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INTRODUCTION

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

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

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

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

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

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

The s t e r e o c h e m i c a l  c a p a b i l i t i e s  o f  c a r b a n i o n s  h a s  b e e n  

e x t e n s i v e l y  a n d  t h o r o u g h l y  e x a m in e d  i n  r e c e n t  y e a r s  by Cram 

and  c o w o r k e r s .  However,  t h e  c a r b a n i o n  c a r b o n  d e v e l o p e d  i n  

t h e  r e a c t i o n s  em ployed  was b o n d ed  i n  e v e r y  c a s e  t o  a n  u n ­

s a t u r a t e d  ( u s u a l l y  a r o m a t i c )  g r o u p .  No f u l l y  a l i p h a t i c  

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

s t u d y .

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

t o  form a z o a c e t a t e s  h a s  b een  r e p o r t e d  r e c e n t l y  by I f f l a n d ,  

S c h a f e r  a n d  S a l i s b u r y  ( 1 ) ,  The b a s e  c a t a l y z e d  d e c o m p o s i ­

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

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

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

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

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

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

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

h a s  b e e n  d e m o n s t r a t e d  ( 2 ) ,  The c a r b a n i o n  o f  s p e c i a l

1
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2
i n t e r e s t  i s  t h e  m e t h y l e t h y l - n - p r o p y l  m e t h y l  a n i o n ,  s i n c e  

t h i s  r e p r e s e n t s  one o f  t h e  s i m p l e s t  p o t e n t i a l l y  d i s s y m ­

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

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

a s  t h e  t - h e p t y l  a n i o n  o r  t - h e p t y l  g r o u p .

A n u m b er  o f  b a s e  c a t a l y z e d  d e c o m p o s i t i o n  r e a c t i o n s  

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

s t e r e o c h e m i c a l  c a p a b i l i t i e s  o f  t h e  t - h e p t y l  a n i o n  h av e  b e e n  

i n v e s t i g a t e d  and  a r e  d e s c r i b e d  i n  P a r t  I  o f  t h i s  d i s s e r t a ­

t i o n .

The n e c e s s a r y  a z o a c e t a t e s  w ere  u l t i m a t e l y  p r e p a r e d  

f ro m  r e s o l v e d  t - h e p t y l a m i n e , The d e t e r m i n a t i o n  o f  t h e  

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

m e a s u r e m e n t  was a t t e m p t e d  u n s u c c e s s f u l l y  by t h e  m ethod  o f  

nmr a n a l y s i s  o f  d i a s t e r e o m e r i c  am ide  d e r i v a t i v e s .  S u i t a b l e  

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

0 - m e t h y l r a a n d e l i c  a c i d  i n  r e l a t e d  s i t u a t i o n s .  However ,  t h i s  

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

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

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

r e p o r t e d  i n  P a r t  I I ,
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HISTORICAL

In  t h e  s i m p l e s t  v i e w ,  c a r b a n i o n s  a r e  c o n j u g a t e  b a s e s  

o f  t h e  c o r r e s p o n d i n g  c a r b o n  a c i d s ,  A c a r b o n  a c i d  i s  an 

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

d o n a t e s  a  p r o t o n  t o  t h a t  b a s e  by f i s s i o n  o f  a  c a r b o n -  

h y d r o g e n  b o n d .  T h i s  d e f i n i t i o n  i s  made i n  t e r m s  o f  one o f  

t h e  m os t  i m p o r t a n t  o f  a l l  c h e m i c a l  r e a c t i o n s ,  t h a t  o f  

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

a b l e  b e c a u s e  i t  a l l o w s  v a s t  number o f  o r g a n i c  compounds t o  

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

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

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

A th e r m o d y n a m ic  a c i d i t y  s c a l e  h a s  b e e n  d e v e l o p e d  by 

S t r e i t w i e s e r  and  c o w o r k e r s  (3 )»  They h a v e  m e a s u r e d  t h e  

e q u i l i b r i u m  c o n s t a n t s  b e tw e e n  l i t h i u m  o r  c e s i u m  c y c l o -  

h e x y la m id e  and t h e  c a r b o n  a c i d  on t h e  o n e  h a n d ,  and c y c l o -  

h e x y la m in e  and  t h e  l i t h i u m  o r  c e s iu m  c a r b o n  s a l t  on t h e  

o t h e r  i n  e y e l o h e x y l a m i n e  a s  s o l v e n t ,

Zimmerman a n d  T h y a g a r a j a n  (4 )  m e t a l a t e d  a  o n e - t o - o n e  

m i x t u r e  o f  c y c l o p r o p y l p h e n y l  and i s o p r o p y l p h e n y l  s u l f o n e s  

w i t h  l e s s  t h a n  a n  e q u i v a l e n t  o f  p h e n y l l i t h i u m ,  p h e n y ls o d iu ra ,  

o r  p h e n y l p o t a s s i u m .  The r e s u l t i n g  m i x t u r e  was t h e n  q uen ch e d  

w i t h  D2 O, and  t h e  e q u i l i b r i u m  c o n s t a n t  was  c a l c u l a t e d  f rom 

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

3
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4.

I n  c o n t r a s t  t o  n u c l e o p h i l i c  s u b s t i t u t i o n  (SN), e l e c -  

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

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

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

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

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

t o  s y s t e m a t i c  s c r u t i n y ,

A num ber  o f  a r t i c l e s  have  a p p e a r e d  i n  t h e  l i t e r a t u r e  

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

t i o n s  a t  s a t u r a t e d  c a r b o n  a r e  r e p o r t e d ,  L e t s i n g e r  (5 )  

o b s e r v e d  t h a t  when ( - ) - 2 - i o d o o c t a n e  was m e t a l a t e d  w i t h  

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

o p e r a t i o n s  w e re  c a r r i e d  o u t  a t  - 70° ) ,  t h e  2 - m e t h y l o c t a n o i c  

a c i d  p r o d u c e d  was 2 0 ^  o p t i c a l l y  p u r e  a n d  t h e  m e t a l a t i o n  

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

r e t e n t i o n  o f  c o n f i g u r a t i o n ,  C y c l o p r o p y l  a n i o n s  have  b e e n  

s t u d i e d  by W a l b o r s k y  ( 6 )  t h r o u g h  d e c o m p o s i t i o n  o f  1 -  

m e t h y l - 2 ,  2 - d i p h e n y l c y c l o p r o p y l l i t h i u m  w i t h  m e t h a n o l .

The r e a c t i o n  o c c u r r e d  w i t h  80% r e t e n t i o n  o f  c o n f i g u r a t i o n ,  

Nesmeyanov a n d  c o w o r k e r s  (7 )  m e r c u r a t e d  a n  o p t i c a l l y  

a c t i v e  d i a s t e r e o m e r  o f  m e n th y l  2 - b r o m o p r o p i o n a t e , c o n ­

v e r t e d  t h i s  a l k y l m e r c u r i c  h a l i d e  t o  t h e  d i a l k y I m e r c u r y  

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

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

e t  a l ,  ( 8 )  h a v e  r e p o r t e d  t h a t  e l e c t r o p h i l i c  s u b s t i t u t i o n  

t h a t  a c c o m p a n i e s  r e v e r s e  c o n d e n s a t i o n  r e a c t i o n s  c a n  o c c u r
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w i t h  f rom  93^  p r e d o m i n a t i n g  r e t e n t i o n  t o  50% p r e d o m i n a t ­

i n g  i n v e r s i o n .  W i n s t e i n  and  c o w o r k e r s  ( 9 )  obsei*ved b e t t e r  

t h a n  99% r e t e n t i o n  o f  c o n f i g u r a t i o n  i n  t h e  r e a c t i o n  o f  

c i s - 2 - m e t h o x y c y c l o h e x y l n e o p h y I m e r c u r y  w i t h  r a d i o a c t i v e  

m e r c u r i c  c h l o r i d e  t o  g i v e  r a d i o a c t i v e  c i s - 2 - m e t h o x y -  

c y c l o h e x y l m e r c u r i c  c h l o r i d e .

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

a t  s a t u r a t e d  c a r b o n  c a n  o c c u r  w i t h  r e t e n t i o n  i s  fou n d  i n  

t h e  f a c t  t h a t  a  b r o m in e  a tom a t  t h e  b r i d g e h e a d  c a r b o n  

a tom  o f  t r i p t y c e n e  c a n  be r e p l a c e d  by l i t h i u m ,  and  t h e  

t r i p t y c y l l i t h i u m  fo rm ed  c an  be c a r b o n a t e d  ( 1 0 ) ,  L i k e w i s e ,  

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

p h i l i c  s u b s t i t u t i o n  r e a c t i o n s  ( 1 1 ) ,  I n  t h e s e  t r a n s f o r m ­

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

m a i n t a i n e d  a t  t h e  s e a t  o f  s u b s t i t u t i o n .

The s t e r e o c h e m i c a l  c a p a b i l i t i e s  o f  t h e  2 - p h e n y l - 2 -  

b u t y l  a n i o n  h a s  b e e n  i n v e s t i g a t e d  by  Cram and c o w o r k e r s  

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

(1 2 ,  1 3 ) .  o x y gen  ( 1 4 ) , h y d r o g e n  ( 1 5 ) a n d  n i t r o g e n  (1 6 )  

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

I n  t h e s e  r e a c t i o n s  a s  h i g h  a s  99% r e t e n t i o n ,  60% i n v e r s i o n  

o r  100^ r a c e r a i z a t i o n  was o b s e r v e d  d e p e n d i n g  upon t h e  

c h a r a c t e r  o f  t h e  s o l v e n t  and  t h e  c a t i o n s  o f  t h e  b a s i c  

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

ed  i n  t h e  f o l l o w i n g  c h a r t i
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C h a r t  I

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

CHq
I  ̂

*  I *
R * CgH^—C

i2^5

C a r b o n i  _ +
M

R ^ C ^ H ^ ) 2  > R*" ) R*-H

Oxygeni

A / |  HB *
R -otCH-C^H^ > R ----------> R -H

H y d r o g e n  t

R IH * ^  B ------------- > R  » R"-D

N i t r o g e n I

r ^ I nS ^-H ^^ 'B ----------> R*" — > R*-H

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

t i o n s  i n  t h e  s t e r i c  b e h a v i o r  o f  t h e  c a r b a n i o n s .  I n  s o l ­

v e n t s  o f  low  d i e l e c t r i c  c o n s t a n t s  ( e « g . ,  t - b u t y l  a l c o h o l ,  

6  = 1 0 , 9  a t  30° )  and  w i t h  m e t a l  a l k o x i d e s  a s  b a s e s ,  h i g h  

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

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

w h ic h  c o o r d i n a t e  w i t h  t h e  m e t a l  c a t i o n  o f  an  i n t i m a t e
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i o n - p a i r  w h ic h  u n d e r g o e s  c l e a v a g e  a nd  i s  f a v o r a b l y  s o l v a t e d  

f ro m  t h e  s i d e  o f  t h e  l e a v i n g  g r o u p  by p r o t o n  d o n o r s .  I n  

n o n - p r o t o n i c  s o l v e n t s  w i t h  h i g h  d i e l e c t r i c  c o n s t a n t s  ( e . g . ,  

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

t o  becom e s y m m e t r i c a l l y  s o l v a t e d ,  a n d  e l e c t r o p h i l i c  

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

d i e l e c t r i c  c o n s t a n t s  w h i c h  a r e  g o o d  p r o t o n  d o n o r s  ( e . g . , 

e t h y l e n e  g l y c o l ,  £  = 3? a t  2 5 ° )#  a  s o l v e n t - s e p a r a t e d  i o n  

p a i r  u n d e r g o e s  c l e a v a g e .  The c a r b a n i o n  p r o d u c e d  i s  

p r o t o n a t e d  more r a p i d l y  f ro m  t h e  s i d e  r e m o te  f ro m  t h e  

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

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

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

ed  i n  t h e  r e a c t i o n s  s t u d i e d  b y  Cram and  W a lb o r sk y  a r e  

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

g r o u p s .  No f u l l y  a l i p h a t i c  c a r b a n i o n  h a s  b e e n  s u b j e c t e d  

t o  s u c h  a  s t u d y .

I n  v i e w  o f  t h e s e  o b s e r v a t i o n s ,  a  c o m p a r i s o n  o f  t h e  

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

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

Cram a n d  W alb o rsky  i s  o f  i n t e r e s t  a n d  h a s  b e e n  c o m p l e t e d .

The d e t a i l s  o f  t h i s  s t u d y  a r e  su m m ar ized  i n  t h e  f o l l o w i n g  

s e c t i o n s .
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EXPERIMENTAL PART

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

a r e  e x p r e s s e d  a s  d e g r e e s  c e n t i g r a d e .

The i n f r a r e d  s p e c t r a  w ere  o b t a i n e d  w i t h  a  Beckman 

Model IR “ 8 r e c o r d i n g  s p e c t r o p h o t o m e t e r  a nd  t h e  a s s i g n m e n t  

o f  b a n d s  was made a c c o r d i n g  t o  B e l l a m y  ( 1 7 ) •

The nmr s p e c t r a  w ere  o b t a i n e d  w i t h  a  V a r i a n  A- 6 0  

s p e c t r o m e t e r .

G a s - l i q u i d  c h r o m a t o g r a p h y  was c a r r i e d  o u t  w i t h  a  P 

a n d  M Model 720 an d  a  V a r i a n  Model 7 0 0 -" A u to p rep '*  g a s  

c h r o m a t o g r a p h .

S p e c i f i c  r o t a t i o n s  o f  compounds w ere  m e a s u r e d  w i t h  a  

R ud o lp h  Model 62 P o l a r i m e t e r  a n d  a  S t a n d a r d  Model  D K e s to n  

P o l a r i r a e t r i c  U n i t  A t t a c h e d  t o  a  Beckman DU-2 S p e c t r o p h o t o ­

m e t e r .

2 - P h e n y I b u t a n e  and  3 - m e t h y l h e x a n e  u s e d  f o r  c o m p a r i s o n  

work w ere  p u r c h a s e d  f rom  A l d r i c h  C h e m ic a l  C o . ,  I n c .

E l e m e n t a l  a n a l y s e s  were  p e r f o r m e d  by G a l b r a i t h  M i c r o -  

a n a l y t i c a l  L a b o r a t o r i e s ,  K n o x v i l l e ,  T e n n e s s e e .

8
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P r e p a r a t i o n  o f  H y d ra zo n e s

A ce ton e  2 - p h e n y l - 2 - b u t y l h y d r a z o n e  was o b t a i n e d  i n  

t u r n  f rom  t h e  n e c e s s a r y  h y d r a z i n e  whi^'.h was p r e p a r e d  and 

r e s o l v e d  by a d a p t i n g  t h e  p r o c e d u r e  d e s c r i b e d  by  Gram and 

c o w o r k e r s  (16)#  The d e r i v a t i v e s  i n  t h e  t - h e p t y l  s e r i e s  

w e re  p r e p a r e d  f o l l o w i n g  t h e  p r o c e d u r e s  by  Buu ( 2 ) ,

P r e p a r a t i o n  o f  m e t h y l  e t h y l  k e t a z i n e

H y d r a z in e  (2 m o l ,  68  g ,  95%) was a d d e d  s l o w l y  w i t h  

s t i r r i n g  and  c o o l i n g  ( i c e - w a t e r  b a t h )  t o  m e t h y l  e t h y l  

k e t o n e  (6 mol,  ^32 g ) .  A f t e r  t h e  a d d i t i o n  w as  c o m p l e t e d ,  

t h e  r e a c t i o n  m i x t u r e  w as  c o o l e d  t o  room t e m p e r a t u r e  o v e r  

a  p e r i o d  o f  one h o u r .  A f t e r  t h e  w a t e r  l a y e r  was s e p a r a t e d ,  

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

c a r b o n a t e .  The e x c e s s  m e t h y l  e t h y l  k e to n e  w as  rem oved  by 

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

d i s t i l l e d  t h r o u g h  a  11 i n .  V ig r e a u x  c o lu m n .  M e t h y l  e t h y l  

k e t a z i n e  was o b t a i n e d  i n  86?S y i e l d  and had  t h e  f o l l o w i n g  

p r o p e r t i e s  1 bp 1 65 - 1 6 8 °  a t  7^9 mm, n^^  1 . 4 5 1 2 - 1 . 4 5 2 0 .  

L i t e r a t u r e  v a l u e s  (16 ) i  bp  1 6 8 -1 7 0 °  a t  750 nun, n ^ ^  1 . 4 5 1 3 ,

P r e p a r a t i o n  o f  m e t h y l  e t h y l  k e to n e  2 - p h e n y l - 2 - b u t y l h y d r a z o n e

P h e n y l  m agnesium  b r o m id e  was p r e p a r e d  i n  t h e  s t a n d a r d  

m a n n e r  f rom 2 mol (3 4 0  g )  o f  b rom obenzene  a n d  2 . 3  g a t .  wt 

m agnes ium  t u r n i n g s  i n  a b s o l u t e  e t h e r .  M e th y l  e t h y l  k e t a z i n e
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(1 m ol ,  140 g )  was d i s s o l v e d  i n  500  ml o f  a b s o l u t e  e t h e r  

a n d  was add ed  d r o p w i s e  w i t h  s t i r r i n g  t o  t h e  G r i g n a r d  r e a g e n t .  

The r e s u l t i n g  m i x t u r e  was s t i r r e d  a t  r e f l u x  f o r  5 d a y s ,  

c o o l e d  t o  5 ° ,  and  a d d e d  t o  400 g o f  ammonium c h l o r i d e  

s u s p e n d e d  i n  i c e . The o r g a n i c  l a y e r  was s e p a r a t e d  and t h e  

a q u e o u s  l a y e r  was e x t r a c t e d  w i t h  t h r e e  200  ml  p o r t i o n s  o f  

e t h e r .  The c om bin ed  o r g a n i c  l a y e r s  were  w a s h e d  w i t h  w a t e r  

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

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

D i s t i l l a t i o n  o f  t h e  r e s i d u e  gav e  m e t h y l  e t h y l  k e t o n e  2 -  

p h e n y l - 2 - b u t y l h r d r a z o n e :  1 0 6 , 4  g ,  bp 1 7 4 - 1 7 5 °  a t

a b o u t  50 mm, n^^  1 , 5 4 6 0 ,  L i t e r a t u r e  v a l u e s  ( 1 6 ) :  bp 100-  

1 1 5 °  a t  3 mm.

T hree  p r e p a r a t i o n s  were  c a r r i e d  o u t  t o  p r o d u c e  a  t o t a l  

o f  1 6 1 ,7  g o f  t h e  h y d r a z o n e .

P r e p a r a t i o n  o f  2 - p h e n y l - 2 - b u t y l h y d r a z i n i u m  o x a l a t e

M ethy l  e t h y l  k e t o n e  2 - p h e n y l - 2 - b u t y l h y d r a z o n e  ( 0 ,4 8  

m o l ,  102 g )  was a d d e d  t o  o x a l i c  a c i d  h y d r a t e  (mp 1 0 3 - 1 0 6 ° ,  

0 , 8 3  m ol ,  102 g )  d i s s o l v e d  i n  a  m i x t u r e  c o n s i s t i n g  o f  300 

ml o f  a b s o l u t e  e t h a n o l ,  300  ml o f  a b s o l u t e  e t h e r  and 5 ' i l  

o f  w a t e r ,  A w h i t e  g r a n u l a r  s o l i d  was s e p a r a t e d  f rom  th e  

m i x t u r e  a t  room t e m p e r a t u r e  o v e r  a  p e r i o d  o f  J6 h o u r s .  The 

c r u d e  p r o d u c t  was c o l l e c t e d  and  r e c r y s t a l l i z e d  f rom  h o t  

e t h a n o l  t o  y i e l d  t h e  h y d r a z i n e  o x a l a t e  s a l t :  8 8 , 5  g ,  79%» 

mp 109 - 111° ,  L i t e r a t u r e  v a l u e  ( 1 6 ) :  mp 1 0 9 - 1 1 0 ° ,
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F o u r  s i m i l a r  p r e p a r a t i o n s  w ere  c a r r i e d  o u t  t o  p r o d u c e  

a  t o t a l  o f  1 1 5 , 4  g  o f  2 - p h e n y l - 2 - b u t y l h y d r a z i n i u m  o x a l a t e .

P r e p a r a t i o n  o f  ( - ) - d i b e n z o y l  t a r t a r i c  a c i d  h y d r a t e

A c c o r d i n g  t h e  p r o c e d u r e  r e p o r t e d  by B u t l e r  and  

G r e t c h e r  ( 1 8 ) ,  t a r t a r i c  a c i d  ( 1 . 2  m o l ,  IBC g )  and  b e n z o y l  

c h l o r i d e  0 . 8  m o l ,  464  g )  w ere  s l o w l y  h e a t e d  i n  a  ro u n d  

b o t to m  f l a s k  u n t i l  t h e  t e m p e r a t u r e  r e a c h e d  1 5 0 ° .  The 

r e a c t i o n  t o o k  p l a c e  m a i n l y  b e tw e e n  135 a n d  1 4 0 ° .  The 

t o t a l  t im e  o f  h e a t i n g  was a p p r o x i m a t e l y  2 t o  3 h o u r s .  The 

c o n t e n t s  o f  t h e  f l a s k  w ere  removed and  g r o u n d  i n  a  m o r t a r .  

