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SUMMARY 

A process i s  described f o r  prepar ing r o u t i n e l y  s t e r i l e  and pyrogen- 
f ree ,  m u l t i m i l l  i c u r i e  amounts o f  2-C18F]-fl uoro-2-deoxy-D-g1 ucose 
(18F-2FDG) w i t h  and w i thou t  carr ier -added f l u o r i d e  and w i t h  a 
radiochemical p u r i t y  o f  g rea te r  than 98% w i thou t  t h e  use o f  prepara- 
t i v e  HPLC. For 13 consecutive runs, t he  radiochemical y i e l d  w i t h  
carr ier -added f l u o r i d e  was 35.5 * 2.2%. 
produced by the  r e a c t i o n  160(3He,p)18F o r  by t h e  r e a c t i o n  180(p,n)18F. 
A n a l y t i c a l  HPLC, l H  and 19F NMR spect ra l  ana lys i s  were used t o  
e s t a b l i s h  the  i d e n t i t y  and p u r i t y  o f  18F-ZFDG. 

The [ 1 8 F l f l u o r i d e  used was 

KEY WORDS: 2-[18F]-fl uoro-2-deoxy-0-91 ucose, f l  u o r i  ne-19 nuc lear  magnetic 

resonance, h i g h  performance 1 i qu id  chromatography 

INTRODUCTION 

A recent  a r t i c l e  (1) t h a t  describes t h e  scale-up preparat ion o f  

2-[18F]-fluoro-2-deoxy-D-g1ucose (18F-2FDG) by a modi f ied nuc leophi l  i c  

displacement r e a c t i o n  o f  [18F]fl uo r ide  anion w i t h  methyl-4,6-0-benzyl idene- 

2,3-0-cycIic sulfato-6-D-mannopyranoside (MBCM) (2) r e p o r t s  i n  d e t a i l  chromato- 

graphic and TLC a n a l y t i c a l  techniques used t o  e s t a b l i s h  t h e  i d e n t i t y  and p u r i t y  

o f  18F-2FDG. I n  add i t i on ,  it repor t s  t h a t  what appears t o  be one radioac- 

t i v e  peak (18F-2FDG) under a g iven se t  o f  HPLC cond i t i ons  i s  p a r t i a l l y  

resolved i n t o  two peaks when two HPLC a n a l y t i c a l  columns are used i n  ser ies.  
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The f i r s t  e l u t e d  peak i s  shown t o  be IBF-ZFDG, f o l l o w e d  by a second p a r t i a l -  

l y  reso lved  peak suspected t o  be  a f l u o r i n a t e d  a l t r o s e .  

We wish  t o  r e p o r t  he re  t h a t  by u s i n g  t h e  same n u c l e o p h i l i c  d isp lacement  

r e a c t i o n ,  b u t  wi th a l t e r e d  r e a c t i o n  c o n d i t i o n s ,  we have been a b l e  t o  p repare  a 

s t e r i l e  and py rogen- f ree  18F-2FDG i n  40-80 m C i  w i t h  a rad iochemica l  p u r i t y  

o f  g r e a t e r  t han  98% w i t h o u t  r e s o r t i n g  t o  p r e p a r t i v e  HPLC separa t i on .  

pas t  two yea rs  we have s u c c e s s f u l l y  used 18F-2FDG prepared r o u t i n e l y  by t h e  

Tewson method (Z), as m o d i f i e d  by us, f o r  p o s i t r o n  emiss ion  tomograph ic  (PET) 

measurements o f  r e g i o n a l  c e r e b r a l  g lucose metabo l ism i n  humans (3,4). More r e -  

c e n t l y ,  Tewson e t  a l  ( 5 )  have rep laced  t h e  0-methyl group o f  MBCM w i t h  p ropeny l  

i n  a p r e p a r a t i o n  r e q u i r i n g  a ten -s tep  syn thes i s .  Th i s  f a c i l i t a t e s  t h e  complete 

removal o f  a l l  t h e  p r o t e c t i v e  groups by t rea tmen t  w i t h  2N HC1 i n s t e a d  o f  w i t h  

1.0 M boron  t r i s  ( t r i f l u o r o a c e t a t e )  i n  t r i f l u o r o a c e t i c  a c i d  (BTTF). Moreover, 

it shou ld  be no ted  t h a t  Hamacher e t  a1 ( 6 )  have r e p o r t e d  a r a p i d  s t e r e o s p e c i f i c  

s y n t h e s i s  o f  no-car r ie r -added 18F-ZFDG w i t h  unco r rec ted  rad iochemica l  y i e l d  

o f  a maximum o f  50%. 

