
Imidazo-benzodiazepine derivatives The present invention is concerned with
substituted imidazo[l,5-a] [l,2,4]triazolo[l,5- d] [1,4]benzodiazepine
derivatives of the following formula wherein R1 is hydrogen, halogen, lower
alkyl, lower alkynyl, cycloalkyl, heterocycloalkyl, benzyl, cyano, lower
alkoxy, OCF3, -NHR, -NHC(O)R or -NHSO 2R; R2 is lower alkyl substituted by
halogen; R3 is hydrogen, methyl or aryl; R is lower alkyl, cycloalkyl or
aryl; and with their pharmaceutically acceptable acid addition salts. It
has been found that this class of compounds show high affinity and
selectivity for GABAA cc5 receptor binding sites and might be useful as
cognitive enhancer o r for the treatment of cognitive disorders, anxiety,
schizophrenia or Alzheimer's disease. Receptors for the major inhibitory
neurotransmitter, gamma-aminobutyric acid (GABA), are divided into two main
classes: (1) GABAA receptors, which are members of the ligand-gated ion
channel superfamily and (2) GABA B receptors, which are members of the
G-rrotein linked receptor family. The GABAA receptor complex which is a
membrane-bound heteropentameric protein polymer is composed principally of
a, b and g subunits. Presently a total number of 21 subunits of the GABA A
receptor have been clonedand sequenced. Three types of subunits (a, b and
g) are required for the construction o f recombinant GABAA receptors which
most closely mimic the biochemical, electrophysiological and
pharmacological functions of native GABA A receptors obtained from
mammalian brain cells. There is strong evidence that the benzodiazepine
binding site lies between the a and g subunits. Among the recombinant GABAA
receptors, al b2g2 mimics many effects of the classical type-I BzR
subtypes, whereas a2b2g2, 



a3 b2g2 and a5b2g2 ion channels are termed type-II BzR. It has been shown
by McNamara and Skelton in Psychobiology, 21:101-108 that the
benzodiazepine receptor inverse agonist b-CCM enhance spatial learning in
the Morris watermaze. However, b-CCM and other conventional benzodiazepine
receptor inverse agonists are proconvulsant or convulsant which prevents
their use as cognition enhancing agents in humans. In addition, these
compounds are non-selective within the GABA A receptor subunits, whereas a
GABAA oc5 receptor partial or full inverse agonist whichi is relatively
free of activity at GABAA al and/or a2 and/ or a3 receptor binding sites
ca_n b e used to provide a medicament which is useful for enhancing
cognition with reduced o r without proconvulsant activity. It is also
possible to use GABAA a5 inverse agonists which are not free of activity at
GABAA al and/or a2 and/or a3 receptor binding sites but which are
functionally selective for a5 containing subunits. However, inverse
agonists which are selective for GABAA oc5 subunits and are relatively free
of activity at GABA A al , oc2 and a3 receptor binding sites are preferred.
Objects of the present invention are compounds of formula I and
pharmaceutically acceptable salts, the preparation of the above mentioned
compounds, medicaments containing them and their manufacture as well as the
use of the above mentioned compounds in the control or prevention of
illnesses, especially of illnesses and disord-ers of the kind referred to
earlier or in the manufacture of corresponding medicaments. The most
preferred indication in accordance with the present invention is
Alzheimer's disease. The following definitions of the general terms used in
the present description apply irrespective of whether the terms in question
appear alone or in combination.As used herein, the term "lower alkyl"
denotes a straight- or branched-chain alkyl group containing from 1-7,
preferably from 1 - 4 carbon atoms, for example, methyl, ethyl, propyl,
isopropyl, n-butyl, i-butyl, t-butyl and the like. 



As used herein, the term "lower alkyl substituted by halogen" denotes a
straigtit- or branched-chain alkyl group containing from 1-7, preferably
from 1 - 4 carbon atonxs, for example, methyl, ethyl, propyl, isopropyl,
n-butyl, i-butyl, t-butyl and the like and wherein at least one hydrogen
atom is replaced by a halogen atom. Examples of preferred groups are CF3,
CHF2, CH2F, CF2CH2CH3, CHFCH2CH3 or CF2CH3. The term "lower alkynyl"
denotes a straight- or branched-chain carbon group> containing from 2-7,
preferably from 2 - 4 carbon atoms, and wherein at least one b >ond is a
triple bond. The term "aryl" denotes a phenyl, benzyl or naphthyl group,
which groups may be substituted by lower alkyl or lower alkoxy. The term
"halogen" denotes chlorine, iodine, fluorine and bromine. The term
"cycloalkyl" denotes a cyclic alkyl ring, having from 3 to 7 carbon ring
atoms, for example, cydopropyl, cyclopentyl or cyclohexyl. The term
"heterocycloalkyl" denotes a cyclic alkyl ring, having from 3 to 7 carbon
ring atoms, and wherein at least one carbon atom is replaced by a
heteroatom, selected from the group consisting of O, N or S, for example
morpholinyl, piperazinyl or piperidinyl. The term "pharmaceutically
acceptable acid addition salts" embraces salts with inorganic and organic
acids, such as hydrochloric acid, nitric acid, sulfuric acid, phosphoric
acid, citric acid, formic acid, fumaric acid, maleic acid, acetic acid,
succinic acid, tartaric acid, methane-sulfonic acid, p-toluenesulfonic acid
and the like. Exemplary preferred are compounds, which have a binding
activity (Ki) of lcrwer than 30 nM and are selective for GABAA a5 subunits
and are relatively free of actrvity at GABAA al , a2 and a3 receptor
binding sites. Preferred compounds of formula I are those, in which R2 is
CH2F, for example the 



following compounds: 3-chloro-10-fluoromethyl-9H-imidazo[l,5-a]
[l,2,4]triazolo[l,5-d][l,4]benzodiazepine,
3-fluoro-10-fluoromethyl-9H-imidazo[l,5-a][l,2,4]triazolo[l,5-d]
[l,4]benzodiazepine, 3-bromo-10-fluoromethyl-9H-imidazo[l,5-a]
[l,2,4]triazolo[l,5-d] [l,4]benzodiaz;pine,- A-
3-c^clopropyl-10-fluorometiiyl-9H-iinidazo[l,5-a] [l,2,4]triazolo[l,5- d]
[l,4]benzodiazepine or 3-chloro- lO-fluoromethyl-6 -methyl-9H-imidazo
[1,5-a] [1,2,4] triazolo [1,5- d] [1,4] benzodiazepine. Further preferred
are compounds, wherein R2 is CHF2, for example the following compounds:
3-chloro- 10-difluoromethyl-9H-imidazo [1,5-a] [1,2,4] triazolo [1,5- d]
[1,4]benzodiazepine, 3-fluoro-10-difluoromethyl-9H-imidazo [1,5-a] [1,2,4]
triazolo [1,5- d] [l,4]benzodiazepine, 3-bromo-
10-difluoromethyl-9H-imidazo [1,5-a] [1,2,4] triazolo [1,5- d]
[1,4]benzodiazepine, 3-cydopropyl- 10-difluoromethyl-9H-imidazo [1,5-a]
[1,2,4] triazolo [1,5- d] [1,4]benzodiazepine,
10-difluoromethyl-3-ethyl-9H-imidazo[l,5-a] [1,2,4] triazolo [1,5-d]
[l,4]benzodiazepLne,
3-benzyl-10-difluoromethyl-9H-imidazo[l,5-a][l,2,4]triazolo[l,5- d]
[1,4]benzodiazepine, 10-difluoromethyl-3-ethynyi-9H-imidazo[l,5-a]
[l,2,4]triazolo[l,5- d] [l,4]benzodiazepine,
3-cyano-10-difluoromethyl-9H-imidazo[l,5-a] [l,2,4]triazolo[l,5-d]
[l,4]benzodiazepine or 



