WO 2010/060836PCT/EP2009/965354 -1 Case 25355 ARYLCYCLOHEXYLETHERS OF
DIHYDROTETRAAZABENSOASULENES FOR USE AS VASOPRESSIN VIA RECEPTOR
ANTAGONISTS The present invention is concerned with arylcyclohexylethers of dihydro- 5
tetraazabenzeartdenesd@asivatives, i.e. arylcyclohexylethers of PCT/EP2009/065354
5,6-dihydro-4H-2,3,5,10b-tetraazabenzo[e]azufene_derivatives, which act as Via receptor modulators,
and in particular as Via receptor antagonists, their manufacture, pharmaceutical compositions
containingql’%rﬁ5 their use as medicaments. Technical Field 10The active compounds of the
present invention are useful as therapeutics acting peripherally and centrally in the conditions of
dysmenorfiea- el B e SEXUAF IR ORETH: TAFE ARATSTORIREh R CURB ke fAThGRE HaPpropriate
secretion SfVaSEpreSEt IS “StitSsis, nephrotic syndrome, anxiety, depressive disorders, obsessive
compulsive disorder, autistic spectrum disorders, schizophrenia, and ressive behavigr, 15In
particular, the prgggnt?ﬁ?fée tion1€°CERRerfied WItFEF cygfgﬁexﬁé" %ﬁfégb%"éf?ﬁ Fo- of &hycgo"
tetraazabefZtHphieredelvatoEs oM orimularYicyclohhersiiaRl oR 2. Grith RBcafél 2 dbdekbedithere
thin. Backgrausid]Aut120Y dsepressin ihild amino\deidqeptidenoainyoprosiuces iy tbelpasaventricular
nucleus ofthe,hyrothalanens (lBNe. REFPRGLY YASQRIESSIA AR AR ANRUORAIM S aRd siimuiates
vasoconstriction g{&){cgfggrggiy&s and antidiuresis. Three vasopressin receptors, all belonging to the
edre

use as medic . : ! -
class | G-protein coup ceptors, are known. The Via receptor is expressed in the brain, liver,

vascular smooth muscle, lung, uterus 15 and testis, the V Ib or V3 receptor is expressed in the brain
AAMETE T
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and pituitaty-gte Y&/ 2 receptor is SMU 24-09-2009 WO 2010/060836PCT/EP2009/065354 - 2 -
expressed in the kidney where it regulates water reabsorption and mediates the antidiuretic effects of
vasopfessin (RoBBEREEAI. (2B08Y2AMCS By SIsHRENAFSHYSIb 20 115e5 727 dhepserbistogitfkaspects
of the vaspprpbsinltypedxteteprorn dndagdaiporin 2lysatermhizrneldlr nefimegoricdialysfescimsipidus").
Compoundspaithhaishiyityhaiithe Mtesanior maysheraieras.ralbse sidesaffestsion bleodhamegstasis.

The oxytogj ptor.is.related to the Vasopressin. receptor,family. and mediates the effects. of the
neuronor g D e e o0 SR iy
effects (NERTAENH (296855 REEPEEHIGC b L Lo $B8- 8% #i5in oxytocin: a key regulator of emotional
and social behaviours in both females and males”). 10 Central oxytocin receptor antagonism might
therefore lead tolBrBdtatie difebisSHhieN A& reljartReEsLNddsFadcEdelemdetesmanhd bram-
vasopressiciragtsbaszametigndodulaters afidoisnelevated in the amygdala during stress (Ebner, et al.
(2002). Eur J Neurosci. 15, 384-8., "Forced swimming triggers vasopressin release within the

. . . " . 1 .
amygdala to modulate stress-coping strategies in rats"). It is-#own that 15 stressful life events can
trigger major depression and anxiety (Kendler, et aL. (2008). Arch Gen Psychiatry. 60, 789-96, "Life
Event Dimensions of Loss, Humiliation, Entrapment, and Danger in the Prediction of Onsets of Major
Depression and Generalized Anxiety") a hoth ha ry high comorbidity, with anxiety often
preceding major depression (Rcgicr, et al. (1 3

wherein R', R” and R are as described in herewithin,

Backeoround Arxt

20 Vasopressin 1s 2 § amino acid peptide mainly produced by the paraventricular nucleus of
the hypothalamus. In the periphery vasopressin acts as a neurchormone and stimulates
vagoconstriction, glycogenolysis and antidiuresis.

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

SMU 24-09-2009



Psychiatry Suppl. 24-8, "Prevalence of anxiety disorders and their comorbidity with mood and 20
addictive disorders"). The Via 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 ofvenxiatysdmdeed V1 a Imock-out mice show a reduction in an¥ioUgB&IiGE5h the
plus-maze, open field and light-dark box (Bielsky, €% al. (2004). Neuropsychopharmacology. 29,
483-93, "Profound impairment in social recognition and 25 redu%tion in ar%hel%ﬁl;ilﬁebeh é{ior n

vasopresSiPREEAB A KI8EkotE T E o5 %“éfov“v’ﬁ‘i%g‘iﬁ’ﬁa‘%?’_{%ﬁ” SPth&y & Teceptor using lalllﬁ Isense
oligonucledfidts infeetioprimihéRsaprimealo @08k s ayé Fain ﬁﬁaﬂﬁ@wﬁeﬁﬁié‘}" Tahtrgraflet at.
(1995). Regud Rant. BH22DBhe" Whvasapiessirrecaptorantisdnsgualigddedxyntcledtidedntm septum
reduces Vﬁe?ﬁ)?g’é%gﬁg‘ @%ﬁ@g’iﬁﬁ il discrmipatignahiliiesand anmdetwrelaissihehaviandn.rais”).

Vasopressi e Vja 30 receptor are alsa implicated in other neuropsychological disorders: genetic

studies re¥Bhy AR LR GRS H8RRSHism in the promoter of the human Via receptor to autistic

spectrum disorders (Yirmiya, et at. (2006). 11, 488-94, "Assocjation between the argininc vaso ressin
la receptor (AVPREL §EHEarRiRIsH &GS \g%%?gfﬁw.} AFEERATo 4W§§é’%||z§é}§ﬁcssk| 5",

intranasakédgninisttationos vasopre ssiyiwas ishbwirtatirfdeiceratghessidrinasiniabetiarsd &5
(Thompsapw&t &lnkaD0hXiRsHEhemauroensaarnolom 39,3548 e afiects af vasafiressiran
human facial responses related to lal ¢ ication" : i W, {0 be
elevated in Sc ﬁ%tgp%?ée,ig T ﬁ%ﬁ{soﬁgﬁfgﬁﬁ%ﬁ %%3%3%@%%2&2%:5&% ZE?%%%EG%{Q',%%}%%QS}&OM
drugs And S & VAREBrEE T ABRASIS Ih g il E SEiss ﬁ?gn% 6%1(3{%%“53 and 3 *px ieﬁé with
obsessivegandpdisivedisordeid¢Aitéias, et al. (1992). Arch Gen Psychiatry. 49, 9- 20, "Abnormalities
in the regulation of vasopressin and corticotropin releasing factor secretion in obsessive-compulsive
disorder”).  The!W brraceptorisaisomediatingdve Gaatiowadde kieeffetis dPespptelssiinghe
brain by cgptraly:srgulating bipogl pressurg.ane: hearteate imtbesolitanidiagt mggtens {Misbslini and
voris (1990} N AT OghB0 1 1AL GRdoGRAgLSYARORICRPINMANHIAICRINE that
cardiovascular responses to e%(%r_mse%.rpn (tlﬁe periphery tlr%d,uces, he contracti éva cular smooth
musclés afFshrbhfe RTERIEH P IR SBISH I A0 RIS JaydFic %%@86 s {% ?jé)%%%rdial
infarcted ratsciitary KEYcittie¥e ' Lefeal {2002 Eurd Phiakormc blumddt 15 Airawhren i dd3upessin
V(1A) butpahy (2} 4Re8RIOr BALREBOMINLREEVS oA Rilsada chronaally,nfandtehraist]) Hience, Via
antagonists WHTgmRIREsReneiRIan Lyauel e bionckhiplin aprLer G exRecled 619001 ur

advantage.” © A vasopressin Via recepl%?ant onist, was shown to_be effective in reducin
dysmenorPEeli e i (B ouBTE ATSE Efdﬁ'@f}?t@jgt??‘i%f“? 1% G TERRY SRR 818 3?glly
activeViaaddsopredsin dectpiGhantbgomigtidn ithexprevaitichot wysrreisrbItieant yiaradepiop
antagonisias 280 beendnplicaiad iRdhe tqrtmentofifpmalesexubldystupetor (Alightonaet al.
(2008). Brrglgqr?rﬁqgrgggy% 1 0HO3RIA P-%?#%}ﬁ%ﬁﬂ@é@@&@ﬁ%&aé&wl ngQtRsHrePsRlides on

antagor SIS WEI® sdbgbstod 5 T (iEPaptie O BN Becte o) SEAEor ol prchialire
ejaculatiolV @uptas etk 2008) e Br IPh4ihA80!. EBEOUIE- ZBP2DRGRSCM-ifetidbd CoBHBEHori8 vithin
rat and rabhit@iasulatory tissuar-arsesmediatan by uasepiassiny/ (tajdeceptarsiand notcoXytctie
receptors o ARIHIMAL: 41 A HELASPREL e ads ROV he comeakac Bhihegengiakiamula |
A (eI S SR R RSN S S s U
independéfitiyPSEISERHE B Axious behavior (Landgral, gul'Pep
vasopressin receptor antisense oligodeoxynucleotide into septum reduces vasopressin binding,
social discrimination abilitics, and anxiety-related behavior in rats"}. Vasopressin or the Via
30 receptor are also implicated in other neuropsychological disorders: genetic studies recently
jinked secquence polymorphism in the promoter of the human Via receptor fo autistic spectrum
disorders (Yirmiya, et al. (2006). 11, 488-94, "Association between the arginine vasopressin la
receptor (AVPR1a) gene and autism in a family-based study: mediation by socialization skills"),
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 fo
be elevated in schizophrenic patients (Raskind, et al. (1987). Biol Psychiatry. 22, 453-62,
" Antipsyehotic drugs and plasma vasopressin in normals and acute schizophrenic patients") and



R2 isH, C1_12-alkyl, unsubstituted or substituted with one or more OH, halo, cyano or C?_12-alkoxy,
10-(CH2),,-Ra, wherein Ra is phenyl or 5- or 6-membered heteroaryl, each unsubstituted or
substituted with one or more substituents independently selected from A, -(CH2),NRRuii,
C(0)-C3_12-alkyl, wherein Ci_12-alkyl is unsubstiteited or substituted with one or 15more OH, halo,
cyano or C1-12-alkoxY, C(O)(CH2 gO0C(0)-C 1_12-alkyl, C(O)g:HZ (INRIRIi, -C(0)0-Ci_12-alky1,
whereinpakgtis it abssaited s TR S bR CRORalbreby/ars BryehpaikdLyd-
20-S(0)26C1Ab3-atoliti s (D) 2N RiRilaRirasitivh e preseacindndependsaritly dibaGide Eatksdoerifarin

togetherith.the &J%gg{%qi%}l&@t ey are bound a 3- to 7-membered heterocycloalkyl containing one
or two heteroatoms selected from N. O or S, which heterocycloalkyl is 25unsubstituted or substituted

by one or mor%ﬁ?ﬂ%“tg&@#ﬁ ﬁ‘%%@é‘%%’&‘:é‘aﬁ&'ﬂ%%{&%&?c ren § dry % é‘%é ?m: '%9181 cyano,

OH, C1_7-allcyl, halo 1.7 a COXy, or , halo,

OH, Ci | Eaﬂ(EWT@;l efe%véﬁie&(we@ @Fﬁ‘rﬁ%ﬂ& %m&eaﬂe& a@eéﬁéﬁé é&ﬁ%r@éﬁ {38
aspect, Menasid ieRideda Broceseatbittie ﬁﬁépé%@hlof'iﬁedeempgan@sepf@mulam@ldad@ﬂﬁ@d above,

cgmprisaagﬂ@@a&a&mf@@ﬁ%gta empemdipfiiermetaibry Withaueempe unsefJesmulaibaid to
obtain (0] oun \V/ spect,
a,compound. ot form éﬁﬁo&%‘%ﬁﬁ‘ﬂ BRyRe %‘gaﬁgtgﬁ?oiig?&iegg&%cﬁmmge d&%&&‘éx@ P

there is provided a com ormu a l, whenever 0 rocess as bove.
in myocardial in arc%:ed rats (Van Kerckhoven, et al (2002 Pharmaco! 449 135-41,

*Chronic vasopressin V(1A) but mot V(2) receptor antagonism prevents heart failure in
chronically infarcied rats™). Hence, Vla antagonists with improved penetration through the
blood-brain barrier are expected to be of advantage.

A wvasopressin Vla receptor antagomist was shown to be effective in reducing
dysmenorrhea in the clinic (Brouard, et al. (2000). Bjog. 107, 614-9, "Effect of SR49059, an
orally active Via vasopressin receptor antagonist, in the prevention of dysmenorrhnea"). Via
receptor antagomism has also been implicated in the treatment of female sexual dysfunction
(Aughton, et al. (2008). Br J Pharmacol. do1:10.1038/bjp.2008.253, "Pharmacciogical profiling
of neuropeptides on rabbit vaginal wall and vaginal artery smooth muscle in vitro"}. In a recent
study Vla receptor antagomists were suggested to have a therapeutic tole in both erectile
dysfunction and premature ¢jaculation (Gupta, et al. (2608). Br J Pharmacol 155, 118-26,
"Oxytocin-induced contractions within rat and rabbit ejaculatory tissues are mediated by
vasopressin V(1A) receptors and not oxytocin receptors”).



In a fourth aspect, there is provided a compound of formula | as defined above for use as
therapeutically active substance. In a fifth aspect, there is provided a compound of formula | as
defined above for a use in the prevention or treatggent of dysinenorrhea, male or female sexual
dysfunction, hypertension, chronic heart failure, inappropriate secretion of vasopressin liver cirrhosis,
nephrotic syndrome, anxiety, depressive disorders, obsessive compulsive disorder, autistic spectrum
disorders, schizophrenia, and aggressive behaviour. In a sixth aspect, there is provided a
pharmaceutical éimymsition comprising a compound of formula | as defined above. 3c Ina
seventh aspect, there i ' of mpound of formula | as defined above for the
preparation of a medicgnrﬁiﬁggo%gﬁ%ﬁpg&%ﬁﬁ%# %ﬁ:ategggﬁn%oﬁ?%?%@s ehoFAER YR YR female sexual
dysfunction, hypertension, chronic heart failure. inappropriate secretion of vasopressin, liver cirrhosis,
nephrotic syndrome, anxiety, depressive disorders, obsessivie 'compulsive disorder, autistic spectruin
disorders, schizophrenia, and aggressive behavior. Detailgd description of the invention Itis an
object of the present invention to provide crnupounds wiiick act as VI a receptor modulators, and in
particular as Via receptor antagonists. | As a further ol the invention to provide selective
inhibitors of the Via receptor since it is expeg ;
unwanted off-target related side effects such.as dis £
as therapeutics acting peripherally and centrallyy ibNJIitions of dysmenorrhea, male or female

sexual dysfunction, hypertension, chronic heat failures '&éppropriate secretion of vasopressin, liver
cirrhosis, nephrotic syndrome, anxiety, depressf\‘}e isorders, obsessive compulsive disorder, autistic
spectrum disorders, schizophrenia, and aggr%sive behavior. The preferred indications with regard to
the present invention are the treatment of anxiety, depressive disorders, obsessive compulsive
disorder, autisfig.spgctrum disorders, schizophrenia, and aggressive behavior. The VI a activity may
be detected as described in the experimental section. WO 2010/060836PCT/EP2009/065354 - 4 -
The following glefinitions.of the general terms used jn the present description apply irrespective of
whetgr?er the tégrmgé in é%?’és%%‘%%ﬁe ?’a orrl*lséig rﬂfﬁtgérﬁﬁiﬁ fofuted Wit Qusy TeramRe thebsskmmtalkyl”,
alone or in combinatidRfRemdswEY %Eﬁ@g fandtes a saturated, i.e. aliphatic, hydrocarbon group

including a st&%gm ortbranched carbon chain. If not 5 further specified, "alkyl" groups denote groups

with 1 to 12 carbon atomsalike, "Ghiatitved G -4l deqoses,alkyl groups.with 1.to 4 carbon atoms
and "C1_7-alkyl" denQ[tesng((ag{l )groups with 1 to 7 carbon atomscf x)éll}%aﬁersg f(gﬁ'a f/" clyé‘l}ﬂe%yl,

eth¥é propyl, isopropy i-but |, fsobutyl, sec-butyl, ten-butyl and the like. Preferred are methyl and
tert-butyl. The term "a‘ﬁ@%)ﬂf lon&5F§H cEmbinatismwithrotheragrotpssalenote et grany, -G:Rh 10
wherein R1 is alkyl asrtafingaiabovent@liulet alidoxy denaies alsanaio uRspithda, 121camon
atoms, "CiA-alkoxy" desatgs allcoxy groups with 1 to 4 carbon atoms and "C,_7-alkoxy" denotes
alkoxy groups with 1 I—‘(’Cﬁz zatoms. Examples for "alkoxy" are methoxy, ethoxy, propoxy,
tert-butoxy and the like Préferredis methoxy. The term "aromatic means the presence of an
electron sextet in a rifg! AeCoraifil o THRRPs Pl is msebsimied gt seliorieted widombination with
othkt gioups, denotegameRbvalentyetiotomatiedrydrocarbon moiety consisting of a mono- or
bicyclic aromatic ring-®@ferrag,etyi@rephenylor naphthyl. Aryl may be unsubstituted or substituted
as described herein. E{@} i 2‘5013(@11Qndenotes the group -CN. 20The term "hydroxy" denotes the group
-OH. The tem' "halo" qr "halogeh" denotes chloro, iodo, fluor and bromo. The term "halo-Calkyl" or
"Ch,haloalkyl", alone%i&?? orBiTASh WA SR grsupsnbeitoted o ovstaiey yitumasdefined above
, with 1 to n carbon af¥Pa$aie. dufiredrif theadbecification, wherein at least one of the hydrogen atoms
of #e alkyl group is refglaged; by ad% halogen atom, preferably fluor or chloro, most preferably fluor.
Examples of han-Cl_.§(b Ijl@gsﬁig:lude but are not limited to methyl, ethyl, propyl, isopropyl, isobutyl,
sec-butyl, tert-butyl, %entx oﬁ%in-hexgl substjtuted by one or more ClI, F, Br or 1 atom{s), in particular
one, two or three fluoto S chlord “aSAkRIMEHBLE b Ghs Specicdiyo isratdadsthetnevesiatiples
herein below. Amongtfieepicferraishtleyaraliyingretpsoaterifibored ortsitivarpansthyesinatby!.
30The ten,' "hydroxye@3,salloyd’ berzciunsmidrersadieyirealone @r dp gg%mtig&gy&%&ﬁm 8gr@sups,

dexptes a Ci_n-alkyl,groupas el , Myt arbon atoms, wherein at least one of the
hydrogen atoms of the alkyl grﬁggsg ng%ﬁ}ﬁ{egg té)% glﬂeytér)rg?(%ﬁé? S)gﬂélr?%(fe (FHARHLL S5 IR ERE for
hydroxyallcyl is hydroxyethyl. WO 20101060836PCT1EP2009/065354 - 5 - The terms "heteroaryl"
and "5- or 6-Wémber%(¥ﬂﬁé?éﬁ3aryl", alone or in combination with other groups, refers to a monovalent
5- or 6-membired afbrhatié.monocyclic or 9- or 10- membered aromatic bicyclic ring containing from
one to four ring heteroatoms selected from N, 0, or S, the remaining ring atoms being C. Preferably,
the monocyclic heteroaryl bears one or 5 two hctcroatoms and the bicyclic heteroaryl bears from one
to four heteroatoms. 6-Membered heteroaryl are preferred. Examples for heteroaryl moieties include
but are not limited to pyridinyl, pyrimidinyl, pyridazinyl or pyrazinyl. Heteroaryl may be unsubstituted or
substituted as described herein.



The term "heterocycloallcyl", alone or in combination with other groups, as defined 10 herein refers to -
a monovalent 3 to 7 membered or 4 to 7 membered saturated ring containing one or two heteroatoms
selected from N, 0 or S. The term "3- to 7-membered heterocycloalkyl" refers to a monovalent 3 to 7
membered ring containing one or two heteroatoms sBlected from N, 0 or S. Examples for
heterocycloclalcyl moieties are oxetanyl, tetrahydrofuranyl, tetrahydropyranyl, pyrrolidinyl, morpholinyl,
thiomorpholinyl, piperidinyi, or piperazinyl 15 Preferred heterocycloallcyl are oxetanyl and
tetrahydrofuranw.iHeterMyp&@aﬂﬁgl@ig jQr suhstifuted as described herein. The term oxo0"
when referring to substiwﬁ%ﬁ&h_eat&égycloa &y?%ingeagrj’f "ﬂ%%i’ laﬁr&yg‘éﬁ%nh%@aﬂaﬁhﬁmmme
heterocycloalkyl.ring Therehy; the "oxo'"may either replace two hydrogen atoms on a carbon atom, or
it may simply be ﬁ?ttach%“t §19H@55§tha%ﬂsﬁé0§mfwwe&i$@,20 in oxidized form, i.e. bearing one or two
oxygens like a §roéip -S627 F,  When indicating the number of subsituents, the telin "one or more"
means from one substituent to the highest possible number of substitution, i.e. replacement of one
hydrogen up tofeplacementiafail yclipgensby gupstituents. Thereby, one, two or three substituents
are preferred. Even more preferred are one or two substituents or one substituent. 25The tem!
"pha_rmaceuﬁcally aéEe6;&6?@_@&@391?%%%@9qtiegliy@pge@,t@lgl&@qi& %i_tiol_ré sarg"_embr_acgs sa_llts
with inorganicangdrganicacitss $uchias,iydrgchloric acid, nitric acid, su urid 8eid pr8sphdkie acid,
citric acid, formic acid, fumaric acid, mateic acid, ac&idBERINSUbEiMieraeid ctatiagia @cidpound of
methane-sulfonic %iH, p-toluenesulfonic acid and the like. Preferred is the hydrochloric acid salt.
30The terms "phaimaceutically acceptahbig carrier" and "phaimaceutically acceptable auxiliary
substance" refer to carriers and auxiliarylsubstances such as diluents or excipients that are compatible
with the other ingredients of the formulafibn_Ftiesen,' "pharmaceutical composition” encompasses a
product comprising specified ingredients in rmingd amounts or proportions, as well as any
product that results, directly 35 or indirectly, from-con i- g i_p{ecified ingredients in specified
amounts. Preferably it WO 2010/060836PCT/EP200 42 6 - encompasses a product
comprising one or more active ingredients, and an ogtional carrier comprising inert ingredients, as well
as any product that results, directly or indirectly;, from combination, complexation or aggregation of any
two or more of the ingredients, or from dissociation of one or more of the ingredients, or from other
types of readtiSiPEreldemart HB one or more of the ingredients. The following table lists
abbreviations used within the present document. (BO%}ZO di-tert-butyl dicarbonate CH2C12

N

dichloromethane CS2CO3 caesium carbonate Cul cogper(}y’iodide DEAD diethyl acetylene
MFE N,N¥dimethylforma ide
AN

dicarboxylate DMAP 4-(dimethylamino)-pyridj

R2

il

to obtain a compound of formula (I) wherein R', R? and R’ are as d
: =

o fined above.

ird aspect, there is provided a compound of formu

la I, whenev i
by the process as defined above. er obtained

» male or female sexual dysfunction

ure, i i i ‘
rene » INappropriate secretion of vasopressin, liver cirrhosis
parotic syndrome, anxiety, depressive disorders |

hypertension, chronic heart fail

, Obsessive complifsive disorder,

autistic i i I
spectrum disorders, schizophrenia, and agaressive behaviour

In a sixth aspect, there is provided a pharmaceutica]

compaosition comprisi
| ng a
compound of formula I as defined above, i )



EDTA ethylendiamm-tetraacetate El electron ionization Et3N triethylae_ HI_EPES
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid high performance liquid chromatography HPLC

K2CO01 potassium carbonate Lawesson's reagent 3¢ o
2,4-bis(4-methoxyphenyl)-1,3,2,4-dithiadiphosphetanc-2,4-disulfide methanol MeOEI MS , mass

[ j - -b) | NMR nuclear magnetic resonance PPh3
spectroscopy sodiurg, hydroxigde Qlt-| BuQH n-butanc L _
triphenylphoz%gine RNA ribonucll%?i: %cé? RT robm (]alérﬁe?fljnel U RT-PERpBhetririseipthse

polymerase iRerbabfivn 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, autisiic spectrum  disorders,

schizophrenia, and aggressive behavior.

Detailed description of the invention

It is an object of the present invention to provide compounds which act as Via receptor
modulators, and in particular as Vla receptor aritagonists. 1t is a further object of the invention to
provide selective inhibitors of the Vla recepior since it is expected that selectivity affords a low
potential to cause unwanted off-target related side effects such as discussed above.

Such Vl1a antagonists are useful as therapeutics acting peripherally and centrally in the
conditions 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. The preferred indications with regard to the present invention are the
freatment of anxiety, depressive disorders, obsessive compulsive disorder, autistic spectrum
disorders, schizophrenia, and aggressive behavior.

The Via activity may be detected as described in the experimental section.



SOCI21 thionyl chloride T-BuOK potassium tert butanolat THE tetrahydrofurane Tris
aluminium-tris(8-hydroxychmolin zinc bromide ZnBr2 Table 1: abbreviations The invention also
provides pharmaceutical compositions, methods of using, and methods of preparing the
aforementioned zanmpmeswds. 10The compounds of formula | may contain asymFmisaesson atoms.
Accordingly, the present invention includes all steredisomeric forms of the compounds of formula I,
including each of the individual stereoisomer and mixtures thereof. Le. their individual optical isomers

and WO 20101066858 R SetRiEss lathey eopekal isEetest At orraray ATiramioBeriais may
be preseritidenstidine whorhthéha dture of thetieriaus:substituents @miteatitolecule. Each such
asymmetric centre will independently produce two optical isomers and it is intended that all of the
possible optical isemmers lencididstecenmakyih aiicitiresiandasipuienowpardially praifiedompounds
are includgg,within; thig g HVENHARo IASAreRAR MERHRN.ISMRANLIGLampEeReRd Allsueh isgmeric
formsgf %%»ﬁ? P%@Q&%ﬁd%ﬁ'ﬁ”mde esn%%% esgé_rrggegewsﬂ%f {hes?zdia%ggegt%elgsl r eth@'r allevl”
chromatograp%ic %gpara’tions ma%r%epac 1leved askKnown in he ar‘faby appropriate’'m d“if?éal][(l‘én'of the
methodolofyiderbsderatsreiticrt REERLESRIcIS b FesRpRARSH ARty he- B tET ARREE by llivd stoup
crystallography of tozstelin®produetspdrsciystaling mtenmediatesyybich dresderyatizednit negessary,

with a 10 seage/taRmRINRG.AN ASYMIMEIFS sente.afkoawn abselule canfiguration. If desired, racemic
mixtures of the compounds may be separated so that the individual enantiomers are isolated. The

separation can bg,cactigd-pubby-mathods ‘ﬁé%'ﬁﬂ%%&ﬁ%ﬁ%t&?%&%@ﬁa%%"Q%%fu  racgmic
mlxt%? ofxv%%gglogn%saﬁé% ?ré eggr&% mgrlcalj pure.compo nd to fQrm a dlastere_ome_lc ixture,
followed By SEparatidn oFthe Mdlvidualdiastetetmers by “STrthrt MERSIES Sieh h&nidnar 15
crystallizafieftor Ehrotiaiegraprsies alkyrissappliesipatticufaradanatarcyelokexyidinarhdagigroup
(HG) of thékoampaupsd swithformadladbaasehs. Hamples faherkiskat lpashiieearbamaiopispband 4 are

asymmetic. carhan atams and Bleauld 20 furher comprise asymmetric carbon atoms. Itis to be
understood that present invention includes all individual stereocisomers of head groups and mixtures

thereof. In detail;fhe, BieseRt INRAR.IS GRRGERELWIR somRaYRAS AT fPrmuIal RL.0, sine 1o
15  Hickel’s rule.

The term “aryl”, alone or in combination with other groups, denotes a monovalent cyclic
aromatic hydrocarbon moiety consisting of 2 mono- or bicyclic aromatic ring. Preferred aryl are
phenyl or naphthyl. Aryl may be unsubstituted or substituted as described herein.

The term “cyano” denotes the group ~CN.
20 The term “hydroxy” denotes the group ~OH.
The term "halo" or “halogern” denotes chloro, iode, fluore and bromo.

The term “halo-Cy.-atkyl” or “C.p-haloalkyl”, alone or in combination with other groups,
denotes a C;-alkyl group as defined above , with 1 to n carbon atoms as defined in the
specification, wherein at least one of the hydrogen atoms of the alkyl group is replaced by a

25 halogen atom, preferably fluoro or chioro, most preferably fluoro. Examples of halo-C; -alicyl
inciude but are not limited to methyl, ethyl, propyl, isopropyl, iscbutyl, sec-butyl, tert-butyl,
pentyl or n-hexyl substituted by one or more Cl, F, Br or I atom(s), in particular one, two or three
fluoro or chloro, as well as those groups specifically illustrated by the examples herein below.
Among the preferred halo-C; ,-alkyl groups are diflucro- or triflucro-methyl or —ethyl.

30 The term “hydroxy-C;y-alkyl” or “C,,-hydroxyaliyl”, alone or in combination with
other groups, denotes a Cyy-alkyl group as defined above , with 1 to n carbon atoms, wherein at
least one of the hydrogen atoms of the alkyl group is replaced by a hydroxy, i.e. by an OH group.
An examnple for hydroxyalicyl is hydroxyethyl.



WO 2010/060836PCT/EP2009/065354 - 8 - wherein R1 is aryl or lieteroaryl, unsubstituted or
substituted with one or more substituenis independently selected from A; R2 is H, Sunsubstituted or
substituted with one or more OH, halo, cyano or C1_12-alkoxy, (CH2)g-Ra, wherein Ra is phenyl or 5-
or 6-membergg batesemtyl, each unsubstiruted or substituted with one or mote:shishilsiants
independently selected from A, -(CH2),NRIR", - 5-.C(0)-Cl_12-alkyl, wherein C,"12-alkyl is
unsubstituted or substituted with one or more 100H, halo, cyano or C1_12-alkoxy, =~ =
C(0)(CH2),PC(0VXe 12 iiBatereroy(cms), i & merdyoee heepearkyi, drisremimmeynidnatsanstiuted or
substitutestwithgongoratare O H, ateyvelan dSoroC H-i2raitcoxy , a&ri() 2661t 3<dikydy - S(W2NR 112", R’
and R" arg.gaghy-indenandentiydic %ﬁé%ﬁ&x{lx&g R sagetherwithothe AdeoeR dashichtheyare

bound a 3: tof7§n][ mbered.heterocz}/c oagé/.l co, tqgnirfl e &r two heterioa ogns sellegted from N, O or
S, which RS ey oA e b Aol bR By B o IRt R o SRt dently
selected fitiBteperios 2pd3hs Moyl betsroupri hadreyants BHOE botamaipial§-Eemhand,
Ci_7-alkobgtetmmio:Cdre 7radkaxyd. OF hateindosy 51 _exatiogpty B isoixdchatoh@k , Wi a7ealiyl dn@¢T -allcoxy,
25R3is 9&9&@9@%@5&%@4{@&%@%@%@&%@% MO GOLNORQBICR GT{RRAARGI065354

-9-1In paagi léel,%{ibte f:emhead groups HG are trans It is further understood that all embodiments
of the invéntion as described herein may be combined with each other. 5In certain embodiments, A is

halo, cyano, OH, .Ci_7-alkyl, halo-Ci_i-allgoxy, or hydroxy-Cl,.7-alkyl. In certain embodiments, A is
halo C));an o.hal O_Eﬁ:}ﬁﬁﬁkﬁgﬁcwﬁ%%}rﬁ aYene 0%/ dm cgn%mat%nywﬁh ot{xer groups, as Sc ed
10" herein refers to a monovalent 3 to 7 membered or 4 to 7 membered saturated ring containing one

or two heteroatoms selected from N, O or S. The term “3- to 7-membered heterocycloalkyl”
refers to a monovalent 3 to 7 membered ring containing one or two heteroatoms selected from N,
O or S. Examples for heterocycloclakyl moieties are oxetanyl, tetrahydrofuranyl,
tetrahydropyranyl, pyrrolidinyl, morpholinyl, thiomorpholinyl, piperidinyl, or piperazinyl.

15 Preferred heterocycloalkyl are oxetanyl and tetrahydrofuranyl. Heterocycloalkyl is optionally
substituted as described herein.

The term “oxo™ when referring to substituents on heterocycloalkyl means that an oxygen
atom 1s attached to the heterocycloalkyl ring. Thereby, the “oxo™ may either replace two
hydrogen atoms on a carbon atom, or it may simiply be attached to sulfur, so that the sulfur exists

20 in oxidized form, i.e. bearing one or two oxygens like a group -S0,.

When indicating the number of subsituents, the term “one or more” means from one
substituent to the highest possible number of substitution, i.e. replacement of one hydrogen up to
replacement of all hydrogens by substituents. Thereby, one, two or three substituents are
preferred. Even more preferred are one or two substituents or one substituent.

25 The term "pharmaceutically acceptable salt" or “pharmaccutically 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 hydrochioric acid salt.

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

The term “pharmaceutical composition" encompasses a product comprising specified
ingredients in pre-determined amounts or proportions, as well as any product that results, directly

35  or mdwrectly, from combining specified ingredients m specified amounts. Preferably it



In certain embodiments, RI is aryl or heteroaryl, unsubstituted or substituted with one or more
substituents independently selected from A; and A is as defined above. 10In certain embodiments, RI
is a monovalent cyclic aromatic hydrocarbon moiety consisting of a mono- or bicyclic aromatic ring, a
monovalent Svorérmemiered aromatic monocyclic or 9- or 10-memberedpipinatigaiepslic ring
containing from one to four ring heteroatoms selected-from N, 0, or S, the remaining ring atoms being
C, each unsubstituted or substltuted with one or more substltuents independently selected from A; and
Ais as deffEaPasatoferToduth CIRRE B BBRiMe Rt 2atie pRErs/iTmsp ng | apwmnyﬁlp%ﬁﬁﬁﬁmyl
pyridazinyt@orpysmgingkreacied st stituted! as sulystitatied:withy aoe:bs, ndaeetsy %t&uﬁm&mde@@ndently
selected frammiiand Acbﬁx@fe%mﬁ@zabgg’s%gaﬁon dn septainembadimentsy Riiselhend, enhihy!

pyridinyl, yr| zi d% ra2| yi each nsu%ﬁtlt ted or.substituted with one or more
substlger;et}sg%n %E%lﬁ y%se ected 5 Fid butf;g? io ; ﬁgo?gﬁ%ﬁ%ﬂ“ﬁéf%%@c&“@?%o
In certain %’Fﬁ%&?ﬁ?@ﬁt{sthﬁﬁ@%d?ﬁ%ovalent cycllc aromatic hydrocarbon moiety consisting of a
mono-aromatic rlng WO 2010/060836PCT/EP2009/065354 - 1 0 - In certain embodiments. Rl is
phenyl or pyndi?ﬁﬁ oloyringdabimlisihBbrnvésienResedHeny the-fitaseo: plenylsst-cyanophenyl,
4-trifluoromethylphenyl—3-chlore phnn\lf 3-methoxy-phenyl, 3-cyano-phenyl, 3-methyl-pheny],
3-t-butyl- |c>PE @V Drrifluorometiiish - - -
3.5-di-fluc rQHzCJ.hpm/l naphthd<l Gmﬁﬁ#ﬂmw B- chloro ovrldm 3-yl, pyridin-2-yl, 6-chloropyridin-2-yli
3-fluoro- vﬁﬁtﬁﬁﬂvl 5. flljoro-rﬁmmﬂﬁrb@nﬁethvl pyridin-2-yl, 2.6-di-methylpyrimidin-4-yl,
pyrimidin- chi{ pyrazin-2-yl, Dvmﬂ’&?ﬂl@hodadvrldazm 3-yl. In certain embodiments, RI is phenyl,
4-fluoro-pheBiD4-cyanophenydjsdktrifiuorgmetBigphenylki3-chloro-phenyl, 3-methoxy-phenyl,
3-cyano-pheviyiP3-methyl-pheryididstibyiysplaamylidife-trifluoromethyl-phenyl, 2-fluoro-phenyl,
2-cyano-phieviyl, 2-methyl-phenyh-3ieihfuorapaeayl, naphth-2-yl, naphth-I-yl, pyridin-3-yl,
S-chloro-pymims3-yl, pyridin-2oyhR-ciilgtqRyEdiaceeml. 2,6-di-methyl-pyrimidin-4-yT, pyrimidin-2-yl,
pyrazin-2-yy pyridin-4-yl or py @g@@g,l@nqoylgz%gertam embodiments, RZ1s as describedabove; 15In
certain empggiments, RZISH ngm forming eitherthe free"base ora prldmlou..euut,auy acceptable
buul as llﬂgluuigﬂlbc aua: pitric-acid: aulfu:IC acid,

acid addi 1of: PRk With an mno g@@chg,d%%thg,ﬁ\ﬁ'bj perazieet Lionic - d—tartaric

phospho ICI‘_@%E citricacid; IUIthh dblfl Illd.li.i% !

acid, met Ig IEQUIIUIIIL. auu, 'L(\)JIuScIllcou _ ; 4
isunsubs tucu Of a,uuouujl.cu pvm ung}gn n%}a‘ alo—eyano-orCl—2-alkoxy.lncertain

embodimeRia R 1o R4S, ""'4 uuuuu % ?ﬁ%&@?&?@dbéﬁ%dﬁm@%%ﬁ%ﬂ@sﬂfﬁﬁ cerfain
embodi w(? 2-is-{CH2)g-R4 - ach
unsubstituiﬁﬁ orsubstituted.y /m%rw%ﬁﬁﬁ%%kuhstltuents mdeoendentlv 25 selected from A and A is
as define e.and g is 1, [sodigpdhyskestagsbly 1. In certain embodiments, R2 is -(CH2)g-Ra,
wherein | REhy| or 5- or 6ariemabeled heteroaryl, each wisubstituted or substituted with one or
more subshitd&nts independenthcketentanidivmednand A is halo, cyano, OH, C1_7-alkyl,
halo-C14-&Rk, or C1.7-alkoxyriahehglishdsphidor 4, preferably 1. In certain embodiments, R2lis
-(CH2)4-RRMderein is phenylisdrublcG-arembered heteroaryl 30 and qis I, 2, 3 or 4, preferably 1. In
certain eprigpdiments, R2 is {Ghtdrppgiay@ebenzyl, preferably -CHZ-pyridin-2-yr. N CEertain

embodimentspRR is -C(0)-Cl rdsalkih Wherein 3l ér%&&%ﬂ%tﬁ%&{ Substituted withromnepr more

OH, halo, gysang or C1_12-a - :
2010/06 8@@‘&%}6"’40()9/005}38{553&&11 tort bl&&%rgqln ermbodiments; C(O)( H2);INRWH wherein
qis 1, 2, 39p4, preferably T g&gqbvx}/{raer%n r(qlﬂculu Rit-are-each mucper nt:y H; atkyl-er form
together .E-l'i'stl”e llitlugen to winch uu’ﬁ{ & gﬂﬁyllu a-3—-to-F-membered-heteroeyeloalkyl-containing one
or two hetaraatoms-sefected fom-N- 0 g o wHIEH ..mc?gewc!oa!k"' is-unsubstituted-or substituted by

S i ,Zglr@n m @: cnlnr\fnrl frnm R ::nrl B IQ OX0, h;ﬂf'\ nH Cl- Fl”(\ll Q.
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one or mere-5-5ubstittents
C7- allco??bll%lcé‘hhﬁﬁ"éﬁﬁ@@dlments R2is C(O)(CH2)9NR|R|| wherein q is 1, 2, 3 or 4, preferably 1,
and wherein Ri and le are each independently H or C142-alkyl, preferably C1_12-alkyl. In certain
embodiments, R24s uGO)O:C 21502 pikyldwheheimatieytiis Lnsulstittied omsulastitutedusitly, oagdor more
OH, haloyeyani @f&@%@{k@éy@mﬁ@ﬂ@@g@mmﬁts R2 is 10-C(0)0-C1-12-alkyl. In certain
embodiments, R2 is -S(0)2-Cj_12-alkyl. In certain embodiments, R2 is -S(0)2NRIRIil, wherein R’

and112.6 are eanhbneg@@@ﬁdgn&w ﬁneﬁe_kzrﬁmgﬂafﬁwﬁge%remﬁz)é;hstaﬂigog,%@o%xggf fey are
bound a i nem eredahe({e oGy ¢ oaIk@élgcontalglpr[gts %r two heteroat S{(}S selectedfrom N, O or
S, which 15 %eteroc c?oaiﬁ is Unsubstituted of Su ufed Colf%pg?lﬂ%r Gtithe nt’§1 ndently
selected ??B?rf’éﬁ‘&rfﬂ%vfg"@iétqﬁ%@O@Ff 2af |I%H¥53}’F%?rfé%eqﬁd}ﬁo§®mﬁf@éﬁémlemw iiffeness R2 is
-S(0)2NRRIl, wherein Ri and R" are each independently H or C1_12-alkyl, preferably C1_12-alkyl.




In certain embodiments, R2 is H, 20C142-alkyl, unsubstituted or substituted with one or more OH or F,
-(CH2)g-Ra, wherein Ra is phenyl or 5- or 6-membered heteroaryl and q is 1, 2, 3 or 4, preferably 1,
-C(0)-C1_12-alkyl, -C(0)(CH2)4NI6e, wherein Rl and R" are each independently H or
C1_12-alkyl, ®5mafesaishs C1_12-alkyl, and q is 1, 2, 3 or 4, preferably 1, -fg@)¥b%edoddIKYl,
-S(0)2-C1.12-alkyl, or -S(0)2NR"Rb, wherein 12| and Ril are each independently H or C1_12-alkyl,
preferably C11 2-alkyL 30In certain embodiments, R2 is H, C1_12-alkyl, unsubstituted or substituted
with one GPTFSFES TR KSsitRRR. HRERETSIRG SETFERyRODS-ToP BT dpnBedtng Moy dayiaane glis 1, 2,
3 or 4, 35preferablys 15ult@u201 00608 36RETIE PROMO6h Ib4mRirieCANHE, vhR-alkdyh endently

SO s ot e i B
a 3.0r era or
l@ﬁ!i @c%%e%s z"mx 43 c:F g i’ ar(t g%)ﬂ };)III_II’II%B Sﬁ"gfgr% E%?a%: %z I%)IB

-S(0)2NR'R", whereln ate ea or
In certain B¥BEEIMMHE, pif?é‘?%t IR GEFSRy %tﬁ}ﬂmﬁ ﬁ%o’?@%ﬁ%ﬁe@ @Hlﬁﬂ%@ﬁ?ﬂd{@%@l—rﬁ\ﬁm@)z

-C(0)methyim@uRlpyidirt-Rddpe000:t - sutyhektsi- pfopydsandthybrdOmS0 ) 2meiiy| direS@)RNghRthy)2.
Iln certailn Rmbadinenss. B%%ﬁﬁlxgvba/q?&b@}hﬁ% fh@@blwgﬂ}%%%}&c %&92&%@@ B}g‘?}'{é?rém%%r@g&}y' Ft'
ro nacertain em men IS a certain
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embodiment, R31s Cl. In a certaln em men rovided

0-R15 WheRdiing ﬁTBﬂWéI%F@%ﬁE‘%?dﬁﬁ%ﬁeﬁW%dﬁﬁféh%ﬁj@@"éﬁﬁ@sﬂﬁ@ﬁ@ﬁ%%n‘@ﬁf’@rﬁblcycllc
aromitic firigent rrorepaleinSasyntamismbeared af dmatic phonboy chicsBseil Of 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,

followed by separation of the individual diastereomers by standard methods, such as fractional
15 crystallization or chromatography.

This applies in particular to the aryleyclohexylether-head group (HG) of the compounds
of formula I, namely

1
O’R

HG

wherein at least the carbon atoms 1 and 4 are asymmetric carbon atoms and R’ could
20 further comprise asymmetric carbon atoms. It is to be understood that present invention includes
all mdividual sterecisomers of head groups and mixtures thereof

In detail, the present invention is concerned with compounds of formula I

o-R




membered aromatic bicyclic ring containing from one to four ring heteroatoms selected 20from N, 0, or
S, the remaining ring atoms being C, each unsubstituted or substituted with one or more substituents
independently selected from A; R2is H, unsubstituted or substituted with one or more OH,

-(CH2),I-Ra, whetein&dssphenyl or 5- or 6-membered heteroaryl and q is %m%&ggfferably 1,
-C(0)-C1_12-alkyl, WO 2010/060836PCT/EP2009/06§5354 - 13 - -C(0)(CH2) f , Wherein ft! and

RI' are each independently H or C1.42-alkyt, preferably C1_12-alkyl, and q is 1, 2, 3 or 4, preferably 1,
-C(O)O-C,_12-alkW;h@@GB)Z-Cl_lz-alkyl, or -S(0)2NR'R’i, wherein R' and RH are each independently H
or Ci_12-alklyl, preferably R3is Cl or F, Ais halo, cyano, OH, C1_7-alkyl, halo-C,..7-allcyl, or C7-alkoxy,
or a pharn¥acéutisally ecchytablevsaluthebedfldin e cenlainiembogimentef the invantiQmhstigenis

compound of forrmudieptdadreyided:as asyiaset of formula I' wherein HG is selected from 0-R
HG-1HG-2H&-3 (15and R', R2 and R3 are as described above, including all combinations thereof

Exam;:ges for the compound according, to the invention are shown in the experimental part and the
table below. 1-12-atkyl, unsubstituted or substituted with one or more OH, halo, cyano or C;.pp-alkoxy,

~(CHz)g-R", wherein R* is phenyl or 5- or 6-membered heteroaryl, each unsubstituted or
substituted with one or more substituents independently selected from A,
~(CHg):NR'R",
“C(O)-Cipp-alkyl, wherein Cy.z-alkyl is unsubstituted or substituted with one or more
10 OH, halo, cyano or Cy2-alkoxy,
-C{OYCH2)OC(0)-Cyyp-alkyl,
-C(O)CHy)NR'R",
-C(O30-Croip-alkyl, wherein alkyl is unsubstituted or substituted with one or more OH,
hale, cyano or Cy_jp-alkoxy,
15 -S(0),-C1.q2-alkyl,
-8(0),NR'RY, R’ and R are each independently H, Cj_;o-alkyl, or form together with the
nitrogen to which they are bound a 3- to 7-membered heterocycloalkyl containing one or
two hetercatoms sclected from N, O or §, which heterocycloalkyl is unsubstituted or
substituted by one or more substituents independently selected from B,
20 qis 1,2, 3or4,
T8 2,30r4,
Ais  halo, cyano, OH, Cio-alkyl, halo-Cir-alkyl, C;s-alkoxy, halo-C, s-alkoxy, or
hydroxy-C; y-alkyl,
Bis  oxo, halo, OH, C;5-alkyl or C; g-alkoxy,
25 R'is ClorF,

or a pharmaceutically acceptable salt thereof,



WO 2010/060836PCT/EP2009/065354 - 1 4 - EX Structure Ex StructureEx Structure t| o, CNH HCI
zttitP4zcf5NNo6 7zdrza680 --

WO 2616/060836 PCT/EP2009/665354
-9.

In particular, these head groups HG are

HG-1 HG-2 HG-3 HG-4

rans cis

It is further understood that all embodiments of the invention as described herein may be

combined with each other.

5 In certam embodiments, A is halo, cyano, OH, C;s-alkyl, halo-C; s-alkyl, Cy.7-alkoxy,
halo-C, s-alkoxy, or hydroxy-C; s-akkyl.

In certain embodiments, A is halo, cyano, C-alkyl, halo-C) o-alkyl, or C 1.7-alkoxy.

In certain embodiments, R' is aryl or heteroaryl, unsubstituted or substituted with one or
more substituents independently selected from A: and A is as defined above.

10 In certain embodiments, R' is a monovalent cyclic aromatic hydrocarbon moiety
consisting of a mono- or bicyclic aromatic ring, a monovalent 5- or 6-membered aromatic
monocyclic or 9- or 10-membered aromatic bicyclic ring containing from one to four ring
heteroatoms selected from N, O, or S, the remaining ring atoms being C, each unsubstituted or
substituted with one or more substituents independently selected from A: and A is as defined

15 above.

In certain embodiments, R' is phenyl, naphthyl, pyridinyl, pyrimidinyl, pyridazinyl or
pyrazinyl, cach unsubstituted or substituted with one or more substituents independently selected
from A, and A is as defined above.

In certain embodiments, R' is phenyl, naphthyl, pyridinyl, pyrimidinyl, pyridazinyl ot
20 pyrazinyl, each unsubstituted or substituted with one or more substituents independently selected
from methyl, t-butyl, Cl, F, trifluoromethyl, methoxy or cyano.

In certain embodiments, R' is a monovalent cyclic aromatic hydrocarbon moiety

consisting of a mono-aromatic ring.

