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SPIRO-5,6-DIHYDRO-41-1-23,5,10B-TETFtAAZA-SENZOIEIAZULENES The present invention is
concerned with spiro-dihydrotetraazabenzoazulene derivatives, i.e.
spiro-5,6-dihywe 24kb258:6, 10b-tetraaza-benzo[e]azulene derivatives, whichagl@sdasasEgceptor
modulators, and in particular as Via receptor antagonists, their manufacture, pharmaceutical
compositions containing them and their use as medicaments. Technical Field The active
compounds of the pre ion are useful as therapeut|cs actlng perlpherally and centrally in the
conditions of dysm&r lolsbiiehidth metiddl A-@ BOGHN A IoBNIBIC heart failure,
inappropriate secretion of vasopressm L|ver crrrhosrs nephrotlc syndrome anxiety, depressive
disorders, obsessiVé él‘mﬂi%IQ‘lveﬂdrebrdéﬁnammﬁcvsrﬁe@nmd@lredrdemmmmmmr& andvaggressive
behavior. i.c. bpparicudaiydhe {Fesert investionisiwansrmaedithapiverdity digietraazabgnzgazulene
derlvatglesiggeiggn%mom aﬁ%h%ﬁegd@cu'ﬁ% ;{Eg 3 ?gug@ %J?{& and.n. aées @s described in &Ialm 1.

Backnround Art essin Is a 9 amino, acid pe ainly pr sauced by?ﬁe paraven ficular
nucleus of}t erﬁyf)dm%ﬂg é)émlﬁtiﬁ%q SEMBRER %?66’?Q§)§ﬁﬁré@féa§§“§‘irﬁ%ﬁlﬁ8ﬂ@rmone and stimulates 20
vasoconstrrctron gI coenolysrs and antidiurcsis. Three vasopressin receptors, all belonging to
the class |-0-pt8t&-ettipled receptors, are known. The Via receptor is expressed in the brain, liver,
vascular smooth muscle, lung, uterus and testis, the VIb or V3 receptor is expressed in the brain and
pituitary gland, th&WZ"‘FéE’épde‘i’@OVV@’ 201 (OS5 ATBII2 ITPRRER2609/06A568s eprapsadinatieRidney
where it regulatesaiiaterireatisoiptiothanchiiechatesdienantidivee it effiectsmaf] M@&Mﬁgm@t@ﬁbcn et
al. (2006). WyprbRRysidReRal RaysinhA9L FapfofRaCell pialgical aRpsals.of the yasgpressin

type-2 rec%g %qnd aq| ?a r%lnaZ }\(/\Irea%ter @%Qbrgel In gjphroge nic diabetes mslgrdus%z? ompounds with
activity at the V3 recepior may Therefore B aiide SRS IS e RO SRS 0P REIEDS o Tder, #HE Sy tocm
receptor is*FEFARH quﬂfé%%tﬁF’@%fﬁWécé?ﬁdﬂ%ﬁﬁﬂv%?@lﬁ’fedrates the effects of the neurohormone
oxytocin in the brain and the periphery. Oxytocin is believed to have central anxiolytic effects
(Neumann (2008} PAECHIENAS ATABINOY 85865 tBraimesytodirpakeihrdguikitonabemationaicand
social behasinours# bbflrfamales and males™). 10 Central oxytocin receptor antagonism might
therefore lead to anxiogcnic effects, which are regarded as undesired side-effects. In the brain
vasopressin acts as a neuromodulator and is elevatethin thg amygdala during stress (Ebner, et al.

(2002). Eur J Neurosci. 15, 384-8., "Forced $wimmi |gger\‘§ vasopressin

- ...1.!3

b i 2 2 > . . .
wherein R', R", R™, X, Y, Z, m and n arc as described in claim 1.

Backeoround Art

Vasopressin is a 9 amino acid peptide mainly produced by the paraventricular nucleus of
the hypothalamus. In the periphery vasopressin acts as a neurchormone and stimulates
20 vasoconstriction, glycogenolysis and antidiuresis.

Three vasopressin receptors, all belonging to the class I G-protein coupled receptors, are
known. The V1a receptor is expressed in the brain, liver, vascular smooth muscle, lung, uterus
and testis, the V1b or V3 receptor is expressed in the brain and pituitary gland, the V2 receptor is



release within the amygdala to modulate stress-coping strategies in rats"). It is known that 1_5 stressful
life events can trigger major depression and anxiety (Kendler, et al. (2003). Arch Gen Psygh!atry. 60,
789-96, "Life Event Dimensions of Loss, Humiliation, Entrapment, and Danger in the Prediction of

Onsets of MajpuRepressian and Generalized Anxiety') and that both have yepybighermeybidity, with
anxiety often preceding major depression (Regier, et al, (1998). Br J Psychiatry Suppl. 24-8,
"Prevalence of anxiety disorders and their comorbidity with mood and 20 addictive disorders"). The Via
receptor isSERIBISA/ A1y Gxpkilsao here brasstes purtreurarpomiiviierdraass intestitec ammtjidattic lateral
septum andfippocanspps:wiicR erecplaying @00mparantriojeidn Radegulakionof anxietyolndgad Via

knoclout piss shew géedustionn aRpUS ReRRMor iR g;@agga%ﬁ%pﬁéﬁyﬁggggﬁtﬁ%% box
Bi , €t a . Neuropsychopharmacology. 29,.483-93, I Cl¢
ﬁetl:%; n)iiioer]i1 (g)r%(o %vnrigddl}%:ﬁﬁeteg EX&W)%@%T%%%WE\%{% ThiVagepriEsth t\gf:a SCEITEInBRROLEFIRE™). The

onina
downrégul%ﬁ?@ﬁ BrdTess %@éﬁ&%}ﬁ%%}ﬁ‘iﬁense oligonucleotide injection in the septum also causes
a reduction in anxious behavior (Landgraf, et al. (1995). Regul Pept. 59, 229-39., "V1 vasopressin
receptor antisensEd|RjptieGRyiTaeRetiteitddptiin rétoressvasopressiniindingdsoeifikics the
discriminatiffecabilities, andainisty elajetbehaviobiniinisd. (Hasenpassin okfhavia R eceptgr are
also impliagied 1 aiernewioneycholeoiealdiptierssanalicstidies Jagrnialinked S

olymorphism in.the gromoter of the human Via receptor to autistic spectrum rs erml}(a, et al.
(2006). 110 3B 84 #ASSoTAHBH T BERTIPRY b e Ve B FBES o Rt TR PRI and
autisnhdin & fafhly Basednstgess Hieditmon by sowhlizhtisfrskilst, intranasahadnfstratibrbfare
vasopressingatrdsdshomiddartfluenceraggression in human males 35 (Thompson, et al. (2004).
Psychoneuroendocrinology. 29, 35-48, "The effects of vasopressin on

In the brain vasopressin acts as a neuromodulator and is elevated in the amygdala during
stress (Ebner, et al. (2002). Eur J Neurosci. 15, 384-8., "Forced swimming triggers vasopressin
release within the amygdala to modulaie stress-coping strategies in rats"), It is known that

15 stressful life events can trigger major depression and anxicty (Kendler, et al. (2003). Arch Gen
Psychiatry, 60, 789-96, "Life Event Dimensions of Loss, Humiliation, Entrapment, and Danger
in the Prediction of Onsets of Major Depression and Generalized Anxiety") and that both have
very high comorbidity, with anxiety often preceding major depression (Regier, et al. (1998). Br J
Psychiatry Suppl. 24-8, "Prevalence of anxiety disorders and their comorbidity with mwod and

20 addictive disorders"). The Vla receptor is extensively expressed in the brain and particularly in
himbic areas like the amygdala, lateral septum and hippocampus which are playing an important
role in the regulation of anxiety. Indeed Vla knock-out mice show a reduction in anxious
behavior in the plus-maze, open field and light-dark box (Bielsky, et al (2004).
Neuropsychopharmacology. 29, 483-93, "Profound impairment in social recognition and

25 reduction in anxiety-like behavior in vasopressin Vla receptor knockout mice”). The
downregulation of the Vla receptor using antisense oligonucicotide injection in the sepium also
causes a reduction in anxious behavior (Landgraf, et al. (1995). Regul Pept. 39, 229-39., "V1
vasopressin receptor antisense oligodeoxynucleotide into septumn reduces vasopressin binding,
social discrimination abilities, and anxiety-related behavior in rats"). Vasopressin or the Via

30 receptor are also implicated in other neuropsychological disorders: genetic studics recently
linked sequence polymorphism in the promoter of the human Vla receptor to autistic spectrum
disorders (Yirmiya, et al. (2006). 11, 488-94, "Association between the arginine vasopressin la
receptor (AVPR1a) gene and autism in a family-based study: mediation by socialization skills"),
utranasal administration of vasopressin was shown to influence aggression in human males

35 (Thompson, et al. (2004). Psychoneuroendocrinology. 29, 35-48, "The cffects of vasopressin on
human facial responses related to social communication®) and vasopressin levels were found to
be clevated in schizophrenic patients (Raskind, et al. (1987). Biol Psychiatry. 22, 453-62,

"Antipsychotic drugs and plasma vasopressin in normals and acute schizophrenic patients") and



human facial responses related to social communication™) and vasopressin levels were found to be
elevated in schizophrenic patients (Raskind, et al. (1987). Biol Psychiatry. 22, 453-62, "Antipsychotic
drugs and plasma vasopressin in normals and acug%s_chizophrenic patients") and - 3 - patients with
obsessive-compulsive disorder (Altemus, et al. (1992). Arch Gen Psychiatry. 49, 9- 20, "Abnormalities
in the regulation of vasopressin and corticotropin releasing factor secretion in obsessive-compulsive
disorder J1CtY Rty RPTEdsP RIS rristatny MitconmdiovalsC8an R ffacts Gy @soaRSSinn the brain
by centrall féguiatngiviod iresputeiond headyaiedn e splidndsariaugiays{ighelini and Moris
(1999). Ajﬂgé&f@é@ﬁﬁﬁg;@%@&@&%ﬂ, Endogenous vasopressin modulates the cardiovascular
responses to exercise"). In the periphery it induces the contraction of vascular smooth muscles and

chronic inhibiti f | eptor improves hemodypamic parameters in myocardial infarcted rats

(Van Ke%khov?h%e%]ggi. %2% %% igl%sﬁ B%(gﬁ%% 0 ?‘%zf@%/ 3SR Cesitcol aespreasin (1K) seimnot

V(2) recegtgg%ﬁ%gﬁé?@gﬁtﬁl%@m MestiTafifirEntenitalleinfétete drratstcenceliMislidniagonists

with imprgEas peifeftatibntiiolghithd Blcodetaindsatiier are@estad o.beokadyantage, m.A

vasopressidiviasaieptosantagenisiwasshownie be, lflg%gj\{{a i&ﬁhﬁ%gu%@g ch menorrhea in the clinic
9

(Brouar 90,107, 614:9. "Effect of SR49059, an orally active Via Vasopra&sintfeceptor
antagonﬁﬁf&h@ﬁ%@%&%%?@ﬁs#@%ﬁ 5’22%? S rESERIO HRRAY G S TIesy it AT pticated in

the treatment of ferfal& A1 RS TAbgHEen, el (QU03) B3 J Pharmaeal. 449, 135-41,

doi:10.108b1Bj1-2088:288;itPAfikacblogical prdfiingaefrew-epepiges prrabityaginalwall and

vaginal attenyiimeotrmustiederyitig)cin @[g%ﬁgégﬁwy@i{}?%@% anta oeqists were sugg_ sted to

have a therapeLlis BQ%ﬁéPaPQ fé&%gl% %gsg;flg w\trion and premature ejaculﬁlon f&ﬁﬁta’, et ar (1;608). Br
n

J PharmacoL. 155, 118-26, "Oxytocin-induce ConfiEttions within rat and rabbit ejaculatory tissues are

mediated by va}éo%ggsli_gséllﬁl@lgece togs and not oxytocin receptors”). 3a Sum ma ry In a first aspect,
there is provided the compound of thie-gehe A8 11§55 hrreitrx bt is ErraRbIR0, wheiein Ra

and Rb SEETA dePeiia iy fopetd-atkeh, COH) S 0 ersirR Bt R G ABREAGE), an
indepeneikatittyakt iveolV CA feaadiorksiB ZeisfE(0)Butagonist, in the prevention of dysmenorrthoea"). Via
receptor antagonism has also been implicated in the treatment of female sexual dysfunction
{Aughton, et al. (2008). Br J Pharmacol. do1:10.1038/bjp.2008.253, "Pharmacological profiling
of neuropeptides on rabbit vaginal wall and vaginal artery smooth muscle in vitro"). In a recent
study Vla receptor antagonists were suggested to have a therapeutic role in both erectile |
dysfunction and premature ejaculation (Gupta, et al. (2008). Br J Pharmacol 155, 118-26,
"Oxytocin-induced contractions within rat and rabbit ¢jaculatory tissues are mediated by

vasopressin V(1A) receptors and not oxytocin receptors”).



CH20CH2, CH2CH20, CH or N; R1 is halo, cyano, C14-alkoxy, or Cl]4-alkyl R2 is H, C1_12-allcyl,
unsubstituted or substituted with one or more OH, halo, cyano or C1_12-alkoxY, -(CH2)g-RC, wherein
Re is phenyl or 5- or 6-membered heteroaryl, each unsubstituted or 15 substituted with one or more
substituents independently selected from A, -(CH@)@NRiRiI, -C(0)-C1_12-alkyl, wherein C142-alkyt is
unsubstituted or substituted with one or more 20 OH, halo, cyano or C1_12-alkoxy,
-qoxw%?ﬁ@é@%,@-amw, -C(0)(CH2),INIZiRii, -C(0)0-C142-alkyl, wherein alkyl is wasubst tuted or
substituted with one or more OH, halo, cyano or C142-alkoxy, -S(0)2-C1,12-alkyl, -S(0)2NRR11 ,

In a first aspect, there is provided the compound of the general formula (h

wherein
5 XY is C(R*R)-0, wherein R® and R” are each independently H, or C;_4-alkyl,
C(R“Rd)~8(0)p, wherein R¢ and R® are each mdependently H, or C,4-alkyl,
C(O)O,
CH,0CH;,
CH,CH,0,
W Zis CHorN;
R! s halo, cyano, C,4-alkoxy, or C)4-alkyl
R'is H,
Ciaz-alkyl, unsubstituted or substituted with one or more GH, halo, cyano or C,, r-alkoxy,
-(CHz)¢-R", wherein R® is phenyl or 5- or 6-membered heteroaryl, each unsubstituted or
15 substituted with one or more substituents independently selected from A,
-(CH,),NR'R",
~({O)-Cyi2-alkyl, wherein Cy.2-alkyl is unsubstituted or substituted with one or more
OH, halo, cyano or C j-1z-alkoxy,
~C{OXCH),OC(0)-Cy12-alkyl,
20 -C(O)(CH2)NRRY,
-C(O)O-Ci2-akkyl, wherein alkyl is unsubstituted or substituted with one or more OH,
halo, cyano or C;_jz2-alkoxy,
-5(0);-C.y2-alkyl,
-S(O),NRRY



3h Ri and Ril are each independently H, C1_12-alkyl, or form together with th
are bound a 3- to 7-membered heterocycloalkyl containing one or two heteroatoms selected from N, O
or S, which heterocycloalkyl is unsubstituted or sufstituted by one or moresubstituents independently
selected from B, A ishalo, cyano, OH, ClI.,7-alkyl, halo-C1.7-alkyl, or CI 7-alkoxy, B isoxo, halo, OH,
Cl.--alkyl or C1_7-alkoxy. 12.3isClor F,nislor2mis0, 1,2,3or4,pisO,lor2,qisl, 2,3 0r4,ris2, 3
or 4, or a pharmaceutically acceptable salt thereof In a second aspect, there is provided a process
for the preparafidR oftheschindoprriloftipiida b akgefinataboye:coMRHSIOIHS &g ROL FeAGHRY a

compound gffarmuia, 1 Xe¥7 il il & %%%%%%&%a ff E@&'ﬁu&%gme or two heteroatorns selected from
N, Oor 8, which heterccycloalky! is unsubstituied or substituted by one or more substituents
ndependently selected from B,
A'ts  halo, cyano, OH, Cy-alkyl, halo-C 1.7-alkyl, or Cy s-alkoxy,
Bis  oxe, halo, OH, Cir-alkyl or Cy 5-alkoxy,
R7is ClorF,
nis  lor2
mis  0,1,2 3or4,
pis 0,1or2,
qis 1,2,30r4,
T is 2, 3or4,
or a pharmaceutically acceptable salt thereof
In a second aspect, there is provided a process for the preparation of the

compound of formula 1 as defined above, comprising the step of reacting a compound of
formula 11

I

with a compound of formula (IH):

1

0 obtain a compound of formula I wherein R', R, X-Y, m and n are as defined above
and Z is CH.

In a third aspect, there is provided a process for the preparation of the compound

of formula 1 as defined above, comprising the step of reacting a compound of formula TV



"2 11l to obtain a compound of formula | wherein RI, R2, X-Y, m and n are as defined above and Z is
CH. In a third aspect, there is provided a process for the preparation of the compound of formula |
as defined above, comprising the step of reacting a compound of formula IV 3c v with a compound of
formula IV: X-Y V to obtain a compound of formula¢ wherein RI, R2, X-Y, in and n are as defined
above and Z is N. In a fourth aspect, there is provided a compound of formula | as defined above,
whenever obtained by a process as defined above. In a fifth aspect, there is provided a compound
of formula | as defined above for use as therapeutically active substance. In a sixth aspect, there
is provided a compound of formula | as defined abgve fora use in the prevention or treatment of
dysmenorrhea, male or female sexual dysfunction, r\iyf’rtei}gion, chronic heart failure, inappropriate

secretion of vasopressin, liver cirrhosis, nephroti , anxiety, depressive disorders, obsessive

syn

compulsive disorder, autistic spectrum disorde fizophkenia, and aggressive behaviour. Ina
seventh aspect, there is provided a pharmac ¢ompo tion comprising a compound of formula |
as defined above. In an eighth aspe& there1s p lgd the use of a compound of formula | as

defined above for the preparation of a medicament for the bgqé’ventlon or treatment of dysmenorrhea,
male or female sexual dysfunction, hypertension, chrgpic heart failure, inappropriate secretion of
vasopressin, liver cirrhosis, nephrotic syndrome, anxiety, depressive disorders, obsessive compulsive

disorder, autistic spectrum disorders, schizophrenia, and aggressive behavior.
with a compound of formula IV:

to obtain a compound of formula [ wherein R1, R2, X-Y, m and n are as defined above

and Z is N.

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

whenever obtained by a process as defined above.

In a fifth aspect, there is provided a compound of formula 1 as defined above for

use as therapeutically active substance.

In a sixth aspect, there is provided a compound of formula I as defined above for
a use in the prevention or treatment of dysmenorrhea, male or female sexual dysfunction,
hypertension, chronic heart failure, inappropriate secretion of vasopressin, liver cirrhosis,
nephrotic syndrome, anxiety, depressive disorders, obsessive compulsive disorder,

autistic spectrum disorders, schizophrenia, and aggressive behaviour.

In a seventh aspect, there is provided a pharmaceutical composition comprising a

compound of formula I as defined above.

In an eighth aspect, there is provided the use of a compound of formula I as
defined above for the preparation of a medicament for the prevention or treatment of
dysmenorrhea, male or female sexual dysfunction, hypertension, chronic heart failure,
inappropriate secretion of vasopressin, liver cirrhosis, nephrotic syndrome, anxiety,
depressive disorders, obsessive compulsive disorder, autistic spectrum disorders,

schizophrenia, and aggressive behavior.



3d Detailed description of the invention It is an object of the present invention to provide
compounds which act as Via receptor modulators, and in particular as Via receptor antagonists. It is a
further object of the invention to provide selective infjbitors of the Vi a receptor since it is expected that
selectivity affords a low potential to cause unwanted off-target related side effects such as discussed
above. Such Via antagonists are useful as therapeutics acting peripherally and centrally in the
condltlons of dysmenorrhea male or female sexual dysfunction, hypertension, chronic heart failure,
\irimies centeiptitvaddhedssmtitver cirrhosis, nephrotic syndrome, anxiety, depressive
dlsorders obsesswe compulswe dlsorder autistic spectrum disorders, schizophrenia, and aggressive
behavior. The Wefeﬁgeﬁgnc{m% ens]rn\éwtltg reg '&g (50 ent inven Hg e the treagﬁent of anxiety,
depressive disorders, oBsesive compulsive disorder au setlﬁoéjﬁ% f é FEtLosenty Bi5FvEHia, and
aggress’i’(}%dé}é"ﬁa?ﬁo?ﬂﬁ Wﬁ%ﬁ&%éﬁﬁ@&é’té@%@ﬁ@@eﬁéﬁE@Th@h@b@%ﬂﬁﬁwmnwwgt
section.piv/Q1202R054961ibieRCT IRPZ009064665ince iThefplomingdeinitonsyoffthaigenesal terms

used in faecprasentdescnlian-arpinires Ractie Rl wethe L ibe Jepms i guestian appear alone or in

combination. As used herein, the term "alkyl" denotes a saturated, i.e. aliphatic, hydrocarbon
group including a.gtraight,Qx ﬁ@&hﬁg g&rﬁ@gc t e | QuRs denote 5
Fighgeloe el oL

groups with th, to 12 rbon s like,"C1

carbon a?omisi%lhsdq TI%“/)I: Saén%'f%% 8T%IB§6 6§Wﬁh BN ?Cé%mmlﬁka?ﬁiﬂ&c fB?a%Ikyl are
methyl, B apﬂaﬁg@r%mpgﬂc(ﬁm@p% asentyisiso-buay| csdeebiatyherdncbutylvarth the BikdstPreferred
are methyhrethykahichisbpropyleshe templaiicoxyidanotesiagropp AR wbaiein Riisaikytasg defined
above. fgl: %géx@s@ 5@%&&69%@}5&9@6&5@&@%&%& {8:h24ama0 %8391%%‘? &%&l&?%&@enotes

alkoxy qéou&c, to 4tcar on atoms andd C7- " denotes alkoxy groups wijth 1 to 7 carbon
atoms. xampf}es%rm}ﬂe oy RFESThG BT gfﬁb)‘? xﬁ?’?@ﬁl‘ﬁ FoSP AT th BHTRES PRAGFHSY are
methox lé?f"dl?é‘fr{ﬂ@bfé%hfeﬁla a%@%?ﬁﬁwﬁr’é?hﬁﬁ@f means the presence of an electron sextet in a
ring, according to 15 Racket's rule. The teiin "cyano" denotes the group -CN. The term "halo” or
"halogen" dendibs ¥hforeiiiedonsiubeoieing ¢t armsscribed e tier privihabe a8 el Thyl Sartit@l. 7-haloallcyl"
denotes a C1_7-alkyl group as defined above wherein at least one of the hydrogen atoms of the alkyl
group is replaced by a halogen 20 atom, preferably fluoro or chloro, most preferably fluoro. Examples
of halo-C1_7-alkyl include but are not limited to methyl, ethyl, propyl, isopropyl, isobutyl, sec-butyl,
tert-butyl, pentyl or nhexyl substituted by one or more CI, F, Br or 1 atom(s), in particular one, two or
three fluor or chloro, as well as those groups specifically illustrated by the examples herein below
Among the preferred halo-C1_7-alkyl groups are difluoro- or trifluoro-methyl or -ethyl. 25The term
"heterocycloalkyl" as defined herein refers to a monovalent 3 to 7 membered saturated ring containing
one or two heteroatoms selected from N, 0 or S. Examples for heterocyclocalkyl moieties are
tetrahydrofuranyl, tetrahydropyranyl, pyrrolidinyl, morpholinyl, thiomorpholinyl, piperidinyl, or
piperazinyl. Heterocycloallcyl is optionally substituted as described herein. 30The terms "heteroaryl”
and "5- or 6-membered eteroaryl” refer to a monovalent aromatic 5- or 6-membered monocyclic ring
containing one or two ring heteroatoms selected from N, O, or S, the remaining ring atoms being C.
6-Membered heteroaryl are preferred. Examples for heteroaryl moieties include but are not limited to
pyridinyl, pyrimidinyt, or pyrazinyl. Preferred is pyridinyl.



WO 2010/054961- 5 -PCT/EP2009/064565 The term "ox0" when referring to substituents on
heterocycloalkyl means that an oxygen atom is attached to the heterocycloalkyl ring Thereby, the
"ox0" may either replace two hydrogen atoms on a carbon atom, or it may simply be attached to sulfur,

so that the sulfgrexagtsdp;oxidized form, i.e. bearing.pne or two oxygens. Riefesables@grug where
"ox0" is attached to 5 sulfur is a group -SO2. When indicating the number of subsituents, the term

"one or more" means from one substituent to the highest possible number of substitution, i.e.
replacement of oheeHdIGEE dplieiiaptactibenesreatl Hyarsgesss By é%ﬂ)ﬁﬁﬁé?ﬁs’iﬁ?ﬁ@?@@‘}' %Rb, two or
three substitiseetsiarepréteire chdBvensiogecprefesredardmne ontedubsiiuents or one substituent.
10The term "pharmaceutically acceptable salt" or "pharmaceutically acceptable acid addition salt”

embrace§ salt; withunar ganit and erganidiagidgeseieh Qgé}yaﬁ@@h;Qricaﬁgﬁﬁeitﬁgcg@@;@ﬂﬂgf&gcid
phosphorig, agid.gitric Acil farmyic,acid. umariciasd f@%&fcﬁg@s felinac L Eetieag dalene

acid, methane-sulfonic ac (ﬁ%uenesull{ nic acid erred |s OI’IC aC|d salt.
15In d ta@l‘ﬂ%*éﬁp‘r’“éﬁbhtt?n SHORTAIRTEY uﬁ%ﬁé of the' gtk érﬂ%‘??ﬁ%ﬁ%@'} BRI
C(RaR5-0% wibsaigtRsawtl R areleddd fﬂmé%eﬁﬁbhﬁsﬂw&?ow@ll_ 4@aﬂ<ynr@(ﬁeeﬁdw%®§mmﬁladrem Re
and Rd arexgath dndependenthyt paipSil 4safeshd 06600y G H2 Qe 2560 GiH 26:- Bt ISy RI

~ ishalo, cyang 342 R%Y0F &Eﬁn@% ! @@1 1%{,&5%%[}/(3&010/054961 6 -PCT/EP2009/064565

C142-alkyl, unsubstituted or substltuted with one or more OH, halo, cyano or C1_12-alkoxy,

(CH2)g-lIte, Wherﬂlg % sg&gn J,%egotosrg membﬁ}r%ifh%teerrcl)]msrg(ld}((-;:-_Ia%%k K}%ﬁlﬁb% or su stituted

with one or more substltuents indepen entl Sele rom T2- alkyl,
wheréth <99 a kg9 ARSI DM AueA RPBrE BRoHe @wﬁaﬂgxﬁcyéﬁﬁoms@h%moxy,
C(0)(CH2}06(®»)-@i1h.12@tkyerbon atoms and “C,.-alkoxy” denotes alkoxy groups with 1 to 7 carbon

atoms. Examples for “alkoxy” are methoxy, ethoxy, propoxy, rert-butoxy and the like. Preferred
are methoxy and fert-butoxy.

The term *aromatic” means the presence of an electron sextet in a ring, according to
15 Hickel's rule.

The term “cyano™ denotes the group —CN,
The term "halo” or “halogen” denotes chloro, iodo, fluoro and bromo.

The term “halo-Ci-alkyl” or “Cs-haloalkyl” denotes a C,s-alkyl group as defined

above wherein at least one of the hydrogen atoms of the alkyl group is replaced by a halogen

20 atom, preferably fluoro or chloro, most preferably flucro. Examples of halo-Cio-alkyl include

but are not limited to methyl, ethyl, propyl, isopropyl, 1sobutyl, sec-butyl, zert-butyl, pentyl or n-

hexyl substituted by one or more Cl, F, Br or 1 atom({s), in particular one, two or three fluoro or

chloro, as well as those groups specifically illustrated by the examples herein below. Among the
preferred halo-Ci.5-alkyl groups are difluoro- or trifluoro-methyl or —ethyl.

25 The term “heterocycloalkyl” as defined herein refers to a monovalent 3 to 7 membered
saturated ring containing onc or two heteroatoms selected from N, O or 8. Examples for
heterocyclocalkyl moieties are tetrabydrofuranyl, tetrahydropyranyl, pyrrolidinyl, morpholinyl,
thiomorphohinyl, piperidinyl, or piperazinyl. Heterocycloalkyl is optionally substituted as
described herein,

30 The terms “heteroaryl” and “5- or 6-membered eteroaryl” refer to a monovalent aromatic
5- or 6-membered monocyclic ring containing one or two ring heteroatoms selected from N, O,
or &, the remammg ring atoms being €. 6-Membered heteroaryl are preferred. Examples for
heteroaryl moieties include but are not himited to pyridinyl, pyrimidinyl, or pyrazinyl. Preferred

is pyridinyl.



-C(0)(CH2)gNRPRII, 10-C(0)0-Cl_12-alkyl, wherein alkyl is unsubstituted or substituted with one or
more OH, halo, cyano or C1_12-alkoxy, -S(0)2-C1.12-alkyl, or -S(0)2NR4l, P: and R" are each
independently H, C3_12-alkyl, or form together with the nitrogen to which they 15 are bound a 3- to
7-memberedsheterngyaigallcyl containing one or two heteroatoms selectedgramieddMESsavhich
heterocycloalkyl is unsubstituted or substituted by one or more substituents independently selected
from B, A ishalo, cyano, OH, C1_7-alkyl, halo-C14-alkyl, or CI_T-alkoxY, B isoxo, halo, OH,
Cl..7-alkyl or CIIE&RBX§*70 Wi elPBig 1A fpssiurnts igp hetepoygipadkpl igoansdhat, 43 @/Zen3 or 4,
preferablyaiy 25y is2cBeor 4, oha pharmadesliivhliraccEptadiie, stit thetedfmay diteterpice two

"pharmacgylically ararPLable sauies-aNd RhaLp assuteallyacceptabiamtdliansubsiance . gter to
carriers and auglllaéy subsianges such as diluents or ex%gl?r}t fhat are ggléng@tlblg with the gther

ingredients of t _g?orﬁ%%tﬁgh. S e et pharacaliticaT COmpostion * itonips<e &R pIg et
comprising &y8 el 9§ rafitents in pre-determined amounts or proportions, as well as any product that
results, directly or indirectly, from combining specified ingredients in specified amounts. Preferably it
encompasses a prodiustaertipasing sHebsr miorebatiuvatinghediems, ardoarroptio malasarfisrconsprising
inert ingreglientscas twelk assany poesibal taibessis;dieetbnor dneipeailyadroBT JMC2040454961- 7
-PCDEP2009106406% £omBinafion,complexation ot agpreaation.of any wotgseygﬁ%saﬁégﬁs are

ingredients, rf%%en%dissomatlongﬁ%'ue or more of th%sp?gredlents, or from other types of reactions or
: nu
r

interactiods of 6fie of & oPtf BiGHELr tvo su ents or one substituent,

10 The term "pharmaceutically acceptable sali" or “pharmaceutically acceptable acid
addition salt” embraces salts with inorganic and organic acids, such as hydrochieric acid, nitric
acid, sulfuric acid, phosphoric acid, citric acid, formic acid, fumaric acid, maleic acid, acetic acid,
succimic acid, tartaric acid, methane-sulfonic acid, p-toluenesulfonic acid and the like. Preferred
18 the hydrochloric acid salt.

15 In detail, the present invention relates to compounds of the general formula (1)

wherein
X-Y is C(R*R®)-0, wherein R® and R” are each independently H, or C,.4-alkyl,
C(RRY-S(O)p, wherein R® and R? are each independently H, or Cy_s-alkyl,
20 C(O)O0,
CH,0OCH,,
CHCH,0, or
Zis CHorN;
R'is halo, cyano, Cu-alkoxy, or C;_-alkyl,
25 R'is H,



The following table lists abbreviations used within the present document. brine saturated sodium
chloride solution in water EDTA ethylendiamin-tetraacetate HEPES
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid high performance liquid chromatography HPLC

Lason's reageyt Zofelaised:methoxyphenyl)- 13 .2,4-dhiadip hosphetane-2 d-glissficle,MS mass
spectroscopy NMR nuclear magnetic resonance RNA ribonucleic acid RT room temperature RT-PCR

Ciaz-alkyl, unsubstituted or substituted with one or more OH, halo, cyano or
Cyp-alkoxy,
-(CH2)q-R’, wherein R® is pheny! or 5- or 6-membered heteroaryl, each unsubstituted or
substituted with one or more substituents mdependently selected from A,
5 {CH,)NRRH,
-C(0)-Crop-alkyl, wherein Ci.p-alkyl is unsubstituted or substituted with one or more
OH, halo, cyano or Cy.jp-alkoxy,
-C(O}CH)OC(0)-Cy1p-alkyl,
-C(OWCH,) NR'RY,
10 -C{0YO-Cyyz-alkyl, wherein alkyl is unsubstituted or substituted with one or more OF,
halo, cyano or Cy2-alkoxy,
-5(0)-C.12-alkyl, or
-S(0)NR'RY,
R’ and R" are each mdependently H, Cy_rp-alkyl, or form together with the nitrogen to which they
) are bound a 3- to 7-membered heterocycloalky! containing one or two heteroatoms
selected from N, O or 5, which heterocycloalkyl is unsubstituted or substituted by one or
more substituents independently selected from B,
Ais  hale, cyano, OH, Cs-alkyl, halo-C;5-alkyl, or C,.7-alkoxy,
Bis  oxo, halo, OH, C;s-alkyl or Cy.7-alkoxy,
20 R'is ClorF,
118 lor2
mis 0,1,2,30r4,
pis 0, 1or2,

qis 1,2, 3 or 4, preferably 1,

or a pharmaceutically acceptable salt thereof,

The terms ‘‘pharmaceutically acceptable carrier” and “pharmaceutically acceptable
auxiliary substance” refer to carriers and auxiliary substances such as diluents or excipients that
are compatible with the other ingredients of the formulation.

30 The term "pharmaceutical composition” encompasses a product comprising specified
ingredients in pre-determined amounts or proportions, as well as any product that results, directly
or indirectly, from combining specified ingredients in specified amounts. Preferably it
encompasses a product comprising one or more active ingredients, and an optional carrier
comprising inert ingredients, as well as any product that results, directly or indirectly, from



reverse-transcriptase polyrnerasc chain reaction Tris alumin u-t(8-hydroxychinolin) 5 Table 1:
abbreviations The invention also provides pharmaceutical compositions,methods of using, and
methods of preparing the aforementioned compounds. The compounds of formula 1 may contain
asymmetric Ggeben géess: Accordingly, the present imvention includes all sigrgeispRagkissiarms of the
compounds of formula 1, including 10 each of the individual enantiomers and mixtures thereof, i.e.
their individual optical isomers and mixtures thereof. Additional asymmetric centers may be present
dependingeipbinatiens SR SReHe af ctasgbytiuentevn ithe mokeeties Etich inguitiastammefrivcentre
will independestlygreduce tvemopticaiisomeaisiand irisintented:hat alt ebthenassibleaptiealisomers
and diasteygomers in Jpixtures and as pure or partially purified compounds are included within this 15
invention. The present invention is meant to comprehend all such isomeric forms of these compounds.
The independe ntheses of th iastereomers or their chromatographic separations may be
achievedpas knvgg\/lvgr??r?%ﬁé%r%%&}/@a?gf)%r(%f)%f%%ﬁrﬁogﬁiﬂcg:%%tig%%fl t Qee rg%ﬁ%%%we&gs‘closed herein. Their

absolute stereochemistry may be détermined by the X-ray crystaifography of trystattine produats or
crystallin: Htes mediatesxvvhicx./h are-tEAVAE Ecé‘{%‘. .cc%]‘l%%g‘ﬁ;,g‘/ﬁ A B ¥ ent containing-an
asymmetti€B8rire of known absolutebaihgiramtoncirerssied, racemic mixtures of the compounds
may be sepgERIEX so that the individuaiehaittienaeisiprerselatesecting separatiangan be carried out

by methojﬁﬂgﬁg@ known in the art, S“%'ﬂgﬁ%é%%&?a‘%ﬁ@ﬂ% &%&nga&&@écgr I’QI%'%JI’G of compounds to an

enantiomericalty pure compound to folio-a diastereomeric-mixture;,
2,4-bis(4d-methoxyphenyl)-1,3.2,4-dithiadiphosphetane-2, 4-

Lawesson’s reagent

disulfide
MS mass spectroscopy
MR nuclear magnetic resonance
RNA ribonucleic acid
RT room temperature
RT-PCR reverse-franscriptase polymerase chain reaction
Tris alummium-tris(8-hydroxvchinolin)

5 Table 1: abbreviations

The invention also provides pharmaceutical compositions, methods of using, and

methods of preparing the aforementioned compounds.

