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A B S T R A C T

T h i s  t h e s i s  d e s c r i b e s  a n  a t t e m p t  to d e m o n s t r a t e

e n a n t i o 8 e I e c t i V i t y in f r e e - r a d i c a l  h y d r o g e n  t r a n s f e r  

r e a c t i o n s  a n d  w a s  d e s i g n e d  to t e s t  a n o v e l  e x t e n s i o n

of t h e  H a m m o n d  P o s t u l a t e .

It is p r o p o s e d  t h a t  t h e  r a t e s  of t w o  r e l a t e d  

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

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

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

is r e m o t e  f r o m  b o t h  r e a c t a n t  a n d  p r o d u c t .  By

s y n t h e s i s  a n d  s u b s e q u e n t  o x i d a t i o n  o f  s u i t a b l e  c h i r a l  

h y d r o x a m i c  a c i d s  a s e r i e s  of  p e r s i s t e n t  c h i r a l  a c y l  

n i t r o x i d e  r a d i c a l s  A r C 0 N ( R ) 0 *  h a s  b e e n  m a d e .  By

r e a c t i n g  s u c h  a s e r i e s  of n i t r o x i d e  r a d i c a l s  w i t h

s u i t a b l e  c h i r a l  b e n z y l i c  a l c o h o l s  A r ' C H O H R  it w a s  

h o p e d  t h a t  by v a r y i n g  t h e  n a t u r e  of A r ’ , t h e  a - C H  b o n d

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

of t h e  0 - H  b o n d  s t r e n g t h s  of A r C O N ( R ) O H .  It w a s

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

in a p l o t  of  e n a n t i o s e l e c t i v i t y  vs. 0 - H  b o n d  s t r e n g t h .

T h e  t a r g e t  m o l e c u l e s  f o r  t h i s  w o r k  w e r e  o p t i c a l l y  

a c t i v e  ^ - a l k y l b e n z o h y d r o x a m i c  a c i d s  in w h i c h  t h e  a)^kyl

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

S u b s t i t-H-t u i o n of e l e c t r o n  w i t h d r a w i n g  a n d  r e l e a s i n g

g r o u p s ,  r a n g i n g  f r o m  3 , 5 - ( N 0 2 ) 2  b o A - N ( M e ) 2 , i n t o  t h e

a r o y l  g r o u p  of t h e  h y d r o x a m i c  a c i d  a n d  s u b s e q u e n t

o x i d a t i o n  of t h e  l a t t e r  a l l o w e d  t h e  s y n t h e s i s  of



r a d i c a l s  w i t h  v a r y i n g  b o n d  s t r e n g t h s .  U V - v i s i b l e ,

e . s . r .  a n d  C D  s p e c t r a  w e r e  d e t e r m i n e d  f o r  t h e s e  

r a d i c a l s .  0 - H  b o n d  s t r e n g t h s  of t h e  h y d r o x a m i c  a c i d s  

w e r e  e s t i m a t e d  u s i n g  a n  e . s . r .  t e c h n i q u e  w h i c h  

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

t r a n s f e r  b e t w e e n  t h e  h y d r o x a m i c  a c i d  a n d  a s t a n d a r d  

d i - t - a l k y l  n i t r o x i d e  r a d i c a l  w h i c h  f o r m s  a b o n d  of 

k n o w n  s t r e n g t h  to h y d r o g e n .  T h e s e  e s t i m a t e d  v a l u e s  

r a n g e  f r o m  76 to 79 k c a l  m o l “ ^.

E n a n t i o s e l e c t i v i t y  w a s  s e a r c h e d  f o r  in t w o  w a y s .  

T h e  f i r s t  e m p l o y e d  U V  s p e c t r o s c o p y  to d e t e r m i n e  t h e  

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

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

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

i n v o l v e d  r e a c t i o n  of r a c e m i c  a l c o h o l  w i t h  c h i r a l  

r a d i c a l  a n d  s u b s e q u e n t  e x a m i n a t i o n  of e n a n t i o m e r i c  

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

( H P L C ) ;  t w o  a p p r o a c h e s  to t h i s  a r e  d e s c r i b e d .  In t h e  

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

w a s  i m m e a s u r a b l y  s m a l l .  In t h e  c a s e  of 2 - m e t h y l - l -  

- p h e n y 1 p r o p a n - 1 - o 1 a s m a l l  e n a n t i o m e r i c  e x c e s s  w a s  

o b s e r v e d  b u t  f u r t h e r  w o r k  is n e e d e d  to s u b s t a n t i a t e  

t h e s e  r e s u l t s .

S m a l l  c h i r a l  d i s c r i m i n a t i o n s  w e r e  o b s e r v e d  in th e  

o x i d a t i o n  r e a c t i o n s  of o n l y  o n e  a l c o h o l .  T h e s e

r e s u l t s  w e r e  i n s u f f i c i e n t  to i n v e s t i g a t e  t h e  e x t e n s i o n  

of t h e  H a m m o n d  P o s t u l a t e  as o r i g i n a l l y  p l a n n e d .
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C H A P T E R  1

I N T R O D U C T I O N

A . B a c k g r o u n d

B e r t i  a n d  P e r k i n s ^  h a v e  o b s e r v e d  

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

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

n i t r o x i d e  ( a m i n y l o x i d e )  ( 1 ) w i l l  e f f e c t

e n a n t i o s e l e c t i v e  o x i d a t i o n  of b e n z o i n  ( 2 ) l e a d i n g  to 

m a t e r i a l  e n r i c h e d  in o n e  e n a n t i o m e r .  T h u s ,  r e a c t i o n  

of b e n z o i n  w i t h  a p p r o x i m a t e l y  1. 5  m o l a r  e q u i v a l e n t s  of 

(1) in b e n z e n e  g i v e s  b e n z i l  (3) ( c a . 0 . 6  e q u i v a l e n t s )

t o g e t h e r  w i t h  u n r e a c t e d  b e n z o i n  ( c a . 0 . 4  e q u i v a l e n t s )

w h i c h  h a s  ( cx i n c h l o r o f o r m  of + 1 4 ° .  T h i s

c o r r e s p o n d s  to a n  e n a n t i o m e r i c  e x c e s s  of 7 % . ^

O OH D O
II I II II

Ph—C —C—Ph Ph—C —C —Ph

H

(2) (3)

F r e e - r a d i c a l  h y d r o g e n  a t o m  t r a n s f e r  h a s  a l s o  b e e n  

u s e d  b y  H a r g i s  et a 1 ^ to e f f e c t  p a r t i a l  o p t i c a l  

r e s o l u t i o n  of a h y d r o c a r b o n .  In t h a t  w o r k ,  t w o

s a m p l e s  of 2 - p h e n y 1 - 2 - b u t a n o 1 of d i f f e r i n g  o p t i c a l  

p u r i t y  w e r e  c o n v e r t e d  to t h e  h y p o c h l o r i t e s .  C a r b o n  

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

h y p o c h l o r i t e s  a n d  r a c e m i c  2 - p h e n y l b u t a n e  ( 1 0 : 1  m o l a r  

r a t i o )  w e r e  p h o t o l y s e d .  T h e  u n r e a c t e d  p h e n y 1 b u t a n e s

O'

Bu

(1)



w e r e  r e c o v e r e d  a n d  c h e c k e d  f o r  o p t i c a l  p u r i t y .  U s i n g  

8 6 , 2 %  o p t i c a l l y  p u r e  h y p o c h l o r i t e  s o l u t i o n ,  H a r g i s  

a c h i e v e d  1 5 . 4 %  r e s o l u t i o n  of t h e  p h e n y 1 b u t a n e . H e  

o b s e r v e d  t h a t  a l t h o u g h  t h e  d e g r e e  of r e s o l u t i o n  

a c h i e v e d  w a s  l o w ,  t h e r e  w a s  a r e l a t i v e l y  l a r g e  

d i f f e r e n c e  in t h e  r a t e  of r e a c t i o n  of t h e  t w o  

e n a n t i o m e  r s .

T h e  w o r k  d e s c r i b e d  in t h i s  t h e s i s  is t h e  r e s u l t

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

s e l e c t i v i t y  in h y d r o g e n  a t o m  t r a n s f e r  r e a c t i o n s  of 

t h i s  k i n d ,  a n d  is a n  e x t e n s i o n  o f  t h e  w o r k  of B e r t i  

a n d  P e r k i n s .

It is n e c e s s a r y  to g i v e  f i r s t  s o m e  r e l e v a n t

b a c k g r o u n d  to t h e  B e r t i  e x p e r i m e n t .  T h i s  i n t r o d u c t i o n  

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

r e l a t i v e l y  r e a c t i v e  c l a s s  of n i t r o x i d e s  in w h i c h  t h e r e  

is an  a c y l  g r o u p  a t t a c h e d  to n i t r o g e n .  It g o e s  o n  to

s h o w  h o w  t h e  H a m m o n d  P o s t u l a t e  m i g h t  be m o d i f i e d  to 

d e a l  w i t h  s e l e c t i v i t y  in a c l a s s  of r e a c t i o n s  

d e s c r i b e d  as " e q u i t h e r m a l " ;  h y d r o g e n  a b s t r a c t i o n s  f r o m  

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

f a l l  i n t o  t h i s  c l a s s .

B .____ N i t r o x i d e  F r e e  R a d i c a l s

O r g a n i c  f r e e  r a d i c a l s  a r e ,  by d e f i n i t i o n ,  

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

a n d  t h e i r  c h e m i s t r y  is a l m o s t  e n t i r e l y  c o n c e r n e d  w i t h  

t h e  d i r e c t  i n v o l v e m e n t  of t h o s e  e l e c t r o n s .  T h e



r e a c t i v i t y  a n d  h e n c e  t h e  s t a b i l i t y  of t h i s  c l a s s  of 

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

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

R a d i c a l s  c o n t a i n i n g  t h e  N - 0  * g r o u p  in w h i c h  t h e  

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

k n o w n  as n i t r o x i d e s .  A l t h o u g h  t h e  i n o r g a n i c  r a d i c a l  

F r e m y ' s  s a 1 1 ̂  ( 4 ) h a s  b e e n  k n o w n  s i n c e  1 8 4 5  it w a s  n o t  

u n t i l  1 9 0 1  t h a t  t h e  f i r s t  o r g a n i c  n i t r o x i d e  w a s

p r e p a r e d  w h e n  P i l o t y  a n d  S c h w e r i n ^  i s o l a t e d  a n d

c h a r a c t e r i z e d  t h e  h e t e r o c y c l i c  f r e e  r a d i c a l

p o r p h y r e x i d e  (5).

* I
O'

(4) (5)

By a n a l o g y  w i t h  t h e  e l e c t r o n i c  s t r u c t u r e  of t h e

r e l a t e d  n i t r o g e n  o x i d e s ,  t h e  n i t r o x i d e  g r o u p  is

s o m e t i m e s  r e p r e s e n t e d  as ( 6 ) ^ » ^  w h i c h  e m p h a s i z e s  t h e  3TT 

- e l e c t r o n  a r r a n g e m e n t .  S i n c e  o n e  of th e  TT e l e c t r o n s  

is in an a n t i  b o n d i n g  o r b i t a l  th e  o v e r a l l  r e s u l t  is a 

t w o  c e n t e r e d  t h r e e - e l e c t r o n  b o n d  w h i c h  c a n ,  for 

c o n v e n i e n c e ,  be s h o w n  by s t r u c t u r e  (7)

R - .  R%
^ N - 0

R  r '

(6) (7)
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In an attempt to convey more info r m a t i o n  the nit r o x i d e  

group can also be r e p r e sented as a resonance hydrid

receiving c o n t r i b u t i o n s  from structures (8) and (9) 

be low ;

R N,, R \  _
: N - 0 -  < — ► N - 0

2^  2 /
R R

( « )  ( 9 )

A n  a l t e r n a t i v e  n i t r o x i d e  m o d e l  h a s  b e e n  p r o p o s e d  by 

L i n n e t t ® » ^  u s i n g  t h e  d o u b l e  q u a r t e t  h y p o t h e s i s :  t h i s

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

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

C o m b i n a t i o n  of t w o  n i t r o x i d e  r a d i c a l s  w o u l d  l e a d  

to t h e  f o r m a t i o n  of a d i m e r ,  e q u a t i o n  1 :

"S.
:N — O' w :N — O  —  O  —  N: E q u a t i o n  1

X  ^  X  \

H o w e v e r ,  n i t r o x i d e s  w i t h  n o  (X— h y d r o g e n s  a r e  p r o b a b l y

t h e  s t a b l e s t  f r e e  r a d i c a l s  a n d  s h o w  no t e n d e n c y  to 

d i m e r i z e  or r e a c t  w i t h  a i r .  F o r  e x a m p l e ,  d i - t - b u t y l  

n i t r o x i d e  ( l O )  is e a s i l y  o b t a i n e d  in t h e  p u r e  s t a t e  by

r e a c t i o n  of s o d i u m  w i t h  2 - m e t h y 1 - 2 - n i t r o p r o p a n e  a n d  is

a r e d  l i q u i d  s t a b l e ^ ® » ^ ^  in a i r  up to a t e m p e r a t u r e  of

1 2 0 ° C .
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Bu Bu  ̂
\  /  

N
(10)

F o r  t h i s  r a d i c a l  t h e  e q u i l i b r i u m  in e q u a t i o n  1 l i e s  

w e l l  to t h e  l e f t - h a n d  s i d e .  T h e  s t a b i l i t y  of t h e  f r e e  

n i t r o x i d e  c a n  be  e x p l a i n e d  in t e r m s  of t h e  l i n e a r  

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

C o m b i n a t i o n  of t h e  t w o  a t o m i c  pg o r b i t a l s  l e a d s  to a 

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

t h r e e  TT e l e c t r o n s  w i t h i n  t h e  t w o  m o l e c u l a r  7T - o r b i t a l s  

( F i g .  1).

f- 4 2pz

2pz ^

/ N - 0 Fig 1

T w o  of t h e  TT e l e c t r o n s  o c c u p y  t h e  l o w  l y i n g  b o n d i n g

o r b i t a l ,  t h e  t h i r d  o n e  is in t h e  h i g h e r  e n e r g y  

77 - a n  t i b o n d  i ng  o r b i t a l ,  t h u s  y i e l d i n g  t h e  n e t  TT b o n d i n g  

of o n e  e l e c t r o n  d e p i c t e d  in (7). T h e  N - 0  b o n d  o r d e r  

p r e d i c t e d  fo r  s u c h  a O^'fT^ TT* ̂  e l e c t r o n i c  c o n f i g u r a t i o n

w o u l d  t h e n  be 1.5 ( 1 e . 1 + 1 - 0 . 5 ) .  In
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2 ,2 , 6 , 6 - t e t r a m e t h y l p i p e r l d l n e - N - o x y l  ( 1 1 ) t h e

de  l o c a l 1 z a t I o n  e n e r g y  is of t h e  o r d e r  of 30 k c a l / m o l l ^

N
I ( 1 1 )

T h e  f o r m a t i o n  of t h e  d i m e r  ( i . e .  c r e a t i o n  of a n e w  0 - 0  

b o n d )  w o u l d  a c h i e v e  a g a i n  in e n e r g y  of 35 k c a l / m o l e .  

T h i s  g a i n  in e n e r g y  c a n n o t  c o m p e n s a t e  f o r  t h e  l o s s  of 

d e l o c a l i z a t i o n  e n e r g y  of t h e  tw o  n i t r o x i d e  m o l e c u l e s .  

In s h o r t ,  t h e  n e t  TT b o n d i n g  of o n e  e l e c t r o n  w i l l  be 

l o s t .  S u c h  a h i g h  d e l o c a l i z a t i o n  e n e r g y  ( 3 0  k c a l / m o l )  

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

t h e r m o c h e m i c a l  v a l u e s  of t h e  e n e r g y  of t h e  N - 0  b o n d  

a n d  is o n e  of t h e  r e a s o n s  f o r  t h e  h i g h  s t a b i l i t y  of 

t h e  f r e e  n i t r o x i d e s .

S e v e r a l  r e v i e w s  o n  t h e  o r g a n i c  c h e m i s t r y  of 

n i t r o x i d e  r a d i c a l s  h a v e  b e e n  c o m p i l e d . 1 4 , 1 5

C . A c y l  N i t r o x i d e s

N i t r o x i d e s  of  t h e  g e n e r a l  f o r m u l a

( 1 2 ) w h e r e  t h e r e  is a n  a c y l  g r o u p  a t t a c h e d  to 

n i t r o x i d e  n i t r o g e n  a r e  k n o w n  as a c y l  n i t r o x i d e s .  T h e  

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

a n d  th e  p a t t e r n  of  r e a c t i o n s  of t h e s e  r a d i c a l s .

O O 

r* - c - n - r '
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( 1 ) s t r u c t u r e .

D l a l k y l  n i t r o x i d e s  a r e  c o n s i d e r e d  to h a v e  a b o u t  

5 0 % of t h e  s p i n  d e n s i t y  o n  o x y g e n  ( 1 3 )

( 1 3 )

A c y l  n i t r o x i d e s  e x h i b i t  a h i g h e r  s p i n  d e n s i t y  at 

o x y g e n ^ ®  a n d  t h e  e s t i m a t e d  0 - H  b o n d  s t r e n g t h s  of t h e  

c o r r e s p o n d i n g  h y d r o x a m i c  a c i d s  R C O N ( O H ) R '  a r e  

g e n e r a l l y  s t r o n g e r  t h a n  t h o s e  in s i m p l e

h y d r o x y l a m i n e s .  T h e s e  o b s e r v a t i o n s  l e a d  to t h e

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

is to d e l o c a l i z e  t h e  n i t r o g e n  l o n e  p a i r .  P e r k i n s ^ ^  

a n d  o t h e r s  b e f o r e ^ ®  h a v e  a r g u e d  t h a t  l o n e  p a i r  

d e l o c a l i z a t i o n  f r o m  n i t r o x i d e  n i t r o g e n  w o u l d  t e n d  to 

'fix' t h e  u n p a i r e d  e l e c t r o n  on o x y g e n  p r o d u c i n g  a 

h y b r i d  s t r u c t u r e  ( 1 4 )  w i t h  t h e  r a d i c a l  c e n t r e  

' d e s t a b i l i z e d ' r e l a t i v e  to t h e  d i a l k y l  n i t r o x i d e s .

^  V  " O  ^ V

( 1 4 )

S u p p o r t i v e  e v i d e n c e  fo r  t h e  c o n c e n t r a t i o n  of s p i n  

d e n s i t y  o n  n i t r o x i d e  o x y g e n  in a c y l  n i t r o x i d e s  is 

f o u n d  in e . s . r .  s p e c t r o s c o p y .  T h e  r e d i s t r i b u t i o n  of
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s p i n  d e n s i t y  w i t h i n  t h e  N - 0  ÏÏ s y s t e m  c h a n g e s  t h e

n u c l e a r  h y p e r f i n e  s p l i t t i n g  c o n s t a n t s ,  ( â q a n d  a g ) .  

T h e  n i t r o g e n  h y p e r f i n e  c o u p l i n g  c o n s t a n t  ( a ^ )  g i v e s  a 

u s e f u l  g u i d e  to t h e  d e g r e e  of s p i n  d e n s i t y  at

n i t r o g e n ,  t h u s ,  t h e  g r e a t e r  t h e  s p i n  d e n s i t y  t h e

g r e a t e r  t h e  a ^  v a l u e .  T h e  a ^  v a l u e s  f o r  d i a l k y l

n i t r o x i d e s  a r e  m u c h  l a r g e r  ( c a . 15 G a u s s )  t h a n  t h o s e

of a c y l  n i t r o x i d e s  ( c a . 7 - 8  G a u s s )  s h o w i n g  t h e  l o w e r

s p i n  d e n s i t y  at n i t r o g e n  in t h e  l a t t e r .

0 -TT i n t e r a c t i o n  p a r a m e t e r s  f o r  ^4;^ a n d  ^ ̂  O c a n  be 

o b t a i n e d  by c o r r e l a t i o n  of t h e  i s o t r o p i c  h y p e r f i n e

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

s p l i t t i n g  ( Ti, i = ^4#^ ^ ^ O )  as d e t e r m i n e d  f r o m

c o m b i n e d  m e a s u r e m e n t s  of i s o t r o p i c  a n d  a n i s o t r o p i c

h f s . ^ ®  T h u s  c o r r e l a t i n g  a a n d  a Q as d i r e c t l y

p r o p o r t i o n a l  to p a n d  P q  ( t h e  TT e l e c t r o n  s p i n  

d e n s i t i e s  o n  N a n d  0), A u r i c h ^ ® » ^ ^  f o u n d  a v e r y  g o o d  

c o r r e l a t i o n  b e t w e n  a ̂  a n d  a g . In s e v e r a l  r e s p e c t s

t h i s  is an o v e r s i m p l i f i e d  p i c t u r e  of t h e  a c y l  

n i t r o x i d e  s t r u c t u r e .  F o r  R C 0 N ( B u * ‘)0* w h e r e  R = C H 3 

® N  “ 7 . 7 5  G a u s s :  a Q n i t r o x i d e  = 2 0 . 3  G a u s s )  J e n k i n s

et a 1 ^ ̂  h a v e  s h o w n  t h a t  a p p r o x i m a t e l y  1 9 %  of t h e

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

J e n k i n s  g e n e r a t e d  t h e  c a r b o n y l  ^ ^ 0 - l a b e l l e d  b e n z o y l

b u t y l  n i t r o x i d e  R = Ph a n d  f o u n d  a Q = 4 . 4 9  ( P h H ,

2 9 3 K ) . T h i s  c o r r e s p o n d s  to a P q  c a r b o n y l  of c a . 1 2 % ,

a n d  l e a d s  to th e  c o n c l u s i o n  t h a t  t h e r e  is a s m a l l  b u t
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a p p r e c i a b l e  c o n t r i b u t i o n  f r o m  ( 1 5 )

2 1 ♦ • 
R — C = N — R

O -

( 1 5 )

T h e  i n t e r p r e t a t i o n  of ag ( c a r b o n y l )  is c o m p l i c a t e d  by 

t h e  r e s u l t s  of  I N D O  c a l c u l a t i o n s  w h i c h  s u g g e s t  t h a t  P q 

( c a r b o n y l )  m a y b e  o f f s e t  by a n e g a t i v e  s p i n  d e n s i t y  on  

c a r b o n  a n d  t h e r e f o r e  P q  ( c a r b o n y l )  m i g h t  be e v e n  

g r e a t e r  t h a n  1 9 % .  T h e  I N D O  c a l c u l a t i o n s  w e r e  m a d e  o n  

c o p l a n a r  H C O N H O * w i t h  t h e  o x y g e n  a t o m s  a n t i  r e l a t e d ^ ^ ;  

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

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

a - i m i n i o a l k y l  n i t r o x i d e s  ( 1 6 ) ^ ® ;

R O'
\  /  , t

2 N e.g R r Bu
R - N  r '

( 1 6 )

N e v e r t h e l e s s ,  t h e  r o l e  of t h e  l o n e  p a i r  d e l o c a l i z a t i o n  

s e e m s  to be s u p p o r t e d  by a n  e x c e l l e n t  c o r r e l a t i o n  

b e t w e e n  t h e  0 - H  b o n d  s t r e n g t h s  of 17(a-^d) a n d  B r o w n ' s  

CT̂  c o n s t a n t s .

n  t a: X= Ph
/ = \  II b:X= H

X — // C —  N c: X= N0%
y '‘O H  d ; X=OMe

(17)
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A l t h o u g h  a f o r  t h e s e  n i t r o x i d e s  d o e s  n o t  c h a n g e  v e r y  

m a r k e d l y  w i t h  s u b s t i t u e n t  t h e r e  is a g o o d  c o r r e l a t i o n  

( 0 . 9 9 )  b e t w e e n  a ̂  a n d  çf^ o v e r  t h e  r a n g e  p - N 0 2  “

p - N ( M e ) 2  i n c l u d i n g  e i g h t  p - s u b s t i t u t e d  a r o y l

n i t r o x i d e s . T h e  i n f e r e n c e  is t h a t  c o n j u g a t i o n  

a c r o s s  t h e  b e n z e n e  r i n g  c o m p e t e s  w i t h  n i t r o g e n  l o n e  

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

d r a m a t i c a l l y  in t h e  t e r t - b u t y l  d i a  1 k y 1 a m i n o c a r b o n y  1 

n i t r o x i d e  ( 1 8 )  f o r  w h i c h  an a ^  v a l u e  of c a . 12 G a u s s

a c c o r d s  w i t h  a n i t r o x i d e  m o i e t y  i n t e r m e d i a t e  b e t w e e n  

a c y l  a n d  a l k y l .

■ ° \  < 1 8 )
N — Bu 

N - C

'"o

( 1 i ) G e o m e  t r y

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

( 1 8 ) ,  ( 1 9 )  a n d  ( 2 0 )  h a v e  a f f o r d e d  a v a l u a b l e  i n s i g h t

i n t o  t h e  s t r u c t u r e  of t h e s e  a c y l  n i t r o x i d e s . ^ ^

/ O -  .  N . O H
N - C —NC - N

( 1 9 ) (2 0)

/ O H  
N - C O N

(18)
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In t h e  d i n i t r o b e n z o y 1 n i t r o x i d e  c r y s t a l  ( 1 9 )  t h e

c a r b o n  a n d  n i t r o g e n  c e n t r e s  a r e  b o t h  e s s e n t i a l l y  

p l a n a r  a n d  t h e r e  is a d i h e d r a l  a n g l e  b e t w e e n  t h e s e  t w o

p l a n e s  of  a b o u t  1 4 ° .  T h e  o x y g e n  a t o m s  a r e  ' a n t i ’

r e l a t e d ^ ^  ( 2 1 )  a n d  t h e  N - 0  b o n d  l e n g t h s  l i e  w i t h i n  t h e  

r a n g e  f o u n d  f o r  o t h e r  n i t r o x i d e s . ^5 T h e  l e n g t h  of t h e

c a r b o n y  1 - N - b o n d  is i n t e r m e d i a t e  b e t w e e n  t h a t  o f  a C - N
e.s i n g l e  b o n d  a n d  a C - N  a m i d e  b o n d ,  c o n s i s t a n t  w i t h  

a p p r e c i a b l e  d o u b l e - b o n d  c h a r a c t e r  r e q u i r e d  by 

c o n t r i b u t i o n  f r o m  s t r u c t u r e s  ( 1 4 )  a n d  ( 1 5 ) ,  t h a t  is.

=  ♦ _ >  ''n = c ^
'' o '  ^

( 1 5 )  ( 1 4 )

t h e r e  is m a r k e d  d e l o c a l i z a t i o n  in t h e  C 0 N ( 0 * ) “ s y s t e m  

of ( 2 1 ) .  In t h e  c a s e  of t h e  s t r u c t u r e  of t h e

pi p e r i d i n o c a r b o n y l  n i t r o x i d e  ( 1 8 )  the c a r b o n y l  

n i t r o x i d e  b o n d  l e n g t h  is m u c h  g r e a t e r  t h a n  f o r  th e  

d i n i t r o b e n z o y l  n i t r o x i d e :  t h e  d i h e d r a l  a n g l e  b e t w e e n

t h e  C a n d  N c e n t r e s  is 5 6°, a n d  w h i l s t  t h e  

pi p e r i d i n o c a r b o n y l  a m i d e  u n i t  is e s s e n t i a l l y  p l a n a r ,  

t h e  n i t r o x i d e  n i t r o g e n  is p e r c e p t i b l y  b e n t  ( t h e  N - 0  

b o n d  is c a . 1 2 °  o u t  of t h e  C N C  p l a n e ) .  T h e r e  is l e s s

d e l o c a l i z a t i o n  in ( 1 8 )  c o m p a r e d  to ( 1 9 )  b e c a u s e  of 

c o m p e t i n g  i n t e r a c t i o n  of t h e  c a r b o n y l  g r o u p  w i t h  t h e  

p i p e r i d i n e  n i t r o g e n .
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NO

N —C Me
NO; •G

(21)

( i i i )  S y n t h e s i s

S i n c e  t h e  e a r l y  o b s e r v a t i o n s  by  A u r i c h  et al m a n y  

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

n i t r o x i d e s  d e t e c t e d  by e . s . r .  s p e c t r o s c o p y .  F o r

e x a m p l e ,  l o w  t e m p e r a t u r e  p h o t o l y s e s  of ^ - c h l o r o -

( 2 2 )^^ a n d  N ^ n l t r o s o - ^ - a l k y l a m i d e s  ( 2 3 ) ^ ®  g a v e  t h e  

c o r r e s p o n d i n g  a c y l  n i t r o x i d e  ( 2 4 ) .

O Cl

R — N — C — R

O N = 0  ( 2 4 )

( 2 3 )

A number of acyl n i t r o x i d e s  ( 2 5 )  with d i f f e r e n t l y  

s u b s tituted aryl groups were obtai n e d  upon ox i d a t i o n  

of * - d i a r y 1 h y d r o X y u r e a 2 9

O' O H 

A r - N - C - N  ( 2 5 )

Ar'

C y c l i c  a c y l  n i t r o x i d e s  h a v e  a l s o  b e e n  r e p o r t e d  by 

s e v e r a l  g r o u p s .  2 4 , 3 0 , 3 1  T h u s  O^-n i t r o b u  t y 1 b e n z e n e s

( 2 6 )  u p o n  p h o t o l y s i s  g a v e  1 - h y d r o x y - 3 , 3 - d i m e t h y 1 i n d a n -
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- 2 - o n e s  ( 2 7 )  a l o n g  w i t h  o t h e r  p r o d u c t s  s u c h  as ( 2 8 ) .  

T h e  c y c l i c  h y d r o x a m i c  a c i d  ( 2 7 )  c a n  b e  e a s i l y  o x i d i s e d  

to h i g h l y  p e r s i s t e n t  c y c l i c  a c y l  n i t r o x i d e s  ( 2 9 )  w i t h  

P b ( 0 A C )4 o r  PbO^:

NO; -2H

( 2 6 ) ( 2 7 )

(2 8 )

i

( 2 9 )

U l l m a n ' s  g r o u p ^ Z  r e p o r t  t h e  f o r m a t i o n  of an  u n i s o l a t e d  

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

2 - b r o m o - 4 , 4 , 5 , 5 - t e t r a m e t h y l - i m i d a z o l i n - l - o x y l  ( 3 0 )

w i t h  a q u e o u s  K O H I

j ^ N  aq. KOH

—
I
o*

- r V o -  ^ &
( 3 0 )

All these e x p e r i m e n t s  have generally been conducted in 

the e.s.r. cavity. Al t h o u g h  there n i t r oxides have
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b e e n  u n a m b i g u o u s l y  o b s e r v e d  b y  e . s . r .  a n d  l o w  v a l u e s  

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

n o t e d , 24  ̂j. w a s  n o t  u n t i l  1 9 7 3  t h a t  P e r k i n s  a n d  W a r d

i s o l a t e d  s e v e r a l  ^ - a l k y l  a c y l  n i t r o x i d e s . 3 3  T h e

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

t h e s e  r a d i c a l s  w a s  t h e  t e r t i a r y  a 1 k y 1 h y d r o x y 1 a m i n e  

J^-bu t y 1  hy d r o x y  1  a m i  n e  ( 3 1 )

( 3 1 )
Bu^-NHOH

S c h e m e ' s  1 a n d  2 s h o w  t h e  g e n e r a l  m e t h o d s  a v a i l a b l e  

f o r  t h e  s y n t h e s i s  of ^ - a 1 k y 1 h y d r o x y 1 a m i  n e s .

S ch erne 1

( R - N O z Jf-RNHOH

S c h e m e  2

e - R - N = C
Ph

\
H

/ ° \  / P h  
< R - N - C ^\H

f-R NH OH

^ ^ B u t y ] h y d r o x y  lamine on acy l a t i o n  gives a mixture of ^  

and ^ mono-acyl derivatives, the proportions of which 

depend on the a c y lation p r o cedure adopted. The

predominant product, however, is always the 0^-acyl
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d e r i v a t i v e .  U s e  of a c e t i c  a n h y d r i d e  g i v e s  a l m o s t

e x c l u s i v e  f o r m a t i o n  of 0 - a c e t y l - N - ^ - b u t y l h y d r o x y l a m i n e  

w h i c h  c a n  be  f u r t h e r  a c y l a t e d  o n  n i t r o g e n .  T h e  a c e t y l  

g r o u p  m a y  t h e n  be r e m o v e d  b y  h y d r o l y s i s  to g i v e  

^ - ^ - b u t y l h y d r o x a m i c  a c i d s  in g o o d  y i e l d s ,  s c h e m e  3: 

S c h e m e  3

OAc
( RNHOH <-RNHOAc

( R - N

COC.H6 ' '5

(* R— N
/
\
COCsH6'*5

( R - N
/

''

OH

\COCgH,

In 1 9 6 3  Z i n n e r ^ ^  h a d  p r o p o s e d  a n  a l t e r n a t i v e  r o u t e  to 

t h e  h y d r o x a m i c  a c i d s  w h i c h  w a s  l a t e r  m o d i f i e d  by

A l e w o o d . 3 5  I n t h i s  c a s e  Jt-bu t y 1 a m  i ne is c o n v e r t e d  

d i r e c t l y  to U n p r o t e c t e d  h y d r o x y l a m i n e ,  s c h e m e  4 :

S c h e m e  4

( - R - N H , ( R N H O C O P h  ► ( - R - N
X OCOPh

\COPh

( - R - N
/ OH

\
COPh
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F u r t h e r  d i s c u s s i o n  of t h e s e  s y n t h e s e s  c a n  be f o u n d  in 

c h a p t e r  ( 2 ).

( i v )  R e a c t i o n s

A c y l  n i t r o x i d e s  w e r e  f i r s t  d e t e c t e d ^ G  in a n  e . s . r .

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

a c i d s  a n d  h y d r o x y c a r b a m a t e s  in a q u e o u s  m e d i a  u s i n g  

o n e - e l e c t r o n  o x i d a n t s .

R
2 I

R — CO — N —OH

R
2 I 

R — CO — N —O
(1 2)

T h e  n a t u r e  of t h e  a l k y l  g r o u p  R ̂  d i c t a t e s  t h e
ep e r s i s t e n c e  of a c y l  n i t r o x i d e s .

W h e n  R ̂  is h y d r o g e n ,  o x i d a t i v e  c l e a v a g e  of t h e

h y d r o x a m i c  a c i d  l e a d s  to a t r a n s i e n t  n i t r o s o - c a r b o n y 1

c o m p o u n d  ( 3 2 )  w h i c h  c a n  a c t  as a n  a c y l a t i n g  a g e n t .

R — CO —NO ( 3 2 )

H o w e v e r ,  w h e n  R is a p r i m a r y  or s e c o n d a r y  a l k y l  

g r o u p ,  f o r  e x a m p l e ,  i s o p r o p y l ,  t h e  a l k y l  a c y l  

n i t r o x i d e  ( 3 4 )  f o r m e d  by o n e  e l e c t r o n  o x i d a t i o n  of th e  

a 1 k y 1 h y d r o X a m i c  a c i d  ( 3 3 )  m a y  d i s p r o p o r t i o n a t e  to 

g i v e  ( 3 5 ) ,  an ^ - a c y l  n i t r o n e .

T h e  a c y l  n i t r o n e  ( 3 5 )  is h i g h l y  s u s c e p t i b l e  to 

n u c l e o p h i l i c  a t t a c k ,  a n d  q u i c k l y  r e a c t s  w i t h  ( 3 3 ) to 

g i v e  n e w  p r o d u c t s  ( 3 6 )  a n d  ( 3 7 ) :
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CHj ^ OH
x C H - N   ̂

CH3 COR

Lo] C H , x  / O '
C H - N  

/  \  2CH, COR

( 3 3 )

C " ' \  / O '
C H - N  

C H , ^  ''COR^

( 3 4 )

C H 3/  \

( 3 4 )

C H 3 Q-
^ C = N ^

\ o R ^

( 3 5 )

CH, / OCOR
C H - N  

CH3'^ ^ C O R *

( 3 3 )

CH,

CH

\ I
/ C =  N

/OH

COR

( 3 5 )  ( 3 6 )  ( 3 7 )

H u s s a i n  e_t a 1 h a v e  s h o w n  t h a t  by s t r u c t u r a l

m o d i f i c a t i o n  of  ( 3 5 )  it is p o s s i b l e  to ' t r a p '  t h e  a c y l

n i t r o n e 38 N u c l e o p h i l i c  a t t a c k  at c a r b o n y l  c a r b o n  c a n

be h i n d e r e d  by a b u l k y  t e r t i a r y  a l k y l  g r o u p  ( r 2 =

1 - A d )  a n d  t h e  r e a c t i v i t y  of t h e  1 , 3 - d i p o l e  e n h a n c e d  by

t h e  r e m o v a l  of t h e  m e t h y l  s u b s t i t u e n t s  ( C H 3 = H).

T h u s ,  r e a c t i o n  of t h e  a c y l  n i t r o n e  ( 3 8 )  w i t h  

^ - p h e n y l m a l e i m i d e  ( 3 9 )  g a v e  t h e  c y c l o a d d i t i o n  p r o d u c t

( 4 0 )  in 7 0 %  y i e l d .

7 '  [ 0]  T '
A d - C O - N - O H  -------► A d - C O - N - O
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Ad — 0 0  — N —O
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A d - C O - N \
O -

( 3 8 )

C,H3
+ Ad —0 0 —N —OH

N—Ph
( 3 9 )

CH
- P hAd—0 0 —

( 4 0 )

If R in s t r u c t u r e  ( 1 2 )  is t e r t i a r y  a l k y l ,  t h a t  is,

t h e r e  a r e  n o  Ot h y d r o g e n  a t o m s ,  t h e n  t h e  a c y l

n i t r o x i d e s  a r e  n o r m a l l y  e a s i l y  i s o l a t e d .  P e r k i n s ' s

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

c h e m i s t r y  of  t h e  r a d i c a l s  ( 4 2 )  p r o d u c e d  by  o x i d a t i o n

of N - t e r t - b u t y l h y d r o x a m i c  a c i d s  ( 4 1 )
t ^ tBu 

I 
R — 0 0  — N—OH

( 4 1 )

Bu

R ^ - O O - N - O
( 4 2 )

( 4 2 )  R ̂  = 3 , 5 - d i n i t r o p h e n y 1 ; green s o l i d

( 4 2 )  R ̂  = n - u n d e c y l ;  b l u e  o i l

( 4 2 )  R ̂  p l p e r i d i n y l ;  r e d  s o l i d .

In t h e  p r e s e n t  w o r k  is w a s  n e c e s s a r y  to s y n t h e s i z e  

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

c o u l d  be h a n d l e d  w i t h  e a s e  a n d  in w h i c h  

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

w a s  t h e r e f o r e  a t e r t i a r y  a l k y l  a c y l  n i t r o x i d e .
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B e c a u s e  of t h e i r  e a s e  of f o r m a t i o n  c o u p l e d  w i t h  h i g h

r e a c t i v i t y  t h e  ^ - a l k y l  a c y l  n i t r o x i d e s  h a v e  a l r e a d y

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

r a d i c a l  r e a c t i v i t y .  F o r  e x a m p l e ,  i n t r a m o l e c u l a r

h y d r o g e n  a b s t r a c t i o n  e x p e r i m e n t s  i n v o l v i n g  a c y l  

n i t r o x i d e s  h a v e  r e c e i v e d  m u c h  a t t e n t i o n  by P e r k i n s ' s

g r o u p . 3 8 a  T h e  h y d r o c i n n a m y 1 n i t r o x i d e  ( 4 3 )  d e c a y s

r a p i d l y  to g i v e  ( 4 4 )  by a n  i n i t i a l  i n t r a m o l e c u l a r

r e a c t i o n 39
But, .COCHjCHjPh 

N

PhCH „   r  PhCH
I 9 -  I OH

s s
( 4 3 )  ( 4 4 )

R e s u l t s  o b t a i n e d  b y  B e r t i  a n d  P e r k i n s ^ ®  h a v e  s h o w n  

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

o x y g e n  in a s e r i e s  of W - p h e n y l - a l k a n o y l - ^ - b u t y l  

n i t r o x i d e s  ( 4 5 )  w h e r e  n = 1-* 5, o c c u r s  m o s t  r e a d i l y

w h e n  n = 3 or 4.

/ H  n . l-»5
PhCH I

' ' [ C H J - ' ^ O  ( 4 5 a ) n  - 3
n

( 4 5 )

I n d e e d  in ( 4 5 a )  w h e r e  n = 3 th e  i n t r a m o l e c u l a r

h y d r o g e n  a b s t r a c t i o n  o c c u r s  f a s t e r  t h a n  in ( 4 5 b )  w h e r e
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n = 1 . T h i s  h a s  b e e n  e x p l a i n e d  in t e r m s  of t h e

r e l a t i v e l y  p l a n a r  c a r b o n y l  n i t r o x i d e  " t e m p l a t e " . T h e  

h y d r o g e n  is t r a n s f e r r e d  to a p - o r b i t a l  l o b e  o n

n i t r o x i d e  o x y g e n  in a d i r e c t i o n  r o u g h l y  p e r p e n d i c u l a r  

to t h e  p l a n e  of t h e  - C O N ( O ' ) -  u n i t .  M o l e c u l a r  m o d e l s

s h o w  t h a t  s u c h  a r e l a t i v e l y  r i g i d  7 1 - e l e c t r o n  s y s t e m  is 

e a s i l y  s p a n n e d  by  t h e  f o u r  m e t h y l e n e  c h a i n  in ( 4 5 a )  

bu t  m u c h  l e s s  r e a d i l y  by t h e  t w o  m e t h y l e n e  u n i t  in 

( 4 5 b ) .

T h e  s t r e n g t h  of t h e  0 - H  b o n d  in t h e  N - t e r t i a r y

a l k y l  a c y l  h y d r o x a m i c  a c i d s  is s u c h  t h a t  t h e  

n i t r o x i d e s  f o r m e d  f r o m  t h e m  c a n  be  u s e d  in a v a r i e t y  

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

r e a c t i o n s .  W i t h  d i a l k y l  n i t r o x i d e s  s u c h  r e a c t i o n s  a r e  

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

f o l l o w i n g  p h o t o e x c i t a t i o n .  S t u d i e s  h a v e  s h o w n  t h a t  

a c y l  n i t r o x i d e s  c a n  be u s e d  to s e l e c t i v e l y  o x i d i s e  

b e n z y l i c  a n d  a l l y l i c  a l c o h o l s  to a l d e h y d e s  a n d  

k e t o n e s ;  f o r  e x a m p l e ,  h y d r o b e n z o i n  c a n  be c l e a n l y  

o x i d i s e d  to b e n z i l :  a p p a r e n t l y  u n a c c o m p a n i e d  by  t h e

u s u a l  c l e a v a g e  of t h i s  m o l e c u l e  to b e n z o i c  a c i d .  W i t h  

t h e  e x c e p t i o n  of F r e m y ' s  s a l t  t h e  u s e  of s t a b l e  

r a d i c a l s  as r e a g e n t s  in p r e p a r a t i v e  o r g a n i c  c h e m i s t r y  

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

r e c e n t l y  M a c k e n z i e  et al h a v e  u t i l i z e d  b e n z o y l  t - b u t y l  

n i t r o x i d e  to e f f e c t  o x i d a t i o n  of a i n o n o h y d r i c  p h e n o l

to a q u i n o n e . 4  1
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In t o t a l  s y n t h e s i s  of t h e  c o - e n z y m e  m e t h o x a t l o n  

( 4 6 )  t h e  p e n u l t i m a t e  s t e p  i n v o l v e s  o x i d a t i o n  of  t h e  

p h e n o l  ( 4 7 )  to t h e  q u i n o n e  ( 4 8 ) .

N H  COjti

MeOJZ
N H  C O ^ M e

CO^Me

MeO^C
f! N H  c O ^ M e

N  C O g M e

( 4 6 )  ( 4 8 )  ( 4 7 )

I n i t i a l  a t t e m p t s  to o x i d i z e  t h e  p h e n o l  w i t h  F r e m y ' s  

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

n a t u r e  of t h e  r e a c t i o n  m i x t u r e .  H o w e v e r ,  u s i n g

b e n z o y l  ^ - b u t y l  n i t r o x i d e  in d i c h 1 o r o m e t h a n e - m e t h a n o 1 

( 9 : 1 )  t h e  p h e n o l  ( 4 7 )  w a s  e f f i c i e n t l y  o x i d i z e d  to t h e  

o r a n g e  q u i n o n e  ( 4 8 )  in 9 3% y i e l d .

D . E n a n t i o 5 e 1 e c t i V i t y a n d  t h e  H a m m o n d  P o s t u l a t e

B e r t i  a n d  P e r k i n s ^  h a v e  a l r e a d y  d e m o n s t r a t e d  

s e l e c t i v e  o x i d a t i o n  of r a c e m i c  b e n z o i n  w h i c h  l e d  to 

m a t e r i a l  e n r i c h e d  in o n e  e n a n t i o m e r  ( s e c t i o n  l A). In 

a n e x t e n s i o n  of t h i s  w o r k  w e  p r o p o s e d  to s y n t h e s i z e  a 

s e r i e s  of c l o s e l y  r e l a t e d  c h i r a l  t e r t i a r y  a l k y l  a c y l  

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

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

t r a n s f e r  r e a c t i o n s .  B e r t i  a n d  P e r k i n s  u s e d  c o m p o u n d s
/ O

of t h e  t y p e  R ~ C O ~ N  l  w i t h  c h i r a l i t y  in t h e
B u

a c y l  g r o u p  to s h o w  e n a n t i o s e l e c t i v i t y .  In t h e  p r e s e n t

w o r k  it w a s  p l a n n e d  to i n c o r p o r a t e  c h i r a l i t y  in t h e
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t e r t i a r y  a l k y l  g r o u p  to a l l o w  a g r e a t e r  r a n g e  of 

c o m p o u n d s  to be s y n t h e s i z e d .

It h a s  b e e n  o b s e r v e d  e x p e r i m e n t a l l y  t h a t  t h e  

r e c o m b i n a t i o n  r e a c t i o n s  of a t o m s  a n d  f r e e  r a d i c a l s  do

n o t  i n v o l v e  a c t i v a t i o n  e n e r g i e s  of m o r e  t h a n  a f e w

k i l o  j o u l e s  a n d  t h a t  in s o l u t i o n  r a t e s  of s u c h

r e a c t i o n s  a r e  f r e q u e n t l y  d i f f u s i o n  c o n t r o l  l e d . ^3 B y 

e m p l o y i n g  t h e  p r i n c i p l e  of m i c r o s c o p i c  r e v e r s i b i l i t y ,  

th e  a s s u m p t i o n  t h a t  l i t t l e  e x c e s s  a c t i v a t i o n  e n e r g y  is 

i n v o l v e d  in s u c h  r a d i c a l - r a d i c a l  a s s o c i a t i o n s  

c o n s t i t u t e s  t h e  b a s i s  of t h e  k i n e t i c  m e t h o d  f o r  t h e  

d e t e r m i n a t i o n  of b o n d  d i s s o c i a t i o n  e n e r g i e s .  O n  t h e  

b a s i s  of e a r l i e r  w o r k  it s e e m e d  p o s s i b l e  t h a t  t h e

s t r e n g t h  of t h e  0 — H b o n d s  f o r m e d  by m e m b e r s  of a 

s e r i e s  of c l o s e l y  r e l a t e d  h y d r o g e n  a b s t r a c t i n g  

r a d i c a l s  X Y N O * ,  w h e r e  Y is an  a r o y l  g r o u p ,  c a n  be 

a l t e r e d  by at l e a s t  5 k c a l s  m o l “  ̂ by s t r u c t u r a l  

v a r i a t i o n  in Y r e m o t e  f r o m  t h e  r a d i c a l  c e n t r e .

