
EP 0 384522 B1 Description Background of the Invention In the Eur. J. Med.
Chem. 1978, 13, 53-59, there are described three
tetrahydroimidazo[4,5,1-jk][1,4]ben- zodiazepines. The compounds of the
present Invention differ therefrom by the fact that the imidazo-moiety Is
substituted with a thioxo group and that said compounds show ant activity.
Description of the Invention 10 The present invention is concerned with
tetrahydroimidazo[1,4]benzodiazepin-2-thiones having the formu- la 15 S
[ERR] 20 the pharmaceutically acceptable acid addition salts and the
stereochemically Isomeric forms thereof, wherein 25        [err] is
[err]alkyl, [err]alkenyl, [err]alkynyl, [err]cycloalkyl, or [err]alkyl
substituted with aryl or with [err]cy- cloalkyl; [err] is hydrogen or
[err]alkyl; [err] is hydrogen or [err]alkyl; [err] and [err] each
independently are hydrogen, [err]alkyl, halo, cyano, nitro,
trifluoromethyl, hydroxy, [err]al- 30  kyloxy, amino or mono-or
di([err]alkylamino); and aryl is phenyl optionally substituted with from 1
to 3 substituents independently selected from [err]alkyl, halo, hydroxy,
[err]alkyloxy, amino, nitro and trifluoromethyl. The compounds of formula
(I) may also exist In their tautomeric form. Said tautomeric form, although
not 35 explicitly indicated in the above formula, is intended to be
included wthin the scope of the present invention. In the foregoing
definitions the term halo Is generic to fluoro, chloro, bromo and  iodo;
[err]alkyl defines straight and branch chained saturated hydrocarbon
radicals having from 1 to 6 carbon atoms such as, for ex- ample, methyl,
ethyl, propyl, 1-methylethyl, butyl, 1-methylpropyl, 2-methylpropyl,
1,1-dimethylethyl, pentyl, hexyl and the like; [err]alkenyl defines
straight and branched hydrocarbon radicals containing one double bond 40
and having from 3 to 6 carbon atoms such as, for example, 2-propenyl,
2-butenyl, 3-butenyl, 2-methyl-2-pro- penyl, pentenyl, hexenyl and the
like; [err]alkynyl defines straight and branch chained hydrocarbon radicals
containing a triple bond and having from 3 to 6 carbon atoms such as, for
example, 2-propynyl, 2-butynyl, 3- butynyl, pentynyl, hexynyl and the like;
[err]cycloalkyl defines cyclopropyl, cyclobutyl, cyclopentyl and cyclo-
hexyl. 45      Depending on the nature of the various substituents, the
compounds of formula (I) may have several asym- metric carbon atoms. Unless
otherwise mentioned or indicated, the chemical designation of compounds de-
notes the mixture of all possible stereochemically isomeric forms, said
mixtures containing all diastereomers and enantiomers of the basic
molecular structure. The absolute configuration of each chiral center may
be In- dicated by the stereochemical descriptors R and S, this R and S
notation corresponding to the rules described 50    in Pure Appl. Chem.
1978, 45 11-30. Stereochemically isomeric forms of the compounds of formula
(I) are ob- 



viously Intended to be embraced within the scope of the Invention. Pure
stereochemically isomeric forms of the compounds of formula (I) may be
obtained by the application of art-known procedures. Diastereolsomers may
be separated by physical separation methods such as selec- tive
crystallization and chromatographic techniques, e.g., counter current
distribution, liquid chromatography 55  and the like; and enantiomers may
be separated from each other by the selective crystallization of their dia-
stereomeric salts with optically active acids. Pure stereochemically
isomeric forms may also be derived from the corresponding pure
stereochemically isomeric forms of the appropriate starting materials,
provided that the reaction occurs stereospecifically. 2    EP 0 384 522 B1
The compounds of formula (I) have basic properties and, consequently, they
may be converted to their therapeutically active non-toxic acid addition
salt forms by treatment with appropriate acids, such as, for ex- ample,
inorganic acids, e.g. hydrochloric, hydrobromic and the like acids,
sulfuric acid, nitric acid, phosphoric acid and the Ike; ororganic acids,
such as, for example, acetic, propanoic, hydroxyacetic, 2-hydroxypropanoic,
5   2-oxopropanoic, ethanedioic, propanedioic, butanedloic,
(Z)-2-butenedioic, (E)-2-butnedioic, 2-hydroxybuta- nedioic,
2,3-dihydroxybutanedioic, 2-hydroxy-1,2,3-propanetricarboxylic,
methanesulfonic, ethanesulfonic, benzenesulfonic, 4-methylbenzenesulfonic,
cyclohexanesulfamic, 2-hydroxybenzoic, 4-amino-2-hydroxyben- zoic and the
like acids. Conversely the salt form can be converted by treatment with
alkali into the free base form. The term pharmaceutically acceptable acid
addition salts also comprises the solvates which the com- 10  pounds of
formula (I) may form and said solvates are intended to be included within
the scope of the present invention. Examples of such solvates are e.g. the
hydrates, alcoholates and the like. Particular compounds of formula (I) are
those compounds wherein [err] is [err]alkyl, [err]alkenyl, [err]alkynyl or
[err]alkyl substituted with aryl or with [err]cycloalkyl; and/or [err] and
[err] each independently are hydrogen, [err]alkyl, halo, cyano, nitro,
trifluoromethyl, hydroxy or [err]alkyloxy. 15      More particular
compounds are those particular compounds wherein [err] is [err]alkyl,
[err]alkenyl, or [err]al- kyl substituted with [err]cycloalkyl; and/or
[err] is [err]alkyl; and/or [err] is hydrogen. A first particular subgroup
comprises those more particular compounds wherein [err] is [err]alkyl,
[err]alkenyl or ([err]cycloalkyl)methyl; and/or [err] is methyl; and/or
[err] is hydrogen; and/or [err] is hydrogen, methyl, halo, cy- ano, nitro
or trifluoromethyl. A second particular subgroup comprises those more
particular compounds wherein [err] is methyl; and/or [err] is hydrogen;
and/or [err] is hydroxy or [err]alkyloxy. Particularly Interesting
compounds within the first partiular subgroup are those compounds wherein
[err] is propyl, 2-propenyl, 2-butenyl, 2-methyl-2-butenyl,
3-methyl-2-butenyl, 2,3-dimethyl-2-butenyl or cyclopro- 25  pylmethyl;
and/or R4 Is hydrogen, methyl or chloro. The most Interesting compounds are
4,5,6,7-tetrahydro-5-methyl-6-propyl imidazo-[4.5.1-jk][1,4]benzo-
diazepine-2(1H)-thione;
(+)-(S)-4,5,6,7-tetrahydro-5-methyl-6-(3-methyl-2-butenyl)imidazo[4,5,1-jk]
[1,4]ben- zodiazepine-2(1H)-thlone  and
(+)-(S)-9-chloro-4,5,6,7-tetrahydro-5-methyl-6-(3-methyl-2-butenyl)imida- 



zo[4,5,1-jk] [1,4]benzodiazepine-2(1H)-thione. 30      The compounds of
formula (I) can generally be prepared by condensing a
9-amino-2,3,4,5-tetrahydro-1H- 1,4-benzodiazepine of formula (11) with a
reagent of formula (III), wherein L is an appropriate leaving group. S
[ERR] 40 In formula (II)    [err]  and [err] are as defined in formula (I).
Appropriate agents of formula (III) are for example thioure, carbonothiolc
dichloride, carbon disulfide, 1,1'-carbonothloylbis[1H-imidazole],
xanthogen- ates, alkali metal, alkaline earth metal or ammonium
isothiocyanates, phenylisothiocyanate, benzoyl isothlo- cyanate, 1
,3-dithiolane-2-thione and the like. Said condensation reaction may
conveniently be conducted by stirring and optionally heating the reactants
in a reaction-inert solvent, preferably having a relatively high boiling
point, such as, for example, an aromatic hydrocarbon, e.g. benzene,
methylbenzene, dimethylbenzene and the like; a halogenated hydrocarbon,
e.g. trichloromethane, tetrachloromethane, chlorobenzene and the like; an
ether, e.g. tetrahydrofuran, 1,4-dioxane, 1,1'-oxybisbutane,
1,1'-oxybis(2-methoxyethane), 1,2-bis(2-methox- yethoxy)ethane and the
like; a dipolar aprotic solvent, e.g. N,N-dimethylformamide,
N,N-dimethylacetamide, 50  dimethyl sulfoxide, 1-methyl-2-pyrrolidinone,
pyridine, methylpyridine, dimethylpyridine, tetrahydrothiophene 1,1-dioxide
and the like; or a mixture of such solvents. In some instances however, It
may be preferable to heat the reactants without a solvent. Further it may
be appropriate to add to the reaction mixture a base such as, for example,
a tertiary amine, e.g. N,N-diethylethanamine,
N-(1-methylethyl)-2-propanamine, 4-methylmor- pholine and the like amines.
When said reagent of formula (11) is carbon disulfide, the reaction can
also be 55   conducted convenlently in an alkanol such as, for example,
methanol, ethanol, propanol and the like, in the presence of a base such as
sodium or potassium hydroxide and the like, or In carbon disulfide as
solvent and in the presence of a suitable base such as, for example, an
alkyl magnesium halide, e.g. ethyl magnesium bro- mide, an alkyl lithium,
e.g. butyllithium, an amine, e.g., N,N-diethylethanamine, a carbodiimide,
e.g. N,N-dicy- 3    EP 0 384 522 B1 ciohexylcarbodiimide and the like
reagents. Or, alternatively the latter reaction may also be conducted in
basic solvent such as, for example, pyridine and the like, in the presence
of a phosphite such as for example diphe- nylphosphite. The compounds of
formula (I) can also be prepared by thionation of a
4,5,6,7-tetrahydroimidazo[4,5,1- 5   jk][1 ,4]-benzodiazepin-2-one of
formula (IV) following art-known carbonyl to thiocarbonyl transformation
reac- tions. [ERR] For example, the intermediates of formula (IV) may be
reacted with a halogenating reagent such as, for ex- ample, phosphoryl
chloride, phosphorous trichloride, phosphorous tribromide, thionyl
chloride, oxalyl chloride and the like reagents, optionally at an elevated
temperature, in particularthe reflux temperature of the reaction 20
mixture, and optionally in the presence of a reaction-inert solvent and a
base such as, for example, sodium 



carbonate, sodium hydrogen carbonate, potassium carbonate and the like. The
thus obtained 2-halo-4,5,6,7-
tetrahydroimidazo[4,5,1-jk][1,4]benzodiazepine can be further converted
into the compounds of formula (I) by reaction with thiourea or an alkali
metal thiosulfate, e.g. sodium thiosulfate in an appropriate reaction-inert
sol- vent such as for example, water or an alkanol, e.g. methanol, ethanol,
1-propanol, 2-propanol, butanol, 1,2- 25 ethanedlol and the like,
optionally at an elevated temperature, in particular the reflux temperature
of the reaction mixture. Alternatively, the compounds of formula (I) may
also be obtained directly from the intermediates of formula (IV) by
thionation with
2,4-bis(4-methoxyphenyl)-1,3-dithia-2,4-diphosphetane-2,4-disulfide
(Lawesson's re- agent) In an appropriate reaction-Inert solvent such as for
example, an aromatic hydrocarbon, e.g. benzene, 30    methylbenzene,
dimethylbenzene, a dipolar aprotic solvent, e.g. hexamethylphosphoric
triamide (HMPA) and the like solvents; or by thionation with phosphorus
pentasulfide. The compounds of formula (I) may also be obtained by
N-alkylating an intermediate of formula (V) with a reagent of formula
[err]-W (VI-a) wherein W represents an appropriate reactive leaving group
such as, for ex- ample, halo, e.g. chloro, bromo or iodo; or a sulfonyloxy
group, e.g. benzenesulfonyloxy, 4-methylbenzenesul- 35    fonyloxy,
methanesulfonyloxy and the like. [ERR] Said N-alkylation reaction may
conveniently be conducted In a reaction-inert solvent such as, for example,
an aromatic hydrocarbon, e.g., benzene, methylbenzene, dimethylbenzene and
the like; a lower alkanol, e.g., me- thanol, ethanol, 1-butanol and the
like; a ketone, e.g., 2-propanone, 4-methyl-2-pentanone and the like; an 50
ether, e.g., 1,4-dioxane, 1,1 '-oxybisethane, tetrahydrofuran and the like;
a dipolar aprotic solvent, e.g. N,N-di- methylformamide,
N,N-dimethylacetamide, nitrobenzene, dimethyl sulfoxide,
1-methyl-2-pyrrolidinone, and the like, or a mixture of such solvents. The
addition of an appropriate base such as, for example, an alkali metal
carbonate or hydrogen carbonate, e.g. sodium carbonate, sodium hydrogen
carbonate; sodium hydride or an organic base such as, for example,
N,N-diethylethanamine or N-(1-methylethyl)-2-propanamine and the like 55
may be utilized to pick up the acid which is liberated during the course of
the reaction. In some circumstances the addition of an iodide salt,
preferably an alkali metal iodide, e.g. potassium iodide, is appropriate.
Somewhat elevated temperatures and stirring may enhance the rate of the
reaction. The compounds of formula (I) wherein [err] Is other than
[err]alkenyl or [err]alkynyl and the carbon atom of 4    EP 0 384 522 B1
said [err] radical adjacent to the nitrogen atom bearing said [err]
contains at least one hydrogen atom, said radicals being represented by
[err], and said compounds by formula (I-a), may also be prepared by the
reductive N- alkylation of an Intermediate of formula (V) with a ketone or
aldehyde of formula [err]  =O (VI-b). In formula (Vi- b), [err] represents
a geminal bivalent radical derived from [err]-H wherein two geminal
hydrogen atoms are 5   replaced by =O. [ERR] Said reductive N-alkylation
reaction may conveniently be carried out by catalytically hydrogenating the
rea- 



