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Description 

The present invention relates to a process for the 
preparation of 2-acyl-1,3,4,6,?,11b-hexahydro-2H-pyrazino­
[2, 1-a] -4-isoquiµ.olinones. 

More particularly, the present invention has for its 
object a new process for the preparation of compounds of 
the formula: 

!i': ~ ... -, . ·--i J~·-·-.-·-. (1)1 • 

IP. · 

'"1 · . tt : I 
! . to-it , I .. :·_:··-~·~~~ 

in which R represents a lower· alkyl group, cycloalkyl having 
3 to 8 carbon atoms, phenyl or subs1;i tuted phenyl. 

The 2-acyl-1,3,4,6,7,11b-hexahydro-2H-pyrazino (2,1-aJ-:·. -
4-isoquinolinones of abo~e formula 1 are well known products 
which are described·in the G~rman Patents Nos. 1795728 and 
2362539 as powerful.ant¥elmintics or as intermediaries in. 
the preparation of products having anthelmintic activity. 

The above compound of formula 1, in which R is a cyclo­
hexyl group, has been given the Common International Denomi­
nation of "Praziquantel" and it has been indicated as having 
a broad anthelmintic spectrum witn an excellent activity 
against all the species of pathogenic Schistosomes in humans 
and the Cestodes (Experientia 1977, 1036). 

The German Patents ~os. 2362539 and 2441261 describe a 
process which may be used for the preparation of the compounds 
of the above general formula I, the said process being charac­
terised in that 4-oxo-1,2,3,6,7,11b-hexahydro-2H-pyrazino-

(2, 1--al-isoquinoline of f.~rm~la .: ___ .. __ _ 

. (0"'-1 --------'-'_. ~ 
.~ '(,) (fi)' 

·f 
H .. 

is reacted with the acid R-COOH or one of its functional 
derivatives, ·or even that a compound of formpla 
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in which X represents a halogen, a methylsulphonyloxy group 
or an arylsulphonyloxy'group containing 6 to 10 carbon atoms~ 
is treated in the presence· of a cyclising agent, or even, 
when it is a question of preparing diastereoisomers, a compound 

--····· ··--·- ..... --
of formula 

·o:t:f (IV) 
I'· ' co-R. 

in which the dotted line indicates that it may a double bond 
in the 6,7-position, is treated with a reducing agent. 

According to ·German Patent No. 2504-250, ·the starting pro.;. 
duct III has the disadvantage of only being available with 
very low yields from the isoquinoline, the R-COCl acid chlo­
ride and cyanides. 

· The same· Patent visualise·s a process which is character­
ised in that a compound of formula: 

·w 
I CH Nit 

. ~ :2 
(V) 

.. 
in the form·of addition mono-salts, is treated with the 
chloride R-0001 in the presence of a weak base, which is 
more weakly basic than the product which is obtained, and 
then the compound which is obtained is_transformed into the 
above compound III by action of a halogenoacetyl halide. 

The compounds III are then transformed into the compounds 
of formula I as indicated above, using. the process of German 
Patent No. 2'625'9· 

The compound of formula V is, in its turn, prepared by 
catalytic hydrog~natiOQ~n_. of--..t.l!~ ..... 9ou.;i.p:Q1.1Jld_o_f formula 

\ . -COcH · (Vt) t . 
. . ~ . 3_. . :: · .•.. 

CN · ··• 
preferably using Raney nickel as catalyst (Helv. Chim. Acta,· 
1939, 22, 673-683), and then by hydrolysis. However, this 



-' 2 

·1 

\_j 

. ' -~-

hydrdlgenation, already for quantities of. 150 to ~200. mg. ;;,.com­
prises an operation at high temperature and at a very high 
pressure (of at least 150 to 250 atmospheres), and this con­
stitutes a disadvantage at the industrial level, especially 
when the quantities are even larger. 

German Patent No. 2457971 described another process for 
the preparation of the compounds of the .above formula I, which 
consists in cyclising a 

VII 

or one of its functional groups on the carboxyl. 

However, the compounds VII are prepared from the above 
product V9 the obtaining of which requires high temperatures 
and pressures. 

According to ·the 
cyclise a compound of 

same Patent, it is also possible to 
formula ... --··-··---i"2-CHzE .:! , 

.Oc'f 
!, . . ' t° .· . 

VIII 

in which E is a ·halogen or a hydroxyl group, but this proce­
dure is not the one which_is preferred in Belation to that 
which comprises the cyclising of the product VII. 

