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! PREPARATION AND RESOLUTION OF AN OPTICALLY ACTIVE KETIMINE !

CHAPTER I  I
I

INTRODUCTION i

I n  1891 H a n tz c h  and  K r a f t ^  r e p o r t e d  t h e  p r e p a r a t i o n  

o f  k e t i m i n e  h y d r o c h l o r i d e s  and v a r i o u s  N - s u b s t i t u t e d  !

k e t i m i n e s .  These  w ere  o b t a i n e d  w h i l e  a t t e m p t i n g  t h e  p r e p a ­

r a t i o n  o f  a d i f f e r e n t  compound by  t h e  r e a c t i o n  o f  t h e  gem- 

d i c h l o r i d e  o f  b en zo p h en o n e  w i t h  u r e t h a n e .  S in c e  t h a t  t im e  

t h e r e  h as  b e e n  a c o n s i d e r a b l e  am ount  o f  w ork  d i r e c t e d  to w a rd  

t h e  p r e p a r a t i o n  and s t u d y  o f  t h i s  t y p e  o f  compound.

Moureu and M ignonac^” ® r e p o r t e d  t h e  f i r s t  s y s t e m a t i c  

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

and  a r y l  G r i g n a r d  r e a g e n t s  on a r o m a t i c  n i t r i l e s .  Two m ethods  

w ere  u s e d  t o  decompose t h e  k e t i m i n e m a g n e s i u m  h a l i d e  o b t a i n e d ,  

d e p e n d i n g  upon w h e t h e r  an a l i p h a t i c  o r  a r o m a t i c  G r i g n a r d  

r e a g e n t  h a d  b e e n  u s e d .

When an  a l k y l  G r i g n a r d  r e a g e n t  was u s e d  an  a n h y d r o u s  

m ethod  o f  d e c o m p o s i t i o n  was n e c e s s a r y  t o  p r e v e n t  r a p i d  

h y d r o l y s i s  o f  t h e  k e t i m i n e  t o  t h e  k e t o n e .  The e t h e r  i n  t h e  

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



2

p r o d u c t  p r e c i p i t a t e d .  The s o l i d  m a t e r i a l  was s e p a r a t e d  by 

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

e t h e r  and  decomposed e i t h e r  by  p a s s i n g  a n h y d r o u s  h y d ro g e n  

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

a c e t i c  a c i d .  Ammonia was t h e n  b u b b l e d  t h r o u g h  t h e  su sp en s io n ,  

l i b e r a t i n g  t h e  k e t i m i n e  w h ic h  was r e c o v e r e d  f rom  t h e  i n o r ­

g a n i c  s a l t s  by  f i l t r a t i o n .  The k e t i m i n e  was r e c o v e r e d  by  

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

I n  t h e  c a s e  w here  an  a r o m a t i c  G r i g n a r d  was u s e d ,  t h e  

c o m p le x  c o u l d  be  decom posed  b y  p o u r i n g  i t  i n t o  a  m i x t u r e  o f  

i c e  and  s o l i d  ammonium c h l o r i d e .  The k e t i m i n e  and  magnes ium 

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

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

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

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

d r o l y s i s  m i x t u r e  was w ork ed  up r a p i d l y .  The e t h e r  l a y e r  was 

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

k e p t  c o l d  d u r i n g  t h e  d r y i n g  p e r i o d .  A n hydrous  h y d ro g e n  

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

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

k e t o n e  by  f i l t r a t i o n .  The k e t i m i n e  v/as r e c o v e r e d  by suspend­

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

ammonia t h r o u g h  t h e  s u s p e n s i o n ,  f i l t e r i n g  t h e  s o l u t i o n  t o  

remove ammonium c h l o r i d e  a n d  t h e n  d i s t i l l i n g  t h e  e t h e r  f ro m  

t h e  f i l t r a t e .

A d d i t i o n a l  k e t i m i n e s  w ere  p r e p a r e d  a n d  a m e thod  o f ..
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d e c o m p o s in g  t h e  G r i g n a r d  c o m p lex  t o  y i e l d  W -acy l  k e t i m i n e s  

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

i n g  t h e  G r i g n a r d  c om plex  w i t h  an  a c i d  c h l o r i d e  o r  an  a c i d  

a n h y d r i d e .

M lgnonac^  d e v e l o p e d  two a d d i t i o n a l  m e th o d s  o f  

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

v a p o r s  m ixed  w i t h  ammonia were  p a s s e d  o v e r  a  h o t  (^OO^C) 

T h o r l a  c a t a l y s t  and  t h e n  t h e  v a p o r s  were c h i l l e d  t o  p r e v e n t  

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

0 NH
II II

R l  -  C -  f  ^ = ±  -  C -  Rg + HgO

The k e t i m i n e  was s e p a r a t e d  f ro m  t h e  k e to n e  I n  e t h e r  s o l u t i o n  

by  p r e c i p i t a t i n g  t h e  k e t i m i n e  a s  t h e  h y d r o c h l o r i d e .  The 

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

k e t o x l m e s  o v e r  n i c k e l .  D i a r y l  k e t o x l m e s  gave  e x c e l l e n t  

y i e l d s  o f  k e t i m i n e s  I n  a  v e r y  s h o r t  t i m e .  A r y l a l k y l  

k e t o x l m e s  g a v e  some k e t i m i n e s  p l u s  v a r y i n g  am ounts  o f  u n ­

r e a c t e d  k e t o x l m e ,  p r i m a r y  amine and  a l k y l a t e d  k e t i m i n e .

The H o esch  r e a c t i o n  h a s  b e e n  u s e d  t o  p r e p a r e  k e t im in e  

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

r e p o r t e d  by  H o esch  an d  co -w o rk e rs '^»  and  Houben and  

F i s c h e r . T h e  m ethod c o n s i s t e d  o f  d i s s o l v i n g  a n l t r l l e  

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

e t h e r  o r  b e n z e n e .  A c a t a l y s t  s u c h  a s  f e r r i c ,  a lum inum  o r  

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

o u t  a f t e r  a p e r i o d  o f  t im e  a n d  i t  c o u l d  be r e c o v e r e d  and 

c o n v e r t e d  t o  t h e  k e t i m i n e .

I n  1 9 5 0 » P i c k a r d  and Vaughan^^ r e p o r t e d  two new 

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

c o m p le x .

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

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

G r i g n a r d  com plex  was t h e n  decom posed  w i t h  a n h y d r o u s  h y d r o g e n  

c h l o r i d e .  The k e t i m i n e  h y d r o c h l o r i d e  fo rm ed  was s o l u b l e  i n  

t h e  c h l o r o f o r m  and  t h e  i n o r g a n i c  r e s i d u e  was rem oved  by 

f i l t r a t i o n .  The h y d r o c h l o r i d e  was t h e n  p r e c i p i t a t e d ,  washed, 

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

b y  p a s s i n g  i n  a n h y d r o u s  ammonia. While  t h i s  m ethod o f f e r e d  

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

d e v e l o p e d  by  P i c k a r d  and  Vaughan was s i m p l e r  and  l e d  t o  

i n c r e a s e d  f i e l d s .

I n  t h e  s e c o n d  p r o c e d u r e  t h e  G r i g n a r d - n i t r i l e  com plex  

was decom posed  by  p a s s i n g  a n h y d r o u s  ammonia t h r o u g h  t h e  c o l d  

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

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

d e c o m p o s i t i o n  p e r i o d .  D e c o m p o s i t i o n  was s a i d  t o  be c o m p le t e  

when t h e  s o l u t i o n  had  r e t u r n e d  t o  room t e m p e r a t u r e .  The 

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

s o l i d s  and  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  was f r a c t i o n a t e d  t o  o b t a i n  t h e  k e t i m i n e .  T h i s  metdiod



was u s e d  e x t e n s i v e l y  by  P i c k a r d  and  h i s  c o - w o r k e r s l 7 “ 2 2  f o r  

t h e  p r e p a r a t i o n  o f  a  l a r g e  number o f  k e t i m i n e s  o f  a r y l - a r y l ,  

a r y l - a l k y l ,  a l k y l - a l k y l ,  and  h e t e r o c y c l i c - a l k y l  t y p e s .  The 

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

b i l i t i e s  o f  im in e -e n a ra in e  t a u t o m e r i s m  and o f  s t e r i c  hindrance.

T o l b e r t ^ ^  r e p o r t e d  a new m ethod  f o r  t h e  d e c o m p o s i ­

t i o n  o f  t h e  G r i g n a r d - n i t r i l e  com plex  i n  w h ic h  a b s o l u t e  

m e t h a n o l  was u s e d .  He r e p o r t e d  t h a t  t h e  inagnesium m e th o x id e  

h a l i d e  fo rm ed  was much e a s i e r  t o  f i l t e r  t h a n  was t h e  mag­

n e s i u m  amide h a l i d e  fo rm ed  i n  t h e  m ethod  u s e d  by  P i c k a r d  

and  Vaughan.  T h i s  i s  t r u e  when t h e  s o l v e n t  i s  e t h y l  e t h e r ,  

b u t  no m arked  a d v a n t a g e  was n o t e d  when t h e  e t h y l  e t h e r  had  

b e e n  r e p l a c e d  a s  th e  s o l v e n t  by  t o l u e n e .

Moureu and  Mignonac p o i n t e d  o u t  t h a t  d i a r y l  ke t im ines  

w ere  more s t a b l e  t o  h y d r o l y s i s  t h a n  w e re  t h e  a l k y l - a r y l  

k e t i m i n e s .  They w ere  u n a b l e  t o  p r e p a r e  d i a l k y l  k e t i m i n e s  

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

u s e d .  Work by  H oesch  showed t h a t  t h e  p o l y h y d r o x y  k e t i m i n e s  

w ere  more s t a b l e  t o  h y d r o l y s i s  t h a n  t h e  u n s u b s t i t u t e d  

d i p h e n y l k e t i m i n e .

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

s e n s i t i v i t y  o f  k e t i m i n e s  to w a rd  h y d r o l y s i s ;  ( 1 ) a  k e t i m i n e -  

enamine t a u t o m e r i s m  a n d / o r  r e s o n a n c e ,  ( 2 ) s t e r i c  h i n d e r a n c e .

