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SUMMARY 

4- [4-  (4-Chlorophen y l  ) -4-hydroxypiperidinol -4 ‘ - f l  u o r o b u t  y r o -  

p h e n o n e  ( h a l o p e r i d o l )  ( I )  and 4‘-fluoro-4-[4-hydroxy-4-(3-tri- 

f 1 u o r o m e t h y l p h e n y l )  p i p e r i d i n o l b u t  y r o p h e n o n e  ( t r i f  1 u p e r i d o f  ) (11) , 
n e u r o l e p t i c  d r u g s ,  were  l a b e l l e d  a t  the c a r b o n y l  p o s i t i o n  w i t h  

carbon-14  f o r  the u s e  of m e t a b o l i c  s t u d i e s .  T h e  s y n t h e s e s  w e r e  

a c h i e v e d  a c c o r d i n g  t o  the r e a c t i o n  scheme shown i n  F i g .  1 .  

C y ~ l o p r o p i o n i c - l - ~ ~ C  a c i d  ( I V )  was p r e p a r e d  f r o m  c y c l o p r o p y l  

b r o m i d e  ( I I I )  b y  G r i g n a r d  r e a c t i o n  w i t h  carbon-14C d i o x i d e .  

C o n d e n s a t i o n  of I V  w i t h  f l u o r o b e n z e n e ,  f o l l o w e d  b y  r i n g - o p e n i n g  

w i t h  h y d r o g e n  c h l o r i d e ,  g a v e  4-chloro-l’-fluorobutyrophenone-l- 

1 4 C  ( V I )  . 
d e n s e d  w i t h  c o r r e s p o n d i n g  p i p e r i d i n e  d e r i v a t i v e s  ( V I I I a  and  V I I I b )  

a n d  s u b s e q u e n t l y  h y d r o l i z e d  w i t h  h y d r o c h l o r i c  a c i d  to  g i v e  

h a l o p e r i d o l - 1 -  C ( I )  a n d  t r i f l u p e r i d o l - 1 -  C ( I I ) ,  r e s p e c t i v e l y .  

The o v e r a l l  r a d i o c h e m i c a l  y i e l d s  o f  I and  11 f r o m  b a r i u m  c a r b o -  

n a t e - 1 4 C  w e r e  31 and 279 ,  r e s p e c t i v e l y .  

A f t e r  k e t a l i z a t i o n  o f  V I ,  the k e t a l  ( V I I )  was con- 

1 4  14 
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INTRODUCTION 

The typical butyrophenone derivatives, 4-[4-(4-chlorophenyl)-4-hydroxy- 

piperidino] -41-fluorobutyrophenone (haloperidol) (I) and 4’-fluoro-4- [4-hydroxy- 

4- (3-trifluoromethylphenyl)piperidino]butyrophenone (trifluperidol) (11) , which 

possess high neuroleptic activities(”*), are widely used in therapy as a major 

tranquilizer. In the course o f  ou r  metabolic studies on butyrophenone deriva- 
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t i v e s ,  it was r e q u i r e d  t o  s y n t h e s i z e  r a d i o a c t i v e  h a l o p e r i d o l  and t r i f l u p e r i d o l .  

Janssen et a l .  r e p o r t e d  t h e  metabol ic  s t u d i e s  of t h e s e  compounds, i n  which 

they employed t h e  compounds l a b e l l e d  wi th  tritium a t  the  f luorophenyl  r i n g ( 3 - 6 ) .  

However, no r e p o r t  concerning t h e  s y n t h e s i s  of  t h e s e  drugs l a b e l l e d  wi th  carbon- 

14 has  appeared so far .  

We now wish t o  r e p o r t  t h e  syn theses  o f  h a l ~ p e r i d o l - ~ ~ C  ( I )  and t r i f l u p e r i -  

14 dol-  C (11) l a b e l l e d  a t  t h e  carbonyl p o s i t i o n .  

