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powder  d i f f r a c t i o n   p a t t e r n   using  f i l t e r e d   c o p p e r - n i c k e l   r a d i a t i o n   a t  

λ =  1 . 5 4 0 5 .  

Form  II ,   c h a r a c t e r i s e d   as  above,  can  a l so   be  d i s t i n g u i s h e d  

F r o m  F o r m   I  . b y  i t s   i n f r a   red  spec t rum.   Using  a  P e r k i n   Elmer  297 

s p e c t r o p h o t o m e t e r   with  benoxaprofen   homogeneously   d i s p e r s e d   in  a 

p o t a s s i u m   bromide  d i sc ,   the  f o l l o w i n g   d i f f e r e n c e s   can  be  o b s e r v e d  : -  

1.  form  I  e x h i b i t s   a  sharp ,   medium  i n t e n s i t y   band  at  880cm-1 

whereas  Form  I I  at  885cm-1 



2.  In  the  r eg ion   1200  -   1330cm-1  both  forms  show  a  s i m i l a r  

p o s i t i o n i n g   of  bands,   but  the  i n t e n s i t i e s   d i f f e r .   In  Form  I 

the  bands  a t  1 2 2 0   and  1250cm-1  are  c o n s i d e r a b l y   more  i n t e n s e  

than  the  o t h e r s ,   whi ls t ,   in  Form  II  a l l   bands  are  of  s i m i l a r  

i n t e n s i t y .  

3.  The  s t rong   band  near  1700cm-1  is  c o n s i d e r a b l y   sharper   f o r  

Form  I  than  for  F o r m  I I .  

I n f r a   red  a n a l y s i s ,   which  wi l l   be  the  usual   method  of  a s s a y  
of  commercia l   m a t e r i a l ,   is  s e n s i t i v e   enough  to  d e t e c t   as  l i t t l e   as  10% 

by  weight   of  Form  I  in  b a t c h e s  o f  F o r m   II  m a t e r i a l .   Batches  of  Form  I I  

assayed  by  t h i s   s p e c t r a l   mode  of  ana lys i s  have   proved  to  be  q u i t e  

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

or  s u s p e n s i o n s ,   such  f o r m u l a t i o n s   not  d e t e r i o r a t i n g   on  s t o r a g e .  

Accord ing ,   in  a  second  a spec t   of  the  i n v e n t i o n   there   i s  

p rov ided   Form  II  c o n t a m i n a t e d   with  l e s s   than  10%  by  weight  of  Form  I .  

According  to  a  f u r t h e r   a spec t   of  the  i n v e n t i o n   there   i s  

p rovided   a  p h a r m a c e u t i c a l   f o r m u l a t i o n  c o m p r i s i n g   as  an  a c t i ve   m a t e r i a l  

Form  II  a s s o c i a t e d   with  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   c a r r i e r   t h e r e f o r .  

The  Form  II  p o l y m o r p h  i n  t h e   above  f o r m u l a t i o n  s h o u l d   be 

pure  as  d e t e r m i n e d   by  the  i n f r a   r e d  a s s a y   t e c h n i q u e   d e s c r i b e d   p r e v i o u s l y ,  

i . e .   i t   should   c o n t a i n   l e s s   than  10% by  we igh t   of  Form  I .  

Form  II  can  be  p r e p a r e d  f r o m   Form  I  by  h e a t i n g   the  l a t t e r  

m a t e r i a l   at  a  t e m p e r a t u r e   in  the  range   of. from  90  to  170°C.  For  

example  Form  I  can  be  c o n v e r t e d   t o  F o r m  I I   by  h e a t i n g   in  a  f l u i d   bed 

dryer   at  a  t e m p e r a t u r e   of  a p p r o x i m a t e l y   115°C  for  upwards  of  3  h o u r s .  

The  h ighe r   the  t e m p e r a t u r e   used  the  f a s t e r   wi l l   be  the  p o l y m o r p h i c  

t r a n s f o r m a t i o n   from  Form  I  to  Form  I I .   A l t e r n a t i v e l y ,   Form  II  may 
be  p r e p a r e d   by  slow  and  c o n t r o l l e d   c r y s t a l l i s a t i o n   from  s o l u t i o n s   o f  

benoxap ro fen   in  n - b u t y l   a c e t a t e .  

