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(57] ABSTRACT

There are produced 6-aza-3H-1,4-benzodiazepines and
6-aza-1,2-dihydro-3H-1,4-benzodiazepines of the for-
mula

Rs A
" 7
N—C
AN
I CH—Ry4
R x /
N CcC=Z
Rz
R3

where Rj is a halogen, Ry and Rj are hydrogen, halo-
gen, trifluoromethyl, nitro, nitrile, hydroxy, lower al-
kyl, lower alkoxy, R4 is hydrogen, hydroxyl, hydroxyl
acylated with a mono or dicarboxylic aid of 2 to 6 car-
bon atoms, lower alkoxy, lower alkyl, benzyl, lower
aliphatic acyl, carboxy or carb-lower alkoxy, Z is nitro-
gen or NO, Rs is hydrogen, lower alkyl, lower alkyl
substituted with cycloalkyl of 3 to 6 carbon atoms,
lower alkenyl, cycloalkyl of 3 to 6 carbon atoms, lower
hydroxyalkyl, benzyl, aliphatic acyl of 2 to 6 carbon
atoms aminoalky! of 2 to 7 carbon atoms, mono or di
lower alkyl substituted aminoalkyl of 2 to 7 carbon
atoms, lower alkyl substituted with 5 to 7 membered
N-heterocyclic ring, containing 0 to 1 additional nitro-
gen or oxygen atoms, and A is oxygen, sulfur, —NRs5,
=NORs, =—=NH—NHR; or two hydrogen atoms and
the —N(Rs)—C~—(=A)— can also be in the tautomeric
form —N=C(ARs) 13 and pharmacologically accept-
able salts thereof. The compounds have spasmolytic,
antiphlogistic and tranquilizer activity.

15 Claims, No Drawings



1
6-AZA-3H-1,4-BENZODIAZEPINES

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This is a continuation-in-part application of Ser. No.
313,542, filed Dec. 8, 1972 and now abandoned.

The invention is concerned with new 6-aza-3H-1,4-
benzodiazepines and 6-aza-1,2-dihydro-3H-1,4-ben-
zodiazepines of the formula:

Ry A
\" 7
N—=C
[ e
Ry x /
N c=Z
R
R3

where R is a halogen, Rz and R3 are hydrogen, halo-
gen, trifluoromethyl, nitro, nitrile, hydroxy, lower al-
kyl, lower alkoxy, R4 is hydrogen, hydroxyl, hydroxyl
acylated with a mono or dicarboxylic acid of 2 to 6
carbon atoms, lower alkoxy, lower alkyl, benzyl, lower
aliphatic acyl, carboxy or carb-lower alkoxy, Z is nitro-
gen or NO, Rs is hydrogen, lower alkyl, lower alkyl
substituted with cycloalkyl of 3 to 6 carbon atoms,
lower alkenyl, cycloalkyl of 3 to 6 carbon atoms, lower
hydroxyalkyl, benzyl, aliphatic acyl of 2 to 6 carbon
atoms, aminoalkyl of 2 to 7 carbon atoms, mono or di
lower alkyl substituted aminoalkyl of 2 to 7 carbon
atoms, lower alkyl substituted with 5 to 7 membered
N-heterocyclic ring, containing 0 to 1 additional nitro-
gen or oxygen atoms, and A is oxygen, sulfur, =NRs,
=NOR;, —=NH—NHR; or two hydrogen atoms and
the —N(Rs)—C—(==A)—can also be in the tautomeric
form —N=—=C(ARs)— and pharmacologically accept-
able salts thereof.

There can be prepared for example salts with acids
such as hydrochloric acid, hydrobromic acid, succinic
acid, tartaric acid, fumaric acid, sulfuric acid, citric
acid, phosphoric acid, lactic acid, malonic acid, maleic
acid, acetic acid, propionic acid, p-toluenesulfonic acid.

In the compounds of formula I the halogen atoms can
have an atomic weight of 9 to 80, i.e. they can be chlo-
rine, fluorine or bromine, preferably chlorine and fluo-
rine. As the above name lower alkyl, alkenyl, alkoxy,
hydroxyalkyl and carbalkoxy groups there can be em-
ployed those containing 1 to 6 carbon atoms, preferably
1 to 4 carbon atoms. The aminoalkyl group can contain
2 to 7 carbon atoms and can be straight or branched
chain. Preferably the aminoalkyl group contains 2 to 5
carbon atoms. The aliphatic acyl groups contain 2 to 6
carbon atoms. Saturated acyl groups are preferred. As
dicarboxylic acid there are especially employed those
containing 3 to 6 carbon atoms, preferably 3 to 5 carbon
atoms. Examples of these are malonic acid, succinic
acid, glutaric acid and adipic acid. The alkyl groups as
such or as constituents of other groups can be either
straight chain or branched. Examples are methyl, ethyl,
propyl, isopropyl, butyl, tert. butyl, hexyl, isobutyl,
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hexyl, cyclopropyl, cyclopentyl, cyclohexyl, cyclo-
hexyl propyl, cyclopropylmethyl, cyclohexylpentyl,
methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobu-
toxy, tert. butoxy, amyloxy, hexyloxy, hydroxymethyl,
hydroxyethyl, hydroxypentyl, dimethylamino, diethyl-
amino, dibutylamino, carbmethoxy, carbethoxy, carb-
propoxy, carbpentoxy, acetyl, propionyl, butyryl, pen-
tanoyl, isovaleroyl, isobutyryl, cyclobutylmethyl, allyl,
butenyl-(2), piperidinoethyl morpholinoethyl.

In addition to the compounds mentioned in the work-
ing examples other compounds within the present in-
vention include 5-phenyi-6-aza-7T-fluoro-1,2-dihydro-
3H-1,4-benzodiazepinone-(2); 5-phenyl-6-aza-7-bromo-
1,2-dihydro-3H-1,4-benzodiazepinone-(2); 5-phenyl-6-
aza-7T-fluoro-1,2-dihydro-3H-1,4-benzodiazepinone-(2)-
4 oxide, 5-(o-trifluoromethylphenyl)-6-aza-7-chloro-
1,2-dihydro-3H-1,4-benzodiazepinone-(2); 5-(p-fluoro-
phenyl)-6-aza-7-bromo-1,2-dihydro-3H-1,4-ben-
zodiazepinone-(2); 5-(o-bromophenyl)-6-aza-7-bromo-
1,2-dihydro-3H-1,4-benzodiazepinone-(2); 5-(m-nitro-
phenyl)-6-aza-(7-chloro-1,2-dihydro-3H-1,4-ben-
zodiazepinone-(2); 5-(o-hydroxyphenyl)-6-aza-7-
chloro-7-chloro-1,2-dihydro-3H-1,4-benzodiazepinone-
(2); 5-(2'4-dihydroxyphenyl)-6-aza-7-fluoro-1 ,2-dihy-
dro-3H-1,4-benzodiazepinone-(2); 5-(p-butylphenyl)-6-
aza-7-chloro-1,2-dihydro-3H-1,4-benzodiazepinone-(2);
5-(2',4’-dimethylphenyl)-6-aza-7-chloro-1,2-dihydro-
3H-1,4-benzodiazepinone-(2); 5-(p-methoxyphenyl)-6-
aza-7-chloro-1,2-dihydro-3H-1,4-benzodiazepinone-(2);
5-(p-hexylphenyl)-6-aza-7-chloro-1,2-dihydro-3H-1,4-
benzodiazepinone-(2); 1-caproyl-3-caproxy-5-phenyl-6-
aza-7-chloro-1,2-dihydro-3H-1,4-benzodiazepinone-(2);
1-malonoyl-3-malonoxy-5-(o-bromophenyl)-6-aza-7-
chioro-1,2-dihydro-3H-1,4-benzodiazepinone-1(2);  1-
butyryl-3-butyroxy-5-(phenyl)-6-aza-7chloro-l,2-dihy-
dro-3H-1,4-benzodiazepinone; 5-(o-cyanophenyl)-6-
aza-7-chloro-1,2-dihydro-3H-1,4-benzodiazepinone-(2);
5-(2-chloro-4-methylphenyl)-6-aza-7-chloro-1,2-dihy-
dro-3H-1,4-benzodiazepinone-(2); 5-phenyl-6-aza-7-
chloro-1,2-dihydro-3H-1,4-benzodiazethiopinone-(2).

The compounds of the invention have valuable phar-
macodynamic properties. For example, they possess
psychosedative and' especially anxiolytic (tranquilizer)
properties. Furthermore they have an antiphlogistic
activity.

The compounds can be prepared by methods which
are known in themselves such as

a. condensing a compound of the formula

llla
l NH
Ri x c=w
N

R;

R3

where Ry, Ry, R3 and Rs are as defined above and W is
either an oxygen atom or the group=NH or==NOH
with a compound of the formula

i m
R{=C—CHR4—X
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where R4 is as defined above, A is oxygen or sulfur or
two hydrogen atoms or the group =NR;s and R7 is a
hydroxy group, a halogen atom (of atomic weight 9 to
80), a lower alkoxy group, a mercapto group, a lower
alkylmercapto group, an amino group or a lower alkyl-
amino group, the structural element —C(—=A)R7collec-
tively can also be a nitrile group and x is an amino group
or a halogen atom, in a given case with addition of an
acid binding agent, e.g. triethylamine, whereby it can be
worked up in the presence of ammonia or an ammonium
derivative in the case where W is O and X is halogen
and the reaction product is treated in a given case fi-
nally in an alkaline medium, or

b. in a compound of Formula I one or more of the
symbols Rs, R4, A and Z can be changed into an-
other compound of corresponding meaning;

c. and in a given case the product obtained according
to process (a) or (b) is acylated through aliphatic
acids or acid derivatives having 2 to 6 carbon
atoms in the 1-, 2-, and/or 3-positions.

Process (a) is carried out in the conventional solvents
or suspension agents at temperatures between 0° and
200° C., preferably 20" to 150° C. Especially there can
be employed polar solvents, for example alcohols, e.g.
methyl alcohol, ethyl alcohol, isopropyl alcohol, propyl
alcohol and butyl alcohol, dioxane, tetrahydrofurane,
dimethyl sulfoxide, dimethyl formamide and similar
materials. When W is O there can also be used pyridine
and quinoline. In a given case there are suitably added
acidic or basic materials, as for example, piperidine or
aliphatic carboxylic acids, e.g. acetic acid and propionic
acid. When x is a halogen atom there are suitably em-
ployed basic materials which effect acid splitting, e.g.
triethylamine. When Ry is a hydroxy group (in this case
the structural unit —(=A)R7 for example, can make a
carboxyl group) the addition of special customary
water splitting off agents such as dicyclohexylcarbodi-
imide is suitable or in some cases necessary.

When there are used compounds of the formula III
where A is two hydrogen atoms, R7is chlorine or bro-
mine, the remaining symbols which have the meanings
already set forth (in case X is an amino group that is
preferably blocked through protective groups) the pro-
cess can be carried out as follows. A compound of for-
mula I wherein Rs is hydrogen and W is oxygen, R;,
Riand R have the meanings set forth above, is acylated
with an aliphatic acid halide, e.g. acetyl chloride, acetyl
bromide or propionyl chloride, an aliphatic acid ester,
e.g. methyl acetate, ethyl acetate or propyl acetate, an
aliphatic acid anhydride, e.g. acetic anhydride, an ali-
phatic ketene, e.g. ketene itself or benzoyl chloride in an
inert solvent such as dioxane, benzene, tetrahydrofu-
rane or dimethyl formamide at a temperature between
0% and 150° C. The compound obtained after conversion
to the alkali salt (e.g. with sodium hydride or sodamide)
is reacted with a compound of formula III above (for
example in a nonbasic solvent such as dioxane, dimethy]
formamide or dimethyl sulfoxide between 0° and 200°
C.). Subsequently the acyl group which is on the nitro-
gen atom in the 3 position of the pyridine ring can be
split off in an acid or basic medium, whereby in a given
case there simultaneously takes place ring closing to
compounds of formula 1.

Frequently process (a) can also be carried out so that
the amino group in the 5-position of formula 11 and/or
the amino group of formula III (X==NHj) has a similar
protective group. Frequently such protective groups
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are required for the production of the starting com-
pounds.

In many cases the splitting off of such a protective
group takes place simultaneously with the cyclization.

These protective groups are easily split off. There are
employed either easily solvolytically splittable acyl
groups or groups splittable by hydrogenation, as for
example, the benzyl radical. The solvolytically splitta-
ble protective groups are split off for example, by sa-
ponification with dilute acids or by means of basic sub-
stances (potash, soda, aqueous alkali solutions, alcoholic
alkali solutions, NH3) at room temperature or with a
short boiling. Hydrogenizably splittable groups such as
the benzyl group or the carbobenzoxy radical are suit-
ably split off by catalytic hydrogenation in the presence
of customary hydrogenation catalysts, especially palla-
dium catalysts, in a solvent or suspension agent, in a
given case under elevated pressure. As solvents or sus-
pension agent there can be used water, lower aliphatic
alcohols such as methyl alcohol, ethyl alcohol, isopro-
pyl alcohol, butyl alcohol, cyclic ethers such as dioxane
or tetrahydrofurane, aliphatic ethers, e.g. diethyl ether,
dimethyl formamide, etc. as well as mixtures of these
materials.

As protective groups for the amino group there can
be used for example, the benzyl group, a-phenylethyl
group, benzyl groups substituted in the benzene nucleus
as for example, the p-bromo or p-nitrobenzyl group, the
carbobenzoxy group, the carbobenzthio group, the tri-
fluoroacetyl, the phthalyl radical, the trityl radical, the
p-toluenesulfonyl radical and similar groups as well as
simple acyl groups such as the acetyl group, formyl
group, tert. butylcarboxy group, etc. There can be em-
ployed especially the protective groups used in the
synthesis of peptides and the splitting processes custom-
arily employed in that process. Among others for this
purpose reference is made to Jesse P. Greenstein and
Milton Winitz “Chemistry of Amino Acids”, John
Wiley and Sons, Inc. New York (1961) Vol. 2, pages
883 et seq. Also there can be used carbalkoxy groups
(for example of low molecular weight such as carbme-
thoxy, carbethoxy and carbpropoxy).

