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SPI RO 5, 6- DI HYDRO 4H- 2, 3, 5, 10B- TETRAAZA- BENZO [ EI AZULENES The
present iwoentomEmels concerned with spiro-di hydrot et r aaravaPrz@ansdsehe
derivatives, i. e. spiro -5 ,6-dihydro -4H 2, 3,5, 10b-tetraaza-benzo [ e]
azul ene derivatives, which act as Via 5 receptor nodulators, and in
particular as Via receptor antagonists, their manufacture, pharmaceuti cal
conposi ti ons SPPRDAS G YDRO-AA 31561 0B-TET RESA FRBERTO E5A ZTEHNES al  Fi el d
The active conpounds of the present 1nvention are useful as therapeutics
acting peripherally and centrally in the conditjons of. dysnenorrhea, .nale
or foval o seltareaTRRERDl DnsmbDaREniRah R Eafeo MRt (VR
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syndg Off@eeg?d?x hflaY fatHEP &slnv%aﬂhcﬁﬁ'fdﬁg Wl@%@%ﬁdr"%n&%&ﬂ%,s 't%&hdthérﬁffgﬁﬁre,
autistic spectrumdi sorders, ‘schizophreni a, and aggré&ssive behavi or.

| n par tnhegmaseutiqah eogpesitios cppipiyrg ham and dhgiteserie dnagiqaments.

spi ro-di hydr ot etraazabenzoazul ene derivatives of formula | 15

wher ei mdehnicRBFielB, X, Y, Z, mand n are as described in claiml.
Background Art Vasopressin is a 9 amno acid peptide mainly

produced by .t.he paraventri cul nucl eus, of the hypot halanus. In t.he .
er i phery vadbpPabe: foRpwT B B GrSHE: Mhrh0gh eI e DrestuliB® acting
vasoconstiphatllypmd gﬂnyrpbg énﬁnb;cehdsitiamjofaiylsmdhmlwg male or femalEhearl dpsomt®esi n
[ Ot Affert@hlond AN NafOnbiIR, ShafRobriaR REOLEM AOURLAALGECERLO AL
known. e Via receptor Is expréssed Iin the brain, |ivefr, vascular snooth
nuscl e NePHRES ymdions, a#riates deryessivse digordsrsprobygssiec epmpiisive dixqrders saistigy
the br %gébtﬁmsidi@bﬁd@fst, FhzophrAth, atdBoYedsi8BeRAVASr. | S WO 2010/ 054961- 2

- PCT/ EP2009/ 064565 expressed in the kidney where it regul ates water

reabsorption and. nedi ates the antidi.uretic effects of.vasopressin (Raobben,
et (20088 PR G ply EF e TiRang 0By spis ey T b5y BRRRr ke
aspect sleafatives of isojptaelssi n t ype-2 receptor and aquaporin 2 water channel in

nephr ogeni ¢ di abetes insipidus”). Conpounds with activity at the V2
receptor may therefore 5 cause side-ﬁ,i:ctsggn bl ood honeost asi s. The
9,

oxytocin receptor is related to W@% in receptor famly and

nmedi ates the effects of the neurohork oxyt¥cin in the brain and the

peri phery. Oxytocin is believed to have cepkral anxiolytic effects (Neunmann
(2008). J Neuroendocrinol. 20, 858-65, "Bfainyoxytocin: a key regul ator of
enotional and social behaviours 4 n both flemal zaand mal es"). 10 Central

oxytocin receptor antagoni sm mgh e d to anxi ogenic effects,
whi ch are regarded as undesired sip
as a neuronodul ator and is eIevates\~

fect$. In the brain vasopressin acts
et al. (2002). Eur J Neurosci. 15, 384- N "Hr ced SWimmng triggers
vasopressin rel ease within the anygoalf_ééznndulate stress-coping

he gdal a during stress (Ebner,
strategies inrats"). It is known that_1% stressful |life events can trigger
maj or depression and anxiety (Kendl e)s; et al. (2003). Arch Gen
R
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wherein Rl, Rz, R3, X, Y, Z, mand n are as described in claim 1.

Background Art

Vasopressin is a 9 amino acid peptide mainly produced by the paraventricular nucleus of
the hypothalamus. In the periphery vasopressin acts as a neurohormone 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



Psychiatry. 60, 789-96, "Life Event Dinensions of Loss, Hum liation,
Entrapnent, and Danger in the Prediction of Onsets of Maj or Depression and
Cener al i 2w0 20uxisedey” ) and that both hawe very hi gh conorbirdirtgos/osdseh

anxi ety often preceding major depression (Regier, et al. (1998). Br J
Psychi atry Suppl. 24-8, "Preval ence of anxiety disorders and their

conor biedpiteysedi ihhthodadnendh2f@ addgdatey evatkrsmabketstion. ankhencWiatesr the epitidiuretse
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r PR Si‘dr? %f%%?saﬂntfl‘é bemeastiisand 25 reduction in anxiety-like behavior
|n vasopressin Via receptor knockout nice"). The downregul ation of the Via
receptor usiThg @ytdciensepk iigociuet eotthel evdsopresdn @dﬂ:epﬁm tﬂnﬁllg emtium:cahtso the

causes r.ed i on in anxious, behavi,or, (Lan af e
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into sélpt/fu rentaluersolytis opffesss i(Newhardi r@QO&)od i Bleumderdociing naid, o%ﬁSaQﬁ | I'Biags,
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are also’i |cated n ot neurops I Cca sorders: enetic studies

r ectht 1Genfirh REFOGIB (figediter aaﬁgqm%ﬁmg Fhﬁ’“f P l@ﬁd)rfetaéwo(gﬁntp fastrarhich gre

recept Qéga&&bdadgtdnaéglﬁd%m@ffeu@ di sorders (Yirmya, et al. (2006). 11,
488-94, "Associ ation between the arginine vasopressin |a receptor (AVPR1a)

d f d stud d t b t )
IRirr st At bRt 835 6%y RES o0 TBr B4 Ao OB H PSR i o
aggr es $tre$$ (iE;bnd:m el (ﬁﬂO@$ B6 J(Nhoopsord, 384- 8a|”F0(02®@W)mm1ng triggers Vasopressin
Psychongys Qensgs 00l A28 naif i DCoRLE SELR AL ¥A3RPT RSk TR,k

f aci al responses rel a O SOCIl a connunl vasopressi n eve
wer B f tragsfuldifp everrteoan @tggpmnwﬁudm@sﬁi@h pred ﬂmwt@r( §n<{1ﬂa§k 2hd2003p. Arch Gen

(1987) psRitdtrPH0C |78@-96,Y"L1%2Eve415~’135‘n§8nsi Iﬁrﬁﬂ IRY,CARMIIftigh L@&r@%n@'aﬁﬁ Mhnger
vasopr es%lllenPreglcpl(ojlli 3?081153’[2 of %Xa%reDgf):rgés%oon al{deaener l?geheAr]&xslety") ang 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 mood and

20 addictive disorders"). The V1a receptor is extensively expressed in the brain and particularly in
limbic 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 V1a receptor using antisense oligonucleotide injection in the septum also
causes a reduction in anxious behavior (Landgraf, et al. (1995). Regul Pept. 59, 229-39., "V1
vasopressin receptor antisense oligodeoxynucleotide into septum reduces vasopressin binding,
social discrimination abilities, and anxiety-related behavior in rats"). Vasopressin or the Vla

30 receptor are also implicated in other neuropsychological disorders: genetic studies recently
linked sequence polymorphism in the promoter of the human V1a receptor to autistic spectrum
disorders (Yirmiya, et al. (2006). 11, 488-94, "Association between the arginine vasopressin 1a
receptor (AVPR1a) gene and autism in a family-based study: mediation by socialization skills"),
intranasal administration of vasopressin was shown to influence aggression in human males

35 (Thompson, et al. (2004). Psychoneuroendocrinology. 29, 35-48, "The effects of vasopressin on
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 acute schizophrenic patients") and
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regardQﬂJﬂMﬁ%ﬁMﬂéﬂM@re the treatment of anxiety, depressive
di sorders, obsessive conpul sive disorder, autistic spect rum di sorders,
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as descri bedt ISt %ﬁé%%%ﬂ}%f%m%@t preéléfilcaﬂlpou itygl P%ﬂ&gﬂéha regeptor
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straight or branched carbon chains. If not further specified, "alkyl"

groups denotsg f VGOl o‘ﬁ'isjésharé usOrut 2 %H%@th&t é%'ﬁﬁ Iehﬁl?eralgsaﬂdzcéﬂrlﬁmr in the
"C _4-al kyl" denot es groups w al kyl' "
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aIkoxymwakesﬁéﬂh@ﬂ?ﬂneﬁmdﬁg$ﬁ$W6ﬁ@&@thert butoxy and the like. Preferred
are nmet hoxy and tert-butoxy. The term "aromatic" means the
presence of 7ag \eﬂa%h{fﬂ?}'ﬂmﬁ %t Qbtebird @s HeREbePRARE ﬁhd?ﬁlaéﬁoéq@al'ﬁbdt %&@ions rule.
The term "cyano" denotes the group -CN. The term "hal 0" or "hal ogen"
denotes chloro, iodo, fluoro and brono.

in



The term "hal 0o-Cl_7-al kyl" or "Cl_7-hal oal kyl" denotes a Cl_7-al kyl group
as defined above wherein at | east one of the hydrogen atons of the alkyl
group i s wepbaosabeby a hal ogen 20 at om4 preferably fluoroT@mpr2ekioesses nost
preferably fluoro. Exanples of halo-Cl_7-al kyl include but are not limted
to methyl, ethyl, propyl, isopropyl, isobutyl, sec-butyl, tert-butyl,
pentyl or nﬁéncyifollewb@t de¢futivahsbyf dregorraineensChsedFin Bre resdnt atesar{psipn dpply

particyl. , ftwg I I , t hose groups

speci fi cgﬁrpfa 19" s ﬂ%g ﬂ%n%ﬁﬁ:s qﬁgégﬁlp%ggg}ﬁgo:ngloﬁ%ﬁ q%dlat ?rlong t he pr eferred

hal o- Cl 7- aI kyI groups are difluoro- or trifluoro-net hg{g or -ethyl. 25The
Ho

t er m " het er geyescadickgin thgdergef alkeld deapish i sagifrated, +& aip afogar entgéow
nmenber ggblgdhy raas&@cghrt o Br&iRAE R LATLEE cﬁaﬂﬁs qr nbwRurtiRl SR Ba keI eabesk Béﬂé&@ N,
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herein “a irha?retr%tﬁsl ehgrtl € rgg%ly 1soggogjlyl &1— roﬁ%lg,yn-%e{édl) oL %utgltl eregabu}/yl ter E)lﬁr to

a nonovi arona cl're’ri'ng containi-ng one
two ri ragdlti@tléi‘eoﬁtetﬁ@medﬁt octhydi ctlnydandisopropgk S, the remaining ring atoms
being C. 6-Menbered heteroaryl are preferred. Exanples for heteroaryl

noi eties i nqlh%d@mpuﬁlké‘i}e db‘%tels'a rBﬁﬁJ (t)q{ PYhdrSin i 'agld@ﬁ abdk. “C,
pyrazinyl . Preferre 10/ 054961 / EP2009/ 0645%5

Thel® erd °X8x61@n‘?/€ﬁ%ﬁldl<(=’é¥ e%m%%gwlb 1sft9b§% iC't“ e oAbt HSE exvafiptesnily
that argreufygeith attom ce&b@d h@deRemdt @ thekdet elencys hnxakygkodps ngith The We&liy‘boﬂ he

"ox0" her ace twg h en atons on a ca r
o1 oy SRy T W e EHBREM AR BBl AThOR AR e B, e,
i.e. bammn@lomylencbrertbbwtsowygens Pref erabl e group where "oxo" is attached
to 5 sulfur is a group -SQC2. When i ndi cating the nunber of

subsi tuents,ThEh@nﬁe‘ﬁmm Re RlanIRhE, regﬁﬁgsoffefno@f%& Subst htauaﬁ
hi ghest possi bl e nunber of SUbStItBtIOﬂ I.e. replacenent of ydrogen

up to rskalceiiat of all hydrogens by substituents. Ther eby, one, two or
three substituents are preferred. Even nore preferred are one or two

substi t uent STherterneyahdSddnbtes fiic gré@g heNt er m " phar maceuti cal |y accept abl e
salt" or "pharmaceutically acceptable acid addition salt"” errbr aces salts

Wi th 1 nor ganhg g AL8anl £, A6l Sen SRS, I AROLIRY G ¢, nitric acid,
sul furic acid,” phosphoric ac I ¢ acr funarlc aci d,

mal ei ¢ acid, acetic acid, sucm n| c aC| d, tartarl c aC| d, rret hane- sul fonl C

acid, p-tol UdwetstmnfdalocCactliyBner tGe-halaalkylBrdshetes el Gis-afkiyé ghgulr ot ldetngdc

aci d sghbve WRbRIORT RA ’onE e (R ﬁ?&B%eﬂ RYBRIIFRe ﬁﬁkﬁgﬁ%pt@ réiﬁ?a[Hé@ h&Bgéﬂ“e
general formula (1) | wherein

eactl | ﬁﬂ%beﬁ’fﬁ@FﬁhﬁX/ fluorayer ehlop. asy, Prefwlﬂagﬁws(%iaﬁnp Wh& @?f ‘ha o lrrﬁ %‘r e
each i ndependefitdited kb methyGktidAd arkyyl, is3Hep) Q;ob@yig QEdHBay b, p@htyZot 8- CH

or N llQllexyl sugﬁltut’ed Aor %‘oré Cgil | ll(cﬁ(rydr Ioatom&sﬁr mp Q’clular 20?16,%0' St tF‘I‘ee fluoro or

chloro, as well as those groups specifically illustrated by the examples herein below. Among the

preferred halo-C; 7-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 one or two heteroatoms selected from N, O or S. Examples for
heterocyclocalkyl moieties are tetrahydrofuranyl, tetrahydropyranyl, pyrrolidinyl, morpholinyl,
thiomorpholinyl, piperidinyl, or piperazinyl. Heterocycloalkyl is optionally substituted as

described herein.

30 The terms “heteroaryl” and “5- or 6-membered cteroaryl” 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, pyrimidinyl, or pyrazinyl. Preferred
is pyridinyl.



WD 2010/ 054961- 6 - PCT/ EP2009/ 064565 C1_12-al kyl, unsubstituted or
substituted with one or nore OH, halo, cyano or Cl_12-al koxy, (CH2)Q-Re,
wher ei n Reois10pi3e98yl or 5- or 6-nmenber.exl heteroaryl, eaebTmrebmtisssit ed or
substituted with one or nore substituents independently selected fromA,
5-(CH2) , NR1IR', (C(0)-C1_12-al kyl, wherein Cl1_12-al kyl is unsubstituted or
substi t ut ed ThettbrnotexodrwhenrrefeOig foadubstitogranon beteotyd@alkylkoxans that an oxygen
(0) ( 21 | ) 1 (R0 <Rl KY.

whet ei e py Anehea EEu BcrocySalliCHRg: RS e Hlog Q49 e faflc oo
cyano diydEpen 2togiskana carba@y gpm, @it 1Ry siRply begitachgd @y swhrRsothat the selfer Ristsar e
each i ndeRRNAeNbi, itd. bedinkZom! dtwo Syt 'Préf@ﬁﬁie@rbuqﬁ‘v}h@ret RfxoNiid HPQAREY P
whi ch they 15 are und a 3- to 7-neribered heterocycl oal kyl contai ning one
or t3wo SHEYES 8P S8k! ected from N, 0 or S, which heterocycloal kyl is
unsubstituted or substituted by one or nore substituents independently

sel ect ed fromhd, ididasihglths noydaoof Qthsit@dnts]-thé ket “tdd or @brd* alckyd froor one
Cl_7-al_kox: i . |...or .Cl y i or
Fn | QibgucyPid Abns Uiy huniptedr fpfligl 1 S5reb@fgig oG h{ffop & oo

pr ef er aeplgcemenpBfrall digdrogemyr by, substituents. Thereby, one, two or three substituents are

preferred. Even more preferred are one or two substituents or one substituent.

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

is the hydrochloric acid salt.

15 In detail, the present invention relates to compounds of the general formula (1)
X
R \Y
R L

wherein
X-Y is C(R*R")-0, wherein R* and R® are each independently H, or C;_4-alkyl,
C(RCRd)-S(O)p, wherein R° and R? are each independently H, or C,_-alkyl,
20 C(0)0,
CH,0OCHa,
CH,CH;O0, or
Zis CH or N;
R!is halo, cyano, C,4-alkoxy, or C;4-alkyl,
25 R’is H,



or a pharmaceutically acceptable salt thereof. The terns
"pharmaceutically acceptable carrier” and "pharmaceutically acceptable
auxi | i ar yweubsismse” refer to carrierseand auxiliary sulpstrape@s/os4s6h as
diluents or excipients that are conpatible with the other ingredients of
the formulation. 30The term "pharmaceutical. conposition” C asses a
pr oduct conﬁlilgﬁﬁéjesﬁwﬁa%ﬂa@di AGrY@rtdHicd withy 08¢ qek PR S aRBlnt S o9 or
proporti OnS’C&?—aH{’@HI, as any product that results, directly or indirectly,
from conbi ning specified ingredients in specified amounts. Preferably it
enconpasses -€CineBicvhaen®iisiphgnyd e Seor wemembartd heteiaagyleelickninsybssindechor

optional carrjer c ising inert ingredients, as L1, as y product that
Cesults, d rUETryS IR P npliS B tisnBEsdteicd B3maEY, Epaooss 06465
conty nati on, (cHgPNRRAL i on or aggregation of any two or nore of the

ingredients, or fromdissociation of one or nore of the ingredients, or
from ot her t{fesCof-alledcnheistn &n-rakdr gomsebpsitwed @héu@ﬁltl}’f@;g &vithf oreher more

i ngredi ents. ' t | i sts abbreviations used within the
present doc@n%m%}g’%&%%\é\wsg{%r%aogﬁ sodi um chl oride solution in water EDTA

et hyl endi am «@{( OO O (A%« HERES,
4- ( 2- hydr oxyet hél E 1- iilgigarazi neet hanesul foni ¢ acid HPLC hi gh performance
liquid chr ormé&t(® WPRL wesson's reagent

2 s TR ek ) AP g s
halo, cyano or C;_j;-alkoxy,
-S(0),-Cy.12-alkyl, or
-S(0),NR'R",
R’ and R" are each independently H, C,_>-alkyl, or form together with the nitrogen to which they
15 are bound a 3- to 7-membered heterocycloalkyl containing one or two heteroatoms
selected from N, O or S, which heterocycloalkyl is unsubstituted or substituted by one or
more substituents independently selected from B,
Ais  halo, cyano, OH, C,7-alkyl, halo-C, s-alkyl, or C,5-alkoxy,
Bis  oxo, halo, OH, C,7-alkyl or C;7-alkoxy,
20 R'is ClorF,
nis lor2
mis 0,1,2,30r4,
pis 0,1or2,
qis 1, 2, 3 or 4, preferably 1,
25 ris 2,30r4,

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



RT room tenperature RT-PCR reverse-transcriptase pol ynerase chain reaction
Tris alum niumtris(8-hydroxychinolin) 5 Table 1: abbreviations The

i nvent i orweal2sy/gEuasti des phar naceut i cal- Tonposi ti ons, nerhodeP2@bousshg, and
met hods of preparing the aforenmenti oned conpounds. The conpounds of formula
| may contain asymmetric carbon atons. Accordingly, the present invention

i ncl udesmbidatist,ecaoplsxatoni ¢r hggrogatoh éfhenyc owpaurnoiercobf ftlor mgrediénts,i orclfrodi ng
10 eachy: 1 he 1Adj.Vv] 4 ' r t [, e
vt Qiapeibih Q0o R o hLAURNS, B ol ot il & Rbps o FrerdeBhlof
cent er ¥ngEyIEe pirthe @gredddpendi ng upon the nature of the various
substituents on the nol ecule. Each such asymetric centre wll

i ndependentyipy f@lﬂ@qﬁg@aﬂa\ﬁs@mwr@@hﬁqxﬁ%&razitaﬁidhé prebént dpbended that all of
the possible optical isonmers and diastereoners In mxtures and as pure or
artiallTy purified conmpounds are includ thin this I5 invention. The
Bresem lb.%/lﬂgention is ganf sefprptsaso i, 2‘9% Sghﬂgﬂnﬂ%}gﬁfgﬂ c forms of these
conpoun@®TAThe i ndependent| ayitidisem-eiraideese di astereoners or their
chr onat hi c separations e _achieved as .known in.the art b
appr op} PR LG, et ron of A AR ABUF B SRad s lahEa e

Thair
LI LA N o1 1. rrrerT i

absol ut &élPdtiCer eocheni st ry nahighecdenemnne hedd bhronfogeaplay cryst al | ogr aphy of

crystalline products or criystalljne.i | _Wwhi ch ar rivatized, if
necessan weiWoh R réagdht eagen‘?ﬁg‘(;at)(l)grqlt1 %i? eﬁql%ésfé%gsgém%t%%a%@ehﬁf l?nee 211‘3 Zkir;l‘omn
absol ute configuration. |f| dedfided, racenmic mxtures of the conpounds jay

be sepapgfed so that the inghyidual,gnantioners are isolated. The

i
. 4SS S
separ ation_canm be carried put b H

A=

[oX

yrethods—wett—known—mtheart;—such—as the
coupl i n&'™MR 35 racenic nuclear magnetic resonance

RNA ribonucleic acid

RT room temperature

RT-PCR reverse-transcriptase polymerase chain reaction

Tris aluminium-tris(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 I may contain asymmetric carbon atoms. Accordingly, the

present invention includes all stereoisomeric forms of the compounds of formula I, 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 depending upon the nature of

the various substituents on the molecule. Each such asymmetric centre will independently
produce two optical isomers and it is intended that all of the possible optical isomers and
diastereomers in 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 independent syntheses of these diastercomers or their chromatographic
separations may be achieved as known in the art by appropriate modification of the methodology
disclosed herein. Their absolute stercochemistry may be determined by the x-ray crystallography

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

20 reagent containing 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 out 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,



m xture of conpounds to an enantionerically pure conpound to forma
di astereoneric m xture, WD 2010/054961- 8 - PCT/ EP2009/ 064565 fol | owed by
separ at i onvoab1oidsesei ndi vi dual di astereargers by standard wetrmpdeo/osiseh as
fractional crystallization or chromatography. This applies in
particular to the spirocyclic head group (HG of the conpounds of formula
I, nangbdNowed by separamoercdithe atdividad tdidshecspirs batsomdaisl methbdasudh befragioghl ar e
asymret [ .S to be understood that present invention
i ncl ude Sﬂlﬁ fﬁlg IV?%( to%%rlllb'i oners of head groups and m xtures of the
respective enant| oners. It is further understood that all
embodi ment s 188 ePRIG npepartigHan o dhss epiraseeliodraverap G2G)LOf dbersempauidst of
each otfh@fula |, mafiRlyt @i N enmbodi ments, X-Y is as described above, i.e. X-Yis
C( RaRb) - 0, wherein Ra and Rb are each i ndependently H, or Cl1_4-al kyl,
C(RcRd)-S(0)p, wherein Rc and Rd are~gach independently H, or Cl_4- aI kyl,
and pis 0, 1 or 2, 15C(0)O0, Cﬁz 2CH20. In certain
enbodi mrents, Ra and Rb are eac denpty Hor nethyl; in certain
enbodi nents, Rais Hand Rb is H or 20l n certain enbodi nents Rc and
Rd are each independently H or nethyl; ertain enbodi nents, Rc is H and
Rd is Hor nethyl; in certaln enbodlme ts, c and Rd are H. Thereby pis
0, 1 or 2, preferably 0 or 2. In certaimpgfbd bdi ments, nis 1. In certain
enbodlnents nis 2. 25In certaln enbodi nts Z is as described above,

€. CH or N. WD 2010/054961- 9 - PCT/ 565 In certain enbodi nents,
Z isSCH In certain enbodinments, Zis N In c ai n enbodi nents, R is as
descri bed above, i.e. halo, cyano, Cl_7-al koxy, or Cl17-

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.¢. X-Y is

C(R*R")-0, wherein R* and R® are each independently H, or C;_4-alkyl,
C(RCRd)-S(O)p, wherein R® and R? are each independently H, or C;4-alkyl, and p is
0,1o0r2,

15 C(0)0,
CH,0OCH;, or

CH,CH,O.

In certain embodiments, R* and R" are each independently H or methyl; in certain

embodiments, R* is H and R” is H or methyl.

20 In certain embodiments R® and R are each independently H or methyl; in certain
embodiments, R® is H and R%Yis H or methyl; in certain embodiments, R® and RY are H. Thereby,

pis 0, 1 or 2, preferably 0 or 2.
In certain embodiments, nis 1.
In certain embodiments, n is 2.

