. 
anm gnn i/c  cach o thc i's  eftects, ( ' CoICci nna logw s th n t induce

a biospd i h l . ' i t í  respnnst< nre hhjhiy nwnited In th ii con le \t. ivO 
rp[)i>rl Ihe sy/iíhesis <md in v itin  tívolunlion o f  f-O o l n  'y lt )  i'p r 
and twn it  b n l i l>xr> Cci n nnh tjuc ;, on-> ivith the notura l ncyi 
chutn the other w ith a tiu n u n e d  J ia m

a -G a lO  O H

R

{2S ,3S ,4R )-1a: R = C 2 5 H5 ,; R '= C ,4 H 2g 
(2S ,3S ,4R )-1b : R=C23H47i R '=C 5 H „

Introduction

Natural k ille r T (NKT) cells are a 
un ique subset o f  Tcells th a t ex- 
press an invarlant Tcell antigen 
receptor (TCR). Unlike o ther 
Tcells, NKT cells recognize gly- 
co iip id  antigens when present- 
ed by the m ajor h istocom pati- 
b ility  com plex (MHC) class l-like
m olecule CDId.*’ ’ An extensively studied exogenous g lyco lip id  
activa tor o f NKT cells is a-GalCer (also know n as KRN7000, 1 a, 
Figure a-GalCer was orig ina lly  generated by the  Kirin 
g roup  from  s truc tu re -ac tiv ity  studies o f g lyco iip ids th a t were 
isolated from  th e  marine sponge Agelas mauritianus.

Stim ulation o f NKT cells by C D Id-m ed ia ted  n-GalCer presen­
ta ro n  leads to  rapid release o f T helper 1 (T h l) and T he lpe r2  
(Th2) cytokines. Pro inflam m atory T h l cytokines such as IFN-y 
m edíate antitum or, antiv ira l and antibacteria l effects o f a- 
GalCer, w h ile  im m unom odu la to ry  Th2 cytokines such as IL-4 
delay o r prevent the onset o f au to im m une diseases like type  1 

diabetes/^' Because T h l and Th2 cytokines antagonize each 
o ther's effects, a-GalCer analogues th a t induce a biased T h l/  
Th2 response are h igh iy  awaited.

In 2005, the  crystal s tructure o f hum an C D Id  in a com plex 
w ith  a-GalCer was elucidated, and it  revealed the  specific b ind- 
ing m ode o f n-GalCer to  CD1d.‘̂ ’ The acyl chain o f a-GalCer 
fits in to  the A' pocket by adopting  a counterclockw ise circular 
curve, and the  sphingosine chain adopts an extended confor- 
m ation to  f it  in to  the  F' pocket and to  reach the end o f the 
b ind ing  groove. The galactose ring is well ordered and extends 
above the  surface o f  the  lip id -b ind ing  groove. The crystal 
structure revealed three hydrogen bonds between human 
C D ld  and a-GalCer. The glycosidic linkage l'-O  is hydrogen 
bonded to  Thr154, the  2'-OH g roup  o f  the  galactose ring 
forms a hydrogen bond to  A sp IS I, and the  3-OH g roup  on 
the  sphingosine chain form s the  th ird  hydrogen bond to  
Asp80. These bpnds are assumed to  anchor a-GalCer in a 
p roper o rien ta tion  fo r recognition  by the TCR o f NKT cells.

a -G a lO  O H
R'

O H

a -G a lO

Ciz)H2{

O ^ N H  

R

(2S ,3R ,4R )-2 ; R=C25H5

C14H2!

(2S.3S.4S>-3; R^CssHg.
(2S ,3S .4S )-4 : R=C7H,5

f ig u re  1. Structure o f a-GalCer (1 a, KRN7000), OCH (1 b), a-Gal-o-xy/o-Cer (2), and tw o  a-<5aI-L-/yxo-Cer analogues, 
one w ith the natural acyl chain (com pound 3) and the other with a truncated one (com pound 4).

In another crystallographic study o f mouse C D Id  in a com ­
plex w ith  an OCH analogue, AspSO was found  to  ¡nteract w ith  
bo th  secondary hydroxy  groups (i.e., 3-OH and 4-OH) o f  the 
sphingosine backbone.^^^ In add ition, Arg79 is orien ted  in such 
a way th a t it  can particípate in hydrogen bonding  w ith  the 
same 3-OH. More recently, W ong and co-workers reported the 
crystal structure o f m C D ld  th a t was charged w ith  the  Sphingo- 
monas g lyco lip id  a-galacturonosyl ceram ide (GalA-GSL), w hich 
is characterized by a shorter fa tty  acyl chain, the  absence o f a 
4-OH on the  sphingosine moiety, and the  presence o f a 6 '-
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COjH g roup  on the  galactose unit.™ The absence o f the  4-OH 
causes th e  sphinganine backbone to  sh ift s ligh tiy  deeper In 
the  F' groove to  establish an op tim a l hydrogen bond w ith  the 
term ina l oxygen atom s o f AspSO. As a consequence, the hydro­
gen bond betw een Arg79 and the  3-OH o f the  sphinganine 
backbone is lost, and Arg79 is now  oriented d iffe ren tly ; this 
possibly affects the in teraction o f GalA-GSL w ith  C D Id  and the 
TCR.

Recently, Borg e t al. reported the structure o f a human NKT 
TCR in com plex w ith  C D Id  th a t was bound to  the p o ten t NKT- 
cell agonist n-GalCer.'®’̂  Consistent w ith  the previously deter- 
m ined structures,'^ ’  ̂ a-GalCer protrudes m in im ally from  the 
C D Id  c le ft; on iy the galactosyl head g roup  is exposed fo r rec­
ogn ition  by the  NKT TCR, and it interacts solely w ith  the 
C D R Ia  and CDR3a loops. The galactose ring is sandwiched be­
tw een Trp153 o f C D Id  and th e  a liphatic m oiety o f A rg95a, the 
side-chain o f w h ich also hydrogen bonds to  the 3-OH on the 
sphingosine chain. The 2'-OH, 3'-OH and 4'-OH o f  the  galactose 
ring fo rm  hydrogen bonds to  Gly96a, Ser30a, and Phe29a, re- 
spectively, w hich are located on the invarlant TCR n-chain. This 
m ode o f b ind ing is consistent w ith  the fine specificity th a t the  
NKT TCR exhibits fo r a-GalCer and its closely related analogues. 
M ost reported analogues o f a-GalCer result from  m odifications 
o f the  acyl chain,"'’ " ’ th e  glycosidic linkage,’" ’-'^’ o r th e  glycosyl 
residue," whereas relatively few  alterations o f the  phyto-
sphingosine pa rt have been explored.’" - " ”

W ith  the  synthesis o f OCH (1 b. Figure 1) it  was dem onstrat­
ed tha t analogues w ith  a truncated sphingosine base tend  to  
p redom inantly  tr igg e r the p roduction  o f Th2 cytokines."® ^’ 
O ther studies reported the synthesis o f  a 4-deoxy-a-GalCer
congener,° o r analogues in w hich the  phytoceram ide
m oiety was replaced by a ceram ide m oiety, characterized by a 
doub le  bond between C4 and C5.’” ' ‘̂”  Interestingly, bo th  types 
o f  analogues retained the ir a b ility  to  s tim ulate  NKT cells; th is 
suggests th a t th e  4-OH is no t critical fo r C D Id  presentation.

An OverView o f these m odifications and th e  influence o f  the 
g lyco lip id  structure on NKT cell response have been published 
by Savage e ta l.,® ’ and m ore recently by W ong and co-work- 
ers.‘“ ’

These studies illustrate the im portance o f exp loring  the  ste­
reochem istry a t C3 and C4 o f the phytosph ingosine m oiety. A 
few  strategies are reported fo r the synthesis o f o-xy/o- and l -  

/yxo-phytosphingosine. The desired stereochem istry o f  the 
three chiral centers has been realized by using o -{-)- ta rta r ic  
acid ’̂ ^""’ o r a serine-derived 1,5-dioxaspiro[3.2]hexane’ ‘̂”  as the 
chiral tém pla te , by an aldol condensation between an im ino- 
glycinate  th a t bears a chiral auxiliary and an appropria te  alde- 
hyde,’^’ ’ o r by asymm etric d ihydroxyla tion  o f an (£)-a,p-unsatu- 
rated ester as the chiral induction  stage.’^̂ ’ Remarkably, un til 
now, no a ttem pts to  a lter the  stereochem istry o f the secondary 
hydroxy groups (i.e., 3-OH and 4-OH) o f the  phytosphingosine 
m oiety o f a-GalCer have been published. Recent w ork  by Kim 
e t al.’^̂ ’ on the e ffic ien t synthesis o f  o-xy/o-, L-/yxo-, and t-arab i- 
no-phytosph ingosine from  the natural o -r/bo-phytosphingosine 
has p rom pted  us to  report the  synthesis and in v itro  evaluation 
o f a-Gal-o-xy/o-Cer (2) and tw o  a-Gal-L-/yxo-Cer analogues, one 
w ith  the  natural acyl chain (com pound 3), the  o the r w ith  a 
truncated one (com pound 4) (Figure 1).

Results and Discussion 

Chemistry

The synthesis o f th e  o-xy/o-phytosphingosine acceptor 14 was 
started from  the  com m ercia lly available o-rlbo-phytosph ingo- 
sine 5 (Scheme 1). Conversión o f the  prim ary am ine to  an 
azide, and subsequent p ro tection  o f th e  hydroxy groups at C1 
and C3 afforded the  1,3-di-terf-butylsilylene deriva tive  T.""" 
Benzyl p ro tection  o f  th e  rem aining 4-OH g roup  w ith  freshly 
prepared benzyl 2 ,2 ,2 -trich loroacetim idate, fo llow ed by silyiene

OH OH

N H , OH

.C,4H,o
O" "'O

ho- ' Y V '
C 14 H 21

/Bu..
O" ‘'•O OH

N j OH 

6

N-» OBn

C14H0]

N 3 OH  

7

OH

N 3 OBn 

8

TrO'

TrO 14 '  '2 9

N, OBn

OH

■̂ 14̂ 29 Tro-
N 3  OBn  

12

OBn
^Cí4H29

Ñ 3 OBn  

13

-  TrO

HO-

14 ' '2 9

Na OBn

11

OBn
CííH?)

