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ABSTRACT OF THE DISCLOSURE
Novel benzodiazepine having the formula

ny

in which R, is a hydrogen or halogen atom or a trifluoro-
methyl, lower alkyl, lower alkoxy, nitro or amino group,
R, is a furyl, a thienyl, cyclohexyl, a lower alkyl group
or a phenyl group which may be substituted by a halogen
atom or by a trifluoromethyl, nitro, lower alkoxy or lower
alkyl group, and R; is a hydrogen atom or a lower alkyl
group, and Ry is a lower carbalkoxy, carbamoyl, an N-
loweralkylcarbamoyl, an N,N-diloweralkylcarbamoyl, an
N-(diloweralkylaminoalkyl)carbamoyl, a group having
the formula —~COOCat in which Cat is a cation of an
alkali metal or a semication of an alkaline earth metal are
prepared by treating an ortho-aminoarylketimine having
the formula

NR~C:0
/

CHR,

\(' Ri=N

—NHRjy

Ry CRi=N—CHR—CO—0ORs

in which R,, Rj, Rj, and R, are as defined above and Rs
is a lower alkyl group or, when R, is a carbamoyl or
—COOCat group, a cation of an alkali metal or semi-
cation of an alkaline earth metal, but excluding the case
in which R, is —COOCat and R; is —Cat, with an an-
hydrous lower aliphatic acid or with an anhydrous min-
eral acid, or, when R, is —CQOOCat and R; is —CAT,
with a dilute aqueous solution of an acid salt, in particu-
lar potassium dihydrogen orthophosphate, in substan-
tially equimolar proportion or with a weak acid.

This application is a continuation of Ser. No. 463,613,
filed June 14, 1965, now abandoned.

This invention relates to pharmacologically useful ma-
terials which are ortho-aminoarylketimines and, in their
cyclic form, benzodiazepines. The invention consits in
certain new compounds as well as in the processes for
the production thereof.

The ortho-aminoaryl ketimines have, in one tautomeric
form, the general formula
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/W—NHR,
|

R— J—CRy=NR

(1
in which R is a hydrogen atom or a group having th
general formula

—CHR.—(IJ—OR‘

R, is a hydrogen or halogen atom or a trifluoromethy
lower alkyl, lower alkoxy, nitro or amino group, Ry is
furyl, a thienyl, a lower cycloalkyl, a lower alkyl grou
or a phenyl group which may be substituted by a hal
gen atom or by a trifluoromethyl, nitro, lower alkoxy o
lower alkyl group and R, is a hydrogen atom or a lowe
alkyl group, R, is a hydrogen atom, a lower carbalkox}
a carbamoyl, N-loweralkylcarbamoyl, an N,N-dilowe:
alkylcarbamoyl, an N(diloweralkylaminoalkyl) carbamr
oyl, lower alkyl or substituted lower alkyl group, a grou
having the general formula —COOCat in which Cat is
cation of an alkali metal or semication of an alkalin
earth metal or a group which, in a naturally occurrin
a-aminocarboxylic acid, is linked to the carbon ator
carrying the «-amino group, and R; is a lower alky] grou
or, when Ry is a carbamoy! or —COOCat group, a catio
of an alkali metal or semication of an alkaline eart
metal. When R, is a halogen atom it is preferably a chlc
rine atom. When Ry is a lower cycloalkyl group it
preferably a cyclohexyl group.

The substituted benzodiazepines, in accordance with th
invention, have, [in one tautomeric form,J the gener:
formula

NR,-C.0
/

‘! CIIRy
R

\C R=N (I
in which R;, R; and R; are as defined above and R, is
lower carbalkoxy, a carbamoyl, an N-loweralkylcarbam
oyl, an N,N-diloweralkylcarbamoyl, an N(diloweralky
aminoalkyl) carbamoyl, a group having the general foi
mula —COOCat in which Cat is a cation of an alka
metal or a semication of an alkaline earth metal or
group which, in a naturally occurring «-aminocarboxyli
acid, is linked to the carbon atom carrying the a-amin
group.

In the present specification the alkyl groups, includin
those present in alkoxy and aralkyl groups have 1 to
carbon atoms in a straight or branched chain; for exar
ple, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, te
tiary butyl, amyl and hexyl groups.

These products corresponding to Formula I may b
prepared by a reaction for which the starting materi:
is an ortho-amino aryl ketimine represented by the ger
eral Formula III

—NH—R)
Ry ?=NH
Rs 4881

in which the groups R;, Ry and Ry are as above definec

These ortho-aminoaryl ketimines may be obtaine
according to the present invention by reacting an orthc
aminobenzonitrile having the substituent R; with an e
cess of magnesium alkyl halide or magnesium aryl halid
R;MgX, in which R; is as above defined and X is a halc
gen atom, particularly bromine. A substantial excess ¢
the Grignard reagent RoMgX is used, preferably abot
3 to 4 molecules per molecule of ortho-aminobenzonitril
used. The process may be carried out in anhydrous ethy
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ether and the starting materials allowed to react in boil-
ing solvent for up to about 15 hours. After cooling, the
magnesium complex is decomposed with an aqueous am-
monium chloride solution and the solvent evaporated.
The ortho-amino aryl ketimine crystallises in most cases
spontaneously and may be purified by recrystallisation
from a suitable solvent, in particular from a hydrocarbon
such as hexane or cyclohexane.

The ortho-aminoaryl ketimines are thus obtained in
the form of pale yellow, well defined crystalline com-
pounds. The yield is generally high, frequently of the
order of 80 to 90%. The infrared spectra of these com-
pounds agree with the structure indicated and is. more-
over, confirmed by elementary analysis. The compounds
have, among others, two bands characteristic of the
vibrational frequency of the N—H bond: a fine line in
the region of 3480 cm.—! (absent if the aromatic amine
is secondary) and a wide band at 3270-3300 cm.~? due
to the N—H of the imine and to the chelated NH of

the NH; (or NH—R) group; moreover. the infrared -

spectra show two bands of vibration in the region of
1600 cm.—-t! (1610-1580 cm.—!) due to the aromatic
>C=C< conjugated to >C=N.

Table I sets out certain imines having the general

Formula TII which are new and which may be prepare’ :

as indicated in the examples given hereinafter.

TABLE I
NH—R,
Ry C=NT
1
Noa. Ry R, Ry Example
C:1s H 1
Calls ClH; 2
Calls 1 3
C«Hu (cyclohexyl) 138 4
n-CHa 34 5

The substituted imines having the general Formula I
(with the exception of the salts of the carboxvlic deriva-
tives) may be prepared from ortho-amino aryl ketimines
(I1I and an ester of an g-aminoacetic acid

Re—~CHH-COOH
N,

in which Ry is as above defined other than —COOCat.
In the simplest case, this «-aminoacetic acid ester may be
an ester of glycine but it may also be an ester of a
naturally occurring optically active or racemic a-amino
acid such as alanine, leucine or methionine; lastly, the
ester may be a derivative of aminomalonic acid, in par-
ticular dimethyl or diethyl aminomalonate.

These esters may be used in the form of bases but
preferably in the form of salts which are easier to deal
with than the base, especially the hydrochloride. The
reaction is accompanied by liberation of ammonia, either
free or combined in the form of a salt according to the
equation given below (in which Alk denotes a lower
alkyl group):

(s}
NH-—R; Z
+ H;N—CH—~C —
R; C=NH OAlk
3
NH—R;
4% 4 NHor NI
Ry C=N—CH-C
R, Ry OAlk

The reaction may be carried out in a solvent which is
inert with respect to the imine III, in particular a lower
aliphatic alcohol or a hydrocarbon such as benzene or
toluene, and at a temperature between room temperature

1

30

40

45

50

60

0

4

and the reflux temperature of the diluent, The reaction
time may vary between 1 and 12 hours; the higher the
temperature employed, the shorter will be the reaction
time. In certain cases, the reaction product separates
spontaneously from the alcoholic solution at room tem-
perature. Nevertheless. it is advantageous to evaporate
off the solvent when the reaction is terminated, extract
the product with an inert solvent and isolate it by crystal-
lisation from a suitable solvent.

The substituted imines I which have an ester function
are obtained in the form of pale yellow products, in most
cases crystalline but sometimes in the form of oils. Their
structure is determined by elementary analysis, study of
their infrared spectra and the results of said hydrolysis.

As could be expected theoretically, the substituted
imines (I) can exist in two stereoisometric forms one of
which, generally obtained in larger quantity, is charac-
terised by an intramolecular N—H hydrogen bond be-
tween a hydrogen on the amino group and the nitrogen
of the imino group (forming a chelate ring). In two of
the appended examples (see Examples 6 and 7) these
two forms were isolated by fractional crystallisation: in
the other cases, the product isolated was generally a
crystalline product corresponding to the chelate form.

The infrared spectra, determined in methylene chloride,
of the chelate forms have a vibration band of the N—H
group in the region of 3480 cm.~! (a fine line would not
be seen in the case of a secondary amine) and a wide band
at 3150-3300 cm.—! due to the chelate bond N—H of
the group NH, (or NH--R); in the region of 1730-1740
cm.~! a vibration band of >C=0 of the ester radical
in the region of 16101620 cm.~! a band of the aromatic
SC=C< (and >C=N-—): at 1203-1180 cm.”! a
C—0—C band (ester) shifted to 1220 cm.—1 in the case
of malonic esters. The non-chelate forms differ from the
above by the existence of a doublet formed by two fine
lines due to the N—H vibrations of NH; (a single line
at 3400 cm.—! in the case of secondary amines) and by
the absence of absorption bands between 3150 and 3300
em.—L

Investigation of the hydrolysis of imines (1) by a strong
mineral acid particularly hydrochloric acid leads to dif-
ferent results according to the presence or absence of
an internal hydrogen bond: if there is no chelation, the
action of hydrochloric acid leads to the formation of
the corresponding ortho-amino ketone due to severing
of the imine bond: in the case of internal chelation, the
imino bond is not severed and the corresponding benzo-
diazepine is formed, the configuration of which is more-
over favourable to cyclisation.

In Table II, a certain number of subtituted imines
are shown which correspond to the general Formula I
above in which Rs is an alkyl group; these imines are all
new.

TABLE 11
NH-—-R;s
o]
&
Ry C=N—-CH-—C
R Ry ORLJ
s

No. R; Ra R Ry Ry Example
4202 CB!. CIl CeH; H H CaHy ]
4361 ..... Cl CsHs CHy H Cifls 7
4346 ... Ct CsHy H COOC:My Ciis 8
4382 ..... Cl CaHs Cliy COOC:;H, C:Hu 9
4363...... H CiHs n H CiHy 10
435k...... H ChllsJCH COO0C:Hy Cals 11
43684...... CHy Hy H H Calls 12
4385 .._.. Cl n-CyHy H H C3Hs 13

1 Isolated in two sterofsometic crystalline forms.

We have found that the action of an anhydrous lgwer
aliphatic acid, in particular glacial acetic acid, on either
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5
of the two stereoisomeric forms of the substituted imines
(I) as well as on mixtures of these two forms leads
almost exclusively to the corresponding benzodiazepine.
Heating for from several minutes to one hour is desirable;
after removal of the acid reagent in vacuo and dilution
with a suitable solvent, in particular diethyl ether or di-
isopropyl ether, the benzodiazepine derivative is obtained
directly in crystalline state.

