WO 2006/045430 PCTIEP2005/010908 -1 Imidazo-benzodiazeyine derivatives The present invention
is concerned with substituted imidazo[1,5-a] [1,2,4] tria:zolo[1,5- d] [ 1,4]benzodiazepine derivatives of
the following formula rRZ N R N Ra wherein 5 R1 is hydrogen, halogen, lower alkyl, lower alkynyl,
cycloalkyl, hetesaoyeealkd, benzyl, cyano, lower alkoxy, OCF3, -NHR, -NO{)RsarediSO2R; R2 is
lower alkyl substituted by halogen; R3 is hydrogen, methyl or aryl; R is lower alkyl, cycloalkyl or aryl;
1o and with their pharmaceutically acceptable acid adbltlon salts. It has been found that this class of
compounds show high affinity and selectivity for GABA A as receptor binding sites and might be
useful as cognitive enhancer or for the treatment of cognitive disorders, anxiety, schizophrenia or
Alzheimer's disease. Receptors for the major inhibitory neurotransmitter, gamma-aminobutyric acid 15
(GABA), are divided into two main classes: (1) GABA A receptors which are members of the
ligand-gated ion channel superfamily anianf2326:5¢ gich are members of the G-protein
linked receptor family. The GABA A receptor complex WhICh is a membrane-bound heteropentameric
protein polymer is GBRASRYRHIACIRA, o A oW 2O P cosgni @ dolglpyember of 21
subunits of the GABA™A rece tor have heen cIo @) 20 6/045430 T/E|52005/010908 -2 and
sequenced. Threedmég)ﬁtfzg l?ﬁ??’f%e(%“@%ﬁ %rfg regurre Oﬂr?g the constructlon of recombinant
GABA A receptors which most closely mimic the blocheml I, electrophysiological and
pharmacological functions of native GAGA A receptors ob’t{ﬁ from mammalian brain cells. There is
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strong evidence that the benzodiazepine blndlng
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wherein

5 R'  ishydrogen, halogen, lower alkyl, lower alkynyl, cycloalkyl, heterocycloalkyl,
benzyl, cyano, lower alkoxy, OCFs, -NHR, -NHC(O}R or -NHSO;R;

R is lower alkyl substituted by halogen;
R’  is hydrogen, methyl or aryl;

R islower alkyl, cycloatkyl or aryl;

10 and with their pharmaceutically acceptable acid addition salts.

1t has been found that this class of compounds show high affinity and selectivity for
GABA A o5 receptor binding sites and might be useful as cognitive enhancer or for the

treatment of cognitive disorders, anxiety, schizophrenia or Alzheimer’s disease.

Receptors for the major inhibitory neurotransmitter, gamma-aminobut-yric acid
15 (GABA), are divided into two main classes: (1) GABA A receptors, which are xnembers of
the ligand-gated ion channel superfamily and (2) GABA B receptors, which are members
of the G-protein linked receptor family. The GABA A receptor complex which isa

membrane-bound heteropentameric protein polymer is composed principally of ¢, { and

¥ subunits.

20 Presently a total number of 21 subunits of the GABA A receptor have bezen cloned



5 site lies between the a and y subunits. Among the recombinant GAGA A receptors, al(32y2 mimics
many effects of the classical type-lI BzR subtypes, whereas a2(32y2, a3(32y2 and a5(32y2 ion
channels are termed type-Il BzR. It has been shown by McNamara and Skelton in Psychobiology,
21:101-108 th@]&lg&mmgégdiazepine receptor inverse agonist (3-CCM enhance spatial learning in the
Morris 10 watermaze. However, (3-CCM and other conventional benzodia2€jpiER2¢ewe1stos 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 GAGA A receptor subunits,

whereas a GABAséqatnredeTHesepastiod Qubihinvese 2809 istvbich IS ively free of activity at
GAGA A al angd/or a2 andiar 3Ar§ce tor %%sﬁis c:flr? bee 1.5élﬁgsrec! @?FS\% e%ucrﬁgaic%%ment which
is useful for enhancing cognrtion With red i s prorEn teedeinekenival. 1t is also possible to

use GAGA A SiREickutrkad mhicmasdogiirbaaivastifitadb GAGA A Akandiopsaiand/or a3

receptor bindingositesnbiativd beliraifumstianalyselegtive.faran (EQQ{%@?% gzléo?l%gi s. However, inverse
agonists gvhlgﬂeq{ees gglegélv for GAGA A a$ subunits and are relatively free actl\l/xl’ty arGAGA A 20
%n&iﬁbﬁ SR X SR SR s s seep rbmiena feAdbidbrsmpteref formula | and

al, a2 and a3 receptor

pharmaceuticaljosbospibisle aaeriie 8RR oL SHOKABILIYRE compaycs. medicaments
n

containing the%h nd th?eir anufacture as well as the use of the dbove mentio compounds in the
control or pre¥2RtGHEBF fin nebaprekipreiamed smedhBaRsorders 25 of the kind referred to earlier

or in the manufacture of corresponding medicaments. The most preferred indication in accordance

with the inverltibes kerusheimdnsMideasaa ind Skettasperydharmlinp ovided pwsftufed imidazo [1,5-a]
o e ok e M by, o,
lower alk¥¥xy V@'@FQaZENHWﬂNH FOIM andNth&Q3Mientional benzodiazepine receptor inverse
ag.onists are proconvulsant or convulsant which prevents their use as cégniﬁon enharxcing
agents in humans, In addition, these compounds are non-selective within the GABA A
receptor subunits, whereas 2 GABA A o5 receptor partial or full inverse agonist which is
relatively free of activity at GABA A ol and/or o2 and/or o3 receptor binding sites ca n be
15 used to provide a medicament which is nseful for enhancing cogniﬁon with reduced or
without proconvulsant activity. It is also possible to use GABA A o5 inverse agonists
which are not free of activity at GABA A al and/or a2 and/or o3 receptor binding sites
but which are functionally selective for &5 containing subunits. However, inverse agonists
which are selective for GABA A &5 subumits and are relatively free of activity at GABA A
20 al, 0.2 and a3 receptor binding sites are preferred.

Disclosed herein are compounds of formula [ 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 fllnesses, especially of illnesses and disord ers
25 of the kind referred to earlier or in the manufacture of corresponding medicaments,

The most preferred indication in accordance with the invention is Alzheimer’s disease.

In a first aspect, there is provided substituted imidazo [1.5-a} [1.2,4}triazolof1,5~
d][1,4]benzodiazepine derivatives of the general formula



R2 is lower alkyl substituted by halogen; R3 is hydrogen, methyl or aryl; R is lower alkyl, cycloaikyl or
aryl; and their pharmaceutically acceptable add addition salts. In a second aspect, there is provided
substituted imidazo [1,5-a] [1,2,4]triazolo[1,5- %] 1,4]benzodiazepine derivatives of the general formula
r~NR2 NRtJIl N NON I-A wherein Rtis hyydrogen, halogen, lower alkyl, lower aicynyl, cycloalkyl,
benzyl, cyano, lower alkoxy, OCF3, -NIIR, -NHC(O)R or -NHSO2R; RZ is lower alkyl substituted by
halogen; R is lower alkyl, cycloalkyl or aryl; and their pha acetltically acceptable add addition salts. -
2b In a third aspect, there is provided a process for pregaration of compounds of formula | as defined

wherein

R'  is hydrogen, halogen, lower alkyl, lower alkynyl, cycloalkyl, heterocycloalkyl,
benzyl, cyano, lower alkoxy, OCFE;, -NHR, -NHC(O)R or -NHSO.R;

R islower alkyl substituted by halogen;
R®  is hydrogen, methyl or ary};
R islower alkyl, cycloalkyl or aiyl;

and their pharmacentically acceptable acid addition salts.

In a second aspect, there is provided substituted imidazo [1,5-a] [1,2,4)triazolof1,5-

d][1,4Jbenzodiazepine derivatives of the general formula

wherein

R'  ishydrogen, halogen, lower alkyl, lower alkynyl, cycloalkyl, benzyl, cyano, lower
alkoxy, OCFs, -NHR, -NHC(O)R or -NHSO.R;

R?  islower alkyl substituted by halogen;

R islower alkyl, cycloalkyl or aryl;
and their pharmacentically acceptable acid addition salts.



N~N 9 R 1 wherein Rz 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 N O X'=.H,
lower alkyl R"\0P1 N N-~a R IV with a suitabjg halogen-transfer-reagent, for example with [bis(2-
methoxyethyl)amino] sulfur trifluoride to a compound of formula N Rz Rl '-~JJJ '~ N--~/N' R |- 2c

and, if desired, converting a compound of formula | into a pharmaceutically acceptable salt, or c)

reacting a compp %ﬁr&’%ﬁ.&é{ﬂ %@ré\llscf)rcwgéﬂ a%ri)gt¥s %%t’éﬁarﬁign of compounds of formula I as

defined above, which process comprises

a) reacting a compound of formula
x X = H, lower alkyl

N
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N\/{—( OH
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with a suitable halogen-transfer-reagent, for example with [bis(2-
methoxyethyl)amino]sulfur trifluoride to a compound of formnta

"
RO
wherein R? is lower alkyl, substituted by halogen,
and, if desired, converting 2 compound of formula I into a pharmaceutically acceptable
salt, or

b) réacting a compound of formula

N

o .
f
N / X X' = H, lower alkyl
R@
}

N

N
Nz
.
_ v
with a suitable haiogen-transfer»reagent, for exa:mple with {bis(2-
methoxyethyl)amino]sulfur trifluoride to a compound of formula



V with sulfur tetrafluoride in the presence of a hydrogen halogenide to a compound of formula N Rz N
R~/ N--~/N Rz | and, if desired, converting a compound of formula | into a pharmaceutically
acceptable salt In a fourth aspect, there is providezd a compound of formula | as defined above,

. — c - . .
whenever prepared by a process as claimed above or by an equivalent method. In a fifth aspect, there
is provided a medicament containing one or more compounds of formula | as defined above and

pharmaceutically.accepfable excipients. In a sixth aspect, there is_provided the use of a compound of
formula | asa(rj%fiyrﬁeﬁmgé)é\/%o%?ﬁfag6%’&3&‘%&1%?%%%@&P&’Fﬂ’i‘é’ Sertabsitive

enhancer, d8§nRfve disorders, schizophrenia, anxiety or Alzheimer's disease. In a seventh aspect,
there is proyjded digguseraipdeiirguns.ef formula | as defined above for the preparation of a
medicament for the treatment of Alzheimer's disease. The_following definitions of the general terms
used in the present description apply irrespective?fé‘f whejfier the terms in guestion appear alone or in
combination. WO 2006/045430 PCT/EP2005/Q10
denotes a straight- or branched-chain alks @

atoms, for example, methyl, ethyl, propyl, iSBprog

: yIND-butyl, i-butyl, t-butyl and the like. As used

herein, the term "lower alkyl substituted by haloggn.£®notes a straight- or 5 branched-chain alkyl
group containing from 1-7, preferably from 1 - 4 carlygmn atoms, for example, methyl, ethyl, propyl,
isopropyl, n-butyl, i-butyl, t-butyl and the like and wherein at [¥ast one hydrogen atom is replaced by a
halogen atorithEximytesafiiprifetretic greupce afa B drépe Baloktaki (b 2 o GHFCH2CHS or
CF2CH3. Thedglin "lower alkynyl" denotes a straight- or branched-chain carbon group

and, if desired, converting a compound of forrmula I into a pharmaceutically acceptable
salt. ' '

In a fourth aspect, there is provided a compound of formula I as defined above, whenever

prepared by a process as claimed above or by an equivalent method.

In a fifth aspect, there is provided a medicament containing one or more compounds of

formula I as defined above and pharmaceutically acceptable excipients.

In a sixth aspect, there is provided the use of a compound of formula I as defined above
for the preparation of a medicament for the treafment of cognitive enhancer, cognitive disorders,

schizophrenia, anxiety or Alzheimer’s disease.

In a seventh aspect, there is provided the use of a compound of formula | as defined

above for the preparation of a medicament for the treatment of 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.



to containing from 2-7, preferably from 2 - 4 carbon atoms, and wherein at least one b, and is a triple
bond. The term "aryl" denotes a phenyl, benzyl or naphthyl group, which groups maybe substituted by
lower alkyl or lower alkoxy. 15 The term "halogen" denotes chlorine, iodine, fluorine and bromine. The

term "cycloalkyl; sepeissa cyclic alkyl ring, having from 3 to 7 carbon ring giemgsdei@yample,
cyclopropyl, cyclopentyl or cyclohexyl. The term "heterocycloalkyl” denotes a cyclic alkyl ring, having

from 3 to 7 carbon ring atoms, and wherein at Ieast3ene carbon atom is replaced by a heteroatom,

selected 20 from theg up consisting of O, N for exam orpholinyl, piperaz Ior piperidinyl.
The term "pharmate SRoBisieHe Aien fiieggf%aéf% Ee Dxcly g\ %c and organic

acids, such ag)nyon@@ﬁmmgéem Aith odaldvifume hd’éjcaﬁmsﬁﬁemfamae}% Bgdylbrmic acid,

fumaric acidetid|eiccpgldisapaiigsitnsiccnig2bacid aiarthetiladd, methane-sulfonic acid,
p-toluenesulfonic add and the like. Exemplary preferred are compounds, which have a binding activity

(Ri) of lower thans3Guaillianelgre selectivavienkABsAradubhaligartdiaieteintivefy-irae of activity at
GABA A2, 8, ADELAZKEEE, I3 PHSIETEA SOMAB WAL OUTHIRL aiE0Rs: In which R2
is CH2F, for exam le th o 0 o cpmpou ds; 3 ro-10- fﬁgorgﬁaﬁy %?%H imidazo [1,5-a] [

12 Altriazol PG PN HDR AR P S G 3%% S 5] [ 1,24
triazolo [ 1 5@?&@]’6&%‘6@?&2@’@%&“%%m#@ﬂ%ﬁbﬁﬁ%@?ﬂhﬁd&‘f&[ﬂ%%ﬂeﬁmd

1,2 4]triazolgitubpd ki PR €nZbg GReh i 08 QM PROCHIAFARTHR G TUER2005/010908 -4
3-cydopropyl-10-fluoromethyl-9H-imidazo [ 1,5-a] [ 1,2,4]triazolo [ 1,5- d] [1,4]benzodiazepine or

3-chloro-10-fluoromettyhb “roath iShyi T idazald seradil. 3rdtsrdeid{dhbindhfiot|penpodiazepine. 5

Further 966@%!@%&9999%&%&%5% is,CHES, IRxamplenihenioliouing compeunds:
3-chloro-10-dif cig%megpyl 9H-imidazo | 1,5-a] [ 1,2,4] friazolo [ 1,5- d] [1,4]benzodiazepine,

The term “aryl” denotes a phenyl, benzyl or naphthyl group, which groups may be
substituted by lower alkyl or lower alkoxy.

15 The term “halogen” denotes chlorine, iodine, fluorine and bromine.

The term “cycloalkyl” denotes a cyclic alkyl ring, having from 3 to 7 carbon rimig
atoms, for example, cyclopropyl, 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
20 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

25 acid, tartaric acid, methane-sulfonic acid, p-toluenesulfonic acid and the like,

Exemplary preferred are compounds, which have a binding activity (Ki) of lo-wer
than 30 nM and are selective for GABA A o5 subunits and are relatively free of actiwity at
GABA A a1, a2 and o3 receptor binding sites.

