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B a c k g r o u n d   of   t h e   I n v e n t i o n  

C o p e n d i n g   U . S .   P a t e n t   A p p l i c a t i o n   S e r i a l   N u m b e r  

6 8 7 , 3 1 8 ,   f i l e d   May  26,   1976  by  E l e n a   M.  B i n g h a m   a n d  

W i l l i a m  J o s e p h   M i d d l e t o n ,   w h i c h   i s   a  c o n t i n u a t i o n - i n -  

p a r t   of   U .S .   P a t e n t   A p p l i c a t i o n   S e r i a l   Number   5 9 7 , 5 0 2 ,  

now  a b a n d o n e d ,   d i s c l o s e s   c e r t a i n   n o v e l   3 - f l u o r o b e n z o -  

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

w h e r e  

X  i s   C l ,   Br ,   N02  or   C F 3 ;  
Y  i s   H,  C l ,   Br  o r   F ;  

D  i s   H,  h y d r o c a r b y l   of   1-4   c a r b o n s ,   - C H 2 C F 3 ,  
-CONHR,  -CH2CH2NR2,   or   - C H 2 C H 2 N R 2 · A ,  
w h e r e   R  i s   a l k y l   of   1-4  c a r b o n s   and  A  i s   a  

p h a r m a c e u t i c a l l y   s u i t a b l e   a c i d ;  



B  i s   0;  o r  

B  a n d   D  t o g e t h e r   i s   = N - N = C ( R ' ) -  

w h e r e   R'  i s  H   or   C1-C4  a l k y l ,  

and  t h e   u se   of   s u c h   c o m p o u n d s   as  t r a n q u i l i z e r s ,   m u s c l e  

r e l a x a n t s   and  s e d a t i v e s   in   m a m m a l s .   In  a d d i t i o n ,  

B i n g h a m   and  M i d d l e t o n   d i s c l o s e   a  p r o c e s s   f o r   m a k i n g  

s u c h   c o m p o u n d s   by  r e a c t i o n   o f   t h e   c o r r e s p o n d i n g   3 -  

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

f l u o r i d e   as  f o l l o w s :  

w h e r e   R3  and  R 4  a r e   a  p r i m a r y   a l k y l   g r o u p   o f   1-4   c a r b o n s  

or   t a k e n   t o g e t h e r   a r e   - ( C H 2 ) 4 -   or   - ( C H 2 ) 5  

Summary   of   t h e   P r e s e n t   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   an  i m p r o v e d  

p r o c e s s   f o r   m a k i n g   s u c h   3 - f l u o r o b e n z o d i a z e p i n e s ,   n o v e l  

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

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

m u s c l e   r e l a x a n t s   and  s e d a t i v e s   in   m a m m a l s .  

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

t o :  

(A)  A  new  c l a s s   of   t r a n q u i l i z e r s   and  CNS 

d e p r e s s a n t s   h a v i n g   t h e   g e n e r a l   f o r m u l a   I I ,   w h e r e   X  i s  

Cl ,   Br ,   N02  o r   CF3,  Y  i s   H,  Br ,   C l ,   o r   F,  and   Z1  and  Z2 

a r e   Cl  o r   Br;   and  t h e   p r o c e s s   f o r   t h e i r   p r e p a r a t i o n   b y  

t h e   r e a c t i o n   of   an  a n t i - o x i m e   of   f o r m u l a   I  (X  and  Y  a s  

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



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

U .S .   P a t e n t   No.  3 , 3 9 8 , 1 3 9   o r   by  t h e   i m p r o v e d   p r o c e s s  

d i s c l o s e d   in   c o p e n d i n g   U . S .   P a t e n t   A p p l i c a t i o n   S e r i a l  

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

A r t h u r   J .   E l l i o t t   and  E l e n a   M.  B i n g h a m   ( a t t o r n e y ' s  

d o c k e t   n u m b e r   C R - 7 7 9 5 ) .  

(B)  A  new  c l a s s   of   t r a n q u i l i z e r s   h a v i n g   t h e  

g e n e r a l   f o r m u l a   I I I ,   w h e r e   X  =  C l ,   Br ,   N02  or   CF3  a n d  

Y  =  H,  Br ,   C l ,   o r   F;  and  t h e   p r o c e s s   f o r   t h e i r   p r e p a r a -  

t i o n   by  t r e a t i n g   a  c o m p o u n d   of   s t r u c t u r e   I I   w i t h   a  b a s e .  

(C)  A  p r o c e s s   f o r   t h e   p r e p a r a t i o n   of   t r a n q u i l i -  

z e r s   o f   t h e   f o r m u l a   IV,  w h e r e   X  =  Br ,   C l ,   N02  or   CF3  a n d  

Y  =  H,  Br ,   C l ,   o r   F,  by  t r e a t i n g   c o m p o u n d s   o f   f o r m u l a   I I I  



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

D e t a i l e d   D e s c r i p t i o n   o f   t h e   I n v e n t i o n  

P r e f e r r e d   C o m p o u n d s  

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

of   f o r m u l a e   I I   and   I I I   w h e r e   X  i s   c h l o r i n e   o r   b r o m i n e .  

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

o r   b r o m i n e   and  Y  i s   h y d r o g e n ,   c h l o r i n e   o r   f l u o r i n e .  

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

i s   c h l o r i n e   o r   b r o m i n e   and  Y  i s   h y d r o g e n   or   f l u o r i n e .  

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

p o u n d s :  

5 - c h l o r o - 2 - ( N - m e t h y l - N - c h l o r o f l u o r o a c e t a m i d o ) -  

b e n z o p h e n o n e   a n t i - o x i m e ;   a n d  

7 - c h l o r o - 3 - f l u o r o - l , 3 - d i h y d r o - l - m e t h y l - 5 - p h e n y l -  

2 H - 1 , 4 - b e n z o d i a z e p i n - 2 - o n e   4 - o x i d e .  

P r o c e s s   C o n d i t i o n s  

(A)  F l u o r o a c e t a m i d o b e n z o p h e n o n e   a n t i - o x i m e s   o f  

F o r m u l a   I I   c an   be  p r e p a r e d   by  c o n t a c t i n g   a  s o l u t i o n   o f  

a  b e n z o p h e n o n e   a n t i - o x i m e   of   F o r m u l a   I  in   an  i n e r t  

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

p r e s e n c e   o r   a b s e n c e   of   a  s u i t a b l e   b a s e .   I n e r t   s o l v e n t s  

s u i t a b l e   f o r   u s e   i n c l u d e   C H 2 C l 2 ,   CHC13,  c h l o r o b e n z e n e ,  



b e n z e n e ,   t o l u e n e ,   and  o t h e r   h y d r o c a r b o n s   or   c h l o r o h y d r o -  

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

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

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

t h e   r e a c t a n t s .   A l t h o u g h   t h e   p r e s e n c e   of   a  b a s e   in   t h e  

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

one  e q u i v a l e n t   o f   a  b a s i c   m a t e r i a l   f a c i l i t a t e s   t h e  

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

i s o m e r i z e .   B a s e s   s u i t a b l e   f o r   u s e   i n c l u d e   a q u e o u s  
s o l u t i o n s   o f   i n o r g a n i c   b a s e s   s u c h   as  NaOH,  KOH,  N a 2 C O 3 ,  

NaHCO3,  and  KHC03,  and   o r g a n i c   t e r t i a r y   a m i n e s   s u c h   a s  

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

i n o r g a n i c   b a s e s   s u c h   as  NaHCO3.  
The  t e m p e r a t u r e   a t   w h i c h   t h e   r e a c t i o n   i s   c o n d u c t e d  

i s   n o t   c r i t i c a l ,   b u t   i t   s h o u l d   be  b e l o w   a b o u t   100°  t o  

p r e v e n t   i s o m e r i z a t i o n   o f   t h e   o x i m e s   and  m u s t   be  a b o v e  

t h e   m e l t i n g   p o i n t   of   t h e   s o l i d  s o   t h a t   m i x i n g   can   b e  

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

F l u o r o h a l o a c e t y l   h a l i d e s   s u i t a b l e   f o r   u se   in   t h i s  

r e a c t i o n   i n c l u d e   CHFC1COC1,  CHFClCOBr ,   CHFBrCOCl  a n d  

C H F B r C O B r .  

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

p u r i f i e d   by  c o n v e n t i o n a l   m e a n s ,   s u c h   as  r e c r y s t a l l i z a -  

t i o n   o r   c o l u m n   c h r o m a t o g r a p h y .   I f   some  i s o m e r i z a t i o n  

d o e s   o c c u r   d u r i n g   t h e   r e a c t i o n ,   or   i f   t h e   s t a r t i n g  

m a t e r i a l   i s   c o m p o s e d   of   a  m i x t u r e   of   syn  and  a n t i -  

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

can   be  s e p a r a t e d   f r o m   i t s   s y n - i s o m e r   by  f r a c t i o n a l  

r e c r y s t a l l i z a t i o n .  

(B)  3 - F l u o r o b e n z o d i a z e p i n e   o x i d e s   of   F o r m u l a   I I I  

can   be  p r e p a r e d   by  t r e a t i n g   a  s o l u t i o n   of   a  f l u o r o h a l o -  

a c e t a m i d o b e n z o p h e n o n e   a n t i - o x i m e   of   F o r m u l a   I I   w i t h   a n  

a l k a l i   m e t a l   h y d r o x i d e .   The  r e a c t i o n   can   be  a c c o m p l i s h e d  

by  m i x i n g   a  s o l u t i o n   of   I I   in   a  w a t e r - i m m i s c i b l e   i n e r t  

s o l v e n t ,   s u c h   as  CH2C12,   CHC13,  c h l o r o b e n z e n e ,   b e n z e n e  



t o l u e n e ,   and  o t h e r   h y d r o c a r b o n   o r   c h l o r o h y d r o c a r b o n  

s o l v e n t s ,   or   d i e t h y l   e t h e r ,   w i t h   an  a q u e o u s   s o l u t i o n   o f  

NaOH  or   KOH.  A l t e r n a t e l y ,   a  s o l u t i o n   o f   I I   in   a  w a t e r -  

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

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

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

or   KOH.  The  t e m p e r a t u r e   i s   n o t   c r i t i c a l ,   b u t   i t   i s  

m o s t   c o n v e n i e n t l y   c a r r i e d   o u t   f r o m   0°  to   2 5 ° ,   a l t h o u g h  

t e m p e r a t u r e s   of   up  to   80°  a r e   o p e r a b l e .   The  p r o d u c t  

3 - f l u o r o b e n z o d i a z e p i n e   o x i d e s   can   be  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 t u r e   by  c o n v e n t i o n a l   m e a n s .  

A l t e r n a t e l y ,   t h e   3 - f l u o r o b e n z o d i a z e p i n e   o x i d e s  

of  F o r m u l a   I I I   can   be  p r e p a r e d   in   one   s t e p   f r o m   t h e  

r e a c t i o n   of   b e n z o p h e n o n e   a n t i - o x i m e s   of   F o r m u l a   I  w i t h  

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

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

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

(C)  3 - F l u o r o b e n z o d i a z e p i n e s   of   F o r m u l a   IV  c an   b e  

p r e p a r e d   by  t h e   r e d u c t i o n   of   3 - f l u o r o b e n z o d i a z e p i n e   4 -  

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

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

p h o s p h i n e s   of   t h e   g e n e r a l   f o r m u l a   P R ' R " R ' ' ' ,   w h e r e   R ' ,  

R"  and  R ' ' '   c an   be  a l i k e   or   d i f f e r e n t   and  i n c l u d e  

a l k o x y ,   a r y l o x y ,   a l k y l ,   a r y l ,   and  h a l o   (some  s p e c i f i c  

e x a m p l e s   a r e   P ( O C H 3 ) 3 ,   P ( O C 2 H 5 ) 3 ,   P ( b u t y l ) 3 ,   ( P C 1 3 ,  
and  P C 1 2 0 C H 3 ) ,   and  e l e m e n t a l   h y d r o g e n   in   t h e   p r e s e n c e  
of   a  s u i t a b l e   c a t a l y s t   s u c h   as  f i n e l y   d i v i d e d   Pt   or   P d .  

