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SUMMARY 

14C N-2-hydroxyethyl-N-nitrosourea was prepared at a 

specific activity of 30 mCi/mmol and 1 . 2 9  mCi/mmol by a 

two-step synthetic sequence using 14C ethanolamine as the 

labelled precursor. Its puri-fication was performed by 

IiPLC using a Lichrosorb-DIOL column eluted by ethyl 

ether.The overall radiochemical yield was 10%. 
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INTRODUCTI ON 

Alkylating agents of the general structure 

R 
\ 

/ 2 
N - CO - NH 

ON 

are potent carcinogens which do not require metabolic 

activation. Chronic carcinogenicity studies have been carried 

out predominantly with N-methyl-N-nitrosourea and 

N-ethyl-N-nitrosourea ( 1 , 2 ) .  The reactions of N-n-butyl-N- 

-nitrosourea with DNA in vitro were studied by Ortlieb and 
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K l e i h u e s  ( 3 ) .  The i n v e s t i g a t e d  N-a lky l -N-n i t rosourea  s o l u t i o n s  

a re  u r i s t a b l e  a t  n e u t r a l  pH and i n  35-37°C r a n g e  o f  t e m p e r a t u r e  

( 4 ) ;  t h e r e f o r e  t h e i r  s i g n i f i c a n t  d e g r a d a t i o n  can  be e x p e c t e d  i n  

t h e  b l o o d .  Such a decompos i t ion  l e a d s  t o  t h e  a l k y l a t i o n  of t h e  

v a r i o u s  c e l l  c o n s t i t u e n t s .  

The p a t t e r n  o f  p r o d u c t s  r e s u l t i n g  from t h e  r e a c t i o n  of 

a l k y l a t i n g  a g e n t s  w i t h  DNA v a r i e s  c o n s i d e r a b l y  and depends on 

tIie chemica l  r e a c t i v i t y  o f  t h e  r e s p e c t i v e  compound ( 5 , 6 ) .  I n  

o r d e r  t o  s t u d y  a n o t h e r  r e a c t i v e  n i t r o s o u r e a  we p r e p a r e d  14C 

l a b e l l e d  N-2-hydroxyethyl-N-nitrosourea, f o l l o w i n g  t h e  s y n t h e s i s  

f o r  " c o l d "  m a t e r i a l  r e p o r t e d  i n  t h e  l i t e r a t u r e  ( 7 ) .  A p a r t i c u l a r  

HPLC p r o c e d u r e  w a s  u sed  f o r  t h e  p u r i f i c a t i o n  o f  t h e  p r o d u c t  i n  

o r d e r  t o  a v o i d  i t s  decompos i t ion .  

EXPERTMENTAL 

[ 2-"C] -ethan-1-01-2-amine was pu rchased  from 

Radiochemical  C e n t r e ,  Amersham, England,  a t  a nominal  s p e c i f i c  

a c t i v i t y  o f  30 mCi/mmol. The pH o f  t h e  sample ,  t h a t  was 

f u r n i s h e d  i n  2 . 5  mL o f  aqueous s o l u t i o n ,  w a s  a d j u s t e d  t o  2 by 

a d d i t i o n  o f  10 N H C 1 .  100 pL of  a p o t a s s i u m  c y a n a t e  s o l u t i o n  

( 1 . 6 4  mol L w e r e  t h e n  added and t h e  m i x t u r e  was a l l o w e d  

t o  r e f l u x  f o r  h a l f  a n  h o u r .  

A f t e r  c o o l i n g  i n  an  i c e - b a t h ,  t h e  s o l u t i o n  was a c i d i f i e d  w i t h  20  

pL of 5 N  s u l p h u r i c  a c i d  and 100 pL of a sodium n i t r i t e  s o l u t i o n  

(0 .96  mol L - l )  w e r e  s l o w l y  added.  The mixure was s t o r e d  f o r  one 

hour  a t  O°C and t h e n  w a s  e x t r a c t e d  f o u r  t i m e s  w i t h  3 mL o f  e t h y l  

a c e t a t e .  The e x t r a c t s  w e r e  p u t  t o g e t h e r ,  washed w i t h  w a t e r  ( 1  

m L ) ,  and d r i e d  on anhydrous  magnesium s u l p h a t e .  

-1 

The r a d i o a c t i v e  e x t r a c t  was a n a l y z e d  by i s o c r a t i c  HPLC i n  

a ch romatograph ic  sys t em (System 1 )  c o n s t i t u t e d  by a home-packed 

l o p  Lichrosorb-DIOL column (1=25  c m . ;  i . d . = 4  m m . )  e l u t e d  a t  1 .0  

mL m i n  by a mixtui-e o f  e t h y l  e t h e r -  n-hexane (60 :40) .  S i n c e  

t h e  chromatogram showed many r a d i o a c t i v e  i m p u r i t i e s ,  t h e  sample 

- 1  
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was purified by HPLC, injecting 0 . 5  mL portions of the ethyl 

acetate solution on the same column eluted by ethyl ether 

(System 21, and collecting the peak at an elution volume of 

about 12  tnL. 

The chemical purity of the collected sample was tested by 

HPLC (System l), injecting 250 PL of the collected effluent. Its 

radioactive purity (98%) was confirmed by measuring the activity 

of the fractionated chromatographic effluent with a liquid 

scintillation spectrometer. 

In order to complete the cxt.raction, 1 . 1 2  mg of "cold" 

N-2-hydroxyethyl-N-nitrosourea, prepared as reported in the 

literature (7) and identified by H nmr, were added to the 

aqueous solution which was extracted and purified by the same 

procedures described above. 