Na OBn  

14

Schem e 1. Reagents and conditions: a) NaTf, K2CO3, CuSO^, CH2CI2, CH3OH, HjO, RT, overnight, 98% ; b) (fBu)2SI(OTf)2, DMF, pyridine, —20®C, 4 h, 96% ; c) ben- 
zyltrichloroacetimidate, TfOH (cat.), EtjO, 0 °C ^ R T , 48  h, 58% ; d) HF-pyridine, THF/pyridine (1:1), 0°C , 0.5 h, 98% ; e) TrC!, DMAP, pyridine, 70 ®C, overnight,
87% ; f) p-nitrobenzoic acid, DIAD, PPha, THF, RT, overnight, 71 %; g) NaOMe, MeOH, RT, 1 h, 89% ; h) BnBr, NaH, DMF, O °C-*RT, overnight, 94% ; I) ZnBrj, CH2CI2/  
/PrOH (85:15), RT, overnight, 73% .
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depro tection  gave d io l 9. The prim ary alcohol was then trity la t- 
ed, and inversión o f the 3-OH group under M itsunobu cond i­
tions a ffo rded  the  p -n itrobenzo ic ester derivative 11. Solvolysis 
o f  the  activa ted ester and subsequent p ro tection  o f  th e  invert- 
ed 3-OH g roup  as a benzyl e ther gave th e  desired o-xy/o-phy- 
tosphingosine acceptor 14 after final depro tection  o f th e  tr ity l 
g roup.

For th e  synthesis o f  the  L-/yxo-phytosphingosine acceptor 
20, we started from  in term edíate 7 (Scheme 2). Inversión o f 
the  4-OH g roup  under M itsunobu cond itions afforded the  p -n i­
trobenzo ic ester in term edia te  15. Solvolysis o f the activated 
ester and subsequent depro tection  o f the  silyiene gave trio l 
17. Selective trity la tion  o f the  prim ary alcohol, fo llow ed by a 
d ibenzyla tion  step, afforded the  desired L-/yxo-phytosphingo- 
sine acceptor 2 0  a fte r final dep ro tec tion  o f the  tr ity l group.

For the  g lycosidation step, the 4,6-benzylidene-protected tr i­
ch loroacetim idate  2 1  was used as the galactosyl donor 
(Scheme 3).'^^' Reaction w ith  the  L-/yxo-phytosphingosine ac-

TrO

HO

OBn

TrO

Schem e 2. Reagents and conditions: a) p-nitrobenzoic acid, DIAD, PPhj, toluene, RT, overnight, 78%; b) NaOMe, 
M eOH, RT, 1 h, 90% ; c) HF-pyridine, THF/pyridine (1:1), 0°C , 0.5 h, 96% ; d)TrCI, DMAP, pyridine, 7 0 “C, 4 h; e) BnBr, 
NaH, DMF, 0® C ^RT; f) ZnBrj, CnjC Ij/íPrCH (85:15), RT, overnight, 6 3 %  over three steps.

Ph..^O . Ph.

BnO'

° V ^ ^ O  nh
+ 1 4 /2 0

CCI3 BnO'f e .

OBn

21

OBn

(2S,3R,4R)-22
{2S,3S,4S)-23

Ph..^O

B n o A A  -,Q. 
ÓBn

OBn d /  e

Y
R

NH

■C^.,

ÓBn

xS
OH

Y
R

(2S,3R,4R)-24: R=C2sH5,
(25.35.45)-2S: R=C25Hs,
(25.35.45)-26: R=C7H,5

(2S,3R,4R)-2
(25.35.45)-3
(25.35.45)-4

ceptor 2 0  by using boron tr ifluo rid e  d ie thy l e therate as the 
p rom eter afforded the  desired a-g lycoside 23 in 58%  yield. 
The g lycosidation o f  the o-xy/o-phytosphingosine acceptor 14 
was perform ed w ith  trim ethy ls ily l triflate*^*’' because it  became 
clear during the  course o f this pro ject th a t this p rom e te r gave 
im proved coup ling  yields. The desired a-g lycoside 22 was iso­
lated in 70%  yield. S taudinger reduction, fo llow ed by acylation 
w ith  the  appropria te  acid and 1-e thy l-3-(3-d im ethylam inoprop- 
yl) ca rbod iim ide (EDC) as the  coup ling  reagent gave the  p ro ­
tected com pounds 24 -26 . Final hydrogenolysis afforded the 
desired analogues 2 -4 .

C onfirm ation o f  the  inversión o f  the  stereochem istry a t C3 
and C4 was established by preparing three bicyclic com pounds 
27, 28 and 31, and subjecting these to  'H NMR spectroscopic 
selective decoup ling  experim ents. The synthesis o f the  trans- 
fused bicyclic com pounds 27 and 28 started from  in term edi- 
ates 7 and 16, respectively (Scheme 4). S taudinger reduction  o f 
the azide, fo llow ed by cyclization w ith  triphosgene afforded

the  desired com pounds 27 and 
28. For the  synthesis o f th e  c/s- 
fused bicyclic com pound  31, in ­
term edia te  12 was used. D etrity- 
la tion o f the  prim ary alcohol, 
fo llow ed  by p ro tection  o f the 
hydroxy groups a t C1 and C3 af­
forded the  1,3-di-tert-butylsily- 
lene derivative 30. Reduction o f 
the  azide and sim ultaneous de­
p ro tection  o f the  4-OH g roup  
gave th e  desired c/s-fused b icy­
clic com pound 31 a fte r cycliza­
tion  w ith  triphosgene.

A ’ H NMR spectrum  th a t was 
ob ta ined  by selective decou­
p ling  o f  H2 pe rm itted  us to  de­
term ine  th e  coup ling  constant 
between H3 and H4 (Figure 2). 
For the  trans-fused derivative 
27, we found  a valué o f 
9.4 Hz, w h ich confirm s the 
transdiaxial position  o f  H3 and 
H4. Irradiation o f H2 in  com ­
pound 28 gave rise to  a 
valué o f 5.0 Hz, and com pound 
31 furn ished a valué o f 
2.1 Hz. Accord ing to  the Karplus 
equation, these valúes indícate 
a d ihedral angle between 60° 
and 90°; th is confirm s the inver­
sión o f th e  stereochem istry at 
C3 (com pound 31) and C4 
(com pound 28).

OBn

HO

OBn b.c
Ci.

ÓBn

OH
C14H21

NH O H

Schem e 3. Reagents and conditions; a) 14, TMSOTf, THF, 4 A MS, -2 0 ° C ,  2 h, 70%  or 20, BFj EtaO, EtjO/THF, 4 A 
MS, - 2 0 °C, 3 h, 58% ; b) 1) PMej, THF, RT, 2 h, 2) 1 m NaOH, RT, 2 h; c) CaHsiCOOH or Q H ijC O O H , EDC, CHjClj, RT, 
18 h, 7 6 %  (24), 6 0 %  (25) and 6 4 %  (26); d) Hj, Pd black, CHClj/EtOH (1:3), 4  h, 6 8 %  (2); e) H„ Pd/C, EtOAc, 43%  
(3) and 7 5 %  (4).
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Schem e 4. Reagents and conditions: a) 1) PMej, THF, RT, 2 h, 2) 1 m NaOH, RT, 2 h; b) triphosgene, /PrjEtN, CHjCij, 
RT, 16 h, 6 4 %  (27), 8 3 %  (28) over tw o steps; c) ZnBt;, CNjCIj/rPiOH (85:15), RT, overnight, 89% ; d) (fBujjSiíOTflz, 
DMF, pyridine, - 2 0 ‘>C, 4 h, 95% ; e) H „ Pd black, CHCIj/EtOH (1:3), 7 h; f) triphosgene, rPrjEtN, CH,CI„ RT, 16 h,
43 % (31) over tw o  steps.

th a t l;hese com pounds showed 
significant h io logical activities 
th rough  activa tion o f  NKT cells 
in bo th  a TCR and C D Id-depen- 
den t manner. Furtherm ore, our 
data show evidence th a t a 
single m od ifica tion  by a ltera tion 
o f the  stereochem istry o f e ither 
the  3-0F1 or 4-OFI in the  phytos­
phingosine chain, causes the  in ­
duction  o f d iffe rentia l cytokine 
levels. This observation can be 
p robably explained by suggest- 
ing th a t these m odifications 
m igh t induce changes in the  af- 
f in ity  fo r C D Id.
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Figure 2 . Determ ination o f the coupling constant betw een H3 and H4 o f b¡- 
cycllc com pounds 27, 28, and 31.

In vitro stimulation of NKT cells

To investígate w he ther these analogues cou ld  e lic it NKT cell ac­
tiva tion , spienocytes from  B6  m ice were cu ltured w ith  d iffe ren t 
concentrations o f g lycoiip ids. Figure 3 demonstrates th a t all 
com pounds induced significant IFN-y and IL-4 p roduction  in a 
dose-dependent manner. Remarkably, ep im er 4  activated NKT 
cells to  induce sim ilar levels o f bo th  IFN-y and IL-4 compared 
w ith  a-GalCer, w h ile  the  level o f IFN-y was significantly lower 
when spienocytes were cu ltu red  at the  lowest concentrations 
w ith  e ither 2 o r 3. A sim ilar level o f IFN-y was observed after 
cu ltu ring  the  spienocytes w ith  la ,  2, o r 3 at the  highest con­
centration o f 2 5 0 n g m L  '. In add ition , no cytokine p roduction  
was observed when spienocytes from  either o r CDId~'^
mice were cu ltu red  w ith  a-GalCer o r a-GalCer analogues; this 
indicates th a t these g lycoiip ids induce C D Id -dependent TCR 
activation o f NKT cells (Figure 3).

Conclusions

Flerein w e describe the  synthesis and in v itro  evaluation o f a- 
Gal-o-xy/o-Cer (2) and tw o  a-Gal-L-/yxo-Cer analogues, one 
w ith  the  natural acyl chain (com pound 3), the  o ther w ith  a 
truncated one (com pound 4). The in v itro  data dem ónstrate

Experimental Section
General: NMR spectra were obtained w ith  a Varian Mercury 300 
spectrometer (Varían, Palo Alto, California, USA) or a Bruker Avan­
ce II 700 spectrometer. Chemical shifts are given in ppm (ó) relative 
to  residual solvent peak, in the case o f [DsIDMSO: ó =  2.54 ppm for 
’ FI and <5=40.5 ppm for '^C, in the case o f CDCh; <5 =  7.26 ppm for 
’ H and ó =  77.4ppm for ’ ^C, and in the case o f [Dslpyridine <5 =  
7.18 ppm, 7.56 ppm and <5=8.71 ppm for ’H and <5 =  123.5, 135.5 
and 149.9 ppm for ’^C. All signáis that were assigned to  hydroxy 
groups were exchangeable w ith  0 ,0 . Mass spectra and exact mass 
measurements were performed on a quadrupole/orthogonal-accel- 
eration tim e-of-flight (Q/oaTOF) tándem mass spectrometer (qT o f 
2, Micromass, Manchester, UK) that was equipped w ith  a standard 
electrospray ionization (ESI) interface. Samples were infused in a 2- 
propanol/water (1:1) mixture at 3 pLm in“ '. Precoated Merck silica 
gel F254 plates were used for TLC, and spots were examined 
under UV light at 254 nm and stained by sulfuric acid-anisalde- 
hyde spray. Column chromatography was performed on ICN silica 
gel (63-200 pm, ICN, Asse Relegem, Belgium).