For t h e  

EXPERIMENTAL 

M a t e r i a l s .  MBCM was syn thes i zed  as desc r ibed  i n  t h e  l i t e r a t u r e  (2 , lZ )  w i t h  few 

m o d i f i c a t i o n s .  I n  i t s  f i n a l  p u r i f i c a t i o n  s tep ,  MBCM was d i s s o l v e d  i n  a minimum 

amount o f  methy lene c h l o r i d e  f o l l o w e d  by t h e  a d d i t i o n  o f  heptane. 

n e e d l e - l i k e  c r y s t a l s  ob ta ined  had a m.p. o f  164-166°C (decomp.) ( L i t .  157-159°C 

w i t h  decomp. (12 ) ;  Mara S p e c i a l t y  Chem.: 156-158.5”C w i t h  decomp.). TLC i n  sev- 

e r a l  s o l v e n t  systems as w e l l  as HPLC a n a l y s i s  showed our  MBCM t o  be pure.  The 

MBCM purchased f rom Mara S p e c i a l t y  Chem. was used as a re fe rence  compound and 

was shown by HPLC as w e l l  as TLC t o  c o n t a i n  a minor  i m p u r i t y  t h a t  depressed t h e  

m.p. o f  t h e  compound. Otherwise, i t s  ma jo r  component c o e l u t e d  w i t h  ou r  MBCM. 

Tetramethylammonium hyd rox ide  pentahydra te  (97% pure )  (TMAOH), t e t r a m e t h y l -  

ammonium f l u o r i d e  t e t r a h y d r a t e  (98% pure )  (TMAF), anhydrous a c e t o n i t r i l e  (99+% 

pure )  i n  100 m l  Sure/Seal” b o t t l e s ,  BTTF, and a c t i v a t e d  n e u t r a l  aluminum o x i d e  

(150 mesh, 58A) were purchased f rom A l d r i c h  Chemical Company. I o n  r e t a r d a t i o n  

r e s i n s ,  AG l l A 8  (50-100 mesh) and Dowex (50-100 mesh), were purchased f rom B io -  

The c o l o r l e s s  
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Rad and Sigma Chemical Co., respec t i ve l y .  2-FOG, used as a re ference compound, 

was purchased fran Sigma Chemical Co. A l l  HPLC solvents  were purchased from 

J.T. Baker and F isher  S c i e n t i f i c .  

means o f  a glass syr inge equipped w i t h  a 20-gauge needle. 

was s tored over a desiccant and under r e f r i g e r a t i o n  w i t h  a t e f l o n  l i n e r  between 

the seal and the  cap t o  minimize co r ros ion  o f  t h e  m e t a l l i c  cap. 

BTTF was removed from the b o t t l e  as needed by 

When not  i n  use, i t  

19F and l H  NMR Analysis of 18F-2FDG. 

Bruker WM-250 opera t i ng  a t  235.4 MHz (Fig. 2 and 3). 

as an i n t e r n a l  reference ( 6 ~  = -163.0 ppm). 

t a i  ned from t h e  hydrogen decoupl ed spectrum us ing two-1 eve1 broadband decoupl i ng 

(F ig.  3). I n  order  t o  prepare a s u f f i c i e n t  q u a n t i t y  o f  2-FDG f o r  NMR studies,  

we doubled t h e  amounts o f  reagents and maintained the  same r e a c t i o n  cond i t i ons  

as described i n  p a r t  B, below. 