In certain embodiments, R' is naphthyl, phenyl, pyrazinyl, pyridazinyl, pyridiny! or
25  pyrimidinyl,



CIN/\

....5-N 0--\09/at# 10 ziLy, zArd_ztH401--1--k,2C5iz.1b WO

2010/060836PCT/EP2009/065354 -15- Ex Structure Ex Structure Ex Structure 13 \zz- Pz'-z

10

]
U

30

WO 2010/066836 PCT/EPZB09/065354
-10-

In certain embodiments, R' is phenyl or pyridinyl.

In certain embodiments, R’ is phenyl, 4-fluoro-phenyl, 4-cyanophenyl, 4-trifluoromethyl-
phenyl, 3-chloro-phenyl, 3-methoxy-phenyl, 3-cyano-phenyl, 3-methyl-phenyl, 3-t-butyl-phenyl,
I-trifluoromethyl-phenyl, 2-fluoro-phenyl, 2-cyano-phenyl, 2-methyl-phenyl, 3,5-di-fluoro-~
phenyl, naphth-2-yl, naphth-1-yl, pyridin-3-yl, 3-chioro-pyridin-3-yl, pyridin-2-yl, 6-chloro-
pyridin-2-yl, 3-fluoro-pyridin-2-vl, 5-fluoro-pyridin-2-yl, é-methyl-pyridin-2-yl, 2,6-di-methyl-
pyrimidin-4-yl, pyrimidin-2-yl, pyrazin-2-yl, pyridin-4-yl or pyridazin-3-ylL.

In certain embodiments, R' is phenyl, 4-fluoro-phenyl, 4-cyanophenyl, 4-triflucromethyl-
phenyi, 3-chloro-phenyl, 3-methoxy-phenyl, 3-cyano-phenyl, 3-methyl-phenyl, 3-t-butyl-phenyl,
3-trifluoromethyl-phenyl, 2-fluore-phenyl, Z-cyano-phenyl, 2Z-methyl-pbenyl, 3,5-di-fluoro-
phenyl, naphth-2-yl, naphth-1-yl, pyridin-3-vi, 5-chioro-pyridin-3-yl, pyridin-2-yl, 6-chloro-
pyridin-2-yl, 2,6-di-methyl-pyrimidin-4-yl, pyrimidin-2-yl, pyrazin-Z-yl, pyridin-4-yl or
pyridazin-3-yl.

In certain embodiments, R® is as described above.

In ceriain embodiments, R” is H. Thereby, forming either the free base or a
pharmaceutically acceptable acid addition salt with an inorgamic or organic acid 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.

In certain embodiments, R” is Ciaz-alkyl, unsubstituted or substituted with one or more
OH, halo, cyano or C;.e-alkoxy. In certamm embodiments, R? is Ci.p-alkyl, unsubstituted or
substituted with one or more OH.

In certain embodiments, R? is -(CHy)q-R", wheremn R® is phenyl or 5- or 6~membered
heteroaryl, each unsubstituted or substituted with one or more substituents independently
selected from A, and A is as defined above and ¢ is 1, 2, 3 or 4, preferably 1. In certain
embodiments, R* is -(CHp)-R", wherein R* is phenyl or 3- or 6-membered heteroaryl, each
unsubstituted or substituted with one or more substituents independently selected from A, and A
is halo, cyano, OH, C,»-alkyl, halo-Cyr-alkyl, or Ci5-alkoxy; and q is 1, 2, 3 or 4, preferably 1.
In certain embodiments, R? is -(CH»)-R", wherein R? is phenyl or 5- or 6-membered heteroaryl
and q is 1, 2, 3 or 4, preferably 1. In certain embodiments, R* is ~CHy-pyridinyl or benzyl,
preferably ~CHz-pyridin-2-yl.

In certain embodiments, R is -C{O)-Cio-alkyl, wherein alkyl is unsubstituted or
substituted with one or more OH, halo, cyano or Cyjp-alkoxy. In certain embodiments, R is -
C(O)-Cyz-akkyl.
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In certain embodiments, R* is «C(O)(Cﬂz)qNRiR"", wherein g is 1, 2, 3 or 4, preferably 1,
and wherein R’ and R are each independently H, Ciqr-alkyl, or form together with the nitrogen
to which they are bound a 3- to 7-membered heterocycloalkyl contaming one or two heteroatoms
selected from N, O or S, which heterocycloalky! is unsubstituted or substituted by one or more

5 substituents mdependently selected from B, and B is oxo, halo, OH, C,5-alkyl or Cy5-alkoxy. In
certain embodiments, R* is C(O)CH)NR'RY, wherein q is 1, 2, 3 or 4, preferably 1, and
wherein R and R" are each independently H or C).jp-alkyl, preferably C;.pp-alkyl

In certain embodiments, R? is -C(0)0-C).p-alkyl, wherein alkyl is unsubstituted or
substituted with one or more OH, halo, cyano or Cy.pp-alkoxy. In certain embodiments, R is
10 WC(O)O-C;_u_aB(yL

In certain embodiments, R” is -8(0),-Cy_r2-alkyl.

In certain embodiments, R? is -S(O),NR'R¥, wherein R' and R® are each independently H,

Ciap-alkyl, or form together with the mitrogen o which they are bound 2 3- to 7-membered

heterocycloalkyl containing one or two heteroatoms selected from N, O or 8, which

15  heterocycloalkyl is unsubstituted or substituted by one or more substifuents independently

selected from B, and B is oxo, halo, OH, Cy.s-alkyl or C).-alkoxy. In certain embodiments, R? is
-S(O),NR'RY, wherein R' and R¥ are each independentiy H or Cy.;2-alkyl, preferably C;.z-alkyl.

In certain embodiments, R? is
H,
20 Cy.qr-alkyl, unsubstituted or substituted with one or more OH or F,
«(CHz)q-R®, wherein R® is phenyi or 5- or 6-membered heteroaryl and g 1s 1, 2, 3 or
4, preferably 1,
-C(0)-Cy.12-alkyl,
-C{OWCH)NR'RY, wherein R’ and R" are each independently H or C).j,-alkyl,
25 preferably Ci.iz-alkyl, and q 18 1, 2, 3 or 4, preferabiy 1,
C(OYO-Cry-alkyl,
-S5(0)-Ciaz-alkyl or
-S(O)NR'RY, wherein R’ and R" are each independently H or C;.1p-alkyl, preferably
Craz-alkyl.

30 In certam embodimnents, R%is

H,
Cy.1-alkyl, unsubstituted or substituted with one or more OH,
~(CHz}-R?, wherein R® is phenyl or 3- or 6-membered heteroaryl and q is 1, 2, 3 or
4,
35 preferably 1,
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-C(0)-Cypp-alkyl,
-C(O)(CHz)qNRiRﬂ, whersin R and RY are cach independently H or Cy.jo-alkyl,
preferably Cyz-alkyl, and g is 1, 2, 3 or 4, preferably 1,
~C(OYO-Cy qp-alkyl,
5 ~8(0);-Cryp-alkyl, or
-S(O)NR'RY, wherein R’ and R” are each independently H or C.p-alkyl, preferably
Craz-alkyl.

In certain embodiments, R® is 2-hydroxy-ethyl, 2-fluoro-ethyl, 2,2-difluoro-ethyl,
-CIOYCHN(Me),, -C(O)methyl, -CHp-pyridin-2-yl, -COO-t-butyl, H, i-propyl, methyl,
10 -5(O)pmethyl or -S(O)N(methyl);.

In certain embodiments, R? is 2-hydroxy-ethyl, -C(OYCH,N(Me),, ~C(Q)methyl, -CH,-
pyridin-2-yl, -CCO-t-butyl, H, i-propyl, methyl, -5(0),methyl or -S(0O)N{methyl),.

In a certain embodiment, R’ is Cl or F. In a certain embodiment, R* is C1.

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

o-R
O
=N

15 R 1

wherem

R! 1s a monovalent cyclic aromatic hydrocarbon moiety consisting of a mono- or bicyclic
aromatic ring, a monovalent 5- or 6-membered aromatic monocyclic or 9- or 10-
membered aromatic bicyclic ring containing from one to four ring hetercatoms selected

20 from N, O, or S, the remaining ring atoms being C, each unsubstituted or substituted with
one or more substituents independently selected from A;
R” is H,
Cy.yp-alkyl, unsubstituted or substituted with one or more OH,
~(CH2)¢-R®, wherein R" is pheny! or 5- or 6-membered heteroaryl and q is 1, 2, 3 or 4,
25 preferably 1,
-C{O)-Crpp-alikyl,
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-C(OYCHL)gNR'RY, wherein R' and R’ are each independently H or Ci.is-alkyl,
preferably Ciip-alkyl, and q is 1, 2, 3 or 4, preferably 1,
~C{0Y0-Cyypalkyl,
=S(0)-Cy_pp-alkyl, or
5 ~S(0)NR'RY, wherein R' and RY are cach independently H or Cyyo-alkyl, preferably

Ciz-alkyl,

R’ isClorF,

A i8 halo, cyano, OH, C, 4-alkyl, halo-Cy s-alkyl, or Cy.r-alkoxy,

or a pharmaceutically acceptable salt thereof,

10 In 2 certain embodiment of the invention, the compound of formula ¥ is provided as a
subset of formula I°

wherein HG is selected from

1
o R 0~ R o ~R 0 ~R
HG-1 HG-2 HG-3 HG-4
i5 and R', R? and R? are as described above, including all combinations thereof

Examples for the compound according to the invention arc shown in the experimental
part and the table below.



30 On 31 Q) 321 0:SC33 CI--NHMGT34 35i01 NN

WO 2810/0606836 PCT/RPIO09/865354
-14.
Ex Structure Kx Structure Ex Structure
O, .. O,
/N\ E
S PN i gz
. L Y N Jf ~
§ 2 ~
ol - K,
C ¢l
Ci NH
X : \
N Y N 4 Y O\(/N\
/N
A ORE : ~
o S
: !
OH
0:,“‘. Ot.,.__ zOY
N,
Qﬁ»f“\ O‘\r/\ j P
7 A 8 LN 9 m
¢ N}v"‘ “ N/\SMN/ dN
o \\0 AN N\
g
l / (jYN\ O/O‘\O
¢ v | TTO
N V /A S A W S )
N
10 o S . < 12 ® *S
) X NH HCH




NT 0\7 36 @, 1110 CL N. NH NCO 37 z()"/ cl5 38 silir NN NTO\i7 39 NN NHHCI, 40 CIN\N 41

WO 2010/060836 PCT/EPI09/065354
. 15-
Ex Structure Ex Structure Ex Structure
.
o

Moz © )
w S S e O
e ]

N

o o @)

F
@ A
16 Q\OYN;N 17 _ N 18 ”OYN\
B
\ | & X m/@fw

N
HCI

D,,,.‘_ . :: w N,
N N N
19 N 20 ,@_ 21 /@C‘S
N cr T Lo}
| Gt

| N O‘wl O, O S Q

h = =N, F ‘[ ; : \T’/N\ F - N,

= ! /\N 3 F ! M /N - T /\N

2 m 23 cim 24| T m
cl N NTO\TT Gt N

HCi

ol On,_
\©/ N

- N

vt ,
o =
25 1 F m 26 mm 27 /@i‘:{
G N %o cl

~ o X HOH

NH




OCI NNNt)7042F CIHHO WO 2010/060836PCT/EP2009/065354 - 17- Ex Structure ExStructure
Ex Structure 43 0 'Mr-2 add 44 CI N NH HOF 45

WO 2010/060836 PCT/EP2009/065354
- 16

| Ex Structare Ex Structure Ex Structure

¢ O
28 _ N\< ” ,@5% 0 :?
CE CI :}‘O}( | = L N,

"\

O Oa,,,

" .

1 32 7 L33 \g
cl@i—»f% B “>—o cz

N\ 4 X -Kh

HCH

=N

oo, | oL

O,

ooy (PO, | T O
34 C[ /@C:éu 35 i} QN\:STO 36 ) /q:g

HCI

37

s o {HIESO N e o




F ---sN CIN 46 1><-zArzy i0'*1 47 NHHCI48 NCI 49i1Xz/L050 C1017?NH

WO 2016/060836 PCT/EP2009/065354
-17-

Ex Structure Ex Structure Ex Strocture

. R
% o N

S " d A On,
NS
O

44

46 - NJ§
) 47

N
49 Q, 50
Cl N ;

52 C/@A}‘X 53 " CE /@’NH 54 i Ci ‘{

55 Q»C(:”g_(x 56 C‘ /@/\:é 57 c. /@fj{




HCI51 0aOCIN ?521"Co*53hCl NNCI54,, .----'N1% 0CIl j55y(z1560.Cl1

WO 2018/060836 PCT/EP2009/665354
- 18- |

Ex Structure Ex Structure Ex Structure

58 ] { 59

O,
Ci

OW’”‘
L \<‘ 60
/‘/\— NH HCI

61 Qi? 62

64 @d 65

Mo
67 ,q\ﬁ 68
o

o N
ol LY
k_




NH HO 5701 WO 2010/060836PCMP2009/065354 -18- Ex Structure Ex Structure F Ex Structure

58 s 59 0"N CrNHNC'60 o Cl 61

WO 2010/660836 PCTAPZ009/065354
-19.
Ex | Structure Ex Structore Ex Structure
R o ‘ = O‘,‘"l‘ e O’%l
o 19
o O\iﬁ!}N cl - 4:\\! c 2N QN%’\J
73 o@(‘\g 74 /@(i\g 75 /@iﬁ Y.
T “ N ° N
_ HCl N
ey, Or;,,.‘ D"'ra.,
m T M g \'[/ N 7
76 . . 77 78
o>_ 0)< c NHch c K
o - -
l N \O-.,., N
| Oy | TOTO,
79 UQ,N 80 c}_ 81 /chg
o)r’ O)< & o NH
Sy
N o Mg, 0 (\
O | OO Y
mﬁ ; 3 { Ie)
N
c "\ }X L/{
/N Q
O oo, | oo
N N R =
Y HIE 4 N
85 /@C/‘g 86 C[ 87 /@j
0, o]
cl NG I < I >




62 N---\i tNf/cNHHCI63 CIN ,--\64 NcO 65cca,”, -.N-I--- N/ CINH HCI 66 di 5 67

WO 2018/060836 PCE/EP2009/065354
20 -
Ex Structure Ex Structure Ex Structure
Oh® N m
N N RN i @ gy
~ N "g, ‘? No N | ,,NF;N;N -\W/}N
i - ~iH o O _ N\ 90 Ci i NH
HCI HCi
SO o
Nl = N N "ﬁ N’} s
N
91 /@:S 92 C, 93 /@j
« N\ o>—o)< o)—— O)<
o O (O
N w= N
Ci NH al N\ Cl NH
HCI HCH
RN Ou N Oh,,' N\ OJ_.,“.
speWSNIge (X
= N Pl o e M # = =M
97 @ 98 L 99 N{
T ) L
o N c "\
1 Mo, Mgy~ f Mg O
e s N - U %N\ l;/\(J/ AN
100 : N{ 101 \ { 102 N{
Gt N\,_— o NH fo: i\\




clel\68...,..5cNNN NHHCI69,

i0

15

------ yr\/ N NH HCI 72 N ci

WO 2010/060836 POCT/EP2009/065354
.21
Ex Structure Ex Structure Ex Structure
Mgy O /E‘j/m
E}h‘“_
" 5 o N
y - K AN
103 "4 | 104 \§ 105 L
() A
Cl l\> Z
[l WNH
F
B O,
N oy U |
N y N i
106 ot 107 o™ 108
o O e} i N
i
< ) i,
F‘
N/N; O/ K‘O’wﬁh‘\ - /N\
109 Q:{ 110 ) { 11 i N{
CF N,
ie]
0)— X C/E;j/\,w . ¢l AN

Table 2: structures of selected examples

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

trans-8-Chloro-1-(4-phenoxy-cyclohexyl)-4H,6H-2, 3.5, 10b-tetraaza-benzoazulene-5-
carboxylic acid tert-butyl ester,

trans-8-Chloro-1-(4-phenoxy-cyclohexyl}-5,6-dihydro-4H-2,3,5, 1 Ob-tetraaza-benzoazulene

hydrochloride,
trans-8-Chioro-5-methyl-1-(4-phenoxy-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-tetraaza-
benzo[ejazulene,
trans-1-[8-Chioro-1-(4-phenoxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-benzoazulen-5-yl)-
ethanone,
trans-8-Chloro-5-methanesulfonyl-1-(4-phenoxy-cyclohexyl)-5,6-dihydro-4H-2,3,5, 10b-

tetraaza-benzoazulene,

trans-2-~{8-Chloro-1-(4-phenoxy-cyclohexyl)-4H,6H-2,3,5, 1 0b-tetraaza-benzoazulen-5-yl]-

ethanol,

trans-8-Chloro-5-isopropyl-1-(4-phenoxy-cyclohexyl)-3,6-dibydro-4H-2,3,5, 10b-tetraaza-

benzoazulene,
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trans-8-Chloro-1-(4-phenoxy-cyclohexyl)-4H,6H-2,3,3, 1 Ob-ietraaza-benzoazulene-5-
sulfonic acid dimethylamide,
trans-§-Chloro-1-(4-phenoxy-cyclohexyl)-5-pyridin-2-ylmethyl-5,6-dihydro-4H-2.3,5,10b-
tetraaza-benzoazulene,
trang-1-[8-Chloro-1-(4-phenoxy-cyclohexyh-4H,6H-2,3 5,1 Ob-tetraaza-benzoazulen-5-yi}-
2-dimethylamino-ethanone,
trans-&-Fluoro-1-(4-phenoxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-benzo| e}azulene-5-
carboxylic acid tert-butyl ester,
trans-8-Fluoro-5-methyl-1-(4-phenoxy-cyclohexyl)-3,6-dihydro-4H-2.3.5, 1 0b-tetraaza-
benzoazulene,
cis-8-Chloro-1-(4-phenoxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-benzoazulene-5-
carboxylic acid tert-butyl ester,
cis-8-Chloro-5-methyl-1-(4-phenoxy-cyclohexyl)-35,6-dihydro-4H-2,3,5, 1 Ob-tetraaza-
benzoazulene,
trans-8-Chloro-1-[4-(4-fluore-phenoxy)-cyclohexyll-4H,6H-2,3,5,10b-tetraaza-
benzoazulene-5-carboxylic acid tert-butyl ester,
trans-8-Chloro-1-[4-(4-fluoro-phenoxy)-cyclohexyl]-5,6-dihydro-4H-2,3,5, 1 Ob-tetraaza-
benzo[elazulene hydrochioride,
trans-8-Chloro-1-[4-(4-fluoro-phenoxy)-cyclohexyll-5-methyl-5,6-dihydro-4H-2,3,5,10b-
tetraaza-benzoazulene,
trans-8-Chloro-1-[4-(4-cyano-phenoxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-
benzo[elazulene-5-carboxylic acid tert-butyl ester,
trans-4-{4-(8-Chloro-5-methyl-5,6-dihydro-4H-2,3,5,10b-tetrazza-benzofelazulen- 1-yl)-
cyclohexyloxyl-benzonitrile,
trans-8-Chloro-1-{4-(4-trifluoromethyl-phenoxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-
benzo[elazulene-5-carboxylic acid tert-butyl ester,
trans-8-Chioro-1-[4-(3-chloro-phenoxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-
benzoazulene-5-carboxylic acid tert-butyl ester,
trans-8-Chioro-[-[4-(3-chloro-phenoxy)-cyclohexyl}-5-methyl-3,6-dihydro-4H-2,3,5,10b-
tetraaza-benzoazulene,
trans-8-Chioro-1-[4-(3-methoxy-phenoxy)-cyclohexvl]-4H,6H-2,3,5, 1 0b-tetraaza-
benzoazulene-5-carboxylic acid tert-butyl ester,
trans-8-Chloro-1-[4-(3-methoxy-phenoxy)-cyclohexyl}-5,6-dihydro-4H-2,3,5, 10b-tetraaza-
benzo{elazulene hydrochloride,
trans-8-Chioro-1-[4-(3-methoxy-phenoxy)-cyclohexyl]-5-methyl-3,6-dihydro-4H-
2,3,5,10b-tetraaza-benzoazulene,
trans-3-{4-(8-Chloro-5-methyl-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzoazulen-1-y1)-
cyclohexyloxy]-benzonitrile,
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§

trans-8-Chloro-1-(4-m-tolyloxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-benzo[ e lazulene-5
carboxylic acid tert-butyl ester,
trans-8-Chloro-1-(4-m-tolyloxy-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-tetraaza-
benzofelazulene hydrochloride,
5 trans-8-Chloro-5-methyl- 1 -(4-m-twlyloxy-cyclohexyl)-5,6-dihydro-4H-2,3,5, 1 0b-tetraaza-
benzo|elazulene, .
trans-1-[4-(3-tert-Butyl-phenoxy)-cyclohexyl}-R-chloro-4H,6H-2.3, 5, 1 0b-tetraaza-
benzo[elazulene-5-carboxylic acid tert-butyl ester,
trans-8-Chloro-1-[4-(2-fluoro-phenoxy)-cyclohexyl]-4H,6H-2.3,5,10b-tetraaza-
10 benzo[elazulene-5-carboxylic acid tert-butyl ester,
trans-8-Chloro-1-{4-(2-fluoro-phenoxy)-cyclohexyl]-5,6-dihydro-4H-2.3,5, 1 0b-tetraaza-
benzo[ejazulene hydrochloride,
trans-8-Chloro-1-[4-(2-fluoro-phenoxy)-cyclobexyl}-5-methyl-5,6-dihydro-4H-2.3,5,10b-
tetraaza-benzo[ejazulene,
15 trans-8-Chloro-1-[4-(2-cyano-phenoxy)-cyclohexyl]-4H,6H-2.3,5,10b-tetraaza-
benzoazulene-5-carboxylic acid tert-butyl ester,
trans-2-[4-(8-Chloro-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzo[ejazulen-1 -yh)-
cyclohexyloxy]-benzonitrile hydrochloride,
trans-2-[4-(8-Chloro-5-methyl-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzoazulen-1-y1)-
20 cyclohexyloxy]-benzonitrile,
trans-§-Chloro-1-(4-o-tolyloxy-cyclohexyl-4H,6H-2,3,5,1 0b-tetraaza-benzoazulene-5-
carboxylic acid tert-butyl ester,
trans-8-Chioro-3-methyl-1-(4-o-tolyloxy-cyclohexyl)-5,6-dihydro-4H-2,3,5, 1 Ob-tetraaza-
benzoazulene,
25 trans-8-Chloro-1-[4-(3,5-difluoro-phenoxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-
benzoazulene-5-carboxylic acid tert-butyl ester,
trans-8-Chloro-1-[4-(3,5-difluoro-phenoxy)-cyclohexyl]-S~-methyl-5,6-dihydro-4H-
2,3,5,10b-tetraaza-benzoazulene,
trans-8-Chloro-1-[4-(naphthalen-2-yloxy}-cyclohexyl}-4H,6H-2.3,5,10b-tetraaza-
30  benzoazulene-5-carboxylic acid tert-butyl ester,
trans-8-Chioro-5-methyl-1-[4-(naphthaien-2-yloxy)-cyclohexyl}-5,6-dihydro-4H-2,3,5,1 0b-
fefraaza-benzoazulene,
trans-8-Chloro-1-[4-(pyridin-3-yloxy)-cyclohexyl]-4H,6 H-2,3,5,10b-tetraaza-
benzoazulene-5-carboxylic acid tert-butyl ester,
35 trans-8-Chloro-5-methyl-1-{4-(pyridin-3-yloxy)-cyclohexyl]-5,6-dihydro-4H-2,3,5,10b-
tetraaza-benzoazulene,
trans-8-Chloro-1-{4-(5-chloro-pyridin-3-yloxy)-cyclohexyl]-4H,6H-2,3,5,1 Ob-teiraaza-
benzoazulene-5-carboxylic acid tert-butyl ester,
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trans-8-Chloro-1-[4-(5-chloro-pyridin-3-yloxy)-cyclohexyl]-5-methyl-5,6-dihydro-4 H-
2,3,5,10b-tetraaza-benzoazulene,

trans-8-Chloro-1-[4-(pyridin-2-vioxy)-cyclohexyl]-4H,6H-2.3,5,10b-tetraaza-
benzoazulene-5-carboxylic acid tert-butyl ester,

trans-8-Chloro-1-[4-(pyridin-2-yloxy}-cyclohexyl]-3,6-dihvdro-4H-2,3,5,10b-tetraaza-
benzoaznlene hydrochloride,

trans-8-Chloro-5-methyl-1-[4-(pyridin-2-yloxy)-cyclohexyl]-5,6-dihydro-4H-2.3,5,10b-
tetraaza-benzoazulene,

trans-8-Chloro-1-{4-(6-chloro-pyridin-2-yloxy)-cyclohexyl}-4H,6H-2,3,5,1 Ob-tetraaza-
benzolelazulene-5-carboxylic acid tert-butyl ester,

trans-8-Chloro-1-{4-(6-chloro-pyridin-2-yloxy)-cyclohexyl]-5-methyl-5,6-dihydro-4H-
2,3,5,10b~tetraaza-benzofelazulene,

trans-8-Chloro-1-{4-( 5-chloro-pyridin-2-yloxy}-cyclohexyl]-3,6-dihydro-4H-2,2.5, 10b-
tetraaza-benzolejazulene hydrochloride,

trans-8-Chloro-1-[4-(5-chloro-pyridin-2-yloxy)-cyclohexyl]-5-methyl-5, 6-dihydro-4H-
2,3,5,10b-tetraaza-benzo[e)azulene,

trans-8-Chloro-1-[4-(pyrimidin-2-yloxy}-cyclohexyl]-4H,6H-2,3,3,10b-tetraaza-
benzo[elazulene-5-carboxylic acid tert-butyl ester,

cis-8-Chloro-1-[4-(pyrimidin-2-yloxy)-cyclohexyl}-4H,6H-2,3,5,10b-tetraaza-
benzo[elazulene-5-carboxylic acid tert-butyl ester,

trans-8-Chloro-5-methyl-1-[4-(pyrimidin-2-yloxy)-cyclohexyl}-5,6-dihydro-4H-2,3,5,10b-
tetraaza-benzo[elazulene,

trans-8-Chloro-1-[4-(pyrazin-2-yloxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-
benzo[ejazulene-5-carboxylic acid tert-butyl ester,

trans- 8-Chloro-5-methyl-1-{4-(pyrazin-2-yioxy)-cyclohexyl}-3,6-dihydro-4H-2,3,5, 10b-
tetraaza-benzolelazulene,

trans-8-Chloro-1-[4-(pyrimidin-4-yloxy)-cyclohexyl}-4H,6H-2,3,5,10b-tetraaza-
benzo|elazulene-5-carboxylic acid tert-butyl ester,

trans-8-Chlore-5-methyl-1-[4-(pyrimidin-4-yloxy)-cyclohexyl}-5,6-dihydro-4H-2.3,5,10b-
tetraaza-benzo[elazulene,

trans-8-Chloro-1-[4-(pyridazin-3-yloxy)-cyclohexyl]-4H,6H-2,3.5, 1 0b-tetraaza-
benzo[elazulene-5-carboxylic acid tert-butyl ester,

cis-8-Chloro-1 w[4—(pyridazin-3 -yloxy}-cyclobexyt]-4H,6H-2,3,5,10b-tetraaza-
benzo[clazulens-5-carboxylic acid tert-butyl ester,

trans-8-Chloro-5-methyl-1-[4-(pyridazin-3-yloxy)-cyclohexyl]-5,6-dihydro-4H-2,3,5,10b-
tetraaza-benzo[elazulene,

cis-8-Chloro-1 -[4-(pyridin—2-ylox3f)»-cyclo hexyl]-4H,6H-2,3,5,10b-tetraaza-
benzofejazulene-S-carboxylic acid tert-butyf ester |
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cis-8-Chloro-1-[4-(pyridin-2-yloxy)-cyclohexyl}-3,6-dihydro-4H-2,3,5,10b-tetraaza-
benzo[elazulene _
cis-8-Chloro-5-methyl-1-{4-(pyridin-2-yloxy)-cyclohexyl}-3,6-dihydro-4H-2,3.5, 10b-
tetraaza-benzofejazulene |
trans-8-Chloro-1-[4-(3-flucro-pyridin-2-yloxy}-cyclohexyl]-5 é-dihydro-451-2.3,5,10b-
tetraaza-benzo[elazulene,
trans-8-Chioro-1-[4-(3-fluoro-pyridin-2-yloxy)-cyclohexyl]-5-methyl-3,6-dihydro-4H-
2,3,5,10b-tetraaza-benzo|elazulene |
trans-8-Chloro-1-[4-(5-fluoro-pyridin-2-yloxy)-cyclohexyl}-5,6-dihydro-4H-2,3,5,10b-
tetraaza-benzo[elazulene |
trans-§-Chloro-1-[4-(5-flucro-pyridin-2-yloxy)-cyclohexyl]-5-methyl-5,6-dihydro-4H-
2,3,5,10b-tetraaza-benzo|elazulene |
trans-8-Chloro-1-[4-(6-methyl-pyridin-2-yloxy)-cyclohexyll-3, 6-dikydro-4H-2,3,5, 1 0b-
tetraaza-benzofelazulene ,
trans-8-Chloro-5-(2,2-difluoro-ethyl)-1-[4-(6-methyl-pyridin-2-vloxy)-cyclohexyl]-5,6-
dihydro-4H-2,3,5,10b-tetraaza-benzo[elazniene |
trans-8-Chloro-5-(2-fluoro-ethyl)-1-[4-(5-fluoro-pyridin-2-yio xy)-cyclohexyl]-5,6-dihydro-
4H-2,3,5,10b-tetraaza-benzo[ejazulene |
trans-8-Chloro-5-ethyl-1-{4-(3-fluoro-pyridin-2-yloxy)-cyclohexyl]-5,6-dihydro-4H-
2,3,5,10b~tetraaza-benzofejazulene ,
trans-8-Chloro-5-ethyl-1-[4-(5-fluoro-pyridin-2-yloxy)-cyclohexyl}-5,6-dihydro-4H-
2,3,5,10b-tetraaza-benzofejazulene ,
trans-8-Chloro-5-ethyl-1-[4~(6-methyl-pyridin-2-yloxy)-cyciohexyl]-5 ,6-dihydro-4F-
2,3,5,10b-tetraaza-benzo[elazulene |, or
trans-8-Chloro-5-methyl-1-[4-(6-methyl-pyridin-2-yloxy)-cyclohexyt]-5 ,6-dibrydro-4H-
2,3,5,10b-tetraaza-benzo[elazulene.

More preferred compounds are

trans-8-Chloro-1-(4-phenoxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-benzoazulene-5-
carboxylic acid tert-butyl ester,

trans-8-Chloro-1-(4-phenoxy-cyclohexyl)-5,6-dihydro-4H-2.,3,5,10b-tetraaza-benzoazulens
hydrochloride,

trans-8-Chloro-5-methyl- 1-(4-phenoxy-cyclohexyl)-5,6-dihydro-4H-2,3,5, 1 0b-tetraaza-
benzolelazulene, .

trans-1-[8-Chloro-1-(4-phenoxy-cyclohexyl)-4H,6H-2,3,5, 1 0b-tetraaza-benzo azulen-5-vl}-
ethanone,

trans-8-Chloro-5-methanesulfonyl- 1-(4-phenoxy-cyclohexyl)-3,6-dihydro-4H-2.3.5,10b-
tetraaza-benzoazulene,

HHCI91, 92
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trans-2-[8-Chloro-1-(4-phenoxy-cyclohexyl}-4H,6H-2,3,5,10b-tetraaza-benzoazulen-5-yi]-
ethanol,
trans-8-Chloro-5-isopropyi-1-(4-phenoxy-cyclobexyl)-5,6-dihydro-4H-2,3,5, 10b-tetraaza-
benzoazulene,
trans-8~Chiloro-1-(4-phenoxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-benzoazulene-35-
sulfonic acid dimethylamide,
trans-8-Chioro-1-(4-phenoxy-cyclohexyl)-5-pyridin-2-ylmethyl-5,6-dihydro-4H-2,3,5,10b-
ietraaza-benzoazulene,
trans-1-[&-Chloro-1-{(4-phenoxy-cyciohexyl)-4H,6H-2,3.5,10b-tetraaza-benzoazuien-5-yi]-
2-dimethylamino-cthanone,
trans-8-Fluoro-1 -(4-phenoxy-cyclohexyl}-4H,61-2,3,5, 1 0b-tetraaza-benzole]azulene-5-
carboxylic acid tert-butyl ester,
trans-8-Fluoro-5-methyl-1-(4-phenoxy-cyclohexyl)-5,6-dihydro-4H-2 3,5, 10b-tetraaza-
benzoazulene,
cis-8-Chloro-1-(4-phenoxy-cyclohexyh)-4H,6H-2,3,5, 1 0b-tetraaza-benzoazulene-5-
carboxylic acid tert-butyl ester,
cis-8-Chloro-5-methyl-1-(4-phenoxy-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-tetraaza-
benzoazulene,
trans-8-Chloro-1-[4-(4-fluoro-phenoxy)-cyclohexyl]-4H,6H-2,3,5,1 0b-tetraaza-
benzoazulene-5-carboxylic acid tert-butyl ester,
trans-§-Chloro-1-{4-(4-fluoro-phenoxy)-cyciohexyl]-5,6~-dihydro-4H-2,3,5, 1 Ob-tetraaza-
benzo[elazulene hydrochloride,
trans-8-Chloro-1-[4-(4-fluoro-phenoxy)-cyclohexyl]-5-methyl-3,6-dihydro-45-2,3,5,10b-
tetraaza-benzoazulene,
trans-8-Chloro-1-[4-(4-cyano-phenoxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-
benzo[elazulene-5-carboxylic acid tert-butyl ester,
trans-4-{4-(8-Chioro-5-methyl-5,6-dihydro-4H-2,3.5,10b-tetraaza-benzo[ejazulen-1-y1)-
cyclohexyloxy]-benzonitrile,
trans-8-Chloro-1-[4-(4-trifluoromethyi-phenoxy)-cyclohexyl}-4H,6H-2,3,5,1 Ob-tetraaza-
benzo[elazulene-5-carboxylic acid tert-butyl ester,
trans-8-Chloro-1-[4-(3-chloro-phenoxy)-cyclohexyl]-4H,6H-2,3,5, 1 0b-tetraaza-
benzoazulene-5-carboxylic acid tert-butyl ester,
trans-8-Chloro-1-{4-(3-chloro-phenoxy)-cyclohexyll-5-methyl-5,6-dihydro-4H-2,3,5,10b-
tetraaza-benzoazulene,
trans-8-Chloro-1-[4-(3-methoxy-phenoxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-
benzoazulene-3-carboxylic acid tert-butyl ester,
trans-8-Chloro-1-[4-(3-methoxy-phenoxy)-cyciohexyl]-5,6-dihydro-4H-2,3,5,10b-tetraaza-
benzo[elazulene hydrochloride,
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trans-8-Chloro-1-[4-(3-methoxy-phenoxy)-cyclohexyl]-5-methyl-5 ,6-dihydro-4H-
2,3,5,10b-tetraaza-benzoazulene,
trans-3-[4-(8-Chioro-5-methyl-5,6-dihydro-4H-2,3,5, 1 Ob-tetraaza-benzoazulen-1 -y
cyclohexyloxy]-benzonitrile,
trans-8-Chloro-1-(4-m-tolyloxy-cyclobexyl)-4H,6H-2,3,5, 1 0b-tetraaza-benzo [elazulene-5-
carboxylic acid tert-butyl ester,
trans-8-Chloro-1-(4-m-tolyloxy-cyclohexyl)-5,6-dihydro-4H-2,3,5,1 Ob-tetraaza-
benzo[elazulene hydrochioride,
trans-8-Chloro-5-methyl-1-(4-m-tolyloxy-cyclohexyl)-5 Lo-dihydro-4H-2,3,5, 10b-tetraaza-
benzo[elazulene,
trans-1-[4-(3-tert-Butyl-phenoxy)-cyclohexyll-8-chloro-4H,6H-2,3,5,10b-tetraaza-
benzo[eJazulene-3-carboxylic acid tert-butyl ester,
trans-8-Chloro-1-[4-(2-fluoro-phenoxy)-cyclohexyl]-4H,6H-2,3.5, 10b-tetraaza-
benzofejazulene-3-carboxylic acid tert-butyl ester,
trans-8-Chloro-[-[4-(2-fluoro-phenoxy)-cyclo hexyl]-5,6-dihydro-4H-2,3,3, 10b-tetraaza-
benzo[elazulene hydrochioride,
trans-8-Chloro-1-{4-(2-fluoto-phenoxy)-cyclohexyl}-5-methyl-3,6-dihydro-4H-2,3,5,10b-
tetraaza-benzo[elazulene,
trans-8-Chloro-[-[4-(2-cyano-phenoxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-
benzoazulene-5-carboxylic acid tert-butyl ester,
trans-2-[4~(8-Chloro-3,6-dihydro-4H-2,3,5,10b-tetraaza-benzo[eJazulen- -yl)-
cyclohexyloxyl-benzonitrile hydrochioride,
trans-2-[4-(8-Chloro-5-methyl-5,6-dihydro-4H-2,3,5, 1 0b-tetraaza-benzoazulen- 1 -yh-
cyclohexyloxy]-benzonitrile,
trans-8-Chloro-1-(4-o-tolyloxy-cyclohexyl)-4H,6H-2,3.5,10b-tetraaza-benzoazulene-5-
carboxylic acid tert-butyl ester,
trans-8-Chloro-5-methyl-1-(4-o-tolyloxy-cyclohexyl)-5,6-dihydre-4H-2,3,5,1 Ob-tetraaza-
benzoazulene,
trans-8-Chloro-1-[4-(3,5-difluoro-phenoxy)-cyclohexyl]-4H,6H-2,3,5,1 0b-tetraaza-
benzoazulene-5-carboxylic acid tert-butyl ester,
trans-8-Chioro-1-[4-(3,5-diflucro-phenoxy)-cyclohexyl}-5-methyl-5,6-dihydro-4H-
2,3,5,10b-tetraaza-benzoazulene,
trans-8-Chloro-1-{4-(naphthalen-2-yloxy)-cyclohexyl}-4H,6 H-2,3,5, 10b-tetraaza-
benzoazulene-5-carboxylic acid tert-butyl ester,
trans-8-Chloro-5-methyl-1-[4-(naphthalen-2-yioxy)-cyclohexyi]-3,6-dihydro-4H-
2,3,5,10b-tetraaza-benzoazulene,
trans-8-Chloro-1-[4-(pyridin-3-yloxy)-cyclohexyl]-4H,6H-2,3.5,10b-tetraaza-
benzoazulene-5-carboxylic acid tert-butyl ester,



NH 106 0 107 / --zy----zr"-- (--z-z0to bi 1108 N ...,.1-.-0,, ... 109 1b 110 ctz zh 111 ci Table 2:
structures of selected examples Preferred compounds of the invention are shown in the examples.

Particularly preferred are  trans-8-Chloro-1-(4-pheno xy-cyclo

hexyl)-4H,6Hgs3:n alédastgtraaza-benzoazulene-5- carboxylic acid tert- buty i 2009/065354
Strans-8-Chloro-1-(4-phenoxy-cyclohexyl)-5,6-dihydrp-4H-2,3,5,10b-tetraaza-benzoazulene
hydrochloride,  trans-8-Chloro-5-methy1-1-(4-phenoxy-cyclo hexyl)-5,6-dihydro -4H-2,3,5,
10b-tetraazabehzaidlddsokonk;methyl-thdAgiini8sChipkoa ) -4 abitenoiys dydibexylH4H GHE 2,3

,5,10b-tetraaza-epzazulen:5-y1]- 10 ethanone, | h L0btet benzoa
etraaza-pen
ol S N LAY RSB St e
ethanol, benzoazul ene-—S carboxy ic acld tert- bu vl ester,
5 trans-8-Chloro-1-[4-(5-chioro-pyridin-3-yloxy)-cyclohexyl]-5-methyl-5,6-dihydro-4H-
2,3,5,10b-tetraaza-benzoazulene,
trang-8~Chloro-1-[4~(pyridin-2-vloxy)-cyclohexyl]-4H,6H-2,3,5, 10b-tetraaza-
benzoazulene-S-carboxylic acid tert-butyl ester,
trans-8-Chloro-1-[4-(pyridin-2-yloxy)-cyclohexyl]-5,6-dihydro-4F-2,3,5,1 Ob-tetraaza-
10 benzoazuiene hydrochloride,
trans-8-Chloro-5-methyl-1-[4-(pyridin-2-yloxy)-cyclohexyl]-5,6-dihydro-4H-2,3,5,10b-
tetraaza-benzoazulene,
trans-8-Chloro-1-[4-(6-chloro-pyridin-2-yloxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-
benzolelazulene-5-carboxylic acid tert-butyl ester,
15 trans-8-Chloro-1-[4-(6-chloro-pyridin-2-yloxy)-cyclohexyl]-5-methyl-5,6-dihydro-4H-
2,3,5,10b~tetraaza-benzofelazulene,
trans-8-Chloro-1-[4-(5-chioro-pyridin-2-yloxy)-cyclohexyl]-5,6-dihydro-4H-2,3,5,10b-
tetraaza-benzojelazulene hydrochloride,
trans-8-Chloro-1-{4-(5-chloro-pyridin-2-yloxy)-cyclohexyl]-5-methyl-3,6-dihydro-4H-
20 2,3.5,10b-tetraaza-benzo[elazulene,
trans-8-Chioro-1-[4-(pyrimidin-2-yloxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-
benzo[ejazulene-5-carboxylic acid tert-butyl ester,
¢is-8-Chloro-1-[4-(pyrimidin-2-yloxy)-cyclohexyl]-4H,6H-2,3.5,10b-tetraaza-
benzo[clazulene-5-carboxylic acid tert-butyl ester,
25 trans-8-Chloro-5-methyl-1-[4-(pyrimidin-2-yloxy)-cyclohexyl}-5,6-dihydro-4H-2,3,5,10b-
tefraaza-benzofelazulene,
trang-8-Chloro-1-[4-(pyrazin-2-yloxy)-cyclohexyl}-4H,6H-2,3,5, 10b-tetraaza-
benzojejazulene-5-carboxylic acid tert-butyl ester,
trans- §-Chloro-5-methyl-1-[4-(pyrazin-2-yloxy)-cyclohexyl}-5,6-dihydro-4H-2,3,5,10b-
30 tetraaza-benzo|clazulene,
trans-8-Chloro~1-[4- (pyrumdm-4 -yloxy)-cyclohexyl}-4H,6H-2,3,5,1 0b-tetraaza-
benzo]elazulene-5-carboxylic acid tert-butyl ester,
trans-8-Chloro-5-methyl-1-[4-(pyrimidin-4-yloxy)-cyclohexyl]-5,6-dihydro-4H-2,3,5, 10b-
tetraaza-benzo[elazulene,
35 trans-8-Chloro-1-[4-(pyridazin-3-yloxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-
benzolelazulene-5-carboxylic acid tert-buty] ester,
cis-8-Chloro-1-[4-(pyridazin-3-yloxy)-cycichexyl]-4H,6H-2,3,5, 1 0b-tetraaza-
benzo[elazulene-5-carboxylic acid tert-butyl ester, or



15trans-8-Chloro-5 -isopropyl-1-(4-pheno xy-cyclo hexyl)-5,6-dihydro-4H- 2,3 ,5 1 Ob-tetraaza-
benzoazulene, WO 2010/060836PCT/EP2009/065354 - 22 -
trans-8-Chloro-1-(4-phenoxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-benzoazulene-5- sulfonic acid
dimethylamideo zeitr@sg3-Chloro -1 -(4-pheno xy-cyclohexyl)-5-pyrid2-yimgtha b dasfibysdro-4H-2 5
10btetraaza-benzoazulene, -29-

5trans—118-ChIoro-1fa%l:r- henoxy-cyclohexyl)-411,6H-2,3,5,10b-mtraaza-benzoazulen-5-y11-
2-dimethylamino 84 65)1?%9,?0-5t%ﬂ@kﬁ[&dmﬂde@%ﬁeﬁ@W:@y@lwxyﬂ-ﬁ,6~dﬁzydro-4H—
hexyl)-4HX%3,3-118.G1iHbabtraad aj{oenzale] azulene-5- carboxylic acid tert-butyl ester,
trans-8-Fluoro-5-methyl-1-(4-phenoxy- cyc lo hexyl)-5,6-dih ydro-4H-2,3,5,10b-tetraazal0
benzoazulene, PagigBaiflongrdefidddhenoxyems Bhanyl)-4Inkibii-2 3 Shihdetiaazahpnzeazul
ene-5- capouylic Aeid 1ertrBU 8318 e, GigTBlIOrozRam I YL AR NV AYFIO NEY 4in o
5,6-dlgydr%-)h 1-_”1-2,% é,i(ﬁ)ugeptrg. ze%ben oéa uler%a, f

15trans-8YCRIOFSYE 41‘-?513-’ o 6-[5?9?’ %“)@%—' éc?o?‘n STRART OB - tetraaza-
benzoazulene-5-carboxylic acid tert-butyl ester, o

trans-8-Chbro- 120 8-fHE5 e ndiy) RS Hek oS Sty b fopaarasriphazdliefazulene
hydrochlotifigdro-4H-fdris 18 htmeradtazpifiore-phenoxy)-cyclohexyl]-5-methyl-5,6-dihydro-4
H-2,3,5,10b20 tetraaza-benzoazulene,
trans-8-Chloro-144«¢4cgyanoiplenaxy £ ytoto eyt ibal b, 6H-2 8w d0b-ieterazahen o[ ejaz wieng-5-carb
oxylic acidradmiresiRhnabilia9s-Ad-E-Chipre5-matiula 6:diyeie-4H-2,3,5,10b-tetraaza-benzo

[elazulen- 1-y1)- cyclo hexylo xyl-benzonitrile,

25trayys-8-Chloror 144:4d: thiramat v PRE NI eYF IO eX b LEAH B2 3R MRFTRAZR of the
benzo[elaz ege-S-carb%%(Xllc acid ten;ltgjtyl ester,

trans-8-Ch or%-fﬂir}f%’-‘gh or%Y%hoeﬁ%]§§ ﬁ@lé’ﬁ%ﬁﬁ%ﬁ%ﬁ%,?&%ﬁ%#ﬁeﬁ%‘ggg%oazuIene-5-carboxyli

c acid tert-butyl ester, . trans-8-Chlgro-144-(3-chloro-phenoxy)- cyclo ) .
hexy11-5-methyf5 Xty AROARITR 5% B3 IS HH LS n Beh ARTRAUAG, 25 described in any of the
trans-8-Ctilarodinan{g imdiloxy-pHdampypioyallvhekiy] stHseic2, 3,5,10b-tetraazabenzoazulene-5-carbo
xylic acid ten-butyl ester, trans-8-Chloro-144-(3-methoxy-phenoxy)-cyclohexy11-5 ,6-dihydro
-4H-2,3,5, 10b-tétraczabermbddejandent thydiochlosides & compound as described in any of the

3?“&%-%&’(3&%@;:%1%*@'@ﬁﬂa%Wﬁ@éﬂﬁﬁ%@&@a&%ﬁa@“@%ﬁé@h@iﬁ%@%ﬁ Tl St
elraaza- n . . . , . . . .
trans-34401‘32‘%?%%%*?%.&5’5%5%.‘a}ﬁﬁyna%q@ﬁﬁéz%f%f&o&%g%’ﬁg B SIS T i fver

hexyloxyKBERERitAREIHE SRBATHSSBEET/EPIBOTR sEaBacrs Pbsestisn SENORIEHE- LigdAsio lylo
xy-cyc lo hisyiy- 44 o2 Hssriots. tethamphrbenzanfeiazreteine Beheaidyoxylic acid ten-butyl ester,
trans-8-Chloro-1-(4-m-tolyloxy-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-tetraazabenzolelazulene
hydrochloride, A certain embodiment of the invention is a pharmaceutical composition comprising a

20 compound as described in any of the embodiments.

