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ORGANIC PREPARATIONS AND PROCEDURES I N T .  15 (1-2) , 57-62 ( 1983 ) 

THE SYNTHES I s OF a-ACETOXYBENZYLBENZYLNITROSAMINE -'' 

R o b e r t  E .  Lyle*"", Valer ie  E.  Gunn and Myron K .  J acobson  

Department o f  Chemistry 
North Texas S t a t e  U n i v e r s i t y ,  Denton, TX 7 6 2 0 3  

Wi l l i am L i j i n s k y  

Chemical C a r c i n o g e n e s i s  Program 
F r e d e r i c k  Cancer  Resea rch  C e n t e r  
P . O .  Box B ,  F r e d e r i c k ,  MD 2 1 7 0 1  

N-Nitrosodibenzylamine ( I )  is one o f  o n l y  a few n i t r o s a -  

mines which have been shown t o  b e  b o t h  non-mutagenic' and non- 

c a r c i n o g e n i c . '  

pound s h o u l d  be  r e a d i l y  m e t a b o l i z e d  to t h e  a-hydroxy d e r i v a -  

These r e s u l t s  were unexpec ted  s i n c e  t h i s  com- 

t i v e  i n  view o f  t h e  h i g h l y  a c i d i c  n a t u r e  o f  i t s  a-hydrogens.  

T h i s  l a c k  o f  a c t i v i t y  c o u l d  r e s u l t  from t h e  f a i l u r e  o f  t h e  N- 

n i t r o s o d i b e n z y l a m i n e  ( I )  t o  undergo m e t a b o l i c  o x i d a t i o n  t o  I I a  

( E q .  1) o r  c o u l d  r e f l e c t  t h e  f a i l u r e  o f  t h e  b e n z y l  c a r b o c a t i o n  

t o  a l k y l a t e  t h e  n u c l e i c  a c i d s  because  o f  i t s  s t a b i l i t y . 4  

o r d e r  t o  e l u c i d a t e  t h i s  p o i n t ,  t h e  "chemica l  o x i d a t i v e  metabol-  

i s m "  of  I w a s  a t t e m p t e d .  The a-acetoxybenzylbenzylnitrosamine 

( I I b )  was chosen as t h e  s t a b i l i z e d  m e t a b o l i t e  and t h i s  p a p e r  

d e s c r i b e s  i t s  s y n t h e s i s .  

I n  

CbCH, 

@CHf 
N-NO Metabolism, 

( @ C H ~ )  2 No by MFO 

II 
I a) R = H  

b) R = Ac 
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LYLE, GUNN , JACOBSON AND LIJINSKY 

A d a p t a t i o n  o f  t h e  s y n t h e s i s  o f  a - ace toxy  d i m e t h y l n i t r o s -  

amine5 t o  t h e  p r e p a r a t i o n  of a-acetoxybenzylbenzylnitrosamine 

( I I b )  d i d  n o t  g i v e  u s e f u l  r e s u l t s  ( E q .  2). Only t race amounts 

o f  I I b  w e r e  d e t e c t e d  i n  t h e  p r o d u c t  m i x t u r e  by TLC a l o n g  w i t h  

several  compounds which were n o t  c h a r a c t e r i z e d .  

Although t h e  o x i d a t i v e  d e c a r b o x y l a t i o n  o f  N-nitroso-N- 

(111) w i t h  l e a d  t e t r a a c e t a t e 6  gave a benzy l - a -pheny lg lyc ine  

25-29% y i e l d  of I I b ,  t h e  p r o d u c t  m i x t u r e  a l s o  c o n t a i n e d  benz- 

a l d e h y d e ,  N-acetyl-N-benzylbenzamide ( I V )  and N-benzylbenza- 

mide ( V ) .  

COOH 
I 

Pb (OAC) 4 p C H 3  
-NO - Ilb +@CHO +@CH*N, + @CONHCH2@ ( 3 )  