poss ib le  by t h e  use o f  a 15 m l  r e a c t i o n  f l a s k :  MBCM was d isso lved i n  5.0 m l  o f  

anhydrous a c e t o n i t r i l e  i ns tead  o f  8.0 m l ,  t he  azeotroping o f  water was c a r r i e d  

out  w i t h  3.0 m l  o f  anhydrous a c e t o n i t r i l e  i ns tead  o f  10.0 m l ,  and t h e  e x t r a c t i o n  

o f  18F-ZFOG was e f f e c t e d  w i t h  2.3 m l  o f  NaHCO3 s o l u t i o n .  A f t e r  ana lys i s  

by HPLC, f r a c t i o n s  Nos. 13 t o  18, con ta in ing  about 95% o f  t he  18F-2FDG 

produced w i t h  a mean radiochemical p u r i t y  o f  greater  than 9846, were combined 

with those o f  a second, i d e n t i c a l l y  repeated run  and l y o p h i l i z e d  overn ight .  A 

l i g h t  wh i te  f l u f f y  s o l i d  was obtained. Th is  was d i sso l ved  i n  D20 and used for  

t h e  NMR spectra. 

F luor ine-19 NMR spectra were obtained on a 

Hexafluorobenzene was used 

19F chemical s h i f t s  were ob- 

The f o l l o w i n g  changes were introduced, made 

HPLC Analysis. 

l i q u i d  chromatograph c o n s i s t i n g  o f  a Refractomonitor 111 r e f r a c t i v e  index 

detector ,  a Constametric Model I11 solvent  pumping system, a Rheodyne sample 

i n j e c t i o n  valve, Model 7110, equipped w i t h  a 20 p l  loop. An A l l t e c h  a n a l y t i c a l  

column (25 cm x 4.6 mn) w i t h  RSiL packing (10 p) was used s i n g l y  o r  connected i n  

tandem w i t h  an a n a l y t i c a l  A l l t e c h  NH2 column (25 cm x 4.6 mn).  

phase used was ace ton i t r i 1e :wa te r  (80:20) w i t h  f l o w  ra tes  o f  1.5 ml/min o r  2.0 

ml/min. 

This  was performed w i t h  a Laboratory Data Control (LDC) modular 

The mobile 

I n  add i t i on ,  an LDC 308 Computing I n t e g r a t o r  was used connected t o  a 
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two-channel recorder, LDC 3401/3402. As a r a d i o a c t i v i t y  detector ,  a Victoreen 

"Vamp" Area Monitor, model 808D--MOD, t o  which a Vic toreen w/808-520 probe was 

attached, was connected t o  t h e  recorder. The t e f l o n  tube lead ing  from the  re -  

f r a c t i v e  index de tec to r  t o  t h e  waste r e s e r v o i r  was c o i l e d  once around the  probe 

and t h e  probe shielded from background r a d i a t i o n  i n  a l ead  conta iner .  Readings 

were d isp layed on a l o g a r i t h m i c  scale and expressed as mR/hr. The r a t i o  o f  

each reading corresponding t o  each r a d i o a c t i v i t y  peak, minus t h e  background 

r a d i o a c t i v i t y ,  t o  the  sum o f  t h e  readings corresponding t o  t h e  t o t a l  number o f  

r a d i o a c t i v i t y  peaks, minus t h e  background r a d i o a c t i v i t y ,  expressed t h e  percent 

r a d i o a c t i v i t y  associated w i t h  t h e  e l u t e d  band. 

I n  order  t o  v a l i d a t e  t h e  method, e lu ted  f r a c t i o n s  corresponding t o  each 

e l u t e d  r a d i o a c t i v i t y  band were c o l l e c t e d  and measured i n d i v i d u a l l y  i n  a Capintec 

Isotope Ca l i b ra to r  CRC- IOR.  

agreement. 

Radiact ive Monitor LB 503 connected w i t h  a Hewlett Packard HP 3392A I n t e g r a t o r  

t o  moni tor  t he  radiochemical p u r i t y  o f  product and compare the  r e s u l t s  obtained 

w i t h  t h e  "Victoreen" detector .  

ho ld  de tec to r  was u s u a l l y  h ighe r  than t h a t  obtained by t h e  o the r  two methods. 

The r e s u l t s  o f  t h e  two methods were i n  very good 

Nevertheless, as an a l t e r n a t i v e ,  we a l so  used t h e  Ber tho ld HPLC 

The radiochemical p u r i t y  obtained by t h e  Ber t -  

Synthesis o f  18F-2FDG 

A. Use of C18FI f luor ide produced from 160(3He,p)18F 

18F-2FDG was synthesized according t o  a p rev ious l y  repor ted procedure 

( 2 )  which we modi f ied i n  order  t o  augment the  radiochemical p u r i t y  and adapt 

i t s  preparat ion t o  our "hot c e l l "  condi t ions.  

r o u t i n e l y  i n  a re t rac tab le ,  r e c i r c u l a t i n g - w a t e r  t a r g e t  (7) from t h e  r e a c t i o n  

160(3He,p)18F. 

