
PATENT SPECIFICATION  (11) 1358680 (21) Application No. 796/73   (22) Filed
5 Jan. 1973 (31) Convention Application No. 7200505    (32) Filed 7 Jan.
1972     (19) (31) Convention Application No. 7239731   (32) Filed 9 Nov.
1972 in (33) France(FR) (44) Complete Specification published 3 July 1974
(51) International Classification C07D  57/00 A61K 27/00 (52) Index at
acceptance C2C  136X 1530 1534 1590 1620 1626 213 214 215 220 22Y 246 247
250 251 252 25Y 28X 292 29Y 305 30Y 313 31Y 321 32Y 332 334 337 342 34Y 351
352 358 360 362 366 367 368 36Y 386 387 388 401 40X 40Y 43X 456 45Y 491 509
50Y 594 604 617 620 621 623 625 628 62X 635 661 670 672 678 67X 681 688 69Y
761.762 763 790 79Y KK MM NF TP TT YT YX (72) Inventors CLAUDE COTREL,
CLAUDE JEANMART and MAYER NAOUM MESSER (54) PYRROLO[3,4-b]PYRAZINE
DERIVATIVES (71)   We, RHONE-POULENC S.A., a  compounds of general formula
I, wherein A French Body Corporate of 22 Avenue Mon-  is as hereinbefore
defined and  n is zero, are  30 taigne, Paris 8e, France, do hereby declare
the  prepared by the process which comprises react- invention for which we
pray that a patent ing 1 - chlorocarbonyl - 4 - methylpiperazine 5  may be
granted to us, and the method by  with an alkali metal salt, optionally
prepared which it is to be performed, to be particularly in situ, of a
pyrrolo[3,4 - b]pyrazine deriva- described in and by the following state-
tive of the general formula:               35 ment: - This invention
relates to new therapeutically 10 useful pyrrolo[3,4 - b]pyrazine
derivatives,                 [err] processes for their preparation and
pharma- ceutical compositions containing them. The new pyrrolo[3,4 -
b]pyrazine deriva- tives of the present invention are those of the 15
general formula: [err]                         wherein A is as herinbefore
defined. The reac- tion is generally carried out in an anhydrous organic
solvent, for example dimethylform- amide, at a temperature below [err].
40 The pyrrolo[3,4 - b]pyrazine derivatives of general formula II can be
obtained by the partial reduction of an imide of the general formula:
wherein A represents a phenyl, pyridyl, pyri-                [err] dazinyl
or 2-, 3- or 4-quinolyl radical, each such radical being optionally
substituted by at                                    45 20 least one atom
or radical selected from halo-                    [err] gen (e.g. chlorine)
atoms, alkyl radicals con- taining from 1 to 4 carbon atoms (e.g. methyl),
alkoxy radicals containing from 1 to 4 carbon
III atoms (e.g. methoxy), and cyano and nitro 25 radicals, and n is zero or
1. When the radical wherein A is as hereinbefore defined. The re- A carries
two or more substituents, the sub-  duction is generally carried out by
means of stituents may be identical or different.  an alkali metal
borohydride in aqueous organic According to a feature of the invention, the
solution, e.g in aqueous dioxan, According to a feature of the
invention,the    2                                         1,358,680
2 The imides of general formula III can be  example pyridine, and at a
temperature pre- obtained by cyclisation of a pyrazine - 2,3 -  ferably
between [err] and [err]. dicarboxylic acid derivative of the general for-
According to another feature of the inven- mula:                   tion,
the compounds of general formula I, wherein  A is as hereinbefore defined
and n 50 is 1, are prepared by the process which com- [err]
prises oxidising a corresponding compound of 



5                                              general formula I, wherein A
is as hereinbe- [err]                fore defined and n is zero, by methods
known per se for the N-oxidation of the piperazine nucleus. The oxidation
is generally carried out by means of a peracid, for example p - nitro-
wherein A is as hereinbefore defined. The   perbenzoic acid, in an organic
solvent, for cyclisation reaction is generally  carried out by  example
chloroform, and at a temperature of heating the pyrazine - 2,3 -
dicarboxylic acid  about [err].                          60 derivative in
refluxing thionyl chloride.    The pyrrolo[3,4 - b]pyrazine derivatives 10
The pyrazine - 2,3 - dicarboxylic avid de-  of general formula I obtained
by the afore- rivatives of general formula.. IV can be ob-  mentioned
proceses can be purified by phyical tained by reacting an amine of the
general methods such as distillation, crystallisation formula:
or chromatography, or by chemical methods  65 such as the formation of
salts, crystallisation [err]                     of the salts and
decomposition of them in an alkaline medium. In carrying out the said 15
(wherein A is as hereinbefore defined). with  chemical methods the nature
of the anion of pyrazine - 2,3 - dicarboxylic acid anhydride.  the salt is
immaterial, the only requirement  70 The reaction is generally carried out
by heat-  being that the salt must be well-defined and ing the reactants in
an organic solvent, for  readily crytallisable. example acetonitrile.
