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

vasoconstriction, glycogenolysis and antidiuresis.
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15 The term “aromatic” means the presence of an electron sextet in a ring, according to

Hiickel’s rule.
The term “cyano” denotes the group —CN.
The term “hydroxy” denotes the group —OH.

The term "halo" or “halogen” denotes chloro, iodo, fluoro and bromo. Preferred are

20 chloro and fluoro.

The terms “halo-C;,-alkyl” and “C,,-haloalkyl”, alone or in combination with other
groups, denote a C;y-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
halogen atom, preferably fluoro or chloro, most preferably fluoro. Examples of halo-C,; p-alkyl

25 include but are not limited to methyl, ethyl, propyl, isopropyl, isobutyl, 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;_y,-alkyl groups are difluoro- or trifluoro-methyl or —ethyl as well as
-CF;, -CH(CH3)CH,CF3, -CH(CH3)CH,F.

30 The term "heterocycloalkyl”, alone or in combination with other groups, as defined
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”,

alone or in combination with other groups, as defined herein refers to a monovalent 3 to 7
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et hyl endi ami gh | Et t 3Si H
triethylsil ggleR%Eég%}%%ﬁ r oxyée;ltig{é?{b%%dzlﬁteég g lneéélyﬁégnllegl (118 g%{%{&gﬁ
hydr of lotlst iggownsi g @ rnonovalent aromatic 5- or 6- rnernbered monocyclic ring containing one
or two ring heteroatoms selected from N, O, or S, the remaining ring atoms being C. 6-
10 Membered heteroaryl are preferred. Examples for heteroaryl moieties include but are not limited

to pyridinyl, pyrimidinyl, or pyrazinyl. Preferred is pyridinyl.

The terms “cycloalkyl” and “Cs;-cycloalkyl”, alone or in combination with other groups,
refer to a 3 to 7 membered carbon ring, for example cyclopropyl, cyclobutyl, cyclopentyl or

cyclohexyl.

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

in oxidized form, i.e. bearing one or two oxygens like the group —SO,.

When indicating the number of subsituents, the term “one or more” means from one
20 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.

The term "pharmaceutically acceptable salt” or “pharmaceutically acceptable acid

addition salt” embraces salts with inorganic and organic acids, such as hydrochloric acid, nitric

25 acid, sulfuric acid, phosphoric acid, citric acid, formic acid, fumaric acid, maleic acid, acetic acid,
succinic acid, tartaric acid, methane-sulfonic acid, p-toluenesulfonic acid and the like. Preferred

is the hydrochloric acid salt.

In detail, the present invention is concerned with alkylcyclohexylethers of dihydro-

tetraazabenzoazulene derivatives of formula [



hi gh performance |iquid chromatography Lawesson's

2, 4- bi s(4- met hoxyphenyl) -1, 3, 2, 4-di t hi adi phosphet ane- 2, 4-di sul fi de WO
2010/ 057 N9BRUVIEPAS09/ 064804 8 reagent MeOH net hanol MCIERL20000964884 UM
perchl orate M5 mass spectroscopy NaH sodi um hydri de NaOH sodi um hydr oxi de
NBS N-bronosucci ni mi de n-BuOH n- but anol NWR nuqlear magneti c resonance RNA
ri bonucl eic acid RT room tenperature RT- P ~/erse-transcriptase

pol ymerase chain reaction SOCLl2 thionyl ch r|de T- BuOK, KO Bu

W@

RY I
wherein

R'is Ciis-alkyl, unsubstituted or substituted with one or more halo, hydroxy, cyano or
Ci.12-alkoxy,
5 Cs_7-cycloalkyl, unsubstituted or substituted by one or more substituents
independently selected from B,
4-7 membered heterocycloalkyl containing one or two heteroatoms selected from
O, N or S, which heterocycloalkyl is unsubstituted or substituted by one or more

substituents independently selected from B,

10 R*is H,
Ci.12-alkyl, unsubstituted or substituted with one or more OH, halo, cyano or
Ci.12-alkoxy,
-(CH,)q-R?, wherein R is phenyl or 5- or 6-membered heteroaryl, each
unsubstituted or substituted with one or more substituents independently selected
15 from A,
-(CH,).NR'R",
-C(0)-Cy.1z-alkyl, wherein alkyl is unsubstituted or substituted with one or more
OH, halo, cyano or C;_j,-alkoxy,
-C(0O)(CH2)q0C(0)-Cy.12-alkyl,
20 -C(O)(CH,)NRR",
-C(0)0O-Cy_1z-alkyl, wherein alkyl is unsubstituted or substituted with one or more
OH, halo, cyano or C;_j,-alkoxy,
-S(0),-Cy.12-alkyl,
-S(0),NR'R", R and R" are each independently H, Cy.1,-alkyl, or form together
25 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 unsubstituted or substituted by one or more substituents

independently selected from B,

qis 1,2,30r4,



potassiumtert butanolat THF tetrahydrofurane TMSCL trinethylsilyl chloride
TMSOTf trimethylsilyl trifluoromethanesul fonate Tris

al um ni urworoe®71egdr oxychi nolin TsCLl t ol uene- 2- sul f onylPCthiPesotessanBr 2
zinc bromde Table 1: abbreviations 7 The invention al so provides

phar maceuti cal conpositions, nethods of using, and nethods of preparing the
af orement i omed c@poudds. The conpounds of fornmula | nmay contain asymetric
carbon atons. Accordingly, the 5 present invention includes all

st er eoi SOMerA ¢ f QLI cQfnot BEL, €QURAYNGAIRE, f-AILLACY ;-aikBE) udi ng each of the
i ndi vi dual stereoisoner and m xtures thereof; i.e. their individual optical

i soners and _Im xtures tlhe eo(%. %dll\;ltgl nal, asymretric centers may be present
dependi ng upbl tr?éoﬂ]%?t%r@t) LT HEYAA 1617k Ybst i t uents on the nol ecul e. Each
such asymretric centre will independently produce two optical isoners and
it is intendedst IGtor& | of the possible optical isoners and 10

di astereoners in mxtures and as pure or partially purified conpounds are

i ncluded wi thi I.S.lF i T t invention is neant to
corrp5lrjehend aOPIa%g%%a%le%%\r@?%%&Bgyr?s%g?ﬁ%%%;e conpounds. The i ndependent
synt heses of these djastereoners or their chromatographic separations nma
be achi eved 13§ I@wn nharmacsutgallyppeespisblspcpmice’ modi frheampeentienllyt geceptable

met hod ol QiMrydiudslaR&e de R iE tdiricrE AU fauritie 8] bStadiR s8le RefiEhfYorBYipRaits that

det er mi ned bﬁl iﬁﬁgre\ﬁ@ér ay cr ysta(hl ogr?@gyf 15 1of. crystalline products or

cryst a9 FRETA, pherotheryparedionts o e PVHIAE i f necessary, with a
reagent containing an asymetric centre of known absol ute configuration. |f
desi red, rdtencennipbhtmasutidal tdoenposiipol redsompassdye asppduat enmsoingh apedifiel

i ndj(y i %Edl@ﬂ@% br%%'i&mﬂ{eﬁ a&r?o%kl?sto?qarol;mﬁonsm @91}9! aqu?ngélﬁql{aEFe%Qleg, /d%é’tﬁp“ °
or indirectly, from combining specified ingredients in specified amounts. Preferably it
encompasses a product comprising one or more active ingredients, and an optional carrier
comprising inert ingredients, as well as any product that results, directly or indirectly, from
combination, complexation or aggregation of any two or more of the ingredients, or from

15 dissociation of one or more of the ingredients, or from other types of reactions or interactions of

one or more of the ingredients.

The following table lists abbreviations used within the present document.

(BOC),0 di-tert-butyl dicarbonate

AcOH acetic acid

brine saturated sodium chloride solution in water

CH,Cl, dichloromethane

CH:l methyl iodide

CS; carbon disulfide

DMAP 4-(dimethylamino)-pyridine

DMF N,N-dimethylformamide

EDTA cthylendiamin-tetraacetate

El Electron ionization

Et;N tricthylamine

Et;SiH tricthylsilane

HEPES 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
HF hydrofluoric acid

HPLC high performance liquid chromatography
Lawesson’s 2,4-bis(4-methoxyphenyl)-1,3,2,4-dithiadiphosphetane-2,4-disulfide




separation can be carried out by nmethods well

known in the art,

coupling of a racem c m xture of conpounds to an enantionerically pure

such as the

conmpound WO 2bovosr®5di ast ereoneri ¢ m xture, foll owed by separaromnmsod the

i ndi vi dual di astereoners by standard #&ethods, such as fractional

cr yst al-HHzatt+en—oer—chromatography—5This—appHes—+tnpartiecular—tothe

al kyl cycdaghmxyl et her head group (HG of the conpounds of forrmula I, napely
HG ,MPQHV\her.eLn; %eﬁlg%t the carbon atons A?.[]Eﬂf a+r Ewgsylrrzre:t[i f:ncar bon
atOITB dlta ™ CcCoOuUra 1 UL~ bUIIlJIIDC Olb_ylllll';tllb ocdadl UUIT at UlTb. It ro tu e
under st dgClOhat pr espmpgiasipempéromoiate| udes 10 al | i ndi vi dual st er eoi sohers
of head g oups and ”ﬁ%&rsﬁéc&ﬂ%ﬁpf I n parti cul ar, these head groups HG
are it Ib ruruiret UIIUUIbLUUU LlId.L d.II UIIUUUI ment—s UI LIIU IIIVU Itl on
as des¢Nabed herein iyge hidiidsi ned with each other. 15ln certain

enmbodi mepyy R is ap dﬁgﬁﬁqu&%gld@bove In certain enbodinents, R is
ClL 12- at % unsubstjtuted Or substrituted withh one or nore hal o, hydroxy,
cyano 12- al knva bramesycciRIdeh odi ments, R is Cl 12-alkyl,

unsubst hinted or subsﬁJbtlth@pi with one or nore halo, hydroxy or

Cl_12-; 1& y. | n certal n ermodl rrents R 1s C3_7 cycloal kyl,
unsubst fed or subs 2HS Stitu i ndependent | y
sel ect(RNAomB V\herﬁb(shuBlellcsac@d(o, haI o, C]—I, Cl_7-a| kyl or Cl-7- alkoxy. In
certain odinents, | R 1s C3 cycloal kyl. WO

