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ABSTRACT 

The c h e m i c a l  and enzymat i c  h y d r o l y s i s  o f  t h e  g l y c e r o l - ( 2 ) .  g l y c o l i c  

a c i d - ( 3 ) ,  and m o r p h o l i n o  e t h y l - ( 3 )  e s t e r  d e r i v a t i v e s  o f  7 - ( 4 - m e t h y l t h i o b e n z o y l )  

b e n z o f u r a n - 5 - y l - a c e t i c  a c i d  (RS-82917. 1) were e v a l u a t e d  f o r  p o t e n t i a l  

a p p l i c a t i o n  as p r o d r u g s .  I n  aqueous s o l u t i o n  w i t h  pH f r o m  1-10,  a l l  t h r e e  

e s t e r  d e r i v a t i v e s  h y d r o l y z e d  q u a n t i t a t i v e l y  t o  1. R a t e  e x p r e s s i o n s  were 

d e r i v e d  f r o m  t h e  l o g ( r a t e ) - p H  p r o f i l e s  f o r  each e s t e r ,  and pH dependen t  

i n t r a m o l e c u l a r  c a t a l y s i s  was p roposed  t o  a c c o u n t  f o r  t h e  h y d r o l y s i s  k i n e t i c s  

o f  a l l  t h r e e  e s t e r s .  None o f  t h e  e s t e r  aqueous s o l u t i o n s  c a n  p r o v i d e  t w o - y e a r  

s h e l f - l i f e  a t  25°C. The r a t e  o f  h y d r o l y s i s  was a c c e l e r a t e d  s i g n i f i c a n t l y  b y  

human and mouse p lasma enzymes f o r  2 and 4 and b y  mouse l i v e r  homogenate f o r  

2 ,  3 and 4. 

INTRODUCTION 

E s t e r i f i c a t i o n  o f  a c i d i c  n o n - s t e r o i d a l  a n t  

has been p r o v e d  t o  b e  an  e f f e c t i v e  way o f  reduc  

- i n f l a m m a t o r y  

ng t h e  G I  i r r  

(NSAI)  a g e n t s  

t a t i o n  common Y 

encoun te red  f o r  t h e s e  a g e n t s . '  -4 With p r o p e r  d e s i g n ,  t h e  e s t e r  p r o d r u g s  can  

o f t e n  have comparab le  b i o - a c t i v i t y  t o  t h a t  o f  t h e  p a r e n t  d r u g ,  t h u s  p r o v i d i n g  

a b e t t e r  t h e r a p e u t i c  r a t i o .  Many e s t e r  p r o d r u g s  o f  N S A I  a g e n t s  a r e  
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210 GU, DUNN, AND DVORAK 

commerc ia l l y  a v a i l a b l e  o r  a re  under va r ious  phases o f  c l i n i c a l  t r i a l s !  

a r e  i n t e r e s t e d  i n  t h e  genera l  a p p l i c a t i o n  o f  t h e  p romo ie t i es  used i n  these 

success fu l  examples t o  t h e  new drugs under development. 

t h e  chemlcal  and enzymatic h y d r o l y s i s  k l n e t i c s  o f  t h e  g l y c e r o l  (z ) ,  g l y c o l i c  

a c i d  ( J ) ,  and morpho l ino  e t h y l  e s t e r s  ( 5 )  f o r  an i n v e s t i g a t i o n a l  ana lges i c  

agent,  7-(4-methyl  t h iobenzoy l )  -benzofuran-5-y1 - a c e t i c  a c i d  (RS-82917, 1).5'6 

We 

Th is  paper eva lua tes  

0 

R =  
1, -H 

L A -  

CH,S' W 

O L r - l  

2, -CH,CH(OH)CH,OH 

3, -CH,COOH 
A 

'COOR l!ll &J 

EXPERIMENTAL 

Mater i a 1 s 

RS-82917 (1) and t h e  a c i d  c h l o r i d e  o f  1. were prepared accord ing  t o  t h e  

method p r e v i o u s l y  descr ibed? 

chromatography (HPLC)-grade a c e t o n i t r i l e  and methanol were used f o r  t h e  

p repara t i on  o f  mob i l e  phase. A l l  o t h e r  chemicals were regent  grade and were 

used as rece ived.  

