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S UMM A R Y 

The s y n t h e s i s  o f [  14C] h a l o p e r i d o l  f o r  use i n  metabol ism 

s t u d i e s ,  and t h e  s y n t h e s i s  o f  [ d4]-and[d8] h a l o p e r i d o l  f o r  use 

i n  b i o a v a i l a b i l i t y  s t u d i e s ,  i s  descr ibed.  

Key Words: Ha loper ido l ,  Carbon-14, Deuterium, Syn thes i s  

INTR DDU CTI ON 

4 -F luoro-4 ' -  4-hydroxy-4-(4-chlorophenyl)-piperidino -butyrophenone known 

as h a l o p e r i d o l  (I) (Serenace ( R ) ;  G.D. S e a r l e  & Co. L t d )  i s  t h e  most i m p o r t a n t  

o f  a s e r i e s  o f  butyrophenone d e r i v a t i v e s  t h a t  a r e  used c l i n i c a l l y  as n e u r o l e p t i c  

agents.  
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Stud ies  o f  t h e  d i s p o s i t i o n ,  metabol ism and e x c r e t i o n  o f  h a l o p e r i d o l  i n  

an imals  and man have used forms o f  h a l o p e r i d o l  l a b e l l e d  w i t h  t r i t i u m ,  e i t h e r  

g e n e r a l l y  l a b e l l e d ,  or w i t h  t h e  3H atom a t  a p o s i t i o n  meta t o  t h e  F atom. 

H a l o p e r i d o l  was found t o  be e x t e n s i v e l y  metabo l ised ,  i n i t i a l l y  by an o x i d a t i v e  

N - d e a l k y l a t i o n  process, and m e t a b o l i t e s  c o n t a i n i n g  t h e  f l u o r o p h e n y l  mo ie ty  
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1 were i s o l a t e d  f r o m  t h e  l l r i n e  of 

h a l o p e r i d o l  h a s  b e e n  r e p ~ r t e d . ~  

c h l o r o p h e n y l p i p e r i d i n o l  m o i e t y ,  h a l o p e r i d o l  l a b e l l e d  w i t h  14C i n  t h e  c h l o r o p h e n y l  

r i n g  or  p i p e r i d i n e  r i n g  was r e q u i r e d .  

R e c e n t l y  t h e  s y n t h e s i s  o f  [ C a r b o x y l - 1 4 C  

I n  order  t o  d i s c o v e r  t h e  m e t a b o l i c  f a t e  o f  t h e  

The  p l a s m a  l e v e l s  o f  [ 'H] h a l o p e r i d o l  a f t e r  i n t r a m u s c u l a r  d o s a g e  to  man were 

f o u n d  t o  b e  low5, a n d  t h i s  was c o n f i r m e d  i n  l a t e r  s t u d i e s  w i t h  h a l o p e r i d o l  i n  

wh ich  a g a s  l i q u i d  c h r o m a t o g r a p h i c  m e t h o d  was u s e d . 6  

of  d r u g s  h a s  b e e n  d e t e r m i n e d  u s i n g  s i m u l t a n e o u s  o r a l  a n d  i n t r a v e n o u s  a d m i n i s t r a t i o n  

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

a n a l o g u e  as a n  i n t e r n a l  s t a n d a r d . '  

b e t w e e n  t h e  v a r i o u s  i s o t o p i c a l l y  l a b e l l e d  forms. T h i s  t e c h n i q u e  w o u l d  r e q u i r e  

u n l a b e l l e d  h a l o p e r i d o l  p l u s  two l a b e l l e d  forms o f  h a l o p e r i d o l  d i f f e r i n g  by  

3-4 i n  mass u n i t s .  [ d 4 ]  H a l o p e r i d o l  (111) a n d  [ d g ]  h a l o p e r i d o l  (IW) would b e  

s u i t a b l e .  

The a b s o l u t e  a v a i l a b i l i t y  

A mass s p e c t r o m e t e r  i s  u s e d  t o  d i f f e r e n t i a t e  

DISCUSSION 

The  s y n t h e t i c  rou te  t o  1 4 C - l a b e l l e d  h a l o p e r i d o l  is  shown i n  Scheme I a n d  was 

d e s i g n e d  t o  i n c o r p o r a t e  t h e  r a d i o a c t i v e  l a b e l  a s  l a t e  i n  t h e  s y n t h e s i s  as  p o s s i b l e .  

The k e t o n e  (VII) c o u l d  n o t  be made d i r e c t l y  by c o n d e n s i n g  t h e  k e t a l  ( V )  w i t h  

4 - p i p e r i d o n e  as  t h e  l a t t e r  compound is u n s t a b l e .  

w i t h  4 - h y d r o x y p i p e r i d i n e  t o  g i v e  (VI) w h i c h  was o x i d i s e d  t o  t h e  d e s i r e d  compound  

However ,  ( W )  r e a c t e d  s m o o t h l y  

(VII) . 