2010/ 05%795PCT/ EPZ””Q?QS&@BEG—T&—L%—R—%P@Q&—%H%—RI—RQ#Y
menber e RTARCRr ocycl optckyilse-randcaiptuist golgnerase chaio rdyetied oat ons sel ected fyom
vore OISR FUSRAFLEGARL, 2 (ool o0 By Subsy it gced by one or
enbodi m#ABsOKt KOtBu 7| petatseme tbrhimttarodatycl oal kyl contains one or t
heteroatﬁg]rps sel ect ed 1!%&9@09 ﬁ?qn% preferabl y 5 one 0, which

hetero\, ctoal r\yl s—ufstbstituted—or—substituted uy ofre—ofr—frore—oxo,—hal o,
OH, G T‘M%(Flkvl or CltrimethWeikyt chlonideert ai n enbodi nents, the

het er o¢ yl isp | . In certain enbodi nents,
R is Cﬂ%t?tfl(kyi —u E%@W%lb}?irtﬁﬂﬁrsél%g{iél%?%%yw th—one or nore hat o,
hydr oxyTéis 10C1_12- a| desyniviogrig8clyudreraickipplin4- 7 nenber ed het er ocycl oal ky!
cont ai nifggy one or twotolﬂpetngjzoﬁqugﬁ&@r%t ed from Qor S, prefer ably one D,
whi ch et erocyC| oat kyt TS unsubstituted or substituted by one or nmore pxo,
hal o, nBgy 7. al kyl BRC broiude) koxy, preferably unsubstituted. 15ln certain
enbodi n[%[eSl aa)rebﬁthQ:B - CH( CHB) CHZCFS - CH( CHS) CH2F, - CH( CH3) CH2CH,

- CH( CH3) CH20Me, cycl obutyl cycl ohexyl cycl opentyl, ethyl, i-propyl,

met hyl , oxe nyl sec but y t - but trah dr o- an In.certain
enbodi ment s, 'R fhzJs ?&Yldeérplé’sm? ’8? ?Sl“‘% gtimds of Using ¢ &1,
enbodi merbals oIRIprepermg freaiytementyaried botpbumds. cycl opentyl. 20ln certain

enbodi ments, R is unsubstituted Cl1_12-alkyl. In certain enbodinents, R is
methyl . 1N ekl QniboSHROGE R | B{ay'Rcl%n&aM m etrfeeaam;nnatﬁﬂﬁoﬂbém&ﬁ@y e i
i sopropyl. In certain e I ment s IS 'S n certal

enbodi ,pé%[egt Inggntjog mcblggsaﬁl%steremsomerlc forms of the cornpounds of formula I, including

10

15

cach of the individual stereoisomer and mixtures thereof, i.e. their individual optical isomers and

mixtures thereof. Additional asymmetric centers may be present depending upon the nature of

the various substituents on the molecule. Each such asymmetric centre will independently

produce two optical isomers and it is intended that all of the possible optical isomers and

diastereomers in mixtures and as pure or partially purified compounds are included within this

invention. The present invention is meant to comprehend all such isomeric forms of these

compounds.

The independent syntheses of these diastercomers or their chromatographic

separations may be achieved as known in the art by appropriate modification of the methodology

disclosed herein. Their absolute stercochemistry may be determined by the x-ray crystallography

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

reagent containing an asymmetric centre of known absolute configuration. If desired, racemic

mixtures of the compounds may be separated so that the individual enantiomers are isolated. The



In certain enbodinents, R is Cl_12-al kyl substituted with one or nore
hal o. In certain enbodinents, R is CF3. In certain enbodinments, R is
CH( CH3) CHRQR810/d5m796er t ai n enbodi ments, R is - CH( CH3) CHPCFZP2000M054804
2010/ 057795PCT/ EP2009/ 064804 11 In ceftain enbodiments, R is Cl_12-alkyl
substituted with one or nore hydroxy. In certain enbodinments, R is

- CH( CH3} 1@ @, cahbe cerricdiont byrbethiode mted knRvniis thelart] uchl dsyhe emipbng plit egtemict h

o5l
0% of ARLE: Ghed By m LlyeBRLALNSTRORARANRL0Th S T R E RRred,
cycl obueawed by senaraion (ﬁﬁb%mdﬁ@ﬁlﬂ% dlﬁt@f@@nw oy stradgnd. methodse sugh s Ractional

enbodi RRtAlizalbn b cEr¥HlaRRe | . In certain enbodinents, R is
4-7 nenbered heterocycloalky cont ai ning one or tw 10 het er oat ons sel ect ed

fromO or ref r abl whi tero a substituted, In

cer {Tgal n enb F HEWLSS ! arﬁl ?%Qtt%%@ﬁ?@ﬁo%eé‘?feﬁ? %S%Eér&“ﬁzw O“I‘Ere Gogipounds

t et r ahydifanpys Bmyinelyl n certai n enbodi nents, R2 is as described above.

In certain enbodinents, R2 is H Cl_12-al kyl, unsubstituted or substituted

with one or 15 nore OH, -(CH2)g-Ra, “whesgi n Ra is phenyl or 5- or

6- nenbered heteroaryl and q is 1, 2, @ or 4, C(0)-Cl_12-alkyl, wherein

al kyl is unsubstituted or substitute- W th one or nore OH,

C(0) (CH2)g0C(0)-Ci _12-al kyl, wherei is 1, 2, 3 or 4, -C(0)0-C1_12-al kyl,

-S(0)2-C1_12-al kyl, or -S(0)2NRLR', grein R and R' are each

i ndependently H or Cl_12-alkyl. In cé&rtain enbodiments, R2 is Cl_12-al kyl.
20l n certain enbodinents, R2 is 2-h oxygﬁﬁhyl - C(0) CH20C( 0) et hyl ,

C(0) hydroxynet hyl, -C(0)nmethyl, -C(0)O0-t -CH2- pyridin-2-yl, H,

i -propyl, methyl, S(0)2nethyl or S(O)2N(nethy|)2 I'n certaln

embodi ment s, whegein gt MeastT theraathon dtomsilngnded tahe psymiectfic gertoassoms and R' could
phar ma addit ni c
el d o SBpHPRRAAD. FuBch dAtClih REOS Rhdprotbad Rl el R o e
aci tf @lltllil¢181d&%1| S(Here‘?lﬁ?fﬁf?ré ohbad, gff”eﬁﬁeﬁnﬂémé‘&f%f herepli ¢ aci d, acetl c acid,
succinic acid, tartaric acid, nethane-sulfonic acid, p- t ol uenesul foni ¢ aci d
and the Iikqnpahﬁubteambasai@ﬂdp@HhMﬁéochloric salt are preferred. WO
2010/ 057795PCT/ EP2009/ 064804 12 In certain enbodinents, R2 is

Cl_12-al kyl, unsubstityfed or subsgituted with gne or nDrng}i hal o, cyano
or Cl_12- alkoxy In @rtain enbddinents, R2 i@ Cl_12-al k@, unsubstituted

or substituted mnth une or nDre OH In certai enbodi nenfs, R2 is
unsubstituted Cl_ taln enb nts, nethyl In
certain enbodinent 'r |s |s. Dy

/;//

HG-1 HG-2 HG-3

trans Cis

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

combined with each other.
15 In certain embodiments, R’ is as described above.

In certain embodiments, R' is Ci.1z-alkyl, unsubstituted or substituted with one or more
halo, hydroxy, cyano or Cy.j;-alkoxy. In certain embodiments, R' is C;_j,-alkyl, unsubstituted or

substituted with one or more halo, hydroxy or C;_j;-alkoxy.

In certain embodiments, R' is Cs7 cycloalkyl, unsubstituted or substituted by one or more
20 substituents independently selected from B, wherein B is oxo, halo, OH, C,s-alkyl or C,-

alkoxy. In certain embodiments, R' is C3_; cycloalkyl.



In certain enbodinents, R2 is Cl1_12-al kyl, substituted with one or nore OH.
In certain enbodinents, R2 is 2-hydroxy-ethyl. In certain enbodi nents, R2
is -(CH)woRalv/osmsei n Ra i s phenyl or 5- or 6-nenberedPCO/Hret000680Y| , each
unsubstituted or substituted with oneldor nore substituents independently
selected fromA, and Ais halo cyano, OH, Cl_7-alkyl, halo-Cl1_7-al kyl, or
Cl_7- al koxy;In aedaig ¢r3b0111m2nts,3Rorls 4;7 meefter@bhqtemcydlmalbsdmoantmnmgmmcmetrvms

R2 is %M@eleé@&?ﬁ {nnORﬁ 5S RDI%@IX Ihetgfocgclo %1615 Lﬁ%%%ﬁﬁ%gd B'Iegtﬁ%%tglfeﬂl py?nd

is 1, 4, preferab

Syr i di OF 06m05@ﬁzaw% ﬁﬂépehlaé(le/HF@ -alkylouCipyaliaiyn Ipceytain ampagipgents he 4-7
erﬂgodl ﬁ?ﬁ%reﬂ%b&cy%ﬂyl%nﬂﬁn%ﬂ@ bs tv%ﬁét@fdﬁto@ﬁskéflefge% fli*gﬁl'»(bsdrlﬂ Hr&fdra®ly
su itu one or. no. or al kox c

oot #0s Vg haoeiioRugs Py e fa e pEmir s, ronDsh Tor
Subst i bmﬂl@d otd @ -adieexyo in wext&n Ghhbol imane, ttm heterdbpdoatielt 8,0xBni/Sor tetrahydro-
-C(0) hry?g\[ oxymet hyl. In certain enmbodinents, R2 is -C(O)methyl. 20In certain
enbodi ren ¥ R2 is -C(0)(CH2)q0C(0)-C _12- al kyl, wherein qis 1, 2, 3 or 4,
preferably 1. In certain enbodinents, R2 is -C(O)CHZOC(O) met hyl In

certain enbddiceréin smbedimiests, C(0) 0- C1_12- al kyl , wherein alkyl is
unsubstituted or substituted with one or nore OH, halo, cyano or

Cl_12- al koxy! isncqgm N BIPREHITBN 0%, suBtitufed2RithCoRY) Gr Ghafk2 halbK Wlydrox Rg
cerfain errbodlmég is -C(0)0-t-butyl. In certain enbodi ment §,
2 -alkoxy,