The i m i n e - e n a m i n e  t a u t o m e r i s m  was s u g g e s t e d  by t h e  

work o f  C o l l i e ^ ^  and o f  B e s t  and T h o r p e . M o u r e u  and 

M ig n o n a c 3 '4  s u p p o r t e d  s u c h  t a u t o m e r i s m  by  t h e i r  o b s e r v a t i o n
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t h a t  a k e t i m i n e  c o n t a i n i n g  an  a l p h a  h y d r o g e n ,  s u c h  a s  e t h y l  

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

ammonia .  Such a r e a c t i o n  t h e y  e x p l a i n e d  a s  a c o n d e n s a t i o n  

b e t w e e n  a m o l e c u l e  o f  k e t i m i n e  a n d  a  m o l e c u l e  o f  I s o k e t l m l n e  

( a n  enam lne  t a u t o m e r )  w i t h  t h e  e l i m i n a t i o n  o f  ammonia .

- G - CHRgRj ^ - - R^ - C = CRgR^
m NH

k e t i m i n e  I s o k e t l m l n e

R - C - CHR_ R.
1  II CÎ U

NH R^ - C - GHRgRj

f ^  N + NH-,
I

NH^ R^ -  C = CR2R3

R^ - C : CRgR^

These  k e t l s o k e t l m l n e s  w ere  h y d r o l y z e d  w i t h  h y d r o c h l o r i c  a c i d  

t o  y i e l d  t h e  k e t o n e s  e x p e c t e d  f rom  t h e  s im p le  k e t i m i n e s  an d  

ammonium c h l o r i d e  I n  a  2 :1  m o l a r  r a t i o .

These  p r o d u c t s  c o u l d  a l s o  be  fo rm ed  b y  t h e  h y d r o ly s i s  

o f  a  compound o f  t h e  t y p e  w h ic h  c o u l d  be  fo rm e d  by  t h e  

e l i m i n a t i o n  o f  a  m o l e c u l e  o f  ammonia b e tw e e n  two k e t i m i n e  

m o l e c u l e s  In  t h e  enam lne  fo rm .
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R. -  CH = C -  R. 
1 1

NH
I

R, -  CH = C -  R,

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

was o b t a i n e d  by  t r e a t m e n t  o f  t h e  compounds w i t h  e t h y l -  

m agnes ium  i o d i d e .  S i n c e  no e t h a n e  was e v o l v e d ,  as  one w ou ld  

e x p e c t  i f  t h e  compounds had  th e  s e c o n d a r y  amino g r o u p  shown 

i n  t h e  a l t e r n a t e  s t r u c t u r e ,  th e  s t r u c t u r e  w h ich  c o n t a i n e d  

t h e  t e r t i a r y  amine g r o u p  was a s sum ed  t o  be c o r r e c t .

Auwers and  S u s e m i h l ^ ^  s t u d i e d  p h y s i c a l  d a t a  on 

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

and  c o n s i d e r e d  them t o  d i s p l a y  k e t i m i n e - e n a m i n e  t a u t o m e r i s m .  

They c o n c l u d e d  t h a t  t h e  compounds e x i s t e d  p r i n c i p a l l y  as  

e n a m i n e s .  W i th  t h e s e  c o n s i d e r a t i o n s  i n  m ind ,  i t  h a s  b e e n  

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

d i p h e n y l k e t i m i n e  s a l t s  o f  Hoesch m i g h t  be due t o  a b e n e z o i d -  

im in e  and q u i n o i d - a m i n e  t a u t o m e r i s m .  C u l b e r t s o n ^ ^  i l l u s ­

t r a t e d  t h i s  f o r  2 , i j . - d i h y d r o x y d i p h e n y l  k e t i m i n e  s a l t  i o n :

p - q u i n o i d - a m i n e  ( 1 )

G-C,H =C-C.H

b e n z o i d - i m i n e  o - q u i n o i d - a m i n e  (0
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S h i f t  o f  t h e  p h e n o l i c  "H” e i t h e r  f ro m  t h e  p a r a  o r  t h e  o r t h o  

p o s i t i o n  t o  p ro d u c e  t h e  q u i n o i d - a m i n e  fo rm s  ( 1 ) o r  ( 2 ) may 

be c o n s i d e r e d  p o s s i b l e  a l t h o u g h  (1)  i s  more p r o b a b l e .  The 

q u i n o i d - a m i n e  fo rm s  s h o u l d  n o t  be s u b j e c t  t o  h y d r o l y s i s ;  

t h e r e f o r e ,  e x i s t e n c e  i n  t h e s e  fo rm s  m i g h t  a c c o u n t  f o r  t h e  

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

by  H o e s c h .

R eso n an ce  b e t w e e n  im in e  and  amine fo rm s  may be a  

c o n c u r r e n t  s t a b i l i z i n g  f a c t o r .

H-Or

However i t  may be e x p e c t e d  t h a t  t h i s  s h i f t  o f  e l e c t r o n  

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

d r o p p i n g  o f  a p r o t o n  b y  oxygen and  th e  g a i n  o f  one b y  n i t r o ­

g e n .  The n e t  r e s u l t  w o u ld  be t a u t o m e r i s m .  A s i m i l a r  o u t ­

come c o u l d  be r e a l i z e d  f ro m  r e s o n a n c e  o f  a  p h e n o l a t e  i o n :

OH

:Q -C-C/H ->

OH

:NH



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

enamine t a u t o m e r i s m  i s  fo u n d  i n  t h e  work o f  W e i s s b e r g e r  and 

G l a s s . T h e  c y a n o h y d r i n  o f  2 , ^ , 6 - t r i m e t h y l b e n z a l d e h y d e  was 

r e a c t e d  w i t h  p h eny lm agnes ium  b r o m id e  and on h y d r o l y s i s  t h e y  

o b t a i n e d  an  - a m in o k e to n e  i n s t e a d  o f  t h e  b e n z o i n .  They 

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

f i r s t  f o rm ed  on d e c o m p o s i t i o n  o f  t h e  G r i g n a r d  c o m p le x :

GH- 
/  ^ O H

H3 C

/

OH,

I
H

MgBr

OH
I j  OH NH

’H3 C
G - G '  
I

I H
GH

3

GH
OH NH

G

GH

GH
/ ^ 0 NH,

/ /  \

G u l b e r t s o n ^ ?  made a s t u d y  o f  t h e  f a c t o r s  a f f e c t i n g  

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

s u b s t i t u t e d  d i p h e n y l k e t i m i n e s . H i s  c o n c l u s i o n s  were  t h a t  

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

w ere  t a u t o m e r i s m  a n d / o r  r e s o n a n c e  and  s t e r i c  h i n d r a n c e .  I n  

h i s  s t u d i e s  he found  e v i d e n c e  o f  k e t i m i n e - e n amine t a u t o m e r i s m  

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

a n d  a n a l y z e d  by  P i c k a r d  a n d  P o l l y , They fo u n d  i t  im p o s ­

s i b l e  t o  p ro v e  t h e  e x i s t e n c e  o f  e n a m i n i z a t i o n  o f  k e t i m i n e s  

b y  I n f r a r e d  s p e c t r o s c o p y .  They s u g g e s t e d  t h a t  t h e  c a r b o n  t o  

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

d o u b l e  bond  b and  m aking p r o o f  i m p o s s i b l e .  They a l s o  s t a t e d  

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

same f o r  t h e  k e t i m i n e s  a n d  t h e  c o r r e s p o n d i n g  a m i n e s .

One m ethod f o r  e s t a b l i s h i n g  t h e  p r o o f  o f  k e t i m i n e -  

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

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

a s y m m e t r i c  c a r b o n  i s  a l p h a  t o  t h e  im ln o  c a r b o n .  I f  t h e  

a s y m m e t r i c  c a r b o n  h a s  an  a t t a c h e d  h y d r o g e n  w h ich  c a n  t a k e  

p a r t  In  t h e  k e t i m i n e - e n a m l n e  t a u t o m e r i s m  t h e n  t h e  r e s o l v e d  

k e t i m i n e  s h o u ld  r a c e m i z e  w i t h  t i m e .  I t  was t h e  p u r p o s e  o f  

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

a c t i v e  k e t i m i n e .



CHAPTER I I  

EXPERIMENTAL

P r e p a r a t i o n  o f  s - b u t y l  o - t o l y l  k e t i m i n e .  (Method  A) 

The G r i g n a r d  r e a g e n t  v/as p r e p a r e d  In  a  500 m l .  t h r e e  n e c k e d  

f l a s k  e q u i p p e d  w i t h  a F r i e d r i c h s  c o n d e n s e r ,  d r o p p i n g  f u n n e l  

an d  a  m e r c u r y  s e a l e d  s t i r r e r .  The o p e n i n g s  I n  t h e  c o n d e n s e r  

an d  d r o p p i n g  f u n n e l  w ere  p r o t e c t e d  w i t h  c a l c i u m  c h l o r i d e  

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

I n  t h e  f l a s k  w i t h  6 . 0 5  g .  ( 0 . 2 5  g« a tom ) o f  m agnes ium .  The 

8- b u t y l  b r o m i d e ,  34*2 g .  ( 0 .2 5  m o l e s ) ,  was d i s s o l v e d  In  

50  m l .  o f  a n h y d r o u s  e t h e r  and  s l o w l y  a d d e d  f ro m  t h e  d r o p p i n g  

f u n n e l .  A f t e r  t h e  h a l i d e  h ad  b e e n  a d d e d ,  t h e  m i x t u r e  was 

r e f l u x e d  f o r  a b o u t  t w e n t y  m i n u t e s .  One h u n d r e d  m l .  o f  a n ­

h y d r o u s  t o l u e n e  was a d d ed  and  a t  t h e  same t im e  e t h e r  and  

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

r e a c h e d  100°C.  At t h a t  t im e  t h e  s o l u t i o n  o f  29*4  ml*

( 0 .2 5  m ole)  o f  o - t o l u n l t r l l e  In  50 m l .  o f  t o l u e n e  was a d d ed  

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

r e f l u x e d  f o r  22 h o u r s ,  c o o l e d  and  t h e n  a n h y d r o u s  ammonia was 

b u b b l e d  In  f o r  s i x  h o u r s .  The ammonia was d r i e d  b y  p a s s i n g  

t h r o u g h  a  so d ium  h y d r o x i d e  p a c k e d  t o w e r .  The r e a c t i o n

11
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m i x t u r e  was f i l t e r e d  t h r o u g h  a B u ch n e r  f u n n e l  and t h e n  

t h r o u g h  a  s i n t e r e d  g l a s s  f u n n e l  (M p o r o s i t y ) .  T o lu e n e  was 

d i s t i l l e d  f ro m  t h e  f i l t r a t e  and  t h e n  th e  m a t e r i a l  was f r a c ­

t i o n a t e d  on t h e  s p i n n i n g  b and  co lumn" a t  73 ' 7 3 «5 °C. and  2 mm. 