SCHEME 1 



n 

n 
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* I n d i c a t e s  t h e  p o s i t i o n  of t h e  l 4 C  l a b e l .  
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I n  o r d e r  t o  r e t a i n  t h e  k e t a l  g r o u p ,  t h e  o x i d a t i o n  m u s t  b e  c a r r i e d  o u t  u n d e r  

n e u t r a l  o r  2asic  c o n d i t i o n s .  

s u b s e q u e n t  use of ~ - c h l o r o s u c c i n i m i d e / d i m i 3 t h y l  s u l p h i d e  l e d 9  t o  a c l e a n e r  p r o d u c t  

a l t h o u g h  i t  was f o u n d  n e c e s s a r y  t o  use a n  e x c e s s  o f  t h e  o x i d i s i n g  complex  i n  o r d e r  

t o  o b t a i n  c o m p l e t e  c o n v e r s i o n  o f  t h e  a l c o h o l  ( W I )  t o  ( '111) .  B o t h  e t h y l e n e  g l y c o l  

a n d  2,2-dimethyl-1,3-propanediol w e r e  used t o  p r e p a r e  t h e  r e s p e c t i v e  k e t a l s  o f  

4-chloro-l-(4-fluorophenyl)-l-butanone. I n i t i a l l y  t h e  k e t a l  p r e p a r e d  u s i n g  2 , 2 -  

dimethyl-1,3-propanediol s e e n e d  p r e f e r a b l e  s i n c e  t h e  p rod! Jc t  was a c r y s t a l l i n e  s o l i d  

a s  o p p o s e d  t o  a n  o i l .  However ,  when t h e  c o r r e s p o n d i n g  k e t a l  p i p e r i d i n o l s  a n d  k e t a l  

p i p e r i d o n e s  were p r e p a r e d  t h e  s i t u a t i o n  was r e v e r s e d .  

F i r s t  cClromium t r i o x i d e / p y r i d i n e  Isas u s e d  b u t  

T r i a l  e x p e r i m e i t s  o n  c o u p l i n g  t h e  p - c h l o r o p h e n y l  g r o u p  t o  (VII)  were n o t  

e n c o u r a g i n g .  E a r l y  e x p e r i m e n t s  were c a r r i e d  o u t  u s i n g  t h e  G r i g n a r d  r e a g e n t  

d e r i v e d  f r o m  p - c h l o r o i o d o b e n z e n e  b u t  i n  order  t o  o b t a i n  a n y  s i g n i f i c a n t  a m o u n t s  

o f  h a l o p e r i d o l  (5-10% b a s e d  o n  p - c h l o r o i o d o b e n z e n e )  i t  was f o u n d  n e c e s s a r y  t o  h a v e  

a t e n  f o l d  z ixcess  of t h e  G r i g n a r d  r e a g e n t  p r e s e n t .  No s i g n i f i c a n t  i m p r o v e m e n t  i n  

y i e l d  was f o u n d  by a d d i n g  e i t h e r  a n h y d r o u s  magnes ium b r o m i d e  or  a " b u l k y "  G r i g n a r d  

r e a g e n t  s u c h  as  m e s i t y l  magnes ium b r o m i d e .  I t  h a d  b e e n  h o p e d  t h a t  t h e s e  m a y  h a v e  

a s s i s t e d  by c o - o r d i n a t i n g  w i t h  t h e  n i t r o g e n  atoms a n d  c o n s e q u e i t l y  r e d u c i n g  t h e  

excess of  G r i g n a r d  r e a g e n t  r e q u i r e d .  Some v a r i a t i o n  i n  y i e l d  J s i n g  d i f f e r e n t  

s o l v e n t s  was n o t e d ;  t e t r a h v d r o f u r a n  a n d  d i - r - b u t y l  e t h e r  b e i n g  b e t t e r  t h a n  e t h e r  

a n d  t o l u e n e .  However, when (VII)  was r e a c t e d  w i t h  f o u r  e q u i v a l e n t s  o f  p - c h l o r o -  

p h e n y l l i t h i u m  d e r i v e d  f r o m  p - c h l o r o i o d o b e n z e n e  a n d  t - b u t y l l i t h i u m ,  10-15% o f  

h a l o p e r i d o l  k e t a l  was f o r m e d .  

w i t h  t - b u t y l l i t h i u m  i s  s u f f i c i e n t l y  s l o w  t o  e n a b l e  t h e  r e a c t i o n  t o  b e  c a r r i e d  o u t  

i n  e t h e r  a n d  when l i t h i u m  b r o m i d e  ( u h i c h  i s  s l i g h t l y  s o l u b l e  i n  e t h e r )  was a d d e d  

t h e  y i e l d  o f  c r u d s  h a l o p e r i d o l  k e t a l  b a s e d  on  e - c h l o r o i o d o b e n z e n e  i n c r e a s e d  t o  

a p p r o x i m a t e l y  53%. T h e s e  c o n d i t i o n s  were t h e n  u s e d  t o  c o n v e r t  e - c h l o r o i o d o  [ 14C]- 
b e n z e n e  t o  h a l o p e r i d o l  k e t a l  ( V I I I ) .  

