
JoumtaZ of Labelled Compounds - Val. VIII n03, July-September 1972 461 

THE USE OF DIBORANE AND DEUTERODIRORAVE IN THE SYNTHESIS 

OF ISOTOPICALLY LABELED AMINES 

F r e d e r i c k  J. M a r s h a l l ,  Rober t  E .  McMahon and 
Wi l l i am B .  L a c e f i e l d .  

The L i l l y  Resea rch  L a b o r a t o r i e s  
I n d i a n a p o l i s ,  I n d i a n a  4 6 2 0 6  
U.S.A. 

Received  on Februa ry  9 ,  1 9 7 2 .  

S U M M A R Y  

The u s e  of d i b o r a n e  has  f a c i l i t a t e d  t h e  prepara-  
t i o n  of  s e v e r a l  amines  l a b e l e d  w i t h  carbon-14 o r  n i -  
t rogen-15  by r e d u c t i o n  of t h e  c o r r e s p o n d i n g  l a b e l e d  
n i t r i l e  o r  amide .  I t s  u s e  was p a r t i c u l a r l y  advan ta -  
geous  i n  t h e  p r e s e n c e  of a r o m a t i c  h a l i d e  substi tuents.  
Deu terod iborane ,  formed i n  s i t u  f r o m  sodium borodeu-  
t e r i d e  and d i m e t h y t  s u l f a t e ,  has  been  shown t o  be 
u s e f u l  i n  t h e  s y n t h e s i s  o f  1 , l - d i d e u t e r o a m i n e s .  

Amines prepared  i n  t h i s  s t u d y  i n c l u d e  n o r t r i p t y -  
l i n e  l a b e l e d  w i t h  n i t r o g e n - 1 5 ,  d e u t e r i u m  o r  b o t h , ;  
2-(0-ch1orophenoxy)ethyl-N-cycZopropropy1amine ns t h e  
I -"C-der iva t ive  and a s  t h e  I, I - d i d e u t e r o  derivative; 
2-~2,4-dichlor0-6-phenylphenoxy)ethyt-l-1-~~C amine 
and i t s  Z-chloro-6-phenyl a n a l o g ;  and 3-aminomethy l -  

C - p y r i d i n e  . 

INTRODUCTION 

Diborane  has  been  found  (1) t o  have  wide a p p l i c a t i o n  a s  

a s e l e c t i v e  r e d u c i n g  a g e n t .  I n  our work b o t h  d i b o r a n e  a n d  

d e u t e r o d i b o r a n e  (Bz2H6) have  been  u s e d  t o  p r e p a r e  s e v e r a l  

l a b e l e d  amines ,  needed  for drug  me tabo l i sm s t u d i e s ,  where  

u s e  of l i t h i u m  aluminum h y d r i d e  ( L A H )  o r  l i t h i u m  aluminum hy- 

dr ide-2H e i t h e r  was u n s u c c e s s f u l  or  p r e s e n t e d  t h e  problem of 

r emova l  of a n  a r o m a t i c  c h l o r i d e  s u b s t i t u e n t .  

The a v a i l a b i l i t y  of mass s p e c t r o s c o p y  and, more recent ly ,  
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combined gas  l i q u i d  chromatography-mass s p e c t r o s c o p y  f o r  drug 

metabol ism s t u d i e s  has  i n c r e a s e d  t h e  p o t e n t i a l  u s e f u l n e s s  of 

heavy i s o t o p e  l a b e l e d  compounds. These compounds have a p p l i c a t i o n  

e i t h e r  for i n  v i t r o  i n v e s t i g a t i o n s  o r  a s  a n  i n t e r n a l  s t a n d a r d  

f o r  i n  v i v o  s t u d i e s  ( 2 ) .  Fo r  t h i s  r e a s o n  t h r e e  d e r i v a t i v e s  

of t h e  a n t i d e p r e s s a n t  drug n o r t r i p t y l i n e  ( I )  have been  p repa red ,  

t h e  1 5 N  a n a l o g  (M+l), t h e  d i d e u t e r o  (M+2), and  t h e  d ideu te ro -15N (M+3). 

