
Journal of Labelled Compounds and Radiopharmuceuiicals-Vol. XXII ,  No. 2 

The Syntheses  of 1-[ llC]-D-Clucose and Re la t ed  Compounds f o r  t he  

Yeasurement of Rrain Glucose Metabolism 

Chyng-Yann Shiue and Al f r ed  P. Wolf 

Department OE Chemistry,  Brookhaven Na t iona l  Labora to ry  

Upton, New York 11973 USA 

SUMART 
A new s y n t h e s i s  of l-[llC]-D-glucose (3 and r e l a t e d  com ounds 

g i v e s  l - [ l lC] -a ldonon i t r i l e s  (A). Reduction of w?th Raney a l l o y  in 30% 
formic a c i d  g i v e s  l-[llC]-D-glucose (3 and l-[IZC]-D7pannose (3 tn r ad io -  
chemical y i e l d s  of - 40-50% (EOB) i n  a s y n t h e s i s  time of 50 min from EOB. 
The y i e l d  and r a t i o  of  2 and 
s e p a r a t e d  by HPLC. The rad iochemica l  y i e l d  of 3~ is - 15% (EOB) and the  

€rom H 1 k N  is desc r ibed .  Reac t ion  of D-arabinose (1) wi th  Na P l C N  a t  pH 8 

is pH dependent.  ' Compounds 2 and A a r e  

t o t a l  s y n t h e s i s  time ( i n c l u d i n g  HPLC p u r i f i c a t i % )  
same method has  also been a p p l i e d  t o  s y n t h e s i z e  1- 
rad iochemica l  y i e l d s  of - 30% (EOB) in a s y n t h e s i s  
The advantages  and d i sadvan tages  of t h i s  s y n t h e t i c  

Key Words: 1-[ llC]-D-Glucose; 1-[ llC]-D-Hannose, 
K i l i an i -F i sche r  cyanohydrin s y n t h e s i s ;  

is 70 min from EOB. The 
llC]-D-galactose (2) wi th  
time of 70 min from EOB. 
method are d i scussed .  

- [ l l C ]  -D-Galac t o s e ;  
molybdate ion c a t a l y s i s .  
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The r ap id  development i n  t h e  technology of p o s i t r o n  emiss ion  tomography 

(PET) has  made i t  p o s s i b l e  to s t u d y  t h e  dynamic p r o p e r t i e s  of radiopharma- 

c e u t i c a l s  in v ivo  non- invas ive ly  and q u a n t i t a t i v e l y .  For example, s eve ra l  

g lucose  ana logs  l a b e l e d  wi th  p o s i t r o n  e m i t t i n g  n u c l e i  have been used t o  s t u d y  

r e g i o n a l  b r a i n  g lucose  metabolism non- invas ive ly  i n  humans (1-3). Among t h e s e ,  

2-deoxy-2-[ 18F]fluoro-D-glucose (4-13) and 1-[ 11C]-2-deoxy-D-glucose (14-17) have 

been used as tracers for q u a n t i t a t i v e l y  mapping t h e  f i r s t  s t e p  of g l y c o l y s i s  i n  

t h e  b r a i n  and t h e  h e a r t .  

has  a l s o  been sugges ted  f o r  u t i l i z a t i o n .  

h a s  been prepared  and eva lua ted  as a tracer f o r  g lucose  t r a n s p o r t  (20 ,21) .  

Neve r the l e s s ,  t h e s e  compounds are not  n a t u r a l  subs t ances ,  r a t h e r ,  they a r e  t h e  

ana logs  of g lucose .  There are s e v e r a l  advantages  and d i sadvan tages  a s s o c i a t e d  

The compound 3-deoxy-3-[ 18F Jfluoro-D-glucose (18,191 

More r e c e n t l y ,  3-[11C]methyl-D-glucose 
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w i t h  t h e s e  a n a l o g s  (22). 

a n a l o g s  is t h e i r  l a c k  of b i o c h e m i c a l  i d e n t i t y .  Thus i t  i s  n e c e s s a r y  to c o r r e c t  

for d i f f e r e n c e s  i n  t r a n s p o r t  p r o p e r t i e s  and enzyme a f f i n i t i e s  which v a r y  among 

s p e c t e s .  

