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A RAPID SYNTHESIS OF 2-DEOXY-2-FLUORO-D-GLUCOSE FROM XENON DIFLUORIDE SUITABLE 
FOR LABELLING WITH 18F 

Chyng-Yann Shiue, K.-C. To and Alfred P. Wolf 
Department of Chemistry 
Brookhaven National Laboratory 
Upton, New York 11973 

SUMMARY 
A rapid synthesis of 2-deoxy-2-fluoro-D-glucose (A) from 

xenon difluoride is described. 
D-glucal (&) with xenon difluoride in ethyl ether in the 
presence of BF3'0Et2 for 20 minutes gave 2-deoxy-2-fluoro- 
3,4,6-tri-~-acetyl-D-glucopyranosyl fluoride (2,) in 70-80% 
chemical yield. Hydrolysis of 2 with 2 HC1 gave 
2-deoxy-2-fluoro-D-glucose (3,) in 50% overall chemical yield in 
a synthesis time of  60 minutes. Preliminary results indicate 
that this method can be used to synthesize 2-deoxy-2- 
[ 18F] fluoro-D-glucose. 

Reaction of 3,4,6-tri-?-acetyl- 
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INTRODUCTION 

For several years, Z-deoxy-Z-[ I8F] fluoro-D-glucose (2-18FDG) has been used for 

the measurement of regional glucose metabolism in a wide variety of human 

diseases as well as in the localization and quantitation of normal cortical 

activity (1-11). As a result, many cyclotron (accelerator)-PETT centers 

currently synthesize this radiotracer for their own use. However, the low 

chemical yield from the original 2-18FDG synthesis (12,13) has imposed a 

limitation on the capabilities for many centers to synthesize sufficient 2-I8FDG 

for their own use. For this reason, the search for new or improved syntheses of 

2-I8FDG continues. 

We recently reported a new improved synthesis of 2-18FDG from 18F-labeled 

acetyl hypofluorite (14). The radiochemical yield of 2-I8FDG using this method 

is - 20%, a factor of two higher than the previous synthesis. The synthesis of 

2-I8FDG from 18F-labeled fluoride has also been accomplished, although the 
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o v e r a l l  r a d i o c h e m i c a l  y i e l d  i s  low ( 1 5 , 1 6 ) .  The s y n t h e s i s  o f  u n l a b e l e d  2-FDG 

from t h e  r e a c t i o n  of  anhydro  s u g a r  w i t h  KHF2 (17 ) ,  n u c l e o p h i l i c  s u b s t i t u t i o n  a t  

C-2 o f  deoxyglucose  p r e c u r s o r  w i t h  f l u o r i d e  (18). e l e c t r o p h i l i c  f l u o r i n a t i o n  w i t h  

XeF2 (19,) and r e a c t i o n  of  g l y c a l s  w i t h  a c e t y l  h y p o f l u o r i t e  ( 2 0 )  have a l s o  been  

r e p o r t e d .  

r e p o r t e d  t o  p r o v i d e  2-FDG i n  h i g h  y i e l d ,  t h e  t ime s c a l e  ( e . g .  24 h o u r s )  f o r  t h e  

sequence  was t o o  l o n g  t o  be  p r a c t i c a l  w i t h  18F ( t l / 2  = 110 m i n ) .  

of t h e  s y n t h e s i s  of [18F]XeF2 ( 2 1 , 2 2 )  and t h e  a p p l i c a t i o n  of t h i s  r e a g e n t  f o r  t h e  

s y n t h e s i s  o f  2-I8FDG ( 2 3 )  prompted o u r  r e i n v e s t i g a t i o n  of  t h e  u s e  of  t h i s  r e a g e n t  

i n  t h e  s y n t h e s i s  of  2-I8FDG. 

r e a c t i o n  o f  XeF2 w i t h  3,4,6-tri-2-acetyl-D-glucal i n  a n  o v e r a l l  c h e m i c a l  y i e l d  of 

- 50% i n  a s y n t h e s i s  t ime of - 60 min.  T h i s  s y n t h e s i s  can  be r e a d i l y  a p p l i e d  t o  

t h e  s y n t h e s i s  o f  2-I8FDG when t h e  methodology h a s  been worked o u t  f o r  p r o d u c i n g  

l a r g e  q u a n t i t i e s  of [18F]XeF2. 