Process (a) can also be carried out under some cir-
cumstances so that before the true cyclization there is
isolated previously the intermediate product of the for-
mula:

Rs A v

" 7
N-—C
\CHR4
Ry X x/
C=0

Rz

R;

This product can then be cyclized in purified form or
as it accumulates. For this purpose there are used tem-
peratures between —70° and + 150° C., preferably 0° to
150° C. As solvents or suspending media besides those
given above there can be used glacial acetic acid, lower
aliphatic alcohols such as methanol and ethanol, acetic
anhydride, polyphosphoric acid, aliphatic ethers, eg.
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diethyl ether, chloroform etc. This cyclization can be
carried out in a given case using acid condensation
agents such as sulfuric acid, hydrochloric acid, hydro-
bromic acid, toluene sulfonic acid or polyphosphoric
acid or basic condensation agents such as pyridine or
tertiary amines.

When X is a halogen atom the cyclization is carried
out in the presence of ammonia (for example liquid
ammonia), whereupon there can also be present tertiary
none quaternizing amines, for example, sterically hin-
dered amines such as diisopropylethyl amine or 1,8-bis(-
dimethylamino) naphthalene. The halogen atoms em-
ployed are chlorine, bromine or iodine. In place of
ammonia or additionally to ammonia there can also be
used, for example, other derivatives of ammonia which
replace a halogen atom by the group NHj;, for example,
urotropine, alkaliamide, e.g. sodamide or acid amide, in
which the acid radical produces a customary protective
group as set forth above, and is easily splittable.

When urotropine (hexamethylenetetramine) is used
the proces can be carried out as follows: Boiling in
chloroform (3 to 8 hours) and splitting off the separated
urotropine compound Wwith aqueous or agueous-
alcoholic inorganic acids (e.g. HCI or H3804) at tem-
peratures between, for example, 20° and 150° C.

If acid amides are used it is recommended that there
be used condensation agents such as sodium, alkali hy-
drides, e.g. sodium hydride, alkali amides (especially
sodamides), Grignard compounds, lithium alkyls (e.g.
butyl lithium) or in special cases, as with tosyl amides,
there can be used weaker bases such as K3;CO3, pow-
dered NaOH or potassium hydroxide. As solvents
above all dimethylsulfoxide and dimethyl formamide
are suitable. There can also be used dioxane, tetrahy-
drofurane, alcohols, e.g. methyl alcohol, ethyl alcohol
and isopropyl alcohol and ethers, e.g. diethy] ether. in
using acid amides generally from the intermediate com-
pound IV first there are obtained compounds of formula
IV in which x is an amino group protected by the corre-
sponding acid radical. The cyclization then takes place
simultaneously with or after splitting off of the protec-
tive group. In acid splitting off of the protective group
it is generally possible to isolate the compounds of for-
mula IV in which X is the amino group as either the salt
or as the free base.

Where a starting material of formula II is used in
process (a) in which Rs is an acyl group this can be
solvolitically split off in a given case after the end of the
reaction according to the conditions mentioned previ-
ously, e.g. at page 9, line 13 to page 10, line 22. How-
ever, it is also possible, if a pure aliphatic acyl group is
employed, to reduce this to an alkyl group (for example
by means of complex alkali hydrides such as LiAlHg).

It can happen that in the cyclization according to
process (a) there is not formed the 7-membered ring
compound but partially or exclusively the 6-membered
ring compound of the formula:
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Ry
AN
C~CH=—Hal(Cl or Br)

L

R2

Rj3

where Hal is chlorine or bromine. In this case a subse-
quent treatment in an alkaline medium is necessary. This
is generally carried out in polar media such as lower
alcohols (methanol, ethanol, tertiary butyl alcohol),
chloroform, dioxane, etc. at temperatures between 0°
and 150° C. As the alkaline medium there can be used,
for example, aqueous or alcoholic, especially methano-
lic or ethanolic NaOH or KOH, in a given case in ad-
mixture with the above mentioned solvents; the same
reagents in solid, powdered form, also potash as well as
aqueous solutions of tertiary amines, above all those
which are not quaternized such as diisopropyl methyl
amine. There are also be used alkaline ion exchanges,
e.g. chloromethylated polystyrene quaternized with
trimethylamine, in column form or in suspension.

In this ring expansion there are formed compounds in
which the group —N(Rs)C(=A)— in formula I has the
following structures:

—N—C(OH)—, —N=C(NHRs)—, —N=
C(ORs)—, —~—~N=—C(NHRs—NHR3s)— or
—N=—C(NR;sRs)—.

In the ring expansion of compounds of formula V
besides the desired diazepine often there are also formed
compounds which are built from compounds of formula
V without ring expansion by substitution of the halogen
atoms by the particular coreactant. The desired com-
pound can then be separated from this and, in a given
case, other byproducts also by fractional crystallization
or by chromatography in known manner.

According to process (b) azabenzodiazepines of for-
mula I can be substituted or further reacted in suitable
manner. For example, compounds of formula I where
Rsis a hydrogen atom can be alkylated on the nitrogen
atom in known manner. As alkylating agents there can
be used, for example, esters of the formula RsHal, Ar-
SO,;0R;s and SO2(OR5s); wherein Hal is a halogen atom
(especially chlorine, bromine or iodine) and Ar is an
aromatic radical which, in a given case, is a phenyl or
naphthyl radical substituted by one or more lower alkyl
groups, e.g. methyl or ethyl, and Rs with the exception
of hydrogen has the above defined meaning. For exam-
ple, there can be used p-toluenesulfonic acid alkyl es-
ters, e.g. methyl p-toluenesulfonate, and ethyl p-tol-
uenesulfonate, lower dialkyl sulfates, e.g. dimethyl sul-
fate, diethyl sulfate and dipropyl sulfate and the like.
The alkylation reaction can take place, in a given case,
with addition of customary acid binding agents such as
alkali carbonates, e.g. sodium carbonate and potassium
carbonate, pyridine or other customary tertiary amines,
at temperatures between 0° and 150° C. in inert solvents
such as alcohols, e.g. methyl alcohol, ethyl alcohol and
t-butyl alcohol, dioxane, dimethyl formamide, dimethyl
sulfoxide, aromatic hydrocarbons, such as benzene,
toluene or xylene, or acetone.
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The group A in a compound of formula I can also be
exchanged in various ways. Thus when A is oxygen,
this atom can be replaced by sulfur by means of phos-
phorus pentasulfide. This reaction takes place in inert
solvents such as benzene, toluene, dioxane, pyridine or
chlorinated hydrocarbons, e.g chloroform, at tempera-
tures between 0° and 150° C. The sulfur compounds
thus obtained (cyclic thioamides) can in turn be reacted
in polar medium with alkylamines of the formula
NH;Rs (where Rs is as defined above), e.g. methyl
amine, propyl amine, allyl amine, whereupon com-
pounds of formula I are formed in which A is the
group==NH or =NRj5. The reaction is carried out in
polar solvents such as methanol, ethanol or excess
amine at temperatures between 0° and 150° C.

Compounds of formula I in which Ry is other than
hydrogen can for example be produced in the following
manner from compounds of formula I in which Ry is
hydrogen and the remaining symbols have the meaning
specified above—by alkylation, acylation and oxidation.
In the alkylation the reaction takes place with esters of
the formula HalR"”, SO2(OR”) or ArSO.OR” where
Hal is a halogen atom, especially Cl, Br or I, Ar is an
aromatic radical (especially in a given case a phenyl or
naphthyl radical with one or more lower alkyl radicals,
e.g. methyl or ethyl) and R" is an alkyl group with 1 to
6 carbon atoms. Thus there can be used methyl chlo-
ride, ethyl bromide, propyl iodide, hexyl chloride, di-
methyl sulfate, diethyl sulfate, methyl p-toluene sulfo-
nate, butyl p-toluenesulfonate. (The process conditions
are the same as set forth above for introducing the Rs
group using esters of the formula RsHal, ArSO,0OR;
and SO2(OR5s)32).

The acylation can take place in inert solvents or sus-
pension media such as dioxane, dimethyl formamide,
benzene or toluene at temperatures between 0° and 200°
C. As acylation agents there can be used ketenes, e.g.
ketene itself, acid halides, e.g. acetyl chloride or propio-
nyl bromide, acid anhydrides, e.g. acetic anhydride or
acid esters of aliphatic carboxylic acids with 2 to 6
carbon atoms, e.g. mono methyl oxalate, mono ethyl
malonate, mono methyl succinate, mono ethyl adipate,
or carboxylic acid half ester halides with 1 to 6 carbon
atoms, in a given case, with the addition of an acid
binding agent such as potassium carbonate or sodium
methylate or a tertiary amine, for example, triethylam-
ine. There are especially employed esters with lower
aliphatic alcohols, e.g. methyl alcohol, ethyl alcohol,
butyl alcohol. In the alkylation and acylation one can
also proceed in such a manner that first there is pro-
duced from the reacting compound of formula 1 where
R4 is H an alkali compound by reacting with the com-
pound of formula I an alkali metal, alkali hydride or
alkali amine (especially sodium or sodium compounds)
in an inert solvent such as dioxane, dimethyl formamide,
benzene or toluene at temperatures between 0° and 150°
C. and then the alkylating or acylating agent is added.
As acylating agent in this case there can also be used
carbon dioxide whereby compounds of formula I are
obtained where R4 is COOH.

In place of the alkylation and acylation agents men-
tioned there can also be used other chemically equiva-
lent agents (see for example L. F. and Mary Fieser
“Reagents for Organic Synthesis”, John Wiley and
Sons, Inc. New York, 1967 Vol. 1, pages 13034 and
Vol. 2, page 471). It should be understood that acyl
groups present in the compounds of formula I also can
be split off again in known manner.
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Compounds can be obtained by oxidation in which
Ry4is a hydroxyl group. For this purpose compounds of
formula I in which R4 is a hydrogen can be reacted in
inert solvents such as dilute acetic acid, ethyl acetate or
acetone with hydrogen peroxide, peracetic acid, per-
propionic acid, perbutyric acid, pervaleric acid or other
conventional organic peracids. The temperature is pref-
erably between —10° and +70° C.

Compounds of formula 1 where Ry is a hydroxyl
group can also be obtained by treating compounds of
formula I in which Ry4is H and Z is N—O either in polar
solvents such as methanol, methanol-water mixtures,
dioxane methanol mixtures, ethanol, etc. with alkali (for
example sodium hydroxide, potassium hydroxide) or in
low molecular weight aliphatic acid anhydrides (for
example acetic anhydride), in a given case in admixture
with other inert solvents; thereupon there occurs a
rearrangement according to which the oxygen atom on
the nitrogen atom forms a hydroxyl group on the adja-
cent carbon atom. This rearrangement is accomplished
at temperatures between 0° and 150° C., especially 0° to
100° C.

Compounds of formula I wherein Z is a nitrogen
atom can be converted into the corresponding N-oxide.
The reagents and conditions are analogous to those of
the hydroxylation of R4. The temperatures generally
are somewhat lower, preferably between 0° and 50° C.
(otherwise at increase of temperature there occurs the
above described rearrangement).

In compounds of formula I where Z is the group NO
the oxygen atom can be removed by catalytic hydroge-
nation, or by chemical deoxygenation. As catalysts for
the catalytic hydrogenation there are suitable for exam-
ple the customary metallic hydrogenation catalysts,
especially noble metal catalysts (palladium/activated
carbon, platinum) or Raney-nickel; as solvents there are
preferably employed lower alcohols, e.g. methanol,
ethanol or isopropanol. The temperatures are between
0° and 200° C., preferably between 0° and 100° C. In a
given case the process can be carried out at pressures up
to 50 atmospheres absolute. For chemical deoxygen-
ation there are preferably used phosporus trichloride or
dimethyl sulfoxide in inert solvents such as dioxane,
benzene or toluene at temperatures between 0° and 150°
C., preferably 0° to 100° C.

Compounds of formula I in which A is an oxygen
atom or a sulfur atom can also be converted by reduc-
tion into compounds of formula I in which A is two
hydrogen atoms. This reduction can be carried out, for
example, in a solvent or suspension agent at tempera-
tures between 0° and 100° C. As solvents or suspension
agents there can be used, for example, water, lower
aliphatic alcohols, e.g. methy! alcohol, ethyl alcohol,
isopropyl alcohol or butyl alcohol, cyclic ethers, such
as dioxane or tetrahydrofurane, aliphatic ethers, e.g.
diethyl ether, dimethyl formamide, tetramethyl urea,
etc. as well as mixtures of these agents with each other.
Preferably the reduction is undertaken by catalytic
hydrogenation. As catalysts there are employed con-
ventional finely divided metal catalysts as, for example,
nickel (Raney-nickel) or cobalt (Raney-cobalt). The
catalysts can be employed with or without carriers. The
process can be carried out at normal pressure or ele-
vated pressure.

This reduction of the keto or the thio group, how-
ever, can also take place by metal hydrides or complex
metal hydrides such as LiH, LiAlH4, alkali borohy-
drides, e.g. sodium borohydride sodium triethox-
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yaluminum hydride or sodium dihydro bis(2-methoxye-
thoxy) aluminate.

Basic compounds of formula I can be converted in
known manner into their salts. As anions for these salts
there can be used the known therapeutically usable acid
radicals such as those set forth previously.

If the compounds of formula I contain acid groups
they can be converted in customary manner into their
alkli (e.g. sodium or potassium), ammonium or substi-
tuted ammonium salts. As substituted ammonium salts
there can be used especially salts of tertiary amines,
lower aminoalcohols and bis and tris (hydroxyalkyl)
amines. The alkyl group contains 1 to 6 carbon atoms.
Examples of such materials are trimethylamine, tribu-
tylamine, triethyl amine, tripropyl amine, aminoethanol,
aminopropanol, diethanolamine, dibutanol amine, tri-
ethanolamine and tripropanolamine.

