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Descriptioh

The present invention is concerned with imidazo-

diazepines. More particularly, the invention is concerned

with tetracyclic imidazodiazepines of the- general formuia

OOC(CH3)3

wherein A together with the two carbon
atoms denoted as « and B signifies the

group

2 =2\
B B 7 | ¢
N X~ B
S
, B, (o) or @

B signifies dimethylene, trimethylene or
propenylene,_Rl signifies hydrogen, halogen,

trifluoromethyl, amino, nitro, cyano or



lower. alkyl and R2 signifies
hydrogen, halogen, triflucromethyl,
amino, nitro, cyano, lower alkyl,
lower alkoxy, lower alkylthio,
lower-alkylsulphinyi or lower
alkylsulphonyl, and the carbon
atom denoted.as v has the (S)- or
(R,S)-configuration,

and pharmaceutically acceptable acid addition salts

thereof.

These compounds are novel and possess valuable
'phafmacodynamic properties. They can be used in the

control or prevention of illnesses.

Objects of the present invention are compounds
of general formula I and pharﬁaceutipally acceptable acid
addition salts thereof per se and as pharmaceutically
acEive substances, the manufactﬁre'of these compounds,
medicaments coﬁtaining a compound of general formula I or
é pharmaceutically acceptable'adid addition salt thereof

and the manufacture of such medicaments.

The terms "lower alkyl", "lower alkyl
group” and the like denote saturated hydrocarbon
groups, which can be straight-chain or branched-

-chain containing at most 7, preferably at most 4,
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- alkoxy" denotes lower alkyl groups linked via an oxygen -
Y

methylsulphonyl, ethylsulphonyl, isopropylsulphonyl and

‘bromine or iodine.

carbon atoms such as methyl, ethyl, n-propyl, isopropyl,

n-butyl, s-butyl, t-butyl and the like. The term "lower
atom such.as, for example, methoxy, ethoxy, isopropoxy and -
the like. The term "lower alkylthio" denotes lower- alkyl
groups lihked vié a sulphur atom such as, for example,
methylthio, ethylthio,.isopropy1thio and the like. The
term "lower alkylsulphinyl" denotes lower alkyl groups'
linked via a sulphoxide group such as, for example, methyl-
sulphinyl, ethylsulphinyl, isopropylsulphinyl and the

like. The term "lower alkylsulphonyl" denotes lower alkyl

'grdups linked via a sulphone group such as, for example,

the 1like. The term "halogen" signifies fluorine, chlorine,

In a particular embodiment the present invention
embraces dompounds of formula I hereinbefore in which

A and B have the above significance, R-

signifies hydrogen,
amino or halogen and Rz.signifies hydrogen, h#logen,
trifluéromethyl; 1ower'a1ky1, cyano, nitro, amino, lower
alkoxy, lower alkylthio, lower alkylsulphinyl or lower_
alkylsulphonyl, and the cafbon atom denoted as y has the

(S)- or (RS)=-configuration.
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The symbol A preferably signifies the group
(a) in which Rl"ﬁreferably signifies hydrogen or halogen

and R2 preferably signifies halogen, trifluoromethyl or

lbwer alkyl. The symbol B preferably signifies dimethylene .

or trimethylene. The carbon atom denoted as v preferably

has the (S)-configuration.

Quite especially preferfed compounds of formula I

are:

t-Butyl (S)-12,12a-dihydro-9-oxo-8-trifluoro-
methyl-9H,llH-azeto[2,1-climidazo[1l,5-a] [1,4-benzodiaze~-
pine-l—carboxylaté, |

t-butyl (S)-12,12a-dihydro-8-methyl-9-oxo=9H,11H~

-azeto[z,l-c]imida;o[l,S-a][l,4]benzodiazépine41—carboxylate,'

t-butyl (S)-8-chloro-7-fluoro-11,12,13,l3a~tetra-
hydro-9~oxo-9H-imidazo[1l,5-alpyrrolo(2,1-c] [1,4]benzodia~
zepinehl-carboxylate, |

t;butyi (S)-8—chloro-;l,12,13,13a-tetrahydro-9—
-oxo-9H-imidazo[l,S-a]pyrrolo[Z,l-c][l,4]benzodiazepine-
-l-carbokyléfe,. | |

t-butyl (S)-8-éthyl-ll,12,l3,l3a—tetrahydro-9—
-oxo-9H-imidazo[1,5-alpyrrolo{2,1~c] [1,4]benzodiazepine~-1-
~carboxylate,

t-butyl (S)—11,12,13,13a—tetrahydro-S-oxo-S-tﬁif.
fluoromethyl—QH-imidaZo[l,S-a]Pyrrolo[Z,l-q][1,4]5enzo- '

diazepine~-l-carboxylate,
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t—butyl (S)-S;bromo-ll,12,13,13;—tetrahydro-9-
-oxo-QH:imidazo[l,5-a]pyrrolo[Z,l-c][1,4]benzodiazepine-l-
-caﬁboxylaté, | _

t-butyl (S)-11,12,13,13a-tetrahydro-8-icdo-9-oxo=
-9H—imidazo[l,S—a]pyrroloEZ,l-c][l,4]behzodiazepihe—1—
-carboxylate, | |

t-butyl (S)-8-chloro-12,IZa—dihydro—Q—oxo-BH,llH-
—azeto[2,1—c]imidazo[l,5-a][l,4]benzodiazepine-l-carboxylage
and

t-butyl (S)-11,12,13,l3a-tetrahydro-8-methyl-9-

-oxo-QH-imidazo[l,5-a]pyrrolo[2,1—c][1;4}benzbdiazepine-l-

'bcarboxylaté.

Other compounds of formula I.which are preferred

are:

t-Butyl 8?chloro-1l,l3a-dihydro-9-oxo-9H-imidazo¥
[;,S-a]pyrrolo[z,l-q][l,4]benzodiazepine-l-carboxylate,

t-butyl (S)-lo,ll,lZ,12a—tetrahydro?8-020-8H4
-imidazo[S,1-c]pyrrolo[l,2-a]thieno[3,2—e][l,4]diazepihe-
-1-§arbokylate, | _

t-butyl (S)-11,12,13,13a-tetrahydro-9-oxo-9H~

-imidazo[l,5-alpyrrolo[2,1-c] [1,4]benzodiazepine-l-carboxy-

late,

t-butyl (S)-7-chloro-11,12,13,1l3a-tetrahydro-9-
-oxo-9H-imidazo(1l,5-alpyrrolo(2,1-c][1,4]benzodiazepine-1-

-carboxylate,
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t-butyl (S)-8-amino-11,12,13,l3a-tetrahydro-9-
-oxo-SH-imidazo[l,5-a]pyrrolo[2,l-c][l,4]benzodiazépine-l-
=carboxylate, o ..

t-butyl (s)-11,12,13,13a-tetrahydro-8-nitro-9—oxo- |
-9H-imidazo[l,5-alpyrrolo(2,1-c] [1,4]benzodiazepine~-1-
-carboxylate, _ |

t-butyl (S)-8-cyanofll,12,l3,l3a—tetrahydro-9-
-oxo-SH-imidazo[l,5-a]pyrrclo[2,1—c][l,4]benzodiézepine-'
-1-carquylate,

t-butyl (s)-11,12,13,13a~tetrahydro-8-methylthio-

=9-oxo~9H~-imidazo[l,5-alpyrrolo(2,1-c][1,4]benzodiazepine-1-

" =carboxylate,

t-butyl (S)-ll,12,13,iBa-tet;ahydro-B-methyl—
sulphonyl-Q-oxo-QH-iﬁidazo[l,5-a]pyrrolo[2,l-c][l,4]ben-
zodiazepine-l-éarbbxylaté,

t-butyl (S)-7-fluoro-11,12,13,13a-tetrahydro-
-9-oxo—9H-imidazo[l,S-a]pyrrolo[z,l—c][1,4]benzodiazepine—

-l—carboxylate

- and

t-butyl (S)-8-chloro-13,13a~dihydro-9-oxo~-9H~
-imidazo[l,5-ajpyrrolo[2;l—c][1,4]benzodiazepine—l-carboxy-

late.

Further representative members of the class of

compound defined by formula I are:
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t-Butyl (S)-8-bromo-12,l2a-dihydro-9-oxo-9H,11H~- -
—azetc[z,l-c]imidazd[l,séa][1,4Jbenzodiazepine-l—carboxyléte,

t—butyl (S)-12,12a-dihydro-8-iodo-9-oxo-9H, 11H~
-azeto[2,1l-climidazo[l,5-a] [1,4]benzodiazepine-l-carboxylate,

t-butyl (S)-8-ethyl-12,lZa—dihydr6-9-oxo—9$,lle
-azeto[2,1l-climidazo(1l,5-al [1,4]benzodiazepine-l~carboxylate,

t-butyl (S)-8-chloro-7-fluoro-12,lZa—dihydro-Q-oxo-
-9H,l1H-azeto[2,1l-c]imidazo(1l,5-a] [1,4]benzodiazepine~1~
-carboxylate,. | '

" t-butyl (S)-11,12,13,13a-tetrahydro-8-methylsul-

- phinyl-9-oxo-9H-imidazo(l,5-alpyrrolo(2,1-c][1,4]benzo-

diazepine-l-carboxylate,

t-butyl (s)-11,12,13,13a~tetrahydro-8-methoxy-
-9-oxo-9H-imidazo[l,S-a]pyrrolo[2,l-c]{l,41benzodiazepine-l—
-carboxylate,

t-bﬁtyl 11,12,13,13a~tetrahydro-9-oxo~9H-imidazo-
[5,1-c]pYrido[3,2-e]pyrrolo[l,2~a][1,4]diazepiﬁe-l*carboxy;
late, ' |

t-butyl 11,12,13,13a-tetrahydro-9-oxo-9H-imidazo-
[5,l-c]pyrido[4,3-e]pYrrolo[i,2-a][l,4]diazepine-l-carbcxy— _
late, | ' . |

t-butyl (S)-7-amino-11,12,13,13a-tetrahydro-9-
-oxo-gH-imidazo[l,5-a]pyrrolo[2,l-c][1,4]benzodiazepiﬁe--
-l—cérboxylate and | |

t-butyl (S)-7-amino-8-bromo-11,12,13,13a-tetra~
hydro-9—oxo-9H~imidazo[l,S—a]pyrrolo[Z,l-c][l,4]beﬁzodiaze—

pine—l—carboxYlate.
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The imidazodiazepines of formula I and their
pharmaceutically acceptable acid addition salts can

be manufactured in accordance with the invention by

(a) .reacting a compound of the general formula

A
IT
5

wherein A and B have the above sig-

nificance and X signifies a leaving
“ group r
«: in the presence of a base with t-butyl isocyanocacetate, or

lO. (b) converting a carboxylic acid of the general

formula

N _
' (/ COOH
/

N
Q

A Y
\ l B -
C—N . III

[



wherein A and B have the above
significance, with the proviso that

r*

and/or R2 do not signify amino -
when A signifies the group (a),

into the corresponding t-butyl ester, or

(c) replacing the halogen atom in a compound of the

general formula

Ia

wherein B has the above significance

and either R1l signifies halogen and

g2l signifies hydrogen, trifluoromethyl,
amino, nitro, cyano or léwer alkyl, or
g1l Siénifies hydrogen, trifluoromethyl,
amino, nitro, cyano or lower alkyl and : _ !
R21 signifies halogen,
by the cyano group or, when Rz; signifies Halogen, also

by a lower alkylthio group, or
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(a) replacing the amino group in a compound of the

general formula

N
| (/ COOC(CH3)3
N
Y Ib
R' ~G—N

22 |l

| B
R O

.Wwherein B has the above significance
5 and either Rlz signifies amino and
— ' r%2 signifies hydrogen, halogen,
trifluoromethyl, hitro, cyano or
lower alkyl, or R12 signifies hydro-

gen, halogen, trifluoromethyl,

~

10 nitro, cyano or lower alk:yland.R22

signifies amino,

by a hjdrdgen or halogen atom or a cyano or nitro group, or

(e) halogenating a compound of the general formula
N
(/ COOC(CH3)3
N .
N Y
13 :
I \_F
R23 O
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wherein B has the above significance

and one of R13 and R23

signifies
amino and the other signifies hydrogen,

in the a-position to the amino group, or

(£) oxidizing the lower alkylthio group to a lower
alkylsulphinyl or lower alkylsulphonyl group or oxidizing
the lower alkylsulphinyl group to a lower alkylsulphonyl

group in a compound of the general formula

N .
(/ ] COOC(CHa)a
: N

wherein B has the above significance,
R14 signifies hydfogen, halogen,
trifluoromethyl, nitro, cyano or lower
alkyl and R%? signifies lower alkyl-
‘thio or lower alkylsﬁlphinyi,

and

(g) if desired, converting a éompound of_formula.I
obtained into a pharmaceutically acceptable acid addition

salt.
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In accordance with process variant (a), compounds
of formula I can be manufactured from compounds of formula
II and t-~butyl isocyanoacetate. The leaving group
denoted by X in formula II is, for example, a readily
cleavable phosphinyl group, e.g. a group of the formula
0 | _ 0