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

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

s o l u b l e   and  c an   be  r e m o v e d   f r o m   t h e   p r o d u c t   3 - f l u o r o b e n -  

z o d i a z e p i n e   by  w a s h i n g   w i t h   w a t e r .   The  p h o s p h i n e s   c o n -  

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

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

p r o d u c e d   as  i m p u r i t i e s .  



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

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

a g e n t   i t s e l f   i s   a  l i q u i d .  

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

ly   low  t e m p e r a t u r e   to   a v o i d   o v e r   r e d u c t i o n   ( l o s s   o f  

f l u o r i n e ) .   A m b i e n t   t e m p e r a t u r e   ( a b o u t   2 0 - 2 5 ° C )   i s  

p r e f e r r e d ,   b u t   t e m p e r a t u r e s   f r o m   0°C  to  50°  a r e  

o p e r a b l e .  

The  p r o d u c t   3 - f l u o r o b e n z o d i a z e p i n e   can   be  i s o -  

l a t e d   f rom  t h e   r e a c t i o n   m i x t u r e   by  e v a p o r a t i o n   of   t h e  

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

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

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

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

p r e p a r e   t h e   3 - f l u o r o b e n z o d i a z e p i n e s   d i s c l o s e d   by  B i n g h a m  

and  M i d d l e t o n .   P a r t s   a r e   by  w e i g h t   and  t e m p e r a t u r e s  

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

EXAMPLE  1 

5 - C h l o r o - 2 - ( N - m e t h y l - N - c h l o r o f l u o r o a c e t a m i d o ) b e n z o p h e -  

none   a n t i - O x i m e  

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

1 0 4 . 3   g  ( 0 . 4   m o l e )   o f   5 - c h l o r o - 2 - m e t h y l a m i n o b e n z o p h e n o n e  

a n t i - o x i m e   in   2  1.  o f   e t h e r   and  500  ml  of   w a t e r   w a s  

c o o l e d   to   5° ,   and  (A)  500  ml  of   1N  s o d i u m   h y d r o x i d e   a n d  

(B)  6 5 . 4 7   g  ( 0 . 5   m o l e )   o f   c h l o r o f l u o r o a c e t y l   c h l o r i d e  

made  up  to   500  ml  w i t h   e t h e r   w e r e   a d d e d  . a t   t h e   same  r a t e  

o v e r   30  m i n u t e s   f r o m   s e p e r a t e   d r o p p i n g   f u n n e l s .   T h e  

t e m p e r a t u r e   was  m a i n t a i n e d   a t   5°  d u r i n g   t h e   a d d i t i o n s .  



The  r e a c t i o n   m i x t u r e   was  s t i r r e d   f o r   an  a d d i t i o n a l   2 

h o u r s   a t   5  to   0° ,   and   t h e n   t h e   c o l d   r e a c t i o n   m i x t u r e   w a s  

f i l t e r e d .   The  s o l i d   c o l l e c t e d   on  t h e   f i l t e r   was  w a s h e d  

w i t h   f o u r   5 0 - m l   p o r t i o n s   of   c o l d   e t h e r   to   r e m o v e   t h e  

s l i g h t   y e l l o w   c o l o r .   T h e r e   was  o b t a i n e d   8 4 . 9 3   g  o f  

5 - c h l o r o - 2 - ( N - m e t h y l - N - c h l o r o f l u o r o a c e t a m i d o ) b e n z o -  

p h e n o n e   a n t i - o x i m e   as  an  e t h e r   s o l v a t e .   T h i s   p r o d u c t  

was  d r i e d   u n d e r   v a c u u m   a t   80°  to   g i v e   7 6 . 3 5   g  (54% 

y i e l d )   of   u n s o l v a t e d   m a t e r i a l :   m . p .   1 4 4 - 1 4 6 ° ;   1H  n m r  

(DMSO-d6)  δ  2 . 6 8   and   2 . 9 6   ppm  ( f o r   CH3) ,   6 . 1 0   p p m  

(main   d o u b l e t ,   J  =  49  Hz,  f o r   CHF),   7 . 2 - 7 . 7   ppm  ( a r o -  

m a t i c   h y d r o g e n )   and   1 1 . 8 3   ppm  (NOH);  19F  nmr  (DMSO-d6)  
δ  - 1 4 4 . 6   ppm  (d,  J  =  49  Hz,  70%),   - 1 3 8 . 1   ppm  (d,  J  =  4 9  

Hz,  15%)  and  - 1 4 5 . 1   ppm  (d,  J  =  49  Hz,  14%)  w i t h  

i m p u r i t y   of   7 - c h l o r o - 3 - f l u o r o - l , 3 - d i h y d r o - l - m e t h y l - 5 -  

p h e n y l - 2 H - l , 4 - b e n z o d i a z e p i n - 2 - o n e   4 - o x i d e   a t   6  - 1 7 6 . 8  

ppm  (d,  J  =  45  H z ) .  

A n a l .   C a l c ' d .   f o r   C 1 6 H 1 3 C l 2 F N 2 O 3 :   C,  5 4 . 1 0 ;  

H,  3 . 6 9 ;   F,  5 . 3 5 ;   N,  7 . 8 9  

F o u n d :   C,  5 3 . 9 7 ;  

H,  3 . 9 0 ;   F,  5 . 1 5 ;   N,  7 . 9 1  

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

o r g a n i c   l a y e r   was  s e p e r a t e d ,   d r i e d   o v e r   50  g  o f   m a g n e -  
s i u m   s u l f a t 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 .   The  r e s i d u e   was  s u s p e n d e d   in   50  ml  of   e t h e r ,  

s t i r r e d   f o r   5  m i n u t e s ,   and  t h e n   c o o l e d .   The  u n d i s s o l v e d  

m a t e r i a l   was  c o l l e c t e d   on  a  f i l t e r   and  w a s h e d   w i t h   t h r e e  

3 0 - m l   p o r t i o n s   o f   c o l d   e t h e r   to   r e m o v e   m o s t   o f   t h e  

y e l l o w   c o l o r .   T h e r e   was  o b t a i n e d   4 9 . 8   g  s o l v a t e d  

p r o d u c t ,   w h i c h   g a v e   a f t e r   d r y i n g   in   v a c u u m   a t   8 0 ° ,  

4 4 . 7 7   g  (32%)  o f   u n s o l v a t e d   5 - c h l o r o - 2 - ( N - m e t h y l - N -  

c h l o r o f l u o r o a c e t a m i d e ) b e n z o p h e n o n e   a n t i - o x i m e   as  a  

s e c o n d   c r o p .   The  t o t a l   y i e l d   o f   p r o d u c t   was  1 2 1 . 1 2   g ,  

or  85%  y i e l d .  



EXAMPLE  2 

5 - C h l o r o - 2 - ( N - m e t h y l - N - c h l o r o f l u o r o a c e t a m i d o ) b e n z o p h e -  

none   a n t i - O x i m e  

A  s o l u t i o n   of   1 5 . 6 4   g  ( 0 . 0 6   m o l e )   of   5 - c h l o r o - 2 -  

m e t h y l a m i n o b e n z o p h e n o n e   a n t i - o x i m e   in   250  ml  of   t o l u e n e  

c o n t a i n i n g   80  ml  of   w a t e r   was  c o o l e d   to  5° ,   and  (A)  75  

ml  of   IN  s o d i u m   h y d r o x i d e   and  (B)  9 . 8 2   g  ( 0 . 0 7 5   m o l e )  

o f   c h l o r o f l u o r o a c e t y l   c h l o r i d e   made  up  to   75  ml  o f  

t o l u e n e   w e r e   a d d e d   a t   t h e   same  r a t e   o v e r   20  m i n u t e s  

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

was  s t i r r e d   f o r   2  h o u r s .   The  s o l i d   t h a t   f o r m e d   w a s  

c o l l e c t e d   on  a  f i l t e r ,   w a s h e d   w i t h   w a t e r ,   and  d r i e d  

in  a i r .   T h e r e   was  o b t a i n e d   1 1 . 9 6   g  (50%)  of   5 - c h l o r o -  

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

o x i m e   s o l v a t e d   w i t h   0 .5   e q u i v a l e n t   of   t o l u e n e ,   m . p .  
1 2 3 - 1 2 5 ° .  

A n a l .   C a l c ' d .   f o r   ( C 1 6 H 1 3 C l 2 F N 2 O 2 ) 2 · C 7 H 8 :  
C,  5 8 . 3 7 ;   H,  4 . 2 7 ;   F,  4 . 7 3 ;   N,  6 . 9 8  

F o u n d :  

C,  5 8 . 0 3 ;   H,  4 . 4 2 ;   F,  4 . 7 5 ;   N,  6 . 7 8  

EXAMPLE  3 

P a r t   A.  N - ( 2 - B e n z o y l - 4 - c h l o r o p h e n y l ) f o r m a m i d e  



A  m i x t u r e   of  100  g  ( 0 . 4 3   m o l e )   o f   2 - a m i n o - 5 -  

c h l o r o b e n z o p h e n o n e   and  500  g  f o r m i c   a c i d   was  r e f l u x e d  

f o r   1  h o u r   and  t h e n   c o o l e d   and  p o u r e d   i n t o   1  1.  of   i c e  

w a t e r .   The  s o l i d   t h a t   p r e c i p i t a t e d   was  c o l l e c t e d   on  a  

f i l t e r ,   w a s h e d   w i t h   w a t e r ,   d r i e d   in   a i r ,   and  r e c r y s t a l -  

l i z e d   f r o m   h e p t a n e - b e n z e n e   to   g i v e   1 0 3 . 5   g  (93%)  of   t h e  

f o r m a m i d e   as  c o l o r l e s s   c r y s t a l s ,   m . p .   3 9 - 8 1 ° .  

P a r t   B.  N - M e t h y l - N - ( 2 - b e n z o y l - 4 - c h l o r o p h e n y l ) f o r m a m i d e  

S o d i u m   h y d r i d e   ( 0 . 8   m o l e ,   3 8 . 4   g  of   50%  i n  

m i n e r a l   o i l )   was  a d d e d   to   a  s o l u t i o n   of   1 9 7 . 4   g  ( 0 . 7 6  

m o l e )   o f   N - ( 2 - b e n z o y l - 4 - c h l o r o p h e n y l ) f c r m a m i d e   i n  

800  ml  d i m e t h y l f o r m a m i d e .   When  t h e   e v o l u t i o n   o f  

h y d r o g e n   c e a s e d ,   184  g  o f   m e t h y l   i o d i d e   was  a d d e d   d r o p -  

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

m i x t u r e   s l o w l y   r o s e   to   7 0 ° .   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   f o r   90  m i n u t e s ,   and  t h e n   p o u r e d   i n t o   2  1.  o f  

w a t e r .   The  a q u e o u s   m i x t u r e   was  e x t r a c t e d   f o u r   t i m e s  

w i t h   300  ml  of   p o r t i o n s   of   m e t h y l e n e   c h J o r i d e ,   and   t h e  

c o m b i n e d   e x t r a c t s   w e r e   w a s h e d   w i t h   w a t e r ,   d r i e d   ( M g S 0 4 )  
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  r e c r y s t a l l i z e d   f r o m   m e t h a n o l   to   g i v e   1 4 5 . 4  g  

(70%  y i e l d )   of   t h e   N - m e t h y l f o r m a m i d e   as  c o l o r l e s s  

c r y s t a l s :   m . p .   9 3 . 5 - 9 4 . 5 ° ;   1H  nmr  (CDC13)  s h o w e d   t w o  

m e t h y l   p e a k s   a t   6  3 . 0 0   and  3 . 2 8   ppm  ( r a t i o   7 5 : 2 5 )   a n d  
1H  nmr  (DMSO-d6)  s h o w e d   two  m e t h y l   p e a k s   a t   δ  2 . 9 4   a n d  

3 . 2 3   ppm  ( r a t i o   7 0 : 3 0 ) .  