Thus 7-chloro - 5 - phenyl-2,3-dihydro 1H-benzo[f]-1,4-
diazepine (named hereinafter compound A) which has
already been described by L. H. Sternbach and E. Reeder
(Journal of Organic Chemistry 1961, volume 26, page
4936) may be prepared in two stages, giving an overall
yield of 80%, from the unsubstituted imine 4356 CB
without having to separate the two stereoisomeric forms
of the intermediate substituted imine 4292 CB; the N-
methyl derivative (B) of compound A, which is already
known (see above reference) is obtained in a practically
quantitative yield by subjecting the substituted imine 4361
CB for several minutes to the action of acetic acid.

Employing the same technique, the derivatives of com-
pound A substituted on the 3 carbon atoms are obtained.
For this purpose, it is sufficient first to react, according
to the process of the invention, the free imine 4356 CB
with the hydrochloride of a suitably selected x-amino acid
ester without isolating the intermediate substituted imine
and proceed with the acetic acid treatment in question.
For cxample, using the hydrochlorides of analine, leucine
and methionine as reagents, one obtains the 3-methyl, 3-
jsobutyl and 3-methylthioethyl derivatives respectively
of 7-chloro-5-phenyl-2-oxo0-2,3-dihydro 1H-benzo[f)-1.4-

_diazepine (compounds C, D, E). The yields vary but are
always much higher than those indicated in the chemical
literature for the same substances (Sternbach, Fryer, Met-
lesics. Reeder, Sach, Saucy and Stempel, Journal of Or-
ganic Chemistry 1962, volume 27, page 3788).

This method has been extended to the preparation of
new benzodiazepines carrying a carbalkoxy group on the
3-carbon atom. For this purpose, it is sufficient to treat
malonic acid derivatives of products of type (1) such as
those indicated in Table II with an aliphatic acid; these
derivatives, obtained by the action of a free imine of
Formula HI on the hydrochloride of an alkyl amino-
malonate, may or may not be isolated. However, the
yield is particularly high when crystalline substituted
imines (I) are reacted in acetic acid.

We have found an advantageous modification for the
preparation of benzodiazepines (II) without isolation of
the substituted imines (I), which modification is particu-

larly recommended in cases in which the group R; in

the general Formula II denotes a phenyl or substituted
phenyl group, R; is a hydrogen atom and R, is a carbalk-
oxy group. Although these substances are easily obtained
by the process described above, starting from ketimines
HI such as 4356 CB the yields are somewhat low and the
results are difficult to reproduce if the quantity of re-
actans used is increased, whilst complete purification of
the products by crystallisation is, in some cases, laborious.
According to this modification, the substituted imine (I)
such as 4292 CB is formed by the action of the hydro-
chloride of an alkyl amino-malonate on the free imine
(I1I) such as 4356 CB, the reaction being carried out in
a hydrocarbon solvent, preferably benzene or toluene,
whilst hydrogen chloride gas is passed through the re-
action medium to control the cyclisation without first iso-
lating the intermediate compound. The resulting benzo-
diazepine derivative such as 4279 CB is then isolated in
the form of the hydrochloride which can subsequently be
decomposed into practically pure benzodiazepine.

This improvement is suitable for the preparation of
other benzodiazepines having the general Formula II,
in particular those mentioned in Table III which may or
may not be substituted on the carbon atom in position
3 in the heterocycle. All that is necessary is to replace the
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hydrochloride of ethyl aminomalonate by the hydrochlc
ride of an alkyl glycine such as ethyl glycine which may ¢
may not be substituted on the methylenic carbon atom.

This procedure is recommended for the synthesis i
large quantities of compound 4190 CB (Formula 1I wher
Ry=cyclohexyl, Ry=H, Ry=H). The use of substitute
or unsubstituted amino-malonic eslers or amino-acet
esters is not limited to ethyl ester.

The structure of the new carbalkoxy-3-benzo-diazepine
(II) is obtained not only from the elementary analysis ¢
these compounds but also from a study of their infrare
spectra and the results of hydrolysis .The infrared spectr
of 3-carbalkoxy benzodiazepine (II) dissolved in metl
ylene chloride have the following features. Vibratio
bands of the N—H bond of the lactam group without sut
stituent (if this is the case): namely a fine line (fre
N—H) in the region of 3400 ¢m.-! and a wide band (a
tached N—H) in the region of 3200 cm.—!. In potassiur
bromide, the absorption due to N—H is often more con
plex and may result in the presence of various bands bt
twen 3100 and 3400 cm.—1; characteristic bands of th
ester group at 1730-1755 (>C=0) and in the region ¢
1200 cm.—! (C—O—C); a characteristic band of a secont
ary amide at 1660-1700 cm.—! (absence of the amide |
band between 1510 and 1550 cm.—!); a band at 1590
1610 cm.—! (aromatic >C=C<« and >C=N—) flanke
by a less intense band at 15601580 cm.~! for compounc
having two phenyl groups conjugated to >C=N—.

The treatment of 3-carbalkoxy benzodiazepines (I1
with a saponifying agent (for example, an alkali met:
hydroxide, preferably agueous or alcoholic potash) an
then with a dilute acid reagent (for example, acetic acid
gives rise to hydrolysis and decarboxylation and finall
leads to benzodiazepines which are unsubstituted on th
3-carbon atom and, for example, to compound A if con
pound 4279 CB is put into the reaction, which completel
demonstrates the structure proposed. By the treatment ¢
the 3-carbalkoxy benzodiazepines (1I) with an alkali suc
as aqueous or alcoholic potash, then with an alkylatin
agent such as dimethyl sulphate and thereafter with
dilute acid such as acetic acid, there are obtained the 1
alkylbenzodiazepines, for example, compound B (diaze
pam) when compound 4279 CB is used. Instead of usin
the 3-carbalkoxy benzodiazepines (II) the di-salts obtair
able by the action of an alkali on the compounds (II
may be treated with an alkylating agent. The action ¢
ammonia or of a primary or secondary amine at roor
temperature in a suitable solvent such as methanol cor
verts the 3 - carbalkoxybenzodiazepines (II) into benzc
diazepines carrying an amide function, with or withot
substituent, in the 3-position.

Nitration of the benzodiazepine derivative 4352 CB i
sulphuric acid leads to aromatic derivatives nitrated i
the 7-position (cf. 4353 CB); the structure is determine
by clementary analysis, by the infrared spectrum (nitr
bands at 1530 and 1350 cm.~! in potassium bromide) an
by its hydrolysis accompanied by decarboxylation whic
leads to 7-nitro-phenyl - 2,3 - dihydro-1H-benzo[f]-1,4-diz
zepine which is already known and has been described b
Sternbach, Fryer, Keller, Metlesics, Sach and Steiger i
Journal of Medicinal Chemistry 1963, volume 6, page 261

Reduction of the nitro derivative e.g. 4353 CB, for e»
ample by catalytic means, leads to the correspondin
amono compound carrying a 7-amino group (cf. 435
CB).

The 3-carbalkoxybenzodiazepines (I1) generally hav
a higher melting point than the corresponding benzc
diazepines which are unsubstituted on the 3-carbon atom
their solubility in organic solvents is relatively slight.

Table III indicates a certain number of new benzodi
azepines (those indicated by a number) carrying a sut
stituent in the 3-position and obtainable by the process o
the invention.
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TABLE 1II
m o
N—C
e AN
i ~
| CH—Ry
Ri 1 4
N 7
R:

Name Ry Ra Ry Ry Exampin
Cslis i H 14, 15 [and 16].
Calis Cily H 16 and 3d.
Call; 1 Cih 17,

Cslis Il CH—=CHICI 18,

Colls H CH.—CH =30 1u,

Cslls 1 COOC s M2 and $n
Cats 3 COOCH .

Calls Cll; Core iy 3.

Calls H CONHL 21

Calls 1 CONH—C1ly 25,

Celly H CO=N.CH-" 2,

Celly H CO—=NI—CH—Cl;—N.C:1l."2 27,

CoHs it COOC: I, 2% and 50,
Cells 118 1§ 20

Cls 11 COOC Hs 3o,

Cslis H COOC Hs 31.

Cells H COO0C: s 32,

Cellyy {oycloheryD) I H a3 and 31.
Cslly (vyelewexyly  H COOC.H, 3t

With a view to obtaining products in a convenient
water-soluble form for pharmacodynamic studies and
clinical use, we have saponified 3-carbalkoxybenzodi-
azepines (II) with an alkali metal hydroxide, preferably

potassium hydroxide, in an alcoholic medium. [In every ¢

case, the di-metal salt of the dibasic acid is obtained in
accordance with the equation given below:

I‘h 0
N=C

N
¢ N H L

40

quencies of N—H of highly chelated NHz) and a wide
and complex absorption in the region of 1600-1550 cm.—}
(aromalic >C=C<, >C=N—, >C=0 of carboxylate
ions).

For ease of manipulation, it is best to work in 957
ethy! alcohol; the temperature should be between room
temperature and the boiling point. The purest products
are obtained by operating at room temperature. The re-
action is accompanied by a transient yellow discoloration.
For rapid discoloration, it is advisable to use at least
three cguivalents of polassium hydroxide. The yield of
the dipotassium salt is practically quantitative. These
dimesal saltis (IVE-AY). « number of which are given in
Table IV below, are colourless powders (with the ex-
ception of the nitro and amino derivatives which are
yellow), very soluble in water and strongly alkaline in
reacrion Lreaction]. On acidification, the aqueous solutions

| /“'“K give rise to the corresponding benzodiazepines unsubsti-
R;‘\/—(‘;N—('I[ _ tuted on the 3-carbon atom: thus the compound 4306 CB
\ Neook I becomes benzodiazepine A of Table I11.

V-4

Thus, saponification of the free ester group is accom-
panied by opening of the benzodiazepine ring at the posi-

The same salts (1V[-AJ) can be obtained by saponifi-
cation of imines having a double ester function of type I.
Laccording to the reaction indicated below:

tion of the lactam function. 50 .
This reaction may be compared with the conversion H NI-Re ok

of 7 - chloro-5-phenyl-2-0x0-2,3-dihydro-1H-benzo[f]-1,4- [ Y
diazepine into the corresponding monosodium salt by the R“\/‘(;:‘\"’(Q on
action of a sodium hydroxide solution as described by __ Ra COOAlk
Bell, Sulkowski, Gochman and Childress in Journal of 53
Organic Chemistry, 1962, volume 27, pages 562 to 566.