10-difluoromethyl-9H-imiclazo[ 1,5-a] [1,2,4] triazolo [1,5-d]
[1,4]benzodiazepine. Preferred compounds of formula I are further those, in
which R2 is CF , for example the following compound:
3-fluoro-10-trifluoromethyl-9H-imidazo[l,5-a][l,2,4]triazolo[l,5- d]
[l,4]benzodiazepine. A further preferred group of compounds are those,
wherein R2 is CF2CH3 or CF2CH2CH3, for example tfcte following compounds:
10-(l,l-difluoro-ethyl)-3-flu.oro-9H-imidazo[l,5-a] [l,2,4]triazolo[l,5- d]
[l,4]benzodiazepine,
10-(l,l-difluoro-propyl)-3-fluoro-9H-imidazo[l,5-a][l,2,4]triazolo[l,5- d]
[l,4]benzodiazepine or 3-bromo- 10-( l,l-difluoro-propyl)-9H-imidazo
[1,5-a] [1,2,4] triazolo [1,5- d] [l,4]benzodiazepine.Furthermore, a
preferred embodiment of the present invention are compounds of formula I
wherein R1 is hydrogen, halogen, lower alkyl, lower alkynyl, cycloalkyl,
benzyl, cyano, loLver alkoxy, OCF3, -NHR, -NHC(O)R or -NHSO2R; R2 is lower
alkyl substituted by halogen; R is lower alkyl, cydoalkyl or aryl; and
their pharmaceutically acceptable acid addition salts. The present
compounds of formula I and their pharmaceutically acceptable salts may be
prepared by methods known in the art, for example, by processes described
below, which process comprises a) reacting a compound o f formula with a
suitable halogen-transfer-reagent, for example with [bis(2- 



methoxyethyl)amino] sulfur trifluoride to a compound of formulawherein R2
is lower alkyl, substituted by halogen, and, if desired, converting a
compound of formula I into a pharmaceutically acceptable salt, or b)
reacting a compound of formula with a suitable halogen-transfer-reagent,
for example with [bis(2- methoxyethyl)amino] sulfur trifluoride to a
compound of formula and, if desired, converting a compound of formula I
into a pharmaceutically acceptable salt, or c) reacting a compound of
formula with sulfur tetrafluoride in tHe presence of a hydrogen halogenide
to a compound of formulaand, if desired, converting a compound of formula I
into a pharmaceutically acceptable salt. In accordance with the present
invention, compounds of the general formula I can be prepared following
process variant a):A compound of formula III is treated with an
halogen-transfer-reagent, for example an amino sulfur trifluoride like
[bis(2- methoxyethyl)amino] sulfur trifluoride or the like, in a suitable
solvent, for example dichloromethane or the like, or even without a solvent
at an appropriate temperature. Furthermore, compounds of formula I maybe
prepared in accordance with process variant b): A compound of formula FV is
treated with an halogen-transferreagent, for example an amino sulfur
trifluoride like [bis(2-methoxyethyl)amino] sulfur trifluoride or the like,
in a suitable solvent, for example dichloromethane or the l e, or even
without a solvent at an appropriate temperature. In accordance with process
variant c) a compound of formula V is converted by reaction with sulfur
tetrafluoride in the presence of hydrogen halogenide, for example hydrogen
fluoride to a compound of formula I. 



The following schemes (scheme 1 - 4) describe the processes for preparation
of compounds of formula I in more detail. The starling materials are known
compoimds or may be prepared according to methods known in the art.Scheme 1
R=OH, alkoxy, amino wherein R1 and R3 are as described above. In accordance
with scheme 1, a corresponding intermediate compound of formula XIII is
known (EP 519 307) and may be prepared by methods, known in the art, for
example in the following way. A corresponding compound of formula VIII, a R
-substituted 2-aminobenzoic acid derivative and chloroacetonitrile is
dissolved in dioxane and a weak stream of dry HCl is introduced at 5 0C to
15 0C for a period of several hours. After addition of further
chloroacetonitrile the mixture is stirred at ambient temperature for
several hours. The obtained compound of formula IX is purified in
conventional manner and dissolved in chloroform in the presence of
N,N-dimethyl-p-toluidine. Phosphorous oxy cliloride is added and the
solution heated. The obtained compound of formula X is purified by known
methods and heated with a compound of formula XI, an acylhydrazicle, in
toluene for several hours affording a compound of formula XII, for example
the compound 5- chloromethyl -9-fluoro-l,2,4-triazolo[4,3-c]quinazoline.
Finally, a compound of XIII is obtained by dissolving a compound of formula
XII in dioxane and treatment with aqueous sodium hydroxide in such manner
that the reaction temperature is between 10 0C to 15 0C. Conventional
workup and purification affords a corresponding intermediate of formula
XIII, for example 10-fluoro-5H-[l,2,4]triazolo[l,5-d] [l,4jbenzodiazepin-
6(7H)-one.Scheme 2 XVIII wherein R and R are a s described above. 



In accordance with scheme 2, a corresponding intermediate compound of
formula XIII may be prepared alternatively in the following way: A
corresponding compound of formula XIV, a R1-substituted
2-aminobenzon.itrile is heated with ethyl chloroformate to obtain a
carbamic acid ester of formula XV, which is treated with a compound of
formula XI, an acylhydrazide, in l-methyl-2-pyrrolidone at 160 0C under
removal o f ethanol. Conventional workup provides a urea of forxnula XVI
which is heated with aqueous sodium hydroxide in ethylenglycol to obtain a
compound of formula XVIL Treatment of a compound of formula XVII with
chloroacetyl chloride in acetic acid provides an amide of formula XVIII,
which is treated with aqueous sodium hydroxide in dioxane a t ambient
temperature to obtain the intermediate of formula XIII. Alternatively, a
compound of formula XVII can be directly transformed to a compound of
formula XIII by dissolving a compound of formula XVII in dioxane and
pyridine and adding dropwise chloroacetyl chloride at a temperature between
10 0C to 15 0C . After stirring for a short period of time aqueous sodium
hydroxide is added and the reaction mixture stirred for several hours at
ambient temperature to obtain the compound of formula XIII.X = halogen (Cl)
Or -OP(O)(OPh) 2 or - N R1 and R3 are as described above. In accordance
with scheme 3, a compound of formula XIII is treated with an activation
agent in the presence of base at elevated temperature, for example
phospliorous oxy chloride in toluene or chloroform in the presence of iV
-dimethyl- -tol iiidine, to obtain a compound of formula XIX which is
isolated in conventional manner ox directly used in the next reaction step.
Finally, a compound of formula II is obtained by the reaction of XIX with a
mixture of a cooled solution of lithium diisopropylamide or lithium
hexamethyldisilazide in THF and ( 5)-(dimethylamino-methylenamino)- acetic
acid ethyl ester or with a mixture o f a cooled solution of ethyl
isocyanoacetate in THF and 



potassium tert-butoxide or sodium hydride. Scheme 4 wherein X' is hydrogen
or lower allcyl and R1, R2 and R3 are as described above.According to
scheme 4, a compound of formula II is heated with lithiurnborohydride in
tetrahydrofuran to obtain a compound of formula III which is treated with
[bis(2- methoxyethyl)amino] sulfur trifluoride in dichloromethane at
ambient temperature affording a compound of formula I. Alternatively, a
compound of formula II is hydrolyzed to a carboxylic acid of formula V
which is converted by reaction with sulfur tetrafiuoride in the presence of
hydrogen fluoride to a compound of formula I. Reaction of a compound of
formula V with an activation reagent, for example 1- (3-
dimethylaminopropyl)-3-ethylcarbodiirnide hydrochloride, in the presence of
N,Odimethylhydroxylamine hydrochloride and a base, for example
N-metrxylmorpholine, in a solvent mixture of dichloromethane and DMF at
ambient temperature affords a compound of formula VII which is reduced
using diisobutylaluminiuro hydride in dichloromethane t o obtain an
aldehyde of formula IV or transformed into a ketone IV by reaction with an
appropriate reagent, for example a Grignard-reagent. This ketone or
aldehyde (IV), which is also be obtained by an oxidation of an alcohol o f
formula III by treatment with manganese(IV) oxide (or Dess Martin
periodinane) in dichloromethane at ambient temperature, is treated with
[bis(2-methoxyethyl)amino] sulfur trifluoride with or without
dichloromethane as solvent at ambient or elevated temperature to obtain a
compound of formula I. As mentioned earlier, the compounds of formula I and
their pharmaceutically usable salts possess valuable pharmacological
properties. It has been found that the compounds of the present invention
are ligands for GABAAreceptors containing the a5 subunit and are therefore
useful in the therapy where cognition enhancement is required. The
compounds were investigated in accordance with the test given hereinafter. 



