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and  pharmaceutically  acceptable  salts  thereof; 
pharmaceutical  composition  comprising  the  same;  and 
methods  for  treatment  of  inflammation  by  administering  the 
same  to  mammals. 
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wherein  R!  is  lower  cycloalkyl, 

R2  is  carboxy,  esterified  carboxy,  hydrox- 
ymethyl,  lower  alkoxymethyl  or  acylox- 
ymethyl, 

R3  is  lower  alkanoyl  or  lower  alkyl  substituted 
with  hydroxy,  amino,  lower  alkylamino, 
di(lower)alkylamino,  acylamino,  lower 
alkoxy,  acyl  or  acyloxy,  in  which  the  lower 
alkyl  moieties  of  the  di(lower)alkyl  amino  rad- 
ical  may  be  joined  together  to  form  a 
heterocyclic  ring  containing  the  nitrogen 
atom  and  the  carbonyl  function  of  the  acyl 
radical,  which  is  a  substituent  on  the  lower 
alkyl  radical,  may  be  protected, 

X  is  hydrogen  or  halogen,  and 
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The  p r e s e n t   i n v e n t i o n   i s   c o n c e r n e d   w i t h   n e w  

l o w e r   c y c l o a l k y l   s u b s t i t u t e d - b e n z e n e   d e r i v a t i v e s .  

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

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

t i v e s   and   w i t h   t h e   p h a r m a c e u t i c a l l y - a c c e p t a b l e   s a l t s  

t h e r e o f ,   w h i c h   h a v e   a n t i - i n f l a m m a t o r y   a c t i v i t y ,   w i t h  

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

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

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

a t e r i n g   t h e   new  d e r i v a t i v e s   to   m a m m a l s .  

The  new  l o w e r   c y c l o a l k y l   s u b s t i t u t e d - b e n z e n e  

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

g e n e r a l   f o r m u l a : -  

w h e r e i n   R1  i s   a  l o w e r   c y c l o a l k y l   r a d i c a l ,  
R 2  i s   a  c a r b o x y ,   e s t e r i f i e d   c a r b o x y ,   h y d r o x y -  

m e t h y l ,   l o w e r   a l k o x y m e t h y l   o r   a c y l o x y -  

m e t h y l   r a d i c a l ,  
R 3  i s   a  l o w e r   a l k a n o y l   r a d i c a l   o r   a  l o w e r  

a l k y l   r a d i c a l   s u b s t i t u t e d   w i t h  



a  h y d r o x y ,   a m i n o ,   l o w e r   a l k y l a m i n o ,  

d i ( l o w e r ) a l k y l a m i n o ,   a c y . l a m i n o ,   l o w e r  

a l k o x y ,   a c y l   or  a c y l o x y   r a d i c a l ,   i n  

w h i c h   t he   l o w e r   a l k y l   m o i e t i e s   o f   t h e  

d i ( l o w e r ) a l k y l   amino   r a d i c a l   may  b e  

j o i n e d   t o g e t h e r   to  fo rm  a  h e t e r o c y c l i c  

r i n g   c o n t a i n i n g  t h e   n i t r o g e n   a tom  a n d  

t h e   c a r b o n y l   f u n c t i o n   of   t he   a c y l  

r a d i c a l ,   w h i c h   is  a  s u b s t i t u e n t   on  t h e  

l o w e r   a l k y l   r a d i c a l ,   may  be  p r o t e c t e d ,  

X  is   a  h y d r o g e n   or  h a l o g e n   a t o m ,   a n d  

.  Y  is   a  v a l e n c y   bond   or  a  l o w e r   a l k y l e n e  

r a d i c a l ;  

and  t h e   p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t s   t h e r e o f .  

In  t h i s   s p e c i f i c a t i o n ,   i t   is  to  be  u n d e r s t o o d   t h a t  

the   t e r m   " l o w e r "   u s e d   in  c o n n e c t i o n   w i t h   an  a l k y l ,  

. a l k e n y l ,   a l k o x y ,   a l k y l e n e   and  a l k a n o y l   r a d i c a l   is   i n -  

t e n d e d   to  mean  the   r a d i c a l s   c o n t a i n i n g   up  to  e i g h t  

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

As  to  t h e   r a d i c a l s   as  d e f i n e d   in  t he   a b o v e ,   t h e  

more  d e t a i l e d   e x p l a n a t i o n   w i l l   be  made  and  p r e f e r r e d  

e x a m p l e s   t h e r e o f   w i l l   be  i l l u s t r a t e d   in  t he   f o l l o w i n g .  

The  l o w e r   c y c l o a l k y l   r a d i c a l   f o r   R1  can  c o n t a i n   3 

to  8  c a r b o n   a t o m s ,   p r e f e r a b l y   5  to  7,  e x a m p l e s   of   w h i c h  

may  i n c l u d e   c y c l o p r o p y l ,   c y c l o b u t y l ,   c y c l o p e n t y l ,  

c y c l o h e x y l ,   c y c l o h e p t y l ,   c y c l o o c t y l   and  t he   l i k e .  

The  e s t e r i f i e d   c a r b o x y   r a d i c a l   f o r   R   may  i n c l u d e  

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

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

c a r b o n y l ,   i s o p r o p o x y c a r b o n y l ,   n - b u t o x y c a r b o n y l ,  

i s o b u t o x y c a r b o n y l ,   t e r t . - b u t o x y c a r b o n y l ,   p e n t y l o x y -  

c a r b o n y l ,   h e x y l o x y c a r b o n y l ,   c h l o r o m e t h o x y c a r b o n y l ,  

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

t r i c h l o r o e t h o x y c a r b o n y l ,   2 , 2 , 2 - t r i b r o m o e t h o x y c a r b o n y l ,  

1 - c y c l o p r o p y l e t h o x y c a r b o n y l ,   c y a n o m e t h o x y c a r h o n y l ,  

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



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

p h e n o x y e t h o x y c a r b o n y l ,   p h e n o x y p r o p o x y c a r b o n y l ,   p h e n y l -  

t h i o m e t h o x y c a r b o n y l ,   p h e n y l t h i o e t h o x y c a r b o n y l ,   p h e n y l -  

t h i o p r o p o x y c a r b o n y l ,   b e n z e n e a u l p h i n y l m e t h o x y c a r b o n y l ,  

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

t o l u o y l e t h o x y c a r b o n y l ,   3 , 4 , 5 - t r i m e t h o x y p h e n y l p r o p o x y -  

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

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

p y r r o l i d i n y l e t h o x y c a r b o n y l ,   4 - m e t h y l p i p e r i d i n y l e t h o x y -  

c a r b o n y l   and   t h e   l i k e ;   l o w e r   a l k e n y l o x y c a r b o n y l ,   f o r  

e x a m p l e ,   v i n y l o x y c a r b o n y l ,   1 - p r o p e n y l o x y c a r b o n y l ,  

a l l y l o x y c a r b o n y l ,   3 - b u t e n y l o x y c a r b o n y l   and  t h e   l i k e ;  

l o w e r   a l k y n y l o x y c a r b o n y l ,   f o r   e x a m p l e ,   e t h y n y l o x y -  

c a r b o n y l ,   p r o p a r g y l o x y c a r b o n y l ,   3 - b u t y n y l o x y c a r b o n y l ,  

4 - p e n t y n y l o x y c a r b o n y l   and   t h e   l i k e ;   l o w e r   c y c l o a l k o x y -  

c a r b o n y l ,   f o r   e x a m p l s ,   c y c l o p e n t y l o x y c a r b o n y l ,  

c y c l o h e x y l o x y c a r b o n y l   and  c y c l o h e p t y l o x y c a r b o n y l ;  

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

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

c a r b o n y l ,   n a p h t h o x y c a r b o n y l ,   4 - c h l o r o p h e n o x y c a r b o n y l ,  

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

4 - m e t h o x y p h e n o x y c a r b o n y l   and  t h e   l i k e ;   s u b s t i t u t e d  

and  u n s u b s t i t u t e d   a r ( l o w e r ) a l k o x y c a r b o n y l ,   f o r   e x a m p l e ,  

b e n z y l o x y c a r b o n y l ,   p h e n e t h y l o x y c a r b o n y l ,   3 , 4 - d i c h l o r o -  

b e n z y l o x y c a r b o n y l ,   4 - n i t r o b e n z y l o x y c a r b o n y l ,   4 - m e t h o x y -  

b e n z y l o x y c a r b o n y l ,   3 , 4 , 5 - t r i m e t h o x y b e n z y l o x y c a r b o n y l ,  

3 , 4 , 5 - t r i m e t h o x y p h e n y l p r o p o x y c a r b o n y l ,   4 - h y d r o x y - 3 , 5 -  

d i - ( t e r t . - b u t y l ) - b e n z y l o x y c a r b o n y l   and  t h e   l i k e ;  

a r ( l o w e r ) a l k e n y l o x y c a r b o n y l ,   f o r   e x a m p l e ,   c i n n a m y l o x y -  

c a r b o n y l   and   t h e   l i k e ;   h e t e r o c y c l i c - o x y c a r b o n y l ,   f o r  

e x a m p l e ,   p y r i d y l o x y c a r b o n y l ,   p i c o l y l o x y c a r b c n y l ,  

t e t r a h y d r o p y r a n y l o x y c a r b o n y l ,   t e t r a h y d r o f u r y l o x y -  

c a r b o n y l ,   q u i n o l y l o x y c a r b o n y l ,   p y r a z o l y l o x y c a r b o n y l  

and   t h e   l i k e ;   t r i - ( l o w e r ) a l k y l s i l y l o x y c a r b o n y l ,   f o r  

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

c a r b o n y l   and  t h e   l i l k e ;   N , N - d i s u b s t i t u t e d   a m i n o x y c a r b o n y l ,  



f o r   e x a m p l e ,   i s o p r o p y l i d c n e a m i n o o x y c a r b o n y l ,  

c y a n o b e n z y l i d e n e a m i n o o x y c a r b o n y l ,   p h t h a l i m i d o o x y -  

c a r b o n y l ,   s u c c i n i m i d o o x y c a r b o n y l ,   1 - b e n z o t r i a z o l y l o x y -  

c a r b o n y l   and  the   l i k e .  

The  l o w e r   a l k o x y m e t h y l   r a d i c a l s   f o r   R2  may  i n c l u d e  

a  m e t h y l   r a d i c a l   s u b s t i t u t e d   by  a  l o w e r   a l k o x y   r a d i c a l ,  

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

n - b u t o x y ,   i s o b u t o x y ,   t e r t . - b u t o x y ,   p e n t y l o x y ,   h e x y l o x y ,  

h e p t y l o x y   and  the   l i k e .  

The  a c y l   m o i e t y   of   the   a c y l o x y m e t h y l   r a d i c a l   f o r  
R2  may  i n c l u d e   s u b s t i t u t e d   and  u n s u b s t i t u t e d   l o w e r  

a l k a n o y l ,   s u c h   as  f o r m y l ,   l o w e r   a l k a n o y l   ( e . g .   a c e t y l ,  

p r o p i o n y l ,   b u t y r y l ,   p e n t a n o y l ,   h e x a n o y l ,   h e p t a n o y l ,  

t r i f l u o r o a c e t y l ,   c h l o r o a c e t y l ,   e t c . )   or  h i g h e r   a l k a n o y l  

( e . g .   n o n a n o y l ,   d e c a n o y l ,   p a l m i t o y l ,   e t c . ) ;   l o w e r  

a l k o x y c a r b o n y l ,   s u c h   as  m e t h o x y c a r b o n y l ,   e t h o x y c a r b o n y l ,  

n - p r o p o x y c a r b o n y l ,   i s o p r o p o x y c a r b o n y l ,   n - b u t o x y c a r b o n y l ,  

i s o b u t o x y c a r b o n y l ,   t e r t . - b u t o x y c a r b o n y l ,   p e n t y l o x y c a r b o n y l ,  

h e x y l o x y c a r b o n y l   and  the   l i k e ;   s u b s t i t u t e d   and  u n s u b -  

s t i t u t e d   a r o y l   such   as  b e n z o y l ,   t o l u o y l ,   x y l o y l ,   n a p h -  

t h o y l ,   c h l o r o b e n z o y l ,   n i t r o b e n z o y l ,   h y d r o x y b e n z o y l   o r  

the   l i k e ;   s u b s t i t u t e d   and  u n s u b s t i t u t e d   a r ( l o w e r ) -  

a l k a n o y l   such   as  p h e n y l a c e t y l ,   p h e n y l p r o p i o n y l ,   t o l y l -  

a c e t y l ,   n a p h t h y l a c e t y l ,   c h l o r o p h e n y l a c e t y l ,   m e t h o x y -  

p h e n y l a c e t y l ,   h y d r o x y p l i e n y l a c e t y l   or  t he   l i k e ;   s u b s t i -  

t u t e d   and  u n s u b s t i t u t e d   a r y l o x y ( l o w e r ) a l k a n o y l   s u c h  

as  p h e n o x y a c e t y l ,   n i t r o p h c n o x y a c e t y l   or  t h e   l i k e ;  

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

n i c o t i n o y l   and  i s o n i c o t i n o y l ;   l o w e r   a l k a n e s u l p h o n y l  

s u c h   as  m e s y l ,   e t h a n e s u l p h o n y l ,   p r o p a n e s u l p h o n y l ,  

b u t a n e s u l p h o n y l ,   p e n t a n e s u l p h o n y l   or  t h e   l i k e ;   a n d  

a r e n e s u l p h o n y l   s u c h   as  b e n z e n e s u l p h o n y l ,   t o l u e n e s u l p h o n y l ,  

n a p h t h a l e n e s u l p h o n y l   or  t he   l i k e .  

The  l o w e r   a l k a n o y l   r a d i c a l   f o r   R3  may  i n c l u d e   t h e  

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

a c y l   m o i e t y   of   t h e   a c y l o x y m e t h y l   r a d i c a l   f o r   R2,  a n d  



p r e f e r a b l y ,   f o r m y l ,   a c e t y l   and   p r o p i o n y l .  

The  l o w e r   a l k y l   m o i e t y   of   t h e   l o w e r   a l k y l a m i n o  

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

on  t h e   l o w e r   a l k y l   r a d i c a l   f o r   R3  may  i n c l u d e   n o r m a l .  

and   b r a n c h e d   c h a i n   a l k y l   s u c h   as   m e t h y l ,   e t h y l ,   n -  

p r o p y l ,   i s o p r o p y l ,   n - b u t y l ,   i a o b u t y l ,   s e c . - b u t y l ,  

t e r t . - b u t y l ,   p e n t y l ,   n e o p e n t y l ,   h e x y l   o r   t h e   l i k e .  

The  a c y l   r a d i c a l   and   t h e   a c y l   m o i e t y   o f   t h e  

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

on  t h e   l o w e r   a l k y l   r a d i c a l   f o r   R3  may  be  t h e   s a m e  

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

a c y l   m o i e t y   of   t h e   a c y l o x y m e t h y l   r a d i c a l   f o r  R 2 .  

The  l o w e r   a l k o x y   r a d i c a l   s u b s t i t u t e d   on  t h e   l o w e r  

a l k y l   r a d i c a l   f o r   R3  may  be  t h e   same  as   t h o s e   i l l u a -  

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

m o i e t y   o f   t h e   l o w e r   a l k o x y m e t h y l   r a d i c a l   f o r   R 2 .  

The  h e t e r o c y c l i c   r i n g   c o n t a i n i n g   t h e   n i t r o g e n  

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

of   t h e   d i ( l o w e r ) a l k y l a m i n o ( l o w e r ) a l k y l   r a d i c a l   f o r   R3  

may  i n c l u d e   N - c o n t a i n i n g   3  t o   7  m e m b e r e d   h e t e r o c y c l i c  

g r o u p ,   s u c h   as   1 - a z i r i d i n y l ,   1 - a z e t i d i n y l ,   1 - p y r r o l i d i n y l  

o r   p i p e r i d i n o .  

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

t h e   a c y l ( l o w e r ) a l k y l   r a d i c a l   f o r   R3  p r e f e r a b l y   i n c l u d e s  

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

of   t h e   p r o t e c t e d   c a r b o n y l   m o i e t y   i n c l u d i n g   1 , 3 - d i o x o l a n -  

2 - y l i d e n e ,   4 - m e t h y l - 1 , 3 - d i o x o l a n - 2 - y l i d e n e ,   d i m e t h o x y -  

m e t h y l e n e ,   d i e t h o x y m e t h y l e n e   and   t h e   l i k e .  

The  h a l o g e n   a t o m   X  c a n   be  f l u o r i n e ,   c h l o r i n e ,  

b r o m i n e   and  i o d i n e .  

The  l o w e r   a l k y l e n e   r a d i c a l   Y  i n c l u d e s   b r a n c h e d  

and   s t r a i g h t - c h a i n e d   r a d i c a l s ,   s u c h   as   m e t h y l e n e ,  

e t h y l e n e ,   p r o p y l e n e ,   t r i m e t h y l e n e ,   t e t r a m e t h y l e n e ,  

p e n t a m e t h y l e n e ,   h e x a m e t h y l e n e ,   2 , 2 - d i m e t h y l t r i m e t h y l e n e  

and   t h e   l i k e .  



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

( I )   i n c l u d e   c o n v e n t i o n a l   n o n - t o x i c   s a l t s ,   a u c h   a s  

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

a l k a l i   m e t a l   s a l t s   ( e . g .   s o d i u a   s a l t s ,   p o t a s s i u m   s a l t s ,  

e t c . ) ,   and   a l k a l i n e   e a r t h   m e t a l   s a l t s   ( e . g .   c a l c i u m  

s a l t s ,   m a g n e s i u m   s a l t s ,   e t c . ) ,   and   ammonium  s a l t s ;  

o r g a n i c   b a s e   s a l t s ,   f o r   e x a m p l e ,   a m i n e   s a l t s   ( e . g .  

t r i m e t h y l a m i n e ,   t r i e t h y l a m i n e ,   e t h a n o l a m i n e ,   d i e t h a n o l -  

a m i n e ,   p y r i d i n e   and   d i c y c l o h e x y l a m i n e   s a l t s ,   e t c . ) ;  

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

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

m a l e a t e s ,   t a r t r a t e s ,   l a c t a t e s ,   m e t h a n e s u l p h o n a t e s ,   e t c . ) .  

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

g e n e r a l   f o r m u l a   ( I )   aa  d e f i n e d   and   e x p l a i n e d   a b o v e ,   i t  

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

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

d i ( l o w e r ) a l k y l a m i n o ,   a c y l a m i n o ,   l o w e r   a l k o x y ,   a c y l   o r  

a c y l o x y   r a d i c a l "   f o r   R3  c a n   a l s o   be  e x p r e s s e d   by  t h e  

w o r d i n g   "a  h y d r o x y ( l o w e r ) a l k y l ,   a m i n o ( l o w e r ) a l k y l ,  

l o w e r   a l k y l a m i n o ( l o w e r ) a l k y l ,   d i ( l o w e r ) a l k y l a n i n o ( l o w e r ) -  

a l k y l ,   a c y l a m i n o ( l o w e r ) a l k y l ,   l o w e r   a l k o x y ( l o w e r ) a l k y l ,  

a c y l ( l o w e r ) a l k y l   o r   a c y l o x y ( l o w e r ) a l k y l " .   I t   i s   a l s o  

t o   be  n o t e d   t h a t ,   when  R3  o f   t h e   c o m p o u n d s   ( I )   i s   a n  

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

i s o m e n r s   t h e r e o f ,   aa   w i l l   be  a p p a r e n t   f r o m   t h e   f o l l o w i n g  

d e s c r i p t i o n .  

The  c o m p o u n d s   ( I )   o f   t h e   p r e a e n t   i n v e n t i o n   c a n   b e  

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

(1)   P r e p a r a t i o n   A :  

A  c o m p o u n d   o f  t h e   g e n e r a l   f o r m u l a   ( I a ) : -  



w h e r e i n   R1,  R  ,   X  and   Y  h a v e   t h e   same  m e a n i n g s   as   a b o v e ,  

and   R3a  i s   a  l o w e r   a l k a n o y l   r a d i c a l ,   c an   be  p r e p a r e d   b y  

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

w h e r e i n   R1,  R2,  X  and  Y  h a v e   t h e   same  m e a n i n g s   as  a b o v e ,  

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

3  w h e r e i n   R3a  h a s   t h e   same  m e a n i n g   as   a b o v e ,   o r   w i t h   a  
r e a c t i v e   d e r i v a t i v e   t h e r e o f ,   p r e f e r a b l y   in   t h e   p r e s e n c e  
of   a  s t r o n g   b a s e .  

Of  t h e   s t a r t i n g   c o m p o u n d s   ( I I ) ,   m e t h y l   4 - c y c l o -  

h e x y l p h e n y l   a c e t a t e   ( i . e .   t h e   c o m p o u n d   ( I I )   w h e r e i n   R1 

i s   c y c l o h e x y l ,   X  i s   h y d r o g e n   a t o m ,   Y  i s   b o n d   and   R2  i s  

m e t h o x y c a r b o n y l )   i s   known  and   can   be  p r e p a r e d ,   f o r  

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

66,  1 0 7 6 5 b / 1 9 6 7   and   t h e   o t h e r   s t a r t i n g  c o m p o u n d s   ( I I )  

c an   be  p r e p a r e d   in   s u b s t a n t i a l l y   t h e  s a m e   m a n n e r   a a  

d e s c r i b e d   t h e r e i n .  

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

t h e   l o w e r   a l k a n o i c   a c i d e   ( I I )   i n c l u d e   a c i d   h a l i d e s ,   s u c h  

as  a c i d   c h l o r i d e s   and   a c i d   b r o m i d e s ;   a c i d   a z i d e s ;   a c i d  

a n h y d r i d e s ,   i . e .   m i x e d   and   s y m m e t r i c a l   a c i d   a n h y d r i d e s ,  

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

b e f o r e   as   t h e   e a t e r i f i e d   c a r b o x y   r a d i c a l   f o r   R 2 .  

P r e f e r r e d   e x a m p l e s   of   t h e   s t r o n g   b a s e s   to   be  u s e d  

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

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

as   s o d i u m   o r   p o t a s s i u m   h y d r i d e ;   a l k a l i   m e t a l   a m i d e s ,  

s u c h   as   l i t h a m i d e ,   a o d a m i d e   and  p o t a s s a m i d e ;   a l k a l i  

m e t a l   a l k o x i d e s ,   s u c h   as  s o d i u m   m e t h o x i d e ,   s o d i u m  

e t h o x i d e ,   s o d i u m   p r o p o x i d e ,   p o t a s s i u m   m e t h o x i d e   a n d  



p o t a s s i u m   e t h o x i d e ;   a l k a l i   m e t a l   p h e n o x i d e s ,   s u c h   a s  
l i t h i u m   p h e n o x i d e ,   s o d i u m   p h e n o x i d e   and   p o t a s s i u m  

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

l i t h i u m ,   b u t y l   l i t h i u m ,   d i e t h y l a m i n o l i t h i u m   and   N -  

m e t h y l a n i l i n o l i t h i u m   and   t h e   l i k e .  

The  r e a c t i o n   i s   u s u a l l y   c a r r i e d   o u t   in   a  c o n -  
v e n t i o n a l   o r g a n i c   s o l v e n t ,   s u c h   as   d i e t h y l   e t h e r ,  

t e t r a h y d r o f u r a n ,   b e n z e n e ,   d i e t h y l   c a r b o n a t e ,   N , N ' -  

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

When  t h e   l o w e r   a l k a n o i c   a c i d   ( I I I )   o r   i t s   r e a c t i v e  

d e r i v a t i v e   i s   l i q u i d ,   i t   c a n   a l s o   be  u s e d   as   a  s o l v e n t .  

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

a t u r e   to   a b o u t   t h e   b o i l i n g   p o i n t   of   t h e   s o l v e n t ,  

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

r e s t r i c t e d .  

In  t h i s   r e a c t i o n ,   i t   i s   to   be  n o t e d   t h a t ,   when  a  

s t a r t i n g   c o m p o u n d   of   g e n e r a l   f o r m u l a   ( I I ) ,   i n   w h i c h   Y 

i s   a  v a l e n c y   b o n d   and  R2  i s   a  c a r b o x y   o r   e s t e r i f i e d  

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

( I a ' )   c o n t a i n i n g   an  a l k a n o y l   r a d i c a l   i s   s o m e t i m e s  

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

h y d r o x y m e t h y l e n e   c o m p o u n d   o f   t h e   f o r m u l a   ( I a " )   o r   o f  

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

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

( I a " )   c a n ,   i f   d e s i r e d ,   be  c o n v e r t e d   i n t o   t h e   c o r r e s p o n d -  

i n g   c o m p o u n d   ( I a ' )   by  h e a t i n g   i n   a  s o l v e n t ,   s u c h   a s  

b e n z e n e   o r   t o l u e n e ,   o r   t h e   a l k a n o y l   c o m p o u n d   ( I a ' )   c a n  

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

( I a " )   by  t r e a t m e n t   u n d e r   b a s i c   c o n d i t i o n s .   The  c o m -  

p o u n d   ( I a ' )   and  i t s   i s o m e r   ( I a " )   a r e   t o   be  u n d e r s t o o d  

to   be  s o - c a l l e d   k e t o - e n o l   t a u t o m e r s ,   as   i l l u s t r a t e d  

by  t h e   f o l l o w i n g   e q u i l i b r i u m ,   and   a r e   t o   be  r e g a r d e d  

as   b e i n g   s u b s t a n t i a l l y   t h e   same  c o m p o u n d :  



w h e r e i n   R1  and   X  h a v e   t h e   same  m e a n i n g s   as   a b o v e ,   R2a 

i s   a  c a r b o x y   o r   e s t e r i f i e d   c a r b o x y   g r o u p ,   R3'a  i s   a  

h y d r o g e n   a t o m   o r   a  l o w e r   a l k y l   r a d i c a l   and   Y'  i s   a  

v a l e n c y   b o n d .  

(2)   P r e p a r a t i o n   B :  

C o m p o u n d s   o f   t h e   g e n e r a l   f o r m u l a : -  

w h e r e i n   R1,  R2,  X  and   Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e   and   R3b  i s   h y d r o x y m e t h y l ,   c a n   be  p r e p a r e d   b y  

r e a c t i n g   a  c o m p o u n d   of   g e n e r a l   f o r m u l a   ( I I )   w i t h   p a r a -  

f o r m a l d e h y d e .  

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

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

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

o u t   i n   a  s o l v e n t ,   s u c h   as   d i m e t h y l   s u l p h o x i d e ,   d i m e t h y l  

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

t e m p s r a t u r e .   C o m p o u n d s   ( I b )   c a n   a l s o   be  p r e p a r e d   by  t h e  

f o l l o w i n g   P r e p a r a t i o n   C .  

(3)   P r e p a r a t i o n   C :  

C o m p o u n d s   o f   t h e   g e n e r a l   f o r m u l a : -  



w h e r e i n   R1,  R2,  X  and   Y  h a v e   t h e   same  m e a n i n g s   as   a b o v e ,  

and  R3  i s   a  h y d r o x y ( l o w e r ) a l k y l   r a d i c a l ,   c a n   be  p r e -  
p a r e d   by  r e d u c i n g  a   c o m p o u n d   of   t h e   g e n e r a l   f o r m u l a : -  

w h e r e i n   R  ,   R  ,   X  and  Y  h a v e   t h e   same  m e a n i n g s   as   a b o v e ,  

and   R3'c is  a  l o w e r   a l k a n o y l   r a d i c a l .  

The  s t a r t i n g   c o m p o u n d s   ( IV)   c a n   be  p r e p a r e d ,   f o r  

e x a m p l e ,   by  P r e p a r a t i o n   A.  I t   i s   to   be  n o t e d   t h a t   t h e  

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

c o m p o u n d ,   as   e x p l a i n e d   i n   P r e p a r a t i o n   A.  

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

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

as   an  a l k a l i   m e t a l   b o r o h y d r a t e   ( e . g .   l i t h i u m   b o r o h y d r a t e ,  

s o d i u m   b o r o h y d r a t e ,   p o t a s s i u m   b o r o h y d r a t e   o r   s o d i u m  

c y a n o b o r o h y d r a t e )   o r   by  c a t a l y t i c   r e d u c t i o n .   T h e  

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

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

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

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

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

in   a  c o n v e n t i o n a l   s o l v e n t ,   p r e f e r a b l y   a  p o l a r   s o l v e n t ,  

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

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

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

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

b i c a r b o n a t e .  

When  a  s t a r t i n g   c o m p o u n d   ( IV)   c o n t a i n i n g   an  e s t e r -  

i f i e d   c a r b o x y   r a d i c a l   f o r   R2  i s   s u b j e c t e d   t o   r e d u c t i o n ,  

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

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

g r o u p   R3'c ,  d e p e n d i n g   u p o n   t h e   r e a c t i o n   c o n d i t i o n s   a n d / o r  

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

t h e   g e n e r a l   f o r m u l a : -  



w h e r e i n   R1,  R3c,   X  a n d  Y   h a v e   t h e   same  m e a n i n g s   a s  

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

t h e   s c o p e   o f   t h i s   p r o c e s s .  
(4)   P r e p a r a t i o n   D :  

C o m p o u n d s   of   t h e   g e n e r a l   f o r m u l a : -  

1  2 w h e r e i n   R1,  R2,  X  and  Y  h a v e   t h e   same  m e a n i n g s   a s  
a b o v e   and   R3a  i s   a  l o w e r   a l k o x y ( l o w e r ) a l k y l   r a d i c a l ,  

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

f o r m u l a : -  

w h e r e i n   R1,  R2,  X  and   Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e   and   R3'd  i s   a  h y d r o x y ( l o w e r ) a l k y l   o r   a c y l o x y -  

( l o w e r ) a l k y l   r a d i c a l ,   w i t h   an  a l k y l a t i n g   a g e n t .   T h e  

p r e f e r r e d   a l k y l a t i n g   a g e n t   c a n   be  a  l o w e r   a l k a n o l ,  

l o w e r   a l k y l   h a l i d e   ( e . g .   l o w e r   a l k y l   c h l o r i d e ,   l o w e r  

a l k y l   b r o m i d e   o r   l o w e r   a l k y l   i o d i d e ) ,   d i ( l o w e r ) a l k y l  

s u l p h a t e ,   l o w e r   a l k y l   a l k a n e   o r   a r e n e   s u l p h o n a t e  

( e . g .   l o w e r   a l k y l   m e s y l a t e ,   l o w e r   a l k y l   b e n z e n e  

s u l p h o n a t e ,   l o w e r   a l k y l   t o s y l a t e ,   e t c . )   and  t h e   l i k e ,  

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



be  t h e   same  as   t h o s e   e x e m p l i f i e d   h e r e i n b e f o r e .  