H 0 A Ry

| Z ~NH:

N-C ¢ 80

P
\ c C=N—CH,—C
CHy ——— ~ ) .

cl / NsOH Ona The infra-red spectra of the dipotassium salts thus

C==N prepared are practically identical with those of the cor-

The infra red spectra of compounds of Table IV[-AT,
determined in potassium bromide, agree with the structure,
in particular the absence of the >C=0 bands (amide, acid
or ester) between 1650 and 1750 cm.—!; moreover, they
show among other things a very wide and intense absorp-
tion band in the region of 3400 cm.—! (vibrational fre-

-1

1)

responding salts prepared by opening of the benzodi-
azepine ring. Moreover, the aqueous solutions of the
dipotassium salts (prepared by either one or the other
method) when treated with dilute hydrochloric acid
undergo decarboxylation and cyclisation to give the same
benzodiazepine derivative; for example, 4306 CB ob-
tained by either one or the other of the two methods gives
rise as a result of this treatment to the benzodiazepine
compound (A) of Table I1lL.

Lastly, inJ In the case of compound 4306 CB, phar-
macodynamic studies confirm the identity of the products
obtained by the two methods.



28,315

9
[As regards Formula IV-A, it should be remarked that
the analytical results obtained, which will be discussed
below, are more easily explained if one assumes a ring
structure such as IV-B or IV-C instead of the structure
IV-A for the compounds considered.

Ry

Analytical studies have been carried out especially on
compound 4306 CB (compound IV in which R,=C|,
R3=C5H5. R3=H).

Even afier prolonged drying of this substance at 50°
C. under a high vacuum, the products obtained still con-
tain approximately 10% of the solvent (10% aqueous
ethyl alcohol) in which the preparation was carried out.

To determine the quantity of ethyl alcohol, the sub-
stance under investigation is dissolved in water and the
solution obtained is distilled; the distillate is oxidised
with nitrochrome reagent and the excess reagent is titrated
with a solution of ferrocyanide in the presence of di-
phenylbenzidine.

To determine the quantity of water, the Kart Fischer
method cannot be used owing to the strong basicity of
the product, and therefore the product is suspended in
xylene and water is driven off as an azeotropic mixture.

The determinations of ethyl alcohol and water carried
out as indicated above show that, in addition to the
10% of solvent retained, the product can liberate by
azeotropic distillation one molecule of water, which is
not easily explained if one assumes the structure IV-B
or IV-C.

Elementary analysis of the product dried at 50° C,,
taking into account the quantity of solvent of crystallisa-
tion present, agrees with the values calculated for one of
the three Formulae IV-A, IV-B or IV-C, which are
identical in their empirical formulae.

Determination of the basic functions of the molecule
yields interesting results especially if, for example, one
compares the potentiometric diagrams obtained for 4306
CB, for the potassium salt of (7-chloro-5-phenyl-2-oxo-
2,3-dihydro 1H-benzo([f]-1,4-diazepine) 3-carboxylic acid
(4311 CB) and for 7-chloro-5-phenyl-2-0xo0-2,3-dihydro
1H-benzo[f] 1,4-diazepine (indicated by the reference A
above and in Examples 14 and 15).

In an anhydrous medium consisting of a mixture of
chloroform (3 vols.) and acetic acid (1 vol.), titration
with perchloric acid in acetic acid solution gives the
results shown in the accompanying graph:

For compound 4306 CB (continuous line curve) a first
jump in potential with an equivalent point located at
—370 mv. and a second jump in potential with an equiva-
lent point located at —600 mv., the total volume of titrat-
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ing agent added to reach the second equivalent point beiny
1.5 times the volume added in order to reach the firs
point.

For compound 4311 CB (discontinuous curve), a firs
jump in potential with an equivalent point located a
—360 mv. and a second potential jump with an equivalen
point located at —590 mv., the volume added in order t
reach the second equivalent point being twice the volum:
added to reach the first point;

For compound {(A) (dotted line) a jump in potentia
with equivalent point situated at — 580 mv.

From these experimental data and tht known formula:
of compound 4311 CB and compound (A), it is obviou
that the second jump in potential obtained in the titratio
of compound 4306 CB corresponds to neutralisation o
the imine function and that the first corresponds to neu
tralisation of the two other functions, namely:

If one adopts the cyclic Formula 1V-B or TV-C, th
alcoholic (or enolic) and carboxylic functions; or

If one adopts Formula IV-A, one of the carboxyli
acid functions and the amino group. assuming that th
stcond carboxylic function has too low a pK value to b
determined owing to its proximity to the first carboxyli
acid function.

Protometric determination in an anhydrous mediun
would thus not appear to be suitable for distinguishin,
between the possible structures. Tn fact, the result in ai
aqueous medium rather tends to favour a ring structure
if this procedure is adopted, it is not possible to carr
out the determination below pH 7 owing to the precipita
tion of compound 4311 CB and compound (A): on!
functions corresponding to high pK values can be deter
mined in this way. Compound 4306 CB determined in o
aqueous medium by means of hydrochloric actd has a
equivalent point at pH 9.5, which could be attributed
an alcoholic (or enolic) function but less easily to one o
the function of the isomer IV-A.

The possibility should not be excluded that under th
operating conditions, the compound 4306 CB used in thes
tests will assume one of the isometric forms in preferenc
to another. Prolonged heating of this particular compoun
in the solid state at 100° C. seems to favour the formatio
of the IV-A isomer, as indicated by the protometric de
termination in an aqueous medium, in addition to som
alteration of the product.

Lastly, it is to be noted that the infra.red spectra o
compounds of type TV-A, TV-B or TV-C and in particu
lar of 4306 CB and 4335 CB are compatible with th
three formulae proposed.

The invention is not in any way limited to a particula
representative formula among the group of Formula
IV-A, IV-B and IV-C.]

Table IV gives by way of example some dipotassiuz
salts prepared according to the process of the inventior

TABLE IV[. FORMULA IVA, IVB OR IVC] IT'D
No. Ry R R: Example
43061 ...l C1 CaHs H 35, 36 and 52,
. CiHs CH;y 37 and 38.
H CiHs H 39.
CeHs H 40,
CeH;s H 41 and 53.
CH: H 42,

1 The disodium salt and the caleium salt were also prepared. the latt
(4372 CB; Example #4) by double decomposition from the dipotassin
salt.

By carrying out a reaction under the conditions ju
described, compound 4348 CB, which has an amide grou
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in the 3-position, gives rise to the corresponding carbox-
ylic derivatives in which the initial amide group is pre-
served.

v
N—
CH-CONH; ——
R KOH
! AN
C=N
|
Ra -
s
|
NH
/
R: '\ /l"OOK
=N-CH
| N
R: CONH:

(4349 CB; example 43)

We have further found that the dimetal compound Ldi-
metatl saltsJ such as those given in Table IV, may, under
very accurate conditions, be converted into benzodiazepine
derivatives (V) carrying on :he 3-carbon atom a carbox-
ylic acid function salified by the original cation.

[Compound having the general Formula IV-A, IV-B
or 1V-C]

R; O
&
SN
CH-C
R C=N/ OK
]lh v)

To bring about this reaction, it is sufficient to treat
an aqueous solution of the product used with a slightly
acid reagent at room temperature, L[(that is to say an
amount of acid which is just sufficiently strong to liberate
one of the two carboxylic functions).J preferably potas-
sium dihydrogen phosphate or carbon dioxide. The mono-
potassium salts (V) as a rule crystallise readily provided
crystallisation is carried out in a sufficiently concentrated
solution since they are less soluble in water than the com-
pounds (IV) from which they are derived. They are there-
fore obtainable in a high yield.

Their formula having been established by elementary
analysis. their structure is obtained from the study of
their infra-red spectra and their chemical properties. The
infra-red spectrac (determined in potassium bromide)
agree with the structure (V) and show, among other
things and in contradistinction to compounds (IV), a
strong band in the region of 1690 cm.~? due to the C=0
of the cyclic amide; also to be noted is the absence of
the amide II band between 1510 and 1550 cm.~! which
is characteristic of non-cyclic secondary amides. Only
the nitro group, if present, gives a band in this region.
Moreover, the vibration of the NH bond of the lactam
group manifests itself by two very wide bands in the
regions of 3400 cm.—! and 3100 cm.—?, Lastly, an intense
and complex band in the region of 1600-1620 cm.~!
may be attributed to the vibrations of the aromatic C=C
and of the >C=N— and of the >C=0 of the carboxyl
ion.

Aqueous solutions of compounds V generally have a
pH in the neutral region. Products V are less stable in
aqueous solution than the compounds having two car-

boxyl groups from which they are derived. The aqueous 7

solutions liberate the corresponding benzodiazepine deriv-
atives unsubstituted on the 3-carbon atom after standing
for several hours at room temperature or rapidly upon
boiling or in the presence of acetic acid at or above room
temperature,

10

20

30

[X)
(]

40

49

20

60

-
0

12
Several potassium benzodiazepine 3-carboxylates (V)
are shown in Table V to illustrate this aspect of the in-
vention.

Ry 0
| 4
N--C
/ o
7z
' \CH-C
R \OK
o
Ri
TABLE V
R, R; R, Exampire
Cl CHy H 45
- H C4H H 44
.. [CH,)Ci CeHs H 47
NO: CeHs 1 48

The following examples illustrate the invention: the
melting points are designated by M.Ptx, M.Pt.y or
M.Pt.. according to whether they are measured on a
Kofler block, on a Maquenne block or in a capillary tube.
[In these examples, compounds of type IV have been
named according to the formulae of the “open” type
IV-A without thereby intending to emphasise these for-
mulae in favour of the cyclic Formulae IV-B and 1V-C
indicated earlier.]

EXAMPLE {EAMPLE] 1

(2-amino-5-chlorophenyl)-phenyl-methane-imine
(4356 CB)

A solution of 228.7 g. (1.5 mols) of 2-amino-5-chloro-
benzonitrile in 1800 ml. of dry ether is added slowly in
the course of about 3.5 hours to a solution of phenyl
magnesium bromide prepared from 109 g. (4.5 gram
atoms) of magnesium turnings and 848 g. (5.4 mols) of
bromobenzene in 3600 ml. of anhydrous ether, and the
mixture then heated under reflux for 15 hours.

The complex is decomposed by stirring the reaction
mixture into a solution prepared from 500 g. of ammo-
nium chloride in 2000 ml. of water to which 3 kg. of
crushed ice have been added. After extraction and wash-
ing, the ether is evaporated in vacuo at 40° C. The oily
residue is taken up in 500 ml. of petroleum ether and
left to crystallise by cooling at —20° C. The yellowish
crystals formed are dried (309 g.); M.Ptx: 74° C.; yield:
92%.