Nanopureo water  and high-performance l i q u i d  

Preparation o f  1 -G lyce ro l  E s t e r  o f  RS-82917 (2 )  

The a c i d  c h l o r i d e  o f  l ( 4 . 0  g, 0-01 M )  was d i s s o  ved i n  50 mL 

dichloromethane and t h e  s o l u t i o n  was added t o  a s t i r r  ng m i x t u r e  o f  4.0 g 

(0.03M) s o l k e t a l ,  1 .2  g (0.01 M) t r i e t h y l a m i n e  and 50 mL CH2C12. 

hours t h e  s o l u t i o n  was e x t r a c t e d  w i t h  water  ( 2  x 100 mL) and t h e  organ ic  phase 

was d r i e d  over  anhydrous sodium s u l f a t e .  

reduced pressure  and t h e  r e s i d u a l  o i l  was d i s s o l v e d  i n  to luene  and pe rco la ted  

over  60 g s i l i c a  g e l .  

i s o l a t e d  by evapora t ion  o f  s o l v e n t  under reduced pressure  and 

r e c r y s t a l l i z a t l o n  f rom cyclohexane. M.P.  88-90°C. 

A f t e r  16 

The s o l v e n t  was evaporated under 

P u r i f i e d  1 ,3 -d ioxo lan  4 - y l  methy l  e s t e r  o f  1 was 
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PREFORMULATION PRODRUG RESEARCH 211 

A m i x t u r e  o f  10.6 (0.024 M) o f  t h e  1 , 3 - d i o x o l a n - 4 - y l  m e t h y l  e s t e r  o f  1 
and 100 mL 70% a c e t i c  a c i d / w a t e r  was heated  t o  60°C f o r  1 h o u r .  The r e a c t i o n  

m i x t u r e  was c o o l e d  

P r e c i p i t a t e d  s o l i d  

d i s s o l v e d  i n  50 mL 

sodium s u l f a t e  and 

p r e s s u r e .  The r e s  

r e c r y s t a l l i z e d  

s t r u c t u r e .  Ana 

H .  4.91 .  

P r e p a r a t i o n  o f  

t o  ambient tempera ture  and d i l u t e d  w i t h  200 mL w a t e r .  

was c o l l e c t e d ,  washed w i t h  water ,  p a r t i a l l y  a i r  d r i e d ,  and 

d i c h l o r o m e t h a n e .  The s o l u t i o n  was d r i e d  w i t h  anhydrous 

t h e  s o l v e n t  was removed b y  e v a p o r a t i o n  under reduced 

d u a l  o i l  s l o w l y  c r y s t a l l i z e d  and t h e  c r u d e  s o l i d  was 

rom e t h y l  a c e t a t e .  

. Ca lcd .  f o r  C21H2006S: 

M.P.  92-94OC; 'HNMR c o n s i s t e n t  w i t h  

C ,  62.98; H ,  5.03 Found: C ,  62.60; 

l y c o l i c  A c i d  E s t e r  o f  RS182917 ( 3 1  

To a s o l u t i o n  o f  g l y c o l i c  a c i d  ( 2 . 3  g,  0.03 M) and t r i e t h y l a m i n e  ( 8 . 5  mL. 

