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ABSTRACT 

Fenoctimine s u l f a t e  was demonstrated t o  e x i s t  i n  two d i s t i n c t  crys- 

t a l l i n e  forms, i.e., form A ( l ow  melt ing,  0.5 mole water o f  hydrat ion) ,  

and form B (h igh  melt ing,  anhydrous). These forms can e x i s t  separately,  

i n  c r y s t a l l i n e  mixtures w i t h  each other, and w i t h  va ry ing  amounts o f  

surface moisture. 

p r i a t e  wet t ing o r  d ry ing  condi t ions.  

t h e  gas t ro - i n tes t i na l  t r a c t ,  t h e  surface of s o l i d  fenoct imine s u l f a t e  

e x i s t s  as form A. 

Each form can be converted i n t o  t h e  o t h e r  under appro- 

I n  an aqueous environment, e.g., 
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24 2 WALKLING ET AL. 

INTRODUCTION 

The i n c l u s i o n  o f  water  and o t h e r  so l ven ts  i n  t h e  c r y s t a l  s t r u c t u r e  

o f  med ic ina l  compounds has l e d  t o  complex problems i n  t h e  cha rac te r i za -  

t i o n  o f  those compounds, p a r t i c u l a r l y  under c o n d i t i o n s  o f  changing t e r n  

pera tures  and vapor pressures (1-5). 

t i m i  ne su 1 fa te ,  4-( d i phenylmethyl )-1- [ ( o c t y l  i m i  no) methyl  ] p i  p e r i  d i  ne 

s u l f a t e  ( l : l ) ,  an an t i - sec re to ry  agent, samples were prepared which were 

low m e l t i n g  (ca. 128°-1300), h i g h  m e l t i n g  (ca. 1550-157') 

m e l t i n g  (ca. 128'-130e, 155'-157') and which conta ined small, v a r i a b l e  

amounts (0.359&2.40%) o f  water. 

t i o n  o f  f enoc t im ine  s u l f a t e  samples accord ing  t o  m e l t i n g  range, water  

conten t  and c r y s t a l  form; t h e  r e l a t i o n s h i p s  which e x i s t  between t h e  

m e l t i n g  ranges, t h e  water  con ten ts  and t h e  c r y s t a l  forms, and t h e  r o l e  

which t h e  environment p lays  i n  p e r m i t t i n g  one fo rm t o  predominate ove r  

t h e  o ther .  

E a r l y  i n  t h e  development o f  fenoc- 

and mixed 

Th is  r e p o r t  descr ibes  t h e  cha rac te r i za -  

MATERIALS AND METHODS 

Fenoct imine Su l fa te :  f enoc t im ine  s u l f a t e  samples were used as 

received. 

A v a r i e t y  o f  c r y s t a l l i z a t i o n  methods were employed i n  an e f f o r t  t o  

improve y i e l d s ,  reduce i m p u r i t i e s ,  reduce c o s t s  o r  prepare fenoc t im ine  

s u l f a t e  t o  s p e c i f i e d  wa te r  conten ts .  

c o n t i n u a l l y  evo lv ing  i n d u s t r i a l  development program, some samples were 

n o t  prepared i n  s u f f i c i e n t  q u a n t i t i e s  o r  were n o t  prepared a t  a t ime  when 

a l l  c h a r a c t e r i z a t i o n  methods were opera t i ona l  so as t o  pe rm i t  t h e i r  

complete thermal, water  con ten t  and c r y s t a l  f o rm c h a r a c t e r i z a t i o n s .  

The syn thes is  o f  f enoc t im ine  s u l f a t e  has been descr ibed (6 ) .  

As s o f t e n  t h e  case w i th  a 
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FENOCTIMINE SULFATE HYDRATION 243 

Hot Stage Microscopy: Samples were tes ted  on a microscope h o t  

stage' mounted under 125X magni f icat ion.  The samples were heated from 

40' t o  120" a t  10' per minute, 

125' t o  completion o f  t h e  me l t  

K a r l  F ischer  Water Analys 

onto weighing papers and added 

K a r l  F i sche r  apparatus . A 0. 2 

120' t o  125' a t  2' per minute and from 

ng process a t  lo per minute. 

s Method: Samples (70 mg) were weighed 

d i r e c t l y  t o  the  t i t r a t i o n  vessel o f  t he  

minute t ime delay was used t o  a l l o w  

each sample t o  d i sso l ve  completely before t h e  t i t r a t i o n  was s ta r ted .  