A n a l .   C a l c ' d .   f o r   C 1 5 H 1 2 C l N O 2 :   C,  6 5 . 8 2 ;  

H,  4 . 4 2 ;   N,  5 . 1 2  

F o u n d :   C,  6 5 . 6 5 ;  

H,  4 . 5 2 ;   N,  5 . 1 1  

P a r t   C.  5 - C h l o r o - 2 = ( m e t h y l a m i n o ) b e n z o p h e n o n e   O x i m e  

( M i x t u r e   of   syn  and  a n t i   I s o m e r s )  

A  m i x t u r e   of   4 . 0   g  ( 0 . 1   m o l e )   of   p o w d e r e d   s o d i u m  

h y d r o x i d e ,   1 3 . 9   g  ( 0 . 2   m o l e )   of   h y d r o x y l a m i n e   h y d r o -  

c h l o r i d e ,   and   2 7 . 4   g  ( 0 . 1   m o l e )   o f   N - m e t h y l - N - ( 2 - b e n z o y l -  

4 - c h l o r o p h e n y l ) f o r m a m i d e   in   200  ml  o f   e t h a n o l   was  r e -  

f l u x e d   f o r   3  d a y s .   A b o u t   o n e - h a l f   of   t h e   e t h a n o l   w a s  

d i s t i l l e d   o f f   and  t h e   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  

500  ml  of   w a t e r   and  t h e n   e x t r a c t e d   w i t h   t h r e e   100  m l  

p o r t i o n s   of   m e t h y l e n e   c h l o r i d e .   The  e x t r a c t s   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   (MgSO4)  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   to   g i v e   26  g  

(100%)  of   a  l i g h t   y e l l o w   g l a s s :   1H  nmr  (DMSO-d6)  p a r -  
t i a l :   δ  2 . 7 4   ppm  (d,  J  =  5  Hz)  and  δ  2 . 9 4   p p m  

(d,  J  =  5)  f o r   CH3  s p l i t   by  NH;  δ  1 1 . 2 6   ppm  (45%)  a n d  

1 1 . 5 3   ppm  (55%)  f o r   =  NOH  (on  a d d i t i o n   of   D20,  t h e  

s p l i t t i n g   o f   t h e   m e t h y l   p e a k s   i s   l o s t ) .  



P a r t   D.  5 - C h l o r o - 2 - ( N - m e t h y l - N - c h l o r o f l u o r o a c e t a m i d o ) -  

b e n z o p h e n o n e   O x i m e s  

A  s o l u t i o n   of   26  g  ( 0 . 1   m o l e )   of   5 - c h l o r o - 2 -  

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

200  ml  of   e t h a n o l - f r e e   c h l o r o f o r m   was  s t i r r e d   a t   r o o m  

t e m p e r a t u r e   and  1 4 . 4   g  ( 0 . 1 1   m o l e )   o f   c h l o r o f l u o r o -  

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

m i x t u r e   w a r m e d   s p o n t a n e o u s l y   to  3 3 ° .   The  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 ,   h e a t e d   to   r e f l u x   f o r   one   h o u r ,   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   3 5 . 1   g  o f   a  l i g h t   y e l l o w   g l a s s .   19F  a n d 1 H   n m r  

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

A  1 5 - g   s a m p l e   o f   t h i s   g l a s s   was  s t i r r e d   w i t h   1 5 0  

ml  g l y m e   u n t i l   m o s t   of   t h e   s a m p l e   d i s s o l v e d .   T h e  

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

f r o m   e t h a n o l   to   g i v e   1 . 0   g  of   c o l o r l e s s   c r y s t a l s :  

m . p .   2 4 0 - 2 4 3 ° .  

The  g l y m e   f i l t r a t e   was  c o n c e n t r a t e d   to   o n e - h a l f  

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

a l l o w e d   to  r e m a i n   a t   room  t e m p e r a t u r e   f o r   3  d a y s .   T h e  



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

r e c r y s t a l l i z e d   f r o m   i s o p r o p a n o l   to   g i v e   6 .2   g  of   5 -  

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

p h e n o n e   s y n - o x i m e   as  c o l o r l e s s   c r y s t a l s :   m . p .   1 9 3 -  

1 9 4 ° ;   19F  nmr  (DMSO-d6)  δ  - 1 3 6 . 6   ppm  (d,  J  =  49  H z ) .  

- 1 4 4 . 7   ppm  (d,  J  =  49  Hz)  and  - 1 4 5 . 8   ppm  (d,  J  =  49  H z ) ;  
1H  nmr,   p a r t i a l   (DMSO-d6)  δ  2 . 8 0   ppm  ( s ,   l a r g e s t   CH3) 
6 . 4 0   ppm  (d,  J  =  49  Hz,  l a r g e s t   CHFC1) ,   1 2 . 0 7   p p m  

(=N-OH) ;   13c  nmr,   p a r t i a l   (DMSO-d6)  6  3 6 . 5   ppm  ( N - C H 3 ) ,  
1 6 3 . 0   ppm  (d,  JCF  = 2 6 . 5   Hz,  C=O),   8 9 . 7   ppm  (JCF  =  2 4 7 . 1  

Hz,  - C H F C 1 ) ,   1 5 2 . 0   ppm  ( C = N O H ) .  

A n a l .   C a l c ' d .   f o r   C 1 6 H 1 3 C l 2 F N 2 O 2 :   C,  5 4 . 1 0 ;  

H,  3 . 6 9 ;   F,  5 . 3 5 ;   N,  7 . 8 9  

F o u n d :   C,  5 4 . 3 4 ;  

H,  4 . 0 0 ;   F,  5 . 3 0 ;   N,  7 . 7 0  

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

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

s o l u t i o n ,   and  t h i s   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 .   A f t e r   r e m a i n i n g   a t   r o o m  

t e m p e r a t u r e   f o r   3  d a y s ,   t h i s   r e s i d u e   b e c a m e   s e m i -  

c r y s t a l l i n e .   T h i s   r e s i d u e   was  f r a c t i o n a l l y   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   4 .7   g  o f   5 - c h l o r o - 2 - ( N -  

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

o x i m e ,   m . p .   1 2 1 - 1 5 3 ° ;   19F  nmr  ( D M S O - d s ) :   δ  - 1 4 4 . 3   p p m  

(d,  J  =  50  Hz)  and  - 1 4 6 . 0   ppm  (d,  J  =  49  Hz) ;   r a t i o  

2 : 1 .  

A n a l .   C a l c ' d .   f o r   C 1 6 H 1 3 C l 2 F N 2 O 2 :   C,  5 4 . 1 0 ;  

H,  3 . 6 9 ;   F,  5 . 3 5 ;   N,  7 . 8 9  

F o u n d :   C,  5 4 . 3 9 ;  

H,  3 . 9 8 ;   F,  5 . 3 3 ;   N,  7 . 9 0  



EXAMPLE  4 

P a r t   A.  7 - C h l o r o - 3 - f l u o r o - 1 , 3 - d i h y d r o - 1 - m e t h y l - 5 -  

p h e n y l - 2 H - 1 , 4 - b e n z o d i a z e p i n - 2 - o n e   4 - O x i d e  

A  2 . 1 4 - g   (6 mmole)  s a m p l e   of   5 - c h l o r o - 2 - ( N -  

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

o x i m e   was  a d d e d   to   a  s t i r r e d   s o l u t i o n   of   6  ml  of   2N 

s o d i u m   h y d r o x i d e   in   40  ml  g l y m e   c o o l e d   to   5° .   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   30  m i n u t e s   a t   5 ° ,  

and   t h e n   20  ml  o f   c o l d   w a t e r   was  a d d e d .   The  r e a c t i o n  

m i x t u r e   was  n e u t r a l i z 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   p r e c i p i t a t e d   s o l i d   was  c o l l e c t e d   on  a  f i l t e r , ,  

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

k e t o n e ,   and  d r i e d   u n d e r   v a c u u m   a t   100°  to   g i v e   1 . 4 3   g  

(75%)  of   7 - c h l o r o - 3 - f l u o r o - 1 , 3 - d i h y d r o - 1 - m e t h y l - 5 -  

p h e n y l - 2 H - 1 , 4 - b e n z o d i a z e p i n - 2 - o n e   o x i d e   as  c o l o r l e s s  

c r y s t a l s :   m . p .   1 6 7 - 1 6 9 ° ;   19F  nmr  ( D M S O - d 6 )  δ - 1 7 6 . 9  

ppm  (d,  J  =   45  Hz ) ;   1H  nmr  (DMSO-d6)  6  3 . 4 8   ppm  (s ,   3 H ) ,  

6 . 3 9   ppm  (d,  J  =  45  Hz,  1H) ,   7 . 0 8   ppm  (m,  lH)  and   7 . 6  

ppm  (m,  7H);   i r   (KBr)  5 . 8 3   µ  (C=O)  and  8 . 4 0  µ   ( N @ O )  ;  
13C  nmr  ( D M S O - d 6 ) ,   p a r t i a l   δ  3 5 . 0   ppm  ( N - C H 3 ) ,   1 6 1 . 4  

ppm  (d,  JCF  =  2 6 . 5   Hz,  C=O),   9 3 . 8   ppm  (d,  J C F  =  2 1 5   H z ,  

CHF)  and  1 3 7 . 0   ppm  (d,  JCF  4 . 4   Hz,  C = N ) .  

P a r t   B.  8 - C h l o r o - 3 - f l u o r o - 1 , 3 - d i h y d r o - 1 - m e t h y l - 6 -  

p h e n y l - 2 H - 4 , 1 , 5 - b e n z o x a d i a z o c i n - 2 - o n e  



A  2 . 1 4 - g   (6  mmole )   s a m p l e   of   5 - c h l o r o - 2 - ( N -  

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

( s y n - i s o m e r ,   m . p .   1 9 3 - 1 9 4 ° )   was  a d d e d   to   a  s t i r r e d  

s o l u t i o n   of   6  ml  o f   2N  s o d i u m   h y d r o x i d e   in   40  ml  o f  

g l y m e   c o o l e d   to   5° .   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   30  m i n u t e s   a t   5° ,   and  t h e n   20  ml  o f   c o l d   w a t e r   w a s  

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

c o l l e c t e d   on  a  f i l t e r ,   w a s h e d   w i t h   w a t e r ,   d r i e d   in  a i r ,  

and  r e c r y s t a l l i z e d   f r o m   b e n z e n e   to  g i v e   1 . 6 9   g  (88%) 

of   8 - c h l o r o - 3 - f l u o r o - 1 , 3 - d i r y d r o - 1 - m e t h y l - 6 - p h e n y l - 2 H -  

4 , 1 , 5 - b e n z o x a d i a z o c i n - 2 - o n e   as  l a r g e   c o l o r l e s s   c r y s t a l s :  

m . p .   2 1 8 - 2 2 0 ° ;   19F  nmr  ( D M S O - d 6 )  o  - 1 3 2 . 4   ppm  (d,  J  =  52  

Hz) ;  1H  nmr  (DMSO-d6)  δ  3 . 2 3   ccm  ( s ) ,   6 . 2 2  

ppm  (d,  J  =   52  Hz,  1H),   and  7 . 6 4   ppm  (m,  8H);   13C  n m r  

( D M S O - d 6 ) - p a r t i a l - ,   δ  3 8 . 7   ppm  ( N - C H 3 ) ,   163  p p m  
(d,  JCF  =  3 2 . 4   Hz,  C=O),   1 0 4 . 2   ppm  (d,  JCF  =  234  H z ,  

CHF)  and  1 7 1 . 0   ppm  (C=N,  JCF  <  0 .5   H z ) .  