Preferred compounds of formula I are those, in which R? is CH,F, for example the
30 following compounds: '
3-~chloro-10-fluoromethyl-9H-imidazo[1,5-a][1,2,4]triazolo[1,5-d}[ 1,4 ]benzodiazepine,
3-fluoro-10-fluoromethyl-9H-imidazo[1,5-a}[1,2,4]triazolo[1,5-d}[ 1,4]benzodiazepine,
3-bromo-10-flucromethyl-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- 10 d] [1,4]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, 15
10-difluoromeghkytadsaiixbPH-imidazo [ 1,5-a] [ 1,2,4] triazolo [ 1,5-d] [ 1,4}kenzomirZzeRine.
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-aj [ 1,24 triazolo [ 1,5- d] [1,4]benzodiazepine, 20
3-cyano-I0- dlfluorometh I-9H-imidazo[1 S%Hz]t [1,2 4]tr|azolo 1,5- d} 1,4]benzodiazepine or
10-difluoromethit To“z?z Buetometiyy ]z[f‘ﬁl]ﬁé dizepine. Preferred
compounds dI{fhﬂYudwb&aeeimriher those, in which R2 |s CF3, for 25 example the following

compound: 3-f |@qtri 9{&@@ . ?‘6‘?49 - d] [1,4]benzodiazepine.
A further pre zmr%%ﬂ%%ompoﬁ% ;&r‘{é}! %S%Lﬁﬁﬁg%]gé £ cmﬁiglf 05r5 CF2CH2CH3, for

example the fﬁ%‘?ﬁjs 30

10-(1,1-difluoro-ethyl)-3-fluoro-9H-imidazo[1,5-a][1,2 4]tr|azoIoLI chl]é ,4]benzodiazepine,
10-(1,1-di¥fluoro- propyI)FS- W%Héﬁ&ﬁl‘é PSR e 8oL Il ﬂﬂi@ﬁ?&’dﬁ?ﬁzepme or
3-bromo-10-{dilbwditlelosarpsopys)-9H-imidazo [ 1,5-a] [ 1,2,4] triazolo [ 1,5- .35 d][1,4]benzodiazepine.

WO 2006/04§é§g£q5/§@g9g§(19 ?, _%@gﬁﬁ@g{ﬁ,ﬁﬁﬁg@&gﬁﬂpbodiment of the present

invention are_.compounds, of formu
d]{1,4]benzodiazepine,

3-fluoro-10-difluoromethyl~9H-imidazo[1,5-a][1,2,4]triazolo[ 1,5~

10 d]{1,4]benzodiazepine,
3-bromo-10-difluoromethyl-9H-imidazo[1,5-a][1,2,4] triazolo{1,5-
d][1,4]benzodiazepine,
3-cyclopropyl-10-difluoromethyl-9H-imidazo{1,5-a] { 1,2,4]triazolo]1,5-
d][1,4]benzodiazepine,

15 10-difluoromethyl-3-ethyl-9H-imidazo[1,5-a][1,2,4}triazolo[1,5-d][1,4]benzodiazepine,
3-benzyl-10-difiuoromethyl -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][1,4]benzodiazepine,

20 3-cyano-10-diftuoromethyl-9H-imidazo[1,5-a}{1,2,4]triazolo] 1,5-d][ 1,4]benzodiazepine
or
10-difluoromethyl-9H-imidazo[1,5-a} [1,2,4]triazolo[1,5-d]}[1,4]benzodiazepine.

Preferred compounds of formula I are further those, in which R?is CFs, for
25 example the following compound:
3-fluoro-10-trifluoromethyl -9H-imidazo{1,5-a][1,2,4]triazolo[1,5-
d}[1,4]benzodiazepine.

A further preferred group of compounds are those, wherein R? is CF,CHs or

CF,CH,CHa, for example thre following compounds:

30 10-(1,1-difluoro-ethyl}-3-flvroro-9H-imidazo[1,5-a]{1,2,4 ] triazolof1,5-
d}[1,4]benzodiazepine,
10-(1,1-difluoro-propyl)-3-fluoro-9H-imidazo[1,5-2}[ 1,2,4]triazolo[1,5-
d}[1,4]benzodiazepine or
3-bromo-10-(1,1-diflucro-propyl)-9H-imidazo{1,5-a}[1,2,4] triazolo[1,5-

35 d][1,4]benzodiazepine.



R N NI~N I-A 5 wherein R' is hydrogen, halogen, lower alkyl, lower alkynyl, cycloalkyl, benzyl, cyano,
lower allcoxy, OCF3, -NHR, -NHC(O)R or -NIISOZR; R2 is lower alkyl substituted by halogen; R is
lower alkyl, cycloalkyl or aryl; to and their pharmaceutically acceptable acid addition salts. The present
compounds ofyigrsudlaukand their pharmaceutically acceptable salts mayherprienaashésig methods
known in the art, for example, by processes described below, which process comprises a) reacting a
compound of formula ~N~X' X' = H, lower alkyl Noarg OH NI N N 1 15 R3 lll with a suitable
halogen-transfer-reagent, for example with [bis(2- methoxyethyl)amino]sulfur trifluoride to a compound
of formula WO 2006/045430 PCTIEP2005/010908 -66- ZIR N ~N N~N R3 wherein R2 is lower
alkyl, substituted by halogen, and, if desired, converting a compound of formula | into a
pharmaceutibatiycanuspiabreferid ord ofireemtivile povipo indoidormampounds of

formula I
R
N/
R* {
! N
N
N™ 1A
5 wherein

R'  is hydrogen, halogen, lower alkyl, lower alkynyl, cycloalkyl, benzyl, cyano, lower
alkoxy, OCF;, -NHR, -NHC(O)R or -NHS5O;R;

R*  is lower alkyl substituted by halogen;

R islower alkyl, cydoalkyl or aryl;

10  and their pharmacentically acceptable acid addition salts.

The present compounds of formula [ 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 of formula
X X' = H, lower alkyl

N
F
N4 OH
R‘l
I N
N
N
.

15 I

with a suitable halogen-transfer-reagent, for example with [bis(2-

methoxyethyl)aminojsulfur trifluoride to a compound of formula



fN O N X, X'=H, lower alkyl RNI N~N ~ R3 IV with a suitable halogen-transfer-reagent, for
example with [bis(2- methoxyethyl)amino)sulfur trifluoride to a compound of formula NRz R"; N NN/
I 310 R and, if desired, converting a compound of formula | into a pharmaceutically acceptable salt, ,
or c) reactingwacaiyaasiyd of formula N O N1 OH R N NI N 15 R V withygufpdeidatliagide in the
presence of a hydrogen halogenide to a compound of formula WO 2006/045430 PCT/EP2005/010908
rNR R NiJJJ NNN R and, if desired, converting accompound of formula | into a pharmaceutically

acceptable
ZN R
L/
O
N
N

N
he
I
wherein R? 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
C

‘éN
N\{b{ X! X' = H, lower alky}
R‘!
@N\ '
I N
3

"~
R v
with a suitable halogen-transfer-reagent, for example with [bis(2-
methoxyethyl)amino]sulfur trifluoride to a compound of formula

O
N{
R1
Il N
N
N..#
he
10 I
and, if desired, converting a compound of formula I into a pharmaceutically accezptable
salt, or

¢) reacting a compound of formula
N O

r/
N / OH
R'I
Q/\r”\
N
N2
he
v

with sulfur tetrafluoride in thie presence of a hydrogen halogenide to a compoundd of

13

formula



salt. In accordance with the present invention, compounds of the general formula 5 | can be prepared
following process variant a): A compound of formula Il is treated with an halogen-transfer-reagent, for
example an amino sulfur trifluoride like [bis(2- methoxyethyl)aminoj sulfur trifluoride or the like, in a
suitable solvenipfonexample dichloromethane or the like, or even withoutpa-gelveny@bers appropriate
temperature. Furthermore, compounds of formula | may be prepared in accordance with 10 process
variant b): A compound of formula IV is treated with &s halogen-transfer- reagent, for example an
amino sulfur trifluoride like [bis(2- methoxyethyl)amino]vsulfur trifluoride or the like, in a suitable
solvent, for example dichloromethane or the like, or € wAthout a solvent at an appropriate
temperature. In accordance with process variant.c) a-cgmpound of formula V is converted 15 by
reaction with sulfur tetrafluoride in the prese él;%:en halogenide, for example hydrogen
fluoride to a compound of formula I. The followh+ gines (scheme 1 - 4) describe the processes for
preparation of compounds of formula | in more det \'g:e starting materials are known compounds or
h

20 may be prepared according to methods known in thgsart. 25 30 WO 2006/045430
PCT/EP2005/010908 -8 Scheme 1 CI Cl NH RL.U 2 CHZCICN POGI3 N-R R NH RN 0 Vill 0 IX CI

X R=OH, alkexy, ifdusifed] Z0NrBasGlcbhipbhnd & fNmiialN ntd Phd¥chab$BuB Y acdedrble
salt.
In accordance with the present invention, compounds of the general formmla
5 Ican be prepared following process variant a): A compound of formula ITl is treated with
an halogen-transfer-reagent, for example an amino sulfur trifluoride like [bis(2-
methoxyethyl)aminojsulfur 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 may be prepared in accordance with
10 process variant b): A compound of formula IV 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.
In accordance with process variant ¢) a compound of formula V is converted
15 by reaction with sulfur tetrafluoride in the presence of hydrogen halogenide, for example
hydrogen fluoride to a compound of formula L.

The following schemes (scheme 1 - 4) describe the processes for preparation of
compounds of formula I in more detail. The starting materials are known compounds or

20 may be prepared according to methods known in the art.

25

30



R3 wherein R' and R3 are as described above. 5 In accordance with scheme 1, a corresponding
intermediate compound of formula XlIl is known (EP 519 307) and maybe prepared by methods,
known in the art, for example in the following way. A corresponding compound of formula VIII, a
R'-substitutedvi2esgmigrodzenizoic acid io derivative and chloroacetonitrile is gisgglvadsigigigxane and a
weak stream of dry HCl is introduced at 5 C to 15 C for a period of several hours. After addition of
further chloroacetonitrile the mixture is stirred at amigent 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. Phosphoro%@@&%khloride is 15 added and the solution heated.
The obtained compound of formula Xis purified by known methods and heated with a compound of
formula Xl, an acylhydrazide, in toluene for several hou affordlng a compound of fogpula XIl, for
example the compaund ,@qzchloromethyl -9-fluor -1,2\, |azo o 4,3-c]quinazgline.finally, a compound
of XlIl is obtaipé XIlinft e apditres meh with 20 aqueous
sodium hydroxide ¥8uUgk thanner that the rea Berature is betweend£ 5C.
Conventional workup arol pﬁ’l’fhcatlon affords a corrggponding intermediate of forgaula XllI, for
example 10-fluoro-5H- [ 1,2,4]triazolo [ 1,5-d] [l,4]benzodiazepin- 6(7H)-one. 25 WO 2005/045430
PCT/EP2005/0R7$88 alPScHiifie 2 0 0YO~ H2N.NJR3 NHZ RNH H X( CN XIVCN XV O~CI HO

NH2 NH RNRN
E'F\if o]
g! 1
@g — e
Nxi ‘{Z'N‘
T

-
H
wherein R! and R? are as described above.

XIH

In accordance with scheme 1, a corresponding intermediate cbmpound of
formula XTI 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

10 derivative and chloroacetonitrile is dissolved in dioxane and a weak stream of dry HCl is
introduced at 5 °C to 15 °C for a period of several hours. After addition of fuxther
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 chloride is

15 added and the solution heated. The obtained compound of formula X is purified by
known methods and heated with a compound of formula X, an acylhydrazide, in toluene
for several hours affording a compound of formula XII, for example the compound 5-
chloromethyl -9-fluore-1,2,4-triazolo{4,3-cJquinazoline. Finally, 2 compound of XIII is
obtained by dissolving 2 compound of formula XII in dioxane and treatment with

20 aqueous sodium hydroxide in such manner that the reaction temperature is between 10
°C to 15 °C. Conventional workup and purification affords a corresponding i ntermediate
of formula X111, for example 10-fluoro-5H-{1,2,4]triazolo[1,5-d}{1,4]benzodiazepin-
6{7H)-one.

25



N_~(\R/-NI N1 Ra XVIN RaRaXVIII XVII NR+1 N NIN XIll Ra wherein R' and R3 are as
described above. 5 In accordance with scheme 2, a corresponding intermediate compound of formula
XIlI may be prepared alternatively in the following way: A corresponding compound of formula X1V, a
R1-substituteg@saspimelpgnzoaitrile is heated with ethyl chloroformate to pbfaipgsaibagic acid ester
of formula XV, which is 10 treated with a compound of formula Xl, an acylhydrazide, in
1-methyl-2-pyrrolidone at 160 C under removal of etbanol. Conventional workup provides a urea of
formula XVI which is heated with agueous sodium hydroxide in ethylenglycol to obtain a compound of
formula XV1I. Treatment of a compound of form&&emalwith chloroacety-1 chloride in acetic acid
provides an amide of formula XVIII, which is treated with aqueous sodium 1 hydroxide in dioxane at
ambient temperature to obtain the intermediate of fo?rﬁaf&%’ﬂ. Alternggivel ompound of formula
XVII can be directly transfgymed to a compound _of fomewula XIll by dissolvig agpmpound of formula
XVII in dioxane Qiné and-adding dro ;@ loroacetyl chloride at-a temperature between 10
C to 15 C. After stirrieg fona %gt period of time &quatius sqgium hydroxide is added and the reaction
20 mixture stirred for several hours at ambient temperature t0 obtain the compound of formula XIII.
WO 2006/045430 PCT/EP2005/010908 -10 Scheme 3 POCI3NO R Ig diphenylphosphorylichlorlde
Rt\t N)p Y e

0 NH, NH
/.N \.J[, \ /N

\
N
N~<R3 Xvi R® N 3 XVilt

H
H_0
e R &g
:N‘
N
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wherein R! and R are as described above.

In accordance with schieme 2, a corresponding intermediate compound of forrmula XI1I
may be prepared alterraatively in the following way:
A corresponding compound of formula XIV, a R'-substituted 2-aminobenzon itrile is
heated with ethyl chloroformate to obtain a carbamic acid ester of formula XV, which is
10 treated with a compouwnd of formula XI, an acylbydrazide, in 1-methyl-2-pyrrolidone at
160 °C under removal of ethanol. Conventional workup provides a urea of forznula XVI
which is heated with acqueous sodium hydroxide in ethylenglycol to obtain a compound
of formula XVII. Treatment of a compound of formula XVII with chloroacetyl chloride
in acetic acid provides an amide of formula XVIII, which is treated with agueous sodivm
15 hydroxide in dioxane at ambient temperature to obtain the intermediate of foxr-mula 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 °C to 15 °C. After
stirring for a short period of time aqueous sodium hydroxide is added and the reaction
20 mixture stirred for several hours at ambient temperature to obtain the compound of
formula XII1,



Hp or~XiN or N~ R N PO A,11,2,4triazole N AN NE R3 XIII ft3 N~N Il R N--) X1X X= halogen (ClI)
or-OP(0)(OPh)2 or -NvN R'and R3 are as described above. 5 In accordance with scheme 3, a
compound of formula Xlll is treated with an activation agent in the presence of base at elevated
temperature, oo exampsphosphorous oxy chloride in toluene or chlorofargt arbespiesgnce of
N,N-dimethyl-p-toluidine, to obtain a compound of formula XIX which is isolated in conventional
manner or directly used in to the next reaction step- Einally, a compound of formula Il is obtained by
the reaction of XIX with a mixture of a cooled solution of lithium diisopropylamide or lithium
hexamethyldisilazide in THE and (E)-(dimethylar%‘iﬁ%ﬁ?ﬁéthylenamino) acetic acid ethyl ester or with a
mixture of a cooled solution of etRgdsocyangacetate in TH d potassium tert-Qutoxide or sodium

hydride. 15 Scheme NN ‘lech,NdQ \ R :bg Lt; ) NN NN 1= XN NV R VIl R3
N X' N RZ NGRGE R7IC NOFi R'ANLNX N ere n X iShydrogen or
lower alkyl and R R?;P&ge.,gsrtqag@ecn ed above N

N

\/ga Xn N\\/ I

Ne x1x
X =halogen {Cf) or-OP{O)OPh), or N __N

R! and R® are as described above.