X-Ray D i f f r a c t i o n  (XRD): X-ray d i f f r a c t i o n  pat terns were determined 

on powder ~ a m p l e s . ~  The f o l l o w i n g  cond i t i ons  were employed: 

rad ia t i on :  

vol tage: 

amperage: 

entrance aperature: 

rece iv ing  s l i t :  

f u l l  scale: 

t ime constant: 

monoch romato r: 

copper K alpha 

40 k i l o v o l t s  

20 mi l l iamps 

0.6 

0.4 

5x1o4 t o  lx105 counts per  

second 

0.38 t o  1.4 seconds 

double beam, g raph i te  c r y s t a l  (Union 

Carbide) 

I n t r i n s i c  D isso lu t i on :  Discs o f  fenoct imine s u l f a t e  weighing 700 mg 

and having a diameter o f  13 mm were compressed a t  3000 ps i .  

d i s s o l u t i o n  ra tes  were determined i n  1800 m l  o f  a pH 2, 0.1 - M c i t r a t e  

buffer conta in ing 10 percent a lcohol  maintained a t  37'. 

r o t a t e d  a t  50 rpm i n  a h o r i z o n t a l  plane w i t h  t h e  upper s ide  exposed t o  

the  medium. Three d iscs per l o t  were tested. 

I n t r i n s i c  

The d i s c s  were 

S i x  m l  f i l t e r e d  (0.45 pn) samples were shaken w i t h  10 m l  o f  chloro- 
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244 WALKLING ET AL. 

f o rm and 2 m l  o f  1 - N sodium hydroxide. A f t e r  c e n t r i f u g a t i o n ,  t h e  aqueous 

l a y e r s  were asp i ra ted  and discarded. Seven m l  o f  t h e  ch lo ro fo rm l a y e r s  

were shaken w i t h  7 m l  of a sa tu ra ted  s o l u t i o n  o f  methyl  orange i n  pH 5, 

0.2 - M d i b a s i c  sodium phosphate b u f f e r .  

l a y e r s  were asp i ra ted  and discarded. F i v e  m l  o f  t h e  ch lo ro fo rm l a y e r s  

were shaken w i t h  5 m l  o f  1 - N h y d r o c h l o r i c  acid.  A f t e r  c e n t r i f u g a t i o n ,  

t h e  aqueous l a y e r s  were decanted and assayed spec t rophotomet r ica l  l y  a t  

A f t e r  c e n t r i f u g a t i o n ,  t h e  aqueous 

505 mm versus 1 N h y d r o c h l o r i c  acid.  

a n a l y s i s  o f  a standard s o l u t i o n  prepared by  d i s s o l v i n g  25 mg o f  each l o t  

under t e s t  i n  100 m l  o f  methanol and d i l u t i n g  t h a t  s o l u t i o n  2/50 w i t h  t h e  

d i s s o 1 u t i on med i urn. 

C a l c u l a t i o n s  were based on t h e  

E q u i l i b r i u m  S o l u b i l i t y :  Approx imate ly  120 mg o f  f enoc t im ine  s u l f a t e  

were combined w i t h  40 m l  o f  pH 2, 0.2 - M c i t r a t e  b u f f e r ;  s imu la ted  i n t e s -  

t i n a l  f l u i d ,  TS, USP, w i t h o u t  pancreat in,  and p u r i f i e d  water, USP. The 

m ix tu res  were shaken f o r  24  hours a t  25'. 

Four  m l  samples were f i l t e r e d  (0.45 pm) and d i l u t e d  2/100 w i th  

water. 

and 2 m l  o f  1 - N sodium hydroxide. A f t e r  c e n t r i f u g a t i o n ,  t h e  aqueous 

l a y e r s  were asp i ra ted  and discarded. Seven m l  of t h e  ch lo ro fo rm l a y e r s  

were shaken w i t h  7 m l  o f  a sa tu ra ted  s o l u t i o n  o f  methyl  orange i n  pH 5, 

0.2 fi d i b a s i c  sodium phosphate b y f f e r .  A f t e r  c e n t r i f u g a t i o n ,  t h e  aqueous 

l a y e r s  were asp i ra ted  and discarded. A l i q u o t s *  o f  t h e  ch lo ro fo rm l a y e r s  

Ten m l  of d i l u t e d  samples were shaken w i th  30 m l  o f  c h l o r o f o r m  

* c t i l  o r o f  orm 1 - N h y d r o c h l o r i c  

med i um layer ,  m l  acid, m l  

standard a 4 

g a s t r i c  f l u i d  a 4 

i n t e s t i n a l  f l u i d  5 5 

water  5 10 
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FENOCTIMINE SULFATE HYDRATION 245 

were shaken w i t h  a l i quo ts *  o f  1 - N hydrochlor ic  acid. 

