
DRUG DEVELOPMENT AND INDUSTRIAL PHARMACY, 1 5 ( 4 ) ,  489-497 ( 1 9 8 9 )  

SOLUBILITY PROPERTIES OF THE SEROTONERGIC AGONIST 

2,3,4,5-TETRAHYDRO-8-(METHYLSULFONYL)-lH-3-BENZAZEPIN-7-0L 

N .  Rajagopalan,  C.M.  D icken,  L.J.  Ravin,  

C y n t h i a  S .  Randal l  and R o s i t a  K rup insk i -O lsen  

Department o f  Pharmaceut ica l  Research & Technologies 
D i  v i  s i o n  o f  P r e c l  i n i  c a l  R&D 

Smith K l i n e  & French L a b o r a t o r i e s ,  P.O. Box 1539 

K i n g  o f  P russ ia ,  PA 19406 

ABSTRACT 

The apparent  s o l u b i l i t y  o f  SK&F 103829 (2,3,4,5-Tetra- 

hydro-8-(methyl su l  f ony l  l- lH-3-benzazepi n-7-01) as a f u n c t i o n  o f  

pH was de termined i n  t h e  presence o f  methane s u l f o n i c ,  a c e t i c  
and h y d r o c h l o r i c  a c i d s .  The mesy la te  s a l t  o f  SK&F 103829 was 

observed t o  be h i g h l y  s o l u b l e  i n  water  ( s o l u b i l i t y  - 441.3 

mg/mL). However, t h e  a d d i t i o n  o f  NaCl t o  s o l u t i o n s  o f  t h e  

mesy la te  s a l t  was observed t o  cause a d ramat i c  decrease i n  

s o l u b i l i t y  which was determined t o  be due t o  t h e  f o r m a t i o n  o f  

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

water  1.0 mg/mL). 

when a c e t i c  a c i d  was used i n  t h e  s t u d i e s .  A p l a u s i b l e  

e x p l a n a t i o n  f o r  t h i s  un ique s o l u b i l i t y  p r o f i  e and t h e  

i m p l i c a t i o n  o f  t h e  s o l u b i l i t y  da ta  genera ted  on development o f  

a p a r e n t e r a l  f o r m u l a t i o n  i s  d iscussed.  

An un ique s o l u b i l i t y  p r o f  l e  was observed 
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490 RAJAGOPALAN ET AL. 

INTRODUCTION 

2,3,4,5-Tetrahydro-8-~methylsulfonyl~-1H-3-benzazepin-7-01 
( 1 ,  SK&F 103829) i s  a serotonergic agonis t  t h a t  i s  c u r r e n t l y  
undergoing development a s  a novel t reatment f o r  gastroesophageal 
r e f l u x  disease (GERD)  since i t  i s  s e l e c t i v e  f o r  the smooth 
m u s c l e  o f  the lower esophageal sph inc te r  (LES)"). 
be l ieved tha t  by increas ing the tone o f  the LES, SK&F 103829 
can prevent r e f l u x  i n t o  the esophagus and a l l o w  f o r  symptomatic 
r e l i e f  and, poss ib l y ,  heal ing o f  GERD. 

I t  i s  

0 
II 

HO 
r 

As  p a r t  o f  the pharmaceutical development o f  SK&F 103829 
f o r  parentera.1. use i n  Pathology/Toxicology and e a r l y  c l i n i c a l  
s tud ies,  the aqueous so lub i  1 i t y  o f  va r ious  s a l t s  o f  the  compound 
such as hydrochlor ide,  mesylate and ace ta te  was evaluated. The 
p r e l i m i n a r y  s o l u b i l i t y  data i n  water i n d i c a t e d  some i n t e r e s t i n g  

d i f f e r e n c e s  i n  the s o l u b i l i t y  c h a r a c t e r i s t i c s  o f  t h e  va r ious  
s a l t s  by themselves and i n  the presence o f  added b u f f e r  and s a l t  
such as sodlum ch lo r i de .  This obse rva t i onv led  us t o  more 
thoroughly  i n v e s t i g a t e  the  pH s o l u b i l i t y  p r o f i l e  o f  SK&F 103829 
f r e e  base i n  var ious ac ids and i s  the t o p i c  o f  t h i s  p u b l i c a t i o n .  

MATERIALS AND METHODS 

The mesylate (SK&F 103829-51, hyd roch lo r i de  (SK&F 103829-A) 
and acetate s a l t s  o f  SK&F 103829 were  prepared from the f r e e  
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SOLUBILITY PROPERTIES 491 

base u s i n g  s tandard procedures.  
c h a r a c t e r i z e d  u s i n g  I R ,  NMR and e lementa l  a n a l y s i s .  The p u r i t y  

o f  t h e  s a l t s  was determined t o  be g r e a t e r  than 99% by HPLC 

methodology. 
p o t e n t i o m e t r i c  t i t r a t i o n .  A l l  o t h e r  chem c a l s  employed w e r e  

reagent  grade. 
( M i l l i p o r e )  and was f i l t e r e d  and degassed p r i o r  t o  use. 