T h e  i n t e n t i o n  w a s  to e x a m i n e  e n a n t i o s e l e c t i v i t y  

in a s e r i e s  of r e a c t i o n s  of t h e  t y p e :

XYHO- + A r R C H O H ------------- > X* YNOH 4- ArRCOH

( 4 9 )  ( 5 0 )

w h e r e  X is c h i r a l  a n d  Y is o n e  of a s e r i e s  of a r o y l  

g r o u p s .  T h e  p r o c e s s  is e f f e c t i v e l y  i r r e v e r s i b l e  s i n c e  

r a d i c a l  ( 5 0 )  o n c e  f o r m e d  w o u l d  be i m m e d i a t e l y  

s c a v e n g e d  by e x c e s s  ( 4 9 )  to f o r m  k e t o n e .
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XYNO* 4- ArRCOH ------------>► XYNOH ArRCO

T h e  e n a n t i o s e l e c t i v i t y  c o u l d  b e  e s t a b l i s h e d  by 

q u e n c h i n g  t h e  r e a c t i o n  at v a r y i n g  d e g r e e s  of 

c o n v e r s i o n  a n d  e x a m i n i n g  t h e  o p t i c a l  r o t a t i o n  of t h e  

r e c o v e r e d  a l c o h o l .

A t t a c k  of a c h i r a l  t e r t i a r y  a l k y l  a c y l  n i t r o x i d e  

o n  a r a c e m i c  b e n z y l i c  a l c o h o l  l e a d s  to t w o  

d i a s t e r e o m e r i c  t r a n s i t i o n  s t a t e s ,  w h i c h  c a n  d i f f e r  in 

e n e r g y .  T h i s  d i f f e r e n c e  in e n e r g y  m e a n s  t h a t  o n e  

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

th e  b a s i s  of k i n e t i c  e n a n t i o s e l e c t i v i t y .

S i m p 1 i s t i c a 1 1 y , t h e  b a s i s  of t h i s  w o r k  w a s  o u r  

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

w h e n  t h e  t w o  d i a s t e r e o i s o m e r i c  t r a n s i t i o n  s t a t e s  a r e  

r e m o t e  f r o m  b o t h  r e a c t a n t s  a n d  p r o d u c t s .  T h i s  is a 

n o v e l  e x t e n t  i o n  of t h e  H a m m o n d  P o s t u l a t e .

T h e  H a m m o n d  P o s t u l a t e  s t a t e s  t h a t  f o r  a n y  s i n g l e  

s t e p  of a r e a c t i o n  t h e  g e o m e t r y  of th e  t r a n s i t i o n  

s t a t e  f o r  t h a t  s t e p  r e s e m b l e s  m o r e  c l o s e l y  t h e  s i d e ,  

r e a c t a n t s  or p r o d u c t s ,  to w h i c h  it is c l o s e r  in f r e e  

e n e r g y .  So, fo r  a o n e  s t e p  e n d o t h e r m i e  p r o c e s s

l e a d i n g  to u n s t a b l e  i n t e r m e d i a t e s  ( F i g .  2a) t h e  

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

v e r y  s i m i l a r  to t h e  p r o d u c t ,  t h a t  is, a " p r o d u c t - l i k e "  

t r a n s i t i o n  s t a t e .
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(a ) (b )

Fig 2

( c )

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

e x o t h e r m i c  r e a c t i o n  in w h i c h  t h e  t r a n s i t i o n  s t a t e  is 

" r e a c t a n t - l i k e " .  A t h e r m o n e u t r a l  r e a c t i o n  is o n e  in 

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

( F i g .  2 b ) .

It is p r o p o s e d  t h a t  t h e  r a t e s  of t w o  c l o s e l y  

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

i n d i s t i n g u i s h a b l e  b u t  k i n e t i c a l l y  d i s t i c t  s h o u l d  

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

F i g  3a s h o w s  t h a t  f o r  t w o  c l o s e l y  r e l a t e d  e n d o t h e r m i e  

r e a c t  i o n s  AA G w i l l  be q u i t e  l a r g e ,  w h e r e a s  fo r  a p a i r  

of e x o t h e r m i c  r e a c t i o n s  k i n e t i c  d i s c r i m i n a t i o n  w i l l  be 

m u c h  s m a l l e r  ( F i g .  3b).

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

( e n d o t h e r m i e )  a n d  Cl. ( e x o t h e r m i c )  f r o m ,  f o r  e x a m p l e ,  

M e  3CH .
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E

Fig 3 (b )

W e  d e f i n e  a p a i r  of " e q u i t h e r m a l * *  r e a c t i o n s  in

w h i c h  o n  t h e  o n e  h a n d  t h e  r e a c t a n t s ,  a n d  o n  t h e  o t h e r

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

b u t  in w h i c h  t h e  a c t i v a t i o n  b a r r i e r s  m a y  d i f f e r .  F o r

e x a m p l e .  F i g .  4 a s h o w s  a p a i r  of e n d o t h e r m i e

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

(a)

Fig 4

(c)



32

In e q u i t h e r m a l  r e a c t i o n s  a p p l i c a t i o n  of t h e  H a m m o n d  

P o s t u l a t e  to t h e  t w o  c o m p e t i n g  p a t h w a y s  l e a d s  to t h e  

c o n c l u s i o n  t h a t  t h e r e  is l i k e l y  to be g r e a t e r  k i n e t i c  

d i s c r i m i n a t i o n  in t h e  t h e r m o n e u t r a l  c a s e  ( 4 b )  t h a n  in 

e i t h e r  t h e  e x o t h e r m i c  ( e a r l y  t r a n s i t i o n  s t a t e .  F i g .  

4c) or e n d o t h e r m i e  ( l a t e  t r a n s i t i o n  s t a t e .  F i g  4a) 

a l t e r n a t i v e s ,  s i n c e  d i f f e r e n t i a t i o n  w i l l  be g r e a t e s t  

w h e n  t h e  t r a n s i t i o n  s t a t e  is r e m o t e  f r o m  b o t h  

r e a c t a n t s  a n d  p r o d u c t s .

T o  t e s t  t h i s  e x p e r i m e n t a l l y  it w a s  n e c e s s a r y  to 

s y n t h e s i z e  a s e r i e s  of c l o s e l y  r e l a t e d  c h i r a l  a c y l  

n i t r o x i d e  r a d i c a l s  ( X Y N O * )  w h o s e  p r e c u r s o r s  ( X Y N O H )  

h a d  d i f f e r i n g  0 - H  b o n d  s t r e n g t h s .  T h e s e  r a d i c a l s  o n c e  

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

b e n z y l i c  a l c o h o l s  ( A r R C H O H )  f o r  w h i c h  by v a r y i n g  Ar 

o n e  s h o u l d  be f o u n d  in w h i c h  D ( Q C H )  s h o u l d  c o m e  w i t h i n  

t h e  c o m p a s s  of t h e  0 - H  b o n d  s t r e n g t h s  of X Y N O H .  T h e  

i n i t i a l  a i m  of t h e  p r o j e c t  w a s  to f i n d  an a l c o h o l  f o r  

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

in a p l o t  of e n a n t i o s e l e c t i v i t y  vs. O H  b o n d  s t r e n g t h s  

of t h e  h y d r o x a m i c  a c i d s  X Y N O H ,  a l t h o u g h  as o u r  w o r k  

p r o g r e s s e d  it w a s  a p p r e c i a t e d  t h a t  o t h e r  s i m p l e r  t e s t s  

of t h i s  n e w  h y p o t h e s i s  w o u l d  be e q u a l l y  v a l i d .
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C H A P T E R  2

S Y N T H E S I S  O F  C H I R A L  A C Y L  N I T R O X I D E S

T h e  t a r g e t  m o l e c u l e s  f o r  t h i s  w o r k  w e r e  of t h e  

t y p e  X Y N O *  w h e r e  Y is a c y l  a n d  X is c h i r a l .  T o  

p r e v e n t  d i s p r o p o r t i o n a t i o n  of t h e  r a d i c a l ,  X s h o u l d  

a l s o  be t e r t i a r y  a l k y l .  S u b s t i t u t i o n  of e l e c t r o n

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

Y , [ X N ( 0 * ) C 0 C 6 H 3 ( N 0 2 ) 2 — ►  X N (0 * ) C O C e H 4N (M e ) 2 ] . a l l o w e d

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

of v a r y i n g  r e a c t i v i t y .  F o r  e x a m p l e ,  i n t r o d u c t i o n  of a 

3 , 5 - d i n i t r o  b e n z o y l  g r o u p  l e d  to a h y d r o x a m i c  a c i d  

w i t h  a s t r o n g  N O - H  b o n d .  A h i g h  b o n d  d i s s o c i a t i o n  

e n e r g y  is i n d i c a t i v e  of a s t r o n g  t e n d e n c y  f o r  h y d r o g e n  

a b s t r a c t i o n  by  t h e  n i t r o x i d e ,  t h a t  is, it h a s  

i n c r e a s e d  r e a c t i v i t y  r e l a t i v e  to t h e  u n s u b s t i t u t e d  

d e r i v a t i v e  X N ( O *) C O C 5 H 5 .

T h e  s y n t h e t i c  a p p r o a c h  a d o p t e d  in t h i s  w o r k  c a n  

be d i v i d e d  i n t o  t w o  d i s t i n c t  s e c t i o n s .

A) P r e p a r a t i o n  of a c h i r a l  t e r t i a r y  a l k y l  p r i m a r y

a m i n e  X * - N H 2

B) C o n v e r s i o n  of X - N H 2 to t h e  h y d r o x a m i c  a c i d

X * V N 0 H .

A) P R E P A R A T I O N  O F  X * - N H ?

S o m e  p r e l i m i n a r y  w o r k  on  t h i s  s y n t h e s i s  h a d  b e e n  

c a r r i e d  o u t  by T u r n e r . ^5 U s i n g  n a t u r e s  c h i r a l i t y  he 

h a d  a t t e m p t e d  to s y n t h e s i z e  ^ - ( 3 - i s o c a m p h y 1 )

b e n z o h y d r o x a m i c  a c i d  ( 5 6 )  f r o m  n a t u r a l l y  o c c u r r i n g
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o p t i c a l l y  a c t i v e  c a m p h e n e  ( 5 1 ) ,  a n d  h i s  e x p e r i m e n t s  

h a v e  b e e n  r e p e a t e d  in t h i s  p r e s e n t  w o r k .

CH,

( 5 1 ) ( 5 2 ) ( 5 3 )

NH,

( 5 6 )

OH

COPh <-

COPh

NOCOPh

( 5 5 )

I
NHOCOPh

( 5 4 )

C o n v e r s i o n  of ( 5 1 )  to ( 5 2 )  w a s  a c h i e v e d  u s i n g  t h e

R i t t e r  r e a c t i o n . A 6 C o n f l i c t i n g  r e s u l t s  h a v e  b e e n  

r e p o r t e d  o n  t h e  p r o d u c t s  f o r m e d  w h e n  c a m p h e n e  is 

s u b j e c t e d  to R i t t e r  c o n d i t i o n s .  R i t t e r  a n d  M i n i e r i 

i s o l a t e d  t h e  ^ - a c y l i s o b o r n y l a m i n e s ,  a r e s u l t  of t h e  

W a g n e r  r e a r r a n g e m e n t ,  w h e n  e m p l o y i n g  h y d r o g e n  c y a n i d e  

or s i m p l e  n i t r i l e s : ^ ?

NHCHO

O t h e r  i n v e s t i g a t o r s  a l s o  o b t a i n e d  ^ - a c y 1 i s o b o r n y 1- 

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

c y a n i d e  g a v e  th e  un r e a r r a n g e d  n o r c a m p h a n e

d e r i v a t i v e . 48 S t o n e  et al s h o w e d  t h a t  by t r e a t i n g

r a c e m i c  c a m p h e n e  w i t h  h y d r o g e n  c y a n i d e  at 0 - 3 ° C  the
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f o r m a t i o n  of t h e  i s o b o r n y l  d e r i v a t i v e  c a n  be r e d u c e d  

to a m i n i m u m . 49 U s i n g  S t o n e ' s  c o n d i t i o n s ,  r e a c t i o n  of 

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

3 - f o r m a m i d o i s o c a m p h a n e  ( 5 2 )  in 6 7 %  y i e l d .

T h e  R i t t e r  r e a c t i o n  u s i n g  h y d r o g e n  c y a n i d e  as t h e  

n i t r i l e  s o u r c e  i n v o l v e s  p r o t o n a t i o n  of t h e  a l k e n e  by 

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

by n u c l e o p h i l i c  a d d i t i o n  of H C N :

HCN
^ ^ ' N = C H

S u b s e q u e n t  d i l u t i o n  w i t h  w a t e r  y i e l d s  t h e  a m i d e  ( 5 2 )  

w h i c h  c a n  be r e a d i l y  h y d r o l y s e d  to g i v e

3 - a m i n o i s o c a m p h a n e  ( 5 3 ) .

♦ H j O  — ►

N =C H  T'NHCHO

( 5 2 )

N H z
( 5 3 )

W h e n  t h e  r e a c t i o n  w a s  c a r r i e d  o u t  u s i n g  ( - ) - c a m p h e n e  

r a c e m i z a t i o n  t o o k  p l a c e  ( f o r  e x a m p l e ,  by m e t h y l  

m i g r a t i o n ) .  T h e  s y n t h e t i c  r o u t e  to t h e  r e q u i r e d

h y d r o x a m i c  a c i d  ( 5 6 )  w a s  q u i t e  s h o r t ,  a n d  so d e s p i t e
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t h e  f a c t  t h a t  o p t i c a l  a c t i v i t y  h a d  b e e n  l o s t ,  a t t e m p t s  

w e r e  m a d e  to i s o l a t e  t h e  r a c e m i c  p r o d u c t .  

B e n z o y l o x y l a t i o n  of t h e  a m i n e  ( 5 3 )  w i t h  d i b e n z o y l  

p e r o x i d e  g a v e  b en z o y 1 ( 3--i s o c a m  ph y 1 )-

- h y d r o x y l a m i n e  ( 5 4 ) .  I n t r o d u c t i o n  of th e  b e n z o y l

g r o u p  u s i n g  b e n z o y l  c h l o r i d e  a n d  p y r i d i n e  to g i v e  ( 5 5 )  

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

p r e v e n t s  t h e  e n t r y  of t h e  r e l a t i v e l y  l a r g e  b e n z o y l  

g r o u p .  As a r e s u l t  of t h e  d i f f i c u l t i e s  e n c o u n t e r e d  in 

T u r n e r ' s  s y n t h e s i s ,  w o r k  b e g a n  on p r e p a r i n g  a t e r t i a r y  

a l k y l  a m i n e ,  R ^ - N H 2 » f r o m  l e s s  h i n d e r e d  s y n t h e t i c  

p r e c u r s o r s  w h i c h  w e r e  r a c e m i c .  It w a s  a s s u m e d  t h a t  at 

a s u i t a b l e  p o i n t  in t h e  s y n t h e s i s  o p t i c a l l y  a c t i v e  

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

r a c e m i c  m i x t u r e .  T h e  k e y  s y n t h e t i c  t a r g e t  w a s

b i c y c 1 o ( 3 , 2 . 1 1o c t y 1 a m i  ne ( 6 0 )  w i t h  t h e  a m i n e

s u b s t i t u e n t  o n  a b r i d g e h e a d  c a r b o n .  T h i s  w a s  o b t a i n e d  

v i a  r e a r r a n g e m e n t  of t h e  r e a d i l y  a v a i l a b l e

b i c y c 1 o [ 2 . 2 . 2  ] o c t a n e - 2 - c a r b o X y 1 ic a c i d .  ^ ̂  W h e n

b i c y c l o ( 2 .2 . 2 ) o c t a n e - 2 - c a r b o x y l i c  a c i d  ( 5 7 )  w a s  

s u b j e c t e d  to H e l l — V o l h a r d - Z e l i n s k y  c o n d i t i o n s ' ^  » 

h r o m i n a t i v e  r e a r r a n g e m e n t  of t h e  ( 2 . 2 . 2 ) a c i d  g a v e  

2 - b r o m o b i c y c 1 o ( 3 . 2 .  1 ] o c t a n e - 1 - c a r b o X y 1 ic a c i d  ( 5 8 )  in 

6 5 %  y i e l d .  T h e  r e a r r a n g e m e n t  of ( 57) to ( 5 8 )  m a y  be 

i n t e r p r e t e d  as ' W a g n e r - M e e r w e i n  ' t y p e  i n v o l v i n g  t h e  

s t e r e o s p e c i f i c i t y  a s s o c i a t e d  w i t h  a ' n o n - c l a s s i c a l '  

c a r b o n i u m  i o n  or b r i d g e d  t r a n s i t i o n  s t a t e .
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COOH COBr COBr

( 5 7 ) I
^ 0 0 „

( 5 8 )

H y d r o g e n o l y  s i s of  ( 5 8 )  w i t h  P d / C  u n d e r  b a s i c

c o n d i t i o n s  5 2 , 5 3  g a v e  b i c y c  1  o [ 3 . 2 . 1 ] o c t a n e - 1 - c a r b o x y  1 i c

a c i d  ( 5 9 )  in 8 8 % y i e l d .  ( 5 9 )  w a s  c o n v e r t e d  by t h e

S c h m i d t  r e a c t i o n ^ * , 55 t o 1 - b i c y c l o ( 3 . 2 . 1 ]o c t y 1  a m i n e

( 6 0 ) .

COOH

+ HN, ♦ CO  ̂ + N;

( 5 9 )  ( 6 0 )

T h e  S c h m i d t  r e a c t i o n  is a c i d  c a t a l y s e d .  T h e  m o s t

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

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

H N 3 to t h e  c a r b o n y l  g r o u p  f o l l o w e d  by d e h y d r a t i o n :

o OH OH

R — C—OH R - C - N H - N = N  
I ©
OH

R - C = N - N = N©

OH
I

R—C = N —N = N© h o c = n - r©
(61)

CO,

H O - C - N H R  

* NH,R
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A l t h o u g h  m e c h a n i s m s  c a n  be f o r m u l a t e d  t h a t  d o  n o t  

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

i n t e r m e d i a t e  ( 6 1 )  t h e r e  is s t r o n g  e v i d e n c e  t h a t  t h e s e

s t e p s  t a k e  p l a c e . 56 T h e  i n t r a m o l e c u l a r i t y  of t h e

m i g r a t i o n  s t e p  in t h e  S c h m i d t  r e a r r a n g e m e n t s  h a s  b e e n  

c o n v i n c i n g l y  d e m o n s t r a t e d  by s h o w i n g  t h e  r e t e n t i o n  of

c h i r a l i t y  of t h e  m i g r a t i n g  g r o u p . 57 T o  o b t a i n

o p t i c a l l y  a c t i v e  b i c y c 1 o ( 3 . 2 . 1 ]o c t y 1 a m i n e , o p t i c a l  

r e s o l u t i o n  h a d  to be c a r r i e d  o u t  at a s u i t a b l e  p o i n t  

in t h e  s y n t h e s i s .  H o w e v e r ,  b e f o r e  r e s o l u t i o n  w a s

a t t e m p t e d ,  to e n s u r e  t h a t  t h e  r e q u i r e d  p r o d u c t  

^ - ( 1 - b i c y c l o ( 3 . 2 . 1 ]o c t y 1 ) b e n z o h y d r o x a m i c  a c i d  ( 6 2 )  

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

s c h e m e  5 ( s e e  s e c t i o n  2 B ) w a s  c a r r i e d  t h r o u g h  w i t h  

r a c e m i c  m a t e r i a l .

S c h e m e  5.

,NHOCOPh
OCOPh

COPh

/
OH

COPh

( 6 2 )

B i c y c l o [ 2 . 2 . 2 ) o c t a n e - 2 - c a r b o x y l i c  a c i d  w a s  t h e  s t a g e  

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

y i e l d s  of t h e  f i v e  s t a g e s  l e a d i n g  to th e  a c i d  w e r e  al l

a b o v e  8 0 %  a n d  so p l e n t y  of m a t e r i a l  w a s  a v a i l a b l e .
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T h e  r e s o l v i n g  a g e n t ,  a f t e r  u n s u c c e s s f u l  a t t e m p t s  w i t h  

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

q u i n i n e .  T h e  s o l v e n t  u s e d  w a s  a c e t o n e .  T h e  s p e c i f i c  

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

b i c y c 1 o ( 2 . 2 , 2 ]o c t a n e - 2 - c a r b o x y 1 ic a c i d  w a s  f o u n d  to be 

l o w ,  t h e  f r e e  a c i d  h a v i n g  a r o t a t i o n  of + 5 ®  in C H C I 3 . 

2 - B r o m o b i c y c 1 o ( 3 . 2 . 1  ]o c t a n e - 1 - c a r b o x y 1 ic a c i d  w a s  t h e n  

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

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

t h e r e f o r e  i n c r e a s e  t h e  r o t a t i o n .  R e s o l u t i o n  of 9 8 %  

w a s  a c h i e v e d ,  t h e  f r e e  a c i d  h a v i n g  “ + 4 1 °  in

C H C I 3 (c = 0 . 1 ) .

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

^ H - N M R  s p e c t r o s c o p y  u s i n g  t h e  l a n t h a n i d e  s h i f t  r e a g e n t  

e u r o p i u m  ( D - 3 - h e p t a f 1 u o r o b u t y r y 1 c a m p h o r a t e )3 ( 6 3 ) .

Me Me

" E uMe
( 6 3 )

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

h e x a c o o r d i n a t e  c o m p l e x  ( w h i c h  is a L e w i s  a c i d )  is to 

c o m p l e x  w i t h  a l o n e  p a i r  ( L e w i s  b a s e )  of th e  c o m p o u n d

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

to s a t u r a t e d  h y d r o c a r b o n s .  It w o r k s  b e s t  w i t h

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

f a c i l e  o b s e r v a t i o n  of th e  s h i f t  o b t a i n e d ,  t h e  r e s o l v e d
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b r o m o a c l d  w a s  c o n v e r t e d  to t h e  m e t h y l  e s t e r  ( 6 4 )  u s i n g  

d i a z o m e t h a n e .  T h e  m e t h y l  g r o u p  s h o w e d  as a s t r o n g  

s i n g l e t  in t h e  N M R  s p e c t r u m  at 3 . 7 p p m .  F i g .  5a

s h o w s  t h e  ^ H — N M R  9 0 M z  s p e c t r u m  of  ( 6 4 ) .  E q u i m o l a r  

s o l u t i o n s  of t h e  m e t h y l  e s t e r  a n d  E u ( h f b c ) g  w e r e  m a d e  

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

s h i f t  r e a g e n t  w e r e  a d d e d  to t h e  m e t h y l  e s t e r  a n d  

s p e c t r a  r e c o r d e d .

o
. II

COOH u  1 A /C -O M e

>

( 6 4 )

F i g .  5b s h o w s  t h e  s p e c t r a  of p a r t i a l l y  r e s o l v e d  

( - ) - m e t h y l  2 - b r o m o b i c y c 1 o { 3 . 2 . 1 )o c t a n e c a r b o x y 1 a t e  in 

t h e  p r e s e n c e  of E u ( h f b c ) 3 . T h i s  c l e a r l y  d e m o n s t r a t e s  

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

t h e  d i s t a n c e  of e a c h  t y p e  of p r o t o n  f r o m  t h e  d o n o r  

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

a d d i t i o n  of m o r e  E u ( h f b c )3 r e a c h i n g  a l i m i t  w h i c h  is 

t e r m e d  t h e  b o u n d  s h i f t .  F i g .  6 s h o w s  t h e  e x p a n d e d  

( s w e e p  r a n g e  l O O M z )  9 0 - M H z  ^ H - N M R  s p e c t r u m  of the  

m e t h y l  p r o t o n  a b s o r p t i o n s  of a O . l M  s o l u t i o n  of 

( + ) ~ ( 6 4 ) in C D C I 3 c o n t a i n i n g  1 e q u i v a l e n t  of 

E u ( h f b c ) 3 . T h i s  f i g u r e  s h o w s  t h a t  t h e  ( + ) - b r o m o a c i d

( 5 8 )  h a s  b e e n  s u c c e s s f u l l y  r e s o l v e d  to at l e a s t  9 8%.

W h i t e s i d e s  h a s  p r o p o s e d  th e  r e c o g n i t i o n  of t w o  

m e c h a n i s m s  by w h i c h  t h e  r e s o l u t i o n  of s i g n a l s  f o r  th e
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t w o  e n a n t i o m e r s  c a n  be  a c c o m p l i s h e d . ^ ®

a) A c h i r a l  s h i f t  r e a g e n t  a n d  a r a c e m i c  m i x t u r e  m a y  

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

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

t h e i r  d i s s o c i a t i o n  c o n s t a n t s ;  as a r e s u l t ,  a l l  t h e  

s i g n a l s  f o r  o n e  d i a s t e r e o m e r  w i l l  be a f f e c t e d  to a 

g r e a t e r  e x t e n t  t h a n  t h o s e  f o r  t h e  o t h e r ,  m o r e  w e a k l y  

b o u n d , i s o m e  r ,

b) E a c h  d i a s t e r e o m e r  w i l l  of n e c e s s i t y  f o r m

c o m p l e x e s  h a v i n g  d i f f e r e n t  g e o m e t r i e s ;  t h i s  w i l l

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

e v i d e n c e ® ®  i n d i c a t e s  t h a t  b o t h  m e c h a n i s m s  m a y  be 

o p e r a t i v e ,  b u t  t h e  e x t e n t  of t h e  i n d i v i d u a l  

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

R e s o l u t i o n  by  c l a s s i c a l  m e t h o d s  is t i m e  

c o n s u m i n g ,  c o s t l y  a n d  e x t r e m e l y  t e d i o u s  s i n c e  m a n y

r e c r y s t a l l i z a t i o n s  a r e  n e e d e d  a n d  y i e l d s  of o p t i c a l l y  

p u r e  c o m p o u n d s  a r e  low. In t h i s  w o r k  6 0 . Og  of r a c e m i c  

b r o m o a c i d  w a s  d i s s o l v e d  in 2 0 l i t r e s  of a c e t o n e .  

A f t e r  m a n y  r e c r y s t a l l i z a t i o n s  of the q u i n i n e  s a l t  a n d  

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

y i e l d  of o p t i c a l l y  p u r e  p r o d u c t  w a s  o n l y  3g.

In v i e w  of t h e s e  e x p e r i m e n t a l  d i f f i c u l t i e s  t h e  

p o s s i b i l i t y  of u s i n g  n a t u r a l l y  o c c u r r i n g  o p t i c a l l y  

a c t i v e  s t a r t i n g  m a t e r i a l s  w a s  r e c o n s i d e r e d ,  a n d  s o m e  

of t h e  p o s s i b l e  c h i r a l  a 1 k y 1 a m i n e s  w h i c h  w e r e

e x a m i n e d  a r e  s h o w n  in s c h e m e  6 .
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F o r  e x a m p l e ,  a b i e t i c  a c i d  ( 6 5 )  w a s  r e a d i l y

a v a i l a b l e  f r o m  F L U K A .  A c c o r d i n g  to t h e  m e t h o d  of E . E .  

R o y a l s  et a 1 ̂  ̂  r e d u c t i o n  of t h e  d i - n - a m y 1 a m i n e  s a l t  of  

a b i e t i c  a c i d  by t r e a t m e n t  w i t h  l i t h i u m  in l i q u i d  

a m m o n i a  f o l l o w e d  by a d d i t i o n  of e t h a n o l  w a s  c a r r i e d

o u t  to o b t a i n  t h e  7 , 8 - d i h y d r o a b i e t i c  a c i d  ( 6 6 ). 

H o w e v e r ,  in o u r  h a n d s  t h e  y i e l d  of ( 6 6 ) by t h i s  m e t h o d  

w a s  v e r y  l o w .  R e a c t i o n  of a b i e t i c  a c i d  in d r y  e t h e r  

w i t h  l i t h i u m  in a m m o n i a  f o l l o w e d  by  a d d i t i o n  of 

e t h a n o l  g a v e  a d i h y d r o a b i e t i c  a c i d  in 8 8 % y i e l d .  D r y

e t h e r  w a s  u s e d  as a c o - s o l v e n t  to i n c r e a s e  t h e  

s o l u b i l i t y  of a b i e t i c  a c i d  in l i q u i d  a m m o n i a .  T o

p r e v e n t  s e p a r a t i o n  of a b r o n z e  l i t h i u m  a m m o n i a  l a y e r  a 

l a r g e  v o l u m e  of a m m o n i a  w a s  r e q u i r e d  in r e l a t i o n  to

t h e  c o - s o l v e n t .  C a t a l y t i c  h y d r o g e n a t i o n  of t h e

d i h y d r o a b i e t i c  a c i d  o v e r  P d / c  l e d  to a b s o r p t i o n  of

( 6 5 )  ( 6 6 )

h y d r o g e n  a n d  p r o d u c t i o n  of a t e t r a h y d r o a b i e t i c  a c i d  

( 6 7 ) .  W h e n  ( 6 7 )  w a s  s u b j e c t e d  to t h e  S c h m i d t  r e a c t i o n  

t h e  o i l y  p r o d u c t  o b t a i n e d  s h o w e d  no N H 2 s t r e t c h i n g  in 

t h e  i n f r a r e d  s p e c t r u m .
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(66)

CHj NH

( 6 7 )  ( 6 8 )

A f t e r  s e v e r a l  a t t e m p t s  to o b t a i n  ( 6 8 ) by  t h e  S c h m i d t  

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

r o u t e  to t h e  r e q u i r e d  c h i r a l  a m i n e  R ^ - N H 2 w a s  

a b a n d o n e d .  F e n c h o n e  ( 6 9 )  w a s  a l s o  c o m m e r c i a l l y

a v a i l a b l e  f r o m  F L U K A .  T h e  H a l l e r - B a u e r  r e a c t i o n ^ ®  is 

d e f i n e d  as t h e  a c t i o n  of s o d i u m  a m i d e  o n  a 

n o n - e n o  1 i z a b 1 e k e t o n e  c a u s i n g  t h e  c l e a v a g e  of a 

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

a n  a m i d e .

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

a m i d e  e f f e c t s  c l e a v a g e  of f e n c h o n e  to f e n c h o l a m i d e  

( 7 0 )  w i t h o u t  c a u s i n g  r e a r r a n g e m e n t  of t h e  m o l e c u l e .

It h a s  b e e n  s h o w n  t h a t  t h e  c o n f i g u r a t i o n  of t h e

o p t i c a l l y  a c t i v e  f e n c h o n e  is r e t a i n e d 62 a n d  t h a t  t h e

N H 2 l o s e s  its p r o t o n  b e f o r e  t h e  r i n g  is c l e a v e d . 63

itf C - N H

( 6 9 )  ( 7 0 )

T h u s  o p t i c a l l y  a c t i v e  f e n c h o l a m i d e  w a s  o b t a i n e d  in 

g o o d  y i e l d  ( 9 3 % ) .

T h e  b a s e  c a t a l y s e d  h y d r o l y s i s  of f e n c h o l a m i d e  to 

f e n c h o l i c  a c i d  ( 7 1 )  w a s  a c h i e v e d  u n d e r  e x t r e m e l y  h a r s h
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c o n d i t i o n s  by  r e f l u x i n g  t h e  a m i d e  w i t h  c o n c .  N a O H  in 

a q u e o u s  e t h a n o l  f o r  3 d a y s .  T h e  h y d r o l y s i s  of t h e  

a m i d e  is e s s e n t i a l l y  i r r e v e r s i b l e  s i n c e  a s a l t  is 

f o r m e d . OH
R-C-NH; ♦ OH® R-C-NH, — ► R-C-OH + NH?

II I IIO 00 O
( 7 0 ) i

R-C-0® + NH,
O

By u s i n g  t h e  S c h m i d t  r e a c t i o n  5 4 , 5 5   ̂̂  w a s  p o s s i b l e  to

c o n v e r t  f e n c h o l i c  a c i d  to f e n c h e l y l a m i n e  ( 7 2 ) .

COOH

( 7 1 ) ( 7 2 )

H o w e v e r ,  it p r o v e d  v e r y  d i f f i c u l t  to o b t a i n  th e  p u r e

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

i m p u r i t y  r e v e a l e d  by a s h a r p  a b s o r p t i o n  in t h e

i n f r a r e d  s p e c t r u m  at 1 6 7 0  c m ” ^. O n  w a s h i n g  th e

r e a c t i o n  p r o d u c t  w i t h  a c i d  t h e  p e a k  s h i f t e d  to 1 7 5 0  

c m " l .  A p u r e  s a m p l e  of f e n c h e l y l a m i n e  w a s  o b t a i n e d

u s i n g  f r a c t i o n a l  v a c u u m  d i s t i l l a t i o n  of the c r u d e  

r e a c t i o n  p r o d u c t  b u t  y i e l d s  w e r e  v e r y  low.

In t h e  h o p e  t h a t  th e  i m p u r i t y  c o u l d  be r e m o v e d  at

a l a t e r  s t a g e  of t h e  s y n t h e s i s  ( f o r  e x a m p l e ,  by

r e c r y s t a l l i  zat i o n )  t h e  c r u d e  r e a c t i o n  p r o d u c t  w a s

r e a c t e d  w i t h  d i b e n z o y l  p e r o x i d e  in d r y  b e n z e n e  in an
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a t t e m p t  to o b t a i n  t h e  h y d r o x y l a m i n e  d e r i v a t i v e :

NHOCOPh

E x a m i n a t i o n  b y  i n f r a r e d  s p e c t r o s c o p y  of t h e  b r o w n  o i l  

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

- N H  g r o u p  p r e s e n t  in th e  p r o d u c t .

A n  a l t e r n a t i v e  a p p r o a c h  to t h e  p r e p a r a t i o n  of 

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

t h e  i s o c y a n a t e  u s i n g  t h e  H o f m a n n  r e a r r a n g e m e n t .  In 

t h e  H o f m a n n  r e a r r a n g e m e n t  an u n s u b s t i t u t e d  a m i d e  is 

t r e a t e d  w i t h  s o d i u m  h y d r o x i d e  a n d  b r o m i n e  to g i v e  a 

p r i m a r y  a m i n e  w h i c h  h a s  o n e  f e w e r  c a r b o n s  t h a n  t h e  

s t a r t i n g  m a t e r i a l  O H ^
R - C - N H ,  ♦ Br; — ^  R _ Ç - N H - B r  — ► R - C - ^ N - B r

i
RNH, ‘ CO, C - N - R

O
T h i s  r e a c t i o n  is i n t r a m o l e c u l a r  a n d  o c c u r s  w i t h  

r e t e n t i o n  of c o n f i g u r a t i o n  u n d e r  n o r m a l  c o n d i t i o n s .  

If t h e  a l k y l  g r o u p  (R) c o n t a i n s  m o r e  t h a n  a b o u t  s i x  or 

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

B r 2 a n d  N a O M e  a r e  u s e d  i n s t e a d  of B r 2 a n d  N a O H .  U n d e r  

t h e s e  c o n d i t i o n s  t h e  p r o d u c t  of a d d i t i o n  to t h e  

i s o c y a n a t e  is t h e  c a r b a m a t e  R N H C O O M e ,  w i t h



50

f e n c h o l a m i d e  t h e  c a r b a m a t e  ( 7 3 )  w a s  e a s i l y  o b t a i n e d  in

g o o d  y i e l d s  b u t  s u b s e q u e n t  c l e a v a g e  to g i v e  t h e  

p r i m a r y  a m i n e  p r o v e d  e x t r e m e l y  d i f f i c u l t .  S c h e m e  7 

o u t l i n e s  t h e  m e t h o d s  of a t t e m p t e d  h y d r o l y s i s :

S c h e m e  7

NHCO2CH3 O H

I®

Na

O n

( 7 3 )

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

ic e v i d e n c e  s u g g e s t s  t h a t  t h e  c a r b a m a t e  w a s  

c o n v e r t e d  to ^ - m e t h y l  f e n c h e l y l a m i n e  ( 7 4 ) :

NHCOXH NHMe

( 7 4 )

A p o s s i b l e  m e c h a n i s m  f o r  t h i s  r e a c t i o n  is as f o l l o w s  
O OAIH3

C H , - 0 - C - N H R CH3- O - C - N H R  

H

C H , - 0 - C H  =  NR

i
CH3NHR <- C H 2= N R

“ MeOH <—  CH3-O-CH2-NHR
A s i d e  p r o d u c t  of t h i s  r e a c t i o n  is t h o u g h t ,  on  t h e  

b a s i s  of s p e c t r o s c o p i c  e v i d e n c e ,  to be

f e n c h e  1 y 1 a c e t a m i d e . T h e  m e c h a n i s m  for t h e  f o r m a t i o n

of t h i s  p r o d u c t  is n o t  c l e a r .

D e s p i t e  t h e  f a c t  t h e  y i e l d s  m i g h t  be l o w  a
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s t r a i g h t f o r w a r d  H o f m a n n  r e a r r a n g e m e n t  ( B r 2 a n d  N a O H )  

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

C O N H j
* NaOBr __ ^

N = C = 0

( 7 0 )  ( 7 2 )

T h e  i n i t i a l  p r o d u c t  of t h e  r e a c t i o n  is t h e  i s o c y a n a t e *  

b u t  t h i s  c o m p o u n d  is s e l d o m  i s o l a t e d  s i n c e  it is 

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

H o w e v e r ,  in t h e  c a s e  of f e n c h o l a m i d e  t h e  c o r r e s p o n d i n g  

i s o c y a n a t e  w a s  i s o l a b l e  a n d  e a s i l y  h a n d l e d .  F a c i l e

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

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

f e n c h e l y l a m i n e  ( X * - N H 2 ) i n g o o d  y i e l d  ( 9 3 % ) .

B . C o n v e r s i o n  of X * - N H ?  to X * Y N O H

O n c e  o b t a i n e d ,  t h e  c h i r a l  f e n c h e l y l a m i n e  m u s t  be 

c o n v e r t e d  to t h e  r e q u i r e d  f e n c h e 1 y 1 b e n z o h y d r o x a m i c

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

s y n t h e s i s .  T h e  f i r s t  a p p r o a c h  h a s  as it s  p r e c u r s o r  a 

a 1 k y 1 h y d r o X y 1 a m i n e . A t y p i c a l  e x a m p l e  of s u c h  a

s y s t e m  is b u t y 1 h y d r o x y 1 a m  i n e w h i c h  w i l l  be u s e d  f o r

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

^ - b u t y l h y d r o x y l a m i n e  ( 3 1 )  f r o m  ^ - b u t y l a m i n e  v i a

2 - m e t h y l - 2 -ni t r o p r o p a n e  u s i n g  a l u m i n i u m  a n d  a q u e o u s  

alk.'ili to r e d u c e  t h e  n i t r o -  c o m p o u n d  is w e l l  

d o c u m e n t e d .^5,6 6,67
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P e r k i n s  et a 1 ̂  ̂  f o u n d  t h a t  a c y l a t i o n  of 

N ^ ^ - b u t y l h y d r o x y l a m i n e  w i t h  a c e t i c  a n h y d r i d e  g a v e  

e s s e n t i a l l y  p u r e  0 - a c e t y l - N ^ ^ - b u t y l h y d r o x y l a m i n e .

T h i s  c o u l d  be  a c y l a t e d  at n i t r o g e n ,  a n d  t h e  j O - a c e t y l -  

g r o u p  r e m o v e d  to g i v e  a v a r i e t y  of h y d r o x a m i c  a c i d s  

R C O N ( B u ^ ) O H  ( 7 8 )  w h i c h  c o u l d  be o x i d i s e d  to i s o l a b l e  

a c y l  n i t r o x i d e s  R C 0 N ( B u ^ ) 0 *  ( 7 9 )  (R = a l k y l ,  a r y l ,

a l k o x y ,  o r  d i a  1 k y 1 a m i n o  ) :

B u -N H j — ► Bu^-NOg — ► B u^-N H O H  — ► Bu^-NHOAc

( 3 1 )  ( 7 6 )

^ f /O . /OH OAc
B u -N ^  ^ —  B u - N  ^__  B u - N

COR '"c o r  '^COR
( 7 9 )  ( 7 8 )  ( 7 7 )

T h e r e  a r e  h o w e v e r  s e v e r a l  d i s a d v a n t a g e s  in t h e  a b o v e  

s y n t h e s i s .  T h e  t h r e e - s t e p  p r e p a r a t i o n  of

0 - a c e t y l - N ^ ^ - b u t y l h y d r o x y l a m i n e  ( 7 6 )  v i a

N ^ ^ - b u t y l h y d r o x y l a m i n e  is d i f f i c u l t  to a c h i e v e  in g o o d  

y i e l d .  T h i s  is d u e  to t h e  v o l a t i l i t y  of t h e

h y d r o x y  l a m i n e  a n d  its s u s c e p t i b i l i t y  to a e r i a l  

o x i d a t i o n .  A n  i m p r o v e d  p r o c e d u r e  w a s  r e p o r t e d  by

A l e w o o d  et a 1 . ^ ̂  T h i s  a p p r o a c h  w a s  b a s e d  on

Z i n n e r ' s ^ ^  o n e - s t e p  p r e p a r a t i o n  of O^-b e n z o y 1 ~2^-_t- 

- b u t y l h y d r o x y l a m i n e  d i r e c t l y  f r o m  th e  r e a d i l y

a v a i l a b l e  t - b u t y l a m i n c .
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B u - N  H; ♦ P h C - O - O - C P h  -------► Bu^-NHOCOPh ♦ PhCOjH

( 8 0 )

T h e  k e y  c o m p o u n d  ( 8 0 )  is s t a b l e  o v e r  p r o l o n g e d  p e r i o d s  

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

a c y l  c h l o r i d e  t h e  p r e c u r s o r  ( 8 0 )  c a n  be u s e d  to 

g e n e r a t e  a s e r i e s  of s u b s t i t u t e d  O ^ - b e n z o y  1 

- b u t y 1 b e n z o h y d r o x a m i c  a c i d s  ( 8 1 ) .

OCOPh 
Bu‘ - n  ( 8 1 )

^ C O C j H s X

F o r  e x a m p l e ,  r e a c t i o n  of  ( 8 0 )  w i t h  o n e  e q u i v a l e n t  of 

a n i s o y l  c h l o r i d e  g i v e s  ^ - b e n z o y l - ^ - ^ - b u t y l - 4 -

- m e t h o x y b e n z o h y d r o x a m i c  a c i d  in 8 7% y i e l d .

D e p r o t e c t i o n  of t h e  ^ - b e n z o y l -  ( 8 1 )  or 0 - a c e t y l -  ( 7 7 )  

d e r i v a t i v e s  to g i v e  t h e  h y d r o x a m i c  a c i d s  ( 7 8 )  c a n  be 

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

f o l l o w e d  by a c i d i f i c a t i o n  w i t h  g l a c i a l  a c e t i c  a c i d  a n d  

e t h e r  e x t r a c t i o n .  H o w e v e r ,  t h i s  m e t h o d  r e q u i r e s  an 

i n e r t  a t m o s p h e r e  a n d  c o u l d  o n l y  be a c h i e v e d  in 

a p p r o x i m a t e l y  6 0 - 9 0 %  y i e l d .  A m a j o r  i m p r o v e m e n t  in 

t h e  d e p r o t e c t i o n  of h y d r o x a m i c  a c y l a t e s  w a s  a c h i e v e d  

by t r a n s a m i d a t i o n  u s i n g  h y d r a z i n e  h y d r a t e .  R e a c t i o n  

of an e t h a n o l  ic s o l u t i o n  of ( 7 7 )  or ( 8 1 )  w i t h  a l a r g e  

e x c e s s  of h y d r a z i n e  h y d r a t e  at 4 0 ° C  for 1^ h o u r s  g i v e s  

t h e  h y d r o x a m i c  a c i d  in h i g h  p u r i t y  a n d  g r e a t e r  t h a n  

9 5 %  y i e l d .
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A l t h o u g h  t h e  i m p u r e  f e n c h e l y l a m i n e  o b t a i n e d  v i a  

t h e  c o r r e s p o n d i n g  c a r b o x y l i c  a c i d  g a v e  no

h y d r o x y l a m i n e  d e r i v a t i v e  o n  r e a c t i o n  w i t h  b e n z o y l  

p e r o x i d e ,  t h e  a m i n e  o b t a i n e d  v i a  t h e  H o f m a n n  r o u t e  

r e a c t e d  s m o o t h l y  to g i v e  ( 8 2 )  in g o o d  y i e l d .

NHOCOPh
( 8 2 )

A p p a r e n t l y  t h e  i m p u r i t y  in t h e  S c h m i d t  p r o d u c t  

i n t e r f e r e d  w i t h  t h i s  r e a c t i o n  in a m a n n e r  w h i c h  

r e m a i n s  o b s c u r e .  B o t h  e n a n t i o m e r s  of ( 8 2 )  w e r e

o b t a i n e d  f r o m  ( 4- ) a n d  ( - ) - f e n c h o n e ,  a n d  w e r e

t r a n f o r m e d  to t h e  h y d r o x a m i c  a c i d s  ( 8 3 )  — ► ( 8 7 )  u s i n g  

A l e w o o d * s  p r o c e d u r e . 35

By r e a c t i o n  of ( 8 2 )  w i t h  o p t i c a l l y  p u r e  ( + ) a n d  

( - ) - p i n a n e c a r b o n y l  c h l o r i d e  f o l l o w e d  by  d e p r o t e c t i o n  

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

t h e  h y d r o x a m i c  a c i d  ( 8 8 ) w e r e  a l s o  s y n t h e s i z e d .  

F i n a l l y ,  r e a c t i o n  of t h e  f e n c h e l y l  a n a l o g u e  ( 8 2 )  w i t h

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

h y d r a z i n e  h y d r a t e  g a v e  t h e  d i a s t e r e o m e r i c  h y d r o x a m i c  

a c i d s  ( 8 9 ) .  A l l  t h e  a b o v e  N-_t - a 1 k y 1 h y d r o x a m i c a c i d s

a r e  s h o w n  in t a b l e  1 .

A l t h o u g h  s e c o n d a r y  a l k y l  a c y l  n i t r o x i d e s

d i s p r o p o r t i o n a t e  r e a d i l y  th e  c o m m e r c i a l l y  a v a i l a b l e  

c h i r a l  a m i n e  a - m e t h y 1 b e n z y 1 a m i n e  ( 9 0 )  w a s  u s e d  to 

p r e p a r e  b o t h  e n a n t i o m e r s  of t h e  h y d r o x a m i c  a c i d  ( 9 1 )
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Hydroxamic acid Number

OH

' m .

OH
CO

,0H

OH NO;
CO

NO

,0H
B u - N

CO

OH

TABLE 1

Fenchelyl hydroxamic acids

Hydroxamic acid Number

NO,
91

M TM#—C—N
 ̂ ^co-a\-no, 92

T  /OH Me—C—N ---A ' C O ^ 93

/OH

M̂e
94

TABLE 2

Methylbenzyl hydroxamic acids
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( 9 4 )  a c c o r d i n g  to t h e  g e n e r a l  m e t h o d  of A l e w o o d  e t 

a l 3 5  ( T a b l e  2).