T w en ty  m l .  o r  1 8 .89  g .  o f  m a t e r i a l  was o b t a i n e d  f o r  a y i e l d  

o f  14.3 «3 p e r  c e n t .

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

was c a r r i e d  o u t  i n  a  two l i t e r  t h r e e  n e c k e d  f l a s k  u s i n g  molar 

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

ifO p e r  c e n t  b a s e d  on 7 0 . 8  g . o f  p r o d u c t  o b t a i n e d .  B . p .  was

83 °C .  a t  i}. ram.

P r e p a r a t i o n  o f  s - b u t y l  o - t o l y l  k e t i m i n e .  (Method  B) 

One gram  a tom  o f  magnes ium,  2 i | . 3 2  g . ,  was p l a c e d  i n  a two 

l i t e r  t h r e e  n e c k e d  f l a s k  e q u i p p e d  a s  d e s c r i b e d  a b o v e .  A 

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

magnes ium  and  t h e n  t h e  f l a s k  was h e a t e d  w i t h  a  s m a l l  f la m e  

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

i o d i n e  f o r  a c t i v a t i o n  o f  t h e  magnes ium i n  a G r i g n a r d  r e a c t i o n  

h a s  b e e n  d e s c r i b e d  by  Whitmore  and B a d e r t s h e r . ^ O  A f t e r  t h e  

f l a s k  h a d  c o o l e d ,  t e n  m l .  o f  a  m i x t u r e  o f  137 g . (one m ole)

s - b u t y l b r o m i d e  i n  ij.00 m l ,  o f  a n h y d r o u s  e t h e r  was a d d e d .

When t h e  r e a c t i o n  s t a r t e d ,  150 m l .  o f  a n h y d r o u s  e t h e r  was 

a d d e d ,  r a p i d  a g i t a t i o n  was s t a r t e d  and  t h e  h a l i d e - e t h e r

■"The s p i n n i n g  band column u s e d  i n  t h i s  work was one 
made by  D r .  P. I,.  P i c k a r d .  I t  h a d  a  3 / 8  i n c h  s t a i n l e s s  
s t e e l  b a n d  and t h e  e f f e c t i v e  column l e n g t h  was a b o u t  16 
i n c h e s .
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m i x t u r e  was a d d ed  a t  a  r a t e  t o  m a i n t a i n  c o n t i n u o u s  e t h e r  

r e f l u x .  One and  a  h a l f  h o u r s  were r e q u i r e d  f o r  t h e  a d d i t i o n  

o f  t h e  h a l i d e  and  a t  t h a t  t im e  a l l  b u t  a  t r a c e  o f  t h e  magne­

s iu m  h ad  d i s a p p e a r e d .  One h u n d re d  grams ( 0 . 8 5  mole)  o f  

o - t o l u n i t r i l e  i n  300 m l .  o f  a n h y d r o u s  e t h e r  was added  a s  

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

r e f l u x  w i t h  a  G l a s - C o l  m a n t l e  f o r  35 h o u r s .  The G r i g n a r d -  

n i t r i l e  com plex  was decomposed  by th e  a d d i t i o n  o f  120 m l .  o f  

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

s i n t e r e d  g l a s s  f u n n e l  and  t h e  p r e c i p i t a t e  was washed  w i t h  

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

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

s p i n n i n g  band  column a t  83°C .  and ij. mm. The % ie ld  was 

95*2 g .  o f  k e t i m i n e  o r  61]..0 p e r  c e n t .

P r e p a r a t i o n  o f  s - b u t y l  p h e n y l k e t i m i n e . T h i s  r e a c t i c n  

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

w i t h  F r i e d r i c h s  c o n d e n s e r ,  d r o p p in g  f u n n e l ,  and  m e r c u ry  

s e a l e d  s t i r r e r .  Openings  t o  th e  f u n n e l  and c o n d e n s e r  w ere  

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

A l l  e q u ip m e n t  was d r i e d  i n  an oven a t  105°C.  b e f o r e  u s e .  

About  5 0  m l .  o f  a n h y d r o u s  e t h e r  v/as p l a c e d  i n  t h e  f l a s k  w i t h  

2l)..32 g .  (one g .  atom) o f  magnes ium.  One g .  mole  o f  s - b u t y l  

b r o m i d e ,  I 37 g . ,  v/as d i s s o l v e d  i n  1).00 m l .  o f  a n h y d r o u s  e t h e r  

and a b o u t  5 - 1 0  m l .  o f  t h e  s o l u t i o n  was a d d e d  t o  t h e  f l a s k .

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

A f t e r  t h e  r e a c t i o n  h ad  s t a r t e d ,  100 m l .  o f  a n h y d r o u s  e t h e r
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was a d d e d ,  a t  t h e  same t im e  r a p i d  a g i t a t i o n  was i n i t i a t e d  

a n d  c o n t i n u e d  d u r i n g  t h e  a d d i t i o n  o f  t h e  h a l i d e  w h ic h  t o o k  

two h o u r s .  When a l l  o f  t h e  h a l i d e  h ad  been  a d d e d ,  a h e a t i n g  

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

r e f l u x e d .  Not  a l l  o f  t h e  m agnes ium  had  d i s a p p e a r e d  a f t e r  

90 m i n u t e s  r e f l u x i n g ,  s o  a b o u t  two m l .  of  t h e  h a l i d e  was 

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

a  t o t a l  o f  t e n  h o u r s  and  t h e n  a s o l u t i o n  of  82.1). m l .

( 0 .8  m o le )  o f  b e n z o n i t r i l e  i n  800 m l .  o f  a n h y d r o u s  e t h e r  was 

a d d e d  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 a n t  m i x t u r e  was 

r e f l u x e d  f o r  ifl(. h o u r s .  At t h e  e n d  o f  t h i s  t im e t h e  e t h e r  

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

G r i g n a r d  r e a c t i o n s .  An e q u a l  volume o f  e t h e r  w h ic h  c o n t a i n e d  

some m e t h a n o l  was a d d ed  t o  t h e  m i x t u r e .  T h i s  e t h e r  had  b e e n  

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

c o m p l e x .  T h r e e  gram m o le s  o f  a n h y d r o u s  m e t h a n o l  w ere  a d d ed  

t o  decompose  t h e  G r i g n a r d - n i t r i l e  co m p le x .  The m i x t u r e  was 

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

i n  t h e  f i l t r a t e  w ere  rem oved  by  d i s t i l l a t i o n .  A s m a l l  amount 

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

t h e  d i s t i l l a t i o n  and was removed  by  f i l t r a t i o n .  The f i l ­

t r a t e  was f r a c t i o n a t e d  i n  t h e  s p i n n i n g  band  column a t  95°C .  

and  6 mm. t o  g i v e  6 1 .O g .  o f  s - b u t y l  p h e n y l k e t i m i n e  f o r  a 

y i e l d  o f  4 7 pe r  c e n t .  I n  a d d i t i o n  to  t h i s  m a t e r i a l ,

43*4  g" a l i g h t  y e l l o w  o i l  was o b t a i n e d  a t  I o 0 - 2 ° C .  and  

3 ram. T h i s  m a t e r i a l  was t h o u g h t  t o  be t h e  k e t i s o k e t i m i n e .
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The y i e l d  was 35*6 p e r  c e n t .

A sam ple  o f  t h e  k e t i m i n e  was w e ig h ed  an d  t i t r a t e d  by  

t h e  m e th o d  d e v e l o p e d  by  I d d i n g s . ^1 The f i r s t  t i t r a t i o n  

l 5 m i n u t e s  a f t e r  t h e  s a m p le  was made up i n  g l a c i a l  a c e t i c  

a c i d  showed 9 0 . 8  p e r  c e n t  p u r i t y .  Two more t i t r a t i o n s  were  

made f o r t y  m i n u t e s  a f t e r  t h e  f i r s t  one  and  t h e s e  i n d i c a t e d  

9 8 .0  p e r  c e n t  p u r i t y .  One m l .  o f  a  s o l u t i o n  o f  0.li j .6i | g .  o f  

k e t i m i n e  i n  25 m l .  o f  g l a c i a l  a c e t i c  a c i d  was u s e d  f o r  e a c h  

t i t r a t i o n .  P e r t i n e n t  p h y s i c a l  d a t a  a r e  r e c o r d e d  i n  T a b le  1 

and  t i t r a t i o n  c u r v e s  a r e  shown i n  F i g u r e  1 .

TABLE 1

KETIMINES AND KETISOKETIMINE

R^-C(=NH)R2 BP
°c/mm 4 ° H y d ro ­

c h l o r i d e
m .p .

-  s - b u t y l

82- 3/^mm o . 9^^6 1 .5 2 3 5 1 4 3 -4
R^ -  o - t o l y l

R^ -  s - b u t y l

95/ 8mm 0 .9 5 6 6 1 . 5 2 8 5
Rg -  p h e n y l

K e t i s o k e t i m i n e o f
s - b u t y l  p h e n y l  
k e t i m i n e l 6 0 - 2 / 3mm 0 .9 8 1 3 1 .5 5 7 7
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S t u d i e s  o f  t h e  r e a c t i o n  o f  d - l O - c a m p h o r s u l f o n i c  a c i d  

w i t h  s - b u t y l  o - t o l y l  k e t i m i n e »  d - l O - c a r a p h o r s u l f o n i c  a c i d  

( h e r e a f t e r  c a l l e d  d-CSA) f ro m  Eas tm an  Kodak Co. was u s e d  i n  

t h e s e  s t u d i e s .  I n  t h e  f i r s t  e x p e r i m e n t s ,  w h ich  w e re  c o n ­

d u c t e d  i n  an  a t t e m p t  t o  p r e p a r e  s - b u t y l  o - t o l y l  k e t i m i n e  

d-CSA, t h e  k e t i m i n e  and d-CSA were  d i s s o l v e d  i n  c h l o r o f o r m  

and t h e  s o l u t i o n s  m ix ed .  A p r e c i p i t a t e  fo rm ed  on s t a n d i n g ,  

b u t  t e s t s  e s t a b l i s h e d  t h a t  i t  was ammonium d-CSA i n s t e a d  o f  

t h e  e x p e c t e d  k e t i m i n e  d-CSA s a l t .  A p p a r e n t l y  i f  t h e r e  was 

a n y  m o i s t u r e  p r e s e n t ,  t h e  k e t i m i n e  was r e a d i l y  h y d r o l y z e d  t o  

t h e  k e t o n e .  Renaude^^  i n  h i s  p o l a r o g r a p h i c  s t u d i e s  o f  

s - b u t y l  o - t o l y l  k e t i m i n e  showed t h a t  t h e  k e t i m i n e  i t s e l f  was 

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

a c i d  i t  was  r e a d i l y  h y d r o l y z e d  t o  t h e  k e t o n e .