Form  II  c r y s t a l s   of  benoxapro fen   can  a lso   be  ob ta ined   by 

thermal   d e c o m p o s i t i o n   at  t e m p e r a t u r e s   in  the   range  90-160°C.  of  t h e  



ammonium  s a l t   of  b e n o x a p r o f e n ,   a c c o r d i n g   to  the  p rocedure   d e s c r i b e d   i n  

United  S t a t e s   Pa t en t   4 , 0 9 8 , 4 3 7 .   According  to  one  a spec t   of  t h i s  

p r o c e d u r e ,   b e n o x a p r o f e n   ammonium  s a l t   is  i s o l a t e d   d i r e c t l y   from  t h e  

h y d r o l y s i s   of  2 - p - c h l o r o p h e n y l ) - 2 - m e t h y l - 5 - b e n z o x a z o l y l a c e t o n i t r i l e   a s  

an  i n s o l u b l e   p r e c i p i t a t e .   The  p r e c i p i t a t e   is  c o l l e c t e d   and  dr ied   at  a 

t e m p e r a t u r e   in  the  above  range ,   dur ing   which  d ry ing   per iod   the  ammonium 

s a l t   decomposes  to  y i e ld   dry  benoxap ro fen   Form  II  c r y s t a l s .   Drying  i s  

c o n t i n u e d   u n t i l   the  d e c o m p o s i t i o n   of  the  ammonium  s a l t   is  s u b s t a n t i a l l y  

comple te .   The  y i e ld   of  Form  II  m a t e r i a l   i s  u s u a l l y   in  the  range  95-98  

p e r c e n t .  

A l t e r n a t i v e l y ,   the  ammonium  s a l t   can  be  suspended  in  a  s o l v e n t  

b o i l i n g   in  the  range  90-160°C.  and  the  r e s u l t i n g   s u s p e n s i o n   or  s l u r r y  

hea t ed ,   p r e f e r a b l y   by  r e f l u x ;   i . e .   at  the  b o i l i n g   po in t   of  the  s o l v e n t ,  

u n t i l   the  ammonium  s a l t   is  s u b s t a n t i a l l y   c o m p l e t e l y   decomposed  t o  

ammonia  and  the  f ree   p u r i f i e d   a l k a n o i c   ac id .   If  the  p u r i f i e d   a c i d  

thus  produced  is  s u b s t a n t i a l l y   i n s o l u b l e   in  the  s o l v e n t   used  to  s l u r r y  

the  ammonium  s a l t   ( n - o c t a n e   for  example ) ,   b enoxap ro fen   Form  II  wi l l   be  

o b t a i n e d   as  from  h e a t i n g   the  s a l t   in  the  absence  of  a  s o l v e n t .   I f  

benoxap ro fen   is  s o l u b l e   in  the  s o l v e n t   used  to  s l u r r y   the  ammonium  s a l t ,  

( n - b u t y l   a c e t a t e   for  example ) ,   a  r e c r y s t a l l i z e d   p roduc t   wi l l   be  o b t a i n e d .  

With  e i t h e r   type  of  s o l v e n t   b e n o x a p r o f e n   can  be  s e p a r a t e d   from  the  s o l v e n t  

by  d e c a n t a t i o n   or  f i l t r a t i o n .   If  benoxap ro fen   is  s o l u b l e   in  the  s o l v e n t  

employed,  the  s o l u t i o n   is  o r d i n a r i l y   c o n c e n t r a t e d   and /or   c h i l l e d   t o  

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

mother  l i q u o r .  

The  f o l l o w i n g   n o n - l i m i t a t i v e   Examples  w i l l   serve  to  i l l u s t r a t e  

the  n a t u r e   and  a d v a n t a g e s   of  the  i n v e n t i o n .  

EXAMPLE  1 

The  p roces s   d e s c r i b e d   in  Method  D,  page  55  from  Journa l   o f  

Medic ina l   Chemis t ry ,   18  (1975)  was  r e p e a t e d   e x a c t l y .   The  r e c r y s t a l l i s a t i o n  

p rocedure   adopted   was  c o n v e n t i o n a l ,   i . e .   the  s o l u t i o n   of  b e n o x a p r o f e n  

in  e t h a n o l   was  formed  by  warming  on  a  steam  bath  and  coo l ing   of  t h e  

t h u s - f o r m e d   s o l u t i o n   was  e f f e c t e d   us ing  an  i c e - b a t h .  