1

-OP(OR3)2 . or . -op (NR*

5
R7),

wherein R> signifies’ lower alkyl
and R4 and R5 each signify lower -
alkyl, allyl, phenyl or substituted

phenyl or R4 and R5

togethef with

the nitrogen atom signify an un—
substituted or substituéed heterocyclic
ring with 3 to 8 members (such as
morpholine),

a halogen atom, an_allethio'group, an aralkylthio group,

a N-nitroscalkylamino group, an alkyloxy group, a mercapto

.group and the like (when X signifies a mercapto group,

then the corresponding compound of formula II is the
iminothiol form of the correspbnding thiolactam). The.
reaction of-a compound of formula II with t-butyl iso-
cyanocacetate is carried out in an inert solvent such as
dimethylformamide, hexamethylphosphoric acid triamide;

dimethyl sulphoxide, tetrahydrofuran or any other
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suitable organic solvent and in the presence of a base
which is suffiéiently strongly basic to form the anion of
the t-butyl isocyanoacetate. Suitable bases are alkali
metal alkoxides such as sodium methoxide or potassium _
t-butoxide, alkali metal .hydrides such as sodium hydride,.
alkali metal amides such as lithium amide or lithium
diisopropylamide, terﬁiary amines such as triethylamine,
and the like. The reaction is conveniently carried out
at a temperature between about =-40°C anﬁ'about room

temperature.,

In accordance with process variant (b), compounds

.0f formula I can be manufactured by converting carboxylic

acids of formula III into the correspohding t-butyl esters.
This esterification can be carried out aécording to methods
which are known per se and familiar to any person skilled .
in the art; it will, however, be appreciatéd that com-
pounds of formula I which have an amino group as.a structural
element can hot be manufactured in this manner. For
example, a carboxylic acid of formula III can be converted
wiﬁh a suitable reagent (e.g. with thionyl chloride,
phosphorus oxychloride, oxalyl chloride or the like) into
the corresponding carboxylic acid chloride and this can

be reacted with t-butanol in the presence of an acid-

-binding agent. Suitable acid-binding agents are primarilf -

tertiary amines such as triethylamine, pyridine,'quinﬁclidiné.
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or the like. Undexr certain circumstanceé the presence

of a catalytic amount of 4-dimethylaminopyridine or a
similar reactive amine can be advantageous. This esteri-
fication can be caﬁried out in two separate steps, i.e.
formation of the reactive carboxylic acid derivative and
reaction thereéf with t-butanol or in a so-called one-pot
process, which is pféferred. Suitable solvents are, for
example, halogenated hydrocarbons such as methylene chloride,
chloroform, 1,2-dicﬂlbroethane and the iike, ethers such as
diethyl ether, t-butyl methyl ether, te£rahydrofuran and
the like, acetonitrile, dimethylformamide etc. The

esterification is conveniently carried out at a temperature

in the range of about -10°C to the boiling point of the

mixture.

It is, however, also possible to react a carboxylié
acid chloride, obtained as described eaflier, or a carboxyiic'
.acid imidazolide, which is readily accessible by reacting
the free carboxylic acid of formula III with N,N'-cérbonyl-.
diimidazole, with sodium or potassium t-butoxide. Espe-
cially suitable solvents are ethers such as tetrahydrofuran
and dioxan, dimethylformamide and the like. Thereby,_ | -
depending on the solvent used, the reaction is carried out
at a temperature in the range of about 0°C to about 100°C, .

but preferably at room temperature.
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In accordance with process variant (c), compouﬁds
of formula I in which A signifies the group (a) and either
Rl signifies cyano and R2 signifies hydrogen, trifluoro-
methyl, amino, nitro, cyano or lower alkyl, or R1 signi-
fies hydrogen, trifluorcmethyl, amino, ‘nitro, cyanc or
lower - ‘alkyl and R signifies cyano or lower alkylthlo, can
be manufactufed by replacing the halogen atom in compounds

of formula Ia by the cyano group or, whean21

signifies
halogen, also by a lower alkylthio group. Thereby, a
corresponding bromo or iodo compound of formula Ia is

préferably used as the starting material. The reaction

‘can be carried out, for example, by reacting the compound

of formula Ia in an inert organic solvent with copper

(I) cyanide or a lower alkyl mercaptan'in the presence of
a base which is sufficiently.strongly basic to form the
corresponding anion from the mercaptan. Suitablé

solvents are, for example, dlmethylformamlde and the

-like. The temperature at which the reaction is carrled

out conveniently lies in a range of about room temperature
to the boiling point of the reaction mixture. Suitable

bases for the preparation of the anion from a lower alkyl

mercaptan are, for example, a sodium or potassium alcoholate

such as sodium ethanolate and pota551um t-butanclate,

sodium hydrlde and the like.
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.In accordance with process variant (d), the
amino group in a compound of formula Ib can be replaced
by a hydrogen or halogen atom or a cyano or nitro group.
The replacement by a halogen atom or a cyano or nitro group
can be carried out by converting the amino compound of
formula Ib into a corresponding diazonium salt and reacting
this, optionally without previous isolation, with a nitrite
éuch as sodium nitrite, or with a halide (e.g. a chloride
or bromide) or with a cyanide in the presence of a copper
(I) salt. . The presence of a.copper (I) salt is not
necessary for the manufacture of the corresponaing iodides.
Corresponding fluorides are conveniently manufactured via
a corresponding diazonium tetrafluoroborate, for example
by irradiation with UV light.. These reactions are carried
out in aqueous solutions at £emperatures of about -10°C to

about room temperature.

Thé replacement of an amino.group in a cdmpound.
of f&rmula Ib by the nitro group can, however, also be
carried out by oxidizing a compound of formula Ib. Suitable
oxidizing agents'aré, for éxample, peracids such as peracetic
acid, trifluoroperacetic acid, m-chloroperbenzoic acid and
perbenzoic acid and the like. As solvents there can be
used, depending on the oxidizing agent used, carboxylic

acids such as acetic acid etc., halogenated hydrdcarbons
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such as methylene chloride, chloroform, l;z-dichloroethane
etc.) or the like. As a rule, the oxidation is carried

out at a temperature of about 0°C to about room temperature.

The replacement of the amino group by a hydrogen

"atom can be carried out, for example, by reducing a

coiresponding diazonium salt, for example by heating in a
cyclic ether such és tetrahydrofuran or dioxan or in
dimethylformamide; thereby the reaction mixture is
preferably heated at the boiling point. However, in an
especially preferred embodiment an amine of formula Ib is
reacted in a cyclic ether such as tetrahydrofuran or dioxan
with t-butyl nitrite, preferably at the boiling point of

the reaction mixture.

In accordance with process variant (e), a compound

'of formula Ic can be halogenated in the c—position'to the

amino group. Sﬁitable hal@genating agents are, for example,
N-chlorosuccinimide, ﬁ-bromosuccinimide,'N-chloroacetamide,
N;bromoacetamide and the like. As solvents there are
conveniently used_inert organic soivents, fof example
halogenated hydrocarbons such as methylene chloride,
1,2-dichloroethane, chloroform and the like, dimethyl- -
formémide, dimethylacetamide, acetonitrile, ethers

such as diethyi ether, tetrahydrofuran, dioxan and the

like, etc. The halogenation can be carried out in a
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tempéerature range of about 0°C to the boiling point of
the mixture, a range of about room temperature to about

100°C being preferred.

In accordance with prdcess variant. (f), the
lower alkylthio or lower alkysulphinyl group in a gompound
of formula Id can be oxidized.. In the oxidation of a
lower alkylthio group there is 6btained, depending on the
reaction conditions used, a corresponding alkylsulphinyl
of alkylsulphonyl compound. Suitable oxidizing agents

are, for example, peracids such as peracetic acid, tri-

fluoroperacetic acid, m-chloroperbenzoic acid and per-

benzoic acid, alkyl hydroperoxides such as t-butyl hydro-
peroxide, hydrogén peroxide and the like. As solvents
there can be used, depending on the oxidiziﬁg agent used,
carboxylic acids such as acetic acid etc.,'halbgenated
hydrocarbons such as methylene chloride, chloroform, 1,2~
-dichloroethane etc., aromatic hydrocarbons such as benzene,
toluene and xylene or the like. As'a rule, the oxidation.
is carried out at a temperature of about 0°C to the boiling

point of the mixture.

An additional optically active centre is obtained
by the introduction of an alkylsulphinyl group; the present
invention embraces all possible diastereoisomers and mix-

tures thereof.
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In.accordance with process variant (g), compounds
of formula I can be converted into pharmaceutically
acceptable acid addition salts. The manufacture of such
pharmaceutically acceptable.acid addition salts is carried out
according to generally usual methods. The salts provided

by the preseht invention are salts formed with inorganic

‘acids and organic acids: for example, hydrochlorides,

hydrobromides, sulphates, methanesulphonates, p-toluenesul-

phonates, oxalates and the like.
The compounds of formula II used as starting

materials can be prepared starting from compounds of the

geheral formula

v

_ wherein A and B have the above
significance,
according to methods known per se; see, for example, -
Belgian Patent Specifications Nos. 802 233, 833 249 and
865 653, American Patent Specification No.3 681 341 and

J. Org. Chemistry 29, 231 (1964).
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Various Examples hereinafter contain detailed
-information concerning the'prepa:ation of compounds of

formula II from compounds of formula IV.

The compounds of general formula IV, in turn,

5 are known or can be prepared readily according to methods

¥ known per se. Compounds of formula IV in which A signi-

| - H
a

ﬂ[ - fies the group (a) or (d) can be prepared, for example,
by“reacting a corresponding carboxylic acid anhydride of

the general formula

P
A , B I v

10

~ wherein A' signifies the group
(a) or (d), with the proviso that

Rl and/or R2

do . not signify anmino
-1
when A signifies the group (a),

15 with an amino acid of the general formula

l B - vr
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wherein B has the above significance.

The compounds of formula IV in which A signifies
the group (a) or (d) can, however, also be prepared

starting from compounds of the general formula

B . VII

wherein R signifies lower alkyl
and A' has the above significance,

for example by reaction with a reactive derivative of a

'carboxylic acid of the general formula

HOOC
}Tf\
' /’N\;-//? VIII
Y '

wherein Y signifies a prétecting group

and B has the above significance,
for example a carboxylic acid chloride or the like. After
femoving the protecting group deﬁoted by ¥ from a thus-

-obtained compéund of the general formula
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NH"C:jSH
: ' IX

wherein A', B, R3

and Y have the

above significance,
and cyclization, for example by heating the substance
obtained to a temperature of about 100° to about 300°C for
a short time, there is obtained the desired compound of

formula IV.

Compounds of formula IV, in which A signifies
the group (b) or (c) can be prepared by reacting a compound

of the general formula

'wherein A" signifies the grou§ {(b) or (c),
in an inert organic solvent such as dimethylformamide,
tetrahydrofuran, dioxan or the like in the presence of
N,N'-carbonyldiimidazole With a compound of the géneral

formula
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3
R OOC;\T/}:“\\\B
HN\/_ ' .

wherein B and R3 have the above significancé.
This reaction is preferably carried out as a "one-pot
process", i.e. the carbokylic acid imidazolide formed in
a first step is not isolated, but is reacted directly with
a compound of formula XI and cyclizing the substance
obtained, for example by heating to a temperatu:e of about

100° to about 300°C for a short time.

Compounds of the general formula

B - " 1va

wherein A has the above significance,
can also be manufactured by eliminating in a manner known
per se the leaving group denoted by X' in a compound of

the general formula
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wherein A has the above significance
and X' signifies a leaving group.

As leaving groups there come into consideration, for

example, sulphonic acid groups such as methanesulphonyloxy,

p~toluenesulphonyloxy .and the like, halogen atoms such
as chlorine, bromine and iodine, or the like. The

eliminatien is carried out using a base such as sodium

hydride in an inert organic solvent such as dimethylforma=-

mide.