Although t h e  r e a c t i o n  of 3,4,6-tri-2-acetyl-D-glucal (k) w i t h  XeF2 i s  

The r e p o r t s  

We r e p o r t  h e r e  t h e  s y n t h e s i s  of  2-FDG from t h e  

+ XeF2 

A c  

C;H20Ac 

I F F 

XeF2, A l C l 3  
3 
N 

k h e m e  1 

EXPERIMENTAL 

M a t e r i a l s :  3,4,6-Tri-O-acetyl-D-glucal - and xenon d i f l u o r i d e  were purchased  from 

A l d r i c h  Chemical  Company and PCR R e s e a r c h  Chemica ls ,  I n c .  r e s p e c t i v e l y  and were 

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

Chromatography: G a s - l i q u i d  c h r o m a t o g r a p h i c  a n a l y s e s  (GLC) were c a r r i e d  o u t  

e i t h e r  w i t h  a Hewle t t -Packard  58308 g a s  chromatograph  o r  w i t h  a Perk in-Elmer  

Sigma 1 g a s  chromatograph  equipped  w i t h  .3 t h e r m a l  c o n d u c t i v i t y  d e t e c t o r .  HPLC 

a n a l y s e s  were c a r r i e d  o u t  w i t h  Waters  As . ;oc ia tes  Model 6000 l i q u i d  chromatograph  

equipped  w i t h  a r e f r a c t i v e  i n d e x  d e t e c t o r .  
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S y n t h e s i s  o f  2-deoxy-2-fluoro-D-glucose from xenon d i f l u o r i d e  c a t a l y z e d  by 

BF3'0Et2: I n  a t y p i c a l  exper iment ,  a s o l u t i o n  of 60.05 mg (0.221 mmol) of 

3,4,6-tri-~acetyl-D-glucal (L) i n  1 0  mL of e t h y l  e t h e r  was added i n t o  45.26 mg 

(0.267 mmol) of xenon d i f l u o r i d e  a t  room tempera ture .  A s o l u t i o n  of 2 5  uL o f  

BF3'0Et2 i n  5 mL of benzene was  then added. The s o l u t i o n  was s t i r r e d  a t  room 

tempera ture  f o r  20 minutes  and then 10 mL o f  water w a s  added. The o rgan ic  l a y e r  

was s e p a r a t e d  and t h e  aqueous l a y e r  was e x t r a c t e d  wi th  e t h y l  e t h e r  ( 3  x 10 mL). 

The combined o r g a n i c  l a y e r  was d r i e d  (Na2S04) and evapora ted  to  dryness  t o  g i v e  

54.73 mg of r e s i d u e .  The g l c  of t h i s  r e s i d u e  showed only one product  which w a s  

i d e n t i f i e d  as 2-deoxy-2-fluoro-3,4,6-tri-~-acetyl-D-glucopyranosyl f l u o r i d e  (2) 

( o r  i ts  anomer) by comparison wi th  an  a u t h e n t i c  sample ( 1 2 ) .  The absence  of 

2-deoxy-2-fluoro-3,4,6-tri-~-acetyl-6-Dmannopyranosyl f l u o r i d e  (12)  i n  the  

r e a c t i o n  mix tu re  was v e r i f i e d  by comparing the  r e t e n t i o n  t i m e  of t h e  r e a c t i o n  

product  w i th  a u t h e n t i c  samples.  

The r e s i d u e  was d i s s o l v e d  i n  10 mL o f  2 2 H C 1  and the  mixture  hea ted  a t  

130-135OC f o r  1 5  min. Ac t iva t ed  cha rcoa l  w a s  added, t h e  a c i d  was evapora ted  and 

5 mL o f  aqueous a c e t o n i t r i l e  (0.3% H20) added and the  r e a c t i o n  mixture  

t r a n s f e r r e d  t o  a s i l i ca  g e l  column (1 x 14 c m ) .  The column was e l u t e d  wi th  t h e  

same s o l v e n t  and evapora ted  to dryness  t o  g i v e  20.23 mg (50.3% chemica l  y i e l d )  of 

p roduc t .  The i d e n t i t y  of t h e  product  as 2-FDG was v e r i f i e d  by t h e  format ion  o f  

t h e  t r i m e t h y l s i l y l  d e r i v a t i v e s  and gas  chromatography of t he  product  showed the 

mass peaks  co r re spond ing  t o  t h e  s f l y l a t e d  a- and 6-anomers of a u t h e n t i c  2-FDG 

(14) .  HPLC (14)  a l s o  confirmed t h e  i d e n t i t y  of t he  product  a s  2-FDG. 