i n t e r e s t  is d i s e a s e d ,  a p o s i t r o n - e m i t t e r  l a b e l e d  g l u c o s e  i t s e l f ,  r a t h e r  t h a n  a n  

a n a l o g  i s  an a t t r a c t i v e  tracer f o r  t h e  measurement of  r e g i o n a l  g l u c o s e  metabol i sm 

i n  humans e v e n  though t h e  c o m p l e x i t y  of i t s  metabol i sm makes i n t e r p r e t a t i o n  of  

r e s u l t s  more d i f f i c u l t  (23-25). 

The most s i g n i f i c a n t  d i s a d v a n t a g e  a s s o c i a t e d  w i t h  

S i n c e  s u c h  c o r r e c t i o n s  may p r e s e n t  more d i f f i c u l t i e s  when t h e  t i s s u e  of 

Carbon-11 l a b e l e d  g l u c o s e  has been s y n t h e s i z e d  by a b i o s y n t h e t i c  method 

(26-28). However, t h e r e  are a t  least  t w o  problems a s s o c i a t e d  w i t h  t h i s  method: 

( a )  t h e  g l u c o s e  is randomly l a b e l e d  b u t  may n o t  be u n i f o r m l y  l a b e l e d ,  ( b )  t h e  

ted ium and u n c e r t a t n t t e s  i n t r o d u c e d  by t h e  u n i f o r m i t y  of  t h e  p l a n t  materials used 

f o r  t h e  b i o s y n t h e s i s  r e s u l t i n g  i n  t h e  i r r e p r o d u c i b i l i t y  of t h e  s y n t h e s i s .  The 

u s e  of. a l g a e  to  p r e p a r e  l l C - g a l a c t o s e  h a s  been r e p o r t e d  (29). 

' lC- labe led  g l u c o s e  h a s  a l so  been  s y n t h e s i z e d  f rom HL1C03- u t i l i z i n g  a l g a e  as t h e  

b i o s y n t h e t i c  medium (30)  b u t  seems to a f f o r d  no s p e c i a l  a d v a n t a g e s .  Yowever, a 

c h e m i c a l  s y n t h e s i s  which c a n  overcome t h e s e  problems may be a d v a n t a g e o u s .  For 

t h e s e  r e a s o n s ,  w e  have d e v e l o p e d  a s y n t h e s i s  of l - [ l lC]-D-glucose (A) and r e l a t e d  

compounds from [ l l C ] N a C N  by m o d i f y i n g  t h e  c l a s s i c a l  K t l t a n i - F i s c h e r  c y a n o h y d r i n  

s y n t h e s i s .  P r e l i m i n a r y  r e p o r t s  of t h e  a p p l i c a t i o n  of t h i s  s y n t h e s i s  t o  t h e  

p r e p a r a t i o n  o f  1-[ llC]-D-glucose (A) have a p p e a r e d  (31,32). 

R e c e n t l y ,  

mATBBIALs AND IBT83DS 

D-Arabtnose, D-ga lac tose ,  D - g l u c o s e ,  D- lyxose ,  h a n n o s e  and D-talose were 

purchased  f rom Sigma Chemical  Company, 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 .  GLC a n a l y s e s  were c a r r i e d  o u t  w i t h  a Hewle t t -Packard  5830A g a s  

chromatography equipped  w i t h  a 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 .  A column 

l l .8 m x 3 mm] c o n t a i n i n g  SE-30 ( 1 0 % )  on Chromosorb 80/100 mesh was employed,  

i s o t h e r m a l  a t  190° and a f l o w  o f  50 n l / m t n .  HPLC a n a l y s e s  were c a r r i e d  o u t  

e i t h e r  w i t h  a Waters  A s s o c i a t e s  model 6000 l i q u i d  chromatography equipped  w i t h  a 

r e f r a c t t v e  l n d e x  d e t e c t o r  or w t t h  a Perkin-Elmer  S e r i e s  38 l i q u i d  c h r o m a t o g r a p h s  
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equipped wi th  a Ber tho ld  LB503 r a d i o a c t i v i t y  monitor.  A Rio-Rad HPLC 

carbohydra te  a n a l y s i s  column (Aminex ca rbohydra t e  HPX-87, 300 m x 7 . 8  nun) was 

employed and e l u t e d  wi th  H20 ( 8 5 O ) .  

spec t romete r  in D20 w i t h  DSS as a n  i n t e r n a l  s t anda rd .  