A n a l .   C a l c ' d .   f o r   C 1 6 H 1 2 C l F N 2 O 2 :   C,  6 0 . 2 9 ;  

H,  3 . 7 9 ;   F,  5 . 9 6 ;   N,  8 . 7 9  

F o u n d :   C,  6 0 . 4 8 ;  

H,  4 . 0 4 ;   F,  6 . 0 0 ;   N,  8 . 6 6  

Mass  s p e c .   m o l e c u l a r   w t . :   C a l c ' d   f o r  

C 1 6 H 1 2 N 2 O 2 C l F :   3 1 8 . 0 5 7 1  

F o u n d :   3 1 8 . 0 5 8 5  



EXAMPLE  5 

7 - C h l o r o - 3 - f l u o r o - 1 , 3 - d i h y d r o - 1 - m e t h y l - 5 - p h e n y l - 2 H -  

1 , 4 - b e n z o d i a z e p i n - 2 - o n e   4 - O x i d e  

A  v i g o r o u s l y   s t i r r e d   s o l u t i o n   of   8 1 . 7   g  ( 0 . 2 3  

m o l e )   o f   5 - c h l o r o - 2 - ( N - m e t h y l - N - c h l o r o f l u o r o a c e t a m i d o ) -  

b e n z o p h e n o n e   a n t i - o x i m e   in   1300  ml  m e t h y l e n e   c h l o r i d e  

c o n t a i n i n g   500  ml  of   w a t e r   was  c o o l e d   to   5 ° ,   and   230  m l  

of   IN  s o d i u m   h y d r o x i d e   was  a d d e d   d r o p w i s e   o v e r   a  

p e r i o d   of   15  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  

s t i r r e d   f o r   2  h o u r s   a t   5 ° ,   and  t h e n   f i l t e r e d   to   r e m o v e  

a  s m a l l   a m o u n t   of   s u s p e n d e d   s o l 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 ,   and  t h e   a q u e o u s   l a y e r   was  e x t r a c t e d   w i t h  

200  ml  of   m e t h y l e n e   c h l o r i d e .   The  o r g a n i c   l a y e r   a n d  

e x t r a c t   w e r e   c o m b i n e d ,   d r i e d   o v e r   50  g  o f   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   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  s u s p e n d e d   in   100  ml  o f  

e t h a n o l ,   and  t h e n   c o l l e c t e d   on  a  f i l t e r   and  w a s h e d  

w i t h   100  ml  of   e t h a n o l   to   g i v e   6 2 . 2 5   g  (85%  y i e l d )   o f  

7 - c h l o r o - 3 - f l u o r o - 1 , 3 - d i h y d r o - 1 - m e t h y l - 5 - p h e n y l - 2 H - 1 , 4 -  

b e n z o d i a z e p i n - 2 - o n e   4 - o x i d e   as  a  w h i t e   c r y s t a l l i n e  

p o w d e r :   m . p .   1 9 0 - 1 9 2 °   ( d e c . ) ;   19F  nmr  (DMSO-d6)  6 

- 1 7 6 . 8   ppm  (d,  J  =  4 5 . 5   Hz ) ;   1H  nmr  (DMSO-d6)  δ  3 . 4 8  

ppm  (s ,   3H),   6 . 3 9   ppm  (d,  J  =  4 5 . 5   Hz;  l H ) ,   7 . 0 8   p p m  

(m,  1H)  and  7 .6   ppm  (m,  7 H ) .  



A n a l .   C a l c ' d .   f o r   C 1 6 H 1 2 C l F N 2 O 2 :   C,  6 0 . 2 9 ;  

H,  3 . 7 9 ;   N,  8 . 7 9 ;   F,  5 . 9 6  

F o u n d :   C,  5 9 . 9 2 ;  

H,  4 . 0 2 ;   N,  8 . 6 3 ,   F,  5 . 7 9  

EXAMPLE  6 

7 - C h l o r o - 3 - f l u o r o - 1 , 3 - d i h y d r o - 1 - m e t h y l - 5 - p h e n y l - 2 H - 1 , 4 -  

b e n z o d i a z e p i n - 2 - o n e   4 - O x i d e  

A  r a p i d l y   s t i r r e d   s o l u t i o n   of   7 . 8 2   g  ( 0 . 0 3   m o l e )  

of   5 - c h l o r o - 2 - m e t h y l a m i n o   a n t i - o x i m e   in   100  ml  o f  

m e t h y l e n e   c h l o r i d e   was  m i x e d   w i t h   40  ml  o f   w a t e r   a n d  

c o o l e d   to  5° ,   and   (A)  36  ml  o f   IN  s o d i u m   h y d r o x i d e  

and  (B)  4 . 3 2   g  ( 0 . 0 3 3   m o l e )   of   c h l o r o f l u o r o a c e t y l  

c h l o r i d e   made  up  to   36  ml  w i t h   m e t h y l e n e   c h l o r i d e  

w e r e   a d d e d   a t   t h e   same  r a t e   o v e r   15  m i n u t e s   f r o m  

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

1  h o u r   a t   5° ,   and   t h e n   30  ml  o f   1N  s o d i u m   h y d r o x i d e   w a s  

a d d e d   o v e r   15  m i n u t e s .   The  r e a c t i o n   m i x t u r e   was  s t i r r e d  

f o r   an  a d d i t i o n a l   h o u r ,   and  t h e n   n e u t r a l i z e d   w i t h   I N  

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 ,  

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

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  s u s p e n d e d   in   50  ml  of   h o t   e t h a n o l ,   and  t h e n  

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

d r i e d   in   a i r   to  g i v e   5 . 2 8   g  (61%)  of   7 - c h l o r o - 3 - f l u o r o -  

1 , 3 - d i h y d r o - 1 - m e t h y l - 5 - p h e n y l - 2 H - 1 , 4 - b e n z o d i a z e p i n - 2 -  

one  4 - o x i d e   as  a  w h i t e   c r y s t a l l i n e   p o w d e r ,   m . p .   1 7 7 -  

1 7 9 ° C .  



EXAMPLE  7 

7 - C h l o r o - 3 - f l u o r o - 1 , 3 - d i h y d r o - 1 - m e t h y l - 5 - p h e n y l - 2 H - 1 , 4 -  

b e n z o d i a z e p i n - 2 - o n e   4 - O x i d e  

A  s t i r r e d   s o l u t i o n   of   7 . 8 2   g  ( 0 . 0 3   m o l e )   of   5 -  

c h l o r o - 2 - m e t h y l a m i n o   a n t i - o x i m e   in   100  ml  o f   t o l u e n e   w a s  

m i x e d   w i t h   40  ml  of   w a t e r   and  c o o l e d   to   5° ,   and   (A)  4 . 3 2  

g  ( 0 . 0 3 3   m o l e )   of   c h l o r o f l u o r o a c e t y l   c h l o r i d e   made  up  t o  

36  ml  w i t h   t o l u e n e   and  (B)  36  ml  o f   IN  s o d i u m   h y d r o x i d e  

w e r e   a d d e d   a t   t h e   same  r a t e   o v e r   15  m i n u t e s .   The  r e a c -  

t i o n   m i x t u r e   was  s t i r r e d   f o r   5  h o u r s   a t   5 ° ,   and  t h e  

s o l i d   t h a t   p r e c i p i t a t e d   was  c o l l e c t e d   on  a  f i l t e r ,   w a s h e d  

w i t h   w a t e r   and  t h e n   a l c o h o l   to   g i v e   4 . 4 8   g  of   7 - c h l o r o - 3 -  

f l u o r o - 1 , 3 - d i h y d r o - 1 - m e t h y l - 5 - p h e n y l - 2 H - 1 , 4 - b e n z o d i a z e -  

p i n - 2 - o n e   4 - o x i d e   as  a  w h i t e   c r y s t a l l i n e   p o w d e r ,   m . p .  

1 8 9 - 1 9 1 °   ( d e c . ) .  

EXAMPLE  8 

P a r t   A.  2 - ( C h l o r o f l u o r o a c e t a m i d o ) - 5 - c h l o r o b e n z o p h e n o n e  

Oxime  ( M i x t u r e   of   I s o m e r s )  



W a t e r ,   250  ml ,   was  a d d e d   to   a  s o l u t i o n   of   50  g  

( 0 . 2 0 3   m o l e )   of   2 - a m i n o - 5 - c h l o r o b e n z o p h e n o n e   o x i m e  

( m i x t u r e   of   i s o m e r s )   in   1  1.  of  e t h e r ,   and  t h e   m i x t u r e  

was  s t i r r e d   r a p i d l y   and  c o o l e d   to   5 ° .   S o l u t i o n s   of  (A) 

100  ml  of   10%  s o d i u m   h y d r o x i d e   in   w a t e r   and  (B)  3 3 . 5   g  
( 0 . 2 2 8   m o l e )   of   c h l o r o f l u o r o a c e t y l   c h l o r i d e   made  up  to  100 

ml  wi th   e t h e r   were  s i m u l t a n e o u s l y   added  a t   the  same  r a t e   o v e r  

30  m i n u t e s ,   k e e p i n g   t h e   t e m p e r a t u r e   of   t h e   r e a c t i o n   m i x -  

t u r e   a t   a b o u t   10°  w i t h   c o o l i n g .   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   30  m i n u t e s   a f t e r   t h e   a d d i t i o n ,   and  t h e  

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 ,   d r i e d  

(MgSO4) ,   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 .   The  r e s i d u e   was  r e c r y s t a l l i z e d   f r o m   b e n z e n e  

to   g i v e   6 1 . 2   g  (88%)  of   2 - ( c h l o r o f l u o r o a c e t a m i d o ) - 5 -  

c h l o r o b e n z o p h e n o n e   o x i m e   ( m i x t u r e   of   i s o m e r s )   as  l i g h t  

y e l l o w   c r y s t a l s ,   m . p .   1 1 0 - 1 2 9 0 .   The  19 F  nmr  ( a c e t o n e - d 6 )  
i n d i c a t e s   a  m i x t u r e   of   two  i s o m e r s   in   a  7 0 : 3 0   r a t i o :  

δ  - 1 4 3 . 2   ppm  (d,  d,  J  =  50,  2 .5   Hz,  30%)  and  6  - 1 4 4 . 3  

ppm  (d,  d,  J  =  50,  2 . 5   Hz,  7 0 % ) .  