-S(0)2-C1_12-al In certain enbodi nents, R2 is -S(O)2NR1R',
wherein R and Rj;aydoskgh i ndependently H Cl_ 12-a| kyl, or formtogether

with the nitrog i r o]

2010/ 057795PCT/ E%ﬁ%@%ﬁg%’cﬂ%@ ?ocgﬁt% g I%n% 3 g%ﬁg%?({n%&“ m“te‘% ftgm
het er oat ons sel €ored [freforably, ooc ), \ShICh/rhettdﬁotn@lO@ﬂ@d;y@ lupsubisiifut¢dsor substituted
unsubstituted o

sel ected from Bbygﬁgégnlb{;g%g’oﬁmoo?ﬁ @&%&%ﬁd}ﬁfiﬂﬁ*&ﬁﬁ%ﬁg@a E%l%ﬁﬂﬁéd/
certain errbodl ment s, 0) 2NR1R", wherei R' are

S
i ndependent 1Y HSRIC] GWOQ}WQS’ pP\ef ef ablGfacy - ‘fﬁ(gﬁkaﬁdHZ@P’n CQF‘Z‘CEHP?CHZF’
eRznbpd:_I TIEH'(SHg)@Hz(}H scf@oc&n@cnyd)Mel n:yclebtltgzl nc@mgylgmm hbpelﬁ@ﬂ)&h{(rltrﬁt%y_lﬂg)l,z
is substituted with one or nmore OH,
(CI—IZ)q"ﬁ%ﬁ %SE%H?%’PB‘?%‘M g?ragydr& yEa"PFerber ed heteroaryl and q is 1,
2, 3 10or 4, preferably 1, 0)-Cl_12-al kyl, wherein alkyl is

unsubst i t ut du centais abodimentsdRuwistGrorlkyber Gor eyctorlkyl.
C(0) (CH2) q0C(0) - C1_12-al kyl, wherein q is 1, 2, 3 or 4, preferably 1,

(0) 0- C1_1248kkylin chBodhRhA: RLisk byclobS @2 NRIFentyther ein R and R are
each i ndependent In;l/eH %r Cl 12-lS %;Q%}H%rygfoer a}gl Cl 13})31]kyl In certain

enmbodi ment s, mls]%g(? k tamg% R3is d. 20In a
certhin enbdBeHREAR © imens, Ry 5 %SE Ffwed ment of the invention, the
compound of fornmula I is pr ow ded ,R1 O

In certain embodiments, R' is rnethyl

In certain embodiments, R' is ethyl.

In certain embodiments, R' is isopropyl.

In certain embodiments, R' is sec-butanyl.

25 In certain embodiments, R' is t-butanyl.
In certain embodiments, R' is Cy_12-alkyl substituted with one or more halo.
In certain embodiments, R' is CF;.

In certain embodiments, R' is CH(CH3)CH,CF.

In certain embodiments, R' is -CH(CH;)CH,CF:.



wherein WD 2010/ 057795PCT/ EP2009/ 064804 14 C3_7-cycl oal kyl, 4-7 menbered
het erocycl oal kyl containing one or two heteroatons selected fromO or S

pr ef er ablwoan®/B779%hi ch het erocycl oal kyl is unsubstitut @dTmP26lo64804 ut ed by
one or nore oxo, halo, OH Cl1_7-al kyltlor Cl_7-al koxy, preferably
Sunsubstituted, R2 isH Cl_12-alkyl, unsubstituted or substituted w th one
or nore OH, In@@lﬂﬁl)qmﬁadmwhtsr Bi m(l?iaz-laﬁcybhém;ﬂut@rwﬁh onr olBnekertlydreed. het er oary!
and q is 1, 2, 3 or 4, preferably 1, 10-C(0)-Cl_12-al kyl, wherein alkyl is

unsubsti t ut g -Qkais U&%&éhh{éh%dR‘Mst @PR@?IJUHJ@H e OH,
C(0)(CH2)qg0oC(0)-C1_12-al kyl, wherein qgi1s 1, 2, 3 or 4, preferably 1,

C(0)0-C1_12-al k (0)2-C1_12-al ky (0) Wnere and R' are
each |ndepeﬁﬂéﬁ%arl?emgﬁ‘gmﬁﬁtslg %;§I(Eyllz ah‘d @%El’éY”é‘f‘ﬁ‘ﬁ"b@mi@?oramRﬂ?I HRSIOZY  or F,

or a pharmaceutically acceptable salt thereof. In a certain
enbodi ment dh ctdedn embedinicats, Rt Be CEGPR)GH,GH. formula | is provided as a 20
subset of formula I" I’ V\hereln HG is selected fromO0-R1l HG 1 HG 2

WO 20107 057492554 ERBOSRBRIROY ., cycloalkyl

In certain embodiments, R’ is cyclobutyl.
In certain embodiments, R is cyclohexyl.
In certain embodiments, R' is cyclopentyl.

In certain embodiments, R' is 4-7 membered heterocycloalkyl containing one or two

10  heteroatoms selected from O or S, preferably one O, which heterocycloalkyl is unsubstituted.
In certain embodiments, R' is oxetanyl.
In certain embodiments, R' is tetrahydro-pyranyl.
In certain embodiments, R? is as described above.

In certain embodiments, R* is H, Ci1p-alkyl, unsubstituted or substituted with one or
15 more OH, -(CH,)4-R®, wherein R* is phenyl or 5- or 6-membered heteroaryl and q is 1, 2, 3 or 4,
-C(0)-Cy.1z-alkyl, wherein alkyl is unsubstituted or substituted with one or more OH,
-C(0)(CH,)q0C(0)-Cy.12-alkyl, wherein q 1s 1, 2, 3 or 4, -C(0)O-C.1z-alkyl, -S(O);-C.12-alkyl,

or -S(0),NR'R", wherein R' and R" are each independently H or C;_j,-alkyl.

In certain embodiments, R” is C_»-alkyl.

20 In certain embodiments, R* is 2-hydroxy-cthyl, -C(O)CH,OC(O)methyl,
-C(O)hydroxymethyl, -C(O)methyl, -C(O)O-t-butyl, -CH,-pyridin-2-yl, H, i-propyl, methyl,
-S(O),methyl or -S(O),;N(methyl),.

In certain embodiments, R* is H. Thereby, forming either the free base or a
pharmaceutically acceptable acid addition salt with an inorganic or organic acid such as

25 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. The free base and a hydrochloric salt are preferred.



15 and R, R2 and R3 are as descri bed above, including all conbinations
t her eof . Exanpl es for the conpound according to the invention are
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In certain embodiments, R is Ci.1z-alkyl, unsubstituted or substituted with one or more

OH, halo, cyano or Cj.,-alkoxy. In certain embodiments, R* is C;.j,-alkyl, unsubstituted or
substituted with one or more OH.

In certain embodiments, R” is unsubstituted Cy.15-alkyl.
5 In certain embodiments, R? is methyl.
In certain embodiments, R” is isopropyl.
In certain embodiments, R” is C1_12-alkyl, substituted with one or more OH.
In certain embodiments, R? is 2-hydroxy-ethyl.

In certain embodiments, R* is -(CH,)-R®, wherein R? is phenyl or 5- or 6-membered

10 heteroaryl, each unsubstituted or substituted with one or more substituents independently
selected from A, and A is halo, cyano, OH, C,-alkyl, halo-C, 7-alkyl, or C;7-alkoxy; and q is 1,

2, 3 or 4, preferably 1. In certain embodiments, R” is -(CH)q-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 —CH,-

pyridinyl or benzyl, preferably R? is —CH,-pyridin-2-yl.
y Pyr y

15 In certain embodiments, R* is -C(O)-Cy.iz-alkyl, wherein alkyl is unsubstituted or
substituted with one or more OH, halo, cyano or C;_j;-alkoxy. In certain embodiments, R? is -

C(0)-C.1z-alkyl, wherein alkyl is unsubstituted or substituted with one or more OH.
In certain embodiments, R” is -C(O)hydroxymethyl.
In certain embodiments, R* is -C(O)methyl.

20 In certain embodiments, R” is -C(0)(CH,)q0C(0)-C12-alkyl, wherein q 1s 1, 2, 3 or 4,
preferably 1.

In certain embodiments, R? is -C(O)CH,OC(O)methyl

2

In certain embodiments, R” is -C(O)O-C,.z-alkyl, wherein alkyl is unsubstituted or

substituted with one or more OH, halo, cyano or C; j;-alkoxy. In certain embodiments, R? is
25 -C(O)O-C]-lz-alkyl.

In certain embodiments, R” is -C(0)O-t-butyl.
In certain embodiments, R* is -S(0),-C1.12-alkyl.

In certain embodiments, R? is -S(0),NR'R", wherein R' and R" are each independently H,

Ciap-alkyl, or form together with the nitrogen to which they are bound a 3- to 7-membered

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

heterocycloalkyl is unsubstituted or substituted by one or more substituents independently

selected from B, and B is oxo, halo, OH, C,s-alkyl or C;7-alkoxy. In certain embodiments, R?is
-S(0),NR'R", wherein R' and R" are each independently H or Cy.15-alkyl, preferably C,_j,-alkyl.

In certain embodiments, R* is -S(O),methyl.

In certain embodiments,-S(O);N(methyl),.

R?is

H,

Ciaz-alkyl, unsubstituted or substituted with one or more OH,
-(CH,)q-R?, wherein R® is phenyl or 5- or 6-membered heteroaryl and q is 1, 2, 3
or 4, preferably 1,

-C(0)-Cy.1z-alkyl, wherein alkyl is unsubstituted or substituted with one or more
OH,

-C(0)(CH,)q0C(0)-C.12-alkyl, wherein q is 1, 2, 3 or 4, preferably 1,
-C(0)0O-C,.1z-alkyl,

-S(0),-Cy.12-alkyl,

-S(0),NR'R", wherein R' and R" are each independently H or Cj.j,-alkyl,
preferably C;_j2-alkyl.

In certain embodiments, R*is ClorF.

In a certain embodiment, R* is CL

In a certain embodiment, R*is F.