The free bases of the compounds can be prepared
from their salts in customary fashion, for example, by
treating a solution in an organic agent such as alcohols,
e.g. methanol, with soda or soda lye.

Those compounds of formula I which contain asym-
metric carbon atoms and as a rule result as racemates,
can be split into the optically active isomers in known
manner with the help of an optically active acid. How-
ever, it is also possible to employ from the beginning an
optically active starting material whereby a corre-
spondingly optically active or diastereomer form is
obtained as the end product.

The compounds of the invention are suitable for the
production of pharmaceutical compositions. The phar-
maceutical compositions or medicaments can contain
one or more of the compounds of the invention or mix-
tures of the same with other pharmaceutically active
materials. For the production of pharmaceutical prepa-
rations there can be used the customary pharmaceutical
carriers and assistants. The medicines can be employed
enterally, parenterally, orally or perlingually. For ex-
ample, dispensing can take place in the form of tablets,
capsules, pills, dragees, plugs, salves, jellies, cremes,
powders, liquids, dusts or aerosols. As liquids there can
be used, for example, oily or aqueous solutions or sus-
pensions, emulsions, injectable aqueous and oily solu-
tions or suspensions.

For example, there can be made and used in the in-
vention compounds of formula I where the symbols R;
to Rs as well as A and Z have the following meaning:

R, is chlorine:

R; is chlorine, fluorine, CF3, CN or alkyl with 1 to 3
carbon atoms, e.g. methyl, ethyl, propyl or isopro-
pyl, preferably methyl, preferably in the ortho or
para position, hydrogen. The preferred substituents
are hydrogen or fluorine or chlorine in the ortho
position;

Rs is hydrogen, fluorine or chlorine with the o-posi-
tion being preferred;

Ra4 is hydrogen or an alkyl group with 1 to 6 carbon
atoms, e.g. methyl, ethyl, isopropyl, sec. butyl,
amyl or hexyl, especially 1 to 3 carbon atoms, or a
hydroxy group or the carboxy group. Especially H
or the hydroxy group or the acylated hydroxy
preferred;

Rs is the benzyl group or an alkyl or alkenyl group
with 1 to 4 carbon atoms, e.g. methyl, ethyl, pro-
pyl, isopropyl, butyl, t-butyl, allyl, methallyl, cro-
tyl or butenyl-2 (preferably methyl, isopropyl, allyl
or butenyl-2), or an oxyalkyl group with 2 to 6
carbon atoms, e.g. hydroxyethyl, hydroxypropy},
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4-hydroxybutyl, 2-hydroxyhexyl, especially with 2
to 4 carbon atoms. Preferably Rs is an oxyethyl
group or a dialkylaminoethyl or dialkylaminopro-
pyl or dialkylaminoisopropyl or a morpholino
alkyl or piperidinoalky! wherein the alkyl radical
preferably contains 1 to 4 carbon atoms (for exam-
ple the diethylaminoethyl group, morpholinoethyl
or piperidinoethyl group) or the cyclopropylmeth-
yl-, cyclobutyl methyl-, cyclopentyl methyl) or the
cyclohexylmethyl group. Preferably Rs isHora
lower alkyl group with 1 to 4 carbon atoms, for
example, methyl;

A is especially oxygen and also is sulfur or two hy-
drogen atoms or the group=—NH, —=NRs or
—NHR’s or in the tautomeric form together with
Rs, —SR’s, —NHR’s or —N(R's); where R's is a
lower alkyl group having 1 to 3 carbon atoms,
especially methyl or ethyl;

Z is nitrogen or NO.

Especially favorable activity is possessed by com-
pounds of formula I, where Ry is chlorine, Rz and R3are
the same or different and are hydrogen, fluorine or
chlorine, preferably in the ortho position, A is an oxy-
gen atom and Z is a nitrogen atom, R4 is hydrogen or
hydroxyl and Rs is hydrogen or a lower alkyl group
with 1 to 4 carbon atoms, especially the methyl group.

The starting compounds used in processes (a) and (b)
insofar as they are not known can be obtained, for exam-
ple, in the following manner:

Process (a)
A compound of the formula

Rz V1

CH3—CN
Ra

Rs vil

CH3;—CO2R¢
R3

where Rg is hydrogen or a lower alkyl group is first
reacted with an active alkali compound such as soda-
mide, potassium amide, sodium hydride or sodium in
finely divided form in an inert solvent such as dioxane,
dimethy] formamide, or benzene and then there is added
dropwise the calculated amount of 2,6-dichloro-3-
nitropyridine dissolved in the same solvent with stirring
and a nitrogen atmosphere. In many cases it is suitable
to change the order of addition, for example, to add the
alkali compound to a solution of the phenylacetic or
benzyl cyanide derivative and 2,6-dichloro-3-nitropyri-
dine. The generally exothermic reaction leads to the
alkali salts of the compounds of formula VIIL

VIl
Ry

Cy R3
where Cy is CN or COzRs (where Rg is H or lower
alkyl). Such salts are colored strongly blue to violet.
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After the end of the reaction this is filtered with suc-
tion, washed, dissolved in water and treated with di-
luted glacial acetic acid until the disappearance of the
intrinsic color. The compound of formula VIII custom-
arily crystallizes in sufficient purity.

The 2[a-cyano)-o-chlorobenzyl}-3-nitro-6-
chloropyridine is recovered, for example, as follows:

To a solution of 120 grams of o-chlorobenzyl cyanide
in 1.5 liters of dioxane there were added at 45° C. with
stirring in a nitrogen atmosphere 42 grams of sodium
hydride (80% in white oil). Then the mixture was
stirred for 45 minutes more at this temperature. The
solution was then cooled and at 20° to 22° C. there were
dropped in within 30 minutes 140 grams of 2,6-dichloro-
3-nitropyridine in 500 m! of dioxane. Further reaction
was permitted for three hours at this temperature. The
deeply colored sodium salt was filtered off, washed
with dioxane, dissolved in water/methanol (1:1 by vol-
ume) and diluted acetic acid added until the color
changed. The desired compound crystallized out, was
filtered off with suction and thoroughly washed with
methanol, M.P. 174°-175° C., Yield 91 grams.

By oxidation of the compound of formula VIII there
can be produced the corresponding 2-benzoyl-3-nitro-6-
chloropyridine derivative (formula IX)

IX
Ry

R3

This can be accomplished for example, with selenium
dioxide in dioxane or tetrahydrofurane at 50° to 150° C.
or can also be carried out by treating the compound of
formula VIII with 30% aqueous hydrogen peroxide at
temperatures below 100° C., preferably at 20° to 50° C.
in acetone-water, wherein the stoichiometrical amount
of an aqueous concentrated KOH solution is dropped in
just rapidly enough that no change in color takes place.
In the latter method there is simultaneously hydrolyti-
cally split off to a large extent the chlorine atom in the
6 position. There is also isolated therefore in addition to
the desired compound of formula IX the compound
wherein the 6-chloro atom is replaced by OH, i.e. R} is
OH. The latter can then in known manner again be
chlorinated with a mixture of PCl3/PCls wherein the
PCl3 simultaneously again deoxygenates the N-oxide
formed as a byproduct. In the compounds of Formula
IX the nitro group is then reduced to an amino group
either catalytically (with Pd, Pt or Raney-Ni in alcohol,
dioxane or tetrahydrofurane between 0° and 60° C. and
1 to 50 atmospheres absolute) or chemically (with
LiAlH4 or Al/Hg/H0 in ether, dioxane or tetrahy-
drofurane between 0° to 60° C.). This amino group can
then be substituted by the Rs radical by the process
given in the application.

For the production of compounds of the formula X
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where R, is F or Br for example, a compound of for-
mula IX is heated with a saturated aqueous-alcoholic
ammonia solution in an autoclave at 100° to 120° C. for
several hours (e.g. 2 to 4 hours) and the 6-aminopyri-
dine derivative formed thereby diazotised in known
manner and reacted according to the conditions of the
Sandmeyer reaction or the modified Sandmeyer reac-
tion by heating in the presence of fluoride or bromide
ions and/or the corresponding copper (1) salts (Cu Br,
CuCl) or fluoborate ions, e.g. sodium fluoborate. As
solvents there can be used water-alcohol mixtures, or
mixtures of water, dimethyl formamide and dimethyl
sulfoxide. For the production of fluorine derivatives
there can also be employed the thermal decomposition
of the dry diazonium fluoborate.

Compounds of formula X in which R; is a bromine
atom also can be obtained by bromination of a com-
pound of formula X in which R is replaced by OH by
using a bromination agent such as POBri, PBrs or
SOBr3, in a given case in an inert medium between 20°
and 200° C. The production of compounds of formula X
wherein R is F can also be produced in modified man-
ner by either gradually adding NaNO; to a solution in
aqueous hydrofluoric acid of a compound of formula X
wherein R is replaced by an amino group, at tempera-
tures between 0° and 50° C., or by introducing a slow
stream of nitrous gases to such a solution.

The reduction of the nitro group as well as the subse-
quent introduction of Rs takes place in the manner al-
ready set forth.

Compounds of formula II wherein W is the group
=NH or—-NOH can be obtained for example, from
compounds of formula II wherein W is oxygen and the
remaining symbols Ry, R3, R3 and Rs have the already
defined meaning by treating with ammonia or hydroxy-
lamine. This reaction is preferably carried out in polar
organic solvents (e.g. aliphatic alcohols such as those
mentioned above, dioxane, tetrahydrofurane, pyridine
or liquid ammonia), preferably between 0° and 150° C.
as well as in a given case at pressures between 1 and 100
atmospheres absolute.

Unless otherwise indicated all parts and percentages
are by weight.
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EXAMPLE 1

5-Phenyl-6-aza-7-chloro-1,2-dihydro-3H-1,4-ben-
zodiazepinone-(2)

O
H g
N—C
ﬁ \
| CH3
Cl x /
N C=N

21 grams of N-benzyloxycarbonyl glycine were made
into a paste in 400 ml. of dry ether and treated with
stirring with 21 grams of phosphorus pentachloride.
After everything was in solution there were added with
stirring 23 grams of 2-benzoyl-3-amino-6-chloropyri-
dine in 90 ml of chloroform and stirred at room temper-
ature for 2 hours whereupon there precipitated 2-benz-
oyl-3-[N—(benzy10xycarbonylamino-acctyl)amino]-6-
chloropyridine. It was filtered off with suction and
washed with ether (Yield 30 grams, M.P. 130° C.), 105
grams of this intermediate product (obtained from sev-
eral batches) was added in portions to a solution of 100
grams of hydrogen bromide in 360 ml of glacial acetic
acid. There immediately was formed a paste with CO;
evolution. The mixture was further stirred for one hour
and to complete the development of the precipitate
ether was added. The precipitate was filtered off, made
into a paste in methanol and concentrated agueous am-
monia solution added whereupon the material went into
solution. The thin layer chromatographic examination
showed that the first formed open glycyl derivative
cyclized upon the setting free of the base. After a short
period of standing the solution was treated with water
until turbidity developed, whereupon the material crys-
tallized out. It was recrystallized from isopropanol.
Yield 60 grams; M.P. 198° C.

Production of the Starting Material

There were gradually added to a cooled and stirred
solution of 190 grams of 2,6-dichloro-3-nitropyridine
and 117 grams of benzyl cyanide in 2 liters of dioxane
under a nitrogen atmosphere 64 grams of sodium hy-
dride (80% in white oil). The reaction mixture immedi-
ately turned a deep dark blue color, gradually a finely
divided precipitaie began to separate out, the tempera-
ture rose (with cooling with ice water) to 30° C. After
3 hours the mixture was treated with about 20 ml of
ethyl alcohol, stirred for another 20 minutes, then fil-
tered with suction. The deep blue sodium salt was dis-
solved in 1 liter of water, treated with dilute acetic acid
until the color changed. The 2-(a-cyanobenzyl)-3-nitro-
6-chloropyridine formed crystallized out in pure form.
M.P. 165° C.; Yield 146 grams.

A mixture of 200 grams of 2-(a-cyanobenzyl)-3-nitro-
6-chloroyridine, 500 m! of acetone and 160 ml of 30%
aqueous hydrogen peroxide were treated with stirring
at 35°-40° C. by dropwise addition of a concentrated
potassium hydroxide solution (from 75 grams of KOH
and 50 ml of water). The addition was carried out at a
rate just sufficiently quick that a color change did not
take place. Immediately after a permanent color change
which indicated the end of the reaction, the mixture was
cooled and the separating crystallized material filtered
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off with suction. This material (which in several runs
varied between 30 and 40 grams) was 2-benzoyl-3-nitro-
6-chloropyridine which was purified by recrystalliza-
tion from methanol. The filtrete was acidified with
dilute hydrochloric acid whereupon the 2-benzoyl-3-
nitro-6-hydroxy-pyridine precipitated in an amount
between 120 and 140 grams. M.P. 211° C.

This hydroxy compound was likewise converted into
the desired 2-benzoyl-3-nitro-6-chloropyridine by chlo-
rination. For this purpose 190 grams of 2-benzoyl-3-
nitro-6-hydroxypyridine (from several runs) were
stirred in a mixture of 200 ml of phosphorus trichloride,
500 m! of phosphorus oxychloride and 190 grams of
phosphorus pentachloride for 4 hours at 72° C. Then the
phosphorus halides were vaporized in a rotary evapora-
tor, the residue taken up in 1 liter of chloroform,
washed with ice water, twice with dilute soda lye and
twice with water. The chloroform solution was dried,
brought to dryness in a vacuum and the residue recrys-
tallyzed from methanol. Yield 145 grams; M.P. 106° C.

