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SYNTHESIS OF N-(11C) METHYL, N-(METHYL-1 PROPYL), (CHLORO-2 PHENYL)-1 

ISOQUINOLEINE CARBOXAMIDE-3 (PK 11195) : A NEW LIGAND 

FOR PERIPHERAL BENZODIAZEPINE RECEPTORS 
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SUMMARY 

N-(llC) methyl, N-(methyl-1 propyl ) ,  (chloro-2 phenylj-1 isoquinoleine 

carboxamide-3 (PK 11195) o r  ( l l C )  MPCI was synthet ized in  a short time (45 min) 

and high s p e c i f i c  a c t i v i t y  (769 Ci/mmol) for the posi t ron emission tomography 

of peripheral benzodiazepine receptors  in  hear t ,  kidney and brain.  The precursor  

used was the  N-desmethyl MPCI (PCI). The rad ioac t ive  reagent was the  ( l k )  

methyl iodide obtained from nuclear  react ion 14N ( p , a )  11C vit: 11CO2 and 

11CH30H. The chemical p u r i t y  of the  end-product was checked, a f t e r  HPLC p u r i f i -  

ca t ion ,  by chemical ion isa t ion  mass spectrometry i n  the  para1 l e l  synthes is  

of cold MPCI. The methylation, reversed phase HPLC p u r i f i c a t i o n ,  evaporation 

times were 10, 6 min respec t ive ly  so t h a t  s t e r i l e  and i s o t o n i c  i n j e c t a b l e  

solut ion o f  ( l k )  MPCI ready f o r  use may be obtained,  i n  l e s s  t h a n  45 min 

a f t e r  the  end of nuclear bombardment. 
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INTRODUCTION 

R. Carnsonne et al. 

PK 11195 o r  N-methyl, N-(methyl-1 propyl) ,  (chloro-2 pheny1)-1 isoqu no- 

l e i n e  carboxamide-3 (MPCI) i s  found t o  present  a high tropism f o r  hear t  ven r i -  

c l e ,  kidney, adrenals  and  t o  a l e s s e r  degree f o r  brain of ra t  (1) .  The binding 

o f  PK 11195 t o  t a r g e t  t i s s u e s  i s  mediated mainly by per ipheral  type of benzodia- 

zepine receptors  ( 2 ) .  Therefore PK 11195 could be a potent  imaging agent in  

probing physiological ro les  of these receptors  and t h e i r  relevance in  cardiovas- 

c u l a r ,  renal and cerebral  human pathologies .  

This work dea ls  with the synthes is  of ( 1 1 C )  MPCI f o r  posi t ron emission 

tomography (PET) of peripheral benzodiazepine receptors  in  view t o  inves t iga te  

systematical ly  the c a p a b i l i t y  and l i m i t s  o f  t h e  use of t h i s  new radiopharmaceu- 

t i c a l .  

The method of synthesis  i s  based on the  N-alkylation of the secondary 

amide potassium s a l t  ( 3 ) .  I n  t h i s  condition t h i s  s a l t  undergoes displacement 

with grea t  ease and exce l len t  y ie ld  (80-90 %) t o  N-alkylated amide (F ig .  1 ) .  

/H 

'CH - CH3 mco- I I CH,-CH, 

/ 

'CH - CH, 

CUZ- CH, 

PCI M PCI 

Fig. 1 - Scheme of the  synthes is  

E X P E R I M E N T A L  A N D  RESULTS 

Analytical system 

A Waters 6000A solvent  de l ivery  system, U6K i n j e c t o r ,  254 n m  f ixed U V ,  

r e f r a c t i v e  ind ice ,  ion isa t ion  chamber d e t e c t o r s  and semi-preparative reversed 
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phase ODs-2 column (Whatman P a r t i s i l  M9 10/25) were used f o r  p u r i f i c a t i o n  

and q u a n t i t a t i o n  o f  t h e  l a b e l e d  compound. 

The op t ima l  i s o c r a t i c  s e p a r a t i o n  o f  compounds o f  i n t e r e s t  were ob ta ined  

w i t h  e thano l -wa te r  m i x t u r e  7 5  : 25,v/v as mob i l e  phase f o r  a f l o w  r a t e  o f  

4 ml/min. 

