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1 4 C - L a b e l i n g  of a Novel  A n x i o l y t i c  Agent  T a n d o s p i r o n e  
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SUMMARY 

- N -  [4-[4-  ( 2 - P y r i m i d i n y l )  - l-piperazinyl~butyllbicyclo- 
[Z. 2. l l h e p t a n e  - 2 , 3 - d i  - - - c a r b o x y i n i d e  d i h y d r o g e n  c i t r a t e  
( t a n d o s p i r o n e ) ,  a n o v e l  a n x i o l y t i c  a g e n t ,  was l a b e l e d  w i t h  
c a r b o n - 1 4  i n d i v i d u a l l y  a t  t h e  i m i d o  c a r b o n y l  g r o u p  a n d  t h e  
p y r i m i d i n y l  r i n g .  The  s y n t h e s i s  o f  c a r b o n y l - l a b e l e d  
t a n d o s p i r o n e  was a c h i e v e d  a c c o r d i n g  t o  t h e  s c h e m e  shown i n  
F i g .  3. 
w i t h  c y c l o p e n t a d i e n e  (3) a f f o r d e d  t h e  g& a n h y d r i d e  ($1, 
which  was t r a n s f o r m e d  i n t o  t h e  i i i d e  ( 5 )  by t r e a t i n g  w i t h  
ammonia water. Thermal  i s o m e r i z a t i o n  of t h e  & i m i d e  
( 5 )  a n d  s u b s e q u e n t  c h r o m a t o g r a p h i c  s e p a r a t i o n  g a v e  t h e  
p u r e   ex^ compound ( 5 ) .  Cata ly t i c  h y d r o g e n a t i o n  o f  5 
f o l l o w e d  by a l k y l a t i o n  w i t h  1 , 4 - d i b r o m o b u t a n e  (8) y i e l d e d  
t h e  b r o n i d e  (s). 
n y 1 ) p i p e r a z i n e  (&) f o l l o w e d  b y  t r e a t m e n t  of t h e  r e s u l t i n g  
d i s u b s t i t u t e d  p i p e r a z i n e  (m) w i t h  c i t r i c  a c i d  a f f o r d e d  
[~arbonyl-~~C]tandospirone (la). The o v e r a l l  y i e l d  of 
was 2 2 %  from 2. 

p y r i m i d i n y l - l a b e l e d  t a n d o s p i r o n e  a s  shown i n  F i g .  4.  
C o n d e n s a t i o n  o f  2-~hloro[2-~~CIpyrinidine (12) w i t h  
a n h y d r o u s  p i p e r a z i n e  g a v e  t h e  p y r i m i d i n y l p i p e r a z i n e  (m). 
- N - a l k y l a t i o n  of  f o l l o w e d  by t r e a t m e n t  w i t h  c i t r i c  a c i d  
a f f o r d e d  [ p y r i m i d i n y l - 2 -  : 4 C ]  t a n d o s p i r o n e  (&) . The o v e r -  
a l l  y i e l d  of @ was 68% from 12. 

D i e l s - A l d e r  r e a c t i o n  o f  a a l e i c  a n h y d r i d e  (2) 

C o n d e n s a t i o n  o f  & w i t h  N - ( Z - p y r i m i d i -  

The s i m i l a r  method was a p p l i e d  t o  t h e  s y n t h e s i s  o f  
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INTRODUCTION 

The p u r s u i t  of nonbenzodiazepine a n x i o l y t i c  agent  has  s t i m u l a t e d  t h e  

emergence of s t r u c t u r a l l y  d i v e r s e  c a n d i d a t e s  wh ch shows fewer or  l e s s  

i n t e n s e  s i d e  e f f e c t s  conpared t o  what is normal y observed w i t h  the benzo- 

d i a z e p i n e s .  Tandospirone, a succ in imide  d e r i v a t i v e  s u b s t i t u t e d  w i t h  

p i p e r a z i n y l a l k y l  group a t  the imido n i t rogen" '  , i s  one of t h e  r e p r e s e n t a -  

t i v e s  of this k i n d  because i t  l a c k s  the s e d a t i v e ,  muscle r e l a x a n t  or a n t i -  