W spectra were recorded with a JEOL MH-100 

S y n t h e s i s  of g lucose  ( 3 ) .  A s o l u t i o n  of 646.82 rng ( 1 2 . 3  mmol) of NaCN i n  
ry 

5 m l  of H20 was a d j u s t e d  t o  pH 8 . 0 9  wi th  3 2 HOAc (4.2 ml) and then 6 5 2 . 0 0  mg 

( 4 . 3 4  mmol) of  D-arabinose (A) i n  5 m l  of H20 was added. 

s t i r r e d  a t  room t empera ture  f o r  35 min and then  a suspens ion  of Raney a l l o y  

(1 .03  g)  in 30% formic  a c i d  ( 4 5  ml) was added. The mixture  was s t i r r e d  f o r  1 h r  

a t  100-llOo, cooled  t o  room tempera ture ,  passed through cel i te ,  and the  green 

s o l u t i o n  was evapora ted  in vacuo t o  dryness .  The r e s i d u e  was d i s s o l v e d  i n  wa te r ,  

passed  through a column (2  x 17 cm) of Dowex AG50W-XS (H+) ion-exchange r e s i n  and 

e l u t e d  wi th  water ( 8 0  d). The e l u a t e  was evapora ted  t o  dryness  t o  g i v e  776.2  mg 

(99 .3%) of a mixture.  HPLC ( 0 . 2  m l / m i n )  a n a l y s i s  of t h e  mixture  showed peaks a t  

RT 16.25,  30 .5 ,  3 3 . 5 ,  37 and 39.25  min. The f i r s t  four peaks cor respond t o  

a l d o n i c  a c i d s ,  g lucose  ( 3 ) .  mannose (A) and unreac ted  a r a b i n o s e  (A) 
r e s p e c t i v e l y .  The f i f t h  peak (RT = 39.25 min) was u n i d e n t i f i e d .  

a n d k  were i s o l a t e d  by HPLC ( 0 . 2  ml/min) t o  g i v e  9 8  mg ( 1 2 . 5 % )  of 2 and 164 mg 

(21%) of  5 
RT = 16 min (a) and 2 3 . 3 1  min ( 6 )  f o r 2 ,  and 11.52 min (a )  and 16.79  min ( 6 )  

f o r  L a n d  by HPLC and NMR. 

The s o l u t i o n  was 

a 

Compounds2  

The i d e n t i t i e s  o f  2 and ,$,were confirmed by GLC ( s i l y l  d e r i v a t i v e )  

S y n t h e s i s  of g a l a c t o s e  (A). A s o l u t i o n  of 691.44 mg ( 1 4 . 1 1  mmol) of NaCN i n  

5 m l  of H20 was a d j u s t e d  to  pH 7.99  w i t h  3 Z H O A c  ( 4 . 3  ml) and t h e n  750.67 mg 

(5 .00  mmol) o f  D-lyxose (2) in 5 ml of H20 were added. The s o l u t i o n  was s t i r r e d  

a t  room t empera tu re  f o r  50 m i n  and then  added into t h e  suspens ion  of Raney a l l o y  

( 1 . 1 3  g) in 30% formic  a c i d  (45 m l ) .  The mixture  was s t i r r e d  f o r  1 h r  a t  120°C. 

Work-up was t h e  same as t h a t  f o r  g lucose  t o  g i v e  8 6 1 . 2  mg (95 .6%) of a mix tu re .  