A f t e r  cen t r i f uga t ion ,  t he  aqueous laye rs  were decanted and assayed 

spect rophotometr ica l ly  a t  505 nm versus 1 - N hydrochlor ic  acid. 

t i o n s  were based on the  analys is  o f  a standard s o l u t i o n  prepared by 

d i s s o l v i n g  23.9 mg o f  each l o t  under t e s t  i n  100 m l  o f  methanol and 

d i l u t i n g  t h a t  s o l u t i o n  2/100 w i t h  the  pH 2 bu f fe r .  

Calcula- 

RESULTS AND DISCUSSION 

Hot Stage Microscopy 

Forty-one samples o f  fenoct imine s u l f a t e  were analyzed. The 

r e s u l t s  are reported i n  Table 1. 

f i e d  as low melt ing,  11 samples (26.8%) were c l a s s i f i e d  as mixed melt ing,  

and 11 samples (26.87%) were c l a s s i f i e d  as h igh melt ing.  Table 2 repo r t s  

t h e  means and standard dev ia t i ons  f o r  t he  low me l t i ng  samples and t h e  low 

me l t i ng  component o f  t he  mixed me l t i ng  samples p lus t h e  same f o r  t h e  h i g h  

me l t i ng  samples and t h e  h igh me l t i ng  component o f  t h e  mixed m e l t i n g  

samples. 

Nineteen samples (46.3%) were c l a s s i -  

K a r l  F i sche r  Method 

Table 3 repo r t s  t h e  r e s u l t s  from 23 samples analyzed f o r  water by 

the  K a r l  F ischer  method. 

mixed and h igh me l t i ng  categor ies.  

would c l e a r l y  c l a s s i f y  a l l  samples i n t o  th ree  m e l t i n g  range categor ies,  

water analys is  produced data which were wide ranging. A l l  samples 

contained some water; samples con ta in ing  a low me l t i ng  component u s u a l l y  

contained more water than h igh  me l t i ng  samples. Another view o f  t h e  

r e l a t i o n s h i p  of water content t o  thermal p roper t i es  may be obtained from 

Table 4 arranges the  r e s u l t s  according t o  low, 

Un l i ke  hot  stage microscopy which 
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246 WALKLING ET AL. 

TABLE 1 

M e l t i n g  Ranges ('C) o f  Fenoct imine S u l f a t e  Samples 

Sample No. 
Me1 t i n g o  
Range, C 

2432 : 269E 
2432 : 2720 
2432: 2788 
2449: 52 
2449 : 65 
2449 : 78 
2449 : 79 
2449:95 
2449 : 102 
2449 : 102A 
2449: 103 
2449 : 104 
2449: 105 
2449: 107 
2473 : 196A 
2473:1968 
2473 : 206A 
2473 : 226A 
24733238A 
2473: 2388 
2473:239A 
2473 : 2398 
2473 :239C 
2473 : 253A 
2473:254A 
2473:260A 
2473 : 266A 
2473 : 275A 
2473: 2750 
2473 : 275C 
2473:277A 
2473: 277% 
2473 ; 278A 
2902 : 30A 
2902 : 19C 
2902 : 208 
2902 : 22A 
2902 : 23A 
2902 : 30A 
2916 : 2A 
2916:3A 

~ 

126-127 
125-128 
129- 130 
128-130 
127-129 
124- 128 
128-132; 152-157 
129-130 
130-131; 155-157 
130-132 
12 9- 130 
155-157 
130-1 3 1 
130-132 
129-139; 153-155 
129-130; 153-156 
130-132; 154-157 
154-1 5 7 
128-130; 156-156 
15 6-1 5 7 
156-1 58 
155-157 
128-123; 155-156 
156-158 
127-128; 157-157 
128-130 
130-131; 154-156 
127-129 
12 9- 130 
128-129 
12 8- 128 
128-130 
128- 130 
155-157 
155-157 
128; 154-157 
154-156 
154-1 56 
155-1 57 
123-127; 154-157 
128-129 
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TABLE 2 
Summary o f  M e l t i n g  Ranges o f  Fenoct imine S u l f a t e  Samples 

M e l t i n g  Range Mean (Standa!d 
Category Dev ia t i on ) ,  C 

Low 

High 

128 (1.73) t o  130 (1.39) 