The compounds of formula 1 may contain asymmetric carbon atoms. Accordingly, the

present invention mcludes all stereoisomeric forms of the compounds of formula 1, including

10 cach of the individual enantiomers and mixtures thereof, i.¢. thewr individual optical isomers and
mixtures thereof. Additional asymmetric centers may be present depending upon the nature of

the various substituents on the molecule. Each such asymmetric centre will independently
produce two optical 1somers and it is intended that all of the possible optical isomers and
diastereomers m mixtures and as pure or partially purified compounds are included within this

15 invention. The present invention is meant to comprehend all such isomeric forms of these
compounds. The mdependent syntheses of these diastercomers or their chromatographic
separations may be achieved as known in the art by appropriate modification of the methodology
disclosed heremn. Their absclute stercochemistry may be determined by the x-ray crystaliography

of crystalline products or crystalline intermediates which are derivatized, if necessary, with a

20 reagent contaiming an asymmetric centre of known absolute configuration. If desired, racemic
mixtures of the compounds may be separated so that the individual enantiomers are isolated. The
separation can be carried cut by methods well known in the art, such as the coupling of a racemic

mixture of compounds to an enantiomerically pure compound to form a diastereomeric mixture,



WO 2010/054961- 8 -PCT/EP2009/064565 followed by separation of the individual diastereomers by
standard methods, such as fractional crystallization or chromatography. This applies in particular to
the spirocyclic head group (HG) of the compounds of formula I, namely wherein at least the
spiroatom as yeJl-as ing CH are asymmetric carhpn atoms. It is to be u ?he stood that present
invention incltﬁgsz@jl”i%r%g\(}%ual enantiomers of headmtgt;?bups and mixtures OP Te’%‘é%’ﬂ%%?ﬁ?ég
enantiomers. It is further understood that all embodiments of the invention as described below
may be 10fe8mbiddy witbreaion ofitbe. imlbaciain dmizodimeantsy b dsdsaescahagabayeabgnstY is
C(Rth)-0, whetein-R&akd &lﬁbﬁ{&%@gﬂhy)dependently El, or Ci C(R'Rd)-S(0)p, wherein Re and Rd are
each independently H, or C14-alkyl, and p is 0, 1 or 2, 15C(0)0, CH20CH2, or CH2CHZ20. In

certain embodimenys, B, h.areeach. éj H thyl: in in embodiments, IV is H
and Rb is H or rpae.fhgj.%&ﬁg::gtﬁ\%mbocﬁnqgﬂg@l%%g féliécR%%%fe e%u ?%f@péoﬁgé%tffﬂpgwﬁ%tﬂ;; in
certain embodimen sinl?? 5 H and Rd is H or methyl; in certain embodiments, R™ and Rd are H.
Thereby, pis 0, 1 or 2, preferably 0 or 2. In certain.embodiments, n is 1. In certain embodiments, n is
2. 25In certain embodiments, Z is as desoﬁbeafb’o 2 &\ CH or N. WO 2010/054961- 9
-PCT/EP2009/064565 i Qe

wherein at least the spiroatom as well as Z being CH are asymmetric carbon atoms. It is
to be understood that present invention includes all individual enantiomers of head groups and
mixtures of the respective enantiomers.

It is further understood that all embodiments of the invention as described below may be
10 combined with each other.

In certain embodiments, X-Y is as described above, i.e. X-Y is

C(R*R")-0O, wherein R* and R® ere each independently H, or C; s-alkyl,
C(R°Rd)~8(0)p, wherein R® and R are each independently H, or Cys-alkyl, and p is
0, lor2,

15 C(O)O,
CH,OCH,, or

CH,CH,0.

In certain embodiments, R® and R® are each mdependently H or methyl; in certain
embodiments, R* is H and R” is H or methyl.

20 In certain embodiments R° and R® are each mdependently H or methyl; in certain
embediments, R is Hand RY is H or methyl; in certain embodiments, R® and R® are H. Thereby,
pis 0, 1 or 2, preferably 0 or 2.

In certain embodiments, n is 1.
In certain embodiments, n is 2.

25 In certain embodiments, Z is as described above, 1.e. CH or N,



In certain embodiments, Z is CH. In certain embodiments, Z is N. In certain embodiments, Rl is as
described above, i.e. halo, cyano, Ck7-alkoxy, or C1-alkyl. In certain embodiments, Rl is halo, cyano,
methoxy or methyl. In certain embodiments, RI 5is halo. In certain embodiments, Rl is F or Cl,

preferably F. Wiseralbysiods O, 1, 2, 3 or 4; preferablyd_or L In certain embogifgptaosiddssbalo. In
certain embodiments, Rl is F. In certain embodiments, m is 0. 10In certain embodiments.is 1. In

certain embodiments, X-Y is C(leRb)-0, wherein le and Rh are each independently H or methyl;
CH2-S(0)p, Wherzé’lﬁeﬁtW%P LEET): %IFIQ{HCHZ or C1-12CH20; ZisCHorNand nis 1 or 2.

In certain embodiments, X-Y is C(FeRb)-0, wherein Ra and Rb are each independently H 15 or
methyl; CH2-S(0}p CWW@M@WZ@(D&O CH20CH2, or CH2CH20.  In certain embodiments,
X-Y is C(H,Me)-0, CH2-0, CH2-S(0)2, CH2-S, C(0)0; CH20OCH2, or CH2CH20. In certain
embodiments, Xi¥ @W%@(ﬁbﬁl@)@ 1501sCHROBHE 2bove, LdnicdstaipeemiDdirikaty, XY is-

C(leRb)-OxuyiieraineheinpgiRBiarearh i@gﬁ@eeﬁﬁi@tlma&&%mﬁénwi I GRHAIR &H%@Qﬂ&ﬁ@tﬁix -Yis
C(H, n@thyp}%lgn &eggg&rg 98' é}% >I$C‘Y ISPC(_!;}Z ée g 2% er%;ents X (%)p,
em% Im In

wherein p Is 2. In certain ents -Y'Is Certa otjlrheht
CH2-S. Inte& ﬁh &hBoliments, X-Y is C(0)0. In certain embodiments, X-Y is CH20CH?2. WO
2010/054961- 10 -PCT/EP2009/064565, In certain embodiments, X-Y is CH2CH20. In certain
embodiments of %ﬁé‘?ﬁ%’é‘rﬁ‘%@?@@cﬁ%f{oﬁﬁ@ﬁ -certain embodiments of the invention, R3 is Cl. In

certain embodiments of the invention, R3 is F.
in certain e‘mbodlments,, RY'is F.

in certain embodiments, m is §.
10 In certain embodiments, mis 1.

In certain embodiments, X-Y is C(R*R")-Q, wherein R® and R" are each independently H
or methyl; CHy-5(0),, wherein p is 0 or 2; C(O)0; CH,OCH,, or CH,CH,0; Zis CH or Nand n
islor2

In certain embodiments, X-Y is C(R*R")-O, wherein R* and R® are each independently H
15 ormethyl, CH,-5(0),, wherein p is 0 or 2, C(O)0;, CH,OCH,, or CH,CH,O.

In certain embodiments, X-Y is C(HMe)-O, CHy-O, CHz8(0), CH»-S, C(O)Y;
CH,OCH;, or CH,CH,0.

in certam embodiments, X-Y is CH2-0-, C(H,Me}-0O-, or CH,OCH,.

In certain embodiments, X-Y is C(R*R®)-0, wherein R® and R” are each independently H
20 or methyl.

In certain embodiments, X-Y is C(H,methyl)-O.
In certain embodiments, 3(-Y 18 CH,-O.
In certain embodiments, X-Y is CHy-S(0),, wherein p 1s 0 or 2.
In certain embodiments, X-Y is CH»-8(O)s.
25 In certain embodiments, X-Y is CH,-S,
In certain embodiments, X-Y is C(0Y0.

In certain embodiments, X-Y is CH.OCH..



In certain embodiments of the invention, R2 is as described above. In certain embodiments of the
invention, R2 is H, C1_7-allcyl, unsubstituted or substituted with one or more OH, preferably C!7-alkyl,
CH2-pyridinyl, 10-C(0)-C1.7-alkyl, -C(0)CH2NRIR", wherein 12" andare each independently selected

from C17-alkyo §66@)8£sdy 7-alkyl, or -S(0)2NR'R".wherein R' and P.." aregaghrfndepengently
selected from C;7-alkyl. Examples for R2 are H, methyl, i-propyl, hydroxyethyl,
pyridin-2-yl-methyl, 15 methylcarbonyl, N,N-dimethylamino-methyl-carbonyl, methoxycarbonyl,
t-butoxycarbonyfrofeRiag Sﬂﬂ}éﬁﬁn&ﬁlfﬁﬁﬁ?ﬁé@rred R2 is methyl or i-propyl. In certain
embodiments of the invention, R2 is H. In certain embodiments of the invention, R2 is C14-alkyl,
unsubstituted or S AsstiT R WllTSHES 6F thofeveopréferablyoCt. 7-alky1. 20In certain embodiments of
the invention, R2 is methyl. In certain embodiments of the invention, R2 is propyl. In certain
embodiments of ithesinsierstigm dxacr hytiloxirenyiom Berdil. embodiments of the invention, R2
is-CH2-pyridinyl. In certain embodiments of the invention, R2 is pyridin-2-yl-methyl. 25In certain
embodiments of ithecitaieniicmdRAcs O Cihvzattoy R fisdertain embodiments of the invention, R2 is
methylearbonyl. WO 2010/054961- 11 -PCT/EP2009/064565 In certain embodiments of the
invention, R2 is-G(&E42 MiddRihenherin RivandoR) Rfeseachindependently selected from C1_7-alkyl.
In certain embods of the invention, R2 is N,N-dimethylamino-methyl-carbonyl.

In certain embediments of the invention, R is

H

£l

Ciy-alkyl, unsubstituted or substituted with one or more OH, preferably Cs-alkyl,
-CHa-pyridinyl,

10 -C(0)-C, s-alkyl,
-C(OYCH,NR'R", wherein R’ and R" are each independently selected from C; 5-alkyl,
-C(0)O-Ciq-alkyl, or
-S(O),NR'R", wherein R' and R" are each independently selected from C;--alkyl.

Examples for R® are H, methyl, i-propyl, hydroxvethyl, pyridin-2-yl-methyl,
15 methylcarbonyl, N,N-dmethylamino-methyl-carbonyl, methoxycarbonyl, t-butexycarbonyl, or
N,N-dimethylaminosulfonyl. Preferred R is methyl or i-propyl.

In certain embodiments of the invention, R is H.

In certain embodiments of the invention, R? is Ci7-alkyl, unsubstituted or substituted
with one or more OH, preferably C; 7-alkylL

20 In certain embodiments of the invention, R* is methyl.

In certain embediments of the invention, R” is i-propyl.

In certain embodiments of the invention, R? is hydroxyethyl.

In certain embodiments of the mvention, R? is-CH,-pyridinyl.

In certain embodiments of the invention, R” is pyridin-2-yl-methyl.
25 In certain embodiments of the invention, R” 15-C(0)-C 5-alkyl.

In certain embodiments of the invention, R” is methylcarbonyl.



In certain embodiments of the invention, R2 is -C(0)O-C1_7-alkyl. In certain embodiments of the
invention, R2 is methoxycarbonyl. In certain embodiments of the invention, R2 is t-butoxycarbonyl.
In certain embodiments of the invention, R2 is S(0)2NR112% wherein R and R" are each
independentiyselecteddrom Ci_7-alkyl. In certain embodiments of the invertioapR@siss4sss
N,N-dimethylaminosulfonyL 10In certain embodiments of the invention, the spirocyche head groups
are selected from (1s,41s)-3H-spiro[2-benzofuran-1,11-cyclohexan]-4'-yl,. o ;
(1r,4'r)-3H-spiroE?—B%fﬁ%@i%qﬁﬁﬂfﬁgﬁdﬁﬁl’%ﬂ'I&,B‘rﬁ‘-@ﬁ)@?ﬁc[éz BriZo fihsrRE Ar-dhidefidark 1 -y,
7-fluoro-1 €t |8 kdspiraf2ablezbfoainiom (hipeddin1-1'-y1, 156-fluoro-I'H,3H-spiro
[2-benzofuran-1,41-piperidin]-1'-yl, 5-fluoro-1'H,3H-spiro[2-benzofuran-1,4'-piperidin]-11-yl,
3-methyl-I'H,3H-Bpitof2ibenbofinam:t & pipendinist - BN Spidai2thenndno-methyl-carbonyl.
furan-1,41-piperidin]-3-on-I'-yl, I'H,3H-spiro [2-benzothiophene-1,41-piperid irt]-1'-yl, 20
2,2-dioxido-1'H, 3cepisia[nenzathienitene dvémpipe ndin]-Lap)did:spimeyt
[isochromene-4,4'-piperidin]-11-yl, 3,4-dihydro- I'H-spiro[isochromene-1,4'-piperidin] "-y1,

(4S)-3U-spiro[azepanent ki benzotiran il SLHARR3E rsekelazamane:4,11-Ribenzofirankyl. WO
20101054961- 12 -PCTIEP2009/064565 In certain embodiments, the spirocyclic head group HG is

WO 2010105496171 3,:PGIER2RAR/064RrER @ ceiain emhodinan9f the invention, the compound

ofula | is provided wherein X-Y is C(Rale)-0, wherein fe and Rh are each independently H or methyl,
5CH2-S(0)p, whereinp:is Q.08 Zrocnts of the invention, R is S(O)LNRR" wherein R' and R are esach
mdependently selected from C; y-alkyl.

In certain embodiments of the invention, R? is N,N-dimethylaminosulfonyl.

10 In certain embodiments of the mvention, the spirocyclic head groups are selected from

(18,4's)-3H-spiro[2-benzofuran-1,1-cyclohexan}-4'-yl,
(1r,4'r}-3H-spiro{2-benzofuran-1,1"-cyclohexan}-4'-yl,
I'H,3H-spiro{2-benzofuran-1,4-piperidin}-1 -y,
7-fluorg-1'H,3H-spiro[2-benzofuran-1,4-piperidin]-1'-yl,

15 6-fluore-1H,3H-spiro[2-benzofuran-1,4-piperidinj-1"-vl,
5-fluoro-1'H,3H-spiro[2-benzofuran-1,4'-piperidin}-1-yl,
3-methyl-1H,3H-spirof2-benzofuran-1,4-piperidin]-1'-yi,
3H-spiro[2-benzofuran-1,4-piperidin]-3-on-1"-yl,
I'H,3H-spiro|2-benzothiophene-1,4"-pperidin}-1'-yl,

20 2,2-dioxido-1'H,3H-spiro[ 2-benzothiophene-1,4"-piperidin]-1"-yl,
1H-spirolisochromene-4,4"-pipenidin]-1'-yi,
3,4-dihydro-1"H-spiro{isochromene-1,4-piperidin}-1'-yi,
(48)-3'"H-spiro[azepane-4,1'-[2]benzofuran]-yi, or

(4R)-3'H-spiro[azepane-4,1'-[ 2 ]benzofuran]-yl.



C(0)0, CH20CH2, CH2CH20, ZisCH or N; 10 R' ishalo, ands 0 or 1; R2 is H, unsubstituted or
substituted with one or more OH, preferably Ci_7-alkyl, -CH2-pyridinyl, 15-C(0)CH2NRIRIl, where R’
andare each independently selected from Cu-alkyl, -C(0)0-C1_7-alkyl, or -S(0)2NRile, wherein R' and
Rii are each ipdependsantly selected from C17-alkyl; B3 is Cl or F, preferably-Glabigh k242001 a
pharmaceutically acceptable salt thereof In a certain embodiment of the invention, the compound
of formula I is provided as a subset of formula I' WO 2010/054961- 14 -PCT/EP2009/064565 wherein
FIG is selected flBIfFEAY enbuigothshe eutoryHic ied swesdibdd above, R2 is H, unsubstituted or
substituted with one or more OH, preferably Ci..7-alkyl, CH2-pyridinyl, C(0)CH2NWRAIl, Wg_t_}ereln Ri

HG-9




10-S(0)2NRiRii, wherein ft." and RH are each independently selected from C1_7-alkyl; R3 is Cl or F,
preferably ClI, nisl or 2, or a phaimaceutically acceptable salt thereof. Examples for thg
compound according to the invention are shown in the experimental 15 part. The table below lists

example comf@undssksdi Structure Ex.# Structure_Ex.# Structure 1 X | dr?é%éﬁz&)§364§35

In a certain embodiment of the invention, the compound of formuia 1 is provided

wherein
X-Y is C(R*R")-0, wherein R® and R” are each independently H or methyl,
5 CH,-5(0)p, whereinp is 0 or 2,
(OO,
CH,OCH,,
CH,CH,0,
Zis CHorN;
10 R'is  halo, and mis 0 or 1:
R’is H,

Cr-alkyl, unsubstituted or substituted with one or more OH, preferably C;.;-alkyl,
-CHo-pyridinyl,
-C(0)-C r-alkyl,
15 -C(OYCH,NR'RY, wherein R' and R¥ are each independently selected from C; y-alkyl,
~C{OYO-Cy-alkyl, or
-S(O)gNRiRﬁ, wherein R’ and R are each independently selected from C;-alkyl;
R’is ClorF, preferably Cl,

nis lor2,
20 or a pharmaceutically acceptable salt thereof.

In a certain embodiment of the invention, the compound of formmula I is provided as a

subset of forrmula I



r5,Zpnoc.150z2 28 C NH WO 2010/054961- 15 -PCT/EP2009/064565 Exit Structure Exit

Structure

WO 2010/054961
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PCT/EPZ009/864565

HG 1s selected from any one of groups HG-1 to HG-14 as described above,

R? is
5
10
R’ is
nis

H,

Cig-alkyl, unsubstituted or substituted with one or more OH, preferably C)r-alkyl,

-CHy-pyridinyl,
-C(O)—C] &7~alkyi,

-C(OYCH,NR'R¥, wherein R and Rf are cach mdependently selected from C; 7-alkyl,

~C(3)0-Cy 5-alkyl, or

-S(0)NR'R", wherein R and R are each mdependently selected from Ci5-alkyl;

Clor F, preferably Cl,

lor2,

or a pharmaceutically acceptable sali thereof

Examples for the compound according to the invention are shown in the experimental

15  part. The table below lists example compounds.

Ex# | Structure Ex# | Structure Exd | Structure
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Table 2: Structures of sclected examples.

Preferred compounds of the invention are shown in the examples. Particularly preferred
are
tert-butyl &-chloro-1-[(1r,41)-3H-spiro] 2-benzo furan-1,1'-cyclohexan-4'-yl]-4H-

5 [1,2,4)triazolo[4,3-a][1,4]benzodiazepine-5(6H)-carboxylate;
8-chioro-1-{(1r,4'r)-3H-spiro[2-benzofuran- [, [-cyclohexan]-4'-yl}-5,6-dihydro-4H-
[1,2,4}triazolo[4,3-a][1,4]benzodiazepine hydrochloride;
8-chloro-5-methyl-1-[(1r,4')-3H-spiro[2-benzofuran-1,1'-cyclohexan]-4'-yi}-5,6~dihydro-4H-
[1,2,4]triazolo[4,3-a][1,4]benzodiazepine;

10 8-chloro-1-{(1s,4's)-3H-spiro[2-benzofuran-1,1"-cyclohexan]-4'-yl}-5,6-dihydro-4H-
[1.,2,4]triazolo]4,3-a][ 1 4]benzodiazepine hydrochloride;
tert-butyl 8-chloro-1-(1'H,3H-spiro[2-benzofuran- 1,4"-piperidin]-1'-yi)-4H-[ 1,2 4 }triazolo[4,3-
al{1,4]benzodiazepine-5(6H)-carboxylate;
8-chloro-5-methyl-1-(1'H,3H-spiro[2-benzofuran- 1. 4"-piperidin]- 1 -y1)-3,6-dihydro-4H-

15 [1,2,4}triazolef4,3-a][ I 4]benzodiazepine;

&-chloro-S-isopropyl-1-(1'H,3H-spiro[2-benzo furan- 1,4 -piperidinl-1'-y1)-5,6-dihydro-41-
[1.2 4}triazolof4,3-a]{ 1,4 ]benzodiazepine;
8-chloro-5-(pyridin-2-ylmethyl)-1-(1'H,3H-spiro[ 2-benzofuran-1,4"-piperidin]-1'-y1)-5,6-
dihydro-4H-[1,2,4}triazolo[4,3-a]{ | 4]benzodiazepine;

20 S-acetyl-8-chloro-1-(1'H,3H-spiro[2-benzofuran-1,4"-piperidin}-1'-yl)-3,6-dihydro-4H-
[1,2,4]triazolof4,3-al{1,4]benzodiazepine;
2-[8-chloro-1-(1'H,3H-spivo[2-benzofuran-1,4"-piperidin}-1'-y)-4H-[1,2 4 jiriazolo[4,3-
al{1,4}benzodiazepin-5(6H)-y1]-N,N-dimethyl-2-oxoethanamine;
tert-butyl 8-chloro-1-(6-fluoro-1"H,3H-spiro[2-benzofuran-1,4"-piperidin}-1"-y1)-4H-

25 11,2,4}tnazolol4,3-a]| 1,4]benzodiazepine-5(6H)-carboxylate;
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§-chloro-1-(6-fluoro-1'H,3H-spiro[2-benzofuran-1,4-piperidin]- 1 -yl)-5-methyl-5,6-dihydro-4H-
[1,2,4]triazolo[4,3-a][ 1,4 ]benzodiazepine;
8-chloro-1-(7-flucro-1'H,3H-spire{ 2-benzofuran-1,4"-piperidin]- 1'-y1}-5-methyl-5,6-dihydro-4H-
[1,2,4]triazolo[4,3-a)[ 1 ,4]benzodiazepine;

5 &-chlore-i~(5-fluoro-1'H,3H-spiro[ 2-benzofuran- 1 4"-piperidin}-1'-yi)-5-methyl-5,6-dihydro-4H-
[1.2.4]trazolo[4,3-a]] 1,4 benzodiazepine;
tert-butyl 8-chloro-1-(3-methyl-1'H,3H-spiro[ 2-benzo furan-1,4"-piperidin]-1'-yl)-4H-
[1,2,4)triazolo[4,3-a]f | ,4]benzodiazepine-5(6H)-carboxylate;
8-chloro-S-methyl-1-(3-methyl-1'H,3H-spiro[ 2-benzofuran- 1,4"-piperidin]-1'-y)-5,6-dihydro-

10 4H-[1,2,4}triazolof4,3-a]] 1 ,4]benzodiazepine,
I'«(8-chloro-3-methyl-5,6-dihydro-4H-1,2,4]triazolo[4,3-a][ 1,4]benzodiazepin-1-y1)-3H-
spiro{2-benzofuran-1,4"-piperidin]-3-one;

§-chloro-5-methyl-1-(1'H,3H-spiro[ 2-benzothiophene-1,4"-piperidin]-1"-y1)-5,6-dihydro-4H-
[1,2,4]triazolo[4,3-a}{ 1 4]benzodiazepine;

15 8-chloro-1-(2,2-dioxido-1H,3H-spiro[2-benzothiophene- 1,4 -piperidin]- 1 -y1)-3-methyi-5,6-
dihydro-4H-[1,2,4]triazolo[4,3-a][1,4Tbenzodiazepine;
}'-(8-chloro-5-methyl-5,6-dihydro-4H-[1,2,4]triazolo[4.3-a][ 1,4]benzodiazepin- 1 -y1)- 1 H-
spiro[isochromene-4,4'-piperidine];
I'-(8-chloro-5-methyl-5,6-dihydro-4H-[1,2,4}triazolo[4,3-a)i 1 ,4]benzodiazepin-1-yl}-3,4-

20 dilrydrospiro[isochromene-1 4'-piperidine];
(+)-1-(8-chloro-5-methyl-3,6-dihydro-4H-{1,2,4]triazo 10[4,3-2][ 1,4 benzodiazepin- 1-yi)-3'H-
spirofazepane-4,1'-[2]benzofuran]; or
(-)-1-(8-chloro-5-methyl-5,6-dihydro-4H-[1,2,4]triazolo[4,3-2][ 1,4 ]benzodiazepin-1-yl)-3'H-

spiro[azepane-4,1'-[2]benzo furan],
25 Most preferred are the following compounds:

{+)-1-(8-chloro-5-methyl-5,6-dihydro-4H-[1,2,4]triazolo[4,3-a][ 1,4 benzodiazepin-1-y1)-3'H-
spirofazepanc-4,1'-[2benzofuran],
8-chloro-5-methyl-1-[(1r,4'r)-3H-spiro[2-benzofuran-1,1"-cyclohexan]-4'-yi]-5,6-dihydro-4H-
[1,2,4]triazolo[4,3-a][ | .4]benzodiazepine,

30 8-chloro-5-methyl-1-(3-methyl-1"H,3H-spiro[ 2-benzo furan-1,4'-piperidin]-1'-y1)-3,6-dihydro-
4H-[1,2,4]triazolof4,3-alf 1,4]benzodiazepine,
(-)-1-(8-chloro-5-methyl-5,6-dihydro-4H-[1,2,4]triazolo[4,3-a]{ 1,4 |benzodiazepin-1-yi)-3'H-

spiro|azepane-4,1'-[2]benzofuran],
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8-chloro-5-methyl-1-(1'H,3H-spiro[2-benzo furan- 1.4'-piperidin]-1-yl)-5,6-dihydro-4H-
[1,2,4]triazolo[4,3-a][1,4]benzodiazepine,

'-(&-chloro-3-methyl-5,6-dihydro-4H-[ 1,2,4 Jtriazolo[4,3-a][ 1,4 [benzodiazepin-1-y1)- 1 H-
spiro[isochromene-4,4"-piperidine],
8-chloro-1-(6-fluoro-1'H,3H-spiro{2-benzofuran-1,4'-piperidin]- 1 -yl)-5-methyi-5,6-dihydro-4H-
[1.2,4]triazolo]4,3-a][1,4]benzodiazepine,

(943

8-chloro-5-isopropyl-1-(1'H,3H-spiro[ 2-benzofuran-1.4"-piperidin]-1"-y1)-3,6-dihydro-4H-

[1,2,4]triazolo[4,3-a][ 1 ,4]benzodiazepine, or

8-chloro-1-(5-fluore-I'H,3H-spiro{ 2-benzofuran-1,4"-piperidin]-1-yi}-5-methyl-5,6-dihydro-4H-
10 [1,2,4}triazolo[4,3-8][ 1,4]beuzodiazepine.

In a certain embodiment, the compounds of formula (I) of the invention can be

manufactured according to a process comprising the step of reacting a compound of formula an

x—¥

1]

with a compound of formula (1IT)

: /

15 1

to obtain a compound of formula (I-1) wherein R’, R?, X-Y, m and n are as defined
hereinabove for formula (1) and 7 equals CH.

In another embodiment, the compounds of formula (I} of the invention can be

manufactured according to a process comprising the step of reacting a compound of formula (IV)
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to obtain a compound of formula (I-2) wherein RY, R®, X-Y, m and n are as defined
heremabove for formula (1) and Z equals N.

A certain embodiment of the invention is a compound as described in any of the

embodiments obtainable by a process according as described above.

A certain embodiment of the invention is a compound as described in any of the

embodiments, whenever obtained by a process according as described above.

A certain embodiment of the invention is a compound as described in any of the

embodiments for the use as therapeutically active substance.

A certain embodiment of the invention is a compound as described in any of the
embodiments for a use in the prevention or treatment of dysmenorrhea, male or female sexual
dysfunction, hypertension, chronic heart failure, inappropriate secretion of vasopressin, liver
cirrhosis, nephrotic syndrome, anxiety, depressive disorders, obsessive compuisive disorder,

autistic spectrum disorders, schizophrenia, and aggressive behavior.

A certain embodiment of the invention is a pharmaceutical composition comprising a

compound as described in any of the embodiments.

A certain embodiment of the mvention is a pharmaceutical composition comprising a
compound as described in any of the embodiments, wherein it is useful for the prevention or
freatment of dysmenorrhea, male or female sexual dysfunction, hypertension, chronic heart

failure, inappropriate secretion of vasopressin, liver cirrhosis, nephrotic syndrome, anxiety,
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depressive disorders, obsessive compulsive disorder, autistic spectrum disorders, schizophrenia,

and aggressive behavior,

A certain embediment of the invention is the use of a compound as described in any of

the embodiments for the preparation of a medicament.

5 A certain embodiment of the invention is the use of a compound as described in any of
the embodiments for the preparation of a medicament, wherein the medicament is useful for the
prevention or treatment of dysmenorrhea, maie or female sexual dysfunction, hypertension,
chronic heart failure, inappropriate secretion of vasopressin, liver cirrhosis, nephrotic syndrome,
anxicty, depressive disorders, obsessive compulsive disorder, autistic spectrum disorders,

10 schuzophrenia, and aggressive behavior.

A certain embodiment of the invention is the use of a compound as described in any of
the embodiments for the prevention or treatment of dysmenorrhea, male or female sexual
dysfunction, hypertension, chronic heart failure, nappropriate secretion of vasopressin, liver
cuthosis, nephrotic syndrome, anxiety, depressive disorders, obscssive compulsive disorder,

15 autistic spectrum disorders, schizophrenia, and aggressive behavior.

A certain embodiment of the invention is a method for the therapeutic andfor
prophylactic treatment of dysmenorrhea, male or female sexual dysfunction, hypertension,
chronic heart failure, inappropriate secretion of vasopressin, liver cirrhosis, nephrotic syndrome,
anxiety, depressive disorders, obsessive compulsive disorder, autistic spectrum disorders,

20 schizophrenia, and aggressive behavior, which method comprises administering a compound as

defined in any if the embodiments to a human being or animal.

These processes are described in more detail with the following general schemes and

procedures A to H.

X—Y “ S . : .
( )ﬂ H N b ; ~
RY. N"‘NH + n-hutancl N
2 =X . AN reflux /@CS
O \Rz

I 111 i1

25  Scheme 1. General Scheme A

Compounds of formula (I-1) (compounds of formula (I) in which Z is CH) can be
prepared by thermal condensation of a hydrazide derivative of formula (II) and a thiolactam
derivative of formula (1II). Compounds of formula (II) can be prepared following the general
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scheme E as described hereinafter. The synthesis of compounds of formula (111) is outlined in
general scheme D hereinafier. General scheme A is bereinafter further illustrated with general

procedure 1.

K=Y
B
rYN\ KoY ) (] )n
/N neat orin R1_ N N
N {])ﬂ sulfolane \ff ‘N
+ Rm N —— N /
R® H  130-160 °C m
AN
N2
R R3 N\
R2
Y Y I-2

5  Scheme 2: General Scheme B

Compounds of formula (1-2) {compounds of formula (I) in which Z is N) can be prepared
by thermal condensation of a brometriazole intermediate of formula (IV) and an amine
derivative of formula (V). The synthesis of compounds of formula (IV) is outlined in general
scheme D hereinafter. The compounds of formula (V) are cither commercially available or

10 prepared using methods known in the art starting from commercially available materials,
Alternatively, compounds of formula (V) can be prepared following the general schemes F, G or
H as described hereinafter.