HPLC (0.2 ml /min)  a n a l y s i s  of t h e  mix tu re  showed peaks a t  RT 1 7 . 6 ,  33 .75 ,  3 7 . 5  

and 4 1  min. 

and t a l o s e  (L). 
These peaks cor reepond t o  a l d o n i c  a c i d s ,  g a l a c t o s e  (A), l y x o s e  (2) 

Compound 6- (350  mg, 38.9%) was i s o l a t e d  by HPLC ( 0 . 2  ml/min)  and 
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w a s  i d e n t i f i e d  by GLC ( s i l y l  d e r i v a t i v e )  RT * 14.63 min (a) and 18.16 m i n  (61, 

HPLC and NMR. 

7 was - 17: l .  

Ta lose  ( 7 )  was formed i n  i n s i g n i f i c a n t  amounts. The r a t i o  of A t o  - 
In t e rconve r s ion  of mannose and g lucose :  The method of B i l i k  (33 )  was 

adapted  f o r  t h i s  r e a c t i o n .  

Dlnannose and 3.92 mg of molybdic a c i d  i n  1 m l  of H20 was kep t  a t  85OC. A t  

d i f f e r e n t  t i m e  i n t e r v a l s ,  an a l i q u o t  was t aken  and i n j e c t e d  i n t o  HPLC. The 

pe rcen t  of convers ion  was de termined  from t h e  area r a t i o  of g lucose  and mannose 

and t h e  results were l l s t e d  i n  Table  1. The conve r s ion  of g lucose  t o  mannose was 

a l s o  determined and t h e  r e s u l t s  were a l s o  l t s t e d  in Table  1. 

I n  a t y p i c a l  exper iment ,  a s o l u t i o n  of 102 mg of 

Table  1 I n t e r c o n v e r s i o n  of Mannose and Glucose Cata lyzed  by 
Molybdic Acid a t  85OC 

Time (Min) 

5 

10 

20 

30 

40 

60 

120 

180 

2 40 

300 

360 

420 

4 ao 

X Conversion 

(Mannose + Glucose) (Glucose + Mannose) 

3.2 

4.5 

6.1 

9.3 

11.4 

16.8 

24.3 

41.9 

54.5 

57.4 

63.7 

68.1 

70.2 

8.5 

13.0 

14.5 

18.7 

21.2 

22.8 

26.7 

27.8 

28.0 

1-[ llC]-D-glucose (A) and 1-[ llC]-D-mannose (2). Yo-carrier-added (NCA) 

H'lCN was t r a n f e r r e d  i n t o  300 p 1  (0.34 mmol) of NaCN s o l u t i o n  (p re -ad jus t ed  t o  pll. 

8.0 wi th  3 HOAc) and then  300 ~1 (0 .2  mmol) of D-arabinose s o l l i t t o n  was added. 

The s o l u t i o n  was s t i r r e d  a t  room tempera ture  €or  10 min,  a suspens ion  of 0.1 g of 

Raney a l l o y  i n  3 ml of 30% HC02H was then  added. The mixture  was s t i r r e d  a t  

l l o ° C  for 10 min,  cooled  t o  room tempera ture  and passed through AGSOW-XR (Hf)  and 



AG1-XB (HC33-) columns.  The columns were e l u t e d  w i t h  an a d d i t i o n a l  5 m l  of  

w a t e r .  The combined e f f l u e n t  was c o n c e n t r a t e d  and a p p l i e d  t o  HPLC (0.6 ml/min) .  

T h e  peaks  c o r r e s p o n d t n g  to  l - [ l lC]-D-glucose  (A) (RT = 10 min)  and 

l - [ l lC]-D-nannose (k) (RT = 11.5 min)  were c o l l e c t e d .  

4 a l s o  c o n e a l n  D-arablnose  (RT = 12.5 min)  as a chemica l  i m p u r i t y  as d e t e c t e d  

by GLC. 

The f i n a l  p r o d u c t s  L a n d  

N 

I n  a t y p i c a l  e x p e r i m e n t ,  f rom 22.14 m C i  of  H l l C N  (a t  EOB) ,  2.45 m C i  (at  EOS) 

o f  1-[ l lC]-D-glucose (2) and l-[llC]-D-mannose (ft' were i s o l a t e d  i n  a s y n t h e s i s  

t i m e  of 46 min from 53B. 

o € L  and 0.7 m C i  o f  A. 
3 was -- 70 min from EOB. 