155 (1.17) t o  157 (0.70) 

TABLE 3 

Water Contents o f  Fenoct imine S u l f a t e  Samples 

Sample Me1 t i ng Percent  Water (Moles Water/ 
No. Rangea Moles F enoct im ine  S u l f  a teb)  

2449:65 1 ow 2.04 (0.564) 
2449: 95 
244 9: 102A 
2449: 103 
2449:104 
2449:105 
2449:107 
2 47 3 : 1 96A 
2473 : 196B 
2473:206A 
2 4 73 : 2 2 6A 

2473 ~ 2 3 8 8  
2473 :23 9c 
2 473 : 2 53A 
24733254A 
2 473 : 2 60A 
L473:2 77A 
2 4 7 3 2  770 
2 4 7 3 2  78A 
2902:23A 
2 902 : 30A 
2 916 : 3A 

2 4 7 3 : 2 3 a ~  

1 ow 
low 
1 ow 
h i g h  
1 ow 
1 ow 
m i  xed 
m i  xed 
m i  xed 
h i g h  
m i  xed 
h i g h  
mixed 
h i g h  
mixed 
1 ow 
1 ow 
1 ow 
h i g h  
h i g h  
mixed 
1 ow 

1.73 (0.478)c 
1.75 (0.483)d 
1.78 (0.492) 
1.54 (0.425) 
1.86 (0.514) 
1.80 (0.497)e 
2.40 (0.663) 
3.40 (0.939) 
1.99 (0.550) 
0.35 (0.097)d 
1.64 (0.453) 
0.72 (0.199) 
1.71 (0.472)e 
0.70 (0.193) 
1.71 (0.472) 
1.74 (0.481) 
1.89 (0.522) 
1.85 (0.511) 
1.80 (0.497)g 
1.70 (0.470) 
1.51 (0.417) 
1.91 (0.528)f 

See Table 1. 

1.81 percent equals 0.5 mole o f  water  pe r  mole o f  
fenoc t im ine  s u l f a t e .  

Mean o f  seven de terminat ions .  

Mean o f  f o u r  de terminat ions .  Mean o f  f i v e  de terminat ions .  

Mean o f  two de terminat ions .  Mean of s i x  de terminat ions .  
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248 WALKLING ET AL. 

TABLE 4 
Water Content as a Func t ion  o f  M e l t i n g  Range Category 

Mole Water/Mole Fenoct imine S u l f a t e  
Low M e l t  Mixed M e l t  High M e l t  

~~ ~ 

Mean 0.506 0.592 0.300 

Range 0.478-0.564 0 -453-0.939 0.097-0.470 

Std. Dev. 0.025 0.187 0.156 

No. 11 6 6 

TABLE 5 

Water Content as a Func t i on  o f  M e l t i n g  Range Category 

Water Content Low Mixed High 
(Mole WaterlMole Fenoct imine) M e l t i n g  M e l t i n g  M e l t i n g  

0.051-0.100 
0.101-0.150 
0.151-0.200 
0.201-0.250 
0.251-0.300 
0.301-0.350 
0.351-0 -400 
0.401-0 A 5 1  
0.451-0 -500 

0.551-0.600 
0.601-0 650 
0.651-0.700 
0.701-0.750 
0.751-0.800 
0.801-0 .850 
0.851-0.900 
0.901-0.950 

0.501-0.550 
6 
4 
1 

1 

2 

1 2 
2 1 
1 

1 

1 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



FENOCTIMINE SULFATE HYDRATION 249 

Table 5. 

0.451 t o  0.550 mole pe r  mole o f  f enoc t im ine  s u l f a t e  range w i t h  mean water  

con ten t  o f  ca. 0.5 mole pe r  mole o f  f enoc t im ine  s u l f a t e .  

f o r  t h e  mixed and h i g h  m e l t i n g  samples ranged w i d e l y  w i t h  r e s p e c t i v e  

standard d e v i a t i o n s  o f  s i x  t o  seven t imes t h a t  o f  t h e  low m e l t i n g  

samples. 

ca. 0.5 mole o f  water  per  mole o f  fenoct imne s u l f a t e  w i th  t h e  excep t ion  

o f  one sample which conta ined ca. 1.0 mole o f  water  pe r  mole o f  f e n o c t i -  

mine s u l f a t e ,  and h i g h  m e l t i n g  samples conta ined wa te r  f rom a n e a r l y  

anhydrous l e v e l  up  t o  ca. 0.5 mole o f  water  pe r  mole o f  f enoc t im ine  

s u l f a t e .  