A t  low t e m p e r a t u r s s  (-70°C) t h e  r e a c t i o n  o f  e t h e r  

The h a l o p e r i d o l  k e t a l  ( V I I I )  was p u r i f i e d  by  c r y s t a l l i s a t i o n  a n d  t h e n  c o n v e r t e d  

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

p u r i f i e d  by c r y s t a l l i s a t i o n ,  t o  g i v e  p u r e  [ 1 4 C ]  h a l o p e r i d o l  (11) a s  t h e  f r ee  b a s e  i n  

44% y i e l d  b a s e d  o n  p - c h l o r o i o d o  [ " C ]  b e n z e n e .  



[“C] -LabeZZed HaZoperidoZ and [d4] - and [dg]HaZoperidoZ 4 5 3  

Scheme 2 illustrates the synthetic route to both [ d4] haloperidol and 

[ ds] haloperidol. The compounds ( X I 1 1  and X V )  were used as key intermediates as 

they were also required for the absolute bioavailability study of haloperidol, and 

the coiipling with 4-chloro-l-(4-fluorophenyl)-l-butanone is a known procedure. 

Because e-dichloro d benzene was available commercially, the reaction of &-chloro- 

phenyllithium with various N-protected-4-piperidones was investigated and proved 

unsuccessful. Subsequently it was found that e-chlorophenylmagnesium chloride in 

a 50% excess reacted to give a 60% yield of suitably N-protected 4-(4-chlorophenyl)-4- 

piperidinol. 

10 

I 4 1  

The N-protecting groups tried were methyl, ethoxycarbonyl, benzoyl, 

trifluoroacetyl and benzyloxycarbonyl. The first three protected piperidones 

underwent a Grignard reaction to form the corresponding N-protected 4-(4-chloro- 

phenyl)-4-piperidinols, but the hydrolysis of these groups could not be accomplished 

under mild conditions. No product could be isolated using N-trifluoroacetyl-l- 

piperidona in the Grignard reaction. However, with N-benzyloxycarbonyl-4-piperidone 

( X )  the reaction was successful and hydrogenolysis at atmospheric temperature and 

pressure removed the protecting group. 

Four more deuterium atoms could be incorporated by exchanging the protons alpha 

to the carbonyl group in ( X ) .  This was initially attempted undar basic conditions 

and although it was a fast reaction (z 3 hours at room temperature), it caused an 

unacceptable l eve l  of decoaposition. 

SCHEME 2 

D 0 CH20!N$ 0 

Id6] Acetone 

D2° 

DC 1 

(IX) CrD3 I 
0 C,,”N> 0 

D 
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MeOH 
d i l H C l  
5% Rh/C 

H2  

( X I I I )  

CHJ CH3 I b :  

MeOH 
d i l H C l  
5% Rh/C 

HZ 

Q 3 



[ I 4 C ]  -LabeZZed HaZoperidoZ and [ d4] - and [ d8] flaZoperido2 4 5 5  

Under a c i d i c  c o n d i t i o n s  ( t r i f l u o r o a c e t i c  a c i d  or  deuter ium c h l o r i d e )  a 

c leaner  p r o d u c t  was o b t a i n e d  a f t e r  exchange a t  a h i g h e r  tempera ture  f o r  a l o n g e r  

t ime (E 70 hours  a t  7 O o C ) .  

exchange was a f f e c t e d  and the  p roduc t  ( X I )  on r e a c t i o n  w i t h  p-chlorophenylmagnesium 

c h l o r i d e  gave ( X I I )  as a w h i t e  s o l i d .  P u r i f i c a t i o n  was ach ieved  by  column 

chromatography u s i n g  f l o r i s i l  e l u t i n g  w i t h  a benzene/ether m i x t u r s .  The dg 

compound ( X I V )  was p reps red  by the  same method u s i n g  g - d i c h l o r o  [ d 4 ]  benzene . 
Hydrogeno lys is  o f  ( X I I )  and ( X I V )  i n  methanol  and d i l u t e  h y d r o c h l o r i c  a c i d  u s i n g  

5% rhodium on c h a r c o a l  as t h e  c a t a l y s t ,  gave t h e  co r respond ing  l a b e l l e d  u n p r o t e c t e d  

p i p e r i d i n o l s  ( X I I I )  and ( X V ) .  These were condensed w i t h  t h e  d i m e t h y l  k e t a l  4 -ch lo ro -  

l-(4-fluorophenyl)-l-butanone t o  g ive [d4 ]  h a l o p e r i d o l  (111) and [ d e ]  h a l o p e r i d o l  ( V I )  

a f t e r  an a c i d i c  work up. 