A certain embodiment of the invention is a pharmaceutical composition comprising 2
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
failare, inappropriate secretion of vasopressin, liver cirrhosis, nephrotic syndrome, anxiety,

25  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
30 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,



5trans-8-Chloro-5-methy1-1-(4-m-tolyloxy-cyclo hexyl)-5,6-dihydro-4H-2,3,5,10b4etraaza-
benzo[e]azulene,
trans-144-(3-tert-Butyl-phenoxy)-cyclohexyl]-8-chloro-4H,6H-2,3,5,10b-tetraazabenzo[e]azulene-5-car
boxylic acid tgarBubastar, PCT/EP2009/065354
trans-8-Chloro-144-(2-fluoro-phenoxy)-cyclohexyl]-461,6H-2,3,5,10b-tetraaza- 10
benzo[e]azulene-5-carboxylic acid tert-butyl ester,

trans-8-CAIELTA ez RbisRo HFEERy ) RTINS BBy ditsurden, 380D - wraazabaitofelazulene
hydrochlosidiézophtrains:8dGhlaeesiid bdRaflisoro-phenoxy)-cyclohexyl]-5-methyl-5 ,6-dihydro-4H -2,3 |5
,10bretraaza-benzo [ eiazulene, 15trans-8-Chloro-144-(2-cyano-phenoxy)-cyc to hexyl]-4H,6H-2,3

,5,10b-tetraaza- hepzeazbighersarbowdicnascidiln-biyhestera compound as described in any of

trans-2-[4 'ﬂg %l%}%rgegtg Hﬁ'd'tfgcd’ c%f;%’t?@glogr t%ﬂ%@tbgp%gﬁﬁ&l Xi]ale or female scxual
cyclohexylo %P]berlzonltrle loride,

trans-24458 AHBRE-cIRSTHE 8% HiRTF RS o4 8T S O BHBIRAT 4D SSGALTISH Tayapropsin, Hiver
cyclohexyléxyptierpaitels, syntranss-8aChiksto- Sefteastoly bsgrdsrslobeseghitHsompulsive disorder,
6H-2,3,5, i0iniRtipaZiechenzeazm eRGiboiaHhax\ie agigddait-butrhester,
trans-8-Chloro-5-methyl-1-(4-0-tolyloxy-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-tetraazabenzoazulene,
25trans-8- Chlorqxléén@% &ﬁB&Eﬁr&ﬁeBPXﬂkCMBﬁ&ﬂ% 4. Bl 3 THORnteRGZBeutic and/or
benzanUIen F} ii E\é“c@a%ldﬂ%e(gt !;')U ﬂ%{er male I' fem e sexual et h Tt

trans 8- C%Topoyﬁ (;(3 c}rﬁuoro phgnoxy? cyc%bhex et i § 8- d‘ﬁ’sé% Céﬁn ypertension,

2,3,5' 8 b TR AL BE I BE TEHE PSS S HIoPE 4 m%%%@w %@aﬁs@y@%wm syndrome,
hexyl]-4H:8ki<2y3, 5c0trtotradsar B30 benzonzvulenesputivbodigicdrcid aeitiutypasten  disorders,

tra)ns 8|C5ﬂﬁf;§b§hfeﬁi@)‘inﬁ Elbéhﬁéﬁﬁ‘v%’b"%hmh method i:ompmses admmsi@,iéeﬁ?g a J(f([)4 oung a53 |
Xy)-cyclo % t§ betraaza-benzoarulene,  trans oro- pyridin-3-ylo
AR AR

xy)-cyc lo {etraazabenzoazulere-5- ca%oxyllc acid tert-butyl ester,

aotans 8-Chiog.S.mety 148 Idn ORIV RSS2 328 can bo

trans-B-CRIBRSALUCS AGSRIARBYAdRTECT i Ty iSisRdRy i ar P Fra2!Eis a cprmennsabemslAlidine-5-ca
rboxylic acid ten-butyl_ ester, WO 2010/Q60836PCT/EP2009/065354 - 24 -  trans-8-Chlo
ro-144-(5-chloro-pyr idin-3-ylo xy)-cy clo%e xyl]-5-methyl-5,6-dihydro-4H2,3,5,10b-tetraaza-benzo azu
lene, o -

trans-8-Chloro-144-(pyridin-2-yloxy)- cycloh 4H,6Hr2,3,5,10b-tetraazabenzoazulene-5-carboxyli
c acid tert-butyl ester, 5trans-8-Chloro-1[4-(5 o g@%yc lo he xy
1]-5,6-dihydro-4H-2,3,5,10b-terraaza- benzo aZ-ulend{ hydr oride, trans-8-C hloro-5-methy
[-1-[4-(p yridin-2-ylo xy )-cyclo hexyl] -5,6-dihydro-4He2,3,5,10btetraaza-benzoazulene,
trans-8-Chloro-1{4-(6-chloro-pyridin-2-ylo xy)-cy ¢ Jo hex y1]-4H,6H-2,3,5,10b-tetraazal0 benzo
[e]lazulene-5-carboxylie acid tert- est trans-8-Ch loro-144-(6-chloro-pyridin-2-y lo x y)-cyc lo
he x y1]-5-met h y%% %Oglgﬁyacr{o gﬁ%@‘éﬁ%{} tetraaza-benzo [el azulene,
trans-8-Chloro-144-(5-chloro-pyridin-2-yloxy)- cycloh(:)g){l] -5,8-dihydro-4H-

,3,5,10btetraaza-benzo[elazulene hydrochlorlde N‘g
RSN
No2
Rm

to obtain 2 compound of formula (I) wherein R, R? and R? are as defined hereinabove for
20 formula ().

The processes are described in more detail with the following general schemes and
procedurss A to G.



15trans-8-Chloro-144-(5-chloro-pyridin-2-yloxy)-cyclohexy11-5-rnethy1-5,6-dihydro-4H-
2,3,5,10b-tetraaza-benzolelazulene,
trans-8-Chloro-144-(pyrimidin-2-yloxy)-cyclohexyl1-4H,6H-2,3,5,10b-tetraazabenzo[e]azulene-5-carb
oxylic acid tewt¢bptyl/estes c is-8-C filo ro-144-(p yrimidin-2-ylo xy)-cy< tortresoppebis6H-2,3
,5,10b-tetraaza20 benzo[e]azulene-5-carboxylic acid tert-butyl ester,
trans-8- Chloro 5- methyl 1-114-(p yr|m|d|n -2- ylo Xy)-C yclo he O

-(pyrazin-2-yloxy)-cyclo
er25trans- 8-Chlo
[aza-benzo

ylic a(:ld tert-butyl.

| >-dih drdiA1E908 5 10b-

hexyl] 4H 6H-2 3,55111@ zabenzo[e]azulen
ro-5-meth y1-144-(pyrazi '

[e]lazulene, )l 2 R N reflux _
trans-8-Chloro-144-(pyrimidin- @yloxy) cyclohexyll 4H ,6FR2,3,5,10b-tetradzabe nzol€lazulene-5-carbo
xylic acid tert-butyl ester, trans-8-Chloro-5-methyl-144-(p yr imidin-4- on Xy)-C yelo he

xyl]-5,6-dihydro-4H-2,3,5,10b30 tetraaza-benzo [eJazulene, trans-8-Chlo ro-144-(pyridazin-3-y lo
Xy)-c yc lo hex y11-4H,6H-2,3,5,10b-tetraazabenzo[e]azulene-5-carboxylic acid tert-butyl ester,
cis-8-ChlgehdAd - pyddazinsdwiaxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraazabenzo[e]azulene-5-carboxyli
c acid tert-butyl ester, 35trans-8-C hlo ro-5-met hy1-144-(p yrid azin-3-ylo xy)-cyc lo he xyl]-5,6-d
ihydro-4H-2,3,5 @;@thﬂiﬁaél?eﬁ‘ szadelBzualens, prefuisd8oG hiareal-[4rmmidinR yioaxyydpele he

L O A R O e DA RlE I W Eer e RASHIC AUE! BR8B! The ihthesis of

cis-8-éhIW¥2&“$yﬁé I BX - cfiBHERG - Seatth oAEms 3 B; YobeiPAdshnenTB B uRNe |
cis-8-ChIcfmr@;kméiﬂylcmgwnmmszl@wy%ﬂm@@e&mi-ﬁiﬁi@mﬁd%@dﬂﬂmz@%@%@ﬁ%z@eb@ﬁko[e]azu
lene , Strafg8nc Al aekdiftalB-flrena-piniginre Wax othery gloledsyd] B,6-dihydro-4H-2,3,5,10b-
tetraaza-benzo [e]azu [cue, trans-8-Chloro-144-(3-fluoro-pyridin-2-ylo xy)-c yclo he xyl]-5 -met
hy1-5,6-dihydro-4H2,3,5,%053 elrdaza-benzo[elazulene , trass-8- hloro-144-(5-fluoro-p d -2-ylo x
y)-cyc Iohexyl]-5,6-dihydro-4H- 0b]1@ tetraaza-henzo fefazule
trans-8-Chloro-144-(5-fluoro-pyridin-2- x}f\)-cycloheﬂﬂf 5-methyl-5,6<0 L\AHZ 3,5,10b-tetraaza-b

enzolelazulene , N
trans-8-ChIoro-144-(6-methyl-py P-yloxy)-cyclohexyll-5,6- dlhydro 2 3 ,10btetraaza-benzo[e]
azulLene , 15trans-8-Chloro-g#Z, 2-difluorerethyl)-1[4-(6-methyl- pxn oxygI cyclohexyl]-5,6-

dihydro-4H-2,3,5,10b-tetraaza-benzolejazu

trans-8-ChIoro-5-(2-fLuoro-ethyI)-144-(5-f|aoro/-b@d -2-ylo xy)-cyc lo hexyl]-5,6- lalhydro4H-2,3
,5,10b-tetraaza-benzo [e]azulene , trans-8-Chloro-5-ethyl-114-(3-fluoro-pyridin-2-yloxy)-cyc lo
hexyl]-5 ,6-dihydro-4H20 2,3,5,10b-tetraaza-benzole]azulene, trans-8-CHhloro-5-et
hy1-144-(5-fluoro-p yridin-2-ylo xy)-c yclohex y1]-5,6-dihydro-4H2,3,5,10b-tetraaza-benzo [e] azulene ,
trans-8-Chloro-5-ethyl-144-(6-methyl-p

yridin-2-y|oxy)-cyc|ohexyl]-5,6-dihydro-4H2,%54 h-tetraaza-benzo[elazulene , or
25trans-8-Chloro-5-methy RR44=(H-sve¢hyl-p din-2- )-C Y& lo he x y1]-5,6-dihydro-4H-
2,3,5,10b-tetraaza-benz® (B4 TfsE" a*ﬁ" .

N/
or P
R2.L.G, base, solvent /@\jg
R N

v

Scheme 2: General Scheme B

10 Compounds of formuta (I} with R* different from H can be prepared from compounds of formula
{(I-b) (compounds of formula (1) wheremn R? is H) according to methods known in the art, e.g. by
treating a compound of formula {I-b) with an inorganic base such as a carbonate salf or an
organic base such as a tertiary amine and an electrophilic reactant R*-LG (wherein LG is a
leaving group, e.g. halogen or sulfonyl) which is either commercially available or easily

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



More preferred compounds are  trans-8-Chloro-1-(4-phenoxy-cyclohexyl)-4H,61-1-2,3
,5,10b-tetraaza-benzoazulene-5- carboxylic acid tert-butyl ester,
30trans-8-ChLoro-1-(4-phenoxy-cycLohexyl)-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzoazulene
hydrochlorideyo z016/060836 PCT/EP2000/065354
trans-8-Chloro-5-methy1-1-(4-phenoxy-cyclohexyt)%,6-dihydro-4H-2,3,5,10b-tetraazabenzo[e]azulene,
trans-148-Chloro-l-(4-phenoxy-gyc lo h 8%%'2&4H’6H_2 3,5.,10tﬁtetraaz%-benzoazuIen-5- i35

ethanone compeunds ‘of formula™(I)"can be ed via redutfive alkytation by consecutively tréating a

trans-8-Chioroosamheth deesuifohyl- 1id-pHertoxs ey cldhesdel usl 6 dikijels- AR 85 A0efdaza-benzo
azulene, WA1L0GEEIGRE THR2Q0IBHB580r 26 dride frans28-htotasbhydride or sodium
-(4-phenoxy-cyclohexvil-41d. 62 3, 10 tetaRzaibenzn azilen:Sapldngthanol eavianssB-hiloro-5
-isoprapyl-1 -(4-phenoxy-cyc lo hgxyﬁ -5,6-9%1@%{3-4% 31 , | Ob:tetgaalzta epnzo%%gée%‘;ﬁb ula

5trans 8-CHid 6‘4ﬁ@f§pﬂﬁ YELYEID LAY B8 PS8 TR 42 A25En z0aZUT ENE - Stiforic acid
dimethylafiidleare qeanenBOhlotbeited 2pieneaky BytroRiegybps: miicr basic aqueous work-up by
yridin-2-ylmathyh:S8-dinystiondH & Ibntohtetrayachengaarislerfeformula (1) in which R® is tert-
”ans-148@@9&8&955%;:%&%&%@%hdeg%m&dsﬁhke%t?e.g.%ﬁsﬁém@ﬁ&%&?@zm@ﬁw&a@&h@&

2-dimethylamino-ethapone, trans-8-F luoro-1 -(4-pheno xXy-cyclo hexyl)-4H,6H4-5 .

10b-tetradZ a-BEHY 818} ?@Ié)ﬁegéér(?ﬁ 6§fyﬁ85gc$r?i f% %513@1 esf\{téerxjap SO LN Rercinatier furter
transi8-FlibworSanh sty senoa! pharewieeyelerexii)-5,6-dihydro-4H-2,3,5,10b-tetraazabenzoazulene,
15cis-8-Chloro-1 -(4-phenoxy-cyc lo hexyl)-4H,6H-2,3 § Cgﬂgg{%qtr%a%za-benzo azulene-5- carboxylic
acid tert-butyl ester, wcgis-&&hjoro-5-methyl-1 r\(@gphédmﬁgyéfp ﬁexyl)-S Q-dikydro -4H-2 ,3,5,1

Ob-tetraazabenjgoazulene, #aNs-8-Chlora (4-f|uor&:1§phenoxy)-cycto l]-4H,6H-2,3,5,
f 10

Ob-tetraaza=*20"bénzeazulene-5tarbexylic&cio ten-bmxi—ester—ﬁran@-- iorp
-[4-(4-fluoro-pheno xydgyclEHEkyl]-5 ,6-dihydrazaH-2, 88 0b-tetraazabenzo Fejaguﬂeae»\
hydrochloride,  trans-8-Cfibro- 114-(4-f|uoro-phenoxr;??-ué(yclohexyl)-5-methy1—5 , 6-dihydro-4H-2,3
,5, lobtetraaza-behzoazu lene, b ¢
25trans-8-Chloro-14444-cyano-phenoxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-
benzo[ejazuIeam;@)ga(@ggyjic acid tert-ﬁgtyl ester, ZnBr NH
trans-444-(8-Ghjpror&methy1-5, y r6-4H-2,3,5,105;?/%1ra§’za-ben I@I azufen-1 -y1)- cyclo hexylo
xyl-benzonitrile--trans-8-Sklorp 4-trifjioromethyl-phenoxy)-gyetaexyl]-4H.61-1-2,3
,5,10b-tetraaz&t'8benzole]azulepg-5:¢arbbxylic acid ERAsutyl ester, o N\/lL o~
trans-8-ChIor&-i@@@fchIoro-phenoﬁ?}-cﬁ%@lexyl]AHR,mél-l-Z,3 5,10b-t&fraaza- ©
benzoazulene-5-carbo xylic acid t&gtbutyl ester, trans-8 -Chloro- 1 ©
44-(3-chloro-phenoxy)-cyclohexyl]- met{}i1y1-5,6-dihydro-4H-2,3,5,10b-t traazg-benzo azulene,

H O Lawesson's H .S
t-BuOK N"‘( reagent /'\\\/N
g ) ]

THF o N THF R = N
0°CtoRT }—-O refiux }_,O
o )< 0 X
£ -1

Scheme 3: General Scheme C

Thiolactam derivatives of formula (IT1-1) (compounds of formula (Fg1) in which R? is tert-
butoxycarbonyl) can be obtained as follows: Transformation of a 2-nitrobenzyl alcohol of

15 formula (a) to & benylic 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 N-protection of the resulting compound of formula (¢} using di-tert-butyl dicarbonate

and a catalytic amount of 4-N,N-dimethylaminopyridine gives compounds of formula (d). The

20 nitro group can be reduced selectively by hydrogenation over palladium on charcoal, which has



35trans-8-Chforo-144-(3-methoxy-phenoxy)-cyclohexyll-4H,6H-2,3,5,10b-tetraaza-
benzoazulene-5-carboxylic acid tert-butyl ester,
trans-8-Chloro-144-(3-methoxy-phenoxy)-cyclohexy11-5,6-dihydro-4H-2,3,5,10b-tetraazabenzole]azul
ene hydrochiende;sé@&2010/060836PCT/EP2009/065354 - 27 - transP8ATEHReEH/D65354
-[4-(3-methoxy-phenoxy)-cyclohexyl]-5-methyl-5 ;6-dihydro-4H2,3,5, 1 Ob-tetraaza-benzoazulene,
trans-314-(8-Chloro-5-methy1-5,6-dihydro-4H-2,3,5, 1 Oh-tetraaza-benzo azu len-1 -y1)- cyc Jo hexy
lo xykben GTHHAIET e H B 40 ek R =ht8@6?ff§3§1 1egiaes Qi
Ob-tetraafa-Berisdiarvidmtasuscerboryle it roftibmybesterimentrahsogoriiiais-of amwladaylo
xy-cyc 1o henyh-Si@bthinyeoAd - fotsSidmli@btietradz ahenzaliplazulene hydmattoriderivative of
trans-8 ChlororR MRy & bitdiRa' 8 MekeKe O eyl Bl by it &3 2 DRiIBUaREaL don

ene,

benzo[ejazu trans-1 o .
44-(3-?ert-@tfﬂm%ﬁ%ﬁﬁ%}-‘@gﬁﬂ@iﬁ%l{éﬁ%}?@ﬂﬂ}%@ﬁ%ﬁﬁﬂ@ﬁﬂgﬁ%@zabeﬁ%o[e]a% gﬁ%%)%arboxyli
c acid tertpbuitydueBderat cletreind Budilera 44-(2-fluoro-phenoxy)-cyclohexyl]-4H,6H-2,3,5, 1
Ob-tetraazabenzo [elazulene-5-carboxylic acid tert-buyg,r?ster, 15trans-8-Chloro-1 -[4-(2-fluoro-pheno
Xy)-cyc to hexy1]-5,6+ginydro-4H-2,3,5, 1 Ob-tetraaza- ?[Bzo [ elazu dene hydrochloride,
trans-8-Chloro-144-(2-flugt enoxy)-cyclohexyl]-5- - 6-dﬁ1ydro',3,5,10btetraaza-benzo[e
jazulene, trans-8-CRlgre~J 44 (2;cyanogihenoxy)i€yclohexyl]-4H,6H '35 Ob-tetraaza20
benzoazulene-5-carboxylic acid tert-butyl ester, traﬁspzi[ﬁT(S-Chloro-S,6-dih&5dro-4H-2,3 5,
Ob-tetraaza-benzo rejazulen-1 -ﬂﬁ—ﬁcyclo hexylo xyl-benzonitrile hydrochloride, ™
trans-244-(8-Chloro-5-methy1-§§-dihydro-4|§y-2,3,5, 10b-tetraaza-benzgg_§uIen-l -y1)- cyclo h
exyloxyl-benzonitrile, 25trans-£3- hloro-1 -(4-o-to lylo xy-cyclo hexyl)-4H,6H-2,3 ,5, 10b-tetraaza-benzo
azu lene-5- carboxylic acid tert-butyl ester, PPh..
trans-8-ChIoro-5-metH§ﬁ:r % -tonony-cycIohexyI)-S,@Q&f@ydro-4HT2 1Q

trans-8-Chloro- 1-[4-(3,5-diflugro- rajeno.;y)-c;ycdg hexylgﬂ-l-hél-!-Z, .5, 10
benzoazulene-5-carboxylic acid fért-butyl ester, tra@ g&-gploro-l 44-(35<difhe
hexyl]-5-methyl-5 ,6-dihydro-4H2)&g,l Ob-tetraaza-benzo azu lene,  trans-8: \hloro- 1
[4-(naphthalen-2-yloxy)-cyclo hexyl]-4H,6H-2,3 ,5, 10b-tetraazabenzoazulene-5-carboxylic acid
tert-butyl ester, 35trans-8-Chlggp-5-methyl-144-(naphthalen-2-yloxy)-cyghexyl]-5,6-d ihydro-4H- 2,3,5,
1 Ob-tetraaza-benzoazulene,
trans-8-Chloro-144-(pyridin-3-ylpxy)-cyclohexy11-4H,6H-2,3,5,10b-tetraazabenzoazulene-5-carboxylic
acid tert-butyl ester, WO 2010/060836PCT/EP2009/065354 - 28 -  trans-8-Chloro-5 -methyl- 1
44-(pyridin-3-yloxy)-cyclo )-5,6-dihydro-4H-2,3 |5, 10btetraaza-benzoaz-ulene,
trans-8-C%‘fﬁ%}%?fﬁ-((%nc%fg%%%;ﬁ%%-3-y|oxy)-cyc|ohexyI]-4H,6H72,3,5

10b-tetraazabené%%§%g§%§ _gta tabt&)}%) %O%gl%gglgh%gj{t .legggggkylic acid ester of formula (IV) with a

10 phenol derivative of formula (V) under Mitsunobu conditions leads to a 4-aryloxy-
cyclohexanecarboxylic acid ester of formula (VI) under inversion of configuration. Thus trans-4-
aryloxy-cyclohexanecarboxylic acid esters of formula (Vi-1) are obtained from a cis-4-hydroxy-
cyclohexanecarboxylic acid ester of formuia (IV-1), while cis—4-—ary10xy—cycibhexauecarboxylif;
acid esters of formula (VI-2) are obtained from a trans-4-hydroxy-cyclohexanecarboxylic acid

15 ester of formula (IV-2).

sodium methanesuliinate, K,CO,,

HO o
DIMF, 120 °C R
H 1_ e
0 4+ R o
ar

O. Cul, 1,10-phenanthroiine, Cs,CO,, 0.

R toluene, refiux R
1\ Vil Vi-a

R = Me, Et R' = Heteroaryi

Scheme 5; General Scheme E



5trans-8-Chloro-144-(5-chloro-pyridin-3-yloxy)-cyclohexyl]-5-methy1-5,6-dihydro-4H-
2,3,5,10b-tetraaza-benzoazulene,
trans-8-Chloro-144-(pyridin-2-yloxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraazabenzoazulene-5-carboxylic
acid tert-butylvestesyososss trans-8-Chloro-1 44-(pyrid in -2-ylo xy)-c yc lo hexogiizeed8esibydro-4H-2,3
,5, 1 Ob-t etraazal0 benzoazulene hydrochloride,- 34 trans-8-Chloro -5 -methyl- 1 -[4-(pyridin-2 -ylo
Xy)- cyc lo he xyl]-5 ,6-dihydro-4H-2,3 5 1 Obretraaza- nzoazu

trans-8-Chloro-1’ ﬁr’(%oﬁﬂ%r%fﬁm}?é QF@Q(W%%‘P&HQW?? @B‘ﬁ}ﬁﬁhtgtré‘a&%fﬁr@ﬁfwecﬁ&ulene-
5-carboxyic racid st ey %W@Wb@@m@‘@@%@%ﬁl@@rmﬂfdmﬂé’ kgpty eseeraryt

xyl]-5-metiyikS6-dihgarandH 23, 5 118b-fetaaza-benzalelarulensicichisars-B-Ghlang- Af sodium

14-(5- Ch'qn%tpéé{équ@f%gé %%é{)ﬁ}’%@gﬁ%xﬂ g%éqg G%dggfb%';!a%e%%@9&%@6&%?%@5&%&@%
hydrochloride, trans-8- 1 44-(5-chloro-pyridin-2-ylo x%/ Ohyc Io%exggwggmeth

6-dihydrd:4Rak: ﬁ%cm%@ﬁ% éﬂﬁ&ﬁ%{%ﬁﬂ%ﬁ%ﬂ [,10-phenan 18 ¥ b
trans-8-Chigbord4u| pykiemidin 1281exy)-cyclohexy11-4H,6H-2,3,5,10b-tetraazabenzorejazulene-5-carb
oxylic acid tert-butyl ester,  cis-8-C hlo ro- 1 [4-(pyrimidin-2-ylo xy)-c yc lo he x y1]-4H,61-1-2,3 ,5, 1
Ob-t etraazabenzo[e) g2t 28 oxyllc aciel teatebatyd ester, 2311 rans- ‘B 0-5-met hyl-1 44-(p
yrirnidin-2-ylo xy)- c%}Efé_hex y1] 0-4F=2;3-57,1-0Ob- tetradza-lienzolejazufede,
trans-8-Chloro-144- (pyra@‘zlrt 2-yloxy)- cIohexVﬂylﬁQIQ@ﬁ 5& 5,10b-tetraazabenzo] azulene 5-carboxyl
ic acid tert-butyl ester, trans- ‘R TR
8-Chloro-5-methyl-144-(pyrazip-2-yloxy)-cyclohexy11-5,6-dihydro-4H-2,3,5,10030
tetraaza-benzole]azulene, trans-8-Ch lo ro- 1 44-(p yrirnidin-4-ylo xy)-cyc lo hexyl]-4H,6H-2,3 ,5,1
Ob-tetra zabenzo[e]azy k&ne-5-carboxylic acid tert-butyl ester,  trans-8-Chloro-5-met hyl- 114-(p
yrimidin-4-y10 xy)-c yclo hexy11-5,6-dihydro-4H-2,3,5,10btetraaza-benzo[e]azulene, 35trans-8-Chloro-

1{4- (pyrldﬁ%g]m% ¥ g&%ﬁ&b%%yﬂ -4H,6H-2,3,5, | Ob-tetraaza- benzo[ejazulene-5-carboxylic acid
tert-butyl ester, cis-8-Chloro-144-(pyridazin-3-yloxy)-c yelohex yl]10b-t etraaz a-

benzo[ejazuleneES-carbo Y cf§C|d tc?rtlgl?}g } ster o A/VOthQ}lO1p6%§§§%};{5%09§é%§%%€ 329 -

li
trans-8-Chloro-5-metiyl- -[ (pyn azi
6-difdroAh 53, Sdfdtf; @rralornged amé?@mivtwpfmﬁs Pty i BfeRrER i A S IERIGo
-5-met hydhir{dapimdnoctyytyoitehexylybabetdihptros4aBt:2n8: Bi1iGb-tetraaza-benzo[e]azulene and
trans-8-Chloro-5-methyl-1-[4- (pyrldln 2 5y lo xy)-cyc lo he xy1]-5,6- dlhydro -41-1-2,3,5,10b-tetra
7a-benzoazulene.. Mgst-Bre (pyrislin-2-yloxy)-cyclo
hexyl]-5,6- dihydro-4H-2,3,5,10 embdiment of the invention is
a compound as described in anyof the mbodln;‘%gttgrq]blg%@gble by a process] accordmg as described
herewithin. 10A certain embodiment ofthe inventimris a compound as desckBed jn any of the
embodiments, whenever obtained by a précess according as described he IeW|th|n A certain
embodiment of the iRvelfiof is a conydound as described in any of the embodiments for the use as

therapeutically active substance. A certain ¥mbodiment of the inyention is a caompound as described in
f the 1) ethyl chloroformate,
any e 2 M aq NaOH Et,N, THF, 0°C

1.4-dioxane, RT 2) hydrazine hydrate,
g0
O

MeOH, RT
OH

VIl

Scheme 7: General Scheme G

A 4-aryloxy-cyciohexanccarboxylic acid ester of formula (V1) can be converted to a

15 hydrazide derivative of formula (il) by heating with hydrazine hydrate. Alternatively, an ester
derivative of formula (VI) can be hydrolyzed to a carboxylic acid derivative of formula (VIII)
using a biphasic mixture of aqueous sodium or potassium hydroxide solution and an etheral



15 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, schizaptwesigsand aggressive behavior. A certain embodimenttStBE2RG&RGIEH is a
phaceutical composition comprising a 20 compounéfas described in any of the embodiments. A

certain embodiment of the invention is a pharmaceutical compasjtion comprising,a co und as
describec® &Ry BF i dESHimONE RN PSR eu%%??ﬁ%‘rpatt@ap?%%%t%a%}ef%gt%g%%%?g‘ “
dysmenortida, miacdidemele Sorudd dy¥illiction; hyibrienibn celrrsieteart Rime, ifipptspriate
secretion efarasapresstt divaneisrhasiinpephoticasyndsemesarietling sy ik presstie:disorders,
obsessive compulsive disorder, autistic spectrum disorders, schizophrenia, and aggressive behavior.
A certain embogimesteithgiinyeptignisthecuse atacsempound asitlesetideckin Bnybfdhed by
embodimenisIpd epsparaian 8f 4 madisaniantAratiai emboriment D0 VAMgIS (he se of
a compound as described In any of 30 the embodiments for ,tﬁeﬁgre ration of a medicament, wherein
the medicRriBHE i5 Defiittole raVBItioh SrereRifent of ty&hte 4 RIS AR ek ual
dysfunctiche hypestensiom ackirtic prodrtcraitaresinalbpbe prideccddor stior of Pado oSt R/eP &irrhosis,
nephrotic syndramesioWer 20480608C6PETMER 2009/0653bd caficanxietypdepresBivetdisarders,
obsessive, compuIsivG JRarder.anlistic ae I dRarders, sehizanntenianaRd adaieSaMadReRavior.
A certain émbodiment of thé invention js the use of a co our}_d - described jn any ofr&]
embddim&HS /thé SadvEntidn BF ALLHRRM of Hyﬁﬁgﬁgg Ted, ﬁwagflé“?)r_s e{tmgélr“e Bkt éey{/)s[f{lzﬁction,
hypertensidrerehrvhic et daiturecinappeeiiviatasacretiontst vadopresiin am@isciivosts #phirotic
syndromesrandgihb BRPressivedisoisiets: 0bgesaivagomphilsiveatis arter autisticyspetttunwdisorders,

SChiZOPhV&E‘}L%‘m%?%lﬁqgE%%%W&R@Q&Y)&& by eé&gg@g &nmgjm%gf the invention is a method for the

therapeutic and/or prophylactic treatment 6f dysmenorrhea, male or female sexual dysfunction,

hvpertension, 19, Chloniegalt e, apprRRINe SRAIRIan ahYesaRrEsRI VR iithasia nephrotic

syndrome, anx@%;oz epressive disorders, obsessive compulsive disorder, autistic spectrum disorders,
schizbphréfithzantl Sgracinie BIAGIS SRR ATHREHD A CORIBHRs s ARG PR B B ASS U 4s
defined intanlyeibtbdembo dineits to thhufitnibgingtorianimakommercially gepitihlerhbodnieftethe
compounds: o farmula-EDef 41 iveBtonLAm e 5 Mmanukasiurg aesersding to a process comprising
the step of reacting a compound of foimula (II) Ri  with a compound of foula (l11) to obtain a

compound of fonpyla (N-WheIKiRE: R4 andB3rimas definechheneinabove dor 20-farmmiad) bdVO
2010/060 gg\'?&%g;—:/cllz' 5‘[28%8 10%??%&)&;%]’(6 prc?v%géa e%%&t%&”%%&}'cf?%PeeQ&Saﬁ‘ie of conversion back to

20 the parent compound in vivo.

Pharmacolorical Tests

The compounds of the present invention exhibit Vla activity. They are sclective
inhibitors of the V1a receptor and are therefore likely to have a low potential to cause unwanted
off-target related side-effects. The Via activity may be detecied as described below.

25 The human Vl1a receptor was cloned by RT-PCR from total human hver 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
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 m 20

30 liter fermenters with the following protocol.

50g of cells are resuspended in 30 ml freshly prepared ice cold Lysis buffer (50mM
HEPES, ImM EDTA, 10mM magnesium dichloride adjusted to pH= 7.4 + complete cocktail of
protease inhibitor (Roche Diagnostics)). Homogenized with Polytron for Imin and sonicated on

ice for 2x 2 minutes at 80% intensity (Vibracell sonicator). The preparation is centrifuged 20 min



Compounds of formula (I) can be prepared by theial condensation of a hydrazide derivative of formula
(1) and a thiolactam derivative of formula OW. The synthesis of 5 compounds of foimula (ll) is outlined
in general schemes D-G hereinafter. Compounds of formula (I11) can be prepared following the general
scheme C asvdesonbegtisereinafter. General scheme A is hereinafter furtiériffiFstitedwih general
procedure V. l-at-b Scheme 2: General ScheméB 10 Compounds of formula (1) with R2 different
from H can be prepared from unds aof formula com f er 2is H)
accordingto ﬂqeﬂﬁéés%ﬁgﬁlﬂeﬁw g%?f aéaﬁ% 6%%3% a)%(tg“rj%t %&%1 cﬁc ]f aﬁlzé%“)()ﬁ\f% aﬁ%@rganlc
base such'&308%arbonkite saltcdrianwryasiédase shehmas !aﬁt‘éibtlhﬁfﬁm ﬁé%cﬁ&ﬁ%ﬁ%&%rﬂﬁ

reactant R3rhdswhareiineG ipsijeavirfgrgrdumie. g halpgenorsuffonytjowhickdseithed donimercially

avallable B %%?«JM&M@%% &@rgsygtgqem%@hgm}qlﬁtfv@Irpg}m;ﬁma?ssw@m@mg indha.art.
Alternatlve gr 0 O 6 836 P2009/0 5354 - 3 w?m ounds o

formul btained

via reéucﬁ S ﬁ ng’éﬁ 1 88iig"a CompOtnd of formula (1 m cing&)é%gcr?e%ogk
aldehyde @h@ﬁ@uit%{b@&é@@@ﬁg@@@ﬁ@; & . 5M SRS IIdOdERv AR %ﬁ‘%ﬁ% %’63 i Db Eride,
sodium cyangherahydtiderat-3qdiun tiaoatoxylbretiyide 0Confpauaddscofformutaxtisb)cdhebe
gbta'”ec' %Ma%k??y%g&%éh %g%swa@qwg Qfg@v@@g}w& of f&ﬂ‘ﬁ"ﬁﬂﬁl'%?%s@]ﬁﬁm%f(ﬁﬂ@ﬂﬂam the art.

ompounds 0 nveni obtained as r the free after queous
work-up b%a%’el&%’fé# %P%‘B‘?ﬁ%{gh & grgm%dlm%l aﬁd(ggg)%mgﬁr? T RIS t%jln Which %&Ctg
tertb&ﬁbxy@arb@iwgiwmﬁﬁﬁacfﬁflﬁlﬁ%ﬂi?&!ﬁé JuRdaRe, & % sth&rfeaiirgrid a‘é?bom%‘éﬁldf@m@ﬁane or
tetrahydrofsiraiaerdhydraghioticl acid irmaetianoh Genatakschyeme! @uis Yedeiraite rshforetel iustrated

‘(’:’I'Ithlg‘(e”%@ét@fﬁ?%&ﬂyﬁéd\é'hamo\&h erafReme, 3-fenpkal Beheme Goihiclactamdesivativesof formula
Cc

nds of formula (Il which R2 Is ter. buto carbonyl) can tal S:
Transforn%[agPo B D RePEBRRS T ACORET 81 15" Forrrltlﬁrl%tncﬁgm Seny ccf?:lﬁ (l)%ﬁd et%o? ogr?[n% 1Z?§?%van be
effected b%h%f@#ﬁ@ﬂﬁ@tﬁl?@qlgﬁdé‘?ﬁ@aéﬁtdé RS hy T eRoFHa e pre Senes 6 ’érﬁ%?@&ﬁ?&%érﬁ%‘f“y amine

base] Alkyigtion@tadompednd:of fiojrmdabhi with glytine ety dstéibhydidcistofidamtthe presence of
an organic tertiary amine base and N-protection of the resulting compound of foiniula (c) using
di-tert-butyl dicarignai8owing representative data show the antagonistic activity against human Vla

receptor of compounds according to present invention,

i Ki Ki Xi
Exdt (h%li;) e (ﬁéqa} Exir (h%z_ gy | B (h%f]..a)

1 8.49 20 8.11 47 8.92 74 7.93
2 8.36 22 8.05 48 9.10 75 8.55
3 8.80 23 804 49 §.15 79 | 8.59
4 $.85 26 838 | 31 | 843 80 . 7.90
5 8.77 28 8.5 52 8.46 82 8.26
6 8.80 29 8.33 54 8.41 83 8.39
7 8.77 30 8.48 55 8.03 85 R.12
& 8.70 31 8.68 57 8.24 86 8.46
9 8.74 34 R.57 61 8.82 89 7.91
10 8.68 35 8.31 63 8.34 92 8.62
11 8.26 36 8.12 64 §.02 93 .10
13 8.27 37 8.77 66 8.04 95 8.04
14 8.03 38 7.74 67 8.48 98 8.52
16 8.54 43 8.21 68 8.21 101 8.04
17 R.43 a4 8.47 69 8.96 103 8.24
18 R.02 45 R.44 70 8.04 110 7.29
19 1 851 46 8.54 72 8.62 111 8.48

Table 3: human V1a pKi of selected examples



and a catalytic amount of 4-N,N-dirnethylaminopyridine gives compounds of formula (d). The 20 nitro
group can be reduced selectively by hydrogenation over palladium on charcoal, which has WO
2010/060836PCT/EP2009/065354 -33 - been pretreated with a zinc halide such as zinc bromide, to
give aniline istermediatessof formula (e). Cyclization to lactams of formulag€)igezhieasesby treatment
of compounds of formula (e) with a suitable base,-€3g.-potassium tert-buioxide, in tetrahydrofuran. A

thiolactam derlvatlve of formula (l11-1) is obtained by treatment of a compound of formula (f) with
Phacma tical Compositions

(2,4-bis-(4- methoxyphenyl) -1,3,2,4-dithiadiphosphetane-2,4-disulfidc Orphosphorous pentasulfide at
elevated tem pergﬁﬁéom@%‘is OHORYY- Ivlmeg BB ERATREAC R P i DR 1o R AR of 2
4-hydroxysey tohexbrevatboxytivacid. éstbe dfformd plaiv vt 10 phenob dEhy ativenef forimadla (V)
under 1V|E§5ﬁé@£i&ﬁ§@ﬁitml§ﬁ@§e§%@&a@w@@%Ql@h@%(mméyﬂga@&ida%ﬁﬁr effarmula-v)
under inversion,of C%O{lﬂ%aéh : TOUB dranssi Oé%ugc'o 'ﬁacaégr%ﬁ a%%gi? Syolfor fm“'a
(VI-1) arc bbtainet from a -hydroxycy cfn‘f]ﬁexaneca X-y |c ac estero ormu 6\15%)
cis-4-aryldp dfcrifskethscabbxiiic Aclie ers Ut TR 101 2 e SBEsHEd Horif g o'
hydroxy-cygtsherankcmrisoxylic acid 15 ester of formula (1V-2). sodium methanesulfinate, K2CO3,
DMF, 120 C or Cul, 1,10-phenanthroline, Cs2C0O2, toluene, reflux IVVIIVI-a R = Me, EtR1 = Heteroaryl
Scheme 5: Generat Sehpmeds MAIA0E0/ Q60 B3O6PELIRR200H (65351 acid addition salts can be

processed with pharmaceutically inert, mnorganic or organic excipients for the production of
10 tablets, coated tablets, dragées and hard gelatine capsules. Lactose, corn starch or derivatives
thereof, talc, stearic acid or its salis etc can be used as such excipients e.g. for tabiets, dragées
and hard gelatine capsules. Suitable excipients for soft gelatine capsules are e.g. vegetable oils,

waxes, fats, semisolid and liguid polyols etc.

Suitable excipients for the manufacture of solutions and syrups are e.g. water, polyols,
15 saccharose, invert sugar, glicose ete. Suitable excipients for mjection solutions are e.g. water,
alcohols, polyols, glycerol, vegetable oils etc.Suitable excipients for suppositories are e.g. natural

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

Moreover, the pharmaceutical preparations can contain preservatives, solubilizers,
stabilizers, wetting agents, emulsifiers, sweeteners, colorants, flavorants, salts for varying the
20 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 mdividual
requirements in each particular case. In general, in the case of oral administration a daily dosage
of about 10 to 1000 mg per person of a compound of general formula I should be appropriate,

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

The following examples illustrate the present invention without limiting it. All

temperatures are given in degrees Celsius.

Examples of compositions according to the invention are, but are not limited to:



- 34 - Compounds of foiula (V1-a) (compounds of formula (VI) in which RI is heteroaryp can be
prepared from a 4-hydroxy-cyclohexanecarboxylic acid ester of foonula (1) and a heteroaryi chloride
of formula (VII) in the presence of a catalytic or stoichiometric amount of sodium methanesulfmate and
a base such asypotasssarn carbonate in DMF at 120 C or in the presence sf-3/arcatayeEtsystem formed
from cuprous iodide and 1,10-phenanthroline and-abase such as cesium carbonate in toluene at
reflux. VIR = Me, Et Scheme 6: General Scheme F Compounds of foiula (V1-b) (compounds of
formula ( feh RI is substituted 10 with CO can be dechlorinated under hydrogenolytic
conditions in the presence of palladium on charcoal and triethylamine in ethyl acetate at room

temperatﬁ%l?letwgﬁ‘i’e‘foﬁ@‘vpg COMIGEH RIRESHME AYRERETEIRTe U eI loroformate, Et,N, THE, 0C

2) hydrazjre-hydrate-MebHPT—R-

mgredient mg/tablet

5 25 160 500
1. Commpound of formula 1 5 25 100 500
2. Lactose 45 105 30 150
3. Comn Starch 15 6 6 60
4. Microcrystailine Cellulose 34 30 30 450
5. Magmesium Stearate 1 l ! I
Total 100 167 167 831

Tabie 4: possibie tablet composition
Manufaciuring Procedure

1 Mix ingredients 1, 2, 3 and 4 and granulate with purified water.

2 Dry the granules at 50°C.

3. Pass the granules through suitable milling equipment.

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

Exampic B-1

10 Capsules of the following composition are manufactured:

ingredient me/capsule

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

Table 5: possible capsule ingredient composition
Manufacturing Procedure

i. Mix ingredients 1, 2 and 3 in a suitable mixer for 30 minutes.
2. Add ingredients 4 and 5 and mix for 3 minutes.
5 3. Fill into a suitable capsule.



OH VIII

Scheme 7: General Scheme G A 4-aryloxy-cyclohexanccarboxylic acid ester of formula (VI)
can be converted to a 15 hydrazide derivative of formula (II) by heating with hydrazine hydrate.
Alternatively, an ester derivative of formula (VI) can be hydrolyzed to a carboxylic acid derivative of
formula (VIIIuseegeadsgsasic mixture of aqueous sodium or potassium hy@roRr8SEki#6H and an
etheral WO 2010/060836PCT/EP2009/065354 38%-solvent such as dioxan. A hydrazide derivative of

formula (H) cap be obtaine yfactl f%m aci |g1(§1enrrsrgercci: %ee mr%'&eglm)d W|tla S}hl}/l
chloroformate, H?O%W%WS dé)¢ Lfyatc %S%SS‘Pa peptide coup §g ea ent, an suebsequent coupling
with hydr&lz@ﬁ@iﬂﬂh@%@rf@@@@ﬁd%%ﬂ%ﬁﬁé‘e{ﬁ%ww HeSeprabre ﬂé%ﬁ%ﬂ%@éﬂ% SEEied by 5
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in a suitable splve

é‘gmcgﬁggk& dioxan or THE and adding an appropriate amount of the
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%E g gampound of formula | into a pharmaceutically acceptable salt with a base can be
y Treatment of such a compound with such a base. One possible method to 10 form such
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10 the respective wells, for non-specific binding 100til of 8.4mM cold vasopressin and for compound
testing 100,ul of a serial dilution of each compound in 2% dimethyl sulfoxide. The plate is incubated Ih
at room temperature, centrifuged 1 mm at 1000g and counted on a Packard Top-Count. Non-specific
binding courtgiara®edstaEcted from each well and data is normalized to thBGHERRMMAcSEHECific binding
set at 100%. To calculate an IC 50 the curve is fitté® using a non- 15 Linear regression model (XLfit)
and the Kl is calculated using the Cheng-Prussoff equation. The following representative data
show th(f%?%gitic activity against human Via receptor of compounds according to present

invention. Ex# pKi (hVIa) Ex# pKi hVia) Ex# pKi (hVI a)Ex# ?Iél (hVvI a)' fl 2 8.49 8.36 20 8.11 47
8.9274 7.g8ppesitories of the ollowing composition are manfifactured:

mgredient me/supp.
Compound of formula I 15

Suppository mass 1285

Total 1360

Table 8: possible suppository composition
Manufacturing Procedure

5 The suppository mass is melted in a glass or steel vessel, mixed thoroughly and cooled to
45°C. Thereupon, the finely powdered compound of formula 1 is added thereto and stirred until it
has dispersed completely. The mixture is poured into suppository moulds of suitable size, left to
cool, the suppositories are then removed from the moulds and packed individually in wax paper

or metal foil

10 Example D

Injection solutions of the following composition are manufactured:

ingredient mg/injection solution.
Compound of formula { 3

Polvethylene Glycol 400 150

acetic acid q.s. ad pH 5.0

water for injection solutions ad 1.0 mi

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 mi by
addition of the residual amount of water. The solution is filtered, filled into wvials using an

appropriate overage and sterilized.



22 8.05,48 9.10b 8.55 3 8.80 23 8.04 49 8.1579 8.59 8526 8.38 51 8.4380 7.90 8.77 28 8.51 52
8.46182 8.26 8.80 ’

WO 2016/060836 PCT/EP2009/065354
_47 -

Example E

Sachets of the following composition are manufactured:

mgredient mg/sachet
Compound of formula I 56

Lactose, fine powder 1615

Microcrystaliine cellulose (AVICEL PH 102) 1400

Sodium carboxymethyl cellulose 14

Polyvinyipyrrolidon K 30 10

Magnesiumstearate 10

Flavoring additives 1

Total 2500

Table 10: possible sachet composition
Manufacturing Procedure

5 The compound of forrnula 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 magnesiumstearate and the flavoring additives and fitled mnto sachets.

Examples

The following examples 1 — 97 are provided for illustration of the invention. They should
10 not be considered as limiting the scope of the invention, but merely as being representative

thereot.

4-Hvdroyv-cvelohexanecarboxviic acid ester intermediates of formula (IV)

4-Hvdroxy-cyelehexanecarboxylic acid ester 1
cis-4-Hydroxy-cyclohexanecarboxylic acid methyl ester
15 A solution of cis-4-hydroxy-cyclohexanecarboxylic acid (10.0 g, 69.4 mmol) and a catalytic
amount of concentrated sulfuric acid in methanol (700 ml) was heated at refiux over night. After
cooling to room temperature the reaction mixture was neutralized by the addition of solid sodium
carbonate. The mixture was stirred for 30 min, filtered and concenirated in vacuo. The residuce
was triturated in ethyl acetate (150ml). The solids were removed by filtration. The filtrate was
20 concentrated in vacuo to give the crude product (10.3 g, 94%)} as colorless oil, which was used in
the following steps without further purification. MS m/e: 159 (M+H).
4-Hydroxy-cyclohexanecarboxylic acid ester 2

trans-4-Hydroxy-cyclohexanecarboxylic acid methyl ester



29 8.33548.41838.3978.77 30.8.48 55 8.03858.12 8.70 31 8.68 57 8.24 86 8.46 8.74 34 8.57
618.8289 7.91

WO 2010/060836 PCT/EP2809/065354
' -42 -
The title compound was obtained as a colorless oil in 63% yield according to the procedure
described for the preparation of cis-4-hydroxy-cyclohexanecarboxylic acid methyl ester using
trans-4-hydroxy-cyclohexanecarboxylic acid instead of cis-4-hydroxy-cyclohexanecarboxylic
acid. MS (ED m/e: 159 (M, 1%), 140 (M™-H,0, 45%)

5 4-Arviexv-cvelohezanecarboxviic acid ester intermediates of formula (VI

General procedure I: Etherification under Mitsunobu conditions
To a solution of triphenylphosphine (1.2 eq) in dry tetrahydrofuran (0.1 M) is added diethyl
azodicarboxylate (1.2 eq) at 0 °C. After 20 min a phenol derivative of formula (V) (1.2 eq) and 2
solution of a 4-hydroxy-cyclohexanccarboxylic acid ester of formula (IV) in tetrahydrofuran (1-3
10 M) arc added consecutively at 5 °C. Afier complcied addition the cooling bath is removed and
the reaction mixture is allowed to warm to room temperature and stirred for 3-18 h. The solvent
is evaporated and the residue is dissolved in ethyl acetate. The ethyl acetate solution is washed
with one to two portions of 1 M aqueous sodium hydroxide solution. The aqueous layer is
extracted with one to two portions of ethyl acetate. The combined organic layers are dried over
15 anhydrous sodium sulfate and concentrated in vacuo. Purification by flash-chromatography gives
a 4-aryloxy-cyclohexanecarboxylic acid ester of formula (VI).
General procedure Il Sodinm methanesulfinate mediated arylation
To a solution of a 4-hydroxy-cyclohexanccarboxylic acid ester of formula (IV) (1 eq) and a
heteroaryl chioride derivative (1 eq) in dry NN-dimethylformamide (I M) are added
20 consecutively sodium methanesulfinate (83%, 0.25 - 1 eq) and potassium carbonate (1.5 eq).
After completed addition the reaction mixture is stirred at 120 °C for 3-18 h. After cooling to
room. temperature the reaction mixture is partitioned between tert-butyl methyl ether and water.