convulsant  e f f e c t s  which accompany t h e  benzodiazepines  ( * )  . 
a c t i v i t y  is equipoten t  t o  t h a t  of diazepam, b u t  i t  does n o t  appear  t o  be 

d i r e c t l y  a c t u a t e d  through benzodiazepine r e ~ e p t o r ' ~ '  . 
i n v e s t i g a t e  t h e  metabolism, r a d i o a c t i v e  forms of t h i s  compound were 

r e q u i r e d .  T h i s  r e p o r t  d e s c r i b e s  the synthes is  of tandospi rone  l a b e l e d  

w i t h  carbon-I4  i n d i v i d u a l l y  a t  t he  i n i d o  carbonyl  group and t h e  p y r i m i d i n y l  

r i n g .  

I t s  a n x i o l y t i c  

In o r d e r  t o  f u l l y  

RESULTS A N D  DISCUSSION 

n 

0 
7 - - 10b 

F i g .  1 

Our r e t r o s y n t h e t i c  approach t o  tandospi rone  (1) is i l l u s t r a t e d  i n  F i g .  

1 .  Disconnection of 1 a t  both ends of t h e  b u t y l  group provided t h r e e  s e g -  

ments, two of which were cons idered  s u i t a b l e  i n t e r m e d i a t e s  f o r  t h e  p r e s e n t  

l a b e l i n g  work. Therefore ,  we focused our a t t e n t i o n  on t h e  p r e p a r a t i o n  of 

the imide (7) and t h e  p i p e r a z i n e  (E) i n  des igning  the p o t e n t i a l  r o u t e s  t o  

t h e  carbonyl  and t h e  p y r i m i d i n y l  l a b e l e d  tandospi rone ,  r e s p e c t i v e l y .  

The key issue t o  be addressed i n  t h e  r a d i o s y n t h e s i s  of the imide (11, 
which we hoped was r e a d i l y  a c c e s s i b l e  through c a t a l y t i c  hydrogenat ion of 
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the  unsaturated i n i d e  (61, was obviously the  cons t ruc t ion  of exo s t ruc tu re .  

As shown i n  F i g .  2, one p laus ib le  r e t rosyn the t i c  ana lys i s  of fi would 

requi re  the exo anhydride (141, which would a f ford  the desired i a i d e  (6) by 

t r e a t i n g  w i t h  annonia. 

obtained by  Diels-Alder reac t ion  of na l e i c  anhydride (2) w i t h  cyclopenta- 

d i e n e c q ' .  The d i f fe rence  was t h a t  t he  Diels-Alder adduct (4) had the & 
configuration a s  opposed t o  the  exo configuration of 14. Synthesis of the 

anhydride (14) froa the  & anhydride (4) has appreared i n  the  l i t e r a -  

The s t r u c t u r e  of 14 was q u i t e  s imi l a r  t o  t h a t  

t u r e c 5 '  ( 6 ) .  These methods were, however, impractical  f o r  the present 

syn thes i s  because of t h e i r  tedious processes and predicted lower y ie lds  i n  

t he  small s ca l e  syntheses. An a l t e r n a t e  route  was, therefore ,  explored. 

The f ea tu re  of the new method was the use of t he  & imide (2) instead of 

the  anhydride (14). 
isomerization o f  5 afforded a 1:l mixture of endo and compounds and 

tha t  separa t ion  of the product by column chromatography gave the  pure exo 
imide ( f i )  i n  good y ie ld .  In addi t ion ,  i t  was observed t h a t  5 was 

recovered quan t i t a t ive ly  from the  mixture and could be converted t o  the  

compound (6) again. Based on these  f i n d i n g s ,  we es tab l i shed  the  route 

i l l u s t r a t e d  i n  F i g .  3 f o r  the  syn thes i s  of carbonyl-labeled tandospirone 

After severa l  t r i a l s ,  i t  was found tha t  the thermal 

(la). 
Diels-Alder reaction of [1,4-"C]naleic anhydride (2) w i t h  cyclopenta- 

The anhydride (4) was transformed i n t o  5 diene (3) gave 4 i n  84% y ie ld .  
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F i g .  3 

i n  7 2 %  y i e l d  b y  t r e a t i n g  w i t h  ammonia water .  Thermal i s o m e r i z a t i o n  of 5 
a t  190 ‘ C  f o r  15 h a f forded  a 1:1 mixture of t h e  & and exo forms ( 5  and 

