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SUMMARY 

T h e  s y n t h e s i s  o f  [ 1 4 C - c a r b o x y l l  l 1 8 - n a p h t h a l i c  a n h y -  
a n h y d r i d e  o f  h i  h s p e c i f i c  a c t i v i t y  ( 3 1 . 8  mCi/mmol)  i s  
r e p o r t e d .  
G r i g n a r d  r e a g e n t ,  8-bromo-1-naphthylmagnesium i o d i d e ,  t h a t  
was p r e p a r e d  f r o m  8-bromo-1-iodonaphthalene. T h e  o v e r a l l  
r a d i o c h e m i c a l  y i e l d  f o r  t h e  r e a c t i o n  s c h e m e  was 6 3 . 7 %  
b a s e d  o n  b a r i u m  c a r b o n a t e - l  ' IC .  

T h e  lf'rC was i n t r o d u c e d  by c a r b o n a t i o n  o f  t h e  

K e y w o r d s :  H e r b i c i d a l  a n t i d o t e ,  p r o t e c t a n t ,  s a f e n e r ,  r a d i o -  
l a b e l e d  s y n t h e s i s ,  1 , 8 - n a p t h a l i c  a n h y d r i d e .  

INTRODUCTION 

C h e m i c a l s  t h a t  c a n  r e d u c e  o r  e l i m i n a t e  t h e  t o x i c  e f f e c t s  o f  

a p p l i e d  h e r b i c i d e s  o n  c r o p  p l a n t s  h a v e  b e e n  c a l l e d  a n t i d o t e s ,  p r o -  

t e c t a n t s  o r  s a f e n e r s .  H o f f m a n ' ,  a p i o n e e r  i n  t h e  a r e a  o f  p r o t e c -  

t a n t s ,  h a s  i d e n t i f i e d  o v e r  1 , 8 0 0  h e r b i c i d a l  a n t i d o t e s .  One o f  t h e  

m o r e  p r o m i s i n g  a n t i d o t e s  f o r  a p p l i c a t i o n  i n  h e r b i c i d a l  u s a g e  i s  

1 , 8 - n a p h t h a l i c  a n h y d r i d e  ( 1 , 8 - N A ) .  T h i s  a n t i d o t e  h a s  b e e n  f o u n d  t o  

p r o t e c t  c o r n  f r o m  E P T C ~ , ~ ,  r i c e  f r o m  m o l i n a t e 4  , c o r n  c o l e o p t i l e s  

f r o m  a l a c h l o r 5 ,  w h e a t  f r o m  b a r b a n 6 ,  s o r g h u m  f r o m  a l a c h l o r  a n d  

d i a l l a t e 7 ,  a n d  c o r n ,  s o r g h u m  a n d  c o t t o n  f r o m  c i s - 2 , 5 - d i m e t h y l - 1 -  

p y r r o l i d i n e c a r b o x a n i l i d e 8  i n  j u r y .  R e f e r e n c e  s o u r c e s 9  i 1 0  a r e  

M e n t i o n  o f  a t r a d e m a r k  o r  p r o p r i e t a r y  p r o d u c t  d o e s  n o t  c o n s t i t u t e  
a g u a r a n t e e  o r  w a r r a n t y  o f  t h e  p r o d u c t  b y  t h e  U . S .  D e p a r t m e n t  o f  
A g r i c u l t u r e ,  a n d  d o e s  n o t  i m p l y  i t s  a p p r o v a l  t o  t h e  e x c l u s i o n  o f  
o t h e r  p r o d u c t s  t h a t  may a l s o  b e  s u i t a b l e .  
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a v a i l a b l e  t h a t  d e s c r i b e  i n  d e t a i l  t h e  e f f e c t s  o f  a n t i d o t e s  o n  h e r -  

b i c i d a l  t o x i c i t i e s  a n d  r e f e r e n c e s 1  1 ,  * a r e  a l s o  a v a i l a b l e  t h a t  p r o -  

v i d e  c h e m i c a l  n a m e s  a n d  s t r u c t u r e s  f o r  t h e  d i f f e r e n t  h e r b i c i d e s  

c i t e d .  

T h e  s y n t h e s i s  o f  1 4 C - l a b e l e d  1 ,8-NA h a s  b e e n  p r e v i o u s l y  

r e p o r t e d  by  R i d e n  a n d  A s b e l l . l 3  T h e i r  s y n t h e t i c  s c h e m e  i n v o l v e d  

t h e  r e a c t i o n  o f  1 , 8 - d i b r o m o n a p h t h a l e n e  w i t h  c u p r o u s  I I C - c y a n i d e ;  

t h e  r e s u l t a n t  d i n i t r i l e  was h y d r o l y z e d  t o  a d i a c i d  w h i c h  was s u b -  

s e q u e n t l y  d e h y d r a t e d  t o  a f f o r d  r a d i o l a b e l e d  1,8-Nh. E x p e r i m e n t a l  
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F i g u r e  1 . - - R e a c t i o n  s c h e m e  f o r  t h e  s y n t h e s i s  o f  [ 1 4 C - c a r b o x y l l  
1 , 8 - n a p h t h a l i c  a n h y d r i d e .  
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d e t a i l s  a n d  s p e c i f i c  a c t i v i t y  o f  p r o d u c t  were n o t  r e p o r t e d  i n  t h e i r  

b r i e f  d e s c r i p t i o n  o f  t h e  s y n t h e s i s .  T h e i r  r a d i o a c t i v e  1,8-NA was 

e m p l o y e d  t o  f o l l o w  i t s  d i s t r i b u t i o n  i n  p l a n t s  a n d  s o i l s .  S i n c e  

1,8-NA h a s  p r o m i s e  a s  a h e r b i c i d a l  a n t i d o t e ,  t h e  b i o l o g i c a l  f a t e  o f  

t h i s  m a t e r i a l  s h o u l d  b e  i n v e s t i g a t e d .  F o r  t h e s e  s t u d i e s ,  a p r o d u c t  

o f  h i g h  s p e c i f i c  a c t i v i t y  i s  r e q u i r e d  b e c a u s e  o n l y  smal l  a m o u n t s  o f  

m a t e r i a l  a r e  u s e d  i n  s e e d  t r e a t m e n t s .  We now r e p o r t  t h e  p r e p a r a -  

t i o n  o f  1 4 C - l a b e l e d  1,8-NA a t  h i g h  s p e c i f i c  a c t i v i t y  ( F i g u r e  1 )  

t h a t  i s  s u i t a b l e  f o r  b i o l o g i c a l  f a t e  s t u d i e s .  

