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(71)   We, CIBA-GEIGY AG, a body corporate organised according to the laws
of Switzerland, of Basle, Switzerland, do hereby declare the invention, for
which we pray that a patent may be granted to us, and the method by which
it is to be performed, to be particularly described in and by the following
statement: 5          The present invention relates to
quinoxaline-di-n-oxide derivatives, a process  5 for their manufacture,
compositions which contain these derivatives as active component, a method
of controlling pathogenic microorganisms which comprises the use of the
compounds, and to the use thereof as feed additives for stimulating the
growth of domestic animals and productive livestock. 10        The
quinoxaline-di-N-oxide derivatives of the invention have the general  10
formula I wherein R  represents a hydrogen atom, an alkyl group of 1 to 12
carbon atoms, a 15         cyanoalkyl group containing I to 4 carbon atoms
in the alkyl portion thereof or  15 an allyl group, and A  represents a
straight-chain or branched alkylene bridge member containing I to 4 carbon
atoms. By alkyl groups are meant the following groups: methyl, ethyl, the
isomers of 20     the propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl,
decyl, undecyl and dodecyl  20 group. 



The compounds of the formula I can be obtained by methods which are known
per se (cf. DOS 1,670,935). The reaction can be illustrated by the
following formulae: 25
25    2                                       1,569,034
2 The reaction is carried out in an organic solvent which is inert to the
reactants such as an alcohol, acetonitrile, dimethyl formamide
tetrahydrofurane, dioxane, benzene, toluene or methyl cellosolve (ethylene
glycol monomethyl ether), but 5     preferably in methanol. It is
advantageous if the reaction medium is as far as  5 possible anhydrous. The
reaction is carried out at a temperature between [err] and [err],
preferably between 30 and [err], and in the presence of a base. Especially
suitable bases are amines, preferably primary amines and ammonia 10
A particularly advantageous embodiment of the synthesis of the compounds of
10 the formula I comprises reacting the acetoacetic amide of the formula
III (obtained in the preliminary step by reacting the aminonitrile with the
diketene as starting material) in situ with the benzofuroxane of the
formula II to give the desired compound of the formula I 15         A
further method of obtaining the compounds of the formula I is the following
15 synthesis known per se from British Patent Specification 1,308,370: R 20
wherein R' represents an alkyl group of I to 4 carbon atoms.
20 The starting materials of the formula III for obtaining the compounds of
the present invention of the formula I are partly novel and partly known.
They can be obtained by methods which are known per see from amines and'
diketenes (cf. Houben-Weyl 7/4, page 234 and 8, page 658). 25    3
1,569,034                                       3 



The manufacture of the starting compounds is carried out at temperatures
between -15 and [err], preferably between -10 and [err]. The reaction takes
place in an inert organic solvent. Especially suitable solvents are
alcohols, such as ethanol or isopropanol, preferably methanol. It is
advantageous to carry out the 5     reaction in anhydrous medium. The
following synthesis is commonly known as a further method of manufacture:
The manufacture of the benzofuroxane of the formula II is described in 10
"Organic Syntheses", page 74.
10 Compounds similar to the compounds of the present invention of the
formula I are already known from DOS 1,670,935, DOS 1,620,114, and from
British Patent Specification 1,223,720. The compounds of this invention of
the formula I are far superior to the known compounds for controlling
pathogenic microorganisms and, 15     compared with them are characterised
in particular by a more pronounced    15 therapeutic action. The compounds
of the formula I have a good microbicidal action and are suitable chiefly
for controlling pathogenic microorganisms in the sphere of veterinary
medicine. They are characterised especially by an excellent action 20
against diseases' of the respiratory tract in poultry caused by E. coli.
20 Furthermore, the compounds of the formula I of the present invention can
be used to combat infections of the intestinal tract, for example swine
diarrhoea, and of the urogenital system. In addition, they possess good
growth-stimulating properties in non-human animals and productive
livestock, such as swine, poultry, 25      and ruminants.
25 The following compounds are to be singled out for their special activity
in respect of their biological properties: 1 ,4-dioxido-
3-methyl-quinoxaline(2)-N-(2'-cyanoethyl)-carboxamide,
1,4-dioxido-3-methyl-quinoxaline(2)-N-cyanomethyl)-carboxamide, 30
1,4-dioxido-3-methyl-quinoxaline(2)-N-(1 '-cyanoisopropyl)-carboxamide,
30 l,4-dioxido-3-methyl-quinoxaline(2)-N-(3'cyanopropyl)-carboxamide,
1,4-dioxido-3-methyl-quinoxaline(2)-N-(4'cyanobutyl)-carboxamide. In
accordance with the use for which they are intended, the active compounds
of the invention can be administered as pure active substance or combined
with an 35     inert carrier diluent, and/or dispersant to non-human
animals. They can be  35 administered direct perorally, abornasally or by
injection, in the form of solutions, 