tants in a suitable reaction-inert organic solvent according to art-known
catalytic hydrogenation procedures. The reaction mixture may be stirred
and/or heated in order to enhance the reaction rate. Suitable solvents are,
20  for example, water, [err]alkanols, e.g. methanol, ethanol, 2-propanol
and the like; ethers, e.g. 1,4-dioxane and the like; halogenated
hydrocarbons, e.g. trichloromethane and the like; dipolar aprotic solvents,
e.g. N,N-di- methylformamide, dimethyl sulfoxide and the like; esters, e.g.
ethyl acetate and the like; or a mixture of such solvents. The term
"art-known catalytic hydrogenation procedures" means that the reaction is
carried out under a hydrogen atmosphere and in the presence of an
appropriate catalyst such as, for example, palladium-on- 25  charcoal,
platinum-on-charcoal and the like. In order to prevent the undesired
further hydrogenation of certain functional groups in the reactants and the
reaction products it may be advantageous to add an appropriate cat-
alyst-poison to the reaction mixture, e.g., thiophene and the like.
Alternatively, said reductive N-alkylation may also be performed following
art-known reduction procedures by treating a stirred and, if desired,
heated mixture of the reactants with a reducing agent such as, for example,
sodium borohydride, sodium cyanoborohydride, 30  formic acid or a salt
thereof, in particular the ammonium salt thereof. The compounds of formula
(I) may also be obtained by direct thiation of a tetrahydrolmidazo[4,5,1-
jk][1,4]benzodiazepine of formula (VII) with elemental sulfur at an
elevated temperature. [ERR] Said reaction may conveniently be conducted
without a solvent at a temperature above [err], more particu- 45  larly a
temperature in the range of 230 to [err]. The compounds of formula (I) may
also be prepared by the combined reduction-thiocarbonylation of a 9-
nitrobenzodiazepine of formula (VIII) in the presence of an alkali metal
sulfide or hydrogen sulfide, and carbon disulfide. [ERR] 5    EP 0 384 522
81 Said reduction-thiocarbonylation reaction may convenlently be conducted
by stirring the reactants In a reaction- inert solvent, optionally at an
elevated temperature. The compounds of formula (I) may also be prepared by
cyclizing a benzimidazol-2-thione of formula (IX) in a suitable
reaction-inert solvent, optionally In the presence of a base and optionally
at an elevated temper- 5   ature. [ERR] In formula (IX),W represents a
reactive leaving group as defined hereinbefore. Said cyclization reaction
may conveniently be conducted by stirring, and, if desired, heating the
starting material. Suitable solvents are, for example, aromatic
hydrocarbons, e.g. benzene, methylbenzene, dimethylbenzene and the like,
halogenated 20  hydrocarbons, e.g. trichloromethane, tetrachloromethane,
chlorobenzene and the like, ethers, e.g. tetrahydro- furan, 1,4-dioxane and
the like, dipolar aprotic solvents e.g. N,N-dimethylformamide,
N,N-dimethylacetamide, acetonitrile, dimethylsulfoxide, pyridine and the
like. Bases which may conveniently be employed in said cydi- zation
reaction are, for example, alkali metal or earth alkaline metal carbonates,
hydrogen carbonates, hydrox- 



ides, oxides, amides, hydrides and the like. In some Instances the addition
to the reaction mixture of a iodide 25  salt, preferably an alkali metal
iodide, e.g. potassium iodide, may be advantageous. In all of the foregoing
and in the following preparations, the reaction products may be isolated
from the re- action mixture and, If necessary, further purified according
to methodologies generally known In the-art. A number of intermediates and
starting materials In the foregoing preparations are known compounds which
may be prepared according to art-known methodologies of preparing said or
similar compounds and 30  some Intermediates are new. Anumber of such
preparation methods will be described hereinafter in more detail. The
intermediates of formula (II) can generally be prepared from a
9-aminobenzodiazepine of formula (II- a) following N-alkylation reaction
procedures such as described hereinabove for the preparation of the com-
pounds of formula (I) from an intermediate of formula (V) with an
alkylating reagent (VI-a) or with an aldehyde or ketone of formula (VI-b).
35 40 [ERR] 45     In order to simplify the following reaction schemes, the
N-alkylated intermediates wherein [err] is as defined under formula (I) and
the [err]-unsubstituted intermediates (wherein [err] is replaced by
hydrogen) will be repre- sented hereinafter by formulae wherein [err] is
substituted with [err], said [err] defining [err] and hydrogen. In in-
termediates (X), (XI), (XIII), (XIV), (XVI) and (XVII) of scheme 1
hereinbelow, [err] also defines [err]alkylcarbonyl, arylcarbonyl,
([err]cycloalkyl)carbonyl or [(aryl)- or
([err]cycloalky)][err]alkylcarbonyl. Said intermediates can 50
conveniently be prepared following art-known N-acylation procedures from
corresponding intermediates wherein [err] is hydrogen and can be reduced to
the corresponding N-alkylated Intermediates with complex met- al hydrides
or hydrides as described under reaction step Aof scheme 1. In all of the
following reaction schemes, the Intermediates wherein [err] is hydrogen can
also be converted into Intermediates wherein [err] is [err] following the
above described N-alkylation procedures. 55      The intermediates of
formula (Il-H), said Intermediates representing the Intermediates of
formula (11) and (Il-a) can generally be prepared following the reaction
steps shown In the reaction scheme 1 below. 6    EP 0 384 522 B1 Scheme I
[ERR] A: nitro-to-amine reduction B: nitration C: cyclization D: -OH-to-W
activation E: N-alkylation:[err](XIX) The aniline derivatives in the above
reaction scheme may conviently be prepared by reduction of the
corresponding nitrobenzene derivatives following art-known nitro-to-amine
reduction procedures (reaction 



step A). Said reduction may conveniently be conducted by treatment of said
nitrobenzenes with a reducing agent such as, for example, a complex metal
hydride, e.g. lithium aluminum hydride; a hydride, e.g. diborane, 55
aluminum hydride and the like, In a reaction-inert solvent such as, for
example, 1,1'-oxybisethane, tetrahydro- furan, 1,4-dioxane,
1,2-dimethoxyethane and the like, optionally in the presence of a cosolvent
such as an ar- omatic hydrocarbon, e.g. benzene, methylbenzene and the
like, and, if desired, at an elevated temperature. Alternatively, said
reduction may also be accomplished by treatment of said nitrobenzene
derivatives with so- 7 . .    EP 0 384 522 B1 dium dithionite, sodium
sulfide, sodium hydrogen sulfide, titanium(III) chloride and the like
reducing agents In a suitable solvent, in particular water. Said
nitro-to-amine reduction may also be conducted following art-known
catalytic hydrogenation proce- dures. For example, said reduction may be
carried out by stirring the reactants under a hydrogen atmosphere 5  and in
the presence of an appropriate catalystsuch as, for example,
palladium-on-charcoal, platinum-on-char coal, Raney-nickel and the like
catalysts. Suitable solvents are, for example water, alkanols, e.g.
methanol, ethanol and the like, esters, e.g. ethyl acetate and the like. In
order to enhance the rate of said reduction reaction it may be advantageous
to elevate the temperature and/or the pressure of the reaction mixture.
Undesired fur- ther hydrogenation of certain functional groups in the
reactants and the reaction products may be prevented 10  by the addition of
a catalyst poison such as, for example, thiophene and the like, to the
reaction mixture. The nitrobenzene derivatives in the above reaction scheme
1 can be prepared from benzenamine deriva- tives following art-known
nitration procedures (reaction step B). For example, the starting materials
may be nitrated by treatment with concentrated or fuming nitric acid in the
presence of concentrated sulfuric acid and optionally In the presence of a
cosolvent such as, for example, a halogenated hydrocarbon, e.g. dichlorome-
16  thane, trichloromethane, tetrachloromethane and the like solvents.
Alternatively, said nitration may in some in- stances also be accomplished
by adding the nitrate salt of the starting material to concentrated
sulfuric acid. The benzodiazepine derivatives (II-H), (X) and (XI) may be
obtained from the corresponding aniline der- ivatives (XII), (XIII) and
(XIV) following the cyclization procedures such as described hereinabove
for the prep- aration of the compounds of formula (I) from intermediates of
formula (IX) (Reaction step C). 20  Said aniline derivatives in turn,
wherein W is a reactive leaving group as defined hereinbefore, may be
prepared from the corresponding alkanols by treatment with a halogenating
reagent such as, for example, thionyl chlor- ide, phosphoryl chloride,
phosphorous trichloride and the like; or by treatment with a sulfonylating
reagent, e.g. methanesulfonyl chloride, 4-methylbenzenesulfonyl chloride
and the like (Reaction step D). Said alkanols may be prepared by
N-alkylating appropriately substituted benzene derivatives of formulae
(XVIII), (XX) or (XXI) 25  with an aminoethanol derivative of formula [err]
(XIX) following art-known N-alkylation procedures such as described
hereinabove (Reaction step E). The Intermediates of formula (II-H) may also
be obtained following the reaction steps shown In reaction scheme 2 below.
Reaction steps designated A through D are Intended to refer back to the
analogous reaction 



steps described in the previous reaction scheme. 30      For example, the
intermediates of formula (II-H) can also be prepared from an 9-amino- or a
9-nitroben- zodiazepin-5-one of formula (XXII) or (XXIII) by reduction with
a complex metal hydride e.g. lithium aluminum hydride and the like in a
suitable reaction-inert solvent such as, for example, 1,2-dimethoxyethane,
1,1'-oxy- bis(2-methoxyethane), 2,5,8,11-tetraoxadodecane, methoxybenzene
and the like solvents (Reaction steps F and G). In order to enhance the
rate of said reduction reaction it may be advantageous to employ an excess
35  of the reducing reagent and to conduct said reaction at an enhanced
temperature of the reaction mixture, In particular the reflux temperature
of the reaction mixture. The intermediates of formula (XXIII) can
alternatively be obtained from an appropriately substituted nitro- benzene
(XXXIV) by a condensation reaction (reaction step H) with a diamino reagent
[err] [err] of formula (XXXV) in a suitable reaction-inert solvent such as,
for example, an alkanol, e.g. methanol, etha- 40  nol, 2-propanol,
1-butanol and the like; an aromatic hydrocarbon, e.g. benzene,
methylbenzene, dimethylben- zene and the like; a halogenated hydrocarbon,
e.g. trichloromethane, tetrachloromethane and the like; an ether, e.g.
tetrahydofuran, 1,4-dioxane, 1,1'-oxybisbutane,
1,1'-oxybis(2-methoxyethane) and the like; a ketone, e.g. 2-propanone,
4-methyl-2-pentanone and the like; a dipolar aprotic solvent, e.g.
N,N-dimethylformamide, N,N- dimethylacetamide, dimethyl sulfoxide and the
like; or a mixture of such solvents. It may be appropriate to add 45  a
base such as an alkali metal or earth alkaline metal carbonate, e.g. sodium
carbonate, sodium hydrogen car- bonate and the like, to the reaction
mixture. Said condensation reaction can conveniently be conducted at an
elevated temperature, in particular at the reflux temperature of the
reaction mixture. 50 55    EP 0 384 522 B1 Scheme 2 5 [ERR] F:
amide-to-amine reduction 50   G: (nitro-to-amino) and (amide-to-amine)
reduction H: cyclization; [err]   (XXXV) I :  N-acylation reaction 65 The
amide derivatives (XXVIII), (XXIX) and (XXX) In the above reaction scheme
can convenlently be prepared    EP 0 384 522 B1 by N-acylating an
ethanolamine of formula [err] (XIX) with an appropriatey substituted
2-aminobenzoic acid derivative of formula (XXXI), (XXXII) or (XXXIII)
wherein L represents hydroxy or a leaving 



group such as, for example, halo, e.g. chloro or bromo, alkylcarbonyloxy,
e.g. acetyl, alkyloxy, e.g. methoxy, ethoxy and the like, or imidazolyl and
the like leaving groups. Said N-acylation reaction (reaction step I) may 5
be carried out by stirring the reactants in a reaction-inert solvent,
optionally at an elevated temperature. In those instances where L
represents hydroxy, said N-acylation reaction may also be carried out by
treating the reac- tants with reagents capable of forming amides such as,
for example, N,N-dicyclohexylcarbodiimide (DCC) op- tionally in the
presence of a catalyst such as hydroxybenzotriazole (HOBT) or
4-dimethylaminopyridine (DMAP ); 2-chloro-1-methylpyridinium iodide,
1,1'-carbonylbis[1H-imidazole]; 1,1'-sulfonylbis[1H-imidazole] 10  and the
like reagents. Suitable solvents are halogenated hydrocarbons, e.g,
dichloromethane, trichloromethane and the like, ethers, e.g.
tetrahydrofuran, 1,4-dioxane and the like dipolar aprotic solvents, e.g.
N,N-dimethyl- formamide, N,N-dimethylacetamide, pyridine and the like; or
mixtures of such solvents. The intermediates of formula (II-H) wherein
[err] is hydrogen, said intermediates being represented by for- mula 15 NH2
H [ERR] 35     following the reduction procedures as described hereinabove
for converting intermediates (XXII) or (XXIII) Into intermediate (II-H).
The preparation of the intermediates of formula (XXXVI) may generally be
conducted fol- lowing the reaction pathways described in scheme 3
hereinbelow. In all of the following reaction schemes, those compounds
wherein [err] is hydrogen, are designated by ap- pending the suffix -[err]
to their numerical reference. 40 50 10    EP 0 384 52 B1 Scheme 3 [ERR] J:
(nitro-to-amino) and aliphadc amide-to-amine reduction 45   K: cyclization
to benzodiazepinedione L:N-acylation of [err] (XLV) In a number of the
intermediates shown in scheme 3, for example in (XXXVI), (XXXVII),
(XXXVIII), (XXXIX), (XL) and (XLI) it is further possible to selectively
reduce functional groups such as the nitro group, the ester group andlor
the aliphatic amide group, in the presence of the aromatic amide group
(reaction step J). Said 55   selective reduction may be carried out by
treatment of the appropriate starting material with a complex metal hydride
such as, for example, lithium aluminum hydride in a reaction-inert solvent
such as, for example, tetra- hydrofuran, 1,4-dioxane and the like.
Alternatively, said selective reduction may also be performed by treatment
of the appropriate starting material with sodium bis(2-methoxyethoxy)
aluminum hydride, or with sodium bor- 11 



EP 0 384 522 B1 ohydride In the presence of a suitable metal salt such as,
for example, calcium chloride, cerium(III) chloride, aluminum chloride,
zirconium(V) chloride and the like metal salts, in a reaction-inertsolvent,
in particular an ether. The benzodiazepinediones in scheme 3 can be
obtained by cyclizing (reaction step K) the corresponding 5.  acyclic
intermediates of formula (XXXIX), (XL) and (XLI), wherein R represents a
group such as [err]alkyl or aryl, a) by heating without a solvent under an
inert atmosphere, optionally under reduced pressure; b) by treating with a
bifunctional catalyst such as, for example, acetic acid, 2-hydroxypyridine,
pyrazole, 1,2,4-triazole and the like, in a reaction-inert solvent such as,
for example, an aromatic hydrocarbon, e.g. 10    methylbenzene,
dimethylbenzene and the like, optionally at an elevated temperature; or c)
by hydrolyzing the ester and subsequently treating the corresponding
carboxylic acid (R = H) with an appropriate acid, such as, for example, a
hydrohalic acid, e.g. hydrochloric acid; sulfuric acid, phosphoric acid and
the like acids; or with a halogenating reagent such as, for example,
thionyl chloride and the like. Said intermediates in turn, can be prepared
from an appropriately protected amino acid of formula [err] 15
NH-[err]-COOR (XLV) wherein R is [err]alkyl or aryl, by a N-acylation
reaction (reaction step L) with an ap- propriately substituted isatoic
anhydride derivative oran appropriate 2-aminobenzoic acid derivative, by
stirring the reactants at reflux temperature in an reaction-inert solvent
such as, for example, trichloromethane, pyridine and the like solvents. The
intermediates of formula (II-H-[err]) may alternatively be prepared from
benzodiazepin-2-one derivatives 20  following the procedures described in
scheme 4. Scheme 4 25 [ERR] 40 The Intermediates of formula (II-H) wherein
[err] is [err]alkyl, said radical being represented by [err] and said 12
EP 0 384 522 B1 intermediates by formula [ERR] 10 can be prepared by the
reduction of an amine (XXII-b) or an imine (LV), following the reduction
procedures as described hereinabove for the preparation of (II-H) from
(XXII) or (XXIII). [ERR] 



