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SUMMARY 

A s e l e c t i v e  s e r o t o n i n  S2  r e c e p t o r  a n t a g o n i s t  , 
k e t a n s e r i n ,  was p repa red  l a b e l e d  wi th  carbon-11 by a r a p i d  
s y n t h e s i s  which u s e s  no-car r ie r -added  phosgene as t h e  l a b e l e d  
p recu r so r .  The r ing -c losu re  r e a c t i o n  i n  t o l u e n e  of phosgene 
w i t h  t h e  s u b s t i t u t e d  2-aminobenzamide p r e c u r s o r  g i v e s  a 
n e a r l y  q u a n t i t a t i v e  y i e l d  of k e t a n s e r i n .  The 30 min p rocedure  
y i e l d s  150 m C i  of HPLC p u r i f i e d  k e t a n s e r i n  a t  a s p e c i f i c  
a c t i v i t y  of 250 nCifpno1. The p r o d u c t ' s  t i s s u e  d i s t r i b u t i o n  
i n  mice shows a b r a i n  up take  and cerebrum t o  ce rebe l lum r a t i o  
t h a t  encourages f u r t h e r  i n  v i v a  r e c e p t o r  b ind ing  s t u d i e s .  

!<ey Words- llC-Phosgene, R e t a n s e r i n ,  S e r o t o n i n ,  Recep to r s  

I N T R O D U C T I O N  

K e t a n s e r i n  - 2 i s  a r e l a t i v e l y  new compound t h a t  w a s  r e p o r t e d  t o  b ind  

s e l e c t i v e l y  t o  s e r o t o n i n  S r e c e p t o r  s i t e s  i n  v i t r o . " )  When l a b e l e d  w i t h  t r i t i u m  2 

i t  was s h o w  t o  e f f e c t i v e l y  l a b e l  t h e  S2 r e c e p t o r s  bo th  i n  v i t r o  and g 

and t o  be t h e  most s p e c i f i c  molecule a v a i l a h l e  f o r  l a b e l i n g  the  S2  

r e c e p t o r  s i t e .  The s t u d y  of t h e s e  r e c e p t o r s  in human b r a i n  u s i n g  p o s i t r o n  tomo- 

graphy is  of i n t e r e s t  due t o  t h e i r  p o s s i b l e  r ~ l e ' ~ ' ~ ' ' )  i n  c e r t a i n  b r a i n  

d i s o r d e r s ,  and k e t a n s e r i n  i s  a t  p r e s e n t  t h e  molecule  of c h o i c e  f o r  t h i s  s tudy .  

Th i s  paper  d e s c r i b e s  a r a p i d ,  n o  c a r r i e r  added s y n t h e s i s  of carbon-11 

l a b e l e d  k e t a n s e r i n  which uses  l a b e l e d  phosgene and produces a s t e r i l e ,  apyrogenic  

p roduc t .  The s p e c i f i c  a c t i v i t y  ob ta ined  is  s u f f i c i e n t  t o  a l low i n j e c t i o n  of a 

lower dose than  w a s  s u c c e s s f u l l y  used i n  s t u d i e s  of t h e  t r i t i u m - l a b e l e d  

m a t e r i a l . ( 3 )  The t i s s u e  d i s t r i b u t i o n  of t h e  l a b e l e d  k e t a n s e r i n  i n  mice i s  a l s o  

p re sen ted  a s  a n  i n d i c a t i o n  of r a d i a t i o n  dose  d i s t r i b u t i o n  and t h e  s u i t a b i l i t y  of 

l a b e l e d  k e t a n s e r i n  f o r  b r a i n  r e c e p t o r  s t u d i e s .  
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EXPERIMENTAL 

The l a b e l e d  k e t a n s e r i n  (3-[2-[4-(4-fluorobenzoyl)-l-piperidinyl] e t h y l ] -  

2,4-( lH,3H)-quinazolinedione-[ 2-11C] , 2) i s  produced by t h e  r i n g  c l o s u r e  r e a c t i o n  

of 'lC-phosgene w i t h  t h e  s u b s t i t u t e d  o-aminobenzamide p r e c u r s o r ,  N-(2-amino- 

benzoyl)-2-(4-(4-fluorobenzoyl)-l-piperidinyl) e thy lamine ,  - 1. 

0 
0 

0 
Scheme 1- P r e p a r a t i o n  of ' lC-Ketanser in ,  2 

The l a b e l e d  phosgene w a s  f i r s t  produced as has  been d e s c r i b e d  p r e v i o u s l y .  (7,8) 

B r i e f l y ,  "CO was reduced ove r  h o t  z i n c  t o  "CO and then  c h l o r i n a t e d  wi th  hea ted  

p la t inum t e t r a c h l o r i d e  t o  g i v e  phosgene. L i b e r a t e d  water and c h l o r i n e  were 

t r apped  i n  t h e  f low sys tem by d iphosphorous  pen tox ide  and antimony. 