Pope and  Gibson33 r e p o r t e d  t h a t  d-CSA c r y s t a l l i z e s  

w i t h  1 ^  m o le s  o f  w a t e r .  The o r i g i n a l  d-CSA had  b e e n  r e -  

c r y s t a l l i z e d  f rom e t h y l  a c e t a t e  b u t  s i n c e  t h e  d-CSA was a 

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

m a n n e r ;  Benzene  and  d-CSA w ere  p l a c e d  i n  a f l a s k  w h ich  had  

a S t a r k - D e a n  ty p e  o f  d i s t i l l i n g  r e c e i v e r  and  a b o u t  f o u r  m l .  

o f  w a t e r  was rem oved  f rom  6? g .  o f  d-CSA by r e f l u x i n g  t h e  

b e n z e n e .  The d-CSA-benzene  m i x t u r e  was f i l t e r e d  and  t h e  

d-CSA was p l a c e d  i n  a vacuum d e s i c c a t o r  t o  remove t h e  

b e n z e n e .  P u r i t y  o f  t h i s  a c i d  was 9 9 p e r  c e n t  a s  de te rm ined  

b y  t i t r a t i o n  w i t h  s t a n d a r d  sod ium  h y d r o x i d e  s o l u t i o n .  A 

s e c o n d  s a m p l e ,  100 g . , was r e f l u x e d  w i t h  b e n z e n e  and  8 m l .  of
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w a t e r  w ere  r e m o v e d .  P u r i t y  o f  t h e  a c i d  was 99*8 p e r  c e n t .

Samples  o f  d-CSA and s - b u t y l  o - t o l y l  k e t i m i n e  w e re  

w e i g h e d  and  made up t o  volume w i t h  c h l o r o f o r m .  The o p t i c a l  

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

w e r e  d e t e r m i n e d  on a G a e r t n e r  L -320  p o l a r i m e t e r ,  w i t h  a 

so d iu m  v a p o r  lamp a s  t h e  i l l u m i n a n t  an d  a  f o u r  dcm. w a t e r  

j a c k e t e d  t u b e .  The r e s u l t s  a r e  shown i n  T a b le  2 .  I t  s h o u l d  

be n o t e d  t h a t  t h e  s p e c i f i c  r o t a t i o n  f o r  d-CSA i n  c h l o r o f o r m  

d o e s  n o t  a g r e e  w i t h  t h e  l i t e r a t u r e  v a l u e  o f  + 3 9 . 5 ° .

A num ber  o f  a t t e m p t s  were  made t o  p r e p a r e  t h e  s - b u t y l  

o - t o l y l  k e t i m i n e  d-CSA s a l t .  The f i r s t  s u c c e s s f u l  p r o c e d u r e  

was t o  add  a  s o l u t i o n  o f  d-CSA i n  c h l o r o f o r m  t o  t h e  k e t i m i n e .

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

r e d u c e d  p r e s s u r e .  A nhydrous  e t h e r  was  a d d e d  t o  t h e  o i l  

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

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

t a t e  s t a r t e d  t o  fo rm .  The p r e c i p i t a t e ,  m .p .  1 0 6 ° C . ,  was 

f i l t e r e d  and washed w i t h  e t h e r .  A f t e r  t h e  e t h e r  was d i s -  

. i l l e d  f rom  t h e  f i l t r a t e ,  an o r a n g e  o i l  r e m a i n e d .  Sam ples  

o f  b o t h  t h e  c r y s t a l s  a n d  t h e  o i l  w ere  w e ig h e d  and  made up t o  

known volume w i t h  a n h y d r o u s  m e t h a n o l .  The f o l l o w i n g  d a t a  

w ere  o b t a i n e d :

Orange  o i l  0 . 6 l 3 9 g / 5 0 m l  r o t a t i o n  + 0 . 8 ^ °  * + l ? . l

C r y s t a l s  0 . 5 0 1 3 g /2 5 m l  r o t a t i o n  + 2 .0 0  = + 2 5 .0



TABLE 2

OPTICAL ACTIVITY OF d-CSA,
AND THSIR

s-BUTYL
MIXTURES

o-TOLYL lÆTIMINE

Sample
No.

Sample Wt. s a m p le  
made up t o  
100 m l .

S o l v e n t Mole r a t i o  
d-CSA t o  
K e t i m i n e

O b s e rv e d  
r o t a t l o n - I  
Tube -  20( 
C o r r e c t e d  
b l a n k  I n  
d e g r e e s

Ldcm.
Ĉ
f o r

1 d-CSA 1 .5 0 CHCl - + 0 .5 7 + 9 . 5 °

2 s - B u t y l  o - t o l y l  
k e t i m i n e 1 .1 3 CHClj - 0 0

3 8 - B u t y l  o - t o l y l  
k e t i m i n e 0 .5 7 CHClj - 0 0

4 20  m l .  #1  f  20 m l .  #  3 - C H C l. 2 / 1 H .3 6 +3 2 . 9 °

S 10 m l .  # 1  + 20  m l .  #3 - CHGlj 1 / 1 f i . P l p + 3 > .3 °

6 10 m l .  #1  4- 20 m l .  #2 - GHClj 1 / 2 f l .25 +2 6 . 7 °

7 20  m l .  # 1  + 10 m l .  #3 - CHClj 4 / 1 + 1 .1 3 +2 4 . 8 °

8 d-CSA 4 .0 0 HgO - +3 .4 6 + 2 1 . 6 °

9 d-CSA 4 .0 0 CH.OH — +6 .3 0 +3 9 . 4 °

(-■
vO
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D e c o m p o s i t i o n  o f  t h e  k e t i m i n e  d-CSA s a l t .  I n  t h e

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

f r o m  t h e  s a l t ,  t h e  r e a c t i o n  v/as c a r r i e d  o u t  i n  a d r y  b o x .

A w e i g h e d  sam ple  o f  t h e  s a l t  was d i s s o l v e d  i n  c h l o r o f o r m .

The f l a s k  c o n t a i n i n g  t h e  s o l u t i o n  was c o o l e d  i n  l i q u i d  

am m onia .  Dry ammonia g a s  was p a s s e d  t h r o u g h  t h e  s o l u t i o n  

b u t  no  ammonium d-CSA f o r m e d .  T h i s  was f o u n d  t o  be due t o  

t h e  f a c t  t h a t  t h e  ammonium s a l t  was s o l u b l e  i n  t h e  ammonia 

w h i c h  c o n d e n s e d  i n  t h e  c h l o r o f o r m .  When t h e  c h l o r o f o r m  

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

t i m e ,  ammonium d-CSA c r y s t a l s  p r e c i p i t a t e d .  The k e t i m i n e  

w h i c h  was o b t a i n e d  i n  t h i s  m anner  showed no o p t i c a l  a c t i v i t y .

I n  t h e  s e c o n d  m eth o d  so d ium  h y d r o x i d e  s o l u t i o n  was 

u s e d  f o r  t h e  d e c o m p o s i t i o n  o f  t h e  k e t i m i n e  d-CSA s a l t .  A 

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

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

f u n n e l .  An aq u eo u s  s o l u t i o n  o f  so d ium  h y d r o x i d e  ( t e n  p e r  

c e n t )  was a d d e d  t o  t h e  f u n n e l .  A f t e r  t h e  l a y e r s  had  s e p a ­

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

h y d r o u s  sod ium  s u l f a t e ,  an d  made up t o  volume w i t h  c h l o r o ­

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

c r y s t a l s  and  t h e  o i l  w e r e :

C r y s t a l s  2 . 0 g / $ 0 m l  r o t a t i o n  + 0 . 0 ^ °  % f 0 . 7 3 °

Orange o i l  2 . 0 g / $ 0 m l  r o t a t i o n  - 0 . 1 0  -  - 1 . ^ ^ °
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I t  s h o u l d  be n o t e d  t h a t  t h e s e  r e a d i n g s  c h a n g e d  t o  z e r o  In  

a b o u t  30 m i n u t e s ,  r e s u l t i n g  i n  c o m p l e t e  r a c e m i z a t i o n .

In  a  m o d i f i c a t i o n  o f  t h e  s e c o n d  m ethod  d e s c r i b e d  

ab o v e ,  e t h e r  was u s e d  as  t h e  o r g a n i c  s o l v e n t .  A f t e r  t h e  

s o l u t i o n  h ad  b e e n  d r i e d ,  t h e  e t h e r  was r em o v ed  b y  d i s t i l l a ­

t i o n  and  t h e  k e t i m i n e  w h ich  r e m a i n e d  was made up i n  c h l o r o ­

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

I n  a n o t h e r  m o d i f i c a t i o n ,  n - h e x a n e  was u s e d  as  t h e  

o r g a n i c  s o l v e n t .  R e s u l t s  o b t a i n e d  u s i n g  t h e s e  l a s t  two 

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

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  s - b u t y l  o - t o l y l  

k e t i m i n e  d-CSA. S i x t e e n  grams o f  s - b u t y l  o - t o l y l  k e t i m i n e  

was p l a c e d  i n  a 2^0 m l ,  g l a s s  s t o p p e r e d  S r l e n m e y e r  f l a s k  

w i t h  a n h y d r o u s  e t h e r  and 2 1 . 2  g .  o f  d-CSA (one t o  one mole 

r a t i o )  was a d d e d .  Some o f  t h e  e t h e r  b o i l e d  o f f  a s  t h e  

k e t i m i n e  and d-CSA r e a c t e d  and  i t  was r e p l a c e d .  No a t t e m p t  

was made t o  e f f e c t  a s e p a r a t i o n  o f  t h e  d i a s t e r e o i s o m e r s  a t  

t h a t  t i m e .  The m a t e r i a l  w h i c h  p r e c i p i t a t e d  was f i l t e r e d  on 

a s i n t e r e d  g l a s s  f u n n e l ,  w ash ed  w i t h  e t h e r  a n d  w a s h in g s  

ad d ed  t o  t h e  f i l t r a t e .  T h i s  p r e c i p i t a t e  w e ig h e d  3 3 . 1 6  g .