The pyrrolo[3,4 - b]pyrazine derivatives 20    Pyrazine - 2,3 -
dicarboxylicacid anhydride  of general formula I, when the significances
can be prepared according to the method des-  of the symbols A and n make
it possible, may  75 cribed by S. Gabriel and A. Sonn, Chem. be converted
by methods known per se into Ber., 40, 4850 (1907).
acid addition salts. The acid addition salts According to a further feature
of the inven-  may be obtained by the action of acids on the 25  tion,
compounds of general formula I, where-  new compounds in appropriate
solvents. As in A is as hereinbefore defined and n is zero, organic
solvents there may be used alcohols, . 80 are prepared by the process which
comprises  ethers, ketones or chlorinated hydrocarbons. reacting 1 -
methylpiperazine with a mixed  The salt which is formed is precipitated, if
carbonate of the general formula:          necessary after concentration of
the solution, and is isolated by filtration or decantation. By the term
"methods known per se" as 85 [err]                       used in this
specification is meant methods heretofore used or described in the chemical
30                                             literature.            - The
pyrrolo[3,4 - b]pyrazine derivatives of the invention and their acid
addition salts  90 possess valuable pharmacological properties; they are
particularly active as tranquilisers and anticonvulsant agents. In animals
(mice) wherein A is as hereinbefore defined and Ar  they have proved active
as such at doses of represents a phenyl radical optionally substi-  between
10 and 100 mg./kg. animal body  95 tuted by an alkyl radical containing 1
to 4  weight when administered orally, in particular carbon atoms. The
reaction is generally car-  in the following tests: 35  ried out in an
inert organic solvent, for    (i) electric battle test according to a tech-
example acetonitrile or acetone, at a tempera-  nique similar to that of
Tedeschi et al [J. ture between [err] and [err].
Pharmacol, 125, 28 (1959)],               100 The mixed carbonates of
general formula   (ii) convulsion with pentetrazole according VI can be
obtained by reacting a chloroform-  to a  technique  similar to that of
Everett and 40  ate of the general formula:                Richards [J.
Pharmacol., 81, 402(1944)], (iii) supramaximal electroshock according to
[err]                    the technique of Swinyard et al [J. Pharma- 105
col, 106, 319 (1952)], and (wherein Ar is as whereinbefore defined) with
(iv) locomotor activity according to the a pyrrolo[3,4  - b]pyrazine
derivative of  technique  of  Courvoisier   [Congres  de general formula
II. The reaction is generally  Medecins Alienistes et Neurologistes-Tours
45  carried out in a basic organic solvent, for  -(8/13th June, 1959)]
110    3                  1,358,680
3 de la Societ6 de Pharmacie de Lille, No. 2, ates are discarded. Elution
is then carried out 65 January, 1967, page 7).                     with a
mixture of ethyl acetate and methanol Preferred pyrrolo[3,4 - b]pyrazine
deriva-  (9-1 by volume; 800 cc.) followed by a mix- tives of the invention
are those of general for-  ture of ethyl acetate and methanol (4-1 by 5
mula I wherein the radical A represents a  volume; 800 cc.). These eluates
are combined 



phenyl, pyridyl, pyridazinyl or 2-, 3- or 4-  and concentrated by dryness
under reduced  70 quinolyl radical optionally substituted by a  pressure. A
product (11.8 g.), melting at halogen (preferably chlorine) atom, an alkyl
[err], is thus obtained. On recrystallisation - radical containing 1 to 4
carbon atoms (pre-  from a mixture of acetonitrile and diisopropyl ferably
methyl) or a nitro radical, and more  ether (1-1 by volume; 190 cc.), 6 -
(5 - particularly a halogeno - pyridyl (e.g. 5 -  chloropyrid - 2 - yl) - 5
- (4 - methylpiper-  75 chloropyrid - 2 - yl), nitrophenyl (e.g. 3 -  azin
- I - yl) - carbonyloxy - 7 - oxo- 5,6 - nitrophenyl), alkyl - pyridazinyl
(e.g. 6 -  dihydropyrrolo[3,4  - b]pyrazine (8.3  g.), methylpyridazin - 3
- yl) or halogenoquinolyl  which melts at [err], is obtained. 15  (e.g. 7 -
chloroquinol - 2 - yl) radical. Of out-    6 - (5 - Chloropyrid - 2 - yl) -
5 - hydroxy - standing importance is 6 - (5 - chloropyrid -  7 - oxo - 5,6
- dihydropyrrolo[3,4 - b]pyra-  80 2 - yl) - 5 - (4 - methylpiperazin- 1 -
yl)  zine employed as starting material can be carbonyloxy - 7 - oxo - 5,6
- dihydropyrrolo-  prepared by adding potassium  borohydride 3,4 -
b]pyrazine.                        (1.85 g), with vigorous stirring and
whilst 20    For therapeutic purposes, the pyrrolo[3,4 -  maintaining the
temperature at about [err], b]pyrazine derivatives of general formula I  to
a suspension of 6 - (5 - chloropyrid - 2 -  85 may be employed as such or,
when appropri-  yl) - 5,7 - dioxo - 5,6 - dihydropyrrolo[3,4 - ate, in the
form of non-toxic acid addition  b]pyrazine (12 g.) in a mixture of dioxan
and salts, i.e. salts containing anions which are rela-  water (19-1 by
volume; 120 cc.). After stir- 25  tively innocuous to the animal organism
in  ring for 6 minutes, the reaction mixture is therapeutic doses of the
salts (such as hydro-  poured into water (600 cc.) and then neutra-  90
chlorides, sulphates, nitrates, phosphates, acet- lised with acetic acid (6
cc.) The product ates, propionates, succinates, benzoates, fumar-  which
crystallises is filtered off and then ates, maleates, tartrates,
theophyllinacetates, washed with water (30 cc.). After drying, a 30
salicylates, phenolphthalinates and methylene -  product (8.5 g.), melting
at [err] is ob- bis  - B - hydroxynaphthoates) so that the  tained, which
is suspended in chloroform (80  95 beneficial physiological properties
inherent in  cc.). After stirring for half an hour at a tem- the bases are
not vitiated by side effects  perature of about [err] the insoluble product
ascribable to the anions.                  is filtered off and then washed
with chloro- 35    The following Examples illustrate the in-  form (30
cc.). After drying, 6 - (5 - chloro- vention.
