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PREPARATION OF 6-DEOXY-D-Lb-1 4C]GLUCOSE 
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SUMMARY 

A synthesis of 6-deoxy-D-(U-l 4C]glucose is described. 

The compound, having a specific radioactivity uf 9 1 2 . 6  MBq/muol, 

was obtained in a 1 1  -8 % overclll radiochemical yield from the 

starting E-L~J-‘ 4C]glucose. 
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INTRODUCTION 

Transport studies of non-metabolizabie sugars irl the 

yeasts Rhodotorula gluizinis and Saccharomyces cerevisiae re- 

quired the synthesis of commerciaily unavailable sugar deriv- 

atives labelled with hydrogen and carbon radionuclides. This 

work describes the preparation of 6-deoxy-D-giucose uniforntly 

labelled with I4C. 

The starting compound in the synthesis of 6-deoxy-D- 

-fU-’ 4C/ glucose was D-glucose uniformly labelied w i t h  

14C. The synthesis was a modification uf the proceduie used by 

Hardegger and Montavon ( l j  for the preparation of unlabelled 

1,2,3,4-tetra-O-acetyl derivatives of 6-deoxy-D-glucose. The 
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procedure has  been success fu l ly  used f o r  t h e  s y n t h e s i s  

of 6-deoxy-D-i%-’H,]glucose (2). 
,.. 

Tosyla t ion  of D-gluccse L i i i  py r id ine  and subsequent 

a c e t y l a t i o n  (Scheme I )  y i e l d s  1,2,3,4-tetra-O-acetyl-6-0- 

-toluene-sulphonyl- 11 -D-glucopyranose 2. I n  keeping with 

‘che da t a  of StarlPk and Tajmr (3) w e  ob ta ined  product  2 
i n  a 2 5  % y i e l d :  i n  a d d i t i o n  t h e  r e a c t i o n  g i v e s  r ise 

t o  ‘t-anoroer, 2 ,h-d i tosy l  d e r i v a t i v e  and peiitaacetyl-D- 

-glucose ( 3 , 4 ) .  A l a r g e  excess  of t o s y l  c h l o r i d e  r e s u l t s  i n  

tile formation of t h e  2 ,6-d i tosy l  d e r i v a t i v e  ( 4 )  bu t ,  a s  

v e r i f i e d  i n  model experiments ,  a smali  excess  of t o s y l  

c n l o r i d e  (1.46 equ iv . )  enhances t h e  o v e r a l l  y i e l d  of 

6-deoxy-D-[3- 4C-7-giucose 2. 

O H  O A c  O A c  
3 - 2 - 1 - 

FH3 

4 - 
S r h e m e  I 

5 - 

W e  a t tempted t o  d i r e c t l y  remove the  6-tusyiOxy group 

and ob ta in  t h e  iieoxy d e r i v a t i v e  5 by t rea t inent  wi th  z inc  

i n  t h e  presence of sodium iod ide  i n  1,2-dimethoxyethdne ( 5 )  

Under- t he  cond i t ions  used ( 1 0  h ,  8 0  ‘ C ) ,  however, no reduct -  

i v e  d e t o s y l a t i o n  of compound 2 took p lace .  
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Tosyl de r iva t ives  a r e  readi ly  converted t o  deoxyiodo 

der ivat ives  through the act ion of sodium iodide; i n  sugar 

de r iva t ives  the react ion can be performed i n  acetone ( 6 ) .  

We found t h a t  the react ion of the t e t r a a c e t y l  de r iva t ive  2 
w i t h  sodium iodide i n  acetone under ref lux does iiot occur 

while i n  rlethyl s thy l  ketone it i s  very slow. For t h i s  reason 

we performed the reaction i n  a c e t i c  anhydride according t o  

Hardegger and Montavon ( 7 )  and obtained iodo der ivat ive 3 

i n  a 6 5  % yield.  

Hydrogenolysis of 4C-deoxyiodo de r iva t ive  2 i n  nietiianol 

i n  the  presence of 10  % palladium on charcoal and t r i e t h y l -  

amine gives acetylated 6-deoxy der ivat ive 4 i n  a high yield.  