Compounds of formula XII can be prepared, for
example, in analogy to the preparation of compounds. of
formula IV from compounds of formulae V and VI, or from

compounds of formulae X and XI.

Compounds 6f formula IV in which A signifies
the group (a), one of rt
other‘ signifies hydrogen, trlfluoromethyl, amino, nltro,
cyano or lower alkyl can be converted into corresnondlng

cyano or alkylthio compounds by treatment with copper (1)

-and.R2 signifies halogen and the-
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cyanide or a lower alkyl mercaptan in the presence of a
base. Corresponding lower alkylsulphinyl and lower
alkylsulphonyl compounds can be obtained by oxidizing
cor:esponding lower alkylthio compounds. A further
possibility for the modification of compounds of formula.
IV in which A signifies the group (a) comprises halogenating
such a compound, wherein one of R1 and Rz signifies amino
and the other signifies hydrogen,in the a-position to the
amino group. Furthermore, in a compound of formula IV in.

L and R2 signi-

which A signifies the group (a), one of.R
fies amino and the other signifies hydrogen, halogen,
trifluoromethyl, nitro, cyano or lpwer alkyi, the amino
group can be cleaved off, for example by reduction of

.a corresponding diazonium salt or.the amino group can

be replaced by a halogen atom or the cyano or nitro group
via a correspoﬁding diazonium salt, or the amino group

can be oxidized to the nitro group. Finally, a compound f
of formula IV in which A signifies the group (a) and Rl
and Rz signify hydrogen can be nitrated to give a |

1

corresponding compound of formula IV in which R™ signi-

£ies nitro and R2 signifies hydrogen, or a corresponding

1

compound in which one of R and R? signifies nitro can

be reduced to the corresponding amino compound.

The compounds of formula IITI used as starting
materials can be prepared readily by hydrolyzing Ehe ester

group in compounds of the general formula
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N XIII

wherein A, B and R° have the above
significance,
according to methods which are known per se and familiar

to any pefson skilled in the art.

The compounds of formula XIII can be prepared by
reacting a compound of formula II in the presence of a base

with an isocyanoacetic ester of the general formula

CN-CHZ—COOR3 XIV

wherein R3 has the above significance,

in analogy to_?roéess variant (a).

As mentioned earlier, the compounds of formula I
are novel and have extremely valuable pharmacodynamic
properties. They exhibit only a low toxicity and it has

been shown that they have a pronounced anticonvulsive
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and anxiolytic activity. The anxiolytic éctivity can be
demonstrated experimentally in the animal test described

hereinafter.

The test appafatus is a one-touch Skinner box with

a feed pellet dispenser.

During 3 one-hour preliminary tests (on three

different days) starved female rats

'(i80-230 g) are trained to press the key of the feed pellet

dispenser in order to receive feed pellets each weighing_

45 mg (each key press is rewarded); in the third preliminary

test the rats att&in a rate of 150-200 key operations per

hour.

In a fourth preliminary test each pellet reward

'brought about by key pressing is combined with a short

electric foot-shock (1.0 mA). The rats which are con-
fronted with this conflict situation ihitially operate the
press—~key for about a further 5-10 times and then stop

completely from fright.

In a fifth preliminary test the rats can pfess
the key of the feed pellet dispenser again without
accompanying foot-shock, whereby again a rate of 150-200 key .

operations per_hour is attained.
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In a sixth preliminary test a selection of the
test animals is carried out.. 10 mg/kg of chlordiazepoxide
are administered perorally to the test animals 0.5 hour
before the beginning of this preliminary test; each
pellet reward is again combined with a foot-shock (conflict).
Only rats which in this preliminary test attain a rate of
20-50 key operations (compare the 5-10 key operations in
the fourth preliminary test) are retained as suitable test
animals for the testing of potential anxiolytics. The |

elimination rate in this preliminary test amounts to 5%.

'In the main test 8 rats are usually used per
substance and per dosege for the testing of the potential
anxiolytics. An untreated control group is not necessary,
since each animal serves as its own control. The test

substances which are dissolved or suspended in a mixture

"of 10 ml of distilled water and 2 drops of Tween 80

(polyoxyethylene sorbitan monooleate) are administered to
the animals with the aid of a probang 0.5 hour before

the one-hour main ﬁest, During the main test, in which
with each key press the pellet reward is combined with a
foot-shock (conflict)( the rate of key operations per hour

is registered.

The first significant anxiolytically active dosage

is determined with the Wilcoxon Test (comparison of pairs)



(3]

[1]

[4)

10

- 20 -

by directly comparing the number of key operations in

the main test (foot-shock, after pre-treatment with test

substance) with the number of key operations in the control

test (foot-shock, after pre-treatment with sodium chloride

- solution).

The fdllowing Table contains, for representative

compounds of formula I, the first significant anxiolytically

active dosage (FSD) determined in the above tést, as well

single oral administration to mice (LD50 in mg/kqg).

~ as details concerning their acute toxicity in the case of

Iable

Compound of feormula I FSD in LD, in

A R! Rz B Configuration | mg/kg mg/kg p.o.
(a) | H C1 |-(CH,) 4~ (s) 0.625 1250
(a) [B| B [-(cH,),- sy |10 2500
(a) | H c1 -(CHZ)Z- (s) 0.625 5000
(a) { F H - (CH,) 4= (s) 5

(a) | H[-S0,CH,[ -(CH,) 4= (s) 5
&) | ' |-sca, "-(CH2)3 (sy 1.25

(a) | B |-CH, -(CH,) , (s) 1.25 2500
(@ - = |-(cH), (s) 10

(a) | H ClL | -CH=CH-CH,- (R,S) 10

(a) | ® -CH, - (CH,) ,- (s) 2.5 |
(a)| H '-(CH2)3- (s) <0.625 >4000
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The compounds of formula I and their pharmaceutically
acceptable acid addition salts can be used as medicaments, for
example in the form of pharmaceutical preparations. The
pharmaceutical preparations can be admihistered orally (e.qg.
in the form of tablets, coated tablets, dragées, hard and
soft gelatine capsules, solutions, emulsions or suspensions).
The administration éan, hoﬁever, also be carried out
rectally (e.g. in the form of suppositories) or parenterally

(e.g. in the form of injection solutions).

For the manufacture of pharmaceutical preparations,
the compounds of formula I and their éharmaéeutically
acceptable acid addiﬁion salts can be processed with
pharmaceutical inert, inorganic or o;ggnic carriers.
Examples of carriers which can be used for tablets, coated

tablets, dragées and hard gelatine capsules are lactose,

- maize starch or derivatives thereof, talc, stearic acid or -

its salts and the like. Suitable carriers for soft gelatine
capsules are, for example, vegetable oils, waxes, fats, semi-
-solid and liquid polyols and the like; depending on the

nature of the active substance no carriers are, however,

- generally necessary in the case of soft gelatine capsules.

Suitable carriers for the manufacture of solutions‘and'
syrﬁps are, for example, water, polyols, saccharose,

invert sugar, glucose and the like. Suitable carriers for

~injections solutions are, for example, water, alcochols,

polyols, glycerine, vegetable oils and the 1like. SuitabLe



4

«1

LUl

[

™

10

15

20

25

- 31 -

carriers for suppositories are, for example, natural or
hardened oils, waxes, fats, semi-liquid or liquid polyols

and the like.

The pharmaceutical preparations can also contain
preserving agents, solubilizing agents, stabilizing aéénts,
wetting agents, emulsifying agents, sweeteniné agents,
colouring agents,'flavouring agents, salts, for varying the
osmotic pressure, buffers, coating agents or antioxidants.
They can also contain still other therapeutically wvaluable

substances.

As mentioned earlier, medicaments containing a compound
of formula I or a pharmaceutically acceptable acid addition
salt thereof are likewise an object of the present invention

as is a process for the manufacture of such medicaments.

" which comprises bringing one or more-compounds of formula I°

or pharmaceutically acceptable acid addition salts thereof
and, if desired, one or more other therapeutically valuable

substances into a galenical administration form. As

'mentioned earlier, the compounds of formula I and their

pharmaceutically écceptable acid addition salts can be
used in the control or prevention of illnesses, especially
in the control of convulsions and anxiety states. The
dosage can vary within wide limits and is, of course,
fitted to the individual requirements in each particular
case. In general, in the case of oral administration a

daily dosage of about 0.1 mg to 100 mg should be appropriate.
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The following Examples illustrate the present
invention, but in no way are intended to limit its exteht.

All temperatﬁres are given in degrees Centigrade.

Example 1

(a) 10 g (50.6 mmol) of 6-chioroisatoic acid an-
hydride are stirred at.llo° for 2 hours with 5.82 g (50.6
mmol) of L-proline in 80 ml of dimethyl sulphoxide. ?he
solution is evaporated and thé residue is crystallized |
from ethyl acetate. There is obtained (S)-6-chloro-
-1,2,3,11la=-tetrahydro-5E~pyrrolo(2,1-c] [1,4]benzodiazepine~
~5,11(10H) ~dione of melting point 271-276°.

(b) A suspension of 1.3 g (29.8 mmol) of sodium hydride
(55 percent oil dispersion) in 40 ml of'dry dimethyl-

formamide is treated at 20 to 30° while stirring with

6.8 g (27.1 mmol) of (8)-6-chloro-1,2,3,lla-tetrahydro-5H~

-pyrrolo[z,l-é][l;4]benzodiazepine-5,ll(lOH)-dione, the
mixture is stirred in the above temperature range for 45
minutes and then at -35° 4.4 ml (27.1 mmol) of diethyl-

chlorophosphate are added dropwise thereto.

Separately, 3.0 g (27.1 mmol) of potassium
t~butylate are dissolved in 9.0 ml of dry dimethylformamide,
cooled in an acetone/dry-ice bath, treated with 3.9 g (27.1:
mmol) of t-butyl isocyanoacetate and the solution obtained
is added dropwise at -15° to the mixture obtainea agcofding

to the preceding paragraph. The mixture is warmed to 15°,
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neutralized with 1.5 ml of glacial acetic acid, poured

into 100 ml of water and extracted four times with methylene
chloride. The methylene chloride solution is washed

twice with Water, dried over magnesium sulphate, evaporated
and the crude product obtained is chromatographed on

silica gel using ethyl acetate for the elution. By"re-
cfystallization from éthyl acetate/n-hexane there is
obtained thutyl (S)-S-chloro-ll,lz,13,l3a;tetrahydro-9—
-oxo-QH-imidazo[l,S-a]éyrrolo[2,l-c][l,4]benzodiazepiﬁe—
-l-carboxylate of melting point 151-152° (a second

modification melts at 216-217°).

Example 2

(a) "~ A mixture of 4.8 g (24.3 mmol) of 6-chloroisatoic
acid anhhydride, 2.83 g (25 mmol) of (L) -3 ,4~-dehydroproline
andﬁzo ml of dimethyl sulphoxide is stirred at 100° for '
1.25 hours, subsequently poured into 200 ml of water and
extracted three'times with ethyl acetate. The ethyl
acetate solution is washed once with water, dried over
magnesium sulphate, filtered and evéporated. The residue
obtained is chromatographed bn silica gel and subsequently
recryétallized from ethyl acetate, therxre being obtained'
(S)-6-chloro-3,lla-dihydro?SH—pYrrolo[2,l-c][l,4]benzo-

diazepine-S,ll(lOH)-dione of melting point 254-256°,
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(b) A suspension of 1.9 g (44.6 mmol) of sodium
hydride (55 percent oil diépersion) in 80 ml of dry di-
methylformamide is treated at -10° while stirring with
10.0 g (40.2 mmol) of (S)=-6-chloro-3,lla-dihydro-5H-
-pyrrolo([2,l-c][1,4]benzodiazepine~5,11 (10H)~-dione, the
mixture is stirred for 1 hour énﬁ subsequently at =-35°
7.7 ml (44.6 mmol) of diethylchlorophosphate are added

dropwise thereto.