emulsions, suspensions powders, tablets, boluses and capsules, both as a
single and repeated dose. The active compounds and mixtures containing them
can also be added to the feed or drink or they can be incorporated in feed
pre-mixes. All these 40      compositions are, of course, within the scope
of the invention.      .    40 The surprisingly excellent therapeutic
action of the compounds of the formula I of the present invention has been
established both in vitro and especially in animals with acute bacterial
infections after oral as well as subcutaneous application. The activity
spectrum of the compounds encompasses gram-positive 45      and
gram-negative:bacteria.                                               45 As
is evident from the following summary of results obtained from comparison
tests with known compounds, the superiority of the compounds of the present
invention can be unequivocally demonstrated. In tests carried out on white
mice, the intraperitoneally infected animals are 50      treated
subcutaneously and perorally as follows:                          50 The
administration is effected in doses of I mg, 3 mg, 10 mg, 30 mg, 100 mg or
300 mg of active substance per kg of body weight initially simultaneously
with the infection and a second time 3 hours later.    1,569,034
1,569,034                                  5 [err] in the E. coli
aerosacculitis model Comparative Test 2: (95 % confidence interval*) Single
peroral administration by means of a probang to simultaneously infected
hens in mg of active substance per kg of body weight. Compounds
[err]         Confidence interval A                  2.0             1.3
-3.0 D                 5.3              3.7 -7.6 E                 9.0
6.5- 12.5 F                11.0              8.2  14.8 



A   Compound 1 (of the "Compound Table" hereinafter) B = Compound 2 (of the
"Compound Table" hereinafter) - C- Example 1 D = "Olaquindox" (DOS
1,670,935; Compound 6) E = "Carbadox" (DOS 1,620,114; Example 1) F
"Grofas" (British Patent Specification 1,223,720; Compound 1, Table on page
3; "Grofas" is a-Registered Trade Mark) * J. Pharmacol. Exper. Therap. 96
(1949), 99-113 Demonstration of growth A group of 8 piglets (4 [err] and
49) was fed for 28 days with a normal feed containing 17.6% of raw protein
and 3.4% of crude fibres and to which 50 ppm of I ,4-dioxido- 5
3-methyl-quinoxaline(2)-N-(2'-cyanoethyl)-carboxamide (Example 1) had been
5 added. The average initial weight of the individual test animals was
approx. 9 kg at the -start of the test. At the conclusion of the test the
animals were weighed individually and the feed consumption determined in
groups. For control purposes, a parallel test following, the same procedure
was carried out using the same feed 10     without the addition of active
substance.                                    10    6
1,569,034 RESULT: Daily growth rate 1)         Feed consumption index 1) 2)
Substance abs.           rel.             abs.             rel. (control)
231 g           100 %            1.90            100 % Compound of Example
1       305 g           132 %             1.69            88,9 % 1) Figures
in average values 2) kg of feed consumed per kg of growth in weight Example
I 1,4-Dioxido-3-methyl-quinoxaline(2)-N(2'-cyanoethyl)-carboxamide 19.2 g
of benzofuroxane are added in small amounts to a solution of 23.8 g of N-2-
5      cyanoethyl-acetoacetic amide in 80 ml of methanol and then ammonia
which has   5 been dried over KOH is introduced over the course of 2 hours,
while initially 



keeping the temperature of the solution, which has rapidly turned dark in
colour, below 450C by cooling from time to time. After the formation of the
heat of reaction has subsided, the' temperature of the  reaction mixture is
kept at. 10       [err], and, when the addition of ammonia is complete, the
batch is stirred for  10 10 to 12 hours at the same temperature. The
reaction product separates out in beige-coloured crystals. After cooling,
the crystals are collected with suction and washed with cold methanol. The
resultant pure crystalline 1,4-dioxido-3-methyl-
quinoxaline(2)-N-(2'-cyanoethyl)-carboxamide melts at [err]. It can be 15
recrystallised from dimethyl formamide/ethanol.
15 Example 2' 1,4-Dioxido-3-methyl-quinoxaline(2)N-(2
'-cyanoethyl)-carboxamide While stirring at -10 to [err], 11.8 g of freshly
distilled diketene are added dropwise to a solution of 80 ml of methanol
and 9.9 g of aminopropionitrile. The mixture is 20      allowed to warm to
room temperature and stirred for a further 2 hours at [err]  20 Then 19.2 g
of benzofuroxane are added in small amounts to the solution of N-2-
cyanoethylacetoacetic amide and thereafter ammonia which has been dried
over KOH is introduced over the course of 8 hours, while keeping the
temperature of the solution, which has rapidly turned dark in colour, below
450C by cooling from 25      time to time. After the formation of the heat
of reaction has subsided, the   25 temperature of the reaction mixture is
kept at 40-[err] , and, when the addition of ammonia is complete the batch
is stirred for 10 to 12 hours at the same temperature. The reaction product
separates out in the form of beige-coloured - crystals. After cooling, the
crystals are collected with suction and washed with cold 30     methanol.
The resultant  pure  1,4-dioxido-3-methyl-quinoxaline-(2)-N-(2'-   30
cyanoethyl)-carboxamide melts at 198-[err]. It can be recrystallised from
dimethyl formamide/ethanol. Example 3 Acetoacetic N-cyanomethylamide 35
While stiring at -10 to [err], 92 g of freshly distilled diketene are added
dropwise to  35 a solution of 400 ml of methanol and 56 g of freshly
distilled aminoacetonitrile. The mixture is allowed to warm to room
temperature and stirring is continued for 2 hours at 350C in a water bath.
The solvent is distilled off by rotary evaporation and the solid residue is
suspended in cold ether. Suction filtration yields the colourless, 40
crystalline, pure acetoacetic N-cyanomethylamide with a melting point of
40 [err]. 