Water con ten ts  f o r  t h e  low m e l t i n g  samples were mos t l y  i n  t h e  

Water con ten ts  

F o r  example, mixed m e l t i n g  samples g e n e r a l l y  tended t o  c o n t a i n  

X-Ray D i f f r a c t i o n  (XRD) 

Two c h a r a c t e r i s t i c  XRD p a t t e r n s  were observed f o r  f enoc t im ine  

s u l f a t e .  

were s u f f i c i e n t l y  d i f f e r e n t  so t h a t  by  t h e  measurement o f  t h e  r a t i o  o f  

t h e  peak h e i g h t  a t  20 = 19.3' f o r  f o rm A ( l o t  2916:3A) t o  t h e  peak h e i g h t  

a t  20 = 20.0e f o r  f o r m  B ( l o t  24733226A) o f  known r a t i o s  o f  t h e  two l o t s ,  

t h e  standard curve  i l l u s t r a t e d  i n  F i g u r e  2 was generated. 

t i o n  c o e f f i c i e n t  was 0.995. 

These p a t t e r n s  a re  i l l u s t r a t e d  i n  F i g u r e  1. The XRD p a t t e r n s  

I t s  c o r r e l a -  

I n  another s e t  o f  exper iments a l s o  w i t h  known r a t i o s  o f  samples 

2916:3A and 2473:226A, t h e  r a t i o s  o f  form compos i t ion  were compared t o  

t h e  water  conten ts  as determined by  t h e  K a r l  F i s c h e r  method. T h i s  

r e l a t i o n s h i p  i s  i l l u s t r a t e d  i n  F i g u r e  3. The r e s u l t i n g  c o r r e l a t i o n  

c o e f f i c i e n t  was 0.999. Thus, a s t rong  r e l a t i o n s h i p  between water  con ten t  

and c r y s t a l  f o rm as determined by  XRD was demonstrated. Form A was 

assoc ia ted  w i th  "hydrated" fenoc t im ine  s u l f a t e  (ca. 0.5 mole o f  wa te r  p e r  

mole of f enoc t im ine  s u l f a t e )  and fo rm 6 was assoc ia ted  w i t h  "anhydrousN 
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FIGURE 1: X-Ray Diffraction Patterns of Forms A and B 
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FIGURE 2: Fenoctimine Sulfate X-Ray Diffraction Standard Curve 
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q l l ,  
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0/100 25/75 50150 75/25 100/0 
% LOT 2916: 3N% LOT 2473: 226A 

FIGURE 3: Fenoctimine Sulfate Water Content as Determined from Known 
from Known Mixtures of Two L o t s  

""I- 100 

80 -1 
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L =low melting 

H =high melting 
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MOLE WATER/MOLE FENOCTIMINE SULFATE 
(KARL FISCHER) 

FIGURE 4 :  Fenoctimine Sulfate Form as a Function of Water Content 
for Low, Mixed and High Melting Samples 
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252 WALKLING ET AL. 

f enoc t im ine  s u l f a t e  (ca. - 0.05 mole o f  water  pe r  mole o f  f enoc t im ine  

s u l f a t e ) .  

Tab le  6 l i s t s  46 samples f o r  which XRD p a t t e r n s  were ob ta ined.  

Where ava i l ab le ,  thermal p r o p e r t i e s  and water  con ten ts  are a l s o  1 i s ted .  

A l i n e a r  regress ion  o f  t h e  water  con ten t  f o r  K a r l  F i s c h e r  da ta  versus XRD 

(15 samples) y i e l d e d  a c o r r e l a t i o n  c o e f f i c i e n t  o f  (0.887). 

F i s c h e r  t o  XRD r e l a t i o n s h i p  i s  presented i n  F i g u r e  4. 

The K a r l  

The l i n e a r  reg ress ion  equa t ion  f rom t h e  da ta  i n  F i g u r e  3 i s  

y=O.O041x + 0.057. 

F i g u r e  4 i s  y=0.0048 x + 0.11. 

t h a t  t h e  water  conten t  t o  c r y s t a l  f o rm r e l a t i o n s h i p  i s  t h e  same f o r  bo th  

c o l l e c t i o n s  o f  data. 

c o e f f i c i e n t  ob ta ined f rom t h e  da ta  i n  F i g u r e  4 i n d i c a t e  t h a t  t h e  15 

l a b o r a t o r y  samples had h i g h e r  wa te r  con ten ts  and n a t u r a l l y  had a more 

random r e l a t i o n s h i p  than t h e  s p e c i a l l y  prepared samples descr ibed i n  

F i g u r e  3.  

surface mo is tu re  i n  t h e  15 l a b o r a t o r y  samples than i n  t h e  two samples 

se lec ted  f o r  t h e  p repara t i on  o f  t h e  s tandard  r a t i o s .  