45 m l  , o f  which 37.5 m l  con ta in ing  t h e  [18F l f l uo r ide  i s  t r a n s f e r r e d  t o  a 

100 ml round-bottom r e a c t i o n  f l a s k  con ta in ing  1.0 m l  (41 pmol) o f  TMAOH and 

0.8 m l  (33 pmol) o f  TMAF. 

t o  a mod i f i ed  Buchi r o t a r y  evaporator, and t h e  water i s  evaporated under h igh  

vacuum and w i t h  heating. To i nsu re  complete removal o f  moisture, 10 m l  o f  

anhydrous a c e t o n i t r i l e  i s  added and evaporated. 

[18F]Fluoride i s  produced 

The volume of t he  r e c i r c u l a t i n g  water i r r a d i a t e d  i s  

The r e a c t i o n  f l a s k  i s  a t tached through a vapor t r a p  

This i s  repeated tw ice  be fo re  
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an 8 m l  s o l u t i o n  o f  13.9 mg (40 pmol) o f  MBCM i n  d r y  a c e t o n i t r i l e  i s  added. The 

s o l u t i o n  i s  r e f l u x e d  f o r  12 min and then evaporated t o  dryness under h igh vacuum 

and w i t h  heating. 

a t  55OC w i t h  slow r o t a t i o n  f o r  15 min. A t  t h e  end o f  t h e  react ion,  2.5 m l  o f  

water i s  added and the  s o l u t i o n  heated f o r  an a d d i t i o n a l  5 min. F i n a l l y ,  t he  

v o l a t i l e s  are removed under h igh  vacuum and w i t h  heating. 

co lored res idue i s  d isso lved i n  4.5 m l  o f  30% NaHC03 aqueous s o l u t i o n  and 

t r a n s f e r r e d  t o  a column (50 cm x 9 mm) c o n s i s t i n g  o f  two segments, an upper seg- 

ment o f  neu t ra l  alumina (10 cm) and a lower segment (40 cm) o f  i o n  r e t a r d a t i o n  

res in .  

pyrogen-free water p r i o r  t o  i t s  use. 

and e l u t e d  w i t h  s t e r i l e  water and a f l o w  r a t e  o f  1.5 ml/min maintained by a 

Pharmacia P-3 p e r i s t a l t i c  pump. A se r ies  o f  2.0 m l  c l e a r  c o l o r l e s s  f r a c t i o n s  

are c o l l e c t e d  w i t h  a Pharmacia Frac 100 f r a c t i o n  c o l l e c t o r .  The r a d i o a c t i v i t y  

and pH o f  each f r a c t i o n  i s  measured, t h e  18F-2FDG-containing f r a c t i o n s  are 

analyzed by HPLC, and t h e  f r a c t i o n  w i t h  h ighest  radiochemical p u r i t y  i s  rou t i ne -  

l y  se lected and used t o  prepare an i s o t o n i c  s o l u t i o n  rendered s t e r i l e  through a 

M i l l i p o r e  Millex-GS 0.22 pm f i l t e r .  

F i v e  m i l l i l i t e r s  o f  BTTF i s  added and the  s o l u t i o n  i s  heated 

The dark amber- 

The alumina/resin column i s  e lu ted  w i t h  a t  l e a s t  500 m l  o f  s t e r i l e ,  

The crude e x t r a c t  i s  appl ied on the column 

B. Use o f  [18F] f luor ide produced from 180(p,n)18F. 

I n  a r e c e n t l y  acquired t a r g e t  (8), [18F]f luoride was a l so  produced from 

The use o f  1.80 m l  volume o f  t h e  180(p,n)18F r e a c t i o n  w i t h  180-enriched water. 

water con ta in ing  the  C18Flfluoride al lowed us t o  use a 15 m l  pear-shaped 

r e a c t i o n  f l a s k  instead o f  t h e  100 m l  round-bottom f l a s k  and t o  sca le down t h e  

amounts o f  reagents and volumes o f  s o l u t i o n s  by a f a c t o r  o f  two o r  more. 