Deacetylation of - 4 i n  methanoi i n  the presence of 

sodium methaiiolate dfforded almost quant i ta t ively 6-deoxy-D- 

-[U-' 4C7glucose 5. The radioact ive synthesis  was ca r r i ed  oilt 

Without i s o l a t i n g  individual interi-ilediates 

6-Deoxy-D-[U-14C/glucose was prepared from D- fU-"C]glu- 

cose i n  an ot-era11 radiochemical y i e ld  of 1 .8  0 w i t h  a spe- 

c i f i c  r ad ioac t iv i ty  of 912,6 MBq/mmoi. The radiochemical 

p u r i t y  of the prodiict ( 9 9  % )  was determined by checking the 

r ad ioac t iv i ty  of the TLC-plates. In addi t ion,  no radiochem- 

i c a l  impurit ies were detected by auturadiography. 

EXPERIMENTAL 

1 4  D-[U- C]Glucose, spezif i c  r ad ioac t iv i ty  

10 285 MSq/mol, was purchased fiom the I n s t i t u t e  f o r  

Research, Froduction and Application af Radioisotopes, 

Prague, CzechosLovakia. 

Samples of radioact ive compounds were measiired 

on a l i qu id  s c i n t i l l a t i o n  counter Beckmaii LS 980C. 

Thin-layer chromatography w a s  c a r r i ed  out un precoated 

s i l i c a  gel p la t e s  ( 6 0  F254 ,  0 . 2  mm thickness,  Merck, 
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D a r m s t a d t  

UV and an  

w i t h  l a b e  

, s p o t s  o€ s u g a r  der ivat ives  w e r e  d e t e c t e d  by 

a i i i l i n e  -d ipheny lamine  s p r a y  ( 7 )  . Tile r e a c t i o n s  

l e d  compounds were m o n i t o r e d  by TLC u s i n g  p r e -  

v i o u s l y  p r e p a r e d  i n t e i m e d i a i e s  as r e f e r e n c e .  

TLC w a s  car i ied i n  the f o l l o w i n g  s o l v e n t  s y s t e m s :  

(1) hexane -e thy l  acetate ( 3 : 2 ) ,  b )  a e e t o n i t r i i e - w a t e r  

(35: i 5 ) ,  and c )  ace tone -ch lo ro fo rm-wa te r  (85 :10 :5 ) .  

The r a d i o c h e m i c a l  p u r i t y  of r a d i o a c t i v e  compounds 

w a s  d e t e r m i n e d  by measu r ing  t h e  r a d i o a c t i v i t y  of t h e  

TLC-pla tes  on d B e r t h v l d  i.B 2832 T h i n - l a y e r  Scanne r  I1 

and by d u t o r a d i o g r a p h y  on X - r a y  f i l m s .  

Mass of r a d i o a c t i v e  6-deoxy-D-glucose w a s  d e t e r m i n e d  

s p e c t r o p h o t o m e t r i c a l l y  ( 8 j .  

I I 2 , 3 , 4 - T e i r a - O - a c e t y l - G - O - p - k o l u e n e s u i p h u  -D-[U- 14 
__- 

_-_ g l u c o p y r a n o s e  2 ( 8 )  

A s o l u t i o n  o f  D-[U-14C/glucose (76 .6  XBqj i n  50 % 

e t h a n o l  w a s  e v a p o r a t e d  t o  d r y n e s s  and  t h e  r e s i d u e  w a s  

d r i e d  over phosphorus  p e n t o x i d e .  To t h e  s o l i d  r e s i d u e  

was added 1 2  mg ( 0 . 0 6 7  mmol) anhydrous  D-glucose ,  0 .5  m l  

a b s o l u t e  p y r i d i n e  and  t h e  r e a c t i o n  m i x t u r e  w a s  s t i r red  

u n t i l  m o s t  of t h e  D-glucose w a s  d i sso lved .  p-Toluene- 

s u l p h o n y l  c h l o r i d e  ( 2 0 . 6  mg; 0.108 mmol) w a s  added  a t  

0 ' C  under  s t i r r i n g  and  t h e  r e a c t i o n  m i x t u r e  w a s  l e f t  t o  

s t a n d  f o r  24 h a t  room t e m p e r a t u r e .  Acetic a n h y d r i d e  

( 0 . 1  m l )  w a s  added  a t  0 " C  and  t h e  r e a c t i o n  m i x t u r e  

l e f t  t o  s t a n d  f o r  48 h a t  r o o m  t e m p e r a t u r e .  T h e r e a f t e r  

t h e  m i x t u r e  w a s  e v a p o r a t e d  t o  d r y n e s s  and  t h e  p r o d u c t  was 

used  f o r  t h e  n e x t  s t e p  w i t h o u t  p u r i f i c a t i o n .  

