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SUMMARY 

2 '-A1nin0-4 ' - f l  uoro-4- [4 -hydroxy -4 -  (3-tri fl u o r o m e t h y l p h e n y l )  - 
piperidinolbutyrophenone (ID-4708) (I, a novel n e u r o l e p t i c  a g e n t ,  

was  l a b e l l e d  w i t h  carbon-14  a t  the c a r b o n y l  ps i t ion  f o r  u s e  i n  

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 i s  was  a c h i e v e d  a c c o r d i n g  to the 

r e a c t i o n  scheme shown  i n  F i g .  1. C y c l o p r o p y l  2 , 4 - d i f l u o r o p h e n y l  

ketone- ( ~ a r b o n y l - ~ ~ C )  (&) was  p r e p a r e d  f r o m  c y c l o p r o p a n e -  

~ a r b o x y l i c - ~ ~ C  a c i d  b y  the F r i e d e l - C r a f  ts reaction w i t h  m d i f l u o r o -  

benzene. R i n g - o p e n i n g  o f  & 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 - c h l o r o -  

2',4'-difluorobutyrophenone-l- C (&) . A f t e r  ketalization o f  &, 
the r e s u l t e d  ke ta l  (i) w a s  c o n d e n s e d  w i t h  the p i p e r i d i n e  (5) a n d  

s u b s e q u e n t l y  h y d r o l y 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  a. 
B e n z y l a m i n a t i o n  o f  w i t h  b e n z y l a m i n e ,  f o l l o w e d  b y  d e b e n z y l a t i o n  

b y  c a t a l y t i c  h y d r o g e n o l y s i s  g a v e  1 0 - 4 7 0 8 - ( ~ a r b o n y l - ~ ~ C )  (1,. 
overall r a d i o c h e m i c a l  y i e l d  o f  _1. f r o m  b a r i u m  ~ a r b o n a t e - ' ~ C  was  13%.  
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INTRODUCTION 

2'-Amino-4'-fluoro-4-[4-hydroxy-4-(3-trifluoromethylphenyl)piperidino]- 

butyrophenone (ID-4708)(1) is a novel butyrophenone der iva t ive  which has  been 

synthesized and t e s t e d  f o r  pharmacological a c t i v i t i e s  i n  our l a b o r a t o r i e s .  I t  

has been found t o  possess  high anti-apomorphine and anti-metamphetamine 

a c t i v i t i e s  i n  animals and is expected t o  be a potent  n e u m l e p t i c  drug i n  man (1) . 
IA t h i s  paper w e  r e p o r t  t h e  synthes is  of t h e  agent  l a b e l l e d  with carbon-14 a t  

the carbonyl pos i t ion  for use i n  metabolic s t u d i e s .  
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DISCUSS I ON 

14 The s t a r t i n g  mater ia l ,  cyclopropyl 2,4-difluorophenyl ketone-(carbonyl- C )  

(&), w a s  prepared from carbon-I4C dioxide according t o  t h e  procedures b a s i c a l l y  

s i m i l a r  t o  those descr ibed before  ('1 . Thus, cyclopropanecarboxylic-14C ac id ,  

which was r e a d i l y  prepared by carbonation of cyclopropylmagnesium bromide with 

carbon-14C dioxide,  was t r e a t e d  with thionyl  ch lor ide  and t h e  r e s u l t i n g  chlor ide 

was allowed t o  r e a c t  with an excess o f  m-difluorobenzene a t  5-10' f o r  40 h r  t o  

give the  d e s i r e d  ketone (5) i n  83% y i e l d .  

Conversion of & t o  ID-4708- ( c a r b o n ~ l - ~ ~ C )  (L) was accomplished according t o  

the reac t ion  procedures i l l u s t r a t e d  i n  Fig.  1. 

i n  an attempt t o  obtain t h e  butyrophenone (I) more d i r e c t l y .  

condensation reac t ion  o f  & with 4-hydroxy-4-(3-trifluoromethylphenyl)piperidine 

(5, under var ious reac t ion  condi t ions gave t h e  butyrophenone (7) only i n  poor 

y i e l d s  (see the  Experimental). 