The following compounds were obtained by a process analogous to that
described in Examples I and 2:    1,569,034 COMPOUND TABLE    8
1,569,034 Example 4 Feed additives The following feed mixes were prepared
to obtain individual amounts of 6000 parts by weight of end feed containing
5     a) 25 ppm b) 50 ppm c) 200 ppm and c) 400 ppm: a) 0.15 part by weight
of one of the compounds of the formula I 49.85 parts by weight of Bolus
alba 150.0 parts by weight of standard feed for poultry, swine or
ruminants. 10     b) 0.30 part by weight of one of the compounds of formula
I 44.70 parts by weight of Bolus alba
10 5.0 parts by weight of silicic acid 150.0 parts by weight of standard
feed for poultry, swine or ruminants. c) 1.2 parts by weight of one of the
compounds of the formula I 15        43.8 parts by weight of Bolus alba 5.0
parts by weight of silicic acid                                     15
150.0 parts by weight of standard feed for poultry, swine and ruminants. d)
2.4 parts by weight of one of the compounds of formula I 47.6 parts by
weight of Bolus alba 20         150.0 parts by weight of standard feed for
poultry, swine or ruminants, The active substances are mixed with the
carrier materials either direct or  20 applied thereto dissolved in
chloroform, and the mixtures are subsequently ground to the desired
particle size of, for example, 5 to 10 [err]. The feed premixes are mixed
with 5800 parts by weight of standard feed or processed to 6000 parts by
weight of 25     ready-for-use beverages. In addition, the end feed mixes
can be processed to pellets 



(feed pellets).
25 The active compounds of the formula I are added to the feed or beverages
for the animals in amounts of I to 500 ppm, referred to the total feed or
beverage, either direct or in the form of a premix. 30         Suitable
premixes consist for example of a mixture of the active compound with
kaolin, chalk, alumina, ground mussel shells, Bolus alba, "Aerosil"    30
(Registered Trade Mark), starch or lactose. A feed mix is prepared by
thoroughly mixing the required amount of premix with the corresponding
amount of a standard commercial feed. 35          WHAT WE CLAIM IS:
35 1. Quinoxaline-di-N-oxide derivatives of the formula I wherein R
represents a hydrogen atom, an alkyl group or I to 12 carbon atoms, a 40
cyanoalkyl group containing 1 to 4 carbon atoms in the alkyl portion
thereof or  40 an allyl group, and A  represents a straight-chain or
branched alkylene bridge member containing I to 4 carbon atoms. 2.
1,4-Dioxido-3-methyl-quinoxaline(2)-N-(2'-cyanoethyl)-carboxamide. 45
3. 1,4-Dioxido-3-methyl-quinoxaline(2)-N-(cyanomethyl)-carboxamide.     45
4. 1 ,4-Dioxido-3-methyl-quinoxaline(2)-N-( I
'-cyanoisopropyl)-carboxamide. 5. 1,4-Dioxido- 6. 1,4-Dioxido- 7. A process
for the manufacture of a compound of the formula I according to 50
claim 1, which comprises reacting the compound of the formula II
50    8                                    1,569,034 Example 4 Feed
additives The following feed mixes were prepared to obtain individual
amounts of 6000 parts by weight of end feed containing 5     a) 25 ppm b)
50 ppm c) 200 ppm and c) 400 ppm: a) 0.15 part by weight of one of the
compounds of the formula I 49.85 parts by weight of Bolus alba 