2 

About 1 mg ( 3  pmol) of t h e  amine L* w a s  d i s s o l v e d  i n  0.3 m l  t o luene  o r  

ch loroform,  and p l aced  i n  t h e  3 m l  r e a c t i o n  v e s s e l  a t  room tempera ture .  The 

l a b e l e d  l'hosgene w a s  d e l i v e r e d  i n  a he l ium g a s  s t r e a m  (10 ml/min) a f t e r  i t s  

p r e p a r a t i o n  and w a s  a l lowed t o  bubble  through t h e  s o l u t i o n .  A f t e r  t h e  phosgene 

a c t i v i t y  was c o l l e c t e d  the  t o l u e n e  w a s  evapora t ed  t o  d r y n e s s  u s i n g  a h e a t i n g  b a t h  

a t  13OoC. The v e s s e l  was then  coo led  t o  room t empera tu re  u s i n g  a water ba th  and 1 

ml chloroform w a s  added t o  d i s s o l v e  t h e  r e s i d u e .  Although t h e  y i e l d s  i n  both 

s o l v e n t s  were s i m i l a r ,  t o luene  was p r e f e r r e d  f o r  mechanica l  r e a s o n s  s i n c e  h e a t i n g  

of t h e  ch loroform s o l u t i o n  was necessa ry  t o  comple te  t h e  r e a c t i o n .  

The ch loroform s o l u t i o n  w a s  t hen  i n j e c t e d  on t h e  chromatography s y s t e m  

d e s c r i b e d  below and t h e  r a d i o a c t i v e  f r a c t i o n  w a s  c o l l e c t e d .  The pear-shaped f l a s k  

was immersed i n  a wa te r  b a t h  a t  80°C and t h e  chromatography s o l v e n t  was 

evapora t ed  t o  d ryness  wi th  t h e  a i d  of a moderate n i t r o g e n  f low d i r e c t e d  t o  the  
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bot tom of t h e  f l a s k .  When t h e  f l a s k  was v i s i b l y  d r y ,  5 m l  of s t e r i l e  

p h y s i o l o g i c a l  s a l i n e  s o l u t i o n ,  b u f f e r e d  t o  pll 3 w i t h  p h o s p h a t e  and 

pre-warmed t o  5 5 O C ,  was added  t o  d i s s o l v e  t h e  p u r i f i e d  p r o d u c t .  To t h i s  p o i n t  i n  

t h e  s y n t h e s i s  a l l  m a n i p u l a t i o n s  were per formed r e m o t e l y  i n  a s h i e l d e d  hood. 

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

s t e r i l e  e v a c u a t e d  dosage  v i a l  and t h e  r a d i o a c t i v i t y  was c o u n t e d .  The r e q u i r e d  

amount was t h e n  drawn up t h r o u g h  a s t e r i l e  0 .22  ptn ( M i l l i p o r e )  f i l t e r  i n t o  a 

s t e r i l e  s y r i n g e  f o r  i n j e c t i o n .  

Chromatography Systems 

P u r i f i c a t i o n  of l a b e l e d  k e t a n s e r i n  w a s  a c c o m p l i s h e d  u s i n g  a h i g h  

per formance  l i q u i d  chromatography (HPLC) s y s t e m  w i t h  u l t r a v i o l e t  a b s o r b t i o n  and 

r a d i o a c t i v i t y  d e t e c t o r s .  A I J a t e r s  p - p o r a s i l  a n a l y t i c a l  column was e l u t e d  a t  6 

n l / m i n  w i t h  a m i x t u r e  ( v / v ,  o f  98% m e t h y l e n e  c h l o r i d e  and 2% of a s o l u t i o n  of 

w a t e r  ( 2 % )  and e t h y l a m i n e  (2::) i n  e t h a n o l .  On t h i s  s y s t e m  t o l u e n e  e l u t e d  a t  0 . 7 5  

min,  t h e  amine 1 a t  1.6 min,  and k e t a n s e r i n  a t  3.6 min w i t h  e x c e l l e n t  

r e s o l u t i o n .  I l o n i t o r i n g  of t h e  a b s o r b a n c e  a t  2 5 4  nm w i t h  a W a t e r s  f l o w  moni tor  

a l l o w e d  e s t i n a t i o n  of  t h e  s p e c i f i c  a c t i v i t y  of t h e  p r o d u c t .  