P a r t   B.  6 - C h l o r o - 2 - c h l o r o f l u o r o m e t h y l - 4 - p h e n y l q u i n a z o -  

l i n e   3 - O x i d e  

B o r o n   t r i f l u o r i d e   e t h e r a t e ,   30  ml ,   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   58  g  ( 0 . 1 7   m o l e )   of   2 - ( c h l o r o f l u o r o -  

a c e t a m i d o ) - 5 - c h l o r o b e n z o p h e n o n e   o x i m e   ( m i x t u r e   of   i s o -  

m e r s )   in  1  1.  of   b e n z e n e   a t   5 0 ° .   The  r e a c t i o n   m i x t u r e  

was  r e f l u x e d   f o r   18  h o u r s ,   and  t h e n   c o o l e d   and  s t i r r e d  

w i t h   500  ml  of   w a t e r   f o r   20  m i n u t e s .   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   5%  a q u e o u s   s o d i u m   b i c a r b o -  

n a t e ,   d r i e d   ( M g S 0 4 ) ,   and  e v a p o r a t e d   to   d r y n e s s .   T h e  

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

29  g  (53%)  o f   6 - c h l o r o - 2 - c h l o r o f l u o r o m e t h y l - 4 - p h e n y l -  

q u i n a z o l i n e   3 - o x i d e   as  l i g h t   y e l l o w   c r y s t a l s :   m . p .  

1 6 9 - 1 7 1 ° ;   19F  nmr  (DMSO-d6)  6  1 4 5 . 1   ppm  (d,  J  =  48  H z ) .  

A n a l .   C a l c ' d .   f o r   C 1 5 H 9 C l 2 F N 2 O :   C,  5 5 . 7 5 ;  

H,  2 . 8 1 ;   F,  5 . 8 8 ;   N,  8 . 6 7  

F o u n d :   C,  5 5 . 7 5 ;  

5 5 . 4 6  

H,  3 . 0 3 ;   F,  5 . 6 2 ;   N,  8 . 7 2  

2 . 8 4   8 . 4 6  

P a r t   C.  7 - C h l o r o - 3 - f l u o r o - 1 , 3 - d i h y d r o - 5 - p h e n y l - 2 H - 1 , 4 -  

b e n z o d i a z e p i n - 2 - o n e   4 - O x i d e  

A  s o l u t i o n   o f   53  ml  ( 0 . 1 0 6  m o l e )   of   2N  s o d i u m  

h y d r o x i d e   in   350  ml  g l y m e   was  c o o l e d   to   5° ,   and  1 6 . 6 7   g  

( 0 . 0 5 1 6   m o l e )   o f   6 - c h l o r o - 2 - c h l o r o f l u o r o m e t h y l - 4 - p h e n y l -  

q u i n a z o l i n e   3 - o x i d e   was  a d d e d   p o r t i o n w i s e   o v e r   10  m i n u t e s .  

The  r e a c t i o n   m i x t u r e   was  s t i r r e d   f o r   30  m i n u t e s   a t   5 ° ,   a n d  

t h e n   d i l u t e d   w i t h   200  ml  o f   c o l d   w a t e r .   The  r e a c t i o n  

m i x t u r e   was  n e u t r a l i z e d   w i t h   3 N - h y d r o c h l o r i c   a c i d   a n d  

t h e n   p o u r e d   i n t o   1  1.  of   i c e   w a t e r .   The  s o l i d   t h a t  

p r e c i p i t a t e d   a f t e r   s t a n d i n g   f o r   2  h o u r s   was  c o l l e c t e d  

on  a  f i l t e r ,   w a s h e d   w i t h   w a t e r ,   and  d r i e d   in   v a c u u m   o v e r  

P 2 0 5 .   T h e r e   was  o b t a i n e d   1 4 . 7   g  (93%)  o f   7 - c h l o r o - 3 -  

f l u o r o - 1 , 3 - d i h y d r o - 5 - p h e n y l - 2 H - 1 , 4 - b e n z o d i a z e p i n - 2 - o n e  

4 - o x i d e   as  w h i t e   c r y s t a l s :   m . p .   2 0 7 - 2 0 8 °   ( d e c . ) ;   1 9 F  

nmr  (DMSO-d6)  δ  - 1 7 9 . 5   ppm  (d,  J  =  46  H z ) ;   1H  n m r  



(DMSO-d6)  δ  6 . 3 3   ppm  (d,  J  =  46  Hz,  1H) ,   7 . 0 4   p p m  

(d,  J  =  2  Hz,  1H)  and   7 . 5 2   ppm  (m,  7H);   i r   (KBr)  5 . 7 8  µ  

(C=O)  and  8 . 4 5   µ  (N @ O).  

A n a l .   C a l c ' d .   f o r   C 1 5 H 1 0 C l F N 2 O 2 :   C,  5 9 . 1 3 ;  

H,  3 . 3 1 ;   F,  6 . 2 3 ;   N,  9 . 1 9  

F o u n d :   C,  5 8 . 9 4 ;  

H,  3 . 5 0 ;   F,  5 . 9 5 ;   N,  9 . 0 0  

P a r t   D.  7 - C h l o r o - 3 - f l u o r o - l , 3 - d i h y d r o - l - m e t h y l - 5 - p h e n y l -  

2 H - 1 , 4 - b e n z o d i a z e p i n - 2 - o n e   4 - O x i d e  

M e t h y l   s u l f a t e ,   2 .2   ml  ( 0 . 0 2 3   m o l e )   was  a d d e d  

d r o p w i s e   to  a  s t i r r e d   s u s p e n s i o n   of   6 . 1   g  ( 0 . 0 2   m o l e )   o f  

7 - c h l o r o - 3 - f l u o r o - 1 , 3 - d i h y d r o - 5 - p h e n y l - 2 H - 1 , 4 - b e n z o d i a -  

z e p i n - 2 - o n e   4 - o x i d e   in  a  c o o l e d   s o l u t i o n   p r e p a r e d   b y  

d i s s o l v i n g   1 .0   g  ( 0 . 0 2 5   m o l e )   of   s o d i u m   h y d r o x i d e   i n  

170  ml  w a t e r   and  34  ml  e t h a n o l .   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   10°  f o r   4  h o u r s .   The  s o l i d   t h a t   p r e -  

c i p i t a t e d   was  c o l l e c t e d   on  a  f i l t e r ,   w a s h e d   w i t h   w a t e r ,  

and  d r i e d   in   v a c u u m   o v e r   p h o s p h o r o u s   p e n t o x i d e   to  g i v e  

4 . 1   g  (64%)  o f   p r o d u c t   as  a  w h i t e   c r y s t a l l i n e   p o w d e r .  

R e c r y s t a l l i z a t i o n   f r o m   m e t h y l   e t h y l   k e t o n e   g a v e   a  1 : 1  

s o l v a t e :   m . p .   9 5 - 9 7 ° ,   r e s o l i d i f i e d   and  t h e n   m e l t e d  

w i t h   d e c o m p o s i t i o n   a t   1 6 7 - 1 6 9 0 ;   19F  nmr  (DMSO-d6)  δ 

- 1 7 6 . 7   ppm  (d,  J  -   46  H z ) .  

A n a l .   C a l c ' d .   f o r   C 1 6 H 1 2 C l F N 2 O 2 · C 4 H 8 O :   C,  6 1 . 4 6 ;  

H,  5 . 1 6 ;   N,  7 . 1 7  

F o u n d :   C,  6 1 . 5 6 ;  

H,  5 . 0 3 ;   N,  6 . 8 8  



P u r e   7 - c h l o r o - 3 - f l u o r o - 1 , 3 - d i h y d r o - 1 - m e t h y l - 5 -  

p h e n y l - 2 H - l , 4 - b e n z o d i a z e p i n - 2 - o n e   4 - o x i d e   was  o b t a i n e d  

by  h e a t i n g   2 . 0 4   g  of   t h e   s o l v a t e   in   v a c u u m   ( 0 . 5   mm)  a t  

100°  f o r   4  h o u r s   to   g i v e   1 . 6 7   g  o f   a  w h i t e   c r y s t a l l i n e  

p o w d e r :   m . p .   1 6 7 - 1 6 9 °   ( d e c . ) ;   19F  nmr  (DMSO-d6)  δ 

- 1 7 6 . 9   ppm  (d,  J  =  45  H z ) ;   1H  nmr  (DMSO-d6)  δ  3 . 4 8   p p m  

(s ,   3H),   6 . 3 9   ppm  (d,  J  =  45  Hz,  1H) ,   7 . 0 8   ppm  (m,  1H) 

and  7 .6   ppm  (m,  7H);   i r   (KBr)  5 . 8 3   µ  (C=O),   8 . 4 0  µ  

(N @  0 )  .  

A n a l .   C a l c ' d .   f o r   C 1 6 H 1 2 C l F N 2 O 2 :   C,  6 0 . 2 9 ;  

H,  3 . 7 9 ;   F,  5 . 9 6 ;   N,  8 . 7 9  

F o u n d :   C,  6 0 . 1 1 ,  

H,  3 . 7 9 ;   F,  5 . 4 6 ;   N,  8 . 6 9  

EXAMPLE  9 

7 - C h l o r o - 3 - f l u o r o - 1 , 3 - d i h y d r o - 1 - m e t h y l - 5 - p h e n y l - 2 H - 1 , 4 -  

b e n z o d i a z e p i n - 2 - o n e  



A  s o l u t i o n   of   1 5 . 9 3   g  ( 0 . 0 5   m o l e )   of   7 - c h l o r o - 3 -  

f l u o r o - 1 , 3 - d i h y d r o - 1 - m e t h y l - 5 - p h e n y l - 2 H - 1 , 4 - b e n z o d i a -  

z e p i n - 2 - o n e   4 - o x i d e   and  20  ml  ( 0 . 1 6   m o l e )   of   t r i m e t h y l  

p h o s p h i t e   in   250  ml  of   m e t h y l e n e   c h l o r i d e   was  a l l o w e d  

to  r e m a i n   a t   room  t e m p e r a t u r e   ( a b o u t   25°C)  f o r   3  d a y s ,  

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  s u s p e n d e d   in   w a t e r ,   c o l l e c t e d   on  a  

f i l t e r ,   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 ,   and  d r i e d   in   a i r  

to   g i v e   1 4 . 9 1   g  (98 .5%  y i e l d )   of   c r u d e   7 - c h l o r o - 3 -  

f l u o r o - 1 , 3 - d i h y d r o - 1 - m e t h y l - 5 - p h e n y l - 2 H - 1 , 4 - b e n z o d i a -  

z e p i n - 2 - o n e   as  a  w h i t e   p o w d e r .   A n a l y s i s   by  h i g h  

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

was  98.9%  p u r e .   R e c r y s t a l l i z a t i o n   f r o m  

e t h a n o l   g a v e   c o l o r l e s s   c r y s t a l s :   m . p .   1 4 5 - 1 4 7 ° ;   19 F 

nmr  (CDC13)  6  - 1 6 1 . 7   ppm  (d,  J  =  57  Hz) ;   1H  nmr  (CDC13)  
δ  3 . 4 3   ppm  (s ,   3H) ,   5 . 5 4   ppm  (d,  J  =  57  Hz,  lH)  and  7 . 5  

ppm  (m,  8 H ) .  