(2S,3S,4R)-2-Azidooctadecane-1,3,4-triol (6 ): A mixture o f NaN, 
(20.48 g, 315 mmol), CHjClj (50 mL) and HjO (50 mL) was cooled to 
0°C, and TfjO (11.25 mL, 63 mmol) was added slowly. After 2 h stir­
ring at 0°C, the mixture was separated. The aqueous layer was ex­
tracted w ith CHjClj (2x25  mL) and the combined organic layers 
were washed w ith HjO (2x100 mL). This freshly prepared TfN, so­
lution (100 mL in CH^Cy was added to a mixture o f phytosphingo­
sine 5 (10 g, 31.5 mmol), K2CO3 (8.7 g, 62.9 mmol), CUSO4 (50 mg, 
0.32 mmol), HjO (200 mL) and MeOH (600 mL). The mixture was 
stirred overnight and evaporated in vacuo to  200 mL o f a white 
slurry. The precipitare was filtered, washed w ith HjO (5x100 mL) 
and lyophilized to  yield compound 6  (10.60 g, 98%) as a white 
solid. ’ H NMR (300 MHz, [DJpyridine): <5 =  0.86 (t, 3 =  6.7, 3H), 1.18- 
1.36 (m, 22 H), 1.60-1.74 (m, 1 H), 1.84-1.90 (m, 2H), 2.12-2.24 (m, 
1 H), 4.20-4.27 (m, 1 H), 4.32 (dd, J= 4 .4  and 6.7, 1 H), 4.43 (ddd, J =  
3.5, 4.1 and 7.6, 1 H), 4.57 (dd, J =  7.5 and 11.4, 1 H), 4.69 (dd, 3=3.5 
and 11.4, 1 H), 6.38 (brs, 1 H), 7.08 ppm (brs 2H); ’ "C NMR (75 MHz, 
(Dslpyridine): <5 =  14.20, 22.86, 26.31, 29.53, 29.84, 29.89, 29.99, 
30.15, 32.04, 34.12, 61.93, 66.67, 72.33, 75.96 ppm; HRMS (ESl-MS): 
m/z: for CisHj^NjOj: caled: 366.2733 [/W-FNa]+, found: 366.2725.

(2S,3S,4/?)-2-Azido-1,3-0-di-(ferí-butyl)silanediyloctadecane- 
1,3,4-triol (7): A solution o f 6  (10 g, 29.11 mmol) in DMF (200 mL) 
and pyridine (2.6 mL, 32.02 mmol) was cooled to —20°C and

1 0 6 4  www.chemnnedchem.org 2008 Wiley-VCH Verlag Gm bH&Co. KGaA, W einheim ChemMedChem 2008, 3, 1061 -  1070





2^

a-GalCer Epimers I  v k v k x  i"

Ja18 ’~-B6

30003000

2500 2500

2000 2000

15001500

1000 1000

500 *500

I 50 100 150 200 250

g lyco lip id  co n cen tra tio n  / ng mL~^

50 100 150 200 250

r
3000-

2500-

2 0 0 0 -

1500-

1000 -

500

O

CD Id"

-D M SO  
-  1
- 3
- 4
-  2

i r 2 I0

80-1 60

60- 60Li
E

40 40

20 20

) 50 100 150 200 250

glycolipid concentration / ng mL~̂

50 100 150 200 250O 50 100 150 200 250

Figure 3. Properties of glycoliplds to  actívate the TCR o f NKT cells In a C D ld -dependent manner. Spienocytes of B6 , and CDld~'~  mice w ere cultured
w ith various concentrations o f 1 a (o), 2 (■), 3 (o), 4  ( * ) ,  or DMSO ( * ) .  After 72 h, supernatants w ere harvested, and both IFN-y (top row) and IL-4 (bottom  
row) levels w ere measured by ELISA. Data represent the mean ±  SEM o f 6 - 8  wells that w ere pooled from tw o experiments. (*P <  0.05 for both com pounds 2 
and 3 versus 1 a at glycolipid concentrations of 50 ng mL"' and 25 ng m L"’ ; M ann-W hitney U  test).

(tBu)2Si{OTf) 2  (10.37 mL, 32.02 mmol) was added dropwise over 1 h. 
After addltlonal stirring for 1 h at —20‘'C, the mixture was 
quenched w ith H^O (800 mL). The aqueous layer was extracted 
w ith EtOAc (3x250 mL) and the combined organic layers were 
washed w ith  1 ta HCI (150 mL) and HjO (2x150 mL), dried over 
NajSO^, filtered and evaporated to  dryness. The residue was puri­
fied by column chromatography w ith hexanes/EtOAc (95:5), to 
afford 7j(13.47 g, 96%) as a colorless oil. 'H NMR (300 MHz, CDCI3):
0 =  0.87 (t, 7=6.7 , 3H), 1.00 (s, 9H), 1.04 (s, 9H), 1.20-1.44 (m, 
23H), 1.48-1.62 (m, 3H), 2.09 (d, 7=8.5, 1 H), 3.51 (appdt, 7=4.7 
and 10.0, 1 H), 3.71-3.79 (m, 1 H), 3.92 (dd, 7=6 .0  and 10.0, 1 H), 
3.94 (dd, 7=10.0  and 10.1, 1 H), 4.22 ppm (dd, 7=4.7  and 10.0,
1 H); ’^C NMR (75 MHz, CDCI,): ó =  14.34, 20.48, 22.92, 22.93, 25.88,
27.23, 27.71, 29.59, 29.83, 29.86, 29.89, 29.90, 29.92, 29.93, 31.10,
32.15, 58.99, 66.56, 73.15, 79.22 ppm; HRMS (ESl-MS): m/z: caled for 
C26H5 3N3O3SÍ1: 482.3783 [/W-H]+, found: 482.3780.

(2S,3S,4fi)-2-Azido-4-0-benzyl-1,3-0-di-(ferf-butyl)silanedlylocta- 
decane-1,3,4-triol (8 ): A solution o f benzyl alcohol (12.3 mL, 
118.85 mmol) in Et¡0 (45 mL) was cooled to  0°C and NaH (1.19 g, 
29.71 mmol) was added. After 30 min stirring at 0°C, CI3CCN 
(11.92 mL, 118.85 mmol) was added, and the solution was allowed 
to stir at room temperature for 1 h. The mixture was quenched 
w ith  NaHC0 3  (50 mL) and the aqueous layer was extracted w ith 
EtjO (3x50  mL). The combined organic layers were dried over 
MgS0 4 , filtered, and evaporated to dryness to  afford benzyl 2 ,2 ,2 - 
trichloroacetimidate as a brown oil. TfOH (208 pL, 2.38 mmol) was 
added dropwise to a mixture o f 7 (11.5 g, 23.77 mmol) and freshly 
prepared benzyl 2,2,2-trichloroacetimidate (118.85 mmol) in Et^O 
(55 mL). The brown mixture was stirred at room temperature for 
48 h and quenched w ith NaHCOj (100 mL). The aqueous layer was 
extracted w ith EtjO (3x100m L), and the combined organic layers 
were washed w ith H3O (50 mL), dried over MgSO^, filtered, and

evaporated to dryness. The residue was purified by column chro­
matography w ith 1% EtjN (v/v) in hexanes/EtOAc (99:1) to  afford 
compound 8  (7.9 g, 58%) as a colorless olí. 'H NMR (300 MHz, 
CDCI3): 0 =  0.82 (t, 7=6.7, 3H), 0.92 (s, 9H), 0.98 (s, 9H), 1.20-1.44 
(m, 23 H), 1.48-1.62 (m, 3 H), 3.45 (m, 1 H), 3.52 (m, 1 H), 3.82 (dd, 
7=9.9  and 10.9, 1 H), 3.98 (dd, 7=3.1 and 8.9, 1 H), 4.12 (dd, 7 =  4.4 
and 10.9, 1 H), 4.52 (d, 7 =  12.0, 1 H), 4’57 (d, 7=12.0, 1 H), 7.20-
7.30 ppm (m, 5H); " ’C NMR (75 MHz, CDCI3): 0 =  14.35, 20.57, 22.86,
22.92, 25.76, 27.24, 27.76, 29.59, 29.83, 29.86, 29.89, 29.90, 29.92,
29.94, 32.16, 59.37, 66.57, 72.18, 77.17, 81.15, 127.81, 128.19,
128.55, 138.73 ppm; HRMS (ESl-MS): m /z: caled for C33H55N3O3 SÍ,: 
596.4223 [/W-fNa]+, found: 596.5014.

(2S,3S,4ff)-2-Azido-4-0-benzyloctadecane-l,3,4-triol (9); A solu­
tion o f HE in pyridine (3.99 mL, 28.78 mmol, 65-70% ) was added 
dropwise to  a solution o f 8  (7.5 g, 13.08 mmol) in THF (65 mL) and 
pyridine (65 mL) at 0°C. After 30 min the mixture was diluted w ith 
EtOAc (150 mL), the organic layer was washed w ith  1 m HCI (3x 
50 mL) and H^O (3x50m L), dried on Na2S0 4 , filtered, and evapo­
rated to  dryness. The residue was purified by column chromatogra­
phy w ith  hexanes/EtOAc (7:3) to  yield compound 9 (5.56 g, 98%) 
as colorless oil. 'H NMR (300 MHz, CDCI3): ó =  0.84 (t, 7 =  6.7, 3H),
1.20-1.38 (m, 23 H), 1.42-1.56 (m, 2H), 1.62-1.68 (m. 1 H), 2.40-2.58 
(brs, 2H), 3.53 (m, 1 H), 3.62 (m, 1 H), 3.84 (dd, 7 =  5.0 and 11.7, 1 H), 
3.93 (m, IH ), 3.95 (dd, 7=4 .4  and 11.7, 1 H), 4.59 (s, 2H), 7.20-
7.30 ppm (m, 5H); ’ ^C NMR (75 MHz, CDCI3): <5 =  14.35, 22.91, 25.53,
29.00, 29.59, 29.79, 29.83, 2989, 29.93, 29.94, 29.95, 32.15, 62.97, 
63.13, 72.23, 72.51, 79.76, 128.24, 128.26, 128.79, 138.02 ppm; 
HRMS (ESl-MS): m/z: caled for C2 5H4 3N3O3 : 434.3377 [M-FH]+, 
found: 434.3372.