Separately, 4.9 g (44.4 mmol) of potassium
t-butylate are dissolved in 15 ml of dry dimethylformamide,
cooled in an acetone/dry-ice bath, treated with 6.31 g
(44.6 mmol) of t-butyl isocyanbacetate and the solution
obtained is added dropwise at -15° to the mixture obtained
according to the preceding paragraph. The mixture is left.
to warm to 15°, neutralized with 2.5 ml of glacial acetic °
acid, poured into 150 ml of water and extracted three
times with methylene chloride. The orgénic extracts are
washed twice with water, dried over magnesium sulphate and
evaporated. ' The crude product obtained is chromatographed
on silica gel ﬁsing ethyl acetate for the elution. After
recrystallization from ethyl acetate/n-hexane, there is_.
obtained t-butyl 8-chloro-1ll,1l3a-dihydro-9-oxo-9H-imidazo-
[1,5-alpyrrolo[2,1-c] [1,4]benzodiazepine~l~carboxylate of'.

melting point 227-229°,
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Example 3

(a) 11.3 g (0.057 mol) of 6-chloroisatoic acid
anhydride and 5.78 g (0.057 mol) of L-azetidinecarboxylic
acid are heated to 125° for 2 hours in 50 ml of dimethyl
sulphoxide. Subsequently, the mixture is evaporated to
dryness in a high vacuum and the residue obtained is
heated to 150° for 2 hours. By chromatography on_silica
gel using ethfl acetate for the elution there is obtéined
(S)-5-chloro-l,lOa—dihydroazeto[2{l-c][i,4]benzodiazepine-
-4,10(2H,9H)-dione of melting point 225-228°,

(b)- A suspehsidn of 0.47 g (10.8 mmol) of sodium
hydride (55 percent oil dispersibn) in- 10 ml of dry
dimethylformamide is treated at =-15° while stirring with
2.12 g (9.0 mmol) of (S)-5—chloro-l,10a—dihydroazeto[2;i-c]—
[1,4]benzod iazepine—~4,10(2H,9H) ~dione, the mixture is .
stirred for a further 1 hour and subsequently at -35° 1.8
ml (10.8 mmol) of diethylchlorophosphate are added drop-

wise thereto.

Separately, 1.18 g (10.8 mmol) of potassium
t-butylate are dissdlved in 8 ml of dry dimethylformamide,
cooled in an acetone/dry-ice bath, treated with 1.52 g
(10.8 mmol) of t-butyl isocyanoacetate and the éolution

obtained is added dropwise at -15° to the mixture'obtained
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according to the preceding paragraph. Tﬁe mixture is
left to warm to 10°, neutralized with 0.6 ml of glacial
acetic acid, poured into 80 ml of water and extracted
three times with chloroform. The chloroform solution is
wasﬁed twice with water, dried over magnesium sulphate 
and evaporated. The crude product obtained is chromato-
graphed on silica gel using ethyl acetate for the elution
and subsequently recrystallized from ethyl acetate, there
being obtained t-butyl (S)—8-chloro-12,lZa-dihydrd-Q-oxo-
-9H,1l1H~azeto([2,1-c]imidazo[l,5-al [1,4]benzodiazepine-1-

-carboxylate of melting point 235-236°.
Example 4

(a) A mixture of 175 g (0.93 mol) of methyl 3-amino-
-2-thiophenecarboxylate hydrochloride, 1.8 1 of n-butanol
and 77 g of sodium hydroxide is heated to boiling under
reflux for 30 minutes and the suspension obtained is con-
centrated. The resulting mixture of the sodium salt of
3-émino-2-thiophenecarboxylié acid and sodium chldride

is treated with 800 ml of water, 280 ml of concentrated
hydrochloric acid and 230 ml of tetrahydrofuran and at

15 to 25° phosgené is conducted through this mixture for

2.5 hours and subsequently air is conducted through the
mixture for 15 minutes. The precipitated solid material
is.filtered off under suction, washed with water and dried.‘
There is obtained 2H-thieno[3,2-d][l,3]oxazine—2,4(lH)-dibné

of melting point 220-221°,
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(b) A solution of 34.3 g (202 mmol) of 2H-thieno-
[3,2-d1 [1,3]oxazine-2,4 (1H) -dione and 23.3 g (202 mmol)

of L-proline in 260 ml of dimethyl sulphoxide is stirred

at 110° for 1 hour, the brown solution cbtained is poured
into 2 1 of water and stirred at room temperature overnight.
The precipitated product. is filtered off under suction,
dried in vacuo and washed with about 200 ml of boiling
ethyl acetate. There is thereby obtained (S)f53,6,7,8- N
-tetrahydro-5SH-pyrrolo[l,2-althieno(3,2-e] [1,4]diazepine-
-5,10(4)~dione of melting point 244-247°,

(c) A suspension of 6.66 g (30 mmol) of (S)-5a,6,7,8-
-tetrahydro—SH-pyrrolo[l;z-a]thieno[3,2-e][l,41diazepine-
-5,10(4H)~dione in 30 ml 6f dry dimethylformamide is
treated at 0° while stirring with 1.15 g (30 mmol) of
sodium hydride (55 percent oil dispersion), the mixture

is subsequently stirred at the above temperature for 1 hour
and then at —30° 4.3 ml (30 mmol) of diethylchlorophosphate

afe added dropwise thereto.

Separately, 3.37 g (30 mmol) of potassium
t-butylate are dissolved in 10 ml of dry dimethylformamide,.
cooled in an acetone/dry-ice bath, treated with 4.23 ¢
(30 mmol) of t-butyl isocyanoacetate and the solution
obtained is added dropwise at -15° to the mixture obtained

according to the preceding paragraph. The mixture is left

 to warm to 10°, neutralized with 3.3 ml of.glacial acetic

acid, poured into 300 ml of water and extracted three times
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with chloroform. The chloroform solution is washed

four times with water, dried over magnesiﬁm sulphate and eva-
por§ted. The parily crystalline residue is recrystallized
twice from ethyl acetate and yields_t—butyl (S)-lo,ll,lz,lZA-
-tetrahydro—s-oxo-8H~imidazo[5,l-cléyrrolo[l,2—a]thieno-
[3,2-e][l,4Tdiazepine-l—carboxylate of melting point
226-227°,

Example 5

_ A suspension of 10.8 g (50.0 mmol) of (S)-1,2,3,
lla-tetrahydro-5H-pyrrolo(2,1-c] [1,4]benzodiazepine-5,11~
(10H) -dione in 50 ml of dry dimethylformamide is treated
at 0° while stirring with 1.92 g (50 mmol) of sodium
hydride (55 percent oil dispersion), tﬁe mixture is stirred
at the above temperature for a further 40 minutes aﬁd
subsequently at -25°.7.3 ml (50 mmol) of diethylchlorophos-

phate are added dropwise thereto.

Separately, 5.6 g (50 mmol) of potassium t-butylate
are dissolved in 15 mi of dry dimethylformamide, cooled in
an acetone/dry-ice bath, treated with 7.0 g'(SO mmol) of
t-butyl isocyanoacetate and the thus-obtained solution is
added dropwise at -15° to the mixtuﬁe obtained according
to'the preceding paragraph. The mixture is left to warm
to 10°, neutralized with 5.0 ml of giacial acetic'ééid, |

poured into 500 ml of water and stirred for 0.5 hours.
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The precipitated material is filtered off under suction,

washed with water, dried in vacuo and recrystallized from
ethyl'acetate. There is obtained t-butyl (S)-11,12,13,l3a-l
-tetrahydro-9-oxo-9H-imidazé[l,5-a]pyrrolo[2,l-c][1,4]-

benzodiazepine-l-carboxylate of melting point 237-238°.

Example 6

(a) A solution of 13.6 g (0;0768 mol) of 6-methyl-
isatoic acid anhydride and 8.8 g (0.0768 mol) of L-proline
in 75 ml of dimethyl sulphoxide is heated at 110° for 1
hour. Subsequently, the mixture is evaporated to dryness
in a high vacuum,énd the residue is recrystallized from
ethyl acetate with the addition of active carbon. There
is obtained (S)-1,2,3,lla-tetrahydro-6-me£hyl-5H-pyrrolo-
[2,1-c] [1,4]benzodiazepine-5,11 (10H) -dione of melting
point 212-214°,

(b) ' A suspension.of 2.51 g (57.5 mmol) of sodium
hydride (55 percent oil dispersion) in 80 ml of dry
dimethylformamide is treated at -20° while stirring with
11.5 g (50 mmol) of (S)-l,2,3,lla—éetrahydro-6-methyl-5H-
-pyrrolol2,1l-c][1l,4]benzodiazepine-5,11(10H)~-dione, |

the mixture is stirred for 1 hour and the solution obtained
is treated dropwise at -40° with 8.6 ml (57.5 mmol) of |

diethylchlorophosphate.
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Separately, 6.45 g (57.5 mmol) of potassium
t-butylate are dissolved in 15 ml of dry dimethylformamide;_
cooled in an acetone/dry-ice bath and treated with 8.12 g
(57.5 mmol) of t-butyl isocyanoacetate and the thus-obtained.
solution is added dropwise at -15° to the mixture obtained
according to the preceding paragraph. The mixture is
left to warm to 10°, neutralized with 3.3 ml of glacial
acetic acid, poured into 300 ml “of water and extracted
four times with methylene chloride. Tbe methylene chloride

solution is washed twice with water, dried over magnesium

'su;phate and evaporated. The residue is chromatographed'

on silica gél using ethyl acetate containing 25% n-hexane
for the elution. ’After recrystallization from ethyl
acetate, there is obtained t-butyl (s)-11,12,13,13a-
-tetrahydro-8-methyl-9-oxo-9H-imidazo[l,5-alpyrrolo(2,1l~-c]-
[1,41benzodiazepine~-l-carboxylate of melting point 192-194°.

Example 7

A suspension of 2.40 g (55 mmol) of sodium
hydride (55 percent oil dispersion) in 80 ml of dry
dimethylforﬁamide is treated at -10° while stirring with
12.0 g (47.9 mmol) of (S)=7-chloro-1,2,3,1lla-tetrahydro-
-5H-pyrrolo[2,1-c] [1,4]1benzodiazepine-5,11(10H)~-dione,
the mixture is stirred for 1 hour and the solﬁtioniobtained{
is treated dropwise at =-40° with 9.2 ml (55 mmol)“of

diethylchlorophosphate.
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Separately, 6.0 g (SSImmol) of potassium ﬁ-butylate
are dissolved in 150 ml of ary dimethylformamide, cooled in
an acetone/dry-ice bath, tréated with 7.74 g (55 mmol) of
t—butyl'isocyanoacetate and thé thﬁs-obtained solution is

added dropwise at -15° to the mixture obtained according

to the preceding parégraph. The cooling bath is removed,

the mixture is stirred~for a further 1 hour, subsequently
neutralized with 3.1 ml of glacial acetic acid, poured into
150 ml of water and extracted fouf times with methyiene
chloride. The organic solution is washed twice with
water, dried over magnesium sulphate and the solvent is
distilled off.  The residue is chromatographed on silica
gel using methylene chloride containing 5% ethyl acetate
for the elution and reciystallized from ethyl acetate.
There is obtained t-butyl (S)-7-chloro-11,12,13,l13a-tetra-
hydro-9-oxo-9H-imidazo[1,5-a]pyrrolo[2,l-c][l,4]bénzo-

diazepine-l-carboxylate of melting point 157-158°,

Example 8

(a) - 9.2 g (0.038 mol) of 6-bromoisatoic acid anhydride

and 4:6 g (0.040 mol) of L-proline in 55 ml of dimethyl
sulphoxide are heated at 70° for 1 hour, the solvent is
removed in a high vacuum and the o0il obtained is heaﬁed at
170° for 15 minutes. The crude product is purified by |

chromatography on silica gel using a mixture of chloroform
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and methanol (20:1) as the elution agent. There is
obtained (S)-G-bromo-l,2,3,lla—tetréhydro-SH-pyrrolo[2,l-c]e
[(1,4]1benzodiazepine-5,11(10H)~dione which melts at 221-224°

after recrystallization from chloroform/hexane.

(b) A solution of 9.94 ¢ (33.7 mmol) of (S)=-6-bromo-
1,2,3,1lla~tetrahydro-5H~-pyrrolo[2,1-c] [1,4]benzodiazepine~-
-5,11(10H)-dione in 30 ml of dry dimethylformamide is
treated at ~20 to =-10° while stirring with 1.62 g (37 mmol)
of sodium hydride (55 percenﬁ oil dispersion), the.mixture
is stirred in the above temperature range for a.further
1.25 hours and then at -40° 5.5 ml (37 mmol) of dieﬁhyl-

chlorophosphate are added dropwise thereto.