The e t h e r  was d i s t i l l e d  f ro m  t h e  f i l t r a t e .  A d a r k  

o i l  r e m a i n e d  i n  t h e  f l a s k .  T h i s  m a t e r i a l  when decomposed  i n  

n - h e x a n e  had  :  - 0 . 7 3  1 . 0g / 25ml r o t a t i o n  - 0 . 0 5 °

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

b e n z e n e  and  n - h e p t a n e  and  a l l o w e d  t o  c r y s t a l l i z e  on
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e v a p o r a t i o n  o f  t h e  s o l v e n t .  A l t h o u g h  t h e r e  was some evidence 

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

f o r  t h e  f o r m a t i o n  o f  ammonium d-CSA was n o t e d .  S i n c e  t h e  

ammonium d-CSA i s  i n s o l u b l e  i n  c h l o r o f o r m ,  i t  was o b s e r v e d  

as  i n s o l u b l e  m a t e r i a l  when s a m p le s  o f  t h e  k e t i m i n e  d-CSA 

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

a c t i v i t y .

I n  a n o t h e r  e x p e r i m e n t ,  8 . 7 5  g« o f  s - b u t y l  o - t o l y l  

k e t i m i n e  was w e ig h e d  i n t o  a 2^0  m l .  g l a s s  s t o p p e r e d  f l a s k  

c o n t a i n i n g  a b o u t  125 m l . o f  a n h y d r o u s  e t h e r .  To t h i s  s o l u ­

t i o n  1 1 . 6  g .  o f  d-CSA was a d d e d .  A f t e r  t h e  e t h e r  h a d  stopped 

b o i l i n g  t h e r e  was s t i l l  a  s e m i - s o l i d  m a t e r i a l  on t h e  b o t to m  

o f  t h e  f l a s k  w h ic h  w o u ld  n o t  go i n t o  s o l u t i o n  (Sample 1 ) .

The e t h e r  s o l u t i o n  was p o u r e d  i n t o  a n o t h e r  f l a s k  w here  a 

s m a l l  amount c r y s t a l l i z e d  (Sample  2 ) .  The same p r o c e d u r e  

was c a r r i e d  o u t  t w i c e  more t o  g i v e  s a m p le s  3 and if. The 

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

sam p le  5 and  t h e  r e m a i n i n g  e t h e r  was e v a p o r a t e d  t o  g i v e  

s a m p le  6 .  Weighed p o r t i o n s  o f  some o f  t h e  s a m p le s  w ere  

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

d-CSA and  r o t a t o r y  v a l u e s  t a k e n .  Some o f  t h e  s a m p le s  a l s o  

w ere  decomposed  t o  o b t a i n  r o t a t o r y  v a l u e s  f o r  t h e  k e t i m i n e .  

T h e se  d a t a  a r e  r e c o r d e d  i n  T a b le  3 .
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TABLE 3

OPTICAL ACTIVITY OF s-BUTYL o-TOLYL KETIMINE d-CSA 
SALTS AND OF s-BUTYL o-TOLYL KETIMINE

Sample
No.

■|/Vt. sample  
made up t o  
25 m l .  i n  ChCln 
c o r r e c t e d  f o r  
NH, d-CSA

Wt. sample  
decomposed  
and made up 
t o  25 m l . i n  
CHCl

C o r r e c t e d  
r o t a t i o n  
[(.dcm a t  20°C

1
p

- 1.2  g . - 0 .1 0 - 1 . 2 2

C.

3 1.13  g . - +7.18 +39.7

3 - 2 .0  g . + 0 .0 5 + 0 .3 6

k 0 .S3 g . - +3.30 +3 8 .9

5 o.lj.26 g . - +1.56 +2 2 .3



CHAPTER I I I  I

RELATED EXPERIMENTAL

A number  o f  m a t e r i a l s  w ere  i n v e s t i g a t e d  a s  p o s s i b l e  

compounds f o r  u s e  i n  t h i s  p r o b le m ,  b u t  due t o  v a r i o u s  rea so n s  

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

t i o n  o f  t h e  o p t i c a l l y  a c t i v e  k e t i m i n e .

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

The f i r s t  s t e p  i n  t h e  a t t e m p t e d  p r e p a r a t i o n  o f  t h i s  compound 

was t h e  r e a c t i o n  o f  one g .  mole o f  e t h y l  b ro m id e  w i t h  one 

g . a to m  o f  magnesium i n  350 m l .  o f  a n h y d r o u s  e t h e r .  As soon 

a s  t h i s  r e a c t i o n  was c o m p l e t e d ,  0 . 3 8  g .  mole  o f  2 - p e n t a n o n e  

was a d d e d .  A f t e r  t h e  2 - p e n t a n o n e  had  b ee n  a d d e d ,  t h e  

co m p lex  was decomposed  b y  a d d i n g  a b o u t  200 m l .  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 .  The magnes ium b r o m id e  c h l o r i d e  

fo rm ed  was rem oved  by  f i l t r a t i o n  and  w ashed  w i t h  e t h e r .  The 

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

e t h e r  l a y e r .  Most o f  t h e  e t h e r  was rem oved  by  d i s t i l l a t i o n .  

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

w here  i t  was t r e a t e d  t w i c e  w i t h  a b o u t  f o u r  t i m e s  i t s  volume 

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 .  A f t e r  t h e  h y d r o c h l o r i c  

a c i d  t r e a t m e n t ,  t h e  p r o d u c t  was w ashed  w i t h  so d iu m  c a r b o n a t e

2 k
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s o l u t i o n ,  s e p a r a t e d  and d r i e d  o v e r  a n h y d r o u s  sod ium  s u l f a t e .  

The d r i e d  p r o d u c t  was f r a c t i o n a t e d  i n  t h e  s p i n n i n g  band  

c o l u m n . B . p .  3 5 “3 7 °  a t  I 3 mm. Y i e l d  o v e r a l l  f ro m  k e to n e  t o  

t e r t i a r y  h a l i d e  w i t h  6 3 . 0  g .  p r o d u c t  o b t a i n e d  was 57*3 p e r  

c e n t .  Whitmore and  B a d e r t s c h e r ^ O  o b t a i n e d  6 5 .6  p e r  c e n t  

y i e l d  o f  t h e  c a r b i n o l  and  9 O.O p e r  c e n t  y i e l d  o f  t h e  h a l i d e  

f o r  an  o v e r a l l  y i e l d  o f  59*0  p e r  c e n t .

S i x t y  s e v e n  gram s ( 0 .5  m o le )  o f  t h e  h a l i d e  r e a c t e d  

w i t h  1 2 .1 6  g .  ( 0 . 5  g .  a tom) o f  magnes ium  i n  150 m l.  o f  a n h y ­

d r o u s  e t h e r  t o  g i v e  t h e  G r i g n a r d  r e a g e n t .  A s m a l l  amount o f  

e t h y l  b ro m id e  was added  t o  h e l p  s t a r t  t h e  r e a c t i o n .  B e n z o n i -  

t r i l e  d i s s o l v e d  i n  t o l u e n e  was a d d ed  t o  t h e  G r i g n a r d  r e a g e n t  

and  a t  t h e  same t im e  e t h e r  was rem oved  by  d i s t i l l a t i o n .  This 

m i x t u r e  was r e f l u x e d  f o r  10 h o u r s .  The G r i g n a r d - n i t r i l e  

com p lex  was decom posed  by t h e  a d d i t i o n  o f  a b s o l u t e  m e t h a n o l .  

P a r t  o f  t h e  magnes ium s a l t  was rem oved  by  f i l t r a t i o n ,  b u t  

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

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

t i o n  was f r a c t i o n a t e d  on t h e  s p i n n i n g  band  column b u t  o n l y  

t o l u e n e  and  b e n z o n i t r i l e  were r e m o v e d .  A s m a l l  amount o f  

n i t r i l e  was l e f t  i n  t h e  f l a s k  p l u s  a b o u t  25 m l .  o f  a  d a r k - r e d  

gummy m a t e r i a l .  P a r t  o f  t h i s  m a t e r i a l  was s o l u b l e  i n  e t h e r .  

The i n s o l u b l e  m a t e r i a l  was removed by f i l t r a t i o n .  A nhydrous  

ammonia was b u b b l e d  t h r o u g h  t h e  f i l t r a t e  and  a p r e c i p i t a t e  

f o rm ed  ra .p .  235~236°C .  The p r e c i p i t a t e  was rem oved  by 

f i l t r a t i o n .  The r e d - b r o w n  o i l  w h ic h  r e m a i n e d  was s o l u b l e  i n
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t o l u e n e  o r  e t h e r .  T r e a t m e n t  o f  a s o l u t i o n  o f  t h i s  o i l  i n  

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

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

s e t t l e d  o u t  a s  an o i l .  A y e l l o w  p r e c i p i t a t e  s e t t l e d  o u t  o f  

t h e  u n t r e a t e d  r e d - b r o w n  o i l  on s t a n d i n g .  These  m a t e r i a l s  

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

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

compound was p r e p a r e d  i n  a  gram mole  q u a n t i t y  by t h e  r e a c t i o n  

o f  p - t o l y l m a g n e s i u m  b ro m id e  w i t h  a c e t o p h e n o n e . A f t e r  t h e  

r e a c t i o n  c o m p lex  h ad  been  decom posed  w i t h  h y d r o c h l o r i c  a c i d ,  

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

phenone  was rem oved  by  d i s t i l l a t i o n  a t  ?0°G.  and  6 mm. 

A p p a r e n t l y  t h e  a l c o h o l  d e h y d r a t e d  a t  t h i s  t im e  and on f u r t h e r  

d i s t i l l a t i o n  ( b . p .  137°C.  a t  5 mm.) 72 p e r  c e n t  y i e l d  o f  t h e  

o l e f i n  was o b t a i n e d .  T i f f e n e a u ^ ^  r e p o r t e d  o b t a i n i n g  t h e  

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

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

II4.5 - 114.6 °C . a t  6 mm.