EXPERIMENTAL 

The  1 , 8 - n a p h t h a l i c  a n h y d r i d e  was o b t a i n e d  f r o m  A l d r i c h  C h e m i c a l  

a n d  t h e  14C b a r i u m  c a r b o n a t e  (50  mCi)  w a s  p u r c h a s e d  f r o m  N e w  

E n g l a n d  N u c l e a r  C o r p o r a t i o n .  Dry d i m e t h y l f o r m a m i d e  was p r e p a r e d  by 

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

M e l t i n g  p o i n t s  w e r e  d e t e r m i n e d  w i t h  a Thomas-Hoover  a p p a r a t u s ,  

a n d  t h e  o b s e r v e d  m e l t i n g  p o i n t s  w e r e  r e p o r t e d  u n c o r r e c t e d .  S o n i c  

a g i t a t i o n  o f  s a m p l e s  was e f f e c t e d  w i t h  a B r a n s o n  B - 1 2  u l t r a s o n i c  

c l e a n e r .  L i q u i d  s c i n t i l l a t i o n  c o u n t i n g  (LSC) was p e r f o r m e d  w i t h  a 

P a c k a r d  3375 s p e c t r o m e t e r ,  a n d  s a m p l e s  were c o u n t e d  i n  I n s t a g e l  

c o u n t i n g  c o c k t a i l .  The s y s t e m  f o r  h i g h - p e r f o r m a n c e  l i q u i d  ch roma-  

t o g r a p h y  (HPLC) w a s  p r e v i o u s l y  d e s c r i b e d 1 4  a n d  s e p a r a t i o n s  were 

a c c o m p l i s h e d  u s i n g  a Waters A s s o c i a t e s  R a d i a l - P a k  C N  c a r t r i d g e .  

The  i d e n t i t y  o f  e a c h  s y n t h e s i z e d  p r o d u c t  was v e r i f i e d  by HPLC 

a n d  mass s p e c t r o m e t r i c  d a t a .  All r a d i o a c t i v e  p r o d u c t s  showed i d e n -  

t i c a l  r e t e n t i o n  t imes  a s  a u t h e n t i c  s t a n d a r d s  by  H P L C  a n d  g a v e  

a p p r o p r i a t e  mass s p e c t r a l  m o l e c u l a r  i o n s  a n d  f r a g m e n t a t i o n  p a t t e r n s  

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

Y i e l d  m e a s u r e m e n t s  were a c c o m p l i s h e d  by t r a p p i n g  p u r i f i e d  p r o -  

d u c t s  f r o m  t h e  HPLC a n d  c o u n t i n g  t h e  r a d i o a c t i v i t y  f r o m  t h e s e  f r a c -  

t i o n s  b y  LSC. S p e c i f i c  a c t i v i t y  o f  t h e  r a d i o a c t i v e  m a t e r i a l  was 
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TABLE 1 

HPLC ANALYSIS OF R E A C T I O N  PRODUCTS I N  
NAPHTHALIC A N H Y D R I D E  SYNTHESIS 

Comp ou  nd 
I s o c r a t i c  s o l v e n t  R e t e n t i o n  

s y s t e m  ( v / v )  t ime  ( m i n )  

- 

8 - B r o m o - 1 - n a p h t h o i c  a c i d  CH3CN/H20 ( 1 : l )  3 .0  

M e t h y l  8 - c y a n o - 1 - n a p h t h o a t e  CH3CN/H20 ( 1  : 1 ) 5 . 0  

1 , 8 - N a p h t h a l i c  a c i d  CH3CN/H20 ( 3 : 7 )  5 . 8  

1 , a - N a p h t h a l i c  a n h y d r i d e  CH3CN/H20 ( 3 : 7 )  4 .5  

Column was R a d i a l - P a k  C N  o f  10  cm l e n g t h ,  5 m m  d i a m e t e r ,  a n d  10 urn 
s p e r i c a l  p a r t i c l e s .  F l o w  r a t e  was 1 mL/min.  

d e t e r m i n e d  u s i n g  t h e  [ 1 4 C - c a r b o x y l l  m e t h y l  8 - c y a n o - 1  - n a p h t h o a t e  

i n t e r m e d i a t e .  T h i s  p r o d u c t  was a n a l y z e d  b e c a u s e  i t  was c o m p l e t e l y  

s e p a r a t e d  by  HPLC f r o m  i t s  b y p r o d u c t s ,  i t  g a v e  an  e x c e l l e n t  p e a k  

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

t o  a l l o w  a c c u r a t e  s a m p l e  p r e p a r a t i o n .  T h e  s p e c i f i c  a c t i v i t y  o f  t h e  

c y a n o - i n t e r m e d i a t e  a n d  t h u s  t h e  f i n a l  p r o d u c t  , 1 1 4 C - c a r b o x y l l  

l 1 8 - n a p h a l i c  a n h y d r i d e ,  was 3 1 . 8  mCi/mmol.  