Sepérately,-4.15 g (37 mmol) of potassium t-butyl-
ate are dissolved in 10 ml_of dry dimethylformamide, cooled
in an acetone/dry-ice bath, treated with 5.22 g (37 mmol)
of t-butyl isocyahoacetate and the solution obtained is
added dropwise at -15° to the mixture obtained according
to the preceding paragraph. The mixture is left to warm
to 10°J neutralized with 2.1 ml of glacial acetic aéid,
poufed into 150 ml of water and ektracted three times with -
methylene chloride. The methylene chloride solution is

washed twice with water, dried over magnesium sulphate and

. evaporated. The crude product obtained is chromatographed.

on silica gel using ethyl acetate for the elution. By

recrystallization from ethyl acetate there is obtained
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t-butyl (S)=-8-bromo-11l,12,13,13a-tetrahydro-9-oxo-9H-
-imidazo[l,S-a]pyrtolotz,i-c][1,4]benzodiazepine-l-carboxy-

late of melting point 206-208°.

ExamEIe 9

(a) 14.5 g (0.050 mol) of 6-iodoisatoic acid anhydride
and 6.6 g (0.058'mol).of L-proline in 50 ml of d;methyl-
sulphoxide are warmed to 70° for 30 minutes, the solvent '
is.removed in a high vacuum and the oil obtained is heated
at 170° for 15 minutes. The_érude prodﬁct is'purified

by chromatography on;silica gel using methylene chloride

and a mixtute of methylene chloride and ethyl acetate for
the elution. There is obtained (S)—l,2,3,lla-tetrahydrq-
-G-iédo-SH-pyrrolot2,l-c][1,4]benzodiazepine-5,ll(lOH)-
-dione which melts at 212-215° after recrystallization

from methanol.

{b) A solution of 10.0 g (29.2 mmol).of (s)-1,2,3,11a-
-tetrahydro-G-iodo-5H-pyrrold[2,L-c][1,4]behzodiazepine-
-5,11(1l0OH})~-dione in 30 ml 6f dry dimefhylformamide is
treated at -20° while stirring with 1.4 g (32.1 mmol) of
sodium hydride (55 percent oil dispersion), the mixture is
stirred at the above ﬁemperature for a further 1 hour and
subsequently at -45° 4.8 ml (32.1 mmol) of diethy;ﬁhloro—

phosphate are added dropwise thereto.
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Separately, 3.6 g (32.1 mmol) of potassium
t=-butylate are.dissolved in.8 ml of dry dimethylformamide,
cooled in ah acetone/dry-ice bath, tfeated with 4.5 ¢
(32.1 mmol) of t-butyl isocyanoacetate and the solution
obtained is added dropwise at -20° to the mixture obtained
according to ‘the preceding paragraph. The mixture is |
stirred at =20° for a further 15‘mingtes, neuffalized
with 1.9 ml of glacial acetic acid, poured into 150 ml of
water and extracted three times with methylene chloride.
The organic extracts are washed twice with wate:,_dried
over magnesium sulphate and e§a§orated. " The crudel
product obtained is chromatographed on silica gel using
ethyl acetate containing 30% n-~hexane for the elution and
subsequently recrystallized from ethyl acetate. There is
obtained t-butyl (S)-11,12,13,l3a-tetrahydro-8-iodo-9-
-oxo-9H-imidazo[l,5-alpyrrolo{2,1-c] [1,4]benzodiazepine~

-l-carboxylate of melting point 241-242°,

Example 10

(a) 10.6 g (50.9 mmolf of G—nitroisatoié acid an- .
hydride and 6.1 g (50.9 mmol) of L-proline in 70 ml of
dimethyl sulphoxide ére heated to 90° for 45 minutes, the
mixture is subsequently evaporated in a high vacuum and
the residue obtained is heated to 140° for 4 hours;_ The
crystalline crude_product is taken up in 100 ml of boiling

ethanol, left to stand in the cold overnight, the material
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obtained is filtered off under suction while back-washing
with cold ethahol and dried to constant weight. There -
is obtained (S)-l,2,3,lia—tetrahydro-G-nit;o-5H-pyrrolo-

{2,1-c][1,4]benzodiazepine~5,11(10H)~dione which has a

decomposition point of 235-237°.

(b) 57.3 g (219.3 mmol) of (S)-1,2,3,lla-tetrahydro-
-6-nitro-5H-pyrrolo[2,1-c][1,4]lbenzodiazepine~-5,11 (10H) -
-dione are hydrogenated in 1.2 1 of methanol with 3 g of

10% palladium/carbon at room temperature and normal pressure.
After completion of the hydrogen uptake, the mixture is
warmed to boiling and the catalyst is filtered off under
suction, following which the filtrate is evaporated. By
recrystalliéation from methanol there is obtained (S)-6-

-amino—l,2,3;lla—tetrahydro—SH-pyfrolo[2,1-c][l,4]benzo-

~ diazepine-5-11(10H)-dione of melting-point 246-248°,

(e) A suSpension of 26.8 g (115.9 mmol) of (S)-
-6-amiﬁo—l,2,3,1la-tetrahydro-SH—pyrroio[2,l-c][l,4]benzo-
diazepine-5,11(10H)~-dione in 80 ml of dry diﬁethylformamide
is treated at -20 to -10° while stirring with 5.56 g (127.4
mmol) of sodium hydride (55 percenf oil dispersion),

the mixture is stirred in the above temperature range for
é_further 1 hour and then at -45° 19 ml (127.4 mmol) of

diethylchlorophosphate are added dropwise thereto.
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Separately, 16.5 g (127.4 mmol) of potassium
t-butylate are dissolved in 23 ml of dry dimethylformamide,
cooled in an acetone/dry-ice bath, treated with 18 g

(127.4 mmol) of t-butyl isocyanoacetate and the solution

obtained is added dropwise at -20° to the mixture obtained

'according_to the preceding paragraph. The mixture is

left to warm to 5°¢ neutralized 'with 7.3 ml of glacial
acetic acid, poured into 500 ml of water and extracted
three times with methylene chloride. The methylene
chloride solution is washed once with water and once with

saturated sodium chloride solution, dried over magnesium

sulphate and evaﬁorated. The crude product is crystallized

from ethyl acetate/diethyl ether. By recrystallization
from ethyl acetate/n-hexane there is obtained t-butyl (S)-
-8-amino-11,12,13,1l3a-tetrahydro-9-oxo~-9H-imidazo[l,5~a]~
pyrrolo[z,l-c][l,4]ben;odiazepine-lfcarboxylate which has

a decomposition point of 223-224°,

" Example 11

4.06 g (21.1 mmol) of about 90 percent m-chloro-
perbenzoic aqid.are dissolved in 56 ml of methylene chloride,
cooled to O0°, the suspension obtained is treated portion-
wise with 2.5 g (7.1 mmol) of t-butyl (S)-8-amino-11,12,
13,l3a-tetrahydro-9-oxo-9H-imidazo[l,S-a]pyrrolo[Z,l-c]-
{1,4]benzodiazepine-l-carboxylate and stirred.without |

cooling for a further 1 hour. The mixture is subsequently
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poured into about 70 ml of ice-water, made alkaline with
saturated sodium bicarbonate solution, the methylene
chlori_dé solutién is washed three times with saturated
sodium bicarbonate solution and twice with water, dried
over magnesium sulphate and evaporated. The residue ob-
tained is chromatographed on silica gel using ethyl acetate
for the-eiution.' By fecrystalliéation from ethyl acetate
there is obtained t-butyl (S)-ll,12,13,13&-tetrahydro-8-
-nitro-g-oxo-QH-imidazotl,s—a]pyrrolo[z,l-c][l,4]benzo-

diazepine~l-carboxylate of melting point 231-233°,

. Example 12

1.4 g (5.6 mmol) of copper sulphate pentahydrate
are dissolved at 50—60° in 5 ml of water, there are
successively added dropwise thereto a solutioﬁ of 0.353 ¢
(2.8 mmol) of anhydrous sodium'sulphite in 2 ml of water
and 0.411 g (8.4 mmol) of sodium cyanide in 1.5 ml of

water and the mixture is stirred at the above temperature

-for a further 10 minutes. Subsequently, the mixture is

cooled in an ice-bath, the resulting precipitate is
filtered off under suction while back-washing with water
and it is then taken up in a solution of 0.74 g (15.1 mmol)

of sodium cyanide in 3.5 ml of water.
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Separately, 1.5 g (4.2 mmol) of t-butyl (S)-8-

-amino-11,12,13,13a-tetrahydro-9-oxo-9H-imidazo[1,5-a]~

. pyrrolo(2,1-c] [1,4]benzodiazepine~l~carboxylate are

dissolved in a mixture of 1.04 ml of concentrated hydro-
chloric acid and 2.1 ml of water and there is added drop-

wise thereto at 0-5° a solution of 0.3 g (4.3 mmol) of

‘sodium nitrite in 1.7 ml of water. - The diazonium salt

solution obtained is added dropwise at 0° to the copper
(I) cyanide sblution obtained according to the preceding
§aragraph, the mixture is then warmed slole to 70° and
stirred at this temperature for a further 1 hour. Sub-
sequently, the mixture is cooled in an ice-~bath and then
extracted twice wiﬁh ethyl acetate. The organic extract
is washed successively once with 2N sodium hydroxide,

once with water and once with saturated sodium chlqride
solution, dried over magnesium sulphate and évaporated;
The residue obtained is chromatographed on silica gel
using chloroform'containing l.5% methanol for the elution.

After recrystallization from ethyl acetate, there is ob-

tained t~butyl (S)-8-cyano-11,12,13,l3a~tetrahydro-9-oxo-

-9H-imidazo[1,5-a]pyrrolo[2,1-c][l,4]benzodiazepine—l-

-carboxylate which has a decomposition point of 249°.

Example 13

(a) 11.55 g (0.05 mol) of 6-trifFuoromethylisatoic

acid anhydridé and 5.75 g (0.05 mol) of L-proline in 100 ml
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of dimethyl sulphoxide is heated to 70° for 1 hour,- the
solvent is removed in a high vacuum and the oil obtained
is heated to 170° for 15 minutes. The crude product is
purified Ey chromatography on silica gel using methylene
chlofide and mixtures of methylene chloride and ethyl
acetate (5%, 10%, 15%) as the elution agent. After
recryéfallization of the crude product from ethyl écetate/
dieéhyl ether, there is obtained pure (S)—l,2,3,lia—tetra-
hydro-6-trifluoromethyl-5H-pyrrolo[2,1-al[1l,4]lbenzodiaze~
pine-5+11(10H)~dione éf melting point 176-178°.

(b) A solution of 9.15 g (32.2 mmol) of (S)-1,2,3,lla-
-tetrahydro-G-trifluoromethyl-SH;pyrrolo[2,l-c][l,4]benzo--
diazepine-~5,11(10H)~dione in 30 ml of dry dimgthylformamide
is treated at =20 to -10° while stirring with 1.54 g (35.4
mmol) of sodium hydride (55 percént oil dispersion), the
mixture is stirred in the above'temPErature'range for a
further 1 hour and then at -40° 5.3 (35.4 mﬁol) of diethyl-

chlorophosphaté are added dropwise thereto.

| Separately, 3.97 g (35.4 mmol) of potassium
t-butylate are dissolved in 9 ml of dry dimethylformamide,
cooled in an écetone/dry-ice bath and treated with 4.99 g
(35.4 mmol) of t-butyl isocyanocacetate. The solution ob-
tained is added dropwise at =-20° to the mixture thained

according to the preceding paragraph. The mixture'is
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left to warm to 10°, neutralized with 2.0 ml of glacial
acetic acid; poured into 150 ml of water and extracted
three times with methylene chloride. The methylene
chloride solution is washed once with water, dried over
magnesium sulphate, evaporated and the crude product
obtained is chromatographed on silica gel using ethyl
acetate for the elution. Subsequent crystallization
from diethyl eﬁher yields t-butfl-(S)—ll,12,13,l3a-tetra-
hydro-9-oxo~8-trifluoromethyl=-9H-imidazo[1l,5-alpyrrolo-
[2,1-c][l,4]benzodiazepine—l-carboxylate of melting point
201-203°,

Example 14

(a) ' 4-Ethylisatin is obtained from 3-ethylaniline
according to the Sandmeyer isatin synthesis ﬂI.Sandmeyer,
Helv. 2, 234 (1919)1]. Separation of the isomers according
to P.W. Sadler, J. Org. Chemistry 21, 169 (1956), yields,

after recrystallization from ethyl acetate/diethyl ether,

pure 4-ethylisatin of melting point 138-140°.