EXAMPLE 2

(2-methylamino-S-chlorophenyl)-phenyl-methane-imine
(4357 CB)

Using the method described in Example 1 but replacing
2-amino-5-chlorobenzonitrile by an equimolecular quan-
tity of 2-methylamino - 5 - chlorobenzonitrile, compound
4357 CB is obtained in a yield of 61% : yellowish crystals;
M.Pt.x: 97° C. (hexane).

EXAMPLE 3
(2-aminophenyl)-phenyl-methane-imine (4358 CB)

Proceeding as in Example 1 but replacing the 2-amino-
5-chloro-benzonitrile by an equimolecular quantity of 2-
amino-benzonitrile, this compound is obtained in a yield
of about 80% of crude product. Yellowish crystals are

5 obtained; M.Pt..: 48° C. (isopropyl ether),

EXAMPLE 4

Cyclohexyl-(2-amino-5-chlorophenyl)-methane-imine
(4359 CB)

Proceeding as in Example 1 but replacing the bromo-
benzene by the equimolecular quantity of bromocyclo-
hexane, this compound is obtained in a yield of 81%:
Yellowish crystals with double melting point; M Ptg:
65° C. and then 95° C.
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EXAMPLE $§

Butyl-{ 2-amino-5-chloro-phenyl)-methane-imine
4360 CB)

This product is obtained by the technique employed
in Example 1 but the bromobenzene is replaced by an
equivalent quantity of 1-bromo-butane.

A brownish oil is obtained (yield: 94% ) which is used
without purification in subsequent reactions. However,
the product may be crystallised in small quantities from
cold petroleum ether; M.Pt.;: 27-28° C. (decomposition).

EXAMPLE 6

1-phenyl-1-(2-amino-5-chloro-phenyl)-4-oxo-5-0xa-
2-azo-1-heptene (4292 CB)

A mixture of 27.6 g. (0.12 mol) of (2-amino-5-chloro-
phenyl)-phenyl-methane-imine and 20.7 g. (0.15 mol)
of the hydrochloride of ethyl glycine in 150 ml. of
methanol is stirred at room temperature for 2.5 hours.
A suspension of a pale yellow solid is obtained which
consists of the mixture of imine and ammonium chioride
formed in the reaction. The solvent is evaporated under
reduced pressure and the residue taken up in methylene
chloride. It is washed with a 10% aqueous solution of
sodium carbonate, then with water, dried over sodium
sulphate and the solvent removed by evaporation. A
yellow solid remains behind which is crystallised from
acetone. 32.4 g. of the crystalline product is obtained;
M.Ptx: 130-135° C,; yield: 85%.

This product is a mixture of the two stereoisomeric
forms and may be used as it is for further reactions.

However, each of these forms can be obtained in the
pure state by fractional crystallisation from acetone.
They have the following melting points: Chelate form:
M.Pt.x 148-150° C., non-chelate form: M.Pt.x 142-144°
C.: Mixing these two form lowers the melting point.

EXAMPLE 7

1-phenyl-1-(2-methylamino-5-chloropheny!)-4-oxo-
S-oxa-2-aza-1-heptene (4361 CB)

This compound is prepared by the method indicated
in Example 6 the (2-amino-5-chloro-phenyl)-phenyl-meth-
aneimine being replaced by the stoichiometric quantity
of (2-methylamino - § - chloro-phenyl)-phenyl-methane-
mine.

On crystallisation from hexane, a solid is obtained
which consists of a mixture of the two stercoisomeric
forms M.Pt.g: 70-75° C,, vield: 82%.

This mixture can be used as it is for subsequent re-
actions. However each of the two forms can be isolated
in the pure state by fractional crystallisation from hexane.

The melting points of these two forms are as follows:
Chelate form: M.Pt.xg 110° C., non-chelate form M.Pt.g
85° C.

The mixture of the two forms has a considerably lower
melting point.

EXAMPLE 8

Diethyl [2-phenyl-2-(2-amino-5-chlorophenyl)-1-aza-
vinyl] malonate (4346 CB)

A solution of 9.2 g. (0.04 mol) of (2-aminofamono]-5-
chloro-phenyl )-phenyl-methane-imine in 16 ml. of abso-
lute alcohol is added dropwise to a boiling solution of 10.6
g. (0.05 mol) of the hydrochloride of ethyl aminomalo-
nate in 30 ml. of absolute alcohol. When this is completed,
the mixture is heated under reflux for 30 minutes and the
solvent is then evaporated Levaported] in vacuo.

The residue is taken up in water and in cther the
ethereal solution is decanted, washed with water dried
over sodium sulphate and the solvent evaporated. The
product is recrystallised from diisopropyl ether. Yellow
crystals are obtained (7.8 g.; yield: 50% M.Pt.g: 106° C.).
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EXAMPLE 9

Diethyl [2-phenyl-2-(2-methylamino-S-chioro-phenyid-
1-aza-vinyl]-malonate (4362 CB)

This compound is prepared by the method indicatc
in Example [Eaxample] 8. the (2-amino-5-chloro-phenyi
phenyl-methane-imine being replaced by the stoichiometr
quantity of (2-methylamino - § - chloro-phenyi)-pheny
methane-imine. The product is a vellow solid M.Pi;
88° C. (isopropyl Lisophrophyl} ether). Yield: 257%.

EXAMPLE 10

1-phenyl-1-(2-amino-phenyl}-4-oxo0-5-0xa-2-aza-
1-heptene (4363 CB)

This compound is obtained by the technigue describe
in Example 6 the (2-amino -5 -chloro-phenyl)-pheny
methane-imine being replaced by an equimolecular quu
tity of (2-amino-pheny!}-phenyl-methane-imine.

The product is obtained in the form of yellowish cry
tals; M.Pt.g: 106° C. (isopropy] ether): yield: S8.

EXAMPLE 11

Diethyl [2-phenyl-1-(2-amino-pheny)-1-aza-
vinyl]-malonate (4351 CB)

Using the same method as described in Example 8 b
replacing the (2-amino-5-chloro-pheny!}-phenyl-methan
imine by the equimolecular gquantity of (2-amino-phenvl
phenyl-methane-imine. compound 4351 CB is obtained
a yield of 315 Pale Yellow crystals are obtained; M.Pi;
100° C. (diisopropy! ether).

It is to be noted that in this method of preparatio
a small quantity of the cyclised product of 3-curbethox
S-phenyl - 2 - oxo0-2.3-dihydro-1H-benzo[ f]-1.4-diazepir
(4352 CB) can be isolated from the mother liquor
addition to the main product.

EXAMPLE 12

1-phenyl-1-(2-amino-5-methyl-phenyl)-4-ox0-5-oxa-
2-aza-1-heptene (4364 CB)

This product is obtained by the method described
Exampie 6 the (2-amino-5-chioro-phenyl)-phenyl-metl
ane-imine being replaced by the equimolecular quantn
of (2-amino-5-methyl-phenyl)-phenyl-methane-imine.

Yellowish crystals; M.Pt.g: 131° C. (diisopropy! [d
isopoprophylY ether); yield: 35%.

It should be noted that the (2-amino-5-methy!l-phenyl
phenyl-methane-imine which was prepared by the methc
described in Example 1 by replacing 2-amino-5-chlon
benzonitrile by an equimolecular quantity of 2-amino-
methyi-benzonitrile could not be obtained in the crystu
line state. The crude oily product was used in subsequel
reactions including the reactions described above.

EXAMPLE 13

1-butyl-(2-amino-5-chloro-phenyl)-4-0xo0-5-0xa-
2-aza-1-heptene (4365 CB)

This compound is prepared by the method indicated
Example 6, substituting for (2-amino-5-chloro-phenyl
phenyl-methane-imine an equivalent quantity of butyl-{
amino - § - chloro-phenyl)-methane-imine. Yellow crysta
are obtained: M.Pt.x: 96-97° C. (isopropyl ether); yiek
55%.

EXAMPLE 14

7-chloro-5-phenyl-2-0x0-2,3-dihydro 1H-benzo
[f]-1,4-diazepine (A)

The same procedure is employed as in Example 6 ar
then, without isolating compound 4292 CB, it is take
up in 150 ml. of acetic acid and heated under reflux fi
30 minutes. The acetic acid is evaporated until a d
residue is obtained, 250 ml. of diisopropyl ether and 2!
ml. of water are added and the mixture then stirred.
yellowish solid separates which is dried and then wash
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with ether. It is recrystallised from methy! ethyl ketone.
Pale yellow crystals are obtained.

First crop 23.4 g. M.Ptx: 214-216° C. Second crop
2.3 g. M.Pt.g: 214-216° C. Yield: about 80% from the
unsubstituted imine. The product is identical with the
product described by Sternbach and Reeder, Journal of
Organic Chemistry 1961, volume 26, page 4936).

EXAMPLE 15
7-chloro-5-phenyl-2-0x0-2,3-dihydro-1H-benzo{f]-
1-4-diazepine (A)

Acetic acid is added to a solution of 0.409 g. (0.001
mol) of [the dipotassium salt of [2-phenyl(2-amino-5-
chloro-phenyl)-1-aza-vinyl]-malonic acid} [4306 CB] in
4 ml. of distilled water to adjust the solution to pH 4. The
solution is heated on a water bath for 15 minutes; a solid
precipitates which is separated, washed with water and
dried; weight: 0.216 g.. M.Pt.g: 214-216° C.: yield 80%.
This product is identical with the product obtained in Ex-
ample 14,

EXAMPLE 16
7-chloro-1-methyl-5-phenyl-2-ox0-2.3-dihydro-1H-
benzo{f}-1,4-diazepine (B)

6 g. of compound 4361 CB are heated under reflux

for 15 minutes in 25 ml. oo acetic acid. The acetic acid :

is removed in vacuo and the residue is taken up in water
and a little ether. A yellowish solid separates; M.Pt.g:
130° C.; the yield is substantially quantitative. It is re-
crystallised from diisopropyl ether. Yellowish crystals are
obtained (4.4 g.); M.Pt.g: 132° C.: yield 85% in the first
batch, The product is identical with the known product
(see reference above in Example 14).

EXAMPLE 17
7-chloro-3-methyl-5-phenyl-2-0x0-2.3-dihydro-1H-
benzo[f]-1.4-diazepine (C)

A mixture of 6.9 g. (0.03 mol) of 4356 CB and 51 g.
(0.033 mol) of the hydrochloride of the ethyl ester
of DL-alanine in 40 cc. of absolute alcohol is heated
under reflux for one hour. It is evaporated to dryness and
the residue taken up in methylene chloride and a 10%
sodium carbonate solution. The organic layer is sepa-
rated, washed with water and dried over sodium sulphate.
The solvent is evaporated and the residue taken up in 40
cc. of acetic acid. It is heated under reflux for 5 minutes
and the solvent then evaporated under reduced pressure.
Diisopropyl ether is added and the product allowed to
crystallise: clear yellow crystals are obtained (5.15 g.),
M.Pl.x: 224° C. Yield: 60% in the first crop. The prod-
uct is identical with that described in Journal of Organic

Chemistry 1962, volume 27, page 3788.