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



alkyl. I'n certain enbodinents, R is halo, cyano, nethoxy or nethyl. In
certain enbodinents, Rl 5is halo. In certain enbodinents, R is F or d,
pr ef er ablwoRoofiseseeby, mis 0, 1, 2, 39r 4; preferablypdrmp2doo/obssecert ain
enbodi ments, R is halo. In certain enbodinments, R is F. In certain

enbodi nrents, mis 0. 10In certain enbodi nents, mis 1. In certain
enbodi ment s,In ¥er¥ain smB(dRaibds; B,is GHerein Ra and Rb are each independently H
or nethyl; CH2-S(0)p, wherein pis 0 or 2; C(0)0; CH2OCH2, or CH2CH20; Z is
CH or N and . - In certain enbodi nents, X-Y is C(RaRb)-0,
wherein Ra altﬁaé%ﬁ&g@goéglgﬁts Zc]IependentIy H 15 or met hyl ; CH2-S(0) p, wherein
pis 0or 2, ¢(0)0; CHOCH2, qr. certain enbadi nents, X-Y
is C(H Me)- dn ceﬂt&n@mbeﬂpzn@m)l?z is @ﬂé@@ﬂbesé obaye. eﬁzl@éﬂuzcya@?, Qrzdkey; of 17
certai %H@mﬁ@bﬂﬁﬁteﬁlboﬁrrf{eﬂ@ RCIi2h4lo., cyedh (Hrﬁ@ho Bror rﬁéthﬁHmarﬁm ernbodlrnents|m

ndepeER! J1 FEBHT S REIRGIS: T ROL el R ad.B are ¢ B 115 - 0.

| n cer tpa¢forablylfbali hents, X-Y |s CH2-0. In certal n enbodi nment s, X—Y is

CH2- S(0) p, Wherein pis 0or 2. In certain enbodinments, X-Y is CH2- S(0) 2.
25 I'n certaijp .gph ¥E tXRYI CH2-S. In certain enbodi ments, X-Yis
C(0)0. In certain +r?b %ﬁﬁénﬁfs S GHROGH2. | WD 20107 054961. 10

- PCT/ EP2009/ 064565 I n certain,enbodi nents, X-Y is CH2CH20. In certain
enbodi nent s BPGIW%GWHQ@HFPEFI R¥is O or F. In certain enbodinents of the
invention, R3is C. In certain enbodiments of the invention, R3is F. 5In
certain eandbmﬁsm%dih{a;ﬁtsi pvieot i on, R2 is as described above. In certain
enbodi mrents of the invention, R2 is H Cl_7-al kyl, unsubstituted or

sublsél tuted i ) Céﬁalgn%bgélmrrg{sem X, pr eferably Cl1_7-al kyl,

In certain embodiments, X-Y is C(R*R")-0, wherein R* and R” are each independently H
or methyl; CH,-S(O),, wherein p 1s 0 or 2; C(0)0O; CH,OCH,, or CH,CH;0; Z is CH or N and n

is 1 or 2.

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

In certain embodiments, X-Y is C(H,Me)-O, CH,-O, CH,-S(0),, CH,-S, C(0)O;
CHZOCHZ, or CHZCHZO.

In certain embodiments, X-Y is CH,-O-, C(H,M¢)-O-, or CH,OCHo,.

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, X-Y is CH,-O.
In certain embodiments, X-Y is CH,-S(O),, wherein p is 0 or 2.
In certain embodiments, X-Y is CH,-S(O),.
25 In certain embodiments, X-Y is CH,-S.
In certain embodiments, X-Y is C(O)O.

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



CH2- pyridinyl, 10-C(0)-Cl_7-al kyl, C(0)CH2NRLIR"', wherein R and R' are
each independently selected fromCl_7-alkyl, C(0)0-Cl1 7-alkyl, or

S(0) 2NR1RvO 2otvarsedsm R and R' are eachjpndependent |y selpretterdoobnessss
Cl_7-al kyl . Exanples for R2 are H, nethyl, i-propyl, hydroxyethyl,
pyridin-2-yl-nmethyl, 15 nethyl carbonyl, N, N-di nethyl am no-net hyl - car bonyl,
met hoxycar bdngértait elmbodimeatsy KeYiyd CHoCHM) N- di net hyl am nosul fonyl . Preferred

R2 is methyl or i-propyl. In certain enbodinments of the invention, R2 is H
I'n certain gghodiinenbsqint quu g&{t ANR3 [Cl_7-al kyl, unsubstituted or
substituted Wi th one or r%rse preoer abﬁ?ccgi 7-al kyl . 20 n certain

enbodi nents of the invention, i's In certain enbodi nents of the
i nventi on, Ii&Ci’%am9‘6‘?6@9}“”%0t]&f‘elinf’%ﬁt}‘?neﬁ‘bﬁd;lnents of the invention, R2 is
hydr oxyet hyI . In certain enbodi nents of the invention, R2 is-CH2- pyri di nyl .

I n certain dnbetiinembsdiafentshd thaweaitloanR® BZF.i s pyri din-2-yl-methyl. 25In
certain enbodi nents of the invention, R2 is-C(0)-Cl _7-alkyl. In certain

ment s 1of 408 hBYER AT Rl SulIRLRY | G100MML W@ 2010/ 054961 11

/ EP2009 'R Cert &i'm" enbodi nents of nvention, R2
|s C(0) CH2NRV, wherein R and R' are each independently selected from
Cl_7-al kyl . Ingeréan embedimeptsdif thmingersont Reisi nvention, R2 is
N, N- di met hyl am no- net hyl - car bonyl . In certain enbodinents of the
invention, R is -C(0)0-Cl_7-al kyI 5In certain enbodi nents of the

i nvention, tho Lerfain enbo nt f javention,
R s t-but aeyeai oSt il edFih Bl e GRR B el Civaldton, R
i s S(0) 2NRIRCHWheidaiyn R and R' are each i ndependently sel ected from
Cl_7-alkyl. In certain enbodinents of the invention, R2 is

N, NG net hyl&ﬁph&maﬂﬁ’hyl 10l n certain enbodi ments of the invention, the

spirocyclic Qg@?c g\g)%ngﬁ Z‘gﬁle%lw %ﬁqgﬁi alfer mdeRTI}dﬁm-l}{/ fe,lected from C, 7-alkyl,

(1s,4's)-3H ur an- -cyc exa
(1r,4'r)-3H-€pP0)0{@-hdlodofrur an-1, 1' - cycl ohexan] 4' -

1'H, 3Hspiro enzof uran-1_4'-pi;peridin
7-f1 uoro-1' %@t&%%w@ B o g caoh %ﬂg@flﬁﬁ}tm%@tﬁ?ﬁmm Ci7-alkyl

Examples for R* are H, methyl, i-propyl, hydroxyethyl, pyridin-2-yl-methyl,
15 methylcarbonyl, N,N-dimethylamino-methyl-carbonyl, methoxycarbonyl, t-butoxycarbonyl, 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 Cj-alkyl, unsubstituted or substituted

with one or more OH, preferably C;_7-alkyl.
20 In certain embodiments of the invention, R* is methyl.
In certain embodiments of the invention, R? is i-propyl.
In certain embodiments of the invention, R? is hydroxyethyl.
In certain embodiments of the invention, R* is-CH,-pyridinyl.
In certain embodiments of the invention, R* is pyridin-2-yl-methyl.
25 In certain embodiments of the invention, R? is-C(0)-C)-alkyl.

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



15 6-fluoro-1'H 3Hspiro [2-benzo furan-1,4"'-piperidin]-1'-
5-fluoro-1'H, 3H spiro[ 2-benzofuran-1,4' -piperidin]-1'-yl,

3- et hyl -wWoHpBsswilr o [ 2- benzo furan-1]4--pi peridin]-1" Peir/EP3éd9mpiss®

[ 2-benzo furan-1,4"-p ip eridin] -3 -on-1"-yl,

1" H, 3H spirof 2- benzoth| ophene-1, 4' - pi peri d| nj-1-yl, 20

2, 2-di oxi dodd' cbttalﬂ-amhordu{la}tbeﬁﬂm imvemhmnR hs-Q(OpIEHMR‘Ri“ nivhdreinyR’ and R are

él—l;fsgl 9@@8%&&?%&%8{’@%& orréﬁe’k%l p| perl di n] 1' -

(4S)-3 H-spl ro[ azepane-4, 1' - albenzofurap
(4R) - 3' H- spilp 6¢riaie pahediments qf shqangmsons Bm]s-liN dlmetlw@@mgeﬁﬁsnl%lbonyé
- PCT/ EP2009/ 064565 In a certain enbodi nent of the invention, the conpound

of formul a Iinicé&rtfh embegiehents ofthaMaeEion, K ¥ -C0 - RaRAkyD, wherein Ra and Rb
are each mdependently H or net hyI CHZ S(O)p, wherein pis 0 or 2, C(0)O,

CH2 g 25 CH%n CGZIlen ernboglrnents of ﬂ’l\é 1nvent10n kﬁls rnetRC)xycar onylI s 0or I

In certain embodiments of the invention, R? is t-butoxycarbonyl.

In certain embodiments of the invention, R” is S(O),NR'R", wherein R’ and R" are each

independently selected from C, s-alkyl.
In certain embodiments of the invention, R* is N,N-dimethylaminosulfonyl.

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

(1s,4's)-3H-spiro[2-benzofuran-1,1'-cyclohexan]-4'-yl,
(1r,4'r)-3H-spiro[2-benzofuran-1,1'-cyclohexan]-4'-yl,
1'H,3H-spiro[2-benzofuran-1,4'-piperidin]-1'-yl,
7-fluoro-1'H,3H-spiro[2-benzofuran-1,4'-piperidin]-1'-yl,

15  6-fluoro-1'H,3H-spiro[2-benzofuran-1,4'-piperidin]-1'-yl,
5-fluoro-1'H,3H-spiro[2-benzofuran-1,4-piperidin]-1'-yl,
3-methyl-1'H,3H-spiro[2-benzofuran-1,4'-piperidin]-1'-yl,
3H-spiro[2-benzofuran-1,4"-piperidin]-3-on-1'-yl,
1'H,3H-spiro[2-benzothiophene-1,4"-piperidin]-1'-yl,

20 2,2-dioxido-1'H,3H-spiro[2-benzothiophene-1,4'-piperidin]-1'-yl,
1H-spiro[isochromene-4,4"-piperidin]-1'-yl,
3,4-dihydro-1'H-spiro[isochromene-1,4'-piperidin]-1'-yl,
(4S)-3'H-spiro[azepane-4,1'-[2]benzofuran]-yl, or

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



15 R2 is H Cl_7-alkyl, unsubstituted or substituted with one or nore OH,
preferably ClL_7-al kyl, -CH2-pyridinyl, -C(0)-Cl _7-al kyl, -C(0)CH2NRLR",
wher ei n Rvoandh/dRisear e each i ndependentliy-sel ected from @tr/iradoepbises
-C(0)0-C1_7-al kyl, or -S(0) 2NR1R', wherein R and R' are each

I ndependently selected fromCl_7-alkyl; 20 R3is nis O or F, preferably

Cl, 1 or 2, locemiphmbodiceuts, talspiyogetieptabdireus BIG ist her eof . In a certain
enbodi ment of the invention, the conpound of forrmula | is provided as a
subset of fornulk h' WO 2010/054$6ﬁ- 14 - PCT/ EP20Q9/ 064565 1" whHrein

Ot
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HG is selected fromany one of groups HG 1 to HG 14 as descri bed above, R2
is H 5Cl1 7-alkyl, unsubstituted or substituted with one or nore OH,

pr ef er ablwoGa10/0sadektyl ,  CH2- pyri di nyl , 13C(0) - Cl_7-al kyl pPCT@PO)0CIRNRLR" ,
wherein R and R' are each independently selected from Cl_7-al kyl,
C(0)0-C1_7-al kyl,. or 10-S(0)2NRLR', .wherein R and_ R' are each
independenérr9%@%8@8&3%%@3 PVERYJ: thepggmngueg! ngor@}f rePEvisdy a, nis1
or 2, or a pharmaceutically acceptable salt thereof. Exanpl es
for the conpound according to the inves{ion are shown in the experinental

15 part. The table below lists e @ dunds. Ex.# Structure Ex.#
N\

Structure Ex.# Structure 1 X /zz/T.

RY 2
X
Ve
N
R’ |
wherein
X-Y is C(R*R")-0, wherein R* and R” are each independently H or methyl,
5 CH»-S(O),, wherem p is 0 or 2,

C(0)0,

CH,0CH,,

CH,CH,0,
Zis CH or N;

10 R'is halo, and mis 0 or I;

R*is H,

Ci7-alkyl, unsubstituted or substituted with one or more OH, preferably C, 7-alkyl,
-CH;-pyridinyl,
-C(0)-Cy_7-alkyl,
15 -C(O)CH,NR'R", wherein R’ and R" are each independently selected from C;s-alkyl,
-C(0)0O-C,y-alkyl, or
-S(0),NR'R", wherein R' and R" are each independently selected from C;7-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 formula I is provided as a

subset of formula I’



14 5027 - z2'zz2 C 2 C) 152z zYz z2)--z 0 28 . C 1 N----\ 101 NH

WO 2010/054961 -14 - PCT/EP2009/064565

wherein

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

R*is H,

5 Ci7-alkyl, unsubstituted or substituted with one or more OH, preferably C, 7-alkyl,
-CH;-pyridinyl,
-C(0)-C,7-alkyl,
-C(O)CH,NR'R", wherein R’ and R" are each independently selected from C;s-alkyl,
-C(0)0O-C,y-alkyl, or
10 -S(0),NR'R", wherein R' and R" are each independently selected from C;7-alkyl;
R’is ClorF, preferably Cl,

nis lor2,

or a pharmaceutically acceptable salt 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 Ex.# | Structure

N\/g N\§ N\Nr/N/\N
S VR P ce




WD 2010/ 054961 2010/ 054961 -
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Ex.# Structure
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N----\ NNHI

10

15

20

25

500,,, 0C NNFIC 18 Cl ---- 0N\ NHHC 31
WO 2010/054961 -17 - PCT/EP2009/064565
Ex.# | Structure Ex.# | Structure Ex.# | Structure
13 26

Table 2: Structures of selected examples.

Preferred compounds of the invention are shown in the examples. Particularly preferred

arc

tert-butyl 8-chloro-1-[(1r,4'r)-3H-spiro[2-benzofuran-1,1'-cyclohexan]-4'-yl]-4H-
[1,2,4]triazolo[4,3-a][1,4]benzodiazepine-5(6H)-carboxylate;
8-chloro-1-[(1r,4'r)-3H-spiro[2-benzofuran-1,1'-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'r)-3H-spiro[2-benzofuran-1,1'-cyclohexan]-4'-yl]-5,6-dihydro-4H-
[1,2,4]triazolo[4,3-a][1,4]benzodiazepine;
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'-yl)-4H-[1,2,4]triazolo[4,3-
a][1,4]benzodiazepine-5(6H)-carboxylate;
8-chloro-5-methyl-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;

8-chloro-5-isopropyl-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;
8-chloro-5-(pyridin-2-ylmethyl)-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;
5-acetyl-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;
2-[8-chloro-1-(1'H,3H-spiro[2-benzofuran-1,4'-piperidin]-1'-yl)-4H-[1,2,4]triazolo[4,3-
a][1,4]benzodiazepin-5(6H)-yl]-N,N-dimethyl-2-oxoethanamine;

tert-butyl 8-chloro-1-(6-fluoro-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;
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8-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-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;
5  8-chloro-1-(5-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;
tert-butyl 8-chloro-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;
8-chloro-5-methyl-1-(3-methyl-1'H,3H-spiro[ 2-benzo furan-1,4'-piperidin]-1'-yl)-5,6-dihydro-

10 4H-[1,2,4]triazolo[4,3-a][ 1,4]benzodiazepine;
1'-(8-chloro-5-methyl-5,6-dihydro-4H-[ 1,2,4]triazolo[4,3-a][ 1,4]benzodiazepin-1-yl)-3H-
spiro[2-benzofuran-1,4'-piperidin]-3-one;
8-chloro-5-methyl-1-(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;
1'-(8-chloro-5-methyl-5,6-dihydro-4H-[ 1,2,4]triazolo[4,3-a][ 1,4]benzodiazepin-1-yl)-1H-
spiro[isochromene-4,4'-piperidine];
1'-(8-chloro-5-methyl-5,6-dihydro-4H-[ 1,2,4]triazolo[4,3-a][ 1,4]benzodiazepin-1-yl)-3,4-

20  dihydrospiro[isochromene-1,4"-piperidine];
(+)-1-(8-chloro-5-methyl-5,6-dihydro-4H-[ 1,2,4]triazolo[4,3-a][ 1,4]benzodiazepin-1-yl)-3'H-
spiro[azepane-4,1'-[2]benzofuran]; or
(-)-1-(8-chloro-5-methyl-5,6-dihydro-4H-[1,2,4]triazolo[4,3-a][ 1,4]benzodiazepin-1-yl)-3'H-

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

30 8-chloro-5-methyl-1-(3-methyl-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,
(-)-1-(8-chloro-5-methyl-5,6-dihydro-4H-[1,2,4]triazolo[4,3-a][ 1,4]benzodiazepin-1-yl)-3'H-

spiro[azepane-4,1'-[2]benzofuran],
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8-chloro-5-methyl-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,
1'-(8-chloro-5-methyl-5,6-dihydro-4H-[ 1,2,4]triazolo[4,3-a][ 1,4]benzodiazepin-1-yl)-1H-
spiro[isochromene-4,4'-piperidine],
5  8-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-5-isopropyl-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, or
8-chloro-1-(5-fluoro-1'H,3H-spiro[2-benzofuran-1,4"-piperidin]-1'-yl)-5-methyl-5,6-dihydro-4H-
10 [1,2,4]triazolo[4,3-a][1,4]benzodiazepine.
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 (1)

X—=Y
(] ) H
R m Z\n/ N< NH
2
O
II
with a compound of formula (IIT)
H S
N
R’ N,
R’
15 I

to obtain a compound of formula (I-1) wherein R', R*, X-Y, m and n are as defined

hereinabove for formula (I) and Z 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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Br\(/N\
N
N—7/
R’ N,
R>
v
with a compound of formula (IV)
X=Y
(] )
1
R, Z\H
\'%

to obtain a compound of formula (I-2) wherein R', R*, X-Y, m and n are as defined

hereinabove for formula (I) 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 compulsive 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 invention is a pharmaceutical composition comprising a
compound as described in any of the embodiments, wherein it is useful 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,
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depressive disorders, obsessive compulsive disorder, autistic spectrum disorders, schizophrenia,

and aggressive behavior.

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.

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, 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.

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, inappropriate secretion of vasopressin, liver
cirrhosis, nephrotic syndrome, anxiety, depressive disorders, obsessive compulsive disorder,

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, nephrotic syndrome,
anxiety, depressive disorders, obsessive compulsive disorder, autistic spectrum disorders,
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
(

X—Y hos " )
(y)n H N m AN
RT, N + /@(/ n-butanol /N

NH, ¥, — N
I R N, reflux /@(:S

R

3

R N

N\ 2

1II 111 I-1

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 (IITI). 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 (III) is outlined in
general scheme D hereinafter. General scheme A is hereinafter further illustrated with general

procedure 1.

Br N
\(/ N X—Y
/ neat or in R,
N (] ) sulfolane
+ R, N -
R? q H 130 160 °C
\R2

v v I-2

5 Scheme 2: General Scheme B

Compounds of formula (I-2) (compounds of formula (I) in which Z is N) can be prepared
by thermal condensation of a bromotriazole 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 either 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.
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Scheme 3: General Scheme C

Compounds of formula (I) with R* different from H can be prepared from compounds of
formula (I-b) (compounds of formula (I) wherein R* is H) according to methods known in the art,
¢.g. 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, ¢.g. halogen or sulfonyl) which is either commercially available or easily
prepared according to methods and starting materials well known in the art. Alternatively,
compounds of formula (I) can be obtained via reductive alkylation by consecutively treating a
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 using methods known in the art. Compounds of formula
(I-b) are conveniently obtained as the salt or the free base after basic aqueous work-up by
treatment of compounds of formula (I-a) (compounds of formula (I) in which R” is tert-
butoxycarbonyl) with an acid in a suitable solvent, ¢.g. methanesulfonic acid in dichloromethane
or tetrahydrofuran or hydrochloric acid in methanol. General scheme C is hereinafter further

illustrated with general procedures I1 and III.
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Scheme 4: General Scheme D

Thiolactam derivatives of formula (IT1I-1) (compounds of formula (IIT) in which R is tert-
butoxycarbonyl) 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 (IV) in which R? is
H) can be obtained as follows: Transformation of a 2-nitrobenzyl alcohol of formula (a) to a
benzylic chloride of formula (b) can be effected by a chlorinating reagent such as thionyl
chloride in the presence of an organic tertiary amine base. Alkylation of a compound of formula

(b) with glycine ethyl ester hydrochloride in the presence of an organic tertiary amine base and
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8-chl oro- 1- (5- quororﬁwH 3H spi rq| 2- béﬁz@furan 1,4 -pipgridin]-1'-yl)-5-met
hyl-5, 6-di hydro-4H 10 [1, 2, 4] tg+agol o[ 4, 3-a] [ 1, 4]be akazepine. In a
certain enbodi nent, the conpogéps of formula (I) of the invention can be
manuf act ur ed according to ap g§s conprising the st 2of reacting a
compound of formula (I1) XY with a conpound ofl-¥®drnula (111) \ R2
1511 | to obtain a conpound| @b KObk HAHE0(F¢-1) wherein R, R2, X-Y, m
and n are as defined herei nabove @9&@%%%%%&%g&kku%”9 Z equals CH.

1 r| zo Io

R

m

0 1) ethyl chloroformate,
Et;N, THF, 0°C

2) hydrazine hydrate,
MeOH, 0°C to RT

HO O HITJ O
1 NH,
II-1-b

Scheme 5: General Scheme E

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

CH;-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 (j),

10 which can be solvolyzed to an ester intermediate of formula (k) in refluxing ethanolic hydrogen
chloride solution. A compound of formula (k) can be converted to a hydrazide derivative of
formula (II-1-a) (a compound of formula (II-1) in which the hydrazide and phenyl groups are
oriented cis 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



I n anot her enbodi nent, the conpounds of formula (1) of the invention can be
manuf actured according to a process conprising the step of reacting a
conmpound wO 2bowvoswdea (1V) WO 2010/ 054961- 20 - PCT/ EP2002L064265/0645682 |V
with a conmpound of formula (1V) X-Y Vv to obtain a conpound of
formula (1-2) wherein R, R2, X-Y, mand n are as defined 5 hereinabove for
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invention is a conmpound as described in any of the enbodi nents for a use in
the prevention or treatnent of dysnenorﬁhea nmal e or femal e sBkual
dysfunction, hypertension, chronic hea ai lare, inappropria&ge\ secretion

of vasopressk’n, liver 150cirrhosis, ne € syndrone, anxitg gepr essi ve
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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 CH;-O) can be prepared as
10 described hereinafter: Double-lithiation of a 2-bromobenzoic acid derivative of formula (m) via
deprotonation and bromine-lithium exchange with an alkyllithium 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- 21 - PCT/ EP2009/ 064565 depressive di sorders, obsessive
conpul sive disorder, autistic spectrumdisorders, schizophrenia, and

aggr essi Wweohetveosimn . A certain eppodi rent of the iPorarkeooneissst he use
of a compound as described in any of the enbodinents for the preparation of
a nedi cament. 5A certain enbodinent of the invention is the use of a
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chronic heaqt faill\yug inappropriate sgcretion of vasopressi#, |iver

cirrhosis, nephrotic _syndroneg, anxietyT depressive di sorders, obsgessive
compul si ve di sorder, ™5 autistic spectrum disorders, schizophrepia, and
aggr essi ve behavi or. A certain enbodi nent of theHPdghtion is a

met hod for W hERiReCl$&lit i ¢ and/ or prophyl actic treatnment of dysienorr hea,
mal e or femal e sexual dysfunction, hypertension, chronE®©OHesfiuk fail ure,

i nappropriate secretion of vasopressin, |liver cirrhosis, nephrogic
syndrone, anxiety, depressive disorders, obsessive conpulsive disorder,
autistic spectrumdi sorders, 20 schizophreni a, and aggressi ve behavi or,
whi ch net hod conprises adm nistering a conpound as defi ned j ny if the

enbodi nents to a human being or animal. These proces @ descri bed
in nore detail with the foll ow ng general schenes and procedires A to H.
X-Y [11111-1 25 Schenme 1: CGeneral Schenme A Conpounds formul a

(I-1) (conpounds of fornula (1) in which Zis CH can be prepared)by

t hermal condensation of a hydrazide derivative of formula (I1) Hnd a

thi ol actam derivative of formula (I111). Conpounds of fornmula (IT) can be
prepared followi ng the general WD 2010/054961- 22 -PCT/E@;QQ@/Q@&&@?
schene E as described hereinafter. The synthesis of conmpounds of foriula
(I'1l) is outlined in general scheme D hereinafter. GeneraV-4dWenBHAH}
hereinafter further illustrated wth general procedure |I. X-Y

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 CH,-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

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

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



| W1-2 5 Schene 2: General Schene B Conmpounds of fornula (I1-2)
(compounds of forrmula (1) in which Zis N) can be prepared by thernal
condensatworromiosaehr onot ri azol e i nterngdiate of fornul arCitp2@ndesnss am ne
derivative of forrmula (V). The synthesis of conpounds of formula (1V) is
outlined in general scheme D hereipafter. The conmpounds of fornula (V) are
ei ther commerRimal |y avail able or 1!mprepared u3|ng nethOey known in the art
starting from i
formula (V) c
descri bed herei
l-al-b X-Y I 3. THENEA
with R2 different m H can be prepare «Ib.(l-b)
(conpounds of for a (1) wherein R2 is i) according to nethodg known in
the art, 5 €3GmwebMinbdcRdticng a conpound of fornula (l1-b) with an inorganic
base such ass-@lueImataedsal t or an organi ¢ base such as a tertiary anine
and an electrophlllc reactant R2-LG (wherein LGis a |leaving group, e.g.
hal ogen or sulfonyl) which is either conthercially avail abl e ov-seasily
prepar ed accordlng to nethods and starting materials well known in the art.
Al tern t veI formula (1) can be obtained via reductive

al kyl at¥® é @ W@% treating a 10 conpound of formula (l1-b) with a
ket one or aldehyde and a suitable reducing agent, e.g. a borohydride
derivative Sunincastesodiiates dtioahyld(Ve®), (cempowmis of foraindr OhHyid wideh KFY&@GHu-m
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dioke@gpounds o fornula (1)

acid in nmethanol. General scheme Cis hereinafter further illustrated with
general pr Ocl%%ugoenslpolulnds 0 J[hleI present invention exhibit Vla activity. They are selective

10 inhibitors of the V1a receptor and are therefore likely to have a low potential to cause unwanted

off-target related side-effects. The V1a activity may be detected as described below.

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 I in a suitable solvent such as ¢.g. dioxan or THF and adding an appropriate 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 ammonium cation and n = number of hydroxide anions, to a solution of

20 the compound in a suitable solvent (e.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 I 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 I in this invention may be
derivatised at functional groups to provide derivatives which are capable of conversion back to

the parent compound in vivo.



