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SUMMARY 

91 
The synthesis of three deuterated analogues[d4, d and d 6 

o f  the novel antidiarrhoeal agent 2-[ 3,3-diphenyl-3-(2-methyl-l,3,4- 

oxadiazol-5-yl) propyl]-2-azabicyclo[ 2,2,2]octane is described. The 

compounds prepared were of high isotopic purity and were used in 

metabolism and bioavailability studies. 

Key Words: 2-[3,3-diphenyl-3-(2-methyl-1,3,4-oxadiazol-5-y'1) propyl]-2-arabicyclo- 

[2,2,2]octane, deuterium, synthesis, isotopic purity. 

INTRODUCTION 

In orde r  to study the absolute availability in animals and man of the novel 

antidiarrhoeal agent, 2-[3,3-diphenyl-3-(2-methyl-1,3,4-oxadia~ol-5-y1) propyl] 

-2-azabicyclo 2,2,2 octane,' (Nufenoxole (R) G.D. Searle & Co. Ltd.) using the 

technique o f  co-administration o f  unlabelled drug and cold labelled druq, whilst 

using a further Labelled analogue as an internal standard and carrier for the mass 

spectrometric the synthesis of the compound with four and six deuterium 

atoms was required. The unlabelled compodnd and the tetradeutero analogue, which 

was labelled at a metabolically inert position, were administered simultaneously 

by intravenous and oral routes. The nonadeutero analogue was used to establish 
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t h e  f r a g m e n t a t i o n  pa thway  f o r  t h e  compound o b s e r v e d  u s i n g  the e l e c t r o n  i m p a c t  

~ O I L S B L L O ~  inode i n  t h e  mass s p e c t r o m e t e r .  
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DISCUSSION 

The s y n t h e t i c  r o u t e  t o  t h e  [“I-, I d 6 ] -  and  [ d q ]  a n a l o g u e s  i s  s i m i l a r  t o  t h a t  

d e s c r i b e d  f o r  t h e  u n l a b e l l e d  compound and  i s  shown i n  Scheme A .  F o r  t h e  s y n t h e s i s  

o f  [ d 4 ]  N u f e n o x o l e ,  [ d 4 ]  1 ,2 -d ib romoe thane  was u s e d  t o  p r e p a r e  t h e  i n t e r m e d i a t e  [ d 4 ]  

4-brom0-2,2-dipherylbutyronitrile ( I I I a ) .  C o n d e n s a t i o n  o f ( I I 1 a ) w i t h  2 - a z a b i c y c l o  

[2,2,2] o c t a n e  ( I b )  i n  t h e  p r e s e n c e  o f  aqueous p o t a s s i u m  h y d r o x i d e  gave t h e  p r o d u c t  

( IWa) w h i c h  was c o n v e r t e d  t o  t h e  t e t r a z o l e  (Wa) u s i n g  sod ium a z i d e  i n  t h e  p r e s e r c e  

o f  ammonium c h l o r i d e  and  l i t h i u m  c h l i r i d e  i n  d i m e t h y l  formamide a s  s o l v e n t  a t  120OC. 

The t e t r a z o l e  (Va) was h e a t e d  u n d e r  r e f l u x  lui th a m i x t u r e  o f  a c e t i c  a n h y d r i d e  a n d  

p y r i d i n e ;  a f t e r  i s o l a t i o n  t h e  c r u d e  p r o d u c t  was d i s s o l v e d  i n  benzene and  p a s s e d  

t h r o u g h  a s h o r t  co lumn o f  a l u m i n a .  The s o l i d  o b t a i n e d  on  c o n c e n t r a t i o n  o f  t h e  

comb ined  e l u a n t  was r e c r y s t a l l i s e d  f r o m  i s o p r o p a n o l  t o  g i v e  [ d4  ] N u f e n o x o l e  (VIa) . 
The p r e p a r a t i o n  o f  [ d 6 ]  N u f e n o x o l e  ( V I b )  was a c h i e v e d  by u s i n g  b o t h  [ d 4  ] 4-bromo-2, 

2 - d i p h e n y l b u t y r o n i t r i l e  and  [ d2  ] 2 - a z a b i c y c l o  [ 2,2,2 ] o c t a n e  ( I c )  as r e a c t a n t s  i n  