EXAMPLE 18
7-chloro-3-isobutyl-5-phenyl-2-ox0-2,3-dihydro-1-H-
benzo{f]-1,4-diazepine (D)

The procedure is the same as described in Example 17
except that the hydrochloride of the ethyl ester of DL-
alanine is replaced by the hydrochloride of the ethyl
ester of DL-leucine in equimolecular quantity, Compound
(D) is obtained in a yield of 489%; M.Pt.x: 213° C.
(ethyl acetate). The product is identical with the product
described in the chemical literature (reference given

above).

EXAMPLE 19
7-chloro-3-(3-thiabutyl)-5-phenyl-2-0x0-2,3-dihydro-
1H-benzo([f1-1,4-diazepine (E)

This product is obtained utilising the procedure de-
scribed in Example 17, the hydrochloride of ethyl ester
of DL-alanine being replaced by that of the ethyl ester
of DL-methionine. (50% in excess of the theoretical

quantity).

Employing the same treatment after crystallisation
from ethyl acetate, 7-chloro-3-(3-thiobutyl)-5-phenyl-2-

ox0 - 2:3 - dihydro-1H-benzo[f]-1,4-diazepine (M.Ptg: 7

et
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184° C.) is obtained in a yield of 505¢. The product is
identical with the product described in the chemical liter-
ature (reference given above).
EXAMPLE 20
7-chloro-3-carbethoxy-5-phenyl-2-0x0-2,3-dihydro-1H-
benzo[f)-1,4-diazepine [diazepin} (4279 CB)

This compound is obtained by the procedure described
in Example 16, compound 4361 CB being replaced by
an equimolecular quantity of compound 4346 CB. Shiny,
colourless crystals are obtained; M.Pt.g: 244° C. (ethyl
acetate). Yield: 74% in the first crop.

EXAMPLE 21
7-chloro-3-carbethoxy-S-phenyl-2-0x0-2,3-dihydro-
1H-benzo[f]-1,4-diazepin (4279 CB)

A mixture of 9.2 g. (0.04 mol) of compound 4356 CB,
10.6 g. {0.05 mol) of the hydrochloride of ethyl amino-
malonate and 5 g. (0.05 mol) of triethylamine in 45 ml.
of absolute ethyl alcohol is heated under reflux for one
hour. The solvent is evaporated under reduced pressure
and the residue taken up in water and ether. The ethereal
layer is separated, washed with water and dried over
sodium sulphate. After evaporation of the solvent, the
residue is dissolved in 45 ml. of acetic acid and heated
under reflux for 15 minutes. The product is evaporated
1o dryness under reduced pressure and taken up in ether.
A solid separates which is filtered by suction and re-
crystallised from ethyl acetate. Brilliant, colourless crys-
tals are obtained (6.4 g.) M.Pt.x: 244° C.; vield: 47%.
The product is identical with that obtained in Example

20.
EXAMPLE 22

7-chloro-3-methoxycarbonyl-5-phenyl-2-0x0-2,3-dihydro-
1H-benzo[f]-1,4-diazepine (4347 CB)

A solution of 9.2 g. (0.04 mol) of compound 4356 CB
in 20 ml. of methanol is added dropwise, in the course
of one hour 30 minutes, to a boiling solution of 9.2 g.
(0.05 mol) of the hydrochloride of methyl aminomalo-
nate in 30 ml. of methanol. When this is completed. heat-
ing under reflux is continued for 30 minutes and the
product then concentrated to dryness under reduced pres-
sure. The residue is taken up in water and ether, the ethe-
real layer separated, the product washed with water and
dried over sodium sulphate. The solvent is evaporated
under reduced pressure. The residue. which consists of the
methyl ester homologous with the ethyl ester described in
Example 6, could not be obtained in the crystalline state.
It is dissolved in 25 ml. of acetic acid, heated under reflux
for 15 minutes, the product evaporated to dryness and
the residual oil taken up in ether. A colourless solid
separates which is filtered by suction and recrystallised
from methanol. Colourless crystals are obtained (4.7 g.);
M.Pt.g: 226° C. A second crop (1.5 g.) is obtained on
concentration of the mother liquor; M.Ptg: 222° C.;
total quantity 6.2 g., corresponding to a yield of 47%.

EXAMPLE 23

7-chloro-3-carbethoxy-1-methyl-5-phenyl-2-oxo0-2,3-
dihydro-1H-benzo[f]-1,4-diazepine (4366 CB)

This product is prepared by the method described in
Example 22, the methyl aminomalonate and compound
4356 CB being respectively replaced by ethyl amino-
malonate and compound 4357 CB in equimolecular
quantities. Light yellow crystals are obtained; M.Pt.g:
180° C. (ethyl alcohol); yield: 47%.

EXAMPLE 24
7-chloro-3-carbamoyl-5-phenyl-2-0x0-2,3-dihydro-
1H-benzo[f]-1,4-diazepine (4348 CB)

10 g. of 7-chloro-3-methoxycarbonyl-5-phenyl-2-ox0-
2,3-dihydro 1H-benzo(f}-1:4-diazepine and 200 ml. of a

13.6% solution of amonia in methanol are left together
overnight at room temperature. The solid rapidly dis-
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solves and after several hours a precipitate gradually
forms which increases in quantity with passage of time
until the whole mass has solidified. The solid is filtered by
suction and washed with methanol. An additional small
quantity of the same product is obtained by concentrating
the solution to dryness. The two crops are combined and
recrystallised from methanol. Colourless crystals are ob-
tained (7 g.); M.Pty: 225-256° C.; yield: 74%.
EXAMPLE 25
“7-chloro-3-methylaminocarbonyl-5-phenyl-2-oxo0-2,3-
dihydro-1H-benzo[f]-1,4-diazepine (4367 CB)
This product is prepared by the method of Example 24,
the solution of ammonia in methanol being replaced by

the equivalent quantity of a solution of monomethylamine 1

in methanol, Colourless crystals are obtained (ethyl alco-
hol); M. Pt.y: 294° C.; yield: 90%.

EXAMPLE 26
7-chloro-3-dimthylaminocarbonyl-5-phenyl-2-0x0-2,3-
dihydro-1H-benzo{f]-1,4-diazepine (4368 CB)

This compound is obtained as in Example 24, the solu-
tion of ammonia in methanol being replaced by the
equivalent quantily of a solution of dimethyla 1ine in
methanol, Colourless crystals are obtained: M.Pt.y=
297° C.

EXAMPLE 27
7 - chloro - 3 - (2-diethylamino-ethylaminocarbonyl)-5
phenyl - 2 - oxo0-2,3-dihydro-1H-benza(f]-1,4-diazepine

(4369 CB)

This compound is obtained by the procedure employed
in Example 24, the solution of ammonia in methanol be-
ing replaced by a solution of 2-diethylamino-ethylamine
(three times the calculated quantity) in 20 times its vol-
ume of methanol. Colourless crystals are obtained;
MAPl.x: 220° C. (ethyl acetate); yield: 90%.

EXAMPLE 28

3-ethoxycarbonyl-5-phenyl-2-ox0-2,3-dihydro-1H-
benzo[f]-1,4-diazepine (4352 CB)

This compound is obtained by the method employed in
Example 16, compound 4361 CB being replaced by an
equimolecular quantity of compound 4351 CB. Colour-
less crystals are obtained; M.Pt.g: 226° C. (ethylacetate);
yield: 70% in the first crop.

EXAMPLE 29

7-methyl-5-phenyl-2-0x0-2,3-dihydro-1H-benzo{{]-
1,4-diazepine (F)

The procedure described in Example 14 is employed,
compound 4292 CB being replaced by an equivalent quan-
tity of compound 4364 CB.

Yellowish crystals are obtained; M.Pr.g: 208° C. (ethyl
acetate); yield 44%. This product is identical with that
described in the literature (see reference in Example 17).

EXAMPLE 30

7-methyl-3-ethoxycarbonyl-5-phenyl-2-0x0-2,3-dihydro-
1H-benzo{f]-1,4-diazepine (4327 CB)

This compound is obtained by the procedure described
in Example 22, the hydrochloride of methylaminomalo-
nate and compound 4356 CB being replaced by the equiv-
alent quantities of, respectively, the hydrochloride of ethyl
aminomalonate and (2-amino - § - methyl-phenyl)-phenyl-
methane-imine prepared according to Example 12.

Yellowish crystals are obtained; M.Pt.g: 260° C.: yield
25%.

EXAMPLE 31

7-nitro-3-ethoxycarbonyl-5-phenyi-2-0xo-2,3-dihydro-
1H-benzo[f]-1,4-diazepine (4353 CB)
12.3 g (0.04 mol) of the finely powdered compound

4352 CB are added slowly, with stirring, to 50 ml. of con-
centrated sulphuric acid (66° Bé.) in such a manner that
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the temperature does not rise above 25° C. 4.8 g. (0.0
mol) of powdered potassium nitrate is then gradua
added to the resulting solution at a rate such that t
temperature remains below 25° C. When this is comple:
the mixture is stirred for 2 hours 30 minutes at roc
temperature. The reaction mixture is then poured on
mixture of crushed ice and ether and allowed to stand t
0.5 hour. The solid which separates is filtered by sucii
washed with water and with ether. It is recrystallised frc
aa large volume of ethyl acetate. Pale yellow crystals ¢
obtained (7.7 g.); M.Ptyy: 271° C,; yield: 35%.

EXAMPLE 32

7-amino-3-ethoxycarbonyl-5-phenyl-2-0xo0-2: 3-dihydrc
1H-benzo[f]-1,4-diazepine (4354 CB)

A solution of 4.48 g. (0.0133 mol) of compound 42
CB dissolved in 80 ml. of dimethylformamide and 1
ml. of ethyl alcohol is hydrogenated at ordinary tempe
ture and pressure in the presence of Raney nickel. T
theoretical absorption of hydrogen requires about 3 hot

After filtration of the catalyst and evaporation of
solvents under reduced pressure, a solid residue is «
tained which is recrystallised from a mixture of dimenth
formamide and ethyl alcohol. Pale yellow crystals are «
tained (3.9 g.); M.Pt.yy: 305° C. (decomposition); yie
90%.

EXAMPLE 33

7-chloro-5-cyclohexyl-2-0x0-2,3-dihydro-1H-benzoj| f|
1,4-diazepine (4190 CB)

This product is prepared by the procedure described
Example 17, compound 4356 CB and the hydrochlor
of the ethyl ester of DL-alanine being respectively
placed by equimolecular quantities of compound 4359
and the hydrochloride of ethyl glycine. Yellowish crysi
are obtained; M.Pt.x: 210° C. (n-propyl alcohol); yie
71% from the imine. In this case, the intermediate pr
uct viz. 1-cyclohexyl-1-(2’-amino-5’-chloro-phenyl)-4-o0
5-oxa-2-aza-1-heptene could not be isolated in the crys
line state,

EXAMPLE 34

7-chloro-3-ethoxycarbonyl-5-cyclohexyl-2-0x0-2:3-
dihydro-1H-benzo([f1-1,4-diazepine (4370 CB)

This product is prepared by the procedure describec
Example 22, methyl aminomalonate and compound 4
CB being respectively replaced by the stoichiometric qu
tities of ethyl amiiomalonate and compound 4359 CB.