When t h i s  r e a c t i o n  was per fo rmed t w i c e  a 99% i s o t o p i c  

Examinat ion  o f  t h e  mo lecu la r  i o n  r e g i o n s  i n  the  mass s p e c t r a  o f  ( X I I I ) ,  ( X V ) ,  

and f o r  [ d4].and [de 1 h a l o p e r i d o l  showed t h a t  a h i g h  degree o f  deuter ium enr ichment  

had been ob ta ined ,  w i t h  n e g l i g i b l e  non-deutera ted  compound p r e s e n t  i n  any o f  t h e  

samples. 

99.6$,  99.1%, 99.3% and 99.0% r e s p e c t i v e l y  f o r  t h e  r e q u i r e d  f u l l y  deu te ra ted  compound. 

The enr ichment f a c t o r s  f o r  ( X I I I ) ,  ( X V ) ,  [ d4)-and [ de] h a l o p e r i d o l  were 

EXPERIMENTAL 

I n  genera l  o r g a n i c  e x t r a c t s  were d r i e d  over  sodium s u l p h a t e  and s o l v e n t s  were 

removed on a r o t a r y  evapora to r  under vacuum. The ? roduc ts  were c h a r a c t e r i s e d  by  

t h e i r  m e l t i n g  p o i n t  o r  b o i l i n g  p o i n t ,  s p e c t r a l  and chromatograph ic  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 per fo rmed on a F i n n i g a n  3200E gas chromatograph mass 

spe- t rometer  w i t h  a c . i .  source  u s i n g  i sobu tane  as the  r e a c t a n t  gas a t  a sou rce  

temperature o f  150' and p ressu re  o f  0.35 To r r .  

C a l i f o r n i a ) .  

s p e c t r a  (60MHz) were reco rded  on a Var ian  EM.360. Th in  Layer  Chromatographic 

a n a l y s i s  was per fo rmed on K i e s e l g e l  60F-254 S i l i c a  Gel precoa ted  p l a t e s  i n  t h e  

s o l v e n t  system s p e c i f i e d .  

(F inn igan  Ins t ruments ,  Sunnyvale, 

Data was ana lysed by an o n - l i n e  F i n n i g a n  6000 d a t a  system. N.M.R. 
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2-(3-Chloropropyl-2-(4-fluorophenyl)-1,3-dioxolane ( W )  

E thy lene  g l y c o l  ( 6 2  g, 1 mo l ) ,  e - to luene  s u l p h o n i c  a c i d ,  (8.0 9, 0.42 mol )  

and benzene (1 L) ,  were heated  under r e f l u x ,  u s i n g  a Dean and S ta rk  separa to r .  

A f t e r  24 hours ,  4-chloro-l-(4-fluorophenyl)-l-butanone (100 9,  0.5 mol)  was 

added, and t h e  r e f l u x  w i t h  remova l  o f  water con t inued  for a f u r t h e r  25 hours .  

The m i x t u r e  was a l l owed  t o  c o o l  and washed w i t h  s a t u r a t e d  carbonate  s o l u t i o n  and 

water. Evaoora t i on  gave an o i l  (105 3 ,  86%) G.L.C. i n d i c a t e d  a p u r i t y  o f  93%. 

1-13-1 2 - ( 4 - F l ~ o r o p h e n y l )  -1,3 d ioxo lan -2 -y l ]  p r o p y l ]  - 4 - p i p e r i d i n 0 1  ( V I )  

A m i x t u r e  o f  4 - h y d r o x y p i p e r i d i n e  ( 2 0  g, 0.2 mol ) ,  a few c r y s t a l s  o f  po tass ium 

i o d i d e ,  and t h e  k e t a l  ( V )  (27.5 g,O.112 mol  o f  93% pure  m a t e r i a l =  0.1 as p u r e  

k e t a l )  was hea ted  s l o w l y  t o  12O0C and h e l d  a t  t h i s  tempera ture  f o r  20 minutes.  

The m i x  me l ted  and two l a y e r s  formed. The tempera ture  was r a i s e d  over  15 minu tes  

t o  150' and h e l d  a t  t h i s  tempera ture  f o r  a f u r t h e r  LO minutes.  The r e a c t i o n  m i x t u r e  

was a l l o w e d  t o  c o o l  t o  room tempera tc re  and p a r t i t i o n e d  between u a t e r  and ch lo ro fo rm.  

The aqueous phase was e x t r a c t e d  w i t h  c h l o r o f o r m  and the  combined e x t r a c t s  washed w i t h  

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 ,  and evapora ted  t o  g i v e  a p a l e  y e l l o w  o i l .  Th i s  

was indlJced t o  c r y s t a l l i s e  by t rea tmen t  w i t h  e t h e r  and hexane and p u r i f i e d  by 

c r y s t a l l i s a t i o n  f rom n - b u t y l  bromide t o  g i v e  the  p roduc t  (11.4 9, 37%) as w h i t e  

n e e d l e s ,  mp 82 - 84' ( l i t ' '  mp 79 - Bloc). 