In accordance with scheme 3, a compound of formula XITI is treated with an activation
agent in the presence of base at elevated temperature, for example phosphorous oxy
chloride in toluene or chloroform in the presence of N,N-dimethyl-p-toluidine, to obtain
a compound of formula XIX which is isolated in conventional manner ox directly used in

10 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 ithium
hexamethyldisilazide in THF and (E)~(dimethylamino-methylenamino)--acetic acid ethyl
ester or with a mixture of a cooled solution of ethyl isocyanoacetate in THFE and
potassium tert-butoxide or sodium hydride.

15

Scheme 4
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wherein X’ is hydrogen or lower alkyl and R', R*and R® are as described above.
20



WO 2006/045430 PCT/EP2005/010908 -11 According to scheme 4, a compound of formula Il is
heated with lithiurnborohydride in tetrahydrofuran to obtain a compound of formula 11l which is treated
with [bis(2- methoxyethyl)amino] sulfur trifluoride in dichloromethane at ambient temperature affording

a compound afdanmaladsAlternatively, a compound of formula Il is 5 hydielyzaddeaeaiooxylic acid of
formula V which is converted by reaction with sulfur tetrafluoride 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-ethylcarbodiimide hydrochloride, in the presence of N,O-

dimethylhydtessadingie 1heraeicricenpeyndd pd derrutadkanhsrted witbtHthinsndwsnhediidata solvent
mixture of diehigreindthanessiBMahpsbiens fempeiallihriasdeacaasigoliis »f formula VIl
which is red&%&%&f&ﬂ%ﬁaﬁ%gﬁf %’HHQ'19¥%§'§Fcﬁi‘oz%@£8£8£”ﬁt£‘% &le Qé’:;t I0.aQ,3ldehyde of
formula IV or transtormeéd into a ketone [V reaction with an appropriate reagent, for example a

Grignard-re3gidrgRisoRaaR dPAEmut (i iaRich i speerREnsheifo i$xidation of an
a!cohol of faryduddytidoy ;M&aﬂsﬂkr&iﬂiﬁf f@ﬂﬁgl&ﬁé%{ﬁﬁﬁ@dd@e@fd%ﬁﬁdﬂ&'wéﬂmﬂfmne) in _
dichloromethane, aLampigNt iemARANTEJS ieaisd ikl bisi2:matheayaipyaminglsuliy trifluoride
with or wﬂhcz)gt dlchlo‘éc};ﬁgg?:g%?e %T olvent at ambient or elev tegfl)ga(ra?rgp?;rat re to obtain a compound
of formula'1.°28 K& HRHR Y IEPCSARSITHSE asdf i gaﬁarmaceutically usable
salts possedsnedivhibinppreoridtdtotlizkhpropierids hitdnadh el foulhd threteheecilgBunds of the
present inveRtipmans Hepntis-for SARORFRae RIR 3 BaRIaNIBa G AR - shhHand Lats therefore useful
in the therapy vrﬁhegte co nitio?d%%?ancelgl}ent %Wd Thg. cqt?épounds Wer%in estigated in
accordafceddit V?ﬂex?@sﬂ%ug?v%n feremater? DA B SR AR iR G dssay The affinity
of compounegGpBX rreesplol stithperedresdrsins déeb by dalmpiniion YodiBldjlumazenil (85
Ci/mrfnol; F;;aﬁkiﬂb@ﬂﬁiﬁ%:@ﬂd Elﬁt%ﬂﬁaﬁ@]l&eﬁ%fﬂém' rﬁifstabhfaﬁeaﬂsf@d ateadol taﬂmﬁem(t@n" siently
transfected) receptors,of composition al(33y2, 30 a2j33y2,-a3[33y2 an 3y2. Cell pellets -were
apended I RIR S SRR Fgh 1ol eﬁﬂ*ﬁf’é&féf&%ﬁ%ﬁﬁ@% BNaC, 15 m
Tris; pH 7.52i8pka B aspachrsalsabsejemed Ay poraisn rieealobeeihmeialt Bgntrifuged for
60 min at 4 Ce6oRRR0WIhSaBMBILIBEIIV) oxide (or Dess Martin periodinane) in clichloromethane

at ambient temperature, is treated with [bis(2-methoxyethyl)amino]sulfur trifluoride

with or without dichloromethane as solvent at ambient or elevated temuperature to obtain

a compound of formula 1.

20 As mentioned earlier, the compounds of formula I and their pharmaceutically usable saits

possess valuable pharmacological properties. It has been found that the: compounds of

the present invention are ligands for GABA A receptors containing the o5 subunit and

are therefore useful in the therapy where cognition enhancement is required.

The compounds were investigated in accordance with the test given hexeinafter.

25 Membrane preparation and binding assay

The affinity of cornpounds at GABA A receptor subtypes was measured by competition
for [’H]flumazenit (85 Ci/mmol; Roche) binding to HEK293 cells expressing rat (stably

transfected) or hyviman (transiently transfected) receptors of composition o.1p3y2,

30 o2P3y2, a3B3y2 and a5p3y2.

Cell pellets were suspended in Krebs-tris buffer (4.8 mM KCl, 1.2 oM CaCly, 1.2
mM MgClz, 120 maM NaCl, 15 mM Tris; pH 7.5; binding assay buffer), homogenized by
polytron for ca. 20 sec on ice and centrifuged for 60 min at 4 °C {50000 g; Sorvall, rotor:
SM24 = 20000 rpmm). The cell peilets were resuspended in Krebs-tris busffer and



SM24 = 20000 rpm). The cell pellets were resuspended in Krebs-tris buffer and WO 2006/045430
PCTIEP2005/010908 -12 homogenized by polytron for ca. 15 sec on ice. Protein was measured
(Bradford method, Bio-Rad) and aliquots of | mL were prepared and stored at -80 C. Radioligand
binding assaywovames/eaissed out in a volume of 200 L (96-well plates) whieteerdainedsh®0 L of cell
memebranes, [3H]flumazenil at a concentration of 1 nM 5 for al, a2, a3 subunits and 0.5 nM for a5
subunits and the test compound in the range of 10"102--3 x 10-6 M. Nonspecific binding was defined

by 10-5 M diazepam and. typi represented less than 5 % of the tota ssa ere
incubated to MFARETFFISH P c%}t/ﬁ?% % - dRdHAVES &Déﬂfb‘@%ﬁﬁf?ﬂt;@%afg‘&r gf%é’ﬁ\@/flltration
using a Packaiel Redjvesteslanowashing with jeepeotd smdsholedtar-@0°6M Tris; pH 7.5). After drying,
10 filter-retained radioactivity was detected by liquid scintillation counting. Ki values were calculated

using Excel-Fit (MigrezaiD.30d, 216 DS8rANS OtiR Ate RIS oFhoGamPeURdeRLdls

accompanying examples were tested in the above descrlbed assay, and all were found to possess a

Ki value for didpthceniesined [B1duehectbmefehrrnss éﬁﬂlﬂﬁwﬂé%ﬁ@ﬂ@mﬂm@cépw\éf 100 nM or
less. In a preferiefi bi;?ada e ibe i samprinis.ah theJ e bipdinn selgeia for e a5

subunit relatlve to ! e an a3 subunit. In the table below it is shown the act|V|ty data of specific

compounds: oé%&mp% NéOKMW%PWWW[‘H‘ T%W{W]Mé&ﬁﬂf@%ﬂéﬁ 0.4 252.9
81.3 47.9 5.Gepréfreh1ds2 thar b LodBAekdidl HihBibgh Bsdy 3ebe2BcaRTed 1h. &qﬁﬂﬂfmﬁn%iﬂ 107.5 8.7

7 1743 185.4,09. 4 & AT L ARLRCA00TIC RPN BETIER 2A0YQERA 13 9 215.6

160.5191.9 13.3 10 272.2 624.1 480.
harvester and Washmg with 1 1ce cold wash buffer (50 mM Tris; pH 7.5). After drying,

10 filter-retaimed radioactivity was detected by liquid scintillation counting. Ki values were

calculated wsing 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 [°H]fwmazenil from
o5 subunits of the rat GABA A receptor of 100 nM or less. In a preferred embodiment the
15 compounds of the invention are binding selective for the a5 subunit relative to the a1,

o2 and a3 subunit.

In the table below it is shown the activity data of specific compounds:

Example No. | KijnM] hal | Ki[nM] ha2 | KiinM] ha3 | Ki[oM] ha5
i 59.1 67.0 40.0 94
2 52.9 81.3 47.9 5.6
3 49.9 254 26.2 9.1
4 34.4 14.4 15.6 6.8
5 39.0 23.9 27.7 7.0
6 215.0 261.2 107.5 8.7
7 174.3 185.4 79.6 4.6
g 271.8 275.6 269.7 147




11 455.1 903.6 487.6 26.4 12 1458 416.4 512.2 16.9 13 246.2 246.3 105.8 16.5 14 162.9 98.8 73.5
26.6 1515.011.38.93.2 1628.313.910.51.6 17 1875 >3160 >3160 271.5 18 787.2 764.2 649.9
37.5 1932.9146.777.26.4 2050.1181.0 116.7 2.5 21 >3160 >3160 >3160 151.6 The compounds
of formula | agwelbasthgir pharmaceutically usable acid addition salts caprgusedigmsnedicaments,
e.g. in the form of pharmaceutical preparations. The pharmaceutical preparations can be administered
orally, e.g. in the form. of tablets, coated 5 tablets, d{ggees, hard and soft gelatine capsules, solutions,
emulsions or suspensions. The administration can, however, also be effected rectally, e.g. in the form
of suppositories, 6 parentera®3é.g. in thé§dim of|injedfdA solitions:3Phe cgmpounds of formula |
and their pharmaceutically usable acid|addition salts can be processed with pharmaceutically inert,
inorganic of organie excipients2fitrzhe to prezhiction| of talslets, coatedBtablets, |dragees and hard
gelatine capsules - Lactosge, corn starch or derivatives thereof, talc, stearic agid or its salts etc can be
used as suciTexcigients ¢.0. @Esabiets, dragess and Nk gelayne capguies:|Suitable excipients for
soft gelatiné capsules arg e.g. vegetah le oils, waxgs, fats, semisolid and liquid polyols etc. Suitable
excipients fpr-the “ﬁiai"lUfaL tere 1;433u.uu nsdisyrupsa g8 g water;y 2o potyols, saccharose, invert
sugar, glucose etc. WO 2006/045430 RCP/EP2005{010908  -14|Suitable excipients for injection
solutions are-e—g—gateﬁ, a mh.n'c m'\m'c, %!\'Gcg.m' "mn*ﬂh'ﬁ n#&eﬁ.—%u#abe excipients for
suppositori¢s are €.g. natyral or ﬁardened oﬁs‘, waxgs, fgt;s semi- quuu6:i‘or liquid polyols etc. 5
Moreover, the pharmaceutical preparations can contain preservatives, solubilizers, stabilizers, wetting
agents, emplsifiers sweetenergﬁ%glordnts fdorants, sditSfor varyiné6 6

15 15.0 11.3 8.9 3.2
16 283 139 105 16
17 1875 >3160 | >3160 2715
i8 7872 764.2 649.9 37.5
19 329 146.7 772 64
70 50.0 | 181.0 116.7 2.5
71 >3160 >5160 >3160 151.6

The compounds of formula [ 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

5  tablets, dragiées, 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 pharmaceuntically inert, inorganic or organic excipients for the

10 production of tablets, coated tablets, dragées and hard gelatine capsules. Lactose, corn
starch or derivatives thereof, talc, stearic acid or its salts etc can be used as such excipients
e.g. for tablets, dragées 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,

15 polyols, saccharose, invert sugar, glucose etc.



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 to individual requirements in each particular case. In general, in the case of oral
administrationyepdailyodesage of about 10 to 1000 mg per person of a conpauns gt geagral formula |
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 15 temperatures are given in
degrees Celsius. Example A Tablets of the following composition are manufactured in the usual
manner: mg/tableturghiefrenianstn S iarieilion CofE-Stateh Asoknbselystalglietdiulose 34
Magnesium steatsitdeloRSet@blet weight 100 30 WO 2006/045430 PCT/EP2005/010908 -15 Example

B Capsules of theéghlmsd@%@%%mﬁ&m%ewgeﬁmgam&@e@a%,su&a&afaa@ 105
Lactose 1558C05Tis§ﬁr Qrio o (f\l%IS {g:sa gule fill weight 200 The active substance, lactose and corn
starch are firsqt]ilf/lml ed'in‘a mixer ahd then to in a comminuting machine. The mixture._is returned to

the mixeP® the talc}4 GRS the RO BRI TR UgH Y 2T AR AIRIBRS IS THEF by MRS into hard

gelatine capseh@§zers, 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
10 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 writhout limiting it. All

15 temperatures are given in degrees Celsius.

Example A

Tablets of the following composition are manufactured ir the usual manner:

mg/tablet
20 Active substance 5
Lactose 45
Corn starch 15
Microcrystalline cellulose 34
Magnesium stearate 1
25 Tablet weight 100

30



Example C Suppositories of the following composition are manufactured: 15 m su Active substance
15 Suppository mass 1285 Total 1300 The suppository mass is melted in a glass or steel vessel,
mixed thoroughly and 20 cooled to 45C. Thereupon, the finely powdered active substance is added
thereto and sfigegoknilsichas dispersed completely. The mixture is pourgd-inie-sdppRsiPry 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-age-provided for illustration of the invention. They
should not be 25 considered as limiting the scope of the invention, but merely as being representative
thereof. Example 1 3-Chloro-10-fluoromethylEampdedhzo [ 1,5-a] [ 1,2,4] triazolo [ 1,5-d] [1 ,4]
benzodiazepine WO 2006/045430 PCT/EP2005/010908 -16 a)
3-Chloro-10-hydr&sesatisydf k- fodl dwiaglchBaisitionditei srgiofet teredl:[ 1,4 1benzodiazeVine To a
suspension of ethyl 3-chloro-9H-imidazo [1,5-a] [ 1,2,4] triazolo[ 1,5 d]
[1,4]benzodiazepine-10-carboxylate (EP 519 307) (10.0 g, 30.3 mmolinig/ chbdnle400 5 mL) was added
lithium borohydride (800 mg, 34.9 mmol) and the reaction mixture was heated to reflux for 7 hrs. After
cooling to anmiient demsRerture, it was acidified to pH=2 by adding aq HGHIN and diluted with water
(50 mL).STh% sé?{I)\éeent was evaporated and the residue was taken in aq. NHH4OH (conc., 100 mL). The
resulting solid Wete filtered off, washed with water (3x 10 mL) and dried (60C, vacuo) affording the
title compouRekFERBE g, 45.8%) as a white solid. MS: m/e = 287.9 (M+)38)
3-Chloro-104flseromethyl-9H-imidazoll,5-al[1,2,4ltriazolo[1,5- dI[1,4lbenzodiazepine To a suspension
of 3-chloro-10-hydroxymethyl-9H-imidazo [ 1.2 %%,ﬁlﬂg%ﬁolo [ 1,5 15¢}[1,4]benzodiazepine (193
mg, 0.67 mmol) in dichloromethane (6 mL) was'added at -70 C bis(2-methoxyethyl) aminosulphur
trifluoride (0.08 ”urhg 'Zé%i\rrg i sz:a-rrlgg f:?ocstelggd corn starch are firstly mixed in a mixer and then

10 in a comminuting machine, The mixture is returned to the myixer, 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:

15 mg/supp.
Active substance 15
Suppository mass 1285

Total 1300

The suppository mass is melted in a glass or steel vessel, mixed thoroughly and
20 cooled to 45°C. 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 exarmnples are provided for fllustration of the invention. They should not be
25 considered as imiting the scope of the invention, but merely” as being representative

thereof.

