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SUMMARY 

A solut ion of hydroxylamine hydrochlor ide  i s  p a s s e d  over  a column 

b e d  of Amberlite IRA-400 pre-loaded with I4CNO- anions .  14C-hydroxyurea 

i s  formed in  50% radiochemical  y ie ld  a f t e r  r e c r y s t a l l i z a t i o n .  The product  

is not contaminated with iso-hydroxyurea or  o ther  by-products  u s u a l l y  

found i n  the reac t ion  of hydroxylamine hydrochlor ide  with aqueous  

potassium c y a n a t e .  
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INTRODUCTION 

The select ive cytotoxic proper t ies  of hydroxyurea  have  been 

examined ex tens ive ly ,  p a r t i c u l a r l y  i t s  synerg is t ic ,  effects when co- 

adminis te red  with o ther  chemotherapeut ic  a g e n t s  ( 2 , 3 ) .  As a r e s u l t ,  t h e  

need h a s  increased  for t r a c e r  l a b e l e d  hydroxyurea  i n  s t u d i e s  aimed a t  

determining i t s  d i s t r ibu t ion  a n d  metabolism i n  biological  tes t  systems.  

A recent  repor t  b y  Winstead et  a l .  ( 4 )  descr ibed  the  synthes is  a n d  

pre l iminary  s c i n t i g r a p h i c  eva lua t ion  of "C-hydroxyurea p r e p a r e d  from 

"C-cyanate by  the c l a s s i c a l  method of Kofod (5). Although s u i t a b l e  a s  

a n  imaging a g e n t ,  the product  ob ta ined  in  t h i s  manner  is contaminated 
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with iso-hydroxyurea a t  levels which render  it significantly less useful 

ior quant i ta t ive  pharmacodynamic studies.  A fur ther  shortcoming of the 

Kofod method is the requirement for repeated manipulation of reagents 

and  end-products in aqueous solutions under conditions encouraging 

hydrolytic cleavage and  material  losses. 

This paper  presents a convenient, high yield synthesis of “C- 

hydroxyurea from I4C-cyanate immobilized on an  ion exchange resin.  I t  

was adapted  from a n  indus t r ia l  patent (6)  and  obviates many of the 

d isadvantages  inherent to the pr ior  work jus t  cited.  

EXPERIMENTAL 
,- 

Chemical reagents and  special  equipment. K 1 4 C M 0  from New England 

Nuclear, Amberlite IRA-400 (1.1 meq/ml, wet) from Sigma, and 

hydroxylamine hydrochloride from Aldrich were used a s  received. 

Reaction columns were the jacketed borosilicate g l a s s  Econo-Column brand  

(1 cm inner diameter by  30 cm length ,  24 m l  nominal volume) from 

Rio-Rad fitted a t  the bottom with a Luer 2-way stopcock. The reservoir 

top of the column was capped with a 1.5 cm rubber  septum perforated to 

permit passage of a Yellow Springs Instuments YSI-402 thermister probe 

(0.28 cm diameter by 16.51 cm length) into the lumen of the column so 

tha t  reaction temperatures could be monitored on a single channel,  

inultirange telethermometer. Connection of the coliimn jacket compartment 

to a Neslab refrigerated bath c i rcu la te r  ( isopropanol/water) provided the 

necessary cooling. 

Chemical radiochemical. pur i ty  ana lyses .  The identity and 

homogeneity of reaction products were determined by thin layer  

chromatography using s i l ica  gel p la tes  (0.250 cm thickness) with 1:4 10 
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N NH OH/ethanol ( A )  o r  l : L  10 N NH OH/isopropanol ( 3 )  a s  e l u a n t s  a n d  

6 %  4-dimethylamino-benzaldehyde ( P D A B )  in  3N H2S04 or  5% FeC13 in  
4 4 

water  as  v i s u a l i z i n g  r e a g e n t s .  Samples of s t a n d a r d s  a n d  u r e a ,  a s  a n  

i n t e r n a l  reference,  were appl ied  a d j a c e n t  to the  react ion product  spot ;  

a n d  a P a c k a r d  Model 7230 chromatogram s c a n n e r  w a s  used to determine 

the r a d i o a c t i v i t y  assoc ia ted  with each a n a l y t e  a f t e r  e lu t ion ,  but  pr ior  to  

r e a g e n t  s p r a y  v i s u a l i z a t i o n .  Melting points  were measured in  c a p i l l a r y  

tubes  a t t i c h e d  to a thermometer a n d  immersed in  a hea ted  oi l  b a t h .  A 

Varian 360A spectrometer provided N M R  s p e c t r a .  