C h e m i c a l - i o n i s a t i o n  mass spec t ra  (CI-MS) o f  s y n t h e t i s e d  p r o d u c t  were 

ob ta ined  f rom JEOL 300D E I - C I  magnet ic  mass spec t rometer  and JAMA 2000 computer 

system (JEOL Europe),  by  d i r e c t  probe i n s e r t i o n .  Methane was used as r e a c t a n t  

gas a t  1 b a r  p ressu re  i n  t h i s  C I  mode. 

The i d e n t i f i c a t i o n  o f  end-produc t  i n  t h e  p a r a l l e l  s y n t h e s i s  o f  c o l d  

MPCI, was made on t h e  b a s i s  o f  ( a )  t y p i c a l  presence b y  methane C I ,  o f  quasimo- 

l e c u l a r  i o n s  M+1, M+29, p rominents  f ragments  and ( b )  c h a r a c t e r i s t i c  i s o t o p i c  

m o t i f  ( 4 )  e a s i l y  recogn ized ( 5 )  o f  35 C1 and 37 C1, M+1, : M+1+2 ( i n t e n s i t y  

r a t i o  3 : 1) f rom HPLC peak wh ich  coe lu ted  w i t h  a u t h e n t i c  MPCI. The c o l l e c t e d  

f r a c t i o n  of t h e  peak o f  i n t e r e s t  was evapora ted  (0 .2 micromol o f  end-produc t )  

t hen  r e d i s s o l v e d  i n  0.2 ml o f  e thano l .  0.1 m l  o f  t h i s  s o l u t i o n  was t r a n s f e r r e d  

i n t o  t h e  c a p i l l a r y  q u a r t z  tube  and evapora ted  f o r  t h e  d i r e c t  probe i n s e r t i o n  

i n t o  t h e  MS. 

P C I  ( I )  and MPCI (11)  

Pure ( I )  and (11) were k i n d l y  s u p p l i e d  f rom PHARMUKA France. A n a l y t i c a l  

c h a r a c t e r i s t i c s  i n d i c a t e d  by  t h e  manufac turer  a r e  R f  ( I )  = 0.42, R f  (11) = 0.22 

i n  cyc lohexane-e thy l  a c e t a t e  1 : 1, v/v and 0.25 mm Merck s i l i c a  gel TLC system. 

HPLC a n a l y s i s  o f  t h e  spo t  w i t h  normal phase ( s i  1 ica-mi  c roporas i  1 10 m ic rons ) /  

CH2C12-BX 99 : 1, v /v  system and d i f f e r e n t  reve rsed  phases CN, NH2, C18/CH2CL2- 

CNCH390 : 10, v/v systems, revea led  a n a l y t i c a l l y  pure  produc ts .  

(llC) MPCI 

S y n t h e t i c  o p e r a t i o n s  were c a r r i e d  o u t  semi -au tomat i ca l l y  i n  a we1 1 s h i e l -  

ded c e l l  ( 6 ) .  Carbon-11 methy l  i o d i d e  11CH31 was t r a n s f e r r e d  (0 .3  +/- 0.1 

mic romol )  b y  a stream o f  n i t r o g e n  a t  a f l o w  r a t e  o f  10 ml/min i n t o  t h e  r e a c t i o -  

n a l  medium 

* B = Ethanol-ethylamine-water 96:2:2, v/v 
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containing 1 . 2  micromol of PCI previously dissolved in  0.120 ml of OMSO (dime- 

thylsulfoxide)  and 20 +/- 5 mg o f  dry potassium hydroxide. The 3 ml tapered 

g lass  tube used f o r  t h i s  purpose was t i g h l y  closed with a screw cap and  s i l i c o n e  

septum (Pierce  Chem.). I t  was f i t t e d  with 3 needles f o r  gas entrance and  solu- 

t ion  e x i t .  The react ion occurred instantaneously a t  room temperature and procee- 

ded regular ly  upon the  a r r i v a l  of bubling 11CH31 over 6-10 min. 

Total crude mixture (0.10 +/- 0.05 ml) was then in jec ted  i n t o  the  chroma- 

tograph by gas surpressure,  through a t e f l o n  tube-glass  f i v e r  f i l t e r - n e e d l e  

(1  mm diameter)  system. 

A l l  compounds were basel ine resolved i n  6 min. OMSO which was poorly 

detected in  the UV t r a c e ,  e x h i b i t  a s i g n i f i c a n t  t a i l i n g  peak in  r e f r a c t i v e  

indice t r a c e  (Fig.  2 )  while ( l l C )  MPCI and PCI peaks were p e r f e c t l y  symmetrical. 