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

wherein

R!is

1
O/R
R { ]
% N™ N
N
2

R I

Ci.12-alkyl, unsubstituted or substituted with one or more halo, hydroxy or C_j2-
alkoxy,
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St ruct ur ew®20W/057795 PCT/EP2009/064804

5
R?is

10

15
R?is

14

Cs_7-cycloalkyl,

4-7 membered heterocycloalkyl containing one or two heteroatoms selected
from O or S, preferably one O, which heterocycloalkyl is unsubstituted or
substituted by one or more oxo, halo, OH, C,7-alkyl or C,;-alkoxy, preferably
unsubstituted,

H,

Ci.2-alkyl, unsubstituted or substituted with one or more OH,

-(CH,)q-R?, wherein R is phenyl or 5- or 6-membered heteroaryl and q is 1, 2, 3
or 4, preferably 1,

-C(0)-Cy.1z-alkyl, wherein alkyl is unsubstituted or substituted with one or more
OH,

-C(0)(CH,)q0C(0)-C.12-alkyl, wherein q is 1, 2, 3 or 4, preferably 1,
-C(0)0O-C,.1z-alkyl,

-S(0),-Cy.12-alkyl,

-S(0),NR'R", wherein R' and R" are each independently H or C;.15-alkyl,
preferably C;_i2-alkyl,

ClorF,

or a pharmaceutically acceptable salt thereof.

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

20 subset of formula I’

R I
Wherein HG is selected from
1 1 1 1
O’R _O’R O’R _O’R
/;-/ /:/

HG-1 HG-2 HG-3 HG-4
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and R', R? and R* are as described above, including all combinations thereof.

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

part and the table below.
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Table 2: structures of selected examples

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

trans-8-chloro-1-(4-ethoxy-cyclohexyl)-4H,6 H-2,3,5,10b-tetraaza-benzo[ e]azulene-5-
carboxylic acid tert-butyl ester;
5 trans-8-chloro-1-(4-ethoxy-cyclohexyl)-5-methyl-5,6-dihydro-4H-2,3,5,10b-tetraaza-
benzo[e]azulene;
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trans-8-chloro-1-(4-isopropoxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-benzo[e]azulene-5-
carboxylic acid tert-butyl ester;

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

trans-8-chloro-1-(4-isopropoxy-cyclohexyl)-5-methanesulfonyl-5,6-dihydro-4H-2,3,5,10b-
tetraaza-benzoazulene;

trans-2-[ 8-chloro-1-(4-isopropoxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-benzoazulen-5-
yl]-ethanol;

trans-8-chloro-1-(4-isopropoxy-cyclohexyl)-5-isopropyl-5,6-dihydro-4H-2,3,5,10b-
tetraaza-benzoazulene;

trans-8-chloro-1-(4-isopropoxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-benzoazulene-5-
sulfonic acid dimethylamide;

trans-8-chloro-1-(4-isopropoxy-cyclohexyl)-5-pyridin-2-ylmethyl-5,6-dihydro-4H-
2,3,5,10b-tetraaza-benzoazulene;

trans-acetic acid 2-[8-chloro-1-(4-isopropoxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-
benzoazulen-5-yl]-2-oxo-cthyl ester;

trans-1-[8-chloro-1-(4-isopropoxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-benzoazulen-5-
yl]-2-hydroxy-ethanone;

trans-1-[8-chloro-1-(4-isopropoxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-benzoazulen-5-
yl]-ethanone;

trans-8-fluoro-1-(4-isopropoxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-benzo[ ¢]azulene-5-
carboxylic acid tert-butyl ester;

cis-8-chloro-1-(4-isopropoxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-benzo[ e]azulene-5-
carboxylic acid tert-butyl ester;

(RS)-trans-1-(4-sec-butoxy-cyclohexyl)-8-chloro-4H,6H-2,3,5,10b-tetraaza-
benzo[e]azulene-5-carboxylic acid tert-butyl ester;

(RS)-trans-1-(4-sec-butoxy-cyclohexyl)-8-chloro-5,6-dihydro-4H-2,3,5,10b-tetraaza-
benzo[e]azulene hydrochloride;

(RS)-trans-1-(4-sec-butoxy-cyclohexyl)-8-chloro-5-methyl-5,6-dihydro-4H-2,3,5,10b-
tetraaza-benzo[e]azulene;

(+)-trans-1-(4-sec-butoxy-cyclohexyl)-8-chloro-5-methyl-5,6-dihydro-4H-2,3,5,10b-
tetraaza-benzo[e]azulene;

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

trans-8-chloro-1-(4-cyclobutoxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-benzo[ ¢ ]azulene-5-
carboxylic acid tert-butyl ester;

trans-8-chloro-1-(4-cyclobutoxy-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-tetraaza-

benzo[e]azulene hydrochloride;

/
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trans-8-chloro-1-(4-cyclobutoxy-cyclohexyl)-5-methyl-5,6-dihydro-4H-2,3,5,10b-tetraaza-
benzo[e]azulene;
cis-8-chloro-1-(4-cyclobutoxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-benzo[e]azulene-5-
carboxylic acid tert-butyl ester;
5 cis-8-chloro-1-(4-cyclobutoxy-cyclohexyl)-5-methyl-5,6-dihydro-4H-2,3,5,10b-tetraaza-
benzo[e]azulene;
trans-8-chloro-1-(4-cyclopentyloxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-
benzo[e]azulene-5-carboxylic acid tert-butyl ester;
trans-8-chloro-1-(4-cyclopentyloxy-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-tetraaza-
10  benzo[e]azulene hydrochloride;
trans-8-chloro-1-(4-cyclopentyloxy-cyclohexyl)-5-methyl-5,6-dihydro-4H-2,3,5,10b-
tetraaza-benzo[e]azulene;
trans-8-chloro-1-(4-cyclohexyloxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-benzoazulene-5-
carboxylic acid tert-butyl ester;
15 trans-8-chloro-1-(4-cyclohexyloxy-cyclohexyl)-5-methyl-5,6-dihydro-4H-2,3,5,10b-
tetraaza-benzoazulene;
(RS)-trans-8-chloro-1-[4-(2-methoxy-1-methyl-ethoxy)-cyclohexyl]-4H,6H-2,3,5,100b-
tetraaza-benzo[elazulene-5-carboxylic acid tert-butyl ester;
(RS)-trans-8-chloro-1-[4-(2-methoxy-1-methyl-ethoxy)-cyclohexyl]-5-methyl-5,6-dihydro-
20 4H-2,3,5,10b-tetraaza-benzo[e]azulene;
(-)-trans-8-chloro-1-[4-(2-methoxy-1-methyl-ethoxy)-cyclohexyl]-5-methyl-5,6-dihydro-
4H-2,3,5,10b-tetraaza-benzo[¢]azulene;
(RS)-trans-8-chloro-1-[4-(2-hydroxy-1-methyl-ethoxy)-cyclohexyl]-4H,6H-2,3,5,10b-
tetraaza-benzo[elazulene-5-carboxylic acid tert-butyl ester;
25 (RS)-trans-8-chloro-1-[4-(2-fluoro-1-methyl-cthoxy)-cyclohexyl]-5-methyl-5,6-dihydro-
4H-2,3,5,10b-tetraaza-benzo[¢]azulene;
(RS)-trans-8-chloro-1-[4-(3,3,3-trifluoro-1-methyl-propoxy)-cyclohexyl]-4H,6H-
2,3,5,10b-tetraaza-benzo[e]azulene-5-carboxylic acid tert-butyl ester;
(RS)-trans-8-chloro-5-methyl-1-[4-(3,3,3-trifluoro-1-methyl-propoxy)-cyclohexyl]-5,6-
30 dihydro-4H-2,3,5,10b-tetraaza-benzo[e]azulene;
trans-8-chloro-1-[4-(oxetan-3-yloxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-
benzo[e]azulene-5-carboxylic acid tert-butyl ester;
trans-8-chloro-1-[4-(tetrahydro-pyran-4-yloxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-
benzoazulene-5-carboxylic acid tert-butyl ester;
35 cis-8-chloro-1-[4-(tetrahydro-pyran-4-yloxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-
benzoazulene-5-carboxylic acid tert-butyl ester, or
trans-1-(4-tert-butoxy-cyclohexyl)-8-chloro-4H,6H-2,3,5,10b-tetraaza-benzo[ e]azulene-
5-carboxylic acid tert-butyl ester.
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Particularly preferred are trans-8-chloro-1-(4-isopropoxy-cyclohexyl)-5-methyl-5,6-
dihydro-4H-2,3,5,10b-tetraaza-benzo[e]azulene, trans-8-chloro-1-(4-cyclobutoxy-cyclohexyl)-5-
methyl-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzo[e]azulene, or trans-8-chloro-1-(4-
cyclopentyloxy-cyclohexyl)-5-methyl-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzo[e]azulene.

5 Most preferred is trans-8-chloro-1-(4-cyclopentyloxy-cyclohexyl)-5-methyl-5,6-dihydro-
4H-2,3,5,10b-tetraaza-benzo[c]azulene.

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

embodiments obtainable by a process according as described herewithin.

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

10 embodiments, whenever obtained by a process according as described herewithin.

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

embodiments for the use as therapeutically active substance.

A certain embodiment of the invention is a compound as described in any of the
embodiments for a use in the prevention or treatment of dysmenorrhea, male or female sexual

15 dysfunction, hypertension, chronic heart failure, inappropriate secretion of vasopressin, liver
cirrhosis, nephrotic syndrome, anxiety, depressive disorders, obsessive compulsive disorder,

autistic spectrum disorders, schizophrenia, and aggressive behavior.

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

compound as described in any of the embodiments.

20 A certain embodiment of the invention is a pharmaceutical composition comprising a
compound as described in any of the embodiments, wherein it is useful for the prevention or
treatment of dysmenorrhea, male or female sexual dysfunction, hypertension, chronic heart
failure, inappropriate secretion of vasopressin, liver cirrhosis, nephrotic syndrome, anxiety,
depressive disorders, obsessive compulsive disorder, autistic spectrum disorders, schizophrenia,

25 and aggressive behavior.

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

the embodiments for the preparation of a medicament.

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

the embodiments for the preparation of a medicament, wherein the medicament is useful for the

30 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.
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A certain embodiment of the invention is the use of a compound as described in any of
the embodiments for the prevention or treatment of dysmenorrhea, male or female sexual
dysfunction, hypertension, chronic heart failure, inappropriate secretion of vasopressin, liver
cirrhosis, nephrotic syndrome, anxiety, depressive disorders, obsessive compulsive disorder,

autistic spectrum disorders, schizophrenia, and aggressive behavior.

