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SmQIARY 

A column (6 f t  x 1/8 i n )  con ta in ing  4% SE-30 + 6% OV-210 
on Chromosorb W-HP 80/100 mesh was employed t o  determine the  
r e l a t i v e  amounts of 2-deoxy-2-fluoro-D-glucose (2-PDG) and 
2-deoxy-2-fluoro-D-mannose (2-FPM) syn thes i zed  using var ious 
methods. 
c o n t a i n s  4-562 of 2-FDM. 

The 2-FDG rryntheeized from published methods 
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INrRomIcTIOB 

The 2-%DG method, f i r s t  descr ibed i n  1976 (1-4) has  generated widespread 

i n t e r e s t  i n  t h e  a p p l i c a t i o n  of t h i s  technique f o r  t h e  measurement of r eg iona l  

c e r e b r a l  glucose metabolism under d i f f e r e n t  pa tho log ica l  states i n  humans using 

p o s i t r o n  emissidn tomography (PET). 

o t h e r  syntheses  of t h i s  compound employing both e l e c t r o p h i l i c  (5-15) and nucleo- 

p h i l i c  r o u t e s  (16-21), and a number of t hese  methods produce radiochemical y i e l d s  

of 2-18FDG which hurpass t h e  o r i g i n a l  method (8-12,14,15,20). Although in each 

of t h e s e  methods, i somer i ca l ly  pure 2-18FDG ( f r e e  of 2-fluoro-2-deoxy-D-mannose 

(2-FDM), t he  2-deoxyglucoee d e r i v a t i v e  where the  f l u o r i n e  atom occupies  t h e  a x i a l  

p o s i t i o n )  w a s  claimed, fou r  d i f f e r e n t  groups have r e c e n t l y  presented experimental  

evidence t h a t ,  a t  least in t h e  case of 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  employing 

a c e t y l  h y p o f l u o r i t e ,  varying amounts of  2-FDM i t s e l f  a r e  produced along with the 

2-FDG (22-26). The presence of 2-FDM i n  the  products  of t hese  r eac t ions  was 

de tec t ed  by 19F-NMR (22,24), and by HPLC (23) and GLC (26) examination of 

Since t h a t  t i m e  t h e r e  have been s e v e r a l  
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intermediates  i n  the  syntheses. Since 19F-NMR is not r e a d i l y  access ib le  t o  many 

chemists and s ince  it is advantageous t o  examine the  f i n a l  product(s)  of a given 

reac t ion  r a t h e r  than intermediates  which may vary s t r u c t u r a l l y  according to  the 

method used, w e  have developed a simple gas chromatographic system t o  separa te  

the  r e a d i l y  and r a p i d l y  formed 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  of these two f luoro  

sugars. We repor t  here  a descr ip t ion  of the  separa t ion  and i ts  use both t o  

confirm the previous observation and t o  determine the 2-FDG:2-FDM r a t i o s  i n  other  

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  methods. 

ExPmmNTAL 

Materials. 3,4,6-Tri-O--acetyl-D-glucal (TAG) and glucal  were purchased from 

Aldrich Chemical Co. and Mara Spec ia l ty  Chemicals respec t ive ly ,  and were used 

without f u r t h e r  pur i f ica t ion .  Authentic 2-FDG was obtained from Calbiochem- 

Behring. 1,1,1,3,3,3-Hexamethyldisilazane and t r imethylch loros i lane  were 

purchased from Aldrich Chemical Co. 

Chromatography. Gas-liquid chromatographic analyses  (GLC) were car r ied  out  

with a Perkin-Elmer Sigma 300 gas chromatograph equipped with a thermal 

conduct ivi ty  de tec tor .  A Hewlett-Packard 3390A i n t e g r a t o r  w a s  used t o  i n t e g r a t e  

the  peak areas .  

chromosorb W-HP 80/100 mesh from Anspec Co., Inc., Ann Arbor, Michigan was 

employed, isothermal a t  150°C and a flow of 15 ml/min. 

s i l y l a t e d  by the  known method (27). 

d e r i v a t i v e s  of 2-FDG were 20 min (a) and 28 min (8 ) ,  while the re ten t ion  times of 

2-FDM d e r i v a t i v e s  were 23 min (a) and 36 min (8). 