DISCUSSION 

The gene ra l  method so  f a r  u t i l i z e d  f o r  t he  s y n t h e s i s  o f  u n l a b e l l e d  bu ty ro -  

phenone d e r i v a t i v e s  comprises F r i e d e l - C r a f t s  r e a c t i o n  o f  4 -ch lo robu ty ry l  c h l o r i d e  

with fluorobenzene t o  y i e l d  t h e  key in t e rmed ia t e ,  4-chloro-4'-fluorobutyro- 

phenone (VI)"). 

p re l imina ry  experiments with 4-chlorobutyryl-1-  

b u t  found t h a t  t h e  d e s i r e d  butyrophenone- C (VI) was o b t a i n e d  only i n  20% y i e l d  

a t  t h e  h i g h e s t .  The u n s a t i s f a c t o r y  r e s u l t s  fo rced  us t o  sea rch  f o r  an a l t e r -  

n a t e  r o u t e .  

I n  o r d e r  t o  app ly  t h i s  method for t h e  r a d i o s y n t h e s i s ,  we t r i e d  

14 C c h l o r i d e ( 8 )  a t  t r a c e r  l e v e l  

14 

A novel s y n t h e t i c  r o u t e  dev i sed  are shown i n  Fig.  1. The f e a t u r e  o f  t h i s  

r o u t e  i s  the  use of cyc lop rop ion ic  a c i d  a s  a C - u n i t  i n s t e a d  of  4 -ch lo robu ty r i c  

a c i d  i n  t h e  F r i e d e l - C r a f t s  r e a c t i o n  and subsequent  conversion o f  t h e  r e s u l t i n g  

cyclopropyl  4-fluorophenyl ketone t o  4-chloro-4'-fluorobutyrophenone by nucleo-  

p h i l i c  a d d i t  ion of hydrogen c h l o r i d e .  

4 

The un labe l l ed  s t a r t i n g  m a t e r i a l ,  cyclopropyl  bromide (111) ,  was prepared 

i n  60% y i e l d  from cyclopropionic  a c i d  by modifying Hunsdiecker r e a c t i o n  (9) . 

Carbonation o f  t h e  Grignard r e a g e n t  prepared from I11 with carbon-14C d iox ide  

gave cyclopropionic-l-14C a c i d  (IV) i n  81% y i e l d .  

r e p o r t e d  t h e  p r e p a r a t i o n  of cyclopropyl  monohalogenophenyl ketone by F r i e d e l -  

C r a f t s  r e a c t i o n  o f  cyclopropionyl  c h l o r i d e  with monohalogenobenzene, b u t  i n  

t h e i r  r e p o r t  no d e t a i l  on experimental  procedure was d e s c r i b e d .  The re fo re ,  w e  

i n v e s t i g a t e d  t h i s  r e a c t i o n  under va r ious  c o n d i t i o n s ,  and it was found t h a t  

c y c l ~ p r o p i o n y l - l - ~ ~ C  c h l o r i d e  when allowed t o  react a t  5 "  wi th  excess  of  

Van Gelder  et al. ( l o )  



k b e l l i n g  of Neuroleptic htyrophenones 1 135 
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Fig.  1. Scheme f o r  t h e  syn theses  o f  h a l ~ p e r i d o l - l - ~ ~ C  and t r i f l ~ p e r i d o l - l - ~ ~ C  

f luorobenzene i n  t h e  presence of  aluminum c h l o r i d e  gave cyclopropyl  4 - f luo ro -  

phenyl ketone-  (carbonyl-14C) (V) i n  t h e  most f avorab le  y i e l d  ( 7 6 % ) .  

o f  V with 50% hydrogen chlor ide-methanol  s o l u t i o n  con ta in ing  a small amount o f  

water a t  room tempera tu re  a f fo rded  4-chloro-4 r-fluorobutyrophenone-1-14C (VI) i n  

85% y i e l d .  I n  t h i s  r e a c t i o n  t h e  small amount of water seemed t o  b e  e s p e c i a l l y  

needed, s i n c e  similar experiments  without  w a t e r  l e d  t o  t h e  i n c r e a s e  of unfavor-  

a b l e  p roduc t s .  