- 6 ) .  Column chromatography of t h e  mixture  gave t h e  pure e ~ o  compound (e l .  
The recovered endo/exo mixture was isomerized and chromatographed aga in  i n  

t h e  same mannar a s  descr ibed  above t o  g i v e  5 .  
from 5. 
carbon fol lowed b y  a l k y l a t i o n  of t h e  r e s u l t i n g  s a t u r a t e d  imide (1) w i t h  

l ,4-dibromobutane gave t h e  bromide (&) i n  87% y i e l d .  Condensation of 9. 
w i t h  N-(Z-pyrimidinyl)piperazine (&) y i e l d e d  the d i s u b s t i t u e d  p i p e r a z i n e  

(&) i n  87% y i e l d .  Subsequent t r e a t m e n t  of  w i t h  c i t r i c  a c i d  a f forded  

[ c a r b ~ n y l - ~ ~ C ] T a n d o s p i r o n e  (la) i n  90% y i e l d .  

T o t a l  y i e l d  of 6 was 59% 

C a t a l y t i c  hydrogenation of S i n  the presence of pal ladium on 

n 

- 12 - 10b 0 - l l b  

CPY i r i  d i ny 1-2- 14C1Stl-3997 

Fig.  4 
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The s y n t h e t i c  procedure of p y r i m i d i n y l - l a b e l e d  tandospi rone  (&) is 

shown i n  F i g .  4 .  Howard r e p o r t e d  the  s y n t h e s i s  of p y r i a i d i n y l p i p e r a z i n e  

through condensa t ion  o f  2-ch loropyr imidine  (a) w i t h  anhydrous p i p e r a z i n e  

(13) ( 6 )  . Adaptation of t h i s  method, however, proved t o  b e  u n s a t i s f a c t o r y  

f o r  t h e  r a d i o s y n t h e s i s  due t o  t h e  f o r n a t i o n  of  a d i s u b s t i t u t e d  by-product  

( 3 0 % ) .  In t h i s  r e a c t i o n ,  i t  was cons idered  t h a t  t h e  y i e l d  of d e p e n -  

d e d  on t h e  molar r a t i o  of 12/13. Subsequent r e a c t i o n  opt imiza t ion  s t u d i e s  

revea led  t h a t  condensat ion of 12 w i t h  a l a r g e  e x c e s s  of 13 r e s u l t e d  i n  an 

i n c r e a s e  i n  y i e l d .  D e r i v a t i z a t i o n  of  t o  fi was accomplished i n  a 

s i m i l a r  mannar t o  t h a t  adopted i n  p r e p a r a t i o n  of  t he  carbonyl - labe led  com- 

pound (la). Coupling r e a c t i o n  of w i t h  t h e  bromide a f forded  

i n  78% y i e l d .  The d i s u b s t i t u t e d  p i p e r a z i n e  (9) was t r e a t e d  w i t h  c i t r i c  

a c i d  t o  g ive  [pyrimidinyl-2-14C]tandospirone (E) i n  97% y i e l d .  

EXPERIMENTAL 

Radio-gas  l i q u i d  chromatography (RGLC) was conducted on a Yanaco gas 

chromatograph 6-180 (Yanagimoto Co., L t d . ,  Japan)  equipped w i t h  a RD-4 gas  

flow counter  (Aloka, Japan) .  Radio- th in  l a y e r  chromatography ( R T L C )  was 

c a r r i e d  out  on a S i l i c a  Gel F2s4 p l a t e  (Merck), and t h e  r a d i o a c t i v i t y  on 

the  p l a t e  was determined by  a Radiochronanizer  (Aloka, Japan) .  Radio-high 

performance l i q u i d  chromatography (RHPLC) was conducted on a LC-3-A l i q u i d  

chromatograph (Shimadzu Co., L t d . ,  Japan)  e q u i p p e d  w i t h  a SPD-2A UV 
d e t e c t o r  (Shimadzu Co.) and a RLC-551 Radioanalyzer  (Aloka) .  Radio- 

a c t i v i t y  was measured b y  a TRI - C A R B  l i q u i d  s c i n t i l a t i o n  counter  (Packard 