1-13- [2 - (4 -F luoropheny l ) - l ,  3 d ioxo lan -2 -y l ]  p rop  y l ]  -4 -p iper idone ( V I  I) 

Dry to luene  (310 m l )  was added :o N-ch lo rosucc in im ids  (12.43 9, 93 mmol) 

and the  m i x t u r e  was s t i r r e d  under n i t r o g e n  w i t h  c o o l i n g  t o  O°C. 

( 9 . 3  m l ,  127 mmol) was added dropwise  and t h e  m i x t u r e  was s t i r r e d  f o r  20 minu tes  a t  

t h i s  temperature.  A f t e r  f u r t h e r  c o o l i n g  t o  -2SoC, the  p i p e r i d i n o l  (WI) (11.1 g, 

36 mmol) i n  d ry  to luene  (46  m l )  was added dropwise over 1 5  minutes.  The r e a c t i o n  

m i x t u r e  was s t i r r e d  a t  -25OC f o r  20 l o u r s  and t h e  complex decomposed by t h e  a d d i t i o n  

o f  3 1  m l  o f  a s o l u t i o n  o f  t r i e t h y l a m i n e  ( 3 M )  i n  to luene.  E the r  (310 m l )  was added 

and the  m i x t u r e  was d i l u t e d  w i t h  e t h e r  (310 m l )  and water (250 m l ) .  The combined 

o rgan ic  e x t r a c t s  were washed w i t h  water and t r e a t e d  w i th  a s a t u r a t e d  s o l u t i o n  o f  sodium 

b i s u l p h i t e .  A t h i c k  w h i t e  p r e c i p i t a t e  o f  t he  b i s u l p h i t e  a d d i t i o n  compound was 

f i l t e r e d  o f f  and ulashed w i t 1  e t h e r  and w i t h  e t h y l  ace ta te .  I t  was reconver ted  t o  the  

D ime thy l  s u l p h i d e  
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p i p e r i d o n e  b y  suspending  t h e  s o l i d  i n  2.5M sodium hydroxide s o l u t i o n  and e x t r a c t i n g  

w i t h  e t h e r  and e t h y l  a c e t a t e .  The combined o r g a n i c  e x t r a c t s  were washed wi th  wa te r ,  

and evapora t ed  t o  g i v e  a p a l e  s t r a w  co loured  o i l  which r a p i d l y  sol d i f i e d  (8.15 g, 

74%).  

a s  sma l l  whi te  need le s ,  mp 67 - 68' ( l i t 1 2  mp not  quoted) .  

[ 1 4 C l  Ha lope r ido l - e thy lene  k e t a l  (VI I I )  

T h i s  was c r y s t a l l i s e d  from d ich lo romethane/cyc lohexane t o  g we t h e  p roduc t  

F i n e l y  gro'Jnd L i t h i u m  bromide (0.1125 g ,  1.39 mmol) and t h e  p ipe r idone  ( V I I )  

(0 ,221  g ,  0.72 mmol), was p l aced  i n  a 25 m l  round bottom f l a s k .  To t h i s  was added 

e -ch lo ro iodo  [ 1 4 C ( U ) ]  benzene (Radiochemical Cen t re ,  Amersham, U . K . )  (0.140 g ,  0.59 

mmol, 20 m C i ,  34 mCi/mmol), w h i c h  was washed i n t o  t h e  f l a s k  w i t h  dry e t h e r  (20  ml). 

The m i x t u r e  was s t i r r e d  a t  room tempera ture  f o r  30 minutes ,  t h e n  coo led ,  t o  -7OOC 

i n  an a c e t o n e / s o l i d  carbon d iox ide  ba th .  t - E u t y l l i t h i u m  s o l u t i o n  ( 2 . 1  m i ,  1.411 i n  

pentane)  was added r a p i d l y  u s i n g  a s y r i n g e .  

was quenched by t h e  a d d i t i o n  o f  u a t e r  ( 3  ml), t h e  phases  were s e p a r a t e d  and t h e  

aqueous phase  e x t r a c t e d  w i t h  e t h e r .  T h e  combined o rgan ic  e x t r a c t s  were washed w i t h  

water and t h e  s o l v e n t  d i s t i l l e d  o f f .  

and then f r o m  n-buty lbromide ,  and f i n a l l y  a c r y s t a l l i s a t i o n  f r o m  cyclohexane  gave a 

whi te  s o l i d  (130 mg, 53%) mp 125 - 125.5OC. 