Preferred compounds of the invention are shown in the examples. Particularly preferred are ter-butyl
8-chloro-1-[(1r,410-3H-spiro[2-benzo furan- 1, 1 '-cyclohexan]-4'-y11-4H -
5[1,2,41triazolo[4,3-41,4Thenzodiazepinc-5(6H)-carboxylate; 8-chloro-1-[( | r,4'r)-3H-sp iro [2-benzo
furan- |, 11-cysiohexanhsk1y11-5,6-dihydro-4H[1,2,4}i§azolo[4,3-a][1,4]benzediasspinsdysrochloride;
8-chloro-5-methy1-11( 1r,410-3H-spiro[2-benzo furan- |
'-cyclohcxan]-4'-y11-5,6- dlh)(d_l’{? 4H[1,2,41triazolo[4,3-a][1, 4]benzod|)§ze(p|ne
108-chloro-1-[(1s,41s)-3H-gpiro{2<ben ofuran 1,1t-cyclohexan]-4t-y¥1-56-d
[1,2,4]triazolo[4,3- a]{@ 41benzdsdiazepinc g%/drochlorldgg@en-%tyl
8-chloro-1-(11-1,3H-spifq[2:benzo a?f “piperidin]-1-y1)- AH-FL.; Fovlel N,
a][1,4]benzodiazepine-5(6H)-carboxyla g:%‘chloro -5-methyl-1- (113,3H splro 2 ﬁg %ran-1,4'-pipe
o

din]-1'-yl)-5,6-dihydro-4H- 15[1,2 4zolo[¥,3-a][1,4]benzodiazepine;
8-chloro-5-isopropyl-1-(11-1,3E1<spige|2-benzofuran-1,4r-pipc d n]-1' ;é;_l, thydrg-411-
[1,2,4]triazolo[4,3-41,4Thenzodiazepine;

8-chloro-5-(pyridin-2-ylmethyl)-1-(1113, 3H enzofuran-1,41-piper din]-11- yl)Hs 6-
dihydro-4H-[1,2,41triazolo[4,3-a][1, 4]benzod|a ep c; 205-acetyl-8-chloro-14 1
'H,31-1-spiro[2-benzofuran-1,4t- plpqudln] -1'-y0-5,6- dlhydro -4H-
P,2,41triazolo[4,3-41 4Thenzod|azep|ne
2-[8-chloro-1-(111,3H-spiro[2-benzofuran-1,4'- pl&erl‘,dln] -1'-y1)-4 [ 2,4)triazolo[4,3-
a][1,4Thenzodiazepin- 5(3?) -A-N,N- dlmgthyl -2-PXO€y g ine; tert-butyl
8-chloro-1-(6-fluoro-11 YBenzofu -p|p ridin]-11-y0-41-1-
25[1,2,4]triazolo[4,3- 414@‘“‘&%&% 5 @ - 50%4}\\) 2010/054961- 18

-PCT/EP2009/064565 &rchloro-1-(6-fluoro- 1 'H,3H-spirg[2- qﬁ uran-1,4
3-a

Ib

piperidin]-11-y1)-5-met71-8, BagihyeiverdH[ 1,2 Altriazg 1\4]benzodiazepine;
8-chloro-1-(7-fluoro-I'H,3H-spiro[2-benzofuran-1,4 -114y 1 )-5-met hy
[-5,6-dihydro-4H][1,2,4]triazo lo[4,3-ali 1,4Thenzodiazepine; Ny
58-chloro-1-(5-fluoro-1'H,3H-spiro[2-benzofuran- 4 piperidin]-1r- yT) 5-methyl-5,6-dihydro-4H-

Scheme 3: General Scheme €

Compounds of formula (I} with R” different from H can be prepared from compounds of

formuia (I-b) (compounds of formula (1) wherein R is H) according to methods known in the art,

5 eg. by treating a compound of formula (I-b) with an inorganic base such as a carbonate salt or an

organic base such as a tertiary amine and an electrophilic reactant R*-LG (wherein LG is a

leaving group, e.g. halogen or sulfonyl) which is cither commercially available or easily

prepared according to methods and starting materials weil known in the art. Alternatively,

compounds of formula (I} can be obtained via reductive alkylation by consecutively treating a

10 compound of formula (I-b) with a ketone or aldehyde and a suitable reducing agent, e.g. a

borohydride derivative such as sodium borohydride, sodium cyanoborohydride or sodium

triacetoxyborohydride. Compounds of formula (I-b) can be obtained by cleavage of the

substituent R” of compound of formula I usmg methods known in the art. Compounds of formula

(I-b) are conveniently obtained as the salt or the fice base after basic aqueous work-up by

15 treatment of compounds of formula (I-a) (compounds of formula (I) in which R? is tert-

butoxycarbonyl) with an acid in a suitable solvent, e.g. methanesulfonic acid in dichloromethane

or tetrahydrofuran or hydrochloric acid in methanol. General scheme C is hercinafier further
iHustrated with general procedures 11 and IIL



[1,2,4]triazolo[4,3-aR | ,4]benzodiazepine; tert-butyl
8-chloro-1-(3-methy1-11H,3H-spiro[2-benzofuran-1,4r-piperidin]-11-y1)-4H[1,2,4]triazolo[4,3-ali |
,4Thenzodiazepine-5(611)-carboxylate; 8-chloro-5-mcthy1-1-(3-methyl- 1 '11,3H-spiro[2-benzo
furan-1,41-piperdinbhdsyd)-5,6-dihydro- 10 4H41,2 4 1triazolo[4,3-41,41bepgqdiazenine,. l.-(8-ch
loro-5-methy1-5,6-dihydro-4H-[1,2,4]triazolo[4,3-41,4Thenzodiazepin-1-y1)-3Hspiro[2-benzofuran-1,4r-
piperidin]-3-one; 8- chIoro 5-methyl-1-(1111,3H- sp|r0[2 bpnzotf{h phene 1,4'-pip
din]-1Ly1)-5,6-dih -4 ,Z;Sﬂﬁfiﬁzolo[4,3- '% NO,
8-chloro-1-(2,2-digxidg-I'H. 3HE§1§|ro!2 ben I] phene fzféﬂmperldm] 11 y methyl -5,6-
dihydro-4H41, X JAjtriazolp[4,3- é}‘]{ 4 henf"odlaepl e,
11-(8-chloro-5-methyl- Scéﬂdlh Siah- -[1,2 4]tr|az§Fo[4 ngtﬂioh]benzodlazep 1- yil%,],bﬁ\
[isochromene-4,4'-piperidine] ; 148 -chloro-5;methyl-5,6-dihydro-4H-[1,2,4]triazo10
[4,3-a][1,4]benzodiazepin-I-y1)-3.4- 20 dihydrospiro[isochromenc-1,4Lpiperidinel.,
(+)-1-(8-chloro-5- met 1-5,6-dihydro-41-141,2,41triazo

lo[4,3-41, 4Then 1)fﬁﬁq)yl) -3'Hspirdfazepane-4,1142 Fhenzofuran .o_ NH,
(-)-1-(8-chloro-5- mé‘tph -Meth{i's 6-diny @l_ 141 2 4]triazoldld/3-41,4The azepin 1
-y1)-3'Hspiro[azepane-4,11- [2]’Benz : Most pré gg [eggd are thie fotfowng mpounds
(+)-118-chloro-5ermethgt-5,6- dlhydr6)—:$TH‘Xr triazo tf@d,3-a][1, 4Ther¢z%d
[azepane-4,1142Thenzo furan], o
8-chloro-5-methy1-1-[(1r,4'0-3H- sp>&[2 benzofuran 1,11-cyclohexan] yl] -5, 6 -dihydro-4H[1,2,41tria
zolo[4,3-41,4Thenzodiazepine,

308-chloro-5-methy1-1-(3-methyl- II—pBI—bspwo[Z henzafyran-1,4"-piperidinj:1'- yl) -5,6-4ihydro-

4H-[1,2 4]triazolof48>4 1,41 benzeadiazepine, reagent

(-)-1-(8-chloro-5-mgthy1®5,6-d -[1,2 4]tr ; -a]Ll,]be zggazepln 1
é‘ /054961~ 1-P IEP2009/064565 8-ch
%n I
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Scheme 4: General Scheme D

Thiolactam derivatives of formula (11I-1) (compounds of formula (111) in which R” is tert-
butexycarbonyl) and bromotriazole derivatives of formulas (IV), (IV-1) (compounds of formula

5 (IV)in which R? is tert-butoxycarbonyl), and (IV-2) (compounds of formula (I'V) in which R” is
H) can be obtained as follows: Transformation of a 2-nitrobenzy] alcohol of formula (a) to a
benzylic chloride of formula (b) can be effected by a chlorinating reagent such as thionyl
chioride in the presence of an organic tertiary amine base. Allcylation of a compound of formula

(b} with glycme ethyl ester hydrochloride in the presence of an organic tertiary amine base and



11-(8-chloro-5 -methy1-5,6-dihydro-4H -[1,2,4]triazolo [4,3 -a][ 1,4Thenzodiazepin- | _
-y1)-1HSpiro[isochromene-4,41piperidinell, 58-chloro-1-(6-fluoro- 1'H,3H-spiro[2-benzofuran-1,4'-pip
din]-11-y1)-5-methy1-5,6-dihydro-4H- [1,2,41triazolo[4,3-41,4Thenzodiazcpine, 8-chloro-5-isopropyl-1-(
'Il,31-1-spiro[Askeenaoksan: 1,4'-piperid 1]-1 -yl)-5,6-diydro-4H[ PCT/EP2009/064565
1,2,4]triazolo[4,3-a][1,4]benzodiazepine, or  8-chloro-1-(5 -fluoro- 11-1,3H-sp|ro[2-benzofyran- 1
,41-piperidin]-11-y1)-5-met hy1-5,6-dihydro-4H- 1 O[ 1,2,4]triazo lo[4,3-a][ 1,4Thenzodiazep inc. In
a certain eMBERIFHET, WhdEofppbin sTrroNRdIaf(fPontke (vantien ddarbbutvhnidadioned acdording to
a process ceriprisingdhe sep-df redotistyd:aanoporid o biomutaniblh e 6 iR campaunGef
formula (1hrdaliban Hia- QRN @ LOMPRUAL RIARIBIALL SHMRAIEIR BRI Rz, e M, ARG RATE2S

' i 1) and Z equals CH...  In another embodiment, the compounds of
formule () B e Tttt B B AN TR G AR tEn A 1'% RS CORTEHE o el o
reacting a t8RBBURTY B fEiHSIA fFnmwiD DisLorbisagbhy PoaipCT/FS 20091064566 favwith @ vofmpound
of formula IV} %b¥e base, e.g. potassium tert-butoxide, in tetrahydrofuran. A thiolactam derivative of

formula (111-1} is obtained by treatment of a compound of formula (f) with Lawesson’s reagent
(2,4-bis-(4-methoxyphenyl)-1,3,2.4-dithiadiphosphetane-2,4-disulfide) or phosphorous penta-
sulfide at elevated temperature. A thiolactam of formula (111-1) can be converted to a triazole
10 derivative of formula (g) by condensation with formylhydrazine. A compound of formula (v-13
(compounds of formula (IV) wherein R” is tert-butoxycarbonyly can be obtained by reacting a
compound of formula (g} with 2 suitable brominating agent such as N-bromosuccinimide.
Compounds of formula (I'V-2) (compounds of formula (I'V) wherein R” is H) are obtained as the
salt or the frec base after basic aqueous work-up by treatment of compounds of formula (Iv-1)
15 with an acid i a suitable solvent, e.g. methanesulfonic acid in dichloromethane or
tetrahydrofuran or hydrochloric acid in methanol Compounds of formula (IV) with R? different
from H can be prepared using methods known in the art, e.g. by treating a compound of formula
(IV-2) with an morganic base such as a carbonate sait or an organic base such as a tertiary amine
and an electrophilic reactant R*-LG (wherein LG is a leaving group, ¢.g. halogen or sulfonyl)
20 which is either commercially available or easily prepared according to methods and starting
materials well known in the art. Alternatively, compounds of formula (}V) can be obtained via
reductive alkylation by consecutively treating a compound of formula (J-b) with a ketone or
aldehyde and a suitable reducing agent, e.g. a borohydride derivative such as sodium
borohydride, sodium cyanoborohydride or sodium triacetoxyborohydride. Compounds of
25 formula (IV-3) (compounds of formula (IV) wherein R” is methyl) can be prepared by reductive
methylation using paraformaldehyde.



V to obtain a compound of formula (T-2) wherein R.1, R2,m and n are as defined 5 hereinabove for
formula (1) and Z equals N. A certain embodiment of the invention is a compound as described in
any of the embodiments obtainable by a process according as described above. A certain
embodiment af¢hsinveniion is a compound as desckiped in any of the emhqdiments, whenever
obtained by a process according as described above. 10A certain embodiment of the invention is a
compound as described in any of the embodimenkﬁ for the use as thera%gutically active substance.

A certain embodiment of{he invention is a compo
use in the prevention or
chronic heart failure, ina

das described in anygf the embodiments for a

sessive compulsive d r, ' r disorders,
esgive cor sive e Wspect SO ders

anxiety, depressive disorder
schizophrenia, and aggressive-péhaviot. A certain embodiment®f the invention is a

pharmaceutical composition cogprising a compound @s/églescribed in any of thembodiments. A
certain embodiment of the invention is a pharmaceutieal composition comprising a 20 compound as

use of a compound as describegk in any of embagiments.ier.the preparation of a medicament.

A certain embodiment of the [Pxention is the [ise of @émpound as describgd in any of the
embodiments for the preparation of a medigdmgnt, wherein the medicaperitis useful for the
prevention or treatment of dysmenorrhea, male or female sexual dysfungfion, hypertension, chronic
heart failure, inappropriate secretion of vasopressin, fiver cirrhosis, ncphrgf_ilc_asyndrome, anxiety,
depressive disorders, obsessive compulsivg disqrdersaytigtic-spectrum disorders, 10 schizophrenia,

and aggressive behavior. A certain embodiment of the invention is the use of a compound as
described in any of the embodiments for theg pt&VERtETHEF FELENn &R 6f dysmenorrhea, male or female
sexual dysfunction, hypertension, chromic heart failure, inappropriatg;secretion of vasopressin, liver
cirrhosis, nephrotic syndrome, anxiety, essive disorders, obsesspa.compulsive disorder,

1} ethyt chicroformate,
EL.N, THF, 0°C

2} hydrazine hydrate,
MeQH, 0°C to RT

A
i
1 NH,
I-1-b

Scheme 5: General Scheme E

Hydrazide intermediates of formula (II-1) (compounds of formula (IT) in which X-Y is

CHz-O and n equals 1) can be prepared as described hereinafter starting from secondary alcohol

5 intermediates of formula (h). The latter can be prepared according to a method described in the
literature (F. J. Urban, G. Anderson; Organic Process Research & Development 1999, 3, 460-
464). A methanesulfonic acid ester of formula (i) can be obtained by treatment of a compound of
formula (h) with methanesulfonyl chloride and a tertiary amine base. Treatment of a compound

of formula (i) with sodium cyanide in dimethylsulfoxide yields a nitrile derivative of formula ().

10 which can be solvolyzed to an ester intermediate of formula (k) in refluxing ethanolic hydrogen
chloride sotution. A compound of formula (k) can be converted to a hydrazide derivative of
formula (II-1-a) (2 compound of formula (1I-1) in which the hydrazide and phenyl proups are
oriented ¢is relative to each other) by heating with hydrazine hydrate. Alternatively, an ester

derivative of formula (k) can be hydrolyzed under epimerization to a carboxylic acid derivative



15 autistic spectrum disorders, schizophrenia, and aggressive behavior. A certain embodiment of
the invention is a method for the therapeutic and/or prophylactic treatment of dysmenorrhea, male or
female sexual dysfunction, hypertension, chronic heart failure, inappropriate secretion of vasopressin,
liver cirrhosis wgphi@ticssyndrome, anxiety, depresswe disorders, obsesswgcc&qﬁgw@g/ag§order
autistic spectrum disorders, 20 schizophrenia, and aggressive behavior, which met comprises
administering a compound as defined in any if the embodiments to a human being or animal.

These procddeEs e aserdasinr fe dotsid withethfd HoRiny gere dibSohemesane pracatiutes A to

H.'R.2 in||h;tdﬁ@ﬁemmﬁvmrefahﬁmmmeﬁrs:mmﬁd%préﬁmulqur})lﬁwmap%derv@%ﬁe'a (1)
orm

in which Z js, ﬁﬂr}:ﬁﬁlﬁr %P@&ﬁ%@éﬁ%%@%‘r&%@%%%@ﬂ ﬁr%%gal gg %Vat(I: 1Valing an ac (11
and athlola tam eri 4‘@?6'%3 of or ula (111), Compound so can e ared feliowing the
general V\}B 'ﬁ@P 669‘76@&%%@@&%?&@@3@%%#&% H@F@ﬁ&‘ﬁﬂ@‘rﬂ?hﬁ‘ 2

synthesis @FHB%WHHB%W&WUIﬁi‘(ﬂ%@%ﬂ@l}tlﬂ@@ﬂh@eﬁbi&l%eme D hereinafter. General scheme
A is hereinafter further illustrated with general procedure 1. X-Y IvW1-2 5 Scheme 2: General
Scheme B Compounds of formula (1-2) (compou ds of formula (1) in which Z i€¥N) can be
prepared by thermal condensation, of a bromotriazolgr

‘ uIa { E? s outlined nefal scheme D
oynds.of formula-¥)aregither coy %rually.,aMéLLable or 10 pr

hereinafter. The

methods known e aiggtarting frrn commercially a ai
formula (V) can be p pared foIIo ing tﬁgg(e fPera
R
m
I
H,, PdiC H,, PA/C
EtOH, refiux E1OH, reflux
R, RT,
© BH.,
O
THF, ©
reflux
) }
N n
N 4
V-1 V-2

Scheme 6: General Scheme F

Amine intermediates of formulas (V-1) (compounds of formula (V) in which X-Y is
C(=0)-0) and (V-2) (compounds of formula (V) in which X-Y is CHz-O) can be prepared as
10 described hereinafter: Double-lithiation of a 2-bromobenzoic acid derivative of forrmula (m) via
deprotonation and bromine-lithium exchange with an alkyliithium reagent and subsequent
addition to a cyclic ketone derivative of formula (n) leads to a spirolactone derivative of formula
(0). Reduction of the carbonyl group of a lactone of formula (o) gives a compound of formula (p).
Amine derivatives of formulas (V-1) and (V-2) are obtained by palladium-catalyzed

15 hydrogenolytic N-debenzylation of compounds of formulas (o) and (p), respectively.



WO 2010/054961-23 -PCT/EP2009/064565 I-al-b X-Y Scheme 3: General Scheme C

Compounds of formula (I) with R2 different from H can be prepared from compounds of formula (I-b)
(compounds of formula (1) wherein R2 is H) according to methods known in the art, 5 e.g. by treating a
compound of {ggmua;dt4e)with an inorganic base sueh as a carbonate salt gr.gpRapighase such as
a tertiary amine and an electrophilic reactant R2-LG (wherein LG is a leaving group, e.g. halogen or
sulfonyt) which is either commercially available or easily prepared according to methods and starting
materials well known in the art. Alternatively, compdginds of formula (1) can be oh Yained via reductive
alkylation by copgecutively treating a 10 compoung=s fornitita (1-b) with a keton@&ox aldehyde and a
suitable reducing. agerajHe g.a Qprohydrlde derlva guch as sodium borohydr
cyanoborohydfidejengodium tridgetoxy Iride. Cog
cleavage of th&-sé{pstitucnttRZ of ouné oiormulg
of formula (1-b) ar&tconvenientty, taj,ned as the salt oyt
15 treatment of compounds.of formulgtis&), (‘d@mpound of formula (1) in WhIC R2 IS
tertbutoxycarbonyl) with g id i ina gf]‘i abié %ol T il in dichloromethane or
tetrahydrofuran 8r hydroct et i ina i
with general procedures Il and Ill. WO 2010/0549613 24 -PCT/EP2009/064565 a 3

H,, PA/C

axfie obtained by
_ t. Compounds
Jue JS work-up by

W = CR#RP, CH,CH,
EtOH, refiux

V-3 (W=CRR%)
V-4 (W = CH,CH,)

Scheme 7: General Scheme G

Amine intermediates of formulas (V-3) (compounds of formula (V} in which X-Y is

CR*R"-0) and (V-4) (compounds of formula (V) in which X-Y is CHp-CH;-O) can be prepared

5 as described hereinafter: Double-metallation of an 2-bromoaryl substituted aliphatic alcohol
derivative of formula (q) via O-deprotonation and bromine-metal exchange with magnesium or a
Grignard or alkyllithium reagent and subsequent addition to a cyclic ketone derivative of formula

(1) leads to & spiro derivative of formula (s). Amine derivatives of formulas (V-3) and (V-4) are

obtained by palladium-cataiyzed hydrogenolytic N-debenzylation of a compound of formula (s).



IV-2IV Scheme 4: General Scheme D Thiolactam derivatives of formula (111-1) (compounds of
formula (ill) in which R2 is ten- butoxycarbonyl) and bromotriazole derivatives of formulas (IV), (IV- 1)
(compounds of formula 5 (IV) in which R2 is tert-butoxycarbonyl), and (IV-2) (compounds of formula
(IV) in which R#iseiyassbe obtained as follows: Tragsformation of a 2-nitgehepzyl.alseagl of formula
(a) to a benzylic chloride of formula (b) can be effected by a chlorinating reagent such as thionyl
chloride in the presgnce of an organic tertiary apmine base. Alkylation of a coF\mpound of formula (b)
with glycine ethyl est&r hydrochloride in the pres€nce of an organic tertiary aifine base and WO
2010/054961- 25 - g Ction

di-ten-butyl dicarbo

6 , on charcoal,
which has been pretreated with, a zinc halide such as.zine promigé, 10 i iline.intermediates of
formula (c). 5 Cyclization t& lactams of formula (1) is aﬁhieved by treatment of compbunds of formula
(e) with a suitablesbaseae@p@tassiiM tert-butoxide, in tetrahydrofuran. A thiolactam derivative of
formula (I11-1) is obteieedsbietieatihexit of a compound of formula (f) with Lawesson's reagent
(2,4-bis-(4-methoxyphenyl)-1,3,2,4-dithiadiphosphetanc-2,4-disulfide) or phosphorous pentasulfide at
elevated temperature. A thiolactam of formula (111-1) can be converted to a triazoe>10 derivative of
formula (g) by condensation with formythydrazine. A compound of formula (1V-1) (compounds of
formula (I\Brhgnet dinCRecig teehprtoycarbonyl) can be obtained by reacting a compound of formula (g)
with a suitable brominating agent such as N-bromosuccinimidc. Compounds of formula (IV-2)
(compounds of fokmula fijmddereincR Disk) dve Dltaimpdimd thé bathn the freefiaseafter DHsic

aqueou;shvwkﬂgpct:s;ﬁ%@gj@amdﬁqwﬁm&%ﬁwﬂﬂ%&\@h@r 'ﬁBgéﬂiﬁ%iQyin@pgﬁgﬂ@}ﬁﬁ%él?”t’
e.g. m nic acid.jn: dichlor ane or te rofuran or hydrochloric acid in methanol.
Com pgun?lec??qu‘g%qmgué? IW %%%hlﬁ?il%r#?elﬁgrqjt ﬁ%nr%nﬁ{%a}r/? gzlepfggoa?g%s‘?fﬁ%?rﬁ%tﬁg s&ﬁ%@vﬁ"ﬁa fhe art,
e.g. by tre&HRGS EorpO uHEEr 6 braeENES) WitdaATHRREARe base tih &8 Hearbbratedtitor an
organic basdsurhagstd sectiasyldminesndiameladindphilic feagtant R 2drGafwhertinin@45:8 leaving
group, e.gfhalonenyar sutierseRcwhinhy isRitheiarmmricialy fyailakieios sfaﬁi%eﬁ??@r?f according

to methods and starting materials well known in the art. Alternatively, compounds of formula (IV) can

be obtained via reguctyglyiation by cprsesutvelyrsatnga compapadaf farmayla -y with.a

ketone.or aldehyde uitable reducin ent, e. borohydrige derivative such as sodium
poran e T B o R P G LA oD R ol
(1V-3) (coffptrintis drishmdnzc ko whbeeid Restiyinienmy e datersedrepiasalbsyd federctive methylation
using paraformaldehyde. 1 agq KOH, EtOH, 80C Or aq KOH.diethyleneglycol, 140C HO 'OHNO
The corresponding pharmaceutically acceptable salts with acids can be obtained by

standard methods known to the person skilled in the art, e.g. by dissolving the compound of
formula | in a suitable solvent such as e.g. dioxan or THF and adding an appropriatc amount of
15 the corresponding acid. The products can usually be isolated by filtration or by chromatography.
The conversion of a compound of formula I into a pharmaceutically acceptable salt with a base
can be carried out by treatment of such a compound with such a base. One possible method to
form such a salt is e.g. by addition of 1/n equivalents of a basic salt such as e.g. M(OH),,
wherein M = metal or ammoniom cation and n = number of hydroxzide anions, to & solution of
20 the compound in a suitable solvent {¢.g. ethanol, ethanol-water mixture, tetrahydrofuran-water

mixture) and to remove the solvent by evaporation or lyophilisation.

Insofar as their preparation is not described in the examples, the compounds of formula | as
well as all intermediate products can be prepared according to analogous methods or according
to the methods set forth herewithin. Starting materials are commercially available, known in the

25 artor can be prepared by methods known in the art or in analogy thereto.

It will be appreciated that the compounds of general formula 1 in this invention may be
derivatised at functional groups to provide derivatives which are capable of conversion back to
the parent compound in vivo.



1INH2 b Scheme 5: General Scheme E Hydrazide intermediates of formula (II-1) (compounds of
formula (Il) in which X-Y is CH2-0 and n equals 1) can be prepared as described hereinafter starting
from secondary alcohol 5 intermediates of formula (h). The latter can be prepared according to a
method descrbgduiiniiaediterature (F. J. Urban, G. Aggerson; Organic Procgss, Resesheis&
Development 1999, 3, 460- 464). A methanesullonic acid ester of formula (i) can be obtained by
treatment of a compound of formula (h) with methanesulfonyl chloride and a tertiary amine base.
Treatmentioia Baavidieal desémula a) with sodium cyanide in dimethylsulfoxide yields a nitrile
derivative of formula (j) 10 which can be solvolyzed to an ester intermediate of formula (k) in refluxing
ethanolic hydrogéhchilsrige SdluterpocormpotmdbbioRTuRCK)foan beadonvested toraliydraide

derivative of dognistaugied-a){aampeund-af folinubnd kddin wiichdhe hverazidenang phervharpups

arc orientegh Gig rg}aﬂwﬁc@ b Rthefh Dychieatg i eI e el lieaiyelhy,an, et
derlvatve offormulag h% rolyzed u der epimcrization to a carboxy camg erlv Ive IVNO
2010/( 546%@“%“ B é%‘%f"f Fﬁﬁ%(ﬁ%@ﬁ?g"b%f‘a@%ﬁﬁw}%r%% HEETRRFTOPAFBO C or

in d ethylepiEghjes|lam AEE 2R3 mpdkazineide Hivativeoffd it ahd b by {aconmpound gfdenmulad(11-1)
in which thednyeraziderand phenyligrounpsane@iliented trans relative to each other) can be obtained by
activating an acid intermediate of formula (0, e.g. with ethyl chloroformatc, thionyl chloride,

oxalylchloride or 5 peptide muwmq)éaag&nﬁ andisubseavent LoMPIRg With hydraging, (fﬁé&MZ

Sch 6; t t las (V-I la (V) i
which X.Y .‘é%i%rﬁo VR e e Y i gt A
10 de&%nb@sa émf@?

wmé‘fiﬁfﬁ aﬁaﬁ’%%l%@érw% Bit @é.éi@érﬁétﬁ%ﬂéﬁmﬁmlac(m a
deprotonatiahizries btctiinedlithiiim (@Xbhangeonithitan alkylittpimteadgeatarnit:sebse quient: addition to a

cyckl)lc keltqneﬁdetl\éﬁﬁvﬁdﬂfcfoi?@l@c@ﬂ&d@agﬁit(@h@ %@%@Jﬁ@ﬁ@ﬂe(ﬁéfﬁ?i@gy@ @Bécamy'aw?a@e%%@ of the
carbony ctane rmu c 0 0 e derivatives
formulas Q(]{f/fgil)@%%nfd&(] %r lgtarlpﬁe(? %‘g?’r%ﬁgé ﬁhm?(%gt)aﬁgé%/ i%oénglr%aenolln[n V& &e%ezra;ogil/lﬁfl cg)n of

compound¥ BPESTHIGRL 1B ahd () Pes clive iy @W”‘@F&&R@"W&‘m 3 Cpfeorpyiskhdbse 7:
Genelal SBrehwsd@nethod and aliquots are stored at -80°C until use. For binding studics 60mg Yttrium

silicate SPA beads (Amersham) are mixed with an aliquot of membrane in binding buffer (50
mM Tris, [20mM NaCl, 5 mM K, 2 mM CaCly, 10 mM MgCly) for 15 minutes with HUXIing.
50ul of bead/membrane mixture is then added to each well of & 96 well plate, followed by 50ul
of 4 nM 3H-Vasopressin (American Radiolabeled Chemicals). For total binding measurement

20 100ul of binding buffer are added to the respective wells, for non-specific binding 100ul of
8.4mM cold vasopressin and for compound testing 100yl of a serial dilution of cach compound
in 2%DMSO. The plate is incubated 1h at room temperature, centrifuged 1 min at 1000g and
counted on a Packard Top-Count. Non-specific binding counts are subtracted from each well and
data i1s normalized to the maximum specific binding set at 100%. To calculate an IC 50 the curve

25 is fitted using a non-linear regression model (XLfit) and the Ki is calculated using the Cheng-
Prussoff equation.

The following representative data show the antagonistic activity against human Vla
receptor of compounds according to present invention.

Ex# | pKihVia | Ex# & pKihVlia | Ex# | pKihVia | Ex# | pKihVia
1 8.34 10 8.74 22 8.40 3] 732
2 7.40 12 8.74 23 8.68 32 8.66
3 R.55 15 8.38 24 7.97 35 7.98
5 7.79 16 8.17 26 8.32 36 8.84




Amine intermediates of formulas (V-3) (compounds of formula (V) in which X-Y is CW12.6-0) and (V-4)
(compounds of formula (V) in which X-Y is CH2-CH2-0) can be prepared 5 as described hereinafter:
Double-mctallation of an 2-bromoaryl substituted aliphatic alcohol derivative of formula (q) via

0-deprotonatigynanehasargine-metal exchange with magnesium or a Grignagg-paylithidp reagent

and subsequent addition to a cyclic ketone derivative of formula (n) leads to a spiro derivative of

formula (\:.) Amine derivatives-gfformulas (V 3) and-(\ 4) are obtained-b h" Q:‘":‘A"' } cata!yzed

hydrogenol$iic?N-debéehkyibtion o@&%omﬂﬂéh@‘@fﬁforsm@a*‘(s . WS EM@/OMES# 79pKihVia

_PCT/EPR009/064565—as-free-amineacid-or,-e.g-4-toluene sulfonic acid salt -5/ Scheme 8:

Uit

General $chéme 41 8.3Amine intermediatessf forrAuI&W ) (compounds of formula (\.3a whigh X-Y
is CH2- 0=CH2) can be prepared as described herein; lon of a piperidinc or azepane
derivative 5 aof formulai(.la;zwhlcw istsubstitutegligeminallyzin thie 4-pgsiion with an aryl group and a
carboxylic_acid gtoup, can be réduced 1o an aminoalcohol derivative of formula (u) with a reducing
agent suclrasid higmaluminrsr:pyeddde: Cyedizationief a derivative of formula (u) with foiinaldehyde in
the presence of hydrochloric acid gives a spiro-derivative of formula (V-5). The compounds of the
present inventienexhilih (ismstivibsnt hey are selective 10 inhibitors of the Via receptor and are
therefore likely to have a low potential to cause unwanted off-target related side-effects. The Via

activity may be deigcted,as;dgs QW Rharm ically acceptable salts
with acids can {))e obt%glnf(fu b %ﬁgﬁn@aﬁgagﬁz\g}odgm&ﬁ%{? %ffe%gd?é%gz GE):?ncut e% aXr ;P e

dissolving the compoundof oMt & SuitdbIE8olvert stic® ?r@dﬁcmﬁhﬁ"ww&i’rd aj[(}}fhg an
approptiatBlaFBGREER B e’ edprsssarivingraisidcTHeoprdricts athausuallyvebisolated oy fiteation or
by chromategraphyard hedcanveesidneafasaty) po wid:af fonuienk M@u@ﬁéﬂﬂﬂﬂi\a@hﬁlﬁéﬁﬂrﬁ@%ﬁlﬁlme

salt with ahasecande garmigd: ent.o y sible
method to gjl n sucj,hm salt is %&i&g&%%??ng 15?%%?1%&92%%%% &basm sejh suc %?; H),,

wherein M *metal’or ?ﬁrl%ﬁ’fﬂm cation and n = number of hydroxide anions, to a solutlon of 20 the
compound inas able solvent \éf 69 ethanol, ethanol water mixture, tetrahydrofuran-water mixture)
0

and to remove th gcﬁ%’ﬁf’ A BTRH S G BpsiRbarrCeutifAL raseRle ash #idibaratid rembe
descrifled rtsasesaripladiateneimpdindsf foprgatec! as wellnas afbintermddiateeppostiicisoaantbe

prepared aﬂﬁ@mlilagatedaﬁal@gou&g&et%m&@%@m@ﬁ@gﬁ%m&mﬁ%@ﬂ§ S@tFosth e tRVLRIn, RIArting
materials %&mﬁf‘@f%@%""é’&a‘%@'% DRV I eR. 8 QL CR, e LES J%gé?a?r (Sads Kngup in the

artor in an gpg%/ here%o appreciate att e comp oun formula
invention A&y he Clgé:llﬁlg}%%@ ?ﬁn HOHAF GrSeRsns %Wﬁb%@l\?ﬁtﬁf@éﬁ%éﬁ&é c4paelopils,
converaoh‘fb’&ékﬁﬁsmérpﬁ@éﬁt?@drh@wﬁwiypimmc WO 2010/054961- 30 -PCT/EP2009/064565
Pharmaeolo2leal Tests

15 Suitable excipients for the manufacture of solutions and syrups are e.g. water, polyols,

saccharose, invert sugar, glucose etc. Suitable excipients for injection solutions are e.g. water,

alcohols, polyols, glycerol, vegetable oils cte.Suitable excipients for suppositories are e.g. natural
or hardened oils, waxes, fats, semi-liquid or liquid polyols etc.

Morcover, the pharmaceutical preparations can contain preservatives, solubilizers,

20 stabilizers, wetting agents, emulsifiers, swecteners, colorants, flavorants, salts for varying the

osmotic pressure, buffers, masking agents or antioxidants, They can also contain still other
therapeutically valuable substances.

The dosage can vary within wide limits and will, of course, be fitted to the individual

requirements in each particular case. In general, in the case of oral administration a daily dosage

25 of about 10 to 1000 mg per person of a compound of general formula 1 should be appropriate,
aithough the above upper limit can also be excecded when necessary.

The following examples illustrate the present invention without limiting it, but merely as
being representative thereof. All temperatures are given in degrees Celsius.

Examples of compositions according to the invention are:



The human Via receptor was clotted by RT-PCR from total human liver RNA. The coding sequence
was subcloned in an expression vector after sequencing to confirm the identity of the amplified
sequence. To demonstrate the affinity of the compounds from the present 5 invention to the human
Via receptor binglingesitdigs were perfoimed. Cell mgmpranes were prepargdfiessitpkads cells
transiently transfected with the expression vector and grown in 20 liter fermenters with the following
protocol. 503 of cells are resuspended in 30 ml freshly prepared ice cold Lysis buffer (50mM
HEPES, 1r¥ , 10mM MgClz adjusted to pH= 7.4 - complete cocktail of protease 10 inhibitor
(Roche Dlagnostlcs)) Homogenized with Polytron for Imin and sonicated on ice for 2x 2 minutes at
80% intenditylolalsaies fdbriezg s mpheiire per athov s cepdrifue 28 Imianaei500 g at 4C, the pellet is
discarded and-the-supernatant-centrifuged-lhour-at 43'000g-at 4C (19'00Qrpm)_The pelletis
resuspendedgredi2id ml Lysis buffert-12.5m1| Sucrose 20% and homggéhized using a Polytron for 1-2
min. The protein concentration is determined lgy the 15 Biagford methodand allqu0t§0@re stored at
-80C until juseForbinding-studies 60mg-Y ttritm-sittcate-$PA-beads (Fmersnamare mixed with an
‘aliquot of e ftFEAEH c[ti‘"ylffh‘Ffﬁléllbuffer (50 m1M Iris, 120mMFNaC, 5 mM¥C, 2 mM S8CI2, 10 m_M
MgC12) fqrol3 spipsdes with mixing. 50gl of bgad/membrapgsmixture is4fen added agach well of a
96 well plcltg ‘EOIIO\@?%BX 50uT of 2 nM 3H- a:gpressm (Rmerican Radjolabeted Ghemiicats)Fpor total

H H 1.00n41 hindi hi 1
binding meastirement 20-100nt-of binding-bufitr-are-addea-te-therespective-wellsfor-non-specific

binding 10chVBsg Al éesidgHslsressin andfor compoUAl testing 10801 of a sefiéf@ilution of each
compound i REAHMSE.Stheqptate is incubated Ih at room temperature,icentrifuged 1 mm at 1000g
and counteq cin[ a Packard Top-Count. Non- <p‘%%|flc bindin unis are > fracted frpm each well and

PRI aifio h [W)A 'I'n ealeilata-an

L .
data is norntalized-to-the-maximum DpCblllb unluulg set-at+00%—TFo-calcttate-an-1C-50-the-curve 15 is

fitted using #&Hoh-nAeA pdablssommaYERR (XLfit) and the Ki is calculated using the ChengPrussoff
equation. The following representative data show the antagonistic activity against human Via
receptor oftomipoiunts Eceording to present invention. Ex.# pKi hVta Ex.# pKi hVla Exit pKi hVla Exit
pKi hVla 1 8.34 10 8.74 22 8.40

3 Mix mgredients I, 2, 3 and 4 and granulate with purified water.

1
2 Dry the granules at 50°C,

3. Pass the granules through suitable milling equipment,

4 Add mgredient 5 and mix for three minutes; compress on a suitable press.

Example B-1

10 Capsules of the following composition are manufactured:

mmgredient mg/capsule

5 10 25 100 500
1. Compound of formula I 5 10 25 100 500
2, Lactose 159 155 123 148 -
3. Com Starch 25 30 35 40 70
4. Tale 10 5 15 10 25
5. Magnesium Stearate 1 - 2 2 3
Total 200 200 200 300 600

Tabie 5: possible capsule ingredient composition
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1. Mix ingredients 1, 2 and 3 in a suitable mixer for 30 minutes.

2. Add ingredients 4 and 5 and mix for 3 minutes.

3. Fill into a switable capsule.

The compound of formula I, lactose and corn starch are firstly mixed in a mixer and then in

a comyninuting machine. The mixture is returned to the mixer, the talc (and magnesiom stearate)

15 added thereto and mixed thoroughly. The mixture is filled by machine into suitable capsules,

e.g. hard gelatine capsules.

Soft Gelatine Capsules of the following composition are manufactured:

ingredient mg/capsule
Compound of formula I 3

Yellow wax 8

Hydrogenated Sova bean oil 8

Partially hydrogenated plant cils 34

Soya bean oil 110

Total 163

Table 6: possible soft gelatine capsule ingredient composition

mgredient mg/capsule
Gelatin 75

Glycerol 85 % 32

Karion 83 & {dry matter)

Titan dioxide 0.4

Iron oxide vellow 1.1

Total 116.5

Table 7: possible soft gelatine capsule composition

Manufacturing Procedure

The compound of formula 1 is dissolved in a warm melting of the other ingredients and the

mixture is filled into soft gelatin capsules of appropriate size. The filled soft gelatin capsules are

treated according to the usual procedures.




