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S U W R Y  

Radioiodinated 5-(l-hydroxy-2-iodoethyl)-2‘-deoxyuridine (la) and 
5 - (  l-methoxy-2-iodoethyl)-2‘-deoxyuridine (a) were prepared from the 
corresponding unlabelled nucleosides (1 and 2) by isotope exchange in 
a pivalic acid melt. Compound la was obtained in 71.3% to 26.3% 
radiochemical yield with a specific activity range of 77 to 2486 
GBq/mmol, and was prepared in 70.3% radiochemical yield at a 
specific activity of 100.6 GBq/mmol. Low temperatures and the mild 
reaction conditions encountered in the pivalic acid melt method, which 
reduce the extent of nucleoside decomposition, were essential for 
successful exchange radi oi odi nati on. Even under optimal conditions 
(7OoC; 100 min), the order in which the reagents were mixed was 
critical to obtain high radiochemical yields and to minimize chemical 
decomposition of the nucleosides. 
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INTRODUCTION 

A number of radiolabelled 5-substituted pyrimidine nucleoside analogs have 

been developed as potential tumor localization agents (1-3). Radioiodinated 

compounds are particularly suitable for biological investigations. It i s  often 

possible to radioiodinate test compounds by simple electrophil ic or 

nucleophilic substitution, by addition reactions or by exchange labelling o f  

cold iodoprecursors. 1251 and 1311 are suitable for in vitro and in viva 

Author for Correspondence 

0362 -4803/90/030247 -09$05.00 
0 1990 by John Wiley & Sons, Ltd 

Received May 23, 1989 
Revised September 22, 1989 



248 T. Iwashina et al. 

animal studies, and lZ3I i s  idea l  f o r  i n  v i v o  human stud ies.  5-( l-Hydroxy/ 

methoxy-2-iodoethyl)-2’-deoxyuridine (Compounds I and 2) have demonstrated 

a n t i v i r a l  and ant i tumor a c t i v i t y  i n  p re l im ina ry  i n  v i t r o  t e s t s  ( 4 ) .  In order 

t o  f u r t h e r  evaluate t h e i r  p o t e n t i a l  as non-invasive d iagnos t i c  agents, i t  was 

necessary t o  r a d i o i o d i n a t e  these novel nucleosides. S u b s t i t u t i o n  o r  add i t i on  

react ions were cons 

subsequent i s o l a t i o n  

subst i tuent .  However 

dered inapprop r ia te  because o f  t he  requirement f o r  

and p u r i f i c a t i o n  a f t e r  i n t roduc ing  the  rad io iod ine  

isotope exchange methods were expected t o  be su i tab le  

f o r  the r a d i o i o d i n a t i o n  of 1 and 2, both o f  which have iodoa lky l  subs t i t uen ts .  

For example, rad io iod ina ted  19- iodocholestero l  has been prepared by exchange i n  

r e f l u x i n g  acetone s o l u t i o n  ( 5 ) .  (E)-5-(2-Iodovinyl)-2’-deoxyuridine (IVDU), a 

pyr imid ine nucleoside w i t h  potent  a n t i v i r a l  a c t i v i t y  against  HSV-1 (TK’) 

(6 ,7 ) ,  has been l a b e l l e d  by rad io iod ide  exchange us ing cuprous i o n  i n  d r y  DMF 

a t  70-80°C f o r  20 h r  (8), o r  i n  0.05 N hydroch lo r i c  ac id  i n  ethanol a t  

~ O O O C  f o r  20 min. (9) .  

Radioisotope exchange i n  the mel t  has been e f f e c t i v e  f o r  t h e  l a b e l l i n g  o f  

many iodoary l  compounds under h igh  temperature r e a c t i o n  cond i t i ons  using 

acetamide ( l o ) ,  benzoic ac id  ( l l ) ,  and p i v a l i c  ac id  (12) as molten reac t i on  

media. P i v a l i c  acid, w i t h  i t s  low me l t i ng  p o i n t  and weak a c i d i t y ,  appeared t o  

be s u i t a b l e  f o r  r a d i o d i n a t i o n  o f  compounds 1 and 2. We now r e p o r t  a procedure 

f o r  the r a d i o i o d i n a t i o n  o f  compounds 1 and 2 us ing a me l t  isotope exchange 

reac t i on  i n  p i v a l i c  acid. Th is  procedure provided the  m i l d  isotope exchange 

condi t ions necessary f o r  r a d i o i o d i n a t i o n  o f  these the rmo lab i l e  compounds. 