In· all cases, all the _methods which lead to the products 
of formula I with suitable yields comprise, primarily, either 
·a hydrogenation at very high pressures and temperatures, in 
the presence of catalysts such as Raney Nickel, which neces­
sitate careful preparation, or other processes which comprise, 
for ex~ple, the use of hydro~luoric gases_ or other expensive 
silicon-containing intermediaries. 

It has now been found that the compounds of general for­
mula I as indicated above can be prepared with high overall 
;yElds by the process of the present invention; which makes use 
of novel intermediaries.and chemical reactions which are easy 
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to use, the transfer of such process to an industrial level 
being simple. 

Thus, according to one of its aspects, the present inven­
tion is concerned with ~ process for the preparation of 
2-acyl-1,3,4,6,?,11b~hexahydro-2H-pyrazino- (2,1-a] -4-iso­
quinolinones of formula I as above, the said process being 
characterised in that a:4-acyl-2,6-dioxopiperazine of formula: 

-·-~·-·- .. ·-~ ·- ·- .... ·--... -----. 
0 

. R-CO-~NH. 
_.>-(· 

IX 

. . 0 

is treated with an alkylating agent of formula: 

x 

in which X represents chlorine, bromine, iodine or a nucleo-. . . . 

phobic groqp, in th~ presence of an alkaline'· condensation 
agent and in an inert organic solvent; one of the imidic 
carbonyls of the compound thus obtained and of formula: 

-----··-- ·cii · ······-
~ 2'cH .· 
'V , 2 

. . oy" ;O' 

·1. . l . .) ,·' 

.·. to-it 
XI 

is selectively reduced by a complex metal hydride in the 
presence .of a metallic ·'.chloride: catalyst chosen from Cuc12, 
Co012; NiC12 , CrCf.3, Feo13, Sno12, .SrC12, MnC12 , Ce012 , HgC12 , 
and the compound thus obtained and of formula 

XII 

. ·-~(::·.~.:~-. .. .•• .. . .. _ .. ·/· ; -~·.. . 
I -. 

is cyclised by. the action of'•a strong organic or mineral acid 
at a temper.ature which is be.tween 0 and 25~0 • ... " 

According to another of its aspects, the present invention 
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has for its object, as intermediaries, novel 4-acyl-6-oxo-1-

phenetbyl piperazine11_3f_~ulac. . ~ ... --:--. 

R-CO-K H-CH -CH~ (XIII) 
y.2~. 

t 
in which R is as defined above and in which Y is 0 or H.OH. 

The steric configuration of the hydroxyl in the 2-position 
of the above compounds XII is of no importance in the process 
of the present invention, because the cyclisation passes through 
a carbocation, which destroys the asymmetric centre in the 
2-position and the final products are obtained with a practi­
cally.quantitative yield. 

1rhe term "lower alkyl" which is used here designates a 
straight-chain o:;-_branche4-chain saturated aliphatic bydro­
carbon radical which con1::1ains up to 6 carbon atoms, such as 
methyl, ethyl, propyl, isopropyl, isobutyl, sec.butyl, tert.­
butyl and simiiar radicals. 

ThE-) term "substituted phenyl" which. is used here desig­
nates a phenyl group which is monosubstituted or disubstituted 

·· by an atom or a radical which is inert under the above reac­
tion conditions, for example, a halogen, such'as fluorine, 
chlorine or bromine, a free or etherified hydroxy group with 
a lower alkyl as defined above, a hydroxy group which is free 
or monosubstituted or disubstituted by a lower alkyl, such 
as defined above, a mercapto :.group. which ·;·.1·a free or thio­
etherified with a lower alkyl group, such as defined above, 
a cyano group, a trifluomethoxy or trifluomethylthio group. 

The reaction between the starting compound of the above 
formula IX and the reagent of formula X is an alkylation 
conducted in the presence of an alkaline condensation agent, 
such as an alkali metal hydride, for example, of sodium, 
an alkaline alcoholate and the like. The nucleophobic group 
indicated by X in the above formula X is pr.eferably the 
methane-sulphonyloxy (mesyloxy) group or p-toluosulphonyloxy 
(tosyloxy) group, but the benzene-sulphonYlpxy, ~-naphthalene­
sul~~onyloxy and similar groups may also be used. The par­
ticularly preferred alkylating agents are phenethyl bromide 
and phenethyl iodide. 
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·According to a preferred operating procedure,.the reaction 

mixture is heated for 2 to 8 hours to a temperature wh~ch is 
between 50 and 100°0 in an•inert organic solvent, such as 
dimethyl formamide, dimethyl acetamide, dioxane or dimethoxy­
ethane. ·With completion of the reaction, the product t~us 
obtained is isolated by a co_nventional procedure and it can be 
purified or directly used for.the following stage. 