Prel iminary experiments were run 

However, t h e  

A s  descr ibed i n  t h e  previous paper('),  t reatment  of  cyclopropyl 4-f luoro-  

phenyl ketone (E) with 50% hydrogen chloride-methanol s o l u t i o n  containing a 

small amount of  water a t  room temperature gave 4-chloro-4'-fluorobutyrophenone 

(2) i n  an exce l len t  y ie ld .  This method was, therefore ,  adapted t o  t h e  r ing-  

opening o f  cyclopropyl 2,4-difluorophenyl ketone-(carbonyl- C)  (&) . In t h i s  

case,  however, t h e  reac t ion  proceeded more slowly and a considerable  amount of 

t h e  s t a r t i n g  mater ia l  was recovered even i n  t h e  prolonged reac t ion  time, and t h e  

undesired by-products (9 and 10) were y ie lded  under more d r a s t i c  condi t ions.  

Af te r  considerable inves t iga t ion ,  it was found t h a t  t h e  difluorophenyl ketone 

(&) when allowed t o  react with 50% hydrogen chloride-methanol s o l u t i o n  w i t h o u t  

water a t  room temperature f o r  1 h r  gave the  b e s t  y i e l d  o f  z. After p u r i f i c a -  

t i o n  by column chromatography, t h e  y i e l d  of 2 was 73%. 

14 

Keta l iza t ion  of  & by hea t ing  with ethylene glycol and p- toluenesulfonic  

ac id  i n  benzene gave t h e  k e t a l  (A) i n  a q u a n t i t a t i v e  y i e l d .  

with the  p iper id ine  (L), followed by acid-hydrolysis  o f  the  r e s u l t i n g  product 

Condensation o f  4 
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2a: X=F 

- 2b: X=H 

- 3a: X=F 

- 3b: X=H 
- 

R: 3-trifluoromethylphenyl 

Bzyl : benzyl 

Ts-OH: p-toluenesulfonic acid 

F 

9 - 10  - 

Fig. 1 Scheme €or the synthesis of 2t-amino-4f-fluoro-4- 

[4-hydroxy-4-(3-trifluoromethylphenyl)piperidino]- 

butyrophenone- (carbonyl-14C) (L) 
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(6) , afforded t h e  piperidinobutyrophenone- ( ~ a r b o n y l - ~ ~ c )  (1) i n  65% yie ld .  

When the  piperidinobutyrophenone (7) was allowed t o  r e f l u x  with an excess 

of benzylamine i n  h e ~ a n e ' ~ ) ,  s e l e c t i v e  monobenzylamination a t  t h e  or tho- f luor ine  

of  the 2,4-difluorophenyl group occurred t o  give t h e  benzylaminobutyrophenone- 

( ~ a r b o n y l - ' ~ C )  (E) i n  79% y i e l d .  

gave crude I D - 4 7 0 8 - ( ~ a r b o n y l - ~ ~ C )  (L) . 
chromatography on s i l i c a  gel and subsequent r e c r y s t a l l i z a t i o n  from benzene gave 

- 1 i n  99% of p u r i t y .  The o v e r a l l  radiochemical y i e l d  of  i w a s  13% from carbon- 

14C dioxide.  

C a t a l y t i c  hydrogenolysis o f  8 with 10% Pd-C 

P u r i f i c a t i o n  of  t h e  product by column 

EXPERIMENTAL 

Cyclopropyl 2,4-Difluorophenyl Ketone- ( ~ a r b o n y l - ~ ~ C )  (@) --  A mixture o f  cyclo- 

p r o p a n e ~ a r b o x y l i c - ~ ~ C  acid(') (91.0 m C i ,  355 mg, 4.13 mmol) and th ionyl  ch lor ide  

(540 mg, 4.5 mmol) was heated a t  70-75' f o r  1 .5  h r .  A f t e r  cool ing,  m-difluoro- 

benzene (940 mg, 8.3 m o l )  and anhydrous aluminium chlor ide  (1.10 g, 8 .3  ml) 

were added t o  t h e  reac t ion  mixture. 

poured i n t o  ice-water and ex t rac ted  with e t h e r .  

sodium carbonate so lu t ion  and water ,  d r i e d  over sodium s u l f a t e ,  and evaporated 

under reduced pressure t o  give cyclopropyl 2,4-difluorophenyl ketone-(carbonyl- 

I4C)(75.5 m C i ,  83%). 

any p u r i f i c a t i o n  . 