[ 1 4 C 1  Haloper idol  ( 1 1 )  

Afte r  23 hour3 a t  -7OOC t h e  r e a c t i o n  

The r e s i d u e  was c r y s t a l l i s e d  from e the r /pen tane  

13  

The k e t a l  ( V I I I )  was d i s s o l v e d  i n  a sma l l  volume o f  a c e t o n e  and added t o  2M 

hydroch lo r i c  a c i d  (30 ml). T h e  s o l u t i o n  was l e f t  a t  room t empera tu re  f o r  5 minu tes ,  

made a l k a l i n e  w i t h  2.5M sodium hydroxide and e x t r a c t e d  w i t h  e t h y l  a c e t a t e .  The 

o r g a n i c  e x t r a c t  was washed w i t h  water and evapora t ion  t o  d ryness  under a s t r eam o f  

n i t r o g e n  gave a whi te  s o l i d .  R e c r y s t a l l i s a t i o n  f r o m  e t h y l  a c e t a t e  ( 4  ml) gave 

10 [ 1 4 C ]  h a l o p e r i d o l  (96.9 mg, 44%) as whi te  n e e d l e s  mp 151.5 - 152.5OC ( l i t  mp 

148 - 149.4'). 

The r ad iochemica l  p u r i t y  was 98.7% by d i l u t i o n  a n a l y s i s ,  and 99% chemica l ly  

T o t a l  a c t i v i t y  8.66 m C i  a t  a s p e c i f i c  a c t i v i t y  o f  3 3 . 7  mCi/mmol. 

pure  by T t C  i n  f o u r  systems. 

CHC13/EtOAc/HCOOH 5:4:1; C H C 1 3 / M E K / E t 2 N H  50:40:1. 

CHC13/MeOH 9 : l ;  EtOAc/Toluene/Et3N 5:4:1; 
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1-Eenzyloxycarbonyl-4-piperidone ( X )  

To a s t i r r e d  s o l u t i o n  o f  4 - h y d r o x y p i p e r i d i n e  (65 9, 0.64 m o l ) ,  t r i e t h y l a m i n e  

(130 m l ,  0 .72  m o l )  and c h l o r o f o r m  (500 m l )  a t  O°C was c a u t i o u s l y  added a s o l u t i o n  

of  d i s t i l l e d  benzy l ch lo ro fo rma te  (107.5 g, 0.65 m o l )  i n  c h l o r o f o r m  (125 m l )  and 

the  m i x t u r e  was s t i r r e d  o v e r n i g h t  a t  room tempera ture .  The s o l u t i o n  was washed 

w i t h  2M H C 1  and s a t u r a t e d  s a l t  s o l u t i o n ,  and evapora ted  t o  g i v e  a brown o i l .  The 

o i l  was d i s s o l v e d  i n  e t h e r  and s t i r r e d  w h i l e  chromic  a c i d  s o l u t i o n 1 4  (375 m l )  

[sodium d ichromate  d i h y d r a t e  (100 9, 0.33 m o l l  i n  water (300 m l )  and conc. 

s u l p h u r i c  a c i d  (136 g, 1.34 mol) d i l L t e d  t o  500 m l  w i t h  water ]  was c a u t i o u s l y  

added dropwise and the  m i x t u r e  was l e f t  s t i r r i n g  f o r  t h r e e  hours  a t  room temperature.  

T h e  aquoous l a y e r  was e x t r a c t e d  w i t h  e t h y l  a c e t a t e  and t h e  combined o rgan ic  e x t r a c t s  

were washed w i t h  d i l u t e  sodium t h i o s u l p h a t e  s o l u t i o n  and sodium b i ca rbona te  s o l u t i o n .  

Evapora t ion  gave a l i g h t  brown o i l  which was d i s t i l l e d  t o  g i v e  a s t r a w  co lou red  o i l  

bp 160 - 1 6 2 O C  a t  0.2 mm (77.5 9, 51% (ld5 bp 125 - 131' a t  0.004 mm) NMR ( C C 1 4 )  d 
2.3 (4H,t) ,  3.65 (4H,t) ,  5.1 (2H,s), 7.3 (5H,s). 

1 -Benzy loxycarbony l -4 -  [ d 4 ]  p i p e r i d o n e  (XI) 

F i v e  sea led  Car ius  tubes each c o n t a i n i n g  t h e  p i p s r i d o n e  ( X ) ,  ( 8  g),[ d 6 ]  acetone 

( 4 0  m l )  deu ter ium ox ide  (48  m l )  and deuter ium c h l o r i d e  (1.6 m l )  were heated  a t  

7OoC f o r  3 days. The [ d 6 ]  ace tone was removed by d i s t i l l a t i o n  and t h e  aqueous 

s o l u t i o n s  m r e  e x t r a c t e d  w i t h  d ich lo romethane.  Evapora t i on  o f  t h e  combined 

o rgan ic  e x t r a c t s  gave a l i g h t  brown o i l  whict- on d i s t i l l a t i o n  gave a c l e a r  o i l  

bp 160 - 162OC a t  0.2 mm (38 g, 95%) NkIR (CDC13)  d- 3.65 (4H,s), 5.1 (2H,s), 7.3 