(b) 20 g (0.114 mol) of 4-ethylisatin are.suspended
in 75 ml of 100 percent acetic acid, treated portionwise
with 26lg (0.137 mol) of m~chloroperbenzoic acid, the
temperature not rising above 50°, and ﬁhen the mixture is
stirred at this teﬁperature for a further 15 minﬁtes. The

mixture is poured into ice-water and filtered. The crude
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product obtained is taken up in ethyl acetate and extracted
cautiously with a.mixture of 2N sodium hydroxide and ice.
The ethyl acetate phase is dried over magnesium sulphate
and concentrated to give crude 6-ethylisatoic acid an-
hydride which melts at 202-204° after recryStallization

from ethyl acetate.

(c)_ 7.65 g (0.04 mol) of 6-ethylisatoic acid anhydride
and 4.6 g (0.04 mol) of L-proline are sﬁspended in 40 ml

of dimethyl sulphoxide, heatedlto 70° for 2.5 hours, the
solvent is removed in a high vacuum and the.oil obtained is
heated to 170° for 15 minutes. The crude product is

purified by chromatography on silica gel using chloroform

for the elution. There is obtained amorphous (S)-6-ethyl-

-1,2,3,1la-tetrahydro-5E-pyrrolo[2,1-c] [1,4]benzodiazepine~
-5,11(10H)~dione.

(d) A solution of 7.45 g (30.5 mmol) of (S)-6~ethyl-
1,2,3,lla—tetrahydro-SH-pyrrolo[2,l-c][l,4]benzodiazepine-
-5,11(10H)~-dione in 25 ml of dry dimethylformamide ié
treated at -20° while stirring with 1.46 g (33.55 mmol) of
sodium hydride (55 percent oil dispersion), the mixture is
stirred at the above temperature for 1 hour and subsequent-
iy at -45° 5.0 ml (33.55 mmol) of diethylchlorophosphate

are added dropwise thereto.
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Separately, 3.76 g (33.55 mmoli of potassium
t—butylate are dissolved in.9 ml of dry dimethylformamide,
cooled.in an acetone/dry-ice bath, treated with 4.7 g (33.55
mmol). of t-bﬁtyl isocyénoacetate and the‘solution obtained |
is added dropwise at -25° to the mixture obtained according
tp the preceding paragraph. Thé mixture is stirred for
15 minutes without cooling, neutralized with 1.9 ml of
glacial acetic acid, poured into 1QO ml of water and ex-
tracted three times with methylene chloride. The o¥ganic

extracts are washed twice with water and once with saturated

.sodium chloride solution, dried over magnesium sulphate

and evaporated. The crude product obtained is chromato-
graphed on silica gel using ethyl acetate containing 50%

n-hexane for the elution. By recrystallization from

ethyl acétate/n-hexane there is obtained t-butyl (S)-8-

-ethyl-ll,lZ,13,l3a—tetrahydro-9-oxo-9H—imidazoEl,S-a]-
pyrrolo[z,l-c][l,4]benzodiazepinefl-carboxylate of melting
point 155-156°,

Example 15

3.37 g (30 mmol) of potassium t-butylate are
dissolved in 50 ml of dimethylformamide, cooled in an
acetonefdry-ice bath and 2.7 g (56 mmol) of methyl mercaptan
are introduced. To this solution are added 10 g (26.75 B
mmol) of t-butyl (S)-8-chloro—ll,12;l3,l3a—tetrahYdfo—9--
-oxo-9H-imidazo[1l,5~-alpyrrolo(2,1-c]l[1l,4]benzodiazepine=-

-l-cérboxylate and the mixture is then warmed to 80° for
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1 hour. Subsequently, the solution is poured into 250 ml
of water. The precipitated product is filtered off under
suction, washed with water and dried in vacuo. There is
thus obtained.tfbutyl (s)-11,12,13,13a~tetrahydro~-8-methyl-
thio-9-oxo-9Heimidazo[l,S-a]pyrrolo[Z,l-c][1,4]benzodiaze-

pine-l-carboxylate of melting point 236°.

Example 16

4.0 g (10.38 mmol) of t?butyl (s)-11,12,13,13a~-
-tetrahydro-8-methylthio-9-oxo—QH;imidazo[l,5—a]§yr£olo-
[2,1-6][l,41benzodiazepine-l-carboxylate 5re dissolved
in 25 ml of methylene chloride, tréated portionwise at
room temperature with 2.0 g (about 10.4 mmol) of about 90%
percent m—chloroperbénzoic'acid and left to stand at room
temperéture overnight. .Then,athe solutioﬁ is poured
into 2N sodium hydroxide, the methylene chloride phase is
separatéd,ldried ovér magnesium sulphate and evaporated.
After rec:ystaliization_frdm ethyl acetaté/hexané, there
is obtained t-butyl (S)-11,12,13,lSa-tetrahydro-Sfmethyl—
sulphinyl—9-oxo-9H-imidazo[l,S—a]pyrrblo[Z,l-c][l,4]ben-
zodiazepine—l—carboxylate of meltiné poinﬁ 224-225° as

a diastereoisomeric mixture.
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Example 17

4 g (10.83 mmol) of t~butyl (S)-11,12,13,l3a-
~-tetrahydro~-8-methylthio-9~oxo-9H~imidazo[1l,5-alpyrrolo-
[2,l-c][l,4]benzodiazepine-l-carboxylate are dissolved.in
50 ml of methylene chloride and treated portionwise at
room temperature with 4.0 g (about 20.8 mmol) of about
96'percent m—chloropérbenzoic acid. Subsequently, the
mixture is warmed to boiling under reflux for 2.5 hours,
thén poured into 2N sodium hydroxide and the methylene
chloride solution is separated. The organic phase is
dried over magnesium sulphaté and evaporated. After re-
crystallization from chloroform/hexane, there is obtained
t-butyl (S)-11,12,13,l3a—tetrahYdro¥8-methylsulphonyl-9-oxo--
-9H-imidazo[1l,5~a]lpyrrolo2,1-c] [(1,4]lbenzodiazepine~1-~

-carboxylate of melting point 244°,

Example 18

(a) 4.5 g (0;025 mmol) of 6-methoxyisatoic acid an-
hydride and 3.0 g (0.026 mol) of-L-proline in 40 ml of
dimethyl sulphoxide is heated to 70° for 2 hours, the
solvent is removed in a high vacuum and the oil obtained
is heated to 170° for 15 minutes. After treatment with
active éarbon, the crude-prdduct is recrystailized from

methanol, there being obtained (S)-1,2,3,lla-tetrahydro~
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-6-methoxy—5H-pyrrolo[2,l-c][l,4]benzodiazepine-5,ll(lOH)—

-dione of melting point 247-251°.

(b) A suspeénsion of 0.96 g (22 mmol) of sodium -
hydride (55 percent oil dispersion) in 30 ml of dry_dimethyi—
formamide is treéted at -10° while stirring with 4.7 g

(19.1 mmol) of tS)-l,2,3,lla—tetrahydro-6-methoxy-5H—pyrrolof
[2,1¥c][l,4]benzodiazépine—s,ll(lOH)-dione, the mixture is
stirred at‘;he above temperatﬁre for a further 50 minutes

and subsequently at -35° 3.7 ml (22 mmol) of diethylchloro-

phosphate are added dropwise thereto.

Separdtely, 2.4 g (22 mmol) of potassium t—butyl;
ate are dissolved in 6.0 ml of dry dimethylformamide, cooled
in an acetone/dry-ice bath, treated with 3.1 g (22 mmol)
of t-butyl isoéyanoacetate and the solution abtained is
added dropwise at -15° to the mixture obtained according
to the preceding paragraph. The mixture is stirred for
a further 20 minutes without cooling, then neutralized with
1.3 ml of glacial acetic acid, poﬁred into 80 mi of water
and extracted four times with_méthYlene chloride. The
organic extracts’ are washed once with water, dried over
magnesium sulpha%e and evaporated. The residue is chroma-
tégraphed on silica gel using ethyl acetate contaihing 5%

methanol for the elution. By recrystallization from

<
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ethyl acetate/n-hexane there is obtained t—butyi (s)-11,
12,13,13a—tetrahydro—8—methoxy—9-oxo-9H-imidazo[l,5—a]4
pyrrolo{2,1-c] [1,4]benzodiazepine~l-carboxylate of melting
point 200-201°. |

Example 19

A solution of 7.03 g (30 mmol) of (S)-7-fluoro-
-1,2,3,lla~tetrahydro-5H-pyrroloc[2,1-c] [1,4]benzodiazepine~
-5;11(10H) -dione in 50 ml of dry dimethylformamide is
tfeated at -25° while stirring with 1.51 g (34.5 mmol) of
sodium hydride (55 percent oil dispersion), the mixture is
stirred at this temperature for a further 1 hour and sub-
sequently at -40° 5.1 ml (34.5 mmol) of.diethylchlorophos-

phate are added dropwise thereto.

Separately, 3.86 g (34.5 mmol) of potassium
t-butyléte are dissolved in 10 ml of dry dimethylformamide,
cooled in an acetone/dry-ice bath, treated with 4.86 g
(34.5 mmol) of t-butyl isocyanocacetate and the solution
obtained is added dropwise at =15° to the mixture obtained
according to the preceding paragraph. The mixture is lefﬁ
to warm to 5°, neutralized with 3.9 ml of glacial acetic
acid, poured into 250 ml of water and extracted three times :

with methylene chloride. The organic extracts are washed
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twice with water, dried over'magnesium sulphate and evapo-

rated. The crude product obtained is chromatographed on

silica gel using ethyl acetate for the elution. After
recrystallization from ethanol; there is obtained t-butyl
(s)=-7-fluoro-11,12,13,13a~tetrahydro-9-oxo-9H-imidazo- -
[1,5-alpyrrolo[2,1~c] [1,4]benzodiazepine~l-carboxylate of
melting point 154-155°.

Example 20

(a) 4-chloro-5;fluoroisatin is obtained from 3-chloro-~
-4-fluorocaniline according to the Sandmeyer isatin synthesis
[T.Sandmeyer, Helv. 2, 234 (1919)]. Separation of the
isomers according to P.W. Sadler, J. Org. Cheﬁistry g;,‘

169 (1956) yields, after recrystallization, pure 4-éhloro-

-5-fluoroisatin of melting point 249-251°.

(b) 7.8 g (0.039 mol) of 4-chloro-5-fluoroisatin
are suspended in 50 ml of 100 percent acetic acid, treated
with 0.25 ml of concentrated sulphuric acid and then at

30° 4.4 ml ( 0.043 mol) of 30 percent hydrogen peroxide

. are added thereto. The mixture is subsequently heated to

70° for 2.5 hours, then cooled to 10° and filtered. The

crude product is recrystallized from acetone/hexane, there
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being obtained 6-chloro-5-fluoroisatoic ac¢id anhydride of

melting point 275-278° (decomposition).

(c) 3.3 g {0.015 mol) of 6-chloro-5-fluoroisatoic

acid anhydride and 2 g (0.017 mol) of L-proline in 7.5 ml

of dimethylformamide are heated to 120° for 2 hours,'cooled,.
treated with 12 ml of distilled water and the precipitated
brown crystals are filtered off. 'By recrystallization of

the crude product from acetone/hexane there is obtained.

- (8)=-6-chloro-7-fluoro-1,2,3,lla-tetrahydro-5H-pyrrolo[2,1l-c]-

{1,4]benzodiazepine~5,11(10H)~dione of melting point 217-
-219°. |

() A solution of 7.16 g (26.6 mmol) of (S)-6-chloro-
~7-fluoro-1,2,3,lla-tetrahydro-5H-pyrrolo[2,1-c] [1,4]-
benzodiazepine-s,ll(lOH)-dione in 25 ml of dry dimethyl-
formamide is treated at -20 to -10° while stirring with

1.27 g (29.26 mmol) of sodium hydride (55 percent oil
dispersion), the mixture is stirred'in the above temperature
range for a further 1.25 hours and then at -40° 4.4 ml
(29.26 mmolj of diethylchlorophosphate are added dropwise

thereto.