The imine (LV) can be prepared by reducing a nitro derivative (LVI) in the
presence of hydrogen and a suitable 25  metal catalyst such as, for
example, palladium-on-charcoal, platinum oxide and the like catalysts. The
ketone of formula (LV1) in turn can be prepared from a
2-amino-3-nitrobenzoic acid or a functional derivative thereof (XXXII) and
an [err]-aminoketone (LVII) following art-known N-acyiation procedures.
[ERR] 40 The intermediates of formula (IV) wherein  [err]  and [err] are as
defined under formula (I) and (a) [err] and [err] each independently are
[err]alkyl, halo, cyano, nitro, trifluoromethyl, hydroxy, [err]alkyloxy,
amino- or mono- or di([err]alkyl)amino, or (b) R4 Is hydrogen and [err] is
cyano, nitro, trifluoromethyl, hydroxy, [err]alkyloxy, amino or mono- or
di([err]al- 45      kyl)amino; said radicals [err] and [err] being
represented respectively by the radicals [err] and [err], and said
intermediates by formula (IV-a), are novel. 50          [ERR]
0 13    EP 0 384 522 B1 The intermediates of formula (IV) can be prepared
following the procedures described in EP-A-0,336,46, In- corporated herein
by reference. For example, said intermediates of formula (IV), both known
and new ones, can be prepared by N-alkylating an Intermediate of formula
(IV-b) following art-known N-alkylation procedures such as described
hereinabove for the transformation of the intermediates (V) into compounds
of formula (I). [ERR] 15 The intermediates of formula (IV) and (IV-b) can
be prepared from an Intermediate of formula (II-H) by reaction with a
reagent of formula (LVIII) wherein L is an appropriate leaving group. 0
[ERR] 30 Appropriate agents of formula (LVIII) are, for example, urea,
di([err]alkyl)carbonate, carbonoic dichloride, tri- chloromethyl
chloroformate, 1,1'-carbonylbis[1H-imidazole], ethyl chloroformate and the
like. Said reaction may conveniently be conducted following the procedures
described hereinabove for the conversion of the in- termediates of formula
(II) into the compounds of formula (I). 35      The intermediates of
formula (V), the acid addition salt forms and the stereochemically isomeric
forms thereof are novel and can be obtained from a benzylated compound of
formula (I-b) following art-known hy- drogenolysis procedures. [ERR] N In
formulae (V) and (I-b),   [err]  and [err] have the previously defined
meaning. Said debenzylation reaction 



50  can be accomplished by stirring a compound of formula (I-b) In an
appropriate reaction-inert solvent in the pres- ence of a suitable metal
catalyst and under a hydrogen atmosphere. Appropriate solvents are, for
example, alkanols, e.g. methanol, ethanol and the like; carboxyllc esters,
e.g. ethyl acetate; carboxylic acids, e.g. acetic acid, propanoic acid and
the like. As examples of suitable metal catalysts there may be mentioned
palladium- on-charcoal, platinum-on-charcoal and the like catalysts. In
order to prevent the further hydrogenation of the 55  starting material
and/or the reaction product It may be appropriate to add a catalyst-poison
to the reaction mix- ture such as, for example thiophene. The intermediates
of formula (V) may also be prepared by thionation of an intermediate of
formula (IV-b) following the procedures described hereinabove for the
preparation of the compounds of formula (I) from the 14    EP 0 384 522 B1
intermediates of formula (IV). [ERR] Alternatively, said intermediates (V)
may also be obtained from an intermediate (II-a) following the condensa-
tion reaction with a reagent of formula L-C(=S)-L (III) as described
hereinabove for the preparation of the com- 15  pounds of formula (I) from
the intermediates of formula (II). In all of the foregoing reaction
schemes, the chemical designation of the Intermediates defines the mixture
of all possible stereochemically isomeric forms; mixtures of a number of
possible stereochemically isomeric forms such as, for example,
diastereomeric mixtures, enantiomeric mixtures, e.g. racemates and enriched
en- antiomeric mixtures; and the enantiomerically pure isomeric forms of
the basic molecular structure. 20      Stereochemically isomeric forms of
the Intermediates described in the foregoing reaction schemes and of the
compounds of formula (I) may be obtained by the application of art-known
procedures. For example, dia- stereoisomers may be separated by physical
separation methods such as destillation, selective crystallization,
chromatographic techniques, e.g. counter current distribution, liquid
chromatography and the like techniques. Enantiomerically pure intermediates
can conviently be obtained from the enantiomerically pure isomeric forms 25
of the appropriate starting materials, provided that the subsequent
reactions occur stereospecifically. Partic- ularly Interesting
enantiomerically pure starting materials for use in the foregoing reaction
schemes are ami- noacids and/or substituted derivatives thereof, having the
formula [err]  (XLV), and the corre- sponding aminoalkanols and/or
substituted derivatives thereof, having the formula [err]       (XIX) . 30
Alternatively, enantiomerically pure Intermediates may also be obtained by
separating the corresponding ra- cemates for example, by the selective
crystallization of their diastereomeric salts with optically active
resolving agents, chromatography of diastereomeric derivates,
chromatography of the racemate over a chiral stationary phase and the like
techniques. The compounds of formula (I) and  the Intermediates of formula
(IV-a) show antiviral and in particular an- 35    tiretroviral properties.
Until recently, retroviruses were considered to be the pathogenic agents in
a number of non-human warm-blooded animal diseases only, unlike viruses
which have been known for quite some time 



to be the cause of a large number of diseases in warm-blooded animals and
humans alike. However, since it has been established that a retrovirus,
Human Immunodeficiency Virus (HIV), also known as LAV, HTLV-III or ARV, is
the etiological agent of Acquired Immune Deficiency Syndrome (AIDS) in
humans, retroviral infections 40  and the treatment of subjects suffering
therefrom have received the utmost attention. The HIV virus preferen-
tially infects human T-4 cells and destroys them or changes their normal
function, particularly the coordination of the immune system. As a result,
an Infected patient has an everdecreasing number of T-4 cells, which more-
over behave abnormally. Hence, the immunological defense system is unable
to combat infections and neo- plasms and the HIV infected subject usually
dies by opportunistic infections such as pneumonia, or by cancers, 45
rather than as a direct result of HIV infections. Other conditions
associated with HIV infection Include throm- bocytopaenia, Kaposi's sarcoma
and infection of the central nervous system characterized by progressive
de- myelination, resulting in dementia and symptoms such as, progressive
dysarthia, ataxia and disorientation. HIV infection further has also been
associated with peripheral neuropathy, progressive generalized lymphadenop-
athy (PGL) and AIDS-related complex (ARC). The antiviral, in particular
antiretroviral and especially the anti- 50  HIV properties of the compounds
of formula (I) and the intermediates of formula (IV-a) suggest said
compounds and intermediates to be useful antiviral chemotherapeutical
agents for the prophylaxis or treatment of warm- blooded animals suffering
from viral infections, more particularly for the treatment of humans
infected by HIV virus, especially HIV-1. Due to their antiviral and in
particular their antiretroviral properties, the compounds of formula (I)
and the 55    intermediates of formula (IV-a), their pharmaceutically
acceptable salts and the stereochemically isomeric forms thereof, are
useful In the treatment of warm-blooded animals infected with viruses, in
particular retrovi- ruses or for the prophylaxis of said warm-blooded
animals. Examples of human retroviral infections include HIV in particular
HIV-1 and HTLV-I (human T-lymphotropic virus type I), causing leukemia and
lymphoma. As 15    EP 0 384 522 B1 an example of non-human animal
retroviral infection there may be mentioned FeLV (feline leukemia virus)
which causes leukemia and immunodeficiency. Conditions which may be
prevented or treated with the compounds of the present invention,
especially conditions associated with HIV and other pathogenic
retroviruses, include AIDS, AIDS-related complex (ARC), progressive
generalized lymphadenopthy (PGL), as well as chronic CNS 5    diseases
caused by retroviruses, such as, for example HIV mediated dementia and
multiple sclerosis. In view of their antiviral, in particular
antiretroviral activity, the subject compounds may be formulated Into
various pharmaceutical forms for administration purposes. To prepare the
pharmaceutical compositions of this invention, an effective amount of the
particular compound, in base or ad addition salt form, as the active in-
gredlent Is combined in intimate admixture with a pharmaceutically
acceptable carrier, which carrier may take 10  a wide variety of forms
depending on the form of preparaton desired for administration. These
pharmaceutical compositions are desirably in unitary dosage form suitable,
preferably, for administration orally, rectally, per- cutaneously, or by
parenteral injection. For example, in preparing the compositions in oral
dosage form, any of the usual pharmaceutical media may be employed, such
as, for example, water, glycols, oils, alcohols and 



the like in the case of oral liquid preparations such as suspensions,
syrups, elixirs and solutions: orsolid carriers 15   such as starches,
sugars, kaolin, lubricants, binders, disintegrating agents and the like in
the case of powders, pills, capsules and tablets. Because of their ease in
administration, tablets and capsules represent the most advantageous oral
dosage unit form, in which case solid pharmaceutical carriers are obviously
employed. For parenteral compositions, the carrier will usually comprise
sterile water, at least in large part, though other in- gredients, for
example, to aid solubility, may be included. Injectable solutions, for
example, may be prepared 20  in which the carrier comprises saline
solution, glucose solution or a mixture of saline and glucose solution. In-
jectable suspensions may also be prepared in which case appropriate liquid
carriers, suspending agents and the like may be employed. In the
compositions suitable for percutaneous administration, the carrier
optionally comprises a penetration enhancing agent and/or a suitable
wetting agent, optionally combined with suitable additives of any nature in
minor proportions, which additives do not cause a significant deleterious
effect to 25  the skin. Said additives may facilitate the administration to
the skin and/or may be helpful for preparing the de- sired compositions.
These compositions may be administered in various ways, e.g., as a
transdermal patch, as a spot-on, as an ointment Acid addition salts of (I)
and (IV-a) due to their increased water solubility over the corresponding
base form, are obviously more suitable in the preparation of aqueous
compositions. It is es- pecially advantageous to formulate the
aforementioned pharmaceutical compositions In dosage unit form for 30  ease
of administration and uniformity of dosage. Dosage unitform as used In the
specification and claims here- in refers to physically discrete units
suitable as unitary dosages, each unit containing a predetermined quantity
of active ingredient calculated to produce the desired therapeutic effect
In association with the required phar- maceutical carrier. Examples of such
dosage unit forms are tablets (including scored or coated tablets), cap-
sules, pills, powder packets, wafers, injectable solutions or suspensions,
teaspoonfuls, tablespoonfuls and the 35    like, and segregated multiples
thereof. The present invention is also related with a method of treating
viral diseases In warm-blooded animals suf- fering from said viral diseases
by administering an effective antiviral amount of a compound of formula (I)
or an intermediate of formula (IV-a), a pharmaceutically acceptable acid
addition salt or a stereoisomeric form thereof. Those of skill in the
treatment of viral diseases could easily determine the effective antiviral
amount 40 from the test results presented herein. In general it is
contemplated that an effective amount would be from 0.01 mg/kg to 20 mg/kg
body weight, and in particular from 0.1 mglkg to 5 mg/kg body weight. It
may be ap- propriate to administer the required dose as two, three, four or
more sub-doses at appropriate Intervals through- out the day. Said
sub-doses may be formulated as unit dosage forms, for example, containing 1
to 1000 mg, and in particular 5 to 200 mg of active ingredient per unit
dosage form. 45       The following examples are intended to illustrate and
not to limit the scope of the present invention in all its aspects. Unless
otherwise stated all parts therein are by weight. Experimental part 50  A.
Preparation of the Intermediates Example I a) To a stirred solution of 11.8
parts of 1-propanamine in 24.9 parts of 1,1'-oxybisethane was added a sol-
55          ution of 18.1 parts of ethyl 2-bromopropanoate in 24.9 parts of
1,1'-oxybisethane at room temperature dur- ing 3 minutes. After stirring
for 72 hours at room temperature, the reaction mixture was filtered and the
filtrate was rinsed with a small amount of 1,1'-oxybisethane. The combined
1,1'-oxybisethane layers were 



evaporated under reduced pressure, yielding 15.9 parts (100%) of ethyl
N-propylalanine as a residue (in- 16    EP 0 384 522 B1 term. 1). b) A
mixture of 9.90 parts of 2-amino-3-nitrobenzoic acid and 32.4 parts of
thionyl chloride was stirred for 15 minutes at reflux temperature under
argon atmosphere. After 15 minutes, the excess of thionyl chloride was
removed under reduced pressure, yielding 10.8 parts (100%) of
2-amino-3-nitrobenzoyl chloride as 5        a residue (Interm. 2). c) To a
stirred and cooled [err] solution of 8.65 parts of intermediate I and 5.52
parts of NN-diethyletha- namine in 53.2 parts of dichloromethane was added
over a period of 10 minutes a suspension of 10.83 parts of intermediate 2
in 119.7 parts of dichloromethane under an argon atmosphere. After 5
minutes, the ice-bath was removed and stirring was continued for 1 hour.
The reaction mixture was extracted suc- 10        cessively with water,
[err] solution (sat.), citric acid 2N and again [err] solution (sat). The
organic layer was dried, filtered and evaporated, yielding 19.14 parts
(100%) of ethyl N-(2-amino-3-nitrobenzoyl)- N-propylalanine (interm. 3). d)
A solution of 17.5 parts of intermediate 3 in 80 parts of ethanol was
hydrogenated at 3.5 [err] Pa and at room temperature with 2.0 parts of
palladium-on-charcoal catalyst 10%. Afterthe calculated amount of hy- 15
drogen was taken up, the catalyst was filtered off over diatomaceous earth
and the filtrate was concen- trated under reduced pressure. The resulting
oil was heated under vacuo (3.3 [err] Pa) in an oil bath at [err] for 1.5
hours. After cooling, the oil was purified by column chromatography (silica
gel; [err] 20:1), yielding 4.6 parts (34.4%) of
9-amino-3-methyl-4-propyl-3H-1,4-benzodiazepine-2,5(1H,4H)-dione as a
residue (interm. 4). 20       e) To a stirred and cooled [err] suspension
of 1.28 parts of lithium aluminum hydride in 52 parts of 1,2-
dimethoxyethane under argon atmosphere were added 1.39 parts of
Intermediate 4 during 5 minutes. The reaction mixture was stirred first for
2 hours at 0C and then for 72 hours at reflux temperature. After cool- ing,
the reaction mixture was quenched with a solution of 1.3 parts of water and
3.6 parts of tetrahydofuran, 1.3 parts of a sodium hydroxide solution 15%
and 3.9 parts of water. After stirring for 1 hour, the whole 25        was
filtered. The residue was refluxed for 5 minutes in 45 parts of
tetrahydrofuran and then refiltered. The combined filtrates were dried,
filtered and evaporated under reduced pressure, yielding 1.24 parts (100%)
of 2,3,4,5-tetrahydro-3-methyl-4-propyl-1H-1,4-benzodiazepin-9-amine
(interm. 5). Example 2 30 a) To a stirred and cooled [err] mixture of 9.10
parts of 2-amino-3-nitrobenzoic acid, 6.95 parts of methyl L-[err]-alanine
monohydrochloride, 13.50 parts of 1-hydroxy-1H-1,2,4-benzotriazole
monohydrate and 178 parts of tetrahydrofuran were added portion-wise 5.05
parts of N-methylmorpholine and, after 5 minutes, 10.3 parts of
N,N'-methanetetraylbis[cyclohexanamine] under argon atmosphere. Stirring
was continued 35        for 5 1/2 hours at [err] and for 15 hours at room
temperature. After cooling to [err] for 1/2 hour, the reaction 