t he  amounts o f  MBCM, TMAOH and TMAF used are, respec t i ve l y ,  6.90 mg (20 umol) i n  

4.0 m l  anhydrous a c e t o n i t r i l e ,  200 p1 (20 pmol) and 200 p l  (16.5 pmol). To 

remove the  p r o t e c t i v e  groups, 2.5 m l  o f  BTTF was used fo l lowed by 1.0 m l  o f  

water, and, t o  e x t r a c t  t he  crude 18F-2FDG, 2.5 m l  o f  30% NaHC03 s o l u t i o n  

was added. 

described i n  p a r t  A. 

reagent q u a n t i t i e s ,  I8F-2FDG was prepared wi thout  added c a r r i e r  (TMAF) . 

Thus, 

Reaction, p u r i f i c a t i o n  and HPLC cond i t i ons  are the  same as those 

With t h e  same t a r g e t  and the  same r e a c t i o n  cond i t i ons  and 

A1 1 
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operat ions i nvo l ved  i n  the  synthes is  and p u r i f i c a t i o n  o f  18F-2FDG are car-  

r i e d  out  by remote c o n t r o l .  

J .  Z .  Ginos et al. 

RESULTS AND DISCUSSION 

Our attempts t o  prepare 18F-2FDG using r e a c t i o n  cond i t i ons  p rev ious l y  

repor ted (2)  gave i n  our hands 18F-2FDG o f  on l y  85-95% p u r i t y  as determined 

by HPLC ana lys i s  o f  f r a c t i o n s  e l u t e d  through the  a lumina/res in  column. Using a 

s i n g l e  HPLC column, HPLC ana lys i s  showed f o u r  d i s t i n c t  r a d i o a c t i v i t y  peaks w i t h  

r e t e n t i o n  t imes 4.0 min, 4.38 min, 6.25 min and 7.65 min. The peak w i t h  re ten-  

t i o n  t ime o f  6.25 min was i d e n t i f i e d  as the  18F-2FDG a f t e r  comparing it w i t h  

an au then t i c  compound detected w i t h  a r e f r a c t i v e  index monitor. 

made t o  i d e n t i f y  t h e  o the r  th ree  peaks, but  one o f  t he  f i r s t  two peaks i s  

thought t o  be the  p a r t i a l l y  deprotected 2-C18F1-fl uoro-2-deoxymethyl g l  uco- 

side, i n  agreement w i t h  t h e  f i n d i n g s  o f  o thers ( 2 ) .  

r e t e n t i o n  t ime o f  7.25 min i s  suspected o f  being a borate e s t e r  o f  18F-2FDG, 

as suggested i n  a p r i v a t e  communication (9). 

t h e  suspected borate ester .  

completion o f  t h e  depro tec t i on  s tep fo l l owed  by a f ive-minute heat ing a t  55°C 

served i n  e f f e c t i v e l y  e l i m i n a t i n g  t h e  undesi rab le f o u r t h  r a d i o a c t i v i t y  peak. 

Nevertheless, even i n  i t s  absence, t h e  radiochemical p u r i t y  o f  18F-2FDG 

r a r e l y  exceeds 95% and o f t e n  ranges between 9045%.  

BTTF s o l u t i o n  a t  55OC f o r  15 min, one can ob ta in  18F-2FDG w i t h  a reprodu- 

c i b l e  radiochemical p u r i t y  equal t o  o r  greater  than 98%, but  a t  the expense o f  

radiochemical y i e l d s  as the  r e s u l t  o f  the extens ive d e f l u o r i n a t i o n ,  as evidenced 

by t h e  h ighe r  f l uo r ine -18  a c t i v i t y  trapped i n  t h e  dry-ice/acetone t rap .  

No attempt was 

The r a d i o a c t i v i t y  peak w i t h  

No attempt was made t o  i d e n t i f y  

The a d d i t i o n  o f  water t o  t h e  BTTF s o l u t i o n  upon 

However, by h e a t f i g  t h e  

Based on 13 consecutive syn the t i c  preparations, t he  radiochemical y i e l d  was 

found t o  be 35.6 k 2.2% and as much as 80 m C i  o f  18F-2FDG has been prepared. 

