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DRO-4H-PYRAZINO~2 , l - a~ ISOQUINOL IN-4 -ONE 
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Abst ract  '- This paper describes two d i f f e r e n t  syn the t i c  pathways f o r  p raz i -  

quantel, a new broad spectrum schistosomicide and cestocide. Easy t o  apply 

on an i n d u s t r i a l  scale, they invo lve  a se lect ive reduct ion o f  4-acyl-I-phe- 

nethylpiperazine-2.6-dione i n  4-acyl-6-hydroxy-1-phenethylpiperazin-2. one, 

the  c y c l i s a t i o n  o f  which i n  a c i d i c  medium gives t r i c y c l i c  compounds 2-acyl- 

1,2,3,6,7,llb-hexahydro-4H-pyrazin ~ 2 , 1 - a _ 7 i s o q u i n o l i n - 4 - o n e .  

B i l h a r z i a s i s ,  a seri'ous p a r a s i t i c  disease, very widespread i n  many t r o p i c a l  and subt rop ica l  coun- 
1 t r i e s  o f  A f r i ca ,  China and B r a z i l ,  i n f e c t s  more than 200 m i l l i o n  people according t o  WHO . 

2 Praziquantel  (1). a well-known ant icestodal  compound exh ib i t s  remarkable a c t i v i t y  a g a i n s t a l l  
3 three species of schistosomas a f f e c t i n g  man. I t s  pharmacological p r o f i l e  a l lows praz iquante l  t o  

be considered as an except ional chemotherapeutic agent fo r  e rad ica t ion  o f  b i l h a r z i a s i s .  I n  

s p i t e  o f  t he  shor t  treatment4, i t  would s t i l l  be too expensive f o r  mass e rad ica t ion  o f  endemic 

schistosomiasis.  Consequently, i t  seemed des i rab le  t o  consider a l ess  expensive mode o f  synthe- 
5 s i s  f o r  praz iquante l .  Several pathways are descr ibed i n  the l i t e r a t u r e  and i n  patents6'11 

(Merck o f  Darmstadt and Rayer o f  Leverkusen). The synthet ic pathway, which seems t o  us t o  be the 

best publ ished method fo rp roduc t ion  on an i n d u s t r i a l  scale, uses i soqu ino l i ne  as the  raw mate r ia l .  

It uses the  format ion o f  the p iperaz ine cyc le  from 1-aminomethyl-1,2,3,4-tetrahydroisoquinoline 

2 (Scheme 1 ) .  - 

Scheme 1 - 
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We present here a d i f f e r e n t  approach, eas ier  t o  apply on an i n d u s t r i a l  scale1'. The key step 

of t h i s  synthesis consists i n  se lec t i ve ly  reducing the imide funct ion o f  piperazine-2,6-dime 

8 i n  hydroxyimide 9,  fol lowed by c y c l i s a t i o n  i n  ac id ic  medium (Scheme 2). - 

Scheme 2 
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(a) : C6H11COCl(1.1 eq.), K2C03(1.5 eq.) , water-methylene ch lor ide,  R.T., 2 h. 

( b )  : NH20H, HCl(4 eq.), K2C03(1 eq.), water-methanol , re f lux ,  2.5 h. 

(c) : NaN02 (3 eq.), water-acet ic acid, O•‹C, 24 h. 

( d )  : CH30Na(l.l eq.), dimethylformamide, R.T., 1 h ; C6H5CH2CH21 ( 1  eq.), 80•‹C, 5 h. 

( e )  : CuC12, 2H20 (1.1 eq.) , ethanol, O0C, 1 h. ; NaBH4(5-fold molar excess), O•‹C, 45 mn. 

( f )  : 12N H C l  , ODC, overnight.  
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4-(~yclohexylcarbonyl)-piperazine'-2;6'ilione.(~) was prepared according t o  a s l i g h t l y  modi f ied 

E lv idge method13: a c y l a t i o n  o f  iminodiacetpni t r i l e  (3) with cyclohexylcarbonyl c h l o r i d e  gives 

compound 4. Cyclocondensation o f  4 w i t h  hydroxylamine produces 4-(cyclohexylcarbony1)-2.6-di- 

hydroxyiminopiperazine (6) v i a  the diamidoxime 5. Diazotat ion o f  6 qives 4-(cyclohexylcarbo- 

ny1)-piperazineL2,6-dione (1).  A l k y l a t i o n  of L w i t h  phenethyl i od ide  leads t o  4-(cyclohexyl- 

carbonyl )-1-phenethyl piperazine-2,6-dione (8)  . The se lect ive reduct ion14 o f  t he  imide f u n c t i o n  

i n  8, according t o  the Atta-ur-Rahman method15, g ives 4-(cyclohexylcarbony1)-6-hydroxy-1-phe- 

nethylpiperazin-2-one (9 ) .  C y c l i s a t i o n  of 9 i n  a c i d i c  medium produces praziquantel(L)(Scheme 2) .  

