
DRUG DEVELOPMENT AND INDUSTRIAL PHARMACY, 14(15-17), 2127-2142 (1988) 

FACTORS INFLUENCING POLYMORPHIC TRANSITION OF HYOSCINE N-BUTYL 
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ABSTRACT 

Two c r y s t a l l i n e  forms o f  hyosc ine  N-butyl bromide (HBB) were 

i d e n t i f i e d  and c h a r a c t e r i z e d  by DSC, x-ray powder d i f f r a c t i o n  , 
s c a n n i n g  e l e c t r o n  microscope and i . r .  spec t ropho tomet ry  t e c h n i q u e s .  

DSC was t h e  most u s e f u l  method i n  d i f f e r e n t i a t i n g  t h e  two 

polymorphs.  The s t a b l e  and m e t a s t a b l e  forms o f  HBB showed no 

s i g n i f i c a n t  v a r i a t i o n  i n  t h e i r  x-ray and i . r .  s p e c t r a .  M e l t i n g  

p o i n t s  were 123.4 + . 5 O C  and 143.6 - + .g0C f o r  t h e  m e t a s t a b l e  and 

t h e  s t a b l e  forms r e s p e c t i v e l y .  T h e i r  p u r i t i e s  exceeded 99% and 

- 

t h e i r  h e a t  o f  f u s i o n  was o b t a i n e d .  While c r y s t a l l i z a t i o n  from 

methanol produced t h e  m e t a s t a b l e  form,  o t h e r  s o l v e n t s  p r e c i p i t a t e d  

t h e  s t a b l e  form. Compression f o r c e  t r a n s f e r e d  t h e  m e t a s t a b l e  form 

i n t o  t h e  s t a b l e  form. Such t r a n s f e r e  depended on t h e  a p p l i e d  

p r e s s u r e .  Mild t r i t u r a t i o n  and b a l l  m i l l i n g  had a n e g l i g i b l e  e f fec t  

on c r y s t a l l i n e  t r a n s i t i o n s .  Although storage a t  room t e m p e r a t u r e  

and a t  5 5 O C  conver t ed  t h e  d r u g  i n t o  i t s  s t a b l e  form, t h e  two 
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2128 A R A F A T ,  S A L E H ,  AND BADWAN 

crystalline forms coexisted in the commercial samples of the same 

batch or different batches. 

INTRODUCTION 

The effect of different polymorphic forms on the solubility 

and oral bioavailability is well recognized ( 1 ) .  Recent studies 

have been focused on the polymorphic transitions under various 

mechanical and industrial processings. The influence of tritu- 

ration on thirty two drugs was assessed. Further, caffeine , 
maprotiline hydrochloride and sulphabenzamide were selected to 

study their polymorphic transitions under compression ( 2 ) .  Such 

transformation was evident in sulphabenzamide and depended on the 

zone of the tablet and the force applied. The excipient's presence 

prevented such transitions to a certain extent (3). Although this 

important polymorphism effect was recognized, the official 

compendia still lacks specific information concerning this matter. 

Accordingly, the awarence of the consequence of polymorphic 

transition on the formulabed product has to be carefully investi- 

gated prior to the product development. During the development of 

Hyoscine N-Butyl Bromide formulation, no consistency in the melting 

point and i . r .  spectrum of the starting material was observed. 

Such observation caused the search for polymorphism existence in 

HBB. The presence of these polymorphic forms necessitate the 

assessment of their influence on various industrial processes and 

the implication of such phenomena on the product's formulation. 
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POLYMORPHIC TRANSITION OF HYOSCINE N-BUTYL BROMIDE 2129 

MATERIALS AND METHODS 

Hyoscine-N-Butyl Bromide B.P. (99% purity) was provided by 

the Jordanian Pharmaceutical Manufacturing Co., Naor, Jordan, 

(JPM). All organic solvents used were of analar grade (BDH), U.K. 

Crystallization of Hyoscine N-Butyl Bromide from Various Organic 

Solvents : 

Warm saturated solution of HBB was cooled and left in conical 

flasks. The precipitated crystals were filtered and dried prior 

to investigation. 

Thermal Analysis: 

Differential scanning calorimetery thermographs were recorded 

using Mettler TA 3000 DSC 20 unit. The heating rate was 10°C min” 

and the sample size ranged between 4-10 mg. TGA analysis was 

carried out using the same instrument. 