The  r e a c t i o n   c o n d i t i o n s   a r e   p r e f e r a b l y   s e l e c t e d  

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

(V)  e m p l o y e d ,   as   f o l l o w s .  

A l k y l a t i o n   o f   a  c o m p o u n d   of   g e n e r a l   f o r m u l a   ( V ) ,  

in   w h i c h   Y  i s   a  v a l e n c y   b o n d   and   R2  i s   a  c a r b o x y   o r  

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

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

a  s t r o n g   b a s e ,   s u c h   as   an  a l k a l i   m e t a l   a l k o x i d e ,   a n d  

a l k y l a t i o n   of   a  c o m p o u n d   (V) ,   i n   w h i c h   R2  i s   a  

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

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

t h a n   a  l o w e r   a l k a n o l ,   s u c h   as   an  a l k y l   h a l i d e ,   d i a l k y l  

s u l p h a t e   o r   t h e   l i k e ,   in   t h e   p r e s e n c e   of   a  s t r o n g   b a s e ,  

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

o r   t h e   l i k e .   In  t h e   f o r m e r   c a s e ,   t h e   r e a c t i o n   i s  

more   p r e f e r a b l y   c a r r i e d   o u t   by  u s i n g   an  e x c e s s   o f   t h e  

l o w e r   a l k a n o l ,   w i t h o u t   any   o t h e r   s o l v e n t ,   w i t h   c o o l i n g  

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

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

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

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

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

F u r t h e r m o r e ,   in   t h i s   r e a c t i o n ,   i t   i s   t o   be  n o t e d   t h a t  

when  t h e   a l k y l   m o i e t y   of   t h e   a l c o h o l   t o   be  u s e d   as   a  

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

p a r t   o f   t h e   e s t e r i f i e d   c a r b o x y   r a d i c a l   f o r   R2  o f   t h e  

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

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

t h e   b a s e ,   t h e   p r e s e n c e   of   w a t e r   a n d / o r   t h e   r e a c t i o n  

t e m p e r a t u r e ,   e t c . ) ,   i n   t h e   f o r m e r   c a s e ,   t r a n s e s t e r -  

i f i c a t i o n   u s u a l l y   t a k e s   p l a c e   as   a  s i d e   r e a c t i o n   s o  

t h a t   t h e   e s t e r   p a r t   o f   t h e   e s t e r i f i e d   c a r b o x y   f o r   R 2  

i s   c o n v e r t e d   i n t o   t h e   d i f f e r e n t   e s t e r   p a r t   a n d / o r  

h y d r o l y s i s   o f   t h e   e s t e r i f i e d   c a r b o x y   f o r   R2  s o m e t i m e s  



a l s o   t a k e s   p l a c e   a s   a  s i d e   r e a c t i o n   so   t h a t   t h e  

e s t e r i f i e d   c a r b o x y   f o r   R2  i s   c o n v e r t e d   i n t o   t h e  

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

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

in   e x c e a s   in   t h e   l a t t e r   c a s e ,   t h e   h y d r o x m e t h y l  
r a d i c a l   f o r   R2  o f   t h e   s t a r t i n g   c o m o u n d   (V)  i s   s o m e -  
t i m e s   a l k y l a t e d   to   g i v e  a   c o m p o u n d   h a v i n g   a  l o w e r  

a l k o x y m e t h y l   r a d i c a l   f o r   R 2 .  

F u r t h e r m o r e ,   c o m p o u n d   of   t h e   g e n e r a l   f o r m u l a : -  

w h e r e i n   R1,  R2,  X  and   Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e   and   R3"d  i s   a  l o w e r   a l k o x y m e t h y l   r a d i c a l ,   c a n   b e  

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

w h e r e i n   R1,  R2,  X  and  Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e ,   i n   t h e   same  m a n n e r   as   d e s c r i b e d   a b o v e .  

Of  t h e   s t a r t i n g   c o m p o u n d s   ( V I ) ,   m e t h y l   2 - ( 4 -  

c y c l o h e x y l p h e n y l ) a c r y l a t e   i s   known  and   c a n   be  p r e p a r e d ,  

f o r   e x a m p l e ,   by  t h e   m e t h o d   d e s c r i b e d   i n   C h e m i c a l  

A b s t r a c t s   66,   1 0 7 6 5   d / 1 9 6 7   and   t h e   o t h e r   c o m p o u n d   ( V I )  

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

(5)   P r e p a r a t i o n   E :  

C o m p o u n d s   o f   t h e   g e n e r a l   f o r m u l a : -  



w h e r e i n   R1,  R2,  X  and   Y  h a v e   t h e   same  m e a n i n g s   as   a b o v e  

and   R3e  i s   an  a c y l o x y ( l o w e r ) a l k y l   r a d i c a l ,   c a n   be  p r e -  
p a r e d   by  r e a c t i n g   a  c o m p o u n d   o f   t h e   g e n e r a l   f o r m u l a : -  

2 w h e r e i n   R1,  R2,  X  and   Y  h a v e   t h e   same  m e a n i n g s   a s   a b o v e  

and   R3'a  i a  a   h y d r o x y ( l o w e r ) a l k y l   r a d i c a l ,   w i t h   a n  

a c y l a t i n g   a g e n t .  

The  a c y l a t i n g   a g e n t   c a n   be  a  c a r b o x y l i c   o r  

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

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

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

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

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

s u c h   as   a l k a l i   m e t a l   s a l t s   ( e . g .   s o d i u m   s a l t s ,  

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

( e . g .   c a l c i u m   s a l t s ,   m a g n e s i u m   a a l t s ,   e t c . ) ,   o r g a n i c  

b a s e   s a l t s   ( e . - g .   t r i e t h y l a m i n e   s a l t s ,   p y r i d i n e   s a l t s ,  

e t c . )   and   t h e   l i k e .  

E x a m p l e s   of   r e a c t i v e   d e r i v a t i v e s   of   c a r b o x y l i c  

s u l p h o n i c   a c i d s   i n c l u d e   a c i d   h a l i d e s ,   a c i d   a z i d e s ,  

a c i d   a n h y d r i d e s ,   a c t i v a t e d   a m i d e s   a n d   a c t i v a t e d   e s t e r s ,  

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

( I I I )   i n   t h e   P r e p a r a t i o n  A .  

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

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

b e n z e n e ,   d i e t h y l   e t h e r ,   t e t r a h y d r o f u r a n ,   p y r i d i n e   o r  



t h e   l i k e ,   and   p r e f e r a b l y   in   t h e   p r e s e n c e   o f   an  o r g a n i c  

o r   i n o r g a n i c   b a s e ,   s u c h   as   an  a l k a l i   m e t a l   b i c a r b o n a t e  

( e . g .   s o d i u m   o r   p o t a s s i u m   b i c a r b o n a t e ,   e t c . ) ,   an  a l k a l i  

m e t a l   h y d r o x i d e   ( e . g .   s o d i u m   o r   p o t a s s i u m   h y d r o x i d e ,  

e t c . ) ,   o r   an  o r g a n i c   b a s e   ( e . g .   t r i e t h y l a m i n e ,   d i m e t h y l -  

b e n z y l a m i n e ,   N - m e t h y l m o r p h o r i n e ,   N - m e t h y l p i p e r i d i n e ,  

p y r i d i n e ,   e t c . ) .   The  r e a c t i o n   t e m p e r a t u r e   i s   n o t  

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

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

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

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

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

a t i o n   a g e n t ,   s u c h   as   a  c a r b o d i i a i d e   c o m p o u n d   ( e . g .  

N , N ' - d i c y c l o h e x y l c a r b o d i i m i d e ,   8 - c y c l o h e x y l - N ' -  

m o r p h o l i n o e t h y l e a r b o d i i m i d e ,   N - c y c l o h e x y l - N ' - ( 4 -  

d i e t h y l a m i n o c y c l o h e x y l ) - c a r b o d i i m i d e ,   N . N ' - d i e t h y l -  

c a r b o d i i m i d e ,   N , N ' - d i i s o p r o p y l c a r b o d i i m i d e ,   N - e t h y l -  

N ' - ( 3 - d i m e t h y l a m i n o p r o p y l ) - c a r b o d i i m i d e ,   e t c . ) ,   N , N ' -  

c a r b o n y l - b i s - ( 2 - m e t h y l i m i d a z o l e ) ,   p e n t a m e t h y l e n e k e t o n e -  

N - c y c l o h e x y l i m i n e ,   d i p h e n y l k e t e n e - N - c y c l o h e x y l i m i n e ,  

an  a l k o x y a c e t y l e n e ,   a  1 - a l k o x y - l - c h l o r o e t h y l e n e ,   a  

t r i a l k y l   p h o s p h i t e ,   e t h y l   p o l y p h o s p h a t e ,   i s o p r o p y l  

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

t r i c h l o r i d e ,   t h i o n y l   c h l o r i d e ,   o x a l y l   c h l o r i d e ,  

t r i p h e n y l p h o s p h i n e ,   N - e t h y l b e n z i s o x a z o l i u m   s a l t ,   N -  

e t h y l - 5 - p h e n y l - i s o x a z o l i u m - 3 ' - s u l p h o n a t e ,   1 - ( p -  

c h l o r o b e n z e n e s u l p h o n y l o x y ) - 6 - c h l o r o - 1 H - b e n z o t r i a z o l e ,  

a  V i l s m e i e r   r e a g e n t   ( e . g .   ( c h l o r o m e t h y l e n e ) - d i m e t h y l -  

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

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

o r   t h e   l i k e .  

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

a  s t a r t i n g   c o m p o u n d   ( V I I )   h a v i n g   a  h y d r o x y m e t h y l  

r a d i c a l   f o r   R2  i s   u s e d   f o r   t h e   r e a c t i o n ,   t h e   h y d r o x y  

f u n c t i o n   o f   t h e   h y d r o x y m e t h y l   r a d i c a l   f o r   R 2  o f   t h e  

s t a r t i n g   c o m p o u n d   ( V I I )   c a n   a l s o   be  a c y l a t e d   t o   g i v e  



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

( I e ) ,   i n   w h i c h   R2  i s   a c y l o x y m e t h y l ,   d e p e n d i n g   u p o n   t h e  

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

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

s c o p e   o f   P r e p a r a t i o n   E .  

(6)   P r e p a r a t i o n   F :  

C o m p o u n d s   o f   t h e   g e n e r a l   f o r m u l a : -  

w h e r e i n   R1,  R2,  X  and   Y  h a v e   t h e   same  m e a n i n g s   a a  

a b o v e   and   R 3 f  i s   an  a m i n o ( l o w e r ) a l k y l ,   l o w e r   a l k y l -  

a m i n o ( l o w e r ) a l k y l   o r   d i ( l o w e r ) a l k y l a m i n o ( l o w e r ) a l k y l  

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

d i ( l o w e r ) a l k y l a m i n o   g r o u p   c a n   a l s o   be  j o i n e d   t o g e t h e r  

t o   f o r m   a  r i n g   c o n t a i n i n g   t h e   n i t r o g e n   a t o m ,   c a n   b e  

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

w h e r e i n   R1,  R2,  X  and   Y  h a v e   t h e   same  m e a n i n g s   a a  

a b o v e   a n d   R3'f  i s   an  a c y l o x y ( l o w e r ) a l k y l   r a d i c a l ,   w i t h  

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

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

c o m p o u n d s   c o n t a i n i n g   an  i m i n o   g r o u p ,   o r   by  r e a c t i n g   a  

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



w h e r e i n   R1,  R2,  X  and   Y  h a v e   t h e   same  m e a n i n g s   aa  a b o v e ,  

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

a l k y l a m i n e s ,   d i ( l o w e r ) a l k y l a m i n e s   and  s a t u r a t e d   h e t e r o -  

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

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

The  l o w e r   a l k y l   m o i e t y   o f   t h e   l o w e r   a l k y l a m i n e s  

and   d i ( l o w e r ) a l k y l a m i n e s   e m p l o y e d   c a n   be  t h e   same  a s  

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

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

c o n t a i n i n g   an  i m i n o   g r o u p   i n c l u d e   a z i r i d i n e ,   a z e t i d i n e ,  

p y r r o l i d i n e   and   p i p e r i d i n e .  

The  r e a c t i o n   o f   a  c o m p o u n d   ( V I I I )   w i t h   a m m o n i a  

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

e x c e s s   a m o u n t   t h e r e o f ,   f o r   e x a m p l e   two  o r   m o r e   m o l e  

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

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

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

c a s e   o f   P r e p a r a t i o n   A.  The  r e a c t i o n   i s   u s u a l l y  

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

e t h a n o l ,   t e t r a h y d r o f u r a n ,   d i o x a n ,   N , N - d i m e t h y l f o r m a m i d e  

o r   some  o t h e r   c o n v e n t i o n a l   s o l v e n t ,   w i t h   c o o l i n g   o r   a t  

a m b i e n t   t e m p e r a t u r e .  

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

f o r   t h e   r e a c t i o n   of   t h e   c o m p o u n d   ( IX)   w i t h   a m m o n i a   o r  

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

The  r e a c t i o n   o f   a  c o m p o u n d   ( IX)   w i t h   a m m o n i a   o r  

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

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

c o o l i n g   o r   a t   a m b i e n t   t e m p e r a t u r e .   The  r e a c t i o n  

e m p l o y i n g   a  c o m p o u n d   ( IX)   c a n   e s p e c i a l l y   be  u s e d   t o  

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

a m i n o m e t h y l   o r   d i ( l o w e r ) a l k y l a m i n o m e t h y l   r a d i c a l ,   i n  

w h i c h   t h e   l o w e r   a l k y l   m o i e t i e s   o f   t h e   d i ( l o w e r ) a l k y l -  

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

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

R3f  i n   f o r m u l a   ( I f ) .  



(7)   P r e p a r a t i o n  G :  

C o m p o u n d s   o f   t h e  g e n e r a l   f o r m u l a : -  

w h e r e i n   R1,  R2,  X  and   Y  h a v e   t h e   same  m e a n i n g s  a s  

a b o v e   a n d   R3g  i a   an   a c y l a m i n o ( l o w e r ) a l k y l   r a d i c a l ,   c a n  

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

f o r m u l a : -  

w h e r e i n   R1,  R2,  X  a n d   Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e   and  R3 'g   i s   an  a m i n o ( l o w e r ) a l k y l   r a d i c a l ,   w i t h  

an  a c y l a t i n g   a g e n t .  

The  a c y l a t i n g   a g e n t s   t o   be   e m p l o y e d   i n   t h i s  

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

P r e p a r a t i o n   E .  

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

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

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

v e n t i o n a l   c o n d e n s a t i o n   a g e n t   a s   e x e m p l i f i e d   i n   P r e p -  

a r a t i o n   E.  F u r t h e r m o r e ,   w h e n  a   r e a c t i v e   d e r i v a t i v e  

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

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

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

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

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

d i m e t h y l b e n a c y l a m i n e ,   N - m e t h y l m o r p h o r i n e ,   N - m e t h y l -  

p i p e r i d i n e   o r   p y r i d i n e .   The   r e a c t i o n   c o n d i t i o n s   a r e  

s u b s t a n t i a l l y   t h e   same  as   t h o a e   i l l u s t r a t e d   i n  



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

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

c h l o r i d e ,   c h l o r o f o r m ,   c a r b o n   t e t r a c h l o r i d e ,   b e n z e n e  

o r   d i e t h y l   e t h e r ,   w h i l e   c o o l i n g .   A  l i q u i d   c o n d e n s a t i o n  

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

(8)   P r o p a r a t i o n   H :  

C o m p o u n d s   o f   t h e   g e n e r a l   f o r m u l a : -  

w h e r e i n   R1,  R2,  X  and   Y  h a v e   t h e   same  m e a n i n g s   as   a b o v e  

and   R3h  i s  a n   a c y l ( l o w e r ) a l k y l   r a d i c a l ,   c an   be  p r e p a r e d  

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

w h e r e i n   R1,  R2,  X  and   Y  h a v e   t h e   same  m e a n i n g s   as   a b o v e  

and   R3'h  i s  a   h y d r o s y ( l o w e r ) a l k y l   o r   a c y l o x y ( l o w e r ) a l k y l  

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

w h e r e i n   R1,  R2,  X  and   Y  h a v e   t h e   same  m e a n i n g s   as   a b o v e ,  

w i t h   n i t r o ( l o w e r ) a l k a n e   o r   a r y l - s u b s t i t u t e d   n i t r o -  

( l o w e r ) a l k a n e   i n   t h e   p r e s e n c e   o f  a   s t r o n g   b a s e ,  

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

m i n e r a l   a c i d   o r   an  e x i d i s i n g   a g e n t .  

E x a m p l e s   o f   n i t r o ( l o w e r r ) a l k a n e s   i n c l u d e   a t r a i g h t -  



c h a i n e d   n i t r o ( l o w e r ) a l k a n e s ,   s u c h   a s   n i t r o m e t h a n e ,  

n i t r o e t h a n e ,   n i t r o p r o p a n e ,   n i t r o b u t a n e ,   n i t r o p e n t a n e ,  

n i t r o h e x a n e   o r   t h e   l i k e ,   and   a r y l - s u b s t i t u t e d   n i t r o -  

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

c h a i m e d   n i t r o ( l o w e r ) a l k a n e   s u c h   a s   1 - n i t r o - 2 - p h e n y l -  

e t h a n e ,   p h e n y l - n i t r o m e t h a n e   and   t h e   l i k e .  

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

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

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

l i t h i u m   h y d r i d e ) ,   a l k a l i   m e t a l   a l k o x i d e s   ( e . g .   s o d i u m  

a l k o x i d e s   a n d   p o t a s s i u m   a l k o x i d e s   and   t h e   l i k e .  

The  r e a c t i o n   o f   t h e   c o m p o u n d   ( X I I I )   o r   ( X I I )  

w i t h   t h e   n i t r o ( l o w e r ) a l k a n e   o r   a r y l - s u b s t i t u t e d   n i t r o -  

( l o w e r ) a l k a n e   i s   u s u a l l y   c a r r i e d   o u t   i n   a  s o l v e n t ,  

a u c h   as   m e t h a n o l ,   e t h a n o l ,   t e t r a h y d r o f u r a n   o r   o t h e r  

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

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

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

i s o l a t i o n   a n d / o r   p u r i f i c a t i o n .  

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

h y d r o c h l o r i c   a c i d   and   a u l p h u r i c   a c i d .  

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

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

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

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

m i n e r a l   a c i d   o r   o x i d i a i n g   a g e n t   c a n   be  c a r r i e d   o u t   c o n -  

v e n t i o n a l l y   by  i n t r o d u c i n g   a  m i n e r a l   a c i d   o r   an  o x i d i a -  

i n g   a g e n t   i n t o   t h e   r e a c t i o n   m i x t u r e   o b t a i n e d   a b o v e ,  

w i t h   c o o l i n g .  

When  a  c o m p o u n d   o f   g e n e r a l   f o r m u l a   ( X I I )   i a   u s e d  

i n   t h i s   P r e p a r a t i o n   H,  a  c o m p o u n d   ( I h )   i n   w h i c h   t h e  

r a d i c a l   R3h  i s   a c y l m e t h y l   r a d i c a l   i s   o b t a i n e d   a s   t h e  

f i n a l   p r o d u c t .  

In   t h e   a f o r e m e n t i o n e d   P r e p a r a t i o n s   D  a n d   F,  t h e  

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

p o u n d s   ( i . e .   a  c o m p o u n d   (V)  i n   w h i c h   R3'd is  h y d r o x y m e t h y l  



o r   a c y l o x y m e t h y l   and   a  c o m p o u n d   ( V I I I )   i n   w h i c h   R3'f  i s  

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

g e n e r a l   f o r m u l a   ( X I I ) .   T h e r e f o r e ,   t h e   c o m p o u n d   ( X I I )  

c a n   a l s o   be  u s e d   as   s t a r t i n g   m a t e r i a l   in   t h e s e  

P r e p a r a t i o n s .  

(9)   P r e p a r a t i o n   I :  

C o m p o u n d s   o f   t h e   g e n e r a l   f o r m u l a : -  

w h e r e i n   R1,  R3,  X  and   Y  h a v e   t h e   same  m e a n i n g s   aa  a b o v e  

and   R2i  i s   a  c a r b o x y   r a d i c a l ,   o r   a  s a l t   t h e r e o f ,   c a n   b e  

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

w h e r e i n   R1,  R3,  X  and   Y  h a v e   t h e   same  m e a n i n g s   aa  a b o v e  

and R2'i  i s   an  e a t e r i f i e d   c a r b o x y   r a d i c a l .  

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

a  c o m p o u n d   ( X I I I )   w i t h   a  b a s e   o r   a n  a c i d   i n   w a t e r   o r  

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

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

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

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

o r g a n i c   b a s e s ,   s u c h   as   a l k a l i   m e t a l   h y d r o x i d e s   ( e . g .  

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

e a r t h   m e t a l   h y d r o x i d e s   ( e . g .   b a r i u m   h y d r o x i d e ,   c a l c i u m  

h y d r o x i d e ,   m a g n e s i u m   h y d r o x i d e ,   e t c . )   and   a l k a l i   m e t a l  

a l k o x i d e s   ( e . g .   s o d i u m   m e t h o x i d e ,   s o d i u m   e t h o x i d e ,   e t c . ) .  

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

s u c h   as   h y d r o c h l o r i c   a c i d ,   h y d r o b r o m i c   a c i d   a n d  

a u l p h u r i c   a c i d ,   and   o r g a n i c   a c i d s ,   s u c h   as   f o r m i c   a c i d ,  

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

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



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

n a t u r e   o f   s t a r t i n g   m a t e r i a l   ( X I I I )   and   t h e   n a t u r e   o f  

t h e   r e a g e n t ,   i . e .   a c i d   o r   b a s e ,   and   t h e   r e a c t i o n   i s  

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

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

h a v i n g   a  l o w e r   a l x o x y ( l o w e r ) a l k y l   r a d i c a l   f o r   R3  i n  

g e n e r a l   f o r m u l a   ( X I I I ) ,   i n   w h i c h   t h e   l o w e r   a l k o x y  

m o i e t y   c o n t a i n s   more   t h a n   2  c a r b o n   a t o m s ,   a r e   e m p l o y e d  

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

c a r r i e d   o u t   by  u s i n g   an  a c i d ,   s u c h   as   f o r m i c   a c i d ,  

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

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

The  c o m p o u n d   ( I i )   c a n   a l s o   be  p r e p a r e d   by  r e a c t -  

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

w h e r e i n   R1,  R3,  X  and   Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e   a n d   R2"i  i s   an  a c y l o x y m e t h y l   r a d i c a l ,   w i t h  a  

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

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

g a n e r a l   f o r m u l a : -  

w h e r e i n   R1,  R3,  X  a n d  Y   h a v e   t h e   same  m e a n i n g s   a s  

a b o v e   a n d   COOR  i s   an  e s t e r i f i e d   c a r b o x y   g r o u p ,   a n d  

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

a c i d .  

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

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

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

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



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

o b t a i n e d .  

( 1 0 )   P r e p a r a t i o n   J :  

C o m p o u n d s   o f   t h e   g e n e r a l   f o r m l a : -  

w h e r e i n   R1,  R3,  X  and   Y  h a v e   t h e   same  m e a n i n g s   a s  
a b o v e   and   R2j  i s   a  h y d r o x y m e t h y l   r a d i c a l ,   c a n   be  p r e -  
p a r e d   by  r e d u c i n g   a  c o m p o u n d   of   t h e   g e n e r a l   f o r m u l a : -  

w h e r e i n   R1,  R  ,   X  and   Y  h a v e   t h e   sams  m e a n i n g s   a s  
a b o v e   and   R2j,  i s   a  c a r b o x y   o r   e s t e r i f i e d   c a r b o x y  

r a d i c a l .  

The  r e d u c t i o n   o f   t h e   c o m p o u n d s   (XVI)  i s   u s u a l l y  

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

s u c h   as   l i t h i u m   a l u m i n i u m   h y d r i d e ,   a l u m i n i u m   h y d r i d e ,  

l i t h i u m   t r i m e t h o x y a l u m i n i u m   h y d r i d e   o r   d i b o r a n e ,   in   a  

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

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

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

a c i d ,   s u c h   as   a l u m i n i u m   c h l o r i d e .  

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

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

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

When  p r e p a r i n g   c o m p o u n d s   ( I j ) ,   w h e r e i n   R3  i s   a  

l o w e r   a l k a n o y l   o r   a c y l ( l o w e r ) a l k y l   r a d i c a l ,   t h e   c o r r e s -  

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

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

t e c t e d   p r i o r   t o   c a r r y i n g   o u t   t h i s   r e d u c t i o n   and  t h e r e -  

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



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

c a r b o n y l   f u n c t i o n   c a n   c o n v e n i e n t l y   be  c a r r i e d   o u t   b y  

r e a c t i n g   t h e   c o m p o u n d   (XVI)   w i t h   a  h y d r o x y   c o m p o u n d ,  

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

i n   a  c o n v e n t i o n a l   m a n n e r   f o r   w e l l   known  a c e t a l i s a t i o n s .  

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

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

by  s u b j e c t i n g   t h e   r e d u c t i o n   p r o d u c t   t o   h y d r o l y s i s   o r  

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

c a r r i e d   o u t   by  t r e a t i n g   t h e   p r o d u c t   i n   t h e   p r e s e n c e  
of   an  i n o r g a n i c   a c i d ,   s u c h   as   h y d r o c h l o r i c   a c i d   o r  

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

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

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

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

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

k e t o n e ,   s u c h   as   a c e t o n e ,   i n   t h e   p r e s e n c e   o f   a  c a t a -  

l y t i c   a m o u n t   o f   a c i d ,   as   m e n t i o n e d   a b o v e ,   i n   a  c o n -  

v e n t i o n a l   m a n n e r .  

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

t h e   s t a r t i n g   c o m p o u n d   (XVI)   i s   n o t   p r o t e c t e d ,   t h e  

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

c o m p o u n d   ( I j )  w h e r e i n   R3  i s   a  h y d r o x y ( l o w e r ) a l k y l  

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

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

. ( 1 1 )   P r e p a r a t i o n   K  :  

C o m p o u n d s   o f   t h e   g e n e r a l   f o r m u l a : -  

w h e r e i n   R1,  R3,  X  a n d   Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e   and   R2k  i s   an  a c y l o x y m e t h y l   r a d i c a l ,   c a n   b e  

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

f o r m u l a : -  



w h e r e i n   R 1 ,  R 3 ,   X  and   Y  h a v e   t h e   same  m e a n i n g s   as   a b o v e ,  

w i t h   an  a c y l a t i n g   a g e n t .  

The  a c y l a t i n g   a g e n t   to   be  u s e d   in   t h i s   r e a c t i o n  

i n c l u d e s   t h o s e   i l l u s t r a t e d   in   P r e p a r a t i o n   E .  

The  a c y l a t i o n   c a n   be  c a r r i e d   o u t   in   s u b s t a n t i a l l y  

t h e   same  m a n n e r   as  d e s c r i b e d   a b o v e   in   P r e p a r a t i o n   E .  

In  t h i s   r e a c t i o n ,   i t   i a   t o   be  n o t e d   t h a t   t h e   p r o d u c t  

( I k ) ,   i n   w h i c h   R 3  i s   l o w e r   a l k a n o y l   o r   a c y l ( l o w e r ) -  

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

by  t h e   r e a c t i o n   u s i n g   t h e   c o m p o u n d   ( I j ) ,   i n   w h i c h   t h e  

c a r b o n y l   f u n c t i o n   of   l o w e r   a l k a n o y l   o r   a c y l ( l o w e r ) -  

a l k y l   f o r   R 3  i s   p r o t e c t e d ,   as   t h e   s t a r t i n g   c o m p o u n d .  

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

P r e p a r a t i o n .  

( 1 2 )   P r e p a r a t i o n   L :  

C o m p o u n d s   o f   t h e   g e n e r a l   f o r m u l a : -  

w h e r e i n   R1,  R3,  X  and  Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e ,   and   t h e   s a l t s   t h e r e o f   c a n   be  p r e p a r e d   by  o x i d -  

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

w h e r e i n   R1,  R3,  X  and   Y  h a v a   t h e   same  m e a n i n g s   a s  

a b o v e .  



The  o x i d a t i o n   of   t h e   c o m p o u n d s   ( I j )   i s   u s u a l l y  

c a r r i e d   o u t   by  t r e a t i n g   t h e   c o m p o u n d   I j )   w i t h   a n  

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

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

a c e t o n e   o r   w a t e r ,   o r   i n   a  m i x t u r e   t h e r e o f .  

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

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

t h e r e t o .  

( 1 3 )   P r e p a r a t i o n   M: 

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

w h e r e i n   R 1 ,  R 3 ,   X  and   Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e   and   R2m  i s   an  e s t e r i f i e d   c a r b o x y   r a d i c a l ,   c a n   b e  

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

f o r m u l a : -  

w h e r e i n   R1,  R3,  X  and   Y  h a v e   t h e   same  m e a n i n g s   as   a b o v e .  