The m i x t u r e  was t h e n  s e p a r a t e d  by HPLC t o  g i v e  0.3 m C i  

The t o t a l  s y n t h e s i s  t i m e  ( i n c l u d i n g  HPLC p u r i f i c a t i o n )  of  

Thus ,  t h e  r a d i o c h e m i c a l  y i e l d  of A w a s  14.5% EOB. 
h 

1-[ l lC]-D-galactose (A). No-carr ier-added ( N C A )  H l k N  (16.6 m C i  a t  EOB) was 

t r a n s f e r r e d  i n t o  300 u1 (0 .34  mmol) of  NaCN s o l u t i o n  ( p r e - a d j u s t e d  t o  pH 8.0 w i t h  

3 - H HOAc), and t h e n  200 u1 (0.13 mmol) of D-lyxose s o l u t i o n  was added .  

s o l u t i o n  w a s  s t i r r e d  a t  room t e m p e r a t u r e  f o r  10 min, a s u s p e n s i o n  o f  0.1 g of  

Raney a l l o y  i n  3 m l  of 30% HCO2H was t h e n  added.  The m i x t u r e  was s t i r r e d  a t  

l l O ° C  f o r  10 min, c o o l e d  t o  room t e m p e r a t u r e  and p a s s e d  t h r o u g h  AG50W-X8 (H+) and 

AGl-X8 (HCO3-) columns.  The columns were e l u t e d  w i t h  a n  a d d i t i o n a l  5 m l  of 

w a t e r .  The combined e f f l u e n t  was c o n c e n t r a t e d  and a p p l i e d  t o  HPLC (0.6 ml/min). 

The peak  c o r r e s p o n d i n g  to l - [ l lC]-D-galac tose  (A) (RT = 11.5 min)  was c o l l e c t e d  

t o  g i v e  0.4 m C i  of 2 i n  a s y n t h e s i s  t i m e  of 70 min from EOB. The r a d i o c h e m i c a l  

y i e l d  o f  k w a s  26% EOB. 

(RT = 13.5 min)  as a chemica l  i m p u r i t y  as d e t e c t e d  by GLC. 

The 

The f i n a l  p r o d u c t  2 a l s o  c o n t a i n s  D-lyxose 

USIJLrS IMD DISCUSSION 

G l u c o s e  and g a l a c t o s e  have  been s y n t h e s i z e d  by numerous methods.  The f i r s t  

c h e m i c a l  s y n t h e s i s  was r e p o r t e d  by Emil  F i s c h e r  d u r i n g  t h e  l a t te r  p a r t  of t h e  

1 9 t h  c e n t u r y  ( 3 4 , 3 5 )  and  has f r e q u e n t l y  been a d a p t e d  i n  t h e  s y n t h e s i s  of 

a l d o s e s .  The s y n t h e s i s  i n v o l v e s  t h e  a d d i t i o n  of sodium c y a n i d e  w i t h  a p a r e n t  

a l d o s e  to  produce ,  a f t e r  a l k a l i n e  h y d r o l y s i s  of t h e  n i t r i l e s ,  two e p i m e r l c  

a l d o n i c  a c i d  sa l t s  which are s e p a r a t e d  and c o n v e r t e d  i n t o  l a c t o n e s .  The 

l a c t o n e s ,  or t h e i r  a c y l a t e d  d e r i v a t i v e s ,  are t h e n  reduced  to  g i v e  a l d o s e s .  

Although t h i s  method h a s  been a d a p t e d  f o r  t h e  s y n t h e s i s  o f  I4C- labe led  g l u c o s e  
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l a b e l e d  a t  v a r i o u s  p o s i t i o n s  ( 3 6 ) ,  it is not  s u f t a b l e  f o r  t h e  s y n t h e s i s  of 

g lucose  l a b e l e d  w i t h  l l C  because of t h e  20.4 mfn h a l f - l i f e  time c o n s t r a i n t s .  