A l l  t h e  h y d r o x a m i c  a c i d s  s h o w n  in t a b l e s  1 a n d  2 w e r e  

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

c o m p o u n d s  a r e  v e r y  p o l a r  in n a t u r e  a n d  c o u l d  be 

m a i n t a i n e d  i n d e f i n i t e l y .

R a p i d ,  q u a n t i t a t i v e  c o n v e r s i o n  of t h e  h y d r o x a m i c  

a c i d s  to n i t r o x i d e  r a d i c a l s  by  o x i d a t i o n  c o u l d  be 

a c h i e v e d  s i m p l y  by s h a k i n g  a n  a q u e o u s  a l k a l i n e  

s o l u t i o n  of p o t a s s i u m  h e x a c y a n o f e r r a t e ( I 11 )

( f e r r i c y a n i d e )  w i t h  a s o l u t i o n  of t h e  h y d r o x a m i c  a c i d  

in an i m m i s i b l e  o r g a n i c  s o l v e n t .  A l l  t r a c e s  of a c i d  

a r e  r e m o v e d  a n d  t h e  a c y l  n i t r o x i d e  r e m a i n s  in t h e  

o r g a n i c  p h a s e .  By a n a l o g y  w i t h  t h e  f o r m a t i o n  of

a r o x y l s  f r o m  p h e n o l s  u s i n g  t h i s  o x i d a n t ^ ®  it is 

s u g g e s t e d  t h a t  t h e  h y d r o x a m a t e  a n i o n  of t h e  a c i d  

u n d e r g o e s  o n e  e l e c t r o n  o x i d a t i o n  to t h e  a c y l  n i t r o x i d e  

in a l k a l i n e  m e d i a .

?H , S  _  ?  .
R - C O - N - R  R - C O - N - R  — ► R - C O - N - R

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

c o l o u r e d ,  w i t h  the c o l o u r  d e p e n d i n g  u p o n  th e  n a t u r e  of 

t h e  a c y l  f u n c t i o n .  T h u s ,  by s p e c t r o s c o p i c  o b s e r v a t i o n  

t h e  v i s i b l e  a b s o r p t i o n  c h a r a c t e r i s t i c s  of th e  r a d i c a l s  

coul<i be e l u c i d a t e d .  ( s e e  s e c t i o n  3 B ) .  F! va p o r a t i o n  of

t h e  o r g a n i c  l a y e r  at r o o m  t e m p e r a t u r e ,  a f t e r  d r y i n g ,
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g a v e  t h e  n e a t  a c y l  n i t r o x i d e  as a l i q u i d  in a l l  c a s e s .

A l t h o u g h  t h e  m a j o r i t y  of t h e  t - a l k y l  n i t r o x i d e s  

e x a m i n e d  w e r e  m a n i p u l a t e d  as n o r m a l  o r g a n i c  c o m p o u n d s ,

t h e  s e c o n d a r y  a l k y l  n i t r o x i d e s ,  e v e n  in d i l u t e  

s o l u t i o n  ^ 1 0 ~ ^ M ,  w e r e  p r o n e  to d i s p r o p o r t i o n a t i o n .  

F o r  t h i s  r e a s o n  n o  r a d i c a l s  w e r e  s t o r e d ,  it b e i n g  

e a s i e r  a n d  m o r e  c o n v e n i e n t  to p r e p a r e  t h e  r a d i c a l s

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

i m m e d i a t e l y  p r i o r  to u s e .

As  a f u r t h e r  e x t e n t i o n  of t h e  u s e  of h y d r o g e n  

a t o m  t r a n s f e r  r e a c t i o n s  to o b s e r v e  e n a n t i o s e l e c t i v i t y ,

a s h o r t  p i e c e  of w o r k  w a s  c a r r i e d  o u t  in w h i c h  t h e  

t a r g e t  m o l e c u l e  w a s  ( 9 5 ) .

P h C ^  ^ O H  
N

( 9 5 )
CHj-C-CH^OH  

CH,

R e a c t i o n  of e . g .  r a c e m i c  b e n z o i n  w i t h  ( o p t i c a l l y  

a c t i v e )  ( 9 5 )  s h o u l d  l e a d  to a p a i r  of

d i a s t e r e o i s o m e r i c  t r a n s i t i o n  s t a t e s .  If t h e  h y d r o x y l  

g r o u p  in ( 9 5 )  c a n  be u s e d  to h o l d  t h e  t r a n s i t i o n  s t a t e  

in a f i x e d  o r i e n t a t i o n  by h y d r o g e n  b o n d i n g  to e i t h e r  

t h e  k e t o n e  or t h e  h y d r o x y l  g r o u p  of t h e  b e n z o i n ,  t h e n  

g r e a t e r  o r d e r i n g ,  a n d  h e n c e  e n h a n c e d  e n a n t i o m e r i c  

s e l e c t i v i t y  s h o u l d  be o b s e r v e d  in t h e  h y d r o g e n  

t r a n s f e r  p r o c e s s .

T h e  s y n t h e s i s  of ( 9 5 )  by t w o  a l t e r n a t i v e  r o u t e s
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w a s  a t t e m p t e d  u s i n g  r a c e m i c  s t a r t i n g  m a t e r i a l s .  O u r  

a i m  w a s  to s u b s e q u e n t l y  e f f e c t  r e s o l u t i o n  at a 

s u i t a b l e  s t a g e  u s i n g  t r a d i t i o n a l  t e c h n i q u e s .  H o w e v e r ,  

t h e  s y n t h e s i s  of ( 9 5 )  w a s  f r a u g h t  w i t h  d i f f i c u l t y  a n d  

n e i t h e r  r o u t e  p r o v e d  s u c c e s s f u l .  R e a c t i o n  of

2 - a m i n o - 2 - m e t h y 1 p r o p a n - 1 - o 1 ( 9 6 )  w i t h  d i b e n z o y l

p e r o x i d e  a c c o r d i n g  to A l e w o o d ' s  m e t h o d ^ ^  g a v e  t h e  

d o u b l y  0 -  p r o t e c t e d  p r o d u c t  ( 9 7 ) .

NH;
CH3-6-CH.OH

I

NHOCOPh I CHj-C-CHzOCOPh 
CH,CH,

( 9 6 )  ( 9 7 )

R e a c t i o n  of ( 9 7 )  w i t h  o n e  e q u i v a l e n t  of b e n z o y l  

c h l o r i d e  a n d  1 . 1  e q u i v a l e n t s  of p y r i d i n e  g a v e  

O-  b e n z o y l  - 2 ( b e n z o y l o x y m e t h y l - 2 - p r o p y l ) b e n z o h y d r o x a m i c  

a c i d )  ( 9 8 ) .

NHOCOPh 

CH.-C-CHjOCOPh ' I CH,
( 9 7 )

PhOC^ ^OCOPh 
N 

C H,— C— C H20C0Ph  

CH,

( 9 8 )

H y d r o l y s i s  of ( 9 8 )  u s i n g  h y d r a z i n e  h y d r a t e  g a v e  an o i l  

f r o m  w h i c h  t h e  r e q u i r e d  c o m p o u n d  ( 9 5 )  c o u l d  n o t  be 

i s o l a t e d  .

In a f u r t h e r  a t t e m p t  to i s o l a t e  a s u i t a b l e  

p r e c u r s o r  to ( 9 5 ) , ( 1 0 1 ) ,  2 - ^ - ( h y d r o x y a m i n o ) - 2 - m e t h y 1

p r o p a n - l - o l  ( 1 0 0 ) w a s  p r e p a r e d  f r o m

2 - m e t h y 1 - 2 - n i t r o p r o p a n o 1 ( 9 9 ) :
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CH.OH
I

C H j - C - N O j

CH,

CH,OH
I

C H ,-C -N H O H

CH,

C H , - C - N
I
CH,

\ OCOPh

( 9 9 )  ( 1 0 0 )  ( 1 0 1 )

R e a c t i o n  of ( l O O )  w i t h  d r y  p y r i d i n e  ( 2 . 2  e q u i v a l e n t s )

a n d  b e n z o y l  c h l o r i d e  (2 e q u i v a l e n t s )  g a v e  a c r u d e  

r e a c t i o n  p r o d u c t  w h i c h  w a s  s h o w n  by t . l . c .  to c o n t a i n

at l e a s t  f i v e  c o m p o u n d s .  T h e  r e q u i r e d  c o m p o u n d  ( l O l )  

c o u l d  n o t  be i s o l a t e d  f r o m  t h i s  m i x t u r e .
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C H A P T E R  3

S P E C T R O S C O P I C  S T U D I E S

A . E l e c t r o n  S p i n  R e s o n a n c e  ( e . s . r . )  S p e c t r o s c o p y

E S R  is a m a g n e t i c  r e s o n a n c e  t e c h n i q u e  w h i c h  

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

l e a s t  o n e  u n p a i r e d  e l e c t r o n .  T h e  m e t h o d  is in

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

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

s p e c t r o m e t e r  d e t e c t s  c h a n g e s  in e n e r g y  s t a t e s  of t h e  

u n p a i r e d  e l e c t r o n  (a s p i n  j p a r t i c l e )  in t h e  p r e s e n c e  

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

a r e  d e t e c t e d ,  it is s p e c i f i c  f o r  r a d i c a l s ,  a n d  o t h e r  

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

T h e  t e c h n i q u e  w a s  d i s c o v e r e d  in 1 94 5^^ a n d  h a s  

d e v e l o p e d  r a p i d l y  as a p o w e r f u l  t o o l  in p h y s i c s ,  

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

a n d  a p p l i c a t i o n s  of e . s . r .  h a v e  b e e n  c o v e r e d  

e x t e n s i v e l y  in a l a r g e  n u m b e r  of b o o k s ^ ^ i ^ l  a n d  

r e v i e w s ^ ^ » ^ ^  a n d  w i l l  n o t  be d i s c u s s e d  in t h i s  w o r k .

T h e  s o l u t i o n  e . s . r .  s p e c t r u m  of a t e r t i a r y  a l k y l  

a c y l  n i t r o x i d e  ( e . g .  ( 1 0 4 ) )  a p p e a r s  as a 1 : 1 : 1  t r i p l e t

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

i n t e r a c t i o n  w i t h  t h e  m a g n e t i c  n i t r o g e n  ( ^ ^ N ,  1 = 1 )

n u c l e u s .  A t y p i c a l  s p e c t r u m  is s h o w n  in F i g .  7.

In t h e  s e c o n d a r y  a l k y l  a c y l  n i t r o x i d e  ( f o r  

e x a m p l e ,  ( 1 0 9 ) )  e a c h  l i n e  of t h e  1 : 1 : 1  t r i p l e t  is 

s p l i t  by c o u p l i n g  to h y d r o g e n  i n t o  a d o u b l e t  to g i v e  a
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t o t a l  of 6 l i n e s  ( F i g .  8 ).

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

of a c y l  n i t r o x i d e s  ( t a b l e s  3 a n d  4) a f t e r  g e n e r a t i n g  

the r a d i c a l s  in d i l u t e  b e n z e n e  s o l u t i o n  b y  o x i d i z i n g  

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

p o t a s s i u m  h e x a c y a n o f e r r a t e ( 111 ) . T h e  r e d u c e d

m a g n i t u d e  of  t h e  n i t r o g e n  h y p e r f i n e  s p l i t t i n g  ( a ^ )  in 

a n  a c y l  n i t r o x i d e  r e l a t i v e  to a d i - t - a l k y l  n i t r o x i d e  

i n d i c a t e s  a l o w e r  u n p a i r e d  s p i n  d e n s i t y  at n i t r o g e n  

f o r  t h e s e  r a d i c a l s  ( s e e  C h a p e r  1).

R e f e r e n c e  to t a b l e s  3 a n d  4 r e v e a l s  t h a t  t h e  

n a t u r e  of a n u c l e a r  s u b s t i t u e n t  h a s  a n  e f f e c t  on  t h e  

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

c o n s t a n t .  W a l t e r ' s  t h e o r y  of r a d i c a l  s t a b i l i z a t i o n ^ *  

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

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

r a d i c a l  t y p e  i n t o  o n e  of t w o  c a t e g o r i e s :

^ ■ \ \

( 1 1 1 )

If t h e  r a d i c a l  s i t e  X b e a r s  a l o n e  p a i r  of e l e c t r o n s ,

W a l t e r  p r e d i c t s  t h a t  d e l o c a l i z a t i o n  of t h e  e l e c t r o n  

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

i m p o r t a n t l y  to th e  r e s o n a n c e  h y d r i d  t h a n  w i l l  

d e l o c a l i s a t i o n  of th e  u n p a i r e d  e l e c t r o n ,  e v e n  w h e n  a

s u i t a b l e  a c c e p t o r  g r o u p  Y is p r e s e n t  ( 1 1 1 )  w h i c h  m a k e s
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TABLE 3

values for the fenchelyl nitroxides

Number X Y aĵ (gauss)

102 H NO2 7.23

103 NO. H 7.42
104 H H 7.91

105 OMe H 8.25

106 (Me) 2 H 8.74

/O' ,Y
M e - C - N  /-----rA ^co_/\_x TABLE 4

â, values for the a-methylbenzyl nitroxides

Numbe r X Y a^Tgauss)

107 H NO, 7.03

108 NOn II 7.23

109 11 II 7.42

110 N(Mc)T 11 3.20
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b o t h  p r o c e s s e s  e q u a l l y  f e a s i b l e .

In a s e r i e s  of r a d i c a l s  w h e r e  it is p o s s i b l e  to 

w r i t e  b o t h  p — Y — C ^ H ^ - X *  a n d  p — Y — C 5 H 4 -X, d o n o r  a n d  

a c c e p t o r  s u b s t i t u e n t s  (Y) s h i f t  t h e  p r o p e r t i e s  of t h e  

r a d i c a l s  in o p p o s i t e  d i r e c t i o n s  ( W a l t e r ’s C l a s s  O). 

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

t h i s  c l a s s .  R a d i c a l s  d e v o i d  of a l o n e  p a i r ,  i.e. 

w h e r e  o n l y  p - Y - C ^ H ^ - X "  c a n  be w r i t t e n ,  s h o w  a s h i f t  in 

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

( W a l t e r ' s  c l a s s  S). E x a m p l e s  of t h e  l a t t e r  c l a s s  a r e  

t r i a r y l m e t h y l  r a d i c a l s  a n d  t r i a r y 1 aminiurn r a d i c a l  

c a t i o n s  ( A r g C '  a n d  A r ^ N *  ) b o t h  of w h i c h  h a v e  n o  l o n e  

p a i r  a v a i l a b l e  f o r  d e l o c a l i z a t i o n .

N u m e r o u s  s t u d i e s  of s u b s t i t u e n t  e f f e c t s  on the 

e . s . r .  of n i t r o x i d e s  h a v e  b e e n  r e p o r t e d ^ ^ *

C l a s s  O r a d i c a l s  s h o u l d  e x h i b i t  b e h a v i o u r

c o n s i s t a n t  w i t h  t h e  H a m m e t t  e q u a t i o n . I t  h a s  b e e n  

s h o w n  t h a t  ajg's in d i p h e n y l ' ^ ,  jt-butyl p h e n y l ^ ^ ,

^ - a l k e n y l  p h e n y l ^ ® ,  p h e n y l  h y d r o ^ ^  a n d  p h e n y l  b e n z o y l  

n i t r o x i d e s  c a n  a l l  be c o r r e l a t e d  to t h e  (J s u b s t i t u e n t  

c o n s t a n t ,  in t h e  H a m m e t t  e q u a t i o n ,  u s i n g  th e  

e x p r e s s i o n :

"•n  " + po

w h e r e  ( ^ N ^ o  i s t h e  a ̂  v a l u e  for t h e  u n s u b s t i t u t e d  

s p e c i e s  a n d  p is a p r o p o r t i o n a l i t y  c o n s t a n t .  J a n z e n  

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

J e n k i n s  h a s  s h o w n  t h a t  f o r  4 - s u b s t i t u t e d  t - b u t y l

b e n z o y l  n i t r o x i d e s  t h e r e  is o n l y  p o o r  c o r r e l a t i o n  

b e t w e e n  a^ a n d  t h e  a c o n s t a n t s .  T h e  c o r r e l a t i o n  is

g r e a t l y  i m p r o v e d  if B r o w n ' s  o'"*' e l e c t r o p h l l i c

s u b s t i t u e n t  c o n s t a n t s  a r e  u s e d . ^ ^  F o r  t h e

N - ( f e n c h e l y l )  b e n z o y l  n i t r o x i d e s  s h o w n  in t a b l e  3 , 

l e a s t  s q u a r e s  c o r r e l a t i o n  a n a l y s i s  of t h e  s p e c t r a l  

d a t a  g i v e s  an e x p r e s s i o n  f o r  t h e s e  r a d i c a l s .

a ^ C P h H ,  G a u s s )  = 7 . 8 6  - O . S ZlcT w i t h  a

c o r r e l a t i o n  c o e f f i c i e n t ,  r = 0 . 9 9 8  ( F i g .  9).

I n t e r p r e t a t i o n  of s u b s t i t u e n t  e f f e c t s  in t h e s e  

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

is t h e  d e l o c a l i z a t i o n  of e i t h e r  t h e  ^ - b o n d i n g  e l e c t r o n  

p a i r  of t h e  n i t r o x i d e  or, of t h e  u n p a i r e d  e l e c t r o n  in 

t h e  7T o r b i t a l  . It h a s  b e e n  a r g u e d  t h a t  f o r  th e

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

d o m i n a n t .

T h e  H a m m e t t  o b e y i n g  s p e c t r a l  d e p e n d e n c e  

d e t e r m i n e d  f o r  t h e  f e n c h e l y l  b e n z o y l  n i t r o x i d e s  ( F i g .  

9) is c o n s i s t a n t  w i t h  a m o d e l  in w h i c h  l o n e  p a i r  

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

d e l o c a l i s a t i o n  p r e d o m i n a t e s .  I n t r o d u c t i o n  of an

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

w i l l  l e a d  to c o m p e t i n g  c a r b o n y l  i n v o l v e m e n t .  T h i s  

w i l l  e f f e c t i v e l y  a t t e n u a t e  p - IT ' a m i d e  r e s o n a n c e '  w i t h  

t h e  : N - 0 f r a g m e n t  a n d  h e n c e  f a c i l i t a t e  a n i n c r e a s e d
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u n p a i r e d  s p i n  l o c a l i z a t i o n  at n i t r o g e n  ( 1 1 2 ):

J.0

-  20<r
(1 1 2 )

I n c r e a s e d  u n p a i r e d  s p i n  l o c a l i z a t i o n  at n i t r o g e n  

s h o u l d  i n c r e a s e  t h e  o b s e r v e d  a ̂  v a l u e  fo r  t h e  4 - 

m e t h o x y  s u b s t i t u t e d  n i t r o x i d e  a n d  i n d e e d  t h i s  is s e e n

e x p e r i m e n t a l l y .

B ♦ U l t r a v i o l e t  a n d  V i s i b l e  S p e c t r a

T h e  e l e c t r o n i c  s p e c t r a  of a l k y l  n i t r o x i d e s  a r e

c h a r a c t e r i s e d  by t w o  a b s o r p t i o n s  a s s o c i a t e d  w i t h  th e

N - 0 * f r a g m e n t ,  o n e  in t h e  u v / v i s ,  t h e  o t h e r  in th e  

v i s i b l e  r e g i o n .  T h e  p o s i t i o n  of X m a x  is d e p e n d e n t  on

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

d i - t - a l k y l  n i t r o x i d e s  t h e r e  is an  i n t e n s e  b a n d  at 

a b o u t  2 3 0  n m  w i t h  a m o l a r  e x t i n c t i o n  c o e f f i c i e n t ,  C -

3 0 0 0  M “ ^ c m ~ ^ .  In a c y l  n i t r o x i d e s  t h i s  b a n d  a p p e a r s  at

w a v e l e n g t h s  c o n s i d e r a b l y  l o n g e r  at a b o u t  3 3 0 - 3 7 0  nm,

£ = 2 0 0 0 - 3 0 0 0  M “ ^ c m ” ^. T h e  v i s i b l e  a b s o r p t i o n  in

d i a l k y l  n i t r o x i d e s  o c c u r s  in t h e  4 1 0 - 4 5 0  n m  r e g i o n  ( G-

5 - 1 0  M ~ ^ c m ~ ^ )  w h e r e a s  fo r  a c y l  n i t r o x i d e s  X m a x  ^

6 4 0 - 0 0 0  n m  ( G - 2 5 - 6 0  M ” ^ c m ~ ^ ) .

E l e c t r o n i c  ( 2 0 0 - 7 5 0  n m )  a b s o r p t i o n  s p e c t r a  w e r e

r e c o r d e d  for a n u m b e r  of N - ( f e n c h e l y l )  a c y l  n i t r o x i d e s
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in b e n z e n e  s o l v e n t  of h i g h  p u r i t y .  T h e  o b s e r v e d

u v / v i s  a n d  v i s  m a x i m a ,  t h e  e x t i n c t i o n  c o e f f i c i e n t  a n d  

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

s h o w n  in t a b l e  5.

E x a m i n a t i o n  of t a b l e  5 r e v e a l s  t h a t  th e  

d i m e t h y l a m i n o  d e r i v a t i v e  ( 1 0 6 )  d o e s  n o t  a p p e a r  to 

b e h a v e  as a ' n o r m a l '  a c y l  n i t r o x i d e .  T h i s  is

r e f l e c t e d  in X m a x ,  6  a n d  t h e  c o l o u r  of t h e  n i t r o x i d e .  

F o r  c o m p a r i s o n  t h e  u v / v i s  X m a x  a n d  c o l o u r  w e r e  

r e c o r d e d  f o r  t h r e e  o t h e r  a c y l  n i t r o x i d e s  a n d  t h i s  d a t a  

is s h o w n  in t a b l e  6 .

It is a u s e f u l  a p p r o x i m a t i o n  to c o n s i d e r  t h e

w a v e l e n g t h  of an e l e c t r o n i c  t r a n s i t i o n  to be

d e t e r m i n e d  by t h e  e n e r g y  d i f f e r e n c e  b e t w e e n  th e

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

a n d  t h e  h i g h e r  e n e r g y  o r b i t a l  to w h i c h  it is e x c i t e d .

By c o n s i d e r i n g  t h e  N - 0 *  g r o u p  in d i - t - a l k y l  n i t r o x i d e s

to be a n a l o g o u s  to a c a r b o n y l  g r o u p ,  R a s s a t ® ^  h a s

a s s i g n e d  t h e  i n t e n s e  2 3 0  n m  a b s o r p t i o n  to e i t h e r  a 
* *7T“̂ 1T or n - T T  t r a n s i t i o n .  O b s e r v a t i o n  of t h e

v a l u e s  f o r  t h e s e  t w o  t r a n s i t i o n s ,  l e a d s  to th e 

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

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

IT •♦■77* t r a n s i t i o n s  w i l l  a l m o s t  <ie f i n i t e l y  be  s y m m e t r y  

a l l o w e d  a n d  t h e r e f o r e  l a r g e  £ v a l u e s  c a n  be e x p e c t e d  

w h e r e a s  n - 77 * w i l l  n e c e s s a r i l y  be s y m m e t r y  f o r b i d d e n

a n d  w i l l  h a v e  m u c h  s m a l l e r  £ v a l u e s .  If R a s s a t ' s
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Ultraviolet and visible spectrosconic data 
for the fenchelyl nitroxides.

Radical uv/vis 
Amax(nm)

e
M"̂  cm'l

vis 
Amax (run)

6
cm'l Colour

___/NO;

(102) \NO,
544 1100 662 25.4 dark

green

r - ( Q > - n o ,

(103)
346 1315 660 30.1 green

' - O
(104)

335 1971 650 40.6 green

R - ^ ^ ^ - O M e

(105)
343 2592 642 54.6 green/

yellow

(106)
371 3437 518 43.5 mauve

Radical uv/vis 
Amax(nm) Colour

(113)

279 blue/
green

(114)

336 green

MMe_c—N1 \COPh
(109)

335 green

TABLE 6

Ultraviolet and visible 
spectroscopic data for~ 
some acyl nitroxides
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o r b i t a l  a r r a n g e m e n t  ( F i g .  1, s e c t i o n  1) is a s s u m e d  to

a p p l y  e q u a l l y  to a c y l  n i t r o x i d e s ,  t h e n  t h e  l o n g e r  

w a v e l e n g t h  a b s o r p t i o n  ( X  * 6 2 0 - 6 5 0  n m )  m u s t  be

a s s o c i a t e d  w i t h  n-TT* t r a n s i t i o n s  i n v o l v i n g  t h e  N - 0 *  

g r o u p .  T h e  o x y g e n  l o n e  p a i r  (n) o r b i t a l s  i n v o l v e d  in 

s u c h  a t r a n s i t i o n  a r e  u n l i k e l y  to be m u c h  a f f e c t e d  by

t h e  i n t r o d  û t i o n  of a r e m o t e  c a r b o n y l  m o i e t y  h e n c e  it

is a s s u m e d  t h a t  t h e  TT a c c e p t o r  o r b i t a l s  m u s t  be 

a m e n a b l e  to d i r e c t  p e r t u r b a t i o n .

E x t e n s i o n s  of R a s s a t ' s  n i t r o x i d e  c a r b o n y l  a n a l o g y  

s u g g e s t s  t h a t  n - e l e c t r o n  d o n o r  s u b s t i t u e n t s  a t t a c h e d  

to t h e  n i t r o x i d e  n i t r o g e n  w o u l d  be e x p e c t e d  to r a i s e

t h e  TT* o r b i t a l  e n e r g y  a n d  c o n s e q u e n t l y  s h i f t  t h e  n - TT *

a b s o r p t i o n  t o w a r d s  h i g h e r  e n e r g i e s .  O n  t h e  o t h e r

h a n d ,  a t t a c h e d  g r o u p s  w h i c h ,  l i k e  c a r b o n y l ,  b e h a v e  as

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

a n d  s h i f t  t h e  n - T T  a b s o r p t i o n  t o w a r d s  l o w e r  e n e r g i e s .

T h e  e n e r g y  A E *  b e t w e e n  IT* a n d  n o n - b o n d i n g  ( n ̂  ) o x y g e n

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

s m a l l e r  t h a n  t h e  d i f f e r e n c e  ( A E ) a s s o c i a t e d  w i t h  th e

u n s u b s t i  t u t e d  p a r e n t  n i t r o x i d e .  J e n k i n s ^ ^  h a s  s h o w n  

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

r e p r e s e n t s  c a . 3 4% r e d u c t i o n  in (n, TT *) e n e r g y

s e p a r a t i o n  f o r  t h e s e  n i t r o x i d e s  r e l a t i v e  to d i - t - a l k y l

n i t r o x i d e s  a n d  d e m o n s t r a t e s  t h e  t t- w i t h d r a w i n g  n a t u r e

of t h e  c a r b o n y l  s u b s t i t u e n t .  F i g .  1 0 .



72

Fig 10

N-O N -0
o <

T h e  u v / v i s  TT “>■ TT a b s o r p t i o n s  d o  n o t ,  at f i r s t  g l a n c e ,  

a p p e a r  to s u p p o r t  R a s s a t ' s  n i t r o x i d e  c a r b o n y l  a n a l o g y .  

U p o n  c l o s e r  e x a m i n a t i o n  it c a n  be s e e n  t h a t  

s p e c t r o s c o p i c a l l y  t h e  c r i t i c a l  uv r e g i o n  i n v o l v e d  is

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

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

c a s e  of 3 , 5 - d i n i t r o  ( 1 0 2 )  a n d  4 - n i t r o  ( 1 0 3 )  t h i s  

i n t r u s i o n  m a k e s  a s s i g n m e n t s  of t h e  u v / v i s  a b s o r p t i o n s

v e r y  d i f f i c u l t  a n d  X m a x  a n d  E c a n n o t  be d e t e r m i n e d  

w i t h  a c c u r a c y .

A n  i m p o r t a n t  a p p l i c a t i o n  of u v / v i s  s p e c t r o s c o p y

is to d e f i n e  t h e  n a t u r e ,  e f f e c t  a n d  e x t e n t  of 

c o n j u g a t i o n  p r e s e n t  in th e  s y s t e m  u n d e r  s t u d y .  F o r

^ - ( f e n c h e l y l )  a c y l  n i t r o x i d e s  s u b s t i t u t i o n  i n t o  t h e 

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

w i t h  t h e  n i t r o x i d e  TT-system a n d  c a u s e s  n “̂ ll * s h i f t s .
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T h e  d i r e c t i o n  of t h e  s h i f t  is d e p e n d e n t  u p o n  th e

e l e c t r o n i c  n a t u r e  of t h e  s u b s t i t u e n t .  E l e c t r o n

w i t h d r a w i n g  s u b s t i t u e n t s ,  fo r  e x a m p l e  4 - n i t r o -  ( 1 0 3 ) ,  

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

n i t r o g e n  a n d  A m a x  (n -► TT *) m o v e s  to l o n g e r  

w a v e l e n g t h s .  T h e  d i n i t r o  v a l u e  ( 1 0 2 ) ( X m a x  = 6 6 2

n m )  r e p r e s e n t s  t h e  m o s t  p e r t u r b e d  n i t r o x i d e  s t u d i e d  in

t h i s  w o r k ,  a n d  t h e  u n p a i r e d  e l e c t r o n  d i s t r i b u t i o n  

w i t h i n  t h e  N — 0 f r a g m e n t  m u s t  t h e r e f o r e  l e a s t  r e s e m b l e  

t h a t  of a d i a l k y l  n i t r o x i d e .

E l e c t r o n  r e l e a s i n g  s u b s t i t u e n t s ,  f o r  e x a m p l e ,

4 - m e t h o x y  ( 1 0 5 )  a n d  4 - d i m e t h y 1 a m i n o  ( 1 0 6 ) ,  i m p e d e  

c a r b o n y l  i n v o l v e m e n t  a n d  i n d u c e  X m a x  (n TT *) to

r e t u r n  to s h o r t e r  w a v e l e n g t h s .  T h e  518 n m  v a l u e  f o r  

t h e  m a u v e  d i m e t h y l a m i n o  d e r i v a t i v e  is at v e r y  s h o r t  

w a v e l e n g t h  f o r  an a c y l  n i t r o x i d e .

F o r  ( 1 0 2 )  to ( 1 0 5 )  t h e r e  is a g o o d  c o r r e l a t i o n  (r 

= 0 . 9 8 9 )  b e t w e e n  X m a x  a n d  th e  0’**’ s u b s t i t u e n t  c o n s t a n t s

in an e l e c t r o p h i l i c  f o r m  of t h e  H a m m e t t  e q u a t i o n :

Cx(nm) = 650.6. 11.4â
H o w e v e r  i n t r o d u c t i o n  of A ^ a x  for ( 1 0 6 )  i n t o  t h e  a b o v e  

e q u a t i o n  i n d u c e s  r to f a l l  to 0 . 8 7 .

T h e  o u t - o f - s e r i e s  b e h a v i o u r  of t h e  d i m e t h y l a m i n o  

d e r i v a t i v e  is a l s o  s e e n  in th e  v a l u e  of the e x t i n c t i o n  

c o e f f i c i e n t ,  G , fo r  a c y l  n i t r o x i d e s  w h i c h  a l s o  a p p e a r s  

to be s e n s i t i v e  to s u b s t i t u e n t  e f f e c t -  T h e  m o r e
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e l e c t r o n - d o n a t i n g  th e  s u b s t i t u e n t  t h e  g r e a t e r  the  

e x t i n c t i o n  c o e f f i c i e n t .  In the c a s e  of ( 1 0 6  £ ( 4 3 5

M ~ ^ c m ~ ^ )  is m u c h  g r e a t e r  t h a n  t h e  v a l u e  n o r m a l l y  

a s s o c i a t e d  w i t h  a c y l  n i t r o x i d e s  ( £ - 2 5 - 6  0 M “ ^ c m ” ^).

C . C i r c u l a r  O i c h r o i s m  ( C D )

C i r c u l a r  d i c h r o i s m  is t h e  t e r m  u s e d  to d e s c r i b e  

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

p o l a r i z e d  1 i g b t by an o p t i c a l l y  a c t i v e  m e d i u m  a n d  w a s  

f i r s t  o b s e r v e d  in a m e t h y s t  q u a r t z  by H a i d i n g e r ® ^  a n d

D o v e . ® "

In t h i s  t e c h n i q u e  t h e  m o l e c u l a r  e x t i n c t i o n  

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

a n d  r i g h t  c i r c u l a r l y  p o l a r i z e d  l i g h t ,  a n d  t h e  

d i f f e r e n c e  b e t w e e n  t h e  v a l u e s  ( c a l l e d  Ac ) is p l o t t e d  

a g a i n s t  X in t h e  v i s i b l e  a n d  uv  r e g i o n s  of t h e

s p e c t r u m .

T h e  o c t a n t  r u l e  ® ® h a s  b e e n  u s e d  in t h e

i n t e r p r e t a t i o n  of t h e  c h i r o p t i c a l  p r o p e r t i e s  of

a s y m m e t r i c a l l y  s u b s t i t u t e d  k e t o n e s .  T h e  s i g n  a n d

a m p l i t u d e  of t h e  o b s e r v e d  c u r v e  ( C o t t o n  e f f e c t )

a s s o c i a t e d  w i t h  t h e  n H * t r a n s i t i o n  of t h e  c a r b o n y l  

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

c o n f i g u r a t i o n a l  a n d  c o n f o r m a t i o n a l  a s s i g n m e n t s . ® ^  

R a s s a t ® 0  h a s  s h o w n  t h a t  t h e r e  is a c l o s e  s i m i l a r i t y  in 

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

g r o u p  a n d  t h e  n i t r o x i d e  f u n c t i o n .  F o r  d i - ^ - a l k y l
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n i t r o x i c i e s  th e  l o w  e n e r g y  n TT * t r a n s i t i o n  ( c a . 4 3 0

t\m) is i d e a l l y  s u i t e d  for b o t h  OR I) a n d  CD s t u d i e s .

T h e  c a m p h e n y 1 - 1 — _t - b u t y 1 n i t r o x i d e  ( 1 1 5 )  w a s  t h e  f i r s t  

o p t i c a l l y  a c t i v e  n i t r o x i d e  r a d i c a l  to be e x a m i n e d  by

c i r c u l a r  d i c h r o i s m .  H o w e v e r ,  b e c a u s e  t h e  - N O  g r o u p

N-Bu
C -N

( 1 1 6 )( 1 1 5 )

is n o t  h e l d  in a f i x e d  g e o m e t r y  t h e  C D  is d i f f i c u l t  to 

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

A t t e m p t s  to a p p l y  t h e  c o n d i t i o n s  of t h e  o c t a n t  

r u l e  to c y c l i c  n i t r o x i d e s  h a v e  b e e n  m a d e  by  s e v e r a l  

g r o u p s .  8 5 , 8 6

In th e  p r e s e n t  w o r k ,  t h e  r a d i c a l s  ( 1 0 4 ) ,  ( 1 0 9 ) ,

( 1 1 3 )  a n d  ( 1 1 6 )  w e r e  g e n e r a t e d  in d i c h l o r o m e t h a n e  f r o m  

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

a l k a l i n e  p o t a s s i u m  h e x a c y a n o f e r r a t e  III s o l u t i o n .

P,h ^ o -  
Me—C” N

A  ' r O C e H sCOCcH
CO

( 1 1 3 )( 1 0 4 )  ( 1 0 9 )

T h e  l o w  t e m p e r a t u r e s  r e q u i r e d  f o r  t h i s  w o r k  p r e s e n t e d

d i f f i c u l t i e s  in t h e  c h o i c e  of s o l v e n t .  T h e  f o l l o w i n g

c r i t e r i a  w e r e  e s s e n t i a l ,  t h e  s o l v e n t  s h o u l d  N O T :

(i) a b s o r b  in th e  s p e c t r a l  r e g i o n  of i n t e r e s t
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( i i )  be o p t i c a l l y  a c t i v e

( i i i )  h a v e  tlw* s a m e  d e n s i t y  as w a t e r  ( t o  a l l o w  

g e n e r a t i o n  of th e  r a d i c a l  in a 2 - p h a s e  

s y s t e m )  .

( i V ) i n t e r a c t  w i t h  the s o l u t e  

( V ) f r e e z e  a b o v e  - 7 0 ^ C .

F o r  t h e s e  r e a s o n s  d i c h l o r o m e t h a n e  w a s  u s e d  in 

p r e f e r e n c e  to b e n z e n e .  T o  a l l o w  g r e a t e r  s o l u b i l i t y  of 

t h e  r a d i c a l  at l o w  t e m p e r a t u r e ,  m e t h a n o l  ( 1 : 3 )  w a s  

a d d e d .  T h e  C D  c u r v e s  for t h e  a b o v e  r a d i c a l s  w e r e

r e c o r d e d  at r o o m  t e m p e r a t u r e  a n d  - 5 5  to - 6 0 ° C .

At r o o m  t e m p e r a t u r e  t h e  C D  c u r v e  of ( 1 0 4 )  w a s  

i n c o n c l u s i v e .  At - 6 0 ° C  t h e r e  w a s  s o m e  e v i d e n c e  of 

o p t i c a l  a c t i v i t y  b e i n g  d e v e l o p e d .  H o w e v e r ,  it w a s  

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

r e q u i r e d  in o r d e r  to a c q u i r e  r e a s o n a b l e  d a t a .  In v i e w  

of t h e  i n h e r e n t  d i f f i c u l t i e s  e n c o u n t e r e d  w i t h  th e 

s o l v e n t  s y s t e m ,  l o w e r  t e m p e r a t u r e  ( - 1 2 0  to 1 5 0 ° C )  CD  

w o r k  w a s  n o t  c a r r i e d  o u t .

T h e  C D  c u r v e  of ( 1 0 9 )  w a s  f i r s t  r e c o r d e d  at - 6 0 ° C  

in a n  a t t e m p t  to p r e v e n t  d e c a y  of t h e  r a d i c a l  by 

d i s p r o p o r t i o n a t i o n .  H o w e v e r ,  e v e n  at - 6 0 ° C

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

s h o r t  o b s e r v a t i o n  of t h e  t r u e  c u r v e  c o u l d  be o b t a i n e d  

a n d  n o  r e l i a b l e  d a t a  w a s  c o l l e c t e d .

R a d i c a l s  ( - ) - ( 1 1 3 )  a n d  ( + ) - ( 1 1 6 )  s h o w e d  s t r o n g  C D  

c u r v e s  at r o o m  t e m p e r a t u r e  . T h e  C D  c u r v e s  f o r  ( 1 1 6 )
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at r o o m  t e m p e r a t u r e  a n d  at -55 “ C a n d  - 6 0 " C  a r e  s h o w n

in fig. 11. The Cl) d a t a  of t h e s e  c o m p o u n d s  are

c o l l a t e d  in t a b l e s  7 a n d  8 r e s p e c t i v e l y .

T h e  b u l k y  r i g i d  p i n a n y l  g r o u p s  a p p e a r  to be

c r i t i c a l  in t h e s e  t y p e  of a c y l  n i t r o x i d e s  if CD c u r v e s

a r e  to be o b s e r v e d .  All CD c u r v e s  a r e  C o t t o n  e f f e c t s

( a l s o  t e r m e d  e l l i p i t i c i t y  b o n d s  or C o t t o n  b a n d s ) .

R a d i c a l  s h o w e d  a p o s i t i v e  C o t t o n  e f f e c t

whereijs ( + )- ( 1 1 6 )  s h o w e d  a n e g a t i v e  C o t t o n  e f f e c t .

T h e  i n c r e a s e d  C o t t o n  e f f e c t  o b s e r v e d  at l o w e r

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

e q u i l i b r i u m  e x i s t s  in t h e  ( 1 1 6 )  s y s t e m .

» CH

FIG 11a

In d l n i t r o b e n z o y l  n i t r o x i d e  ( 1 9 ) ,  it h a s  b e e n  s h o w n ^ S  

t h a t  t h e  c a r b o n y l  c a r b o n  a n d  t h e  n i t r o x i d e  n i t r o g e n  

c e n t r e s  a r e  b o t h  e s s e n t i a l l y  p l a n a r  a n d  t h a t  t h e r e  is 

a d i h e d r a l  a n g l e  b e t w e e n  t h e s e  t w o  p l a n e s  of a b o u t  

1 4 ° .  T w o  e n a n t i o m e r i c  c o n f o r m a t i o n s  w i l l  b e  p r e s e n t  

(A a n d  B F i g .  11a; R ■ 3 , 5 - d i n i t r o p h e n y l ) ,  b u t  s i n c e  

t h e r e  is n o  c h i r a l  s u b s t i t u e n t  in t h e  m o l e c u l e ,  t h e s e  

w i l l  be of e q u a l  e n e r g y  a n d  h e n c e  e q u a l l y  p o p u l a t e d .
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I /
B u -N

\i

O

Room Temperature

Amax(nm) AE M

695 0.070 250.6

647.5 0.081 , 269.0

447.5 0.053 110.2

426 0.099 525.4

597.5 0.157 450.9

TABLE 7 CD data for

- 5 5  to — 60°C

Amax(nm) AE

695 0.105 540.8

647 0.119 592.0

447.5 0.045 145.5

426 0.154 440.7

598 0.184 609.8



80

CO

Room Temperature

Amax(nm) AE [8]

695 0.044 144.6

655 0.046 152.6

455 0.042 159.2

422.5 0.115 375.9

597 0.152 502.2

TABLE 8 CD data for -(113)
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H o w e v e r  , i n ( 1 1 6 )  R ( F i g .  l i a )  is t h e  c h i r a l  b u l k y  

p i n a n y l  g r o u p ,  s o t h a t  th e  t w o  c o n f o r m a t i o n s  b e c o m e  

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

p o p u l a t i o n s .  T h e  e x c e s s  of o n e  of t h e s e ,  w i t h  its 

t w i s t e d  CO  NO* c h r o m o p h o n e  ( <p - 0) m i g h t  be e x p e c t e d  to

r e s u l t  in Cl) e f f e c t s .  T h e  m a g n i t u d e  of s u c h  e f f e c t s  

w i l l  d e p e n d  on the p o p u l a t i o n  d i f f e r e n c e  b e t w e e n  the 

t w o  c o n f o r m a t i o n s .  As t h e  t e m p e r a t u r e  is l o w e r e d  it 

m a y  be t h a t  o n e  c o n f o r m a t i o n  is p r e f e r e n t i a l l y  

' f r e e z i n g  o u t ' .  If t i m e  h a d  a l l o w e d ,  a c o n t r o l l e d

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

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

T h e  t w o  m a j o r  C D  b a n d s  o b s e r v e d  f o r  ( 1 1 3 )  a r e  

b o t h  of t h e  s a m e  s i g n .  T h e  uv s p e c t r a  of ( 1 1 3 )  a n d

( 1 1 6 )  s h o w  v i b r a t i o n a l  f i n e  s t r u c t u r e .  B o t h  r a d i c a l s  

s h o w  m a x i m a  in t h e  r e g i o n  6 3 0 - 7 0 0  n m  d u e  to t h e  n -► TT * 

t r a n s i t i o n  of t h e  n i t r o x i d e  f u n c t i o n .  T h e  s h a p e  a n d  

a p p e a r a n c e  of t h e  C D  c u r v e  in t h i s  r e g i o n  c l o s e l y  

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

s p e c t r o s c o p y .  T h e  c u r v e  s h o w i n g  m a x i m a  at 4 0 0  n m  is

p r o b a b l y  d u e  to a TT -*■ I T * t r a n s i t i o n .

In t h e  a b s e n c e  of e f f e c t s  f r o m  o v e r l a p p i n g  

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

C D  c u r v e  is p r o p o r t i o n a l  to t h e  r o t a t i o n a l  s t r e n g t h  R 

of t h e  t r a n s i t i o n ,  a c c o r d i n g  to e q u a t i o n  2 ;

^  ̂3hcC10)^lnl0 
32it3n

H m E q u a t i o n  2
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T h e  r o t a t i o n a l  s t r e n g t h  is a d i r e c t  m e a s u r e m e n t  of t h e  

i n t e n s i t y  of t h e  d i c h r o i s m  ( i . e .  of t h e  m a g n i t u d e  of 

t h e  o p t i c a l  r o t a t o r y  p o w e r ) .  T h e  o p t i c a l  r o t a t i o n  of 

( 1 0 4 )  is + 6 . 6 ° ( c = 0 . 0 5  in C H C I 3 ) a n d  t h e  m o l e c u l e

s h o w s  l i t t l e  C D  a c t i v i t y .  F o r  ( 1 1 6 )  t h e  o p t i c a l

r o t a t i o n  is + 4 8 . 1 °  ( c = 0 . 0 1  in C H C I 3 ) a n d  m u c h

g r e a t e r  d i c h r o i s m  is o b s e r v e d .

A p a r a l l e l  c o u l d  be m a d e  b e t w e e n  t h e  m a g n i t u d e  of 

t h e  o b s e r v e d  C D  c u r v e s  a n d  e n a n t i o s e l e c t i v i t y  in 

h y d r o g e n  a t o m  t r a n s f e r  r e a c t i o n s ,  s i n c e  b o t h  a r e  

m e a s u r e s  of  h o w  c h i r a l i t y  is e x p r e s s e d  in a m o l e c u l e .  

If t h i s  c o m p a r i s o n  is v a l i d  t h e n  o n e  m i g h t  e x p e c t  to 

s e e  g r e a t e r  e n a n t i o s e l e c t i v i t y  in o x i d a t i o n s  i n v o l v i n g  

t h e  d i a s t e r e o m e r i c  n i t r o x i d e  ( 1 1 6 )  t h a n  f o r  t h e  

f e n c h e l y l  n i t r o x i d e  ( 1 0 4 ) .
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C H A P T E R  4

E S T I M A T I O N  O F  0 - H  B O N D  S T R E N G T H S

T h e  i n i t i a l  a i m  of t h i s  p r o j e c t  w a s ,  by u s i n g  

h y d r o g e n  a t o m  t r a n s f e r  r e a c t i o n s ,  to d e m o n s t r a t e  t h e  

o c c u r r e n c e  of a m a x i m u m  in a p l o t  of

e n a n t i o s e l e c t i v i t y  vs. 0 - H  b o n d  s t r e n g t h  fo r  r e a c t i o n s  

of t h e  t y p e :

XYNO ♦ ArCHOH  XYNOH ♦ ArRCOH

O n c e  t h e  s y n t h e s i s  of t h e  r e q u i r e d  s e r i e s  of 

^ - ( a 1 k y 1 ) b e n z o h y d r o x a m i c  a c i d s  h a d  b e e n  c o m p l e t e d  it 

w a s  t h e r e f o r e  n e c e s s a r y  to e s t i m a t e  t h e  0 - H  b o n d  

s t r e n g t h s  f o r  t h e s e  c o m p o u n d s .

T h e  f i r s t  d e t e r m i n a t i o n  of t h e  d i f f e r e n c e s  in th e  

h e a t  of f o r m a t i o n  in s o l u t i o n  of a f r e e  r a d i c a l  a n d  

its h y d r o g e n a t e d  p r e c u r s o r  w a s  c a r r i e d  ou t  by  M a h o n e y  

et a l . 6 8  U s i n g  m i c r o c a l o r i m e t r y ,  M a h o n e y ' s  g r o u p

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

h y d r a z o b e n z e n e  ( 1 1 7 )  w i t h  2 , 4 , 6 , - t r i - ^ - b u t y 1 p h e n o x y 

r a d i c a l  ( 1 1 8 )  to g i v e  2 , 4 , 6 - t r i b u t y 1 p h e n o 1 ( 1 1 9 )

a n d  t r a n s - a z o b e n z e n e  ( 1 2 0 ).