WD 2010/ 054961- 24 - PCT/ EP2009/ 064565 a fornnyl hydrazi nel - ' NNBS

di oxane31. Nl THF 90 CR3Nreflux ---0 0 X | V-21'V Schene 4: General Schene
D Thi ol acwermtharsussat i ves of formula (LBH=- 1 ) (conpoundecwfere@vwmwdsas (111)
in which R2 is tert- butoxycarbonyl) and bronotriazol e derivatives of
formulas (1V), (1V-1) (conmpounds of formula 5 (1V) in which R2 is

t ert - blthaxyaeolbgiceyl Testand (1 V-2) (conpounds of fornmula (IV) in which R2 is
H) can be obtained as follows: Transformation of a 2-nitrobenzyl al cohol of

formula (a) HQ fhman Via receptor was cloned 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 Vla receptor binding studies were performed. Cell membranes were
prepared from HEK293 cells transiently transfected with the expression vector and grown in 20

liter fermenters with the following protocol.

50g of cells are resuspended in 30 ml freshly prepared ice cold Lysis buffer (50mM

HEPES, I1mM EDTA, 10mM MgCl, adjusted to pH= 7.4 + complete cocktail of protease

10  inhibitor (Roche Diagnostics)). Homogenized with Polytron for 1min and sonicated on ice for 2x
2 minutes at 80% intensity (Vibracell sonicator). The preparation is centrifuged 20 min at 500 g

at 4°C, the pellet is discarded and the supernatant centrifuged lhour at 43°000g at 4°C
(19°000rpm). The pellet is resuspended in 12.5 ml Lysis buffer+12.5ml Sucrose 20% and
homogenized using a Polytron for 1-2 min. The protein concentration is determined by the

15 Bradford method and aliquots are stored at -80°C until use. For binding studies 60mg Yttrium
silicate SPA beads (Amersham) are mixed with an aliquot of membrane in binding buffer (50

mM Tris, 120mM NaCl, 5 mM KCl, 2 mM CaCl,, 10 mM MgCl,) for 15 minutes with mixing.
50ul of bead/membrane mixture is then added to each well of a 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 100ul of a serial dilution of each compound

in 2%DMSQO. 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 is normalized to the maximum specific binding set at 100%. To calculate an IC 50 the curve

25 1is 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.# pKihVla Ex.# pKihVla Ex.# pKihVla Ex.# pKihVla

1 8.34 10 8.74 22 8.40 31 7.32
2 7.40 12 8.74 23 8.68 32 8.66
3 8.55 15 8.38 24 7.97 35 7.98

5 7.79 16 8.17 26 8.32 36 8.84




benzylic chloride of formula (b) can be effected by a chlorinating reagent
such as thionyl chloride in the presence of an organic tertiary am ne base.
Al kyl at i owoabiozsemapound of fornula (byiwi th glycine et irgi/Ertoencsses

hydrochl oride in the presence of an organic tertiary am ne base and WO
2010/ 054961 25 PCT/ EP2009/ 064565 N-protectionof the resulting comoun
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alcohols polyols glycerol Vegetable 01ls cte.Suitable exc1p1ents for suppositories are ¢.g. natural

or hardened oils, waxes, fats, semi-liquid or liquid polyols etc.

Moreover, the pharmaceutical preparations can contain preservatives, solubilizers,
20 stabilizers, wetting agents, emulsifiers, sweeteners, colorants, flavorants, salts for varying the
osmotic pressure, buffers, masking agents or antioxidants. They can also contain still other

therapeutically valuable substances.

The dosage can vary within wide limits and will, of course, be fitted to the individual
requirements in each particular case. In general, in the case of oral administration a daily dosage
25 of about 10 to 1000 mg per person of a compound of general formula I should be appropriate,

although the above upper limit can also be exceeded when necessary.

The following examples illustrate the present invention without limiting it, but merely as

being representative thercof. All temperatures are given in degrees Celsius.

Examples of compositions according to the invention are:



HOOHNO | AINH2 11-1-b Schene 5: General Schene E Hydr azi de
internmediates of forrmula (11-1) (conmpounds of fornmula (Il) in which X-Y is
CH2- 0 andwo 2equsks11) can be prepared-ags-descri bed her epoafiPesosdts6s i ng
from secondary al cohol 5 internediates of formula (h). The latter can be
prepared according to a nmethod described in the literature (F. J. Uban, G
Ander sdxamPlegani ¢ Process Research & Devel opment 1999, 3, 460- 464). A

met hanesul fonic acid ester of fornula (i) can be obtained by treatnent of a
compou . Lt s net | J atertiary am ne
base.  TroRt R Ry b R R LR in B R B Jant e 1

di met hytsutfoxide yretds—a mtriije dertvative of formuta <), 10—whithcan
be sol y8igjedentt o an ester internediate of fornul angkablstn refl uxing

7

et hanolic hydrogen chloride sol utison. A coppound of |fgpmul a (kkxogan be
conver ted—teo—a—hydraz-de—dervatre—et—forpHa—-{H—d—a)—(a—~cotrpound——of
f or mul al1( Comppdurdroftbinatial he hydr asi de and phenyl grqui®® are oribétted cifs
rel ati 0 _each other) by heating _w th hydrazine hydrate. Al {erpativerl,

an est nS- ?ative of formula ( )%Sh;m he ‘}/ olvze dzlohripr epi ié ization to

a carbogyCoe Seicd derivative WD[(2310/054964- 27 - PQTg EP2009/ 064565 of

formul & ._USI ng, potassy um hydroxide 1n e nol at cor 1n
di et hy ég&ﬁﬁww.ﬁgﬁge?}ﬁufﬁ?eA Kydrg’éi de der ?@ ve ofl Yormila (MP91.1) ¢
conpound. BlaghdiumiBeeatdtd - 1) i n whijah the hydrazi de and phenyl gnoups are

oriente [rans relative 10 each 0t r) can obtal ned _by actl I ng an
acid i ﬁ&ﬁkmwmpmﬁﬁg._w% ll:)lhyl cHI S0t or éi_w{ Lonyl

chl or i debleok pbydisibaidt @dempbsiflo’® pepti de coupling reagent, and subsequent
coupling with hydrazi ne. V-1V-2 Schene 6: General Schene F Am ne

i nter Cimat es rgf%{)roor n%lras (V-1) (conpounds of fornmula (V) in which X-Y is
C(=0) - ﬁ%“(\}? 68 un'f)ounds of formula (V) in which X-Y is CH2-0) can be
prepared as 10 described hereinafter: Double-lithiation of a 2-bronobenzoic
aci  ddri vatVieingfediaptsrulZa3 @nd 4whd gthaplatt withpiohcdawatebr omi ne-1i t hi um
exchange wi thh.\afe 8ldaylel bi Sioem reagent and subsequent addition to a cyclic
ket one derivative of forpula (s@%jﬂbl eads to a spirolactone derivative of

formul @ (o) . Pasethsarampesghrough KomHing e QUMM a | act one of formula (o)
gi ves a. conpadhthgfddidn® 5 mul @ik r. thABInTiBuEds dorptdsy 88 achit{tae piekas (V- 1) and
(V-2) are obtained by palladiumcatal yzed 15 hydrogenol yti ¢ N-debenzyl ati on

of corr%%l&dfeﬁ_fl formulas (o) and (p), respectively.

10  Capsules of the following composition are manufactured:

ingredient mg/capsule

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

Table 5: possible capsule ingredient composition
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2- bromparyl substituted aliphatic alcohol derivative of formula (q) via

0- depr Wongdtdroinghcbcbdioni ne- met al exchange with magnesiumor a Gignard or
al kyl'l'i thiumreagent and subsequent addition to a cyclic ketone derivative
of fornula ( i yla (s). Amne
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Scherre H Am ne internediates of formula (V— 5) (conpounds of formula

d bed h ft
Reditti on dhe Somppk s | dbupiredaeh] YEEh 36 B307 TRoKdRanpes SRR ; o
substi tamoadmgetrmgtmlabl;me M Heheixtin p sictur ol mithémn?xr:ranhy Italg (andpnmndsiannmdnamyl ic
d
o0t 3 91Ul SRO-RESHASE M0, i AR RO ISPTL YRRAYE 96 SOV,
derr vaterg/éaltﬂfg asingghpsules) with formal dehyde in the presence of hydrochloric
acid gives a spiro-derivative of fornmula (V-5). The conpounds of

the pras@pipld Byention exhibit Via activity. They are selective 10
i nhi bitors 0 t e \/a receptor and are therefore likely to have a | ow

pot ﬁrf; unwaﬁtthﬁg ff- tar r.el at ed s%dgﬁe fects. The Via
act S?? éi ]é](‘?f8 P Bk Bosdté?lb%emanu HE cor r espondi ng
phar tf*e"f'f*e"y aceeptable—salts—w-th—-aei-ds—eanr—be—obtai-hedby—standard

met hodsngodiemt t o t he per son skill ed in the art, e. gmgmapshlssol ving the
conpoyre—ef—fermi-a—t—n—a—su-table—sglrent—sueh—as—e—g—eaoxan—er—HH—and

addi ng Gmpmppd opfaraiué lanount of 15 the Scorrespondi ng acid. The products can

usual | ?e isolated by filtration or By chromatography. The conversion of a
COWOLMMLMM&MMP@ML&&MMME

can be }p}aimg'eegte@lgby&)yeatnrcmat ment of sucrg a conpound with such a base. One

possi bl e et to 1O rrltstuc a salt "g. by addition of 1/n equival ents
of a | y " ﬁzper_n_M_net_aJ_gr_a;mm_um_eat_r_g = ' i-oin

and n |Sogubtaroibf hydr oxi de ani ons, "t 1agsol ution of 20 the conmpound in @
sui t al Iﬁgqﬁm vent (e.g. ethanol, ethandl-water m Xture,

D

tetrahydrofuran-water mxture) and to 8ipve the sol vent by evaporation or
| yophi ITas&td: @Bssible soft bolaBicatapasic il@tdicrceppostio®n i s not described in the
exanpl es, the conpounds of fornmula | as well as all internediate products
can be IF (ﬁared according to anal ogoug net hods or acc rdr to the nethods
set f P HE ewi t hi n. Starting materials are comer & (tp§/u vai | abl e, known

in the(%%nart or can be prepared by methods known in the art or in anal ogy
t her etlQ It wll be appreciated tlhat the conpounds of general formi a
| in tldlgceksl\ggnbi on may be derrvatrsed3@t functional groups to provide
derivatjves whi ch are capabl e of CONversion bac T0 the parent compound | n
vi vo. | NAH98$90/ 054961- 30 - PCT/ EP2009/ CA4B6EBHAr nacol i mical Tests
The hummmﬂﬁ@md@ceptor was cloned by RO-£CR fromtotal human liver RNA. [The
codi ng _Sequence was subcloned in an efpression vector after sequencing tp
confi rrn (Bﬂ erl)éeanf y of the anplified El wence  To denpnstrate the affinjty
of the mepounds frontthe present 5 inveplsion to the human Via receptor
bindir%kgh |es re performed. Cell nenbranes Were prepared 1rom HEKZ93
cells t @ﬁ?ﬂ@e§9% §@%@teﬁyﬂffﬂmPW%“Ekpressron vector and grown in 20
liter fernenters with the follow ng protocol. 50g of cells are

r esuspeaedudrmidOPricedureshl y prepared ice cold Lysis buffer (50mM HEPES,
1mM EDTA, 10mM MgCl2 adjusted to pH= 7.4 + conplete cocktail of protease

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

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

treated according to the usual procedures.



10 i nhi bitor (Roche Diagnostics)). Honogenized with Polytron for I mn and
sonicated on ice for 2x 2 mnutes at 80%intensity (Vibracell sonicator).
The prepavatzommsisicentri fuged 20 m n-a34-500 g at 4C, treTmrRéosincisss

di scarded and t he supernatant centrifuged | hour at 43" 000g at 4C

(19' 00Orpm. The pellet is resuspended in 12.5 m Lysis buffer+12.5nl
Sucr os&€Exatiflcadid honogeni zed using a Polytron for 1-2 mn. The protein
concentration is determ ned by the 15 Bradford nethod and aliquots are
stored i ng Yttriumsilicate SPA
beads (Si rs%gﬁ&ﬁat#efdr{nﬁ&é %m S%Elana ?cﬁ]tag?fao re?rgnbr ane in bindi ng buffer

(50 MMrTris,  120mviNaCt, 5 mviKCi,—2 mviiCaCi2, 10 mvirwWgCi2)for 15 mnut es
W th '%18’111‘%111615001 of bead/ nmenbrane nmixture is then a "'PPo each well of a

96 wel | (B@Bgndgpfokﬁﬁ\ﬁq by 50g1 of 4 nM3f4 Vasopressin (Anerican

A _a

Radi ol : ed_Chemrcat s). For total bindijng _nmeasurenent 20 100gt of bindi ng
buf fer §Hﬁp%ﬂﬁlé’dn%5(§ the respective well 1286r non- specific binding 100g1 of
8. 4mM cqi,gvasopressi n _and for conpound |t1gghi ng 10091 of a serial dilutjon
of each tompound im 290OMBO The ptate s Tncubated that room tenperature,

centri f%kgﬁppomlmea@pmmcaﬂmoag%t ed on a Packard Top- Count. Non-specific
bi ndi ng counts are subtracted fromeach well and data is nornmalized to the
maxi MU epgedthnifg Proading set at 100% To calculate an I C 50 the curve 25 is
fitted using a non | i near regression nodel (XLfit) and t he Ki is cal cuI ated

usi g t he gtﬂ 0 SOff S9 eite(gma lass q l se? rﬂ%[l)’ n%

show t he an S{ B |§/n¥ gal <05 RUrah ‘W rec tor 8?1?1
accor di4tC tHlepmpsenﬁle lﬁnvlermomdnred@mimpm ohfgrmulN .isfadsid thoveta aEﬁt sﬁﬁrgi(untﬂ\liﬂ a
EX. # phhg Bi‘ﬁaé}s@d &n%‘iet%gl Fnd %igt%reBis%Q)ul?éjd iztoss%pgosZtoﬁpml)glds of suitable size, left to

cool, and the suppositories are then removed from the moulds and packed individually in wax

paper or metal foil.

10 Example D

Injection solutions of the following composition are manufactured:

ingredient mg/injection solution.
Compound of formula I 3

Polyethylene Glycol 400 150

acetic acid q.s. ad pH 5.0

water for injection solutions ad 1.0 ml

Table 9: possible injection solution composition
Manufacturing Procedure

The compound of formula I 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.
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Example E

Sachets of the following composition are manufactured:

ingredient mg/sachet
Compound of formula I 50

Lactose, fine powder 1015

Microcrystalline cellulose (AVICEL PH 102) 1400

Sodium carboxymethyl cellulose 14

Polyvinylpyrrolidon K 30 10

Magnesium stearate 10

Flavoring additives 1

Total 2500

Table 10: possible sachet composition
Manufacturing Procedure

5 The compound of formula I 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 and filled into sachets.



pKi hVla Ex.# pKi hMla Ex.# pKi hMla Ex.# pKi hMla 7 8.35 17 7.99 27 7.91
37 8.30 9 8.62 19 8.12 29 8.76 Tabl e 3: Human Via receptor of selected
exanpl es wWoanmesewstii cal Conpositions -36- PCT/EP2009/064565

Experimental Part

The following examples 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 Hyvdrazide intermediates of formula (II)

Hydrazide 1
(1r,4'r)-3H-Spiro[2-benzofuran-1,1'-cyclohexane]|-4'-carbohydrazide

a) (1s.4's)-3H-Spiro[2-benzofuran-1,1'-cyclohexan]-4'-ol

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

10  ethanol (36 ml) was added sodium borohydride (0.69 g, 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 vacuo. 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").

b) (1s.4's)-3H-Spiro[2-benzofuran-1.1'-cyclohexan]-4'-yl methanesulfonate

To a solution of (1s,4's)-3H-spiro[2-benzofuran-1,1'-cyclohexan]-4'-ol (0.70 g, 3.4 mmol)

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

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 concentrated in vacuo to

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

¢) (1r,4'r)-3H-Spiro[2-benzofuran-1,1'-cyclohexane]-4'-carbonitrile

A solution of (1s,4's)-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 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 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



The conpounds of fornmula I as well as their pharmaceutically usable acid
addition salts can be used as nedi canents, e.g. in the form of

phar macewvocalo/paepar ati ons. The 5 phapmaceuti cal preparatriEPp@IOMTcHE

adm nistered orally, e.g. in the formof tablets, coated tablets, dragees,
hard and _so ela |ne capsules enuI5|ons us i ons

adni ni é*flhaﬂ*sm wae@kfeaé el Eea‘ﬁetﬁ%flﬁ%eqr@mn@é% 8;/85%558 g‘?ﬁﬂﬁ?sﬁéﬂf%& of
supp05|rﬁ/gr21qs(M r parenteral ly, e.g. in the formof injection solutions.

The conpounds of fornula | and their pharnmaceutically usable acid addition
salts can be 10 processed with pharmaceutically inert, inorganic or organic
exci pi ent s df &ihyl hls. mﬁlﬂimﬂiaﬁzrbmzoﬁﬁhm-dt1¢CVQ1@bﬂXﬁﬁle]f4a-lﬁﬂrbD§VIat¢r agees and hard

gel ati ne capsul es. Lactose, corn starch or derivatives thereof, talc,
stearic aciyd I . €A 1, as p r

t abl et s, déﬁt&g%g{ and %é&? ﬁ%gg %2&%8%& é? C%Ebl a ]f(ei 4&%’3&?&%&20.}4 {c))% 5}09“
gel at i mﬁnclamdloeﬁc@netee lgzdroahgﬁthce s@lulion (vaxsls 56 framsl) is ema:aol (20 andwas

l'i qui drhgol (){ol s etc. 15Suitable excipients for the manufacture of solutions

and sy at eflgx gor b et itesipg & R IRHCEYE S PHIFEFHOSBHANTC VRSROYEE! &t c.
Sui t ablig, ﬁma@ifeatm 98yl RIEGI! BRiHPhURRS Blufiof: Phe HRlEe wall GRABIE with

pol yols, glycerol, vegetable oi s etc U|tab e exclplients for suppositories
are e. gwonmattioml ofotertiantyd enegtlylo¢thsr, Thaxesbirdeat csr,game riaydrs q»{ftrajvwashekh wihd M

pol yol s etc reo t.he har tical an contain

D evor P UESO0NE MrPrAEseRtg Srahpye AsnEioREsedng Syt ud i rrers,
SWeRj eRgé. fqaslhoaﬁlaﬁﬁtogfa&)ﬁy%ﬁﬂh%epeﬁé/%ﬁlyf aeetyt@raw dhgent RAVO RIS cBRBSSH
buffers, masking agents or” antioxidants. They can also contain still ot her

t her apéQ@D@aﬂl%) gaivhisbsadids Mifsman 2es (M ). The dosage can vary w thin wide
limts and will, of course, be fitted to the individual requirenents in
each parti G : LA thex%ﬁg ol caﬁ) al drgmr(pe nistration a
dai |l y dosage ] onrpound of general
formula | should be appropriate, although the above upper limt can al so be
exceeded whemitteeesSahyl.(1r,4')- 3H-Ijﬂ|eo[12aiehmﬁmg leldaiypllothainb] Usdarimixglatd@.2 g,

pr esent |nvet|on Wi t hout I|mt|n as bei n presentative
t her eof).® Ao iéﬂ%@w%ameélygfaée @‘?9 ﬁnlp Meewlﬁ %tf«‘w rféﬁ%%ff ﬁ Ot er

Conposi Bhﬁ?ﬁo?ﬁ%&ﬁﬁh@% iQied 2@04 nYiet7 ﬁﬂn(ﬁ%%vag 0 20y 91§4r%§c1t10n31%1xture was
-PCI/ E 2009/ 064565 Exa Tabl et's of | 'owi ng conposition are

manuf adicatee cit |rnﬂumé3ruﬁ1uabr r8rinekfier ¢ootingdo en@mmgmpaﬂatlet: n-But@el ¥00 &bOand

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 acetate (30 ml) and washed with 1 M aqueous 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'-carbohydrazide

a) (1s.4's)-3H-Spiro[2-benzofuran-1,1'-cyclohexane]-4'-carboxylic acid

25 Preparation of batch 1 of the crude title compound: A mixture of (1r,4'r)-3H-spiro[2-
benzofuran-1,1'-cyclohexane]-4'-carbonitrile (0.15 g, 0.70 mmol) in ethanol (7 ml) and 2 M
aqueous potassium hydroxide solution (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 two portions of 0.5 M aqueous sodium hydroxide solution. The combined aqueous 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

5 wvacuo 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'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 ml) 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

10 with two portions of 0.5 M aqueous sodium hydroxide solution. The combined aqueous 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 g).

15 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-H").

b) (1s.4's)-3H-Spiro[2-benzofuran-1,1'-cyclohexanel]-4'-carbohydrazide

To a solution of (1s,4's)-3H-spiro[2-benzofuran-1,1'-cyclohexane]-4'-carboxylic acid (0.16

20 g, 0.67 mmol) and tricthylamine (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

25 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").
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Procedure 5 1.Mx ingredients 1, 2, 3 and 4 and granulate with purified

wat er. 2.wOnyiwdsessgr anul es at 50C. 3. _Rass the granul espChmroglo/osisss abl e
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7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzo|e][1,4] diazepine-4-carboxylic acid tert-butyl

ester

a) 4-Chloro-2-chloromethyl-1-nitro-benzene

5 To a solution of 5-chloro-2-nitrobenzyl alcohol (80 g, 0.42 mol) and triethylamine (64 ml,
0.46 mol) in dichloromethane (840 ml) was added drop wise thionyl chloride (34 ml, 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 solvent was evaporated and the residue
was triturated in warm tert-butyl methyl 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-Chloro-2-nitro-benzylamino)-acetic acid ethyl 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 ethanol (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 salts were removed 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 ethyl ester

20 A solution of (5-chloro-2-nitro-benzylamino)-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 h at 0 °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 cluent to give the title compound (76.4 g, 51%) as light

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

d) [(2-Amino-5-chloro-benzyl)-tert-butoxycarbonyl-amino]-acetic acid ethyl ester

To a solution of [tert-butoxycarbonyl-(5-chloro-2-nitro-benzyl)-amino]-acetic acid ethyl

ester (69.0 g, 0.186 mol) in ethyl acetate (1200 ml) was added zinc bromide (8.5 g, 0.037 mol).
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The reaction mixture was purged with argon after 15 min. After addition of the palladium
catalyst (10% on activated charcoal, 7.9 g, 0.0074 mol) the mixture was hydrogenated at ambient
pressure during a period of ca. 48 h until ca. 13 | of hydrogen gas had been consumed. The
catalyst was removed by filtration and the filtrate was washed with two portions of saturated
5 aqueous sodium bicarbonate solution and brine, each. The organic layer was dried over
anhydrous sodium sulfate and concentrated in vacuo to give the title compound (60.6 g, 95.5%)

as yellow waxy solid. MS m/e: 343 (M+H").

¢) 7-Chloro-2-0x0-1,2.3.5-tetrahydro-benzo[ 1.4]diazepine-4-carboxylic acid tert-butyl

cster

10 To a solution of [(2-amino-5-chloro-benzyl)-tert-butoxycarbonyl-amino]-acetic acid ethyl
ester (60 g, 0.18 mol) in tetrahydrofuran (600 ml) was added potassium tert-butoxide (22 g, 0.19
mol) in 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 followed
by addition of water (400 ml), saturated aqueous ammonium chloride solution (280 ml) and ethyl

15 acetate (800 ml). 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 previously been collected by filtration, and
crystallized from hot ethyl acetate to give the title compound (46 g, 88%) as white solid. MS m/e:
295 (M-H)).

20 f) 7-Chloro-2-thioxo-1,2.3.5-tetrahydro-benzo[e][1,4]diazepine-4-carboxylic acid tert-

butyl ester

A mixture of 7-chloro-2-oxo0-1,2,3,5-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 yellow solid.
MS m/e: 311 (M-H").
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conposition WD 2010/ 054961- 33 - PCT/ EP2009/ 064565 Manuf acturing Procedure
1. Mx i ngoedicastsil, 2 and 3 in a suiyable m xer for 3@cwiEradescssds Add
ingredients 4 and 5 and mx for 3 mnutes. 3. Fill into a suitable capsule.
5The cgggound,of fornul& : | act ose and corn starch are firstly mxed in a
m xer r tesoffo (1Y ing machine. The mixture is returned to the

m xer, the talc (and magnesium stearate) is added thereto and m xed

t horoughly. The mxture is fill edgpymdBsddone1 i Nt 0 suitabl e capsules, e.g.

hard gel ati ne capsul es. Exanple B-2 10 Soft Celatine Capsul es of the

fol | ow nchorrposi tion are manufact ured:
1-Bromo-8-chloro-4H,6H-2,3,5,10b-tetraaza-benzo[e] azulene-5-carboxylic acid tert-butyl

ester

5 a) 8-Chloro-4H,6H-2.3.5.10b-tetraaza-benzo[ elazulene-5-carboxylic 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[¢][ 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,

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

b) 1-Bromo-8-chloro-4H.6H-2.3.5,10b-tetraaza-benzo[elazulene-5-carboxylic acid tert-

butyl ester

N-Bromosuccinimide (4.50 g, 24.0 mmol) was added to 8-chloro-4H,6H-2,3,5,10b-

15 tetraaza-benzo[e]azulene-5-carboxylic acid tert-butyl ester (7.00 g 21.8 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 yield 7.39 g (85%) 1-bromo-8-chloro-4H,6H-2,3,5,10b-
tetraaza-benzo[e]azulene-5-carboxylic acid tert-butyl ester as white solid. MS m/e: 401 (M+H").