Scheme A .  The l a b e l l s d  amine ( I c )  was s y n t h e s i s e d  by r e d u c i n g  t h e  c o r r e s p o n d i n g  

l a c t a m  ( I a )  w i t h  l i t h i u m  a l u m i n i u m  d e u t e r i d e .  

i n c o r p o r a t i n g  [ d9 ] 4-bromo-2,2-diphenylbutyronitrile ( I I I b )  

The[ d9] ana logue  ( V I c )  was made 

i n  Scheme A u s i n g  

4 .  i n  t h i s  i n s t a n c e  u n l a b e l l e d  amine ( I b ) .  A F r i e d e l - C r a f t s  r e a c t i o n  i n v o l v i n g  

benzene and m a n d e l o n i t r i l e  u i t h  h o r o n  t r i f l u o r i d e  as c a t a l y s t  was u t i l i s e d  t o  

g i v e  [ d5 ] d i p h e n y l a c e t o n i t r i l e  ( I I b )  w h i c h  was t h e n  condensed w i t h  [ d4 1,2,- 

d i b r o m o e t h a n e  t o  g i v e  [ d s ]  i r t e r m e d i a t e  ( I I I b )  , 

The i s o t o p i c  p u r i t y  o f  t h e  [ d 4 ]  -, [ d 6 ]  - and  [ d 9 ]  a n a l o g u e s  o f  t h e  2 - m e t h y l -  

o x a d i a z o l e  ( V I )  was i n v e s t i g a t e d  by t h e  e x a m i n a t i o n  o f  t h e  m o l e c u l a r  i o n  r e g i o n s  

i n  t h e i r  mass s p e c t r a  and c a l c u l a t i o n s  based  o n  t h e  m + l  i o n  gave t h e  f o l l o w i n g  

e n r i c h m e n t  f a c t o r s ,  [ d 4 ]  97.8$, [ d 6 ]  98.5%, and  I d 9 ]  96.28. 

EXPEdIMENTAL 

In g e n e r a l  o r g a n i c  e x t r a c t s  were d r i e d o v e r  sod ium s u l p h a t e  a n d  s o l v e n t s  were 

removed on  a r o t a r y  e v a p o r a t o r  u n d e r  vacuum. The p r o d u c t s  were c h a r a c t e r i s e d  b y  

t h e i r  m e l t i n g  p o i n t ,  s p e c t r a l  and  c h r o m a t o g r a p h i c  p r o p e r t i e s .  Mass s p e c t r a l  

a n a l y s i s  was p e r f o r m e d  on a F i n n i g a n  3200E gas c h r o m a t o g r a p h i c  mass s p e c t r o m e t e r  

w i t h  a c h e m i c a l  i o n i s a t i o n  s o u r c e  u s i n g  methane a s  t h e  r e a c t a n t  gas  a t  a s o u r c e  
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tempera ture  o f  15OoC and pressure  0:70 Torr.  Data was analysed b y  a F inn igan  iOOG 

o n - l i n e  da ta  system. P ro ton  NMR s p e c t r a  ( 6 0  MHz) were reco rded  o n  a Var ian €11360 

u s i n g  t e t r a m e t h y l s i l a n e  as i n t e r n a l  s tandard .  Th in  l a y e r  chromatograph ic  a n a l y s i s  

was performed on K i e s e l g e l  60F254 s i l i c a  g e l  precoa ted  p l a t e s .  

d e u t e r i d e  and [ d 4 1  1,2-dibromoethane were s u p p l i e d  b y  Merck Sharpe and Dohme 

(Canada) and [ d 6 ]  benzene by MMR L t d .  High Wycombe. 

had a minimum i s o t o p i c  p u r i t y  o f  99 atom $0. 

i d e q t i c a l  p r o p e r t i e s  t o  n o n - l a b e l l e d  c o u n t e r p a r t s  on  chromatography and e x h i b i t e d  

t h e  p h y s i c a l  and s p e c t r a l  p r o p e r t i e s  expected f r o m  comparison w i t h  t h e  u n i a b e l l e d  

compounds. 