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

c o m p o u n d   ( I . l ) ,  a   r e a c t i v e   c a r b o x y   d e r i v a t i v e   t h e r e o f   o r  

a  s a l t   t h e r e o f   w i t h   an  e s t e r i f y i n g   a g e n t .  

The  p r e f e r r e d   r e a c t i v e   d e r i v a t i v e s   o f   t h e   c a r b o x y  

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

f o r   a c y l a t i n g   a g e n t s   i n   P r e p a r a t i o n   E,  f o r   e x a m p l e ,  

a c i d   h a l i d e s ,   a c i d   a n h y d r i d e s ,   a c t i v a t e d   a m i d e s ,   a c t i -  

v a t e d   e s t e r s   and   t h e   l i k e .  

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

and   a  r e a c t i v e   e q u i v a l e n t   t h e r e o f .   E x a m p l e s   o f   t h e  

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

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



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

t h e   e s t e r i f i e d   c a r b o x y   r a d i c a l   f o r   R2.  P r e f e r r e d  

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

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

a l k a n e s u l p h o n a t e s ,   a r e n e s u l p h o n a t e s   and   s a l t s   of   t h e  

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

t h e   l i k e .  

The  r e a c t i o n   c a n   be  c a r r i e d   o u t   i n   t h e   p r e s e n c e  

or   a b s e n c e   of   a  s o l v e n t ,   s u c h   as   N , N - d i m e t h y l f o r m a m i d e ,  

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

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

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

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

one  of   t h o s e   e x e m p l i f i e d   in   P r e p a r a t i o n   E.  A  l i q u i d  

h y d r o x y   c o m p o u n d   o r   b a s e   c an   a l s o   be  u s e d   as   t h e  

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

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

i n g   c o m p o u n d   ( I i )   o r   a  s a l t   a n d / o r   f r e e   h y d r o x y  

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

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

of   a  c o n v e n t i o n a l   c o n d e n s i n g   a g e n t ,   s u c h   as   a n  

i n o r g a n i c   o r   o r g a n i c   a c i d   ( e . g .   h y d r o c h l o r i c   a c i d ,  

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

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

P r e p a r a t i o n   E .  

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

t h e   P r e p a r a t i o n s   A  to   M  may  be  s o m e t i m e s   a c c o m p a n i e d  

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

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

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

w i t h i n   t h e   s c o p e   of   t h e   c o m p o u n d s   ( I )   of   t h e   p r e s e n t  

i n v e n t i o n .  

The  c o m p o u n d   ( I )   may,   i f   d e s i r e d ,   be  c o n v e r t e d  

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

a l k a l i   m e t a l   s a l t   ( e . g .   a  s o d i u m   s a l t   o r   p o t a s s i u m  

s a l t ) ,   a n  a l k a l i n e   e a r t h  m e t a l   s a l t   ( e . g .   a  c a l c i u m  



s a l t   o r   a  m a g n e s i u m   s a l t ) ,   an  o r g a n i c   a m i n e   s a l t   ( e . g .  

a  t r i e t h y l a m i n e   s a l t   o r   a  d i c y c l o h e x y l a m i n e   s a l t ) ,   a n  

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

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

m a l e a t e )   o r   an  a m i n o   a c i d   s a l t   ( e . g .   an  a r g i n i n e   s a l t ,  

an  a s p a r t a t e   o r   a  g l u t a m a t e ) ,   by  c o n v e n t i o n a l   m e t h o d s .  

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

t h a t   t h e   c o m p o u n d s   ( I )   o f   t h e   p r e s e n t   i n v e n t i o n   e x h i b i t  

an  a n t i - i n f l a m m a t o r y   a c t i v i t y   and   a r e   u s e f u l   as   a n t i -  

i n f l a m m a t o r y   a g e n t s   f o r   t r e a t i n g   i n f l a m m a t i o n   i n  

a n i m a l s   and   m a m m a l s .  

T e s t   m e t h o d   ( 1 ) :  

Ten  m a l e   5  week   o l d   H a r t l e y   r a t s ,   e a c h   w e i g h i n g  

a b o u t   350  g . ,   w e r e   u s e d   p e r   g r o u p .   The  b a c k s   o f   e a c h  

a n i m a l   w e r e   d e p i l a t e d   24  h o u r s   b e f o r e   t h e   t e s t .   An 

a d h e s i v e   t a p e   w i t h   3  s m a l l   h o l e s   o f   9  mm.  d i a m e t e r   w a s  

p l a c e d   on  t h e   d e p i l a t e d   s k i n   and  t h e n   t h e   a n i m a l   w a s  

e x p o s e d   to   u l t r a - v i o l e t   r a d i a t i o n   f r o m   an  u l t r a - v i o l e t  

l a m p   (500   W,  m a n u f a c t u r e d   by  E n g e l h a r d   H a n o v i a   I n c . )  

a t   a  d i s t a n c e   of   13  cm.  f o r   80  s e c o n d s .   Two  h o u r s  

l a t e r ,   t h e   d e g r e e   of   e r y t h e m a   was  e s t i m a t e d   on  t h e  

b a s i s   o f   t h e   f o l l o w i n g   s c o r e s :  

1 . 0  :   e r y h t h e m a   w i t h   c l e a r   b o r d e r ,  

0 . 5  :   e r y t h e m a   w i t h   u n c l e a r   b o r d e r ,  

0 . 0  :   s c a r c e l y   any   e r y t h e m a .  

The  c o m p o u n d s   w e r e   r e g a r d e d   as   b e i n g   e f f e c t i v e  

when  t h e   t o t a l   o f   3  p o i n t s   was  b e l o w   1 . 5 .  

The  v a l u a t i o n   was  d e t e r m i n e d   as   f o l l o w s :  



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

o r a l l y   in   a  s u s p e n s i o n   f o r m   i n   20  ml .   of   0 .5%  a q u e o u s  
m e t h y l   c e l l o s o l v e   a q u e o u s   s o l u t i o n .   H a l f   o f   t h e   t e s t  

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

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



j u s t  a f t e r   r a d i a t i o n .   The  t e s t   r e s u l t s  o b t a i n e d   a r e  

g i v e n   in  t h e   f o l l o w i n g   T a b l e   1 :  

T e s t   M e t h o d   ( 2 )  :  

The  s t o m a c h   was  r e m o v e d   f rom  S p r a g u e - D a w l e y   r a t s ,  

w e i g h i n g   a b o u t   180  g . ,   a f t e r   t he   a n i m a l s   w e r e   f a s t e d  

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

u n d e r   i n i t i a l   t e n s i o n   of   0 .6   g.  in  a  10  m l .  o r g a n   b a t h  

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

A r a c h i d o n i c   a c i d   ( 1 . 0   x  1 0 - 5   g / m l . )   was  e m p l o y e d   as  t h e  



s p a s m o g e n .   S e v e r a l   d o s e s   of   t he   t e s t   c o m p o u n d   w e r e  

a d d e d   to  t he   i n d i v i d n a l   b a t h   f l u i d   15  m i n u t e s   b e f o r e   t h e  

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

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

d o s e - a c t i v i t y   c u r v e .  T h e  E D 5 0   v a l u e   of  e a c h   t e s t   c o m p o u n d  

was  o b t a i n e d   by  i n t e r p o l a t i o n   f rom  the   d o s e - a c t i v i t y  

c u r v e .   The  r e s u l t s   o b t a i n e d   a r e   g i v e n   in  t he   f o l l o w i n g  

T a b l e   2 . : -  

As  can  be  s e e n   f rom  t he   a b o v e   t e s t   r e s u l t s ,   t h e  

c o m p o u n d s ( I )   of  t he   p r e s e n t   i n v e n t i o n   are  u s e f u l   as  a n t i -  

i n f l a m m a t o r y   a g e n t .  

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

d o s a g e   of  10  to  500  m g . ,   1  to  4  t i m e s   a  day  in  the   f o r m  

of  p r e p a r a t i o n s ,   such   as  t a b l e t s ,   g r a n u l e s ,   p o w d e r s ,  

c a p s u l e s ,   s y r u p s ,   i n j e c t i o n s   or  s u p p o s i t o r i e s .   H o w e v e r ,  

t h e   d o s a g e   can  be  i n c r e a s e d   or  d e c r e a s e d ,   d e p e n d i n g   u p o n  



t h e   a g e ,   w e i g h t   or  c o n d i t i o n   of  t he   p a t i e n t   or  upon   t h e  

m e t h o d   of   a d m i n i s t r a t i o n .   The  c o m p o s i t i o n s   can  b e  

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

s o l i d   or  l i q u i d   c a r r i e r s   and  a d d i t i v e s .  

The  f o l l o w i n g   E x a m p l e s   a re   g i v e   f o r   t he   p u r p o s e  
of  i l l u s t r a t i n g   t h e   p r e s e n t   i n v e n t i o n : -  



E x a m p l e   1 

(1)  A  s o l u t i o n   of   2 8 . 8   mg.  s o d i u m  i n   2 .5   m l .  

m e t h a n o l   was  a d d e d   d r o p w i s e   to  a  s u s p e n s i o n  o f   1 1 . 6   g .  

m e t h y l   p - c y c l o h e x y l p h e n y l a c e t a t e   and  1 .5   g .  

p a r a f o r m a l d e h y d e   in  30  ml.   d i n e t h y l   s u l p h o x i d e   o v e r   t h e  

c o u r s e   of  10  m i n u t e s ,   w h e r e a f t e r   the   r e a c t i o n   m i x t u r e  

was  s t i r r e d   at  a m b i e n t   t e m p e r a t u r e   f o r   5  m i n u t e s .   0 . 3  

ml.  A c e t i c   a c i d   were   a d d e d   d r o p w i s e   to  the   r e a c t i o n  

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

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

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

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

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

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

p r e s s u r e .   The  o i l y   r e s i d u e   was  d i s s o l v e d   in  n - h e x a n e  

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

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

w i t h   n - h e x a n e   to  g i v e   6 . 7 2   g.  of  c o l o u r l e s s   c r y s t a l s   o f  

m e t h y l   p - c y c l o h e x y l   t r o p a t e .   A  f u r t h e r   1 . 1 7   g.  of  t h e  

same  p r o d u c t   was  r e c o v e r e d   f rom  the   m o t h e r   l i q u o r   b y  

c o n c e n t r a t i o n   and  c r y s t a l l i z a t i o n .   T o t a l   y i e l d   7 .89   g . ;  

m.p .   8 3 . 5  -   8 5 . 5 ° C .  

I . R .  υ   Nujolmax :  3250 ,   1735  c m - 1  

N.M.R.   δppmCDCl3:  1 . 1 0   to  2 . 1 0   (10H,   m) 

2 .26   to   2 .76   (211,  b r o a d  s )  

3 .64   (3H,  s )  

3 .69   to  4 . 2 3   (3H,  m) 

7 .10   to  7 . 3 3   (4H,  m) 

(2)  9 9 0 . 6   mg.  T o s y l   c h l o r i d e   was  a d d e d   a l l   a t  .  

once   to  a  c o l d   s o l u t i o n   of  1 . 0 4 8   g.  m e t h y l   p - c y c l o h e x y l  

t r o p a t e   in  4  ml.  p y r i d i n e   and  the   r e a c t i o n   m i x t u r e   w a s  

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

t h e n   o v e r n i g h t   at  a m b i e n t   t e m p e r a t u r e .   E t h y l   a c e t a t e  

was  a d d e d   to  the   r e a c t i o n   m i x t u r e ,   w h i c h   was  t h e n   w a s h e d  

s u c c e s s i v e l y   w i t h   w a t e r ,   5%  h y d r o c h l o r i c  a c i d ,   w a t e r ,   a  



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

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

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

r e s i d u e   was  c r y s t a l l i z e d   by  d r y i n g   in  a  d e s i c c a t o r   t o  

g i v e   1 . 5 9 8   g.  of   c r y s t a l s   of  m e t h y l   2 - ( 4 - c y c l o h e x y l -  

p h e n y l ) - 3 - t o s y l c x y p r o p i o n a t e .  

I . R .  υ   Nujolmax  :  1 7 3 0 ,  1 3 6 5 ,  1 1 7 0   c m - 1  

N.M.R.   δppmCDCl3  :  1 . 0 5   to  2 . 1 5   (10H,  m) 

2 . 4 1   (3H,  s )  

3 .59   (311,  s )  

3 .69   to  4 . 7 1   (311,  m) 

6 . 9 2   to  7 . 3 5   (411,  m) 

7 . 2 8   (2H,  d,  J = 8 H z )  

7 .71   (2H,  d,  J = 8 H z )  

E x a m p l e   2 

A  s o l u t i o n   of  3 . 2 7 5   g.  m e t h y l   p - c y c l o h e x y l   t r o p a t e ,  

o b t a i n e d   in  t h e   E x a m p l e   1 - ( 1 ) ,   in  20  ml.  t e t r a h y d r o f u r a n  

was  a d d e d   d r o p w i s e   to  a  s u s p e n s i o n   of  3 . 9 4 4   g.  b a r i u m  

h y d r o x i d e   o c t a h y d r a t e   in  40  ml.  w a t e r ,   w i t h   s t i r r i n g ,  

o v e r   t he   c o u r s e   of   15  m i n u t e s ,   w h i l e   c o o l i n g   w i t h   i c e .  

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

3  h o u r s   and  at   a m b i e n t   t e m p e r a t u r e   f o r   a  f u r t h e r   5  h o u r s  

and  t h e n   l e f t   to  s t a n d   o v e r n i g h t   at  a m b i e n t   t e m p e r a t u r e .  

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

w i t h   a  m i x t u r e   of  t e t r a h y d r o f u r a n   and  w a t e r   (1 :1   v / v )   a n d  

t h e n   s u s p e n d e d   in  d i e t h y l   e t h e r   and  w a t e r .   The  s u s p e n s -  

ion  was  a d j u s t e d   to  pH  1  w i t h   10%  h y d r o c h l o r i c   a c i d ,  

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

was  s e p a r a t e d   o f f ,   w a s h e d   w i t h   w a t e r ,   d r i e d   o v e r   a n h y d -  

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

l i z e d   f rom  a  m i x t u r e   of  a c e t o n e   and  d i e t h y l   e t h e r   t o  

g i v e   1 . 7 5 2   g.  p - c y c l o h e x y l t r o p i c   a c i d ;   m .p .   1 5 9  -  

1 6 0 . 5 ° C .  



A n a l y s i s :  

c a l c .   f o r   C15H20O3  :  C  7 2 . 5 5 % ;   H  8 . 1 2 %  

f o u n d   :  7 2 . 6 3 % ;   8 . 2 3 %  

I . R .   υNujolmax  :  3500 ,   1715  c m - 1  

N.M.R.   δ p p m D M S O - d 6  :   1 . 1 0   to  2 . 0 3   ( 1 0 H ,  m )  

2 . 4 0   (1H,  b r o a d   s )  

3 . 4 0   to  4 . 0 3   (3H,  m) 

7 .20   (4H,  m) 

E x a m p l e   3 

(1)  A  s o l u t i o n   of  23 .2   g.  m e t h y l   p - c y c l o h e x y l -  

p h e n y l   a c e t a t e   in  7.2  g.  m e t h y l   f o r m a t e   was  a d d e d  

d r o p w i s e   to  a  s u s p e n s i o n   of  50%  s o d i u m   h y d r i d e   ( 5 . 7 6   g . )  

in  150  ml.  d i e t h y l   e t h e r   o v e r   t he   c o u r s e   of  25  m i n u t e s  

at  2 5  -   3 0 ° C . ,   w h i l e   s t i r r i n g ,   and  t he   r e a c t i o n   m i x t u r e  

t h e n   s t i r r e d   at  a m b i e n t   t e m p e r a t u r e   f o r   3  h o u r s .   I c e -  

w a t e r   was  a d d e d   to  t he   r e a c t i o n   m i x t u r e   and  the   a q u e o u s  

l a y e r   was  s e p a r a t e d   o f f   and  w a s h e d   w i t h   d i e t h y l   e t h e r ,  

7 .89   g.  of   u n r e a c t e d   s t a r t i n g   m a t e r i a l   b e i n g   r e c o v e r e d  

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

d i e t h y l   e t h e r   and  a d j u s t e d   to  pH  1  w i t h  1 0 %   h y d r o c h l o r i c  

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

l a y e r   was  s e p a r a t e d   o f f ,   w a s h e d   w i t h   w a t e r ,   d r i e d   o v e r  

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

d r y n e s s   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 e   was  t r i -  

t u r a t e d   w i t h   n - h e x a n e   and  the   r e s u l t a n t   p r e c i p i t a t e   w a s  

f i l t e r e d   o f f   to  g i v e   5 . 9 5 9   g.  m e t h y l   2 - ( p - c y c l o h e x y l -  

p h e n y l ) - 2 - h y d r o x y m e t h y l e n e a c e t a t e .   The  m o t h e r   l i q u o r  

was  e v a p o r a t e d   to  d r y n e s s   u n d e r   r e d u c e d   p r e s s u r e   to  g i v e  

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

T h i s   f o r m y l   compound   was  c o n v e r t e d   i n t o   t he   a b o v e -  

m e n t i o n e d   h y d r o x y m e t h y l e n e   compound   as  f o l l o w s :  

A  c o l d   s o l u t i o n   of  t he   c r u d e   f o r m y l   compound   in  a  

m i x t u r e   of  1N  a q u e o u s   s o d i u m   h y d r o x i d e   and  d i e t h y l   e t h e r  

was  a d j u s t e d   to  pH  1  w i t h   10%  h y d r o c h l o r i c   a c i d .   T h e  

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



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

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 e   w a s  

t r i t u r a t e d   w i t h   n - h e x a n e   to  g i v e   4 . 4 3 4   g.  of   c r y s t a l -  

l i n e   m e t h y l   2 - ( p - c y c l o h e x y l p h e n y l ) - 3 - h y d r o x y a c r y l a t e  
w h i c h   was  i d e n t i f i e d   w i t h   a  s p e c i m e n   of  t h e  

c o m p o u n d   o b t a i n e d   as  a b o v e .   6 . 4 2   g.  M e t h y l   2 - ( p -  

c y c l o h e x y l p h e n y l ) - 2 - f o r m y l   a c e t a t e   w e r e   r e c o v e r e d   f r o m  

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

u n d e r   r e d u c e d   p r e s s u r e .   M e t h y l   2 - ( p - c y c l o h e x y l p l o e n y l ) -  

3 - h y d r o x y a c r y l a t e   has   t h e   f o l l o w i n g   c h a r a c t e r -  

i s t i c s :  

I . R .  υ   Nujolmax  :  3 1 5 0 ,   1650  ( s h ) ,   1620  c m - 1  

N.M.R.   δ p p m C D C l 3  :   1 . 1 7   to  2 . 0 7   (10H,   m) 

2 . 2 6   to  2 . 7 6   (1H,  b r o a d   s )  

3 . 7 3   (3H,  s )  

5 . 9 2   (1H,  d,  J = 1 4 H z )  

7 .10   to  7 .40   (4H,  m) 

7 .71   (1H,  d,  J = 1 4 H z )  

M e t h y l   2 - ( p - c y c l o h e x y l p h e n y l ) - 2 - f o r m y l   a c e t a t e   has   t h e  

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

I . R .   v  l i q u i d   f i l m  :   1 7 0 0 ,   1 6 6 0 ,   1600  c m - 1  

N.M.R.   δ p p m C D C l 3  :   1 . 1 7   to  2 . 0 6   (10H,   m) 

2 . 2 5   to  2 . 7 4   (1H,  b r o a d   s )  

3 .76   (3H,  s )  

7 .10   to  7 .32   (4H,  m) 

7 . 2 3   (1H,  d,  J = 1 3 H z )  

1 2 . 0 4   (1H,  d,  J = 1 3 H z )  

(2)  A  s o l u t i o n   of  6 . 0 3 2   g.  m e t h y l   2 - ( p -  

c y c l o h e x y l p h e n y l ) - 3 - h y d r o x y a c r y l a t e   in  70  m l .  

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

s s u r e   in  t h e   p r e s e n c e   of  15  ml.   Raney   n i c k e l   a t   a m b i e n t  

t e m p e r a t u r e .   A f t e r   t h e   c a l c u l a t e d   a m o u n t   of   h y d r o g e n  

(1  mole   e q u i v a l e n t )   had  b e e n   a d s o r b e d ,   t h e   R a n e y . n i c k e l  



was  f i l t e r e d   o f f   and  t he   f i l t r a t e   was  e v a p o r a t e d  t o  

d r y n e s s   u n d e r   r e d u c e d   p r e s s u r e   to  g i v e   5 . 9 3   g.  c r y s t a l -  

l i n e   m e t h y l   p - c y c l o h e x y l   t r o p a t e ;   m .p .   8 0 . 5  -   8 2 . 5 ° C .  

I . R .   v  Nujolmax  :  3250 ,   1730  c m - 1  

N.M.R.   δppmCDCl3  :  1 . 0 5   to  2 . 0 2   (10H,  m) 

2 . 2 5   to  2 . 6 8   (2H,  b r o a d   s )  

3 .59   (3H,  s )  

3 .56   to  4 . 1 8   (3H,  m) 

7 .02   to  7 .26   (4H,  m) 

( 3 )   2 . 9 7   g.  A c e t i c   a n h y d r i d e   were   a d d e d   d r o p w i s e  

to  a  s o l u t i o n   of   5 . 45   g.  m e t h y l   p - c y c l o h e x y l   t r o p a t e   i n  

6  ml.   p y r i d i n e   o v e r   t he   c o u r s e   of   45  m i n u t e s ,   w i t h  

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

s t i r r e d   at   t he   same  t e m p e r a t u r e   f o r   2  h o u r s .   D i e t h y l  

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

was  w a s h e d   s u c c e s s i v e l y   w i t h   i c e - c o l d   10%  h y d r o c h l o r i c  

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

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

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

p r e s s u r e .   The  o i l y   r e s i d u e   was  d r i e d   in  v a c u o   to  g i v e  

6 .1   g.  of   c r y s t a l l i n e   m e t h y l   2 - ( p - c y c l o h e x y l p h e n y l ) - 3 -  

a c e t o x y p r o p i o n a t e   ( 6 . 1 . g . )  

I . R .  v   l i q u i d  f i l d  :   1735  c m - 1  
m a x  

N .R .M.   δppmCDCl3 :  1 . 1 0   to  2 . 0 5   (10H,   m) 

2 . 0 7   (3H,  s )  

2 . 2 0   to   2 .66   (1H,  m) 

3 . 7 4   (3H,  s )  

3 . 5 8   to  4 . 7 6   (3H,  m) 

7 .30   to  7 .40   (4H,  m) 

E x a m p l e   4 

( 1 )   A b o u t   1 /3   v o l u m e   of  a  s o l u t i o n   of  6 6 . 7   m g .  
s o d i u m   in  5 .8   ml.   m e t h a n o l   was  a d d e d   d r o p w i s e   to   a  



s o l u t i o n   of  1 5 . 4 5 7   g.  m e t h y l   2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l -  

p h e n y l ) a c e t a t e   and  1 . 7 4   g.  p a r a f o r m a l d e h y d e   in   30  m l .  

d i m e t h y l   s u l p h o x i d e   o v e r   t he   c o u r s e   of  5  m i n u t e s .  

A f t e r   s t i r r i n g   t h e   r e a c t i o n   m i x t u r e   f o r   5  m i n u t e s ,   0 . 3  

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

e t h y l   a c e t a t e   and  w a t e r   were   a d d e d .   A f t e r   s h a k i n g ,   t h e  

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

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   e t h y l   a c e t a t e   and  t h e  

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

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

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

d r y n e s s   u n d e r   r e d u c e d   p r e s s u r e   to  g i v e  1 8 . 1 2   g.  of   o i l y  

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

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

(2)  A  s o l u t i o n   of   0 . 2 3   g.  s o d i u m   in  10  ml.  m e t h a n o l  

was  a d d e d   d r o p w i s e   to  a  s o l u t i o n   of   8 . 8 9 5   g.  m e t h y l   m- 

c h l o r o - p - c y c l o h e x y l t r o p a t e ,   o b t a i n e d   as  a b o v e ,   in  50  m l .  

m e t h a n o l   o v e r   t he   c o u r s e   of  20  m i n u t e s   u n d e r   r e f l u x   a n d  

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

s t i r r e d   f o r   2  h o u r s   u n d e r   t he   same  c o n d i t i o n s .   A f t e r  

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

d i e t h y l   e t h e r   and  w a t e r   w e r e   a d d e d   to  t h e   r e s i d u e .   T h e  

m i x t u r e   was  a d j u s t e d   to  pH  1  w i t h   10%  h y d r o c h l o r i c   a c i d  

and  the   e t h e r   l a y e r   was  s e p a r a t e d ,   w a s h e d   w i t h   w a t e r  

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

.ion  was  t r e a t e d   w i t h   an  e t h e r e a l   s o l u t i o n   of   d i a z o m e t h a n e  

and  e v a p o r a t e d   to  d r y n e s s   u n d e r   r e d u c e d   p r e s s u r e .   T h e  

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

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

w i t h   a  m i x t u r e   of   n - h e x a n e   and  b e n z e n e .   The  e l u a t e   w a s  

t r e a t e d   in  a  c o n v e n t i o n a l   m a n n e r   to  g i v e   3 . 9 2 3   g.  o f  

o i l y   m e t h y l   2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l ) - 3 -  

m e t h o x y p r o p i o n a t e .  

I . R .   v  l i q .   f i l m   1735  c m - 1  
m a x .  



N.M.R.   δ p p m C D C l 3  :   1 . 1 0   to  2 . 0 7   (10H,   m) 

2 . 6 9   to  3 . 0 5   (1H,  m) 

3 . 2 8   (3H,  s )  
3 . 4 3   to  4 . 0 3   (3H,  m) 

3 .61   (3H,  s )  

7 . 1 0  t o   7 .36   (3H,  m) 

(3)  2 . 4 8 4   g.  of  t he   m e t h y l   2 - ( 3 - c h l o r o - 4 -  

c y c l o h e x y l p h e n y l ) - 3 - m e t h o x y p r o p i o n a t e   t h u s   o b t a i n e d  

were   a d d e d   to  50  ml.  m e t h a n o l   and  7  ml.  10%  a q u e o u s  
s o d i u m   h y d r o x i d e   s o l u t i o n   and  t he   r e a c t i o n   m i x t u r e  

was  s t i r r e d   a t   7 0  -   75°C.   f o r   1  h o u r .   M e t h a n o l   w a s  
d i s t i l l e d   o f f   u n d e r   r e d u c e d   p r e s s u r e   and  e t h y l   a c e t a t e  

and  w a t e r   were   a d d e d   to  t he   r e s i d u e .   The  m i x t u r e   w a s  

a d j u s t e d   to  pH  1  w i t h   10t   h y d r o c h l o r i c   a c i d ,   w h i l e  

s t i r r i n g   and  c o o l i n g   w i t h   i c e ,   and  the   e t h y l   a c e t a t e  

l a y e r   was  s e p a r a t e d   o f f ,   w a s h e d   w i t h   an  a q u e o u s   s o l u t -  

ion  of   s o d i u m   c h l o r i d e ,   d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m  

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

p r e s s u r e .   The  o i l y   r e s i d u e   was  a d d e d   to  a  s o l u t i o n   o f  

0 . 3   g.  s o d i u m   h y d r o x i d e   in  10  ml.  m e t h a n o l   and  t h e  

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

s m a l l   amoun t   of   a c e t o n e   was  a d d e d   to  t h e   s o l u t i o n .   T h e  

m i x t u r e   was  l e f t   to  s t a n d   at  a m b i e n t   t e m p e r a t u r e   a n d  

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

and  d r i e d   to  g i v e   1 . 7 7 2   g.  of   c r y s t a l l i n e   s o d i u m   2 - ( 3 -  

c h l o r o - 4 - c y c l o h e x y l p h e n y l ) - 3 - m e t h o x y p r o p i o n a t c ;   m . p .  
2 4 9 . 5  -   2 5 1 ° C .   ( d e c o m p o s e d ) .  

A n a l y s i s :  

c a l c .   f o r   C 1 6 H 2 0 C 3 C l N a  :   C  6 0 . 2 8 % ;   H  6 . 3 2 % ;   C1  1 1 . 1 2 %  

f o u n d   :  5 9 . 0 2 % ;   6 . 2 8 % ;   1 0 . 3 8 %  

I . R .  v   Nujomax :   1600  c m - 1  

N.M.R.   δ p p m D 2 O  :   0 . 8 9   to  2 . 1 3   (10H,  m )  



2 . 6 4   to  3 . 1 0   (1H,  m) 

3 . 2 5   (3H,  s )  

3 .36   to  4 . 1 7   (3H,  m) 

7 .10   to  7 . 5 6   (3H,  m) 

E x a m p l e   5 

(1)  A  s o l u t i o n   of   7 . 5 9 5   g.  m e t h y l   2 - ( 3 - c h l o r o - 4 -  

c y c l o h e x y l p h e n y l ) a c e t a t e   and  2 . 0 5 2   g.  m e t h y l   f o r m a t e   i n  

5  ml.  a n h y d r o u s   d i e t h y l   e t h e r   was  a d d e d   d r o p w i s e   to  a  

s u s p e n s i o n   of   0 . 8 2 1   g.  s o d i u m   h y d r i d e ,   w h i c h   had  b e e n  

p r e p a r e d   by  w a s h i n g   50%  s o d i u m   h y d r i d e   ( 1 . 6 4 2   g . )   w i t h  

p e t r o l e u m   e t h e r   in  40  ml.   a n h y d r o u s   d i e t h y l   e t h e r   f o r  

20  m i n u t e s   at   2 5  -   3 0 ° C . ,   w i t h   s t i r r i n g ,   and  t h e   r e -  

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

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

i c e - w a t e r   and   t he   a q u e o u s   l a y e r   was  s e p a r a t e d   o f f   a n d  

w a s h e d   w i t h   d i e t h y l   e t h e r .   The  a q u e o u s   s o l u t i o n   w a s  

m i x e d   w i t h   d i e t h y l   e t h e r   and  a d j u s t e d   to  pH  1  w i t h   10% 

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

was  s e p a r a t e d ,   w a s h e d   w i t h   w a t e r ,   d r i e d   o v e r   a n h y d r o u s  

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

r e d u c e d   p r e s s u r e   to  g i v e   c o l o u r l e s s   c r y s t a l s .   T h e s e  

c r y s t a l s   were   d i s s o l v e d   in  h o t   b e n z e n e   and  the   s o l u t i o n  

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

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

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

was  f i l t e r e d   o f f   to  g i v e   228  mg.  of  c o l o u r l e s s   c r y s t a l s  

o f   m e t h y l   2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l ) - 3 - h y d r o x y -  

a c r y l a t e .  

