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Process for the preparation of an oxo compound and novel

_ intermediates required therefor
The invention relates to a novel and technically pro-

gressive process for the preparation of 5-carbamyl-10-oxo-
10,11-dihydro-SH-dibenzolb,flazepine of the formula III,
which is characterized in that 5-cyano-5H-dibenzolb,flazepine
of the formula I is nitrated, the resulting 5-cyano-10-nitro-
SH-~dibenzolb,flazepine of the formula II is hydrolysed to 5-
carbamyt-=10-nitro-5H-dibenzolb,flazepine of the formula IV,
the 10-nitro group in the Latter is reduced, the reduction
product is hydrolysed and the resulting end product of the
formula 111 is isolated in the pufe form.

The process according to the invention is illustrated

by the reaction schgme which follows:
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German Offenlegungsschrift 2,011,087 has disclosed a
process for the preparation of 5-carbamyl-10-0x0-10,11-di-
hydro-5H-dibenzolb,flazepine by hydrolysis of 10-methoxy-5H-
dibenzolb,flazepine-5-carboxamide by means of agueous mineral
acids. The accessability of this starting material is indi-
cated in Belgian Patent Specification No. 597,793, according
to which, for exampLe} S-acetyl-5H-dibenzolb,flazepine is
brominated to S-acetyl-10,11-dihydro-10,11-dibromo-5H-di-
benzolb,flazepine, the latter is converted to 5-acetyl-10-
bromo-SH-dibenzo[b,f]azepine and, from the Latter, 10—meth-
oxy-5H-dibenzolb,flazepine is prepared. This is then con-
verted by'treatment with phosgene to the corresponding
carbonyl chloride, from which 10-methoxy-5H-dibenzolb,flaze-
pine-5-carboxamide is obtained by reaction with ammonia.

Compared with this preparation process which is complicated

to carry qut_because_bf its relatively Large number of
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intermediate stages and, moreover, is disadvantageous because

of its high consumption of bromine, which serves only for the

temporary conversion of intermediates, the process according

to the invention comprises only a few process steps, which
can be carried out in a simple and clear manner while évoid—
ing expensive réagents and, moreover; Lead in high yields to
the end product of the formula III, which is obtained in
excellent purity. |

The nitration, according to thé invention, of the
compound I to give the compound of the formula II is carried
out by means of conventional nitrating agents, for example
dinitrogen trioxide (N203),'if appropriate mixed with oxygen,
for example air, or by means of dinitrogen tetroxide (N204)
or mixtures of such compounds, or also, in addition, by means
of nitric acid. The reaction is carried out in a suitable
solvent, especially a solvent which remains stable under the
nitration conditions and does not lead to undesired reactions
with the nitrating agent. These are especially Lower alkane-
carboxylic or%halcgenated_lower alkanecarboxylic ac{ds each
having up to 4 carbon atoms, for example acetic acid, pro-
pionic acid, n-butyric acid or isobutyric acid, and also,
for example, trifluoroacetic or trichloroacetic acid, if
appropriate mixed with water, or their anhydrides, for ex-
ample acetic, propionic, n-butyric, isobutyric or trifluoro-

acetic anhydride, or mixtures of such carboxylic acids with

‘the corresponding anhydrides. According'to a preferred

embodiment of the process accbrding to the invention, the
anhydrides of the said lower alkanecarboxylic acids, for
example acetic anhydride, if appropriate mixed with a Lower
alkanecarboxylic acid, for example acetic acid, are used as
the solvent.

The ratio of starting material to the qu;ntity of

solvent used (weight/volume) can vary within wide Limits.

Advantageously, a starting material/solvent ratio within the

range from 1:3 to 1:30 is used. The reaction temperat.re is

in the range of about 0-120°, especially 40—80°.
According to Chemical Revieus 36, (1945) pages 211-
212, the reaction of styrene with nitrogen trioxide gives a
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mixfdré of nitroso and nitro compounds. Moreover, the reac-
tion product of styrene with nitrogen trioxide is said to
give 1-nitro-2-phenylethylene, if the reaction product is
subjected to steam distiLLation._ It is also stated there
that the reaction of stilbene with nitrogen tetroxide Leads
to 1,2-dinitro-1,2-diphenyl ether. According to page 218 of
the same literature reference, the reaction of cyclohexene
with dry nitrogen tetroxide in cold petroleum ether gives the
corresponding bis-nitroso-nitro derivative and oily by-
products.

In J.Org.Chem. 28, (1963), pages 125-129, it is
stated that the reaction product of an olefin with dinitrogen
tetroxide essentially contains nitro and nitroso groups, the
conversion into a nitro-olefin compound requiring an-addi-
tion of triethylamine. Thus, for example, cyclooctene is
reacted with dinitrogen tetroxide and the reaction product
is then treated with triethylamine, whereupon 1-nitrocyclo-
octene is obtained.

By contrast, it has been found, surprisingly, that
additional operations, for example steam distillation or
treatment of the reaction mixture with triethylamine, are
unnecessary in the nitration according to the invention, and
the working-up, which can be carried out in an extremely
simple manner, always leads fo good yields of the nitro com-

" pound of the formula 11. This combound is novel and has not

been described in the literature.

According to the invention, this is followed by the
conversion of the compound of the formula II into the com-
pound of the formula IIl. For this-pﬁrpose, the cyano aroup
ijs first converted by hydrolysis into the carboxamide group.
Only those hydrolysis methods can be used for this conversion
which do not adversely affect the 10-nitro Qroup on the '

double bond. AdvantagequsLy, the hydrolysis is carried out

by means of acidic agents, for example mineral acids, such as
sulfuric acid, hydrochloric'acid and, if appropriate, also
formic acid. Preferably, boron'tfifLuoride is used in an
equimolar amount or in a small excess as a solution in a
Lower alkanecarboxylic or halogenated Lower alkanecarboxYLic
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acid; for example such an acid of the abo 2mentioned type,
such as acetic acid or trifluoroacetic acid, it also being.
possible to use defined compounds of boron trifluoride with
one of the said carboxylic écids such as acetic acid, foh ex—
ample of the formula BF3.2CH3C00H. If necessary. for carry-
ing out the hydrolysis, a further inert solvent, for examptie

a solvent of aromatic character, such as e.g. chlorobenzene,

is added to the reaction mixture. This is followed by a
treatment of the reaction mixture, or of the resulting addi-
tion compound, isolated in the pure form if desired, of the
compound of the formula IV with BF3, with hydrolysing agents,
for example water, whereupon 5-carbamyl-10-nitro-5H-dibenzo-
[b,flazepine of the formula IV is obtained in the pure form.

The hydrolysis 6f a nitrile group to the carboxamide
group by means of boron trifluoride in the presence of acetic
acid is known from J.org.Chemistry 20, (1955), 1448. The
procedure described there requires high temperatures, a large
excess of boron trifluoride and the use of aqueous acetic
acid which, together with boron trifluoride, forms extremely
corrosive solutions, so that its ihdusfrial use, éspecially
at high temperatures, is restricted and is applicable only
under special conditions in industrial equipment.

By contrast, the process according to the invention
allows the use of boron trifluoride in only equimolar quan-
tities, or a slight excess, in anhydrous solvents at room
temperature. A further advantage is that a defined addition
compound of boron trifluoride with the hydrolysis product of
the formula IV can be isolated in high purity and almost
duantitative yield even from seVereLy contaminated reaétion
mixtures and can be converted by treatment with water into
the pure hydrolysis product of the formula IV. '

According to the inventibn, this is followed by the
conversion of the resulfing intermediate of the formula 1V,
if appropriate without isolation of the Latter in the pure
form, into the end product of the formula III. For this