[dd] 4-BrOmo-2,2-diphenylbutyronitrile ( I I I a )  

L i t h i u m  aluminium 

A l l  deu te ra ted  s t a r t i n g  m a t e r i a l s  

All t h e  l a b e l l e d  compounds showed 

Sodarnide ( 5  g, 116 mmole) was q u i c k l y  added t o  a s o l u t i o n  o f  d - p h e n y i a c e t o n i t r i l e  

(11.1 g, 58 mmole) i n  d ry  benzene ( 7 5  ml) k e p t  under a n i t r o g e n  atmosphere a t  10°C 

and t h e  m i x t u r e  was s t i r r e d  f o r  44 hours .  

[d4 ] 1,2-dibromoethane (11.59 g, 6 0  rnmole) and s t i r r i n g  con t inued  t o r  a f u r t h e r  

18 hours .  The m i x t u r e  was washed w i t h  water and on evapora t i on  tne  o r g a i i c  s o l u t i o n  

gave an o i l  which s o l i d i f i e d  on t r i t u r a t i o n  under hexarle t o  g i v e  13.36 g, (75%) o f  an 

o f t - w h i t e  s o l i d  mp 66.5-69OC. ( l i t .5 u n l a b e l l e d  compound mp 66-67OC). [ dq ]  4-Bromo- 

2,2-diphenylbutyronitrile ( I I I b )  was prepared i n  a s i m i l a r  manner u s i n g  [ d5 1 d ipheny l  

a c e t o n i t r i l e  (IIb). 

1 d , l D i p h e n y l a c e t o n i t r i l e  ( I I b )  

T o  t h e  r e s u l t i n g  s o l u t i o n  was added 

To a m i x t u r e  o f  m a n d e l o n i t r i l e  (50 g, .38 m o l e )  and [ d 6 ]  benzene ( 2 3  g ,  .2'7 m o l e )  

was added boron t r i f l u o r i d e  e tk ,e ra te  (32.5 ml o f  a 48% so l :J t ion ,  .23 m o l e )  i n  one 

p o r t i o n .  The r e a c t i o n  m i x t u r e  was kep t  a t  80°C f o r  5 hours,  coo led ,  then d i l u t e d  

w i t h  e t h e r  (200 ml). The o rgan ic  s o l u t i o n  was washed w i t h  a s a l t i t i o n  o f  sodium 

carbonate  f o l l o w e d  by water and e v a p o r a t i o n  gave an o i l .  

o f  a p a l e  ye l l ow  o i l  bp 140' a t  2 mm ( l i t . 6  for u n l a b e l l e d  m a t e r i a l  bp 181' a t  1 2  rnm) 

which s o l i d i f i e d  on t r i t u r a t i o n  w i t h  hexane. 

[ d ?  12-Azab icyc lo  [ 2,2,2] octane ( I c )  

D i s t i l l a t i o n  gave 20 5 (37%) 

L i t h i u m  a lu rn i r ium d e u t e r i d e  (1 g) liias suspended i n  d ry  t e i r a h y d r o f u r a n  ( 1 0  ml) 

'7 , 8 and a s o l u t i o n  o f  the lac tam ( I a )  (2 .4  g, 19 .2  m m o l e )  i n  dry t e t r a h y d r o f u r a n  

( 3 0  ml) was added o v e r  45 minutes under a n i t r o g e n  atmosphere. The m i x t u r e  iuas 
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r e f l u x e d  f o r  18 hours  and excess l i t h i u m  aluminium d e u t e r i d e  was des t royed  by the  

a d d i t i o n  o f  ' w e t '  t e t r a h y d r o f u r a n .  The f i l t e r e d  s o l u t i o n  was concen t ra ted  t o  a s m a l l  

volume and d i l u t e d  w i t h  e t h e r .  An e t h e r e a l  s o l u t i o n  o f  hydrogen c h l o r i d e  was added 

u n t i l  no f u r t h e r  p r e c i p i t a t i o n  occu r red  and t h e  r e s u l t i n g  s o l i d  was d r i e d  t o  g i v e  t h e  

amine h y d r o c h l o r i d e  (2.4 g, 84%) mp 300-306°C ( l i t .  u n l a b e l l e d  compound mp > 300°C). 