A certain embodiment of the invention is a method for the therapeutic and/or
prophylactic treatment of dysmenorrhea, male or female sexual dysfunction, hypertension,
chronic heart failure, inappropriate secretion of vasopressin, liver cirrhosis, nephrotic syndrome,
anxiety, depressive disorders, obsessive compulsive disorder, autistic spectrum disorders,
schizophrenia, and aggressive behavior, which method comprises administering a compound as

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

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

manufactured according to a process comprising the step of reacting a compound of formula (1)

1

|
O
N
“NH,
O 11
with a compound of formula (IIT)
H ,S
N
R’ N
52
Rm

to obtain a compound of formula (I) wherein R', R* and R? are as defined hereinabove for

formula (I).

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

procedures A to 1.
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O
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Scheme 1: General Scheme A

Compounds of formula (I) can be prepared by thermal condensation of a hydrazide
derivative of formula (II) and a thiolactam derivative of formula (III). The synthesis of
compounds of formula (II) is outlined in general schemes D-I hereinafter. Compounds of
formula (IIT) can be prepared following the general scheme C as described hereinafter. General

scheme A is hereinafter further illustrated with general procedure I'V.

R'I/O

I-a I-b
'I/O
1) R'R"C(=0),solvent
2) reducing agent /N\
N
or N~
R2-LG, base, solvent /@
R’ N,
RZ

Scheme 2: General Scheme B Compounds of formula (I) with R? different from H can be
prepared from compounds of formula (I-b) (compounds of formula (I) wherein R* is H)
according to methods known in the art, e.g. by treating a compound of formula (I-b) with an
inorganic base such as a carbonate salt or an organic base such as a tertiary amine and an
electrophilic reactant R*:-LG (wherein LG is a leaving group, e.g. halogen or sulfonyl) which is
either commercially available or ecasily prepared according to methods and starting materials

well known in the art. Alternatively, compounds of formula (I) can be obtained via reductive
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Scheme 3: General Scheme C

Thiolactam derivatives of formula (IT1I-1) (compounds of formula (IIT) in which R is tert-
butoxycarbonyl) can be obtained as follows: Transformation of a 2-nitrobenzyl alcohol of
formula (a) to a benylic chloride of formula (b) can be effected by a chlorinating reagent such as

15 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 (c) using di-tert-butyl dicarbonate
and a catalytic amount of 4-N,N-dimethylaminopyridine gives compounds of formula (d). The
nitro group can be reduced selectively by hydrogenation over palladium on charcoal, which has

20  been pretreated with a zinc halide such as zinc bromide, to give aniline intermediates of formula



carboxylic acid tert-butyl ester;

ci s-8-chloro-1-(4-isopropoxy-cycl ohexyl)-4H, 6H 2, 3,5, 10b-t et raaza- benzo[ e] a
zul ene- 5-woantysytosc acid tert-butyl ester; PCT/EP2009/064804

25(RS) -trans- 1- (4- sec- but oxy-cycl ohex3sl ) - 8- chl oro- 4H, 6H 2, 3,5, 10b-t et raaza-
benzo[ e] azul ene-5-carboxylic acid tert-butyl ester;
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b-tetraaza- benzo[e]azul ene; CH,Cl,, -78 °C
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5, 10bt etraaza- |,eJpzult-ene; 0 == 0
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, 6- di hypeme 3p0angral Ssheme by ¢ et r aaza- benzof e] azul ene;
(-)-trans-8-chloro-1-[4-(2-methoxy-1-net hyl - et hoxy) - cycl ohexyl ] - 5- met hyl - 5,
6- di hydr 04H42AKosy-tPblehetanaar@xlhto zolekaz dewngives of formula (VII) can be obtained
(RS)-transi8-chl oro=~144- ( 2-hydr oxys1snet hyl.-et hoxy).- cvel ohexyl ] - 4H 2,3,5
bt et SR SROsnid & I R TR:- VeRRRARE MY ROG L =46 60 &

25( KB) coneansd 8o chironahylsilany{oxytdyabhoxaneeabowpllicedcib zihyl estet 6Yeky 1Q-sibylatearny | -

5, 6-di hydrQys k%E‘li)v%’iﬁ ﬂ%’ alﬁlé’ . 1@% F%Mhp%ﬁﬁ%[sﬁ%_ﬁﬁg% ﬁ t such as trimethylslilg%]chloriie

(RS)-trans-8-chloro-1-[ 4- -trifluoro- Thyl - propoxy) - cycl ohexyl | -
6H2, 3, B fomethaisH ki dlatseinABe ETaIACH e Brse srdiosdsyinidazads of #.erletidiig {n 2 é‘él%laé’ o
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Xy) - Cy(%}ir?let}fgri(silllarllylégy-%clohexanecarboxylic acid ethyl ester (V) and a ketone or aldehyde of

15 formula (VI) with trimethylsilyl triflate in dichloromethane and a reducing agent such as
tricthylsilane leads to 4-alkoxy-cyclohexanecarboxylic acid ester derivatives of formula (VII).
Compounds of formula (VII) are usually obtained as a mixture of cis- and trans-isomers, which
can in some cases be separated chromatographically to give the pure trans-4-alkoxy-
cyclohexanecarboxylic acid ester of formula (VII-a) and cis-4-alkoxy-cyclohexanecarboxylic

20 acid ester of formula (VII-b). General scheme D is hereinafter further illustrated by general
procedure 1.



30 di hydro-4H 2, 3,5, 10b-t etraaza- benzo[ e] azul ene;
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O 15with a compound of formula (I11) to obtain a compound of formula
(I') wherein R, R2 and R3 are as defined herei nabove for formula (1).
The proceseeasivsersdescri bed in nore detail with the fol IPORERgIOgEHSIAI
schenmes and 20 procedures Ato |I. W282010/057795PCT/ EP2009/ 064804 24
[11111 Scheme 1: General Schene A Compounds of fornul a (1J %I £aQ be

5

prepared bytNiervg S of a hydrazi Tyt i ve of f hg(ll)
and a thi oerigatmrﬂd§’?!zl ). The synthesis of? B@g ounds
of formula ) is ou i n"general schenmes D- @‘ nafter gprrp’ ounds

of formula (111) can belprdpazed folASHWi ng the gené <

ene (0%as
described hereinafter. Generdl scheme A is hereinafter fhrthef il ustrated
with general procedure V. Od-al-b | Scheme 2: Gené?ql Schene B
Compounds of fornmula (1) with different fromH can be 10 prepared from
conpounds of fornmuMI-QI-b) (conpounds of fornmula (MIJ-2wherein R2 is H)
according to nethods known in the art, e.g. by treating a conpound of
formula (1-b) with an inorgani c base such as a garbonate salt or an organic
base such as a t@%ﬁary am ne and an ﬁb ctrophInhc reactant R2-LG (wherein
LfonylY which is either

LGis a |eavi ot Owp, e~ goHal ogen o
commerciallylavgl | abl e Or easily prepgjgfe according to nethods and starting
materials 1 Bl | known™ 1 e art. Aldigt native ounds of fornula (1)
can be obtained via reduc 2010/ 057795PCT/ 064804 25
R R
VII-3 VII-4

Scheme 6: General Scheme F

An oxetan-3-yloxy derivatives of formula (VII-4) can be obtained by treatment of the

compound of formula (VII-3) with potassium tert-butoxide in toluene at reflux. The compound

5 of formula (VII-3) is formed by monotosylation of the dihydroxy derivative of formula (VII-2),
which is prepared by hydrogenolytic double-O-debenzylation of the compound of formula (VII-

1). The compound of formula (VII-1) can be obtained from 1,3-dibenzyloxy-2-propanol

according to the reductive etherification procedure described in general scheme E.

HO 1. NaH, DMF. 0 °C /S\n/o
0 2.CS,0°C-RT 1 o

@) 3.CH,4l, 0°C - RT @)
1 ]

v XI

F

NBS, HF/pyrdine 50% XO
- F = 0
CH,Cl,, -45 -> 0°

N

VII-5

10  Scheme 7: General Scheme G

4-Trifluoromethox-cyclohexanecarboxcylic acid ethyl ester (VII-5) can be prepared by

treatment of intermediate (XI) with N-bromosuccinimide and HF-pyridine in dichloromethane.



al kyl ati on by consecutively treating a conpound of fornula (1-b) with a

ket one or al dehyde and a suitabl e reduci ng agent, e.g. a borohydride

deri vat i weooohsa®ssodi um bor ohydri de, sodi um cyanobor olrgumpPd@9064880di um
triacet oxyborohydri de. Conmpounds of f2¥rnula (1-b) can be obtained by

cl eavage of the substituent R2 of conpound of fornula | using nethods known
in 5 tKengound C8hpis whtisnedf byf Ordeptaorfatiob of drley deoyvemicdrkdngcoboailveatidsthyhe
salt ory : unds
salt Org Psv s sﬁx n{}gﬁ f ro&gsafy%r G %@d%kom%ele%bﬁx %ﬁ?@&e’%ﬂ&n&ﬁyﬁ&&ﬁ&
tert- butoxycarbonyl) with an acid in a syitable solvent, e.g

nmet hanesul fonic acid i n dichloronethane qr t et rahydrof uran or hydrochloric

acid in nmethanol . ner al

schemo@,d,s herleinafter further illustrated with

general procedures VI . Mgbﬁ%FQ, ZSBEE;HE;LPd/C 00 Et0Ac, OyNo
RTOyNo )cO0)cO Sch : @EHELaL_SCthE (0l@ctam derivatives of
formula (111- 1) (conpounds ogH (rrry imwhich R is tert-
but oxycar bonyl ) can be ob as” foI ows: Trafsformation of a

2-nitrobenzyl al cohol of fofmula (a) to a benylic|chloride of forrmula (b)
can be effected by a chlorinating reagent such as 15 thionyl chloride in
the presence of an orggpic tertiary am ne bagpe A kylation of a conpound of
formula (b) with glycine ethyl ester hydrochloride in the presence of an
organic tertiary am ne base and N-protection of the resulting conmpound of
formula (c) using di-tert-butyl dicarbonate apdSapaaitoal yti c anount of

4- N, N-di net hyl am nopyri di ne gi ves conpounds of fornula (d). The nitro group
can be reduced sel ectively by hydrogenation oVer palladiumon charcoal,

whi ch has 20 been pretreated with a zinc halide such as zinc brom de, to
give aniline internediates of fornmulal WO 2010/057 795PCT/EP2009/064804 26
(e). Cyclization to |actans of f or nul @& i's achi Ye

conpounds of fornula (e) with a SU|tabseoe+,g. i gm
tert-butoxide, in tetrahydrofuran. A thia adf%n1der|va v of formula
(I'11-1) is obtained by treatnent of a conpo of formulad{) wth
Lawesson' s reagent

(2, 4- bi s- (4-nmet hoxyphenyl) -1, 3, 2, 4-di t hi adi phosphet ane-2, 4-di sul fide) O

phosphorous 5 pentasul fide at el evated jgmoerature. .. YV

Scheme &: General Scheme H

5 cis/trans-4-tert-Butoxy-cyclohexanecarboxylic acid ethyl ester (VII-6) can be prepared by
treating cis/trans-4-hydroxy-cyclohexanecarboxylic acid ethyl ester (IV) with di-tert-butyl
dicarbonate in the presence of magnesium chloride. The pure trans isomer (VII-6-a) and the pure

cis isomer (VII-6-b) can be obtained by chromatographic separation.