8.32 36 8.84 WO 2010/054961- 31 -PCT/EP2009/064565 Table 3: Human Vla receptor of selected
examples Pharmaceutical Corn sitions The compounds of formula | as well as their
pharmaceutically usable acid addition salts can be used as medicaments, e.g. in the form of
pharmaceuticalgprepasatigns. The 5 pharmaceutical preparations can be agspipisisfacherally, e.g. in
the form of tablets, coated tablets, dragees, hard and soft gelatine capsules, solutions, emulsions or
suspensions. The administration can, however, also be effected rectally, e.g. in the form of
suppositor@é"}—%ﬁlﬁéﬂ}enterany, e.g. in the form of injection solutions. The compounds of formula | and
their pharmaceutically usable acid addition salts can be 10 processed with pharmaceutically inert,
inorganic otubRyEexeiplentelfor thecpropiudtion of tablefscewated tablets, dragoes and hard gelatine
capsules. Lactose—corn-starch or.derivatives thereof, talc, stearic acid or its salts etc can be used as
such excipieme:digitfor tablets, dragees and hard gelatine capsules. Suifgblg@xcipients for soft
gelatine capsijles. At @Eg}%ﬁgggable oils, waxes, fats, semisolid and liquid polyols etc. 15Suitable

excipients Tgr the r?anuracture of sotutions and syrups reey. water, polyols;saccharose - invert
sugar, glug LSRRV WIS oxcipients-foriniection-soll sare e g. water, alcohols, polyols, glycerol,

vegetable loilstete. Suitable excipients for supposﬂone apeée.g. natural or hardened oils, waxes, fats,
semi- I|qu|dm5mu|gdqqlm@I%gfﬁ%mﬁ%\q@[g@mggharmaceutlcal preparations can contain preservatives,
solubilizers, 20 stabilizers, wetting agents, emulsifiers, sweeteners, colorants, flavorants, salts for
varying thwmg&gw&dpwfers masking agents or antioxidants. They can also contain still other
therapeutically valuablé substances. The dosage can vary Wlthln wide limits and WI|| of course, be

fitted ta the indi rt| r case.,In raI in the
admm?stra& g) %ﬂsﬁllgg(}% %n%%gﬁlggﬁﬁg%ﬂ?o 1%%‘5 %%’ CcéE B ersén )% gé@%p Or?é C5It€i§ormula
I

| should be BUGRTHE AAERE GRYRP Wi 13}% b é@éﬁ’é’é&é’dﬂ\ﬂlﬁéﬁ ?ﬁ’é@é‘ls@ﬁr&/ﬂ
The followity éixperisiesatindetate tHe prigerst inpemidrinithouiobmitingity bistahenetplasibeing o

representaidee, theref Albtosiperatureste:aiveninHRgraeSfoalaius.Examples al cRmRPOstions
according jo.fhe,inyentign,are: WO 2010/054961- 32 -PCT/EP2009/064565 Example A Tablets of the

foliog composmon are manufactured in the usual manner:

10 Example D

Injection solutions of the following composition are manufactured:

ingredient mg/injection solution.
Compound of formula § 3

Polyethylene Glycol 400 150

acetic acid q.s. ad pH 5.0

water for injection solutions ad 1.0 ml

Tabie 9: possible mjection solution composition
Manufacturing Procedure

The compound of formula T is dissolved in a mixture of Polyethylene Glycol 400 and water

15 for injection (part). The pH is adjusted to 5.0 by acetic acid. The volume is adjusted to 1.0 ml by

addition of the residual amount of water. The solution is filtered, filled into vials using an
appropriate overage and sterilized.



ingredient mg/tablet 25 100 500 1. Compound of formula 1 5 25 100 500 . Lactose 45 105 30 150 3.
Corn Starch 15 6 6 60

WO 2010/654961 ~-35. PCT/EPZO03/064565

Example E

Sachets of the following composition are manufactured;

mgredient mg/sachet
Compound of formula 1 56

Lactose, fine powder 1015

Microcrystalline cellulose (AVICEL PH 102) 1460

Sodium carboxymethyl cellulose 14

Polyvinyipyrrolidon K 30 10

Magnesium stearate 16

Flavoring additives 1

Total 2500

Table 10: possible sachet composition
Manufacturing Procedure

5 The compound of formula 1 is mixed with lactose, microcrystalline cellulose and sodium
carboxymethyl cellulose and granulated with a mixture of polyvinylpyrrolidone in water, The

granulate is mixed with magnestum stearate and the flavoring additives and filled into sachets.



4. Microcrystalline Cellulose 34 30 30 450 5. Magnesium Stearate 1 1 Total 100 167 167 831 Table
4: possible tablet composition Manufacturing Procedure 5 1.Mix ingredients I, 2_, 3 and 4 gnd granulate
with purified water. 2. Dry the granules at 50C. 3. Pass the granules through suitable milling

equipment. 4 vAsishingradient 5 and mix for three mingges; compress on a spitahble,pisss,Example |

Experimental Part

The following cxamples 1 — 37 are provided for illustration of the invention. They should
not be considered as limiting the scope of the invention, but merely as being representative

thereof,

5  Hydrazide intermediates of formula (I

Hydravide 1
{Ir,4'r}-3H-Spiro[2-benzofuran-1,1"-cyclohexane]-4'-carbohydrazide

a} {18.4's)-3H-Spirc[2-benzofuran- 1. 1'"-cvclohexanl-4%-o}

To a solution of 3H,4'H-spirc[2-benzofuran-1,1"-cyclohexan]-4-one (2.5 g, 12 mmol) m

16 ethanol (36 ml) was added sodium borohydride (0.69 ¢, 18 mmol) at room temperature with

cooling on a water bath, After stirring for 16 h, 2 M aqueous hydrogen chloride solution was

added to the reaction mixture. The solvent was evaporated and the aqueous residue was extracted

with two portions of ethyl acetate. The combined organic layers were washed with brine, dried

over anhydrous sodium sulfate and concentrated in vacwo. Flash chromatography with n-

15 heptane/ethyl acetate as eluent gave the title compound (1.95 g, 78.9%) as light yellow solid.
MS m/e: 204 (M)

by £is.4's)-3H-Spiro[2-benzofuran-1.1'-cyciohexan]-4'-vi methanesulfonate

To a solution of (1s,4's)-3H-spiro[ 2-benzofuran-1,1'-cyclohexan]-4'-01 (6.70 g, 3.4 mmol}

and tricthylamine (0.48 ml, 3.4 mmol) in dichloromethane (17 ml) was added methanesuifonyt

20 chloride {0.27 ml, 3.4 mmol) at 0-5 °C. Stirring for 1 h was followed by washing with water and
brine. The organic layer was dried over anhydrous sodium sulfate and concenirated in vacuo to

give the title compound (0.91 g, 94%) as off-white solid. MS m/e: 341 (M+AcO).

¢) (1r4'r)-3H-Spiro{2-benzofuran-1,1'-cyclohexanei-4'-carboniirile

A solution of (15,4'%)-3H-spiro[2-benzofuran-1,1'-cyclohexan}-4'-yl methanesulfonate

25 (091 g, 3.2 mmol) and sodium cyanide (0.31 g, 6.4 mmol) in dimethylsulfoxide (6.4 mi) was
stirred for 30 min at 120 °C. The reaction mixture was allowed to cool to Toom temperature and
diluted with 1 M agqueous sodium carbonate solution. After extraction with three portions of tert-
butyl methyl ether the combined organic layers were washed with two portions of water and with

brine, dried over anhydrous sodium sulfate and concentrated in vacuo. Flash chromatography



10 Capsules of the following composition aremanufactured: ingredient mg/capsule 10 25 100 500
1.Compoundofformulai 5 10 25 100 500 1Lactose 159 155 123 148 3. Corn Starch
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with n-heptane/ethyl acetate as cluent gave the title compound (0.41 g, 60%) as colorless oil. MS

m/e: 213 (M)

d) Ethyl (1r,4'1)-3H-spiro[2-benzofuran-1,1'-cyclohexane]-4'-carboxvlate

A mixture of (1r,4'r)-3H-spiro[2-benzofuran-1, 1'-cyciohexane]-4"-carbonitrile (040 g, 1.9

5 mmol) and concentrated hydrochloric acid solution (4.7 ml, 56 mmol) in ethanol {20 mi) was

heated at reflux for 72 h. After cooling to room temperature the reaction mixture was poured on

ice and basified with 32% aqueous sodium hydroxide solution. The mixture was extracted with

two portions of tert-butyl methyl cther. The combined organic layers were washed with 1 M

aqueous sodium hydroxide solution, dried over anhydrous sodium sulfate and concentrated in

10 vacuo. Flash chromatography with n-heptanc/cthyl acetate as cluent gave the title compound
{0.20 g, 41%) as white solid. MS m/e: 260 (M").

e} (1r.4')-3H-Spiro[2-benzofuran-1.1"-cyclohexanel-4'-carbohvdrazide

A mixture of ethyl (1r,4'r)}-3H-spiro[2-benzofuran-1,1"-cyclohexane]-4'-carboxylate (0.2 ¢,

0.8 mmol) and hydrazine hydrate (0.04 ml, 0.7 mmol) was heated at reflux for 4 h. Another

15 portion of hydrazine hydrate (0.04 ml, 0.7 mmol) was added, and the reaction mixture was
heated at reflux for further 18 h. After cooling to room temperature n-butano! (0.5 ml) and
another portion of hydrazine hydrate (0.07 ml, 1.4 mmol) were added and the reaction mixture

was heated at reflux for 4 more hours. The mixture was allowed to cool to room temperature,
diluted with ethyl acctate (30 ml) and washed with 1 M agueous sodium hydroxide solution (30

20 ml). The organic layer was dried over anhydrous sodium sulfate and concentrated in vacuo to

give the title compound (0.16 g, 87%) as white solid. MS m/e: 247 (M+H").
Hydrazide 2
(1s,4's)-3H-Spiro[2-benzofuran-1,1'-cyclohexane]-4'-carbehydrazide

a) (1s,4's}-3H-Spiro2-benzofuran-1.1-cyclohexane]-4'-carboxvlic acid

23 Preparation of batch 1 of the crude title compound: A mixture of (1r,4'r)-3H-gpiro| 2~
benzofuran-1,1'-cyclohexane]-4'-carbonitrile (0.15 g, 0.70 mmol) in ethanol (7 mf) and 2 M
aqueous potassium hydroxide sohution {0.88 ml) was heated at reflux for 16 h. The reaction
mixture was diluted with diethyleneglycol (10 ml) and stirred for 4 h at 130 °C. After cooling to

room temperature the reaction mixture was diluted with tert-butyl methyl ether and extracted
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with twe portions of 0.5 M aqueous sodium hydroxide solution. The combined aqueous fayers
were washed with tert-butyl methyl ether and then acidified with concentrated hydrochloric acid
solution. The acidic aqueous layer was extracted with two portions of tert-butyl methyl ether.
The combined organic layers were dried over anhydrous sodium sulfate and concentrated in

vacuo to give the crude title compound (0.05 g) as light brown solid.

Preparation of batch 2 of the crude title compound: A mixture of (Ir,4'r)-3H-spiro]2-
benzofuran-1,1-cyclohexane]-4'-carbonitrile (0.48 g, 2.3 mmol) in diethyleneglycol (15 ml) and
3 M aqueous potassium hydroxide solution (7.5 mil) was stirred at 140 °C for 72 h. After cooling
to room temperature the reaction mixture was diluted with tert-butyl methyl ether and extracted
with two portions of 0.5 M aqucous sodium hydroxide solution. The combined agueous layers
were washed with tert-butyl methyl ether and then acidified with concentrated hydrochloric acid
solution. The acidic aqueous layer was extracted with two portions of tert-butyl methyl ether.
The combined organic layers were dried over anhydrous sodium sulfate and concentrated in

vacuo to give the crude title compound (0.4 ¢).

The two batches of the crude title compound were combined and purified by flash
chromatography to give the pure title compound (0.30 g 57%) as white solid.
MS m/e: 231 (M-HH.

by (1s.4's)-3H-Spiro[2-benzofuran-1,1'-cyclohexane]-4'-carbohvdrazide

To a solution of (1s,4's)-3H-spirof2-benzofuran-1,1"-cyclohexane]-4'-carboxylic acid (.16
g, 0.67 mmol) and triethylamine (0.098 ml, 0.70 mmol) in tetrahydrofuran (7 ml) was added
ethyl chloroformate (0.067 ml, 0.70 mmol) at 0 °C. The reaction mixture was stirred for 30 min.
The ammonium salts were filtered off and the filtrate was added to a solution of hydrazine
hydrate (0.065 g, 1.3 mmol) in methanol (7 ml). The reaction mixture was stirred for 18 h at RT,
Addition of ethyl acetate (100 ml) was followed by washing with 1 M aqueous sodium
hydroxide solution (100 ml) and brine (100 ml). The combined aqueous layers were extracted
with ethyl acetate (100ml). The combined organic layers were dried over anhydrous sodium
sulfate and concentrated in vacuo to give the title compound (0.16 g, 96%) as white solid.

MS m/e: 247 (M+H).



600 Table 5: possible capsule ingredient composition WO 2010/054961- 33 -PCT/EP2009/064565
Man itt2icturing Procedure 1. Mix ingredients 1, 2 and 3 in a suitable mixer for 30 minutes. 2. Add
ingredients 4 and 5 and mix for 3 minutes. 3. Fill into a suitable capsule. = The compound of formula
, lactose andwparmsiaghsare firstly mixed in a mixersnd then in a commingting:piaedingss4 he mixture
is returned to the mixer, the talc (and magnesium stcarate) is added thereto and mixed thoroughly.

The mixturﬁigfﬁ@gg& 4 . &Jtable capsules, e.g. hard gelatine capsules. Example B-2 10

Soft Gelatme [ TIg-composition are manufactured: ingredient mg/capsule
Compound of formuta | Yellow wax 8 Hydrogenated Soya bean oil 8 Partially hydrogenated plant oils
34 T-Chilero-2-thioxo-1,2,3,5-tetrahydro-henzo[e] [L,4]diazepine-4-carboxylic acid tert-buty)

ester

a) 4-Chioro-2-chlgromethvi-1-nitro-benzene

3 To a solution of 5-chloro-2-nitrobenzyl aleohol (R0 g, 0.42 mol) and triethylamine (64 ml,
.46 mol) in dichloromethane (840 ml) was added drop wise thionyl chloride (34 mi, 0.46 mol)
during a period of 30 min while the internal temperature was kept below 32 °C by cooling with a
water bath. The reaction mixture was stirred for 3 h. The sclvent was evaporated and the residue
was friturated In warm tert-butyl methy! ether (970 ml). The ammonium salts were removed by

10 filtration and the filtrate was concentrated in vacuo to give the title compound (85 g, 99%) as

brown oil which was used in the next step without purification. MS m/e; 205 (M.

b) (5-Chlore-2-nitro-benzylamine )-acetic acid ethvi ester

A mixture of 4-chloro-2-chloromethyl-1-nitro-benzene (85 g, 0.41 mol), glycine ethyl

ester hydrochloride (70 g, 0.50 mol) and triethylamine (121.4 ml, 0.8665 mol) in cthanol (1000

15 ml) was heated at reflux for 8 h. The solvent was evaporated and the residue was triturated in
warm tert-butyl methyl ether. The ammonium salis were temoved by filtration and the filtrate

was concentrated in vacuo to give the title compound (111 g, 99%) as an amorphous brown solid

which was used In the next step without purification. MS m/e: 273 (M+H"),

¢) [tert-Butoxycarbonyl-(5-chloro-2-nitro-benzyl)-amino ]-acetic acid ethvl ester

20 A solution of (5-chloro-2-nitro-benzylamine)-acetic acid ethyl ester (110 g, 0.403 mol), di-
tert-butyl dicarbonate (180 g, 0.807 mol) and 4-N\N-dimethylaminopyridine (2.51 g, 0.0202 mol)
in dichloromethane (1200 ml) was stirred for 2 hat ¢ °C and further 16 h at room temperature.
The solvent was evaporated and the crude product was purified by flash chromatography with a
cyclohexane/ethyl acetate mixture as eluent to give the title compound (76.4 g, 51%) as light

25 yellow viscous oil. MS mv/e: 373 (M+H™).

d} [{(2-Amino-S-chloro-benzyli-tert-butoxvearbonvl-amino J-acetic acid ethvl esier

To a solution of {tert-butoxycarbonyl-(5-chloro-2-nitro-benzyl}-amino)-acetic acid cthyl

ester (69.0 g, 0.186 mol) in ethyl acetate (1200 ml) was added zinc bromide (8.5 g, 0.037 mol).



Soya bean oil 110 Total 165 Table 6: possible soft gelatine capsule ingredient composition i_ngredient
mg/capsule Gelatin 75 Glycerol 85 % 32 Karion 83 8 (dry matter) 1 Titan dioxid.e 0.4 Iron oxide yellow
1.1 Total 116.5 Table 7: possible soft gelatine capsule composition Manufacturing Procedure

WO 2010/854961 -40G - PCT/EP2009/064565

The reaction mixture was purged with argon afler 15 min. Afier addition of the palladium
catalyst (10% on activated charceal, 7.9 g, 0.0074 mol) the mixture was hydrogenated at ambient
pressure during a period of ca. 48 h until ca. 13 1 of hydrogen gas had been consumed. The
catalyst was removed by filtration and the filirate was washed with two portions of saturated

3 aqueous sodium bicarbonate solution and brine, cach. The organic layer was dried over
anhydrous sodium sulfate and concentrated in vacuo to give the title compound (60.6 2, 95.5%)
as yellow waxy solid. MS m/e: 343 (M+H").

e) 7-Chloro-2-ox0-1,2.3.5-tetrahvdro-benzol 1.4 1diazepine-4-carboxvlic  acid tert-butyvl

cster

10 To a solution of [(2-amino-$-chloro-benzyl)-tert-butoxycarbonyl-aminoJ-acetic acid ethyl
ester (60 g, 0.18 mol) in tetrahydrofuran (600 ml) was added potassium tert-butoxide (22 g, 0.19
mol) m small portions at 5 °C under cooling on an ice-water batch. After completed addition the
cooling bath was removed and reaction mixture was stirred for 3 h at room temperature foliowed
by addition of water (400 ml), saturated agueous ammonium chloride solution (280 ml) and ethyl

15 acetate (800 mi). After 10 min the precipitate was collected by filtration. The organic layer was
separated from the filtrate, dried over anhydrous sodium sulfate and concentrated in vacuo. The
residue was combined with the precipitate, which had previousiy been collected by filiration, and
crystallized from hot ethyl acetate to give the title compound (46 g, 88%) as white solid. MS m/e:
295 (M-H").

20 £} 7-Chioro-2-thioxo-1 2,3,5-tetrahydro-benzo[e][1.41diazepine-4-carboxvlic  acid  tert-

butyl ester

A mixture of 7-chloro-2-ox0-1,2,3,5-tetrahydro-benzo[1,4]diazepine-4-carboxylic acid
tert-butyl ester (41.1 g, 0.139 mol) and 2,4-bis-(4-methoxyphenyl)-1,3,2.4-dithiadiphosphetane-
2,4-disulfide (31.5 g, 0.0763 mol) in tetrahydrofuran (1100 ml) was heated at reflux for 3 h. The

25 solvent was evaporated and the residue was triturated in tert-butyl methyl ether. The precipitate
was removed by filtration and the filtrate was concentrated to dryness. The residue was
crystallized from hot ethanol to give the title compound (37.5 g, 86.4%) as light vellow solid.
MS m/e: 311 (M-H).



The compound of formula 1 is dissolved in a warm melting of the other ingredients and the 15mixture
is filled into soft gelatin capsules of appropriate size. The filled soft gelatin capsules are treated
according to the usual procedures. WO 2010/054961- 34 -PCT1EP2009/064565 Example C
Suppositoriesyaf thedediewing composition arc manufgctured: in redient , _ p2-illppWisidempound of
formula 1 15 Suppository mass 1285 Total 1300 Table 8: possible suppository composition
Manufactuilquro&ggurgf ! |tory mass is melted in a glass or steel vessel, mixed
thoroughly-andcooled

nereupon, the finely powdered compound of formula | is added thereto
and stirred until it has dlspersed completely The mixture is poured into suppository moulds of suitable
size, left to cool, and the suppositories are thefr PERARIaEPHoin the moulds and packed individually in
wax paper or metal foil. 10 Example D Injection solutions of the following composition are
manufacturéeBingrediehtoro-4H,611-2,3,5,10b-tetraaza-benzole]aznlene-S-carboxylic acid tert-buty}

gster

5 a) 8-Chloro-4H.6H-2,3.5,10b-tetraaza-benzo[elazulene-5-carboxvlic acid tert-butvl ester

Formylhydrazine (10.7 g, 160 mmol) was added over a period of 4 hours to a solution of 7-
chloro-2-thioxo-1,2,3,5-tetrahydro-benzo[e][ 1, 4}diazepine-4-carboxylic acid tert-butyl ester
(10.0 g, 32.0 mmol) in dioxane {200 ml} at 90 °C. The reaction mixture was stirred at 90 °C
overnight, then evaporated. The residue was purified by chromatography (300 g silica gel,

16 heptane: ethyl acetate, 8:2 to 0:1) to yield 7.71 g (75%) 8-chloro-4H,6H-2,3,5,10b-tetraaza-
benzofejazulene-5-carboxylic acid tert-butyl ester as white solid. MS m/e: 379 (M + CH3;COO ™))

b)__i-Bromo-8-chloro-4H,6H-2.3.5.10b-tetragza-benzo|elazulene-5-carboxvlic acid tert-

butyl ester

N-Bromosuccmimide (4.50 g, 24.0 mmol} was added to 8-chloro-4H,6H-2.3,5,10b-

15 tetraaza-benzo{clazulene-3-carboxylic acid tert-butyl ester (7.00 g, 218 mmol) in
tetrahydrofuran (140 ml), The mixture was stirred in boiling tetrahydrofuran for 2 hours. The
solvent was removed in vacuo and the residue was purified by chromatography (50 g silica gel,
heptane: ethylacetate 1:9 to 1:0) to yicld 7.39 ¢ (85%) I-bromo-8-chloro-4H,6H-2,3,5,10b-
tetraaza-benzofelazulene-5-carboxylic acid tert-butyl ester as white solid. MS m/e: 401 (M+H™).

20 Bromotriazole 2
1-Bromo-8-chloroe-5,6-dihvdro-4H-2,3,5,10b-tetraaza-benzo{e]azulene

A solution of 1-bromo-8-chloro-4H,6H-2,3,5,10b-tetraaza-benzoazulene-5-carboxylic acid
tert-butyl ester (3.0 g, 7.6 mmol) in 1.25 M methanolic hydrogen chloride solution (60 ml, 76

mmol) was heated at 50 °C for 10 min. The reaction mixture was poured on 1 M aqueous sodium

2
(W51

hydroxide sohution (200 ml) and extracted with cthyl acetate. The organic layer was washed with
brine, dried over anhydrous sodium sulfate and concentrated in vacuo to give the title compound

(1.9 g, 84%) as light yellow solid. MS m/e; 255 (M+H™).



mg/injection solution. Compound of formula | 3 Polyethylene Glycol 400 150 acetic acid cps. ad pI_—I 5.0
water for injection solutions ad 1.0 ml Table 9: possible injection solution composition Manufacturing
Procedure The compound of formula | is dissolved in a mixture of Polyethylene Glycol 400 and water

15 for injectiow(parf)«EhapH is adjusted to 5.0 by agstic acid. The volumeigpgiugigadeds0 ml by
addition of the residual amount of water. The solution is filtered, filled into vials using an appropriate

overage and sterilized. WO 2010/054961- 35,;PCT/EP2 9%064565 Example E Sachets of the
following composition are manufactured: ingregﬁgﬁ}o%afgg% et _ Compound of formula!

}-Bromo-8-chioro-5-methyl-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzeazulene

A mixture of 1-bromo-8-chloro-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzo[ejazulene (1.9 g,

6.4 mmol) and paraformaldehyde (1.5 g, 51 mmol) in methancl (64 ml) was heated at reflux for

5 16 h. After cooling to 0 °C sodium cyanoborohydride (0.8 g, 13 mmol) was added. The reaction

mixture was allowed to warm to room temperature and stirred for 3 h. Afier quenching with 1 M

aqueous sodium hydroxide solution (200 ml) the aqueous layer was extracted with ethyl acetate.

The organic layer was dried over anhydrous sodium sulfate and concentrated in vacuo. Flash

chromatography over aminopropyl-modified silica gel with n-heptane/ethyl acetate as eluent

L0 gave the title compound (0.61 g) as whitc solid with a purity of ca. 85% as assessed by "H-NMR.
MS m/e: 313 (M+H™).

Amine intermediates of formula (V)

Amine 1
5-Fluoro-3H-spiro[2-benzofuran-1,4'-piperidine]

15 a} 1'-Benzyl-5-fluoro-3H-spirof2-benzofuran- 1,4 -piperidinl-3-one

To a stirred solution of 2-bromo-3-fluorobenzoic acid (5.0 g, 21.9 mmwol) at -7¢ °C in
tetrahydrofuran (30 mly was added dropwise a 1.6M n-butyllithium solution in hexane (44 ml,
70.1 mmol) over a period of 1 hour. After 3 hours, a solution of I-benzyl-4-piperidone (8.5 g,
43.8 mmol) in tetrahydrofuran (20 mi) was added dropwise. The mixture was allowed to warm to
20 room tcmperaturc and stirred overnight. The mixture was poured into & stirred mixture of water
(150 ml) and ether (150 ml). The aqueous layer was extracted with ether (2 x 40 ml), acidified
with HCI SN (20 ml) to pH 2 and boiled for 1 hour. The mixture was cooled to 0°C, basified (pH
10) with NaOH 5N and rapidly extracted with dichloromethane (3 x 80 ml). The combined
extracts were washed with water (80 mi), dried over Na,SQq, filtered and concentrated in vacuo.
25 The crude oil was chromatographed on sifica gel (cluent: heptane/ethylacetate 1:1) to yield 2.27
g (33%) of 1'-benzyl-5-fluoro-3H-spiro[2-benzo furan-1,4"-piperidin]-3-one as light yellow solid.

MS m/e: 312 (M+H").



50 Lactose, fine powder 1015 Microcrystaltine cellulose (AV10EL P 14 02) 1400 Sodium_ N
carboxymethyl cellulose 14 Polyvinytpyrrotidon K 30 10 Magnesium stearate 10 Flavoring additives

Total
WO 2010/054961 - 43 . PCT/EPZ009/064565

b) 5-Fluoro-3H-spiro[2-benzofuran-1.4"-piperidin]-3-one

I'-Benzyl-5-fluoro-3H-spiro[ 2-benzofuran-1,4"-piperidin]-3-one (0.622 g, 2 mmol) was

suspended i ethanol (6ml). The mixture was acidified with a few drops of HCI 37%. Pd/C 10%

(65 mg, 0.06 mmol) was added. The mixture was refluxed under an hydrogen atmosphere for |

5 hour then cooled to room temperature, purged with argon and diluted with dichloromethane, The
catalyst was filtered and the filtrate was concentrated in vacuo. The white solid was dissolved in
water (20 ml). The solution was basified with a 2M Na,CO:x solution and extracted 3 times with
dichloromethane. The combined extracts were dried over Na,SO,, filtered and concentrated in
vacuo to vield 0.42 g (96%) S-fluore-3H-spiro[2-benzo furan-1,4'-piperidin]-3-one as a white

10 solid. MS m/e: 222 (M+H™).

¢) S-Fiuoro-3H-spiro[2-benzofuran- | 4 -pineridine)

To a suspension of S-fluoro-3H-spiro[2-benzofuran-1,4"-piperidin]-3-one (420 mg, 1.9
mmol) in tetrahydrofuran (4.2ml) was added dropwise 2 1M borane sofution in tetrahydrofuran
(3.8 ml, 3.8 mmol) at 0 °C. The mixture was refluxed overnight and then cooled to 0 °C. HCl 5N
(2 ml} was added dropwise. The mixture was refluxed for 5 hours, cooled to 0 °C, diluted with
water and basified with NaOH 5N (pH 10). The mixture was extracted 3 times with cthyl acetate,
The combined exiracts were dried over Na,SOy, filtered and concentrated in vacuo. The residue
was stirred with ether and filtrated. The filtrate was concentrated in vacuo to provide 0.22 g
(55%) of 5-fluoro-3H-spiro[2-benzofuran-1,4"-piperidine] as a light vellow oil
20 MS m/c: 208 (M+H™).

Amine 2
6-Finore-3H-spire[2-benzofuran-1,4"-piperidine]

a) 1'-Benzyl-6-fluoro-3H-spiro{2-benzo furan- [ 4'-piperidin]-3-one

Following the procedure described for the synthesis of I'-benzyl-5-fluoro-3H-spiro[2-
25 benzofuran-1,4"piperidin]-3-one using 2-bromo-d-fluorobenzoic acid instead of 2-bromo-5-
fluorobenzoic acid, the ftitle compound was obtained as an off-white solid (41% vield).

MS m/e: 312 (M+H").



2500 Table 10: possible sachet composition Manufacturing Procedure 5The compound of formula | is
mixed with lactose, microcrystalline cellulose and sodium carboxymethyl cellulose and granulated with
a mixture of polyvinylpyrrolidone in water. The granulate is mixed with magnesium stearate and the
flavoring additives@n@silled into sachets. WO 2010/954961- 36 - PCT/EPZQQ%/%%ggﬁé@éQerimental
Part The following examples 1 -37 are prowded for illustration of the invention. They should not be
considered as limit ing,representative thereof. 5
Hydrazide inter
(11.9410-3H-Spiro[2-benzofuran-E1Leyelohexanel- 4Learbohydra2|de a) (is
4's)-3H-Spiro[2-berizshipsasion &y didkezang-dusrord i gutatibhesko furan-1,4 piperidin}-3-one (3 g,
3H,411-1-spiolanbenzefurandydd-eyeiohasanh4 one (4R 9. 42 Mmuol).in 4P ethanol (36, ml) was
added sodium boyo R/Iﬁydnd (0.69.qg, 18 mmcc)# at room temperature with cooling on a water ath. After
stirring for £& %h LIS %?hﬁﬁ@ﬂ}@ﬂ%ﬁ ide g&!ﬁf@ﬁWﬁs%d@é%‘iﬁéf?@ééhbﬁﬂ%iﬁ@’réﬂfﬂh@

solventwae évaparatediant g agueniss wejduewas-axiracedwithtwepastians of ethyiacetate. The

combined g, ic | were wa ith bri r anhydrous sodium sulfate and
concentrate%?%\qy% 8)471‘ i g rorrcfega"E rlgéﬁjflﬁ\;’vﬁ ??Hlé%hgﬁ%ﬁ@e %\? RRPLEES SHEHE Ry title
Compoundﬁﬁmﬁ}@’l'ﬁ@@@f@ asdightpelioivesotics WWBB@@M{W&%L, filtered and concentrated in
(1s,4's)-3 ir f ek sul onat sojutio
(1s,4's)- 3?35%% }%gfiudﬁ%gar?% 1g- c;%gf%%fanf of?d% elu%;ﬂ Prgorf)e et%yt[ﬁce% Fa%ﬁ?i?“léo(%}%% ad,
3.4 mmol) intd I@o@ﬁéth@%(lifr?mgrwé@aweHzrh@mram@uﬁoﬁmz@aémonate {Q:@rhabs 24 rvifiol) at
0-5 'Cy(Stirring fog ipswas followed by washing with water and brine. The organic layer was dried over
anhydrous sodium sulfate and concentrated in VC1C110 to give the title compound (0.91 g, 94%) as
off-white solid. P 1 4

(1r,410-31-1-S Elotexa rfe]ﬂp%é%%ﬁ%ltnle A solution of

(1s,41s)-3H-spiroi2-benzofitran- 1 1t-cyclohexanl-4'-y1 methanesulfonate
To a solution of 1' benzy ~6-fluoro-3H-spiro[2-benzofuran-1,4™-piperidine] (1 g, 3.4 mmol)

i ethanol (10 ml) was added Pd/C 10% (100 mg, 0.09 mmol). The mixture was refluxed under

an hydrogen atmosphere for 8 hours then cooled to room temperature and purged with argon.
15 The catalyst was filtered and the filtrate was concentrated in vacuo to yield 0.67 g (96%) 6-
fluoro-3H-spiro{2-benzofuran-1,4"-piperidine] as a white solid. MS m/e: 208 (M+H").

Amine 3
7-Fiuore-3H-spiro]2-benzofuran-1,4"-piperidine]

a) 1'-Benzyl-7-fluore-3H-spirof2-benzofuran-1,4'-piperidini-3-one

20 Following the procedure described for the synthesis of I'-benzyl-5-fluoro-3H-spire[2-
benzofuran-1,4-piperidin]-3-one using 2-bromo-3-fluorobenzoic acid instead of 2-bromo-5-
fluorobenzoic acid, the title compound was obtained as a white solid (20% yield). MS m/e: 312
(M+H").

b) 1'-Benzyl-7-fluorg-3H-spiro[2-benzo firan- 1.4 piperidine]

25 Following the procedure described for the synthesis of I'-benzyl-6-fluore-3H-spiro[ 2-
benzofuran-1,4'-piperidine], the title compound was obtained as a white solid {82% wieid). MS
m/e: 298 (M+H"),



25 (0.91 g, 3.2 mmol) and sodium cyanide (0.31 g, 6.4 mmol) in dimothylsulfoxide (6.4 ml) was stirred
for 30 min at 120 C. The reaction mixture was allowed to cool to room temperature and diluted with 1
M aqueous sodium carbonate solution. After extraction with three portions of ten- butyl methyl ether
the combinedvpsganimiayars were washed with two_pgrtions of water and withrRring, drigg over
anhydrous sodium sulfate and concentrated in vacuo. Flash chromatography W 0 2010/054961- 37
-PCPEP2009/064 with.n-hcptancieth acet te as clucnt.gave the title compound (0.41 g, 60%) as
colorless oll. M ?% Térlérp ir%qf:ﬂu% ?E -piperidime]

(Ir,4r)3H_spiro{2 benzofuran 1,ITcyclohexaneJAcarboxylate A mixture of

(1r,410-31-1-spRORBEHEGAFANE 0y CIbrRRaH ST ArbeiTens A0nprigiB hifnal P ahoimol)
concentratad:mydsoeitonio) acid selution . 7om &R mE)io sthanot(R0mhwas Reated af reflux for 72

h. After cooling ﬁﬁo room temperatyre ér e reaction mixture was poured on ice and basified with 32%

aqueous sBHILIT A GLRREHITRISH. THE Mo AR Rr a8 HRFCRIS B SRbRYFIoMIBLAE ety
ether, TheTiambings: argamitdayersdvere masﬁedamﬁa@éwtaﬁuews@gel@krnylruarowersokymm dried

over anhydrous ilum sulfate ncentrated 10v cu aphy with
n-heptanc/cthy! §§gf’é m?sjlc ﬁ%ﬁ%%lv% "thehile el s So‘b‘ﬁ” ﬁgéﬁﬂ%/’i‘/g%@lsgh MS ink: 260

(MD. 1-S iro 2-benzofuran-1,1"-cyclohcxanel-4'- carbohydrazrde A mixture of ethyl
(1r,410-3H-spiro[2-benzofttran-1,1'-cyc|ohexane]f&l}jﬁ@arﬁoxylate (0.2 g, 0.8 mmol) and hydrazine
hydrate (0.04 ml, 0.7 mmol) was heated at reflux for 4 h. Another 15 portion of hydrazine hydrate (0.04
ml, 0.7 mmol) was added, ambjFe veaatibalhbdueovrs Agated-atsefiipefanfuyther 18 h. After cooling
to room temperature n-butanol (0.5 ml) and another portion of hydrazine hydrate (0.07 ml, 1.4 mmol)
were added angd\thesrepetignmixturewps-heatgd at reflux for 4 more hours. The mixture was allowed
to cool to room temperature, diluted with ethyl acetate (30 ml) and washed with 1 M aqueous sodium
hydroggde squtr]on (301 20 m% %e or anic | er Wg dried aver anhydrous sodium sulfate and
concentrated in VaktR18°dide tHE i 88???6’ ?\?Pf 6%, S PRIt e B RS e @B VR T ).
Hydraz|da@o@st,ﬂm)e%@pwapmmoﬁamqJ{&lscgclmmwaoa] 4‘heafé9@h§iﬁir&2@@r@|\ﬂﬁq4§t&rcd d‘l
-3H-S-1,1-cyel 1- oxylic Acic rep tron tch e crude title

mixture of 1&1%%8 H- s&&%‘ﬁg %%n@o u an-1 b)yc?llo exane ﬂf'%car onrtbrrlevfa 1 & AO“’?@ I) ln
ethanol (7M#PHnd R Ky aueiods Potassiim Wysjrbmdbf@bmmhe(xoass Wﬂ)iwdsm%teﬁlamﬁfhmﬂox 16 h.
The reactighmixireas dilied wih séstfarr&r%9&%&@&@9@0&&&%@%&%% c%{} L30.ErAligL

cooling to room temperature the reaction mixture was diluted with tert-butyl methyl ether and extracted

WO 2010/058% 6P g5 rabon 9Bitie 4565 with: thid BettieHy spoaseM éhm@édsbﬁmm@%r«bwae
solution. Tirg conbinesagHef s dayeks weleashediwith tert-butyl methyl ether and then acidified
with concentrated hydrochloric acid solution. The acidic agueous Iayer was extracted with two portions
of tert-butyl mem)(k%tp?r T %l_gr{rib(r s %rrﬁr:%llv yersy ?Ir%l%lgg Loy anhydrous sodium sulfate and
concentrated in

To a stirred solution of (RS)-1-(2-bromo-phenyl)-cthanol (8.0 g, 39.8 mmol) -70 °C in

tetrahydrofuran (40ml) was added dropwise a 1.6M n-butyllithium sofution in hexane (57.2 ml,

20 915 mmol) over a period of 20 min.. After 2 hours, a solution of 1-benzyl-4-piperidone (10.2

ml, 55.7 mmol) in tetrahydrofuran (32 ml) was added dropwise. The mixture was allowed to

warm to room temperature and stirred overnight. The mixture was poured into a stirred mixture

of water (200 mi) and ether (200 ml). The aqueous layer was extracted with ether (2 x 100

ml). The combined extracts were washed with water (80ml), dried over Na,SQ., filtered and

25 concentrated in vacuo. The crude oil was chromatographed on silica gel (eluent:

heptane/cthylacetate 3:7) to yield 6.1 g (49%) of (RS)-1-benzyl-4-[2-(1-hydroxy-ethyl)-phenyi]-
piperidin-4-ol ag a white solid. MS m/e: 312 (M+H").