S y n t h e s i s  o f  8 - B r o m o - I - N a p h t h o i c  A c i . . l 5  A f r e s h  s o l u t i o n  o f  

m e r c u r i c  a c e t a t e  was p r e p a r e d  b y  s l o w l y  d i s s o l v i n g  r e d  m e r c u r i c  

o x i d e  ( 1 1  g ,  5 1  mmol) i n  a m i x t u r e  o f  g l a c i a l  a c e t i c  a c i d  ( 8  mL) 

a n d  w a t e r  ( 3 0  m L )  a t  a p p r o x i m a t e  b o i l i n g  t e m p e r a t u r e .  T h e  h o t  

s o l u t i o n  was f i l t e r e d  a n d  k e p t  w a r m  t o  a v o i d  p r e c i p i t a t i o n .  

D i s o d i u m  1 , 8 - n a p h t h a l a t e  was p r e p a r e d  by  d i s s o l v i n g  

l 1 8 - n a p h t h a l i c  a n h y d r i d e  ( 9 . 2  g ,  4 6 . 4  m m o l )  i n  a warm s t i r r e d  s o l u -  

t i o n  ( 2 4 0  m L )  o f  0 . 6 5  M s o d i u m  h y d r o x i d e .  T h e  w a r m  s o l u t i o n  was 

f i l t e r e d  a n d  t r a n s f e r r e d  i n t o  a 1 -L ,  3 - n e c k e d  f l a s k  e q u i p p e d  w i t h  

h e a t i n g  m a n t l e ,  r e f l u x  c o n d e n s e r  a n d  m e c h a n i c a l  s t i r r e r .  The  d i s o -  
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d i u m  n a p h t h l a t e  was h e a t e d  t o  g e n t l e  r e f l u x  a n d  t h e  w a r m  m e r c u r i c  

a c e t a t e  s o l u t i o n  was a d d e d  v e r y  s l o w l y  t o  p r e v e n t  e x c e s s i v e  

f o a m i n g .  A f t e r  a d d i t i o n ,  t h e  r e a c t i o n  was h e a t e d  a t  g e n t l e  r e f l u x  

f o r  f o u r  d a y s .  To c h e c k  f o r  r e a c t i o n  c o m p l e t i o n ,  a t e s t  a l i q u o t  

was c o m p l e t e l y  d i s s o l v e d  i n  2 N s o d i u m  h y d r o x i d e  a n d  a s m a l l  p i e c e  

o f  c l e a n  c o p p e r  wire  was a d d e d .  T h e  a b s e n c e  o f  m e r c u r y  d e p o s i t i o n  

o n  t h e  w i r e  i n d i c a t e d  r e a c t i o n  c o m p l e t i o n .  A f t e r  h e a t i n g  was 

s t o p p e d ,  t h e  p r o d u c t  was a l l o w e d  t o  p r e c i p i t a t e  f r o m  t h e  s t i r r e d  

s o l u t i o n .  T h e  p r o d u c t  o b t a i n e d  i n  a p p r o x i m a t e  q u a n t i t a t i v e  

y i e l d  was f i l t e r e d ,  w a s h e d  w i t h  g e n e r o u s  p o r t i o n s  o f  water a n d  

9 5 %  e t h a n o l .  E x c e s s  s o l v e n t  was r e m o v e d  by s u c t i o n ,  a n d  t h e  

anhydro-8-hydroxymercuri-1-naphthoic a c i d  was r e a d y  f o r  p r e p a r a t i o n  

o f  t h e  8 - b r o m o - 1 - n a p h t h o i c  a c i d .  

T h e  m o i s t  h y d r o x y m e r c u r i - c o m p o u n d  was t r a n s f e r r e d  i n t o  a s o l u -  

t i o n  o f  g l a c i a l  a c e t i c  a c i d  ( 6 5  mL) a n d  w a t e r  ( 1 0  mL) a n d  p l a c e d  

i n t o  s u s p e n s i o n  w i t h  s t i r r i n g .  T h e  s u s p e n s i o n  was c o o l e d  i n  i c e ,  

a n d  a c h i l l e d  s o l u t i o n  o f  b r o m i n e  ( 2 . 4  mL) i n  33 mL o f  c o n c e n t r a t e d  

a q u e o u s  s o d i u m  b r o m i d e  (s. 8 M) was s l o w l y  a d d e d  w i t h  s t i r r i n g .  

T h e  y e l l o w  s u s p e n s i o n  was s t i r r e d  f o r  a n  a d d i t i o n a l  30 m i n  a n d  t h e n  

s l o w l y  warmed t o  9 0  OC. T h e n  450  mL o f  h o t  wa te r  was a d d e d  a n d  t h e  

r e a c t i o n  m i x t u r e  was b o i l e d  f o r  1 0  m i n .  T h e  h o t  s o l u t i o n  was 

f i l t e r e d  u s i n g  v a c u u m ,  a n d  t h e  p r o d u c t  was a l l o w e d  t o  p r e c i p i t a t e  

a s  t h e  f i l t r a t e  c o o l e d .  T h e  c r u d e  p r o d u c t  ( 5 . 2  g ,  6 6 %  y i e l d )  

m e l t e d  a t  1 6 8 - 1 7 2  OC. T h e  p r o d u c t  when r e c r y s t a l l i z e d  from b e n z e n e  

( 4  g ,  5 1 %  y i e l d )  m e l t e d  a t  1 7 5 - 1 7 7  OC ( L i t .  mp 1 7 7  OC).16 

S y n t h_es-Ls__qf_ -e=gr~~g=J - I o d o n a p  h t h a 1 e n e . 7 A s o  1 u t i o n  o f 8 - 
b r o m o - 1 - n a p h t h o i c  a c i d  ( 5  g ,  20  rnmol) was p r e p a r e d  by  h e a t i n g  a n d  

s t i r r i n g  t h e  a c i d  i n  2 5 0  mL o f  l , l , l - t r i c h l o r o e t h a n e .  A t  t h e  same 

t i m e ,  a n  i o d i n e  s o l u t i o n  (5 .1  g ,  20  m m o l )  was p r e p a r e d  i n  2 5 0  mL o f  

t r i c h l o r o e t h a n e .  A f t e r  t h e  b r o m o n a p h t h o i c  a c i d  h a d  c o m p l e t e l y  