[ d4 1 4- (2 -Azab icyc lo  [ 2,2,2]  octan-Z-yl)-Z,Z-diphenyl b u t y r o n i t r i l e  ( IVa)  

The amine h y d r o c h l o r i d e  (Ib) (4  g, 27.1 mmole) was d i s s o l v e d  i n  water (20 ml), 

and po tass ium hyd rox ide  p e l l e t s  (3 .34 ,  59.6 mmole) f o l l o w e d  by t h e  n i t r i l e  ( I I I a )  

(8 .92  g, 29.3 mmole), were added. The r e s u l t a n t  m i x t u r e  which became a t w o  phase 

l i q u i d  m i x t u r e  on r e f l u x i n g  was heated  w i t h  s t i r r i n g  a t  r e f l u x  f o r  4 hours.  The 

m i x t u r e  was coo led  t o  6 O o C  and benzene (75 m l )  was added, and t h e  o rgan ic  e x t r a c t  

separa ted .  A s o l u t i o n  o f  concen t ra ted  h y d r o c h l o r i c  a c i d  i n  i s o p r o p a n o l  ( 2  m l )  

(1:4.3 / h y d r o c h l o r i c  ac id : i sop ropano l )  was added and a f t e r  r e d u c t i o n  o f  t he  t o t a l  

volume t o  50 m l  on a h o t  p l a t e ,  c o l o u r l e s s  c r y s t a l s  formed on c o o l i n g .  The y i e l d  

o f  t h e  r e q u i r e d  amine h y d r o c h l o r i d e  was 7.14 g (71%) mp 188-19OoC. The f r e e  base 

was ob ta ined  as a s o l i d  mp 96-97.5'C. The [ d6 3 -  and [ d 9 ]  analogues o f  t h e  f r e e  

bases were prepared  i n  a s i m i l a r  manner a-.d had mp 93-97OC and mp 95-97OC r e s p e c t i v e l y  

( l i t . '  u n l a b e l l e d  f r e e  base mp 96-99OC). 

[ d4 1 5- 1,l Diphenyl-3-(2-azabicyclo [ 2,2,2 ] oc tan -2 -y l )  p r o p y l  ] - l H - t e t r a z o l e  (Va) [ - '  

The amine ( IUa)  as t h e  f r e e  base ( 5 . 1  9, 15.3 mmole), ammonium c h l o r i d e  (1.28 9, 

20 mmole), l i t h i u m  c h l o r i d e  (0.25 9 ,  5.8 mmole) and sodium az ide  (1.5 g ,  23 mmole) 

were s t i r r e d  i n  d imethy l fo rmamide (16 m l )  a t  room tempera ture  f o r  1 hour .  A y e l l o w  

s o l u t i o n  c o n t a i n i n g  und isso lved  w h i t e  s o l i d  r e s u l t e d  and t h i s  m i x t u r e  was s l o w l y  

heated  t o  120°C o v e r  2 hours  then heated  a t  t h i s  tempera ture  f o r  20 hours .  A 

w h i t e  s o l i d  p r e c i p i t a t e d  d u r i n g  t h i s  t ime  and a f t e r  c o o l i n g  the  p r o d u c t  was f i l t e r e d  

o f f  g i v i n g  4.6 9, (83%) mp 3O9-31O0C ( l i t. '  mp f o r  u n l a b e l l e d  m a t e r i a l  n o t  r e p o r t e d ) .  

The [ d5 ] - and [ d9] analogues were ob ta ined  i n  the  same manner and had mp 310-313OC 

and mp 3 O 8 - 3 1 O 0 C  r e s p e c t i v e l y  . 
[ d4 ] 2- [ 3,3-Diphenyl-3-(2-methyl-1,3,4-0xadiazol-5-y1) p r o p y l  ] -2 -azab icyc lo  

[ 2,2,2] oc tane (Via) 