OR 
I 

-CH- -CH,-I 

Figure 1. 5- (1-Hydroxy/methoxy-2-iodoethyl ) -2’-deoxyuridines 
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EXPERIMENTAL 

The synthesis o f  un l  abel 1 ed 5- (1  -hydroxy-2- i odoethyl ) -2’ -deoxyur id i  ne (1) 
and 5-(l-methoxy-2-iodoethyl)-2’-deoxyuridine (2) w i l l  be described elsewhere. 

A l l  chemicals used were o f  reagent grade q u a l i t y .  “No-carrier-added’’ sodium 

[1251] i od ide  i n  d i l u t e  aqueous NaOH s o l u t i o n  was suppl ied by the  Edmonton 

Radiopharmacy Centre, Edmonton, Canada. 

HPLC p u r i f i c a t i o n s  were c a r r i e d  ou t  w i t h  a Waters system cons is t i ng  o f  a 

Model U6K i n j e c t o r ,  dual 501 pumps and a Model 680 g rad ien t  c o n t r o l l e r ,  

combined w i t h  a Hewlett Packard Model 1040A Diode Array UV de tec to r  and Model 

9133 data system. A n a l y t i c a l  HPLC was performed on Radial-Pak uBondapak C18 

(lOu, 7mm x 10cm; Waters Associates Inc. )  reverse-phase columns. Mobile 

phase-I (MeOH:H20 = 1:3 v/v) was used f o r  p u r i f i c a t i o n  o f  compound 1, and 

mobile phase-I1 (MeOH:H20 = 35:65 v/v) was used f o r  p u r i f i c a t i o n  o f  compound 

- 2. A NaI(T1) - ray  de tec to r  coupled i n  se r ies  t o  the  HPLC UV de tec to r  and 

connected t o  the  data system prov ided HPLC radiochromatograms. The amount o f  

r a d i o a c t i v i t y  i n  column e f f l u e n t  f r a c t i o n s  was determined w i t h  a rad io isotope 

dose c a l i b r a t o r  (Capintec Instruments Inc. Model CRC-30RC Radioisotope 

ca l  i b r a t o r ) .  

The decomposition o f  compounds 1 and 2 a t  var ious temperatures i n  p i v a l i c  

ac id  was determined. The t e s t  nucleoside s o l u t i o n  (50ug 1 o r  2 i n  50uL 

ethanol )  was in t roduced i n t o  a 0.3 mL React i -V ia lTM (Pierce Chemical Company) 

and the  so lvent  was removed under a stream o f  N2 gas. P i v a l i c  ac id  (1 mg) 

was added t o  the v i a l  and the  m ix tu re  was heated a t  se lected temperatures for 1 

h r .  A f t e r  cool ing,  t he  r e a c t i o n  m ix tu re  was d isso lved i n  30% aqueous MeOH 

(200uL) and analyzed by HPLC. The % decomposition was determined by 

q u a n t i t a t i v e  HPLC analyses. The r e s u l t s  are i l l u s t r a t e d  i n  F igure 2 .  

F o r  exchange r a d i o l a b e l l  ing, Na[1251]I (no-carr ier-added) i n  ethanol (20 

uL) and p i v a l i c  ac id  (1 mg) were introduced i n t o  a 0.3 mL r e a c t i o n  v i a l .  The 

so lvent  was removed under a stream o f  n i t rogen,  and a s o l u t i o n  o f  the 
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Figure 2. Decomposition o f  compounds 1 ( - ) and 2 ( - ) (50 ug) upon heat ing 

a t  var ious temperatures f o r  1 h r  i n  p i v a l i c  a c i d  (1 mg). 