554 F. S. Tunuka, R. G. Wien and B. L. Hoffer 

d i s s o l v e d ,  t h e  i o d i n e  s o l u t i o n  was a d d e d ,  a n d  t h e  r e a c t i o n  was 

b r o u g h t  t o  r e f l u x .  The  r e d  m e r c u r i c  o x i d e  p o w d e r  ( 2 . 2  g ,  1 0  mmol) 

was a d d e d  i n  s m a l l  p o r t i o n s  a n d  t h e  r e a c t i o n  was a l l o w e d  t o  r e f l u x  

u n t i l  t h e  m i x t u r e  c h a n g e d  f r o m  p u r p l e  t o  r e d - o r a n g e  i n  c o l o r .  

G e n e r a l l y  t h e  c o l o r  c h a n g e  o c c u r r e d  i n  3 t o  4 h .  T h e  r e a c t i o n  was 

c o o l e d ,  f i l t e r e d ,  a n d  t h e  t r i c h l o r o e t h a n e  was  r e m o v e d  by  r o t a r y  

v a c u u m  e v a p o r a t i o n .  

T h e  r e s i d u e  was d i s s o l v e d  i n  b e n z e n e ,  f i l t e r e d  a n d  p a r t i t i o n e d  

s u c c e s s i v e l y  a g a i n s t  50  mL o f  a q u e o u s  5 %  p o t a s s i u m  i o d i d e  (2x1, 5 0  

mL o f  a q u e o u s  5 %  s o d i u m  h y d r o x i d e  (2x1 a n d  5 0  mL o f  d i s t i l l e d  

water .  T h e  b e n z e n e  l a y e r  w a s  s e p a r a t e d  a n d  d r i e d  o v e r  a n h y d r o u s  

m a g n e s i u m  s u l f a t e .  After d r y i n g ,  t h e  b e n z e n e  was r e m o v e d  a n d  t h e  

r e s i d u e  was d i s s o l v e d  i n  b e n z e n e : n - h e x a n e  ( 9 :  v / v ) .  I n i t i a l  p u r i -  

f i c a t i o n  was a c c o m p l i s h e d  o n  a 2 0  mm x 1 0 0  cm c o l u m n  o f  s i l i c a  g e l  

p o w d e r  ( 6 0 - 2 0 0  m e s h )  u s i n g  b e n z e n e : h e x a n e  ( 9 :  ) a s  t h e  e l u t i n g  

s o l v e n t .  T h e  p r o d u c t  was e l u t e d  i n  t h e  f i r s t  1 0 0  mL o f  c o l u m n  

e f f l u e n t  (4 g ,  6 0 %  y i e l d ) .  T h e  8-bromo-1-iodonaphthalene a f t e r  

r e c r y s t a l l i z a t i o n  f r o m  9 5 %  e t h a n o l  h a d  a m e l t i n g  p o i n t  o f  9 6 - 9 7  O C  

( L i t .  mp 9 9 - 1 0 0  0 ~ 1 . 1 6  

S y n t h e s i s  o f  8 - ~ r o m o - l - N a p h t h y l m a ~ n e s i u m  I o d i d e .  F o r  p r e p a r a t i o n  

o f  t h e  G r i g n a r d  r e a g e n t l a ,  a 100-mL 3 - n e c k e d  r o u n d - b o t t o m  f l a s k  was 

c h a r g e d  w i t h  8-bromo-1-iodonaphthalene ( 1 . 3 3  g ,  3 . 6 7  m m o l ) ,  

a n h y d r o u s  d i e t h y l  e t h e r  ( 1 0  mL), a n d  m a g n e s i u m  t u r n i n g s  ( 3 0 0  mg, 

1 2 . 3  m m o l ) .  T h e  r e a c t i o n  v e s s e l  was e q u i p p e d  w i t h  n i t r o g e n  i n l e t ,  

m e c h a n i c a l  s t i r r e r ,  a n d  r e f l u x  c o n d e n s e r  w i t h  d r y i n g  t u b e .  T h e  

r e a c t i o n  was s t a r t e d  b y  a d d i n g  a m i n u t e  c r y s t a l  o f  i o d i n e .  W h i l e  

b e i n g  s t i r r e d  u n d e r  a n  a t m o s p h e r e  of n i t r o g e n ,  t h e  r e a c t i o n  was 

h e a t e d  a t  g e n t l e  r e f l u x  f o r  a b o u t  3 h .  The G r i g n a r d  r e a g e n t  was 

t r a n s f e r r e d  i n t o  a n  a d d i t i o n  f u n n e l ,  a n d  1 5  mL o f  a n h y d r o u s  d i e t h y l  

e t h e r  was a d d e d  t o  p r e v e n t  s o l i d i f i c a t i o n  o f  t h e  G r i g n a r d  r e a g e n t  

d u r i n g  t r a n s f e r  i n t o  t h e  c a r b o n a t i o n  a p p a r a t u s .  
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S y n t h e s i s  o f  [ 1 4 C - C a r b o x y l l  8-Bromo-1 - N a p h t h o i c  A c i d .  A c a r -  

b o n a t i o n  a p p a r a t u s  was p r e v i o u s l y  r e p o r t e d  f o r  t h e  a d d i t i o n  o f  a n  

a l k y l  l i t h i u m  r e a g e n t  ( - 1 0 7  OC) t o  s o l i d i f i e d  14C02.19 T h i s  

a p p a r a t u s  was m o d i f i e d  ( F i g u r e  2 )  w i t h  two  o b l i q u e - b o r e ,  h i g h -  

vacuum s t o p c o c k s  t o  a f f o r d  a c l o s e d  s y s t e m  t h a t  wou ld  a l l o w  f o r  t h e  

a d d i t i o n  o f  a G r i g n a r d  r e a g e n t  a t  room t e m p e r a t u r e  t o  s o l i d i f i e d  

1 4 c 0 2 .  