The t ime  o f  synthesis from EOB t o  t h e  end o f  e l u t i o n  through t h e  a lumina/res in  

column i s  approximately 2 hours. 

evaporate t h e  water con ta in ing  the  C18Fl f luor ide.  The use o f  t he  enriched 180- 

l abe led  water t a r g e t  w i t h  a volume o f  on l y  1.8 m l  and the  use o f  smal ler  volumes 

o f  a c e t o n i t r i l e  reduced the  t ime  o f  synthes is  by a h a l f  hour. 

This inc ludes the  t ime  requ i red  (20-25 min) t o  

I n  add i t i on ,  
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whereas t h e  180-labeled water t a r g e t  requ i res  a bombardment o f  on ly  45 min 

w i t h  a proton beam cu r ren t  o f  17 PA t o  y i e l d  about 550 m C i  o f  t he  [18F]fluo- 

r i d e ,  t h e  cont inuously  c i r c u l a t i n g  water t a r g e t  under the  s a w  cond i t i ons  w i t h  a 

helium-3 beam y i e l d s  approximately 50-60 mCi .  To ob ta in  555 m C i  would requ i re  a 

45 PA helium-3 beam cu r ren t  w i t h  an i r r a d i a t i o n  t ime  o f  a l i t t l e  over 4 hours. 

Because others have repor ted (1) t h a t ,  under a given set  o f  HPLC condi- 

t i o n s ,  what appeared t o  be t h e  r a d i o a c t i v e  peak, i d e n t i f i e d  as IgF-ZFDG, was 

a c t u a l l y  p a r t i a l l y  resolved i n t o  two peaks when two HPLC columns were used i n  

811 

Figure 1: HPLC e l u t i o n  radiochromatograms o f  18F-2FDG prepared using modi- 

f i e d  procedure as described i n  t e x t .  HPLC cond i t i ons :  e luan t :  

a c e t o n i t r i l e / w a t e r  (9O:lO); f l o w  ra te :  2.0 ml/min; HPLC column: 

A l l t e c h  a n a l y t i c a l  column (RSiL packing; 10 11) connected i n  se r ies  

w i t h  an a n a l y t i c a l  A l l t e c h  NH2 column. 
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ser ies,  we app l i ed  the  same ana ly t  

obtained by our modi f ied procedure 

t e n t i o n  t imes o f  7.30 min (Fig. 1) 

J. 2. Ginosetal. 

ca l  procedure i n  analyz ing the  18F-2FDG 

Only one major peak was obtained w i t h  re -  

The other  two minor r a d i o a c t i v e  peaks w i t h  

r e t e n t i o n  times o f  4.75 and 5.25 min, respec t i ve l y ,  were not  i d e n t i f i e d .  

them i s  presumably the  p a r t i a l l y  deprotected 2-[18F]-fl uoro-2-deoxymethyl- 

glucoside (2 ) .  

t h a t  t he re  was e s s e n t i a l l y  one f l u o r i n a t e d  compound aside o f  the two rad ioac t i ve  

One o f  

Furthermore, f l uo r ine -19  NMR spectra (Figs. 2 and 3) confirmed 

peaks detected only  by HPLC and which c o n s t i t u t e d  l ess  than 2% o f  t h e  t o t a l  

r a d i o a c t i v e  mixture.  F igure 2 shows t h a t  the f u l l y  coupled hydrogen-f luorine-19 

A. Exper imenta l  2-FDG A 
P 1 

B. Standard 2-FDG 

P A  

I I 

-1 99.0 -199.5 

F igu re  2: F u l l y  coup1 ed hydrogen-f l  u o r i  ne-19 19F-NMR spect ra o f  experimental 

2-FDG, obtained as described i n  sect ion:  18F-1H NMR ana lys i s  o f  

18F-2FDG. 
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19F-NMR spectra of our experimental and standard 2-FDG are  essent ia l ly  

identical and are consistent with the l i t e r a tu re  values (10). The assignments 

A. Experimental 2-FDG 

I 6. Standard 2-FDG 

I I 

-1 99.0 -199.5 

Figure 3. Hydrogen decoupled spectrum of experimental and standard 2-FDG. In 

both figures,  chemical s h i f t s  are in ppm. 