A n a l .   C a l c ' d .   f o r   C 1 6 H 1 2 C l F N 2 O :   C,  6 3 . 4 7 ;  

H,  4 . 0 0 ;   F,  6 . 2 8 ;   N,  9 . 2 6  

F o u n d :   C,  6 3 . 7 7 ;  

H,  4 . 3 1 ;   F,  6 . 3 2 ;   N,  9 . 3 1  

EXAMPLE  10  

7 - C h l o r o - 3 - f l u o r o - 1 , 3 - d i h y d r o - 1 - m e t h y l - 5 - p h e n y l - 2 H - 1 , 4 -  

b e n z o d i a z e p i n - 2 - o n e  



A  s o l u t i o n   of   0 . 5   g  of   7 - c h l o r o - 3 - f l u o r o - l , 3 -  

d i h y d r o - 1 - m e t h y l - 5 - p h e n y l - 2 H - 1 , 4 - b e n z o d i a z e p i n - 2 - o n e  

4 - o x i d e   in   50  ml  o f   t e t r a h y d r o f u r a n   c o n t a i n i n g   0 .2   g  o f  

p l a t i n u m   o x i d e   was  s h a k e n   u n d e r   40  l b / i n 2   of   h y d r o g e n  

p r e s s u r e   f o r   2  h o u r s .   The  c a t a l y s t   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   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   0 . 4 7   g  o f   a  l i g h t   y e l l o w   r e s i d u e .   1H 

and   19F  nmr  a n a l y s i s   i n d i c a t e d   t h a t   t h e   p r o d u c t   was  73% 

7 - c h l o r o - 3 - f l u o r o - 1 , 3 - d i h y d r o - 1 - m e t h y l - 5 - p h e n y l - 2 H - 1 , 4 -  

b e n z o d i a z e p i n - 2 - o n e ,   19F  nmr  (CDC13)  δ  - 1 6 1 . 7   p p m  

(d,  J  =  57  H 2 ) .  
EXAMPLE  1 1  

7 - C h l o r o - 3 - f l u o r o - 1 , 3 - d i h y d r o - 1 - m e t h y l - 5 - p h e n y l - 2 H - 1 , 4 -  

b e n z o d i a z e p i n - 2 - o n e  

A  530  µl  ( 6 . 6   mmole)   o f   p h o s p h o r o u s   t r i c h l o r i d e   w a s  

a d d e d   to  a  s o l u t i o n   of   1 . 0 5   g  ( 3 . 3   mmole)   of   7 - c h l o r o - 3 -  

f l u o r o - 1 , 3 - d i h y d r o - 1 - m e t h y l - 5 - p h e n y l - 2 H - 1 , 4 - b e n z o d i a z e -  

p i n - 2 - o n e   4 - o x i d e   in   15  ml  m e t h y l e n e   c h l o r i d e   a t   5 ° .  

The  s o l u t i o n   was  s t i r r e d   f o r   2  h o u r s   a t   5°  and  t h e n   20  

h o u r s   a t   2 5 ° ,   and  t h e n   p o u r e d   i n t o   100  ml  of   c o l d   a q u e o u s  
5%  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 .   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 ,   w a s h e d   w i t h   w a t e r ,   d r i e d   (MgSO4)  and   e v a p o r a -  
t e d   to  d r y n e s s   to   g i v e   800  mg  (80%)  o f   c r u d e   p r o d u c t .  

R e c r y s t a l l i z a t i o n   f r o m   h e p t a n e   g a v e   650  mg  (65%)  o f   7 -  

c h l o r o - 3 - f l u o r o - 1 . 3 - d i h y d r o - l - m e t h y l - 5 - p h e n y l - 2 H - 1 , 4 -  

b e n z o d i a z e p i n - 2 - o n e   as  c o l o r l e s s   c r y s t a l s ,   m . p .   1 3 9 - 1 4 0 ° .  

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

of  3 , 7 - d i c h l o r o - 1 , 3 - d i h y d r o - l - m e t h y l - 5 - p h e n y l - 2 H - 1 , 4 -  



b e n z o d i a z e p i n - 2 - o n e   i s   f o r m e d   as  an  i m p u r i t y .   I f   t h e  

r e a c t i o n   m i x t u r e   i s   h e a t e d   to  61°C  f o r   o n l y   10  m i n u t e s ,  

n o n e   o f   t h e   d e s i r e d   3 - f l u o r o   c o m p o u n d   i s   f o r m e d .  

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

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

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

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

o t h e r w i s e   s t a t e d .  

EXAMPLE  1 2  

A.  S o d i u m   C h l o r o f l u o r o a c e t a t e  

E i g h t   h u n d r e d   ml  (4  m o l e )   o f   5N  s o d i u m   h y d r o x i d e  

was  a d d e d   d r o p w i s e   o v e r   a  p e r i o d   of   30  m i n u t e s   to  a  

s t i r r e d   s a m p l e   of   5 2 3 . 8   g  ( 4 . 0   m o l e )   o f   e t h y l   c h l o r o -  

f l u o r o a c e t a t e   ( p r e p a r e d   as  d e s c r i b e d   by  B.  E n g l u n d ,  

" O r g a n i c   S y n t h e s e s , "   C o l .   V o l .   IV,  p.  184 ,   J o h n   W i l e y  

and  S o n s ,   I n c . ,   New  Y o r k ,   1963)   c o n t a i n e d   in   a  1 - l i t e r  

f l a s k   c o o l e d   in   an  i c e   b a t h .   S t i r r i n g   was  c o n t i n u e d  

u n t i l   a  h o m o g e n o u s   s o l u t i o n   was  o b t a i n e d   ( a b o u t   30 

m i n u t e s ) ,   and  t h e n   t h e   r e s u l t i n g   s o l u t i o n   was  e v a p o r a t e d  

to  d r y n e s s   a t   100°  and  u n d e r   r e d u c e d   p r e s s u r e .   T h e  

w h i t e   r e s i d u e   was  b r o k e n   up  and  d r i e d   in  a  v a c u u m   o v e n  

a t   80°  to  g i v e   504  g  (94%)  of   s o d i u m   c h l o r o -  

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

P a r t   B.  C h l o r o f l u o r o a c e t y l   C h l o r i d e  



A  3 - 1 . ,   t h r e e - n e c k e d   f l a s k   was  f i t t e d   w i t h   a  

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

and  a  d i s t i l l a t i o n   h e a d   w i t h   a  c o n d e n s e r   and  a  500  m l  

r e c e i v i n g   f l a s k   b a c k e d   up  by  a  d r y   i c e   c o o l e d   t r a p .  

The  r e a c t i o n   f l a s k   was  c h a r g e d   w i t h   500  g  ( 3 . 7 2   m o l e )  

o f   c r u d e   s o d i u m   c h l o r o f l u o r o a c e t a t e   and   1 . 1   (1400  g  
6 .9   m o l e )   of   p r a c t i c a l   g r a d e   p h t h a l o y l   c h l o r i d e .   T h e  

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

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

r e a c t i o n   m i x t u r e   ( p o t   t e m p e r a t u r e   a b o u t   1 0 0 - 1 1 0 ° ) .  

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

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

c o n t i n u e d   u n t i l   t h e   p o t   t e m p e r a t u r e   r e a c h e d   2 4 5 ° .   T h e  

d i s t i l l a t e   in   t h e   r e c e i v e r   and  t h e   d r y   i c e   c o o l e d   t r a p  

w e r e   c o m b i n e d   (437  g  90%  c r u d e   y i e l d )   and  r e d i s t i l l e d  

t h r o u g h   an  18  i n .   s p i n n i n g   b a n d   c o l u m n   to  g i v e   3 3 0 . 8   g  

(68%)  of   c h l o r o f l u o r o a c e t y l   c h l o r i d e   as   a  c o l o r l e s s  

l i q u i d ,   bp  6 9 - 6 9 . 5 ° .   The  f r a c t i o n   b o i l i n g   b e t w e e n  

65  and  69°  was  r e d i s t i l l e d   to   g i v e   an  a d d i t i o n a l   4 5 . 3   g  

( 9 . 3 % ) ,   w h i c h   i s   a  t o t a l   y i e l d   of   3 7 6 . 1   g  (77%)  o f  

p r o d u c t   b o i l i n g   a t   6 9 - 6 9 . 5 ° .  

T a b l e   I  shows   a d d i t i o n a l   f l u o r o h a l o a c e t a m i d o b e n z o -  

p h e n o n e   a n t i - o x i m e s   t h a t   c an   be  made  by  t h e   p r o c e s s   d i s -  

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

a n t i - o x i m e   of   f o r m u l a   I  and  an  a p p r o p r i a t e   f l u o r o h a l o -  

a c e t y l   h a l i d e .  







T a b l e   I I   shows   a d d i t i o n a l   3 - f l u o r o b e n z o d i a z e p i n  

4 - o x i d e s   t h a t   c a n   be  made  by  t h e   p r o c e s s e s   d i s c l o s e d  

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

of  f o r m u l a   I I   and  a  s u i t a b l e   b a s e .  





T a b l e   I I I   s h o w s   a d d i t i o n a l   3 - f l u o r o b e n z o d i a z e p i n e s  

t h a t   can   be  p r e p a r e d   by  t h e   p r o c e s s e s   d i s c l o s e d   a n d  

e x e m p l i f i e d   a b o v e   u s i n g   an  a p p r o p r i a t e   N - o x i d e   and  a  

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



D o s a g e   F o r m  

The  t r a n q u i l i z e r s ,   m u s c l e   r e l a x a n t s ,   and   s e d a t i v e s  

o f   f o r m u l a e   I I   and  I I I   can   be  a d m i n i s t e r e d   to   p r o d u c e  

t h e   d e s i r e d   e f f e c t   by  any  means   t h a t   p r o d u c e s   c o n t a c t   o f  

t h e   a c t i v e   a g e n t   w i t h   t h e   a g e n t ' s   s i t e   of   a c t i o n   in   t h e  

b o d y   of   a  mammal .   They   can   be  a d m i n i s t e r e d   by  any   c o n -  

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

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

or   in   a  c o m b i n a t i o n   of   t h e r a p e u t i c   a g e n t s .   They   can   b e  

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

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

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

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



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

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

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

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

r e c i p i e n t ;   n a t u r e   and  e x t e n t   o f   s y m p t o m s ,   k i n d   o f   c o n -  

c u r r e n t   t r e a t m e n t ,   f r e q u e n c y   o f   t r e a t m e n t ,   and  t h e  

e f f e c t   d e s i r e d .   U s u a l l y   a  d a i l y   d o s a g e   of   a c t i v e   i n g r e -  
d i e n t   c an   be  a b o u t   0 . 0 5   to   500  m i l l i g r a m s   p e r   k i l o g r a m  
of   b o d y   w e i g h t .   O r d i n a r i l y   0 . 5   to   50,  and  p r e f e r a b l y  
1 . 0   to   25  m i l l i g r a m s   p e r   k i l o g r a m   p e r   day   g i v e n   i n  

d i v i d e d   d o s e s   2  to   4  t i m e s   a  day   o r   in   s u s t a i n e d   r e l e a s e  

fo rm  i s   e f f e c t i v e   to  o b t a i n   d e s i r e d   r e s u l t s .  

In  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 ,   t h e  a c t i v e   i n g r e -  

d i e n t   w i l l   o r d i n a r i l y   be  p r e s e n t   in   an  a m o u n t   of   a b o u t  

0 . 5  -   95%  by  w e i g h t   b a s e d   on  t h e   t o t a l   w e i g h t   of   t h e  

c o m p o s i t i o n .  

The  a c t i v e   i n g r e d i e n t   can   be  a d m i n i s t e r e d   o r a l l y  
in   s o l i d   d o s a g e   f o r m s ,   s u c h   as  c a p s u l e s ,   t a b l e t s ,   a n d  

p o w d e r s ,   or   in   l i q u i d   d o s a g e   f o r m s ,   s u c h   as  e l i x i r s ,  

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

p a r e n t e r a l l y ,   in   s t e r i l e   l i q u i d   d o s a g e   f o r m s ;   o r  

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

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

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

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

s t e a r a t e ,   s t e a r i c   a c i d ,   and  t h e   l i k e .   S i m i l a r   d i l u e n t s  

can   be  u s e d   to   make  c o m p r e s s e d   t a b l e t s .   B o t h   t a b l e t s  

and  c a p s u l e s   can   be  m a n u f a c t u r e d   as  s u s t a i n e d   r e l e a s e  

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

o v e r   a  p e r i o d   of   h o u r s .   C o m p r e s s e d   t a b l e t s   can   be  s u g a r  
c o a t e d   or   f i l m   c o a t e d   to   mask  any   u n p l e a s a n t   t a s t e   a n d  

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

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

n a l   t r a c t .  



