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ABSTRACT 

In an e f f o r t  t o  p r o t e c t  xilobam from t h e  e f f e c t s  of 

high temperatures and high humidi t ies  without  adverse ly  

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

a c i d  s a l t s  and t h e  sacchar in  s a l t  were prepared.  A l l  

o f  t he  s a l t s  were determined t o  be more s t a b l e  a t  74% 

relat ive humidity and 70' than  t h e  f r e e  base.  

In  s p i t e  of t h e  l a r g e  d i f f e r e n c e s  between t h e  

e f f e c t  of high humidity a t  a high temperature on t h e  

sa l t s  versus  t h e  f r e e  base ,  t h e  d i s s o l u t i o n  of  t h e  most 

stable s a l t  (1-napsyla te )  was e s s e n t i a l l y  equ iva len t  t o  
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810 W A L U I N G  ET AL. 

the dissolution of the free base when both were prepared 

as formulated tablets. 

INTRODUCTION 

The importance of the salt form of a drug has been 

well documented in a review (1) which lists 294 references 

relating to the use of salt formation to modify the 

dissolution, solubility, organoleptic properties, 

stability, absorption, pharmacokinetics, pharmacology 

and toxicity of drugs. 

Arylsulfonic acids are uniquely suited as salt 

forming acids for certain pharmaceutical applications. 

Sulfonic acids are strong acids, being ionized completely 

and soluble in aqueous media regardless of pH. However, 

the hydrophobic aryl group presents a barrier to dissolu- 

tion which must be overcome for solution to be affected. 

In practical terms, arylsulfonic acids should protect 

their cationic salt forming partners from small quanti- 

ties of water, e.g., moisture, or any small quantity of 

water which is quickly saturated to form a non-sink 

condition, but should permit dissolution and bioavaila- 

bility under sink conditions. For example, the 2-naphth- 

alenesulfonic acid salt of propoxyphene is less soluble 

than its hydrochloride counterpart, and, consequently, 

has superior organoleptic properties, less adverse 

effects on aspirin stability and reduced acute toxicity, 

but without alterations in bioavailability or clinical 

utility ( 2 - 6 ) .  
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XILOBALM 811 

Xilobam, l-(2,6-dimethylphenyl)-3-(l-(methyl-2- 

pyrrolidinylidene)urea, is a sparingly soluble base 

with a spectrophotometrically determined pKa of 6.1. 

The analysis of xilobam, the determination of its 

decomposition products, and an assessment of its sta- 

bility has been described (7). 

Originally, xilobam was prepared as the hydrochloride 

salt, the sulfate salt and the free base. As a result 

of their greater solubility, the xilobam portion of 

both salts hydrolyzed extensively upon two weeks storage 

at 40' and 80% relative humidity. Although the free 

base is more stable under these exaggerated environ- 

mental conditions, a potential stability problem was 

recognized. It was thought advisable to prepare less 

soluble salts which would provide greater chemical 

stability at high humidity and high temperature, but 

would not sacrifice bioavailability. This report 

describes the preparation, stability, and dissolution 

characteristics of three xilobam salts of arylsulfonic 

acids, plus the xilobam salt of saccharin, another 

strong acid containing an aryl group. 

MATERIALS AND METHODS 

Xilobam: Xilobam was used as received. I t s  

preparation and characterization have been described 

( 8 ) .  

Salt Preparation 

Tosylate - A solution of xilobam (9.80 g, 0.04 

mole) in acetone was combined with a solution of p- 
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812 WALKLING ET AL. 

toluene sulfonic acid (7.6 g, 0.04 mole) in acetone. 

The mixture was kept overnight at 40'. A white solid 

was separated by filtration and recrystallized from 

ethano1:ether (1:l). The resulting solid was dried 

under vacuum for six hours at 50'. The yield of the 

desired product was 15.1 g (90.4%), mp 167'-169'. 

Analysis calculated for Cl4HlgN30*C7H8O3S: C, 60.41; H, 

6.52. Found: C, 60.57; H, 6.60. 

l-Napsylate - A solution of xilobam (9.80 g, 0.04 

mole) in acetone was combined with a solution of 1- 

naphthalenesulfonic acid (9.76 g ,  0.04 mole) in acetone. 

The solution was treated with charcoal, filtered through 

a diatomaceous earth pad and crystallized at 4'. The 

resulting off-white solid was recrystallized from 

ethano1:ether (1:l). After drying, the yield of the 

desired product was 10.1 g (55.7%), mp 176O-178'. 

Analysis calculated for C14H19N30*C10H803S: C, 63.55; 

HI 6.00. Found: C, 63.48; H, 6.05. 