0 .06 lM)  i n  50 rnL THF a t  i c e  b a t h  t e m p e r a t u r e  was added 5.58 g o f  t h e  a c i d  

c h l o r i d e  o f  1 i n  7 5  mL THF o v e r  a p e r i o d  o f  30 min .  The m i x t u r e  was warmed t o  

room t e m p e r a t u r e  ( R l )  a f t e r  t h e  a d d i t i o n ,  s t i r r e d  f o r  a d d i t i o n a l  1 6  hours ,  

added t o  H20 ( 2  x 100 mL) and a c i d i f i e d  w i t h  10% HC1. 

e x t r a c t e d  w i t h  E t O A C .  d r i e d  w i t h  MgS04 and evapora ted  t o  y i e l d  6 . 2  g o f  

c rude p r o d u c t .  The c r u d e  p r o d u c t  was chromatographed on a s i l i c a  g e l  column 

(EtOAc: hexane: HOAc (40 /60 /2) )  f o l l o w e d  by r e c r y s t a l l i z a t i o n  f rom 

acetone/hexane t o  y i e l d  3.7 g o f  compound 2.. 

c o n s i s t e n t  w i t h  s t r u c t u r e .  Ana l .  Ca lcd .  f o r  ClgHl6O6S: C ,  62.49; H, 

4.20. Found: C ,  62.53; H ,  4.25. 

The m i x t u r e  was t h e n  

M . P .  142-144 " C ;  'IINMR 

P r e p a r a t i o n  o f  M o r p h o l i n o e t h y l  E s t e r  S u l f a t e  ( 4 )  

A c l d  c h l o r l d e  o f  1. (11 .2  g ,  0.031 M)  was d i s s o l v e d  i n  120 mL o f  CH2C12 

and t h e  s o l u t i o n  was added dropwise  o v e r  a p e r i o d  o f  30 m i n  t o  an i c e  b a t h  

c o o l e d  s o l u t i o n  o f  4 m o r p h o l i n o e t h a n o l  (8 .75  g, 0.067 moles)  i n  150 rnL o f  

CH2C12. 

a d d i t i o n a l  16 hours .  The r e a c t i o n  s o l u t i o n  was t h e n  added t o  250 mL o f  10% HC1 

and e x t r a c t e d  w i t h  CH2C12. 

Na2C03 aqueous s o l u t i o n  and d r i e d  o v e r  Na2S04 and e v a p o r a t e d  t o  y i e l d  

The m i x t u r e  was warmed t o  R T  a f t e r  t h e  a d d i t i o n  and s t i r r e d  f o r  an  

The o r g a n i c  l a y e r  was washed w i t h  H20, 10% 
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212 GU, DUNN, AND DVORAK 

13.5 g o f  t h e  crude produc t .  The crude p roduc t  was chromatographed on a s i l i c a  

g e l  column i n  acetone: hexane (50/50) t o  y i e l d  11.5 g o f  morpho l ino  e t h y l  e s t e r  

o f  1. 

To t h e  s o l u t i o n  o f  2 -morpho l inoethy l  e s t e r  o f  l ( 4 . 0  g, 0.091 M) i n  80 mL 

CH2C12/2-propanol (50/50) was added s l o w l y  H2S04 (1 .0  g, 0.010 M )  i n  16 mL 

2-propanol  s o l u t i o n .  

5.0 g o f  t h e  crude p roduc t .  

compound 4. 
C48H52N2014S2; C ,  59.0; H, 5.36; N, 2.87; Found: 

The CH2C12 i n  t h e  m i x t u r e  was then removed t o  y i e l d  

R e c r y s t a l l i z a t i o n  f rom methanol y i e l d  4.0 g o f  

m.p. 104-106°C; 'HHMR c o n s i s t e n t  w i t h  s t r u c t u r e .  Ana l .  Calcd.  f o r  

C ,  55.6; H, 5.59; N, 2.96. 