S o l u b i l i t y  de te rm ina t ions  w e r e  c a r r i  d o u t  by  a d j u s t i n g  

t h e  pH o f  a s a t u r a t e d  s o l u t i o n  o f  SK&F 103829 f r e e  base w i t h  

excess s o l i d  i n  water  t o  t h e  d e s i r e d  va lue  w i t h  an a p p r o p r i a t e  

a c i d .  
P r e l i m i n a r y  exper iments e s t a b l i s h e d  t h a t  t h i s  t i m e  p e r i o d  was 

s u f f i c i e n t  f o r  e q u i l i b r a t i o n .  The suspensions a t  e q u i l i b r i u m  
were c e n t r i f u g e d  and t h e  c l e a r  supernatan t  was removed u s i n g  a 

c o t t o n - t i p p e d  p i p e t .  The pH o f  t h e  supernatan t  was determined 

a t  ambient tempera ture  u s i n g  an Or ion  Research Ana lyzer  (Model 

501) pH meter .  
b u f f e r  (pH 8.0) and assayed f o r  S K U  103829 con ten t  spec t ro -  
p h o t o m e t r i c a l l y  a t  320 nm u s i n g  a Beckman DU-7 spec t rophoto-  

meter .  The s o l u t i o n s  f o l l o w e d  Beer ' s  law under these 

c o n d i t i o n s .  

The c r y s t a l  l i n e  s a l t s  w e r e  

The pKa de te rm ina t ions  w e r e  accompl ished by  

Water was ob ta ined  f rom a M i l l i - Q  s y s t e m  

The samples w e r e  shaken f o r  24 h a t  ambient tempera ture .  

The samples were d i l u t e d  i n  50 mM phosphate 

RESULTS AND DISCUSSION 

The so l  u b i  1 i t y  behav io r  o f  SK&F 103829 f r e e  base was 

i n v e s t i g a t e d  i n  t h e  presence o f  t h r e e  ac ids  - h y d r o c h l o r i c ,  

methane s u l f o n i c  and a c e t i c .  The reasons fo r  u t i l i z i n g  these 

p a r t i c u l a r  a c i d s  were two- fo ld .  F i r s t l y ,  i n  water ,  t h e  

equi  1 i br ium s o l  u b i  1 i t y  f o r  t h e  h y d r o c h l o r i d e  s a l t  ( S K U  

103829-A) was approx ima te l y  1 mg/mL w h i l e  t h e  mesy la te  s a l t  had 
an e q u i l i b r i u m  s o l u b i l i t y  o f  ove r  400 mg/mL. 
d r a s t i c  d i f f e r e n c e  needed t o  be e l u c i d a t e d .  Secondly, t h e  

e f f e c t  o f  t h e  pKa o f  t h e  a c i d  was o f  i n t e r e s t  and, t he re fo re ,  
a c e t i c  a c i d  was a l o g i c a l  cho ice  s ince  i t s  pKa (4.75) i s  over  

f i v e  u n i t s  h i g h e r  than t h a t  o f  methane s u l f o n i c  a c i d .  

The o r i g i n  o f  t h i s  
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492 RAJAGOPALAN ET A L .  

The pH o f  the SK&F 103829 f r e e  base i n  water was 8.3 f o r  a 
saturated s o l u t i o n  (concentrat ion:  11 .1  mg/mL). A s  shown i n  

F igure 1 ,  t he  a d d i t i o n  o f  increments o f  HC1 t o  t h i s  s o l u t i o n  

caused an n i t i a l  increase i n  the s a t u r a t i o n  s o l u b i l i t y  u n t i l  
i t  reached a maximum o f  23.6 mg/mL a t  a pH o f  7.2. Below t h i s  

pH, the  so u b i l i t y  o f  SK&F 103829 s t e a d i l y  decreased w i t h  
i nc reas ing  amounts o f  HC1. The minimum detected s o l u b i l i t y  i n  
t h i s  study was 1.7 mg/mL a t  a pH o f  1.0. This value i s  s i m i l a r  
t o  the  s a t u r a t i o n  s o l u b i l i t y  o f  the hydrochlor ide s a l t  o f  SK&F 