A column (6 f t  x 1/8 i n )  containing 4% SE-30 + 6% OV-210 on 

The 2-FDG and 2-FDM were 

The r e t e n t i o n  t i m e s  of t h e  s i l y l a t e d  

RESULTS AND DISCUSSIOU 

There are severa l  common a n a l y t i c a l  instruments used f o r  the  determination 

of t h e  products p u r i t i e s .  These inc lude  IR, UV, NMR, MS, HPLC and GLC. Among 

these,  GLC is less expensive, easy t o  operate  and yet has high s e n s i t i v i t y ,  and 

i s  a v a i l a b l e  i n  almost every laboratory.  

W e  previously had determined the isomeric p u r i t y  of 2-FDG synthesized by 

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 s  with t h e  GLC method using a 10% SE-30 column (8,28). 



GLC of 2-Deoxy-2-Fluoro-~-Clucose and 2-Deoxy-2-Fluoro-D-Mannose 

The chromatographic separation of the sample is shown in Figure la. 

reexamination of the same product mixture, with a 4% SE-30 + 6% OV-210 column 

(Figure l b )  one can see that the silylated a and 6 forms of both the 2-FDG and 

On 

Fig- 1 
Mass profile of the gas chromatogra hic analysis of the product of 

3,4,6-tri-~-acetyl-L+glucal with CH3CO2 1B P in acetic a c i d  using a 10% SE-30 
column (a), and a 4% SE-30 + 6% OV-210 column (b). 

505 



506 C.-Y. Shiue et al. 

t h e  2-FDM a r e  w e l l  s epa ra t ed  and t h a t  t h e  peak having r e t e n t i o n  t i m e  of 36.6 min 

i n  Figure l a  is  t h e  6-form of t h e  s i l y l a t e d  2-FDM i n s t e a d  of t h e  t h i r d  form of 

s i l y l a t e d  2-FDG a s  we proposed p rev ious ly  (28) .  

By using t h i s  s imple a n a l y t i c a l  technique, we have determined the  r e l a t i v e  

amounts of 2-FDG and 2-FDM produced using a number of d i f f e r e n t  s y n t h e t i c  methods 

(Table 1). From a l l  of t h e  2-FDG prepa ra t ions  we have examined, t h e  r e a c t i o n  of 

TAG with CH3C02F(g) i n  Freon-11 produces t h e  least 2-FDM ( -  4%) whi l e  t h e  

r e a c t i o n  of g l u c a l  with CH3C02F(g) produces t h e  most 2-FDM (-- 56%). 

most s u r p r i s i n g  r e s u l t  is  t h a t  even i n  t h e  o r i g i n a l  s y n t h e s i s ,  where the  isomeric  

gluco and mannopyranosyl f l u o r i d e s  a r e  sepa ra t ed  p r i o r  t o  hydro lys i s ,  t he  product 

s t i l l  con ta ins  10% Z-FDM, i n d i c a t i n g  t h a t  t he  products  of t h i s  and o t h e r  

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  mixtures  a r e  complex and not  e a s i l y  separated.  

Perhaps t h e  

Table 1. R e l a t i v e  Amounts (%) of 2-FDG and 2-FDM From Di f fe ren t  Sources 

Source - 
F2 

TAG 
C F C ~  3,  -780~- 

CH3CO2F( 11 ) 

CH3C02H 
TAG - 

XeF2 
TAG - - 

e t h e r  

Calbiochem-Behring (Lot No. 142003) 

Calbiochem-Behring (Lot No. 410012) 

Samples synthesized by a modifi-  
c a t i o n  of Tewson's method (20) 
and supp l i ed  by D r .  R. D. Finn 

% 2-FDG % 2-FDM -- References 

2,3,5,6,7 90 10 

8- 10 a4 16 

13-15 79 21 

22,24 t h i s  s tudy  

This s tudy  

12, 22-25 

This s t u d y  

This s tudy  

29 

94 

96 

44 

92 

>99 

>99 

56 

8 

Trace 

Trace 
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Stud ies  are i n  progress  to determine t h e  steric e f f e c t s  and so lven t  e f f e c t s  

on t h e  s t e r e o s e l e c t i v i t y  of va r ious  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  r e a c t i o n s  with a 

view t o  maximizing t h e  2-FDG:2-FDM r a t i o ,  t h e  radiochemical y i e l d ,  and the  

chemical and radiochemical p u r i t y  of  2-18PDG v i a  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 .  

A- 

This  r e sea rch  was c a r r i e d  out  a t  Brookhaven Nat ional  Laboratory under 

c o n t r a c t  DE-AC02-7600016 with t h e  U. S. Department of Energy and aupported by i ts  

Of f i ce  of Heal th  and Environmental Research, and a l s o  supported by the  Nat ional  

I n s t i t u t e s  of Heal th  Grant NS-15380. 