I n f r a   red  a n a l y s i s   and  X-ray  powder  d i f f r a c t i o n   both  showed 

tha t   e x c l u s i v e   f o r m a t i o n   of  Form  I  had  o c c u r r e d .  



EXAMPLE  2 

41  kg  of  2 - ( 4 - c h l o r o p h e n y l ) - @ - m e t h y l - 5 - b e n z o x a z o l y l a c e t o n i  

were  hydro lyzed   in  12N  aqueous  h y d r o c h l o r i c   acid  by  being  s t i r r e d   a t  

80°C  for  about  two  hours .   The  r e a c t i o n   mixture   was  cooled  to  a b o u t  

40°C  and  then  poured  slowly  with  vigorous  s t i r r i n g   in to   cold  w a t e r .  

The  s o l i d   p r e c i p i t a t e   of  2 - ( 4 - c h l o r o p h e n y l ) - @ - m e t h y l - 5 - b e n z o x a z o l y l a c e  

acid  thus  p repared   was  c o l l e c t e d   by  f i l t r a t i o n   and  the  f i l t e r   cake  washed 

with  water  u n t i l   the  washings  no  longer   gave  an  a c id i c   r e a c t i o n   t o  

l i t m u s .   The  f i l t e r   cake  was  dr ied   at  70-80°C;  y ie ld   =  40  kg  (77  p e r c e n t  

p u r i t y ) .   The  f i l t e r   cake  was  then  d i s s o l v e d   in  48.3  l i t r e s   of  d i m e t h y l -  

formamide  at  55°C  and  the  r e s u l t i n g   s o l u t i o n   d i l u t e d   with  about  180 

l i t r e s   of  ace tone .   The  r e s u l t i n g   s o l u t i o n   was  f i l t e r e d ,   the  f i l t r a t e  

c o l l e c t e d   and  about  11  l i t r e s   of  28  pe rcen t   aqueous  ammonium  h y d r o x i d e  

added  very  slowly  to  the  f i l t r a t e   m a i n t a i n e d   at  about  35°C  over  a  p e r i o d  

of  about  1/2  hour.  During  the  a d d i t i o n   of  the  aqueous  ammonium 

hydrox ide ,   the  ammonium  s a l t   of  2 - ( 4 - c h l o r o p h e n y l ) - a - m e t h y l - 5 -  

b e n z o x a z o l y l a c e t i c   acid  slowly  p r e c i p i t a t e d   y i e l d i n g   a  s l u r r y .   A f t e r  

the  a d d i t i o n   of  the  ammonium  hydroxide   had  been  comple ted ,   the  pH  o f  

the  s l u r r y   was  checked  and  found  to  be  about  9.  The  s l u r r y   was  n e x t  

c h i l l e d   in  an  i c e - w a t e r   mixture   to  about  0°C  and  the  p r e c i p i t a t e d  

ammonium  s a l t   s e p a r a t e d   by  f i l t r a t i o n .   The  f i l t e r   cake  was  washed 

with  cold  ace tone   (0°C)  and  the  washed  f i l t e r   cake  dr ied   at  125°C  f o r  

3  hours  in  a  t ray   d rye r .   During  t h i s   hea t i ng   and  drying  p e r i o d  

the  ammonium  s a l t   decomposed  y i e l d i n g ,   i n i t i a l l y ,   the  f ree   a c i d ,  

2 - ( 4 - c h l o r o p h e n y l ) - a - m e t h y l - 5 - b e n z o x a z o l y l a c e t i c   acid  as  Form  1  which  

then  underwent  thermal   conve r s ion   to  Form  II .   29.65  kg  of  p u r i f i e d  

free  acid  were  ob t a ined   assayed  at  about  95  p e r c e n t   p u r i t y .   The 

p resence   of  Form  II  was  demons t r a t ed   using  X-ray  powder  d i f f r a c t i o n   and 

i n f r a   red  a n a l y s i s .   Using  the  same  drying  system,  the  fo l lowing   t i m e s  

and  t e m p e r a t u r e s   were  found  to  give  Form  II  (97%  or  h igher   p u r i t y )   6  h o u r s  

at  95°C,  2.5  hours  at  125°C,  1.5  hours  at  140°C,  0.5  hours  at  155°C.  