1 

RESULT'S AND DlSCUSSION 

I4C N-2-hydroxyethyl-N-nitrosourea was prepared by the 

two-step reaction: 

c 
2 KCNO' HC1) CH OH - CiiH2 - NH - CO - NH 2 CH OH - C H - NH2 

2 2 lO0OC 

c 
2 CH OH - C H - N(N0) - CO - NH 2 2 

0°C 

A s  reported in the literature ( 7 ) ,  nitroso-oxazolidone is 

2 ON - N - CH 

I I  
CH2 o = c  

\ I  
0 

formed in the same reaction in a comparable yield. Therefore, 

particular efforts were devoted to enhance the yield of 

nitrosourea compared to the cyclic product and to their 

separation. 

The reaction conditions, report,ed in the experimental 
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s e c t i o n ,  ensu red  a y i e l d  o f  n i t r o s o u r e a  of  35-40%, a s  c a l c u l a t e d  

i n  t h e  c o l d  s y n t h e s e s  w e  c a r r i e d  o u t .  

A s  obse rved  i n  i n a c t i v e  r u n s ,  t h i s  n i t r o s o u r e a  shows a 

h i g h  r e a c t i v i t y .  Attempts  t o  c o n c e n t r a t e  t h e  e t h y l  a c e t a t e  

s o l u t i o n  f a i l e d  because  t h e  t r a n s f o r m a t i o n  of t h e  p roduc t  i n t o  

an i m p u r i t y  which s e e m s  t o  a c t  a s  a c a t a l y s t  f o r  such  a 

r e a c t i o n .  W e  d i d  n o t  i n v e s t i g a t e  i t s  n a t u r e ,  b u t  t h e  o b s e r v a t i o n  

t h a t  it is  p r e s e n t  a s  a by-product  i n  t h e  r e a c t i o n  mix tu re  and 

t h a t  it is t h e  predominant p roduc t  c o n t a i n e d  i n  t h e  methylene 

c h l o r i d e  e x t r a c t ,  when w e  p repa red  t h e  s t a n d a r d  

hydroxyethyl-nitrosourea f o l l o w i n g  t h e  method r e p o r t e d  by 

L i jnsky  and Reuber,  s u g g e s t s  t h a t  it might be  t h e  

n i t r o s o - o x a z o l i d o n e  mentioned.  P a r t i c u l a r  c o n d i t i o n s  of 

e x t r a c t i o n  w e r e  t h e n  s e l e c t e d  i n  o r d e r  t o  avo id  a l a r g e  volume 

of e t h y l  a c e t a t e  which s l o w l y  r e a c t s  w i t h  t h e  compound and a t  

t h e  same t i m e  t o  o b t a i n  a y i e l d  of t h e  p roduc t  a s  l a r g e  a s  

p o s s i b l e .  The s e l e c t e d  c o n d i t i o n s ,  r e p o r t e d  j n  t h e  e x p e r i m e n t a l  

p a r t ,  e n s u r e  a y i e l d  of  e x t r a c t i o n  of 7 9 % .  

Owing t o  t h e  r e a c t i v i t y  of hydroxyethyl-nitrosourea, 

u n r e a c t i v e  s o l v e n t s  must be  used f o r  t h e  HPLC s e p a r a t i o n .  A s  

r e c e n t l y  sugges t ed  ( 8 1 ,  e t h y l  e t h e r  dnd n-hexane do n o t  r e a c t  

w i t h  fluoroethyl-nitrosoureas, b u t  o u r  a t t e m p t s  t o  s e p a r a t e  t h e  

e t h y l  a c e t a t e  e x t r a c t  on a s i l i c a  gel column u s i n g  such  s o l v e n t s  

f a i l e d :  t h e  a n a l y s i s  of t h e  c o l l e c t e d  hydroxyethyl-nitrosourea 

showed t h e  p r e s e n c e  of t h e  mentioned i m p u r i t y .  T h e r e f o r e  w e  

u t i l i z e d  a p o l a r  bonded phase :  L i c h r o s o r b  -DIOL. 

The chromatographic  p a t t e r n  of t h e  e t h y l  a c e t a t e  e x t r a c t  

ana lyzed  i n  System 1 shows t h e  p re sence  of  some more o r  less 

r e t a i n e d  i m p u r i t i e s , ,  s h a r p l y  s e p a r a t e d  from t h e  

N-2-hydroxyethyl-N-nitrosourea peak.  U n f o r t u n a t e l y ,  s i n c e  ou r  

p roduc t  is  s c a r c e l y  s o l u b l e  i n  n-hexane, f o r  a p r e p a r a t i v e  

pu rpose  e t h y l  e t h e r ,  which g i v e s  a p o o r e r  s e p a r a t i o n ,  must be 

used a s  t h e  e l u e n t .  Under such  c o n d i t i o n s  w e  c o l l e c t e d  o n l y  a 

p a r t  of  t h e  i n j e c t e d  compound (61%). 

The o v e r a l l  y i e l d  w e  o b t a i n e d  was 10% w i t h  r e s p e c t  t o  t h e  
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nominal activity of the starting ethanolamine. 

The addition of the inactive carrier to the water 

solution allows a recovery of another 1 % of the radioactivity. 

Starting from 1 mg of ethanolamine at a specific activity 

of 3 0  mCi -01-I we obtained 4 6 . @ 1 5  pCi of product at the same 

specific activity and 5 . 2 7 7  pCi whose specific activity was 1 . 2 9  

mCi/mmol. 
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