Recent ly ,  Barker and h i s  co-workers have developed an e l e g a n t  method f o r  t h e  

s y n t h e s i s  of %- labe led  ca rbohydra t e s  (37). The s y n t h e s i s  i nvo lves  t h e  r e a c t i o n  

of a rab fnose  wi th  [13C]NaCN a t  c o n t r o l l e d  pH t o  g i v e  a l d o n o n i t r f l e s  f n  h igh  y i e l d  

a t  a s h o r t  pe r iod  of t i m e .  This method has  been adapted  f o r  t he  syn theses  of 

4-deoxy-4-f luoro-D-[ l-14C]glucose (8) and 4-deoxy-4-fluoro-D-[ l-14C]mannose (9 )  

( 3 8 ) .  Unfor tuna te ly ,  t h e  r e d u c t i o n  of a l d o n o n i t r i l e s  t o  g lucose  and mannose took 

more than  2 h r s .  Neve r the l e s s ,  we have adapted  t h i s  method t o  p repa re  l-[llC]-D- 

g lucose  ( 3 ) .  1-[ llC]-D-mannose ( 4 )  and l-[l lC]-D-galactose ( 6 )  wi th  some minor 

mod i f i ca t ions .  

N rcI 

ru cv .% 

React ion  of D-arabinose ( 1 )  w i t h  N a l l C N  (39) a t  pH 8 a t  room t empera tu re  f o r  
ry 

10 min gave a l d o n o n i t r i l e s  (2) in good y i e l d .  

g lucose  (A) and l-[llC]-D-mannose (A) was accomplished by a m o d i f i c a t i o n  of t h e  

procedure  of Van Es and Staskun (15 ,40 ) ,  which involved  h e a t i n g  &in aqueous 

formic  a c i d  i n  t he  presence  of Raney a l l o y  (Ffg .  1).  a r educ t ion  method which is  

now r o u t i n e l y  used In  t h e  r ap id  s y n t h e s i s  of l-[11C]-2-deoxy-D-glucose (15) .  

Filtration of t h i s  r e a c t i o n  mixture  through a cation-exchange r e s i n  (hydrogen 

form) removed d i s s o l v e d  metal ions  and t h e  C-11 amines t h a t  were formed as 

by-products du r ing  t h e  r educ t ion .  Passage  of t h e  e f f l u e n t  of t h e  cation-exchange 

r e s i n  through an anion-exchange r e s i n  ( b i c a r b o n a t e  form) n e u t r a l i z e d  the  a c i d i c  

Reduction of A t o  1-[l1C]-D- 
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s o l u t i o n  and removed a l d o n i c  a c i d s  t h a t  were formed a s  by-products du r tng  

r e d u c t i o n / h y d r o l y s i s .  

t h e  sum of t h e  a c t i v i t i e s  from t h e  cation-exchange r e s i n ,  t he  anlon-exchange 

r e s i n ,  t h e  r eac t ion -vesse l  wal ls ,  t h e  soda lime and the  e f f l u e n t  from t h e  

ion-exchange columns, and is shown i n  TabLe 2. The o v e r a l l  rad iochemica l  y i e l d s  

o f . 2  and f twere 40-50% (EOB) i n  a s y n t h e s i s  time of 50 m€n from EOB. 

p u r i f i c a t i o n  was ach ieved  by HPLC. 

and t h e  to ta l  s y n t h e s i s  time ( i n c l u d i n g  HPLC p u r i f i c a t i o n )  was - 70 min from 

EOB. These r e s u l t s  were comparable wi th  the  r e s u l t s  ob ta ined  from the  r e a c t i o n  

o f  KL4CN w i t h  3-deoxy-3-fluoro-D-arabinose which gave compounds 2 and 2 wi th  

rad iochemica l  y i e l d s  of 11% and 35%, r e s p e c t i v e l y .  

been syn thes i zed  by t h e  same method wi th  a rad iochemica l  y i e l d  of - 30% (EOB)  in 

a s y n t h e s i s  t i m e  of 70 min from P.98. 