(2S,3S,4/?)-2-Azido-4-0-benzyl-1 -O-trityloctadecane-1,3,4-triol 
(10): A solution o f 9 (5.4 g, 12.45 mmol), DMAP (384 mg,
3.11 mmol) and trity l chloride (3.90 g, 13.70 mmol) in pyridine
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(125 mL) was stirred overnight at 70°C. The mixture was quenched 
w ith NaHCOj and extracted w ith CH^CIj (3x150m L). The com- 
blned organic layers were washed w ith  brine, dried over Na^SO,, 
filtered, and evaporated to  dryness. The residue was purified by 
column chromatography w ith hexanes/EtOAc (9:1) to  yieid com- 
pound 10 (7.33 g, 87%) as a yellow oii. ’ H NMR (300 MHz, CDCij): 
(5 =  0.89 (t, J = 6 .6 , 3H), 1.20-1.38 (m, 23H), 1.42-1.52 (m, 2H), 
1.54-1.60 (m, 1 H), 2.32 (d, J=4 .1 , 1 H), 3.34-3.42 (m, 2H), 3.53-3.64 
(m. 2H), 3.80 (ddd, J=4.4, 4.7 and 6.9, 1 H), 4.28 (d, J=11.3, 1 H),
4.43 (d, 1 H, J=11.3), 7.19-7.35 (m, 14H), 7.44-7.50 ppm (m, 6 H); 
'^CNMR (75 MHz, CDCI3): (5 =  14.36, 22.93, 25.22, 28.78, 29.60, 
29.81, 29.86, 29.90, 29.93, 29.94, 29.99, 32.16, 62.67, 64.32, 71.38,
71.99, 79.65, 87.71, 127.39, 127.99, 128.00, 128.17, 128.65, 128.90, 
138.31, 143.77 ppm; HRMS (ESl-MS): m/z: caled for 
698.4298 [M+Na]+, found: 698.4277.

(2S,3/?,4/?)-2-A2Ído-4-0-benzyl-3-0-(4-nitro)benzoyl-1-0-trltyloc- 
tadecane-1,3,4-triol (11): DIAD (5.39 mL, 26.04 mmol) was added 
to a soiution o f triphenyiphosphine (6.83 g, 26.04 mmol) and p-ni- 
trobenzoic acid (4.34 g, 26.04 mmol) in THE (60 mL) at room tem- 
perature. After stlrrlng for 1 h, compound 10 (7.0 g, 10.42 mmol) in 
THE (40 mL) was added, and the mixture was stirred overnight at 
room temperature. The next day, the THE was removed in vacuo, 
and the residue was purified by column chromatography w ith hex- 
anes/EtOAc (97:3) to  afford 11 (6.07 g, 71%) as a yellow oii. 
'HNMR (300MHz, CDCI3): ó =  0.84 (t, J =  6.7, 3H), 1.20-1.38 (m, 
24H), 1.44-1.52 (m, 2H), 3.27 (dd, 1 H, J=6.1 and 10.1), 3.45-3.55 
(m, 2H), 3.75 (ddd, J=4.2, 5.9 and 5.9, 1 H), 4.05 (d, J=11.5, 1 H),
4.43 (d, 7 =  11.3, 1 H), 5.51 (dd, 7=4 .7  and 5.8, 1 H), 7.06-7.12 (m, 
2H), 7.20-7.30 (m, 12H), 7.40-7.46 (m, 6 H), 8.15 (d, 7 =  9.1, 2H), 
8.27 ppm (d, 7=9.1 , 2H); ’ ’C NMR (75 MHz, CDCI3): (5 =  14.35, 22.92,
25.37, 29.60, 29.69, 29.75, 29.87, 29.89, 29.93, 29.94, 30.27, 32.16,
61.75, 63.15, 72.60, 74.76, 78.13, 87.58, 123.77, 127.47, 127.73, 
127.87, 128.17, 128.51, 128.83, 131.22, 135.28, 138.10, 143.45, 
150.86, 164.09 ppm; HRMS (ESl-MS): m/z: caled for CsiHsoN^Oe: 
847.4411 [/M-ENa]+, found: 847.3873.

(2S,3ft,4ff)-2-Azido-4-0-benzyl-1-0-trityloctadecane-1,3,4-triol
(12): NaOMe (400 mg, 7.02 mmol) was added to a soiution o f 11 
(5.8 g, 7.02 mmol) in MeOH (70 mL) at room temperature. The 
white  suspensión was stirred for 1 h, quenched w ith a saturated 
NH4CI soiution, and extracted w ith CHjClj (3x100m L). The com- 
bined organic iayers were washed w ith brine (Ix IO O m L), dried 
over MgSO,,, fiitered, and evaporated to dryness. The crude was 
purified by column chromatography w ith  hexanes/EtOAc (9:1) to 
yieId compound 12 (4.23 g, 89%) as a yellow solld. 'HNMR 
(300 MHz, CDCI3): (5 =  0.82 (t, 7=6.7, 3H), 1.20-1.38 (m, 24 H), 1.42-
1.56 (m, 2H), 2.14 (d, 7 =  5.6, 1 H), 3.24-3.42 (m, 4 H), 3.62 (dd, 7 =
5.2 and 9.7, 1 H), 4.14 (d, 7 =  11.1, 1 H), 4.44 (d, 7=11.3, 1 H), 7.10-
7.26 (m, 18H), 7.35-7.40 ppm (m, 2H); '"C NMR (75 MHz, CDCÍ3): 
(5 =  14.35, 22.93, 25.30, 29.60, 29.82, 29.94, 30.09, 30.20, 31.92,
32.16, 63.53, 63.95, 72.42, 72.59, 79.55, 127.40, 127.49, 128.00,
128.03, 128.14, 128.68, 128.87, 138.23, 143.79 ppm; HRMS (ESl-MS): 
m /z: caled for C4^Hs7N3 0 3 : 698.4298 [M-ENa]+, found: 698.4279.

(2S,3/?,4R)-2-Azido-3,4-di-0-benzyl-1-0-trityloctadecane-1,3,4- 
triol (13): NaH (266 mg, 6.65 mmol) was added to a soiution o f 12 
(3.0 g, 4.43 mmol) in DME (44 mL) at 0°C. After 30 min stirring at 
O^C, benzyl bromide (806 pL, 6.65 mmol) was added, and the mix­
ture was stirred overnight at room temperature. H3O (200 mL) was 
added and the aqueous layer was extracted w ith  CHjCij (3x 
200 mL). The combined organic layers were washed w ith brine (3x 
100 mL), dried over MgSOí, filtered, and evaporated to dryness. 
The residue was purified by column chromatography w ith  hex- 
anes/EtOAc (97:3) to yieid compound 13 (3.19 g, 94%) as a color-

less oii. 'H NMR (300 MHz, CDCI3): (5 =  0.82 (t, 3H, 7 =  6.7), 1.12-1.24 
(m, 24 H), 1.42-1.52 (m, 2H), 3.25-3.32 (m, 2H), 3.35-3.45 (m, 2H), 
3.48-3.54 (m, 2H), 4.28 (d, 7=11.4, 1 H), 4.36 (d, 7=11.4, 1 H), 4.45 
(d, 7=11.4, 1H), 4.58 (d, 7 =  11.5, 1 H), 7.08-7.48 ppm (m, 25H); 
’ ^CNMR (75 MHz, CDCI3): (5 =  14.35, 22.93, 25.74, 29.60, 29.85,
29.94, 30.75, 30.77, 32.16, 62.40, 63.55, 73.27, 74.70, 79.83, 80.12, 
127.17, 127.24, 127.37, 127.75, 127.83, 128.06, 128.12, 128.23, 
128.48, 128.50, 128.86, 128.96, 138.33, 138.70, 143.83 ppm; HRMS 
(ESl-MS): m/z: caled for C51H63N3O3 : 788.4767 [M-ENa]'; found: 
788.4368.

(2S,3R,4R)-2-Azido-3,4-di-0-benzyloctadecane-1,3,4-triol (14): A
soiution o f ZnBtj (7.7 g, 33.59 mmol, 1 m ) in CHiCI^/IPrOH 85:15 
(33.6 mL) was added to compound 13 (1.59 g, 2.07 mmol), and the 
resulting yellow reaction mixture was stirred overnight at room 
temperature. HjO (50 mL) was added, and the aqueous layer was 
extracted w ith CHjClj (3x75 mL). The combined organic layers 
were washed w ith brine (Ix IO O m L), dried over MgSO^, fiitered 
and evaporated to  dryness. The yellow crude was purified by 
column chromatography w ith  hexanes/EtOAc (9:1) to  afford com­
pound 14 (792 mg, 73%) as a colorless oii. 'HNMR (300 MHz, 
CDCij): (5=0.82 (t, 7=6.7, 3H), 1.14-1.28 (m, 24H), 1.42-1.56 (m, 
2H), 2.18 (brs, 1H), 3.47-3.55 (m, 3 H), 3.57-3.64 (m, 2 H), 4.46 (s, 
2H), 4.57 (d, 1 H, 7=11.5), 4.62 (d, 1 H, 7=11.5), 7.18-7.32 ppm (m, 
10H); '"CNMR (75 MHz, CDCÍ3): (5 =  14.35, 22.92, 26.24, 29.60,
29.78, 29.85, 29.90, 29.94, 30.18, 32.16, 62.69, 64.56, 73.22, 74.39,
79.44, 80.05, 128.20, 128.23, 128.33, 128.47, 128.72, 128.74, 138.02, 
138.09 ppm. HRMS (ESl-MS): m/z: caled for C3 2H4 5N3O3 : 524.3846 
[M-EHJ+, found: 524.3839.

(25.35.45)-2-Azido-4-0-(4-nitro)benzoyl-1,3-0-di-(íert-butyl)sila- 
nediyloctadecane-1,3,4-triol (15): DIAD (8.78 mL, 44.60 mmol) was 
added to  a soiution o f triphenyiphosphine (11.70g, 44.60 mmol) 
and p-nitrobenzolc acid (7.45 g, 44.60 mmol) in toluene (60 mL) at 
room temperature. After stirring fo r 1 h, compound 7 (8.63 g, 
17.84 mmol) in toluene (20 mL) was added, and the mixture was 
stirred overnight at room temperature. The next day, toluene was 
removed in vacuo, and the residue was purified by column chro­
matography w ith hexanes/EtOAc (97:3) to  afford 15 (8.83 g, 78%) 
as a yellow oil. 'HNMR (300 MHz, CDCÍ3): (5 =  0.86 (t, 7=6.6, 3H),
1.04 (s, 9H), 1.06 (s, 9H), 1.20-1.42 (m, 24 H), 1.84-1.94 (m, 2H), 
3.54 (apptd, 7=5.0  and 10.4, 1 H), 3.91 (t, 7 =  10.8, 1 H), 3.94 (dd, 
1 H, 7=1 .8  and 10.0), 4.22 (dd, 7=5 .0  and 10.8, 1 H) 5.43 (apptd, 
7=1.5  and 7.0, 1 H), 8.23 (d, 7 =  9.1, 2H), 8.29 ppm (d, 7=9.1, 2H); 
'^CNMR (75 MHz, CDCI3): (5 =  14.35, 22.92, 25.37, 29.60, 29.69,
29.75, 29.87, 29.89, 29.93, 29.94, 30.27, 32.16, 61.75, 63.15, 72.60,
74.76, 78.13, 87.58, 123.77, 127.47, 127.73, 127.87, 128.17, 128.51, 
128.83, 131.22, 135.28, 138.10, 143.45, 150.86, 164.09 ppm.