@C CH2C12 COG 
OC> 111 IV  V 

The p r o c e d u r e  f o r  t h e  s y n t h e s i s  of  a v a r i e t y  of  d e r i v a -  

t i v e s  o f  a-hydroxyni  t r o s a m i n e s  r e p o r t e d  by Wiessler’ w a s  adap t -  

e d  t o  t h e  s y n t h e s i s  o f  I I b .  A d d i t i o n  o f  n i t r o s y l  c h l o r i d e  

a c r o s s  t h e  doub le  bond o f  N-benzylbenzaldimine ( V I )  f o l lowed  

by t r e a t m e n t  o f  t h e  p r o d u c t  w i t h  t r ie thylammonium a c e t a t e  ( V I I )  

produced I I b  i n  4 0 %  y i e l d .  The compound w a s  s e p a r a t e d  from 

s i d e - p r o d u c t s  by c r y s t a l l i z a t i o n  from p e t r o l e u m  e t h e r .  T h i s  

p r o c e d u r e  i s  by f a r  s u p e r i o r  t o  t h e  o t h e r  two methods w i t h  

respect t o  y i e l d ,  ease of i s o l a t i o n  and p u r i f i c a t i o n  o f  pro-  

d u c t ,  low c o s t  of r e a g e n t s ,  and r e p r o d u c i b i l i t y .  T h i s  method 
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T H E  S Y N T H E S I S  OF a - A C E T O X Y R E N Z Y  LSEN ZYLN ITROSAMT NE 

has also been found to be applicable for the preparation of 

3 both 

(IIb). 

H and l 4 C  labeled a-acetoxybenzylbenzylnitrosamine 
9 

In principle, the oxidative procedure of Okada and co- 

workers , lo which involves the oxidation of the nitrosamine an- 

ion to the hydroperoxide could also provide a convenient route 

to IIb. Since this route was not as convenient for the prep- 

aration of isotopically labeled IIb in the dibenzylamine frag- 

ment, this route was not explored. 

EX P E R I IvlEN TA L 

-_-- Direct PrQaration of a-Acetoxybenzylbenzylnitrosamine (IIb).- 
TO a solution of 31.6 g (0.22 mole) of benzylamine hydrochlor- 
ide and 23.3 g (0.22 mole) of benzaldehyde in 350 ml of gla- 
cial acetic acid in a 1 II round-bottom flask at room temper- 
ature was added 27.6 g (0.4 mole) of sodium nitrite in about 
70 ml of water over a period of 6 hrs. The warm reaction mix- 
ture was cooled in an ice bath and neutralized with a saturat- 
ed solution of aqueous sodium carbonate. The yellow oil which 
separated was extracted into methylene chloride. Drying over 
sodium sulfate followed by evaporation of the solvent gave a 
yellow, sweet smelling oil. TLC on a silica gel plate and 
elution with a 3:l hexane-ether mixture showed the presence of 
benzaldehyde as the major component and traces of a-acetoxy- 
benzylbenzylnitrosamine (IIb) and several other components. 
N-Nitroso-N-benzyl-a-phenylglycine (III).- The synthesis was 

11 accomplished by a modification of the procedure of Fraser 
using an excess of q-butyllithium (0.052 mole) to form the 
anion of dibenzylnitrosamine (10 g.,O.O44 mole) in 400 ml of 

--__- 
by 
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LYLE, GUNN, JACOBSON AND LIJINSKY 

dry  THF a t  -78O. Then s o l i d  carbon d i o x i d e  (Dry Ice) ( 4 0  g )  

was added a t  -78O. Work-up gave 9.33 g (79%) o f  111, mp. 1 2 1 -  

123O, lit.12 121.5-123O. 

P r e p a r a t i o n  o f  I I b  by Ox ida t ive  Decarboxyla t ion  of  N-Nitroso- 
-- N-benzyl-a-phenylglycine (1111.- I n  a 250 ml, th ree-neck  round- 
bottomed f l a s k  was p l a c e d  1 0 0  m l  o f  d r y  methylene c h l o r i d e ,  

and t h e  system was purged w i t h  n i t r o g e n  f o r  1 h r .  T o  t h i s  ox- 

ygen-free system was added 1 . 6  g (6  mmoles) of  N-nitroso-N- 

benzyl-a-phenylglycine (111) and 0.56 g ( 7 . 2  mmoles) o f  p y r i -  
d i n e  ( d r i e d  ove r  KOH and d i s t i l l e d ) .  While a n i t r o g e n  atmos- 

phere  was main ta ined  ove r  t h e  r e a c t i o n ,  2.5 g ( 7 . 2  mmoles) of 
l e a d  t e t r a a c e t a t e  w a s  added and t h e  r e a c t i o n  mixture  immedi- 

a t e l y  t u r n e d  t o  a go ld  c o l o r .  The s o l u t i o n  was s t i r r e d  a t  4 O  

f o r  approximate ly  1 2  h r s  and t h e  p r e c i p i t a t e d  s o l i d  was re- 
moved by f i l t r a t i o n .  The o r g a n i c  l a y e r  w a s  washed w i t h  w a t e r ,  