A d i f f e ren t  access way t o  praz iquante l  cons is ts  i n  preparing t r i c y c l i c  compounds 13a and 9 
from 4-acetyl-piperazine-2.6-dime(=) o r  4-benzoylpiperazine-2,6-dione (l0b)l3>cording 

t o  scheme 3. 

Scheme 3 - 

I l a  R = CH3 64 % 

I l b  R = C6H5 66 % - 

14 
13a R = CH3 94 % 

- - 
136 R = C6H5 95 % - 

(a) : CH30Na (1 .1  eq.), dimethylfomamide, R.T., 1 h ; C6H5CH2CHZ1, 120•‹C, 5 h. 

( b )  : CuC12, 2H20 (1.1 eq.), ethanol,  O"C, 1 h ; Na8H4 ( 5 - f o l d  molar excess), O'C, 45 min. 

( c )  : 12N HC1, O•‹C, overn ight .  

(d)  : N HCl,ref lux, 3 h o r  70 % aq. H3P04, r e f l u x ,  3 h. 

(e)  : C6H11COC1 (1.1 eq.), NEt3 (1.1 eq.), dimethoxyethane, R.T., 15 h. 



Table I 

Compound 

82 
(C6H12 - AcOEt) 

,260 
(EtOH - H20) 

186 

(EtOH) 

130 

( iP r20  - AcOEt) 

102 

(C6H12 - AcOEt) 

1645,1680,1735 (CDC13) : 1.53(m,10H,(CH2)5); 2.40(m,lH,CH2CEO);2.76(t,J=7,2H,@.&H5); 
4.OO(t,J=7,2H,N-Cli,); 4.33(s,4H,NCsCO); 7.20(s,5H arom.) 

IR(KBr) 

IJMX (cm-l) 

(COCl,) : 1.46(m,10H,(C~2)5); 2.40(m,lH,CH2C&O);2.86(t,J=7,2H,C3C6H5); 
1620,1650,3250 3.06-4.80(m,7H,NCli2CONCs, NCsCHOH) ; 7.20(m,5H arom. ) 

H1 NMR (Solvent) ; ~ ( p p m )  ; J (Hz) 

s : s i n g l e t  ; t : t r i p l e t  ; m : m u l t i p l e t  

1630,1690,1740 
(CDC13) : 2,06(s,3H,COC%) ;2.76(t ,J=7,2H,CH&H5) ;3.94(t ,J=7,2H;NC$CO); 

4 . 3 4 ( ~ , 4 H , N C H p ) ; 7 . 0 2 ( s , ! i H  arom.) 

I 

1650,1680,1735 (CDC13) : 2.83(t,J=7,2H,C%C6H5);4.00(t,J=7,2H,NC~C0);4.40(s,4H, 
N C H p )  ;7.20(s,5H arom. );7.37(s,5H arom.) 

(C0Cl3) : 2.03(~,3H.C0C~~) i2.83-4.93(m,9H,NC$C$H,NC$CONHC3C$C6H5) 
1625,1660,3300 7.18(s,5H arom.) 

1630,1660,3200 I (COC13) : 2.86-4.77(m,9H,NCHJONHC~C$C6H5 , NC$CFH) ; 

7.14(5,5H arom.) ; 7.32(s,5H arom.) 

:: Sat i s fac to ry  e l e m n t a r y  analyses fo r  the synthet ised compounds were obtained 

- 
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Deacetylat ion (N HCl, r e f l u x )  o r  debenzoylation (70 $ aqueous H3P04, r e f l u x  ) produces the 

t r i c y c l i c  compound 14, e a s i l y  acylated w i th  cyclohexylcarbonyl ch lo r ide  t o  give praz iquante l ( l ) .  

Table 1 sumnarises the spect ra l  charac te r i s t i cs  o f  the new synthet ised products i n  our l a -  

borator ies. 
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