The method p r e v i o u s l y  employed f o r  t h e  p r e p a r a t i o n  of 

N - m e t h ~ l - l ~ C - l a b e l e d  n o r t r i p t y l i n e  ( 3 )  was n o t  s u i t a b l e  f o r  

i n t r o d u c t i o n  of t h e  I 5 N  l a b e l  because  of t h e  i m p r a c t i c a l i t y  of 

p r e p a r i n g  t h e  needed p r i m a r y  amine. A new s y n t h e s i s  was developed 

which p roduced  t h e  r e l a t e d  c a r b o x y l i c  a c i d .  T h i s  was c o n v e r t e d  

t o  t h e  N-methylamide or t h e  N - m e t h ~ l a m i d e - ~ 5 N  which c o u l d  t h e n  

be r educed  t o  t h e  d e s i r e d  l a b e l e d  n o r t r i p t y l i n e .  I n i t i a l  a t t e m p t s  

a t  r e d u c t i o n  u s i n g  LAH, however, d i d  no t  y i e l d  t h e  d e s i r e d  amino 

compound. 

The known u t i l i t y  of d i b o r a n e  and t h e  r e c e n t  d e s c r i p t i o n  ( 4 )  

of i t s  s i m p l e  i n  s i t u  p r e p a r a t i o n  from sodium b o r o h y d r i d e  and 

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

p r e p a r a t i o n  of d e u t e r o d i b o r a n e ,  u s i n g  NaB2Hb. The u s e  of 

d i b o r a n e  and d e u t e r o d i b o r a n e  l e d  t o  t h e  s u c c e s s f u l  p r e p a r a t i o n  
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of  n o r t r i p t y l i n e  l a b e l e d  w i t h  n i t rogen-15 ,  deuter ium, o r  bo th .  

( T a b l e  1). 

1 , l - d i d e u t e r a t e d  d e r i v a t i v e  of 2-(~-chlorophenoxy)ethyl-N-cyclo- 

propylamine ( L i l l y  51641),  a monoamine o x i d a s e  i n h i b i t o r  which 

h a s  been  under  s t u d y  ( 5 )  i n  our  l a b o r a t o r i e s .  

The method was ex tended  t o  t h e  p r e p a r a t i o n  of a 

The comple t eness  of d e u t e r a t i o n  was shown by  t h e  100  MHz NMR 

s p e c t r a  (Var i an  HA 100)  which were measured r e l a t i v e  t o  t e t r a -  

m e t h y l s i l a n e  a s  a s t a n d a r d .  The NMR s p e c t r a  of t h e  d e u t e r a t e d  

a n d  u n d e u t e r a t e d  compounds i n  d e u t e r o c h l o r o f o r m  a r e  i d e n t i c a l  

e x c e p t  for t h e  f o l l o w i n g  two p o i n t s :  (1) The normal  s p e c t r a  

g i v e  r i s e  t o  a & p r o t o n  t r i p l e t ,  a t  62.65 f o r  n o r t r i p t y l i n e  

and  6 3 . 1 3  f o r  t h e  cyc lop ropy lamino  compound, c o r r e s p o n d i n g  t o  

t h e  CHe-protons a d j a c e n t  t o  n i t r o g e n .  T h i s  t r i p l e t  i s  com- 

p l e t e l y  a b s e n t  i n  t h e  s p e c t r a  of t h e  d e u t e r a t e d  m a t e r i a l s .  

( 2 )  F u r t h e r  ev idence  i n  r e g a r d  t o  n o r t r i p t y l i n e  i s  t h e  c o l l a p s e  

from a t r i p l e t  a t  62.34 t o  a d o u b l e t  i n  t h e  d e u t e r a t e d  m a t e r i a l  

i n  t h e  s i g n a l  corYesponding t o  t h e  a l l y l i c  hydrogens.  I n  t h e  

spec t rum of t h e  cyc lop ropy lamino  d e r i v a t i v e  t h e  c o l l a p s e  i s  

f rom a t r i p l e t  a t  64.14 t o  a s i n g l e t  i n  t h e  s i g n a l  for t h e  

methylene hydrogens a d j a c e n t  t o  t h e  oxygen* 

F u r t h e r  e l u c i d a t i o n  of  t h e  p u r i t y  and  n a t u r e  of 2- (g -  

chlorophenoxy)- l , l -dideuteroethyl-N-cyclopropylamine was o b t a i n e d  

u s i n g  an LKB-9000 g a s - l i q u i d  chromatograph-mass s p e c t r o m e t e r .  