l b  [ C ]  hydroxyurea .  A reac t ion  column was packed with hml (6.6 

meq) of res in  in  the ch lor ide  form a n d  the therrnister probe inser ted  into 

the  top 3 cm of the bed.  A solution of 55 m.q K CNO (20.5 mCi, 20.5 

mCi/mrnol) in 10 m l  water  was  added  to the  column by  s y r i n g e  a n d  

allowed to percolate  slowly through the  column into a beaker .  The 

e f f luent  w a s  recycled t h r e e  times a n d  d i s c a r d e d .  The jacketed column 

then w a s  cooled by c i r c u l a t i n g  the  b a t h  f lu id  a t  a tempera ture  of 0-2' 

C. To s t a r t  the  react ion a pre-chi l led solut ion of h y d r o x y l a n i n e  

hydrochlor ide  (360 mg, 5mmol) in  5 m l  of water  was introduced through 

t h e  septum c a p ,  a g a i n  by  s y r i n g e ,  and  onto the column a t  such a r a t e  

as  to control  the  r e s u l t i n g  exothermic react ion a n d  main ta in  the bed 

tempera ture  below 15OC. 

l h  

The eff luent  a t  t h i s  s t a g e  of the react ion w a s  collected in  a 50 ml 

Virtis lyophi l izat ion f l a s k ,  a n d  the column was r insed  with a n  

a d d i t i o n a l  15 m l  of d is t i l l ed  water .  A to ta l  of 20 m l  of solut ion was 

collected a n d  freeze-dried. The res idue  was  ex t rac ted  with three  50 ml 

port ions of boi l ing d ie thyl  e t h e r ,  to remove soluble  by-products ,  and  

then e x t r a c t e d  into f ive  10 rnl por t ions of warm methanol (60OC). The 

methanolic e x t r a c t s  were concent ra ted  under  reduced p r e s s u r e  a t  20"C, 
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a n d  t!ie res idudl  60 mg of rad ioac t ive  sol id  admixed with 100 mg of 

au thent ic  h y d r o x y u r e a .  Recrys ta l l iza t ion  from e t h a n o l  afforded 120 mg of 

color less  rose t tes ,  (10.3 mCi, 6.5 mCi/mmol), mp 140-141°C. ‘H-NMR (ppm 

downfield from t e t r a m e t h y l s i l a n e )  (pyr id ine-d  1 :  5.25 a n d  5.78 ( m ,  2H, 

NH2), 6.65 ( 5 )  a n d  7.63 ( m ,  lH, NK), 8.5 ( m )  a n d  9.15 ( b r o a d  s, l H ,  

O N ) ;  (acetone-d6):  5.7 ( b r o a d  m, 1-2H, NH2), 7.65 (m,  0.5H, N H ) ,  8.1 

(m,  1 . 5 H ,  N H  a n d  O H ) .  

5 

RESULTS A N D  DISCUSSION 

The role  of polymeric suppor ts  as a i d s  i n  g e n e r a l  o r g a n i c  

synthes is  is g e n e r a l l y  accepted to  be s i g n i f i c a n t  ( 7 ) .  Reaction of 

hydrnxylamine with 14C-cyanate bound to a polymeric g r o u p  t r a n s f e r  

r e a g e n t  offers  a case  i n  poin t ,  s ince  it afforded 14C-hydroxyurea on a 

micro-scale in 50% radiochemical  yield - a y i e l d  h i g h e r  t h a n  those 

o b t a i n a b l e  by  homogeneous solution chemistry procedures  ( 4 , 5 ) .  

I n  addi t ion  to showing a s h a r p  melt ing poin t ,  undepressed  b y  

admixture  with au thent ic  un labe led  m a t e r i a l ,  the  end-product of t h i s  

rad iosynthe t ic  effort w a s  found to  be  homogeneous b y  th in  l a y e r  

chromatographic  r a d i o s c a n s  a n d  by development with s p r a y  r e a g e n t s .  At 

l e a s t  98.7% of i t s  r a d i o a c t i v i t y  co-chromatographed with a u t h e n t i c  

hydroxyurea  a t  a n  R f  v a l u e  of 0.75 i n  solvent  A a n d  0.37 i n  solvent  B .  

The a p p e a r a n c e  of a s i n g l e ,  b r i l l i a n t  yellow spot  upon chromatogram 

visua l iza t ion  with P D A B  s p r a y  a n d  of a s i n g l e  p u r p l e  spot with aqueous  

FeC13 f u r t h e r  i n d i c a t e d  the  absence  of iso-hydroxyurea a n d  r e l a t e d  

by-products (8). The N M R  chemical  s h i f t s  of “C-hydroxyurea a l s o  

coincided with publ i shed  s p e c t r a  (91, a n d  i t s  biological  a c t i v i t y  w a s  

confirmed s a t i s f a c t o r i l y  i n  a t r a c e r  s t u d y  on i n t e r a c t i o n s  with 1 - 4 9  

-D-arabinofuranosylcytosine i n  cel l  c u l t u r e  ( 1 0 ) .  
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