The 4-acyl-2,6-dioxo-1-phenethyl piperazine of formula XI 
is then reduced with a complex metal hydride, such as the 
double hydride of an alkali metal and an alkaline-earth metal, 
such as sodium borohydride, lithium borohydride or the.hyd­
ride of lithiWil and aluminium or even other complex metal 
hydrides, such as the borohydride of potassium and tri-sec.­
butyl~ in the presence of a catalytic metal hydride. The 
operation is generally carried out in the presence of .an 
inert .solvent like an ether, such as diet~yl ether, tetra­
bydrofuran, dioxane .or dimetboxyethane, at a temperature 
which is between -70°0 and the boiling point of the solvent 
being used. If sodium borohydride is used, the reaction 
may take place in aqueous or hydroalcoholic solution at a 

.. temperature close to ambient temperature. 

According to one preferred operating procedure, this is 
carried out with an excess of sodium borohydride in an alcoholic 
solvent, such as methanol or ethanol, at a temperature between 
O and 25°0, using the.cupric chloride (Cuc12) as catalyst. 
After having destroyed the excess of reducing agent, the 
·compound thus obtained, which is the 4-acyl-2-hydroxy-6-oxo-
1-phenethyl piperazine of formula XII, is isolated in accor­
dance with ·the conventional methods and purified, or even used 
as such for the cyclisation. 

The cyclisation is carried out by treatment with a strong 
organic or mineral acid, such as hydrochloric acid, sulphuric 
acid, .Phosphoric acid, trifluorace:: .. tic · .acid·~nd similar acids 
at a tem.perature which is between 0 and 25°0., preferably 
from O to 5°0. The final product of formula I as above is 
isolated by pouring the reaction mixture into iced water and 
by extraction with an appr~priate solvent. 
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Tne 4-acyl~2,6-dioxopiperazines of formula IX used as 
starting compound in the process of the present invention are 
products which are known in the literature or which are easily 
prepared from iminodiacetonitrile by reaction with an acid 
halide, by subsequent treatment of the N-acyl iminodiaceto-

... oJ . . wi tn. h;v.drox.vl.amine . 
~ nitrile thus obtain~dLand a1azot1sation in accordance with 

the following diagram: . 

described in J.Chem.Soc.Perkins I, 19?2, 1009. 

The 4-acyl-2,G~dioxopiperazines of formula IX being used 
as starting;, compounds may also be prepared by causing the 
reaction of an N-acyl~iminodiacetic acid or the corresponding 

.. diamine with formamide, while eliminating the water which is 

formed azeotropica~.lY .. J~ -~-~-~~~~~1':19(i! .. w:~th the following diagram: 

. ~ 
+ t112CD·M -+ R-CO-"'--/H 

(IX) o. 

as described in Belgian Patent No. 624686. 

The following examples illustrate the invention. 

Preparation: 
a) N-(cyclohexylcarbonyl) iminodiacetonitrile 

50 g (0.52 mol) of iminodiacetonitrile, 160 g (0.78 mol) 
of potassium carbona~e. 150 ml. of water and 400 ml. of di­
chloromethane are mixed while stirring. After cooling the 
reaction mixture to 0°0., 96.5 g (0.65 mol) of cyclohexyl 

· carbonyl .are added dropwise. The temperature is allowed to 
return to ambient temperature in two hours, while continuing 
to stir. The organic phase is decanted, and the aqueous phase 
is extracted twice with dichloromethane. The combined organic 

-- ~ ! 
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.Phases, dried over sodium sulphate, leave an oily residue after 
evaporation. By trituration with cyclchexane, crystals are 
recovered and th~se are recrystallised from the cyclohexane. 
White crystals, ~·P· = 82°0., yield 85%. 

:t>) 4-(cyclohexylcarbonyl)-2,6-1>i'$_;(hyai-oxyi,m1no)-piperazine 

To.~. ~.)ni;tur•.~f'£~"19;'4ig··;(o~~~~t.~9~.l.~.o~ ... ·bi4:i-o~~amine hydro-
---· 1 ............. . •·. ·-··· ··--· - .... .. 

chloride and 7;42 g (0.07 mol) of potassium carbonate in 60 ml 
of metha.nol and 20 ml of water are added, in portions, 14.4 g 
( O. 07 mol) of N-( cyclohexylcarbonyl) iminodiacetoni trile. .The 
mixture is refluxed, in inert atmosphere, for 2i hours. After 
cooling;. the cr~stals are filtered off. These crystals are 
suspended in a mixture of' 120 ml of ethanol and 50 ml of water 
and refluxed for one hour. The-crystal~ are filtered off 
while hot and they a~e recrystallised in a mixture of water 
and ethanol. White "crystals, m.p. ) 260°0, yield: 84%. 