Ins t rus len t  Co., USA) by us ing  Permafluor  I (Packard)  a s  the count ing  

med ium.  An i n f r a r e d  spectrum (IR) was measured by a IR-810 g r a t i n g  i n f r a -  

red s p e c t r o p h o t o a e t e r  ( J a s c o  Co., Ltd. ,  Japan) ,  and the c h a r a c t e r i s t i c  ab-  

s o r p t i o n s  ( v  m a x )  were r e p o r t e d  i n  cm-l. A proton n u c l e a r  magnetic 

resonance spectrum (NMR) was determined on a JNH FX-100 spec t rometer  (JEOL 

L t d . ,  Japan) ,  and t h e  chemical s h i f t s  ( 6  1 f o r  pro tons  were quoted i n  ppn  

downfield from t e t r a a e t h y l s i l a n e  a s  t h e  i n t e r n a l  s t a n d a r d .  
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BicycloC2.2.llhept-5-ene- 2 ,3-&-di[14C]caboxylic anhydride (4) 
To a so lu t ion  of [1,4-14C]naleic anhydride (2) (200 sCi, 745 mg, 7.60 

m o l )  i n  e thy l  ace t a t e  (2.7 ml) uas added f r e sh ly  d i s t i l l e d  cyclopentadiene 

(3) (0.76 n l ,  9.20 amol) a t  0 'C. 

the  s a l e  temperature. 

was cooled t o  0 ' C  and s t i r r e d  f o r  1.5 h .  The c r y s t a l l i n e  product was 

f i l t e r e d ,  washed w i t h  l i g r o i n  and dr ied  under reduced pressure t o  give 4 
(168 m C i ,  84 .0%) .  NWR ( 6 ,  ppn,  C D C 1 3 ) :  1.53-1.83 (2H ,  m, bicycloheptene 

r i n g ) ,  3.47-3.61 (4H, m, bicycloheptene r i n g ) ,  6.30-6.33 (ZH, m, o l e f i n i c ) .  

IR ( v  m . x ,  cm-l, nujol):  1840, 1770 (GO) .  

The mixture was s t i r r e d  f o r  15 m i n  a t  

After addi t ion  of l i g r o i n  (4.0 ml), t h e  so lu t ion  

Bicyclo[2.2.1]hept-5-ene-2,3-&-di[14C]carboxyin~de ( 5 )  
To a suspension of the anhydride (4_) (168 m C i ,  1.05 g ,  6.39 mmol) i n  

tetrahydrofuran (2.1 ml) was added dropwise ammonia water (8% s o l u t i o n ,  

7.7 m 1 )  a t  0 ' C .  After complete a d d i t i o n ,  the  mixture p a s  s t i r r e d  a t  the 

same temperature f o r  30 w i n .  Tetrahydrofuran a n d  water were d i s t i l l e d  

away, a n d  the  residue was heated a t  140 ' C  f o r  10 m i n .  After addition 

of toluene ( 4 . 2  nl), the  so lu t ion  was gradually cooled t o  0 ' C  a n d  s t i r r e d  

f o r  30 m i n .  The c r y s t a l l i n e  product was f i l t e r e d ,  washed w i t h  toluene and 

dried under reduced pressure t o  give 2 (121 m C i ,  72 .0%) .  The p u r i t y  87% 

on RTLC (benzene/ethyl a c e t a t e = l / l  v / v ,  Rf=0.29). N M R  ( S  , ppn, DMSO-de): 

1.40-1.60 (2H, 8 ,  bicycloheptene r ing ) ,  3.19-3.26 (4H, m, bicycloheptene 

r ing ) ,  6.09-8.13 (ZH, m, o l e f i n i c ) .  IR ( v m l x ,  ca - l ,  n u j o l ) :  1760, 1700 

(C=O). 

Bicyclo~2.2.l]hept-5-ene-2,3-~-di[14C~carboxyinide ( S )  
A mixture of t he  endo imide ( 5 )  (121 m C i ,  755 ng, 4.60 mmol), biphenyl 

(4.0 g) and d i p h e n y l  ether (4.0 g) was heated a t  190 ' C  f o r  15 h. After 

cooling, the mixture was chromatographed on s i l i c  gel w i t h  benzenelethyl 

ace t a t e  (1/1 v/v) t o  give 5. The f r a c t i o n s  cons is t ing  of t h e  endo and eno 
i n ides  were co l lec ted ,  isomerized and chronatographed i n  t he  same mannar a s  

described above t o  afford 8. 
w i t h  t h e  p u r i t y  98% on RTLC (benzene/ethyl a c e t a t e = l / l  v / v ,  Rfz0.38). 