T h e  r a d i o a c t i v e  b a r i u m  c a r b o n a t e  ( 4 4 . 3  m C i ,  2 0 9 . 6  mg, 1 .06  

mmol) was t r a n s f e r r e d  i n t o  t h e  g e n e r a t i n g  f l a s k  (D), a n d  t h e  s y s t e m  

was e v a c u a t e d  t o  a b o u t  0 .1  m m .  S t o p c o c k  J was c l o s e d  a n d  s t o p c o c k  

F i g u r e  2 . - - A p p a r a t u s  f o r  c a r b o n a t i o n  o f  t h e  G r i g n a r d  r e a g e n t .  A ,  
r u b b e r  s e p t u m ;  B ,  4 0 %  p e r c h l o r i c  a c i d ;  C ,  s t o p c o c k ;  D ,  GO2 g e n e r a -  
t i o n  f l a s k ;  E ,  a n h y d r o n e ;  F ,  s t o p c o c k ;  G ,  l i q u i d  n i t r o g e n  b a t h ;  H, 
CO2 t r a p ;  J ,  s t o p c o c k ;  K ,  g r o u n d  g l a s s  c o n n e c t i o n  f o r :  1 )  h i g h  
vacuum pump; 2 )  G r i g n a r d  r e a g e n t  i n  a d d i t i o n  f u n n e l  w i t h  d r y i n g  
t u b e  p r o t e c t i o n ;  3 )  w a s h i n g  t o w e r  ( 1  M NaOH) a n d  low vacuum pump. 



556 F. S. Tanaka, R. G. Wien and R. L.  Hoffer 

F was o p e n e d  a n d  t h e  14C02  was s l o w l y  r e l e a s e d  u s i n g  1 mL o f  40% 

p e r c h l o r i c  a c i d .  ' 9  

i n t o  t h e  c o l d  t r a p  (H) w h i c h  c o n t a i n e d  a f i n e  w a d d i n g  o f  g l a s s  wool 

t o  a s s i s t  i n  c o n d e n s a t i o n  o f  t h e  i4CO2.  U s i n g  a h y p o d e r m i c  n e e d l e ,  

a s m a l l  a m o u n t  o f  n i t r o g e n  was b l e d  t h r o u g h  s e r u m  c a p  A t o  s w e e p  

r e s i d u a l  1 4 C 0 2  i n t o  t h e  c o l d  t r a p .  

v a c u u m  l i n e  was r e m o v e d ,  a n d  a n  a d d i t i o n  f u n n e l  p r o t e c t e d  by a 

c a l c i u m  c h l o r i d e  d r y i n g  t u b e  was f i t t e d  a t  K .  T h e  e t h e r e a l  s o l u -  

t i o n  o f  8-bromo-I-naphthylmagnesium i o d i d e  i n  t h e  a d d i t i o n  f u n n e l  

was a d d e d  i n  s m a l l  p o r t i o n s  i n t o  t h e  c o l d  t r a p  v i a  s t o p c o c k  J .  

E a c h  a l i q u o t  was a l l o w e d  t o  f r e e z e  b e f o r e  a s e c o n d  a d d i t i o n  was 

m a d e .  Af te r  t h e  G r i g n a r d  r e a g e n t  was c o m p l e t e l y  a d d e d ,  s t o p c o c k  J 

was c l o s e d ,  t h e  l i q u i d  n i t r o g e n  b a t h  was r e m o v e d ,  a n d  t h e  r e a c t i o n  

was a l l o w e d  t o  s t a n d  a t  r o o m  t e m p e r a t u r e  o v e r n i g h t  w i t h  o c c a s i o n a l  

a g i t a t i o n  by  s o n i c a t i o n .  

T h e  g e n e r a t e d  1 4 C 0 2  was t r a n s f e r r e d  by  vacuum 

S t o p c o c k  F was c l o s e d ,  t h e  h i g h  

T h e n  a l o w  vacuum pump f i t t e d  t o  a w a s h i n g  t o w e r  c o n t a i n i n g  1 N 

s o d i u m  h y d r o x i d e  was a t t a c h e d  a t  K .  A l l  s t o p c o c k s  were o p e n e d ,  a n d  

n i t r o g e n  was b l e d  t h r o u g h  s e r u m  c a p  A v i a  a h y p o d e r m i c  n e e d l e .  

T h u s ,  t h e  u n r e a c t e d  14C02  was s w e p t  u n d e r  low vacuum f r o m  t h e  reac-  

t i o n  v e s s e l  i n t o  t h e  s o d i u m  h y d r o x i d e  t r a p .  M e t h a n o l  was t h e n  

a d d e d  t o  d e c o m p o s e  t h e  m a t e r i a l  i n  t h e  r e a c t i o n  m i x t u r e .  E n o u g h  

m e t h a n o l  was a d d e d  t o  a f f o r d  a f i n e l y  d i v i d e d  p r e c i p i t a t e  a f t e r  

s o n i c  a g i t a t i o n .  T h e n  74 mg o f  8 - b r o m o - 1 - n a p h t h o i c  a c i d  was a d d e d  

a s  c a r r i e r  m a t e r i a l  t o  t h e  r e a c t i o n  v e s s e l .  T h e  r e a c t i o n  was 

f i l t e r e d  t h r o u g h  a s i n t e r e d  g l a s s  f u n n e l  u s i n g  c e l i t e  f i l t e r  a i d ,  

a n d  t h e  p r e c i p i t a t e  was w a s h e d  w e l l  w i t h  m e t h a n o l .  T h e  f i l t r a t e  

was r e d u c e d  t o  d r y n e s s  a n d  r e d i s s o l v e d  i n  a n  e x c e s s  o f  w a t e r - w a s h e d  

d i c h l o r o m e t h a n e .  T h i s  d i c h l o r o m e t h a n e  f r a c t i o n  was p a s s e d  t h r o u g h  

f i l t e r  a i d  a n d  t h e  p r e c i p i t a t e  was w a s h e d  w e l l  w i t h  a d d i t i o n a l  

w a t e r - w a s h e d  d i c h l o r o m e t h a n e  ( Y i e l d  9 0 . 6 1 ,  4 0 . 1  m C i ,  1 . 2 6  mmol ) .  