The lavers arc separated and the agueous layer is extracted with one to two portions of tert-butyl

25  over anhydrous sodium sulfate and concentrated in vacuo. Purification by flash-chromatography
gives a 4-heteroaryloxy-cyclohexanecarboxylic acid ester of formula (VI-a).
General procedure I Copper catalyzed arylation
To a mixture of cuprous iodide (0.1 eq), 1,10-phenanthroline (0.2 eq) and a heteroaryl chloride
derivative (1 eq) in toluene (2 M) arc added a 4-hydroxy-cyclohexanecarboxylic acid ester of
30 formula (IV) (1 eq) and cesium carbonate (2 eq). The reaction mixture is heated at reflux for 20 h.
After cooling to room temperature the reaction mixture is partitioned between ethyl acetate and
water. The layers are separated and the aqueous layer is extracted with one to two portions of
ethyl acetate. The combined organic layers are washed with one to two portions of 0.5 aqueous

hydrogen chloride solution, dried over anhydrous sodium suifate and concentrated i vacuo.
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Purification by flash-chromatography gives a 4-heteroaryioxy-cyclohexanccarboxylic acid ester
of formula (V1-a),

4-Aryloxy-cyclohexanecarboxylic acid ester 1

trans-4-Phenoxy-cyclohexanecarboxyiic acid methyl ester

The title compound was obtained as colorless oil in 23% yield according to general procedure 1.
Phenol: Phenol
4-Hydroxy-cyclohexanecarboxylic acid ester: cis-4-Hydroxy-cyclohexanecarboxylic acid methyl
ester
MS m/e: 234 (M ")

4-Arviony-cyclohexanecarboxylic acid ester 2

cis-4-Phenoxy-cycichexanecarboxylic acid methyl ester

The titte compound was obtained as colorless oil in 54% yield according to general procedure 1.
Phenol; Phenol
4-Hydroxy-cyclohexanecarboxylic acid ester: trans-4-Hydroxy-cyclohexanecarboxylic acid
methyl ester
MS m/e; 234 (M")

4-Axyloxy-cyclohexanecarboxylic acid ester 3

trans-4-{4-Fiuore-phenoxy)-cyclohexanecarboxylic acid methyl ester

The title compound was obtained as pink oil in 29% yield according to general procedure 1.
Phenol: 4-Fluorophenol
4-Hydroxy-cyclobexanecarboxylic acid ester: cis-4-Hydroxy-cyclohexanecarboxylic acid methyl
ester
MS m/e: 252 (M)

4-Aryloxy-cvclohexanecarboxylic acid ester 4

trans-4-(4-Cyaneo-phenoxy)-cyciohexanecarboxyiic acid methyl ester

The title compound was obtained according to general procedure 1.
Phenol: 4-Hydroxybenzonitrile
4-Hydroxy-cyclohexanecarboxylic acid ester: cis-4-Hydroxy-cyclohexanecarboxylic acid methyl
ester
MS mv/e: 260 (M+H ™)

4-Arviexy-cyclohexanecarboxylic acid ester 5

trans-d-(4-Trifluoromethyl-phenoxy)-cvclohexanecarboxylic acid methyl ester

The title compound was obtained according to general procedure L

Phenol: 4-Trifluoromethyl-phenol
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4-Hydroxy-cyclohexanecarboxylic acid ester: cis-4-Hydroxy-cyclohexanecarboxylic acid methyl
ester
MS m/e: 303 (M+H )
4-Arvloxy-cyciohexanecarboxylic acid ester 6
5 trans-4-(3-Chioro-phenoxy-cyclohexanecarbeoxyiic acid methyl ester
The title compound was obtained as colorless oil in 38% yield according to general procedure 1
Phenol: 3-Chlorophenol
4-Hydroxy-cyclohexanecarboxylic acid ester: ¢is-4-Hydroxy-cyclohexanecarboxylic acid methyl
ester
10 MS m/e: 268 (M)
4-Aryloxy-cyclohexzanecarboxylic acid ester 7
trans-4-(3-Methoxy-phenoxy)-cyciohexanecarboxylic actd methyl ester
The title compound was obtained as pink oil n 33% vield according to general procedure L
Phenoi: 3-Methoxyphenol
15 4-Hydroxy-cyclohexanccarboxylic acid ester: cis-4-Hydroxy-cyclohexanecarboxylic acid methyl
ester
MS m/e: 265 (M+H")
4-Arvioxy-cyciohexanecarboxylic acid ester 8
trans-4-(3-Cvano-phenoxy)-cycichexarecarboxylic acid methy! ester
20 The title compound was obtained as white solid in 29% yield according to general procedure 1.
Phenol: 3-Hvdroxypyridine
4-Hydroxy-cyclohexanecarboxylic acid ester: cis-4-Hydroxy-cyclohexanecarboxylic acid methyl
ester
MS mve: 259 (M+H)
25 | 4-Aryioxy-cyclohexanecarboxylic acid ester 9
trans-4-m-Tolyloxv-cyclohexanecarboxylic acid methyl ester
The title compound was obtained according to general procedure I.
Phenol: 3-Methylpheno]
4-Hydroxy-cyclohexanecarboxylic acid ester: cis-4-Hydroxy-cyclohexanecarboxylic acid methyl
30 ester
MS m/e: 248 (M5
4-Aryioxy-cyclohexanecarboxylic acid ester 106
trans-4-(3-tert-Butyi-phenoxy)-cycichexanecarboxylic acid methyl ester

The titie compound was obtained according to general procedure L.



72 8.62 111 8.48 Table 3: human Via pKi of selected examples WO

- 2010/060836PCT/EP2009/065354 - 37.- Pharmaceutical Compositions The compounds of formula
| as well as their pharmaceutically usable acid addition salts can be used as medicaments, e.g. in the
form of pharmwacmatiesdgareparations. The pharmaceutical preparations capdieEgdministered orally, e.g.
in the form of tablets, coated tablets, dragoes, hard45 and soft gelatine capsules, solutions, emulsions

Or SUSpensians;. 'g[}grggmmﬁ%ggpn can, however, also be effected rectally, e.g. in the form of
suppositories, or parenterally, e.g. in the form of injection solutions. The compounds of formula |

and their pHAYAaREGHE RN HROSBIELAETH I8 ACiGHEARS ¢ai BEoprotEdeher ihtrepprr s sttty nert,

inorganic ggQrganic excipients for the production of 10 tablets, coated tablets, dragees and hard
gelatine capsules, Lactose,.corn starch or derivatives thereof, talc, stearic acid or its salts etc can be
used as sh/gch fcr%?ér‘@% for tablets, dragoes and hard gelatine capsules. Suitable excipients for
soft galatine capsules are e.g. ¥egstakle git; naxascdfaiessdmistlidsard liquid polyols etc. Suitable

excipients for the man ‘é“ re of solutions and syrups.are e.g, water 0|X s, 1 hs%ccép ose, invert
sugar, glucose e%éa.néwt %ale”eﬁﬁgl&%?énﬁ éilﬁo?rpﬁgenc %ﬁn %ﬁﬁl&’%@%ﬁéﬂ %S%Q‘&e%‘% cg cﬁsﬁe p%%;/ols, glycerol,
vegetableltits it Suitaiie! evasipigats-forcsappositotescrrerecgedvatdral or hardened oils, waxes, fats,

semi-Iiquigh%ggléig[%ly&;ﬁ&t@ylpheng@oreover, the pharmaceutical preparations can contain
preservatives, solubilizers, stabilizers, wetting agents, emulsifiers, sweeteners, colorants, flavorants,

salts for Varyfirijare 20 shpratiecpreustieatifeid; mudkingugermecsianmaaanteirrell cariiso
contajp still.ether 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 admiﬁ@r%’fﬁir?%zdﬁ’ﬁ?%&sage of about 10 to 1000 mg per person of a compound of general
formula | should be appropriatei-2psadthocghidhexabayehippd liwid esiaralzo be exceeded when

necessary. _ The following syamples llustate (e present invention wilhaut g it Al
temperatures are given in d grees SIUS an§1p €s of compositions accor Iﬁg to tEhe Invention arc,
but are noftikiniite doopi© 2018/060886RCTIEPZ2009/0658570<3BrExample A Tablets of the
following %@B(gsﬁgﬂpﬂ&g%mufactured in the usual manner: ingredient ./table 5 25 100
4-Hydroxy-cyclohexanccarboxylic acid ester: cis-4-Hydroxy-cyclohexanecarboxylic acid methyl
ester
4-Arvioxy-cyclohexanecarboxylic acid ester 13
trans-4-(2-Cyane-phencexy)-cyclohexanecarboxylic acid methyl ester
20 The title compound was obtained as pink solid in 34% yield according to general procedure L.
Phenol: 2-Hydroxybenzonitrile
4-Hydroxy-cyclohexanecarboxylic acid ester: cis-4-Hydroxy-cyclohexanecarboxylic acid methyl
ester
MS m/e: 260 (M+H")
25 4-Aryloxy-cyclohexanecarboxylic acid ester 14
trans-4-o-Tolyloxy-cvclohexanecarboxylic acid methyl ester
The title compound was obtained as colorless oil in 15% yield according to general procedure 1.
Phenol: 2-Methylpheno!
4-Fydroxy-cyclohexanecarboxylic acid ester: cis-4-Hydroxy-cyclobexanecarboxylic acid methyl
30 ester
MS m/e: 248 (M)
4-Arviexy-cyclohexanecarboxylic acid ester 15

trans-4-(3,5-Difluoro-phenexy)-cyciochexanecarbexylic acid methyl ester



500 1. Compound of formula! 5 25 100 500 2. Lactose 45 105 30 150 3. Corn Starch 15 6 6 60 4.
Microcrystalline Cellulose 34 30 30 450 5.Magnesium Stearate  Total 100 167 167 831 Table 4:
possible tablet composition Manufacturing Procedure

WO 2010/060836 PCT/EP209/065354
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The title compound was obtained as off-white solid in 22% yield according to general procedure
I
Phenol: 3,5-Difluorophenol
4-Hydroxy-cyciohexanecarboxylic acid ester: cis-4-Hydroxy-cyclohexanecarboxylic acid methyl
5> ester
4-Aryioxy-cvelohexanecarboxylic acid ester 16
trans-4-(Naphthalen-2-viexyj-cyclohexanecarboxylic acid methyl ester
The title compound was obtained as yellow solid in 20% yield according to general procedure L.
Phenol: 2-Naphthol
10 4-Hydroxy-cyclohexanecarboxylic acid ester: cis-4-Hydroxy-cyclohexanecarboxylic acid methyi
ester
MS m/e: 284 (M)
4-Aryioxy-cyclohexanecarbexyhc acid ester 17
trans-4-{Naphthalen-1-yloxy)-cvclohexanecarboxylic acid methyl ester
15 The title compound was obtained as yellow solid in 20% yield according to general procedure [,
Phenol: 1-Naphthol
4-Hydroxy-cyclohexanecarboxylic acid ester: cis-4-Hydroxy-cyclohexanecarboxylic acid methyl
ester
MS m/e: 284 (M)
290 4-Arvioxy-cyclohexanecarboxylic acid ester 18
trans-4-{Pyridin-3-vloxy)-cvelohexanecarboxylic acid methyl ester
The title compound was obtained as white solid in 25% yield according to general procedure L.
Pheno!l: 3-Hydroxypyridine
4-Hydroxy-cyclohexanecarboxylic acid ester: cis-4-Hydroxy-cyciohexanccarboxylic acid methyl
25  ester
MS m/fe: 236 (M+H")
4-Arviexy-cyciobexanecarboxvlic acid ester 19
trans-4-(5-Chloro-pyridin-3-vioxy)-cyclohexanecarboxylic acid methyl ester
The title compound was obtained as off-white solid in 29% yield according to general procedure
30 L
Phenol: 3-Chloro-S-hydroxypyridine
4-Hydroxy-cyclohexanecarboxylic acid ester: cis-4-Hydroxy-cyclohexanecarboxylic acid methyl
ester

MS m/e: 270 (M+H")



5 1.Mix ingredients I, 2, 3 and 4 and granulate with purified water. 2. Dry the granules at 50C. 3. Pass
the granules through suitable milling equipment. 4. Add ingredient 5 and mix for three minutes;
compress on a suitable press. Example B-I 10 Capsules of the following composition are
manufactured:gngrediesismg/capsule 0 25 100 500 I. Compound offorrn@#ailEs2a@265380 500 2.
Lactose 159 155 123 148 3 Corn Starch 75 30 35 40-70 4. Talc

4-Arviexy-cyclohexanecarboxylic acid ester 20
trans-4-{Pyridin-2-yloxy)-cyclohexanecarboxylic acid methyl ester
The title compound was obtained as light red solid in 36% yield according to general procedure 1.
Phenol: 2-Hydroxypyridine
5  4-Hydroxy-cyclohexanecarboxylic acid ester: cis-4-Hydroxy-cyclohexanecarboxylic acid methy!
ester
MS m/e: 236 (M+H"}
4-Arviexy-cyclohexanecarboxylic acid ester 21
trans-4-{6-Chlore-pyridin-2-yloxy}-cyclohexanecarboxylic acid methyl ester
10 The title compound was obtained according to general procedure L
Phenol: 6-Chloro-pyridin-2-ol
4-Hydrexy-cyclohexanecarboxylic acid ester: cis-4-Hydroxy-cyclohexanecarboxylic acid methyl
ester
MS m/e: 270 (M+H™)
15 4~Aryloxy-cyclohexanecarboxylic acid ester 22
trans-4-(5-Chlore-pyridin-2-vioxy)-cyclohexanecarboxylic acid methyl ester
The title compound was obtained according to generai procedure L
Phenol: 5-Chloro-pyridin-2-ol
4-Hydroxy-cyclohexanecarboxylic acid ester: cis-4-Hydroxy-cyclohexanecarboxylic acid methyl
20 ester
MS m/e: 270 (M+H )
4-Arvioxy-cyclohexanecarboxylic acid ester 23
trans-4-(2,6-Dimethyl-pyrimidin-4-yloxy}-cyclohexanecarboxylic acid methy: ester
The title compound was obtained as light yellow oil in 32% vield according to general procedure
25 L
Phenol: 2,4-Dimethyl-6-hydroxypyrimidine
4-Hydroxy-cyclohexanecarboxylic acid ester: cis-4-Hydroxy-cyclohexanecarboxylic acid methyl
ester
MS m/e: 265 (M+H)
30 4-Arvioxy-cyclohexanecarboxylic acid ester 24
cis/trans-4-(Pyrimidin-2-vloxy)-cyciohexanecarboxylic acid ethyl ester (1:2)
The title compound was obtained as yellow amorphous solid in 24% yield according to general
procedure I

Heteroaryl chioride: 2-Chloropyrimidine



10515 10 25 5. Magnesium S earate 1 2 1 5 Total 200 200 200 300 600 Table 5: possible capsule
ingredient composition Manufacturing Procedure 1. Mix ingredients 1,2 and 3 in a suitable mixer for 30
minutes. 2. Add ingredients 4 and 5 and mix for 3 minutes. 153.Fill into a suitable capsule. WO
2010/060836P¢&TR2B800/065354 - 39 -  The compound of formula |, lactose@modieesmstarch are
firstly mixed in a mixer and then in a comminuting-rd&ehine. The mixture is returned to the mixer, the

talc (and magnesium. HeARIG)IS 8ddad therele.and mixed thoray fJ¥¥IiBG&EﬁEH£%&§lﬁ€%QX machine

into suitable capsules, e.g. hard gelatine capsules. 5 Example B-2 Soft Gelatine Capsules of the
following €8F&Hi6A Ate manufactured: ingredient mg/capsule Compound of formula Yellow wax

MS m/e: 251 (M+H")
4-Arviexy-cycichexanecarboxvlic acid ester 25
5 cis/trans-4-{Pyrazin-2-yloxy)-cyclohexanecarboxylic acid ethyl ester (1:1)
The title compound was obtained as white solid in 15% yield according to general procedure IL
Heteroaryl chloride : 2-Chloropyrazine
4-Hydroxy-cyclohexanecarboxylic acid ester: cis/trans-4-Hydroxy-cyclohexanecarboxylic acid
ethyl ester ester (2 :1)
10 MS m/e: 251 (M+H"}
4-Aryloxy-cyclohexanecarboxylic acid ester 26
cis/trans-4-(6-Chloro-pyrimidin-4-yioxy)-cyclohexanecarboxylic acid ethyl ester (1:1)
The title compound was obtained as colorless oil in 38% yield according to general procedure 111,
Heteroaryl chloride : 4,6-Dichloropyrimidine
15 4-Hvdroxy-cyclohexanecarboxylic acid ester: cig/trans-4-Hydroxy-cyclohexanecarboxylic acid
ethyl ester ester (2 :1)
MS m/e: 284 (M)
4-Arvioxy-cyclohexanecarboxylic acid ester 27
cis/trans-4-(Pyrimidin-4-yloxy}-cyelohexanecarboxylic acid ethyl ester (1:1)
20 To an argon purged solution of cis/trans-4-(6-chloro-pyrimidin-4-yloxy)-cyclohexanecarboxylic
acid ethyl ester (1:1) (1.05 g, 3.69 mmol) and triethylamme (0.52 ml, 3.69 mmol} in ethyl acetate
(37 ml) was added paliadium on charcoal 10% {0.078 g). The reaction mixture was purged with
hydrogen gas and stirred under an atmosphere of hydrogen gas for 16 h at reom temperature. The
catalyst and the ammonium salts were removed by filtration over Decalite. The filtrate was
25  concentrated in vacuo to give the title compound (0.92 g) as Hght yellow oil in quantitative yield.
MS m/e: 251 (M+H),
4-Aryioxy-cyclohexanecarboxylic acid ester 28
cis/trans-4-(6-Chloro-pyridazin-3-yloxy)-cyclohexanecarboxylic acid ethyl ester (1:1)
The title compound was obtamed as white solid in 39% vield according to general procedure IH.
30 Hetercaryl chloride : 3,6-Dichloropyridazine
4-Hydroxy-cyclohexanecarboxylic acid ester; cis/trans-4-Hydroxy-cyclohexanecarboxylic acid
ethyl ester {2 :1)
MS m/e: 285 (M+H)

4-Arvioxy-cyciohexanecarboxylic acid ester 29



8 Hydrogenated Soya bean oil 8 Partially hydrogenated plant oils 34 Soya bean oil 110 Total 165
Table 6: possible soft gelatine capsule ingredient composition ingredient mg/capsule Gelatin 75
Glycerol 85 A 32 Karion 83 8 (dry matter) Titan dioxide 0.4 Iron oxide yellow Total 116.5 Table 7:
possible softwgelatimsagsule composition Manufacturing Procedure 10Theeeampounesekfruiula 1 is
dissolved in a warm melting of the other ingredient$and the mixture is filled into soft gelatin capsules

OF appropriate size T ek onll ARain AAPMURSAIRAIRRIGE AR AUNE dlihesiatpl grocedures. WO
2010/060?{%65?&1“5'32009{1 3)1%5(:1;‘1-oﬁlf%i-sfg.‘)égsr;t‘g(%—%hlorom idazin-3-vloxy)-cyclohexanecarboxylic
80N purge uty pyr VIOXY }-CY y
acid ethyl ester (1:1) (1.30 g, 4.57 mmol) and triethylamine (0.64 ml, 4.57 mmol) in ethyl acetate
(46 ml) was added palladium on charcoal 10% (6.097 g}. The reaction mixture was purged with
5 Thydrogen gas and stirred under an atmosphere of hydrogen gas for 4 h at room temperature. The
catalyst and the ammonium salts were removed by filtration over Decalite. The filtrate was
concentrated in vacuo to give the title compound {1.09 g, 95%) as light vellow oil.
MS m/e: 251 (M+H)
4-Arvioxy-cyclohexanecarboxylic acid ester 30
10 irans-4-(3-Fluore-pyridin-2-vioxy)-cyclohesanecarbexylic acid methy! ester
The title compound was obtained according to general procedure L.
Phenol: 3-Fluore-2-hydroxypyridine
4-Hydroxy-cyclohexanecarboxylic acid ester: cis-4-Hydroxy-cyclohexanecarboxylic acid methyl
ester
15 MSmie: 253 (MN
4-Aryloxv-eyclohexanecarboxylic acid ester 31
trang-4-(3-Fluoro-pyridin-2-yloxy}-cyclohexanecarboxylic acid methyl ester
The title compound was obtained according to general procedure L.
Phenol: 5-Fluoro-2-hydroxypyridine
20 4-Hydroxy-cyclohexanecarboxylic acid ester: cis-4-Hydroxy-cyclohexanecarboxylic acid methyl
ester
MS m/e: 254 (M+H )
4-Aryloxy-cyclohexanecarboxylic acid ester 32
trans-4-{3-Fluoro-pyridin-2-vioxy}-cyclohexanecarboxylic acid methyl ester
25  The title compound was obtained according to general procedure L.
Phenol: 2-Hydroxy-6-methylpyridine
4-Hydroxy-cyclohexanecarboxylic acid ester: cis-4-Hydroxy-cyclohexanecarboxylic acid methyl
ester
MS m/e: 250 (M+H )
30 4-Arvioxy-cyclohexanecarboxylic acid ester 33
cis-4-(Pyridin-Z-vloxy)-cyclohexanecarboxylic acid methyl ester
The title compound was obtained according to general proceduf@ I

Phenol: 2-Hydroxypyridine



Suppositories of the following composition are manufactured: gredient mg/sup Compound of
formulal 15 Su pository mass Total 1285 1300

WO 2010/669836 PCT/EP2O09/065354
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A-Hydroxy-cyclohexanecarboxylic acid ester: trans-4-Hydroxy-cyclohexanecarboxylic acid
methyl ester
MS m/e: 236 (M+H )

d-Arviowy-cyelohesanecarboxviie acid intermediates of formula (VI

5 4-Aryioxy-cyclohexanecarboxylic acid 1
cis/trans-4-(Pyrimidin-2-yloxy)-cycichexanecarboxyiic acid (1:2)
To a solution of cis/trans-4-(pyrimidin-2-yloxy)-cyclohexanecarboxylic acid ethyl ester (1:2)
(0.35 g, 1.4 mmol) in 1,4-dioxan (7 ml) was added 2 M aqueous sodium hydroxide solution (7.0
ml, 14 mmol). Stirring at room temperature for 16 h was followed by acidification to pH 2-3
10 with 0.5 M aqueous hydrogen chloride solution (50 ml) and extraction with three 100-ml
portions of ethyl acetate. The combined organic layers were dried over anhydrous sodium sulfate
and concentrated in vacuo to give the title compound (0.26 g, 83%) as yellow oil,
MS m/e: 221 (M-H").
4-Arvioxy-cyclohexanecarboxylic acid 2
15 cis/trans-4-(Pyrimidin-4-vioxy)-cyclohexanecarboxylic acid (1:1)
To a solution of cis/trans-4-(pyrimidin-4-yloxy)-cyclohexanecarboxylic acid ethyl ester {1:1)
(0.90 g, 3.6 mmol) in 1,4-dioxane (18 ml) was added 2 M agueous sodium hydroxide solution
(18 ml, 36 mmol). Stirring at room temperature for 3 h was followed by acidification to pH 2-3
with I M aqueous hydrogen chloride solution {42 ml) and extraction with four 100-ml portions
20  of cthyi acetate. The combined organic layers were dried over anhydrous sodium sulfate and
concentrated in vacuo to give the title compound (6.76 g, 95%) as white solid
MS m/e: 221 (M-HN,
4-Aryioxy-cyclohexanecarboxylic acid 3
cis/trans-d-(Pyridazin-3-vioxy)-cyciohexanecarboxylic acid (1:1)
25  To a solution of cis/Arans-4-(pyridazin-3-yloxy)-cyclohexanecarboxylic acid ethyl ester (1:1)
(1.05 g, 4.19 mmol) in 1,4-dioxane (21 ml) was added 2 M aqueous sodium hydroxide solution
(21 ml, 42 mmol). Stirring at room temperature for 16 h was followed by acidification to pH 2-3
with 1 M aqueous hydrogen chloride solution (44 ml) and extraction with three 100-mi portions
of cthyl acetate. The combined organic layers werc dried over anhydrous sodium sulfate and
30 concentrated in vacuo to give the title compound (0.80 g, 86%) as off-white solid.
MS m/e; 221 (M-H).

Hvdrazide imtermediates of formula (I

General procedure [V: Conversion of ester to hydrazide



Table 8: possible suppository compositio Manufacturing Procedure 5The suppository mass is melted
in a glass or steel vessel, mixed thoroughly and cooled to 45C. Thereupon, the finely powdered
compound of formula 1 is added thereto and stirred until it has dispersed completely. The mixture is
poured into supposstesyepaoulds of suitable size, left to coot, the suppositores/aresthr@assmoved from
the moulds and packed individually in wax paper efinetal foil. 10 Example D Injection solutions of the

following gompasitian are.manyfactied: ngredient, RefNeCiaTsoUiioR/ eMmRoUR Rfdarmyla

Polyethylene Glycol 400 I 150 acétic acid ci.s ad pH 5.0 water for injection solutions ad 1.0 ml Table

9: possiblBY#Eet S ebkbigrcdcin s iioantrAdmrivg Proketsr tFRE TSR BRI s

dissolved;in-armistiseRtRolyatbyisRe GhigelA00.and watah kbsforinigetion (Rarthelhepk isyadjusted
to 5.0 by acetic acid. The volume is adjusted to 1.0 ml b% addition of the residual amounlgaof w%ter. The

solution isilér&as st TS VSIS Pikg HiF ABBPBSHAIE oVt Q1id SiAHIbER, Sy sulfete an
2010/660836RG /=P 2002/06 534 c4he Example bhiachets ofitheifokedingtcompositpnyithout
aremanufactired: ingredient
Hydrazide §
trans-4-Phenoxy-cyvclehexanecarboxylic acid hydrazide
A mixture of trans-4-phenoxy-cyclohexanecarboxylic acid methy!l ester (1.07 g, 4.57 mmeol) and
10 hydrazine hydrate (0.22 g, 448 mmol) was heated at 120 °C for 4 h. After coobing to room
temperature the reaction mixture was concentrated in vacuo to give the crude title compound as
white solid in quantitative yield, which was used in the next step without further purification.
MS m/e; 235 (M+H').
Hydrazide 2
i5 cis-4-Phenoxy-cyclohexanecarbexylic acid hydrazide
A mixture of cis-4-phenoxy-cyclohexanecarboxylic acid methyl ester (0.55 g, 2.3 mmol) and
hydrazine hydrate (0.11 g, 2.3 mmol) was heated at 120 °C for 24 h, After cooling to room
temperature the reaction mixture was suspended in toluene (70 ml). After evaporation of the
sofvent, the residue was suspended in toluene (70 ml) again. The solvent was evaporated and the
20 residue was dried in high vacuo (1-2 mbar) to give the crude title compound (0.50 g, 92%} as
light vellow foam, which was used in the next step without further purification.
MS m/e: 235 (M+H").
Hydrazide 3
trans-4-(4-Fluoreo~-phenoxy}-cyclehexanecarboxvlic acid hydrazide
25 A mixture of trans-4-(4-flucro-phenoxy)-cyclobexanecarboxylic acid methyl ester (0.23 g, 0.93
mmol} and hydrazine hydrate (0.046 g, 0.91 mmol) was heated at 120 °C for 3.5 h. After cooling
to room temperature the reaction mixture was suspended in toluene (70 mlf). Afier evaporation of
the solvent, the residue was suspended in toluene (70 ml) again. The solvent was evaporated and
the residue was dried in high vacuo (1-2 mbar) to give the crude title compound (0.22 g, 96%) as
30  white solid, which was used in the next step without further purification. MS m/e: 253 (M+H").
Hydrazide 4
trans-4-{(4-Cyano-phenoxy)-cyclohexanecarboxylic acid hydrazide
The title compound was obtained from trans-4-(4-cyano-phenoxy)-cyclohesanecarboxylic acid

methyl ester according to general procedure I'V. MS m/e: 260 (M+H").



mg/sachet Compound of formula 1 50 Lactose fine powder 1015 Micro crystalline cellulose (AVICEL
PH 102) 1400 Sodium carboxymethyl cellulose 14 PoLyvinylpyrrolidon K 30 10 Magnesiumstearate 10
Flavor'n_ additives Total 2500 Table 10: possible sachet composition Manufacturing Procedure 5The
compound offormuladidssmixed with Lactose, microcrystalline cellulose amrd sagdmm/emisoxymethyl
cellulose and granulated with a mixture of polyvinylp¥rroLidone in water. The granulate is mixed with
magnesiumstearate and the flavoring additives}%qﬂ_gg@g into sachets. Examples The following
examples 1 - 97 are provided for illustration of the invention, They should 10 not be considered as
Limiting the scop& #ttte(aHaes amgthidriehp s pbhigitdsressptahositiforelst hydrazide
4']%;I|Ei/droxwﬁyflﬁ!&@(an%%g§&ml ic a%}gseSt%E@Iﬁéﬂneddi@&ﬁ of E&TI{EME(ﬂ%(i)ﬂugmmlethyl-%henoxy)~I
4-1fydroxy-cyclohexanecarboxylic acid ester | cis-4-Hydroxy-¢yclohexanecarboxylic acid methyl ester
15 A soluffSHIISRACHIGTHY - cy dithex HEArb SR fic aéf@%i%{@ g, 69.45FHS) arﬁ’&oﬁeé!é}fglyti v%é'tmount
of congentviedsufaricacid)in methanol (700 ml) was heated at reflux over night. After cooling to
room temperature the reaction mixture was ne raﬁ{izeddb% the addition of solid sodium carbonate. The
mixture was stirred for 30 mm, filtered and concen tated in vacuo. The residue  was triturated in
ethyl acetate (150m1)rTinedstlidhnercpiemevec byiditatiornaThefiltratddviagi2@eibn centrated in vacuo
to give the,Cruda,prod ﬁ%h@&é_gg%yl\%hﬁgghﬁo&g595&%%&9;1&9{%@5990%%ud%% A E@H&vym@ssl%e@wthom

further purification. MS m/e: 15 1Tydroxy-cyclohexanecarboxylic acid ester 2
trans-4-Hyesy aeyciotearretsdosyil Ot niethynest rvw Gezotorosibie e AP Zob9ioB 354
10 further hydrazine hydrate (0.020 ml, 0.42 mmol) was followed by stirring at 120 °C for 5 k.

After cooling to room temperature the reaction mixture was partitioned between ethyl acetate (50
ml) and 1 M agueous sodium hydroxide solution (50 ml). The layers were separated and the
aqueous layer was extracted with a 50-m! portion of ethyl acetate. The combined organic layers
were dried over anhydrous sodium sulfate and concentrated m vacuo to give the crude title
15 compound (0.21 g, 86%) as white solid, which was used in the next step without further
purification. MS m/e: 269 (M+H")
Hydrazide 7
trans-4-(3-Methoxy-phenoxy)-cyclohexanecarboxylic acid hydrazide
A mixture of trans-4-(3-methoxy-phenoxy)-cyclohexanecarboxylic acid methyl ester (0.26 g,
20 0.75 mmol) and hydrazine hydrate (0.035 ml, 0.73 mmol} was heated at 120 °C for 22 h. After
cooling to room temperature the reaction mixture was partitioned between ethyl acetate (50 ml)
and 1 M aqueous sodium hydroxide solution (50 ml). The organic layer was separated, dried
over anhydrous sodium sulfate and concentrated in vacuo to give the crude title compound (0.18
g, 92%) as white solid, which was used in the next step without further purification.
25 MS m/e: 265 (M+H)
Hydrazide 8
trans-4-(3-Cyano-phenoxyj-cyclohexanecarboxylic acid hydrazide
A mixture of trans-4-(3-cyano-phenoxy)-cyclohexanecarboxylic acid methy! ester (0.277 g, 1.07
mmol} and hydrazine hydrate (0.104 ml, 2.14 mmol) in n-butanol (0.5 ml} was heated at 120 °C
30 for 18 h. After cooling to room temperature the reaction mixture was partitioned between ethyl
acetate (50 ml) and 1 M aqueous sodium hydroxide solution (50 ml). The layers were separated
and the aqueous layer was extracted with a 50-mi portion of ethyl acetate. The combined organic
layers were dried over anhydrous sodium sulfate and concentrated in vacuo. The residue was

friturated in methanol {7 ml). The solids were removed by filtration and the filtrate was



- 42 - The title compound was obtained as a colorless oil in'63% yield according to the procedure
described for the preparation of cis-4-hydroxy-cyclohexanecarboxylic acid methyl ester using
trans-4-hydroxy-cyclohexanecarboxylic acid instead of cis-4-hydroxy-cyclohexanecarboxylic acid. MS
(H) m/e: 159%M20186)0dxt0 (1),c-H20, 45%) 54-Arviwor-orclohexanecarboswiic:poich@stass
intermediates of formula (VI) General procedure . Etherification under Mitsunobu conditions To a
solution of iripheaylahosphine(L.2.eMdn ik eHabydipiwandq< %,"%SSA;@%‘??%Q'%Bﬂcﬁ%Q%%POXWate
(1.2 eq) at 0 C. After 20 mm a phenol derivative of formula éV) (1. ean a solution of a

4-hydroxy Ecrseidhie sarbsweyliv iyt detde opyaitptiam Vi Titeratl abitiran (1-3 10 M) are added
consecutively at 5 C. After completed addition fhgiesgling bath is removed and the reaction mixture is
allowed to warm to room temperature and stirred for 3-18 h. The solvent is evaporated and the residue
is dissolved in ethyl acetdf@™ s BthYRARS AR LIEER 2 SSREa RhIthY ﬁ%a{%}%ﬁo portions of 1 M
aqueosis sodiymehydrpxidd solution: ifhe b estis-layetds extracied witmenetiodiio partianshof ethyl
acetate. Ter;?ﬁigo{gggljr}%d t%rgggiiga{%)(gég dﬁgg#}i%\gsor\é%_ J?é@ﬁ'ﬂgf us sodium sulfate and concentrated in
vacuo. Purification %y%las “Chro atography gives a 4-arylo -éiclohexanecarboxylic acid ester of
fotnada (VI1). General procedure II: Sodium mdihvdneddifibhte mediated arylation To a solution of a

4-nydroxy-cyclohexqnggasaxlic. aqid esierat ol tLem il sty ghioride derivative

(1 eq) in dry N,N-dimethylformamide (1 M) are‘added 20 consecutively sodium methanesulfinate

(85%, 0.2Bhe1tisly) enapgotassiamabishisaatel sagt-Attsrchmelsaaaditoroe raadibrmiture is
stirreghat 320 GdorB:18:hcAftercaglingdarpemmigraperature the reaction mixture is partitioned
between tert-butyl methyl ether and water. The layers are separated and the aqueous layer is
extracted with one to two portions of tert-butyl%«?’ il¢Hdr. The combined organic layers are washed
with one to two parians-of- watkso eriecRE-guenanhysidoissadmarbotidie auid Boneeftiated in vacuo.
Purification by flash-chromatography gives a. 4-heteroagryloxy-cyclohexanecarboxylic acid ester of
formula (VI-8). Gteﬂrlil]eeral %Or%%?é’%ge I oppgﬁcaa 21yzeaéazéa?[fllatitm)%r?L (")fét(?n't&ﬁlfr@el% %hﬁ?%sel}g e (0.1
eq), 1,10-phevianthralimec(@2eqreadd anetetoarndichlordederivatiie (lgeey#n tolueesl§2=M) lare added
a 4-hyglroiqsc%%pg§3<ﬁgﬁ§§r}boxylic acid ester of 30 formula (IV) (1 eq) and cesium carbonate (2 cq).
The reaction mixture is heated at reflux for 20 h. After cooling to room temperature the reaction
mixture is partitioned between ethyl acetate arf@#ergderie layers are separated and the aqueous

layer is extracted with.Qng 1R BVRIRGFIGNRQS STV AsriRim et 600NRIRaH AIGRRISdAYers are washed

with one to twaq portions of 0.5 aquequs hydrogen chlgride solution, dried over anhydrous, sodium
sulfate andEoHeB AR VAt 2 AVE JT0 605 56 G R 008 06 3R S S {Bri By
flash-chromategefphygiema 4rheterdandexdieyciohexanecarboxylic acid ester of formula (VI-a).
4-Aryloxy-cyclohexanecarboxylic acid ester 1 &[Farrg?sy?:gpgioxy-cyclohexanecarboxylic acid methyl
ester’5 The title compound was obtained as co orfe

$€0il'in 23% yield according to general procedure
|. Phenol: Phenol 4-Hydnesed-Cirélyhexgriecanydopiidoheid esterbeigdie Myidrbxgreytdehexanecarboxylic

acid methX,' gﬁ%%rlf\:ﬂ% Wll%sggfb(—wgno—phenoxy}»-cyclohc—:xanecarboxylic acid methyl ester (0.20 g, 6.77
mmol) and hydrazine hydrate (0.037 ml, 0.76 mmoi) in n-butanol (0.5 ml) was heated at 120 °C
for 22 h. After cooling to room temperature the reaction mixture was partitioned between ethyl

25  acetate (50 ml) and 1 M aqueous sodium hydroxide solution (50 ml). The organic layer was
separated, dried over anhydrous sodium sulfate and concentrated in vacuo to give the crude fitie
compound (0.18 g, 90%) as white solid, which was used in the next step without further
purification. MS m/e: 260 (M+H)

Hydrazide 14

30 trans-4-¢0-Tolyloxy-cyclohexanecarboxylic acid hydrazide
A mixture of trans-4-o-tolyloxy-cyclohexanecarboxylic acid methyl ester (0.091 g, 0.36 mmol)
and hydrazine hydrate (0.02 ml, 0.36 mmol} was heated at 120 °C for 22 h. After cooling to

room temperature the reaction muxture was suspended in toluene. After evaporation of the



104-Aryloxy-cyclohexanecarboxylic acid ester 2 cis-4-Phenoxy-cyclohexanecarboxylic acid methyl
ester The title compound was obtained as colorless oil in 54% yield according to general procedure I.
Phenol: Phenol 4-Hydroxy-cyclohexanecarboxylic acid ester: trans-4-Hydroxy-cyclohexanecarboxylic
acid 15 metmplcesierdst@snile: 234 (M') 4-Aryloxy-cyclohexanecarboxylic agidirestesid/trass 4 (4
Finoro-phenoxy)-cyclohexanecarboxylic acid methy¥ester The title compound was obtained as pink oil

in 29% yigld . According 4098 NEERLRTR0REIN S48 Q IPhERe) GHIHRraRNeDA title compound (0.73 g,

4-Hydroxy-cyclohexanccarboxylic acid ester: cis-4-Hydroxy-cyclohexanecarboxylic acid methyl ester
MS mic: 255 iisgordidy e i Res aset AHbRsdtet st5e withory bheruiication.
(4-Cyanoprenexyxsysiehexanecarboxylic acid methyl ester The title compound was obtained
according to general procedure I. Phenol: 4-Hydroxybenzonitrile 4-Hydroxy-cyclohexanecarboxylic
acid ester: cis-4-Hydroxy-cyclohexanecarbox %‘gﬁ’%ﬁyl ester 30 MS m/e: 260 (M-LH')
4-Arylexy-cyclohexanesar®xyibificitkesiptimxy)-cyciohexanecarboxylic acid hydrazide
trans-4-(4-Trifluoromethyl-p -cyclohexanecar lic acid. methyl ester The fit nd was
obtained éj%:(%lrxé}lﬁa ?f %%ﬁé@a?%%%%%?é .%ﬁéﬁéﬁyﬁq%‘%ﬁﬁgﬁﬁgrmoex Ef/‘"f\fﬁc %eﬁjg!- y@\félgr%mﬁ)g%‘"
2010/060836R GHEP 20081065354y detal (MO oRy-&yClohes Bnesabbeylic aélt"ester:18 h. After

Cis-4-Hyd rc%’é‘(ﬁﬁy%%%%ﬁ&%@%é"iﬁ&@&’cﬁ&%t%kﬁﬁée&%éé%ﬁéﬁ&?%&e@e{hﬁ acetate (50 ml)

4-Ary|oxy-cycIO‘Flexanecarboxylic acid ester 6 5trans-4-(3-Chloro-phenoxy)-cyclohexanecarboxylic acid

methyl estéf Thékifaream Fodnanwas BBidmed He e difHEEs ofih 389 ididAcksidife e gentral
procedure,d,Rhengl3-ChlekephenohatHydroxyryclahexanecashorsliGacid estefinbined organic

cis-4-Hydroxy-cyclohexanecarboxylic acid methyl ester 10 MS m/e: 268 ) .
4-Aryloxy &Y EIO REXaRBEA G E: ?al%%%éwwﬁﬁﬁit-%%@-i%%%%&ﬁpwe‘f%g@f?cﬁ%ﬁ%&%éaé%%xylic
acid methybestamd he. title, carvpaungvas lobtainid, asipinkval in<E386 thieldacaopding:wotgendeal

procedure 1 fRehoy Ri¥IRIEoxPhGe

Hydrazide 16
135 trans-4-(Naphthalen-2-yloxy)-cyclohexanecarboxylic acid hydrazide
A mixture of trans-4-(naphthalen-2-vioxy)-cyclohexanecarboxylic actd methyl ester (0.130 g,
0.457 mmol) and hydrazine hydrate (0.02 ml, 0.45 mmol) in methanol (0.5 ml) was heatad at 80
°C for 16 h. After cooling to room temperature the reaction mixture was partitioned between
ethyl acetate (50 ml) and 1 M aqueous sodium hydroxide solution (50 mf). The organic layer was
20  separated, dried over anhydrous sodium sulfate and concentrated in vacuo to give the crude title
compound (0.112 g, 86%) as yellow solid, which was used in the next step without further
purification. MS m/e: 285 (M+H")
Hydrazide 17
trans-d4-{Naphthalen-1-yloxy)-cyclohexanecarboxylic acid hydrazide
25 A mixture of trans-4-( naph.thalenu1-yloXy)—cyclohexaﬁecarboxyhc acid methyl ester (0.130 g,
0.457 mmol) and hydrazine hydrate (0.022 ml, 0.45 mmol) in methanol (0.5 ml} was heated at 80
°C for 16 h. After cooling to room temperature the reaction mixture was partitioned between
cthyl acetate (50 ml) and 1 M aqueous sodium hydroxide solution (50 ml). The organic layer was
separated, The agueous laver was extracted with two 50-ml portions of ethyl acetate. The
30 combined organic layers were dried over anhydrous sodium sulfate and concentrated m vacuo to
give a 3:1 mixture of the crude title compound and starting material. This mixture (0.12 g) and
hydrazine hydrate (0.022 mi, (.45 mmol} were dissolved in 1,4-dioxane (0.4 mi) and heated at
reflux for 18 h. After cooling to room temperature the reaction mixture was partitioned between

ethyl acetate {50 ml) and 1 M aqueous sodium hydroxide solution (50 ml). The organic layer was



15 4-Hydroxy-cyclohexanecarboxylic acid ester: ¢ -4-Hydroxy-cyclohexanecarboxylic acid methyl ester
MS m/e: 265 (MAT) 4-Aryloxy-cyclohexanecarboxylic acid ester 8
trans-4-(3-Cyano-phenoxy)-cyclohexanecarboxylic acid methyl ester 20 The title compound was
obtained as wiaite; sdidans29% yield according to general procedure |. PheraliEzaaspdresggpyridine
4-Hydroxy-cyclohexanecarboxylic acid ester: ¢ 4-H§dlroxy-cyclohexanecarboxylic acid methyl ester MS

mile: 259 é‘f&i‘éé{.Z%ﬁéAs[é{{%{gCyﬂah@J&%”&&%H%ybl&@%oe%f%ﬁ ortions of ethy! acetate. The
trans-4-m- OI%_onz-cyclohexanecarboxyl|c acid methyl ester The title compound was obtained

accordin aTgvse daisre Yorhénel axmanhybRehedium mifomA SRR L ERTR R acid
ester: cis-dnldydroxyRysiehexanacarbexylicasithmethydi Boesipd MSha/eid8(M0%, which was
4-Aryloxy-cyclohexanecarboxylic acid ester 10 trans-4-(3-tert-Butyl-phgnoxy)-cyclohexanecarboxylic
acid meth‘fﬁeé{s‘f‘éfh?H‘gxﬁtféeﬁWb%ﬁrfﬂr\%%p&ﬁé?ﬁgﬁnag@% ﬁ'gZ%E g%+§ea? procedure I. WO
2010/660836PCT/EP2009/065354 - 45 - Phermtd3deiteB@tylphenol 4-Hydroxy-cyclohexanecarboxylic

acid ester: cis-4-Hydroxy-cyclohexanecarboxylic acid methyl ester, MS.mle; 291 (MTH )
54-Aryloxy-cyclohexan{gé3$'IEJ%(5(§<§?CEE a%ll"§mevs?§? %fygﬂhammaxrﬁwyﬁw amﬁ]éﬁy mmﬁe

trans-4-(3ATrifisioro wiethyk-ghenoxdy)-ydiohexanbéarsospibaaitionethyhetbid eithe (Gt canipdethd was
obtained %ﬁﬁgﬁjgﬁg %&%&ﬁ@ﬁﬁ%@gﬁy@élﬁbg@él n%ﬂ;[jﬂiﬂc}{%%ﬂ& I@?ﬂﬁj"was heated at 120 °C

4-Hydroxy-cyclohexanecarboxylic acid ester: cis-4-Hydroxy-cyclobexanecarboxylic acid methyl

10ester MSrmilel 30 fqupeting )io room tempSTyiBs e Slofexa RECRYS oK e HEfPastcherween ethyl

transr4-(2;EluQro-phenpxyi-aysiohexanecarex i asid methylissteroThe tite.carppaunsyean be
obtained according tg general procedure 1, 15 Phenol: 4-Fluorophenol . .
4-Hydroxygeibtiesaly éﬁ”ﬁi’cﬁ‘?&?‘ﬁ’@@b‘ﬁﬁ@ﬂ%@ é?@fﬁ‘ﬁ—ﬂ?&r&%ﬁ%?&ﬁ%%ﬁ%@é’rﬁ%ﬁw&ﬁ%ﬁ?ﬂ‘éfﬁ%ﬁ ester
4-Aryloxy-eysjehexamerarhgxiiv peid ebter d3itransids(2-GCyand-phehoxxcyctphexhoecarbxylic acid
methyl ester 20 The tﬂg 319@19?8591%%3 obtained as pink solid in 34% yield according to general

proceduré)l'llﬂ FCatlon.
Hydrazide 19

15 trans-4-(5-Chloro-pyridin-3-yloxy)-cyclohexanecarboxylic acid hydrazide
A mixture of trans-4-(5-chloro-pyridin-3-yloxy)-cyclohexanccarboxylic acid methyl ester (0.19 g,
.70 mmol) and hydrazine hydrate (0.14 ml 2.8 mmol) in n-butanol (0.5 ml) was heated at 120
°C for 18 h. After cooling to room temperature the reaction mixture was triturated in toluene
(100 ml). The product was collected by filtration and dried in vacuo to give the crude title
20 compound {0.15 g, 79%) as white solid, which was used in the next step without further
purification. MS m/e: 270 (M+H )
Hydrazide 20
trans-4-{Pyridin-2-yloxy)-cyclohexanecarboxylic acid hydrazide
A mixture of trans-4-(pyridin-2-yloxy)-cyclohexanecarboxylic acid methyl ester (1.33 g, 5.66
25  mmol) and hydrazine hydrate {(0.55 ml, 11 mmel) in n-butano] (1 mly was heated at 120 °C for
68 h. After cooling to room temperature the reaction mixture was evaporated and dried in high
vacuo (ca. 1-2 mbar) at 100 °C for 2 h to give the crude title compound (1.28 g, 96%) as white
solid, which was used in the next step without further purification. MS m/e: 236 (M+H™)
Hydrazide 21
30 trans-4-(6-Chloro-pyridin-2-vlexy}-cyclohexanecarboxylic acid hydrazide
The  title  compound  was  obtained  from  trans-4-(6-chloro-pyridin-2-yloxy)-
cyclohexanecarboxylic  acid methyl ester according to  general procedure IV,
MS m/e; 270 (M+H")
Hydrazide 22



Phenol: 2-Hydroxybenzonitrile 4-Hydroxy-cyclohexanecarboxylic acid ester:
cis-4-Hydroxy-cyclohexanecarboxylic acid methyl ester MS ink.: 260 (M+1-1)
254-Aryloxy-cyclohexanecarboxylic acid ester 14 trans-4-o0-Tolyloxy-cyclohexanecarboxylic acid
methyl esterwbediti@@empound was obtained as colorless oil in 15% yiela@oeoedingdsygeneral
procedure . Phenol: 2-Methylphenol  4-Hydroxy3®yclohexanecarboxylic acid ester.

ciS-4-Hydroxy-cyCLgQﬁ?ng%%_Céﬁ?g i}l AL EHWH30 BSIRLMR VG 248 MY hydrazide

4-Aryloxy-cyclohexanecarboxylic acid ester 15 trans-4-(3,5-Difluoro-phenoxy)-cyclohexanecarboxylic
acid methihestet /O 20TWOBIB36PET/EPPTOBRE5359™U6 - ne-fitld-eBRSoitis Bbtiined as
off-white $ligh in. 2% ¥ield:qeeugingde generalRreerdurebniheprlsdibrDiffuorophenol
4-Hydroxy-cyclohexanecarboxylic acid ester: cis-4-Hydroxy-cyclohexancearboxylic acid methyl 5ester
4-Aryloxy-cyclohexanecarboxylic acid ester 16 4R phthalen-2-ylov)-cyclohexanecarboxylic

acid methyl estgrfhie-title-pomnpayngwasabtained-asyellowselid:rddtiyiel agaerding to general

procedure L Phenol: 2-Naphthal 10 4-Hydroxy-cyclphexanecarhoxylic acidester; .. _
cis-4-Hydroly &S et%ﬁé%ggtgé%ﬁggg@ E%élr‘%{il é% eE?WFSC GI%%E%AI ?ﬁﬁ%wyfw acid methy! ester
4-Aryloxy£0)ﬁﬂ@n@memaﬂ_)amyllﬂmydnddimtedxh’iﬁfﬁ@-@(lﬁdbtmﬂn@léhrﬁ»ﬁzlémidﬁeiﬁdh@)éaﬁ%h@ﬁb@xylic
acd methy S8l deT Rl seorRaund was o Beganxalaw el inaeRa yisld @ecpiinguty
general procedure 1. Phenol: -Nap’ht ol 4-Hydroxy-cyclohexanecarboxylic acid ester: ¢

-4-Hydroxy-eycichexavctlsoeyticoasit héthgd 88tel MTwifes@BY (Wich was used in the next step
204-Apyloxyreyclahexanseaibexviieacid esige 18 irans-4-(Pyridin-3-yloxy)-cyclohexanecarboxylic acid

methyl ester The title compound was obtained as white solid in 25% yield according to general
procedure I. Phenol: 3-Hydroxypyridine  4-H{t#E38/%4¢fohexanecarboxylic acid ester:

cis-4-Hydroxy-cyGighexaneqashaxylitmaciddnethyt @ esies S arilie 230 (WdHdide (1:2)

To a solution of cis/trans-4-(pyrimidin-2-yloxy)-cyclohexanecarboxylic acid (1:2) (0.258 g, 1.16

mmol) and triethylamine (0.162 ml, 1.16 mmol) in THF (6 ml) was added ethyl chloroformate
15 (0.111 mi, 1.16 mmol) at 0 °C. The reaction mixture was stirred for 1 h. The ammonium salts

were removed by filtration, The filtrate was added to a cold solution of hydrazine hydrate (0.116

g, 2.32 mmol) in methanol (10 ml). The reaction mixture was stirred for 2 h at room temperature

and then partitioned between ethyl acetate (50 ml) and a mixture of a 1:1 mixture of I M

aqueous sodium hydroxide solution and brine (50 ml). The layers were separated. The aqueous
20 layer was extracted with five 50-mi portions of ethyl acetate. The combined organic layers were

dried over anhydrous sodium sulfate and concentrated in vacuo to give the crude title compound

(0.177 g, 65%) as whitc solid, which was used in the next step without further purification.