(25.35.45)-2-Azido-1,3-0-di-(ferf-butyl)silanediyloctadecane-
1,3,4-triol (16): NaOMe (680 mg, 12.64 mmol) was added to a solu- 
tlon o f 15 (8.0 g, 12.64 mmol) in MeOH (100 mL) at room tempera- 
ture. The white suspensión was stirred for 1 h, quenched w ith a sa­
turated NH4CI soiution and extracted w ith  CH^CIj (3x100 mL). The 
combined organic layers were washed w ith brine (Ix IO O m L), 
dried over MgSO^, filtered and evaporated to dryness. The crude 
was purified by column chromatography (hexanes/EtOAc 9:1) to 
yleid compound 16 (5.52 g, 90%) as a colorless oil. 'HNMR 
(300 MHz, (Dslpyridine): (5 =  0.97 (t, 7=7.0, 3H), 1.11 (s, 9H), 1.13 (s, 
9H), 1.22-1.42 (m, 22H), 1.50-1.62 (m, 2H), 1.86-2.10 (m, 2H), 3.97 
(dd, 7 =  1.8 and 9.4, 1 H), 4.05 (t, 7=12.3, 1 H), 4.10-4.17 (m, 1 H), 
4.32-4.44 (m, 2H), 5.83 ppm (d, 7=7.0, 1 H); ' ’ C NMR (75 MHz, 
(Dslpyridine): ó =  14.17, 20.39, 22.79, 22.84, 26.30, 27.11, 27.56,
29.51, 29.79, 29.82, 29.84, 29.87, 30.05, 32.03, 33.76, 58.77, 66.90,
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70.44, 79.27 ppm; HRMS (ESl-MS): m /z: caled for Q jHsjN jO j: 
482.3778 (/W-H]+; found: 482.3781.

(25.35.45)-2-Azidooctadecane-1,3,4-trio1 (17): A soiution o f HF in 
pyridine (140 pL, 1.01 mmol, 65-70% ) was added dropwise to  a so- 
lution o f 16 (1.20 g, 2.48 mmol) in THE (10 mL) and pyridine 
(10 mL) at O^C. After 30 min the mixture was diluted w ith EtOAc 
(50 mL), the organic layer was washed w ith 1 m HCI (3x50  mL) and 
HjO (3x50  mL), dried on Na^SO,, filtered, and evaporated to  dry­
ness. The residue was purified by column chromatography w ith 
hexanes/EtOAc (1:1) to  yieid compound 17 (818 mg, 96%) as a 
white powder. 'H NMR (300 MHz, [Dslpyridine): <5 =  0.86 (t, 7 =  6.7, 
3H), 1.21-1.40(m, 22H), 1.48-1.62 (m, 1 H), 1.66-1.78 (m, 1 H), 1.81-
I.92 (m, 1 H), 1.98-2.12 (m, 1 H), 4.02 (apptd, 7=1.8  and 7.9, 1 H), 
4.21-4.32 (m, 2H), 4.36-4.46 (m, 1 H), 4.65 (ddd, 7=3.2, 5.0 and
II.4 , 1 H), 6.02 (d, 7=6.7, 1 H), 6.44 (d, 1 H, 7=7.9), 6.85 ppm (t, 1 H, 
7 =  5.6); ’ ^CNMR (75 MHz, [Dslpyridine): á =  14.18, 22.85, 26.56,
29.52, 29.83, 29.86, 29.88, 29.95, 30.09, 32.04, 34.89, 63.14, 66.26,
70.92, 73.09 ppm; HRMS (ESl-MS): m/z: caled fo r CiaH^NjOj: 
366.2733 [M-ENa]+, found: 366.2724.

(25.35.45)-2-Azido-3,4-di-0-benzyloctadecane-1,3,4-triol (20): A 
soiution o f 17 (690 mg, 2.01 mmol), DMAP (61 mg, 0.50 mmol), 
and trity l chioride (842 mg, 1.56 mmol) In pyridine (5 mL) was 
stirred overnight at 70 °C  The mixture was diluted w ith EtOAc 
(20 mL) and washed w ith ice-coid HCI (0.1 m, 3 x 2 0  mL), HjO (3x 
20 mL), and brine (1x20  mL). The organic layer was dried over 
Na^SO^, filtered and co-evaporated twice w ith toluene. NaH 
(643 mg, 16.08 mmol) was added to  a soiution o f the crude com­
pound 18 in DME (10 mL) at 0°C. After 30 min stirring at 0°C, 
benzyl bromide (1.92 mL, 16.08 mmol) was added, and the mixture 
was stirred overnight at room temperature. H^O (40 mL) was 
added, and the aqueous layer was extracted w ith CH^CIj (3x 
75 mL). The combined organic layers were washed w ith brine (3x 
50 mL), dried over MgSO^, filtered, and evaporated to  dryness. A 
soiution o f ZnBt2 (13.8 g, 60.0 mmol, 1 m) in CnjCIj/rPrOH (85:15, 
60 mL) was added to the crude compound 19 and the resulting 
yellow mixture was stirred overnight at room temperature. The 
mixture was evaporated to dryness and dissolved in CHjCI^ 
(20 mL). The soiution was washed w ith HjO (3x20 mL) and brine 
(1 X  20 mL), dried over Na^SOí, filtered, and evaporated to  dryness. 
The crude was purified by column chromatography w ith hexanes/ 
EtOAc (8:2) to  afford compound 20 (665 mg, 63% over three 
steps) as a colorless oil. ’ H NMR (300 MHz, (DJpyridine): <5 =  0.86 (t, 
7=6.7, 3H), 1.20-1.34 (m, 22 H), 1.42-1.61 (m, 2 H), 1.82-1.92 (m, 
2H), 3.92 (apptd, 7 =  3.8 and 6.2, 1 H), 4.05 (dd, 7=3.8  and 7.0, 1 H),
4.12 (apptd, 7 =  3.2 and 6.7, 1 H), 4.26-4.35 (m, 1 H), 4.42 (ddd, 7 =
2.9, 4.7 and 11.4,1H), 7.01 (t, 7 =  5.28, 1 H), 7.26-7.40 (m, 6  H), 7.50-
7.56 ppm (m, 4H); ’^C NMR (75 MHz, [Djlpyridine): ó =  14.35, 22.92,
26.24, 29.60, 29.78, 29.85, 29.90, 29.94, 30.18, 32.16, 62.69, 64.56, 
73.22, 74.39, 79.44, 80.05, 128.20, 128.23, 128.33, 128.47, 128.72, 
128.74, 138.02, 138.09 ppm; HRMS (ESl-MS): m /z: caled for 
Q 2H4 9N3O3 : 524.3846 [M-EH]+, found: 524.3870.

(2S,3ff,4R)-2-Azido-3,4-di-0-benzyl-1-0-(2,3-di-0-benzyl-4,6-0- 
benzylidene-a-D-galactopyranosyl)octadecane-l,3,4-tríol (22): A 
soiution o f 14 (401 mg, 0.77 mmol) In THE (5 mL) was added to a 
m ixture o f 21 (545 mg, 0.92 mmol) and powdered 4 A molecular 
sieves in THE (5 mL). The mixture was cooled to —20“C, and 
TMSOTf (21 pL, 0.11 mmol) was added dropwise. After stirring for 
1 h at —20°C, the mixture was neutralized w ith EtjN and filtered 
through celite. The filtrare was evaporated to dryness, and the re- 
suiting residue was purified by column chromatography (hexanes/ 
EtOAc 5:1 - f  1 V% EtjN) to  afford compound 22 (508 mg, 70%) as 
a white solid. 'HNM R (300 MHz, CDCÍ3): <5 =  0.74 (t, 7=6.3, 3H),

1.14-1.20 (m, 22 H), 1.30-1.46 (m, 4H), 3.37 (m, 1 H), 3.40-3.50 (m, 
4H), 3.63 (dd, 7 =  3.1 and 9.9, 1 H), 3.74 (dd, 7 =  1.6 and 12.4, 1 H),
3.80 (dd, 7=3 .3  and 10.1, 1 H), 3.88-4.00 (m, 2H), 4.38 (s, 2H), 4.46 
(d, 1 H, 7 =  11.7), 4.50 (d, 7=11.8, 1 H), 4.52 (t, 7=2.3, 1 H), 4.57 (d, 
7 =  12.0, 1 H), 4.60 (d, 7=12.4, 1 H), 4.64 (d, 7 =  12.5, 1 H), 4.68 (d, 7 =
12.0, 1 H), 4.73 (d, 7 =  3.5, 1 H), 5.30 (s, 1 H), 7.10-7.25 (m, 23H), 
7.34-7.38 ppm (m, 2H); '^C NMR (75 MHz, CDCI3): <5 =  14.28, 22.85,
25.80, 29.53, 29.77, 29.83, 29.87, 29.94, 30.50, 32.09, 61.83, 63.18,
68.51, 69.51, 72.26, 72.84, 73.15, 73.67, 74.53, 74.85, 75.64, 75.78,
77.37, 79.63, 79.95, 99.39, 101.21, 126.48, 127.73, 127.87, 127.91,
127.93, 128.15, 128.27, 128.39, 128.46, 128.47, 128.54, 128.65,
129.04, 137.95, 138.35, 138.54, 138.89 ppm; HRMS (ESl-MS): m/z: 
caled for CsgH^NjOs: 976.5452 [M-ENa]+; found: 976.5492.

(2S,3S,45)-2-Az|do-3,4-d¡-O-benzyl-1-O-(2,3-di-0-benzyl-4,6-0- 
benzyl¡dene-a-D-galactopyranosyl)octadecane-1,3,4-triol (23): 
BE3 < M . >EtgO (280 pL, 2.18 mmol) was added dropwise to  a mix­
ture o f 21 (960 mg, 1.62 mmol), 20 (570 mg, 1.09 mmol) and pow­
dered 4 A molecular sieves in Et^O/THE 13:1 (20 mL) at —20°C. The 
mixture was stirred for 2 h at —20°C, and an additional portion of 
compound 21 (960 mg, 1.62 mmol) was added. After 1 h, the mix­
ture was diluted w ith EtOAc (50 mL) and filtered through celite. 
The fíltrate was washed w ith a saturated NaHCOj soiution (2x 
50 mL) and brine (1 x 50 mL), dried over NajSO,, filtered, and 
evaporated to dryness. The residue was purified by column chro­
matography w ith hexanes/EtOAc (7:1) to  afford compound 23 
(578 mg, 56%) as a white powder. 'HNMR (300 MHz, CDCI3): <5 =  
0.81 (t, 7=6.7, 3H), 1.12-1.26 (m, 22H), 1.44-1.56 (m, 4H), 3.46 
(apptd, 7=3.1 and 6.3, 1 H), 3.53-3.58 (m, 2H), 3.62 (dd, 7=3.2  and
7.7, 1 H), 3.71 (dd, 7 =  5.0 and 10.6, 1 H), 3.90 (dd, 7=1.7  and 12.5, 
1H), 3.92-3.99 (m, 2H), 4.04 (dd, 7=3.1 and 10.1, 1 H), 4.08-4.13 
(m, 2H), 4.42-4.47 (m, 3H), 4.58 (d, 7=11.6, 1 H), 4.59 (d, 7=11.7, 
1 H), 4.67 (d, 7=12.3, 1 H), 4.74 (d, 7=12.4, 1 H), 4.79 (d, 7=11.7,
1 H), 4.90 (d, 7 =  3.2, 1 H), 5.40 (s, 1 H), 7.13-7.35 (m, 23 H), 7.43-
7.47 ppm (m, 2H); '"C NMR (75 MHz, CDCI3): <5 =  14.36, 22.93, 26.09,
29.60, 29.82, 29.89, 29.90, 29.92, 29.95, 30.01, 30.32, 32.16, 61.16, 
63.30, 68.21, 69.64, 72.20, 72.66, 73.93, 74.50, 74.82, 75.54, 76.14,
77.44, 78.18, 79.16, 99.26, 101.32, 126.58, 127.73, 127.78, 127.89,
127.94, 127.99, 128.27, 128.35, 128.35, 128.46, 128.52, 128.53,
128.56, 129.11, 138.07, 138.22, 138.64, 138.92, 138.95 ppm; HRMS 
(ESl-MS): m/z: caled for Q 5H75N A :  976.5452 [M-fNa]+, found: 
976.5516.