An a t t e m p t  was made t o  a d d  h y d r o g e n  b ro m id e  t o  t h e  

o l e f i n  w i t h  no  s u c c e s s .

P r e p a r a t i o n  o f  o - ( p - t o l u y l ) - b e n z o i c  a c i d .  The method 

a s  g i v e n  by P i e s e r ^ ^  and  Gi lm an  an d  B l a t t ^ °  was u s e d  f o r  t h e  

p r e p a r a t i o n  o f  t h i s  compound i n  8 3 . p e r  c e n t  y i e l d  a f t e r  

r e c r y s t a l l i z a t i o n .  T h i s  m a t e r i a l  was o f  i n t e r e s t  f o r  two 

r e a s o n s .  I t  was t h o u g h t  t h a t  i t  w ou ld  be  p o s s i b l e  t o  p r e ­

p a r e  t h e  n i t r i l e  f ro m  t h e  a c i d .  The r e a c t i o n  o f  t h e  n i t r i l e
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w i t h  a n  a r y l  G r i g n a r d  r e a g e n t  s h o u l d  p r o d u c e  t h e  im in e  and 

an a s y m m e t r i c  c a r b o n  a tom a t  t h e  same t i m e .  The s e c o n d  

r e a s o n  was t h a t  t h e  a c i d  c o u l d  be d e c a r b o x y l a t e d  and  t h e  

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

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

h a l o g e n  compound and t h i s  t o  t h e  G r i g n a r d .  From t h i s  p o i n t  

t h e r e  were two r o u t e s  t o  c h o o s e .  The G r i g n a r d  r e a g e n t  i f  

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

t h e  G r i g n a r d  c o u l d  be c a r b o n a t e d  t o  y i e l d  t h e  t r i a r y l a c e t i c  

a c i d .  The t r i a r y l  a c e t i c  a c i d  c o u l d  t h e n  be  c o n v e r t e d  t o  

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

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

and  Wiegand37 and  Kippenberg-^® r e p o r t e d  a m ethod  f o r  p r e p a r ­

i n g  o - ( p - t o l u y l )  b e n z o y l  c h l o r i d e  a n d  o - ( p - t o l u y l )  b e n zam id e .  

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

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

t h i o n y l  c h l o r i d e  was rem oved  u n d e r  r e d u c e d  p r e s s u r e .  Some 

b e n z e n e  was a d d ed  a s  a s o l v e n t  b e f o r e  a n h y d r o u s  ammonia was 

b u b b l e d  i n .  The s o l u t i o n  was c o o l e d  w i t h  i c e  w a t e r  when th e  

b e n z e n e  s t a r t e d  t o  r e f l u x .  A f t e r  t h e  ammonia a d d i t i o n ,  t h e  

b e n z e n e  was d i s t i l l e d ,  and  t h e  p r e c i p i t a t e  f i l t e r e d  and  

d i s s o l v e d  i n  95 p e r  c e n t  e t h a n o l .  The e t h a n o l  s o l u t i o n  was 

p o u r e d  i n t o  b o i l i n g  w a t e r  w h i c h  was f i l t e r e d  w h i l e  h o t .  As 

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

was r e c o v e r e d  by f i l t r a t i o n .  The y i e l d  o f  p r o d u c t  was ij.5 .6  

p e r  c e n t .  The m e l t i n g  p o i n t  o f  t h e  p r o d u c t  was l 6 9 - 1 7 0 ° C .
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w h i l e  t h a t  g i v e n  i n  t h e  l i t e r a t u r e  i s  175 "1 7 6 °C .

A t t e m p t e d  p r e p a r a t i o n  o f  o - ( p - t o l u y l )  b e n z o n i t r i l e »  

An a t t e m p t  was made t o  d e h y d r a t e  t h e  amide by  t r e a t m e n t  w i t h  

POClj u s i n g  a  p r o c e d u r e  s u c h  a s  t h a t  d e s c r i b e d  by  R e id  and 

H u n t e r . B e n z e n e  s o l u b l e  and  i n s o l u b l e  m a t e r i a l  was ob­

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

P r e p a r a t i o n  o f  d i p h e n y l  k e t i m i n e  f ro m  b e n z a m i d e .  A 

few c a s e s  h a v e  b e e n  r e p o r t e d  o f  t h e  p r e p a r a t i o n  o f  im in e s  

f ro m  t h e  r e a c t i o n  o f  an amide w i t h  a  G r i g n a r d  r e a g e n t .  

C o u t u r i e r ^ ^ » ^ ^  r e p o r t e d  t h e  r e a c t i o n  o f  i f -m e thoxybenzam ide  

w i t h  e t h y l m a g n e s i u m  b ro m id e  t o  g i v e  70 p e r  c e n t  o f  t h e  

e t h y l  e s t e r ,  some l^ -m e thoxypheny l  e t h y l  k e t i m i n e  and  u n ­

r e a c t e d  a m i d e .  He a l s o  r e p o r t e d  t h e  r e a c t i o n  o f  90 g .  o f  

3»i|-»5” tr imetr ; .o ,xybenzamide  w i t h  li î .̂ g .  o f  e t h y l m a g n e s i u m  

b ro m id e  t o  g i v e  32 g .  o f  t h e  e t h y l  e s t e r ,  17 g .  o f  t h e  

k e t i m i n e  and  30 g .  o f  u n r e a c t e d  a m id e .  Bruzau^Z r e p o r t e d  

t h e  r e a c t i o n  o f  o t - p h e n y l i s o b u t r y a m i d e  w i t h  i j . -m e thoxypheny l -  

m agnes ium  b r o m id e  to  g i v e  ©(-methyl û ( - p h e n y l e t h y l  

p - m e th o x y p h e n y l  k e t i m i n e .  These  r e a c t i o n s  s u g g e s t e d  t h e  

p o s s i b i l i t y  o f  p r e p a r i n g  t h e  im in e  f ro m  t h e  amide i n s t e a d  o f  

t h e  n i t r i l e .  As a c h e c k  on t h i s ,  d i p h e n y l  k e t i m i n e  was 

p r e p a r e d  f rom  b e n z a m id e .

P h e n y lm a g n es iu m  b ro m id e  (O.ij. m o le )  was p r e p a r e d  and  

r e a c t e d  w i t h  0 ,1 3 3  mole o f  b e n z a m id e  d i s s o l v e d  i n  t e t r a -  

h y d r o f u r a n .  T h i s  m i x t u r e  was r e f l u x e d  f o r  17 h o u r s .  The 

G r i g n a r d  co m p le x  was decomposed  by  t h e  a d d i t i o n  o f  m e t h a n o l .
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The magnes ium s a l t  was f i l t e r e d  and w ash ed  w i t h  e t h e r .  More 

m agnes ium  s a l t  p r e c i p i t a t e d  on t h e  a d d i t i o n  o f  e t h e r  and  i t  

was a l s o  rem oved  by f i l t r a t i o n .  Most o f  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 m a i n i n g  m a t e r i a l  was f r a c ­

t i o n a t e d  on t h e  s p i n n i n g  b a n d  column a t  1 2 5 °C.  and  3 mm.

The y i e l d  o f  d i p h e n y l  k e t i m i n e  was 2 ^ . 0  p e r  c e n t .

R e a c t i o n  o f  o - ( p - t o l u y l )  be n za m id e  w i t h  p h e n y l -  

m agnes ium  b r o m i d e .  T h i s  r e a c t i o n  was c a r r i e d  o u t  i n  t h e  

m anner  d e s c r i b e d  above w i t h  a t h r e e  t o  one mole r a t i o  o f  

G r i g n a r d  r e a g e n t  t o  o - ( p - t o l u y l )  b e n z a m i d e .  A f t e r  t h e  

m i x t u r e  h ad  r e f l u x e d  f o r  20 h o u r s ,  t h e  G r i g n a r d  complex  was 

decom posed  w i t h  m e t h a n o l .  The p r e c i p i t a t e  was removed  by 

f i l t r a t i o n .  The s o l v e n t s  i n  t h e  f i l t r a t e  was removed by  

d i s t i l l a t i o n  and  s o l i d  m a t e r i a l  r e m a i n e d .  The s o l i d  was 

e x t r a c t e d  w i t h  e t h e r  an d  b e n z e n e .  B o th  o f  t h e  s o l i d s ,  

o b t a i n e d  f rom  t h e  e x t r a c t ,  l e f t  an a s h  when b u r n e d .  T h i s  

i n d i c a t e d  t h a t  some magnesium s a l t  was s t i l l  p r e s e n t .  I t  

was d i f f i c u l t  t o  remove a l l  o f  t h e  magnes ium s a l t s  f ro m  th e  

p r o d u c t  r e m a i n i n g  and no  c l e a n  s e p a r a t i o n  o f  t h e  r e m a i n i n g  

m a t e r i a l  was a c c o m p l i s h e d .

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

The s u b s t i t u t e d  p r o p i o n i c  a c i d ,  wh ich  was o b t a i n e d  f ro m  Dow 

C h e m ic a l  C o . ,  was p l a c e d  i n  a f l a s k  w i t h  t h i o n y l  c h l o r i d e .  

The f l a s k  was f i t t e d  w i t h  a F r i e d r i c h s  c o n d e n s e r  whose o u t ­

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

a c i d - t h i o n y l  c h l o r i d e  m i x t u r e  was h e a t e d  t o  s t a r t  t h e
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r e a c t i o n .  A p o r t i o n  o f  t h e  a c i d  c h l o r i d e  fo rm ed  was f r a c ­

t i o n a t e d  a t  123°C.  and  3 - 4  1 .5 0 8 6

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

h y d r o x i d e  whose t e m p e r a t u r e  was k e p t  b e lo w  l 5 ° C .  The c r u d e  

amide was f i l t e r e d ,  w ashed  w i t h  w a t e r  an d  d r i e d .  The y i e l d  

o f  c r u d e  m a t e r i a l  was 99 P@r c e n t .