1. 

2. 

3. 

4. 

5. 

6 .  

7. 

8. 

9. 

10. 

11. 

12. 

REFEREUcgS 

Reivich,  M. - Neurosci. R e s .  Program Bull .  2: 502-504 (1976). 

Ido,  T?, Wan, C.-N., Fowler, J. S. et a l .  - J. Org. Chem. z: 2341-2342 

(1977). 

Ido, T., Wan, C.-N., Casella, V. et a l .  - J. Label. Cmpda. Radiopharm. 16: 
175-183 (1978). 

Reivich, M., Kuhl, D., Wolf, A. P., et  a l .  - Circ. Res. 66: 127-137 (1979). 

Ba r r io ,  J. R., MacDonald, N. S., Robinson, G. D., e t  a l .  - J. Nucl. Med. 22: 
372-375 (1981). 

Fowler, J. S., MacGregot, R. R., Wolf, A. P., e t  al. - J. Nucl. Med. 11: 
376-380 (1981). 

Shaughnessy, W. J., Gat ley,  S. J., Hickwa, R. D., e t  a l .  - I n t .  J. Appl. 

Radiat .  I ao t .  2: 23-29 (1981). 

Shiue,  C.-Y., Salvadori ,  P. A., Wolf, A. P., e t  a l .  - J. Nucl. Med. 2: 
899-903 (1982). 

Adam, M. J. - J. Chem. Soc. Chem. Commun. 730-731 (1982). 

D iks i c ,  M. and J o l l y ,  D. - I n t .  J. Appl. Radiat .  I s o t .  34: 893-896 (1983). 

Padge t t ,  8. C., Cook, J. S. and Bar r io ,  J. R. - J. Nuel. Med. p121 

(1983)(abstract) .  

Ehrenkaufet,  R. E., Potocki ,  J.F. and Jewett, D. M. - J. Nucl. Med. 2: 
333-337 (1984). 



508 C.  -Y. Shiue et nl. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

Korytnyk, W. and Valentekovic-Horvat, S. - Tetrahedron Lett. 21: 1493-1496 
(1980). 

Shiue, C.-Y., To, K.-C. and Wolf, A. P. - J. Label-Cmpds. Radiopharm. e. 
157-162 (1983). 

Sood, S., Firnau, G. and Garnett, E. S. - Int. J. Appl. Radiat. hot. 2: 
743-745 (1983). 

Pacak, J., Podesva, J., Tocik, Z., et al. - Coll. Czech. Chem. Commun. 37: 

2589-2599 (1972). 

Levy, S., Livni, E., Elmaleh, D., et al. - J. Chem. SOC. Chem. Comm. 972-973 

(1982). 

Levy, S., Elmaleh, D. and Livni, E. - J. Nucl. Med. 2: 918-922 (1982). 
Szarek, W. A., Hay, G. W. and Perlmutter, M. M. - J. Chem. Soc. Chem. 

Commun. 1253-1254 (1982). 

Tewson, T. J. - J. Nucl. Med. 2: 718-721 (1983). 
Dessinges, A., Olesker, A. and Lukacs, G. - Carbohydr. Res. L26: C6-C8 
(1984) - 
Bida, G. T., Satyamurthy, N. and Barrio, J. R. - J. Nucl. Med. 25: P125 
(1984) (abstract). 

Herscheid, J. D. M., Van Rijn, C. J. S., Visser, G. W. M., et al. - Fifth 
Int'l. Symp. Radiopharm. Chem., Tokyo, Japan, July 9-13, 1984, p. 209 

(abstract ) . 
Bida, G. T., Satyamurthy, N., Padgett, H. C., et al. - Fifth Int'l. Symp. 

Radiopharm. Chem., Tokyo, Japan, July 9-13, 1984, p. 213 (abstract). 

Fowler, J. S. - Fifth Int'l. Symp. Radiopharm. Chem., Tokyo, Japan, July 

9-13, 1984 (invited talk). 

Jewett, D. M., Potocki, J.F. and Ehrenkaufer, R. E. - Synthetic Commun. 16: 
45-51 (1984). 

Sweeley, C. C., Bentley, R., Makita, M., et al. - J. Am. Chem. SOC. as: 
2497-2507 (1963). 

Gallagher, B. M., Fowler, J.S . ,  Gutterson, N. I., et al. - J. Nucl. Med. 19: 
1154-1161 (1978). 

Finn, R. D., et al. - Personal communication (1984). 