HPLC Methods 

HPLC was performed u s i n g  a Spectra-Physics Model 8700 pump, K ra tos  757 

v a r i a b l e  wavelength UV d e t e c t o r ,  M i c r o m i r e t i c s  728 autosampler and a 

Spectra-Physics 4100 computing i n t e g r a t o r .  

and a t  a s e n s i t i v i t y  o f  0.05 AUFS. A C18 (Whatman P a r t i s i l  5 p )  column was 

used and t h e  f l o w  r a t e  was c o n t r o l l e d  a t  1 . 0  mL/min. Mob i l e  phase A wh ich  

conta ined MeOH/H20/HOAc (70/30/1) was used f o r  t h e  a n a l y s i s  o f  compounds 2 

and 3 i n  t h e  presence o f  1. 

phosphate b u f f e r ;  0.01 M heptane s u l f o n i c  acid)/THF (47.5/40/12.5) was used 

f o r  t h e  a n a l y s i s  o f  compound 4 i n  t h e  presence o f  1. 

The d e t e c t i o n  wavelength was 320nm 

Mob i le  phase B which conta ined MeOH/H20 (0 .01  M 

K i n e t i c s  i n  Aqueous S o l u t i o n  

B u f f e r s  were prepared a t  0.020 M t o t a l  c o n c e n t r a t i o n  u s i n g  ace ta te ,  

phosphate, o r  carbonate.  NaCl was added t o  a d j u s t  t h e  i o n i c  s t r e n g t h  t o  

0.50. The pH o f  each b u f f e r  s o l u t i o n  was measured a t  t h e  r e a c t i o n  

temperature.  For  t h e  very  a c i d i c  and bas i c  s o l u t i o n s ,  aqueous HC1 and KOH 

s o l u t i o n s  were used t o  o b t a i n  t h e  d e s i r e d  pH. T y p i c a l l y ,  1 .0  mL o f  a 1 .0  

mg/mL s tock  methanol s o l u t i o n  o f  t h e  d e r i v a t i v e  was added t o  100 mL o f  a 

f r e s h l y  prepared b u f f e r  s o l u t i o n .  A l i q u o t s  ( 5  mL) o f  t h i s  s o l u t i o n  were 

removed and p laced i n  5 mL c l e a r  g l a s s  ampules. The ampules were sealed and 

s to red  i n  a cons tan t  temperature wa te r  ba th  a t  t h e  des i red  tempera ture .  A t  

predetermined t ime  pe r iods ,  t h e  samples were removed and assayed by HPLC.  
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PREFORMULATION PRODRUG RESEARCH 

K i n e t i c s  i n  B i o l o g i c a l  Media 

A s o l u t i o n  c o n t a i n i n g  5 ug/mL o f  t h e  d e r i v a t i v e s  was prepared n 0.01 M 

pH 7.4 phosphate b u f f e r  ( p  = 0.5) c o n t a i n i n g  BOX ( v / v )  mouse plasma 10% 

mouse l i v e r  homogenate o r  80% human plasma. 

a l i q u o t s  were wi thdrawn and added t o  an equal  volume o f  CH3CN. 

s o l u t i o n s  were mixed on a Votex m i x t u r e  f o r  30 sec and c e n t r i f u g e d  f o r  3 min .  

The supernatan t  was d i l u t e d  w i t h  mob i l e  phase ( 1 : l )  and ana lyzed by HPLC. 

A t  t h e  a p p r o p r i a t e  t i m e  p o i n t s ,  

The 

213 

RESULTS AND DISCUSSION 

Hydro l ys i s  i n  Aqueous S o l u t i o n  

The h y d r o l y s i s  o f  compounds 2 - 4 i n  aqueous s o l u t i o n  was s t u d i e d  a t  25°C 

and 37OC f rom pH 1 t o  10. The e x t e n t  o f  t h e  r e a c t i o n  was f o l l o w e d  by reve rse  

phase HPLC. A l l  r e a c t i o n s  gave s t r i c t l y  f i r s t  o r d e r  k i n e t i c s  and p a r e n t  d rug  

1 was t h e  q u a n t i t a t i v e  p roduc t  i n  each case. 

concen t ra t i ons  on t h e  r a t e  o f  h y d r o l y s i s  f o r  compounds 2 - 4 was examined a t  

pH 7 .4  us ing  phosphate b u f f e r  (0.02-0.10 M) and was found t o  be n e g l i g i b l e .  