♦
♦ Ph— N=N — PhPh-NH-NH-Ph

( 1 1 7 )  ( 1 1 8 )  ( 1 1 9 )  ( 1 2 0 )
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Using available t h e r in o c 1 w  in i r. a 1 data for h y d r a z o b e n z e n e  

and trans-az o b e n z e n e ,  the heat of formation d ifference 

between the phenoxyl and phenol in solution and hence 

an 0-H bond d i s s o c i a t i o n  energy could be estimated.

Ingold et al ̂  ̂  have used e.s.r. s pectroscopy to 

determine the e q u i l i b r i u m  constant for the hydrogen 

transfer reaction of radicals (11), (121) and (122)

XN=N^
NT ' M  X  O'

O'

(1 1) (121) (12 2)
w i t h  c e r t a i n  h y d r o x y l a m i n e s  a n d  o x i m e s .  K n o w l e d g e  of 

th e  e q u i l i b r i u m  c o n s t a n t  g i v e s  an i n d i r e c t  m e t h o d  to 

e s t i m a t e  0 - H  b o n d  e n e r g i e s  f o r  t h e s e  r a d i c a l s .  

J e n k i n s  h a s  e x t e n d e d  I n g o l d ' s  e q u i l i b r i u m  m e t h o d  to 

c a l c u l a t e  t h e  0 - H  b o n d  s t r e n g t h s  of a s e r i e s  of 

s u b s t i t u t e d  j N - ^ - b u t y l b e n z o h y d r o x a m i c  a c i d s  ( 1 7 a )-♦ ( d ) . 

T h e  v a l u e s  o b t a i n e d  w e r e  7 8 . 0  , 77 , 5 , 80. 2 a n d  7 5 . 9

k c a l s  m o l " !  r e s p e c t i v e l y ,  a r a n g e  of  5 k c a l s  m o l “ ^ . ^ ^  

T h e  a c c u r a c y  of t h e  r e s u l t s  in t h e  q u a n t i t a t i v e  

e s t i m a t i o n  of  0 - H  b o n d  s t r e n g t h s  d e p e n d s  in p a r t  o n  

t h e  c l o s e n e s s  of t h e  0 - H  s t r e n g t h  of t h e  n i t r o x i d e  

a c c e p t o r  ( 1 2 3 )  a n d  t h e  c o m p o u n d  u n d e r  s t u d y .

OH OH ?
‘ Y C O - N - X  ^  R-N^ ; ‘ YCO-N-X

R

( 1 2 3 )
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In t h e  t w o  s e r i e s  of s u b s t i t u t e d  c h i r a l

^ - ( a 1 k. y 1 ) b e n 2 o h y d r o X a m i c a c i d s  s t u d i e d  in t h i s  w o r k ,  

t w o  d i f f e r e n t  n i t r o x i d e  a c c e p t o r s  h a d  to be u s e d .  T h e  

e s t i m a t e d  b o n d  s t r e n g t h s  of t h e  jN-( & - m e t h y l b e n z y l ) -  

- b e n z o h y d r o x a m i c  a c i d s  w e r e  e x p e c t e d  to be ^ 7 8  k c a l s  

m o l ~ l .  J e n k i n s  h a s  d e t e r m i n e d  t h e  0 - H  b o n d  s t r e n g t h  

for h J b  u t y 1 b e n z o h y d r o X a m i c a c i d  to be 7 8 . 0  k c a l s  

m o l ~ ^ .  ^ ̂  U s i n g  ( 1 2 4 )  as t h e  n i t r o x i d e  a c c e p t o r  it 

w a s  p o s s i b l e  to c a l c u l a t e  t h e  b o n d  s t r e n g t h s  of t h e  

s e c o n d a r y  a l k y l  s y s t e m .

^COPh ^ \ço-^ Nx)Ph A

(1 2 6)
T h e  e s t i m a t e d  b o n d  s t r e n g t h s  of t h e

^ - ( f e n c h e l y l ) b e n z o h y d r o x a m i c  a c i d s  w e r e  ^  78 k c a l s

m o l " l  a n d  so ( 1 2 1 ) w a s  u s e d  as a n i t r o x i d e  a c c e p t o r .  

T h e  h y d r o g e n  t r a n s f e r  f r o m  f e n c h e l y l ) b e n z o -

h y d r o x a m i c  a c i d  to 4 - o x o - 2 , 2 , 6 , 6 - t e t r a m e t h y l p i p e r i d i n -  

- 1 - o x y l  c a n  be r e a d i l y  d e t e c t e d  b y  e . s . r .  s p e c t r o s c o p y  

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

n i t r o x i d e  ( F i g .  12) is s u f f i c i e n t l y  d i f f e r e n t  f r o m  

t h a t  of t h e  a c y l  n i t r o x i d e  ( F i g .  7) ( C h a p t e r  2 A ) to 

p e r m i t  s p e c t r o s c o p i c  r e s o l u t i o n  of th e  i n d i v i d u a l  

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

n i t r o x i d e  a c c e p t o r  w a s  u s e d  b e c a u s e  t h e  O - H  b o n d  

r u p t u r e  e n e r g y  e s t i m a t e d  by I n g o l d  ( 7 1 . 8  k c a l s  mol ^ )



z-o

CM
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f o r  t h e  h y  d r o X y 1 a m i n e is in g o o d  a g r e e m e n t  w i t h

t h e  7 1 . 9  t 2. 7  k c a l s  m o l ”  ̂ v a l u e  e s t i m a t e d  by L e b e d e v  

et al b a s e d  f r o m  t h e  h e a t  of c o m b u s t i o n  a n d  

s u b l i m a t i o n  d a t a .   ̂̂

T h e  p r a c t i c a l  p r o c e d u r e  u s e d  fo r  t h e  e s t i m a t i o n  

of t h e  0 - H  b o n d  s t r e n g t h s  of b o t h  t h e  s e c o n d a r y  a n d

t e r t i a r y  a l k y l  s u b s t i t u t e d  b e n z o h y d r o x a m i c  a c i d s  w a s  

i d e n t i c a l  e x c e p t  t h a t  in t h e  f o r m e r  t h e  n i t r o x i d e

a c c e p t o r  (12 4) h a d  to be g e n e r a t e d  in k n o w n

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

i m m e d i a t e l y  p r i o r  to u s e ,  w h e r e a s  in t h e  l a t t e r  th e

n i t r o x i d e  a c c e p t o r  ( 1 2 1 )  w a s  c o m m e r c i a l l y  a v a i l a b l e .

T h e  q u a n t i t a t i v e  m e t h o d  fo r  t h e  e s t i m a t i o n  of 0 - H  

b o n d  s t r e n g t h s  is a l s o  th e  s a m e  a n d  w i l l  o n l y  be 

d e s c r i b e d  fo r  t h e  h y d r o g e n  t r a n s f e r  f r o m  t h e  

^ - ( f e n c h e l y l ) b e n z o h y d r o x a m i c  a c i d s  to ( 1 2 1 ) .

A
ro.

X ^

( 1 2 1 )  A

If A* + RH

BH ( 1 2 1 H )  A H

A H  + B* is u s e d  to d e s c r i b e  t h e

r e v e r s i b l e  a t o m  t r a n s f e r  b e t w e e n  n i t r o x i d e  ( 1 2 1 )  E A* 

a n d  t h e  h y d r o x a m i c  a c i d  BH, t h e n  t h e  e q u i l i b r i u m  

c o n s t a n t ,  K, for the p r o c e s s  is g i v e n  by the  

e x p r e s s i o n  :



K = [m û  [B;]
0\-] [biO

P r o v i d e d  k n o w n  q u a n t i t i e s  of A ' and RH are u s e d  in the 

e x p e r i m e n t ,  e v a l u a t i o n  of the constant can be e f f e c t e d  

by d e t e r m i n a t i o n  of t h e  r e l a t i v e  c o n c e n t r a t i o n s  of the 

p i p e r i d i n - l - o x y l  a n d  a c y l  n i t r o x i d e  (A* a n d  B* 

r e s p e c t i v e l y )  in an e q u i l i b r i u i m  m i x t u r e .  T h i s  s h o u l d  

i n v o l v e  d o u b l e  i n t e g r a t i o n  of the e . s . r .  s p e c t r u m .  

E l e c t r o n i c  s i n g l e  i n t e g r a t i o n ® ®  w a s  e m p l o y e d  in t h i s  

w o r k ,  a n d  t h e  n e c e s s a r y  s e c o n d  i n t e g r a t i o n  a c h i e v e d  by 

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

o n an e x t e r n a l  c h a r t  r e c o r d e r .

It is n o t  n e c e s s a r y  to m e a s u r e  a b s o l u t e  r a d i c a l  

c o n c e n t r a t i o n  in t h e s e  e x p e r i m e n t s  if it is a s s u m e d  

t h a t  no l o s s  of t o t a l  r a d i c a l  c o n c e n t r a t i o n  o c c u r s  

d u r i n g  e q u i l i b r i u m .  S i n c e  o n l y  r e l a t i v e

c o n c e n t r a t i o n s  of t h e  t w o  r a d i c a l s  w e r e  r e q u i r e d ,  

s p e c t r o m e t e r  a n d  s a m p l e  t u b e  c a l i b r a t i o n  c o u l d  be 

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

r a d i c a l  w a s  j u d g e d  to be c a . 1 0 “ ® M  as e x c h a n g e

b r o a d e n i n g  b e c a m e  a p p a r e n t  if t h i s  v a l u e  w a s  e x c e e d e d ;  

no s u c h  e f f e c t  c o u l d  be d e t e c t e d  at c o n c .  ^  1 0 ~ ^ M .  

S t o c k  s o l u t i o n s  of t h e  p u r e  h y d r o x a m i c  a c i d  ( e . g .  1 0 4 )

a n d  4 - 0 X 0 - 2 , 2 , 6 , 6 - t e t r a m e t h y 1 p i p e r i d i n - 1 - o x y 1 ( K o d a k )  

w e r e  s e p a r a t e l y  p r e p a r e d  in p u r i f i e d  ‘A n a l a R *  b e n z e n e .  

ES R e x a m i n a t i o n  of t h e  h y d r o x a m i c  a c i d  s o l u t i o n s  at
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t h i s  s t a g e  r e v e a l e d  th e  ' s p o n t a n e o u s ’ a c y l  n i t r o x i d e  

c o n c e n t r a t i o n  to be b e l o w  t h e  d e t e c t i o n  l i m i t  of th e  

s p e c t r o m e t e r .  M i x t u r e s  of t h e  t w o  r e a c t a n t s  w e r e

p r e p a r e d  by  c a r e f u l  t r a n s f e r  by m i c r o s y r i n g e  of k n o w n  

v o l u m e s  of e a c h  s t o c k  s o l u t i o n  to s m a l l  s a m p l e  t u b e s .  

A r a n g e  of i n i t i a l  r e a c t a n t  ( A * ] ; [ BH J m i x t u r e s  f r o m  

1:2 to 1 : 5 0  w a s  p r e p a r e d  to p e r m i t  o b s e r v a t i o n  of a n y  

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

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

a n d  a l l o w e d  to s t a n d  for 10 m i n u t e s  at r o o m  

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

i n t e g r a t e d  e . s . r .  s p e c t r a .  L o n g  s c a n  t i m e s  (4 m i n s )  

a n d  s m a l l  m o d u l a t i o n  a m p l i t u d e  ( 0 . 8  x 1 0 “  ̂ G a u s s )  w e r e  

u s e d  to o p t i m i z e  r e s o l u t i o n .  T h e  i n t e g r a t o r  w a s

a d j u s t e d  f o r  z e r o  b a s e l i n e  d r i f t  t h r o u g h o u t  th e  f i e l d  

i m m e d i a t e l y  p r i o r  to i n t e g r a t i o n .

T h e  f i r s t  d e r i v a t i v e  s p e c t r u m  of t h e  e q u i l i b r i u m  

m i x t u r e  o b t a i n e d  by m i x i n g  a s o l u t i o n  of

^ - ( f e n c h e l y l ) b e n z o h y d r o x a m i c  a c i d  ( 1 0 4 )  ( B H )  w i t h  a 

s o l u t i o n  of ( 1 2 1 ) ( A * )  is s h o w n  in F i g .  13. T h e  

i n d i v i d u a l  p e a k s  f r o m  th e  t w o  n i t r o x i d e s  a r e  w e l l  

s e p a r a t e d .  B e c a u s e  of t h e  s l i g h t l y  d i f f e r e n t  ajg

v a l u e s  fo r  t h e  t w o  s p e c i e s ,  i n t e g r a t i o n  of p e a k  d of 

the a c y l  n i t r o x i d e  s p e c t r u m  a n d  p e a k  a of th e  ^ - o x y l  

g a v e  t h e  m o s t  s a t i f a c t o r y  r e s u l t s .  B e c a u s e  of t h e  

w e a k n e s s  of th e  a c y l  n i t r o x i d e  l i n e s  c o m p a r e d  to t h e  

N - o x y l  l i n e s  th e  f o r m e r  h a d  to be r e c o r d e d  at h i g h e r
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g a i n .  T h i s  ' w e a k n e s s '  is e v e n  m o r e  e v i d e n t  in t h e  

c a s e  of t h e  d i n i t r o -  d e r i v a t i v e  ( 1 0 2 ) ,  F i g .  14.

F i g .  15 s h o w s  a r e p r e s e n t a t i v e  s p e c t r u m  o b s e r v e d  

f o r  t h e  e q u i l i b r i u m  r e a c t i o n  of IN - ( a - m e  t h y 1 b e n z y 1 )-

- b e n z o h y d r o x a m i c  a c i d  w i t h  ( 1 0 9 ) .  T h e  s e c o n d a r y  a l k y l

g r o u p  h a s  a n  a-C-H g r o u p  a t t a c h e d  to t h e  n i t r o g e n .  T h e  

n i t r o g e n  t r i p l e t  o b s e r v e d  in t h e  s e c o n d a r y  a l k y l  

n i t r o x i d e s  is f u r t h e r  s p l i t  to g i v e  a s i x - l i n e  p a t t e r n  

b e c a u s e  of t h e  i n t e r a c t i o n  w i t h  t h e  a -  h y d r o g e n  of t h e  

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

m a r k e d  o v e r l a p  of p e a k s ,  t h o u g h  e x t r a c t i o n  of r e l a t i v e  

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

p r o v i d e d  p r o p e r  s e l e c t i o n  of p e a k s  w a s  m a d e  for 

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

e q u i l i b r i u m  m i x t u r e  of i N - ( f e n c h e l y l ) b e n z o h y d r o x a m i c  

a c i d  ( B H )  a n d  ( 1 2 1 )  A* ( F i g .  13) is s h o w n  in F i g .

16 .

A* + BH ^  AH + B*

If t h e  i n i t i a l  c o n c e n t r a t i o n s  of h y d r o x a m i c  a c i d  a n d  

p i p e r i d i n - l - o x y l  (B H ] q  a n d  ( A * 1 q  a r e  d e n o t e d  by x a n d

y, t h e n  at e q u i l i b r i u m  t h e  c o n c e n t r a t i o n s  of A* , BH, 

A H  a n d  B* w i l l  be ( y - x ) ,  ( x - a ) ,  a a n d  a  r e s p e c t i v e l y ,

h e n c e  ,

[MflCB-]K
[A-][Blfl 

(y-g)(x-g)
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If the ratio [R ') :(A '] d e t e r m i n e d  by e.s.r. at

e q u i l i b r i u m  is denoted by m, then

m = —^  or a = —  
y-a 1+1/m

Thus K becomes:

K = - -  
x(m+l)-my

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

d e t e r m i n a t i o n  of K is s h o w n  in t a b l e  9.

S t a t i s t i c a l  a n a l y s i s  of t h e s e  s i x  i n d e p e n d e n t  r e s u l t s  

a f f o r d s  m e a n  a n d  s t a n d a r d  d e v i a t i o n  fo r  the 

e q u i l i b r i u m  c o n s t a n t  at t h i s  t e m p e r a t u r e  of:

4.08 ± 0.21 X lO'S

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

s u b s t i t u t e d  N - ( f e n c h e 1 y 1 ) b e n z o h y d r o x a m i c  a c i d s  by  an  

i d e n t i c a l  p r o c e d u r e  a r e  c o l l e c t e d  in t a b l e  10. 

E x a m i n a t i o n  of t a b l e  10 s h o w s  t h a t  t h e  e l e c t r o n i c  

n a t u r e  of t h e  s u b s t i t u e n t  h a s  a n  e f f e c t  u p o n  t h e  

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

a m i n o  d e r i v a t i v e  is m u c h  h i g h e r  t h a n  e x p e c t e d .  

E l e c t r o n - r e l e a s i n g  s u b s t i t u e n t  w o u l d  a p p e a r  to 

f a c i l i t a t e  h y d r o g e n  a t o m  t r a n s f e r  to t h e  d i - ^ - a l k y l  

n i t r o x i d e  w h e r e a s  a s t r o n g l y  e l e c t r o n  w i t h d r a w i n g  

4 - n i t r o  g r o u p  c l e a r l y  h i n d e r s  s u c h  a p r o c e s s .
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Approx. initial 
concentration ratio

Bll : A 0 0

Calculated K 

10̂  (ITH, 21°C)

1 : 1 4.05
4.42
4.15

2 : 1 4.16
5.80
5.95

TABLE 9.

/  / -  w / /
TABLE 10
Calculated K values for the

Y fenchelyl nitroxides

Number X Y Calculated K 
{10\ FhH, 21°C)

No. of 
Results

102 W NO2 1.20 ± 0.45 5

105 NO^ H 1.46 ± 0.25 4

104 H il 4.08 ± 0.21 3

105 OMe il 1.62 ± 0.22 4

106 XfUc)? H 4.9 ± 1.5 5
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K n o w l e d g e  of t h e  e q u i l i b r i u m  c o n s t a n t  K e n a b l e s

t h e  c h a n g e  in G i b b s  f r e e  e n e r g y  a s s o c i a t e d  w i t h  a 

s y s t e m  at t h e r m o d y n a m i c  e q u i l i b r i u m  to be c a l c u l a t e d :

AG = -RTlnK

T a b l e  11 s h o w s  t h e  A G v a l u e s  (in k c a l s  m o l “ ^) 

c a l c u l a t e d  f o r  (102 )-»(i06 ) in b e n z e n e  at 2 1 ° G .

TABLE 11 Calculated aG values for the
fenchelyl nitroxides.

Number Substit
uent AG(Kcals mol

102 3,5-(N(^) 2 6.56 ± 0.17

103 4-NO? 6.45 ± 0.11

104 4-H 5.85 ± 0.01

105 4-OMe 5.05 ± 0.07

106 4-N(Me) 5.77 ± 0.20

If t h e  e n t r o p y  c h a n g e  As f o r  th e  h y d r o g e n  a t o m  

t r a n s f e r  e q u i l i b r i u m  is a s s u m e d  to be n e g l i g i b l e  t h e n  

t h e  e n t h a l p y  c h a n g e  AH m a y  be e q u a t e d  w i t h  Ag a n d  w i l l  

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

e n t h a l p i e s  of f o r m a t i o n  ( A  Hf) of th e  p r o d u c t s  a n d  

r e a c t a n t s ;  i.e.

AllPliII

w h e r e  A H  = 132 H a n d  BH r e p r e s e n t s  t h e  t e r t i a r y  a l k y l
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for

h ydroxamic acid.

In g o 1 d et al estimated a c a l o r i m e t r i c  value

in carbon tetrachloride 

solution at 25°C as 19.7 t 0.41 kcals m o l “  ̂ , and

argued that the specific solvent effects invol v «* d in a 

transfer from C C I 4 t o benzene (at infinite dilution)

c o n t ributes only negl i g i b l y  ( 1 kcal m o l “ ^). Although

benzene was used as the solvent in the equilibrations. 

Ingold's C C I 4 value will be used in the following

t r e a t m e n t ,
^^PhH  ̂ig y ± 0.43 kcals mol ^

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

for the f e n c h e l y l  a r o y l  n i t r o x i d e s  a n d  t h e i r  

c o r r e s p o n d i n g  h y d r o x a m i c  a c i d s  a r e  g i v e n  in t a b l e  12.

In t h e  s e c o n d a r y  a l k y l  s y s t e m  w h e r e  A H  E 13 5 H_ 

J e n k i n s ^ ^  e s t i m a t e d  a v a l u e  of j  i n

b e n z e n e  s o l u t i o n  at 1 5 ° C  of 2 5 . 9 3  t 0 . 4 4  k c a l s  m o l ~ ^ ,  

h e n c e  fo r  t h e  ( oc-me t h y 1 b e n z y 1 ) b e n z o y l  n i t r o x i d e s  a n d  

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

in e n t h a l p y  of f o r m a t i o n  b e c o m e s :

( A H p ™ ‘ - ( A H , ) ™ = + 25.93 ± 0.44 kcals mol ^

a n d  t h e s e  v a l u e s  a r e  s h o w n  in t a b l e  13.

B o n d  d i s s o c i a t i o n  e n e r g i e s  ( D ( O - H ) )  f o r  t h e  

h y d r o x a m i c  a c i d s  in s o l u t i o n  m a y  be e s t i m a t e d  o n l y  if 

a r e l i a b l e  v a l u e  is a v a i l a b l e  f o r  t h e  s o l u t i o n  p h a s e

e n t h a l p y  of f o r m a t i o n  of a h y d r o g e n  a t o m :
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BU B- + H-

»(0-H) ■ -  ( M j ) «  I .  (« Y » .■]
/ A ^ s o l

As a v a l u e  of 5 2 . 1  k c a l s  m o l " !  h a s  b e e n  u s e d

in p r e v i o u s  b o n d  e n e r g y  w o r k ,  t h i s  v a l u e  is a s s u m e d  in 

t h e  p r e s e n t  t r e a t m e n t .  E s t i m a t e d  D ( O - H )  v a l u e s  f o r  

t h e  t e r t i a r y  a l k y l  a n d  s e c o n d a r y  a l k y l  b e n z o h y d r o x a m i c  

a c i d s  a r e  s h o w n  in t a b l e s  12 a n d  13 r e s p e c t i v e l y .

A • =

/ = < TABLE 12

Estimated 0-H bond strengths for 
tlie fenchelyl nitroxides?

Number X Y D(O-H) 
Kcals mol

102 11 26.26 78.4

103 NOz n 26.15 78.25

104 n 1! 25.55 77.65

105 OMc II 24.75 76.85

106 N(Mc)2 II 25.47 ? 77.6 ?

-1 12= 19.7 kcals mol
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?  / O  
Me-C-N

TABLli 1.1 

I : s tim a tc d  0-11 bond s tre n g th s  fo r  
t lie  g -in e th y lb cn zy l n i t r o x id c s .

Niuiihcr X Y (Allf)jj’’" - (Allf)™' DfO-H) 
Kcals mol

107 11 NO. 27.72 79.82

108 XO^ 11 27.58 79.h3

109 11 II 27.19 79.29

110 11 25.79 77.89

A" O'
COPR = 25.93 kcals mol-1 39

r i b u t e  n e g l i g i b l y  to t h e  A H .

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

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

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

c o n t r i b u t e  n e g l i g i b l y  to t h e  A H .

T h u s

J e n k i n s  h a s  c a r r i e d  o u t  t h e  e q u i l i b r a t i o n  of ( 1 7 a )

w i t h  ( 1 3 2 )  u s i n g  b e n z e n e ,  n - h e x a n e  a n d  c a r b o n

t e t r a c h l o r i d e .  T h e  AH v a l u e s ,  ( i n  k c a l s  m o l “ ^)

o b t a i n e d  w e r e  5 . 0 6  ± 0 . 1 7 ,  5 . 4 0  t 0 . 0 8  a n d  6 . 2 3  î 0 . 0 7

r e s p e c t i v e l y .  J e n k i n s  c o n c l u d e d  t h a t  t h e  i n c r e a s e  in 

AH o b s e r v e d  in b e n z e n e  s o l u t i o n  is p r o b a b l y  d u e  to



101

additive solvent interation with all the p a r t i c i p a t i n g 

species and that specific interations with one 

particular solute are unimportant.

The 1 kcal mol~^ increase in the c alculated A H 

solvi.Mit value for benzene could not explain the 5 kcal 

m o l “  ̂ g r a d a t i o n  of D(O-H) e s t i mated for the 

4 - s u b s t i t u t e d  ^ - b u t y l b e n z o h y d r o x a m i c  acids.

In its i n i t i a l  c o n c e p t ,  t h i s  w o r k  r e q u i r e d  a w i d e  

r a n g e  of 0 - H  b o n d  s t r e n g t h s  a n d  e x t r a p o l a t i o n  of 

J e n k i n s  d a t a  s u g g e s t e d  t h a t  t h e  4 - d i m e t h y l a m i n o  

t h r o u g h  to t h e  3 , 5 - d i n i t r o  d e r i v a t i v e  s h o u l d  e m b r a c e  a 

v a r i a t i o n  of at l e a s t  10 k c a l s  m o l “ ^. O u r  r e s u l t s  a r e  

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

m e a s u r e m e n t s  w e r e  in f a c t  m a d e  o n  t h e  s e c o n d a r y  

a l k y l h y d r o x a m i c  a c i d s  ( t a b l e  1 3 ) ,  a n d  it s e e m e d  

p o s s i b l e  t h a t  a s t e r i c  c o m p o n e n t  p l a y e d  a n  i m p o r t a n t  

r o l e  in t h e  w i d e  s p r e a d  of D ( O - H )  r e p o r t e d  f o r  t h e  

^ - b u t y l  s y s t e m .  H o w e v e r ,  t h e  r e s u l t s  w i t h  t h e

f e n c h e l y l  d e r i v a t i v e s  ( t a b l e  12) w e r e  v e r y  s i m i l a r  to 

t h o s e  f o r  t h e  s e c o n d a r y  a l k y l  s y s t e m  a n d  so s e v e r a l  of 

J e n k i n s ' s  c o m p o u n d s  w e r e  r e - e x a m i n e d .

J e n k i n s  s u g g e s t e d  a c o r r e l a t i o n  b e t w e e n  t h e  ajj 

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

t h e  0 - H  b o n d  e n e r g i e s  e s t i m a t e d  f o r  t h e i r  r e s p e c t i v e  

p r e c u r s o r s .  F i g u r e s  17, 18 a n d  19 s h o w  t h e  p l o t s  of

ajsj v e r s u s  D ( O - H )  f o r  t h e  ^ - b u t y l ,  N / f e n c h e l y l )  a n d  

( a - m e  t hy 1 b e n  zy 1 ) b e n z o h y  d r o x a m i  c a c i d s  r e s p e c t i v e l y .
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D e s p i t e  th e  e x c e l l e n t  c o r r e l a t i o n  f o u n d  by J e n k i n s  fo r  

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

r e p r o d u c e d  ( t a b l e  14).

/O H TABLE 14 

Comparison of the estimated D(0-H} 
values of the t-butyl acyl nitroxides

X D(O-ll)
Jenkins^^

D(O-H) 
This Work

K
Jcnkins^^

K
This Work

OMc 75.9 76.9 7.39xlO"4 -42.2x10 ^

n 78.0 77.4 1.89x10'^ 1.05x10"^

80.2 73.2 5.4x10"^ 1.95x10"^

T a b l e  14 s h o w s  t h e  l a r g e  d i s c r e p a n c i e s  b e t w e e n  the 

c a l c u l a t e d  K v a l u e s  o b t a i n e d  by J e n k i n s  c o m p a r e d  to 

t h o s e  o b t a i n e d  in t h i s  w o r k .

T h e  c l o s e s t  a c c o r d  w i t h  J e n k i n ' s  r e s u l t s  is f o u n d  

for t h e  un s u b s t i t u t e d  b u t y 1 b e n z o h y d r o x a m i c  a c i d .

O n e  p o s s i b l e  s o u r c e  of e r r o r  l i e s  in a k e y  p r o c e d u r a l  

d i f f e r e n c e  w h e r e b y  th e  e q u i l i b r a t i o n  t i m e  u s e d  by 

J e n k i n s  w a s  s e v e r a l  h o u r s .  In t h e  [> r e s e n t w o r k  it

a p p e a r e d  t h a t ,  as m i g h t  be e x p e c t e d ,  e q u i l i b r i u m  w a s  

e s L a h 1 i s h e d  r .i p i d 1 y , but t h e r e  w a s  t h e n ,  in s o m e  

c a s e s ,  at l e a s t ,  a g r a d u a l  c h a n g e  n o t  o n l y  in 

ni t r o X i d e r a t i o ,  bu t  a l s o  in t o t a l  r a d i c a l
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c o n c e n t r a t i o n ,  c o n s i s t a n t  w i t h  c h e m i c a l  c h a n g e .  T h i s  

w a s  e x p e c t e d  f o r  t h e  s e c o n d a r y  a l k y l  n i t r o x l d e  bu t  no t  

fo r  th e  f e n c h e l y l  s y s t e m .  T h e  p r e s e n t  r e s u l t s  a r e

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

5 m i n u t e s  a f t e r  m i x i n g .  R e s u l t s  at d i f f e r e n t  i n i t i a l  

h y d r o x a m i c  a c i d  n i t r o x i d e  a c c e p t o r  r a t i o ' s  w e r e  

r e a s o n a b l y  c o n s i s t a n t ,  b u t  t h e  p l o t s  of D ( O - H )  v e r s u s  

a\j s h o w  t h a t  t h e  D ( O - H )  v a l u e  for t h e  d i m e  th y  1-

- a m i n o b e n z o y l  n i t r o x i d e s  do n o t  f a l l  on th e  aĵ j 

c o r r e l a t i o n  p l o t s .  N e g l e c t i n g  t h e s e  p o i n t s  t h e  s l o p e s  

of t h e  p l o t s  ajsj vs. D ( O - H )  fo r  t h e  f e n c h e l y l  a n d

a - m e t h y l  b e n z y l  s y s t e m s  a r e  b o t h  c a . - 0 . 6 .  T h i s  is

s i g n i f i c a n t l y  d i f f e r e n t  f r o m  J e n k i n s  - 0 . 2  fo r  the

^ - b II t y 1 s y s t e m .
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CH A RTF. R 3

F X A M l  N A T I O N  OF F. N A N’T I O S K I. F. C T 1 V 1 T V

Tlie reaction which is of most importance for this 

piece of work is hydrogen atom transfer from a 

suitable benzylic alcohol to a chiral acyl nitroxide:

X * Y N O "  + A r C H O H R  -------► X * Y N O H  + A r C O H R

( 1 9 )  ( 5 0 )

R ' + BH  >  RH 4- B*

Tfie process is effe c t i v e l y  irre v e r s i b l e  since radical 

(50) once formed would be i m m e diately scavenged by 

excess (49) to form ketone:

X * Y N O "  + A r C O H R  >  X * Y N O H  + A r R C O

E n a n t i o s e l e c t i v i t y  in h y d r o g e n  a t o m  t r a n s f e r  r e a c t i o n s  

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

t e c h n i q u e s .  T h e  f i r s t  e m p l o y e d  UV  s p e c t r o s c o p y  to 

d e t e r m i n e  t h e  s e c o n d  o r d e r  r a t e  c o n s t a n t s  f o r  t h e  

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

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

r a c e m i c  a l c o h o l  a n d  c h i r a l  a c y l  n i t r o x i d e  a n d  

s u b s e q u e n t  e x a m i n a t i o n  f o r  e n a n t i o m e r i c  e x c e s s  by  H P L C  

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

d i f f e r e n t  t e c h n i q u e s  w i l l  be d e a l t  w i t h  i n d e p e n d e n t l y .
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A . U V K i n e t i c s .

A t t a c k  of a c h i r a l  n i t r o x i d e  (+) R *  on  a c h i r a l  

a l c o h o l  ( + ) B H  l e a d s  to a d i a s t e r e o i s o m e r i c  t r a n s i t i o n  

s t a t e ,  t h e  e n e r g y  of w h i c h  w i l l  be d i f f e r e n t  to t h a t  

o b t a i n e d  by r e a c t i o n  of (-t-)R* a n d  ( - ) B H .  T h e

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

to p r o d u c t s  f a s t e s t .  If t h i s  is t h e  c a s e ,  o n e

e n a n t i o m e r  of t h e  r a d i c a l  w i l l  r e a c t  p r e f e r e n t i a l l y  

w i t h  t h e  a l c o h o l  ( i . e .  t h e r e  is e n a n t i o s e l e c t i v i t y )  

a n d  t h e  s e c o n d  o r d e r  r a t e  c o n s t a n t s  f o r  t h e  t w o  

r e a c t i o n s  w i l l  be d i f f e r e n t .

K i n e t i c  E S R  t e c h n i q u e s ® ^  p r o v i d e  a v a l u a b l e  

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

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

t e c h n i q u e  w a s  n o t  c h o s e n  f o r  t h e  p r e s e n t  s t u d y .

R e a c t i o n  of t h e  h i g h l y  c o l o u r e d  a c y l  n i t r o x i d e  

( s e e  c h a p t e r  3 B ) w i t h  t h e  c h i r a l  a l c o h o l  l e a d s  to

c o l o u r l e s s  p r o d u c t s  a n d  so t h e  k i n e t i c s  of t h i s  

r e a c t i o n  c a n  be m o n i t o r e d  by UV s p e c t r o s c o p y .  A

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

t i m e  p e r m i t s  t h e  r a t e  of th e  r e a c t i o n  to be 

c a l c u l a t e d .  UV s p e c t r o s c o p y  w a s  u s e d  in p r e f e r e n c e  to

E S R  f o r  t h r e e  m a i n  r e a s o n s ,

i) A 1° r i s e  in t e m p e r a t u r e  is r o u g h l y  e q u i v a l e n t  to 

a 1 0 %  r i s e  in r e a c t i o n  r a t e .  T h e  m a x i m u m  d i f f e r e n c e  

in s e c o n d  o r d e r  r a t e  c o n s t a n t s  we h a d  e s t i m a t e d  m i g h t  

be o b s e r v e d  w a s  a p p r o x i m a t e l y  10%, It w a s  t h e r e f o r e
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c r i t i c a l  t h a t  a l l  t h e  k i n e t i c  r u n s  w e r e  c a r r i e d  o u t  at 

c o n s t a n t  t e m p e r a t u r e  ( i 0 . 2  ° C ) . T h e  t h e r m o s t a t e d  c e l l

h o l d e r  of t h e  U V  s p e c t r o m e t e r  c o u l d  h o l d  4 c u v e t t e s

( a l l o w e d  m u l t i p l e  r u n s )  w i t h i n  a t e m p e r a t u r e  r a n g e  of 

±0. 1 °C f o r  at l e a s t  24 h o u r s .  It is d i f f i c u l t  to

e n s u r e  a c o n s t a n t  u n i f o r m  t e m p e r a t u r e  in t h e  E S R  

c a v i t y  of ± 0 . 5 ° C  f o r  l o n g  p e r i o d s  of t i m e .

ii) A c c u r a t e  a l c o h o l  c o n c e n t r a t i o n s  c o u l d  be 

c a l c u l a t e d  by c a r e f u l  w e i g h i n g  o f  t h e  c u v e t t e  a n d  its 

c o n t e n t s .

i i i )  T h e  t e c h n i q u e  is q u i c k ,  e a s y  a n d  r e p r o d u c i b l e .

O n c e  t h e  r e a c t i o n  h a d  b e e n  s e t  up, t h e  s p e c t r o m e t e r  

c o u l d  be l e f t  to a u t o m a t i c a l l y  r e c o r d  a b s o r p t i o n s  at x 

m i n u t e  i n t e r v a l s  u n t i l  r e a c t i o n  w a s  c o m p l e t e ,  i . e . 

t h e r e  w a s  n o  d e t e c t a b l e  c h a n g e  in o p t i c a l  d e n s i t y .

T h e  o p t i c a l l y  a c t i v e  b e n z y l i c  a l c o h o l s  

p h e n y 1 e t h a n o  1 a n d  m e t h y l  m a n d e l a t e  w e r e  c o m m e r c i a l l y  

a v a i l a b l e  ( A l d r i c h  a n d  F l u k a  c h e m i c a l  c o m p a n i e s  

r e s p e c t i v e l y ) ,

T h e  b o n d  s t r e n g t h s  of t h e  a r o y l  s u b s t i t u t e d

^ - ( f e n c h e 1 y 1 ) b e n z o h y d r o X a m i c  a c i d s  d e p e n d  on the 

n a t u r e  of t h e  s u b s t i t u e n t  ( s e e  C h a p t e r  4). A h i g h  

b o n d  d i s s o c i a t i o n  e n e r g y  is i n d i c a t i v e  of a s t r o n g  

t e n d e n c y  f o r  h y d r o g e n  a t o m  a b s t r a c t i o n  in the 

n i t r o x i d e .  T h u s ,  t h e  d i n i t r o  d e r i v a t i v e  ( 1 0 2 )  ( D ( O - H )

= 7 8 . 4  k c a l s  m o l ~ ^ )  w i l l  a b s t r a c t  t h e  b e n z y l i c

h y d r o g e n  f r o m  t h e  a l c o h o l  f a s t e r  t h a n  th e  m o r e  w e a k l y
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b o n d e d  raethoxy d e r i v a t i v e  ( 1 0 5 )  ( D ( O - H )  = 7 6 . 8 5  k c a l s

m o l ” ^). In o r d e r  to o b t a i n  r e a s o n a b l e  r e a c t i o n  r a t e s  

f o r  t h e  c o n c e n t r a t i o n  of r a d i c a l s  w h i c h  w e r e  m o s t

c o n v e n i e n t  f o r  t h e  U V  s t u d i e s ,  a 1 0 0 - f o l d  e x c e s s  of 

a l c o h o l  w a s  n e c e s s a r y .  T h i s  r a t i o  of s u b s t r a t e  to 

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

p s e u d o - f i r s t  o r d e r .

T h e  p r o c e d u r e  f o r  a t y p i c a l  k i n e t i c  r u n  is 

o u t l i n e d  b e l o w :

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

c o n t a i n i n g  a s o l u t i o n  of t h e  f r e s h l y  p r e p a r e d  ( + ) - a c y l  

n i t r o x i d e  in p u r i f i e d  ' A n a l a R '  b e n z e n e .  50 ]J1 of

( + ) - p h e n y 1 e t h a n o  1 w a s  i n t r o d u c e d  to t h e  c u v e t t e  by 

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

w a s  p l a c e d  in t h e  t h e r m o s t a t e d  c e l l  h o l d e r  of t h e  UV 

s p e c t r o m e t e r  at 4 0 ° C .  T h e  o p t i c a l  d e n s i t y  of t h e  

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

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

10 m i n u t e s  u n t i l  r e a c t i o n  w a s  c o m p l e t e .  A l t h o u g h  in 

p r a c t i c e  it w a s  p o s s i b l e  to u s e  t h e  v i s i b l e  b a n d  to 

f o l l o w  t h e  r e a c t i o n  of r a d i c a l  w i t h  a l c o h o l ,  it p r o v e d  

m o r e  c o n v e n i e n t  to u s e  t h e  m o r e  i n t e n s e  UV b a n d  at

3 3 5 n m  w h e r e  t h e r e  a p p e a r e d  to be no  i n t e r f e r e n c e  f r o m ,  

f o r  e x a m p l e ,  t h e  p r o d u c t s  f o r m e d .  F i g .  20 s h o w s  a

t y p i c a l  s c a n  r e c o r d e d  at 4 0 ° C ,  X = 3 3 5 n m .

F o r  r e a c t i o n s  i n v o l v i n g  m e t h y l  m a n d e l a t e  t h e  

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

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

c o n c e n t r a t i o n  at t i m e ,  t , is t a k e n  to be d i r e c t l y

p r o p o r t i o n a l  to t h e  h e i g h t  of t h e  r e c o r d e d  U V

a b s o r p t i o n  at t i m e  t,

R* + BH RH 4- B*

B* + R*  ►  R H  +  C
k2

In a g i v e n  a b s t r a c t i o n  e x p e r i m e n t ,  t h e  r a t e  e x p r e s s i o n  

f o r  a c y l  n i t r o x i d e  d e p l e t i o n  w i l l  be g i v e n  by:

-d f R- 1 = k i ( R * J ( B H j  + k 2 ( B * ) ( R * ]
d t

w h e r e  (R*) a n d  (BH] r e p r e s e n t  t h e  i n s t a n t a n e o u s  

c o n c e n t r a t i o n  of t h e  n i t r o x i d e  R* a n d  t h e  b e n z y l i c  

a l c o h o l  BH. T h e  b a c k  r e a c t i o n  ( k _ %) is a s s u m e d  to 

c o n t r i b u t e  n e g l i g i b l y  to t h i s  e x p r e s s i o n  s i n c e  t h e  

r a d i c a l  B* w i l l  be v e r y  r a p i d l y  s c a v e n g e d  by f u r t h e r  

a c y l  n i t r o x i d e .  S i n c e  k 2 > > k a p p l i c a t i o n  of t h e

s t e a d y  s t a t e  a p p r o x i m a t i o n  to r a d i c a l  B* g i v e s .

d [ B - 1 = k i ( R * ] ( B H |  - k 2 ( R ' ) ( B " )
d t

i .e. k 2 [R* ] (B- ] » ki (R- ] (BH)

a n d  h e n c e :
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- d [R ♦ ] - 2 k i [ R * ] ( B H )
d t

w h e r e  2 k ̂  = k g f o r  t h e  o v e r a l l  p r o c e s s  of:

2 R * + B H 2 R H  + C e q u a t i o n  3.

T h e  c o n c e n t r a t i o n  of t h e  b e n z y l i c  a l c o h o l  BH is m u c h  

g r e a t e r  t h a n  t h e  i n i t i a l  n i t r o x i d e  c o n c e n t r a t i o n  ( i . e .

( R * J o  << ( B H ) )  a n d  so (BH) w i l l  be v i r t u a l l y

u n a f f e c t e d  by r e a c t i o n  p r o g e s s .  E q u a t i o n  3 r e d u c e s  to 

a p s e u d o - f i r s t - o r d e r  d e p e n d e n c e  u p o n  (R*) a l o n e :

- d ( R ' 1 “ k o b g ( R ' )  w h e r e  k^yg = k g f B H )
d t

I nR* = k g b g t  + c o n s t a n t

w h e n  R* = R *o ^ ̂  t ■ 0, InR* = c o n s t a n t .

T h e r e f o r e  :

InR* = - k o b s  t + InR* o

A p l o t  of l n ( p e a k  h e i g h t ) ( ( R * )) v e r s u s  t i m e  (t) s h o u l d  

g i v e  a s t r a i g h t  l i n e  p l o t  w i t h  a s l o p e  = - k o b s *  T h i s  

is i n d e e d  t h e  c a s e  a n d  a t y p i c a l  p l o t  is s h o w n  in F i g .  

2 1 .
T h e  s e c o n d  o r d e r  r a t e  c o n s t a n t  ( k g )  c a n  be 

c a l c u l a t e d  f r o m  k ^ y s  b y u s i n g  t h e  e x p r e s s i o n :
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k 3 “ o b s
( R M  1

T a b l e s  15 a n d  16 s h o w  t h e  s e c o n d - o r d e r  r a t e  c o n s t a n t s  

k 3 c a l c u l a t e d  f o r  t h e  r e a c t i o n s  of r a c e m i c  a l c o h o l  a n d  

c h i r a l  a c y l  n i t r o x i d e s .  E a c h  c a l c u l a t e d  v a l u e  is the 

m e a n  of at l e a s t  t w o  i n d e p e n d e n t  k i n e t i c  r u n s .  

U s u a l l y  t h e  k i n e t i c s  r u n s  w e r e  c a r r i e d  o u t  in 

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

d i f f e r e d  by m o r e  t h a n  4 % t h a n  t h e  e x p e r i m e n t s  w e r e

r e p e a t e d .  T h e  m e a n  v a l u e s  of t h e  r a t e  c o n s t a n t s  a r e  

r e c o r d e d  in t h e  t a b l e s .  T a b l e s  15 a n d  16 s h o w  t h e

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

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

h a s  on  t h e  r e a c t i v i t y  of t h e s e  n i t r o x i d e  r a d i c a l s .

T h e  3 , 5 - d i n i t r o  d e r i v a t i v e  ( 1 0 2 )  r e a c t s  a p p r o x i m a t e l y  

40 t i m e s  f a s t e r  w i t h  p h e n y l e t h a n o l  t h a n  d o e s  t h e

4 - d i m e t h y l a m i n o  d e r i v a t i v e  ( 1 0 6 ) .

T h e  e s t i m a t e d  b o n d  s t r e n g t h  f o r  ( 1 0 6 )  w a s  7 7 . 6  

k c a l s  m o l ”  ̂ ( s e e  c h a p t e r  4). T h i s  D ( O - H )  v a l u e  d i d

n o t  f a l l  o n  t h e  ajg c o r r e l a t i o n  p l o t  c o n s t r u c t e d  for

r a d i c a l s  ( 1 0  2 ) — ( 1 0 6 ) .  T h e  h i g h e r  t h a n  e x p e c t e d  b o n d

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

of t h e  p a r e n t  n i t r o x i d e  ( 1 0 4 ) .  K i n e t i c a l l y  h o w e v e r ,  

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

( 1 0 4 ) .  T h i s  s u g g e s t s  t h a t  t h e  e s t i m a t e d  D - ( O - H )  is

i n d e e d  t o o  h i g h  a n d  in v i e w  of t h e  l o w  r e a c t i v i t y
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TABLE 16. Rate constants for the reaction of the fenchelyl 
nitroxides with phenylethanol.

ir ' V-
P,h

M e -C -O H1
H

kjM'^sec'^
(PhH,40°C)

R = 3,5-N02 (102) (±) 9.99x10"^

R = 4 -NO2 (103) (±) 3.44x10'^

R = 4-H (104) (±) 1.09x10"^

R = 4-OMe (105) (±) 5.31xlO"4

R = 4-N(Me)2 (106) (±) 2.26x10"’

TABLE 15. Rate constants for the reaction of some fenchelyl 
nitroxides with methyl mandelate.

?
C H ,C O ,-C -O H

A kjM ’'sec ^

R = 3,5-N02 (±) 7.70x10'^

R = 4-H (±) 6.56x10"^

R = 4-N(Me) 2 (±) 1.61x10’^
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D ( O - H )  f o r  ( 1 0 6 )  s h o u l d  be ^  7 6 . 8 5  k c a l s  m o l “ ^. A

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

c o r r e l a t i o n  b e t w e e n  aĵj ( 8 . 7 4  G a u s s )  a n d  D ( O - H ) .

T a b l e s  1 6 - 2 1  s h o w  t h e  s e c o n d  o r d e r  r a t e  c o n s t a n t s  

d e t e r m i n e d  at 4 0 ° C  f o r  t h e  r e a c t i o n  of p h e n y l e t h a n o l  

a n d  o p t i c a l l y  a c t i v e  f e n c h e l y l  b e n z o y l  n i t r o x i d e s .