103829. 
When a l l q u o t s  o f  methane s u l f o n i c  a c i d  were  added t o  the  

saturated aqueous s o l u t i o n  o f  SK&F 103829 f r e e  base, t he  
s o l u b i l i t y  o f  SK&F 103829 continued t o  increase as evidenced i n  
F igure 1 .  U n l i k e  the p r o f i l e  f o r  t he  s o l u b i l i t y  o f  SK&F 103829 
f r e e  base i n  H C l  , the p r o f i l e  obtained w i t h  methane s u l f o n i c  
a c i d  showed a marked increase i n  the  s a t u r a t i o n  s o l u b i l i t y  o f  
SK&F 103829 as the  pH became more a c i d i c .  
4.5 the  e q u i l i b r i u m  s o l u b i l i t y  was g rea te r  than 400 mg/mL. 
This pH s o l u b i l i t y  p r o f i l e  i s  what one would expect s ince the  

pKa values f o r  t he  two i o n i z a b l e  groups i n  SK&F 103829 are 
7.3 and 9.7 f o r  t he  phenol ic  and secondary amine 
func t i ona l  i ti e s ,  r e s p e c t i v e l y .  

those obtained w i t h  methane su l  f o n i  c a c i d  ( s e e  F igure 1 ) .  A s  

i nc reas ing  amounts o f  a c e t i c  a c i d  were added t o  an aqueous 
s o l u t i o n  o f  SK&F 103829 f r e e  base, t he  s o l u b i l i t y  increased and 

reached a maximum o f  322 mg/mL a t  t he  lowest pH i n v e s t i g a t e d  o f  

3.8. 
SK&F 103829 tends t o  l e v e l  o f f  i n  t he  pH reg ion  o f  4.9-6.8 

( l i m i t i n g  s o l u b i l i t y  i n  t h i s  area i s  approximately 140 mg/mL), 
y i e l d i n g  a ve ry  unique s o l u b i l i t y  p r o f i l e .  
confirmed by repeated so lub i  1 i t y  measurements. 

o f  SK&F 103829 was prepared and i t s  e q u i l i b r i u m  s o l u b i l i t y  i n  

I n  f a c t ,  a t  a pH o f  

The r e s u l t s  when a c e t i c  a c i d  was used were  very s i m i l a r  t o  

However, when employing a c e t i c  acid,  the so lub i  1 i t y  o f  

This p la teau  was 
The acetate s a l t  
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SOLUBILITY PROPERTIES 493 

500 1 

F i g u r e  1 : Comparison o f  t h e  pH so l  ub i  1 i t y  p r o f i  1 es f o r  SK&F 
103829 f r e e  base i n  h y d r o c h l o r i c  a c i d  (01, methane 
s u l f o n i c  a c i d  (I) and a c e t i c  a c i d  (A). 

water  was found t o  be 141.0 mg/mL. 

i d e n t i c a l  t o  t h e  s o l u b i l i t y  va lue  ob ta ined  i n  t h e  p l a t e a u  
r e g i o n  i n  F i g u r e  1 .  
l i m i t i n g  s o l u b i l i t y  o f  t h e  a c e t a t e  s a l t  o f  SK&F 103829. 

The subsequent s o l u b i l i t y  i n c r e a s e  of SK&F 103829 t h a t  
occurs  a t  pH va lues  below t h e  p l a t e a u  r e g i o n  was unexpected 
( s e e  F i g u r e  1 ) .  
w i t h  i n c r e a s i n g  amounts o f  a c e t i c  a c i d  (beyond t h e  p l a t e a u  
r e g i o n  where t h e  a c e t a t e  s a l t  has been formed), t h e  r o l e  o f  
a c e t i c  a c i d  i n t h i  s observed s o l  u b i  1 i ty  enhancement was 
i n v e s t i g a t e d .  A s  evidenced i n  F i g u r e  2, t h e  s o l u b i l i t y  o f  t h e  

a c e t a t e  s a l t  o f  SK&F 103829 inc reased  as a f u n c t i o n  o f  a c e t i c  
a c i d  c o n c e n t r a t i o n .  Th is  r e s u l t  i m p l i e s  t h a t  t h e r e  i s  some 

Th is  va lue  i s  n e a r l y  

Thus, t h i s  p l a t e a u  i s  a r e s u l t  o f  t h e  

S ince  t h e  s o l u b i l i t y  o f  SK&F 103829 inc reased  
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300 1 

RAJAGOPALAN ET A L .  

2604  / 

1 
l O O ~ , , ,  , I 1 1 1  1 I I I 1  1 1 1 1  I I I I I I I  I I I I I  I I I I I I  

00 10 2 0  3 0  40 5 0  6 0  7 0  

Ace t i c  Acid ( N )  

F i g u r e  2: E f f e c t  o f  a c e t i c  a c i d  c o n c e n t r a t i o n  on t h e  
s o l u b i  1 i t y  o f  t h e  a c e t a t e  s a l t  o f  SK&F 103829. 