UV 254m DETECT. SENSIT. P 2 0 0  

7 
w 
2MlN 

RLFRACT DETECT. SENSIT = 8 ~  

Fig. 2 - Chromatograms o f  cold MPCI : 254 n m  UV ( t o p )  and r e f r a c t i v e  ind ice  
(bottom) t r a c e s .  DMSO ( B )  poorly seen in  UV t r a c e  was c l e a r l y  detected 
a n d  discr iminated from others  components. The s h i f t  between these 
two t r a c e s  i s  equivalent  t o  1.3 min. 
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The e a r l y  appearance of ( 1 k )  MPCI peak (Tr = 4.7  +/- 0 . 2  min re la ted  t o  t h a t  

of PCI used in  grea t  excess ,  Tr = 5.8 +/- 0.2  min) f i t t e d  n i c e l y  with the  

c o n s t r a i n t  due t o  the  use of short- l ived carbon-11. 

Radio-UV chromatograms (F ig .  3 )  revealed ( 1 k )  MPCI chemically and radio- 

chemically pure. 

Methane CI mass spectrum of  MPCI synthet ized w i t h  cold CH31, displayed a quasi- 

molecular ions doublet M + l  = 353 ( i n t e n s i t y  r a t i o  3 : l ) ,  M+29 = 381 a n d  promi- 

nent fragments 297, 281, 225, 207, (F ig .  4)  which were ident ica l  t o  those 

o f  the  reference mater ia l .  

Fig. 3 - Typical HPLC radio-UV chromatograms of (I1C) MPCI : separat ion and 
pur i f ica t ion  from t h e  react ional  mixture. 
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1003 - 1  
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(c) N-HEIHYL.N-(MfIHYL-l  PROPYL) C H L O R O - 2  PHENYL 1sO- 
O U l N O l E  IHt  C A R B O X  AHIDE-) 

HW - 357373 (H + 1) 

JNT. 

J I 

250 308 350 a 

F ig .  4 - The CI mass spectrum ( h i g h  masses r e g i o n )  u s i n g  t h e  methane as r e a c t a n t  
gas, o f  HPLC peak wh ich  c o e l u t e d  w i t h  t h e  a u t h e n t i c  MPCI  : i o n s  d o u b l e t  
a t  m/e 353, 355 and i o n  M+29 = 381. 

The 3 m l  f r a c t i o n  o f  e l u a n t  c o n t a i n i n g  t h e  ( l lC )  M P C I  was evapora ted  

t o  1.5 m l  i n  a 100°C water  b a t h  under a n i t r o g e n  stream. 3 m l  o f  pH 7 b u f f e r e d  

0.9 % sodium c h l o r i d e  s o l u t i o n  were then  added. The r e s u l t i n g  s o l u t i o n  was 

s t e r i l i s e d  by m i l l i p o r e  f i l t r a t i o n  (0.22 m ic ron )  i n t o  a s t e r i l e  sy r i nge .  U s u a l l y  

50 % o f  r a d i o a c t i v i t y  were r e t a i n e d  on t h e  f i l t e r .  

E i g h t  syntheses f o r  t h e  r e p r o d u c t i  b i l  i t y  t e s t i n g  u s i n g  15 min o f  p r o t o n  

bombardment (30  m i c r o  A, 20 MeV) o f  a n i t r o g e n  t a r g e t  ( p r e s s i o n  = 7 bars ,  

l e n g t h  = 30 cm, d iamete r  = 4.5 cm) gave 78 +/- 18 m C i  o f  (llC) M P C I  ready  

f o r  i n j e c t i o n  w i t h  a mean o f  s p e c i f i c  a c t i v i t y  o f  769 Ci/mmol. 

Fo r  k i n e t i c  s t u d i e s  o f  PK 11195 i n  an ima ls ,  30 min bombardment were 

g e n e r a l l y  used i n  o r d e r  t o  o b t a i n  70 t o  100 m C i  a f t e r  m i l l i p o r e  f i l t r a t i o n .  

The p r e l i m i n a r y  s t u d i e s  u s i n g  PET w i t h  10 t o  25 m C i  o f  l 1 C - P K  11195 i n  dogs 

and monkey conf i rmed t h e  up take o f  t h i s  new l i g a n d  by  t h e  b r a i n  and h e a r t .  
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