B e n z o ic  a c i d  a nd  t h e  e x c e s s  b e n z o y l  c h l o r i d e  w ere  removed 

by e x t r a c t i n g  w i t h  b e n z e n e  i n  t h e  f o l l o w i n g  m an n e r  1 300 ml 

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

t i o n ,  j u s t  s h o r t  o f  t h e  b o i l i n g  p o i n t  and  t h e n  c o o l e d  t o  

room t e m p e r a t u r e .  The m i x t u r e  was f i l t e r e d  a n d  t h e  e x t r a c ­

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

w ashed  w i t h  s e v e r a l  p o r t i o n s  o f  c o l d  b e n z e n e .  The mp o f  

c r u d e  d i b e n z o y l  t a r t a r i c  a n h y d r i d e  was 155 t o  l 6 o ° .  The 

c r u d e  b e n z e n e  e x t r a c t e d  p r o d u c t  was b o i l e d  w i t h  I 500  ml 

o f  w a t e r  f o r  o n e - h a l f  h o u r .  D i b e n z o y l  t a r t a r i c  a c i d  

m o n o h y d ra te  fo rm ed  a s  a  h e a v y  o i l  w h ic h  s o l i d i f i e d  i n t o  

a  c r y s t a l l i n e  c a k e ,  a f t e r  s t a n d i n g  o v e r  n i g h t .  T h i s  s o l i d  

was r em o v e d ,  a i r - d r i e d  and  p o w d e r e d .  P u r e r  p r o d u c t  was 

o b t a i n e d  by r e c r y s t a l l i z i n g  f rom  b e n ze n e»  2 0 ? g ,  mp 90- 92 ° ,  

|^o( ,] |q^*^-108.5°  ( 1 ,  2 dm I c ,  2 1 e t h a n o l ) .  L i t e r a t u r e  v a l u e s  

(19)» mp 8 8 - 8 9 ° , [ o ) . ] 0 ^ - 11 2 . 5 °  ( c ,  1 . 1 » e t h a n o l ) .
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P r e p a r a t i o n  o f  2 - o h e n v l - 2 - b u t y l h y d r a z i n e

2 - P h e n y l - 2 - b u t y l h y d r a z i n i u m  o x a l a t e  ( 0 . 1 3  m o l ,  3^  g )  

was d i s s o l v e d  i n  a  s o l u t i o n  o f  p o t a s s i u m  h y d r o x i d e  ( 0 . 3 6  

g f  w t ,  20 g )  i n  240 ml o f  w a t e r .  The m i x t u r e  was 

e x t r a c t e d  t h r e e  t i m e s  w i t h  100 ml p o r t i o n s  o f  e t h e r .  The 

com bined  e t h e r  e x t r a c t s  were  d r i e d  w i t h  a n h y d r o u s  so d iu m  

c a r b o n a t e .  The e t h e r  was e v a p o r a t e d  u n d e r  r e d u c e d  

p r e s s u r e  a n d  t h e  2 - p h e n y l - 2 - b u t y l h y d r a z i n e  ( 1 8 . 6  g ,  8 7 ^ )  

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

R e s o l u t i o n  o f  2 - o h e n y l - 2 - b u t v l h v d r a z i n e

F o l l o w i n g  t h e  p r o c e d u r e  r e p o r t e d  by Gram ( l 6 ) .  ( - ) -  

D i b e n z o y l - t a r t a r i c  a c i d  ( 0 . l 6  m o l ,  5 7 . 7  g ,  mp 9 0 - 9 2 ° ) ,  

‘ ^ - lO S .S ®  (1 ,  2 dm; c ,  2 ;  e t h a n o l ) ,  was d i s s o l v e d  

i n  a  m i x t u r e  o f  300 ml o f  a b s o l u t e  e t h a n o l  and 100 ml o f  

d i s t i l l e d  w a t e r ,  and  2 - p h e n y l - 2 - b u t y l h y d r a z i n e  ( 0 . 1 1  mol,

1 8 ,6  g )  was a d d e d .  The r e s u l t i n g  m i x t u r e  was s t i r r e d  and  

a l l o w e d  t o  s t a n d  f o r  5 d a y s  a t  0 - 5 ° .  The s a l t  t h a t  

s e p a r a t e d  was c o l l e c t e d .  Two s u c c e s s i v e  r e c r y s t a l l i z a t i o n s  

o f  t h e  s a l t  were  a c c o m p l i s n e d  f ro m  3«1 e t h a n o l - w a t e r  and 

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

T a b le  I .

I n  a  s e c o n d  r e s o l u t i o n ,  48  g o f  t h e  2 - p h e n y l - 2 - b u t y l -  

h y d r a z i n e - ( - ) - d i b e n z o y l t a r t a r i c  a c i d  s a l t  was o b t a i n e d ;  mp

1 4 0 - 1 4 3 ° ,  [ o i J d ^ * ^ - 74° (1 .  2 dm; c ,  1 ;  e t h a n o l ) .  L i t e r a ­

t u r e  v a l u e s  ( l 6 ) i  mp l 4 0 - l 4 5 ° , [ o ( ] g ^ - 7 4 . 1 °  ( c ,  1 ;  e t h a n o l ) .
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T a b le  I

P r o p e r t i e s  o f  2 - P h e n y l - 2 - b u t y l h y d r a z i n e  
( - ) - D i b e n z o y l - t a r t a r i c  Acid  S a l t

13

C r y s t a l l i z a t i o n
Number

W e ig h t  
o f  S a l t

%  o f  
S a l t

S p e c i f i c  
R o t a t i o n  
o f  S a l t * *

I ,  Crop 1 2 9 . 2  g 1 4 1 -14 5 - 5 3 °

Crop  2 3 . 2  g 1 3 9 -14 2 - 7 6 °

Crop 3 1 4 . 5  g 1 3 5 -1 4 0 - 72°

Crop  4 2 , 5  g 1 42 -14 5 - 7 4 °

l i t  Crop 1 1 . 5  g 1 3 8 -1 4 2 - 7 3 °

Crop 2 1 2 , 0  g 1 1 5 -1 2 0 - 7 3 . 5 °

* R e c r y s t a l l i z a t i o n  f ro m  I ,  
* * 1 , 2 dm; c ,  1 ; e t h a n o l

Crop 1

P r e o a r a t i o n  o f  r a c e m i c a c e t o n e  2 -•Tîhenvl-2 - b u t y l h y d r a z o n e

2 - P h e n y l - 2 - u u t y l h y d r a z i n i u m  o x a l a t e  ( 0 , 0 3 5  m ol ,  9*2 

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

( 0 , 0 9 7  g  f  w t ,  5 . 4  g )  i n  65  ml o f  d i s t i l l e d  w a t e r .  The 

m i x t u r e  was e x t r a c t e d  t h r e e  t i m e s  w i t h  60 ml p o r t i o n s  o f  

e t h e r .  The com bined  e t h e r  e x t r a c t s  were  d r i e d  w i t h  

a n h y d r o u s  sod ium  c a r b o n a t e ,  t h e  e t h e r  was e v a p o r a t e d  

u n d e r  r e d u c e d  p r e s s u r e .  The r e s i d u a l  h y d r a z i n e  o i l  was 

m ix e d  w i t h  a c e t o n e  ( 0 , 2 1  m o l ,  1 1 , 9  g ) .  The m i x t u r e  was 

r e f l u x e d  on s t e a m  b a t h  f o r  f o u r  h o u r s ,  c o o l e d  t o  room
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t e m p e r a t u r e  a n d  d r i e d  w i t h  a n h y d r o u s  so d iu m  s u l f a t e .  The 

e x c e s s  a c e t o n e  was d i s t i l l e d  t h r o u g h  a  23 cm x 0 , 6  cm 

t a n t a l u m  w i r e  s p i r a l  co lum n and  t h e  r e s i d u e  was d i s t i l l e d  

a t  r e d u c e d  p r e s s u r e .  The a c e t o n e  2 - p h e n y l - 2 - b u t y l h y d r a z o n e  

was o b t a i n e d  i n  80% y i e l d  ( 4 . 9  g )«  bp 91-92® a t  1 mm,

nĝ  1 .5220.
The nmr s p e c t r u m  ( i n  GGlji|.) o b t a i n e d  was c o n s i s t i n g  

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

c h e m i c a l  s h i f t s  w i t h  a s s i g n m e n t s  n o t e d :  0 , 6 8  & , t ,  3H 

(GH3 -GH2 - ) »  1 . 4 6  $ , 8 , 3H(GH3 - G) i  1 . 6 5  5  . s ,  3H and  

1 . 8 5  ^  , 8 .  3H, (GH3 )2C=N-i 1 . 9 0  S , q u a r t e t  2H(GH3-GH2-G) f 

4 . 5 0  i  , 8 .  I H ( - N H - ) ;  7 . 2 5  ^ , m, 5H (C ^ H ^ -) .

A n a l .  G a lc d  f o r  C, 7 6 . 4 2 ;  H, 9 . 8 7 ;  N, 1 3 . 7 1 .

Found:  G, 7 6 . 2 2 ;  H, 9 . 9 6 ;  N, 1 3 . 5 1 .

I n  a  s e c o n d  s i m i l a r  p r e p a r a t i o n ,  a  76% y i e l d  was 

o b t a i n e d .

P r e p a r a t i o n  o f  ( ~ ) - a c e t o n e  2 - p h e n y l - 2 - b u t y l h y d r a z o n e

The o p t i c a l l y  a c t i v e  a c e t o n e  2 - p h e n y l - 2 - b u t y l h y d r a z o n e  

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

s t a r t i n g  w i t h  o p t i c a l l y  a c t i v e  2 - p h e n y l - 2 - b u t y l h y d r a z i n e  

l i b e r a t e d  f rom  t h e  t a r t a r i c  a c i d  s a l t .  ( - ) - 2 - P h e n y l - 2 -  

b u t y l h y d r a z i n e - d i b e n z o y l t a r t a r i c  a c i d  s a l t  ( 0 . I 3 m o l ,  70 

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

( 0 . 6 5  g  f  w t ,  3 6 . 4  g )  i n  350 ml o f  d i s t i l l e d  w a t e r  and 

e x t r a c t e d  w i t h  t h r e e  100 ml p o r t i o n s  o f  e t h e r .  The
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com bined  e t h e r  e x t r a c t s  were  d r i e d  w i t h  a n h y d r o u s  sod ium  

c a r b o n a t e ,  t h e  e t h e r  was e v a p o r a t e d  u n d e r  a  vacuum t o  

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

h y d r a z i n e .  R e a c t i o n  w i t h  a c e t o n e  g a v e  6 3% (1 5 » 5 g )  y i e l d  

o f  t h e  h y d r a z o n e :  bp 1 1 0 -1 1 6 °  a t  2 mm, n ^5  1 . 522^ ,

- 0 . 58 ® (1 ,  1 dm; d ^ ^  0 . 9 3 9 ;  n e a t ) .

A n a l .  G a lc d  f o r  C, 76.4-2:  H, 9 . 8 7 ;  N, 1 3 . 7 1 .

Found:  C, 7 6 . 2 1 ;  H, 9 . 9 5 ;  N, 1 3 . 5 1 .

P r e p a r a t i o n  o f  r a c e m i c  m e t h y l  e t h y l  k e t o n e  t - h e p t y l -  
h y d r a z o n e

A s o l u t i o n  o f  n - p r o p y l  m agnes ium  b ro m id e  was p r e p a r e d  

f rom  n - p r o p y l  b r o m id e  (4.4- mol,  54-2 g ) and  magnesium t u r n ­

i n g s  (4-,6 g a t .  w t ,  112 g )  i n  1000 ml o f  d r y  e t h e r .  M e th y l  

e t h y l  k e t a z i n e  (1 m ol ,  14-0 g ) d i s s o l v e d  i n  500  ml o f  d r y  

e t h e r  was 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  t o  t h e  G r i g n a r d  

r e a g e n t .  The r e s u l t i n g  m ix t u r e  was s t i r r e d  a t  r e f l u x  f o r  

two d a y s ,  c o o l e d  t o  5 ° .  and a d d e d  t o  4-00 g o f  ammonium 

c h l o r i d e  s u s p e n d e d  on i c e .  The o r g a n i c  l a y e r  was s e p a r a t e d ,  

and  t h e  a q u e o u s  l a y e r  was e x t r a c t e d  t h r e e  t i m e s  w i t h  200 ml 

p o r t i o n s  o f  e t h e r .  The combined o r g a n i c  l a y e r s  were  w ashed  

w i t h  w a t e r  s a t u r a t e d  w i t h  sod ium  b i c a r b o n a t e ,  d r i e d  and  t h e  

s o l v e n t  was e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e .  D i s t i l l a t i o n  

o f  t h e  r e s i d u e  g a v e  3 7 .1  g o f  r a c e m i c  m e t h y l  e t h y l  k e t o n e  

t - h e p t y I h y d r a z o n e : bp 9 1 -9 4 °  a t  l 4  mm, n ^ ^  1 . 4 4 8 8 .

The nmr s p e c t r u m  ( n e a t )  showed a  com plex  p a t t e r n  o f
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o v e r  l a p p i n g  and  u n f a c t o r a b l e  m u l t i p l e t s  i n  t h e  0 . 5  t o  2 . 5  

5  r a n g e  c h a r a c t e r i s t i c  o f  t h e  t - h e p t y l  com pounds .  I n  

a d d i t i o n ,  s i n g l e t s  a t  1 . 3  ^  a n d  4 . 2  ^  were  o b s e r v e d  a n d  

a p p a r e n t l y  a s s i g n a b l e  t o  GH3 -GSN- and  -NH- r e s p e c t i v e l y .

P r e p a r a t i o n  o f  3 - m e t h y l - 3 - h e x a n o l

3 - M e t h y l - 3 - h e x a n o l  was p r e p a r e d  i n  6 0 - 70^  y i e l d  by

r e a c t i n g  2 - p e n t a n o n e  w i t h  e t h y l  magnewium b ro m id e  1 bp

1 4 1 - 1 4 2 ° ,  1 . 4 2 0 0 .  L i t e r a t u r e  v a l u e s  ( 2 ) ,  bp 1 4 3 ° ,
20

n^ 1 . 4 2 3 1 .

P r e p a r a t i o n  o f  t - h e p t . v l a m i n e

A s o l u t i o n  o f  750 g o f  s u l f u r i c  a c i d  ( s p  g r  1 . 8 4 )  i n

400 ml o f  g l a c i a l  a c e t i c  a c i d  was ad d ed  s l o w l y ,  w i t h

s t i r r i n g ,  t o  a  s o l u t i o n  o f  3 - m e t h y 1 - 3 - h e x a n o l  (3  m o l ,

348 g )  a n d  sod iu m  c y a n i d e  (3 g  f  w t ,  1 4 9 .2  g ,  9 8 . 4 ^ )  i n

380  ml o f  g l a c i a l  a c e t i c  a c i d .  The t e m p e r a t u r e  o f  t h e

r e a c t i o n  m i x t u r e  was m a i n t a i n e d  b e tw e e n  40-60® by t h e  u se  

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

s t a n d  o v e r  n i g h t .  A s o l u t i o n  o f  1280 g o f  sod ium  h y d r o x i d e  

i n  1300  ml  o f  w a t e r  was t h e n  a d d e d  s l o w l y ,  w i t h  s t i r r i n g  

and  c o o l i n g  ( i n  i c e - w a t e r  b a t h )  t o  t h e  m i x t u r e .  The r e a c ­

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

d i s t i l l e d .  Sodium c a r b o n a t e  was a d d e d  t o  t h e  d i s t i l l a t e  

t o  s a l t  o u t  t h e  amine l a y e r .  The amine  l a y e r  was s e p a r a t ­

ed  a n d  t h e  a q u e o u s  l a y e r  was e x t r a c t e d  w i t h  t h r e e  100 ml
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p o r t i o n s  o f  p e n t a n e .  The co m b in ed  o r g a n i c  p o r t i o n s  were

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

y i e l d e d  c o l o r l e s s  t - h e p t y l a m i n e j 249 g ,  7 3 ^ ,  bp 1 2 8 - 1 3 0 ° ,

n g ^  1 , 4 1 7 0 ,  L i t e r a t u r e  v a l u e s  ( 2 ) j  bp 1 2 9 . 5 - 1 3 0 * 5 °  a t
2 4a t m o s p h e r i c  p r e s s u r e ,  1 , 4 1 7 1 ,

S e v e n  s i m i l a r  p r e p a r a t i o n s  were  c o m p l e t e d ,  A t o t a l  o f  

862 g o f  t - h e p t y l a m i n e  was o b t a i n e d .

R e s o l u t i o n  o f  t - h e p t y l a m i n e

Over  a  p e r i o d  o f  2 h o u r s ,  r a c e m i c  t - h e p t y l a m i n e  (4 

m o l ,  460 g )  was ad d ed  s l o w l y  w i t h  s t i r r i n g  t o  a  s o l u t i o n  

o f  ( + ) - t a r t a r i c  a c i d  ( 5 , 2  m ol ,  600  g ) , (^o(Jq^+1 3 , 1°  (1 ,

2 dm; c , 10;  w a t e r ) ,  i n  2000  ml o f  w a t e r .  The m i x t u r e  was 

h e a t e d  o v e r  a  s t e a m  b a t h  f o r  an  h o u r  and  a l l o w e d  t o  c o o l  

t o  room t e m p e r a t u r e .  The s o l u t i o n ,  a f t e r  b e i n g  s t o r e d  

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

t a r t r a t e  s a l t i  507 g ,  mp 1 1 6 - 1 1 8 ° ,

Two r e s o l u t i o n s  w e re  c a r r i e d  o u t  and  t h e  com bined  

t a r t r a t e  s a l t  was r e c r y s t a l l i z e d  t w i c e  f ro m  w a t e r ,

t - H e p t y l a m i n e - ( + ) - t a r t r a t e  s a l t  ( 2 , 4  m ol ,  6 3 2 .1  g )  

was d i s s o l v e d  i n  700 ml o f  w a t e r ,  A s o l u t i o n  o f  208 g o f  

p o t a s s i u m  h y d r o x i d e  d i s s o l v e d  i n  300  ml o f  w a t e r  was added  

s l o w l y  t o  t h e  t a r t r a t e  s a l t  s o l u t i o n .  I n  o r d e r  t o  a v o i d  

l o s s  o f  t h e  amine by e v a p o r a t i o n ,  t h e  r e a c t i o n  f l a s k  was 

c o o l e d  i n  an  i c e - w a t e r  b a t h .  Sodium c a r b o n a t e  was added  

t o  s a l t  o u t  t h e  a m i n e .  The amine  l a y e r  was s e p a r a t e d  and
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t h e  a q u e o u s  l a y e r  was e x t r a c t e d  t h r e e  t i m e s  w i t h  100 ml 

p o r t i o n s  o f  p e n t a n e #  The p e n t a n e  e x t r a c t s  w e re  combined 

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

c a r b o n a t e  and  d i s t i l l e d  t h r o u g h  a  23 cm x 0 , 6  cm t a n t a l u m  

w i r e  s p i r a l  c o lu m n .  The d i s t i l l a t i o n  g a v e  o p t i c a l l y  a c t i v e  

t - h e p t y l a m i n e  I 24-3.4 g ,  ÇO^, bp 129“ 130^» 1 . 4 1 7 0 ,

- 0 . 065® (1 ,  4  dmI d ^ ^  0 . 7 7 6 ; n e a t ) .  L i t e r a t u r e  v a l u e s  

( 2 ) :  bp 1 2 9 . 5 - 1 3 1 . 5 ° ,  [ o l ] ^ ^ - 0 . 0 4 l °  ( 1 ,  4  dm; d^5 0 .7 7 6 ;  

n e a t ) * .

The p r o p e r t i e s  o f  t h e  am ine  t a r t r a t e  s a l t  and  t h e  

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

T a b l e  I I .

P r e p a r a t i o n  o f  ( + ) - N - m e t h v l e n e - t - h e p t y l a m i n e

Over  a  p e r i o d  a n  h o u r ,  f o r m a l d e h y d e  s o l u t i o n  ( 1 . 9 4

m o l ,  245  m l ,  37^") was a d d e d  w i t h  s t i r r i n g  a nd  c o o l i n g

( i c e - w a t e r  b a t h )  t o  ( - ) - t - h e p t y l a m i n e  ( 1 . 9 4  m ol ,  2 2 2 .6  g ,

- 0 . 065° ) ,  c o n t a i n e d  i n  a  1000 ml 3 - n e c k  ro u n d  b o t to m

f l a s k  e q u i p p e d  w i t h  a n  a d d i t i o n  f u n n e l ,  m o t o r  s t i r r e r  and

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

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

r e a c t i o n  m i x t u r e  s e p a r a t e d  i n t o  two l a y e r s .  The a q u e o u s

*The r e p o r t e d  v a l u e  i s  n o t  a s  i n d i c a t e d  a s  t h e  r e f e r e n c e ,  
s i n c e  o u r  o b s e r v e d  d e n s i t y  was d i s t i n c t l y  d i f f e r e n t  f rom 
t h a t  d e s i g n a t e d  i n  t h e  r e f e r e n c e .  The r e p o r t e d  s p e c i f i c  
r o t a t i o n  i s  b e l i e v e d  i n  e r r o r  b e c a u s e  o f  e r r o r  i n  t h i s  
d e n s i t y  v a l u e  and  a c c o r d i n g l y  a l l  r e p o r t e d  v a l u e s  a r e  
" c o r r e c t e d ” by r e c a l c u l a t i o n  u s i n g  t h e  c u r r e n t l y  m e a su re d  
d e n s i t i e s .  Such " c o r r e c t e d "  v a l u e s  a r e  d e s i g n a t e d  by a n  
a s t e r i s k .
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( l o w e r )  l a y e r  was made a l k a l i n e  w i t h  p o t a s s i u m  h y d r o x i d e  

and e x t r a c t e d  w i t h  t h r e e  50 ml p o r t i o n s  o f  p e n t a n e .  The 

p e n t a n e  e x t r a c t s  were  com bined  w i t h  t h e  o r g a n i c  l a y e r ,  

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

t h r o u g h  a  23  cm X 0 ,6  cm t a n t a l u m  w i r e  s p i r a l  c o lu m n .  The 

d i s t i l l a t i o n  y i e l d e d  a  l a c h r y m a t o r y  l i q u i d  : 2 1 9 .1  g ,  90^» 

bp 1 4 0 - 1 4 1 ° ,  n § ^  1 , 4 3 4 0 , [ o ( ] q ^ + 1 , 0 2 °  (1 ,  2 dm; d^^  0 , 8 1 5 ;  

n e a t ) .  L i t e r a t u r e  v a l u e s  ( 2 )1 bp  1 4 0 - 1 4 5 ° ,  n^^  1 , 4 2 7 7 .