110 grams of pure 2-benzoyl-3-nitro-6-chloropyridine
were catalytically hydrogenated in 500 ml of dioxane at
60 atmospheres absolute and 20° C. by 30 grams of
Raney-nickel. The filtered solution was concentrated to
about one-third in a vacuum, cooled to 5° C., the 2-
benzoyl-3-amino-6-chloropyridine which crystallized
out filtered off with suction after an hour and recrystal-
lized from ethanol. Yield 78 grams; M.P. 159° C.

EXAMPLE 2

5-Phenyl-6-aza-7-chloro-1,2-dihydro-3H-1,4-ben-
zodiazepinone-(2)

The same compound as that prepared in example 1
was prepared in the following manner.

15 ml of bromacetyl chloride were stirred for 2 hours
at room temperature with 33 grams of 2-benzoyl-3-
amino-6-chloropyridine in 200 ml of dioxan with addi-
tion of 11.5 grams of pyridine. The intermediate prod-
uct was filtered off with suction, washed with ether and
subsequently 25 grams of the intermediate product (2-
benzoyl-3-bromoacetylamino-6-chloropyridine, M.P.
130° C.; Yield 38 grams) dissolved in 900 ml of 12%
methanolic ammonia solution and allowed to stand
overnight. The solution was evaporated to dryness ina
vacuum, the residue dissolved in 200 ml of chloroform
and the solution washed with water. The dried solution
was acidified with 6 normal isopropanolic hydrochloric
acid and treated with gasoline until turbidity developed.
The HCI salt which crystallized out was filtered off
with suction after 2 hours, dissolved in methanol and
the free base produced by the addition of ammonia. The
free base crystallized out upon the addition of water.
Yield 10 grams; M.P. 198°-200° C.
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EXAMPLE 3

5-Phenyl-6-aza-7-chloro-1,2-dihydro-3H-1,4-ben-
zodiazepinone-(2)-4-oxide.

5
H O
I 7
e N—C
I /CH2
Cl = N =N 10
™~

15

The 2-oximinobenzoyl-3-amino-6-chloropyridine
(crude product) obtained from 46 grams of 2-benzoyl-3-
amino-6-chloropyridine and 70 grams of hydroxylamine
hydrochloride was dissolved in 400 ml of acetic acid
and 32 ml of chloroacetyl chioride added. The mixture
was allowed to stand for 2 days, then hydrogen chloride
was led in until saturation occurred and the mixture
allowed to stand for a further 3 days. The solution was
evaporated to dryness in a vacuum, the residue taken up
in methylene chloride and the solution thoroughly
washed with water and subsequently washed with ice
cold soda solution. Then it was dried with sodium sul-
fate and concentrated to 150 ml and petroleum ether
(B.P. 40° to 70° C.) added until turbidity developed.
After 2 hours the crystals of 5-aza-6-chloro-2-
chloromethyl-4-phenylquinazoline-3-oxide which sepa-
rated were filtered off (Yield 23 grams; M.P. 146° C.).
6.5 grams thereof were added to a mixture of 8 grams of
sodium hydroxide, 20 ml of water and 100 ml of ethanol
at room temperature. After several hours of standing
the solution was diluted with water and weakly acidi-
fied with hydrochloric acid. The compound which
crystallized out was filtered off with suction and recrys-
tallized from ethanol. Yield 4.5 grams; M.P. 215° C.
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Production of the Starting Materials

A mixture of 46 grams of 2-benzoyl-3-amino-6-
chloropyridine, 15 grams hydroxylamine hydrochlo-
ride, 100 ml of pyridine and 400 ml of ethanol were
heated with stirring to reflux for 6 hours. The mixture 4’
was freed of solvents whereupon the reaction product
was obtained as a syrup. This was directly further
worked up.

EXAMPLE 4 50
3-Methyl-5-phenyl-6-aza-7-chloro-1,2-dihydro-3H-1,4-
benzodiazepinone-(2)
H /O 55
N—C
/ \
| CH—CH;
-y Ve
N C=N
60

A mixture of 26 grams of 2-benzoyl-3-amino-6- 65
chloropyridine, 28 grams of benzyloxycarbonyl-d, 1-ala-
nine, 28 grams of phosphorus pentachloride and 500 ml]
of ether were stirred for one hour at room temperature.

16

Then the mixture was evaporated to dryness and the
syrupy residue (50 grams) treated with a solution of 70
grams of HBr in 200 ml of glacial acetic acid and then
treated as example 1. The product precipitating from
the ammoniacal solution was partially cyclized and
cyclization was completed by stirring for three hours in
200 ml of boiling toluene with addition of pyridine and
the splitting off of water. The desired compound crys-
tallized out the toluene solution and was crystallized
from benzene-gasoline. Yield 26 grams; M.P. 182° C.

EXAMPLE 5

3-Isopropyl-5-phenyl-6-aza-7-chloro-1,2-dihydro-3H-
1,4-benzodiazepinone-(2)

O
: 4
—C
= ' \CH CH(CH3)
- 3
a—ly /7 ?
N C=N

A mixture of 26 grams of 2benzoyl-3amino-6-
chloropyridine, 30 grams of benzyloxycarbonyl-d,1-
valine, 25 grams of phosphorus pentachloride and 400
ml of ether were stirred for an hour at room tempera-
ture. Then the mixture was evaporated to dryness and
the syrupy residue (40 grams) treated with a solution of
50 grams HBr in 160 ml of glacial acetic acid and fur-
ther treated in a manner analogous to example 1.

A syrupy base precipitated from the ammoniacal
solution which was shown by thin layer chromatogra-
phy to still contain some uncyclized precursor. This
base was then cyclized by stirring for three hours in 200
ml of boiling toluene with addition of 3 ml of pyridine
and the splitting off of water. The desired compound
crystallized out of the toluene solution and was recrys-
tallized from benzene-gasoline. Yield 14 grams: M.P.
225°-226° C.

EXAMPLE 6

5-(o-Chlorophenyl)-6-aza-7-chloro-1,2-dihydro-3H-1,4-
benzodiazepinone-(2)

o]
H g
N—C
= N
| CH»
ca 7
N C=N
Cl

There were added 27 grams of phosphorus pentachlo-
ride in portions with stirring to a mixture of 34 grams of
2-o-chlorobenzoyl-3amino-6-chloropyridine, 27 grams
of benzyloxy-carbonyl glycine and 300 ml of dioxane.
The temperature rose from 27° to 37° C. The mixture
was stirred further for an hour and then there were
gradually added 800 ml of petroleum ether to the mix-
ture. After seeding there crystallized out 50 grams of
the 3-N-benzyloxycarbonyl intermediate. 20 grams of
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this product was then reacted in 70 mi of a saturated
solution of HBr in glacial acetic acid and further treated
as in example 1. The product precipitated from the

ammoniacal solution still contained a greater amount of 5

the open precursor and therefore was completely cy-
clized with the splitting off of water by stirring for three
hours in 200 ml of boiling toluene with addition of 3 ml
of pyridine. The pure compound crystallized out from
the toluene solution. Yield 10 grams; M.P. 201° C.

EXAMPLE 7

5-(o-Chlorophenyl)-6-aza-7-chloro-1,2-dihydro-3H-l,4-
benzodiazepinone-(2)-4-oxide

H //0
\ N'—C\
| CHa
Cl N z c= N/
™~
Cl

About 70 grams of 2-(o-chlorobenzoyl-oximino)-3-
amino-6-chloropyridine (crude product) were dissolved
in 400 ml of 99% acetic acid and 45 ml of chloroacetyl-
chloride added. Then HCI gas was introduced where-
upon gradually 2-(o-chlorobenzoyloximino)-3-
chloroacetylamino-6-chloropyridine crystallized out
(Yield 53 grams, M.P. 134° to 138° C.). 36 grams of this
compound was then dissolved in 150 ml of 70% ethanol
and 40 grams of 50% KOH added with stirring and ice
bath cooling. Reaction was allowed to continue for 30
minutes at 20° C. The clear solution was acidified with
acetic acid and treated with 100 ml of water. The white
crystalline precipitate was filtered off with suction,
washed with isopropanol and recrystallized from diox-
ane gasoline. Yield 14 grams; M.P. 241° to 243° C.

The oximine starting compound was obtained as fol-
lows:

A mixture of 70 grams of 2-(o-chlorobenzoyl)-3-
amino-6-chloropyridine (produced in a manner analo-
gous to that described in example 1 for preparing 2-
benzoyl-3-amino-6-chloropyridine), 30 grams of hy-
droxylamine hydrochloride and 200 ml of pyridine
were stirred for 20 hours at room temperature. An addi-
tional 30 grams of hydroxylamine. HCl were added and
the mixture stirred for a further 20 hours. The pyridine
was then evaporated in a rotary evaporator, the residue
taken up in 200 ml of chloroform and the solution
washed several times with water. The chloroform solu-
tion was briefly dried, the desired substance partially
crystallized out from the drying solution. The solution
was evaporated to dryness and the residue further re-
acted directly.

20

25

30

35

45

55

18

EXAMPLE 8

5.(2,5-Dichlorophenyl)-6-aza-7-chloro-1 ,2-dihydro-3H-
1,4-benzodiazepinone-(2)

(o]
H g
\ N—C\
‘ CH3
Cl z /
N Cc=N
(o]
Ct

A mixture of 10 grams of 2-(2,5-dichlorobenzoyl)-3-
amino-6-chloropyridine (produced in a manner analo-
gous to that described in example 1 for preparing 2-
benzoyl-3-amino-6-chloropyridine), 70 ml of dry diox-
ane, 10 grams of benzyloxycarbonyl glycine and 10
grams of phosphorus pentachloride were stirred for 2
hours at room temperature. Then the solvent was re-
moved in a vacuum and the residue (14 grams) was
further treated in the manner described in example 6.
Yield 8 grams; M.P. 240° C.

EXAMPLE 9

1-Methyl-5-(o-fluorophenyl)-6-aza-7-chloro- 1,2-dihy-
dro-3H-1,4-benzodiazepinone-(2)

?H:; o)
N—C
‘ CHj
Cl P
N C=N
F

A mixture of 25 grams of 2-o-fluorobenzoyl-3-N-
methylamino-6-chioropyridine (produced in a manner
analogous to that described in example 1 for preparing
2-benzoyl-3-amino-6-chloropyridine), 30 grams of ben-
zyloxycarbonyl glycine, 100 ml of dioxane and 30 grams
of phosphorus pentachloride were stirred for 2 hours at
room temperature. Then the solvent was removed ina
vacuum and the residue (61 grams) added in portions to
500 ml of 40% HBr containing glacial acetic acid and
stirred further for 1 hour. Then the reaction solution
was treated with 1.5 liters of ether, the amorphous pre-
cipitate filtered off and heated with strong stirring
under reflux in 500 ml of toluene and 100 ml of pyridine
for 4 hours on the water trap. Then the insolubles were
filtered off. The solution was evaporated to dryness in
the rotary evaporator. The residue was crystallized
from ethanol. Yield 22 grams; M.P. 139° C.
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EXAMPLE 10 EXAMPLE 12
. 3-Carboxyethoxy-5-(o-chlorophenyl)-6-aza-7-chloro-
5-(-Fluorophenyl)-6-aza-7-chloro-1 ,2-dihydro-3H-1,4- 1,2-dihydro-3H-benzo-1 »4-diazepinone-(2)
benzodiazepinone-(2) 5
(s}
H g
o = N-—C\ |
S—c/ l /HC—OCO—CHZ—CHZ—COOH
I CH;
al z Ve
N C=N a
F 15

A mixture of 35 grams of 2-o-fluorobenzoyl-3-amino-6-

[~ d
(=]

chloropyridine (produced in a manner analogous to that
described in example 1 for preparing 2-benzoyl-3-
amino-6-chloropyridine), 33 grams of benzyloxycarbo-
nyl glycine, S00 m! of ether and 33 grams of phosphorus 25
pentachloride were stirred for 2 hours at room tempera-
ture. Then the solvent was removed in a vacuum and
the residue (55 grams) further treated in a manner analo-
gous to that described in example 6. The product ob- 0
tained was recrystallized from n-propanol. Yield 28
grams; M.P. 195° to 196° C.

EXAMPLE 11 35
3-Benzyl-5-phenyl-6-aza-7-chloro-1 ,2-dihydro-3H-1,4-
benzodiazepinone-(2)
40
H /0
~ N—C\
al l ) . C=N/CH—CH2 45

50

A mixture of 35 grams of d,l-carbobenzoxy phenylala-
nine, 400 ml of ether and 26 grams of phosphorus penta-
chloride were stirred for 20 minutes. To the solution 33
there were then added 26 grams of 2-benzoyl-3-amino-
6-chloropyridine and stirred for an hour at room tem-
perature. The product which precipitated (2-benzoyl-3-
[N-(benzyloxy carbonylamino-g8-phenylpropionyl)-
amino]-6-chloropyridine, M.P. 182° C.) was filtered off
with suction and after drying (45 grams) stirred with

60

280 ml of 40% HBr containing glacial acetic acid and 65

further treated in a manner analogous to example 6.
Yield 28.4 grams; M.P. 234° C.

1 gram of the sodium-salt of 3-hydroxy-5-(o-chlorphe-
nyl-)-6-aza-7-chloro-1,2-dihyro-3H-benzo-1 ,4-diazepi-
none-(2) (prepared from a ethanolic solution of the
3-hydroxy-compound by addition of an equivalent
amount of sodium methylate in ethanol and precipita-
tion of the salt by addition of ether), 0.7 grams succinic
acid anhydride and 2 ml dimethylsulfoxide were heated
for 20 min. on a steambath, then cooled to room temper-
ature and 3 ml water added. The compound crystallized
on seeding. Yield 0.4 grams; m.p. 170°-1° C. From the
mother-liquor additional 0.4 grams of the compound
could be obtained, which was purified by recrystalliza-
tion from ethanol/water. Total yield of pure com-
pound: 0.65 grams.