as a c a t a l y s t  gave 4-chloro-1,l-ethylenedioxy-1- (4-fl~orophenyl)butane-l-~~C 

(VII) i n  n e a r l y  q u a n t i t a t i v e  y i e l d .  Condensation o f  VII wi th  4-(4-chlorophenyl)-  

4-hydroxypiper idine ( V I I I a ) ,  followed by hydro lys i s  o f  t h e  ke ta l  group with 

Ring-opening 

Reaction o f  V I  w i th  e thy leneg lyco l  u s ing  p - to luenesu l fon ic  a c i d  
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hydroch lo r i c  a c i d ,  gave h a l ~ p e r i d o l - l - ~ ~ C  ( I ) .  T r i f l ~ p e r i d o l - l - ~ ~ C  (11) was 

a l s o  p repa red  by t h e  similar procedure u s i n g  4-hydroxy-4- (3-trif luoromethyl- 

pheny1)piper idine (VIIIb)  . P u r i f i c a t i o n  of t h e  crude p roduc t s  by chromatography 

on s i l i c a  g e l  a f fo rded  I and I1 i n  31 and 27% y i e l d  from barium carbonate-14C, 

r e s p e c t i v e l y .  

un labe l l ed  a u t h e n t i c  samples.  

The f i n a l  p roduc t s  were i d e n t i c a l  i n  every r e s p e c t  w i th  t h e  

EXPERIMENTAL 

The p u r i t i e s  of  t h e  v o l a t i l e  p roduc t s  were e v a l u a t e d  by radio-gaschromato- 

graphy which was c a r r i e d  o u t  on a Yanako G-80 chromatograph f i t t e d  wi th  a thermal  

conduc t iv i ty  d e t e c t o r .  A g l a s s  column ( 1  m, 3 mm I .D.)  packed wi th  3% DC-550 

on Chromosorb W (60-80 mesh) was used.  Opera t ing  cond i t ions :  column tempera- 

t u r e  130°, carrier gas helium (28 mllmin).  The r e t e n t i o n  t imes o f  t h e  a u t h e n t i c  

materials were: cyc lop rop ion ic  a c i d  (2.5 min),  cyclopropyl  4-f luorophenyl  ketone 

(2.7 min) , 4-chloro-4'-fluorobutyrophenone (8.0 min) . 

Cyclopropyl Bromide (111) - -  To a mixture  o f  cyc lop rop ion ic  a c i d  (34.4 g, 0.40 

mol) and r ed  mercuric  ox ide  (86.6 g ,  0 .40 mol) i n  1,2-dibromoethane (200 ml) 

was added dropwise bromine (64 g ,  0.80 mol) a t  room temperature  and then  t h e  

mixt.ure heated a t  90-100' f o r  1 h r .  

formed was removed by f i l t r a t i o n  and washed with e t h e r .  

t i o n  of t h e  combined f i l t r a t e  and washings gave cyclopropyl  bromide (29.4 g ,  

60%); bp 68-70'; NMR spectrum ( 6 ,  CDC13): 0.75-1.15 (4H, m, -CI1 -CH - )  and 

2.70-3.10 ( l H ,  m, X l j B r ) .  

After coo l ing ,  t he  i n o r g a n i c  p r e c i p i t a t e  

Atmospheric d i s t i l l a -  

-2 -2 

C y c l ~ p r o p i o n i c - l - ~ ~ C  Acid ( I V )  - -  A s o l u t i o n  o f  cyclopropyl  bromide (1.66 g ,  

13.8 mmol) i n  anhydrous e t h e r  (6 ml) was added dropwise t o  a suspension o f  

magnesium t u r n i n g s  (355 mg, 13.8 mmol) i n  anhydrous e t h e r  (10 m l )  w i t h i n  30 min. 

During t h e  a d d i t i o n ,  t h e  r e a c t i o n  mixture was maintained a t  g e n t l e  r e f l u x .  