[ o l ] o ^ + 0 ,7 2 °  ( 1 ,  2 dm; d^^ 0 , 8 1 5 ;  n e a t ) * .

T a b le  I I

P r o p e r t i e s  o f  D i a s t e r e o m e r i c  S a l t  and  
Amine i n  R e s o l u t i o n  o f  t - H e p t y l a m i n e

C r y s t a l l i z a t i o n
Number

W eight  
o f  S a l t

Mp o f  
S a l t

S p e c i f i c  
R o t a t i o n  
o f  S a l t *

S p e c i f i c  
R o t a t i o n  
o f  Amine**

I ,  Crop  1 1 1 9 7 .2  g 1 1 6 - 1 1 8 +1 5 . 2 °

I I ,  Crop  1 3 7 0 ,3  g 1 1 6 - 1 1 8 +1 5 . 0° - 0 , 078°

Crop  2 3 0 1 , 8  g 1 1 6 - 1 1 8 +1 5 . 3° - 0 , 052°

* 1, 2 dm; c .  4 ;  w a t e r
**1 ,  2 dm; d^S 0 , 7 7 6 ; n e a t .  O p t i c a l  a c t i v i t y  m e a s u r e d  

u s i n g  a  S t a n d a r d  Model D K e s t o n  P o l a r i m e t r i c  Ur^it 
A t t a c h e d  t o  a  Beckman DU-2 S p e c t r o p h o t o m e t e r ,

P r e p a r a t i o n  o f  ( + ) - N - m e t h y l - t - h e p t y l a m in e

U s in g  a  p a r r  low p r e s s u r e  h y d r o g e n a t i o n  a p p a r a t u s .
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a  s o l u t i o n  o f  ( + ) - N - m e t h y l e n e - t - h e p t y l a m i n e  ( 0 . 8 8  m ol ,

1 1 1 . 8  g ,  []o^]q^+1 , 0 2 ° ) ,  d i s s o l v e d  i n  100 ml o f  m e t h a n o l  was 

r e d u c e d  w i t h  t h e  a i d  o f  0 . 5  g  o f  P t 0 2 .  A f t e r  f i l t e r i n g  and 

r e m o v i n g  t h e  s o l v e n t ,  t h e  r e s i d u e  was d i s t i l l e d .  Two 

r e d u c t i o n s  were c o m p l e t e d  a nd  combined  t o  g i v e  ( + ) - N -  

m e t h y l - t - h e p t y l a m in e  w i t h  t h e  f o l l o w i n g  p r o p e r t i e s *  1 8 4 ,5  

g ,  8 4 # ,  bp 1 4 5 - 1 5 5 ° ,  n ^ ^  1 . 4 2 4 0 , [ c l ] § 5 + 0 . 14°  ( 1 ,  2 dm; 

d^^  0 . 7 8 0 ;  n e a t ) .  L i t e r a t u r e  v a l u e s  ( 2 ) ;  bp 1 4 2 - 1 5 5 ° ,  

n ^ ^  1 . 4 2 1 8 ,  [ û ^ ] q ^ + 0 . 19 °  ( 1 ,  2 dm; d^^  0 . ? 8 0 ;  n e a t ) * .

P r e p a r a t i o n  o f  ( + ) - N - n i t r o s o m e t h y l - t - h e p t y l a m i n e

The method  o f  H e a th  a nd  M a t to c k s  (2 0 )  was a d a p t e d

f o r  t h i s  p r e p a r a t i o n  o f  ( + ) - N - n i t r o s o m e t h y l - t - h e p t y l a r a i n e .

Sod ium  n i t r i t e  ( 2 . 8 2  m o l ,  196 g f  w t )  d i s s o l v e d  i n  350 ml

o f  w a t e r  was add ed  s l o w l y  w i t h  s t i r r i n g  t o  ( + ) - N - m e t h y l - t -
?5

h e p t y l a m i n e  ( 1 . 4 l  m ol ,  1 8 2 . 3  g ,  [ « ( I q  + 0 . 1 4 ° ) ,  a n d  2 7 8 . 4  ml 

( 4 . 6 8  m ol)  o f  a c e t i c  a c i d  a t  2 5 - 3 5 ° .  The m i x t u r e  was 

c o o l e d  i n  i c e - w a t a r  b a t h  a nd  made a l k a l i n e  by  a d d i n g  

p o t a s s i u m  h y d r o x i d e  (4  g  f  w t ,  224 g )  d i s s o l v e d  i n  250  ml 

o f  w a t e r .  The n i t r o s o a m i n e  was e x t r a c t e d  w i t h  t h r e e  100 

ml p o r t i o n s  o f  e t h e r ,  d r i e d  w i t h  a n h y d r o u s  p o t a s s i u m  

c a r b o n a t e  and  t h e  s o l v e n t  was removed by d i s t i l l a t i o n .

The r e s i d u e  was f r a c t i o n a t e d  a t  r e d u c e d  p r e s s u r e  and  s i x  

f r a c t i o n s  o f  y e l l o w  o i l  w e re  c o l l e c t e d .  F r a c t i o n s  4 - 6  

t o t a l l e d  1 5 3 .8  g ,  70# ,  g a v e  t h e  f o l l o w i n g  r a n g e  o f  

p r o p e r t i e s *  bp 1 0 7 -1 1 2  a t  10 mm, n ^ ^  1 , 4 5 6 0 - 1 , 4 5 7 8 ,
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08°  (1 ,  2 dmi 0 . 9 3 1 ;  n e a t ) .  L i t e r a t u r e  v a l u e s

( 2 ) i  bp 1 2 8 - 1 3 5 °  a t  28 ram, n ÿ  1 . ^ 5 3 8 - 1 . ^ 5 5 3 ,  U 1 d ^ + 1 « 5 0 °

(1 ,  2 dm; d^5 0 . 9 3 1 ; n e a t ) * .

P r e p a r a t i o n  o f  ( + ) - N - r a e t h y 1 - t - h e p t y l h y d r a z i n e

Z in c  d u s t  ( 1 . 3 6  g a t .  w t ,  8 5 .6  g )  was a d d e d  s l o w l y  

i n  s m a l l  p o r t i o n s  t o  a  s o l u t i o n  o f  ( + ) - N - n i t r o s o m e t h y l -  

t - h e p t y l a r a i n e  ( 0 . 3 4  m ol ,  5 4 . 3  g ,   ̂ d i s s o l v e d

i n  326  ml ( 1 . 3 6  m o l)  o f  g l a c i a l  a c e t i c  a c i d  and  330 ml 

o f  w a t e r .  The a d d i t i o n  t im e  was a b o u t  two h o u r s .  The 

r e a c t i o n  m i x t u r e  was s t i r r e d  f o r  e i g h t e e n  h o u r s .  The 

t e m p e r a t u r e  o f  t h e  s o l u t i o n  was m a i n t a i n e d  b e tw e e n  0-10® 

d u r i n g  t h e  e n t i r e  p r o c e s s .  S i n c e  no p h a s e  s e p a r a t i o n  was 

o b s e r v e d  a f t e r  t h e  s o l u t i o n  was made a l k a l i n e  w i t h  c o n ­

c e n t r a t e d  so d iu m  h y d r o x i d e  s o l u t i o n ,  t h e  m i x t u r e  was s t e a m  

d i s t i l l e d .  The d i s t i l l a t e  was e x t r a c t e d  s e v e r a l  t i m e s  w i t h  

l a r g e  p o r t i o n s  o f  p e n t a n e .  The p e n t a n e  e x t r a c t s  were  com­

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

s o l v e n t  was rem oved  by d i s t i l l a t i o n  t h r o u g h  a  23 cm x 0 . 6  

cm t a n t a l u m  w i r e  s p i r a l  c o lu m n .  T h ree  r e d u c t i o n s  were  

c o m p l e t e d  a n d  t h e  co m b in ed  c r u d e  h y d r a z i n e  was d i s t i l l e d  

a t  r e d u c e d  p r e s s u r e .  S i x  f r a c t i o n s  o f  a  c l e a r  l i q u i d  were 

c o l l e c t e d ;  9 0 . 6  g ,  65# ,  bp 63-70® a t  10 mm, n ^ ^  1 . 4 4 3 2 -  

1 . 4 4 7 0 , [o I ]q^+0 .27®  ( 1 ,  2 dm; d^5 0 , 8 4 4 ;  n e a t ) .  L i t e r a ­

t u r e  v a l u e s  ( 2)1  bp 5 9 - 6 0 °  a t  10 mm, n ^ ^  1 . 4 4 2 5 - 1 . 4 4 5 8 ,  

W Q ^ t 0 . 1 9 °  ( 1 ,  2 dm; d ^ ^  0 .8 4 4 ;  n e a t ) * .
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P r e p a r a t i o n  o f  ( + ) - a o e t o n e  m e t h v l - t - h e p t y l h y d r a z o n e

A m i x t u r e  o f  ( + ) - m e t h y l - t - h e p t y l h y d r a z i n e  ( 0 . 6 2  m ol ,

8 9 . 3  g ,  to L ^ Q ^ tO .2 7 0 ) and  a c e t o n e  ( 6 , 2  mol,  ^55 m l)  was 

r e f l u x e d  f o r  t h r e e  h o u r s  on s t e a m  b a t h .  The r e a c t i o n  

m i x t u r e  was c o o l e d  t o  room t e m p e r a t u r e  and  s e p a r a t e d  

i n t o  two l a y e r s  a f t e r  t h e  a d d i t i o n  o f  w a t e r .  The o r g a n i c  

l a y e r  was  s e p a r a t e d  and  t h e  a q u e o u s  l a y e r  was e x t r a c t e d  

t h r e e  t i m e s  w i t h  50 ml p o r t i o n s  o f  p e n t a n e .  The p e n t a n e  

e x t r a c t s  w e r e  combined  w i t h  t h e  o r g a n i c  l a y e r  and  d r i e d  

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

rem oved  by  d i s t i l l a t i o n  t h r o u g h  a  23  cm x 0 .6  cm t a n t a l u m  

w i r e  s p i r a l  co lumn and  t h e  r e s i d u e  was d i s t i l l e d  a t  

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

h e p t y l h y d r a z o n e  was c o l l e c t e d  1 I 03 g ,  90%, bp 8 0 - 8 5 °  a t  

14 mm, n g ^  1 . 4 4 6 0 - 1 . 4 4 7 2 ,  [ o l ] o ^ + 0 . 4 0 °  (1 ,  2 dm; d ^ ^  0 .8 4 3 ;  

n e a t ) .  L i t e r a t u r e  v a l u e s  ( 2 ) i  bp 7 9 - 9 1 °  a t  14 ram, 

n ^ ^  1 . 4 4 3 2 - 1 . 4 4 5 8 , W 1 d ^ + 0 . 2 7 °  ( 1 ,  2 dm; d^^ 0 . 8 4 3 ;  n e a t ) * .
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P r e p a r a t i o n  o f  A z o a c e t a t e s

P r e p a r a t i o n  o f  r a c e m i c  2 - a c e t o x y - 2 - (2 *- p h e n v l - 2 *- b u t y l a z o ) -  
p r o p a n e

A s o l u t i o n  o f  l e a d  t e t r a a c e t a t e  ( 0 , 0 1 7  m o l ,  7 . 6  g )  

d i s s o l v e d  i n  75 ml o f  d r y  m e t h y l e n e  c h l o r i d e  was added  

d r o p w i s e  t o  a  s t i r r e d  s o l u t i o n  o f  r a c e m i c  a c e t o n e  2 - p h e n y l -  

2 - b u t y l h y d r a z o n e  ( 0 , 0 1 5  m o l ,  3 ,0 6  g )  d i s s o l v e d  i n  20 ml o f  

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

m i x t u r e  was m a i n t a i n e d  b e t w e e n  0 t o  5°  by im m e r s i n g  t h e  

r e a c t i o n  f l a s k  i n  an  i c e - w a t e r  b a t h .  A f t e r  a  few m i l l i ­

l i t e r s  o f  t h e  h y d r a z o n e  had  b e e n  add ed  t u r b i d i t y  and  a 

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

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

b e f o r e  100 ml o f  w a t e r  was a d d e d .  The m e t h y l e n e  c h l o r i d e  

l a y e r  was s e p a r a t e d ,  w a sh e d  s u c c e s s i v e l y  w i t h  100 ml o f  

w a t e r ,  100 ml o f  s a t u r a t e d  sod ium  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  d r i e d  o v e r  a n h y d r o u s  sodium s u l f a t e , The s o l v e n t  

was  e v a p o r a t e d  and t h e  d a r k  y e l l o w  r e s i d u a l  o i l  was 

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

a z o  compound a p p e a r i n g  a s  a  l i g h t  y e l l o w  c o l o r e d  l i q u i d :

2 , 0  g ,  51#,  bp 9 8 - 9 9 °  a t  1 mm, n^^  1 , 4 9 3 5 ,  ^^7  mju,

l o g  £  1 ,4 5  ( e t h a n o l ) .

A n a l ,  G a lcd  f o r  0 1 ^1122^ 2 0 2 * 6 8 , 6 7 ;  H, 8 . 4 5 ;

N, 1 0 , 6 8 ,  Found:  C, 6 8 , 7 5 ;  H, 8 , 4 5 ;  N, 1 0 , 5 9 .

A s e c o n d  p r e p a r a t i o n  g a v e  5 , 6  g ,  56%, o f  p r o d u c t  

h a v i n g  t h e  same p r o p e r t i e s .
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P r e p a r a t i o n  o f  ( - ) - 2 - a o e t o x v - 2 - (2 *- p h e n v l - 2 *- b u t y l a z o ) -  
p r o p a n e

O p t i c a l l y  a c t i v e  2 - a c e t o x y - 2 - ( 2 * - p h e n y l - 2 ' - b u t y l a z o ) -  

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

a b o v e ,  s t a r t i n g  w i t h  ( - ) - a c e t o n e  2 - p h e n y l - 2 - b u t y l h y d r a z o n e  

( 0 . 0 7 1  m o l ,  1 4 , 5  g ,  a n d  l e a d  t e t r a a c e t a t e

( 0 , 0 7 8  m ol ,  3 4 , 7  g )  i n  d r y  m e t h y l e n e  c h l o r i d e  s o l u t i o n .

The r e a c t i o n  y i e l d e d  t h e  l i g h t  y e l l o w  a z o  compoundi

1 0 , 5  g .  57%, bp 9 3 - 9 4 °  a t  1 mm, n ^ ^  1 . 4 9 3 5 .  [ c » ( ] q ^ - 0 .2 6 °

(1 ,  1 dm; d^^  0 , 9 8 2 ;  n e a t ) .

A n a l ,  G a lc d  f o r  0 1 ^X22^ 2 0 2 '  0 ,  6 8 , 6 7 ;  H, 8 , 4 5 ;

N, 1 0 , 6 8 ,  Pound: C, 6 8 . 8 9 ;  H, 8 . 5 I ;  N, 1 0 , 7 1 .

P r e p a r a t i o n  o f  r a c e m i c  2 - a c e t o x y - 2 - t - h e p t y l a z o b u t a n e

Racemic  2 - a c e t o x y - 2 - t - h e p t y l a z o b u t a n e  was p r e p a r e d  

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

m e t h y l  e t h y l  k e t o n e  t - h e p t y l h y d r a z o n e  ( 0 , 1 5  m ol ,  2 7 , 6  g )  

and  l e a d  t e t r a a c e t a t e  ( 0 , 1 8  m ol ,  8 0 ,1  g )  i n  d r y  m e t h y l e n e  

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

was m a i n t a i n e d  b e tw e e n  - 4 0  t o  - 5 0°  d u r i n g  t h e  e n t i r e  

p r o c e s s  by u s e  o f  a n  2 - p r o p a n o l - d r y  i c e  b a t h .

The r e a c t i o n  g a v e  a  l i g h t  y e l l o w  l i q u i d :  bp 4 8 - 4 9 °  

a t  0 , 2  mm, n ^ ^  1 , 4 3 3 6 ,

A n a l ,  G a lc d  f o r  G, 6 4 , 4 2 ;  H, 1 0 , 8 1 ;

N, 1 1 , 5 6 , Pound :  G, 6 4 . 3 9 ;  H, 1 0 , 6 7 ;  N, 1 1 , 7 6 ,

G o n d u c t i o n  t h e  r e a c t i o n  a t  0 - 1 0 °  a s  i n  t h e  p r e v i o u s
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o x i d a t i o n ,  l e d  t o  a  r e a c t i o n  m i x t u r e  t h a t  a f f o r d e d  o n l y  a  

low y i e l d  o f  t h e  a z o  compound ( 15? )̂ and a  p r o d u c t  d i f f i c u l t  

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

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

a i r  e v e n  t h o u g h  i n i t i a l l y  i t  had  a  p a l e  y e l l o w  c o l o r  when 

f r e s h l y  d i s t i l l e d .

P r e p a r a t i o n  o f  ( - ) - 2 - a c e t o x y - 2 - t - h e p t y l a z o p r o p a n e

( - ) - 2 - A c e t o x y - 2 - t - h e p t y l a z o p r o p a n e  was p r e p a r e d  

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

( + ) - a c e t o n e  m e t h y l - t - h e p t y l h y d r a z o n e  ( 0 , 1 5  m o l ,  2 7 , 6  g , 

+ 0 ,4 -0°)  and  l e a d  t e t r a a c e t a t e  ( 0 , 3 3  m o l ,  14-6,9 g)  

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

h y d r a z o n e  was add ed  d r o p w i s e  t o  t h e  l e a d  t e t r a a c e t a t e  

s o l u t i o n  a t  -4-0 t o  - 5 0 ° ,  T h r e e  p r e p a r a t i o n s  w e re  c o m p l e t ­

ed a n d  t h e  com bined  c r u d e  a z o a c e t a t e  was d i s t i l l e d  t w i c e  

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

3 1 , 6  g ,  4 2 # ,  bp 5 0 - 5 4 °  a t  8 mm, 1 , 4 3 1 5 ,  ^ ] D ^ - 0 , 1 7 °

(1 ,  2 dmI d^^  0 , 9 0 8 1 n e a t ) .  L i t e r a t u r e  v a l u e s  ( 2 ) i  bp 

7 5 - 1 0 0 °  a t  14 mm, n^^  1 , 4 4 1 3 - 1 , 4 4 2 5 ,

A n a l ,  C a c ld  f o r  Gj^2^24^2®2* 6 3 . 1 2 |  H, 1 0 , 5 9 ;

N, 1 2 . 2 7 .  Found:  C, 6 3 . 2 2 ;  H, 1 0 , 6 l ;  N, 1 2 , 3 9 .
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Base  C a t a l y z e d  D e c o m p o s i t i o n  o f  A z o a c e t a t e s

F o r m a t io n  o f  2 - p h e n v l b u t a n e  f rom  r a c e m i c  2 - a c e t o x y - 2 - ( 2 ' -  
p h e n y l - 2 *- b u t y l a z o ) - o r o p a n e

Racemic  2 - a c e t o x y - 2 - (2* - p h e n y l - 2 *- b u t y l a z o ) - p r o p a n e , 

( 0 . 0 0 4  m ol ,  1 . 0 5  g )  was mixed w i t h  a  s o l u t i o n  o f  p o t a s s i u m  

h y d r o x i d e  ( 0 . 0 4  g f  w t ,  2 . 2 4  g )  d i s s o l v e d  i n  4 . 0  ml o f  

w a t e r  and  d i l u t e d  w i t h  l 6  ml o f  m e t h a n o l .  The m i x t u r e  was 

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

d e n s e r  and  m a g n e t i c  s t i r r e r .  The r e a c t i o n  o c c u r r e d  s l o w l y  

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

t i o n  was warmed t o  35® f o r  t h i r t y  m i n u t e s  and  t h e n  l e t  

s t a n d  o v e r  n i g h t  w i t h  s t i r r i n g .  The r e a c t i o n  m i x t u r e  was 

e x t r a c t e d  t h r e e  t i m e s  w i t h  10 ml p o r t i o n s  o f  p e n t a n e .  The 

combined p e n t a n e  e x t r a c t s  were w a sh e d  t w i c e  w i t h  15 ml 

