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SUMMARY 

A simple procedure is described for the preparation o f  

millicurie quantities of the cancer chemotherapeutic agent, 

BCNU, labeled in the nitroso group with I3N. 
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INTRODUCTION 

We wish to report a simple, rapid and reliable method for the production 

of bis(2-chloroethy1)nitrosourea (BCNU) labeled in the nitroso group with 

the short-I ived radionucl ide, I3N. 

with a positron-emitting radionuclide arises from the fact that BCNU is 

currently being effectively used in cancer chemotherapy programs for patients 

with brain tumors (1,2) and Hodgkin's disease (3) and yet the precise mode of  

action of the drug remains unknown. BCNU has been labeled with I4C in the 

chloroethyl groups and in the carbonyl group in order to determine in vivo 

distribution o f  the drug and its metabolic fragments (4). The fate o f  the 

ni troso group remains unknown (5). 

Our interest in preparing this material 

The preparation of I3N-CCNU, a related drug, has been previously reported 

However, specific activities of the material were too low for in vivo 

The method described involved the oxidation of I3NH3 produced 

(6). 

scintigraphy. 
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13 from tne (d,nj  r e a c t i o n  on methane gas t o  a m i x t u r e  o f  I 3 N O  and 

These gases i n  aqueous s o i u t i o n  produced I 3 N -  n i t r o u s  a c i d  which reacted w i t h  

the pa ren t  urea t o  g i v e  t h e  l abe led  n i t r o s o  d e r i v a t i v e .  An a l t e r n a t e  method 

has been found which shor tens the  syn thes i s  t ime,  s i m p l i f i e s  the  chemical  

procedure and increases the  s p e c i f i c  a c t i v i t y  o f  t he  product .  Fu r the r  the  

m a t e r i a l  can be prepared r a d i o c n e m i c a l l y  pure.  

NO2. 

EXPER I MENTAL 

Our metnod invo lves  the  c y c l o t r o n  p roduc t i on  o f  I3N03- from the  (p,a) 

r e a c t i o n  on water  ( 7 ) .  

bombarament a t  25 I. amps for 10 inin. Fo l l ow ing  evapora t i on  o f  t he  aqueous 

s o l u t i o n  on a h o t  p i a t e  which r e q u i r e s  about 20 rnin, t he  a c t i v i t y  i s  removed 

from the  beaker w i t h  1.0 m l  o f  a s o i u t i o n  o f  a c e t i c  a c i d  c o n t a i n i n g  a smal l  

amount of t he  c a r r i e r  HN03 and 5 mg o f  b i s ( 2 - c h l o r o e t h y l ) u r e a ,  prepared by the  

method o f  Best ian ( 8 ) .  

200 rng o f  copper aus t  i n  a c e n c r i f u g e  tube. The con ten ts  o f  t he  tube a r e  

v o r t e x  mixeu ana f o l l o w i n g  a 4 - 5  min r e a c t i o n  p e r i o d ,  t h e  b l u e  s o l u t i o n  i s  

d i l uLea  t o  5-6 ml W i t h  water  and immediately e x t r a c t e d  w i t h  1 rnl o f  ch lo ro fo rm.  

Approx imate ly  250 m C i  o f  l 3 N o 3 -  i s  ob ta ined  by 

The contenrs o f  the beaker a r e  then poured on to  100- 

The ch lo ro fo rm l a y e r  i s  tnen removed and e x t r a c t e d  w i t h  1-2 m l  o f  sa tu ra ted  

Na2C03 s o l u t i o n  t o  remove any a c e t i c  a c i d .  F i n a l l y  t h e  ch lo ro fo rm l a y e r  i s  

p i p e t t e d  i n t o  a Pasreur p i p e t  p a r t i a l l y  f i l l e d  w i t h  anhydrous g ranu la r  

Na2S04. 

Evaporat ion o f  t h e  c h l o r o f o r m  under a stream o f  N2 a f f o r d s  t h e  l abe led  drug. 

A smal l  amount o f  c h l o r o f o r m  can then be used t o  r i n s e  the  column. 

0 I1 1 3 ~ 0  

J-N-c-N -I C I  
y N -  C -  N i  I3NO3-,  Cu dus t  

HOAc, room temp. 
CI' C I  C I  

Tho- NC - c a r r i e r  s o l u t i o n  i s  prepared by d i l u t i o n  o f  1 m l  o f  8 M  HNO3 t o  3 
160 m l  w i t h  g l a c i a l  a c e t i c  a c i d .  

i s  approx imate ly  5 x 

molar amount o f  urea. A l though the  theo ry  i nvo l ved  i n  t h i s  successfu l  

a p p l i c a t i o n  o f  che reduc t i on  o f  n i t r i c  a c i d  t o  n i t r o u s  a c i d  i s  n o t  complete ly  

understood, a p a r t i a l  exp lana t ion  has been recounted by T ravn icek  and 

The NO3- c o n c e n t r a t i o n  o f  t h i s  s o l u t i o n  

mole/ml (or 5 x 10-2M), a s l i g h t  excess o f  t h e  
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Weber ( 9 ) .  I n  the  o x i d a t i o n  o f  copper by n i t r i c  a c i d  t h e  p r o d u c t i o n  o f  

n i t r o u s  a c i d  has been p o s t u l a t e d  as t h e  i n i t i a l  mechan is t i c  step. 

T y p i c a l l y  rad iochemical  y i e l d s  o f  20-40% (co r rec ted  f o r  decay) were ob ta ined  

i n  a syn thes i s  t i m e  o f  15-20 min. Fo l l ow ing  evaoora t i on  o f  t he  ch lo ro fo rm 

l a y e r  rad iochemical  p u r i t y  was asce r ta ined  by TLC on s i l i c a  ae l  (Eastman) i n  

ch lo ro fo rm.  

UV l i g h t .  Au then t i c  BCNU ob ta ined  f rom the  Na t iona l  Cancer I n s t i t u t e  m ig ra ted  

w i t h  t h e  same Rf  when i t  was mixed w i t h  f r e s h l y  preDared samDles o f  t he  l abe led  

BCNU has a Rf = 0.40 i n  t h i s  s o l v e n t  and cou ld  be de tec ted  under 

m a t e r i a l .  

Radio 

Sample Actual  Y 

1 2.5 mC 

2 1.3 mC 

- hem. Resu l t s  TLC Resul ts '  

e l d a  % Y i e l d b  Syn. Time O r i g i n  BCNU Spot Solvent  F r o n t  

d 37 18 min 200 4000 B.G. 

27 14  min B.G. 1000 B.G. 

3 3.4 m c i  I9 23 min 150 22000 B.G. 

a. 

b. based on a c t i v i t y  o f  i n i t i a l  r e a c t i o n  m i x t u r e ;  co r rec ted  f o r  decay 

c. i n  cpm a t  su r face  o f  G-M coun te r  

d. background a c t i v i t y  range was 100-150 cpm 

a c t i v i t y  o f  res idue  (BCNU) f o l l o w i n g  evapora t i on  o f  CHC13 

The p r e p a r a t i o n  o f  13N-BCNU a f f o r d s  medical  researchers a t o o l  f o r  

i n v e s t i g a t i o n  o f  i t s  b i o l o g i c a l  d i s t r i b u t i o n  and may a i d  i n  t h e  understanding 

o f  i t s  p h y s i o l o g i c a l  a c t i o n  and i t s  chemotherapeut ic success. 
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