c) 4-(cyclohexylcarbonyl)-2,6-dioxopiperazine 

6 g (0.023 mol) of 4-(cyclohexylcarbonyl)-2,6-bis­
(hydroxyimino) piperazine are· suspended in a ·mixture of 20 ml 
of water and 20 ml of acetic acid. After cooling the reaction 
medium to between 0 and 5°0, a solution of 5 g (0.069 mol) 
of sodium nitrite in 25 ml or· water is added dropwise in an 
inert atmosphere. The mixture is left for 24 hours at ambient 
temperature. Evaporation to dryness leaves a residue, which 
is purified by filtration on a silica bed (eluant: dichloro-

., methane/methanol 9/1). The crystals obtained are recrystal­
lised from ethanol. White crystals, m.p. 180°0, yield; 83%. 

In the same manner, by causing reaction of imi~odiaceto­
nitrile with cyclopropylcarbonyl choride, cyclo~~tylcarbonyl 
chloride~ cyclopent{lcarbonyl chloride, cycloheptylcarbonyl 

Mill. · a.na c.vcloQcty ca:rbon:v..l chloride . 
~chloride~1-vreat1ng ;ne pro-a.uc~s tnus bbtained with hydroxyl-

. amine hydrochloride and subjecting the dioximes to a diazoti-
sation in accord.ence with the operating procedure described 
above,.there are respectively obtained 4-(cyclopropylcarbonyl) 
2,6-dioxopiperazine, 4-(cyclobutylcarbonyl)-2,6-dioxopiperazine, 
4-(cyclopentylcarbonyl)-2,6-dioxopiperazine, 4-(cycloheptyl­
carbonyl)-2,6-dioxopiperazine and 4-(cyclooctylcarbonyl)-

. 2,6-dioxopi~erazine • 
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·Examble 1 
.. . .. -· ··-" . 

a) 4-cyclohexylcarbonyl )-2,6-dioxo-1-ph.e.n.~teyl .piperazine 

15 g (0.067 mol) of ll:--(cyclohexyicarbonyl)-2,6-dioxo­
piperazine are dissolved in 200 ml of dimethyl formamide. 
4 g (0.073 mol) of sodium methylate are added and the mix-
ture left for 1 hour at ambient temperature. In an inert 
atmosphere, the mixture has added thereto, dropwise, a solu­
tion of_19 g (0.081 mol) of (2-iodoethyl) benzene in 50 ml 
of dimethyl formamide and i,s brought for 5 hours to ·80°0. 
The solution is evaporated to dryness .in vacuo and the resi­
due is taken up in a mixture of water and.dichloromethane. 
The decanted o~ganic phase is dried over dry sodium sulphate. 
Evaporation of the-solvent leaves an oily residue which is 
purified by chromat()graphy on a silica columni(eluant: toluene/ 

I . 

ethyl acetate?/~). The crystals which are obtained are 
recrystallised in cyclohex.ane. .White crystals, m.p. 90°, 
yield: 86%. 

b) 4-cyclop.exylcarbonyl )-2.-hydroxy-6-oxo-1-:phenethyl piperaz :ine 

15.2 g (O.Q46 mol) of 4-(cyciohexylcarbonyl)-2,6-dioxo-
1-phenethyl piperazine are dissolved in 600 ml of ethanol. 
In an inert atmosphere, at 0°0., a.7 g (0.0509 mol) of cupric 
chloride dihydrate are added and left for 1~hour.at·O~C. 
The reaction mixture, kept at 0°0., has added thereto, in 
portions, 8.8 g (o.23 mol) of sodium hydroboride and is left 
for 45 minutes at 0°0. The excess of redu£ing agent is 
destroyed by adding acetone. The insoluble salts are fil­
tered off and the filtrate is evaporated to dryness. The 
obtained residue is treated with a mixture of water and 
dichloromethane. The organic phase is decanted, dried over 
dry sodium sulphate and evaporated to dryness. The residue 
as obtained is purified by filtration on a silica bed 
(eluant: ethyl acetate). Beige crystals, m.p. = 134°0, 
yield: ?3"/o. 

c) 2-(cyclohexylcarbony~)-1.3,4;5,6,11b-hexahydro-2H­

pyrazino-(2,1-a)-isoquinolinone-4 (Praziquantel). 