L i q u i d   d o s a g e   f o r m s   f o r   o r a l   a d m i n i s t r a t i o n   c a n  

c o n t a i n   c o l o r i n g   and  f l a v o r i n g   to   i n c r e a s e   p a t i e n t  

a c c e p t a n c e .  

In  g e n e r a l ,   w a t e r ,   a  s u i t a b l e   o i l ,   s a l i n e ,   a q u e o u s  

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

g l y c o l s   s u c h   as  p r o p y l e n e   g l y c o l   or   p o l y e t h y l e n e   g l y c o l s  

a r e   s u i t a b l e   c a r r i e r s   f o r   p a r e n t e r a l   s o l u t i o n s .   S o l u -  

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

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

s t a b i l i z i n g   a g e n t s ,   and  i f   n e c e s s a r y ,   b u f f e r   s u b s t a n c e s .  

A n t i o x i d i z i n g   a g e n t s   s u c h   as  s o d i u m   b i s u l f i t e ,   s o d i u m  

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

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

and  i t s   s a l t s   and  s o d i u m   EDTA.  In  a d d i t i o n   p a r e n t e r a l  

s o l u t i o n s   can   c o n t a i n   p r e s e r v a t i v e s ,   s u c h   as  b e n z a l k o n i u m  

c h l o r i d e ,   m e t h y l -   or   p r o p y l - p a r a b e n ,   and  c h l o r o b u t a n o l .  

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

s u i t a b l e   o l e a g i n o u s   o r   w a t e r - s o l u b l e   b a s e .   The  o l e a -  

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

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

g l y c o l s .  

S u i t a b l e   p h a r m a c e u t i c a l   c a r r i e r s   a r e   d e s c r i b e d   i n  

R e m i n g t o n ' s   P h a r m a c e u t i c a l   S c i e n c e s ,   E.  W.  M a r t i n ,   a  

s t a n d a r d   r e f e r e n c e   t e x t   in   t h i s   f i e l d .  

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

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

t e d   as  f o l l o w s :  

C a p s u l e s  

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

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

w i t h   2 0 . 0   m i l l i g r a m s   of   p o w d e r e d   a c t i v e   i n g r e d i e n t ,   1 1 0  

m i l l i g r a m s   of  l a c t o s e ,   32  m i l l i g r a m s   of   t a l c ,   and  8 

m i l l i g r a m s   m a g n e s i u m   s t e a r a t e .  



C a p s u l e s  

A  m i x t u r e   of  a c t i v e   i n g r e d i e n t   in   s o y b e a n   o i l   i s  

p r e p a r e d   and  i n j e c t e d   by  means   of   a  p o s i t i v e   d i s p l a c e m e n t  

pump  i n t o   g e l a t i n   to   f o r m   s o f t   g e l a t i n   c a p s u l e s   c o n t a i n -  

i n g   10  m i l l i g r a m s   o f   t h e   a c t i v e   i n g r e d i e n t .   The  c a p s u l e s  

a r e   w a s h e d   in   p e t r o l e u m   e t h e r   and  d r i e d .  

T a b l e t s  

A  l a r g e   n u m b e r   of   t a b l e t s   a r e   p r e p a r e d   by  c o n v e n -  

t i o n a l   p r o c e d u r e s   so  t h a t   t h e   d o s a g e   u n i t   i s   5 . 0   m i l l i -  

g r a m s   of   a c t i v e - i n g r e d i e n t ,   7  m i l l i g r a m s   of   e t h y l   c e l l u -  

l o s e ,   0 .2   m i l l i g r a m s   of   c o l l o i d a l   s i l i c o n   d i o x i d e ,   7 

m i l l i g r a m s   of   m a g n e s i u m   s t e a r a t e ,   11  m i l l i g r a m s   of   m i c r o -  

c r y s t a l l i n e   c e l l u l o s e ,   11  m i l l i g r a m s   of   c o r n s t a r c h   a n d  

9 8 . 8   m i l l i g r a m s   of   l a c t o s e .   A p p r o p r i a t e   c o a t i n g s   m a y  
be  a p p l i e d   to   i n c r e a s e   p a l a t a b i l i t y   o r   d e l a y   a b s o r p t i o n .  

I n j e c t a b l e  

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

t i o n   by  i n j e c t i o n   i s   p r e p a r e d   by  s t i r r i n g   1.5%  by  w e i g h t  

of   a c t i v e   i n g r e d i e n t   in   10%  by  v o l u m e   p r o p y l e n e   g l y c o l  

and  w a t e r .   The  s o l u t i o n   i s   s t e r i l i z e d   by  f i l t r a t i o n .  

S u s p e n s i o n  

An  a q u e o u s   s u s p e n s i o n   i s   p r e p a r e d   f o r   o r a l   a d m i n -  

i s t r a t i o n   so  t h a t   e a c h   5  m i l l i l i t e r s   c o n t a i n   5 .0   m i l l i -  

g r a m s   of   f i n e l y   d i v i d e d   a c t i v e   i n g r e d i e n t ,   500  m i l l i -  

g r a m s   of   a c a c i a ,  5   m i l l i g r a m s   of  s o d i u m   b e n z o a t e ,   1 . 0  

g r a m s   of   s o r b i t o l   s o l u t i o n ,   U . S . P . ,   5  m i l l i g r a m s   o f  

s o d i u m   s a c c h a r i n ,   and  0 . 0 2 5   m i l l i l i t e r s   of   v a n i l l a  

t i n c t u r e .  

I n j e c t a b l e  

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

t i o n   by  i n j e c t i o n   i s   p r e p a r e d   by  d i s s o l v i n g   1%  by  w e i g h t  

of   a c t i v e   i n g r e d i e n t   in   s o d i u m   c h l o r i d e   i n j e c t i o n   U . S . P .  

XV  and  a d j u s t i n g   t h e   pH  of   t h e   s o l u t i o n   to   b e t w e e n   6 

and  7.  The  s o l u t i o n   i s   s t e r i l i z e d   by  f i l t r a t i o n .  



U t i l i t y  

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

t h e   t r a n q u i l i z e r ,   m u s c l e - r e l a x a n t ,   and  s e d a t i v e   a c t i v i t y  

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

t i o n   w i t h   human  e f f i c a c y   a r e   t h e   f o l l o w i n g :   p i n n a   r e f l e x  

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

a n t   ( a n t i - S t r a u b   t a i l )   t e s t ,   an  a n t i p e n t y l e n e t e t r a z o l e  

t e s t ,   and  a  m o u s e   a c t i v i t y   s u p p r e s s i o n   t e s t   ( M A S T ) .  

PINNA  REFLEX  TESTS 

F a s t e d   f e m a l e   w h i t e   m i c e ,  5   p e r   d o s e   a r e   i n t u b a t e d  

w i t h   d r u g   a t   4,  12,   36,  108  and  324  m g / k g   in   1%  M e t h o c e l o -  

1 .25%  Tween  800 ,   a t   10  m l / k g .   The  a u d i t o r y   and  t a c t i l e  

p i n n a   a r e   t e s t e d   a t   0 . 5 ,   2,  5  and  24  h o u r s .  

A u d i t o r y   P i n n a   R e f l e x  

The  m o u s e   i s   p l a c e d   on  a  h o r i z o n t a l   b a r   9  cm  f r o m  

a  G a l t o n   w h i s t l e   a d j u s t e d   f o r   13  Kc.  F a i l u r e   to   f l a t t e n  

t h e   e a r s   d u r i n g   one   or   two  s h o r t   b u r s t s   of   s o u n d   c o n s t i -  

t u t e s   l o s s   of   a u d i t o r y   p i n n a   r e f l e x .  

T a c t i l e   P i n n a   R e f l e x  

The  mouse   i s   h e l d   by  t h e   t a i l   and  t h e   h a i r s   i n s i d e  

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

27  g a u g e   n e e d l e .   F a i l u r e   of   t h e   m o u s e   to   t w i t c h   or   m o v e  

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

PREHENSILE  TRACTION  TESTS 

G r i p   and  L i f t   R e f l e x e s  

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

h o r i z o n t a l   12  g a u g e   w i r e   t a u t l y   s t r e t c h e d   25  cm  a b o v e   t h e  

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

i t s   p o s t e r i o r   end  is  he ld   d i r e c t l y   b e l o w   t h e   w i r e .   A 

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

i m m e d i a t e l y   l i f t s   i t s   h i n d   l i m b s   to   t h e   w i r e .   F a i l u r e  

to  g r a s p   t h e   w i r e   w i t h   t h e   f o r e p a w s   in   one  of   2  t r i a l s  

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

h i n d   l i m b s   to   g r a s p   t h e   w i r e   w i t h   a t   l e a s t   one  h i n d   p a w  

w i t h i n   5  s e c o n d s   c o n s t i t u t e s   l o s s   of   t h e   l i f t   r e f l e x .  



MUSCLE  RELAXANT  (ANTI-STRAUB  TAIL)  TEST 

F a s t e d   f e m a l e   w h i t e   m i c e ,  5   p e r   d o s e   a r e   i n t u b a t e d  

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

s u l f a t e   i s   g i v e n   s u b c u t a n e o u s l y   a t   5 3 . 7   m g / k g .   T h i r t y  

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

s e n c e   of  S t r a u b   t a i l .   Q u a n t a l   ED50  v a l u e s   f o r   b l o c k a d e  

of   m o r p h i n e - i n d u c e d   S t r a u b   t a i l   a r e   c a l c u l a t e d .  

ANTIPENTYLENETETRAZOLE  (PTZ)  TEST 

F a s t e d   f e m a l e   w h i t e   m i c e ,   10  p e r   d o s e   a r e   i n t u b a -  

t e d   w i t h   d r u g   in   v e h i c l e   as  a b o v e   a t   d o s e s   s u c h   as  0,  1 ,  

3,  9,  27  and  81  m g / k g .   T h i r t y   m i n u t e s   l a t e r   t h e   m i c e  

a r e   d o s e d   i n t r a v e n o u s l y   w i t h   PTZ  ( M e t r a z o l e 1 )   a t   40  m g / k g  

(ED98  f o r   c l o n i c   c o n v u l s i o n s ) .   D o s e d   a n i m a l s   w h i c h  

r e m a i n   on  a  4 "  x   4"  p l a t f o r m   f o r   20  s e c o n d s   a r e   c o n -  
s i d e r e d   p r o t e c t e d .   Q u a n t a l   E D 5 0 ' s   a r e   c a l c u l a t e d   b y  

t h e   m o v i n g   a v e r a g e   m e t h o d .  

MOUSE  ACTIVITY  SUPPRESSION  TEST  (MAST) 

The  mouse   a c t i v i t y   s u p p r e s s i o n   t e s t   (MAST)  i s   a  

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

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

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

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

a p p l i e d   t h r o u g h   t h e   m o u s e ' s   p a w s ,   q u i c k l y   e x t i n g u i s h e s  

n o r m a l   b e h a v i o r .   P r e t r e a t m e n t   w i t h   a  m i n o r   t r a n q u i l i z e r  

p r e v e n t s   or   d e l a y s   t h e   e x t i n c t i o n ,   w h i l e   m a j o r   t r a n q u i l -  

i z e r s ,   a n a l g e s i c s ,   s t i m u l a n t s ,   a n t i d e p r e s s a n t s ,   a n t i -  

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

The  t e s t   p r o c e d u r e   i s   m o d i f i e d   f r o m   B o i s s i e r ,   e t  

a l . ,   E u r o p e a n   J .   P h a r m . ,   4,  1 4 5 - 1 5 1   ( 1 9 6 8 ) .   F e m a l e  

w h i t e   m i c e ,   f a s t e d   1 6 - 2 2   h o u r s ,   a r e   r a n d o m l y   d i s t r i b u t e d  

to  f i b e r g l a s s   h o l d i n g   b o x e s .   Mice   in   g r o u p s   of   1 0 - 2 0  

O r i g i n a l   b r a n d   o f   p e n t y l e n e t e t r a z o l e ;   s t e r i l e   10% 

a q u e o u s   s o l u t i o n   f o r   p a r e n t e r a l   i n j e c t i o n ,   K n o l l   P h a r -  

m a c e u t i c a l   C o m p a n y .  