Reac t ion  of  3,4,6-tri-~acetyl-D-glucal (I.) w i t h  [18F]XeF2: 

prepared  from XelgF2(p,pn)Xel8F2 r e a c t i o n  w a s  d i s s o l v e d  i n  5 m L  of p-dioxane and 

then  36.6 mg (0.216 mmol) of carrier XeF2 added. A s o l u t i o n  of,;, (53.4 mg, 

0.196 mmol) i n  5 mL o f  p-dioxane w a s  added followed by 25 uL o f  BF3'0Et2 i n  

5 mL o f  benzene. The s o l u t i o n  was s t i r r e d  a t  room tempera ture  f o r  25 minutes  and 

t h e n  6 mL of water  w a s  added. The o rgan ic  phase w a s  s epa ra t ed  and the  aqueous 

phase was e x t r a c t e d  wi th  e t h y l  e t h e r .  The combined o rgan ic  phase was d r i e d  

(Na2SO4) and evapora ted  t o  d ryness  t o  g i v e  0 .61  U C i  o f  product  (EOB). The 

r e a c t i o n  mixture  w a s  ana lyzed  by r ad iogas  chromatography and showed the  

[18F]XeF2 (4.09 V C i )  
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r a d i o a c t i v i t y  t o  be c o n g r u e n t  w i t h  t h e  mass peak c o r r e s p o n d i n g  t o  

2-deoxy-2-fluoro-3,4,6-tri-~-acetyl-D-gl1~copyranosyl f l u o r i d e .  The r a d i o c h e m i c a l  

y i e l d  o f  2 was - 15% based  o n  [18F]XeF2. 

RESULTS AND DISCUSSION 

Xenon d i f l u o r i d e  h a s  been shown t o  be a mi ld  f l u o r i n a t i n g  a g e n t  f o r  t h e  

f l u o r i n a t i o n  of  a l k e n e s ,  a c e t y l e n e s ,  a r o m a t i c  and h e t e r o a r o m a t i c s  ( 2 4 ) .  The 

mechanism of  t h e  f l u o r i n a t i o n  of o l e f i n s  w i t h  xenon d i f l u o r i d e  depends  on s e v e r a l  

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

r e a c t i o n  t e m p e r a t u r e .  S e v e r a l  c a t a l y s t s  such  a s  hydrogen  f l u o r i d e  ( 2 5 ) ,  hydrogen 

f l u o r i d e - p y r i d i n e  ( 2 6 ) .  boron  t r i f l u o r i d e  ( 2 7 ) ,  boron  t r i f l u o r i d e  e t h e r a t e  ( 2 8 ) ,  

t r i f l u o r o a c e t i c  a c i d  (29 ) ,  and bromine (30) have been used f o r  t h e  f l u o r i n a t i o n  

o i  o l e f i n s  w i t h  xenon d i f l u o r i d e .  The p r o d u c t s  i s o l a t e d  depend O I I  Lhe c i t d l y s t  

used .  R e c e n t l y ,  Korytnyk and coworkers  r e p o r t  an improved s y n t h e s i s  o f  

2-deoxy-2-fluorosaccharides by t h e  r e a c t  t o n s  of g l y c a l s  w i t h  xenon d i f  l u o r i d e  

( 1 9 ) .  We have r e - i n v e s t i g a t e d  t h i s  r e a c t i o n  w i t h  d i f f e r e n t  c a t a l y s t s  and s t u d y  

i t s  t i m e  c o u r s e .  