- 

T h i n  l a y e r  chromatography ( T L C )  was done on 20 cm Merck 0 . 2 5  mm s i l i c a  g e l  

60 F I S 4  p l a t e s  and t h e  p r o d u c t  d e t e c t e d  u n d e r  2 5 4  nm l i z h t .  R a d i o a c t i v i t y  was 

d e t e c t e d  u s i n g  n Numelec Corp.  Chror,iolec 101 m u l t i - c h a n n e l  t h i n - l a y e r  p l a t e  

r e a d e r .  S o l v e n t s  used  were ( v / v )  b e n z e n e / e t h a n o l / ~ J I i 4 ~ l l  9 0 / 1 0 / 1  (REA), and e t h y l  

a c e t a t e / h e x a n e / e t l i y l  a n i n e  5lO/l(I/l ( E I I E ) .  R f  v a l u e s  f o r  k f t d n s e r i n  were:  REA- 

0.17, EHE- 0 .43;  and f o r  t h e  m i n e  were :  BEA- 0 . 2 5 ,  LHE- 0 . 5 6 .  

I n  Vivo 1Jptak.e Exper iments  

The t i s s u e  d i s t r i b u t i o n  of l a b e l e d  k e t a n s e r i n  was d e t e r m i n e d  a t  f o u r  time 

i n t e r v a l s  u s i n g  male a l b i n o  n i c e .  Weighed p o r t i o n s  of t h e  s t e r i l i z e d  i n j e c t i o n  

s o l u t i o n  were g i v e n  by t a i l  v e i n  i n j e c t i o n  ( a b o u t  0 .2  nl of 1 m C i / m l  d i l u t i o n )  

w i t h o u t  a n e s t h e s i a .  A f t e r  t h e  d e s i r e d  t ime i n t e r v a l  t h e  mice  were s a c r i f i c e d  by 

c e r v i c a l  d i s l o c a t i o n  and o r e a n  s a m p l e s  were p l a c e d  i n  pre-wcighed v i a l s  f o r  

c o i i n t i n g  and u e i g l i i n g .  S i m i l a r l y  t r e a t e d  p o r t i o n s  of t h e  i n j e c t i o n  s o l u t i o n  were 
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d i l u t e d  t o  50 m l  and weighed samples were counted  a s  s t a n d a r d s  t o  de te rmine  t h e  

r a d i o a c t i v i t y  con ta ined  p e r  gram of i n j e c t i o n  s o l u t i o n .  A l l  samples were 

decay-cor rec ted  and t h e  a c t i v i t y  expres sed  as p e r c e n t a g e  of t h e  i n j e c t e d  dose  

found p e r  gram of t i s s u e .  

RESULTS AND DISCUSSION 

The r ad iochemica l  y i e l d s  of l a b e l e d  k e t a n s e r i n  ranged  f rom 25-50:: based on 

l a b e l e d  G O 2 ,  which i s  w i t h i n  t h e  same range  as t h e  v a r i a b l e  y i e l d  of phosgene 

i t s e l f  when produced by t h i s  method. ( 7 ' G ' 9 )  This  i m p l i e s  an  e x c e l l e n t  f o r  

t h e  r e a c t i o n  of phosgene w i t h  t o  produce k e t a n s e r i n .  The r e a c t i o n  i s  t h e r e f o r e  

s u f f i c i e n t l y  r a p i d  s o  t h a t  t h e r e  i s  no need t o  allor7 t ime s p e c i f i c a l l y  f o r  

r e a c t i o n .  The remain ing  50-75% of t h e  carbon-11 which i s  n o t  conver ted  t o  

phosgene does not d i s s o l v e  i n  t h e  r e a c t i o n  s o l v e n t  and is  t h e r e f o r e  n o t  t rapped .  

The s i n g l e  r a d i o a c t i v e  p roduc t  was i d e n t i f i e d  as k e t a n s e r i n  by i t s  r e t e n t i o n  on 

t h e  HPLC p u r i f i c a t i o n  sys tem and by i t s  behav io r  on t h e  TLC sys t ems  d e s c r i b e d  

p rev ious ly .  I n  a l l  cases t h e  r a d i o a c t i v i t y  behaved i d e n t i c a l l y  to an  a u t h e n t i c  

sample of k e t a n s e r i n . "  

y i e l d  

The f i n a l  p roduc t ,  t aken  up i n  s t e r i l e  s a l i n e  s o l u t i o n  and f i l t e r e d ,  was 

ready f o r  i n j e c t i o n  30 min a f t e r  t h e  end of bombardment. The s o l u t i o n  w a s  t e s t e d  

and found t o  be s t e r i l e  and apyrogenic .  The a c t u a l  y i e l d s  of l a b e l e d  k e t a n s e r i n  

ready  f o r  i n j e c t i o n  were 130-170 m C i  w i t h  a s p e c i f i c  a c t i v i t y  of 250 m C i /  mol 

u s i n g  a bombardment on t h e  n i t r o g e n  t a r g e t  of 30 A of 20 EleV p r o t o n s  f o r  30 min. 