A t t e m p t e d  p r e p a r a t i o n  o f  2 - ( p - t - b u t y l p h e n o x y )  

p r o p i o n i t r i l e . The c r u d e  amide a s  p r e p a r e d  above  was r e ­

f l u x 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 .  E x c e s s  t h i o n y l  c h l o r i d e  

was rem oved  u n d e r  r e d u c e d  p r e s s u r e .  The r e m a i n i n g  p r o d u c t  

was t a k e n  up i n  e t h e r ,  w ash ed  w i t h  c o l d  w a t e r ,  washed  w i t h  

200 m l .  o f  10 p e r  c e n t  sod ium  h y d r o x i d e  s o l u t i o n ,  and  a g a i n  

w ashed  w i t h  w a t e r .  The e t h e r  s o l u t i o n  was t r e a t e d  w i t h  

N o r i t e ,  f i l t e r e d  and  t h e  e t h e r  d i s t i l l e d .  The r e s u l t a n t  

p r o d u c t  was f r a c t i o n a t e d  i n  t h e  s p i n n i n g  band  co lum n a t  

1 2 1 -1 2 3 ° C .  and  1 -2  mm. Y i e l d  b a s e d  on c r u d e  amide was 7 6 .6  

p e r  c e n t .  I n  a s e c o n d  p r e p a r a t i o n  t h e  y i e l d  was 7 1 . 2  p e r  

c e n t .  M ola r  r e f r a c t i o n  was c a l c u l a t e d  f o r  t h e  a ssum ed 

n i t r i l e  f ro m  d e n s i t y  0 . 9 8 8 g / m l  and  n^O I .5 0 2 3

M o l e c u l a r  r e f r a c t i v i t y  e x p e r i m e n t a l  59*4^ 

M o l e c u l a r  r e f r a c t i v i t y  t h e o r e t i c a l ^ ^  6 0 .0 2  

A t t e m p t e d  p r e p a r a t i o n  o f  o < . - ( p - t - b u t y l p h e n o x y ) e t h y l  

p h e n y l  k e t i m i n e .  S i n c e  t h e  e x p e r i m e n t a l  a n d  t h e o r e t i c a l  

v a l u e s  f o r  t h e  m o l e c u l a r  r e f r a c t i v i t y  a g r e e d  so  w e l l ,  an 

a t t e m p t  was made t o  p r e p a r e  t h e  k e t i m i n e  by  t h e  r e a c t i o n  o f  

t h e  n i t r i l e  w i t h  p h e n y lm a g n e s iu m  b ro m id e  i n  a n h y d r o u s  e t h e r .
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The G r i g n a r d - n i t r i l e  c o m p lex  was decom posed  w i t h  m e t h a n o l .

I t  was d i f f i c u l t  t o  remove t h e  m agnes ium  s a l t  even  a f t e r  

t h e  e t h e r  was d i s t i l l e d .  I t  was t h o u g h t  t h a t  t h e  magnes ium 

s a l t  m i g h t  be h e l d  e i t h e r  a s  a  c h e l a t e  o r  a s  an  e t h e r a t e  o f  

t h e  i m i n e .  E t h e r  was a d d e d  t o  t h e  im in e  o i l  and  a n h y d r o u s  

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

w h ic h  fo rm ed  was rem oved  by  f i l t r a t i o n .  A l l  o f  t h e  p r e c i p i ­

t a t e  w h ic h  had  b e e n  o b t a i n e d  was p l a c e d  i n  a f l a s k  and 

a n h y d r o u s  ammonia b u b b l e d  t h r o u g h  t h e  m i x t u r e .  T h i s  was dene 

t h r e e  t i m e s ,  a f t e r  w h ic h  t h e  e t h e r  was d i s t i l l e d  and  t h e  o i l  

o b t a i n e d  was c om bined  w i t h  t h a t  m e n t i o n e d  a b o v e .

E x t e n s i v e  w ork  w i t h  t h i s  o i l  l e d  t o  t h e  c o n c l u s i o n  

t h a t  a number o f  p r o d u c t s  w ere  p r e s e n t .  One m ethod  w h ic h  

seemed t o  o f f e r  some p r o m i s e  f o r  s e p a r a t i n g  t h e  m i x t u r e  was 

c h r o m a t o g r a p h y .  M a l l i n c k r o d t ' s 100 mesh (powder)  s i l i c i c  

a c i d  was u s e d  t o  p r e p a r e  t h e  co lu m n ,  //hen e t h e r  was u s e d  as  

t h e  s o l v e n t  t h e r e  was no s e p a r a t i o n ,  b u t  w i t h  b e n z e n e  a s  t h e  

s o l v e n t  a number  o f  b a n d s  w ere  o b s e r v e d .  P o u r  b a n d s  were  

moved o f f  o f  t h e  column w i t h  b e n z e n e .  Then a ^ O / l O  b e n z e n e  

e t h e r  m i x t u r e  was u s e d ,  w h ic h  moved t h e  f i f t h  b and  down t h e  

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

a c i d  was e x t r u d e d  and  t h e  s i x t h  and  s e v e n t h  b an d s  c u t  o u t .

The s i l i c i c  a c i d  w h ic h  c o n t a i n e d  t h e  b a n d s  was t r e a t e d  w i t h  

e t h e r  t o  e x t r a c t  t h e  o r g a n i c  m a t e r i a l .  The m a t e r i a l  f rom  

t h e  t h i r d  band  when t r e a t e d  w i t h  n - p e n t a n e  g a v e  some w h i t e  

c r y s t a l s  m .p .  1 0 2 -1 0 3 ° C .
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S i n c e  s u c h  a l a r g e  number  o f  b a n d s  were  fo u n d  on t h e  

co lum n,  t h e  q u e s t i o n  a r o s e  a s  t o  w h e t h e r  t h e  p r o d u c t  u s e d  i n  

t h e  a t t e m p t e d  p r e p a r a t i o n  o f  t h e  k e t i m i n e  was t h e  n i t r i l e  

a s  was i n d i c a t e d  by  m o l e c u l a r  r e f r a c t i o n .  An i n f r a r e d  

s c a n n i n g  o f  t h e  s u p p o se d  n i t r i l e  was made and t h e r e  was no 

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

p r e s e n c e  o f  s u l f u r  and c h l o r i n e  w h ich  was c o n f i r m e d  by  

e l e m e n t a l  a n a l y s i s .  I t  was assum ed t h a t  i n s t e a d  o f  g e t t i n g  

d e h y d r a t i o n  o f  t h e  amide w i t h  t h i o n y l  c h l o r i d e  o n l y  an a d d i ­

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

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

i n f r a r e d  s p e c t r a .  T h i s  p r o d u c t  was d i s t i l l e d  a t  1 2 3 -1 2 6 ° C .  

a nd  2 mm. n ^ ^  1 .^ 0 0 9

P r e p a r a t i o n  o f  p h e n y l  p - t o l y l  o - t o l y l  c a r b i n o l  and  

t h e  bromo and c h l o r o  d e r i v a t i v e s .  The c a r b i n o l  was p r e p a r e d  

by  t h e  r e a c t i o n  o f  o - t o l y l m a g n e s i u m  b ro m id e  ( 0 .2 2  mole)  w i t h  

p - t o l y l  p h e n y l  k e t o n e  ( 0 . 2 2  m o l e ) .  The l a t t e r  compound was 

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

w i t h  c o p p e r  c h r o m i t e  c a t a l y s t  a s  d e s c r i b e d  by  P i e s e r . ^ ^  The 

c o p p e r  c a t a l y s t  u s e d  was t h a t  d e s c r i b e d  by A d k i n s . T h e  

k e t o n e  was d i s t i l l e d  f rom  t h e  c a t a l y s t  a t  135^0 . and  5 mm. 

and  was r e c r y s t a l l i z e d  f ro m  e t h a n o l .

The G r i g n a r d - k e t o n e  com plex  was decomposed  by  p o u r ­

in g  o n t o  300 m l .  o f  t e n  p e r  c e n t  s u l f u r i c  a c i d  and  some 

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

f u n n e l ,  w ashed  an d  t h e n  s t e a m  d i s t i l l e d .  The m a t e r i a l  w h ic h
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r e m a in e d  was d i s s o l v e d  i n  e t h e r ,  s e p a r a t e d  f rom t h e  w a t e r  

and  t h e  e t h e r  e x t r a c t  was d r i e d  o v e r  a n h y d r o u s  sod ium  s u l ­

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

c a r b i n o l  d i d  n o t  c r y s t a l l i z e .  I t  was s o l u b l e  i n  b e n z e n e  and  

n - p e n t a n e ,  b u t  s e p a r a t e d  f rom  n - p e n t a n e  a s  an  o i l  when t h e  

s o l u t i o n  was c o o l e d .  S m al l  p o r t i o n s  o f  t h e  c a r b i n o l  were  

a l l o w e d  t o  r e a c t  w i t h  a c e t y l  c h l o r i d e  ( a s  d e s c r i b e d  by 

a r v e l 4 S )  and a c e t y l  b r o m i d e .  The a c e t y l  b ro m id e  was p r e ­

p a r e d  f ro m  a c e t i c  a c i d  and p h o s p h o r u s  t r i b r o m i d e  by  m o d i f i ­

c a t i o n  o f  t h e  p r o c e d u r e  g i v e n  by  F i e s e r ^ ^  f o r  t h e  p r e p a r a t i o n  

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

7 2 - 7 3 ° c .  and  t h e  t r i a r y l  bromoraethane m .p .  1 0 0 -1 0 1 ° C .  c r y s t a l ­

l i z e d  f ro m  n - p e n t a n e  on c o o l i n g .

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

1 0 . 0  g .  s am p le  o f  t h e  t r i a r y l  bromo compound was p l a c e d  i n  a 

f l a s k  w i t h  2 . 0  g .  o f  p o t a s s i u m  c y a n i d e  and 20 m l .  o f  

p y r i d i n e .  When t h e  p y r i d i n e  was ad d e d ,  t h e  m i x t u r e  t u r n e d  

p u r p l e .  The m i x t u r e  was r e f l u x e d  f o r  11 h o u r s .  At t h e  end 

o f  t h i s  t i m e ,  t h e  m i x t u r e  was p o u r e d  i n t o  d i l u t e  ammonium 

h y d r o x i d e ,  e x t r a c t e d  w i t h  e t h e r ,  w ashed  w i t h  d i l u t e  ammonium 

h y d r o x i d e ,  w a t e r ,  d i l u t e  h y d r o c h l o r i c  a c i d ,  and w a t e r .  The 

e t h e r  e x t r a c t  was d r i e d  o v e r  c a l c i u m  c h l o r i d e ,  f i l t e r e d  and 

e t h e r  d i s t i l l e d .  The s o l i d  m a t e r i a l  o b t a i n e d  v/as r e s i n o u s  

and  i t  g ave  a n e g a t i v e  n i t r o g e n  t e s t  a f t e r  so d iu m  f u s i o n .
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The s - h u t y l  o - t o l y l  k e t i m i n e  was p r e p a r e d  by  two 

p r o c e d u r e s  w i t h  y i e l d s  o f  Ii-3»3 &nd 6 i | . 0  p e r  c e n t .  The 

k e t i m i n e  was s t o r e d  i n  s e a l e d  g l a s s  v i a l s  i n  t h e  r e f r i g e r a t o r  

u n t i l  u s e d .