T a b l e s  1 5 , 2 2 - 2 4  s h o w  t h e  s e c o n d  o r d e r  r a t e  

c o n s t a n t s  d e t e r m i n e d  at 4 0 ° C  f o r  t h e  r e a c t i o n  of 

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

b e n z o y l  n i t r o x i d e s .  E x a m i n a t i o n  of t h e  d a t a  in t h e s e  

t a b l e s  r e v e a l s  n o  k i n e t i c  i n d i c a t i o n  f o r

e n a n t i o s e l e c t i v i t y  in th e  r e a c t i o n s  of t h e  a l c o h o l s  

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

B ._____________ E x a m i n a t i o n ____ of____ e n a n t i o s e l e c t i v i t y ____ u s i n g

h i g h - p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h y  ( H P L C ) .

T h e  k i n e t i c  s t u d i e s  d e s c r i b e d  in s e c t i o n  5 A 

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

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

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

e x p e n s i v e .  An  a l t e r n a t i v e  a p p r o a c h ,  a n d  o n e  u s e d  in 

t h e  o r i g i n a l  B e r t i  e x p e r i m e n t s ^ ,  is to r e a c t  an e x c e s s  

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

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

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

t h i s  c o m p e t i t i v e  t e c h n i q u e  t h e  r a t i o  of u n r e a c t e d

m a t e r i a l s  is r e l a t e d  to th e  r a t i o  of t h e i r  i n d i v i d u a l
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r a t e  c o n s t a n t s  f o r  t h e  r e a c t i o n  a c c o r d i n g  to e q u a t i o n  

4 :

k —
^

kq q E q u a t i o n  4.
log —

So

F o r  o u r  p u r p o s e s  a n d  kg a r e  t h e  s e c o n d  o r d e r  r a t e

c o n s t a n t s  f o r  t h e  r e a c t i o n  of e a c h  e n a n t i o m e r  (R a n d  

S) of t h e  r a c e m i c  a l c o h o l  w i t h  t h e  c h i r a l  n i t r o x i d e .  

R q a n d  S q a r e  t h e  i n i t i a l  c o n c e n t r a t i o n s  of t h e

a l c o h o l  a n d  R a n d  S a r e  t h e i r  c o n c e n t r a t i o n s  at t i m e

t . T h e  g e n e r a l  a i m  of s u c h  c o m p e t i t i v e  e x p e r i m e n t s  is 

to r e a c t  a t w o  f o l d  e x c e s s  of r a c e m i c  a l c o h o l  (1 m o l a r

e q u i v a l e n t )  w i t h  c h i r a l  n i t r o x i d e  a n d  s u b s e q u e n t l y  to 

d e t e r m i n e  t h e  e n a n t i o m e r i c  e x c e s s  of u n r e a c t e d  

a l c o h o l .  K n o w l e d g e  of t h e  e n a n t i o m e r i c  e x c e s s  a l l o w s  

e v a l u a t i o n  of -r—  .

S e v e r a l  e x p e r i m e n t a l  t e c h n i q u e s  c a n  be u s e d  to 

d e t e r m i n e  t h e  e n a n t i o m e r i c  c o m p o s i t i o n  of t h e  

u n r e a c t e d  a l c o h o l .  As p r e v i o u s l y  m e n t i o n e d ,  t h e

s p e c i f i c  r o t a t i o n  of t h e  r e c o v e r e d  a l c o h o l  c a n  be 

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

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

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

p r e p a r a t i v e  t . l . c .  If a n y  c h i r a l  r a d i c a l  is p r e s e n t

in t h e  f i n a l  a l c o h o l  s a m p l e ,  t h i s  w i l l  g i v e  r i s e  to a

m i s l e a d i n g  s p e c i f i c  r o t a t i o n  a n d  t h u s  c a l c u l a t i o n  of
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th e  e n a n t i o m e r i c  e x c e s s  ( e . e . )  w i l l  be i n c o r r e c t .

^ H - N M R  c a n  a l s o  be u s e d .  U s i n g  a c h i r a l  s h i f t  

r e a g e n t  it s h o u l d  be p o s s i b l e  to s e p a r a t e  t h e  ( + ) a n d  

(-) e n a n t i o m e r s  of t h e  a l c o h o l  ( s e e  C h a p t e r  2). 

I n t e g r a t i o n  of t h e  s e p a r a t e d  e n a n t i o m e r s  l e a d s  to the 

d e t e r m i n a t i o n  of t h e  e n a n t i o m e r i c  e x c e s s .  H o w e v e r ,  in 

th e  B e r t i  e x p e r i m e n t ^ ,  t h e  o b s e r v e d  e . e .  w a s  17. a n d  it 

is d o u b t f u l  w h e t h e r  s u c h  a s m a l l  e . e .  w o u l d  be 

d e t e c t a b l e  by ^ H - N M R  i n t e g r a t i o n .

An  a l t e r n a t i v e  m e t h o d  i n v o l v e d  t h e  u s e  of H P L C ,

a n d  e n a n t i o m e r i c  r e s o l u t i o n  by t h i s  t e c h n i q u e  c a n  be 

a c h i e v e d  in t w o  w a y s :

(i) A c h i r a l  s t a t i o n a r y  p h a s e  c a n  be u s e d  to

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

I n t e g r a t i o n  of t h e  i n d i v i d u a l  p e a k  a r e a s  g i v e s  t h e

r a t i o  of t h e  (+) a n d  (-) e n a n t i o m e r s .

( i i )  R e a c t i o n  of t h e  u n r e a c t e d  a l c o h o l  w i t h  an

o p t i c a l l y  p u r e  i s o c y a n a t e  l e a d s  to t h e  s y n t h e s i s  of a 

p a i r  of d i a s t e r e o m e r i c  c a r b a m a t e s .  T h e  d i a s t e r e o m e r s  

c a n  be s e p a r a t e d  b y  H P L C  u s i n g  a s i l i c a  s t a t i o n a r y  

p h a s e .

T h e s e  t w o  H P L C  t e c h n i q u e s  w i l l  be d e a l t  w i t h  

i n d e p e n d e n t l y .

( i ) S e p a r a t i o n  of e n a n t i o m e r s  u s i n g  a c h i r a l

s t a t i o n a r y  p h a s e  ( C S P ) .

P i r k l e  a n d  h i s  c o - w o r k e r s  w e r e  t h e  f i r s t  to 

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

r a c e m a t e  w i t h o u t  t h e  n e c e s s i t y  of c o n v e r t i n g  th e  

l a t t e r  to a m i x t u r e  of d i a s t e r o m e r s . ^ ^ » ^ ^  *92 

L a t e r ,  K a s a i  et al i n v e s t i g a t e d  t h e  e l u t i o n  o r d e r  a n d  

a b s o l u t e  s t e r e o c h e m i s t r y  of a n u m b e r  of

a 1 k y 1 a r y 1 c a r b i n o 1 8 u s i n g  a P i r k l e  c o l u m n . ^3 T h e

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

e f f e c t  d i r e c t  e n a n t i o m e r i c  r e s o l u t i o n  in H P L C  u s e s  t h e  

f o r m a t i o n  of t e m p o r a r y  d i a s t e r o m e r i c  c o m p l e x e s  b e t w e e n  

t h e  s o l u t e  e n a n t i o m e r s  a n d  t h e  C S P .  T h e  d i f f e r e n c e  in 

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

to a d i f f e r e n c e  in r e t e n t i o n  t i m e s  of t h e  t w o  

e n a n t i o m e r s ,  t h a t  is, t h e  s o l u t e  e n a n t i o m e r  t h a t  f o r m s  

t h e  l e s s  s t a b l e  d i a s t e r e o m e r i c  c o m p l e x  w i t h  t h e  C S P  

w i l l  e l u t e  f i r s t .

T h e  C S P  u s e d  in t h i s  w o r k  w a s  d e s i g n e d  by  P i r k l e  

et a 1 ̂  ̂  a n d  w a s  p u r c h a s e d  f r o m  J . T .  B a k e r  C h e m i c a l s  

B . V .  T h e  c o l u m n  is c o m p o s e d  of ( R ) - N - ( 3 , 5 - d i n i t r o - 

- b e n z o y l ) p h e n y l g l y c i n e  ( D N B P G )  b o n d e d  c o v a l e n t l y  to 

5 ym p a r t i c l e  s i z e  CX - a m i no  p r o p y 1 s i l i c a .  T h e  C S P  h a s  

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

is d e p i c t e d  in F i g .  22. T h e s e  a v a i l a b l e  s i t e s  a r e :

(i) t h e  d i p o l e  f o r m e d  by t h e  a m i d e  l i n k a g e  b e t w e e n

t h e  3 , 5 - d i n i t r o b e n z o y l  ( D N B )  m o i e t y  a n d  t h e  

p h e n y l g l y c i n e  ,

( i i )  t h e  a m i d e  h y d r o g e n ,  ( h y d r o g e n  b o n d i n g ) ,

( i i i )  t h e  a m i d e  c a r b o n y l ,  ( h y d r o g e n  b o n d i n g ) .
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(iv) the 3,5-(iinitrobenzoyl ring (el e c t r o n - p o o r  and

a va i l a b l e  for TT- bonding with other aromatic rings),

(V ) the carbonyl and phenyl groups on the

p h e n y l g l y c i n e  (can interact with the solute either 

a t t r a c t i v e l y  or repulsively).
3NO

NO
Fig. 22

P
C 1 yCONH Silica

^ N  C - H/ \ 5gH Ph

T h e  d e g r e e  of c h r o m a t o g r a p h i c  s e p a r a t i o n  a c h i e v e d  is 

d e n o t e d  by OC, a n d  is d e f i n e d  as t h e  r e t e n t i o n  v o l u m e  

of th e  s e c o n d  p e a k  l e s s  t h e  d e a d  v o l u m e  d i v i d e d  by t h e  

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

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

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

c o r r e s p o n d i n g  a c e t a t e s ,  K a s a i  et al h a v e  s h o w n  t h a t  

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

p o l y c y c l i c  a r o m a t i c s . 9 3  F o r  p h e n y l e t h a n o l ,

1 - ( 2 - n a p h t h y 1 ) e t h a n o  1 a n d  2 , 2 ,2 - t r i f l u o r o - l -

- (  9  - a n t h r y 1 ) e t h a  n o 1 , = 1 . 03 , 1 . 08 a n d  1 . 3 3

r e s p e c t i v e l y .  So, a l t h o u g h  it p r o v e d  p o s s i b l e  to

s e p a r a t e  r a c e m i c  2 , 2 , 2 - t r i f 1 u o r o - 1 - ( 9 - a n t h r y 1 ) e t h a n o 1 

d i r e c t l y  o n  t h e  C S P ,  in t h e  c a s e  of p h e n y l e t h a n o l  a n d

1 - ( 2 - n a p h t h y 1 ) e t h a n o  1 , to a c h i e v e  c h r o m a t o g r a p h i c  

s e p a r a t i o n  it w a s  n e c e s s a r y  to g e n e r a t e  t h e i r  

c o r r e s p o n d i n g  a c e t a t e s  ( Ct ■ 1 . 1 1  a n d  1 . 3 0  r e s p . )

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

f o r m a t i o n  of t h e  a c e t a t e  is o u t l i n e d  b e l o w :

1 . 5 2 m g  ( 4 . 3 y m o l e s )  ^ - ( f e n c h e 1 y 1 ) - 3 , 5 - d i n i t r o b e n z o y 1 

h y d r o x a m i c  a c i d  w a s  d i s s o l v e d  in 1 0 c m ^  of p u r e  

b e n z e n e .  O n c e  t h e  r a d i c a l  h a d  b e e n  g e n e r a t e d  u s i n g  

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

d r i e d  ( N a 2 S 0 4 ), f i l t e r e d  a n d  e v a p o r a t e d  to d r y n e s s .  

T h e  n e a t  n i t r o x i d e  w a s  r e d i s s o l v e d  in 2 5 0  y 1 b e n z e n e  

a n d  a d d e d  to 5 . 5 m g  ( 2 . 7  p m o l e s )  1 - ( 2 - n a p h t h y 1 ) e t h a n o 1

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

w a s  p l a c e d  in an  o v e n  at 4 0 ° C  f o r  24 h o u r s .  A f t e r  

t h i s  t i m e  2 5 yl a c e t i c  a n h y d r i d e  a n d  l O y i  p y r i d i n e  w e r e  

a d d e d  a n d  t h e  r e s u l t i n g  s o l u t i o n  s h a k e n  f o r  6 h o u r s .  

T h e  c r u d e  r e a c t i o n  m i x t u r e  w a s  t h e n  p a s s e d  t h r o u g h  a 

s h o r t  s i l i c a  c o l u m n  (to r e m o v e  u n r e a c t e d  a c e t i c  

a n h y d r i d e )  a n d  t h e  c o l u m n  e l u t e d  w i t h  1 0 c m ^  of 1 0 % 

e t h y l  a c e t a t e : h e x a n e .

T w o  s e t s  of ( + ) a n d  ( - ) - ( 1 0 2 )  to ( 1 0 6 )  w e r e  g e n e r a t e d  

in t h e  m a n n e r  d e s c r i b e d  a b o v e .  O n e  s e t  w a s  r e a c t e d  

w i t h  2 , 2 , 2 - t r i f 1 u o r o - 1 - ( 9 - a n t h r y 1 ) e t h a n o  1 , t h e  o t h e r  

w i t h  1 - ( 2 - n a p h t h y 1 ) e t h a n o  1 . A f t e r  r e a c t i o n  w a s

c o m p l e t e  t h e  l a t t e r  set w e r e  d e r i v a t i z e d  to t h e i r  

c o r r e s p o n d i n g  a c e t a t e s .

F i g .  23 s h o w s  a t y p i c a l  H P L C  t r a c e  f o r  t h e  a l c o h o l  

o b t a i n e d  f r o m  t h e  r e a c t i o n  of ( 1 0 4 )  w i t h  2 , 2 ,2 - 

- t r i f l u o r o - l - ( 9 - a n t h r y l ) e t h a n o l .
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FILE 25 RUH I STARTED 10:07.5 05/64/25 <-> PH
IS METHOD 51 2-ANTH-ET0H-F3 LAST EDITED 09:48.0 85/04/25
SMP AMT 1.0 STD AMT 160.6

W_4 A_64 C_3 0_,

3.333 B 
. 4.205 4.400 R

5.268
i _______

7.423
:30

- r
!.066

FILE 25 RUH 1 STARTED 10:07.5 85/04/25 <-> PH
IS m e t h o d  51 9-AMTH-ET0H-F2 LAST EDITED 69:48.6 05/04/25
SMP AMT 1.0 STD AMT 100.6

RT AREA DC RT/10 F:F REu, AMOUNT SAM-

6.630 8642224 T 0.663 1.660606**60 100.6000 (F)-ALCOKOL
8.000 0645529 6.060 1.606666**66 ’66.63?? (S)-ALC640.

2 MATCHED COMPONENTS 99.25% OF TOTAL AREA
1 UNKNOWN PEAK > UNRET PK 6.75% OF TOTAL h FEm
2 p e a k s > AREA REJECT 17418054 TOTAL AREA

F I G .  2 3

A f t e r  t h r e e  d a y s  the c o l o u r  of the n i t r o x i d e  in t h e s e  

r e a c t i o n s  h a d  n o t  b e e n  b l e a c h e d  a n d  the r a t i o  of th e  

e n a n t i o m e r s  p r e s e n t  w a s  1 :1. It w a s  s u s p e c t e d  t h a t  no 

r e a c t i o n  h a d  t a k e n  p l a c e .  I n s p e c t i o n  of t h e s e  s a m p l e s  

u s i n g  an O D S  c o l u m n  ( m e t h a n o l / w a t e r ,  8 5 : 1 5 )  to a n a l y s e  

fo r  p r o d u c t  f o r m a t i o n  ( k e t o n e )  r e v e a l e d  t h a t  i n d e e d  

t h i s  w a s  th e  c a s e  a n d  v i r t u a l l y  no p r o d u c t  h a d  b e e n  

f o r m e d .
In the l - ( 2 - n a p h L h y l ) e t h a n o l  r e a c t i o n s  the c o l o u r  w a s  

r e a d i l y  b l e a c h e d  a n d  th e  e x p e r i m e n t a l  d a t a  o b t a i n e d  

f r o m  t h e s e  r e a c t i o n s  is c o l l a t e d  in t a b l e  25. 

E x a m i n a t i o n  of t a b l e  25 s h o w s  t h a t  no

e n a n t i o s e l e c t i v i t y  c o u l d  be d e t e c t e d  in t h e s e  

r e a c t i o n s .  T h a t  t h i s  w a s  n o t  d u e  to a r a c e m i z a t i o n  of
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TABLE 25. HPLC dataa,b,c for the reaction of the
N-fenchelyl nitroxides with racemic

d
1 -(2 -naphthyl)ethanol.

O -

^CO -R C -C H ,

NO. Radical
PEAK AREAS®

R
R S R/S

1 0 2

10.63 10.49 1 . 0 1

(-) Vlj-CNO^)^ 8 . 1 2 8.05 1 . 0 1

103
e) C6 H4 -NO2 6.85 6.72 1 . 0 2

(-) C^Hj-NO, 8 .57 8.47 1 . 0 1

_104 S"s 10.45 10.50 0.997

(-) C.Hj 9.49 9.51 0.998

105
(+) Cgll̂ -QMe 4.40 4.45 0.988

(-) Cgll̂ -OMe 6.46 6.38 1 . 0 1

■ -106
25.14 24.41 1 . 0 2

(-) C^H^-NCMc), 19.05 19.07 0.998

a. Solvent, 0.5% isopropanol : hexane
b. Flow rate 1 ml min"^
c. Column, CSP
d. Analysed as acetates
e. Acetates (% of total at 280run).
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u n r e a c t e d  s u b s t r a t e  at t h e  a c é t y l a t i o n  s t e p  w a s  s h o w n  

by t h e  a c é t y l a t i o n  of s t a n d a r d  p h e n y l e t h a n o l s  fo r  

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

i s o m e r ,  u p o n  a c é t y l a t i o n  g a v e  o n l y  it s  c o r r e s p o n d i n g  

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

in c o n t r a s t  to a c é t y l a t i o n  u s i n g  a c e t i c  a n h y d r i d e  w i t h  

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

r a c e m i z a t i o n  w a s  o b s e r v e d .

( i i ) S e p a r a t i o n  of d i a s t e r e o m e r s  u s i n g  an a l u m i n a  or

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

U s i n g  H P L C  P i r k l e  et a 1 ̂  ̂  h a v e  s e p a r a t e d  t h e  

d i a s t e r e o m e r s  d e r i v e d  f r o m  t h e  r e a c t i o n  of

a 1 k y 1 a r y 1 c a r b i n o 1 s w i t h  c h i r a l  1 -( 1 - n a p h t h y 1 ) e t h y 1 

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

d i a s t e r e o m e r i c  c a r b a m a t e s  a r e  g e n e r a l l y  a d e q u a t e  for  

f a c i l e  s e p a r a t i o n  on  s i l i c a  or a l u m i n a  c o l u m n s .  

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

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

r e a c t e d  w i t h  e x c e s s  a l c o h o l  as d e s c r i b e d  in (i). 

A f t e r  r e a c t i o n ,  t h e  u n r e a c t e d  a l c o h o l  w a s  d e r i v a t i z e d  

to d i a s t e r e o m e r i c  c a r b a m a t e  as f o l l o w s ;

R - l - ( l - n a p h t h y l ) e t h y l  i s o c y a n a t e  ( 1 . 2  e q u i v a l e n t s )  a n d  

N ^ ^ - d i m e t h y l e t h a n o l a m i n e  (1 w t % ) in b e n z e n e  (25 P l )  

w e r e  a d d e d  to t h e  r e a c t i o n  m i x t u r e  In s c r e w  c a p  s e p t u m  

v i a l s  a n d  t h e  r e s u l t i n g  s o l u t i o n s  h e a t e d  to 8 0 ° C  for 

2 4 - 3 6  h o u r s .

T h e  f e n c h e l y l  n i t r o x i d e s  (+) a n d  ( - ) - ( 1 0 2 )  to ( 1 0 6 )
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w e r e  r e a c t e d  w i t h  r a c e m i c  p h e n y 1 e t h a n o 1 in t h e  m a n n e r

d e s c r i b e d  a b o v e .  C h r o m a t o g r a p h i c  e x a m i n a t i o n  of th e  

s u b s e q u e n t  d i a s t e r e o m e r i c  c a r b a m a t e s  o b t a i n e d  f r o m  

t h e s e  r e a c t i o n s  ( s i l i c a ,  e t h y l  a c e t a t e : h e x a n e ,  8 : 9 2 )  

s h o w e d ,  o n c e  a g a i n ,  a 1 : 1  r a t i o  f o r  t h i s  a l c o h o l  

i n d i c a t i n g  t h a t  n o  e n a n t i o s e l e c t i v i t y  h a d  t a k e n  p l a c e .

T h i s  a g r e e s  w i t h  t h e  l a c k  of e n a n t i o s e l e c t i v i t y  

s u g g e s t e d  by o u r  m e a s u r e m e n t s  of a b s o l u t e  r a t e  

c o n s t a n t s  ( c h a p t e r  5 A).

In a f u r t h e r  se t  of e x p e r i m e n t s  u s i n g  r a c e m i c

2 - m e t h y 1 - 1 “ p h e n y 1 p r o p a n - 1 - o 1 , t h e  r e s u l t s  w e r e  m o r e  

p r o m i s i n g .  T h e  d a t a  fo r  t h e  r e a c t i o n  of t h e  f e n c h e l y l

n i t r o x i d e s  w i t h  t h i s  s u b s t r a t e  a r e  s h o w n  in t a b l e  26. 

In t h e  c a s e  of (+) a n d  ( - ) - ( 1 0 5 ) ,  t h e  r a t i o  R / S  s h o w s  

t h a t  e n a n t i o s e l e c t i v i t y ,  t h o u g h  s m a l l ,  h a s  t a k e n  

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

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

r a t i o ' s  w e r e  o b s e r ^ v e d  ( w i t h i n  1 . 5 % ) .  C o m p a r i s o n  of

t h e  d a t a  f o r  ( 1 0 4 )  a n d  ( 1 0 5 )  i n d i c a t e  t h a t  in e a c h  

c a s e ,  R / + a n d  S / - p a i r s  r e a c t  f a s t e s t  s u g g e s t i n g  t h a t  

e n a n t i o s e l e c t i v i t y  h a s  t a k e n  p l a c e .  P i r k l e  h a s  g i v e n

t h e  e x p e r i m e n t a l  p r o c e d u r e  to o b t a i n  o p t i c a l l y  p u r e  

a l c o h o l s  f r o m  p r e p a r a t i v e  H P L C  by a c i d  h y d r o l y s i s  of 

t h e  s e p a r a t e d  c a r b a m a t e s . 9 ^ , 9 5  I f p u r e  ( + ) a n d  ( - )

2 - m e t h y l - l - p h e n y l p r o p a n - l - o l ' s c o u l d  be o b t a i n e d  in 

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

d e t e r m i n e d  u s i n g  u . v  s p e c t r o s c o p y ,  ( c h a p t e r  5 A ) . If
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TABLE 26. HPLC for the reaction of the
N-fenchelyl nitroxides with racemic
2-methyl-l-pnenylpropan - l-ol.

-N/
\:o-R CiH;— CHOH-CH /̂CH,

C H 3

No.
R

Radical 
(m moles)

alcohol ^ 
(p moles)

Intended
Conversion

PEAK AREAS®

R S R/S

(103)

(+) CaH^-NO^ 
8.46 8.66 49% 1.18 1.15 1.02

(-)
7.57

8.13 47% 2.32 2.28 1.02

(104)
(+) CaH;

8.30 6.86 60% 5.07 5.30 0.96

(-) CaH; 
8.80 6.60 67% 4.35 4.23 1.03

(105)

(+) c^IYo^b 
8.03

6.66 60% 13.31 14.95 0.89

[-) Ô Ĥ -ONle 
8.48 6.46 65% 3.49 2.94 1.19

a. Solvent, 8:92, ethyl acetate:hexane
b. Flow rate, 2 ml min ^
c. Column, silica
d. Analysed as carbamates
e. Carbamates (% of total, at 280nm).
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t h e  s e c o n d  o r d e r  r a t e  c o n s t a n t s  o b t a i n e d  f o r  t h e  

r e a c t i o n  of (+) a l c o h o l  a n d  (+) r a d i c a l  w e r e  d i f f e r e n t  

f r o m  t h o s e  o b t a i n e d  f o r  (+) a l c o h o l  a n d  (-) r a d i c a l  

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

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

It is p a r t i c u l a r l y  s i g n i f i c a n t  t h a t  t h e  

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

n i t r o x i d e s  ( 1 0 5 ) ,  s m a l l  b u t  d e t e c t a b l e  w i t h  t h e  

u n s u b s t i t u t e d  b e n z o y l  d e r i v a t i v e s  ( 1 0 4 ) ,  a n d

u n d e t e c t a b l e  w h e n  t h e  s u b s t i t u e n t  w a s  4 - n i t r o .  

H o w e v e r ,  t h e s e  m u s t  be r e g a r d e d  as p r e l i m i n a r y  

f i n d i n g s  m e r i t i n g  f u r t h e r  s t u d y ,  f u r t h e r m o r e  e x t e n s i o n

to t h e  m o r e  h i n d e r e d  2 , 2 - d i m e t h y 1 - 1 - p h e n y  1 p r o p a n o 1 

s h o u l d  n o w  be i n v e s t i g a t e d .

If, as s u g g e s t e d  in c h a p t e r  3C, a p a r a l l e l  c a n  be

m a d e  b e t w e e n  t h e  m a g n i t u d e  of t h e  o b s e r v e d  C D  c u r v e s  

a n d  e n a n t i o s e l e c t i v i t y  t h e n ,  in t h e  l i g h t  of t h e  l a r g e  

C D  c u r v e s  o b s e r v e d  f o r  ( - ) - ( 1 1 3 )  a n d  (4-)-(116) , it w a s

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

a l k y l a r y l c a b i n o l s  w o u l d  l e a d  to t h e  o b s e r v a t i o n  of 

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

( ) - ( 1 1 3 )  a n d  ( + ) - ( 1 1 6 )  w e r e  r e a c t e d  w i t h  r a c e m i c  

p h e n y l e t h a n o l , 2 , 2 , 2 - t r i f l u o r o - l - ( 9 - a n t h r y l ) e t h a n o l ,

2 - m e t h y l - l - p h e n y l p r o p a n - l - o l , p h e n y l b u t a n o l  a n d
«X1 - p h e n y l p r o p ^ n o l  a n d  t h e  u n r e a c t e d  a l c o h o l s  c o n v e r t e d  

to t h e i r  c o r r e s p o n d i n g  c a r b a m a t e s  in t h e  m a n n e r  

d e s c r i b e d  a b o v e .  D i s a p p o i n t i n g l y  th e  r e s u l t s  o b t a i n e d
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f r o m  H P L C  a n a l y s i s  i n d i c a t e d  t h a t  t h e  r a t i o  of t h e  (+) 

a n d  (-) d i a s t e r e o m e r s  w e r e  a l l  1 : 1  w i t h i n  0 .8 % a n d  so 

e n a n t i o s e l e c t i v i t y  w a s  n o t  o b s e r v e d .
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C H A P T E R  6 

C O N C L U S I O N

T h e  o r i g i n a l  a i m  of t h i s  w o r k  w a s  to t e s t  an  

e x t e n s i o n  o f  t h e  H a m m o n d  P o s t u l a t e  by u s i n g  c h i r a l  

s e l e c t i o n  in h y d r o g e n  a t o m  t r a n s f e r  r e a c i t o n s .  It w a s  

h o p e d  t h a t  in t h e  o x i d a t i o n  of o p t i c a l l y  a c t i v e  

b e n z y l i c  a l c o h o l s  by a s e r i e s  of c l o s e l y  r e l a t e d  

c h i r a l  Jt-a l k y l  a c y l  n i t r o x i d e s  e n a n t i o s e l e c t i v i t y  

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

of t h e  h y d r o g e n  d o n o r  a n d  t h e  h y d r o g e n  a c c e p t o r  a r e  

m o s t  c l o s e l y  m a t c h e d .

U n f o r t u n a t e l y ,  o u r  r e s u l t s  s u g g e s t  t h a t  e i t h e r ;

a) t h e  s e r i e s  of n i t r o x i d e s  a n d  a l c o h o l s  t h a t  w e r e  

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

e n e r g i e s  ( B D E ) ,

b) t h e  e n a n t i o s e l e c t i v i t y  e x h i b i t e d  is so s m a l l  as to

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

c) t h i s  n o v e l  a p p r o a c h  to t h e  H a m m o n d  P o s t u l a t e  is 

i n a p p r o p r i a t e  .

A f t e r  c o n s i d e r a b l e  s y n t h e t i c  e f f o r t ,  t h e  g o a l  of

an o p t i c a l l y  p u r e  ^ - a l k y l  a c y l  n i t r o x i d e  in w h i c h

c h i r a l i t y  r e s i d e s  in t h e  a l k y l  s u b s t i t u e n t  h a s  b e e n  

a c h i e v e d .  In i t s  i n i t i a l  c o n c e p t  t h i s  w o r k  r e q u i r e d  

t h e  s e r i e s  of n i t r o x i d e s  to h a v e  as w i d e  a r a n g e  of 

0 - H b o n d  s t r e n g t h s  as p o s s i b l e .  W e  e x p e c t e d  a r a n g e  

of 1 0  k c a l  m o l " l  b a s e d  o n  a s i m i l a r  s e r i e s  of 

h y d r o x a m i c  a c i d s  (R = ^ - b u t y l )  s t u d i e d  by J e n k i n s . ^9
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W e  w e r e  d i s a p p o i n t e d  to f i n d  t h a t  a l t h o u g  h t h e  B D E  of 

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

r e p o r t e d  by J e n k i n s ,  t h e  r a n g e  f r o m  4 - m e t h o x y  to

4 - n i t r o  w a s  m u c h  s m a l l e r  ( 1 . 5  k c a l s  m o l ” ^). S i n c e  t h e  

B D E  s h o u l d  be r a t h e r  i n s e n s i t i v e  to t h e  n a t u r e  of t h e  

a l k y l  g r o u p  ( ^ - b u t y l  vs. f e n c h e l y l )  w e  a r e  f o r c e d  to 

c o n c l u d e  t h a t  J e n k i n s ' s  d a t a  is s u s p e c t  a n d  t h i s  

c o n c l u s i o n  s e e m s  to be  s u p p o r t e d  by t h e  c u r s o r y  

r e e x a m i n a t i o n  of t h e  a c y l  ^ - b u t y l  n i t r o x i d e s  r e p o r t e d  

in c h a p t e r  4. I n v e s t i g a t i o n  of e n a n t i o s e l e c t i v i t y  in 

t h e  r e a c t i o n  of n i t r o x i d e s  d e r i v e d  f r o m  t h i s  s e r i e s  of 

f e n c h e  1 y 1 b e n z o h y d r o X a m i c  a c i d s  w i t h  b e n z y l i c

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

s u c c e s s  w a s  a c h i e v e d  in t h e  r e a c t i o n  of t h e  

u n s u b s t i t u t e d  ( 1 0 4 )  a n d  4 - m e t h o x y  ( 1 0 5 )  d e r i v a t i v e s  

w i t h  2 - m e t h y l - l - p h e n y l p r o p a n - l - o l .  T o  s u b s t a n t i a t e

t h e s e  r e s u l t s ,  f u r t h e r  w o r k  n e e d s  to be u n d e r t a k e n .  

T h i s  c o u l d  be a c h i e v e d  by t h e  d e t e r m i n a t i o n  of  t h e

a b s o l u t e  r a t e  c o n s t a n t s  f o r  t h e  r e a c t i o n  of o p t i c a l l y  

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

u . v  s p e c t r o s c o p y  ( s e e  c h a p t e r  5 A ) . T h e  r a c e m i c

a l c o h o l  c a n  be r e s o l v e d  by i s o l a t i o n  of t h e  i n d i v i d u a l  

d i a s t e r e o m e r i c  c a r b a m a t e s  by H P L C .  H y d r o l y s i s  of t h e  

l a t t e r  g i v e s  t h e  o p t i c a l l y  p u r e  a l c o h o l s .  It w a s

u n f o r t u n a t e  t h a t  t i m e  d i d  n o t  a l l o w  t h i s  f i n a l  

c o n f i r m a t o r y  p i e c e  of w o r k  to be c a r r i e d  o u t .  It is 

s u s p e c t e d  t h a t  t h e  a s y m m e t r y  of t h e  a l k y l  s u b s t i t u e n t
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is t o o  s m a l l  to i n d u c e  o b s e r v a b l e  e n a n t i o s e l e c t i v i t y  

in t h e  o x i d a t i o n  r e a c t i o n s  s t u d i e d .  In a c c o r d  w i t h  

t h i s ,  n o  c i r c u l a r  d i c h r o i s m  c o u l d  be d e t e c t e d  in t h e  

c a s e  of ( 1 0 4 )  o b t a i n e d  f r o m  th e  o p t i c a l l y  a c t i v e  

h y d r o x a m i c  a c i d  p r e c u r s o r .

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

a l k y l  a c y l  n i t r o x i d e s  d o  r e v e a l  w e a k  C D  e f f e c t s ,  t h e y  

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

in t r i a l ,  as o x i d a n t s .  It s h o u l d  be e m p h a s i z e d  t h a t  

t h i s  l i n e  of w o r k  w a s  n o t  p u r s u e d  b e c a u s e  t h e  k i n e t i c  

s t u d i e s  w e r e  v e r y  c o m p l i c a t e d .  R e l a t i v e l y  l o w  r a d i c a l  

a n d  h i g h  a l c o h o l  c o n c e n t r a t i o n s  h a d  to be u s e d  in 

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

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

a n d  i n t r o d u c e d  e x p e r i m e n t a l  e r r o r .

It w a s  h o p e d  t h a t  t h e  l a r g e  p i n a n y l  g r o u p s  in t h e  

n i t r o x i d e s  ( 1 1 3 )  a n d  ( 1 1 6 )  w o u l d  i n d u c e  l a r g e  

a s y m m e t r y  in t h e s e  m o l e c u l e s .  In t u r n ,  t h i s  a s y m m e t r y  

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

e n e r g i e s  in t h e  d i a s t e r e o m e r i c  t r a n s i t i o n  s t a t e s  a n d  

h e n c e  l e a d  to g r e a t e r  e n a n t i o s e l e c t i v i t y .  P e r h a p s  t h e  

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

c u r v e s  w e r e  s e e n  for t h e s e  n i t r o x i d e s  no

e n a n t i o s e l e c t i v i t y  in t h e s e  r e a c t i o n s  c o u l d  be 

d e t e c t e d  by t h e  H P L C  t e c h n i q u e .  T h e  o r i g i n a l  c h i r a l  

s e l e c t i o n  in o x i d a t i o n  of b e n z o i n  by ( 1 1 6 )  r e m a i n s  t h e  

o n l y  s u c c e s s f u l  e x a m p l e  d e t e c t e d  w i t h  t h i s  n i t r o x i d e .
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C H A P T E R  7

E X P E R I M E N T A L

G e n e r a l

( i ) I n f r a r e d  ( I R )  s p e c t r a

I n f r a r e d  s p e c t r a  w e r e  r e c o r d e d  on  e i t h e r  a 

P e r k i n - E l m e r  S P . 2 5 7  or P e r k i n - E l m e r  1 9 7  G r a t i n g  

I n f r a r e d  S p e c t r o p h o t o m e t e r .  S a m p l e s  w e r e  e x a m i n e d

b e t w e e n  s o d i u m  c h l o r i d e  p l a t e s  e i t h e r  as N u j o l - m u l l s  

( s o l i d s )  or n e a t  f i l m s  ( l i q u i d s ) .

( i i ) U l t r a v i o l e t - v i s i b l e  ( U V )  s p e c t r a

A b s o r p t i o n  s p e c t r a  w e r e  r e c o r d e d  on e i t h e r  a 

P e r k i n - E l m e r  5 5 1 S  or P y e  U n i c a m  S P 8 - 1 0 0

U l t r a v i o l e t - V i s i b l e  s p e c t r o p h o t o m e t e r .

( 1 t i ) P r o t o n  m a g n e t i c  r e s o n a n c e  ( ^ H - N M R )  s p e c t r a

T h e  ^ H - N M R  s p e c t r a  for m o s t  s a m p l e s  w e r e  r e c o r d e d  

on a P e r k i n - E l m e r  R - 3 2  ( 9 0 M H z )  N M R  s p e c t r o m e t e r .

D e u t e r i o c h l o r o f o r m  ( C D C I 3 ) s o l u t i o n s  w e r e  d o p e d  w i t h  

t e t r a m e t h y l s i l a n e  ( T M S )  to p r o v i d e  an i n t e r n a l  

r e f e r e n c e  a n d  th e  c h e m i c a l  s h i f t s  a r e  e x p r e s s e d  as

5- p a r t s  p e r  m i l l i o n  f r o m  t h i s  s t a n d a r d .
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( i y )________C a r b o n  n u c l e a r  m a g n e t i c  r e s o n a n c e  ( ^ ^ C - N M R )

s p e c t r a

T h e  ^ ^ C - N M R  s p e c t r a  w e r e  r e c o r d e d  o n  a J e o l  fx 

9 0 Q  (90 M H z )  N M R  s p e c t r o m e t e r .  C D C I 3 a n d  T M S  w e r e

u s e d  as a s o l v e n t  a n d  s t a n d a r d  as d e t a i l e d  a b o v e

( i i i ) .  O f f - r e s o n a n c e  t e c h n i q u e s  w e r e  u s e d  to a s s i g n  

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

( V ) E l e c t r o n  s p i n  r e s o n a n c e  ( E S R )  s p e c t r a

E l e c t r o n  s p i n  r e s o n a n c e  s p e c t r a  w e r e  r e c o r d e d  on  

a V a r i a n  E 4 e . s . r .  s p e c t r o m e t e r  o p e r a t i n g  at a 

f r e q u e n c y  of a p p r o x i m a t e l y  9 . 1  G H z  ( X - b a n d ) :  

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

f i e l d  s t r e n g t h s  of c a . 3 3 0 0  G a u s s .  M o d u l a t i o n

a m p l i t u d e s  0 . 0 5 - 0 . 1 8 9  G a u s s  w e r e  u s e d  to m a x i m i z e  

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

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

i n t e g r a t o r  c a p a b l e  of s i n g l e  i n t e g r a t i o n  of  t h e  

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

h a v e  b e e n  p u b l i s h e d . ® ®

I n t e g r a t e d  e . s . r .  a b s o r p t i o n  s p e c t r a  w e r e  

r e c o r d e d  o n  a s e r v o s c r i b e  R E - 5 4 1  p o t e n t i o m e t r i c  

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

c y l i n d r i c a l  q u a r t z  t u b e s  of 3 m m  d i a m e t e r .  S o l u t i o n s  

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

c a p i l l a r y  f l o w  of o x y g e n - f r e e  n i t r o g e n  f o r  c a . 3

m i n u t e s  i m m e d i a t e l y  p r i o r  to e . s . r .  e x a m i n a t i o n .
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M y p e rfine coupling constants were d e t e r m i n e d  from the 

recorded der i v a t i v e  spectra and are quoted in units of 

Gauss. The values given represent an average from at

least two separate m e a s u r e m e n t s  and are corrected by a 

factor of 0.977 for a field scan error on the

particular spect r o m e t e r  used.

(V i ) M e l t i n g - p o i n t s

Melting points (m.p) were d e t e r m i n e d  in open capillary 

tubes using an E l e c t r o t h e r m a l  M e l t i n g - P o i n t  Apparatus 

with range selection guide for coarse and fine 

c o n t r o l . All values are uncorrected.

( V i i )___ Pur i f i c a t i o n  of benzene

C o m m e r c i a l  ' A n a l a R '  g r a d e  b e n z e n e  w a s  p u r i f i e d  by 

r e p e a t e d  e x t r a c t i o n  w i t h  c o n c .  H 2 S O 4 u n t i l  t h e  

e x t r a c t s  w e r e  c o l o u r l e s s  ( s u l p h u r i c  a c i d  r e m o v e s  

t h i o p h e n e  a n d  o l e f i n i c  i m p u r i t i e s ) .  T h e  b e n z e n e  w a s  

w a s h e d  w i t h  s a t u r a t e d  a q u e o u s  s o d i u m  b i c a r b o n a t e

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

w a s h i n g s  w e r e  n e u t r a l .  It w a s  d r i e d  ( C a C l 2 ) a n d

d i s t i l l e d ,  c o l l e c t i n g  t h e  f r a c t i o n  w i t h  b . p  

8 0 - 8 0 . 5 ° C / 7 5 0  m m H g .

( v i l i )  C l e a n i n g  of g l a s s w a r e

A l l  g l a s s w a r e  f o r  e . s . r .  s p e c t r o s c o p y ,  u v  k i n e t i c  

a n d  H P L C  e x p e r i m e n t s  w a s  c l e a n e d  w i t h  c h r o m i c  a c i d  as
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f o l l o w s  ;

T h e  g l a s s w a r e  w a s  I m m e r s e d  in c h r o m i c  a c i d  a n d  

a l l o w e d  to s o a k  o v e r - n i g h t .  A f t e r  r e m o v a l  of c h r o m i c  

a c i d  a n d  w a s h i n g  w i t h  d i s t i l l e d  w a t e r ,  t h e  g l a s s w a r e  

w a s  s o a k e d  o v e r - n i g h t  in 2 M  H 2 S O 4 . T h e  g l a s s w a r e  w a s  

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

a l l o w e d  to a i r  d r y .

( i X ) E l e m e n t a l  a n a l y s e s

E a r l y  e l e m e n t a l  a n a l y s e s  w e r e  g e n e r a l l y  c a r r i e d  

o u t  by t h e  B u t t e r w o r t h  M i c r o - a n a l y t i c a l  c o n s u l t a n c y  

L t d .  ( T e d d i n g t o n ,  M i d d l e s e x ) .  A f t e r  t h e  m o v e  to R o y a l  

H o l l o w a y  a n d  B e d f o r d  N e w  C o l l e g e  l a t e r  e l e m e n t a l  

a n a l y s e s  w e r e  c a r r i e d  o u t  by  M r s .  L. W h i t a k e r  in th e  

C h e m i s t r y  D e p a r t m e n t .  A l l  a n a l y t i c a l  s a m p l e s  w e r e

d r i e d  in t h e  p r e s e n c e  of P 2 O 5 in v a c u o .

( X ) C h r o m a t o g r a p h y

T h i n - l a y e r  c h r o m a t o g r a p h y  p l a t e s  w e r e  p r e p a r e d  

u s i n g  M e r c k  s i l i c a  g e l  G F 2 5 4  ( t y p e  6 0 ) .  T h e  t h i c k n e s s  

of t h e  o r d i n a r y  t . l . c .  p l a t s  w a s  0 . 2 5 m m .  U n l e s s

o t h e r w i s e  s t a t e d ,  a i r  d r i e d  p l a t e s  w e r e  d e v e l o p e d  w i t h  

e t h y l  a c e t a t e / p e t r o l  ( b . p .  6 0 - 8 0 ° C ,  2 0 : 8 0 )  a n d

v i s u a l i z e d  b e n e a t h  a uv l a m p  a n d / o r  by i o d i n e  

s t a i n i n g .  K i e s e l g e r  60 ( 3 5 - 7 0  m e s h  A S T M )  w a s  u s e d  for

c o l u m n  c h r o m a t o g r a p h y .
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EX P E R  I M E N T S

1 . P r e p a r a t i o n  of 0 - b e n z o y l - N - t - b i i t y l h y d r o x y l a m i n e

Bu^ - N H j ------   B u -N H O C O P h

O - B e n z o y l - ^ - ^ - b u t y I h y d r o x y l a m i n e  w a s  p r e p a r e d  f r o m  

c o m m e r c i a l  t e r t - b u t y l  a m i n e  by r e a c t i o n  w i t h  d r y  

d i b e n z o y l  p e r o x i d e  a c c o r d i n g  to a m o d i f i c a t i o n ® ^  of 

Z i n n e r ' s  m e t h o d .

a . D i b e n z o y l  p e r o x i d e .

C o m m e r c i a l  d i b e n z o y l  p e r o x i d e  ( p a s t e  w i t h  w a t e r )  

( 2 5 . Og. 0 . 0 1  m o l e )  in c h l o r o f o r m  ( 1 5 0  c m ® )  w a s  a d d e d  

s l o w l y  a n d  w i t h  s t i r r i n g  to a n  e x c e s s  of m e t h a n o l  ( 2 0 0  

c m ® ) .  T h e  p r e c i p i t a t e ,  d i b e n z o y l  p e r o x i d e  f r e e d  f r o m  

w a t e r ,  w a s  f i l t e r e d  a n d  d r i e d  in a i r  ( 1 6 . 5g. 9 5 % ) .

b . F r e s h l y  d i s t i l l e d  t e r t - b u t y l a m i n e  ( 6 .0 ,g , 8 . 3

m m o l e )  w a s  a d d e d  d r o p w i s e  w i t h  s t i r r i n g  to a s o l u t i o n  

of f r e s h l y  c r y s t a l l i z e d  d i b e n z o y l  p e r o x i d e  ( 1 0 .Og, 

4 1. 3  m m o l e )  in s o d i u m  d r i e d  b e n z e n e  ( 1 0 0  c m ® ) .  T h e

r e a c t i o n  w a s  t h e n  s t i r r e d  f o r  o n e  h o u r  at 4 0 ° C .

A d d i t i o n a l  t e r t - b u t y l a m i n e  ( 3 . 0 g ,  4 1 . 0  m m o l e )  w a s  t h e n

a d d e d  a n d  s t i r r i n g  c o n t i n u e d  f o r  48 h o u r s  at 4 0 ° C .

D i e t h y l  e t h e r  ( 1 0 0  c m ® )  w a s  a d d e d  to t h e  c o o l e d

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

f i l t e r e d  a n d  w a s h e d  w i t h  d i e t h y l  e t h e r  (2 x 50 c m ® ) .

T h e  f i l t r a t e  w a s  w a s h e d  w i t h  a c i d i c  i r o n  ( I I )  s u l p h a t e  

s o l u t i o n  ( 6 0 . Og F e S O ^ ,  1 1 0  c m ®  H 2 O, 6 c m ®  H 2 S O 4 ). T h e  

o r g a n i c  l a y e r  w a s  d r i e d  ( N a 2 S 0 4 ), f i l t e r e d ,  a n d
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e v a p o r a t e d  to g i v e  a n  a m b e r  o i l  ( 5 . 5 g ,  6 9 %  b a s e d  on

d i b e n z o y l  p e r o x i d e ) .

1 R ( V c m " ^  , n e a t ) :  3 2 4 0  ( N - H  s t r . ) ,

1 7 4 0  (C « O s t r . ) ,  1 6 0 0  (C « C s t r . ) .