150.0 parts by weight of standard feed for poultry, swine or ruminants. 10
b) 0.30 part by weight of one of the compounds of formula I 44.70 parts by
weight of Bolus alba                                      10 5.0 parts by
weight of silicic acid 150.0 parts by weight of standard feed for poultry,
swine or ruminants. c)  1.2 parts by weight of one of the compounds of the
formula I 15         43.8 parts by weight of Bolus alba 5.0 parts by weight
of silicic acid                                      15 150.0 parts by
weight of standard feed for poultry, swine and ruminants. d) 2.4 parts by
weight of one of the compounds of formula I 47.6 parts by weight of Bolus
alba 20         150.0 parts by weight of standard feed for poultry, swine
or ruminants, The active substances are mixed with the carrier materials
either direct or  20 applied thereto dissolved in chloroform, and the
mixtures are subsequently ground to the desired particle size of, for
example, 5 to 10 [err]. The feed premixes are mixed with 5800 parts by
weight of standard feed or processed to 6000 parts by weight of 25
ready-for-use beverages. In addition, the end feed mixes can be processed
to pellets (feed pellets).
25 The active compounds of the formula I are added to the feed or beverages
for the animals in amounts of I to 500 ppm, referred to the total feed or
beverage, either direct or in the form of a premix. 30         Suitable
premixes consist for example of a mixture of the active compound with
kaolin, chalk, alumina, ground mussel shells, Bolus alba, "Aerosil"     30
(Registered Trade Mark), starch or lactose. A feed mix is prepared by
thoroughly mixing the required amount of premix with the corresponding
amount of a standard commercial feed. 35          WHAT WE CLAIM IS:
35 1. Quinoxaline-di-N-oxide derivatives of the formula I wherein R
represents a hydrogen atom, an alkyl group or 1 to 12 carbon atoms, a 40
cyanoalkyl group containing I to 4 carbon atoms in the alkyl portion
thereof or  40 an allyl group, and A   represents a straight-chain or
branched alkylene bridge member containing I to 4 carbon atoms. 2.
1,4-Dioxido-3-methyl-quinoxaline(2)-N-(2'-cyanoethyl)-carboxamide. 



45         3.
1,4-Dioxido-3-methyl-quinoxaline(2)-N-(cyanomethyl)-carboxamide.       45
4. 1,4-Dioxido-3-methyl-quinoxaline(2)-N-(1'-cyanoisopropyl)-carboxamide.
5. 1,4-Dioxido-3-methyl-quinoxaline(2)-N-(3'-cyanopropyl)-carboxamide. 6.
1,4-Dioxido-3-methyl-quinoxaline(2)-N-(4'-cyanobutyl)-carboxamide. 7. A
process for the manufacture of a compound of the formula I according to 50
claim 1, which comprises reacting the compound of the formula II
50    9                             1,569,034 (II) with a compound of the
formula III in which R and A are as defined in formula 1, in an inert
organic solvent in the 5      presence of a base, at a temperature between
0 and [err].                    5 8. A process for the manufacture of a
compound of the formula I according to claim 1, which comprises reacting a
compound of the formula R H-N-A-CN in which R and A are as defined in
formula I, with the diketene of the formula 10
10 in an inert organic solvent at a temperature between -15 and [err] to
give a compound of the formula III in which R and A are as defined in
formula 1, and, immediately thereafter, reacting 15    the compound of the
formula (III), without isolating it, with the benzofuroxane of  15 the
formula II in the presence of a base at a temperature between 0 and [err].
9. A composition for controlling harmful microorganisms in a non-human 20
animal, with contains as active component at least one compound of the
formula 1  20 according to claim 1, together with an inert carrier diluent
and/or dispersant. 10. A composition for combating diseases of the
respiratory tract in poultry caused by E. coli, which contains as active
component at least one compound of the formula I according to claim 1,
together with an inert carrier, diluent and/or 25     dispersant.
25 11. A composition for stimulating the growth of non-human domestic
animals and productive livestock, which contains as active component at
least one 



compound of the formula I according to claim I, together with an inert
carrier diluent and/or dispersant. 30         12. A method of controlling
harmful microorganisms, in a non-human animal,  30 which comprises
administering to the animal a compound of the formula I according to claim
1. 13. A method of combating diseases of the respiratory tract in poultry
caused by E. coli, which comprises administering to the poultry a compound
of the formula I according to claim 1.
35.    10                                     1,569,034
10 14. A method of promoting the growth of non-human domestic animals and
productive livestock, which comprises administering, to the animal a
compound of the 'formula I according to claim 1. J. A. KEMP & CO.,
Chartered Patent Agents, 14, South Square, Gray's Inn, London,WCIR 5EU.
Printed for Her Majesty's Stationery Office by the Courier Press,
Leamington Spa, 1980. Published by the Patent Office, 25 Southampton
Buildings, London, WC2A 1AY, from which copies may be obtained.    