Crystal Characterization by Scanning Electron Microscope : 

Leitz scanning electron microscope was used to compare HBB 

crystals obtained from various solvents. The crystalline powder 

was placed on a metallic support and coated with golden layers 

under vacuum. 

X-Ray Powder Diffraction : 

Phillips diffractometer PM 9920/05 was used to obtain diffrac- 

tion pattern. 
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2130 ARAFAT,  S A L E H ,  AND BADWAN 

I n f r a r e d  Ana lys i s  : 

i . r .  s p e c t r a  were o b t a i n e d  wi th  a P e r k i n  Elmer 598 i n f r a r e d  

spec t ropho tomete r  u s i n g  t h e  l i q u i d  p a r a f f i n - m u l l  t e c h n i q u e .  

Batch t o  Batch V a r i a t i o n  and I n  Batch V a r i a t i o n  : 

Samples from f o u r  d i f f e r e n t  commercial b a t c h e s  o f  HBB were 

examined f o r  t h e i r  polymorphic t y p e s .  Samples from d i f f e r e n t  con- 

t a i n e r s  o f  t h e  same b a t c h ,  each c o n t a i n i n g  1 k g ,  were monitored 

f o r  t h e  p re sence  o f  polymorphic forms. 

E f f e c t  o f  Compression : 

500 mg of HRR powder o f  u n i f i e d  p a r t i c l e  s i z e  were compressed 

u s i n g  h y d r a u l i c  p r e s s  a t  5 ,  10 and 15 t o n s  o f  p r e s s u r e  f o r  

30 minu tes .  Samples were ob ta ined  from t h e  lower and upper surface 

of t h e s e  d i s c s .  F u r t h e r ,  t a b l e t s  o f  HBR were compressed on a 

Manesty s i n g l e  punch machine and samples were o b t a i n e d  from t h e  

upper and lower t a b l e t  s u r f a c e  , A d d i t i o n a l  two samples  were 

taken from t h e  c o r e  o f  each t a b l e t .  These samples were sc reened  

f o r  t h e i r  polymorphic t r a n s i t i o n s  u s i n g  D . S . C .  

Effect  o f  T r i t u r a t i o n  and M i l l i n g  : 

The two polymorphic forms were fflanually t r i t u r a t e d  and m i l l e d  

i n  a p o r c e l a i n  mor t a r  s e p a r a t e l y .  T h e i r  t he rma l  behaviour  and i . r .  

spectrum were reco rded  d u r i n g  t h e s e  p r o c e s s e s .  

E f f e c t  o f  B a l l  M i l l i n g  : 

50 G o f  t h e  HBB were placed i n  t h e  Erweka b a l l  m i l l  and 

samples were withdrawn a t  v a r i o u s  i n t e r v a l s  and t e s t e d  f o r  

polymorphic t r a n s i t o n .  
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POLYMORPHIC TRANSITION OF HYOSCINE N-BUTYL BROMIDE 2131 

0 Effect of Storage at Room Temperature and at 55 C : 

Freshly crystallized HBB samples from methanol were stored in 

a closed flask 

withdrawn at 30 minutes intervals and their thermographs and i.r. 

spectra were recorded. Additional HBB samples were stored at room 

temperature and their polymorphic transitions were recorded daily. 

in an oven , which was set up at 5 5 O C .  Samples were 

RESULTS AND DISCUSSION 

Thermographs of some HBB commercial samples were found to 

contain two endothermic peaks at the proximity of 123OC and 143OC, 

Figure ( 1 ) .  Accordingly , the commercial samples were recrystalli- 
zed from various solvents, and under different crystallization 

conditions, Table ( 1 ) .  Two polymorphs were obtained, one melted 

at 123.4 - + 0.5OC 

polymorph obtained from the rest of solvents used,melted at 

143.6 - + 0.9 C. Their melting points coincided with the endothermic 

peaks obtained from the commercial samples, indicating that these 

two polymorphs existed in the commercial bulk material.Crystalli- 

zation from ethanol was a complex, it was not consistent which may 

be due to the sensivity of its crystallization process. However,in 

many carried out crystallizations, there were endothermic peaks, 

reproduced in its DSC thermograph at 82 C, 105OC 

Figure (2). When crystals were melted and rechecked these peaks 

disappeared and only the peak at 142OC prevailed and a loss of 

the weight in the proximity of 3% followed the melt,indicating 

solvate formation at 105OC. Nevertheless , crystallization 

and was crystallized from methanol. The other 

0 

0 and 142'C , 

from 
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2132 ARAFAT, SALEH, AND BADWAN 

C 0 143 123 
I I 

1.  