NMR ( 6  , PPB, DHSO-d6): 1.21-1.50 (2H, n,  bicycloheptene r i n g ) ,  2.63-2.66 

The t o t a l  y ie ld  of S was 71.0 m C i  (58.7%) 
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(2H, m, bicycloheptene r i n g ) ,  3.00-3.08 (4H, m, bicycloheptene r i n g ) ,  6.21- 

6.27 (2H, n, o l e f i n i c ) .  IR ( v m r x ,  cm-l, nu jo l ) :  1770, 1760 ( C = o ) .  

Bicyclo[2.2.1] heptane- 2,3--- d i  [' 4C] ca r  boxy i m i  de ( 2 )  
A mixture of t he  imide ( S )  (71.0 m C i ,  443 mg, 2.70 mwol and 10% 

palladium on carbon (30 mg) i n  ethanol/tetrahydrofuran (111 v / v  8.0 m l )  

was s t i r r e d  under hydrogen atmosphere a t  room temperature f o r  1 h .  The 

c a t a l y s t  was f i l t e r e d  off and washed w i t h  e thy l  ace ta te .  The i l t r a t e  was 

concentrated t o  give 1 (71.0 m C i ,  100%).  The purity 98% o n  R T L C  

(benzene/ethyl a c e t a t e = l / l  v / v ,  Rf=0.38) a n d  RGLC (column 3% S i l i cone  OV- 
17 on chrornosorb W A W  DMCS, 60-80 mesh, 3 m m  i . d .  x 1 m ;  column temperature 

150 ' C ;  i n j ec t ion  temperature 200 'C ;  c a r r i e r  gas He 20 m l / m i n ;  r e t en t ion  

time 14.8 min). N N R  ( 6 ,  p p n ,  DNSO-d6): 1.13-1.60 (6H, m, bicycloheptane 

r i n g ) ,  2.46-2.58 ( 4 H ,  m ,  bicycloheptane r i n g ) .  IR ( v  m . X ,  cm-', nujol):  

3200, 3080 (NH), 1780, 1700 ( C = O ) .  

- N -  (4-Bromobutyl)bicyclo~2.2. 1]heptane-2,3-~-di[14Clcarboxyimide (&) 

A mixture of t he  sa tura ted  imide (7) (71.0 m C i ,  445 mg, 2.70 mmol), 

1,4-dibronobutane (6) (1.61 m l ,  13.5mwol) and potassium carbonate (560 mg, 

4.05mmol) i n  acetone (4.5 r l )  was refluxed f o r  3.5 h .  After d i l u t i o n  w i t h  

water, t he  n ix ture  was ex t rac ted  w i t h  e thy l  ace ta te .  The e x t r a c t  was 

washed w i t h  sa tura ted  sodium chlor ide  so lu t ion  and dr ied  over anhydrous 

sodium s u l f a t e .  Evaporation of the  solvent gave a residue, which was 

chromatographed on s i l i c a  gel w i t h  benzene/ethyl a c e t a t e  (411 v / v )  t o  

a f ford  (&) (63.1 n C i ,  86 .5%) .  The p u r i t y  98% on RTLC (benzenelethyl 

a c e t a t e = l / l  v / v ,  Rf=0.51). N H R  ( 6 ,  p p r ,  C D C l 3 ) :  1.13-1.86 (loll, I, 

methylene), 2.59-2.70 (4H, ID, methine), 3.40-3.56 (4H, m, sethylene).  IR 
( Y cm-l, neat): 1770, 1700 (C=O). 