'purpose, the éompound of the formula IV is ;ubjected to re-

ducing conditions, e.g. the action of cétalyticatly activated
hydrogen, such as hydrogen in the presence of a hydrogenation
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caté(yst; e.g. a nickel or noble metal catalyst, for example
Raney nicket or a palladium-on-carbon catalyst, in a suitable
solvent, e.g. a Lower alkanol having up to 4 carbon atoms,
such as methanol or ethanol, or of nascent hydrogen, for
example by means of a suitable metal, such as zinc which may
be amalgamated, and especially iron, in an acid, for example
a mineral acid, such as dilute sulfuric acid, or a carboxylic
acid, such as a lower alkanecarboxylic acid, for example one
of those mentioned above, such as acetic acid, or of a chemi-
cal reducing agent, for example tin(Il1) chloride.2H20, the
reduction product obtained is hydrolysed in the same reaction
batch, for example by means of water, and the end product of
the formula II1 is isolated in the pure form. This product is
obtained sometimes in very good yield and excellent purity.
However, the pfocedure can also be such that the com-
pound of the formula II is hydrolysed by means of acidic
agents, for example as indicated, such as, for exanmple,
boron trifluoride in acetic acid, if appropriate in ths pre-
sence of a further inert solvent, e.g. a solvent of aromatic
character, Such as chlorobenzene, in the presence of water
and the compound of the formula IV contained in the reaction
mixture is then reduced, without isolation, e.g. as indicated,
for example by means of catalytically activated hydrogen,
such -as hydrogen in the presence of a hydrogenation catalyst,
such as a nickel or noble metal catalyst, for example Raney
nickel, or a palladium-on-carbon catatyét, or by means of
nascent hydrogen, e.g. as indicated, for example iron in an
acid, e.g. a mineral acid, for example aqueous hydrochleric
acid, or a lower alkanecarboxylic or halogenated Lower alkane-
carboxylic acid, e.g. as indicated, for example acetic acid,
or the BF3/acetic acid/water mixtufe already present in the
reaction batch. The reduction product present in the réac—
tioﬁ mixture, without being isolated, is hydrolysed subse-
quent(y, or even simultaneously, by means of an acidic ageht,
‘2.g. as indicated, for examblé byIMeans of an agueous acﬁd,
e.d. thé BF3/écetic acid/water mixture present in the reac-
tion mixture, and the resulting end product of the formula
IIl is isolated in the pure form.
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The compound of the formula IV and its adduct with
boron trifluoride is novel and has not been described in the
Literature.

A modification of the process according to the inven-
tion for the preparation of the end product of the formula
III is characterized in that the 10-nitro group in the com-
pound of the formula II is reduced, the reduction product is
hydrolysed, the resulting 5-cyano-10-oxo0o-10,11-dihydro-5H~-
dibenzoLlb,fl-azepine of the formuLa V is hydrolysed and the
resulting end product of the formula III is isolated in thz
pure forh. This variant of the process according to the in-
vention comprises converting the compound of the formula 11
into that of the formula V and preparing the end product of
the formula III1 from the Latter. Accordingly, the nitro
group in the 5-cyano-10-nitro-5H-dibenzolb,flazepine of the
formula II is reduced by one of the methods described above
and the intermediate formed in the reaction mixture is con-
verted by hydrdlysis into the compound of the formula V.

The reduction can be carried out, as stated above, for ex-
ample by means of catalytically activated hydrogen, such as
hydrogen in the presence of a hydrogenation catalyst, e.g. a
nickel or noble metal catalyst, for example Raney'nickel or

a palladium-on-carbon catalyst, in a suitable solvent, for
example a Lower alkanol having up to 4 carbon atoms, for
example methanol of ethanoL,'or by méans of nascent hydrogen,
€.g. by means of a suitable metal, such-as zinc which may be
amalgamated, or especially iron, in an acid, for example a
mineral acid, such as diLufe sulfuric acid or concentrated
hydrochloric acid, or a Lower alkanecarboxylic acid, e.g. one
of those mentioned above, for example acetic acid, or by
means of a chemical redhcing agent, such as e.g. tin(lI)
chloride.2H0. 'In.this case, additional solvents, e.g. a
Lower alkanol having 1 to 4 carbon atoms, for example etha-
nol, or a Lower alkoxy-lower alkanol having up to 4 carbon
atoms in each case in the lower alkoxy and lLower alkanol
moieties, for example 2-methoxy- or 2-ethoxy-ethanol, and/or
a solvent of aromatic character, for example a benzene which
may be lower-alkylated, such as methylafed, or halogenated,
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such’ as chlorinated, such as benzene, toluene or chloroben-
zene, may be used. The reaction temperature is in a range
from 10 to 100°, preferably from 30-70°. Appropriately
after removal of insqtuble matter, the reaction mixture is
then subjected to hydrolysis, for example the action of
water, and, after working up, 5-cyano-10—oxo-10,11-dihydro—
S5H-dibenzolb,flazepine of the formula V is isolated in the
pure form, being obtained in good yields and excellent
purity. This compound is novel and has not been described in
the literature. 1In a preferred embodiment of the conversion
. of the compound of the formula II into that of the formula
-V, as described, the solvent used for the reduction by means
of a metal, for example iron, as described above, holds the
metal salts forméd, for examplé iron salts, in solution and
thus largely prevents the formation of a precipitate, say in
the form of a sltudge, which is difficult to filter. Ex-
amples of such solvents are highly polar organic solvents,
e.g. lLower alkyl ethers of ethylene glycol, wherein Lower
alkyl has up to 4 carbon atoms and represents, for éxamole,
methyl or ethyl, and is accordingly, for example, ethylene
glycol monoethyl ester (sic).

This is followed by the conversion of the cyano group
in the compound of the formula V by hydrolysis into the
carboxamide group of the end product of the formula III.
This conversion can be effected by means of basic or acidic
agents. Basic agents for this purpose ére, for example, the
oxides or hydroxides of alkaline earth or alkali metals, for
example magnesium or calcium hydroxide, and also, for _
example, sodium hydroxide, if appropriate in the presence of
a peroxide, such as hydrogen peroxide, or an alkali metéL
bicarbonate, such as sodium bicarbonate, mixed with hydrogen
peroxide; whereas acidic agents are, for exahpLe, mineral
acids, such as sulfuric acid or polyphosphoric acid, and also
Llower aLkaneCarboxYLic or haldgenated Lower élkanecarboxylic
acids having up to 4 carbon atoms, for example formic or
acetic acid and trichloroacetic or trifluoroacetic acid mixed
with mineral acids, for éxamp(e concentrated sulfuric acid.
Further acidic agents are Lewis acids, for example boron
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trif(uoride, which can be present as a solution in a lower
altkanecarboxylic acﬁd of the type described above, such as
acetic acid, or as a defined compound, for example of the
formula BF3.2 CH3CO00H. If necessary, a further solvent
is also added to the reaction mixture, for example a solvent
of aromatic character, such as e.g. chlorobenzene. The reac-
tion temperatures are in the range from -5 to +150°,'prefer—
ably 0-40°. |

In a variant of this process, for preparing the
intermediate of the formula V, the 10-nitro group in the com-
pound of the formula II is reduced, the resulting 5-cyano-10-
isonitroso-10,11-dihydro-5H-dibenzolb,flazepine of the
formula VI is disolated in the pure form, the latter is hydro-
lysed to 5-cyano-10-oxo0-10,11-dihydro-5H-dibenzolb,flazepine
of the formula V and the Latter is isolated in the pure form.
This process variant is characterized in that the nitro group
in the compound of the formula 11, is reduced to the 10-ison-
itrose compound corrésponding to the formula VI, e.g. as
indicated, for example by means of zinc dust in an acid, e.g.

‘a Lower alkanecarboxylic acid of the type indicated, such as

acetic acid, if appropriate in the presence of an inert sol-
vent, such as a lower alkanol of the type indicatgd, for
example ethanol, or by means of hydrogen in the présence of

a hydrogenation catalyst,.such as a noble metal catalyst, for
example a palladium-on-carbon catalyst in a suitable solvent,
e.g. a solvent of aromatic character,_fof example pyridine,
and the resulting 5-cyano-10-isonitroso-10,11-dihydro~SH-
dibenzolb,flazepine of the formula VI is isolated in t-ze pure
form. The Latter is obtained in a good yield and excellent
purity. The compound is novel and has not been described in
the Literature. The compound of the formula VI is then con-
verted by hydrolysis into the cohpound of fhe formula V by
hydrolysing it, especially by means of acidic agents, e.g.
as_ihdicated, such as an.acid, e.g. a mineral acid, for
example hYdrochLoric acid or sulfuric acid, or a'Louer alk-.
anecarboxylic or halogenated Lower alkanecarboxylic acid,

for example acetic acid or trifluoroacetic acid in the pre-
sence of water. If appropriate, an additional solvent is
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also added to the reaction mixture, for example a solvent of
‘aromatic character such as, for example, a benzene which may
be substituted by Lower alkyl having up to 4 carbon atoms,
such as e.g. methyl, or by halogen, such as chlorine, such as
benzene, toluene or chlorobenzene, or a lLower alkanecarboxy-
Lic acid, e.g. of the type indicated, suEh as, for example,
acetic acid, or a lLower alkanol having up to 4 carbon atoms,
for example ethanol, or mixtures of such solvents are used.
The compound of the formula V is isolated in the pure form
from the reaction mixture and is then converted, as indicated
above, into the end product of the formula III. '

‘A further modification of the process according to
the invention for the preparation of the end product of the
formula III is characterized in that the compound of the
formula VI is hydrolysed and the resulting end product of the
formula III is isolated in the pure form. According to this
process variant, the 5-cyano group as well as the 10-iso-
nitroso grbup in the compound of the formula VI are hydro-
lysed in the same reaction batch. Thus, for example, the 10-
isonitroso group in fhe compound of the formula VI can be
converted into the 10-oxo group by means of acidié agents,
e.g. as indicated, for example by means of a mineral acid,
such as hydrochloric acid, and the reaction mixture can then
be hydrolysed, for example as described, with an acid, for
example a mineral acid, such as sulfuric acid or polyphos-
phoric acid, or a carboxylic acid, for example a Lower
alkanecarboxylic or halogenated Lower alkanecarboxylic acid,
such as acetic acid or trifluoroacetic acid, or a Lewis acid,
such as boron trifluoride in the presence of a carboxylic
acid, for example acetic acid; or mixtures of such acids, if
appropriate in the presence of a further inert solvent, such
as a lower alkanol having up to 5 carbon atoms,.such.as
‘methanol or ethanbl, in the presence of water and the end
product of the formula III éan be isolated in the pure formnm.