pyrid - 2 - yl) - 5 - hydroxy - 7 - oxo - 5,6 - 100 dihydropyrrolo[3,4  -
b]pyrazine (7.7  g.), EXAMPLE 1                    which melts at [err], is
obtained. A solution of 6 - (5 -chloropyrid - 2 - yl) -    6 - (5 -
Chloropyrid - 2 - yl) - 5,7 - dioxo - 5 - hydroxy - 7 - oxo - 5,6 -
dihydropyrrolo-  5,6 - dihydropyrrolo[3,4 - b]pyrazine can be 40  [3,4 -
b]pyrazine (12 g.) in anhydrous di-  prepared by gradually heating a
suspension of 105 methylformamide (360 cc.) is added to a sus-  3 - (5 -
chloropyrid - 2 - yl) carbamoyl - pension of sodium hydride (50%
dispersion  pyrazine - 2 - carboxylic acid (100 g.) in in mineral oil) (2.4
g.) in anhydrous di-  thionyl chloride (500 cc.) to the reflux tem-
methylformamide (60 cc.), whilst maintaining  perature. When the evolution
of gas has 45 the temperature at about [err]  When the  ceased, the
solution obtained is evaporated to  110 evolution of gas has ceased, a
solution of 1 -  dryness under reduced pressure. The result- chlorocarbonyl
- 4 - methylpiperazine (8.1 g.)  ing residue is treated with diethyl ether
(250 in anhydrous dimethylformamide (20 cc.) is  cc.) and the insoluble
product is filtered off. added, whilst maintaining the temperature at After
drying, a product (91 g.), melting at 50  about - [err]. The reaction
mixture is stirred  [err], is obtained, which is suspended in  115 for a
further 3 hours whilst allowing it to  water (910 cc.) and chloroform
(3,800 cc.). heat up gradually to a temperature of about After stirring for
one hour at a temperature [err], and then it is poured into ice-water  of
about [err], a small amount of insoluble (1,540 cc.). The product which
crystallises is  material is filtered off. The organic layer is 55
filtered off, washed with water (150 cc.) and  decanted, dried over sodium
sulphate and then  120 then with diisopropyl ether (100 cc.). After
concentrated to dryness under reduced pres- drying, a product (13.5 g.),
melting at [err],  sure to yield 6 - (5 - chloropyrid - 2 - yl) - is
obtained and is dissolved in ethyl acetate  5,7 - dioxo - 5,6 -
dihydropyrrolo[3,4 - b]- (600 cc.). The solution obtained is filtered
pyrazine (72 g.) melting at [err]. 60  through silica gel (250 g.)
contained in a    3 - (5 - Chloropyrid - 2 - yl)carbamoyl- 125 column 4.2
cm in diameter. Elution is then  pyrazine - 2 - carboxylic acid can be
prepared carried out with ethyl acetate (3,200 cc.) fol-  by heating a
suspension of 2 - amino - 5 - lowed by a mixture of ethyl acetate and meth-
chloropyridine (100 g.) and pyrazine - 2,3 - anol (19-1 by volume; 400
cc.). All these elu-  dicarboxylic acid anhydride (58.5 g.) in aceto-    4
1,358,680                                          4 nitrile (1,170 cc.) at
the reflux temperature for  with methylene chloride (1,100 cc.) at a tem-
one and a half hours. After cooling, the in-  perature of about [err]. The
insoluble material soluble product is filtered off and then. washed  is
filtered off and then the filtrate is washed 



with acetonitrile (250 cc.). After drying, a pro-  with N sodium hydroxide
solution (3 X 200 cc.) 5  duct (164g.), melting at. [err]  and with water
(3X200 cc.). The organic and is suspended in water (350 cc.). This sus-
phase is treated. with decolourising charcoal pension is acidified  to pH 1
by the addition  (10 g.) dried over potassium carbonate fil-  70 of N
hydrochloric acid (330 cc.) and the in-  tered and then concentrated to
dryness under soluble product is filtered off and then washed  reduced
pressure. The oily residue obtained 10  with water (75 cc.). After drying,
3   (5    is dissolved in boiling acetonitrile (500 cc.) chloropyrid - 2 -
yl)carbamoylpyrazine - 2 -  The product which crystallises on cooling is
carboxylic acid (100.9 g.), which melts at  filtered off, .washed with
ice-cold aceronitrile  75 [err], is obtained.                     (50 cc.)
and then with diisopropyl ether (50 Pyrazine - 2,3 - dicarboxylic acid
anhydride  cc.). After drying, 6 - (5 - chloropyrid - 2 - 15  can be
prepared according to the method des-  yl) - 5 - (4- methylpiperazin - 1-
yl)carbonyl- cribed by S. Gabriel and A. Sonn, Chem.  oxy -7 - oxo - 5,6 -
dihydropyrrolo[3,4 - b] Ber., 40, 4850 (1907).