2. 

3 .  

L R a t c h  1 .  

FIGURE 1 

T y p i c a l  commercial HBB samples  from d i f f e r e n t  b a t c h e s  of t h e  same 
source,,Thermograph was ob ta ined  a t  10 C min-I. 

0 

TABLE ( 1 )  

SOLVENTS USED I N  CRYSTALLIZATION AND THE CRYSTALLINE FORMS 
PRODUCED, 

Crys t a -  Cond i t ion  
Ilization! for Crys ta -  
Time (Hrs 3 l l i z a t i o n  

Number Of S o l v a t e s  C r y s t a l  So lven t  
Pointi( O C )  Forms 

Methanol 

Ethanol  
Butanol 
I s o b u t a n o l  
Propanol  
I sop ropano l  
Hexanol 
Octanol  
A c e t o n i t r i l e  
Chloroform 
Water 

* 
123.4 

142.0 
144.1 
143.8 
144.2 
144.1 
143.6 
143.4 

142.6 
143.6 

1 

1 
1 
1 
1 
1 
1 
1 
1 

1 
+ 

6-12 

6-24 
6-12 
6-12 
6-12 
6-12 
6-12 
6-12 
4-12 
5 d a y s  

24 d a y s  

Cool Evapo- 
r a t i o n ,  

11 11 

I t  I 1  

I1 11 

11  11  

11 11 

I 1  I 1  

I t  11 

Room Temp. 
11 I1 

I 1  I t  
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POLYMORPHIC TRANSITION OF HYOSCINE N-BUTYL BROMIDE 

142'C 

L \  

2133 

105OC 

1OEj0C 

h 8 2 O C  

FIGURE 2 

Shows t h e  r e p r o d u c i b i l i t y  i n  o b t a i n i n  t h e  e t h a n o l  s o l v a t e  of HBB. 
Thermograph was ob ta ined  a t  10°C min 3 . 

e t h a n o l  s t i l l  needs f u r t h e r  i n v e s t i g a t i o n s .  The ESM pho tographs ,  

showed d i f f e r e n t  c r y s t a l  h a b i t s ,  F i g u r e  (3). The c r y s t a l l i z e d  d r u g  

from methanol showed i r r e g u l a r  bulky f l a k e s , w h i l e  c r y s t a l s  o b t a i n e d  

from e t h a n o l  were t h i n  p l a t y  f l a k e s .  Regular  c r y s t a l l i n e  t a b u l a r  

shape was p r e c i p i t a t e d  from a c e t o n i t r i l e - d r u g  s o l u t i o n .  X-ray 

powder d i f f r a c t i o n  i s  shown i n  F i g u r e  ( 4 )  f o r  t h e  two polymorphic 

forms. The gross d i f f e r e n c e  was small bu t  i n d i c a t e d  t h a t  t h e  two 

polymorphic forms were c r y s t a l l i n e .  
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2134 

a- Original commercial 
powder. 

ARAFAT, SALEH, AND BADWAN 

b- Powder crystallized 
from methanol. 

c-  Powder crystallized 
from ethanol. 

d- Powder Crystallized 
from acetonitrile. 

FIGURE 3 

ESM photographs of HBB starting materials crystallized from various 

solvents. 
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2135 POLYMORPHIC TRANSITION OF HYOSCINE N-BUTYL BROMIDE 

I 
( a )  

Degrees 
I L 28 58 30 2 

( b )  
Degrees 

1 1 1 28 
58 30 2 

FIGURE 4 

X-ray powder d i f f r a c t i o n  of a :  material r e c r y s t a l l i z e d  from 
methanol form 11. b: material r e c r y s t a l l i z e d  from a c e t o n i t r i l e  
form I .  