G a s - l i q u i d  chromatography,  u s i n g  a 1% W98 column a t  155",  i n -  

d i c a t e d  t h a t  t h e  amine was pu re .  The m o l e c u l a r  i o n  (213) was 

weak a n d  t h e  spec t rum was c o m p l i c a t e d  by t h e  i n d i c a t i o n  of 
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M + 1  and  M - 1  i o n s ,  b u t  s t r o n g  peaks were p r e s e n t  a t  lTo(M-35,  

loss of c h l o r i n e ) ,  1 2 7  (o-C1C6H40), 86 (CH2C2H2NHC3H5) a n d  72 

(C2H2NHC3H5). 

t h e  d i f f e r e n c e  i n  mass of t h e  i o n s ,  was shown by  a u t h e n t i c  

u n d e u t e r a t e d  m a t e r i a l .  

The same mass f r a g m e n t a t i o n  p a t t e r n ,  e x c e p t  f o r  

The d i d e u t e r o n o r t r i p t y l i n e  and  i t s  dideutero-15N a n a l o g  

were a n a l y z e d  i n  t h e  same manner (column t e m p e r a t u r e  180") and 

were shown by  g a s - l i q u i d  chromatography t o  be  pu re .  Due t o  t h e  

p r e s e n c e  of M + 1 ,  M - 1 ,  M+2, and M-2 peaks t h e  mass f r a g m e n t a t i o n  

p a t t e r n s  were of l i t t l e  u s e  f o r  any e s t i m a t i o n  of t h e  e x t e n t  

of d e u t e r a t i o n .  T h a t  t h i s  d i d  n o t  i n d i c a t e  t h a t  t h e  samples  

were impure was demons t r a t ed  by t h e  i d e n t i c a l  b e h a v i o r  of 

n o r t r i p t y l i n e  i t s e l f .  It h a s  been  found  ( 2 )  t h a t  t h e  N - t r i -  

f l u o r o a c e t y l  d e r i v a t i v e  i s  much more s u i t a b l e  for mass s p e c t r a l  

a n a l y s i s  of  n o r t r i p t y l i n e .  

2-(~-Chlorophenoxy)-ethyl-l-14C-N-cyclopropylamine (Table  1) 

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

14C- labe led  amide. 

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

t o  p r e v e n t  r emova l  of t h e  2 - c h l o r o  s u b s t i t u e n t  l e d  t o  a v e r y  

low y i e l d  (16%). The u s e  of d i b o r a n e  c o m p l e t e l y  e l i m i n a t e d  

t h i s  problem and t h e  amine was o b t a i n e d  i n  61% y i e l d .  

T h i s  compound had p r e v i o u s l y  been  p r e p a r e d  

The a b i l i t y  of d i b o r a n e  t o  r e d u c e  amides w i t h o u t  removing 

a r o m a t i c  ha logens  l e d  a l s o  t o  t h e  f a c i l e  s y n t h e s i s  of two o t h e r  

14C- labe led  compounds which were needed f o r  metabol ism s t u d i e s  (6) .  