I t  was p o i n t e d  o u t  i n  t h e  c h a p t e r  on e x p e r i m e n t a l  

work  t h a t  i n  t h e  f i r s t  a t t e m p t s  t o  o b t a i n  t h e  k e t i m i n e  d-CSA 

s a l t  o n l y  ammonium d-CSA was o b t a i n e d .  T h i s  was due t o  t h e  

f a c t  t h a t  s - b u t y l - o - t o l y l  k e t i m i n e  h y d r o l y z e s  i n  t h e  p re se n c e ;  

o f  m o i s t u r e  and a  s t r o n g  a c i d .  The d-CSA was f r e e d  f rom  

w a t e r  by r e f l u x i n g  w i t h  b e n z e n e  and h y d r o l y s i s  d i d  n o t  

o c c u r  a s  r e a d i l y .  The d r y  d-CSA was f o u n d  t o  be l e s s  s o l u b l e  

i n  c h l o r o f o r m  t h a n  t h a t  b e f o r e  d r y i n g .  Pope a n d  G ibson33  

and  H i l d i t c h ^ ^  r e p o r t e d  a  s p e c i f i c  r o t a t i o n  f o r  t h e  d-CSA 

w i t h  th e  c o n c e n t r a t i o n  o f  3*0  g . d-CSA p e r  100 m l .  c h l o r o ­

fo rm .  The d r y  d-CSA a s  u s e d  i n  t h i s  s t u d y  was n o t  s o l u b l e  

t o  t h i s  e x t e n t .  I t  was fo u n d  t o  have  a  s o l u b i l i t y  of  

1*55 g . / l O O  m l .  o f  c h l o r o f o r m  ( B a k e r ’ s a n a l y z e d ) .  T h i s  i s  

s a i d  t o  c o n t a i n  0 . 2  p e r  c e n t  e t h a n o l .  The d-CSA was f o u n d  

t o  be  more s o l u b l e  i n  c h l o r o f o r m  (USP) w h ich  c o n t a i n e d  a

3k



l a r g e r  amount o f  e t h a n o l .  Some q u a l i t a t i v e  e x p e r i m e n t s  w i t h  

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

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

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

f ro m  t h a t  r e p o r t e d  f o r  t h e  d-CSA 'lgH ^O .

When m i x t u r e s  o f  s o l u t i o n s  o f  d-CSA and o - t o l y l  

k e t i m i n e  i n  c h l o r o f o r m  w ere  made, a  v e r y  m arked  i n c r e a s e  i n  

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

f o r m a t i o n  o f  t h e  d i a s t e r e o i s o m e r s ;  how ever  when t h e  k e t i m i n e  

a n d  d-CSA s o l u t i o n s  i n  m e t h a n o l  w ere  m ixed  th e  c h a n g e  was n o t  

a s  g r e a t .

One e x p l a n a t i o n  f o r  t h e  f a c t  t h a t  t h e  s p e c i f i c  r o t a ­

t i o n  o f  d-CSA i n  w a t e r  i s  lo w e r  t h a n  t h a t  i n  m e t h a n o l  i s  

t h a t  t h e  d-CSA i s  c o n c e n t r a t e d  a t  t h e  s u r f a c e .  S u r f a c e  

t e n s i o n  m e a s u re m e n t s  showed t h a t  t h e  s u r f a c e  t e n s i o n  o f  d i s ­

t i l l e d  w a t e r  was g r e a t e r  t h a n  t h a t  o f  a  d-CSA s o l u t i o n .  The 

low  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  i n  c h l o r o f o r m  c om pared  t o  

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

a c i d  i s  p r o b a b l y  i o n i z e d  l e s s  i n  c h l o r o f o r m .  Wet c h l o r o f o r m  

w o u ld  c a u s e  t h e  a c i d  t o  i o n i z e  more and  t h u s  g i v e  a  h i g h e r  

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

I n  d e c o m p o s in g  t h e  k e t i m i n e  d-CSA s a l t  i t  was h o p ed  

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

i n  non a q u e o u s  m e d ia  i n  o r d e r  t o  s lo w  down t h e  r a t e  o f  

r a c e m i z a t i o n  and h y d r o l y s i s .  The m ethod  t e s t e d  d i d  n o t  

p r o v e  f e a s i b l e  and  t h u s  t h e  d e c o m p o s i t i o n  was c a r r i e d  o u t  i n
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a q u e o u s  m e d ia  a t  room or  i c e  t e m p e r a t u r e .

No a t t e m p t  was made t o  d e t e r m i n e  t h e  r a t e  o f  r a c e m i ­

z a t i o n ,  f o r  t h e  o b s e r v e d  v a l u e s  o f  r o t a t i o n  w e re  so  s m a l l  

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

b e s t  v a l u e s  o b t a i n e d  f o r  t h e  s p e c i f i c  r o t a t i o n  o f  t h e
2 0

k e t i m i n e  w e r e ;  f 0 . 7 3 °  and  - l . ^ b °  (G. 1 . 7 2 g / l 0 0 m l ) .

I n  a b o u t  an  h o u r  t h e  im ine  h ad  r a c e m i z e d ,  f o r  i n  b o t h  c a s e s  

t h e  o b s e r v e d  r o t a t i o n  was z e r o .  A l th o u g h  t h e s e  v a l u e s  a r e  

low Cohen,  M a r s h a l l  and  '.Voodman^^ r e p o r t e d  a  s p e c i f i c  r o t a ­

t i o n  f o r  1 - p h e n y l  p - t o l y l  c a r b i n o l  a s ;

- 1 . 4  (C.  2 . 2 2 6 g . / 2 5 m l . ) .

A number  o f  f r u i t l e s s  a t t e m p t s  w ere  made t o  p r e p a r e  

a  k e t i m i n e  w h ich  h ad  no h y d r o g e n s  on t h e  c a r b o n s  a l p h a  t o  

t h e  im in o  c a r b o n .  T h i s  m a t e r i a l  would  have  b e e n  o f  v a l u e  

f o r  t h e r e  would  have  b een  no p o s s i b i l i t y  o f  t a u t o m e r i s r a .  In  

t h i s  work  p h e n y l  p - t o l y l  o - t o l y l  c a r b i n o l  was p r e p a r e d .

B o th  t h e  bromo and  c h l o r o  d e r i v a t i v e s  were o b t a i n e d ,  r e ­

c r y s t a l l i z e d  a n d  t h e i r  m .p .  t a k e n .  The a c i d  c h l o r i d e  and  

am ide  o f  2 - ( p - t - b u t y l  phenoxy)  p r o p i o n i c  a c i d  w ere  p r e p a r e d  

and  p h y s i c a l  d a t a  r e c o r d e d .
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SUIMARY

Moureu and  Mlgnonac s u g g e s t e d  t h a t  t h e  f o r m a t i o n  o f  

a  k e t i s o k e t i m i n e  c o u l d  be e x p l a i n e d  by  t h e  f a c t  t h a t  

k e t i m i n e s  w h ic h  c o n t a i n  a h y d ro g e n  a l p h a  t o  t h e  im in o  g r o u p  

can  u n d e r g o  im in e -e n a m in e  t a u t o m e r i s m .  Thus a m o l e c u l e  o f  

e a c h  t a u t o m e r  w ou ld  r e a c t ,  w i t h  t h e  e l i m i n a t i o n  o f  ammonia, 

t o  g i v e  t h e  k e t i s o k e t i m i n e .  I t  h a s  a l s o  b ee n  p o s t u l a t e d  t h a t  

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

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

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

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

and  P o l l y  fo u n d  i t  i m p o s s i b l e  t o  p ro v e  e n a m i n i z a t i o n  of

k e t i m i n e s  by  i n f r a r e d  s p e c t r o s c o p y .  I
1

The p u r p o s e  o f  t h i s  r e s e a r c h  was t o  p r e p a r e  and 

r e s o l v e  an o p t i c a l l y  a c t i v e  k e t i m i n e  whose a s y m m e t r i c  c a r b o n  ■ 

a tom was a l p h a  t o  t h e  im in o  g r o u p .  Such a  compound,  when 

r e s o l v e d ,  s h o u l d  r a c e m i z e  i f  i t  e x h i b i t s  im in è -e n a m in e  

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

The o p t i c a l l y  a c t i v e  compound, s - b u t y l  o - t o l y l  

k e t i m i n e ,  was p r e p a r e d  b y  a p r e v i o u s l y  r e p o r t e d  m e th o d .  T h i s
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compound fo rm ed  a  s a l t  w i t h  d - l O - c a m p h o r s u l f o n l o  a c i d  an d  

t h e  d i a s t e r e o i s o m e r s  w ere  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  f ro m  e t h e r .

A nhydrous  and  aq u e o u s  p r o c e d u r e s  were d e v e l o p e d  f o r  

deco m p o s in g  t h e  s - b u t y l  o - t o l y l  k e t i m i n e  d - l O - c a m p h o r s u l -  

f o n a t e ,  b u t  o n l y  t h e  l a t t e r  m e th o d  was u s e d  w i t h  any  s u c c e s s .

The o p t i c a l l y  a c t i v e  d -  and  1 -  fo rm s  o f  s - b u t y l  

o - t o l y l  k e t i m i n e  w ere  o b t a i n e d  b u t  t h e y  r a c e m i z e d  i n  a b o u t  

an h o u r  a t  2 0 °C .  T h i s  f a c t  s u p p o r t s  t h e  o r i g i n a l  s u p p o s i t i o n  

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

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

The f o l l o w i n g  compounds w ere  p r e p a r e d  and  p h y s i c a l  

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

a c t i v e  k e t i m i n e s :  p h e n y l  p - t o l y l  o - t o l y l  b ro m o m eth an e ,

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

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

s - b u t y l  p h e n y l  k e t i m i n e .

D i p h e n y l  k e t i m i n e  was p r e p a r e d  f rom  b e n z a m id e  and 

p h e n y lm a g n e s iu m  b r o m i d e .
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