pyrazine (101 g.), which melts at [err], is  80 2 - Amino - 5 -
chloropyndine can be pre-  obtained. pared according to the method
described by    6 - (5 - Chloropyrid - 2 - yl) - 7 - oxo - 20  F. Friedrich
et coll, Pharmazie, 19 (10), 677  5 - phenoxycarbonyloxy - 5,6 - dihydro-
(1964).                                   pyrrolo[3,4 - b]pyrazine employed
as startin material can be prepared by adding phenyl  85 EXAMPLE 2
chloroformate (141 g.) to a suspension of 6 - Following the procedure of
Example 1 but  (5 - chloropyrid - 2 - yl) - 5-  hydroxy - 7 - starting with
5 - hydroxy - 6 - (3 - nitro-  oxo- 5,6 - dihydropyrrolo[3,4 - b]pyrazine
25  phenyl) - 7 - oxo - 5,6 - dihydropyrrolo[3,4 -  (158 g.) in anhydrous
pyridine (1,580 cc.), b]pyrazine (2.2 g) and 1 - chlorcarbonyl -  with
stirring and whilst maintaining the tem-  90 4 - methylpiperazine (1.45
g.), 5 - ( - methyl-  perature at about [err] When the addition is
piperazin - 1 - yl) - carbonyloxy - 6 - (3 - omplete, the reaction mixture
is heated to a nitrophenyl) - 7 - oxo - 5,6 - dihydropyrrolo-  temperature
of about  [err] Heating is con- 30  [3,4 - b]pyrazine (2 g.) which melts at
tinued for one hour. After cooling the reac- [err] after recrystalilsation
from ethyl acet-  tion mixture to a temperature of about [err], 95 ate, is
obtained.                           water (4,750 cc.)is added The product
which 5 - Hydroxy - 6 - (3 - nitrophenyl) - 7 -  crystallises is filtered
off and washed with oxo - 5,6 - dihydropyrrolo[3,4 - b] pyrazine,  water
(2X 250 cc.), followed by acetonitrile 35  m.p. [err] employed as starting
material  (150 cc.) and diisopropyl ether (250 cc.). After can be prepared
by reacting potassium boro-  drying, 6 - (5 - chloropyrid - 2 - yl) - 7 -
100 hydride with 6 - (3 - nitrophenyl) - 5,7 -  oxo - 5 -
phenoxycarbonyloxy - 5,6 - di- dioxo - 5,6 - dihydropyrrolo[3,4 -
b]pyrazine  hydropyrrolo[3,4 - b]pyrazine (169 g.), melt- in a mixture of
dioxan and water (95-5 by  ing at [err] is obtained. 40  volume).
6-(5-Chloropyrid - 2 - yl) 5 - hydroxy - 6 - (3 - Nitrophenyl) - 5,7 -
dioxo - 5,6 -  7 - oxo - 5,6 - dihydropyrrolo [3,4 - bpyra- 105
dihydropgrrolo[3,4 - b]pyrazine, which melts  zine can be prepared as
described in Example at [err], can be prepared by reacting excess  1.
thionyl chloride with 3 - (3 - nitrophenyl)- 45  carbamoylpyrazine - 2 -
carboxylic acid.                   EXAMPLE 4 3 - (3 -
Nitrophenyl)carbamoylpyrazine -    Following the procedure of Example 3 but
2 - carboxylic acid, which melts at [err]  starting with 6 - (6 -
methylpyridazin - 3' - 110 can be prepared by reacting 3 - nitroaniline
yl) - 7 - oxo - 5 - phenoxycarbonyloxy - 5,6 - with. pyrazine - 2,3 -
dicarboxylic acid anhy-  dihydropyrrolo[3,4 - b]pyrazine (5.7 g.) and 50
dride in refluxing acetonitrile.            1- methylpiperazine (3.15  g.),
5 - (4 - methyl- piperazin   1 - yl)carbonyloxy - 6 - (6 - EXAMPLE 3
methylpyridazin - 3 - yl) - 7 - oxo - 5,6 - 115 1 - Methylpiperazine (155
g.) is added to a  dihydropyrrolo[3,4  - b]pyrazine  (1.7  g.), suspension
of 6 - (5 - chloropyrid- 2 - yl) -  which melts at [err], is obtained. 7 -
oxo - 5 - phenoxycarbonyloxy- 5,6 -   6 -  (6 -  Methylpyrdazin- 3 - yl)-
7- 55  dihydropyrrolo[3,4 - b]pyrazine (194 g.) in  oxo - 5 -
phenoxycarboloxy- 5,6 - dihydro- acetone (970 cc.) cooled to-a temperature
of  pyrrolo[3,4 - b]pyrazine, m.p. [err], em- 120 about [err]. The reaction
mixture is stirred for  ployed as starring material can be prepared by 3
hours at a temperature of about [err]  and  reacting  phenyl chloroformate
with  5 is then poured into water (5,000 cc.). The  hydroxy - 6 - (6 -
methylpyridazin - 3 - yl) 60  product which precipitates is filtered of and
7 - oxo - 5,6 - dihydropyrrolo[3,4  - b]- then washed with water (600
cc.)After dry-  pyrazine in anhydrous pyridine at a tempera-  125 ing, a
product (162.4 g.), melting at about  ture of about [err]. [err] is
obtained. This product is treated    5 - Hydroxy - 6 - (6 - methylpyridazin
5                                       1,358,680
5 3 - yl) - 7 - oxo - 5,6  dihydropyrrolo[3,4 -  chloroquinoline (36.7 g.)