A suspension o f  the  t e t r a z o l e  (Va) (4.55 g, 12.5 m m o l e )  i n  p y r i d i n e  (28 m l )  

and a c e t i c  anhydr ide  ( 9 . 2 5  ml, 97.9 m o l e )  ulas heated  t o  120°C ( r e f l u x  tempera ture)  
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o v e r  a p e r i o d  o f  4 5  m i n u t e s  a n d  h e a t i n g  c o n t i n u e d  f o r  a f u r t h e r  5* h o u r s .  The  

r e s u l t a n t  s o l u t i o n  was e v a p o r a t e d  t o  g i v e  a n  o i l  w h i c h  was t a k e n  u p  i n  b e n z e n e  

( 2 5  ml) a n d  t h e  s o l u t i o n  e x t r a c t e d  w i t h  water ( 4  x 15 m l )  a n d  w i t h  5% a q u e o u s  

a c e t i c  a c i d  ( 4  x 1 5  m l ) .  The c o m b i n e d  a q u e o u s  e x t r a c t s  were a d j u s t e d  t o  pH 10 

by t h e  a d d i t i o n  o f  c o n c e n t r a t e d  ammonium h y d r o x i d e  s o l u t i o n .  The gummy s o l i d  t h a t  

p r e c i p i t a t e d  c r y s t a l l i s e d  on  s t a n d i n g  o u e r n i g h t .  The c r u d e  p r o d u c t  was f i l t e r e d  o f f  

( 4 . 5 6  y)  a n d  p u r i f i c a t i o n  was a c h i e v e d  b y  d i s s o l u t i o n  i n  b e n z e n e  ( 2 5  m l )  a n d  p a s s a g e  

t h r o u g h  a n e u t r a l  a l u m i n a  co lumn ( 1 0  g )  a c t i v i t y  g r a d e  1 (Wohem) w i t h  a d d i t i o n a l  

b e n z e n e  ( 2 5  m l ) .  E v a p o r a t i o n  o f  t h e  t o t a l  e l u a n t  g a v e  a w h i t e  s o l i d ,  3.64 9, (75%) 

mp 122.5-124OC ( l i t . '  f o r  u n l a b e l l e d  a n a l o g u e  mp 121-123OC). 

a n a l o g u e s  h a d  mp 117-119OC a n d  mp 121.5-123.5OC r e s p e c t i v e l y .  

a n a l y s i s  f o r  t h e  d a n a l o g u e  o f  VI, m/e 1 3 8  ( 4 7 . 8 ) ,  386 ( 8 . 0 ) , 3 8 7  ( 3 . 3 ) ,  388 (10U), 

389 ( 2 6 . 5 ) .  F o r  (VIa ) ,  m/e 142 ( 3 3 . 7 ) ,  390  ( 7 . 9 ) ,  3 9 1  ( 7 . 5 ) ,  392 (loo), 393 ( 2 8 . 3 ) .  

For ( V I b ) ,  m/e 1 4 4  (40.4), 3 9 2 ' ( 1 1 . 1 ) ,  393  ( 1 6 . 4 ) ,  394 (loo), 395 ( 2 7 . 4 ) .  For (VIc) ,  

m/e 142 ( 3 9 . 0 ) ,  395  (11.6), 396 ( 1 1 . 3 ) ,  397 (loo), 398 ( 2 7 . 2 ) .  N M R  s p e c t r a l  d a t a ,  

( C D O 1 3 )  6: f o r  t h e  d 

1 . 2 . - 2 . 0  (9H,m), 2 .5  ( 3 H , s ) ,  2 .6  ( l H , m ) ,  2 .7  ( 2 H , s ) ,  7 . 2  (10H,s). F o r  Vlb ,  1 . 2 - 2 . 0  

( 9 P , m ) ,  2 . 5  (3H,s), 2.6  ( l H , m ) ,  7 . 2  ( 1 0 H , s ) .  For  VIc, 1 . 2 - 2 . 0  ( 9 H , m ) ,  2.5  (3H, s ) ,  

2 .6  ( l H , m ) ,  Z . ' /  ( 2 H , s ) ,  7 . 2  (5H,s) .  

The [ d 6 ]  - a n d  [ d 9 ]  

Mass s p e c t r a l  

a n a l o g u e  o f  VI, 1 . 2 - 3 . 0  (19H,m),  7 . 2  (10H,s). For VIa, 
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