5 vacuo to give the crude title compound (0.05 g) as light brown solid.  Preparation of batch 2 of the
crude title compound: A mixture of (1r,4'0-3H-spiro[2- benzofuran-1,1'-cyclohexane]-4'-carbonitrile
(0.48 g, 2.3 mmol) in diethyleneglycol (15 ml) and 3 M aqueous potassium hydroxide solution (7.5 ml)
was stirred at #4406 d@k64:h. After cooling to room temperature the reactlor;,&thg(‘h%gg grluted with
tert-butyl methyl ether and extracted 10 with two portions of 0.5 M aqueous sodium roxide solution.
The combined ag o [ ert- butyl meth I ether and then acidified with
concentrated hydrochio - citheat € cted with two portions of
tert-butyl methyl ether. The combined organrc layers were drred over anhydrous sodium sulfate and
concentrated in VActid#! tive thd Rbudebbtieyédnmpdlmad® ety b Tty batchiés-obthe cpideditle

compoundfm%e)cqmmaeg,@}gmgﬁqg@yﬁgs%hromggggr@g 1o gdive t 9gur%1tltl%cgm our{f (0.30
g, 57%) as whrtﬁ}ﬁsolld MS m/e: 231 (M-H+). hias 4's -3H-S. fro betvofl -C clohéxané -4Lcarboh

drazide ToH Brrapredng (3 %é{f%@%ﬁ%@iﬁa@%@xmm@&%md Qi@ 6 20 g,
0.67 mmolyanektaethylainine Q098 mba0iA0 meael) dbdet abYEERfEAR G4 TM) e{teﬁcﬂ&@%ﬁwcr

chloroformat 067 70 mmal) at 0. C. The reaction mixture was stirred for 30 mm.
ammonrumas% S were ll &%Cfggé(ﬁh T%‘frgtga\‘rt}éﬁgacfa%dE%W6W&§%?§§|ﬁ@WHF§@('(f} 065 g,

1.3 mrnol) facwethandt (27951@ (ihentoadti®s mixture ywasnstitrgdionspgdinb R dddition. pfeHwharetate
(200 ml) WQSSJI?H?QQ{?Q(QY w@s@ g%thM gueous sodium 25 hydroxide solution (100 ml) and brine

(200 ml). The combined aqueous layers werée extracted with ethyl acetate (100m1). The combined
organic layers were drled over anhydrous sodlum sulfate and concentrated in vacuo to give the title
compound (0.16%+ Togutydeivhisises L REgdigrD 2010/054961- 39
-PCT/EP2009/064565 Intermedlate of formula (III 1)

7-Chldfo-2-thioXeio 285 ttetrayddorbelrzatiefd ﬁdl&t@ﬁ%ﬁ@@b@@ﬂ@rﬁdﬁﬁ@ft@gtﬁbﬁﬁﬂ@ﬁ
4-Chloro-2 [ T lution of 5-c o 2-n tr nzy

mol) and trylg?h am&“%éﬁ mt{?lg)gé%rﬁgﬁ ﬁr\dgﬁc?h%grlhcedtha erqrﬁ’l)01[ sbzfad[ %ﬂé% trg%
chloride (Sﬁ‘/ﬁ%d 46 mol) during a period of 30 min while the mternal temperature was kept below 32
C by cooling with a water bath. The reaction mixture was stirred for 3 h. The solvent was evaporated
and the residue was triturated in warm tert-butyl meth ether (970 ml). The ammonium salts were
removed by 10 filtration and the filtrate was concentrated in vacuo to give the title compound (85 g,
99%) as brown oil which was u ithout rf,lC&tIOI’] M m/e: 205 (MI). b)
(5-Chloro-2-nitro- benzylam|no)§a%gg%%%&ﬁjﬁge%%ﬁrome err)riijféttp & o?ﬂ oro-2-chloromethyl-

1-nitr ;aenzene (&}5 _ glycine ethyI ester hydrochlorlde (70 g, 0.50 mol) and triethylamine
(121.4ml, 0.8665m sl dal JalZidsa e hyi-nheny FSfiPk for 8 h. The solvent was
evaporated and the residue was triturated in warm ten- butyl methyl ether. The ammonium salts were
removed by filtrafiéreaintiohe filtkarenapiscsphabptreteddn( Vacgot6 give thia titesbpnpornd (3 1)y, 99%)
as an amayghouaBrowRsld i aRS IR I e aeHt sianitbout purTicat t? MRIEAL

(M+1-1-). c)ltert Butoxycarbonyl ﬂ) 5-chloro-2-n o-benzyl)-a'nol-acc
for 30 min a solution of 1-benzyl-4-piperidone (2.6 g, 14 mmol) in tetrahydrofman (10 ml) was

g
Ch

mol

added over a period of 135 min at -40 °C. The cooling bath was removed and the reaction mixture
20 was stirred for 72 h at yoom temperature, The mixture was quenched with saturated aqueous
ammonium chloride solution (30 ml). Basification to pH 11 with 2 M aqueous sodium carbonate
solution (50 ml) was followed by extraction with three 100-ml portions of tert-butyl methyl ether.
The combined organic layers were dried over anhydrous sodium sulfate and concentrated in
vacuo. Volatile impurities were removed by kugelrohrdistillation at 170 °C and 1-2 mbar. Flash
25 chromatography of the residual crude product with dichloromethane/methanol as eluent gave the

title compound (2.3 g, 53%) as dark brown oil. MS m/e: 312 (M+H").

b} 1’-Benzyl-3.4-dihydrospiro[isochromene-1.4'-piperidine]

To a solution of 1-benzyl-4-[2-(2-hydroxy-ethyl)-phenyl]-piperidin-4-o! (2.0 2, 6.6 mmol)



20A solution of (5-chloro-2-nitro-benzylamino)-acetic acid ethyl ester (110 g, 0.403 mol), di- tert-butyl
dicarbonatc (180 g, 0.807 mot) and 4-N,N-dimethylaminopyridine (2.51 g, 0.0202 mol) in
dichloromethanc (1200 ml) was stirred for 2 h at 0 C and further 16 h at room temperature. The solvent

was evaporateghamehirgerude product was purified Ry flash chromatography-with,g.sxglebexane/ethyl
acetate mixture as eluent to give the title compound (76.4 g, 510/0 as light 25 yellow viscous oil. MS

m/e: 373 (M+1-1)..] ,(2-Ao-5-¢chloro:henzyl)-tert-butoxycarbonyl-aminoj-acetic acid ethyl ester WO
2010/0549%“14151 *i%’gﬂﬁﬁfbg;‘fb{eigé*g%’i dEy (A fgmé? W e{ﬁ%iﬁﬁi%%éﬁe@%?%%}ﬁ After
addition ofaherpd I HtitimbdtRlysin(ilDs6 onractivatee whaiteak #1900 @Amol:thel nnixbiis: \Was
hydrogena, Anbignt ing. j ca. 48 h until ca. 13 | of hydregen gas had been
consumed E?I'H:l? cataly%f’ Vﬂfﬁ?ﬁf%@é&é&g&%&%&# ﬁg{ie@l ﬁﬁgﬁg was v@%%%%ydé] %ﬁhgfgv\‘?g g&?ﬁ on& of
saturated S°AqUEUY sediarHBicaBoRER Buligimodrrihblinest BackhT veroviadictaysr Wwasrdriedecover
anhydreuseodivn:sulfale-and cpneantiated NYAGHOIAME INSAUS cOmROUNG60.8.949%:P%) as
yellow waxy solid. MS m/e; 343 (M+1-1-1;. e) . '
7-Ch|oro-2‘58£5§-i"}"§%%‘§- YRRy ape el s s A - saye dkv e sartenuBded 48ter 10Fba
solution ofy¢BeamitfiongSchloradagnzy)-tert-butoxycarbonyl-aminopacetic acid ethyl ester (60 g, 0.18
mob in tetrahydrofuran (600 ml) was added potassium tert-butoxide (22 g, 0.19 rnol) in small portions
at 5 C under COQi‘@an%m'azj&&ﬁ%ﬂ&rcﬁ?dﬁl&né@%%ﬁ!ﬁ%%gf addition the cooling bath was removed
and reaction mixture was stirred for 3 h at room temperatute followed by addition of water (400 ml.),
saturated aqueous ammonjum chloride solution (280 ml) and ethyl 15 acetate (800 ml). After 10 min
the precipitate \ﬁéﬁ%&@bf&dl Hylfqﬂﬁ%&i%ﬁidﬁﬁ@&ﬁ’éﬁ@f&é’é?%@g;ﬁ%%@W@HQH‘@ fitrafengidd over
anhydiusisediumigilfaie)and: congentrated-iovasae: Thedasisuaovasicambingsiyith the pregipitate,

which had previqusly been collected by filtration, and cr llized from hot ethyl acetate to give the title
compounda%{fgdé?%g}é&cggiw '#tg %t)o%dﬁ. %ﬁéc{rln e:ﬁ@fél(f\’}i?ﬁﬁ % ﬁ&r%{ PpsBreButl FeStEr e Werixture
of 7-chlorct2rgstidor, 253hStetahycrpdenzo| T disdppinest-aachexyic flaid iterahditykefterné4dal g,
0.139 mol 4-his-(4-met n 4-dithiadiphosphetane2 4-disulfide (31. 0.0763
mol) in tet)r:é}\&%%?g%ﬁn((%%%l?ﬁ %/Qv%s eﬂ%ﬁﬁ%ﬁ%@?@%&?@? %%}égllfh Wh uéb%ﬁ’cgra tijer8)%\nd the
residue was trittir tegsisdelt by I MBI P eiteinae pibcipitite ek démbvepityifittatorant 4he
filtrate yvappeRaentated to/drypesss1hg residue was crystallized from hot ethanol to give the title
compound (37.5 g, 86,4%) as light yellow solid. MS m/e: 311 (M-44"). WO 2010/1154961- 41
-PCIAP2009/064565 Intermediates of formula (1) Brornotriazole |
1-Bromo-8-chloro-4H,611-2,3,5,10h-tetraaza-beri28{&i&2tilene-5-carboxylic acid tert-butyl

1H-Spirelisochromene-4,4'-piperidine|

a) {(4-Phenvl-piperidin-4-vh-methanol

To a solution of 4-phenyl-4-piperidinecarboxylic acid 4-toluene-sulfonate (2.0 g, 5.3 mmol)
20 m dry tetrahydrofuran (10 ml) was added 1 M lithium aluminum hydride solution in
tetrahydrofuran at 0 °C. The reaction mixture was heated at reflux for 90 min. After cooling to
0 °C water (0.4 ml), 2 M aqueous sodium hydroxide solution (0.6 ml) and water (0.8 ml) were
added consecutively. The white suspension was stired for 10 min and diluted with
tetrahydrofuran (40 ml). After addition of anhydrous sodium sulfate (18 g) the suspension was
25 stirred for further 10 min. The precipitate was removed by filtration and the filtrate was
concentrated in vacuo to give the crude title compound (0.65 g 64%) as white solid.
MS m/e: 192 (M+H").

b} 1H-Spiro[isochromene-4.4'-piperidine]

A mixture of (4-phenyl-piperidin-4-yl)-methanot (0.1 g, 0.5 mmol), paraformaldehyde
30 (0.11 g, 3.7 mmol),



ester 5a) 8-Chloro-4H,6H-2,3,5,10b-tetraaza-benzolelazulerte-5-earboxylic acid tert-butyl ester
Formylhydrazine (10.7 g, 160 mmol) was added over a period of 4 hours to a solution of 7-
chloro-2-thioxo-1,2,3,5-tetrahydro-benzo[e][1,4]diazcpine-4-carboxylic acid tert-butyl ester (10.0 g,
32.0 mmol) inipxaina{2@9 ml) at 90 C. The reactiarygixture was stirred at,2Q-£y¥RIRMghL then
evaporated. The residue was purified by chromatography (300 g silica gel, 10 heptanc: ethyl acetate,

8:2to 0:1) tovield 7.7 5%) 8-chloro-4H.6H-2,3,5,10b-tetraazabenzole]azulene-5-carhoxylic acid
tert-butyl eg’tééf&g)s whi e%ﬁﬂ&nﬁﬂ m 8%%175%!%%0 ?—ﬂf(f’ﬁbiﬁmmﬁ? z?B’ra?hoW§§cl?'ﬂ6treéi-&’15iﬂ8I‘—|59r3,5
10b-tetraa?8-berdsHazuienavitarboxylidilatid tertbbetyt estenN-Beimasuseiimided4:50 g, 240
mmol) was %ggq,% 195 -4H,6H-2.3,5,30h- 15 tetraaza-benzo Hazulene-5-carboxy lie aci
tert-butyl eg er (7%8(13152{11 %ﬁ%ﬁ%ﬁ%ﬁﬁﬁgéﬁ%ﬁ ti’(1 éanfb'Fﬁqurﬁ%(#ﬁ?’g%’géygt‘ff:faeg(ﬁ}/%r{ﬁn@i ﬂ&
tctrahydroftifarf fSF 2B E: e 3BV it ivad e vedkithvéious avdithesesituenas purifiet:byn
chromatographly (508 stica-gelRgRiancusinylaceiatrd:® \Fﬂtﬂg)cm%\f@}%iﬁa%%fg%ﬁ%%@ltaf eluent
ert-buty

1-bromo-8-chloro-41-1,6H-2,3,5,10btctraaza-benzo[e]azulene-5-carboxylic aci ester as
white solid®MSH/BLA694 11448 DeesroriGtr Aoy solid. MS m/e: 204 (M+H'),
1-Bromo-8-chloro-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzofejazulene A solution of
1-bromo-8-chloro-4H,6H-2,3,5,10b-tetraaza-benzéarukehe-5-carboxylic acid tert-butyl ester (3.0 g, 7.6
mmol) in 1.25 M methanolic hydrogen chloride solution (60 ml, 76 mmol) was heated at 50 C for 10
min. The reaction mixture was perrgch a8 d;M Agpsaks-sodivThLbydiaxide solution (200 ml) and
extracted with ethyl acetate. The organic layer was washed with brine, dried over anhydrous sodium
sulfate and congeptrateddn vacyo i« 'éa thee'tl 0 ‘ g, 84%) as light yellow solid. MS
m/e: 255 (M+H'). i C =42 - PCIAP20091064565 Brormotriazole 3
1-Bromo-8-ehloro-5-methy1-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzoazulene A mixture of
1-brofflo-8-chlof: 8, 82HTH)RrSL Arprersaberamlalrabela b8z dte rrmbnie (1o lydsafuramotp ankl was

paraformaddety doh5:g,:52 mmokhinnebrapek(himbivas heated af tefluxian kL8 Ry After geoling to
0 CC sodium a.tﬂ borohgdride (0.8 g 13 mm&lzgwas added. The reaction mixture was allowed to
warm 10 reB e P Bt SERRECTRS. ATk HroRcHIAL T B B SoBR I g scle
solution (200unl)Aferaguedusdaykiitvasexiiadied witiethyl acetatexkhe ereaniadayer wasisiied over

anhydrous;godium sulfate and concentrated,in vacuo. Hash chromatography over =~
aminoprozrﬁ?r%%ﬂgﬁged‘%ﬁ?c%‘ggfcvﬁtﬁe?flll-iﬁggﬁlfglng/‘%‘?ﬁ)ﬁ:éigg%al@3 %ﬁ?i?ﬁ%fbogg(v!éeﬂ%‘m?@wﬁmd
(0.611g) asiwhateSonenolittied g offecang89omal. d3sessedopyn bMRaMSainL3 E3MAT h Amine
intermediatgs, ofula Vo ¢ ¢ Aminedl o-Fluoro-3H-spiro[2-benzofuran-i, 4'-piperidine]
15a) 11-Benzy.1-5-fluo_rgo-g1rgﬁ§%)f3%%§rfﬁ'r?piperirglgn%‘%i%ﬁg &OWTgcg{gi(lgr?eo s%%%%ﬁdo ot
2-bromo-SHEbHSoRMEHE 450812 1 19%imbingtethe! @cridistf ANy arbiiihn (O avas paded,

dropwisc anh. &M droiiyllitpivm. solkuiondnbexaned44,ml 10 1rmmael) ayer AReHed.ef L haur, After 3
hours, a Sg‘vl#%?}i%}()f 1-?\%nz 1-4é\%oer|done (8.5 g, 43.8 mmol) in tetrahydrofuran (26 ml)"was added
e

dropwisc. & WAL Yol £ BT TS BOCHoBhin Jat Al s ammoanded sliehigeioTralmixture
was poureéd.ingod Btirred mixture of water (150 ml) and ether (150 m1). The aqueous layer was
extracted with ether (2 x 40 ml), acidified with HCI 5N (20 ml) to pH 2 and boiled for 1 hour. The

mixture was coplefldo. DG basified (pH AL with JNPE@%j' b%klzgﬂ]darapidly extracted with dichloromethane
(3 x 80 ml). The combined extracts were washed with'water ), dried over Na2S0O4, filtered and
concentrated in_vacuq. 25 The crude oil was chromatographed on silica gel (eluent:
hcptane/ethyla?:ré)tﬁt%(ﬂfﬂ?lié%@éSIZ].é’f“@(ﬁg" - Bydroxymethyl-phenyi)-azepan-4-o1 (7.0 g, 22 mmol)

I'-henzy1-S:fuici3itspico[2-benzoflranmk At-pipetidinkd-oneaglighllyellow.salid. MS mignh342
(M-H-1-).

methanesulfonyl chloride (1.7 ml, 22 mmol) in tetrahydrofuran (20 ml) at 0 °C. Afier completed
25 addition the temperature was allowed to rise to room temperature. Stirring for 2 h was followed
by addition of another portion of tricthylamine (3.1 ml, 22 mmol). Stirring was continued over
night. The reaction mixture was partitioned between water and ethyl acetate. The layers were
scparated and the organic layer was concentrated in vacuo. Flash column chromatography using
heptanc/cthyl acetate as eluent gave the title compound as a light yellow oil (4.0 g, 61%).
30 MS m/e: 294 (M+H").



WO 2010/054961- 43 -PC T/EP2009/064565 b) 5-Fluoro-3H-s iro 2-benzofiiran-1 4'idin 43-one
F-Benzyl-5-fluoro-3H-spiro[2-benzofuran-1,41-piperidin]-3-one (0.622 g, 2 mmol) was suspended in
ethanol (6m1). The mixture was acidified with a few drops of HO 37%. Pd/C 10% (65 mg, 0.06 mmo1l)
was added. Theomixéuradpas refluxed under an hydrggen atmosphere for 15.hur then cooled to room
temperature, purged with argon and diluted with dichloromethane. The catalyst was filtered and the
filtrate was concenfrated inovacyo. The white, lzi’;d was dissolved in water (20 ml). The solution was
basified with a ZM"NazCO3* ' ; itrres with dichloromethane. The combined
extracts were dried over Na2S0O4, filtered and concentrated in vacuo to yield 0.42 g (96%)
5-fluoro-3H-spirb[SBEiTofih e i beppdddinirieliecazra-(itE o wolfdranis 41iie p222 gvsRiA)oc
5-Fluom-3tkshiadNystiran erdineliavel0:2 SUSRERSIANRlon. Afier addition of the palladium ca alyst
5-fluoro-3 i gpr%\%f-be(nzofur n-1,4'-p|per|d|n]-3-one (420 mg, 1.9 mmol) in tetra ydro%uran E4.2m1)
was added dropWisE' &N BEFaAE B tibs it ERGHIGIIEN TS B tHecS B iHim dIyat Dhedphenrature

was refluxddovernight.and: thed caolegio 0 fSok GlhMh0:42 Mk wasiadded drapwise,, he Jixture
was refluxggdfg{e%ﬂo rs, cooled t(%rg ?%,.diluted \Aﬂ%\é\é%%?r and basified with NaOH 5N (pH 10). The

mixture was extracted 3 Hmee \with: & vyl acetate. Wb PELaREd Rrreeied gvisrigzaba,
filtered and@enventdited ivdacub: Tie resighe WasBtirtedewitheethepandfiltrated. The-filikatgwas
concentratgd.i 010, ArQVi % S-fluoro-3H-spiro[2-benzofyran-1,4'-piperidine] as a
light ye||ovt§%£g>is| .@%%ys&m%{ (2)0\(:{) (I\%‘:‘(%fg)({%B bl mE?ﬁ?ﬁeE%e“J e S Bl RBELIRR
6-Fluoro-3414 - SRSz ofurapricA lpipeividinkd ajitls -Beneyiné-fsoretdF| BspiD 2-bepars®ailowing
the progeduredescrbegiiorthe synthesis of 1t-benzyl-5-fluoro-3H-spiro[2- 25
benzofuran-1,4-piperidin]-3-one using 2-bromo-4-fluorobenzoic acid instead of 2-bromo-5-
fluorobenzoic acid, the title compound was obtaiped as an off-white solid (41% yield). MS m/e: 312
(M+H-). WO 2010/054961- 44 -PC T/EP2009/06425221%8 o7 1-6-fluoro-3H-s
ing2-benzofuran-1,4"-pineridinel  To a suspension of
I-benzy1-6A08iY-BHSSES b AR EaisaHion 41 Jiganidii] BrénbioBigasdatmiatpin tetrahydrofuran (40
ml) was added dropwise a 1M borane solution in tetrahydrofuran (20 ml, 20 mmol) at 0 C. The mixture

W?IS reg ufxed 0\.4*@mr:iighiralmmfil1 ath@rdraeﬂl?deﬁ\t@tﬁzhé@.f If@nﬁﬂg(@m’l‘(i]} ~Vbé§%qﬁﬁlﬁﬂadd}99%($&nm?omglfﬁwre was
refluxe urs, coqled to O i ith water an sified with NaOH 5N (pH 10). The mixture
qﬁ&@ti‘?’ﬂ) i At G‘q'b&ew&cg‘?ﬁ%&lée‘l& E?%?S‘cé&vbd’é%ﬁbdﬁfér%ﬁ%@, TitéPed and

was extract es with ethyl acetate.

concéntratenipvac i Thb residaenastchrohttograpitetd ow Hilida gel(@luantidieptanse; eshylacctatc
8:2) to yielgh 2 a9 Rl rhenzyRflyera-: irar-henzofuran-1.4'-piperidin a colorless oil. MS
10m/c: 298 (M-F1-1-). c)d61-FIu.oror-3H-ggiro[g:[ggér{éz%{)t%r%%ﬁ‘ ine Bp‘"‘g%sh&ﬁi?r@ g‘} group may%e
I'-benzy1-BffFBF BHicspisduery oTbiaarTaitypirehithseddagy suimmwlyitetidriol(L0: 1) was added
Pd/C 10%6t08em & L18Risnmekl thhesmixtyigvas refluxed under

General procedure II: Cleavage of N-BOC group

20 A solution of an N-BOC derivative of general formula (I-a) (1 eq) in 1.25 M methanolic
hydrogen chloride solution (10 - 20 eq HCI) is heated at 50 °C for 15-60 min. Afier cooling to
room temperature the reaction mixture is concenirated in vacuo to give a secondary amine
derivative of general formula (I-b) as hydrochloride salt. Optionally the free base can be obtained
by partitioning the hydrochloride salt between 1 M aqueous sodium hydroxide solution and an

25 organic solvent, e.g. ethyl acetate or dichloromethane. The layers are separated and the aqueous
layer is extracted with two portions of the organic solvent. The combined organic layers are
dried over anhydrous sodium sulfate, filtered and concentrated in vacuo to give the free base of a

compound of formula (I-b).



an hydrogen atmosphere for 8 hours then cooled to room temperature and purged with argon. 15 The
catalyst was filtered and the filtrate was concentrated in vacuo to yield 0.67 g (96%) 6-
fluoro-3H-spiro[2-benzofuran-1,4'-piperidine] as a white solid. MS inie: 208 (M+14). Amine 3
7-Fluoro-3"1-spiratdehsmzafu ran-1,4'-piperidinel 1.) kBenzvl-7-fluoro-3H2pbgnzofiptqidin.
20Following the procedure described for the synthesis of F-benzy1-5-fluoro-3H-spiro[2-

benzofiara -piperidinll-3- sing 2-br -3-fluorobenzoic acid instead of 2-bromo-5-
fluorobenzgénééc?g,%ﬁéeé%ti&gflégecglrﬁggﬁ%u r\}/vgées%g%grﬁ%%ﬁgs a white solid (20% yield). MS m/e: 312 (MH1.
b) It-Benzyl-7-fluoro-311-spirof2-benzofuran-1,41-Tipsiidinei 25Following the procedure described for
the synthesis off?‘-ﬁjé’ﬁi‘{/i%??lG%W%W%Bﬁg{gmﬁérﬁ%gﬁéﬁﬁ?ﬂmﬁ?p@rﬁdihE(},th]@lQitﬂé@G@h pbandwas
obtained a8.a wihiteisblin (8296 ViRl IhM SRR IV ) WP 2AQAMYORAPER 18Rl (1-b) is used)
-PCT/EPZQO§[O6 %?g 8% 7-% luoro-3H-sp iro 1-2-benzo furan-1,4"-piperid in ej  To a solution of
I-benzyl-6-icro BH-8ir o2 BERY o F PBRHIRTYE G o rnien i euvafien ceolin wasadded
Pd/C 18% $d4inmng0 0@ wimal)d e mixfuseidas reluxesbusterandydragen atasphers for g hours
then coole te rature an rged with argon. 5 The catalyst was filtered and the filtrate
was conce%llzgr {ggég{li?ﬁcv%gcbg§%%1§/€l§@6%é%qg LGN ﬂ%%lPo%i’:Pi r&’?b%‘i-ft? W%\‘u?&ﬁ-i%%‘iﬁelﬁﬂiﬁéﬁ asa
white solid WS tiedcwabgeHadetute. The combined Amgimecdlayers are dried over anhydrous sodium
(RS)-3-Methyd3L1:pRirie:herzofuran-1.41-piperidi -1-(2-Bromosphenyl)-ethanol 1QTo a
solution ofxgyﬁign%fgﬁ%%ﬁ%%ﬁ llé%%}”%g %%gﬁ%@é%%ﬁcéﬁeﬁn%ﬁ%%ﬁa Foom e ©
temperatuf@%%l Sdded NaBH., (4.23 g, 0.11 mol). The reaction mixture was stirred at room
temperature for 24h then quenched by addition of water. 1-ICI 5N was added until pH 6-7. MeOH was
evapdrated. The residue was dissolved in ether Brgkayashed once with water, once with brine. The
organic phase was dried over Na2SO4 and concentrated in vacuo . The residue 15was

chromatograph@@a@@aﬁg}h%&@&ﬁ(&lwg@if,ﬂ%@%ﬁﬁé;ﬁ}%ﬁ%ﬁ@é%%&&’ﬂM%%%n%ﬁe%&f-gﬁ%"ﬂm%hw

(RS)-1-(2-bromo-pheny1l)-ethanolas a colorless o
(RS)-1-Ben7K1-4-12-(1-hyerdx§saainihhaniAi4ihearentiasepine- 5o b-striug wolation of
(RS)-1-(2-bromo-phenyl)-ethanol (8.0 g, 39.8 mmol) -70 C in tetrahydrofuran (40m1) was added
dropwise a 1.6Nhe-tistyllithiyrnusdlutian ibthxangs (Shi2enth a2 4l Sseamed)ovesangsiad of2Qmin..
Mier 2 ho 3.50lutio -benzyl-4-piperidone (10.2 ml, 55.7 mmal).in tetrahydrofuran (32 ml) was
added drc;]H %?s@gﬁ %’th' nr%li%%graezq \%%sglllgvﬂé%gb "é‘ﬁé‘ o %Og%lrlﬁr‘fgf%ﬁé%%%geéﬁw 't?%%ad'b%ﬂfﬁgﬁﬁ?drhe
mixtuté wféﬂﬁ&ﬁfé@:iﬁt&bl@m%&mmuné,bﬁmxehx@@ebmmnﬁ ethén {200 ifie alipecidsdayer was
extracted withi ether (23100sa1l)athg gombined extracts were washed with water (80m1), dried over
Na2S04, filtered and

Example 2

8-Chloro-1-[(Ir,4'r}-3H-spiro[2-benzofuran-1,1 -cyclohexan)-4'-yi}-5,6-dihydro-4H-
[1,2,4]triazole[4,3-a]{1,4]|benzodiazepine hvdrochloride

20 The title compound was obtained as white solid in quantitative vield from tert-butyi 8-
chloro-1-[(Ir,4'r)-3H-spiro[2-benzofuran-1, ] -cyclohexan]-4"-yl}-4H-[1,2 4 Jtriazolo[4,3-
all 1,4]benzodiazepine-5(6H)-carboxylate according 10 general procedure 1L
MS m/e: 407 (M+H")

Example 3

25 8-Chloro-5-methyl-1-[(1 r,4'r)~3H»—spim[Z-benzefuran-l,l‘~cyc§0hexan}-4‘-y1]-5,6—dihydm-
4H-[1,2,4]triazolo[4,3-a]|1,4]benzodiazepine

The title compound was obtained as white solid in 84% yield from



25 concentrated in vacua. The crude oil was chromatographed on silica gel (eluent:
heptane/ethylacetate 3:7) to yield 6.1 g (49%) of
(RS)-1-benzyl-442-(1-hydroxy-ethyl)-phenylipiperidin-4-ol as a white solid. MS m/e: 312 (M+H"). WO
2010/05496 1 w46 »76ik482009/064565 c-1t-13e-ansh 41- i eridine  To ageltionohessess
(RS)-1-benzyl-442-(1-hydroxy-ethyl)-phenyll-piperidin-4-ol (3 g, 9.6 mmol) in tetrahydrofuran (30 nil)

was added,tr] lamine (2.99,ml. 2 min dimethylaminopyridi .mg, 0.96 mmol) and
methanes%lfgﬁﬁérﬁgﬁ@é (%%%r?ﬁﬁfézéb?ﬁ?ﬁo N %’ﬁﬁé"}é&%ﬁ%ﬁi}é&ﬂ%%&P@f?{&é@gor 3 hours, cooled
to room teipefditires lglfehohle divbithaaditect s nitydndhéthilacetate{iHomip Thearganic phaseowas
dried over éggglg 4208, coneenteaied Lgby:i\gy%_yield 2.95 g (quarit.) of
(RS)-1s-benzyl-3-methy1-3H-spiro[2-benzofuran-1,4'-piperidine] as an orange oil. MS rrt/e: 294 (M+H
). d) (RS)-3-Methy1-3H-spiro[2-benzofuran-1,4'-niperidinel 10Following the procedure described for
the synthesis of 6-fluoro-3H-spiro{2-benzofuran-%%ﬂ%i?edfidine}, the title compound was obtained as a
colorless oil (72% yield). MS m/c: 204 CM +H). Amine

3,4-Dilydrospirt[iédeHid rehboto4itipipdtitinE- 46 Bd 1-Her2 Ohin anek Lo dyphdnylsn)igesitlinid-ot  Toa
solution of 2-bromopheny; i j ahydrofuran ml) was added 1.6 M
n-buty! lithium solution in Lﬁ%@'gﬁ%%}% %gi %rﬁ%%@tﬁgggﬁ’é%gﬁg tié%?%“?é%%% mm a solution of
1-benzyt-4-piperidone, (2.6 g, 14 mmol) in tetrahydrofuran (10 ml) was added over a period of 15 min
at-40 C. The cofjcl)??ng %éat(ﬁ)(%%ui% oted gﬁw?ﬁeaﬁeé"&]@n RRure 58 kAt Mirrserding 1 aerssth
temperatupec Fdermixtuigydrasidueithed)with Gatofatesadueaus AmyoRhimmehloidaspidioni30 ml).
Basificati , /i | agueou wum carbonate sqluti 0 ml) was followed by extraction
with th reﬁ%%-%?déo%r&%% tg}tgfﬁﬁjt(y?fﬁrﬁaé h%/gl%fﬁe}’. ‘Pﬁ%e@‘é%??h%ﬁ%%i%?é%%&gf&&%@% atddSler
anhydfoudrsbdiicsrsiifame/entPédhedhtiated in vacum Volatile impurities were removed by
kugelrohrdistillation at 170 C and 1-2 mbar. Flash 25 chromatography of the residual crude product
with dichloromethanc/methanol as eluent gave thgdifigisempound (2.3 g, 53%) as dark brown oil. MS
m/c: 312 (M+H"). 5) 1'-Benzyl-3,4-dihydrospiroLisochromenc-1,41-piperidine] To a solution of
1-benzyl-442 0 N li-piperidin-4-ol (2.0,9, 6,6, mmof) W 10/054961- 47
-PCT/EPZOO9%%§§§% a;y}rﬁ%eﬁp!yg%‘&%%%mf’ af%’??ﬁ’o%)gdd‘@‘?é‘ﬁ’é “ ﬁdﬁﬁ'a%g( Pf?if (iAE added
methanesulfonyl chloride (01484822 laihdiz it Aben tedipeping byEheadtion mixture was heated
at reflux for 4 h. Quenching with water and basification with 1 M aqueous sodium hydroxide solution
was followed byrextrigleticsmpithnthress partians of aiykeacatate, Thacambingd #rganicdavsrs mere 5

dried qver %E)Q%d,r_ ] ﬁpﬁixﬁl sulfit,g and concenfrate k? vacuo. Flash chromatogra ijéy of the crude
produdt with n- égélsrfﬁ’e/‘S tryt SREAE SLOUEHE gavatHe Wil HompB it (040 §es18ks ds yellow oil. MS
m/e: 294 NI+ ¥4Yere)8 4=Bitnyeli Gadmerie-dydrpipesiding | A aolttioprefedure 11.
I'-benzyl-ﬁg-gj)y%@s(@;fgﬁzgcluomenc-1,4T-piperidine] (0.40 g, 1.3 inmol) 10 in ethanol (15 ml) was
purged with argon. After addition of the palladium catalyst (10% Pd on activated charcoal, 0.14 g) the
reaction vessel was filled with hydrogen gas. The mixture was stirred for 18 h at room temperature.
The catalyst was removed by filtration and the fiftP2@MAE concentrated in vacuo to give the title
compound (0.23 g) as white solid with a purity of approx. 88% as assessed by Ili-NMR (contaminated
with | -ethyi-SHlditrfdrospiy blisithiosndiieshidd] 2-benzofuran-1,1'-cycichexan}-4'-y1]-5,6-dihydro-

20 4H-|1,2,4]triazolo[4,3-a][1,4] benzodiazepine

The title compound was obtained as white solid in 77% yield from 8-chloro-1-[(1s,4's)-3H-
spiro[2-benzofuran-1,1'-cyclobexan]-4'-yl]-5,6-dihydro-4H-[1,2 4)triazolo[4,3-
aj[1.4]benzodiazepine hydrochloride and paraformaldehyde according to general procedure 111,
MS m/e: 421 (M+H™).