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

c a r b o n a t e .  The s o l v e n t  was removed b y  d i s t i l l a t i o n  t h r o u g h  

a  14 mm x 360  mm h e l i - p a k  v a r i a b l e  r e f l u x  co lu m n .  The p r e ­

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

v a p o r  p h a s e  c h r o m a t o g r a p h y  i n  a  two f o o t  SE JO co lu m n .  The 

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

2 - p h e n y l b u t a n e  ( A l d r i c h  Chem. Go. I n c .  #  B 9 0 4 0 - 8 ) .  The 

y i e l d  (8 8 ^ )  o f  t h e  2 - p h e n y l b u t a n e  was d e t e r m i n e d  q u a n t i ­

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

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

s t a n d a r d .
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E x p e r i m e n t  1 .  B ase  d e c o m p o s i t i o n  o f  r a c e m i c  2 - a c e t o x v - 2 -  
(2  *- p h e n y l - 2 *- b u t y l a z o ) - p r o p a n e  i n  ^  m o le #  o f  w a t e r - 9 7  
m o le #  o f  t - b u t a n o l  a t

A s o l u t i o n  o f  p o t a s s i u m  m e t a l  ( 0 , 0 8  g a t ,  w t ,  3 , 1 3 2  g )  

d i s s o l v e d  i n  1 4 2 , 3  ml ( 1 , 5 3  m o l)  o f  t - b u t a n o l  and  0 ,8 2  ml 

( 0 , 0 4 6  m ol)  o f  w a t e r  was p l a c e d  i n  a  3 - n e c k  ro u n d  b o t t o m  

f l a s k  e q u i p p e d  w i t h  a  m o to r  s t i r r e r ,  a n  a d d i t i o n  f u n n e l  a n d  

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

b r a t e d  g a s  b u r e t t e .  N i t r o g e n  g a s  fo rm e d  was m e a su re d  by 

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

was im m ersed  i n  a  c o n s t a n t  t e m p e r a t u r e  w a t e r - b a t h  (40  — 0,1®), 

The e n t i r e  s y s t e m  was f l u s h e d  w i t h  n i t r o g e n  g a s ,  Racemic  

2 - a c e t o x y - 2 - ( 2 * - p h e n y l - 2 ' - b u t y l a z o ) - p r o p a n e  (0 ,0 1 1  m ol ,

2 ,8 9 6  g )  was i n t r o d u c e d  i n t o  t h e  b a s e  s o l u t i o n  t h r o u g h  t h e  

a d d i t i o n  f u n n e l .  The r e a c t i o n  o c c u r r e d  a s  i n d i c a t e d  by t h e  

e v o l u t i o n  o f  n i t r o g e n  g a s .  The r e a c t i o n  m i x t u r e  was s t i r r ­

ed  f o r  one h o u r .  By t h i s  t im e  t h e  vo lum e  o f  t h e  n i t r o g e n  

g a s  c o l l e c t e d  had  become c o n s t a n t :  2 4 4  ml a t  7 3 7 .7  mm,

2 4 , 2 ° ,  211 ml d r y  a t  STP, 86# .  The r e a c t i o n  f l a s k  was 

c o o l e d ,  d i l u t e d  w i t h  200 ml o f  w a t e r  a n d  t h e  m i x t u r e  was 

e x t r a c t e d  w i t h  100  ml o f  p e n t a n e .  The p e n t a n e  l a y e r  was 

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

w i t h  t h r e e  50 ml p o r t i o n s  o f  p e n t a n e ,  t h e  combined  p e n t a n e  

l a y e r s  were  w a sh e d  s e v e r a l  t i m e s  w i t h  w a t e r ,  d r i e d ,  and  

c o n c e n t r a t e d  by  d i s t i l l a t i o n  u s i n g  a  23  cm x 0 ,6  cm 

t a n t a l u m  w i r e  s p i r a l  co lumn a n d  c o l l e c t i n g  o n l y  t h e
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d i s t i l l a t e  b o i l i n g  b e lo w  37®. The r e s i d u a l  l i q u i d  ( a b o u t  15 

m l )  was  c h r o m a to g r a p h e d  on  50 g  o f  8 0 -2 00  mesh a l u m i n a  and 

e l u t e d  w i t h  p e n t a n e .  The f i r s t  150 ml o f  co lu m n  e l u a n t  was 

c o n c e n t r a t e d  by d i s t i l l a t i o n  a s  a b o v e .  The r e s i d u a l  l i q u i d  

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

b u t a n e  i 1 , 2 0  g ,  82%, bp 8 1 - 8 3 °  a t  50 mm, n ^ ^  1 . 4 8 6 5 ,  T h i s

2 - p h e n y l b u t a n e  p r o v i d e d  a  r e t e n t i o n  t im e  and  i r  s p e c t r u m  

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

Chem, Co,  I n c ,  #  B 9 0 4 0 - 8 ) .

E x p e r i m e n t  2 .  Base d e c o m p o s i t i o n  o f  ( - ) - 2 - a c e t o x y - 2 - ( 2 * -  
p h e n v l - 2  * - b u t y l a z o  ) - p r o p a n e  i n  2  m o le#  o f  w a t e r - 97 m o liW ~ 
o f  t - b u t a n o l  a t  30®

( - ) - 2 - A c e t o x y - 2 - (2 *- p h e n y l - 2  *- b u t y l a z o ) - p r o p a n e  

( 0 . 0 1 1 5  m ol ,  3 .0 2 3  g ,  [ o ( ] p ^ - 0 . 26®) was a d d e d  t o  a  s o l u t i o n  

o f  p o t a s s i u m  m e t a l  ( 0 . 1 0 2  g a t ,  w t ,  3 .9 6 9  g )  d i s s o l v e d  i n  

a  s o l u t i o n  o f  0 , 8 2  ml ( 0 , 0 4 6  m ol)  o f  w a t e r  a nd  1 4 2 . 5  ml 

( 1 . 5 3  m o l)  o f  t - b u t a n o l .  T h i s  r e a c t i o n  was c o n d u c t e d  

a c c o r d i n g  t o  t h e  p r o c e d u r e  o u t l i n e d  i n  E x p e r i m e n t  1 e x c e p t  

t h a t  t h e  r e a c t i o n  t e m p e r a t u r e  was a d j u s t e d  t o  3 0 ° ,  The 

f o l l o w i n g  volume o f  n i t r o g e n  g a s  was c o l l e c t e d i  212 ml,

7 4 6 , 8  mm, 2 3 . 2 ° ,  186 ml d r y  a t  STP, ?2%, The r e a c t i o n  

y i e l d e d  ( + ) - 2 - p h e n y l b u t a n e i  1 , 2 1  g ,  !(>%, n ^ ^  1 . 4 8 4 2  

1 3 + 1 . 0 0 °  (1 ,  1 dm I d ^ ^  0 . 8 5 3 1 n e a t ) ,  12% r e t e n t i o n * .  

L i t e r a t u r e  v a l u e  ( 1 6 ) :  1 . 4 8 7 8 ,

♦ B ase d  on t h e  v a l u e  o f  t h e  s p e c i f i c  r o t a t i o n  o f  t h e  op­
t i c a l l y  p u r e  h y d r o c a r b o n  a n d  t h e  a b s o l u t e  c o n f i g u r a t i o n  
a s  r e p o r t e d  by Cram, e t  a l .  ( l 6 )
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E x p e r i m e n t  3* D u p l i c a t i o n  o f  E x p e r i m e n t  2

To a  s o l u t i o n  o f  p o t a s s i u m  m e t a l  ( 0 , 1 0 2  g  a t ,  w t ,

3*979  g )  d i s s o l v e d  i n  a  m i x t u r e  o f  0 , 8 2  ml ( 0 ,0 4 6  m ol)  o f  

w a t e r  and  1 ^ 2 , 5  ml ( 1 , 5 3  mol)  o f  t - b u t a n o l ,  ( - ) - 2 - a c e t o x y -

2 - ( 2 * - p h e n y l - 2 ' - b u t y l a z o ) - p r o p a n e  ( 0 ,0 1 1 5  m o l ,  3*024 g ,  

[ o ( ] g ^ - 0 , 2 6 ° )  was a d d e d .  T h i s  r e a c t i o n  was c o n d u c t e d  

i d e n t i c a l l y  t o  E x p e r i m e n t  2 ,  The vo lum e o f  n i t r o g e n  g a s  

c o l l e c t e d  a f t e r  one h o u r  was a s  f o l l o w s i  230  ml a t  ?44  mm, 

2 3 , 8 ° ,  201 ml a t  STP, ? 8 # ,  The y i e l d  o f  ( + ) - 2 - p h e n y l -  

b u t a n e i  1 , 1 2  g ,  7 0# ,  bp 7 9 -8 1 °  a t  45 mm, n g^  1 , 4 8 ? 0 ,  

| | ^ ^ ^ ^ 5 + o ,9 5 °  (1* 1 dm; d^^  0 , 8 5 3 ;  n e a t ) ,  6 8#  r e t e n t i o n .  

L i t e r a t u r e  v a l u e  ( 1 6 ) :  n ^ ^  1 , 4 8 7 8 ,

E x p e r i m e n t  4 ,  B ase  d e c o m p o s i t i o n  o f  ( - ) - 2 - a c e t o x y - 2 - ( 2 * -  
p h e n v 1 - 2 * - b u t y l a z o ) - p r o p a n e  i n  w a t e r  a t  lOOO

O p t i c a l l y  a c t i v e  2 - a c e t o x y - 2 - ( 2 * - p h e n y l - 2 ' - b u t y l a z o ) -  

p r o p a n e  ( 0 , 0 1 5 3  m o l ,  4 , 0 2 2  g ,  [ J I ] q ^ - 0 , 2 6 ° )  was i n t r o d u c e d  

t o  a  s o l u t i o n  o f  p o t a s s i u m  h y d r o x i d e  ( 0 ,0 7 6 5  g  f  w t ,  4 , 2 8 4  

g )  d i s s o l v e d  i n  2 5 6 , 7  ml o f  d i s t i l l e d  w a t e r .  The r e a c t i o n  

m i x t u r e  was r e f l u x e d  a t  100° w i t h  c o n s t a n t  s t i r r i n g  f o r  

f o u r  h o u r s .  The vo lu m e  o f  n i t r o g e n  g a s  c o l l e c t e d  was a s  

f o l l o w s :  350  m l ,  7 3 6 , 5  mm, 2 3 * 2 ° ,  304  ml d r y  a t  STP, 89# .

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

( - ) - 2 - p h e n y l b u t a n e  w e re  t h e  same a s  n o t e d  i n  E x p e r i m e n t  1 ,

The r e a c t i o n  g a v e  ( - ) - 2 - p h e n y l b u t a n e :  1 ,6 0 1  g ,  80# ,  bp 8 3 -  

8 7 °  a t  45  mm, n^^  1 , 4 8 6 5 ,  W J d ^ - 0 , 4 4 °  ( 1 ,  1 dm; d^^  0 , 8 5 3 ;
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n e a t ) ,  3 2^  i n v e r s i o n .  L i t e r a t u r e  v a l u e  ( 1 6 ) :  1 , 4 8 7 8 ,

E x p e r i m e n t  3 .  B ase  d e c o m p o s i t i o n  o f  r a c e m i c  2 - a o e t o x y - 2 -  
t - h e o t v l a z o b u t a n e  i n  3 m o le ^  o f  w a t e r - 9 7  m o l e ^  o f  t - b u t a n o l  
a t  i o o

R acem ic  2 - a c e t o x y - 2 - t - h e p t y l a z o b u t a n e  ( 0 ,0 2 0 6  m o l ,

4 , 9 9 7  g )  was i n t r o d u c e d  t o  a  s o l u t i o n  o f  p o t a s s i u m  m e t a l  

( 0 , 2 0 4  g  a t ,  w t ,  7 . 9 6 8  g )  d i s s o l v e d  i n  1 , 6 4  ml ( 0 , 0 9 1  m o l )  

o f  w a t e r  a n d  285 ml ( 3 , 0 4  m o l)  o f  t - b u t a n o l .  T h i s  r e a c t i o n  

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

1 e x c e p t  t h a t  t h e  r e a c t i o n  was r u n  a t  50®, By t h e  t im e  (3 

h o u r s )  t h e  vo lum e o f  n i t r o g e n  g a s  c o l l e c t e d  had become 

c o n s t a n t :  520 ml a t  737*8 mm, 2 5 ,4 ® ,  446 ml d r y  a t  STP,

97^ ,  t h e  r e a c t i o n  was s t o p p e d  a n d  t h e  r e a c t i o n  m i x t u r e  

was e x t r a c t e d  w i t h  t h r e e  70 ml p o r t i o n s  o f  p e n t a n e .  The 

com bined  p e n t a n e  e x t r a c t s  w ere  c o n c e n t r a t e d  by d i s t i l l a ­

t i o n  t h r o u g h  a  14 mm X 360  mm h e l i - p a k  v a r i a b l e  r e f l u x  

co lum n a nd  c o l l e c t i n g  o n l y  t h e  d i s t i l l a t e  b o i l i n g  b e lo w  

37®. The r e s i d u a l  l i q u i d  ( a b o u t  15 m l)  was c h r o m a t o g r a p h e d  

on 50 g  o f  8 0 - 2 0 0  mesh a l u m i n a  a n d  e l u t e d  w i t h  p e n t a n e .

The f i r s t  I 50  ml o f  e l u a n t  was c o n c e n t r a t e d  by  d i s t i l l a ­

t i o n  u s i n g  t h e  a b o v e  c o lu m n ,  Racem ic  3 - m e t h y lh e x a n e  was 

i s o l a t e d  f ro m  t h e  c o n c e n t r a t e  u s i n g  a  t w e n t y  f o o t  SE 30  

co lum n  on a  V a r i a n  Model A-700 " A u t o p r e p "  A u to m a t i c  

P r e p a r a t i v e  Gas C h r o m a to g r a p h :  1 , 1 3  g ,  46%, n^^  1 , 3 8 6 2 ,

T h i s  3 - m e t h y l h e x a n e  p r o v i d e d  a  r e t e n t i o n  t im e  and  r e ­

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

h y d r o c a r b o n  ( A l d r i c h  Chem. I n c ,  #  M4980),

R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.



32
E x p e r i m e n t  6 ,  Base d e c o m p o s i t i o n  o f  ( - ) - 2 - a c e t o x y - 2 - t -  
h e p t y l a z o p r o p a n e  i n  3 m o le ^  o f  w a t e r - 9 7  mole% o f  t - b u ^ n o l
a l  io £

The b a s e  c a t a l y z e d  d e c o m p o s i t i o n  r e a c t i o n  was  c a r r i e d  

o u t  a c c o r d i n g  t o  t h e  p r o c e d u r e  o u t l i n e d  i n  E x p e r i m e n t  1 by 

i n t r o d u c i n g  ( - ) - 2 - a c e t o x y - 2 - t - h e p t y l a z o p r o p a n e  ( 0 ,0 2 5 5  mol,  

5 , 8 1 2  g ,  t o  a  s o l u t i o n  o f  p o t a s s i u m  m e t a l

( 0 , 2 0 ^  g  a t ,  w t ,  7 .9 7 3  g )  d i s s o l v e d  i n  a  m i x t u r e  o f  1 , 6 4  

ml ( 0 , 0 9 1  m o l)  o f  w a t e r  a n d  285 ml ( 3 . 0 4  m ol)  o f  t - b u t a n o l .  

The vo lum e  o f  n i t r o g e n  g a s  c o l l e c t e d  a f t e r  t h r e e  h o u r s  was 

a s  f o l l o w s t  600 ml a t  746 mm, 2 4 , 5 ° ,  517 ml d r y  a t  STP,

9 0 ^ ,  The p r o d u c t  was i s o l a t e d  and  i d e n t i f i e d  u s i n g  t h e  

same p r o c e d u r e  a s  i n d i c a t e d  i n  E x p e r i m e n t  5 .  The y i e l d  

o f  o p t i c a l l y  a c t i v e  3 - m e t h y l h e x a n e  was a s  f o l l o w s ;  1 , 6 9  g ,  

5 5 ^ ;  1 . 3 8 7 0 . [ o ( ] § ^ + l . 0 9 °  (1 ,  1 dm; d^^ 0 , 6 8 2 ;  n e a t ) ,

e s t  22% r e t e n t i o n * .

E x p e r i m e n t  7 .  D e c o m p o s i t i o n  o f  ( - ) - 2 - a c e t o x y - 2 - t - h e p t y 1 -  
a z o p r o p a n e  i n  w a t e r  a t  lOpO i n  t h e  p r e s e n c e  o f  b a s e

I n  t h i s  r e a c t i o n  no  o r g a n i c  s o l v e n t  was a d d e d  t o  t h e

r e a c t i o n  m i x t u r e ,  ( - ) - A c e t o x y - 2 - t - h e p t y l a z o p r o p a n e  (0,0251

♦ V a l u e s  f o r  r e t e n t i o n  o r  i n v e r s i o n  i n  t h e  r e a c t i o n s  p r o ­
d u c i n g  o p t i c a l l y  a c t i v e  3 - m e t h y l h e x a n e  a r e  b a s e d  on t h e  
maximum Col ± 9 , 1 °  r e p o r t e d  f o r  o p t i c a l l y  p u r e  h y d r o ­
c a r b o n  ( 2 1 )  and  a c c e p t a n c e  o f  -0 ,1 2®  r e p o r t e d  by
Buu a s  t h e  v a l u e  f o r  o p t i c a l l y  p u r e  t - h e p t y  l a m i n e , T h i s  
l e a d s  t o  a  minimum v a l u e  f o r  o p t i c a l  p u r i t y  o f  t h e  a z o -  
compound u s e d  i n  t h e  d e c o m p o s i t i o n  r e a c t i o n s  a n d  minimum 
v a l u e s  f o r  t h  s t e r i c  c o u r s e  o f  t h e  r e a c t i o n .  The c o r r e ­
l a t i o n  i s  b a s e d  on a n  a s s u m p t i o n  o f  a  p a r a l l e l  c o u r s e  o f  
r e a c t i o n  i n  s i m i l a r  s o l v e n t s  t o  t h e  c o r r e l a t i o n  e s t a b ­
l i s h e d  by  Cram e t  a l ,  ( 1 6 )
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m o l ,  5 . 7 1 9  g ,  [JLlo  was i n t r o d u c e d  t o  a  s o l u t i o n  o f

p o t a s s i u m  h y d r o x i d e  ( 0 , 1 2 7  g f  w t ,  7 . 0 8 9  g )  d i s s o l v e d  i n  

^'^7 ml o f  d i s t i l l e d  w a t e r .  The r e a c t i o n  m i x t u r e  was r e f l u x ­

e d  f o r  t h r e e  h o u r s  w i t h  v i g o r o u s  s t i r r i n g .  S i n c e  t h i s  a z o ­

a c e t a t e  was i n s o l u b l e  i n  w a t e r ,  t h e  r e a c t i o n  was h e t e r o ­

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

h o u r s  was a s  f o l l o w s t  605  ml a t  7 3 6 .8  mm, 2 7 . 8 ° ,  5 I I  ml 

d r y  a t  STP, 91:^, The p r o d u c t  was i s o l a t e d  and  i d e n t i f i e d  

u s i n g  t h e  same m ethod  a s  i n d i c a t e d  i n  E x p e r i m e n t  5 .  3 -  

M e t h y lh e x a n e  was i s o l a t e d  a s  f o l l o w s :  1 . 5 5  g» 5Z%, n^^  

1 , 3 8 6 2 , [ i J L ] § ^ 0 ,0 0  (1, 1 dm; d^5 0 , 6 8 2 ;  n e a t ;  a = 0 , 0 0 ) ,

1 0 0 % r a c e m i z a t i o n .