EXAMPLE 13

3-Hydroxy-5-o-chlorophenyl-6-aza-7-chloro-1 ,2-dihy-
dro-3H-1,4-benzodiazepinone-(2)

o
H
N 4
I HCOH
Cl Z |
N C=N
a

300 grams of 30% KOH were added with stirring at 15°
C. to a solution of 110 grams of l-acetyl-3-acetoxy-5-(o-
chlorophcnyl)—ﬁ-aza—7-chloro-3H-],4-benzodiazepi-
none-(2) in 400 m! of ethanol. The mixture was stirred
for 30 minutes at room temperature. The clear solution
was adjusted to a pH of 5 with acetic acid and treated
with 250 ml of water. The amorphous precipitate which
separated was filtered off with addition of activated
carbon. The filtrate was treated with 11 liters of water
and shaken with chloroform. The organic phase was
dried and concentrated. The residue was recrystallized
twice from ethanol. Yield 23 grams; M.P, 200° 1o 202°
C.

EXAMPLE 14

5-Phenyl-6-aza-7-chloro-1,2-dihydro-3H-1,4-ben-
zodiazepinone-(2)

The compound of example 1 was produced by reduc-
tion of the N-oxide as follows:

3 grams of 5-phenyl-6-aza-7-chloro-1,2-dihydro-3H-
1,4-benzodiazepinone-(2)-4-oxide were hydrogenated
with 5 grams of Raney nickel in 150 ml of methanol at
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atmospheric pressure and room temperature. The theo-
retical volume of hydrogen was taken up after 90 min-
utes. The filtered solution was evaporated to dryness in
a vacuum, the residue recrystallized from ethanol. Yield
2 grams, M.P. 198° C. ‘

EXAMPLE 15

1-Acetyl-3-acetoxy-5-(o-chlorophenyl)-6-aza-7-chloro-
1,2-dihydro-3H-1,4-benzodiazepinone-(2)

COCH; o
~_"—<
| HC—OCOCH;
Ci P> 4
N c=N
cl

A mixture of 23 grams of 5-(o-chlorophenyl)-6-aza-7-
chloro-1,2-dihydro-3H-1,4-benzodiazepinone-(2)-4-
oxide and 120 ml of acetic anhydride were boiled for 30
minutes at reflux. Then it was poured into 700 ml of ice
water. The substance crystallizing out was recrystal-
lized from methanol. Yield 15 grams; M.P. 203° to 207°
C.

EXAMPLE 16

3-Hydroxy-5-phenyl-6-aza-7-chloro-1,2-dihydro-3H-
1,4-benzodiazepinone-(2)

H

(o]
H_ ¢

HC—OH
e

There was obtained a mixture of 1-acetyl-3-acetoxy-5-
phenyl-6-aza-7-chloro-1,2-dihydro-3H-1,4-ben-

zodiazepinone-(2) and  3-acetoxy-S-phenyl-6-aza-7-
chloro-1,2-dihydro-3H-1,4-benzodiazepinone-(2) by
heating 24 grams of 5-phenyl-6-aza-7-chloro-1,2-dihy-
dro-3H-1,4-benzodiazepinone-(2)-4-oxide with 160 ml
of acetic anhydride (30 minutes on the water bath) and
pouring into water. This mixture was deacylated with 3
parts of 30% KOH and 4 parts of ethanol at 15° C. After
acidification and dilution with water the mixture was
shaken with chloroform and the chloroform residue
recrystallized twice from ethanol. Yield 11 grams; M.P.

177° C.

22

EXAMPLE 17

1-Methyl-5-phenyl-6-aza-7-chloro-1,2-dihydro-3H-1,4-
benzodiazepinone-(2)

10 N P4
N—C
ﬁ \
| CH;
cl—s 7/
N C=N
15
20

There were added portionwise under a nitrogen atmo-
sphere with stirring 2.5 grams of sodium hydride (80%
in white oil) to 20 grams of 5-phenyl-6-aza-7-chloro-1,2-
dihydro-3H-1,4-benzodiazepinone-(2) in 120 ml of dry

dimethyl formamide. The temperature was held at 25°

25

C. After an hour there were added dropwise 15 grams
30 of methyl iodide, then the mixture was stirred for 1 hour
at 30° C. and 1 hour at 40° C. After standing overnight
the solvent was evaporated in a vacuum, the residue

taken up in methylene chloride, washed several times

35
with water and once with dilute hydrochloric acid
dried with sodium sulfate and concentrated. The resi-
0 due was recrystallized from benzene-gasoline. Yield 11
grams; M.P. 154° C,
EXAMPLE 18
45 1-Allyl-5-phenyl-6-aza-7-chloro-1,2-dihydro-3H-1,4-
benzodiazepinone-(2)
30 CH;—CH=CH,
o
4
N—C
55 | Nen
Cl P / ?
N C=N

The compound was prepared in a manner analogous to

65 example 17 using 20 grams of 5-phenyl-6-aza-7chloro-
1,2-dihydro-3H-1,4-benzodiazepinone-(2) and 11 grams
of allyl bromide. Yield 7 grams; M.P. 94° C.
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EXAMPLE 19 EXAMPLE 21
1-Cyclopropylmethyl-5-phenyl-6-aza-7-chloro-1,2- 1-Methyl-5-(o-chlorophenyl)-6~aza-7-chloro~1,2-dihy-
dihydro-3H-1,4-benzodiazepinone 2) 5 dro-3H-1,4-benzodiazepinone-(2)
CH. O
CH; ] 3 /
CH3;——CH I = N—C\
' CH;
0o CH; 10
N—C/ Cl—\y N c= 7
= N a
I CH;
a—s _7
N C=N 15

20

The compound was produced in a2 manner analogous to
example 17 using 23 grams of 5-phenyl-6-aza-7-chloro-
1,2-dihydro-3H-1,4-benzodiazepinone-(2) and 12 grams
of cyclopropylmethyl chloride. The reaction product 2
was purified chromatographically over an aluminum
oxide column (60 cm long, 5 cm diameter, running me-
dium chloroform), the syrup of the pure compound then
dissolved in about 100 ml of ether and isopropanolic
HCI (6 N) added, whereupon the hydrochloride crystal-
lized out. Yield 5§ grams; M.P. 180°-188° C.

EXAMPLE 20
1-(8-Diethylaminoethyl)-5-phenyl-6-aza-7-chloro-1,2- 3
dihydro-3H-1,4-benzodiazepinone-(2)
CHy—CH;—N(C2Hs),

N—~C
N
I CH;
Cl & /s

N C=N

S

30

5

45

50

To a solution of 20 grams of 5-phenyl-6-aza-7-chloro-
1,2-dihydro-3H-1,4-benzodiazepinone-(2) in 50 ml of
dimethyl formamide there were added 2.5 grams of
sodium hydride (80% in white oil) with stirring and 5
under nitrogen at room temperature. The temperature
was increased during 30 minutes to 50° C., then there
was added dropwise a solution of 9 grams of freshly
produced diethylaminoethy! chloride in 20 ml of di-
methyl formamide and subsequently 0.5 grams of potas-
sium iodide was added. The mixture was stirred for
thour at 70° C., then concentrated to 20 m! in a vacuum
and 50 ml of ethanol as well as 60 ml of water added. 6
The substance crystallized out by trituration. It was
recrystallized from benzene-gasoline. Yield 15 grams;
M.P. 154° C.

5

5

10 grams of 5-(o-chlorophenyl)-6-aza-7-chloro-1,2-
dihydro-3H-1,4-benzodiazepinone-(2) were methylated
with methyl iodide using a procedure analogous to that
in example 17. The reaction solution was evaporated in
a vacuum. The residue treated with water and benzene,
the benzene layer washed twice with water, and then
dried. The hydrochloride crystallized out upon the
addition of 6 normal isopropanolic hydrochloric acid.
This was recrystallized once from methanol-ether and
once from ethanol. Yield 4 grams; M.P, 204° to 206° C.
(decomposition).

EXAMPLE 22

5-Phenyl-6-aza-7-chloro-1,2-dihydro-3H-1,4-ben-
zodiazepine

H
N—CH;
N

' CHz

&

Cl

There were added dropwise with stirring inside 45 min-
utes 41 grams of 5-phenyl-6-aza-chloro-1,2-dihydro-3H-
1,3-benzodiazepinone-(2) dissolved in 600 ml of tetrahy-
drofurane to a mixture of 11.5 grams of LiAlH, in 200
ml of dry tetrahydrofurane. From the initial 30° C. the
temperature thereupon rose to 40° C. Then the mixture
was heated to 60° C. and held at this temperature about
6 minutes, then quickly cooled to 0° to 10° C. and a
mixture of 28 grams of water, 15 grams of methanol and
100 ml of tetrahydrofurane added dropwise. All of these
operations were carried out under a nitrogen atmo-
sphere. The reaction mixture was filtered, the filtrate
dried with MgSOy and evaporated in a vacuum. The
residue was taken up in benzene. Then 7 grams of the
desired compound crystallized out of the benzene solu-
tion by standing overnight at 5° C. M.P. 161° C. To the
mother liquor there was added a solution of 10 grams of
malic acid in 50 ml of acetone whereupon the maleate
crystallized out. The maleate was recrystallized from
ethanol. M.P. 186° to 187° C. (decomposition). Yield of
maleate 15 grams.



Re. 31,071

25

EXAMPLE 23

1-Methyl-S-phenyl-6-aza-7-chloro-1,2-dihydro-3H-1,4-
benzodiazepinthione-(2)

™
N—C=S§
I
| CH;
Cl x
N C=N
A mixture of 26 grams of 5-phenyl-6-aza-7-chloro-1,2-
dihydro-3H-1,4-benzodiazepinone-(2), 32 grams of

phosphorus pentasulfide and 150 ml of toluene were
heated to boiling with stirring for 2 hours. Then the
mixture was filtered, the solution evaporated in a vac-
uum, the residue combined with the filter residue and
treated with a large amount of aqueous concentrated
ammonia and ice. After stirring for 30 minutes it was
filtered with suction. The product was dissolved in
chloroform, chromatographed over an aluminum oxide
column (60 cm long, 5 cm diameter, running medium
chloroform) and the purified product recovered by
distilling off the chloroform recrystallized from bene-
zene. Yield 10 grams; M.P. 158° C.

EXAMPLE 24

1-Methyl-5-(o-chlorophenyl)-6-aza-7-chloro-1,2-dihy-
dro-3H-1,4-benzodiazepinthione-(2)

CHj S
4
N—C
N
I CH3
s /
Cl N c=

Cl

A mixture of 40 grams of 1-methyl-5-(o-chlorophenyl)-
6-aza-7-chloro-1,2-dihydro-3H-1,4-benzodiazepinone-
(2) and 29 grams of phosphorus pentasulfide in 200 ml
toluene were reacted and worked up as in example 23.
Yield 12 grams; M.P. 188" to 189° C.

EXAMPLE 25

5-Phenyl-6-aza-7-chloro-1,2-dihydro-3H-1,4-ben-
zodiazepinthione-(2)

S
Iz
N—C
[ o
< s
Cl N C=N

A mixture of 54 grams of 5-phenyl-6-aza-7-chloro-1,2-
dihydro-3H-1,4-benzodiazpinone-(2), 44 grams of phos-
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phorus pentasulfide and 600 ml toluene were boiled at
reflux for 2.5 hours under nitrogen. The granular pre-
cipitate was filtered off with suction, agitated several
times with chloroform, subsequently treated with aque-
ous ammonia and extracted once again with chloro-
form. After drying the thione crystallized out in pure
form from the extract. Yield 30 grams; M.P. 202° C.

EXAMPLE 26

2-Acetohydrazino-5-phenyl-6-aza-7-chloro-3H-1,4-ben-

zodiazepine

H H
N—N-COCH3

N=C
AN
f\/“: s

A mixture of 6 grams of acetyl hydrazine, 10 grams of
S-phenyl-6-aza-7-chloro-1,2-dihydro-3H-1,4-ben-
zodiazepinthione-(2) and 50 ml of dioxane were heated
to 50° To 60° C. for 20 minutes. The desired compound
thereupon crystallized out. After cooling it was filtered
off with suction and recrystallized from ethanol. Yield
10 grams; M.P. 176° C.

EXAMPLE 27

2-Methylamino-5-phenyl-6-aza-7-chloro-3H-1,4-ben-

zodiazepine

NH-—CHj;

N=C
AN
f\[ 0

10 grams of 5-phenyl-6-aza-7-chloro-1,2-dihydro-3H-
1,4-benzodiazepinthione-(2) were heated on the water
bath in 200 ml of 109 methylamine solution for 10
minutes. The desired product thereupon crystallized
out. It was filtered off with suction and recrystallized
from benzene with the use of activated carbon. Yield 5
grams; M.P. 214" C.
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EXAMPLE 28

1-Methyl-3-methoxy-5-(o-chlorophenyl)-6-aza-7-
chloro-1,2-dihydro-3H-1,4-benzodiazepinone-(2)

CH3 O

4

N—C

I }{C OCH
- 3
s Ve
Cl N c=
Cl

21 grams (0.065 mole) of 3-hydroxy-5-(o-chlorophenyl)-
6-aza-7-chloro-1,2-dihydro-3H-benzodiazepinone-(2)
were dissolved in 300 ml of dioxane and 3 ml of di-
methyl formamide were added. Then there were added
4.1 grams of 80% sodium hydride in white oil and the
mixture stirred for 30 minutes at room temperature.
Then it was heated to 65° C., 28.4 grams (0.2 mole) of
methy! iodide dropped in in 15 minutes and the mixture
stirred further for one hour at this temperature. The
reaction mixture was treated with 5% of acetic acid
until the reaction product precipitated, the reaction
product was filtered off with suction and recrystallized
from ethanol. Yield 10.2 grams; M.P. 247° to 249° C.