mixture was filtered. The filtrate was evaporated and the residue was
partitioned between ethyl acetate and NaHCO3 (sat). The ethyl acetate layer
was separated, washed with [err] (sat.), dried, filtered and evaporated.
The residue was triturated with hexane, filtered and dried, yielding 13.08
parts (97.9%) of (- )-methyl
(S)-2-[(2-amino-3-nitrobenzoyl)amino]propanoate; mp. [err] (interm. 6). 40
b) A mixture of 12.58 parts of Intermediate 6, 3.50 parts of
palladium-on-charcoal catalyst 10% and 158 parts of ethanol was
hydrogenated in a Parr apparatus for 4 hours at room temperature and a
pressure of 3.1 [err] Pa. The catalyst was fltered off over diatomaceous
earth and the filtrate was evaporated. The oily residue was placed under
vacuum (3.3 [err] Pa.) and was heated at 150C for 10 minutes and at [err]
for 40 minutes while stirring. After cooling, the crushed solid was
triturated with ethanol. The product was fil- 45     tered off and washed
with cold ethanol and 1,1 -oxybisethane, yielding 5.58 parts (57.7%) of
(+)-(S)-9- amino-3,4-dihydro-3-methyl-1H-1,4-benzodiazepine-2,5-dione
(interm. 7). c) At [err] and under an argon stream, 5.00 parts of
Intermediate 7 were added to a suspension of 5.55 parts of lithium aluminum
hydride in 154.5 parts of 1,4-dioxane. The reaction mixture was refluxed
for 5 hours. After cooling to [err], 5.55 parts of water, 9.16 parts of
NaOH 15% and 16.65 parts of water were 50        added successively. The
whole was stirred for 2 hours and then filtered. The precipitate was washed
suc- cessively with 178 parts of hot tetrahydrofuran and 133 parts of hot
dichloromethane. The combined fil- trates were dried, filtered and
evaporated. The residue was poured Into a solution of 7.36 parts of N-me-
thylmorpholine in 133 parts of dichloromethane. The whole was added to a
solution of 4.82 parts of tri- chloromethyl chloroformate In 160 parts of
dichloromethane over a period of 15 minutes at [err] and under 55      an
argon stream. After stirring for 10 minutes at [err], the reaction mixture
was warmed to room temperature and concentrated by evaporation. 70 Parts of
an aqueous 1,4-dioxane solution (15%) were added to the residue and the
mixture was heated on a steam-bath under a nitrogen stream for 45 minutes,
cooled and extracted with dichloromethane (2x66.5 parts). The aqueous layer
was filtered and basifled with [err] 17    EP 0 384 22 B1 (conc.). The
precipitate was filtered off, washed with a small amount of cold water,
dried and triturated twice with 6.24 parts of 2-propanol, yielding 1.59
parts (32.1%) of (+)-(S)-4,5,6,7-tetrahydro-5-methyl-imida-
zo[4,5,1-jk][1,4]benzodiazepin-2(1H)-one; mp. [err] (interm. 8). d) To a
stirred mixture of 0.64 parts of intermediate 8, 0.5 parts of sodium
carbonate 0.52 parts of potas- 5        sium iodide and 9.4 parts of
N,N-dimethylformamide were added 0.56 parts of 1-bromo-3-methyl-2-butene at
room temperature under argon atmosphere. After stirring for 24 hours, the
solvent was removed under reduced pressure. The residue was partitioned
between 32 parts of dichloromethane and 35 parts of a sodium chloride
solution. The aqueous phase was extracted again with 32 parts of
dichloromethane. The combined organic layers were washed with 35 parts of a
sodium chloride solution, dried, filtered and evapo- 10       rated under
vacuo. The residue was crystallized from 6.5 parts of acetonitrile. The
crystallized product was filtered off and dried for 16 h at [err] under
high vacuum, yielding 0.38 parts (45 %) of (+)-(S)-4,5,6,7-
tetrahydro-5-methyl-6-(3-methyl-2-butenyl)imidazo
[4,5,1-jk]-[1,4]benzodiazepin-2(1H)-one; mp. 136.4 



[err] (interm. 9). e) A suspension of 38.16 parts of Intermediate 9 and 15
parts of sodium carbonate in 578 parts of phos- 15        phoryl chloride
was stirred for 2 days at [err] under a nitrogen atmosphere. The excess of
phosphoryl chloride was distilled off under vacuum at 30-[err]. The
resulting solid was cooled (ice-bath) and then dis- solved in 500 parts of
water. While swirling vigorously, the solution was basified by the slow
addition of 1000 ml. of [err] (sat.). The product was extracted with
dichloromethane (3x355 parts) and the com- bined extracts were washed with
[err] (sat.) and NaCl (sat.), dried, filtered and evaporated, yielding 20
27 parts (66.5%) of
(S)-2-chloro-4,5,6,7-tetrahydro-5-methyl-6-(3-methyl-2-butenyl)-imidazo[4,5
,1-jk] [1,4]benzodiazepine (interm. 10). Example 3 25      a) A solution of
2.6 parts of methyl 2-bromo-3-nitrobenzoate, 1.75 parts of
N-[(2-amino-1-methyl)ethyl]ben- zenemethanamine and 1.06 parts of sodium
carbonate in 8 parts of 1-butanol was stirred and refluxed for 30 minutes.
The solvent was evaporated. To the residue were added 20 parts of water and
the product was extracted twice with 30 parts of trichloromethane. The
combined extracts were dried, filtered and evaporated. From the oily free
base, the hydrochloride salt was prepared in the usual manner. The salt 30
was filtered off, washed with 2-propanol and dried, yielding 3.4 parts
(89.5%) of methyl 3-nitro-2-[[2-me-
thyl-2-[(phenylmethyl)amino]ethyl]amino]benzoate hydrochloride; mp. [err]
(interm. 11). b) A mixture of 3.8 parts of Intermediate 11, 15 parts of a
sodium hydroxide solution 2 N and 4 parts of 2- propanol was stirred and
refluxed for one hour. To the boiling reaction mixture there was then added
a sol- ution of 3 parts of concentrated hydrochloric acid and 5 parts of
water.After cooling, the product was filtered 35        off, washed with
water and recrystallized from 80 parts of glacial acetic acid, yielding 3
parts (82%) of 3-
nitro-2-[[[2-[(phenylmethyl)amino]-2-methyl]ethyl]amino]benzoic acid; mp.
[err] (interm. 12). c) A mixture of 189.3 parts of intermediate 12,400
parts of thionyl chloride and 400 parts of methylbenzene was stirred and
refluxed for 2 hours. The solvent was evaporated and the residue was taken
up in 600 parts of methylbenzene. The whole was treated with a sodium
hydrogen carbonate solution. The separated 40      organic layer was dried
on anhydrous sodium carbonate, filtered and concentrated to a volume of
about 500 parts. After standing at room temperature, the product partly
precipitated. It was filtered off (the filtrate was set aside), washed
successively with 2-propanol and 1,1'-oxybisethane and dried, yielding a
first frac- tion of 123.5 parts of crude
2,3,4,5-tetrahydro-3-methyl-9-nitro-4-(phenylmethyl)-1H-1,4-benzodiazepin-
5-one. From the mother liquor, the solvent was evaporated. The residue was
dissolved in 160 parts of boil- 45     ing 2-propanol and crystallized at
room temperature. The precipitated product was filtered off, washed suc-
cessively with 2-propanol and 1,1'-oxybisethane and dried, yielding a
second less pure fraction of 28 parts of
2,3,4,5-tetrahydro-3-methyl-9-nitro-4-(phenylmethyl)-1H-1,4-benzodiazepin-5
-one. Both crude frac- tions were recrystallized from ethanol, yielding 137
parts (85%) of 2,3,4,5-tetrahydro-3-methyl-9-nitro-4-
(phenylmethyl)-1H-1,4-benzodiazepin-5-one; mp. [err] (interm. 13). 50
d) To a stirred and refluxing suspension of 14 parts of lithium aluminum
hydride in 40 parts of benzene and 50 parts of tetrahydrofuran was added a
solution of 20.2 parts of Intermediate 13 in 200 parts of tet- rahydrofuran
and the whole was further stirred and ref luxed for 2.5 hours. The reaction
mixture was cooled in crushed ice and decomposed by successive additions of
water, sodium hydroxide solution 15% and again with water. The inorganic
material was filtered off and the filtrate was evaporated. To the residue 



55        were added 40 parts of methylbenzene and this solution was
evaporated to dryness, yielding 19.8 parts (87.6%) of
9-amino-2,3,4,5-tetrahydro-3-methyl-4-(phenylmethyl)-1H-1,4-benzodiazepin-5
-one as a red- coloured, oily residue (interm. 14) which was used without
further purification for the preparation of the next step. 18    EP 0 384
522 B1 e) A mixture of 19.8 parts of Intermediate 14 and 7.2 parts of urea
was heated to a temperature between 210-[err] until foaming and evolution
of gaseous ammonia ceased (about 10 minutes). The reaction was cooled to
about [err] and boiled with 120 parts of hydrochloric acid solution 1 N.
The solution was dec- anted from the oily residue, treated with activated
charcoal and filtered. The filtrate was cooled, alkalized 5      with
ammonium hydroxide and the product was extracted once with 75 parts of
trichloromethane and once with 150 parts of trichloromethane. The combined
extracts were dried and evaporated. The residue was triturated in 24 parts
of 2-propanol, filtered off and recrystallized from ethanol and then from
4-methyl-2- pentanone, yielding 2.5 parts (11.5%) of
4,5,6,7-tetrahyro-5-methyl-6-(phenylmethyl)imidazo-[4,5,1-
jk][1,4]benzodiazepin-2(1H)-one; mp. 205C (interm. 15). 10     f) Amixture
of 8 parts of intermediate 15, 1 partof palladium-on-charcoal catalyst 10%
In 80 parts of glacial acetic acid was hydrogenated at about [err]. After
the calculated amount of hydrogen was taken up, the catalyst was filtered
off and the acetic acid was evaporated. The residue was dissolved in 75
parts of water and the solution was alkalized with 30 parts of concentrated
ammonium hydroxide solution. The product crystallized at room temperature.
It was filtered off, washed with water and recrystallized from 20 parts of
5      2-propanol, yielding 3.7 parts (66.8%) of
4,5,6,7-tetrahydro-5-methyl-imidazo-[4,5,1-jk][1,4]benzodiaze-
pin-2(1H)-one; mp. [err] (interm. 16). g) To a stirred solution of 1.0 part
of Intermediate 16, 0.816 parts of potassium iodide and 0.782 parts of
sodium carbonate in 56.4 parts of N,N-dimethylformamide was added dropwise
a solution of 0.88 parts of 1-bromo-3-methyl-2-butene In 14 parts of
N,N-dimethylformamide. After stirring for 22.5 hours at room 20
temperature, the reaction mixture was concentrated in vacuo at [err]. The
residue was partitioned twice between 130 parts of dichloromethane and 100
parts of a mixture of water and a saturated aqueous sodium hydrogen
carbonate solution (50:50 by volume). The combined aqueous layers were
extracted with 78 parts of dichloromethane. The dichloromethane layers were
combined and extracted with 100 parts of a saturated sodium chloride
solution. The extract was dried, filtered and concentrated in vacuo at
[err]. 25        The residue was crystallized twice from 16 parts of
acetonitrile. The whole was cooled for 45 minutes at [err]; the
crystallized product was filtered off, washed with 4 parts cold (0-5C)
acetonitrile and dried over- night in vacuo at [err], yielding 0.805 parts
(60.3%) of of [err]-4,5,6,7-tetrahydro-5-methyl-6-(3-methyl-2-bu-
tenyl)imldazo[4,5,1-jk][1,4]benzodiazepin-2(1H)-one; mp. [err] (interm.
17). h) A suspension of 1.0 part of intermediate 17 in 825 parts of
phosphoryl chloride was heated for 15 hours 30      at [err] under a
nitrogen atmosphere. The reaction mixture was evaporated and the residue
was partitioned between [err] (sat.) and dichloro methane. The aqueous
layerwas re-extracted with dichloromethane. 



The combined organic layers were washed with [err] (sat.) and NaCl (sat.),
dried, filtered and evapo- rated,  yielding  1.05  parts  (98.3%)  of
2-chloro-4,5,6,7-tetrahydro-5-methyl-6-(3-methyl-2-
butenyl)imidazo[4,5,1-jk][1,4]benzodiazepine (interm. 18). Example 4 a) A
mixture of 41.49 parts of 6-chloro-2H-3,1-benzoxazine-2,4(1H)-dione and
31.40 parts of methyl L-[err]- alanine monohydrochloride in 108 parts of
pyridine was refluxed for 10 hours under an argon atmosphere. 40     The
reaction mixture was cooled and stirred at room temperature for 12 hours.
The precipitate was filtered off, rinsed with water and triturated in
ethanol. The product was filtered off and rinsed with ethanol, yielding
24.77 parts (52.5%) of
(S)-7-chloro-3,4-dihydro-3-methyl-1H-1,4-benzodiazepine-2,5-dione (interm.
19). b) 24.55 Parts of Intermediate 19 were added portionwise to 142 parts
of nitric acid at [err] and under an argon atmosphere. After 3 112 hours at
[err], the solution was slowly added to 450 parts of ice while stirring. 45
The precipitate was filtered off, rinsed with water and dried at room
temperature overnight, yielding 27.84 parts (93.9%) of
(S)-7-chloro-3,4-dihydro-3-methyl-9-nitro-1H-1,4-benzodiazepine-2,5-dione
(interm. 20). c) To a cooled [err] suspension of 18.2 parts of lithium
aluminum hydride in 261 parts of 1,2-dimethoxy- ethane were added
portionwise 16.14 parts of Intermediate 20 under a nitrogen atmosphere. The
mixture was stirred for2 hours at [err] and for 40 hours at reflux
temperature. After cooling to [err], there were added 50     a mixture of
18.2 parts of water and 48.1 parts of tetrahydrofuran, 21.1 parts of NaOH
15% and 54.6 parts of water. The mixture was stirred for 1 hour at room
temperature and was then filtered. The precipitate was refluxed in
tetrahydrofuran for 5 min. and filtered off again. The combined filtrates
were dried, filtered and evaporated and the residue was dissolved in 399
parts of dichloromethane. After drying and filtering, this solution was
combined with 18.2 parts of N-methylmorpholine and the whole was added
dropwise to a mix- 55     ture of 11.9 parts of trichloromethyl
chloroformate and 665 parts of dichloromethane at [err] and under ar- gon.
The whole was evaporated and the residue was taken up in 150 ml of a
mixture of water and 1,4- dioxane 85:15.The mixture was heated for 2
hourson a steam-bath under nitrogen.After cooling, thesolid was filtered
off and dissolved in 80 parts of water. The solution was basified with
[err] and stirred for 19    EP 0 384 522 B1 45 min. The product was
filtered off and crystallized successively from acetonitrile and
2-propanol, yielding 2.28 parts (16%) of
(+)-(S)-9-chloro-4,5,6,7-tetrahydro-5-methylimidazo[4,5,1-jk][1,4]benzodiaz
epin-2(1 H)-one; mp. [err]; [err] = [err] (c =0.98% In methanol) (interm.
21). d) To a stirred mixture of 2.99 parts of intermediate 21,2.00 parts of
sodium carbonate, 2.08 parts of po- 5      tassium iodide and 37.6 parts of
N,N-dimethylformamide were added 2.24 parts of 1-bromo-3-methyl-2- butane
under an argon atmosphere. After stirring for 4 days at room temperature,
the reaction mixture was evaporated and the residue was partitioned between
water and dichloromethane. The organic layer was washed with NaCl (sat.),
dried, filtered and evaporated. The residue was crystallized from
acetonitrile (2x). The product was filtered off, washed with cold
acetonitrile and dried, yielding 1.74 parts (45.2%) of (+)-
(S)-9-chloro-4,5,6,7-terahydro-5-methyl-6-(3-methyl-2-butenyl)imidazo[4,5,1
-jk]  [1,4]benzodiazepin- 