Example 1
3-Chloro-10-fluoromethyl-9H-imidazo[1,5-a}[1,2,4]triazolo]1,5-d}{1,4]benzodiazepine



mixture was stirred for 18 h while allowing to warm to ambient temperature. Dicbloromethane (20 mL)
was added and the mixture was washed with ag Na2CO3, dried over sodium sulfate and concentrated
in vacuo. The residue was purified by 20 chromatography (SiO2, ethyl

acetate:dichlogameshangsnethanol = 75:20:5) affording the title compoungl(g#shgs s as a white
solid. MS: We = 289.9 (M+). Example 2 3-Chloro-10-difluoromethyl-9H-imidazo [ 1,5-a) [ 1,2,4]
triazolo [1,5- 25 d] [1,4]benzodiazepine a) -16 -

3-Chloro-9H- |m|dazoI1 5 al[l 2, 41tr|azoIoII 5- dI 1 4Ibenzod|azep|ne 10- carbaldehyd To a solution of
3-chloro-10y2 e LIS E R B g gitiazelol Ulhenzodiazepine (15.0 g, 52.1

mmol) in dldﬂlm,@ﬂbeﬂia&eyéinﬁeu was added 30 manganese(IV) OX|de (188 g, 1.94 mol) and the

mixture wasIséugr ﬁgﬂp&n&%ﬁ@gﬁﬁ&tyﬁ{g%&& ht Eirﬁ% ﬂlgallte washed with

dichlormethane and concentra e residue was d’lss ved i ethane 700 mL) at 40 C and

ethyl acetaf® (PRI HePRiabY cale BB R sta 0 )[élgrg)/ﬁaﬁ%é nﬂﬂ%‘r) &d
dichloromethdevamsidudiibiate d anbthadsqBalfiligr 8¢9 Dryial) m‘h@ﬂ@e&f@d&d&dﬁhﬁ'élﬂﬁﬁS compound

(11.8 g, 79.206) a5 ¥alloworysialing: solifin g&% Y8 éﬁ»@é&%&b W QRORG 94 pA39 §

PCT/EP2005/0 905 %IZ)CQ? %o 10- ‘é“ rgéﬁ‘ﬁ imidazo[1,5-al 11,2,41tr) glo[l -

dift, poyions v B ﬁﬁgb% R eawitioid %‘]‘f??z‘fﬁ*}ﬁﬁ’&i

dj[1, 4]benzdhmﬁneﬂ@wéﬂnakde@)}ﬂ§@6&@ {eapc2 100 mh)o’l)hﬂmshllungm&mﬁ&e&dmﬁ, was added,
at - ZOC undgi E0R: Ik ﬁh@ﬁlfi@mﬁ@m&aqgeﬂehwcﬁ %@t&%ﬁ%ﬁ%ﬂf@ﬁe ﬁoﬁ?—pﬂﬂﬂ@l)- The reaction
mixture was a ar ent temperature. Again,

bis(2- mé(}ho&%é ff?%i gﬁge %2@8%%@;’ ‘added and stirring was continued for
another 18 h at 40 C. The mlxture was diluted with ethyl acetate and washed with aq Na2CO3, dried

over sodium,$yligig.and il auceneentratad-imaeyD. sSLhE resithuvas| patified by chromatography
(Si02, hept%’rja %;E%I a%eéate -dichloromethane = 6:2:2) affording the title compound (403 mg, 62%) as
e =

a white soli +H+) Example 3
To a suspension of 3-c oro~10 -hydroxymethyl-9H-imidazo[1,5-a]{1,2,4]triazolof1,5-

15 d}[1,4]benzodiazepine (193 mg, 0.67 mmol} in dichloromethane (6 mL) was added at -70
°C bis(2-methoxyethyl)aminosulphur trifluoride (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 ag Na,;COs, dried
over sodium sulfate and concentrated in vacuo. The residu.e was purified by

20 chromatography (SiO;, ethy! acetaterdichloromethane: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}triazolof1,5-

25  d}[1,4]benzodiazepine
a) 3-Chloro-9H-imidazo{1,5-a}{1,2,4 tﬁazoio 1,5-d][1.4]benzodiazepine-10-
carbaldehyd
To a solution of 3-chloro-10-hydroxymethyl-9H-imidazo[ 1,5-a][1,2,4]triazolo[1,5-
d][1,4]benzodiazepine (15.0 g, 52.1 mmol) in dichloromethane (1.5 L) was added

30 manganese(IV) 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 °C 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

35 compound (11,8 g, 79.2%) as a yellow crystalline solid. MS: m/e = 286.1 (M+H™).



15 3-Fluoro-10-fluoromethyl-9H-imidazo[1,5-a}[1,2,4]triazolo[1,5-d] [1,4]benzodiazepine a)
3-Fluoro-10-hydroxymethyl-9H-imidazo[ 1,5-al [ 1,2,41triazolo[ 1,5 dI[1 4lbenzodiazepine To a
suspension of ethyl 3-fluoro-9H-imidazo[1,5-a][1,2,4]triazolo[1,5 d] [1,4]benzodiazepine-10-carboxylate
(EP 519 307) $2o240g0424 mmol) in THE (300 20 mL) was added lithium BeroRyayiske: 4kl 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 ag HC11N. The sqlvent was evaporated and the residue was taken in
ag. NH4O0H (conc., 100 mL) The resultlng SO|Id were f|Itered off washed with water (3x 10 mL) and
dried (60 C, waéubhisffortirdifiinersithe Y ibsiazoibifiedsolid. 25 MS: m/e = 272.2
(M+H+). b) 3&[@@1@4@&&@5@m@thyl 9H |m|dazo[l 5- aI II 2 41tr|azolo(1 5- dI[1,41benzodiazepine As

described forTexamEIe b, 3- f][.lé O %r%mydﬂ i ?legll Iz;giazo%ls %d(% a] [1,2,4]triazolo[1,5-d]

[1, 4]benzod|azep|ne mmol nste oxymethyl-9H-imidazo[1,5-a]

[1,2,41triazolsflf Bﬁ‘fﬂ@}b@ﬁ?@@r&@éﬁ{h@dﬁ}ﬁ’éeéé%%e%% mﬂlpe%émly@mmmgerﬂg‘% 53%) which
was obtained:gs) ayvhiddeaphd. /b8 undie H@Mbls(Mmbwbmmp@ﬂ&Emphur trifluoride

3-Fluoro-10-4 @%fotﬂ;% g%’by%ﬁg”g‘é%‘%%gﬁ? et FIR%RIM P id KHRAGIAGIIRZE RGO

2006/045430
3-Fluoro-9H- TR ST, tsrarerabusigsito PsE-anshosEnd e & fvardda (42 78-h suspension
of 3-fluoro-10vaydddxgretbytatd wnmidantubbha] dofhéittimhaiof®, SKHTht, Aibenzodiazépise (6.00 g,
22.1 mmol) I dcbiaipmatiansi AR WAl Rauds, adfladaadumdicaianale(>.58 o, 6.4 mmol

and Dess-Martin periodinane (14.5 g, 5 33. Tpé%e ter stirrin at thjs erature for, 35 min it was
allowed 16 wARRES EHRBIETRRIM IO AU e SR BRER OB, {é)ﬁeLE?@@ﬁﬂ_ %n
dlchloromethasrtea(éﬂ&hidryxmmzmddéd ahafitidiogahgtthuspepsiond (483stig.cR 16y aael@hhnﬁal 2 h. After
filtration hrougl; kyfie(thjt wagscarpiutly yvashed with dichloromethane and evaporated. Purification of
the residue by chromatography (SiO2, to ethyl acetate: methanol =19:1) afforded the title compound
(5.12 g, 86%) as an off-white

Example 3

15 3-Fluoro-10-fluoromethyl-9H-imidazo[1,5-a}{1,2,4]triazolo[1,5-d][1,4]benzodiazepine
a) 3-Fluoro-10-hydroxymethyl-9H-imidazol1,5-al[1,2 41txiazolol1,5-
dl]1.4]benzodiazepine
To a suspension of ethyl 3-fluoro-9H-imidazo[1,5-a){1,2,4 ]triazolo[1,5-
d}{1,4]benzodiazepine-10-carboxylate (EP 519 307) (9.24 g, 29.5 mmol) in THF (300

20 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.

NH,OH (conc., 100 mL). The resulting solid were filtered off, washed with water (3x 10

mL) and dried (60 °C, vacuo) affording the title compound (6.53 g, 83%) as a white solid.
25  MS:m/e =272.2 (M+H").

3-Fluorg-10-fluoromethyl-9H-imidazo!1,5-a1[1.2.4 trimzolo{1,5-
dji1.4]benzodiazepine
As described for example 1b, 3-fluoro-10-hydroxymethyl-9H-~imidazo[1,5-

30 a][1,2,4]triazolo{1,5-d][1,4]benzodiazepine (522 mg, 1.93 mmol), instead of 3-chloro-
10-hydroxymethyl-9H-imidazo[1,5-a}[1,2,4]triazolo{1,5-A][1,4]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
35 3-Fluoro-10-diftuioromethyl-9H-imidazo[1,5-a][1,2,4]triazolo[1,5-
d}{1,4]benzodiazepine



solid. MS: m/e = 270.3 (M+H+). b) 3-Fluoro-10-difluoromethyl-9H-imidazo[l,5-al [1,2,41 triazolo[1,5- d] [
1,41benzodiazepine 15 To a suspension of 3-fluoro-9H-imidazo[1,5-a] [1,2,4]triazolo[1,5 d]
[1,4]benzodiazepine-10-carbaldehyde (4.74 g, 17.6 mmol) in dichloromethane (200 mL) was added,

at ambient tergpeiRisgssgder argon, bis(2-methoxyethyl)aminosulphur triflyafidgsclR@egL. 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 20.fgy.another 26 h at ambient temperature. The
mixture was diluted Wlth ethyl acetate and Washed with aq Na2C03 drled over sodium sulfate and
concentrated)if-Fraoog | ‘ & acetate =

1) aforcing, i @rﬁm?ﬁﬁsgag&egm 9% m{ttexﬁgagoqﬁ B @za]ebaaomgw) 25 Example
uoro orom a riazo e iazepine To a

mixture of 3]‘:&% cb%ﬂ mcfl é/%orﬁ érg ég}]trlazaﬂP Lf‘%% eLﬁzo g!) %%‘i (51%9 ar?)oxyllc acid

(500 mg, 1. weéﬁm#m%fdwh@mméiﬁér@ 84 m@ylha%@ae‘éd\émgn psoingaeddeh guoride (dest.,

1.0 g) foHowssl Bknhlf: BitesuifiridetodiorEap aeste 3§ mbhe veaciivneiurerwas heated to 80 C

for 3 h. The re uIthgSéﬁ]# r0|u“c?§]uwa§ sgoncen % t%qlaﬁ % 6@)2 %rorgatography (Si02,

tert- butylmefﬁ][l The title compound (90 mg, {&'Solid. MS: m/e = 310.1
(M+H+). 35 efh%ﬁm@eﬂ@r% drab NP GAsh SO S ORABEG PP STHI I WSS [ 1,5-d] [1 ,4]
benzodiazepiaditahdl B to rifte? fity sitier premyh) IgptbRinicaacid«filliyt @atbedWar2006/045430

P P 200B RS AsHepRBSlen ob M G hIaRERZOp Ll L gngRapmo) n eth/

chloroformate (141 mL, 1.48 mql) was heated at reflux for 5 h. The excess ethy I chlgroformate (99
mL) wad'disGHEH MRS Tl hi: ")ﬁ%a%e el SRR o e Eane 2‘2%%L) induced
crystallizatiosolithd/4% suléirg BolidMeld ollected by 5 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)

S-Bromo-6H L e A2 i308 11 50111 2.4 riazolof L5-

di[1.41benzodiazepine
15 To a suspension of 3-fluoro-9H-imidazo[1,5-a][1,2,41triazolof1,5-
d]{1,4]benzodiazepine-10-carbaldehyde (4.74 g, 17.6 mmol) in dichloromethane (200
mL} was added, at ambient temperature under argon, bis(2—methoxyethylJaminosulphur
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
20 for another 26 h at ambient temperature. The mixture was diluted with ethyl acetate and

washed with aq Na;COs, dried over sodium sulfate and concentrated in vacuo. The

residue was purified by chromatography (SiO;, heptane:ethyl acetate = 1:1) affording the
title compound (1.48 g, 29%) as a white solid. MS: m/e = 292.1 (M+H").

25 " Example 5
3-Fluoro-10-triftuoromethyl-9H-imidazo[1,5-a][1,2,4]triazolo[1,5-
d}[1,4]benzodiazepine
To a mixture of 3-fluoro-9H-imidazo[1,5-a}[1,2,4]triazolo[ 1,5-d][1,4]benzodiazepine-
10-~carboxylic acid (500 mg, 1.75 mmol} and dichloromethane (35 ml) was added at -24

30 °C hydrogen fluoride {dest., 1.0 g} followed at -42 °C by sulfur tetrafluoride (dest., 1.0 g).
The reaction mixture was heated to 80 °C for 3 h. The resulting yellow solution was
concentrated and purified by chromatography (510, tert-bratylmethylether) affording the
title compound {90 mg, 17%) as a white solid. MS: m/e = 310.1 (M+H™).