A b u f f e r e d  s i l i c a  g e l  c o l u m n 2 0  was e m p l o y e d  t o  p u r i f y  t h e  p r o -  
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d u c t .  The  c o l u m n  was p r e p a r e d  by  p a c k i n g  a 50-mL b u r e t  w i t h  a b o u t  

35 mL o f  b u f f e r e d  s i l i c a  g e l  s u s p e n d e d  i n  w a t e r - w a s h e d  d i c h l o r o -  

m e t h a n e .  T h e  r a d i o a c t i v e  p r o d u c t  was p l a c e d  on -co lumn i n  2 0 0  mL o f  

w a t e r - w a s h e d  d i c h l o r o m e t h a n e  a n d  t h e  c o l u m n  was e l u t e d  w i t h  a n  

a d d i t i o n a l  1 5 0  mL o f  w a t e r - w a s h e d  d i c h l o r o m e t h a n e .  Then t h e  

8 - b r o m o - 1 - n a p h t h o i c  a c i d  was e l u t e d  f r o m  t h e  c o l u m n  w i t h  1 8 0  mL o f  

d i e t h y l  e t h e r .  T h e  e t h e r  f r a c t i o n  was r e d u c e d  t o  d r y n e s s ;  p r o d u c t  

r e c o v e r y  was e s t i m a t e d  a t  9 9 %  ( 3 9 . 7  m C i ,  1 .25  mmol). 

S y n t h e s i s  o f  M e t h y l  8-Bromo-1 - N a p h t h o a t e - 1 4 C .  The  8 -b romo- l -  

n a p h t h o i c  a c i d  ( 3 9 . 7  m C i ,  313 .5  mg, 1 .25  mmol) was d i s s o l v e d  i n  5 

m L  o f  a n h y d r o u s  d i e t h y l  e t h e r  a n d  t r e a t e d  w i t h  1 0  mL o f  f r e s h l y  

p r e p a r e d  d i a z o m e t h a n e . 2 1  T h e  d i a z o m e t h a n e  was  s l o w l y  a d d e d  t o  t h e  

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

was  s t i r r e d  f o r  30 min  a n d  t h e  e x c e s s  d i a z o m e t h a n e  was d e s t r o y e d  by 

w a r m i n g  ( y e l l o w  c o l o r  d i s a p p e a r s ) .  A f t e r  t h e  e t h e r  was r e m o v e d ,  

t h e  p r o d u c t  was d r i e d  i n  a d e s s i c a t o r  o v e r n i g h t  ( Y i e l d  l o o % ,  331  

m g ) .  

S y n t h e s i s  o f  M e t h y l  8-Cyan0-l-Naphthoate-~~C. C u p r o u s  

c y a n i d e 2 2  was p r e p a r e d  i n  a 500-mL, 3 - n e c k e d ,  r o u n d - b o t t o m  f l a s k  

f i t t e d  w i t h  m e c h a n i c a l  s t i r r e r ,  a d d i t i o n  f u n n e l  a n d  g a s  e x i t  t u b e  

l e a d i n g  t o  t h e  hood  f l u e .  C r y s t a l l i n e  c u p r i c  s u l f a t e  ( 3 2 . 5  g ,  0 . 1 3  

mol) was  d i s s o l v e d  i n  2 0 0  mL o f  w a t e r .  W h i l e  t h i s  s o l u t i o n  was  

s t i r r e d  a n d  h e a t e d  a t  8 0  O C ,  3 5  mL o f  a q u e o u s  s o d i u m  c y a n i d e  ( 1 2 . 8  

g ,  0 .26 moll was a d d e d  o v e r  a 3 0  min  p e r i o d .  To r e m o v e  t h e  b y p r o -  

d u c t ,  c y a n o g e n ,  t h e  s o l u t i o n  was b o i l e d  f o r  a b o u t  10 m i n .  After 

t h e  p r o d u c t  h a d  s e t t l e d ,  t h e  r e a c t i o n  was d e c a n t e d  a n d  t h e n  

f i l t e r e d .  T h e  f r e s h l y  p r e p a r e d  c u p r o u s  c y a n i d e  was  washed  w i t h  

w a t e r ,  m e t h a n o l  a n d  d i e t h y l  e t h e r  b e f o r e  d r y i n g  a t  110  O C  f o r  36 h .  

A m i x t u r e  o f  m e t h y l  8 - b r o m o - 1 - n a p h t h o a t e  ( 3 9 . 7  m C i ,  331 mg, 

1 . 2 5  mmol ) ,  c u p r o u s  c y a n i d e  ( 3 1 0  mg, 3 mmol) a n d  d r y  d i m e t h y l f o r m -  
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a m i d e  ( 1 0  mL) was  s t i r r e d  a t  g e n t l e  r e f l u x  f o r  4 h . 2 3  The  

r e s u l t i n g  brown m i x t u r e  was c o o l e d  t o  6 5  O C  a n d  t r e a t e d  w i t h  5 mL 

f e r r i c  c h l o r i d e  s o l u t i o n ;  t h i s  s o l u t i o n  was composed  o f  h y d r a t e d  

f e r r i c  c h l o r i d e  ( 4  g ) ,  1 2  N h y d r o c h l o r i c  a c i d  ( 1  mL) a n d  water ( 6  

m L ) .  T h e  m i x t u r e  was h e a t e d  a t  a b o u t  65 O C  f o r  3 0  min  t o  d e c o m p o s e  

t h e  c o m p l e x .  T h e n  100  mL o f  d i s t i l l e d  water was a d d e d  a n d  t h e  

r e a c t i o n  was e x t r a c t e d  (3X) w i t h  75-mL p o r t i o n s  o f  d i e t h y l  e t h e r .  