The e f f e c t  o f  b u f f e r  

The dependences o f  t h e  h y d r o l y s i s  k i n e t i c s  on t h e  s o l u t i o n  pH f o r  t h e  

g l y c e r o l  e s t e r  2 and g l y c o l i c  a c i d  e s t e r  3 a r e  shown i n  F igu res  1 and 2 

r e s p e c t i v e l y .  The shapes o f  t h e  l o g ( r a t e ) - p H  p r o f i l e s  o f  t hese  two e s t e r s  a r e  

s i m i l a r  and i n d i c a t e  t h e  occurrence o f  s p e c i f i c  a c i d - c a t a l y z e d  (kH) .  n e u t r a l  

o r  wa te r  ca ta l yzed  ( k o ) ,  and s p e c i f i c  base -ca ta l yzed  (koH) processes 

accord ing  t o  t h e  f o l l o w i n g  r a t e  express ion :  

= k a  t k o t k  a kobs H H 011 OH 

where aH and aOH a r e  t h e  hydrogen i o n  and hyd rox ide  i o n  a c t i v i t y  a t  t h e  

r e a c t i o n  temperature.  The b e s t  f i t  r a t e  cons tan ts  d e r i v e d  f o r  compounds 2 and 

- 3 us ing  a n o n - l i n e a r  curve  f i t t  ng method and equa t ion  ( 1 )  a r e  summarized i n  

Table 1 .  The s o l i d  curves i n  F gures 1 and 2 were cons t ruc ted  f rom these 

de r i ved  r a t e  cons tan ts .  
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- 2  

- 3  

- 4  

- 5  

- 6  

- 7  

- 8  

I I I I I I 

0 2 4 6 8 10 12 

IJ H 

F igu re  1 .  Log ( ra te )  -pH p r o f i l e  f o r  t h e  h y d r o l y s i s  o f  compound 2 i n  H 2 0  a t  
2 5 Y  (0)  and 37°C ( a ) .  
t h e  b e s t  f i t  values o f  kH, ko  and kohl ob ta ined  by n o n - l i n e a r  
reg ress ion  a n a l y s i s  u s i n g  equa t ion  1. 

The l i n e s  f o r  kobZ a r e  cons t ruc ted  f rom 

The a c i d - c a t a l y z e d  ( k H )  and base-ca ta lyzed (koH)  r a t e  cons tan ts  f o r  2 

a r e  each about 4 f o l d  g r e a t e r  than t h a t  o f  3 .  

a t t r i b u t e d  t o  t h e  e l e c t r o n i c  e f f e c t ,  i . e .  t h e  n e u t r a l  g l y c e r o l  (pK, = 1 4 . 4 )  

( 6 8 )  i s  expected t o  be less  bas i c  than  t h e  g l y c o l a t e  an ion  and thus  i s  a 

b e t t e r  l e a v i n g  group. 

e l e c t r o n i c  s t a b i l i z a t i o n  o f  t h e  p ro tona ted  2 (a) prov ided  by t h e  hyd roxy l  

group i s  suggested (Scheme 1 ) .  S i m i l a r  s t a b i l i z a t i o n ,  however, i s  unava l a b l e  

f o r  compound 3 which e x i s t s  ma in l y  i n  t h e  f r e e  a c i d  fo rm a t  t h e  pH range where 

t h e  ac id -ca ta l yzed  process dominates.  