35 Example 6
3-Bromo-10-fluoromethyl-9H-imidazo[1,5-a}{1,2,4]triazo}o[1,5-d][1,4]benzodiazepine

4-Bromo-2-cvano-phenvl )-carbamic acid ethvl ester



To a solution of 4-bromo-2-cyano-phenyl)-carb amic acid ethyl ester (40.4 g, 150 mmol) 1o in NMP
(170 mL) was added formylhydrazine (10.0 g, 150 mmol). The resulting mixture was stirred for 1.5 h
at 160 C under a gentle nitrogen sweep. It was cooled to below 100 C and water (340 mL) was added
slowly. The reguitipgsRliap was cooled to 25 C and stirred for 15 min. The,solidWas,sllgcted by
filtration and washed with water and 2- propanol. Drying in vacuo afforded the title compound (32.4 g,
81%) as a light yellow 15 solid. MS: m/e = 264.9126¢.0 (M+H+). c)
4-Bromo-2-(2H-[1,2,4]triazol-3-yl)-uhenylarnine To a well stirred slurry of 9-bromo-6H-[1,2,4]triazolo[
1,5-c]quinaicinsbensio32 B opohpds>mnlmlirnetnidied 58/2@ 2P46nmi) vihighyleas heated at 100 C,
was addedm&%%@@ @&%ﬁZm%og%mm ANE AU V8aS hﬁ@&%&%@te%@ C for 17.5h. The

resulting so was coo tg 27 C Ihe tbe o crystalli mL and 1-
octanol (1. 7 ?\?vrel}létﬁggggﬁ‘ﬁ‘gat%%eq% of’ fﬁe suspensm wrgp; é %%N%} ﬁe slow addition
of glacial aéﬁﬁé@@?@ﬁ{lﬂm)nhhé%ﬁﬁﬁﬁ@@h%?%amrm%@hﬁlwastﬁ@%ﬁé as collected by
f|Itratlo?sanmwﬁﬁﬁlﬂmﬁ@tﬁQW&mnDWWﬁﬂg)déﬂaﬁ@Hil%d:éh@&ﬂﬁdd@mmund (25.2
g,87%) as a ow soli 3 1

9-Bromo-68- f%l%iaé Etilcleit‘r)é'%ln %ﬁldz eglan% er% %ﬁﬂ%ﬁ%\ %\gy_{ig%jbf
4-bromo-2-(2H-[1,2,4]triazol-3-)rl)-phenylamine (25.0 g, 105 mmol) in 30 dioxane (870 mL) and
pyridine (1&P mB}was-cHoled i) d246loN Sotitininabibhiaraacetyl chloride (9.56 mL, 121 mmol) in
d'ethy'ethe&%Zoﬁ%@owawgiﬂ&ﬂodﬁos?%gg %g%ﬁc&%mQaém TREMigre Yasaliged at 1012 €

for 75 min and treated within 5 min _wi V\t) 126 mL 25 The mixture Was stirred for

17.5 h 4 aifRWRATHerkres tided formelirsiranng @ab'aﬁlmﬁr 9%&% RFISEEd to pH=8

with 35 3N Hﬁéﬁm@ﬂ)fo@\ﬁéir}ewakﬁﬂraﬂondhearmldummesuweﬂ}aﬁtlﬁa@cmﬂ@ﬁmmw wegter (650 mL)

and ethyl a t%&%d%%@}kbﬁ%&@%&%@a\e@;m '1%@ Rifanash wage&meﬁisaW@&q%/O%m
PCTIEP2005/010908 - 20 dried in va onin et et 100 mL rded the title
compound s(tfﬁrﬁdgf%ﬁéb ag fi e‘ﬂ%ﬁ/\? ﬁ%\f oy 73 7‘?@0& R

3-Bromo-9lgsitrjuard Drfng mmm%%@qmommﬁwwéﬂ%é%a ngamMIate Toa
suspengjonsgf & bpsneiE-163, 388 ietaargybenzole]azulen-5-one (10.7 g, 38.5

c) 4-Bromo-2-(2H-11,2 4]triazol-3-yl)-phenylarmine

To a well stirred slurry of 9-bromo-6H-{1,2,4}triazolo[1,5-c]quinazolin-5-one (32.0 g,

17 1 mmol) in ethylene glycol (146 mL) which wras heated at 100 °C, was added ag NaOH
20 329 (22.4 mL, 241 mmol). The slurry was heatexd at 140 °C for 17.5 h. The resulting

solution was cooled to 27 °C and the product bexgan 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 shurry was stirred for 30 min,
the solid was collected by filtration and washed ~with water and 2-propanol. Drying in

25 vacuo afforded the title compound (25.2 g, 87% ) as a light yellow solid. MS: m/e =
239.0/241.1 (M-+H").

9-Bromo-6H-1,3,3a.6-tetraaza-benzofelazuien-5-one
A. solution of 4~br0mo~2—(2H—[1,2,41triazol—3-}71)—phenyiémine (25.0 g, 105 mmol) in
30 dioxane (870 mL) and pyridine (10.0 mL) was cooled to 12 °C. A solution of chloroacetyl
chloride (9.56 mL, 121 mimol) in diethylether (34.7 mL) was added dropwise over a
period of 8 min. The mixture was stirred at 10-12 °C for 75 min and treated within 5 min
with aq NaOH 2N (126 m1, 251 mmol). The m-ixture was stirred for 17.5 h at ambient
texmperature. The pH thereby dropped to about pH=9 and it was adjusted to pH=8 with
35 3N HCI (6 mL). After evaporation the residue wras stirred at 15 °C for 30 min in water
(650 ml) and ethyl acetate (22 mL). The crystal s were filtered off, washed with cold water



mmol) in chloroform (270 mL, filtrated over Alex basic) was added N,N-dimethyl-p- toluidine (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 C and poured into ag to NaHCO3 (10%, 575 mL). After extraction with
chloroform (5QyyLidhsrganic layers were dried over sodium sulfate and,g@Rg8RAIERRGdN 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 THE (115pL.) at -25 to -10 C. The resulting suspension was
stirred for 45 min at -10 C and then cooled to -65 C. The 15 solution from above was added dropwise
within 10 miaraindHhkimixture Trasrstioreth fohyllGdiait 4blbient teffipdratire fifcetmpmidd 1.6 xnlL) was
added, stirred {05 ;1 2 49iN304iHERIBALEA IRIS. agdNaH Q3 oo 400 prty) 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 compound (4.81 g, 33%) as a light brown solid. 20
MS: m/e = 37REHRIS:Brove)oH-Buitaege Yo irimeehyl 19bidhighbenaodisnepme Yltriazolo[1 5-
d1f1,41kenzgdiazepine As described for example 3a, ethyl 3-bromo-9H-imidazo[1,5-a]
[1,2,4]triazolQ[1,5 25 c{ll]%él 41benzodiazepingzl0-carboxylate (1. 15 mmol), instead of ethyl
3-f|uoro-9H-?r[r’1|adséleBf , -%%EL%%%%%&%C %%ﬁi%g fgfép%\ﬁéz%-%cgr e&?&?l%,g\%gs converted to
the title compuuskl BsEgrrform 43y ambrfilirate & Bras asiphitesssidedisNdimethdsy 1/334.1
(M+H+). 30 g)1gi@remo-B-fiucmmathyl) Aniiphicaboraabichidtidaz6loflnd:, dF 7 udddipnzodiazerine
As described-for exam 3- Q- t =i 2. 4ltrjazolo[1,5-d]
[1,4]benzod%§g %%%%@ar%ﬁgfé%@rg%%&%%ﬁsteh 0 g%:%%?rgg%%aﬁo%o 3};}%{%&’}%4 -imidazo[ 1,5-a]
[1,2,4]tA8zoDRES-Sp ﬂ%éﬁ%&&i&z@%ﬁ’ﬁ@FWEE%%M&HE&%“M@%H@E&EBHW& (e,
heptarse:ethytacéirtbagiahiotometd faneandtn2eR48 ey, 40%) which was obtained as a white solid.
MS: m/e = 334.41336,2 (MaEb1). JHQ RAOGIAAREB0R GT AxP200BAIR0R: a2 EXGRRIS 6 o
3'Bf°m°‘10;3@%@?f&%&*ﬁ%a%imoda%akl(&%;%é Ui ki A REysPYResRC

The resulting suspension was stirred for 45 mir at -10 °C and then cooled to -65 °C. The

15  solution from above was added dropwise withim 10 min and the mixture was stirred for
16 b at ambient temperature. Acetic acid (1.6 maL) was added, stirred for 15 min and then
poured into ag NaHCO3 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 compound (4.81 g, 33%) as a light brown sclid.

20 MS: m/e=373.7/375.7 (M").

f) 3-Bromo-10-hydroxymethyl-9H-imidazo[1, 5-a1{1,2.4]triazolo[ 1.5~
di[1.4]benzodiazepine
As described for example 3a, ethyl 3-bromo-9F1-imidazo[1,5-a][1,2,4]triazolo[1,5-

25  d][1,4]benzodiazepine-10-carboxylate (1.03 g, 2.75 mmol), instead of ethyl 3-fluoro-9H-
imidazo[1,5-a][1,2,4]triazolo[1,5-d][1,4]benzodiazepine-10-carboxylate, was converted

to the title compound (652 g, 71%) which was obtained as a white solid. MS: m/e =
332.1/334.1 (M+HY).

30 g} 3-Bromo-10-fluoromethyl-9H-imidazo[1,5~a}[1.2.4]triazolo[1,5-
d][1.4]benzodiazepine
As described for example 1b, 3-bromo-10-hyd roxymethyl-9H-imidazo[1,5-
a][1,2,4]triazolo[1,5-d][1,4]benzodiazepine (623 mg, 1.88 mmol), instead of 3-chloro-
10-hydroxymethyl-9H-~imidazo[1,5-a}{1,2,4}txiazolo[ 1,5-d][ 1,4]benzodiazepine, was
35 converted to the title compound (SiOy, heptarezethyl acetate:dichloromethane = 3:5:2,
249 mg, 40%) which was obtained as a white solid. MS: m/e = 334.1/336.2 (M+H").



a) 3-Bromo-9H-imidazoll 5-al f 1,2,4ltriazolo[1,5-d1(1,4lbenzodiazepine-10- 5 carbaldehyd As
described for example 2a, 3-bromo-10-hydroxymethyl-9H-imidazo[1,5 a] [1,2,4]triazolo[1,5-d]
[1,4]benzodiazepine (600 mg, 1.81 mmol), instead of 3-chloro- 10-hydroxymethyl-9H-imidazo [ 1,5-3]
[1,2,4] triazolewjolamel}4sszblbenzodiazepine, was converted to the title comppeupeh(ReBsmng, 35%) which
was obtained as a white solid. MS : 10 m/e = 330.1/332.1 (M+H+). b)
3-Bromo-10-difluoromethyl-9H-imidazo [1,5-al 11,2,4f0itriazolo[1,5- dlil,41benzodiazeyine To a
suspension of 3-bromo-9H-imidazo[1,5-a] [1,2,4]triazolo[1,5 15 d] [
1,4]benzodiazepine-10-carbaldehyde (165 mg,EG%Rf’ﬁfﬂol) in dichloromethane (5 mL) was added
[bis(2-meth@gwm9ammlﬁwﬂem{mm%ﬂ&ﬂﬂ[I;rﬁ,aZLE,Q meriekuis{ Bbient temperature. The
mixture was d’ﬁl for Jih and then separated between ethyl acetate and saturated aqg Na2CO3.
Drying over sodiu ate a%la concentration was followed by urlflcatlon by chromatography (SiO2,
ethyl 20 acetaé-Biemer8hnimidazopheradel- 4l ¢nepediszaping iy (99 mg, 56%) as an
off-whitessolid - hAfRiehye = 351 7/353 6 (M +) Example 8 3 Cyclopropyl -10- quoromethyI -9H-inudazo [

1,5-a] [ 1,2,4] tri zolg ugd}h[:lf]g)%@ q,l% G ASHISASANLS

3-bromo-10- oromet 15 a 1,2,4]tfiaz oIo[l 5-d] [1,4] genzodﬁ ine (180 mg, 0.54
mmol) in THE @%&?\Wé&“&&éégﬁ} Bpzg i‘é‘?iﬁ“eaﬁﬁ Bifere ﬁt)]eﬁ‘gPﬁ )ﬂ{e)il 688k fre)palladium(0)
(31 mg, 0.03 orhydboanietydtiopramytaind Gilolitie,40 BBl [T | LﬂBmﬂpdi@é’pmmwh)s After stirring

for18lta-t 39 éﬁ%f&@{aﬁém&l\ﬂ@%z@@%d e elakeinhendrhesatiosipaligium(0) (32
mg, 0.03 mmol) and Kclo&om chloride (0.38 M in THF, 10 mL, 3.8 mmol) and the mixture was
[

stirred & ariBifigi 2% n of ag NH4C1 and extraction with ethyl acetate the combined
organic layers were washed with ag Na2CO3, dried over sodium sulfate and concentrated.
Purification %f)t?%f&ﬁlg%mﬂ%%mémﬂfm%@ﬂ?H%ﬂ?ﬂ@ﬂ&ﬁﬁmmﬂate dichloromethane =
1:3:1) afford _hﬁ title cgm%czund (64 mg, 40%) as a light brown solid. MS: m/e = 296-4 (M+H+). WO

2006/04543 08 -22
To a suspension of 3-bromo-9H-imidazo1,5-a]{1,2,4]triazolo{1,5-

15 d][1,4]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 mumol} at
ambient temperature. The mixture was stirred for 21 h and then separated between ethyl

acetate and saturated aq Na,COs. Drying over sodium sulfate and concentration was
followed by purification by chromatography (SiO», ethyl

20  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. 7).

Exarmple 8
3-Cyclopropyl-10-fluoromethyl-9H-imidaz o[1,5-a][1,2,4]triazolo{1,5-
25  dj{1,4]benzodiazepine
To a suspension of 3-bromo-10-fluorometh-yl-9H-imidazo{1,5-a] [1,2,4]triazolo{ 1,5
d][1,4]benzodiazepine (180 mg, 0.54 mmol) in THF (5 mL) was added under an argon
atmosphere tetrakis(triphenylphosphine)palladium(0) (31 mg, 0.03 mmol) and
cyclopropylzine chioride (0.38 M in THE, 1.78 mL, 0.67 mmol). After stirring for 18 ha't
30 ambient temperature it was added again tetrrakis(triphenylphosphine)palladium(0) (32
mg, 0.03 mmol) and cyclopropylzinc chloricle (0.38 M in THF, 10 mL, 3.8 mmol) and the
mixture was stirred for another 28 h. After addition of ag NH,Cl and extraction with
ethyl acetate the combined organic layers were washed with ag Na,COs, dried over
sodium sulfate and concentrated. Purification of the residue by chromatography (SiO»,
35 heptaneethyl acetate:dichloromethane = 1:3:1) afforded the title compound (64 mg,
409%) as a light brown solid. MS: m/e = 2964 (M+H").



Example 9 3-Cyclopropyl-10-difluoromethyl-9H-imidazo[1,5-a] [1,2,4]triazolo[ 1,5- d]
[1,4]benzodiazepine 5 As described for example 8, 3-bromo-10-difluoromethyl-9H-imidazo[1,5-
aJ[1,2,4]triazolo[1,5-d][1,4]benzodiazepine (300 mg, 0.85 mmol), instead of3-bromo-
10-fluoromethwePHounidamo[1,5-a] [ 1,2,4]triazolo[ 1,5-d] [1,4]benzodiazepigg WasoHivarted to the
title compound (61 mg, 23%) which was obtained as a white solid. MS: mle = 314.0 (M+H+). 10
Example 10 | O-Difluoromethyl-3-ethyl-9H-inudaze $21,5-a] [1,2,4]triazolo [1,5-d] [1,4]benzodiazepine
To a solution of 3-bromo-10-difluoromethyl-9H-imidazo [ 1,5-a] [ 1,2,4] triazolo [ 1,5 d] |
1,4]benzodiazepine (211 mg, 0.60 mmol) in THE (4 mL) were added under an argon atmosphere
bis(triphenylphosphine)palladium(lI) chloride (E&m@mos mmol) and 15 diethylzinc (1.0 M in hexane,

2.40 mL, 2. A?’O(Enc &Iaset\bl Z%éj‘ Qa%l %]fglgazor];ﬁ hat ambient temperature.