MS m/e: 237 (M+H")

Hydrazide 25

2
LA

trans-4-(Pyrazin-2-viexy)-cvclohexanecarboxylic acid hydrazide
A mixture of cis/trans-4-(pyrazin-2-yloxy)-cyclohexanecarboxylic acid ethyl ester (1.11 g, 4.41
mmol) and hydrazine hydrate (0442 ¢, 8.83 mmol) was heated at 120 °C for 72 h. After cooling
to room temperature the reaction mixture was partitioned between ethyl acetate (50 ml) and
water (30 ml). The organic layer was separated. The aqueous layer was extracted with two 50 ml
30 portions of ethyl acetate. The combined organic layers were washed with brine (30 ml}, dried
over anhydrous sodium sulfate and concenirated in vacuo. The crude cis/trans-hydrazide was
triturated in ethyl acetate (5 ml). The precipitate was collected by filtration and dried in vacuo to
give the crude title compound (0.236 g, 23%) as white solid, which was used in the next step

without further purification. MS m/e: 237 (M+H")



4-Aryloxy-cyclohexanecarboxylic acid ester 19
‘trans-4-(5-Chloro-pyridin-3-yloxy)-cyclohexanecarboxylic acid methyl ester  The title compound was
obtained as off-white solid in 29% yield according to general procedure 30l. Phenol:
3-Chloro-5-hydsaxypysidisae 4-Hydroxy-cyclohexanecarboxylic acid ester: pCr/Ep2000/665354
cis-4-Hydroxy-cyclohexanecarboxylic acid methyl-&ster MS m/e: 270 (M+HI) WO
2010/060836PCT/EP2009/065354 - 47 -4-Arylgxyscygiahexanecarboxylic acid ester 20
trans-4-(Pyridin-2-yloxy)-cyclohexanecarboxylic ‘acid methyl ester The title compound was obtained as

light red solid in 3654 5ABRAQGERd IctgERE HEpritEaaRe 2 PIeaTH B 2R FidaAieithab 5

4-Hydroxyrsyclohgxanecarhomdis asichaster £isrd-Hydraxy-cyslohexanecarhoxylis acidmethyiester
MS m/e 236 (M+H-) 4-Aryloxy-cyclohexanecarboxylic acid ester 21 trans

: 4 (6
Chloro-py it 2 AP e ReX e Caiboky i SEit e tiyT ddferiioPhadite BpsLIKEPivESSbtained
according(tigenerat progeatuiexd o Poenok -4etitorenpyttiginyds akirdd Iftctroxy-CYyelahexanaaarbioxylic
B e o Yo aRe e S R ME T FIELNE DY A0 WA 0.3
trans-4-(5eChitreapwriidin2eybory) {CYciohelaneeatboxylidiacid anetimpdester Thertite tonpeotnd.was

obtained 31%%05910&]@“9&%”&\1@34&59@%9%&%'r%ﬁ@é%éé&ﬁ’é%%ﬂp%{édijééﬁf@é was partitioned between

4-Hydroxy-cyclohexanecarboxy acid ester: cis-4-Hydroxy-cyclohexanecarboxylic acid methyl 20 ester

MS nile: 2705{Mcerty 41AGyIRx sy 6ldheRaeeatiokyliccaeie estedipg: hydroxide solution and brine
transﬁ-(%@o%ﬂ?hﬁ/&-@éééﬁﬁ@&agéfy‘.l@iy)sﬁﬁ&@&@xa@g?xmr yaciMethybRAteFih dhie Wem
compound was obtained as light yellow oil in 32% yield according to general procedure 25I. Phenol:
z,4-Dimetﬂ%@wr%%ybwm%mﬁlamg}m%mﬁ&%8&?&&%&5&7&%@@@% sodium sulfate
CiS-4'Hyd@R@Va@ﬁ%@h@i@nﬁCﬁﬁ@(ﬁi%@@i@l@&tﬁd& estecddpanta: R0 EMF L)L) as off-white solid,
e b e e 2 S AT
Hydrazide 27
15 cis/trans-4-(Pyridazin-3-vioxy)-cyvciohexanecarbexyvlic acid hydrazide (1:1)
To a solution of cis/trans-4-(pyridazin-3~yloxy)-cycichexanecarboxylic acid (1:1) (0.780 g, 3.51
mmol) and tricthylamine (0.489 ml, 3.37 mmol) in THF (17 ml) was added ethyl chloroformate
(0.334 ml, 3.51 mmol} at 0 °C. The reaction mixture was stirred for 1 h. The ammonium salts
were removed by filtration. The fiitrate was added to a cold solution of hydrazine hydrate (0.351
20 g, 7.02 mmol) in methano! (20 ml). The reaction mixture was stirred for 2 h at room temperature.
The soivent was evaporated under reduced pressure and the residue was partitioned between
ethyl acetate (100 ml) and a 1.1 ymxture of 1 M aqueous sodiumn hydroxide solution and brine
(30 ml). The organic layer was separated. The aqueous layer was extracted with five 75-ml
portions of ethy! acetate. The combined organic layers were dried over anhydrous sodium sulfate
25 and concentrated in vacuo to give the crude title compound (0.580 g, 70%) as off-white solid,
which was used in the next step without further purification. MS m/e: 237 (M+H")
Hydrazide 28
trans-4-(3-Fluore-pyridin-Z-ylexy}-cycichexanecarboxylic acid hydrazide
A mixture of trans-4-(3-fluoro-pyridin-2-yloxy)-cyclohexanecarboxyiic acid methyl ester (0.60 g,
30 2.4 mmol) and hydrazine hydrate (4.53 mi, 11 mmol} in n-butanol (I ml) was heated at 125 °C
for 4 h. After cooling to room temperature the reaction mixture was partitioned between
dichloromethane (75 mly and water (75 ml). The aqueous layer was washed with

dichloromethane /75 mb). The combined organic layers were washed with water (75 ml) and

brine (75 ml), dried over anhydrous sodium sulfate and concentrated in vacuo to give the crude



The title compound was obtained as yellow amorphous solid in 24% yield according to general
procedure Ill. Heteroaryt chloride. 2-Chloropyrimid ne WO 2010/060836PCT/EP2009/065354 - 48 -
4-Hydroxy-cyclohexanecarboxylic acid ester: cishrans-4-Hydroxy-cyclohexanecarboxylic acid ethyl
ester (2 :1) M&men@B83(M+1-1-) 4-Aryloxy-cyclohexanecarboxylic acid eRtaviF3005/065354
cis/trans-4-(Pyrazin-2-yloxy)-cyclohexanecarboxytiéteid ethyl ester (1:1) The title compound was

obtained g whitg,3qlid %.%?‘@,ﬁ?%)%%@%&ﬁd?%&ﬁ'\QEQQ%Q&”& e fieterqaryhahlafidriner

2-Chloropyrazine 4-Hydroxy-Cyclohexanecarboxylic acid ester
cis/trans- PRI VS SHExat e 4iFdxylic acid ethyl ester ester (2 :1) 10 MS m/e: 251 (M-HH-)
4-Aryloxy-cyclohexanecarboxylic acid ester 2Giydrazide 29

cis/trans-4-(6-Chloro-pyrimidin-4-yloxy)-cyclohexanecarboxylic acid ethyl esfer (1:1) The title
compound was obtEfAEd 4% EBI8HEE i H 28 iefc %%W?%%Wﬁat%} Xﬁf‘ﬁir%‘ggﬁau%’élﬁll. Heteroaryt
chloride : A,exRichleofpyimidingubhodsytinaxyroyelohelsinepatbobyhyiacidiéstethyi ester (0.52 g,
cis/trans-4-Hydroxy-cyclohexanecarboxylic aci | ester ester (2 :1).MS m/e: 284 (M1) ;- o
4-Ary|oxy-c?/c¥fgﬁ%>gar%%gr%8§<y ?cﬁ é%?%zbggr Zl?qéii téluﬁ@bl-j I)}:lg%lall%ll %y%k%r-agy% 0 DéxanecSar%oxylic
acid ethylfestér i{1:4f20 T angargonporteebsoiutiorn of reaction mixture was partitioned between

Cis/trans-%%lsm%a@xgf('g%n-éiwom-%k@heﬁt .bwyc&gigosghxwews:%&é IudH9

minot) and triethylamine (0.52 mt, 3.69 mmo I) in ethyl acetate (37 ml) was added palladium on
charcoal TigHqRErE ) THe Mhclibh FRIREWASIHT JBFWithRy dregen gad aryStrfeédthdaf an

atmosphesgf Rydragenigasfor A aloamiemparatuie: The satalystanetheramimomniygnsalts were
removed b){iéfiltration over Decalitc, The filtrate was 2 ‘concentrated]ﬁis%vacuo to give the t

itle
compound 8 S BF AT Sehol i UEAHAUe SRTA, RES HiFG, SR Soihost urhe:
4-Aryloxy-ayeiehexandsarbexyic (acidiester 28
cis/trans-4-(6-ChIoro-pyridazin-3-y|oxy)-cyclohﬁxanezclaé%xylic acid ethyl ester (1:1) The title
compound was obtained as white solid in 39% e%according to general procedure 1ll. 30 Heteroaryl
chloride : 3,6-Dichiozopyridakinthdbidydiinyl eylolohexahdeabexylibaoikegidrhydrazide

e S R e 0L SR LIRS £ b

cis/trans-&-(Pyriomein B9 isdiape by Set Bxy licaesd b battes! (@ Bry s erGibliged

solution ofgisftranss446-cipre- Ry ridazin3npaml-eyslohexanscaiboxiGras partitioned between

dichloromethane (75 mi) and water (75 ml). The aqueous layer was washed with

dichioromethane /75 ml). The combined organic layers were washed with water (75 ml) and

20 brine (75 ml), dried over anhydrous sodium sulfate and concentrated in vacuo to give the crude

title compound (0.48 g, 86%) as white solid, which was used in the next step without further
purification. MS m/e: 256 {M+H")

Hyvdrazide 31
cis-4-(Pyridin-2-vioxy)-cyclohexanecarboxyle acid hydrazide

25 A mixture of cis-4-(pyridin-2-yloxy)-cyclohexanecarboxylic acid methyl ester (0.39 g, 1.6 mmol)

and hydrazine hydrate (0.40 ml, 8.2 mmol) in n-butancl (0.5 ml) was heated at 125 °C over night.

After cooling to rtoom temperature the reaction mixture was partitioned between

dichloromethane (75 ml} and water (75 ml). The aqueous layer was washed with

dichloromethane /75 ml). The combined organic layers were washed with water (75 ml) and

30  brine (75 ml), dried over anhydrous sodium sulfate and concentrated in vacuo to give the crude

title compound (0.35 g, 91%) as colorless oil, which was used in the next step without further
purification. MS m/e: 236 (M+H")

Thiolactam intermediates of formula (111)




acid ethyl ester (1:1) (1.30 g, 4.57 mmol) and triethylamine (0.64 ml, 4.57 mmop in ethyl acetate (46
nil) was added palladium on charcoal 10% (0.097 g). The reaction mixture was purged with 5
hydrogen gas and stirred under an atmosphere of hydrogen gas for 4 h at room temperature. The
catalyst and the ammemsism salts were removed by filtration over Decalite PTh&E filtretecaras
concentrated in vacuo to give the title compound (X289 g, 95%) as light yellow oil. MS m/e: 251
(M+14-) 4'&-@%}%:&%9@%9{‘3%%% @ﬁ&%@ﬁ%i@fa,‘ﬂdiagepine-é&—carboxyiic acid tert-butyl
10trans-4-(3-Fltioro-pyridin2-yloxy)-cyclohexanecarboxylic acid methyl ester The title compound was
obtained according to general procedure I. PhenofS8¥luoro-2-hydroxypyridine

4-Hydroxyrcyalohgxanecsrbasiia-acidestes-cis-4-Hydroxy-cyclohexanecarboxylic acid methyl ester
15 MS m/e; 253 (1\4+) 4-Aryloxy-cyclohexanecarboxylic acid ester 31 .
trans-4-(3?r9|&oi%ﬁﬁﬂ?ﬁd?5&9%%)2@@%%&5%%?8%%%%@a@i?%r%&i%ﬁ“gs%?t %%rﬂﬁlg Ehipbdhitwas
obtained aesnrding i genskahp (o aiiyeyhs Rhénblrds Fliverdxid:tyy didoyidy (finel 2D46 mol) during
4-Hydroxy-cyclohexanecarboxylic acid ester; ¢ s-4-Hydroxy-cycle hg)é rboxylic aci me ester
IS mile: S Ly R A e e e Bl o el
trans-4-(3bethofdepyridiRmviuxy)-eyel ohesdfacitb oXydiscdeidimeathyt aster saTh eittesempaind was
obtained %ﬁﬁﬁ%@é@%%‘?&e{éﬁtﬁbﬁﬁs%ﬁ%&‘ﬁﬁ gﬂ@@%%"ﬁ‘ﬂf"?&'@ﬂﬁww gg@%ere removed by

4-Hydroxy-cyclohexanecarboxylic’acid ester: cis-4-Hydroxy-cyclohexanecarboxytic acid mﬁethyl ester
MS m/e: B0 ErE B AURAORGSCEIEHEKHAGSAIBEY)ITE dbit datditgacompound (85 g, 99%) as
cis-A(Pyridins2-yloxyl:evsiehexaneaarboxlispcichae vl mstes I heditie:compaund was obtained
according_to general procedure I. Phenol: 2-Hydroxypyridine WO 2010/060836PCT/EP2009/065354 -
50 -4-Hy - 1o -13;.__:_ enzylammno sacetic acid ethv) sy

ester MS mie:i&6e(V+H-ahloro-2-Afmaecdvelohexarteaachoxdic aciddintere digtescoédornustar(V111)
54-Aryloxy-cyclohexanecarbaxylic acid | cis/trans-4-(Pyrimidin-2-yl -cyclohexane Méyli acid
(1:2) To a¥1§/o u ?8}‘1}16?%0 rah(éi é(ﬁnfrﬁnﬁr&ﬁ]tfﬁqﬁ%%%%%ﬁﬁéx%ééé:{a%%%(ﬁ 5&%% )%e%t%nﬁqz(rster (E ) (0.35
g, 1.4 mmobsihek{dddioxdin FomB i addedn? Wiacueots sbaidihhyehidride ssolttiort ¢ 0 witimg
mmol)s Styring atropn fempsratie Jand 6 ivasolowed by, acidificationin P2 Hcl itk .M

aqueous hydrogeén chloride solution (50 ml) and extraction with thrée 100-ml portions of ethyl acetate.
The combffBerBiEdicn aysrs e drida BuecarmrydrSus sbdiuf? SUIrtehAlEBReBh R #0Wdcuo to

give the titlg, LRRRSUAM (Q-26 8::8304) RaNRHPY-RibaMB Mes 224 O Iad+1 ),

3-chlore-2-nitro-benzy-amine

¢} [tert-Butoxycarbonyl- -acetic acid ethvl ester

A solution of (5-chloro-2-nitro-benzylamino)-acetic acid ethy! ester (110 g, 0.403 mol), di-tert-

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

25 &) [(2-Amine-5-chloro-benzyl)-tert-butoxycarbonyl-amino I-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). 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
30 pressure during a period of ca. 48 h until ca. 13 1 of hydrogen gas had been consumed. The
catalyst was removed by filtration and the filtrate was washed with two portions of saturated
aqueous sodium bicarbonate solution and brine, each. Th.e 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").



4-Aryloxy-cyclohexanecarboxylic acid 2 15cis/trans-4-(Pyrimidin-4-yloxy)-cyclohexanecarboxylic acid
(1:1) To a solution of cis/trans-4-(pyrimidin-4-yloxy)-cyclohexanecarboxylic acid ethyl ester (1:1) (0.90
g, 3.6 mmol) in 1,4-dioxane (18 ml) was added 2 M aqueous sodium hydroxide solution (18 ml, 36
mmol). Stirrmg atroometemperature for 3 h was followed by acidification teqat 2@ withstsM aqueous
hydrogen chloride solution (42 ml) and extraction with-four 100-ml portions 20 of ethyl acetate. The

combined Qragiie jayess Wesesdried oyeh-andydiaus sacipm.suliate agdcongeniraied iyacuo to give
the title compound (0.76 %{ 95%) as white solid. MS m/e:" 221 (M-H-). 4-Aryloxy-cyclohexanecarboxylic

acid 3 cis/fradsaPahZid-anhexy) iR ReRaret o REcaRa T #1% Facat KolGifoRtBr ester
cis/trans-4dpyridazimstyloxi-syeienaxanssarhoxylc acicieihvsestarék bhiids R ms19. mmel)in
1,4-dioxane (21 ml) was added 2 M aqueous sodium hydroxide solution%l ml, 42 mmol). Stirring at
room temPerRale B P8 vas foltB\Wed By e difc iR T8 PR 2A8With- 1M RRESES Mydr8getitenloride

solutioh (44gniheanghexiraction withihreetkQ0«nkpertiensiefethiyt aceiatechhengamibined sgadic

layers were dried. over anh s sodium sulfate and 30 concentrated in yacuo ive the title
compound {0 0L Roe) 2 A AR s ZB A ) e A o Akoa Fbormuta
(1 Gener_a‘tqziﬂ@cé‘tﬂfﬂre’ﬂ)/:ﬁ@@n\}@rs‘ibntm EEt@pi@thydaagidé:cm@mﬂ@ﬂﬁ@m%@’@ﬂ@@2@%/@%354
-51 - A migtyre, afdslapvipxylayclonpsanecathouvlic adig aater ek lormulaH v (1 8q) and Ry giazine

hydrate (5 cq) is heated at 120 C for 5 h. After Cooling to room temperature the reaction mixture is
partitionedebisteeis archidietriethdhe Rnamlater vikd Rijarciiensbduenenlsrndivy Slganneiaper is
washgg withyates ARE-RIBE(hRe.0rganis gﬁ«y&ﬁi@t@l&%%@ﬁ@@m@g? yeespaiumisuiate and 5
concentrated in vacuo to give the crude title compound, which is used in the next step without further
purificatioh’.ls?;%a%?déhf }15-4-Phenoxy-cyciohexanecarboxylic acid hydrazide A mixture of
trans-4-phegnaxyrayciohexane cartiowytic adic- vastb it e 5ta 6 El.ehig . 4+ & rbouviad)-akid &0 iy drazine
hydrate (0,22 g, 4.48 ) was heated at 120 C for 4 h. After cooling to room temperature th
reaction ot et AR T s OB THE A e B B aS W hecashere
guantitativetyreldt whigh WdsUsedin tng nd)t ste hwikhibut iplthet)pU Afichtiohi aiShnygic286-{44+1T ).
Hydrazide, ¢, hagiS14PhENgXy ey %%?@ﬁ%?%ﬁ%?&%!ﬁrﬁgfgd@/ﬂ{ﬂ%‘? APAUS I LIS 3 b The

phcnoxy-cyclohexaneearboxylic aci methyl ester (0.55 g, 2 3 nunol) and hydrazine hydrate (0.11 g,
2.3 mmolsNESheseey arraGCansy tha resiie Mes oG s ¢ dBreteupd ey tdive adtforr eairtigre was

suspendedig tRlysne: (79 nillAligr Syeneratianef hesalvent.hearasidyeinas suspragded igdeluene
(70 ml) again. The salvent was evaporated and the 20 residue was dried In ?@gvacuo (2-2 mbar) to
S

give the cRUEAHECHPPAThATE™0, Dby gAY foam swifich HSPHiEHExt step
without fusitempurificatios MS m/c: 235 (M+1-1-). Hydrazide 3
transz4-(4-Flugro-phenpxy)-cyclghexanecarboxylic gcid hydrazide 25 A mixture of .

e ot A SRR R A e T S R —
hydrate (0.046 g, 0.91 mmol) was heated at 120 Cefd¢e3.5 h. After cooling to room temperature the

reaction ”%E“{;‘?P"’é‘c?n-?%ﬁﬁﬁ%ggﬁ JRAQIENE (/S lﬂé@%%ﬁ‘i&%?%%’i{r%ﬁ‘fgéf?ﬂ'&’ Pl hg fesighe was

suspended in toluene (70 ml) again. The solvent was evaporate d the residue was dried in T1igh
vacuo (1-27eisdires givectiedruthe title €8mBsuntitiossg, g693)@dosn iwhitexgolid, whieleiakstsed in

the next step.withous furtherRuificalion:Mscmle:RB3:MeEd 1dsikly drarisle 4 -nitrobenzyl alcohol
trans-4-(4_—C%/ago- henoxy)-cyclohexanecarboxylic acidlgécirazide The title compound was obtained
%ﬁ-é?g%

from frandi4t eMaroRTOsERHh aleaset H sty Mo d¥hetiy @4t hccording to general

procedure IV. MS in/e: 260 (M+1-1"). Examples

General procedure V: Condensation of hydrazide and thiclactam fo triazole

A mixture of & hydrazide derivative of formula (1) (1-1.5 eq) and a thiolactam of formula (11I)

(1 eq) in n-butanol (0.1-0.2 M) is heated at reflux for 16-72 h. After cooling to room temperature
30 the solvent is evaporated and the residue is purified by flash-chromatography to give a

compound of formula (I}). When a thiolactam of formuia (IIl-1) {compounds of formula (IIf) mw -

which R? is teri-butoxycarbonyl) is used the N-tert-butoxycarbonyl group of the resulting

triazole product of formwla (I-a) may be partially or completely cleaved thermally, and a

secondary amine derivative of formula (I-b) is obtained m addition or as the sole product.



WO 2010/060836PCT/EP2009/065354 - 52 - Hydrazide 5
trans-4-(4-Trifluoromethyl-phenoxy)-cyclohexanecarboxylic acid hydrazide
Thetitlecompoundwasobtainedfromtrans 4 (4 trifluoromethyl-phenoxy)- cyclohexanecarboxylic acid
methyl esterwocerdimgissgeneral procedure IV. 5 MS ink: 303 (M+1-1-) Hydir&tekaBo65354
trans-4-(3-Chloro-phenoxy)-cyclohexanecarboxylictdcid hydrazide A mixture of

trans-4-(3chigrorphanaxy)-oyclehexane erremisacid metivh e $eBB @pdo 93 mmol) and
hydrazine hydrate (0.044 ml, 0.91 mmol) was heated at 120 C for 22 h. Addition of 10 further

hydrazine’hyeiraier 0 fopohiE -ageriviisly WhssrmaegBystirihg! 491 30 C2oP RS RIRSESBIihg to

room temperaibe theyeactp IRk WasPartitioned batween-eihyhasetateidb0 ) atia. hikagqueous
sodium hydroxide solution (50 ml). The layers were separated and the aqueous layer was e %racted

ue
with & SOSAPHEFIBHBTBYID SRR AL T R LB BIRCH oy SIS TAG I ibra el U ARFYATSE sodium
sulfate andripnderitrated i yaeund forgive thebtrude/ditteliscompioudok (0210118686} &sswhite 1solid,
which was used jn the next step,withqut further purifi %tion. m/c; 26 MH-H: razide.
a4 (NI RO N RAs: u Besiah P B h L havaraind,
trans-4-(3methoxgphesoxy)tcycotidxhnetaiboxdicinidnridtiyl dselaG2oty 2O00FSimdolicand

hydrazine, hydrate, (Q,03% ml, 043, mmel) washeaied a8 kiR Cltre MAShEARING JMIORRk:

temperature the reaction mixture was partitioned between ethyl acetate (50 ml) and I M aqueous
sodium hyerexie SR (S0wiy drme ofganidilsyet W ersaisted, Bnaaieverarmifergas aium
sulfate anckcQResratesk iR ¥agueitg)give the crude title compound (0.18 g, 92%) as white solid, which
was used in the next step without further purification. 25 MS m/e: 265 (M+1-1-) Hydrazide 8
trans-4-(3EYEH0 PIRSAORS Y B St e FUEVIIRSid hydrazide A mixture of
trans-4-(3scyanarphenasy)royeldbékanadalboxidacitmethyl bgles (AR TE gzl (0 Zqninbl). and).
hydrazine hydrate (0.104 ml,.2.14 mmol) in,n-butanol (0.5 ml) was heated at ¢ 30.for After
cooling to{rrlgit?lrﬁ?glmﬁﬁa?&rg %%r};}é i%r%) (‘F%%%%%S\%\}gg %[()%a{r:ﬁﬁn ne %8%%%?1u%§%%ése%§?§§%§m and 1
M aqueousddsbsiismyedvoxitfecgplutiont B8 hid )icThd lyeliywiere sepafdieticantnthio gtiesrsuayer was

extfag[;ed WithBalsmlRartiensol ethyl agelaterhe combingd crganicyavgrswere dried,ovesm

anhydrous’sodium sulfate and concentrated in vacuo. The residue was triturated in methanol (7 ml).
The solidéowersfarasvddipspieativibahdiraHrtriteTasn Woroudo /HEpaaE PET AIPYOBRES 354 - 53 -

concentraled.n ¥acHa: teigiye theerude titla:#ompaiBeh(0 k54 28YQ-as light rechsatichwwhighivas
used in the next step without further purification. MS m/e: 260 (MH-) Hydra iL((}ie.Q -

trans-4-me TGRS CYRIOHE ST EARSER oS IO EETE S PR YHB ]&a%i R WS SBiaHBd trom
trans-4-mgolyloxy-cyclohexanecarboxylic acid methyl ester according to general procedure IV. MS
m/c: 349 (MAT") Hydrazide 10 trans-4-(3-tert-B ){L:ég}h%lgxy)-cyclohexanecarboxylic acid hydrazide
The tl‘t?e compound was obtained from trans-4-l(%- erttbu yl-phenoxy)-cyclohexanecarbo ylic 10 acid
methyl ester acoordiit:torgenétrglipmoaderadiexyD-4H,6H-2,3,5,10b-tetraaza-benzoazulene-5-

carboxylic acid teri-butyi ester
The title compound was obtained as white foam in 83% yield according to general procedure V.
Hydrazide: trans-4-Phenoxy-cyclohexanecarboxylic acid hydrazide
25  Thiolactam: 7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzofe][ 1,4 ]diazepine-4-carboxylic acid tert-
butyl ester
MS m/e: 465 (M+H )
Example 2
trans-8-Chloro-1-(4-phenoxy-cyclohexyl)-5,6-dihydro-4EH-2,3,5,10b-tetraaza-benzoazilene
30 hydrochioride
The titie compound was obtained as white solid in 98% vield from trans-8-chioro-1-(4-phenoxy-
oyclohexyi)ndl}i,éH—Z,B,S,]{)Bmtetraaza—bcnzoazui_enewﬁ-carboxylic acid tert-butyl ester according
to general procedure VI MS m/e: 395 (M+H )
Example 3



Hydrazide 11 trans-4-(3-Trifluoromethyl-phenoxy)-cyclohexanecarboxylic acid hydrazide
Thetitlecompoundwasobtainedfromtrans-4-(3-trifluoromethyl-phenoxy)-
cyclohexanecarboxylicacidmethylester according togeneral procedure IV. 15 MS m/e: 303 (M+1-1-)
Hydrazide 12#rans#laéBshduoro-phenoxy)-cyclohexanecarboxylic acid hydrezigerTie/sithleseompound
was obtained from trans-4-(2-fluoro-phenoxy)-cyclofiexanecarboxylic acid methyl ester according to
genera) DIOCRINA ARMRRRA I s uane: ol snemiurlom AR e ol ACK
hydrazide A mixture of trans-4-(2-cyano-phenoxy)-cyclohexanecarboxylic acid methyl ester (0.20 g,
0.77 mmol) and hydrazine hydrate (0.037 ml, i@ ¢igsiieren-butanot (0.5 ml) was heated at 120 C for
22 h. Afterrgeeling-Iaream temraraike Ihe reaciion mixiure washanitaned hetween eihenacetate

(50 ml) and 1 M aqueous sodium_hydroxide solution (50 ml). The organic layer was separated, dried
over anhywmgw&ﬁﬁ'm‘é‘ﬁﬁ%éﬁc@%ﬁf%@ﬁ“\’fé@&%e@ﬁ/e the cri¥&EcEsihpound (48 g,
90%) as whiteiaolddvibichasrsdige igcthenexicstRpewiinavtfurtheiopyrfigation. MS m/c: 260 (M+H-)
Hydrazide 14 30trans-4-0-Tolyloxy-cyclohexanegarboxylic acid hydrazide A mixture of
trans-4-o-tolyloxy-cyclohexanecarboxylic acid ?ﬁmpggt%r (0.091 g, 0.36 rnmol) and hydrazine
hydrate (0.02unsh} 036 Foporiatihsatediaicl 201 foh) 2810 IARS, T oblingtie roobretenmpeiatuierthe
reaction mixture was suspended in toluene. Afteg&\é%%ation of the WO
2010/060836PCT/EP2009/065354 - 54 - solvent the residue was dried in high vacuo (1-2 mbar) to
give the cride gittelebpmpeliid(©Sr8ipra10t}-abswhiteacliohwhilth (ad mided4H the. hé kb seéparithout

furthempufication; MSyHE; Z4idM B bly) Hydragigenlh and triethylamine (0.048 ml, 0.35 mmol) in
5trans-443,5-Difluoro-phenoxy)-cyclohexanecarboxylic am%{%dramdte A mixture of

trans-4-(3BBIRTRSASLHENERY FLiF dFeXhAREEAON I o tiduiyaster [P TS gro U mot) Bhd
hydrazinesbydeatess Jf@ﬁom&ci?egz%a:ﬁmaﬁmga&h@@it)@d a &@&ﬁ;f%&&rﬁ-ﬁﬁﬁfxﬁﬁ@ﬁﬁéﬂﬁ@ﬂ@%ﬁ)
temperature the reaction mixtyre was partitioned between ethyl acetate (50 ml) and | M agueous
st IR SRR 0 L T ABSTET By Wise S ot T R AU S e
extracted with one portidpoftetnyladetdiedhbtnal)c Theccomntiined orgamic layers were difiédover
anhydrous ium sulfate and concentrated in.vacuo to give.the cr itle, compoun 14 g,.96%)
e o v e 1 e OB S 1)
Hydrazidenigni8nueidd {pesgineralnng sdoxihedyidtciiexanedd fbiyic 4t 4ryahazisdid mixture of
trans-4-(n@@%[%?(m_cyclohexanecarboxylic acid methyl ester (0.130 g, 0.457 minol) and
hydrazine hydrate (0.02 ml, 0.45 mmo 1) in methanol (0.5 ml) was heated at 80 C for 16 h. After
cooling to room temperature the reaction mixtur&3¥8¥[attitioned between ethyl acetate (50 ml) and 1
M aqueous sagism Oxtiaxlemetluben (e yn)-dhherganis/ayrewnssd0aapareted - tngch ower

anhy? ous sodium sulfate and concentrated in vacuo to $iv the crude title compound (0.112 g, 86%)

as yellow solid, which was used in the neﬁeﬁgﬁzﬁﬁ il it purification. MS nile: 285 (M+FF)
Hydrazideld7 a solution of trans-8-chloro-1-(4-phenoxy-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-tetraaza-

benzoazulene hydrochloride {0.0635 g, 0.15 mmol} and tricthylamine (0.044 mi, 0.32 mmol) in
dichloromethane (5 ml) was added methanesulfony! chloride (0.013 ml, 0.17 mmol) at room
temperature. After stirring for 20 h the reaction mixture was transferred directty onto a silica gel
25 chromatography column. Ehition with n-heptane/ethyl acetate gave the title compound (0.051 g,
72%) as white solid. MS m/e: 473 (M+H ).
Exampie 6
trans-2-[8-Chioro-i-(4-phenoxy-cyclohexvl}-4H,6H-2,3,5,10b-tetraaza-benzoazulen-5-yi}-
ethanol
30 The titie compound was obtained as white solid in 59% yieid from trans-§-chloro-1-(4-phenoxy-
cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzoazulene hydrochloride and glycolaldehvde
according to general procedure VII MS mv/e: 439 (M~+H ).
Exampie 7



trans-4-(Naphthalenlyloxy)-cyclohexanecarboxylic acid hydrazide 25 A mixture of
trans-4-(naphthalen-1-yloxy)-cyclohexanecarboxylic acid methyl ester (0.130 g, 0,457 mmol) and
hydrazine hydrate (0.022 ml, 0.45 mmol) in methanol (0.5 ml) was heated at 80 C for 16 h. After
cooling to roews tempesattre the reaction mixture was partitioned betweerP€thyPagetedssis0 ml) and 1
M aqueous sodium hydroxide solution (50 mb. Thetdrganic layer was separated. The aqueous layer
was extfaCE?Qn\éﬂﬁbdmai%%ﬁ&%mgéqrﬁ@igﬁmbﬁﬁ%ﬁi@hgﬂq}@@mra@.dmngmﬂwﬁé&mae dried
over anhydrous sodium sulfate and concentrated in vacuo to give a 3:1 mixture of the crude title
compound and starting material. This mixture R?W@%W hydrazine hydrate (0.022 ml, 0.45 mmol)
were dissaived:in dbdpdioxanasBidainb andheated i efiuxierdBdi. AfierCobling-to(fegimntemperature
the reaction mixture was partitio efween ethyl acetate (50 ml) an aqueous sodium hydroxide
solution (%ﬂ%ﬁ?*ﬁé& Fi ’r%%?é%&v?’aiyy\%‘ide%i%%@é@%ﬁﬁ%@?@é%@%ﬂ%‘% “Separated. The
aqueolis layerdiastexiantadwithltno 3D-ME potticids offethy).acetate. The combined organic layers
were dried over anhydrous sodium sulfate and %‘on(i:n\?#g ted in vacuo to give the crude title compound
(0.120 g, 83%) as yellow solid with a purity of 9 g%a Ich was used in the next step without further
purification. MSme/8- Qg5 gvLER pBendrazicis hearSisPyriuinl Sbyiespresyderepissrboxylic acid

hydrazide A mixture of trans-4-(pyridin-g;Woxy)scyeeheavesaioxylic acid methyl ester (0.141 g,
0.599 mmot) and hydrazine hydrate (0.029 ml, 0.59 mmol?ag{n n-butanol (0.5 ml) was heated at 120 C

for 22 h. Afteracelitigto tbortepiratuld tHE PREEIGHIABGIYE WL PitifoHed betw EBTHEERRF 10
gqehait@ (S&iﬁar]l)agﬁrgnk Mygﬂié:ﬁ%ﬁi@(@di@m gydr%iﬂ@qaglgti@nﬁ&@mmiﬁ&wm@a& |@)|Zﬁh¥itﬁ5i§®zp§rated,
ried over anhydrous sodjum sylfate and concentrated in yacua tq give the title.compoun
ety RIS Thik S ARG WP
+1rdo paigler ranBrih§5HE HIOro-pyricin=Seyl oxiy) ey clalaeg; ichaci razide
S I o e s G e
mmol) and Hf/digazme y&rgtrg 12mrfm2 mfno) in n-| Utanol (0 m?) was heated at 120°C for 18 h.
After coolifcgfts it ieaiperatudithéeadtioriiddute was triturated in toluene (100 ml). The product

was gallected by filtration and dried in vacuo to EQ@,{EQ grude title 20 compound (0.15 g, 79%) as
white solid, which was used in the next step without furth;rygurification. MS m/e: 270 (MH-H-)

Hydrazide Z@#abré-RlepsmiditrBby Ry ik axkinebaFnghy ierdmydra Ay drmidire’on 1 00-
trans-4-(pyridin-2-yloxy)-cyclohexanecarbexylic aciskmetambaster (1.33 g, 5.66 25 mmol) and
hydrazine hydrate (0.55 ml, 11 mmol) in n-putanol (1 ml), was heated.at 120 68 h. After cooling to
room temp&ratufEtHE Rtk ‘i’ﬁ/ﬁé“éﬁ’%ﬁ@?&’ﬁg& %&?Wﬁdfiﬁ‘\%&@a%%?(% S&t?nt’i%g%)i_at 100
C for 2 h teegivatiierer iga:titpladtap@utd (3. 281g, 8636) asviite:solicl, vnichata S0UE i, tiethext
step without further purification. m/e: 23 t-En Hydrazide. ; .

3Otra\%lbs-4-r€é]{-l |‘8‘r8“%%?ﬁﬁf¢2ﬁy|o"h‘@)‘i"gg?cﬁ%%e%%@fé}ar éﬁ%%%ﬁé’é’rdah]?f%?ggﬁgmm‘de (0.040 ml, 0.J6
Thetitlecompoiirdwaso itaipgdfromiramsz {6-Ehloro Py Hdira2 fibxysd dycioésames ddioasglid M

acidmethvdg‘a%@fsegsamﬂ -&%ga@@e;@hm&%ﬁsﬂmg N M&I@!&ﬁ%_%\’!?%ig\"@e organic layer was
2010/060836PCT/EP2009/065354 - 56 - trans- -(5-ChIoro-g(i/ndln-z-yloxy -céyclohexanecarboxyllc acid

hydrazide SPPStitRSe Jrhp SARERVA BB ABU FE B YA SAh IR S yodiie- (b HAl e et B ddirboxy lic
acid methy gster 26e1aiNt (90N REICRAH Y IRVErazdde?iifate and concentrated in vacuo.
25  Purification by flash-chromatography with n-heptane/cthyl acetate as eluent gave the title
compound (0.044 g, 63%) as light brown solid. MS m/e: 486 (M+H ).
Example 10
trans-1-{8-Chlore-1-(4-phenoxy-cyclobexyl)-4H,6H-2.3,5,1 §b-tetraaza-benzoazulen-5-yi]-2-
dimethylamino-ethanone
30 To a mixture of trans-8-chloro-1-{4-phenoxy-cyclohexyl)-5,6-dihydro-4k1-2,3,5,10b-tetraaza-
benzoazulene hydrochioride (0.179 g, 0.41 mmol) in tetrahydrofuran (2 mil) was added
triethylamine {0.058 ml, 0.41 mmol). The suspension was stirred for 10 minutes. The ammonium

salts were removed by filiration. The filirate was concentrated in vacuo. The residue was

redissolved in tetrahydrofuran (3 mi) followed by consecutive addition of N,N-dimethylglycine



- 5Strans-4-(2,6-Dimethyl-pyrimidiii-4-ylory)-cyclohexanecarboxylic acid hydrazide A mixture of
trans-4-(2,6-dimethyl-pyrimidin-4-yloxy)-cyclohexanecarboxylic acid methyl ester (0.20 g, 0.76 mmol)
and hydrazine hydrate (0.15 ml, 3.0 mmol) in n-butanol (0.5 ml) was heated at reflux over night. The
reaction mixtwe awagenaporated and dried in high vacuo (ca. 1-2 mbar) teegiEerthsererieditle
compound (0.19 g, 95%) as white solid, which wastdsed in the next step 10 without further purification.

MS m/e: 269 4M41-} L Hvdragide,g¢ %@(ﬁtﬁﬁﬁéﬁﬁﬁa}ﬁmB}Bp%%ﬁ'ﬁwh%(%%%ﬂﬂ%a@%ym&ﬁg

hydrazide 81:2) 0 a solution of c!s/trans-4-(pyrlmj)din-Z-onxy -cyclo hexanecarbo xy tic acid (51:2)
(0.258 g, 016 Hmeibreralefiyraaife (816D 1T F8iphBT ¢ THEATE IR dS Baaatry (-0

chloroformate:4 (Qehblombinkdbmmal) atfk Grdhe reactionispueia@stirediiond Aydheas
ammonium salts weér% remaqved by filtration, The filﬁg%je

] e was added to a cold solytion of h d({az'ne
nycrate ((RE 53 ol FRTHEMGH (oA et o RIS (OB St Ior S h Gt foom
tempesature-anshthies.paciioned betwee neilylaceiatevib0mmBusifidaimikiufeof ehdihamixtapgyof 1 M

aqueous sogEilu m hydro Ai?!e solution and brine (50 m1). The layer es ated, The aqueous 20
layer was eX rggg%%?@t ﬁleag%%?' rtr? I aﬁgﬂﬁ%%{sgg}f%%/rpé%g%% mféé%e @(\bﬁrgf)ﬁ‘ie%ggaéqﬁf ¢ ;I%ybé)r?ég\'/vere dried

over anhyti®dussddiutvistifate and concentrated in vacuo to give the crude title compound (0.177 g,
65%) as white solid, which was used in the ne@ﬁ;ﬁﬁ)wii@out further purification. MS rile: 237 (M-EFF)
Hydrazide 25 25trans-4-(Pyrazin-2-yloxy)-cyclohexanecarboxylic acid hydrazide A mixture of

cis/trans-4-(pfazinEingsk)-HdyBisiexaridciisonlid B dd ethyh-d 8fet o 2rtag banaal paaBis e hydrazine

hydratg (0442 g, 8.83 mmol) was heatgghal 180 4-ifPtef2 Bapftensooling to room temperature the
reaction mixture was partitioned between eth%élt acetate (50 rhl?_and water (30 ml). The gr a\r}ic layer

was separdted™ s ARPHEEIE g PR S RS, (hith TG B 46 861 ShE BFEriPaEethte. The
combinedipygani¢dayais werenvashedoliithebsinedBe ) driedevei-anhydrous sodium sulfate and
concentrated in yacup. The crude cis/trans-hydrazide was tri in ethyl, acetate (5 ml). The
orecpitatel T ATC by TN Arer ot LG UL o A e SR 556 o
23%) as whitd sotid, which was used in the next step without further purification. MS m/e: 237
(Mj-171+) M%%Q%j@@ggg@gCT/EPZOOQ/OGSSM - 57 - Hydrazide 26
cis/trans-4-(Pyrimidin-4-yloxy)-cyclohexanecarboxylic acid hydrazide (1:1) To a solution of
cis/trans-4-(pyrimidin-4-yloxy)-cyclohexanecardssaiadid (1:1) (0.750 g, 3.37 mmol) and triethylamine
(0.470 ml, 3.37 mmpb 0Tl LA S mbnuias added sty elieeiouralen(9.322104. @34ammol) at 0 C.
The reaction mixture was stirred for 1 h. The ammonium salts were removed by filtration. The filtrate
was added to a cold solution of hydraZifR*AldPAtReRs: $3879<B1954Amol) in methanol (20 m1). The
reaction nmixtiglavasmptitiethfer dhiatiagmdiemperatusad Theusabtuatitsvwasle vapotateddifiderreduced
pressyre and the residue was partitio tween ethyl acetate (100 ml) and a. 1:1.mixture of 1 M
aquesg%rs 36 it meﬂ%%%%‘g%é ﬁjﬁghﬁﬁan%qb?%g %%ﬁr& ar%ﬁ)_gﬁlﬁg aoz}é%%el? Tgl)f/%ro W Zg: 386%%%& he
aqueous layer was @rfraciedaiipthred: €00 M Portiods Df ¥thil Acetate. The combined organic layers
were dried over anhydrous sodium sulfate and EQQ&%@érﬂed in vacuo to give the crude title compound
(0.588 g, 74%) as off-white solid, which was used in the next step without further purification. MS m/c:
237 (MTh') Hw‘ﬁﬁfﬁé@701sdﬁse/ﬁafﬁré%é(pyewmmwlbwdﬁéxaWéé%m%g&cmtwaazide (1:1)
To a solution of cis/trans-4-(p yridazin-3-yloxy);exgiahgaaccarboxylic acid (1:1) (0.780 g, 3.51 mmo1l)
and triethylamine (0.489 ml, 3.37 mmol) in TI-IF (17 ,mlgﬁ\{)vas.added ethyl chlproformate (0.334 ml, 3.51
mmofat G ¢ He PEmAu ke Rek Sard f614 1. Pre driitri Saite s Emalaesy
filtration. Theldiltraie-wasiaddes 101 cofd splistian-ofydsazinenbysliate(0:3k1a20 g, 7.02 mmol) in
methanol (20 m1). The reaction,mixture was stirred for 2 h at ro rature. The solvent was
evaporat rl[?rtf%égrarlg LPf;deeaa ﬁ?%iédsllﬁgetoa%%l?ﬁae E%%ﬁ%ew@'&gﬁiﬁﬁ:éﬁr@?ﬁé%x ethyl acetate (100 ml)
and a 1:1 mixture of 1 M aqueous sodium hydré&xigiemeléfion and brine (30 m1). The organic layer was
separated. TheRAEANTIYSLURRSIACaGHIN VA L BLRoTiONR AL AN AS6IRIR. 8. Combined
organic layers were dried over anhydrou$ sodium’sulfate 25 and concentrated in vacua to give the
crudéfitle compound (0.580 g, 70%) aesetpFtitceisliterivAi\0Es used in the next step without Mrther

purification, Mg En/gm3iniMils o bindi@ziden8 solid in 69% yield according to general procedure V.
Hydrazide: cis-4-Phenoxy-cyclohexanecarboxylic acid hydrazide
Thiolactam: 7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzo(e][ 1,4 }diazepine-4-carboxylic acid tert-

butyl ester



trans-4-(3-Fluoro-pyridin-2-yloxy)-cyclohexanecarboxylic acid hydrazide A mixture of
trans-4-(3-fluoro-pyridin-2-yloxy)-cyclohexaneearboxylic acid methyl ester (0.60 g, 30 2.4 mmol) and
hydrazine hydrate (0.53 ml, 11 mmol) in n-butanol (1 ml) was heated at 125 C for 4 h. After cooling to
room temperatuine thesegaction mixture was partitioned between dichloronmetiareo@aéatsand water
(75 ml). The agueous layer was washed with dichidgromethane /75 m1). The combined organic layers
were wasjtg&dﬁquh4@/§1g%+(§5)ml) and brine (75 ml), dried over anhydrous sodium sulfate and
concentrated In vacuo to give the crude WO 2010/060836PCT/EP2009/065354 - 58 - title compound
(0 45 g, 83%) as white solid, which was used i@ﬁ?@%ﬁé@(ﬁ%tep without further purification. MS rri/e: 254
(M+H Hydrazide 2@idransd-(arfloero-pysginsyrdeanmsysiehexanccammaedieasig dymazidad A
mixture of trans-4-(5-fluoro-pyridin-2-yloxy)-cyclohexanecarboxylic acid methyl ester (0.92 g, 3,6
mmol) and hydrazine hydrate (0.80 ml, 16 mnio#iRH:BUhot (1 ml) was heated at 125 C for 4 h. After
cooling torRemitempesatid e thebaactibms mixtu e Was partitioned betwéem diclibrblmetha@e (75 ml) and
water (75 nil). The aqueous | ed with dichloromethane /75 ml). The ¢ ined organic
layers Wepréﬁ’\?fvlg)s{ 6 Cvﬁgﬁx\x/ f%ﬁ%%%%%%%fﬁ%ﬁﬁg %Zorﬁéﬁ Irl%%“g%}ro grﬁlﬁ%/ $§§Ser§§‘ ﬂ}he%alifate and
concentratecbidivatugamgiverthedoradd. tiké oompoafl {6156 g, 67%) as white solid, which was used
in the next step without further purification. MSﬂ&ﬁ@@@\MW) Hydrazide 30
trans-4-(6-Methyl-pyridin-2-yloxy)-cyclohexanecarboxylic acid hydrazide 15 A mixture of
trans-4-(6-mettyf-pyirieng-=esaptdy tiopkstmacardeyic kéd-mbiilretier B XY ti5eol) and
hydrazine hydrate (0.55 ml,11 mmol) in n-butapal{J.mkyas heated at 125 C for 4 h. After cooling to
room temﬁerat_ure the reaction mixture was partitioned bgtweegn fdichqug&;@hm%&%& and water
(75 nil). TR feBRIBRAYH WA RELEd WS 6 e thaf I 75 M 15T i RBHb e Bt & hic layers
were washedonithyyaterdhsdnl)and, 20 boine:(Zambedinedudxer iadhydiovigsadium sulfate and
concentrated jn va tQ give the crude title,compoun 48.9, 869 ite solid, which was used
i the next CB ARSI oGP BRI SA () b e

cis-4-(Pyridin-2-yloxy)-cyclohexanecarboxylic a€iciimpdedZide 25 A mixture of

cis-4-(pyridin-2- G Xanecal lic,acid me Q AL o} ydrazine
hydraltg (0.40 mﬂ%%%( ?n%%%qﬁ)%%@r%%%é %%%%}s éﬁgﬁﬁ%%%r%%%%bgo%ﬁ%gﬁ%ﬂ%ég}%ooling to room
temperature the reaction mixtupenieszpiRriSridgissiic & iditerbiviidwfitie (75 ml) and water (75 ml).