15 piperidinc]). MS inic: 204 (M+1-1). Amine 6 111-Spirojisochromene-4,4L piperidinej a)
(4-Phenyl-pmendm-4-y1)-methanol To a solution of 4-phenyl-4-piperidinecarboxylic acid
4-toluene-sulfonate (2.0 g, 5.3 mmol) 20 in dry tctrahydrofuran (10 ml) was added 1 M aluminum
hydride solutienondettalydrofuran at 0 C. The reactign mixture was heatedpgtyeflupndar 20.mm. After
cooling to 0 C water (0.4 ml), 2 M aqueous sodium hydroxide solution (0.6 ml) and water (0.8 ml) were
added consecutively. The white suspension was%t{ié{redl ef(;%,r 10 min and diluted with tetrahydrofuran (40
ml). After addition of anhydrous sodium sulfate ( g[Whe suspension was 25 stirred for further 10 min.
The precipitate was removed by filtration and the filtrate was concentrated in vacuo to give the crude
title compound (0.6% ‘(jig8%@’@“3%%%’@WW@W@“@@WW&EIﬁ’ﬂ%ﬁdiﬁ}mi’~y1)~4H—
oksochromene-4,4"-piperigirch] el 2 L0052 Gln A8 ek E20091 084RG9).14-dioxane (5 ml) and
concentrated hydrochloric acid solution (1.3 ml) was heated at reflux for 80 h. The reaction mixture
was diluted with gt tat wa ith 0. ueous sodium hydrgxide solution.
The aqueous Iaﬁer%%%ﬁgx?ﬁgcgé%%}v%zﬁ% fa‘)é%?gféﬁ(a%(?ogm?ﬁg{lf%%a%%am pﬁgﬂ%ﬁr@gﬁ}g—%%%w e dried

over arhydfdtisBbaiih stilfatd QAdzcdntemrarddandsasooo Rldshzcitomatdgpaphidnbihe uge

product with) dichlromethangmet _ ve,He title nd (0.0353 g, 50%0) as ellow
YR R et e St U S R
-Bel-4- 20¥thetFaEH AL ol 1O TE s HGHSH or B bitisieBerzyt didoris! (7¢8 gongentmiod) im vacuo.
tetrahydrofUhesh{80 gnipwasnaslded gropuiise a2 3 disolutian:of sthylmagncsivm, Giosdein, 1 -

tetrahydrorzlfrﬁrg}({lé ml, 42 mm I? The reaction was exothermic, and the rate of addition was adjusted
to maintair & Gente Temi KREF B Stblton agrdskiniiarmings bl ¢ i risnirge added
in portidns3(Phig-mbdrganas: hBgiedodib refloixfavi2 mbefore(additign of a solution of
1-benzyl-azepan-4-one 15 (8.5 g, 42 mmol) in tetrahydrofuran (40 m1). The reaction mixture was
heated for another 4 h at reflux. Cooling to roomgte Lature was followed by slow addition of
saturated ammonium chloride solution (50 ml), water (100 ml) and ethyl acetate (300 m1). The layers
were separated@@qﬂtglp —%?WC‘% yer. was concentrated, to give a green oil. Flash column
chromatography Using 2 2-1 mixtd g@fﬁ%ﬁ?ﬁéﬂ REpBe RiBetdigk KridhtgabthmstidEcompound as
a light yellow oil 20 (8.0 g, 1%, v}« 4 B-BHD 2 heBZhiBpiisitazambenfotide 21 benzofuran]  To a
solution of (RS)-1-benzyl-4-(2-hydroxymethyl-phenyl)-azepan-4-ol (7.0 g, 22 mmol) and triethylamine

(3.1 ml, 22 mmah\dniteteabysraiuran GQ.mbwasagds: ' esulipayl chloride (1.7 ml,
22 mmol) in tctrah_:ggjlrofurgﬁnﬁ(;zo nfté at0 C. Afterlggﬁ%?le%gjgé%%gl%d&%ﬁ%ﬁ%i%gg%éﬁ% %l\r/tall%u‘% owed

to riseto rooH Eridte SBtRFmGRAC S Ad toNER by adbftidn lot.4tistelobbiion of triethylamine
(3.1 ml, 22 jrirAghpnSdittingpinas aotioared:Quet RightdhReoreactianixie. was partitioned between
water andﬁ@gﬁgcﬁgt : L}_}e layers were separated and the organic layer was concentrated in vacuo.
Flash column chroma ‘grapI)Ty using heptane/ethyl acetate as elucnt gave the title compound as a light

yellow oil (4.0 g, 61%).
Example 9

8-Chlero-5-methyl-1-(1'H,3H-spiro[2-benzofuran- 1 4"-piperidin]-1'-y}-5,6-dihvdro-4 H-
20 [1,2,4]triazolo[4,3-a]{1,4]benzodiazepine

To a suspension of 8-chloro-1-(1'H,3H-spiro [2-benzofuran-1,4"-piperidin]-1'-yl)-5,6-
dihydro-4H-[1,2 4]triazolo[4,3-a]{ 1,4]benzodiazepine hydrochloride (38 mg, 0.086 mmol) in
methanol (1.2ml) were added triethylamine (18 ul, ¢.13 mmol) and paraformaldehyde (22 mg,
0.68 mmol). The mixture was heated at reflux for 2 h. After cooling on an ice bath sodium

25 cyancborohydride (10 mg, 0.128 mmol) was added. The mixture was stirred at rToom temperature
for 1 h, quenched with water, diluted with 1 M aqueous sodium hydroxide solution and extracted
with three portions of ethyl acetate. The combined extracts were dried over Na,SO,, filtered and
coneentrated 1n vacuo. The crude material was purified by chromatography on silica gel (2g

Flashpack cartridge, eluent: ethylacetate then ethylacetate: methanol 9:1) to yield 21 mg (58%)



30 MS m/c: 294 (M+HI ) WO 2010/054961- 49 -PCT/EP2009/064565 RS -3'R-S iro aze
ane-4,11-121benzofuran] A solution of (RS )-1-benzyl-31-1-spiro[azepane-4,11-[2]benzofuran]
(4.00 g, 13.6 rnmol) in methanol (50 ml) in an autoclave was purged with argon. After addition of the
palladium catsigstofb@%aded on activated charcoal, 1 g) the autoclave was presgurgeehyvils 5 bar of
hydrogen gas. 5 The mixture was stirred over night at room temperature. The catalyst was removed by

filtration angythe filtgate yas saaﬁgmr@eﬁ,yhv%i%?ﬁ}@&a%%%ﬁ Y RAdliPedDelieRh By acetate

and aqueous sodium hydroxide solution (pH 14 e layers were arat € aqueous layer
was extradted- fitirerkyrecetbdd rrecdarmimed orguisieoryeMSvere diizdvbudrsodium sulfate and

concentrated in vacuo to give the title compound as white solid (2.5 g, 90%). 10 MS m/c: 204
(MHT-1+). Examples General procedure!: Condegsaganief hydrazide and thiolactam to triazole A
mixture of a hydrazide derivative of formula (11) (1-1.5 cq) and a thiolactam of formula (111) (1 eq) in

n-utanol (§.&-Aidk B 1RIpRITA PN A0TL4 B ARLECPURBIORN] 12 IRRREIRINE DG 2ovent

is evaporated and the residue is purified by flas romatography to give an rivative of
formula (1-1-a). Under the reaction ‘cétfitiensielt NaB b8 pmngdiavapibe partially or completely cleaved
thermally, and a secondary amine derivative of formula (1-1-b) is obtained in addition or as the sole
product. Generdlopsootdive 4 Clédage QN8OS @s(p304 sehtionghaniiBOG) desiviaing of

general for, l-a) (1 in1 methanolie hydrogen.chloride solution (10 - 20 eq HC,;l) IS
heated at é%} %?fé’ﬁ ipggéfﬁgﬁ?ﬁgﬂﬁgﬂ Hc%oegﬁﬂgl%e 50m é/rg%(égia ure tﬁ%ofeg%%’iorq ‘ﬁ%é)islgoﬁteﬁ}tlrated in
vacuo to g@@éf@ﬂ'ﬁeié@ﬁdér} &rﬁid?gldemi\b@r@f gereralitormutet-tlas hydéschiatite:sdlts@ptionally
the e bae AR AR ANAINAY PYPaflioning By aalioflde SA pREeN A Adigoup Sochm

hydroxide solution and an 25 organic solvent, e.g. ethyl acetate or dichloromethanc. The ayerrsnare

separdted!SHEHEEG9E SukIayBE e xeres dwitlemesddricikibithe. Sryanietspteeint (The sdimbined

organic laygrs &@Bflﬁﬂc@a@k@%rﬂ@y%@ﬂiwz@.@}faé%id‘i!ﬁe@ﬁ @ensenuaied,in yaco.ig give the
free base of a compound of formula (I-b). WO 2010/054961- 50 -PCT/EP2009/064565 General
procedureR&Uactiv REARSIANGHD-1 A TiREtEdt & ¥ompotirwlsr-Hin L {irsyeislftée base or as

hydrochlotifje, s fitddoe=Eh]0:2 M) itieihydamine (leeqswien tie. hydrochloride salt of a compound of
formula (I-b) is used) and an aldehyde or ketone (8 eq) in methanol is heated at reflux for 2-6 h. After

cooling to 0 C 5 sodium cyanoborohydride (2-3592&%@ d. The reaction mixture is stirred for 3-16 h

at room temperature and quenched with 1 M aqueous sodium hydroxide solution. The aqueous layer

is extracted é\"ﬁg é%thyl acetate. The combined organic layers are dried over anhydrous sodium sulfate
248

and cohcen HYRelié! B Shrs s Brapiy tilds pineaidinil cafivatid Sidbremte(d3-
10Example | tert-Butyl 8-chloro-1-[¢lf 44)s3Respisotdihesgafusanrihahwyclohexanj-4'-y11-4R-

8-Chioro-1-(1'H,3H-spiro[2-benzo furan-1,4-piperidin}-1-y1)-5,6-dihydro-4H-

[1,2,4]triazolo[4,3-a][1,4]benzodiazepine hydrochloride (0.10 g, 0.25 mmol) and glycolaldehyde

{0.15 g, 0.25 mmol) in 1ml dichioromethane were stirred at room temperature for 2h. Formic
20 acid (37.4 ul, 0.98 mmol) and sodium cyanoborehydride (16.2 mg, 0.25 mmol) were added. The
reaction mixture was stirred at room temperature over night, then 30ml 0.1 N agueous sodium
hydroxide solution were added. Extraction with dichloromethanc and chromatography (-a: 20 g
silica gel, dichloromethane/methanol, -b: 10 g silica gel ethyl acetate/heptane , -c: 5g silica gel,
dichloromethane/methanol and —d: 10g Flasch-NH, Isolute column, ethyl acetate) vielded 3.5 mg
(3%) 2-[8-chloro-1-(1'H,3H-spiro[2-benzofuran-1,4"piperidin]-1'-y[}-4H-[ 1,2,4]triazolo] 4,3~
a|l1,4[benzodiazepin-5(6H)-yl]ethanol as white solid. MS m/e: 452 (M+H™).

]
L



11,2,41triazolo[4,3-al[1,41benzodiazepine-5(614)-carboxylate  The title compound was obtained as
white foam in 65% yield according to general procedure |. Hydrazidc:
(1r,410-3H-Spiro[2-benzofuran-13 '-cyclohexane]-4'-carboxylic acid. 15 Thiolactam:
7-Chloro-2-thiaxp:d1@i3 sstetrahydro-benzo[c][1,4]diazepine-4-carboxylic aGig-taiuyhester. MS m/e:
507 (M+FF) Example 2 8-Chloro-1-1(1 r,4 tr)-3H-spiro12-benzofu ran-1, | 1-cyclo he xanl-4'-y11-
5,6-dihydro-4H- [1,2,41triazolo [4,3-al [1,41benzgdiazepine hydrochloride 20The title compound was
obtained as white solid in quantitative yield from gﬁ%?ﬁ%- chloro-14( 1 r,4'r)-3H-spiro
[2-benzofuran-1,11-cyclohexan]-41-y11-4H-[1,2,41triazo lo[4,3-

a][1,4]benZotiPEpind Batincneiaidcdotbing srena-rodadarel 1 MSneridiub 7 (WATY-Example
3 258-Chlarmxbdretiny 1 b H 4l Ot sspirelahensatuiapmls 1-cyclohexan1-41-y11-5,6-dihydro-
41141,2,41triazolo[4,3-al j1,4] benzodiazepine The title compound was obtained as white solid in 84%

yield from WO 2( 49 -PCTIEP200 /][()8169r ,58-_(:!‘11 ro-1-[(1r,410-3H-spjro[2-benzo
furan-1,]1-cycIoﬁ?xfagé??ﬁ-y&ﬁ%%{&%%%ﬁ%%ﬁﬁ%,Aﬁtrgagz f&i&%h%&%@%&?@f@ﬁ#&% hydrochloride
and patafdirafdeliyal detaiilngteorgeheratiprotatioctltidmS tfieed DD fVisl) 2Exashalehdotatt-Buty|
8-chloro-1ij{lssis)idtalrspiol2-he - ; SAyll-4H- 112 4itrigzploi 4, alIII1
1,41benzod%]§ipirne-5(g H%%:%’rgg%g%@ﬁ %’r‘ﬁﬁ%ﬁégﬂo n@%gs% Sb(f%ﬁeﬁﬁ’ag%yhﬁg%%\m %f&b%
yield accofOihg 15! Jeretaifs sedautered pyaraiatieat 38 41.siiep mpiksiopbaivzooflitanice L opbiode

hcxanc]-4 byeacohydrazidey Thiglaciamdded and stirring was continued at 50 °C over night. 7~
7-Chforo-2- hioxo-lé.:;i5-tcérah¥ldraq-%enzoc[e]glﬂ%)]diazepine-4-cathxyIic acid tcrt- 10 butyl ester. MS
mic: 507 ( _llj(ir_ffﬂlc M Wﬁ} Ipe “hydrooromide (100" mg) and N-ethyldiisépropylamine (0.10 ml) were

10 added and the mixture was stirred over night at 50 °C. The solvent was removed and the residuc

was purified by chromatography (first chromatography on 20 g Flash-NH; Isolute column, ethyl
acetate, second chromatography on 20 g silica gel, ethyl acctate/ methanol) to vield 49 mg (40%)
8-chloro-5-(pyridin-2-ylmethyl)-1-(1'H,3H-spiro] 2-benzo furan-1 A-piperidin]-1'-yi)-5,6-
dihydro-4H-[1,2,4]triazolo[4,3-a]{ 1 4 benzodiazepine as white solid. MS m/e: 499 (M+H.

15 Example 13

8-Chloro-N,N-dimethyl-1-(1"H,3H-spiro}2-benzofu ran-1,4"-piperidin}-1"-vl)-4H-
|1,2,4jtriazolol4,3-a][1,4]benzodiazepine-5{(6H)-sulfonamide

A mixture of 8-chloro-1-(1'H,3H-spiro[2-benzofuran- 1,4'-piperidin]-] -y)-5,6-dihydro-4H-
[1.2,4jtrazolo[4,3-a][1,4]benzodiazepine  hydrochloride  (50.0 mg, 012  mmol),
20 dimethylsulfamoyl chloride (13.3 ul, 0.12 mmol) and pyridine (9.9 ul, 0.123 mmol) dissolved in
2 ml dichloromethane were stirred over night at 40 °C. The solvent was removed by distillation
and the residue was purified by chromatography (20 g silica gel, ethyl acetate/methanol) to yield
35 mg (55%) 8-chloro-N,N-dimethyl-] ~(I'H,3H-spiro[2-benzofuran-1,4-piperidin]-1 -yl)-4H-
[1.2,4]triazolo[4,3-a]{ 1 4]benzodiazepine-5(6H)-sulfonamide as white solid,
25 MS m/e: 515 (M+H™).

Example 14

Methyl §-chloro-1-(1 ‘H,3H-spiro[2-benzofuran-1,4"-piperidin]-1 yi)-4H-[1,2,4]trizzolo]4,3-
a]{1,4]|benzodiazepine-5(6H)-carboxyiate

8-Chloro-1-(1'H,3H-spiro[ 2-benzofuran-1,4-piperidin]- 1-y1)-5,6-dihydro-4H-



8-Chloro-I-R1s,4's)-3H-spiro[2-benzofuran-ElLcyclohexani-4'-y1]-5,6-dihydro-4H-
[1,2,41triazolor4,3-ai[E4]benzodiazepine hydrochloride The title compound was obtained as white
solid in quantitative yield from tert-butyl 8- 15 chloro-1-[(1s,410-3H-spiro [2-benzo
furan-1,1'-c-yslahsxamkdiry1]-41-11,2,41triazo lo [4 &3 a][1,4]benzodiazepiperatbdirearbgxylate
according to general procedure 11. MS ink: 407 (M+HH). Example 6

8-Chloro-5 ];ﬁb@z-;l(& Py irol2-benzofuran-la, . _ . )
Lcyclohexafr(H%l'-yl1-S%%ﬁﬁggﬂf(’?%ﬁ(%f%&nﬁr%i%% gl,%;}g 1(,£1(fge’r}|¥6d(|}azzsep%%m)ﬁ ‘Fﬁeeﬂi}(tll%mme
compound(#a8 obthindttas kel solienptby 7 vojlels feom8-cHdrphi-k $7410:8hel}  and  4-N,N-
spirol2-bemstuamigayeiahesnldl laagnro il Alinial (45 i gbszadazenine
hydrochloride and parafolinaldchydc according to general procedure Ill. MS m/e: 421 (M+l-17). WO
2(110/054 881 BFUSRTEPD0AB OB#BEE BRSNS 7t EAdBlty SeBRRSPE-2UEL 3 s bispir by SRz ofu
ran-1,45-piperidinde1sbl2idhl Fazalachddrrithidlhepzediazeping-a(6id)carbaxylateHimbturs,of
1-bromo-8-ﬁ%1lor()t-4H,6H-é$,5 ]E?b-(%eﬁg?aza-ubenzo[e]azuIe,ne,-5-carboxy|ic 5 acid tert-butyl ester (1.00
g, 2.50 mniol) RAE SELISH §[§i enYoR AT ARASSATIRRED CiHE°G, Dot Aitnat) Welhe \Sridtesa-dver
night at 130 €3 Bterirofdiiegrtdineon, iepipatdiuye, e 4rixtl elras-s us pengded sviknhalhy-aggtate and
filtered. The filire oncentrated.i uo, . aphy on silica gel with ethyl acetate yielded
0.38¢ (3;(%&};%%%3%&@%%%}&% i%ﬁ%%o%%o nzofutan-1,47-piperidin]- 1 t-y1)-4H-[1,2,41triazo
[4,3-41,41benzodiazcpine- 10 5(61-1)-carboxylate as slight yellow solid. MS m/c: 508 (MH-H").
Example 8 8-Chloro-1-(11H,3H-spiro[2-benzol&Eigmeia 15piperidinj-1 cy1)-5,6-clihydro-4H-
[1,2,41triazolo(4,3-a][1,41benzodiazepine hydrochloride The title compound was obtained as light
yellow&olid ifr §uetiitaetoyieldd irehB ienpibttyd- benzofuran-1,4'-piperidin]-1-y1)-5,6-dihvdro-4H-
158-chloro-1-(111,3H-spiro[2-benzofuran=1,41-piperidinl-1-y1)-4H-[1,2 4]triazolo[4,3-
41,4]benzodiazepine-5(61-1)-carbi%%ﬁ%%ég%ﬁfnéa@%léégérlg)?(g%%g%ere II. MS m/e: 408 (M+H r)
Example 9

A mixture of 8-chloro-1-(1'H,3H-spiro| 2-benzofuran-1,4"-piperidin]-1'-y1)-5,6-dihydro-4H-

11.2,4}triazolo[4,3-a][1,4]benzodiazepine hydrochloride (75 mg, 0.18 mmol) and acetyl chloride

(66 pl, 0.92 mmol). in dichloromethane was stirred over the weekend at room temperature. The

15 solvent was removed by distillation and the residue was purified by chromatography (10 g silica

gel, dichloromethane/ methano! 8:2). The resulting substance was suspended in 0.1 M aqueous

sodium hydroxide solution and extracted with cthyl acetate and dichloromethane to yield 49 mg

(59%)  S-acetyl-8-chloro-1-(1'H,3H-spiro[2-benzo furan-1,4'-piperidin]-1'-y1)-3,6-dihydro-4H-
[1,2,4]triazolo[4,3-2][1,4]benzodiazepine as light yellow solid, MS m/e: 450 (M+H ).

20 Example 16

2-[8-Chloro-1-(1'H,3H-spiro[2-benzofuran-1,4"-piperidin]-1'-yD)-4H-[1,2,4] trizazolo[4,3-
al[1,4]benzodiazepin-5(6 H)-vl]-N,N-dimethyi-2-oxoethanamine

A mixture of 8-chloro-1-(1'H,3H-spiro[2-benzofuran-1,4"-piperidin]- 1-y1)-5,6-dihydro-4H-
[1,2.4}triazolof4,3-a]{1,4]benzodiazepine (0.30 g, 0.74 mmol), N-ethyldiisopropylamine (0.51
25 mi, 2.94 mmol) and dimethylaminoacetyl chloride hydrochloride (0.21 g, 1.10 mmol) in 12 ml
THF were stirred at room temperature over night. Extraction with ethyl acetate and
chromatography (20g Flasch-NH2 Isolute column, ethyl acetate) vielded 93 mg (26 %) 2-[%-
chloro-1-(1'H,3H-spiro[2-benzofuran-1,4'"-piperidin}-1'-yl)-4H-[ 1,2,4]triazolo{4,3-
all 1,4]Jbenzodiazepin-5(6H)-vl]-N,N-dimethyl-2-oxoethanamine as white solid.
30 MS m/e: 493 (M+H").



8-Chloro-5-methyl-1-(11-1,3H-spiro [2-benzofu ran-1,4'-piperidin]-1 Ly1)-5,6-dihydro-411-
[1,2,41triazolo[4,3-a][ E4] benzodiazepine  To a suspension of
8-chloro-1-(111-1,3H-spiro[2-bcrizofuran-1,4'-piperidin]-1'-y0-5,6-

dihydro-41-1442 Alérazalo[4,3-41,4Thenzodiazepingshydrochloride (38 mg,QQ86,ima4d)sn methanol
(2.2m1) were added triethylamine (18 il, 0.13 mmol) and paraformaldchyde (22 mg, 0.68 mmol.). The
mixture was heated at reflux for 2 h. After coolingxor;‘1 a?eig? bath sodium 75 cyanoborohydride (10 mg,
0.128 mmol) was added. The mixture was stirre At foom emperature for 1 h, quenched with water,
diluted with 1 M agueous sodium hydroxide solution and extracted with three portions of ethyl acetate.
The combined &tFHEY Férdadfda(Gulineg 863 inirat? drrpetncentt steninevdinio! THe Blude

material was purified by chrpmptegraihy,pa;siliepasl/idaliaabragk pasidgegiuent: cthylacctatc
then cthylacetate: methanol 9:1) to yield 21 mg (58%) WO 2010/054961- 53 -PCTLEP2009/064565

of8-ch loro-5-methyl- - 'H,3H-spita[2-benzofuran- 1.4"-piperidin]-11-y1)-5 6-dihydro-4H- :
[1,2,4]triazolo 4%-%1,}2@&?303%?2%%?25 %ﬁsf%\i%%g %Iﬁn% N(I'eé %/éﬁﬁ%(&ﬁﬁﬁf{” xlégr%nﬁlg"fﬁrboxy fic
8-Chloro-RED VI 3FiEDif- [2- e rizéfumenedl , 4ndige fldird -1 -yiiyeb 6bdiby rostH 4 [pigetitiiazolo
8-chIoro-l-(ll-lg,3H-spiro[22beﬂ|’b‘lzofutran-1,4'-pftrjlcf?id?réi-(I)'L-[y‘c’l)ﬁ'-;;ff%-((jzﬁ%s_ldﬂ c’)éiilll-?-:anl.ﬁ?zﬁgﬁasz%lbdﬁfgﬁl,mm
nzodiazepKEPh§d RRHG TS0 H. IPRamalP ep i oackiéitere il Ul dietitromisithAd lvere

added acetSne/4p fitid: B8 tmmoth rid sqdinm tlacerpnbarghydiden(43.ma:. 0:29 mpol. Fhg reaction
mixture w S iti{ ted atr pm }g t[ﬁ%%pergt(ure for %@a s and the solvent was removed by distillation.
Chromatographvﬁzﬁ §'siticAgel S RRSFHEIT AN O HETRRASY 198: 5 13%8:2)Viged 24ty (3898
8-chlord-5N6epropy16X MM, BH-sp iro [2-benzo furan-1.4'-p iperidin]-1'ihydro-4 H-[1,2,4]triazo lo [4,3-
a][1,4Thenzodiazepine as colorless oil. MS ink: 450 (M+W). Example 11
152[8-Ch|or0-1-(111,311-spiro[2-bencofuran-l,@:&mgq@]-ll-yl)AH-11,2,41triaLoIM4,3- al [1,4l
benzodiazepin-5(6H)-A ethanol  8-Chloro- 1 -( 1 1H,3H-sp no [2 -benzo
furan-1,4"-pigeyidin]-11-y1)-5 6-dihydra-4H[1,2 4]triazolo[4,3-a][1,4]benzodiazepine hydrochloride (0.10
g, 0.25 nuno%{ggic? geii/%e'g?]é%!r?e r%ﬁg%é %558,’ ﬁéSbW%fF}‘i “li’r‘t‘%'l]"@mﬁ’ﬁmfﬂéﬁ@“&/é?@‘@ﬁﬁ%@”room
temperature for 2h. Formic A0 aiiali¢3ale] 4c8-0] PBdmmaly dad-pod ivdeyameb@ohydride (16.2 mg, 0.25
mmol) were added. The reaction mixture was stirred at room temperature over night, then 50m1 0.1 N

aqueous sodumyiydd RalIon i afdes Erreion Wil diehlaromeliang, and. Sygarlography

(-a: 20_g silica get, dichloromethane/methanol, -b: 10 g silica gel ethyl acetate/heptane -c: 5g silica gel,
dichlorom &M elRtiAar B Sasegl a2 dﬂﬁféf&gn]rﬁny Haebtteyaabited 3.5 mg 25
(3%)2-[8-chloref(addiaatpiapisyd@shensexfusan:dodApipericinlad bryhdahk-1, 2. 41triazo lo [4,3-
a][1,4Thenzodiazepi -&ggﬂ)?/l]ethanol as white solid. MS m/e: 452 (M+H ). WO 2010/054961- 54
-PCT/EP 9?@%4‘?6% b

Example 19

8-Chioro-1-{6-fluoro-1'H,3H-spiro[2-benzofuran-1,4"-piperidin]-1 “yh)-5-methyi-5,6-
20 dihydro-4H-[1,2 4|triazolo[4,3-a]{ 1,4 benzodiazepine

The title compound was obtained as off-white solid in §8% yield from g-chloro-1-(6-
fluoro-1"H,3H-spiro[ 2-benzofuran-1,4'"-piperidin]- 1-y1)-3,6-dihydro-4H-] 1 2, 4]triazolo[4,3-
a][1.4]benzodiazepine hydrochloride and paraformaldehyde according to general procedure 1.
MS m/e: 440 (M+H").



Example 12 8-Chloro-5-(pyridin-2-ylmethyl)-1-(111-1,3H-spiro[2-benzofuran-E4Lpiperidiro]-1 cy1)-5,6-
dihydro-4H-[1,2,4 Jtriazolo[4,3-af [1,4jbenzodiazepine 8-Chbro-1-( |
'H,3H-spiro[2-benzofuran-1,41-piperidin]-1'-y1)-5,6-dihydro-41-1- 5
(1,2,4]triazolojda3:4kbékhenzodiazepine hydrochloride; (100 mg, 0.25 mmohy.g-pichlwl.chigride
hydrochloride (45 mg, 0.27 mmol) and N-ethyldiisopropylamine (47.1 ul, 0.27 mmol) in 2 ml dimethyl
forrnamide were stirred over night at 50 C. ThenEanotKI’@ar ortion of 2-picolyl chloride hydrochloride
(100 mg) was added and stirring was continued At oI aver night. 2- (13romorncthyppyridine
hydrobromide (100 mg? and N-ethyldiisopropylamine (0.10 ml) were 10 added and the mixture was
stirred over nifftAEE! & M ednidriiveas Vet lintthereatann viak-pinsiiatindyl tivibritography

(first chromatography on 29 g4fiasho¥iig 159 uie; solsaiRa A1 26881S 5569 ghromatography on 20
g silica gel, ethyl acetate/ methanol) to yield 49 mg (40%)

8-chloro-5-(pyridin;2-yimethy1)-1-(111-1 -rsp' -b an-1,4'-piperidin]-1'-y1)-5,6- i
dihydrq—4H-H,2%l{ﬁg§2§[ }%-24%}az{fﬁ?eﬁlz%ﬁlfzé%’@%gﬁgéﬁ)é%ﬁé?ﬁ N :%@‘lfWEﬁ)?‘TQ@%%ple 13
8-Chlofo- Nl dipelhit- £stan 1011 8Hrs Hirb[2shen zofdrar todopiplesidinga- by At dn-[112 M tridnalprd, 3-al

[1,41bermpglipzeping-ai8drOssalfonami Ay : )
8-ch|oro-1?(GEi,L1-1§,§H-spiro[ ti‘%z%?ﬁr%ﬂnqﬁE’fpggﬁgﬁéﬁ?ﬂ%ﬁg{cﬁ%y&%tﬂ)l—fﬁo?ﬁi?}?ae%% oriﬁét,glea][lA]b

enzodiazePiREHydGE HBRARTSD BTy LhyDasr#p, 200 Hitnethyiduiariogiamivrdeilia. 3aUdith k2hyimol)
and pyridine«8:diki8:3281mmal) digsotved g mlgichiniomethancwese: SUEem quar ght at 40 C.
The solvent was.removed hy. disgﬂation and the residue was purified by chromatography (20 g silica
gel, ethyl é’é}%ﬁgﬁéﬁ{&ﬁg%{é% Hﬂ%@o}?ﬁ,(35%]%)4}benzodiazepme—ﬁ(6H)~carboxylatc: ag light yellow
8-chldfb-Nigdsdinvistiny ¢ - 5@ H43H-3piro[2-benzofuran-1,4r-piperidin]-11-y1)-4H[1,2,4]triazolo[4,3-a][1,4]
benzodiazepinc-5(6H)-sulfonamide as white solid. 25 MS m/e: 515 (M-LH-). Example 14 Methyl
8-eh|oro-1-(EH,3H-spiro[2-benzofuran-1,4Lpipe§§gé@§fi]1%-y§)-4H-[l,2,41triazo|o[4,3-
all1,4]benzodiazepine-5(6H)-earboxylate 8-C hloro-1-( 1'H,3H-sp iro [2-benzo furan-1,4'-p iperid
in]-11-y1)-5,g_-[§}§|3/dr%-ﬁ—l- WO j%l%) 54961~ 55 -PCT/EP2009/064565 ~

[1,2,4]triazold[4 341 bt hdB a2 he RURSchssrcia aed P e o 8iRb irthgilnire 485 8 il
0.61 mmol), methyl chlorof¢traatieriadeiaiQ324] ma)obnandidzbhMeimathyimminrpyridine (3 mg,
24.5umol) in 2m1 dichloromethanc were stirred at room temperature for 1 h. The reaction mixture was

added to saturated agueshpsadiumhygiogen 2 salufion.Exiraction with slhyl acetate,
removaal of the solvent by g%tillation.;nd chrom%t%?r%}%?}%(%%%%%E%%&%f@rﬁé%?%eé Fnylgfhgﬁngl)
yieldé 7§W@?6]6%)fhﬁ<§ﬁ1m)}|%L@Hrépggig—benzofuran—l? -piperidim}-1'-y)-4H-[ 1,2, 4}triazolol4,3-
('H,3H-spifip[ henzeduranii45@EiRgrainhd it bt Aiiazollhctalli.AThenzodiazepineS(6H)-car

boxylate fg(%/]@/tg g%gwﬁ?le 466 (M+1-11. Example 15

105-Acet chloro- ,3H-spiro[2-benzofuran-1,4Lpiperidin]-1?-y1)-5,6-dihydro-4H-

Exarmple 22

8-Chloro-1-(7-fluore-1 "H,3H-spiro[2-benzofuran-1,4"-piperidin|-1'-y1)-5-methyi-5,6-
20 dibydro-4H-[1,2,4]triazolo[4,3-a}[1,4]benzodiazepine

The title compound was obtained as off-white solid in 76% vicld from 8-chloro-1-(7-
fluoro-1"H,3H-spiro[ 2-benzofuran-1,4-piperidin]- I -yD-5,6-dihydro-4H-[1,2,4]triazolof4.3-
ajt1,4]benzodiazepine hydrochloride and paraformaldehyde according to general procedure 111
MS m/e: 440 (M+H"),



11,2,41triazolo[4,3-al111,41benzodiatepine A mixture of
8-chloro-1-(11-1,3H-spiro[2-benzofuran-1,4t-piperidin]-1'-y1)-5,6-dihydro-4H[1,2,41triazolo[4,3-41,4Th
enzodiazepine hydrochloride (75 mg, 0.18 mmol) and acetyl chloride (66 ,ul, 0.92 mmol). in
dichloromethane wasostigsed over the weekend at roggn temperature. The L-salvenkwasdemoved by
distillation and the residue was purified by chromatography (10 g silica gel, dichloromethane; methanol
8:2). The resulting substance was suspended mE(% M ‘?g Jeous sodium hydroxide solution and
extracted with ethyl acetate and dichloromethane to ;P leld 49 mg (59%)

5-acetyl-8-chloro-1-(11H,3H- splro[FZ -benzofuran-1,4'-piperidin]-11-y1)-5,6-dihydro-4H[1,2,4]tri
20l0[4,3-41 A THETSNE: EpTe 5 Tkt Vempiosdiewierme: Leb opfeitin]) 1 >ob-Gameleyl6.6-

2-18-Chloro-1-(PH,314-spirafrbertoftranldinipewitird. Aon i Hirb2Aliazolo[4,3-
al[l,4]benzodiazepin-5(6H)-y11-N,N-dimethyl-2-oxoethanamine A mixture of 8-chloro- |

-(11-1,3H-spiro[2-penzofuanyd.4;pipesidinl-1'sy élgzgi 5§i 2@%%?3 g%lr%zgﬁd%]tlg%zplo 42?5‘”%‘%1 4219einzod|azep

ine (0.30 g, 0.74 mmol), N- ethyldusopropylamln met amlnoacetyl
chloride h)?é?ogllﬂor(?d'é’ (oely, ?F*I@W‘Wﬂ@?@nbmﬁ@wéi@ stigreth %&frdomiémmbra{ﬁmeroxiﬁﬁﬂlght

Extraction yyithretbyl-aeetate andighramatag NH I acetate)
yielded 93% 26 %) 248- chlogoﬁl - 1§3H%g% @g%fzi&ﬁéiﬁgr%l 1 %ﬁéﬁ,%?ﬁ? W'u%t@élt gl

1-y1)- 4H[ &z ofbfs §h3ﬁilﬁ%feﬂ'féaﬁa§%ﬁﬁ éwg.%rmqiﬂmww%xgethﬁnwwe Blgshite

solid. 30 I\A:Srmﬂeto@%lﬁMddér M@ﬁa@;@%&ﬁﬂc@ahB&%ﬁ?@@%@&&ﬁ@‘éﬁ%ﬁwh@éjﬂ&e&%&yl
8-chloro- g6 f&uo ro- 1,'11 ngsglrop ofU£ hE41 pip eridinl- -);O -411- 11,2,41triazolo [4,3-a] [1 Al
benzodi az‘epln % 57 ){y NG turé of eptcmc, -propanc] (70:30) as eluent gave the titie

1-broito-8:cmporadiid, Bisl- 233/5ﬂ@bﬁmmﬁda%@mﬂo[ﬂwmenﬁ-i-carboxyl ¢ 5 acid tert-butyl ester
(0.16 g, 0.4 mmo I) and 6-fluoro-3H-spiro[2-benzofuran-1,4'-piperidine] (0.36 g, 1.76 mmol) was
heated at 130 C for 3 hours. After cooling, the rgixiyrennvas suspended with ethyl acetate and filtered.
Chromatography on silica gel with ethyl acetate yielded 0.11 g (52 %) of tert-butyl

8-chloro-1- 1 3H:-spiror2-ben o 4 in -4H[1,2,41triazoio[4,3-41,4Then
zodiazepin éééfi ﬁgééé“r gg?y Iﬁte’gs?éﬁ‘gr?yé %{c;%]% g%pq\?é @%g WBE@%H V@?@‘Chloro-
-(6-11u0 ro-111-1,3H- spl%{%‘ﬁ&maﬂm{éﬁﬂhﬂipmzquzebm@w.ﬂmw&ke

[1,2,41triazolo[4,3-al111,41benzodiacepine hydrochloride The title compound was obtained as
white foam in quantitative yield femdert:betd-8m 6H-2,3,5, 1 Ob-tetraaza-benzo[e]azulene-5-carboxylic
15 acid tert-butyl ester (0.16 g, 0.4 mmol) and (RS)-3-methyl-3H-spiro[2-benzofuran-1,4'-
piperidine} (0.32 g, 1.6 mmol) was heated at 130 °C for 3 hours. After cooling to room
temperature, the mixturc was suspended with ethyl acetate and filtered. Chromatography on
silica gel with ethyl acetate yielded 0.076 g (36 %) of (RS)-tert-butyl 8-chloro-1-(3-methyl-
I'H,3H-spiro[2-benzofuran-1,4"-piperidin]- 1'-yi)-4H-[ 1,2,4 Jtriazolo[4,3-a][ 1,4 ]benzodiazepine-
20 5(6H)-carboxylate as slight brown foam MS m/c: 522 (M+H").