un label led nucleoside (1 o r  2) i n  ethanol (25  uL) was added t o  the  v i a l .  The 

mix ture was d r i e d  under a stream o f  n i t rogen,  t h e  v i a l  was sealed w i t h  a 

t e f l on - rubber  septum and then heated a t  7OoC f o r  t imes ranging from 0.5 t o  2 

h r .  A f t e r  cool ing,  the res idue was d isso lved i n  30% aqueous MeOH (200 uL) and 

analyzed by HPLC us ing the  appropr ia te mobi le  phase a t  a f l o w  r a t e  of 1.0 

mL/min. Radioactive f r a c t i o n s  which corresponded i n  r e t e n t i o n  t ime  (10.5 and 

9 .5  min f o r  and 2, respec t i ve l y )  t o  an au then t i c  un labe l l ed  sample were 

pooled t o  a f f o r d  the  r a d i o l a b e l l e d  compounds. Reaction t imes and radiochemical 

y i e l d s  f o r  la a r e  shown i n  F igure 3 .  

0 
J 8 0 -  
k! 

J 6 0 -  a 
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Figure 3. Radiochemical y i e l d  o f  compound 1 as a f u n c t i o n  o f  r e a c t i o n  t i m e  a t  

7OoC, f o r  the rad io iod ine  exchange r e a c t i o n  i n  p i v a l i c  ac id .  
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The range o f  specific activities, radiochemical yields and % decomposition o f  

compound 1. are shown in Table 1. Radiolabelled 2a was similarly prepared by 

heating at 7OoC for 100 min. The specific activity of &, starting with 25 

ug o f  2, was 100.6 GBq/mmol, with a 70.3% radiochemical yield. 

TABLE 1. Specific activity and radiochemical yield for the exchange reaction at 
concentrations of compound 1 using Method B, with 1 mg pivalic various 

acid and heating for 100 min at 7OoC. 
*- 

Quantity Na[ I L 3 1 ]  I Specific Activity Radiochemical Decomposi t i ona 
(us) (MBq) (GBq/mmol ) Yield (%) (%I 

50 6.14 35.9 71.3 0.9 

5 2.96 152.1 56.4 14.3 

0.5 4.75 2486.0 26.3 60.0 

a Based on starting amount of nucleoside. 

RESULTS AND DISCUSSION 

A melt isotope exchange reaction in pivalic acid has been developed to 

radiolabel 1 and 2, in order to investigate their potential as non-invasive 

probes for localizing tumors and focal viral infections. Initial attempts to 

radiolabel these nuclegsides by exchange in ethanol solution under neutral, 

acidic or basic conditions resulted in decomposition, failure to label or, 

usually, both. Although this reaction was not investigated in detail, it was 

concluded that the relatively high temperatures required (120') (5)  for 

effective exchange was incompatible for use with this class of nucleoside. 

Because compounds 1 and 2 melt with decomposition at relatively low 

temperatures, (123OC and 115OC, respectively), their chemical stability 

under melt conditions had to be established. The thermal decomposition of 

compounds 1 and 2 on heating for 1 hr in molten pivalic acid, was examined at 

temperatures ranging from 90°C to 13OoC (Figure 2) .  Compound 1, although 
relatively stable at 90°C, decomposed rapidly at higher temperatures, with 

93% decomposition when heated at 13OoC. Compound 2 was stable at 
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temperatures up t o  l l O ° C ,  a f t e r  which decomposition increased r a p i d l y  and was 

v i r t u a l l y  q u a n t i t a t i v e  (98.2%) a t  13OoC. These r e s u l t s  i nd i ca ted  t h a t  the 

h igh r e a c t i o n  temperatures usua l l y  requ i red  f o r  i so tope  exchange reac t i ons ,  f o r  

example 155OC f o r  a r y l  iod ides (12) i n  p i v a l i c  acid, cou ld  n o t  be used w i t h  

compounds 1 and 2. It was ascer ta ined t h a t  e f f i c i e n t  exchange l a b e l l i n g  must 

be e f f e c t e d  a t  much lower temperatures. A r e a c t i o n  temperature o f  7OoC, w i t h  

a reac t i on  t ime o f  100 min, was subsequently found t o  be opt imal .  