After f u r t h e r  r e f l u x i n g  f o r  30 min, t he  mixture was d iv ided  i n t o  two f r a c t i o n s  

and p l a c e d  i n  two r e a c t i o n  f l a s k s .  The f l a s k s  were connected t o  a vaccum 
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manifold.  

was in t roduced  ~ a r b o n - ~ ~ C  ,d iox ide  which was l i b e r a t e d  from barium carbonate-14C 

(93 m C i ,  1.24 g ,  6.30 mmol). 

f o r  1.5 h r ;  d u r i n g  t h e  r e a c t i o n  t h e  temperature  be ing  kep t  below -15'. When 

t h e  r e a c t i o n  ra te  tu rned  slow, t h e  remaining carbon-14C d iox ide  was conducted 

i n t o  t h e  o t h e r  f r a c t i o n  and t h e  mixture  a l lowed t o  react under t h e  similar condi- 

t i o n  as above. 

c h l o r i c  a c i d  and e x t r a c t e d  wi th  e t h e r .  The e t h e r e a l  s o l u t i o n  was e x t r a c t e d  w i t h  

5% sodium ca rbona te  s o l u t i o n .  

t r a t e d  h y d r o c h l o r i c  a c i d  and e x t r a c t e d  wi th  e t h e r .  The e x t r a c t  was washed w i t h  

water, d r i e d  ove r  sodium s u l f a t e  and evaporated under reduced p r e s s u r e  t o  a f f o r d  

cyc lop rop ion~c- l -14C a c i d  (75.2 m C i ,  440 mg, 14.7 mCi/mmol, y i e l d  81%) as a 

c o l o r l e s s  o i l ;  I R  spectrum ( l i q u i d  f i lm)  : 1690 cm-l (C=O) . 

After f r o z i n g  wi th  l i q u i d  n i t r o g e n ,  t o  one o f  t h e  f rozen  f r a c t i o n  

The mixture  was then  warmed t o  -20' and s t i r r e d  

Both r e a c t i o n  mixtures  were combined, hydrolyzed wi th  5% hydro- 

The a l k a l i n e  l a y e r  was a c i d i f i e d  wi th  concen- 

Cyclopropyl 4-Fluorophenyl Ketone- (carbonyl-14C) ( V )  - -  A mixture o f  cyc lo -  

p r ~ p i o n y l - l - ~ ~ C  a c i d  (75.2 m C i ,  5 . 1  mmol) and t h i o n y l  c h l o r i d e  (667 mg, 5 .6  mmo 

was hea ted  a t  70-75' f o r  1.5 h r .  After coo l ing ,  t o  t h e  r e a c t i o n  mixture  were 

added f luorobenzene (980 mg, 10.2 mmol) and anhydrous aluminum c h l o r i d e  (1.36 g 

10.2 mmol). The r e a c t i o n  mixture  

was poured i n t o  i ce -wa te r  and e x t r a c t e d  wi th  e t h e r .  

washed wi th  5% sodium carbonate  s o l u t i o n  and water s u c c e s s i v e l y ,  d r i e d ,  and 

evapora t ed  under  reduced p r e s s u r e  to  g i v e  cyclopropyl  4-f luorophenyl  ketone-  

( ~ a r b o n y l - ~ ~ C ) ( 5 7 . 1  m C i ,  640 mg, 1 4 . 6  mCi/mmol, y i e l d  76%); IR spectrum ( l i q u i d  

f i l m ) :  1673 (C=O) and 1610 (phenyl) cm-'; NMR spectrum ( 6 ,  CDC13): 0.91-1.34 

(4H, m ,  -CH -CH -), 2.40-2.80 (lH, m ,  7.00-7.37 (2H, m ,  a romat i c  H), 

7.55-8.20 (2H, m ,  a roma t i c  H). 

The mixture  was s t i x r e d  a t  0-5' f o r  40 h r .  

The e t h e r e a l  e x t r a c t  was 

-2 -2 

1 

4-Chloro-4 '-fluor~butyrophenone-l-~~C (VI) - -  A mixture o f  cyclopropyl  4 - f luo ro -  

phenyl ketone-  (carbonyl-14C) (57.1 m C i ,  640 mg) , 50% hydrogen chlor ide-methanol  

s o l u t i o n  (4 .8  ml) and water  (0.5 ml) was s t i r r e d  a t  room temperature  f o r  3.5 h r .  