The recovery  of C-11  a c t i v i t y  Erom t he  system was taken  as 

F i n a l  

The rad iochemica l  y i e l d  of 2 was - 15% ( E O B )  

l-[llC]-D-Galactose (2) has  

Table  2 D i s t r i b u t i o n  of Carbon-11 A c t i v i t i e s  i n  t h e  S y n t h e s i s  of 
1-[ llC]-D-Clucose and Re la t ed  Compounds" 

D i s t r i b u t i o n  of C-11 (%) 

Cation-exchange r e s i n  27.3 3.7 

Ani on-exchange r e s i n  5.4 f 2.3 

Reac t ion-vesse l  wal l s  6.6 f 3.2 

Soda l i m e  5.2 f 3.3 

P roduc t s  ( g l u c o s e  + mannose) 55.6 * 4.6 

* Based on t o t a l  H l k N  a c t i v i t i e s  recovered  from H2/N2 t a r g e t  (39a .b) .  
The y i e l d  d a t a  r e p r e s e n t  n mean f s t a n d a r d  d e v i a t i o n  of 5 runs .  

The 1-[ llC]-D-glucose and l-[llC]-Dmannose syn thes i zed  by t h i s  method 

con ta ined  D-arabinose as a chemica l  impur i ty .  S i n c e  D-arabinose is 

non- rad ioac t ive  and non tox ic  (LD50 i n  dogs 5 g/kg), it would n e i t h e r  i n t e r f e r e  

w i t h  PET s t u d i e s  nor have pharmacologica l  e f f e c t s  on human s u b j e c t s .  

The y i e l d  and r a t io  of g lucose  t o  mannose is pH dependent .  A t  lower pH (pH 

8 - 9 ) ,  g lucose  and mannose are t h e  major produc t s ,  and the  r a t i o  of g lucose  t o  

mannose is - 1:2. A t  h i g h e r  pH (pH > l l ) ,  a l d o n i c  a c i d s  become t h e  major 

p roduc t s  a t  t h e  expense of g lucose  and mannose, and t h e  r a t i o  of g lucose  t o  

mannose is -. 1:1. The y i e l d  of g lucose  and mannose, also depends on t h e  r a t i o  of 



C.-Y.  Shiue and A. P .  Wolf I78 

c y a n i d e  t o  a r a b i n o s e  as i l l u s t r a t e d  i n  T a b l e  3. When t h e  molar r a t i o  of c y a n i d e  

t o  a r a b i n o s e  is 1:1, 50% o f  t h e  a r a b i n o s e  is r e c o v e r e d .  However, as t h e  molar 

r a t io  o f  c y a n i d e  t o  a r a b i n o s e  i n c r e a s e s ,  t h e  y i e l d s  of g l u c o s e  and mannose 

i n c r e a s e .  T h e r e f o r e ,  i n  t h e  s y n t h e s e s  of u n l a b e l e d  g l u c o s e  and mannose, a n  

excess of  c y a n i d e  s h o u l d  be used .  However, i n  t h e  s y n t h e s i s  o f  l k - l a b e l e d  

compounds, a n  e x c e s s  of p e n t o s e  s h o u l d  be employed t o  improve llC-cyanide 

i n c o r p o r a t i o n .  

T a b l e  3.  D i s t r i b u t i o n  of  p r o d u c t s  i n  t h e  r e a c t i o n  of D-arabinose  w i t h  
sodium c y a n i d e  a t  pH 8.0 as a f u n c t i o n  o f  [NaCN]/[D-arabinose]  

[NaCN]/[D-arabinose] 1 2 3 4 

% u n r e a c  t e d  D-arabinose  (A) 46.8 17.2 9.1 10.5 

% g l u c o s e  (2) 18.5 28.3 30.8 32.3 

% mannose (k) 34.6 54.5 60.2 57.3 

The s p e c i f i c  a c t i v i t i e s  o f  1-[ llC]-D-glucose (A) and l - [ l l C ] - D ~ a n n o s e  (A) 
are v a r i a b l e ,  d e p e n d i n g  on t h e  l e n g t h  of t h e  c y c l o t r o n  bombardment. Al though t h e  