After addition 0 trac on w acetate the combined organic
layers were @Hé&é@é?%%ﬁwesulfate and concentrated Purification of the residue by

chromatographye(Sitsd, fdiaptandsaBiacaintndihiorenmnethg i iriethdurof 55¢5:15:10:0 to 0:80:10:10 )

afforded the o f %, +H+).
Example 11° Benzg%%ayg%if?d gqr me?t%gzg(l%é?é agg&ﬁsziﬁﬁ?ﬁ%ﬁ%@% S%g[rlarﬂ%enzodlazepme

25 To a solMAGEP BT ENTGoME St ST 4] berfidizetaiaesay
[1,4]benzodiazspine @lherige eoﬁfpnm[ﬁmgﬂﬁw) witioivevss atitddadradervdnitasglad Mtmosphere
bls(trlphenylgpgggl@gmlr@ﬁ m(ll) chloride (21 mg, 0.03 mmol) and benzylzinc bromide (0.5 M in
THP, 4.80 mL, 2.40 rnmol). The resulting darj brow solutlon was stirred for 17 hat 50 C. After
addltlonQ)f agqueous NH4C1(20 mL) and 30 e R With ethyl acetate the combined organic layers
were dried ouM@Dsfaiuomstlifdie-etdnd- eHriosdiatBds-Plltidcdltohwicis Fediliue npotdioaegiography

(Si02. heptape el estalsdinbiarmeliane meiinal s ool s d00 fo %A afiorded the tle
compound (1 . S50 2 o el o 5 1 Bt e B, opeloct

atmosphere bis(triphenylphosphine)palladium(Il) chloride (21 mg, 0.03 mmol} and

15  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,4Cl (20 mL)

and extraction with ethyl acetate the combined organic layers were dried over sodium

sulfate and concentrated. Purification of the residue by chromatography (SiO»,

heptane:ethyl acetate:dichloromethane:methanol = 75:15:10:0 to 0:80:10:10 ) afforded the

20 title compound (107 mg, 59%) as an off-white solid. MS: m/e = 302.2 (M+H").

Example 11
3-Benzyl-10-difluoromethyl-9H-imidazo[1,5-a}{1,2,4]triazolo[1,5-
d][1,4]benzodiazepine

25 ‘To asolution of 3-bromo-10-difluoromethyl-9H-irnidazo[1,5-a}[1,2,4]triazolo{1,5-
d]{1,4]benzodiazepine (211 mg, 0.60 mmol) in THF (4 mL) were added under an argon
atmosphere bis(triphenylphosphine)palladium(II) chioride (21 mg, 0.03 mmol) and
benzylzinc bromide {0.5 M in THF, 4.80 mL, 2.40 rmmol). The resulting dark brown
solution was stirred for 17 h at 50 °C. After addition of aqueous NH4Cl (20 mL) and

30 extraction with ethyl acetate the combined organic layers were dried over sodium sulfate
and concentrated. Purification of the residue by chromatography (SiO», heptane:ethyl
acetate:dichloromethane:methanol = 75:15:10:0 to 0:80:10:10 ) afforded the title
compound (179 mg, 82%) as a light yellow foam. MS: m/e = 364.3 (M+H").

35



-23 Example 12 1 0-Difluoromethyl-3-ethynyl-9H-imidazo [ 1,5-a] [I ,2,4]triazolo [1,5- d]
[1,4]benzodiazepine a)

10-Difluorometh} _I-3-trimethlsilyanylethymy 1-9H-imidazo(1,5-al11,2,4]triazolo(1,5- 5
d]]1,41benzodiezesaesdususpension of 3-bromo-10-difluoromethyl-9H-imidazoirmalofibadsd]triazolo[1,5
d] [1,4]benzodiazepine (352 mg, 1.00 mmol), trimethylsilylacetylene (221 |, 1.55 mmaol),
bis(triphenylphosphine)-palladium(Il) chloride (35-m@,-0.05 mmol), triphenylphosphine (8 mg, 0.03
mmol) and triethylamine (0.50 mL, 3.6 mmol) in THE (5 mL) was stirred for 10 15 min at ambient
temperature. Copper(l) bromide (1.4 mg, 0.0ﬁﬁﬂ%ﬂ})"'\ﬂlgs added and the reaction mixture was stirred
for 17 h at 1Q-Bigadesraaaigsathimnasphandddded] hafliiasiaibitdd,svith ethyl acetate (20 nil) and
washed witg iﬂgﬁ%us &AEQZC a{f{g (10%, 40 mL). The aqueous phase was extracted with ethyl acetate
(40 mL) an ]t é colrhzblnedﬁ%r anic layers were dried over sodium sulfate. Purification b
chromatogrébHi 2 Hlegromethghsgunohyisyranietinays/hpinpoazal i e =248 16 1o
0:80:10510)d gif @fidedAhtatislireompound (344 mg, 93 %) as a light yellow foam. MS: m/e = 370.1
(M=t ©) 10:Rillupromet b:daiynaut IOl Seaddy ey 4 SOl ot il 41 enzodiazepine

20 To a solutionof 10-difluoromethyl-3-trimethylsilanylethynyl-9H-imidazo[1,5 a]“‘I
[1,2,4]triazofo[ 15 eaorpdipserine dia2apint 00 somal > Grimatirsiylrcatmed 2 brir HES 1ebhL) and
'V!EOdH (0-%2%&2@&)1% b ﬁhﬂkﬁ anﬁﬁdﬂﬁﬂ ) Hﬁ&ﬁ]@ﬁiﬁo eq &?ﬁﬁ]@@i ﬁ@ﬁi@buﬁi@i&ﬂ%@ﬂwmﬁ. kuorr]ide
trinydrate m mmo ter stirrin ip at this{e re th was
replaced wi %’%‘eg%g%ﬂ]% 3‘%%31 F%@ﬁ%ﬁ“%%&gﬁ%l \?Vgasng Iég(ﬁéf}%ﬁ?}{%%%} .alstév%/%g%{ﬁ?ted with
ethyl adetatéS(x0mat ymbisstidempitstaiqueerizeNBIoomids d ek e RV mmeNrsddedatdo mL).
Drying overgediuptisutiateuanehpsrificbtion by straratagdaphy {562 hegiane: 6ty
acetate:dichloromethang.methanol. = ¢5:15:10, 8040101 pffad 6litles cempound (201 mg,
97 %) as a Whi é‘%&’iaa'*.r}f?z@%n‘?'éaﬂ%e?dé%%én%%ﬁ%@éﬁﬁé%ﬁs §<ﬂ1&|8 e
3-Cyano-10-difithe A thyiTsiagmspis A aac avay fitegi efiB 2eatpie AL ORI BPine

combined organic layers were dried over sodium sulfate. Purification by chromatography

15  (8iOy heptaneiethyl acetate:dichloromethan e:xmethanol = 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

IM+H]T.

ROl ) iy TN ) Pty =, T

b} 10-Difluoromethyl-3-ethynyl-9H-imidazo[1,5-a1[1.2,41triazolo{1,3-
d][14]benzodiazepine

20 To a solution of 10-diftuoromethyl-3-trimethylsilanylethynyl-9H-imidazo{1,5-
a][1,2,4)triazolo[1,5-d]-[1,4]benzodiazepine (259 mg, 0.70 mmol) in a mixture of THF
(2.5 mL) and MeOH (0.25 mL) was added under an argon atmosphere at -70°C
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

25  mixture was stirred for 1 h at 0 °C. Tt was diluted with ethyl acetate (10 mL), washed with
aqueous Na,CO; and extracted with ethyl acetate (10 mL). Drying over sodium sulfate
and purification by chromatography (8i0O., heptane: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]".

30 Example 13

3-Cyano-10-difluoromethyl-9H-imidazo[1,5-a] [1,2,4]triazolo[1,5-
d]{1,4]benzodiazepine

A mixture of 3-bromo-10-difluoromethyl-9H-imidazo[1,5-a}{1,2,4]triazolo[1,5-
d][1,4]benzodiazepine (211 mg, 0.60 mmol), tetrakis(triphenylphosphine)palladium(0)



A mixture of 3-bromo-I0-difluoromethyl-9H-imidazo [ 1,5-a] [ 1,2,4]triazolo [ 1,5 d] [1,4]benzodiazepine
(211 mg, 0.60 mmol), tetrakis(triphenylphospbine)palladium(0) WO 2006/045430 PCT/EP2005/010908
-24 (21 mg, 0.02 mmol) and zinc cyanide (70 mg, 0.60 mmol) in DMF (4 mL) was stirred under an

argon atmospiiereoierdsddo at reflux. Further tetrakis(triphenyl- phosphine aatiadps(Q)4egl 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 5 poured into a selution of iron(If) chloride (973 mg, 6.0 mmol) in
aqueous HCI (1N, 5.0 mL) and ethyl acetate (30 mL) at O C. After stirring for 1 h at this temperature

the mixture(dam s ifcamreth aguasuzavited B3 of vl dodP MuHé R aEhagHEd with ethyl
acetate. Aftehaxiractiamobtinesahtiedarstiblyar wiltvethytthectatetbédphzhyied organic layers were

washed with water: ' ' [ f ificationof the residue
by chromat hﬁ&&%ﬁﬁ%ﬁ%ﬂ%ﬁ%ﬁ%ﬁfgﬁfﬁéﬁi?&?ﬁ?ﬂéﬁﬁ%ﬁ%@%ﬁ%ﬁ%@%@ o
0:80:10:10:)‘1%%‘? HRE T S SRpBHAY f@fﬁﬁ&}%ﬁ@&%‘&%ﬁﬁ?ﬁﬁ%%’f&@ﬁ@z (M+H+).
Example 14pb5ta-{itd sRiftudeo-afthyh3H| dolroid (AildagofX) Saaddl), By Altriesl 6]CI5 1) p.0
1J,[ﬁ]benzo?_i%90aiyllgt _@ﬂi}r%%égmgg-%—Wg@é—%%f%{i@%@{ﬂﬂ&%ggfﬁg@raégggiazepin-lo-yll-
ethanone To a solution’of 10-cyano-3-fluorg-9H-imi ,5- : iazolg[1,
T dlbenzod BRBFENES BB B AR LG S AE T A A WBrature
methylmagrebidiar:groemider Sirastiarne HetequensiiayerrwitioBtlaxiacetase tukcasBneth. The resulting
gggr b{OWﬂ fpggﬂma\%@ysh&rmﬁstl%aﬂmm%&% éhc(i)r ’Bﬁxﬁ@!@#@& M§g§é‘f&iuUMﬁ&Lil{@di into ag. HCI rSlgl

mL) and extracted with ethyl acetate . The co e ic layers were washe
with waggr (58B%FT s l?lrr%aé 0?1%3, égédlr‘fg’ %&%&@%ﬁ?@&’lE%Qgrﬁ%pac{%%eéée%nﬂ{ated. Purification of
the residue bsetetedivilrsorashanesicthanebraffel A0 bedt B A hbréredotisotito 0:90:10) afforded
the title conpaiph£AQ34mgs 120406 whitbialidohd SMSe Mo 2824A(M-H-). b) 10-(1
1-Difluoro-ethyl)-3-fluoro-9H-imidazo[1,5-al 11,2,4 1triazolo[1,5- 30 dI [ 1,41benzodiazepine A mixture of
1-[3-fluoro-9H-imidazo[1,5-a] [1,2,4]triazo|o[1,§)—{d] [1,14]1b4enzodiazepin-10-

axmpie

15 10-(1,1-Difluoro-ethyl)-3-fluoro-9H-imidazo(1,5-a][1,2,4]triazolo]1,5-
d]{1,4]benzodiazepine
a) 1-[3-Fluoro-9H-imidazo[1,5-al[1,2 4 1triazolol1,5-d][1.4]benzodiazepin-10-vi]-
ethanone
To a solution of 10-cyano-3-fluoro-9H-imidazo(1,5-a][1,2,4]triazolo[1,5-

20 d] [1,4]benzodiazepine’ (2.07 g, 7.78 mmol) in THF (100 mL) was added at ambient
temperature methylmagnesium bromide (3N in Et,0, 39.0 mL, 13.0 mmol) over a period

of 5 min. The resulting clear brown solution was stirred for another 2 b. The mixture was
carefully poured into ag, HCI (1IN, 200 mL ) and extracted with ethyl acetate {3x 200 mL).
The combined organic layers were washed ‘with water (250 mL) and brine (250 mL),

25  dried over sodium sulfate and concentratedl. Purification of the residue by
chromatography (8i0,, 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").

b) 10-(1,1-Difluoro-ethyl)-3-flnoro-9H-imidazo]1,5-a}[1,2.41triazolo[1,5-

30  dif1.4]benzodiazepine
A mixtare of 1-[3-fluoro-9H-imidazo[1,5-a][1,2,4]triazolo[1,5-d] [1,4]benzodiazepin-10-
y1]-ethanone (100 mg, 0.35 mmol) and bis (2-methoxyethyl)aminosulphur trifluoride
{50% in THF, 1.56 mL, 3.53 mmol) was stirred for 3 days at 60 °C in a closed plastic tube
under an argon atmosphere. The mixture was diluted with ethyl acetate (20 mL) and

35 washed with aqueous Na,COs (sat.). Extracted with ethyl acetate (20 mL) was followed by
drying over sodium sulfate and concentration. Purification of the residue by
chromatography (SiO;, heptane:ethy! acetate:dichloromethane = 60:20:20 to 30:50:20:)




y1] -ethanone (100 mg, 0.35 mmol) and bis (2-methoxyethyl)aminosulphur trifluoride (50% in THF,
1.56 mL, 3.53 mmol) was stirred for 3 days at 60 C in a dosed plastic tube under an argon
atmosphere. The mixture was diluted with ethyl acetate (20 mL) and 35 washed with aqueous
Na2CO3 (satywdexrasigshyvith ethyl acetate (20 mL) was followed by dryipg©ress9eisys sulfate and
concentration. Purification of the residue by chromatography (SiO2, heptane:ethyl
acetate:dichloromethane = 60:20:20 to 30:50:20:) W43 20061045430 PCT/EP2005/010908 -25
afforded the title compound (24 mg, 22%) as a light brown solid. MS: m/e = 306.2 (M+H+). Example
15 10-(1,1-DRffterdst propyih BfiponoDidimigl 2254), 5sa]1{ghe Mijtriaraiifl 18S St F13agenzodiazepine a)
3-Fluoro-9H-igpidarp[1 5-al[124]triazolof 1 5-dl I1 4lbenzodiazepine-10-carboxylic acid methoxy
methyl- amlde A mixture of 3-fluoro-9H- |m|dazo£1§1a5x1ﬁ] ]} ,4]triazolo[1,5-d] [1,4]benzodiazepine-10-
carboxylic acid (20.74 g, 72.7 mmol),1'7,0-di xylamine hydrochloride (11.35 to g, 116.3
mmol), 1-(3- Wéthmmmwm%ﬂﬂommwmﬂmrﬁ@@@m %, 87.24 mmol),