The aqueays layesonas washed withdichlaamethang £60:mihThe sambirediaganie layaiswere
washed with water (75 ml) and 30 brine (75 ml), dried over anhy,drou sodium sulfate and

concentrafBaAzsE Fo s Ghie e Crobe e sSpRTHAcHE 8 5 6 745 B3 i fess oil, which was used
in the nextstepavithoniusher phidfication, MSmaeirad 36| T]) Tiidlactam-htermediatesioféarmula
(111)|20W§L§¥ 1(8){960836PCT/EP2009/065354 -59 -

7-Chloro-2-thi

oeza-i,2,3,5-tetrahydro-benzojej[1,4)diazepine-4-carboxylic acid tert-butyl ester a)

~ 4-Chloro-24¢htoromiétiiyl=Hnjtro-benzene To a solution of 5-chloro-2-nitrobenzyl alcohol (80 g, 0.42
mot) and triethylamine (64 ml, 0.46 5 mot) in dighloromethane (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 it & GAeitar Halk-Frlasaotiorm ke b Elinfet ik giRe-tHe bR RPvirisa8Faporated

and the residue was triturated in warmyigiisiyhenatbyk etien(§48an1). The ammonium salts were
removed by filtration and the filtrate was concentrated in vacuao to give the title compound ?85 g 99%)
i chieopy 1+

as 10 Browho ARARRKI TP iR sk BtS s B RBT IR oS T SRy B 2205
(5-Cldoro-upitrarhenzylamins)-acatic peit By ostesrdimikbuare oulene-5-carboxylic acid tert-

ot and IS AT TECTIE A A 0 BB U HAn FL050 W) s neatedt at refux fo & h. The.
solvent was evaporated and the residue was triftrategdari Svarm
trans-§-Chloro-1-[4-{4-fluore-phenoxy)-cyclohexyl]-5-methyl-5,6-dihydro-4H-2,3,5,10b-
30 tetraaza-benzoazulene

The title compound was obtained as white solid in 70% yield from trans-8-chloro-1-[4-(4-fluoro-

ﬁhenoxy)—cyclohexyl]é,6ndihydr0~4H-2,3,5, 10b-tetraaza-benzo[ejazulene hydrochloride and

paraformaldehyde according to general procedure VIE MS m/e: 427 (M+H7)

Example 20



15 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+Fi). c)
fteri-Butoxycarbanyl#sodaloro-2-nitro-benzyt)-arninol-acetic acid ethyl estercA/sehatiomofs4
(5-chloro-2-nitro-benzylamino)-acetic acid ethyl estéé €110 g, 0.403 mot), di-tert- 20 butyl dicarbonate
(180 g, 0.807 mal) ang ¢y A iMEVAMIRQRIANS. otk 8 0494 Mol 18 dishiaramgthane (1200
ml) was stirred for 2 h at OC and further 16 h at room témperature. The solvent was evaporated and
the crude product was purifiedB7alakrelkrsniataPapHe Wild AeEiaBht:eaH& cthyl acetate mixture as
Sent to givgdheiditie-cunReuAd (#Gid-d -2d90)ias tightyallpw¥aceus oil. MS mic: 373 (M+1-11. 25
d)1(2-Amino-5-chloro-benz 1%—tert-butoxycarbon l-aminot-acetjc acid ethyl ester To a solution of
[ten-butoﬁy‘@%%f‘yﬁz@%ﬁféb.ﬁ?ﬁﬁmbs%?@g)ffﬁa h%jé&%@ﬁé@a%ﬁla%@%hééé% 0 g, 0.186 mol) in ethyl
acetate (12001mt:was asidad zimesksomioke (8:bdy0:03éuma)| Thadieagticninbdureyas:purged with
argon afteijru%.i Q;uég@After addition of the palladium catalyst (10% on activated charcoal, 7.9 g, 0.0074
mol) the MIXLUre was hydrogenated at ambient 30 pressure during a period of ca. 48 h until ca. 13 | of
hydrogengasthiadsBéénicBnsumed. The catalyst was removed by filtration and the filtrate was washed
with two portions of saturated aqueous sodium picarbangte 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 yellednivioty-Eoifchins-fmfcd Bag s 25 (o 2o re mebessitEEr§08/065354 - 60 -
e) 7-ghloro-2-oxo-1,2,3.5-tetrahydiqgnepzeil Al dinzaninr-dyeptRaxiaacid tert-butyl ester To a

solution of [(2-amino-5-chloro-benzy1)-tert-butoxycarbonyl-amino]-acetic acid ethyl ester (60 g, 0.18
mol) in tetFARyAIDRGFARCIEI Al PRALSHERE Pt btaxaE B Y o Hoh i ERiall portions
at 5 C undert,caating antantica-vater-balehudftes caropleted.additiomine Seoalingdiathongasamoved
and reaction mixtur. stirred_fo at room temperature followed by addition of water (400 ml),
saturated ?gaﬁ%‘%”ﬁ%g%m%%ﬁ?d?n%gﬁ %éolution (280 ml) and ethyl acetate (800 m1). After 10 min the
precipitate was collected by filtration. The orgafiedanyde ¥as separated from the filtrate, dried over
anhydrous ium sulfat GOl ated ir 04 he residu Qmbj ith. the precipitate,
i had B B o B e L Clr ot Artite o give the
title compound (46 g, 88%) as white solR¥ciBeRyAexPoBeawoRi{vily_Chloro-2-thio,4 cliazetert-butyl ester
A mixture-Bf/r0hIRs AR Pwad chRilRI ahMd e henzallsdluiaz eningi-sarhoxylicsacid terthutyl ester
(41.1 g, 0.139 mol) and 2,4-bis-(4-methoxyphcnyl)-1,3,2,4-dithiadiphosphetane-2,4- 15 disulfide (31.5
g, 0.0763 brpiple&tishyardr 0&‘?@5’?‘@(&%& Resle Par PSR B hP AL TBRAS I Has evaporated
and the regighraiwas isisalesdodantouy vethyl ethieniThe precipitate was removed by filtration and
the filfrate was concentrated to dryness. The reaidue \ﬁ\ﬁ 5, crystallized from hot ethanol to give the title
compound (37.5 g, 86.4%) as light yellow solid. €311 (M-11).
207-Fluoro-@#hsesd-ki2;8;5-léit&hyidnes benztiglt bikbdigrepive hb:od BEkie-20.8, i-eftpaester The
titte compound was obtained gg |i splid | i ding to the procedures
described above for the synthﬂégsr%% E%%%&%\g{fo%-t ﬁ%(;ﬁ%@é%?%‘%’rg%%%%ﬁf

berizo[c][ £ ajditls epmposneaias oz deeqtding P U SIRF SifisoYo-2-nitrohenzyl alcohol 25 instead
of 5-chlorerdspifiabenayl.aleaholinosien.ayIMRemke; 28 iMebd)Frmples. & aparaifrocedure V.
Condensation of hydrazide and thiolactam to triazole A mixture of a hydrazidc derivative of formula
(11) €-1.5 BGgJ25HAra tridiattat 9Prsmhar I T ey PRzl sUanblideea s 2 op RoRe et b véiux for
16-72 h. Adteyl¢erling to room temperature 30 the solvent is evaporated and the residue is purified by
flash-chr togra, ive a compound of formula (1). When a thiolactam of fol inula (111-1)
(compou?]]{t?g 5?9 Foi%gféﬂ(%li in which R2 is tert-butoxycarbonyl) is used the N-tert-butoxycarbonyl
group of the resulting triazole product of formul&{kaptady be partially or completely cleaved thermally,

o Secong S U DAY AT LR b A WO

2010/06083
3G tetraaza-benzo|elazulene hydrochloride

The title compound was obtained from trans-8-chloro-1-[4-(4-trifluoromethyl-phenoxy)-
cyclohexyl]-4H,6H-2,3,5.10b-tetraaza-benzo[ e jazulene-3-carboxylic acid tert-butyl ester
according to general procedure VI. MS m/e: 463 (M+H")

Example 25



General procedure VI: Cleavage of N-tert-butoxycarbonyl (N-130C) group A solution of an N-BOC
derivative of general formula (1-a) (1 eq) in 1.25 M methanolic or 1.5 M ethanolic hydrogen chloride
solution (10 - 20 eq HO) is heated at 50C for 15-60 mm. After cooling to room temperature the reaction
mixture is corgentnatemsss vacuo to give a secondary 5 amine derivative ofrgenarabiammsia (I-b) as
hydrochloride salt. Optionally the free base can be é6btained by partitioning the hydrochloride salt
between 1 di reXi | ' . te or
dichLoromeI\t(lFl%%%g:r e%é%ém g%%gﬁgfgi%%ﬁ%ﬁ]e%gu&?ﬂ%%&%g%%?gﬁég%ﬁi WO@E)%%OHS of
the organic solvent. The combined ofgahtlknjess are-briagisiasdsmydrous sodium sulfate, filtered and

concentratad ik vack iRV thafire brse 1l @ gompaund offermula.tbl f2eperal procedure VIL:
Reductive N-alkylation A mixture of a compound of formula (1-b) as free base or as hydrochloride salt

(1 cq, 0.1-T 2Ny stidiniie (e wid AHEHiROCHIEHIES &I o P4 EohISaHRESF formula (1-b) is
used) andrar gekyde o keiormB egldermetbannkisineatetiatreffoier2-p h. After cooling to 0 C
sodium 15 cyanoborohydride (2-3 eq) is added. The r?a,%ion mixture is stirred for 3-16 h at room
temperature and quenched with 1 M aqueous s% it ydroxide solution. The aqueous layer is
extracted with ethyhs-8eEtates-The-(drridinedpdrganicHaydebard jdéis b BveSdinhbidietrssadium sulfate
and concentrated in vacuo. Flag&%@gmggg? ﬂ%’g%w‘lﬁ% n Nl tgﬁeggxggg;ive of formula (1).

0 )-4H

20Example 1 trans-8-Chloro- 44-phenoxy-cyclohexyl ,611-2,3,5;10b-tetraaza-benzoazulene-5-
carboxylicldeidite roputghedersTHeathe eomipbustlidvis/dbtailvebaasonhite foapnariggosspale iccording
to 99@§r3|%%lf&’1%%ﬁié@r¥nsﬂgyg@%%1 _%éﬂ%ﬁﬁ%&%{&:ﬁe’b@? Q@Q&%@Qﬂ%ﬁ!ﬁeﬂmd hydra}2|de 25
Thiolactam: 7-Chloro-2-thioxo-1,2,3,5-tctrahydro-benzo[e][1,41diazepine-4-carboxylic acid tertbutyl
ester MS %@I%BH(M ;@hyjrow}thmxomi,253,34&:&&%%5@@2?{'@]{1,4]d1azepmem4-camoxyi]c acid tert-
trans-8-Chi@rads(d-phenoxy-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzoazulene
30hydrocr:ﬁ!§$ig§fl'4?§ tiél\l% mpound was obtained as white solid in 98% yield from

trans-8-chloro- ?( p% o@&yclohexyl)AH,6H-2,3,5,10b-tetraaza-benzoazuIene-5-carboxylic acid
tert-butyl ester according to general procedure ¥iaM@iadi¢: 395 (M+1-1-) Example 3 WO
2010/Q60836PCT, 9 ~ 62 - . .

rans 8. Cho T G e A phepom exaoean S PR 80 torrsaca-
benzorelazulene The title compound wawisaintgabyshiehiuiden 64% yield from

trans-8-CHQOrl{4RRRRANCY IR AGXY P fetitvdte-dl b m HORsIeliAR73-P§nZa_arigne
hydrochloride and paraformatcle?/éje according to general procedure VII. MS m/c: 409 (M+H+).

Example 28 Ko e piehbRi-dybloHExifraaz 110978 80 heshaia? - Bty S abuishe s 5jli-
ethanone dRa&EatuboR&kHaRs8dahdoro. A 4mphenexyreyc o hexy 0-5,6-dihydro-4
H-2,3263,1Ob-tetraaza-

Example 28
trans-8-Chloro-1-{4-(3-chlore-phenoxy)-cyciohexyll-5-methyi-5,6-dihvdro-4H-2,3,5,18b-
teiraaza-Denzoazuiene
The title compound was obtained as coloriess oil in 83% yield from trang-8-chloro-1-[4-(3-
chloro-phenoxv)-cyclohexyll-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzoazulene hydrochloride
25  and paraformaldehyde according to general procedure ViI. MS m/e: 443 (M+H)
Example 29
trans-§-Chloro-1-[4-(3-methoxy-phenoxy)-cyclohexvl}-4H,6H-2,3,5,10b-tetraaza-
benzoazuiene-5-carboxylic acid tert-butyl ester
The title compound was obtained as white foam in 75% vield according to general procedure V.
30 Hydrazide: trans-4-(3-Methoxy-phenoxy)-cyclohexanecarboxylic acid hydrazide
Thiolactam: 7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzo[e][ 1,4 ]diazepine-4-carboxylic acid tert-
butyl ester
MS m/e: 525.5 (M+H")
Example 30



10 benzoazulene hydrochloride (0.071 g, 0.18 mmol) and triethylamine (0.048 ml, 0.35 mmaol) in

dichloromethane was added acetyl chloride (0.013 ml, 0.18 mmol) at room temperature. Stirring for 18

h was followed by partitioning between 1 M aqueous sodium hydroxide solution (50 ml) and

dichloromethane{5®smlssThe organic layer was separated. The aqueous faysEmasssgiracted with one

50-ml portion of dichloromethanc. The combined erfganic Layers were dried over 15 anhydrous sodium

sulfate and sancergied inuaaua.Fudlcalian b dssiRlvameiaany Wi shentnelel) scetat
. , 0

as eluent gave the title compound ( as white solid. MS mie: 437 0.4H-En.
Example 5 benzo[elazulene hvdrochloride

trans-8-Chigrerg-mathaneswienplsk{# Rhanexsryelo)texi:b.6 dinydrontlhs2s3:hidbRtetraaza-be
nzoazulene To a solution of } L

trans-8-cHIGT A SRSk FEte e Xy -8 6 2oty PG 58874 BT B PR RS AR B R DA R AG I ot
hydrochlotigle] (©:065:90@iihb W metkanddsieting amines (/0440 in)0:82)mined) in dichloromethane (5 ml)
was added methanesulfonyt chloride (0.013 ml Qél7 rlnngfl) at room temperature. After stirring for 20 h
the reaction mixture was transferred directly on o adnca gel 25 chromatography column. Elution with
n-heptanetetiwgt &€dtiengale thertitiospmibonumng 08B esIRSonathwhite-dotivd S iinfed 44811 \4+FI).
Example 6 trans-2-18-Chloro-1-(4-phenoxyeyelohexyl)-411 6H-2,3,5,10b-tetraaza-benzoazulen-5-ylk
ethanol 30 The title compound was obtained as white solid in 59% yield from

trans-8-chldrotitl aoptrenasyesicibianyl) a5 widinyabe- 42 sy okoftieara palvedziidde
hydroghloride, @1&&@5@@&{%@9@@@%@@%@@@g@@@%{%}/&l@ﬂ%@%&% (MmE1L-). Example
7 WO 20101060836PCT/EP2009/065354 - 63 - o .
trans-8-CRISFSSUISH GPgILE R pREABRYLE bR S8Ry BEaAys 515 hbbtétrddz4MehZ0azulerie

The title compound was obtained as white solidtitaébf¥e geld from

trans-8-chloro-1-(4- cyclaohexy1)-5,6-dihydro-4H-2.3,5.10b- -henzpazutene
hydrochloride ar%(%a é%be%?%% %éﬁ(&@%ﬁ?ﬁ@%ﬂ 8@n§¥é1xé}6€8'§!2ug}éexwf%#§%§%%§% %ﬁﬁ%%laﬁﬁ Example 8
trans-8-Chloro-1-(4-pherioxy-chelohexylpnt 1641 35 4G5 -tettdaggliserrzoazulene-5- sulfonic acid

dimethylamjide-To 2 solutian of iiained as b solid in 18% vield with a purity of approximately
trans- -chﬂro-il?(ﬁ-p enoxy-cygloﬁienfyl)d-%,é?&rﬁﬁdrlo%H-Z,(é%,10b-tetr§aza¥ 10 t?epnzoazule%le

hydrochlofiéfé 0,662 Seaeinaét)capraaesAawing (0.030 ml, 0.22 mmol) in dichloromethane (2.5
ml) was a@gﬁga%!al@ﬂm%%@ﬁ%ﬁlﬁb{%&?ﬂ%(&q@%&&&r@e&?ﬂ@éﬁ@%?&f&ﬁ&% temperature. After

stirring for 72 h the reaction mixture was transferred directly onto a silica gel chromatography column.
Elution with#?ReBtan&retigiCacditetghve G BHEHRER 0. 429G BEYs ) 58 IESHild 'S mic:
502 (MI-Hb)i$ekxample 9

trans-8-Chlgr0-1-(4; 1 -cyclohexyl)-5-pyridin-2-ylmethyl-5,6-dihydro-41-1-2,3,5,10b-
tetraazga-bei z%’éézé%% E%gizl(a;{)mixture of
trans-8-chloro-1-(4-phenoxy-cyclohexy0-5,6-dilydmgkt 132, 3,5,10b-tetraaza- benzoazulene

B i BN P T SRR ARs Mt dd AimRbinangion T

romomethyl)pyridine hydrobromide (0.040 ml, 0.16 mmol) at roomtemperature.
Stirring for 72 h at 50 C was followed byisaasidtite iydurekisridsl aqueous sodium hydroxide solution

(50 ml) angidighloromethane {500k dheRreanisilayes wasisrsaiesnl Re-aRueqUs layer was

extracted with two 50-ml portions of dichloromethanc. The combined organic layers were dried over
anhyaéougmrw%wéygm@aﬂkéﬁb@%@a%n‘5J&&f&%ﬁaﬁ?ﬁ?@éﬁaﬁ%ﬁn&@ﬁ?&ﬁ#&frﬁ%bﬁ%-p hy with
n-heptanefathytaseiateramcueningaygthediite vompoune (ROA-e163%) as light brown solid. MS
m/e: 486 (M+H-). Example 10
trans-1-18-ChIoro-1-(4-phenoxy-cyclohexyl)-4|—%ﬁ‘-‘5%,gﬁOb-tetraaza-benzoazuIen-5-y|i-2-
dimethylamino:sth3nn@-Chloro-5-methyk-5,6-dihydro-41-2,3,5,10b-tetranza-benzoazulen-1-yi)-

cyclohexyloxy]-benzonitrile
30 The title compound was obiained as yellow solid in 43% vyield from trans-3-[4-(8-chloro-5,6-
dihydro-4H-2,3,5,10b-tetraaza-benzoazulen-1-yl)-cyclohexyloxy]-benzonitrile hydrochloride
and paraformaldehyde according to general procedure VII. MS m/e: 434 (M+H")
Example 35



30 To a mixture of trans-8-chloro -1-(4-pheno xy-cyclo hexyl)-5,6-dihydro
-4H-2,3,5,10b-tetraazabenzoazulene hydrochloride (0.179 g, 0.41 mmol) in tetrahydrofuran (2 ml) was
added triethylamine (0.058 ml, 0.41 mmol). The suspension was stirred for 10 minutes. The
ammonium saltsveressemoved by filtration. The filtrate was concentrated savagueusiiaessesidue was
redissolved in tetrahydrofuran (3 ml) followed by cofisecutive addition of N,N-dimethylglycine WO

2010/ O608%?ﬁ&y%ﬁ?&QQ-%’QQ—%%—%&E&E@%&&%%%@%}Qﬁﬁ(F:%%%% ( llutetra za-%)enméfj %zuienem

N-(3-dimethylamirtopropyl)-N'ethylea e hydroc 04 g, 0.54 mm tlrrlng%f)r 18 h at
50 C was followed by partitioning betwishoxsie asd fsi-hrevbestbromethane (50 m1). The organic

layer was sgpaRtedhiheaduecus.layerwassxtiacted withanee0vml portion of dichloromethane. The
combined organic I_a%ers were dried 5 over anhydrous sodium sulfate and concentrated in vacuo.

Purificatiof By AFLH Errehatod iy witH N weprapdeivicretdtidse@ient gave the title compound
(0.05759, 28¥6)asmiite siokis. MSoxscr 480 (Mrdnklo-benzole][ 1,4]diazepindxaBl&Hk acid tert-
trans-8-FI%%rq-1- 4-phenoxy-cyclohexy0-41-1,611-2,3,5,10b-tetraaza-benzo[e]azulene-5- 10carboxylic
acid tert-b ﬂé”gf T The title compound was obtained as white solid in 54% vyield according to general
procedureMi Hed HA S tHNS-4-Phenoxy-cyclohexanecarboxylic acid hydrazide Thiolactam:
7-Fluoro-2-thioxo-1,2,3,5-tetrahydro-benzo[e][Jﬁéy}izldi;laﬁﬁg@@cA-carboxylic acid ten-butyl. ester 15 MS
rn/c: 479 (M-LET) Example 12
trans-8-Fluoro-Eiplienbloyacy détietyds B-dilyyelreoxtii 55,3 B 1Db-tdirdaka- Borizd{etazulene

hydroghloride The title compound Wﬁ%ﬁjg%@&l%ﬁgﬂ@@@@@lid in quantitative yield from

trans-8-fluoro201-(4-phenoxy-cyclohexyl)-4H,6H-2,3,5,10h-tetraaza-benzoazulene-5-carboxylic acid
tert-butyl et ACEBRRAGD trrdafsrocasoterYp s e s hdopmrmrtohexdintiets 2.3.5,10b-
trans-8-Flugrararmethy dtdnfrhenaxysoyelohexyd):- b dbyeracdddind, & dRbteti@agardenzoazulene
25 The title compo as Qbtained as white solid in 63% yield from
trans-8-f|M%@%ﬁ%%i%%ﬁyclohexyl)%,6-dihydro-4H-2,3,5,10b-tetraaza-benzoazuIene
hydrochloride and paraformaldehyde accordindggtaggniesal procedure V11. MS Mc: 393 (M+14-).

Example 14 cis-8-Chloro-1-(4-phenoxy-cyclohexyl)-4H 6H-2 3,5, 10b-tetrgazg- azulene-5-
Socatboy i b e R B e R S TS YRS
according to general procedure V. Hydrazidebeigaieizakaney-cyclohexanecarboxylic acid hydrazide

Thiolactanm; 1980525 Hhipxa: i b 1L Aldi ne-d-cachaxylicac bty
Tty o A A P e g oas

cis-8-ChlotB-#-{4-pRerigiredbrivelsiozs siamiipsidaride ané propiqanadshrte Assadimefle
hydrochlorigle a1 Has-bile-campowms,wap obtaipgd as white solid in quantitative yield from
cis-8-chloro-1-(4- phenoxy-cyclohexyl)-41-1,6H-2,3,5,10b-tetraaza-benzoazulene-5-carboxylie acid
tert-b%: yl ester according to general procedure FAmsme 305 (M-F-F1)
trans-1-{4-(3-tert-Butyl-phenoxy)-cyciohexyl] -8-chloro-4H,6H-2,3,5,10b-tetraaza-

benzolejazulene-S-carboxylic acid tert-butyl ester
The title compound was obtained according to general procedure V.,
Hydrazide: trans-4-(3-tert-Butyl-phenoxyi-cyclohexanecarboxylic acid hydrazide
25 Thiolactam: 7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzo[e]] 1,4 |diazepine-d-carboxylic acid tert-
butyl ester. MS mve: 551.5 (M+H")
Exampie 39
trans-1-{4-(3-tert-Butyl-phenoxy)-cyclohexyl]-8-chloro-58,6-dihydro-4H-2,3,5,10b-tetraaza-
benzo{elazulene hydrochloride
30 The title compound was obtained trans-1-{4-(3-tert-butyt-phenoxy)-cyclohexyi]-8-chloro-
4H,6H-2,3,5,10b-tetraaza-benzo[ elazuiene-5-carboxylic acid tert-butyl ester according to general
procedure VI MS m/e: 451 (M+H")
Exampie 40



Example 16 cis-8-Chloro-5-methyl-1-(4-phenoxy-cyclohexyl)-5,6-dihydro-4
2,3,5,10b-tetraazalObenzoazulene The title compound was obtained as white solid in 73% yield from
cis-8-chloro-1-(4-phenoxycyclohexy0-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzoazulene hydrochloride
and parafornvatoehydesssscording to general procedure VII. MS m/e: 409 (W BPEXsrmgiEsd 7
15trans-8-Chloro-144-(4-fluoro-phenoxy)-cyclohexyl{-4H,6H-2,3,5,10b-tetraaza-
b_e”Zoazuk@Qﬁéﬁf-%f@%ﬂ%%ﬁ}ﬂ{&Q&%%%&ﬁ}I-%L%&ﬁe%@-MW@&@Q%@J?@%M%S@M in 66%
yield according to general proCedure V. Hydrazide: trans-444-Fluoro-phenoxy)-cyclohexanecarboxylic
acid hydrazide  Thiolactam: tetraaza-benzojejazulene

7-Chloro-Z#higxosbdpdardatrahydiarkenzalellh4idiazepnemncamenylic asiddanx20-bulybester MS
m/c: 513 (M+H") Ex

ample 18 .
trans-8-C péfﬂ%’ﬁﬁ(}(ﬂ[’# ot pRsHOAHRE CIBREFRE R B8RS 919t 98 BT REHAAYAS benzo fel
azulerte hyghachiprid geabrihediteeoniomichwasiobtaingd as white solid in quantitative yield from
trans-8-chloro-144-(4- cample 41
quoro-phenoxy)-cycIohexyI]-4H,6H-2,3,5,10b-té%raaz%-ebe'nzoazuIene-5-carboxy|ic acid tcrtbutyl ester
according tergendralipvocdedid¢Ivici S remecthIBidsapRy )-cyclobexyll-4H,6 H-L B Gahipléetgaza-

trans-8-ChIoro-1—[4-(4-f|uoro-ngﬁwéﬁ@ﬁy&{gj@g&lggﬂgg&@t@g igy@@%-s%ggl-Z,S ,5,10b30tetraaza-benz

oazulene The title compound was obtained as white solid in 70% yield from
trans-8-chldroila so@efusfor piiengi eyestegyl]-SSacehyihedR ) 3, 5, 10b-tetraaza-benzo{e}azulene

hydraghloride-and-patatoimaldahyde Acasidingno:genaralirraaedt e Mitc M migid2k (M-FW)
Example 20 WO 2010/060836PCT/EP2009/065354 - 66 - . L
trans-8-CHIBRIZE A2 4-Cy5016:-pHBIRERy)-Cy cloERidrberasl b st lippniatrazpaooytic acid terl-
benzolejapignatbrcarboxylic acid tert-butyl ester The title compound was obtained according to
general prq}\/[g(;%lr_esglg Q{f‘jide: trans-4-(4-Cyano-phenoxy)-cyclohexanecarboxylic acid hydrazide 5
Thiolactar: 7-CHIOIS-2-thio 0-1,2,3,5-terrahydro-benzo[e][1,4]diazepine-4-carboxylic acid tertbutyl.
ester. MS mie: 520 (N/I-r-Ht) Example 21 Example 42

trans; 44'(§Fg@%%§§gg«gjQﬂ[&iﬁ}ﬂgﬁgﬁ&%ﬁ%ﬁ%ﬁ%&%@f@g%&ﬁ-@&—'&i‘l’?}?dro-«aiﬁuz,.%,sawh

10cyclohexyloxyl-benzonitrile hydrochloride T tle compound Was_obtained from
trans-8-chloro-144-(4-cyano-phentyassclsmnaieipzulene hydrochlioride

4H,6H-2, 3,5 19k eiamadenzalsTazuiens-Bxsarboxyic acid sririuivl paterasserding to general
procedure VI. MS mic: 420 (M-EW) Example 22 15trans-4-

[4-(8-ChloT8iFerhhs; BttihydrdUArIED 245, DOt AA o6 B R SR GIBRA iy Put! ester
cyclohexyhouytdhanzopititia [Hectiie-campasndavasiobtaired from trans 4 [4 (8
chlor8-5.6-dihydro-41-3-2,3,5,10b-tetraazaben§o gJ?ztélﬁg-1-y1)-cyc|ohexyloxykbenzonitriIe
hydrdchloride and paraformaldehyde  according c?general procedure VII. MS m/e: 434 (M+Hr)
20Example 23 trans-8-Chlore-1-{4-(2-fiuoro-phenoxy)-cyclohexyl]-4H,6H-2,3,5,16b-tetraaza-

benzo|ejazuiene-S-carboxylic acid tert-butyl ester
The title compound was obtained according to general procedure V.
Hydrazide: trans-4-{2-Finoro-phenoxy)-cyclohexanccarboxylic acid hydrazide
25  Thiolactam: 7-Chloro-2-thioxo-1,2,3,5-tetrahvdro-benzo| e} 1,4 ]diazepine-4-carboxylic acid tert-
butyl ester
MS m/e: 513 (M+H)
Example 44
trans-8-Chloro-1-|4-(2-fluoro-phenoxy)-cyclohexyl]-5,6-dihydro-4H-2,3,5,1 0b-tetrazza-
30 benzole]azulene hvdrochloride
The title compound was obtained from trans-8-chloro-1-[4-(2-fluoro-phenoxy)-cyclohexyl]-
4H,6H-2,3,5,10b-tetraaza-benzoi e Jazulene-5-carboxylic acid tert-butyl ester according to general
procedure VI MS m/e: 413 (M+H")
Example 45



trans-8-Chloro-144-(4-trifluoromethyl-phenoxy)-cyclohery11-411,6H-2,3,5,10b-tetra za-
benzoiejazulene-5-carboxylic acid tert-butyl ester The title compound was obtained according to
general procedure V. Hydrazide: trans-4-(4-Trifluoromethyl-phenoxy)-cyclohexanecarboxylic acid
hydrazide 25xkhiolaaiamys 7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzole][1ediniazeminesdscarboxylic
acid t ertbutyl ester MS mie: 563 (M+14-') Example724

trans-8-Chl%rgﬁ;_J§§g§5§|g§rL% 9@@@}%&3@%@%&%9&%9&% :élﬁiawgé%ﬁﬁf@d%%@;&s,;1oi)-n

30tetraaza-benzok ochloride The'title com nd was obtained from
trans-8-chloro-I-[4-(4-trifluoromethyl-phefighk§zeyittpaatelaariane 6H-2 3,5,10 b-tetraaza- benzo [e]

azulene-5rgarh. XA 8 eI &5 IRIACLRLANG, I9-ganeiat Rrece diHg Wiy MScmex4 635 (M +H1)
Example 25 WO 2010/(160836PCT1EP2009/065354 - 67 -

trans-8-CRIBFEIS-fhbthyR I AR- @ st R RO Ry It A D25 B amAlb e acording
2,3,5,30b+tetraazahepzalelazulens mhe dithecompoynd was obtained from
trans-8-chloro-144-(4-trifluoromethyl-phenoxy)-_ o
cycIohexyII-5,6-dihydro-4H-2,3,5,10b-tetraaza-g§%§ja§uIene hydrochloride and 5 paraforrnaldehyde
according to generai-protdokud Y4 MS miepiainb V-t DhExdingiB616-2,3,5,1 0b-tetraaza-

rans 8-Chloro 144-(3-chloro-ien@eyyexclehexyidbhOlehuad ARl eaaza:

benzoazulene-5-carboxylic acid tert-butyl ester e compound Wwas obtained as white solid in 74%
yield accorbirig focgemeralipreeediviecd 23 O hijrfeatitie: 52% yield according to general procedure V.
trans4-(3ChlrRrPhEReXY ) CYGIahexanesa @a&&mm@m&@i@g@gﬁ%
7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzo|c][1,4]diazepine-4-carboxylic acid tertbutyl ester MS m/c:
529 (M_f_gﬁ}iglﬁaﬁfme?é?ﬁﬂamwzm ioxo-1,2,3,5-fetrahydro-benzofe]l 1,4 ]diazepine-4-carboxylic acid tert-
15trans-8tkRinsqet 14-(3-chloro-phenoxy)-cyclohery11-5,6-dihydro-4H-2,3,5,10b-tetraaza-

benzanﬁ%%ge hy%r c@grﬁ The title compound was obtained in quantitative yield from
trans-8-chird™% 5{% If henoxy)-cyclohexy11-4H,6H-2,3,5,10b-tetraaza-benzoazulene-5-carboxy

lic acid tell-butyl ester according to general progadurgid/47MS me: 429 (M+I-r) 20Example 28
trans;8-Chloro-1e 14 (3 I RRFAR R v e 2 RN i GVt iaguten- 10y
cyclehexyloxy|-benzonitrile hydrechloride
The title compound was obtained as white solid in 99% yield from trans-8-chlore-1-[4-(2-cyano-
phenoxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-benzoazulene-5-carboxylic acid tert-butyl ester
according to general procedure VI MS m/e: 420 (M+H")
28 Example 48
trans-2-[4-(8-Chloro-5-methyi-5,6-dthydro-4H-2,3,5,1 0b-tetraaza-benzoazulen-1-yl)-
cyclohexyioxy]-benzenitriie
The title compound was obtained as white solid in 50% yield from trans-2-[4-(8-chloro-5,6-
dihydro-4H-2,3,5,10b-tetraaza-benzo[ clazulen-1-yl)-cyclohexyloxyl-benzonitrile hydrochloride
25  and paraformaldehyde according to general procedure VII. MS m/e: 434 (M+H")
Example 49
trans-8§-Chlore-1-{4-o-tolvloxy-cyclohexyl}-4H,6H-2,3,5,10b-tetraaza-benzoazulene-5-
carboxylic acid fert-butyl ester
The title compound was obtained as yeliow solid i 52% yicld according to general procedure V.,
30 Hydrazide: trans-4-o0-Tolyloxy-cvciohexanecarboxylic acid hydrazide
Thiclactam: 7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzofc]! 1,4 ]diazepine-4-carboxylic acid tert-
butyl ester
MS m/e: 509 (M+H)
' Example 50



tetraaza-benzoazulene The title compound was obtained as colorless oil in 83% yield from ‘
trans-8-chloro-144-(3- chloro-phenoxy)-cyclohcxyl]-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzoazulcnc
hydrochloride 25 and parafoimaldchyde according to general procedure V11. MS rige: 443 (M+H
Example 29 wansi8+sldaro-144-(3-methoxy-phenoxy)-cyclohexy11-411,620 182811 068taza-
benzoazulene-5-carboxylic acid tert-butyl ester ThRé2itle compound was obtained as white foam in 75%

yield according fo, denerahprogeuse: My QENHIa7de:. 5,6-diby dro-411-2,3,5,18b-tetraaza-

trans-4-(3-1Methoxy-phenoxy)-cyclohexanecarboxylic acid hydrazide Thiolactam:
7-Chloro-2-thioxo-1,2,3,5-tetrahydro-bepé st an8isz&inrk2%s boxy ¢ acid en-butyl ester MS m/e:
525.5 (MRfy): MO201LQ(REAR3GREFEP2ARA0RH3R4016BIn quantitative yield from trans-8-chloro-
trans-8-Chloro-1-14-(3-methoxy-phenox é-c,y,clohex 11-5,6-dihydro-411-2,3,5,10b-tetraaza-
benzolelaztishdoaFscRIBRAES ikt rﬁﬁok?#?&%%ﬁ%@t%%ﬁ%%%%ﬁv% i“t%a%%&f‘g’luﬁ éﬁaﬁ%ﬁéﬁ% Yield
from tsanssBchtosodingds(deneral procedure VI MS m/e: 409 (M+HT)
methoxy-phenoxy)-cyclohexyl]-41-1,6H-2,3,5,ﬁb-;{gtrﬁ%&benzoaz-uIene-5-carboxylic acid tert- 5
butyl ester according to general procedure VI. ink: 425 (M+1-14) Example 31
trans-8-Chltro:¢-840@are thowgiphd rdxptelydiohievyioheclle gl dsba ditnidicl4r3. 208, sepog2a-
tetraaza-benzoazuiene The title compound wag,phfained as white solid in 43% yield from
trans-8-chloro-144-(3- 10 ) . o
methoxy-phemery)ceyttar . shbuamy e dedive o sobdén ahsatlsthioRAstigheriarbéhisride and
parafﬁfm%@ﬁByf-%e%m%gﬁE@@ﬁ%f@Jzﬁ{%%yf@ﬁ&kd\ﬂz‘éﬁdﬁﬁaﬁlﬁéﬂmﬂr&cﬁmmm@@2
trans-8-Chloro-144-(3-c ano-phenoxy)-cyclohex%—%l\?ﬁpﬁg,5 10%1&%%&
benzoazUlHEERMEBAIRCALTd e DR S RP TEFRe ti ow{f)bu“ d‘Was obtained as brown solid in
18% yield with a purity of approximately 80% by d=@spiS5according to general procedure V. Hydrazide
trans-4-(3-Cya_no-pf%e E)-c I &e carboxylic acid h dﬁazic! _é&l@i@#@_&tg 1 Ob-tetrazza-
7-Chloro-2-thidR8HT! "j@%@é}ﬁ%ﬁ% réﬁﬂgsﬁ%%fg]?ﬁgﬁglﬁ{(\%écﬁ)%ﬁg-ﬁgatboiy ic a’cfrél?ten-beuﬁ&égter 20 MS
m/e: 520 (M+1-1-) Example 33enzoazulene-5-carboxylic acid tert-butyl ester
trans;3-14:(8-G I QLQ:R.0- N A o523 Qb5 telsaazabanseazHan skashaicy dlehaxyioxyl-
procedure V.
Hydrazide: trans-4-(3,5-Diftucre-phenoxy)-cyclohexanecarboxylic acid hydrazide
Thiolactam: 7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzofe]i 1,4 |diazepine-4-carboxylic acid tert-
butyl ester
20 Example 53
trans-8-Chlore-1-{4-(3,5-difluoro-phenoxy)-cyclohexvl]-5,6-dihydro-4H-2,3,5,10b-tetraaza-
benzoazulene hydrochloride
The title compound was obtained as white solid in quantitative yicld from trans-8-chloro-1-[4-
(3,5-difluoro-phenoxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-benzoazulene-5-carboxylic acid
25 tert-butyl ester according to general procedure V1. MS m/e: 431 (M+H™)
Example 54
trans-8-Chloro-1-[4-(3,5-difluoro-phenoxy)-cyclohexyi]-S-methyl-5,6-dihydre-4H-2,3,5,1 0b-
tetraaza-benzoazulene
The title compound was obtained as white solid in 39% yield from trans-8-chloro-1-{4-(3,5-
30 difluoro-phenoxy)-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzoazulene hydrochloride
and paraformaldehyde according to general procedure VII MS m/e: 445 (M+H")
Example 55
trans-8-Chloro-1-[4-(naphthalen-2-yloxy)-cyclohexyl]-4 H,6H-2,3,5,10b-tetraaza-

benzoazulene-S-carboxylic acid tert-butyl ester



benzonitrile hydrochloride The title compound was obtained as brown solid in 95% yield from
trans-8-chloro-144-(3- 25
cyano-phenoxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-benzoazulene-5-carboxylic acid tent- butyl
ester accordiwg te gaweyal procedure VI. MS m/e: 420 (M+Fe) Example 34CT/Ep2009/065354
trans-344-(8-Chloro-5-methyl-5,6-dihydro-411-2,3;510b-tetraaza-benzoazulenThyb-

cyclohexyigidhenzspie a0 Thsfila somagnd s sblalned asvplow:saliddn Ateadsld fom

trans-3-14-(8-chloro-5,6- dihydro-4H-2,3,5,10b-tetraaza-benzoazulen-l-yl)-cyc to hexy x yl-benzonitrile

hydrochloHaéragidep tresteriridiaphifeideactotariy-ty deleangsrobealie 3 irsimedss4 (M*1-) Example

35 WO 2@%@!@@%%@Té%@%@ﬁgG@§5_’:45—tetrahydro benzo] &1 -4 Jdiazepine-4-carboxylic acid tert-
trans-8-Chloro-1-(4-m-tolyloxy-cyclohexy0-411,6H-2,3,5,10b-tetraaza-benzotejazulene-5- carboxylic

acid tert- b}E}tW &S&teT The title compound was obtained according to general procedure V Hydrazide:
trans-4-myfpigtexycyaloiiexanecarboxylic acid hydrazide 5 Thiolactam:
7-Chloro-2-thioxo-1,2,3,5-tetrahydro-berizo[el[ %dlaée%me -4-carboxylic acid crtbutyl ester MS m/e:
509 (M+11") Example 3

trans-8- Chkwmslg@mmmxﬁmmhmykﬁ@&wmﬁcmiz—s,ﬁgmﬁmmﬁﬁzﬁimqwmmlene
hydrochloride The title compound was lene hvdrochloride
trans-8-chbro-1-(4-m-tolyloxy-cyclohexyl)-4H,6H-2 3,§clobtetraaza benzo[e]azulene-5- carboxyllc acid
tert-butyl éra@tlﬁ@é@mn@%vg@ﬁéﬁamﬁb@e‘@mﬁé wilifS Garstinooq itk [Ty B kemipiechipro-1-

15traps-8G:hipfiomermelivsl: &%m@yﬁpmm@G%Yéxée@fmgé%m%@%%&wm

benzotela ene The title compound was obtained
trans-8- ckﬂﬁF&"ﬂXheﬁ?rt@Bﬂ%@né)}EISﬁ@iﬁi)g‘s(’@eﬁ‘iﬁ%/ {)W 559486 NtFhaza-benzo[elazthene

hydrochloride and paraformaldehyde accordingegeggieral procedure VII. MS m/c: 423.5 (M+HI)

20Example 38 tr 44-(3-tert- phe ex oro-4 2
benzo[ejaziﬁﬁéﬁegﬁlﬁhﬁ%xyﬁ?%%iiﬁ Wﬁﬁgﬁlﬁﬁ?ﬁ% ‘g‘eﬁ Hd W%s%g%fgf eohg é eéd%% to
general procedure V. Hydrazidc trans-4-(3dheisBatiybiphenebey) cyclohexanecarboxylic acid hydrazidc

25 ThiCleGA: (BRI LA gl RanPlelb Al pdEPingi GaPRLE ASHEr-Du!

ester Xam

trans- 114(@@%@&%@%@@%@5&@1@@%%—%%Sdﬁﬂ?d?ﬁfﬁml’z@@@mnfétraaza-

benzmemﬁg&&&&t&%ﬁf@&m Yideahdineniite £eamanund g%ﬁéré’l%?d@&ﬁlre VIL MS m/e: 459 (M+H")
trans-1-[4-(3-tert-butyl-phenoxy)-cyclohexy11-8- chloro41-1,6H-2,3,5,10b-tetraaza- benzo[e]azulene-5-c

arboxylic acid tert-butyl ester according to gendrafBréiéédure VI. MS m/e: 451 (M-EW)
trans-8-Chioro-1-[4-(naphthalen-1-vioxy)-cyclohexyl}l-4H,61-2,3,5,10b-tetraaza-

20 benzoazulene-S-carboxyiic acid tert-butyl ester
The title compound was obtained as yellow solid in 73% yield according to general procedure V.
Hydrazide: trans-4~(Naphthalen-1-vioxy)-cyciohexanecarboxylic acid hydrazide
Thiclactam: 7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzofe][ 1,4 ]diazepine-4-carboxylic acid tert-
butyl ester
25 MS m/e: 545 (M+H")
Exampie 59
trans-§-Chiore-1-{4-(naphthalen-1-yloxy)-cyclohexyl}-5,6-dihydro-4H-2,3,5,10b-tetraaza-
benzoazulene
The title compound was obtained as white solid m 97% yield from trans-8-chloro~1-{4-
30 (naphthalen-l-yloxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-benzoazulene-5-carboxylic acid
tert-butyl ester according to general procedure VI MS m/e: 445 (M+H )
Example 60
trans-8-Chioro-S~-methyl-1-|4-(naphthalen-1-vloxy)-cyclohexyl]-5.6-dibydro-4H-2,3,5,10b-

tetraaza-benzoazulene



WO 2010/060836PCT/EP2009/065354 -70 -
trans-144-(3-tert-Butyl-phenoxy)-cyclohexyll-8-chloro-5-methyl-5,6-dihydro-411-2,3,5,10btetraaza-ben
zoiejazulene The title compound was obtained from
trans-1-14-(3atertshutykgdaenoxy)-cyclohexyl]-8-chloro5,6-dinydro-4H-2, 3, #(1/EP2069/065354
Ob-tetraaza-benzo[e]azulene hydrochloride and par&fermaldehyde 5 according to general procedure

VII. MS m’ﬁm‘%@% (Mn{ %&E&%@@Aﬁ‘aﬁ%d as white foam in 73% vield from trans-8-chloro-1-{4-
trans-8-Chloro-1-14- (E -trilluoromethyl l% enoxy)-cyclohexylk4H,6H-2,3,5,10b-tetraaza-

benzolejafiitekidabredryixyliccseieh sl b ddistaroriia- %t@e%ﬁ%%%ﬁé@ according to

general pragegiiie il Ayarazidel deans:4BrEflueremath irehenexyrcyalohexanacavbaxylic acid
hydrazide Thiolactam: 7-Chloro-2-thioxo-1,2,3,5- tetranydro benzo[e][1,4]diazepine-4-carboxylic acid

ten-butyl ester MS m/e: 563 (M+1-11) ExampleEﬁgﬁmp €6

15trans- 8@@@rgg@ﬁﬁ,{&mﬂm%mmylm&gnwmmm,ﬁﬁ-&ﬁ;@m@%%m&@mgemu

tetraaza-benzo[ejazulene hydrochlori e T e title COJEQ&%%@W?&@ el%tamed from

trans-8-chloro-144-(3-trifluoromethyl- bhen g(yj 1%3‘%5

11-4H,61-T:2,38, dsﬁhptemdarz@bmamﬁb}zamﬂané@émmﬁc}%yl}meatmtqmbgm egterbpsoading t6 general
procedur \ghrMéén{ﬁnéqs %ﬂﬁl})ﬁg !:?oﬂgxanecarboxyhc acid hydrazide
y)- cyc

trans-8-Chloro-144-(2-11uoro-pheno ohexyll-4H,611-2,3,5,10b-tetraaza- o
benzokjazlitrecBrearboRiplie-aciiaept- b&@ﬁ%ﬁ@hﬂf@ﬁﬂ@z@&}{ﬁ&d%%%ﬁt%ﬁwwwﬁi f§ito

geneial prggeduse. il ydeaaisieriransy4-(2-Fluoro-phenoxy)-cyclohexanecarboxylic acid hydrazide 25
Thiolactam: 7-Chloro-2-thioxo-1, 2 ,3,5-tetrahydro- benzo%z][l ,4]diazepine-4-carboxylic acid ertbutyl

ester MS m/e: 513 (M+H-) Example 44 Example

tranS-8-ChIot@aaa%-(@hMmWW?ncme&@@xﬁﬂhﬁw%&M&ﬁmsgteﬁaammm
benzolejazulene hydrochloride The title com ?d w O£talﬂ?d I;Eom
%} a%xy ne OFE

trans-8-chloro-144-(2-fluoro-phenoxy %%‘{ Hygroc
4H,6H-2 3f5¢1ﬁb@ﬂmm&@azom§amdleme&ﬁteaothdxylmzam@ht@ﬁ “holyliesterraceorclingad géneral

proce ur §§%1 Q}éh r&lr‘%% %g]ohe@%%g@? %ygg&ggéggﬁg’%c&%%xglm acid tert-

trans- -C phe 5-methyl-5,6-dihydro-4H-2,3,5,10b- tetraaza-benzo
lel azulenéurﬁeefsméa@@m@@am@l ma@"dmmtﬁéfﬁ MS m/e: 396 (M+H")

trans-8-chloro-1-14-(2-fluoro-phenoxy)- cyclohemg,gngb@

dihydro-4H-2,3,5,10b-tetraaza- benzo[mazulene h drochlorlde and paraformalde %de r |
trans-8-Chloro-5- methyi-1-{4-(pyridin-3-yioxy}-cyclohexylj-5,6-dihydro-4 3.48,1

tetraaza-benzoazulene
20 The title compound was obtained as white solid in 41% yield from trans-8-chloro-1-[4-(pyridin-
3-vloxyi-cyvelohexyl]-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzofelazulene dihydrochloride and
paraformaldehyde according to general procedure VI MS m/e: 416 (M+H™)
Example 64
trans-8-Chloro~1-14-(5-chloro-pyridin-3-yloxy)-cyelohexyll-4H,6¥1-2,3,5,10b-tetraaza-
25 benzoazulene-5-carboxylic acid tert-butyl ester
The title compound was obtained as white foam in 71% yield according to general procedure V.
Hydrazide: trans-4-(5-Chloro-pyridin-3-yloxy)-cyclohexanecarboxylic acid hydrazide
Thiolactam: 7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzolclf 1,4 |diazepine-4-carboxylic acid tert-
butyl ester. MS m/e: 530 (M+H)
30 Example 65
trans-8-Chloro-1-{4-(5-chlore-pyridin-3-vloxy)-cyciohexyi]-5,6-dihydro-4H-2,3,5,10b-

tetraaza-benzoazulene hydrochloride



5 to general procedure VU. MS mie: 427.5 (M-41-) Example 46 trans-8-Chloro-1
44-(2-cyano-phenoxy)-cyclohexylk4H,61-1-2,3,5,10b-tetraaza- benzoazulene-5-carboxylic acid
tert-butyl ester The title compound was obtained as white foam in 52% yield according to general
procedure Vi@ doydrside: trans-4-(2-Cyano-phenoxy)-cyclohexanecarb@giiezsid/hyairazidc
Thiolactam: 7-Chloro-2-thioxo-1,2,3,5-tctrahydro-b&izo[e][1,4]diazepinc-4-carboxylic acid tertbutyl
ester MS ¢ uﬁ%%&{g&&émﬁ% as white solid in quantitative yield from trans-8-chloro-1-[4-(5-
15trans-244-(8-Chloro-5,6-dihydro-414-2,3,5,10b-tetraaza-benzolejazulen-1-y0- o
cyclohexytsleyrramisdmitrieonytirselksiad thetfie ¢ o PBuirdrnasbeptairmals WSl #199% yield
from tert-butyl ester according to general procedure VI. MS m/e: 430 (M+H )
trans-8-chloro-1-[4-(2-cyanophenoxy)-cyclohexyl]-4H,614-2,3,5,10b-tetraaza-benzoazulene-5-carboxy!l
ic acid tert-butyl ester according to general proce8THRAMS m/e: 420 (M+Hf) 20Example 48
trans-244-(8 g oo Snrapthy 1456 iy drovétdia, 3,51d0h-tetrmdzastiehzoanylend-glpydro-4H-
cyclohexyloxy]-benzonitrile The title cgg%%%j é/t\;rasazoabﬂhqénzeﬁgmausﬁ %hite solid in 50% yield from
trans-244-(8-chloro-5,6- d hydro-4 H-273}5, E etraaza-benzo ?lc?lazulohexylo xy] -benzonitrile
hydrochlofitet25 amdiperaformaldetryd e aebbedinkcto géherat idrooatmres\He NSO 4434 M d=Hr)
Example C%%m%:?&%%g%aﬁé};&gm}69@&}{@8@&%{&5&éblt%&éb%{%z%tﬁw@%ﬂm@Iene-5-

carboxyli id tert-butyl ester he title compound was obtained as yellow solid in 52% yield
accordingas! gerrdparplétedarsspr %My&%@iﬁémﬁﬁ@@&#Wd?’{ﬁ'cﬁgfoﬂ\éi%écarboxylic acid
hydragjde Thiolactam: 7-Chloro-2-thioxo-1,2,3,g-{gtkanyeyo-benzole][1,4]diazepine-4-carboxylic acid
tertbutyl ester MS ink.: 509 (MH-H-) WO 2010/060836PC T/EP2009/065354 _
trans-8-CﬁWﬁ“§(§-%]-?5Wkk§f-{§%’ igfsty B s-giRie A - s8I o i1\ PRalPimais faitra
hydrochloride The title compound was @btaineet agitightiyBtiow sodid in quantitative yield from
trans-8-chlorol-(4-o-to | ylo xy-cyclohexyl)-4E1,6H-2,3,5.10b-tetraaza-benzoazulene-5-carboxylic acid
tert-butyl e%f%}r é‘:gglo%hllr}:lé? %ysggﬁ%'}% Ep‘r’r%ce%ue re ST R}Ié #‘1’/&0 6“('%%”?%% er%% 2 By Y
trans-8-Cligdo:oidnathyd4-({4auitoifigioreycloheydB B:dinydmadid {2,3951dOb-tetraaza- benzoazulene
The title c wa ined. as light,yells ield fr NS-8- -1= 0
olylon o e e Lo e e A e Ty aFo e e e
paraformakishyderadtording s geriétal procedure VII. MS m/c: 423 (M+HY) Example 52

Example 68
trans-8-Chloro-1-[4-(pyridin-2-viexy)-cyclohexyl}-3,6-dikydro-4H-2,3,5,1 0b-tetranza-

benzoazulene kydroechloride
20  The title compound was obtained as white solid in quantitative yield from trans-8-chloro-1-{4-
(pyridin-2-yioxy)-cyclohexyl}-4H,6H-2,3,5,10b-tetraaza-benzoazulene-3-carboxylic acid tert-
butyl ester according to general procedure VI MS mve: 356 (M+H")
Example 69
trans-8§-Chloro-S-methyl-1-[4-{pyridin-2-yloxy)-cyciohexyl}-5,6-dihydro-41-2,3,5,10b-
25 tetraaza-benzoazulene
The title compound was obtained as white solid in 41% yield from trans-8-chloro-1-[4-(pyridin-
2-yloxy)-cyclohexyl]-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzoazulene hydrochloride and
paraformaldehiyde according to general procedure VIL MS m/e: 410 (M+H")
Example 70
30 trans-8-Chloro-1-[4-(6-chloro-pyridin-2-yloxy)-cvelohexyi]-4H,6 H-2,3.5,1 0b-tetraaza-
benzo|elazulene-S-carboxyvlic acid tert-butyl ester
The title compound was obtained according to general procedure V.