1) TMsOrf, CH2A 2, -78 C 2) Et3SiH, -78 C- RT + Separation ...r Vll-a
VII-b Schene 4. General Schene D 4- Al koxy-cycl ohexanecar boxylic

aci d est ewoderwosarosves of formula (VII) can be obtai ned POY/RPe@®64i80€
etherification as follows: 4-Hydroxy-®ycl ohexanecarboxylic acid ethyl ester
(1V) is 10 converted to 4-trinethylsilanyl oxy- cy%I ohexanecar boxylic acid

ethyl ester (V) w/@ | ati on netydedse known g'rf R t e.g. by treatnent
with a silylating age uch as trhydetehyl silyl chl a orotrl met hyl si |yl
triflate in the presen £ base sucﬁ S midazol €¥0r ¢, 6-lutidine in a

suitable sol vent such as N\ di rret?@ For 'de or di chlﬂmorret hane.
Consecutive treat nent of 4 rimet nyl si |l anyl oxy-cycl ohexanelelgr boxylic acid
ethyl ester (V) and a ketone lor al dehyde of 15 formula (VI) with
trinmethylsilyl triflatyggin di ghl oronethane and a reduédi ng agent such as
triethylsilane | eads to 4-al koxy-cycl ohexanec ?x%I | I d test er
derivatives of form;zl,\ﬁaé}q’gbm npounds of fg mjé 'Pooé'in@eusual ly
obt ai ned as a m Xt ures-@éxaké RT any trans-i so ,2) drazmecn dragen some cases be
separated chronmat ographl caIIy to §yive the p re ¥
trans- 4- al koxycycl ohexanecar boxylic acid ester o'¥| ?or mula (VIl1-a) and
ci s-4-al koxy-cycl ohexanecarboxylic 20 acid ester of formula (VII-b).
General schenme D is hereinafter Rurthef Wl lustrated by general procedure |I.
WD 2010/ 057795PCT/ EP2009/ 064804 Vi é) TMBOTf, CH2d 2, -78 C 2)
Et3SiH, -78 C- RT + Separation .>7.cC

OH

X1I

Scheme 9: General Scheme |

A 4-aryloxy-cyclohexanecarboxylic acid ester of formula (VII) can be converted to a

hydrazide derivative of formula (II) by heating with hydrazine hydrate. Alternatively, an ester

5 derivative of formula (VII) can be hydrolyzed to a carboxylic acid derivative of formula (XII)
using a biphasic mixture of aqueous sodium or potassium hydroxide solution and an etheral
solvent such as dioxan. A hydrazide derivative of formula (II) can be obtained by activating an
acid intermediate of formula (XII), e.g. with ethyl chloroformate, thionyl chloride,
oxalylchloride or a peptide coupling reagent, and subsequent coupling with hydrazine. General

10 scheme I is hereinafter further illustrated by general procedures IITA and I1IB.

The corresponding pharmaceutically acceptable salts with acids can be obtained by
standard methods known to the person skilled in the art, e.g. by dissolving the compound of
formula I in a suitable solvent such as ¢.g. dioxan or THF and adding an appropriate amount of
the corresponding acid. The products can usually be isolated by filtration or by chromatography.

15 The conversion of a compound of formula I into a pharmaceutically acceptable salt with a base
can be carried out by treatment of such a compound with such a base. One possible method to
form such a salt is e¢.g. by addition of 1/n equivalents of a basic salt such as e.g. M(OH),,
wherein M = metal or ammonium cation and n = number of hydroxide anions, to a solution of
the compound in a suitable solvent (e.g. ethanol, ethanol-water mixture, tetrahydrofuran-water

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

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

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



VIl-a VII-b Schenme 5: Ceneral Schene E Alternatively,

4- al koxy-cycl ohexanecar boxylic acid ester derivatives of forrmula (VII) can
be obt ai @0 2bl/eseddcti ve etherification as foll ows: Con®eTPRag/0648@4at ment
of an al koxy- 5 trinmethyl-silane of f¥drnmula (IX) and

4- cycl ohexanonecar boxylic acid ethyl ester (X) with trinmethylsilyl triflate
i n di chl or orewilahe apprdciated ébitdhe gormpentds ofighnasl formelahyihghisameengow esaydbe

al koxy | I
Compour ApCFSEREEARERIR R IREN TR REh UEe ol MTeh Arp¥h bl 1o

t r ans- itBoPAER copmpen Bafve.n sone cases be separated chromat ographically to
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CH2d 2
liter fermenters with the fo llowing protocol.

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

15 HEPES, ImM EDTA, 10mM magnesium dichloride adjusted to pH= 7.4 + complete cocktail of
protease inhibitor (Roche Diagnostics)). Homogenized with Polytron for 1min and sonicated on

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

at 500 g at 4°C, the pellet is discarded and the supernatant centrifuged l1hour at 43°000g at 4°C
(19°000rpm). The pellet is resuspended in 12.5 ml Lysis buffer+12.5ml Sucrose 20% and

20 homogenized using a Polytron for 1-2 min. The protein concentration is determined by the
Bradford method and aliquots are stored at -80°C until use. For binding studies 60mg Yttrium
silicate SPA beads (Amersham) are mixed with an aliquot of membrane in binding buffer (50

mM Tris, 120mM sodium chloride, 5 mM potassium chloride, 2 mM Calcium dichloride, 10 mM
magnesium dichloride) for 15 minutes with mixing. 50ul of bead/membrane mixture is then

25 added to each well of a 96 well plate, followed by 50ul of 4 nM 3H-Vasopressin (American
Radiolabeled Chemicals). For total binding measurement 100ul of binding buffer are added to

the respective wells, for non-specific binding 100ul of 8.4mM cold vasopressin and for
compound testing 100ul of a serial dilution of each compound in 2% dimethyl sulfoxide. The
plate is incubated 1h at room temperature, centrifuged 1 min at 1000g and counted on a Packard

30 Top-Count. Non-specific binding counts are subtracted from each well and data is normalized to
the maximum specific binding set at 100%. To calculate an IC 50 the curve is fitted using a non-

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

The following representative data show the antagonistic activity against human Vla

receptor of compounds according to present invention.
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6 6.05 29 8.80 52 7.72

7 7.26 30 8.55 53 8.55

8 8.89 31 7.97 54 8.07

9 7.76 32 8.89 55 7.12

10 8.55 33 8.12 56 8.17

11 8.96 34 6.84 57 8.21

12 8.64 35 8.10 58 7.33

13 8.82 36 8.49 59 8.25

14 9.00 37 8.46 60 8.15

15 8.85 38 9.10 61 6.35

16 8.46 39 8.19 62 7.70

17 8.46 40 7.46 63 6.54

18 8.60 41 8.54 64 7.77

19 8.42 42 7.75 65 7.84

20 6.60 43 6.76 66 6.71

21 7.53 44 7.85 67 7.58

22 8.05 45 8.43 68 8.42

23 6.44 46 6.93

10

Table 3: human V1a pKi of selected examples

Pharmaceutical Compositions

The compounds of formula I as well as their pharmaceutically usable acid addition salts

can be used as medicaments, ¢.g. in the form of pharmaceutical preparations. The pharmaceutical

preparations can be administered orally, e.g. in the form of tablets, coated tablets, dragées, hard

and soft gelatine capsules, solutions, emulsions or suspensions. The administration can, however,

also be effected rectally, e¢.g. in the form of suppositories, or parenterally, e.g. in the form of

injection solutions.

The compounds of formula I and their pharmaceutically usable acid addition salts can be

processed with pharmaceutically inert, inorganic or organic excipients for the production of

tablets, coated tablets, dragées and hard gelatine capsules. Lactose, corn starch or derivatives

thereof, talc, stearic acid or its salts etc can be used as such excipients e.g. for tablets, dragées
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3. Corn Starch 15 6 6 60
4. Microcrystalline Cellulose 34 30 30 450
5. Magnesium Stearate 1 1 1 1
Total 100 167 167 831
20 Table 4: possible tablet composition
Manufacturing Procedure
1. Mix ingredients 1, 2, 3 and 4 and granulate with purified water.

2. Dry the granules at 50°C.
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3. Fill into a suitable capsule.

10 The compound of formula I, lactose and corn starch are firstly mixed in a mixer and then in
a comminuting machine. The mixture is returned to the mixer, the talc (and magnesium stearate)
is added thereto and mixed thoroughly. The mixture is filled by machine into suitable capsules,
¢.g. hard gelatine capsules.