aqueous N a H C 0 3 ,  1% H C 1  and f i n a l l y  wa te r .  The methylene ch lo r -  
i d e  l a y e r ,  a f t e r  d ry ing ,  was concen t r a t ed  under  reduced p res -  
s u r e  t o  g i v e  a yel low oil which w a s  s u b j e c t e d  t o  p r e p a r a t i v e  
HPLC; e l u t i o n  w i t h  3 : l  hexane-THF a f f o r d e d  0 . 4  g (23%)  of  a 
yel low o i l  which f a i l e d  t o  c r y s t a l l i z e .  The nmr spectrum’ i n -  
d i c a t e d  t h a t  t h e  o i l  c o n s i s t e d  of  I I b ,  benzaldehyde and N-ace- 
tyl-N-benzylbenzamide ( I V )  . 
P r e p a r a t i o n  of  a-Acetoxybenzylbenzylnitrosamine ( I I b ) . -  To a 
s o l u t i o n  of  2 . 0  m l  (0 .043 mole) o f  n i t r o s y l  c h l o r i d e  i n  1 0 0  m l  

of  methylene c h l o r i d e  was added dropwise w i t h  s t i r r i n g  8 .4  g 
8 (0.043 mole) o f  f r e s h l y  d i s t i l l e d  N-benzylbenzaldimine ( V I )  

a t  -3OO. 

l e a v i n g  a c lear  yel low s o l u t i o n  which was al lowed t o  s t i r  a t  
-30° f o r  1 0  minutes .  
6.93 g (0.043 mole) o f  tr iethylammonium acetate  ( V I I )  i n  25 m l  
o f  methylene c h l o r i d e .  A f t e r  a d d i t i o n  o f  t h e  s a l t  w a s  com- 
p l e t e ,  t h e  s o l u t i o n  w a s  a l lowed t o  s t i r  a t  -30° f o r  15-20 min; 
t h e  c o o l i n g  b a t h  w a s  removed and t h e  t empera tu re  w a s  g r a d u a l l y  

a l lowed t o  become ambient .  The s o l u t i o n  was washed w i t h  t h r e e  
1 0 0  m l  p o r t i o n s  of  t a p  water and d r i e d  ove r  anhydrous sodium 
s u l f a t e .  F i l t r a t i o n  fol lowed by evapora t ion  of  t h e  s o l v e n t  
under  reduced p r e s s u r e  gave an amber o i l  which c r y s t a l l i z e d  

The r e d  c o l o r  of  n i t r o s y l  c h l o r i d e  soon d i sappea red  

To t h i s  s o l u t i o n  w a s  added dropwise,  

6 0  
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THE SYNTHESIS OF a-ACETOXYBENZYLRENZYLNITROSAMIIJE 

upon t r i t u r a t i o n  w i t h  p e t r o l e u m  e t h e r .  R e c r y s t a l l i z a t i o n  from 

e t h e r - p e t r o l e u m  e t h e r  a f f o r d e d  5 . 0  g ( 4 0 % )  o f  I I b  a s  p a l e  y e l -  

low p r i s m s ,  mp. 46.5-48O, l it .  l mp. 52-53O. 'H NMR ( D C C 1 3 ) :  

6 1.88 (s ,  C H 3 C O ) ,  3 .70 ,  3 .98,  4 .70,  4.98 (q, CH2Ph), 7 . 0  (m, 

A r H ) ,  - 7 .93  ( s ,  CHPh). 

BIOLOGICAL A C T I V I T Y  

C h r o n i c  A d m i n i s t r a t i o n  o f  a-Acetoxybenzylbenzylnitrosamine - ---- - t o  
Female F344 R a t s . -  To  assess t h e  c a r c i n o g e n i c i t y  of a -ace toxy-  