I . R .  υ   Nujolmax  :  3 1 5 0 ,   1630  c m - 1  

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

r e d u c e d   p r e s s u r e   to  g i v e   5 . 1 4   g.  of   o i l y   m e t h y l   2 - f o r m y l -  

2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l )   a c e t a t e .  

I . R .   v  liq.filmmax:  1 7 2 0 ,   1 6 6 0 ,   1600  c m - 1  



( 2 )   4 .8   g.  of   t h e   m e t h y l   2 - f o r m y l - 2 - ( 3 - c h l o r o - 4 -  

c y c l o h e x y l p h e n y l )   a c e t a t e   o b t a i n e d   were   a d d e d   to  a  

m i x t u r e   of   5  ml.   t e t r a h y d r o f u r a n   and  10  ml.   of   a  
s a t u r a t e d   a q u e o u s   s o l u t i o n   of  c a r b o n i c   a c i d   and  t h e  

r e a c t i o n   m i x t u r e   was  s t i r r e d ,   w i t h   i c e - c o o l i n g ,   f o r   10  

m i n u t e s .   1 . 7 1 6   g.  s o d i u m  b o r o h y d r i d e   were   a d d e d   a l l   a t  

once   to  t he   s o l u t i o n   and  t he   m i x t u r e   was  s t i r r e d ,   w h i l e  

c o o l i n g   w i t h   i c e ,   f o r   5  m i n u t e s .   D i e t h y l   e t h e r   w a s  
a d d e d   to  t he   r e a c t i o n   m i x t u r e ,   f o l l o w e d   by  t r e a t m e n t  

w i t h   10%  h y d r o c h l o r i c   a c i d   to  d e c o m p o s e   e x c e s s   s o d i u m  

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

the   r e m a i n i n g   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   d i e t h y l  

e t h e r .   The  e x t r a c t   was  c o m b i n e d   w i t h   t he   o r g a n i c   l a y e r  
o b t a i n e d   a b o v e ,   w a s h e d   w i t h   a  s a t u r a t e d   a q u e o u s   s o l u t -  

ion   of   s o d i u m   c h l o r i d e ,   d r i e d   o v e r   a n h y d r o u s  m a g n e s i u m  

s u l p h a t e   and  t h e n   e v a p o r a t e d   to  d r y n e s s .   The  o i l y  

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

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

w i t h   c h l o r o f o r m   to  g i v e   3 . 5 9   g.  of  o i l y   m e t h y l   m- 

c h l o r o - p - c y c l o h e x y l   t r o p a t c .  

I . R .  v   liqmax.  f i l m   3420 ,   1730  c m - 1  

N .M.R .   δ p p m C D C l 3  :   1 . 0 8   to  2 . 0 8   (10H,   m) 

2 . 5 2   (1H,  t ,   J = 6 H z )  

2 . 8 0   to  3 . 1 4   (1H,  m )  

3 . 7 0   (3H,  s )  

3 . 6 8   to  4 . 2 8   (3H,  m) 

7 .06   to   7 .36   (3H,  m) 

F i n a l   e l u t i o n   w i t h   a  m i x t u r e   of   c h l o r o f o r m   and  a c e t o n e  

gave   0 . 6 3 7   g.  o f   c r y s t a l l i n e   2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l -  

p h e n y l ) p r o p a n e - 1 , 3 - d i o l   as  a  b y - p r o d u c t ,   w h i c h   w a s  

i d e n t i c a l   w i t h   t h e   c o m p o u n d   p r e p a r e d   i n  E x a m p l e   7 - ( 1 ) .  

( 3 )   1 . 7 6   g.  A c e t i c   a n h y d r i d e   was  a d d e d   d r o p w i s e  

to  a  s o l u t i o n   of   3 . 4 1   g.  m e t h y l   m - c h l o r o - p - c y c l o h e x y l  

t r o p a t e   in  4  ml.   p y r i d i n e   o v e r   t h e   c o u r s e   of  10  m i n u t e s ,  



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

s t i r r e d ,   w i t h   i c e - c o o l i n g ,   f o r   2  h o u r s .   D i e t h y l  e t h e r  

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

10%  h y d r o c h l o r i c   a c i d .   The  o r g a n i c   l a y e r   was  s e p a r a t e d  

o f f   and  t he   r e m a i n i n g   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  

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

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

10%  h y d r o c h l o r i c   a c i d ,   w a t e r ,   an  a q u e o u s   s o l u t i o n   o f  

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

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

r e d u c e d   p r e s s u r e .   The  o i l y   r e s i d u e   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   to  g i v e   2 . 9 0 4   g.  m e t h y l   3 - a c e t o x y - 2 -  

( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l )   p r o p i o n a t e ;   b . p .   1 8 0  -  

1 8 3 ° C . / 6   m m . H g .  

A n a l y s i s :  

c a l c .   f o r   C 1 8 H 2 3 O 4 C l :   C  6 3 . 8 1 % ;   H  6 . 8 4 % ,   Cl  1 0 . 4 6 %  

f o u n d   :  6 3 . 9 3 % ;   6 . 9 1 % ;   1 0 . 5 9 %  

I . R .   υliq.max  f i l m  :   1740  c m - 1  

N.M.R.   δ p p m C C l 4  :   1 . 1 0   to   2 . 1 7   (10H,   m) 

1 . 9 7   (3H,  s )  

2 . 8 9   (1H,  b r o a d   s )  

3 . 6 8   (3H,  s )  

3 . 7 3   to  4 . 6 3   (3H,  m) 

7 . 0 7   to  7 . 3 6   (3H,  m) 

E x a m p l e   6 

(1)  9 . 5 3 5   g.  T o s y l   c h l o r i d e   we re   a d d e d   p o r t i o n -  

w i s e   to  a  s o l u t i o n   of   1 8 . 1 1   g.  m e t h y l   m - c h l o r o - p -  

c y c l o h e x y l   t r o p a t e ,   p r e p a r e d   as  in  E x a m p l e s   5 - ( 1 )   a n d  

( 2 ) ,   in  50  ml.   p y r i d i n e   w h i l e   s t i r r i n g   and  c o o l i n g  

w i t h   i c e ,   and  t he   r e a c t i o n   m i x t u r e   was  t h e n   s t i r r e d   a t  

t h e   same  t e m p e r a t u r e   f o r   1 . 5   h o u r s .   E t h y l   a c e r t a t e   a n d  

i c e - w a t e r   w e r e   a d d e d   to  t h e   r e a c t i o n   m i x t u r e  a n d   s h a k e n .  

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



w i t h   c o l d   10%  h y d r o c h l o r i c   a c i d ,   w a t e r ,   a  s a t u r a t e d  

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

p o r a t e d   to  d r y n e s s   u n d e r   r e d u c e d   p r e s s u r e   to  g i v e  

2 2 . 7 8   g.  of   o i l y   m e t h y l   3 - t o s y l o x y - 2 - ( 3 - c h l o r o - 4 -  

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

f o l l o w i n g   r e a c t i o n   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 .  

(2)  A  s o l u t i o n   of   3 . 3 3 5   g.  s o d i u m   in  60  m l .  

m e t h a n o l   was  a d d e d   d r o p w i s e   to  a  s o l u t i o n   of   2 2 . 7 7   g .  

m e t h y l   3 - t o s y l o x y - 2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l )  

p r o p i o n a t e   in  250  ml.   a n h y d r o u s   m e t h a n o l   o v e r   t h e  

c o u r s e   of   45  m i n u t e s ,   w h i l e   s t i r r i n g   a t   a m b i e n t   t e m -  

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

a m b i e n t   t e m p e r a t u r e   f o r   5  h o u r s ,   7  ml.  a c e t i c   a c i d  

we re   a d d e d   d r o p w i s e   to  t h e   r e a c t i o n   m i x t u r e .   The  m i x -  

t u r e   was  e v a p o r a t e d   to  d r y n e s s   u n d e r   r e d u c e d   p r e s s u r e  
and  e t h y l   a c e t a t e   and  i c e - w a t e r   were   a d d e d   to  t h e  

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

s e p a r a t e d   o f f   and  the   r e m a i n i n g   a q u e o u s   l a y e r   w a s  

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

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

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

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

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

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

on  a  s i l i c a   ge l   co lumn   and  e l u t e d   w i t h   b e n z e n e   to  g i v e  

8 . 7 8   g.  of   o i l y   m e t h y l   2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p l e n y l )  

3 - m e t h o x y p r o p i o n a t e   w h i c h   was  i d e n t i c a l   w i t h   t h e  

c o m p o u n d   o b t a i n e d   in  t h e   E x a m p l e   4 - ( 2 ) .  

E x a m p l e   7 

(1)  2 . 9 2 3   g .   S o d i u m   b o r o h y d r i d e   were   a d d e d   p o r -  

t i o n w i s e ,   o v e r   t he   c o u r s e   of   3  m i n u t e s ,   to   a  s u s p e n s i o n  

of   7 . 9 5 2   g.  m e t h y l   2 - f o r m y l - 2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l -  

p h e n y l )   a c e t a t e ,   p r e p a r e d   as  in  E x a m p l e   5 -  ( 1 ) ,  i n   a  

m i x t u r e   of   9  ml.   t e t r a h y d r o f u r a n   and  16  ml.   o f  a   s a -  

t u r a t e d   a q u e o u s   s o l u t i o n   of   c a r b o n i c   a c i d ,   a n d , t h e  



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   15  m i n u t e s ,   w i t h   i c e -  

c o o l i n g .   8  ml.   T e t r a h y d r o f u r a n   were   a d d e d   to  t h e  m i x -  

t u r e ,   f o l l o w e d   by  s t i r r i n g   f o r   45  m i n u t e s ,   w i t h  i c e -  

c o o l i n g .   A  f u r t h e r   8  ml.  t e t r a h y d r o f u r a n   w e r e   a d d e d  

tp  t he   m i x t u r e ,   w h i c h   was  t h e n   s t i r r e d   at   a m b i e n t   t e m -  

p e r a t u r e   f o r   3  h o u r s   and  a d j u s t e d   to  pH  1  w i t h   10% 

h y d r o c h l o r i c   a c i d ,   w i t h   i c e - c o o l i n g .  

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

p r e s s u r e   and   t he   r e s i d u e   was  e x t r a c t e d   w i t h   e t h y l  

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

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

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

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

r o u s   m a g n e s i u m   s u l p h a t e   and  t h e n   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  p r e c i p i t a t e   in  t he   c o n c e n t r a t e   w a s  
d i s s o l v e d   by  h e a t i n g   and  the   s o l u t i o n   was  t h e n   l e f t   t o  

s t a n d   a t   a m b i e n t   t e m p e r a t u r e .   The  p r e c i p i t a t e   was  f i l -  

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

and  t h e n   d r i e d   to  g i v e   5 . 3 4   g.  2 - ( 3 - c h l o r o - 4 - c y c l o -  

h e x y l p h e n y l ) p r o p a n e - 1 , 3 - d i o l .   An  a d d i t i o n a l   c r o p   o f  

0 . 9 7 5   g.  was  r e c o v e r e d   f rom  t h e   m o t h e r   l i q u o r .   T o t a l  

y i e d   6 .31.5   g . ;   m . p .   1 2 3 . 5  -   1 2 4 . 5 ° C . .  

A n a l y s i s :  

c a l c .   f o r   C 1 5 H 2 1 O 2 C l  :   C  6 7 . 0 3 % ;   H  7 . 8 8 % ;   Cl  1 3 . 1 9 %  

f o u n d   :  6 7 . 0 3 % ;   7 . 9 2 % ;   1 3 . 1 7 %  

I . R .   
Nujolmax :  

3320  c m  

N . M . R .   p p m D M S O - d 6  :   1 . 1 0   to   2 . 1 0   (10H,   m) 

2 . 5 9   to  3 . 1 3   (2H,  m) 

3 . 6 9   (4H,  t ,   J = 5 H z )  

4 . 6 3   (2H,  t ,   J = 5 H z )  

7 . 3 0   (3H,  b r o a d   s )  

(2)  A  s o l u t i o n   of   1 5 . 5 7 3   g.  2 - ( 3 - c h l o r o - 4 - c y c l o -  

h e x y l p h e n y l ) p r o p a n e - 1 , 3 - d i o l   in  55  ml .   d i m e t h y l  

f o r m a m i d e   was  a d d e d   d r o p w i s e   to  a  s u s p e n s i o n  o f  1 . 4 6   g .  
s o d i u m   h y d r i d e ,   w h i c h   had   b e e n   p r e p a r e d   f rom  50%  s o d i u m  



h y d r i d e   ( 2 . 9 2 3   g . )   by  w a s h i n g   w i t h   p e t r o l e u m   e t h e r ,   i n  

30  ml.   d i m e t h y l   f o r m a m i d e ,   o v e r   t he   c o u r s e   of  o n e .  

m i n u t e ,   w i t h   s t i r r i n g   and   i c e - c o o l i n g ,   and  t h e  r e a c t i o n  

m i x t u r e   t h e n   s t i r r e d   a t   t h e   same  t e m p e r a t u r e   f o r   30 

m i n u t e s .   A  s o l u t i o n   of   8 . 6 4 8   g.  m e t h y l   i o d i d e   in  15  m l .  

d i m e t h y l   f o r m a m i d e   was  a d d e d   to  t h e   m i x t u r e   o v e r   t h e  

c o u r s e   of  1 . 2 5   h o u r s ,   w i t h   i c e - c o o l i n g ,   and  t he   m i x t u r e  

t h e r e a f t e r   s t i r r e d   a t   t he   same  t e m p e r a t u r e   f o r   2  h o u r s ,  

w i t h   c o o l i n g   w i t h   i c e - w a t e r   f o r   an  h o u r   and  a g a i n   a t  

a m b i e n t   t e m p e r a t u r e   f o r   2  h o u r s .   The  r e a c t i o n   m i x t u r e  

was  p o u r e d   i n t o   w a t e r   and  t he   m i x t u r e   e x t r a c t e d   w i t h  

e t h y l   a c e t a t e .   The  e x t r a c t   was  w a s h e d   t h o r o u g h l y   w i t h  

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

e v a p o r a t e d   to  d r y n e s s   u n d e r   r e d u c e d   p r e s s u r e .   The  o i l y  
r e s i d u e   was  c h r o m a t o g r a p h e d   on  a  c o l u m n   of  150  g .  
s i l i c a   g e l ,   e l u t i n g   w i t h   c h l o r o f o r m   and  t h e n   w i t h   a  

m i x t u r e   of  c h l o r o f o r m   and  a c e t o n e .   From  t h e   c h l o r o f o r m  

e l u a t e   t h e r e   were   o b t a i n e d   3 . 0 2   g.  1 , 3 - d i m e t h o x y - 2 -  

( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l ) p r o p a n e   as  a  b y - p r o d u c t .  

T h i s   c o m p o u n d   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   t o  

g i v e   1 . 8 7   g.  of   t h e   p u r e   s u b s t a n c e ;   b . p .   1 4 . 4 - 1 4 8 ° C . /  

3  m m . H g ,  

A n a l y s i s :  

c a l c .   f o r   C 1 7 H 2 5 O 2 C l  :  C   6 8 . 7 9 % ;   H  8 .49%;   Cl  1 1 . 9 4 %  

f o u n d   :  6 8 . 7 6 % ;   8 .62%;   1 2 . 3 8 %  

I . R .   v  liqmax.  f i l m   1110  c m - 1  

N .M.R .   δ p p m C D C l 3  :   1 . 1 2   to  2 . 0 0   ( 1 0 H ,  m )  

2 . 7 6   to  3 .20   (2H,  m) 

3 .26   ( 6 H ,   s )  

3 .44   to  3 .72   (4H,  m) 

7 .01   to  7 .22   (3H,  m) 

F a r t h e r o m r e ,   9 . 9 9 4   g.  2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l ) - 3 -  

m e t h o x y p r o p a n o l   we re   o b t a i n e d   f rom  t h e   f r a c t i o n s   e l u t e d  

w i t h  a  m i x t u r e   of   c h l o r o f o r m   and  a c e t o n e ;   b . p .  1 5 6  -  
1 5 8 ° C / 3 m m . H g .  



A n a l y s i s :  

c a l c .   f o r   C 1 6 H 2 3 O 2 C l  :  C   6 7 . 9 5 % ;  H   8 . 2 0 % ;   C l  1 2 . 5 4 %  
f o u n d   :  6 8 . 0 8 % ;   8 . 4 2 % ;   1 2 . 6 9 %  

I . R .  ν   liqmax.  f i l m   3400  c m - 1  

N .M.R .   δppmCDCl3  :  1 . 1 3   to  2 . 1 0   (10H,   m) 

2 . 4 0   ( l H ,   t ,   J = 6 H z )  

2 . 7 6   to  3 . 3 6   ( 2 H ,  m )  

3 . 3 6   (3H,  s )  

3 . 5 3   to  4 . 0 7   (4H,  m) 

7 . 1 0   to  7 . 3 6   (3H,  m) 

(3)  A  s o l u t i o n   of   4 . 5 2   g.  2 - ( 3 - c h l o r o - 4 - c y c l o -  

h e x y l p h e n y l ) - 3 - m e t h o x y p r o p a n o l   in  15  m l .  a c e t i c   a c i d   w a s  
a d d e d   d r o p w i s e   to  a  s o l u t i o n   o f   4  g.  c h r o m i u m   o x i d e   i n  

a  m i x t u r e   o f   30  ml.   a c e t i c   a c i d   and  5  ml .   w a t e r ,   w i t h  

s t i r r i n g   a n d  c o o l i n g   b e l o w   5°C,   and  t h e   r e a c t i o n   m i x -  

t u r e   t h e n   s t i r r e d   a t   t h e   same  t e m p e r a t u r e   f o r   3  h o u r s  

and  s u b s e q u e n t l y   l e f t   to   s t a n d   a t   a m b i e n t   t e m p e r a t u r e  
f o r   one  day .   W a t e r   and  d i e t h y l   e t h e r   w e r e   a d d e d   to  t h e  

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

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

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

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

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

a d j u s t e d   to   pH  1  w i t h   10 t   h y d r o c h l o r i c   a c i d ,   w i t h   s t i r -  

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

e t h e r .   The  e t h e r   e x t r a c t   was  w a s h e d   w i t h   an  a q u e o u s  

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

n e s i u m   s u l p h 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 .  

The  o i l y   r e s i d u e   was  d i s s o l v e d   in  b e n z e n e   and  t h e  

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

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

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

c h l o r o f o r m ,   to  g i v e   1 . 2 4   g.  of   o i l y   2 - ( 3 - c h l o r o - 4 -  



c y c l o h e x y l p h e n y l ) - 3 - m e t h o x y p r o p i o n i c   a c i d .   Th i s   c o m -  

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

a m b i e n t   t e m p e r a t u r e .  

A n a l y s i s :  

c a l c .   f o r   C 1 6 H 2 1 O 3 C l  :   C  6 4 . 7 5 % ;  H   7 .13%;   Cl  1 1 . 9 5 %  

f o u n d   :   6 4 . 4 7 % ;   7 .30%;   1 1 . 6 9 %  

I . R .  ν  CHCl3max  :  1705  c m -  1 

N.M.R.   δ p p m C D C l 3  :   1 . 1 0  t o   2 . 1 7   (10H,  m) 

2 . 7 6   to  3 . 2 3   (1H,  b r o a d   s )  
3 . 3 7   (3H,  s )  

3 . 5 3   to  4 . 0 3   (3H,  m) 

7 .17   to  7 .46   (3H,  m) 

1 0 . 7 3   (1H,  b r o a d   s )  

E x a m p l e   8 

2 . 9 3 8   g.  A c e t i c   a n h y d r i d e   were   a d d e d   d r o p w i s e ,  

o v e r   the   c o u r s e   of  15  m i n u t e s ,   to  a  s o l u t i o n   of  3 . 2 2 2  

g.  2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l ) p r o p a n e - 1 , 3 - d i o l   i n  
6  ml.  p y r i d i n e ,   w i t h   s t i r r i n g   and  i c e - c o o l i n g ,   and  t h e  

r e a c t i o n   m i x t u r e   t h e n   s t i r r e d   at  the   same  t e m p e r a t u r e  
f o r   2  h o u r s   and  at   a m b i e n t   t e m p e r a t u r e   f o r   a  f u r t h e r   2 

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

a m b i e n t   t e m p e r a t u r e .   P y r i d i n e   was  d i s t i l l e d   o f f   u n d e r  

r e d u c e d   p r e s s u r e   and  t he   o i l y   r e s i d u e   was  d i s s o l v e d   i n  

e t h y l   a c e t a t e .   The  s o l u t i o n   was  w a s h e d   s u c c e s s i v e l y  
w i t h   w a t e r ,   10%  h y d r o c h l o r i c   a c i d ,   w a t e r ,   a  s a t u r a t e d  

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

o v e r   a n h y d r o u s   m a g n e s i u m   s u l p h a t e   and  t h e n   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 e   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   to  g i v e   3 . 6 8 5   g.  1 , 3 - d i a c e t o x y -  

2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l ) p r o p a n e  ;   b . p .   1 9 1  -  

1 9 3 ° C . / 3   mm.Hg.  T h i s   c o m p o u n d   c r y s t a l l i z e d   upon  s t a n d -  

ing   a t   a m b i e n t   t e m p e r a t u r e   f o r   a  few  d a y s .  

A n a l y s i s :  

c a l c .   f o r   C 1 9 H 2 5 O 4 C l  :   C  6 4 . 6 7 % ;   H  7 .14%;   C1  1 0 . 0 5 %  



f o u n d   :  6 4 . 4 8 % ;   7 .10%;   1 0 . 1 2 %  

I . R .   νliq.max  f i l m   1730  c m - 1  

N.M.R.   δ p p m C C l 4  :   1 . 0 6   to  2 . 0 5   (10H,  m) 

2 . 0 0   (6H,  s )  

2 . 7 6   to  3 . 1 0   (2H,  m) 

4 . 2 3   (4H,  d,  J = 6 H z ) .  

7 . 0 3   to  7 .30   (3H,  m) 

E x a m p l e   9 

A  s o l u t i o n   of   16  g.  m e t h y l   m - c h l o r o - p - c y c l o h c x y l  

t r o p a t e   in  1 9 4 . 8   ml.  t e t r a h y d r o f u r a n   was  a d d e d   d r o p w i s e  

to  a  s o l u t i o n   of   1 7 . 1 5   g.  b a r i u m   h y d r o x i d e   in  1 9 8 . 4   m l .  

w a t e r ,   w i t h   i c e - c o o l i n g ,   and  the   r e a c t i o n   m i x t u r e   s t i r -  

r ed   at   the   same  t e m p e r a t u r e   f o r   2  h o u r s   and  t h e n   a t  

a m b i e n t   t e m p e r a t u r e   f o r   16  h o u r s .   The  p r e c i p i t a t e   w a s  

f i l t e r e d   o f f   and  w a s h e d   w i t h   t e t r a h y d r o f u r a n .   W a t e r  

and  d i e t h y l   e t h e r   we re   a d d e d   to  t he   s o l i d   and  t he   m i x -  

t u r e   was  a d j u s t e d   to  pH  1  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   l a y e r   was  s e p a r a t e d   o f f ,   w a s h e d   w i t h   w a t e r ,   d r i e d  

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

to  d r y n c s s   u n d e r   r e d u c e d   p r e s s u r e .   The  r e s u l t a n t  

c r y s t a l l i n e   r e s i d u e   was  r e c r y s t a l l i z e d   f rom  a  m i x t u r e  

of   b e n z e n e   and  e t h y l   a c e t a t e   to  g i v e   11  g.  m - c h l o r o -  

p - c y c l o h e x y l   t r o p i c   a c i d ;   m.p .   1 6 4  -   1 6 6 ° C .  

A n a l y s i s :  

c a l c .   f o r   C 1 5 H 1 9 O 3 C l  :  C   6 3 . 7 1 % ;   H  6 . 7 7 % ;   Cl  1 2 . 5 4 %  

f o u n d   :  6 3 . 9 1 % ;   6 . 9 1 % ;   1 2 . 2 7 %  

I . R .   ν  Nujolmax :  
3 4 0 0 ,   1695  c m - 1 .  

N .M.R .   δ p p m D M S O - d 6  :   1 . 0 5   to  2 . 0 8   (10H,   m) 

2 . 7 2   to  3 .10   (1H,  m) 

3 . 4 4   to  4 . 0 8   (3H,  m) 

4 . 6 0   to   5 . 4 0   ( l H ,   b r o a d   s )  

7 . 0 5   to  7 .52   (3H,  m) 



E x a m p l e   10  

3 . 1 4 3   g.  T o s y l   c h l o r i d e   we re   a d d e d   a l l   at  once   t o  

a  s o l u t i o n   of  4 . 2 3 8   g.  2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l ) -  

3 - m e t h o x y p r o p a n o l   in  15  ml.  p y r i d i n e   w i t h   s t i r r i n g   a n d  

i c e - c o o l i n g ,   and  t he   r e a c t i o n   m i x t u r e   was  s t i r r e d   a t  

t he   same  t e m p e r a t u r e   f o r   3  h o u r s   and  t h e n   at  a m b i e n t  

t e m p e r a t u r e   f o r   one  h o u r .   D i e t h y l   e t h e r   and  w a t e r   w e r e  

a d d e d   to  t he   r e a c t i o n   m i x t u r e .   A f t e r   s h a k i n g ,   t h e  

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

10%  h y d r o c h l o r i c   a c i d ,   an  a q u e o u s   s o l u t i o n   of   s o d i u m  

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

c a r b o n a t e   and  an  a q u e o u s   s o l u t i o n   of  s o d i u m   c h l o r i d e ,  

d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m   s u l p h a t e   and  t h e n   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   to  g i v e   6 .0   g.  o i l y  

1 - m e t h o x y - 2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l ) - 3 - t o s y l o x y -  

p r o p a n e .  

I.  R.  ν liq.max  f i l m  :   1 3 6 0 ,   1170  c m  

N.M.R.   δ p p m C D C l 3  :   1 . 1 0   to  2 . 1 0  ( 1 0 H ,   m) 

2 . 4 3   (3H,  s )  

2 . 7 6   to  3 .14   (2H,  m) 

3 .25   (311,  s )  

3 . 5 5   (2H,  d,  J = 6 H z )  

4 . 2 3   (211,  d , d ,   J = 2 H z ,   7Hz)  

6 . 8 9   to  7 .79   (7H,  m) 

E x a m p l e  1 1  

492  mg.  Sod ium  b o r o h y d r i d e   w e r e   a d d e d   p o r t i o n w i s e ,  

o v e r   t he   c o u r s e   of  2  m i n u t e s ,   to  a  s o l u t i o n   of  3 . 8 2 9   g .  

m e t h y l   2 - f o r m y l - 2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l ) -  

a c e t a t e   and  1 . 1 6   g.  p i p e r i d i n e   in  40  ml.   t e t r a h y d r o -  

f u r a n ,   w i t h   s t i r r i n g   and  i c e - c o o l i n g ,   and  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   h a l f   an  h o u r   w i t h   i c e - c o o l i n g  

and  a t   a m b i e n t   t e m p e r a t u r e   f o r   4  h o u r s   and  t h e n   l e f t  

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



s o d i u m   b o r o h y d r i d e   was  d e c o m p o s e d   w i t h   10%  h y d r o -  

c h l o r i c   a c i d   and  the   m i x t u r e   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 .   E t h y l   a c e t a t e   and  a  s a t u r a t e d   a q u e o u s  
s o l u t i o n   of  s o d i u m   b i c a r b o n a t e   were   a d d e d   to  t h e   r e -  

s u l t a n t   r e s i d u e .   A f t e r   s h a k i n g ,   the   o r g a n i c   l a y e r   w a s  

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

m a g n e s i u m   s u l p h a t e   and  t h e n   e v a p o r a t e d   to  d r y n e s s   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 e   was  d i s s o l v e d   in  a  m i x -  

t u r e   of  d i e t h y l   e t h e r   and  w a t e r   and  the   s o l u t i o n   t r e a t e d  

w i t h   10%  h y d r o c h l o r i c   a c i d ,   w i t h   s t i r r i n g .   The  r e s u l t -  

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

w i t h   w a t e r   and  d i e t h y l   e t h e r   and  t h e n   r e c r y s t a l l i z e d  

from  a q u e o u s   m e t h a n o l   c o n t a i n i n g   a  s m a l l   a m o u n t   of  10% 

h y d r o c h l o r i c   a c i d   to  g i v e   1 . 6 4 1   g.  m e t h y l   2 - ( 3 - c h l o r o -  

4 - c y c l o h e x y l p h c n y l ) - 3 - p i p e r i d i n o p r o p i o n a t e   h y d r o c h l o r i d e ;  

m.p .   1 9 8 . 5  -   200°C .   ( d e c . )  

A n a l y s i s :  

c a l c .   f o r   C 2 1 H 3 0 N O 2 C l . H C l :  

C  6 2 . 0 9 % ;   H  7 .80%;   N  3 .50%;   C1  1 7 . 7 1 %  

f o u n d :   6 3 . 0 2 % ;   7 .87%;   3 . 6 7 % ;   1 7 . 4 8 %  

I . R .   v  Nujolmax :  2 6 0 0  t o   2 3 0 0 ,   1755  c m - 1  

N.M.R.   δ p p m C D C l 3  :   1 . 1 3   t o  2 . 2 6  ( 1 6 H ,   m) 

2 . 3 0   to  4 . 0 3   (6H,  m) 

3 .72   (3H,  s )  

4 . 7 6   (1H,  d , d ,   J = 4 H z ,   9 H z )  

7 . 1 3   to  7 . 4 6   (3H,  m) 

E x a m p l e   12  

(1)  A  s o l u t i o n   of  2 . 7 6   g.  s o d i u m   in  80  ml.  n -  

p r o p a n o l   was  a d d e d   d r o p w i s e   o v e r   the   c o u r s e   of   h a l f   a n  

h o u r   to  a  s u s p e n s i o n   of   1 2 . 4 8   g.  m e t h y l   2 - ( 4 - c y c l o -  

h e x y l p h e n y l ) - 3 - t o s y l o x y p r o p i o n a t e   in  80  ml.   n - p r o p a n o l ,  

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

m i x t u r e   was  t h e n   s t i r r e d   a t   the   same  t e m p e r a t u r e   f o r  



one  d a y .   7 .2   ml .   A c e t i c   a c i d   were   a d d e d   d r o p w i s e   t o  

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

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

a c e t a t e   and  w a t e r   we re   a d d e d   to  t h e  r e s u l t a n t   r e s i d u e .  