Example B-2

15  Soft Gelatine Capsules of the following composition are manufactured:
ingredient mg/capsule
Compound of formula I 5
Yellow wax 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



8.26 4 8.17 27 8.68 50 8.57 5 7.85 28 8.80 51 6.73 6 6.05 29 8.80 52 7.72 7
7.26 30 8.55 53 8.55 8 8.89 31 7.97 54 8.07 9 7.76

WO 2010/057795 PCT/EP2009/064804
35
ingredient mg/capsule
Gelatin 75
Glycerol 85 % 32
Karion 83 8 (dry matter)
Titan dioxide 0.4
Iron oxide yellow 1.1
Total 116.5

Table 7: possible soft gelatine capsule composition
Manufacturing Procedure

The compound of formula I is dissolved in a warm melting of the other ingredients and the
mixture is filled into soft gelatin capsules of appropriate size. The filled soft gelatin capsules are
5 treated according to the usual procedures.

Example C

Suppositories of the following composition are manufactured:

ingredient mg/supp.
Compound of formula I 15

Suppository mass 1285

Total 1300

Table 8: possible suppository composition
Manufacturing Procedure

10 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 I 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.

15 Example D

Injection solutions of the following composition are manufactured:

ingredient mg/injection solution.
Compound of formula I 3

Polyethylene Glycol 400 150

acetic acid q.s. ad pH 5.0




32 8.89 55 7.12 10 8.55 33 8.12 56 8.17 11 8.96 34 6.84 57 8.21 12 8.64 35
8.10 58 7.33 13 8.82 36 8.49 59 8.25 14 9.00 37 8.46 60
WO 2010/057795 PCT/EP2009/064804
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water for injection solutions ad 1.0 ml

Table 9: possible injection solution composition
Manufacturing Procedure

The compound of formula I is dissolved in a mixture of Polyethylene Glycol 400 and water
for injection (part). The pH is adjusted to 5.0 by acetic acid. The volume is adjusted to 1.0 ml by
5 addition of the residual amount of water. The solution is filtered, filled into vials using an

appropriate overage and sterilized.

Example E

Sachets of the following composition are manufactured:

ingredient mg/sachet
Compound of formula I 50

Lactose, fine powder 1015

Microcrystalline cellulose (AVICEL PH 102) 1400

Sodium carboxymethyl cellulose 14

Polyvinylpyrrolidon K 30 10

Magnesiumstearate 10

Flavoring additives 1

Total 2500

Table 10: possible sachet composition
10  Manufacturing Procedure

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

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

Examples

15 The following examples 1 — 69 are provided for illustration of the invention. They should
not be considered as limiting the scope of the invention, but merely as being representative
thereof.

Intermediate of formula (V)

cis/trans-4-Trimethylsilanyloxy-cyclohexanecarboxylic acid ethyl ester (2:1)
20 To a solution of cis/trans-4-hydroxycyclohexane carboxylic acid ethyl ester (2:1) (5.0 g, 29
mmol) and imidazole (4.4 g, 64 mmol) in N,N-dimethylformamide (90 ml) was added

trimethylsilyl chloride (4.0 ml, 32 mmol) at 0-5 °C. Stirring for 1 h at room temperature was



8.15 15 8.85 38 9.10 61 6.35 16 8.46 39 8.19 62 7.70 17 8.46 40 7.46 63
6.54 18 8.60 41 8.54 64 7.77 19 8.42 42 7.75 65 7.84 20 6. 60

10

15

20

25

30

35

WO 2010/057795 PCT/EP2009/064804
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followed by partitioning between tert-butyl methyl ether(300 ml) and water (150 ml). The layers
were separated. The organic layer was washed with two 150-ml portions of water and one 50-ml

portion of brine, dried over anhydrous sodium sulfate and concentrated in vacuo to give the title
compound (6.7 g, 94%) as colorless oil. MS m/e: 245 (M+H").

4-Alkoxv-cyclohexanecarboxvlic acid ester intermediates of formula (VI

Reductive Etherification
General procedure I:

To a solution of cis/trans-4-trimethylsilanyloxy-cyclohexanecarboxylic acid ethyl ester (2:1) in
dichloromethane (0.1 M) are added consecutively a ketone or an aldehyde of formula (VI) (0.85
eq) and trimethylsilyl trifluoromethanesulfonate (0.10 eq) at -78 °C. The reaction mixture is
stirred for 1 h. After addition of triethylsilane (1 eq) the cooling bath is removed and the reaction
mixture is allowed to warm to room temperature. Stirring is continued over night. The mixture is
quenched with saturated aqueous sodium bicarbonate solution. The layers are separated. The
organic layer is dried over anhydrous sodium sulfate and concentrated in vacuo. Purification by
flash-chromatography gives a 4-alkoxy-cyclohexanecarboxylic acid ester intermediate of
formula (VII).

General procedure I1A:

An alkoxy-trimethyl-silane intermediate of formula (IX) is formed in situ by adding
trimethylsilyl trifluoromethanesulfonate (1 eq) to a solution of an alcohol derivative of formula
(VIID) (1 eq) and 2,6-lutidine (1 eq) in dichloromethane (0.1 M) at -78 °C. After 1 h 4-
cyclohexanonecarboxylic  acid ethyl ester (X) (0.85 eq) and trimethylsilyl
trifluoromethanesulfonate (0.1 eq) are added consecutively. The reaction mixture is stirred for 1
h. After addition of tricthylsilane (2 eq) the cooling bath is removed and the reaction mixture is
allowed to warm to room temperature. Stirring is continued over night. The mixture is quenched
with saturated aqueous sodium bicarbonate solution. The layers are separated. The organic layer
is dried over anhydrous sodium sulfate and concentrated in vacuo. Purification by flash-
chromatography gives a 4-alkoxy-cyclohexanecarboxylic acid ester intermediate of formula
(VII).

General procedure I1B:
A trimethylsilyloxy intermediate of formula (IX), which is commercially available or which can
be prepared according to methods known in the art, is dissolved in dichloromethane (0.1 M). 4-
Cyclohexanonecarboxylic  acid ethyl ester (X) (0.85 eq) and trimethylsilyl
trifluoromethanesulfonate (0.1 eq) are added consecutively at -78 °C. The reaction mixture is
stirred for 1 h. After addition of triethylsilane (2 eq) the cooling bath is removed and the reaction
mixture is allowed to warm to room temperature. Stirring is continued over night. The mixture is
quenched with saturated aqueous sodium bicarbonate solution. The layers are separated. The

organic layer is dried over anhydrous sodium sulfate and concentrated in vacuo. Purification by
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exci pi érns-4flghoxgpexcleskandcabordsasicethplrastes apd ciydgethe-eycnhicsanogepbexylicf at s,

sem solaefd ARA btk JMRdiN Bollbetaldehyde according to general procedure 1 after

10 separation by flash-column chromatography.

trans-4-Ethoxy-cyclohexanecarboxylic acid ethyl ester was obtained as light yellow oil in 18%
yield. MS m/e: 200 (M ")
cis-4-Ethoxy-cyclohexanecarboxylic acid ethyl ester was obtained as light yellow oil in 24%
yield. MS m/e: 201 (M+H")

15 4-Alkoxy-cyclohexanecarboxylic acid ester 3
trans-4-Isopropoxy-cyclohexanecarboxylic acid ethyl ester
and
4-Alkoxy-cyclohexanecarboxylic acid ester 4
cis-4-Isopropoxy-cyclohexanecarboxylic acid ethyl ester

20 trans-4-Isopropoxy-cyclohexanecarboxylic ~— acid ethyl ester and  cis-4-isopropoxy-
cyclohexanecarboxylic acid ethyl ester were obtained from acetone according to general
procedure I after separation by flash-column chromatography.
trans-4-Isopropoxy-cyclohexanecarboxylic acid ethyl ester was obtained as colorless oil in 23%
yield. MS m/e: 214 (M ")

25 cis-4-Isopropoxy-cyclohexanecarboxylic acid ethyl ester was obtained as light yellow oil in 57%
yield. MS m/e: 215 (M+H")

4-Alkoxy-cyclohexanecarboxylic acid ester S
trans-4-sec-Butoxy-cyclohexanecarboxylic acid ethyl ester
and
30 4-Alkoxy-cyclohexanecarboxylic acid ester 6
cis-4-sec-Butoxy-cyclohexanecarboxylic acid ethyl ester

trans-4-sec-Butoxy-cyclohexanecarboxylic  acid  ethyl ester and  cis-4-sec-Butoxy-
cyclohexanecarboxylic acid ethyl ester were obtained from 2-butanone according to general
procedure I after separation by flash-column chromatography.

35 trans-4-sec-Butoxy-cyclohexanecarboxylic acid ethyl ester was obtained as colorless oil in 22%
yield. MS (EI) m/e: 228 (M, 1%), 199 (IM-C,Hs]", 6%), 155 (IM-C4Ho0]", 100%)



Sui t abl e excipients for the manufacture of solutions and syrups are e.g.
wat er, pol yols, saccharose, invert sugar, glucose etc. Suitable excipients
for injecwDansli9si ons are e.g. water, 5 al cohols, pol yor&rP2abpessnol
vegetabl e oils etc. Suitabl e excipient¥ for suppositories are e.g. natural
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yield. MS (EI) m/e: 155 ([M-C4H,0]", 49%)
cis-4-Cyclobutoxy-cyclohexanecarboxylic acid ethyl ester was obtained as light yellow oil in
58% yield. MS m/e: 227 (M+H")

15 4-Alkoxy-cyclohexanecarboxylic acid ester 9
trans-4-Cyclopentyloxy-cyclohexanecarboxylic acid ethyl ester
and
4-Alkoxy-cyclohexanecarboxylic acid ester 10
cis-4-Cyclopentyloxy-cyclohexanecarboxylic acid ethyl ester

20 trans-4-Cyclopentoxy-cyclohexanecarboxylic acid ethyl ester and cis-4-cyclopentoxy-
cyclohexanecarboxylic acid ethyl ester were obtained from cyclopentanone according to general
procedure I after separation by flash-column chromatography.
trans-4-Cyclopentoxy-cyclohexanecarboxylic acid ethyl ester was obtained as colorless oil in 8%
yield. MS (EI) m/e: 240 (M 1%), 155 [M-CsHo0]", 30%)

25 cis-4-Cyclopentoxy-cyclohexanecarboxylic acid ethyl ester was obtained as colorless oil in 29%
yield. MS m/e: 241 (M+H")

4-Alkoxy-cyclohexanecarboxylic acid ester 11
trans-4-Cyclohexyloxy-cyclohexanecarboxylic acid ethyl ester
and
30 4-Alkoxy-cyclohexanecarboxylic acid ester 12
cis-4-Cyclohexyloxy-cyclohexanecarboxylic acid ethyl ester

trans-4-Cyclopentoxy-cyclohexanecarboxylic acid ethyl ester and cis-4-cyclopentoxy-
cyclohexanecarboxylic acid ethyl ester were obtained from cyclohexanone according to general
procedure I after separation by flash-column chromatography.