Separately, 3.28 g (29.3 mmol) of potassium t-butylate
are dissolved in 8 mL of dry dimethylformamide, cooled in

an acetone/dry-ice bath, treated with 4.13 g (29.3 mmol) of
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t-butyl isocyanoacetate and the solutioﬁ obtained is

added dropwise at =20 to -10° to the mixture obtained
according to the preceding paragraph. The mixture is left
to warm to 10°, neutralized with 1.7 ml of glacial acetic
acid, poured into 150 ml of water and extracted three
times with methylene chloride. The methylenE-chloridé
solution is washed once with water, dried over magnesium
sulphate and evaporated. The crude prodﬁct obtained is
chromatdgraphed on silica gel using ethyl acetate for the
elution. By crystallization from diethyl ether ;here is
obtained t-butyl (S)-8-chloro-7-fluoro-11,12,13,13a~tetra-
hydro-9-oxo-9H-imidazo[1l,5-alpyrrolo(2,1-c] [1,4]benzodiaze~

pine-l-carboxylate of melting point 211-212°,

Example 21

(a} 37.0 g (187.3 mmol) of 6-chloroisatoic acid an-
hydride and 24.6 g (187.3 mmol) of L-4-hydroxyproline in
180 ml of dimethyl.sulphoxide is heated to 100° for 2 hours,
evaporated to drynéss in a-high*vacuum and the residue
obtained is heated to 130° for 2 hours. By recrystallization
from ethanol there is obtained (éR,llaS)-G—chloro—l,Z,3,lla-
-tetrahydro—2-hydroxy-5H-pyrrolo[Z,l-c][1,4]benzodiazépine-'

~5,11(10H)-dione of melting point 284-287°.
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(b) A suspension 6f 4.0 g (15 mmol) of (Zﬁ,llaS)—G-
-chloro—l,2,3,lla-tetrahydro—z-hydroxy-SH-pyrrolo[2,l-c]-
[1,4]benzodiazepine-5,11(10H)-dione in 20 ml of pyridine

is treated while stirring with 1.4 ml (18 mmol) of methane-
sulphonyl chloride, the mixture is stirred at room
temperature for a further 1.25 hours, the solution is
evaporated and the residue is partitioned between 100 ﬁl

of chloroform and 70 ml of water. The chloroform

solution is washed twice with water, dried over magnesium
sulphate and evaporated. By crystallization of the resulting
residue from ethanol there is obtained (2R,1llaS)=-6-chloro-
-2,3,5,10,11,11a-hexahydro-5,11-dioxo~1H pyrrolo([2,l-c]-
[1,4]benzodiazepin-2-yl-methanesulphonate of melting point

213-215°.

(c) A solution of 17.0 g (49.3 mmol) of (2R,1llas)-

-6—chloro-2,3,5,lo,ll,lla—hexahydro—s,ll-dioxo-lH—pyrrblo—
[2,l-c}[l,4]benzodiazepin-z-yl-methanesulphonate in 80 ml
of dry dimethylformamide is treated with 4.3 g (98.6 mmol)
of sodium hydride (55 percent oil.dispersion), the mixture
is stirred at 45° for a further 2 hours, then poured into

300 ml of ice-water, néutralized.with 5.6 ml of glacial

- acetic acid and extracted four times with methylene chloride.

The organic extracts are washed once with saturated sodium

chloride solution, dried over magnesium sulphate and

evaporated. By crystallization from ethanol there is

obtained (S)-6-chloro-1,lla-dihydro-5H-pyrrolo[2,l-c][1,4]-



«

- 61 -

benzodiazepine-5,11(1l0H) -dione of melting point 249-251°.

(d). A solution of 8.59 g (34.5 mmol) of (S)-6-
-chloro-1,1lla~-dihydro-5H-pyrrolo[2,1-c] {1,4]lbenzodiazepine-
5,11 (10H)-dione in 35 ml of dry dimethylformamide is
treated at -20 to -10° while stirring with 1.66 g (38 mmol)
of sodium hydride (55 percent oil dispersion), the mixture
is stirred in the above temperature range for a furthér

1 hour and subsequently at -40° 5.5 ml (38 mmol) of di-

ethylchlorophosphate are added dropwise thereto.

Separately, 4.3 g (38 mmol) of potassium t-butylate
are dissolved in 7 ml of dry dimathylformamide; cooled in
an-acetone/dry—ice bath, treated with 6.0 g (38 mmol) of
about 90 percent t-butyl isocyanéacetate and the.solution
obtained is added dropwise at -20° to the mixture obtained
according to the preceding paragraph. The mixture is left
to warm to 10°, neutralized with 2.2 ml of glacial acetic
acid, poured into 200 ml of water and extracted four times
with méthﬁlene chloride. The methylene chloride solution
is washed once with water, dried over magnesium sulphate -
and evaporated. The residue is dissolved in hot ethyl
acetate, left to stand in a refrigerator overnight and the

precipitated material is filtered off under suction while

'back-washing-with cold ethyl acetate. Recrystallization of .

the crude product from ethanol yields t-butyl (S)-8-chloro- '

-13,13a-dihydro-9~oxo-9H-imidazo[1l,5-alpyrrolo(2,1-c] [1,4]~
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benzodiazepine-l-carboxylate of melting point 235-237°.

Example 22

(a) 13.0 ¢ (128;4 mmol) of L-azetidine-2-carboxylic
acid and 22.7 g (128.4 mmol) of 6-methylisatoic acid |
anhydride in 150 ml of dimethyl sulphoxide are heated‘to
95° fof 3 hours, evaporated to dryness in a high vacuum
and the residue obtained is heated to 140° for 2.25 hours.
By crystallization from ethyl acetate there is obtained
(s)-1,l0a-dihydro-5-methyl-2H-azeto[2,1-c] [1,4]benzodiaze~-

pine-4,10(9H) ~dioné of melting point 159-160°.

(b) A solution of 13.8 g (63.8 mmol) of (S)-1,l0a-

-dihydro-5-methyl-2H-azeto[2,1l-c] [1,4]benzodiazepine—-4,10~-

(9H) -dione in 55 ml of dry dimethylformamide is treated
at =20 to -10° while stirring with 3.06 g (70.2 mmol) of
sodium hydride (55 percent oil dispersion), the mixture
is stirred at the above temperature for a further 40

minutes and subsequently at -35° 10.5 ml (70.2 mmol) of

diethylchlorophosphate are added dropwise thereto.

Separately, 7.88 g (70.2 mmol) of potassium
t-butylate are dissolved in 12 ml of dry dimethylformamide,
cooled in an acetone/dry-ice bath, tréated with 11 g (70.2
mmol) of about 90 percent t-butyl isocyanocacetate and the’
solution obtained is added dropwise at -20 to -15° to the

mixture obtained according to the preceding paragraph. The
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mixturé is left to warm to 0°, neutralized with 4 ml of -
glacial acetic acid, poured into 300 ml of water and ex-
tracted three times with methylene chloride. The methylene
chloride solution is washed twice with water, dried over
magnesium sulphate and evaporated. The crude product
obtained is chromatographed on silica gel using ethyl
acetate containing 50% n-hexane for the elution. After
recrystallization from ethyl acetaté/n¥hexane, there is
obtained t-butyl (S)—12,lZa—dihydro-8-methyl-9—6xo-9H,llH—
-azeto[2,1—c]imida20[l,5-a][l,4]benzodiazepine-l—carboxylate

of melting point 191-192°.

Example 23

11.0 g (47.5 mmol) of 6-trifluoromethylisatoic acid’
anhydride and 4.8 g (47.5 mmol) of L-azetidine-2-carboxylic
acid in 50 ml of dimethyl éulphoxide are heated to 105° for
45 minutes. Subsequently, the mixture is e&aporated to
dryneés in a high vacuum and the residue obtained is heated
to 150° for 2 hours. The crude product is purified by
thomatography on silica gel using methylene chloride

containing 7% ethyl acetate for the elution.

7.3'g of the oil obtained are taken up in 30 ml of
dry-dimethylfofmamide, the solution is treated at -20°_
with 1.26 g (29 mmol) of sodium hydride (55 percent oil

dispersion), the mixture is stirred at the above temperature
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for a further 50 minutes and then at -25° there is added
dropwise thereto a solution of 7.38 g (29 mmol) of
dimorpholinophosphonic acid chlofide in ‘10 ml1 of dry

dimethylformamide.

Separately, 3.25 g (29 mmol) of potassium t-butylate
are dissolved in 8 ml of dry dimethylformamide, cooled in
an acetone/dry-ice bath, treated with 4.09 g (29 mmol) of
t—butyl'isqcyanoacetate and the solution obtained is added
dropwise at —-20° to the mixture obtained according to the

preceding paragraph. The mixture is stirred for a further

‘20 hours without cooling, neutralized with 1.6 ml of

glacial acetic acid, poured into 100 ml of water and
extracted four times with methylene chloride. The.methylene
chloride solution is washed once with water and. once with
saturated sodium chloride solution, dried over magnesium
suléhate and evaporated. The c;ude prdduct obtained is
chromatographed on silica gel using ethyl acetatg/n-hexane
(3:2) and ethyl acetate for the elution. By recrystalliz-
atipn from ethfl acetate there is.obtained t-butyl (8)-
-12,12a-dihydro—9-oxo—8-trifluoromethyl-9H,llH-azetb[2,1-c]-
imidazo[l,s-a][1,4]benzodiazepine—l—carbéxylate which has

a decomposition point of 217-219°.
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Example 24
(a) 36 g (0.26 mol) of 3-aminopyridine-2-carboxylic

acid, 46.6 g (0.29 mol) of N,N'-carbonyldiimidazole and

- 200 ml of dimethylformamide are stirred at room temp-

erature uﬁtil the carbon dioxide evélution has finished,
then the mixture is treated with 26.3 g (0.26 mol) of
triethylamine and 43.1 g (0.26 mol) of methyl L-prolinate
and stirred at room temperature for a further 1.5 hours.
Subsequently, the solution is poured into water, extracted
four times with chloroform, the combined chloroform |
extracts are dried over magnesium sulphate.and then
evaporat;d in vacuo. The o0ily residue is treated with

500 ml of glacial acetic acid, heated to boiling under
reflux for 1 hour and then evaporated to dryness. By
recrystallization from ethanol there is obtained 6a,7,8,9-
-tetrahydro-GH—pyrido[3,2—e]pyriolo[1,2-a][l,4]diazepine-
-6,11(5H)-dione of melting poinﬁ 249-2§O°.

(b) A solution of 6.33 g (29.1 mmol) of 6a,7,8,9-
-tetrahydro-6H-pYrido[3,2-e]pYrrolo[l,2-a][l,4]diazepine-
-6,11(5H)-dione in 20 ml of dry dimethylformamide is treated
at 0° while stirring with 1.4 g (29.1 mmol) of sodium
hydride (50 percent oil dispersion), the mixture is stirred
at the above temperature for_a further 1 hour and then at
-30° 4.2 ml (29.1 mmol) of dieﬁhylchlorophoéphate are

added dropwise thereto. .
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.Separately, 3.3 g (29.1 mmol) of potassium t-butylate
are dissolved in 5 ml of dry dimethylformamide, cooled in
an acetone/dry-ice bath, treated with 4.1 g (29.1 mmol) of

t-butyl isocyanoacetate and the solution obtained is added

dropwise at =20 to -10° to the mixture obtained according

to the preceding paragraph. The mixture is stirred for a
further 1 hour without cooling, then neutralized with 1.7
ml of glacial acetic acid, poured intb 200 ml of water and
extracted three times with chloroform. The chloroform
solution is washed three times with water, dried over
magnesium sulphate and evaporaﬁed._ The residue obtained is
chromatographed on silica gel using chloroform/methanol

(9:1) for the elution and the material obtained is sub-

sequently recrystallized from ethyl acetate. There is

obtained t-butyl 11,12,13,13a-tetrahydro-9-oxo-9H-imidazo-~-

[5,1-clpyrido[3,2-elpyrrolo[l,2-a]l [1,4]diazepine-1l~carboxyl-

ate of melting point 230-231°.

Example 25

(a) 13.8 g (0.1 mol) of 4-aminopyridine-3-carboxylic
acid, 24.3 g (0.15 mol) of N,N'-carbonyldiimidazole and

130 ml of dimethylformamide are heated to 55° for 4 hours,

‘the solution obtained is treated with 10.2 g of triethylamine

and 16.5 g (0.1 mol) of methyl L-prolinate hydrochloride,
heated to 85° for a further 3 hours and then evaporated in

a high vacuum. 125 ml of glacial acetic acid are added to
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the residue, the mixture is heated to boiling under reflux

for 0.5 hour and evaporated. The residue is taken up in

chloroform, the solution obtained is washed with water,

dried over_magneéium sulphate and evaporated. By chroma-

| tography on silica gél using ethyl acetate/methanol for

the elution there is obtained (S)-6a,7,8,9-tetrahydro—
-6H-pyrido[4,3-&]lpyrrolo(l,2-al [1,4]diazepine~6,11(5H)~-

dione of melting point 266-268°.