Membrane preparation and binding assay The affinity of compounds at GABAA
receptor subtypes was measured by competition for [3H]flumazen  l (85
Ci/mmol; Roche) binding to HEK293 cells expressing rat (stably transfected)
or human (transiently transfected) receptors of composition al b3g2, a2b3g2
a3b3g2 and a5b3g2. Cell pellets were suspended in Krebs-tris buffer (4.8 mM
KCl, 1.2 mM CaCl2, 1.2 mM MgCl2, 120 m M NaCl, 15 mM Tris; pH 7.5; binding
assay buffer), homogenized by polytron for ca. 2O sec on ice and
centrifuged for 60 min at 4 0C (5000O g; Sorvall, rotor: SM24 = 20000
rprn). The cell pellets were resuspended in Krebs-tris buffer
andhomogenized by polytron for ca. 15 sec on ice. Protein was measured
(Bradford method, Bio-Rad) and aliquots of 1m were prepared and stored at
-80 0C. Radioligand binding assays were carried out in a volume of 200 mL
(96-well plates) which contained 100 mL of cell memebranes, [3H]flumazenil
at a concentration of 1 nM for al , a2, a3 subunits and 0.5 nM for a5
subunits and the test compound in the range of 10 10 - 3 x 10 6 M.
Nonspecific binding was defined by 10 5 M diazepam and typically
represented less than 5 % of the total binding. Assays were incubated to
equilibrium for 1 hour at 4 0C and harvested onto GF/C uni-filters
(Packard) by filtration using a Packard harvester and washing with ice-cold
wash buffer (50 mMTris; pH 7.5). After drying, filter-retained
radioactivity was detected by liquid scintillation counting. Ki values were
calculated using Excel-Fit (Microsoft) and are the means of two
determinations. The compounds of the accompanying examples were tested in
the above described assay, and all were found to possess a Ki value for
displacement of [3H]fTiimazenil from a5 subunits of the rat GABAAreceptor
of 100 nM or less. In a preferred embodiment the compounds of the invention
are binding selective for the a5 subunit relative to the al , a2 and a3
subunit. In the table below it is shown the activity data of specific
compounds:The compounds of formula I as well as their pharmaceutically
usable acid addition 



salts can be used as medicaments, e.g. in the form of pharmaceutical
preparations. The pharmaceutical preparations can be administered orally,
e.g. in the form of tablets, coated tablets, dragees, hard and soft
gelatine capsules, solutions, emulsions or suspensions. The administration
can, however, also be effected rectally, e.g. in the form of suppositories,
or parenterally, e.g. in the form of injection solutions. The compounds of
formula I and their pharmaceutically usable acid addition salts can be
processed with pharmaceutically inert, inorganic or organic excipients for
the production of tablets, coated tablets, drages and hard gelatine
capsules. Lactose, corn starch or derivatives thereof, talc, stearic acid
or its salts etc can be used a s such excipients e.g. for tablets, dragees
and hard gelatine capsules. Suitable excipients fox soft gelatine capsules
are e.g. vegetable oils, waxes, fats, semisolid and liquid polyols etc.
Suitable excipients for the manufacture of solutions and syrups are e.g.
water, polyols, saccharose, invert sugar, glucose etc.Suitable excipients
for injection solutions are e.g. water, alcohols, polyols, glycerol,
vegetable oils etc. Suitable excipients for suppositories are e.g. natural
or hardened oils, waxes, fats, semi-liquid or liquid polyols etc. Moreover,
the pharmaceutical preparations can contain preservatives, solubilizers,
stabilizers, wetting agents, emulsifiers, sweeteners, colorants,
flavorants, salts for varying the osmotic pressure, buffers, masking agents
or antioxidants. They can also contain still other therapeutically valuable
substances. The dosage can vary within wide limits and will, of course, be
fitted to the individual requirements in each particular case. In general,
in the case of oral administration a daily dosage of about 10 to 1000 mg
per person of a compound of general formula I should be appropriate,
although the above upper limit can also be exceeded when necessary. 



The following examples illustrate the present invention without limiting
it. All temperatures are given in degrees Celsius. Example A Tablets of the
following composition are manufactured in the usual manner: mg/tablet
Active substance 5 Lactose 45 Corn starch 15 Microcrystalline cellulose 34
Magnesium stearate 1 Tablet weight 100Example B Capsules of the following
composition are manufactured: mg/capsule Active substance 10 Lactose 155
Corn starch 30 Talc 5 Capsule fill weight 200 The active substance, lactose
and corn 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 is filled by machine into hard gelatine
capsules. Example C Suppositories of the following composition are
manufactured: mg/supp. 



Active substance 15 Suppository mass 1285 Total 1300 The suppository mass
is melted in a glass or steel vessel, mixed thoroughly and cooled to 45C.
Thereupon, the finely powdered active substance is added thereto and
stirred until it has dispersed completely. The mixture is poured into
suppository moulds of suitable size, left to cool, the suppositories are
then removed from the moulds and packed individually in wax paper or metal
foil. The following examples are provided for illustration of the
invention. They should not be considered as Hmiting the scope of the
invention, but merely as being representative thereof. Example 1 3-Chloro-
10-fluoromethyl-9H-irnidazo [1,5-a] [1,2,4]triazolo [1,5-d]
[1,4]benzodiazepinea) 3-CHoro-10-hvdroxymethyl-9H-imidazo[l,5-a1 [1,2,41
triazolo [1,5- di [1,41benzodiazepine To a suspension of ethyl
3-chloro-9H-imidazo[l,5-a] [l,2,4]triazolo[l,5- d ]
[l,4ibenzodiazepine-10-carboxylate (EP 519 307) (10.0 g , 30.3 mmol) in THF
(400 mL) was added lithium borohydride (800 mg, 34.9 mmol) and the reaction
mixture was heated to reflux for 7 hrs. After cooling to ambient
temperature, it was acidified to pH=2 by adding aq HCl IN and diluted with
water (50 mL). The solvent was evaporated and the residue was taken in aq.
NH OH (cone, 100 mL). The resulting solid were filtered off, washed with
water (3x 10 mL) and dried (6O0C, vacuo) affording the title compound (4.01
g, 45.8%) as a white solid. MS: m/e = 287.9 (M+). b)
3-CHoro-10-fluoromethyl-9H-imidazofl,5-a1 [1,2,4UrJaZoIo [1,5- di
[1,41benzodiazepine To a suspension of
3-chloro-10-hydroxymethyl-9H-imidazo[l,5-a] [1,2,4] triazolo [1,5- 



di [1,41benzodiazepine (193 mg, 0.67 mmol) in dichloromethane (6 mL) was
added at -70 0C bis(2-methoxyethyl)aminosulphur trifiuoride (0.08 mL, 0.74
mmol). The reaction mixture was stirred for 18 h while allowing to warm to
ambient temperature. Dichloromethane (20 mL) was added and the mixture was
washed with aq Na2CO , dried over sodium sulfate and concentrated in vacuo.
The residue was purified by chromatography (SiO2, ethyl
acetate:dichloromethane:methanol = 75:20:5) affording the title compound
(87 mg, 45%) as a white solid. MS: m/e = 289.9 (M+). Example 2 3-Chloro-
10-difluoromethyl-9H-imidazo [1,5-a] [1,2,4] triazolo [1,5- d]
[1,41benzodiazepine a 3-Chloro-9H-imidazo[l,5-a1 [I,2,4itriazolo[l,5-d1
[l,4ibenzodiazepine-10- carbaldehyd To a solution of
3-chloro-10-hydroxymethyl-9H-imidazo[ 1,5-a] [1,2,41 triazolo [1,5- d]
[1,4]benzodiazepine (15.0 g, 52.1 mmol) in dichloromethane (1.5 L) was
added manganese(rV) oxide (188 g, 1.94 mol) and the mixture was stirred at
ambient temperature for 24 h. It was filtered over dicalite, washed with
dichlormethane and concentrated. The residue was dissolved in
dichlormethane (700 mL) at 40 0C and ethyl acetate (100 mL) was added. The
product started to crystallise. After cooling the dichloromethane was
evaporated and the solid filtered. Drying in vacuo afforded the title
compound (11.8 g, 79.2%) as a yellow crystalline solid. MS: m/e = 286.1
(M+H +).b 3-Chloro-10-difluoromethyl-9H-imidazo[l,5-al I1,2,41 triazolofi
.5- di [1,41benzodiazepine To a suspension of 3-chloro-9H-imidazo[l,5-a]
[1,2,4]triazolo[ 1,5- d] [l,4]benzodiazepine-10-carbaldehyde (600 mg, 2.10
mmol) in dichloromethane (18 mL) was added, at -700C under argon,
bis(2-methoxyethyl) aminosulphur trifluoride (0.47 mL, 4.62 mmol). The
reaction mixture was stirred for 18 h while allowed to warm 