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

u n t i l   t e s t   t i m e .   T e s t   d r u g   s u s p e n s i o n s   o r   s o l u t i o n s  

a r e   p r e p a r e d   by  s o n i c a t i o n   in   1%  M e t h o c e l e .   T y p i c a l  

d o s e   r a n g e s   i n c l u d e   0 . 5 ,   1,  2,  and   4  m g / k g   or   1,  3,  9 ,  

27,  81  m g / k g   p l u s   a  v e h i c l e   c o n t r o l   and  a r e   s e l e c t e d  

to  i n c l u d e   one  d o s e   a t   w h i c h   an  e f f e c t   s u c h   as  s e d a -  

t i o n ,   s t i m u l a t i o n ,   m u s c l e   w e a k n e s s   o r   a n a l g e s i a   w a s  

s e e n .  

The  t e s t   a p p a r a t u s   i s   an  o p a q u e ,   b l a c k   p l a s t i c  

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

The  f l o o r   of   t h e   t e s t   box   i s   m a r k e d   o f f   i n t o   f o u r  

s q u a r e s   o f   e q u a l   s i z e .  

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

c o r n e r   of   t h e   t e s t i n g   box  and  d u r i n g   t h e   n e x t   m i n u t e  

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

s q u a r e   s e c t i o n   of   t h e   box  to   a n o t h e r ,   t h e   f l o o r   i s  

e l e c t r i f i e d   w i t h   0 .2   ma  c u r r e n t   f o r   2 . 0   s e c o n d s .  

The  n u m b e r   o f   s h o c k s   r e c e i v e d   by  e a c h   m o u s e   i s  

r e c o r d e d   and  t h e   mean  n u m b e r   of  s h o c k s / d o s e   (X)  i s  

d e t e r m i n e d .   When  X  d r u g   a t   any  d o s e   i s   s t a t i s t i c a l l y  

g r e a t e r   t h a n   X  c o n t r o l s   ( K r u s k a l - W a l l i s   t e s t   in   S .  
S i e g e l 1 ) ,   a n t a g o n i s m   of   s u p p r e s s i o n . o b t a i n s   and   t h e  

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

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

t h e   MAST  i n d i c a t e s   a  p o t e n t   a n t i a n x i e t y   a g e n t .   G r e a t  

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

w i t h   l i t t l e   or   no  e f f e c t   on  t a c t i l e   p i n n a   r e f l e x   i s  

c h a r a c t e r i s t i c   of   m i n o r   t r a n q u i l i z e r s .   C e n t r a l l y  

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

l i f t   r e f l e x   w i t h   l i t t l e   e f f e c t   on  t h e   g r i p   r e f l e x .  

P o t e n c y   in   t h e   mouse   a n t i - S t r a u b   t a i l   t e s t   s u g g e s t s  

s k e l e t a l   m u s c l e   r e l a x a n t   a c t i v i t y .  

1S.  S i e g e l :   N o n - p a r a m e t r i c   S t a t i s t i c s   f o r   B e h a v i o r a l  

S c i e n c e s ,   pp .   1 8 4 - 1 9 4 ,   M c G r a w - H i l l   ( 1 9 5 6 ) .  



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

t e s t s   c o n d u c t e d   w i t h   t h e   c o m p o u n d s   of   t h i s   i n v e n t i o n ;   i t  

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

p o x i d e ,   two  w e l l - k n o w n   b e n z o d i a z e p i n e s   w i d e l y - u s e d  

c o m m e r c i a l l y   as  t r a n q u i l i z e r s .  



1.  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  

X  i s   C l ,   Br ,   N 0 2  o r   C F 3 ;  
Y  i s   H,  Br ,   Cl  or   F;  a n d  

Z'  i s   Cl  o r   B r .  

2.  A  c o m p o u n d   o f   c l a i m   1  w h e r e   X  i s   c h l o r i n e   o r  

b r o m i n e .  

3.  A  c o m p o u n d   o f   c l a i m   1  w h e r e   Y  i s   h y d r o g e n ,  

c h l o r i n e   or   f l u o r i n e .  

4.  A  c o m p o u n d   o f   c l a i m   2  w h e r e   Y  i s   h y d r o g e n ,  

c h l o r i n e   o r   f l u o r i n e .  

5.  A  c o m p o u n d   o f   c l a i m   2  w h e r e   Y  i s   h y d r o g e n   o r  

f l u o r i n e .  

6.  The  c o m p o u n d   o f   c l a i m   1  w h e r e   X  i s   c h l o r i n e ,  

Y  i s   h y d r o g e n   and  Z'  i s   c h l o r i n e .  



7.  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  

X  i s   C l ,   Br ,   N02  or   CF3 ;  a n d  

Y  i s   H,  Br ,   Cl  o r   F .  

8.  A  c o m p o u n d   of   c l a i m   7  w h e r e   X  i s   c h l o r i n e   o r  

b r o m i n e .  

9.  A  c o m p o u n d   o f   c l a i m   7  w h e r e   Y  i s   h y d r o g e n ,  

c h l o r i n e   or   f l u o r i n e .  

10.   A  c o m p o u n d   of  c l a i m   8  w h e r e   Y  i s   h y d r o g e n ,  

c h l o r i n e   or   f l u o r i n e .  

11.   A  c o m p o u n d   o f   c l a i m   8  w h e r e   Y  i s   h y d r o g e n   o r  

f l u o r i n e .  

12 .   The  c o m p o u n d   of   c l a i m   7  w h e r e   X  i s   c h l o r i n e  

and  Y  i s   h y d r o g e n .  

13.   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  

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

c l a i m   1 .  

14 .   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  

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

c l a i m   2 .  

15.   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  

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

c l a i m   3 .  

16.   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  

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

c l a i m   4 .  



17.   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  

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

c l a i m   5 .  

18.   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  

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

c l a i m   6 .  

19 .   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  

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

c l a i m   7 .  

20.  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  

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

c l a i m   8 .  

21.   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  

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

c l a i m   9 .  

22.   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  

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

c l a i m   1 0 .  

23.  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  

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

c l a i m   1 1 .  

24.  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  

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

c l a i m   1 2 .  

25.   A  m e t h o d   o f   t r a n q u i l i z i n g   a  mammal  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   to   t h e   mammal  an  e f f e c t i v e  

t r a n q u i l i z i n g   a m o u n t   of   a  c o m p o u n d   o f   c l a i m   1 .  

26.   A  m e t h o d   o f   t r a n q u i l i z i n g   a  mammal  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   to   t h e   mammal  an  e f f e c t i v e  

t r a n q u i l i z i n g   a m o u n t   of   a  c o m p o u n d   of   c l a i m   2 .  

27.   A  m e t h o d   o f   t r a n q u i l i z i n g   a  mammal  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   to   t h e   mammal  an  e f f e c t i v e  

t r a n q u i l i z i n g   a m o u n t   of   a  c o m p o u n d   o f   c l a i m   3 .  

28.   A  m e t h o d   o f   t r a n q u i l i z i n g   a  mammal  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   to   t h e   mammal  an  e f f e c t i v e  

t r a n q u i l i z i n g   a m o u n t   of   a  c o m p o u n d   o f   c l a i m   4 .  



29.  A  m e t h o d   o f   t r a n q u i l i z i n g   a  mammal  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   to   t h e   mammal  an  e f f e c t i v e  

t r a n q u i l i z i n g   a m o u n t   o f   a  c o m p o u n d   o f   c l a i m   5 .  

30.   A  m e t h o d   o f   t r a n q u i l i z i n g   a  mammal  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   to   t h e   mammal  an  e f f e c t i v e  

t r a n q u i l i z i n g   a m o u n t   o f   a  c o m p o u n d   o f   c l a i m   6 .  

31.  A  m e t h o d   o f   t r a n q u i l i z i n g   a  mammal  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   to   t h e   mammal  an  e f f e c t i v e  

t r a n q u i l i z i n g   a m o u n t   o f   a  c o m p o u n d   of   c l a i m   7 .  

32.   A  m e t h o d   o f   t r a n q u i l i z i n g   a  mammal  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   to   t h e   mammal  an  e f f e c t i v e  

t r a n q u i l i z i n g   a m o u n t   of   a  c o m p o u n d   o f   c l a i m   8 .  

33.  A  m e t h o d   o f   t r a n q u i l i z i n g   a  mammal  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   to   t h e   mammal  an  e f f e c t i v e  

t r a n q u i l i z i n g   a m o u n t   of   a  c o m p o u n d   o f   c l a i m   9 .  

34.  A  m e t h o d   o f   t r a n q u i l i z i n g   a  mammal  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   to   t h e   mammal  an  e f f e c t i v e  

t r a n q u i l i z i n g   a m o u n t   of   a  c o m p o u n d   of   c l a i m   1 0 .  

35.  A  m e t h o d   of   t r a n q u i l i z i n g   a  mammal  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   to   t h e   mammal  an  e f f e c t i v e  

t r a n q u i l i z i n g   a m o u n t   of   a  c o m p o u n d   of   c l a i m   1 1 .  

36.  A  m e t h o d   o f   t r a n q u i l i z i n g   a  mammal  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   to   t h e   mammal  an  e f f e c t i v e  

t r a n q u i l i z i n g   a m o u n t   of   a  c o m p o u n d   of   c l a i m   1 2 .  

37.   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  

X  i s   C l ,   Br ,   N02  o r   CF3;  a n d  

Y  i s   H,  C l ,   Br  or   F ;  

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

38.  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  

X  i s   C l ,   B r ,   NO2  or   CF3;  a n d  

Y  i s   H,  C l ,   Br  or   F ;  

w h i c h   c o m p r i s e s   t r e 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   Z'  i s   Br  or   C l ;  

w i t h   a  s u i t a b l e   b a s e .  

39.   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   o f   t h e  

f o r m u l a :  

w h e r e  

X  i s   C l ,   Br ,   N02  o r   C F 3 ;  
Y  i s   H,  C l ,   Br  o r   F;  a n d  

Z'  i s   Cl  or   B r ;  

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

w h e r e   Z2  i s   Cl  o r   B r .  



40.   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   o f   t h e  

f o r m u l a :  

w h e r e  

X  i s   C l ,   Br ,   NO2  o r   CF3;  a n d  

Y  i s   H,  C l ,   Br  or   F ;  

w h i c h   c o m p r i s e s   t h e   f o l l o w i n g   s t e p s   in   s e q u e n c e :  

(a)  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 i t h   a  s u i t a b l e   f l u o r o h a l o a c e t y l   h a l i d e   of   t h e   f o r m u l a :  

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



(b)  t r e a t i n g   t h e   r e a c t i o n   p r o d u c t   of   s t e p  ( a )  w i t h  

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

(c)  t r e a t i n g   t h e   r e a c t i o n   p r o d u c t   of   s t e p   (b)  w i t h  

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

w h e r e   Z1  and  Z2  a r e   Cl  or   B r .  
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