(5H,s). 

l-Benzyloxycarbonyl-4-(4-chlorophenyl)-4- [ dd]  p i p e r i d i n o l  (XII) 

To p-chlorophenylmagnesium c h l o r i d e ,  made f rom magiesium ( 3 . 3  g, 0.14 g atom) 

and p-d ich lo robenzene ( 2 1  g, 0.15 mol) i n  t e t r a h y d r o f u r a n  (130 m l ) ,  was added dropwise  

w i t h  s t i r r i n g  under n i t r o g e n  a t  room tempera ture ,  a s o l u t i o n  o f  t h e  l a b e l l e d  ke tone 

( X l )  ( 2 2  9, 90  m m o l )  i n  t e t r a h y d r o f u r a n  ( 9 0  m l ) .  A f t e r  t h e  r e a c t i o n  was s t i r r e d  f o r  

one hour, s a t u r a t e d  ammonium c h l o r i d e  s o l u t i o n  was added and t h e  m i x t u r e  was e x t r a c t e d  

w i t h  e t h y l  a c e t a t e .  

a l i g h t  brown o i l  which was d i s s o l v f d  i n  benzene and p u r i f i e d  by chromatography on 

The o r g a n i c  e x t r a c t  was washed w i t h  water  and evapora t i on  gave 
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a f l o r i s i l  column. 

(n-BuCAc). 

under  p e n t a n e  s o l i d i f i e d  t o  a w h i t e  s o l i d  ( 1 9 . 3  g ,  59%), mp 99 - 101OC. NMR ( C D C 1 3 ) d  

2.7 (lH,s), 3.6 (4H,dd) ,  5 . 1  (2H,s), 7.3 ( 9 H , s ) .  

l-Eenzyloxycarbonyl-4-(4-chlorophenyl) - 4 - 

G r a d i e n t  e l u t i o n  w i t h  b e n z e n e / e t h e r  was m o n i t o r e d  by TLC 

E v a p o r a t i o n  o f  t h e  s e l e c t e d  f r a c t i o n s  gave  an o i l  which on t r i t u r a t i o n  

d R ]  p i p e r i d i n o l  (XIV) 

[ d 4 ]  
The method used  was i d e n t i c a l  t o  t h e  p r e p a r a t i o n  o f  (XII) e x c e p t  p d i c h l o r o  

benzene was used .  (Merck Sharp and  Dohme). The p r o d u c t  was i s o l a t e d  a s  a w h i t e  

s o l i d  i n  47% y i e l d ,  mp 100 - 102'C. NMR ( C D C 1 3 )  6 2 . 2 5  (lH,s), 3.6 (4H,dd) ,  

5 . 1  (2 l i ,s ) ,  7 .3  ( 5 H , s ) .  

4 - (4-Chlorophenyl )  -4- r d d l  p i p e r i d i n o l  (XIII) 

The p i p s r i d i n o l  (XII) (19.3 g ,  55 m m o l ) ,  methanol  (560 m l ) ,  2M h y d r o c h l o r i c  

a c i d  ( 8 4  nl) and 5% rhodium on c h a r c o a l  (3.5 g )  was h y d r o g e n a t e d  f o r  28 h o u r s  a t  

room t e m p e r a t u r e  and a t m o s p h e r i c  p r e s s u r e .  The c a t a l y s t u a s  f i l t e r e d  o f f  t h r o u g h  

h y f l o  a n d  t h e  methanol  was removed on a r o t a r y  e v a p o r a t o r .  F u r t h e r  2M h y d r o c h l o r i c  

a c i d  (100 m l )  was a d d d  t o  t h e  s o l u t i o n  which was washed w i t h  d i c h l o r o m e t h a n e .  

The a c i d i c  s o l u t i o n  was b a s i f i e d  w i t h  ammonium h y d r o x i d e  s o l u t i o n  and e x t r a c t e d  

w i t h  c h l o r o f o r m .  The o r g a n i c  e x t r a c t  gave  a w h i t e  s o l i d  on e v a p o r a t i o n  (6.8 g ,  

57$), mp 132 - 135' (lit'' mp f o r  t h e  d Mass s p e c t r a l  

a n a l y s i s  m/e 216(78) ,  218(27) ,198(100) ,  200(32) .  (For t h e  d compound m/e 212(46) ,  

2 1 4 ( 1 6 ) ,  194(10C), 1 9 6 ( 3 2 ) ) .  

(For t h e  d 

4- (4-Chlorophenyl ) -4-  [ dR] p i p e r i d i n o l  (XV) 

compound 134.4 - 136'). 

NMR (CDC13/CD30C)d-3.0 (4H,q), 4 . 1  ( 2 H , s ) ,  7.3 ( 4 H , t ) .  

compound 61.8 (4H,m), 3.0 (4H,m), 4.0 (2H,s), 7.3 ( 4 H , t ) .  