1,2,3,4-~~~-O-acetyl-6-deoxy-6-iodo- b -D-[U- Clg lu -  

c o p y r a n o s e  3 

1 4  

Crude  p r o d u c t  2 was d i s s o l v e d  i n  1 m l  acet ic  anhydr i . de ,  

2 2 . 2  mg (0.148 mmol) anhydrous  sodinm i o d i d e  w a s  added 
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a n d  t h e  react ion m i x t u r e  w a s  e v a p o r a t e d  t o  d r y n e s s .  Then 

I m l  w a t e r  w a s  added  t o  t h e  brown e v a p o r a t i o n  r e s i d u e  a n d  

t h e  p r o d u c t  was e x t r a c t e d  t o  e t h y l  a c e t a t e .  The e t h y l  acetate  

e x t r a c t  w a s  washed w i t h  a s o l u t i o n  of sodium b i c a r b o n a t e ,  

t h e n  w i t h  sodium s u l p h i t e  a n d  w a t e r .  A f t e r  removal of t h e  

s o l v e n t  t h e  c r u d e  p r o d u c t  w a s  d r i e d  o v e r  phosphorus  p e n t o x i d e .  

The y i e l d  w a s  27.9 mg of p r o d u c t  3. 

--___ 1,2,3,4-Tetra-O-acetyl-6-deoxy- 15 -D- f U - l  4C]glucopyranose 4 
Crude p r o d u c t  2. was d i s s o l v e d  i n  3 m l  a b s o l u t e  

me thano l ,  20 1 t r i e t h y l a m i n e  and 28.3 mg 10 % Pd/C 

w e r e  added  and  t h e  r e a c t i o n  m i x t u r e  w a s  h y d r o g e n a t e d  f o r  2 h 

a t  a p r e s s u r e  of 82.6  kPa .  The c a t a l y s t  w a s  removed by 

c e n t r i f u g a t i o n  and  t h e  r e a c t i o n  m i x t u r e  w a s  e v a p o r a t e d  to 

d r y n e s s .  Crude  p r o d u c t  4 w a s  d i s s o l v e d  i n  e t h y l  a ce t a t e  

and  washed w i t h  w a t e r .  The s o l v e n t  w a s  e v a p o r a t e d  and 

t h e  p r o d u c t  w a s  d r i e d  o v e r  phosphorus  p e n t o x i d e .  

6-Deoxy-D-LU- C l g l u c o s e  5 

r 

14 

Crude  p r o d u c t  4 w a s  d i s s o l v e d  i n  1 m l  a b s o l u t e  

me thano l ,  and  0 . 1  m l  o f  0 .1  N sodium m e t h a n o l a t e  w a s  

added  t o  t h e  r e a c t i o n  m i x t u r e  a n d  t h i s  w a s  l e f t  t o  s t a n d  

f o r  1 h a t  room t e m p e r a t u r e .  The d e a c e t y l a t i o n  w a s  m o n i t o r e d  

by TLC i n  s y s t e m  b ;  t h e  Rf of D-glucose  w a s  0 .16 ,  Rf of 

6-deoxy-D-glucose w a s  0.33. Measurement of r a d i o a c t i v i t y  of 

t h e  TLC p l a t e  showed t h a t  t h e  r e a c t i o n  m i x t u r e  c o n t a i n e u  2 2  % 

of p r o d u c t  2 (6-deo~y-D-~il-~~C]glucose) a n d  73  0 of  t h e  

s t a r t i n g  D-fU-l 4C]glucose 1- The r e a c t i o n  m i x t u r e  w a s  evapor -  

a t e d  t o  d r y n e s s  and  p u r i f i e d  by p r e p a r a t i v e  t h i n - l a y e r  c h r o -  

matography i n  s y s t e m  b.  E l u t i o n  w i t h  w a t e r  y i e l d e d  9 , 0 6  MBq 

(1  1 . 8  % - overal l  r a d i o c h e m i c a l  y i e l d )  of 6 - d e o ~ y - D - f U - ~ ~ C / g l u -  

cose 5 ,  w i t h  a s p e c i f i c  r a d i o a c t i v i t y  of 912 ,6  MBq/mmol. The 

r a d i o c h e m i c a l  p u r i t y  was d e t e r m i n e d  by1  TLC i n  s y s t e m s  b a n d  c .  
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31.7 MBq (41.4 % )  aE the starting D-[U-14C]glucose was 

then recovered back from the reaction mixture. 
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