2-Napsylate - A solution of xilobam (6.20 g, 0.025 

mole) in hot 2-propanol was combined with a solution of 

2-naphthalene-sulfonic acid (5.65 g, 0.027 mole) in hot 

2-propanol. The solution was treated with charcoal, 

filtered through a diatomaceous earth pad and crystal- 

lized under ambient conditions. An off-white solid was 

separated, washed with ether and recrystallized from 

ethano1:ether (1:l) to yield 8.83 g (77.8%) of the 

desired product, mp 171'-172'. Analysis calculated for 

C14H19N30'C10H803S: C, 63.55; HI 6.00. Found: C, 

63.55; H, 6.02. 
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XILOBALM 813 

Saccar ina te  - A s o l u t i o n  of  xilobam (9.80 g ,  0.04 

mole) i n  2-propanol was combined with a s o l u t i o n  of 

sacchar in  (7.32 g,  0 .04  mole) i n  2-propanol. The 

s o l u t i o n  c r y s t a l l i z e d  a t  4'. 

by f i l t r a t i o n  and r e c r y s t a l l i z e d  from e thanol :  e t h e r  

(1:l) t o  y i e l d  13.5 g (78.7%) of  t h e  d e s i r e d  product ,  

mp 149O-151'. 

C ,  58.86; H, 5.64. Found: C, 59.01; H, 5.69. 

The s o l i d  was separa ted  

Analysis c a l c u l a t e d  f o r  C14H19N30-C7H503S: 

S p e c i f i c  Surface: The drug  substances were used 

a f t e r  being passed through an 80 mesh screen .  The 

s p e c i f i c  su r face  of each sample was determined by a 3 

p o i n t  n i t rogen  adsorp t ion  method on a commercial s u r f a c e  

a rea  analyzer .  1 

Sol id  S t a t e  S t a b i l i t y :  About 100 m l  of  a s a t u r a t e d  

sodium c h l o r i d e  s o l u t i o n  were placed i n  a 500 m l ,  wide 

mouth j a r  with a t i g h t ,  g l a s s  l i d  and a rubber s e a l  t o  

provide 74% r e l a t i v e  humidity a t  70' (9). A suppor t  

s tand  was cons t ruc ted  from s t a i n l e s s  s t e e l  sc reen  and 

placed i n  t h e  j a r .  Samples equiva len t  t o  100 mg of  t h e  

base which had been passed through an 80 mesh screen  

were weighed i n t o  a p e t r i  d i s h ,  placed on t h e  supopr t  

s t and  and covered with an aluminum f o i l  umbrella.  The 

j a r  was sea l ed  and placed i n  a 70° oven. A t  t h e  pre-  

scribed time (120 o r  168 hours ) ,  t h e  sample was removed 

and t r a n s f e r r e d  t o  a 1 2 0  m l  screw cap b o t t l e .  

Quantasorb, Model No. QS7, Quantachrome Corp., 

Syosset  NY 11791 
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814 WALKLING ET AL. 

Exactly 50 m l  of chloroform and 25 m l  of  0 . 1  N 

sodium hydroxide were added. The b o t t l e  was shaken f o r  

20 minutes then  cent r i fuged .  The aqueous l a y e r  was 

a s p i r a t e d  and discarded.  F i f t e e n  m l  of t h e  chloroform 

l a y e r  was t r a n s f e r r e d  t o  a 100 m l  volumetr ic  f l a s k  and 

t h e  s o l u t i o n  brought t o  volume with chloroform. 

Five m l  of t h e  chloroform s o l u t i o n  were added t o  8 

m l  of cyclohexane and ex t r ac t ed  f o r  30 minutes  with 50 

m l  of  0 . 1  N hydrochlor ic  ac id .  The sample was c e n t r i -  

fuged and t h e  aqueous l a y e r  decanted and r e t a i n e d .  

Five m l  of t h e  aqueous l a y e r  were d i l u t e d  with 15  

m l  of 0 . 1  N sodium hydroxide. The absorbance of  t h e  

s o l u t i o n  was determined on a record ing  spectrophotometer 

from 360 t o  220 nm (maximum:245 nm) versus  a so lven t  

blank of 5 m l  o f  0 . 1  N hydrochlor ic  a c i d  mixed with 

15 m l  of  0 .1  N sodium hydroxide. The r e s u l t s  were 

compared t o  t h e  absorbance of t h e  r e fe rence  s tandard  

assayed by t h e  same procedure.  Each form was t e s t e d  i n  

t r i p l i c a t e .  

Disso lu t ion :  Compressed t a b l e t s  conta in ing  t h e  

f r e e  base o r  t h e  1-napsylate  s a l t  a s  200 mg equ iva len t s  

of  xilobam wi th  d i b a s i c  calcium phosphate, 120 mg; 

s t a r c h ,  80 mg; s t a r c h  s o l i d s  from s t a r c h  p a s t e ,  27 mg; 

and magnesium s t e a r a t e ,  3 mg, were prepared. Disso lu t ion  

tests were performed i n  1000 m l  d i s s o l u t i o n  v e s s e l s ,  

USP, conta in ing  750 m l  of  s imulated g a s t r i c  f l u i d ,  TS, 

USP, without pepsin,  maintained a t  37.5' f 0.5'.  A 

d i s s o l u t i o n  apparatus  2 ,  USP, paddle was pos i t ioned  2.5 
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XILOBALM 815 