A f t e r   s h a k i n g ,   t h e   o r g a n i c   l a y e r   was  s e p a r a t e d   o f f  

and  the   r e m a i n i n g   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  

e t h y l   a c e t a t e .   The  e x t r a c t   and  t h e   o r g a n i c   l a y e r  

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

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

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

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

s m a l l   amoun t   of   b e n z e n e ,   c h r o m a t o g r a p h e d   on  a  s i l i c a  

g e l   co lumn   and  e l u t e d   w i t h   b e n z e n e  t o   g i v e  5 . 7 7 7  g .  
of   o i l y   p r o p y l   2 - ( 4 - c y c l o h e x y l p h e n y l ) - 3 - p r o p o x y p r o p i o n a t e .  

I . R .  ν   l i q . m a x  f i l m  :   1730  c m - 1  

N . M . R .  δ p p m  C D C l 3  :   0 . 8 4   ( 6 H ,  t ,   J = 8 H z )  

. 1 . 0 6   to  2 . 1 2   (14H,  m )  

2 . 2 8   to  2 . 6 8   ( lH ,   m) 

3 . 3 9   (2H,  t ,   J = 8 H z )  

3 . 5 2   to  4 . 2 4   (5H,   m) 

7 .04   to  7 . 3 6   (4H,  m) 

(2)  A  m i x t u r e   of   1 4 . 0 4 4   g.  p r o p y l   2 - ( 4 -  

- c y c l o h e x y l p h e n y l ) - 3 - p r o p o x y p r o p i o n a t e ,   4 . 0 6 1   g .  

m e t h a n e s u l p h o n i c   a c i d ,   39  ml.   98%  f o r m i c   a c i d   and  4  m l .  

w a t e r   was  h e a t e d   u n d e r   r e f l u x   f o r   2 .5   h o u r s   w h i l e   s t i r -  

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

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

c o l d   w a t e r   a d d e d   to  t he   r e s u l t a n t   r e s i d u e .   A f t e r  

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

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

p h a t e   and  t h e n   e v a p o r a t e d   to  d r y n e s s   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 e   was  d i s s o l v e d   in  30  ml.   n -  

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

of   1 . 6   g.  s o d i u m   h y d r o x i d e   in   8  ml .   w a t e r ,   w i t h   s t i r r i n g  



and  i c e - c o o l i n g ,   and  t h e n   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 e   was  t r i t u r a t e d   w i t h   a c e t o n e   a n d  

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

a c e t o n e   and  t h e n   r e c r y s t a l l i z e d   f rom  a  m i x t u r e   of   n -  

p r o p a n o l   and  a c e t o n e   to  g i v e   1 0 . 9   g.  s o d i u m   2 - ( 4 -  

c y c l o h e x y l p h e n y l ) - 3 - p r o p o x y p r o p i o n a t e ;   m . p .   2 2 3  -  

2 2 4 . 5 ° C .   T h i s   c o m p o u n d   was  i d e n t i c a l   to  the   s p e c i m e n  

p r e p a r e d   in  t he   f o l l o w i n g   E x a m p l e   1 3 .  

E x a m p l e  1 3  

1 6 . 6 4   g.  M e t h y l   2 - ( 4 - c y c l o h e x y l p h e n y l ) - 3 - t o s y l o x y -  

p r o p i o n a t e   were   a d d e d   a l l   at   once   to  a  s o l u t i o n   o f  

3 . 6 8   g.  s o d i u m   in  200  ml.   n - p r o p a n o l ,   w i t h   s t i r r i n g   a n d  

i c e - c o o l i n g ,   and  the   r e a c t i o n   m i x t u r e   was  s t i r r e d   a t  

t h e   same  t e m p e r a t u r e   f o r   h a l f   a n  h o u r  a n d   t h e n   a t  

a m b i e n t   t e m p e r a t u r e   f o r   20  h o u r s .   The  m i x t u r e   w a s  

t r e a t e d   w i t h   7.2  m l .  a c e t i c   a c i d   and  e v a p o r a t e d   to  d r y -  

n e s s   u n d e r   r e d u c e d   p r e s s u r e .   I c e - w a t e r   and  d i e t h y l  

e t h e r   were   a d d e d   to  the   r e s i d u e .   A f t e r   s h a k i n g ,   t h e  

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

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   d i e t h y l   e t h e r .   T h e  

e x t r a c t   and  t he   o r g a n i c   l a y e r   o b t a i n e d   a b o v e   w e r e   c o m -  

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

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

a d j u s t e d   to   pH  1  w i t h   10%  h y d r o c h l o r i c   a c i d ,   w i t h   i c e -  

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

s u l p h a t e   and  e v a p o r a t e d   to  d r y n e s s .   The  r e s i d u e   w a s  

t r e a t e d   w i t h   n - h e x a n e   and  l e f t   to  s t a n d   in  a  r e f r i -  

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

a c r y l i c   a c i d   ( 0 . 8 2 1   g . )   was  f i l t e r e d   o f f   and   t h e  

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

o i l y   r e s i d u e   was  d i s s o l v e d   in  20  ml.   n - p r o p a n o l ,  

t r e a t e d   w i t h   a  s o l u t i o n   of  720  mg.  s o d i u m   h y d r o x i d e   i n  

a  s m a l l   a m o u n t   of   w a t e r   and  t h e n   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 e   was  c r y s t a l l i z e d   by  t r i -  

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



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

a  m i x t u r e   of   n - p r o p a n o l   and  a c e t o n e   to  g i v e   2 . 0 5   g .  
s o d i u m   2 - ( 4 - c y c l o h e x y l p h e n y l ) - 3 - p r o p o x y - p r o p i o n a t e ;  

m . p .   2 2 3  -   2 2 4 . 5 ° C .  

A n a l y s i s :  

c a l c .   f o r   C 1 8 H 2 5 O 3 N a  :  C   6 9 . 2 1 % ;   H  8 . 0 7 %  

f o u n d   :  6 9 . 0 6 % ;   8 . 0 9 %  

I . R .   v  Nujolmax :  1585  c m - 1  

N .M.R .   δ p p m D 2 O  :   0 . 6 9   (3H,  t ,  J = 6 H z )  

.  0 . 8 9   to   2 . 0 3   (12H,   m) 

2 . 0 3   to  2 . 5 9   ( l H ,   b r o a d   s )  

3 . 3 3   (2H,  t ,   J = 6 H z )  

3 . 1 7   to  4 . 2 0   (3H,  m) 

7 . 0 7   (2H,  d,  J = 8 H z )  

7 . 3 1   (2H,  d,  J = 8 H z )  

E x a m p l e   14  

(1)  G a s e o u s   ammonia   was  i n t r o d u c e d   v i g o r o u s l y  

i n t o   a  s o l u t i o n   of  1 2 . 4 8   g.  m e t h y l   2 - ( 4 - c y c l o h e x y l -  

p h e n y l ) - 3 - t o s y l o x y p r o p i o n a t e   in  400  ml .   m e t h a n o l   f o r  

30  m i n u t e s ,   w i t h   s t i r r i n g   and  i c e - c o o l i n g ,   and  s t i r r i n g  

was  c o n t i n u e d   a t   a m b i e n t   t e m p e r a t u r e   f o r   7 .5   h o u r s ,  

w h i l e   s l o w l y   b u b b l i n g   g a s e o u s   ammonia   t h r o u g h   t h e  

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

s t a n d   o v e r n i g h t   in  a  r e f r i g e r a t o r   and  t h e n   t h e   s o l v e n t  

was  d i s t i l l e d   o f f   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 e  

w a s - t r e a t e d   w i t h   a  m i x t u r e   o f   d i e t h y l   e t h e r   and  5% 

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

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

and   w a t e r   and  t h e n   t r e a t e d   w i t h   a  m i x t u r e   of  d i e t h y l  

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

to  g i v e   o i l y   m e t h y l   2 - ( 4 - c y c l o h e x y l p h e n y l ) - 3 - a m i n o -  

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

f i l t r a t e ,   w a s h e d   w i t h   d i e t h y l   e t h e r ,   r e n d e r e d   a l k a l i n e  

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



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

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

and  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   to  g i v e  t h e   s a m e  

o i l y   p r o d u c t .   T o t a l   y i e l d   5 . 6 7   g .  

I  . R .  ν   liq.max  f i l m  :   3 3 5 0 ,   3300  c m - 1  

N . M . R .  δ p p m  C D C l 3  :   1 . 0 8   to  2 . 0 4   (10H,   m) 

2 . 2 8   to  2 .64   (1H,  m) 

2 . 7 8   to  3 .42   (2H,  m) 

3 . 5 0   to  3 .72   (1H,  m) 

3 .64   (311,  s )  

7 .16   (4H,  s )  

(2)  A  s o l u t i o n   of   3 . 7 7 9   g.  m e s y l   c h l o r i d e   in  1 5  

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

c o u r s e   of  40  m i n u t e s   to  a  m i x t u r e   of  8 . 6 1 3   g.  m e t h y l  

2 - ( 4 - c y c l o h e x y l p h e n y l ) - 3 - a m i n o p r o p i o n a t e ,   4  g .  

t r i e t h y l a m i n e ,   3 . 3 2 6   g.  s o d i u m   b i c a r b o n a t e   and  50  m l .  

m e t h y l e n e   c h l o r i d e ,   w i t h   s t i r r i n g   and  i c e - c o o l i n g ,  

and  the   r e a c t i o n   m i x t u r e   was  s t i r r e d   at  t he   same  t c m -  

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

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   and  a  m i x t u r e   o f  

e t h y l   a c e t a t e   and  w a t e r   was  a d d e d   to  the   r e s i d u e .  

A f t e r   s h a k i n g ,   t h e   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  

r e m a i n i n g   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   e t h y l   a c e t a t e .  

T h e   e x t r a c t   and  t he   o r g a n i c   l a y e r   were   c o m b i n e d ,   w a s h e d  

s u c c e s s i v e l y   w i t h   w a t e r ,   5%  h y d r o c h l o r i c   a c i d   and  w a t e r ,  

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

t he   c o n c e n t r a t e  w a s   d i s s o l v e d  a g a i n   by  h e a t i n g   and  t h e  

s o l u t i o n   was  c o o l e d   to  a m b i e n t   t e m p e r a t u r e .   The  p r e -  

c i p i t a t e   was  f i l t e r e d   o f f   w i t h   s u c t i o n   to  g i v e   2 . 8 0 2   g .  

c r y s t a l l i n e   m e t h y l   2 - ( 4 - c y c l o h e x y l p h e n y l ) - 3 - m e s y l a m i n o -  

p r o p i o n a t e .   2 . 0 5 8   g.  of   t h e   same  p r o d u c t   w e r e   r e c o v e r e d  

by  c o n c e n t r a t i o n   and  c o o l i n g .   T o t a l   y i e l d   4 . 8 6 0   g . ;  

m . p .   1 3 8  -   1 4 0 ° C .  



I .   R .  ν   Nujolmax  :  3430 ,   3150 ,   1 3 0 0 ,   1140  cm 

N . M . R .  δ p p m D M S O - d 6  :   1 . 0 8   to  1 . 9 6   (10H,  m) 

2 . 3 2   to  2 . 5 6   (1H,  m) 

2 . 8 0   (3H,  s )  

3 . 1 7   ( lH ,   d , d ,   J = 8 H z ,   1 2 H z )  

3 . 3 2   ( lH,   s )  

3 .42   to   3 .92   (2H,  m) 

3 .59   (3H,  s )  
7 . 1 9   (4H,  s )  

(3)  A  s o l u t i o n   of   4 . 0 6 8   g.  m e t h y l   2 - ( 4 - c y c l o -  

h e x y l p h e n y l ) - 3 - m e s y l a m i n o p r o p i o n a t e   in  60  ml.  t e t r a -  

h y d r o f u r a n   was  a d d e d   d r o p w i s e ,   o v e r   t he   c o u r s e   of   a n  

h o u r ,   to  a  s u s p e n s i o n   of  9 1 0 . 8   mg.  l i t h i u m   a l u m i n i u m  

h y d r i d e   in  40  ml.   t e t r a h y d r o f u r a n ,   w i t h   s t i r r i n g  a n d  

i c e - c o o l i n g ,   and  t he   r e a c t i o n   m i x t u r e   was  s t i r r e d   a t  

t he   same  t e m p e r a t u r e   f o r   h a l f   an  h o u r .   E t h y l   a c e t a t e  

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

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

r e a c t i o n   m i x t u r e   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  m i x t u r e   of   e t h y l   a c e t a t e   and  5%  h y d r o c h l o r i c   a c i d  

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

s e p a r a t e d   o f f   and  t he   r e m a i n i n g   a q u e o u s   l a y e r   w a s  

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

o r g a n i c   l a y e r   were   c o m b i n e d ,   w a s h e d   w i t h   5%  h y d r o -  

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

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

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

r e c r y s t a l l i z e d   f rom  b e n z e n e   to  g i v e   3 . 1 0 4   g.  2 - ( 4 -  

c y c l o h e x y l p h e n y l ) - 3 - m e s y l a m i n o p r o p a n o l ;   m .p .   9 9  -  

1 0 0 . 5 ° C .  

A n a l y s i s :  

c a l c .   f o r   C 1 6 H 2 5 N O 3 S  :  

C  6 1 . 7 0 % ;   H  8 . 0 9 % ;   N  4 . 5 0 % ;   S  1 0 . 3 0 %  

f o u n d :   6 1 . 6 6 % ;   8 . 1 5 % ;   4 . 4 5 % ;   1 0 . 1 4 %  



I . R .  v   Nujolmax :  3500 ,   3 2 0 0 ,   1 3 0 0 ,   1140  c m - 1  

N.M  R.  δppmDMSO - d6 :  1 . 0 5   to  2 . 0 5   ( 1 0 H ,  m )  

2 . 2 5   to  3 . 0 3   (2H,  m) 

2 . 7 4   (3H,  s )  

3 . 1 8   (2H,  m) 

3 . 5 8   (2H,  t ,   J = 5 H z )  

4 . 6 4   (1H,  t ,   J = 5 H z )  

6 . 8 1   (1H,  t ,   J = 6 H z )  

7 .12   (4H,  s )  

E x a m p l e   1 5  

(1)  2 4 . 9 6   g.  M e t h y l   2 - ( 4 - c y c l o h e x y l p h e n y l ) - 3 -  

t o s y l o x y p r o p i o n a t e   and  4 . 9 5   g.  n i t r o e t h a n e   were   d i s -  

s o l v e d   in  140  ml.   h o t   m e t h a n o l   and  t h e   s o l u t i o n   l e f t  

to   s t a n d   a t   a m b i e n t   t e m p e r a t u r e .   Over   t he   c o u r s e   o f  

35  m i n u t e s ,   a  s o l u t i o n   of  2 . 8 9 8   g.  s o d i u m   in  35  m l .  

m e t h a n o l   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   a t   a m b i e n t  

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

at   t he   same  t e m p e r a t u r e   f o r   6  h o u r s .   Over   t h e   c o u r s e  

of   20  m i n u t e s ,   a  s o l u t i o n   of   1 . 3 8   g.  s o d i u m   in  50  m l .  

m e t h a n o l   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   and  i c e -  

c o o l i n g   to  t he   r e a c t i o n   m i x t u r e .   The  m i x t u r e   was  t h e n  

a d d e d   d r o p w i s e ,   o v e r   t h e   c o u r s e   of   an  h o u r ,   to  a  m i x -  

t u r e   of  80  ml.   10%  h y d r o c h l o r i c   a c i d   and  250  ml.  m c t h a n o l  

w i t h   s t i r r i n g   and  i c e - c o o l i n g ,   and  the   m i x t u r e   w a s  

s t i r r e d   a t   t h e   same  t e m p e r a t u r e   f o r   an  h o u r   and  t h e n  

a t   a m b i e n t   t e m p e r a t u r e   o v e r n i g h t .   M e t h a n o l   was  d i s -  

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

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

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

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

m a g n e s i u m   s u l p h a t e   and  t h e n   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 u l t a n t   c r y s t a l s   were   r e c r y s t a l l i z e d  

f rom  m e t h a n o l   to  g i v e   5 . 7 4 2   g.  m e t h y l   2 - ( 4 - c y c l o h e x y l -  

p h e n y l ) - 3 - a c e t y l p r o p i o n a t e ;   m . p .   8 6 . 5  -  9 0 ° C .  



I . R .   νliq.max  f i l m  :   1740  ( s h ) ,   1720  c m - 1  

N.M.R.   δ p p m C D C l 3  :   1 . 0 7   to  2 . 0 7   ( 1 0 H ,  m )  

2 . 1 5   (3H,  s )  

2 . 3 0   to  2 . 5 9   (1H,  m) 

2 . 6 6   (1H,  d , d ,   J = 4 H z ,   1 8 H z )  

3 . 2 5   (1H,  d , d ,   J = 1 0 H z ,   1 8 H z )  

3 . 6 3   (3H,  s )  

4 . 0 7   (1H,  d , d ,   J = 4 H z ,   1 0 H z )  

7 . 1 3   (4H,  s )  

( 2 )   A  m i x t u r e   of  2 . 4 4 8   g.  m e t h y l   2 - ( 4 - c y c l o h e x y l -  

p h e n y l ) - 3 - a c e t y l p r o p i o n a t e ,   50  ml.   m e t h a n o l   and  6 .8   m l .  

10%  a q u e o u s   s o d i u m   h y d r o x i d e   s o l u t i o n   was  h e a t e d   u n d e r  

r e f l u x ,   w i t h   s t i r r i n g ,   f o r   10  m i n u t e s .   M e t h a n o l   w a s  

t h e n   d i s t i l l e d   o f f   u n d e r   r e d u c e d   p r e s s u r e   and  the   p r e -  

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

w a s h e d   w i t h   w a t e r   and  t h e n   w i t h   e t h y l   a c e t a t e .   T h e s e  

c r y s t a l s   were   d i s s o l v e d   in  a  m i x t u r e   of  e t h y l   a c e t a t e  

and  w a t e r   and  the   s o l u t i o n   a d j u s t e d   to  pH  1  w i t h   10% 

h y d r o c h l o r i c   a c i d ,   w i t h   i c e - c o o l i n g .   T h e  e t h y l   a c e t a t e  

l a y e r   was  s e p a r a t e d ,   w a s h e d   w i t h   w a t e r ,   d r i e d   o v e r   a n -  

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

u n d e r   r e d u c e d   p r e s s u r e .   The  r e s u l t a n t   c r y s t a l s   w e r e  

r e c r y s t a l l i z e d   f rom  a  m i x t u r e   of   b e n z e n e   and  n - h e x a n e  

to  g i v e   1 . 9 7 2   g.  2 - ( 4 - c y c l o h e x y l p h e n y l ) - 3 - a c e t y l p r o p i o n i c  

a c i d ;   m .p .   1 1 3 . 5  -   1 1 5 ° C .  

A n a l y s i s :  

c a l c .   f o r   C 1 7 H 2 2 O 3  :   C  7 4 . 4 2 % ,   H  8 . 0 8 %  

f o u n d   :  7 4 . 3 3 % ;   8 : 1 1 %  

I . R .   v  Nujolmax  :  1 7 2 0 ,   1700  c m - 1  

N .M.R .   δppmCDCl3 :  1 . 1 0   to  2 . 0 5   (10H,  m) 

2 . 1 3   (3H,  s )  

2 . 2 0   to   2 .50   ( lH,   m) 



2 . 6 5   (1H,  d , d ,   J = 5 H z ,   1 8 H z )  

3 . 3 3   (1H,  d , d ,   J = 1 0 H z ,   1 8 H z )  

.  4 . 0 7   (1H,  d , d ,   J = 5 H z ,   1 0 H z )  

7 . 0 8   to  7 . 5 3   (4H,  m) 

9 . 4 6   to   1 0 . 0 0   (1H,  b r o a d   s )  

E x a m p l e  1 6  

(1)  A  m i x t u r e   of   3 . 7 4 4   g.  m e t h y l   2 - ( 4 - c y c l o h e x y l  

p h e n y l ) - 3 - a c e t y l p r o p i o n a t e ,   1  ml.   e t h y l e n e   g l y c o l ,   10  

mg.  p - t o l u e n e s u l p h o n i c   a c i d   m o n o h y d r a t e   and  10  m l .  

b e n z e n e   was  h e a t e d   u n d e r   r e f l u x ,   w i t h   s t i r r i n g ,   f o r   5 

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

c o o l i n g ,   t he   r e a c t i o n   m i x t u r e   was  s h a k e n   w i t h   a  m i x t u r e  

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

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

p o r a t e d   to  d r y n e s s   to  g i v e   4 . 3 5 6   g.  of  o i l y   m e t h y l   2 -  

( 4 - c y c l o h e x y l p h e n y l ) - 4 , 4 - e t h y l e n e d i o x y v a l e r a t c .  

I.  R.  v  liq.max  f i l m  :   1 7 3 5 ,   1 1 4 0 ,   1040  c m - 1  

N.M.R.   6  p p m C D C l 3  :   1 . 0 4   to  2 . 1 2   (11H,   m) 

1 . 3 1   (3H,  s )  

2 . 2 8   to  2 . 6 0   (1H,  m) 

2 . 7 4   (1H,  d , d ,   J = 1 0 H z ,   1 4 H z )  

3 . 6 1   (3H,  s )  

3 .72   to  3 . 8 8   (1H,  m) 

3 . 9 1   (4H,  s )  

7 . 0 4   to  7 .40   (4H,  m) 

(2)  A  s o l u t i o n   of   4 . 6 4 8   g.  m e t h y l   2 - ( 4 -  

c y c l o h e x y l p h e n y l ) - 4 , 4 - e t h y l e n e d i o x y v a l e r a t e   in  25  m l .  

d i e t h y l   e t h e r   was  a d d e d   d r o p w i s e   o v e r   t he   c o u r s e   of   2 0  

m i n u t e s   to  a  s u s p e n s i o n   of   5 3 1 . 3   mg.  l i t h i u m   a l u m i n u m  

h y d r i d e   in  50  ml.  d i e t h y l   e t h e r ,   w i t h   s t i r r i n g   and  i c e -  

c o o l i n g ,   and  the   m i x t u r e   t h e n   s t i r r e d   a t   t h e   same  t e m -  

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

l i t h i u m   a l u m i n i u m   h y d r i d e   by  a d d i n g   d r o p w i s e   3  m l .  



e t h y l   a c e t a t e ,   10  ml.   of   a  15%  a q u e o u s   s o l u t i o n   o f  

s o d i u m   h y d r o x i d e   were   a d d e d   d r o p w i s e   to  the   r e a c t i o n  

m i x t u r e ,   w i t h   s t i r r i n g   and  i c e - c o o l i n g ,   w h e r e a f t e r   a 
m i x t u r e   of   d i e t h y l   e t h e r   and  a  15%  a q u e o u s   s o l u t i o n  

of  s o d i u m   h y d r o x i d e   was  a d d e d   to  the   m i x t u r e .   A f t e r  

s h a k i n g ,   t he   o r g a n i c   l a y e r  w a s   s e p a r a t e d   and  t h e  

r e m a i n i n g   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   d i e t h y l  
e t h e r .   The  e x t r a c t   and  the   o r g a n i c   l a y e r   o b t a i n e d  

above   were   c o m b i n e d ,   w a s h e d   w i t h   an  a q u e o u s   s o l u t i o n  

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

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

d u c e d   p r e s s u r e   to  g i v e   4 . 1 5   g.  o i l y   2 - ( 4 - c y c l o h e x y l -  

p h e n y l ) - 4 , 4 - e t h y l e n e d i o x y p e n t a n o l .  

I . R .  v   liq.max  f i l m  :   3450 ,   1 1 4 0 ,   1040  c m - 1  

N .M.R .   δ p p m C D C l 3  :   1 . 1 0   to  2 .01   (10H,  m) 

1 . 3 0   (3H,  s )  

-2.09  (2H,  d,  J = 6 H z )  

2 . 2 6   to  2 . 6 9   (2H,  b r o a d   s )  

3 .00   (1H,  q u i n t e t ,   J = 6 H z )  

3 . 5 6   to  3 .86   ( 2 H , ' m )  

3 . 9 2   (4H,  s )  

7 .10   (4H,  s )  

(3)  A  s o l u t i o n   of  4 , 3 7 8   g.  2 - ( 4 - c y c l o h e x y l p h e n y l ) -  

4 , 4 - e t h y l e n e d i o x y p e n t a n o l   in  44  ml.  a c e t o n e   was  s t i r r e d  

w i t h   2  ml.   10%  h y d r o c h l o r i c   a c i d   at  a m b i e n t   t e m p e r a t u r e  

f o r   h a l f   an  h o u r .   A c e t o n e   was  d i s t i l l e d   o f f   u n d e r   r e -  

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

of  d i e t h y l   e t h e r . a n d   an  a q u e o u s   s o l u t i o n   of  s o d i u m  

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

r e m a i n i n g   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   d i e t h y l   e t h e r .  

The  e x t r a c t   and  t he   o r g a n i c   l a y e r   o b t a i n e d   a b o v e   w e r e  

c o m b i n e d ,   w a s h e d   w i t h   an  a q u e o u s   s o l u t i o n   of   s o d i u m  

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



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

p r e s s u r e .   The  o i l y   r e s i d u e   was  d i s s o l v e d   in  a  s m a l l  

a m o u n t   of   b e n z e n e ,   c h r o m a t o g r a p h e d   on  an  a l u m i n a  

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

and  t h e n   w i t h   a  m i x t u r e   of  c h l o r o f o r m   and  a c e t o n e .  

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

t u r e   of  c h l o r o f o r m   and  a c e t o n e   were   c o m b i n e d ,   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 ,   c h r o m a t o g r a p h c d   on  a  s i l i c a  

ge l   co lumn  and  e l u t e d   s u c c e s s i v e l y   w i t h   b e n z e n e ,   a  m i x -  

t u r e   of   b e n z e n e   and  c h l o r o f o r m ,   c h l o r o f o r m   and  t h e n   w i t h  

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

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

a c e t o n e   were   c o m b i n e d   and  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 e   was  d r i e d   u n d e r   r e d u c e d   p r e s s u r e  

(2  mm.Hg)  f o r   2  h o u r s   to  g i v e   2 . 5 5 3   g.  of   o i l y   2 - ( 4 -  

c y c l o h e x y l p h e n y l ) - 3 - a c e t y l p r o p a n o l   w h i c h   was  l e f t   t o  

s t a n d   f o r   a  few  days   to  c r y s t a l l i z e .  

A n a l y s i s :  

c a l c .   f o r   C 1 7 H 2 4 O 2  :   C  7 8 . 4 2 % ;   H  9 . 2 9 %  

f o u n d   :  7 8 . 7 4 % ;   9 . 4 8 %  

I . R ,  ν   liq.max  f i l m   3 4 0 0 ,   1710  c m - 1  

N . M . R .   δ p p m C D C l 3  :   1 . 0 6  t o   2 . 0 2   ( 1 0 H ,  m )  

2 . 0 8   (3H,  s )  

2 . 2 0   to   2 . 6 4   (3H,  m) 

2 . 8 2   (1H,  t ,   J = 8 H z )  

3 . 3 4   (1H,  t ,   J = 8 H z )  

3 . 5 2   to  3 . 9 6   (2H,  m) 

7 . 0 5   to  7 .32   (4H,  m) 

E x a m p l e   1 7  

(1)  A  s o l u t i o n   of  8 . 6 2 5   g.  s o d i u m   in  100  m l .  