Na[1251]I was obtained from the  supp l i e r  as a so lu t i on ,  i n  aqueous sodium 

hydroxide. The small q u a n t i t y  o f  sodium hydroxide present was found t o  have an 

appreciable e f f e c t  on the radiochemical y i e l d  when the  me l t  i so tope  exchange 

reac t i on  was c a r r i e d  out  us ing p i v a l i c  acid, depending on t h e  order  i n  which 

the reagents were mixed. I n  Method A ,  p i v a l i c  ac id  was added a f t e r  mixing 

compound 1 o r  2. w i t h  N a [ l Z 5 I ] I ,  whereas i n  Method 6 ,  p i v a l i c  ac id  and 

Na[1251]I were mixed and d r i e d  p r i o r  t o  adding the  nucleoside. The r e s u l t s  

obtained w i t h  the  two Methods are summarized i n  Table 2. 

TABLE 2 .  Radiochemical y i e l d  and decomposition compounds 1 and 2 f o r  t w o  
Methods; A )  mixing nucleoside w i t h  Na 'h !$&or t o  adding p i v a l i c  
ac id  and 6) mixing p i v a l i c  ac id  w i t h  Na I p r i o r  t o  adding 
nucleoside. A l l  r eac t i ons  were performed w i t h  25 ug o f  nucleoside i n  
1 mg o f  p i v a l i c  acid. Data are f o r  r e a c t i o n  t imes o f  1 h r .  

Method Compound Na[ lZ5I] I Radiochemical Decomposi t i o n a  
( MBq 1 Y i e l d  (%) (%I 

A - 1 10.55 70 N.D. 80.8 

- 2 6.62 90 48.4 39.3 

B - 1 8.07 70 56.0 0 

- 2 4.88 90 47.5 65.0 

a Based on s t a r t i n g  amount o f  nucleoside. 

Method B a f forded la and a i n  56% and 47.5% radiochemical y i e l d ,  respec t i ve l y ,  

w i t h  no decomposition o f  compound 1 and 65% decomposition o f  2. When Method A 
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was used for radioiodination, compound a was obtained in 48.4% radiochemical 

yield, whereas the labelling of compound 1 was unsuccessful. The extensive 

decomposition of compound 1 (80.8%) using Method A is most likely due to its 

instability in strongly alkaline conditions. The failure to label compound 1 
(Method A) was therefore attributed to decomposition of 1 in the presence of 

sodium hydroxide prior to addition of pivalic acid and initiation of the 

isotope exchange reaction. In Method 6, mixing the aqueous alkaline 

radioiodide solution with pivalic acid, prior to addition of 1, neutralizes the 
sodium hydroxide present. Consequently, the nucleoside is exposed only to the 

mildly acidic conditions of the pivalic acid melt. 

The optimum time for the exchange labelling of compound 1 was examined 
using the reaction conditions which gave the least evidence of decomposition of 

compound 1. As shown in Figure 3, the maximum radiochemical yield (71.3%) was 

obtained after 1 . 5  hr. The use of reaction times longer than 2 hr for 

radioiodination o f  compound 1 were not expected to increase net radiochemical 

yields because of accelerated decomposition of the radiolabelled product. 

The radiochemical yield of compound la was determined under conditions 

which were expected to produce a 100-fold increase in specific activity, using 

the most suitable melt isotope exchange reaction conditions (100 min at 7OoC, 

Method B ) .  The results are shown in Table 1. The specific activity of la was 
increased to 2.49  TBq/mmol by decreasing the quantity of starting compound 1 to 

0.5 ug in the reaction mixture. However, the radiochemical yield decreased from 

71.3% to 26.2%, while decomposition of compound 1 increased from 0.9% to 60% 

under these conditions. Thus, it appears possible to obtain even higher specific 

activity with this procedure but only by sacrificing radiochemical yield. 

Although optimization studies were not performed with compound 2, an 
acceptable radiochemical yield (70.3%) with low decomposition (33.8%) was 

obtained at 7OoC with a reaction time of 100 min using Method 6. 
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In summary, radioiodine exchange labelling conditions in pivalic acid melt 

were developed for the radioiodination o f  thermally-labile nucleosides 1 and 
- 2. By mixing the alkaline radioiodide solution with pivalic acid prior to 

addition of the nucleoside to be labelled, and by limiting temperatures to 

7OoC, radiochemical yields up to 70% and specific activities o f  up t o  2.49 

TBq/mmol were attainable within a 100 min reaction time. 
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