Example 25

(RS)-8-Chloro-1-(3-methyl-1"H,3H-spire|2-benzofuran-1,4'-piperidin]-1 "yI)-5,6-dihydro-
4H-[1,2,4]triazolo|4,3-a]| L,4]benzodiazepine hydrochloride

The title compound was obtained as off-white solid in quantitative yield from {RS)-tert-
25 butyl 8-chioro-1-(3-methyl-1"H,3H-spiro[ 2-benzofuran-1,4"piperidin]-1'-yl)-4H-[ 1.2,4]triazolo
[4,3-a][1,4]benzodiazepine-5(6H)-carboxylate according to general procedure 1,
MS m/e: 422 (M+H").



15chloro-1-(6-fluoro-1T1,3H-spiro[2-benzo furan-1,4'-piperidin]- 1 -yl)-4H-[1,2,4]triazo lo [4,3-
a][1,4]benzod iazepine-5(61-1)-carboxylate according to general procedure Il. MS m/e: 426 (M+1-1").
Example 19 8-Chloro-1-(6-fluoro-11-1,3H-spiroi2-benzofu ran-1,4'-piperid in
1-11-y0-5-methyl dfa707 Bdihydro-4H-[1,2,4]triazolo[4 gra] [E41benzodiazepige pp i it compound
was obtained as off-white solid in 88% yield from 8-chloro-1-(6-
fluoro-ll-l,3H-spiro[2-benzofuran-1,4'-piperidin%}£al-§}%f25 6-dihydro-4H[1,2,4]triazo lo [4,3-
a][1,4]benzod iazepinc hydrochloride and paraforméTiA e yﬁe according to general procedure ill. MS
m/e: 440 (M+EIl). WO 2010/054961- 57 -PCT/EP2009/064565 Example 20 tert-Butyl

8-chloro-1- 1 foMorD- 1819tk b {3-petsiul 4R spnsd idienicofarga L AHpip@idhrial od) 543-al
1lIsllbenzodiazepine-5(611)-caesylate A mi@%ﬂ@z@b{éﬁ-a}[E,d}benmdiazepim
1-bromo-8-ehloro-4H,6H-2,3,5,10b-tetraaza-benzo[e]azulene-5-carboxylic’ 5 acid tert-butyl ester (0.16
g, 0.4 mmol) angy/Z-ftuoro-3H-spirq[2-benzofuran-1,4.-piperidin 33 .6 mmol) was heated at 130
C for 2 hours. A?f}g?_%{ggli%%ég)oﬁggr% %érﬁgteéﬁg%érgf’ tﬁgnrgf%lﬁgl@gé%ugﬁgdn(%‘é)&’vﬁl%é &?S’Ef’élléfé“and
filtered? CHFSHEtdPaphy e Slibengefivith ethyiracediatel yidldea-0it G (69-96)20f tettblotyl3-a]

8-chloro-I-(71-fuRies kel 3= spiteR:Renzef N R ., o N e
piperidin]-%- 1]1)?4H- 1,2,%{?ﬁgg%ﬁfgf?%?ﬁ,%ﬁe%%%%fgz%%?]ﬁgg(gc %%{'r og?yl et[t%'erads1 I%%?Cf/iélﬁ%v{/} I10
foam. MS énﬁlﬁéj‘ @f-ﬁ)).- Example 21 8-Chloro-1-(7-fluoro-1
'H,3H-spiro[2-benzoluran-1,4'-piperidin]-11-y1)-5,6-dihydro-4H-

11,2 4jtriazolo[4,3-al11,4]benzodiazepine hydroBhtarige 27 The title compound was obtained as white
foam in quantitative yield from ten-butyl 8- 15chloro-1-(7-fluoro-I'H,3H-spiro

[2-benzofurangmperidialuld-y Db i Al az0ot s b ATNERARSIRZERINE RO s 3o ate
accor%ng to general procedure 1]§p|1?v|r08[2rlka)/e%zﬁi‘2umgm-l 4:!-:;i]]-)f)erid§n}m3—0ne
s
A mixture of I-bromo-8-chloro-5-methyl-3,6-dihydro-4H-2,3,5, 10b-tetraaza-benzoazulene
(50 mg, 0.16 mmol), tetrabutylammonium bromide (10 mg, 0.031 mmol) and 3H-spiro{2-
benzofuran-1,4'-piperidin]-3-one (65 mg, 0.32 mmol) in sulfolane (0.5 mi) was stirred for 20 h at
160 °C. The reaction mixture was poured on water and extracted with tert-butyl methyl cther.
15 The organic layer was washed with water, dried over anhydrous sodium sulfate and concentrated
in vacuo. Residual sulfolane was evaporated by kugelrohrdistillation (120 °C, 1-2 mbar).
Preparative HPLC with n-heptane/2-propanol (70:30) as eluent gave the title compound (10 mg,
14%}) as light yellow solid. MS my/e: 436 (M+H ).

Example 28

20 8-Chloro-1-(1'H,3H-spiro[2-benzothiophene-1,4'-piperidin]-1 -y)-5,6-dihyvdro-4H-

[1,2,4}triazolo[4,3-a]|1,4]benzodiazepine

a) tert-Butyl &-chlore-1-(1'H.3H-sniro[2-benzothiophene -1, 4"piperidim]-1"-v)-4H-

[1.2.4¥triazolol4.3-a][1,4]benzodiazepine-3(6H)-carboxvlate

A muxture of I-bromo-8-chloro-4H,6H-2,3.5,1 Ob-tetraaza-benzo[ejazulene-5-carboxylic

25 acid tert-butyl ester (0.3 g, 0.75 mmol) and 3H-spiro]2-benzothiophene-1,4-piperidine] (1.5 g,
7.5 mmol) was stirred at 140 °C for 24 h. The reaction mixture was transferred directly onto a
flash chromatography column filled with aminopropyl modified silica gel and eluted with n-

heptane/ethy! acetate give crude



Example 22 8-Chlo ro-1-(7-fluoro-1 TIE31-I-spiro [2-benzofurart-1,41-piperidini
-11-y0-5-methy1-5,6- 20dihydro-411-[1,2,611triazolo14,3-a]11,41benzodiazepine  The title
compound was obtained as off-white solid in 76% yield from 8-ehloro-1-(7-
fluoro-I'H,3H-spire¢2sensofuran-1,4"-piperidin]- | Lylp’,6-dinydro-4H-[1,2,4lt5az0 J@id3zcs
a][1,4]benzod iazepine hydrochloride and paraformaldehyde according to general procedure Ill. MS
m/c: 440 (N4H;F5L)- é{_\égog%(_)é%? 1 58-PCTTER2009/064565 Example,2 :
8-Chloro-1- 5-flugro-1'a,311-s Iro Z?E%eﬂlzogur%%qu T %eerﬁlcdin?’ﬁl?ﬁ(\)rié?‘fﬂﬁt@ _-542161:{],2,4}&1&120}0
dihydro-41f4x 2 A fibapetéjaaraifii diberraduiaypind Al naixiife)ofs yellow oil, which was used in
1-bromo-8rehiore-a:metye £:dibydiertt:2:3.5,100b-tetraaza-benzoazulene 5 (50 mg, 0.16 mmol),

tetrabutylammonium bromide (10 mg, 0.031 mmol) and 5-fluoro-3Hspiro[2-benzofuran-1,4'-piperidine]

(66 mg, 0.32 mr{%)l) insu ]Ja{n%g 15%1"%1) vgasoigif 16 oved by

kugelroludistilla 2 : D OFRF e rar e i¢Egel with
n-hcptancldtByt acetaltd A b furthermpodfication by preparative HPLC with n-hcptane/2-propanol (70:30)
as eluent gave the title 10 compound (9 mg, 13%) as white solid. MS nn/e: 440 (M-LHH). Example 24
(RS)-tert-Butyl &;c@mﬁa&-(@m@?y&w,%%&:ge{wlgsaﬁ&%qwg@i}eéi@w&ﬂ%@ﬂ&%gﬁéﬁ- 1,4
[1,2,4]triazaolo| 4,3-a][1,41benzodiazepine-5(6H)-carboxylate A mixture of '

1-bromo-g2 USSRl Bi-D Bl 5 2 OB itedplda ek blegasislisrerinesfbbRyt s Haie tHOBR ester (0.16
g, 0.4 mmol) ndnRS}arethyhabhspitp[3-benzofwianaddic RiRHGNSHO:-3R kb mmehwagheated
at 130 C for 3 hours. Eﬁftﬁeﬁqct)ogwgit% rogrﬁ\ ﬁggpeyature, the mixture was suspended with ethyl acetate
and filtered ChtomatSGrapRy on silicA gel witlh SIS idae a0 676°g (3819 SPIR UM buty!
8-chldfb-1h{Bhmetinytii3i-§iiro[R abe nzofurar-bd:-pindric éafed 12y ke ki), Phd]taanqded organic
[4,3-a][1, odiazeniney 20 2(6H):carboxylate. as slight brown foam MS m/c: 522 (M111-). Example
25 (RS)-8- hlcjszrog)l- 3-%%§%ylgi%£,3aﬁ@§’%f%‘%sz-%‘}egﬁ‘ér6‘fu?gﬁ? 6,4'?3|Hpe?l%ﬁﬁ‘f-"f"-‘i}"i?-5‘,%-diﬁ‘§}%ﬁ’ro%ﬁ&5
4H-[1,2 AXbareivEaBhalfov e bameotiazé piedifipdrobdogdewith Fheptiteedmboundavas dbtained as

off-white solic inasantsasyiele frers (RS)ter - .
8-chIoro-l%S(B-methyl-lll-?%H&idpiro[Z- @gﬁﬁrgﬁ%ﬁpéﬁ%m ?iﬁiéll)g%q]tHizl)l,2,41triazo|o

Example 29

15 8-Chloro-5-methyl-1-(1 "H,3H-spiro]2-benzothiophene-1,4'-piperidin|-1 -y1}-5,6-dihvdre-

4H-{1,2,4}triazolo[4,3-a}{1,4]benzodiazepine

A mixture of  8-chloro-1-(1'H,3H-spiro[ 2-benzothiophene-1,4piperidin]-1'-yI)-5,6-
dihydro-4H-[1,2,4]triazolo]4,3-a][ 1 4Jbenzodiazepine  (0.041 g 0097 mmol) and
paraformaldehyde (0.023 g, 0.77 mmol) in methano] (1 ml) was heated at reflux for 5 h. After

20 cooling to room temperature sodium cyancborohydride (6.012 g, 0.19 mmol) was added at 6 °C.
The reaction mixture was allowed to warm to room temperature and stirred for 18 h. Quenching
with 1 M aqueous sodium hydroxide solution (30 mi) was followed by extraction with ethyl
acetate. The organic layer was dried over anhydrous sodivm sulfate and concentrated in vacuo.
Flash chromatography over aminopropyl modified silica gel with n-heptane/ethyl acetate as

25 eluent gave the title compound (0.020 g, 48%) as off-white solid. MS m/e: 438 (M+H").



[4,3-aftl,4Thenzodiazepine-5(6H)-carboxylate according to general procedure 1l. MS m/e: 422
(M--1-11. WO 20101054961- 59 -PCT1EP2091064565 Example 26
(RS)-8-Chloro-5-methy1-1-(3-rnethy1-111,31-1-spiro[2-benzolu ran-1,4'-piperidin 1 Lyl)-5,6-
dihydro-411-[#w20@i§kdésgniord,3-a][1,41benzodiazepine The title compoung-was.akjained as white
solid in 25% yield from (RS)-8-chloro-1-(3- 5methyl- | 1-1,3H-spiro[2-benzofuran-1,41-piperidinl- |
t-y1)-5,6-dihydro-4H-11,2,41triazolo[4,3-a] [1,4] ,nzodi'a pine hydrochloride and paraformaldehyde
according to general procedure 111. MS m/c: 4 ?ﬁfﬁ?—%@ Example 27 |
-(8-Chloro-5-methyl-596-dihydro-4H-11,2,4 1triazolo[4,3-al [1,41benzodiazepin-1-y1)-3H-
10spiro12-Behs 8t 3 A fipiidedint 33 iomire (2 henpeiliandtene- 1,4 "-piperidin]-1'-y1)-5,6-dihydro-
1-bromo-8-chIoro-5-methy1-5,6-dihygl;g;@jmgg%@{k@aqg@%-m%éene (50 mg, 0.16 mmol),
tetrabutylammonium bromide (10 mg, 0.031 mmol) and 3H-spiro[2- benzofitran-1,4'-piperidin]-3-one
(65 mg, 0.32 mmpl)p. gl iane; ;3. MEWasIiehPLAQ 0 81100,

ert-putyl methy T 15" The org

poured on water

water, él’le OVET 1o edsi SOt st L EZEPNCeN A IetRTNON G

evaporated by kugetrohrdistillation (120 C, 1-2 mbar). Preparative HPLC with n-heptane/2-propano
Emple 28, J08-CHloro- 11"t ol banrotiophas e Lo ppor IR LN o e
Example 2 - ro-1-(1'11, I—!—s | -benzothiophene-1,4'-piperidinFiLyi)-5,6-dihydro-411-
R,2,41triazd8f§[f?§%§ﬁ{?4cféér@dﬁi§2§p%§e%? 3Bt I%fﬁﬂr&{gfR@Wté’ﬁ@?%%=ﬁéﬁ§%"d‘ﬁi‘q‘;‘ﬂ2242triaj 1
4e-56H-cafbonda Miktere7df mmol) was stirred for 24 h at 140 °C. The reaction mixture was loaded
1-bromo-8x¢hloro-41- 1 -fetraaza-benzolelazulene-5-carboxylic, 25 acid tert-buty] ester
O 07 R R T i s S o
140 clﬂ_)r 2@1$i.vcrﬁ@éé&_@ﬁdﬁ_lf(ﬂi%t@béomktﬁamﬁe@éq—a‘ﬁhwysgm@zawmmn@mtegmpmﬁmmn filled
with amInOprﬁmlm[f?%ftﬁgl%%{@Qleﬂmzﬁﬂé@%ﬂ%ﬂ)&%@k@ﬂﬁ!@éﬁ%&%@%%V%,Cﬁ"f@ﬁ as yellow

oil, which was used in the next step without further purification.

Ll 124 sl

b} 8-Chloro-1-(2.2-dioxido-1H,3H-spiro[2-benzothiophene-1.4'-piperidinl-1'-v1)-5,6-
dihvdro-4H-[1.2 4]triazolo[4.3-a] 1.4]benzodiazepine

15 A solution of the crude tert-butyl 8-chloro-1+(2,2-dioxido-1"H,3H-spiro [2-benzothiophene -
i, 4"-piperidin}-1"-yl)-4H-[1,2 4]triazolo[4,3-a][ 1.4]benzodiazepine-5(6H)-carboxylate (.11 g, ca.
0.20 mmol) from the previous step in 1.25 M methanolic hydrogen chloride solution (1.6ml 2.0
mmol) was heated at 50 °C for 3 h. The reaction mixture was poured on 1 M agqueous sodium
hydroxide solution (3¢ ml) and extracted with two 30-ml portions of ethyl acetate. The combined
20 organic layers were dried over anhydrous sodium sulfste and concentrated in vacuo. Flash
chromatography over aminopropyl modified silica gel with n-heptanc/ethyl acetate as cluent

gave the title compound (0.036 g, 32%) as white solid. MS m/e: 456 (M+H").
Example 31

8-Chloro-1-(2,2-dioxido-1 "H,3H-spiro[2-benzothiophene-1,4'-piperidin]-1 -yDy-5-methyl-5,6-
25 dihydro-4H-[1,2,4]triazolo[4,3-a}[1,4]benzediazepine

A mixture of 8-chlore-1-(2,2-dioxido-1H,3H-spiro[2-benzothiophene-1,4"-piperidin]-1'-
yb)-5,6-dihydro-4H-[1,2,4]triazolo{4,3-a][1.4]benzodiazepine  (0.032 g, 0.070 mmel)  and
paraformaldehyde (0.017 g, 0.57 mmol) in methanol (1 ml) was heated at reflux for 5 h. After

cooling to room temperature sodium cyanoborohydride (0.009 g, 0.14 mmol) was added at 0 °C.



WO 2010/054961- 60 -PCT/EP2009/064565 tert-butyl 8-chloro-1-(11H,3H-spiro[2-benzothiophene
-1,4!-piperidin]-I'-y1)-4H-[1,2,4]triazolo [4,3-41.4Thenzodiazepine-5(61-11-earboxylate (0.11 g, 27%)
as yellow oil, which was used in the next step without further purification.

8-Chloro-1-(1%#d 3bsprse2-lienzothiophene-1,4'-pipgrdin]-11-y1)-5,6-dihygse;Abl8 fidtienzodiaze
ine A solution of the crude tert-butyl 8-chloro-1-(I'H,3H-spiro(2-benzothiophene -1,4'-
piperidin]-}y1):4H; 1.2 4ltriazolold 3-41, 4 Thenzodiazepine-5(6H -caébox I t(ﬁf(O' 29,ca 0.18
mmol) from the Srelviousétepﬁ_‘Ji.zés%ﬂearlntgt\ﬁvélrn%lftg ﬁ?/(g}l(%én ‘%%fb‘f)f"dae“ dgfﬁ%ga? Agﬁl @@’fﬁ‘i‘ﬂ’(ﬁ) was
heated at S0 foiB #luppies retionhydxesiéevsas pourdd on)l Wisafiliests $odivmaitohydioxidey]
solution (QcGikkantbextasiesyhatuarstaieh A e smaned 9&%%%%&%%%& dried

over anhydrous sodium sulfate and concentrated in"vacuo. Flash chromatography over aminopropyr
modified_siied GO tEREBtanErEtHYY avarte daasiftsd: ghive ane it commpomed(0:048:460%) as
white splideMtrado: 424:4M thndpduEX@mule 296%) as off-white solid. MS m/e: 470 (M+H),
158-Chloro-5-mettly1-1-(VH,3H-spiro[2-benzothiophene-1,41-piperidin1-11-y1)-5,6-dihydro-
4H-[1,2,41triazolo[4,3-a; [1,4] benzodiazepifle Aﬂé}g{ﬁg&%-chloro-m 1'H,3E1-spiro
[2-benzothiophene-1,4'-piperidin]- 1 r-y1)-5,6-

dihydro-41-141 2 4)triazolo[4,3-41,4)benzodiazey ineéO.Q4lg,0.097mmoI)and paraformatdchyde (0.023
g, 0.77 mmdiy$ “Wﬁ’ﬁ%ﬂftﬁﬂi“%ﬁﬁﬁﬁ’%dﬁ fii sz alo lAfer Db Ubetireienpom teirpétature
sodium cyanoborohydridc (0.012g. Og mm@ﬁg@@&@@.@g@@@@ﬁé}e reaction mixture was allowed to
warm to room temperature and stirred for 18 h. Quenching with 1 M aqueous sodium hydroxide
solution (30 ml).was follov r extraction wi acetate, The organic layer was dried over
anhydrous sodi%%%@?% G t?t - "' “hrotrat orrel amimoptopyt
modif esemgRerhdhepandisthyl acetate as 25 eluent gave the title compound (0.020 g, 48%)
as off-white solid. MS m/e: 438 (MAT). WO 2(110/054961- 61 -PCT/F22009/064565 Example 30
8-Chloro-1-(2, 24dioniglartH3Hrspisibshenzethinphenss 5 4opipedsinldeyR BB arboxyiic
4H-11,2,4%tr5a Cljf%]lﬁl ?%il@ esnzo i zegénﬁ g%léen-B‘utl}/l . C

8-chloro-1(2, X1 -s%’iro’f%—l!&1 9 SIS pHENBE AT ISR RGHE - ARG dib &5 2.5
Orl-1)-carbowylate sul@lmixt(freloftabreimat8ioh 1ora-4H 6712, 3;Bhd Qitetinaza-hensertelazy le
ne-5-carb ' il tert-hut 0.75 mmol).and _ _ _
3H-spiro[gg%@n@caﬁ%éﬁérﬁgﬁﬁi%gﬁ%%f%;g%%ﬁ?i é%()fé? fg1 7 IS RoHS BYdreErbrEaideat 140
C. ThEredeliivmiiralviat teraek dhgireityrontes Si@n®) 30 V& Rir<llicalbe nainc: chramaliograiplocd with
n-heptandeibylaceiate; 1 ve.grudestert-outyl .. 4 e
8-eh|oro-1-(2,2-dioxi,do-ﬁ%ﬁ-g‘s&%}g%%%&%h?ogfj\e%r?é‘?ﬁ'fg%gﬁ}dﬂﬁ‘%m‘de solution (30 ml) and
1-y1)-4H-F15 AR B T PRSI RAs BhssspeH L badesina (s 8196y ers velidwheil, which
was used dnlifrasxisiRmwithiput inrtheneurfieatioNvacuo. Flash chromatography over aminopropyl

modified silica gel with n-heptanc/ethyl acetate as eluent gave 1'-(8-chloro-5,6-dihydro-4H-

'-.ls.'/l ()

20 [1,2,4]triazoio[4,3ma}{l,4]bcnzodiazopin~§—yl)~IH~spiro[isochromene~4,4'-pipcridine] (0.13 g) as
brown solid with a purity of 80%, which was used without further purification in the next step.
MS m/e: 422 (M+H".

b} 1'-(8-Chloro-5-methyl-5.6-dihydro-4H-[1,2.4]triazolo[4.3-a][ 1 Albenzodiazepin-1-vi)-

1H-spiro[isochromene-4.4"-piperidine]

2
LA

A mixture of  the crude P'-(8-chloro-5,6-dihydro-4H-[1,2,4]triazolo[4.3-
aj[l ,4}benzodiazepm—l-yl)—lH—spiro[isochromenc—:~4,4‘-piperidinc} (0.10 g, 0.24 mmol) and
paraformaldehyde (0.057 g, 1.9 mmol) in methanol (2 ml) was heated at reflux for 4 h. After
cooling to room temperature sodium cyanoborohydride (0.03 g, 0.47 mmo I} was added at 0 °C.
The reaction mixture was allowed to warm to room temperature and stirred for 18 h. Quenching

30 with 1 M aqueous sodium hydroxide solution (30 mi) was followed by extraction with ethyl

acetate.,



b) 8-Chloro-1-(22-dioxido-111.3H-spiro e 15A solution of the crude tert-butyl
8-chloro-1-(2,2-dioxido-111-1,3H-spiro[2-benzothiophene -

1,4'-piperidinpl'-y1)-4H-11,2 4]triazolo[4,3-41,4]benzodiazepine-5(61-1)-carboxylate (0.11 g, ca. 0.20
mmol) from thepresmieassiep in 1.25 M methanotic_hydrogen chloride solutigh£k8)§ks2:0:mmol) was
heated at 50 C for 3 h. The reaction mixture was poured on 1 M aqueous sodium hydroxide solution
(30 ml) angextracted with. two 30-ml portions of ethyl acetate, The combined 20 organic layers were
dried over anhygé?%us s (%um su %3% gﬁej %ghr%%ﬁ rsaé) i Selae %@ﬁ%’h@&%&%‘@%ﬁ%ﬁﬁm
aminoprogyF ATBRFRENdificey e mite protaptaedidity | sdostate! asitiueht gave dhyltitescompouher(0.036
g, 32%) agWhitgSRld MR B3N HEL) BXampledha. ms me:
8-ChIoro-l-(2,2-dioxido(-§%?-1,3H-spiro -ben%othiophefie-l,’4'-pipe?id?r% -iMyJIF)E-IS)?methyI-S,G-
25dihydro-4H-[1,2,4ltriacolo[4,3-al[1,4lbenzodiacepine. A mixture of
8-chloro-1-(2,2-dioxido-PH,314-spiro[2-benzoth E—%?M-piperidin]—l’-
y1)-5,6-dihydro-41-141,2,41triazolo[4,3-41.4]benzodiazepine (0.032 g, 0.070 mmof) and
parafofmaldeR§tieRoiph§ dilors7 ihdolity drethZheb o Hily thasrheatddiapipttidior B-hAfier cooling to
room temperature sodiunycyanabaibuside (4003 Sl MMmep HPs AdedaL0 C. WO
2010/054961- 62 -PCPEP2009/06456¥$j 2I'heﬁreagt%on iitf?e wéé% allgwaegg’g}%\é/&g%n to room
temperature ang stirred for 18 h. Quenching wi gueoqus sodium hydroxide solution (30 ml) was
followed by extr%c%ﬁ%ﬁhojth&/qbé%g a%?%’é’a%é%%%ﬁ#@ﬁa@%ﬁ BvErrrats ssdion Slfate
and concewntehted-intyhcstor @Shchrdhratedrapty ovihaminpipsipytimatified silicagelwitho. 11
n-heptane/ethyk acetaie.as 2;6/Uent 9av itle-compound (0.011 g, 26%) as off-white sqlid. MS mie:
470 (M1-1é-’1' ). Examéle 32 i--(s-%ﬁ%"’f’ﬁéﬂﬁ?é@h%@%@aﬁ ?@%W%&,&“ﬁl P §|8.‘izt’i’§t-%{i BU'
11,4180en28diazEpfted Syith-ther Spirall asthrermiesdsd, 4 pipeiitinebaliin@ Ohderds 5i6-einyaio-4H-1
1.2 A4. 3hAlnbi zadiazgmin-livba 1RePatR R fisoghpmenad4ung HRIxIHE OF., Ypeuo Flash

1-bromo-8-chloro-4H,61-1-2,3,5,10b-tetraaza-benzole]azulene-5-carboxylic acid tert-butyl ester (0.25
g, 0.63 IrmiBTy RAGIRRERiPS fs BRHPSRTERY-orrListh st e (@84 honsafatidrasalfelasiecBemwas
stirred for fhd fitiatcdApsund e elve MonAsLYaROKBIRA oy kigekohrdistitgtion (150 C, 1-2 mbar). After
addition of 1.25 M methano lie hydrogen chloride 15 solution (5.0 ml, 6.3 mmol) the mixture was
heated at 50 C for 2 h. The mixture was allowe 1o co?t %2 room temperature, treated with 1 M
aqueous sodium hydroxide solution (30 ml) an extracted with four 30-ml portions of ethyl acetate. The
combiped organic layers were dried over anhydrous sodium sulfate and concentrated in vacuo. Flash
chroratography oVEE oSV YHBRHHH Liditartinl S-nbdedeasniaeatind adehfent gave
11-(8-chloro-5,6-dihydro-4#ivyd@espire[isochremene-1,4'-piperidine] hydrochioride
[1,2,4]triazolo[4,3-41,4Thenzodiazepin-1-y1)-1H-spiro[isoclutmene-4,41-piperidine] (0.13 g) as brown
solid with a purity.ot.80% i . Wi er purification | next step. MS m/e: 422
HL-FL). Dt 808 B o e e B R e PP IR MR T
Amixturedfthietriibiadrod EhisieEsechmyens-A14-ring stindid 2o Mo BL. 2. 4Jtriazolof4,3-

a][1,4]benzodiazepine-5(6H)-carboxylate according to general procedure I1.
20 MS /e 422 (MHH).

Example 35

I'~(8-Chlore-5-methyl-5,6-dihydro-4H-{1,2,4]triazolo[4,3-a][1 ~“]benzodiazepin-1-vi)-3,4-

dihydrospire{isochromene-1,4'-piperidine]

The title compound was obtained as white solid in 50% yield from I'-{8-chloro-5,6-
25 dihydro-4B-[1,2,4}triazolo[4,3-a]{ 1,4]benzodiazepin- 1 -yl}-3,4-dihydrospirofisochromene-1,4"
piperidine] hydrochloride and paraformaldehyde according to general procedure  1IL
MS m/e: 436 (M+H").



a][1,41benzod iazepin- | -y1)-1H-spiro[isochromenc-4,4t-piperidinc] (0.10 g, 0.24 mmol) and
paraformaldehyde (0.057 g, 1.9 mmol) in methanol (2 ml) was heated at reflux for 4 h. After cooling to
room temperature sodium cyanoborohydride (0.03 g, 0.47 mmol) was added at O C. The reaction
mixture was alleveebigswarm to room temperature aggl stirred for 18 h. QuegiRehingalwithsl M
aqueous sodium hydroxide solution (30 ml) was followed by extraction with ethyl acetate. WO
2010/054961- 63 -PCT/EP2009/064565 The or ngiig Igeyfé was dried over anhydrous sodium sulfate
and concentrated in vacuo. Flash chromatography over aminopropyl modified silica gel with
n-heptanc/ethyl acetate as &tient gave the title compound (0.047 g, 45%) as yellow solid. MS mie: 436
(M+Hl. Exarﬁérgmé%%w?ggﬁtwethyﬁ«%,ﬁmmhydm»-éH-{E,2,4}ts~iam§0i_4,ﬁ%»a][lA}henmdiazepﬁa&»byﬂ}n
8-chloro-1-(3,4-dihydro-I'H-spiro[isoxrepiese-byh rRiperidimddayl-d1-
[1,2,41triazolo[4,3-allE4Ibenzodiazepine-5(614)-carboxylate A mixture of
1-bromo-8-chloro-4K6H-2,3.5,10b-tetraaza-bcnzole a ulene-5-carboxylic acid tert-butyl ester (0.72 g,
0.18 mmol) and 3,4-dihydrospiro[isochromene-1,41-piperidinc] (0.11 g, 0.54 mmol) was stirred for 72 h
at 130 C. The reaction mixture was poured on water (50 ml) 10 and extracted with three 50-ml portions
of ethy15 acetate. The combined organic layers wiekTHHEREd with brine, dried over anhydrous sodium
sulfate and concentrated in vacuo. Flash chromatography over aminopropyl modified silica gel with
n-heptane/2}grépaAdh as Bluetitgefve-thviitie-¢8ir paut tH(0:0624¢3-6 %) asnubitia aglid- MBI 522
(M+1-1"). Example 34 —_ '

151'-(8-Ch|oro-5,6-dihydro-4H-[1,2,4f r%gozgglzdeﬁ,ﬂ:%eﬁf[f{%i%}giﬁ%%%ﬁgazﬁgpin-1-y1)-3,4- dihydrospirof
isochromene-1,41-piperidingj hydrochloride f-white solid in
88% yield from tert=Btit Fetd 4-EhaRs S0 e lacuaaauaepio-1-yD-3H-
I'-y1)-4H-[ 3z dltrigzolo {4, J2@EhAhenzodiazepine-5(61-1)-carboxylate according to general
procedure 11. 20 MS m/c: 422 (M+1-1-). Example 35 | -(8-Chloro-5-methyl-5,6-dihydro-414-I1

,2,4ltrjgzolo [4,3:a enzadi iR~ - ik rolisochromene-1,4-pip _rclgrl el i The
title co?hpound%/qvalsj%tﬁi?ngg ZSB\'I?\I&}%%%'S}%}% g(r)%/ao%i/é}léﬁ?g% E)C]%I-S@-%hél)oro(E e}?_z ﬁ'chc > mlyi ¢
25dihydro2%i4-[Ero il artt5 4 3-41 UT HER ding ERin-1 § 138 of adtitipeeospirblisoembmeh <o - g,
piperidine]ihysreehlaridesandiparaiormaldehude according 4o aaneial REBARIWS L, MS Y8436

M+1-11). .
( ) spiro[azepane-4,1'-[2]benzofuran] (0.38 g, 0.19 mmol) was added, and the reaction mixture was

= fors

stirred at 160 °C for 18 h. The reaction mixture was allowed to cool to room temperature. After
I5 addition of 1.25 M methanolic hydrogen chloride solution (4.0 mi, 5.0 ramol) the mixture was
heated at 50 °C for 30 min. The mixture was allowed to cool to reom temperature, treated with
I M aqueous sodium hydroxide solution (50 ml) and extracted with two 50-ml portions of
dichloromethane. The combined organic layers were dried over anhydrous sodium sulfate and
concentrated in vacuo. Flash chromatography with dichloromethane/methanol as eluent gave the

20 title compound (0.23 g) as yellow solid with a purity of 90%. MS m/e: 422 (M+H").

by (RS} 1-(8-Chloro-5-methyl-5.6-dihydro-4H-[ 1,2, 4 triazolol4.3-al[ ] Albenzodiazenin-1-

yh-3'H-spiro[azepane-4.1'-[ 2Tbenzo furan]

The title compound was obtained as off-white solid in 56% yield from (RS)-1-(8-chloro-
5,6-dihydro-4H-[1,2,4]triazolo[4,3-a][ 1,4]benzodiazepin-1-y1)-3'H-spiro [azepane-4,1'-
25 [2]benzofuran] and paraformaldehyde according to general procedure I MS m/e: 436 (M-+H™.