N- methylgrlog}pphq&ﬁkgdz&ggjmlm 3 mmol) and N,N dimethylaminopyridine (300 mg, 3.23 mmol) in a
mixture of THF, ( O mL, nd 40,ml.) as stirred . nt te eratur for 18 h, The
dlchloromethgg’ : g 12 alofl s " 2% R SRS Suspension

was stirred fe¢d3 eI washed W|th water (100 mL). Drylng afforded the title compound
(1146 g, 48%)@%\4&@&' N%rMﬁimfﬁiaﬁ?ﬂsliMlhﬁﬂtrﬂ)zolo 1 5-d]{1,4]benzodiazepine-10-
1-(3-Fluoro-9H |m| CZQ(,L%! 325“7( azoI %\?Cg g e%no Iylldl%&ggré%eigfggo a

solution of 3- ﬁﬁoro H-imidazo riazo enzodiazepine- carboxylic acid
methoxydegny L& iaeebod it ‘512Y Fﬂ’é‘l‘?ﬁﬁ’ WQ@&HG@WQ(Q%@@NW%gneSMm
bromide (3Mgi8 7 bFminbD, mhnét@lrﬁmp(hlbhffhemymﬁﬁ,bm&mmm@ﬂadﬁnd the reaction mixture

was siirred f%x,a i AEE SEPHE 10570, WPEE S AGRESHIBARRIBUAN T 52 mL. .57

mmol) was a e mixture stirréd for ano at ambjent temperature The mixture was
cooled to 0 498 At TiBEu HREIVERE tfé‘?ﬁ{?%%faﬂb% disphrbloemetaatdisictnyl acetate
(20 off and ice cold water {200 mL} was ad ded. The resulting suspension was stirred for 15

15  min, filtered and washed with water (100 mL). Drying afforded the title compound
(11.46 g, 48%) as white solid. MS: m/e = 329.1 (M+H").

b) 1-{3-Fluoro-9H-imidazol1,5-a]{1.2 ,4]triazolo[1,5-d1[1.4ibenzodiazepin-10-vi}-
propan-1-one
To a solution of 3-fluoro-9H-imidazo| 1,5-a}[1,2,4]triazolo[1,5-d}[1,4]benzodiazepine-
20 10-carboxylic acid methoxy-methyl-armide (500 mg, 1.52 mmol) in THF (20 mL) was
added at -70 °C 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 °C
further ethyl magnesium bromide (3M in THEF, 1.52 m1,, 4.57 mmol) was added and the
mixture stirred for another 2 h at ambient temperature. The mixture was cooled to 0 °C
25 and aqueous HCI (1N, 10 mL) was added dropwise. It was diluted with ethyl acetate (20
mL) and aqueous Na,COs (sat.). The aqueous layer was extracted with ethyl acetate and

the combined organic layers were washied with aqueous Na,COs5 (sat.). Drying over

sodium sulfate and purification of the residue by chromatography {Si0,, heptane:ethyl

acetate:dichloromethane = 60:20:20 to 30:50:20:) afforded the title compound (200 mg,
30 449%) as a white solid. MS: m/e = 298.2 (M+H™).

dl{1.4]benzodiazepine
A mixture of 1-[3-fluoro-9H-imidazo { 1,5-a}{1,2,4]triazolo[1,5-d}{1,4]benzodiazepin-10-
yl]-propan-1-one {158 mg, 0.53 mmol.), bis(2-methoxyethyl)aminosulphur trifluoride

35 (490 pL, 2.66 mmol) and ethanol (10 puL, 0.16 mmol) was stirred for 2d at 90 °Cina



mL) and aqueous Na2CO3 (sat.). The aqueous layer was extracted with ethyl acetate and the
combined organic layers were washed with aqueous Na2CO3 (sat.). Drying over sodium sulfate and
purification of the residue by chromatography (SiO2, heptane:ethyl acetate:dichloromethane =
60:20:20 to 3GiaP:aéspatiarded the title compound (200 mg, 30 44%) as apwhite 5eidiovie: m/e =
298.2 (M+H+). c) 10-(1,1-Difluoro-propyl)-3-fluoro-9H-inudazo115-all1241triazololl5-
di(1,41benzodiazepine A mixture of 1- [3-fluoro-9H-ipgidazo [ 1,5-a] [1,2,4] triazolo [ 1,5-d] [
1,4]benzodiazepin-10- yl]-propan-Il-one (158 mg, 0.53 mmol), bis(2-methoxyethyl)aminosulphur
trifluoride 3571249 Plas! ‘f%?ﬁ’(ﬂ f’éﬁ&éﬂ%ﬁﬁ@%@&?ﬁ‘*o@ﬁ TERAMPPREBTSTR Y RoMped @D C in a WO
2006/0454 3-8 GAtdrR200H0X068] - %&bﬁg&cﬂaﬁlmmpﬂﬁebaghﬂ&g@mamsmﬁ%ﬂhe reaction
mbdure was.peneh NIONERMAIRE ARIAR LXRGIPANMID B AGRIRIR 40 Blal e oroanic layers

were washed with aque us Na é 3 and dried over sodium sulfate. Purification of the residue by
chromatograR§PEiesm R ﬁtgh%‘ ot st @Gﬁmﬁrm%‘éﬁétha%?é%ﬁ)ﬁ?ﬁ@%@é@@ afforded the
title compounffoiiedibe gdespapamdatiiihitg, Salie) 81 offevhiBR0LE. {ibt ki) ~Beariple 16
10-Difluoromexiyk9H-imidazo[1,5-a] [1,2,4]triazolo[1,5-d] [1,4]benzodiazepine To a solution of
3-bromo-l0-difluoromethyl-9H-imidazo [1,5-a] [ érght[ gzolo[ 1,5 lo d] [1,4]benzodiazepine (247 mg,
0.70 mmol) in methanol (10 mL) was added un on atmosphere palladiurn/charcoal (10%, 74
mg, 0.07 mmMetPifveroirethpRHd el zotitred 1{d5214] thiamodoibied}] letlipavaidicz epinter a hydrogene
atmosphere-bgipggiiilierast 3oneimdyilo@iansashadontithyragibpnel, If’yﬁlafél&gm@[ﬁﬂae residue by
chromatogr (%}Eal é'!s)enzb éane I aC(jR? dlcrlorom hanﬁ\%r@ I}Q;nolsﬁz&%} ]QO :0 t0 0:80:10:10)
is affordsd tia it compoungu(‘i m§ % [36’5‘3 R Wlt‘ge (M¥H-F Example 17
3- Morphollnﬂgﬂnl%ﬁmbm%élmﬁmmb 1% - fog, B Aftrizmold Thesnditiuteaibertzeniiazepine 20
A mixture of grfid@for Q7hfitaretnathtdbbimnidaan o al ez dlinzelohle HBiid4inenzadiazepine

(200 mg, 0.69 m&%g% yely u}&l‘o 381an01 %un'ﬁ:atlor(otj)rhgre[s)llglue%y(%g"ﬁ)la%agia%'ﬂred in a dosed

reaction tube¥or e reaction
(810, heptane ethyI acetate:dichloromethane:methanol = 75:15:10:0 to 0:80:10:10 )

15 afforded the title compound (122 mg, 64%) as a white solid, MS: m/e = 274.2 (M-+FL").

Example 17

3-Morpholin-4-yl-10-diftaoromethyl-9H-imidazo{1,5-a][1,2,4]triazolo[1,5-
dif 1,4] benzodiazepine
20 A mixture of 3-fluoro-10-diflucromethyl-9H-imidazo[1,5-a] [1,2,4]triazolo{1,5-
d}{1,4]benzodiazepine (200 mg, 0.6% mmol) and morpholine (0.30 ml, 0.3.43 mmol) in
DMSO (2 mlL) was stirred in a closed reaction tube for 18 h at 130 °C. 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
25 residue by chromatography (8i0;, 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

30 3-Bromo-10-(1-fluoro-propyl)-9H-imidazo[1,5-a][1,2,4]triazolo[ 1,5
d][1,4]benzodiazepine
a) 3-Bromo-10-{1-hydroxy-propyl)-9H-imidazo[1,5-a}{1,2.4]triazolo[1,5-
di[1.4]benzodiazepine
To a suspension of 3-brom.o-9H-imidazo|1,5-a][1,2,4]triazolo[1,5-

35 d}f1,4]benzodiazepine-10-carbaldehyde (500 mg, 1.51 mmol) in THF (25 mL) was added
ethylmagnesium bromide solution (3 M in THF, 3.03 mL, 9.09 mmol) at -70 °C. After 1 h




mixture was diluted with ethyl acetate (20 mL), washed twice with agueous sodium carbonate
(saturated), dried over sodium sulfate and concentrated. Purification of the 25 residue by
chromatography (Si02, heptane:ethyl acetate:dichloromethane:methanol = 60:20:20:0 to
20:50:20:10:)wHoxdedstasstitle compound (138 mg, 56%) as a white solid.pMappidRFiced -2 (M+H+).
Example 18 30 3-Bromo-10-(1-fluoro-propyl)-9H-imidazo[1,5-a] [1,2,4]triazolo[1,5- d] |
1,4]benzodiazepine a) 3-Bromo-10-(I-hydroW-propyt)-9H-imidazof 1 5-a] [1 2 4ltriazolojl 5- dI f
1,4lbenzodiaze ine To a suspension of 3-bronco-9H-imidazo [ 1,5-a] [ 1,2,4]triazolo [ 1,5 35 d]
[1,4]benzodidFiRBROAHIB ARy eXB0o R tbridmisiirerhiR{as hwisweded dastibe
ethyhnagnesiuirbramicasediicmns: Md et bragi£3 After 90BN Y ieh 1A GethdiRr dnll WO

2006/0454§%P§ﬁ/ 24010008, -27 at thi re aguegus ammoni m(;édﬂ ride.{gsaturated,
18 mL) was d e-gl and t e%?%[ﬁﬁésv%%s%ﬁé% rg)&g%n?é%llgntgt%arﬁ%e?g ure. After ac it%%alg

dichloromelisresng Vathrdoritsmhtninddsisdaecr wdbedpied wilsmionrdthameridng the
combined du’génimﬂayagrsphg(61@@&@@&&&«@&&&:&:&%&1@1/@rssaéiumammteo)l%ﬂﬁﬂ&nbn of the
residue > bise iR IBlANARIYAEE HRAlA0e M ACHAIRINGINANYLT ST 04 19:9:90:10) afforded
the title compound (413 mg, 76%) as a white solid. MS: m/e = 360.0/362.0 (M+13+). b)
3-Bromo-10-(1-fluoro-progyl)-9H-imidazo[1,5-al f 1,2,4]triazolof 1,5- dI[1,41benzodiazepine 10 To a
solution of B}Rrdmeaetali-Hyfroxy-propyl)-9H-imida Bad] 2.2l thalnd k

(260 mg, 0 #i2;mmeb:suagdiehigromethane (7 mL) was added at -70 C bis(2-methoxyethyl)aminosulphur
trifluoride (110 L,.1.08 mmaql). The resylting mixture tirred for, ile allowing to warm to
et AR LR SRR s S R R WA A e ons sodtum
carbonate @4 (sﬁhﬂ@@@i}@?@q (RAY over GEmmdlifaicroritivetiencd? thd tesivadsdsd ehréimatography
(Si02, heptane;givhassigiigisiinwamethanazndlat: 1 e A0: 0 R aforderkibedile compound

(60 mg, 23%) as an off-white solid. MS; m/e = 362.0/364.0 (M+H+). Example 19 20
3-Bromo-I0%E IS RO 50 A- el Y B q Hormitaseiyp idemperature. After

addition of dichloromethane (20 mL) it was washed with aqueous sodium carbonate

15 (saturated) and dried over sodium sulfate. Purification of the residue by chromatography
{510y, heptaneiethyl 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 .
20 3-Bromo-10-(1,1-difluoro-propyl)-9H-imidazo[1,5-a][1,2,4triazolo[1,5-

d}[1,4]benzodiazepine

di{1.41benzodiazepine
To a suspension of 1-{3-bromo-SH-imidazo[1,5-a][1,2,4]triazolo[1,5-

25 d}{1,4]benzodiazepin-10-yl}-propan-1-one (410 mg, 1.14 mmol) in dioxane (7.5ml) was
added 1,2-ethanedithiol (578 i, 6.87 mmol) and boron trifluoride acetic acid comlex

(636 pl, 4.58 mmol). The given solution was stirred for 4 d at 60 °C 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 temyperature,

30 the mixture was extracted with ethyl acetate. Waghing with aqueous sodinm
hydrogencarbonate (saturated), aqueous sodium hydroxide {15%) and brine was
followed by drying over soctium sulfate. Purification of the residue by chromatography
{Si0,, heptane:ethyl acetate:dichloromethane:methanol = 75:15:10:0 to 0:70:10:220:)
afforded the title compound (364 mg, 73%) as a white solid. MS: m/e = 434.0/436.0

35 (M+HD.



d][1,4]benzodiazepine a) 3-Bromo-10-(2-ethyl-[1 31dithian-2-yl)-9H-imidazof 1 5-al[1 2 4ltriazolo[1 5-
difl, 4lbenzodiazepine To a suspension of I- [ 3-bromo-9H-imidazo [ 1,5-a] [ 1,2,41triazolo [ 1,5 25 d] |
1,4]benzodiazepin-10-yl] -propan-I-one (410 mg, 1.14 mmol) in dioxane (7.5ml) was added
1,2-ethaneditiki@} $hoéddsf87 mmol) and boron trifluoride acetic acid comlex{eehdsd:EBgnmol). The
given solution was stirred for 4 d at 60 C under an argon atmosphere, then cooled to ambient
temperature and quenched with aqueous sodium Ihygltogencarbonate (saturated, 30 ml). After stirring
for 30 min at ambient temperature 30 the mlxture was extracted with ethyI acetate. Washing with
aqueous soblidaBre EO(E ; g juad: TR EIle£15%) and brine was
followed bygmag,gﬁgrogg&u,mwlfate Purlflcatlon of the reS|due by chromatography (Si02,
heptane:ethyl acetate dichlorqmethane: met =/ 1 2 g%qs the title
compound ( md)%f) asﬁénw E éusco gj%l é?f%&g(g‘ OIQ e@xiﬂ 5430
PCT/EP200548 16968 Hmpmmemm@ mmﬂum%ﬂ@yi)hmmr‘uazu{pﬁsiétrpmc&&ﬂazolo[l 5- dl

(1.41ben 9 th
. 6mle) sfas 5&(3?1 dﬁ'l—fF ﬁgﬁpﬁf@%rp&&b%@%%wwﬁq@&me A9 yaeh inadiphieromethane

[, 1.66 mmal 0C. T sou.trono 3 0-0 5
(2-ethyl-[1,3ythths 6%"50516&3?6 gr??tﬁdﬁsgdc%efgd%ﬁ%‘h%&razgpm 327 mg, 0.75
mmol) in drclahmtunmﬂmhee(drﬁmt)rm a@dectifdr@pwrfw bt mo' e -PAS Gedehingudedk red mixture was
stirred for angtaghdy W&&%ﬁa&teaﬁ%ﬁﬂn CREHSNE M AR IE 65006 80 ua Sagium

hydrogencarbon tt]e%(sglturateifhIE and extgred fgor t5n cr}ﬂThg1 %Xtureﬂas extraclted with
ayers

dichlorometffinE were was eous sodidm Ry rogertcarbonate
(saturateed), mm@mmomadswbmlwaferhnmﬁrga%ﬁatﬁ@h@reﬁéaé wres@satography

(Sioz, hept@@&@&@hﬁm&dmﬁﬁ@mthm f@@&marwleﬁrzﬁtaxﬁgt@@tp(a@g A6;20:3:edfgrded the title

compound (231 m 0/ oI|d M§ e ?&?8% 820 )aample 20
3-Chloro-10? ﬁﬁ%trognje nudlazofi I\Iﬁl 2,4] t;)%azol)o enzodlazepine
compound 231 mg, 81%) as a white solid. m/fe = 380.0/382.0 (M+
15 Example 20
3-Chloro- 10-fluoromethyl-6-methyl-9H-imidazo[1,5-a][1,2,4] triazolo[1,5~
d][1,4]benzodiazepine

To a mixture of ethyl 3-chloro-6-methyl-9H-imidazo[ 1,5-a] [1,2,4]triazolo{1,5-
d][1,4]benizodiazepine-10-carboxylate (300 mg, 0.87 mimol) in THEF (mL) was added

20 lithinm borohydride (23 mg, 1.05 mmol) at ambient temperatiire. The resulting
suspensiomn was stirred at reflux for 5 h. After the reaction mixtiyre was cooled to ambient
temperatuire aqueous ammonium chloride (saturated, 5 mL) was added carefully and the
resulting Tnixture 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

25 dissolved in dichloromethane (8 mL) and bis(2-methoxyethyl)aminosulphur trifinoride
(161 uL, 0.87 mmol) was added and the reaction mixture was stirred for 18 h at ambient
temperatuare. Tt 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

30 to 0:75:20:5:) afforded the title compound (67 mg, 28%) as a white solid. MS: m/e = 304.1
(M+H?).