The mixture was s t i r r e d  a t  5-10' f o r  40 hr ,  

The e x t r a c t  was washed with 5% 

The product was used f o r  t h e  following reac t ion  without 

4-Chloro-Z~,4~-difluorobutyrophenone-l- 14 C (g) -- A mixture o f  cyclopropyl 2,4- 

difluorophenyl ketone-(carbony1-l4C) (g) (75.5 m C i ,  624 mg, 3.4 mmol) and 50% 

hydrogen chloride-methanol s o l u t i o n  (5 ml) was s t i r r e d  a t  room temperature f o r  

1 h r .  The solvent  was evaporated under reduced pressure  and then t h e  res idue  

was taken up i n  benzene. 

so lu t ion  and water, and d r i e d  over sodium s u l f a t e .  

pressure gave an o i l y  res idue,  which was p u r i f i e d  by column chromatography on 

s i l i ca  gel with hexane-ethyl a c e t a t e  (1: l  v/v) t o  g ive  4-chloro-2',4'-difluoro- 

b ~ t y r o p h e n o n e - l - ~ ~ C  (&)(54.8 m C i ,  568 mg, 73%); I R  vmax ( l i q u i d  f i lm) cm-l: 

1685 (co), 1610 (phenyl); NMR (6,  C K l 3 ) :  2.20(2H, quin t . ,  J=6.0 HZ,-CHZCSZCH~-)D 

The s o l u t i o n  w a s  washed with 5% sodium carbonate 

Evaporation under reduced 
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3.16 (ZH, sext., J=6.0 Hz, J=3.4 Hz, -COC%CHzCH2-), 3.68 (ZH, t., J=6.0 Hz, 

-CH2CH2CK2C1), 6.65-7.30 (ZH., m., aromatic H) , 7.70-8.20 (lH, m., aromatic H) ; 

mass spectrum (m/e): 220/218 (M'), 182, 156, 141 (base peak), 63. 

4-Chloro-1,l-ethylenedioxy-1- (2,4-difl~orophenyl)butane-l-~~C(~) -- A mixture of 

4-chloro-2' ,4~-difluorobutyrophenone-l-14C (g) (54.8 mCi, 568 mg, 2.6 mmol), 

unlabelled 4-chloro-2',4'-difluorobutyrophenone (229 mg, 1.1 mmol), ethylene- 

glycol (450 mg, 7.3 mmol) and p-toluenesulfonic acid (70 mg) in anhydrous benzene 

(40 ml) was refluxed for 6 hr during which water produced was azeotropically 

removed. 

washed with 5% sodium carbonate solution and water. 

to dryness under reduced pressure to give 4-chloro-l,l-ethylenedioxy-l-(2,4-di- 

flu~rophenyl)butane-l-~~C (4)(54.5 mCi, 980 mg, 99%), which was used for the 

following reaction without any purification. 

After cooling, the mixture was taken up in benzene and the solution 

The solution was evaporated 

1,l-Ethylenedioxy-l-(2,4-difluorophenyl)-4-[4-hydroxy-4-(3-trifluoromethyl- 

phenyl)piperidino]butane-1- C (5) -- A mixture of 4-chloro-l,l-ethylenedioxy- 
1- (2,4-difl~orophenyl)butane-l-~~C (i) (54.5 mCi, 950 mg, 3.6 mmol), 4-hydroxy- 

4- (3-trifluoromethylphenyl)piperidine(l) (z) (960 mg, 3.9 ml), potassium carbon- 
ate (500 mg, 3.6 mmol), potassium iodide (10 mg) and anhydrous dimethylformamide 

(10 ml) was heated with stirring at 90-100" for 6 hr. 

with water and then extracted with ethyl acetate. 

water, dried and evaporated under reduced pressure to leave 1,l-ethylenedioxy-l- 

(2,4-difluorophenyl)-4-[4-hydroxy-4-(3-trifluoromethylphenyl)piperidino]butane- 

1- 

reaction. 