The mixture  was t aken  up i n  benzene and t h e  s o l u t i o n  washed wi th  5% sodium 
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carbonate solution and water successively. Evaporation of the solvent under 

reduced pressure gave an oily residue. Chromatography of  the residue on silica 

gel with ethyl acetate-hexane jl:9 v/v) afforded 4-chloro-4'-fluorobutyrophenone- 

1- C (48.5 mCi, 664 mg, 14.6 mCi/mmol, yield 85%) as a colorless oil; I R  spec- 

trum (liquid film): 1685 (C=O) and 1600 (phenyl) cm-'; NMR spectrum (6, CDC13): 

2.00-2.24 (2H, m, -CH2Ct12CH2-), 3.09-3.32 (2H, t, -COCt12-), 3.60-3.80 ( 2 1 ,  t, 

-CH Cl), 7.17 (2H, t, aromatic H), 8.00 (211, m, aromatic H). 

14 

-2 

4-Chloro-I, l-ethylenedioxy-l-(4-fluorophenyl)butane-l-14C ( V I I )  - -  A mixture 

of 4-chloro-4~-fluorobutyrophenone-1-14C (48.5 mCi, 664 mg, 3.3 mmol), ethylene- 

glycol (409 mg, 6.6 mmol), p-toluenesulfonic acid (50 mg) and anhydrous benzene 

(40 ml) was refluxed for 3 hr; water produced being azeotropically removed. 

The mixture was washed with 5% sodium carbonate solution and then water. After 

drying, evaporation of the solvent gave 4-chloro-l,l-ethylenedioxy-l-(4-fluoro- 

phenyl)b~tane-l-~~C (47.5 mCi, 802 mg, 89%). 

following reaction without further purification. 

The product was used for the 

4-[4-(4-ChlorophenyL)-4-hydroxypiperidino]-l,l-ethylenedioxy-l-(4-fluorophenyl)- 

butane-1 - C ( IXa) - -  A mixture of 4-chloro-l , 1 -ethy lenedioxy- 1 - (4- fluorophenyl) - 

butane-1- C (26.1 mCi, 440 mg, 1.78 mmol), 4-(4-chlorophenyl)-4-hydroxypiperidine 

(376 mg, 1.78 mmol) , potassium carbonate (280 mg), potassium iodide (20 mg) and 

anhydrous dimethyl formamide (5 ml) was heated with vigorous stirring at 90-100' 

for 4.5 hr. The mixture was then diluted with water and extracted with ethyl 

acetate. The extract was washed with 1N hydrochloric acid and water, dried, and 

evaporated to give 4-[4-(4-chlorophenyl)-4-hydroxypiperidino]-1,l-ethylenedioxy- 

1-(4-fluorophenyl)b~tane-l-~~C (23.5 mCi, 720 mg, yield 90%, purity S O % ) ,  which 

was used for the next reaction without any purification. 

14 

14 

1,l-Ethylenedioxy-l-(4-fluorophenyl)-4-[4-hydroxy-4-(3-trifluoromethylphenyl)- 

piperidinolbutane-1- 

above, 4- chloro-1 , I-ethylenedioxy-1- (4-fluoropheny1)butane- 1-14C (21.4 mCi , 1.46 

mol) was allowed to react with 4-hydroxy-4-(3-trifluoromethylphenyl)piperidine 

14 C (IXb) - -  Under the same reaction condition as described 
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(358 mg, 1.46 mol) to give l,l-ethylenedioxy-l-(4-fluorophenyl)-4-[4-hydroxy- 

4- (3-trifluoromethylphenyl)piperidino]b~tane-l-~~C (18.8 mCi, 620 mg, yield 88%, 

purity 92%). 