Example 21
3-Chloro—6-(3,4-dimethoxyphenyl)-10-flucromethyl-9H-imidazo[1,5-
a]{1,2,4]triazolo[1,5-d}[1,4]benzodiazepine



To a mixture of ethyl 3-chloro-6-methyl-9H-imidazo[1,5-a] [1,2,4]triazolo[1,5 d] [ 1,4]benzodiazepine-
10-carboxylate (300 mg, 0.87 mmol) in THE (mL) was added 20 lithium borohydride (23 mg, 1.05
mmol) at ambient temperature. The resulting suspension was stirred at reflux for 5 h. After the
reaction mixtuye wWasmeaed to ambient temperature aqueous ammoniumpghlppifiesieabgsated, 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 suspensiopfiltered and washed with water. The residue was
25 dissolved in dichloromethane (8 mL) andbis(2-methoxyethyl)aminosulphur trifluoride (161 L, 0.87
mmol) was a’ﬂﬁg&aﬁdﬁhe&é&étﬁimmbm@w&é}aﬁémimm&ha{aémmmimhﬂé@rture. It was diluted

with dichlorogethang:¢2@:mip;an f%@ﬁ? i85 SodED %@%@ﬁmt@m@ prying over
0
ofi

sodium sulfate ni [%grlflc tgﬁg?%%ﬁ‘%‘gdé%%%é% ’?a}r%%ﬁaund (67 mg,

acetate:dich
28%) as a wﬂm:sw;u\nmle 20304 mo:qmmeﬂm)o Eheditipleo2nrudial 62608, 41%) which was
(3,4-dimgthoxyphanyi)-1 Qfluosamethsd 9 H- gz o\ 115t)al[1,2,4]triazolo[1,5-d][1,4]benzodiazepine
WO 2006/045430 PCT/EP2005/010908 -29 Ethyl 3-chloro-6-(3,4-dimethoxyphenyl)-9H-imidazo
[1,5-a] [ 1,2,4]triazolo[ 1,5 d] [1,4]benzodiazepine-10-carboxylate (300 mg, 0.64 rnmol), instead of ethyl
3-chloro-6- methyl-9H-imidazo [ 1,5-a] [ 1,2,4]triazolo [ 1,5-d] [ 1,4)benzodiazepine-10-carboxylate as
described in example 20 was converted to the title coanpound (112 mg, 41%) which was 5 obtained
as a white solid. MS: m/e = 425.9 (M+H+). WO 2006/045430 PCTIEP2005/010908 -30 Claims 1.
Substituted imidazo[1,5-a] [1,2,4]triazolo[1,5-d] [1,4]benzodiazepine derivatives of the general formula
R2 NR N N13



R3 5 wherein R' is hydrogen, halogen, lower alkyl, lower allcynyl, cycloalkyl, heterocycloalkyl, benzyl,
cyan, lower alkoxy, OCF5, -HEIR, -NHC(O)R or -NHSO2R; R2 is lower alkyl substituted by halogen;
R3 is hydrogen, methyl or aryl; to R is lower alkyl, cycloalkyl or aryl; and their pharmaceutically

acceptable acigpgdiiinrisalts. 2. Substituted imidazo[1,5-a][1,2,4]triazolo[d¢&;fildAlpausOdiazepine
derivatives of the general formula ~N Rz N R N NON I-A 15 wherein R' is hydrogen, halogen, lower

alkyl, lower alkynyl, cycloalkyl, benzyl, cyano, lower. glkoxy, OCF3, -NHR, -NHC(O)R or -NHSO2R; R2
is lower alkyl substituted by halogen; R is lower alkyl, cycloalkyl or aryl; 20 and their pharmaceutically
acceptable acid addition salts. WO 2006/045430 B&aiEP2005/010908 -31 3. Compounds of formula |

as claimed in claim 1,.in which R2 is CHzT..4. Compounds of formula | as claimed in claim 3, which
compounds are 3 8?83@%%‘%8%&3;3@@%%“%%? f’é]l{?i%féﬁ’ﬁ%d;ﬁﬁpﬁ, CHatves
[1,4]benzodiaztwigene@dffooro:l®-fluoromethyl-9H-imidazo[ 1,5-a) [ 1,2,4]triazolo [ 1,5-d) |
1,4]benzodiazepine, 5 3-bromo- 10-fluoromethyl-9H-imidazo [ 1,5-a] [1,2,4]triazolo][l,5-d]
[1,4)benzodiazepine, 3-cydopropyl-I0-fluoromethyl-9H- azo [ 1,5-a] [1,2,4] triazolo [ 1,5 d]
[1,4]benzodiazepine or 3-chloro-10-fluoromethyl-6-methyl/#H-imidazo [ 1, 5-a] [ 1,2,4] triazolo [ 1,5 -
d][1,4]benzodiazepine. 10 5. Compounds of fo&ms chaimed in claim 1, in which R2 is CHF2.
N

' N
N
\\; \
I
5 wherein

R' s hydrogen, halogemn, lower alkyl, lower alkynyl, cycloalkyl, heterocycloalkyl,
benzyl, cyano, lower alkoxy, OCF;, -NHR, -NHC(O)R or -NHSO,R;

R?  islower alkyl substituted by halogen;
R’ is hydrogen, methyl or aryl;

10 R islower alkyl, ¢cycloalkyl or aryl;
and their pharmaceutically acceptable acid addition salts.

2. Substituted imidazo[1,5-a][1,2,4]triazolo[1,5-d]{ 1,4]benzodiazepine derivatives

of the general formula
N 2
7 y-R
N—?/
o
N
N
~ LA
15 wherein

R'  ishydrogen, halogen, lower alkyl, lower alkynyl, cycloalkyl, benzyl, cyano, lower
alkoxy, OCF;, -NHR, -NHC(O)R or -NHSO:R;

R®  islower alkyl substituted by halogen;

R islower alkyl, cycloalkyl or aryl;

20  and their pharmaceutically acceptable acid addition salts.



6. Compounds of formula | as claimed in claim 5, which compounds are
3-chloro-10-difluorornethyl-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- 15 d] [ 1,4]benzodiazepine,
3-bromo-10-difacresnetays-9H-imidazo [ 1,5-a] [1,2,4] triazolo [ 1,5- d)[1,4ikanzesdizzepine.
3-cyclopropyl-10-difluoromethyl-9H-imidazo[1,5-a] [1,2,4]triazolo[1,5- d] [1,4]benzodiazepine, 20
10-difluoromethyl-3-ethyl-9H-imidazol[ 1,5-a] [1,2,4] gnazolo[ 1,5-d] [1,4]benzodiazepine,
3-benzyl-10-difluoromethyl-9H-iniidazo[1,5-a] 1,2,;ltriazolo[1,5- d] [ 1,4]benzodiazepine,
10-diquoromethyl%@WEQHC?ﬁf@raiZ‘é‘[ﬂi,ﬁ-ég]ﬂ'{m L )Fain| b B W 'Cﬂl,ﬁ}z]ﬁfe?ﬁ@g'razepine, 25
3-cyano-10-difluoronethyl-9H-imidazo[1,5-a] [1,2,4]triazolo[1,5-d] [1,4]benzodiazepine or
|0-difluoromethyl-9HSGmigazofts, B&El2wlliaz olakhe8-ul] {tkisjiie mbodiareppnands €ompounds of formula
| as claimed in claim 1, in which RZ is CF3. 30 8. Compounds of formula | as claimed in claim 7, which

compound i-ghisteresldtifherorieshiididindazal 1,54 A A] Hidi id bebdiazepine,
[1,4]benzodi INe.~ MV 430 PC )05 - ( %égg& nula | as
claimed in clz—izfnﬁpfoienigvv |c(%9§x2%/ %%g%%g%@i%%pé q%fsﬁi%%g%%n%mégs of f(?{ ?n% a | as claimed
in claim §, whiBrPEST stirrIem T iopithrabs-athyfr 2 BHR7S!8 éﬁl‘-ﬁﬁq %’(‘F[li‘,’é%%ﬁef’fﬁw] triazolo [
1,5 5 d] [ 1,4}benrgdinméihéoer boaéthitdifionddproliyiyaF fiddicetdlimbldazo [ 1,5-a] [ 1,2,4]triazolo [
1,5-d][ 11““&2&%@@&&%&@%{)&% Ayprocess for preparation of compounds of formula | as defined in

claim 1, which process comprises 10 ) reacking a.gompound obfrmula i1 5-

d][1,4]benzodiazepine.
10 5. Compounds of formula I as claimed in claim 1, in which R*is CHF,.
6. Compounds of formula I as claimed in claim 5, which compounds are

3-chloro-10-difluorommethyl-9H-imidazo[1,5-a][1,2,4]triazolo[ 1,5~
djl1,4}benzodiazepine,
3-fluoro-10-diflucrornethyl-9H-imidazo[1,5-a}{1,2,4]triazolo{ 1,5-

15  d][1,4]benzodiazepine,
3-bromo-10-difluvoromethyl-9H-imidazo[1,5-2] [ 1,2,4] triazolo [1,5-
d]{1,4]benzodiazepine, _
3-cyclopropyl-10-difluoromethyl-9H-imidazo{1,5-a] [ 1,2,4}triazolo{1,5-
d}!1,4]benzodiazepine,

20 10-difluoromethyl-3—ethyl-9H-imidazo[1,5-a}[1,2,4] triazolo[1,5-d}[1,4]benzodiazepine,
3-benzyl-10-diflioromethyl-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][1,4]benzodiazepine,

25  3-cyano-10-difluoromethyl-9H-imidazo[1,5-a][1,2,4}triazolo{ 1,5-d][1,4 Jbenzodiazepine
or
10-diftuoromethyl-9F -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 R%is CEs.

30 8. Compounds of formula as claimed in claim 7, which compound is
3-fluoro-10-triffuoromethyl-9H-imidazo[1,5-a]{1,2,4] triazolo[1,5-
d][1,4]benzodiazepine.



rN x' X=H, lower alkyl N'(OHR NN N N ~3 R Il with a suitable halogen-transfer-reagent, for
example with [bis(2- methoxyethyl)amino] sulfur trifluoride to a compound of formula ~~RZ R1 C N
N~N 3 15 R wherein RZ is lower alkyl, substituted by halogen, and, if desired, converting a compound
of formula | inteczpésarmaceutically acceptable salt, or 20 b) reacting a caropewsehoéfannula WO
2006/045430 PCT/EP2005/010908 -33 N X. X'=H, lower alkyl R'"*N N1IN 3 R IV -with a suitable
halogen-transfer-reagent, for example with [bis(2- n¥éthoxyethyl)amino] sulfur trifluoride to a compound

of formula RZ N

16

15

20

9. Compounds of formula I as claimed in claim 1, in whick R®? is CE,CH; or
CF,CH;CHs.

10. Compounds of formula I as claimed in claim 9, which compounds are
10-(1,1-difluoro-ethyl)-3-fluoro-9H-imidazo[1,5-a] [ 1,2,4}triazolo{1,5-
d][1,4]bennzodiazepine or
10-(1,1-difluoro-propyl)-3-fluoro-9H-imidazo{1,5-a}[1,2,4]triazolo[1,5-
d}{1,4]benzodiazepine.

11. A process for preparation of compounds of formula I as defined in claim 1,

which process comprises

a) reacting a compound of formula
N X X' = H, lower alkyt

R I

with a suitable halogen-transfer-reagent, for example with [bis(2-
methoxyethyl)amino}sulfur trifluoride to a compound of formula

@rj

R I

wherein R? is lower alkyl, substituted by halogen,
and, if desired, converting a cornpound of formula I into a pharmacentically acceptable

salt, or

b) réacting a compound of formula



RNN NR 5and, if desired, converting a compound of formula | into a pharmaceutically acceptable
salt, or c) reacting a compound of formularN O NOH R'~ 111 NN FR V 1o with sulfur tetrafluoride
in the presence of a hydrogen halogenide to a compound of formulai~-NRZ ~ RN, N Ra and, if
desired, convartingnasasmpound of formula | into a pharmaceutically acceptaiesatioiddasl2. A
compound of formula | according to claim 1, whenever prepared by a process as claimed in claim 11
or by an equivalent method. -34- 13. A medicameri3centaining one or more compounds of formula | in
accordance with claim 1 and pharmaceutically acceptable exeipients. 14. A medicament according to
the GABA A a5 subunit selected from cognitive

ia, \6 anxietyoLAzZBgingks disease. 15. A medicament
lzheimer's disease.

R v
with a suitable halogen-transfer-reagent, for example with [bis(2~
methoxyethyl)amino]sulfur trifluoride to a comxpound of formula

and, if desired, converting a compound of formula I into a pharmaceutically acceptable

salt, or
¢) reacting a compound of formuia
N O

\&
N V4 OH
Ri
<jQr’**
N
N~
\rg .
v

10 with sulfur tetrafluoride in the presence of a hy’drogen halogenide to a compound of

formula

and, if desired, converting a compound of forrnula I into a pharmaceutically acceptable

salt.
15 12. A compound of formula I according to claim 1, whenever prepared by a process

as claimed in claim 11 or by an equivalent method.



16. The use of a compound of formula | according to claim 1 for the preparation of a medicament for
the treatment of cognitive enhancer, cognitive disorders, schizophrenia, anxiety or Alzheimer's
disease. 10 17. The use of a compound of formula | according to claim 1 for the preparation of a
medicament for the treatment of Alzheimer's disease.

- 34 .

13. A medicament containing one or more compounds of formuta I in accordance

with claim 1 and pharmaceutically acceptable excipients.

14. A medicament according to claim 13 for the treatrment of diseases related to the

GABA A a5 subunit selected frorn cognitive enhancer, cognitive disorders, schizophrenia,

5 anxiety or Alzheimer’s disease.

15. A medicament accordimg 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 of cognitive enhancer, cognitive disorders,

schizophrenia, anxiety or Alzheirner’s disease.

10 17. The use of a compound of formula I according to claim 1 for the preparation of

a medicament for the treatment of Alzheimer’s disease.