20 Bromotriazole 2
1-Bromo-8-chloro-5,6-dihydro-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

25 hydroxide solution (200 ml) and extracted with ethyl 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").
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Bromotriazole 3
1-Bromo-8-chloro-5-methyl-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzoazulene

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

6.4 mmol) and paraformaldehyde (1.5 g, 51 mmol) in methanol (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. After 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 ecluent

10 gave the title compound (0.61 g) as white 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-spiro[2-benzo furan-1.4"-piperidin]-3-one

To a stirred solution of 2-bromo-5-fluorobenzoic acid (5.0 g, 21.9 mmol) at -70 °C in
tetrahydrofuran (30 ml) 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 1-benzyl-4-piperidone (8.5 g,
43.8 mmol) in tetrahydrofuran (20 ml) was added dropwise. The mixture was allowed to warm to
20 room temperature and stirred overnight. The mixture was poured into a stirred mixture of water
(150 ml) and ether (150 ml). 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 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 ml), dried over Na,SOy, filtered and concentrated in vacuo.
25 The crude oil was chromatographed on silica gel (eluent: heptane/ethylacetate 1:1) to yield 2.27
g (33%) of 1'-benzyl-5-fluoro-3H-spiro[2-benzofuran-1,4'-piperidin]-3-one as light yellow solid.

MS m/e: 312 (M+H").
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The conpowodomfosiwnnul a | is dissolved4gn a warm nel ti n@CofEPeéve/06tsher
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ng/ supp. CanpeaAl50fudr&3MURArol 2-bon0ARRAS 4 -Blp¥ril S-S0 8F.d8t & 2138Mol) was
suspended in ethanol (6ml). The mixture was acidified with a few drops of HC1 37%. Pd/C 10%

(65 mg, 0.06 mmol) was added. The mixture was refluxed under an hydrogen atmosphere for 1
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; solution and extracted 3 times with
dichloromethane. The combined extracts were dried over Na,SQOy, filtered and concentrated in
vacuo to yield 0.42 g (96%) 5-fluoro-3H-spiro[2-benzofuran-1,4'-piperidin]-3-one as a white

10 solid. MS m/e: 222 (M+H").

¢) 5-Fluoro-3H-spiro[2-benzofuran-1.,4'-piperidine]

To a suspension of 5-fluoro-3H-spiro[2-benzofuran-1,4"-piperidin]-3-one (420 mg, 1.9
mmol) in tetrahydrofuran (4.2ml) was added dropwise a 1M borane solution in tetrahydrofuran
(3.8 ml, 3.8 mmol) at 0 °C. The mixture was refluxed overnight and then cooled to 0 °C. HCI 5N
15 (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 ethyl acetate.
The combined extracts were dried over Na,SO,, 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 yellow oil
20 MS m/e: 208 (M+H).

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

a) 1'-Benzyl-6-fluoro-3H-spiro[2-benzo furan-1.4"-piperidin]-3-one

Following the procedure described for the synthesis of 1'-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 obtained as an off-white solid (41% yield).

MS m/e: 312 (M+H").
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vacuo. The residue was chromatographed on silica gel (eluent: heptane: ethylacetate 8:2) to yield

2 g (71%) of 1'-benzyl-6-fluoro-3H-spiro[2-benzofuran-1,4"-piperidine] as a colorless oil. MS
10 m/e: 298 (M+H)).

¢) 6-Fluoro-3H-spiro[2-benzofuran-1.,4'-piperidine]

To a solution of 1'-benzyl-6-fluoro-3H-spiro[2-benzofuran-1,4'-piperidine] (1 g, 3.4 mmol)
in 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-Fluoro-3H-spiro[2-benzofuran-1,4'-piperidine]

a) 1'-Benzyl-7-fluoro-3H-spiro[2-benzo furan-1.4"-piperidin]-3-one

20 Following the procedure described for the synthesis of 1'-benzyl-5-fluoro-3H-spiro[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-fluoro-3H-spiro[2-benzofuran-1.4"-piperidine]

25 Following the procedure described for the synthesis of 1'-benzyl-6-fluoro-3H-spiro[2-
benzofuran-1,4'-piperidine], the title compound was obtained as a white solid (82% yield). MS
m/e: 298 (M+H").
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in 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.
5 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 4
(RS)-3-Methyl-3H-spiro[2-benzofuran-1,4'-piperidine]

a) (RS)-1-(2-Bromo-phenyl)-ethanol

10 To a solution of 2’-bromoacetophenone (15 g, 74.6 mmol) in 150 ml MeOH under argon at
room temperature was added NaBHy (4.23 g, 0.11 mol). The reaction mixture was stirred at
room temperature for 24h then quenched by addition of water. HCl SN was added until pH 6-7.
MeOH was evaporated. The residue was dissolved in ether and washed once with water, once
with brine. The organic phase was dried over Na,SO,4 and concentrated in vacuo . The residue

15 was chromatographed on silica gel (eluent: heptane: ethylacetate 1:1) to yield 14.8 g (99%) of
(RS)-1-(2-bromo-phenyl)-ethanol as a colorless oil.

b) (RS)-1-Benzyl-4-[2-(1-hydroxy-ethyl)-phenyl]-piperidin-4-ol

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

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

20 91.5 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 ml) 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,SO,, filtered and

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

heptane/ethylacetate 3:7) to yield 6.1 g (49%) of (RS)-1-benzyl-4-[2-(1-hydroxy-ethyl)-phenyl]-
piperidin-4-ol as a white solid. MS m/e: 312 (M+H").
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To a solution of 2-bromophenyl ethyl alcohol (1.9 g, 9.6 mmol) in tetrahydrofuran (25 ml)
was added 1.6 M n-butyl lithium solution in n-hexane (14 ml, 23 mmol) at -60 °C. After stirring
for 30 min a solution of 1-benzyl-4-piperidone (2.6 g, 14 mmol) in tetrahydrofuran (10 ml) was
added over a period of 15 min at -40 °C. The cooling bath was removed and the reaction mixture

20 was stirred for 72 h at room 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-ol (2.0 g, 6.6 mmol)
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whi chn W@@udJstléjsh' Ehrbhtogeaphy Sdrede Wrlideopio dpétr with CAEHISO melRn&hRthadBb ad Muenb)
(5-Chl oro-2-nitro-benz Iamno)-acetlc acid et g/m/ester A m xture of

4- chi orzevethetiitiscompenyd (01053 5, 58%4) an yeiay gl Y1 leizofhﬁM)*H 4l yci ne et hyl
ester hydrochloride (70 g, 0.50 nol) and triethylamne (121.4 m, 0.8665
nmol) in ethanol (1000 15 m) was hea}sgﬁngy reflux for 8 h. The sol vent was
evaporated and the residue was triturated in warmtert-butyl nethyl ether.
The ammonium salts were renoved by filtration and the filtrate was
concentrated in vacuo t(RE)-34-SpirofazepanecdiipbR)henzonranyy, 99% as an

anor phous br own soI id which was used in the next step wi thout purification.
M5 mle: 273
[tert-But oxyta y ; 1 2l aft-no] - acetic acid ethyl
ester 20A sol ution of (5 chI or o- 2 nltro benzyl am no) -acetic acid ethyl
estgy (110 T, a Sbidlch oD2 )ororﬂ(bbenkﬁraﬂcdlblw S%I aamlaﬁ@laﬁlete(trbﬁ?d@mr&l 7/mnpl)s and
4- N, N- di met hyl am nopzyrldl ne (2.51 g 0202 nol ) i n dichl oromet hane f1200
n) wasdded drapayiscor Méplu@oe ofrid tflmagh@#unwhbr@@ ipgstihydrfaraat Useml, THe

sol ven r

chr ona%%%@@pﬁ%al%g tﬂot@g%ss%t%g@éﬁe ?hep]{a ac e%ddp@o m %t é%Jd'l:'ﬁs(?ézjl&st%e %llel n?k{] ?genﬂe
the ti tré@p@@(ﬁﬁbld:ﬁdlp(e?@i ddditiorb¥gnadRink ughltngs?bl 0 &l BDwhid 3 G@us added. 1n|‘115rtliﬁne

373 (M-

[(2- AmT TBIXEH? 8’@6 hsféﬁ%tll)eﬂ%rf?r bhislaye addibeg Pt aneubpn gt bibrroderepagrhyne
estgy %Q%%ﬂéﬂ%@ fotraft dro 29#9@@%5'_&%&11%6\%5' I%'ﬂte@ £t Mo?hé’f@lsh at

pur ged W|t argon after After addition of pal | adi um cat al yst
(10% omefact |Gm111eg to haomoiampeﬂmﬁe gzyasofodlﬁvv&d ryl Jlow heeldrtiont off satwatedhardmogiemat ed

gas hadtbeidh sebnet b ra ¢ APyl ordket ST aneified s il A dnieEh v areriiated” "

filtr ataﬁd\ﬂ?esor m@eﬂwvwcdn\e@mp@é& ﬂoo%‘ie 9 r&@burﬂhﬁﬁc&uﬁﬁ@%@ SRMPHsing a
bi car bonat e soI uti on and brine, eac The organic | ayer was dr| ed "over

anhydr Guk mixidieueh hepranatead sthyl eentafens chieadzdve thaititlo compeingdeast tbightivellew oil
coghpq) go 1@) 95.5% as yellow waxy solid. M5 me: 343 (MtH ). e)

o] 1, 2, 3,5-tetrahydro-benzo[ 1, 4] di azepi ne-4-carboxylic acid
tert-butyl ester 10To a solution of
[ (2- am no- ) ¢k or-Behen By Spirefatepaté-a Xy tXbbooRlragim no] - aceti c acid et hyl
ester (60 g, 0.18 nol) in tetrahydrofuran (600 nm) was added pot assi um

|- vat or BRI o SuriphsPe-GaBr Pt oh e o) BorbUes nd

reacti gfq %awgra%lﬂe@zs gt hﬂrgﬂ bl f@@%&&&@ﬂ}&@@@&ﬁb UE £ fa@dédowes%hmbn of

addi ti on of ter , saturated aqueous ammoni um chl ori de sol ution
(280 minjcthandswdfomyl chlorlde (l 7 ml, 22 mmol) in tetrahydrofuran (20 ml) at 0 °C. After completed

25 addition the temperature was allowed to rise to room temperature. Stirrring 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
separated and the organic layer was concentrated in vacuo. Flash column chromatography using
heptane/ethyl acetate as cluent gave the title compound as a light yellow oil (4.0 g, 61%).

30 MS m/e: 294 (M+H").



15 acetate (800 m ). After 10 min the precipitate was coll ected by
filtration. The organic | ayer was separated fromthe filtrate, dried over
anhydr ousweadinsusul f at e and concentrated i n vacuo. ThePcegipdeos/ 0065
combined with the precipitate, which had previously been collected by
filtration, a acetate to give the title
conpound ( 455y -Hdoapirgtazgp; Map e 205 (MH'). 20f)

7- Chl or o- 2-t hi oxo- 1,2, 3, 5 tetrahydro benzo[e][l 4] di azepi ne- 4-car boxylic
acid tert- Ppkﬁlﬁ{ﬂmﬂa@ﬂ @S)-1-benzA-IHXpHoPaz8hanc-4, 1'-[2]benzofuran] (4.00 g, 13.6 mmol) in
7-chl oro-2-o0xo0-1,2,3,5-tetra dro benzo 1, 4] di azepi ne- 4- carboxyllc acid

t ert - bumgrhaned (Sé)rmk)411 an agoclqu_wgs poieyd @) argon After addltlon of the palladlurn catalyst

2 LSRR 149 5 SR SRRUPLATSF s bt o

25 syl \nellatmlwaﬁre Wé@@ﬁfr@d gtcrafighttdd@odie $¢rﬂ¢eeamﬁes The ichtdlyst @@k tdihdv%ﬂ tb lmtryﬂlon
nmet hyl ether. The preC|p|tate was renoved by filtration and the ?lltrate

was coreehic et we qangesied iryacyoe ding rsidns vasmpsitioned betevcen sty hesetage pithol

R b e R

f or mul avasl&jraBed vathr ¢thglodoetale. The combined organic layers were dried over sodlurn sulfate
1- Brono- 8- chl oro- 4H, 6H 2, 3, 5, 10b- tﬁiraaza benzo[e]azu ene g rboxyl i ¢ acid
tert - b§P§| cCEEERFat )1n8VE§H°ort‘b #e6 eompQyRd; &t ryhss -9 ﬁz e 90%).
azuhﬁn@n§nvgqﬂgg§%ng_aC|d tert-but | ester Fornyl hydrazine (10.7 g,
16 was added over a period of 4 hours to a solution of 7-
chl oro- 2-thi oxo-1, 2, 3, 5-tetrahydro-benzo[ e] [ 1, 4] di azepi ne- 4-car boxylic acid
tert-butyl ester (10.0 g, 32.0 nmol Examplesoxane (200 ml) at 90 C. The
reaction m xture was stirred at 90 C overnight t hen evaporated. The
resi du pu b hept ane: et hyl
oot at g}\l}@%él rroc%iufg &oﬁ&éq%gﬂ}ﬁ’gﬁﬁg&%;é@ Na%nfdihdesR @Fhinzol® NEP y
8-chl oro-4H, 6H 2, 3,5, 10b-t et raazabenzo[ e] azul ene- 5-carboxylic acid
tert-butyl Aesiiaureast alhydre&zidoddrilatihdo frfoemuBA9I) ([ M 5+eddHdTAGhjolactam bY formula
1-Bronn-§fégl ro- 4H, 6H 5, etra za-bﬁnz%[e azulene 5-carpoxylic acid
{4 vy fp

3 10bh-t
tertbu r imnaBpisRek (& L0m b)d’é heatogpatgre r &ﬁﬂﬂ) wader geplpet i room
8- cly or,
Cor i pornfiaBl e foRedAbevaddr Rl LARKERQRAE A AT 15 ish-chRIRRS G, Bkt
m xt ur endaBOLE dermative nf foomblan(d 1tat Uadmdhe:)lfeactwn domdltmnh&mr&-BG(hgrosmlm@nbe was

d th d fied b t
e P R R Bt SR L b PR R 1
1- br omypicdal iR h@difibh 6FaPths sdle baREeL r aaza- benzo[e]azulene 5-carboxylic acid

tert-butyl ester as white solid. Ms me: 401 (MtH ). 20Bronotri azole 2

1- Brono- 8- chl oro- 5, 6-di hydro-4H 2, 3,5, 10b-t et raaza- benzo[ e] azul ene A
sol uti (Q\en@ral procedure II: Cleavage of N-BOC group

1- br ono- 8- chl oro-4H, 6H 2, 3, 5, 10b-t et r aaza- benzoazul ene-5-car boxylic acid

terdqbutyl r e
sol 111 on” ( S0 ifter B th 8- BOCAFAe P gneg) MR (BRI G0 W LR REmElHRERS

m Xt ur érydagecipohibede @dilluﬂloMquué@)Hq FOliisuinea?eal d1ysir Wk fodtel Ss@ iin. oxftr2901img Jo and
extracted with eth%l acetate. The qrganic Iaéer was washed with brine,
dried 6%@ SHRGAREt dhs seaction W?“é? &5 SARCCRBACE AR NECRY B RIVRAUTCRYAET JB e

title campauads %@ne?alﬁ%rrﬁﬁ I Hy@Rchelde QY. S(%tiogallﬁ/ﬁﬁerﬂe% badoan(Bdiddtdined VWO
2010/054961 42 ~- PCT/ EP2009/ 645 5 Bronotriazol e

by partitioning the hydrochloride salt between 1 M aqueous sodlurn 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).



1- Brono- 8- chl or o- 5- et hyl - 5, 6-di hydro-4H 2, 3, 5, 10b-t et raaza- benzoazul ene
A m xture of

1- br ono- 8wohbwes49s16- di hydr o- 4H- 2, 3, 5, 30b- t et r aaza- benzefejeezadpusct 1. 9 g,
6.4 mmol ) and paraf or mal dehyde (1.5 g, 51 nmol) in nethanol (64 nm) was
heated at reflux for 16 h. After coQling to O C sodi um cyanoborohydri de
(0.8 g,(g%r?’hﬂfpfeWE Iﬁﬂ&&PCWNT%W% m xture was allowed to warmto

roomtenperature and stirred for 3 h. After quenching with 1 M aqueous

sodi um hydrOxjiggreset Aiddrifbuad @9 fd¥muld Nev)agyreWasd Y& h heortdeaak ed o 6.0
ethyl acetate. The organl c layer was dried over anhydrous sodium sulfate

and coficeN)r ticthylaming 4t ao when shhysiie diiriidsgiali iy cowwourdhiopmo jay(l-binsauseded

silica | wi -h anelet hyl acetat.e. a | uent 10 e, the titl o
corpourt (8 eyl ATRIARTELIN wdRbal S iTef i ol B ARkonlPaddibileg

1H NVR soMermndyeino Bok3hydvide (2-3 Afyiinaddddt aheeeticabe sniRfurd &rtted fHMB-16 h at room

Am ne 1 5-Fl uoro-3H spiro[ 2-benzofuran-1,4'-piperidine] 15a) 1'-Benzyl-5

- f | uor GeBPErare B ayBabsk Withd- M anueppspeqdivn Aydmxggeesolution. Fhe gqugoup dapgr is

sol uti -hropm-5- r ' g (5 Al l.) - i
tetr ah% gtrrg{tteff gﬁ{h( %yﬁf%&é\}gs?g%gé@bglre g;dr a}sng‘“sé%f%ﬁ%nq%ﬁit”g F%ri atnﬁ&%rr%agg %lltu |Hlon

i n hexanKat¢ 4¢hdmiconcédtrdtedninl yacserFlashpehroadtofraphyhgives aff tNealkgl otivaiveaof
solution of 1-benzyl-4-piperidone (8.5 g, 43.8 nmol) in tetrahydrofuran (20
m) wado@idet)dr opwi se. The mixture was allowed to warmto 20 room
tenperature and stirred overnight. The m xture was poured into a stirred

m xjgre of water (150 m) and et her gkdp@®1dil) . The aqueous | ayer was
extracted with ether (2 x 40 m), acidified with HCI5N (20 mM) to pH 2 and
boiled for 1 hour. The m xture was cooled to OC, basified (pH 10) with NaCH
5N and r aptert-Busyk§-eldpeat 1+ krid' OrHiispire Rebengafurag- i1 'seyclghexamfid-ydlodd ned
extracts were wash i, t.h drie Q filtered and
concentrated in Va@gzdﬂtégz%%?]&gg]l{)gln%o%gzsepénﬂer%@)bg?éép Zell%teon silica gel
(eluent: heptane/ethylacetate 1:1) to yield 2.27 g (33% of

1' - benzyl- Shtl ticdy cedbbsql Mas [cbtdiaed as fwiiigen folandt'in pO3% ya¢ld dadedrdid: amnezeasal

| i ght yeIIowsoIig. I\gme:'glz(MHéff g\gzolp/o 961- 43 . :

- PCT/ EPRR5ING6 k5 Edpias: HL a3 BSpep] +-Binzo ey bil nerrhexanel ¢i-pabeilis] 2ddone
1' - Benzyds19.45: | s 01 b3a- FaRsota1 2004, B0 L0 ml 3Bz QRg +£Q. 622
A L e e R e P e R
few dr dptyl ofteHGIS7Y: S0d/(+10% (65 ngy, 0.06 mmol) was added. The mi xture was
refl uxed under an hydrogen at nosphere for 1 5 hour then cooled to room
tenperature, purged with argon and dil ut dzwith di chl or onet hane. The
catalyst was filtered and the filtr MRS concentrated in vacuo. The white
solid was dissolved in water (20 m ). The solution was basified with a 2M
Na2CCB soButhloro-Rdl roiE)- A LspitoR2-bénmuréint 11 'déyelhek MiTed bans,6-dik ¢deosml ned
extracts were dried over Na2SO4, filtered and concentrated in vacuo to
yield 0.42 g (96% 31Rlsiagomid.dmlHedlbensodiasepinghydrochlesigeer i di n] - 3- one as
a white 10 solid. Ms me: 222 (MtH ). c¢)

5- oro-3 b1.0f 2= r a0z: 'z Riperd giine] T i _
S~ 1 %ior o- 3repy ol SR ond oyl Aaihed as MRS Sofl Rl apanticarf yHIE HORERGL AN, |
t et r ahytlood-ur[&hr,4rd-3Pdpiro\2rbemddiedn-dr1Gpydlslexan Lo p4ldH &, 258 triato o, 3-n
tetrahydrofuran (3.8 3.8 mol) at 0 C,. The m xture s refl uxed

over ni gl @ﬁf‘dﬂ?ﬁéﬁpwgi?@H%arbeXﬁé?t)echﬂfOfémez M9 weNSided BPEHISe. Hhe
m xt ur %g\@ge;rml(w&f or 5 hours, cooled to O C, diluted with water and
basified with NaOH 5N (pH 10). The m xture was extracted 3 tinmes with ethyl
acetate. The conbined extracts were dried over Na2504, filtered and
concentrated in vacuo. The residue Kasmplé3red with ether and filtrated.
The filtrate was concentrated in vacuo to provide 0.22 g (55% of 5

|_v]|c5| iré’;:°S:Ztgigﬁ?ﬁﬁa%t'ﬂypff[ﬁ?f4"ir)-%‘i{-§pﬁb [2%81%%&%%?1},‘16'?%&%&%!4%‘?]'-é,@l’&if?{ydm- 20

6- Fl uor o- 3H- spi r o[ 2- benadl- 1, a4Hidiadole [d, P a}| 1 di bealodirzepine
1' - Benzyl- 6-fl uor o- 3H spi r o[ 2- benzof uran-1, 4' - pi peridin]-3-one Foll ow ng

the procedure described for the nt hesi s. .af _1' -he 1-5-fl uoro-3Hspirof 2-
25 benzof urldh IS SRR T shteised ey ?Wjjldzu-llgg[(gﬂr%@lg-z%rﬁorobenzoic aci d

i nstead of 2-bronop-5- fluorobenzoic acid, the title conpound was obtai ned
as an off-white solid (41%yield). MS nmfe: 312 (MtH ). WD 2010/ 054961- 44
- PCT/ EP2009/ 064565




b) 1'-Benzyl-6-fluoro-3H spiro[2-benzofuran-1,4'-piperidinel To a
suspensi on of

1' - benzy Iw6-20iousngsi 3H- spi r o[ 2- benzof uran=1, 4' - pi peri di npc3mP@oL&45g5 9. 6
mmol) in tetrahydrofuran (40 m) was added dropwi se a 1M borane solution in
tetrahydrof ura , 20 | ). at The ref xed over ni ght
and thé @‘ETBr]eE( g%%og%sﬁm[ﬁg}g@%@’(‘l? ]ml)cyﬁ}e?g ’ng'hfg %So%a] e mxture was
refluxed 2f4}trr1a§019m A1 ApRheshiiRp QaeChy&lbbmx)ﬁ&Je vunahpmifo%aeeﬂy&a%édreﬂ vwot h
NaOH 5N (pH 1 xture was extracted 3 times with ethyl acetate

conbi n@dn@xltmac@d@rwﬁf é/lﬂm/ed“erv\(MﬂLH\laZSOfl filtered and concentrated in
vacuo. The residue was chromat ographed on silica gel (eluent: heptane:

et hyl acetate 8:2) to yield 2 g (71(V$Ex0f le.d
1' - benzyl-6-fl uoro- 3H spiro[ 2- benzo R4 4 - pi peridine] as a colorless
oil. M5 10 me: 298 (MtH ). c¢)

6- Flaior o- 3kér$-m1rtsawclﬂeﬁzQi[msws)iamsppbpebemﬁ&]an 1,1'-cytlohax:sm)l 4\ tyiljopHof

1' -benzyl-6-fl uoro 3Hsp - benzof uran- 1 eridine] (1 g, 3.4 mol)
in ethanol (10 m)l v@a@ltaa%fﬁ‘eﬂﬁurlctl,ﬁ%l(q@ezwe- 6dD-GaxBORY1Atehe ni xture was
refl uxed under an hydrogen atnosphere for 8 hours then cooled to room

tenper at ur gpanghPesSpGut Was BihRed he Wk GRRlY %O‘Vg‘gé%/lgii %&GF&% Ghehbigl

filtrate was concentrated in vacuo to yield O.
f | uor o-chlrd;eémer o] Hysleavids: uf lart's);34H- Spm{érbedmfel]ana]sl 'eyelohtens it @rboiBdrazide. 208

3. 75 Fl fu di
L Ben e 3 oo i 52t G R DA T i B R e i heid e ng
thelmr%gﬁjggt@r q{@§ﬁyé Bed M}TH+§ he synthesis of 1’ -benzyl- 5 fl uoro-3H spiro[ 2-
benzof uran-1, plperldln] -one using 2-brono-3-fluorobenzoic acid instead

of 2-brono- 5- fI uor obenzoi c aC| d, the title corrpound was obtai ned as a
white solid (20%vyield). M5 me: 31Exampiey.
1' - Benzyl- 7-fl uoro- 3H spi ro[ 2- benzofuran- 1, 4' - p| peri di nel 25Fol | owi ng t he

procedureg 11 - e 2-
benzof ur andqﬁﬁw el"?% ne%pﬁxﬁeﬁﬁﬁoﬁl&&olﬁ'})o &/%?slﬁo{) ﬁf d‘ﬁgg&@ ‘mi te
solid (82%yi el d) r[/ﬁzm]eiazﬁW,ﬁM}HA]benMﬂha%ﬂﬂk(h@dﬁ(&Mod&e

- PCT/ EP2009/ 064565 c¢) 7-Fl uoro-3H spiro[ 2-benzofuran-1, 4" -pi peri di neI

T | ut i 1'-b 6-f I 3H- q[.2-b
(3 555 4" el corama e atoied St Rala BaRandnsg 70 Hym BroG b
Theygm xchlé)l'r&wmps 4's§f3JHl§1ﬂfb[Q!fb@ﬁiof@tﬁnhYﬂ-%?&@He;@h]mSﬁ]lﬂH_er[ﬁfpdl]tr@azbIé)lM §-then

cooled to roomtenperature and purged with argon e catal yst was
f| | t er edl 1abenzpdiazdpine HOH)wadosvaisaseerdingdo |gnnarelmn@chure3ﬂﬂ eld 0 67 g (96%

- flu H benzo furan-1,4'-piperidine] as a white solid. M5 me:
208 (I\/fMﬁ))ﬂ% A@AM%()RS) -3- Met hyl - 3Hspi ro[ 2- benzofuran-1, 4' - pi peri dine] a)

(RS) - 1- (2- Br onp- phenyl) - et hanol 10To a sol ution of 2'-bronpacetophenone (15
g, 74.6 mmol) in 150 m MeOH under &xgmples

8-Chloro-5-methyl-1-[(1s,4's)-3H-spiro[2-benzofuran-1,1'-cyclohexan]|-4'-yl]-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'-cyclohexan]-4'-yl]-5,6-dihydro-4H-[1,2,4]triazolo[4,3-
a][1,4]benzodiazepine hydrochloride and paraformaldehyde according to general procedure III.

