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SUMMARY 

Glucocerebroside (l-O-f3-glucosyl ceramide) can be l a b e l e d  

with 3H-borohydride a t  the  6-posi t ion of  t h e  glucose moiety. The 

6 - t r i t y l  e t h e r  of ce reb ros ide  i s  formed f i r s t ,  t h e  remaining 

hydroxyl groups are a c e t y l a t e d ,  t he  t r i t y l  group i s  removed, and 

the  f r e e  6-hydroxyl group i s  ox id ized  t o  an aldehyde. The carb- 

onyl  group i s  then reduced wi th  borohydride and t h e  a c e t y l  groups 

a r e  removed, r egene ra t ing  t h e  o r i g i n a l  g l y c o l i p i d .  

Key Words : Glucocerebroside,  3H-glucose l a b e l e d ;  Glucosyl ceramide , glucose 

l abe led ;  Glucosyl ceramide, 6 - t r i t y l  e t h e r ;  Glucosyl ceramide. 

a c e t a t e  e s t e r s  

INTRODUCTION 

Glucocerebroside (1) is a n a t u r a l l y  occur r ing  sphingoglycol ipid t h a t  accumu- 

l a t e s  g r e a t l y  i n  t h e  t i s s u e s  of humans s u f f e r i n g  from a gene t i c  l a c k  of 8- 

glucosidase (Gaucher's d i s e a s e ) .  I t  is  u s e f u l  t o  assay t h e  enzyme wi th  radio-  

a c t i v e  s u b s t r a t e  and methods have been devised f o r  l a b e l i n g  & i n  t h e  glucose 

moiety (l), t he  f a t t y  a c i d  moiety (2) ,  t he  ceramide moiety ( 3 , 4 )  and t h e  long 

chain base moiety ( 5 ) .  The enzyme possesses  h y d r o l y t i c  and t r a n s g l u c o s i d i c  

a c t i v i t i e s  which can be convenient ly  d i s t ingu i shed  by t h e  use of s u b s t r a t e  

l abe led  i n  both t h e  glucose and l i p i d  moie t i e s .  This  paper desc r ibes  an  improved 

procedure f o r  p repa r ing  glucose-labeled 1. The new procedure i s  more economical, 

i nvo lves  fewer s t e p s ,  r e q u i r e s  less handl ing of r a d i o a c t i v e  material, and can be 

used ( i f  des i r ed )  e n t i r e l y  wi th  commercially a v a i l a b l e  raw m a t e r i a l s  (L, contain- 
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i n g  E-dihydrosphingosine,  i s  a v a i l a b l e  from Miles Labora to r i e s ,  E l k h a r t ,  Indi-  

anal  . 
- 

The chemical r e a c t i o n s  i n  our  s y n t h e s i s  are as fol lows:  

Ac20 

pyr id ine  
-?H 

T r i t y l  C 1  

py r id ine  
ROCH-(CHOH) 3- -CH20Tr _____z 

2 - 1 (R = ceramide) - 

N aOMe e I NaBT 
R' OCTH-(CHDAc)J-!H-CHO 4, R' OCH- (CHOAc) 3 - H-CHTOH - [ 3H ] -1 

6 - 5 - 

EXPERIMENTAL SECTION 

Materials & w a s  prepared from human Gaucher sp l een  ( 6 )  and d r i e d  i n  vacuo a t  

100' over P205 f o r  2 h r .  

temperature.  Solvents  were d r i e d  by r e f l u x i n g  w i t h  d e s i c c a n t s  ( 7 ) .  Anhydrous 

HBr  was obtained from A i r  Products  and Chemicals, Inc .  Thin l a y e r  chromatography 

( t l c )  was performed wi th  20x20 cm p l a t e s  coated wi th  s i l i c a  g e l  60 PF-254 (E. 

Merck), washed wi th  C H C l  -CH OH-water (100:42:6) and d r i e d  30 min a t  100" before  

use.  