to ambient temperature. Again, bis(2-methoxyethyl)-aminosulphur trifluoride
(0.2 mL) was added and stirring was continued for another 18 h at 4O 0C.
The mixture was diluted with ethyl acetate and washed with aq Na CO3, dried
over sodium sulfate and concentrated in vacuo. The residue was purified by
chromatography (SiO2, heptane:ethyl acetate:dichloromethane = 6:2:2)
affording the title compoxind (403 mg, 62%) as a white solid. MS: m/e =
308.2 (M+H +). Example 3 3-Fluoro-10-fluoromethyl-9H-imidazo[l,5-a]
[l,2,4]triazo>lo[l,5-d] [l,4]benzodiazepine a)
3-Fluoro-10-hydroxymethyl-9H-imidazofl,5-a1 [l,2,4ltriazolo[l,5- di
[l,4ibenzodiazepine To a suspension of ethyl 3-fluoro-9H-imidazo[l,5-a]
[1,2,4 ]triazolo[ 1,5- d] [l,4]benzodiazepine-10-carboxylate (EP 519 307)
(9.24 g , 29.5 mmol) in THF (300 mL) was added lithium borohydride (811 mg,
35.4 mmol) and the reaction mixture was heated to reflux for 8 hrs. After
cooling to ambient temperature, it was acidified to pH=2 by adding aq HCl
IN. The solvent was evaporated and the residue was taken in aq. NH4OH
(cone, 100 mL). The resulting solid were filtered off, washed with water
(3x 10 mL) and dried (60 0C, vacuo) affording the title compound (6.53 g,
83%) as a white solid. MS: m/e = 272.2 (M+H +). t
3-Fluoro-10-fluoromethyl-9H-imidazo[l,5-a1 p ,2,4itriazolori,5-
dUl,4lbenzodiazepine As described for example Ib,
3-fluoro-10-hydroxymethyl-9H-imidazo[l,5- a] [l,2,4]triazolo[l,5-d]
[l,4]benzodiazepine (522 mg, 1.93 mmol), instead of 3-chloro-
10-hydroxymethyl-9H-imidazo[l,5-a] [l,2,4]triazolo[l,5-d]
[l,4]benzodiazepine, was converted to the title compound (279 mg, 53%)
which was obtained as a white solid. MS: m/e = 274.1 (M+H +). 



Example 4 3-Fluoro-10-difluoromethyl-9H-imidazo[l,5-a] [l,2,4]triazolo[l,5-
d] [l,4]benzodiazepinea S-Fluoro-gH-imidazofLS-ai fl,2,4]triazolo|
l,5-dUl,4ibeiizodiazepine-10-carbald.ehyd To a suspension of
3-fluoro-10-hydroxymethyl-9H-imidazo [1,5-a] [l,2,4]triazolo[l,5- d]
[l,4]benzodiazepine (6.00 g, 22.1 mmol) in dichloromethane (200 mL) at 0 0C
was added sodium bicarbonate (5.58 g, 66.4 mmol) and Dess-Martin
periodinane (14.5 g, 33.2 mmol). After stirring at this temperature for 35
min it was allowed to warm to ambient temperature and stirred for another
1.5 h . Heptane (300 mL) and dichloromethane (100 mL) were added and the
orange suspension was stirred for additional 2 h. After filtration hrough
Hyflo(r) it was carefully washed with dichloromethane and evaporated.
Purification of the residue by chromatography (SiO2, ethyl acetate:
methanol = 19:1) afforded the title compound (5.12 g, 86%) as an off-white
solid. MS: m/e = 270.3 (M+H +). b)
3-Fluoro-10-difluoromethyl-9H-imidazo[L5-a1 n,2,4itriazolo[l,5- dl
f1,41benzodiazepine To a suspension of 3-fluoro-9H-imidazo[ 1,5-a]
[l,2,4]triazo>lo[l,5- d] [1,4]benzodiazepine- 10-carbaldehyde (4.74 g, 17.6
mmol) i dichloromethane (200 mL) was added, at ambient temperature under
argon, bis(2-methoxyethyl)aminosulphur trifluoride (16.6 mL, 90.0 mmol).
The reaction mixture was stirred for 92 h. Again, bis(2-
methoxyethyl)-aminosulphur trifluoride (3.8 mL) was added and stirring was
continued for another 26 h at ambient temperature. The mixture was diluted
with ethyl acetate and washed with aq Na2CO , dried over sodium sulfate and
concentrated in vacuo. The residue was purified by chromatography (SiO2,
heptane:ethyl acetate = 1:1) affording the title compound (1.48 g, 29%) as
a white solid. MS: m/e = 292.1 (M-I-H+) . Example 5 



3-Fluoro-10-trifluoromethyl-9H-imidazo[l,5-a] [l,2 4]triazolo[l,5- d]
[1,4]benzodiazepine To a mixture of 3-fiuoro-9H-irnidazo[ 1,5-a]
[l,2,4]triazolo[ 1,5-d] [l,4]benzodiazepine- 10-carboxylic acid (500 mg,
1.75 mmol) and dichloromethane (35 mL) was added at -24 0C hydrogen
fluoride (dest, 1.0 g) followed at -42 0C by sulfur tetrafluoride (dest,
1.0 g). The reaction mixture was heated to 80 0C for 3 h . The resulting
yellow solution was concentrated and purified by chromatography (SiO2,
tert-b tatylmethylether) affording the title compound (90 mg, 17%) as a
white solid. MS: m/e = 310.1 (M+H +). Example 6 3-Bromo-
10-fluoromethyl-9H-imidazo [1,5-a] [1,2,4] triazolo [1,5-d] [1,4]
benzodiazepine a) 4-Bromo-2-cyano-phenyl)-carbamic acid ethyl esterA
suspension of 2-bromo-5-chlorobenzonitrile C58.5 g, 297 mmol) in ethyl
chloroformate (141 mL, 1.48 mol) was heated at reflux for 5 h. The excess
ethyl chloroformate (99 mL) was distilled off and toluene (96 mL) was
added. Slow addition of cyolohexane (228 mL) induced crystallization. Tlie
resulting solid was collected by filtration and rinsed with cyclohexane.
Drying in vacuo afforded the title compound (54.3 g, 68%) as an orange
solid. MS: m/e = 267.1/269" .2 (M-H ). b ) 9-Bromo-6H- [1,2,4] triazolo
[1,5-cl quinazoli pt-5-one To a solution of
4-bromo-2-cyano-phenyl)-cart"amic acid ethyl ester (40.4 g, 150 mmol) in
3STMP (170 mL) was added formylhydrazine ( 10.0 g, 150 mmol). The resulting
mixture was stirred for 1.5 h at 160 0C under a gentle nitrogen sweep. It
was cooled to below 100 0C and water (340 mL) was added slowly. The
resulting slurry was cooled to 25 0C and stirred for 15 min. The solid was
collected by filtration and washed with water and 2- propanol. Drying in
vacuo afforded the title compound (32.4 g, 81%) as a light yellow solid.
MS: m/e = 264.9/267.0 (M+H +). c) 4-Bromo-2-(2H- [1,2,41
triazol-3-yl)-phenylarnine 



To a well stirred slurry of
9-bromo-6H-[l,2,4]triazolo[l,5-c]quinazolin-5-one (32.0 g, 17 1 mmol) in
ethylene glycol (146 mL) which w as heated at 100 0C, was added aq NaOH 32%
(22.4 mL, 241 mmol). The slurry was heated at 140 0C for 17.5 h. The
resulting solution was cooled to 27 0C and the product began to
crystallize. Water (146 mL) and 1- octanol (1.73 mL) were added and the pH
of the suspension was adjusted to 6.5 by the slow addition of glacial
acetic acid (14 mL). The resulting slurry was stirred for 30 min, the solid
was collected by filtration and washed with water and 2-propanol. Drying in
vacuo afforded the title compound (25.2 g, 87%") as a light yellow solid.
MS: m/e = 239.0/241.1 (M+H +). d)
9-Bromo-6H-l,33a,6-tetraaza-benzo[e1azulen-5-one A solution of
4-bromo-2-(2H-[l,2,4]triazol-3-yl)-phenylamine (25.0 g, 105 mmol) in
dioxane (870 mL) and pyridine (10.0 mL) was cooled to 12 0C.A solution of
chloroacetyl chloride (9.56 mL, 121 mmol) in diethylether (34.7 mL) was
added dropwise over a period of 8 min. The mixture was stirred at 10-12 0C
for 75 min and treated within 5 min with aq NaOH 2N (126 mL, 251 mmol). The
mixture was stirred for 17.5 h at ambient temperature. The pH thereby
dropped to about pH=9 and it was adjusted to pH=8 with 3-ST HCl (6 mL).
After evaporation the residue was stirred at 15 0C for 30 min in water (650
mL) and ethyl acetate (22 mL). The crystals were filtered off, washed with
cold waterand dried in vacuo. Trituration in ethyl acetate (100 mL)
afforded the title compound (13.4 g, 46%) as a light yellow solid. MS: m/e
= 279.0/281.0 (M+H +). e) Ethyl
3-Bromo-9H-imidazo[l,5-aHl,2,4ltriajzolorL5-dUl,4ibenzodiazepine-10-
carboxylate To a suspension of
9-bromo-6H-l,3,3a,6-tetraaza-benzo[e]azulen-5-one (10.7 g, 38.5 mmol) in
chloroform (270 mL, filtrated over Alox basic) was added
N,N-dimethyl-ptoluidine (13.9 mL, 96.1 mmol) and phosphorous oxychloride
(5.28 mL, 57.7 mmol). The mixture was stirred for 22 h at reflux, then
cooled to 30 0C and poured into aq 