The invention relates specifically to the process
described in the examples. | '

Novel intermediates, in particular those of the
"formulae 1I, IV, V and VI also_represent a subject of the
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invention. The examples which follow serve to illustrate
the invention; temperatures are given in degrees Celsius.
Example 1: 6.0 g (0.027 mol) of 5-cyano-SH-dibenzolb,flaze~
pine are dissolved in a mixture of 80 mlL of acetic anhydride
and 20 mL of acetic acid. The mixture is heated to SD°, and
the solution of 5.6 g (0.08 mol) of sodium nitrite in 10 mi
of water 1is added dropwise in the course of 1 1/2 hours, the
temperature not being allowed to exceed 55°. )

The mixture is held for a further 2 hours at 50° and
the solvent is then distilled off under a reduced pressure
and at a bath temperature of 50°.

| - The residue is digested with twice 100 mL of ice
water and taken up in 80 mL of ethanol.

After standing for several hours at 0°, the precipi-
tated yellow crystals are filtered off with suction and
washed with a Little ethanol.

The 5-cyano-10fnitro-SH-dibenzo[b,f]azepine obtained
melts at 175-176° with decomposition.

Yield: 5.2 g, 72% of theory.

The analytical and spectroscopic data are consistent
"with the assumed structure.

Example 2: 6.5 g (0.03 mol) of 5-cyano-5H-dibenzolb,flaze-
pine are dissolved in a mixture of 100 mlL of acetic acid and
100 mL of acetic anhydride. The mixture is heated to 40°
and 6.2 g (0.09 mol) of sodium nitrite are added in the
course of 45 minutes, a slow air stream being passed through
the solution. The temperature r{ses to 55° without further
heating and is held at 55° for a further hour after the end
of the nitrite addition. _

The solvent is distilled off in vacuo at a bath tem-
perature of 50°, the residue is taken up in 300 ml of
toluene, the mixture is extracted several times by shaking
with water in order to remove the inorganic constituents, and
the toluene is distilled off iﬁ_vacuo down to 40 ml.

The precipitated yetloh product is filtered off with
suction and washed with a Little toluene; it is identical to
5-cyano-10-nitro-5H-dibenzolb,flazepine according to Example 1.
Yield: 6.1.g; 77.5% of theory. '
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Example 3: 19.6 g (0.09 mol) of 5-cyano-5H-dibenzolb,flaze-

pine are reacted, as in Example 2, in 300 ml of acetic acid
and 300 mlL of acetic anhydride with 18.8 g (0.27 mol) of
sodium nitrite. The red-yellow syrup remaining after eva-
poration of the solvent is thoroughly stirred with 300 mL of
water until it has completely solidified. The solid is fitL-
tered off with suction, washed with water until the filtrate
shows a neutral reaction, and dried in vacuo.
The same crude product is obtained when the above
reaction is carried out at a temperature of 80-85°. _
The crude product obtained is suitable for further
reactions, but it can also be purified as follows:
1. 23.7 g of crude product are recrystallized from isoprop-
. anol” and give a yellow crystalline material which is
identical to 5-cyano-10-nitro-5H~-dibenzolb,flazepine
according to Example 1. Yield: 18.0 g, 76.2% of theory.
2. An end product identical with respect to yield and quai-
ity is obtained by digesting the crude product with acetic

acid.

Example 4: Nitrous gases (Ny03) are generated in a flask by

slow drbpwise addition of 20% sulfuric acid to a concentra-
ted aqueous solution of 40.0 g (0.58 mol) of sodium nitrite

-and passed by means of a slow air stream into the solution,

heéted to 55°, of 10.9 g (0.05 mol) of 5-cyano-5H-dibenzo-

'Eb,f]azepine in 100 ml of toluene. ~The atmospheric oxygen

introduced is here kept so Low that no explosive toluene
vapour/oxygen mixtures can form. The introduction is con-

tinued until the starting material has been fully conver-

ted (DC check), the N203 excess is expelled by a vigorous

nitrbgen stream and the toluene is evaporated un&er a reduced
préssure at a temperature of 40°. The remaining red syrup

is taken up in 100 ml of isopropénol. After standing for

several hours at 5°, the crystals are filtered off with

suction and washed with a Little isopropanol. The 5-cyano-
10-nitro-5H-dibenzolb,flazepine obtained is identical to the

product according to Example 1. é
Yield: 9.4 g, 71.7% of theory. |

ExampLe'S: Analogously to the procedure described in Example
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Example 6: Analogously to the procedure described in Example
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4, ﬁ%troﬂs gases are generated in a flask from 55.0 g (0.8
mol) of sodium nitrite and are transferred by means of é slow
air stream into the solution, held at 50°, of 10.9 g (0.05
mol) of 5-cyano-5H-dibenzolb,flazepine in 110 mL of acetic
acid and 110 mL of acetic anhydride. The conversion is com- - %
pLete'after 3 hburs; the solvent is then distilled off in |
vacuo at a bath temperature of 50°, the residue is taken up in
50 mlL of isopropanol and the material which has crystallized
out is filtered off with suction after standing for several
hours at 20°. This gives 5-cyano-10-nitro-5H-dibenzoib,f1-
azepine which is identical to the product obtained according
to Example 1. :
Yield: 9.5 g, 72.5% of theory. i

4, nitrous gases are generated in a flask from 30.0 g (0.43
mol) of sodium nitrite and transferred by means of a slow air
stream into the solution, held at 55°, of 10.9 g (0.05 mol)
of 5-cyanoc-5H-dibenzolb,flazepine in 110 mlL of acetic anhyd-
ride. After complete conversion (DC check), the reaction
mixture is evaporated in vacuo at a bath temperature of 50°
and the residue is taken up in 20 mlL of acetic acid. The
mixture is Left to stand for 2 hours at 20°, the crystals

are filtered off with suction and washed with a Little acetic
acid. This gives 5-cyano-10-nitro-5H-dibenzolb,flazepine
which is identical to the product obtained according to
Example 1. -

Yield: 9.1 g, 69.4% of theory.

Example 7: 10.0 g (0.046 mol) of S5-cyano-5H-dibenzolb,flaze-

pine are dissolved in 100 mlL of toluene at 55°. 5.0 g (0.054
mol) of N04 from a cylinder are slowly passed with stirring
into the solution, the temperature rising up to 60°, and the
reaction mixture is then held at this temperature until all .
starting material has been converted (DC check), then cooled to
20° and the toluene phase is dried over sodium sulfate. After
evaporation in vacuo, a red oil is obtained which is taken up
in 50 ml of isopropanol. After stand1ng for several hours at
20°, the crystals are filtered off with suction and uashed

with a Llittle isopropanol. The resulting 5-cyano-10-nitro
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S5H-dibenzolb,flazepine is identical to the product obtained
according to Example 1.
Yield: 6.7 g, 56% of theory. _
Example 8: 43.6 g (0.2 mol) of 5-cyano-5H-dibenzolb,flaze-
pine are dissolved in 250 ml of acetic acid at 55° and N2Oy
from a cylinder is passed'for 2 1/2 hours with stirring into
the solution, the temperature beirig maintained at 55° by
occasional cooling. The end of the reaction is detected by
a green coloration of the solution (excess Np04) and by a
bC check. The mixture is allowed to cool, stirred at room
temperature for several further houfs, and the precipitate
which has deposited is then filtered off and washed with a
Little acetic acid. By concentrating the filtrate and taking
up in acetonitrile, a second Lot of crystals of S~-cyano-10-
nitro-5H-dibenzolb,flazepine is obtained, which is identical
to the product obtained according to Example 1.
Total yield: 19.5 g, 37% of theory.
Example 9: 43.6 g (0.2 mol) of 5-cyano-5H-dibenzolb,flaze-

pine are dissolved in 250 mL of acetic acid at 55°. 60 mtl
of water are added dropwise to the solution until it starts
to turn cloudy, and N204 from a cylinder is then passed in
slowly until starting material is no longer detectable by
PC. The mixture is cooled to 5° and stirred for 2 hours at
this temperature, and the crystals are then filtered off and
washed with 80% acetic acid. This gives S5~cyano-10-nitro-
SH-dibenzolb,flazepine which is identical to the product
obtained accofding to Example 1.