E x p e r i m e n t  8 ,  Base  d e c o m p o s i t i o n  o f  ( - ) - 2 - a c e t o x y - 2 - t -  
h e p t y l a z o p r o p a n e  i n  m e t h a n o l  a t  4 - 0 ^

I n  t h i s  e x p e r i m e n t  no  w a t e r  was i n t r o d u c e d  t o  t h e  

r e a c t i o n  m i x t u r e ,  ( - ) - 2 - A c e t o x y - 2 - t - h e p t y l a z o p r o p a n e  

( 0 , 0 2 4 1  m ol,  5 .4 9 0  g ,  [ ^ ] § 5 - 0 , 1 7 ° )  was a d d e d  t o  a  s o l u ­

t i o n  o f  p o t a s s i u m  m e t a l  ( 0 , 2 4 1  g a t ,  w t ,  9 . 3 8 4  g )  d i s ­

s o l v e d  i n  2 8 6 , 6  ml o f  a b s o l u t e  m e t h a n o l .  The e x p e r i m e n t a l  

p r o c e d u r e  f o l l o w e d  t h a t  i n  E x p e r i m e n t  1 ,  The volume o f  

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

512 ml a t  742 mm, 2 1 ° ,  452  ml d r y  a t  STP, 84%, The p r o d u c t  

was  i s o l a t e d  and i d e n t i f i e d  u s i n g  t h e  same m ethod  i n d i c a t ­

e d  i n  E x p e r i m e n t  5 , The r e a c t i o n  y i e l d e d  o p t i c a l l y  a c t i v e

3 - m e t h y l h e x a n e I  1 , 0 2 8  g ,  36%, ng5 1 , 3 8 7 5 . 0 1 3 °

( 1 ,  1 dm; d^^  0 , 6 8 2 ;  n e a t ) ,  e s t  0,27% i n v e r s i o n .
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E x p e r i m e n t  9 .  Base  d e c o m p o s i t i o n  o f  ( - ) - 2 - a r e t o x y - 2 - t -  
h s p t v l a z o p r o p a n e  i n  2 0 ^  by  volume o f  w a t e r ~ 6 o ^  by  volume 
o f  m e t h a n o l  a t  4 o ^

( - ) - 2 - A c e t o x y - 2 - t - h e p t y l a z o p r o p a n e  ( 0 , 0 2 4  m ol ,  5*478 

g ,  [ ( p ( ] ^ ^ - 0 , 1 7 ° )  was a d d e d  t o  a  s o l u t i o n  o f  p o t a s s i u m  m e t a l  

( 0 , 2 4 0  g a t ,  w t ,  9 . 3 7 1  g )  d i s s o l v e d  i n  a  m i x t u r e  o f  5 7 .3  

ml ( 2 0 ^  by  v o lu m e )  o f  w a t e r  and  2 2 9 , 3  ml (80% by vo lum e)  

o f  m e t h a n o l .  The e x p e r i m e n t  was made u s i n g  t h e  same 

p r o c e d u r e s  a s  m e n t i o n e d  i n  E x p e r i m e n t  1 ,  The volume o f  

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

585 ml a t  749 mm, 2 1 , 5 ° ,  520 ml d r y  a t  STP, 97%. The 

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

E x p e r i m e n t  5 .  The y i e l d  o f  ( - ) - 3 - m e t h y l h e x a n e  was 1 ,2 6 3  g 

( 4 4 ^ ) :  n g ^ l , 3860 ,  [ o I ] d ^ - 0 , 0 3 5 °  (1 ,  1 dm; d^5  0 , 6 8 2 ;  n e a t ) ,  

e s t  0 , 7 2 ^  i n v e r s i o n .

E x p e r i m e n t  10 ,  B ase  d e c o m p o s i t i o n  o f  ( - ) - 2 - a p e t o x y - 2 - t -  
h e p t v l a z o p r o p a n e  i n  35% by volume o 7 ~*w a t e r - 6  5% by volume 
o f  m e t h a n o l  a t  4 0 °

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

p r o c e d u r e s  a s  i n d i c a t e d  i n  E x p e r i m e n t  1 a n d  E x p e r i m e n t  5» 

s t a r t i n g  w i t h  ( - ) - 2 - a c e t o x y - 2 - t - h e p t y l a z o p r o p a n e  ( 0 ,0 2 2  

m o l ,  5 .0 1 2  g ,  [ o I ] q ^ - 0 , 1 7 0 )  and  p o t a s s i u m  h y d r o x i d e  ( 0 ,2 5 0  

g  f  w t ,  1 3 .9 9 4  g )  d i s s o l v e d  i n  525  ml o f  w a t e r  and  975 ml 

o f  m e t h a n o l .  The vo lum e o f  n i t r o g e n  g a s  c o l l e c t e d  a f t e r  

two h o u r s  was a s  f o l l o w s  » 550  ml a t  743 mm, 2 2 , 8 ° ,  482 

ml d r y  a t  STP, 98%, The r e a c t i o n  was c o m p l e t e d  an d  y i e l d ­

ed  o p t i c a l l y  a c t i v e  3 - m e t h y l h e x a n e » 0 , 8 6 8  g ,  31%,
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1 , 3 8 8 2 ,  (1 ,  1 dm; d^5  0 , 6 8 2 ;  n e a t ) ,  e s t

0 , 90% i n v e r s i o n .

The l o w e r  y i e l d  o f  t h i s  r e a c t i o n  may be due  t o  a d d i ­

t i o n a l  l o s s e s  i n c u r r e d  i n  t h e  w ork  up o p e r a t i o n  w i t h  t h e  

l a r g e r  v o lu m e  o f  r e a c t i o n  m i x t u r e ,

E x p e r i m e n t  1 1 ,  D e c o m p o s i t i o n  o f  r a c e m i c  2 - a c e t o x y - 2 - t -  
h e p t v l a z o b u t a n e  i n  w a t e r  a t  iOO^ i n  t h e  afesence o f  b a s T

R a ce m ic  2 - a c e t o x y - 2 - t - h e p t y l a z o b u t a n e  ( 0 , 0 0 3  m o l ,  

0 .7 2 3  g )  was  a d d ed  t o  50 ml o f  w a t e r .  The e n t i r e  s y s t e m  

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

was r e f l u x e d  a t  1 0 0 ° ,  The v o lu m e  o f  n i t r o g e n  g a s  e v o l v e d  

f rom  t h e  r e a c t i o n  was c o l l e c t e d  a nd  m e a su re d  i n  a n  i n ­

t e r v a l  o f  e v e r y  f i v e  m i n u t e s .  A p l o t  o f  t h e  vo lum e o f  

n i t r o g e n  g a s  e v o l v e d  v e r s u s  r e a c t i o n  t im e  a p p e a r s  i n  

F i g u r e  2 * ,  The h a l f  t im e  o f  t h e  r e a c t i o n  was fo u n d  t o  

be t h i r t y  f i v e  m i n u t e s .  No e f f o r t  was made t o  i s o l a t e  

t h e  3 - m e t h y l h e x a n e ,

E x p e r i m e n t  1 2 .  D e c o m p o s i t i o n  o f  r a c e m i c  2 - a c e t o x y - 2 - t -  
h e p t y l a z o b u t a n e  i n  w a t e r  a t  1 0 0 ^  i n  t h e  p r e s e n c e  o f  b a s e

T h i s  r e a c t i o n  was c o n d u c t e d  i n  e x a c t l y  t h e  same

way a s  i n d i c a t e d  i n  E x p e r i m e n t  11 e x c e p t  t h a t  p o t a s s i u m

♦The i n i t i a l  d e v i a t i o n  o f  e x p e r i m e n t a l  v a l u e s  f ro m  t h e  
e x t r a p o l a t e d  c u r v e  may be  t h e  c o n s e q u e n c e  o f  e i t h e r  
a n  i n d u c t i o n  p e r i o d  f o r  t h e  f r e e  r a d i c a l  p r o c e s s  o r  
s u p e r s a t u r a t i o n  o f  n i t r o g e n  g a s  i n  t h e  p u r e  w a t e r  
r e a c t i o n  medium

35
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hydroxide (0,015 g f wt, 0.841 g) was introduced to the 
reaction mixture. The volume of nitrogen produced versus 
reacting time is shown in Figure 3. The half time of the 
reaction was determined to be thirty-six minutes.
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T ab le  I I I

Base Decomposition of 
(-)-(CH3 > 2 0 (OAc)-N-N-C(CH3 )(CgHj)(C^H^)

Experiment

Substrate
concn
(mol/1)

0.078  0 .080  0 .060

Water
(mol*) 3 3 100

Organic
solvent t-BuOH t-BuOH none

Base K° 0 . 4 9  0 .7 1
concn
(m) KOH - - 0 . 3 0

Time
(hr)

t
( ° c )  30 30 30

Steric
course 72* ret 68* ret 32* inv
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T ab le  IV

Base Decomposition of (-)-(CH^)2 C(0Ac)-N*N-t-C.^Hj^^ 

Experiment 6  7 8 9 10

Substrate
concn 0,089 0 . 0 6  0.084 0,084 0 , 0 1 5
(mol/l)

Water
(vol95) 57 X 10*^ 100 none 20 35

Organic
solvent t-BuOH none CH«»OH CH^OH CH^OH

Base K° 0,71 - 0,84
concn
(m) KOH - 0,3 - 0,84 0,17

Time
(hr)

t
(Oq) 5 0  1 0 0  40 40 40

Steric 22% 100% 0 , 27% 0 , 72% 0 , 90%
course rat rac inv inv inv

(est) (est) (est) (est)
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RESULTS AND DISCUSSION

P r e p a r a t i o n  o f  ( - ) - 2 - A c e t o x y - 2 - (2  *- P h e n y l - 2  *- B u t y l a z o ) -  
P ro p a n e  f ro m " T + ) - 2 - P h e n v l - 2 - B u t v l h v d r a z l n e

The p r e p a r a t i o n  o f  2 - p h e n y l - 2 - b u t y l h y d r a * i n e  f o l lo w e d  

t h e  p r o c e d u r e  r e p o r t e d  by Cram a n d  B radshaw  ( 1 6 ) .  The 

h y d r a z i n e  was s t o r e d  u n t i l  u s e d  a s  i t s  o x a l a t e  s a l t ,  s i n c e  

t h e  f r e e  b a s e  was s u b j e c t  t o  a i r  o x i d a t i o n .  R e s o l u t i o n  

o f  t h i s  h y d r a z i n e  was a c c o m p l i s h e d  by th e  r e p o r t e d  m anner 

t h r o u g h  f r a c t i o n a l  c r y s t a l l i z a t i o n  o f  i t s  ( - ) - d i b e n z o y l  

t a r t r a t e  s a l t  t o  g iv e  ( + ) - 2 - p h e n y l - 2 - b u t y l h y d r a z i n e . T h is  

o p t i c a l l y  a c t i v e  h y d r a z i n e  was c o n v e r t e d  t o  t h e  h y d ra z o n e  

i n  h i g h  y i e l d  (80%) by r e a c t i o n  w i t h  a c e t o n e .  The h y d ra z o n e  

was i n  t u r n  o x i d i z e d  by l e a d  t e t r a a c e t a t e  a t  0 - 1 0 °  t o  g iv e  

t h e  ( - ) - 2 - a c e t o x y - 2 - ( 2 *- p h e n y l - 2 *- b u t y l a z o ) - p r o p a n e  i n  

a b o u t  6o% y i e l d .  T h is  o p t i c a l l y  a c t i v e  a z o a c e t a t e  was s t o r e d  

f o r  e x te n d e d  p e r i o d  o f  t im e  w i t h o u t  d e c o m p o s i t i o n  o r  change  

i n  c o l o r .

P r e p a r a t i o n  o f  ( - ) - 2 - A c e t o x y - 2 - t - H e p t y l a z o p r o p a n e  from  
( - ) - t - H e p t v la m in e

( - ) - 2 - A c e t o x y - 2 - t - h e p t y l a z o p r o p a n e  was p r e p a r e d  

f ro m  ( - ) - t - h e p t y la m in e  by  a d a p t i n g  t h e  p r o c e d u r e s  d e ­

s c r i b e d  by  Buu ( 2 ) .  T h is  i n d i r e c t  r o u t e  v i a  t h e  u n -  

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

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

41
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o f  t - h e p t y l h y d r a z i n e  ( 2 2 ) .  The f e a s i b i l i t y  o f  t h e  se q u e n c e  

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

was e a r l i e r  d e m o n s t r a t e d  ( 2 3 ) .  T h is  s y n t h e t i c  s e q u e n c e  

d o e s  n o t  m o d ify  t h e  C-N bond a t  t h e  t - h e p t y 1 g ro u p  and 

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

c o n f i g u r a t i o n  o f  a c t i v e  3 - m e th y lh e x a n e  h a s  b e e n  e s t a b l i s h ­

ed  ( 2 4 ) I t h u s ,  c o m p l e t i o n  o f  t h e  p r e p a r a t i o n  s e q u e n c e  

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

o f  a b s o l u t e  c o n f i g u r a t i o n  t o  th e  am ine o n c e  t h e  s t e r e o ­

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

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

o f  am ine  becom es known and  i n d e p e n d e n t  d e m o n s t r a t i o n  o f  

t h e  s t e r e o c h e m i s t r y  o f  t h e  d e c o m p o s i t i o n  p r o c e s s  becom es 

a v a i l a b l e ,

3 - M e t h y l - 3 - h e x a n o l  was o b t a i n e d  fro m  a  G r ig n a r d  

r e a c t i o n  u s i n g  e t h y l  m agnesium  b ro m id e  a n d  2 - p e n t a n o n e ,  

C o n v e r s io n  o f  t h e  t e r t i a r y  a l c o h o l  t o  t - h e p t y la m in e  was 

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

R i t t e r  and  K a l i s h  ( 2 5 ) .  T h is  t e r t - c a r b i n y la m in e  was 

r e s o l v e d  by  f r a c t i o n a l  c r y s t a l l i z a t i o n  o f  i t s  ( + ) -  

t a r t r a t e  s a l t .  D e v e lo p m e n t  o f  th e  s e c o n d a r y  am ine  p r o c e e d ­

ed  sm o o th ly  by t h e  f o r m a t i o n  o f  ( + ) - N - r a e t h y l e n e - t - h e p t y 1 -  

am ine  f o l lo w e d  by c a t a l y t i c  h y d r o g e n a t i o n .  The n e x t  

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

a m in e s ,  h a s  b e e n  d e s c r i b e d  by  H e a th  an d  M a t to c k s  ( 2 0 ) ,

The ( + ) - N - m e t h y l - t - h e p t y l h y d r a z i n e  w as p r e p a r e d  by
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r e a c t i o n  o f  t h e  c o r r e s p o n d i n g  N - n i t r o s o  s e c o n d a r y  am ine 

w i t h  z in c  a n d  a c e t i c  a c i d .  I t  was fo u n d  t h a t  t h e  n a t u r e  

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

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

z i n e .  I t  w as f i n a l l y  d i s c o v e r e d  r e d u c t i o n  i n  d i l u t e  

a c e t i c  a c i d  (50  * 5 0 ) w i t h  t h e  r e a c t i o n  t e m p e r a t u r e  

m a i n t a i n e d  b e tw e e n  0- 10°  d u r i n g  t h e  e n t i r e  p r o c e s s  g av e  

t h e  h i g h e s t  y i e l d  (65%). I t  was i n i t i a l l y  o b s e r v e d  t h a t  

u n d e r  more v i g o r o u s  c o n d i t i o n  a t  h i g h e r  r e a c t i o n  tem ­

p e r a t u r e  ( 2 5 - 3 0 ° )  e x t e n s i v e  N-N bond  c l e a v a g e  o c c u r r e d  

t o  fo rm  ( + ) - N - m e t h y l - t - h e p t y la m in e  w i t h  a  r e d u c t i o n  i n  

y i e l d  o f  t h e  d e r i v e d  h y d r a z i n e  ( 3 0 ^ ) .  Such  r e d u c t i o n  o f  

t h e  h y d r a z i n e  h a s  b e e n  r e p o r t e d  i n  l i t e r a t u r e  ( 2 6 ) .

C o n d u c t in g  t h e  o x i d a t i o n  o f  ( + ) - a c e t o n e  m e t h y l - t -  

h e p t y l h y d r a z o n e  w i t h  l e a d  t e t r a a c e t a t e  a t  0 - 10°  i n  t h e  

u s u a l  way l e d  t o  a  r e a c t i o n  m ix t u r e  t h a t  a f f o r d e d  o n ly  

a  low  y i e l d  o f  t h e  a z o  compound ( 15^ )  and  a  p r o d u c t  

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

n o r m a l ly  h i g h  r e f r a c t i v e  in d e x  v a l u e  and  r a p i d l y  

d e v e lo p e d  i n t e n s e  v i o l e t  c o l o r  on e x p o s u r e  t o  a i r  

ev en  th o u g h  i n i t i a l l y  a  p a l e  y e l l o w  l i q u i d  was c o l l e c t e d  

i n  t h e  d i s t i l l a t i o n .  I t  was b e l i e v e d  t h a t  t h e  t e m p e r a t u r e  

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

an d  t h e  p u r i t y  o f  t h e  a z o a c e t a t e .  A c c o r d i n g l y ,  a  r e a c t i o n  

e v e n t u a l l y  a s  low  a s  - 50 °  was c o m p le te d  an d  p r o d u c e d  a  

p a l e  y e l l o w  p r o d u c t  i n  im p ro v ed  y i e l d  ( 4 2 ^ ) .  T h is
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a z o a c e t a t e  p r o d u c t  e x h i b i t e d  no  ch an g e  i n  c o l o r  d u r i n g  a  

s i x  m o n th s  s t o r a g e  i n  a  r e f r i g e r a t o r  an d  t h e  r e f r a c t i v e  

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

Buu. E l e m e n t a l  a n a l y s i s  was i n  good  a g re e m e n t  w i t h  

c a l c u l a t e d  v a l u e s  f o r  e x p e c t e d  a z o a c e t a t e .

B ase  C a t a l y z e d  D e c o m p o s i t io n  R e a c t i o n s  o f  A z o a c e t a t e s

The b a s e  c a t a l y z e d  d e c o m p o s i t i o n  o f  a z o a c e t a t e  

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

b a s e  p ro m o te d  s a p o n i f i c a t i o n  o f  t h e  e s t e r  t o  fo rm  t h e  

RN2 "  a n i o n  w h ic h  s p o n t a n e o u s l y  l o s e s  n i t r o g e n  t o  g i v e  

a  c a r b a n i o n  ( 2 ) ,  S u b s e q u e n t l y  t h e  a n io n  c a p t u r e s  a  

p r o t o n  f ro m  t h e  s o l v e n t  t o  fo rm  t h e  h y d r o c a r b o n  w h ic h  

c a n  be i s o l a t e d .  I n  p a r t ,  t h i s  s e q u e n c e  i s  a n a l o g o u s  t o  

t h e  l a s t  s t e p s  i n  t h e  W o l f f - K i s h n e r  r e d u c t i o n  ( I 6 ) and  

i s  su m m arize d  i n  Scheme I .

Scheme I

R^G-N-N-R* + B"
n0

I
c«o
I

CHo

R2C-N«N-R*

0
B-C-O"

CH3

+ Nc

HB ( s o l v e n t )

—^ RoCs®0 B*»C**0
I
CH^ 

+ R-No*

4  R*-H + B'
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The f o r m a t i o n  o f  t h i s  RN2 ” a n i o n  i n t e r m e d i a t e  from  m a te ­

r i a l s  o ^ h e r  t h a n  h y d ra z o n e s  h a s  b e e n  s u g g e s t e d .  I n  t h e  

M c F a d y e n -S te v e n s  r e a c t i o n  ( 2 7 ) ,  a n  a r e n e s u l f o n h y d r a z i d e  

i s  t r e a t e d  w i t h  b a s e  t o  g iv e  u l t i m a t e l y  a n  a ld e h y d e ,  

n i t r o g e n  s e r v i n g  a s  l e a v i n g  g r o u p .  A ls o  t h e  t r e a t m e n t  o f  

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

p r o v id e d  t h e  a r o m a t i c  h y d r o c a r b o n  ( 2 8 ) ,  An a d d i t i o n a l  

a p p ro a c h  i n v o l v e s  t h e  o x i d a t i o n  o f  a n  a r y l h y d r a z i n e  t o  

form  a  h y d r o c a r b o n  ( 2 9 ) .  T hese  r e a c t i o n s  a r e  i l l u s t r a t e d  

i n  Scheme I I .

Scheme I I

l - l l iN H ^ O o A r  > A r c l x S ^ -  HBrg-N iN H lSO gA r --------> Ar|j-N-N-H + B  > Ar^ Ar^H

H*^B"

Ar-ji^NH/sOgAr -------- > a A n ? ^ - H  B**-------- » A r“ ArH

ArNHNHg + [ 0  ]

I n i t i a l l y  r a c e m ic  a z o a c e t a t e s ,  2 - a c e t o x y - 2 - ( 2 * - p h e n y l -  

2 * - b u t y l a z o ) - p r o p a n e ,  2 - a c e t o x y - 2 - t - h e p t y l a z o p r o p a n e  a n d  

2 - a c e t o x y - 2 - t - h e p t y l a z o b u t a n e  w ere  shown t o  r e a c t  w i t h  

b a se  t o  g i v e  2 - p h e n y l b u t a n e  and  3 - m e t h y lh e x a n e ,  B e ca u se  

o f  i t s  g r e a t e r  e a s e  o f  p r e p a r a t i o n ,  r a c e m ic  2 - a c e t o x y - 2 -  

t - h e p t y l a z o b u t a n e  was u se d  i n  a  n u m b e r  o f  t h e  e x p l o r a t o r y  

e x p e r i m e n t s  i n  t h e  t - h e p t y l  s e r i e s .  I t  was assum ed t h a t
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i t s  r e a c t i v i t y  w ould  be  c l o s e l y  s i m i l a r  t o  t h e  r e a c t i v i t y  

o f  p r o p a n e  d e r i v a t i v e . The i d e n t i t y  o f  t h e  p r o d u c t  was 

e s t a b l i s h e d  by c o m p a r is o n  o f  t h e  r e t e n t i o n  t i m e ,  i r  and 

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

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

t i o n s  o f  o p t i c a l l y  a c t i v e  a z o a c e t a t e s  w ere  c o m p l e t e d .  The 

r e a c t i o n  c o n d i t i o n s  and  r e s u l t s  a r e  c o l l e c t e d  i n  T a b le s  

I I I  a n d  IV ,

S t e r e o c h e m i s t r y  o f  2 - P h e n y 1 - 2 - B u t y l  A nion  D e r iv e d  from  
( - ) - 2 - A c e t o x y - 2 - T 2 *- P h e n y l - 2  *- B u t y l a z o ) -P r o p a n e

I n  t h e  b a s e  c a t a l y z e d  c l e a v a g e s  o f  ( + )-R*-NHNHS02Ar 

i n  t - b u t a n o l - w a t e r  m i x t u r e ,  th e  s t e r e o s p e c i f i c i t y  o f  th e  

r e a c t i o n  was r e p o r t e d  by  Cram t o  v a r y  w i t h  t h e  c o n c e n t r a ­

t i o n  o f  w a t e r  i n  t h e  r e a c t i o n  m ix tu r e  ( 1 6 ) ,  The p e r c e n t a g e  

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

r e a c t i o n  m ix tu r e  became p r o g r e s s i v e l y  r i c h e r  i n  w a t e r  and  

r a n g e d  from  80% r e t e n t i o n  t o  i n v e r s i o n  a s  w a t e r  c o n c e n ­

t r a t i o n  ch an g ed  from  0 t o  95 m o le^  i n  t h e  r e a c t i o n  m i x t u r e .