These were t h e  l -14C- labe led  d e m e t h y l a t i o n  i n h i b i t o r s  2- (2,4- 

Qichloro-6-pheny1phenoxy)ethylamine h y d r o c h l o r i d e  (7, 8) (DPEA, 

L i l l y  32391) and i t s  2 -ch lo ro -6 -pheny l  a n a l o g  (8)  (MPEA). 
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A f u r t h e r  a p p l i c a t i o n  of t h e  d i b o r a n e  r e d u c t i o n  was i n  t h e  

s y n t h e s i s  of 3-amin~methyl-~~C-pyridine. 

g i v e s  a low y i e l d  of t h e  amine b u t  r e d u c t i o n  of 3-cyano-14C- 

p y r i d i n e  gave t h e  d e s i r e d  p r o d u c t  i n  42% y i e l d .  No p roduc t  had 

been  i s o l a t e d  from an  a t t e m p t e d  LAH r e d u c t i o n  of n i co t inamide .  

The b r i l l a n t  ye l low c o l o r  of t h e  r e a c t i o n  m i x t u r e  s u g g e s t e d  t h e  

p o s s i b i l i t y  t h a t  c o - o r d i n a t i o n  had o c c u r r e d  b u t  n o t  t h e  d e s i r e d  

r e d u c t i o n .  C o - o r d i n a t i o n  has  been p roposed  ( 9 ) ,  w i t h  development 

of a n  o range  c o l o r ,  i n  t h e  f o r m a t i o n  o f  t h e  a c t i v e  a g e n t  f o r  

c e r t a i n  r e d u c t i o n s  w i t h  LAH i n  p y r i d i n e  and  i n  t h e  p r o d u c t i o n  

of d i h y d r o p y r i d i n e  d e r i v a t i v e s  ( 1 0 )  i n  t h e  a t t e m p t e d  LAH re- 

d u c t i o n  o f  a s e r i e s  of 3 ,5 -d icyanopyr id ines .  

Reduc t ion  of  n i c o t i n a m i d e  

EXPERIMENTAL 

M a t e r i a l s  and Methods. 

The s o l u t i o n  of d i b o r a n e  i n  t e t r a h y d r o f u r a n  and  t h e  sodium 

b o r o d e u t e r i d e  were pu rchased  from t h e  Ven t ron  C o r p o r a t i o n .  

Methylamine-15N h y d r o c h l o r i d e  was o b t a i n e d  from Merck Sha rp  and 

Dohme, Canada. I o d ~ a c e t a m i d e - l - ~ ~ C ,  n i ~ o t i n a r n i d e - 7 - ~ ~ C  and  

c h l ~ r o a c e t i c - l - ~ ~ C  a c i d  were s u p p l i e d  by  New England Nuc lea r  

Corp. A l l  were used a s  o b t a i n e d .  

The p l a t e s  u s e d  f o r  t h i n - l a y e r  chromatography (TLC) were 

S i l i c a  gel-GF (E. Merck).  Eastman Blue Brand X-ray f i l m  was 

u s e d  f o r  t h e  a u t o r a d i o g r a p h s .  The W98 column pack ing  used  i n  

g a s - l i q u i d  chromatography (GLC) i s  a m e t h y l - v i n y l  s i l i c o n e  

o b t a i n e d  from A p p l i e d  S c i e n c e  L a b o r a t o r i e s .  

Reduc t ions  (1). With Genera t ed  Deu te rod iborane .  To 2 mmoler 

of sodium b o r o d e u t e r i d e  and  0.5 mmole of amide i n  3 m i  of d r y  THP, 
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i n  a f l a s k  swept  w i t h  n i t r o g e n  and c o o l e d  i n  i c e - w a t e r ,  was 

added, a 1 1  a t  once,  2 mmoles (190 pl) of d i m e t h y l s u l f a t e  i n  

2 m l  of  d r y  THF. The m i x t u r e  was s t i r r e d  u n t i l  it came t o  room 

t e m p e r a t u r e ,  warmed g e n t l y  f o r  2 hour s ,  and  t h e n  r e f l u x e d  f o r  

8 hours .  

i n  D20. 

of t h e  THF, made s t r o n g l y  b a s i c  and e x t r a c t e d  w i t h  e t h e r .  