MS m/e: 421 (M+H").



roomtenperature was added NaBH4 (4.23 g, 0.11 nol). The reaction m xture
was stirred at roomtenperature for 24h then quenched by addition of water.
HC1 5N wawoadoad4aent i | pH 6-7. MeOH was2evapor at ed. The PCESPAMIS/0GUESS

di ssolved in ether and washed once with vvat er, once with brine. The organic
phase was dried over Na2504 and conﬁf‘ntr d in vacuo . The residue 15 was
chromat ographed on silica gel (elue ane: ethylacetate 1:1) to yield
14.8 g (99% of (RS)-1-(2-brono-phenyl)-ethanol as a colorless oil. b)
(RS)-1- Benzyierﬁ%@s Emdf@n((mi SMLpiREREhIotRERET, udp?ygﬁuﬂ{] -1 3yl) 4110 a

stirred solution o br ono- phenyl ) - et hanol 9.8 mol) -70
C in tetrahydrof urHsﬂAhﬂM@lO[\ﬁﬁﬁsaHdewnm(bpmm@ a(6H)ewrboxylatg! | i t hi um
solution in hexane (57.2 nl, 20 91.5 mmpl) over a period of 20 min.. After
2 hours, sol ytion of 1-pheng ( )

tetr ahydr oTAu rtg}r%%rgzoﬁl) ﬁr&glgr%zé@o% gh%ﬁwh gé %Q?naégtrg Snzﬁ%aZulE%Dg Callg 8%(}61lc

to rfoombidememﬁylwﬁra(nd)()sy EYSGd‘nﬂMQI’amngIH-SpIEh@ banxd fuk - Waspiparidies] (1r8%0 ga

stirred m xture of water (200 mM) and ether (200 ml). The aqueous | ayer was
ext r act!@d wmoh ‘éﬁl}?éfne(ltﬁd mrd@gwnf)t HRe Ce oviist ﬁ@%ﬂl@xtprraemstem?rét%sth%anw%
wat er %@”@&s eﬁche'de%‘HV%{ hyMNagedft ahd ! fieEd %ﬂ? ﬁl@ra{?eo SNESREA iMagHQo. The
crude ol g romat o rg hed on silica uent ept ane acetate

3:7) t (ﬁh]omhtdgﬁiplhy on( AE@@ gdf W(tRSt)h}le atcetratﬁy $relied- (.38 fgy(ﬁ()%()y‘eeﬁtﬂwj'l)ég phleroyl] -
P Ippc'?'; Eg%gb’é} %@%@e&%ran—l 4? plperldl}ﬁ- {T-{y?) 41—311[% 2 4%}-1212310[4 3\/\q[%91}'be/nZOOSdAfangé%lne-4 6

(RS 1's1&gnexio31418 hWknhs vtIRRt §c9{d21\/i3§ﬂllé9f598 aor-i 4’ - pi peridinel To a
solution of (RS)-1-benzyl-442-(1-hydroxy-et hyI) phenyl ] - pi peri din-4-ol (3

g, 9.6 mml) in tetrahydrofuran (30 m) was added triethylamne (2.95 n,
21.2 mmol ), di et hyl am nopyri di ne (Example 80.96 nmol ) and
nmet hanesul fonyl chl oride (0.84 m, 10.6 nmol). 5 The reaction m xture was

refluxed fo 1 € 1 o Ygter (15

M) and et hy%é%@ﬂ“?sﬂHéﬁnﬁ%@ﬁsﬁ%%ﬁ*@q PR HIFS ARG, Sne

concentrated in vacyb24ptritizeloid,3-a98 ,4béwpednizepinethydrochloride

(RS)-1"-benzyl- 3-net hyl- 3H spiro[ 2- benzof uran-1, 4' - pi peri di ne] as an orange

oil. Msm 294

(RS) - 3- Met fﬁ}li Tigigc H}PPB%CEWB%:H%WG? anlightgyeligivsolid 4p quantifefipg Yidddifragn tarisbutyl

pr O%dl%'l&ll&%sfl(l"ﬂ?%ﬁ §191Vo[i B&lz%ﬁﬂhﬁtﬁﬁﬂ' 1pr1d %—fﬂ YouerBth, spiisRlAgaBenzof uran-
1,4 -piperidine], the title conpound was obtai hed as a colorless oil (72%

y| el d) a][l\]/g]hdreodlgmpn(ehﬁ(éﬁ) -carboxylate according to general procedure IAmi ne 5

3,4-Di r 0SPi .ok hr omene- 1, 4' - pi peri di ne] 15a)
1- Benzwgﬂr?f'ﬁo(ggﬁgﬁﬁoxy- et hyl ) - phenyl ] - pi peri di n- 4- ol To a sol ution

of 2-bronophenyl ethyl alcohol (1.9 g, 9.6 mol) in tetrahydrofuran (25 m)
was added 1.6 Mn-butyl [ithium sol gkhmpld 9 n-hexane (14 m, 23 mmol) at
-60 C. After stirring for 30 mn a solution of 1-benzyl-4-piperidone (2.6
g, 14 mm |n tetrahydrofuran (10 m) was added over a period of 15 min at

-40 C. hiyer-agtivdt (W S H %9@0"%8@%5‘lp‘deP?ré‘H“}nlwa% dihyse-4&k-i r r ed
foryy2 h at room t enper atiyrse t d with saturated
aqu2e0(7)us ammoni um chl ori de[lfsc’) B@?@W? ML%‘]%%%@#@@QE onto pH 11 with 2 M
aqueous sodi um carbonate solution (50 m) was followed by extraction with

t hree 100- fo por susperssiaof  afer§-chlatoy 1 -(hEl Hydspies[Berenzofhenelofrpiipred ird s Igabi-T6-

I [ d d I d t ' :
Vol at 18P B BT el o oy oS BP TS Porrie 0056 Ehalig ™2
nbar. mhagdho? Pl chnoratadtaPhiet®flathive (1€i,duad nﬁﬁwlan@wﬁmhlamehgade 22 m

di chl or onet hane/ met hanol as el uent gave the title conpound (2.3 539 as

dar k bilg¥nmmdl). W mixurc3dss hoaied pt raglpx for 2 h. After cooling on an ice bath sodium

iLhyd ir hr.onene Pl r|d| 201 4 61 47
" pchy EoD0y B EE ISR L B i e TR Wt Sl e BEHAF an
(50 m )fomas, qadectdneitihaaes, Ldﬂfuwdydntlcmn\@aq@b@ué @odﬁh&nnﬂydroﬁldé smmioh adll ck@iRd
tenperature. The reaction m xture was heated at reflux for 4 ﬁyenc i ng

with watigy théf‘r?op%téféllsqu@éhﬁl 8Fetet R combipefestiscsorite ﬁflﬁ%ﬁﬂ@é%oﬁ tﬁr%w%as
follo r r r f T

organ;NcF,{:g %}%nerrgﬁséﬁvxlg(r:‘yglc dri egl’uggél‘r%ﬁ% yddro Sﬁ%&%%ﬂﬂgﬁﬁ%é&h& C E@ﬁ%%{g}?

i n vacbashpdchstartciigorbicog rcthyhagctate thtrectbyladaatpr metheto 1\ t)ho ichept angbathy|
acetate as eluent gave the title compound (0.40 g, 21% as yellowoil. M
me: 294 (MtH ). c) 3, 4-D hydrospiro[isochronene-1, 4'-piperidi nel



A solution of 1'-benzyl-3, 4-di hydrospiro[isochronene-1,4"-piperidine] (0.40
g, 1.3 mol) 10 in ethanol (15 m) was purged with argon. After addition of
t he pal | asoemomstwhyst (10% Pd on actigated charcoal, Ortd/mprowhessseacti on
vessel was filled w th hydrogen gas The m xture was stirred for 18 h at

room t enper at . The ¢ I ved b flltratlo nd the filtrate
was. corent r atemoraSyaEaY éﬁé S PFROST %rlrp4oﬁﬁ’8rlfi’(§‘ Sy@f,é}& ordt
sol id Wzm]alaeaa[zttyam 4%@&6&&%@9&&@%%%@&%@3% LAoNWR-fggont ami nat ed wi th
1 ' -ethyl-3,4-dihydro spiro [iso chromene-1,4 - 15 piperidine]). M5 nie:
204 (NHH ). Anlne 6 1H Spi ro[i sochronene-4, 4 plperldlne] a)
(4-Pheny|-piperidin-4-y1)-nethanol?Evﬂapbdﬂution of

4- phenyl - 4- pi peri di necarboxyl i c acid 4-tol uene-sul fonate (2.0 g, 5.3 nnDI)

20 in dgy-iy a v

sol ut i oél)bi n&]t;o' ﬂhggr)}ci) fu al(rll%g& %}%Zgﬂgg%gl f“c\)/I 1#{%1%‘41@2 &g@(ﬂmaﬁb@w“
reflaux for 90 mn. After [¢Qtrigrola}43-4} M@behzddiazepide) , 2 M aqueous sodi um
hydr oxi de solution (0.6 n1) and water (0.8 m) were added consecutively.

The white S S|on tirr r 10 m nad | ut.ed

t et rahydro?IlUfPrgFP ?érﬁgaéﬁrspgﬂ[ ﬁﬁw 4epingil i}ﬂﬁfaﬁ) -$-Qrdihydre g)
the SUSI@?[‘ISQ 9 rlm%@@ aﬁf 4]%%0&91&651%'[!{5%}03}901‘{66” i) h?ﬂgpr @QQﬁﬁﬁcﬁ)t EnWaS m|
renoved by filtration and the filtrate was concentrated in vacuo to give
the cr ud@omtmlbeandohpnludxdhl(omrﬁahg}e G489 afatedv\#netoeles(él)l d, OMS mneol) 28@ spdder ) .
b) 1H 0 e-4 pi |d|n WO 2010/ 054961- 48

e BOSBEERS &h cran PR g e ncarebng - BORH on gt o¥iTest i Hery
sol 1y i Qanﬁelat%rerﬁo} 2VRSs hiepihedoRbnt Wid r'éihofv@d bﬁ Qishtlatide thﬁﬁﬁétb Sapky oW glivas

diluted wth ethyl acetate (100 ml) and washed with 0.5 M aqueous sodi um

hydr oxigdk dlehlorongharphecthapesods:S| b?y§r2)V\ﬁ§1dé@(t3’1aémge(ﬂ3&vﬁ>i H3-ehtlerptS-tseproayk 1 100

or y um sul fate
and cORCW{)Q@‘Q%W%%@%%UIO?Y%G% ﬁryg ogryaig%L‘ﬁIn ’ ’ﬁg?agPﬁgg’hproduct Wwith
di chl oragiret]banediariphanslcoislcsd e MS gay-e1S0R@ItH Y] e conpound (0.053 g, 50%
as yellow solid. M5 me: 204 (MtH ). Amne 7
(RS)-3"H Spiro[azepane-4, 1' -[ 2] benzof uran] a)
(RS) - 1- Benzy1- 4- ( 2- hydroxynet hyl - h%’f‘%"l@ ed)epan- 4-0l 10To a sol ution of
2- bronobenzyl al cohol (7.8 g, 42 mml) in tetrahydrofuran (80 m) was added
dr OPW Sezqs%lﬁoM f‘?i'ﬁ BH%pﬁfo[ﬁbBHidmﬂﬁﬁP huﬁip@hhﬂ{]mfylj Ji‘HI[‘i‘tzrﬂﬂifz@i’oﬂf[M!Ba” (15
m, The reaction was exothermrc, and the rate of dition was
adj usted to maintain a geraﬂﬂlé]bﬂfﬂodmewmimH&-(yﬂpﬂ@meU addi ti on magnesi um
turnings (1.0 g, 42 mol) were added in portions. The m xture was heated at

(5.5 g, 42 PRt BB PSP e oo W S DS ARTR o as

heat ed [f Qr4]aia@cslbp1r 34, 4315enmf1&zs¢;sme Ggatdchpride (0.00) 0eFp@hel) dhe gmmatdehydwved
by sl ow addi ti on of saturated anmoni um chl oride solution (50 ni wat er

(100 m(§-larg OethymodBx bk dicBpgomgthancriyerg gijedsat\jepa %@paﬁmr@éor Andarrmic
o e ATT RO AL O, gy BEREN 2 oy 7oty T
gave t heactibh Ineixwmesrpas Rdrrads aardongifetmp,e@ltlhmwmt high€) t(u& ﬁ)Org], 0.6 I9aqudnjus SOdlul’n

EE T IR R R e T
triethyip Tg%? dﬁc'illo'lromethaﬁé’/nmh%l L 1toe% @fﬁ';é( %Epgt%l%m%%%%éﬂa)nev"a§ aded g,

sol ution of net hanesul fonyl chlorid in teéetrahydrofuUran
(20 m )dlcaltloronﬁhané/mthawqumlde{dediOQBlaadlalNHz dsvlutheolmampenhat apctteigsclddd Dot t o

anothor o 11 OROGT ey ich iy Prp et g4 kel BT Py SR e

over n'aﬂ{hM]beTﬁ@dlﬁ%@ﬂ swm)rgn}émasl ABShiRAoliHL MeNed, bet weenwat er and et hyl
acetate. The | ayers were separated and the organic | ayer was concentrated

i n vacuo. Flash colum chromat ography usi ng heptane/ethyl acetate as el uent
gave the title conpound as a light yellowoil (4.0 g, 61%.



30 Ms nfe: 294 (MtH ). WD 2010/ 054961- 49 - PCT/ EP2009/ 064565 c)

(RS)-3"H Spiro[azepane-4, 1' -[ 2] benzof ur anj A solution o f

(RS) - 1- benoyedtodiskbespi ro [ azepane-4, 1' =2l benzo furan] (4c@®Eprgeoobass6s nmol )
in nethanol (50 mM) in an autoclave was purged with argon. After addition
of the palladiumcatal yst (10% Pd on act] v%t ed charcoal, 1 g) the autocl ave
was pressurized with 5 bar of hydr 5 The mxture was stirred over
ni ght at roomtenperature. The catal yst was renoved by filtration and the

filtratgeChipo-S0MsPidin-alydsetiil JVPL@PP[ SHRPiroEE bR 1BH- P@-‘:‘-_}Bifbhﬁ d'Rptaeen

ethyl acetate and aqueodus sodi um hydroxi de sol ution he Iayers
ver e sdfibydoeti-4hd,4 trinzalplrbdrad| i dpenzodinzepiner act ed vmth et hyI acetate. The
combi ned organic layers were dried over sodium suI fate and concentrated in

vacuo to gigy, e, tidl By L [ , gl0 M5 nle:
204 (M+H ). 8 %}BH) gi héin 'gﬁgg)gg%oe &rﬂgﬁf%%odd‘ﬂ g);%d% dg%gﬁ@ ér azi de and

t hi d agt am]ﬁrfazdlb[m-@][e 4]benzdkllmepﬁlun@dﬂfchl@rlﬁy@r(mzmgeo 0% prinvl§, |2v1ac@1fyl fosmad a
(I'r) (1-1.5 eq) and a thiolactamof fornula eq) .i n_n-but anol

(0. 1- 0.hydigehiogidp &4t g, &2 7 wModbxando- eilexlfhzwﬁropx%apépe é%l iho0-£6 MraRinin 5 ml

t enper r dt I

1 ach: eyt BEmaRIdHre dfinty BAAAIE A 308C! el SRH Bot R fibgHl oride,
t he r eagtiioshlocidadiloD omg) s hBOCagyt otipingayvas ecqintiedlak yS(br"Cconq:II etght.y2-

cl eaved_t herma econdar mnedr ve of fornul [-1-b) is
Cbt o oAby sh: PudoRane f WTes 68 N-eBd Sobpuatt ©-10 ritRke oo
of 1\ BQEdST HiPthe U SR %i Q& o3P niﬁhﬁ%(ﬂ‘@ 'T{fétsb%n%agl%ﬂ%"vé& ah®IHIULaddd - @)

(1 eqg) in 1.25 M nethanolic hydrogen chloride solution (10 - 20 eq HCl) is
heat ed veas pofigl by rchma@@grmvhy finsttobroreasography 029 gdiasheNfefsalute eolutms, ethyl

reaction mxture,i,s CO rat Lve 0
or vaghodtentothl ubaFaRERRhY 3h B 4 ickaR S aliel: BeBERAM e PBBE (4% he
free baseilears- Qﬁm@h{—@-lyﬁﬁélh?]y 1P@H, BHL b MYbdrRefulpdr achiberdidp1'sy)-5,6bet ween 1
M aqueous sodi um hydroxi de sol ution and an 25 organi c sol vent, eé%dset hyl

acet at éilidreitlhllot Bliréazaians 3-afld et beyediszepine asephiicalid: MAdeht9%Ad | ayer
is extracted with two portions of the organic solvent. The conbi ned organic
laygys are dried over anhydrous SOdE)H{Hl idlihate, filtered and concentrated
in vacuo to give the free base of a n]?)ound of formula (I-b). WO

2010/ 054961- 50 - PCT/ EP2009/ 064565 Gener al procedure Il1: Reductive

N- al kyl at i @&GChloro-AN,N-dimetkylelf-(1HcHrspiro2-lbdénzbimant 134 '(pipdidims-11-ybetbase or

as hydrochloride saglt (1 eq, ,Q 1- 0 2 . triet g when the

hydr ochl ori de sal tﬁuzf’qgﬂwﬂﬂégﬁé[]o?]bﬁﬂ%ﬂﬁ@p qe"g(%hs@ﬁg'ééf? dgnd an al dehyde
or ketone (8 eq) in nmethanol is heated at reflux for 2-6 h. After cooling
to 0 C5 SNM&W@%I@W@PHQH £p2ro§2-@gdzoma@dd1egg)eﬁbm J’1e91gj51 | QBihfHvetaME | S

stirred for 3-16 h at roomtenperature and quenche aqueous sodi um

hydr oxil&&- 4§‘t§1am1PB‘n3 ajfhdlegueditrspingy er hydsoearidect etPOM t h neg- hy| 0.4¢ et gnmolThe
congy ”%ﬂn?tﬁlgﬁﬁff&n%ﬁ%ﬁf&gﬁ 5%9” 18812 olf‘ﬁﬂiy e @Qﬂhfrip I?E r{i:% df381ved in

concentra I n vacuo romat ograp gl ves an rivatrve of

formul @ fl bllchlbﬁﬁnaﬁﬁieewéretsefrbd Buényight at 40 °C. The solvent was removed by distillation
8-chloro-1-] -3H s(ﬁ]T ro[ 2- benzofuran-1, 1' - CP/C| ohexan] -4' -

[1, 2, 41204 ﬂa?zr@ﬁléwgs By Sb‘éﬁemaiogé@av f&) g By cela F@dk%eé&t@methan@ﬁ}?\éo yield e
conpoung Was (gy ;gfcglg?éN{&Q'&l&eﬁ@ﬁm(rﬁ,ﬁ@%ﬁﬁ%ﬁ'Bénf&fﬁ&'hdf,@qnﬁémﬂnﬁw.4ﬂ-

procedure I~
(1r, 4' ) 23MriBpelo Bl 2-al) AHehoodazepint- 5 6hi ibd feeands] asdvhicaobdxyl i ¢ aci d.

25 MS m/e: 515 (M+H").

Example 14

Methyl 8-chloro-1-(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

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



15 Thi ol act am

7- Chl or o- 2-t hi oxo-1, 2, 3, 5-tetrahydro-benzo[ e] [ 1, 4] di azepi ne- 4-car boxylic
aci d tertwotglo/ssicer. MS nie: 507 (M 435) Exanple 2 PCT/EP2009/064565
8-Chloro-1-[(1r,4'r)-3Hspiro[ 2- benzofuran-1, 1' -cyclohexan] 4' -yl]-5,6-dihy

d 4 | ol.4, 3- 1,4 yd hli d 20The .titl
cgﬁpourﬁa%@a&@fﬂéﬁlﬁ e%mﬂz[egwﬁ}@y#ﬂ% 1 fﬂf e @?&ra%)o%l? ylegmﬁ'twe
?;fl—fhl[(lzgszqul%ln[g%l’ |4 5161)10% SRkHQ [c:’-iﬂcgﬁﬂﬁ‘fha{eur@pl 1o26YCrnifexain] 44Nyl ]

al[1, 4]dtuecthmkanmmprr1dm65(£ Hng.c 2d Boxplatie a2wbrdi¢hieroogtnee aivpreoseded it | roovs
m
Db cntapisriid for B8 The Fracsiop mispurg syas jddof dn sarsdh aquepus sodiogh bydingeny: -

1] - 5 6cditayste oo hfonl Extadldnl Wk odtRy14acdtadd, [ bl Mese adi aAeRi s dREIIdtidn! £nd
conmpound was obtained as white solid in 8496y|eld from WO 2010/054961- 51

- PCT/ ERhougtomasss 182 SiPo ﬁi@hloxowtilaneimptﬁwm wided Toamp e methahd-¢hlora-gyc
lo h h
5 5o att i SRR R Yt o B M 2P Blablota b4l psmzodivgepings

gener aIS(QHPG@HMﬂaté hd whi‘t@scrﬁdeMSflﬁﬂe @W&H\/I)JrH*)Exarrpl e 4 Stert-Butyl
8-chloro-1-[(1s,4's)-3H spiro[ 2-benzofuran-1, 1" -cycl ohexan] -4' -yl] - 4H
[1,2,4]triazol o[ 4, 3-a][1, 4] benzodi azepi ne- 5(6H) - car boxyl at e The title
conpound was obtai ned as white foant¥4mple yi el d according to genera
procedure |. Hydrazide: (1s,4's)-3H Spiro [2-benzo furan-1,1'-cyc |lo

hexgpe] 54A6e‘1?y3lf§19hlm/61'ifli'}ﬂ§H-§Eﬁhﬂ2Jb%ﬁi(ﬁH1'a111 Q"lbﬁ{eﬁdi@] IWlps%%lh}d&»QH

, b-tetrahydro -benzo ['1, 4] diazep ine-4-carbo xylic acid teft- 10 butyl
est er. Ms nfe: 507 (M+H )[1,2514%0@[5,3 -a][1,4]benzodiazepine
8-Chloro-1-[(1s,4's)-3Hspiro[ 2- benzofuran-1, 1' -cyclohexan] 4' -y1] -5, 6-di hy

dro- 4H [1A glturre 0 %h%r% ﬁ(ﬁhh\ﬁﬁﬁu%?ﬂ%?&é%ﬁgg e Uaﬁ{%ﬂ ]t%ﬁ 9119 d(]eglh%ldro 4I:f €

title conpoun ai ned e-solrrdin g

tert- bLﬂ,‘Ql4]t$razdlB[4E3lh}[ﬂ @ibknfd diszeping )rydidchirklo (?Qnig?OZIQ mmol) and acetyl chloride
furan- 1 | ohexan]-4'-y1]-4H[1,2,4]triazolo [4,3
al[1, 4] 6@ bk dﬁ%@@m%éﬂ é{celqyore@hmwwgre&dw@r &}en‘ﬁeﬁtkén‘b ahops) tepsREHEr Ehg |

M5 1 €5 Q1% & Midmbved by distillation and the residue was purified by chromatography (10 g silica
gel, dichloromethane/ methanol 8:2). The resulting substance was suspended in 0.1 M aqueous
sodium hydroxide solution and extracted with ethyl acetate and dichloromethane to yield 49 mg
(59%)  5-acetyl-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 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'-yl)-4H-[1,2,4]| triazolo[4,3-
a|[1,4]benzodiazepin-5(6 H)-yl]-N,N-dimethyl-2-oxoethanamine

A mixture 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 (0.30 g, 0.74 mmol), N-ethyldiisopropylamine (0.51
25 ml, 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) yielded 93 mg (26 %) 2-[8-
chloro-1-(1'H,3H-spiro[2-benzofuran-1,4'-piperidin]-1'-yl)-4H-[1,2,4]triazolo[4,3-
a][1,4]benzodiazepin-5(6H)-yl]-N,N-dimethyl-2-oxoethanamine as white solid.
30 MS m/e: 493 (M+H").



Exampl e 6

8-Chl oro-5-nethyl-1-[(1s,4's)-3H spiro[ 2-benzofuran-1, 1" -cycl ohexan] -4' -yl1]
-5, 6- di hywoeaiMid4del, 2, 4] tri azol o[ 4, 3- aff1, 4] benzodi azepipae/EP20090bu=6s 1 t | €
conmpound was obtained as white solid in 77%yield from
8-chloro-1-[(1s,4's)-3Hspiro [2-benzo furan-1,1' -cyclo hexan] -4'-yl] -5
,6-di hydro -4H [1,2,4]triazo |o [4E%mpleli/1 41 penzodi azepi ne hydrochl ori de
and par af or mal dehyde according to general procedure Ill. M5 me: 421

(MtH ) . M- l{ﬁ/soéﬂ%ll-(é&unP&Tffﬁﬁﬁoﬁﬁfﬁ@%ﬁ%fﬁ%ﬁm|4@- iperRiih - B4 H-
8-chloro-1-(1' H, 3H spi ro[ 2- benzof uran-'1, 4' - pi peri di n] f -yl)-4H

[1, 2, 4] tri azol o[ 4, B-%F]triaziloldidr ald] .4 heprodiagping-SGdh)axhoxdate A ni xt ure of

1- brono- 8-chl oro-4H, 6H 2, 3, 5, 10b-t et raaza- benzo[ e] azul ene-5-carboxylic 5
acid tert-hut t 5 .