NaHCO (10%, 575 mL). After extraction with chloroform (50 mL) the organic
layers were dried over sodium sulfate and concentrated. In the meantime
potassium tert-butylate (4.31 g , 38. 5mmol) was added in portions to a
solution of ethyl isocyanoacetate (4.42 mL, 38.5 mmol) in THF (115mL) at
-25 to -10 0C. The resulting suspension was stirred for 45 min at -10 0C
and then cooled to -65 0C. The 5 solution from above was added dropwise
within 10 min and the mixture was stirred for 16 h at ambient temperature.
Acetic acid (1.6 mL) was added, stirred for 15 min and then poured into aq
NaHC q 3 5% (460 mL) and ethyl acetate (96 mL). The resulting crystals were
filtered off, washed with ethyl acetate (25 mL), water (50 mL) and ethyl
acetate (25 mL). Drying in vacuo afforded the title compoiind (4.81 g, 33%)
as a light brown solid. O MS: m/e = 373.7/375.7 (M+). f )
3-Bromo-10-hvdroxymethyl-9H-imidazo[U5-a1 l l,2,4ltriazolofl,5- dl
I1,41benzodiazepine As described for example 3a, ethyl 3-bromo-91r
-imidazo[l,5-a] [1,2,4] triazolo[ 1,5- 5 d]
[l,4]benzodiazepine-10-carboxylate (1.03 g, 2.75 mmol), instead of ethyl
3-fluoro-9Himidazo[ l,5-a] [l,2,4]triazolo[l,5-d]
[l,4]benzodiazepine-10-carboxylate, was converted to the title compound
(652 mg, 71%) which was obtained as a white solid. MS: m/e = 332.1/334.1
(M+H +). O 3-Bromo-10-fluoromethyl-9H-imidazori,5-al 1,2,41 triazoloT 1,5-
dl rl,4lbenzodiazepine As described for example Ib,
3-bromo-10-hydjroxymethyl-9H-imidazo[l,5- a] [l s2,4]triazolo[l,5-d]
[1,4]benzodiazepine (S23 mg, 1.88 mmol), instead of 3-chloro-
10-hydroxymethyl-9H-imidazo[l,5-a] [1,2,4] triazolo[l,5-d]
[l,4]benzodiazepine, was 5 converted to the title compound (SiO2,
heptane:ethyl acetate:dichloromethane = 3:5:2, 249 mg, 40%) which was
obtained as a white solid. MS: m/e = 334.1/336.2 (M+H +).Exainple 7 



3-Bromo-10-difluoromethyl-9H-imidazo[ 1,5-a] [1,2,4]triazolo[ 1,5- d]
[1,4]benzodiazepine a)
3-Bromo-9H-imidazofl,5-aUl,2,4]triazolo[13-dUl,4ibenzodiazepine-10-
carbaldehvd As described for example 2a, 3-bromo-10-hy drox
methyl-9H-imidazo[l 5- a] [l,2,4]triazolo[l,5-d] [l,4]benzodiazepine (600
mg, 1.81 mmol), instead of 3-chloro- 10-hydroxymethyl-9H-imidazo[ 1,5-a]
[1,2,4] triazolo [1,5-d] [l,4]benzodiazepine, was converted to the title
compound (208 mg, 35%) which was obtained as a white solid. MS : m/e =
330.1/332.1 (M+H +). b ) 3-Bromo-10-difluoromethyl-9H-imidazo
fl,5-aUl,2,4itriazolofl,5- di ri,4]benzodiazepine To a suspension of
3-bromo-9H-imidazo[ 1,5-a] [l,2,4]triazolo[l,5- d]
[l,4]benzodiazepine-10-carbaldehyde (165 mg, 0.50 mmol) in dichloromethane
(5 mL) was added [bis(2-methoxyethyl)amino] sulfur trifluoride (0.41 mL,
2.20 mmol) at ambient temperature. The mixture was stirred for 21 h and
then separated between ethyl acetate and saturated aq Na CdV Drying over
sodium sulfate and concentration was followed by purification by
chromatography (SiO2, ethyl acetate:dichloromethane:methanol = 8:1:1)
affording the title compound (99 mg, 56%) as an off-white solid. MS: m/e =
351.7/353.6 (M +). Example 8 3-Cyclopropyl- 10-fluoromethyl-9H-imidaz;o
[1,5-a] [1,2,4]triazolo [1,5- d][l,4]benzodiazepine To a suspension of
3-bromo-10-fluorome1iiyl-9H-irnidazo[l,5-a] [l,2,4]triazolo[l,5- d]
[l,4]benzodiazepine (180 mg, 0.54 mmol) in THF (5 mL) was added under an
argon atmosphere tetrakis(triphenylphosphine)paHadium(0) (31 mg, 0.03 mmol)
and 



cyclopropylzinc chloride (0.38 M in THF, 1.78 mL, 0.67 mmol). After
stirring for 18 h a-t ambient temperature it was added again
tetrakis(triphenylphosphine)palladium(0) (32 mg, 0.03 mmol) and
cyclopropylzinc chloride (0.38 M in THF, 10 mL, 3.8 mmol) and tfcie mixture
was stirred for another 28 h. After addition of aq NH Cl and extraction
with ethyl acetate the combined organic layers were washed with aq Na2Cq 3,
dried over sodium sulfate and concentrated. Purification of the residue by
chromatography (SiO2, heptane:ethyl acetate:dichloromethane = 1:3:1)
afforded the title compound (64 mg, 40%) as a light brown solid. MS: m/e =
296.4 (M+H +) .Example 9 3-Cydopropyl- 10-difluoromethyl-9H-imidazo [1,5- a
] [1,2,4] triazolo [1,5- d] [1,4]benzodiazepine As described for example 8,
3-bromo-10-dinuoromethyl-9H-imidazo[l,5- a] [1,2,4] triazolo [1,5-d]
[1^benzodiazepine (300 mg, 0.85 mmol), instead of 3-bromo-
10-fluoromethyl-9H-imidazo[l,5-a] [1,2,4] triazolo [ 1,5-d]
[1,4]benzodiazepine was converted to the title compound (61 mg, 23%) which
was obtained as a white solid. MS: m/e = 314.0 (M+H +). Example 10
10-Difluoromethyl-3-ethyl-9H-imidazo[l,5-a][l,2,4]triazolo[l,5-d]
[l,4]benzodiazepine To a solution of
3-bromo-10-difluoromethyl-9H-imidazo[l,5-a] [l,2,4]triazolo[l,5- d]
[l,4]benzodiazepine (211 mg, 0.60 mmol) in THF (4 mL) were added under an
argon atmosphere bis(triphenylphosphine)palladium(II) chloride (21 mg, 0.03
mmol) and diethylzinc (1.0 M in hexane, 2.40 mL, 2.40 mmol). The resulting
dark brown solution was stirred for 18 h at ambient temperature. After
addition of aqueous NH Cl (20 mL) and extraction with ethyl acetate the
combined organic layers were dried over sodium sulfate and concentrated.
Purification of the residue by chromatography (SiO2, heptane:ethyl
acetate:dichloromethane:methanol = 75:15:10:0 to 0:80:10:10 ) afforded the 