The h i g h e r  kOH o f  2 can be 

To e x p l a i n  t h e  h i g h e r  k H  o f  3, a ne ighbor ing  
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- 2  

- 3  

- 4  

- .- 
u - 5  9 

s 

m -6 

- 

Y 

- 

- 7  

- 8  

- 9  I I I 1 1 I 

0 2 4 6 8 10 12 

PH 

f i g u r e  2 .  L o g ( r a t e ) - p H  p r o f i l e  f o r  t h e  h y d r o l y s i s  o f  compound 3 i n  H20 a t  
25OC (0) and 37°C ( Q ) .  
t h e  b e s t  f i t  va lues  o f  kH, ko  and k0H o b t a l n e d  b y  n o n - l i n e a r  
r e g r e s s i o n  a n a l y s i s  u s i n g  e q u a t i o n  1. 

The l i n e s  f o r  kobs a r e  c o n s t r u c t e d  f r o m  

l a b l e  1 K i n e t i c  A n a l y s i s  of H y d r o l y s i s  o f  Var ious  E s t e r  D e r i v a t i v e s  o f  1 i n  
Aqueous S o l u t i o n  

__- 

Temp kH k 0  k ' 0  kOH 

PKa 7 -1 5 -1 M - l  , s  -1 Compound " C  x ~ O ~ , M - ~ S - ~  x10 , s  x10, s 

.. 1.8  

4.5 

7 25 5 . 5  0.043 . -  - 

.. a .- 37 25 

- 3 25 1 .4  0.50  0.38 

0.78 .. 37 3.9 2.0 

- 4 25 1 .2  1 . 3 3 . 0  1 .o 6.34 

37 4 .8  4 .0  7.6 2.6 6.24 
_. -- 

a N e g l i g i b l e  
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Scheme 1 

a b 

Scheme 2 Suggested Intramolecular Catalysis Pathways fo r  the Hydrolysis of 3 

The k va lue  o f  3,  on t h e  o t h e r  hand, i s  - 12 f o l d  g r e a t e r  t h a n  t h a t  
0 

o f  2 a t  2 5 ° C .  Two p o s s i b l e  mechanisms (Scheme 2) may be suggested: ( a )  an 

i n t r a m o l e c u l a r  genera l  base c a t a l y s i s  by t h e  c a r b o x y l a t e  a n i o n  on w a t e r  a t t a c k  

o f  t h e  e s t e r  bond, and ( b )  a k i n e t i c a l l y  e q u i v a l e n t  n e u c l e o p h i l i c  c a t a l y s i s  on 

t h e  e s t e r  bond f o l l o w e d  by r a p i d  h y d r o l y s i s  o f  t h e  a n h y d r i d e  i n t e r m e d i a t e .  

Both types  o f  mechanisms have been found i n  t h e  h y d r o l y s i s  o f  

0 - a c y l a l i c y l i c  a c i d s . '  

c o n s i d e r i n g  t h e  r e l a t i v e l y  smal l  c a t a l y s i s  (e .g .  = 12X) observed ( 8 ) .  The 

l a c k  o f  a s igmoid  c u r v a t u r e  a t  pH n e a r  pKa (.- 3.15 ) i n  t h e  l o g ( r a t e ) - p H  

p r o f i l e  ( F i g u r e  2) may r e s u l t  f rom an a c c i d e n t a l  compensat ion between ko  and 

k', (Scheme 3 ) .  

General base c a t a l y s i s  p r o b a b l y  i s  more l i k e l y  f o r  3 

9 

Attempts t r y i n g  t o  f i t  t h e  kobs d a t a  o f  compound 3 t o  Scheme 3 r e s u l t e d  

i n  l a r g e  u n c e r t a i n t i e s  on b o t h  t h e  ko  and k I o  va lues  due t o  t h e  l a c k  o f  
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0 II CI 
K.? p\ 

YC'O-CH,COOH 0 -CH,-COO 

0 

Scheme 3 Suggested Kinetic Pathways for the Hydrolysis of 3 

s u f f i c i e n t  d a t a  p o i n t s  n e a r  pKa. 

h e r e .  