and 16N ammonia  65 



b]pyrazine, which melts at [err], can be  solution (700 cc.) in an
autoclave at [err], prepared by reacting potassium borohydride  for 25
hours. After cooling, an insoluble pro- with 6 - (6 - methylpyridazin - 3 -
yl) - 5,7 -  duct is filtered off and then washed with water 5  dioxo - 5,6
- dihydropyrrolo[3,4 - b]pyrazine  (120 cc.). After drying, a product (34
g.), in a mixture of dioxan and water (95-5 by  melting at about [err], is
obtained.  70 volume) at a temperature of about [err].    On
recrystallisation from benzene (150 cc.), 6 - (6 - Methylpyridazin - 3 -
yl) - 5,7 -  2 - amino - 7 - chloroquinoline (10 g.), which dioxo - 5,6 -
dihydropyrrolo[3,4 - b]pyrazine  melts at [err], is obtained. 10 can be
prepared by adding 3 - amino - 6 -    2.7 - Dichloroquinoline can be
prepared methylpyridazine (10.9 g.) to a suspension of  according to the
method described by R. E.  75 pyrazine - 2,3 - dicarboxylic acid anhydride
Lutz et coll, J. Amer. Chem. Soc., 68, 1322 (15 g.) in acetic anhydride
(150 cc.), whilst  (1946). maintaining the temperature at about [err] 15
When the addition is complete, the reaction               EXAMPLE 6 mixture
is heated for 15 minutes at a tem-    A solution of 6 - (5 - chloropyrid -
2 - perature of about [err]. After cooling, the  yl) - 5 - (4 -
methylpiperazine - 1 - yl)car-  80 product which has crystallised is
filtered off  bonyloxy - 7 - oxo - 5,6 - dihydropyrrolo- and then washed
with acetic anhydride (10  [3,4 - b]pyrazine (23.3 g.) in chloroform (180
20  cc.) and diisopropyl ether (90 cc.). After dry-  cc.) is added to a
suspension of p - nitroper- ing, 6 - (6 - methylpyridazin - 3 - yl) - 5,7 -
benzoic acid (13.2 g.) in chloroform (60 cc.), dioxo - 5,6 -
dihydropyrrolo[3,4 - b]pyra-  whilst maintaining the temperature at about
85 zine (18.1 g.), melting at [err], is obtained.  [err]. The reaction-
mixture is then stirred 3 - Amino - 6 - methylpyridazine can be  for 4
hours at a temperature of about [err] 25  prepared according to the method
described  and then a 5%  (w/v) aqueous solution  of by W. G. Overend and
L. F. Wiggins, J.  sodium bicarbonate (300 cc.) is added. The Chem. Soc., p
239 (1947).                   insoluble product is filtered off and then
90 washed three times with chloroform (total 90 EXAMPLE 5
cc.) and three times with water (total 90 cc.) Following the procedure of
Example 3 but  This product is taken up in chloroform (500 30  starting
with 6 - (7 - chloroquinol - 2 - yl) -  cc.) and the suspension obtained is
then heated 7 - oxo - 5 - phenoxycarbonyloxy - 5,6 - di-  under reflux for
1 hour. An insoluble product  95 hydropyrrolo[3,4 - b]pyrazine (4 g.) and 1
-  (16.1 g.) is isolated by hot filtration, and methylpiperazine (1.8 g.),
6 - (7 - chloro-  washed with boiling chloroform (50 cc.) The quinol - 2 -
yl) - 5 - (4 - methylpiperazin -  cooled filtrate is filtered through
alumina (120 35  1 - yl)carbonyloxy - 7 - oxo - 5,6 - dihydro-  g.)
contained in a column 3 cm. in diameter. pyrrolo[3,4 - b]pyrazine (1.9 g.),
which melts  Elution is then carried out successively with  100 at [err] is
obtained.                pure chloroform  (700 cc.), pure methylene 6 - (7
- Chloroquinol - 2 - yl) - 7 - oxo -  chloride (240 cc.) and a mixture of
methylene 5 - phenoxycarbonyloxy - 5,6 - dihydro-  chloride and methanol
(99-1 by volume; 240 40    pyrrolo[3,4 - b]pyrazine, m.p. [err] em-  cc.).
All these eluates are discarded. Elution ployed as starting material can be
prepared by  is then carried out with a mixture of methyl- 105 reacting
phenyl chloroformate with 6 - (7 -  ene chloride and methanol (98-2 by
volume; chloroquinol - 2 - yl) - 5 - hydroxy - 7 -  840 cc.) and this
eluate is concentrated to dry- oxo - 5,6 - dihydropyrrolo[3,4 - b]pyrazine
ness under reduced pressure. The residue ob- 45  in anhydrous pyridine at a
temperature of  tained is dissolved in boiling chloroform (90 about [err].