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

52  g.  m e t h y l   2 - ( 4 - c y c l o h e x y l p h e n y l ) - 3 - t o s y l o x y p r o p i o n a t e  

in  300  ml.  a n h y d r o u s   m e t h a n o l   o v e r   t he   c o u r s e   o f   35  

m i n u t e s   at   a m b i e n t   t e m p e r a t u r e   and  t h e n   t h e   m i x t u r e   w a s  



s t i r r e d   f o r   20  h o u r s .   The  m i x t u r e   was  a c i d i f i e d   w i t h  

2 2 . 7   g.  a c e t i c   a c i d   and  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 e   was  s h a k e n   w i t h   a  m i x t u r e   of  150  m l .  

e t h y l   a c e t a t e   and  150  ml.  w a t e r   and  the   e t h y l   a c e t a t e  

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

was  e x t r a c t e d   t w i c e   w i t h   50  m1.  a m o u n t s   of  e t h y l   a c e t a t e  

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

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

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

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   to  g i v e   35  g.  m e t h y l  

2 - ( 4 - c y c l o h e x y l p h e n y l ) - 3 - m e t h o x y p r o p i o n a t e .  

I . R .  v   l i q .   f i l m   1740  c m - 1  

N.M.R.   δ p p m C D C l 3  :   1 . 1 0   to  2 . 1 0   (10H,  m) 

2 . 2 1   to  2 . 6 8   ( 1 H ,  b r o a d   s )  

3 . 3 3   (3H,  s )  

3 . 4 5   to  4 . 1 2   (3H,  m) 

3 . 6 4   (3H,  s )  

7 .12   to  7 . 3 6   (4H,  m) 

(2)  To  a  s o l u t i o n   of  8 . 8 5   g.  m e t h y l   2 - ( 4 - c y c l o -  

h e x y l p h e n y l ) - 3 - m e t h o x y p r o p i o n a t e   in  180  ml.   m e t h a n o l  

we re   a d d e d   22  ml.   of   a  10%  a q u e o u s   s o l u t i o n   of  s o d i u m  

h y d r o x i d e   and  t he   m i x t u r e   was  s t i r r e d   at  a m b i e n t   t e m -  

p e r a t u r e   f o r   1 .5   h o u r s .   M e t h a n o l   was  d i s t i l l e d   o f f  

u n d e r   r e d u c e d   p r e s s u r e   and  w a t e r   was  a d d e d   to  t h e  

r e s i d u e .   I n s o l u b l e   m a t e r i a l   was  f i l t e r e d   o f f   and  d i s -  

s o l v e d   in  a  m i x t u r e   of  e t h y l   a c e t a t e   and  w a t e r .   T h e  

s o l u t i o n   was  a d j u s t e d   to  pH  1  w i t h   10%  h y d r o c h l o r i c  

a c i d ,   w h i l e   c o o l i n g   w i t h   i c e - w a t e r .   The  e t h y l   a c e t a t e  

l a y e r   was  s e p a r a t e d   o f f   and  the   r e m a i n i n g   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   e t h y l   a c e t a t e .   The  e x t r a c t   a n d  

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

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

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



was  r e c r y s t a l l i z e d   f rom  n - h e x a n e   to  g i v e   4 .8   g.  2 - ( 4  

c y c l o h e x y l p h e n y l ) - 3 - m e t h o x y p r o p i o n i c   a c i d ;   m .p .   8 4  -  

8 5 ° C .  

A n a l y s i s :  

c a l c .   f o r   C16H22O3 :  C  7 3 . 2 5 % ;   H  8 . 4 5 %  

f o u n d   :  7 3 . 2 5 % ;   8 . 6 3 %  

I . R .  ν   Nujolmax :  1710  c m - 1  

N.M.R.   δ p p m C D C l 3  :   1 . 1 0   to  2 . 1 3   (1011,  m) 

2 . 2 6   to  2 . 7 9   (1H,  m) 

3 . 3 6   (3H,  s )  

3 . 5 0   to  4 . 2 0   (3H,  m) 

7 . 0 0   to  7 . 4 0   (411,  m) 

1 1 . 4 3   (1H,  s )  

E x a n p l e   18  

(1)  A  s o l u t i o n   of  11  g.  m e t h y l   2 - ( 4 - c y c l o h e x y l -  

p h e n y l ) - 3 - m e t h o x y p r o p i a n a t e   in  40  ml.   a n h y d r o u s  

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

28  m i n u t e s   to  a  s u s p e n s i o n   of  1 . 0 8 7   g.  l i t h i u m   a l u m i n i u m  

h y d r i d e   in  85  ml,  a n h y d r o u s   d i e t h y l   e t h e r ,   w i t h   s t i r r i n g  

and  i c e - c o o l i n g ,   and  the   m i x t u r e   s t i r r e d   at  the   s a m e  

t e m p e r a t u r e   f o r   40  m i n u t e s .   To  the   m i x t u r e   were   a d d e d  

d r o p w i s e   25  ml.   e t h y l   a c e t a t e   and  10%  h y d r o c h l o r i c  

a c i d ,   w h i l e   c o o l i n g   in  an  i c e - w a t e r   b a t h .   The  o r g a n i c  

l a y e r   was  s e p a r a t e d   o f f   and  t he   r e m a i n i n g   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   d i e t h y l   e t h e r .   The  e x t r a c t   and  t h e  

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

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

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

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

ion   to  g i v e   7 . 8 7   g.  2 - ( 4 - c y c l o h e x y l p h e n y l ) - 3 - m e t h o x y -  

p r o p a n o l ;   b . p .   1 6 6  -   1 6 8 ° C . / 2   m m . H g .  

I . R .   1 i q .   f i l m   3 4 2 5 ,   1120  c m - 1  
m a x  



N.M.R.   δ p p m C D C l 3  :   1 . 0 5   to  2 . 1 0   (10H,  m) 

2 . 2 0   to  2 . 6 8   (1H,  m) 

2 .52   (1H,  s )  

2 .91   to  3 .3   (1H,  m) 

3 . 3 1   (3H,  s )  

3 .5   to  4 . 0 5   (4H,  m) 

6 . 8 7   to  7 .28   (4H,  m) 

(2)  408  mg.  A c e t i c   a n h y d r i d e   were   a d d e d   to  a 

s o l u t i o n   of  4 9 6 . 7   mg.  2 - ( 4 - c y c l o h e x y l p h c n y l ) - 3 -  

m e t h o x y p r o p a n o l   in  2  ml.  p y r i d i n e ,   w h i l e   c o o l i n g   in  a n  

i c e - w a t e r   b a t h ,   and  t he   m i x t u r e   was  s t i r r e d   at  5  -   8 ° C  

f o r   2  h o u r s   and  at  a m b i e n t   t e m p e r a t u r e   f o r   an  a d d i t i o n a l  

5  h o u r s   and  t h e n   l e f t   to  s t a n d   in  a  r e f r i g e r a t o r   f o r   63  

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

a c e t a t e ,   w a s h e d   s u c c e s s i v e l y   w i t h   c o l d   w a t e r ,   c o l d   10% 

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

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

m a g n e s i u m   s u l p h a t e   and  t h e n   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   to  g i v e   500  mg.  of  c o l o u r l e s s ,   o i l y   1 -  

a c e t o x y - 2 - ( 4 - c y c l o h e x y l p h e n y l ) - 3 - m e t h o x y p r o h p a n e .  

I . R .   νliq.filmmax :  1740  c m - 1  

N.M.R.   δ p p m C D C l 3  :   1 . 1 0  t o   2 . 0 5   (10H,  m) 

1 . 9 5   (3H,  s )  

2 .28   to  2 .62   (1H,  m) 

3 . 0 4   to  3 .32   (1H,  m) 

3 . 2 8   (3H,  s )  

3 . 6 0   (2H,  d,  J = 7 H z )  

4 . 3 2   (2H,  d,  J = 7 H z )  

7 .12   (4H,  b r o a d   s )  
E x a m p l e   1 9  

3 3 7 . 3   mg.  B e n z o y l   c h l o r i d e   were   a d d e d   d r o p w i s e   to  a  

s o l u t i o n   of   4 9 6 . 7   mg.  2 - ( 4 - c y c l o h e x y l p h e n y l ) - 3 - m e t h o x y -  

p r o p a n o l   in  2  ml.   p y r i d i n e ,   w h i l e   c o o l i n g   in  an  i c e -  

w a t e r   b a t h ,   and  t he   r e a c t i o n   m i x t u r e   t h e n   s t i r r e d   at   t h e  

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



c o l d   w a t e r   we re   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 f t e r  

s h a k i n g ,   the   o r g a n i c   l a y e r   was  s e p a r a t e d   o f f ,   w a s h e d  

s u c c e s s i v e l y   w i t h   c o l d   10%  h y d r o c h l o r i c   a c i d ,   w a t e r ,  

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

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

t h e n   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   to  g i v e   700  mg.  
of  c o l o u r l e s s ,   o i l y   1 - b e n z o y l o x y - 2 - ( 4 - c y c l o h e x y l p h e n y l ) -  

3 - m e t h o x y p r o p a n e .  

I.R. ν liq.filmmax :  1 7 2 5  c m - 1  

N.M.R.   δ p p m C D C l 3  :   1 . 0 3  t o   2 . 1 0   (10H,  m )  

2 . 2 3   to  2 . 6 3   (1H,  m) 

3 . 1 7   to  3 . 5 6   (111,  m) 

3 . 3 1   (3H,  s )  

3 .71   (2H,  d,  J = 6 H z )  

4 . 5 6   (2H,  d,  J = 6 H z )  

7 . 0 2   to  7 . 5 6   (7H,  m) 

7 . 8 6   to  8 . 1 3   (2H,  m) 

E x a m p l e   20 

A  s o l u t i o n   of  5 . 4 6   g.  4 - c h l o r o p h e n o x y a c c t y l  

c h l o r i d e   in  10  ml.  m e t h y l e n e   c h l o r i d e   was  a d d e d   d r o p -  

w i s e ,   o v e r   t he   c o u r s e   of  10  m i n u t e s ,   to  a  s o l u t i o n   o f  

6  g.  2 - ( 4 - c y c l o h e x y l p h e n y l ) - 3 - m e t h o x y p r o p a n o l   in  5 . 7 4  

g.  p y r i d i n e ,   w h i l e   c o o l i n g   in  an  i c e - w a t e r   b a t h ,   a n d  

t he   m i x t u r e   was  s t i r r e d   a t   t h e   same  t e m p e r a t u r e   f o r  

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

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

w a t e r   a d d e d   t o  t h e   r e s i d u e .   A f t e r   s h a k i n g   the   m i x t u r e ,  

t he   e t h y l   a c e t a t e   l a y e r   was  s e p a r a t e d   o f f ,   w a s h e d  

s u c c e s s i v e l y   w i t h   c o l d   10%  h y d r o c h l o r i c   a c i d ,   a  

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

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

t h e n   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   to  g i v e   11  g .  
of   y e l l o w i s h ,   o i l y   1 - ( 4 - c h l o r o p h e n o x y a c e t o x y ) - 2 - ( 4 -  

c y c l o h e x y l p h e n y l ) - 3 - m e t h o x y p r o p a n e .  



I . R .   νliqmax.  f i l m   1 7 7 0 ,   1740  ( sh )   c m - 1  

N.M.R.   δ p p m C D C l 3  :   1 .08   to  2 .12   (10H,  m) 

2 .48   (1H,  b r o a d   s )  

3 . 1 0  t o   3 .36   (1H,  m) 

3 .26   (3H,  s )  

3 . 5 3   (2H,  d,  J = 6 H z )  

4 . 3 6   to  4 . 6 8   (2H,  m) 

4 . 4 8   (211,  s )  

6 .71   (2H,  d,  J = 8 H z )  

7 .04   to  7 .32   (6H,  m) 

E x a m p l e   21. 

(1)  7 . 76   g.  of  a  30%  e t h a n o l i c   s o l u t i o n   o f  

m e t h y l a m i n e   were   a d d e d   d r o p w i s e   to  a  s o l u t i o n   of  10 .4   g .  

m e t h y l 2 - ( 4 - c y c l o h e x y l p h e n y l ) - 3 - t o s y l o x y p r o p i o n a t e   i n  

100  ml.  m c t h a n o l   o v e r   the   c o u r s e   of  5  m i n u t e s   at   a m b i e n t  

t e m p e r a t u r e   and  the   m i x t u r e   t h e n   s t i r r e d   f o r   2 .5  h o u r s .  

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

r e s i d u e   was  s h a k e n   w i t h   a  m i x t u r e   of  d i e t h y l   e t h e r ,   w a t e r  
and  a  s a t u r a t e d   a q u e o u s   s o l u t i o n   of  sodium  b i c a r b o n a t e   a n d  

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

t h e n   e x t r a c t e d   w i t h   10%  h y d r o c h l o r i c   a c i d .   The  a q u e o u s  

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

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

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

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

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

r e d u c e d   p r e s s u r e   to  g i v e   6 .7   g.  m e t h y l   2 - ( 4 - c y c l o h e x y l -  

p h e n y l ) - 3 - m c t h y l a m i n o p r o p i o n a t e .  

I . R .   ν  liqmax.  f i l m  :   3 3 4 0 ,   1720  c m - 1  

N.M.R.   δ p p m C D C l 3  :  1 . 1 4   t o  2 . 0 4  ( 1 0 H ,  m )  

1 . 4 8   (1H,  s )  

2 . 4 0   (3H,  s )  

2 . 2 8   to  2 .64   (1H,  m) 



2 . 8 4   (1H,  d , d ,   J = 7 H z ,   1 2 H z )  

3 . 2 2   (1H,  d , d ,   J = 8 H z ,   1 2 H z )  

3 . 6 5   (3H,  s )  

3 . 7 9   (1H,  d , d ,   J = 7 H z ,   8 H z )  

7 . 2 8   (4H,  b r o a d   s )  

(2)  A  s o l u t i o n   of  6  g.  m e t h y l   2 - ( 4 - c y c l o h e x y l -  

p h e n y l ) - 3 - m e t h y l a m i n o p r o p i o n a t e   in  10  ml.  a n h y d r o u s  

d i e t h y l   e t h e r   was  a d d e d   d r o p w i s e   to  a  s u s p e n s i o n   of   8 2 7  

mg.  l i t h i u m   a l u m i n i u m   h y d r i d e   in  40  ml.  a n h y d r o u s  

d i e t h y l   e t h e r   o v e r   the   c o u r s e   of  25  m i n u t e s ,   w h i l e  

c o o l i n g   in  an  i c e - w a t e r   b a t h ,   and  the   m i x t u r e   t h e n  

s t i r r e d   a t   t he   same  t e m p e r a t u r e   f o r   3  h o u r s .   To  t h e  

r e a c t i o n   m i x t u r e   were   a d d e d   d r o p w i s e   15  ml.  e t h y l  

a c e t a t e   and  t h e n   a  15%  a q u e o u s   s o l u t i o n   of  s o d i u m  

h y d r o x i d e ,   w h e r e a f t e r   the   m i x t u r e   was  e x t r a c t e d   w i t h  

d i e t h y l   e t h e r .   The  e x t r a c t   was  w a s h e d   w i t h   a  s a t u r a t e d  

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

m a g n e s i u m   s u l p h a t e   and  t h e n   e v a p o r a t e d   to  d r y n e s s   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 e   was  d i s s o l v e d   in  h o t  

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

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

s t a n d   o v e r - n i g h t   and  t he   p r e c i p i t a t e d   c r y s t a l s   were   f i l -  

t e r e d   o f f   and  w a s h e d   w i t h   d i e t h y l   e t h e r   to  g i v e   1 .5   g .  

2 - ( 4 - c y c l o h c x y l p h e n y l ) - 3 - m c t h y l a m i n o p r o p a n o l   h y d r o -  

c h l o r i d e .   500  mg.  of   t h e   same  h y d r o c h l o r i d e   were   o b t a i n e d  

f rom  the   m o t h e r   l i q u o r .   T h e s e   p r o d u c t s   were   c o m b i n e d  

and  r e c r y s t a l l i z e d   f rom  i s o p r o p a n o l   to  g i v e   1 .8   g.  o f  

the   p u r e   h y d r o c h l o r i d e ;   m .p .   1 7 8  -   1 8 0 ° C .  

A n a l y s e s :  

c a l c .   f o r   C 1 6 H 2 5 N O · H C l  :  

C  67 .7%;   H  9 . 2 3 % ;   N  4 . 9 4 % ,   C 1  1 2 . 4 9 %  

f o u n d  :   6 7 . 5 0 % ;   9 . 30%;   4 . 9 3 % ;   1 2 . 7 4 %  

I . R .   v  Nujo1max :  3300  to  2400  c m - 1  

N.M.R.   δppmD2O :   1 . 0 8   to  2 . 2 0   (10H,   m) 

2 . 3 0   to  2 . 7 6   (1H,  m) 



2 . 8 3   (3H,  s )  

3 . 2 3   to  4 . 0 7   (5H,  m) 

7 .36   (4H,  t ,   J = 1 0 H z )  

E x a m p l e   22 

A  m i x t u r e   of  a  s o l u t i o n   of  3.5  g.  m e t h y l   2 - ( 4 -  

c y c l o h e x y l p h e n y l ) - 3 - m e t h y l a m i n o p r o p i o n a t e   in  15  m l .  

i s o p r o p a n o l   and  a  s o l u t i o n   of  5 0 8 . 3   mg.  s o d i u m  

h y d r o x i d e   in  1  ml.  w a t e r   was  s t i r r e d   at  7 0  -   8 0 ° C .  

f o r   2  h o u r s   and  t h e n   l e f t   to  s t a n d   at   a m b i e n t   t e m p e r a -  

t u r e .   The  p r e c i p i t a t e d   c r y s t a l s   were   f i l t e r e d   o f f  

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

and  w a t e r   ( 1 5 : 1   v / v )   and  t h e n   w i t h   i s o p r o p a n o l  

to  g i v e   2 .2   g.  s o d i u m   2 - ( 4 - c y c l o h e x y l p h e n y l ) - 3 -  

m e t h y l a m i n o p r o p i o n a t e   m o n o h y d r a t e ;   m .p .   above   2 6 0 ° C .  

A n a l y s i s :  

c a l c .   f o r   C 1 6 H 2 2 N O 2 N a · H 2 O  :  

C  6 3 . 4 7 % ;   H  8 .04%;   N  4 . 6 3 %  

f o u n d   :  6 3 . 2 0 ;   8 .03%;   4 . 5 0 %  

I . R .  ν   N u j o 1 m a x  :   1590 ,   3310  c m - 1  

N.M.R.   δppmD2O :   0 . 8 9   to  2 . 0 0   (10H,  m) 

2 . 2 0   (3H,  s )  

2 .30   to  2 . 7 6   (2H,  m) 

3 .06   (1H,  t ,   J = 8 H z )  

3 .61   (1H,  t ,   J = 8 H z )  

7 . 0 3   (2H,  d,  J = 8 H z )  

7 .26   (2H,  d,  J = 8 H z )  

E x a m p l e   23  

A  s o l u t i o n   of   1 . 2 4 2   g.  m e t h y l   2 - ( 3 - c h l o r o - 4 -  

c y c l o h e x y l p h e n y l ) - 3 - m e t h o x y p r o p i o n a t e   in  10  m l .  

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

c o u r s e   of  15  m i n u t e s   to  a  s u s p e n s i o n   of  152  mg.  
l i t h i u m   a l u m i n i u m   h y d r i d e   in  a n h y d r o u s   d i e t h y l   e t h e r ,  

w i t h   s t i r r i n g   and  i c e - c o o l i n g ,   and  the   r e a c t i o n   m i x t u r e  



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

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

a d d i n g   e t h y l   a c e t a t e ,   w i t h   s t i r r i n g   and  i c e - c o o l i n g .  

t h e   m i x t u r e   was  s h a k e n   w i t h   a  m i x t u r e   of   w a t e r   10% 

h y d r o c h l o r i c   a c i d   and  d i e t h y l   e t h e r   and  t he   o r g a n i c  

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

was  f i l t e r e d   and  t he   f i l t r a t e   was  e x t r a c t e d   w i t h   d i e t h y l  

e t h e r .   The  e x t r a c t   and  the   o r g a n i c   l a y e r   were   c o m b i n e d ,  

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

d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m   s u l p h a t e   and  t h e n   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   to   g i v e   1 . 1 1 6   g.  of   o i l y  

2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l ) - 3 - m e t h o x y p r o p a n o l .  

I . R .  ν  liqmax  f i l m  :   3400  c m - 1  

N.M.R.   δ p p m C D C l 3  :   1 . 1 0   to  2 . 0 7   ( 1 0 H ,  m )  

2 . 5 7   (1H,  b r o a d   s )  

2 . 7 4   to  3 . 2 3   (2H,  m)  ; 
3 . 2 8   (3H,  s )  

3 . 5 6   to  3 .91   (4H,  m) 

7 . 0 7   to  7 .30   (3H,  m) 

E x a m p l e   24 

(1)  A  s o l u t i o n   of   4 . 8 7 5   g.  n i t r o e t h a n e   in  15  m l .  

m e t h a n o l   was  a d d e d   d r o p w i s e   o v e r   t he   c o u r s e   of  10 

m i n u t e s   to  a  s o l u t i o n   of  2 . 2 4 3   g.  s o d i u m   in  100  m l .  

m e t h a n o l ,   w h i l e   s t i r r i n g   at   a m b i e n t   t e m p e r a t u r e .   To 

t he   m i x t u r e   was  a d d e d   d r o p w i s e ,   o v e r   t he   c o u r s e   of  a n  

h o u r ,   a  s o l u t i o n   of  2 8 . 1 7 5   g.  m e t h y l   2 - ( 3 - c h l o r o - 4 -  

c y c l o h e x y l p h e n y l ) a c r y l a t e   in  65  ml.  m e t h a n o l ,   w h i l e  

s t i r r i n g   at   a m b i e n t   t e m p e r a t u r e ,   and  the   m i x t u r e  

s t i r r e d   a t   t he   same  t e m p e r a t u r e   f o r   3  h o u r s .   To  t h e  

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

1 . 4 9 5   g.  s o d i u m   in  40  ml.   m e t h a n o l   o v e r   t h e   c o u r s e   o f  

20  m i n u t e s ,   w i t h   s t i r r i n g   and  i c e - c o o l i n g .   The  r e a c t -  

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

of   200  m l .  o f   10%  h y d r o c h l o r i c   a c i d   and  250  ml.  m e t h a n o l ,  



w i t h   s t i r r i n g .   A f t e r  s t i r r i n g   w i t h   i c e - c o o l i n g   f o r   an  
h o u r   and  t h e n   a t  a m b i e n t   t e m p e r a t u r e   o v e r n i g h t ,   m e t h a n n l  

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

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

m a g n e s i u m   s u l p h a t e   and  t h e n   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  o i l y   r e s i d u e   was  d i s s o l v e d   in  a  s m a l l  

amoun t   of  b e n z e n e ,   c h r o m a t o g r a p h e d   on  a  s i l i c a   g e l  

c o l u m n ,   e l u t e d   w i t h   b e n z e n e   and  t h e n   w i t h   a  g r a d i e n t  
m i x t u r e   of  b e n z e n e   and  c h l o r o f o r m   ( 1 0 : 1  -   1 :10   v / v )  

to  g i v e   1 5 . 2 1 3   g.  m e t h y l   2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l -  

p h e n y l ) - 3 - a c e t y l p r o p i o n a t e .  

I . R .  ν  liq.max  f i l m   1730 ,   1715  c m - 1  

N.M.R.   δ p p m C D C l 3  :   1 . 0 7   to  2 .10   (10H,  m) 

2 . 1 7   (3H,  s )  

2 .66   (1H,  d , d ,   J = 5 H z ,   1 8 H z )  

3 .02   (1H,  b r o a d   s )  

3 . 2 3   (1H,  d , d ,   J = 8 H z ,   1 8 H z )  

- 3 . 6 8   (3H,  s )  

4 .07 .   (1H,  d , d ,   J = 5 H z ,   8Hz) 

7 . 1 3   to  7 . 4 3   (3H,  m) 

(2)  4 . 1 9 3   g.  M e t h y l   2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l ) -  

3 - a c e t y l p r o p i o n a t e   were   a d d e d   to  a  s o l u t i o n   of  0 . 7 8   g .  
s o d i u m   h y d r o x i d e   in  7  ml.  w a t e r   and  35  ml.  m e t h a n o l  

and  the   m i x t u r e   h e a t e d   u n d e r   r e f l u x   f o r   30  m i n u t e s ,  

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

pH  1  w i t h   10%  h y d r o c h l o r i c   a c i d   and  e x t r a c t e d   w i t h   e t h y l  

a c e t a t e .   The  e x t r a c t   was  w a s h e d   w i t h   w a t e r ,   d r i e d   o v e r  

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

a  m i x t u r e   of   b e n z e n e   and  n - h e x a n e   and  the   p r e c i p i t a t e d  

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

a  m i x t u r e   of  b e n z e n e   and  n - h e x a n e   to  g ive   2 . 7 6 3   g.  2 -  

( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l ) - 3 - a c e t y l p r o p i o n i c   a c i d ;  



m . p .   1 1 7  -   1 1 8 . 5 ° C .  f  

A n a l y s i s :  

c a l c .   f o r   C 1 7 H 2 1 O 3 C l  :   C  6 6 . 1 2 % ;   H  6 . 8 5 % ,   Cl  1 1 . 4 8 %  

f o u n d   :  6 5 . 8 4 % ;   6 . 7 7 % ;   1 1 . 7 1 %  

I . R .   v  Nujo1max :  1 7 2 0 ,   1710  ( sh )   c m - 1  

N .M.R .   δ p p m C D C l 3  : 1 . 1 0   to  2 . 0 3   (10H,   m) 

2 . 1 3   (3H,  s )  

2 . 6 4   (1H,  d , d ,   J = 5 H z ,   1 7 H z )  

3 .00   ( l H ,   b r o a d   s )  

3 .31   (1H,  d , d ,   J = 1 0 H z ,   1 7 H z )  

4 . 0 5   (1H,  d , d ,   J = 5 H z ,   1 0 H z )  

7 . 1 3   to   7 . 3 8   (3H,  m) 

E x a m p l e   25 

(1)  A  m i x t u r e   of  7 . 2 5 6   g.  m e t h y l   2 - ( 3 - c h l o r o - 4 -  

c y c l o h e x y l p h e n y l ) - 3 - a c e t y l p r o p i o n a t e ,   5  ml.  e t h y l e n e  

g l y c o l ,   30  mg.  p - t o l u e n e s u l p h o n i c   a c i d   m o n o h y d r a t e   a n d  

50  ml.  b e n z e n e   was  h e a t e d   u n d e r   r e f l u x   f o r   6  h o u r s ,  

w h i l e   s t i r r i n g ,   t h e   w a t e r   b e i n g   d i s t i l l e d   o f f   a z e o t r o -  

p i c a l l y .   A f t e r   c o o l i n g ,   t h e   o r g a n i c   l a y e r   was  s e p a -  
r a t e d   o f f   and  the   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  

b e n z e n e .   The  e x t r a c t   and  t h e   o r g a n i c   l a y e r   w e r e  

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

r e d u c e d   p r e s s u r e ,   to   g i v e   .7 .576   g.  m e t h y l   2 - ( 3 - c h l o r o -  

4 - c y c l o h e x y l p h e n y l ) - 4 , 4 - e t h y l e n e d i o x y v a l e r a t e .  

I .   R .  v   liqmax  f i l m  :   1 7 3 0 ,   1 1 6 0 ,   1040  c m - 1  

N.M.R.   δ p p m C D C l 3  :   1 . 0 6   to  2 . 0 6   (11H,   m) 

1 . 2 8   (3H,  s )  

2 . 7 0   (1H,  d , d ,   J = 1 2 H z ,   1 4 H z )  

2 . 9 6   ( l H ,   b r o a d   s )  

3 . 6 2   (3H,  s )  

3 . 6 4   to  3 . 8 8   (1H,  d , d ,   J = 3 H z ) ,  

12  to  1 4 H z )  



3 . 9 0   (4H,  s )  

7 .12   to  7 .40   (3H,  m) 

(2)  A  s o l u t i o n   of   6 . 5 9 7   g.  m e t h y l   2 - ( 3 - c h l o r o -  

4 - c y c l o h c x y l p h e n y l ) - 4 , 4 - e t h y l e n e d i o x y v a l e r a t e   in  25  m l .  

a n h y d r o u s   d i e t h y l   e t h e r   was  a d d e d   d r o p w i s e   to  a  s u s -  

p e n s i o n   of  6 8 3 . 1   mg.  l i t h i u m   a l u m i n i u m   h y d r i d e   in  50  m l .  

a n h y d r o u s   d i e t h y l   e t h e r   o v e r   t he   c o u r s e   of  80  m i n u t e s ,  

w i t h   s t i r r i n g   and  i c e - c o o l i n g ,   w h e r e a f t e r   t he   m i x t u r e  

was  s t i r r e d   at   t he   same  t e m p e r a t u r e   f o r   an  h o u r .   A f t e r  

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

4  ml.  e t h y l   a c e t a t e ,   t he   m i x t u r e   was  s h a k e n   w i t h   a  15% 

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

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

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

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

t h e n   e v a p o r a t e d   to  d r y n e s s   u n d e r   r e d u c e d   p r e s s u r e   t o  

g i v e   5 . 7 4 5   g.  of  o i l y   2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l ) -  

4 , 4 - c t h y l c n e d i o x y p c n t a n o l .  