These v a l u e s  a r e  t h e r e f o r e  n o t  r e p o r t e d  

The dependence o f  t h e  h y d r o l y s i s  k i n e t i c s  on t h e  s o l u t i o n  pH f o r  t h e  

m o r p h o l i n o  e t h y l e s t e r  5 i s  shown i n  F i g u r e  3 .  

A l t h o u g h  o t h e r  k i n e t i c a l l y  compe ten t  systems a r e  n o t  r u l e d  o u t ,  t h e  

p r o f i l e s  i n  F i g u r e  3 can  be d e s c r i b e d  b y  Scheme 4 and f i t  t o  t h e  f o l l o w i n g  

f o r m u l a  : 

where a H / ( a H  t K a )  and Ka / (aH t K a )  a r e  t h e  f r a c t i o n s  o f  p r o t o n a t e d  

diid u n i o r i i L e d  4 r e s p e c l l v e l y .  

The v a l u e s  o f  v a r i o u s  r a t e  c o n s t a n t s  and d i s s o c i a t i o n  c o n s t a n t s  d e r i v e d  

u t i n g  n o n - l i n e a r  c u r v e  f i t t i n g  method and e q u a t i o n  ( 2 )  a r e  summarized i n  T a b l e  

1 .  The k i n e t i c  pKa o f  4 a t  25°C was 6 .34 ,  i n  good agreement  w i t h  t h a t  

o b t a i n e d  f r o m  t h e  s o l u b i l i t y  method(pKa = 6.4)" .  The s o l i d  c u r v e s  drawn 

i n  F i g u r e  3 were  c o n s t r u c t e d  f r o m  k i n e t i c a l l y  o b t a i n e d  r a t e  c o n s t a n t s  and 

pKas. T h a t  t h e  v a l u e  o f  k I o  -200 f o l d  g r e a t e r  t h a n  k o  s u g g e s t s  t h a t  
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- 1  

- 2  

- 3  

- 6  

- 7  

- 8  
0 2 4 6 8 10 12 

PH 

F i g u r e  3 .  Log( ra te ) -pH p r o f i l e  f o r  t h e  h y d r o l y s i s  o f  compound 4 I n  H20 a t  
2 5 O C  (0) and 37°C ( 0 ) .  
t h e  b e s t  f i t  va lues  o f  kH, ko and k0H o b t a i n e d  by n o n - l i n e a r  
regrcssicjn d n a l y s i s  u s i n g  e q u a t i o n  2 .  

The l i n e s  f o r  kobs a r e  c o n s t r u c t e d  f rom 

Scheme 4 Suggested Kinetic Pathways for the Hydrolysis of 4 
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Scheme 5 

Table 2 H a l f - l i v e s  o f  Hydro l ys i s  o f  Var ious E s t e r  D e r i v a t i v e s  o f  1 i n  0.10 N 
HC1 and i n  0.094 pH 7.4 Phosphate B u f f e r ,  Mouse Plasma ( B O X ) ,  Mouse 
L i v e r  Homogenate (13%). o r  Human Plasma (80%) a t  37°C. 

Hydro l ys i s  Hal f - L i  f e 
80% Mouse 13% Mouse 80% Human 

Subs t ra te  pH l a  pH 7.4a Plasmab L i v e  Homogenateb Plasmab 

2 7.1 h 81h 2.6 min.  < 0.5 min.  9.0 min.  

- 3 43 h 408h 10.2 h 0.88 min. 65 h 

3 39 h 3.6 h 1.4 min. 6.1 min.  4.8 min .  

a E x t r o  o l a t e d  f rom t h e  l o g  ( r a t e ) - p H  p r o f i l e  f o r  each compound; see F igu res  
1-3. 1 I n  0.05 M pH 7.4 phosphate b u f f e r .  

i n t r a m o l e c u l a r  genera l  base c a t a l y s i s  f rom t h e  amino group on to  t h e  water  

molecule i s  occur r ing ' ' ,  as shown i n  Scheme 5. 