(b) A solution of 7.15 g (33 mmol) of (S)f6a,7,8,9-
-tetrahydro-GH-pyrido[4,3—e]pyrrolo[1,2—a][l,é]diazepiné—
-6,11(5H)~dione in 30 ml of dry dimethylformamide is treated
at -10° while stirring with 1.53 g (35 mmol) of sodium
hydﬁide (55 percent oil dispersion), the mixture is stirred

at the above temperature for a further 30 minutes and then

at =30° 5 ml (35 mmol) of diethylchlorophosphate are added

dropwise thereto.

Separately, 3.92 g (35 mmol) of potassium t-butyl-
ate are dissolved in 6 ml of dryldimethylformamide,
cooled in an acetone/dry-ice bath, treated with 4.8 g (34
mmol) of t-Sﬁtyl isocyanocacetate and thé solution obtained
is added dropwise at -20 to -10° té the mixture obtained
according to the preceding paragraph. The mixture is left

to warm to room temperature, neutralized with 3.5 ml of

glacial acetic acid, poured into 300 ml of water and ex-
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tiacted three times with chloroform. The organic extracts
are washed three times with water, dried over magnesium
sulphate and evaporated. By crystallization from ethyl
acetate there is_obtained t-butyl 11,12,13,13a~tetrahydro-
—9-oxo-9H—imidazo[5,l-c]pyrido[4;3—e]pyrrolo[1,2-a][1,4]-

diazepine-l-carboxylate of melting point 217-218°.

Example 26

(a) 15 g (43.4 mmol) of ethyl (S)-8-chloro-11,12,13,
13a-tetrahydro—9-oxo-9H-imidazo[l,S;albyrrolo[Z,l-c][1,4]-
benzodiazepine-l-carboxylate and 1.85 g (46.3 mmol) of
sodium hydroxide are treated with 60 ml of'ethanol and 10
ml of water, then heated to boiling under reflux for 45
minutes, the ethanol is subseéuently distilled off in
vacuo, the residue is treated with 46.5 mL of 1IN hydfo—
chloric acid and left to stand in an ice-béth for 2 hours.
The precipitated materigl ié filtered off under suction,
washed with water and dried to constant weight. There is

obtained (S)-8-chloro-11,12,13,13a-tetrahydro-9-oxo-9H-

—imidazo[l,S-a]pyrrolo[Z,l—c][l,4]benzodiazepine-i-carboxylic

acid which has a decomposition point of 265°.

(b) 9.54 g (30 mmol) of (S)48-chloro-ll,12,l3,l3a-
-tetrahydro—9-oxo-QHQimidazo[l,S—a]pyrrolo[Z,l-c][1,4]-
benzodiazepine-l-carboxylic acid and 6.32 g (39 mmol) of -
N,N'-carbonyldiimidazole in 50 ml of dry.dimethylformamide

are stirred at room temperature for 1l hour and at 50° for
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1 hour. Subsequently, the mixture is poured into abouﬁ

300 ml of'water, the precipitated material is filtered off
under suction, washed with water and dried to constant |
weight. There is obtained (S)-1-[(8-chloro-11,12,13,13a-
-tetrahydro—9-oxo-9H4imidazo[l,S—a]pyrrolo[Z,l-c][1,4]-
benzodiazepin—l-yl)carbonyl]imidazole of melting point 240~

-241.5°.

(c) A suspension of 1.1 g (3 mmol) of (S)-l—f(S-

-chloro-11,12,13,13a-tetrahydro-9-oxo-9H-imidazo([1,5-al~

pyrrolo(2,l-c] [1l,4]benzodiazepin~1~yl)carbonyl]imidazole

in 10 ml of dry dimethy;formamide is treated while stirring
with 0.34 g (3 mmol) of potassium t-butylate, the mixture

is stirred at room temperature for a further 30 minutes,
then poured into 200 ml of wéter and extracted three times
with chloroform. The chloroform solution is washed three
times with water, dried over magnesium sulphate and
eyaﬁorated. After crystallization-from‘ethyl acetate, ﬁhere
is obtained t-butyl 8-chloro-11,12,13,13a-tetrahydro-9-oxo-
-9H-imidazo[l,5-a]pyrroiot2,l-c1[i,4]benzodiazepine-l-

-carboxylate of melting poiht 223-225°,

. Example 27

(a) 57.3 g (219 mmol) of (S)-1,2,3,lla-tetrahydro-
-7-nitro-5H-pyrrolo[2,1-c] [1,4]benzodiazepine~5,11 (10H) -
-dione are hydrogenated in 1.3 1 of methanol over 3 g of

10 percent palladium/carbon at room temperature and normal
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~pressure. After completion of the hydrogen uptake, the

‘catalyst is filtered off under suction, the filtrate is

evaporated in vacuo and the residue obﬁained is recrystall-
ized from isopropanol. There is thus obtained (S)-7-amino-
-1,2,3,11a-tetrahydro-5H~pyrrolo[2,1-c] [1,4]benzodiazepine-
=5,11(10H)-dione of melting point 237.5-238.5°.

(b) A solution of 4.61 g (20 mmol) of (S)-7-amino-1,
2,3,1la-tetrahydro~-SH-pyrrolo[2,1-c] [1,4]benzodiazepine-
-5,ll(loﬁ)-dione in 25 ml of dry dimethylformamide is
treated while stifring and cooling with ice/methanol with
0.96 g (20 mmol) of sodium hydride (55 percent oil dis- |
persion), the mixture is then stirred at room temperature
for a further 20 minutes and subsequent;y there is added
dropwise thereto at -30° a solution of 5.1 g (20 mmol) of

dimorpholinophosphonic acid chloride in 15 ml of dry

' dimethylformamide.

Separately, 2.47 g (20 mmol) of potassium t-butyl-
ate are dissoived in 5 ml of dry-dimethylformamide, cooled
in an acetone/dry-ice bath, treated with 2.82 g (20 mmol)
of t-butyl isocyanoacetate and the solution obtained is
added dropwise at -20° to the mixture obtained acéording
to the preceding paragraph. The mixture is stirred for a
furéher 30 minﬁtes withou£ cooling, neutralized with 1.1 ml
of glacial acetic acid, poured into 300 ml of waﬁe: and

extracted three times with chloroform. The chloroform
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solution is washed three times with water, dried over
magnesium sulphate and evaporated. The residue obtained is
chromatographed on silica gel using chloroform containing
3.6% methanol for the elution. By crystallization of the
material obtained from ethyl acetate there is obtained t-
-butyl (S)-7-amino-11,12,13,l3a-tetrahydro-9-oxo-9H-imidazo-
[l,S-a]pyrrolo[Z,l-c][l,4]benzodiazepine-l—carboxylaté of

melting point 223-224°.

Example 28

1.5 g (4.2 mmol) of t-butyl (S)-7-amino-11,12,13,13a-
-tetrahydro—9—oxo—9H—imidazo[1,§—a]pyrrolo[2,l-c][1,4]—
benzodiazepine-l-carboxylate and 0.783 g (4.4 mmol) of
N-bromosuccinimide in 15 ml of diﬁethylformamide are stirred
at room temperature for 45 minutes, subsequently poured
into 250 ml of water and extracped.three times with
chloroform. The chloroform solution is washed three times
with water, dried over magnesium sulphate and evaporated.
The fesidue obtained is chromatogfaphed on silica gel using
chloroform containing 4% methanol for the elution. Re-
crystallization of the material obtained from ethyl acetate
yields t-butyl (S)-7—amino—8—bromo;ll,12,13,13a-tetrahydr0n
-9-oxo-9H~-imidazo(1,5-alpyrrolo(2,1-c] [1,4]benzodiazepine-

-l-carboxylate of melting point 245-246°.
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Example 29

L

380 mg (0.9 mmol) of t-butyl (S) -7-amino-8-bromo-11,
12,13,l3a—tetrahydro-9-oxo—9H—imida£o[1,5—a]pyrrolo[2,l-c]-
[1,4]benzodiazepine;l-carboxylate and 109 mg (1.05 mmol) of
t-butyl nitrite in 10 ml of tetrahydrofuran are heated to
boiling under reflux overnight and subsequently evaporated
to dryness in vacuo. The residue obtained is chromatographed
on silica gel using ethyl acetate for the ‘elution. By

crystallization from ethyl acetate there is finally obtained

t-butyl (S)-8-bromo-11,12,13,1l3a~tetrahydro-9-oxo-9H-imidazo-

[1,5-alpyrrolo(2,1~-cl[1l,4]benzodiazepine~l~-carboxylate of

melting point 204-205°.

t-Butyl (S)-8—chloro—ll,12,i3,l3a—tetrahYdro-9-oxo-
-9H-imidazo[l,S-a]pyrrolo[Z,l-c][l,4]benzodiazepine-l-
-carboxylate can be used as the active substance for the
manufacture of pharmaceutical preparations as illustrated

in Examples A to C hereinafter:

Example A

Tablets containing the following ingredients are

manufactured in the usual manner:
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mg/tablet
- _

Active substance ' 5
Lactose ) 45
Maize starch 15
Microcrystalline cellulose 34
Magnesium stearaté 1

100

Tablet weight

Example B
Capsules containing the following ingredients are

manufactured:

mg/capsule
Active substance 10
Lactose 155
Maize stargh ' 30

'Ta;c' ' 5

Capsule £fill weight 200

The active substance, the lactose and the maize starch
are firstly mixed in a mixer and then in a comminuting
machine.

The mixture is returned to the mixer, the talc is

added thereto and mixed thoroughly, The mixture ié filled
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by machine into hard gelatine capsules.
Example C .

Suppositories containing the following ingredients

are manufactured:

mg/supp.
Active substance ) 15
Suppository substance 1285
Total 1300

The suppository substance is melted in a glass or
steel vessel, mixed thoroughly and cooled to 455. There-
upon, there is added thereto the finely powdered active
substance and the mixture is stirred until it is completely
dispersed. The mixture is poured into suppository moﬁlds
of suitable size, left to cool, the suppositories are then
removed from the_moulds and packed individually in wax

paper or metal foil.

The compounds of formula I listed hereinafter can be
used as the active substance in Examples A to C herein-~
before in place of t-butyl (S)48-chloro-ll,12,13,13a-
-tetrahydro-9—oxo-9H-imidazo[l,5-a]pyrrolo[2,l—cl[l,4]—

benzodiazepine-l-carboxylate:
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t=-Butyl (S)-8-chloro-12,12a-dihydro-9-oxo-9H,1l1H-
-azeto[2,1l-c]imidazo([1l,5-a] [1,4]benzodiazepine-l-carboxylate,
 t-butyl (S)-11,12,13,13a-tetrahydro=-8-methyl-9-oxo-
9H-imidazo[l,5-alpyrrolo(2,1-cl [1,4]benzodiazepine-~1-
;carboxylate, |

t-butyl (S)-8—bromo—ll,12,13;13a-tetrahydro-9—oxp?
-9H—imidazo[l,5-a]pyrrolo[2,l—c][1,4]benzodiazepine-lf
~carboxylate,

t-butyl (S)-11,12,13,lBa-tetrahydré-S-iodo-9-oxo-9H-
-imidazo[1l,5-clpyrrolo(2,1-c]([1l,4]lbenzodiazepine~1~ |
-carboxylate, _

t-butyl (S)-11,12,13,13a-tetrahydro-9-oxo-8—trifluoro-
methyl-9H-imidazo(l,5-alpyrrolo[2,1~c] [1,4]benzodiazepine~
-l-carboxylate, | _

t-butyl (S)-8-ethyl-11,12,13,13a-tetrahydro-9-oxo-
-9H-imidazo[l,S-a]pyrrolo[2,l-c][l,4jbenzodiazepine-l-
=carboxylate,

t-butyl (S)-8-chloro~7-fluoro-11,12,13,13a-tetrahydro-
-9-oxo-9H-imidazo[1l,5-alpyrrolo[2,1-c] [1,4]benzodiazepine—-
~-l-carboxylate,

t-butyl (S)—12,12a-dihydro—8-methyl—9-oxo-9H,llH-
-azeto[2,l-climidazo[1,5-a]l [1,4]benzodiazepine-1-
-carboxylate and _

t-butyl (S)-12,12a-dihydro-9-oxo-8~trifluoromethyl-
~9H,llH~azeto{2,l-c]imidazo[1,5-a] {1, 4]benzodiazepine-1-

-carboxylate.



L)

EL v

[ SRS

Claims

No English translation of the claims is provided
herewith since the Letters Patent aiready contain an
English version of the claims.
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