c m  above t h e  bottom of  t h e  vessels and r o t a t e d  a t  50 

rpm. Five m l  f i l t e r e d  samples were removed a t  5 ,  15,  

30 and 60 minutes.  Samples were d i l u t e d  2/42 with 0 .1  

N sodium hydroxide. The absorbance of t h e  s o l u t i o n  was 

determined on a record ing  spectrophotometer from 360 t o  

220 nm (maximum:245 nm) versus  a so lven t  blank of  0 . 1  N 

sodium hydroxide. The r e s u l t s  were compared t o  t h e  

absorbance o f  a 0.84 m g / m l  s o l u t i o n  of  t h e  base i n  

simulated g a s t r i c  f l u i d ,  TS, USP, without peps in ,  

d i l u t e d  4/24 and 2/22 with 0 .1  sodium hydroxide. 

2 

Four t a b l e t s  of  t h e  f r e e  base and t h e  1-napsylate  

were t e s t e d .  

RESULTS AND DISCUSSION 

Spec i f i c  Surface: The s p e c i f i c  su r face  determinat ions 

a r e  repor ted  i n  Table 1. Though t h e  s p e c i f i c  su r faces  

were n o t  i d e n t i c a l ,  they  were of t h e  same magnitude and 

were no t  expected t o  cause s i g n i f i c a n t  su r f ace  r e l a t e d  

d i f f e rences  i n  t h e  pharmaceutical  p r o p e r t i e s  of  t h e  

forms. 

So l id  S t a t e  S t a b i l i t y :  In  developing t h i s  t e s t ,  

cons iderable  t i m e  was spen t  f ind ing  t h e  combination of  

temperature,  humidity, t i m e  and s to rage  con ta ine r  

volume which would permit  t h e  degradat ion of  t h e  f r e e  

MF-Millipore F i l t e r ,  N o .  HAW 02500, Mi l l i po re  

Corp., Bedford, MA, 01730. 
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816 WALKLING ET AL. 

TABLE 1 

Specific Surfaces 

form m2 g-l 

free base 0.66 

tosylate 0.26 

saccharinate 0.28 

2-napsylate 0.59 

1-napsyl ate 0.50 

base at a rate convenient for experimental purposes. 

Under the selected conditions, five days was the longest 

period of time at which the base was "stable". Any 

salt which decomposed to a significant extent by the 

fifth day was established as being less stable than the 

free base. Similarly, seven days was the time required 

for the base to decompose almost completely. Any salt 

which decomposed to a significantly lesser extent by 

the seventh day was established as being more stable 

than the free base. 

The importance of temperature, humidity and time 

In this in any accelerated aging test is understood. 

study, storage container volume was also found to be 

important since the rate of decomposition also appeared 

to depend on the concentration of basic degradation 

products in the test atmosphere (7). For example, 

preliminary studies in larger containers required 

longer times for decomposition to become evident. 

The results reported in Table 2 show that all of 

the salts tested were more stable than the free base-- 
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XILOBALM 817 

TABLE 2 

Solid State Stability at 70' and 74% Relative Humidity 

Percent Intact Xilobam 

free 
Days base tosylate saccharinate 2-napsylate 1-napsylate 

5 93.6 97.9 99.7 98.0 100.1 
93.0 98.1 99.0 98.7 99.7 
93.8 97.8 98.4 99 -4 100.8 

j2=93.5 x=97.9 x=99.0 :=98.7 :=loo. 2 

7 15.6 88.1 78.7 83.4 100.0 
24.6 79.7 82.5 72.9 99.4 
13.8 79.6 82.2 76.8 99.4 

:=18.0 :=82.5 :=el. 1 x=77.4 :=99.6 

ii = mean 

especially after seven days. The 1-napsylate was the 

most stable form. There were no specific surface 

related differences in the stabilities. 

Dissolution: Dissolution from compressed tablets 

of the same formulation in simulated gastric fluid, TS, 

USP, did not reflect the difference in the sensitivity 

to high humidity at a high temperature of the two forms 

(Figure 1). In fact, the tablet containing the 1-napsylate 

actually released xilobam at a faster rate. Thus, it 

has been demonstrated that a strong acid with an aryl 

group can protect an easily hydrolyzed base from the 

adverse effects of high humidity at a high temperature 

under non-sink conditions while at the same time dissoci- 
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818 WALKLING ET AL. 

'? 10 

o !  1 1 1 # 

0 5 15 30 60 

MINUTES 

FIGURE 1 

Disso lu t ion  of  Xilobam From Table ts  

Key: A ,  f r e e  base;  B,  1-napsylate  

a t i n g  from t h a t  base under appropr ia te  s i n k  cond i t ions ,  

a s  i n  a d i s s o l u t i o n  tes t ,  t o  permit  r a p i d  a v a i l a b i l i t y  

of t h e  base.  
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