14 

The mixture was diluted 

The extract was washed with 

14 C (2)(48.0 mCi, 1.56 g, 88%); which was immediately used for the following 

2~,4~-Difluoro-4-[4-hydroxy-4-(3-trifluoromethylphenyl)piperidino]butyrophenone- 

1- 

hydroxy-4- (3-trifluoromethylphenyl)piperidino]b~tane-l-~~C (5) (48.0 mCi, 1.56 g, 
3.2 mmol) and concentrated hydrochloric acid (2.8 ml) in methanol (17 m1)-water 

(5 ml) was heated to reflux for 1.5 hr. 

14 C (I)  -- A solution of l,l-ethylenedioxy-l-(2,4-difluorophenyl)-4-[4- 

After cooling, precipitated crystals 
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were collected by filtration and washed with ether. 

added t o  5% aqueous ammonia and stirred at room temperature for 30 min. 

mixture was extracted with ethyl acetate and the extract washed with water and 

then dried over sodium sulfate. 

pressure gave a crystalline residue which was recrystallized from 75% ethanol to 

give 2',4'-difluoro-4-[4-hydroxy-4-(3-trifluoromethylphenyl)piperidino]butyro- 

phenone-l-14C (1)(35.4 mCi, 1.02 g, 65%), mp and mixed mp 90-92'. 

was identical in every respect with the unlabelled authentic sample . 

The crystals were then 

The 

Evaporation of the extract under reduced 

The product 

(3) 

2'-Benzylamino-4'-fluoro-4-[4-hydroxy-4-(3-trifluoromethylphenyl)piperidino]- 

b~tyrophenone-l-~~C (8) -- A solution of 2',4'-difluoro-4- [4-hydroxy-4-(3-tri- 
fluoromethylphenyl)piperidino]butyrophen0ne-1-~~C (I) (35.4 mCi, 1.02 g, 2.4 mmol) 

and benzylamine (10 g, 96 mmol) in hexane (24 ml) was heated t o  reflux f o r  30 hr. 

The solution was concentrated under reduced pressure to give a residue which was 

taken up in chloroform. 

acid, 5% sodium carbonate solution and water, successively. The solution was 

dried over sodium sulfate and evaporated under reduced pressure to give an oily 

residue of 2 -benzyl amino-4 - f luoro- [4-hydroxy-4- (3-tri f luoromethylphenyl) - 

piperidino]butyr~phenone-l-~~C (8) - (35.0 mCi, 1.19 g, 99%); which was used in the 

next reaction without any purification. 

The chloroform solution was washed with 5% hydrochloric 

2'-Amino-4'-fluoro-4-[4-hydroxy-4-(3-trifluoromethylphenyl)piperidino]butyro- 

phen~ne-(carbonyl-~~C) (l-) - -  A mixture of 2'-benzylamino-4' -fluoro-4-[4-hydroxy- 

4- (3-trifluoromethylphenyl)piperidino]butyr0phenone-l-~~C (2) (35  .O mCi, 1.19 g, 

2.4 mmol), 10% palladium-charcoal (200 mg), concentrated hydrochloric acid (1.8 

ml), ethanol (20  ml) and water (0.5 ml) was stirred under atmosphere of hydrogen 

until the cease of hydrogen uptake. The catalyst was removed by filtration and 

washed with ethanol. 

reduced pressure to leave an oily residue, which was taken up in ethyl acetate 

and washed with 28% aqueous ammonia and then water. After drying over sodium 

sulfate, the solution was concentrated under reduced pressure to give an oily 

residue. 