2(1H)-one; mp. [err] (Interm. 22). e) A suspension of 2.5 parts of
intermediate 22 and 0.87 parts of sodium carbonate in 33 parts of phos-
phoryl chloride was stirred for 24 hours at [err] under a nitrogen
atmosphere. The excess of phosphoryl chloride was distilled off
undervacuum. The resulting solid was cooled (ice-bath) and then taken up In
wa- 15       ter. While swirling vigorously, the mixture was basifed by the
slow addition of [err] (sat). The product was extracted with
dichloromethane (3x44.3 parts) and the combined extracts were washed with
[err] (sat.) and NaCl (sat.), dried, filtered and evaporated, yielding 2.57
parts (97.0%) of (S)-2,9-dlchloro-
4,5,6,7-tetrahydro-5-methyl-6-(3-methy-2-butenyl)imidazo[4,5,1-jk]
[1,4]benzodlazepine (Interm. 23). f) A mixture of 298.42 parts of
Intermediate 20 and 3324 parts of ethanol was hydrogenated at [err] and 20
normal pressure with 21.04 parts of platinum-on-charcoal catalyst 5%. At
the end of the hydrogenation, the temperature was raised to [err]. The
reaction mixture was filtered while hot and the catalyst waswash- ed with
boiling ethanol. The filtrate was stirred overnight in an ice-bath and was
then concentrated. The residue was cooled on ice. The precipitate was
filtered off, washed with methylbenzene and dried in vacuo at 50C, yielding
187.7 parts (74.6%) of
(S)-9-amino-7-chloro-3,4-dihydro-3-methyl-1H-1,4-benzodiaze- 25
pine-2,5-dione (int. 24). g) To a cooled (ice-bath) suspension of 29.3
parts of lithium aluminum hydride In 392 parts of 1,2-dime- thoxyethane
were added portionwise 30.78 parts of intermediate 24 under a nitrogen
atmosphere. The mixture was refluxed for 22 hours, cooled to 0-[err] and
then worked up with a mixture of 36.5 parts of 1,2- dimethoxyethane and 42
parts of water. Next there were added 48.7 parts of NaOH 15% and 135 parts
30 of water. After stirring for 15 min., the whole was fitered and the
precipitate was washed with 1,2-dime- thoxyethane. The combined filtrates
were evaporated and the residue was dried, yielding 25.4 parts (93.7%) of
(S)-7-chloro-2,3,4,5-tetrahydro-3-methyl-1H-1,4-benzodiazepin-9-amine (int.
25). h) To a heated [err] solution of 91 parts of Intermediate 25 in 500 ml
of 1,2-dimethoxyethane were suc- cessively added 1253 parts of
N,N-dimethylformamide, 66.98 parts of sodium carbonate and 71.38 parts 35
of potassium iodide. After cooling to 0-[err], there was added dropwise a
solution of 271.3 parts of 1-chloro- 3-methyl-2-butene in 270 parts of
N,N-dimethylformamide under a nitrogen atmosphere. The whole was stirred
for 18 hours at 0-[err] and was then partitioned between dichloromethane
and water. The aqueous layer was separated and re-extracted with
dichloromethane. The combined dichloromethane layers were washed with water
(7x), dried, filtered and evaporated. The residue was purified by column
chromatogra- 40      phy (silica gel; [err] 98:2). The eluent of the
desired fraction was evaporated, yielding 43.64 parts (51.8%) of
(S)-7-chloro
2,3,4,5-tetrahydro-3-methyl-4-(3-methyl-2-butenyl)-1H-1,4-benzodiazepin-
9-amine (int. 26). B. Preparation of the final compounds 45 Example 5 To a
stirred solution of 1.24 parts of intermediate 5 in 4.5 parts of ethanol
and 1.1 parts of water were added 0.36 parts of potassium hydroxide. After
stirring for 8 minutes at room temperature, 0.5 parts of carbon disulfide
50  were added. The reaction mixture was stirred for 10 minutes and then
heated for 1 hour In an oil bath at [err]. After cooling to room
temperature, the mixture was diluted with 5.6 parts of water and then 0.47
parts of acetic acid were added. The mixture was filtered and the filtrate
was treated with concentrated ammonium hydroxide. 



The whole was extracted twice with 32.5 parts of dichloromethane. The
combined extracts were dried, filtered and evaporated under reduced
pressure. The residue was purif led by column chromatography (silica gel;
55    [err] 10:1). The pure fractions were collected and the eluent was
evaporated. The residue was tri- turated in acetonitrile. The product was
filtered off and dried, yielding 0.30 parts (20.4%) of 4,5,6,7-tetrahydro-
5-methyl-6-propylimidazo-[4.5.1-jk][1,4]benzodiazepine-2(1H)-thione; mp.
149-[err] (compound 1). Follow- 20    EP 0 384 522 B1 ing the same
procedure and starting from
2,3,4,5-tetrahydro-3-methyl-4-allyl-1H-1,4-benzodiazepin-9-amine, there can
also be prepared 4,5,6,7-tetrahydro-5-methyl-6-allylimidazo-[4.5.1-jk]
[1,4]benzodiazepine-2(1H)- thione (compound 2). 5     Example 6 To a
solution of 2.57 parts of intermediate 23 in 27.7 parts of ethanol were
added 1.21 parts of thiourea. After refluxing for 24 hours, the reaction
mixture was evaporated and the residue was partitioned between NaH- [err]
(sat.) and dichloromethane. The organic layer was washed with [err] (sat.),
water and NaCl (sat.), 10  dried, filtered and evaporated. The residue was
purified twice by column chromatography (flash; silica gel; [err] 30:1 ;
HPLC; silica gel [err]/haxane 4:6). The eluent of the desired fraction was
evaporated, yielding 0.34 parts (13.3%) of
(+)-(S)-9-chloro-4,5,6,7-tetrahydro-5-methyl-6-(3-methyl-2-bute-
nyl)imidazo[4,5,1-jk][1,4]benzodiazepine-2(1H)-thione; mp. [err]; [err] =
+8.3 (c = 0.96% In methanol) (compound 3). 15    In a similar manner there
were also prepared
()-4,5,6,7-tetrahydro-5-methyl-6-(3-methyl-2-butenyl)imidazo[4,5,1-jk][1,4]
benzodiazepine-2(1H)-thione; mp. 128.0C (dec.) (compound 4).
(+)-(S)-4,5,6,7-tetrahydro-5-methyl-6-(3-methyl-2-butenyl)imidazo[4,5,1-jk]
[1,4]benzodiazepine-2(1H)-thio- ne; mp. 174.5C; [err] = [err] (c = 1% In
ethanol) (compound 5). 20 Example 7 A mixture of 43.0 parts of Intermediate
26,3152 parts of dichloromethane and 30.1 parts of N,N-diethyle- thanamine
was stirred at 0-[err] under a nitrogen atmosphere and screened from light.
A solution of 16.3 parts 25    of thiophosgene In 299 parts of
dichloromethane was added dropwise at 0-5C. The whole was stirred for 1
hour at 0-5C and was then concentrated to about 1000 ml. The residue was
washed with water (2x), dried, filtered and evaporated. The residue was
purified by column chromatography (silica gel; [err] [err] 88:12). The
eluent of the desired fraction was evaporated, yielding 19.5 parts (51.2%)
of (+)-(S)-
9-chloro-4,5,6,7-tetrahydro-5-methyl-6-(3-methyl-2-butenyl)imidazo[4,5,1-jk
][1,4]benzodiazepine-2(1H)-thio- no; mp. 186.3C; [err] = [err] (conc. = 1%
In [err]) (compound 3). All other compounds listed In table I may be
prepared following the procedure of the example referred to in the column
Ex. No. [ERR] 



45 50 55 21    EP 0 384 522 B1 Comp. Ex.        [err]        [err]
[err]    [err]    physical data No.  No. 1       5     [err]          [err]
H      H          mp. 149-[err] 2       5     [err]          [err]       H
H 3       6     [err]          [err]        H     9-Cl      (S);mp. [err]
/[err] = [err] 10 (c =1% in methanol) 4      6       [err]         [err]
H      H           mp. [err] (dec.) 5       6     [err]          [err]
H      H          (S);mp. 174.5C/ 15
[err] =  [err] (c= 1% in ethanol) 6      6      [err]          [err]
H      H           (R);mp. [err]/[err] = [err] (c = 0.1% in ethanol) 20
7        6     [err]          [err]          H      9-Cl       (S)/HCl;mp.
>[err] 8       6     [err]             [err]          H      H
(S);mp. [err]/[err]= +26.2 (c=1.09 % in methanol) 25    9        6
[err]        [err]       H      H            (S);mp. [err]/[err] = [err] (c
= 0.83 % in [err]) 10    6        [err]      [err]             H      9-F
(S); mp. 168.5-[err] 11  6        [err]          [err]           H
9-[err]      (S); 12     6      [err]         [err]         H      9-OH
(S); 13     6         [err]      [err]      H     9-CN        (S); 14   6
[err]     [err]            H      9-[err]   (S); 15      6        [err]
[err]            H      8-[err]     (S);mp. [err]/[err] = +7.4 (c= 0.33 %
in methanol) 16    6         [err]     [err]            H      9-[err]
(S); 17      6     [err]         [err]            H      9-Cl,10-Cl  (S);
mp. 168-172C 40 18      6        [err]       [err]      H      9-[err],
(S); 10-[err] 19      6     [err]           [err]          H
8-[err],9-Cl (S); 45    20       5        [err]         [err]        H
9-Cl       (S); mp. 171-[err] 21      6     [err]           [err] H
H          (S); 



22      6     [err]        [err] H           9-Cl        (S): 23      6
[err]  H             [err]   H           (S); 24    6          [err]
[err]     [err]   H         trans; [err] 25      6     [err]        [err]
[err]   H          cis 55 22    EP  0 384 522 B1 Comp. Ex.          [err]
[err]    [err]   [err]    physical data No.   No. 5    26      6    [err]
H          H     9-Cl 27     6    [err]        [err]        H     9-[err]
(S); 28     6    [err]      [err]           H     9-Cl     (R); mp.
183-[err] 29     6          [err]   H              [err]  9-Cl    rac. 30
6    [err]    H            [err]  H           rac. C. Pharmacological
example 15 Example 8 A rapid, sensitive and automated assay procedure was
used for the in-vitro evaluation of anti-HIV agents. An HIV-1 transformed
T4-cell line, MT-4, which was previously shown (Koyanagi et al., Int. J.
Cancer, 36, 445- 20  451, 1985) to be highly susceptible to and permissive
for HIV infection, served as the target cell line. Inhibition of the
HIV-induced cytopathic effect was used as the end point. The viability of
both HIV- and mock-infected cells was assessed spectrophotometrically via
the in-situ reduction of 3-(4,5-dimethylthlazol-2-yl)-2,5-diphe-
nyltetrazolium bromide (MTT). The 50% cytotoxic dose ([err] in [err]/ml)
was defined as the concentration of compound that reduced the absorbance of
the mock-infected control sample by 50%. The percent protection 25
achieved by the compound in HIV-infected cells was calculated by the
following formula: [ERR] whereby [err] is the optical density measured with
a given concentration of the test compound In HIV-in- fected cells; [err]
is the optical density measured for the control untreated HIV-infected
cells; [err] is 30  the optical density measured for the control untreated
mock-infected cells; all optical density values were de- termined at 540
nm. The dose achieving 50% protection according to the above formula was
defined as the 50% effective dose ([err] in [err]/ml). The ratio of [err]
to [err] was defined as the selectivity index (SI). 35      Table 2: 50%
cytotoxic [err], 50% effective dose [err] and selectivity index (SI).
compound         [err] ([err]/ml)    [err] ([err]/ml)             SI 40
1                 147              0.155             948 3
10             0.0005         20400 4                 25              0.013
1923 5                325              0.008          40625 



6              [err]250               0.045          25555 7
23              0.0018          12778 8                4.6
0.0126            365 9              >250              0.0166
>15029 D. Compoition Examples 55   Example 9: ORAL DROPS 500 Parts of the
A.l. was dissolved In 0.5I of 2-hydroxypropanoic acid and 1.5 I of the
polyethylene glycol 23    EP 0 384522 B1 at 60~[err]. After cooling to
30~[err] there were added 351 of polyethylene glycol and the mixture was
stirred well. Then there was added a solution of 1750 parts of sodium
saccharin in 2.5 I of purified water and while stirring there were added
2.51 of cocoa flavor and polyethylene glycol q.s. to a volume of 50 I,
providing an oral drop solution comprising 10 mg/ml of A.I.. The resulting
solution was filled into suitable containers. 5 Example 10: ORAL SOLUTION 9
Parts of methyl 4-hydroxybenzoate and 1 partof propyl 4-hydroxybenzoate
were dissolved In 41 of boiling purified water. In 3I of this solution were
dissolved first 10 parts of 2,3-dihydroxybutanedioic acid and thereafter 10
20 parts of the A.I. The latter solution was combined with the remaining
part of the former solution and 12 I 1,2,3-propanetriol and 31 of sorbitol
70% solution were added thereto. 40 Parts of sodium saccharin were dis-
solved In 0.5I of water and 2 ml of raspberry and 2 ml of gooseberry
essence were added. The latter solution was combined with the former, water
was added q.s. to a volume of 20 I providing an oral solution comprising 5
mg of the active ingredient per teaspoonful (5 ml). The resulting solution
was filled in suitable containers. 15 Example 11 CAPSULES 20 Parts of the
A.I., 6 parts sodium lauryl sulfate, 56 parts starch, 56 parts lactose, 0.8
parts colloidal silicon dioxide, and 1.2 parts magnesium stearate were
vigorously stirred together. The resulting mixture was subse- 20  quently
filled Into 1000 suitable hardened gelatin capsules, comprising each 20 mg
of the active ingredient. Example 12: FILM-COATED TABLETS Preparation of
tablet core 25 A mixture of 100 parts of the A.I., 570 parts lactose and
200 parts starch was mixed well and thereafter humidified with a solution
of 5 parts sodium dodecyl sulfate and 10 parts polyvinylpyrrolidone
(Kollidon-K 90 [err] ) in about 200 ml of water. The wet powder mixture was
sieved, dried and sieved again. Then there was added 100 parts
microcrystalline cellulose (Avicel [err]) and 15 parts hydrogenated
vegetable oil (Sterotex[err]). The whole 30   was mixed well and compressed
into tablets, giving 10.000 tablets, each containing 10 mg of the active
ingre- dient. Coating 



