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11 Preparation and quality control of 2-de0xy-D[l-~~CI glucose ( C-ZDG, L) 
have been accomplished by a ccmbkation of cation-exchange and high perfor- 

mance liquid chrcmtography (HPIC) to give the radiopharmceutical in  greater 

than 99% radiochemical purity and an w&al l  25-35% radiochemicdl yield i n  

45-50 min. Quality control procedures uti l izing Gc and HPK have been devel- 

oped to determine not only chemical and radiochemical purity of the f inal  

product, but also to  examine the reactants used and the products formed during 

the preparation of 1. 
11 Key wrds: 2-deoxy-D-[1- Clglucose, quality control, positron emission 

tmcgraphy(PFT), 18-crm-6, preparative I-JPX. 

INTRODUCl?IoN 

Based upon several investigations w i t h  2- [ 1 8 ~  l-fluoro-2-deoxy-~-g1ucose 

(1-10) and 2-deoxy-D-[ 1-14C1 glucose (11-15) , carbon-11 labeled 2-deoxy-D- 

glucose(16-20) has been praposed as  a viable andlog for regional cerebral 

glucose metabolism studies using positron emission tmqraphy (PET). Detailed 

prccedures for rapid synthesis of the 2-deoxy-D-[ l-"Cl glucose radiopharma- 

ceutical were f i r s t  reported by MacGregor et al(19) and subsequently by 

Padgett et a l (20) .  

In this paper we report quality control procedures during preparation of 

the "C-UX; radiopharmaceutical and also a mdified synthesis w i t h  bproved 

yield in conversion of the t r i f l a t e  2 to the %nitrile - 4. Although our 
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synthetic s c b  is based u p n  the original approach(19) , we have developed a 

W C H ~ ~ C N  
18-Crown-6 

R-CH,OH *(CFSS02>20+ R-CH,OSO~CF, 

4 
I 

3 
I 

2 - 

C H,OH 

Ni/AI + 

30 % HCOOH 

H H  

H-C %; 
I 

R =  H - C - 0  
H - C - O  ' %: 

procedure i n  which a mre eff ic ient  conversion of 2 to 5 is achieved by using 

18-crown-6 (1 , 4 , 7 , 1 0 , 1 3 , 1 6 - h e x a o x a c y c l a x ~ ~ e )  as a catalyst .  
* 

In addition, we have mdif ied the purification procedure by employing 

preparative and analytical HPLC to obtain consistent and a m a t e  quality 

control of the ' lC-2E radiophanmceutical. 

METHODS AND iWERlXS 

All solvents w e r e  high p l r i ty  "dis t i l led in glass" 

and Jackson, USA and were degassed ultrasonically before use. 

(96%), 2-d~xy-D-glucose, 18-cra~n-6 and trifluormethanesulfonic anhydride 

were purchased from Aldrich Ch&cal Company, U.S.A. Nickel/ Almm 

catalyst and Darabinitol were obtained from Alfa Products, ThioIal/Ventmn 

U.S.A. The ion-excbnge resins, AG5OWX8 (H form, 200-400 mesh) and 

AG1-X8 (C1- form, 200-400 msh) ,  were  acquired frcan Bic-Fad, U.S.A. 2,3:4,5- 

di-0-isopropylidene-Darabinitd (2) was prepared according to literature 

procedures (18,19,21), €I% was prepared by a proton reaction on a N2/H2 gas 

miXture(22). Gas chrolMtographic(OC) analyses w e r e  performd on a Hewlett- 

Packaxd d e l  5710A gas chromatograph. HPLC was carried out using an Altex 

mdel  330 l i q i d  ChrOlMtograph equipped w i t h  an Altex mdel 155-40 variable 

grade f r o m  wlrdick 

Formic acid 

+ 

18-cram-6 is  toxic and should be handled w i t h  care (ref. 26). 
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wavelength W detector operated a t  195 nm. 

continuously mxLitored for radioactivity using an on-line analysis system 

consisting of a Nuclear D a t a  msdel 60A multichannel analyzer ecf-lipped with a 

N a I  detector and operated i n  the multichannel ScalingfKS) d e .  

eluate was collected a t  0.5 rnin intervals for  radioassay using a N a I  

well-counter. 

Synthesis of 2 , 3 : 4 , 5 - D i - 0 - i s o p r o p y l i d - l ~ t r i f l ~ ~ ~ e s u l f o n y l - ~  

Fhate from the HPK w a s  

Also, the 

arabinitol (3) 

CcmpOuna - 3 was synthesized as described i n  the literature(18,19). 