method r e p o r t e d  h e r e  c a n  be used  t o  produce  compounds 3 and 4 i n  v e r y  h i g h  

s p e c i f i c  a c t i v i t i e s ,  g l u c o s e  is u b i q u i t o u s  in mammals and d i l u t t o n  o c c u r s  

i m m e d i a t e l y  on i n j e c t i o n ,  i t  is n o t  n e c e s s a r y  to p r e p a r e  compound A w i t h  v e r y  

h i g h  s p e c i f i c  a c t i v t t y .  N e v e r t h e l e s s ,  t h i s  new s y n t h e t t c  method h a s  s e v e r a l  

a d v a n t a g e s  o v e r  t h e  b i o s y n t h e t i c  methods:  (a )  The method can  be used  t o  l a b e l  

g l u c o s e  s p e c i f i c a l l y  a t  t h e  one p o s i t i o n .  T h i s  is e s p e c i a l l y  i m p o r t a n t ,  s i n c e  

e a r l i e r  s t u d i e s  w i t h  g l u c o s e  l a b e l e d  w i t h  I4C i n  s p e c t E i c  p o s t t f o n s  t n d t c a t e d  

t h a t  t h e s e  s p e c i f i c  l a b e l e d  g l u c o s e s  c a n  be used  a s  p r o b e s  f o r  v a r i o u s  

p a t h o l o g i e s  (25,41-44). 

may be p o s s i b l e  t o  d i s t i n g u i s h  i n d t v i d u a l  pathways,  bo th  normal and p a t h o l o g i c a l  

s ta tes .  ( b )  P o s i t i o n  s p e c i f i c  l a b e l i n g  of g l u c o s e  by s y n t h e t i c  methods a l so  

a l l o w s  the p r e p a r a t i o n  of v e r y  much l a r g e r  q u a n t i t f e s  of t h e  r a d f o a c t t v e  m t e r t a l  

w i t h o u t  t h e  ted ium and u n c e r t a i n t i e s  i n t r o d u c e d  by u t i l i z f n g  S i o s y n t h e s l s  w i t h  

p l a n t  or  an imal  naterials.  ( c )  C e r t a f n t y  a b o u t  t h e  l a b e l  p o s i t i o n  is a s s u r e d  by 

r v / y  

By l a b e l i n g  g l u c o s e  w i t h  l l C  a t  v a r l o u s  p o s i t i o n s ,  i t  
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t h e  method of s y n t h e s i s .  The d i s a d v a n t a g e  of t h i s  method, a s  d i s c u s s e d  by 

Rasmussen (38 ) ,  is t h a t  a p a i r  of eplrners  is produced w i t h  mannose as a mjor 

p r o d u c t ,  t h u s  n e c e s s i t a t i n g  c h r o m a t o g r a p h i c  s e p a r a t i o n  and l o w e r i n g  t h e  o v e r a l l  

yield. Although i t  is p o s s i b l e  t o  c o n v e r t  mannose i n t o  g l u c o s e  by molybdate  fons 

(33) ( T a b l e  l ) ,  t h i s  p r o c e s s  is i m p r a c t i c a l  for mannose l a b e l e d  w i t h  l l C  b e c a u s e  

of  t h e  20.4 min h a l C - l i f e  t i m e  c o n s t r a i n t s .  Work is i n  p r o g r e s s  to  l a b e l  o t h e r  

p o s i t l o n s  i n  t h e  g l u c o s e  m o l e c u l e  w i t h  p o s i t r o n  emitters. 

Ac1[1ooVLBDGlQlB"S 

T h i s  r e s e a r c h  was c a r r i e d  o u t  a t  Brookhaven N a t i o n a l  L a b o r a t o r y  under  

c o n t r a c t  w l t h  t h e  U. S .  Depar tment  of  Energy  (No. DE-AC02-76CH00016) and  

s u p p o r t e d  by i t s  O f f i c e  of H e a l t h  and E n v i r o n m e n t a l  R e s e a r c h .  The a u t h o r s  t h a n k  

D r .  
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J. S. Fowler  f o r  h e r  c o n s t r u c t i v e  comments. 
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