To a solution of 10 parts methyl cellulose (Methocel 60 HG[err]) in 75 ml
of denaturated ethanol there was added a solution of 5 parts of ethyl
cellulose (Ethocel 22 cps [err]) in 150 ml of dichloromethane. Then there
were added 75 ml of dichloromethane and 2.5 ml 1,2,3-propanetriol. 10 Parts
of polyethylene glycol was molten and dissolved in 75 ml of
dichloromethane. The latter solution was added to the former and then there
were added 2.5 parts of magnesium octadecanoate, 5 parts of
polyvinylpyrrolidone and 30 ml of concentrated colour sus- 40  pension
(Opaspray K-1-2109[err]) and the whole was homogenated. The tablet cores
were coated with the thus obtained mixture in a coating apparatus. Example
13: INJECTABLE SOLUTION 45      1.8 Parts methyl 4-hydroxybenzoate and 0.2
parts propyl 4-hydroxybenzoate were dissolved in about 0.5 I of boiling
water for injection. After cooling to about [err] there were added while
stirring 4 parts lactic acid, 0.05 parts propylene glycol and 4 parts of
the A.I. The solution was cooled to room temperature and supple- mented
with water for injection q.s. ad 1I, giving a solution comprising 4 mg/ml
of A.I.. The solution was sterilized by filtration (U.S.P. XVII p. 811) and
filled in sterile containers. 50 Example 14: SUPPOSITORIES 3 Parts A.I. was
dissolved in a solution of 3 parts 2,3-dihydroxybutanedioic acid in 25 ml
polyethylene glycol 400.12 Parts surfactant (SPAN[err]) and triglycerides
(Witepsol 555[err]) q.s. ad 300 parts were molten together. 55   The latter
mixture was mixed well with the former solution. The thus obtained mixture
was poured Into moulds at a temperature of 37-38C to form 100 suppositories
each containing 30 mg/ml of the A.I. 24    EP 0 384 522 B1 Example 15:
INJECTABLE SOLUTION 60 Parts of A.I. and 12 parts of benzylalcohol were
mixed well and sesame oil was added q.s. ad 1 I, giving a solution
comprising 60 mg/ml of Al. The solution was sterilized and filled in
sterile containers. Claims 1. A compound having the formula 10 [ERR] 20
a pharmaceutically acceptable acid addition salt or a stereochemically
isomeric form thereof, wherein [err] is [err]alkyl, [err]alkenyl,
[err]alkynyl, [err]cycloalkyl, or [err]alkyl substituted with aryl or with
[err]cycloalkyl; [err] is hydrogen or [err]alkyl; [err] is hydrogen or
[err]alkyl; 25            [err] and [err] each independently are hydrogen,
[err]alkyl, halo, cyano, nitro, trifluoromethyl, hydroxy, [err]alkyloxy,
amino or mono-or di([err]alkylamino); and aryl is phenyl optionally
substituted with from 1 to 3 substituents independently selected from
[err]al- kyl, halo, hydroxy, [err]alkyloxy, amino, nitro and
trifluoromethyl. 



2.  A compound according to claim 1 wherein [err] is [err]alkyl,
[err]alkenyl, [err]alkynyl or [err]alkyl substituted with aryl or with
[err]cycloalkyl; [err] and [err] each independently are hydrogen,
[err]alkyl, halo, cyano, nitro, trifluoromethyl, hydroxy or [err]alkyloxy.
3. A compound according to claim 2 wherein [err] is [err]alkyl,
[err]alkenyl, or [err]alkyl substituted with [err]cy- cloalkyl; [err] is
[err]alkyl; [err] is hydrogen. 4.  A compound according to claim 3 wherein
[err] is [err]alkyl, [err]alkenyl or ([err]cycloalkyl)methyl; [err] is me-
thyl; [err] is hydrogen; [err] is hydrogen, methyl, halo, cyano, nitro or
trifluoromethyl. 5. A compound according to claim 4 wherein [err] is
propyl, 2-propenyl, 2-butenyl, 2-methyl-2-butenyl, 3-me- thyl-2-butenyl,
2,3-dimethyl-2-butenyl or cyclopropylmethyl; [err] is hydrogen, methyl or
chloro. 6. A compound according to claim 1 wherein the compound Is selected
from 4,5,6,7-tetrahydro-5-methyl-6- propylimidazo-[4.5.1-jk][1
,4]benzodiazepine-2(1H)-thione;
(+)-(S)-4,5,6,7-tetrahydro-5-methyl-6-(3-me-
thyl-2-butenyl)imidazo[4,5,1-jk] [1,4]benzodiazepine-2(1H)-thione;
(+)-(S)-9-chloro-4,5,6,7-tetrahydro-5-
methyl-6-(3-methyl-2-butenyl)imidazo[4,5,1-jk]
[1,4]benzodiazepine-2(1H)-thione; the pharmaceutically acceptable acid
addition salts thereof, and the stereochemically isomeric forms thereof. 7.
A compound having the formula 50 55 25    EP 0 384 522 B1 Example 15:
INJECTABLE SOLUTION 60 Parts of A.I. and 12 parts of benzylalcohol were
mixed well and sesame oil was added q.s. ad 1 I, giving a solution
comprising 60 mg/ml of A.I. The solution was sterilized and filled in
sterile containers. 5 Claims 1. A compound having the formula 10 S [ERR] 20
a pharmaceutically acceptable acid addition salt or a stereochemically
isomeric form thereof, wherein [err] is [err]alkyl, [err]alkenyl,
[err]alkynyl, [err]cycloalkyl, or [err]alkyl substituted with aryl or with
[err]cycloalkyl; [err] is hydrogen or [err]alkyl; [err] is hydrogen or
[err]alkyl; [err] and [err] each independently are hydrogen, [err]alkyl,
halo, cyano, nitro, trifluoromethyl, hydroxy, [err]alkyloxy, amino or
mono-or di([err]alkylamino); and aryl is phenyl optionally substituted with
from 1 to 3 substituents independently selected from [err]al- kyl, halo,
hydroxy, [err]alkyloxy, amino, nitro and trifluoromethyl. 



30 2.  A compound according to clalm 1 wherein [err] is [err]alkyl,
[err]alkenyl, [err]alkynyl or [err]alkyl substituted with aryl or with
[err]cycloalkyl; [err] and [err] each independently are hydrogen,
[err]alkyl, halo, cyano, nitro, trifluoromethyl, hydroxy or [err]alkyloxy.
35  3.  A compound according to claim 2 wherein [err] is [err]alkyl,
[err]alkenyl, or [err]alkyl substituted with [err]cy- cloalkyl; [err] is
[err]alkyl; [err] is hydrogen. 4.  A compound according to claim 3 wherein
[err] is [err]alkyl, [err]alkenyl or ([err]cycloalkyl)methyl; [err] is me-
thyl; [err] is hydrogen; R4 is hydrogen, methyl, halo, cyano, nitro or
trifluoromethyl. 40 5.   A compound according to claim 4 wherein [err] is
propyl, 2-propenyl, 2-butenyl, 2-methyl-2-butenyl, 3-me- thyl-2-butenyl,
2,3-dimethyl-2-butenyl or cyclopropylmethyl; [err] is hydrogen, methyl or
chloro. 6. A compound according to claim 1 wherein the compound is selected
from 4,5,6,7-tetrahydro-5-methyl-6-
propylimidazo-[4.5.1-jk][1,4]benzodiazepine-2(1H)-thione;
(+)-(S)-4,5,6,7-tetrahydro-5-methyl-6-(3-me- 45
thyl-2-butenyl)imidazo[4,5,1-jk] [1,4]benzodiazepine-2(1H)-thione;
(+)-(S)-9-chloro-4,5,6,7-tetrahydro-5-
methyl-6-(3-methyl-2-butenyl)imidazo[4,5,1-jk]
[1,4]benzodiazepine-2(1H)-thione; the pharmaceutically acceptable acid
addition salts thereof, and the stereochemically isomeric forms thereof. 7.
A compound having the formula 50 55 25    EP 0 384 522 B1 [ERR] 10      an
acid addition salt or a stereochemically isomeric form thereof, wherein
[err]   and [err] are as defined in claim 1. 8.  A compound having the
formula [ERR] a pharmaceutically acceptable acid addition salt or a
stereochemically isomeric form thereof, wherein [err], 25        [err] and
[err] are as defined in claim 1; and (a) [err] and [err] each independently
are [err]alkyl, halo, cyano, nitro, trifluoromethyl, hydroxy, [err]al-
kyloxy, amino- or mono- or di([err]alkyl)amino, or (b) [err] is hydrogen
and [err] is cyano, nitro, trifluoromethyl, hydroxy, [err]alkyloxy, amino
or mono- or di([err]alkyl)amino. 9.  A compound as claimed in any one of
claims 1 to 6 and claim 8 for use as a medicine. 10. A pharmaceutical
composition comprising a pharmaceutical carrier and as activeingredient a
therapeut- ically effective amount of a compound as caimed in any one of
claims 1 to 6 and claim 8. 35 11.  A method of preparing a pharmaceutical
composition according to claim 10, characterized in that a ther- 



apeutically effective amount of a compound as defined in any of claims 1 to
6 and claim 8 is intimately mixed with a pharmaceutical carrier. 12. A
process for preparing a compound as claimed in any of claims 1 to 6,
characterized by 40        a) condensing a
9-amino-2,3,4,5-tetrahydro-1H-1,4-benzodiazepine of formula [ERR] wherein
[err]  and [err] are as defined in formula (I) with a reagent of formula
L-C(=S)-L (III), wherein L is a leaving group, in a reaction-inert solvent;
b) thionating a
4,5,6,7-tetrahydroimidazo[4,5,1-jk][1,4]-benzodiazepin-2-one of formula 55
26    EP 0 384 522 B1 [ERR] wherein  [err] and [err] are as defined in
formula (I) 10           i) by reaction with a halogenating reagent and
conversion of the thus obtained 2-haio-4,5,6-7-
tetrahydroimidazo[4,5,1-jk][1,4]benzodiazepine with thiourea or an alkali
metal thiosulfate in a re- action-inert solvent; or ii) by thionation with
2,4-bis(4-methoxyphenyl)-1,3-dithia-2,4-diphosphetane-2,4-disulfide or
phos- phorus pentasulfide in an inert solvent; 15          c)N-alkylating
an intermediate of formula [ERR] 25 wherein [err] and [err] are as defined
in formula (I) with a reagent of formula [err]-W (VI-a) wherein W
represents a reactive leaving group and [err] is as defined under formula
(I), in a reaction- inert solvent; d) N-alkylating an Intermediate of
formula 30
[ERR] [ERR] S 40        wherein   [err] and [err] are as defined in formula
(I) with a ketone or aldehyde of formula [err]=O (VI-b), wherein [err]
represents a geminal bivalent radical derived from [err] being [err]alkyl,
[err]cycloalkyl or [err]alkyl substituted with aryl or with
[err]cycloalkyl, wherein two germinal hydrogen atoms are replaced by =0 in
a reaction-inert solvent, thus yielding a compound of formula 45 [ERR] e)
thiating a tetrahydroimidazo[4,5,1-jk][1,4]benzodiazepine of formula 55 27 



EP  0  384  522 B1 [ERR] wherein    [err]  and [err] are as defined In
formula (I) with elemental sulfur at an elvated 10        temperature; f)
reducing and thiocarbonylating a 9-nitrobenzodiazepine of formula [ERR]
wherein    [err]  and [err] are as defined in formula (I) In the presence
of an alkali metal sulfide or hydrogen sulfide, and carbon disulfide; g)
cyclizing a benzimidazol-2-thione of formula 25 [ERR] wherein   [err]  and
[err] are as defined in formula (I) and W represents a reactive
leavinggroup, 35          in a reaction-inert solvent, and, if desired,
converting the compounds of formula (I) into a therapeutically active
non-toxic acid addition salt form by treatment with an acid; or conversely,
converting the acid salt into the free base with alkali; and/or preparing
stereochemically isomeric forms thereof. 13. A process for preparing a
compound as claimed in claim 7, characterized by 40        a) condensing a
9-amino-2,3,4,5-tetrahydro-1H-1,4-benzodiazepine of formula [ERR] 50
wherein [err] and [err] are as defined in formula (I) with a reagent of
formula L-C(=S)-L(III), wherein L is a leaving group,in a reaction-inert
solvent; b)thionating a
4,5,6,7-tetrahydroimidazo[4,5,1-jk][1,4]-benzodiazepin-2-one of formula 28
EP 0 384 522 B1 0 [ERR] 10               wherein   [err] and [err] are as
defined in formula (I) i) by reaction with a halogenating reagent and
conversion of the thus obtained 2-halo-4,5,6-7-
tetrahydroimidazo[4,5,1-jk][1,4]benzodiazepine with thiourea-or an alkali
metal- thiosulfate In a re- action-inert solvent; or ii) by thionation with
2,4-bis(4-methoxyphenyl)-1,3-dithia-2,4-diphosphetane-2,4-disulfide or
phos- 15            phorus pentasulfide in an inert solvent; c) thiating a
tetrahydroimidazo[4,5,1-jk][1,4]benzodiazepine of formula [ERR] 25 



wherein   [err]  and [err] are as defined in formula (I) with elemental
sulfur at an elevated tem- perature; d) reducing and thiocarbonylating a
9-nitrobenzodiazepine of formula [ERR] wherein   [err]  and [err] are as
defined in formula (I) in the presence of an alkali metal sulfide or hy-
drogen sulfide, and carbon disulfide; 40         e) cyclizing a
benzimidazol-2-thione of formula [ERR] wherein   [err]  and [err] are as
defined In formula (I) and W represents a reactive leaving group, in a
reaction-inert solvent, and, if desired, converting the compounds of
formula (I) into a therapeutically active non-toxic acid addition salt form
by treatment with an acid; or conversely, converting the acid salt into the
free base with alkali; and/or preparing stereochemically Isomeric forms
thereof. 55 14. A process for preparing a compound as claimed in claim 8,
characterized by a) condensing a
9-amino-2,3,4,5-tetrahydro-1H-1,4-benzodiazepine of formula 29    EP 0 384
522 B1 [ERR] wherein [err]  and [err] are as defined in claim 8 with a
reagent of formula L-C(=O)-L (LVIII), 10         wherein L is a leaving
group, in a reaction-inert solvent; b) N-alkylating an intermediate of
formula [ERR] wherein   [err]  and [err] are as defined in claim 8 with a
reagent of formula [err]-W (VI-a) wherein W represents a reactive leaving
group and [err] is as defined under formula (I), in a reaction- inert
solvent; 25        c) N-alkylating an Intermediate of formula 0 [ERR]
R3 wherein [err] and [err]  are as defined in claim 8 with a ketone or
aldehyde of formula [err]=O (VI-b), wherein [err] represents a geminal
bivalent radical derived from   [err]  being [err]alkyl, [err]cycloalkyl or
[err]alkyl substituted with aryl or with [err]cycloalkyl, wherein two
geminal hydrogen atoms are replaced by =0 in a reaction-inert solvent, thus
yielding a compound of formula 40 [ERR] and, if desired, converting the
compounds of formula (IV-a) into a therapeutically active non-toxic acid
addition salt form by treatment with an acid; or conversely, converting the
acid salt into the free base with alkali; and/or preparing stereochemically
isomeric forms thereof. 