Hydrazide: trans-4-{6-Chloro-pyridin-2-yloxy)-cyclohexanecarboxylic acid hydrazide



trans-8-Chloro-144-(3,5-difluoro-phenoxy)-cyclohexylk4H,611-2,3,5,10b-te aza-
benzoazulene-5-carboxylic acid tert-butyl ester 15 The title compound was obtained as light yellow
solid in 58% yield according to general procedure V. Hydrazidc:
trans-4-(3,5-Biluer@sphisnoxy)-cyclohexanecarboxylic acid hydrazide Thictagtames/065354
7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzo[e][1,4]diazepine-4-carboxylic acid tertbutyl ester
ZOExampﬁ%?l tam: 7-Chloro-2-thioxo-1,2,3 S-tetrahydro-b 1. 4]diazepine-4-carboxylic acid tert-
trans-8-C oro‘icli?i(?;,5-d?ﬁﬁoro-gﬁSdei/)’-cy%fgh}é;ﬁi-g%? Fr%g/drg-élll?Z,B,S,10b-té:}{[raaza-
benzoazushid #weirddRIBrities 30thE e compound was obtained as white solid in quantitative yield
from trans-8-chloro-144- Example 71

(3,5-difluoro-phenox -cyclohe%q-4H,6H-2,§ ,5,10b-tetraaza-benzoazg’lqnc-S-C@i%ozxglj%c E%%id 25
tert-butyl estéfatEstding ¢ dér F%@F@&%ﬁé‘\'ﬁ?%ﬁifé@@ﬁwﬁﬁ? AR B41 25,100
trans-§-Chloro-1-(4-(3,5-difluoro-phaaaxybexetoBexylb-methydkieiaihydro-4H-2,3,5,10b-
eraaza benzopzulene e s camRouId NaR oplaned s hle £ 354 MBI
difluoro-phBEraiapydohesyihs edihydiesdin, 3. &10b:tetradd achenitvleestte nechytiradhlsriteahnd
paraformaklehyd CRf ing.to ralprocedure VII. MS m/e: 445 (M-FIT) Example 55
trans-8-CHT8€r:85¥fE%4- nap t‘[f;%én- -@%xyﬁcyclohexylMH,6H-2,3,5,10b-tetraaza—
benzoazulene-5-carboxylic acid tert-butyl este-¥®Ee78/060836PCT/EP2009/065354 - 73 - The title
compgund w@gggbé@m&lr@%xﬁumﬁm»Wg%%myzﬁlﬁggﬁ@ammm@hmg@@mydvﬂizmdraZIde:

trans-4-(Naphthalen-2-yloxy)-cyclohexanecarboxylic aci drazide Thio lactam:
7-ChIoro-2-thioxo-l,2,3,5-tetrahydro%%ﬁ%@{@ﬁ@%ﬁd@?&ﬁﬁ@@i}@ﬁ%oxyIic acid ten-butyl ester 5 MS
rrile: 545 (Mekun EXapieiS6as obtained from trans-8-chloro-1-[4-(6~chloro-pyridin-2-yloxy)-
trans-8-Chloro-1-[4-(pgphthalen-2-yloxy)-cyclohexyl]-5,6-dihydro-4H-2,3,5,10b-tetraaza- benzoazulene
hydrochlofit Lgh@ﬁ%/ ’[gi%'i%% 8@%&/&&?&%&%@ Zaglélll\?v%? X %PJ%E’(? ’érjﬁﬁglﬁ{/lé% yiefd from
trans-S-chlotdeta{diddidyde according to general procedure VIL MS my/e: 444 (M)
(napIit?alen-z-yloxy)-cycLohexyI]-4H,6H-2,3,5, Bielaaza-benzoazulene-5-carboxylic acid tert-butyl
ester according to general procedure VI. MS m/e: 445 (MH+) Example 57

trans-8-ChlottasstRdtifernt -ithépiatriarterppeidinadpaiorreaiibs eliitkicrb-4+3.5, Bb-1aspara-
tetraaza-benzoazulene 15 The.filler COMNAMOE MRS ingehagMUpikesiaans:in 60% yield from
trans-8-chloro-144- (naphthalen-2-ylo xy)-cyc lo hexyl]-5,6-dihydro-4 H-2,3,5, | Ob-tetraaza-benzo
azulene hyBFSERGAERURY PArABIHTISRIAHAESRE IO R PBRSAYE Brocedure V11. MS mie: 459
(M-t-H' ) Examplad&ians8-Chiswopkldnnapbiialer-bylany-extlohexyltdHeiti-23,5,10b-tetraaza-

20be£|§ Oa%llilajg lggt-a%(::%[Pj?ﬁ((}{;l(i)qﬁ(ﬁ%ﬁg‘tﬁf,g%}g-tee%&%{ydm—benzo [el[1,4]diazepine-4-carboxylic acid tert-

butyl ester MS m/e: 530 (M+H")

Example 74
trans-8-Chloro-1-{4-(5-chloro-pyridin-2-vioxy)-cyclohexyl]l-5,6-dihydro-4H-2,3,5,16b-
tetraaza-benzo[elazulene hydrochloride
25 The title compound was obtained from trans-8-chloro-1-[4-(5-chloro-pyridin-2-yloxy}-
cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-benzo{e]azulene-5-carboxylic acid tert-butyl ester
according to general procedure VI MS m/e: 430 (M+H")
Exampie 75
trans-8-Chloro-1-[4-{5-chloro-pyridin-2-viexy)-cyclohexyl]-5-methyl-5,6-dikydro-4H-
30 2,3,5,10b-tetraaza-benzo|elazalene
The title compound was obtained from trans-8-chloro-1-[4-(5-chloro-pyridin-2-yloxy)-
cyclohexyl]-5,6-dihydro-4H-2,3,5, 10b-tetraaza-benzo[e]azuiene hydrochloride and
paraformaldehyde according to general procedure VIL MS my/e: 444 (M+H")
Example 76



The title compound was obtained as yellow solid in 73% yield according to general procedure V.
Hydrazide: trans-4-(Naphthalen-I-yloxy)-cyciohexanecarboxylic acid hydrazide Thiolactam:
7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzo|c][1,4]diazepinc-4-carboxylic acid tcrtbutyl ester 25 MS
in/e: 545 (M+hts)2ieamughe 59 PCI/EP2009/065354
trans-8-Chloro-144-(naphthalen-1-yloxy)-cyclohex-§11-5,6-dihydro-414-2,3,5,10b-tetraaza-
benzoazuleng The it oyngd Wi tain white solidin.94% yield i 1loro- |-[4-
30 (nap Inhal%%ﬁ%é%%%}?ﬁt h%)’lg 2@18 ﬁ@lﬁ%g%ﬁ%l I%g-?e%%gg}é‘? ﬁiﬁ%’%ﬂf;gﬁgﬁggﬁéﬁ%{gﬁylic acid
tert-butyl ester according teFgénerdigprscetisee\Frearborylic 228 (RIERERHRple 60

trans-8-ChiQronp-methylitsaphiialenslyiooseyaiohexy o b dinyahor A-bgdm dRRxdure V.
tetraaza-benzoazulene WO 2010/060836PCMP2009/065354 - 74 - The title compound was obtained

as white fBATARP3TEelo bR BISRIBIG T A2Y 3 PERRRG TAdFEaEox lic acid hydrazide
hexy13-5;6neibyeie-4H-213:5. 10bs etragzadenzaaz elemesiydroghlerigmand-parafaimaldefyde
according to general procedure VI rie: 459 (M+H-) Example 61 5tran s-8-C hio

ro-1-14-(p ‘iéﬂﬁ%‘ﬁ%ﬁﬂ’%&%ﬁ e%ﬁ@fﬁéll-z,&&10b-tetraaza-benzoazu lene- 5-carboxylic acid
tert-butyl ester The title compound was obtaineesasipii foam in 51% yield according to general
procedure V. Hydragide: trans-4-(Pyridin-3:yio %g bé%ﬁﬁn Qlic acidhydrazide, o Thiolactam:
7-Ch|oro-2-thi§é(§ﬁ-si§2 : %%%raﬁ%&%%b%rﬁegﬁﬁ ﬁ%@pﬁ -4-ta%>§yﬂ£§£igg ten-l%‘ﬁtl)utyl ester. MS
'Tile: 496 (IVIH-H' ) Example 623,5,10b-teirasza-benzeazulene hydrochloride

trans;8-Chigronls La(pyidine3:-votenkeyciahexyd da2bsdinytiord il o iohstetaasd: 1. 14-
benzoiejazulene dihydrochloride The title compound was obtained as white solid in quantitative yield
from trandBochimeshrhpyrimgidin-4-yloxy)-cyclohexyl]-4H,6H-2,3.5,1 Ob-tetraaza-benzoazulene-3-
(pyridin-3daxy) Gy clohexyllddt b 23 Rlik0hotebiangakeszeazulent: mearioxglie @cjd tertbutyl ester
according to general procedure VI. MS m/e: 39&)}(M+H-)§ﬁxample 63
trans-8-Chloro-5-methyl-1-14-(pyridin-3-yloxy)- EBRE -5,6-dihydro-4H-2,3,5,10b-
tetraaza-besrzaascile20: THa 2idaibompaupd-inddiobtainog as vibitex g G 1if- imeddFeSytett ifyomy-
trans-@-chIoro-1444pyridin3-yloxy)-c l%eﬁé}ﬁ?e’t%%@fg%?{d'kl'z %,10b-tetraaza—benzo[e]azuIene

dihydlrochloride and paraformaldehyde ac¢drding to genera Z.%é’é ure VIl. MS m/c: 410 (M+HT)

Example 84e title compound was obtained as white solid in 15% yield from trans- 8-chloro-1-[4-(2,6-

tranS-S-C%m{&ﬂyqi%-;ﬁ%ﬁ%mr@:%%ﬁ ins3:axreydangy-4H.6 5 1-268.3-10beltaazaakhenzoazulene-

5-carboxylic acid tert-butyl es he title compound was obtained as white foam in 71% vyield
accordingﬁ@%&%ﬂ%%@éﬁﬁﬁ@%@%@ﬁ&%@omm% to general procedure VI MS m/e: 439 (M+H ")
trans-4-(5-Chloro-pyridin-3-yloxy)-cyclohexanegaggyuigsacid hydrazide Thiolactam:

o2 ok 2 oy DS ale I 1Sz Rlne PG 3 et MS e

trans-8-Chloro-1-14-(5-chlorobpyudistt=ylax Frepeiahaiy -8 6editypdrd«4tdr2,3,5,10b-

and

Example 8¢
cis-8-Chlere-1-[4-(pyrimidin-2-viexy)-cyclohexyl]-4H,6 H-2,3,5,10b-tetraaza-

25 benzole]azulene-5-carboxviic acid tert-butyl ester
trans-8-Chloro-1-[4-(pyrimidin-2-yloxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-
benzo[elazulene-5-carbexylic acid tert-butyl ester and cis-8-chioro-1-[4-(pyrimidin-2-yloxy)-
cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-benzo| ¢]azulene-5~-carboxylic acid tert-butyl ester were
obtained after separation by flash-column chromatography according to general procedure V.

30 Hydrazide: cis/trans-4-(Pyrimidin-2-vloxy)-cyclohexanecarboxylic acid hydrazide (1:2)
Thiolactam: 7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzo{e][ 1 ,4]diazepine-4-carboxylic acid tert-
butyl ester
trans-8-Chloro-1-[4-(pyrimidin-2-vloxy)-cyclohexyl]-4H,6H-2,3,5,1 0b-tetraaza-

benzo[elazulene-5-carboxylic acid tert-butyl ester was obtained as off-white solid 1 38% yield.



tetraaza-benzoazulene hydrochloride WO 2010/060836PCT/EP2009/065354 - 75 - The title
compound was obtained as white solid in quantitative yield from trans-8-chloro-144-(5-
ehloro-pyridin-3-yloxy)-cyclohexyl1-4H,6H-2,3,5,10b-tetraaza-benzoazulene-5-carboxylic acid
tert-butyl estev@eenrainggdo general procedure VI. MS m/c: 430 (M+() ExapqaieBfieo/063354
5trans-8-Chloro-114-(5-chloro-pyridin-3-yloxy)-cyclGRexyll-S-methyl-5,6-dihydro-411-
2,3,5,10b-{etraazasben, lene The title compound was obtained as white solid in 65% yield from

trans-8-chloro-144-(5- chloropyrldln -3- ylog)&cyclohex 5,6-dihydro-4H-2,3,5,10b-terraaza-benzoazule
ne hydrochifofidetivie rafairpidiers o BLcorainbe iy gehepil-Brodedlirevaamsmrelclealon41)

10Example £i¢voxylic acid tert-butyl ester was obtained as off-white solid in 8% yield.
trans-8-Chloro-144- mdln -2-yloxy)-cyclohexyli-41-1,6H-2,3,5,10b-tetraaza-benzoazulene-

5-carboxylE>48i4: (&t elter The title compound was obtained as white foam in 77% yield
according to general procedure V. Hydrazide: t@asmdBridin-2-yoxy)-cyclohexanecarboxylic acid

hydrazide 15 Thl%%ﬁ‘%ﬁ’?ﬁg" {?é’ ‘é]fff” 0 Xa2, ,5 ggﬂa X‘}/ﬂ g@ﬁrgoéeel[%ﬁ\léj%aﬁBgnggéacﬁ%%boxyl|c

acid ten-butyP&&t
trans-8-Chloro-H4-(pyridin-2- yloxy) cyclohex%h@,{@idﬂui&ir@ -411-2,3,5,10b-tetraaza- benzoazulene

hydrochiorle 79 The (i eampoua ias obiaines sl salld b guspltative Yield rom

trans-8- chloro(pyrl In= 2 -ylo xy)-cyc lo hexyl|-4E1,6H-2,3,5,10b-tetraaza-benzoazu Iene 5-carbo xy tic

aC|dtenbuf?b@ﬁ%@cﬂﬂﬁﬁgow@éﬁ@ﬁrﬁﬁ@étﬁ#@ WbM@‘Wé 1Boso(Miare L EXSmphe 69 actd
trans{-Chlorgmpsmethyi-Eddnhyridinsgyioxydavelohexyd 1:m,63dihydrasd 1-2,3,5,10b-

25tetraaza-benzoazulene The fitle compound was obtained as white solid in 41% yield from
trans-8-chloro-144-(pyridin2-yloxy)-cyclohexyll- @W@Wﬁ%AH 2,3,5,10b-tetraaza-benzoazulene

hydrochlorigie: ang-panafermalegiyyde] Wmiﬁ@y@m@@ra@ﬁdxwwvMﬂ@amﬁmm:{mi@ﬂ )
Example 70 30trans-8-Chloro-1-[4-(6- chloro ﬁ @}lfﬁcf %@%Clohexyll -4H,611-2,3,5,10b-tetraaza-

benzo[elazulene-5-carboxylic acid tert- bu%ﬁr fg Sound was obtained according to
general pfﬁimeﬂﬂe@c&m;bdayddamdaimmzm(@vmtd@n@@mlw%aayﬂd@%nycmhéx@mmﬁdxyl|c acid hydraz

7 ChIoro PEJ (%Sgﬁ?g%?f cgﬁggi%)’gé%r%z%jfiﬁ{%ﬁdlazepme 4- gg? d(‘)‘)%/]%?&ﬁ lﬁ?fl éénster. MS m/e:

530 (M+1ityaformaldehyde according @ esapé procedure VIL MS m/e: 411 (M+H")

trans-8-Chloro-114-(6-chloro-pyridin-2-yloxy)- c;@ggﬁgg%ﬁ 6-dihydro-4B-2,3,5,10b5tetraaza-benzo[ela

zulene hydrochloride
trans-§-Chloro-1-[4-(pyrazin-2-yiexy)-cvelohexyvi]-4H,6H-2,3,5,10b-tetraaza-

benzol[ejazuiene-5-carboxylic acid fert-butyl ester
20 The title compound was obtained as white solid in 70% yield according to general procedure V.,
Hydrazide: trans-4-(Pyrazin-2-vloxy)-cyclohexanecarboxylic acid hydrazide
Thiolactam: 7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzofe]i 1,4]diazepine-4-carboxylic acid tert-
butyl ester MS m/e: 497 (M+H")
Example 84
25 trans-§-Chlore-1-14-(pyrazin-2-viexy)-cyciohexvi}-5,6-dihydro-4H-2,3,5,10b-tetraaza-
benzo|elazulene
The title compound was obtained as yellow solid in 84% vyield from trans-8-chloro-1-[4-
(pyrazin-2-yloxy)-cyclohexyl}-4H,6H-2,3,5,10b-tetraaza-benzo[ e]azulene-5-carboxylic acid tert-
butyl ester according to general procedure VI MS m/e: 397 (M+H")
30 Example 8§85
trans- §~-Chlore-5-methyi-1-[4-(pyrazin-2-vloxy)-cyclohexyl}-5,6-dihydro-4H-2,3,5,10b-

tefrazza-benzojelazulene



The title compound was from trans-8-chloro-144-(6-chloro-pyridin-2-yloxy)-cyclohexyl]-
4H,6H-2,3,5,10b-tetraaza-benzo[elazulene-5-carboxylic acid tert-butyl ester according to general
Procedure VI. MS mic: 430 (M+H-) Example 72 10trans-8-C hloro-1-
4-(6-chloro-pyrichm@eytaxy)-cyclohexyli-5-methyl-5,6-dihydro-414- 2,3,5,1 tetrasgzadsenzo[e]azulene
The title compound was obtained from trans-8-chlof®-144-(6-chloro-pyridirt-2-yloxy)- '

cyclonexyid: %8 &]%fgéﬁnﬁzkgs e 5@%%63&%0@,&?% gnedarachioride.and prpgformaldchyde

according to general procedure VII. MS m/c: 444 (M+ElI xample 73 trans-8-Chloro-
[4-(5-chloroypyridiaveishexyll-dyeidhassih el 3 2013 Stmﬁar@wfglﬁﬁéﬁ%@]éwéﬁ%%méﬁync acid

tert-butyl esterdthedditeLmpaunswagobigingd. a;,qqqqu;g to general procedure V. Hydrazide:
trans-4-(5-Chloro-pyridin-2-yloxy)- cyclohexanecarbo %elc acid hydrazidc 20 Thiolactam:
7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzo[e][ ﬁ%&i@ ne-4-carboxylic acid tertbutyl ester MS m/e:

530 (M-h1-11 Exampiedidore-1-[4-(pyrimidin- 4~y§@xy) QVCiﬂheX}i’E 1-4%,651-2,3,5,10b-tetraaza-
trans-8-Chloro-144-(5-chloro- rldléé %%ﬁliﬁgr ég r# l% d|h gro 41§Ji -2, 3 5,10b-
tetraaza-benzo[ejazulene hy et GX BmAsUnE W gbtalned from

trans-8-chloro-144-(5-chloro-pyridin-2-yloxy)- and
cyclohexyl]-4H,6H-2,3,5,10b-tetraaza- benzo[e]ﬁg%g&% §7carboxyllc acid tert-butyl ester according to
general procedure VI. MS m/e: 430 (M+H °) Example 75

trans-8-Chloro-|- Ei4-§5C&hdisrd - WWEMW%WWR%E@%@h@ﬁ%&ﬂ%r@ﬁ%ﬂ 3,5,10b-tetraa

za-bgpzolejazulene The title gamp Qﬂﬂ%ﬁé obiRined floMRid rert-butyl ester
trans-8-chloro-144-(5-chloro-pyridin-2-yloxy)-

cyclohexy 1235 B cliRfard-: Wﬁ@?@]@@@ﬁ“ﬁéﬁé@zﬁ%‘@ﬁ?@[@]ﬁ%ﬁ%% Okt and paraformaldehyde

accordingiehgdaarraligrosedyrexvilc Ma miebdd et axanplerd 8 -MW G yrimidin-4-yloxy)-
2010/060836PCT/

rans-6-CHIBIB RS 6 ety by R ARl ey s el g e vere

tetraaza- bﬂ:mmaau@e@waﬁbmbyllﬁaamdoﬁemmmetegﬂmtmmmwg@M$UMMas white

foam;i (2% %ﬁlelg aceor rdlg%tﬁﬁ%ﬁner?ﬂ.&rg %%5’ )‘Sré{oi@{ lrazide oxyhcc[ ﬁy hydrazide

trans- - meth yt-pyrimidi oxy C anecarboxylic aci razide b T % I)actam:

7-Chloro-Zhkibesun; 7 3 blaeeratihirestenh2ofefialidrazepind Al EdiBusy toadidtEpiiykest&™Ms m/e:

525.5 MSMyld) f-xample 77
trans-8-Chlofo-H4-(2,6-dimethyl-pyrimidin-4-yloxy)-cyclohexyli-5,6- r‘}g)(dro -4H-

2,3,5,10b féttadfeErlod (e RyufoEiede 4o Fre B &6hboand Wes¥Btained as white solid in

quantitative yiefe) fremrisansfehjorotiPidimetaylcpyrimiginirey @y clahexylisd @it 2,3.5,1
Ob- te}t aaﬁ@ﬁbenz%g\%XM %I; carboxylic acid tert-butyl ester according to general procedure VI. MS

mie: 425 (KR-BLE) Bxe
trans-8-Chie®-1H4:62] -tlipetmitipysimiicin 4 yttondxelelbh 6Kyll-5 5 othidtsGdiiepdedds4He2:3,5,10b-te
traaza- beg ca’%‘%&'&? i¢ acid tert-butyl ester was obtained as white solid in 23% yicld according to general
procedure V.
MS m/e: 497 (M+H")
25 Example 88
trans-§-Chloro-1-[4-(pyrimidin-4-yvloxy)-cyclohexyl}-5,6-dihydro-4H-2,3,5,1 6b-tetraaza-
benzole]azuiene hydrochloride
The title compound was obtained as off-white solid in quantitative yield from trans-8-chloro-1-
[4-(pyrimidin-4-yloxy)-cyclohexyl}-4H,6H-2,3,5, 10b-tetraaza-benzo[clazulene-5-carboxylic
30 acid tert-butyl ester according to general procedure VI, MS m/e: 397 (M+HT)
Fxample 89
trans-8-Chlore-5-methyl-1-[4-(pyrimidin-4-yloxy)-cvelohexyl]-5,6-dihydro-4H-2,3,5,10b-

tetraaza-benzo|e] azulene



The title compound was obtained as white solid in 15% yield from trans- 8-chloro-I 4442,6- dimethyl-p
yrimidin-4-yloxy)-eyclohexyll-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzoazulene hydrochloride and
paraformaldehyde according to general procedure VIl. MS m/e: 439 (M+H-) Example 79
20trans-8-ChinpozddbAdg@ysimidin-2-yloxy)-cyclohexy1l-411,611-2,3,5,10b-tetraazascs /65354
benzolelazulene-5-carboxylic acid tert-butyl ester aff - Example 80

ci-8- Chiokar 1ol (AABIAI ey iasey soNBVIstd s Siod QRAPHARERZRRE 040 glazulene-5-carbo

xylic acid tert-butyl es r trans-8-Chloro- | -[4-(p yrimidin-2-ylo
Xy)- cycloh@&?ﬂ“i "éﬁigxﬁﬁidbhﬁyga%éﬁhwﬁf]ﬁitﬂen%1@%&%@@%%@4&%@&9&” ester and

Cis-8- Chlo@%ﬁhﬁ%ﬂ@ﬂﬂ&g%ﬁ&%ﬁérdehyde according to general procedure VII. MS m/e: 411 (M~+H")
cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-benzo[e]azulene-5-carboxylic acid tert-butyl ester were obtained

after separation by flash-column chromatography accordlng to general procedure V. 30 Hydrazide:
cis/trags 4 (Pyrimidin-2-yloxy)- cyclohexanecar Rraid hydrazide (1:2) Thiotactam:

7-Chloro-2- thlo , ,35 dro benz %%g&%dﬁize -4-carboxylic.acid tertbutyl ester
trans-8-Chlord: i%? B(p%/lgf ? o >§§/5ﬂ cy(% épp-?];éé%y&‘g %E"g’g’é"lég“& iraaza-
Ob-tetraazabenzo[elazulene-5- carboxyh@m@mtebamm&aimaéaobtalned as off-white solid in 38%

yield. W%Q%W@?Qﬁ%&f’ 9&5%&%’99@%% qo%& Mi’mﬁa&% O%Mé B cis-s-

cis-8-Chloro-144-(pyrimidin-2- yloxy -cyclohexyl]- tetraaza—%gn%%feTézﬂfgne5-carbox
ylic acid térybutiiestetovas aisialvad! hé%ﬁ%ﬁi@sﬁ}mtﬁﬁr%ﬁGMOMEWMWWW%@@ample 81
trans@-Chlorgylgds(pyrimidin=2-Mpwscy clohexylk5:6dibydio-4-2,8.p40b-tetraaza- benzoklazulene

The title compound was obtained as yellow solid in 73% yicld from trans-8-chloro-144-
(pyrimidin-2-yloxy)-cyclohexyl]-4H,6H-2,3,5, 108485 4’benzo[elazulene-5-carboxylic acid 10

tert-butyl estek accudingstenganerali4procadian My Mo rieis@h (M- yaspie 83.5,10b-

trans-8-Chloro-5-methyl-1-14-(pyrimidin-2-ylox % clohexy11-5,6-dihydro-411-2,3,5, 10b-
tetraaza-benzoleiazulene The titic compoﬁﬁ(%%/ sg%%fgﬁéiélﬁg%hlte solid in 34% yield from

trans-8-chidrotifl§4otipound was obtained as white solid in 28% vield from cis-8-chloro-1-{4- (pyrlmldm-

s e e e e
trans-8- CWP&OMMQWQQWWPWHWWE Bi- Mm&l&&kéﬂ«éﬁid

benzo[elazulene-5-carboxylic acid tert-butyl estgy 2Q-1hestitle compound was obtained as white solid in
70% yield accordlng toX%eneral procedure V. H dra2|dc

trans-4-(Pyrazint% WV%Hé%éﬁgﬁg%H%ﬁT&iﬁﬁ’d rydpisad THioPAbthrhs, 10b-tetraaza-

7-Chloro-2-thioxo-1,2,3,5-tetrabye iaenralc loAddinZ@pinef tearbaxylissagid ten-butyl ester MS m/e:
497 (MH) Example 84

25trans-8-Chloro-144-(pyrazin-2-yloxy)- cyclohexylal % 6-dihydro-4H-2,3,5,10b-tetraaza-
benzolelazulene The title compound was obtairtdiagicdfow solid in 84% yield from
trans-8-chloro-144-

(pyrazin-2-yloxy)- cytﬁ {F;}(‘a}}?jﬁll JI (f%rl-f%zgl 53 F&%B?gtfc 3!2051 %Wn]z ﬁgﬁ%%ﬁéﬁ Qﬁg}aF %%Wc acid tort-buty!l
ester according to general précsaere aznims-miarBowy i peidRprt-butyl ester
trans-8-Chloro-1-{4-{pyridazin-3-yloxy}-cyclohexylj-4H,6H-2,3,5, 1 0b-tctraaza-benzof e Jazulene-
25 S-carboxylic acid tert-butyl ester and cis-8-chloro-1-[4-{pyridazin-3-yloxy}-cyclohexy!]-4H,6H-
2,3,5,10b-tetraaza-benzo|eazulene-5-carboxylic acid tert-butyl ester were obtained after
separation by flash-column chromatography according to general procedure V.
Hydrazide: cis/trans-4-(Pyridazin-3-yloxyj-cyclohexanecarboxylic acid hydrazide (1:1)
Thiolactam: 7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzo[e][ 1,4 diazepine-4-carboxylic acid tert-
30 Dbutyl ester
trans-8-Chloro-1-[4-(pyridazin-3-yioxy)-cyclohexyl]-4H,6H-2,3,5, 1 Gb-tetraaza-benzo[ ejazulene-
5-carboxylic acid tert-butyl ester was obtained as white solid in 19% vield.
MS m/e: 497 (M+H )



30Example 85 trans- 8-Chloro-5-methyl-144-(pyrazin-2-yloxy)-cyclobexyll-5,6-dihydro-411-2,3,5,10b-
tetraaza-benzoielazulene WO 2010/060836PCT/EP2009/065354 - 79 - The title compound was
obtained as white solid in 45% yield from trans 8-chloro- | '
-[4-(pyrazinZspozonrey@ahexyl]-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzo[piazoiene /a4
paraformaldchyde according to general procedure ¥1I- MS m/e: 411 (MtE11) Example 86

otran 5-8.- %@lgfeh\{é{fgg ¥] f@@#@ié‘é%l%‘@]‘&%%ﬁ’&%){Hk‘}zﬁl&f@,%%{%,% ! §,7ﬂ&pf£§tc[%295nzo [e]azulene-5-
benzo[eiazulene-5-carboxylic acid tert-butyl ester and Example 87
eis-8-Chlepebaaviiepitiriintucyiorar- eyas shesgnd- 2o v igrrolid B 10k itidaza-
10benzo[g§@%n@g$-@@q@g>5ylic acid tert-butyl ester trans-8-Chloro- | 44-(pyrimi din-4-ylo xy)-cyc lo
hexy 11-4 H,6H-2,3,5,10b-tetraaza- benzo [elazulene-5-carboxy lic acid tert-butyl ester and
cis-8-chloro-144-(pyrimidin-4-yloxy)- Example 94
cyclohexyli#hh63-21adrdAb-iaisenzahenzolpjarsienarb-carboxylioasidier:Butyliestenwere obtained
after separation by flash-column chromato hy according t neral procedure V. 15 Hydrazide:
cis/trans-4-(Pyrimidin-4-y|oxy)-cyc|oh?&eg%gi%%%}x%/ ic gggd'i%lfl%)r%z?de (1:1) Thiolactam:
7-Chloro-Z#thigkosd;2;85:tetrayidsobbrzafeii it didzbpine aatdarivo xydid foioh frvetyl-ehieso-1-

trans-8-C -1 A4 (Y rimMIdin-4-Vioxy)-6Y. Xyl H- 10b- T oG oo
benzo[e]a@ﬂm%%g?b%%ﬁ@ g‘%él/(ij tert—gu%ﬁgggfi\/’?a%@gé F%%{g%%ﬁgg Zgﬁgems 525}30%?8 .a%:% MS
m/e: 497 (WY Coites acatoie eggriaeredsd o ky)eyekes§l Mid1)6H -2,3.5,10
b-tetrgaza-benzo [e]azu lene5-carboxylic acid teglshid ester was obtained as white solid in 23% yield
according to general procedure V. MS m/e: 497 (MH-H ) 25Example 88

trans-8-ChiBRE Bri i A shbsi ey EisreR - R irE s 4D 3.5 4 deeai i/ itazulene
hydrochloride The title compound was ohtaiagghascafoyehitaRakd in quantitative yield from
ne-5-cartls O 50 BEHNGrEthy) B ceoniing 5 Giniral ockikra Vi M e 985
Example 89/tidunsa& Ghiepo-Srohathyi E516-(ydmidid-2-34bxX§)-tsicke e kyliz6| 6ldiblpdro-4H-2,3,5,10b-
tetragza-RenzoigisaHIens: WAk UORORIRES REPRARA64R4:a82 VIt MS m/e: 411 (M+H")
Example 96
¢is-8-Chloro-1-[4-{pyridazin-3-vioxy)-cyclohexyl}-5,6-dibydro-4H-2,3,5,10b-tetraaza-
benzole]azulene hydrochioride
The title compound was obtained as off-white solid in quantitative yield from cis-8-chloro-1-{4-
20 (pyridazin-3-yloxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-benzo[ ejazulene-5-carboxylic  acid
tert-butyl ester according to general procedure VI. MS m/e: 397 (M+H")
Example 97
cis-8-Chloro-5-methyh-1-[4-(pyridazin-3-yloxy)-cvclohexyl}-5,6-dihydro-4H-2,3,5,1 0b-

tetraaza-benzolelazulene

-2
h

The titie compound was obtained as white solid in 3% yield from cis-8-chloro-1-[4-(pyridazin-3-
yloxy)-cyctohexyl}-3,6-dihydro-4H-2,3,5,1 0b-tetraaza-benzo[elazulene  hydrochloride  and
paraformaldehyde according to general procedure VIL MS m/e: 411 (M+H')
Example 98

traps-8-Chloro-1-{4-(3-fluors-pyridin-2-vloxy)-cyclohexyl}]-5,6-dihydro-411-2,3,5,10b-
30 tetraaza-benzole|azulene
The title compound was obtained as white solid m 78% yield over two steps according to general
procedure V followed by treatment of the crude product under the conditions of general
procedure VL

Hydrazide: trans-4-(3-Fluoro-pyridin-2-yloxy)-cyclohexanecarboxylic acid hydrazide



The title compound was obtained as white solid in 29% yield from trans-8-chloro-1 (pyrimidin-4-ylo
xy)-cyclohexyl]-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzo[c]az-ulene hydrochloride and
parafortnaldehyde according to general procedure VII. MS m/e: 411 (M+I-1) 5Example 90
cis-8-Chloro-&d 4agpyemidin-4-yloxy)-cyclohexyl)-596-dihydro-411-2,3,5,1 @b-tairasraess354
benzo[elazulene hydrochloride The title compound $as obtained as white solid in quantitative yield

from Cis-816RlOIA=4347_hioro-2-thioxe-1.2.3.5-tetrahydro-b d 4. tert-
(pyrimidin-4- ylox;l) -cyclo 3§§If4ﬁ0§ﬁ 5375 10b-tetraaza. H%[efalzaﬁf rll%QS ggr%ox 1ﬁ: cgé?d 10

tert-butyl &8t&t &¢dording to general procedure VI MS nate: 397 (M+I-11 Example 91
cis-8-Chlogg=Spmethyl Mﬁéh@yrlmldln -4-yloxy)-cyclohexyl]-5,6-dihydro-414-2,3.5,10b-
tetraaza- benzmelazulene The title compound was obtained as white solid in 28% yield from
cis-8-chloro-1-[4-(pyrimidin- 15 Examaple 99

4-yloxy)-cyclehexyll-SificdthydrodHn S5l Slietraagar penaoiriazylenshydrochlnriderand-
parafoimaldehyde according to gen ﬁ@&%ﬁ%ﬁ%&ﬁygﬂ /e 4 e%’(?(bMJrka) Example 92
trans-8-Chloro-144-(pyridazin-3-yloxy) tetraaza-
benzo[eIa?hhentésﬁmapbowmaauﬁ&eﬁdmwmtwlﬁnmr@%mmp%a%tram B-chiore-1-{4-(3-fluoro-

cis-8 Chiogo g Ruidazin:loy cycia %Xé!'hﬁ 53 dsac R OBCIEN ﬁ%&a Hlens and

benzo[ela ene -5-car c aC| ert- but ester trans oro 144 zin- oxy) cyclo
hexyll-4H W’@,@B,Q@b@éﬁa@z@mmm}mm@@éu@@@c%ww|é2£cﬁﬁiﬂéﬁt)butyl ester and
cis-84ghloro-144-(pyridazin-3-yloxy)- cyclohexylj;%%ﬁé%@@ 10b-tetraaza-benzoielazulene-5-carboxylic
acid ten-butyl ester were obtained after separation by flash-column chromatography according to

general procetife~¥- HyaraArdbrishldrS-Appriss Ny aayysrssiexahecarbbiie#8d hydrazide

(1:1) Thiolactam: 7-Chloro-2-thioxo-1,2,8, bsteteahydronRanieielilididiazepine-4-carboxylic acid ten- 30
butyl este

trans-8-C r[ﬁ%%%*i‘? A RS SR AT TR B SRyl Teomm il S b6 ERES -carbox
ylic acid tenehiityl adtey was obtairipd asiihite solid i < 9%-yietMS1ia: 49T 41417) WO
2010 60% fz% /Edlé’2009/ 65 54

cis-8- hIoro yri dazin- gyo§y %}7}:%%%%%/ 64‘&16%% ?g ]L.%B (tctraa%a benzo[e]azulene-5-
carboxylic acid tert-butyl ester was obtained asBagigledlid in 23% yield. MS m/e: 497 (M-EW)

Example 94 - Chipto-HrpuidsAInuB-Als Bl O S bYCHAnl4- B2 SelOprpirasze:

benzo[elazulene hydrochloride The title compound wa3 obtainedas off-white solid in"quantitative yield
from trans 8 Chloro 1_ tetl"aal&-benzﬂf ]&éu]ene

[4- (pyridamneany&@@ﬂmmm@%béaﬂy&iwv&ﬁe&mwammée&m@}ﬂ -SRI G acid)
tert-b tyI E?%t% (g(:@% neral oce re VI. MS m/e; 397 (M+H- 10Example 95

trans- -C {’pfy?ﬁﬁ 8>€y)“3:%1378ﬂ‘é%}h“ eétﬁ?h‘i? AR Y S7BTHb-

procedure VI
Hydrazide: trans-4-(5-Fluoro-pyridin-2-yloxy)-cyclohexanecarboxylic acid hydrazide
Thiolactam: 7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzo|e][ 1,4 |diazepine-4-carboxylic acid tert-
butyl ester
25 MS m/e: 414 (M+H")
Example 102
trans-8-Chloro-1-]4-(5-flnoro-pyridin-2-vioxyi-cyciohexyil-S-methyl-5,6-dibydro-4H-
2.3.5,10b-tetraaza-penzofe|azulene
The title compound was obtained as white solid in 61% yield from trans-8-chloro-1-[4-(5-fluoro-
30 pyridin-2-yloxy)-cyclohexyl]-5,6-dihydro-4H-2.3.5,10b-tetraaza-benzo[e]azulene and
paraformaldehyde according to general procedure VII. MS my/e: 428 (M+H")
Examp}é 163
trans-§-Chlero-5-ethyl-1-{4-(5-fluoro-pyridin-2-yloxy}-cyclohexyl]-5,6-dihydro-4H-

2,3,5,10b-tetrasaza-benzo|elazulene



tetraaza-benzo[eiazulene The title compound was obtained as white solid in 11% yield from
trans-8-chloro-144- (pyridazin-3-yloxy)-cyclohexyl]-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzo[e]azulene
15 hydrochloride and paraformaldehyde according to general procedure VII. MS m/c: 411 (1v11-14)
Example 96 vigr8a@hlarasl44-(pyridazin-3-yloxy)-cyclohexy11-5,6-dihydroréd ki3 beizdetraaza-
benzo[elazulene hydrochloride The title compoun@ivas obtained as off-white solid in quantitative
yleld from&%@@%@%&%#&@%%% obtained as colorless waxy solid 1 76% vield from trans—S—chloro-_-l-F}-
(pyridazin-3-yloxy)-cyc _ohexyl]-4H,6H-2,3,5,10b-t(‘etraaza-benzo[e§azuIene-5-carboxyllcaC|d ert-butyl
ester accofdigtopairal pHOCEdUHEOEWIS TAEiBYToHH: £xxdnpTeag7e-benzo[e]azuiene and
cis-8-Chlojosarmeibylaidsiinipiyidazing3wion-cyatohexyli-a f-dinydrg-4H-2,3,5,10b-
tetraaza-benzofejazulene 25 The title compound was obtained as white solid in 3% yield from
cis-8-chloro-144-(pyridazin-3- yloxy)-cyclohex%“%%ﬁﬁﬁg%roAH-Z,B,S,10b-tetraaza-benzo[e]azuIene
hydrochloridemsrdmaraicrmaldebysiea¢uordingigiganea-RIDCe duse sy iy M enie]-4 LLadbAkd)
Example 98 - . )
trans-8-ChIoro-1-14-(3-f|uoro-pyriﬁ%ﬁﬁ@&%@&%ﬁ% ‘iez?ihi/ -%;Zgig%ﬁf/%xfggie4l4-2,3,5,1Ob30tetraaza-benzoi
ejazulene A hettitteuoo mp b undawnsas-olibtainéd aswhiteospiiddm-78%k yigtdyolde syl-§tepshadonrtiing to
general p@%%%&%éﬁ%&%%&@;&g%@%ﬂ@%.%tge&%M@dyggoﬁa%&% Senditiangof gengral

procedure Vi Hydrazide: trans-4-(3-Fluoro-pyridin-2-yloxy)-cyclohexanecarboxylic acid hydrazide WO
2010/060838FC T ERIO09/66535mD) 8s Thidcrhstaint -PrOhforoRuHiekere, 233 5iteltaiyentobetizo [el
[1,4] WZQPO@%'&%QQ%#%Q{@W;XJ; SSierMS AY ¢h 4 1A MH-HnlExamBle-92.4 at 70 °C over night.
5trans-8-Chloro-1-[4-(3-fluoro-pyridin-2-yloxy)-eyelohexyll-5-methyl-5,6-dihydro-414-

2,3,5,10b-186 a8¥5WEN 2681 liRHE TR tifIERCoRBEInd va P Biftair et Hetitiite SoliHaM 6 996 Y¥Id from
trans-8-chiprorddd-fa flueropyridinm2 ylexyiney clohexylsks, G dinydrmitH B3 <l Qbdeaara-benzolelaz
ulene and parafolialdehyde according to generﬁl grocﬁe%g VII. MS ink: 428 (M+1-1) 10Example 100
trans-8-Chioro-5-ethyl-114-(3-11uoro-pyridin-2-37|0 %-eeye ohexyll-5,6-dihydro-411-
2,3,5,10b-tethaazticnnolejaiidradheliijeidonmpolng vweasiobtayipd, aslihiteosttielid. 3696 yield from
trans-8-chloro-144-(3-fluoropyridin-2-ylo xy)-cv¢ | xy.1] -5:6-dihydro-4H-2,3,5,10b-tetraaza-benzo
[e]aZLIJ lene and 15 acetaldehyde accordi%)rt%gggﬁg%g? erjokézgi l?:ae VII. MS m/e: 442 (M+1-if) Example
101 trans-BhCHitrer a8 -Haordipipddins Myl aplidyelokexyitls evainydreiepsiapcgrgmgkr general

tetraaza-henzolelazulens., Jhe it compound was gRiained:aswhits,salichin §8%6qadald over two steps
according to general 20 procedure V followed by treatment of the crude product under the conditions

of generaPiPeeddaréivI.

Hydrazide: trans-4-(6-Methyl-pyridin-2-yloxy)-cyclohexanecarboxylic acid hydrazide

20 Thiolactam: 7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzo[e][ 1,4]diazepine-4-carboxylic acid tert-
butyl] ester
MS m/e; 410 (M+H")
Example 186
trans-8-Chloro-5-methvi-1-[4-(6-methyl-pyridin-2-vioxy}-cvclohexyl}-5.6-¢ihydro-4H-
25 2.3,5,18b-tetraaza-benzofejazulene
The title compound was obtained as white solid in 54% yield from trans-8-chloro-1-[4-(6-
methyl-pyridin-2-yloxy)-cyclohexylj-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzo[e]azulene and
paraformaldehyde according to general procedure VIL. MS m/e: 424 (M+H)
Example 1647
30 trans-8-Chioro-5-ethyi-1-{4-(6-methyl-pyridin-2-yloxy)-cyclohexyl}-5,6-dibydro-4H-
2,3,5,10b-tetraara-benzo[e]azulene
The title compound was obtained as colorless waxy solid in 62% yield from trans-8-chloro-1-{4-
(5-fluoro-pyridin-2-yloxy)-cyclohexyl]-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzo[elazulene and
acetaldehyde according to general procedure VIL MS m/e: 438 (M+H")



Hydrazide: trans-4(5-Fluoro-pyridin-2-yloxy)-cyclohexanecarboxylic acid hydrazide Thiolactam:
7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzo lic][1,4]diazepine-4-carboxylic acid ter-butyl ester 25 MS
m/e: 414 (M+H+) Example 102
trans-S-Chlovpslibde/ddzoro-pyridin-2-yloxy)-cyclohexy11-5-methyl-5,6-dibyampzish/es 5354
2,3,5,10b-tetraaza-benzo[e]azulene The title compséind was obtained as white solid in 61% vyield from
trans-8-chloro-1-14-(5-fluoro- 30 Fxample 108
pyridin-2-yloxy)-cyclohexyl]-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzo[e]azulene and parafoonaldehyde
according to eriefal HletedureviiliNsasidyol ity etRahipeidigss-yioxy)-cyclohesyl}-5,6-
trans-8-Chloro-5-ethy1-1-14-(fiekQ-Ryridin 2 (enire¥eiopad - adiaxdro-4H-
2,3,5,10b-tetraaza-benzglelazulene WO 2010/060836PCTTEP2003/065354 -,333 - '%]% itle compound
was obtaifted B&B8forléss WARY SSHPTR 7696\ ietd o trais-8 1 hidro A pAs B sl 5‘? h=2-ylo
xy)-cyslohexy]:bibrdinyeroddibR RAMbfetaazd-benzodekazuNendiangrapeialdéhyde geoarding to
general pro e?d e VI, MS m/e; 442 (M+H-) Example 104, . . .