The  e t h e r  was e v a p o r a t e d  t o  a f f o r d  t h e  p r o d u c t  i n  9 3 . 9 8  y i e l d  ( 3 7 . 3  

m C i ,  236  mg, 1 . 1 2  mmol) .  

S y n t h e s i s  o f  1 , 8 - N a p h t h a l i c  Ac id -14C.  M e t h y l  8 - c y a n o - l -  

n a p h t h o a t e  ( 3 7 . 3  m C i ,  2 3 6  mg, 1 . 1 7  m m o l ) ,  g l a c i a l  a c e t i c  a c i d  ( 5  

mL) a n d  1 8  N s u l f u r i c  a c i d  ( 1 0  mL) were s t i r r e d  i n t o  s o l u t i o n ,  

p l a c e d  u n d e r  a n i t r o g e n  a t m o s p h e r e ,  a n d  h e a t e d  a t  1 3 0  O C  f o r  7 

d a y s . 2 4  Then  t h e  a c e t i c  a c i d  was  v o l a t i l i z e d  f r o m  t h e  h o t  s o l u t i o n  

w i t h  a s t r e a m  o f  n i t r o g e n ,  a n d  t h e  p r o d u c t  was p r e c i p i t a t e d  by 

a d d i t i o n  o f  a b o u t  5 0  g o f  c r u s h e d  i c e .  The  p r e c i p i t a t e d  p r o d u c t  

was f i l t e r e d ,  w a s h e d  w i t h  c o l d  water ,  a n d  d r i e d .  The  f i l t r a t e  was 

e x t r a c t e d  ( 3 x 1  w i t h  50-mL p o r t i o n s  o f  d i e t h y l  e t h e r  f o r  r e c o v e r y  o f  

a d d i t i o n a l  p r o d u c t .  T h i s  e x t r a c t  was r e d u c e d  t o  d r y n e s s  a n d  com- 

b i n e d  w i t h  t h e  p r e c i p i t a t e  ( y i e l d  7 6 . 9 8 ,  2 8 . 7  m C i ,  1 9 5  m g ,  0 .90  

mmol ) .  

S y n t h e s i s  o f  1 , 8 - N a & h t h a l i c  A n h y d r i d e - l f c .  A c e t i c  a n h y d r i d e  (5 

m L )  was  a d d e d  t o  t h e  1 , 8 - n a p h t h a l i c  a c i d  ( 2 8 . 7  m C i ,  1 9 5  mg, 0 .90  

m m o l )  a n d  t h e  m i x t u r e  was h e a t e d  a t  g e n t l e  r e f l u x  f o r  1 h u n d e r  a 

n i t r o g e n  a t m o s p h e r e . 2 5  To a l l o w  f o r  e s c a p e  o f  t h e  a c e t i c  a c i d  t h a t  

was p r o d u c e d ,  a n  a i r  c o n d e n s e r  was e m p l o y e d .  I n  t h e  workup  e x c e s s  

a c e t i c  a n h y d r i d e  was removed  by r o t a r y  vacuum e v a p o r a t i o n  u s i n g  d r y  

t o l u e n e  t o  a i d  i n  d i s t i l l a t i o n  ( y i e l d  9 8 8 ,  2 8 . 2  m C i ,  1 7 6  mg, 0 . 8 9  

mmol ) .  

-- P u r i f i c a t i o n  -----_ o f  1 ,8-NA-l4C. I n i t i a l  p u r i f i c a t i o n  o f  t h e  r a d i o -  

a c t i v e  1,a-NA was a c c o m p l i s h e d  on a n a s i l  HF p l a t e s  ( A n a l a b s )  o f  



Synthesis of 1,8-Naphthalic Anhydride 559 

0 . 2 5  mm t h i c k n e s s  u s i n g  d i c h l o r o m e t h a n e  a s  t h e  d e v e l o p i n g  s o l v e n t  

( R f  0 . 7 ) .  T h e  p r o d u c t  was e l u t e d  f r o m  s i l i c a  g e l ,  f i l t e r e d  a n d  

t h e n  p u r i f i e d  by HPLC ( T a b l e  1 ) .  T h e  p u r i f i e d  p r o d u c t  was homoge-  

n e o u s  u p o n  e x a m i n a t i o n  by t h i n - l a y e r  c h r o m a t o g r a p h y  f o l l o w e d  by 

a u t o r a d i o g r a p h y .  

DISCUSSION 

T h e  r e a c t i o n  o f  1 , 8 - d i b r o m o n a p h t h a l e n e  w i t h  c u p r o u s  c y a n i d e  t o  

a f f o r d  t h e  d i n i t r i l e  i n  8 0 . 3 5  y i e l d  was r e c e n t l y  r e p o r t e d . 2 6  I n  

t h i s  r e a c t i o n ,  c u p r o u s  c y a n i d e  was u s e d  i n  2 5 %  e x c e s s  a n d  t h e  y i e l d  

was b a s e d  on  d i b r o m o n a p h t h a l e n e .  T h u s ,  t o  e m p l o y  t h i s  r e a c t i o n  f o r  

r a d i o c h e m i c a l  s y n t h e s i s ,  i t  w o u l d  b e  n e c e s s a r y  t o  c o n v e r t  t h e  

r e a d i l y  a v a i l a b l e  Na14CN i n t o  Cu14CN o n  a micro s c a l e ;  h e n c e ,  t h e  

y i e l d  f o r  c o n v e r s i o n  w o u l d  b e  c o n s i d e r a b l y  lower  t h a n  t h e  8 5 - 9 0 5  