c5 Patentansprlche 1.  EOne Verbindung mit der Formel 30    EP 038452281
*-N-f~ ;~                          111111! Liq nil ll 111111 : N 5f 0;  5 0
RS,-,CX~RS R ~~Rl (I), t10- sin phmrmazeutisch annehmbares
Slureaddiionssalz odor sine stereochemisch Isomers Form hievon, worh R1 fOr
C1.-Akyl, Cs4Aikenyl, Cs3Aikinyl, C34Cycdoalkyi oder durch Aryl odor
CseCycioalkyl sub- stitulertes C1-4Ikyi stht; 156           R2 Wasserstoff
odor C1 ..kyl bedeutet; Ra Wasserstoff odor C14AIkyl darsteilt; -....-.
. ....... R4 und RG jeweib unabhangig voneinander fOr Wasserstoff,
C1.4Akyl, Halogen, Cyanoj Nltroj T.. ..--  ... -. :-fluormethyl, Hydroxy,
C1-Aikyioxy AminooderMono-oder Di (Cc .aikqlamlno)athen; undAryl fOr-Phenyi
--- - 20      steht, das gegebenenrFais durch 1 bbs 3 Substituenten,
unabhingig voneinander ausgewihit unter CAI- kyl, Halogen, Hydroxy,
Cj-ANkyloxy, Amino, Nitro und Trifluormethyl, substitulert let. 2.
Verbindung nach Anspruch 1, worin R1 fOrrC1.Aikyi, C34Aikenyi, C^AIldnyi
oderdurch Aryl oderC3.CyC- loalkyl substitulortes C14Atkyt steht; R4 und
RsJeweils unabhingig voneinanderWasserstoff, C1 -.Alkyi, Halogen, Cyano,
Nitro, Trifluormethyl, Hydroxy odor C1i.Alkyoxy bedeuten. .-3. Verbindung
nach Anspruch 2, worin RI filr C$.ikyl, C3 -0ikenyi oder durch
C34CycioalkyW substitulertes Cg4Alkyl steht; R2 01.-Aikyl bedeutet; RG
Wasserstoff darsteilt 4L4  Verbincdung nach Anspruch 3, worin R1 fOr C
l.Alkyl, C"Alkenyl odor (C34Cydoalkyr )methyl steht; R2 Methyl bedeutet R3
Wasserstoff clarstelit; R4 Wasserstoff, Methyl, Halogen, Cyano, Nitro odor
TrIfluor- methyl bedeutet. 5 Verbindug nachkAnspruch 4, worin:R' Propyl,
2-Propenyl,.2-Butenyl, 2-Methyl-2-butenyl, 3-Methyl-2-Bu- tenyl, 2,
3-Dimethyl-2-butenyl oder Gycyopropylmethyl darstelit; R4 fOr Wasserstoff,
Methyl odor Chlor ;   Verbindung nachAnspruch 1, worln dieVerbindung
unter4, 5,6, 7-Tetrahydro-5-methyl-propylimldazo- 14.5.1-)k] [ 1,4l
benzodiazepin-2(1H)thion;
(+)-(SE4,5,6,7-Tetrahydro-5-methy6-(3-methyl-2-butenyl- )imidazo[4,5,1-Jk]
(1,41 benmodlazepin-2(1 H)-thlon;
(+)-(S)-9-Chlor-4,5,6,7-tetrahydro-5-methyt-8-(3-me- thyl-2-buteny)Imldazo[
4,5,1-JkI [1,4] benzodiazepln-2(IH)-thion; den pharmazeutiech annehmbaren
Siureaddltionssalzen hievon und don stereochemisch Isomeren Formen hievon
ausgewahit ot. 7. Elne Verbindung mit der Formel 



451 "5  H-N--S gR3 w                           ~~~~~~Rs 0  H     (V)9 sin
Siureadditlonssalz odor sine stereochemlsh Isomers Form hlevon, worin R2,
R3, R4 und Rs wib In An- J5       spruch I definlert sind. :.  Ehe
Verbindung mit der Formel 31    H-N~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
EFP0384522 B11 ii l!  1! RF               Rt   (IV-a), 10      ein
pharmazoutisch annehmbares.Saureadditionssalz oder sine stereochmeisch
Isomere Form hievon, worln RI, R2 und R3 wis in Anspruch I definlert sind;
und (a) R4-a und R16- jeweils unabhangig voneinander. Cj-AikyL
HalogsniCyano,- Nltro, Trifluormothyl, Hydroxy, C.-..kyioxy, Amino oder
Mono- oder Di (C1,4alkyi)amino bedeutet,-oder 5          (b) R4 a
fOrWasserstoff sbht und R5 a Cyano, Nitro, Trifluormethyl, Hydroxy,
C14Alkyioxy, Amino oder -s ,- 16 ; Mono- oder Di(CI ealkyl)aminci
darstellt. 9.  Verbindung nach elnem der Ansprfiche I bis 8 und 8 zur
Vorwendung ale sin Medicament. ~ 10. Pharmazeutische Zusammenhetzung ,
umfassend onen pharmazeutlschen Trager und ale wirksamen 20
Bestanditell sine therapeutisch wirksame Menge olner Verbindung nach elnem
der Ansprflche 1 bis  und
8.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~ 11. Verfahren zur Hoertellung elner pharmazeutisch
Zusammensetzung nach Anspruch 10, dadurch gekenn- zelchnet, daB sine
therapeutlsch wirksame Menge elner Verbindung nach elnem der Ansprfache 1
bis 6 25      und 8 innig mit einem pharmazeutischen Trager vermischt wird.
12. Verfahren zur Hersteliung einer Verbindung nach elnem der Ansprflche I
bib 6, gekennzeiohnet durch a) Kondensleren sines
9-Amino-2,3,4,5-tetrahydro-1H-1,4-bonzodiazoplns der Formel .E4( *.vworin
R, R2, R3, R4 und R6 wie in Formel (I) definiert aind, mit einem Roagens
der Formot L-C(u-S)-L (Iii), worin L sine Leaving-Gruppe bodeutet, in einem
reaktionsinertsn LWaungsmittel; b) Thlonieren sines
4,5,6,7-Tesrahydroimidazo[ 4,5,1-jkl 11,4] -benzodiazopin-2-ons der Formel
45R                           ~      R 850
PI (IV). worin RI, R2, Rs, R4 und R5 wie In Formel (I) definlert sind,
tj55i) durch Umsetzung mit einem Halogenisrungsmittel und Umwandlung des
solcherart erhaltenen 2-Haiogen-4, 5,6, 7-tetrahydroimidazo[4,5,1-jk[1,4]
benzodiazepins mit Thioharnstoff odor elnem Aikalimetslithlosuffat in elnem
reaktionsinertsn L6sungsmittel; oder 