title compound (107 mg, 59%) as an off-white solid. MS: m/e = 302.2
(M-I-H+). Example 1 1 3-Benzyl- 10-difluoromethyl-9H~irnidazo [1,5-a]
[1,2,4] triazolo [1,5- d] [l,4]benzodiazepine To a solution of
3-bromo-10-difluoromethyl-9H-i p iidazo[l,5-a] [l,2,4]triazolo[l,5- d]
[l,4]benzodiazepine (211 mg, 0.60 mmol) in THF (4 mL) were added under an
argon atmosphere bis (triphenylphosphine)palladium(II) chloride (21 mg,
0.03 mmol) and benzylzinc bromide (0.5 M in THF, 4.80 mL, 2.40 rnmol). The
resulting dark brown solution was stirred for 17 h at 50 0C. After addition
of aqueous NH4CI (20 mL) and extraction with ethyl acetate the combined
organic layers were dried over sodium sulfate and concentrated.
Purification of the residue by chromatography (SiO2, heptane:ethyl
acetate:dichloromethane:methanol = 75:15:10:0 t o 0:80:10:10 ) afforded the
title compound (179 mg, 82%) as a light yellow foam. MS: m/e = 364.3 (M+H
+) .Example 12 10-Difluoromethyl-3'-ethynyl-9H-imidazo [1 ,5-a] [1,2,4]
triazolo [1,5- d] [1,4]benzodiazepine a)
10-Difluoromethyl-3-trimethylsiIyanyletfa.-ynyl-9H-imidazo [1,5-al I1,2,4]
triazolo [1,5- d] [1,4]benzodiazepine A suspension of
3-bromo-10-difluoromethyl-9H-imidazo[l,5-a] [1,2,4] triazolo [1,5- d]
[1,4]benzodiazepine (352 mg, 1.00 mmol), trimethylsilylacetylene (221 ml,
1.55 mmol), bis(triphenylphosphine)-palladium(II) chloride (35 mg, 0.05
mmol), triphenylphosphine (8 mg, 0.03 mmol) and triethylamine (0.50 mL, 3.6
mmol) in THF (5 mL) was stirred for 15 min at ambient temperature.
Copper(I) bromide (1.4 mg, 0.01 mmol) was added and the reaction mixture
was stirred for 17 h at 7 0 0C under an argon atmosphere. The mixture was
diluted with ethyl acetate (20 mX) and washed with aqueous citric acid
(10%, 40 mL). The aqueous phase was extracted with ethyl acetate (40 mL)
and the 



combined organic layers were dried over sodium sulfate. Purification by
chromatography (SiO2, heptane:ethyl acetaterdichloromethaneimethanol =
75:15:10:0 to 0:80:10:10) afforded the title compound (344 mg, 93 %) as a
light yellow foam. MS: m/e = 370.1 [M+H] +. b
10-Difluoromethyl-3-ethvnyl-9H-imidaz.o [1,5-ai [1,2,41 triazolo \ 1,5- dl
[l,4]benzodiazepine To a solution of
10-difluoromethyl-3-trimethylsilanylethynyl-9H-imidazo[l,5- a]
[l,2,4]triazolo[l,5-d]-[l,4]benzodiazepine (259 mg, 0.70 mmol) in a mixture
of THF (2.5 mL) and MeOH (0.25 mL) was added ixnder an argon atmosphere at
-700C tetrabutylammonium fluoride trihydrate (232 mg, 0.74 mmol). After
stirring for 30 min at this temperature, the dry ice bath was replaced with
an ice bath and the reaction mixture was stirred for 1h at 0 0C. It was
diluted with ethyl acetate (10 mL), washed with aqueous Na2CO3 and
extracted with ethyl acetate (10 mL). Drying over sodium sulfate and
purification by chromatography (SiO2, lieptane:ethyl
acetate:dichloromethane:methanol = 75:15: 10:0 to 0:80:10:10) afforded the
title compound (201 mg, 97 %) as a white solid. MS: m/e = 298.2 [M+H] +.
Example 13 3-Cyano- 10-difluoromethyl-9H-imidazo [1,5-a] [1,2,4]triazolo
[1,5- d][l,4]benzodiazepine A mixture of
3-bromo-10-difluoromethyl-9H-imidazo[l,5-a] [l,2,4]triazolo[l,5- d]
[l,4]benzodiazepine (211 mg, 0.60 mmol),
tetrakis(triphenylphosphine)palladium(0)(21 mg, 0.02 mmol) and zinc cyanide
(70 mg, 0.60 mmol) in DMF (4 mL) was stirred under an argon atmosphere for
42 h at reflux. Further tetrakis(triphenylphosphine) palladium(O) (21 mg,
0.02 mmol) and zinc cyanide (70 mg, 0.60 mmol) were added and stirring was
continued for another 24 h at reflux. The reaction mixture was poured into
a solution of iron(III) chloride (973 mg, 6.0 mmol) in aqueous HCl (IN, 5.0



mL) and ethyl acetate (30 mL) at 0 0C. After stirring for 1 h at this
temperature the mixture was basified with aqueous Na2Cq 3 (2N) 5filtered
over Hyflo(r) and washed with ethyl acetate. After extraction of the
aqueous layer with ethyl acetate the combined organic layers were washed
with water and brine, dried over sodium sulfate and concentrated.
Purification of the residue by chromatography (SiO2, heptane:ethyl
acetate:dichloromethane:methanol = 75:15:10:0 to 0:80:10:10:) afforded the
title compound (74 mg, 42%) as a white solid. MS: m/e = 299.2 (M+H +) .
Example 14 10- (1,l-Difluoro-e yl)-3-fluoro-9H-imidazo [1,5-a] [1,2,4]
triazolo [1,5- d] [1,4]benzodiazepine a ) l-[3-Fluoro-9H-imidazo[l,5-a1
,2,4]triazolofl,5-dl [l,4ibenzodiazepin-10-vnethanone To a solution of
10-cyano-3-fluoro-9H-iraidazo[l,5-a][l,2,4]triazolo[l,5- d]
[Mjbenzodiazepine 1 (2.07 g, 7.78 mmol) in THF (100 mL) was added at
ambient temperature methylmagnesium bromide (3N in Et2O, 39.0 mL, 13.0
mmol) over a period of 5 min. The resulting clear brown solution was
stirred for another 2 h. The mixture was carefully poured into aq. HCl (IN,
200 mL) and extracted with ethyl acetate (3x 200 mL). The combined organic
layers were washed vith water (250 mL) and brine (250 mL), dried over
sodium sulfate and concentrated.. Purification of the residue by
chromatography (SiO2, heptane:ethyl acetate:methanol = 20:80:0 to 0:90:10)
afforded the title compound (303 mg, 14%) as a white solid. MS: m/e = 282.4
(M-H ). h)
10-(Ll-Difluoro-ethylV3-fluoro-9H-imidazori,5-al[L2,4itriazolori,5- d]
ri,4ibenzodiazepine A mixture of l-[3-fluoro-9H-imidazo[l,5-a]
[l,2,4]triazolo[l,5-d] [l,4]benzodiazepin-10- yl]-ethanone (100 mg, 0.35
mmol) andbis(2-methoxyethyl)aminosulphur trifluoride (50% in THF, 1.56 mL,
3.53 mmol) was stirred for 3 days at 60 0C in a closed plastic tube 



under an argon atmosphere. The mixture -was diluted with ethyl acetate (20
mL) and washed with aqueous Na2CO3 (sat.). Extracted with ethyl acetate (20
mL) was followed by drying over sodium sulfate and concentration.
Purification of the residue by chromatography (SiO2, heptane:ethyl
acetate:dichloromethane = 60:20:20 to 30:50:20:)afforded the title compound
(24 ing, 22%) as a light brown solid. MS: m/e = 306.2 (M+H +). Example 15
10-(l,l-Difluoro-propyl)-3-fluoro-9H-imidazo[l,5-a] [l,2,4]triazolo[l,5- d]
[1,4]benzodiazepine a) 3-Fluoro-9H-imidazo[l,5-a1
ri,2,4itriazolo[l,5-dUl,4ibenzodiazepine-10-carboxylic acid
methoxy-methyl-amide A mixture of 3-fluoro-9H-imidazo[l,5-a]
[l,2,4]triazolo[l,5-d] [l,4]benzodiazepine-10- carboxylic acid (20.74 g,
72.7 mmol), JV,O-dimethylhydroxylamine hydrochloride (11.35 g, 116.3 mmol),
l-(3-dimethylaminopropyl)-3-ethylcarbod mide hydrochloride (16.72 g, 87.24
mmol), N-methylmorphoHne (12.78 mL, 116.3 mmol) and N
Ndimethylaminopyridine (300 mg, 3.23 mmol) in a mixture of THF (200 mL) and
DMF (40 mL) was stirred at ambient temperature for 18 h . The
dichloromethane was distilled off and ice cold water (200 mL) was added.
The resulting suspension was stirred for 15 min, filtered and washed with
water (1OO mL). Drying afforded the title compound (11.46 g, 48%) as white
solid. MS: m/e = 329.1 (M+H +). b
l-f3-Fluoro-9H-imidazofL5-aUl,2,4itriazolori,5-dUL4lbenzodiazepin-10-vnprop
an- 1-one To a solution of 3-fluoro-9H-imidazo [ 1,5-a]
[l,2,4]triazolo[l,5-d] [l,4]benzodiazepine- 10-carboxylic acid
methoxy-methyl-amide (500 mg, 1.52 mmol) in THF (20 mL) was added at -70 0C
ethyl magnesium bromide (3M in THF, 1.52 mL, 4.57 mmol). The dry ice bath
was removed and the reaction mixture was stirred for 2 h. After cooling to
-70 0C 