Yield: 42.1 g, 80% of theory.

Example 10: 43.6 g (0.2 mol) of 5-cyano~-5H-dibenzolb, flaze-

pine are dissolved in 175 mlL of acetic acid at 55°. At this
temperature, N20O4 from a cylinder is passed into the solu-
tion until all the starting material has been converted (DC
check) and the product'precipitates. 16.4 g (0.2 mol) of
sodium acetate are then added in pdrtions with oécasionaL
cooling and the temperature is maintained at 50-55°. The
mixture is then stirred for 3 hours at room temperature and
filtered, and the crystals are rinsed with acetic acid and
water. This gives 5-cyano-10—nitro-SH-dibenzo[b,fJazepine
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which is.identical to the product obtained according to

Example 1.
Yield: 36.1 g, 68.6% of theory.
Example 11: 21.8 g (0.1 mol) of 5-cyano-5H-dibenzolb,flaze-

pine are dissolved in 110 mlL of acetic anhydride at 559,

10.0 g (0.1 mol) of N0, from a cylinder are passed into

this solution so slowly that no dark brown gases escape, and
the temperature is maintained at 55° by occasional cooling.
After the end of the reaction, a vigorous stream of nitrogen
is passed through for one hour, and the mixture is then
cooled to -20° and held for 2 hours at this temperature.

The yellow crystals are then filtered off with suction and
rinsed with a Little acetonitrile, whereupon S5-cyano-10-nitro-
5H-dibenzolb,flazepine thch is identical to the product
obtained according to Example 1 is obtained. The filtrate is
evaporated in vacuo at a bath temperature of 50° to give a
red oil. This is taken up in 10 mlL of acetonitrile, the mix-
ture is left to stand for 2 hours at 5% and the second Lot

of crystals is filtered off with suction.

Total yield: 19.5 g, 74.1% of theory.

Example 12: 21.8 g (0.1 mol) of 5-cyano-5H-dibenzolb,flaze-

pine are dissolved in 140 mlL of acetic anhydride at 50°.

12.0 g (0.13 mol) of N204 from a cylinder are slowly passed
inté this solution with stirring, the temperature being main-
tained between 50 and 55° by cooling. The'reaction is
allowed to continue for one hour, a vigorous stream of nitro-
gen is then passed through and 60 mlL of water are added
slowly, the temperature being maintained at 50 to 55° by
cooling. The mixture is then cooled to 5°, crystallization
is allowed to proceed for one hour and the crystals are fil-
tered off. This gives 5-cyano—10-nitro-SH—dibenzo[b,f]a;e-
pine which is identiéal to the product obtained according to
Example 1. The filtrate is eyapbrated'in vacuo and, after
taking ub the residue in 40 mlL of 80% acetic acid, affords a
second Lot of crystals. _

Total yieLd: 21.5 g, 81.7% of.theory.

. Example 13: 43.6 (0.2 mol)_of 5-cyano-5H-dibenzolb,flaze~

pine are dissolved in 430 ml of acetic anhydride. 19.0 g
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(0.206 mal) of N204 from a cylinder are passed into this
solution, with stirring and occasional cooling, so slowly
that the temperature does not rise above 25°. After the end
of the reaction, the solution takes on a green colour and the
product precipitates in a crystalline form. The mixture is
stirred for one hour while cooling with ice and passing a
vigorous nitrogen stream through and is then filtered and the
solid is washed with a Little ethyl acetate. This gives 5-
cyano-10-nitro-5H-dibenzolb,flazepine which is identical to
the product obtained according to Example 1. After evapora-
tion in vacuo and taking up with ethyl acetate, a second Lot
of crystals is obtained from the fthrate.
- Total yield: 42.3 g, 80.4%Z of theory.
Example 14: 35.0 g (0.16 mol) of 5-cyano-5H-dibenzolb,flaze-
pine are suspended in 160 mlL of acetic anhydride at 20%. A
- solution of 14.7 g (0.16 mol) of N304 in 160 ml of acetic
anhydride is added dropwise slowly in the course of 5 hours.

to the solution with stirring, the temperature being main-
tained between 20 and 25°. After complete conversion of
the starting material (DC check), the mixture'ié cooled to C-
5° while passing through a vigorous nitrogen stream for one
hour, and the crystalline product is filtered off with suc-
tion. This gives 5-cyano-10-nitro-5H-dibenzolb,flazepine
which is identical to the product obtained according to
Example 1. _

After evaporation in vacuo to 50 miL, a second Lot of
crystals is obtained from the filtrate.
Total yield: 34.6 g, 80% of theory.
Example 15: 43.6 g (0.2 mol) of S5-cyano-5H-dibenzol[b,flaze-
pine are dissolved in 175 ml of acetic anhydride at 50°.

Such a quantity of N304 from a cylinder is passed into this
" solution in the course of two hours that the starting material
is completely converted and a slight excess of N204 becomes
detectable in the off-gas. The product is allowed to crystal-
‘Lize out at 50°, and 16.5 g (0.2 mol) of sodium acetate are
then added in portions. After the evolution of heat has sub-
sided, the mixture is stirred for a further 30 minutes at 50°

‘and then for several hours at room temperature. After filtration
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and washing of the crystals with acetic acid and water,

this gives S5-cyano-10-nitro-5H-dibenzolb,flazepine which 1is

‘identical to the product obtained according to Example 1.

A further 3 g of the compound can be obtained by working up

‘the mother Lliquor.

Total yield: 44.1 g, 83.8%Z of theory.
Example 16: 5 mlL of concentrated nitric acid (about 64%) are

added dropwise at 20° with stirring to a solution of 2.0 g
of 5-cyano-5H-dibenzofb,flazepine in 20 mL of acetic anhydride,
an exothermic reaction proceeding with a colour change to

deep yellow. The reaction is allowed to continue for one hour

at 20°, 40 mL of water are then added dropwise at 50° and

the resinous products precipitated are taken up in ethyl
acetate.” The residue remaining after washing and evaporation
of the organic phase gives, on prolonged standing with aceto-
nitrile, 0.6 g of yellow crystals which contain 78% of 5-
cyano-10-nitro-5H-dibenzolb,flazepine according to a check by’

Liquid chromatography.
" Example 17: 50 mlL of a solution of 15% by weight BF3 in

acetic acid (= 0.11 mol) are added at roonm temperature to a
suspension of 26.3 g (0.1 mol) of 5-cyano-10-nitro-5H-di-
benzolb,flazepine in 100 ml of acetic acid. . During the addi-
tion, the temperature rises stowly to 34% with complete dis-
sclution of the starting material. 30 mL of water are added
at 30° in the course'of 5 minutes, which leads to a renewed
temperature rise to 37%. At this temperature, 40 g of iron
powder are introduced in portions in the course of 20 minutes,

the temperature being maintained at 65-70° by occasional

cooling. After the exothermic reaction has subsided, stirring

'is continued for 15 minutes and inorganic material is then

filtered off and rinsed three times with a Little acetic acid.

"The total filtrate is added dropwise with good stirring to
1 1/2. L of water, the resulting precipitation is filtered off

after stirring for 2 hours and washed with water until neutral.

After drying in vacuo at 609, this gives 5-carbamyl-10-oxo-
- 10,11-dihydro-5H-dibenzolb,flazepine which is identical to

authentic material according to the IR spectrun.

Yield: 23.0 g, 91.2% of theory.
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Example 18: 50 mlL of a solution of 15% by weight of BF3 in

acetic acid are added rapidly to a suspension of 26.3 g
(0.1 mol) of 5-cyano-10-nitro-5H-dibenzolb,flazepine in a

-mixture of 260 mlL of chlorobenzene and 130 mlL of acetic acid,

a clear yeLLow'soLution being formed with slight warming. The
reaction mixture is stirred for 10 minutes and 40 g of iron
powder are then added in one portion. With good stirring,
100 mlL of water are added dropwise in the cburse of 30 min-
utes, the temperature rising to 65%. The temperature is
maintained for 2 hours at 60-65° by external heating, and
the inorganic part is filtered off and rinsed with chloro-
benzene and acetic acid. After the chlorobenzene phase has
been separated off, it is washed with water until crystal-
szation'of the product starts. The mixture is concentrated
in vacuo and the residue is taken up in 100 mU of metharoal.
After filtration with sucfion and washing with a Little
methanol, this gives 5—carbamyl-10-oxo—10,11-dihydro—5H-
dibenzolb,flazepine which is identical to authentic material
according to the IR spectrum.

Yield: 21.4 g, 85% of theory.