12.25 g (O.O~? mol) of 4-(cyclohexylcarbonyl)-2-hydroxy-
6-oxo-1-phenethyl piperazine ~re ~dded portion-wise to 150 ml 
of 12N hydrochloric acid, previously cooled to 0°C, and left 
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overnight at ambient temperature. The reaction medium is 
poured into iced water and extracted with dichloromethane. 
The organic phase, dried over dry sodium sulphate and evapo­
rated to dryness, leaves an oil which crystallises slowly on 
standing. The 11praziquantel" crystals thus obtained are 
recrystallised from a mixture· of iet'r'oleum ether and acetone. 
White crystals, m.p .. = 138-140°0, y_!eld: 95%. The total 
yield of praziquantel from lminodiace.toni trile, starting com-

~~·-··· ·-··· .. 

pound of the preparation, is 35%. 

Example 2: 
t 

0.067 mol of 4-(cyclopropylcarbony'-.1)-2,6-dioxopiperazine 
are dissolved in 200 ml. of_ dimethyl acetam.ide. 0.073 mol 
of sodium methylate are added and the mixture is left for 1 

:·'" 

hour at ambient· temperature. The reaction mixture has added 
thereto, dropwise- and in inert atmosphere; a solution of 0.081 
mol of (2-tosyloxyethyl) benzene in 50 ml of dimethyl aceta­
mide and is brought to 90°0 for 4 hours. Evaporation to dry-

~ 

ness under reduced pressure is carried out, the residue is 
taken up in a mixture of water and methylene chloride and 
the decanted organic phase is dried over dry sodium sulphate • 

.. The solvent is evaporated and the residue, constituted by 
4-(cyclopropylcarbonyl)-2,6-dioxo-1-phenethyl piperazine in 
crude form. is dissolved ~n 600 ml of ethanol. Added to the 
solution th~s obtained, at 0°0 and in inert atmosphere, are 
0.059 mol of· manganese chloride and it is then left for 1 
hour at· 0°0. 0.23 mol of sodium borohydride is added ~n por~ 
tio.ns. to. t·he" reaction medium, kept at 0°0, and the 'reaction 
medium is left for 45 minutes at 0°0. The excess of reducing 
agent is destroyed by adding acetone. The insoluble salts 
are filtered, the filtrate is evaporated to dryness and the 
residue is treated with a mixture of water and methylene 
chloride. The decanted organic pha_se is dried over dry 
sodium sulphate and evaporated to dryness. ·The residue is 
purified by filtration on a silica bed and the product thus 
obtained, formed by the 4-(cyclop~opylcarbonyl)-2-hydroxy-
6-oxo-1-phenethyl piperazine, is added. in portions to 150 ml 
of hydrochlori~"acid, previously cooled to 0°0. After one 
night at ambient temperature, the reaction medium is poured 
into iced water and extracted with dichloromethane. The 
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organic phase is dried on anhydrous sodium sulphate and the 
v solvent evaporated. . In this way,· there is obtained the 

2-(cyclopropylcarbonyl)-1,3,L~,6,7,11b-hexahydro-2H-pyrazino-

'-./ (2,1-a)-isoquinolinone-4; m.p. = 148-149°0, yield: 57%. 

In the same manner, using·4-(cyclobutylcarbonyl)-2,6-
\_i dioxopiperazine, 4-(cyclopentylcarbonyl)-2,6-dioxopiperazine, 

4-(cycloheptylcarbonyl)-2,6-dioxopiperazine and, respectively, 
4-(cyclooctylcarbonyl)-2,6-dioxopiperazine, there are obtained; 

the 2-(cyclobutylcarbonyl)-1,3,4,6,?,11b-hexahyd.ro-2H­
pyrazino-(2,1-a) isoquinolinone-4; m.p. = 153-156°0; yield 55%; 

the 2(cyclopentylcarbonyl)-1,3,4,6,?,11b-hexahydro-2H­
pyrazino-(2, 1-a)-isoquinolinone-4, m.p. 127-128°0; yield 600"; 

the 2-(cycloheptylcarbonyl)-1,3,4,6,7,11b-hexahydro-2H­
pyrazino-(2,1~a)~isoquinolinone-4, m.p. 88-91°0, yield 57%; 
and respectively; 

· the ·2-(cyclooctylcarbonyl)-1 ;~.4~-6;;?_,1~b . ..-b.exahydro•2H­
pyrazino-(2,1-a)-isoquinolinone-4; m.p. = 107-108°0; yield: 55%. 