Enzymatic Hyd r o l  y s i  s 

The h y d r o l y s i s  o f  compounds 2-4 was a l s o  i n v e s t i g a t e d  a t  pH 7.4 and 37°C 

i n  phosphate buffer/mouse plasma (20/80), phosphate bu f fe rhnouse l i v e r  

homogenate (90/10) o r  phosphate buffer/human plasma ( 2 0 4 0 ) .  I n  a l l  cases 1 

was found t o  be t h e  q u a n t i t a t i v e  p roduc t  by HPLC and Table 2 summarizes t h e  

h a l f - l i v e s  ob ta ined.  For comparison, t h e  non-ca ta lyzed chemical  deg rada t ion  

r a t e s  o f  2-3 i n  phosphate b u f f e r  a t  37°C a r e  a l s o  i nc luded  i n  Tab le  2. 

Human plasma enzymes a c c e l e r a t e  t h e  h y d r o l y s i s  o f  e s t e r s  2, 3 and 3 ,  by 

f a c t o r s  o f  540, 6.3 and 4 5  r e s p e c t i v e l y  and mouse plasma was 3-6 f o l d  more 

e f f e c t i v e  than t h e  human plasma. The un favorab le  e l e c t r i c  r e p u l s i o n  between 

the  n e g a t i v e l y  charged 3 and es te rase  l3'I4 a t  p h y s i o l o g i c a l  pH o f  7.4 may 
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have caused t h e  sma l le r  c a t a l y t i c  e f f e c t  observed f o r  t h e  h y d r o l y s i s  o f  3 

(Tab le  2 ) .  

F i n a l l y ,  l i v e r  enzymes appeared t o  be l e s s  s e l e c t i v e  as a l l  t h r e e  e s t e r s  

hydro lyzed t o  t h e  parent  d rug  1 r a p i d l y  (Tab le  2 ) .  

CONCLUSIONS 

The p romo ie t i es  i n  compounds 2-4 have been used i n  seve ra l  p rodrug 

a p p l i c a t i o n s  f o r  t h e  purpose o f  reduc ing  GI t o x i c i t i e s  o f  t h e  pa ren t  drugs. 

There fore ,  compounds 1-2 and t h e i r  c leaved p romo ie t i es  a r e  n o t  expected t o  

i n t r o d u c e  any unexpected GI t o x i c i t i e s .  Chemical ly,  a l l  t h r e e  e s t e r s  were 

reasonably s t a b l e  a t  pH 1-7.4 and 37°C (Tab le  2) suggest ing  t h a t  they  cou ld  

p o t e n t i a l l y  be absorbed as t h e  prodrug form. The g l y c e r o l  e s t e r  2 and 

morpho l ino  e t h y l  e s t e r  5 were a l s o  found t o  hyd ro l yze  r a p i d l y  ( t  1 /2  < 10  min)  

and q u a n t i t a t i v e l y  t o  t h e  parent  d rug  (1) i n  plasma and i n  l i v e r  homogenate. 

Al though t h e  g l y c o l i c  a c i d  e s t e r  3 has a t 1/2 o f  < 1 min i n  l i v e r  homogenate, 

i t s  slow convers ion  i n  plasma may prevent  i t s  p o t e n t i a l  use f o r  a p rodrug 

e s p e c i a l l y  i f  a r a p i d  and/or complete plasma l e v e l  o f  t h e  pa ren t  d rug  i s  

des i red  f o r  t he rapeu t i c  reasons. 

e s t e r  d e r i v a t i v e s  a t  25°C a r e  l e s s  than two years (kobs  > 9 x 10- l '  

sec ) a t  a l l  pHs s tud ied  (F igu res  2-4). L y o p h i l i z a t i o n  may prove t o  be 

necessary i f  an i n j e c t a b l e  f o r m u l a t i o n  i s  t o  be developed f o r  these e s t e r  

p rodrugs .  

The aqueous s h e l f - l i v e s  ( t g O )  o f  a l l  t h r e e  

-1 
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