(2S,3/f,4/?)-3,4-Di-0-benzyl-1-0-(2,3-di-0-benzyi-4,6-0-benzy1i- 
dene-a-D-galactopyranosyl)-2-hexacosyiamino-octadecane-1,3,4- 
triol (24): A soiution o f trimethylphosphine in THE (2.66 mL,
2.66 mmol, 1 m) was added dropwise to  a soiution o f 22 (508 mg, 
0.53 mmol) in THE (5.4 mL) at room temperature. After stirring for
2 h at room temperature, a NaOH soiution (10 mL, 1 m) was added 
and the mixture was allowed to  stir for an additional 2 h. The solu- 
tion was diluted w ith EtOAc (20 mL), washed w ith H¿0 (3x20  mL) 
and brine (1x20m L), dried over MgSOg, filtered, and evaporated 
to  dryness to  afford the amine as a colorless oil. A mixture o f the 
crude amine, EDC (204 mg, 1.06 mmol), hexacosanoic acid 
(333 mg, 0.80 mmol) in CH^CIj ( 8  mL) was stirred at room tempera- 
ture for 18 h. The mixture was diluted w ith CH^Cij (20 mL), washed 
w ith H2O (3x20  mL) and brine (1x20  mL), dried over MgS0 4 , fil­
tered, and evaporated to  dryness. The residue was purified by 
column chromatography w ith hexanes/EtOAc (4:1) to  afford com­
pound 24 (532 mg, 76%) as a yellow oii. 'H NMR (300 MHz, CDCI3): 
<5 =  0.88 ( t  J=6 .9 , 6 H), 1.18-1.34 (m, 6 8 H), 1.40-1.62 (m, 4H), 2.10 
(t, J=7 .3 , 2H), 3.42-3.52 (m, 3H), 3.57 (dd, J =  7.3 and 9.8, 1 H),
3.72 (dd, 7=1.3  and 7.6, 1 H), 3.83 (dd, 7=1.6  and 11.7, 1 H), 3.87 
(dd, 7 =  3.5 and 10.4, 1 H), 4.01-4.10 (m, 3H), 4.38 (appq, 7 =  7.9,
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1 H), 4.48 (d, 7=11.4, 1 H), 4.55 (d, 7=11.4, 1 H), 4.61 {d, 7 =  12.3, 
1 H), 4.64 (d, 7=12.0, 1 H), 4.70 (d, 7 =  12.9, 1 H), 4.76 (d, 7 =  12.3,
1 H), 4.82 (d, 7 =  12.0, 1 H), 4.83 (d, 7 =  11.7, 1 H), 4.90 (d, 7 =  3.5, 1 H),
5.42 (s, 1H), 5.76 (d, 7 =  9.1, 1 H), 7.18-7.40 (m, 23 H), 7.47-
7.52 ppm (m, 2H); ’^C NMR (75 MHz, CDCI3): <5 =  14.36, 22.93, 25.24,
26.07, 29.59, 29.61, 29.67, 29.83, 29.89, 29.94, 29.97, 30.11, 31.00,
32.16, 32.17, 37.12, 49.03, 63.16, 68.87, 69.56, 72.27, 73.37, 73.63,
74.99, 75.67, 75.82, 77.44, 79.82, 80.89, 99.49, 101.26, 126.58,
127.80, 127.84, 127.93, 127.95, 128.02, 128.06, 128.32, 128.55,
128.60, 128.64, 129.08, 138.05, 138.86, 138.91, 138.94, 172.89 ppm; 
HRMS (ESl-MS): m /z: caled for CgsHujNiO,: 1328.9408 [M -H ]-", 
found: 1329.0897.

(25.35.45)-3,4-Di-0-benzyl-1-0-(2,3-dl-0-ben2yl-4,6-0-benzyli- 
dene-a-D-galactopyranosyl)-2-hexacosylamino-octadecane-1,3,4- 
trlol (25): A soiution o f trimethylphosphine in THE (1.90 mL, 
1.90 mmol, 1 m ) was added dropwise to a soiution o f 23 (360 mg, 
0.38 mmol) in THE (4 mL) at room temperature. After stirring for
2 h at room temperature, a 1 m  NaOH soiution (1.9 mL) was added, 
and the mixture was allowed to stir fo r an additional 2 h. The solu- 
tion was diluted w ith  EtOAc (20 mL), washed w ith HjO (3x20  mL) 
and brine (1 x 2 0  mL), dried over Na^SO^, fiitered and evaporated to 
dryness to afford the amine as a colorless oii. A mixture o f the 
crude amine, EDC (225 mg, 1.14 mmol), and hexacosanoic acid 
(465 mg, 1.14 mmol) in CH^Cij (5 mL) was stirred at room tempera- 
ture fo r 18 h. The mixture was diluted w ith CH^CIj (20 mL), washed 
w ith  HjO (3x20  mL) and brine (1 x20  mL), dried over Na2S04, fil­
tered, and evaporated to  dryness. The residue was purified by 
column chromatography w ith hexanes/EtOAc (4:1) to  afford com­
pound 25 (298 mg, 60%) as a white solid. 'HNM R (700 MHz, 
[Dslpyridine): <5 =  0.84-0.90 (m, 6 H), 1.20-1.34 (m, 65H), 1.36-1.41 
(m, 1H), 1.43-1.49 (m, 1 H), 1.54-1.61 (m, 1 H), 1.78-1.89 (m, 2H), 
1.92-1.98 (m, 2H), 2.41 (t, J =  7.4, 2H), 3.97 (dd, 7 =  5.8 and 10.6, 
1 H), 4.02 (s, 1 H), 4.10 (dd, 7 =  5.6 and 10.2, 1 H), 4.18 (d, 7=12.2, 
1 H), 4.22 (t, 7=5.8, 1 H), 4.35 (dd, 7=4 .4  and 10.2, 1 H), 4.39-4.44 
(m, 3H), 4.64 (d, 7 =  2.2, 1 H), 4.73 (d, 7 =  10.9, 1 H), 4.77 (d, 7 =  12.4, 
1H), 4.80 (d, 7 =  11.2, 1H), 4.86-4.93 (m, 4H), 4.97 (d, 7=11.4,
1 H),5.06 (m, 1 H), 5.42 (d, 7 =  2.1, 1 H), 5.81 (s, 1 H), 7.26-7.40 (m, 
16H), 7.48 (d, 7=7.6, 3H), 7.53 (d, 7=7.5, 2H), 7.59 (d, 7=7.5, 2H), 
7.78 (d, 7 =  7.3, 2H), 8.35 ppm (d, 7=7.9, 1 H); '"C NMR (75 MHz, 
(Dslpyridine): <5 =  14.20, 22.86, 22.88, 25.72, 26.30, 29.53, 29.57, 
29.73, 29.76, 29.84, 29.88, 29.95, 29.97, 30.26, 30.85, 32.05, 32.06,
36.78, 50.64, 63.58, 67.86, 69.63, 71.48, 72.63, 73.62, 74.41, 74.49, 
76.61, 77.10, 80.15, 80.51, 99.36, 100.97, 126.85, 127.74, 127.76,
127.80, 127.82, 127.85, 127.96, 128.10, 128.35, 128.40, 128.58,
128.64, 128.65, 129.00, 139.30, 139.44, 139.45, 139.53, 139.60,
172.80 ppm.

(25.35.45)-3,4-Di-0-benzyl-1-0-(2,3-di-0-benzyl-4,6-0-benzyli- 
dene-a-D-galactopyranosyl)-2-octanoylaminooctadecane-1,3,4- 
triol (26): A 1 m soiution o f trimethylphosphine in THE (1.10 mL,
1.10 mmol) was added dropwise to  a soiution o f 23 (210 mg, 
0.22 mmol) in THE (1 mL) at room temperature. After stirring for
2 h at room temperature, a 1 m NaOH soiution (1.1 mL) was added, 
and the mixture was allowed to  stir for an additional 2 h. The solu- 
tion was diluted w ith EtOAc (20 mL), washed w ith H^O (3x20  mL) 
and brine (1x20  mL), dried over Na^SOj, filtered, and evaporated 
to dryness to afford the amine as a colorless oil. A mixture o f the 
crude amine, EDC (127 mg, 0.66 mmol), octanoic acid (105 pL,
0.66 mmol) in CHjClj (3 mL) was stirred at room temperature for 
18 h. The mixture was diluted w ith  CH^Ci^ (20 mL), washed w ith 
HjO (3x20  mL) and brine (1x20  mL), dried over Na2S04, filtered, 
and evaporated to  dryness. The residue was purified by column 
chromatography w ith hexanes/EtOAc (4:1) to afford compound 26

(145 mg, 64%) as a white solid. 'HNMR (700 MHz, (Dslpyridine): 
<5 =  0.81 (t, J=6.9, 3H), 0.86 (t, J =  7.0, 3 H), 1.15-1.35 (m, 30H),
I.43-1.48 (m, 1 H), 1.54-1.59 (m, 1 H), 1.76-1.84 (m, 2H), 1.92-1.97 
(m, 2H), 2.38 (t, J=7.3, 2H), 3.97 (dd, J= 5 .9  and 10.6, 1 H), 4.02 (s, 
1 H), 4.10 (dd, 7=5 .6  and 10.2, 1 H), 4.18 (dd, 7=1 .4  and 11.6, 1 H),
4.22 (dd, 7=4.7  and 6.0, 1 H), 4.35 (dd, 7=4 .4  and 10.2, 1 H), 4.40-
4.44 (m, 3H), 4.64 (d, 7=2.2, 1 H), 4.73 (d, 7=11.4, 1 H), 4.77 (d, 7 =
12.3, 1 H), 4.78 (d, 7=12.0, 1 H), 4.80 (d, 7=11.4, 1 H), 4.83 (1 H, d, 
7=10.6), 4.87 (1 H, d, 7 =  10.6), 4.92 (1 H, d, 7=11.7), 4.97 (1 H, d, 7 =
II.7 ), 5.01 (m, 1 H), 5.42 (d, 7 =  2.6, 1 H), 5.80 (s, 1 H), 7.26-7.39 (m, 
15H), 7.47 (dd, 7=1.4  and 7.6, 4H), 7.54 (d,7 =  7.5, 2H), 7.59 (d, 7 =  
7.5, 2 H), 7.78 (d, 7=7.1, 2H), 8.33 ppm (d, 7=7.9, 1 H); '"C NMR 
(75 MHz, (Dslpyridine): <5 =  14.15, 14.21, 22.81, 22.87, 25.71, 26.26,
27.81, 28.37, 29.32, 29.55, 29.62, 29.87, 29.94, 29.50, 30.25, 30.84,
31.89, 32.05, 50.62, 63.59, 67.88, 69.62, 71.47, 72.62, 73.61, 74.41, 
74.49, 76.60, 77.09, 80.17, 80.51, 99.36, 100.98, 127.75, 127.80, 
127.82, 127.84, 127.96, 128.09, 128.35, 128.40, 128.58, 128.60,
128.64, 128.65, 129.00, 139.30, 139.44, 139.53, 139.59, 172.79 ppm; 
HRMS (ESl-MS): m/z: caled for Co7H„N,Og: 1054.6772 (M -EHr; 
found: 1054.6716.