I . R .   νliq.max  f i l m   3400 ,   1 1 2 0 , 1 0 4 0   c m - 1  

N .M.R .   δ p p m C D C l 3  :   1 . 0 7   to  2 . 1 0   (10H,   m) 

1 . 2 6   (3H,  s )  

2 . 0 5   (2H,  d,  J = 6 H z )  

2 . 5 8   (1H,  b r o a d   s )  

2 . 6 6   to  3 . 1 8   (1H,  m) 

2 . 9 4   (1H,  q u i n t e t ,   J = 6 H z )  

3 . 6 8   (2H,  d,  J = 6 H z )  

3.91  (4H,  s )  

7 . 0 8   to  7 .45   (3H,  m) 

(3)  102  mg.  A c e t i c   a n h y d r i d e   were   a d d e d   d r o p w i s e  

to  a  s o l u t i o n   of  2 1 6 . 7   mg.  2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l -  

p h e n y l ) - 4 , 4 - e t h y l e n e d i o x y p e n t a n o l   in  2  ml.  p y r i d i n e ,  

w i t h   s t i r r i n g   and  i c e - c o o l i n g ,   and  t he   m i x t u r e   w a s  

s t i r r e d   at   t h e   same  t e m p e r a t u r e   f o r   an  h o u r   and  t h e n  



at   a m b i e n t   t e m p e r a t u r e   f o r   5  h o u r s .   The  r e a c t i o n   m i x -  

t u r e   was  d i l u t e d   w i t h   e t h y l   a c e t a t e ,   w a s h e d   s u c c e s s i v e -  

1y  w i t h   c h i l l e d   5%  h y d r o c h l o r i c   a c i d ,   w a t e r ,   an  a q u e o u s  
s o l u t i o n   of  s o d i u m   b i c a r b o n a t e   and  w a t e r ,   d r i e d   o v e r  

a n h y d r o u s   m a g n e s i u m   s u l p h a t e   and  t h e n   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   to  g i v e   197  mg.  o i l y   1 - a c e t o x y - 2 - ( 3 -  

c h l o r o - 4 - c y c l o h e x y l p h e n y l ) - 3 - a c e t y l p r o p a n e .  

I . R .  ν  liq.max  f i l m  :   1 7 4 0 ,  1 7 2 0   c m - 1  

N.M.R.   δ p p m C D C l 3  :   1 . 0 8   to  2 . 1 0  ( 1 0 H ,   m) 

1 . 9 6   (3H,  s )  

2 . 0 5   (3H,  s )  

2 . 7 8   (2H,  d,  J = 6 H z )  

3 . 0 0   (1H,  b r o a d   s )  

3 . 2 5   to  3 . 6 9   (111,  m) 

4 . 1 2   (1H,  d , d ,   J = 2 H z ,   6Hz)  

7 .05   to  7 . 3 1   (3H,  m) 

E x a m p l e   2 6 .  

1 4 0 . 5   mg.  B e n z o y l   c h l o r i d e   were   a d d e d   to  a  s o l u t i o n  

of  2 2 5 . 4   mg.  2 - ( 3 - c l l o r o - 4 - c y c l o h e x y l p h c n y l ) - 4 , 4 -  

e t h y l e n e   d i o x y p e n t a n o l   in  2  ml.   p y r i d i n e ,   w i t h   s t i r r i n g  

and  i c e - c o o l i n g ,   and  the   m i x t u r e   was  s t i r r e d   a t   t he   s a m e  

t e m p e r a t u r e   f o r   an  h o u r .   E t h y l   a c e t a t e   was  a d d e d   to  t h e  

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

w i t h   c o l d   5%  h y d r o c h l o r i c   a c i d ,   w a t e r ,   an  a q u e o u s   s o l u t -  

i.on  of   s o d i u m   b i c a r b o n a t e   and  w a t e r ,   d r i e d   o v e r   a n h y d r o u s  

m a g n e s i u m   s u l p h a t e   and  t h e n   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   to  g i v e   232  mg.  o i l y   1 - b e n z o y l o x y - 2 - ( 3 - c h l o r o -  

4 - c y c l o h e x y l p h e n y l ) - 3 - a c c t y l p r o p a n e .  

I.  R.  liq.max  f i l m  :   1720  c m - 1  

N.M.R.   p p m C D C l 3  :   1 . 0 7  t o   2 . 1 0   (10H,   m) 

2 . 1 0   (3H,  s )  

2 . 8 7   (2H,  d,  J = 6 H z )  



2 . 8 2  t o   3 . 4 6   (2H,  m) 

4 . 4 1   (2H,  d,  J = 7 H z )  

7 . 1 3   to  7 .69   (611,  m) 

7 .86   to   8 . 1 7   (2H,  m) 

E x a m p l e  2 7  

2 . 7 4 1   g.  N i c o t i n o y l   c h l o r i d e   h y d r o c h l o r i d e   w e r e  

a d d e d  p o r t i o n w i s e   to  a  m i x t u r e   of  4 . 7 3 9   g.  2 - ( 3 - c h l o r o -  

4 - c y c l o h e x y l p h e n y l ) - 4 , 4 - e t h y l e n e d i o x y p e n t a n o l ,   4 . 2 4 2   g .  

t r i e t h y l a m i n e   and  50  ml.   m e t h y l e n e   c h l o r i d e ,   w i t h   s t i r -  

r i n g  a n d   i c e - c o o l i n g ,   and  the   m i x t u r e   s t i r r e d   a t   t h e  

same  t e m p e r a t u r e   f o r   4  h o u r s .   The  r e a c t i o n   m i x t u r e   w a s  

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   and  e t h y l   a c e t a t e   a n d  

w a t e r  a d d e d   to  t he   r e s u l t a n t   r e s i d u e .   A f t e r   s h a k -  

i n g ,   t he   o r g a n i c   l a y e r   was  s e p a r a t e d   and  t he   r e m a i n i n g  

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   e t h y l   a c e t a t e .   T h e  

e x t r a c t   and  t he   o r g a n i c   l a y e r   were   c o m b i n e d ,   w a s h e d  

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

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

s u l p h a t e   and  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 .   T h e  

o i l y   r e s i d u e   ( 6 . 9 2   g . )   was  d i s s o l v e d   in  60  ml.  a c e t o n e  

and  t r e a t e d   w i t h   10  ml.  10%  h y d r o c h l o r i c   a c i d   f o r   1 . 5  

h o u r s ,   w i t h   s t i r r i n g   and  i c e - c o o l i n g ,   and  the   a c e t o n e  

t h e n   d i s t i l l e d   o f f   u n d e r   r e d u c e d   p r e s s u r e .   To  t h e   r e -  

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

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

s t i r r i n g   and  i c e - c o o l i n g ,   and  t he   o r g a n i c   l a y e r   w a s  

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

ed  w i t h   e t h y l   a c e t a t e   and  the   e x t r a c t   was  c o m b i n e d   w i t h  

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

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

g r a p h e d   on  a  s i l i c a   ge l   c o l u m n   and  e l u t e d   w i t h   c h l o r o -  

fo rm  to  g i v e   4 . 6 5 8   g.  o i l y   1 - n i c o t i n o y l o x y - 2 - ( 3 -  

c h l o r o - 4 - c y c l o h e x y l p h e y y l ) - 3 - a c e t y l p r o p a n e .  



I .   R.  ν l i q . m a x f i l m  :   1715  ( b r o a d )  c m - 1  

N.M.R.   δ p p m C D C l 3  :   1 . 0 6   to  2 .06   ( lOH,  m) 

2 . 1 4   (3H,  s )  

2 . 7 8   to  3 . 1 6   (111,  m) 

2 .94   (2H,  d,  J = 7 H z )  

3 .72   ( 1 H ,   q u i n t e t ,   J = 7 H z )  

4 . 5 0   (211,  d,  J = 7 H z )  

7 .14   to  7 .54  (4H,  m) 

8 . 1 8   to  8 .36   (1H,  m) 

8 . 7 8   to  8 .90   (1H,  m) 

9 . 2 0   (1H,  d,  J = 2 H z )  

E x a m p l e   28  

(1)  A  s o l u t i o n   of   6 . 3 1 8   g.  1 - n i t r o p c n t a n e   in  15 

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

1 . 8 6 3   g.  s o d i u m   in  100  ml.  m e t h a n o l ,   w i t h   s t i r r i n g   a n d  

i c e - c o o l i n g .   To  t he   m i x t u r e   was  a d d e d   d r o p w i s e   a 

s o l u t i o n   of  1 5 . 0 3 9   g.  m e t h y l   2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l -  

p h e n y l ) a c r y l a t e   in  55  ml.  m e t h a n o l   o v e r   t he   c o u r s e  

of   30  m i n u t e s ,   w i t h   s t i r r i n g   and  i c e - c o o l i n g .   A f t e r  

s t i r r i n g   f o r   5  h o u r s   at   a m b i e n t   t e m p e r a t u r e ,   a  f u r t h e r  

s o l u t i o n   of  1 . 2 4 2   g.  s o d i u m   in  40  ml.  m e t h a n o l   w a s  

a d d e d   d r o p w i s e   to  t he   a b o v e   m i x t u r e   o v e r   t he   c o u r s e   o f  

30  m i n u t e s   and  t h e   m i x t u r e   t h e n   a d d e d   d r o p w i s e   to  a 

c o l d   m i x t u r e   of  200  ml.  10%  h y d r o c h l o r i c   a c i d   and  2 5 0  

ml.   m e t h a n o l   o v e r   t he   c o u r s e   of   an  h o u r ,   w i t h   s t i r r i n g  

The  r e s u l t a n t   m i x t u r e   was  s t i r r e d   a t   t h e   same  t e m p e r a -  

t u r e   f o r   an  h o u r   and  t h e n   o v e r n i g h t   a t   a m b i e n t   t e m p e r a -  

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

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

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

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

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

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  o i l y   r e s i d u e  

was  f r a c t i o n a t e d   by  v a c u u m   d i s t i l l a t i o n  t o   g i v e   8 . 8 0 2   g .  



m e t h y l   2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l ) - 3 - p e n t a n o y l -  

p r o p i o n a t e ;   b . p .   1 8 5  -   1 9 8 ° C . / 2   mm.Hg.  The  3 .10   g.  o f  

d i s t i l l a t e   at   1 7 0  -   1 8 5 ° C . / 2   mm.Hg  and  the   5 . 1 8   g.  o f  

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

co lumn  and  e l u t e d   w i t h   b e n z e n e   to  g i v e   a  f u r t h e r   2 .21   g .  
of  t he   same  c o m p o u n d ,   t he   t o t a l   y i e l d   b e i n g   1 1 . 0 1 2   g .  

I . R .  ν  l i q . f i l m m a x  :   1 7 3 0 ,   1710  c m - 1  

N.M.R.   δ p p m C D C l 3  :   0 . 8 8   (3H,  t ,   J = 7 H z )  

1 . 1 0   to  2 .12   (14H,   m) 

2 .42   (2H,  t ,   J = 8 H z )  

2 .64   (1H,  d , d ,   J = 5 ,   1 7 H z )  

2 . 9 8   (1H,  b r o a d   s )  

3 .31   (1H,  d , d ,   J = 1 2 ,   1 7 H z )  

3 . 6 5   (3H,  s )  

4 . 0 6   (1H,  d , d ,   J = 5 ,   1 2 H z )  

7 . 0 3   to  7 .09   (3H,  m) 

(2)  4 . 0 1   g.  M e t h y l   2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l ) -  

3 - p e n t a n o y l p r o p i o n a t e   were   a d d e d   to  a  s o l u t i o n   of  0 . 6 6   g .  
s o d i u m   h y d r o x i d e   in  6  ml.  w a t e r   and  30  ml.   m e t h a n o l   a n d  

t he   m i x t u r e   h e a t e d   u n d e r   r e f l u x   f o r   30  m i n u t e s ,   w i t h  

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

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

w i t h   d i e t h y l   e t h e r ,   a c i d i f i e d   w i t h   10%  h y d r o c h l o r i c   a c i d  

and  t h e n   e x t r a c t e d   w i t h   e t h y l   a c e t a t e .   The  r e m a i n i n g  

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

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

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

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

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

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

t h e n   r e c r y s t a l l i z e d   f rom  n - h e x a n e   to  g i v e   2 . 1 2   g.  2 - ( 3 -  

c h l o r o - 4 - c y c l o h e x y l p h e n y l ) - 3 - p e n t a n o y l p r o p i o n i c   a c i d ;  

m . p .   8 6  -   8 7 . 5 ° C .  



I .   R.  ν  Nujo1max :  1 7 1 0 ,   1705  ( s h )   c m - 1  

N.M.R.   δ p p m C D C l 3  :   0 . 8 6   ( 3 H ,  t ,   J = 7 H z )  

1 . 0 6   to  2 . 0 9   (14H,   m) 

2 . 4 0   (2H,  t ,   J = 7 H z )  

2 . 6 6   (1H,  d , d ,   J = 5 ,   1 7 H z )  

2 . 9 7   (1H,  b r o a d   s )  

3 . 2 6   (1H,  d , d ,   J = 1 0 ,   1 7 H z )  

4 . 0 6   (1H,  d , d ,   J = 5 ,   1 0 H z )  

7 .06   to  7 . 3 8   (3H,  m) 

1 0 . 2 5   ( lH ,   b r o a d   s )  

E x a m p l e   29 

2 . 4 8   g.  D e c a n o y l   c h l o r i d e   were   a d d e d   d r o p w i s e   to  a  
s o l u t i o n   of  2 . 8 3   g.  2 - ( 3 - c h l o r o - 4 - c y c l o h c x y l p h c n y l ) - 3 -  

m e t h o x y p r o p a n o l   in  15  ml.   p y r i d i n e   o v e r   t he   c o u r s e   of  5 

m i n u t e s   a t   3  -   5 ° C . ,   w i t h   s t i r r i n g ,   and  the   m i x t u r e  

s t i r r e d   a t   t he   same  t e m p e r a t u r e   f o r   2  h o u r s   and  at   a m b i -  

en t   t e m p e r a t u r e   f o r   15  h o u r s .   The  r e a c t i o n   m i x t u r e   w a s  

p o u r e d   i n t o   a  m i x t u r e   of   50  ml.   10%  h y d r o c h l o r i c   a c i d  

and  50  ml.  e t h y l   a c e t a t e ,   w i t h   s h a k i n g .   The  e t h y l  

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

r e m a i n i n g   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   30  ml.   e t h y l  

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

a c e t a t e   s o l u t i o n   o b t a i n e d   a b o v e ,   w a s h e d   4  t i m e s   w i t h   30  

m l .   a m o u n t s   of   c o l d   10%  h y d r o c h l o r i c   a c i d ,   and  o n c e  

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

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

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

c o l u m n   and  e l u t e d   w i t h   a  m i x t u r e   of  n - h e x a n e   and  b e n z e n e  

( 1 : 1   v / v )   to  g i v e   2 .6   g.  o i l y   l - d e c a n o y l o x y - 2 - ( 3 -  

c h l o r o - 4 - c y c l o h e x y l p h e n y l ) - 3 - m e t h o x y p r o p a n e .  

A n a l y s i s :  

c a l c .   f o r   C 2 6 H 4 1 O 3 C l  :   C  7 1 . 4 5 % ;   H  9 . 4 6 % ;   Cl  8 . 1 1 %  



f o u n d   :  C  7 1 . 3 0 % ,   H  9 . 4 8 % ;   Cl  8 . 0 8 %  

I . R .   ν  l iq . f i lmmax :   1740  c m - 1  

N .M.R .   δ p p m C D C l 3  :   0 . 86   (3H,  t ,  J = 5 H z )  

1 . 0 7   to  2 . 0 7   (24H,  m) 

2 . 2 4   (2H,  t ,   J = 7 H z )  

2 . 7 3   to  3 . 2 3   (2H,  m) 

3 . 3 0   (3H,  s )  

3 . 5 8   (2H,  d,  J = 6 H z )  

4 . 2 7   (2H,  d,  J = 6 H z )  

7 .08   to  7 .35   (3H,  m) 

E x a m p l e   30 

2 . 9 5   g.  P a l m i t o y l   c h l o r i d e   were   a d d e d   d r o p w i s e   t o  

a  s o l u t i o n   of   2 .5   g.  2 - ( 3 - c h l o r o - 4 - c y c l o h c x y l p h e n y l ) -  

3 - m e t h o x y p r o p a n o l   in  1 3 . 5   ml.   p y r i d i n e   a t   3  -   5°C.  o v e r  

t he   c o u r s e   of   5  m i n u t e s   and  t he   m i x t u r e   s t i r r e d   at   t h e  

same  t e m p e r a t u r e   f o r   6  h o u r s . .   The  r e a c t i o n   m i x t u r e   w a s  
t r e a t e d   in  the   same  m a n n e r   as  d e s c r i b e d   in  E x a m p l e   29  

to  g i v e   5 .2   g.  of   an  o i l y   r e s i d u e   w h i c h  w a s  c h r o m a t o -  

g r a p h e d   on  a  s i l i c a   g e l  c o l u m n   and  e l u t e d  w i t h   a  m i x -  

t u r e   of   b e n z e n e   a n d . n - h e x a n e   to  g i v e   3 .5   g.  o i l y   1 -  

p a l m i t o y l o x y - 2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l ) - 3 -  

m e t h o x y p r o p a n e .  

A n a l y s i s :  

c a l c .   f o r   C 3 2 H 5 3 O 3 C l  :   C  7 3 . 7 4 % ;   H  1 0 . 2 3 % ;   Cl  6 . 8 0 %  

f o u n d   :  7 3 . 6 9 % ;   1 0 . 4 5 % ;   7 . 0 5 %  

I . R .   v  l iq . f i lm max:   1750  c m - 1  

N .M.R .   δ p p m C D C l 3  :   0 . 8 8   (3H,  t ,   J - 5 H z )  

1 . 0 0   to  2 .01   (36H,   m) 

2 . 2 6   (2H,  t ,   J = 7 H z )  

2 . 8 0   to  3 .24   (2H,  m) 

3 . 3 4   (3H,  s )  



3 . 6 1   (2H,  d,  J = 6 H z )  

4 . 3 2   (2H,  d,  J = 7 H z )  

7 .11   to  7 .30   (3H,  m) 

E x a m p l e   31 

A  s o l u t i o n   of   2 . 5 6 6   g.  p r o p y l   2 - ( 3 - c h l o r o - 4 - c y c l o -  

h e x y l p h c n y l ) - 3 - p r o p o x y p r o p i o n a t e  i n   15  ml.   a n h y d r o u s  

d i e t h y l   e t h e r   was  a d d e d   d r o p w i s e   o v e r   t he   c o u r s e   of   20 

m i n u t e s   to   a  c o l d   s u s p e n s i o n   of   2 6 5 . 7   mg.  l i t h i u m  

a l u m i n i u m   h y d r i d e   in  20  ml.   a n h y d r o u s   d i e t h y l   e t h e r ,  

w i t h   s t i r r i n g   and  i c e - c o o l i n g ,   and  t he   m i x t u r e   s t i r r e d  

a t   the   same  t e m p e r a t u r e   f o r   30  m i n u t e s .   A f t e r   d e c o m -  

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

a c e t a t e ,   t h e   r e a c t i o n   m i x t u r e   was  s h a k e n   w i t h   10% 

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

The  r e m a i n i n g   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   d i e t h y l  

e t h e r   and  t h e   e x t r a c t   was  c o m b i n e d   w i t h   t h e   o r g a n i c  

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

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

d r y n e s s   u n d e r   r e d u c e d   p r e s s u r e   to  g i v e   2 . 1 3   g.  o i l y  

2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l ) - 3 - p r o p o x y p r o p a n o l .  

I . R .  v   l iq.fi lm max :   3400  c m - 1  

N .M.R .   δ p p m C D C l 3  :   0 . 9 1   (3H,  t ,   J = 7 H z )  

1 . 1 3   to  2 . 1 3   (12H,  m) 

2 . 6 7   ( lH ,   t ,   J = 6 H z )  

2 . 7 3   to  3 .30   (2H,  m) 

3 . 4 2   (2H,  t ,   J = 6 H z )  

3 . 6 3   to   4 . 0 8   (4H,  m) 

7 . 0 8   to  7 . 4 3   (3H,  m) 

E x a m p l e   32 

To  a  c o l d   s o l u t i o n   of   1 . 2 0 8   g .  s o d i u m  i n   100  m l .  

n - p r o p a n o l   was  a d d e d   d r o p w i s e   a  s o l u t i o n   of   5 . 8 4 9   g .  

m e t h y l   2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l )   a c r y l a t e   in   2 0  

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



t he   m i x t u r e   was  s t i r r e d   a t   a m b i e n t   t e m p e r a t u r e   f o r  

4  h o u r s .   A f t e r   n e u t r a l i z i n g   w i t h   3 .3   ml.  a c e t i c   a c i d ,  

t h e   m i x t u r e   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 e   was  s h a k e n   w i t h   a  m i x t u r e   of  e t h y l   a c e t a t e  

and  w a t e r   and  the   e t h y l   a c e t a t e   l a y e r   was  s e p a r a t e d .  

The  r e m a i n i n g   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   e t h y l  

a c e t a t e   and  t he   e x t r a c t   was  c o m b i n e d   w i t h   t h e   e t h y l  

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

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

on  a  s i l i c a   ge l   c o l u m n   and  e l u t e d   w i t h   a  m i x t u r e   o f  

n - h e x a n e   and  b e n z e n e   ( 2 . 5 : 1   v / v )   to  g i v e   3 . 2 6 6   g.  o i l y  

p r o p y l   2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l ) - 3 - p r o p o x y -  

p r o p i o n a t e .  

I . R .  ν l i q . m a d   f i l m  :   1740  c m - 1  

N .M.R .   δppmCDCl3:   0 . 8 7   (6H,  t ,   J = 7 H z )  

1 . 1 2   t o   2 . 1 8   ( 1 4 H ,   m) 

2 . 7 6   to  3 .20   (1H,  m) 

3 . 4 0   (2H,  t ,   J = 7 H z )  

3 . 5 4   to  4 . 3 1   (5H,  m) 

7 . 1 7   to  7 .50   (3H,  m) 
E x a m p l e   33  

(1)  A  s o l u t i o n   of  1 . 6 9   g.  d i e t h y l   m a l o n a t e   in  2  m l .  

N , N - d i m e t h y l f o r m a m i d e   was  a d d e d   d r o p w i s e   o v e r   t he   c o u r s e  

of   5  m i n u t e s   to  a  s u s p e n s i o n   of   5 0 6 . 9   mg.  50%  s o d i u m  

h y d r i d e   in  10  ml.  N , N - d i m e t h y l f o r m a m i d e ,   w i t h   s t i r r i n g  

and  i c e - c o o l i n g .   To  the   m i x t u r e   was  a d d e d   d r o p w i s e   a  

s o l u t i o n   of   3 . 8 4 1   g.  1 - t o s y l o x y - 2 - ( 3 - c h l o r o - 4 - c y c l o -  

h e x y l p h e n y l ) - 3 - m e t h o x y p r o p a n e   in  15  ml.  N , N - d i m e t h y l -  

f o r m a m i d e   o v e r   t he   c o u r s e   of  15  m i n u t e s ,   w i t h   s t i r r i n g  

and  i c e - c o o l i n g ,   and   t he   m i x t u r e   s t i r r e d   a t   a m b i e n t  

t e m p e r a t u r e   f o r   10  m i n u t e s   and  t h e n   f o r   3  h o u r s   in  a n  

o i l  b a t h   a t   1 0 0 ° C .   The  r e a c t i o n   m i x t u r e   was  s h a k e n   w i t h  



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

l a y e r   was  s e p a r a t e d .   The  r e m a i n i n g   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   e t h y l   a c e t a t e   and  t h e   e x t r a c t   w a s  
c o m b i n e d   w i t h   t h e   o r g a n i c   l a y e r   o b t a i n e d   a b o v e ,   w a s h e d  

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

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

m a g n e s i u m   s u l p h a t e   and  t h e n   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 .   E x c e s s   d i e t h y l   m a l o n a t e   was  t h e n   a l s o   d i s -  

t i l l e d   o f f   u n d e r   r e d u c e d   p r e s s u r e .   The  o i l y   r e s i d u e  

o b t a i n e d   was  d i s s o l v e d   in  a  s m a l l   a m o u n t   of   b e n z e n e ,  

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

w i t h   b e n z e n e   to  g i v e   2 . 2 7   g.  o i l y   d i e t h y l   3 - ( 3 - c h l o r o -  

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

I.   R.  ν  l i q . f i l m m a x :   1 7 4 5 ,   1 7 2 0  c m - 1  

N.M  R.  δ p p m C D C l 3  :   1 . 1 8   (3H,  t ,   J = 7 H z )  

1 . 2 5   (3H,  t ,   J = 7 H z )  

0 . 9 7   to  2 . 0 8   (10H,   m) 

2 . 1 1   to  2 . 4 6   (2H,  m) 

2 . 6 1   to  3 . 5 9   (5H,  m) 

3 . 2 8   (3H,  s )  

4 . 0 7   (2H,  q,  J = 7 H z )  
4 . 2 0   (2H,  q,  J = 7 H z )  

7 .02   to  7 .45   (3H,  m) 

(2)  A  m i x t u - e   of   a  s o l u t i o n   of   5 . 0 9 4   g.  d i e t h y l  

3 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l ) - 4 - m e t h o x y b u t a n e - l , l -  

d i c a r b o x y l a t e   in  50  ml .   m e t h a n o l   and  a  s o l u t i o n   o f  

1 . 4 4   g.  s o d i u m  h y d r o x i d e   in  10  ml.   w a t e r   was  h e a t e d  

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

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 e   w a s  

a c i d i f i e d   w i t h   10%  h y d r o c h l o r i c   a c i d ,   w i t h   i c e - c o o l i n g ,  

and  t h e n   e x t r a c t e d   w i t h   e t h y l   a c e t a t e .   The  e x t r a c t  

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

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



n - h e x a n e , ' w h i l e   c o o l i n g ,   and  t he   p r e c i p i t a t e   w a s  

f i l t e r e d   o f f   and  w a s h e d   w i t h   n - h e x a n e   to  g i v e   4 . 0 7 3   g .  

3 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h c n y l ) - 4 - m e t h o x y b u t a n e - 1 , 1 -  

d i c a r b o x y l i c   a c i d ;   m .p .   8 5  -   8 8 ° C .  

I . R .   νNujolmax:  1720,  1745  c m - 1  

N.M.R.   δppmDMSO-d6:   1 . 1 0  t o   2 .31   (12H,  m) 

2 . 6 3   to  3 . 1 3   (3H,  m) 

3 . 1 8   (3H,  s )  

3 . 4 5   (2H,  d,  J = 6 H z )  

.  7 .12   to  7 . 5 3   (3H,  m) 

(3)  A  s o l u t i o n   of  3 . 6 8 5   g.  3 - ( 3 - c h l o r o - 4 - c y c l o -  

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

in  10  ml.   x y l e n e   was  h e a t e d   u n d e r   r e f l u x   f o r   30  m i n u t e s  

and  t h e n   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  o i l y  

r e s i d u e   was  d i s s o l v e d   in  10  ml.  m e t h a n o l   and  m i x e d   w i t h  

a  s o l u t i o n   of  380  mg.  s o d i u m   h y d r o x i d e   in  10  m l .  

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

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

and  t he   p r e c i p i t a t e   was  f i l t e r e d   o f f ,   r e c r y s t a l l i z e d  

f rom  a  m i x t u r e   of  d i e t h y l   e t h e r   and  n - h e x a n e   and  t h e n  

w a s h e d   w i t h   n - h e x a n e   to  g i v e   2 . 7 7 9   g.  s o d i u m   4 - ( 3 -  

c h l o r o - 4 - c y c l o h e x y l p h e n y l ) - 5 - m e t h o x y v a l e r a t e ;   m . p .  
2 7 3  -   276°C .   ( d e c . ) .  

I . R .  ν  Nujolmax  :  1590  c m - 1  

N.M.R.   δ p p m D 2 O  :   0 . 8 9   to  2 . 3 6   (12H,  m) 

2 . 5 3   to  3 .59   (6H,  m) 

3 . 1 3   (3H,  s )  

6 . 8 6   to  7 .30   (3H,  m) 



E x a m p l e   34 

To  a  c o l d   s o l u t i o n   o f  3 . 4 5   g.  s o d i u m   in  1 0 0  

ml.  a n h y d r o u s   n - p r o p a n o l   was  a d d e d   d r o p w i s e   o v e r   t h e  

c o u r s e   of  20  m i n u t e s   a  s o l u t i o n   of  1 2 . 7 5   g.  m e t h y l   2 - ( 4 -  

c y c l o h c x y l p h c n y l ) a c r y l a t e   in  30  ml.  n - p r o p a n o l   w i t h  

s t i r r i n g   and  i c e - c o o l i n g ,   and  the   m i x t u r e   was  s t i r r e d  

at  a m b i e n t   t e m p e r a t u r e   f o r   7  h o u r s .   The  r e a c t i o n  

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

E x a m p l e   32  to  g i v e   1 1 . 5 6   g.  o i l y   n - p r o p y l   2 - ( 4 - c y c l o -  

h e x y l p h e n y l ) - 3 - n - p r o p o x y p r o p i o n a t e .  

I . R .   νliq.filmmax  :   1730  c m - 1  

N.M.R.   δCDCl3ppm:  0 . 8 3   (6H,  t ,   J = 8 H z )  

1 .04   to  2 . 1 0   (14H,   m) 

2 . 2 7   to  2 . 6 8   (1H,  m) 

3 . 3 8   (2H,  t ,   J = 8 H z )  

3 .51   to  4 . 2 3   (5H,  m) 

7 .04   to  7 .35   (411,  m) 

E x a m p l e   35 

A  s o l u t i o n   of   4 . 7 6 1   g.  s o d i u m   in  100  m l .  

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

20  m i n u t e s   to  a  s o l u t i o n   of   2 3 . 3 5 7   g.  m e t h y l   2 - ( 3 -  

c h l o r o - 4 - c y c l o h c x y l p h c n y l ) - 3 - a c e t o x y p r o p i o n a t e   in  25  m l .  