Example 19: 50 mL of a solution of 15% by weight BF3 in

acetic acid are allowed to flow rapidly into a suspension of
26.3 g (0.1 mol) of 5-cyano-10-nitro-5H-dibenzolb,flazepine
in 200 ml of acetic acid. The mixture is stirred for 45
minutes, until dissolution is complete and the moderately
exothermic reaction has subsided. 40 g of iron powder are
then added at 30° and 100 mL of water are added dropwise
slowly in the course of 30 minutes, the temperature rising to
65°. The mixture is stirred fof 15 hours at room tempera-
ture and heated once more to.60°, and insoluble matter is
filtered off and rinsed three times with acetic acid. The

filtrate is evaporated in vacuo to a volume of about 100 ml,

and 400 ml of water are added dropwise. The mixture is
stirred for a further 2 hours and-fiLtered,,and the filter
cake is washed with water until neutEaL. After drying in
vacuo at SD°, this gives 23.8 g (94.4 & (sic) of theory) of
crude product which is recrystallized from 200 mlL of 8:2
acetic acid/water. This gives pure S-carbamyl-10-oxo0-10,11-
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dihyHro-SH—dibenzo[b,f]azepine which is identical to authentic

material according to the IR-spectrum.

Yield: 19.7 g, 78% of theory.

Example 20: 31.5 g (0.12 mol) of 5-cyano-10-nitro-5H-

dibenzolb,flazepine are suspended in 340 mlL of chlorobenzene,
and 98 ml of a solution of 10% by weight BF3 in acetic acid
are added rapidly.- Dissolution takes place with warming to
300,'and shortly afterwards the BF3 adduct of 5-carbamyl-
10-nitro-5H-dibenzolb,flazepine starts to precipitate. The
product is allowed to crystallize for 2 hours in an ice bath, .

.and the crystals are filtered off with suction and rinsed

with petroleum ether. The dry intermediate is dissolved in
a mixture of 200 mL of acetic acid and 35 mlL of water. 1In
the course of 30 minutes, 50 g of iron powder are added in
portions and the temperature is.maintained at about 60° by
cooling. The. mixture is stirred for a further hour at 50°
and filtered, and the solid is rinsed with acetic acid. The
filtrate is evaporated in vacuo and the residue is taken up
in 500 ml of water. The precipitated product is filtered off
with suction, washed with water until neutral and dried in
vacuo at 50°. This gives 5-carbamyl-10-0x0~10,11-dihydro-
S5H~dibenzolb,flazepine which is identical to authentic
material_according to the IR spectrunm.

Yield: 26.0.9, 86% of theory.

Example 21: '2 mL of concentrated sulfurjc acid are added

dropwise to a suspension of 4.0 g (0.015 mol) of S-cyano-10-
nitro-5H-dibenzolb,flazepine in 40 mlL of acetic acid, anc the
mixture is stirred for a further 15 hours at room temperaczure.

" 100 ml of water are added gradually to the clear solution,

the precipitated material is taken up in chloroform, and the
chloroform Layer is washed with water and evaporated to dry-
ness. After.recrYstaLLization of the residué from isoprop-
énoL, this gives pure 5—carbamyl-10-nitrb—SH—dibenzo[b,f]aze—
pine; melting point 208-212°, yield Z.Z'g, 52.4% of theory.
The analytical and spectroscopic data are consistent with the
indicated structure.

Example 22: 10 g (0.038 mol) of S5-cyano-10-nitro-5H~dibenzo-

[b,flazepine are heated in 100 mlL of 98% formic acid for 5



N

0,028,028
-20 -

hours to.90-100°. The mixture is allowed to cool to room
temperature and 90 ml of water are then added until the solu-
tion starts to turn cloudy, crystallization is allowed to
proceed for 15 hours, and the crystals are filtered off,
rinsed with water and dried in vacuo at 40°. This gives
5-carbamyl-10-nitro-5H-dibenzol[b,flazepine which is identical
to the product obtained according to Example 21.

Yield: 9.1 g, 85% of theory.

Example 23: 25 mlL of a solution of 15% by weight BF3 in

acetic acid are allowed to run rapidly with stirring into a
suspension of 13.1 g (0.05 mol) of S~cyano-10-nitro-5H-di-
benzolb,flazepine in 130 mlL of chlorobenzene, giving a clear
brownish solution, the temperature of which rises to 35°.
The crystallization which starts after a few minutes is com-
pleted by stirring for one hour in an ice bath. The product
is filtered off with suction, washed with chlorobenzene and
dried in vacuo at 40°, whereupon 19.2 g of S5-carbamyl-10-
nitro-5H-dibenzolb,flazepine as a BF3 adduct are obtained.
To set the end product free, the BF3 adduct is slurried in
150 ml of water, the mixture is stirred for 15 hours and
filtered with suction, and the filter cake is washed with
water until neutral. After drying, this gives S-carbamyl-10-
nitro~5H-dibenzolb,flazepine which is identical to the pro-
duct obtained according to Example 21.

Yield: 13.5 g, 95.7% of theory.

Example 24:- 50 mlL of a solution of 15% by weight BF3z in

acetic ‘acid are allowed to run into a suspension of 26.3 g
(0.1 mol) of 5-cyano-10-nitro-5H-dibenzolb,f,lazepine in 40 ml
of acetic acid, and the mixture is stirred until complete
dissolution has taken place with self-heating to 40°. 10 mt
of water are then added dropwise in the course of 10 minutes,
the solution heating to 50°,'this temperature is maintained
for 10 minutes and a further 300 mlL of water are then slowly
added dropwise. The resulting crystal suspension is stirred

- for 1 hour at room temperature and filtered with suction, and

the crystals are washed with water until neutral. After dry-
ing in vacuo at 6D°, this gives 5~-carbamyl-10-nitro-5H-dibenzo-
[b,flazepine which is identical to the product obtained
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according to Example 21.
Yield 27.4 g, 97.5% of theory.
Example 25: 10.0 g (0.035 mol) of 5-carbamyl-10-nitro=5H-

dibenzolb,flazepine are dissolved in a mixture of 100 miL of
acetic acid and 50 mlL of concentrated hydrochloric'acid and, -
after addition of 1.0 g of palladium carbon (5%), hydrogena-
ted at room temperature and normal pressure. After 1,700 ml
(109% of theory) of hydrogen have been absorbed, the hydro-
genation is stopped, the catalyst is ffltered off and the
filtrate is concentrated in vacuo to about 1/4 of the volume.
After the addition of 400 mlL of water, crystallization is
allowed to proceed at 59 for a few hours,'and the crystals
are filtered off with suction and washed with water until
neutral, which gives 5-carbamyl-10-0x0-10,11-dihydro-5H-
dibenzolb,flazepine which is identical to authentic material
according to the IR épectrum.
Yield: 7.0 g, 78.6% of theory.

A similar result is obtained when platinum carbeon
(5%) is used as the catalyst. ,
Example 26: 7.0 g (0.025 mol) of S5-carbamyl-10-nitro-5H-

dibenzolb,flazepine are dissolved in a mixture of 100 mL of
acetic acid and 50 mlL of concentrated hydrochloric acid.

12 g of iron powder are added with stirring in the course of
15 minutes at a temperature of 30—400, stirring is continued
for one further hour at 40°, undissolved matter is filtered
off warm and rinsed three times with acetic acid. The fil-
trate is completely evaporated in vacuo, and the residue is
taken up in 100 ml of water and stirred for several hours.
The product is filtered off, washed with water until neutral
and dried in.vacuo at 60°. This gives 5-carbamyt-10-oxo-
10,11-dihydro-5H~-dibenzolb,flazepine which is ... (sic) to
authentic material according to the IR spectrum.

Yield: 5.5 g, 88.6% of theory.

Example 27: 7.9 g (0.03 mol) of 5-cyano-10-nitro-5H-dibenzo-

[b,flazepine are suspended in 150 mlL of ethanol, and 50 ml of
concentrated hydrochloric acid are added. 15 g of iron pow-
der are added in the course of 15 minutes with vigorous stir-
ring at a temperatufe of-40°, the temperature rising to 559,
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The‘ﬁixture is stirred for one further hour at 55°, undis-
solved material is filtered off warm and rinsed with three
times 25 mlL of ethanol. The filtrate is evaporated to a
volume of 80 mlL, and 400 mi of ice water are slowly added
with stirring. The grey-white precipitate is filtered off
with suction, washed with water until neutral and dried in
vacuo at 80°. This gives 5-cyano-10-0ox0-10,11-dihydro-5H-
dibenzolb,flazepine whichf after reprecipitation from
ethanol, melts at 154-156°.
Yield: 4.8 g, 68.4% of theory.