further ethyl magnesium bromide (3M! in THF, 1.52 mL, 4.57 mmol) was added
and the mixture stirred for another 2 h at ambient temperature. The mixture
was cooled to 0 0C and aqueous HCl (IN, 10 mL) was added dropwise. It was
diluted with ethyl acetate (20 mL) and aqueous Na2CO (sat.). The aqueous
layer was extracted with ethyl acetate and the combined organic layers were
washed with aqueous Na2CO (sat.). Drying over sodium sulfate and
purification of the residue by chromatography (SiO2, heptane:ethyl
acetate.-dichloromethane = 60:20:20 to 30:50:20:) afforded the title
compound (200 mg, 44%) as a white solid. MS: m/e = 298.2 (M-I-H+). c)
10-flJ-Difluoro-propyl)-3-fluoro-9H-imidazo[l,5-aUl,2 4itriazolo[L5- dl
[1,41benzodiazepine A mixture of l-[3-fluoro-9H-imidazo [1,5-a]
[l,2,4]triazolo[l,5-d] [l,4]benzodiazepin-10- yl]-propan-l-one (158 mg,
0.53 mmol), bis(2-methoxyet_hyl)aminosulphur trifluoride (490 mL, 2.66
mmol) and ethanol (10 m.L, 0.16 mmol) was stirred for 2 d at 90 0C in
aclosed plastic tube under an argon atmosphere. The reaction mixture was
poured onto ice/water and was extracted with ethyl acetate (20 mL). The
organic layers were washed with aqueous Na2CO and dried over sodium
sulfate. Purification of the residue by chromatography (SiO2, heptane:ethyl
acetaterdichloromethane = 60:20:20 to 30:50:20:) afforded the title
compound. (41 mg, 24%) as an off-white solid. MS: m/e = 320.0 (M+H +).
Example 16 10-Difluoromethyl-9H-imidazo [1,5-a] [1,2,4]triazolo [1,5-d]
[1,4]benzodiazepine To a solution of
3-bromo-10-difluoromethyl-9H-imidazo[l,5-a] [l,2,4]triazolo[l,5- d]
[l,4]benzodiazepine (247 mg, 0.70 mmol) in methanol (10 mL) was added under
a n argon atmosphere palladium/ charcoal (10%, 74 mg, 0.07 mmol). The
mixture was then stirred for 17 h at ambient temperature under a hydrogene
atmosphere before filtered over Hyflo(r) and washed with methanol.
Purification of the residue by chromatography 



(SiO2, heptane:ethyl acetaterdichloromethanemethanol = 75:15:10:0 to
0:80:10:10 ) afforded the title compound (122 mg, 64%) as a white solid.
MS: m/e = 274.2 (M+ +). Example 17 3-Morpholin-4-yl-
10-difluoromethyl-9H-irnidazo [1,5-a] [1,2,4]triazolo [1,5- d]
[l,4]benzodiazepine A mixture of
3-fluoro-10-difluoromethyl-9H-imidazo[l,5-a] [l,2,4]triazolo[l,5- d]
[l,4]benzodiazepine (200 mg, 0.69 mmol) and morpholine (0.30 mL, 0.3.43
mmol) in DMSO (2 mL) was stirred i n a closed reaction tube for 18 h at 130
0C. The reaction mixture was diluted with ethyl acetate (20 mL), washed
twice with aqueous sodium carbonate (saturated), dried over sodium sulfate
and concentrated. Purification of the residue by chromatography (SiO2,
heptane:ethyl acetate:dichloromethane:methanol = 60:20:20:0 to
20:50:20:10:) afforded the title compound (138 mg, 56%) as a white solid.
MS: m/e = 359.2 (M+H+). Example 18
3-Bromo-10-(l-fluoro-propyl)-9H-imidazo[l,5-a][l,2,4]triazolo[l,5- d]
[l,4]benzodiazepine a 3-Bromo-10-(l-hydroxy-propyl)-9H-imidazo[l,5-ai
ri,2,4itriazolo[l,5- di ri,4ibenzodiazepine To a suspension of
3-bromo-9H-imidazo[l,5-a] [1,2,4] triazolo [1,5- d]
[l,4]benzodiazepine-10-carbaldehyde (500 mg, 1.51 mmol) in THF (25 mL) was
added ethylmagnesium bromide solution (3 Min THF, 3.03 mL, 9.09 mmol) at
-70 0C. After 1 hat this temperature aqueous ammonium chloride (saturated,
18 mL) was added and the mixture was warmed to ambient temperature. After
addition of dichlorometha pe and aqueous sodium carbonate i t was extracted
(dichloromethane) and the combined organic layers were washed with water
and dried over sodium sulfate. Purification of the residue by
chromatography (SiO2, h.eptane:ethyl acetate:methanol = 80:19:01 to
0:90:10) afforded 



the title compound (413 mg, 76%) as a white solid. MS: m/e = 360.0/362.0
(M+HL+). b) 3-Bromo-10-d-fluoro-propyl)-9H-imidazori,5-a1
[L2,4ltriazolo[l,5- di rL4lbenzodiazepine To a solution of
3-bromo-lO-(l-hydroxy-propyl)-9H-imidazo[l,5-a] [1,2,4] triazolo[ 1,5- d]
[1,4]benzodiazepine (260 mg, 0.72 mmol) in dichloromethane (7 mL) was added
at -70 0C bis(2-methoxyethyl)aminosulphur trifluoride (110 mL, 1.08 mmol).
The resulting mixture was stirred for 19 h. while allowing to warm to
ambient temperature. After addition of dichloromethane (20 mL) it was
washed with aqueous sodium carbonate (saturated) and dried over sodium
sulfate. Purification of the residue by chromatography (SiO2, heptane:ethyl
acetate:dichloromethane = 70:20:10 to 00:90:10:) afforded the title
compound (60 mg, 23%) as an off-white solid. MS: m/e = 362.0/364.0 (M+H+).
Example 19
3-Bromo-10-(l,l-difluoro-propyl)-9H-imidazo[l,5-a][l,2,4]triazolo[l,5-
d][l,4]benzodiazepine dl fL41benzodiazepine To a suspension of
l-[3-bromo-9H-imidazo[l,5-a] [1,2,4]triazolo[ 1,5- d]
[l,4]benzodiazepin-10-yl]-propan-l-one (410 mg, 1.14 mmol) in dioxane
(7.5ml) was added 1,2-ethanedithiol (578 ml, 6.87 mmol) and boron
trifluoride acetic acid comlex (636 ml, 4.58 mmol). The given solution was
stirred for 4 d at 60 0C under an argon atmosphere, then cooled to ambient
temperature and quenched with aqueous sodium hydrogencarbonate (saturated,
30 ml). After stirring for 30 min at ambient temperature, the mixture was
extracted with ethyl acetate. Washing with aqueous sodium hydrogencarbonate
(saturated), aqueous sodium hydroxide (15%) and brine was followed by
drying over sodium sulfate. Purification of the residue by chromatography
(SiO2, heptane:ethyl acetate:dichloromethane:methanol = 75:15:10:0 to
0:70:10:20:) 



afforded the title compound (364 mg, 73%) as a white solid. MS: m/e =
434.0/436.0 (M+H+).b) S-Bromo-lO-dJ-difluoro-propyD-gH-i piidazo l -a l lt
Tiazolori - d ] [l,4ibenzodiazepine To a suspension of N-iodosuccinimide
(678 mg, 3.01 mmol) in dichloromethane (6.6ml) was added HF-pyridine (390
ml, 1.66 mmol) at -30 0C. Then a solution of 3-bromo-10-
(2-ethyl-[l,3]difhian-2-yl)-9H-imidazo[l,5-a] [l,2,4]triazolo[l,5-d]
[l,4]benzodiazepine (327 mg, 0.75 mmol) in dichloromethane (1.7 ml) was
added dropwise at -30 C. The resulting dark red mixture was stirred for
another 15 min at -30 0 C, then poured cautiously onto ice-cold aqueous
sodium hydrogencarbonate (saturated, 50 ml) and stirred for 5 min. The
mixture was extracted with dichloromethane. The organic layers were washed
with aqueous sodium hydrogencarbonate (saturated), brine and were dried
over sodiixm sulfate. Purification of the residue by chromatography (SiO2,
heptanerethyl acetate:dichloromethane:methanol = 75:15:10:0 to 0:70:10:20:)
afforded the title compound (231 mg, 81%) as a white solid. MS: m/e =
380.0/382.0 (M+H +). Example 20
3-Chloro-10-fluoromethyl-6-methyl-9H-imidazo[l,5-a][l,2,4]-triazolo[l,5- d]
[l,4]benzodiazepine To a mixture of ethyl
3-chloro-6-methyl-9H-imidazo[l,5-a] [l,2,4]triazolo[l,5- d]
[l,4jbenzodiazepine-10-carboxylate (300 mg, 0.87 mmol) in THF (mL) was
added lithium borohydride (23 mg, 1.05 mmol) at ambient temperature. The
resulting suspension was stirred at reflux for 5 h. After the reaction
mixture was cooled to ambient temperature aqueous ammonium chloride
(saturated, 5 mL) was added carefully and the resulting mixture was stirred
at this temperature for 18 h. The organic solvent was distilled off and the
resulting suspension filtered and washed with water. The residue was
dissolved in dichloromethane (8 mL) and bis(2-methoxyethyl)aminosulphur
trifluoride 