3t st rof 2 bl BofS &, 110y 8. luniBrozh TR B SR ey popgaleluylenc:S-ctprale
overs niagfit teat-bukl0esler A.1€rg, AN midgl)t and” 6cuok@BPedpaio(T-Benzb Agarivil Xt-piperiias]
suspended with ethy] acetate and filtered. The filtrate was concentrated in

vacuo. (CHPemit/6graphyvasheaed pt BGEr fagix bpust Hyfter seeling shomityevay sagegdgto9
tert- b . - - ! X i [ . .

[ 2 benzor e it i€k et PhpRRAGanfy n ylicy gl with ethvt acctte vielded 0.11 &

[ 4, 3- a](F2,%4) bénzodiua ebichlero-1-Q6-Blubtd- 1 Eaitbopyd[Attenasfusing ightpipeidigw 'sdH . M5
me: 5 (MEH ). le 8 . . :

8- Chl omfﬁ@#&?@-ﬂ?ﬁﬁwqﬁéﬁawﬂﬁﬂk%bwi}sr i dSn] -Stiehy 1) yellgy gi HYRPo- 4H
- [0 2.M$ ka0l (@413 al [ 1, 4] benzodi azepi ne hydrochl ori de The title
conmpound was obtained as light yellow solid in quantitative yield from
tert-butyl 15 8-chloro-1-(1"H 3Hspiro [2-benzo

furan-1, 4' -piperidin]-1'-yl1)-4H41, 2ExgmpledBol o [ 4, 3-

al[1, 4] benzodi azepi ne- 5(6H) - car boxyl ate according to general procedure II.
M5 ni e: ). . ¢ e eqs , .

8- cnt or oSStk Fyd-pupt T A Espirol2-bepzofurnit - pipeyidinl-Lyh S dinyarasght- o
i hydro-4H20[ 1, 2, 4] t f1,2z4pirixz61034,3]4] [l , 4} bbesedixepine wydeochloride® a suspensi on of
8-chloro -1-(I'"H 3Hspiro [2-benzo furan-1,4"-p ip eridin] -1'-y1)-5 , 6-

di hydro -4 [1,2,4]triazolo [4,3-a . 4] benzodi azepi.ne hydr.ochl orj de (38
mg, 0.086 ﬁ%ﬁ)ﬂei SRR o ﬁ%lﬁ?fﬁfl e Bt RIS a}#Cﬂéfomgerfp 1}th.§13
o] § %ﬁﬁ)rcp-q[(ﬁffﬁfo@@ll @E@Hfi?jr&@%éﬁﬂ@mgqn6§4%ﬁPérldin]TP%zlﬁhH1[@!2?4]%%0!8?}@-69' at
reflux for 2 h. After cooling on an ice bath sodi um 25 cyanoborohydri de (10
my, 0. b8 .4thaizydiaeepinedd €H)-cTibexylatetagear dingdo geiaralgdoeedureddm t enper at ure for
1h q ched, Wi ter, diluted with 1 M aqueous sodi um hydr oxi de

sol uti ﬁgéﬂﬁ 4@@(1\@ d with three portions of ethyl acetate. The conbi ned
extracts were dried over Na2504, filtered and concentrated in vacuo. The
crude material was purified by chromﬁt.ﬂﬂreaphy on silica gel (2g Fl ashpack
cartridge, eluent: ethylacetate then ethylacetate: nethanol 9:1) to yield
21 nmg (58% WO 2010/054961- 53 - PCT/ EP2009/ 064565 =

of 8- chl or 8=GhlpEa-hyfe-Thora-1 4 3H-gpireldibenpeiyan-drinpineridin i ne)-Scnethyk 865 1) - 5 6

-difdydro-4H [1,2,4 ' | ' ] [ j white f (%)
- '650’ 4r2(2) (I\/HH'[). | iy 01491 fr, 24 ki do 18] £L£A7 2 ) PAEBUAZe AR Wi t € foam

The title compound was obtained as off-white solid in 88% yield from 8-chloro-1-(6-
fluoro-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 and paraformaldehyde according to general procedure III.

MS m/e: 440 (M+H").



Exanpl e 10

8- Chl oro-5-isopropyl-1-(1'H, 3H spiro[ 2-benzofuran-1,4" -piperidin]-1'-yl)-5,
6- di hydroavéHBiolasZg@l] triazol o[ 4,3-a] [1s5%4]benzodi azepi ne PCT/EPI@9M64563 ut i on
of 8-chloro -1-(1"H 3Hsp iro

[ 2-benzofuran-1,4'-piperidin]-1'-yl)- 5 6 i hydro4H41, 2, 4] triazol o[ 4, 3-a] [ 1,
4] benzodi azepi ne hydrochl ori de (50 mmol) in 2 n1 acetonitrile and 1
m di chl or omet hane were added acet one (50 A, 0.68 mml) and sodi um

triacet oxvebﬂmhm%tuﬂemcf@morméi@smajﬂo[z mﬁzdtﬁaﬁ{ it A piperidih dFH;/%MHU rred

at room 10 tenperature for 2 days ‘and the sol vent was renpve

distillation. Chrolsd-dgriapgHe{43ta][L4Hienizediazgpine- ﬂﬁ@ﬁf@rbﬂ’mﬂﬂ&ne/ met hanol ,
95:5to 8:2) yielded 21 ng (38% 8- chI or o- 5-i sopropyl- 1- "H, 3H-spiro

[ 2-benzo f [ Lig 6- 2, 0
lo [4,3 - L‘Aja@lxﬁj ge%ﬂ;oldli&gglepl ﬁ@lnéos col or %;ésglscbotieﬂhg%% ﬁ%"é%‘&%& %/#‘]bbg&l?cz
Exanpl ecililtert-butyl ester (O 16 g, 0.4 mmol) and 7-fluoro- 3H-sp1r0[2 -benzofuran-1,4'-piperidine]

152-[8-Chloro-1-(1'H |ro£ 2-benzofuran-1 peridin]-1-yl)- 4H[t124
Jtri azépéﬁz&é 6 a]mqlhwf 15‘6?4?6& é%%ppnfpséémurguf}%qrw&ﬁhng to rocgn @ﬂlﬁﬁr@ure he

-1- (1
a1, 33T Ran SR ana e sl] Rdnds dnd BsRaCChSRMoa il Sy GO
nmol ) andaglyddbdad.déry@e *Poflsrighutyl. &&hlomel -f 7-flnotdor 'HcBiH: B[bm{fmbemtmefmenwme

stirred.at. e refo Form c..20 aci 4 iul 9

and SodiHEYaaholohyar e . Dotk HRomsslirahy e bt thacheiPrbn
M X{Hr goMasSMSih/er €% @i+Hoom tenperature over night, then 50m 0.1 N aqueous
sodi um hydroxi de sol uti on were added. Extraction with dichl oronethane and
chromat ography (-a: 20 g silica gel, dichloronethane/ nmethanol, -b: 10 g
silica gel ethyl acetate/heptane , E%ﬂmE'g Adilica gel,

di chl or onet hane/ net hanol and -d: |1 Qg Fl asch- NH2 IsoI ute colum, ethyl

t at
ok © PORLER B A fog nphh et S S akSabd
a] [ 1, 4] benzodi azepi nt 5(4%&3@10143543@[104]baszoutuszmsmlyddochlllﬁrldd e: 452 (MrH ).
WO 2010/ 054961- 54 - PCT/ EP2009/ 064565 Exanple 12

8- Chl or o- 5- py d|n2 |, met h 3H: spiro[ 2- henzof u idin
-1-y1)-5 e T GPnEd S SN Ta. e Re v b BBbicrebuO et or o
-1-(4° %h%’r’& 91Rjﬁﬂ&r&-@ﬁp?ﬁzsglr&[@@éﬁz&ﬁﬁlan-f’ﬂ-lﬂp@ﬁdlﬁi] Plyly-d4- [31@4]@1&12@1’0@1 Bydro
-4H triazo 4] benzo di azep 1 ne hydrochl ori’de (100
my, O. ZH1rﬁ}bﬁtn)mdlzzq@1neeii6H94ca1&>hkyiaied1@0¢tsimtgda lgemralgeogedsrentyy, 0. 27 mmol ) and
I\I-ethytl\ﬂ$ sop%@(),%?u ne (47.1 iLil, 0.27 mol) in 2 m dinmethyl formam de
were s dht at 50 C. Then another portion of 2-picolyl chloride
hydr ochl ori de (100 ng) was added and stirring was continued at 50 C over

ni ght. 2- (Brononethyl)pyridi ne hydeatnprizde (100 ng) and

N-et hyl dllsopropyl amne (0.10 mM) were 10 added and the m xture was stirred
over night at 50 C. The solvent was renoved and the_ residue was purified by

chr omat ogPAgHYra-1i(Y-Jtuogen] dhettbipirg hypenrompany L -pineridipl-1'sy)-grmethyl-d6n,

et acetate, secon t hyl acet at e/

ot danol) to vield 49 Iﬁ?ﬁ'?%%% /fﬂi,ﬂﬂbi&z&ﬂ[@@aﬁl,%']l‘yén%dﬂ%pm@
8-chloro-5-(pyridin-2-ylnmethyl)-1-(1' H 3H-spiro [2-benzo furan-1,4"-p ip
eridin] -1Thygitjtiescorépouwtidhyely obtaztidd as off-white solid in 76% yield from 8-chloro-1-(7-

E %/I;a, )A']ffurflsqaziﬁ,rg[[l-gp%%ﬁ]-ﬁe%ké Pa%r-.'lzg'dpllgezrle nf’ y?)SS %h(flhydros ‘ﬂH H 2.4 r1azo?o[4 %99

8- Chl oraq-1 M bbreth difeE mﬂgﬂy&écﬂwr«?d-e# &1l 24 13rRanBfde rePording’ to Richek] gﬂora&du&e imMl) -4
H [1,2, ]trlazolo 3-a] [ 1, 4] benzodi azepi ne-5( 6H) - sul f onam de
nlxturéﬂ%mﬂg‘HﬁKbﬁéii (1'H, 3Hspiro [2-benzo furan-1,4'-p ip erldln]
-1'-y1)-5 ,6-dihydro -4H 1, 2,4]triazo lo [4,3-a] [1, 4] benzo di azep
inehydrochloride(50.0ng,0.12nnnl), 20 di et hyl sul fanoyl chloride (13.3
iLil, 0.12 mml) and pyridine (9.9 IA 0.123 mvol) dissolved in 2 n

di chl oronet hane were stirred over night at 40 C. The solvent was renoved by
distillation and the residue was purified by chromatography (20 g silica
gel, ethyl acetate/nethanol) to yield 35 ng (55%
8-chloro-N, Ndi nethyl-1-(1' H 3Hspiro [2-benzo
furan-1,4"-piperidin]-1'-yl1)-4H 1, 2,4]triazo lo [4,3-a] [1, 4] benzo di azep
ine-5 (6H)-sul fonam de as white so |id.



25 M5 me: 515 (M+tH ). Exanpl e 14 Met hyl

8-chloro-1-(1'H, 3Hspiro[ 2-benzofuran-1,4' -piperidin] -1

'-y1l) - AHWb 2814058961 azol o] 4, 3- a] [ 1, 4] bgnzodi azepi ne- 5( @HrmPardooEIsbRL €

8-Chl oro-1-(1' H, 3Hspi ro[ 2- benzofuran-1, 4" -pi peridin]-1'-yl)-5, 6-di hydro-4H
- WD 2010/ 054961- 55 - PCT/ EP2009/ g§4565

[1,2,4]triazol of 4, 3-a] [ 1, 4] benzodi a2 28y dr ochl ori de (100 ng, O.25
rrm)l) triethylamne (85.8 iul, 0.61 nmol), nethyl chloroformate (2411,

0.27 mol §_ @ﬂgr(ﬂi%MOFF—tﬂH|3§I1S[ﬂﬁf{2fﬂeﬂk6ﬁr£131%pl}?&l(ﬁhFMl}rSl-rﬂet:l’ﬁﬂ-s 6-

di chl oronet hane were stirred at roomtenperature for 1 he reaction
m xture was added t odiéwdue-ditetl, 2dltvoealokbitallidihenzodi@rednear bonat e
solution. Extraction with ethyl acetate, renoval of the solvent by

S: Zf :jlaljat?%%m%?glg g@ DK n?/( é%ﬂﬁ%? (galggckﬁl 9 % dﬁ%’éﬂ&" lélﬂ.r? ?%tlfb%qgéa[ﬁ% l%&g%la%ulene
[ 2- enZ 66 ur@ne.16 %m@l)p%’ttaﬂhﬂ?]aﬂimorylﬁm Hﬂd‘n{lde Zl@l]rﬁg,l @.@3)1 In@md 4, adid 83-fluoro-3H-

[ 1, 4] benzodi azepi ne5( -carboxyl ate as white solid. M5 me: 466 (MH
Exanpl ahyef2 -benzofuran—l 4'-p1per1d1ne] 8/66 mg, 0.32 mmol) in sulfolane (0.5 ml) was stirred ‘at

105- Ac%y;lo@fofryogﬁg]]-ﬁe {okvdd i%g&&fﬁbﬁfgé&f &’tﬂﬂauén (PAQPEE] P"z%bé!r? M&%h 5,6

- di hydro-4H triazol o I azepl ne
8- chl orcbrolna(tdgrb:pl&l—bmmamncﬁﬁepﬂnn@dlﬁud articd ,gél wpihuphemtamtl/anl}yl atttagelndSfurther

, 6-di hydr. 4H[ 2,4]tria ,3-al[ 1, 4] henzodi L ne rochl orjide.(75
o, 0 PHARGIOT. Bha LB 10 i TSGR GBSy 0) i BHeE B ot e
vvasl(;stl bhBg qu hgopeskand S@[drlqgrﬁl/%ew@q,pyfe The 15 sol vent was
rem)vedC ft??; lél S %atl on and the1 resi due was pur)l fied by chromat ography (10

g silica gel, d| chI oronmet hane/ nethanol 8:2). The resulting substance was
suspended in 0.1 M aqueous sodi um h%mmedé solution and extracted with
et hyl acet ate and dichloronethane to yield 49 ng (59% 5-acetyl-8-chloro

a1, PRI FRREN B bR e B Y B YR

450 (M+H ) . 20Exanflx4]tfazolo[4,3-a][1,4]benzodiazepine-5(6H)-carboxylate
2-[8-Chl oro-1-(1' H 3H spi ro[ 2- benzof ur an-1, 4’ - pi peridi n] 1'-yl)- 4H-[1 2, 4]t

ri azolo[ 4, 3- a 1, 4] henzodi N, N- di 2- OX0
A i xt u£e i %%lhﬁo?%qlbreﬁw#a 3%5 4%@361 f%e‘rr%ﬁza jlaau F?P‘grc? PRY i’
119 Ve En BBy dier 40018, 2 414 i) ohd. s B&n&dﬂﬁ%@;@ﬁfﬂ%@m&ﬁ 130, g,

, N-ethyl diisopropyl am ne .
d| mat h)phmndn@édétﬁl g.c hl6omrrwé) Wdrhﬁ@tﬂdoatl é&O C0. ot ig homr510%ﬂnm¢0)0hngl to 2ropin THF
were stirred at erature hf Ili%}tragt | h et I cetate
o B S TS Bk SurieRes bl aefhr R R e R
93 My (sdRa%el AviliBethghbhedtfie ylellitd bl,o%ng ma %) of (R ]LDS)-tert -butyl 8- chloro 1 (3- rnethyl-

[2-benzofuran-1 4'-piperidin]-1'-yl)-4 24tr|azol

[1, 4] bérHi,éHoﬁpgz’é%Jb?n@o rgr L mpprldlml mda @OJ@&“étq}Hn‘HhW@éd%enmﬁ te so
'1'70'20 3Q (AP0 2423 o ML i)mwnvi%?a&%gfn%%mé@). PCT/ EP2009/ 064565 Exanpl e

Example 25

(RS)-8-Chloro-1-(3-methyl-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

The title compound was obtained as off-white solid in quantitative yield from (RS)-tert-
25 butyl 8-chloro-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 I1.
MS m/e: 422 (M+H").



tert-Butyl
8-chloro-1-(6-fluoro-1'H, 3H spiro[ 2-benzofuran-1,4'-piperidin]-1'-yl)-4H

[ 1, 2, 4] t rwezolonf54963- a] [ 1, 4] benzodi azepyne- 5( 6H) - car box pcater2¢d9nvastsir e of
1- brono- 8-chl oro-4H, 6H 2, 3, 5, 10b-t et raaza- benzo[ e] azul ene-5-carboxylic 5
acid tert-butyl ester (0.16 g, 0.4 mmol aén

6-fl uor o- 3H spi r o[ 2- benzof ur an- 1, 4-E{ﬂ iéine] (0.36 g, 1.76 mmol) was
heated at 130 C for 3 hours. After cooling, the m xture was suspended wth
et h?/lj gaas)as @hmd §- %ehﬁ;lqg(s ?@f@mtﬂgmwm%eﬁkém%aeﬂ -pipdritiRf- Mgt at e
yi el de g ( of tert-

8-chl oro-1-(6-fl uorodllllﬂdr@-l%ﬂ,l,é[tzlab@lnlz'@? alld4]henzodigienine di n] - 1' -y1) - 4H[ 1,
2,4]triazol o[ 4, 3- a][l 4] benzodi azepi ne-5(6H) - car boxyl ate as slight yell ow

foam 10 0
8- Chl or o- ?ﬁ‘gﬂﬁ uor (ﬁ&ﬁﬁ%%igﬁ%?%Fﬁgbenzo B?éﬁz A’ywkiﬁonlga%ﬁgfhb“)}(% 6-d
| hydy Ofﬁdfhyl{lﬂizmiﬁﬂd[%m[ﬁﬁaﬁla@ pibecfiflingr12 0l 506 &by - 41341 aehiriars 0B, 3-a]

The title corrpound was obtained as white foamin quantitative yield fraom
tert- bLH’ﬁl egzodizszepme hydrochloride and paratormaldehyde according to general procedure III.

chl oroqkg ﬁ.@ gct TJE H, 3H-spiro[ 2- benzofuran-1,4' -piperidin]-1'-yl)-4H[1, 2
,4]triazo f4 a] i 4] benzodi azepi ne-5(6H) - car boxyl at e according to

general procedure Il1. Ms me: 426 (MH ). Exanple 19
8- Chl oro-1-(6-fluoro-1'H, 3H spi r o] ZExmnplef2ir an- 1, 4' - pi peridin]-1'-y1l)-5-net
hyl-5, 6- 20di hydro-4H[1, 2, 4]triazol o[ 4, 3-a][1, 4] benzodi azepine The title

Cor’rpounld]. .\ﬁﬁ-;_]'ﬁbt a$ (%h}‘?ls 5, 8 f(flh}ymﬂo-éﬁ-l ?PEI4?trlazol%?4/ % ﬁl zﬂbzl{z% aszeﬁll;lll PyB-3Jﬁ-( 6-

fluoro-

[ 2- fenzof ur an- 1 4' - pi per isgirgj2-Ben2ofurah- G4'dpip¥elang B-¥de 2, 4] triazo lo [4,3 -
al[1, 4]benzod|azep|ne hydroc Iorlde and parafornaldehyde according to
general procedure || H WO 2010/ 054961- 57

~PCT/ EP2009Y GWB@SO@CQW%S‘Z@}IOF@tmngIﬂ 6 dihydro-4H-2,3,5,10b-tetraaza-benzoazulene

8- chl orgg f r 4 hp H
Rt A O e S A R R S
1-br onmeﬁzaﬂmiamlodr SliheBiding-Borx, (H0hng, &t Faamal e saidplehad smbewLs tarcd dxy20 b ab

acid ter ester , 0.4 mol) and )

Tt uor6D 3R S M1eHoD QB RG PeAh PRUPC ! pART AP R, A
heaf£d 18 ot3hilal @ was WRRES withi b REr, 0A ¢ b‘!?lﬁl ah?jycfr@@& QoldRIMP S 1Bk &ERS cInd€ntPired Ur €
was suspendeéd with ethyl acetate and filtere Chr omat ogr aphy on silica gel

with etnhywacmeRasléua,hseulfdéme Owds cganosgedybyokugadohrdisitliation (120 °C, 1-2 mbar).

8- chl H-

o por e G Rich bt SR T 7630y FS i dnis e dbls omponp K0 W box
| at 0 11 HER %26 (MrH Ex le 21

)é gh?oflg%lla(gﬁ??/ﬁgrbgwf % Saqgﬂglﬁgwﬁfelnzofugan 1)4 p?ggr?dl nj-1'-yl)-5,6-d

i hydro-4H [1,2,4]triazolo[4,3-a][1,4] benzod| azepi ne hydrochl ori de
Example 28

20 8-Chloro-1-(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

a) tert-Butyl  8-chloro-1-(1'H,3H-spiro[2-benzothiophene  -1.4"-piperidin]-1'-y1)-4H-
[1.2.4]triazolo[4.3-a][1.4]benzodiazepine-5(6H)-carboxylate

A mixture of I1-bromo-8-chloro-4H,6H-2,3,5,10b-tetraaza-benzo[¢]azulene-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 modifiedsilica gel and eluted with n-

heptane/ethyl acetate give crude



The title conpound was obtained as white foamin quantitative yield from

tert-butyl 8- 15

chl or o- 1-w@-2biousawi | ' H, 3H-spi r o[ 2- benzghur an- 1, 4' - pi per irdirmp2dooogdkys 4H-[ 1, 2
,4]triazol 0[4 3- aJ[1, 4] benzodi azepi ne- 5( 6H) - car boxyl ate according to

gener al

d
B- Chl org-b ? $‘1c§18%1f”ﬁ gﬁpsgﬁ?ﬁoﬁe%z%gmbm ah 4Ipweﬂ$f1bér¥1a~4ﬁﬂli2 41H870k). et
hy1-5, G2, 3259[1' J]B%Bdﬂ'z‘bﬂlée ?@6@)1&{%&9&%[ . 1'31' @] b /ﬁl]a?%r@ﬁ&ﬁ"cﬁ‘lz‘%ﬂhé}?w-gb%séd e
conpound was obtai ned as o te"solid 76% yi él'd from 8-chloro-1-(7-
f | uor othe wxBktep p\mrhgut further purification.
[ 2-benzofuran-1, 4" -piperidin]-1"-yl)-5, 6-di hydro-4H41, 2, 4] triazo lo [4,3 -

al[1,4] ben% di az nd arhaf lrIEaI deh d -Jacﬁg,éjd hgdro AH-

general pr
- PCT{ ER2008¢rR&416653 E}f@-meﬁz&ﬁazemne

8-Chl oro-1-(5-fluoro-1'H, 3H spi ro[ 2- benzof uran- 1, 4' - pi peridin]-1"-yl)-5-net
hyl-5, 6- dihydro-4H-[1,2,4]triazol o[4,3-a][1,4]benzodi azepine A m xture of
1- br ono- 8- ¢hi WIBion- Rét thy 1omde - HrthErAYlo Saqhlarosl-6H ghl-snaiof srhsnzofierhsas ullehe 5

50 I n
571 PR £ ol BRI WA int 26T oy fite TEUOE, AN
sul f ol &nks 1¢1ﬁ105) fndt)l theagsresibiis stepl irat .23 60 nSthanp i@ Bydro gdrhehlsmad evshittiona(d . 4rmbhoveed
by kugel rohrdi still ati (14 1-2 nbar Fl ash chr omat ogr aphy over
i o G idieFietdt SPI CekT ok T R HoRABAHE MO PR Aot A% BIPHP e
purig i Q@Eifo%ﬂebééhﬂfo%%() hlh ¥Rd Eﬁk&té’& @vﬁh 'étlﬂz? Qée‘%ﬁ@/@ *PIPRAN ‘The Q&%&@& o@g%mc
el uent gave the title 10 conpound (9 ng, "13% as white sol
( M+H ) la}Exsarfm:rg 211116@ R@)rert @nhy@gu%” sodium sulfate and concentrated 1n Vacuo Flash

8- chl or, h 3H-s zofuran 1,4
(12, e o B e whinapioRRl GReRIdEHAE BIAN whBalRLbe Rl it
1- brO”%a%th'@'t@l"erﬂiﬁo@Mt%)&S% 5@%)&@%@@&@1@%@0@]@4@&@35 carboxylic 15
acid tert-butyl ester (0.16 g, 0.4 mml) and
(RS) - 3- net hyl- 3Hspiro[ 2- benzofuran-1,4"' - piperidine] (0.32 g, 1.6 nmol)
was heated at 130 C for 3 hours. AfExmpleddi ng to roomtenperature, the
m xture was suspended with ethyl acetate and filtered. Chronatography on

siliga %bh{ﬂrt)ks Pn%h?ﬁ’ qﬁ%@seﬁktﬁ?gﬁgz&hﬁmﬁleﬂeﬁ% p%el‘?(ilnf 'Fs}l)tseﬂ' h'le’tﬁU !