A f t e r  c o o l i n g ,  it was hydro lyzed  w i t h  2 m l  of 38% D C 1  

It was t h e n  h e a t e d  f o r  abou t  2 h r s . ,  b o i l i n g  o f f  most 

I n  t h e  c a s e  of 2-(2-chlorophenoxy)-l,l-dideuteroethyl-N- 

cyc lopropy lamine ,  p u r i f i c a t i o n  was accompl i shed  by p r e p a r a t i v e  

TLC (1:l m e t h y l c y c l o h e x a n e - e t h y l  a c e t a t e  i n  an  ammonia a tmosphe re ) ,  

e l u t i o n  w i t h  e t h y l  a c e t a t e ,  p r e p a r a t i o n  o f  t h e  h y d r o c h l o r i d e ,  

and r e c r y s t a l l i z a t i o n  from i s o p r o p a n o l - e t h e r .  

The e t h e r  s o l u t i o n  of t h e  l a b e l e d  n o r t r i p t y l i n e  was shaken 

w i t h  10 e q u i v a l e n t s ,  i n  s m a l l  p o r t i o n s ,  of 1 N  H C 1  and  t h e n  ex-  

t r a c t e d  v i t h  e t h y l  a c e t a t e  t o  remove what appea red  t o  be a s m a l l  

amount of u n r e a c t e d  amide. A f t e r  add ing  abou t  10 drops  of concd. 

HC1 t o  t h e  a c i d i c  s o l u t i o n  and  a l l o w i n g  it t o  s t a n d  o v e r n i g h t  

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

t h e  e t h e r  and e t h y l  a c e t a t e  s o l u t i o n s ,  a f t e r  s h a k i n g  w i t h  base ,  

by p r e p a r a t i v e  TLC (2:l e t h y l  a c e t a t e - m e t h y l  cyc lohexane  i n  a n  

ammonia a tmosphe re )  and e l u t i o n  w i t h  2:l e t h y l  a c e t a t e - e t h a n o l .  

The s o l v e n t s  were removed under  r educed  p r e s s u r e  and c r y s t a l l i n e  

h y d r o c h l o r i d e  was o b t a i n e d  a f t e r  add ing  2 m l  of I N  H C 1 .  

( 2 )  With Diborane.  These r e d u c t i o n s  were c a r r i e d  o u t  i n  

t h e  same manner e x c e p t  u s i n g  measured amounts of t h e  commercial  

1 molar  s o l u t i o n  of d i b o r a n e  i n  t e t r a h y d r o f u r a n .  
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5-Hydroxy- 5- v i n y l -  1 0 , l l -  bihydro- 5H-dibenzoC a,  d l c y c l o h e p t e n e .  

Vinylmagnesium bromide was p r e p a r e d  on a 0.87 molar s c a l e  

a c c o r d i n g  t o  t h e  p r o c e d u r e  of S e y f e r t h  (11). Then a s o l u t i o n  

of l5Og (0.72 mole)  of  l0,11-dihydro-5H-dibenzo[a, d l c y c l o h e p t e n -  

5-one i n  150  m l  of  d r y  THF was added a t  a r a t e  which m a i n t a i n e d  

t h e  t e m p e r a t u r e  a t  40-50". A f t e r  comple t ion  of t h e  a d d i t i o n ,  t h e  

m i x t u r e  was h e a t e d  a t  60" f o r  one hour  and  was a l l o w e d  to s t a n d  

o v e r n i g h t .  The m i x t u r e  was t h e n  c h i l l e d  i n  a n  i c e - b a t h  and was 

hydro lyzed  w i t h  600 m l  of s a t d .  N H 4 C 1  s o l u t i o n .  It  was s t i r r e d  

f o r  a n  hour ,  e x t r a c t e d  w i t h  e t h e r ,  washed w i t h  w a t e r ,  and  d r i e d  

ove r  MgS04. 

(82%) of p r o d u c t  which b o i l e d  a t  139-141' a t  0.3 mm. 

Removal of t h e  e t h e r  and d i s t i l l a t i o n  gave 150g 

Anal.  Ca lcd  f o r  C17B160: C ,  86.40; H, 6.83; 0, 6.77. 

Found: C ,  86.15; H, 6.91; 0, 7.03. 