Examination o f  l i q u i d  p a r a f i n  m u l l , i . r . s p e c t r u m  of HBB 

c r y s t a l l i z e d  from d i f f e r e n t  s o l v e n t s  e x h i b i t e d  p r i n c i p a l  peaks 

a t  wave numbers 1175, 1721, 1052, 874,  1072 and 709 cm” .Minor 

d i f f e r e n c e s  were observed i n  i . r .  s p e c t r a  o f  t h e  two polymorphs. 

I n  t h e  r e g i o n  1720-1730 cm” t h e  c r y s t a l l i n e  form w i t h  t h e  lower 
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2136 ARAFAT, SALEH, AND BADWAN 

-1 -1 
L 4 I I I I cm 1 1 1 I 1 L cm 
0 0 0 0 0 0  0 0 0 0 0 0  c o o o o c  0 0 0 0 0 0  

0 P - a L n  o z 5 ) $ 2 F  cu N z 2 ' p ? r  

FIGURE 5 

I n f r a r e d  spectra o f  l i q u i d  p a r a f f i n  m u l l s  c r y s t a l l i z e d  from 
a:  methanol b :  a c e t o n i t r i l e  . 

m e l t i n g  

polymorph w i t h  t h e  h i g h e r  m e l t i n g  p o i n t  (143.6OC) gave a d o u b l e t  

a t  t h e  same wave number, F i g u r e  ( 5 ) .  It was observed t h a t  t h e  

p r e s s u r e  used i n  p r e p a r i n g  t h e  K B r  d i sc s  cou ld  i n t r o d u c e  polymor- 

p h i c  t r a n s i t i o n s .  This  may be mis l ead ing  i n  judg ing  c e r t a i n  raw 

m a t e r i a l s , a s  t h e  m e l t i n g  p o i n t  would n o t  co r re spond  t o  t h e  a c t u a l  

i . r .  Spectrum. Indeed t h e  use  o f  t h e  h a l i d e  d i s c s  caused confus ion  

conce rn ing  t h e  r e p o r t e d  i . r .  spectrum of HBB ( 4 ) .  The d rug  

polymorphic conve r s ion  cou ld  be a t t r i b u t e d  t o  t h e  f l e x i b l e  l a t t i c e  

which al lowed the  molecule  t o  adop t  new conformation ( 5 ) .  

p o i n t  ( 1 2 3 . 4 O C )  gave a s i n g l e t  a t  1721 cm-', w h i l e  t h e  

Four d i f f e r e n t  commercial b a t c h e s  from t h e  same s o u r c e  were 

sc reened  f o r  t h e i r  endothermic peaks.  Three batches tes ted were 
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POLYMORPHIC TRANSITION OF HYOSCINE N-BUTYL BROMIDE 2137 

m i x t u r e s  of t h e  two c r y s t a l l i n e  forms. However, DSC s c a n  o f  one 

of t h e  b a t c h e s  t e s t e d ,  showed a s i n g l e  endothermic peak co r re spon-  

d i n g  t o  t h e  h i g h e r  r eco rded  m e l t i n g  p o i n t  ( 143 .h°C) .  T h i s  made t h e  

sample i n  compliance wi th  t h e  c i t e d  d rug  s p e c i f i c a t i o n  r e g a r d i n g  

t h e  melting p o i n t  ( 4 ) . Furthermore,  t h e  i . r .  spectrum p repa red  

i n  l i q u i d  p a r a f f i n  m u l l s  showed a d o u b l e t  a t  1721 cm-'. Four t een  

samples were c o l l e c t e d  from d i f f e r e n t  c o n t a i n e r s  of t h e  same b a t c h .  

These samples  were mixtures  o f  t h e  two p r e v i o u s l y  r ecogn ized  

c r y s t a l l i n e  forms. Such r e s u l t s  i n d i c a t e d  t h e  e v i d e n t  v a r i a t i o n  i n  

t h e  composi t ion o f  t h e  commercial HBB. The d i f f e r e n c e  was observed 

among v a r i o u s  b a t c h e s  and i n  t h e  d i f f e r e n t  c o n t a i n e r s  of t h e  same 

ba tch .  The mix tu re  o f  t h e s e  two polymorphs would y i e l d  a lower 

m e l t i n g  p o i n t  when compared w i t h  t h e  r e p o r t e d  v a l u e s  ( ) .  Con- 

s e q u e n t l y ,  t h e  i n c l u s i @ n  o f  a d d i t i o n a l  i n f o r m a t i o n  conce rn ing  t h e  

polymorphic n a t u r e  of HRB i n  t h e  o f f i c i a l  compendia would be 

a p p r e c i a t e d .  The DSC method proved t o  be a u s e f u l  t e c h n i q u e  i n  

d i f f e r e n t i a t i n g  t h e  two polymorphs. Th i s  may be developed f o r  

q u a n t i t a t i v e  measurement o f  HBB polymorphic m i x t u r e s .  