In  a  s e c o n d  s e t  o f  r e a c t i o n s ,  o x i d a t i v e  c l e a v a g e  o f  ( + ) -  

2 - p h e n y l - 2 - b u t y l h y d r a z i n e  i n  a q u e o u s  p o t a s s i u m  h y d r o x id e  

s o l u t i o n  a t  100° u s i n g  b ro m in e  a s  o x i d i z i n g  a g e n t ,  gave  

a s  h i g h  a s  33^  i n v e r s i o n .

I n  t h e  f o r m a t io n  o f  ( + ) - 2 - p h e n y l b u t a n e  f ro m  th e  b a s e  

d e c o m p o s i t i o n  r e a c t i o n  o f  ( - ) - 2 - a c e t o x y - 2 - ( 2 ' - p h e n y l - 2 *- 

b u t y l a z o ) - p r o p a n e  i n  3 m o le #  o f  w a t e r - 9 7  m o le #  o f  t - b u t a n o l
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a t  30® ( E x p e r im e n t s  2 and  3 ) ,  t h e  n e t  s t e r i c  c o u r s e  was 

fo u n d  t o  a v e r a g e  70fo r e t e n t i o n  ( s e e  Scheme I I I ) .  However, 

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

o u t  i n  w a t e r  w i t h o u t  o r g a n i c  s o l v e n t  a t  100® (E x p e r im e n t  

4 )  t h e  s t e r i c  c o u r s e  o f  t h e  r e a c t i o n  was 32^  i n v e r s i o n .  

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

u s e d  t o  fo rm  t h e  h y d r o c a r b o n  by  Cram a n d  i n  t h i s  s tu d y  

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

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

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

c o u r s e  o f  new c a r b a n i o n s  fo rm ed  fro m  a z o a c e t a t e s  c o u ld  

be r e a s o n a b l y  c o n c lu d e d  by  a n a lo g y  w i t h  t h e  c o u r s e  e s ­

t a b l i s h e d  u n d e r  t h e  v a r i o u s  s o l v e n t  s i t u a t i o n s  by C ra m 's  

e x p e r i m e n t s ,  i . e . ,  d e c o m p o s i t i o n s  o f  a c t i v e  a z o a c e t a t e s  

i n  s o l v e n t s  h a v in g  a  h i g h  mole p e r c e n t  o f  t - b u t a n o l  w i l l  

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

S t e r e o c h e m i s t r y  o f  t - H e p t y l  A nion

The b a s e  c a t a l y z e d  d e c o m p o s i t i o n  r e a c t i o n  o f  ( - ) -  

2 - a c e t o x y - 2 - t - h e p t y l a z o p r o p a m e  i n  97 m o le #  o f  t - b u t a n o l  

and  3 m o le#  o f  w a t e r  a t  5 0 ® p ro d u c e d  ( + ) - 3 - m e th y lh e x a n e  

(E x p e r im e n t  6 ) ,  The s t e r i c  c o u r s e  o f  t h i s  r e a c t i o n  was 

22#  r e t e n t i o n .

I n  a b s o l u t e  m e th a n o l ,  80# m e t h a n o l - 2 0 #  w a t e r  and 

65#  m e th a n o l - 3 5 #  w a t e r  m i x t u r e s ,  t h e  b a s e  d e c o m p o s i t i o n  

o f  t h i s  o p t i c a l l y  a c t i v e  a z o a c e t a t e  g a v e  ( - ) - 3 - m e t h y l -
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S t e r e o c h e m i c a l  C o r r e l a t i o n  i n  2 - P h e n y l - 2 - b u t y l  S e r i e s  

CH3

CgH^-i-NHNHg

I

5^  + 0 . 7 7 °  (Gram )I + 1 3 . 6 ° .  100# o p t  p u r e  ( I 6 )

I b a s e  (KOH) 

f 3
CH,

dibenzoyl 2 steps I 'C.h .-C-NHNHo * tartrate — — ----- 1— ---> ArSO^-NHNH-C-G^Heo 5 I ^ oai+ all retention ^ 1 ° bI
°2 « 5

- 7 4 . 1°  (Gram)

- 7 4 °  ( t h i s  s t u d y )

- 5 - 3 “

3 s t e p s  
a l l  r e t e n t i o n

CH'

97% t-BuOH 
and

3% HgO

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

by
Cram (1 6 )

I b a s e  > '
(CHg ) p C —N^N—C —C /H g  " ■ I ") C^H|***CH“ GpH('

3 2 | 1 6 5  97^ t-BuOH-3< H,0  ̂ 3 I  ̂ 3
OAc CgH  ̂ CH3

I I

[ ^ 3 2 5  . 0 . 2 6 »

3 
I I I

U ] 2 6  + 1 .1 8 °  (Cram)

W d ^ + 1 .0 0 »

( t h i s  s t u d y )  

[o ( ]^ ^  + 2 4 . 3 ° .

100% o p t  

p u r e  ( 1 6 )
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h e x a n e  w i t h  a  s t e r e o c h e m i c a l  c o u r s e  c o r r e s p o n d i n g  t o  0 . 2 ? ^ ,  

0 ,7 2 ^  an d  0 .9 0 ^  i n v e r s i o n  ( E x p e r im e n t s  8 ,  9» and  1 0 ) ,

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

p r o d u c i n g  o p t i c a l l y  a c t i v e  3 - m e th y lh e x a n e  a r e  b a s e d  on t h e  

maximum 1 9 « 1 °  r e p o r t e d  f o r  o p t i c a l l y  p u r e  h y d r o ­

c a r b o n  (2 1 )  an d  a c c e p t a n c e  o f  -0 ,1 2 ®  r e p o r t e d  by

Buu (2 )  a s  t h e  v a l u e  f o r  o p t i c a l l y  p u r e  t - h e p t y l a m i n e .

T h i s  l e a d s  t o  a  minimum v a lu e  f o r  o p t i c a l  p u r i t y  o f  t h e  

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

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

o f  t h e  r e a c t i o n s .

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

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

s o l v e n t s  t o  t h e  c o r r e l a t i o n  e s t a b l i s h e d  by  Cram and  

B rad shaw  (1 6 )  a n d  t h e  p a r a l l e l  t o  t h e  2 - p h e n y l - 2 - b u t y l  

s e r i e s  i n  t h i s  s t u d y .

I t  was f i r s t  c o n s i d e r e d  t h a t  t h e  t - h e p t y l  a n i o n  

w ould  be more r e a c t i v e  ( l e s s  r e s o n a n c e  s t a b l i z e d )  t h a n  

t h e  2 - p h e n y l - 2 - b u t y l  a n io n  and  g r e a t e r  s t e r e o c h e m i c a l  

i n v e r s i o n  w ou ld  f o l l o w .  The r e d u c e d  r e t e n t i o n  i n  97# 

b u t a n o l - 3 #  w a t e r  ( 32#  f o r  t - h e p t y l  s e r i e s  v e r s u s  70# 

f o r  2 - p h e n y l - 2 - b u t y l  s e r i e s )  i s  c o n s i s t e n t  w i t h  t h i s  

e x p e c t a t i o n .  H o w ever ,  t h e  d e m o n s t r a t i o n  o f  h i g h  n e t  

i n v e r s i o n s  was n o t  r e a l i z e d .

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

i n c r e a s e d  from  0# i n  a b s o l u t e  m e th a n o l  t o  35# i n
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m e t h a n o l - w a t « r  m i x t u r e ,  t h e  p e r c e n t a g e  o f  i n v e r s i o n  i n ­

c r e a s e d  fro m  0 ,2 7 #  t o  0 . 90# ,  T h ese  r e s u l t s  show a  s m a l l  

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

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

t h e  d i e l e c t r i c  c o n s t a n t  o f  t h e  s o l v e n t .

I n  v ie w  o f  t h e s e  o b s e r v a t i o n s ,  i t  was a n t i c i p a t e d  

t h a t  g r e a t e r  i n v e r s i o n  w ou ld  r e s u l t  i f  t h e  b a s e  decom ­

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

w i t h  h i g h e r  w a t e r  c o n c e n t r a t i o n .  F o r  m o th a n o l - w a t e r  

s y s te m ,  35#  o f  w a t e r  i n  t h e  m ix t u r e  i s  a  l i m i t  bey o n d  

w h ic h  a  hom ogeneous s o l u t i o n  c a n  n o t  be  o b t a i n e d  w i t h  

r e a s o n a b l e  r e a c t i o n  v o lu m e s .  O th e r  o r g a n i c  s o l v e n t - w a t e r  

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

f o l l o w i n g  w ere  ex am in ed  q u a l i t a t i v e l y :  d i o x a n e ,  p y r i d i n e ,  

n - b u t y l a m i n e ,  e th j» 'lene  g l y c o l ,  d i e t h y l e n e  g l y c o l ,  g ly rae , 

d ig ly m e ,  d i m e t h y l f o r m i d e ,  d i m e t h y I s u l f o x i d e ,  h e x a m e th y l -  

p h o s p h o r a m id e , a c e t o n i t r i l e  a n d  a c e t o n e .  T hese  c o m b in a ­

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

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

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

was e m p lo y ed  ( g r e a t e r  t h a n  2 0 - 25# )»  H ^nce , t h e s e  s y s te m s  

o f f e r e d  no  a p p a r e n t  a d v a n ta g e  o v e r  t h e  m e t h a n o l - w a t e r  

s y s te m  w i t h  35# w a t e r .

Cram and  c o w o rk e r s  r e p o r t e d  t h a t  t h e  b a s e  c a t a l y z e d  

c l e a v a g e  o f  (+)-R*-NHNHS02Ar i n  a b s o l u t e  m e th a n o l  an d  i n  

95# w a t e r - 5 #  m e th a n o l  m ix t u r e  g av e  r e s p e c t i v e l y  s t e r i c
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c o u r s e s  o f  ^0% r e t e n t i o n  and  7% i n v e r s i o n  ( 1 6 ) ,  H ow ever, 

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

a c t i v e  a z o a c e t a t e  g a v e  i n v e r s i o n  e v e n  i n  a b s o u l t e  m e th a n o l  

a s  w e l l  a s  lo w e r  r e t e n t i o n  ( g r e a t e r  i n v e r s i o n )  i n  97^ t -  

b u t a n o l - 3 ^  w a t e r .  The r e a s o n  f o r  t h i s  v a r i a n c e  b e tw e e n  

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

Gram i s  n o t  c l e a r .  I t  s h o u ld  be r e c o g n i z e d  t h a t  th e  

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

a l i p h a t i c  c a r b a n i o n  e x a m in e d .  T h is  d i f f e r e n c e  i n  b e h a v i o r  

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

tw o ty p e  o f  i o n s .

S in c e  t h e  d e c o m p o s i t i o n  o f  2 - a c e t o x y - 2 - ( 2 * - p h e n y l -  

2 ' - b u t y l a z o ) - p r o p a n e  w as a c c o m p l i s h e d  w i t h  32^  i n v e r s i o n  

i n  a q u e o u s  b a s e  (n o  o r g a n i c  s o l v e n t )  a t  1 0 0 ° ,  i t  was a l s o  

e x p e c t e d  t h a t  a  s i m i l a r  h ig h  i n v e r s i o n  w ou ld  r e s u l t  w i th  

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

was fo u n d  (E x p e r im e n t  ? ) •  The r e a c t i o n  i n t e r m e d i a t e  l e a d ­

i n g  t o  t h e  h y d r o c a r b o n  in v o lv e d  i n  t h e  b a s e  c a t a l y z e d  

a z o a c e t a t e  d e c o m p o s i t i o n  p r o c e s s  i s  b e l i e v e d  t o  be R^-Ng",

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

may p ro d u c e  t h e  same h y d r o c a r b o n  i s  e x p e c t e d  t o  be n o n -  

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

Two e x p e r i m e n t s  w i t h  a  r a c e m ic  a z o a c e t a t e  w ere  

d e s i g n e d  to  com pare  t h e  r a t e  o f  t h e  n o n - s t e r e o s p e c i f i c  

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

c a t a l y z e d  a n i o n i c  r e a c t i o n  ( E x p e r im e n t s  11 a n d  1 2 ) .
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I t  w as o b s e r v e d  t h a t  t h e  h a l f  t i m e s  f o r  t h e  d e c o m p o s i t i o n  

o f  r a c e m i c  2 - a c e t o x y - 2 - t - h e p t y l a z o b u t a n e  ( a s  i n d i c a t e d  by 

vo lum e o f  n i t r o g e n  c o l l e c t e d )  i n  w a t e r  a t  100° w a s  i n ­

d e p e n d e n t  o f  t h e  p r e s e n c e  o r  a b s e n c e  o f  b a s e .  I t  i s  

c o n c l u d e d  t h a t  u n d e r  t h e s e  c o n d i t i o n s  t h e  r e a c t i o n  m ix tu r e  

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

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

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

t h e  d e c o m p o s i t i o n  o f  ( - ) - 2 - a c e t o x y - 2 - t - h e p t y l a z o p r o p a n e  

may be  e x p l a i n e d  by a  c o m p le t e  l a c k  o f  a n i o n i c  p r o c e s s .  

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

a n i o n i c  a n d  r a d i c a l  p r o c e s s  f o r  t h e  2 - p h e n y l b u t y l  an d  

t - h e p t y l  s e r i e s  {JZ% i n v e r s i o n  v s  100^ r a c e m i z a t i o n )  i s  

s u r p r i s i n g .

C o n f i g u r a t i o n  C o r r e l a t i o n

The maximum r o t a t i o n  a n d  c o n f i g u r a t i o n  o f  ( + ) - 2 -  

p h e n y l - 2 - b u t y l h y d r a z i n e  ( I )  w ere  d e m o n s t r a te d  a n d  

e s t a b l i s h e d  by Cram and  c o w o r k e r s  ( l 6 ) .  S in c e  ( - ) - 2 -  

a c e t o x y - 2 - (2 * - p h e n y l - 2 ' - b u t y l a z o ) - p r o p a n e  ( I I )  w as  d e r i v e d  

fro m  ( I )  v i a  i t s  h y d ra z o n e  w i t h  r e t e n t i o n  o f  c o n f i g u r a t i o n  

a t  e a c h  r e a c t i o n  s t e p ,  t h e  c o n f i g u r a t i o n  o f  ( I I )  w as a l s o  

e s t a b l i s h e d  by  i t s  c o r r e l a t i o n  w i t h  ( I ) .

I n  t h e  b a s e  c a t a l y z e d  d e c o m p o s i t i o n  r e a c t i o n  o f  ( - ) -  

2 - a c e t o x y - 2 - t - h e p t y l a z o p r o p a n e  (V) i n  97 m o le^  o f  t -  

b u t a n o l  a n d  3 m o le^  o f  w a t e r  a t  5 0 °* t h e  s t e r i c  c o u r s e
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o f  t h e  f o r m a t i o n  o f  ( + ) - 3 - m e th y lh e x a n e  ( IV )  was e s t a b l i s h ­

ed  a s  22% r e t e n t i o n  b a s e d  on t h e  a s s u m p t io n  o f  a  p a r a l l e l  

c o u r s e  o f  t h i s  r e a c t i o n  i n  s i m i l a r  s o l v e n t s  and  th e  

c o r r e l a t i o n s  e s t a b l i s h e d  by Gram an d  B radshaw  ( 1 6 ) ,  S in c e  

t h e  c o n f i g u r a t i o n  o f  ( + ) - 3 - m e th y lh e x a n e  ( IV )  h a s  b e e n  

u n e q u i v o c a l l y  e s t a b l i s h e d  ( 2 4 ) ,  t h e  c o n f i g u r a t i o n a l  

c o r r e l a t i o n  b e tw e e n  t h e  a z o a c e t a t e  an d  t h e  h y d r o c a r b o n  

was known and  t h e  c o n f i g u r a t i o n  o f  ( - ) - 2 - a c e t o x y - 2 - t -  

h e p ty l a z o p r o p a n e  (V) was t h u s  e s t a b l i s h e d .  The f o r m a t io n  

o f  ( + ) - 3 - m e th y lh e x a n e  (IV ) s t a r t i n g  fro m  ( - ) - t - h e p t y l a m i n e  

v i a  ( - ) - a z o a c e t a t e  (V) i s  o u t l i n e d  i n  t h e  f o l l o w i n g  

s y n t h e t i c  Schem e:

Scheme IV

( - ) - t - h e p t y la m in e  ----- — > ( + )-CH2= * N -t-h e p ty l  -------------- —>
r e t e n t i o n  r e t e n t i o n

HO A C't'^aN O g-^ ---------
r e t e n t i o n  J J

NO

Zn+HOAc+HzO^ ( + ) . 0 „ . . N . t - h e p t y l  
r e t e n t i o n  3 | r e t e n t i o n

NH2

CH3
Pb(OAc)ü, I

( + )-C H > a -N -t-h e p ty l  ■■■■■ - -  ——> ( —) —GH-2- y - N * N - t - h e p t y l
3 I r e t e n t i o n  3 T

GH^-C-GH^ V*0

K° d i s s o l v e d  i n

22% r e t e n t i o n  ( m i n , )
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H ence , t h e  c o n f i g u r a t i o n  o f  ( - ) - t - h e p t y la m in e  (V I )  becom es 

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

( + ) - 3 - m e th y lh e x a n e  (IV ) and  ( - ) - 2 - a c e t o x y - 2 - b u t y l a z o -  

p ro p a n e  ( V ) ,  The d ia g r a m s  b e lo w  i l l u s t r ' :e t h e s e  r e l a t i o n ­

s h i p ,
CH. ^  . ÇK. ÇH3

G gH g OAC ( / h j

R ( + ) - I  R ( - ) - I I  S ( + ) - I I I

ÇH3  %  ÇH3

c i h i r ^
^ -N = » N -C (C H ^ )2  / ^ "

n — n —C^Hy OAc n —

NH2

S ( + ) - I V  R ( - ) - V  R ( - ) - V I
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SUMMARY

2 - P h e n y l - 2 - t > u t y l h y d r a z in e  was p r e p a r e d  and  r e s o l v e d  

t h r o u g h  f r a c t i o n a l  c r y s t a l l i z a t i o n  o f  i t s  ( - ) - d i b e n z o y l  

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

c o n v e r t e d  t o  i t s  h y d ra z o n e  d e r i v a t i v e  a n d  o x i d i z e d  w i t h  

l e a d  t e t r a a c e t a t e  t o  g i v e  ( - ) - 2 - a c e t o x y - 2 - (2 * - p h e n y l - 2 * -  

b u t y l a z o  ) - p r o p a n e , B ase  c a t a l y z e d  d e c o m p o s i t i o n  o f  t h i s  

o p t i c a l l y  a c t i v e  a z o a c e t a t e  i n  97^ o f  t - b u t a n o l  and  yfo 

o f  w a t e r  r e s u l t e d  i n  p r o d u c t i o n  o f  ( + ) - 2 - p h e n y l b u t a n e  

w i t h  a  s t e r i c  c o u r s e  o f  70^ r e t e n t i o n .  On t h e  o t h e r  

h a n d ,  t h e  same s u b s t r a t e  was deco m posed  i n  a q u e o u s  

p o ta s s iu m  h y d r o x i d e  s o l u t i o n  a t  100°  t o  g i v e  ( - ) - 2 -  

p h e n y lb u ta n e  w i t h  32^  i n v e r s i o n .  T h e se  s t e r i c  c o u r s e s  

c o r r e s p o n d  t o  t h o s e  o b s e r v e d  f o r  t h e  2 - p h e n y l - 2 - b u t y l  

a n io n  d e r i v e d  f ro m  o t h e r  s u b s t r a t e s  b y  Cram ( l 6 ) .