This  r e p r e s e n t s  a n  e x c e s s i v e  amount of p roduc t ,  however t h e  u l t i m a t e  g o a l  of 

r e c e p t o r  b ind ing  s t u d i e s  demands t h e  h i g h e s t  p o s s i b l e  s p e c i f i c  a c t i v i t y .  S ince  

t h e  major source  of s t a b l e  carbon con tamina t ion  i n  o u r  p r e p a r a t i o n  i s  t h e  

p la t inum t e t r ach lo r ide , ' " )  i t  may be p o s s i b l e  t o  i n c r e a s e  t h e  s p e c i f i c  a c t i v i t y  

of t h e  product  by u s i n g  a photochemica l  ch lo r ina t ion" ' )  and h i g h  p u r i t y  c h l o r i n e  

gas.  Our s u r p l u s  of l a b e l e d  p roduc t  is  n o t  a problem wi th  s u f f i c i e n t  r a d i a t i o n  

p r o t e c t i o n  and remote hand l ing .  The s u c c e s s f u l  u s e  of  lower  s p e c i f i c  a c t i v i t y  

material f o r  s t u d y  of s e r o t o n i n  S2 r e c e p t o r  h ind ing  i n  r a t  b r a i n  ( 3 )  i n d i c a t e s  

t h a t  t h i s  material should  be  s u f f i c i e n t  f o r  human use .  
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In  Vivo Dis t r ibu t ion  

The 

gives  the  average f o r  f i v e  mice. 

A rap id  clearance from the  blood i s  observed, with t h e  h ighes t  uptake i n  

the  lungs, l i v e r ,  and kidney. Af te r  t h e  i n i t i a l  uptake, a rap id  dec l ine  i s  

observed i n  a l l  organs. The cerebellum was removed and counted separa te ly ,  and 

shows cons is ten t ly  lower values  than the  cerebrum. Also, the  i n i t i a l  decl ine i n  

cerebellum a c t i v i t y  i s  more rap id  than i n  t h e  cerebrum. 

t i s s u e  d i s t r i b u t i o n  of ' lc-ketanserin i s  given i n  t a b l e  1. Each entry 

Table 1: Tissue Dis t r ibu t ion  of 'lC-Ketanserin i n  Elice ( Z  dose/gram) 

61 ood 
Heart 
Lung 
L i v e r  
Kidney 
Spleen 
Cerebrum 
Cerebel 1 urn 

5 min 

1.33 2 0.14 
3.93 2 0.23 

15.30 t 2.0 
10.82 2 0.84 
11.55 0.91 
4.31 2 0.27 
1.68 ? 0.12 

1.47 2 0.11 

15 min 

1.00 ? 0.11 
2.67 2 0.36 

11.9 2 1.9 
9.10 2 0.64 

10.97 ? 0.25 
5.02 2 0.65 
1.47 2 0.18 
0.96 2 0.06 

30 min 

0.91 -+ 0.06 
2.05 0.33 
6.66 -+ 0.87 

8.71 2 0.69 
8.02 f 0.60 
3.00 2 0.38 
1.13 2 0.09 
0.72 Z 0.08 

45 min 

0.75 2 0.26 
1.69 -+ 0.28 

7.64 Z 1.2 
8.14 2 1.5 
8.90 2 2.0 
2.80 2 0.40 
0.95 2 0.07 

0.60 5 0.14 

Comparison of these r ' esu l t s  w i t h  those reported f o r  i n  vivo receptor  

s tud ies  using t r i t i u m  labeled k e t a n ~ e r i n ' ~ )  a r e  encouraging f o r  f u r t h e r  work with 

'lc-ketanserin. A similar bra in  uptake and cerebellum/cerebrum r a t i o  were 

observed. The bra in  uptake, while low, is expected t o  be s u f f i c i e n t  f o r  posi t ron 

tomography s t u d i e s  i n  view of the previous use i n  t h i s  labora tory  of another 

molecule f o r  receptor  s t u d i e s  which had s imi la r  uptake c h a r a c t e r i s t i c s  i n  

mice. (10) 

CONCLUSIONS 

Carbon-11 labeled phosgene can be used t o  l a b e l  ke tanser in  i n  high y ie ld  

following a rapid procedure. The pure labeled radiopharmaceutical i s  quickly 

obtainable  i n  a form s u i t a b l e  f o r  i n j e c t i o n  i n  s u f f i c i e n t  amount and with a 

s u i t a b l e  s p e c i f i c  a c t i v i t y  t o  a l low pos i t ron  tomographic study of se ro tonin  S, 

receptors  i n  vivo i n  human brain.  

- 
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