H - N M R  ( 6 p p m ,  C D C I 3 ): 1 . 2 1  (s, 9H, B u t ) ,  7 . 3 - 8 . 2  (m,

5 H , A r - H ) .

2 .______________P r é p a r â t  io n  of 0 - b e n z o y l - N - t - b u t y l b e n z o -

- h y d r o x a m i c  a c i d

/OCOPh
Bu^-NHO CO Ph ------- ^  Bu^-N

^COPh
T o  a s t i r r e d  s o l u t i o n  of c r u d e

2 - b e n z o y l - ^ - ^ - b u t y l h y d r o x y  l a m i n e  ( 4 . 5  g , 2 3 . 3  m m o l e )

( f r o m  e x p .  1) in s o d i u m  d r i e d  b e n z e n e  (50 c m ® )  w a s

a d d e d  m o l e c u l a r  s i e v e - d r i e d  p y r i d i n e  ( 1 . 9 g ,  2 5 . 0

m m o l e )  a n d  b e n z o y l  c h l o r i d e  ( 3 . 2  5 g , 2 3 . 1  m m o l e ) .  A

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

at t h i s  s t a g e .  T h e  m i x t u r e  w a s  r e f l u x e d  fo r  6 h o u r s ,  

c o o l e d  a n d  p o u r e d  i n t o  2M H C l  ( 1 5 0  c m ® ) .  T h e  s o l u t i o n

w a s  e x t r a c t e d  w i t h  d i e t h y l  e t h e r  ( 2 5 0  c m ® ) .  T h e

o r g a n i c  p h a s e  w a s  w a s h e d  w i t h  2M  H C l  (2 x 50 c m ® ) ,

w a t e r  (2 x 50 c m ® ) ,  d r i e d  ( N a 2 S 0 4 ) a n d  f i l t e r e d .

E v a p o r a t i o n  of s o l v e n t  y i e l d e d  a w h i t e  c r y s t a l l i n e  

p r o d u c t . R e c r y s t a l l i  z a t i o n  f r o m  h e x a n e / C H 2 C 1 2 g a v e

t h e  t i t l e  c o m p o u n d  as c o l o u r l e s s  c r y s t a l s  ( 5 . 2  g , 7 5 % ) ,

m . p .  9 9 - l O O O C .  ( L i t . , ® 9  9 8 - 9 9 ° ;  L i t .  ,96 9 8 - 9 9 ° C ) .

TR ( V c m " l ,  N u j o l ) :  1 7 6 0  ( O C O  C = O s t r . ) ,  1 6 5 0  ( N C O
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c ■ 0 s t r . ) ,  1 6 0 5  a n d  1 5 8 0  (C ■ C s t r . ) .

 ̂H - N M R  ( 6 p p m ,  C D C I 3 ): 1 . 6  (s, 9H, Bu*^), 7 . 2 - 7 . 9  ( m ,

l O H , A r - H  ( 2 ) ) .

3 . P r e p a r a t i o n  of N - t - b u t y  1 b e n z o h y d r o x a m ic a c i d

/O C O P h  . /O H
B u —N  ► Bu — N

^COPh '^COPh

H y d r a z i n e  h y d r a t e  ( 6 . 3 g ,  0 . 1 3  m o l e )  w a s  a d d e d  to a

s t i r r e d  s o l u t i o n  of O - b e n z o y  1 b u t y  1 b e n z o h y d r o x a m i c  

a c i d  ( 5 . 0 g ,  0 . 1 6  m o l e )  in a b s o l u t e  e t h a n o l  (5 0  c m ® ) .

T h e  r e a c t i o n  m i x t u r e  w a s  s t i r r e d  at 40° fo r  1^ h o u r s ,  

c o o l e d  a n d  p o u r e d  o n t o  ice ( 2 0 0  c m ® ) .  T h e  r e s u l t i n g

s o l i d  w a s  f i l t e r e d  o f f  a n d  d r i e d  in a d e s i c c a t o r  o v e r  

N a O H  p e l l e t s .  R e c r y s t a l  1 i z a t i o n  f r o m  h e x a n e / C H 2 C 1 2

g a v e  th e  t i t l e  c o m p o u n d  as c o l o u r l e s s  p r i s m s  ( 3 .2 g , 

9 7 % ) ,  m . p .  1 1 3 - 1 1 4 ° C  (Li t., 9® 1 0 9 ° ;  l i t .  ,97 1 1 3 0 ^).

T R ( V c m “ ^, N u j o l ) :  3 5 4 0 - 2  5 4 0  br. ( 3 1 4 0  m a x .  0 - H

s t r . ) ,  1 6 0 5  ( m a x .  C = 0 s t r . ) .

1 H - N M R  ( 6  p p m ,  C D C I 3 ): 1 . 3 2  (s, 9H, B u ^ ) ,  7 . 2 9  (s, 5H,

A r - H ) ,  8 . 4 5  br. (s, 1 H , e x c h a n g e d  w i t h  D 2 0 , - 0 jl).

4 ._________ P r e p a r a t i o n  of 0 - b e n z o y l - N - t - b u t y l - 4 - m e l h o x y -

- b c n z o h v d r o x a m i c  a c i d

/O C O P h  /OCOPh
B u - N   ► B u - N  / — A

\H ^CO-X^ y-OMe

T o  a s t i r r e d  s o l u t i o n  of 0 - b e n z o y l - N - t -
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- b u t y l b e n z o h y d r o x a m i c  a c i d  ( 2 .0 g, 0 . 0 1  m o l e )  in s o d i u m

d r i e d  b e n z e n e  ( 5 0  c m ® )  w a s  a d d e d  d r y  p y r i d i n e  ( 0 . 9 g ,

0 . 0 1 1  m o l e )  a n d  a n i s o y l  c h l o r i d e  ( 1 . 7 g ,  0 . 0 1  m o l e ) .

A f t e r  rtî f l u x i n g  for 24 h o u r s  t h e  r e a c t i o n  m i x t u r e  w a s

w o r k e d  up as p e r  0^ - b e n z o y l - ^ - ^ - b u t y l b e n z o h y d r o x a m i c  

a c i d  ( e x p  2) to g i v e  a p a l e  y e l l o w  o i l .  C o l u m n

c h r o m a t o g r a p h y  ( s i 1 i c a / C H C 1 3 ) g a v e  a l i q u i d  p r o d u c t  

t h a t  s h o w e d  a s i n g l e  s p o t  on  t . l . c .  ( 2 . 9 g ,  8 7%).

I R ( V c m “ ^, n e a t ) ;  1 7 6 0  ( m a x .  O C O  C = 0 s t r . ) ,  1 6 4 0

( m a x .  N C O  C » 0 s t r . ) .

5 . P r é p a r â t  io n______ of_____ N - t - b u t y l - 4 - m e t h o x y  —

- b e n z o h y d r o x a m i c  a c i d .

^OCOPh /O H
Bu*_ N  / = \   Bu — N

^CO-A /V-OMe '"CO-A > O M e

U s i n g  a p r o c e d u r e  s i m i l a r  to t h e  p r e p a r a t i o n  of 

^ - ^ - b u t y l b e n z o h y d r o x a m i c  a c i d  ( e x p ,  3), t h e  t i t l e  

c o m p o u n d  w a s  p r e p a r e d  in 8 3 %  y i e l d .  C r y s t a l l i z a t i o n  

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

f i n e  c o l o u r l e s s  n e e d l e s  m . p .  1 1 3 - 1 1 4 ° C  ( L i t .  ,® 9 

1 1 3 - 1 1 4 ° C )  .

IR ( V c m “ ^, N u j o l ) :  3 4 0 0 - 2 8 0 0  ( 3 1 2 0  m a x .  0 - H  s t r . ) ,

1 6 0 0  (C ■ 0 s t r . ) .

^ H - N M R  ( 6 p p m ,  C D C I 3 ): 1 . 3 4  (s, 9H, B u ^ ) ,  3 . 7 8  (s, 3H,

- O C H 3 ). 6 . 7 7  a n d  7 . 4 1  ( A A ' B B '  J = 8 Hz ,  4H. X C a H ^ Y )  ,
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8 . 0  br. (s, IH, - O H ) .

6 .___________ P r e p a r a t i o n  of____ethyl____ b l c y c l o [ 2 . 2 . 2  )oct-

-5-e n e - 2 - c a r b o x y l  ate

CH
C H C O ^ C H ]

E t h y l  b i c y c l o ( 2 . 2 . 2 ) o c t - 5 - e n e - 2 - c a r b o x y l a t e  w a s

p r e p a r e d  by t h e  m e t h o d  of S e k a  a n d  T r o m p o s c h . ® ^

1 , 3  C y c 1 o h e x a d i e n e  ( 5 . 0 g ,  6 2 . 5  m m o l e )  a n d  e t h y l

a c r y l a t e  ( 8 .0 g, 8 0 . 0  m m o l e )  w e r e  p l a c e d  in a g l a s s

t u b e  w h i c h  w a s  s e a l e d ,  a n d  h e a t e d  f o r  12 h o u r s  in a

C a r i u s  f u r n a c e  at 1 6 0 - 1 7 0 ° C .  T h e  r e a c t i o n  m i x t u r e  w a s

d i s t i l l e d  at a t m o s p h e r i c  p r e s s u r e  to r e m o v e  e x c e s s  

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

g i v e  a c o l o u r l e s s  o i l  w i t h  a p u n g e n t  o d o u r  ( 8 .8 g, 7 8 % )

b . p .  6 .0 8 9 - 9 0 ° C  (Li t., 50 b . p . x 2  .0 9 8 - 1 0 0 ° C )

IR ( V c m “ ^, n e a t ) :  1 7 3 0  (C » O s t r . ) .

^ H - N M R  ( 6 p p m .  C D C I 3 ): 1 . 0 - 1 .8 ( m , .  9H, C H 3 of e t h y l

g r o u p  a n d  C H  2 g r o u p s  H - 3 ,  H - 7 ,  H - 8 ), 2 . 6  ( m , 2 H , H - 1

a n d  H - 4 ) ,  2 . 9  (m. IH, H - 2 ) .  4 . 1  (q. 2H, C H 2 of  e t h y l

g r o u p ) ,  6 . 3  (m, 2 H , o l e f i n i c  p r o t o n s  H - 5  a n d  H - 6 ).

M a s s  S p e c t r u m  (ro/z, 70 e V ) :  1 8 0  ( M * ,  8 . 9 % ) ,  15 1  (29,

M - C 2 H 5 ), 10 7  ( 73, M - C O 2 C 2 H 5 ).

7 .___________P r e p a r a t i o n  of e t h y l  b i c y c l o  [ 2 . 2 . 2  ] o c t a n e -

- 2 - c a r b o x y l a t e
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C O g C H ^ C H ]

10% P d / C  c a t a l y s t  (20 0 m g )  in e t h a n o l  (2 c m ® )  w a s  

a d d e d  to e t h y l  b i c y c l o ( 2 . 2 . 2 ) o c t - 5 - e n e - 2 - c a r b o x y l a t e  

( 7 . 0 g ,  3 8 . 8  m m o l e )  in 15 c m ®  a b s o l u t e  e t h a n o l .  T h e

r e a c t i o n  m i x t u r e  w a s  s h a k e n  w i t h  h y d r o g e n  at r o o m  

t e m p e r a t u r e  a n d  a t m o s p h e r i c  p r e s s u r e  f o r  3 h o u r s ,  a n d  

t h e n  f i l t e r e d  t h r o u g h  c e l i t e .  E v a p o r a t i o n  of s o l v e n t  

y i e l d e d  t h e  t i t l e  c o m p o u n d  ( 6 . 9 6 g ,  9 8 %) b . p % %

1 1 1 - 1 1 2 ° C  ( L i t . .50 b . p . 12 1 0 2 - 1 0 3 ° C ) .

1 R ( V c m ~ l ,  n e a t ) :  1 7 3 0  (C = 0 s t r . ) .

^ H - N M R  ( 6 p p m ,  C D C I 3 ): 1. 3  (t, 3H, C H 3 ), 1. 5 - 2 . 0  (m,

1ÛH, C H 2 g r o u p s  ( 5 ) ) .  2 . 5  (m, IH, H - 2 ) ,  4. 0 - 4 . 3  (q,

2 H , C H  2 of e t h y l  g r o u p ) .

M a s s  S p e c t r u m  ( m / z ,  70 e V ) :  1 8 2 ( M + ,  8 . 6 %), 1 3 6  ( 4 6  ,

M - O C 2 H 5 ), 73 ( 1 0 9 ,  C O 2 C H 2 C H 3 ).

8 .______ P r e p a r a t i o n  of b i c y c 1 o [ 2 . 2 . 2 ] o c t a n e - 2 - c a r b o x y 1 ic

a c i d

COiCHjCH, COjH

E t h y l  b i c y c l o ( 2 . 2 . 2 ] o c t a n e - 2 - c a r b o x y  1 a t e  ( 5 . 5 g ,  3 0 . 2

m m o l e )  w a s  d i s s o l v e d  in a b s o l u t e  e t h a n o l  ( 3 0  c m ® )  a n d  

r e f l u x e d  f o r  1  ̂ h o u r s  w i t h  N a O H  s o l u t i o n  ( 1 . 6 g , 3 9 . 0

m m o l e )  in 15 c m ®  H 2 O.

A f t e r  r e m o v a l  of t h e  e t h a n o l  b y  d i s t i l l a t i o n  t h e  

c o o l e d  r e a c t i o n  m i x t u r e  w a s  p o u r e d  i n t o  w a t e r  ( 1 0 0  

c m ® ) .  C o n e .  H C l  w a s  a d d e d  u n t i l  t h e  s o l u t i o n  w a s
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s l i g h t l y  a c i d i c ,  at w h i c h  p o i n t  a w h i t e  s o l i d  

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

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

( N a 2 S 0 4 ). E v a p o r a t i o n  of s o l v e n t  y i e l d e d  th e  t i t l e  

c o m p o u n d  as a w h i t e  s o l i d  ( 4 . 8 g ,  9 8 % )  m . p .  8 3 - 8 4 ° C

( L i t .  ,50 8 4 - 8  5 ° C )  .

IR ( V c m - 1 , N u j o l ) :  3 3 0 0 - 2 3 0 0  br. ( - 0 H  s t r . ) ,  1 7 0 0  (C

■ 0 s t r . ) .

M a s s  s p e c t r u m  ( m / z ,  70 e V ) :  1 5 4 ( M"^ , 7 . 5 % ) ,  1 3 6 ( 1 8 ) ,

1 0 8  ( 4 6 ) .

9 .___________P r e p a r a t i o n  of 2 - b r o m o  b i c y c 1 o [ 3 . 2 . 1 ] o c t a n e -

- 1 - c a r b o x y l i c  a c i d .

R k *
C O : H

CO,H

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

H  e 1 1 -  V o l h a r d - Z e l i n s k y  b r o m i n a t i o n . 5 1 » 5 2  B i c y c l o -

- I 2 . 2 . 2 J o c t a n e - 2 - c a r b o x y  1 ic a c i d  ( 1 3 . 7g, 0 . 0 8 9  m o l e ) ,

b r o m i n e  ( 8 . 1 4  g , 0 . 1  m o l e )  a n d  p h o s p h o r u s  t r i c h l o r i d e

( 0 . 5  c m ® )  w e r e  h e a t e d  o n  a s t e a m  b a t h  at 8 0 - 9 0 ° C  f o r  

1 2  h o u r s .  A f t e r  c o o l i n g ,  t h e  m i x t u r e  w a s  d i s s o l v e d  in 

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

w i t h  s o d i u m  m e t a b i s u l p h i t e  s o l u t i o n  ( 3  x 2 5 0  c m ® )  a n d  

w a t e r  ( 3  x 2 5 0  c m ® ) .  T h e  e t h e r e a l  p h a s e  w a s  d r i e d

( N a 2 S 0 4 ) a n d  f i l t e r e d .  E v a p o r a t i o n  of s o l v e n t  y i e l d e d
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a y e l l o w  s o l i d  w h i c h  w a s  w a s h e d  w i t h  h e x a n e .  

R e c r y s t a l l i z a t i o n  f r o m  b e n z e n e  y i e l d e d  a c r e a m  s o l i d  

( 1 3 . 5g. 6 5 % )  m . p .  1 5 1 - 1 5 2 ° C  ( L i t .  .52 1 5 2 - 1  5 3 ° C ) .

IR ( V c m - 1 .  N u j o l ) :  3 2 0 0 - 2 5 0 0  br. ( O H  s t r . ) ,  1 7 0 0  (C

■ 0 s t r . ) .

 ̂H - N M R  ( 6 p p m ,  C D C I 3 ): 1 . 0 - 2 . 5  (m, I I H ,  H - 1  to H - 8 ,

b a r  H 2 ), 4 . 7  (s, IH, H - 2 ) ,  1 1 . 0 5  (s, IH, - C O 2 H).

Ma  s s s p e c  t r u m  ( m / z ,  7 0 e V ) :  1 8 9 / 1 8 7  ( 45 , M - C O 2 H),

1 5 3 ( 7 9 / 8 1 ,  M - B r ) ,  1 4 0 / 1 3 8  ( 94, M - B r ,  C O 2 H, C H 2 . b a s e

p e a k ) .

1 0 . P r e p a r a t i o n  of b i c y c l o [ 3 . 2 . 1 ] o c t a n e - l - c a r b o x y l i c

a c i d .

CO,H
CO.H

Bi c y c l o ] 3 . 2 . 1  ] o c t a n e - l - c a r b o x y l i c  a c i d  w a s  

p r e p a r e d  by h y d r o g e n o l y s i s  of th e  b r o m o a c i d  u n d e r  

b a s i c  c o n d i t i o n s  a c c o r d i n g  to t h e  m e t h o d  of V a u g h a n  e t 

a l . 5 3

A s o l u t i o n  of 2 - b r o m o b i c y c I o ( 3 . 2 . 1 ] o c t a n e - l -  

- c a r b o x y l i c  a c i d  ( 8 . 0 g ,  O .O 3 w m o l e )  a n d  p o t a s s i u m  

h y d r o x i d e  ( 5 . 3 g ,  0 . 1 5  m o l e )  in 1 2 0  c m ®  of 7 0 %  a q u e o u s

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

0 . 5 g  of 1 0 %  p a l l a d i u m  on c a r b o n .  A f t e r  f i l t r a t i o n ,  

t h e  s o l u t i o n  w a s  d i l u t e d  w i t li w a t e r  a n d  t h e n  

c o n c e n t r a t e d  to a p p r o x i m a t e l y  1/3 v o l u m e  by r o t a r y
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e v a p o r a t i o n .  A c i d i f i c a t i o n  w i t h  c o n c .  H C l  a f f o r d e d

t h e  t i t l e  c o m p o u n d  ( 4 . 6 g ,  8 8 %) m . p .  6 7 - 6 8 ° C  ( L i t .  ,  ̂̂

69. 5 - 7 0 .  5

 ̂H - N M R  ( 6 p p m ,  C I) C 1 3 ) : 1 . 4 - 2 . 5  ( m , 1 'i H , h y d r o c a r b o n

p r o t o n s ) ,  1 0 . 2 - 1 0 . 5  br. (s, IH, - C O ?  ) .

M a s s  s p e c t r u m  ( m / z ,  7 0 e V ) :  1 5 4  (M'*', 1 0 0 % ) ,  10 9  ( 4 5,

M - C O  oH ) .

1 1 . P r e p a r a t i o n  of l - b i c y c l o [ 3 . 2 . 1 ) o c t y l a m i n e

CO,H

l - B i c y c l o ( 3 . 2 . 1 ] o c t y l a m i n e  w a s  p r e p a r e d  by the 

S c h m i d t  r e a c t i o n ^ ^  on b i c y c l o [ 3 . 2 . 1 ] - o c t a n e - l -

- c a r b o x y l i c  a c i d  a c c o r d i n g  to W o l f f ^ ^  w i t h  s l i g h t  

m o d i f i c a t i o n s  as f o l l o w s :  C o n c .  H 2 S O 4 w a s  a d d e d  to a

c o o l e d  ( 0 - 5 ° C )  s t i r r e d  s o l u t i o n  of

b i c y c 1 o [3 . 2 . 1 J- o c t a n e - 1 - c a r b o x y 1 ic a c i d  ( 4 , 0 g ,  0 . 0 2 6

m o l e )  in c h l o r o f o r m  ( 3 0  c m ^ ) .  S o d i u m  a z i d e  ( 3 . 4 g ,

0 . 0 5 2  m o l e )  w a s  a d d e d  p o r t i o n w i s e  to t h e  v i g o r o u s l y  

s t i r r e d  s o l u t i o n  m a i n t a i n e d  at 4 0 - 4 5 ° C .  O n c e  a d d i t i o n  

w a s  c o m p l e t e  t h e  r e a c t i o n  w a s  a l l o w e d  to s t i r  at 

4 0 - 4 5 ® C  f o r  a f u r t h e r  4 h o u r s  u n t i l  e v o l u t i o n  of 

n i t r o g e n  h a d  c e a s e d .  T h e  r e a c t i o n  m i x t u r e  w a s  t h e n  

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

s o l u t i o n  ( 5 0 %  w / v ) .  T h e  a m i n e  ( w h i c h  is e x t r e m e l y  a i r  

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

n i t r o g e n  a n d  t h e  o r g a n i c  p h a s e  d r i e d  ( N a 2 S 0 4 ). T h e
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c h l o r o f o r m  w a s  r e m o v e d  by d i s t i l l a t i o n  u n d e r  a 

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

b r o w n  m o b i l e  o i l  ( 2 . 1  g , 6 5 % ) .

IR ( V c m - 1 ,  n e a t ) :  3 3 2 5  a n d  3 2 8 0  ( N H 2 s t r . ) ,  1 6 0 0  ( N - H

de f . ).

M a s s  s p e c t r u m  ( m / z ,  70 e V ) :  125 ( M'*', 8 . 8 %).

12 .________ P r e p a r a t i o n  of 0 - b e n z o y 1 - N - ( 1 - b 1 c y c 1 o [ 3 . 2 . 1  ]-

- o c t y l ) h y d r o x y l a m i n e .

A/NHOCOPh

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

s i m i l a r  to t h e  p r e p a r a t i o n  of O ^ b e n z o y l - N ^ ^ ^

b u t y l h y d r o x y l a m i n e  ( e x p .  1). T h e  c r u d e  r e a c t i o n

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

( S i 0 2 ; e t h y l  a c e t a t e  : p e t r o l  6 0 - 8 0 ° ;  2 0 : 8 0 )  to g i v e  a

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

( 2 . 9 g ,  5 0 %  b a s e d  o n  d i b e n z o y l  p e r o x i d e ) .

IR ( V c m “ ^, n e a t ) :  3 2 1 0  ( N - H  s t r . ) ,  1 7 2 0  (C = O s t r . ) ,

1 6 0 0  (C = C s t r . )

 ̂H - N M R  ( 6 p p m ,  C D C I 3 ): 1 . 0 - 2 . 0  (m, 1 3 H ,  h y d r o c a r b o n

p r o t o n s ) ,  7 . 3 - 8 . 2  (m, 6 H , A r - H  a n d  N - H ) .

M a s s  S p e c t r u m  ( m / z ,  7 0 e V ) :  122 ( P h O C O H ) ,  105

( C 6 H 5 C O + ) ,  77 ( C & H 5 +, b a s e  p e a k ) .
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1 1 ._______ P r e p a r a t i o n  of 0 - b e n z o y l - N - ( l - b i c y c l o [ 3 . 2 . 1 ] -

-octyl )be n z o h y d r o x a m i c  acid .

/ O C O P h  

NHOCOPh COPh

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

s i m i l a r  to th e  p r e p a r a t i o n  of 0^-b e n z o y 1 

b u t y l b e n z o h y d r o x a m i c  a c i d  ( e x p .  2). R e c r y s t a l l i z a t i o n  

f r o m  m e t h a n o l  g a v e  0 - b e n z o y l - N -( l - b i c y c l o (  3 . 2 . 1 ]- 

- o c t y l ) - b e n z o h y d r o x a m i c  a c i d  as a c o l o u r l e s s  s o l i d  

( 1 . 8 g ,  6 0 % )  m . p .  l O O - l O l ^ C .

I R ( V c m - 1 ,  N u j o l ) :  1 76 5  ( O C O  C = O s t r . ) ,  16 5  ( m a x .

N C O  C = O s t r . ) ,  1 6 0 0  (C = C s t r . ) .

 ̂H - N M R  ( 6 p p m ,  C D C I 3 ): 1 . 2 - 2 . 5  ( m , 1 3 H ,  h y d r o c a r b o n

p r o t o n s ) ,  7 . 1 5 - 7 . 9  (m, l O H ,  A r - H  ( 2 ) ) .

M a s s  S p e c t r u m  ( m / z ,  1 8 e V ) :  3 4 9  ( M + ,  1 . 5 % ) ,  2 2 9  ( 1 2 1 ,

M - P h C O O + ) ,  1 0 5  ( C 6 H 5 C O + ,  b a s e  p e a k ) ,  77 ( P h + ) .

( F o u n d :  C, 7 5 . 5 ;  H, 6 . 6 5 ;  N, 4 . 3 .  C 2 2 H 2 3 N O 3 r e q u i r e d

C. 7 5 . 6 ;  H, 6 . 6 ; N. 4 . 0 % )  .

1 4 . P r e p a r a t i o n  of N - ( 1 - b i c y c 1 o f 3 . 2 . 1 ) o c t y 1 )-

- b e n z o h y d r o x a m i c  a c i d
, 0 0 0 Ph /O H

\C O P h \C O Ph

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

s i m i l a r  to t h e  p r e p a r a t i o n  o f  ^-Jt - b u t y 1 b e n z o h y  d r o x a m  i c 

a c i d  ( e x p .  3) R e c r y s t a l l i z a t i o n  f r o m  h e x a n e  g a v e  t h e
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h y d r o x a m i c  a c i d  as a c o l o u r l e s s  s o l i d  m . p .  1 5 8 - 1 5 9 ° C .

I_R ( V c m - 1 ,  N u j o l ) ;  3 3 1 0 - 3 0 5 0  br. ( 3 1 9 0  m a x .  - O H  

s t r . ) ,  1 6 0 5  (C ■ O s t r . ) .

 ̂H - N M R  ( 6 p p m ,  C D C I 3 ): 1 . 1 - 2 . 3  ( m , 1 3 H ,  h y d r o c a r b o n

p r o t o n s ) ,  7 . 4  (s, 5 H , A r - H ) ,  8 . 3 - 8 . 5  br. (s, IH, - O H ) .

M a s s  S p e c t r u m  ( m / z ,  1 8 e V ) :  2 4 5  ( M + ,  1 3 . % ) ,  12 2

( P h O C O H ) ,  1 0 5  ( P h C O + ,  b a s e  p e a k ) ,  77 ( P h + )

( F o u n d :  C ,7 3 . 2  ; H , 7 . 8 ;  N, 5 . 7 .  C 1 5 H 1 9 N O 2 r e q u i r e s  C,

7 3 . 5 ;  H, 7 . 7 5 ;  N, 5 . 7 % ) .

15 . R e s o l u t i o n  of 2 - b r o m o b i c y c l o [ 3 . 2 . 1  ] o c t a n e -

- 1 - c a r b o x y 1 ic a c i d .

A m i x t u r e  of t h e  a c i d  ( 1 0 . Og, 0 . 0 4 3  m o l e )  a n d  q u i n i n e  

( 1 3 . 9 0 g ,  0 . 0 4 3  m o l e )  in 3 l i t r e s  of a c e t o n e  w a s  w a r m e d

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

f i l t e r e d  a n d  r e d u c e d  in v o l u m e  to 2 l i t r e s .  A f t e r  

p r o l o n g e d  s t a n d i n g  at r o o m  t e m p e r a t u r e  1 1 . Ig of a 

w h i t e  s o l i d ,  m . p .  1 7 1 - 1 7 3 ° C  w a s  f i l t e r e d  o f f .  T h e  

f i l t r a t e  w a s  r e d u c e d  in v o l u m e  to 1 l i t r e  a n d ,  a f t e r  

s t a n d i n g  at r o o m  t e m p e r a t u r e  f o r  24 h o u r s  3 . 1 g of a 

s o l i d  m . p .  1 6 8 - 1 6 9 ° C  w a s  f i l t e r e d  o f f .  T h e  t w o  c r o p s  

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

r e c r y s t a l l i z a t i o n s  f r o m  a c e t o n e  s h o w e d  c o n s t a n t  

m e l t i n g - p o i n t  1 7 4 - 1 7 5 ° C  a n d  u n c h a n g e d  o p t i c a l  r o t a t i o n  

l a l o ^ ^  - 1 0 6 . 7 °  (c = 0 . 1  in C H C I 3 ).

T h e  s o l i d  s a l t  w a s  d i s s o l v e d  in 1 0 0  c m ^  C H C I 3 a n d  

1 0 0  c m  ̂  of 5% H C l  a d d e d  w i t h  v i g o r o u s  s h a k i n g .  T h e
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l a y e r s  w e r e  s e p a r a t e d  a n d  t h e  c h l o r o f o r m  s o l u t i o n  

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

e v a p o r a t e d  at r o o m  t e m p e r a t u r e  to g i v e  a w h i t e  s o l i d ,  

m . p .  1 3 0 - 1 3 1 ° C .

A f t e r  t w o  r e c r y s t a l l i z a t i o n s  f r o m  

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

c r y s t a l s  m . p .  1 3 1 - 1 3 2 ° C ,  + 4 0 . 9  "I: 2® (c = 0 . 1

in C H C I 3 ). F u r t h e r  r e c r y s t a l l i s a t i o n s  d i d  n o t  c h a n g e  

e i t h e r  t h e  m e l t i n g  p o i n t  o r  t h e  o p t i c a l  r o t a t i o n .

16 .______ P r e p a r a t i o n  of ( + ) - e t h y l  2 - b r o m o b i c y c 1 o [ 3 . 2 . 1 ] -

o c t a n e c a r b o x y l a t e .

a. G e n e r a t i o n  of d i a z o m e t h a n e .

P o t a s s i u m  h y d r o x i d e  in e t h a n o l  ( 1 0  c m ^  , 0 . 4 g ,  0 . 0 1

m o l e )  w a s  a d d e d  d r o p w i s e  to a c o o l e d  s o l u t i o n  of 

N - m e t h y l - ^ - n i t r o s o - t o l u e n e - p - s u l p h o n a m i d e  ( D i a z a l d )

( 2 . 1 4  g , 0 . 0 1  m o l e )  in d i e t h y l  e t h e r  ( 3 0  c m ^ ) .  A f t e r  5

m i n u t e s  t h e  e t h e r e a l  d i a z o m e t h a n e  s o l u t i o n  w a s  

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

0 . 3 2 - 0 . 3 5 g  of d i a z o m e t h a n e .

b. T h e  d i a z o m e t h a n e  s o l u t i o n  w a s  a d d e d  d r o p w i s e  to a 

c o o l e d  s o l u t i o n  of ( + ) - 2 - b r o m o b i c y c 1 o -( 3 . 2 . 1 ] o c t a n e - 1 -  

- c a r b o x y l i c  a c i d  ( 0 . 0 5 g ,  0 . 2 1  m m o l e )  in s o d i u m  d r i e d

e t h e r  (5 c m ^ ) ,  u n t i l  t h e  r e a c t i o n  m i x t u r e  r e t a i n e d  a

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

( N a 2 S 0 4 ) a n d  f i l t e r e d .  E v a p o r a t i o n  of s o l v e n t  y i e l d e d  

t h e  t i t l e  c o m p o u n d  as a c o l o u r l e s s  l i q u i d  ( 0 . 0 4 8 g ,
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98%).

 ̂H - N M R ( 5 p pm, C D C I 3 ): 1 . 1 - 2 .  5 (rn, 1211, h y d r o c a r b o n

p r o t o n s ) ,  3.7 (s, 3H, CII3 ) 4 . 7  br (s, IM, H - 2 ) .

1 7 ._______At L f! m p t e d p r e p a r a t i o n  of N - b e n z o y l o x y - 2 - a m i n o -

- 2 - m e t h y l p r o p a n -1 - o I
NH; NHOCOPh

C H 3- C - C H 2OH    C H 3- Ç - C H 2OH
i n ,  C H 3

F r e s h l y  d i s t i l l e d  2 - a m i n o - 2 - m e t h y l p r o p a n - l - o l  ( 1 4 . Og, 

0 . 1 5  m o l e )  w a s  a d d e d  d r o p w i s e  w i t h  s t i r r i n g  to a 

s o l u t i o n  of f r e s h l y  c r y s t a l l i z e d  d i b e n z o y l  p e r o x i d e  

( 1 7 . 3g, 0 . 0 7  m o l e ) .  T h e  r e a c t i o n  w a s  c a r r i e d  o u t  as

p e r  0 - b e n z o y l - N ^ ^ - b u t y l h y d r o x y l a m i n e  ( e x p .  1 ).

C o l u m n  c h r o m a t o g r a p h y  ( S i 0 2 ,  e t h y l  a c e t a t e  : p e t r o l

6 0 - 8 0 ° ,  2 0 : 8 0 )  of t h e  c r u d e  r e a c t i o n  p r o d u c t  y i e l d e d  a

w h i t e  s o l i d  m . p .  4 9 . 5 - 5 0 . 5 ° C .  S p e c t r a l  d a t a  r e v e a l e d  

t h a t  t h e  p r o d u c t  o b t a i n e d  w a s  0 - b e n z o y l - N - b e n z o y l o x y -  

- 2 - a m i n o - 2 - m e t h y l p r o p a n - l - o l  a n d  n o t  N - b e n z o y l o x y - 2 - 

- a m i n o - 2 - m e t h y l p r o p a n - l - o l .

IR ( V  c m " l ,  N u j o l ) :  3 2 4 0  ( N H  s t r . ) ,  1 7 4 0  m a x .  ( O C O

s t r .), 1 6 0 0  (C ■ C s t r . ) .

i H - N M R  (6 p p m ,  C D C I 3 ): 1 . 3  (s, 6 H, C H 3 ( 2 )), 4 . 3  (s, 2H,

C H 2 >. 7 . 3 - 8 . 2  (m, l O H ,  A r - H ( 2 ) ) .

M a s s  S p e c t r u m  ( m / z ,  3 5 e V ) :  1 7 8  ( 1 2 5 ,  M - C H 2 0 C 0 P h ) ,  1 2 2

( P h O C O H ,  b a s e  p e a k ) ,  105 ( C ^ H s C O ^ ) ,  7 7 ( C ^ H g ^ ) .

( F o u n d :  C, 6 8 .8 ; H, 6 . 2 4 ;  N, 4 . 5 .  C 1 8 H 1 9 N O 4 r e q u i r e s

C, 6 9 . 0 ;  H. 6 . 7 ;  N, 4 . 5 % ) .
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1 8 .______ P r e p a r a t i o n  of 0 - b e n z o y 1 - N - ( 2 - b e n z o y 1 o x y m e t h y 1-

- 2 - p r o p y l ) b e n z o h y d r o x a m i c  a c i d .

PhOC>^ /OCOPh  
NHOCOPh N

CH-C-CHzO CO Ph ---------- CHj-C-CHzOCOPh

CH, CH,

T o  a s t i r r e d  s o l u t i o n  of b e n z o y 1 - ^ - b e n z o y 1 o x y - 2 -

- a m 1 n o - 2 - m e t h y 1 p r o p a n - 1 - o 1 ( 1 5 . g, 4.7 m m o l e )  in s o d i u m

d r i e d  b e n z e n e  ( 4 0  c m ^ ) w a s  a d d e d  d r y  p y r i d i n e  ( 0 . 3 9  g, 

5 . 0  m m o l e )  a n d  b e n z o y l  c h l o r i d e  ( 0 . 6 6 g ,  4 . 7  m m o l e ) .

A f t e r  r e f l u x i n g  f o r  24 h o u r s  t h e  r e a c t i o n  m i x t u r e  w a s  

w o r k e d  u p  as p e r  0^-b e n z o y 1 b u t y 1 h y d r o xa m i c a c i d  

( e x p .  2 ) to g i v e  a p a l e  y e l l o w  o i l  w h i c h  s o l i d i f i e d  on  

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

t i t l e  c o m p o u n d  as a c o l o u r l e s s  s o l i d  ( 0 .4 2 g , 2 1 %) m . p .

7 4 - 7 6 ° C .

IR ( V c m ' l ,  N u j o l ) :  1 7 6 0  ( O C O  s t r . ) ,  1 7 2 0  ( O C O  s t r . ) ,

1 6 5 5  ( N C O  s t r . ) .

 ̂H - N M R  ( 6  p p m ,  C D C I 3 ); 1.7 (s, 6 H, C H 3 ( 2 ) ) .  4 . 7 5  (s,

2H, C H 2 ). 7 . 1 - 8 . 2  (m, 1 5H, A r - H  ( 3 ) ) .

( F o u n d :  C, 7 1 . 7 ;  H , 5.6; N, 3.3. C 2 4 H 2 1 N O 5 r e q u i r e d  C,

7 1 . 9 ;  H, 5 . 5 ;  N, 3 . 3 5 % ) .

1 9 .__________ P r e p a r a t i o n  of 2 - ( N - h y d r o x y a m i n o ) - 2 - m e t h y l -

- p r o p a n - l - o l

CH;OH ÇH2OH
C H j-C -N O î  ► C H j-Ç -N H O H

CH,
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The title compound was prepared a c c ording to the

method of Alewood et al. 98

A s t i r r e d  s o l u t i o n  of 2 - m e t h y l - 2 - n i t r o - p r o p a n o l  

( 5 . 9 5 g ,  0 . 0 5  m o l e )  in a q u e o u s  e t h a n o l  ic N H 4 CI (2 . 5 g in

50 crn^ 5 0 % )  w a s  t r e a t e d  w i t h  a c i d - w a s h e d  z i n c  d u s t  

( 10 g ) d u r i n g  3 h o u r s ,  th e  t e m p e r a t u r e  b e i n g  k e p t  b e l o w  

1 5 ° C .  T h e  m i x t u r e  w a s  s t i r r e d  f o r  3 h o u r s  at r o o m  

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

w i t h  w a t e r  (4 x 20 c m ^ ) .  T h e  c o m b i n e d  f i l t r a t e  a n d

w a s h i n g s  w e r e  a c i d i f i e d  to pH 2 w i t h  c o n c .  H C l  a n d  

m o s t  of t h e  s o l v e n t  w a s  t h e n  r e m o v e d  u n d e r  r e d u c e d  

p r e s s u r e  to g i v e  a s y r u p  to w h i c h  w a s  a d d e d  K 2 C O 3 

( 2 0 g ) .  T h e  r e s u l t i n g  m i x t u r e  w a s  e x t r a c t e d  by C H C I 3 

in a s o x h l e t  a p p a r a t u s  f o r  4 h o u r s .  R e m o v a l  of

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

w a s  m i x e d  w i t h  a n  e q u a l  v o l u m e  of f r e s h  c h l o r o f o r m .  

C r y s t a l s  s l o w l y  s e p a r a t e d  ( 2 . 9 8 g )  a n d  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  h e x a n e / C H C l 3 p u r e

2 - h y d r o X y a m i n o ) - 2 - m e t h y 1 p r o p a n - 1 - o 1 w a s  o b t a i n e d  as 

c o l o u r l e s s  h y g r o s c o p i c  c r y s t a l s ,  m . p .  6 3 - 6 4 ° C  ( L i t .  ,^ & 

6 2 - 6 4 ° C )

IR ( V c m " l ,  N u j o l ) :  3 5 0 0 - 2 4 0 0  h r . ,  3 2 0 0  m a x  ( O H ,  a n d

- N H  s t r . ) .

 ̂H - N M R  ( 6 p p m ,  C D C I 3 ); 1 . 0  (s, 6 H, C H  3 ( 2 ) ) ,  3 . 4  (s,

2H, C H 2 ). 4 . 6 - 6 . 1  br. (s, 3H, - O H  (2) a n d  - N H ) .

M a s s  S p e c t r u m  ( m / z ,  1 8 e V ) :  74 ( 31, M — C H 2 O H 2 b a s e

p e a k )  .
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2 0 .______________A t t e m p t e d ____ p r é p a r â t  i o n____ of____ 0 - b e n z o y l - N-

- ( 2 - h y d r o x y m e t h y l - 2 - p r o p y l ) b e n z o h y d r o x a m i c  a c i d

CH,OH CHjOH
I I M^OCOPh

CHrÇ-NHOH --- ► ^'^-‘T - V o P h
CH, CH,

T o  a s t i r r e d  s o l u t i o n  of 2 - ( - h y d r o x y a m  i n o ) - 2-

- m e t h y 1 p r o p a n o  1 ( 2 . 1 g , 0 . 0 2  m o l e )  in s o d i u m  d r i e d

b e n z e n e  ( 5 0  c m ^ )  w a s  a d d e d  m o l e c u l a r  s i e v e  d r i e d  

p y r i d i n e  ( 3 . 3 g ,  0 . 0 4 2  m o l e )  a n d  b e n z o y l  c h l o r i d e

( 6 . 1 6  g , 0 . 0 4 4  m o l e ) .  T h e  m i x t u r e  w a s  h e a t e d  to r e f l u x

at w h i c h  s t a g e  a b r o w n  o i l  a p p e a r e d  at t h e  b o t t o m  of 

t h e  r e a c t i o n  v e s s e l .  A f t e r  r e f l u x i n g  for 2 h o u r s  t h e  

c o o l e d  s o l u t i o n  w a s  p o u r e d  i n t o  IM H C l  ( 1 5 0  c m ^ )  a n d

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

(2 X 50 c m ^ ) .  T h e  o r g a n i c  p h a s e  w a s  w a s h e d  w i t h  IM

HCl (2 X 50 c m ^ )  a n d w a t e r  (2 x 5 0 c m ^ ) ,  d r i e d

( N a 2 S 0 4 ) a n d  f i l t e r e d .  E v a p o r a t i o n  of s o l v e n t  y i e l d e d  

a v i s c o u s  y e l l o w  o i l  w h i c h  p a r t i a l l y  s o l i d i f i e d  on 

c o o l i n g .  T . l . c .  ( S i 0 2 ,  e t h y l  a c e t a t e :  p e t r o l  6 0 - 8 0 ° ,

2 0 : 8 0 )  s h o w e d  at l e a s t  f i v e  c o m p o n e n t s  in t h e  c r u d e  

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

o u t  bu t  t h e  t i t l e  c o m p o u n d  c o u l d  n o t  be i s o l a t e d .

2 1 ._____ P r e p a r a t i o n  of 3 - f o r m a m i d o i s o c a m p h a n e

.P\.NHCHOC H :
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T h e  t i t l e  c o m p o u n d  w a s  p r e p a r e d  by s l i g h t  m o d i f i c a t i o n  

of S t o n e ' s  m e t h o d ^ 9  as f o l l o w s  :

T o  a s o l u t i o n  of c a m p h e n e  ( 1 0 . Og, 0 . 0 7  m o l e )  in 

g l a c i a l  a c e t i c  a c i d  (25 c m ^ )  at 0 ° C  w a s  a d d e d  s o d i u m  

c y a n i d e  ( 1 0 . 8  g , 0 . 2 2  m o l e ) .  C o n c .  H 2 S O 4 (5 c m ^ )  w a s

a d d e d  d r o p w i s e  w i t h  s t i r r i n g  at 0 - 3 ° C  o v e r  a p e r i o d  of 

o n e  h o u r .  W h e n  a d d i t i o n  w a s  c o m p l e t e  t h e  r e a c t i o n  w a s  

s t i r r e d  f o r  o n e  h o u r  at 0 ° C  a n d  t h e n  a l l o w e d  to w a r m  

to r o o m  t e m p e r a t u r e .  A f t e r  48 h o u r s  t h e  r e a c t i o n  

m i x t u r e  w a s  c a u t i o u s l y  p o u r e d  o n t o  i c e  ( 2 0 0 g ). T h e  

a q u e o u s  s o l u t i o n  w a s  n e u t r a l i z e d  w i t h  s o d i u m  h y d r o x i d e  

s o l u t i o n  ( 2 0 %  w / v )  k e e p i n g  t h e  t e m p e r a t u r e  b e l o w  2 0 ° C .  

T h e  s o l u t i o n  w a s  e x t r a c t e d  w i t h  c h l o r o f o r m  (2 x 2 5 0  

c m ^ ) ,  w a s h e d  w i t h  w a t e r  a n d  d r i e d  o v e r  d r y  M g S O ^ .  

F i l t r a t i o n  a n d  e v a p o r a t i o n  of s o l v e n t  y i e l d e d  a b r o w n  

o i l .  C o l u m n  c h r o m a t o g r a p h y  ( S i 0 2 , e t h y l  a c e t a t e :

p e t r o l  6 0 - 8 0 ° ,  2 0 : 8 0 )  y i e l d e d  t h e  t i t l e  c o m p o u n d  as a

w h i t e  c r y s t a l l i n e  s o l i d  ( 8 . 4 g ,  6 7 % )  m . p  1 7 0 - 1 7 2 ° C

( L i t . 1 7 0 - 1  7 4 ° C )  .

IR ( v c m ~ ^ ,  N u j o l ) : 3 2 0 0  br. (NH s t r . ) ,  1 6 6 0  m a x  ( C = 0

s t r . ) .

2 2 . P r e p a r a t i o n  of 3 - a m i n o i s o c a m p h a n e

NHCHO _ ^ N H ' 2

T h e  a b o v e  f o r m a m i d e  ( 1 0 . Og, 0 . 5 5  m o l e )  in m e t h a n o l  (50
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c m ^ )  w a s  h y d r o l y s e d  by a d d i n g ,  w i t h  s t i r r i n g ,  4 . 4 g  of 

s o d i u m  h y d r o x i d e  in 40 cin^ w a t e r .  T h e  m i x t u r e  w a s  

r e f l u x e d  for 48 h o u r s  a n d  th e  m e t h a n o l  d i s t i l l e d  in 

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

d i l u t e d  w i t h  50 ciiî  of w a t e r  a n d  t h e n  e x t r a c t e d  w i t h  

2 X 50 c m ̂  of e t h e r .  T h e  e t h e r  e x t r a c t s  w e r e  d r i e d  

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

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

3 - a m i n o i s o c a m p h a n e  ( 7 . 5 g , 8 8 %).

I R ( V c m “ ^, n e a t ) :  3 4 0 0 - 3 2 0 0  br. (N H 2 s t r . ) ,  1 6 0 0  ( N - H

d e f . ) .

2 3 .___________P r e p a r a t i o n  of 0 - b e n z o y 1 - N - ( 3 - i s o c a m  p h y 1 )-

- h y d r o x y l a m i n e .

^pK^NHOCOPh
—

NH,

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

s i m i l a r  to t h e  p r e p a r a t i o n  of O - b e n z o y l - N - t -  

- b u t y l h y d r o x y l a m i n e  ( e x p .  1). T h e  c r u d e  r e a c t i o n

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

( S i 0 2 ; e t h y l  a c e t a t e  : p e t r o l  6 0 - 8 0 ° ;  2 0 : 8 0 )  to y i e l d

a p a l e  y e l l o w  o i l  w h i c h  s h o w e d  a s i n g l e  s p o t  o n  t . l . c .  

( 0 . 6  2 g , 7 0 %  b a s e d  o n  d i b e n z o y l  p e r o x i d e ) .

IR ( V c m “ ^. n e a t ) :  3 2 2 0  ( N - H  s t r . ) ,  1 7 1 0  (C - 0 s t r . ) ,

1 6 0 0  (C ■ C s t r . ) .

 ̂H - N M R  ( 6 p p m ,  C D C I 3 ) : 0 . 9 - 2 .8 (m, 1 8 H ,  h y d r o c a r b o n
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protons and N -H ) , 7 . 3 - 8  . 0 (m , 5 H , Ar-H).

2 M ._______ Attempted p reparation of O -beny. o y 1 - N -(3-iso

- r a rn p h y 1 ) h e n z o h y d r o x amie arid.