The combined filtrate and washings were evaporated under 

The residue was subjected to column chromatography on silica gel and 
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e lu ted  with chloroform-methanol (95:s v/v) .  The main f r a c t i o n s  were combined 

and evaporated t o  give a c r y s t a l l i n e  res idue ,  which was r e c r y s t a l l i z e d  from 

benzene t o  give 2'-amino-4 I-fluoro-4- [4-hydroxy-4- (3-trifluoromethylphenyl) - 

piperidino]butyrophenone- (carbonyl-14C) (1) - (13.2 m C i ,  375 mg, 14.7 mCi/mmole, 

37.7%) a s  c o l o r l e s s  needles; mp and mixed mp 106-107". 

ca l  i n  every respec t  with t h e  unlabel led au thent ic  sample . 
The product was i d e n t i -  

(1) 

Condensation Reaction o f  Cyclopropyl 2,4-Difluorophenyl Ketone (2a) with 

4-Hydroxy-4-(3-trifluoromethylphenyl)piperidine (5) -- A s o l u t i o n  o f  cyclopropyl 

2,4-difluorophenyl ketone (364 mg, 2.0 mmol), 4-hydroxy-4-(3-trifluoromethyl- 

pheny1)piperidine (588 mg, 2.4 mmol) and magnesium chlor ide (20 mg) i n  anhydrous 

dimethylformamide (10 ml) was heated a t  90-100" f o r  3 h r .  

s o l u t i o n  was poured i n t o  ice-water and ex t rac ted  with e t h e r .  

washed with water, d r i e d  over sodium s u l f a t e ,  and evaporated under reduced 

pressure t o  give an o i l y  res idue.  

with chloroform gave 2',4 ' -dif luoro-4-  [4-hydroxy-4-(3-trifluoromethylphenyl) - 

piperidinolbutyrophenone (1) (60 mg, 7% y i e l d  based on g) . 

After  cool ing,  t h e  

The e x t r a c t  was 

Chromatography of  the  residue on s i l i c a  gel  

I s o l a t i o n  of  By-products (9 and 10) i n  the  Ring-opening Reaction o f  Cyclopropyl 

2,4-Difluorophenyl Ketone (2a) -- A mixture o f  cyclopropyl 2,4-difluorophenyl 

ketone (1.82 g, 10 mmol), 60% hydrogen chloride-methanol s o l u t i o n  (20 ml) and 

water (2 ml) was ref luxed f o r  2 h r .  

manner as described above t o  give crude products (1.90 g) . 
chromatography o f  t h e  products [column: 2% Si l icone  SE-30 on Chromosorb (300 cm, 

1 cm I.D.), column temperature: 150", c a r r i e r  gas: He,  de tec tor :  FID] gave 4- 

chloro-2',4~-difluorobutyrophenone ( z ) ( 2 4 0  mg), t h e  by-product (2)(32 mg) and 

t h e  by-product (=)(70 mg). 

i c a l  p r o p e r t i e s :  1) by-product 2 - -  color less  o i l ;  mass spectrum f o r  C10H80F2 

(m/e): 182 (M'), 167, 141 (base peak), 113; I R  vmax ( l i q u i d  f i lm) :  1670 cm-l 

( 0 ) ;  NMR ( 6 ,  CDC13): 2.15 (3H, s . ,  -CH3), 5.68 (lH, broad s . ,  o l e f i n i c  H), 6.00 

(lH, broad s . ,  o l e f i n i c  H ) ,  6.70-7.20 (ZH, m . ,  aromatic H), 7.60-8.03 (lH, m.,  

aromatic H) and 2 )  by-product 

The mixture was t r e a t e d  by t h e  s i m i l a r  

Prepara t ive  gas- 

These by-products showed t h e  following physicochem- 

-- c o l o r l e s s  o i l ;  mass spectrum f o r  
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C10HgOC1F2 (m/e): 220/218 (M'), 183, 141 (base peak), 113; I R  vmax ( l i q u i d  f i lm):  

1676 cm-'(CO); NMR (6, CDC13): 1.35 (3H, d., J=5.8 Hz, -CH3), 3.52-4.08 (3H, m., 

methine and methylene H), 6.73-7.22 (2H, m . ,  aromatic H), 7.75-8.02 (lH, m. , 
aromatic H). 
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