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CRYSTAL STRUCTURE OF PROCAINE B E N Z Y L P E N I C I L L I N  MONOHYDRATE 

P.R. Lowe, C.H. Schwalbe, Department of Pharmacy, U n i v e r s i t y  of  Aston, Gosta G ~ ~ ~ ,  
Birmingham B4 7ET. 

Proca ine  p e n i c i l l i n  i s  t h e r a p e u t i c a l l y  v a l u a b l e  because p e n i c i l l i n  i s  r e l e a s e d  
s lowly  from t h e  s t a b l e  and r e l a t i v e l y  i n s o l u b l e  c r y s t a l s .  To e x p l a i n  t h e  
s t a b i l i t y  of t h e  c r y s t a l s  we undertook a s t r u c t u r e  de te rmina t ion  by X-ray 
d i f f r a c t i o n  methods. 
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W e  were a b l e  t o  o b t a i n  l a r g e  well-formed c r y s t a l s  from aqueous methanol (Rose, 
1955) .  From Weissenberg photographs and two-circle d i f f r a c t o m e t e r  readings  w e  
d e r i v e d  u n i t  ce l l  dimensions a = 1 0 . 7 0 ( $ ) ,  b = 1 0 . 4 2 ( 1 ) ,  c = 14.41(1)  8, 8 = 
104.74(8)O, volume 1554 R3, and space group P21, and c o l l e c t e d  2962 s t r u c t u r e  
ampli tude d a t a .  Direct methods revea led  t h r e e  t h i a z o l i d i n e  r i n g  atoms, P a t t e r s o n  
s u p e r p o s i t i o n s  y i e l d e d  a t r i a l  s t r u c t u r e ,  and l e a s t - s q u a r e s  re f inement  of  t h e  
s t r u c t u r e  has  so  f a r  reduced the discrepancy between observed and c a l c u l a t e d  
s t r u c t u r e  f a c t o r s  t o  R = 5.3% ( s t r u c t u r e  L S ) .  Very r e c e n t l y  Dexter and van der  
Veen (1978) publ i shed  t h e  s t r u c t u r e  of  procaine b e n z y l p e n i c i l l i n  monohydrate 
c r y s t a l l i s e d  from e t h a n o l ,  a l s o  f i n d i n g  space group P21 wi th  a u n i t  c e l l  volume 
of  1552.4 g3, and r e f i n i n g  t h e i r  s t r u c t u r e  t o  R = 7.3% f o r  2718 d a t a  ( s t r u c t u r e  
DV) . 
S t r u c t u r e s  LS and DV a g r e e  w e l l  except  f o r  a d iscrepancy  exceeding 3Oa i n  t h e  
y-coordinate  of  0 ( 1 2 ) ,  which w e  a t t r i b u t e  t o  a typographica l  e r r o r  i n  t h e  DV paper. 
Hydrogen bonds N(36)-H.. . 0 ( 1 2 )  between proca ine  and p e n i c i l l i n ,  0 ( 4 1 ) - H . .  . 0 ( 1 2 )  
j o i n i n g  water and p e n i c i l l i n ,  N(24)-€1 ... O ( 4 1 )  between proca ine  and two water 
molecules ,  and N(14)-H.. .0 (13)  j o i n i n g  a d j a c e n t  p e n i c i l l i n s ,  c r e a t e  a f i r m l y  
l i n k e d  s t r u c t u r e  and c o n t r i b u t e  t o  t h e  r e l a t i v e l y  l o w  s o l u b i l i t y  as suggested by 
DV . 
P a t e n t e d  methods for p r e p a r i n g  p r o c a i n e  p e n i c i l l i n  use s o l v e n t s  a s  p o l a r  as water 
(Sumner & Grenfe11,1955) and as nonpolar as b u t y l  a c e t a t e  (Bardolph, 1956) .  I t  
would b e  r e a s s u r i n g  t o  know t h a t  t h e  material p r e c i p i t a t e d  from t h e  var ious  
s o l v e n t s  i s  i d e n t i c a l .  This  hypothes is  can be t e s t e d  f o r  t h e  p o l a r  methanol- 
water and t h e  l e s s  polar e t h a n o l  by c o n s t r u c t i n g  a half-normal  p r o b a b i l i t y  p l o t  
(Abrahams & Keve,1971) from t h e  coord ina te  d a t a  of LS and DV. Such a p l o t  g i v e s  
a s t r a i g h t  l i n e  o f  s l o p e  1.7. The m o s t  r easonable  i n t e r p r e t a t i o n  i s  t h a t  t h e  
e r r o r s  i n  both  s t r u c t u r e  de te rmina t ions  have been somewhat underest imated b u t  t h e  
c r y s t a l l i n e  m a t e r i a l  i s  indeed t h e  same. 

W e  thank Glaxo f o r  t h e  sample, t h e  SRC Microdensitometer S e r v i c e  f o r  f i l m  
e v a l u a t i o n ,  and D r  T.A. Hamor f o r  d i f f r a c t o m e t e r  t i m e .  
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