The method was i d e n t i c a l  t o  t h a t  used  i n  t h e  p r e p a r a t i o n  o f  compound ( X I I I )  

b u t  u s i n g  t h e  p i p e r i d i n o l  (XIV) (17 g ,  48 mmol), methanol  ( 5 2 5  m l ) ,  2M h y d r o c h l o r i c  

a c i d  (74  m l )  and 5% rhodium on c h a r c o a l  (3.1 9 ) .  

w h i t e  s o l i d  (6.8 g,  65%) mp 1 4 0  - 143'. 

222(9) ,  202(100) ,  2 0 4 ( 3 0 ) .  

[ d 4 ]  H a l o p e r i d o l  (111) 

The p r o d u c t  was o b t a i n e d  as a 

Mass s p e c t r a l  a n a l y s i s  m/e 220 ( 2 8 ) ,  

NMR (CDC13/CD30D) f 3 . 0  (4H ,q ) ,  4 . 4  ( 2 H , s ) .  

4-Chloro-l-(4-fluorophenyl) -1-butanone ( 4  g ,  20 mmol) , t r i m e t h y l o r t h o f o r m a t e  

(3 .2  g ,  30 m m o l ) , m e t h a n o l ( 2  m l )  and  conc .  s u l p h u r i c  a c i d  ( t r a c e )  were s t i r r e d  
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t o g e t h e r  f o r  two h o u r s  a t  room t e m p e r a t u r e .  4 f t e r  n e u t r a l i s a t i o n  w i t h  a l i t t l e  

t e t r a m e t h y l g u a n i d i n e  e v a p o r a t i o n  g a v e  a n  o i l .  To t h i s  o i l  was a d d e d  t h e  p i p e r i d i n o l  

(XIII)  ( 4  g ,  18 mmol), t e t r a m e t h y l y u a n i d i n e  ( 3 . 0  g ) ,  d i m e t h y l f o r r n a m i d e  ( 2 0  m l )  a n d  

p o t a s s i u m  i o d i d e  ( 3 . 2  9 ) .  The m i x t u r e  was s t i r r e d  a t  75OC f o r  1 6  h o u r s .  After 

e v a p o r a t i o n  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  a small  q u a n t i t y  o f  m e t h a n o l  a n d  

a s l i g h t  excess of  2M h y d r o c h l o r i c  a c i d  a n d  a l i t t l e  t o l u e n e  d e r e  a d d e d .  The 

p r e c i p i t a t e  t h a t  f o r m e d  was f i l t e r e d  o f f  a f t e r  2 h o u r s .  The w h i t e  s o l i d  o b t a i n e d  

was d i s s o l v e d  i n  m e t h a n o l  a n d  ammonium h y d r o x i d e  s o l u t i o n  was a d d e d  t o  pH 8 ,  a t  

t h i s  p o i n t  t h e  s o l u t i o n  was d i l u t e d  y i t h  w a t e r  when p r e c i p i t a t i o n  o c c u r r e d .  The 

p r o d u c t  was o b t a i n e d  as  a w h i t e  s o l i d ,  ( 4 . &  5 ,  69%) mp 1 4 3  - 145OC. A s a m p l e  was 

c h r o m a t o g r a p h e d  on a s i l i c a  c o l u m n  ( M a l l i n c k r o d t  CC4) u s i n g  a g r a d i e n t  e l u t i o n  o f  

cnloroform/methanol/acetic a c i d  t o  g i v e  a w h i t s  s o l i d ,  mp 1 4 9  - 151OC. 

a n a l y s i s  m/e 382  ( 3 4 ) ,  3 8 0  ( l o o ) ,  364 ( 3 2 ) ,  362 ( 8 3 ) ,  243 ( a ) ,  2 4 1  ( 2 3 j ,  2 3 0  ( 2 ) ,  

Mass s p e c t r a l  

228 ( 7 ) .  

[de]  H a l o p e r i d o l  ( I V )  

The m e t h o d  a n d  q ' J a n t i t i e s  u s e d  were i d e n t i c a l  t o  t h e  p r e p a r a t i o n  o f  comJound 

( I I I ) ,  e x c e p t  t h a t  t h e  p i p e r i d i n o l  ( X V )  was J S e d  a n d  n o  c o l u m n  c h r o m a t o g r a p h y  was 

e m p l o f e d .  

Mass s p e c t r a l  a n a l y s i s  m/e 386  ( 3 0 ) ,  384 ( l o o ) ,  368 ( 3 3 ) ,  366  ( 9 6 ) ,  247 ( 8 ) .  2 4 5  ( 2 4 ) ,  

234 ( 3 ) ,  232  ( 8 ) .  

T h e  compound was i s o l a t e d  as a w h i t e  s o l i d  ( 2 . 7  g ,  3 9 7 4 ,  mp 1 4 5  - 157OC. 
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