1O,ll-Dihydro-5H-dibenzo[a, d]cycloheptene-a5 '  ' -e thyl  C h l o r i d e .  

Hydrogen c h l o r i d e  g a s  was p a s s e d  i n t o  a s o l u t i o n  of 50g (0.21 mole)  

of t h e  above v i n y l  c a r b i n o l  i n  500 m l  of d r y  chloroform,  a t  a 

r a t e  t o  promote y e f l u x ,  u n t i l  s a t u r a t e d  and f o r  t h i r t y  minu tes  

t h e r e a f t e r .  The s o l v e n t  was removed and  t h e  p r o d u c t  w a s  d i s t i l l e d  

a t  160-165O a t  0.8 mm t o  g i v e  39.1g (79%).  

Ana l .  Ca lcd  f o r  C17H15C1: C ,  80.15; H, 5.94; C1, 13.92. 

Found: C,80.43; H, 6.18; C l ,  14.18. 

10, ll-Dihydro-5K-dibenzo[a,d~cycloheptene-~5y ' - p r o p i o n i t r i l e .  

A m i x t u r e  of 25.58 (0.1 mole)  of t h e  c h l o r o  compound and 4.9g 

(0 .1  mole)  of NaCN i n  250 m l  of e t h a n o l  was h e a t e d  a t  r e f l u x  

o v e r n i g h t .  The s o l i d  p r e s e n t  was i s o l a t e d  by f i l t r a t i o n ,  

t r i t u r a t e d  w i t h  w a t e r ,  and r e c r y s t a l l i z e d  from e t h a n o l  t o  g i v e  
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p r o d u c t  m e l t i n g  a t  142-145'. 

Anal .  C a l c d  f o r  C18H15N: C ,  88.13; H, 6.16; N ,  5.71. 

Found: C ,  87.90; H, 6.34; N, 5.64. 

A d d i t i o n a l  p r o d u c t  was o b t a i n e d  by t a k i n g  t h e  r e a c t i o n  

mix tu re  t o  d ryness .  

n o t d e p r e s s  t h e  m.p. of t h e  f i r s t  m a t e r i a l  i s o l a t e d .  

y i e l d  was l o g  (41%).  

A f t e r  c r y s t a l l i z a t i o n  from e t h a n o l  it d i d  

The combined 

10 , l l -D ihydro -  5H-dibenzo[a, d l c y c l o h e p t  ene-8 5 ,  ' -propionic  a c i d .  

The n i t r i l e  ( l o g ,  0 .041 mole)  was hydro lyzed  w i t h  KOH (g . lg ,  

0.13 mole)  i n  e t h y l e n e  g l y c o l  ( 3 3  ml)  f o l l o w i n g  a p r o c e d u r e  

d e s c r i b e d  by Prou t  and co-workers (12 ) .  The a c i d  i s o l a t e d  

w a s  c r y s t a l l i z e d  from e t h a n o l - w a t e r  t o  g i v e  5.9g (55%) m e l t i n g  

a'c 115-117O. 

Anal .  C a l c d  f o r  C18HI6O2: C, 81.79; K, 6.10; 0, 12.11. 

Found: C ,  81.84; H, 6.26; 0, 12.28. 

N-Methyl-lOJ1l-dihydro-5H-dibenzo [a, d l c y c l o h e p t e n e - A  5 ,  P-propion- 

amide-15N. 

of t h e  a c i d  and  0.5 m l  (2.9 mmoles) of o x a l y l  c h l o r i d e  i n  24  m l  

of d r y  benzene.  R e a c t i o n  w i t h  240 mg (1 .5  rnmoles) of rnethyl- 

amine-15N h y d r o c h l o r i d e ,  1 m l  of w a t e r  and 3 m l  of  5N NaOH gave 

435 mg of a cream c o l o r e d  p r o d u c t  which m e l t e d  a t  125-130'. 