Colourless crystals are obtained, M.Pt.y: 208° C, (et
acetate); yield: 40%. It should be noted that in this c:
the intermediate diethyl [2-cyclohexyl-2-({2-amino-5-ct
rophenyl)-1-azavinyl }-malonate could not be isolated
the crystalline state.

EXAMPLE 35

[Dipotassium salt of [2-phenyl-2-(2-amino-5-chloro
phenyl)-1-aza-vinyl}-malonic acid (4306 CB)]

7-chloro - 2,3 - dihydro--2-oxo0 - 5 - phenyl-1H-1,4-ben
diazepine - 3 - carboxylic acid, monopotassium s
monopotassium hydroxide (4306 CB)

50 g. of caustic potash are dissolved in 1350 ml.
96% ethyl alcohol, and 82 g. (0.25 mol) of compor
4347 CB are then added all at once at a temperature
about 70° C.

The solid dissolves rapidly to form a yellow solut
which then loses colour whilst simultaneously an abund
colourless precipitate appears.

After cooling, the solid is filtered by suction and was.
with alcohol at 96° C. The product is dried at ordin
temperature in a high vacuum. A colourless solid is
tained (quantitative yield), which is completely solu
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in water. The aqueous solution is strongly alkaline in re-
action: when acidified with acetic acid and heated on a
wuter bath, it yields a precipitate of 7-chloro-5-phenyl-2-
0x0-2,3-dibydro- 1H-benzo[f]-1,4, - diazepine (compound
A).

Comments:

(1) The preparation may be carried out by replacing
compound 4347 CB by the corresponding ethyl ester
(4279 CB). A similar yield of compound 4306 CB is
obtained.

(2) The corresponding disodium salt can be obtained in
the same manner by replacing potassium hydroxide by
sodium hydroxide.

EXAMPLE 36

[Dipotassium salt of {2-phenyl-2-(2-amino-5-chlorophen-
y1)-3-1-aza-vinyl]-malonic acid (4306)]

7 - chloro-2,3-dihydro-2-oxo-5-phenyl-1H-1,4-benzodiaze-
pine-3-carboxylic acid, monopotassium salt, monopo-
tassium hydroxide (4306CB)

2 g. of 4346 CB are added to a solution of 0.84 g.
(0.015 mol) of potassium hydroxide in 1 ml. of water and
25 ml. of methanol and the mixture then heated to reflux.
The solid dissolves, giving t'se to a red solution whict
rapidly loses its colour, a precipitate appearing at the
same time. After cooling, the solid is filtered by suclion
and washed with methanol. A colourless solid is obtained
(1.25 g.). This compound is found to be identical with
that prepared in Example 35.

EXAMPLE 37

[Dipotassium salt of [12-phenyl-2-(2-methylamino-5-
chloropheny!)-1-aza-vinyl]-malonic acid} (4350 CB,
first preparation)

This product is obtained by the method described in
Example 35, compound 4347 CB being replaced by a
stoichiometric quantity of compound 4366 CB. It is a
colourless powder which is very soluble in water. Yield:
71%. The aqueous solution is strongly alkaline in re-
action.

EXAMPLE 38

[Dipotassium salt of [2-phenyl-2-(2-methylamino-5-chlo-
rophenyl)-l-aza vinyl]-malonic acid) (4350, second]}
(3250 CB, second preparation)

The compound may be obtained as described in Ex-
ample 36, compound 4346 CB being replaced by an equi-
molecular quantity of compound 4362 CB. It is a colour-
less powder completely soluble in water and identical with
the product of Example 37; yield: 50%.

EXAMPLE 39

[Dipotassium salt of [2-phenyl-2-(2-amino-phenyl)-1-
aza-vinyl]-malonic acid] (4337 CB)

This substance is prepared by the method described in
Example 35, compound 4347 CB being replaced by a
stoichiometric quantity of compound 4352 CB.

Colourless leaflets are obtained which are completely
soluble in water and strongly alkaline in reaction; substan-
tially quantitative yield.

EXAMPLE 40

[Dipotassium salt of [2-phenyl-2-(2-amino-5-methyl-
phenyl)-1-aza-vinyl]-malonic acid} (4339 CB)

This substance is prepared by the procedure given in
Example 35, compound 4347 CB being replaced by an
equimolecular quantity of compound 4327 CB. It is ob-
tained in the form of a colourless solid completely soluble
in water. The yield is practically quantitative.
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EXAMPLE 41

[Dipotassium salt of [2-pheny!-2-(2.amino-S-nitro-
phenyl)-1-aza-vinyl]-malonic acid} (4335 CB)

This compound is obtained by the procedure described
in Example 35, compound 4347 CB being replaced by an
equimolecular quantity of compound 4353 CB. It is a
yellow powder which dissolves completely in water and
is strongly alkaline in reaction; the yield is substantially
quantitative,

EXAMPLE 42

I[Dipotassium salt of [2-phenyl-2-(2,5-diamino-phenyl)-
1-aza vinylImalonic acid] (4371 CB)

This compound is obtained by the method described in
Example 35, compound 4347 CB being replaced by a
stoichiometric quantity of compound 4354 CB. It is a
vellow solid completely soluble in water and having a
strongly alkaline reaction. The yield is quantitative.

EXAMPLE 43

Potassium salt of 4-phenyl-4-(2-amino-5-chloro-phenyli-
2-carbamoyl-3-aza-3-butenoic acid (4349 CB)

This product is obtained by the method described in
Example 35, compound 4347 CB being replaced by an
equivalent guantity of compound 4348 CB. Fine yellow
crystals completely soluble in water are oblained in quan-
titative yield:

EXAMPLE 44

ECalcium salt of [2-phenyl-2-(2-amino-§-chloro-phen-
yl)-1-aza-vinyl]-malonic acid] (4372 CB)

A solution of 0.55 g. (0.00375 mol) of calcium chloride
dihydrate in § ml. of water is added to a solution of 1 g.
(00025 mol) of [the dipotassium salt of [ 2-phenyl-2-(2-
amino-S-chloro-phenyl)-1-aza-vinyl Tmalonic acid] (4306
CB) in 15 ml. of water.

A solid separates out immediately. After it has becn
left to stand for 10 minutes, it is filtered by suction, then
washed with a small quantity of water and finally dried
at ordinary temperature in a high vacuum. A yellowish
white solid is obtained which is sparingly soluble in water
(0.75 g.); yield: 80%.

EXAMPLE 45

Potassium salt of 3-{7-chloro-5-phenyl-2-ox0-2,3-dihydro-
1H-benzo-[{f]-1,4-diazepine]carboxylic acid (4311 CB)

2.1 g. (0.005 mol) of 4306 CB and 0.68 g. (0.005 mol)
of monopotassium phosphate are dissolved at room tem-
perature in 18 ml. of water. Solution proceeds rapidly
and then colourless platelets slowly precipitate. The prod-
uct is filtered by suction, washed first with chilled water
and then with absolute alcohol. The product is dried at
room temperature for 12 hours and then in a high vacu-
um. 1.8 g. of colourless crystals completely soluble in wa-
ter are obtained. The aqueous solution has a substantially
neutral reaction; yield: 80%. This product is decarbox-
ylated within a few minutes by heating an aqueous solu-
tion thereof, compound A being obtained in the crystal-
line state.

EXAMPLE 46

Potassium salt of 3-[5-phenyl-2-0x0-2,3-dihydro-1H-
benzo[f]-1,4-diazepine]carboxylic acid (4338 CB)

This compound is obtained by the procedure described
in Example 45 compound 4306 CB being replaced by an
equivalent quantity of compound 4337 CB and the vol-
ume of water used being reduced by one-half. It is a col-
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ourless powder which dissolves in water, giving a sub-
stantially neutral reaction: yield: 74%.

EXAMPLE 47

Potassium salt of 3-[7-methyl-5-phenyl-2-ox0-2,3-dihydro-
1H-benzo[f]-1,4-diazepine J-carboxylic acid (4373 CB)

The same procedure is employed as in Example 45
but compound 4306 CB is replaced by compound 4339
CB in stoichiometric quantity and the volume of water
used is reduced by one-half.

It is a colourless solid completely soluble in water;
yield: 45%.

EXAMPLE 48

Potassium salt of 3-[7-nitro-5-phenyl-2-oxo0-2,3-dihydro-
1H-benzo[f]-1,4-diazepine]-carboxylic acid (4336 CB)

This product is prepared by the method of Example 43,
compound 4306 CB being replaced by a stoichiometric
quantity of compound 4335 CB and the water used is re-
duced to one-half the volume.

It is a light yellow powder which dissolves in water (o
give a practicaly neutral solution; yield: 79%.

EXAMPLE 49

7-chloro-3-carbethoxy S-phenyl-2-0x0-2,3-dihydro-1H-
benzo[f1-1,4-diazepine (4279 CB)

423.5 g. (2 mols) of the hydrochloride of ethyl amino-
malonate and 1250 ml, of dry benzene are placed in a
reaction vesscl equipped with stirrer, condenser, dropping
funnel and immersion tube for the introduction of gaseous
hydrogen chloride. The reaction mixture is heated under
reflux and a solution of 460 g. (2 mols) of the ketimine
(4356 CB) in 1250 ml. of dry benzene is added during

the course of 50 minutes. Precipitation of the hydrochlo- :

ride of the ketimine (4356 CB) in the form of orange-
red crystals is observed to begin at the commencement of
the introduction of the ketimine. Heating under reflux is
continued until the suspended precipitate becomes dis-
coloured (ammonium chloride), which takes about 2
hours, and a rapid current of gaseous hydrogen chloride
is then bubbled through the reaction mixture for 2 hours
while the mixture is kept boiling. The hydrogen chloride
of compound 4279 CB precipitates progressively in the
form of an orange powder. The crystals (hydrochloride
of 4279 CB and ammonium chloride) are cooled, filtered
by suction and rinsed with benzene and ether. To liberate
the base, the product is treated with a sodium carbonate
solution in the presence of methylene chloride. The or-
ganic layer is separated, dried, the solvent evaporated and
the residue treated with ether. A practically pure white
product is thus obtained (441.5 g; yield 63.5%);
M.Pt.g==243-244° C,

EXAMPLE 50

3-ethoxycarbonyl-5-phenyl-2-0x0-2,3-dihydro-1H-
benzo[f]-1,4-diazepine (4352 CB)