t y p e  o f  i n t e r a c t i o n  o c c u r r i n g  between t h e  a c e t a t e  s a l t  o f  SK&F 
103829 and a c e t i c  a c i d  t h a t  leads  t o  a s u b s t a n t i a l  s o l u b i l i t y  

enhancement. The mechani sm o f  t h i  s i n t e r a c t i o n  i s n o t  c u r r e n t l y  

understood.  
S ince  t h e  a d d l t i o n  o f  a l i q u o t s  o f  methane s u l f o n i c  a c i d  and 

a c e t i c  a c i d  i nc reases  t h e  water  s o l u b i l i t y  o f  SK&F 103829, t h e  
adverse e f f e c t  seen w i t h  HC1 must be c l a s s i f i e d  as a common i o n  
e f f e c t .  F u r t h e r  ev idence t o  suppor t  t h i s  c l a i m  has been 
o b t a i n e d  by t h e  a d d i t i o n  o f  i n c r e a s i n g  amounts o f  sodium c h l o r -  

i d e  t o  a s a t u r a t e d  s o l u t i o n  o f  SK&F 103829-5 (see F 

The pH o f  t h e  s o l u t i o n s  i n  t h i s  s tudy  v a r i e d  f rom 4 
t o  7.3 (1 .0  M NaC1). A dramat ic  decrease i n  t h e  so 
occurs  a t  concen t ra t i ons  o f  NaCl as low as 0.05 M ,  
s o l  u b i  1 i t y  goes f rom 441 .3 mg/mL t o  62 .O mg/mL. A t  

gure  3) .  

0 (no NaCl ) 
u b i  1 i t y  

. e .  t h e  
1.0 M NaCl 
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SOLUBILITY PROPERTIES 495 

100 1 

501 000  0 010 020 030 040 050 060 070 080 090 100 

NaCl ( M I  

F igure 3:  E f f e c t  o f  sodium c h l o r i d e  concentrat ion on the  water 
s o l u b i l i t y  o f  SK&F 103829-5. 

t he  s o l u b i l i t y  o f  SK&F 103829 reaches a minimum o f  1.0 mg/mL. 
Furthermore, t he  r e s u l t i n g  p r e c i p i t a t e  i n  the NaCl s o l u t i o n  was 

i s o l a t e d ,  d r i e d  and subjected t o  DSC and elemental a n a l y s i s .  
I t s  DSC was i d e n t i c a l  t o  the  DSC f o r  au then t i c  SK&F 103829-A 
(mp: 367 '0 ,  t he  hydrochlor ide s a l t  ( t h e  mesylate s a l t  mel ts  a t  
268°C under i d e n t i c a l  DSC cond i t i ons ) .  The elemental ana lys i s  
o f  the p r e c i p i t a t e  a1 so matched the  expected r e s u l t s  f o r  the 
hyd roch lo r i de  s a l t  o f  SK&F 103829 (Table 1 ) .  

103829-A upon a d d i t i o n  of NaCl i s  based on t h e  dramat ic solu- 

b i l i t y  d i f f e rences  of the mesylate and hydrochlor ide s a l t s .  
a small  amount o f  t he  hydrochlor ide s a l t  i s  formed, prec ip-  

The hypothesis f o r  the conversion o f  SK&F 103829-5 t o  SK&F 

A s  
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496 RAJAGOPALAN ET AL. 

TABLE 1 :  E lementa l  A n a l y s i s  o f  t h e  P r e c i p i t a t e  Obta ined by 
A d d i t i o n  o f  Sodium C h l o r i d e  (0.15 M)  t o  SK&F 103829-5 
i n Water. 

ELEMENT PRECIPITATE ( found)  SK&F 103829-A ( t h e o r y )  

C 
H 

N 

c1 

47.69 
5.65 
4.99 

12.92 

47.56 
5.81 
5.04 

12.76 

i t a t i o n  o f  SK&F 103829-A beg ins  t o  occur  and t h i s  i n s o l u b i l i t y  
a c t s  as a " s i n k "  and causes more convers ion  o f  t h e  mesy la te  s a l t  

u n t i l  e v e n t u a l l y  t h e  o n l y  species p resen t  i s  SK&F 103829-A, 
which i n  water  has a maximum s o l u b i l i t y  o f  1.0 mg/mL, t h e  same 
va lue  o b t a i n e d  when 1.0 M NaCl was added t o  an aqueous s o l u t i o n  

T h i s  o b s e r v a t i o n  o f  a common c h l o r i d e  i o n  e f f e c t  p rec ludes  
t h e  use o f  sodium c h l o r i d e  as an i soosmot i c  agent  i n  t h e  f o r m u l a  
t i o n  o r  t h e  use o f  s a l i n e  s o l u t i o n s  as d i l u e n t s  i n  t h e  c l i n i c a l  

s t u d i e s .  Both  o f  these problems have been overcome by employ ing 

mann i to l  as t h e  i soosmot i c  agent  and 5% d e x t r o s e  as a d i l u e n t .  

O f  SK&F 103829-5. 
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