EXAMPLE 29

1-(8-Morpholinoethyl)-5-phenyl-6-aza-7-chloro-1,2-
dihydro-3H-1,4-benzodiazepinone-(2)

CH;—CH;—N [o]
o)

v
N—C

N\

l CHz

< 7

Cl N C=N

There were added at room temperature 3.5 grams of
sodium hydride (80% in white oil) with stirring and
under a nitrogen atmosphere to a solution of 27 grams
(0.1 mole) of 5-phenyl-6-aza-7-chloro-1,2-dihydro-3,4-
1,4-benzodiazepinone-(2) in 250 ml of dimethyl form-
amide. The mixture was stirred for 30 minutes 20 grams
of N-2-chloroethyl morpholine added and heated for 2
hours at 80° to 90° C. The dimethyl formamide was
drawn off in a vacuum and the residue stirred with
water. The water was decanted off from the syrupy
product and the latter dissolved in warm alcohol. Acti-
vated carbon was added and the product was filtered
and cooled. The reaction product crystallized out.
Yield: 14 grams; M.P. 162° to 164° C.
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EXAMPLE 30

1-Acetyl-5-phenyl-6-aza-7-chloro-1,2-dihydro-3H-1,4-
benzodiazepinone-(2)

! COCH;
0

y 4
N~C

/ \

l CH3

X 7

Cl N C=N

20 grams of 5-phenyl-6-aza-7-chloro-1,2-dihydro-3H-
1,4-benzodiazepinone-(2) were heated for 2 hours at
120° C. in 50 ml of acetic anhydride with stirring. A
white material gradually separated from the blue solu-
tion. This was filtered off with suction and recrystal-
lized twice from dimethyl sulfoxide. Yield: 5 grams;
M.P. 256° to 260° C.

EXAMPLE 31

1-B-Hydroxyethyl-5-(2-fluoro-phenyl)-6-aza-7-chloro-
1,2-dihydro-3H-1,4-benzo-diazepinone-(2)

CH—CH;0H
|
s
N—C
AN
l CH3
- /s
Cl N C=N
F

3 grams of sodium hydride (80% in white oil) were
added in portions at 25° C. with stirring to a solution of
27 grams of 5-phenyl-6-aza-7-chloro-1,2-dihydro-3H-
1,4-benzodiazepinone-(2) in 250 ml of dimethyl form-
amide. The mixture was stirred for an additional 30
minutes. Then 9 ml of bromethanol were dropped in
and the mixture stirred for 7 hours at 80° to 90° C. The
solvent was evaporated in a vacuum. The residue was
treated with 300 m! of ether and 200 ml of 5% sodium
hydroxide solution and shaken. The ether layer was
washed several times with dilute soda lye and then with
water. The ether solution was dried and evaporated to
dryness. The crystalline residue was recrystallized
twice from ethanol. M.P. 154°-156° C.
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EXAMPLE 32

1-Methyl-5-(2-chlorophenyl)-6-aza-7-chloro-1,2-dihy-
dro-3H-1,4-benzodiazepinone-(2)-4-oxide.

CHj O
4
N—C
l CH;
S /
Cl N C=N\
[0}
Cl

32 grams of 5-(2-chlorophenyl)-6-aza-7-chloro-1,2-dihy-
dis-
;olved in a mixture of 450 ml of dioxane and 45 ml of
{imethyl formamide and then 3.3 grams of NaH (80%
n white oil) were added with stirring at 20° C. The

iro-3H-1,4-benzodiazepinone-(2)-4-oxide  were

:emperature rose to 34° C. Then there were added drop-
wise 28.4 grams of methyl iodide with stirring and the
nixture was stirred for 30 minutes more at 40° C. The
nixture was filtered with suction, made acidic with
zlacial acetic acid and evaporated in a vacuum. The
-esidue crystallized from 300 ml of ethanol upon the
addition of 50 ml of gasoline. The pure material was
filtered off with such and washed with ethanol. M.P.
231° C.

EXAMPLE 33

1-Methyl-3-acetoxy-5-(2-chlorophenyl)-6-aza-7-chloro-
1,2-dihydro-3H-1,4-benzo-diazepinone-(2)

CHj3 8]
I
/ N
| HC—-OCOCH;
Cl N N C=N
Ci
21 grams of l-methyl-5-(2-chloro-phenyl)-6-aza-7-

chloro-1,2-dihydro-3H-1,4-benzodiazepinone-(2)-4-
oxide were heated for 15 minutes at the boiling point
with stirring in a mixture of 33 ml of acetic anhydride
and 29 ml of glacial acetic acid. After cooling and inoc-
ulation (seeding) the desired material crystallized out. It
was washed with glacial acetic acid and then with wa-
ter. M.P. 178° to 179° C.
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EXAMPLE 34

3-Acetoxy-5-(2-chlorophenyl)-6-aza-b
7-chloro-1,2-dihydro-3H-1,4-benzodiazepinone-(2)

H (o]
| #
N—C
N
| HC—OCOCH;
X Vv
a N C=N
cl

724 grams of 5-(2-chlorophenyl-6-aza-7-chloro-1,2-
dihydro-3H-1,4-benzodiazepinone-(2) was introduced
into a mixture of 1150 ml of acetic anhydride and 1020
ml of glacial acetic acid at 100° C. with stirring. Then
the solution was heated to 120° C. An exothermic reac-
tion took place, the mixture came to the boiling point.
The reaction was finished after 15 minutes. Then the
mixture was allowed to cool with stirring without ap-
plying external cooling. The material crystallized out. It
was washed with water and methanol. M.P. 243° C.

EXAMPLE 35

5-(2-Fluorophenyl)-6-aza-7-chloro-1,2-dihydro-3H-1,4-
benzodiazepinone-(2)-4-oxide.

To a mixture of 166 grams of 2-(2-fluorobenzoyl)-3-
chloroacetamino-6-chloropyridine oxime in 600 ml of
ethanol and 300 ml of ice there were added with stirring
a solution of 92.5 grams of KOH in 100 mi of water.
Then the mixture was stirred for another 30 minutes and
the temperature held to +5° C. by the addition of ice.
The solution was filtered and 100 m! of glacial acetic
acid added to the filtrate with ice cooling. The com-
pound crystallized out. After 1 more hour of stirring it
was filtered off with suction and washed with water.
After recrystallization from methanol-acetone the pure

compound was obtained.
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EXAMPLE 36

3-Hydroxy-5-(2-fluocrophenyl)-6-aza-7-chloro-1,2-dihy-
dro-3H-1,4-benzodiazepinone-(2)

H 0
4
F N—C\
] HCOH
S 7
Q N C=N
F

85 grams of 5-(2-fluorophenoyl)-6-aza-7-chloro-1,2-
dihydro-3H-1,4-benzodiazepinone-(2)-4-oxide  (crude
product) were heated in 130 ml of acetic anhydride with
stirring at 130° C. An exothermic reaction occurred.
This was finished in 10 minutes. Thereupon the mixture
was cooled and poured on ice. The precipitated mate-
rial was filtered off with suction and washed with wa-
ter. It consisted of a mixture of mono and diacetyl deriv-
atives of the desired compound. 30 grams of this mate-
rial (dry) were suspended in 100 ml of n-propanol.
There were added in the cold (0°-5° C.) with stirring a
solution of 3 grams in 40 m! of n-propanol. The mixture
was treated with 700 ml of water after 15 minutes and
acidified with glacial acetic acid. The desired substance
crystallized out in the cooling. After standing over-
night, it was filtered off with suction and recrystallized
from n-propanol. M.P.: 177° to 179° C.

EXAMPLE 37

1-(8-Piperidinoethyl)-5-phenyl-6-aza-7-chloro-1,2-
dihydro-3H-1,4-benzodiazepinone-(2)

(|:H3—N

CH>
I 0
Vi
/ N—'C\
l CH;

X Ve

Cl N Cc=

3.6 grams of sodium hydride (80% in white oil) were
added to a solution of 27 grams of 5-phenyl-6-aza-7-
chloro-1,2-dihydro-3H-1,4-benzodiazepinone-(2) in 250
ml of dimethyl formamide at room temperature. Then
there were added at 40° C. 32 grams of piperidinoethyl
chloride (freshly produced from 36.6 grams of N-
chloroethylpiperidine-HC]) in a little dimethyl form-
amide and the mixture heated for 15 minutes at 85° to
90° C. The mixture was neutralized with glacial acetic
acid and evaporated in a vacuum. The oily residue
crystallized slowly by triturating with ethanol. The
material was recrystallized again from ethanol with the
addition of activated carbon. M.P.: 136° to 137° C.
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EXAMPLE 38

5-phenyl-6-aza-7-chlorol,2-dihydro-3H-1,4-ben-
zodiazepinone-(2)-4-oxide

The compound prepared in Example 3 was prepared
as follows. 14 grams of 5-phenyl-6-aza-7-chloro-1,2-
dihydro-3H-1,4-benzodiazepinone were ' dissolved in
250 m! of chloroform, then there were dropped in at 0°
to 5° C. with stirring a solution of 11 grams of m-chloro
perbenzoic acid in 150 ml of chloroform. The mixture
was stirred for one hour, then allowed to stand over-
night at room temperature. It was then shaken with 5%
aqueous sodium hydroxide solution. This extrace was
acidified with glacial acetic acid whereupon the reac-
tion product crystallized out. It was recrystallized from
ethanol. M.P. 156° to 158° C. (as monohydrate, after
dehydration at 210° C.) Yield 11 grams. The compound
is identical with that recovered in Example 3.

EXAMPLE 39

5-(o-chlorophenyl)-6-aza-7-chloro-1,2-dihydro-3H-1,4-
benzodiazepinone-(2) (Reduction of the N-oxide)

The compound prepared in Example 6 was prepared
as follows:

20 grams of 5-(o-chlorophenyl)-6-aza-7-chloro-1,2-
dihydro-3H-1,4-benzodiazepinone-(2)-4-oxide in 250 ml
of dioxane were hydrogenated with 5 grams of Raney-
nickel at 50 atmospheres absolute and 50° C. The reac-
tion product was precipitated from the filtered hydro-
genated solution with water and recrystallized twice
from n-propanol. Yield 9 grams; M.P. 200° C.

EXAMPLE 40

1-methyl-5-phenyl-6-aza-7-bromo-1,2-dihydro-3H-1,4-
benzodiazepinone-(2)

CH;3 (o]
4
N—C
J\/j: )
| CH;
X Ve
Br N C=N

There were added with stirring at room temperature
to a solution of 32 grams of 5-phenyl-6-aza-7-bromo-1,2-
dihydro-3H-1,4-benzodiazepinone-(2) in 300 ml of di-
methyl formamide 3.5 grams of sodium hydride (80% in
white oil). After 15 minutes there were added 16 grams
of methyl iodide and stirring continued for one hour at
40° C. The solution was concentrated in a vacuum to 50
ml., the residue stirred up with water and the crystalline
product recrystallized from ethanol. Yield 19 grams.
M.P. 148°-150° C.
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EXAMPLE 41(a)

1-allyl-5-(o-chlorophenyl)-6-aza-7-chloro-1,2-dihydro-
3H-1,4-benzodiazepinone-(2)

CH;—CH==CH;
(8]
7

Under a nitrogen atmosphere with stirring there were
added in portions at 25° C. 2.5 grams of sodium hydride
(80% in white oil) to a solution of 31 grams of 5-(o-
chlorophenyl)-6-aza-7-chloro-1,2-dihydro-3H-1,4-ben-
zodiazepinone-(2) in 120 ml of dry dimethyl formamide.
After 1 hour there were dropped in 10 ml of allyl bro-
mide and the mixture stirred for 1 hour at 30° C. and
then for 1 hour at 40° C. After standing overnight the
solvent was removed in a vacuum, the residue taken up
with methylene chloride, washed once again with water
and then with dilute hydrochloric acid, dried with so-
dium sulfate and the solution evaporated. The reaction
product thus obtained was converted into the hydro-
chloride by dissolving in acetone and adding iso-
propanolic hydrochloric acid, the hydrochloride melt-
ing at 200° to 202° C. (with decomposition) Yield 20
grams.

In an analogous way the following compounds were
produced.

EXAMPLE 41(b)

1,3-Dimethyl-5-phenyl-6-aza-7-chloro-1,2-dihydro-3H-
1,4-benzodiazepinone-(2)

(|:H3 [
N—C
N
| CH—CH;
S Ve
c N C=N

This compound was obtained from 13 grams of 3-
methyl-5-phenyl-6-aza-7-chloro-1,2-dihydro-3H-1,4-
benzodiazepinone-(2) and 8 grams of methyl iodide.
The reaction product obtained was recrystallized from
benzene-gasoline. Yield 9 grams; M.P. 132°-134° C.
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EXAMPLE 41(c)

1-1,3-dimethyl-5-phenyl-6-aza-7-chloro-1,2-dihydro-
3H-1,4-benzodiazepinone-(2)

CH; o]
4
N—C
N
I CH—CHj3
S /
a N C=N

This compound was obtained from 11 grams of 1,3-
methyl-5-phenyl-6-aza-7-chloro-1,2-dihydro-3H-1,4-
benzodiazepinone-(2) and 8 grams of methyl iodide.
The reaction product was recrystallized from benzene-
gasoline. Yield 7 grams; M.P. 143°-144° C.