14 4-[4-(4-Chlorophenyl)-4-hydroxypiperidino]-4'-fluorobutyrophenone-(carbonyl- C) 

(haloperidol-1- C)(I) -- A mixture of 4-[4-(4-chlorophenyl)-4-hydroxypiperidino]- 

1,l-ethylenedioxy-1- (4-fluorophenyl) butane- 1- 14C (23.5 mCi , 1.6 mmol) , concen- 

trated hydrochloric acid (1.4 ml) and methanol (8.5 ml) was refluxed for 1.5 hr. 

After cooling, the mixture was dissolved in ethyl acetate. The solution was 

washed with 5% aqueous ammonia and water, dried, and evaporated to afford a crys- 

14 

talline residue (22.3 mCi, 550 mg). The residue was subjected to column 

chromatography on silica gel and eluted with chloroform-methanol (95:5 v/v). 

Evaporation of the main fraction gave a crystalline residue, which was recrysta 

lized from ethyl acetate t o  afford 4- [4- (4-chlorophenyl) -4-hydroxypiperidinol-4 

fluorobutyrophenone- (carbonyl-14C) (15.8 mCi, 409 mg, 14.5 mCi/mmol, 67.2%) as 

colorless prisms; mp and mixed mp 152-153°. 

respect with the unlabelled authentic sample. 

The product was identical in every 

4'-Fluoro-4-[4-hydroxy-4-(3-trifluoromethylphenyl)piperidino]butyrophenone- 

(carbonyl-14C) (trifl~peridol-l-~~C) ( 1 1 )  -- Hydrolysis of IXb (18.8 mCi, 1.28 

mmol), followed by purification, was carried out by the similar procedure as 

described above to give 4'-fluoro-4-[4-hydroxy-4-(3-trifluoromethylphenyl~- 

piperidino]b~tyrophenone-(carbonyl-~~C) (11.4 mCi, 319 mg, 14.6 mCi/mmol, 61.1%) 

as colorless needles; mp and mixed mp 97-99"; identical in all respects with the 

unlabelled authentic sample. 

ACKNOWLEDGMENT 

The authors wish to thank Dr. J. Katsube, Mr. K. Sasajima and Mr. K. On0 

for many helpful suggestions and providing the unlabelled authentic materials. 

We also thank Miss K. Ohsugi for her skillful technical assistance. 



140 I .  Nakatsukn, K .  Kawalzara, T .  Ymada and A .  Yoshitake 

REFERENS 

1 .  Janssen P .  A .  J.  - Neuropsychopharmacology - 3:  331 (1964). 

2 .  Janssen P .  A .  J . ,  Niemegeers C .  J .  E.  and Schel lekens K .  H .  L .  - Arzneimittel 

Forschung Is: 104 (1965). 

3. Soudijn W .  and Van Wijngaarden I .  - J. Labelled Compounds 4: 159 (1968). 

4 .  Janssen P .  A .  J .  and Al lev i jn  F .  T. N .  - Arzneimit te l  Forschung 19: 199 

(1968). 

5 .  Lewi P .  J . ,  Heykants J. J .  P .  and Janssen P .  A .  J .  - Arzneimit te l  Forschung 

- 20: 1701 (1970). 

6 .  Heykants J . ,  Pardoel L .  and Janssen P .  A .  J .  - Arzneimittel Forschung 2: 
982 (1971). 

7 .  Janssen P .  A .  J . ,  Van de Westeringh C . ,  Jageneau A.  H. M., Demoen P .  J .  A . ,  

Hermans B. K .  F . ,  Van Dcmoen P .  J .  A . ,  Schellekens K.  H. L . ,  Van der  Eycken 

C .  A .  M. and Niemegeers C .  J .  E.  - J .  bled. and Pharm. Chem. 1: 281 (1959). 

8 .  Yoshitake A . ,  Nakatsuka I . ,  Kamada T. and Kawahara K .  - Research Report, 

unpublished. 

9. C r i s t o l  S. J .  and F i r t h  W. C .  - J. Org. Chem. 2: 280 (1961). 

10. Van Gelder J. L.  H . ,  Josephus L .  H . ,  Raeynaekers A .  H. M. and Roevens L. F .  

C. - German Patent  2029637 (1971). 