Example 3: 

7.8 g (0.050 mol) or 4-aeetyl-2,6-dioxopiperazine are dissolved 
·· in 200 ml or dimethoxyethane. 3.2 g (0.060 mol) or sodium 

methylate are added and the mixture left for 1 hour at ambient 
temperature. To the reaction medium is added, dropwise -.and 
in an inert atmosphere, a solution of 13 g (O.O?O mo_l) or 
2-(bromoethyl) benzene in 50 ml of dimethoxyethane and the 

·mixture is brought to 85°0 for 5 hours. It is evaporated 
to dryness under vacuum and the residue is taken up in a 
mixture of water and dichloromethane. The oily residue which 
is obtained is purified by chromatography on a silica column 
(eluant: toluene/ethyl acetate ?/3). Obtained in this wa:y 
is the 4-acetyl-2,6-dioxo-1-phenethyl piperazine which, after 
recrystallation in a mixture or ethyl acetate/isopropanol, 
melts at 130°0. 
The product thus obtained is dissolved in 500 ml of ethanol • 

. ?.15 g (0.055 mol) or Coc12 _are added at(o•c in an inert 
atmosphere and the mixture left for 1 hour at this temperature. 
The reaction medium has added thereto, in portions and at 0°C, 
9.5 g (0.25 mol) of sodium borohydride and left for 45 minutes 
at 0°0. The excess ofreducing agent is destroyed by acetone, 
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the insoluble salts are filtered and the filtrate is evapo­
rated to dryness. The residµe obtained is treated with a 
mixture of water and dichloromethane. The organic phase is 
decanted, then dried on dry sodium sulphate and evaporated to 
dryness. The residue obtained i.s purified by filtration on 
a silica bed (eluant: ethy'l acetate), the product thus obtained 
is added in portions to 150 ml of 12N-hydrochloric acid cooled 
beforehand to 0°0 and left overnight at ~mbient temperature. 
The reaction medium is poured into i.ced water and extracted 
with dichloromethane. The organic phase is dried on dry 
sodium sulphate, and evaporated to dryness. There is thus 
obtained the 2-acetyl-1,3,4,6,?;11b-hexahydro-2H-pyrazino­
(2.1-a)-isoquinolinone-4 which, after recrystallisation in 
a mixture of petroleum ether and ace.tone, melts at 140-141°0. 
Tot~l yield: 60%. 

Example 4: 

12 g (0.055 mol) of 4-benzoyl-2,6-dioxopiperazine are dissolved 
in 200 ml of dimethyl formamide. 3.5 g (0.064 mol) of sodium 
methylate are added and left for 1 hour at ambient tempera­
ture. To the reaction medium ls added, dropwise and in an 
inert atmosphere, a solutio_~ of _16 g (o.·oao mol) of. (2.;:.methane­
sulphonyl-ethyl) benzene in 50 ml of dimethyl formamide and 

··the medium is brought to 70°0 ·for 5 hours. It is evaporated 
to dryness. under vacuum and the .residue is taken up in a 
mixture of water and dichloromethane. The decanted organic 
phase is dried on dry sodium sulphate. Evaporation of the 

~sol vent leaves an oily residue, which is purified!; ·byJ!&§Faifli 
on a silica column (eluant: toluene/ethyl acetate 7/3). 
Obtained in this way is the 4-benzoyl-2,6-dioxo-1-phenethyl 
piperazine which, after recrystallisation from a mixture of 
cyclohexane/ethyl acetate, melts at 102°0. 

16.1 g (0.050 mol) of the product thus obtained are dissolved 
in 600 ml of ethanol. In an_ inert atmosphere, at 0°0, there 
are added 8.94 g (0.055 mol) of ferric chloride and the mix­
ture is left for 1 hour at 0°0. To the reaction medium, 
kept at 0°0,.there are added in small quantities 9.5 g 
(0.25 mol) _of sodium borohydride and·it is left for 1 hour 
at 0°0. The excess of reducing agent is destroyed by adding 
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acetone. The insoluble salts are filtered and the filtrate 
is evaporated to dryness. The residue obtained is treated 
with a mixture of water and dichloromethane. The organic 
phase is decanted, .dried on dry sodium sulphate and evapo­
rated to dryness. The residue is purified by filtration 
on a silica bed (eluant: ethyl acetate). 10.78 g (0.035 
mol) of the product thus obtained are then added in small 
quantities to 150 ml of 12N hydrochloric acid pr.eviously 
cooled to 0°0 and left overnight at:·: .. ambient temperature. 
The reaction medium is poured into iced water and extract~on 
takes place with dichloromethane. The organic phase is dried 
on dry sodium sulphate and evaporated to dryness. In this 
way, there is obtained the 2-benzoyl-1,3,4,6,7,11b-hexahydro-
2H-pyrazino-(2,1-a)-isoquinolinone-4, m.p. = 160-162°0, 
Total yield: 58°fo. 