8- chl or 3H spi enzo
furan-1, 4' -pi peri d| nj - 14Hj[]1),2 4}tazdo ) 3-nj[ bAHemzpdiaZepahé 1, 4] benzodi azepi ne-
20 5(6H)-carboxyl ate as sI i ght brown foam M5 rﬂe 522 (M+H ). Exanple 25

RS) - 8- Chl 1- ( 3- et H, 3 1) -
516, di hyar & RTS8 T ri-SUtoo 4T B Aol B PR R e
The ti g o4 h1Bsnz0dih d t 8l
e | ormmogp At s - S 1g ST i
[ 2- bendsfaierarildehyde fﬁ/ et g.o0-Ay H]IHOQ/:LI) nwt—ham m})thalzqﬂf& at reflux for 5 h. After

|[ |4. % alcbdrin B5854LARGRINE so5cﬁ@rhbcy§&%89&x¥hﬁﬁ§((f&ﬁ°é,%. bR AGACAkq Bf @s€dur €

The 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 followed by extraction 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

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



MS mle: 422 (MrH ). WD 2010/ 054961- 59 -PCT/ EP2009/ 064565 Exanpl e 26
RS) - 8- Chl oro-5-net hyl -1- (3-net hyl-1'H, 3H spiro[ 2- benzof uran-1, 4' - pi peridin

1' -yl) -wote1odislgedr o- 4H-[ 1, 2, 4] tri azoko[ 4, 3-a] [ 1, 4] benzouirez@pionseThe
itle conpound was obtained as white soI i din 25%yield from
RS)-8-chloro-1-(3- 5 nmethyl-1"H 3Hs
2-benzofuran-1, 4" -piperidin]-1' yllf @e(imhydro 4H41, 2, 4] tri azol o [ 4, 3-3a]
1, 4] benzodi azepi ne hydrochl ori de and par af or nal dehyde accordl ng to general
r ocedug-ehlidro-1- [‘@m&ﬂdé@q{ Qi‘ﬂ ro[ 2R AR tRiophene-1,4'-piperidin]- 1 '-yl)-5,6-dihydro-

- (8- Chl or o- 5- et h 1-5, 6-di hydro-4H[ 1, 2, trlazolpo[4 3-a

[ 1, 4] benzodi azepi n- 1- y1)4HBHll}ébrlﬂZIﬂQ[“b%nHb,ﬂlh%lﬁodlalleplm per| di n] - 3-one
A m xture of
1 bromo- 2 SugiorAMPuR o 1004 B FRAEa: Penaoat ore
3H spi KOELH- rbem@fawlamiam Abepeddighcpine 3 6B c4rb5x yiate 0.32 mol ) in
sulfolane (0.5 m) was stirred for 20 h at 160 C. The reaction m xture was

poured on ter and tracted nmet hyl 15 The organic
| ayer was PSS o IRPE-S aﬂp 41%'@ 3 ijl)@rtsﬁgazgd’&wﬂ??léml%%caﬁbaxy

concentyeat gk bhiylvagHo¢ R 'Wlmlﬁd{b faQli ad1g.g 2%@&9&%&‘9&6%’4 -piperidine] 2,2-
kugel rohrdi st I?’atl on (120 €~ 1-2 nbar). Preparative HPLC

n- hept almeyide pr.dparvol ni7@) 36y stisred| foed lyavd40 €. tThEIreaqtmnpmmtme(\&@ logded1 499

light yell i me: 436 (M41). 8
208- Ch PSS U DTS2 AL ATCr P BEHEHETS FEnGY BRFna e pectgte s gy py
dr orthho ﬂv:e%rﬂdet fektamey1od- 6h1§roa1 {2 24lbenr od ﬁ;@pm@ -Rehz 4810 h&i&t M|4'-p ferldm]
8-chl oro- 1' H, 3H spi r o[ 2- benzot hi ophene-1 pi peridin

[1, 2, 4]} yl)aﬂ [lo2.4] tga@]kr[ﬂ Mq]hbﬁ]bém@ze@mm@é&marwmw e 3A°)<r)1 36t yallevof
1- brom) Wﬁ% rQ u@%—& %HP% %{t%te%o%@urt hﬁﬁégg@@:&%g] azul ene-5-car boxylic 25

(
]
t
(
[
[
p

acid tert

3H spirof 2- benzoth| ophene-1,4' -piperidine] (1.5 g, 7.5 nmol) was stirred at
140 C for 4 h. Flehisreac(d, bﬁlomdot UHE Hvasird[ P basfoghiv plebndi I £ gtipeyidinit 10-yd)-5.6-ash
chr omat ograph ; ani nopropyl nodi fied silica gel and

‘ ‘ A PEZGINEPA de WD 2010/ 054961- 60
- PCT/ EP2009/ 064565 tert butyI 8 chI oro -1-(lI"H, 3Hsp iro [2-benzot hi ophene

-1, - pi perg diiitionlofthd drudbhdrilbidyd-ERILARE- (QQ d10x1d0 l'H 3H-s_]])1r0[2 -benzothiopheng -
[4,3-a][1, 4] benzodi azepi ne-5(6H) - carboxylate (0.1 yel l ow oi |,

whi ch vied- pumdmm “heltheke 4¥tieploitallt, 4foanzdd@zé}mu¢15{6fdz)a¢arbnxylate (0.11 g, ca
b) 8- ChI |ro ben ne 1,4 I i

dr o- 4H- )}{ﬁrp%&ez%%}sltokt e%]u*[ i?ﬁﬁg (5‘105% B%cirﬂgetp ﬁllo &e solutlon 6! % mi, 3 dq

rnrnol) was heated at 50 °C for 3 h. The reaction mixture was poured on 1 M aqueous sodium

hydroxide solution (30 ml) and extracted with two 30-ml portions of ethyl acetate. The combined

20 organic layers were dried over anhydrous sodium sulfate and concentrated in vacuo. Flash

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

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'-yl)-5-methyl-5,6-
25 dihydro-4H-[1,2,4]|triazolo[4,3-a][1,4]benzodiazepine

A mixture of 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 (0.032 g, 0.070 mmol) 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.



A solution of the crude tert-butyl

8-chloro-1-(1'H, 3H spi ro[ 2- benzot hi ophene -1, 4" -

pi peri di njobotosyoedH-[ 1, 2, 4] triazo | o-p4,3- 3] PCT/EP2009/064565

[ 1, 4] benzodi azepi ne- 5( 6H) - car boxylate (0.092 g, ca. 0.18 mmol) fromthe
previo step.in.1.25 M olic hydrogen chloride solution (1.4 m, 1.8
mol ) fﬁ%&?@cﬁmé‘tur%l’yata (B’Y fopvarit, rP@%éFWBWaHV?(?%H %“W@Qstl &e@uﬁ?f:hingivl
aqueousy gl Mrﬂqjagoﬁhy Qfd% ql‘?rdﬁﬁ'ldét éc%hc(n:”@ 0”1111)) wid fcﬁP&Weﬁ%ﬁthMchQn &ty Eth 1
acetate (2 x . The conbi ned organic | ayers were dried over anhyd rous
sodi umas@ththaTFbe arganmdamm/asai@d dver walgdoousFiodsim sﬂfmramcbg@@pmyatod/ar vacuo.

anm nop nodi fied,silica gel wth t ane/ et h el ue ave
Che tp B GuaTRY oae” grapsg Pl dniiied DBR &1 Wi AErPSs il aeEl o8
Exanpl @128t gave the title compound (0. 011 g, 26%) as off-white solid. MS m/e: 470 (M+H").

158- Chl or o- % met hyl-1- (1' H, 3H spi ro[2 benzot hi ophene-1, 4" -pi peridin]-1"-yl)
-5,6-di hydro- 4H-[1, 2,4]triazol o[ 4, 3-a][ 1, 4] benzodi azepi ne A m xture
of 8-chloro -1-(1' H 3H-sp iro [2- be¥yapleddhene-1,4' -p ip eridin] -1'-y1)-5
, 6- di hydro -4H [1 2,4]triazo lo [4 3-a] [1, 4] benzo diazep ine (0.041 g,

0. 097 : qﬁpy fpre] )
was heate acfm {r;i%o? ﬁr@é (ﬂ?t [g%%é Zglr?gz%m Eﬂlr#l%kgﬁ% turg‘ iig(f:ﬂ um
cyanobor ohydri de (0 012 g, sﬁ)lmﬁsmhrbl)len&é Lpdjpatidine]0 C. The reaction

m xture was allowed to warmto roomtenperature and stirred for 18 h.
Quenchi ng

by extract fén—w

- b . d d. C ¢
anh},(;jrcpiggclﬁgﬁllbmaublfpgltl@m@]nd concentrat ed i n vacuo. FI ash chrorrat ogr aphy
over am nopropyl nodified silica gel with n-heptane/ethyl acetate as 25
el uent gavethetltle conmpound (0.020 489 as off white solid. VM5 me:
438 (M+H ' A migyrooad/loneoeii-clgre- ﬁgﬁ agulgie-5-carboxylic

8- Chl 1
-5 6o LR RGBSy 39%@%?%%%‘5%%2oﬁ{%ié‘zépv‘*%erpdl&? O3S Y
tcirz1 Buitiyib1) 8f1_(:shllllib§-afhe 1(5(512) 2radi sixtedofot' M, BHtspi0r 6C 2Thenabichi opheneporated by
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y1) - 4H zelzohaflﬁflluaé@&(b%%"% Li? mbag) Belss addiHonpl he2 M engfhanglip Bxdrpggechloride o
E"C gfrsub L%Rllﬁgﬁygpgﬂ?g r§ rﬁr@{ﬁ R ésﬁtugﬂré"v(?as%e%&gpsé &t rfé’lazz)ﬁ ﬁf‘e‘ VRedBlwaRaUb §BET0

3H- spi rco{)IZtObmmnotdmnmpettmeUtatAd -vptlpéeraqmeq>u52$thurd|hyﬂrod:ede( Sol&iay (30. Brl)nansl )

was stirre 14 m xt.ure was. | .oaded di tl
o o o5 sRID T 100! GURomt of ARr ety i b HHS AT SRa Sr B o
acet at %nﬁ%r@us“ﬁf&ﬁurﬁ@utf@te %H%oﬁééﬁ%teﬁeihtva@w Wlash chromatography over. aminopropyl
8-chloro-1-(2,2-dioxido-1'H, 3Hspiro [ 2- benzothlophene-f peridin

-prp
1 yl) radificcd sikipe rgchzotho Flzhestaaﬂetbyh]ab@tnt@o@ﬁ alnei gaves] f(&)ohmiw(ﬁcsiﬂladr@ 4(@ 13

pur ?S4A%%|20|18w L I i“*éﬁ%ﬁf 2%13‘32%?)_111“ yg lgp 86 g C§0§hrtﬁm§%$e gﬁlwplfggrol&lme]f w Hq gf as

[ 2- benmm oplieweh b diritplop80ded wmichlwas/as)edsmﬁmut dirthed porifidatibn i 1] Adxt 39l O

[ 4, 3- a]\él 4] benzodi azepi ne  15A solution of the crude tert-butyl

8- chl oS 1422 (Mdkiddo- 1' H, 3Hspiro [2- benzot hi ophene -

1,4 -piperidin]-1'-y1)-4H[1,2,4]triazolo [4, 3-a]

[ 1, 4] benzog) azpRk ey 5660 AR% BRXXH S 401 L3 4%iaiflor4%-20) MR odh Bt g1
previous step In 1.25 Mnethanoli c hydrogen chioride solfution (1.6 m, 2.0
mol ) dbshedisechramend4.&-piperidnél. The reacti on m xture was poured on 1 M
aqueous sodi um hydroxi de solution (30 m) and extracted with two 30-mi

P ous ot HEHRT a8l andiondBile ar datt HIgREL G SR EANE Rl PER Y
over ani|NoNbQRYHia pei-i i lﬁlsgirﬁ[@sogﬁﬂon\[@ntem ﬂpﬁ}%ﬁ&iﬁﬁf/(i‘ihy /g s ,a0etakandly @ldient

gavethetltle conmpoun , 329% as white so me: 456 (MtH ').
Exanpl| @agdormaldehyde (0.057 g, 1.9 rnmol) in methanol (2 ml) was heated at reflux for 4 h. After

8- Chl or S | h r -yl

)~ 5 morRg s 0o BEE S b S SR NSRS SR PPT A bR ER o

A mi xt ume redctiBn eﬂﬁk@ww&s éli’ovZe(ﬁﬂoQXarﬁQto]rob‘hﬁb‘hlpalaﬁ@e hed braretiofohil @ mhenenching - p

iperidin] -1'- )-5 ,6-di hydro - 2, 4]tr|azo lo [4,3-a]. [1,.4] benzo
di a¥ep Wite1 (. WQO@ saglivgy dyfeside 1&10@a€39f@ e Edlpaed (t(y @ﬁvacgon oVitizetitb| )

|n rrettagg[gg (1 mM) was heated at reflux for 5 h. After cooling to room

t enperature sodi um cyanobor ohydride (0.009 g, 0.14 mmol) was added at 0 C




WD 2010/ 054961- 62 - PCT/ EP2009/ 064565 The reaction m xture was allowed to
warmto roomtenperature and stirred for 18 h. Quenching with 1 M aqueous
sodi um hywoariods4wel ution (30 m) was-g®Ll owed by extraetir@mpouwibyses hyl
acetate. The organic | ayer was dried over anhydrous sodium sul fate and
concentrated i.n vacuo. Flash chromat ography over a opyl, nodifie
sili cat'%'élor&ﬁ“%l% wehé\@t*é@éﬁém@n P ¥ sUkRiE R 0688%‘“%?& L ‘falc‘éo-c‘glﬁ%bund
(0 011 HyordfGragty %ér éﬁﬁanﬁro%?ll hiddifldd ﬁﬁ&a 47Qith 'W'ﬁ%ﬁtane@f c%ta?ez as ecluent

-(8-Chl oro-5-net hyl-5, 6-di hydro-4H | Jtriazol o[ 4, 3-d][ 1, 4] benzodi azep
| n | - y Bavd te tigloicooposiat (O Gen d5%,) 45 y@iiqo’esoldiu M m/e: 436 (M+Ha).

-(8-Chloro-5, 6-di hydro-4H[1,2,4]triazolo [4,3-a]
[1, 4] benzodi azepin-1-yl)-1Hspiro %‘9’5‘1 ](f)ggromane 4, 4" - pi peridine] A
m xture of 1-brono-8-chloro-4H, 6H tetraaza-benzo [e] azul ene-5
-carboxylic acid tert-butyl ester (0.25 g, 0.63 mml) and
1H sypi ro itm:ﬂlrtymaﬁloﬂo4-(3mmayﬂfﬁ 0'¢i-spido [IsbcBrorderfe- Mopipetiding Li'fyo)-4He (5Snil)
was stirred for 74 h at 140 C. _The sol vent was evaporated by
kugel rohrdistill at 5%41613!5@1@4 3131251 fHenyodiagapine- 3o )t‘iaﬁh‘”ﬁ‘flatﬁ 25 M
met hanol i ¢ hydrogen chloride 15 solution (5.0 m, 6.3 mmol) the m xture was
heated at 30 {ndQE &f N-brohS-SILMbM-SHWRE23!3, %@trﬁ&a%ﬁio[@?zﬁl@%-carbox lic
tenperature, treated with I M aqueous sodi Um hydroxi de sol uti on r’rq, and
ext r actaed twitibutyl ester @0L2ng, Opldy mimohsand 3,4t inytiroapied[esoehrofiivac-d dh’rplpnedlno} @a}rﬂl c

i aah EhPodIBaD ARy BoL IOt OOy Thsaricriah rufir SELERrGs oh waer (st B
n- hgpt ane/Ktdkd agat ﬁ{r@e 36-r8ll ]]stﬁﬂbngap@th%zi affatehirgé Qombliredi dtyaHio-14fdrs 3Rre

[124]tr|azolo[4 -a] [1, 4] benzo diazepin-1-yl)-1Hspiro
[ i sochrybere withqbripg, pdridddpyrs] anhydmogs gpdawen tspleta andl pancantraied i artgy EiﬁsF80%

whi ch t f t

(i )%S"ﬁg%flmf SR8 eGP R SO b BB T B AR B e

[ 4, 3- althd ftldddasppamdi(@Depined% yds)whifeosinl MS[rh/s08IY QWeHE): 4, 4' - pi per i di ne]
25Am xt ur eof t hecrudel' - (8-chl oro-5, 6-di hydro-4H41, 2, 4]tri azolo [4, 3-

al[1, 4] benzodi azepin-1-y1)-1H spirolisochronene-4,4' -pi peridine] (0.10 g,
0.24 mmol ) and par af or mal dehyde (0. E)l,e3f.9 mol ) in nethanol (2 m) was
heated at reflux for 4 h. After cooling to roomtenperature sodi um
cyaqpbor ohy gt igdenloe-33%-dihydrst- 4 HINLL, A]t%l@ﬂ@ﬁ[ﬁh]&nﬁadlﬂt@nﬁ Q%Q&BQD m xture
was allowed to warmto rodm tenperature and stirred enchi ng 30
with 1 M aqueous satihydnokpise dsoichieomeriedt.#opipedidind hydeehlaideowed by
extraction wth et hyI acetate. WO 2010/054961- 63 - PCT/ EP2009/ 064565 The

organic la ried over, anh dro a in
oadio. Cr1 ad B erh i B O G B PR T B LG R R HEP! b "

n- hept an(@/zeaﬁhydiroapﬂts@&s[la&hﬁim@et1 qu)\ilﬁertqu lt'inl)l-éﬁ{iEDmZIQtlmﬁﬁbléﬂ P47 g, 45% as
yellow solid. M5 nfe: 436 (MtH ) anpl e 33 Stert- Buty

8- chl oﬁ&lﬂlbwqd@z%mﬂﬁﬂ)*cmml?@ Fradegito gerselpracedpiodér i din] - 1' - y1) - 44
[1.% 4]1\;1@%]9% LL (E\,ﬁ%)a] [ 1, 4] benzodi azepi ne- 5( 6H) - car boxyl at e A

m xture rono- 8-chl oro-4H, 6H 2, 3, 5, 10b-t et raaza- benzo [e] azul ene-5
-carboxylic acid tert-butyl ester (0.72 g, 0.18 mmvl) and 3, 4-di hydrospiro
[isochronene-1, 4" -piperidine] (0.1llExpmple3% nmol) was stirred for 72 h at
130 C. The reaction m xture was poured on water (50 m)

1'-(8-Chloro-5-methyl-5,6-dihydro-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-1-yl)-3,4-

dihydrospiro[isochromene-1,4'-piperidine]

The title compound was obtained as white solid in 50% yield from 1'-(8-chloro-5,6-
25 dihydro-4H-[1,2,4]triazolo[4,3-a][ 1,4]benzodiazepin-1-yl)-3,4-dihydrospiro[isochromene-1,4'-
piperidine] hydrochloride and paraformaldehyde according to general procedure III.

MS m/e: 436 (M+H").



10 and extracted with three 50-ml portions of ethyl acetate. The conbi ned
organic | ayers were washed with brine, dried over anhydrous sodiumsulfate
and conceworatoed4den vacuo. Fl ash chromggography over ampoompe@losssosi fied
silica gel wth n-heptane/2-propanol as eI uent gave the title conmpound
(0.062 g, 66% as white solid. NBnlta %(MFH'). Exanpl e 34
151' - (8-Chl oro-5, 6- di hydr o- 4H-[ 1, 2, BYAmPRA8 o [ 4, 3- a]
[ 1, 4] benzodi azepi n-1-y1)-3,4- di hydrospiro[isochronene-1, 4" -piperidine]
hydr ochl Gi1d@-Chloro-5hethyl-5&-GBYRAIAH - WAS4| 984 21618 3-AF1,2fven¥bliih iygh-in
88% vyi elédm)frggmct é)r(t)-gbuteilhiy IS%cﬁl grmé))dl1 (SMIZESJ ﬂir(g %ﬂ?s’pﬁeom Bephil ﬂ)
[i sochronmene- 1, 4' - pi per i d3Hf-spirojarepane-4,1'- [zllhqnzpfluzo] lo [4,3 -
a][ 1, 4] benzodi azepi ne-5(6H) - car boxyl ate according to general procedure I1.
20 MS mle: 422 (MrH ). Exanple 35
-(8-Chl oro-5-nmethyl-5, 6-di hydr o- 4H—[afz 4] triazolo [4, 3-2a]
[1 4] benzodi azepi n-1-y1) -3, 4- di hydrospiro[isochronene-1, 4'-piperidine] The
titlfe conmpound was obtai ned as whi tExanpled7i n 50% vyield from
(8-chloro-5,6- 25

?'SQZﬂF efi-bpro s b o emen-pall ok diarydi k8l g

to general procedure I11. l\%lm[gzepﬂﬁé_4ﬁ|wrﬂbknzofmlﬁo10/ 054961- 64

- PCT/ EP2009/ 064565 Exarrpl

(+)-1-(8-Chloro-5-neth 5,6-di hydro-4H-[1,2,4]triazol o[ 4, 3-a][1, 4]benzod|a
zepin-1 -y1p  3(BPkhi§- lmfe-é gihydro-4H$1. BAH&]@ZQI@H;& aﬁhdj@g@ih&mmnql? )-3'H-

1- I - 9-1k dhd 4H—124t | o[ 4, 3- 1,4]1b di
geg)l n- I(S ?ora 21 BﬁlZO?urgn I-4ylro[2] b[enzof u]ra:li a0 o[a) a][ Jbenzodia

(RS)-1-(8-Chloro-5,6-di hydro-4H-[1,2,4]triazolo [4,3-a] [1,4]benzo diazep
in-10 y1) - 3 A Hajxture opaZefpanme- & chlord- 20 J5eh2 8f T Mbrtradl Adcnzof t Jazelend-5-carboxylic
1- brono-8-chl o

aci d t éFid tﬁ{}ttg}«llt}ﬂé‘é'{eé?g%é %’é ’ 10 )-5t Mﬁzg- ?p%ri}%t)azepane-élz Hl[gﬂenzoﬁlraralf Pooi( Iyl e

(RS)-3'1H ﬁﬁ’i’lcﬂﬁ[@§§ﬂt‘fi‘&?at41310 é@]f&eszﬁfaﬂa%hm O3 9:h. mtm%hldﬁaéf (ﬁsymd at
130 C for and at 160 C for 5 h. Another portion of

(RS) -3 spﬁqnﬁazq{aaz—éd&hiébmzﬂ)ﬁﬁm]d@rﬁﬁog Wr Ehinmod). 88 glded, 4@ thepdactiomsistdobedas and

wae. ar Rotieacs SOt 7 ol iRt R e Py s abit bR BrrsrsgeppHer

et PRNQWHioRYATIODEM &Bﬂﬁﬁélﬁehﬁﬁbg%d &loridt Hlktion @.PmIMPY b tHE ¥iHLR Was
heated at 50 C for 30 min. The mxture was allowed to cool to room

t enper dcyee at 69 e@tf@ﬁmmnh lhqma@mrém adlottied o ﬁy@lrtomm temparaiuon tes@dmith and

extracte wi.th two ortio Ior t e C ned or.gani c
| ayers vvg/lr eq%w%cfogl\?er W?’i%]ﬁ F ol gushsod @ YMufFat m(itman (l)ﬂr%cgvr?t S@itr)% omm%fagﬂo
Fl ash cliyngreinegaad h};hevwddibldwbig@ﬁfan[eydmmx&/raﬁh&aaoér athyétous Rbdigav e faheand

concentrated in vacuo. Flash chromatography with dichloromethane/methanol as cluent gave the

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

b) (RS)-1-(8-Chloro-5-methyl-5,6-dihydro-4H-[1,2.4]triazolo[4.3-a][1.4]benzodiazepin-1-

vyl)-3'H-spiro[azepane-4,1'-[2]benzofuran]

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-yl)-3'H-spiro[azepane-4,1'-
25 [2]benzofuran] and paraformaldehyde according to general procedure ITI. MS m/e: 436 (M+H").