The transposed reg ress ion  equat ion  f rom t h e  da ta  i n  

The s i m i l a r i t y  i n  t h e  s lopes i n d i c a t e s  

The h i g h e r  i n t e r c e p t  and t h e  lower  c o r r e l a t i o n  

The d i f f e rences  i n  t h e  i n t e r c e p t s  was p o s s i b l y  due t o  h i g h e r  

Table 7 summarizes t h e  r e l a t i o n s h i p  between t h e  thermal p r o p e r t i e s  

and t h e  form o f  fenoc t im ine  s u l f a t e .  

between t h e  percent form A, means and ranges, and t h e  m e l t i n g  proper- 

t i e s .  

me l t ing ,  t h e  mean percent form A i s  h i g h e s t  i n  t h e  low m e l t i n g  samples, 

lowest  i n  the  h i g h  m e l t i n g  samples and in te rmed ia te  i n  t h e  mixed m e l t i n g  

samples. 

n e c e s s a r i l y  imp ly  t h a t  a sample i s  o n l y  o r  n e a r l y  a l l  f o rm A o r  f o rm B. 

Note i n  F i g u r e  4 t h a t  low, mixed and h i g h  m e l t i n g  samples d e f i n i t e l y  

popu la te  respec t i ve  reg ions  of t h e  fo rm A versus water con ten t  r e l a t i o n -  

ship, bu t  t h a t  these reg ions  are f a i r l y  l a r g e  and l o o s e l y  de f ined.  

There i s  a d e f i n i t e  r e l a t i o n s h i p  

Though t h e r e  i s  cons ide rab le  o v e r l a p  between low m e l t i n g  and mixed 

I t  i s  a l s o  c l e a r  t h a t  t h e  terms 'llow'' and "high" m e l t i n g  do n o t  
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FENOCTIMINE SULFATE HYDRATION 253 

TABLE 6 
C r y s t a l  Form Content 

Melting Water % Form 
Lot NO.  Treatment Range Contenta A 
2449: 52 i n i t i a l  low -- 99 
2449:65 (7903324) i n i t i a l  low 
2449 : 78 i n i t i a l  low 
2449:79 (8000310) i n i t i a l  mixed 
2449:79 (8000310) t r i t u r a t e d  high 
2449:95 (8001237) i n i t i a l  low 
2449:95 i8001237j 800 x 1 mo. 
2449 : 102 i n i t i a l  
2449: 103 i n i t i a l  
2449 : 104 i n i t i a l  
2449 : 105 i n i t i a l  
2449:107 (8002165) i n i t i a l  
2473:196B (7800218) i n i t i a l  
2473:196B (7800218) RT x 9 mo. 
2473:196B (7800218) RT x 9 mo. 
2473:206A (7802539) i n i t i a l  
2473:206A (7802539) compressed & t r i t .  
2473:206A (7802539) RT x 20 mo. 
2473 :226A i n i t i a l  

i n i t i a l  2473:238A 
2473 : 238A 
2473:238B 
2473 :239A 
2473 : 2398 
2473 : 239C 
2473:253A 
2473 : 260A 
2473 : 26614 
2473 : 278A 
2473 : 278B 
2473 : 278B 
2473 : 278B 
2902:20B 
2902 : 20B 
2902 :23A 
2902 : 23A 
2902 : 23A 
2916:2A 
2916 :2A 

2916:3A (7900442) 
2916:3A (7900442) 
2916:3A (7900442) 

2316:3A (7900442) 
2916:3A (7900442) 
2916:3A (7900442) 
2916:3A (7900442) 

~ ~~ 

dr ied  
i n i t i a l  
i n i  t i a1 
i n i t i a l  
i n i t i a l  
i n i t i a l  
i n i t i a l  
i n i t i a l  
i n i t i a l  
i n i t i a l  
80 mesh 
t r i t u r a t e d  
i n i t i a l  

i n i t i a l  
80 mesh 
t r i t u r a t e d  
i n i t i a l  
compressed & 

i n i t i a l  
3 hr .  x 1050b 
3 h r .  x 105' 

RT x 5 mo. 
60' x 5 mo. 
8 0 °  x 3 mo. 
8O0 x 3 mo. 