Progress on the f o m t i o n  of ;was assessed by Gc analysis at  0.5 hr  intervals 

using a 6 f t .  x 0.083 in. i.d. column of 10% SE-30 on 70-80 mesh Anakran a t  

17OoC with a h e l i u m  f l m  rate of 30 ml/min. The retention times of 2 and 2 
were 4.2 and 5.4 min respectively. W i t h i n  the f i r s t  half an hour the yield of 

- 3 w a s  i n  the range of 30-40%; i n e v e r ,  w i t h i n  two hours,l could be obtained in 
11 greater than 90% yield. 

the reaction mixture was f i l t e red  through a 2 x 0.5 cm column of a n h y h u s  

sodium sulfate and the solvent remwed under reduced pressure. 

containing 2 
prior to the delivery of K CN a t  which 

acetonitrile containing 5 mg (19 pmles) of 1 8 - c m - 6  and 0.325 ~KJ  (5.0 

pmles) of carrier KCN ("triflate/KCN/l8-crown-6" solution) . 
synbis  of 2 - ~ e o x y - ~  t ~-"cI glucose ( 

PSpr0Ximately 30 m i n  prior to the delivery of K CN, 

The flask 

(approxjmately 35-40 vmles) was l e f t  under vacuum unt i l  just 
11 it was dissolved i n  500 l i l  of 

11 C-2~s) 

"No carrier added "dlCN (100-150 r C i )  was collected in a vessel ( %2 ml) 

containing 0.325 mg (5 vmles) of KOH h 100 l i l  of 95% ethanol, and then the 

solvent was remwed under vacuum. 

1 8 - c m - 6 "  solution i n  acetonitrile and the mivtUre s t i r red  a t  roan tempera- 

ture for 5 min. After evaporation to dryness under reduced pressurer l m l  

of 30% aqueous fonnic acid and 150 mg of Raney alloy ( N i / A l  catalyst)  were 

added, and the stopered vessel was heated a t  100°C for  10 min. 

cooling, the mixture was passed through a colm containing 0.5 x 0.7 an 

section of celite above a 1.5 x 0.7 cm section of PG5OWX8 (H form) resin. 

"0 the residue was added the "triflate/KCN/ 

After 

+ 



420 M. M. Vom et a t .  

The column was washed with'L2.5 ml of 80% aqueous acetonitrile and the 

combined f i l t r a t e  w a s  collected in a flask containing 4-5g of PGl-X8 

form) resin to neutralize the fonnic acid. After a brief s t i r r ing,  the resin 

was  r a v e d  by f i l t ra t ion ;  the f i l t r a t e  concentrated to 

pressure (bath temperature %40-45OC), and injected on the preparative HPX 

mlumn(Tab1e 1). The fraction containing %-2E as indicated by the radio- 

chra~t0gra.m (Figure 1) w a s  collected and concentrated to approximately 1 m l  

under reduced pressure. Using sterile conditions, the f ina l  solution was 

rendered isotonic i n  a f ina l  v o l m  of 3 ml and s ter i l ized by passage -ugh 

a 0.22 urn millipore f i l t e r .  

Analysis and m a l i t y  Control 

0.5ml under reduced 

AndLytical HPLC (columns 2 and 3 in Table 1) analyses w e r e  perfom& a t  

various stages as indicated i n  T a b l e  2 ,  in order to evaluate the effectiveness 

of the synthesis and the purification procedures. 

chrmtograms are s b  in Figures 2 and 3. 

The corresponding radio- 

The 11C-2tX radiopharmaceutical was analyzed for  its chemical and 

radicchemical purity as described below. mssible chemical en t i t i es  present 

include, arabinitol, carrier 2-DG, 18-crown-6 and acetonitri le.  Arabinitol, 

2 X  and 18-crown-6 w e r e  analyzed by HPLC under the conditions listed in 

Table 1. In addition, arabinitol and 2M; were  further analyzed as t r k t h y l -  

s i l y l  derivatives(23) on a 3 f t  x 0.083 in i.d. mlumn of 3% OV-17 on 70-80 

msh Anakrom a t  18OoC and flow rate  of 30 ml/min (retention tine for arabini- 

to1 was 2.5 min and that of the anamers of 2DG was 4.3 and 5.5 min) . 
n i t r i l e  was analyzed by Gc analysis on a 6 f t .  x 0.083 i n  i.d. column of 50-80 

xwsh Porapak Q a t  14OoC with helium flaw rate of 30 ml/min. 

radicchermcal purity of the radiophannaceutical was determined by HPLC 

(Figure 4) ,  and the apyrcgenkity was confirmxi by LirrniLus Lysate Test(24,25). 