20 title conmpound (0.23 g) as yellow solid with a purity of 90% M nfe:
422 (M 41'). b)
(RS) - 1- (8wOhbmwos4dw1met hy1- 5, 6- di hydro=45=[ 1, 2, 4] tri azol efd/EP2@pjod4543 benzodi

azepin-1- vl1)-3 H-sp| ro[azepane 4,1 -[2] benzofuranl The title conmpound
was obt ai ned as of d ) ) o
(RS) - 1- (8- cll-6Hy's N THZQ051-PH14 epdpin- 1-y

1)-3' H—splro[azepane 4, 1 ﬁRgﬁigﬁhﬂgéég&ynqnt?gggoﬂ@%%fornaldehyde accordlng
to general procedure I11. 10/ 054961- 65
- PCT/ EP2009/ 064565 c¢) (+)-1-(8-Chloro -5 -methyl-5 , 6-di hydro -4H
[1,2,4]triazo lo [4,3-a] [1, 4] benzo di azndp in-1- vl) 3'Hspiro

[azepane 4,1 -[2] benzo furanl and d) (-)-1-(8- ChI or o- 5- et hy1 5
, 6-di hydro - hid il 6 bt i@l o hEDER 4419 o d

5v1)- 3 H- spi : '
-nmethyl1-5 , 6-di hydro -4H—vlb BTEsﬁ}d[am@a@e h 0'-[4behzafuran]
[ 1, 4] benzodi azepin-l-yl)- 3 Hspiro
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azepa Q e obtapned HP)
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[ 1, 4] béh,id]nhaatzleiﬁ alld yilt)exl&dlﬂepm-]r@l)fﬂifspmu[@z@ameﬁlzlljbcmoﬁiraun]an] (@1611616

o uent oouned L7 dhual HECS fBeRfat's ot iy o PR SiRpr G Bt
[4 ﬁ) a][1 bh;%?@lﬂ?pﬁhgt al[lllﬁﬁelééldlaés’z%?)m ﬁgrl‘)fﬁﬂ@llsb%ﬁéﬁﬁﬁélﬂ ﬁjabeﬂez_% @rgquqnenk

(0 199 was o yel Il ow sol'id
15( ) 112((6 P b rog-5C el pak1AB, cellmmhwh@-waﬁl@/e@an?lt(ﬁulz)zwbpmt 3- a][l 4] benzod
i azepin-1 - yl)- 3' H spirof[ azepane-4, 1' 42] benzofuran] (0.037 g, 32% was

0. 141, oroysh S5 GReaRl s i B AL A S PR e ik Ty e
Corrpou@d{-@ﬁlr(t[hﬂepgﬁaeﬂap]f)@rzﬂﬂir&]( (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-spiro[azepane-4,1'-[2]benzofuran] (0.037 g, 32%) was obtained as light yellow solid.
(MS m/e: 436 (M+H"), [a]p = -17.8 (c = 0.141, CHCl;, 20 °C).



| 5 wherein X-Y is C(RaRb)-0, wherein Ra and Rb are each independently H,
or Cl 4-alkyl, C(RcRd)-S(0)p, wherein Rc and Rd are each independently H,
or Cl_4- avbyb10/0549640) 0, CH2OCH25 10 Z.e-CH2CH20 , CH orcCNEP260/06456h1al 0,
cyano, Cl_4-al koxy, or Cl_4-alkyl R2 is H Cl_12-alkyl, unsubstituted or
substituted with one or nore OH, halo, cyano or Cl_12-al koxy, -(CH2)(-Re,
wherein Re is phenyl or 5- or 6-nenbd&lenndheteroaryl, each unsubstituted or
15 substituted with one or nore substituents independently selected from
A 1. The compound of the general formula (1)

R \
Y

wherein
5 X-Y is C(R*R")-0, wherein R* and R” are each independently H, or C,_4-alkyl,
C(RCRd)-S(O)p, wherein R and R? are each independently H, or C;4-alkyl,
C(0)0,
CH,0OCHa,,
CH,CH,0,
10 Zis CH or N;
R'is halo, cyano, Ci4-alkoxy, or C;4-alkyl
R*is H,
Ci.12-alkyl, unsubstituted or substituted with one or more OH, halo, cyano or C;_j-alkoxy,
-(CH)q-R®, wherein R® is phenyl or 5- or 6-membered heteroaryl, cach unsubstituted or
15 substituted with one or more substituents independently selected from A,
-(CH,).NR'R",
-C(0)-C.1z-alkyl, wherein C;_,-alkyl is unsubstituted or substituted with one or more
OH, halo, cyano or C;_j,-alkoxy,
-C(0O)(CH2)q0C(0)-Cy.12-alkyl,
20 -C(O)(CH,)NRR",
-C(0)O-Cy_1z-alkyl, wherein alkyl is unsubstituted or substituted with one or more OH,
halo, cyano or C;_j;-alkoxy,
-S(0),-Cy.12-alkyl,
-S(0),NR'R",



-(CH2) , NRIR', -C(0)-C1_12-al kyl, wherein Cl_12-alkyl is unsubstituted or
substituted with one or nore 20 OH, halo, cyano or Cl_12-al koxy,

- C(0) (CHAvQQG (0496 _12- al kyl , -C(0) (CHgy .| NRLR', - C(0) 0PCi/EP200al0k4sb5
wherein al kyl is unsubstituted or substituted with one or nore OH, halo,

o7 PCH EBbBbSioAB SbicrendhY F CareRRICH" FrtepRRERTIT DR oge 8 AP or

form t geebdigl aM-teh 7Lhempbitd H&%c&&om&l%nta@ﬁﬂ @ﬁ@o%t&oﬁonﬁ Qelécth® AR ed
het er ocycl oal kyl contai ning one or two heter oatoms selected from N, O o

S, whi ¢h (het 8rwhiyl hatatokytlodlsylungsandstituteded sabstisutbdby ougt ednéry on@ubstltmmnt@
substi tu ts | de er}%gﬁtl selected fromB, 5 A ishalo, cyano, OH,
CL 7- al' ¢ PE{? or Cl1_7-al koxy, B isoxo, halo, OH Cl _7-alkyl

or Gl_7xal in@.‘i’o cBdnd, OIEIC,0ralifyl, Kuld-€1 - QAlkyR ond,SQikoky, 2, 3 or 4, 10 p is0, 1

or 2, isl, 2, or 4, r is 3 or 4, or a phar ITB.CEUtI cally accept abl e
salt t meofoxo halo, OH, C;7-alkyl or C, 7-a1k0xy,
R'is ClorF,

nis lor2

mis 0,1,2,30r4,
10 pis 0,1o0r2,

qis 1,2,30r4,

ris 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,
CH»-S(O),, wherem p is 0 or 2,
C(0)0O,
CH,0OCH;, or
CH,CH,0,
20 Zis CHorN,and

nis 1or?2.

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 to 3, wherein Z is N.

5. The compound according to any one of claims 1 to 4, whereinn is 1.
25 6. The compound according to any one 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 CH,-O-, C(H,Me)-O-,
or CHZOCHZ.

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' is F.



2. The conpound of claim1l1l, wherein 15 X-Y is C(RaRb)-0, wherein Ra and Rb
are each independently H or nethyl, CH2-S(0)p, wherein pis 0 or 2, C(0)O,
CH20OCH2, wo 20HdaGid, 20 Z is CHor N -ggd n isl or 2. PCTEP2M@s4S65TPOUN
according to any one of clainms 1 or 2, wherein Zis CH 4. The conpound

according to any one of clainms 1 to 3, wherein Zis N 5. The conmpound
accor dildgThocampund ecafrdini ad amy dnet @f cdaimeheo i whereinsmis 025 6. The conpound
according to any one of clainms 1, 2 or 4, wherein nis 2. 7. The conpound

di : ' . Uy b0 1 “o-.
accordi gy.ié)(é. u‘ﬁﬂ%c&)frdﬁggé gﬁycﬁetdd} c@alm\é\hq{) 9l {héfer Ihg? FH C(H Me)-0

or CH2 e conpou Ing to any one 0 ains 1 to 7, wherein
R is halo. 9. The conpound according to any one of clains 1 to 8, wherein
R is A2 Thyromondsagsding ésanypeny Eeians/lds4iesherely. The conpound accor di ng
to any gne of clainms 1 to 9, wherein mis 0. 11. The conpound according to
any on®d$ dilains 1 to 9, wherein mis 1. 12. The conpound according to

any pne of cél%i-{]lﬁylluﬁs‘&bgtﬂtute%gﬁ_}%s{l%\i\zﬁhF‘gel ﬁﬁe{% kyl, unsubstituted or

substituted with ohe or nore pyr 0)-C1_7-al kyl,
C(0) CH2NRLR'-CHyherdinylLR  and R' are each i ndependently selected from

1 7-al kyl - - al kyl
Cl_7-alkyl, C%(()()))C?7%fk—yz al kyl, or
-C(O)CH,NR'R", wherein R’ and R" are each independently selected from C;s-alkyl,
-C(0)0O-C,y-alkyl, or

10 -S(0),NR'R", wherein R and R" are each independently 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-butoxycarbonyl.

14. The compound according to any one of claims 1 to 12, wherein R? is C;.7-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 8-chloro-1-[(1r,4'r)-3H-spiro[2-benzofuran-1,1'-cyclohexan]-4'-yl]-4H-

20 [1,2,4]triazolo[4,3-a][1,4]benzodiazepine-5(6H)-carboxylate;
8-chloro-1-[(1r,4'r)-3H-spiro[2-benzofuran-1,1'-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'r)-3H-spiro[2-benzofuran-1,1'-cyclohexan]-4'-yl]-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-1,1'-cyclohexan]-4'-yl]-4H-
[1,2,4]triazolo[4,3-a][1,4]benzodiazepine-5(6H)-carboxylate;
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;
8-chloro-5-methyl-1-[(1s,4's)-3H-spiro[2-benzofuran-1,1'-cyclohexan]-4'-yl]-5,6-dihydro-4H-

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



10- S(0) 2NR1R', wherein R and R' are each independently selected from
ClL 7-alkyl. 13. The conpound according to any one of clains 1 to 12,
wher ei n RRoi2810M54d8ydr oxyet hyl , i -propyky -nmet hoxycar bony lPCTiEPRWWI064565
met hyl car bonyl, N, N-di net hyl am no- et hyl - car bonyl ,

LB LB O Bt oL B B> 2

Cl_7-aly %4 b&éo&gzep}}QeS(gm%@ngg@cordl ng to any one of clains 1 to 14,
wher ei n is nmeth i 16. The conpound according to any one of

cl ai ns 8i0h1@r0i15(1'1\m& mm[memﬁ@hn L#Fpipehding-d rpldrfdd by dior Hil-h 2 tidirargloldine  of
cl ai ns ltfﬁ d\/\/ne ei ndt he. conmpound is selected fromtert-butyl
8- chl o f?an igzGPnAydrog }01 2-benzo furan-1,1'-cycl ohexan]-4'-y1]-4H 20

[ 1, 25 Alstetigneod-aethyBd gl HL3 ¥]shROROSENAERRINDE 4 ShifdH disRI'BOXY badiBydro-4H-
8-chloro-1-[(1r, 4yr)E(3H-s |S?o % benzof &ran%ﬂﬁl g]iclgg)r(\exarﬁyio y1l] -5, 6-di hy

dr o- 4H[ 1.2 ]@kee pEa bR 1] 4] l’811%6}({lfll_zen]nl@)enzod| azepi ne hydrochl oride; 8-chloro -5

t hyl ] -5
B a hyatlooiiersbt PR Sy s Bl i b g?ﬁg’?‘& oyl
8- chi or[mz;klr]t[r{ai@lom 3)1}[3H1t&|ﬁzc5cb&zzpﬁenzofur an-1, 1' cycl ohexan] 4'-y1]-4H1,2,4

Jtriazal o[ 4, 3- &1 }_Igenzodl aze car box
8- chl orlol 101{1qr93 FOb-PeZo éthi H}Pﬁﬁdlil 1 y%%i Hh?eéthmzolp[éb}l] 5, 6- di hy

dr OI()A'H[ai[ylZflr]?e]& g%e?lnp[ls(i%}f)gﬁiemangi benzodi azepi ne hydrochl ori de; 8-chloro

sp Ifo [2-benzo furan-1,1'-cyc | o hexan]
-4' -yl 8- elﬁorp%—(i]yhlyldr 2 yindé¢dBOD {131, AH{tﬂplraEZab@{zdﬁﬁam] Ellplpqzﬂnhn]zd)'dyl)az;épl ne;, WO

2010/ 054961 - | EP; 4 rt-butyl
8- chl ordvfrq- fgﬂlmﬁzPﬁggﬁgﬁ‘a ‘?Ptzﬁ a4CPARC, p| peridin]-1'-y1)-4H41, 2, 4]tri az

ol of 4, ¥-crldibINAN-8BnaRdi 18z 6P 5 ey B HRAKY l48bBeridin]-1'-y1)-4H
8- chl orocl 1 3I—|—slgfjrg&2 benngg)girjgen 1, 4" - pi pf()alf?)lerlllﬁ] y) 1) 5, 6-di hydr o- 4H

[ 1 2, 41 Qr4]1a12@¢10[443 3}[1é]l[enqulmpm©£ﬁ(éﬂk@1ﬂf0@amsdtr ochl ori de 5
1- '
P Beldge LT o 2hE G fyran | -ginsydink AL L3 4 TiaolI4ga, 3- a1 [ 1

4] ben?aqn[dlm@ﬁbmazepme 5(6H) -carboxylate;
8- chl or o- 5- i soprop Ié,%l H, 3Hs |ro[2 benzofuran-1, 4 6pdaerldl nj-1'-yl)-5,
1

6- di hyér@em%ichiomjlreh bi- w[%b@z]zpﬂlrau} beénpiparidingpr- )ﬁlé—S ydro-4H-
Cazol f 1,4 din]-1'-yl)-4H41, 2, 4]t
R e e s R e

8- chl or20[85eh(lqi1yslcfill ﬁll‘fg-SEI- slinaE2- bydzbfu]:aﬁ 1 4HFi§)Ieiﬂ16m] ﬂ%l}@l@[&ﬁgﬂ]ﬂﬂé&@hﬂé pi peridin
1 1)-5,6- di ro-4H11 triazol o[ 4 al[.1, 4] benzodi azepi ne;
b A el KT ey S D RSN RE SObRHbERIIa 1 4 pi boar i 01 M- 1" -y1) - 4

ML 2 4hanlat ekl 3:ald &) hesaa adiapenisnaloL: @pér}cﬂfﬂam 415 et hyl

8- chl or o- r02benzof pl peri 1)-4H[1,2,4]tria
zolo[ 4 [3,-2 Adﬂr{aiqldﬂ%a]z[b,d]t&naphmpﬁe%m: aarbmxgydttai e;

5acet 1- 02ben of uran-1 ridin]-1-yl1l)-5,6-d
hydr o ageroal-B Sty o e AR a1 o-dinyaroLar Y

2-[ 8- cfﬁhqmmhz&éilﬁléghapdeh%cﬁaéaﬁﬁé@lfyufo%mokdé pi peridin]-1"-yl)-4H41, 2, 4] tr

i azol o[ 4, 3 , 4] benzodi azepi n-5(6H) -y1] - N, N-di net hy1- 2- oxoet hanam ne;
t er25 beghloro-1-(6-fluoro-1'H,3H-spiro[2-benzofuran-1,4' plperldln] 1'-yl)-5-methyl-5,6-dihydro-4H-

8- chl 2- benzof 1,4 din]-1'-y1)-4H 1,
2, 4] ¢ rie bt el R AT BB HeR eni ne- 56t -carboxyl ater YD

8- chl onr@t-butlybsichlees-0=(3- ﬂ'tLoB(H‘lEH)BHCSbﬁo Beheb faFant, A giperdipeiydj-aj- 1' -y1) - 5, 6-d
i hydro-4H 1, 2,4]triazol o[4,3 25] enzodi azepi ne hydrochl oride; 25
8- chl or{blft]f(rechlp[i’@?r 61[14ﬂ1p63¥@d§$ﬁepwp (Ol hearbemd#ci1, 4' - pi peridin]-1'-y1)-5-net

g ot or oS P bt i S AP SR R A BBl B - 0 Y1

2, 43a r i[ a20110{ad0 [3[43-R ]I 1 Al beanadidicpine piyd@chio6itl;- car boxyl at e;

?h§3L O elor -0 e e irep s bt A R d - phrandin-t -y BrsPeth S - dinydho i © ¢
[1,2,4]triazolo[4,3-a][1,4]benzodiazepine;
8-chloro-1-(5-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;



30 [1,2,4]triazolo[4, 3-a][1, 4] benzodi azepi ne hydrochl ori de;
8-chloro-1-(7-fluoro-1'H, 3H spiro[ 2-benzofuran-1,4"-piperidin]-1'-yl)-5-net
hyl-5, 6- dvbydromsdddiil, 2, 4] tri azol o[ 4, 3=ap[ 1, 4] benzodi azepCmaP2009/064565

8-chl oro-1-(5-fluoro-1'H, 3H—sp|ro[2 benzof uran- 1, 4' plperldln] 1'-yl)-5-net

Do Sat i £ bt SR 0EL il B RS EARRA. i

8- chl or @214']1(rr’§zé‘[§E4h3’ birh, 4%6%‘28&:926{)916 5(6H}_|carboxylat
[ 2- benzofuran14 -ptperidinj-1"-y1)-4 24]tr|azolo[43a] [ 1, 4] benzo

di azep|8n@ﬂ@(061H§3rmaﬁ1tybl@]SHfSBIrOB-bﬁnJZ@ﬁtmnil Gwlpmlm}yl 3i)-H63Hhafsordi-

H ngiﬁ;%%g‘ é‘g[ff'i %Ej[ﬁfz}jﬁ idin laa)Zrepla%:h)ygljmcglomdhydro 4H 1, 2, 4] triazol o [4, 3-a]

cfﬂorSOctﬁoxaEi oyl {3-h@hyl'HI3HA SPeiR lrdnh i h%,6-Bihgdey-i di n
-1' yl) -5, 6-di Eﬁédhryojlg- [ ﬂ}/4I]=It3r|?Jll?lct)HI% [4ﬁgrg] %q)f]lbéﬁgogl)az%glhﬁe ]

d (8 (f‘ilﬂ Hr%“]i%?@th{ﬁﬁ [ et bFnrpdiaacmipei[ 1, 2, 4] tri azol o [4, 3-a] [1, 4] benzo
o scemon SRR CaSIIER P PSS

, 6-di h)sgﬁ@[24ﬂdiaaoﬁ1ﬂa,n21 4}Iilp¢raﬁ1®]LDo{1e§§ 3-a] [1 4] benzodi azepi ne;
8 chl or o- 5- net hy

[ 2 benzgo‘%hrlﬁrﬁp]h »3f1 &pm%?-ﬁ@t}qo&p@qhe@e J)ﬂlplmrlém&lhyld-é@é d]hp/émz“ﬂj triazolo
ﬁ)‘ 1b14]§ﬂa%g§§pglgl{%$& erf%izeﬁ?%hl oro- 1- (2, 2-di oxi do-1' H, 3H spiro

oth| 1'-y1)-5,6-dihydro-4H 1,2,4]triazolo
[4, 3- aJ8-¢hloré} hewrthyl- di+(ﬁh$iﬂ{sg1ro[21&n8@thfdpherm—]],4 Rp&idinkiydps Jo-dhBibgibl-r o
2- ben hen din]-1 1)-5-nmethyl-5, 6-
([jl hydri?él—iﬂt[r@ @ @]%F‘ﬁé’f‘@% gz‘{ azgp [1y4i benzo d?/azepl ne ; -(8-chloro-5
- met hylg-&hlor8- pl(zhy doRidbthHI3H- 3p1€d[9rweﬁzc9hlbﬁhe{n‘é 134%}1 e{n%lnﬂllb%Z% d}l/hydro -4H-

di azepin-1-yl)-1Hspiro [isochronene-4 -pi peridine]; tert-
8 chl or[b,lﬂ]Kr@ZGﬂlOHE hptit dlienkpdEpicpme] | S0 chronene 1,4 -pip eri d| n]-1'-yl)-4H

- (o St B el i U R GBS L e I Ri Sl
dl azepidirldry-dH= 2,A]maibtawBg]ﬁm]b@lzbaﬁ%pmeonene 1, 4' - pi peridine]
hydrochl ori de; | oro-5 -nethyl -5, 6-di hydro-4H [124]tr|azolo

[4, 3-a]l' g&cmmmﬂmléz@gthdno 4,117[1@ 4JW132Q1P[‘ﬂy%Hd 1 $fienegpdiazepin-1-yl)-1H
h
EI+)SO(1: %ﬁﬂ@[ﬂﬁ%gl?ﬂg%? QI4 ‘ﬁ;‘?ip%g‘aﬁ‘]e&. hydro-4H-[ 1, 2,4]triazolo [4,3-a] [1,4]benzo

di azepitéert- |but§yll.$ ~cBlorddd F(B r@dlhﬁﬁeplaﬂepéo [:isochrzhimezlocf ipeealdin]Ar-yl)-4H-
(-)-1-([ | or o- 5- et h di hydro 4]triazolo [4,3-a] [1, 4] benzo
di aZbpi h»2r4]9ﬂf5¢019[4 %@HMB?@%%%;@BW@ 5&6@ CarP(zpB@ﬁzo fur an] . 18. The

d di d
cel ot ad 5o By E S bl Tt B A E T  & T azol o
[ 4, 3- a]dlﬂyﬂrdbbbebmhmm@ﬁﬁlp@]ﬂi)nd}hymphlbndff azep ane- 4 1 [ 2] benzo furan]
, 8-chl -5 -nethyl -1- 4 1, lo h
g g1 PSS ot AP Pl Sl TR Qf{l%éa%fa>a¥£p?neexa%
2010/ o%g@;osgﬂ[lsdgggn@gqozazp@ﬁ@%]s chloro -5 -net hyl 1-(3

-meth ro
5]2 bibienig) ﬂ;ﬁ(&ﬁhmrmélrmtbﬂri Hdit]ydto-4ia)) . 264 |6iadd loyH B adH benzad inzdpar biybF #H3- a] [ 1,
enzaodi
(-)-1- %[ﬁizeg)rage lm[:'%]Rwoglr%n]dP%ydro 4H[1,2,4]triazol o[ 4, 3-a][1, 4] benzodi a

zepi n- I( )yll?zg lbiors m&m@wmydmum[?]zu%@@éw[rmh}[l 4]benzodiazepin-1-yl)-3'H-

spiro[azepane-4,1'-[2]benzofuran].

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

(+)-1-(8-chloro-5-methyl-5,6-dihydro-4H-[1,2,4]triazolo[4,3-a][ 1,4]benzodiazepin-1-yl)-3'H-
spiro[azepane-4,1'-[2]benzofuran],
8-chloro-5-methyl-1-[(1r,4'r)-3H-spiro[2-benzofuran-1,1'-cyclohexan]-4'-yl]-5,6-dihydro-4H-
[1,2,4]triazolo[4,3-a][1,4]benzodiazepine,



5 8-chloro -5 -nethyl-1-(I"H 3Hsp iro [2-benzo furan-1,4"-p ip eridin]
-1'-y1)-5 ,6-di hydro -4H 1, 2,4]triazol o[ 4, 3-a] [ 1, 4] benzodi azepi ne,

- (8- chlwocoby/oredchy 1- 5, 6- di hydr o- 4H-[ 312, 4] tri azol o] 4, BcajHpioodpbsnz odi azep
in-1-yl1)-1Hspiro[isochronene-4, 4" -piperidine],
8-chloro-1-(6-fluoro-1'H, 3Hspiro[ 2- benzofuran-1, 4" -piperidin]-1"-yl)-5-net
hy1l- 5, &-dildrpei-oethisi-148- rﬁdthfél 141]1131H spol[ DbdnZdfah -1, Apipend odi laz b, Grdihydro-

8- chl 2b f -1,4" -pi idin]-1"-y1)-5,
o- di hydh 50 %ﬁﬁﬁ%%ﬁ‘?fﬁlﬂ %Ei 4] benzodi azepi ne, br LY
O et oo sioralolei- 21 ishessiazaping L-y) ) - 5- et

hyl-5, @ gbpy$age 4H- @2]8e1ﬂz]o'ﬁir!nﬂ20| o[ 4, 3 al[1, 4] benzodi azepi ne. 15 19. A
process

o ol P SR oS T B B RR HE u
X— Y [0, 2l4l]triukdlb[4§13-a]{maqhﬂmbcﬁzizef)menuI a (ll): \ R220IIl to obtain a
T and 2 1€ SsPug oo aksen e Tt bbbl beBe i ERps Wi T
conpou rsﬂlr@[ﬁsofCMOmelnaALMplpén&me]
8-chloro-1-(6-fluoro-1'H,3H-spiro[2-benzofuran-1,4"-piperidin]-1'-yl)-5-methyl-5,6-dihydro-4H-
10 [1,2,4]triazolo[4,3-a][1,4]benzodiazepine,
8-chloro-5-isopropyl-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, or
8-chloro-1-(5-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.
15
19. A process for the preparation of the compound of formula I according to any of claims 1 to

18, comprising the step of reacting a compound of formula II

X—=Y
(] In

H
m z N\NH
\([)]/ ’

II

R1

with a compound of formula (I11):

20 111

to obtain a compound of formula I wherein 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 I according to any one of claims 1

to 18, comprising the step of reacting a compound of formula IV



Vv to obtain a conpound of fornmula | wherein R, R2, X-Y, mand n are
as defined in claiml 5and Zis N 21. A conpound fornmula | according to
any of clworms10lsiw118, whenever obtaingg-by a process aeComPRiNg/0t4F68NYy one
of clainms 19 or 20. 22. A conpound of fornmula | according to any one of
claims 1 to 18 for use as therapeuticag]ly active substance. 10 23. A
conpound of fornmula | according to an?hbnggbk claims 1 to 18 for a use in
the prevention or treatnent of dysnenorrhea, ,Nale or fenmal e sexual

dysfunction, hypertension, chronic heatt Naidure, inappropriate secretion
hr offi c sywdrone, anxiety, depressive
rggr

of vasopressin, liver cirrhosis, n
di sorders, obsessive conpul sive di , autAd stic spectrum di sorders,

schi zophreni a, and aggressi ve bRhavi 0¥ M. A pharmaceutical conposition
conprising a conmpound of formula I according\ka any one of clains 1 to 18.
25. A pharmaceutical conposition according to claim 23, wherein it is
useful for the prevention or treatnent ofY dysnenorrhea, nale or fenale
sexual dysfunction, hypertension, chronic heart failure, inappropriate
secretipnwﬂéa%%§§8&§§gg hnﬁﬁﬁ?f cirrhosis, nephrotic syndrone, 20anxiety,
depressive di sorders, obseSsivée conpul sive disorder, autistic spectrum

di sorders, schizophrenia, and aggressive behavior. WD 2010/054961- 73

- PCT/ EP2009/ 064565 26. Use of a conpdun¥ of fornmula | according to any one
of clainms 1 to 18 for the preparatiag y canent for the prevention or
treatment of dysmenorrhea, male o at’e sexpdl dysfunction, hypertension,
chronic heart failure, 1nappropm} ecket i ofk of vasopressin, liver
cirrhosis, nephrotic syndrone, an , depressHve di sorders, obsessive
conpul si ve di sorder, 5autistic spectrum di sorders, schizophrenia, and
aggressive behavior. 27. A nethod for the therapeutic and/or prophylactic
treatnment of dysnmenorrhea, male or fe e sexual dysfunction, hypertension,
chronic heart failure, inappropriate secretion of vasopressin, liver
cirrhosis, nephrotic syndrone, anxiety, depressive disorders, obsessive
conpul sive disorder, autistic ctrum disorders, schizophrenja, .and.

aggr essi v ﬁaﬁmpoméﬁ?ém@? hat e’&?thr’i%egg'dehﬁl péf %3%1111@6%6 1
acc di ngartdoz &yy. of clains 1-18 to a hunman being or animal. 28. The

i nvention as descri bed herei nabove. ***

21. A compound 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.

10 23. A compound of formula I according to any one of claims 1 to 18 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 behavior.

15 24. A pharmaceutical composition comprising a compound of formula I according to any one of

claims 1 to 18.

25. A pharmaceutical composition according to claim 23, wherein it is useful for the prevention
or treatment of dysmenorrhea, male or female sexual dysfunction, hypertension, chronic
heart failure, inappropriate secretion of vasopressin, liver cirrhosis, nephrotic syndrome,

20 anxiety, depressive disorders, obsessive compulsive disorder, autistic spectrum disorders,

schizophrenia, and aggressive behavior.



WO 2010/054961 -73 - PCT/EP2009/064565

26. Use of a compound of formula I according to any one of claims 1 to 18 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,

5 autistic spectrum disorders, schizophrenia, and aggressive behavior.

27. 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, nephrotic syndrome, anxiety, depressive disorders, obsessive
compulsive disorder, autistic spectrum disorders, schizophrenia, and aggressive behavior,

10 which method comprises administering a compound according to any of claims 1-18 to a

human being or animal.

28. The mnvention as described hereinabove.

ok ok