y- [4- [4- (2-Pyrinidinyl) -1 - piperaz inyl lbuty l ]  bicyclo[2.2.11 heptane - 2 , 3 - ~ -  

di[14Clcarboxyiride (m) 
A m i x t u r e  of t h e  bromide (&) (63.1 n C i ,  721 ag, 2.40 amol), H-(2- 

pyrimidiny1)piperazine (l&) (429 mg, 2.62 mmol), potassium carbonate (361 

mg, 2.62 ~ 1 0 1 )  and potassium iodide  (87 mg, 0.52 maol) i n  1 ,N-diae thyl for r -  

amide (7 .9 n l )  was heated a t  95 ' C  f o r  3.5 h .  After d i l u t i o n  w i t h  water, 
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t h e  mixture was e x t r a c t e d  w i t h  benzene. The e x t r a c t  was washed w i t h  water, 

d r i e d  over anhydrous s o d i u m  s u l f a t e  and evaporated.  T h e  r e s i d u e  was re -  

c r y s t a l l i z e d  from 2-propanol  (2 .7  m l )  t o  a f f o r d  & (47.8 m C i ,  7 5 . 7 % ) .  

The p u r i t y  98% on RTLC (chloroform/methanol/triethylamine=lOO/l~/l v / v / v ,  

Rf=0.46). N M R  ( 6 ,  ppm,  C D C l s ) :  1 .13-1 .81  ( l O H ,  m, methylene) ,  2.30-2.69 

(IOH, m ,  methylene and methine) ,  3 .41-3.55 ( Z H ,  m, methylene) ,  3 .81 (4H,  t ,  

Jz5.0 Hz, p i p e r a z i n y l ) ,  6.46 ( lH,  t ,  Jz5.0 Hz, p y r i m i d i n y l ) ,  8 .29 ( Z H ,  d ,  

J d . 0  Hz, p y r i m i d i n y l ) .  IR ( v m a x ,  cm- ' ,nu jo l ) :  1770, 1700 ( C = o ) .  

- N - [ 4 -  C4- ( 2 - P y r i m i d i n y l )  - 1 - p i p e r a z i n y l ]  b u  t y l ]  b icyclo[2.2.11 heptane-  2,3 -%- 

di[14C]carboxyimide dihydrogen c i t r a t e  (la) 
To a mixture  of t h e  d i s u b s t i t u t e d  p i p e r a z i n e  (47.8 m C i ,  698 mg, 

1 .82 mmol) i n  ace tone  (3.9 m l )  was added dropwise a s o l u t i o n  of c i t r i c  a c i d  

monohydrate (388 mg, 1 .82 mmol) i n  ace tone  ( 4 . 8  m1) a t  50 ' C .  Af te r  cool -  

i n g  t o  0 ' C ,  t h e  mixture was s t i r r e d  f o r  2 h .  The c r y s t a l l i n e  p roduc t  was 

f i l t e r e d ,  washed w i t h  i c e - c o l d  ace tone  and  d r i e d  under reduced p r e s s u r e  t o  

g i v e  la (43.0 m C i ,  9 0 . 0 % ) .  The p u r i t y  99% on RTLC (chloroform/methanol/ 

t r ie thylamine=100/10/1  v / v / v ,  Rfz0.46; toluene/acetone/triethylamine=20/15/ 

5 v / v / v ,  Rf=0.53; e t h y l  acetate/n-hexane/methano1/28% ammonia water=80/50/ 

15/5 v / v / v / v ,  Rfz0.44) and RHPLC (column LiChrosorb RP-18, 4 m m  i . d .  x 30 

cm, 5 f i n ;  n o b i l e  p h a s e  0.01M KH2P04 (pH 7 . 0 ) / a c e t o n i t r i l e = 4 / 6  v / v ;  flow 

r a t e  1.0 m l / m i n ;  d e t e c t o r s  U V  (240 nm) and r a d i o d e t e c t o r ;  temperature  room 

tempera ture ;  r e t e n t i o n  t i n e  7.3 m i n ) .  N M R  ( 6 ,  ppm, DKSO-d6): 1.12-1.52 

( l O H ,  m ,  methylene) ,  2.48-2.37 (14H, m, methylene and meth ine) ,  3.29-3.43 

(2H, m ,  n e t h y l e n e ) ,  3.74-3.85 (4H, m ,  p i p e r a z i n y l ) ,  6.64 (lH, t ,  5 ~ 4 . 7  Hz, 

pyr imidinyl ) ,  8.36 (2H, d, Jz4.7 Hz, p y r i m i d i n y l ) .  IR ( Y m a x ,  cm-l, 

n u j o l ) :  1740, 1690 ( G O ) .  