423.5 g. (2 mols) of the hydrochloride of ethyl amino-
malonate and 1250 ml. of benzene are introduced into an
[(2 mols) of (2-amino-phenyl) - phenyl - methane-imine]
apparatus identical with that uvsed in Example 49. The
mixture is heated under reflux and a solution of 391 g.
(2 mols) of (2-amino-phenyl) - phenyl - methane - imine
(4358 CB}) in 1250 ml. of dry benzene is added during
the course of 50 minutes. From the commencement of
addition of the latter, the hydrochloride of compound
4358 CB precipitates in the form of deep red crystals. To
facilitate the condensation reaction, 62.5 ml. of methanol,
i.e. 2.5% of the total solvent used, are added. The reaction
mix-ure is heated under reflux for 4 hours until decolorisa-
tion of the precipitate has occurred. The precipitate at the
end of the reaction consists solely of ammonium chio-
ride. Methanol is removed by azeotropic distillation (meth-
anol-benzene) and a fast curreat of gaseous hydrogen
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chloride is then bubbled through the mixture for tw
hours whilst the reaction mixture is kept boiling. The h
drochloride of compound 4352 CB progressively precip
tates in the form of an orange powder. The reaction mi
ture is cooled, the crystals of the hydrochloride of 43!
CB and ammonium chloride are filtered by suction, washg¢
with benzene and with ether. To liberate the base, tt
hydrochloride is treated in the manner described in E
ample 49 for the hydrochloride of the compound 42°
CB. 416 g. of practically pure compound 4352 CB are 0
tained in this way. Yield: M.Pt.g=224-225° C,

EXAMPLE 51

7-chloro-5-cyclohexyl-2-0x0-2,3-dihydro-1H-
benzo{f]-1,4-diazepine (4190 CB)

The procedure according to Example 49 is employe
the hydrochloride of ethyl aminomalonate being replace
by the stoichiometric quantity of the hydrochloride
ethyl glycinate, compound 4356 CB being replaced t
the stoichiometric quantity of compound 4356 CB ar
benzene by an equal volume of toluene. Compound 41¢
CB is finally obtained by decomposition of its orange-re
hydrochloride, giving a yield of 66.5%; M.Pt.g=280° (

EXAMPLE 52

Compound 4306 CB (Formula [Formule] IVE-A, B ar
C with R1=Cl, R2=C5H5, R3=H)]

341.5 g. (1 mol) of compound 4279 CB are added :
rapidly as possible, with stirring, at 18 to 20° C. to
solution of 224 g. (4 mols) of potassium hydroxide in 51:
ml. of ethyl alcohol containing 10% by volume of wate
A clear yellow solution forms after about 2 minutes. Sti
ring is stopped; crystallisation of compound 4306 C
begins after several minutes and is accompanied by pr
gressive decolorisation, The product is filtered by suctic
after 4 hours, washed with absolute alcohol (500 ml
and then dried to constant weight at 50° C. under :
absolute pressure of 0.1 mm. 422 g. of yellowish whi
leaflets are obtained.

EXAMPLE 53

Compound 4335 CB (Formula [Formule IV[-A, B ar
Cin which R1=N02, R2=CQH5, R3=H)]

The procedure employed is that described in Examp
52 but compound 4279 CB is replaced by an equimolec
lar quantity of compound 4353 CB. The reaction folloy
the same course and compound 4335 CB is obtained
the same yield as compound 4306 CB.

EXAMPLE 54

7-chloro-5-phenyl-2-0x0-2,3-dihydro- 1H-benzo[f]-
1,4-diazepine (A)

A suspension of 6.68 g. (0.02 mol) of compound 42’
CB in an aqueous solution of potassium hydroxide (4.5
of potassium hydroxide in 45 ml. of water) is beal
with stirring on a water bath until completely dissolve
There is obtained a strongly yellow coloured solutic
which clears after a few minutes. The hot solution
treated with 6 ml. of acetic acid which causes a pasty pro
uct to separate accompanied by evolution of carbon «
oxide. Decarboxylation is completed by heating to refl
for a short time. After the reaction is complete the desir
product crystallises; it is centrifuged, washed with wat
and dried at 100° C. in vacuo. M.Pt.g=212° C. The yie
is practically quantitative. A pure product can be obtain
by crystallisation as described in Example 14.

Instead of an aqueous solution of potassium hydroxic
a solution of potassium hydroxide in ethyl alcohol, £
example a 95 percent by volume alcohol may be us
the hot solution being treated with acetic acid as describi
above.
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EXAMPLE 55

7-chloro-1-methyl-S-phenyl-2-0x0-2,3-dihydro-1H-
benzo-[f]-1,4-diazepine (B)

An aqueous solution prepared by dissolving 7 g. of
potassium hydroxide in 15 ml. of water is added to an
aqueous solution of 3 g. of compound 4306 CB, then 1.8 g.
of dimethyl sulphate is gradually added (about 5 minutes)
with stirring, care being taken that the temperature dous
not rise above 25° C. After the addition is ended, the
mixture is left for 2 hours at room temperature th:n acidi-
fied with acetic acid. A pasty product separates which is
covered with diisopropyl ether, and the suspension thus
formed is heated to boiling for a few minutes; evolution
of carbon dioxide takes place. The product is cooled.
diluted with ether and the aqueous phase is separated.
Upon evaporation of the solvent, there is obtained a resi-
due which is crystallised from diisopropy! ether. Yicld
807%; M.Pt.g=132° C. The product is identical with the
product obtained according to Example 16.

A certain number of the compounds described in the
present application have been studied with regard to their
action on the central nervous system, as psycholeptics,
myorelaxants and tranquillisers. In addition. the acute
toxicity has been determined for a number of these com-
pounds.

The study of certain compounds of known pharmaco-
dynamic and clinical activity. such as diazepame and chlo-
rodiazepoxide. has been undertaken under the same ex-
perimental conditions. with the same tests and with ani-
mals of the same origin as for the new compounds. It
has thereby been possible to make quantitative compari-
sions of the activity of the different compounds for the
different test emploved

In the series of tests briefly described hereinafter. each
compound was tested with the use of five or six scaled
doses on batches of 10 or 20 animals for each dose: it
was thereby possible to determine with sufficient exctitude
by the method of probits the S0 effective dose (ED S0,
that is 1o say the dosc for which half the animals arc pro-
tected and react in a predetermined manner according to
a particular action.

TESTS EMPLOYED
The following tests were employed:
(1) Traction test (mice)

This consists in observing when the treated animals are
capable of retrieving a rod grasped by the front paws only.
Inability to carry this out was interpreted as a sign of
myorelaxant activity.

(2) Balance test: rotating rod (mice)

This test consists in observing whether the treated ani-
mals are capable of maintaining their balance on a hori-
zontal rod kept in rotation.

Numerous neuroleptic compounds or tranquillisers dis-
turb the equilibration reflex.

(3) Anti-convulsant activity (anti-pentetrazole) (mice)

Pentetrazole, injected intraperitoneally in a dose of 125
mg./kg. produced fatal convulsions in 1006 of the
animals. .

Certain compounds exert a protective action preventing
convulsions and permitting survival.

(4) Anti-convulsant activity (electric shock) (mice)

The test comsists in determining the intensity of the
electric current required to produce a fatal shock in a
batch of test animals.

Certain preventively administered compounds effec-
tively protect a certain percentage of animals subjected
to an electric current of an intensity which is fatal to
untreated animals.
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(5) Exploration test {mice)

This extremely simple test consists in placing a mouse
at the centre of a floor pierced with holes urd in naning
how many holes the mouse explores in § munutes, This
test is carried oul in a room in which complete silence
is observed and which contuins no person except the ox-
perimenter who is seated and still. Tt appeals 1o the
curio~ity of the animals. The duoses of the compounds
employed are. however, very small and considerahly less
than those required to impair movement. This simple
test makes it possible to observe whether the compounds
assayed produce a more or less pronounced lack of inte:-
est in the environment and it gives information which is
interesting from the clinical point of view with regard
to the treatment of anxiety and restlessness,

(6) Spontaneous motor activity in the rat and mouse
and provoked motor activity

The effect of drugs on voluntary movements of ani-
mals can be studied statistically bv methods the details
of which will not be discussed here. The mousz, which
is an extremely lively animal and moves about a great
deal. is particularly suitable for this type of experiment.

Moreover, this spontaneous mobility can be exacer-
bated by preventive administration to the animals of cer-
tain substances such as benzedrine. mescaline and ritaline.

The experimzntal results obtained by these methods
give valuahle information for clinical purposes with re-
gard to the treatment of ambulutory psychomotor crises.

(7) Antistrychnine aclivity

This test demonstrates the activity of drugs against a
medullary excitant.

(8) Morphine excitation

In the cat, morphine produces a specific state of excita-
tion with hallucirations which can be attenuated or sup-
pressed by certain psychoieptic drugs.

In the mouse. the action of morphine is different bhut
also manifested by marked central excitation,

(9) Acggressiveness (cat ‘mouse)

In generul. 75 to 80¢ of cats are aggressive when con-
fronted with white mice. Psycholeptics and tranquillivers
may make the cat indifferent and sometimes even amiable
to the mouse. Similarly, in the case of cats that are furious
and aggressive in relation to humans, diminution or sup-
pression of the instinctive fear and estatlishment of a
climate of confidence are observed.

(10) Combativeness

It is possible to make a male rat aggresive towards
another male rat enclosed in the same cage by passing
an electric current of more or less high voltage through
the floor of the cage.

This test, like the preceding one, can obviously give
information of clinical value for the treatment of ag-
gression discases.

(11) Conditioning test

The test used consists in educating rats to avoid an
electric current passed through the floor of a cage of
two compartments when they change compartments. The
animal is first warned by a lamp which lights up in the
compartment through which the current is passing while
the other is in relative darkness.

This test. which requires more or less daily training at
the rate of 50 times for each rat, makes it possible to
follow the animals and note their progress. The perform-
ances realised at the end of a certain time (3 weeks to
one month of training) are fairly constant. the percent-
age of errors made by adequately gifted subjects being
less than 10 and very often even zero.

One would imagine that disturbances produced in these
performances which call upon the memory of animals
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would be of great importance for the choice of 2 new
medicament. A deconditioning drug of sufficient intensity
could have the result of partly depriving the patient of
the idea of danger and would consequently require spe-
cial surveillance of the sick persons.

(12) Potentiation of narcosis

Most psycholepitics are hypnotics in large doses but
many of them can in small doses, without themselves
producing an hypnosis, either prolong the time of sleep
obtained with a true hypnotic (for example a barbiturate)
or appreciably lower the dose of barbiturate required to
obtain sleep.