cc.) and then the solution obtained is cooled. 110 6 - (7 - Chloroquinol  -
2  - yl) - 5 -  Diethyl ether (90 cc.) is added to it and a hydroxy - 7 -
oxo - 5,6 - dihydropyrrolo-  slight amount of insoluble material is
filtered [3,4 - b]pyrazine, melting at [err],  off. Diethyl ether (a
further 90 cc.) is added 50  can be prepared by reacting potassium boro-
to the filtrate. The product which crystallises hydride with 6 - (7 -
chloroquinol - 2 - yl) -  is filtered off and washed with diethyl ether 115
5,7 - dioxo - 5,6 - dihydrbpyrrolo[3,4 - b]-  (20 cc.) After drying, 4 - [6
- (5 - chloro- pyrazine in a mixture of dioxan and water  pyrid - 2 - yl) -
7 - oxo - 5,6 - dihydro- (95-5 by volume) at a temperature of about
pyrrolo[3,4 - b]pyrazin - 5 - yl]oxycar- 55  [err].
bonyl - 1 - methylpiperazine 1 - oxide (1.9 g.), 6 - (7 - Chloroquinol - 2
- yl) - 5,7 - di-  which melts with decomposition at 185-  120 oxo - 5,6 -
dihydropyrrolo[3,4 - b]pyrazine,  [err] is obtained. melting at [err] can
be prepared by react-    The present invention includes within its ing
pyrazine  2,3 - dicarboxylic acid anhy-  scope pharmaceutical compositions
comprising, 60  dride with 2   amino - 7 - chloroquinoline  as active
ingredient, at least one of the com- in acetic anhydride at a temperature
of about  pounds of  general formula I, or a non-toxic  125 [err].
acid addition salt thereof, in association with 2 - Aniino - 7 -
chloroquinoline can be  a pharmaceutical carrier or coating. The in-
prepared by heating a mixture of 2,7 - di-  vention includes especially
such preparations    



6                                           1,358,680
6 made up for oral, parenteral or rectal adminis-             EXAMPLE 7
tration or as ointments.               .        Tablets containing 25 mg.
of active product Solid compositions for oral administration  and having
the following composition are pre- include tablets, pills,. powders and
granules.  pared in accordance with the usual technique: 5  In such solid
compositions the active com- pound is admixed with at least one inert dilu-
6 - (5 - chloropyrid -.2 - yl) - 5 -        70 ent such as sucrose, lactose
or starch. The   (4 - methylpiperazin - 1 - yl) - compositions may also
comprise, as is normal   carbonyloxy - 7 - oxo - 5,6 - di- practice,
additional substances other than inert    hydropyrrolo[3,4 - b]pyrazine
0.025 g. 10  diluents, e.g. lubricating agents, such as mag-  starch
0.090 g nesium stearate. Liquid compositions for oral  precipitated silica
0.030g.  75 administration   include   pharmaceutically-  magnesium
stearate                  0.005 g. acceptable emulsions, solutions,
suspensions, syrups and elixirs containing inert diluents   . WHAT WE CLAIM
IS: - 15  commonly used in the art, such as water or    1. Pyrrolo[3,4 -
b]pyrazine derivatives of liquid paraffin. Besides inert diluents such  the
general formula: compositions may also comprise adjuvants, such as wetting,
emulsifying and suspending agents, and sweetening, flavouring and aro- 20
matizing agents. The compositions according to the invention for oral
administration, also include capsules of absorbable material such
80 as gelatin containing the active substance with or without the addition
of diluents or excipi- 25  ents. Preparations according to the invention
for parenteral administration include sterile aque-  wherein A represents a
phenyl, pyridyl, pyri- ous or non-aqueous solutions, suspensions or
dazinyl or 2-, 3- or 4-quinolyl radical, each emulsions. Examples of
non-aqueous solvents  such radical being optionally substituted by at 30
or vehicles are propylene glycol, polyethylene  least one atom or radical
selected from halo- glycol, vegetable oils such as olive oil, and  gen
atoms, alkyl radicals containing from 1 to  85 injectable organic
esters.such as ethyl oleate.  4 carbon atoms, alkoxy radicals containing
These compositions may also contain adju-  from 1 to 4 carbon atoms, and
cyano and nitro vants such as preserving wetting, emulsifying  radicals,
and n is zero or 1. 35  and dispersing agents.. They may be sterilized  2.
Pyrrolo[3,4  -. b]pyrazine compounds by, for example, filtration through a
bacteria-  according to claim 1 wherein n is zero.  90 retaining filter, by
incorporation in the com-    3. Pyrrolo[3,4  - b]pyrazine compounds
positions of sterilizing agents, by irradiation,  according to claim l or 2
wherein A represents or by heating. They may also be manufactured  a
phenyl, pyridyl, pyridazinyl or 2-, 3- or 4- 40  in the form of sterile
solid compositions, which  quinolyl radical optionally substituted by a can
be dissolved in sterile water or some other  halogen atom, an alkyl radical
containing 1 to  95 sterile injectable medium  immediately before     4
carbon atoms or a nitro radical. use.
4. Pyrrolo[3,4 - b]pyrazine compounds Compositions for rectal
administration are  according to claim 1, 2 or 3 wherein A re- 45
suppositories which contain, in addition to the  presents a halogeno  -
pyridyl, nitrophenyl, active substance, excipients  such as cacao but-
alkyl - pyridazinyl or halogenoquinolyl radical.  100 ter or a suitable wax
base.                     5. Pyrrolo[3,4  - b]pyrazine compounds The
percentage of active ingredient in the  according to claim  1, 2, 3 or 4
wherein A compositions of the invention may be varied,  represents 5 -
chloropyrid - 2 - yl, 3 - nitro- 50  it being necessary that it should
constitute a  phenyl, 6 - methylpyridazin - 3 - yl or 7 - proportion such
that a suitable dosage shall  chloroquinol - 2 - yl.