of the a- and 6-anomer fluorine s p l i t  bands are i n  accordance w i t h  those i n  the  

l i t e r a tu re  (10 , l l ) .  The la rges t  band of the experimental 2-FDG spectrum is 

actually the merging of the two fluorine sp l i t  bands because of small changes i n  

the chemical s h i f t s  caused by the presence of other non-fluorine-contai ning 

impurities. The fluorine-19 chemical s h i f t s  of the a- and 6-anomers a re  -199.29 

and -199.11 ppm, respectively, and were derived from the hydrogen decoupled 

spectrum (Fig. 3 ) .  

consists o f  55% of the B-anomer and 45% of the a-anomer under the experimental 

conditions the spectra were obtained. A 1H NMR spectrum of our 2-FDG showed, 

in addition t o  the 2-FDG hydrogen bands identified by comparison with those of 

An integration of the two bands shows that the mixture 
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t h e  standard compound, a d d i t i o n a l  hydrogen bands which are presumably those o f  

t he  d e f l u o r i n a t e d  2-FDG, poss ib l y  t h e  2,6 anhydro-8-D-glucopyranose ( levogluco- 

san) (2,12,13). No attempt was made t o  i d e n t i f y  it. 

To compare the  performance o f  t h e  two res ins ,  we prepared 2-FDG under 

simulated "hot c e l l "  cond i t i ons  us ing t h e  r e a c t i o n  cond i t i ons  and q u a n t i t i e s  

described i n  p a r t  B and e l u t e d  through t h e  two columns prepared as described i n  

p a r t  A. 

with a Beckman A l t e x  pH meter. 

c a r e f u l l y  l y o p h i l i z e d  i n  t a r e d  f l a s k s ,  and the  weight o f  t h e  whi te  res idue 

determined. 

c o l l e c t e d  i n  f r a c t i o n s  Nos. 12 t o  18 o r  less.  Results are shown i n  Table I .  

Two m i l l i l i t e r  f r a c t i o n s  were c o l l e c t e d  and the  pH o f  each recorded 

Fract ions Nos. 12-16 and 17-21 were pooled and 

Under "hot c e l l "  cond i t i ons ,  about 90-95% o f  the  I8F-2FDG i s  

TABLE I 

Comparison o f  Performance o f  AG l l A 8  and Dowex Ion  Retardat ion Resins 

AG l l A 8  Dowex 

F r a c t i o n  No. mqs* pH mgs* pH 

12-16 11.8 8.41-9.53 8.4 7.90-8.88 

17-21 8.2 8.7 -9.10 12.1 9.00-9.17 

*Pooled e lu ted  f r a c t i o n s  were l y o p h i l i z e d  i n  ta red  f l a s k s  and the  

so l  i d  residues weighed . 
Samples c o l l e c t e d  i n  t h e  manner described above and submitted t o  Ga lb ra i th  

Laborator ies f o r  elemental ana lys i s  showed B < 0.08% and N = 0.012%. 

t h a t  t h e  a1 umi na/ res i  n co l  umn i s  capable o f  separat ing 18F-ZFDG e f f e c t i v e l y  

from borate, tetramethylamnonium, C18Fl f luor ide and sodium s a l t s  provided 

one app l i es  t h e  cond i t i ons  described above. 

product because it y i e l d s  f r a c t i o n s  w i t h  a lower pH and it has less  o f  t he  

c h a r a c t e r i s t i c  amine odor o f t e n  present i n  t h e  Bio-Rad product. 

I t  appears 

The authors would opt  f o r  t h e  Dowex 

As a ru le ,  50-60% o f  t h e  18F-2FDG i s  contained i n  f r a c t i o n s  Nos. 14-16, 

w i t h  t h e  maximum amount o f  r a d i o a c t i v i t y  i n  f r a c t i o n  No. 15, ranging from 

9-17 mCi .  

than 5-7 mCi, i t  i s  est imated t h a t  on l y  a f r a c t i o n  o f  a m i l l i g ram,  c o n s i s t i n g  o f  

2-FDG, de f l uo r ina ted  2-FDG and sodium s a l t s ,  i s  i n j e c t e d  i n t o  the  subject. 

Since t h e  amount o f  18F-2FDG i n j e c t e d  i n t o  humans i s  never more 
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