r e p o r t e d  f o r  m a c r o  s c a l e  s y n t h e s i s  . 2 2  F u r t h e r m o r e ,  t h e  Cu14CN 

w o u l d  h a v e  t o  b e  u s e d  i n  m o l a r  e x c e s s  t o  a c h i e v e  d i n i t r i l e  f o r -  

m a t i o n  i n  g o o d  y i e l d .  T h e r e f o r e ,  w e  d e c i d e d  t o  d e v e l o p  o u r  s y n t h e -  

t i c  a p p r o a c h  b a s e d  o n  1 4 C 0 2  r a t h e r  t h a n  o n  t h e  p r e v i o u s l y  r e p o r t e d  

c o n c e p t  o f  C ~ l ~ c N . 1 3  

I n  G r i g n a r d  r e a g e n t  s y n t h e s i s ,  t h e  r e a c t i o n  o f  m a g n e s i u m  w i t h  

d i b r o m o n a p h t h a l e n e l 6  was r e p o r t e d  t o  o c c u r  o n l y  a t  v e r y  s l o w  r a t e .  

F o r  t h i s  r e a s o n ,  we h a d  h o p e d  t o  p r e p a r e  t h e  more r e a c t i v e  d i i o d o -  

n a p h t h a l e n e  from 1 , 8 - d i a m i n o n a p h t h a l e n e  v i a  t h e  S a n d m e y e r  r e a c t i o n .  

T h i s  r e a c t i o n ,  h o w e v e r ,  p r o d u c e d  e x t r e m e l y  l o w  y i e l d s  a n d  t h e  p r o -  

d u c t  c o u l d  n o t  b e  r e a d i l y  p u r i f i e d .  T h e r e f o r e ,  o u r  r a d i o c h e m i c a l  

s y n t h e s i s  was c o n d u c t e d  w i t h  b r o m o i o d o n a p h t h a l e n e  a n d  14C w a s  

i n t r o d u c e d  i n t o  j u s t  o n e  c a r b o n y l  g r o u p  o f  1,8-NA. The  p o s s i b i l i t y  

o f  f o r m a t i o n  of  a n y  d i - G r i g n a r d  r e a g e n t  f rom b r o m o i o d o n a p h t h a l e n e  

was c o n s i d e r e d  n o t  t o  b e  o f  a n y  s i g n i f i c a n c e  b e c a u s e  o f  t h e  s l o w  

r e a c t i o n  r a t e  r e p o r t e d  f o r  m a g n e s i u m  a n d  d i b r o m o n a p h t h a l e n e .  
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F i n a l l y ,  t h e  l a b e l i n g  o f  b o t h  c a r b o n y l s  was n o t  deemed  n e c e s s a r y  

b e c a u s e  t h e  s t r u c t u r a l  s y m m e t r y  of 1,8-NA m a k e s  t h e  two c a r b o n y l  

g r o u p s  c h e m i c a l l y  e q u i v a l e n t .  

T h e  m o l a r  r a t i o  o f  G r i g n a r d  r e a g e n t  t o  C02 r e q u i r e d  f o r  maximum 

y i e l d  i n  m i c r o  c a r b o x y l a t i o n  r e a c t i o n s  was i n v e s t i g a t e d  by Van 

B r u g g e n  e t  a 1 . 2 7  I n  t h e i r  s t u d y ,  y i e l d s  d i d  n o t  i n c r e a s e  a f t e r  

G r i g n a r d  r e a g e n t  t o  C02 molar  r a t i o s  were i n c r e a s e d  b e y o n d  5 : l .  

F o r  t h i s  s y n t h e s i s ,  a molar r a t i o  o f  a b o u t  4 : l  was u s e d  t o  a v o i d  

u s i n g  l a r g e  v o l u m e s  o f  s o l v e n t  b e c a u s e  o u r  G r i g n a r d  r e a g e n t  was o f  

low s o l u b i l i t y  i n  d i e t h y l  e t h e r .  

A f t e r  t h e  i n t r o d u c t i o n  o f  1 4 C  v i a  t h e  c a r b o n a t i o n  r e a c t i o n ,  t h e  

r a d i o a c t i v e  p r o d u c t  was p u r i f i e d  u s i n g  a b u f f e r e d  s i l i c a  g e l  

c o l u m n .  O n l y  p a r t i a l  p u r i f i c a t i o n  o f  a l l  s u b s e q u e n t  r e a c t i o n s  was 

a c c o m p l i s h e d  by m e a n s  o f  e x t r a c t i o n  a n d / o r  f i l t r a t i o n .  T h u s ,  c h e -  

mica l  c o m p o u n d s  o f  s i m i l a r  n a t u r e  w i t h  r e a c t i o n  p r o d u c t s  c o u l d  b e  

c a r r i e d  on  t o  s u b s e q u e n t  r e a c t i o n s .  T h e r e f o r e ,  i n  t h e  a s s a y  o f  t h e  

f i n a l  r e a c t i o n  m i x t u r e  by T L C ,  HPLC, LSC, a n d  mass s p e c t r o m e t r y ,  3 

m C i  o f  u n h y d r o l y z e d  8 - c y a n o - 1 - n a p h t h o i c  a c i d  a n d  2 m C i  o f  1 , 8 -  

n a p h t h a l i m i d e  ( t h e  c a r b i m i n o  a n a l o g  may a l s o  b e  p r e s e n t )  r e s u l t i n g  

f r o m  p a r t i a l  h y d r o l y s i s  o f  c y a n o n a p h t h o i c  a c i d  were p r e s e n t .  I f  

a d d i t i o n a l  p r o d u c t  was d e s i r e d ,  t h i s  m a t e r i a l  ( 5  m C i )  c o u l d  b e  

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

1 , 8 - n a p h t h a l i c  a c i d  f o r  1,8-NA s y n t h e s i s .  
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