- N - (2- [ 2 - 1 4 C ] P y r i m i d i n y l )  p i p e r a z i n e  (m) 
A mixture of  2 - ~ h l o r o C 2 - ~ ~ C l p y r i m i d i n e  (12) (50.0 m C i ,  192 mg, 1 .68 

mmol) and anhydrous p i p e r a z i n e  (1.15 g,  13.3 mmol) i n  95% e t h a n o l  (2 .0  id) 

was re f luxed  f o r  30 m i n .  Af te r  d i l u t i o n  w i t h  water ,  the mixture was e x -  

t r a c t e d  w i t h  chloroform.  The e x t r a c t  was washed w i t h  water ,  d r i e d  over  

anhydrous sodium s u l f a t e  and evapora ted .  The r e s i d u e  was chromatographed 
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on s i l i c a  g e l  w i t h  chloroform/methanol/triethylamine (200/5/2 v/v/v) t o  

g ive  (47.9 m C i ,  9 5 . 9 % ) .  The p u r i t y  98% on RTLC (chloroform/ 

methanol/triethylamine=100/10/1 v / v / v ,  Rf=O. 20). N M R  (6 , ppm, CDC13): 

2.94 (4H, t ,  J=5.2 Hz, p i p e r a z i n y l ) ,  3.79 (4H, t ,  J S . 2  Hz, p i p e r a z i n y l ) ,  

6.46 ( l H ,  t ,  J=4 .6  Hz, pyr imidinyl ) ,  8.29 ( Z H ,  d ,  5 ~ 4 . 6  Hz, p y r i m i d i n y l ) .  

IR ( v m P x ,  cm-l .  n e a t ) :  3300 (NH). 

N-[4-  [4- (2- [Z- l  4C]Pyrimidinyl) - 1  - p i p e r a z i n y l l b u t y l ] b i c y c l o [ 2 .  2 . l l h e p t a n e - 2 ,  

3 - w - d i c a r b o x y i m i d e  (u) 
A mix ture  of t h e  d i s u b s t i t u t e d  p i p e r a z i n e  (m) (47.9 m C i ,  264 mg, 1.61 

mnol), t h e  bromide (!&) (660 mg), potassium carbonate  (304 rag, 2.20 mmol) 

and potassium i o d i d e  (66 ng, 0.40 mnol) i n  N,N-dimethylforwamide (6.0 ml) 

was hea ted  a t  100 ‘ C  f o r  3 h .  Af te r  d i l u t i o n  w i t h  water ,  t h e  mixture  was 

e x t r a c t e d  w i t h  benzene. The organic  phase was washed w i t h  water and d r i e d  

over  anhydrous sodium s u l f a t e .  Evaporat ion of t h e  s o l v e n t  gave a r e s i d u e ,  

which was r e c r y s t a l l i z e d  from 2-propanol  (2.5 ml) t o  a f f o r d  (34.9 m C i ,  

72.8% ). The p u r i t y  98% on RTLC (chloroform/methanol/triethylamine=lOO/ 

10/1 v / v / v .  Rfz0.46). 

- N -  [4- [4- (2 - [  2- ‘C1Pyrimidinyl) -1-piperazinyl~butylIbicyclo~2.2. l l b e p t a n e -  

2 ,3-exo-dicarboxyimide dihydrogen c i t r a t e  (&) 

To a mixture of t h e  d i s u b s t i t u t e d  p i p e r a z i n e  (G) (34.9 m C i ,  449 mg, 

1.17 mnol) i n  ace tone  (2.8 ml) was added dropwise a s o l u t i o n  of  c i t r i c  a c i d  

monohydrate (245 mg, 1.17 mmol) i n  ace tone  (3.5 m1) a t  50 ‘ C .  Af te r  cool -  

i n g  t o  0 ‘C, the mixture  was s t i r r e d  for  2 h .  The c r y s t a l l i n e  product  was 

f i l t e r e d ,  washed w i t h  i c e - c o l d  ace tone  and d r i e d  under reduced p r e s s u r e  t o  

g i v e  If! (34.0 m C i ,  9 7 . 4 % ) .  The p u r i t y  99% on RTLC and R H P L C .  
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