I n  a  s e c o n d  s e r i e s ,  a  r e a c t i o n  s e q u e n c e  was com­

p l e t e d  w h ich  e n a b l e d  t h e  f i r s t  d e v e lo p m e n t  and  s tu d y  

o f  a  f u l l y  a l i p h a t i c  c a r b a n i o n  from  a n  o p t i c a l l y  a c t i v e  

s o u r c e .  The p r e p a r a t i o n  o f  3 - m e th y lh e x a n e  from  o p t i c a l l y  

a c t i v e  m e t h y l e t h y l - n - p r o p y l  c a r b i n y la m in e  v i a  an  a z o ­

a c e t a t e  was c o m p l e t e d .  S in c e  a l l  s t e p s  e x c e p t  th e  l a s t  

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

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

t h e  c a r b a n i o n  p r e c u r s o r  o f  th e  h y d r o c a r b o n .  P o u r  b a s e
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c a t a l y z e d  d e c o m p o s i t i o n  r e a c t i o n s  o f  ( - ) - 2 - a c e t o x y - 2 -  

b u t y l - a z o p r o p a n e  w ere  c o m p le t e d  w i t h  a  s t e r e o c h e m i c a l  

c o u r s e  t h a t  v a r i e d  b e tw e e n  ZZ% r e t e n t i o n  t o  0 ,9 0 #  

i n v e r s i o n  d e p e n d in g  on s o l v e n t .  I n  m e th a n o l  s o l v e n t  

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

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

by  Cram a n d  a  r e g u l a r  i n c r e a s e  i n  i n v e r s i o n  w i t h  i n c r e a s e  

i n  w a t e r  c o m p o s i t i o n  o f  t h e  m ix ed  s o l v e n t  was n o t e d .  In  

a q u e o u s  p o t a s s i u m  h y d r o x id e  s o l u t i o n  a t  10 0°  t h e  decom ­

p o s i t i o n  o f  t h i s  o p t i c a l l y  a c t i v e  a z o a c e t a t e  g a v e  r a c e m ic

3 - m e t h y lh e x a n e ,  T h is  i s  p r e s u m a b ly  fo rm ed  by  n o n - s t e r e o -  

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

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

s o l u b i l i t y  o f  t h e  a z o  s u b s t r a t e  i n  t h e  a q u e o u s  b a s e .

The c o n f i g u r a t i o n  o f  ( - ) - m e t h y l e t h y l - n - p r o p y l -  

c a r b i n y la m in e  was e s t a b l i s h e d  v i a  t h e  c o r r e l a t i o n  o f  

c o n f i g u r a t i o n s  w i t h  ( + ) - 3 - m e th y lh e x a n e  an d  o p t i c a l l y  

a c t i v e  a z o a c e t a t e .
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HISTORICAL

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

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

f i r s t  c l a s s  and  r o u t i n e  p r o c e s s .  N e v e r t h e l e s s ,  a  num ber 

o f  I r r e g u l a r  e x a m p le s  h a v e  b e e n  r e p o r t e d  a n d  re n e w e d  

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

I n  1 9 0 1 , H. M eyer d e s c r i b e d  t h e  t r e a t m e n t  o f  m a n d e l ic  

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

r e p o r t e d  t h e  f o r m a t io n  o f  b e n z a ld e h y d e  and  b e n z o p h e n o n e  a s  

a b n o n n a l  r e a c t i o n  p r o d u c t s  ( 3 0 ) .

R e c e n t l y ,  M. S .  Sim on a n d  c o w o rk e rs  s u g g e s t e d  an  

a b n o rm a l  r e a c t i o n  o f  t h i o n y l  c h l o r i d e  w i t h  4—n i t r o - 2 , 5 -  

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

p r o c e e d e d  by  a  p r o c e s s  w h ic h  o x i d i z e d  th e  b e n z y l i c  

p o s i t i o n  ( 3 1 )»

I n  a  r e l a t e d  s i t u a t i o n ,  A. J .  K ru b sac k  a n d  T . R ig a  

r e p o r t e d  t h a t  t r e a t m e n t  o f  3 - p h e n y l p r o p a n o ic  a n d  2 -  

m e t h y l - 3 - p h e n y l p r o p a n o i c  a c i d s  w i t h  e x c e s s  t h i o n y l  

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

I n  t h i s  c a s e ,  t h e  o x i d a t i o n  o c c u r r e d  a t  t h e  © ( - c a r b o n  

a tom  o f  t h e  c a r b o n y l  g r o u p  r a t h e r  t h a n  a t  a  b e n z y l i c  

p o s i t i o n  an d  t h e  r e a c t i o n  was o f  a  much more g e n e r a l  

an d  c o n s e q u e n t i a l  n a t u r e .  A m echan ism  f o r  t h i s  r e a c t i o n  

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

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

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

l y  a c t i v e  a c i d s ,  s u c h  a s  0 - m e th y lm a n d e l i c  a c i d ,  t o  be  u s e d  

i n  p r e p a r a t i o n  o f  d i a s t e r e o m e r i c  a m id e s  f ro m  o p t i c a l l y  a c ­

t i v e  o r  o p t i c a l l y  im p u re  a m in e s .  Prom a n  e x a m in a t io n  o f  t h e  

nmr s p e c t r a  o f  t h e  am ide  m ix tu r e  so  f o r m e d , i t  i s  f r e q u e n t ­

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

p r o v i d e s  one o f  t h e  s i m p l e s t  m e th o d s  o f  m e a s u r in g  o p t i c a l  

p u r i t y .

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

o f  o ( -m e th o x y ,  o l -b y d ro x y  and  ^ ( - c h l o r o c a r b o x y l i c  a c i d s  

a n a l o g o u s  t o  t h e  e x am p le  f i r s t  r e p o r t e d  by  M eyer a r e  

d e s c r i b e d  and  t h e  p o s s i b l e  p a th w a y s  o f  t h e  r e a c t i o n s  

a r e  s u g g e s t e d .

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



EXPERIMENTAL PART

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

a r e  e x p r e s s e d  i n  c e n t i g r a d e  u n i t s .

The nm r s p e c t r a  w ere  p r o d u c e d  w i t h  a  V a r ia n  A- 6 0  

s p e c t r o m e t e r .

The i n f r a r e d  s p e c t r a  w ere  o b t a i n e d  on a  Beckman IR -8  

s p e c t r o p h o t o m e t e r  w i t h  a  10 cm so d iu m  c h lo r i d e - w in d o w  g a s  

c e l l .

R e a c t i o n  p r o d u c t s  w ere  a n a l y s e d  w i t h  F a n d  M M odel 

720  g a s - l i q u i d  c h ro m a to g r a p h  u s i n g  a u t h e n t i c  s a m p le s  a s  

r e f e r e n c e ,

C h lo r o m e th y l  m e th y l  e t h e r ,  b e n z o p h e n o n e ,  a o e to p h e n o n e  

a n d  b e n z a ld e h y d e  u s e d  f o r  c o r a p a r i s i o n  w ork w ere  p r u c h a s e d  

f ro m  E a s tm a n  O rg a n ic  C h e m ic a l s ,  F i s h e r  S c i e n t i f i c  C o . ,  

an d  M a th eso n  C olem an & B e l l  Co.
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P r e p a r a t i o n  o f  d t - M e th o x y p h e n y la c e t i c  Acid

( ^ - M e th o x y p h e n y la c e t i c  a c i d  was p r e p a r e d  by a d a p t i n g  

t h e  p r o c e d u r e  a c c o r d i n g  t o  Reeve an d  C h r i s t o f f e l  ( 3 2 ) .

Sodium  a c i d  s a l t  o f  o l - m e th o x v p h e n v l a c e t i c  a c i d

d l - M a n d e l i c  a c i d  ( 0 .3 3  m o l, 50 g )  was a d d ed  t o  a  h o t  

s o l u t i o n  c o n t a i n i n g  sod ium  h y d r o x id e  ( 4 . 4 3  m ol, 177 g )  

d i s s o l v e d  i n  580  ml o f  w a t e r .  The r e a c t i o n  was c a r r i e d  o u t  

i n  a  2 1 - b e a k e r  t o  accom m odate t h e  f o a m in g  w h ich  o c c u r r e d  

d u r i n g  t h e  m é t h y l a t i o n .  A f t e r  c o o l i n g  t o  4 5 - 5 0 ° ,  f r e s h l y  

d i s t i l l e d  d i m e t h y l  s u l f a t e  ( 1 .8 3  m o l,  230  g )  was added  t o  

t h e  r e a c t i o n  m i x t u r e  o v e r  a p e r i o d  o f  two h o u r s ,  no 

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

room t e m p e r a t u r e ,  t h e  p r e c i p i t a t e  w h ic h  fo rm ed  (m ix tu r e  o f  

n o rm a l  sod ium  s a l t s  o f  m a n d e l ic  and  cK - m e t h o x y p h e n y l a c e t i c  

a c i d s  and  i n o r g a n i c  s a l t s )  was f i l t e r e d  and  d i s s o l v e d  i n  

250  ml o f  h o t  d i s t i l l e d  w a t e r .  The so d iu m  a c i d  s a l t  was 

p r e c i p i t a t e d  by  a d d in g  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  t o  

a d j u s t  t h e  s o l u t i o n  t o  a  pH o f  3» The m ix t u r e  was c o o le d  

t o  2 0 °  and f i l t e r e d .  An a d d i t i o n a l  p o r t i o n  o f  p r o d u c t  was 

o b t a i n e d  by a d d i n g  30  g  o f  sod ium  c h l o r i d e  t o  th e  f i l t r a t e .  

The com bined  c r u d e  p r o d u c t s  w ere  d i s s o l v e d  i n  t e n  t im e s  

t h e i r  w e ig h t  o f  b o i l i n g  d i s t i l l e d  w a t e r ,  c o o le d  t o  2 0 ° a n d  

t h e  r e c r y s t a l l i z e d  so d iu m  a c i d  s a l t  o f  -m e th o x y p h e n y l -  

a c e t i c  a c i d  was c o l l e c t e d  and a i r  d r i e d t  24  g ,  41%.
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C o n v e r s io n  o f  sod ium  a c i d  s a l t  o f  ol -m e th o x y p h e n y la c f e t l c  
a c i d  t o  ^  - m e t h o x v o h e n v l a c e t i c  a c i d

S od ium  a c i d  s a l t  o f  J ^ - m e th o x y p h e n y la c e t i c  a c i d  

( 0 ,0 6 5  m o l ,  2 2 .8  g )  was d i s s o l v e d  i n  200 ml o f  h o t  w a t e r  and

2 . 5  ml o f  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  was a d d e d  s lo w ly  

w i t h  s t i r r i n g  t o  t h e  s o l u t i o n .  The a d d i t i o n  o f  a  l a r g e  e x ­

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

A f t e r  t h e  s o l u t i o n  was c o o le d  t o  room t e m p e r a t u r e ,  an  

a d d i t i o n a l  7 ml o f  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  w as a d d e d .  

The o i l y  - m e t h o x y p h e n y l a c e t i c  a c i d  w h ic h  s e p a r a t e d  was 

e x t r a c t e d  w i t h  t h r e e  30 ml p o r t i o n s  o f  e t h e r .  The com bined  

e t h e r  e x t r a c t s  w ere  w ashed w i t h  w a t e r ,  d r i e d ,  a n d  t h e  s o l ­

v e n t  was rem oved  by d i s t i l l a t i o n .  The r e s i d u e  w h ic h  

s o l i d i f i e d  was r e c r y s t a l l i z e d  fro m  500  ml o f  p e t r o l e u m  

e t h e r  (b p  9 0 - 1 0 0 ° )  t o  g i v e  - m e t h o x y p h e n y l a c e t i c  a c i d :

1 9 . 5  g ,  9 0 # ,  m p  7 0 - 7 0 , 5 ° .  L i t e r a t u r e  v a l u e  ( 3 2 ) :  m p  7 0 , 5 -

7 1 ° .
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P r e p a r a t i o n  o f  o( -M e th o x y b e n z y l  C h l o r i d e  

P r e p a r a t i o n  o f  b e n z a ld e h y d e  d i r o e t h v l a c e t a l

B e n z a ld e h y d e  d i m e t h y l a c e t a l  was p r e p a r e d  by  a d a p t i n g  

t h e  p r o c e d u r e  r e p o r t e d  by Langvad (3 3 )#  A m ix t u r e  o f  b e n z a l ­

d e h y d e  ( 0 ,8  m o l,  8 4 .8  g ) ,  m e th a n o l  (16 m o l,  512  g )  and  d i ­

m e th y l  s u l f a t e  (1 m o l,  126 g )  was r e f l u x e d  f o r  h a l f  an  h o u r  

and  s lo w ly  a d d e d  w i t h  v i g o r o u s  s t i r r i n g  t o  a  m ix tu r e  o f  500 

ml 2N sod iu m  h y d r o x id e  and  300 g o f  c r a c k e d  i c e .  The a c e t a l  

was e x t r a c t e d  w i t h  t h r e e  100 ml p o r t i o n s  o f  e t h e r ,  d r i e d  

o v e r  p o t a s s i u m  c a r b o n a t e  and  d i s t i l l e d  a t  r e d u c e d  p r e s s u r e  :

9 9 .5  g ,  80fo, bp 8 1 - 8 2 °  a t  15 mm, ng^  1 ,4 9 2 0 .

C o n v e r s io n  o f  b e n z a ld e h y d e  d i m e t h v l a c e t a l  t o  
ol - m e t h o ^ b e n z v l  c h l o r i d e

-M e th o x y b e n z y l  c h l o r i d e  was p r e p a r e d  a c c o r d i n g  t o  

t h e  p r o c e d u r e  d e s c r i b e d  by S t r a u s  and  H e in z e  ( 3 4 ) ,  B e n z a l ­

dehy de  d i m e t h y l a c e t a l  ( 0 ,1  m o l,  1 5 . 2  g )  was m ixed  w i th  

f r e s h l y  d i s t i l l e d  a c e t y l  c h l o r i d e  ( 0 .2 2  m ol, 1 6 ,3  g )  and 

0 ,5  ml o f  t h i o n y l  c h l o r i d e .  The r e a c t i o n  m ix t u r e  was 

warmed t o  55 °  on a  h o t  w a t e r  b a t h  f o r  t h i r t y  m in u t e s  and  

t h e n  c o o le d  t o  room t e m p e r a t u r e .  A f t e r  s t a n d i n g  o v e r  

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

p r e s s u r e  t o  g i v e  - m e th o x y b e n z y l  c h l o r i d e i  1 3 .4  g ,
PC

85%, bp 5 9 -6 1 °  a t  0 ,1  mm, n^ 1 ,5 2 6 0 ,  L i t e r a t u r e  v a lu e  

( 3 4 ) i  7 1 -7 2 °  a t  0 ,1  ram.
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R e a c t i o n s  o f  c s l - S u b s t i t u t e d  C a r b o x y l i c  
A c id s  w i t h  E x c e s s  T h io n y l  C h l o r id e

T h ese  r e a c t i o n s  w ere  c o m p le te d  on a  s m a l l  s c a l e  s u f ­

f i c i e n t  t o  p r o v i d e  a  g a s  sa m p le  f o r  q u a l i t a t i v e  i r  c a r b o n  

m onoxide  a n a l y s i s  and g l c  a n a l y s i s  o f  l i q u i d  o r  s o l i d  

p r o d u c t s .  A 20  ml r e a c t i o n  f l a s k  was a t t a c h e d  t o  a  r e f l u x  

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

f o l l o w i n g  c o m p o n en ts  I a  t u b e  c o n t a i n i n g  s o l i d  p o t a s s i u m  

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

b a l l o o n .  The c o l l e c t e d  g a s  w as t r a n s f e r e d  t o  t h e  e v a c u a t e d  

10 cm i r  g a s  c e l l .  The i r  s p e c t r u m  was exam in ed  f o r  th e  

GO s t r e t c h i n g  a b s o r p t i o n  a t  214 0  cm” ^ .  The r e a c t i o n  m ix­

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

t h i o n y l  c h l o r i d e  and  t h e  r e s i d u e  a n a ly z e d  by g l c  an d  nm r. 

R e t e n t i o n  t i m e s  w ere  co m p ared  t o  a u t h e n t i c  co m p o u n d s .  The 

f o l l o w i n g  r e a g e n t  am oun ts  a r e  t y p i c a l  o f  th e  r e a c t i o n s  

s t u d i e d .  M e th o x y a c e t i c  a c i d  ( 0 .0 1  m ol, 1 g )  an d  e x c e s s  

t h i o n y l  c h l o r i d e  ( 0 .0 6  m o l,  7 . 1 4  g )  was i n t r o d u c e d  i n t o  

t h e  r e a c t i o n  f l a s k .  The r e a c t i o n  m ix tu r e  was r e f l u x e d  f o r  

t h i r t y  m i n u t e s ,  c o o le d  and  a l l o w e d  t o  s t a n d  f o r  tw e n ty  

m i n u t e s .  R e a c t i o n  p r o d u c t s  w e re  d e m o n s t r a te d  a s  n o t e d  

a b o v e .

R e a c t i o n s  o f  0 - m e th y lm a n d e l i c  a c i d ,  a t r o l a c t i c  a c i d ,  

m a n d e l i c  a c i d ,  b e n z i l i c  a c i d  a n d  o i - c h l o r o p h e n y l a c e t i c  

a c i d  w i t h  e x c e s s  t h i o n y l  c h l o r i d e  w ere  e x a m in e d .  I n  a l l
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these reactions, carbon monoxide gas was detected and 
identified as one of the reaction products.

The nmr spectra of the reaction mixtures and 
appropriate reference compounds were obtained. The 
chemical shift values observed are summarized in 
Table V. The yields of decarbonylation products were 
determined from the integration ratio of isolated 
signals characteristic of the decarbonylation product 
and the expected acid chloride.

Examination of the following acids failed to produce 
detectable carbon monoxides citric acid, monochloro-, 
dichloro-, trichloro- and trifluoroacetic acids.

A summary of the reactions is indicated in Table VI.
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T ab le  V

Summary of Nmr Spectra of Decarbonylation 
Reaction Mixture and Reference Confounds

65

Sample
Acid

Chloride
Decai?bony lat i on 

ggoduct

1, 0 -Methylmandelic CHo 3,65&(8) - 3H - 3.76^(s) 
acid reaction

mixture CH S.O^Ms) 0.60H; 6.62i(s) 0.3^H
Ar ?.62Î(m) - 5H - 7.62i(ra)

2. CgH^GH(OCH^)Cl CH,
CH
Ar

3.76i(s) 3H 
6.62^8) IH 
7.62l(m) 5H

3. Methoxyacetic 
acid reaction 

mixture
CH^ 3.46i(s) - 3H - 3.521(8)
CH. 4.361(a) 1.02H; 5.491(8) 1.04H

4. CH^OCHgCl CH,
CH,

3.521(8) 3H 
5.491(8) 2H

5. Artolactic acid CHo 2.13l(s) 2.40H; 2.541(8) 0.60H 
reaction mixture

Ar 7.45l(m) - 5H - 7.45l(m)
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T ab le  V (c o n t in u e d )

66

Sample
Acid

Chloride
Decarbonylation

Product

A r

2.5^S(s) 3H 
7.^5^(m) 5H

A c id
Decarbonylation

Product

7* Mandelic acid -COgH 9.56i(fl) 0.46H| CHO 9.96^(s) 0.55H 
reaction mixture

8 .  C^H^CHO CHO 9 . 9 6 ^ ( s )  1H

*The nmr spectrum was taken after hydrolysis. No benzai 
chloride was detected by glc before hydrolysis* The 
retention time determined from authentic benzai chloride 
was available for comparison.
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T able VI

Summary of Anomalous Reactions of 
o(-Substituted Acids with Thionyl Chloride

M i l
CO

Formation
Decarbonylation 
Prod. Observed

1 • 0-Methyl* 
mandelic 

acid
2l40 band

observed
CaHjCHXOCHgiCl

2. Methoxy- 
acetio acid

CHjOCHgCl

3. Atrolactic 
acid

CgH^COCH^

Mandelic
acid

C^HjCHO

5. Benzilic 
acid

C5 H3COC6H3

6 • ol -Chlorophenyl*
acetic acid

C5 H3 CHO
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T a b le  VI (c o n t in u e d )

Analyais Method 
Yieldf*) Sic S m

1, 3 6  - Comparison with
authentic

6 . trace

CgH^(OOHj)Cl

2 . 5 0  - Comparison with
authentic
CHgOCHgCl

3 , 20 Comparison of Comparison with
retention time authentic

CgHjCOGHg

4, 5 4 , 5  ” Comparison with
authentic
CfHfCHO

5 , 7 3 . " Comparison with
authentic
C6 H5COC6 H5
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A C o m p ariso n  o f  R e l a t i v e  R e a c t i v i t y  o f  B e n z h y d ro l  
and D i p h e n y l a c e t i c  Acid w i t h  T h i o n y l  C h lo r id e

A s o l u t i o n  w as p r e p a r e d  by d i s s o l v i n g  b e n z h y d r o l  ( 0 ,0 1  

m o l,  1 ,8 4  g )  an d  d i p h e n y l a c e t i c  a c i d  ( 0 , 0 1  m ol, 2 .1 2  g )  i n  

8 ml o f  c h l o r o f o r m .  T h io n y l  c h l o r i d e  ( 0 . 0 1  m ol, 1 .1 9  g )  w as 

ad d ed  and  t h e  m i x t u r e  was r e f l u x e d  f o r  t h i r t y  m in u te s ,  

c o o le d  t o  room t e m p e r a t u r e  and c o n c e n t r a t e d  u n d e r  r e d u c e d  

p r e s s u r e .  The nm r s p e c t r u m  o f  t h e  r e s i d u e  ( i n  CDCl^ 

s o l u t i o n )  was o b t a i n e d  and  sum m arized  i n  T a b le  V I I .

C o m p o s i t io n  o f  t h e  m ix tu r e  was m e a s u r e d  by  r e l a t i v e  

i n t e n s i t y  o f  t h e  m e th in e  p r o t o n  s i g n a l s .  A ss ig n m e n t o f  

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

p h e n y l a c e t i c  a c i d .  The r e a c t i o n  o f  t h e s e  compounds 

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

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

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

compounds ( i n  CDGl^ s o l u t i o n )  a r e  a l s o  i n c l u d e d  i n  T ab le  

V I I .  Many o f  t h e s e  c h e m ic a l  s h i f t s  a r e  c o n c e n t r a t i o n  and 

s o l v e n t  d e p e n d e n t  ( t h i s  i s  e s p e c i a l l y  t r u e  f o r  b e n z h y d r o l ) .  