P r e p a r a t i v e  TLC (EtOAc-methylcyclohexane, 2 : l )  and EtOAc e l u t i o n  

gave  330 mg (48%) of p r o d u c t  m e l t i n g  a t  132-134'. A n a l y s i s  

by g a s - l i q u i d  chromatography (1% w98 column, 220°)-mass s p e c t r o -  

me t ry  showed t h e  p r o d u c t  t o  be p u r e  w i t h  a m o l e c u l a r  i o n  of 

278. 

(73) and  C0l5NHCH3 (59) .  

- 
The a c i d  c h l o r i d e  was p r e p a r e d  from 660 mg (2.5 mmoles) 

Fragments  c o r r e s p o n d e d  t o  CH-CH2C0l5NHCH3 (86) ,  CH2C0 1 5  NHCH3 
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N-Methyl-10, 11- d ihydro -  5H-dibenzoC a , d lcyc lohep tene -p  5, '-propion- 

amide was p r e p a r e d  a c c o r d i n g  t o  t h e  same g e n e r a l  p rocedure .  

The c r u d e  p r o d u c t  m e l t e d  a t  133-135', and  a sample was p u r i f i e d  

by r e c r y s t a l l i z a t i o n  from d i l u t e  E t O H  and t h e n  from E t O H  t o  

g i v e  p r o d u c t  which m e l t e d  a t  137-139'. 

Anal .  Calcd.  f o r  Cl9Hl9NO; C, 82.28; H I  6.90; N ,  5.05. 

Found: C ,  82.50; HI  7.08; N, 5.24. 

o-Chlorophenoxyacetic-1-14C Acid. 

o -ch lo ropheno l  i n  0.6 m l  of 5N NaOH s o l u t i o n  was added 94.5 mg 

(1 m i l l i c u r l e ,  1 mmole) of c h l ~ r o a c e t i c - l - ~ ~ C  a c i d  and 1 m l  of 

w a t e r  f o r  a r i n s e .  The mix tu re  was h e a t e d  a t  60-70" f o r  7 hour s .  

It was t h e n  a c i d i f i e d  w i t h  6N H C 1 ,  e x t r a c t e d  w i t h  e t h e r ,  and  

t h e  e x t r a c t s  were washed w i t h  w a t e r .  The p r o d u c t  was e x t r a c t e d  

w i t h  NaHC03 s o l u t i o n  and was i s o l a t e d  by a c i d i f i c a t i o n  w i t h  

'61.J H C 1  and f i l t r a t i o n  t o  g i v e  61 mg m e l t i n g  a t  147-149" ( 1 3 ) .  

E t h e r  e x t r a c t i o n  of t h e  a c i d i f i e d  s o l u t i o n  gave a n  a d d i t i o n a l  

1 0  mg of p r o d u c t  f o r  a t o t a l  y i e l d  of 38%. T h i s  was used  w i t h o u t  

f u r t h e r  p u r i f i c a t i o n .  

To 256 mg (2  mmoles) of 

o-Chlorophenoxy-N-cyclopropylacetamide-&-14C~ To t h e  a c i d  

c h l o r i d e  p r e p a r e d  from 71mg (0.38 mmole) of t h e  a c i d ,  u s i n g  

o x a l y l  c h l o r i d e ,  was added a s o l u t i o n  of  82mg (1.44 mmoles) 

of cyc lop ropy lamine  i n  3 m l  of benzene.  The y i e l d  of c r u d e  

amide was 63mg (73%) m e l t i n g  a t  92-94" ( a u t h e n t i c  sample,  

92-94). I t  was n o t  p u r i f i e d  p r i o r  t o  r e d u c t i o n .  

2-(2,4-Dichlor0-6-phenylphenoxy)a~etamide-l-~~C. To t h e  NaOEt 

from 25 mg (1 .1  mmoles) of sodium i n  1 m l  of a b s o l u t e  e t h a n o l  

was added 240 mg ( 1  mmole) of 2,4-dichloro-6-phenylphenol a n d  
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1 0  m l  of d r y  t o l u e n e .  The s o l u t i o n  was r e d u c e d  t o  h a l f  volume 

by b o i l i n g  and t h e r e  was t h e n  added 1 m C i  (185 mg, 1 mmole) of 

i o d ~ a c e t a m i d e - l - ~ ~ C .  