The analytical and spectroscopic data are consistent
with the assumed structure. |
Example 28: 52.6 . (sic) (0.2 mol) of 5-cyano~10-nitro-54-

dibenzo[b,f]azepine are suspended in a mixture of 400 mlL cf¥
toluene and 200 ml of ethanol. On addition of 130 mL of
hydrochloric acid (concentrated), the material goes into sclu-
tion with slight warming.' The mixture is heated to 4D°, and

a solution of 113 g (0.5 mol) of SnClp . 2 Hp0 in 90 mL of
concentrated hydrochloric acid is then added in the course of
10 minutes. The temperature rises to 55° and is then main-
tained at 55° for a further 20 minutes. The mixture is

~ allowed to cool,_the organic phase is separated off and the

aqueous phase is extracted several times more with toluene.
The combined toluene extracts are washed with water until
neutral, dried over sodium sulfate and evaporated in vacuo.
The remaining crude product is sturried with 100 mL of iso-
propanol, filtered off with suction and washed with a Little
cold isopropanol. This gives 5-cyano-10-ox0-10,11-dihydro-
5H-dibenzolb,flazepine which is identical to the product
obtained according to Example 27.

Yield: 29.0 g, 62% of theory. '

Example 29: 5.0 9 (0 02 mol) of S5- -cyano- 10-nitro- SH -dibenzo-

" [b, f]azep1ne are dissolved at 60° in a mixture of 80 mL of

ethanol and 80 mlL of acetic acid. 10 g of zinc dust are

added in portions in the_codrse of 10 minutes with stirring,
the temperature rising to 80°. Aftef the reaction has sub-
sided, 40 mlL of concentrated'hydrochloric acid are added at
room temperature. The reaction mixture is stirred for 5 |
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hours, undissolvéd matter is filtered off, the filtrate is

evaporated. to dryness and the residue is taken up in 50 mL of
water. After several recrystallizations of the precipitated
crude product, pure 5-cyano-10-oxo0-10,11-dihydro-5H-dibenzo-

I[b,flazepine is obtained, which is identical to the product
‘obtained according to Example 27.
Yield: 2.3 g, 50% of theory.

Example 30: 26.3 g (0.1 mol) of 5-cyano-10-nitro-5H-dibenzo-

[b,flazepine are suspended in a mixture of 150 mlL of acetic
acid and 100 mL of concentrated hydrochloric acid. 40 g of
iron powder are added in portions in the course of 30 minutes
at 30°.with stirring, and the temperature is maintained at
60° by cooling. Stirring is continued for 30 minutes at
50-60°, and undissolved matter is filtered off and rinsed
with acetic acid. Twice the volume of water is added to the
filtrate and the mixture is extracted with three times 100 ml
of methylene chloride. The combined organic phases are
washed with water, dried over sodium sulfate and evaporated.
The crystalline residue is slurried in 100 m{l of isopropanol
and the product is filtered off with suction. The 5-cyano-
10-0x0-10,11-dihydro-5H-dibenzolb,flazepine thus obtained is
identical to the product obtained acgording to Example 27.
Yield: 21.8 g, 93.2% of theory.

Example 31: 5.2 g (0.02 mol) of 5-cyano-10-nitro-5H-dibenzo-

[b,fJazepﬁne are suspended in a mixture of 100 mlL of chloro-
benzene and 50 mL of ethanol. When 50 mlL of concentrated
hydrochloric acid are then added, the mixture warms to 359,
20 g of iron powder are added in portions in the course of

5 minutes at this temperature with vigorous stirring, the
reaction mixture warming to 60° within a few minutes. The
mixture is then stirred for a further 3 hours and allowed to
cool to 25° during this period, and the iron sludge is
filtered off and rinsed several times with ethanol and water.
The organic phase of the filtrate gives, after washing with
water, drying and evaporation, a crystalline crude product
which is recrystallized from isopropanol. The 5-cyano-10-
oxo-10,11—dihydro-SH-dibenzo[b,f]azepine thus obtained 1is
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identical to the product obtained according to Example 27.
Yield: 3.8 g, 81% of theory.
A reaction batch carried out analogously with toluene
instead of chlorobenzene as the solvent, gave an 84% yield

of the said end product.
Example 32: 26.3 g (0.1 mol) of 5-cyano-10-nitro-5H-dibenzo-

Eb,f]azepine-are suspended together with 40 g of iron powder
in a mixture of 250 mlL of toluene and 125 ml of ethanol.

100 mL of concentrated hydrochloric acid are added dropwise
in the course of 75 minutes with intensive stirring, the
temperature rising up to 60°. After stirring for 10 hours
at room temperature, the reaction mixture is worked up
analogously to Example 31, which gives S5-cyano-10-oxo0-10,11-
dihydro-SH-dibenzolb,flazepine which is identical to the pro-
duct obtained according to Example 27.

Yield: 19.8 g, 84.6% of theory.

Example 33: 2.0 g (0.0085 mol) of S-cyano-10-oxo0-10,11-di-

hydro-5H-dibenzolb,flazepine are dissolved in 10 mL of con-

centrated sulfuric acid while cooling with ice, and the solu-

_tion is Left to stand for 30 minutes at 0-5° and then added

dropwise to 200 mlL of ice water. The flocculent precipitate
is filtered off with suctioﬁ, washed with water until neutral,
dried and recrystallized from isopropanol. This gives 5-
carbamyl-10-0ox0-10,11-dihydro-5H-dibenzolb,flazepine which

is identical to authentic material according to the IR
spectrum.

Yield: 1.4 g, 65% of theory.

Example 34: A mixture of 1.0 g (0.0043 mol) of 5-cyano-10-

'_oxq—10,11-dihydro-SH-dibenzo[b,f]azepine, 8 mL of acetic acid

and 2 ml of concentrated sulfuric acid is stirred for 48
hours until complete dissolution has occurred. The solution

~obtained is added dropwise with stirring to 1OU mil of ice

water, the flocculent precipitate is filtered off, washed
Wwith water until neutral and dried in vacuo at 50°, which
gives 5-6arbamyl-10—oxo-10,11&dihydro-SH-dibenzotb,fJazepine
which is identical to authentic material_according to the IR
spectrum.

Yield: 0.9 g, 84% of theory.
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Examble 35: The solution of 2.0 g (0.0085 mol) of 5-cyano-

10-0x0-10,11-dihydro-S5H-dibenzolb,flazepine in 20 mL of 98%
formic acid is heated for 8 hours in a bath at 110-120°.

The solution is then introduced into 100 mlL of ice water, the
mixture is fiitered and the solid is washed with water until |
neutral and dried in vacuo at 50°. The resulting 5-carbam-
yl-10-0x0-10,11-dihydro-5H-dibenzolb,flazepine is identical

to authentic material according to the IR spectrum.

Yield: 1.8 g, 84% of theory.

Example 36: 1.0 g (0.0043 mol) of 5-cyano-10(11)-ox0-10,11-

dihydro-5H-dibenzolb,flazepine is triturated with 20 g of
polyphosphoric acid, and the mixture is Left to stand for
several days at room temperature, until complete dissolution
has occurred. Excess water is then added in small portions,

and the yellowish-white precipitate is filtered off with

_suction and washed with water until neutral. After recrystal-

Lization from chlorobenzene, this gives S5-carbamyl-10-oxo-
10,11-dihydro-5H-dibenzolb,flazepine which is identical to
authentic material according to the IR spectrum;

Yield: 0.75 g, 70% of theory.

Example 37: 5.0 mlL of Hp02 (30%) are allowed to run at room

temperature with stirring into a suspension of 1.0 g (0.0043
mol) of 5-cyano-10-0ox0-10,11-dihydro-5H-dibenzolb,flazepine

~in. 20 mbL of methanol and 5.0 g of sodium hydrogen carbonate

are added after 30 minutes. After stirring for three hours,
undissolved matter is filtered off and wéshed once with
methanol and several times with water, whereupon 5-carbamyl-
10-0ox0-10,11-dihydro-SH-dibenzo[b,flazepine is obtained which
is identical to authentic material according to the IR spec-
trum. .

Yield: 0.6 g, 55% of theory.

Example 38: BF3 gas is passed.with stirring into a suspen-

sion of 3.0 g (0.013 mol) of 5-cyano-10-oxo-10,11—dihydro-
SH-dibehzo[b,fJazepihe in a mixture of 30 mL of acetic acid

"and 3 ml of water until the initially highly exothermic reac-

tion subsides, and the-temperatnre is maintained at 50° by
external cooling. The clear reaction solution is allowed to
cool and 100 mlL of water are added dropwise while cooling
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with ice, the colourless precipitate is filtered off, and the

filter residue is washed with water until neutral and recrystal-

lLized from acetonitrile. The 5-carbamyl-10-ox0-10,11-dihydro-
5H-dibenzolb,flazepine obtained is identical to authentic
material according to the IR spectrum.