F o r  t h e  c o m p e t i t i v e  r e a c t i o n  d e s c r i b e d ,  t h e  s p e c t r a  e x h i b i t ­

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

a c i d  m e th in e  p r o t o n s  and  o f  a lm o s t  e q u a l  i n t e n s i t y .  No 

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

c h l o r i d e  were o b s e r v e d .  The minimum r e l a t i v e  r e a c t i v i t y  

o f  t h e  two com pounds may be e s t i m a t e d  f ro m  th e  e s s e n t i a l l y
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c o m p le te  r e a c t i o n  o f  b e n z h y d r o l  and  e s s e n t i a l l y  n o n ­

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

r e a c t i v i t y  o f  b e n z h y d r o l  amt b e n z h y d r o l  r e a c t e d

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

am t b e n z h y d r y l
c h l o r i d e  fo rm ed  IH 10

am t d i p h e n y l a c e t y l  (1 -  0 . 9 0 )H 1
c h l o r i d e  fo rm ed

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

w i t h  b e n z h y d r o l  t o  fo rm  t h e  a l k y l  c h l o r i d e  a n d  r e g e n e r a t e  

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

m ix t u r e  was p r e p a r e d  by r e f l u x i n g  d i p h e n y l a c e t i c  a c i d  (0 ,0 1  

m ol, 1 .1 2  g )  and  t h i o n y l  c h l o r i d e  ( 0 .0 3  m o l, 3 . 5 7  g )  f o r  

t h i r t y  m in u t e s  i n  5 ml o f  c h l o r o f o r m .  The s o l v e n t  and  

u n r e a c t e d  t h i o n y l  c h l o r i d e  w ere  rem oved u n d e r  r e d u c e d  

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

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

i n  t h e  r a t i o  o f  11 t o  6 .  B e n z h y d r o l  was a d d e d  i n  s m a l l  

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

b e n z h y d r o l  w ere  o b s e r v e d  ( 2 . 0 ^  and  5»68 i  ) .  The d i p h e n y l ­

a c e t y l  c h l o r i d e  m e th in e  s i g n a l  r e m a in e d  ( 5 .^ 8  ^ ) .  The 

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

m in u te s  a n d  a f t e r  tw e n ty  h o u r s  a t  room t e m p e r a t u r e .  The 

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

t h i s  t i m e .
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T able V II

Summary o f  Nmr S p e c t r a  f o r  C o m p e t i t i v e  
R e a c t i o n  M ix tu r e  an d  R e f e r e n c e  Compounds

Sam ple Nmr R e so n a n c e

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

(C 6H 5)2G H C 1  6 . 1 8  4 ( b ) 1H
(C^H^)20H002H 5 .0 8  4 ( s )  0 .9H

2. (OgHgigOHOOgH OH 5 ,1 6  S ( s )

3 .  (C 5 H ^ )2G H 0 H CH

OH

5 .6 8  4 ( s )  

2 . 0 - 2 . 6 7  S ( s )

4 . (CaHgigCHCl CH 6 .3 0  4  ( s )

5 .  (C^HjigCHCOCl CH 5 . 4 8  ^ ( 8 )
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RESULTS AND DISCUSSION

T h io n y l  c h l o r i d e  i s  w id e ly  u se d  a s  a  r e a g e n t  t o  t r a n s ­

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

i n  a  s im p le  p r o c e d u r e  w i t h  good y i e l d s .  S p e c i f i c a l l y ,  t h e  

a p p l i c a t i o n  t o  p r e p a r e  o p t i c a l l y  a c t i v e  0 - r a e th y lm a n d e ly l  

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

c o n v e n i e n t  pa thw ay  t o  a m id e s  w h ich  a r e  u s e f u l  i n  th e  

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

a m in e s  (35 )»  T h is  m e th o d  was recommended a s  a  s u i t a b l e  

l a b o r a t o r y  e x p e r im e n t  f o r  u n d e r g r a d u a t e  s t u d e n t s  ( 3 6 ) ,

An anom alo us  c o u r s e  o f  t h e  r e a c t i o n  o r  t h e  f o r m a t io n  

o f  s i d e  r e a c t i o n  p r o d u c t s  i s  n o t  commonly e n c o u n t e r e d  and 

r a r e l y  e x p e c t e d .  N e v e r t h e l e s s ,  i n s t a n c e s  a r e  known i n  

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

I n  two r e c e n t  p a p e r s  d i f f e r e n t  a u t h o r s  h av e  r e p o r t e d  

t h e  a b n o rm a l  r e a c t i o n  o f  t h i o n y l  c h l o r i d e  w i t h  4 - n i t r o - 2 ,  

5 - d i m e t h o x y p h e n y l a c e t i c  a c i d  ( 3 1 ) and  3 - p h e n y l p r o p a n o i c  

a c i d  (3 7 )  t o  g iv e  s u l f e n y l  c h l o r i d e s ,

A r e c e n t  d e s i r e  i n  t h i s  l a b o r a t o r y  t o  m e a su re  th e  

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

o f  0 -m e th y l r a a n d e ly l  c h l o r i d e  t o  be u s e d  i n  f o r m in g  

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

e x c e s s  t h i o n y l  c h l o r i d e  w i t h  0 - r a e th y lm a n d e l ic  a c i d  gave 

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

u n e x p e c t e d l y  an  - c h l o r o e t h e r ,  J ( -m e th o x y b e n z y l  c h l o r i d e

73
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(3 6 ^ ),  a n d  a  s m a l l  am ount o f  b e n a z l d e h y d e , The d i s t i l l e d  

p r o d u c t  (b p  5 7 -6 8 °  a t  0^2 mm) p r o v i d e d  an  nmr s p e c t r u m  

w hich  was r e a d i l y  i n t e r p r e t e d  a s  a  m ix tu r e  o f  t h e s e  

com p oun ds , F o r  c o m p a r is o n  p u r p o s e  a n  a u t h e n t i c  s a m p le  o f  

- m e th o x y b e n z y l  c h l o r i d e  was p r e p a r e d  from  b e n z a ld e h y d e  

dime th y  l a c e  t a l  (3 3 )  a c c o r d i n g  t o  t h e  p r o c e d u r e  r e p o r t e d  

by S t r a u s  a n d  H e in ze  ( 3 4 ) .

I t  w as  b e l i e v e d  t h a t  t h e  f o r m a t i o n  o f  b e n z a ld e h y d e  

i n  th e  r e a c t i o n  m ix tu r e  was d u e  t o  t h e  t r a c e  h y d r o l y s i s  

o f  - m e th o x y b e n z y l  c h l o r i d e .  T h i s  was d e m o n s t r a t e d  by 

th e  d e c o m p o s i t i o n  o f  th e  a u t h e n t i c  c 4 -m e th o x y b e n z y l  

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

b e n z a l d e h y d e .  I n  e a c h  c a s e  t h e  b e n z a ld e h y d e  was e s t a b l i s h ­

ed by c o m p a r i s o n  o f  i t s  r e t e n t i o n  t im e  w i t h  a u t h e n t i c  

b e n z a ld e h y d e  and  t h e  f o r m a t i o n  o f  a  2 , 4 - d i n i t r o p h e n y l -  

h y d ra z o n e  d e r i v a t i v e  ( 3 8 ) .

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

r e a c t i o n  m ig h t  be more g e n e r a l  t h a n  t h i s  one e x a m p le ,  

a d d i t i o n a l  4 - s u b s t i t u t e d  a c i d s  w e re  r e a c t e d  w i t h  e x c e s s  

t h i o n y l  c h l o r i d e .  An e x a m in a t io n  o f  t h e  r e a c t i o n  p r o d u c t s  

f o r  c a r b o n  m onox ide  and  d e c a r b o n y l a t i o n  p r o d u c t s  w as m ade. 

M e th o x y a c e t i c  a c i d  p ro d u c e d  c a r b o n  m onoxide and  a  p r o d u c t  

m ix tu r e  c o n t a i n i n g  50% o f  t h e  d e c a r b o n y l a t i o n  p r o d u c t ,  

c J l - c h lo r o m e th y l  e t h e r .  The f o l l o w i n g  a c i d s  a l s o  p r o d u c e d  

c a rb o n  m o n o x id e  and a  r e l a t e d  a l d e h y d e  o r  k e t o n e i  m andel i e  

a c i d ,  a t r o l a c t i c  a c i d ,  b e n z i l i c  a c i d  and  o l - c h l o r o p h e n y l -
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a c e t i c  a c i d .  Of t h e s e  com pounds, o n ly  b e n z i l i c  a c i d  and  

m andel i e  a c i d  h a v e  b e e n  r e p o r t e d  t o  fo rm  d e c a r b o n y l a t i o n  

p r o d u c t s  i n  u n s p e c i f i e d  y i e l d s  ( 3 0 ) .  The p r o d u c t i o n  o f  

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

a n y  e x a m p le ,  A 73^  y i e l d  o f  b e n z o p h e n o n e  from  b e n z i l i c  

a c i d  was m e a su re d  by  q u a n t i t a t i v e  g l c  u s i n g  b i p h e n y l  a s  

a n  i n t e r n a l  s t a n d a r d .

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

am ount o f  c a r b o n  m onoxide  an d  t h e  r e a c t i o n  m i x t u r e s  w ere  

n o t  f u r t h e r  e x am in e d  f o r  a n o m a lo u s  p r o d u c t s :  c i t r i c  a c i d ,  

c h l o r o - ,  d i c h l o r o - ,  t r i c h l o r o a c e t i c  a c i d s  an d  t r i f l u o r o -  

a c e t i c  a c i d .

The f o r m a t i o n  o f  a ld e h y d e s  an d  k e t o n e s  from  t h e  

- h y d ro x y  a c i d s  a n d  - c h l o r o p h e n y l a c e t i c  a c i d  was 

u n e x p e c te d  f o l l o w i n g  t h e  e x p e r i e n c e  w i t h  t h e  © l-m etho xy  

a c i d s  w h ic h  g a v e  c h l o r o - d e c a r b o n y l a t i o n  p r o d u c t s ,  Gem- 

d i c h l o r o  com pounds w ere  e x p e c t e d ;  h o w e v e r ,  c a r e f u l  

e x a m in a t io n  o f  t h e  r e a c t i o n  m ix tu r e  f o r  s u c h  compound 

was i n  v a i n .  I t  i s  n o t e w o r th y  t h a t  t h e  c a r b o n y l  compounds 

w ere  o b s e r v e d  i n  t h e  o r i g i n a l  a n h y d ro u s  r e a c t i o n  m ix tu r e  

an d  n o t  com pounds fo rm ed  f o l l o w i n g  a  h y d r o l y s i s  s t e p .  I t  

m ig h t  be r e a s o n e d  t h a t  t h e  c a r b o n y l  compound w ould  form  

by d e c o m p o s i t i o n  o f  a  g e ra - c h lo r o h y d ro x y  d e c a r b o n y l a t i o n  

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

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

T h u s ,  i n  o r d e r  t o  com pare  t h e s e  r e a c t i o n  r a t e s ,  a
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c o m p e t i t i v e  r e a c t i o n  w i t h  e q u a l  m o la r  am oun ts  o f  d i p h e n y l ­

a c e t i c  a c i d ,  b e n z h y d r o l  and t h i o n y l  c h l o r i d e  was m ad e . 

E x a m in a t io n  o f  t h e  nmr s p e c t r a  o f  t h e  r e a c t i o n  m i x t u r e  

i n d i c a t e d  t h a t  a l l  o f  t h e  b e n z h y d r o l  had  r e a c t e d  b u t  n o t  

more t h a n  10% o f  d i p h e n y l a c e t i c  a c i d  had  b e en  c o n su m e d .

The r e l a t i v e  r e a c t i v i t y  o f  t h e  h y d ro x y  and  c a r b o x y l i c  

g r o u p s  t a k e n  f ro m  t h e  r e a c t i v i t y  o f  t h e s e  m odel com pounds 

was a v o u t  10 t o  1 ,  The p o s s i b i l i t y  o f  an  e x ch a n g e  r e a c t i o n  

b e tw e e n  b e n z h y d r o l  sind d i p h e n y l a c e t y l  c h l o r i d e  w as e l i m ­

i n a t e d ,  B a se d  on t h i s  r e a c t i o n  an d  d e c a r b o n y l a t i o n  r e s u l t s ,  

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

p r o d u c t s  f ro m  t h e  d  - s u b s t i t u t e d  a c i d s  and  e x c e s s  t h i o n y l  

c h l o r i d e  may p r o c e e d  a s  shown i n  Schem es V and  V I ,

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

w i t h  t h i o n y l  c h l o r i d e  i s  r e p o r t e d  (3 9 ,  4 0 )  t o  p r o c e e d  from  

an  i n i t i a l l y  fo rm ed  m ixed a n h y d r i d e  (Scheme V, s t e p  1 ) v i a  

an  SNi t y p e  o f  m echanism  i n v o l v i n g  a  p s e u d o - f o u r  a to m  r i n g  

t r a n s i t i o n  s t a t e  (Scheme V s t e p s  2 and  3 ) ,  A s e c o n d  b u t  

y e t  u n p r o v e n  p a t h  (Scheme V, s t e p s  4  and  5) may be  t h e  

d i s s o c i a t i o n  o f  th e  m ixed a n h y d r i d e  fo rm in g  an  a c y l i u m  

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

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

Io n  r e c o m b i n a t i o n  fo rm s th e  o b s e r v e d  a c i d  c h l o r i d e  

(Scheme V, s t e p  5 ) .

The d e c a r b o n y l a t i o n  r e a c t i o n s  may be m ost r e a d i l y  

e x p l a i n e d  v i a  t h e  c a rb o n iu m  i o n  p a th w a y .  The p r e s e n c e
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o f  a n  d l - a l k o x y  s u b s t i t u e n t  p e r m i t s  t h e  i n i t i a l l y  fo rm ed 

a c y l i u m  i o n  t o  u n d e rg o  d e c a r b o n y l a t i o n  t o  f o r m  t h e  more 

s t a b l e  r e s o n a n c e  h y b r i d  c a rb o n iu m  io n  (Schem e V, s t e p  6 ) ,  

I o n  r e c o m b in a t io n  a t  t h i s  p o i n t  p r o v i d e s  t h e  o b s e r v e d  

p r o d u c t ,  t h e  c h l o r o m e t h y l  e t h e r  (Scheme V, s t e p  7 ) ,

Scheme V 

OCHo /O OGHo /O

R-OH-C ------= > R-CH-C' + SO

/  0 01 
I

c t - - - s o

OCHq QOHo ,0 QOHq yO QGH  ̂ yO
\  SOGlg \  / /  \  / /  \  V

R-CH-COgH  R-CH-C '  jj— > R-CH-C+ — ^  R-CH-C

R= H, C^Hj + SOg C l

0 1 - 8 0  + C l

6

■*‘jj-C H 3 OCH3 OOH3

R-GH <------------ > R-CH — 2 ^ --> R-CH-Cl

+ CO

The f o r m a t io n  o f  d e c a r b o n y l a t i o n  p r o d u c t s  f ro m  

J L - h y d r o x y  s u b s t i t u t e d  c a r b o x y l i c  a c i d s  may p r o c e e d  a s  

show n i n  Scheme V I, The c o m p e t i t i v e  r e a c t i o n  e x p e r im e n t  

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

f o r m a t i o n  o f  th e  a l k y l  c h l o r o s u l f i t e  a s  t h e  f i r s t  s t e p
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( I t  c a n  n o t  be  c o n c lu d e d  from  t h e  c o m p e t i t i v e  r e a c t i o n  

e x p e r im e n t  t h a t  t h e  a l k y l  c h l o r i d e  f u n c t i o n  fo rm s  f a s t e r  

t h a n  th e  a c i d  c h l o r i d e ) .  R e a c t i o n  o f  t h i s  e s t e r  w i t h  e x c e s s  

t h i o n y l  c h l o r i d e  fo rm s  t h e  m ixed  a n h y d r i d e  w h ic h  may y i e l d  

t h e  a c y l iu m  i o n  a n d  h y b r i d  c a rb o n iu m  i o n  (Scheme V I, s t e p s  

9 ,  10, 11) a n a l o g o u s  t o  Scheme V, I f  c o r r e c t ,  t h i s  

d e c o m p o s i t i o n  s e q u e n c e  m ust h ave  a n  o v e r  a l l  r a t e  com­

p a r a b l e  t o  t h e  f o r m a t i o n  o f  t h e  a c i d  c h l o r i d e  (by  e i t h e r  

SNi o r  io n  r e c o m b i n a t i o n  a t  t h e  a c y l iu m  i o n )  and  c o n v e r s i o n  

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

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

t o  t h e  o b s e r v e d  c a r b o n y l  compounds (Scheme V I, s t e p  1 3 ) .

I t  s h o u ld  be n o t e d  t h a t  io n  c o m b in a t io n  w i t h  a  c h l o r i d e  

i o n  b o n d in g  t o  t h e  c a rb o n iu m  i o n  c a r b o n  w ould  r e a s o n a b l y  

l e a d  t o  a  g e r a - d i c h l o r o  compound w h ic h  was n o t  d e t e c t e d .

I t  i s  o f  i n t e r e s t  t h a t  t h e  s t r u c t u r e  ( b e n z i l i c  a c i d )  

p e r m i t t i n g  d e v e lo p m e n t  o f  th e  m o st s t a b l e  c a rb o n iu m  io n  

i n  s t e p  11 d e v e l o p s  t h e  g r e a t e s t  o b s e r v e d  y i e l d  o f  

d e c a r b o n y l a t i o n  p r o d u c t .

W ith  c h l o r o p h e n y l a c e t i c  a c i d ,  t h e  r e q u i r e d  c a rb o n iu m  

i o n  d e v e lo p e d  i n  d e c a r b o n y l a t i o n  w ou ld  be  l e s s  s t a b l e  t h a n  

t h a t  f o r  t h e  m etho xy  d e r i v a t i v e .  C o n s i s t e n t l y  t h e  y i e l d  

o f  a n o m a lo u s  p r o d u c t  ( b e n z a l  c h l o r i d e )  i s  r e d u c e d  and  t h e  

t r a c e  am ount fo rm ed  i s  m ost l i k e l y  h y d r o ly z e d  t o  b e n z a l ­

dehyde  w h ich  was d e t e c t e d .  L ik e w is e ,  w i t h  t h o s e  a c i d s  

w h ic h  f a i l e d  t o  fo rm  d e t e c t a b l e  a m o u n ts  o f  c a r b o n  m onoxide
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( c i t r i c  a c i d ,  c h l o r o a c e t i c  a c i d ,  e t c . )  n o n - s t a b i l i z e d  

c a rb o n iu m  i o n s  w ould  b e  r e q u i r e d .  I n  t h e s e  c a s e s  t h e  

p r i n c i p l e  r e a c t i o n  i s  t h e  s im p le  c o n v e r s i o n  o f  t h e  c a r ­

b o x y l i c  a c i d  t o  t h e  a c i d  h a l i d e  a s  shown i n  Scheme V 

( s t e p s  1 t h r o u g h  3 o r  1 t h r o u g h  5)*

The s i m p l i c i t y  o f  t h i s  e x p l a n a t i o n  f o r  t h e  f o r m a t io n  

o f  t h e  an o m a lo u s  d e c a r b o n y l a t i o n  p r o d u c t s  v i a  a c y l iu m  and 

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

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

c h l o r i d e  may p ro d u c e  a c i d  c h l o r i d e s  v i a  a n  a c y l i u m  io n  

i n t e r m e d i a t e .  T hu s , t h i s  s im p le  r e a c t i o n  d e s e r v e s  r e ­

e x a m i n a t i o n  t o  e v a l u a t e  t h i s  p r o p o s a l .
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SUMMARY

Anom alous r e a c t i o n s  o f  t h i o n y l  c h l o r i d e  w i t h  c e r t a i n  

cX - s u b s t i t u t e d  c a r b o x y l i c  a c i d s  a r e  d e m o n s t r a t e d .  The 

d e c a r b o n y l a t i o n  r e a c t i o n s  o f  0 - r a e th y lm a n d e l ic  a c i d ,  a t r o -  

l a t i c  a c i d ,  m e t h o x y a c e t i c  a c i d ,  m andel i e  a c i d ,  b e n z i l i c  

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

c h l o r i d e  w ere  c o m p le t e d  i n  a  c l o s e d  s y s te m  a n d  t h e  p r o d ­

u c t s ,  i n c l u d i n g  g a s e o u s ,  e x a m in e d .  I n  a l l  o f  t h e s e  r e a c ­

t i o n s  c a rb o n  m onox ide  was shown t o  be  p r e s e n t  and 

d e p e n d in g  upon t h e  a c i d ' s  s t r u c t u r e  a n  a l d e h y d e ,  k e to n e  

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

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

w h ic h  fo rm ed  b e n z o p h e n o n e  i n  73^ y i e l d .

The f o r m a t i o n  o f  t h e s e  u n e x p e c te d  p r o d u c t s  may be 

s im p ly  e x p l a i n e d  b y  a n  i o n i c  m echanism  i n v o l v i n g  an  

a c y l iu m  i o n  w h ic h  d e co m p o se s  t o  fo rm  a  r e s o n a n c e  s t a b i l i z ­

ed  c a rb o n iu m  i o n .
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