105 be obtained. The dosage depends on the de-    6. 6 - (5 - Chloropyrid -
2 - yl) - 5 - (4 - sired therapeutic effect, on' the route of ad-
methylpiperazin - 1 - yl)carbonyloxy - 7- ministration and on the duration
of the treat-  oxo -  5,6 - dihydropyrrolo[3,4 - b]pyrazine. 55  ment. In
human therapy the compositions    7. 5   (4 - Methylpiperazin - 1 - yl)car-
when administered orally to an adult should  bonyloxy - 6 - (3 -
nitrophenyl) - 7 - oxo     110 generally give doses between 50 mg. and 500
5,6 - dihydropyrrolo[3,4 - b]pyrazine mg. of active substance per day. In
general    8. 5 -. (4 - Methylpiperazin - 1 - yl)car- the physician will
decide the posology con-  bonyloxy - 6 - (6 - methylpyridazin - 3  yl)- 60
sidered appropriate, taking into account the age  7  -  oxo -   5,6 -
dihydropyrrolo[3,4 - b]- and weight and other factors intrinsic to the
pyrazine.                                    115 patient being treated.
9. 6-(7 - Chloroquinol - 2  yl) - 5  (4 - The following Example illustrates
pharma-  methylpiperazin - 1 - yl)carbonyloxy - 7 - ceutical compositions
according to the inven-  oxo - 5,6 - dihydropyrrolo[3,4 - b]pyrazine 65
tion.                                           10.4- [6-(5-Chloropyrid - 2
- yl)-  
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6 made up for oral, parenteral or rectal adminis-             EXAMPLE 7
tration or as ointments.                       Tablets containing 25 mg. of
active product Solid compositions for oral administration  and having the
following composition are pre- include tablets, pills, powders and
granules.  pared in accordance with the usual technique: 5  In such solid
compositions the active com- pound is admixed with at least one inert dilu-
6 - (5 - chloropyrid - 2 - yl) - 5-       70 ent such as sucrose,
lactose-or starch. The    (4 - methylpiperazin - 1 - yl) - compositions may
also comprise, as is normal    carbonyloxy - 7 - oxo - 5,6 - di- practice,
additional substances other than inert    hydropyrrolo[3,4 - b]pyrazine
0.025 g. 10  diluents, e.g. lubricating agents, such as mag-  starch
0.090g. nesium stearate. Liquid compositions for oral  precipitated silica
0.030g.  75 administration   include   pharmaceutically-  magnesium
stearate                0.005 g. acceptable emulsions, solutions,
suspensions, syrups and elixirs containing inert diluents    WHAT WE CLAIM
IS: - 15  commonly used in the art, such as water or    1. Pyrrolo[3,4 -
b]pyrazine derivatives of liquid paraffin. Besides inert diluents such  the
general formula: compositions may also comprise adjuvants, such as wetting,
emulsifying and suspending agents, and sweetening, flavouring and aro- 20
matizing agents. The compositions according                [err] to the
invention, for oral administration, also include capsules of absorbable
material such                                              80 as gelatin
containing the active substance with or without the addition of diluents or
excipi- 25  ents. Preparations according to the invention for parenteral
administration include sterile aque-  wherein A represents a phenyl,
pyridyl, pyri- ous or non-aqueous solutions, suspensions or  dazinyl or 2-,
3- or 4-quinolyl radical, each emulsions. Examples of non-aqueous solvents
such radical being optionally substituted by at 30  or vehicles are
propylene glycol, polyethylene  least one atom or radical selected from
halo- glycol, vegetable oils such as olive oil, and  gen atoms, alkyl
radicals containing from 1 to  85 injectable organic esters such as ethyl
oleate.  4 carbon atoms, alkoxy radicals containing These compositions may
also contain adju-  from 1 to 4 carbon atoms, and cyano and nitro vants
such as preserving, wetting, emulsifying  radicals, and n is zero or 1. 35
and dispersing agents. They may be sterilized    2. Pyrrolo[3,4  -
b]pyrazine compounds by, for example, filtration through a bacteria-
according to claim 1 wherein n is zero.  90 retaining filter, by
incorporation in the com-    3. Pyrrolo[3,4 - b]pyrazine compounds
positions of sterilizing agents, by irradiation,  according to claim 1 or 2
wherein A represents or by heating. They may also be manufactured  a
phenyl, pyridyl, pyridazinyl or 2-, 3- or 4- 40  in the form of sterile
solid compositions, which  quinolyl radical optionally substituted by a can
be dissolved in sterile water or some other  halogen atom, an alkyl radical
containing 1 to  95 sterile injectable medium  immediately before  4 carbon
atoms or a nitro radical. use.                                           4.
Pyrrolo[3,4 - b]pyrazine compounds Compositions for rectal administration
are  according to claim 1, 2 or 3 wherein A re- 45  suppositories which
contain, in addition to the  presents a halogeno - pyridyl, nitrophenyl,
active substance, excipients such as cacao but-  alkyl - pyridazinyl or
halogenoquinolyl radical. 100 ter or a suitable wax base.