1-0-(a-D-Galactopyranosyl)-2-hexacosylamino-D-xy/o-1,3,4-octa- 
decanetriol (2): A soiution o f 24 (485 mg, 0.37 mmol) in CHCI3/  
EtOH (1:3, 12mL) was hydrogenated under atmospheric pressure 
for 4 h in the presence o f Pd black (50 mg). The soiution was d ilu t­
ed w ith pyridine (20 mL), filtered through celite, and co-evaporated 
tw ice w ith toluene. The crude was purified by column chromatog­
raphy w ith CHjCij/MeOH (9:1) to  afford compound 2 (215 mg, 
6 8 %) as a white powder. 'H NMR (300 MHz, (Dslpyridine): ¿> =  0.86 
(6 H, m), 1.18-1.42 (6 6 H, m), 1.62-1.90 (4H, m), 2.00 (2H, m), 2.44 
(2H, t, 7 =  7.5), 4.08-4.18 (2H, m), 4.25-4.32 (1 H, m), 4.34-4.50 (4H, 
m), 4.50-4.58 (2 H, m), 4.60-4.68 (1 H, m), 4.98-5.08 (1 H, m), 5.48 
(1 H, d, 7=3.5), 5.93 (1 H, d, 7 =  5.0), 6.26 (1 H, d, 7=4.4), 6.30 ( 1  H, 
d, 7=3.9), 6.37 (1 H, d, 7 =  7.2), 6.46 (1 H, L 7 =  5.5), 6.53 (1 H, d, 7 =  
5.74), 8.25 ppm (1 H, d, 7 =  8.7); '"C NMR (75 MHz, (Dslpyridine): ñ =
14.44, 23.07, 23.09, 26.59, 26.76, 29.74, 29.78, 29.87, 29.98, 30.05, 
30.12, 30.17, 30.23, 30.32, 32.25, 32.28, 34.02, 36.91, 51.09, 62.83, 
69.32, 70.55, 71.11, 71.80, 72.55, 73.08, 74.32, 101.35, 173.95 ppm; 
HRMS (ESl-MS): m/z: caled for (ESl-MS) for CscH^NiO,: 858.7392 
[M-EH1+, found: 858.6768.

1-0-(n-D-Galactopyranosyl)-2-hexacosy1amino-L-/yxo-l,3,4-octa- 
decanetriol (3): A soiution o f 25 (275 mg, 0.21 mmol) in EtOAc 
(20 mL) was hydrogenated under atmospheric pressure for 16 h in 
the presence o f 10% Pd/C (55 mg). The soiution was diluted w ith 
pyridine (20 mL), filtered through celite, and co-evaporated twice 
w ith  toluene. The crude was purified by column chromatography 
w ith  CHjCIj/MeOH (9:1) to  afford compound 3 (77 mg, 43%) as a 
white powder. 'HNMR (700 MHz, (Dslpyridine): <5 =  0.88 (m, 6 H), 
1.18-1.43 (m, 6 6  H), 1.53-1.60 (m, 1 H), 1.72-1.79 (m, 2H), 1.80-1.86 
(m, 2H), 2.07-2.13 (m, 1 H), 2.45 (t, 7=7.4, 2H), 4.12-4.17 (m, 2H), 
4.38-4.41 (dd, 7= 5 .6  and 10.9, 1 H), 4.43-4.44 (dd, 7 = 6 .0  and 10.5, 
1 H), 4.44-4.46 (dd, 7=3.1 and 9.8, 1 H), 4.48-4.53 (m, 3H), 4.55 (d, 
7=3.0, 1 H), 4.66 (dd, 7=3 .8  and 9.9, 1 H), 4.87-4.97 (m, 1 H), 5.49 
(d, 7=3.8, 1 H), 5.62 (brs, 1 H), 6.06 (brs, 1 H), 6.28 (brs, 1 H), 6.40 
(brs, 3H), 8.57 ppm (d, 7 =  8 .8 , 1 H); '"C NMR (75 MHz, (Dslpyridine): 
<5=14.22, 22.88, 26.30, 26.85, 29.55, 29.57, 29.65, 29.75, 29.85,
29.88, 29.94, 29.96, 30.07, 30.20, 52.88, 62.59, 69.91, 70.52, 70.80,
70.90, 71.49, 73.05, 73.59, 102.19, 174.62 ppm ; HRMS (ESl-MS): m/z: 
caled for CsoHggN.Og: 858.7398 (M-EH1+; found: 858.7355.

l-0-(a-D-Gaíactopyranosyl)-2-octanoylamino-L-/yxo-1,3,4-octade- 
canetrioi (4): A soiution o f 26 (120mg, 0.11 mmol) in EtOAc 
(15 mL) was hydrogenated under atmospheric pressure for 16 h in 
the presence o f 10% Pd/C (24 mg). The soiution was diluted w ith
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pyridine (20 mL), filtered through celite, and co-evaporated twice 
w ith  toluene. The crude was purified by column chromatography 
w ith CHjCIj/MeOH (95:5) to  afford compound 4 (50 mg, 75%) as a 
white powder. ’H NMR (700 MHz, [Dslpyridine): <5 =  0.79 (t, 7 =  7.0, 
3H), 0.85 (t, 7 =  7.1, 3H), 1.10-1.18 (m, 5H), 1.20-1.38 (m, 25 H),
1.52-1.59 (m, 1 H), 1.71-1.78 (m, 3H), 1.80-1.85 (m, 1 H), 2.06-2.12 
(m, 1 H), 2.42 (t, 7=7.5, 2H), 4.12-4.17 (m, 2H), 4.37-4.41 (dd, 7 =
5.6 and 10.9, 1 H), 4.42-4.44 (dd, 7 =  6.5 and 111.1, 1 H), 4.44-4.46 
(dd, 7=3.4  and 10.1, 1 H), 4.48-4.53 (m, 3H), 4.55 (d, 7=3.1, 1 H),
4.66 (dd, 7=3.8  and 10.0, 1 H), 4.86-4.91 (m, 1 H), 5.48 (d, 7 =  3.8, 
1H), 5.91 (brs, 6 H), 8.56 ppm (d, 7=8.6, 1 H); ’ ^C NMR (75 MHz, 
(Dslpyridine): <5 =  14.14, 14.21, 22.78, 22.87, 26.25, 26.84, 29.28,
29.52, 29.54, 29.85, 29.92, 29.94, 30.04, 30.20, 52.90, 62.59, 69.87, 
70.54, 70.83, 70.90, 71.51, 73.06, 73.60, 102.21, 174.60 ppm; HRMS 
(ESl-MS): m/z: caled fo r CsjHssN.O,: 606.4581 (M-I-H1+; found: 
606.4557.

(25,3S,4/?)-l,3-0-Di-(fert-butyl)silanediyl-(2-A/,4-0)-oxazinano- 
neoctadecane-1,3,4-triol (27): A soiution o f trimethylphosphine in 
THF (2.25 mL, 2.25 mmol, 1 m) was added dropwise to a soiution of 
7 (220 mg, 0.45 mmol) in THF (5 mL) at 0°C. After stirring for
15 min at room temperature, a 1m NaOH soiution (5 mL) was 
added, and the mixture was allowed to stir fo r an additional hour. 
The soiution was diluted w ith EtOAc (20 mL), washed w ith H^O (2x 
20 mL) and brine (2x20  mL), dried over NajSOí, filtered, and 
evaporated to dryness to afford the amine. /PtjEtN (160 pL, 
0.90 mmol) and triphosgene (270 mg, 0.90 mmol) were added to a 
soiution o f the crude amine in CHjClj (2 mL), at 0°C. The mixture 
was stirred at room temperature overnight, quenched w ith  MeOH 
(0.5 mL) and diiuted w ith EtOAc (20 mL). The organic layer was 
washed w ith HjO (2x20 mL) and brine (2x20 mL), dried over 
NajS0 4 , filtered, and evaporated to  dryness. The crude was purified 
by column chromatography (hexanes/EtOAc 2:1) to  afford com­
pound 27 (140 mg, 64%) as a colorless wax. 'HNMR (300 MHz, 
CDCÍ3): 0 =  0.86 (t, 7=6.7, 3H), 0.95 (s, 9H), 1.03 (s, 9H), 1.18-1.36 
(m, 22 H), 1.40-1.48 (m, 1 H), 1.52-1.66 (m, 2H), 1.84-1.95 (m, 1 H),
3.43 (ddd, 7=4.5, 9.2 and 10.5, 1 H), 3.73 (t, 7=9.1, 1 H), 3.79 (t, 7 =
10.4, 1H), 4.03-4.10 (m, 1H), 4.11 (dd, 7 =  4.7 and 10.2, 1 H), 
7.17 ppm (brs, 1 H); '^C NMR (75 MHz, CDCI3): <5 =  14.33, 20.08,
22.90, 23.02, 24.30, 27.11, 27.57, 29.57, 29.66, 29.69, 29.76, 28.87,
29.89, 29.90, 29.91, 30.94, 32.14, 53.70, 67.50, 72.18, 80.94, 
154.52 ppm; HRMS (ESl-MS): m/z: caled for C2?Hs3N,0 4 : 484.3822 
(/m-Hl+, found: 484.3806.