The p u r i t y  of t h e  c r y s t a l s  ob ta ined  from methanol and a c e t o -  

n i t r i l e  was de t e rmined ,  based on t h e  d e r i v e d  Van ' t  H o f f ' s  e q u a t i o n :  

2 To - Ts = RTo X2 ............................... ( 1 )  . 
AHf 

Where : 

of  t h e  pu re  and of t h e  sample r e s p e c t i v e l y .  T -Ts i s  t h e  

d e p r e s s i o n  i n  t h e  m e l t i n g  p o i n t  due t o  i m p u r i t i e s .  X2: i s  t h e  mole 

f r a c t i o n  o f  i m p u r i t i e s ,  R is t h e  g a s  c o n s t a n t .  

A H f  is  t h e  e n t h a l p y  o f  f u s i o n , T o ,  Ts are m e l t i n g  p o i n t s  
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I n  f r e s h l y  prepared c r y s t a l s  from methanol ,  t h e  pe rcen tage  o f  mole 

f r a c t i o n  p u r i t y  was 99.1% and i t s  

mole-'. C r y s t a l s  ob ta ined  from a c e t o n i t r i l e  had 99.03% p u r i t y  

and t h e i r  h e a t  o f  f u s i o n  was 44.22 K.J. mole-'. 

h e a t  o f  f u s i o n  was 22.54 K . J .  

I t  was shown e x p l i c i t l y , t h a t  HRR e x i s t e d  i n  two c r y s t a l l i n e  

forms.  The f i r s t  melted a t  123.4 - + 0.5OC , w i t h  a s i n g l e t  i n  i ts 

i . r .  spectrum a t  1721 cm-' and was d e s i g n a t e d  a s  form 11. The 

second form melted a t  143.6 - + 0.9'C.and had a d o u b l e t  a t  1721 cm-' 

and was d e s i g n a t e d  a s  form I .  

F i g u r e  ( 6 )  i l l u s t r a t e d  t h e  e f f e c t  o f  compression on form I1 

of HBB. Compression f o r  30 minutes  under 5 t o n s  produced l a r g e  

t r a n s i t i o n  t o  form I .  F u r t h e r  increase i n  t h e  compression f o r c e  t o  

10 and 15 tons was enough for  t h e  t o t a l  t r a n s f o r m a t i o n  of form I1 

t o  I .  A s  form I1 had t h e  lower m e l t i n g  p o i n t  it would have t h e  

least  stress va lue  a t  t h e  t empera tu re  of compression.  However,the 

s t a b l e  form showed no changes under compression.  These tests were 

repea ted  u s i n g  Manesty s i n g l e  punch machine. The t a b l e t  was f o r c e d  

t o  cap and samples from t h e  t a b l e t  c o n t a c t i n g  t h e  upper punch, t h e  

t a b l e t  c o r e  and lower s u r f a c e  showed a t r a n s f o r m a t i o n  t o  t h e  

s t a b l e  polymorphic form. Mild t r i t u r a t i o n ,  b a l l  m i l l i n g  and re- 

d u c t i o n  o f  t h e  p a r t i c l e  s i z e  d i d  no t  have s i g n i f i c a n t  polymorphic 

t r a n s i t i o n  when both forms were p rocessed .  But m i l l i n g  a t  h igh  

speed m i l l s  conve r t ed  t h e  d rug  i n t o  a p l a s t i c  mass. 