5. Pyrrolo[3,4  - b]pyrazine compounds The percentage of active ingredient
in the  according to claim  1, 2, 3 or 4 wherein A -  compositions of the
invention may be varied,  represents 5 - chloropyrid - 2 - yl, 3 - nitro-
50  it being necessary that it should constitute a  phenyl, 6 -
methylpyridazin - 3 - yl or 7 - proportion such that a suitable dosage
shall  chloroquinol - 2 - yL                      105 be obtained. The
dosage depends on the de-    6. 6 - (5 - Chloropyrid - 2 - yl) - 5 - (4 -
sired therapeutic effect, on the route of ad-  methylpiperazin - 1 -
yl)carbonyloxy - 7 - ministration and on the duration of the treat-  oxo -
5,6 - dihydropyrrolo[3,4 - b]pyrazine. 55  ment. In human therapy the
compositions    7. 5 - (4 - Methylpiperazin - 1 - yl)car- when administered
orally to an adult should  bonyloxy - 6 - (3 - nitrophenyl) - 7 - oxo - 110
generally give doses between 50 mg. and 500  5,6 - dihydropyrrolo[3,4 -
b]pyrazine. mg. of active substance per day. In general    8. 5 - (4 -
Methylpiperazin - 1 - yl)car- the physician will decide the posology con-
bonyloxy - 6 - (6 - methylpyridazin - 3 - yl) - 60  sidered appropriate,
taking into account the age  7 - oxo - 5,6 - dihydropyrrolo [3,4 - b] - and
weight and other factors intrinsic to the  pyrazine.
115 patient being treated.                         9. 6 - (7 - Chloroquinol
- 2 - yl) - 5 - (4 - The following Example illustrates pharma-
methylpiperazin - 1 - yl)carbonyloxy - 7 - ceutical compositions according
to the inven-  oxo - 5,6 - dihydropyrrolo[3,4 - b]pyrazine. 



65  tion.                                           10. 4 - [6 - (5 -
Chloropyrid - 2 - yl) -    7
1,358,680                                        7 7 - oxo - 5,6 -
dihydropyrrolo[3,4 - b]-    16. Process for the preparation of pyrrolo-
pyrazin - 5 - yl]oxycarbonyl - 1 - methyl-  [3,4 - b]pyrazine derivatives
as claimed in  35 piperazine 1- oxide.                       claim 1,
wherein A is as defined in claim I 11. Acid addition salts of the
pyrrolo[3,4 -  and n is 1, which comprises oxidising a cor- 5  b]pyrazine
derivatives claimed in any one of  responding compound of the general
formula claims 1 to 10.                            specified in claim  1
wherein n is zero by 12. Process for the preparation of pyrrolo-  methods
known per se for the N-oxidation of 40 [3,4 - b]pyrazine derivatives as
claimed in  the piperazine nucleus. claim 1, wherein A is as defined in
claim 1    17. Process according to claim 16 in which 10  and n is zero,
which comprises reacting 1 -  the oxidation is carried out by means of a
chlorocarbonyl - 4 - methylpiperazine with an  peracid in an organic
solvent and at a tempera- alkali metal salt of a pyrrolo[3,4 - b]pyrazine
ture of about [err].                   45 derivative of the general
formula:           18. Process according to any one of claims 12 to 17
followed by the step of converting by methods known per se a pyrrolo[3,4 -
b]- [err]                      pyrazine base thus obtained into an acid
addi- tion salt.                          50 [err]
19. Process for the preparation of pyrrolo- [3,4 - b]pyrazine derivatives
of the general OH                     formula specified in claim  1
substantially as described in Example 1. 20. Process for the preparation of
pyrrolo- 55 15 wherein A is as defined in claim 1.         [3,4 -
b]pyrazine derivatives of the general 13. Process according to claim 12 in
which  formula specified in claim 1 substantially as the reaction is
carried out in an anhydrous  described in Example 6. organic solvent at a
temperature below 500C  21. Process for the preparation of pyrrolo- 14.
Process for the preparation of pyrrolo-  [3,4 - b]pyrazine derivatives of
the general 60 20  [3,4 - b]pyrazine derivatives as claimed in  formula
specified in claim 1 substantially as claim 1, wherein A is as defined in
claim 1  described in Example 2, 3, 4 or 5. and n is zero, which comprises
reacting 1 -    22. Pyrrolo[3,4 - b]pyrazine derivatives of
methylpiperazine with a mixed carbonate of  the general formula specified
in claim 1 and the general formula:                       acid addition
salts thereof when prepared by  65 the process claimed in any one of claims
12 to 21. [err]                          23. Pharmaceutical compositions
which comprise, as active ingredient, at least one 25
pyrrolo[3,4 - b]pyrazine derivative as claimed  70 in any one of claims 1
to 10, or a non-toxic acid addition salt thereof, in association with a
pharmaceutical carrier or coating. 24. Pharmaceutical compositions
according wherein A is as defined in claim 1 and Ar re-  to claim 23
substantially as hereinbefore des-  75 presents a phenyl radical optionally
substituted  cribed with especial reference to Example 7. by an alkyl
radical containing 1 to 4 carbon atoms.
J. A. KEMP & CO., 30    15. Process according to claim 14 in which
Chartered Patent Agents, the reaction is carried out in an inert organic
14, South Square, solvent at a temperature between [err] and
Gray's Inn, [err].
London, W.C.1. Printed for Her Majesty's Stationery Office, by the Courier
Press, Leamington Spa, 1974. Published by The Patent Office, 25 Southampton
Buildings, London, WC2A 1AY, from which copies may be obtained.    