Example 5: 

In an inert atmosphere, 15 g (0.050 mol) of 4-parabromo­
benzoyl-2,6-dioxopiperazine are dissolved in 300 ml of 
dimethyl formamide. 3.25 g (0.060 _mol) of sodium methylate 
·are added and left for 1t1hours at ambient temperature. To 
the reaction mixture is added dropwise a solution of 21 g 
(0.090 mol) of (2-iodoethyl) benzene in 50 ml of-dimethyl 
formamide and brought to 120°0 for 8 hours. 

After cooling, the reaction' medium is poured on to 3000 ml 
of iced water and extracted 3 times with ethyl acetate. 
The united organic phases are washed with water for elimina­
ting the residual dimethyl formamide, dried on sodium sul­
phate and evaporated to dryness. The oily residue which 
is obtained is crystallised in isopropyl ether, filtered 
and dried under vacuum in order to give the 4-parabromo­
benzoyl-2,6-dioxo-1-phenethyl piperazine, which is presen­
ted in the form of grey crystals. M.p. = 110-120°0. 

14 g (0.035 mol) of the product thus obtained are dissolved 
in inert atmosphere in 500 ml of ethanol and the solution is 
cooled ~o 0°0. 6.5 g (0.038 mol) of cupric chloride dihyd­
rate are. then added and the mixture .. is maintained at 0°0 

for 1 hour. 6.6 g (0.175 mol) of NaBH4 are added in small 
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· · portions, keeping·. a~ temperature which is be.low 5°0, and the 
'medium is left for 45 minutes at 0°C.· The excess of· reducing 
agent is the·n destroyed with acetone, the insoluble salts are 
filtered off and the filtrate is evaporated to dryness. 

The oily residue which is obtained is treated with a mixture 
of dichloromethane and water. The organic phase is decanted, 
dried over sodium sulphate and evaporated to dryness. 

The residue is purified by filtration on a silica bed (eluant: 
ethyl acetate) and evaporated to dryness. The 4-parabromo­
benzoyl-2-hydroxy-6-oxo-1-phenethyl piperazine crystallises 
in isopropyl ether in the form of white crystals. M.p.= 
136-138°0. 

9.9 g·(0.024 mol) of the product obtained above are added in 
small quantities.to 150 ml of 12N-hydrochloric acid cooled to 
0°0 and left overnight at ambient temperature. 

The medium is poured into iced water and extracted with 
methylene c~loride. The organic phase is dried on.sodium ,. 
sulphate and evaporated to dryness. The oily resi · '.e which 

. . 
slowly. crystallises is recrystallised in a hexane-acetone 

.. mixture to give 6.6 g of 2-parabromobenzoyl-1,3,4~6,?,11- . 
hexahydro-2H-pyrazino-(2,1-a)-isoquinolinone-4. · M•p. 
204-206°0 (K8fler); yield, starting wit"hthe 4-parabromo­
benzoyl-2,6-dioxopiperazine: 35%. 

CLAIMS for the contracting countries BE, CH, DE, GB, IT, LI, FR, 
LU, NL, SE. 

1. Process for the preparation of 2-acyl-1,3,4~6,7,11b­
hexahydro-2ll-pyrazino-.(2, 1-:-a}-4-:isoquinolinones of formula: 

.! (X'i()o, 
' CO-ll 

in which R represents an alkyl group containing up to 6 
carbon atoms, cycloalkyl having from 3 to 8 carbon atoms, a 
phenyl or phenyl group substituted by a halogen atom~ a hydroxy 
group, alcoxy containing up to 6 carbon atoms, amino, alkyl­
amino containing up to 6 carbon atoms, mercapto, alkylthio 
containing up to 6 carbon atoms, cyano, trifluoromethoxy, 
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portio·ns, keeping . a· temperature which is be.low 5°0, and the 
medium is left for 45 minutes at 0°0~ The excess of reducing 
agent is then destroyed with acetone, the insoluble salts are 
filtered off and the filtrate is evaporated to dryness. 

The oily residue which is obtained is treated with a mixture 
of dichloromethane and water. The organic phase is decanted, 
dried over sodium sulphate and evaporated to dryness. 

The residue is puri:fied by filtration on a silica bed (eluant: 
ethyl acetate) and evaporated to dryness. The 4-parabromo­
benzoyl-2-hydroxy-6-oxo-1-phenethyl piperazine crystallises 
in isopropyl ether in the form of white crystals. M.p.= 
136-138°0. 

9.9 g (0.024 mol) of the product obtained above are added in 
small quantities.to 150 ml of 12N-hydrochloric acid cooled to 
0°0 and left overnight at ambient temperature. 