Srans 6Tl S B B TS oSy e Sk o e B s 22
4H-293,5 difbetetrabyastieniolejaz 02 exdallixt WreCofThe cooling bath was removed afier 30 min. and

trans-8-chlor 9&%&?@@513%%%{16%'%%' (a’lﬁxy()é?r}’%%%ﬂ/%}%’g{%m}{%ﬁﬂ'%a mixture was partitioned

2,3,5,10b-tetraaza-benzolejazulene (0.10 g, 0.24 mmol) and potassium carbonate (6 m?, 0.48 mmol)
in acetonitiferetremiywastttared wimoriyro bR et beRan (31 iyl Olpd taeken @C1olb EeThe

cooling bath was refeved andthereagtiondmistuie washeptedhat 2Q:Govendighhvihe mixiure was
filtered and concentrated in vacuo. Purification by flash column chromatography gave the title

compoundB¥ET e S TERY)ea S it s ST HoRs Aol (M-2ARRT B HERS fHsodium carbonate. The
trans-8-Chlprarls [4y@smetb)apyristina 2-ad oxyreyel ohexyicr i 6-slifayeyDadtda 2, T Okpanic layers
15tetraaza-benza Lgl azule eghewtitle q;;‘omp.oHnd_ wa obtaineq s.white soli inf721% I}/iglfd Quer two
steps accSrding 16 g aNer A15FEER YU VSIS ES b?/ reatment ot the graﬁag'pr%d%% thder thé®
conditionsofi:genecatpracedyreyVgdydragidaitle compound (98 mg, 85%) as white soiid.
trans:lgl-(G- ﬁ@gl-wgi%{%%ﬁéloxy)-cyclohexanecarboxylic acid hydrazide 20 Thiolactam:
7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzo[e][1,4]diazepine-4-carboxylic acid tort-butyl ester MS rri/e:
410 (M+1-0 Example 108xampie 109

trans-8-Chigre- st 4aLr i @nmetme By idilop ORI EXHIONNOY 1 dro Al R pamdien LOD-tetra
aza-benzo[elazulene The title compound was obtained as white solid in 54% yield from
trans-8-chloro-144-(6- S-carboxylic acid tert-butyl ester

methyl-pymigina2«tennscxelanesyhklnbitdipydreidi- 2:35id Obtetiorzahetiag[alazatene and
paraf9 maldehyde %ccording to general procedure VII. MS mie: 424 (M+H-) Example 107
30trans-8fEHD 85%-ethyl-1l4-(6-methyl-pyridin-2-y|oxy)-cyc|ohexy|I-5,6-dihydro-4H-
2,3,5,10btbitaazdehenofeladileheloxy-cyciohexanecarboxylic acid hydrazide

Thiclactam: 7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzofcj 1,4 ]diazepine-4-carboxylic acid tert-
butyl ester
MS m/e: 496 (M+H")
25 Example 110
¢cis-8-Chloro-1-[4-(pyridin-2-yloxy)-cyclohexyl]-5,6-dihydro-4H-2,3,5,1 0b-tetraaza-
benzolelazulene
The title compound was obtained as light vellow solid in 81% yield from cis-8-chloro-1-{4-
(pyridin-2-vloxy)-cyclohexylj-4H,6H-2,3,5,10b-tetraaza-benzo[e]azulene-5-carboxylic acid tert-
3¢ butyl ester hydrochloride and paraformaldehyde according to general procedure VI,
MS m/e; 396 (M+H)
Example 111
¢cis-8-Chloro-5-methyl-1-[4-{pyridin-2-yiexy)-cyclohexyi]-5,6-dihydro-4H-2,3,5,1 0b-

tetraaza-benzo|elazulene



The title compound was obtained as colorless waxy solid in 62% yield from trans-8-chloro-144-
(5-fluoro-pyridin-2-yloxy)-cyclohexy11-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzo[c]azulene and
acetaldehyde according to general procedure VII. MS m/e: 438 (M+14") WO
2010/060836RET4EBOR065354 - 84 - Example 108 trans-8-C hloro-5-(2i2difler@e/o65354
ro-ethyl)-144-(6-methyl-pyridin-2-yloxy)-cyclobexyl€5,6-

dihydro-41-1-2. § iej ixture of Arans; 8: e85 - 1-14-(pyridin-2-
44-(6-metlli;}ji éi/%glﬁrg ?ﬁ%gx%%@—g%%%%?@%%%Ac)]/(ﬁj}gé%lzey%%g %&1%5%3%%%; b{é n(%)gfza%glzﬁlene
(0.10 g, 0¥ innsErcdre R GHdosEspiitthiadihd torosobsza dezeme 1uA ereHisrsriigs (1 mi)
was treated with:itifhorg-methangsrifoniogsin, 2, 21 difuore-gthyl ester (63 mg, 0.29 mmol) at 0 C. The
cooling bath was removed after 30 min. and the reaction mixture was stirred at room temperature over
night. The mixture was partitioned between aqueous staturated ammonium chloride solution (50 ml)
and ethyl acetate (50 ml). The 10 aqueous layer was extracted with one 50-ml portion of ethyl acetate.
The combined organic layers were washed with two 50-ml portions of a 1 M aqueous solution of
sodium carbonate. The aqueous layers were each extracted with one 50-ml portion of ethyl acetate.
The organic layers were dried over anhydrous sodium sulfate and concenrated in vacuo. Purification
by flash column chromatography gave the title compound (98 mg, 85%) as white solid. 15 MS m/e:
474 (M+FF) Example 109
cis-8-Chloro-1-[4-(pyridin-2-yloxy)-cyclohexyll-4H,61-1-2,3,5,10b-tetraaza-benzoielazulene-
5-carboxylic acid tert-butyl ester  The title compound was obtained as light yellow solid in 79% yield
according to general 70 procedure V. Hydrazide: cis-4-(Pyridin-2-yloxy)-cyclohexanecarboxylic acid
hydrazide Thiolactam: 7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzo|c][1,4]diazepinc-4-carboxylic acid
tcrtbutyl ester MS m/c: 496 (M+H ) 25Example 110
cis-8-Chloro-144-(pyridin-2-yloxy)-cyclohexyll-5,6-dihydro-4H-2,3,5,10b-tetranza- benzoiejazulene The
title compound was obtained as light yellow solid in 81A) yield from cis-8-chloro-144-
(pyridin-2-yloxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-benzo[e]azulene-5-carboxylic acid tert- 30 butyl
ester hydrochloride and paraformaidehyde according to general procedure VI. MS in/e: 396 (M+I-1-)
Example 111 cis-8-Chloro-5-methyl-1+1-(pyridin-2-yloxy)-cyclohexylk5,6-dihydro-4H-2,3,5,10b-
tetraaza-benzoieJazulene WO 20101060836PCT/EP2009/065354 - 85 - The title compound was
obtained as white solid in 51% yield from cis-8-chtoro-144-(pyridin-2-
ytoxy)-cyclohexy11-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzo[e]andene and parafoi matdehyde
according to general procedure VII. MS m/e: 410 (M+1-11 WO 2010/060836PCT/EP2009/065354 -
86 -



Claims 1, The compound of the general formula | where 5le isaryl or heteroaryl, unsubstituted or
substituted with one or more substituents independently selectéd from A, R2 isH, Chiralkyl,
unsubstituted or substituted with one or more OH, halo, cyano or ClI 12-alkox ﬁ%ﬁCH%)

wherein le is pW&%fi 18{69%3¢ 6-membered heteroaryl, gach unsubstituted or g%ﬁ@% P %1 one or
more substituents independently selected from A, -(Ct12)rNItiRII, -C(0)-C1_12-alkyl, wherein
Ci_12-alkyl is unsubstituted or substituted with onegg,damore OH, halo, cyano or C142-alkoxY,
-C(0)(CH2)g0C(0)-C142-alkyl, -C(0)(CH2),INRIRii, -C(0)0-C1_12-alkyl, wherein alkyl is unsubstituted
or substituted Wik @neotH ot Hedvadd fayarie dr C1_12-alkoxy, 20-S(0)2-C1_12-alkyl, -S(0)2NWRIii,
R and Ril are each independently H, C1_12-alkyl, or form together with the nitrogen to which they are
bound a 3- to 7-membered heterocycloalkyl containing one or two heteroatoms selected from N, O or
S, which heterocycloalkyl is 25unsubstituted or substituted KBy 0he or more substituents independently
selected from B, g isl, 2, 3 or 4, ris2, 3 or 4, WO 2010/060836PCT/EP20091065354 - 87 - A ishalo,
cyano, OH, 0..7-alkyl, halo-0_7-alkyl, or 0" 3a1koxy, ha _'l "7-alkoxy, or hydroxy-C,"7-alkyl, Hisoxo,
halo, OR, 0_7-alkyl or C1_7-alkoxy, R3 iSCHarFRg )armaceutically acceptable salt thereof.

( wherein

5 R'is  aryl or heteroaryl, unsubstituted or substituted with one or more substituents
independently selected from A, '
R'is H,
Ciaz2-alkyl, unsubstituted or substituted with one or more OH, halo, cyano or

Ciaz-alkoxy,
© 10 -(CH2)~-R", wherein R" is phenyl or 5- or 6-membered heteroaryl, each
| unsubstituted or substituted with one or more substituents independently selected
from A,
~(CH)NR'RE, ;
-C(OY-Cy.y2-alkyl, wherein Ci.1z-alkyl is unsubstituted or substituted with one or
i5 more OH, halo, cyano or Cy.1z-alkoxy,
o -C(O)(CHz)40C(0)-Craz-alkyl
o -C(O)CH,) NR'RY,

~C(OYO0-Cy.2-alkyl, wherein alkyl is unsubstituted or substituted with one or more
OH, halo, cyvano or Cy_ip-alkoxy,
20 -5(0)7-Ci12-alkyl,
-S(0)NRRY,
R' and R" are each independently H, C,js-alkyl, or form together with the
nitrogen to which they are bound a 3- to 7-membered heterocycloalkyl containing
. one or two heteroatoms selected from N, O or 5, which heterocycloalkyl is
25 unsubstituted or substituted by one or more substituents independently selected
from B,
gis 1,2,30r4,
T i8 2,3o0r4,



2. The compound of formula 1 according to claim 1, wherein R' isa monovalent cyclic.aromatic
hydrocarbon moiety consisting of a mono- or bicyclic aromatic ring, a monovalent 5- or
6-membered aromatic monocyclic or 9- or 10-membered 10aromatic bicyclic ring containing from one
to four ring hegasoatemaselected from N, O, or S, the remaining ring atomsrigeg iy eashss
unsubstituted or substituted with one or more substiifents independently selected from A; and A isis
halo, cyano, OH, C1_7-alkyl; halo-0 7-allcyl, C17-alkoxy, halo-C17-alkoxY, 15hydroxy-C1"7-alkyl. 3.
The compound &ffoimulglp aerlifg S amybie eiIGime kdr o Gindfsm R I merdiiiéTeyclic
aromatic hydrocarbon nigigtyxgansistilng,of a mono-aromatic ring. 4. The compound of formula |
according to anygne of&gﬂm& ggzdgpgg%jpolg@%%g}yl, phenyl, pyrazinyl, pyridazinyl, pyridinyl or
pyrimidinyl. 20 5,,The c ound of formula 1 according to any one of claims 1 or 2, wherein Rl is
phenyl, 4- fluor -pf'?enyl?{ﬂ-é anophenyl, 4-trifluoromethyl-phenyl, 3-chloro-phenyl, 3-methoxy-phenyl,
3- cyano-phenyL, 3-methyl-phenyl, 34-butyl-phenyl, 3-{rilluoromethyl-phenyl, 2-fluoro-phenyl, 2-
cyano-phenyl, 2hfeBTBHEHF 28 B MRS SHERGTREphth-2-y1, naphth-I-yL, pyridin-3-yl, 5-
chloro-pyridin=3-yl, pyridin=2- -chlaro-pyridin-2- -fluQrozpyridin-2-yl, 5-fluoro-pyridin- 25 2-yl,
6-methyl-p%riélﬁ3¥2%?/p%{%%?gi‘%%%%?ﬁ%ﬁ%%%%ﬁ,%i?rggikﬁ?g%%ﬁyridin- 4-y1 or pyridazin-3-yl. 6. The
compound of formula 1 according to any one of claims 1 or 2, wherein Rl is phenyl, 4- fluoro-phenyl,
4-cyanophenyl, ®-isifluoromethyhiphienyt 8- cirtoretphépdle Srvethoxyephenysidingy ah o phersd, or
3-methyl-phenyl, 34-butyicpa§mlmgagiglﬂg omethyl-phenyl, 2- fluoro-phenyl, 2- 30 cyano-phenyl,
2-methyl-phenyl, 3,5-di-fluoro-phenyl, .naphth-2-yl. na - 1 ~vl, pyridin-3-yl, 54 C -pyrdin-3-yl,
pyridin-2-yl, 6-ch|oro-py?1df%%?%ﬁ%f ?di-?n%e ﬁ%@ﬁ%ﬁﬁ%ﬁﬁﬁé%{%ﬁgﬁy{npara(g:llgfglgig%%la?gﬁl4y1
or pyridazin-3-yl. WO 260RB0BSEPEC THEPSOOTTES S85- 285 107 OPh CRp AGSSURE B iR from
according to any one ofiéldims &, th«ravheren Rgssphrenbtogfyridinyl 8. The compound according to

lany one of claims Ito 7, wherginBaiskd 3 MRsalldursubsiiuehRrshstituentwitanedenmore
OH or F, -(CH2)g-Ra, Wh?geti(an \é/()i&1 Rhggé{l or 5- or 6-membered hateroaryl and q is 1, 2, 3 or 4,
preferably 1, -C O)-C1.4.Sf-a‘ﬂ<y"?, ’ C(0)(CH2)c,NRIR", wherein Ri and R" are each
independently H-d¥ C145-8%gH, ﬂ)@%fé?ébvi(@r_a%zflame}?a%“&%‘/h, 51388 Bredlbiyalkoxy:
C(0)01€1.12-alkyl, -8(0)2s@txk2caleyliydr -S(0)2NRIR", wherein R' and RL are each independently H

or C142-alkyl, preferably C1_12-alkyl. 15 9 The compound according to any one of claims 1 to 8,
wherein R3-isfe compound of formula I according to any one of claims 1 or 2, wherein R 18 a

monovalent cyclic aromatic hydrocarbon moiety consisting of a mono-aromatic ring.

4. The compound of formula I according to any one of claims 1 or 2, wherein R' is naphthyt,

phenyl, pyrazinyl, pyridazinyl, pyridinyl or pyrimidinyl.

20 5. The compound of formula I according to any one of claims I or 2, wherein R! is phenyl, 4-
fluoro-phenyl, 4-cyanophenyl, 4-trifluoromethyl-phenyl, 3-chloro-phenyl, 3-methoxy-phenyl, 3-
{ cyano-phenyl, 3-methyl-phenyl, 3-t-butyl-phenyl, 3-trifluoromethyl-phenyl, 2-flucro-phenyl, 2-
cyano-phenyl, 2-methyl-phenyl, 3,5-di-fluoro-phenyl, naphth-2-yl, naphth-1-yl, pyridin-3-yl, 5~
chloro-pyridin-3-yl, pyridin-2-yl, 6-chloro-pyridin-2-y1, 3-fluoro-pyridin-2-yl, 3-fluoro-pyridin-
25 2-yl, 6-methyl-pyridin-2-yl, 2,6-di-methyl-pyrimidin-4-yi, pyrimidin-2-yl, pyrazin-2-yl, pyridin-

4-yl or pyridazin-3-yl.

6. The compound of formula I according to any one of claims 1 or 2, wherein R! is phenyl, 4-
fluoro-phenyl, 4-cyanopheny], 4~t1iﬂuorométhy1~phenyl, 3-chloro-phenyl, 3-methoxy-phenyl, 3-
cyano-phenyl, 3-methyl-phenyl, 3-t-butyl-phenyl, 3-trifluoromethyl-phenyl, 2-fluoro-phenyl, 2-

30 cyano-phenyl, 2-methyl-phenyl, 3,5-di-fluoro-phenyl, naphth-2-yl, naphth-1-yl, pyridin-3-yl, 5-
chloro-pyridin-3-yl,  pyridin-2-yl, 6-chloro-pyridin-2-yl,  2,6-di-methyl-pyrimidin-4-yl,
pyrimidin-2-yl, pyrazin-2-yl, pyridin-4-yl or pyridazin-3-yL.



C142-alkyl, unsubstituted or substituted with one or more OH, -(CH2)g-W, wherein Ra is phenyl or 5-
or 6-membered heteroaryl and q is 1, 2, 3 or 4, preferably 1, 20-C(0)-C1_12-alkyl, C(0)(CH2),INRIRIl,
wherein R' and R" are each independently H or C142-alkyl, preferably Cl 42-alkyl, and q is 1, 2, 3 or 4,

preferably 1, W Q)@sbsdialkyl, -8(0)2-C142-alkyl, or 25-8(0)2NRJIR", whergin R afadf3:AaLe each
independently H or C142-alkyl, preferably 10 The cggpound according to any one of claims Ito 9,

wherein R2 is;C142-alkyl.. 11. Th mpound according to.any one of claims |.to_10, wherein R2 is
-y ttyle S FBS L o5 (OSSR AN URLTD. A G R BOERL
-000-t30 Bty li-propyl, methyl, -S(0)2methyl or -S(0)2N(methyl)2. 12. The compound according to
any one of claims 1 to 11, wherein R2 is 2-hydroxy-ethyl, -C(0)CH2N(Me)2, -C(0)methyl,

-CH2-pyrigin-PhyloRRB b ubdefakip ety O3 2mahylan -s @RNénethy)2, WO
2010/060836PCTTEP2009/065354 - 89 - 13. The compound according to any one of claims 1 to 12,
wherein R2 is megthyl. 14. The compound according to any one of claims Ito 13, wherein R3 is Cl. 15.
The compounoRaé%ordiﬁg to any one of claims 1 to 14, wherein the compound is selected from 5
trans-8-Chloro-1-(4-ph€haxpcyt lohesoytjtdicti Gi- 21315 1 Ob tediaaza-betizoazulgne-5-carboxylic acid

tert-butyl ester, trans-8-higrark: (d1RAGARYECYEM V1 or 5- or G-membered heteroaryl and q is 1, 2, 3
hexyl)-5,6-dihydro-41-1-2,3,5 ObBtletﬁaaza-benzoazulene hydrochloride, '

trans-8-ChIoro-5-meth)ﬂ]fi4-’ 1;(%)Jfﬁleand‘§<y5‘-cyc lo hexyl)-5 ,6-dihydro-4H-2,3 ,5 ,10b-tetraaza- 10
benzo[e]azulene, ~C(O)»-Craz-alkyl, . )
trans-118-Chloro-1-(4-phighdkyeybIRIRE X ybhdicd 6 R- 2131 51 Ob detrda zathendoatryBnc-s-y11-~athanone,

transrB-ChIoro-5-meth%mﬁgkﬁfqpy;]r;pz:gﬁ{-ﬁhgﬁkp&@qxcjog%ﬂi)_ﬁeqégggxﬂfoAH-2,3,5,10btetraaza-benzoa
zulene, 15 tra”S'Z[S'C'J&'@)Té:&'BUﬁQ}% xy-cyclohexyl5-4H,6 -2,3 ,5,10b-tetraaza-benzoaz-u

len-5-y11- ethanol,
trans-8-ChIoro-5-isoprdﬁ@)ﬂ@lﬁﬁgﬁb)@ﬁcyclQhexyl)-__5,6-dihydro-4H-2,3,5,10b-tetraazabenzoazuIene,
trans-8-Chloro-1-(4-phe¥éxyME/EbhextydietH BHa2(B, B, 1 Qbetetianzaheprdaziyiene-&-sglfonitk0 acid
dimethylarnide, preferably Cy.pp-alkyl.
trans-8-Chloro-1-(4-plienoxy-cyclohexyl)-5-pyridin-2-ylmethyl-5,6-dihydro-4H-2,3,5,10btetraaza-benzo
azuléfe, frariEht t8a@iclord dbo@phe noxyyeyel e elahd H6 - 2B B:1k0b-tetraaza-benzoazulen-5-y11-2-
dimethylamino-ethanone, 25 trans-8-Fluoro-1-(4-phenoxy-cyc

hexyl)-41-1,6 '2i§’5’1 -tetraaza-benzo[e]azulene-5- carboxylic acid tert-butyl ester, trans-8-F
luoro-5-methy1-1-(4-pheéno xy-cyclohexyl)-5 ,6-dihydro-4H-2,3,5,10b-tetraazabenzoazulene,

cis-8-Chloro-1-(4-phenfoixy-¥ieloHBSEHy M B 1r spostBuEObitetemeaneni¥azulcne-5-carbo xylic

-(CH2)¢-R®, wherein R is phenyl or 5- or 6-membered heteroaryl and qgis 1,2, 3
or 4, preferably 1,

20 -C(O)-Ci.iz-alkyl,
—C(O)(CHz)qNRiR“, wherein R' and R" are each independently H or C;z-alkyi,
preferably Ci;-alkyl, and q is 1, 2, 3 or 4, preferably I, ~
-C(0)O-C,.z-alkyl,
-5{0)-Craz-alkyl, or

25 ‘ -S(O)NR'RY, wherein R' and R" are each independently H or C,.;-alkyl,
preferably C,.q-alkyl.

10. The compound according to any one of claims 1 to 9, wherein R® is Ciop-alkyl.

11. The compound according to any one of claims 1 to 10, wherein R is 2-hydroxy-ethyl,
2-fluoro-ethyl, 2,2-difluoro-ethyl, -C(OYCHN(Me),, ~C(O)methyl, ~CH,-pyridin-2-yl, -COO-t-
30 butyl, H, i-propyl, methyl, -S(O)methyl or -S(O),N(methyl),.

12. The compound according to any one of claims 1 to 11, wherein R* is 2-hydroxy-ethyl,
C(OYCHN(Me),,  -C(O)methyl, -CHp-pyridin-2-yl, -COO-t-butyl, H, 1-propyl, methyl,
-5(0)2methyl or ~S(O);N(methyl),.



30acid tert-butyl ester, :
cis-8-Chloro-5-methyl-1-(4-phenoxy-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-tetraazabenzoazulene,
trans-8-Chloro-1[4-(4-fluoro-phenoxy)-cyclo hexy1]-4F1.6H-2,3,5,10b-tetraaza-benzoazulene-5-
carboxylic acitestdusdsester, 35 PCT/EP2009/065354
trans-8-Chloro-144-(4-fluoro-phenoxy)-cyclohexyl1]#,6-dihydro-4H-2,3,5,10b-tetraazabenzo[ejazulene
hydrochlo Fﬂ WO 2010/060836PCT/EP2009/065354 - 90+ .

trans-8-Cé df}gﬁiﬁgﬁﬁ-ﬁ g%?%“%ﬁf‘ﬁ‘%ﬁ%%&%%‘é%ﬁ?ﬁﬁ ett?mg%_iéf’ E‘?E‘iﬁly%réﬁﬂlf }5?731‘,5,10btetraaza—benzoa
zulene, trans-8-Chloro-144-(4-cyano-phenoxy)-cyclohexy11-4H,6H-2,3,5,10b-tetraaza-benzo
[e]azu|ené§=%%69%8%&%@f%wpééﬁéﬂ% feriemad (8 BnerEtRetvyils, 6-dihydro-4H-2,3,5, |
Ob-tetraaza-benzoklazulen-I-yl)- cyclohexyloxyl-benzonitrile,

trans-8-Chiofbhi 44+(#emidtli aromeétiyy kphepaxy) «dycohexy 1d-44-6Hr2;3 bl Ohvetiadzabenzefe]azulen
e-5-carboxylic acid tert-butyl ester,  trans-8-Chloro-1[4-(3-chloro-phenoxy)-cyclo Itexyl]-4H,6H-2,3
,5,10b-tetraaza-benzoazu Lene-5- 10 carboxylic acid tert-butyl ester,
trans-8-Chloro-114-(3-chloro-phenoxy)-cyc lo hexyl]-5-methyl-5,6-dihydro-4H-2,3,5,
10btetraazarbenZbmzolérié;phenoxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-benzoazulene-5-carboxylic
trans-8-CliresA44n{a3-4nethoxy-phenoxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-benzoazulene5-carbo
xylic acid tert- |.ester, 15 .
trans-8-C rﬁ)nrso_-i%l;(g%}fem{“é%ﬁg%%% éﬁ%%(l?/ '-%%?6?18&%&&@6% iKydiro A1 -5 8 R kS abenzole]az
ulene hydFédReHeRd4rans-8-Chloro- |

44-(3-methasyt phgnoey)roytliohexydibdumettydish6xdinidtaidiid; 315, 20h ket tisza-henzoaz-ulene,
transr3445(@-chipriennethy1-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzoazulen-l-y1)- 20

cyclohexyloxyl-bgenzonitrile,

trans-8-C %]rgo"}i- 21@%&“56@?9?&?% 0 é%?ﬁﬁi%%‘fﬂé?j%o%?té?rbaﬁ%‘% Z@‘h@@@%@ﬂ@ﬁ%—%}camoxylic
acid ten-tﬁﬁ}ﬁﬁf’%%?er, trans-8-Chloro-144-m-tolyloxy-cyclohexy1)-5,6-dihydro-4H-2,3,5, |
Ob-tetraarenbérZolejadutertbahyeridehybridd; 2tranys: s Shiondy 5-hethytirb- @ fobylaky-cyclo
hexyl)-5, Gegifiep-fd=2:3eal Ob-terraazabenzole]azulene, trans-144-(3-tert-Butyl-phenoxy)-cyclo

hexy -8-? r9-4H-6H-2,3,5,10b-tetraaz nzﬁ%ﬁg -5- rgox lie acid tert-butyl ester,
trans%-cﬁ él(rgo? §4-§§9 ﬁ(?rg?p%qéer?gﬁjl)?gﬁ%oeﬁ yl[-4 156?’—32@ B ﬁﬁ%—ztaé r%nazi)ﬁ-zb%er?io"fgézu lene30

5-carboxyR848Hd tert-buty! ester,

trans-8-Chibores 1ddla@-ffusepphehbxy)sbyctolyexydlehGad iy drditd: 2,315 1 O3 teiraarakhenzofejandene
hydrochlasigdesazulene, _ _

o el e RhER YA R S bR i S AR R PRI AR Penzole
trans-8-CHIBF 8T8 ho-phenoxy)-cyclohexyll-4H,6H-2,3,5,10b-tetraaza-benzoaz-ulene-5-
carboxylitrawid tehioty st ivans-2Adhé8sOhierg-186-dilride g k-8, 81l o ietdazddienzo [e] azu
len-1-y1)-eyeatohaxiasxylizanzonitrile hydrochloride, WO 2010/060836PCT/EP2009/065354 -91 -

trans-244ﬁg%-sgh[gt@é@%@ft‘é@gﬁeﬁb@ég)é%?aﬂ%}%)%z,ﬁ%ﬁt%t@?fg%ﬁee%‘/azﬁ%zj‘%eg%@%)&yl]~2-

cyclohexyl.ox%/t benzonitrile, trans-8-Chioro- [ -(4-0-t3 Xy-Ccyc
,5,10b-te WSS 8% carboxylic acid tert-butyl ester, 5
trans-8-CHBcE S hethy H4-nlE e tohony heyoloHek G -3, 8- B grdit2t81Edetelraadabenzoazulene,

carboxylic acid tert-butyl ester,
trans-8-Fluoro-5-methyl-1-(4-phenoxy-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-tetraaza-
benzoazulene,
cis-8-Chloro-1-(4-phenoxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-benzoazulene-5-carboxylic
30 acid tert-butyl ester,
cis-8-Chloro-5-methyl-1-(4-phenoxy-cyclohexyl)-5,6-dihydro-4H-2,3,5, 1 0b-tetraaza-
benzoazulene,
trans-8-Chloro-1 —[4-(4—ﬂuoro-phenoxy)»cyclohexyl]-ﬂ-l,61—1—2,3,5 ,10b-tetraaza-benzoazulene-5-
carboxylic acid tert-butyl ester,
35 trans-8-Chloro-1-[4-(4-fluoro-phenoxy)-cyclohexyl]-5,6-dihydro-4H-2,3,5,10b-tetraaza-
benzoje]azulene hydrochloride,



trans-8-Chloro-144-(3,5-difluoro-phenoxy)-cyc
lohexy11-4H,6H-2,3,5,10b-tetraazabenzoazulene-5-carboxylic acid tert-butyl ester,
trans-8-Chloro-144-(3,5-difluoro-pheno xy)-cycloh exyli-5-methy1-5,6-d ihydro-4H-2,3,5,10b- 10
tetraaza-benzgpazgdlengsdians-8-Chloro-144-(naphthal en-2-ylo xy)-cyc lo
hexyll-4H,6H-2,3,5,10b-terraaza-benzoazu lene5-caghoxylic acid tert-butyl %%?5?2%9/%5354
trans-8-Chloro-5-methyl-144-(naphthalen-2-ylo '

xy)-cycloh&sgirs Ghltirydri-4HRE G obety aayeldbenydzuleihy]- 1% tibinsi®-GHIALB, 5, 10b-
-1-[4-(pyricktraazpoeyrcyaliolexyl]-4H,6H-2,3 ,5,10b-tetraaza-benzo azulene-5- carboxylic acid

ten-butyl e RUINIR ) ) ) >

trans-8-Cq%%-85-%ll?ﬁ§/I,% [24%5}%%%??%{@)?g&l:(igﬁ}g}l/ﬁ%’,g{dﬁi?/gr’é%ﬁﬂ?g‘%ﬁ%@éﬁ]&ﬁgﬁ%zoazut
ene, trans=8-C| ?&%ﬁiﬁ%g%éq% B%%-W?din-3-y|oxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza- 20
benzoaz-\lénts5itdthoRitie-acitbtert-buryliesior;48-2,3,5,10b-tetraaza-benzo[ elazulen-1-y1)-
trans-8-Chlaretk44i¢as¢ierespyrildin-3-yloxy)-cyclohexyll-5-methy1-5,6-dihydro-4H-2,3,5,10btetraaza-b
enzoazul t -Chl idi -
|ohexyq-4e°“%a'?E@%%if‘é‘%?%ﬂ%%%@ﬁ#%%%@%%%g%sﬁzigésaa?ef%f?sﬁéyengee%%a—
trans-8-CHfo15: e&%‘f&ﬂ%ﬂ?ﬁﬁ%ﬂ%-@él%kﬁ}@%ﬁhydro-4H-2,3,5,10b-tetraazabenzoazulene

hyd rochmﬁa@—&(ﬁhlom- 1-f4-(3-chloro-phenoxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-benzoazulene-5-
transi8-Chlate:5netiy 1A 4dpyrdin-2-yloxy)-cyclohexyl]-5,6-dihydro-4H-2,3,5,10b-tetraazabenzoazu

ene, s Chleiash (6 cHTS YR Z VNt e B2 3, 200 euagge- 3

benzo[e] lﬁllene-g-carboigllc acid tert-buty
trans-8-Chior6- 4416 &Rl =pyridin-2-yloxy)-cyclohexyl]-5-methyl-5,6-dihydro-4H-2,3,5, 10btetraaza-b
enzo[e]aziif@ie-frhlssosl ChiGranathaxsndisrsraypyriclobexyl]-4H,6H-2,3,5, 1 0b-tetraaza-benzoazulene-
-2-yloxy)-6yciohexyit] «bi6dihisdra-4dt2,3,5,10b-tetraazabenzo[c]azulene hydrochloride, 35
ganS@[-?W&f&sléﬁré%Qfl'ﬁt@zHM&Q&%%QM&;%YQQB%&%%E@-e&ﬂxrjd}%ﬁ}?l%% G52, 1 Obtetraaza-
enzo[elazule .

trans-8-CRIFS EREHSIR TN ETRDIOE)-cyc1ohexy11-4H,61-1-2,3,5, 10b-tetraazabenzo[e]azulene-5-car
boxylic adidtert-biigTestet: Gothoneri6os35PCHERIANGI065854,6-ghydis-84Chifadb-
{4-(pyrimidima2zylbexypentda:he xyl]-4H,6H-2,3,5, 10b-tetraa za-berizo[e]azulene5-carboxylic acid
tert-butyl gsiarstrans-BxelesRmathylakdds(p ymidin 2wlo x Y):covclo he xyil5 6-cith ydro-4H-2,3,5,
10 traaza@lggg\%gﬁ[eiabzu Iengfém?rahs-& hIoro-14’4?1%3}%?%’;?%&%%%%295% ﬁ&g
y1]-4H,6H°2 8 0B ECFAAY4BEhz0 elazulencs-carboxylic acid tert-butyl ester, trans-
8-Chloro-BaReth(elarod (fyrasiblo syegiodpsid sy H1 25363 ditlydetradizn-2ei 0l cDlu ketresa 7a-benzo
azu lene, dagtms=8LC dot oefk-phifp weimidin-4-yloxy)-cyclohexyl]-4H,61-1-2,3,5, 1 Ob-t etraaza- 1 0
benzolejazulerecaeasbRIiE. AL IS DUM SR Bans:ACHor-Dsmetwk 1 4 Ryrimiding4-ylo
XY)'CyClo@leé}(% ,Gﬁgihyd?g-4H-?%gg,{lopbtetraaza-i’aeqn%%[e]azUIerig?St[Fasr{?Q%%%ﬁég%g%ong&mleng
-[4-(p ridazin. -y oxy%“-é:?/clo hexglé-4H,6H-2,3,5, 1 Ob-tetraaza-benzo [e]azu lene5-carboxylic acid
tert-Butyl BesrS 1 lqegtaRibrb-t (amsolidagiregiple xy-dye-fibydry HHAR S1100-31 852~
Ob-tetradzaxbenaukefazu lene-5- carboxylic acid tert-butyl ester, trans-8-Chloro-5-met hyl- 144-(p yr
idazin-3-ywlany)-exeladexyd-plrdi Ydiidiha §.8.40betrpgarbenzq deiazulene, cis-8-Chloro-1
[4'(pyridi%é%%(lf’eﬁ@d@é%@c@reb&%ﬂ{gadﬁ tégt’%t%ylle%?e}t etraaza-benzo [el azu lene-5- 20 carboxylic acid
tert-butyl ester’, ‘ i ’

y trans-8-Chloro-1-[4-(2-fiuoro-phenoxy)-cyclohexyl]-4H,6H-2,3,5,1 Ob-tetraaza-benzofeJazulene-

30 S-carboxylic acid tert-butyl ester,
trans-8-Chloro-1-[4-(2-fluoro-phenoxy)-cyclohexyl]-5,6-dihydro-4H-2,3.5, 10b-tetraaza-
benzo[elazulene hydrochioride,
trans-8-Chloro-1-{4-(2-fluoro-phenoxy)-cyclohexyl]-5-methyi-3,6-dihydro-4H-2,3,5,10b-
tetraaza-benzo[ejazulene,

35 trans-8-Chloro-1-[4-(2-cyano-phenoxy)-cyclohexyl}-4H,6H-2,3,5, 10b-tetraaza-benzoazulene-5-
carboxylic acid tert-butyl ester,
trans-2-[4-(8-Chloro-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzofe]azulen-1 -yh-cyclohexyloxyl]-
benzonitrile hydrochloride,



cis-8-Chloro-1 -[4-(pyridin-2-ylo xy)-cyclo hexyl]-5,6-dihydro-41-1-2,3,5, 1 Ob-t etraaza- benzo
Mazulene cis-8-Chloro-5-methyl-144-(pyridin-2-ylo xy)-c yclo hex y1]-5,6-dihydro-4H-2,3,5, 1 Ob-t
etraazabenzo [el azulene , 25 trans-8-Chloro-144-(3-fluoro-p dirt-2-ylo

xy)-cyclohexyth 2 edifigego-4H-2,3,5, 1 Ob-tetraazabenzo [e]azu lene,  pey/mpIses/nssiss
trans-8-Chloro-114-(3-fluoro-pyridi -2-ylo xy)- cy ¢ hex y11-5-methy1-5,6-dihydro-4H-2,3,5, 1

Obtetraaza-benzo [ejazu Lene, trans-8-Chloro-1 I‘Ff (5-fluoro-pyrid 2
-yloxy)-cy X '@@ﬂi?cﬁréﬂﬂﬁ}’ﬁ%fsd@@l‘j@té aaza- B0 sEngoidapmenden-1-yl)-
trans-8-Chyolehdddshfatapyidin-2-yloxy)-cyclohexyl]-5-methyl-5,6-dihydro-4H-2,3,5,10btetraaza-b

enzo [ e]%%é:h&@ﬂ%ﬁﬁ%”?f(@ Gh fax} AAAGREH M R A 201 QX VS EIR DS ene-5-
y11-5,6- d|h ro- 4H gteﬁ JBOb § aazabenzo Ee]azulene 35 trans-8-Chloro-5-(2,2-difl uoro-ethy1)- 1

-[4-(6-me FHix f‘%i Al dlh dro- 4H-2,3,5,10b-tetraaza-benzole]azulene,

trans-8- cﬁf’é%@ Oﬂ?rérﬁif”é j:i@i%i(%ﬂwwlﬁﬁﬁﬁzlmwmfb%ﬁ% @tigyareadH- 2 3,5, 1
Ob-t etradeazbendenelazulene, WO 2010/060836PCT/EP20091065354 - 93 -

trans-8-Chlorozo-gihysl 1 f -2Vl iRydr 3,5,10bterraR7a-be
nzole]azul enegtr ng%llcﬁéld%— %er Hb y%}gﬁ? %ﬂﬁo%(%gcgglgo%%]g 5,6-dihydro -4H-2,3

,5,1 Obte ra“Z)"% Enzo L}ca{ u’fé’ a%‘%rans- “ENioro -5- etigl 144-(6-methyl-pyrid in-2-ylo
xy)-cycloffergfrigrar ;idr&é@f@e@:% sEEtar el b fejazthehe, fofthydro-4H-2,3,5,10b-
trans-8- Chiose=b-raetimdaledd - (6-methyl-pyridin-2-ylo xy)-cyclohexyl]-5,6-dihydro-4H2,3,5,10b-tetra a

7a-benzoelazenss-1 -fibn QQMHW%M%C&%QK&H? anygne 9fClaims:L 10,1 whetain he
compoungl elecite 1d0 fr%)@ ns -8-Chloro-5-methyl- 1 -(4-phenoxy-cyclo hexyl)-5,6- dihydro

1C 8C1H

-4H-2,3,5, b tetraaza enzoijg?zulene or trans-8-Chloro-5-methy1-1444 pyridin-2-ylo zy)-cyclo
hexyl]-5 Gréﬁﬁfd%ﬂoﬂ%ﬁ?@j@ﬂ etPa e Ay higkio hexyild ﬁh@%?pﬁﬁrﬁi%é@bdmg to any
one of claimmgatatbechBoarhierein the compound is trans-8-  Chlo ro-5-methy1-144-(pyridin-2-ylo

Xy)- q@lqhﬁwﬂ@h@@mmwa&%% eladeall banaeazylensy. dd A PIcessLihs .
preparatlon ft f formula 1 according to any of claims 1 to 17, comprising the step of
19 ic ac d?efry 13% q

reacting a compound 111 with a compound of formula %h) \R2 2011l to obtain a compound

of formul & WHeRArPR-TreSsn b If S rirddis Hratpied-fiyerlisy -5, 618 pdeopowhé. Bitdprasesd.
whenevebobtaingdnby the process according to claim 18.

trans-8-Chloro-1-{4-(5-chloro-pyridin-3-yloxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-

20 benzoazulene-5-carboxylic acid tert-butyl ester,
trans-8-Chloro-1-[4-(5-chloro-pyridin-3-yloxy)-cyclohexyl}-5-methyl-3,6-dihydro-4H-2,3,5,10b-
tetraaza-benzoazulene,
trans-8-Chlore- I-[4-(pyridin-2-yloxy)-cyclohexyl]-4H,6H-2,3,5, 1 0b-tetraaza-benzoazulene-5-
carboxylic acid tert-butyl ester,

25 trans-8-Chloro-1-[4-(pyridin-2-yloxy)-cyclohexyl]-5,6-dihydro-4H-2,3,5,10b-tetraaza-
benzoazulene hydrochloride,
trans-8-Chloro-5-methyl-1-[4-(pyridin-2-yloxy)-cyclohexyl]-5,6-dihydro-4H-2,3,5,10b-tetraaza-
benzoazulene,
trans-8-Chloro-1-{4-(6-chloro-pyridin-2-yloxy)-cyclohexyli]-4H,6H-2,3,5,10b-tetraaza-

30  benzofe]azulene-5-carboxylic acid tert-butyl ester,
trans-8-Chloro-1-[{4-(6-chloro-pyridin-2-yloxy)-cyciohexyl]-5-methyl-3,6-dihydro-4H-2,3,5,10b-
tetraaza-benzo[ejazulene,
trans-8-Chloro-1-[4-(5-chloro-pyridin-2-yloxy)-cyciohexyl]-5,6-dihydro-4H-2,3,3, 1 0b-tetraaza-
benzo{elazulene hydrochloride,

35  trans-8-Chloro-1-[4-(5-chloro-pyridin-2-yloxy}-cyclohexyl]-5-methyl-5,6-dihydro-4H-2,3,5,10b-
tetraaza-benzojelazulene,
trans-8-Chloro-1-[4-(pyrimidin-2-yloxy)-cyciohexyl}-4H,6H-2,3,5,1 0b-tetraaza-
benzolelazulene-5-carboxylic acid tert-butyl ester,



- 94 - 20. A compound of formula 1 according to any one of claims 1 to 17 for use as therapeutically
active substance. 21. A compound of formula | according to any one of claims 1 to 17 for a use in the
prevention or treatment of dysmenorrhea, male or female sexual dysfunction, hypertension, chronic

heart failurepiigesRipsiate secretion of vasopressin, liver cirrhosis, nephreliersydiemiesanxiety,
depressive disorders, obsessive compulsive disordgr,.autistic spectrum disorders, schizophrenia, and

aggressive behavior. 22. A pharmaceutical composition comp any one of claims 1 to 17. sing a
compoungiof fobkttal il aéepraidmne - ISk plidrheaaedidd Bohiposilivis e rbmgals leime2,
wherein itisabetulifaiciiespreventien:or treatment of dysmenorrhea, male or female sexual

dystunctiqq, INperiersonARIEAEAL A, BRMORBte SFeLelionof asapsassingliver cirtosis,

nephroticts ndrome, gnxiety, depressive disordé sessive compulsive disorder, autistic spectrum
disorders. ‘SR OPHTERfA ANd Gggressive behavior. 24. Use of a compound of formula 1 according to
any ohe &fe@fainistiote-17 fdiptier preépdeation oleh retiddhfehiiosthtbprsrentidnopirdaamhenst of

dysmenofthedomaie nf fesmataisexual, dysfunction, hypertension, chronic heart failure, inappropriate

secretion,of ¥agQRIRSSI. e FITNOsis, DEPRIGHiG SYRJEaImE. ANsistydanIessive disgiders, obsessive

compulsive disorder, autistic spectrum’ disorders, schizophrenia, and aggressive behavior. ***
tetraaza-benzo g]tazu eng,
trans-8-Chloro-1-[4-{(pyrimudmm-4-yloxy)-cyclohexylj-4H,6H-2,3,5,10b-tetraaza-

10 benzolelazulene-5-carboxylic acid tert-butyl ester,
trans-8-Chloro-5-methyl-1-{4-(pyrimidin-4-yloxy)-cyclohexyl}-5,6-dihydro-4H-2,3,5,10b-
tetraaza-benzo[elazulene,
trans-8-Chloro-1-[4-(pyridazin-3-yloxy)-cyclohexyli-4H,6H-2,3,5, 10b-tetraaza-benzofejazulene-
S-carboxylic acid tert-butyl ester,

I3 cis-8-Chloro-1-[4-(pyridazin-3-yloxy)-cyclohexyl}-4H,6H-2,3,5,10b-tetraaza-benzofeaznlene-5-
carboxylic acid tert-butyl ester,
trans-8-Chloro-5-methyl- 1-[4-(pyridazin-3-yloxy)-cyclohexyl]-5,6-dihydro-4H-2,3,5,10b-
tetraaza-benzo{elazulene,
cis-8-Chloro-1-[4-(pyridin-2~yloxy)-cyclohexylj-4H,6H-2,3,5,10b-tetraaza-benzoieJazulene-5-

20 carboxylic acid tert-butyl ester
¢is-8-Chloro-1-{4-(pyridin-2-vloxy)-cyclohexyl}-3,6-dihydro-4H-2,3,5, 1 0b-tetraaza-
benzo[elazulene |
cis-8-Chloro-5-methyi-1-[4-(pyridin-2-yloxy)-cyciohexyl}-5,6-dihydro-4H-2,3,5,1 Ob-tetraaza-
benzo[ejazulene |,

25 trans-8-Chloro-1-[4-(3-fluoro-pyridin-2-yloxy)-cyclohexyl]-5,6-dihydro-4H-2,3,5,10b-tetraaza-
benzojelazulene,
trans-8-Chloro-1-{4-(3-fluoro-pyridin-2-yloxy)-cyclohexyl]-5-methyl- 5,6 -dibydro-4H-2,3,5,10b-
tetraaza-benzo{elazulene,
trans-8-Chloro-1-[4-(5-fluoro-pyridin-2-yloxy)}-cyclohexyl]-5,6-dihydro-4H-2,3,5,1 Ob-tetraaza-

30 benzo[elazulene
trans-8-Chloro-1-[4-(5-fluoro-pyridin-2-yloxy)-cyclohexyll-5~methyl-5,6-dihydre-4H-2,3,5,10b-
tetraaza-benzo[ejazulene,
trans-8-Chloro-1-[4-(6-methyl-pyridin-2-yloxy)-cyclohexyi]-5,6-dihydro-4H-2,3,5,10b-tetraaza-
benzo[elazulene,

35  trans-8-Chloro-5+(2,2-difluoro-ethyl)-1-f4-(6-methyl-pyridin-2-yloxy)-cyclohexyl]-3,6-dihydro-
4H-2,3.5,10b-tetraaza-benzo[elazulene,
trans-8-Chloro-3-(2-fluoro-ethyl)-1-[4-(5-fluoro-pyridin-2-yiexy)-cyclohexyl]-5,6-dihydro-4H-
2,3,5,10b-tetraaza-benzolelazulene,
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trans-8-Chloro-5-ethyl-1-[4-(3- ﬂuorowpmdm-z-yloxy)mcyclohexyl] 5,6~ dihydro-élH 2,3,5,10b-
tetraaza-benzo[elazulene,
Hans-@«Chioro»S«ethy}.m1—[4-—(5mﬂuom-pyridia—Z»yloxy)mcyoiohexyi]—s§6~dihydro-4H-2,3,5,10bw
tetraaza-benzoejazulene,
trang-3-Chloro-5-ethyl-1-{4-(6-methyl-pyridin-2-yloxy)-cyclobexyl}-3,6-dihydro-4H-2,3,5,10b-

‘tetraaza-benzolelazulene, or

trans-8-Chloro-3-methyl-1-[4-(6-methyl-pyridin-2-yioxy)-cyclohexyl]-5,6-dikrydro-4 H-
2,3,5,10b-tetraaza-benzo|eazulene.

16. The compound according to any one of claims 1 to 15, wherein the compound is selected
from trans-8-Chloro-5-methyl-1-(4-phenoxy-cyclohexyl)-5,6-dihydro-4F-2.3 5, 10b-tetraaza-
benzolelazulene or trans-8-Chloro-5-methyl-1-[4-(pyridin-2-yioxy)-cyclohexyi]-3,6-dihydro-
4H-2,3,5,10b-tetraaza-benroarulene.

17. The compound according to any one of claims 1 to 16, wherein the compound is trans-8-
Chloro-5-methyl-1-[4-(pyridin-2-yloxy)-cyclohexyll-5,6-dihydre-4H-2,3,5,1 0b-tetraaza-

benzoazilene.

18. A process for the preparation of the compound of formula I according to any of claims 1 t6

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

R’
E
O

Ix

with a compound of formula (111):

I

to obtain a compound of formula (I) wherein R', R? and R? are as defined in claim 1.

19. A compound of formula I, whenever obtained by the process according to claim 18.
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20. A compound of formula I according to any one of claims | 1o 17 for use as

therapeutically active substance.

21. A compound of formula I according to any one of claims 1 to 17 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.

22. A pharmaceutical composition comprising a compound of formula I according to

any one of claims 1 to 17.

23. A pharmaceutical composition according to claim 22, 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, depressive disorders, obsessive compulsive disorder,

autistic spectrum disorders, schizophrenia, and aggressive behavior.

24. Use of a compound of formula 1 according to any one of claims 1 to 17 for the
preparation of a medicament for the prevention or treatment of dysmenorrhea, male or
female sexual dysfunction, hypertension, chronic heart fatlure, inappropriate secretion of
vasopressin, liver cirrhosis, nephrotic syndrome, anxiety, depressive disorders, obsessive

compulsive disorder, autistic spectrum disorders, schizophrenia, and aggressive behavior.