Aceto- 

Finally, the 

RESULTS AND DISCUSSION 

The catal-c u t i l i t y  of crown ethers i n  nucleophilic d i s p l a c m t  
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reactions is  w e l l  documented i n  the literature(26-32). 

solubilizes potassium salts i n  relatively nonplar  solvents to generate i n  

solution 'naked' counter anions possessing increased nucleophilicity and 

basicity(28-30). 

the "C-ni t r i le  4 i n  acetonitrile provided an amst quantitative as w e l l  as 

rapid incorporation of the i n i t i a l  "CN- act ivi ty  in this step. 

indicated 70-85% of this act ivi ty  i n  the labelled nitrile 4, canpared to 

50-60% f m  reaction i n  DW(19) in absence of crown ether. H a w e ~ e r ,  due to 

p r e r  yield of 35-45% corq?ared to 60-70% in the reduction s tep( l9) ,  the 

over-all yield of 11C-21X ranged from 25-35%. 

fication, start ing w i t h  100-150 r C i  of H a, we have obtained w i t h i n  45-50 

m i n  5-10 nCi of greater than 99% pure 11C-2DG radbpharmaceutical having 

specific activity of 20-50 nCi/mg. 

18-Crom-6 effectively 

U s e  of this catalyst  during conversion of the t r i f l a t e  2 to 

TLC analysis 

Nevertheless, with this di-  
ll 

~n order to obtain precise quality assurance of the ''c-2~ radiophama- 

ceutical, purification w a s  acccrnplished using HPLC equipped with variable 

wavelength W detector and an on-line sodium iodide detector i n  connection 

with a multichannel analyzer operated i n  MCS d e .  W i t h  i3us arrangement, 

elution of " C - Z  and its radioactive contaminants could be mnitored contin- 

uously and accurately. 

p e r f o h  on the analytical columns, purification of 'lc-21~ was achieved 

through the use of a preparative column (Table  1). 

While all the quality control and other analyses w e r e  

Since a large number of experimental variables could influence yield as 

e ell as purity of the "c-21~ radiopharmaceutical, it was d e m  beneficial 

t o  examine the radiolabeled side-products fonned during various stages of 

synthesis and purification procedures (Table 2 ) .  

activity profiles as a function of tim fram which the percent distribution of 

%-2IX and the radioactive impurities a t  various stages of preparation can be 

determined. 

ren-oved ~ 3 5 %  of the act ivi ty  which is  assumed to be the %-amine fonned as a 

major side product during reduction (19). 

compares Figures 1 and 2. 

Figures 2 and 3 s b w  the 

F i rs t  step in the purification involving cation exchange column 

This is w e l l  reflectgd when one 

Composition of the product mixture r a i n e d  
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unchanged af te r  neutralization with the anion-exchange (bicxtonate form) 

resin as w e l l  as the subsequent volm reduction before HPLX: separation. 

Prep HPLC allaws an adequate separation of the 11C-2DG f m  other radio- 

chemical ixpurities as  is  evident in Figure 1. In addition, we found that  M 

radioactivity was retained on the m l m .  

radiophamaceutical collected fran the prep column averaged 99-100%; in the 

mjor i ty  of the cases no detectable radiochemical impurity was observed 

(Figure 4 ) .  

and mthods section revealed the following munts of chemical en t i t i es  pre- 

sent in the f inal  solution: 0.0-0.2 mg of arabinitol; 0.2-0.25 mg of carrier 

2-DG; 0.0-0.06 mg of 18-crm-6 and m detectable ammt of acetonitrile. 

Radiochenical purity of 11C-2DG 

Ch&cal analyses using HPLC and GC as described in the materials 

w i n g  our experience with this procedure, we found that it was necessary 

t o  neutralize formic acid before the HPLC separation. 

result i n  -sition of the "C-UX; during concentration(l9) prior to the 

Failure to do so could 

H P I L  separation and also inadequate separation of l'C-2DG fm axabinitol and 

18-crm-6 .  In addition, the HPLC column life-time is shrtened considerably 

with successive use. 

separation effectively neutralizes the formic acid, providing adequate 

separation of ' l c -2~~ from impurities and prolonging the column-life. 

The use of anion-exchange resin before the HPLC 

In sumnary, the use of crown ether mnsiderably increased tk yield of 

one of the key intermediates i n  the synthesis of 11C-2Dc. 

and analytical HPLC quipped with an on-line radioactivity detector and the 

xmiitichannel analyzer to continuously mnitor the column effluent provides 

accurate and predictable quality control. 

U s e  of preparative 

- 
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