In the attached table are summarised all the results
obtained in the different tests briefly recorded above with
certain compounds described in the present application,
compared with various reference substances of known
clinical activity.
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From an examination of the figures given in the table i
is found that

(1) The two para-nitro derivatives 4335 and 4336
are extremely active in different tests, especially a
myorelaxants and an anticonvulsants in the test for curi
osity; on the other hand, they appear to have less effec
on the faculties of displacement. Lastly, they have
marked effect in diminishing aggressiveness (test for com
bativeness).

(2) The compound 4306, very similar to 4335 is alsc
highly active and in most of the tests it is at least equa
and frequently superior to diazepame.

(3) Compound 4311 is also highly active but slightl
less so than 4306. Its activity is slightly less when ad
ministered parenterally than when administered orally

What is claimed is:

TABLE VI.—RECAPITULATING THE ACTIVITIES OBTAINED WITH DIFFERENT TESTS
|The figures in the table indica*e the 507, effective doses in mg.fki. and the route of administration: PO =per os; IP ={ntraperitoneal; SC =subcutaneou

'V =intravenous
Benzedrine
Acute Spontane-  Spontane-  provoked
toxiclty Traction Equilibra-  Anti-pente- Electric Explora- ous mator ous motor mator
(M) DL50 (M) tion (M) trazole (M) shock (M)  tlon (M) activity (R) activity (M) activity iR}
Diazepame (compound 720 PO:220 1.80 PO..... 44P0O_ ... 1.7PO__.... 5PO........ 8PO........ BPO....... 5PO........ 100 PO
B). IS}(): 800
Nor-dlazepame (€OMe  ooc-enneeemea- 35PO...... 86 PO...... 29P0...... 9 PO 100 PO,
pound A). ,
Chiordiazepoxide....... 200P0;80 3P0 ....... BPO....... 3V ccunen >0 P
100 PO S0 10
>10 P . . .
5PO...... > 100 Py,

Ca 2053 the same
formula as 4306 CB
but obiained by
sponification of the
non-cyclic inter-
mediate (4346 CB).

4350 CB

>10P
>10FO

TABLE VI—RECAPITULATING THE ACTIVITIES OBTAINED WITH DIFFERENT TEST

[The figures in the table indicate the 509 effective doses in mg./kg. and the route sdministration: PO =per os; IP =intraperitoneal; SC =subcutaneou:

IV =intravenous]
Benze-
drine xed Mesca;in: thali{»ed
rovoke rovoke rovoke: ‘
x’;:otor Fnotor g:otor Anti- Morphine A Combat- Double box Narcotie
sctivity activity activity strych- excita- Morphine siveness iveness conditioning potetia-
(M) (M) (M) pine (M) tion (M) erisis (C) (C/M) (R) (R) tion (M)
Diazepame (compound >20 PO.coiimcmrnccieeaciinnnas >5% PO... 25 PO..... 258C..... 258C..... PO..... Without effect... 2.5 I'O.
N?r)-hlmpeme ~com- 100 PO.... Without effect._.
pound A).
Chlordiazepoxide. comeecmnceecancrronenaaecnemenconnsnaacannnance
4294 CB
4219 CB.
O TR s TS TN 3 o IS T " 3 i MUY TR TV R ") improved per- 2 PO,

sponification of the

non-¢yclic inter-

mediate (4346 CB).
4350 CB

formances.

2 PO.

M=mouse, R=rat, C=cat.
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1. A benzodiazepine having the formula
7 NR,[3]-C:0

’ CHRy
R:
CRx=N

in which R; is a hydrogen or halogen atom or a tri-
fluoromethyl, lower alkyl, lower alkoxy, nitro or amino
group R is a furyl, a thienyl, cyclohexyl, lower alkyl or
a phenyl group which may be substituted by a halogen
atom or by a trifluoromethyl, nitro, lower alkoxy or lower
alkyl group, and R; is a hydrogen atom or a lower alkyl
group, and R, is a lower carbalkoxy, carbamoyl, a N-
Joweralkylcarbamoyl, a N,N-diloweralkylcarbamoyl!, a N-
(diloweralkylaminoalkyl) carbamoyl, a group having the
formula —COOC at in which Cat is a cation of an alkali
metal or a semication of an alkaline earth metal.

[2. A process for producing a benzodiazepine having
the formula

NR~C.0

CHR,
R
CR=N

in which R;, Ry and Ry are =< defined in claim 1 and R,
is a hydrogen atom, a lower carbalkoxy, a carbamoyl, a
N-loweralkylcarbamoyl], a N,N-diloweralkylcarbamoyl, a
N-(diloweralkylaminoalkyl)carbamoyl (an alkyl or sub-
stituted alkyl group, or a group having the general for-
mula —COOCat in which Cat is the cation of an alkali
metal or the semication of an alkaline earth metal, which
comprises treating an ortho-aminoarylketimine having the
formula

NHR)

Ri CR=N-CHR(~CO0-0OR;

in which R;, Rj, and R; are as defined above, Ry is a hy-
drogen atom, a lower carbalkoxy, a carbamoyl, N-lower-
alkylcarbamoyl], a N,N-diloweralkylcarbamoyl, a N-(di-
loweralkylaminoalkyl)carbamoyl, lower alkyl or, a group
having the formula —COOQOCat in which Cat is a cation of
an alkali metal or semication or an alkaline earth metal or
a group which, in a natural occuring a-aminocarboxylic
acid, is linked to the carbon atom carrying the a-amino
group, and Ry is a lower alkyl group or, when Ry is a
carbamoyl or —COOC at group, at a cation of an alkali
metal or semication of an alkaline earth metal, but ex-
cluding the case in which Rq is —COOCat and R; is
—Cat, with an hydrous lower aliphatic acid or with an
anhydrous mineral acid, or, when R, is —COOCat and
Rs; is —Cat with a dilute aqueous solution of an acid
salt in particular potassium dihydrogen orthophosphate
in mibstantial]y equimolar proportion or with a weak
acid.

3. A process according to claim 2 in which the mineral
acid is hydrochloric acid gas.

4. A process according to claim 2 in which Ry is a
hydrogen atom or a methyl group and R; is a chlorine
atom or a nitro group.

§. A process according to claim 2 in which R, is a
lower carbalkoxy group and the product is thereafter
treated with ammonia, a loweralkylamine, a dilower-
alkylamine or a diloweralkylaminoalkylamine.

6. A process according to claim 2 in which R, is a
lower carbalkoxy grovp and the product is thereafter
saponified and then treated with a dilute reactive acid
to effect decarboxylation.

7. A process according to claim 2 in which R, is a hy-
drogen atom and R, is a lower carbalkoxy group and
the product is treated with an aqueous solution of an
alkali metal hydroxide in order to produce the corre-
sponding dialkali metal salt and the said dialkyl metal
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salt is thereafter treated with an alkylating agent and
then with dilute acid. .

8. A process according to claim 2 in which Ry is a
hydrogen atom and R, a lower carbalkoxy, a carbamoyl,
a lower N-alkylcarbamoyl, a lower N,N-dialkylcarbamoyl
or a lower N{dialkylaminoalkyl)-carbamoy! group and
the product is then mono-nitrated with a nitrating agent.

9. A process according to claim 8 in which the mono-
nitrobenzodiazepine is reduced with a reagent known to
be capable of reducing an aromatic nitro group to a pri-
mary amino group.

10. A process according to claim 2 in which Ry is a
lower carbalkoxy group and the product is sapomified
with an alkali metal hydroxide.

11. A process for the preparation of saponification
products of a benzodiazepine having the formula

R O
/r'q_E
\C H—COOAIX
/
=N

N
[of

t

wherein R;, R; and Ry are as defined in claim 1, and
Alk is a lower alkyl group which process comprises treat-
ing said benzodiazepine with an alkali metal hydroxide
in solution in a lower alkanol.

[12. A process according to claim 2 wherein the ortho-
amino aryl ketimine is the dipotassium salt of [2-phenyl-
2-(2’-amino-5'-chlorophenyl)-1-aza-vinyl} malonic acid
and the other reactant is potassium dihydrogen ortho-
phosphate.}

[13. A process according to claim 2 wherein the ortho-
amino aryl ketimine is the dipotassium salt of [2-phenyl-
2-(2’-amino-5'-nitro phenyl)-1-aza-vinyll malonic acid
and the other reactant is potassium dihydrogen ortho-
phosphate.}

14. The potassium salt of 3-[7-chloro-5-phenyl-2-oxo0-
2,3-dihydro-1H-benzo{f]-1,4-diazepine]carboxylic acid.

15. The potassium salt of 3-[7-nitro-5-phenyl-2-0x0-2,3-
dihydro-1H-benzo-{f]-1,4-diazepine]carboxylic acid.

16. A process for producing a benzodizepine having the
formula

T3
N—g H
\C/
VAN
Ry

s

R N
Rs
in which R;, and R, and R; are as defined in claim 1 and
R, is hydrogen, lower carbalkoxy lower alkyl or (3-thia-
butyl) which comprises treating an ortho-aminoaryl keli-
mine having the formula

NHR;

Ry CR&=N—-CHR~COOR

in which R;, R;, R:, and Ry are as defined about and R,

is lower alkyl with an anhydrous lower aliphatic acid or

with a mineral acid in substantially equimolar proportion.
17. The alkali metal hydroxide or alkaline earth meal

hydroxide saponification product of a benzodiazepine

having the formula

NR~C=0

CHR,y
R;
CR:=N

wherein R; is a hydrogen or halogen atom or a trifluoro-
methyl, lower alkyl, lower alkoxy, nitro or amino group,
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Ry is a furvl, a thienyl, evclohexyl, lower alkyl or a pheny!
group which may be substituted by a halogen atom or by
a trifluoromethyl, nitro, lower alkoxy or lower alkyl
group, Ry is a hydrogen atom or a lower alkyl group, and
R, is a lower carbalkoxy, carbamoyl, a N-lower alkyl
carbamoyl, a N,N-dilower alky! carbamoyl or a N-(di-
loweralkylamino alkyl) carbamoyl.

18. The saponification product of claim 17 wherein the
saponifving agent is an alkali metal hydroxide.

19. The saponification product of 7-chloro-3-methoxy-
carbamoyl-5-phenyl-2-0x0-2,3-dihydro-1 H-benzo-1,4-dia-
zepine and potassium hydroxide.

20. The alkali metal hydroxide saponification product
of a 3-carbalkoxybenzodiazepine.

21. The potassium hydroxide saponification product of
a 3-carbalkoxybenzodiazepine.

22.7 - cholor-3-carbethoxy-5-phenyl-2-oxo-2-3-dihydro-
1H-benzo-1,4-diazepine.

23. 7 - chloro-3-methoxycarbamyl-5-phenyl-2-0x0-2-,3-
dihydro-1H-benzo-1,4-diazepine.

24. The alkali metal hydroxide or alkaline earth metal
hydroxide saponification product of a compound having
the formula
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“~—~NH-—-R)
’ COO0AK
Ry |_cR=N—CH
COOAK

wherein R;, R, and Ry are as defined in claim I and Alk is
a lower alkyl group.
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