EXAMPLE 41(d)

1-allyl-5-(o-chlorophenyl)-6-aza-7-chloro-1,2-dihydro-
3H-1,4-benzodiazepinone-(2)-oxide-(4)

CH;—CH=CH;

(o]
7
N—C
LI
I CH»
7/
a N C=N\
al o

This compound was obtained from 16 grams of 5-(o-
chlorophenyl)-6-aza-7-chloro-1,2-dihydro-3H-1,4-ben-
zodiazepinone-(2)-oxide-(4) and 6.7 grams of allyl bro-
mide. The reaction product was recrystallized from
dimethy! formamide/ethanol (30:70 by volume). M.P.
220° C,; Yield 9 grams,

EXAMPLE 42

1-methyl-3-hydroxy-5-(o-chlorophenyl)-6-aza-7-
chloro-1,2-dihydro-3-H-1,4-benzodiazepinone-(2)

CH; O

AN

Cl

24 grams of 1-methyl-3-acetoxy-5-(o-chlorophenyl)-
6-aza-7-chloro-1,2-dihydro-3H-1,4-benzodiazepinone-
(2) were introduced into a solution of 1.5 grams of so-
dium metal in 150 ml of n-propanol and the mixture
stirred at room temperature for 20 minutes. A clear
solution was formed out of which a part of the product
then precipitated as the sodium salt. It was acidified
with glacial acetic acid and the product precipitated by
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the addition of 200 m] of water. The compound filtered
off with suction was recrystallized from methanol.
Yield 11 grams; M.P. 247°-250° C.

EXAMPLE 43

1-allyl-3-acetoxy-5-(o-chlorophenyl)-6-aza-7-chloro-
1,2-dihydro-3H-1,4-benzodiazepinone-(2)

CH;—CH=CH,

(o]

4

N—C
IR

| CH—O-—COCH;

X vd
Cl N Cc=

Cl

24 grams of l-allyl-5-(o-chlorophenyl)-6-aza-7-

chloro-1,2-dihydro-3H-1,4-benzodiazepinone-(2)-oxide-
(4) were heated in a mixture of 29 ml of glacial acetic
acid and 33 ml of acetic anhydride for 15 minutes with
stirring. After cooling and innoculation the desired
substance crystallized out. It was washed with glacial
acetic acid and then with water. Yield 20 grams; M.P.
176°-177° C.

EXAMPLE 44(a)

5-phenyl-6-aza-7-bromo-1,2-dihydro-3H-1,4-ben-
zodiazepinone-(2)

Into 200 ml of a 40% solution of hydrogen bromide in
glacial acetic acid there were introduced with stirring at
room temperature 43 grams of 2-benzoyl-3-[N-(ben-
zyloxycarbonylamino-acetyl)-amino}-6-bromopyridine,
whereupon brisk evolution of CO; developed. After
one hour the product was precipitated with much ether
and the precipitate filtered off with suction. This precip-
itate was stirred up with 200 ml of methanol and heated
on the waterbath to boiling. Then there were added
aqueous ammonia until basic reaction, whereupon a
clear solution formed. After a short time of stirring the
reaction product began to crystallize out; thereupon
there were added 1 liter of water. After 1 hour the
product was filtered off with suction, washed with
water and once recrystallized out from methanol. Yield:
11 grams; M.P. 202°-204° C.

EXAMPLE 44(b)

If there is used instead of 2-benzoyl-3-(N-(benzylox-
ycarbonylamino-acetyl)amino]-6-bromopyridine ~ the
corresponding 6-fluoro derivative there is obtained
5-phenyl-6-aza-7-fluoro-1,2-dihydro-3H-1,4-ben-
zodiazepinone-(2) having a M.P. of 218°-220° C. (from
ethanol).

10

20

25

30

35

45

50

55

65

36

The starting material for example 44(a) was obtained
as follows: 180 grams of 2-benzoyl-b 3-nitro-6-
chloropyridine in a solution of 80 grams of ammonia in
1 liter of ethanol were heated in an autoclave for 5
hours to 100° to 120° C. The reaction solution was evap-
orated to dryness, the residue boiled with acetone, and
the product precipitated from the acetone extract with
water. Yield 161 grams. 50 grams of the thus obtained
2-benzoyl-3-nitro-6-aminopyridine were ' dissolved in
300 ml of dimethyl formamide, 125 ml of 47% aqueous
hydrobromic acid added with stirring at 0° C., then
there were dropped in with stirring at 0° C. a solution of
20 grams of sodium nitrate in 50 ml of water. It was
stirred for one hour at room temperature and 1 hour at
60° to 70° C. Then it was poured on 2.5 liters of water,
extracted with chloroform, the chloroform solution
washed with aqueous sodium hydroxide and water,
dried and evaporated. The residue was recrystallized
from alcohol-gasoline (M.P. 98°-100° C.). 45 grams of
the 2-benzoyl-3-nitro-6-bromopyridine obtained were
dissolved in 450 ml of dioxane and hydrogenated on 10
grams of Raney-nickel at 50 atmospheres absolute and
60" to 70° C. The solution was filtered, concentrated to
150 ml and precipitated with water. Yield 35 grams;
M.P. 146°-148° C.

In a mixture of 300 ml of choroform and 400 ml of
ether there were dissolved 30 grams of N-(benzylox-
ycarbonyl)-glycine, then there were added with stirring
30 grams of phosphorus pentachloride. After 30 minutes
stirring there were added 35 grams of 2-benzoyl-3-
amino-6-bromopyridine as precedingly obtained. After
one hour a flocculated precipitate was filtered off, the
filtrate treated with 1 liter of gasoline, whereupon the
2-benzoyl-3-[(  N-(benzyloxycarbonyl-amino-acetyl)-
amino]-6-bromo-pyridine crystallized out. Yield 43
grams; M.P. 124°-126° C.

The starting material for the fluoro compound of
example 44 (b) was obtained in analogous manner.

EXAMPLE 45

1-3-methyl-5-phenyl-6-aza-7-chloro-1,2-dihydro-3H-
1,4-benzodiazepinone-(2)

A mixture of 11.6 grams of 2-benzoyl-3-amino-6-
chloropyridine, 11.15 grams of N-benzyl-oxycarbonyl-
1-alanine, 12 grams of phosphorus pentachloride and
500 ml of ether were stirred for one hour at room tem-
perature. Then the mixture was evaporated to dryness
and the syrupy residue (50 grams) treated with a solu-
tion of 70 grams of HBr in 200 ml of glacial acetic acid
as in Example 1. The product was further treated as in
Example 1. The product precipitating from the ammo-
niacal solution is partially cyclized and to complete
cyclization was stirred for 3 hours in 200 ml of boiling
toluene. The desired compound crystallized out of the
toluene solution and was recrystallized from benzene-
gasoline. Yield 4.5 grams; M.P. 113°-116° C.
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EXAMPLE 46

1-n-propyl-5-phenyl6-aza-7-chloro-1,2-dihydro-3H-1,4-
benzodiazepinone-(2)

n-C3H7

I o)
V4

N—C
AN

I CH;
Ct x
N C=N

There were added with stirring at room temperature
and a nitrogen atmosphere to a solution of 27.2 grams
(0,1 mole) of 5-Phenyl-6-aza-7-chloro-1,2-dihydro-3H-
1,4-benzodiazepinone-(2) in 200 ml of dry dioxane and 5
ml of dimethyl formamide 4,5 grams of sodium hydride
(57% in white oil). The temperature rose to 30° and a
clear solution was formed. This solution was warmed to
80°~85° C. and within 2 hours 25 grams of (n-)propyl
bromide were dropped in. The mixture was stirred for
10 hours at 85° C. and then poured in 700 ml of water
whereupon the reaction product crystallized out. It was
filtered off with suction and recrystallized from metha-
nol (two times). Yield: 17 grams. M.P. 139°-42° C.

EXAMPLE 47

1-n-butyl-5-phenyl-6-aza-7-chloro-1,2-dihydro-3H-1,4-
benzodiazepinone-(2)

n-CqHy
(8]

7
N—C

AN

I CH;

Cl x> /

N C=N

This compound was made in an analogous manner as
example 46 fromm 27,2 grams of S5-phenyl-6-aza-7-
chloro-1,2-dihydro-3H-1,4-benzodiazepinone-(2) and 20
grams of (n-)butyl bromide Yield: 16,5 grams. M.P.
108°-110° C.

The compounds of the invention are suited for the
production of pharmaceutical compositions and prepa-
rations. The pharmaceutical compositions or drugs con-
tain as the active material one or several of the com-
pounds of the invention, in a given case in admixture
with other pharmacologically or pharmaceutically ef-
fective materials. The production of the medicine can
take place with the use of known and customary phar-
maceutical carriers and diluents, as well as other cus-
tomary assistants.

Such carriers and assistants are set forth for example
in Ullmann’s Encyklopaedie die technischer Chemie,
Vol. 4(1953), pages 1 to 39; Journal of Pharmaceutical
Sciences, Vol. 52 (1963), pages 918 et seq; H. V.
Czetsch-Lindenwald, Hilfstoffe fur Pharmazie und an-
grenzende Gebiete; as well as in Pharm. 2nd. Vol. 2
(1961) pages 72 et seq.; Dr. H. P. Fiedler, Lexicon der
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Hilfstoffe fur Pharmazie, Kosmetik und angrenzende
Gebiete, Cantor Kg. Aulendorf i. Wurtt, 1971.

Examples of such materials include gelatin, sucrose,
pectin, starch, tylose, talc, lycopodium, silica, lactose,
cellulose derivatives, micropulverized cellulose, stea-
rates, e.g., methylstearate, and glyceryl stearate, emulsi-
fiers, vegetable oils, water, pharmaceutically compati-
ble mono- or polyvalent alcohols and polyglycols such
as glycerine, mannitol, sorbitol, pentacrythritol, ethyl
alcohol, diethylene glycol, triethylene glycol, ethylene
glycol, propylene glycol, dipropylene glycol polyethyl-
ene glycol 400, as well as derivatives of such alcohols
and polyglycols, dimethyl sulfoxide, esters of saturated
and unsaturated fatty acids with mono- or polyvalent
alcohols such as glycols, glycerine, diethylene glycol,
pentaerythritol, sorbitol, mannitol, etc., e.g., glyceryl
stearate, glyceryl palmitate,glyceryl oleate, ethylene
glycol stearate; such esters of polyvalent alcohols can in
a given case also be etherified, benzyl benzoate, dioxo-
lane, glycerine formal, glycol furfural, dimethyl acet-
amide, lactamide, lactates, e.g., ethyl lactate, ethyl car-
bonate, etc.

Furthermore there can be added preservatives, stabi-
lizers, buffers, taste correctives, antioxidants and com-
plex formers (for example ethylenediaminotetraacetic
acid) and the like. In a given case for stabilization of the
active molecule a pH in the range of about 5-8 can be
established with physiologically compatible acids or
buffers.

As antioxidants there can be used, for example, so-
dium meta bisulfite and ascorbic acid, as preservatives
there can be used, for example, sorbic acid, p-hydrox-
ybenzoic acid esters, e.g., methyl p-hydroxybenzoate
and ethyl p-hydroxybenzoate and similar materials.

The pharmacological and galenical treatment of the
compounds of the invention takes place according to
the usual standard methods.

The drugs can be used enterally, parenterally, orally,
perlingually or in the form of sprays.

The addition of other medicinally active materials is
also desirable, especially the addition of coronary wid-
ening, spasmolytic, ulcer healing or antihypertonically
effective substances.

The compounds of the invention, for example, show
in combat tests on mice (spontaneous aggressiveness), as
well as in electro shock and cardiazol shock methods as
a good anxiolytic (tranquilizer) activity as well as a
good spasmolytic activity.

The spasmolytic and anxiolytic activity is compara-
ble to that of the known drug Diazepam.

The lowest effective dosages in animal experiments,
for example, are:

1 mg/kg body weight orally (electro or cardiazole

shock)

1 mg/kg body weight intravenously (combat test)

As a general range of dosage for activity (based on
animal studies) there can be employed:

1-50 mg/kg body weight—orally

0.5-25 mg/kg body weight—sublingually

0.2-10 mg/kg body weight—intravenously

The compounds of the invention have utility in treat-
ing emotional problems, tension, anxiety, increased
irritability, psychoneurotic disturbances, vegetative
dystony and organic neuroses, as well as sleep disturb-
ances, muscle spasms (as well as illnesses of the rheu-
matic circulation).
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The pharmaceutical preparations generally contain
between 1 and 10 weight percent of the active compo-
nent of the invention.

The compounds can be delivered in the form of tab-
lets, capsules, pills, drageees, suppositories, gels,
cremes, powders, liquids, dusts or aerosols. As liquids
there can be used oily or aqueous solutions or suspen-
sion, emulsions, injectable aqueous or oily solutions or
suspensions. The preferred forms of use are tablets
which contain between 2.5 and 10 mg of active material
as solutions which contain between 0.1 and 1% of ac-
tive material.

In individual doses the amount of active component
of the invention can be used, for example, in an amount
of 5 mg dispensed orally or 0.5 mg dispensed intrave-
nously in each case calculated as the free base. These
doses can be dispensed once or several times a day.

For example, there is recommended the use of 1 to 2
tablets containing 5 mg of active ingredient 3 times
daily or intravenously the injection 1 to 2 times a day of
a | mi ampoule having 0.5 mg of active material.

The acute toxicity of the compounds of the invention
in the mouse (expressed by the LD 50 mg/kg method of
Miller and Tainter, Proc. Soc. Exph. Biol. and Med.,
Vol. 57 (1944) pages 251 et seq.) in oral application is
between 800 and 2000 mg/kg (or above 800 mg/kg).

The drugs can be used in human medicine, in veteri-
nary medicine, e.g., to treat cats, dogs, horses, sheep,
cattle, goats and pigs or in agriculture. The drugs can be
used alone or in admixture with other pharmacologi-
cally active materials.

The compounds of the present invention have a pro-
nounced anxiolytic activity, i.e., they relieve or reduce
anxiety. Such activity naturally cannot be measured
directly in animals. However, anxiolytically active
compounds exhibit anticonvulsive properties. Com-
pounds which show marked anticonvulsive properties
in animal tests, therefore, as a rule possess anxiolytic
properties when used in humans. A method for testing
whether a compound has anticonvulsive properties and
also therewith is anxiolytically active is the Cardiazol-
Shock Method.