RT x 20 mo. 

80 mesh 

+ RT x 18 hrb 

-- 
mixed 
low 
high 
low 
low 
mixed 

mixed 

high 
mixed 

high 
high 
high 
mixed 
high 
low 
mixed 
low 
low 

-- -- 
-- -- 

-- 

-- -- -- -- 
high -- -- 
low 

mixed 
low -- 
-- -- -- -- -- 

.. 
93 .. 

84 
64 
11 

104 
78 
76 
85 
46 
87 
90 
49 
56 
55 
64 
60 
62 
5 

66 
63 
16 

2 
18 
52 
21 
79 
87 
86 
53 
50 
52 
44 
51 
43 
45 
43 
92 

94 
107 
65 

69 
95 
83 
62 
81 

a Moles of  water per  moles of fenoctimine s u l f a t e  

Stored i n  open containers  
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254 WALKLING ET AL . 

TABLE 7 

C r y s t a l  Form Content as a Func t i on  o f  M e l t i n g  Range Category 

Percent  Form A 

Low M e l t i n g  Mixed M e l t i n g  H igh  M e l t i n g  

Mean 91 69 20 

Range 7P-107 49-94 2-46 

Std. Dev. 8.7 15.8 16.3 

No. 11 8 8 

TABLE 8 

E f f e c t  o f  Environment on t h e  Form o f  Fenoct imine S u l f a t e  as 

Determined by XRD 

Form A Form B 

L o t  2916:3A L o t  24731226A 

a t  80" a t  40'/80% RH 

x % 

Month 

0 107 94 

1 79 46 

2 70 50 

3 61 -- 

6 <9 0 
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FENOCTIMONE SULFATE HYDRATION 255 

Form I nterconvers i o n  

Though i t  i s  use fu l  t o  descr ibe fenoct imine s u l f a t e  samples i n  terms 

o f  t h e i r  thermal behaviors, water contents and c r y s t a l  forms and more 

important ly,  t o  r e l a t e  these p roper t i es  t o  each other, i t  i s  a l so  

necessary t o  determine i f  and how one form can be converted i n t o  t h e  

o t h e r  and t o  determine whether o r  not  one form i s  p re fe rab le  over  t h e  

other. 

Table 8 descr ibes t h e  e f f e c t  o f  h i g h  temperature (80') and ambient 

humid i ty  f rom a constant temperature oven on the  c r y s t a l  form o f  sample 

2619:3A ( f o r m  A) and t h e  e f f e c t  o f  warm (40*)  and humid (80% r e l a t i v e  

humid i ty)  cond i t i ons  f rom storage i n  a constant temperature/humidi ty oven 

on sample 2473:226A ( form B).  I n  both cases, g iven s u f f i c i e n t  time, each 

form was converted t o  t h e  other, i.e., form A was d r i e d  t o  form B and 

form B was hydrated t o  form A. 

I n  Table 9, i t  i s  demonstrated t h a t  when prepared as a suspension 

s u i t a b l e  f o r  admin i s t ra t i on  t o  l abo ra to ry  animals, form A remained 

form A, wh i le  form B was converted t o  form A w i t h  much o f  t h e  conversion 

occu r r i ng  w i t h i n  a few minutes a f t e r  preparat ion of t h e  suspension. 

means t h a t  regardless o f  t he  form used i n  a suspension, t h e  g r e a t e r  pro- 

p o r t i o n  o f  t he  fenoct imine s u l f a t e  w i l l  be present as form A w i t h i n  24 

hours and much o f  t he  conversion t o  form A w i l l  occur w i t h i n  minutes. 

Complete conversion t o  form A was not  demonstrated t o  occur w i t h i n  three 

weeks probably because water was no t  ab le t o  completely penetrate t h e  

s l i g h t l y  so lub le fenoct imine s u l f a t e  p a r t i c l e s .  

This  

I n t r i n s i c  d i s s o l u t i o n  i s  a measure o f  t h e  r a t e  of d i s s o l u t i o n  of a 

s o l i d  independent o f  t h e  sur face area o f  t h a t  so l i d .  