(161 mL, 0 .87 mmol) was added and the reaction mixture was stirred for 18
h at ambient temperature. It was diluted with dichloromethane (20 mL) and.
washed with aqueous sodium carbonate (saturated). Drying over sodium
sulfate and purification of the residue by chromatography (SiO ,
heptane:ethyl acetate:dichloromethane:methanol = 40:40:20:0 to 0:75:20:5:)
afforded the title compound (67 mg, 28%) as a wMte solid. MS: m/e = 304.1
(M+H+). Example 21
3-CUoro-6-(3,4-dimethoxyphenyl)-10-fluoromemyl-9H-irniclazo[l,5- a]
[l,2,4]triazolo[l,5-d] [1,4]benzodiazepineEthyl
3-chloro-6-(3,4-dimethoxyphenyl)-9H-imidazo [1,5-a] [1,2,4] triazolo[ 1,5-
d] [l,4]benzodiazepine-10-carboxylate (300 mg, 0.64 a imol), instead of
ethyl 3-chloro-6- methyl-9H-imidazo[ 1,5-a] [l,2,4]triazolo[l,5-d]
[l,4]benzodiazepine-10-carboxylate as described in example 20 was converted
to the title compound (112 mg, 41%) which was obtained as a white solid.
MS: m/e = 425.9 (M+H +).Claims 1. Substituted imidazo[l,5-a]
[l,2,4]triazolo[l,5-d][l,4]benzodiazepine derivatives of the general
formula wherein R1 is hydrogen, halogen, lower alkyl, lower alkynyl,
cydoalkyl, heterocycloalkyl, benzyl, cyano, lower alkoxy, OCF3, -NHR,
-NHC(O)R or -NHSO2R; R2 is lower alkyl substituted by halogen; R3 is
hydrogen, methyl or aryl; R is lower alkyl, cycloalkyl or aryl; and their
pharmaceutically acceptable acid addition salts. 2. Substituted
imidazo[l,5-a] [l,2,4]triazolo[l,5-d] [l,4]benzodiazepine derivatives of
the general formula wherein 



R1 is hydrogen, halogen, lower alkyl, lower alkynyl, cycloalkyl, benzyl,
cyano, lower alkoxy, OCF3, -NHR, -NHC(O)R or -NHSO2R; R2 is lower alkyl
substituted by halogen; R is lower alkyl, cyeloalkyl or aryl; and their
pharmaceutically acceptable acid addition salts.3. Compounds o f formula I
as claimed in claim 1, in which R2 is CH2T . 4. Compounds o f formula I as
claimed in claim 3, which compounds are 3-chloro-
10-fluoromethyl-9H-imidazo [1,5-a] [1,2,4] triazolo [1,5-d]
[l,4]benzodiazepine, S-fluoro-lO-fluoromethyl- H-imidazo l S-a
3-bromo-10-fiuoromethyl-9H-imidazo[l,5-a] [1,2,4] triazolo [1,5-d]
[l,4]benzodiazepine, 3-cyclopropyl- 10-fluc"romethyl-9H-imidazo [1,5-a]
[1,2,4] triazolo [1,5- d] [1,4]benzodiazepine or 3-chloro-
10-fluoromethyl-6-methyl-9H-imidazo [1,5-a] [1,2,4]triazolo [1,5 - d]
[l,4]benzodiazepine. 5. Compounds o f formula I as claimed in claim 1, in
which R is CHIF2. 6. Compounds o f formula I as claimed in claim 5, which
compounds are 3-chloro- 10-difluorornethyl-9H-imidazo [1,5-a] [1,2,4]
triazolo [1,5- d] [l,4]benzodiazepine, 3-fluoro-
10-difluorornethyl-9H-imidazo [1,5-a] [1,2,4] triazolo [1,5- d]
[l,4]benzodiazepine, 3-bromo-10-difluoromethyl-9H-imidazo[ 1,5-a] [1,2,4]
triazolo [1,5- d] [l,4]benzodiazepine, d] [1,4]benzodiazepine,
10-difluoromethyl-3-ethyl-9H-imidazo[l,5-a] [l,2,4]triazolo[l,5-d]
[l,4]benzodiazepine, 3-benzyl- 10-difluoromethyl-9H-imidazo [1,5-a] [1,2,4]
triazolo [1,5- d] [1,4]benzodiazepine, 



10-difluoromethyl-3-ethynyl-9H-imidazo[ 1,5-a] [1,2,4]triazolo [1,5- d]
[l,4]benzodiazepine, 3-cyano-10-difluoromethyl-9H-imidazo[ 1,5-a]
[l,2,4]triazolo[l,5-d] [l,4]benzodiazepine or 10-difluoromethyl-9H-imidazo
[1,5-a] [1,2,4]triazolo [1,5-d] [1,4]benzodiazepine. 7. Compounds of
formula I as claimed in claim 1, in which R2 is CF3. 8. Compounds of
formula I as claimed in claim 7, which compouncl is 3-fluoro-
10-trifluoromethyi-9H-imidazo [1,5-a] [1,2,4] triazolo [1,5- d]
[l,4]benzodiazepiiie.9. Compounds of formula I as claimed in claim 1, in
which. R2 is CF2CH3 or CF2CH2CH 3. 10. Compounds of formula I as claimed in
claim 9, which compounds are 10-(l,l-diluoro-ethyl)-3-fluoro-9H-imidazo[l
35-a][l,2,4]triazolo[l,5- d] [1,4]benzodiazepine or 10-(
1,1-difluoro-propyl) -3-fluoro-9H-imidazo [1,5-a] [1,2,4] triazolo [1,5- d]
[l,4]ben.zodiazepine. 11. A process for preparation of compounds of formula
I a s defined in claim 1, which process comprises a) reacting a compound of
formula with a suitable halogen-transfer-reagent, for example with [bisC2-
methoxyethyl) amino] sulfur trifluoride to a compound of forprula wherein
R, 2 is lower alkyl, substituted by halogen, and, if desired, converting a
compound of formula I into a pharmaceutically acceptable salt, or b )
reacting a compound of formulai h a suitable halogen-transfer-reagent, for
example with [bis(2- methoxyethyl) amino] sulfur trifluoride to a compound
of formula 



and, if desired, converting a compound of formula I into a pharmaceutically
acceptable salt, or c) reacting a compound of formula with sulfur
tetrafluoride in the presence of a hydrogen halogenide to a compound of
formula and, if desired, converting a compound of formula I into a
pharmaceutically acceptable salt. 12. A compound of formula I according t o
claim 1, whenever prepared by a process as claimed in claim 11 or by an
equivalent method.13. A medicament containing one or more compounds of
formula I in accordance with claim 1 and pharmaceutically acceptable
excipients. 14. A medicament according to claim 13 for the treatment of
diseases related to the GABAA a.5 subunit selected from cognitive enhancer,
cognitive disorders, schizophrenia, anxiety or Alzheimer's disease. 15. A
medicament according to claim 14 for the treatment of Alzheimer's disease.
16. The use of a compound of formula I according to claim 1 for the
preparation of a medicament for the treatment o f cognitive enhancer,
cognitive disorders, schizophrenia, anxiety or Alzheimer's disease. 17. The
use of a compound of formula I according to claim 1 for the preparation of
a medicament for the treatment o f Alzheimer's disease. 18. The invention
as hereinbefore described. - - 