A l l  o t h e r  products  were d r i e d  s i m i l a r l y  b u t  a t  room 

3 3  

Experimental  A s o l u t i o n  of 110 mg of & (about 0.12 m o l e )  and 64 mg of tri- 

phenylmethyl c h l o r i d e  i n  1 .5  m l  of  py r id ine  was heated a t  40" f o r  18 h r .  

sample was cooled t o  room temperature,  0.11 m l  of Ac20 (1 .15  mmole) w a s  added, and 

the mixture was l e f t  ove rn igh t .  

min wi th  15  m l  of water  and the  e t h e r  ester, 3, w a s  i s o l a t e d  by e x t r a c t i o n  wi th  3 

x 5 m l  of CHC13. The pooled lower l a y e r s  were washed wi th  5 m l  water  and evapor- 

a t ed  under vacuum wi th  added benzene, y i e l d i n g  an o i l y  brown re s idue .  

The 

Excess r eagen t s  were hydrolyzed by s t i r r i n g  30 

The t r i t y l  group i n  2 w a s  removed by d i s s o l v i n g  t h e  r e s idue  i n  16 ml of  HOAc- 

CHC13 ( l : l ) ,  cool ing t o  -10' i n  a s t i r r e d  i c e - s a l t  ba th ,  and adding 0 . 3  m l  of  H B r  

i n  HOAc (302 mg/ml a c i d ) .  This was s t i r r e d  2 . 5  min, then poured i n t o  250 m l  of 
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co ld  wa te r .  The t e t r a a c e t a t e ,  5, was e x t r a c t e d  wi th  3 x 25 ml of CHC13, t h e  

e x t r a c t  w a s  washed with 25 m l  of water, and t h e  l i p i d  was i s o l a t e d  by vacuum 

evapora t ion  with benzene and hexane. The wh i t e  r e s idue  weighed 211 mg. 

The hydroxyl group of 5 w a s  ox id i zed  by t h e  Pfi tzner-Moffat  r e a c t i o n  ( 8 ) ,  

c a r r i e d  o u t  by d i s s o l v i n g 4  and 384 mg of N,N'-dicyclohexylcarbodiimide (1.86 

m o l e )  i n  7 ml of dimethylsulfoxide.  To t h i s  w a s  added 0.075 m l  of 1.12 M 

phosphoric  a c i d  i n  DMSO, t h e  s o l u t i o n  w a s  covered wi th  d ry  n i t r o g e n ,  and t h e  

s e a l e d  f l a s k  was s t i r r e d  overnight .  Excess DCC w a s  decomposed by s t i r r i n g  15  

min wi th  0 .8  m l  of HOAc, the  mixture w a s  poured i n t o  110 m l  of wa te r ,  and t h e  

aldehyde, 2, 
pooled e x t r a c t s  were washed w i t h  3 x 75 ml of CH OH-aqueous N a C l  (1:l) and then 

evaporated t o  dryness  i n  vacuum and wi th  a n i t rogen  s t ream. Dicyclohexylurea w a s  

removed by s o n i c a t i n g  t h e  r e s idue  wi th  50 m l  of hexane and f i l t e r i n g ;  

of  t h e  f i l t r a t e  y i e lded  a guunny yel lowish solid (235 mg). 

w a s  i s o l a t e d  by e x t r a c t i o n  wi th  75 m l  and 3 x 50 m l  of  CHC13. The 

3 

evaporat ion 

The aldehyde w a s  reduced i n  a 100 ml screw cap c e n t r i f u g e  tube by d i s s o l v i n g  

i t  i n  15 m l  of t e t r ahydro fu ran  ( f r e s h l y  d i s t i l l e d  from KOH) and adding a s o l u t i o n  

of 4 . 6  mg (25 mCi) of N a B  H4 i n  1 . 2 5  ml of 1 mM NaOH. 

ove rn igh t ,  then s t i r r e d  2 h r  with an a d d i t i o n a l  30 mg of  unlabeled NaBH4.  

borohydride w a s  decomposed by s t i r r i n g  t h e  mixture wi th  14 m l  of 1 M HOAc f o r  15  

min. The a c e t y l a t e d  ce reb ros ide .  5, w a s  i s o l a t e d  by mixing the  s o l u t i o n  wi th  50 

m l  of CHCl  -CH30H (2:1), c e n t r i f u g i n g  a t  low speed, and sucking o f f  t h e  upper 

l a y e r .  

evaporated to  dryness  wi th  a n i t rogen  s t ream. Benzene-ethanol (1:l) w a s  added 

nea r  t h e  end of t h e  evapora t ion  t o  a i d  i n  water removal. 

vacuum f o r  evapora t ion  t o  avoid r i s k  of s p a t t e r i n g . )  

s o l i d .  