EXAMPLE  3 

Benoxaprofen  (892  g)  Form  I  was  suspended  in  n - b u t y l   a c e t a t e  

(9.8  l i t r e s )   and  the  s t i r r e d   su spens ion   heated   to  the  r e f l u x   t e m p e r a t u r e  

of  the  s o l v e n t   to  form  a  s o l u t i o n .   The  t e m p e r a t u r e   of  the  s o l u t i o n   was 

then  slowly  reduced  (10°C  every  hour)  u n t i l   room  t e m p e r a t u r e  



The  c r y s t a l s   of  benoxap ro fen   thus  produced  were  f i l t e r e d   o f f ,  

washed  with  e t h a n o l   (892  ml)  and  d r i ed   in  vacuo  at  80°C.  Yield  760g .  

The  i n f r a   red  spectrum  and  X-ray  powder  d i f f r a c t i o n   of  t h e  

c r y s t a l s   showed  t ha t   pure  form  II  had  been  o b t a i n e d .  

EXAMPLE  4 

T a b l e t s   c o n t a i n i n g   Benoxaprofen  Form  II  were  p repa red   u s i n g  

the  f o l l o w i n g   i n g r e d i e n t s  :  

The  Form  II  and  the  s t a r c h   were  admixed  and  g r a n u l a t e d   w i t h  

the  p o l y v i n y l p y r r o l i d o n e   as  a  20%  s o l u t i o n   in  wate r .   A d d i t i o n a l  

water   was  then  added  to  form  a  s u i t a b l e   g r a n u l a t i o n   which was  p a s s e d  

th rough   a  s t a i n l e s s   s t e e l   mesh  sc reen   with  1  mm  a p e r t u r e s .   The 

r e s u l t a n t   g r a n u l e s   were  d r i ed   on  a  t r ay   in  a  steam  oven  at  50  to  60°C.  

The  d r ied   g r a n u l e s   were  then  passed  through  a  s c reen   (0.5  mm  a p e r t u r e s )  

mixed  with  the  magnesium  s t e a r a t e   and  compressed  in to   t a b l e t s .  

T a b l e t s   thus  p repa red   were  s t o r e d   at  4,  25  and  40°C  for  two 

y e a r s .   No  d e t e r i o r a t i o n   in  the  p h y s i c a l   c h a r a c t e r i s t i c s   of  the  t a b l e t s  

or  in  t h e i r   appea rance   was  noted  over  t h i s   pe r iod   of  t i m e .  

EXAMPLE  5 

Benoxaprofen  Form  I  was  packed  in to   g l a s s   ampoules  (5  ml)  and 

then  s u b j e c t e d   to  c y c l i c   t e m p e r a t u r e   changes  over  two  yea r s .   The  w e e k l  

c y c l i n g   programme  adopted  was  t h a t   s p e c i f i e d   b e l o w  :  



This  t e s t   is  des igned  to  mimic  a c t u a l   s t o r a g e   c o n d i t i o n s .   A f t e r  

two  years   the  benoxaprofen   was  ana lysed   and  i t   was  found  (by  i n f r a -  

a n a l y s i s )   t ha t   no  l e s s   than  20%  by  weight  of  Form  I  had  u n d e r g o n e  

polymorphic   t r a n s f o r m a t i o n   to  Form  II .   This  exper iment   c l e a r l y  

i l l u s t r a t e s   the  m e t a s t a b l e   na tu re   of  Form  I .  



1.  Benoxaprofen  Form  I I .  

2.  Benoxaprofen  Form  II  c o n t a m i n a t e d   with  l e s s   than  10%  by 

.  weight   of  Form  I .  

3.  A  p h a r m a c e u t i c a l   f o r m u l a t i o n   which  c o n t a i n s   as  an  a c t i v e  

i n g r e d i e n t   Benoxaprofen  Form  II  as  c laimed  in  Claim  1  or  2 ,  

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

4.  A  method  of  p r e p a r i n g   a  p h a r m a c e u t i c a l   f o r m u l a t i o n   which  

compr i ses   admixing  Form  II  as  c laimed  in  Claim  1  or  2  with  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   c a r r i e r   t h e r e f o r .  

5.  A  method  of  p r e p a r i n g   Form  II  which  compr i ses   h e a t i n g   Form  I  

at  a  t e m p e r a t u r e   between  90  and  170°C.  

6.  A  method  of  p r e p a r i n g   Form  II  which  compr i ses   the  slow  and 

c o n t r o l l e d   c r y s t a l l i s a t i o n   of  benoxap ro fen   from  a  s o l u t i o n   i n  

n - b u t y l   a c e t a t e  
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