Yield: 2.3 g, 71% of theory. | |
Example 39: 2.0 g (0.0085 mol) of S5-cyano-10-ox0-10,11-di-
hydro-SH-dibenzo[b,f]azepine are introduced in portions into

40 mbL of a solution of 10X by weight of BF3 in acetic acid with

stirring, a clear solution then being obtained at 20° in the
course of 15 minutes. After standing for three hours, 100 mt
-of water are added while cooling with ice, and the solution is
adjusted to pH 6 by adding sodium hydroxide solution. The
precipitated crude 5-carbamyl-10-oxo0-10,11-dihydro-5H~di-
benzolb,flazepine is filtered off with suction, washed with
water and dried. According to the IR spectrum, it is iden-
tical to authentic material. '

Yield: 1.6 g, 74.8% of theory.

Example 40: 10.3 g (0.055 mol) of BF3 . 2 CH3COOH complex
are added to a suspension of 11.7 g (0.05 mol) of 5-cyano-10-
ox0-10,11-dihydro-5H~-dibenzolb, flazepine in 60 mlL of acetic
acid and the tempefature is allowed to rise to 35° without
external cooling, the starting material dissolving slowly.
After about 1 hour, a BF3 adduct starts to crystallize out.

The mixture is stirred at room temperature for 4 hdurs, and
the solid is filtered off and rinsed witﬁ acetic acid. The
intermediate is slurried in 100 mlL of water and, after
buffering with sodium acetate to pH 6, the mixture is stirred
for one hour. After filtration with suction and washing with
water, this gives 9.0 g:of S-carbamyl-10-0x0-10,11-dihydro-
5H-dibenzolb,flazepine which is identical to authentic
material according to the IR spectrum. After evaporation, a
further 1.2 g'of product can be obtained from the filtrate
of the intermediate by fractional crystallization from
methanol/uéter. -

Total yield: 10.2 g, 81% of theory.

Example 41: 50 ml of a solution of 15% by weight BF3 in
acetic acid are added to a suspension of 23.4 g (0.1 mot) of

@ |
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5—cyéno-10-oxo—10,11-dihydro-SH—dibenzo[b,f]azepine in 40 mti
of acetic acid, and the mixture is stirréd until the slight
evolutibn of heat subsides. Dropwise addition of 15 mlL of

water gives a clear, deep blue solution, the temperature

‘rising to 40-45°. The mixture is held for 15 minutes at

40°, and a further 135 mt of water are then added slowly.

The resulting crystalline precipitate is stirred for several
hours at room temperature, then filtered off with suction and
washed with water until néutraL. After drying in vacuo at
50°, this gives 5-carbamyl-10-0x0-10,11-dihydro-5H-dibenzo-
[b,flazepine which is identical to authentic material accord-
ing to the IR spectrunm.

Yield: 24.2 g, 96.0% of theory.

Example 42: A mixture of 15.4 mL (0.11 mol) of BF3y . 2

CH3COOH complex with 38 mlL of acetic acid is allowed to run
rapidly at room temperature with stirring into a suspension

of 23.4 g (0.1 mol) of S5-cyano-10-ox0-10,11-dihydro-5H~di-
benzolb,flazepine in 230 mlL of chlorobenzene. A clear
brownish solution is formed with slight warming, from which

a crystalline BF3 adduct precipitates after about 10 min-
utes. The mixture is held at 5% for 30 minutes, and the

solid is filtered and the solid is rinsed with chloro-
benzene. The dry intermediate is slurried in 200 mlL of water,
stirred for 30 minutes, filtered off with suction and washed
with water until neutral. After drying in vacuo at 6D°,

this gives 5-carbamyL-1D-oxo-10,11-dihydro-5H—dibenzo[b,f]-
azepine which is identical to authentic material according to
the IR spectrum.

Yield 24.1 g, 95.6% of theory.

Example 43: 1.0 g (0.004 mol) of 5-cyano-10-nitro-5H-dibenzo-

[b,flazepine is dissolved at 60% in a mixture of 40 mlL of
ethanol and 20 ml of acetic acid, and 2.0 g of zinc dust are
added with vigorous stirring in the course of 10 minutes.

The mixture is stirred fof a further 15 minutes, undissolved
matter is filtered off warm and rinsed with ethanol and water.
The filtrate is evaporated to dryness and taken up in 50 ml

of water. After filtration ufth suction, washing with water



0,028,028

_28 ._
and &rying, this gives crude 5-cyano-10-isonitroso-10,11-di-
hydro-SH-dibenzolb,fJazepine which, after recrystallization
from ethanol, melts at 185°% with decomposition. The
analytical and spectroscopic data are consistent with the
asﬁumed structure.
Yield: 0.9 g, 95% of theory.

Example 44: 50 g (0.19 mol) of 5-cyano-10-nitro-5H-dibenzo-~

[b,flazepine are dissolved in 500 mlL of pyridine and, after
the addition of 10 g of palladium-on-carbon (5%), hydrogenated
at room temperature and normal pressure. After 2 hours,

7,960 mL (93% of theory) of hydrogen have been absorbed, and
the hydrogenation stops. The catalyst is filtered off, the
solvent is evaporated in vacuo and the remaining crude pro-
duct is recrystallized from methanol/water, which gives 5-
cyano-10-isonitroso-10,11-dihydro-5H-dibenzolb, flazepine

which is identical to the product obtained according-to

Example 43.

‘Yield: 35.6 g, 75.2% of theory.

Example 45: 2.5 g (0.01 mol) of 5-cyano-1b—isonitroso—10,11-

dihydro-5H-dibenzolb,flazepine are suspended in a mixture of
25 mL of toluene, 15 mlL of ethanol and 10 mlL of hydrochloric
acid (concentrated). The suspension is stirred for 30 min-
utes at 50°, and the toluene phase is separated off and
evaporated to dryness in vacuo. The crystalline residue is
slurried in 10 mL of isopropanol, ‘and the crystals are fil-
tered off with suction and washed twice with isopropanol,
which gives 5-cyano-10-ox0-10,11-dihydro-5H-dibenzolb, flaze-
pine, which is identical to the product obtained according to
Example 27.

Yield: 0.8 g, 35% of theory.

Example 46: 26.3 g (.. (sic) mol) of S5-cyano-10-nitro-5H-

dibenzo[b,fjazepine are suspended in a mixture of 265 ml of
ethylene glycol monoethyl ether and 75 ml of concentrated
hydrochloric acid. '40_9 of iron powder are added in small
portions at 40° in the course of 40 minutes, and the tem-
perature is maintained at 40° by external cooling. Stirring.
is continued for 2 hours at room temperature, and the mixture

is then heated to 80°,'the precipitated product redisso[ving,

/"\
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and filtered through a heated suction filter which is rinsed
with ethylene glycol monoethyl ether. The crystallization
which starts in the filtrate is completed by adding 200 ml
of water. After cooling for one hour in an ice bath, the
product is filtered off and rinsed with a mixture of ethylene
glycol monoethyl ether and water in a 1:1 ratio. This gives
5-cyano-10-ox0-10,11-dihydro-5H-dibenzolb,flazepine, which
is identified by comparison of the IR spectrum with that of

‘material from Example 27.

Yield: 19.0 g, 81.2% of theory.

0,028,028 @g@
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Patent ClLaims: .
1. Process for the preparation of 5-carbamyl-10-ox0-10,
11-dihydro-SH-dibenzo[b,f]azepine of the formula I1I,

characterized in that 5-cyano-5H-dibenzolb,flazepine of the
formula I is nitrated, the resulting 5-cyano-10-nitro-5H-
dibenzotb,f]azepine of the formula II is hydrolysed to the
5-carbamyl-10-nitro-5H-dibenzolb,flazepine of the formula 1V,
the 1D¥nitro group in the Llatter is reduced and the reduction

product is hydroLySed; ,

2. Process according to claim 1, characterized in that
S-cyano-5H-dibenzolb,flazepine is nitrated by means of di-
nitrogen trioiide, if appropriate mixed with oxygen, or by
means of dinitrogen tetroxide or mixtures of such compounds
or by means of nitric acid, to give the compound of the

g
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formula II.
3. Process according to claim 2, characterized in that
the nitration is carried out in a suitable solvent which is
stable under the reaction conditions.
4., Process according to claim 3, characterized in that
lower alkanecarboxylic or halogenated lLower alkanecarboxylic
acids each having up to 4 carbon atoms, or their anhydrides,
or mixtures of such carboxylic acids with the corresponding
anhydrides are used as the solvent.
5. Process according to claim 4, characterized in that
acetic acid, acetic anhydride or mixtures thereof are used as

the solvent.

6. Process according to one of claims 1 - 5, character-

jzed in that a starting material/solvent ratio (weight/
volume) from 1:3 to 1:30 is used.