N H O C O P h /OCOPh
N \ COPh

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

s i m i l a r  to the p r e p a r a t i o n  of (3 - b e n z o y 1 

- b u t y 1 b e n z o h y d r o X a m i c  a c i d  ( e x p -  2). T h e  c r u d e

r e a c t i o n  m i x t u r e  s h o w e d  no N C O  0 = 0  s t r e t c h  in the 

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

p r o d u c t  ( S i O i . C H C l ^ )  g a v e  o n l y  s t a r t i n g  m a t e r i a l .

2 5 . P r e p a r a t i o n  of d i h y d r o a b i e t i c  a c i d

R e c r y s t a l l i z e d  a b i e t i c  a c i d  ( F L U K A )  (3g, 9 , 9  m m o l e )

w a s  d i s s o l v e d  in s o d i u m  d r i e d  e t h e r  ( 5 0  c m ^ )  a n d  t h e  

s o l u t i o n  c o o l e d  to - 4 0 ° C  u s i n g  a c a r d i c e / a c e t o n e  b a t h .  

D r y  l i q u i d  a m m o n i a  w a s  a d d e d  ( 1 0 0  c m ^ >  w i t h  r a p i d  

s t i r r i n g .  F r e s h  l i t h i u m  ( c u t  u n d e r  t o l u e n e )  w a s  a d d e d  

s l o w l y  in s m a l l  p i e c e s  ( a d d i t i o n  of l a r g e r  p i e c e s  

c a u s e d  f r o t h i n g  to o c c u r )  u n t i l  a l a r g e  e x c e s s  h a d  

b e e n  a d d e d .  A f t e r  s t i r r i n g  f o r  a f u r t h e r  15 m i n u t e s
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at - A O ® C »  a b s o l u t e  a l c o h o l  (50 c m ^ )  w a s  a d d e d  d r o p w i s e  

o v e r  a p e r i o d  of h a l f  an h o u r .  T h e  r e a c t i o n  m i x t u r e  

w a s  a l l o w e d  to w a r m  to r o o m  t e m p e r a t u r e  a n d  w h e n  t h e  

a m m o n i a  h a d  e v a p o r a t e d ,  d i e t h y l  e t h e r  ( 2 5 0  c m ^ )  a n d  

5 0% H C l / w a t e r  ( 2 5 0  c m ^ )  w e r e  a d d e d .  T h e  e t h e r e a l  

p h a s e  w a s  s e p a r a t e d  a n d  w a s h e d  w i t h  5 0 %  H C l / w a t e r  (2 x 

2 0 0  c m ^ )  a n d  t h e n  d r i e d  ( M g S O ^ ) .  E v a p o r a t i o n  of

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

c o o l i n g .  R e c r y s t a l l i z a t i o n  f r o m  a c e t o n e  y i e l d e d  c u b i c  

c r y s t a l s  ( 2 .6 5 g , 8 8 %) m . p  1 8 5 - 1 8 7 ° C  ( L i t .  ,  ̂̂

1 9 7 - 1 9 7 - ° C ) .  ^ H - N M R  s p e c t r o s c o p y  s h o w e d  c o m p l e t e

r e d u c t i o n  of t h e  d o u b l e  b o n d  at 5-7 p p m  b u t  s u g g e s t e d  

t h e  p r e s e n c e  of m o r e  t h a n  o n e  i s o m e r  of d i h y d r o a b i e t i c  

a c i d  ( b r o a d  s i n g l e t  at 6 5 . 2 7 p p m  a n d  a s m a l l e r  s i n g l e t  

at 6 5 . 03 p p m  ( 4 : 1 ) ) ,  s i n c e  t h e  n e x t  s t a g e  i n v o l v e d  

c a t a l y t i c  h y d r o g e n a t i o n  to t e t r a h y d r o a b i e t i c  a c i d  a n d  

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

p u r i f i c a t i o n  w a s  n o t  c a r r i e d  o u t .

2 6 . P r e p a r a t i o n  of t e t r a h y d r o a b i e t i c  a c i d

e t h a n o l

a d d e d  to d i h y d r o a b i e t i c  a c i d  ( 0 . 2 g , 0 . 6 5  m m o l e )  in

a b s o l u t e  e t h a n o l  (25 c m ^ ) .  T h e  r e a c t i o n  m i x t u r e  w a s
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h y d r o g e n a t e d  at room temp e r a t u r e  and a t m o s p h e r i c  

pressure for' 2 hours and then filtered through celite. 

E v a p o r a t i o n  of solvent and r e c r y s t a l l i z a t i o n  from 

acetone yielded a c o l o urless c r y s t a l l i n e  solid ( 0 . 18 g , 

96%) m.p 181-182°C.

IR ( V c m " l ,  Nujol): 3250-2500br. ( 0 -H str.), 1690 (max

C = 0 str.).

 ̂H - N M R ( 6 ppm, ('DCI3 ): showed no olefin ic protons.

Mass Sp e c t r u m  (m/z, 3 5 e V ) : 306 (M^\ 9.6%) , 289 ( 1 7,

M+-OH), 261 (45, M + - C O 2 H).

27 . Att e m p t e d  prep a r a t i o n  of 4 - a m i n o a b i e t a n e .

C o n c  . H 2 S O 4 (3 c m1̂ ) w a s  a d d e d  to a c o o l e d  s t i r r e d

s o l u t i o n  ( 0 - 5 ° C )  of t e t r a h y d r o a b i e t i c  a c i d  ( l . O g ,  3 . 3  

m m o l e )  in c h l o r o f o r m  ( 1 0  c m ^ )  s o d i u m  a z i d e  ( 0 . 4 2 g ,  6 . 5

m m o l e )  w a s  a d d e d  p o r t i o n w i s e  to t h e  v i g o r o u s l y  s t i r r e d  

s o l u t i o n  m a i n t a i n e d  at 0 ° C .  W h e n  a d d i t i o n  w a s

c o m p l e t e  t h e  r e a c t i o n  m i x t u r e  w a s  w a r m e d  to 4 0 - 4 5 ° C

a n d  a l l o w e d  to s t i r  f o r  a f u r t h e r  2 h o u r s .  A f t e r  t h i s  

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

w i t h  5 0 %  w / v  N a O H  s o l u t i o n .  T h e  r e s u l t i n g  s o l u t i o n

w a s  e x t r a c t e d  w i t h  d i e t h y l  e t h e r  a n d  t h e  o r g a n i c  p h a s e
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dried (MgSO^). F i l t r a t i o n  and e v a p o r a t i o n  of solvent 

yielded a yellow oil. T.l.c. of the crude reaction 

mixture (SiOo; C H C I 3 ) showed at least five components 

to be present. Infrared s p e c t r o s c o p y  showed none of 

the required bands (-N H str. and -NH def.).

2 8 A t t e m p t e d  p r e p a r a t i o n  of 8 - a m i n o c e d r a n e .

S o d i u m  c y a n i d e  ( 0 . 6 6 g ,  1 3 . 5  m m o l e )  w a s  a d d e d

p o r t i o n w i s e  to g l a c i a l  a c e t i c  a c i d  (1 c m ^ ) .  C e d r o l

(Ig, 4 . 5  m m o l e )  w a s  a d d e d  s l o w l y ,  k e e p i n g  th e  

t e m p e r a t u r e  b e l o w  2 0 ° C .  T h e  r e a c t i o n  m i x t u r e  w a s

a l l o w e d  to w a r m  to r o o m  t e m p e r a t u r e  a n d  t h e n  h e a t e d  at 

6 0 ° - 7 0 ° C  f o r  h o u r s .  T h e  c o o l e d  m i x t u r e  w a s  p o u r e d

o n t o  i c e  ( 2 0 0  c m ^ ) ,  m a d e  a l k a l i n e  ( 3 0 %  N a O H  s o l u t i o n )

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

e t h e r .  T h e  o r g a n i c  e x t r a c t  w a s  w a s h e d  w i t h  w a t e r ,  

d r i e d  ( N a 2 S 0 4 ) a n d  f i l t e r e d .  E v a p o r a t i o n  of s o l v e n t  

y i e l d e d  o n l y  s t a r t i n g  m a t e r i a l  ( 0 . 9 2 g ,  9 3 % ) .

N . B . F o r  c o n v e n i e n c e  of t e r m i n o l o g y  o n l y ,  t h e

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

h y d r o x a m i c  a c i d s  h a v e  b e e n  d e s i g n a t e d  w i t h  t h e  s i g n  of

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

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



161

r outinely recorded and only the rotations of the final 

h ydroxamic acids have been measured.

2 9 . Prep a r a t i o n  of ( + )- f e n c h o l a m i d e

CONHL

( + ) - F e n c h o l a m i d e  w a s  p r e p a r e d  u s i n g  t h e  m e t h o d  of 

S e m m l e r . ^ ^

( + ) - F e n c h o n e  ( F L U K A )  ( 4 0 . Og, 0 . 2 6  m o l e )  in s o d i u m  

d r i e d  b e n z e n e  (8 0  c m ^ )  w a s  a d d e d  in o n e  p o r t i o n  to 

s o d a m i d e  p o w d e r  ( M a y  a n d  B a k e r ) ( 1 2 . 3g, 0 . 3 2  m o l e )  a n d

t h e  r e a c t i o n  m i x t u r e  w a s  s t i r r e d  v i g o r o u s l y  on a s t e a m  

b a t h  f o r  6 h o u r s .  A f t e r  c o o l i n g ,  i c e  w a s  c a u t i o u s l y  

a d d e d  f o l l o w e d  by d i e t h y l  e t h e r  ( 5 0 0  c m ^ ). T h e

e t h e r e a l  p h a s e  w a s  w a s h e d  w i t h  w a t e r  (3 x 2 5 0  c m ^  ) a n d  

d r i e d  ( N a 2 S 0 4 ). F i l t r a t i o n  a n d  e v a p o r a t i o n  o f  s o l v e n t  

y i e l d e d  a w h i t e  s o l i d  ( 4 1 . 2g, 9 3 % )  m . p  9 4 - 9 5 ® C

( L i t . ,61 9 4 ° C ) .

IR ( V c m - 1 ,  N u j o l ) :  3 4 0 0  a n d  3 2 0 0  ( N H 2 s t r . )  . 1 7 0 0

( C " 0  s t r . ) .

1 h - N M R  ( 6  p p m ,  C D C I 3 ): 0 . 5 - 2 . 1 0  (m, 1 7 H ,  f e n c h e l y l

p r o t o n s ) ,  0 . 8  a n d  0 . 9  ( dd, 6 H, i s o p r o p y l ) ,  1 . 1 5  (s,

3H, C H 3 ), 5 . 2 - 5 .8 br. (s, 2H, N H 2 ) .

M a s s  S p e c t r u m  ( m / z ,  7 0 e V ) :  1 6 9  ( M"^, 8 . 9 % ) ,  1 5 4  ( 1 5 ,

M - C H 3 + ) ,  1 2 6  ( 4 3 ,  M - C 3 H 2 + ) ,  125 ( 4 4 ,  M -  0 - C = N H 2 + ) .

[ g ] + 1 . 6 5 °  ( c - 0 . 1  in C H C I 3 ).
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( F o u n d  C, 7 1 . 5 ;  H, 1 1 . 1 ;  N, 8 . 8  c a l c .  for C i g H i g N O .  C,

7 1 . 0 ;  H, 1 1 . 2 ;  N, 8 . 3 % ) .

30 ._____ P r é p a r a t i o n  of ( + )- f e n c h o l  ic a c i d

CONH2 I-- COgH

T o  a c o n c e n t r a t e d  s o l u t i o n  of s o d i u m  h y d r o x i d e  ( 4 0 . 0 g  

i n 2 0 0  c m ̂  w a t e r )  c o n t a i n e d  in a s t a i n l e s s  s t e e l  

v e s s e l  w a s  a d d e d  f e n c h o l a m i d e  ( 3 0 . Og, 0 . 1 7  m o l e )  in 

e t h a n o l  ( 2 0 0  c m ̂ ) . T h e  r e a c t i o n  m i x t u r e  w a s  r e f l u x e d  

for 3 d a y s .  A f t e r  r e m o v a l  of t h e  e t h a n o l  by

d i s t i l l a t i o n ,  w a t e r  w a s  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  

w a s  w a s h e d  w i t h  d i e t h y l  e t h e r  (3 x 1 0 0  c m ^ )  to r e m o v e  

a n y  b a s i c  c o m p o n e n t s .  T h e  a q u e o u s  p h a s e  w a s  t h e n  m a d e  

s t r o n g l y  a c i d i c  w i t h  c o n c .  H C l  a n d  e x t r a c t e d  w i t h  

d i e t h y l  e t h e r  (3 x 5 0 0  c m ^ ) .  T h e  o r g a n i c  p h a s e  w a s

d r i e d  ( N a 2 S 0 4 ), a n d  f i l t e r e d .  E v a p o r a t i o n  of s o l v e n t  

y i e l d e d  a y e l l o w  o i l .  V a c u u m  d i s t i l l a t i o n  of t h e

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

c o l o u r l e s s  o i l  ( 2 8 . 8g, 9 6 % )  b . p i 2  1 4 3 - 1 4 4 ° C  ( L i t . , 9 9

b . p i o  1 4 0 - 1 4 1 ° C ) .

I_R ( c m - 1 ,  n e a t ) ;  3 5 0 0 - 2 2 5 0  br. ( - 0 H  s t r . ) ,  1 7 0 0  (C = 0

s t r . ) .

M a s s  S p e c t r u m  ( m / z ,  7 0 e V ) :  1 7 0  ( M * ,  1 . 1 % ) ,  1 2 7  (43,

M - C 3 H 7 + )  1 2 5  ( 4 5 .  M - C O 2 H).

4. 3 . 2 ®  ( c - 0 . 1  in C H C I 3 ).
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3 1. A l t e r n a t i v e  p r e p a r a t i o n  of f e n c h o l l c  a c i d
rv

A n  a l t e r n a t i v e  s y n t h e s i s  of f e n c h o l l c  a c i d  w a s  

a t t e m p t e d  u s i n g  t h e  m e t h o d  V a u g h a n  a n d  R o b b i n s .  

F e n c h o l a m i d e  ( 2 g , 0 . 0 1 2  m o l e )  w a s  s u s p e n d e d  in w a t e r

(40 c m ^ )  a n d  t h e  m i x t u r e  h e a t e d  to 5 0 ® C  o n  a s t e a m  

b a t h .  S o d i u m  p e r o x i d e  ( 0 . 9  2 g , 0 . 1 2  m o l e )  w a s

c a u t i o u s l y  a d d e d .  N o  e v o l u t i o n  of a m m o n i a  w a s

d e t e c t e d .  A f t e r  s t i r r i n g  f o r  | h o u r  th e  r e a c t i o n  

m i x t u r e  w a s  c o o l e d  to 0° C a n d  c a r e f u l l y  a c i d i f i e d .  

T h e  a q u e o u s  p h a s e  w a s  e x t r a c t e d  w i t h  d i e t h y l  e t h e r  (2 

X 50 c m ^ ) .  A f t e r  d r y i n g  ( N a 2 S 0 4 ), f i l t r a t i o n  a n d

e v a p o r a t i o n  of s o l v e n t  n o  a c i d i c  p r o d u c t s  c o u l d  be 

f o u n d .  T h e  a c i d i c  a q u e o u s  p h a s e  w a s  m a d e  b a s i c  ( 5 0 %  

N a O H  s o l u t i o n )  a n d  e x t r a c t e d  w i t h  d i e t h y l  e t h e r .

F e n c h o l a m i d e  ( 1 . 9 5 g ) w a s  f o u n d  in t h e  o r g a n i c  p h a s e .

It w a s  c o n c l u d e d  t h a t  n o  r e a c t i o n  h a d  t a k e n  p l a c e .

3 2 . P r e p a r a t i o n  of ( + ) - f e n c h e l y l a m i n e  - ( a ) -

CO,H

F e n c h e l y l a m i n e  w a s  p r e p a r e d  f r o m  f e n c h o l l c  a c i d  by th e  

S c h m i d t  r e a c t i o n  as p e r  b i c y c 1o ( 3 .2 .1 )o c t y 1 a m i n e  ( e x p .  

11). T h e  c r u d e  r e a c t i o n  p r o d u c t  w a s  f u r t h e r  p u r i f i e d  

by v a c u u m  d i s t i l l a t i o n  b . p j 5 6 4 - 6 6 ° C ( L i t . , ^ ® ^  17 3 ° C ) .

I n f r a r e d  s p e c t r o s c o p y  s h o w e d  an u n k n o w n  a b s o r p t i o n  at 

1680 c m ~ ^ .  V a c u u m  f r a c t i o n a l  d i s t i l l a t i o n  d i d  r e m o v e
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t h i s  i m p u r i t y  b u t  t h e  y i e l d  of th e  u n c o n t a m i n a t e d  

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

a m i n e  ( f o r  e x a m p l e  r e a c t i o n  w i t h  d i b e n z o y l  p e r o x i d e  to 

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

3 3. P r e p a r a t i o n  of m e t h y l  N - f e n c h e 1 y 1 c a r b a m a t e .

CONH, \ y^N H C O zC H ,

M e t h y l  N ^ f e n c h e l y l c a r b a m a t e  w a s  p r e p a r e d  by t h e  

H o f m a n n  r e a r r a n g m e n t ^ ^  a c c o r d i n g  to B o u v e a u l t  a n d

L a v a l l o i s . 1 0 2

F e n c h o l a m i d e  ( 1 0 . Og, 0 . 0 5 9  m o l e )  in m e t h a n o l  (5 0  c m ^ )

w a s  a d d e d  to a s o l u t i o n  of s o d i u m  ( 2 . 7 g ,  0 . 1 2  m o l e )  in

m e t h a n o l  ( 8 0  c m ̂ ) . B r o m i n e  ( 9 . 4  4 g , 0 . 0 5 9  m o l e )  w a s

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

m i x t u r e  w a s  h e a t e d  on  a s t e a m  b a t h  f o r  10 m i n u t e s .

T h e  m e t h a n o l  w a s  r e m o v e d  by d i s t i l l a t i o n  a n d  t h e  

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

a c e t i c  a c i d .  T h e  p r o d u c t  w a s  w a s h e d  w i t h  w a t e r  ( t o  

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

6 0 - 8 0 ° C )  w a s  a d d e d .  T h e  orgcinic p h a s e  w a s  w a s h e d  w i t h  

w a t e r  (2 x 1 0 0  c m ̂  ) , d r i e d  ( N a i S O ^ )  a n d  f i l t e r e d .  

E v a p o r a t i o n  of s o l v e n t  y i e l d e d  a p a l e  y e l l o w  o i l .

V a c u u m  d i s t i l l a t i o n  t h e n  g a v e  t h e  t i t l e  c o m p o u n d  as a 

c o l o u r l e s s  o i l  (9. 5 g , 8 1%) b . p j g  1 4 0 - 1 4 1 ° C .
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T K ( \ ) C : i n   ̂, neaL): 13 4 0 br. (N-H sLr.), 172 0 (max C = 0

s t r . ) .

3 4 ._______ Attempted h y d r o l y s i s  of methyl N - f e n c h e l y l -

-carhamate

NHCO^CH

Acid h y d r o ! y

C o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( 0 . 5  c m ^ )  w a s  a d d e d  to

a s o l u t i o n  of m e t h y l  ̂ - f e n c h e l y l c a r b a m a t e  ( 0 . 5 g )  in

m e t h a n o l  (10 c m ^ ) .  W a t e r  w a s  a d d e d  u n t i l  t h e  s o l u t i o n

b e c a m e  t u r b i d  (1 c m ̂  . A f t e r  r e f l u x i n g  f o r  24 h o u r s

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

5 0% s o d i u m  h y d r o x i d e  s o l u t i o n  ( w / v ) ,  a n d  t h e n  

e x t r a c t e d  w i t h  d i e t h y l  e t h e r .  T h e  e t h e r e a l  l a y e r  w a s

d r i e d  ( M g S O ^ )  a n d  f i l t e r e d .  E v a p o r a t i o n  of s o l v e n t  

y i e l d e d  a p a l e  y e l l o w  o i l  ( 0 . 4 8 g ) .  I n f r a r e d

s p e c t r o s c o p y  s h o w e d  t h e  p r o d u c t  to be s t a r t i n g

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

b . B a s e  h y d r o l y s i s

M e t h y l  f e nc h e 1 y 1 c a r b a m a  t e ( 3 . 0 g ,  0 . 1 5  m o l e )  w a s

r e f l u x e d  w i t h  e t h a n o l i c  a l k a l i  ( 1 . 8 g ,  0 . 0 4 5  m o l e  N a O H

in H 2 O: e t h a n o l ,  5 0 : 5 0 )  f o r  24 h o u r s .  T h e  e t h a n o l  w a s

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

d i e t h y l  e t h e r .  T h e  e t h e r e a l  p h a s e  w a s  d r i e d  ( N a 2 S 0 4 )
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a n d  f i l t e r e d .  E v a p o r a t i o n  of s o l v e n t  y i e l d e d  a p a l e  

y e l l o w  o i l  ( 2 . 9 g ,  9 8 % ) .  I n f r a r e d  s p e c t r o s c o p y  s h o w e d

t h e  p r o d u c t  to be s t a r t i n g  m a t e r i a l .  B a s e  h y d r o l y s i s  

w a s  u n s u c c e s s f u l .

C a l c i u m  o x i d e ,  w a t e r .

M e t h y l  hJ - f e n c h e 1 y 1 c a r b a ma t e ( 7 . 0 g ,  0 . 0 5  m o l e )  w a s

t h o r o u g h l y  m i x e d  w i t h  c a l c i u m  o x i d e  ( 2 7 . 5g, 0 . 7  m o l e )

to w h i c h  30 c m ̂  of w a t e r  h a d  b e e n  a d d e d .  T h e  m i x t u r e  

w a s  s t e a m  d i s t i l l e d  i n t o  l i g r o i n .  T h e  l i g r o i n  l a y e r  

w a s  s e p a r a t e d ,  d r i e d  ( M g S O ^ )  a n d  f i l t e r e d .

E v a p o r a t i o n  of s o l v e n t  y i e l d e d  a c o l o u r l e s s  o i l .  

I n f r a r e d  s p e c t r o s c o p y  s h o w e d  t h e  p r o d u c t  to be 

s t a r t i n g  m a t e r i a l .

d. W e t  D M 5 0 ,  N a l

M e t h y l  ^ - f e n c h e l y l c a r b a m a t e  ( 2 . 0 g ,  0 . 0 1  m o l e ) ,  s o d i u m

i o d i d e  ( 4 . 5 g , 0 . 0 3  m o l e ) ,  D M S O  ( 1 0  c m ^ )  a n d  w a t e r  (1

c m ^ )  w e r e  h e a t e d  to 1 5 0 ° C  f o r  8 h o u r s .  A f t e r  c o o l i n g  

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

r e s u l t i n g  s o l u t i o n  w a s  e x t r a c t e d  w i t h  d i e t h y l  e t h e r  (2 

X 50 c m ^ )  a n d  t h e  o r g a n i c  p h a s e  w a s  d r i e d  ( N a ^ S O ^ )  a n d  

f i l t e r e d .  E v a p o r a t i o n  of s o l v e n t  y i e l d e d  a c o l o u r l e s s  

o i l .  I n f r a r e d  s p e c t r o s c o p y  s h o w e d  t h e  p r o d u c t  to be 

s t a r t i n g  m a t e r i a l .
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e .____ Sodium peroxide, water .

Methyl fenchelyl car b a m a t e  ( 2 . 0  g , 0 . 0 1  mole) was

suspended in water (40 c m ̂  ) and the mixture heated to

j 0  on a  s t e .nil bath. Sodium peroxide ( 0  . 7 7 g  , 0 . 0 1

mole) was c a u t i o u s l y  added. After heating at 5 0 ° C  for

one hour the solution was cooled and made basic.

E x t r a c t i o n  with diethyl ether, revealed only starting 

material ( 1 . 9 g ,  9 5 % ) .

f . Li AIM'

L i t h i u m  a l u m i n i u m  h y d r i d e  ( 0 . 2  5 g , 6 . 6  m m o l e )  w a s  a d d e d

in s m a l l  p o r t i o n s  to t h e  c a r b a m a t e  ( 0 . 5 g ,  2. 5  m m o l e )

in s o d i u m  d r i e d  e t h e r  (1 0  c m ^ ) .  T h e  r e a c t i o n  m i x t u r e

w a s  r e f l u x e d  fo r  45 m i n u t e s ,  c o o l e d  a n d  t h e n  q u e n c h e d  

w i t h  e t h y l  a c e t a t e  (5 c m ^ ) .  2M H 2 S O 4 w a s  a d d e d  (20

c m ^ )  a n d  t h e  s o l u t i o n  w a s  e x t r a c t e d  w i t h  d i e t h y l  

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

N a O H  p e l l e t s  a n d  f u r t h e r  e x t r a c t e d  w i t h  d i e t h y l  e t h e r .  

T h i s  b a s i c  e x t r a c t  w a s  d r i e d  ( N a 2 S 0 4 ) a n d  f i l t e r e d .  

E v a p o r a t i o n  of s o l v e n t  y i e l d e d  0 . 1 7 g  of l i q u i d  p r o d u c t  

( 4 8 %  b a s e d  o n  c a r b a m a t e ) .

G C - M S  ( m / z ,  7 0 e V ) :  O V l O l  c a p i l l a r y  g l a s s  c o l u m n ,

5 0 - 2 3 0 ° C  at 1 5 ° C  m i n ' l ) .

G C - M S  s h o w e d  t h e  p r o d u c t  to c o m p r i s e  of 2 c o m p o n e n t s :  

a) ^ - m e t h y l  f e n c h e l y l a m i n e

1 5 5 ( M + ,  2 . 5 5 % ) ,  1 4 0  (15, M - C H 3 ), 11 2  ( 4 3 ,  M - C 3 H 7 + ) .

b ) f e n c  he 1 y 1 ac e t a m  i d e
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1 8 3  ( M+, 6 . 3 % ) ,  1 6 8  ( 15. M - C H  3 , b a s e  p e a k ) ,  1 4 0  (43,

M - C 3 H 7 + ) .

 ̂H - N M R  ( 6 p p m ,  C D C I 3 ): N M R  s p e c t r o s c o p y  c o n f i r m e d  t h e

p r e s e n c e  of t h e  s e c o n d a r y  a m i n e  w i t h  t h e  a p p e a r a n c e  of 

a s i n g l e t  at 2 . 3 0 .  A s e c o n d  s i n g l e t  at 2 . 1 3  s h o w e d  

t h e  p r e s e n c e  of f e n c h e 1 y 1 a c e t a m i d e  .

IR ( V c m “ ^, n e a t ) :  I n f r a r e d  s p e c t r o s c o p y  s h o w e d  the

p r e s e n c e  of ^ - m e t h y l  f e n c h e l y l a m i n e .  3 2 7 5  ( N - H  s t r . ) ,  

2 7 9 0  ( N - C H 3 s t r . ) .

3 5 . P r e p a r a t i o n  of ( + ) - f e n c h e l y l  i s o c y a n a t e

CONH, I----- J -N = C = 0

( + ) - f e n c h e 1 y 1 i s o c y a n a t e  w a s  p r e p a r e d  a c c o r d i n g  to t h e  

m e t h o d  of W a l l a c h . ^ ® ^

B r o m i n e  ( 7 . 1  g , 0 . 0 4 4  m o l e )  w a s  a d d e d  d r o p w i s e  w i t h

s h a k i n g  to f i n e l y  p o w d e r e d  f e n c h o l a m i d e  ( 7 . 5  g , 0 . 0 4 4

m o l e ) .  T h e  r e s u l t i n g  d a r k - r e d  s o l u t i o n  w a s  c o o l e d  in 

ice a n d  c o l d  N a O H  s o l u t i o n  (25 c m ̂ , 1 0 %  w / v )  w a s  a d d e d

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

m i x t u r e  w a s  h e a t e d  on a s t e a m  b a t h  fo r  10 m i n u t e s ,  

c o o l e d  a n d  t h e n  e x t r a c t e d  w i t h  d i e t h y l  e t h e r  (2 x 50 

c m ̂  ) . T h e  e t h e r e a l  l a y e r  w a s  d r i e d  ( N a 2 S 0 <;,) a n d

f i l t e r e d .  E v a p o r a t i o n  of s o l v e n t  y i e l d e d  t h e  t i t l e

c o m p o u n d  as a p a l e  y e l l o w  oil ( 7 . 2  5 g , 9 8 % ) .

I R ( c m " ̂  , n e a t ) :  2 2 5 0  ( - N = C = 0 s t r . ) .
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3 6 . P reparation of ( + )- fenchelylami no -(h)

N=CO

H y d r o c h l o r i c  a c i d  s o l u t i o n  ( c o n c .  H C l : w a t e r ,  4 0 : 6 0 )  

w a s  a d d e d  to n e a t  ( + ) - f e n c h e l y l  I s o c y a n a t e  ( 6 . 5 g ,  

0 . 0 3 6  m o l e )  a n d  t h e  r e a c t i o n  m i x t u r e  w a s  s t i r r e d  

v i g o r o u s l y  at l O O ^ C  for 4 h o u r s .  O n c o o l i n g  t h e

s o l u t i o n  w a s  e x t r a c t e d  w i t h  d i e t h y l  e t h e r  (2 x 10 0 

c m ̂  ). T h e  a q u e o u s  p h a s e  w a s  m a d e  s t r o n g l y  b a s i c  w i t h  

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

d i e t h y l  e t h e r .  T h e  o r g a n i c  p h a s e  w a s  d r i e d  ( N a 2 S 0 ^) 

a n d  f i l t e r e d .  E v a p o r a t i o n  of s o l v e n t  y i e l d e d  th e

t i t l e  c o m p o u n d  as a p a l e  a m b e r  o i l  ( 5 . 1 2  g , 9 3 % ) .

IR ( V c m ” ^, n e a t ) :  3 2 5 0  a n d  3 3 5 0  br. ( N H 2 s t r . ) ,  1 6 0 0

br. ( N - H  d e f . ) .

3 7 .____________P r e p a r a t i o n  of____ (4-)-0 - b e n z o y l - N - f e n c h e l y l -

- h y d r o x y l a m i n e

NH NHOCOPh

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

A l e w o o d s ^ ^  m e t h o d  as f o l l o w s :  f e n c h e l y l a m i n e  ( 6 .8 g,

0 . 0 4 8  m o l e )  w a s  a d d e d  d r o p w i s e  w i t h  s t i r r i n g  to a 

s o l u t i o n  of f r e s h l y  c r y s t a l l i z e d  d i b e n z o y l  p e r o x i d e  

( 5 . 8  3 g , 0 . 0 2 4  m o l e )  in s o d i u m  d r i e d  b e n z e n e  ( 1 0 0  c m ^ ) .
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T h e  r e a c t i o n  m i x t u r e  w a s  s t i r r e d  f o r  3 d a y s  at r o o m  

t e m p e r a t u r e .  D i e t h y l  e t h e r  w a s  a d d e d  ( 1 0 0  c m ^ )  a n d  

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

w i t h  d i e t h y l  e t h e r  (2 x 50 c m ^ ) .  T h e  f i l t r a t e  w a s

w a s h e d  w i t h  w a t e r  (2 x 1 0 0  c m ^ ) ,  s a t u r a t e d  s o d i u m

b i c a r b o n a t e  s o l u t i o n  (2 x 1 0 0  c m ^ )  a n d  f i n a l l y  w i t h  

w a t e r  (2 x 10 0  c m ^ ) .  T h e  o r g a n i c  l a y e r  w a s  d r i e d

( N a 2 S 0 ^), f i l t e r e d  a n d  e v a p o r a t e d  to y i e l d  a p a l e  

b r o w n  o i l  w h i c h  p a r t i a l l y  s o l i d i f i e d  on c o o l i n g .  T h e  

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

U n r e a c t e d  d i b e n z o y l  p e r o x i d e  w a s  r e m o v e d  by 

f i l t r a t i o n  a n d  t h e  f i l t r a t e  c o n c e n t r a t e d  by r o t a r y  

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

a c e t a t e  : p e t r o l  6 0 - 8 0 ° ,  2 0 : 8 0 )  of t h e  c r u d e  r e a c t i o n

p r o d u c t  g a v e  0 - b e n z o y l - N - f e n c h e l y 1 h y d r o x y l a m i n e  as a 

c o l o u r l e s s  oi l  ( 5 . 0 g ,  8 2 %  b a s e d  on d i b e n z o y l

p e r o x i d e )  .

I R ( V c m “ ^, n e a t ) :  3 2 0 0  ( N - H  s t r . ) ,  17 0 0 (C = 0 s t r . ) ,

1 6 0 0  ( C = C  s t r . ) .

^ H - N M R  ( 6 p p m ,  C D C I 3 ): O . 6 - 2 . 0  (m, 17 H, f e n c h e l y l

p r o t o n s ) ,  0 . 8 - 0 . 9  (d, 6 H, i s o p r o p y l  C H ] ( 2 ) ) ,  7. 5  a n d

8 . 0  (m, 5 H , A r - H ) .

3 8 ._______ P r e p a r a t i o n  of ( + ) - 0 - b e n z o y l - N - f e n c h e l y l  b e n z o -

- h y d r o x a m i c  a c i d

/OCOPh
NHOCOPh

COPh
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T o  a s t i r r e d  s o l u t i o n  of ( + ) - 0^-b e n z o y 1 f e n c h e 1 y 1- 

- h y d r o x y l a m i n e  ( 1 . 6 0 g ,  6 . 1 3  m o l e )  in s o d i u m  d r i e d

b e n z e n e  ( 5 0  c m ̂  ) w a s  a d d e d  d r y  p y r i d i n e  ( 0 . 5 g ,  6 . 3

m m o l e )  a n d  b e n z o y l  c h l o r i d e  ( 0 . 9 g ,  6 . 4  m m o l e ) .  A f t e r

r e f l u x i n g  fo r  24 h o u r s  t h e  r e a c t i o n  m i x t u r e  w a s  p o u r e d  

i n t o  2M. H C l  (3 x 50 c m ^ ). T h e  s o l u t i o n  w a s  e x t r a c t e d  

w i t h  d i e t h y l  e t h e r  (2 x 50 c m ̂  ) . T h e  o r g a n i c  p h a s e  

w a s  w a s h e d  w i t h  w a t e r  (2 x 50 c m ̂ ) * d r i e d  ( N a 2 S 0 4 ) a n d  

f i l t e r e d .  E v a p o r a t i o n  of s o l v e n t  y i e l d e d  a p a l e

y e l l o w  o i l .  C o l u m n  c h r o m a t o g r a p h y  ( S i 0 2 * C H C I 3 ) of 

t h e  c r u d e  r e a c t i o n  p r o d u c t  r e m o v e d  a n y  u n r e a c t e d  a c i d  

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

s h o w e d  a s i n g l e  s p o t  on t . l . c .  ( 1 . 9 g ,  8 5 % ) .

IR ( v c m " l ,  n e a t ) :  1 7 6 0  ( m a x  O C O  C = 0 s t r . ) ,  1 6 4 0  ( m a x

N C O  C = 0 s t r . ) ,  1 6 0 0  (C = C s t r . ) .

 ̂H - N M R ( (5 p p m ,  C D C I 3 ): 0 . 5 - 2 . 4  ( m , 1 7 H ,  f e n c h e l y l

p r o t o n s ) ,  0 . 8  a n d  0 . 9  (2 d o u b l e t s ,  6 H i s o p r o p y l ) ,  1 . 1 5

(s, 3H, C H 3 ) , 7. 0 - 8 . 0  (m, 10, A r - H  ( 2 ) ) .

M a s s  S p e c t r u m  ( m / z ,  7 0 e V ); 122 ( C 5 H 5 O C O H ) ,  105 ( P h C O + ,

77 ( P h + ) .

3 9 .______ P r e p a r a t i o n  of ( + ) - N - f «-nrhel 1 h e n z o h y d r o x a m i c

a r i d

OCOPh

^COPh

/O H

COPh

The title compo u n d  was prepared using a procedure
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s i m i l a r  to t h e  p r e p a r a t i o n  of hJ-^-bu t y 1 b e n  z o h y d  r o x a m  i c 

a c i d  ( e x p .  3). R e c r y s t a l l i z a t i o n  f r o m  h e x a n e / M e O H

g a v e  t h e  h y d r o x a m i c  a c i d  in 9 2% y i e l d  as c o l o u r l e s s  

n e e d l e s  m . p  1 1 6 - 1 1 7 ® C .

IR ( V c m ~ ^ ,  N u j o l ) :  3 4 0 0  ( 0 - H  s t r . ) ,  1 6 2 0  ( m a x .  C = 0 

s t r . ) .

 ̂H - N M R  ( 6 p p m ,  C D C I 3 ): 0 . 5 - 2 . 1 0  (m, 1 7 H ,  f e n c h e l y l

p r o t o n s ) ,  0 . 6 - 0 .8 (dd, J = 5 H Z ,  6 H, i s o p r o p y l  0 X 3 ( 2 )), 

1 . 2 5  (s, 3H, C H 3 ), 7 . 1 - 7 . 4  (m, 5H, A r - H ) ,  8 . 2 5 - 6 . 4  br.

( s , I H , 0 - H )  .

 ̂̂ C - N M R  ( g p p m .  C D C I 3 ): 2 1 . 7  (q, i s o p r o p y l  C H  3 ( 2 ) ) ,

2 4 . 3  (q, C H 3 ), 2 8 . 2  (t, C H 2 ) 3 4 . 4  (d, C H  of

i s o p r o p y l ) ,  3 8 . 8  (t, C H 0 ) , 4 4 . 8  a n d  4 5 . 2  ( d , t ,  C H  a n d

CH 2 ) , 7 0 . 2  ( s ,  C - N ) ,  1 2 7 . 8  ( d , ô  a n d  m a r y l  c a r b o n s ) ,

13 0 . 0  (d, a r y l  c a r b o n ) ,  1 3 5 . 9  (s, C o  - C  , i p s o ) ,

1 6 9 . 6  ( s , C = 0 )

[g 1  ̂ + 6 . 6 1 °  ( c = 0 . 0 5  in C H C I 3 ).

( F o u n d  C, 7 3 .7; H, 8 . 9 ;  N, 5.2. C j ^ H 2 3 N 0 2  r e q u i r e d  C,

7 3 . 5 ;  H, 8 .8 ; N, 5 . 3 % ) .

4 0 .__________ P r e p a r a t i o n  of ( + )- 0 - b e n z o y l - N - f e n c h e l y l - 4 -

- m e t h o X  y b e n z o h y d r o X  a m i c  a c i d

/OCO
NHOCOPh  ̂ n

The title c o m pound was prepared using a procedure 

similar to the prep a r a t i o n  of CD-benzoyl ^ - ^ - b u t y l - 4 -
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- m e t h o x y b e n z o y h y d r o x a m i c a c i d  ( e x p .  4). C o l u m n

c h r o m a t o g r a p h y  of t h e  c r u d e  r e a c t i o n  p r o d u c t  ( S i O 2 , 

C H C I 3 ) g a v e  O - b e n z o y l - N - f e n c h e l y l - 4 -

- m e t h o x y b e n z o h y d r o x a m i c  a c i d  as a c o l o u r l e s s  o i l  in 

9 3% y i e l d  w h i c h  s h o w e d  a s i n g l e  s p o t  on t . l . c .

IR ( V c m " l ,  n e a t ) :  1 7 6 0  ( m a x  O C O  C = 0 s t r . ) ,  1 6 4 0  ( m a x

N C O  C = 0  s t r . ) ,  1 6 0 0  ( C » C  s t r . ) .

4 1 .___________ P r e p a r a t i o n  of___ ( + ) - N -f e n c h e l y l - 4 - m e t h o x y -

- b e n z o h y d r o x a m l c  a c i d .

/O C O Ph I /O H

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

s i m i l a r  to t h e  p r e p a r a t i o n  of N ^ ^ - b u t y l - 4 -

- m e t h o x y b e n z o h y d r o x a m i c  a c i d  ( e x p .  5).

R e c r y s t a l l i z a t i o n  f r o m  h e x a n e  g a v e  t h e  h y d r o x a m i c  a c i d  

in 9 3 %  y i e l d  as c o l o u r l e s s  n e e d l e s  m . p  1 1 4 - 1 1 5 ° C .

I R ( V c m ” *, N u j o l ) :  3 2 0 0  ( 0 - H  s t r . ) ,  1 6 1 0  ( m a x .  C = 0

s t r . ) .

 ̂H - N M R  ( 6 p p m ,  C D C I 3 ): 0 . 3 - 0 . 2  ( m , . 17 H, f e n c h e l y l

p r o t o n s ) ,  0 . 4 - 0 .  5 (dd, J = 1 . 3 H Z ,  6 H, i s o p r o p y l

C H 3 ( 2 )), 0 . 6  (s, 3H, C H 3 ), 3 . 9  (s, 3H, O C H 3 ), 6 . 7  +

7 . 3  ( A A ' B B ' ,  J = 8 . 5  HZ, 4H, X C 5 H 4 Y).

1 ^ C - N M R  ( 6 p p m ,  C D C I 3 ; 2 1 . 9 ,  2 4 . 0 ,  2 8 . 4 ,  3 4 . 6 ,  3 8 . 8 ,

4 5 .0 , 4 5 . 1 ,  ( f e n c h e l y l  c a r b o n s ) ,  5 6 . 0  ( 0 - C H 3 ), 7 1 . 0

( C - N ) ,  1 1 3 . 9  a n d  1 3 0 . 7  (_o a n d  m a r y l  c a r b o n s ) ,  1 2 8 . 6
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( C O - C ) ,  1 6 1 . 8  ( Ç - O M e ) .  1 7 0 . 9  ( C = 0 ) .

[ g l n ^ S  +  9. 1  ( c - 0 . 0 5  in C H C I 3 ).

( F o u n d :  C, 7 0 . 3 ;  H» 8 .8 ; N, 4 . 8 .  C 1 7 H 2 5 N O 3 r e q u i r e s  C,

7 0 . 1 ;  H, 8 . 6 ; N. 4 . 8 % ) .

4 2.__________ P r e p a r a t i o n  of ( 4-) - O - b e n 2 o y 1 - N - f e n c h e 1 y 1 - 4-

- n i t r o b e n z o h y d r o X a m i c  a c i d .

/OCOPh
NHOCOPh \-----/ '^ N y w NO,

T o  a s t i r r e d  s o l u t i o n  of ( + ) -O^-b e n z o y 1 -hJ-

- f e n c h e l y l h y d r o x y l a m i n e  ( 2 . 0 g ,  7 . 6  m m o l e )  in s o d i u m

d r i e d  b e n z e n e  ( 3 0  c m ^ )  w a s  a d d e d  p y r i d i n e  ( 0 . 6 g ,  7. 7

m m o l e )  a n d  4 - n i t r o b e n z o y l  c h l o r i d e  ( 1 . 4  g , 7 . 6  m m o l e ) .

A f t e r  r e f l u x i n g  f o r  24 h o u r s  t h e  r e a c t i o n  m i x t u r e  w a s  

w o r k e d  up as p e r  O ^ b e n z o y l - ^ - f e n c h e l y l b e n z o h y d r o x a m i c  

a c i d  ( e x p .  3 8 ) .  C o l u m n  c h r o m a t o g r a p h y  of t h e  c r u d e  

r e a c t i o n  p r o d u c t  ( 5 1 0 2 »  C H C I 3 ) g a v e  (+ ) - 0 - b e n z o y l - N- 

- f e n c h e l  y l - 4 - n i  t r o b e n z o h y d r o x a m i c  a c i d  ( l i q u i d )  in 9 3 %  

y i e l d  w h i c h  s h o w e d  a s i n g l e  s p o t  on  t . l . c .

IR ( \) c m " l ,  n e a t ) :  1 7 6 0  ( m a x .  O C O  C = 0 s t r . ) ,  1 6 4 0

( m a x .  X C O  C = 0  s t r . ) ,  16 00 ( C = C  s t r . ) .

4 3 .___________ P r e p a r a t i o n  of ( + ) - N - f e n c h e 1 y 1 - 4 - n i t r o b e n z o -

- h y d r o x a m i c  a c i d

OCOPh

' ^ c o - r  ' V n o ,
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T h e  t i t l e  c o m p o u n d  w a s  p r e p a r e d  u s i n g  a p r o c e d u r e  

s i m i l a r  to t h e  p r e p a r a t i o n  of J N - ^ - b u t y l b e n z o -  

- h y d r o x a m i c  a c i d  ( e x p .  3). R e c r y s t a l l i z a t i o n  f r o m

b e n z e n e  g a v e  t h e  h y d r o x a m i c  a c i d  in 9 0% y i e l d  as 

c o l o u r l e s s  c r y s t a l s  m . p  1 2 9 . 5 - 1 3 1 ° C .

IR ( V c m " l ,  N u j o l ) :  3 1 0 0  ( 0 - H  s t r . ) »  1 6 1 0  ( m a x .  C = 0

s t r . ) .

 ̂H - N M R  ( 6 p p m ,  C D C I 3 ): 0 . 7 - 2 . 0  ( m , 1 7 H ,  f e n c h e l y l

p r o t o n s ) ,  0 . 8  ( d d ,  J = 3 H Z ,  6 H, i s o p r o p y l  0 X 3 ( 2 )),

1 . 3 8  (s. 3H, C H 3 ), 7 . 5  +  8 . 1  ( A A ' B B * .  J ^ b  = 8 . 3 H Z ,  4H,

X C 6 H 4 Y ) .
 ̂̂ C - N M R  ( 6 p p m ,C D C l 3 ) : 21 . 7 23 . 9 , 28 . 2 , 34 . 5 , 38 . 6 ,

4 4 . 6 ,  4 5 . 1  ( f e n c h e l y l  c a r b o n s ) ,  7 1 . 1  (C^-N), 12 3. 8  a n d

1 2 9 . 4  ( 2  a n d  m a r y l  c a r b o n s ) ,  1 4 2 . 7  (s, j5- a r y l

c a r b o n ) ,  1 4 9 . 1  ( s , 0^ X 0 3 ), 1 6 8 . 6  ( C = 0 ) .

f a i n t s  4- 1 2 . 2 °  (c = 0 . 0 5  in C H C I 3 ).

( F o u n d :  C, 6 2 . 2 5 ;  H, 7 . 1 ;  N, 8 . 9 .  C 1 5 H 2 2 N O 4 r e q u i r e s

C, 6 2 . 7 ;  H, 7 . 2 ;  N, 9 . 1 5 % ) .