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

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

E x a m p l e   1 7 - ( 1 )   to  g i v e   2 0 . 9 9   g.  o i l y   r e s i d u e .   T h e  

r e s i d u e   was  d i s s o l v e d   in  a  s m a l l   a m o u n t   of  n - h e x a n e ,  

the   s o l u t i o n   was  c h r o m a t o g r a p h e d   on  a  s i l i c a   ge l   c o l u m n  

and  t h e n   e l u t c d   s u c c e s s i v e l y   w i t h   n - h e x a n e ,   n - h e x a n c  

and  b e n z e n e   ( 1 : 1   v / v )   and  n - h e x a n e   and  b e n z e n e   ( 1 : 2 . v / v ) .  

The  f r a c t i o n   of  n - h e x a n e   and  b e n z e n e   ( 1 : 2   v / v )   w a s  

e v a p o r a t e d   to  d r y n e s s   u n d e r   r e d u c e d   p r e s s u r e   to  g i v e  

1 2 . 9 8   g.  o i l y   m e t h y l   2 - ( 3 - c h l o r o - 4 - c y c l o h c x y l p h e n y l ) - 3 -  

m e t h o x y p r o p i o n a t e .  

I . R .   vliq.filmmax  :   1735  c m - 1  



N.M.R.   δCDCl3ppm:  1 .04   to  2 .10   (10H,   m) 

2 . 9 6   (1H,  b r o a d   s )  

3 . 3 4   (3H,  s )  

3 . 4 8   to  4 .04   (3H,  m) 

3 .68   (3H,  s )  

7 .06   to  7 .46   (3H,  m) 

E x a m p l e   36 

A  s o l u t i o n   of  4 . 9 5 4   g.  d e c a n o y l   c h l o r i d e   i n  

5  ml.  m e t h y l e n e   c h l o r i d e   was  a d d e d   d r o p w i s e   o v e r   t h e  

c o u r s e   of  1  h o u r   to  a  s o l u t i o n   of  3 . 2 2 2   g.  2 - ( 3 - c h l o r o -  

4 - c y c l o h e x y l p h e n y l ) p r o p a n e - 1 , 3 - d i o l   and  2 . 6 6 6   g .  

t r i e t h y l a m i n e   in  25  ml.   m e t h y l e n e   c h l o r i d e ,   w i t h  

s t i r r i n g   and  i c e - c o o l i n g ,   s t i r r e d   a t   t he   same  t e m p e r a t u r e  
f o r   4  h o u r s .   The  s o l v e n t   was  d i s t i l l e d   o f f   u n d e r  

r e d u c e d   p r e s s u r e ,   and  e t h y l   a c e t a t e   and  w a t e r   were   a d d e d  

to  t he   r e s u l t a n t   r e s i d u e .   A f t e r   s h a k i n g ,   t he   o r g a n i c  

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

a q u e o u s   s o l u t i o n   of  s o d i u m   b i c a r b o n a t e ,   w a t e r ,   10% 

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

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

was  d i s s o l v e d   in  a  s m a l l   a m o u n t   of  n - h e x a n e ,   t h e  

s o l u t i o n   was  c h r o m a t o g r a p h e d   on  a  s i l i c a   ge l   co lumn  a n d  

e l u t e d   s u c c e s s i v e l y   w i t h   n - h e x a n e ,   n - h e x a n e   and  b e n z e n e  

( 2 : 1   v / v ) ,   n - h e x a n e   and  b e n z e n e   ( 1 : 1   v / v )   to  g i v e  

4 . 3 8 7   g.  o i l y   1 , 3 - d i - n - d e c a n o y l o x y - 2 - ( 3 - c h l o r o - 4 -  

c y c l o h e x y l p h c n y l ) p r o p a n e .  

A n a l y s i s :  

C a l c .   f o r   C 3 5 H 5 7 C l O 4 :  

C  7 2 . 8 2 % ;   H  9 . 9 5 % ;   Cl  6 . 1 4 %  

f o u n d   :  C  7 2 . 6 1 % ;   H  9 . 9 0 % ,   Cl  6 . 7 0 %  

I . R .   νliq. filmmax :  f i l m   1740  c m - 1  

N.M.R.   δCDCl3ppm :  0 . 8 9   (6H,  t ,   J = 6 H z )  

1 . 0 7   to  2 . 1 0   (38H,   m) 

2 . 3 0   (4H,  t ,   J = 7 H z )  



2 . 7 9 - 3 . 5 3   (2H,  m) 

4 . 3 5   (4H,  d,  J = 7 H z )  

7 . 1 3 - 7 . 3 8   (3H,  m) 

E x a m p l e   37 

1 . 6 3 2   g.  50%  s o d i u m   h y d r i d e   was  a d d e d   to  a  

s o l u t i o n   of  1 0 . 7 4   g.  2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l ) -  

p r o p a n e - 1 , 3 - d i o l   in  50  ml.  d i m c t h y l f o r m a m i d e   and  s t i r r e d  

f o r   10  m i n u t e s   u n d e r   i c e - c o o l i n g .   10  ml.  P e t r o l e u m  

e t h e r   was  a d d e d   to  t he   m i x t u r e   and  s t i r r e d   at   a m b i e n t  

t e m p e r a t u r e   f o r   1 .5   h o u r s .   5 . 4 3 6   g.  n - P e n t y l   b r o m i d e  

was  a d d e d   d r o p w i s e   to  t h e   m i x t u r e   o v e r   t he   c o u r s e   o f  

30  m i n u t e s ,   and  s t i r r e d   a t   a m b i e n t   t e m p e r a t u r e   f o r  

3  h o u r s .   W a t e r   and  e t h y l   a c e t a t e   were   a d d e d   to  t h e  

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

was  s e p a r a t e d ,   w a s h e d   w i t h   w a t e r ,   d r i e d   o v e r   a n h y d r o u s  

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

r e d u c e d   p r e s s u r e .   The  o i l y   r e s i d u e   was  d i s s o l v e d   i n  

n - h e x a n e   and  t he   s o l u t i o n   was  l e f t   to  s t a n d   a t   a m b i e n t  

t e m p e r a t u r e ,   f i l t e r e d   and  t h e n   w a s h e d   w i t h   n - h e x a n e .  

The  f i l t r a t e   and  t he   w a s h i n g s   were   c o m b i n e d   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 .   The  r e s i d u e   w a s  

d i s s o l v e d   in  a  s m a l l   a m o u n t   of   b e n z e n e   c h r o m a t o g r a p h e d  

on  a  s i l i c a   ge l   c o l u m n   and  e l u t e d   s u c c e s s i v e l y   w i t h  

b e n z e n e   and  c h l o r o f o r m   to  g i v e   5 .61   g.  3 - n - p e n t y l o x y -  

2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l ) p r o p a n o l .  

A n a l y s i s :  

C a l c .   f o r   C 2 0 H 3 1 C l O 2  :   C 7 0 . 8 8 % ;   H  9 . 2 2   %; 

Cl  1 0 . 4 6 %  

f o u n d   :  C  7 0 . 9 3 % ;   H  9 . 2 8 % ;   Cl  1 0 . 6 4 %  

I . R .   νliq. filmmax  f i l m   3400  c m - 1  

N.M.R.   δCDCl3max :  0 . 89   (3H,  t ,   J = 7 H z )  

1 . 0 3 - 2 . 0 8   (16H,   m) 

2 . 7 1   (1H,  t ,   J = 6 H z )  

2 . 8 0 - 3 . 2 4   (2H,  m) 

3 . 4 3   (2H,  t ,   J = 6 H z )  



3 . 5 8 - 4 . 0 6   (4H,  m) 

6 . 9 8 - 7 . 3 0   (3H,  m) 

E x a m p l e   38 

(1)  A  s o l u t i o n   of  2 . 1 3 3   g.  b e n z o y l c h l o r i d e   i n  

10  ml.  m e t h y l e n e   c h l o r i d e   was  a d d e d   d r o p w i s e   o v e r   t h e  

c o u r s e   of  20  m i n u t e s   to  a  m i x t u r e   of  4 . 0 7 8   g.  m e t h y l  

2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l ) - 3 - a m i n o p r o p i o n a t e ,  

1 . 6 7 3   g.  t r i e t h y l a m i n e   and  30  ml.  m e t h y l e n e   c h l o r i d e ,  
w i t h   s t i r r i n g   and  i c e - c o o l i n g ,   s t i r r e d   at  t he   s a m e  

t e m p e r a t u r e   f o r   30  m i n u t e s   and  f u r t h e r   at   a m b i e n t  

t e m p e r a t u r e   f o r   1  h o u r ,   and  t h e n   l e f t   to  s t a n d   o v e r -  

n i g h t   at  t he   same  t e m p e r a t u r e .   The  r e a c t i o n   m i x t u r e  

was  t r e a t e d   in  a  s i m i l a r   m a n n e r   to  t h a t   of  E x a m p l e  

1 4 - ( 2 )   to  g i v e   6 . 0 3   g.  o i l y   m e t h y l   2 - ( 3 - c h l o r o -  

4 - c y c l o h e x y l p h e n y l ) - 3 - b e n z a m i d o p r o p i o n a t e .  

I . R .   νliq.max  f i l m   3300 ,   1725  c m - 1  

(2)  A  s o l u t i o n   of  5 . 9 9 3   g . m e t h y l   2 - ( 3 - c h l o r o -  

4 - c y c l o h e x y l p h e n y l ) - 3 - b e n z a m i d o p r o p i o n a t e   and  1 .2   g .  
s o d i u m   h y d r o x i d e   in  30  ml.  m e t h a n o l   and  10  ml.   w a t e r  

was  h e a t e d   u n d e r   r e f l u x   f o r   30  m i n u t e s ,  w h i l e   s t i r r i n g .  

M e t h a n o l   was  d i s t i l l e d   o f f   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   m i x t u r e   was  a d j u s t e d   to  pH  1  w i t h   10% 

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

The  e x t r a c t   was  w a s h e d   w i t h   w a t e r ,   d r i e d   o v e r   a n h y d r o u s  

m a g n e s i u m   s u l f a t e   and  t h e n   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 .   P r e c i p i t a t e d   c r y s t a l s   were   r e c r y s t a l l i z e d  

f rom  m e t h a n o l   to  g i v e   2 .59   g.  2 - ( 3 - c h l o r o - 4 - c y c l o h c x y l -  

p h e n y l ) - 3 - b e n z a m i d o p r o p i o n i c   a c i d ;   mp.  1 9 7 . 5 - 1 9 9 ° C .  

A n a l y s i s :  

C a l c .   f o r   C 2 2 H 2 4 C l N O 3  :  C   6 8 . 4 8 % ;  H   6 . 2 7 % ;  

N  3 .63%;   Ct  9 . 1 9 %  

f o u n d  :   C  6 8 . 3 2 % ;   H  6 . 1 2 % ;   N  3 . 6 4 % ;  

Cl  9 . 3 6 %  

I . R .   νNujolmax :  3 3 6 0 ,   1 7 0 0 ,   1640  c m - 1  



N.M.R.   δDMSOppm:  0 . 9 8   to  1 . 9 8   (10H,  m) 
2 . 8 8   (1H,  b r o a d ,   s )  

3 . 2 6   to  3 .84   (2H,  m) 

3 .94   (1H,  d , d ,   J = 7 H z ,   1 5 H z )  

7 .10   to   7 .54   (6H,  m) 

7 .60   to  7 .86   (211,  m) 

8 .34   to  8 . 6 6   (1H,  m) 

E x a m p l e   3 9  

(1)  A  s o l u t i o n   of  1 . 14   g.  m e t h y l   i s o c y a n a t e  
in  10  ml.  m e t h y l e n e   c h l o r i d e   was  a d d e d   d r o p w i s e   o v e r   t h e  

c o u r s e   of  15  m i n u t e s   to  a  s o l u t i o n   of  5 . 9 1   g.  m e t h y l  

2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l ) - 3 - a m i n o p r o p i o n a t e   i n  

30  ml.   m e t h y l e n e   c h l o r i d e ,   w i t h   s t i r r i n g   and  i c e - c o o l i n g ,  
and  s t i r r e d   at   t h e   same  t e m p e r a t u r e   f o r   25  m i n u t e s .  

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

r e d u c e d   p r e s s u r e   to  g i v e   6 . 8 6   g.  o i l y   m e t h y l   2 - ( 3 -  

c h l o r o - 4 - c y c l o l i e x y l p h e n y l ) - 3 - ( 3 - m e t h y l u r e i d o ) p r o p i o n a t e .  

I . R .   ν C H C l 3 m a x :  3 3 5 0  1 7 2 0  1 6 3 0  c m -  1 

N .M.R.   δDMSOppm :  1 . 0 6   to  2 . 0 8   (10H,   m) 

2 . 5 3   (3H,  d,  J = 4 H z )  

2 . 8 8   (1H,  b r o a d   s )  

3 . 2 4   to  3 . 6 8   (2H,  m) 

3 .61   (3H,  s )  

3 .84   (1H,  t ,   J = 9 H z )  

5 . 7 8   (1H,  q,  J = 4 H z )  

6 . 0 2   (1H,  t ,   J = 6 H z )  

7 .12   to   7 .40   (3H,  m) 

(2)  A  s o l u t i o n   of  6 . 6 9 8   g.  m e t h y l   2 - ( 3 - c h l o r o -  

4 - c y c l o h e x y l p h e n y l ) - 3 - ( 3 - m e t h y l u r e i d o ) p r o p i o n a t e   a n d  

1 . 1 4   g.  s o d i u m   h y d r o x i d e   in  50  ml.   m e t h a n o l   was  h e a t e d  

u n d e r   r e f l u x   f o r   1  h o u r ,   w h i l e   s t i r r i n g .   M e t h a n o l   w a s  

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

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

t h e n  a d j u s t e d   to  pH  1  w i t h   10%  h y d r o c h l o r i c   a c i d .   T h e  

p r e c i p i t a t e d   c r y s t a l s   we re   c o l l e c t e d   by  f i l t r a t i o n   w i t h  



s u c t i o n ,   w a s h e d   w i t h   w a t e r ,   d r i e d ,   and  r e c r y s t a l l i z e d  
f rom  m e t h a n o l   to  g i v e   3 . 2 2 0   g.  2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l -  

p h e n y l ) - 3 - ( 3 - m e t h y l u r e i d o ) p r o p i o n i c   a c i d ;   mp.  1 8 8 . 5  -  

190°C  ( d e c o m p . ) .  

A n a l y s i s :  

C a l c .   f o r   C 1 7 H 2 3 C l N 2 O 3  :  C   6 0 . 2 6 % ;   H  6 . 8 4 % ;  

N  8 .27%;   Cl  1 0 . 4 6 %  

f o u n d  :   C  6 0 . 3 7 % ;   H  6 . 96%;   N  8 . 1 8 % ;  

Cl  1 0 . 5 7 %  

I . R .   νNujolmax :  3400 ,   1735 ,   1580  c m - 1  

N.M.R.   δDMSOppm:  0 . 9 6   to  2 .00   (10H,  m) 

2 .51   (3H,  d,  J = 5 H z )  

2 . 9 0   (1H,  b r o a d   s )  

3 . 1 8   to  3 .58   (2H,  m) 

3 .70   (1H,  d , d ,   J = 7 ,   1 2 H z )  

5 .84   (1H,  q,  J = 5 H z )  

6 . 0 0   (1H,  t ,   J = 5 H z )  

7 .28   to  7 .46   (3H,  m) 

E x a m p l e   40 

A  m i x t u r e   of  3 . 8 5 5   g.  2 - ( 3 - c h l o r o - 4 -  

c y c l o h e x y l p h e n y l ) - 3 - m e t h o x y p r o p i o n i c   a c i d ,   20  ml.  n -  

b u t a n o l   and  1  ml.  c o n c .   s u l f u r i c   a c i d   was  s t i r r e d   a t  

100°C  f o r   30  m i n u t e s .   The  r e a c t i o n   m i x t u r e   w a s  

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   and  t he   r e s i d u e   w a s  

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

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

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

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

to  g i v e   2 . 8 3 3   g.  n - b u t y l   2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l ) -  

3 - m e t h o x y p r o p i o n a t e ;   b . p .   1 8 5 ° - 1 8 7 ° C / 5   m m . H g .  

I . R .   ν N u j o l :   1745  c m - 1  
m a x  

N.M.R.   δCDCl3ppm:  0 . 8 7   (3H,  t ,   J = 6 H z )  



1 . 1 0   to  2 . 0 7   ( l H ,   m) 

2 . 7 3   to  3 . 1 0   ( l H ,   m) 

3 . 3 6   (3H,  s )  

3 . 5 0   to  Ca.  4 . 0 0   (3H,  m) 

4 . 1 3   (2H,   t ,   J = 6 H z )  

7 . 1 5   to  7 .41   (3H,  m) 



1.  A  c o m p o u n d   of   t h e   f o r m u l a : -  

w h e r e i n   R1  i s   a  l o w e r   c y c l o a l k y l   r a d i c a l ,  
R 2  i s   a  c a r b o x y ,   e a t e r i f i e d   c a r b o x y ,   h y d r o x y -  

m e t h y l ,   l o w e r   a l k o x y m e t h y l   o r   a c y l o x y m e t h y l  

r a d i c a l ,  
R3  i s   a  l o w e r   a l k a n o y l   r a d i c a l   o r   a  l o w e r  

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

a m i n o ,   l o w e r   a l k y l a m i n o ,   d i ( l o w e r ) -  

a l k y l a m i n o ,   a c y l a m i n o ,   l o w e r   a l k o x y ,   a c y l  

o r   a c y l o x y   r a d i c a l ,   in   w h i c h   t h e   l o w e r  

a l k y l   m o i e t i e s   of   t h e   d i ( l o w e r ) a l k y l   a m i n o  

r a d i c a l   may  be  j o i n e d   t o g e t h e r   to   f o r m   a  

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

a t o m ,   and   t h e   c a r b o n y l   f u n c t i o n   of   t h e  

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

t h e   l o w e r   a l k y l   r a d i c a l ,   may  be  p r o t e c t e d ,  

X  i a   a  h y d r o g e n   o r   h a l o g e n   a t o m ,   a n d  

Y  i s   a  v a l e n c y   b o n d   o r   a  l o w e r   a l k y l e n e  

r a d i c a l ;  

and   t h e   p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t s   t h e r e o f .  

2.  A  p r o c e s s   f o r   p r e p a r i n g   a  c o m p o u n d   of   t h e   f o r m u l a : -  

w h e r e i n   R1  i s   a  l o w e r   c y c l o a l k y l   r a d i c a l ,  
R2  i s   a  c a r b o x y ,   e s t e r i f i e d   c a r b o x y ,   h y d r o x y -  

m e t h y l ,   l o w e r   a l k o x y m e t h y l   o r   a c y l o x y m e t h y l  

r a d i c a l ,  



R3  i s   a  l o w e r   a l k a n o y l   r a d i c a l   o r   a  l o w e r  

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

a m i n o ,   l o w e r   a l k y l a m i n o ,   d i ( l o w e r ) a l k y l -  

a m i n o ,   a c y l a m i n o ,   l o w e r   a l k o x y ,   a c y l   o r  

a c y l o x y   r a d i c a l ,   i n   w h i c h   t h e   l o w e r   a l k y l  

m o i e t i e s   of   t h e   d i ( l o w e r ) a l k y l a m i n o   r a d i c a l  

may  be  j o i n e d   t o g e t h e r   t o   f o r m   a  h e t e r o -  

c y c l i c   r i n g   c o n t a i n i n g   t h e   n i t r o g e n   a t o m ,  

and   t h e   c a r b o n y l   f u n c t i o n   o f   t h e   a c y l  

r a d i c a l ,   w h i c h   i s   a  s u b s t i t u e n t   on  t h e  

l o w e r   a l k y l   r a d i c a l   may  be  p r o t e c t e d ,  

X  i s   a  h y d r o g e n   o r   h a l o g e n   a t o m ,   a n d  

Y  i s   a  v a l e n c y   b o n d   o r   a  l o w e r   a l k y l e n e  

r a d i c a l ;  

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

c o m p r i s e s  

(1)   r e a c t i n g   a  c o m p o u n d   o f   t h e   f o r m u l a : -  

w h e r e i n   R1,  R2,  X  and   Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e ,   w i t h   a  l o w e r   a l k a n o i c   a c i d   o f   t h e   f o m u l a : -  

w h e r e i n   R3a  i s   a  l o w e r   a l k a n o y l   r a d i c a l ,   o r   a  

r e a c t i v e   d e r i v a t i v e   t h e r e o f   t o   g i v e   a  c o m p o u n d   o f  

t h e   f o r m u l a : -  

w h e r e i n   R l ,   R2,  R3a,  X  and   Y  h a v e   t h e   same  m e a n i n g  

as   a b o v e ;  



(2)   r e a c t i n g   a  c o m p o u n d   o f   t h e   f o r m u l a : -  

w h e r e i n   R1,  R2,  X  and  Y  h a v e   t h e   same  m e a n i n g s   a s  

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

t h e   f o r m u l a : -  

w h e r e i n   R1,  R2,  R3b,  X  a n d   Y  h a v e   t h e   same  m e a n i n g s  

as  a b o v e ;  

(3)   r e d u c i n g   a  c o m p o u n d   o f   t h e   f o r m u l a : -  

w h e r e i n   R1,  R2,  X  and   Y  h a v e  t h e   same   m e a n i n g s   a s  

a b o v e   and   R3'c  i s   a  l o w e r   a l k a n o y l   r a d i c a l ,   t o   g i v e  

a  c o m p o u n d   of   t h e   f o r m u l a : -  

w h e r e i n   R1,  R2,  X  and   Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e   and   R3c  i s   a  h y d r o x y ( l o w e r ) a l k y l   r a d i c a l ,   o r  

a  c o m p o u n d   o f   t h e   f o r m u l a : -  



w h e r e i n   R1,  R3,  X  and   Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e ;  

(4)   r e a c t i n g   a  c o m p o u n d   o f   t h e   f o r m u l a : -  

w h e r e i n   R1,  R2,  X  and   Y  h a v e   t h e   same  m e a n i n g s   a a  

a b o v e   and   R3'd  i s   a  h y d r o x y ( l o w e r ) a l k y l   o r   a c y l o x y -  

( l o w e r ) a l k y l   r a d i c a l ,   w i t h   an  a l k y l a t i n g   a g e n t   t o  

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

w h e r e i n   R1,  R2,  X  and   Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e   and   R3d  i s   a  l o w e r   a l k o x y ( l o w e r ) a l k y l   r a d i c a l ;  

(5 )   r e a c t i n g   a  c o m p o u n d   o f   t h e   f o r m u l a : -  

w h e r e i n   R1,  R2,  X  and   Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e ,   w i t h   an  a l k y l a t i n g   a g e n t   t o   g i v e   a  c o m p o u n d  

of   t h e   f o r m u l a : -  

w h e r e i n   R1,  R2,  X  and   Y  h a v e   t h e  s a m e   m e a n i n g s   a s  

a b o v e   and   R3"d  i s   a  l o w e r   a l k o x y m e t h y l   r a d i c a l :  

(6)   r e a c t i n g   a  c o m p o u n d   o f   t h e   f o r m u l a : -  



w h e r e i n   R1,  R2,  X  a n d  Y   h a v e   t h e   same  m e a n i n g s   a s  
a b o v e   and   R3'e  i s   a  h y d r o x y ( l o w e r ) a l k y l   r a d i c a l ,  

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

f o s s u l a : -  

w h e r e i n   R1,  R2,  X  and   Y  h a v e   t h e   same  m e a s i n g s   a s  
a b o v e   and   R3e  i s   an  a c y l o x y ( l o w e r ) a l k y l   r a d i c a l ;  

(7)   r e a c t i n g   a  c o m p o u n d   of   t h e   f o r m u l a : -  

w h e r e i n   R1,  R 2 ,  X   and   Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e   and   R3'f  i s   an  a c y l o x y ( l o w e r ) a l k y l   r a d i c a l ,  

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

a l k y l a m i n e s ,   d i ( l o w e r ) a l k y l a m i n e s   and   s a t u r a t e d  

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

g r o u p ,   o r   a  c o m p o u n d   of   t h e   f o r m u l a : -  

w h e r e i n   R1,  R2,  X  and   Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e ,   w i t h   a m m o n i a   o r   a  l o w e r   a l k y l a m i n e ,   d i ( l o w e r ) -  

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

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



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

w h e r e i n   R l ,   R2,  X  and   Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e   and   R3f  i s   a  l o w e r   a l k y l   r a d i c a l   s u b s t i t u t e d  

by  an  a m i n o ,   l o w e r   a l k y l a m i n o   o r   d i ( l o w e r ) a l k y l -  

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

t h e   d i ( l o w e r ) a l k y l a m i n o   g r o u p   c a n   be  j o i n e d   t o g e t h e r  

to   f o r m   a  h e t e r o c y c l i c   r i n g   c o n t a i n i n g   t h e   n i t r o g e n  

a t o m ;  

(8)   r e a c t i n g   a  c o m p o u n d   of   t h e   f o r m u l a : -  

w h e r e i n   R1,  R2,  X  and   Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e   and   R3'g  i s   an  a m i n o ( l o w e r ) a l k y l   r a d i c a l ,  

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

f o r m u l a : -  

w h e r e i n   R1,  R2,  X  and   Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e   a n d   R 3  i s   an  a c y l a m i n o ( l o w e r ) a l k y l   r a d i c a l ;  

(9)   r e a c t i n g   a  c o m p o u n d   o f   t h e   f o r m u l a : -  



w h e r e i n   R1,  R2,  X  and   Y  h a v e   t h e   same  m e a n i n g s   a s  
a b o v e   and   R3'h  i s  a   h y d r o x y ( l o w e r ) a l k y l   o r   a c y l o x y -  

( l o w e r ) a l k y l   r a d i c a l ,   o r   a  c o m p o u n d   of   t h e   f o r m u l a : -  

w h e r e i n  R 1 ,   R2,  X  and   Y  h a v e   t h e   same  m e a n i n g s   a s  

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

n i t r o ( l o w e r ) a l k a n e   i n   t h e   p r e s e n c e   of   a  s t r o n g  

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

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

a  c o m p o u n d   o f   t h e   f o r m u l a : -  

w h e r e i n  R 1 ,   R2,  X  and   Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e   and   R3h  i s   an  a c y l ( l o w e r ) a l k y l  r a d i c a l ;  

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

w h e r e i n   R1,  R3,  X  and   Y  h a v e   t h e  s a m e   m e a n i n g s   a s  

a b o v e   and   R2'i  i s   an  e s t e r i f i e d   c a r b o x y   g r o u p ,   t o  

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

w h e r e i n   R1,  R3,  X  and   Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e   and   Rf  i a   a  c a r b o x y   r a d i c a l ;  



( 1 1 )   r e a c t i n g   a  c o m p o u n d   of   t h e   f o r m u l a : -  

w h e r e i n   R1,  R3,  X  and   Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e   and   R2"i  i s   an  a c y l o x y m e t h y l   r a d i c a l ,   w i t h   a  

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

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

f o r m u l a : -  

w h e r e i n   R1,  R3,  X  and   Y  h a v e   t h e   same  m e a n i n s   a s  

a b o v e   and   COOR  i s   an  e s t e r i f i e d   c a r b o x y   g r o u p ,   a n d  

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

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

w h e r e i n   R l ,   R2i,  R3,  X  and   Y  h a v e   t h e   same  m e a n i n g s  

as   a b o v e ;  

( 1 2 )   r e d u c i n g   a  c o m p o u n d   o f   t h e   f o r m u l a : -  

w h e r e i n   R1,  R3,  X  and   Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e   a n d   R2'j  i s   a  c a r b o x y   o r   e s t e r i f i e d   c a r b o x y  

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



w h e r e i n   R1,  R3,  X  and  Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e   and   R2j  i s   a  h y d r o x y m e t h y l   r a d i c a l ;  

(13 )   a c y l a t i n g   a  c o m p o u n d   of   t h e   f o r m u l a : -  

w h e r e i n   Rl ,   R3,  X  and   Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e ,   to   g i v e   a  c o m p o u n d   o f   t h e   f o r m u l a : -  

w h e r e i n   R1,  R3,  X  a n d   Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e   and  R2k  i s   an  a c y l o x y m e t h y l   r a d i c a l ;  

( 1 4 )   o x i d i s i n g   a  c o m p o u n d   o f   t h e   f o r m u l a : -  

w h e r e i n   R1,  R3,  X  and   Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e ,   to   g i v e   a  c o m p o u n d   of   t h e   f o m u l a : -  

w h e r e i n   Rl ,   R3,  X  and  Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e ,   o r  



( 1 5 )   e s t e r i f y i n g   a  c o m p o u n d   o f   t h e   f o r m u l a : -  

w h e r e i n   R1,  R3,  X  a n d   Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e ,   t o   g i v e   a  c o m p o u n d   o f   t h e   f o r m l a : -  

w h e r e i n   R l ,   R3,  X  and   Y  h a v e   t h e   same  m e a n i n g s   a s  

a b o v e ,   and   R2m  i s   a s   e s t e r i f i e d   c a r b o x y   r a d i c a l .  

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

o f   t h e   c l a i m   1  as   a c t i v e   i n q r e d i e n t ,   i n   a s s o c i a t i o n   w i t h  

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

c a r r i e r   o r   e x c i p i e n t .  

4.  A  m e t h o d   f o r   t r e a t i n g   an  i n f l a m m a t i o n ,   w h i c h  

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

a  m a m m a l .  

5.  S o d i u m   2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l ) - 3 -  

m e t h o x y p r o p i o n a t e .  
6.  2 - ( 3 - C h l o r o - 4 - c y c l o h e x y l p h e n y l ) - 3 - m e t h o x y -  

p r o p i o n i c   a c i d .  

7.  M e t h y l   2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l ) - 3 -  

m e t h o x y p r o p i o n a t e .  

8.  n - B u t y l   2 - ( 3 - c h l o r o - 4 - c y c l o h e x y l p h e n y l ) - 3 -  
m e t h o x y p r o p i o n a t e .  
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