In order to compare the therapeutic value of the
compounds of the present invention with the most
closely related compounds in Littell U.S. Pat. No.
3,314,941 and Reeder U.S. Pat. No. 3,371,085 tests were
conducted comparing the properties of the compounds
of the present application and the Littell and Reeder
patents in regard to anxiolytic effect (tested by Car-
diazol-Shock). The results of these tests are shown in
the following table.

Furthermore, there is given in this table the ataxic
activity. The ratio of ataxic activity to the anxiolytic
activity is of the greatest significance in using a material
as an anxiolytic agent. This quotient should be as large
as possible since an ataxic activity is undesirable. Ataxic
activity means that the coordination of the muscular
movements is disturbed—ataxic disturbance of the mus-
cular coordination. This means at the dosage at which a
marked anxiolytic acitvity is present there should not be
found a noteworthy ataxice. The toxicity, in case the
data exists above the ataxic activity, is no longer impor-
tant since the amount which is toxic is always consider-
ably higher than the amount at which 50% (EDsg) of
the animals have an ataxic effect. The ataxic effect was
measured on mice on the pattern of the rotating rod.
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TABLE

Ataxic Activity
on the Rotating

Anticonvulsive
Activity at Cardi-

azol Shock EDsp Rod EDsp EDsq Rotating Rod
Ex. mg/kg Orally mg/kg Orally EDsg Card. Shock
1+2 6.3 720 114
4 18.0 78.0 43
6 272 45.0 16.5
9 1.58 9.7 6.1
10 1.63 17.0 104
12 1.4 100.0 135
13 24 36.0 15.0
15 15.0 100.0 6.7
17 4.2 26.0 6.2
18 11.0 90.0 8.2
19 9.75 75.0 1.3
21 0.98 10.0 10.2
24 33 39.0 12.5
Ex. 17 no activity
of up to 1000 143.0 0.143
Littell
Ex. 15
of
Reeder 1.8 2.7 1.5
Ex. 34
of
Reeder 1.2 2.5 2.2

The Cardiazol shock procedure was carried out ac-
cording to the method of F. M. Berger et al in J. Phar-
macol. Exper. Therap. Vol. 116, pages 337-342 (1956).
With mice the subcutaneous injection of 150 mg/kg of
Cardiazol first results in short lasting spasms, then long
lasting and strong spasms and finally results in the death
of all of the animals within 10 to 15 minutes. By the oral
administration of the anticonvulsive acting test materi-
als at various dosages one hour prior to the administra-
tion of the Cardiazol, the 100% lethal effect of the Car-
diazol is reduced depending on the dosage. From the
percentage of surviving animals in the individual test
groups there was plotted graphically the dosage-effect
line and from this the EDsy value was ascertained.
EDsp is the dosage at which 50% of the tested animals
exhibited a marked anticonvulsive effect;

In the rotating rod test the animals (mice) were firest
placed on a rotating rod 15 minutes after the application
of the test material and then were placed on the rotating
rod every 15 minutes and the animals which fell down
within 2 minutes measured positive. From the number
of animals which fell down expressed in percent there
were drawn time-effect curves and the areas defined by
it entered as percent effect in a probability network, the
dosage-effect-line prepared and the EDsg read off. The
EDsp mg/kg body weight of the mouse again specifies
the dosage at which 50% of all the animals show a
typical ataxic effect.

The compounds of the present invention which have
a halogen atom attached to a pyridine ring are consider-
ably different in properties from corresponding com-
pounds having a halogen atom on a benzene ring in
place of the pyridine ring. This can be seen for example
in the comparison with the compounds of Reeder Ex-
amples 15 and 34 set forth in the Table above. In fact,
the effect of replacing a benzene ring by a pyridine ring
in benzodiazepines cannot be predicted.

Furthermore, it is known that a chlorine atom at-
tached to a pyridine ring has a different effect than a
chlorine atom attached to a benzene ring. Thus, the
chemical characteristics are completely different.

Thus, a chlorine atom in the alpha position of a pyri-
dine ring has the character of an acid chloride, specifi-
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cally a carboxylic acid imide chloride. A carboxylic
acid imide chloride has the following structure:

N—Rii
Vs
Riz—C
Cl

It can be seen that this same structural characteristic is
true for a chlorine in the alpha position of a pyridine
ring. Halogen atoms, e.g., chlorine, which are present
on such compounds are easily exchanged by other sub-
stituents, see Klages “Lehrbuch der organischen Che-
mie”, Vol. 1, one half page 367 (1959) and Vol. I, 2 half
page 905 (1959).

In contrast, a halogen attached to a benzene ring
belongs to the most resistant substituents and only is
exchangeable at high temperatures (250° C.) and in the
presence of a catalyst.

Generally, a chlorine atom on a benzene ring and a
chlorine atom in the alpha position of a pyridine ring are
not comparable chemically. For this reason alone there
can be no prediction of comparable or similar pharma-
cological effect.

Nieschulz et al, Arzneimittelforschung, Vol. 7, pages
113-117 (1957) shows that in 4 different N-methyl-
piperidyl-methyl-chlorophenthiazine derivatives the
chlorination in a benzene ring of the phenthiazine nu-
cleus leads to a weakening on the pharmacological
activity and lowering of the toxicity.

Fellows et al, Proc. Intern. Symposium on Psycho-
tropic Drugs, Elsevier Publ. Co., Amerstom (1957),
pages 397-404, on page 401 states:

“It is very interesting, however, to note that the addi-

tion of a chlorine atom to promethazine does not bring
about an increase in potency as is the case when proma-
zine is chlorinated.”
In both cases the chlorine atom in question was added
on a benzene ring rather than on the heterocyclic ring.
In fact, Fellows points out that chlorination of prometh-
azine not only fails to increase the potency of condi-
tioned response blocking action, but instead results in a
decrease in activity to one-half that of promethazine.

Werle et al,, Arzneimittelforschung, Vol. 12, pages
443-444 shows that chlorination of certain diazopheno-
thiazines resulted in decrease of the antihistamic activ-
ity to 1/10 that of the basic compound or even less.

Chlorpromazine

S

Cl

is psychotropic and used commercially as a neuroleptic.
The corresponding compound without chlorine and
which instead of the straight chain propylene group has
an isopropylene group, namely, prometazine, on the
contrary is used commercially as an antihistamine.
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Chlorpromazine has practically no antihistamine activ-
ity and is not used as an antihistamine.

Cyclizine (1-benzhydryl-4-methyl-piperazine) is used
in the treatment of emotional illnesses and as an antie-
metic; however, it is not used as an antihistamine. Chlo-
rocyclizine (in which one hydrogen of the benzene
nucleus of the cyclizine in the p-position is replaced by
chlorine) on the contrary is used only as an antihista-
mine. If a second chlorine atom is introduced in the 2 or
3 position in the benzhydryl ring there are formed less
effective compounds than chlorcyclizine.

Benadryl

CH;j
CH—O—CH;—CH;—N
CH;,

is used as an antihistamine in various allergic illnesses.
The closely related chlorphenoxamine by the introduc-
tion of a p-chlorine atom and a methyl group in the
alpha-position has its antihistamine activity reduced and
simultaneously a strengthening of its anticholinergic
activity to such an extent that it is indicated for the
symptomatic treatment in all cases of Parkinsonism, J.
Amer. Med. Ass. Vol. 170 (1959), pages 37 et seq.
Votava et al., First Int. Pharmacological Meeting,
Vol. 8, pages 143-148 shows that in compounds of the

structure
X
O O Ry
]
R2
= =CH;=—CHy~, —CH=CH—
R; = H, Cl, CH3
/(CHz)s—N(Cﬂz)z
Ry = ;=CH{(CH3);—N(CH3)2
\H

the influence of chlorine was investigated. The results
were that the toxicity was raised in some cases and
lowered in others and in several cases the chlorinated
compounds were more effective and in other cases less
effective.

The First Int. Pharmacological Meeting, Vol. 7,
pages 311 et seq. shows that alpha phenyl-ethyl hydra-
zine has strong stimulating activity. If a hydrogen in the
phenyl nucleus is replaced by chlorine, the stimulating
effect is reduced and by substitut ion of two chlorine
atoms there occurs in place of an antidepressive action
a strong sedative action.

Thus, it is evident that pharmacological action cannot
be predicted when a chlorine atom replaces a hydrogen
atom on an aromatic or heterocyclic ring.

The compounds of the present invention are mainly
employed orally. Thus, they are threatened with en-
zyme decomposition through the enzymes found there.
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Also, further along the path through the intestine there
are considerable possibilities for degradation (alkaline
medium of the intestinal juices, enzymes and bacteria).
Moreover, it could not be predicted that the substances
would be unchanged over the blood flow to the place
where activity occurs. Then in the passage through the
liver which is an organ that manufactures extremely
active substance changing materials it is possible that a
large part of the acitve material is broken down or
destroyed. The chemical constitution of the compounds
determines whether this occurs. It could not be foreseen
that a 6-aza-benzodiazepine ring compound having a
halogen atom, e.g., chlorine, in the alpha position would
be resistant to all of these influences and have the anti-
convulsive activity and ataxic activity by oral applica-
tion as shown in the preceding table.

What is claimed is:

1. A compound of the formula:

or its tautomer of the formula:

R3

where R is a halogen, R; and R3 are hydrogen, halo-
gen, trifluoromethyl, nitro, nitrile, hydroxy, lower alkyl
or lower alkoxy, Ry is hydrogen, hydroxyl, hydroxyl
acylated with an alkanoic acid of 2 to 6 carbon atoms or
an alkandioic acid of 3 to 6 carbon atoms, lower alkoxy,
lower alkyl, benzyl, carboxyl or carb-lower alkoxy, Z is
nitrogen or NO, Rs is hydrogen, lower alkyl, lower
alky! substituted with cycloalkyl of 3 to 6 carbon atoms,
lower alkenyl, cycloalkyl of 3 to 6 carbon atoms, hy-
droxy lower alkyl, benzyl, acyl of alkanoic acid of 2 to
6 carbon atoms, aminoalkyl of 2 to 7 carbon atoms,
mono or di lower alkyl substituted aminoalkyl of 2 to 7
carbon atoms, lower alkyl] substituted with morpholino
or piperidino, and A is oxygen, sulfur, or two hydrogen
atoms or in the tautomeric form —NHNHCOCH;,
—NHCH3, —ORs or O—SRs and pharmacologically
acceptable salts thereof.
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2. A compound according to claim 1, where Ry is
hydrogen, hydroxyl, hydroxyl acylated with an alka-
noic acid of 2 to 6 carbon atoms or an alkandioic acid of
3 to 6 carbon atoms, lower alkoxy, lower alkyl, car-
boxyl or lower carabalkoxy, Rs is hydrogen, lower
alkyl, lower alkyl substituted with cycloalkyl of 3 to 6
carbon atoms, lower alkenyl, cycloalkyl of 3 to 6 carbon
atoms, aliphatic acyl of an alkanoic acid of 2 to 6 carbon
atoms, hydroxy lower alkyl, benzyl, aminoalkyl of 2 to
7 carbon atoms, mono or di lower alkyl substituted
aminoalkyl of 2 to 7 carbon atoms, lower alkyl substi-
tuted with the morpholino or piperidino ring and phar-
macologically acceptable salts thereof.

3. A compound according to claim 1, where Rs is
hydrogen, lower alkyl, lower alkyl substituted with
cycloalkyl of 3 to 6 carbon atoms, lower alkenyl, cyclo-
alky! of 3 to 6 carbon atoms, hydroxy lower alkyl, ben-
zyl, acyl of an alkanoic acid of 2 to 6 carbon atoms,
aminoalkyl of 2 to 7 carbon atoms, mono or di lower
alkyl substituted aminoalkyl of 2 to 7 carbon atoms,
lower alkyl substituted with morpholino or piperidino.

4. A compound accoding to claim 1 wherein any
halogen present has an atomic weight of 9 to 80.

5. A compound according to claim 4 wherein R, is
chlorine.

6. A compound accoding to claim 5, wherein R3 and
R3 are hydrogen, fluorine or chlorine, A is O, Z is N,
R4 is H or OH and Rsis H or alkyl of 1 to 4 carbon
atoms.

7. A compound according to claim 6 wherein R; and
R3 are both hydrogen.

8. A compound according to claim 6 wherein Rj is
hydrogen and R is fluorine or chlorine.

9. A compound according to claim 8 wherein R is in
the ortho position.

10. A compound according to claim 6 wherein Rs is
hydrogen.

11. A compound according to claim 6, wherein Rs is
methyl.

12. A compound according to claim 4 wherein R; and
R; are hydrogen or halogen, R4 is hydrogen, lower
alkyl, benzyl, OH, hydroxy acylated with an alkanoic
acid of 2 to 6 carbon atoms or an alkanedioic of 3 to 6
atoms or lower alkoxy, Rs is hydrogen, lower alkyl,
lower alkyl substituted with cycloalkyl of 3 to 6 carbon
atoms, lower alkenyl, acyl of an alkanoic acid of 2 to 6
carbon atoms, mono or di lower alkyl substituted ami-
noalkyl of 2 to 7 carbon atoms, lower alkyl substituted
with morpholino or piperidino through the nitrogen
atom, or hydroxy lower alkyl and A is O or S or in the
tautomeric form is —NHNHCOCH; or —NHCHia.

13. A compound according to claim 12, wherein A is

0.
14. A compound according to claim 12, wherein Ry is
hydrogen, lower alkyl, benzyl, OH, or hydroxy acyl-
ated with an alkanoic acid of 2 to 6 carbon atoms or an
alkanedioic acid of 3 to 6 carbon atoms and Rs is hydro-
gen, lower alkyl, lower alkyl substituted with cycloal-
kyl of 3 to 6 carbon atoms, lower alkenyl, or acyl of an
alkanoic acid of 2 to 6 carbon atoms.

15. A Compound according to claim 1 which is 3-
hydroxy-5-o-chlorophenyl-6-aza-7-chioro-1, 2-dihydro-3H-
1, 4-Benzodiazepinone-(2).
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