ii durch Thhonlerung mit 2, 4-Bis(4-methoxyphenyi)-1
,3-dithia-2,4-diphosphaten-2,4-diaulfid odor 32    :: -
~~~~~~~~EP 0384 522 81 Phosphorpentasulfid in einem inerten LOsungsmittel;
*C c) N-Alkyibsren sines Zwischenprodukts der Formel 5~~~~~~~~~~~~ ~~~~~~~
: 10 H .,,.,,...... .....    ...  ....    ...... .(Y. worin R2, R, R4 und
RG wle in Formsl (1) definiert sind mit olnem Reagens der Formdl R1-W
(Vi-a), 1s.       worin W sine reaktionsffihge Leaving-Gruppe bezelchnet
und R1 wie unter Formdl  deinlert let, in einem reaktdonsinerten
i-osungsmittel; d) N-Aikylberen sines Zwischenprodudkts der Formel 26 H
worin R2, R3, R4 und RG wis in Formel )definiert sind, mit sinem Keton odsr
Aldehyd der Formel R1- :3         bO(VI-b), worin RI-b sfnen geminalen
zwelwertigen Rest abgiesltet von R1--H,. bedeutet, wobel RI- afOr C,4AikyL
C,"Cydoaikyl odor durch Aryi oder Cs Cyobalkyi substitulertes C,..Aikyi
stht worin zwel geminale Wasserstoffatome dursh =O ersetzt sind, i einem
reaktionsinerten Losungemittetunter- Ausbildungselner..Verbindung: der
Formsl H-N-f N R'sT 4.0 (I-a); 45         e) Thietieren sines
Tetrahydroimidazo[ 4,5 1-jkl[ 1,4] benzodfazepins der Formsl coIR  tX
(VII), 55         worin R1, R2, R3, RW und R5 wie In Formel (I) definiert
sind, mit elementarern Schwefel bet erhihterTen- perstur, :f Reduzleren und
Thiocarbonylseren sines 9-Nltrobenzodiazepins der Formdl 33    EP 0 384 522
B1 .* C   L   M   S 



NOI H    R3 R5-~~ .:. .....: .  .  . ..... %RI (VIII), 10.       worm R',
R2, R3,R' und R6 wie n.Formel (I) deflnlert slndIin
AnwonsenheitenSinsAlkallmetallsulflds. Oder -hydrogensulif ds und von
Sohwefelkohlenstoff-, g Cycllsloron eines B:nz.midazol-2-thlons der Formel
16                                             S : - -                   R
20 '"    '  ''                                  .RI         (IX), worin RI,
R2, R3, R4 und R5 wie In Formel (I) definlert sind und W   ens
reakonsfitlhlge Leaving-Gruppe bezeichnet, In elnefd reaudonslnerton
Lsngsmlttel, und, Nis erw(Inscht Oberffhren der Verbindlun- 26     ~~gen
der Formel (I) In sine therapeutlech wirksarne, nlcht-toxlsche
Slureaddltlonsealzibrm dtroth Be- handlung mit olner Slur; oderumgeokehrt
Oberfilkhren des Sluresalzes In dilefrele Base mitAlkall; und- /oder
Berolten steroochomlach lsomerer Formen hiervon. :13.:Verfahren zur
Herstellung elnerVerblndung nach Anspruch 7, gekennzelchnet durch - 0 .
a) Konclenslern sines -mino-2,3,4,5-tehydro-IH-1,4-benzodirzeplns der
Formel R3 .~t3 -5 .f 40     ~~worin R2,: R3, R4 und RG wis. In Formel (I)
do? inlert sind, mit ellnem Reagens der Formol L-C(=S)-L (III), wormn L
sins Leavlnggruppe bezeichnet, In elnemn reaktionslnerten I-boungsmlttel;
b) Thionieren sines 4,5,6,7-Tetrahydrolmidazo[4,5,1-jkJ[1
,4J-benzodiazepln-2-~ons der Formel 0 45 R5-~~~R .~~ ~~~ ~
N a4 50                                             H (IV-b). worin R2, R3,
R4 und R6 wie in Formen (I) definlert sind, b) dubch UmsIzung mit elnem
Halogonlsrungsmiltel und Umwandlung des soicherart erhaltenen 56
2-Halogrn-4,5,6,7-tetrahydrolmldazo[4, wirks[1,4]benzodlazoapnsh
SmtThiohlonstatffodurcsinh Al- kallmetallthiosulfat In elnem
reaktionslnerten Lasungsmlttel; odor IQ) durch ThBonlerung mit
2,4-Bos(4-methoxyphenyl)-1e,3-dthna-2,4-diphosphstan-2,4-dlsutd odor
Phosphorpentnsurfiddn elner inorton LasungsmIttee; 34    



EP 0 384 522 B                    ISiiiijIllilIIIIlI 111 ... :   c)
Thiatieren sines Tetrahydroimidazo[ 4,5i1 -jk] [ 1,4] benzodiazepins aer
Formd =' R~3 RS~~~ AN R               H 10 (VII-a). worin R2, R3, R4 und R5
wie in Formel (I) definiert sind, mit elementarem Schwefle bei erh8hter
Ten- --^    ~:  perstur; 16        d) Reduzieren und Thlocarbonylieren
sines 9-Nltrobenzodlazeplns der Formel -   ~~~~~~~~~~~~Z~~~H
It 20                                  -  < ~ (VUII-a). 2C worin R2, R3, R4
und R6 wie In Formel (I) definiert sind, In Anwesenheit sines
AikallmetallsulfIds oder -hydrogensuifidd und von Schwefekohlenstoff; 5)
Cycisleren sines Benzimidazol-2-thions der Formal H-N ..... . .. .  .  .
.. 35 NH R'.        'H worh R2, Rs, R4 und R6 wMe in Formei (I) definiert
sind und W sine reaktionsflhge Leaving-Gruppe 40 bezelchnet, in elnem
reaktlonsinerten Lasungenmittel, und, falls orw~nscht, Oberf~ihren der
Verbindun- gen der Formel (I) In esne therapoutlsch wirksame,
nicht-toxische Sfureadduitonsesalzform durch In Be- handlung mit elner
Saure; oder umgekehrt, Oberflhren des Sauresalzes In die frele Base mit
Alkali; undloder Bereiten stereochemisch isomerer Formen hievon. 48  14.
Verfahren zur Herstellung elner Verbindung nach Anspruch 8, gekennzelchnet
durch a) Kondensieren elnes 9-Amino-2,3,4,5-terahydro-1
H-11,4-benzodlazopins der Formel NH 50 A 65    ' worin RI, R2, R3, R4 aund
Rr ^wle In Anspruch 8 definiertsind, miteinem Reagens der Formol L-C(=O)-
35    EP O 38U 522 B1SI             1111111 111111 111111111 ll 11N
.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ..                          1 



L (LVill), worin L ine Leavifnggruppe bezeichnet, In olnem reaktionsinerton
L6sungsmittel; b) N-Alkyliieren sines Zwlschenprodukts der Formel 5
ZI~~~-N  4 R3 .~~~~~                              x wori R2, R3, R4- und
R8awis In Anspruch 8 definiert sind, mit ehern'Reagns der For'ma R7-W (V-
,5        a), worin W eine reaktionsffihige Leaving-Gruppe bezeichnet und
R1 wie unter Formal (I) definlert ist, In einern roaktlonsinerten
L5sungsmlttel; c) N-Alkylieren sines Zwlschenprodukts der Formdl -20
H N- R     R3 worin R2, R3, R4-  und R1 * wie In Anpruch 8 definiert sind,
mit einem Keton odor Aidehyd der Formdl 'R1- b=O (VI-b), worn R1- b eien
rgeminalen zwelwertigen Rest, abgeleitet von R1- *-H, bodeutt, worin 3P
R1-fairC.A4lkyl, C34Cydoalkyi oder durch Aryl odor C3Cydoalkyi
aubstitubortes C14Alky steht, wor- In zwel geminale Wasserstoffatome durch
=0 orsotzt sind, In ednem reaktlonslnerten LWsungsmittol un- terAusbldung
minerVerbindung derFormel 350 - R~~e i R 4 40 .N R1- (IV-a-1); und
gewdnschtenfalle OberfGhren derVerbindungen der Formel (IV-a) In ine
thmerapoutiech wirksamo 4s         nicht-toxische Slureadditionssalzform
durch Bohandlung mit einer SMurs; odor umgekehrt, Oberfrlh- ren des
Sauresaizes In die frele Base mit Akali; undloder Bereltbn satreochemlsch
Isomerer Formen hievon. 50   Revendlcatlons 1.  Compos6 de formula :05: '36
oEP 0384 522i31                          Hill h1Ili I fIII
S~~~~~~~~~~~~~~~~~~~ 7 -  . : ;:...? .H-N R R2 S                        RS-
j        )R2                     () 10      un 801 d'addltion d'acide
pharmacoutlquement acceptable ou une forme laombre stereochimlque de celul-
ci, dans laquelle formule R1 est un alkyle en Cs., un alcenyle en Ce. un
aicynyle on C34, un cycloalkyle en C3. ou un alkyle 



en C1-. substitue avec un aryle ou avec un cycioalcyle en G3.e; R2 eat un
hydrogbne ou un alkyle on CI-; - .s           R3 eat un hydrogbne ou un
alkyle en C1-4; R4 et R5 sont chacun ind6pendamment un hydrogbno, un alkyle
en C14, un halog6no, un cyano, un nitro, un trifluorom6thyle, un hydroxy,
un alkyloxyon C14, un aminoou un mono- ou di(alkyl en C14)aml- ; ! ~~no; d
un aryle eat un phenyie facultatfvement substltue avoc 1A 3 asubstituants
cholsis ind6pendamment parmi un alkyle en C14, un halog6no, un hydroxy, un
alkyloxy en C,4, un amino, un nitro et un trfluoro- ,m6thyle. 2. Compo*6
selon la revendlcation 1, dans lequel RI eat un alkyle en C,4, un alc6nyle
on C3... un alcynyle en C34.ou un alkyle en C14asubstitu6 avec un aryle ou
avecun cycloalkyle on C34; et R4et ROsontchacun indepondamment un
hydrogene, un alkyle en C1 -, un halogeno, un cyano, un nitro, un
trlfluoromethyie, un hydroxy ou un alkyloxy en CI-4. 3  Compose selon la
revendlcation 2, daon lequel RI eat un alkyle en C3,. un alc6nyle en Cs  ou
un alkyle en C14 subsatu6 avec un cycloalkyle en Cs..; R2 eat un alkyle en
Cj.~; et Rs eat un hydrogene. 4. Compos6 solon la revendication 3, dane
lequel RI est un alkyle en C", un alcenyle en C&4 ou un (cy- cloalkyl en C.
mdthyie; R2 estun m6thyle; R3 est un hydrogbne; et R4 estun hydrogene, un
m6thyle, -un halog6no, un cyano, un nitro ou un trifluorom6thyle; 5.
Compoas selon la revendlcatlon 4, dans lequel RI eat un propyle, un
2-prop6nyle, un 2-butinyle, un 2- methyl-2-but6nyle,
un.3-m6thyl-2-butenyle, un 2,3-dkn6thyl-2-but6nyle ou un oycdopropylmethyle
; et R4 . - - ;    - - - est un hydrogbne, un m6thyle ou un chloro. 6.
Compos6 selon la revendicatlon I qul eat choisl parmi la
4,5,6,7-t6trahydro-5-m6thyl-6-propylimida- 4,.     zo[4,5,I1-kI
,4jbenzodlaz~pine-2(IH)-thlone ; la
(+)-(S)-4,5,6,7-t6trahydro-5-m6thyl-S-(3-m6thyl-2-bu-
t6nyl)imidazo[4,5,1-jkl[,4lbenzodlaz*plne-2(I H)thlone ; la
(4)-(S)-9-chloro-4,5,6,7-tetrahydro-5-methyl-
8-(3-m6thyi-2-but6nyl)imidazot4,5,1-Jkl[1,4]benzodlazepine-2(IlH)-thione ;
leurs sels d'addttion d'acldes pharmaceutiquement acceptables et leurs
formes Isomeres stirnochlmiques. 45  7. Compos de formula S Rs y~~gRs R4
H un sal d'addidon d'acide ou une forms isomere st6r6ochimlque de celul-ci,
od R2, R3, R4 et Rs sont comme ddflnls dans Ia revendlcation 1. :.  Compoe6
de formula 37    EP O 384 522B1               ! I   181  11 II Bh1 I l!II
...; s ....  ..  :..H-N--  R3 S~~~~~~~~~~~~~~~~~~~~~~~ 



.44 JO      un sel d'addfflon d'acdeo pharmacoutqumeont acceptable ou une
forme isomere str6ochimlque de celul- ci, ob R1, R2 et Rs sont comma deMnis
dans la revendlcatlon  .; et (a) R4- a et R6- arepr6sentent chacun
ind6pendamment un:allyie oen CI, un halogeno, un cyano, un nitro, un
trifluoromathyle, un hydroxy, un alkyloxy en C-,,- un amino ou un mono- ou
di(alkyl on.CI4)ami- no, ou : . 15  .  (b) R4- S est un hydrogene et RS-
eat. un cyano, un nitro, un trIfluoromethyle, un hydroxy, un alkyioxy on
C1.. un amino ou un mono- ou dikalkyl en C14)amino. 9. Compose selon lune
quelconque des rovendications 1 A 6 et 8 pour Pempiol comme medlcament. 20
10.  Composition pharmacoutique comprenant un vehicule pharmaceutique et,
comrne Ingredient actif, une quantite th6rapeutfque officace d'un compose
selon l'une quelconque des revendlbatlons I A 6 et 8. 11. Prod6de de
preparation d'une composition pharmacoutique slon la revendlcation 10,
caracteris6 on co quo i'on melange Intimement une quantite therapeutique
efficace d'un compose solon l'une quelconque 26      des revendIcations i 1
8 et 8 avec un vehicule pharmacoutique. 12. ProcdW pour preparer un compoas
saelon l'une quelconque des revendlcatlons I a 8, caracteilse par a) la
condensation d'une 9-amino-2,3,4,5-tetrahydro-IH-1,4-benzodiaz6pine de
formule 30                               [wH          R3 dans laquelle RI,
R2, R3, R4 et Rs sont comme d~ffnis pour la formule (I) avec un composo
rna- giasant de formule L-C(=S)-L (III), dana laquelle L eat un group.
labile, dans un solvant Inerte vi"a- via de la r6actlon, A\ !            b)
la thionatlon d'une 4,5,6,7-t6trahydro-imidazo[4,5,1-jkj
[1,4]benzodlazhpIno-2-one de formule 0 HN( RSAR                       v
dans laquelle RI, R2, R3, R4 et Rs sont oomme M~inis pour la formule (l) I)
par r~action avec un agent d'halogenatbon et conversion de la
2-halogono-4,56,e,-tetrahydro-lmi- dazo[4,5,1-jk[1,4] bonzodiazepine alnsi
oictenue avoc Is thio-ur~e ou un thbosuifate de metal alcalin 55
dans un solvant inerbe dans la reaction ; ou IQ par thionstion ave le 2,4
bls(4-rnethoxyphenyl)-1,3-dith'a-2,4-diphosphetanne-2,4-dbulfure ou ; ; .
~~le pentasuifure de phosphore dens un solvant inerte,; * : ~~c) la
N-ailylation d'un~intermedbilre de fonnule :
~~~~~~~~~~38    ::452251                1 111111111lJHE 111151 1I 1J11
,,,.,~~~~~~~~~~~~~~~~~~~~~ .. ..HN ,3 S R3 0                X~~~~~~~~~~~z
~~~~(V) 



5                                  ~~~~~~~~N- H 10              dans
laquelle R2, R3, R4 et Rs sont comme d6flnis pour la formule (1), avec un
compos6 rbagis- sant de formule RI-W (Vl-a) dans laquelle W repr6sente un
group. labile r6actf et RI est comme dMfint pour la formule (I), dans un
solvant Inerte dans la riaction; :5 -d) la N-alkylatlon d'un Intermbdlaire
de formuls .....   . . ....~-N HN ~~R3 2.0 H dans laquelle R2, R3, R4 et RG
sont comme dMfinis pour la formule (I), aveo une citons ou un ald6hyde ,5
de formula R- b=O (VI-b) dans laquedle R1-b repr6sentb un radical bivalent
g6minal derivb de R'--H, R'- etantun alkyle en C, un cydoalkyle en C. ou un
alkyle en C1.. substitu6 avec un aryli ou avec un cycloalkyle on Cs . o0
deux atomes d'hydroglne gominaux sont remplac6s par =0, dans un solvant
Inerte via-i-via de la rbactfon, pour obtenir un compos6 de formule .; .. :
.^ . :H-NS3 30~~~~~~~~~~~~~~~~ .30~~~~~~~~~~R RST~~~R e) la thiation d'une
titrahydro-imldazo[4,5,1-jk][1,41 benzodiaz6pine de formule ..40 46
~~~~~~~N 'RI dans laquelle RI, R2, R3, R4 et R6 sont comme dMfinis pour Is
formule (I), avec du soufre 61e- mentaire a tbmp6rature 6elv6e; 0        f)
la r6ductlon et la thlocarbonylation d'une 9-nitrobenzodlaz6pine de formule
55 39    S 0 0 0  - EP 0 384 622 B1 I   011111111111111111111 liii 5...
0\~~~~~~~~N  H R5R  3 .  RN dans laquelle R1, R2. R3, R4 et RW sont comme
d6f inis pour Ia formule (I), on presence d'un sulfure 10        ou
hydrog6nosulfure de m6tal alcalin et de disulfure de carbons; g) Is
cycibation d'une benzimidazole-2-thlone de formule ~W  R3 



-RS 20 dens laquelle R1, R2, R3, R' et RW sont comme d6inis pour la formule
(i) et W reprisente un groups labile r6actif, dens un solvent Inerte dens
la ractbon at, el on lo d6slre, Ia conversion des compose6s de formule (I)
en un sel d'addition d'aclde non toxique par traltement avec un aide ; ou,
Inversement, 25        la conversion du eel d'ecide en la base libre avec
un alcall; et/ou la preparation des formes Isomeres sthriochimiques
correspondantes. 13 Procede pour preparer un compose selon la revendlcafton
7, caracterlse par la) I condensation d'une 9-amino-2,3,4,5-t6trahydr-1
H-1I 4-benzodiazdplne de formule 30. N3%N dans laquelle R2, R3, R4 et R6
sont comme definis pour Is formule (I), avec un compose reaghssant do 40
formule L-C(=S)-L (1113, dens laquelle L est un group. labiie, dens un
solvent inerte dens la reaction; b) la thbonation d'une
4,5,8,7-t6trahydro-lmldezo[4,5,1-Jk] [1,4]benzodiezeplne-2-one de formule 3
R3 45~~~~~~~~~~~ R5 ;Ra    (Nb) dens laquelle R2, R3,  R4 et R' sont comma
definis pour Is formule (I) i) par reaction avec un agent d'helogenatlon et
conversion de la 2-halogino-4,5,6.7-t~trahydro-iml- dazo[4,5,1-jkII1,41
benzodiazepine ainsi obtbnue avec Ia thio-ur6e ou un thlosuifabe do metal
alcalin dens un solvent Inerte dana Ia rtaction, ou *   Ii) par thhonation
avec le 2,4-bis(4mathoxyphinyl)-1,3.dlthla-2,4-dlphosph6tanne-2,4-disulfure
ou : : : lo. pentesulfure de phosphor. dens un soivant Inerte; -) Ia
thiation d'une t4trahydro-mlmdazo[4,5,1-Jk][1z,41 benzodl4zopnaz de formule
40    EP 0 384 522 B1 * C   L  M   S * :oN- -              .~~~~~~~~R dane
laquelle R2, R3, R4 et Rs sont comme definis pour la formule (I), avec du
soufre 6e6mentaire *10    :        tempirature elev6e; d) la reduction et
la thiocarbonylatlon d'une 9-nitrobenzodiaz6pine de formule NOz        R
15,~~1                             N :  ::;  -  4   'H .20    -   dans
laquelle R2, Rs, R4 et Rs sont comnme ddflnls pour ba formule-(l), en
pr6sence d'un sulfure ou d'un 



hydroginosulfure de m6tal alcaiin et de disulfure de carbons; o) la
cyclisation d'une benzimidazole-2-thione de formule ?26 NH R4             I
dans laquelle R2, R3, R4 otR5 sont commedifinis pour la formule (1) etW
representeun group. labile reactif, dens un solvent Inertb- dans la
reactlon -et, s on Ied6sire, Ia conversion des compos6s de for- 85 .36    .
mule (I) on un sol d'additlon non toxique a activit thbrapeutique par
traltement avec un acids; ou- In- versement, la conversion du sei d'acide
en ia base libre avec un alcall; etiou.la preparation des formes isombres
st6r6ochimiques correspondantes. 1. Proc6d6 pour preparer un compose selon
la revendlcation 8, caract~rs6 par 40        a) la condensation d'une
9-amIno-2,3,4,5tbtmahydro-1H-1 ,4-benzodlazipine de formule NH2 N 12    R3
so              dens laquelle RI, R2j R3, R4 et Rs sont comme dfinis dans
Ia revendbcatlon 8, avec un cornpos6 r6aglssant de formule L-C(=O)-L
(LVIII), dans laquelle L est un groupe labile, dans un solvant Inerte dans
la reaction; b) la N-alkylation d'un Interm6diafre de formule 65 41    EP O
3B4 522 B1             |||||||| || || ||| * C L  M   S * .....   ,, ....
. ... (IV-b-1) .10             dane laquelle R2, R3, RI- a et R5- a sont
comme d6flnls dans la revendicetion 8, avec un compos6 r6agIsaant delormule
R1-W (VI-a), dans laquelle W repr6sente un groups labile r6actlf et RI eat
comma dWiIN pour la formula (I), dans un solvant Inert. dans la r6actlon.;
c) Is N--aikylation d'un Interm6dlalre de formuls :.:.: .  ...  - :.
-..... .: .... 15 20~~~~~~~~ .:-   :.: .:   H dens laquetie R2, R3, R&- et
RP- s ont comme d~flnie dens Ia renvendicatiorn 8, evec une citone ou un
.25        uiddhyde do formule RI - b  (Vi-b), dens lequelie RI- b
represent. un radical bivalent g6minei diilv6 do R1-*-H,.RI- a Mtant UN
elkyle en 014g, un cycloalkyle en C34 ou un alkyle en C146 substitu6 avec
un aryle ou avec; un cycloaikyle en G,4, ofi lea deux atomes d'hydrogbne
giminaux sont rempiac~s par -0Q, dens un solvent inerte dens Is r6action,
pour former un. comp os6 do formule 



40~~~~~~~ H :   i  R-N   -f   R3 35              R
~~~~~~~~~~~~~~~~(IV~a1 els on le d6oire, la conversion des compoa6e de
formule (IVf-a) en un ael d'addition d'adenntcqu 40         A actfvltb
th6rapeutlque par traltement avec. un acids ; ou, inversement, la
conversIon du aol d'cacde en Is base libre avec un alcall ; st/au la
priparatlon des formes isom6ros stbr6ochlmlques correepon- dantes. 45 50 55
42    