(2S,35,45)-1,3-0-Di-(fert-butyl)silanedlyl-(2-W,4-0)-oxazinanone- 
octadecane-1,3,4-triol (28): A 1 m soiution o f trimethylphosphine 
in THF (1.16 mL, 1.16 mmol) was added dropwise to a soiution of
16 (110 mg, 0.23 mmol) in THF (2.5 mL) at 0°C. After stirring for 1 h 
at room temperature, a 1 m NaOH soiution (1.16 mL) was added, 
and the mixture was allowed to stir for an additional hour. The so- 
lution was diluted w ith EtOAc (20 mL), washed w ith H2O (2x 
20 mL) and brine (2x20  mL), dried over Na2S0 ,, filtered, and 
evaporated to dryness to  afford the amine. iPrjEtN (80 pL, 
0.46 mmol) and triphosgene (137 mg, 0.46 mmol) were added to a 
soiution o f the crude amine in CHjClj (2 mL), at 0°C. The mixture 
was stirred at room temperature overnight, quenched w ith MeOH 
(0.5 mL), and diluted w ith EtOAc (20 mL). The organic iayer was 
washed w ith HjO (2x20  mL) and brine (2x20  mL), dried over 
NajSO^, filtered, and evaporated to  dryness. The crude was purified 
by column chromatography w ith  hexanes/EtOAc (2:1) to  afford 
compound 28 (91 mg, 83%) as a colorless oil. 'HNMR (300 MHz, 
CDCI3): <5 =  0.87 (t, 7=6.7, 3H), 0.97 (s, 9H), 1.03 (s, 9H), 1.18-1.38 
(m, 22 H), 1.41-1.59 (m, 2H), 1.62-1.74 (m, 1 H), 1.80-1.88 (m, 1 H),
3.53 (apptd, 7=4 .4  and 10.1, 1 H), 3.80 (t, 7=10.2, 1 H), 4.14 (dd.

7=5.1 and 10.5, 1 H), 4.19 (dd, 7 =  5.3 and 9.6, 1 H), 4.33 (ddd, 7 =
I.9, 5.1 and 11.9, 1H), 7.10 ppm (brs, 1H); '^C NMR (75 MHz, 
CDCI3): <5 =  14.34, 20.27, 22.91, 23.06, 25.87, 27.22, 27.58, 28.72, 
29.58, 29.67, 29.69, 29.77, 29.86, 29.90, 29.92, 32.14, 49.53, 67.86, 
70.84, 79.43, 153.82 ppm; HRMS (ESl-MS): m/z: caled for
C2 7H5 3N,0 3 : 484.3822 (M-FH1+, found: 484.3806.

(2S,3R,4R)-2-azido-4-0-benzyloctadecane-1,3,4-triol (29): A 1 m  

soiution o f ZnBtj (4.14 g, 18.76 mmol) in CnjCIj/IPrOH (85:15, 
18.8 mL) was added to  compound 12 (794 mg, 1.17 mmol), and 
the resulting yellow mixture was stirred overnight at room temper­
ature. H2O (25 mL) was added, and the aqueous iayer was extract­
ed w ith CHjClj (3x50  mL). The combined organic layers were 
washed w ith  brine (1x50  mL), dried over MgSOí, filtered, and 
evaporated to dryness. The yellow crude was purified by column 
chromatography w ith hexanes/EtOAc (3:1) to  afford compound 29 
(434 mg, 89%) as a colorless oil. 'H NMR (300 MHz, CDCÍ3): ó =  0.88 
(t,7  =  6.4, 3H), 1.23-1.34 (m, 22H), 1.34-1.44 (m, 2H), 1.52-1.70 (m, 
2H), 2.33 (t, 7 =  5.9, 1 H), 2.68 (d, 7 =  4.7, 1 H), 3.42 (appq, 7 =  4.7, 
1 H), 3.58 (appq, 7 =  5.9, 1 H), 3.74 (m, 1 H), 3.83 (m, 2H), 4.50 (d, 7 =
II.1 , 1 H), 4.69 (d, 7=11.1, 1 H), 7.31-7.41 ppm (m, 5H); '"C NMR 
(75 MHz, CDCI3): <5 =  14.35, 22.92, 25.19, 29.59, 29.76, 29.81, 29.87,
29.89, 29.90, 29.92, 29.93, 30.08, 30.13, 32.15, 63.58, 63.77, 72.52,
73.81, 79.52, 128.24, 128.31, 128.84, 138.01 ppm; HRMS (ESl-MS): 
m/z: caled for C2sH,3N3 0 3 : 456.3202 (M -FNar, found: 456.3254.

(2S,3R,4R)-2-Azido-1,3-0-di-(ferf-butyl)silanediyloctadecane-
1,3,4-triol (30): A soiution o f 29 (430 mg, 0.99 mmol) in DMF 
(3 mL) and pyridine (97 pL, 1.19 mmol) was cooled at - 2 0 °C and 
(fBuljSKOTfIj (563 pL, 1.74 mmol) was added dropwise. After stir­
ring for 1 h at -20 °C , the mixture was quenched w ith HjO 
(20 mL). The aqueous layer was extracted w ith EtOAc (3x25  mL), 
and the combined organic iayers were washed w ith 1 m HCI 
(20 mL) and HjO (2x20 mL), dried over NajSO,, filtered and evapo­
rated to dryness. The residue was purified by column chromatogra­
phy w ith hexanes/EtOAc (9:1) to  afford 30 (540 mg, 95%) as a col- 
oriess oil. 'H NMR (300 MHz, CDCI3): <5 =  0.88 (t, 7=6.4, 3H), 1.08 (s, 
9H), 1.10 (S , 9H), 1.20-1.34 (m, 22 H), 1.40-1.52 (m, 4H), 3.54 (m, 
1 H), 3.62 (appq, 7=1.8, 1 H), 4.18 (dd, 7 =  1.8 and 7.6, 1 H), 4.32 
(dd, 7=1.8  and 12.9, 1 H), 4.37 (dd, 7=2.4  and 12.9, 1 H), 4.61 (d, 
7=10.8, 1 H), 4.92 (d, 7 =  10.8, 1 H), 7.24-7.40 ppm (m, 5H); '^C NMR 
(75 MHz, CDCI3): <5 =  14.36, 20.71, 22.93, 23.60, 25.67, 27.29, 28.02,
29.60, 29.83, 29.85, 29.90, 29.93, 29.94, 30.92, 32.16, 60.07, 65.50,
75.51, 79.61, 81.41, 127.74, 128.38, 128.52, 139.40 ppm; HRMS (ESl- 
MS): m /z; caled fo r C¡3H¡gN¡0¡Si: 596.4223 (/W-FNaE; found; 
596.4490.

(2S,3R,4R)-1,3-0-Di-(fert-butyl)silanediyl-(2-W,4-0)-oxazinano- 
neoctadecane-1,3,4-triol (31): A soiution o f 30 (200 mg,
0.35 mmol) in CHCij/EtOH (1:3, 12 mL) was hydrogenated under at­
mospheric pressure for 7 h in the presence of Pd biack (200 mg) 
and form ic acid (13 pL, 0.35 mmol). The soiution was diluted w ith  
pyridine (20 mL), filtered through celite, and co-evaporated twice 
w ith  toluene to afford the crude amine as a colorless olí. /PrjEtN 
(52 pL, 0.31 mmol) and triphosgene (92 mg, 0.31 mmol) were 
added to a soiution o f the crude amine in CH^CI^ (2 mL), at 0°C. 
The mixture was stirred at room temperature overnight, quenched 
w ith MeOH (0.5 mL), and diluted w ith EtOAc (20 mL). The organic 
layer was washed w ith H^O (2x20  mL) and brine (2x20  mL), dried 
over NajSO,,, filtered, and evaporated to dryness. The crude was 
purified by column chromatography w ith CHjCIj/MeOH (95:5) to 
afford compound 31 (73 mg, 43%) as a yellow oil. 'HNMR 
(300 MHz, CDCI3): <5=0.86 (t, 7=6.6, 3H), 0.99 (s, 9H), 1.05 (s, 9H),
1.20-1.40 (m, 22 H), 1.40-1.52 (m, 2 H), 1.68-1.90 (m, 2H), 3.47 (dd, 
7=2.1 and 4.6, 1 H), 4.04 (dd, 7=1.5  and 12.8, 1 H), 4.13 (appt, 7 =
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6.7, 1 H), 4.25 (m, 1 H), 4.32 (dd, 7=1.8  and 12.8, 1 H), 6.54 ppm 
(brs 1H); ’^C NMR (75 MHz, CDCI3): <5 =  14.33, 20.66, 22.90, 23.65,
25.00, 27.06, 28.07, 29.57, 29.63, 29.68, 29.73, 29.85, 29.86, 29.88,
29.89, 29.91, 30.24, 32.14, 53.14, 65.91, 66.27, 80.47, 154.82 ppm; 
HRMS (ESl-MS); m/z: caled for Cj7Hs3N,0 4 SI: 506.3642 [/W-(-Na]+, 
found: 506.3619.

In vivo experiments; C57B176J (B6 ) mice were originally purchased 
from The Jackson Laboratory (Bar Harbor, ME, USA), and CDId 
and Ja18~'~, both on B6  background, were klndly provided by Dr. 
Franfois Trottein (Lllle, France). MIce were bred In our breeding fa- 
clllty, and treated and used In agreement w ith the institutional 
guidelines. All animal procedures were approved by the Institution- 
al Animal Care and Ethics Committee.

Dissolution of a-GalCer and a-GalCer-analogues: Stock Solutions 
o f 1, 2, 3 and 4 were prepared in 100% DMSO at a concentration 
o f 1 m gm L“ '. Before use, the Solutions were diluted w ith phos- 
phate buffered saline (pH 7.4) to  obtain a final concentration of 
10 pgm L"'.

In vitro stimulation with a-GalCer-analogues: Spieens from 8 - to 
12-week-old mice were removed and teased apart. After lysis of 
the erythrocytes w ith 0.17 m NH4CÍ, the remaining lymphocytes 
were washed three times w ith  Dulbecco's phosphate-buffered 
saline (PBS). Ceils were counted w ith trypan biue to exelude dead 
cells. Spienocytes were suspended in Dulbecco's modified Eagle's 
médium (DMEM) supplemented w ith 10% fetal calf serum, 
100üm L“ ' penicillln, lO O pgm L '' streptomycin, 0.03% glutamine, 
and S xIO '^M  2-ME (all obtained from  Life Technologies, Paisiey, 
UK). Spienocytes were cultured in flat-bottomed 96-well plates at 
2 x  1 0 '’ cells m L"' per weil in 200 pL, w ith  a final concentration of 
glycolipids o f 250 ngm L"', 50 ngm L"', or 25 ngm L"'. After culture 
for 72 h, supernatants were harvested for determination of cyto- 
klne levels.

ELISA: The level o f both iFN-y and IL-4 In cell culture supernatants 
was measured by standard sandwich ELISA by using purified-cap- 
ture and biotin-conjugated detectlon monocional antibodies and 
standards. After incubation w ith avidin peroxidase, ELISAs were de- 
veloped w ith  TMB substrate, followed by evaluation w ith a micro- 
plate reader.
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