3 The mixture  was s t i r r e d  

Excess 

3 
The lower l a y e r  w a s  washed with 3 x 34 m l  o f  CH30H-aqueous sa l t  ( 1 : l )  and 

(CAUTION: Do n o t  use 

Yield: 230 mg o f  white  

Deacetylat ion of 5 was performed by d i s s o l v i n g  t h e  l i p i d  i n  the  same c e n t r i f u g e  

tube i n  7.5 m l  of NaOCH3 s o l u t i o n  (20 mg Na/ml CH OH) under dry N 2  and l e a v i n g  t h e  

s o l u t i o n  overnight .  The glucocerebroside w a s  recovered by p a r t i t i o n i n g  a s  above, 

f i r s t  adding 24 m l  CHC13, 4 . 5  m l  CH OH, and 9 m l  water. 

1 1 2  mg. 

3 

The crude l i p i d  weighed 3 

The l i p i d  w a s  p u r i f i e d  wi th  a 7 x 500 mm column con ta in ing  8 g o f  s i l i c a  g e l  
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60 (230/400 mesh, E.  Merck) packed i n  C H C l  -CH30H (97:3).  

i n  small  po r t ions  of t h e  same s o l v e n t  mixture ,  i n  t h e  r a t i o  96:4, then e l u t e d  with 

70 m l  of t he  same mixture and 300 m l  of a 95:5 mixture.  Pool ing t h e  f r a c t i o n s  

i d e n t i f i e d  by t l c  w i th  C H C l  -CH OH-water (24:7:1) and c a r r i e r  1 y ie lded  52 mg 

9 (47% y i e l d )  of 1 wi th  an a c t i v i t y  of 1 . 2  x 10 

The r ad iopur i ty ,  e s t ima ted  by scanning a t l c  p l a t e  w i th  a recording windowless 

scanner ,  was over 99%. The product was s t o r e d  i n  C H C l  -CH OH (2:l) a t  -20". 

The sample was added 3 

3 3  

cpm (6% of the  s t a r t i n g  a c t i v i t y ) .  

3 3  

The above r eac t ions  were v a l i d a t e d  a d d i t i o n a l l y  by ca r ry ing  them o u t  with a 

more homogeneous 1: N-stearoyl-0-glucosyl sphingosine ( 9 ) .  This allowed us t o  

c r y s t a l l i z e  the  in t e rmed ia t e s  and demonstrate t h e i r  composition by elemental  

a n a l y s i s .  

a v a r i e t y  of f a t t y  a c i d s  t h a t  cause p a r t i a l  s epa ra t ion  by t l c .  

t he  va r ious  in t e rmed ia t e s ,  r e l a t i v e  t o  t h a t  of c h o l e s t e r o l  w i th  the  s o l v e n t  CHC13- 

CH OH (30:1), w e r e  a s  follows: 

va lues  f o r  r e l a t e d  compounds ( r e l a t i v e  t o  c h o l e s t e r o l )  were: 

Ac3 - about 0.77. 

anthrone i n  toluene, and h e a t i n g  t o  looo qu ick ly  y i e lded  b r i g h t  yellow s p o t s  with 

t r i t y l  compounds, then pu rp le  t o  brown s p o t s  with g l y c o l i p i d s .  Thus i t  w a s  help- 

f u l  t o  fol low the  c o l o r  development wi th  a g l a s s  door oven. 

This l i p i d  a l s o  y i e lded  c l e a r e r  t l c  s p o t s ,  s i n c e  1 from sp leen  con ta ins  

The Rf va lues  of 

2 - 0 . 2 2 ,  2 - 1.40 ,  5 - 1.13 ,  5 - 1 . 2 7 .  Other  Rf 3 

1 Ac5 - 1 . 4 1  and 1 
Spraying the  t l c  p l a t e  w i th  10% s u l f u r i c  a c i d ,  then wi th  1% 

The most d i f f i c u l t  s t e p  to work out  w a s  t he  d e t r i t y l a t i o n .  The techniques 

descr ibed i n  the l i t e r a t u r e  removed a c e t y l  groups as w e l l  a s  t h e  t r i t y l  group. 

A low temperature and b r i e f  exposure t o  H B r  so lved  the  problem. 
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