4 4 .__________ P r e p a r a t i o n  of ( 4-) - O - b e n z o y 1 - N - f en c h e 1 y 1 - 4-

- d i m e t h y l a m i n o b e n z o h y d r o x a m i c  a c i d

NHOCOPh r -

T o  a s t i r r e d  s o l u t i o n  of ( + ) - 0 ^ b e n z o y l - ^ - f e n c h e l y l -  

- h y d r o x y l a m i n e  ( 2 . 0 g ,  7 . 6  m m o l e )  in s o d i u m  d r i e d

b e n z e n e  (5 0  c;n^) w a s  a d d e d  d r y  p y r i d i n e  ( 0 . 6 g ,  7.7
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m m o l e )  a n d  4 - d i m e t h y 1 a m i n o b e n z o y 1 c h l o r i d e  ( . 1 4 g ,  7 . 6

m m o l e ) .  A f t e r  r e f l u x i n g  f o r  24 h o u r s  t h e  r e a c t i o n  

m i x t u r e  w a s  w o r k e d  u p  as p e r  0^-b e n z oy  1 - N- 

- f e n c h e l y l b e n z o h y d r o x a m i c  a c i d  ( e x p .  3 8 ) .  C o l u m n

c h r o m a t o g r a p h y  of t h e  c r u d e  r e a c t i o n  p r o d u c t  ( S i 0 2 , 

C H C I 3 ), g a v e  ( + ) - 0 - b e n z o y l - N - f e n c h e l y l - 4 -

- d l m e t h y l a m i n o b e n z o h y d r o x a m i c  a c i d  ( l i q u i d )  in 8 4 %  

y i e l d  w h i c h  s h o w e d  a s i n g l e  s p o t  o n  t . l . c . .

IR ( V c m " l ,  n e a t ) :  1 7 6 0  ( m a x .  O C O  C = O s t r . ) ,  1 6 4 0

( m a x .  N C O  C * 0  s t r . ) ,  1 6 0 0  (C = 0 s t r . ) .

4 5 ._____ P r e p a r a t i o n  of N - f e n c h e 1 y 1 - 4 - d i m e t h y 1 a m i n o b e n z o -

- h y d r o x a m i c  a c i d
,OCOPh

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

s i m i l a r  to t h e  p r e p a r a t i o n  of ^ - ^ - b u t y l

b e n z o h y d r o x a m i c  a c i d  ( e x p .  3). R e c r y s t a l l i z a t i o n  f r o m  

h e x a n e  g a v e  t h e  h y d r o x a m i c  a c i d  in 9 0 %  y i e l d  as

c o l o u r l e s s  c r y s t a l s  m . p  1 2 1 - 1 2 2 ° C .

IR ( \) c m " ̂ , N u j o l  ) : 3 1 4 0  ( 0 - H  s t r . ) ,  1 6 2 0  ( m a x .  C = O 

s t r . ) .

 ̂H - N M R ( 6 p p m ,  C D C l 3 ): 0 . 8 - 1 . 5  (m, 17 H, f e n c h e l y l

p r o t o n s ) ,  0 . 8 6  ( m , 6 H, i s o p r o p y l  CH 3 ( 2 ) ) , 1 . 3 5  ( s ,

3 H , C H 3 ), 2 . 9 5  (s, 6 H, N - ( C H 3 ) 2 ), 6 . 6  + 7.5 ( A A ' B B ' ,  J

= 10 HZ, 4H, X ( C & H 4 Y).
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 ̂~^C-N’MR ( 5 p p m ,  C D C l  3 ): 21.5, 21.5 28 . 0, 34 . 2, 38.6

4 0 . 5  ( f e n c h e l y l  c a r b o n s ) ,  4 4 . 7  ( N - C C H ^ ) ? ) , 7 0 . 7

(C-N), 111. I ( m - a r y l ) ,  122.8 (CO-C), 130.3 ( o - a r y l ) ,

15 2 . 1  ( C - N - ( M e ) 2 ), 171.8 ( C = 0 ).

[ + 10.1° (c = 0.05 in CMC 1 3 ) .

( F o u n d :  C, 7 1 . 1 ;  H, 9 . 3 ;  N, 9 . 1 .  C j g H 2 8 ^ 2 ^ 2  r e q u i r e s

C, 7 1 . 0 5 ;  H , 9 . 2 ;  N, 9 . 2 % ) .

4 6 .________ P r e p a r a t i o n  of ( + )- 0 - b e n z o y l - N - f e n c h e l y l - 3 ,  5-

- d i n i t r o b e n z o h ydroXamic acid

NHOCOPh
/O C O P h ,^ 0 .

T o  a s t i r r e d  s o l u t i o n  of (-F)-O - b e n z o y l - N - f e n c h e l y l -  

- h y d r o x y l a m i n e  ( 2 . O g , 7 . 6  m m o l e )  in s o d i u m  d r i e d

b e n z e n e  ( 3 0  c m ^ )  w a s  a d d e d  p y r i d i n e  ( 0 . 6 g ,  7 . 7  m m o l e )

a n d  3 , 5 - d i n i t r o b e n z o y  1 c h l o r i d e  ( 1 . 4 g ,  7 . 6  m m o l e ) .

A f t e r  r e f l u x i n g  f o r  24 h o u r s  t h e  r e a c t i o n  m i x t u r e  w a s  

w o r k e d  up as p e r  ( + ) -O^-b e n z o y 1 - N[-f e nc h e 1 y 1 b e n z o - 

- h y d r o x a m i c  a c i d  ( e x p .  3 8 ) .  C o l u m n  c h r o m a t o g r a p h y  of 

t h e  c r u d e  r e a c t i o n  p r o d u c t  ( S i 0 2 »  C H C I 3 ) g a v e  ( + ) - 0 - N -  

- f e n c h e l y l - 3 , 5 - d l n l t r o b e n z o h y d r o x a m i c  a c i d  ( l i q u i d )  in 

9 4 %  y i e l d  w h i c h  s h o w e d  a s i n g l e  s p o t  o n  t . l . c .

IR ( V c m " l ,  n e a t ) :  1 7 6 0  ( m a x .  O C O  C = 0 s t r . ) ,  1 6 4 0

( m a x .  N C O  C « 0  s t r . )  1 6 0 0  ( C = C  s t r . ) .
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4 7 ._____ P r e p a r a t i o n  of (-H)-N - f e n c h e l y l - 3 , 5 - d i n i t r o b e n z o -

- h y d r o x a m i c  a c i d
OCOPh OH

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

s i m i l a r  to t h e  p r e p a r a t i o n  of hJ-_t - b u t y 1 b e n z o - 

- h y d r o x a m i c  a c i d  ( e x p .  3). R e c r y s t a l l i z a t i o n  f r o m

b e n z e n e  g a v e  t h e  h y d r o x a m i c  a c i d  in 9 1 %  y i e l d  as 

c o l o u r l e s s  c r y s t a l s  m . p  1 4 1 - 1 4 2 ° C .

IR ( v c m - 1 ,  N u j o l ) :  3 3 8 0  ( 0 - H  s t r . ) ,  1 6 2 0  ( C = 0  s t r . ) ,

^ H - N M R  ( 5 p p m ,  C D C l 3 ): O . 8 - 2 . 1  (m, 1 7 H ,  f e n c h e l y l

p r o t o n s ) ,  0 . 9  ( d d ,  J = 1 H Z ,  6 H , i s o p r o p y l  C H 3 ( 2 ) ) ,  1 . 4 6

(s, 3 H , C H 3 ), 8 . 7  (d, 2 H , jo-aryl p r o t o n s ) ,  9 . 0  (t, 1 H , 

2 - a r y l  p r o t o n s ) .

[ + 1 4 . 6 °  ( c - 0 . 0 5  in C H C I 3 ).

( F o u n d :  C, 5 4 . 9 ;  H, 6 . 0 ;  N, 1 1 . 9 .  C 1 6 H 2 1 N 3 O& r e q u i r e s

C, 5 4 . 7 ;  H, 6 . 0 ;  N, 1 2 . 0 % ) .

T h e  o p t i c a l l y  a c t i v e  ( - ) -_N - f e n c h e 1 y 1 b e n z oh y d r o x a m  i c 

a c i d s  w e r e  p r e p a r e d  in e x a c t l y  t h e  s a m e  m a n n e r  as th e  

(+) e n a n t i o m e r s .  T a b l e  27 s h o w s  t h e  p h y s i c a l  d a t a  for

t h e s e  c o m p o u n d s .

4 8 ._____ P r e p a r a t i o n  of ( + ) - 3 - p i n a n e c a r b o n y l  c h l o r i d e

lir"' -  (irCOCI
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TABLE 27. Physical data for the (-)-N-fenchelylbenzohydroxajnic acids

No. X Y Npt.
(°c) (c = 0.05 

in aiClj)
C

Founds
(Required)

H N

(1 0 2 ) H NOz 143-144 -15.5° 54.4
(54.7)

6 . 1

(6 .0 )
11.9
(1 2 .0 )

(103) NOz H 126.5-128 -12.7° 62.4
(62.7)

7.2
(7.2)

9.0
(9.1)

(104) H H 116-117 -6 .6 ° 73.7
(73.5)

8.9
(8 .8 )

5.2
(5.3)

(105) OMe H 114-115 -10.4° 69.8
(70.1)

8.7
(8 .6 )

4.7
(4.8)

(106) N(Me)z li 1 2 1 - 1 2 2 -9.3° 70.7
(71.0)

9.3
(9.2)

9.1
(9.2)
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O x a l y l  c h l o r i d e  ( 9 . 5 g ,  0.075 rnole) in s o d i u m  d r i e d

t o l u e n e  ( 2 0  cin^) w a s  a d d e d  d r o p w i s e  to a s t i r r e d  

s o l u t i o n  of ( - f - ) - p i n a n e c a r b o x y l i c  a c i d  ( 5 . 0 g ,  0.027

m o l e )  in t o l u e n e  (20 c m ^ ) .  W h e n  th e  i n i t i a l  v i o l e n t

r e a c t i o n  ha ci s u b s i d e d  t h e  m i x t u r e  w a s  r e f l u x e d  for 1

h o u r s .  A f t e r  c o o l i n g ,  t h e  s o l v e n t  a n d  e x c e s s  o x a l y l  

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

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

c o m p o u n d  as a c o l o u r l e s s  oil (4 . 5 g , 8 1 % )  b . p Q  ?

7 5 - 7 6 ° C .

IR ( V c m " ^ ,  n e a t ) :  1 8 0 0  ( m a x .  C = 0  s t r . ) .

M a s s  S p e c t r u m  ( m / z ,  3 5 e V ) : 165 ( 3 5 / 3 7 ,  M - C l ) ,  14 9

( 5 1 / 5 3 ,  M - O C l ) ,  13 7  ( 6 3 / 6 5 ,  M - C O C l ) .

4 9 .________ P r e p a r a t i o n  of ( 4-) - 0 - b e n z o y 1 - N - t  - b u t y 1 p i n a n e -

- c a r b o h y d r o x a m i c  a c i d

I ^ ^ C O C I  ^  Bu^-NHOCOPh --------► ^""OCOPh

T o  a s t i r r e d  s o l u t i o n  of 0^-b e n  z o y 1 u t y 1 h y  d r o x y - 

- l a m i n e  ( 3 é 7 g ,  0 . 0 2  m o l e )  in s o d i u m  d r i e d  b e n z e n e  < 3 0

c m ^ )  w a s  a d d e d  m o l e c u l a r  s i e v e  d r i e d  p y r i d i n e  ( 1 . 7 g ,

0 . 0 2  m o l e )  a n d  ( + ) - 3 - p i n a n e c a r b o n y 1 c h l o r i d e  ( 4 . 0 g ,

0 . 0 2  m o l e ) .  T h e  m i x t u r e  w a s  r e f l u x e d  f o r  6 h o u r s ,

c o o l e d  a n d  p o u r e d  i n t o  2 M  H C l  (3 x 50 c m ^ )  a n d  t h e

r e s u l t i n g  s o l u t i o n  w a s  e x t r a c t e d  w i t h  d i e t h y l  e t h e r  (2

X  50 c m ^ ) .  T h e  o r g a n i c  p h a s e  w a s  w a s h e d  w i t h  w a t e r  (2
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X 5 0 c m ^ ) ,  d r i e d  ( N a ^ S O ^ )  a n d  f i l t e r e d .  E v a p o r a t i o n  of 

s o l v e n t  y i e l d e d  a w h i t e  s o l i d .  R e c r y s t a l l i z a t i o n  f r o m  

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

c r y s t a l s  ( 6 .1 g , 8 8 %) m . p  7 9 - 8 0  . 5 °C.

IR ( v c m - 1 ,  N u j o l ) :  1 7 6 0  ( O C O  C = 0  s t r . ) ,  1 6 5 5  ( N C O  C = 0

s t r . ) ,  1 6 0 0  ( C = C  s t r . ) .

 ̂H N M R  ( 6 p p m ,  C D C I 3 ): 0 . 5 - 3 . 0  (m, 2 6 H ,  a l l

h y d r o c a r b o n  p r o t o n s ) ,  1.5 (s, 9H, Bu*"), 7. 4 - 8 . 2  (m,

5H, A r - H ) .

M a s s  S p e c t r u m  ( m / z ,  3 5 e V ) :  1 6 6  ( 1 3 7 ,  13 7

( C 1 0 H 1 7 +), 10 5  ( P h C O + ) ,  77 ( P h + ) .

[g ]  ̂ + 3 2 . 7 °  ( c = 0 . 0 1  in C H C I 3 )-

5 0 ._____________P r é p a r â t  ion of ( + ) - N - t  - b u t y l  p i n a n e c a r b o -

- h v d r o x a m i c  ci

c— NC— N
^OCOPh

H y d r a t e d  b a r i u m  h y d r o x i d e  ( 1 7 . 2g, 0 . 0 5  m o l e )  w a s  a d d e d

to a s o l u t i o n  of ( + ) - O^-b e n z o y 1 b u t y 1 p i n a n e - 

- c a r b o h y d r o x a m i c  a c i d  ( 3 .0 g , 0 . 0 1 2  m o l e )  in e t h a n o l

(6 0  c m ^ ) .  T h e  m i x t u r e  w a s  t h e n  m e c h a n i c a l l y  s h a k e n

for 4 0 m i n u t e s ,  a f t e r  w h i c h ,  t h r e e  e v a p o r a t i o n s  to 

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

h y d r o l y s i s .  W a t e r  (3 0  c m ^ )  w a s  a d d e d  to t h e  m i x t u r e  

w h i c h  w a s  t h e n  a c i d i f i e d  to pH 1 w i t h  12 M . H C l .  T h i s

m i x t u r e  w a s  e x t r a c t e d  w i t h  d i e t h y l  e t h e r  (3 x 1 0 0  c m ^ )
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a n d  t h e  c o m b i n e d  e x t r a c t s  w e r e  w a s h e d  w i t h  1 0 % a q u e o u s  

s o d i u m  b i c a r b o n a t e  ( 1 0 0  c m ̂ ) a n d  w a t e r  (2 x 1 0 0  c m ^ ) ,  

a n d  t h e n  d r i e d  ( N a ^ S O ^ ) .  E v a p o r a t i o n  of s o l v e n t

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

h e x a n e  g a v e  t h e  h y d r o x a m i c  a c i d  as

c o l o u r l e s s  n e e d l e s  ( 2 . 8 g ,  9 7 % )  m . p  1 5 4 - 1 5  5 ° C  ( L i t . ,^

1 5 6 - 1 5 7 ° C ) .

IR ( V c m " l ,  N u j o l ) ;  3 1 2 0  ( 0 - H  s t r . ) ,  1 6 0 5  br. ( c = 0

s t r . )  .
[ « )  ̂ + 4 8 . 1 °  (c = 0 . 0 1  in C H C I 3 ). ( L i t . , 1  f o r  t h e

( - ) - e n a n t i o m e r  a r o t a t i o n  of - 4 9 . 0 °  ( c = 0 . 01 in C H C I 3 )

h a s  b e e n  r e p o r t e d . )

51 .______ P r e p a r a t i o n  of ( + ) - 0 - b e n z o y 1 - N - f e n c h e 1 y 1 p i n a n e -

- c a r b o h y d r o x a m i c  a c i d .

^ C O C l  t— . ^ N H O C O P h
/OCOPh

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

s i m i l a r  to t h e  p r e p a r a t i o n  of 0^-b e n z oy 1 b u t y 1 - 

— p i n a n e c a r b o h y d r o X a m i c  a c i d  ( e x p .  4 9 ) .  C o l u m n

c h r o m a t o g r a p h y  ( S i 0 2 »  C H C I 3 ) g a v e  a l i q u i d  p r o d u c t  in 

8 6 % y i e l d  w h i c h  s h o w e d  a s i n g l e  s p o t  o n  t . l . c .

IR ( V c m ” ^, n e a t ) ;  1 7 6 0  ( m a x .  O C O  c = 0 s t r . ) ,  1 6 8 0  

( m a x .  N C O  C " 0 s t r . ) ,  1 6 0 0  ( C = C  s t r . ) .
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5 2 . P r e }) a r a L ion of ( + )- N - fet^chel yl pi nan r c n r h o -

- hvdroxamic acid
p C O P h

OH

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

s i m i l a r  to th e  p r e p a r a t i o n  of N ^ ^ - b u t y l b e n z o h y d r o x a m i c  

a c i d  ( e x p .  3). R e c r y s t a l l i z a t i o n  f r o m  aq. e t h a n o l

g a v e  the h y d r o x a m i c  a c i d  in 7 1% y i e l d  as c o l o u r l e s s

c r y s t a l s  m . p  1 3 3 - 1 3 5 ® C .

IR ( \; c m " ̂  , N u j o l ) ;  3 2 0 0  br. ( 0 - H  s t r ) ,  1 6 1 0  (C = 0 

s t r . ) .

M a s s  S p e c t r u m  ( m / z ,  3 5 e V ) :  305 ( 1 7 , M - O H ) ,  1 6 5

( C 1 Q H 1 7 C O + ) ,  1 3 7  ( C 1 0 H 1 7 +), 125 ( C 1 0 H 1 7 +)'

+ 3 4 . 1 °  ( c « 0 . 0 5  in C H C I 3 ).

( F o u n d :  C, 7 4 . 5 ;  H, 1 1 . 1 ;  N, 4 . 6 .  C 2 0 H 3 5 N O 2 r e q u i r e d

C, 7 4 . 7 ;  H, 1 0 . 9 ;  N, 4 . 4 % ) .

5 3.______ P r e p a r a t i o n  of ( - ) - O - b e n z o y 1 - N - f e n c h e 1 y 1 p i n a n e -

- c a r b o h y d r o x a m i c  a c i d .

y ^ C O C \w *

OCOPh
MHOCOPh

CO>

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

s i m i l a r  to t h e  p r e p a r a t i o n  of ( + ) -O^-b e n z o y 1 

- f e n c h e  1 y 1 p i n a n e c a r b o h y d r o x a m i c  a c i d  ( e x p .  5 1 ) .

C o l u m n  c h r o m a t o g r a p h y  ( S i 0 2 »  C H C I 3 ) of t h e  c r u d e
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r e a c t i o n  p r o d u c t  g a v e  t h e  t i t l e  c o m p o u n d  as a 

c o l o u r l e s s  o i l  in 8 9% y i e l d .  T h e  p r o d u c t  s h o w e d  a 

s i n g l e  s p o t  o n  t . l . c .

IR ( V c m " l ,  n e a t ) :  1 7 6 0  ( O C O  C = 0  s t r . ) ,  1 6 6 0  ( N C O  C = 0

s t r . ) , 1 6 0 0  ( C = C  s t r . ) .

M a  s s S p e c  t r u m  ( m / z ,  3 5 e V ) :  165 ( C j q H i 7 CO"*" ) , 137

(Cio * ^ I 7 ^ ) »  1 0 5  ( P h * \  b a s e  p e a k ) ,  77 (Ph"*").

54 . P r e p a r a t i o n  of ( - ) - N - f e n c h e 1 y 1 p i n a n e c a r b o -

- h y d r o x a m i c  a c i d .
OCOPh

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

s i m i l a r  to t h e  p r e p a r a t i o n  of b u t y 1 b e n z o -

- h y d r o x a m i c  a c i d  ( e x p .  3). R e c r y s t a l l i z a t i o n  f r o m  aq. 

e t h a n o l  f u r n i s h e d  t h e  h y d r o x a m i c  a c i d  in 7 3 %  y i e l d  as 

c o l o u r l e s s  c r y s t a l s  m . p  1 5 4 . 5 - 1 5 6 ° C .

IR ( V c m “ ^, N u j o l ) :  3 2 0 0  br. ( 0 - H  s t r . ) ,  1 6 1 0  (C = 0

s t r . ) .

[g In^ ̂  - 2 9 . 1 °  (c = 0 . 0 1  in C H C I 3 ).

( F o u n d  C, 7 4 . 6 ;  H, 1 1 . 0 ;  N, 4 . 9 .  C 2 0 H 3 5 N O 2 r e q u i r e s

C, 7 4 . 7 ;  H, 1 0 . 9 ;  N, 4 . 4 % ) .

5 5. P r e p a r a t i o n  of 9 - a n t h r y l  t r i f l u o r o m e t h y l  k e t o n e

0=0 I CF,
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T h e  t i t l e  c o m p o u n d  w a s  p r e p a r e d  a c c o r d i n g  to t h e

m e t h o d  of P i r k l e  et a 1 .  ̂̂  ̂  A t h i c k - w a l l e d  g l a s s  t u b e  

w a s  c h a r g e d  w i t h  a n t h r a c e n e  ( 5 . 9 g ,  0 . 0 3 3  m o l e ) ,

t r i f l u o r o a c e t i c  a n h y d r i d e  ( 7 . 3 g ,  0 . 0 3 5  m o l e )  a n d

b e n z e n e  (25 c m ^ ) ,  s e a l e d  a n d  h e a t e d  at 2 0 0 ° C  fo r  15

h o u r s .  T h e  t u b e  w a s  t h e n  c o o l e d  to r o o m  t e m p e r a t u r e ,  

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

p o u r e d  o n t o  a c o l u m n  of s i l i c a  g e l  ( 3 0 g )  a n d  e l u t e d  

w i t h  p e n t a n e  ( 5 0 0  c m ^ ) .  T h e  r e d d i s h - o r a n g e  e l u a t e  w a s

c o n c e n t r a t e d  a n d  r e c h r o m a t o g r a p h e d  on  s i l i c a  g e l

( l O O g ) .  E l u t i o n  w i t h  n - p e n t a n e  g a v e  a l o n g  y e l l o w  

b a n d  of k e t o n e .  C r y s t a l l i z a t i o n  f r o m  m e t h a n o l  g a v e

b r i g h t  y e l l o w  c r y s t a l s  ( 6 .1 g , 6 8 %) m . p  8 1 - 8 2 .  5 ° C

(Li t., I 03 8 1 - 8 4 ° C ) .

I R ( V c m “ ^, N u j o l ) :  1 7 5 0  (C = 0 s t r . ) ,  1 2 0 0  a n d  1 1 5 0

C C F 3 s t r . ) .

H-C-OHc=o

S o d i u m  b o r o h y d r i d e  ( 0 . 3  3 g , 8 . 7 5  m m o l e )  w a s  a d d e d  in

p o r t i o n s  to a s t i r r e d  s o l u t i o n  of 9 - a n t h r y l  

t r i f l u o r o m e t h y l  k e t o n e  ( 2 . 0 g , 7. 3  m m o l e )  in m e t h a n o l

( 5 0  c m  3 ) . A f t e r  s t i r r i n g  for 2 h o u r s  , w a t e r  ( 5 0  c m 3 )  

w a s  c a u t i o u s l y  a d d e d .  T h e  a q u e o u s  s o l u t i o n  w a s
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extracted with met h y l e n e  c h l oride (2 x 50 cm^).

Ev a p oration of the dried (NaoSO^) combined organic 

extracts gave the desired alcohol which after 

crystal 1 izatior^ from Me OH/ water (3:1) was obtained as 

colourless needles (1.95g, 98%) m.p 140-141*^C

(Li t. , 103 1 40-1 42°C) .

5 7 ._______ P r e p a r a t i o n  of phenyl isobutanol ( 2 - m e thyl-l-

- p h e n y l p r o p a n - 1 -o 1 ) .

o  ? "  /CH,
C jH j —C -C H   ► C eH s-C  —CH

^CH, A CH,

S o d i u m  b o r o h y d r i d e  ( 1 5 g g ,  0 . 0 4  m o l e )  w a s  a d d e d  in

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

(5g, 0 . 0 3 3  m o l e )  in e t h a n o l  (75 c m 3 ) .  A f t e r  s t i r r i n g

f o r  2 h o u r s ,  w a t e r  ( 1 0 0  c m 3 )  w a s  c a u t i o u s l y  a d d e d .  

T h e  a q u e o u s  s o l u t i o n  w a s  e x t r a c t e d  w i t h  m e t h y l e n e  

c h l o r i d e  (2 x 75 c m 3 ) .  E v a p o r a t i o n  of t h e  d r i e d

( N a 2 S 0 4 ) c o m b i n e d  o r g a n i c  e x t r a c t s  a n d  d i s t i l l a t i o n

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

c o l o u r l e s s  l i q u i d  b . p i 5 1 1 2 - 1 1 3  ( L i t . ^ ® ^  b . p  2 2 4 ® C )

( 4 . 9 5 g ,  9 8 % ) .

IR ( V c m ” !̂ , n e a t ) :  3 4 0 0  br. ( m a x .  0 - H  s t r . ) ,  1 6 0 0  (C = C

s t r . ) .

3 H - N M R  ( <5 p p m ,  C D C I 3 ): 0 . 7 5  a n d  0 . 9 5  ( dd. J = 6 Hz, 6 H,

i s o p r o p y l  C H 3 ( 2 ) ) , 1 . 7  - 2 . 0  ( m , 1 H , C H  of

i s o p r o p y l ) ,  2. 1  br. ( s , 1 H , 0 - H ) ,  4 . 3  br. ( d , J » 5 H z ,
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CH), 7.3 ( s , 5 H , Ar-H).

Mass Spectrum (m/z, 35eV): 150 (M^, 5.2%). 107 ( 4 3, 

M - C 3 H 7 +, base peak), 77 (Ph'*').

5 8  .____ Prep a r a t i o n  of 1- p h e n y l buLanol

O OH
CgHs-C-CHjCHzCHj  CgHs -Ç-CH2CH2CH3

H

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

s i m i l a r  to t h e  p r e p a r a t i o n  of p h e n y l  i s o b u t a n o l  ( e x p .  

5 7). V a c u u m  d i s t i l l a t i o n  of t h e  c r u d e  r e a c t i o n

p r o d u c t  f u r n i s h e d  t h e  a l c o h o l  in 9 8 %  y i e l d  b .p 15

1 1 3 - 1 1 5 0 c ( L i  t . ,  104 b . p  2 3 2 ° C ) .

IR ( V c m ~ l ,  n e a t ) :  3 3 5 0  br. ( m a x  0 - H  s t r . ) ,  1 6 0 0  ( C = C  

s t r . ) .

3 h - N M R  ( 6 p p m ,  C D C l 3 ): 0 . 8 - 1 . 9  (m, 7H, C H 2 C H 2 C H 3 ), 2 . 4

(s, IH, O H ) ,  4 . 6  (t. IH, C H ) ,  7 . 3  (s, 5H, A r - H ) .

M a s s  S p e c t r u m  ( m / z ,  3 5 e V ) :  1 5 0  ( M ^ \  6 . 1 % ) ,  132

( M - H 2 O + ) ,  10 7  ( M - C H 3 C H 2 C H 2 +, b a s e  p e a k ) ,  77 ( P h + ) .

59 ._____ P r e p a r a t i o n  of 1 - p h e n y l  p r o p a n o l

O OH

H

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

s i m i l a r  to t h e  p r e p a r a t i o n  of p h e n y l  i s o b u t a n o l  ( e x p .  

5 7 ) .  V a c u u m  d i s t i l l a t i o n  of t h e  c r u d e  r e a c t i o n
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p r o d u c t  f u r n i s h e d  t h e  a l c o h o l  in 9 8 %  y i e l d  b . p % 5 

1 0 5 - 1  0 6 ° C  ( L i t .  , 1 0 4  2 1 3 - 2  1 5 ° C ) .

IR ( V c m ” 3^ n e a t ) :  3 3 5 0  br. ( m a x .  0 - H  s t r . ) ,  1 6 0 0  ( C = C

s t r . ) .

3 H - N M R  ( 6 p p m ,  C D C l 3 ): 0 . 6 - 1 . 0  (t, 3H, C H 3 ) , 1 . 6 - 1 . 9

(m, 2H, C H 2 ). 2 . 4  (s, 1 H , O H ) ,  4 . 5  (t, IH, C H ) .

M a s s  S p e c t r u m  ( m / z ,  3 4 e V ) :  1 3 6  ( M"*" , 1 0 . 2 % ) ,  118

( M - H 2 O + ) ,  107 ( M - C 2 H 3 + ) ,  77 ( P h + ) .

6 0 ._____ P r e p a r a t i o n  of (-<-) - O - b e n z o y 1 - N - ( O t-me t h y 1 b e n z y 1 )-

h y d r o x y l a m i n e .

Ph
Me— C— NH,  *■ M e — C — NHOCOPh

U s i n g  a p r o c e d u r e  s i m i l a r  to t h e  p r e p a r a t i o n  of 

( + ) - 0 ^ b e n z o y l - ^ - ( f e n c h e l y l ) h y d r o x y l a m i n e  ( e x p .  3 7) t h e  

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

i n 70% y i e l d  ( b a s e d  on d i b e n z o y l  p e r o x i d e ) .

IR ( V c m “ l, n e a t ) :  3 2 2 0  ( N - H  s t r . ) ,  1 7 2 0  (C = 0 s t r . ) ,

1 6 0 0  ( C = C  s t r . ) .

3 H - N M R  ( 5  p p m ,  C D C l  3 ): 1 . 4 - 1 .  5 (d, 3H, C H 3 ) , 4 . 2 5 - 4 . 5

(q, IH, C H ) ,  7 . 2 - 8 . 0  (m, l OH, A r - H ( 2 ) ) .

6 1 ._____ P r e p a r a t i o n  of (-t-)-O - b e n z o y l - N - ( g - m e t h y l b e n z y l ) -

- b e n z o h y d r o x a m i c  a c i d .

P|h fjh ^OCOPh
M e — C - N H O C O P h  ---- ► M e - C - N

A li \cOPh
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T o  a s t i r r e d  s o l u t i o n  of ( b e n z o y 1 -]|I - (a-

- m e t h y l b e n z y l ) h y d r o x y l a m i n e  ( 2 . 0 g ,  8 . 3  m m o l e )  in

s o d i u m  d r i e d  b e n z e n e  (50 c m ^ )  w a s  a d d e d  d r y  p y r i d i n e  

( 0 . 6 5 g ,  8 . 3  m m o l e )  a n d  b e n z o y l  c h l o r i d e  ( 1 . 2 g ,  8 . A

m m o l e ) .  A f t e r  r e f l u x i n g  for 2 4 h o u r s  t h e  r e a c t i o n

m i x t u r e  w a s  w o r k e d  up as p e r  b e n z o y 1

- b u t y l b e n z o h y d r o x a m i c  a c i d  ( e x p .  2). C o l u m n

c h r o m a t o g r a p h y  of t h e  c r u d e  r e a c t i o n  p r o d u c t  ( S i O o ,

C H C I 3 ) g a v e  ( + ) - 0 - b e n z o y l - N -( ^ - m e t h y 1 b e n z y 1 ) b e n z o - 

- h y d r o x a m i c  a c i d  ( l i q u i d )  in 6 5 %  y i e l d  w h i c h  s h o w e d  a 

s i n g l e  s p o t  o n  t . l . c .

IR ( V c m “ l, n e a t ) :  1 7 4 0  ( O C O  C = 0 s t r . ) ,  16 6 0 ( m a x .  N C O

s t r . ) ,  1 6 0 0  ( C = C  s t r . ) .

3 h - N M R  ( 6 p p m ,  C D C l 3 ): 1 . 6 - 1 . 7  (d, 3H, C H 3 ), 5 . 6 - 5 . 9

(q. IH, C H ) ,  7 . 2 - 7 . 9  (m, 1 5 H ,  A r - H ( 3 ) ) .

6 2 .____________P r e p a r a t i o n  of (-»• ) - N - ( g ~ m  e t h y 1 b e n z y 1 ) b e n z o -

- h y d r o x a m i c  a c i d .

P|h ^OCOPh ___ '(h OH ,
Me— C— N Me— C— N

 ̂ ^COPh COPh

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

s i m i l a r  to t h e  p r e p a r a t i o n  o f  b u t y 1 b e n z o -

- h y d r o x a m i c  a c i d  ( e x p .  3). R e c r y s t a l l i z a t i o n  f r o m

h e x a n e / M e O H  g a v e  t h e  h y d r o x a m i c  a c i d  in 9 2 %  y i e l d  as 

c o l o u r l e s s  c r y s t a l s  m . p  1 0 0 - 1 0 1 ° C .

IR ( V c m " 3 ,  N u j o l ) :  3 3 8 0 - 3 1 8 0  br .  ( - 0 H  s t r . ) ,  1 6 1 0
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( C » 0  s t r . ) ,  160 0 ( C = C  s t r . ) .

3 H - N M R  ( 6 p p m ,  C D C I 3 ): 1 . 6 - 1 .  7 (d, 3H, C H 3 ), 5. 1 - 5 .  3

(q, IH, C M ) ,  7 . 2 - 7 . 6  (m, lOH, A r - H ( 2 ) ) .

M a s s  S p e c t r u m  ( m / z ,  3 5 e V ) ;  2 2 5  ( 1 5 ,  M - C H 3 ) , 105

( P h C O  + ), 77 ( Pti + ) .

(g ]  ̂ + 1 2 5 . 1 °  (c = 0 . 0 1  in C H C I 3 ).

( F o u n d  C, 7 4 . 2 ;  H, 6 . 2 ;  N , 5 . 9 .  C 1 5 H 1 5 N O 2 r e q u i r e s  C, 

7 4 . 7 ;  H, 6 .2: N, 5 . 8 ) .

6 3. P r e p a r a t i o n  of (-F ) - O - b e n z o y 1 - N - ( O - m e  t h y 1 b e n z y 1 )-

- 4 - n i  trobf^nzo h y d r o x a m i c  a c i d .

Ph Ph OCOPh

M e-C-N H O C O Ph  ► M e -C -N  / = \
 ̂ H ^ N Q 2

T o  a s t i r r e d  s o l u t i o n  of  ( +  ) - 0^-b e n z o y 1 -_N-( Û-me t h y  1- 

- b e n z y 1 ) h y d r o z y 1 a m i n e  ( 2 . 0 g ,  8 . 3  m m o l e )  in s o d i u m

d r i e d  b e n z e n e  ( 5 0  c m ^ )  w a s  a d d e d  d r y  p y r i d i n e  ( 0 .6 6 g ,

8 . 3 5  m m o l e )  a n d  4 - n i t r o b e n z o y l  c h l o r i d e  ( 1 . 5 g ,  8 . 2

m m o l e ) .  A f t e r  r e f l u x i n g  f o r  24 h o u r s  t h e  r e a c t i o n

m i x t u r e  w a s  w o r k e d  u p  as p e r  O^-b e n z o y 1 -^-_t - b u t y 1 b e n z o -

- h y d r o x a m i c  a c i d  ( e x p .  2). C o l u m n  c h r o m a t o g r a p h y  of 

t h e  c r u d e  r e a c t i o n  p r o d u c t  ( S i 0 2 »  C H C I 3 ) g a v e  

( + ) - 0 - b e n z o y l - N - ( g - m e t h y l b e n z y l ) - 4 - n i  t r o b e n z o -  

- h y d r o x a m i c  a c i d  ( l i q u i d )  in 6 0 % y i e l d  w h i c h  s h o w e d  a 

s i n g l e  s p o t  o n  t . l . c .

IR ( V  c m " 3 ,  n e a t ) :  1 7 7 0  ( O C O  C = 0 s t r . ) ,  1 6 6 0  ( m a x .  N C O

s t r . ) ,  1 6 0 0  ( C - C  s t r . ) ,  1 5 4 0  ( C - N O 2 s a t r . ) ,  1 3 5 0
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( C - N 02 s t r . ) .

3 H - N MR ( 6  p p m ,  C D C l  3 ) : 1 . 6 - 1 . 7  ( d , 3 H , C H 3 ), 5. 7 - 6 . 0

(q, IH, C H ) ,  7 . 2 - 8 . 2  (m, 1 5 H, A r - H  ( 3 ) ) .

6 4 ._______ P r e p a r a t i o n  of ( + ) - N -( g - m e t h y 1 b e n z y 1 ) - 4 - n i t r o -

- b e n z o h y d r o x a m i c  a c i d .

?  /  
M e -C -N

A CO

OCOPh /

NO,

P|h 
M e -C -N

OH

CO W //
NO.

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

s i m i l a r  to t h e  p r e p a r a t i o n  of N ^ ^ - b u t y l -

- b e n z o h y d r o x a m i c  a c i d  ( e x p .  3). R e c r y s t a l l i z a t i o n

f r o m  h e x a n e :  e t h y l  a c e t a t e  g a v e  t h e  h y d r o x a m i c  a c i d  as

a c o l o u r l e s s  s o l i d  m . p  1 3 0 - 1 3 1 ° C .

IR (  V c m “ 3 ) ,  N u j o l ) :  3 3 0 0 - 3 1 0 0  br. ( 0 - H  s t r .  ), 1 6 1 0

( C = 0  s t r . ) ,  1 6 0 0  ( C = C  s t r . ) .

3 H - N M R  ( 6 p p m ,  C D C l  3 ): 1 . 6 - 1 . 7  (d, 3H, C H 3 ), 5 . 2  br.

(d, IH, C H ) ,  7 . 3  (s, 5H, A r - H ) ,  7 . 6  + 8 . 2  ( A A ' B B ' ,  J =

8 Hz, 4H, X C 5 H 4 Y).

+ 1 1 8 . 9 °  ( c = O . O l  in C H C l 3 ).

( F o u n d :  C, 6 2 . 8 ;  H, 4 . 8 ;  N , 9 . 7 .  C 1 5 H 1 4 N 2 O 4 r e q u i r e s

C, 6 2 . 9 ;  H, 4 . 9 ;  N, 9 . 8 % ) .

6 5._____ P r e p a r a t i o n  of (-t-)-O - b e n z o y l - N - ( ^ - m e t h y l b e n z y l )

- 4 - d i m o t h v l a m i n o b e n z o h v d r o x a m i c  a c i d .

?
Me—C—NHOCOP h

Ph OCOPh
I /

M e - C - N
A "

= \  /M e
CO w  //

N
^ M e
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T o  a s t i r r e d  s o l u t i o n  of ( + ) - 0 ^ h e n z o y l - j ^ - ( g - m e t h y l -  

- b e n z y l ) h y d r o x y l a m i n e  ( 2 . 0 g ,  8 . 3  m m o l e )  in s o d i u m

d r i e d  b e n z e n e  (50 c m ^ )  w a s  a d d e d  d r y  p y r i d i n e  ( 0 . 6 6 g ,

8 . 3 5  m m o l e )  a n d  4 - d i m e t h y l a m i n o b e n z o y l  c h l o ricie ( 1 . 5 g ,  

8 . 2  m m o l e ) .  A f t e r  r e f l u x i n g  f o r  24 h o u r s  t h e  r e a c t i o n  

m i x t u r e  w a s  w o r k e d  up as p e r  Cl - b e n z o y 1 b u t y 1 b e n z o — 

- h y d r o x a m i c  a c i d  ( e x p .  2). C o l u m n  c h r o m a t o g r a p h y  of 

t h e  c r u d e  r e a c t i o n  p r o d u c t  ( S i 0 2 , C H C l  3 ) g a v e  ( + ) - 0-

- b e n z o y l - N -( ^ - m e t h y l b e n z y l  ) - 4 - d i m e t h y l  a m i n o b e n z o -

- h y d r o x a m i c  a c i d  ( l i q u i d )  in 7 2% y i e l d  w h i c h  s h o w e d  a 

s i n g l e  s p o t  on  t . l . c .

IR ( V c m " 3 ^  n e a t ) :  1 7 6 0  ( O C O  C = 0  s t r . ) ,  1 6 5 0  ( N C O  C = 0

s t r . ) ,  1 6 0 0  ( C = C  s t r . ) .

3 H - N M R  ( Ô p p m ,  C D C l  3 ): 1 . 6 - 1 . 7  (d, 3H, C H 3 ), 2 . 9  (s,

6 H, N - M e  9 ) , 5 . 7 - 5 . 9  (q, IH, C H ) ,  6 . 5 - 8 . 0  (m, 1 4 H ,  A r - H

a n d  X C  5 H 4 Y ).

6 6 .___________ P r e p a r a t i o n  of ( +  ) - N -( g - m e  t h y 1 b e n 2 y 1 ) - 4-

- d i m e t h y l a m i n o b e n z o h y d r o x a m i c  a c i d .

Ph OCOPh Fjh ^OH

/ = \  ./Me ---- "  " ' " r ^ - ^ C O^  H CO.

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

s i m i l a r  to t h e  p r e p a r a t i o n  of N ^ ^ - b u t y l b e n z o h y d r o x a m i c  

a c i d  ( e x p .  3). R e c r y s t a l l i z a t i o n  f r o m  b e n z e n e  g a v e  

t h e  h y d r o x a m i c  a c i d  in 7 5 %  y i e l d  as a c r y s t a l l i n e  

s o l i d  m . p .  1 5 1 - 1 5 2 ° C .
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I R ( V  c m " 3 ,  N u j o l ) :  3 1 0 0  br. ( 0 - H  s t r . ) ,  1 6 1 5  (C = 0

s t r . ) .

I n - N M R  ( 6 p p m ,  C D C l 3 ): 1 . 7 5 - 1 . 8 5  (d, 3H, C H 3 ), 3 . 0  (s,

6 H, N - Me 9 ) , 5 . 3 - 5 .  5 (q, IH, C H ) ,  6 . 6 - 7 .6 (m, 9H, A r - H

a n d  X C ^ H ^ Y ) ,  8 . 0 - 8 . 4  br. (s, IH, OH ,  D 2 O r e m o v e d  O H ) .

[g +  2 5 9  . 0° (c = 0 . 0 1  in C H C I 3 ).

( F o u n d :  C, 7 1 . 6 ;  H, 7 . 0 ;  N, 1 1 . 4 .  C 1 7 H 2 0 N 2 O 2 r e q u i r e s

C, 7 1 . 8 ;  H, 7 . 0 ;  N, 1 1 . 3 % ) .

6 7. P r e p a r a t i o n  of ( + ) - 0 - b e n z o y 1 - N - ( g - m e t h y 1 b e n z y 1 ) -

-3, 5 - d i n i t r o b e n z o h y d r o x a m l c  a c i d .

M e-C -N H O C O P h  M e -C -N

A

T o  a s t i r r e d  s o l u t i o n  of ( + ) - O^-b e n z o y 1 -fJ - ( g  - m e  t h y  1- 

- b e n z y l ) h y d r o x y l a m i n e  ( 2 . 0 g ,  8 . 3  m m o l e )  in s o d i u m

d r i e d  b e n z e n e  ( 5 0  c m ^ ) w a s  a d d e d  d r y  p y r i d i n e  ( 0 . 6 6 g ,

8 . 3 5  m m o l e )  a n d  3 , 5 - d i n i t r o b e n z o y l  c h l o r i d e  ( 1 . 9 g ,  8 . 2

m m o l e ) .  A f t e r  r e f l u x i n g  f o r  24 h o u r s  t h e  r e a c t i o n  

m i x t u r e  w a s  w o r k e d  up as p e r  O^-b e n z o y 1 - ^ - b  u t y 1 b e n z o 

h y d r o x a m i c  a c i d  ( e x p .  2). C o l u m n  c h r o m a t o g r a p h y  of 

t h e  c r u d e  r e a c t i o n  p r o d u c t  ( S i O 2 , C H C l  3 ) g a v e  ( + )— 0 -

- b e n z o y l - N - ( g - m e t h y l b e n z y l  ) - 3 , 5 - d i n i t r o b e n z o -  

- h y d r o x a m i c  a c i d  ( l i q u i d )  in 7 7 %  y i e l d  w h i c h  s h o w e d  a 

s i n g l e  s p o t  on t . l . c .

IR ( V c m " ^ ,  n e a t ) :  1 7 6 0  ( O C O  C = 0  s t r . ) ,  1 6 6 0  ( N C O  C = 0

s t r . ) ,  1 6 0 0  ( C = C  s t r . ) .
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3 H - N M R ( 6 p p m ,  C D C l  3 ) : 1 . 7 - 1 . 8  (d, 3M, CM  3 ). 5. 9 - 6 . 0  

(q, IM, C H ) ,  7 . 2 - 7 .8 (m, 5H, A r - H ) ,  8 . 7  (d, 2H, o - a r y l  

p r o t o n s ) ,  8 . 9  (t, IH, ^ - a r y l  p r o t o n ) .

6 8 . P r e p a r a t i o n  of ( + ) - N - ( g - m c t h y l b e n z y l  )-3 , 5-

- d i n i t r o b e n z o h y d r o x a m i c  a c i d .

T  ,OCOPh OH

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

s i m i l a r  to t h e  p r e p a r a t i o n  of N ^ ^ - b u t y l b e n z o h y d r o x a m i c  

a c i d  ( e x p .  3). R e c r y s t a l l i z a t i o n  f r o m  h e x a n e / e t h y l  

a c e t a t e  g a v e  t h e  h y d r o x a m i c  a c i d  in 7 8 % y i e l d  as a 

c r y s t a l l i n e  s o l i d  m . p  1 6 0 - 1 6 1 ° C .

( V c m " 3 ,  N u j o l ) :  3 2 1 0  br. ( 0 - H  s t r . ) ,  1 6 1 0  (C = 0

s t r . ) ,  1 5 4 0  ( C - N O 2 s t r . ) ,  1 3 5 0  ( C - N O 2 s t r . ) .

3 h - N M R  ( 5  p p m ,  C D C l 3 ): 1 . 6 - 1 . 7  ( d ,  3H, C H 3 ), 5 . 7 - 5 . 9

(q, IH, C H ) ,  7 . 3 - 7 . 6  (m, 5H, A r - H ) ,  8 . 8  (d. 2H, o - a r y l  

p r o t o n s ) ,  8 . 9  (t, IH, ^ - a r y l  p r o t o n ) .

+  4 8 . 2 3 °  ( c = 0 . 0 1  in C H C I 3 ).

( F o u n d :  C , 5 4 . 9 ; H , 6 . 0 ;  N, 1 1 . 9 .  ^ 1 6 3 ^ 2 1 ^ 3 ^ 6  r e q u i r e s

C , 5 4 . 7 ;  H. 6 . 0 ;  N, 1 2 . 0 % ) .

T h e  o p t i c a l l y  a c t i v e  ( - ) - N ^ (  OC - m e t h y l b e n z y l  ) b e n z o -  

- h y d r o x a m i c  a c i d s  w e r e  p r e p a r e d  in e x a c t l y  t h e  s a m e  

m a n n e r  as t h e  ( + ) - e n a n t i o m e r s . T a b l e  28 s h o w s  t h e  

p h y s i c a l  d a t a  f o r  t h e s e  c o m p o u n d s .
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TABLE 28. Physical data for the (-)-
N-(g-methyIbenzyl)hydroxamic acids.

/O ,YM e — C — N
' •  ^ c o - C  V xH

No. X Y
Npt.
(°C) (c = 0.01 

in QiClj) C

Found
(Required)

H N

(107) H NO2 160-161 -53.0°
54.2

(54.4)

3.9

(3.9)

12.9

(12.7)

(108) NO2 H 130-131 -115.4°
62.4

(62.9)

4.9

(4.9)

9.6

(9.8)

(109) H H 100-101 -130.4°
74.2

(74.7)

6.2

(6.2)

5.7

(5.8)

(110) OMe H 151-152 -249.6°
71.5

(71.8)

6.9

(7.0)

11.4

(11.3)
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