The r e a c t i o n  of  xenon d i f l u o r i d e  w i t h  3,4,6-tri-O-acetyl-D-glucal ( 1 )  was 

c a r r i e d  o u t  at room t e m p e r a t u r e  i n  e t h y l  e t h e r  u s i n g  d i f f e r e n t  c a t a l y s t s .  When 

boron t r i f l u o r i d e  e t h e r a t e  was u s e d ,  t h e  r e a c t i o n  was comple ted  i n  20 min and 

gave  2-deoxy-2-fluoro-3,4,6-tri-0-acetyl--D-glucopyranosyl - f l u o r i d e  ( 2 )  ( o r  i t s  

anomer)  a s  t h e  o n l y  p r o d u c t  i n  70-80% c h e m i c a l  y i e l d .  In  c o n t r a s t ,  when aluminum 

c h l o r i d e  o r  s t a n n i c  c h l o r i d e  was u s e d ,  it gave  complex m i x t u r e s  wi th  l i t t l e  o r  

none o f  2 d e t e c t e d .  

f o r  24 h o u r s  r e s u l t s  i n  no r e a c t i o n  which is i n  c o n t r a s t  t o  t h e  f l u o r i n a t i o n  of 

v a r i o u s  s t e r o i d  s i l y l  e n o l  e t h e r s  w i t h  xenon d i f l u o r i d e  (31). H y d r o l y s i s  o f  2 

w i t h  2 N HC1 gave  ,? i n  - 50% c h e m i c a l  y i e l d  ( b a s e d  on ,l- u s e d )  (Scheme 1). 

- 

- 

Trea tment  o f >  w i t h  XeF2 i n  e t h y l  e t h e r  a t  room t e m p e r a t u r e  

- 

The f o r m a t i o n  of  o n l y 2  ( o r  i t s  anomei-) from t h e  r e a c t i o n  o f  l- w i t h  XeF2 

c a t a l y z e d  by BF3'0Et2 i s  p r o b a b l y  due to  t h e  l a r g e r  s i z e  of  BF4- complex a s  

compared to  e l e m e n t a l  f l u o r i n e  r e s u l t i n g  i n  i t s  s e l e c t i v e  a d d i t i o n  t o  t h e  l e s s  

h i n d e r e d  s i d e  of  t h e  d o u b l e  bond as s u g g e s t e d  by Korytnyk ( 1 9 ) .  The s e l e c t i v i t y  

o f  XeF2 a d d i t i o n  t o  d o u b l e  bond w a s  a l s o  observed  i n  t h e  f l u o r i n a t i o n  of  v a r i o u s  

s t e r o i d  s i l y l  e n o l  e t h e r s  (31). 
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Using t h i s  procedure ,  t h e  o v e r a l l  chemica l  y i e l d  of 2-FDG i s  - 50% and the 

s y n t h e s i s  time i s  - 60 minutes .  However, i n  a p p l i c a t i o n  of t h i s  method f o r  t h e  

s y n t h e s i s  of 2-I8FDG, t h e  maximum radiochemica l  y i e l d  i s  50%. 

The advantage  of u s ing  XeF2 over  F2 i n  t h e  s y n t h e s i s  o f  2-FDG is  t h a t  on ly  one 

adduct  is formed i n  t h e  r e a c t i o n  with_li .  Th i s  is a l s o  the  case  wi th  t h e  r e c e n t l y  

r epor t ed  s y n t h e s i s  o f  2-FDG and 2-18FDG wi th  a c e t y l  h y p o f l u o r i t e  (14 ,20 ) .  

s e l e c t i v i t y  of t hese  two r e a g e n t s  r e s u l t s  i n  a s i m p l i f i e d  expe r imen ta l  s e t u p  and 

r e d u c t i o n  of t h e  number of s t e p s  r equ i r ed  t o  produce t h e  product .  However, 

whereas the  a c e t y l  h y p o f l u o r i t e  method uses  [ 18F]F2 which is d i r e c t l y  a v a i l a b l e  

i n  h igh  y i e l d s ,  t h e  xenon d i f l u o r i d e  method s t i l l  r e q u i r e s  t h e  development of a 

h igh  y i e l d  syn theses  of [18F]XeF2 be fo re  i t  can be used as a p r a c t i c a l  a l t e r n a t e  

r o u t e  t o  2-l8FDG. 

and use of o t h e r  c a t a l y s t s  f o r  t h e  r e a c t i o n  a r e  under cont inued  i n v e s t i g a t i o n .  

The 

The development of new methods f o r  t he  p roduc t ion  of [I8F]XeF2 
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