Table 10 t h a t  form A dissolves s l i g h t l y  more r a p i d l y  than form B though 

i n  p r a c t i c a l  terms, t h e i r  i n t r i n s i c  d i s s o l u t i o n  ra tes  are equiva lent  and 

I t  i s  ev ident  f rom 
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TABLE 9 

Form o f  Fenoctirnine S u l f a t e  Recovered f rom Suspension Stored  

a t  Room Temperature as Determined by XRD 

Form A F i n a l  Age o f  

Suspension Composit ion I n i t i a l  F i n a l  Suspension 
% % 

B 1882-6 L o t 2 44 9 : 1 02 A, 110 109 2 1  days 

30 mglml i n  0.5 

t ragacan t h 

6 1882-H L o t  2437:226A, 0 

30 rnglml i n  0.5 

t ragac an t  h 

75 2 1  days 

3592 :22c L o t  2 473 : 22 6A, 0 42 5 min. 

30 rnglml i n  water  0 77 19  hrs .  

TABLE 10 

E f f e c t  o f  t h e  Form of Fenoct imine S u l f a t e  on t h e  I n t r i n s i c  

D i s s o l u t i o n  o f  Fenoct imine i n  pH 2.0 B u f f e r  Conta in ing  10 

A lcoho l  a t  37'. 

L o t  

XRD I n t r i n s i c  D i s s o l u t i o n  
2 Form A rng*/cm /min 

% 

2916:3A 107 0.080 

2449: 107 90 0.067 

2 47 3 : 2 66A 87 0.067 

2 4 7 3 : 2 06A 64 0.066 

2 473 : 1 96B 49 0.068 

2473 :22 6A 5 0.061 

* Fenoct imine 
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FENOCTIMINE SULFATE HYDRATION 

TABLE 11 

E f f e c t  o f  Form o f  Fenoctimine S u l f a t e  on t h e  E q u i l i b r i u m  

S o l u b i l i t y  o f  Fenoctimine a t  Room Temperature 

257 

Solubi  1 i ty, mg*/ml 

Med i urn 

L o t  2916:3A L o t  2473:226A 

Form A Form B 

g a s t r i c  f l u i d ,  TS, USP, 

wi thout  pepsin (pH 1.2) 

i n t e s t i n a l  f l u i d ,  TS, USP, 

wi thout  pancreat in (pH 7.3) 

p u r i f i e d  water, USP** 

0.067, 0.070 0.055, 0.065 

0.68, 0.64 0.67, 0.66 

1.39, 1.31 1.26, 1.37 

* F enoct i m i  ne 

** pH 2.4 a f t e r  s a t u r a t i o n  

bear l i t t l e  r e l a t i o n s h i p  t o  t h e  percent o f  form A o r  form B present. 

was no t  unexpected t h a t  form A d isso lved f a s t e r  than form B as t h e i r  

thermal proper t ies demonstrated t h a t  such a thermodynamic r e l a t i o n s h i p  

existed. However, t he  lack o f  a major d i f f e r e n c e  i n  d i s s o l u t i o n  rate,  

t he  f a i l u r e  t o  demonstrate a dependence o f  d i s s o l u t i o n  r a t e  on t h e  compo- 

s i t i o n  o f  t he  sample and t h e  proven ease o f  conversion from form B t o  

form A i n  water suggests t h a t  on t h e  sur face o f  t he  d i scs  used i n  t h e  

i n t r i n s i c  d i s s o l u t i o n  experiments form B converted t o  form A. 

I t  
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WALKLING ET AL. 258 

While Table 10 descr ibes  t h e  weak e f f e c t  o f  t h e  fenoc t im ine  s u l f a t e  

fo rm on i n t r i n s i c  d i s s o l u t i o n  ( t h e  r a t e  o f  d i s s o l u t i o n ) ,  Tab le  11 

descr ibes  t h e  t o t a l  l ack  o f  e f f e c t  o f  f enoc t im ine  s u l f a t e  form on equi-  

l i b r i u m  s o l u b i l i t y  ( t h e  e x t e n t  of d i s s o l u t i o n ) .  I n  p r a c t i c a l  terms, 

regard less  o f  t h e  form o f  f enoc t im ine  s u l f a t e  employed, i t  i s  fo rm A 

which u l t i m a t e l y  e x i s t s  a t  t h e  wa te r l f enoc t im ine  s u l f a t e  i n t e r f a c e  and, 

consequently, i t  i s  fo rm A which i s  exposed t o  t h e  aqueous environment o f  

a b i o l o g i c a l  system. 

FOOTNOTES 

1 

2 

3 

FPZ ho t  stage, M e t t l e r  Ins t rument  Corp., Hightstown, NJ 

0852 0. 

Aquatest  I V ,  Pho tovo l t  Corp., New York, NY 10010. 

ES Labora tor ies ,  Wrightstown, NJ 08562. 
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