WO 2010/054961- 64 -PCT/EP2009/064565 Example 36
(+)-1-(8-Chloro-5-methyl-5,6-dihydro-4H-W2,4 1triazolok,3-al Ibenzodiazepin-1-y1)-
3'H-spirojazepane-4,E-[2lbenzofuran] and 5Example 37
(-)4-(8-ChlorovBeretintd-dinydro-411-114,41triazejo[4,3-aliE4Ibenzodiazepirilsinb)ediEls
spirolazeparie-4,1:-[21benzofurard  a) (RS)-1-(8-Chloro- 5 6-diln,3- st-4 I'- 2 benzofuran] 10A
mixture of 1-bromy ‘ _ xylic. Cld te t-butyl

p par [ 31°g o nut as stirred
at 130 C for 24 h and at 160 C for METQEQQQWWM é@%bcnzoﬁmn] (0 38 g 0.19 mmol)
was added, and the reaction mixture was stirred at 160C for 18 h. The reaction mixture was allowed to
cool to room temperature. After 15 addition of 1.25 M mgthanolic hydrogen chloride solution (4.0 niL
5.0 mmol) the mixture was heated at 50 C for 30 min. The mixture was allowed to cool to room

temperature, treajed yvithel M agueqys )138%%@5 t%azcggd with two 50-m|
portions of dichloromethane. The combine organlc ayes Gus o8t sulfate

and coficentrated in vacuo. Flash cictias 3 Gyt amk /methanol as elucnt gave the
20 title compound (0.23 g) as yellow SO|Id W|th a purlty of 90% MS m/c: 422 (M-F1). b)

IRS8-Chlor0-5-nie}-#k-chidstrisznkid abeazodiazenin:|2 afzefspnt.. ) 1Thedilecampruogiwas
obtained a‘?l—?ff, WI(‘]) e solid | Ij{ eldﬁzro __

(RS)-1-(8-Chloron 6 dingdro-a AH59810[4,3 811, 4 1bénz bEE IS TRt SpitiBas aatie-4, 1'-
25 [2]benidt@r@hi]i@@ébb@aﬁa#ﬂirh@mmﬁ@zapmﬂdjrhg&ﬁggﬁe[ai@m@edm@l}l&emmﬁ} 436 (M@WO
2010105496165 PG IEBR099/084365 QL (1):A5(B-ChiorpeSmeltivks:&-ain Tis.io pze anec4

benzofuran
10 [1,2,4]triazolo[4,3-a][1,4]benzodiazepin-1-yi)-3'H-spiro[azepane-4, 1" -{2]benzofuran] (0.116 g,

0.266 mmol) on a Chiralpak AD column with n-heptane/ethanol (3:1) as eluent.

(1)-1-(8-Chloro-3-methyl-5,6-dihydro-4H-{ 1,2,4]triazolo[4,3-a][ 1,4]benzo diazepin-1-yl)-
3'H-sprro[azepane-4,1-[2]benzofuran] (0.036 g, 31%) was obtained as light yellow solid.
(MS m/e: 436 (M+H™))

15 {-)-1-(8-Chloro-5-methyl-5,6-dihydro-4H-{ 1,2, 4)triazolo[4,3-a]] 1,4]benzodiazepin-1-yl}-
3'H-spirolazepanc-4,1'-[2]benzofuran] (0.037 g, 32%) was obtained as light vellow solid.
(MS m/e: 436 (M+H"), [alp = -17.8 (¢ = 0.141, CHCL, 20 °C).



and d) (- )-1-(8-C h loro-5-met h y175,6-dihydro-4H-1 1,2,41triazo lo [4,3-all 1 A ber_L
LyA)clispin-1- 5r_r21benzofuralj
(+)-1-(8-chloro-5-methyl-5,6-dihydro-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-l-y1)-
311-1-spiroragepangedsds f2lbenzofuranjand(-)-1-(8-ghloro-5-mcthy1-5,6-diRyghg-4dde/nssses
[1,2,41triazolo[4,3-41,41benzodiazepin- 1 -y1)-3'H-spiro[azepane-4,1142Thenzofuran]were obtained
by chiral HPLC separation of (RS)-1-(8-chloro-5- methyl -5,6-dihydro-4H- 1 0[1,2,4]triazo lo
[4,3-a][1,4]benzodiazepin- 1 -y11-3'H-spiro[azepahe2iii® 42 Thenzofuran] (0.116 g, 0.266 mmol) on a
Chiralpak AD_column with n- hcptane/ethan %!(3 | ) as eluent.

(+)-1-(8-ChlorB & BRI S RS U ip TS Uil iazolo[4,3-41, 4 Thenzodiazcpin-1-y1)-
3'H-spiro[azepane-4,1'42Thenzofuran] (0.036 g, 31%) was obtained as light yellow solid, (MS m/c: 436
(M-FH ) 15(-)-1-(8-ChIoro-5-methyl-5,6-d 4__;._-::‘1‘ 4,2 ,4ltriazo lol ,4Thenzodi zepin-l-y1)-

independently H, or CIA-alkyl, C(R"Rd)- S(Oa)p whereln *and
ClA-alkyl, 10 Z is C(0)0, Rl o ™

f

wherein
5 X-Y is C(R*R")-0, wherein R® and R® are each independently H, or C;4-alkyl,
C(RRY-8(0Q),, wherein R® and R? are each independently H, or Cr-alkyl,
C(0YO,
CHOCH,,
CH,CH0,
10 Zis CHorN;
R'is halo, cyano, Ciq-alkoxy, or Ci4~alkyl
R*is H,
Cy.1z-alkyl, unsubstituted or substituted with one ormore OH, halo, cyano or Cy.1;-alkoxy,
‘ -(CHz)¢-R", wherein R® is pheny! or 5- or 6-membered heteroaryl, each unsubstituted or
15 substituted with one or more substituents independently selected from A,
(CH)NR'RY,
-C(0)-Cy.p-alkyl, wherein Ciip-alkyl is unsubstituted or substituted with one or more
OH, halo, cyano or Cjp-alkoxy,
-C(0)(CH){0C(0)-C,.1p-alkyl,
20 . -C(O)(CH2)NR'RY,
-C(C)YO-Cyz-alkyl, wherein alkyl is unsubstituted or substituted with one or more OH,
halo, cyano or C.jz-alkoxy,
-8(0)-Croz-alkyl,
-S(O),NRRY,



CH20CH2,CH 2 CH2 0, CH or N; RIis halo, cyano, ClA-alkoxy, or CIA-alkyl R2 is H,
nnsubstituted or substituted with one or more OH, halo, cyano or C142-alkoxy, -(CH2)"-Re, wherein
Re is phenyl or 5- or 6-membered heteroaryl, each unsubstituted or 15 substituted with one or more

substituents igdepeadently selected from A, -(CH2),NRIRIi, -C(0)-C,_12-alkyhwheiginbadde-alkyl is

unsubstituted or substituted with one or more 20 O halo cyano or Cl 12-alkoxy,

-C(0)(CH2)0C(0)-C,A2-alkYl, -C(0)(CH2)g1412IR]I, -C(0)0- C|12 herem alk I|s bstituted
or SUbStItU%g )ﬁ?@ﬁe B hnferendcHy L a6 8?3’8‘?‘1 (0‘3’2 FIREF 8 f&:ﬁ?ﬁy

are bound a 3- to 7-membered heterocycloalkyl contammg one or two heteroatoms Seiscted from
N, O or 8, which heterocycloalkyl is unsubstituted or substituted by one or more substifuents
independently selected from B,
5 Ais  halo, cyano, OH, Cio-alkyl, hale-C;s-alkyl, or Cy7-alkdxy,

Bis  oxo, halo, OH, C5-alikyl or Cir-aikoxy,
R*is ClorF,
nis lor2
mis 0,1,2 3or4,

10 pis 0, lor2,
qis 1,2, 3or4,
Tis8 2. 30r4,

or a pharmaceutically acceptable salt thereof.

2. The compound of claim 1, wherein
15 X-Y is C(R*R®)-0, wherein R* and R® are each independently H or methyl,
CH2-S(0),, wherem p is § or 2,
C(OHO,
CHyOCH;, or
CH,CH,0,
20 Zis CHorN,and
n is TorZ
3. The compound according to any one of claims 1 or 2, wherein Z is CH.
4. The compound according to any one of claims 1 10 3, wheren Z 18 N.
5. The compound according to any one of claims 1 to 4, wheremn n is 1.

25 6. The compound according to any one of claims 1, 2 or 4, whereinn 1s 2.

7. The compound according to any one of claims 1 to 6, wherein X-Y is CH,-0O-, C(H,Me)-O-,
or CH,OCH..

8. The compound according to any one of claims 1 to 7, wherein R! is halo.

9. The compound according to any one of claims 1 to 8, wherein R'isF.



WO 2010/054961- 67 -PCT/EP2009/664565 R' and R" are each independently H, C112-alkyl, or form
together with the nitrogen to which they are bound a 3- to 7-membered heterocycloalkyl containing one
or two heteroatoms selected from N, 0 or S, which heterocycloallcyl is unsubstituted or substituted by

one or more subséitvrengssindependently selected frogg B, 5 A ishalo, cyanop©ikicdubadlads halo-C,
7-alkyl, or C47-alkoxy, B isoxo, halo, OH, C47-alkyl or C47-alkoxy, R3is Clor F, nisl or2 misO, 1, 2,
3or4,10pisQ, 1 or 2, qisl, 2,3 0or4,ris2, 3 or 4, or a pharmaceutically acceptable salt thereof 2. The
compound%f%lﬁi?ﬁ@?%ﬁ‘ér%‘ff’?i@%‘? AR PRARINIDT h &PcTn HISTAIER Bre each independently H or
methyl, CH2-S(0)p, wherein p is 0 or 2, C(0)0, CH20OCH2, or CH2CH20, 20 ZisCH or N, and n is1 or
2. 3. Thé cdmpauneaecoraimd tanyome of elaims !l ier R wikesisim Zsis. CH. 4. The compound
according to any one of claims 1 to 3, wherein Zis N. 5. The compound according to any one of

claims 1 t&%4 Tihepeinonis a0 @56nTiscacp mpotfrideavedraing telemyione of claims 1, 2 or 4, wherein n
is 2. 7. The,compound according to any one of claims 1 to 6, wherein X-Y is CH2-0-, C(H,Me)-0-, or

CH20CH3.  H
5 Ci7-alkyl, unsubstituted or substituted with one or more OH,

-CHy-pyridinyl,
~C(O)-Cy 7-alkyl,
-C{O)CH,NR'R”, wherein R’ and R" are cach independently selected from C.s-alkyl,
-CLOYO-Cy g-alkyl, or
10 -S(O)NR'R", wherein R' and R" are each mdependently selected from C, 7-alkyl

13. The compound according to any one of claims 1 to 12, wherein R* is H, hydroxyethyl,
i-propyl, methoxycarbonyl, methyl, methylcarbonyl, N,N-dimethylamino-methyl-carbonyl,
N,N-dimethylaminosulfonyl, pyridin-2-yl-methyl or t-butexycarbonyl.

14. The compound according to any one of claims 1 to 12, wherein R? is Cyo-alkyl.
15 15. The compound according to any one of claims 1 to 14, wherein R” is methyl or i-propyl.
16. The compound according to any one of claims 1 to 15, wherein R* is CL

17. The compound according to any one of claims 1 to 16, wherein the compound is selected
from

tert-butyl &-chloro~1-[(1r,4r)-3H-spiro[2-benzofuran-1,1'-cyclohexan]-4"-vi]-4H-

20 [1,2,4}triazolo[4,3-2][ 1, 4]benzodiazepine-5(6H )-carboxylate;
&-chloro-1-[(1r,4'r)-3H-spiro[2-benzofuran-1,1'-cyclohexan]-4"-yl]-5,6-dihydro-4H-
[1,2,4}tnazolo{4,3-a][1,4]benzodiazepine hydrochloride;
8-chloro-5-methyi-1-[(1r,4'r)-3H-spiro[ 2-benzofuran-1,1'-cyclohexan]-4'-yi]-5,6-dihydro-4H-
[1,2,4]triazolo[4,3-a][ 1.4]benzodiazepine;

25 tert-butyl 8-chloro-1-[(1s,4's)-3H-spiro[2-benzofuran-1,-cyclohexan]-4"-y1]-4H-
[1.2,4]trtazolo[4,3-a][ 1.4]benzodiazepine-5(6H)-carboxylate;
§-chloro-1-[(1s,4's)-3H-spiro{2-benzofuran-1, I '-cyclohexan]-4"-yl}-3,6-dihydro-4H-
[1,2,4]triazolo]4.3-a]f I ,4]benzodiazepine hydrochloride;
8-chloro-5-methyl-1-[(1s,4's)-3H-spiro[ 2-benzo furan-1,1'-cyclohexan]-4'-y1]-5,6~dihydro-4H-

30 [1,2,4)trtazolo[4,3-a][ 1,4]benzodiazepine;



8. The compound according to any one of claims 1 to 7, wherein R' is halo. 9. The compound
according to any one of claims 1 to 8, wherein Rl is F. WO 2010/054961- 68 -PCT1EP20091064565
10. The compound according to any one of claims 1 to 9, wherein mis 0. 11. The compound according

to any one ofatedgsAtasd: wherein -nis |. 12. The ggmpound according to@Ry@ngeheiains 1 to 11,
wherein R2 is H, Ci_7-alliyl, unsubstituted or substituted with one or more OH, CH2-pyridiny1,

C(0)-C1_7-alkvl. -G(ACH7NRIle -wherein.Ri andare eagh independent I from C1,7-alkyl,
-C(O)O-Cl%%—lfa)\?kf%%o&%%%@ﬁﬁ%?ﬁpﬁﬁt%%n@ a%gaig A rﬁ@ﬁ%ﬁ%ﬁ%ﬁ g‘g’géﬁ%ﬁ 8#’%31_7-a|kyl.
13. The ceihpbimuzaderting fotahycertexflelaims 1 to 12, wherein R2 is 1-1, hydroxyethyl, i-propyl,
methoxycaranyl! _%%IM“ N;Nrdi mine:-methyl-carb . )
NI,N-dimeth Iaminor{s%%%l, pynd%%%ﬁ%w%gt\'hlgr gé '-%?Jat%ﬁ%ar o%r]i?ﬁ;H ﬂ@@%‘l’%ﬂ&a&ﬁg) gé%ording
to any onélbt GIafE B ZEP IR RSFERTIRZIEC 1 7-alkyL. 15 15. The compound according to any one of

claims; 1 te.ddowherain R2 is(mathil gdupronyl:Jf-the SpmpReUnd accareding ig, any.ne of claims Ito
15, wherein 53 is Cl. 17. The compound according to any one of claims 1 to 16, wherein the
compoundi&-sditaRl ot idrEIRGRASIBRTBIEL - [(1r,4'r)-3 H-sp iro [2-benzo furan- 1, I-cyc lo he
Xanr]]14'-y18-[4ﬁbkﬁ{iﬁﬁo%ﬁ@p@' IZ-CDLOI%?]{%@QEI’!EQ%@MI “ iﬂ@T%@d}]i@aqbﬁ?{kgﬁ-dﬁ}ydro-4z—1~ o 3-all
8-chloro-1-[(1r,4'1)-3H-spiro[2-henzofuran-1,1'-cyclohexan]-4'-y1]-5,6-dihydro-4H[1,2,4 1triazolo[4,3-a
L albens ol BRE RS s Eeepie

8-chloro-SHitethistet 1H(1# 4 03pbiteEbibof2dienpofid arirtridiaycohbxanl A 2yli-b Graiysiro-4H[1,2,4 1tria
zolo[4,3- ' ine; A5 kel |

8-ch|%?o-i&]-§ 11%]}?%}%%5 %g[gk%}éwsgﬁgggﬁ%,1'-cyc|ohexan]-4'-y11-4H[1,2,4]triazo|o[4,3-a][1,41benzodi
azepine_ﬁ@hy)&ﬁj@mg@ﬁ-y}mmhy})w 1-(1'H,3H-spivo[2-benzofuran-1,4"-piperidin}-1'-y1)-5,6-

8-Ch|OI'O-%ﬂg}&,&:gﬁqﬁkﬁ@j{ﬂﬁ%ﬁﬁ@@%@j@{§pﬁ%&&-&¥ﬁ%§@n]-4'-y11-5 ,6-dihydro-4H[1,2,4]triazolo[4,3-a]
1,41benzodiazepine hydrochloride; :
8-chloro-S-SueR I fenpdyl #@&?@ﬁiﬁéﬂgfﬁ?éﬁ@ﬁ}i&ﬂe‘fbﬁ%M‘W%@dihyd ro-4H-
30[1,2,4]triaz oiptazb[4, 410 n20ciazeRine; WS 291010648614 H9 -PCT/EP2009/064565
15 methyl 8-chloro-1-(1'H,3H-spiro[2-benzofuran-1,4-piperidinj-1'-yl)-4H-[1,2,4]triazolo[4,3-
a][1.4]benzodiazepine-5(6H)-carboxylate;
S-acetyl-8-chloro-1-(1'H,3H-spiro[2-benzofuran-1,4'-piperidin]-1'-y1)-5,6-dihydro-4H-
[1,2,4]}triazolof4,3-a][1,4]benzodiazepine;
2-[8-chloro-1-(1'H,3H-spiro[2-benzofuran-1,4"-piperidin]-1'-yl)-4H-[1,2,4]triazolo[4,3-
20 a][l,4]benzodiazepin-5(6H)-yl]-N,N-dimethyl-2-oxocthanamine;
tert-butyl 8-chloro-1-(6-fluoro-1"H,3H-spiro[2-benzofuran-1,4"-piperidin]-1'"-y1)-4H-
[1,2,4}iriazolo[4,3-a){1,4]benzodiazepine-5{6H)-carboxylate;
8~chloro-1-(6-fluoro-1'H,3H-spiro[2-benzofuran-1,4'-piperidin]-1'-y1}-5,6-dihydro-4H-
[1,2,4}triazolo[4,3-a]{ 1 ,4]benzodiazepine hydrochloride;
25 8-chioro-1-(6-flucro-1'H,3H-spire[2-benzofuran-1,4"-piperidin]-1'-yl)-5-methyl-5,6-dihydro-4H-
[1,2,4]triazolof4,3-a][1,4]benzodiazepine,
tert-butyl 8-chloro-1-(7-fluoro-1H,3H-spiro[2-benzofuran-1,4'-piperidin}-1-y1)-4H-
[1.2,4)triazolo[4,3-a][1,4]benzodiazepine-5(6H)-carboxylate;
8-chloro-1-(7-fluore-1'H,3H-spiro[2-benzofuran-1,4"-piperidin]-1'-yI}-5,6-dihydro-4H-
30 [1,2.4%triazolo[4,3-a]{1,4]benzodiazepine hydrochloride;
&-chloro-1-(7-fluoro-1'H,3H-spiro[ 2-benzofuran-1,4"-piperidin]-1'-yl)-5-methyl-5,6-dihydro-4H-
[1,2,4]triazolo[4,3-a][1,4]benzodiazepine;
8-chloro-1-(3-fluoro-1"H,3H-spiro[ 2-benzofuran-1,4"-piperidin]-1'-yl)-5-methyl-5,6-dihydro-4H-
{1,2,4]trazolo[4,3-a][1,4]benzodiazepine;



tert-butyl 8-chloro-1-(1'H,3H-spiro [2-benzo faran-1,4'-p ip eridin]-11-y0-4H-[1,2,4]triazo lo [4,3- a]
[1,4]benzo diazepin e-5 (6H)-carbo x ylate ; 8-chloro-1-(1'H,3H-spiro[2-benzo furan-1,4'-p ip erid
in]-1T-y1)-5,6-dihydro-4H-[1,2,4]triazo lo [4,3- a] [1,4]benzodiazepine hydrochloride;
58-chloro-5-mpatiisisbs(bd11,314-spiro [2-benzofuranyd ,4'-piperidin]-11-y1)-peor-ghidsandsks[1,2,4[triazo
lo[4,3-a}[1,4]benzodiazepine; 8- chlo ro-5- isopro p y1-1-(I'H,3H-sp iro [2-benzo :

f 1,4 1 4 b 8-chl 1-(I'H,3
: I—l|Jrsa[:r)l|ro [Z%Qr%ggpér;c%%i E}ﬁp??p erid Iﬁzgf%ﬂ aaﬁlc[) []5”%32 ﬁeﬂyﬁgfz[o (CJI |a(t)zr§p A
in-5(6H)- y[]lé&,ﬂﬁﬁﬂﬂ@b{ékﬂtﬁ}ﬁﬁlbp?mﬁm@mm@(lﬂ‘@ﬂ)ai@m@sg iro [2-benzofuran- 4peri
din]-11-y1y-5f,d.thysligsAtlil 143, ﬁr%ﬂ%ﬂm& o2z od-AaRem 1065 8- GiRlRLepN-dimethy 1-1 +(

1TH,3 H-s w% benzo furan-1,4'-p
y1)-4H[1, 4 afAazrsie)s- éjf»i[hs]ﬂéﬁ%lﬂ%&%@ﬁrﬁéﬁs%mm%mamlde 15methyl 8-chloro-1-( I'H,3H-spiro

[2-benzofgranidkd spiReridinl k- ﬂébmﬁﬁr@@%@ 1R Bah 1A e?i&ﬁ‘]'@ . eCam{ B)-c arbo
xylat e; 5-a¢ ﬂil -8-¢ hlorp-1- 11 1,3 H-sp iro [2-benzoiperid ink I -yI d ihydro- -4H- [1, 2 ,A]triazo

lo[4,3-a][1 4] b tikZ8 ke ‘?A[é CHITHERE 3P -spiro

[2- benzofurqe-ahmkopﬂ@@ramm-ﬂ,sy&wdxbm&Eu],mamdeo[lé[a 320 aljbetlbenze thiazen -
in-5(6H)- y d|nc o X0 et h nf\mlne tert-butyl
8-chloro-1 ?g{} Goro-d splr 1[% enzofdran- 1,4'-piperidin]-1'-y1)-4H[1,2,4]triazolo[4,3-a][1,4Thenzo

dlazeplne%@ﬁld?@céﬁéfiﬁﬁtepﬁ@é%bcmlh@pﬁﬂmd-H#p%pbksﬁmﬂel[azlbérﬂﬂm;@n-iﬂ— -p iperid

in]-1'941)- %1§%§M9£810ﬁ4@[%}%g 1azo }?1?51[1 ,4]benzodiazepine hydrochloride; 25
8-chloro-1-(6-fluoro-1"H,3H-spiro [2- benzo uran- 1,4'-p iperidin] -11-y 0-5-met hy1-5

,6- d.hydr&mh[Qf%ﬁjwﬁkmb{h@%ﬁ{fﬁ}@%ﬁ@&@mms t rtipayiigbhtord-3.8Hudmo-4H,3 H-sp
iro[2-benzg fumanibdiopin-efid Mihaydiadiidd, .2,4]triazo lo [4,3-a] [1,4]benzo d iazep ine-5 (6H)-carbo

xyfate; 8-chloro-1-(2,2-dioxido-1'H,3H-spiro[2-benzothiophene-1,4'-piperidin}-1'-yl)-5,6-dihydro-4H-
[1,2,4}triazolo[4,3-a][1,4]benzodiazepine;

15 8-chloro-1-(2,2-dioxido-1"H,3H-spiro[ 2-benzothiophene-1,4"-piperidin]-1'-yl)-5-methyl-5,6-
dihydro-4H-[1,2,4)triazolo]4,3-a][ 1 ,4]benzodiazepine;
I'-(8-chloro-5-methyl-5,6-dihydro-4H-[1,2,4Jtriazolo[4,3-a][ 1 4Jbenzodiazepin-1-y1)- 1H-
spirclisochromenc-4,4'-piperidine];
tert-butyl 8-chloro-1-(3,4-dihydro-1H-spirofisochromene-1,4"-piperidin]-1'-yl)-4H-

20 [1,2,4]triazolo[4,3-a]{1,4]benzodiazepine-5(6H)-carboxylate;
1'«(8-chloro-3,6-dihydro-4H-[1,2,4]triazolo[4,3-a][1,4 Jbenzodiazepin-1-y1)-3,4-
dihydrospiro[isochromene-1,4"-piperidine] hydrochioride;
V'-(8-chloro-5-methyl-5,6-dihydro-4H-[1,2,4Jtriazolo[4,3-2][ 1,4]benzodiazepin-1-y1)-3,4-
dihydrospiro[isochromene-1,4'-piperidine];

25 ()-1-(8-chloro-5-methyl-5,6-dihydro-4H-[1,2,4]triazolo[4,3-a][ 1,4 ]benzodiazepin-1-yi)-3'H-
spirofazepane-4,1'-{ 2 |benzofuran]; or
(-)-1-(B-chloro-5-methyl-3,6-dihydro-4H-[1,2,4 triazolo[4,3-a][ 1,4 benzodiazepin-1-y1}-3'H-
spirofazepane-4,1'-[2 Joenzofuran].

18. The compound according to any one of claims 1 to 17, wherein the compound is selected
30 from

(+)-1-(8-chloro-S-methyl-5,6-dihydro-4H-{1,2,4jiriazolo[4,3-a)] 1 ,4Toenzodiazepin-1-y1)-3'H-
spirofazepane-4,1'-[ 2 benzofuran],

&-chloro-5-methyl-1-[(1r,4'r)-3H-spiro[2-benzofuran-1, '-cyclohexan]-4'-yl]-5,6-dihydro-4H-
[1,2,4)riazolof4,3-a][ 1,4]benzodiazepine,



8-chloro-1-(7-fluoro-I'H,3H-spiro [2-benzo furan-1,4'-p iperid11-y1)-5,6-d 30[1
[1,2,4]triazolo[4,3-a][1,4]benzodiazepine hydrochloride; 8-chloro -1-(7-fluoro-I'H,3H-sp iro[2-benzo fiira
n-1,4'-p ip crid in]-1'-y1)-5-methyl-5,6-clihydro-4H[] ,2,4[triazo lo [4,3-a][1,4]benzo diazep in e ;
8-chloro-1-(Sgflyegierdtdeaid-spiro [2-benzo furan-1,4%p ip er idin] -1'-y1)-5-rpetingkm@/oéhsss
ydro-4H[1,2,4]triazo lo [4 ,3-a][1,4]benzo diazep ine ; WO 2010/054961- 70 -PCT/EP2009/064565
ten-butyl 8-chloro- | -(3-methyl-I'H,3H-spiro[2-benzo furan-1,4'-?| eridin]- -y1) -4H- [1,2 4]triazo lo
[4,3-a][1, 4THEemodizeshite- Qﬁpﬁ@r&%& tgpiro[2-benzofuran-1,4"-piperidin}-1'-y1)-3,6-dihydro-
8-chloro- BiBrmet iR H-Spilp{ 2henzafittapidcd T-piperidin]-11-y1)-5,6-dihydro-4H[1,2,4]triazo

lo[4,3- a][ V. e s methyl-1H.3 Haspiro [2-benzo
furan-1,4- |p(;@n Eﬁg{%@&@&é& d%?)g?é%g&[“f% 4]%;20%%4 ? gy]{élﬂ}fl;@gznzodlazééppme ke

yl)
1'-(8- _chlof8s &% ,2,4]triazolo )
[4,3-a}{1, zﬁiﬁéﬂmmﬁbyﬁiy@ﬁ@ﬁﬁ%[@ -Beppstran-1 Lpeidn - Fiond - s - ('H, 3H-spiro
[2- benzot{m|le}§@,gglgﬁ4-p@ﬁmm]ﬂcﬁzy&kfaiﬁmhydro -4H- 10[1,2,4]triazolo[4,3-a][1,4Thenzodiazepinc;
8 Chloro[‘ii ;gf&t}x&lo(% HhaheR! @d&ﬁﬁaéﬁ&hg@ma@am[@@%@@a&i;ex;aaéa@egmmw 4H[1.2,4]triazo

lo[4,3-a} enzodiazepirie, 8-chlgro i dioxido- |

'H,3H-spirBERHA B ERérEHRE SRS |’d|n] 1-y1)-5,6-dihydro-41-1- ||
2 4]triaz AelHEa][{ GTherrddiaid i 2Hg w8 Piarsidin-1 s fagity - 6-dihydro-4H-

[2- ba@otm%&@%&ﬂﬁ-ﬂ@ﬂd%}ﬁmmthyl -5,6- dihydro-4H41,2 4]triazo
l0[4,3-a][ % %ﬂ!&? 250%'%%% dkH L spfol 2 benzofuran- 1 #-piperidin}-1-yl)-5.6-dibydm.An.

I'-(8-chloro-5-methy1- henzodlazepln I-y1)-1Hspiro[isochrome

o -4H- [% Altriazolo[4,3-a]{1
ne-4,4' plﬂe%&ﬁr?éﬁz?é?{—dbéfﬂ{é ‘é}}?ﬁf}%@ TG dro-1'H- splro(Psochromene 1,41- plperldln] 1 -y1)-4H-
20 [1,2,4]krickdotofd S afitonivdiZodisniepihdssmwiiceabogpeadnl-1-yl)- 5-methyl-3,6-dihydro-4H

I'-(8-chlorp:3,G16kbyskg 4l 144biasele-kpid<a] [1,4]benzo diazepin- 1-y1)-3,4- dihydrospiro
[isochfomene-1,4'-piperidin e] hydrochloride; I'-(8-chloro-5-methyl-5,6-dihydro-4H- [1 2,4]triazo to

et I b B o P Aoripoud o Bl RSUSLEuhF of claims 1 0

“lo[43-a][1, 4Th&rmm@amﬁ*w1@9@ﬂm@{mm%@4ﬁméﬁiran] or '
. (-)-1-(8-chloro-5-methy1-5,6-dihydro-4H41,2,4]trigzolo[4,3-a][1,4]benzodiazepin-l-y1)-3'Hspiro[azepan
e-4,1'42Thenzofuran]. - 18. The compound)éccrdl to any one of claims 1 to 17, wherein the
~compound is selected 30from (+)-1- (8 -ChlorayR-me ﬁ érdlhﬁdro -4H41,2,4)triazo lo [4,3-3a]

-[1,4]benzod
[1,4] _ 2\[]/ “NH,
9]

¥

with & compound of formula (1)

20 HH

| to obtain a compound of formula I wherem R!, R%, X-Y, m and n are as defined in claim 1
“and Z is CH.

20. A process for the preparation of the compound of formula 1 according to any one of claims 1
to 18, comprising the step of reacting a compound of formula IV



Sp iro [azepane-4, | t-[2]benzofuran],
8-chloro-5-methy1-1-[(1r,410-3H-spiro[2-benzofuran-1,11-cyclohexan]-4'-y1]-5,6-dihydro-4H[1,2,41tria
zolo [4,3-a][1,4]benzodiazepine, WO 2010/054961- 71 -PCT/EP2009/064565 -
8-chloro-5-methyl-1-(3-methyl-I'H,3H-spiro[2-benzo
furan-1,4'-piperidin]-1'-y1)-5,6-dihydro4H-[1,2,4)triazo lo [4,3-a] [1,4]benzodiazep ine, (-)- 1-(8-chloro
-5-methyl-5 ,6-d ihydro -4H-[1,2 ,4]triaz,0 lo [4,3-a] {3,4] benzo dia zepui- -y1)-3
spiro[azepane-4,142]benzofuran], 5 )
8-chloro-5-methy1-1-(19,3H-spiro[2-benzofuran-1.4 -piperidinkl’-y1)-5,6-dihydro-4H[1,2,4}triazo lo
[4,3-a][1,4]benzo diazep ine, 1 '48-chloro-5-methyl-5;6-d ihyydro-4H-[1,2,4]tria
zolo[4,3-a][1,4]benzodiazepin-I-y1)-1H- sp iro [isochro fien 4'-piperidine],
8-chloro-1-(6-fluoro-I'H,3H-spiro [2-benzofuranz4;4%p 'eﬁ%r!]-l'-yl)-S-methyl-S,6-dihydro-4H- 10

[1,2,4]triazo lo [4,3- a] [1,4Thenzodiazep ine, 0 -5-isopropyl-1 -(113,3 H-sp iro [2 -benzo

furan-1,4'-piperidink | 1-y1)-5,6- dihydro-45H;24]trazolo ﬁ3-a][1,4]benzodiazepine, or

8-ch|or(_)-1-(5-fluoro- 1 'H,3H-spiro [2-benzo furan-1,4'-p iper&ﬁn]-l'-yl)-S-methyl-5,6-dihydro-4H- [
1,2,4}riazo lo [4,3-a] [1,4]benzo diazep ine. 15 19. A process fin the preparation of the compound of
fo_rmula | according to any of claims 1 to 18, comprisirf& the step of reacting a compound of formula Il
with a compound of formula (lll): \R2 to obtain a compound of foiuiula | wherein R', R2, X-Y, m and n

are as defined if);laim,},a56hd &$ khula 1v:

to obtain a compound of formula [ wherein R1, R2, X-Y, m and n are as defined in

claim 1 and 7 is N.

21. A compound of formula I according to any of claims 1 to 18, whenever obtained by

a process according to any one of claims 19 or 20.

22. A compound of formula I according to any one of claims 1 to 18 for use as

therapeutically active substance.

23. A compound of formula I according to any one of claims 1 to 18 for a use in the
prevention or treatment of dysmenotrhea, male or female sexual dysfunction,
hypertension, chronic heart failure, inappropriate secretion of vasopressin, liver cirrhosis,
nephrotic syndrome, anxiety, depressive disorders, obsessive compulsive disorder,

autistic spectrum disorders, schizophrenia, and aggressive behavior.

24, A pharmaceutical composition comprising a compound of formula [ according to

any one of claims 1 to 18,

25. A pharmaceutical composition according to claim 24, wherein it is useful for the
prevention or treatment of dysmenorthea, male or female sexual dysfunction,
hypertension, chronic heart failure, inappropriate secretion of vasopressin, liver cirrhosis,
nephrotic syndrome, anxiety, depressive disorders, obsessive compulsive disorder,

autistic spectrum disorders, schizophrenia, and aggressive behavior.



"R2 IV with a compound of formula IV: X-Y V to obtain a compound of formula | whereln RI, R2, X-Y,
m and n are as defined in claim | and Z is N. 21. A compound of formula | according to any of claims |
to 18, whenever obtained by a process according to any one of claims 19 or 20. 22. A compound of
formula | according to any one of claims 1 to 18 for use as therapeutically active substance. 23. A
compound of formula | according to any one of claims 1 to 18 for a use in the prevention or treatment
of dysinenorrhea, male or female sexual dysfunctiéh; hypertension, chronic heart failure, inappropriate
secretion of vasopressin, liver cirrhosis, nephrotic syndrome, anxiety, depressive disorders, obsessive

compulsw%tglso@erbqusUc s&)e%trutn}dlso d%rgc(;s%alzopmr%nla ag%fa %511ve0bﬁ§1§v]1% 24. A

pharmaceditical composmon %ompr|5| g a compoun SEorauta l accor ng to any one o Gaims Ito 18.

25. A pharfap&iEHeal eompditamatcording Reeuriife 2t itsararnt ¢ dusmaerfe pralrefition or
treatment dé:dysmenorrdeaiimaleno hiprmalessexudli-dysfbnatichilmyp ertepsipnachsemigiheart failure,
'napprop“%&&%&%B@m%rvaﬁ%&s%lepﬁw&ymeﬁen%%l%éﬁf@&@&@%@%&@%@%%we

disorders, obseéssi lve com ulsive.disorder, aut tic spectrum orders ch|zo hrenia, and aggressive
behavior. /3% &bt a 5%'}?1% CUS#?SC“f“f“rmu a glesé%%rc? ?1% riy oneggf (:%)Sall"r’%é§ %o 18 for the

preparation of a medlcament for the prevention or treatment of dysmenorrhea, male or female sexual
dysfunction, hypertension, chronic heart failure, inappropriate secretion of vasopressin, liver cirrhosis,
nephrotic syndrome, anxiety, depressive disorders, obsessive compulsive disorder, autistic spectrum

disorders, schizophrenia, and aggressive behavior. ***