----- 
---- 
b e n z y l b e n z y l n i t r o s a m i n e  (11) it w a s  a d m i n i s t e r e d  t o  e a c h  o f  a 
g r o u p  o f  t w e n t y  8-week o l d  f ema le  F344 r a t s  o f  t h e  c o l o n y  of 
t h e  NCI-Frederick Cance r  Resea rch  F a c i l i t y  a s  a s o l u t i o n  i n  
c o r n  o i l  ( 2 5  mg/ml) by gavage.  T rea tmen t  w a s  0 . 2  m l  o f  s o l u -  
t i o n  t w i c e  a week f o r  1 0 2  weeks,  amounting t o  a t o t a l  d o s e  of 
a p p r o x i m a t e l y  1 gram per  an ima l  e q u i v a l e n t  t o  5 grams p e r  k i -  
loqram body w e i g h t .  The t r e a t m e n t  d i d  n o t  a p p e a r  t o  r e d u c e  
t h e  l i f e s p a n  compared w i t h  u n t r e a t e d  a n i m a l s  and t h e r e  were 17  
a n i m a l s  a l i v e  a t  1 0 6  weeks,  1 2  a l i v e  a t  1 2 0  weeks,  and t h e  s u r -  
v i v o r s  w e r e  k i l l e d  a t  127 weeks.  The a n i m a l s  were c a r e f u l l y  
n e c r o p s i e d  and a l l  l e s i o n s  and ma jo r  o r g a n s  w e r e  f i x e d  f o r  h i s -  
t o l o g i c  e x a m i n a t i o n .  Even though  it d i d  n o t  l e a d  t o  l i f e -  
s h o r t e n i n g ,  most o f  t h e  r a t s  b o r e  tumors ,  many o f  which were 
o f  t h e  e n d o c r i n e  s y s t e m  o r  l eukemias  which a r e  commonly found 
i n  u n t r e a t e d  a n i m a l s  o f  t h i s  s t r a i n  and a re  n o t ,  t h e r e f o r e ,  
a t t r i b u t a b l e  t o  t h e  t r e a t m e n t .  

t o  t h e  t r e a t m e n t .  Nine r a t s  had ca rc inomas  o f  t h e  f o r e s t o m a c h ,  
p o s s i b l y  due t o  l o c a l  a c t i o n  o f  t h e  n i t r o s a m i n e ,  and  one r a t  
had a c a r c i n o m a  o f  t h e  tongue .  I n  a d d i t i o n ,  one  t a t  had a cho- 
l a n g i o c a r c i n o m a  o f  t h e  l i v e r ,  f o u r  had h e p a t o c e l l u l a r  c a r c i n o -  
m a s  i n  t h e  l i v e r ;  two r a t s  had a l v e o l a r  c e l l  ca rc inomas  o f  t h e  
l u n g ,  and t h r e e  had squamous c e l l  o r  u n d i f f e r e n t i a t e d  c a r c i n o -  
mas o f  t h e  l u n g ;  t h e  l u n g  and l i v e r  t umors  are s e e n  o n l y  v e r y  
r a r e l y  i n  u n t r e a t e d  a n i m a l s  of t h i s  s t r a i n  and can be  a t t r i b -  
u t e d  t o  t h e  s y s t e m i c  a c t i o n  o f  t h e  n i t r o s a m i n e .  

Of t h e  t r e a t e d  a n i m a l s ,  1 0  d i e d  w i t h  tumors  a t t r i b u t a b l e  

a-Acetoxybenzylbenzylnitrosamine ( I I b )  i s  d e f i n i t e l y  car- 
c i n o g e n i c  t o  f ema le  F344 r a t s ,  b u t  i s  r e l a t i v e l y  w e a k  s i n c e  t h e  

tumors  induced  d i d  n o t  l e a d  t o  l i f e - s h o r t e n i n g ,  The a -ace toxy-  
benzylbenzylnitrosaminewas h i g h l y  mutagen ic  i n  t h e  Ames tes t .  1 , 1 4  

On t h e  o t h e r  hand,  t h e  p a r e n t  compound, d i b e n z y l n i t r o s a m i n e  ( I ) ,  

f a i l e d  t o  i n d u c e  tumors  i n  r a t s  a f t e r  a d m i n i s t r a t i o n  of a t o t a l  
o f  30 t o  4 0  grams p e r  k i l o g r a m  body weight '  and w a s  n o t  muta- 
gen ic . '  

most p o t e n t  c a r c i n o g e n i c  n i t r o s a m i n e s ,  l e a d i n g  t o  d e a t h  o f  F344 

r a t s  w i t h  tumors  o f  t h e  e sophagus ,  fo re s tomach  and tongue  a f t e r  
a d m i n i s t r a t i o n  of 70 mg/kg w i t h i n  6 months13 o r  a f t e r  admin i s -  

I n  c o n t r a s t  , nitrosomethylbenzylamine i s  one  o f  t h e  
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t r a t i o n  of 200 m i l l i g r a m s  per k i logram bodJ7 w e i q h t  t o  BD rats 
d u r i n q  7 o r  8 m o n t h s .  2 

L 

II. 
I 1  

1. 

2 .  

3.  

4 .  

5 .  

6 .  
7.  

8.  

9. 

1 0 .  

11. 

1 2 .  

1 3 .  

1 4 .  
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