The medium is poured into iced water and extracted with 
methylene chloride. The organic.phase is dried on_ sodium 
sulphate and evaporated to dryness. The oily resi ·.e which 
slowly crystallises is recrystallised in a hexane-acetone 
mixture to give 6.6 g of 2-parabromobenzoyl-1,3,4;6.?,11-
hexahydro-2H-pyrazino-(2,1-a)-isoquinolinone-4. M.p. 
204-206°C·(K8fler); yield, starting with-the 4-parabromo­
benzoyl-2.6-dioxopiperazine: 35%. 

CLAIMS for the contracting countries BE, CH, DE, GB, IT, LI, FR, 
LU, NL. SE. 

1. Process for the p;~eparation of 2-acyl-1,3,4,6,7,11b­
hexahydro-2H-pyrazino-.<2, 1-a)-4-isoquinolinones of formula: 

CCC:ro. 
' co-a 

in which R represents an alkyl group containing up to 6 
carbon atoms, cycloalkyl having from 3 to 8 carbon atoms, a 
phenyl or phenyl group substituted by a halogen atom, a hydroxy 
group, alcoxy containing up to 6 carbon atoms, amino, alkyl­
amino containing up to 6 carbon atoms, mercapto, alkylthio 
containing up to 6 carnon atoms, cyauo, trifluoromethoxy, 
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·or trif1uoromethylthio, characterised in that: 
a) a 4-acyl-2 ,6-dioxopip~:r;azi_~ __ 2f formula: 

0 . • a-ca-q._ 
0 . 

in which R is as defined above, is treated with an alkylating 
agent of formula: 

in which X _represents c~lorine, _bromine, iodine or a nucleo­
phobic group, in the presence of an alkaline condensation 
agent in an inert organic solvent, 
b) one of the imidic carbonyl groups of the compounds thus 
obtained and of formula 

·· · cii;:- -- ----· · · 

·Cf i 2 

. o~c:J 
' . co-a 

is selectively reduced by a complex metal hydride in the 
presence of a metallic chloride catalyst selected from 
CuC12, Co012, Bi012, Cro13, F~o13 , SnC12, Src12, MnC12 , 
CeC12 , HgC12 , and 

c) the compound thus obta~~~~,_!!~ving the formula 
... . . -~ . 

.' ~cn2'cu2·· 

._v.~~ ... ;' 
' : .. 
CO-ll . 

1 strong 
~is cyclised by action of a/mineral or organic acid at a 

temperature which is between 0 and 25°0. 

2. Process according to claim 1, characterised in that, as 
alkylating agent, there is used the chloride, bromide or 
iodide of phenethyl or the mesylate or tosylate of phenethyl. 

11111111 llllll lllll lllll ll 1111 
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3.. Process according to claim 1, characterised in that the 
(/ alkaline condensation agent used in the condensation Teaction 

of the stage ~ is an alkaline metal hydride or an alkaline 
0 metal alcoholate. 

4. Process according to any one or claims 1 to 3, charac-
\_,,· terised in that the solvent of the stage ~ is dimethyl forma­

mide, dimethyl acetamide, dioxan or dimethoxyethane and the 
reaction is effected under heat at ~0-100°0. 

5. Process accord;i.ng to claim 1, characterised in that the· 
complex metal hydride used as reducing agent in the stage b 
is a double hydride of an alk~line metal and an alkaline­
earth metal, possibly containing an alkyl fraction. 

6. Process according to claim 5, characterised in that 
sodium borohydride is used as complex metallic hydride. 

7. Process according to claim 1, characterised in that 
cupric chloride is used as metallic chloride catalyst. 

8. Process according to claim 1, characterised in that the 
cyclising acid used in the stage£ is selected from-hydro­
chloric acid, sulphuric acid, phosphoric acid and trifluor­
acetic acid. 

9. A compound of formula : 

in which Y represents 0 or H.-OH.~··and R represents an alkyl 
group containing up to 6 carbon atoms, cycloalkyl having 3 
to 8 carbon atoms, phenyl or phenyl substituted by a halogen 

. , atom, a hydroxy group., alcoxy containing up to 6 carbon atoms, 
amino, alkylamino containing up_ to 6 carbon atoms, mercapto, 
alkyl~hio Containing up to 6 carbon atoms, cyano, trifluoro~ 
methoxy.or trifluoromethylthio • 

. . 
10. Compound according to claim 9, selected from 4-acetyl-
2,6-dioxo-1-phenethyl piperazine, 4-benzoyl-2,6-dioxo-1-
phenethyl piperazine, 4-(cyclohexylcarbonyl)-2,6-dioxo-1~ 
phenethyl piperazine and 4-(4-bromobenzoyl)-2,6-dioxo-
1-phenethyl piperazine ;. 
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