f o r  5 h o u r s .  

w a s  washed t w i c e  w i t h  1 N  NaOH s o l u t i o n  and t h e n  t h r e e  t i m e s  

w i t h  w a t e r .  The washes were drawn o f f  w i t h  a d roppe r .  The 

d r i e d  (MgS04) s o l u t i o n  was t a k e n  t o  d r y n e s s  unde r  r educed  

p r e s s u r e  t o  g i v e  240 mg of c r u d e  amide. Th i s  was p u r i f i e d  

on two p r e p a r a t i v e  TLC p l a t e s  ( 2  mm. t h i c k n e s s )  u s i n g  benzene- 

e t h y l  a c e t a t e  (1:l) a n d  e l u t i n g  w i t h  e t h y l  a c e t a t e .  The c o l o r l e s s  

p r o d u c t  (175 mg, 59$), m e l t i n g  a t  142-143O a f t e r  s o f t e n i n g ,  

was used  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  The r e p o r t e d  (14 )  

m e l t i n g  p o i n t  f o r  t h e  u n l a b e l e d  amide i s  143".  

The m i x t u r e  was s t i r r e d  and r e f l u x e d  g e n t l y  

A f t e r  c o o l i n g  and add ing  10 m l  of C H C 1 3 ,  t h e  s o l u t i o n  

2-Chlor0-6-phenylphenoxyacetamide-l-~~C was p r e p a r e d  i n  65% 

y i e l d  by t h e  same p rocedure  on a 0.5 mmole S c a l e  Using 92.5 mg 

(1 m i l l i c u r i e )  of i o d ~ a c e t a m i d e - l - ~ ~ C .  The c r u d e  amide me l t ed  

a t  157-158" and  was r e d u c e d  d i r e c t l y  v i t h o u t  t h e  TLC p u r i f i c a t i o n  

employed above.  The l i t e r a t u r e  (14 )  m e l t i n g  p o i n t  f o r  u n l a b e l e d  

amide i s  159'. 

3 - C y a n 0 - ~ ~ C - P y r i d i n e  w a s  p r e p a r e d  i n  70% y i e l d  by d i s t i l l a t i o n  

from a mix tu re  of n i e ~ t i n a m i d e - ? - ~ ~ C  and P205 a c c o r d i n g  t o  t h e  

method of LaForge ( 1 5 ) .  It was used  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  

3-Amin0methyl-~~C-pyridine d i h y d r o c h l o r i d e .  To 3.5 m l  (3.5 mmoles) 

of 1M B2H6 i n  THF W a s  added 146mg (1.4 mmoles) of t h e  above 

n i t r i l e  i n  8 m l  of  d r y  THF. An i n i t i a l  o range  c o l o r  f a d e d  
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t o  ye l low d u r i n g  one hour  s t i r r i n g  and became c o l o r l e s s  d u r i n g  

3 hour s  r e f l u x i n g .  H y d r o l y s i s  was accompl i shed  w i t h  1 m l  of 

e t h a n o l  and 2 m l  of  6 N  H C 1 .  The m i x t u r e  was made b a s i c  w i t h  

s a t u r a t e d  KOH and was e x t r a c t e d  w i t h  e t h e r .  

The s o l u t i o n  was d r i e d  o v e r  MgSOh. The d i h y d r o c h l o r i d e  

(lO5rng, 42%) m e l t e d  a t  222-227' a f t e r  s h r i n k i n g .  The s p e c i f i c  

a c t i v i t y  was 2.73 GCi/mg. T h i n - l a y e r  chromatography (EtOH-EtOAC 

1:l i n  a n  NH3 a tmosphe re )  co-chromatography w i t h  a u t h e n t i c  

m a t e r i a l ,  a u t o r a d i o g r a p h y ,  and  s c i n t i l l a t i o n  c o u n t i n g  of t h e  

r a d i o a c t i v e  s e c t i o n s  showed t h e  p r o d u c t  t o  have a r a d i o c h e m i c a l  

p u r i t y  of 95%. 
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