S t o r a g e  of t h e  form I1 a t  room tempera tu re  and i n  a des i i ca to r  

i n  a d a r k  p l a c e  showed t h a t  t h i s  form needed more t h a n  180 days  t o  

be conve r t ed  t o  t h e  s t a b l e  form a s  i l l u s t r a t e d  i n  F i g u r e  ( 7 ) .  Such 
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POLYMORPHIC TRANSITION OF HYOSCINE N-BUTYL BROMIDE 

0 
143 123 c 

FIGURE 6 

5 tons. 
- 10 tons. 

15 tons. 

- 

The transformation of HBR metastable polymorph (11) into the 
crystalline stable form(1)under aompression monitored by DSC. 

143 123 OC 

\ 3 days. 
,22 days. 
- 180 days. 

FIGURE 7 

2139 

The polymorphic transition of the metastable HBB polymorph (11 )to 
the stable form(1)at room temperature monitored by DSC. 
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C 
0 

143 123 
1 I 

FIGURE 8 

30 min. 

90 min. 

150 min. 

210 min. 

270 min. 

330 min. 

390 min. 

Polymorphic transition from HBB metastable form to the stable form 
at 55OC monitored by DSC. 
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POLYMORPHIC TRANSITION OF HYOSCINE N-BUTYL BROMIDE 2141 

TABLE ( 2 )  

TRANSFORMATION OF FORM I1 TO FORM I AT 5 5 O C .  

T i m e  i n  Hours Area % of  Form I Area % of Form I1 

0.5 h r .  0.00 % 
1.5 h r s .  26.40 % 
2.0 h r s .  72.65 % 

4 . 5  h r s .  94.96 % 
6.5 h r s .  98.22 4/, 
1 day 100.00 Oh 

3.5 h r s .  86.67 Yo 

'1 00.00% 
73.60% 

13.33% 
5.03% 
1.78% 
0 .oo% 

27.34% 

phenomena i s  known t o  occur  i n  many o r g a n i c  compounds. S t o r a g e  a t  

5 5 O C  conver t ed  t h e  form I1 i n t o  t h e  form I .  T h i s  p r o c e s s  

c l e a r l y  time dependant  as t h e  t o t a l  conve r s ion  needed more t h a n  

6 h o u r s  t o  be completed.  The DSC g raphs  showed t h a t  form I1 changed 

s imul t aneous ly  t o  form I F i g u r e  ( 8 ) .  The p e r c e n t a g e  o f  such t a n s -  

fo rma t ion  was c a l c u l a t e d  and i s  shown i n  Table  ( 2 ) .  

R e s u l t s  o b t a i n e d  may be used i n  o b t a i n i n g  k i n e t i c s  of t r ans fo rma-  

t i o n ,  as k i n e t i c  t h e o r y  p r e d i c t s  t h a t  i f  t h e  t r a n s f o r m a t i o n  from 

one polymorphic s t r u c t u r e  t o  a n o t h e r  is opposed by a p o t e n t i a l  

b a r r i e r  o f  magnitude B ,  t h e  speed of t r a n s f o r m a t i o n  i s  propor-  

t i o n a l  t o  l/eB/KT ( 6 ) .  Accordingly,  t h e  t r a n s f o r m a t i o n  

would be a f u n c t i o n  o f  t h e  t h e r m a l  ene rgy  o f  t h e  atoms a v a i l a b l e  

t o  surmount t h a t  b a r r i e r .  

was 

speed 

CONCLUSION 

I n d i v i d u a l  polymorphs were i d e n t i f i e d  as s t a b l e  form I melted 

a t  143.h°C and m e t a s t a b l e  form I1 melted a t  123.4OC. It was shown 
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2142 ARAFAT, SALEH, AND BADWAN 

t h a t  polymorphic t r a n s i t i o n  took p l a c e  from t h e  m e t a s t a b l e  t o p t h e  

s t a b l e  form under v a r i o u s  p r o c e s s i n g s  or s t o r a g e  c o n d i t i o n s .  

N e v e r t h e l e s s  t h e  c o e x i s t e n c e  o f  HBB two polymorphs i n  t h e  commer- 

c i a l  bu lk  material would ra ise  d i s c r e p a n c i e s  i n  t h e  i d e n t i f i c a t i o n  

o f  t h e  d r u g .  The n a t u r e  of such c o e x i s t e n c e  meeds more a t t e n t i o n ,  

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

i n  s o l i d  phase is r e q u i r e d  t o  be exploaed.  
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