7. Process according to one of claims 1 - 6, character-
jzed in that the nitration is carried out in a temperature
range of about 0 - 120°, especially 40 - 80°.

8. Process according to claim 1, characterized in that
the compound of the formula II is hydrolysed to the compound
of the formula 1V by means of acidic agents.

9. Process according to claim 8, characterized in that
the hydrolysis is carried out by means of mineral acids or
formic acid and water.

10. Process according to claim 8, characterized in that
the hydrolysis is carried out by means of boron trifluoride
in an equimolar amount or in a slight excess as a solution in
a Llower alkanecarboxylic or haLogeﬁated lower alkanecarboxy-
lLic acid each having up to 4 carbon atoms, and subsequent
treatment with water.

1. Process according to claim 10, characterized in that
" the hydrolysis is carried out by means of a solution of BFg3

in acetic acid and subsequént treatment with water.

12. Process according to claim 11, characterized in that

the resulting defined BF3 addition compound with the hydro-
tysis product is isolated in the pure form and converted.by
treatment with water into the compound of the formula 1V.

13.  Process according to one of claims 8 - 12, characterized
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in tﬁat the hydrolysis is carried out in the presence of a
further inert solvent.
14, Process according to claim 13, characterized in that
a solvent of aromatic character is used.
15. Process according to claim 14, characterized in that
chlorobenzene is used as the further solvent.
16. Process according to claim 1, characterized in that
the nitro group in the compound of the formula IV is reduced
by means of catalytically activated hydrogen and the reduc-
tion product is hydrolysed to the compound of the formula III
by means of water.
17. Process according to claim 16, characterized in that
the reduction is carried out by means of hydrogen in the
_presence'of a noble metal catalyst.
18. ‘Process according to claim 17, characterized in that
a palladium-on-carbon catalyst is used.
19. Process according to claim 16, characterized in that
the nitro group in the compound of the formula IV is reduced
by means of nascent hydrogen.
20. Process according to claim 19, characterized in that
the reduction is carried out by means of a suitable metal in
an acid.
21. Process according to cLéim 20, characterized in that
the reduction is carried out by means of iron in a mineral
acid or Lower alkanecarboxylic acid having up to 4 carbon
atoms or mixtures thereof.
22. Process according to claim 21, characterized in that
the reduction is carried out by means of iron in a mixture
of acetic acid and hydrochtoric acid.
23. Process according -to one of claims 16 - 22, charac-
terized in that the reduction and hydrolysis measures requifed
for converting the compound of the fdrmula I1 into that of the
formula III are carried out in the same reaction batch with-
out isolation of the intermediate of the formula IV;
24. Modification of the process according to claim 1,
charactérized in that the 10-nitro group in the compound of
the formula 11 is reduced, the reduction product is hydro-.
~lysed and the resulting 5-cyano~10-ox0-10,11-dihydro-5H-
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dibehzo[b,f]azepine of the formula V is hydrolysed td 5~

carbamyl-10-ox0-10,11-dihydro-5H-dibenzolb, flazepine of the

formula III,
25. Process according to claim 24, characterized in that

the 10-nitro group is reduced by means of nascent hydrogen.

26. Process according to claim 25, characterized in that
the reduction is carried out by means of a suitable metal in
an acid.

27. Process according to claim 26, characterized in that

the reduction is carried out by means of iron or zinc in a

"mineral acid.

28. Process according to claim 24, characterized in that
the 10-nitro group is reduced by means of a chemical reducing
agent. '

29. Process according to claim 28, characterized in that
the reduction is carried out by means of SnClp.2H70.

30. Process according to one of claims 24 - 29, charac-
terized in that the reduction is carried out in the presence
of a Lower alkanol having 1 to 4 carbon atoms, a lower
alkoxy-lLower alkanol having up to four carbon atoms in each
of the Lower alkoxy and Lower alkanol moieties and/or a sol-
vent of aromatic character as additional solvents.

31. Process according to one of claims 24 - 30, charac-
terized in that the reduction is carried out in the presence
of a Lower alkyl ether of ethylene glycol, wherein Lowér
alkylL has up to 4 carbon atoms.

32. Process according to one of claims 24 - 31, charac-
terized in that the reduction is carried out in a temperature
fange_from 10 - 100°C, preferably from 30 - 70%c.

33. Process according to claim 24, characterized in that
the reduction product is hydrolysed with water to the com-
pound of the formula V. _ '

34. Process acﬁording to claim 24, characterized in that
the 5-cyano group in'S-cyano-10-oxo410,11-dihydrq—5H-dibenzo—
[b,f]azepine'of the formula V is hydrolysed to the 5-carbox-
amide group by means of basic or acidic agents.

35. Process according to claim 34, characterized in that
the hydrolysis is carried out by means of an oxide or
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hydroxide of alkaline earth or alkali metals or an alkali
metal bicarbonate, if appropriate in the presence of a per-

oxide.
36. Process according to claim 35, characterized in that

the hydrolysis is carried out by means of sodium bicérbonate

in the presence of hydrogen peroxide. _

37. Process according to claim 34, characterized in that
the hydrolysis is carried out by means of mineral acids,
lower alkanecarboxylic or halogenated Lower alkanecarboxylic
acids having up to 4 carbon atoms or their mixtures with
mineral acids, or, if appropriate, Lewis acids present as a
solution in a Lower alkanecarboxylic acid and subsequent
treatment with water.

38. Process according to cltaim 37, characterized in that
the hydrolysis is carried out by means of hydrochloric acid,
sulfuric acid, polyphosphoric acid, formic acid, acetic acid,
boron trifluoride or a defined addition compound of boron
trifluoride with acetic acid and subsequent treatment with
water. _

39. ‘Process according to one of claims 34 - 38, charac-
terized in that the hydrolysis is carried out in the presence
of a further solvent.

40. Process according to claim 39, characterized in that
a solvent of aromatic character is used as the further sol-
vent.

41. Process according to one of claims 34 - 40, charac-
terized in that the hydrolysis is carried out in a tempera-
ture range from -5 to +150°C, preferably from 0 to 40%¢c.

- 42. Modification of the process according to claim 24,

characterized in that the 10-nitro group in the compound of
the formula I1 is reduced by means of zinc dust in an acid.
or by means of hydrogen in the presence of a hydrogenation
catalyst, and the résulting 5~cyaho-10-isonitroso—10,11—di—
hydro-SH-dibenzo[b,f]aiepine'of the formula V is hydrolysed.
43. Proééss according to claim 42; characterized in that
the 10-nitro group is reduced by means of hydrogen in the
presence of a palladium-on-carbon catalyst in a suitable
solvent. '
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44, Process according to claim 43, characterized in that
a solvent of aromatic character is used as the solvent.
45. Process according to claim 44, characterized in that
pyridine is used as the solvent.
46, Process according to claim 42, characterized in that
the compound of the formula VI is hydrolysed to the compound
of the formula V by means of a mineral acid.
47. Process according to claim 46, characterized in that
the hydrolysis is carried out by means of hydrochloric acid.
48. Process according to one of claims 42 and 46 - 47,
characterized in that the hydrolysis is.carried out in the
presence of an aromatic solvent or a Lower alkanol having up
to 4 carbon atoms or mixtures thereof.
49. Process according to claim 47, characterized in that

the hydrolysis is carried out in the presence of a toluene/

ethanol mixture.

50. Modification of the process-according to claim 1,
characterized in that the 5-cyano group as well as the 10-
isonitroso group in 5-cyano-10-isonitroso-10,11-dihydro-5H-
dibenzolb,flazepine of the formula VI are hydrolysed in the
same reaction batch to give 5-carbamyl-10-ox0-10,11-dihydro-
SH-dibenzolb,flazepine of the formula III. |

51. Process according to claim 50, characterized in that
the hydrolysis is carried out by means of acidic agents.
52. Process according to claim 51, characterized in that

the hydrolysis is carried out by means of a mineral acid, a

Llower alkanecarboxylic or halogenated lower alkanecarboxylic
acid or a Lewis acid in the presence of water.

53. Process according to claim 52, characterized in that
the hydrolysis is carried out by means of boron trifluoride

in acetic acid and subsequent treatment with water.

‘54, Process according to one of claims 50 - 53, charac-

terized in that the hydrolysis is carried out in the presencé
of a further inert solvent. _

55. Process according to claim 54, characterized in that
a Lower alkanol having up to 5 carbon atoms is used as the
further inert solvent. '

56. S-Cyano-10-nitro-5H-dibenzolb,flazepine.



57.
58.
59.

azepine.
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5-Carbamyl~10-nitro-5H-dibenzolb,flazepine.
5-Cyano-10~0ox0-10,11-dihydro-5H~-dibenzolb,flazepir=.
5-Cyano-10-isonitroso-10,11-dihydro-5H-dibenzolb,f j-