35 trans-4-Cyclohexyloxy-cyclohexanecarboxylic acid ethyl ester was obtained as colorless oil in
15% yield. MS (EI) m/e: 254 (M)
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4-Alkoxy-cyclohexanecarboxylic acid ester 13
(RS)-trans-4-(2-Methoxy-1-methyl-ethoxy)-cyclohexanecarboxylic acid ethyl ester
5 and
4-Alkoxy-cyclohexanecarboxylic acid ester 14
(RS)-cis-4-(2-Methoxy-1-methyl-ethoxy)-cyclohexanecarboxylic acid ethyl ester
(RS)-trans-4-(2-Methoxy-1-methyl-ethoxy)-cyclohexanecarboxylic acid ethyl ester and (RS)-cis-
4-(2-methoxy-1-methyl-ethoxy)-cyclohexanecarboxylic acid ethyl ester were obtained from
10 methoxyacetone according to general procedure 1 after separation by flash-column
chromatography.
(RS)-trans-4-(2-Methoxy-1-methyl-ethoxy)-cyclohexanecarboxylic acid ethyl ester was obtained
as colorless oil in 21% yield. MS m/e: 245 (M+H")
(RS)-cis-4-(2-Methoxy-1-methyl-ethoxy)-cyclohexanecarboxylic acid ethyl ester was obtained
15  as colorless oil in 43% yield. MS m/e: 245 (M+H")

4-Alkoxy-cyclohexanecarboxylic acid ester 15
(RS)-trans-4-(2-Acetoxy-1-methyl-ethoxy)-cyclohexanecarboxylic acid ethyl ester
and
4-Alkoxy-cyclohexanecarboxylic acid ester 16

20 (RS)-cis-4-(2-Acetoxy-1-methyl-ethoxy)-cyclohexanecarboxylic acid ethyl ester
(RS)-trans-4-(2-Acetoxy-1-methyl-ethoxy)-cyclohexanecarboxylic acid ethyl ester and (RS)-cis-
4-(2-acetoxy-1-methyl-ethoxy)-cyclohexanecarboxylic acid ethyl ester were obtained from
acetoxyacetone according to general procedure 1 after separation by flash-column
chromatography.

25 (RS)-trans-4-(2-Acetoxy-1-methyl-ethoxy)-cyclohexanecarboxylic acid ethyl ester was obtained
as light yellow oil in 13% yield. MS m/e: 273 (M+H")
(RS)-cis-4-(2-Acetoxy-1-methyl-ethoxy)-cyclohexanecarboxylic acid ethyl ester was obtained as
light yellow oil in 41% yield. MS m/e: 273 (M+H")

4-Alkoxy-cyclohexanecarboxylic acid ester 17
30 (RS)-trans-4-(3,3,3-Trifluoro-1-methyl-propoxy)-cyclohexanecarboxylic acid ethyl ester
and
4-Alkoxy-cyclohexanecarboxylic acid ester 18
(RS)-cis-4-(3,3,3-Trifluoro-1-methyl-propoxy)-cyclohexanecarboxylic acid ethyl ester
(RS)-trans-4-(3,3,3-Trifluoro-1-methyl-propoxy)-cyclohexanecarboxylic acid ethyl ester and
35 (RS)-cis-4-(3,3,3-trifluoro-1-methyl-propoxy)-cyclohexanecarboxylic acid ethyl ester were
obtained from acetoxyacetone according to general procedure I after separation by flash-column
chromatography.
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(RS)-trans-4-(3,3,3-Trifluoro-1-methyl-propoxy)-cyclohexanecarboxylic acid ethyl ester was
obtained as colorless oil in 9% yield. MS (EI) m/e: 282 (M)
(RS)-cis-4-(3,3,3-Trifluoro-1-methyl-propoxy)-cyclohexanecarboxylic acid ethyl ester was
obtained as colorless oil in 4% yield. MS m/e: 283 (M+H")

5 4-Alkoxy-cyclohexanecarboxylic acid ester 19
cis/trans-4-(2-Benzyloxy-1-benzyloxymethyl-ethoxy)-cyclohexanecarboxylic acid ethyl
ester
The title compound was obtained as colorless oil in 49% yield from 1,3-dibenzyloxy-2-propanol
according to general procedure ITA. MS m/e: 427 (M+H")

10 4-Alkoxy-cyclohexanecarboxylic acid ester 20
cis/trans-4-(2-Hydroxy-1-hydroxymethyl-ethoxy)-cyclohexanecarboxylic acid ethyl ester
3:7)

To an argon purged solution of cis/trans-4-(2-benzyloxy-1-benzyloxymethyl-ethoxy)-
cyclohexanecarboxylic acid ethyl ester (2.30 g, 5.39 mmol) in acetic acid (54 ml) was added

15 palladium on charcoal 10% (0.57 g). The reaction mixture was purged with hydrogen gas and
stirred at room temperature for 3 h under an atmosphere of hydrogen gas. The catalyst was
removed by filtration over Decalite. The filtrate was concentrated in vacuo. Flash-
chromatography with n-heptane/ethyl acetate as eluent gave the title compound (0.74 g, 56%) as
colorless oil. MS m/e: 247 (M+H")

20 4-Alkoxy-cyclohexanecarboxylic acid ester 21
(RS)-cis/trans-4-[1-Hydroxymethyl-2-(toluene-4-sulfonyloxy)-ethoxy]-
cyclohexanecarboxylic acid ethyl ester (3:7)

To a solution of cis/trans-4-(2-hydroxy-1-hydroxymethyl-ethoxy)-cyclohexanecarboxylic acid
ethyl ester (3:7) (0.74 g, 3.0 mmol) and tricthylamine (0.42 ml, 3.0 mmol) in dichloromethane

25 (30 ml) a catalytic amount of 4-N,N-dimethylaminopyridine was added. A solution of p-
toluenesulfonyl chloride (0.57 g, 3.0 mmol) in dichloromethane (10 ml) was added dropwise at
room temperature. Stirring for 16 h was followed by partitioning between ethyl acetate (100 ml)
and 0.5 M aqueous hydrogen chloride solution (50 ml). The layers were separated. The aqueous
layer was extracted with two portions of ethyl acetate. The combined organic layers were washed

30 with one portion of brine, dried over anhydrous sodium sulfate and concentrated in vacuo. Flash-
chromatography with n-heptane/ethyl acetate as eluent gave the title compound (0.46 g, 38%) as
colorless oil. MS m/e: 401 (M+H")

4-Alkoxy-cyclohexanecarboxylic acid ester 22
cis/trans-4-(Tetrahydro-pyran-4-yloxy)-cyclohexanecarboxylic acid ethyl ester (7:1)
35 The title compound was obtained as colorless oil in 49% yield from tetrahydro-pyran-4-one
according to general procedure I. MS m/e: 257 (M+H")
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WO ZOIQéﬁﬁ&ZﬁEHDCEﬂEﬁZd)ﬁﬂﬁ%@BDﬁﬂ?zBS mmol) was added dropwise at 0-5 °C over a period of
10 minutes. The reaction mixture was stirred for 7 h at room temperature. lodomethane (1.3 ml,
21 mmol) was added dropwise at 0-5 °C. Stirring for 16 h at room temperature was followed by
quenching with saturated aqueous ammonium chloride solution (6 ml). The reaction mixture was
10  partitioned between saturated aqueous ammonium chloride solution (150 ml) and tert-butyl
methyl ether (150 ml). The layers were separated. The aqueous layer was extracted with two
150-ml portions of tert-butyl methyl ether. The combined organic layers were washed with two
50-ml portions of water and one 50-ml portion of brine, dried over anhydrous sodium sulfate and
concentrated in vacuo. Flash-chromatography with n-heptane/ethyl acetate as eluent gave the
15 title compound (0.46 g, 38%) as colorless oil. MS m/e: 263 (M+H")

4-Alkoxy-cyclohexanecarboxylic acid ester 24
trans-4-tert-Butoxy-cyclohexanecarboxylic acid ethyl ester
and
4-Alkoxy-cyclohexanecarboxylic acid ester 25
20 cis-4-tert-Butoxy-cyclohexanecarboxylic acid ethyl ester
To a solution of cis/trans-4-hydroxycyclohexane carboxylic acid ethyl ester (2:1) (1.0 g, 5.8
mmol) and di-tert-butyl dicarbonate (2.9 g, 13.4 mmol) in dichloromethane (6 ml) was added
anhydrous magnesium perchlorate (0.13 g, 0.58 mmol) which was previously activated in high
vacuo (ca. 1 mbar) at 150 °C for 1 h. Stirring for 16 h at 40 °C was followed by partitioning
25 between dichloromethane (50 ml) and water (30 ml). The layers were separated. The aqueous
layer was extracted with one 50-ml portion of dichloromethane. The combined organic layers
were dried over anhydrous sodium sulfate and concentrated in vacuo. Purification by flash-
chromatography with n-heptane/tert-butyl methyl ether as eluent gave pure trans-4-tert-butoxy-
cyclohexanecarboxylic acid ethyl ester and cis-4-tert-butoxy-cyclohexanecarboxylic acid ethyl
30 ester.
trans-4-tert-Butoxy-cyclohexanecarboxylic acid ethyl ester was obtained as colorless oil in 8%
yield. MS (EI) m/e: 228 (M 1%), 155 [M-C4Ho0]", 61%)
cis-4-tert-Butoxy-cyclohexanecarboxylic acid ethyl ester was obtained as colorless oil in 8%
yield. MS m/e: 229 (M+H")

35 4-Alkoxv-cvclohexanecarboxvlic acid intermediates of formula (XII)

4-Alkoxy-cyclohexanecarboxylic acid 1
cis/trans-4-(Oxetan-3-yloxy)-cyclohexanecarboxylic acid (1:3)
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dioxane (12 ml) and 2 M aqueous sodium hydroxide solution (5.7 ml, 12 mmol). After stirring at

room temperature for 16 h the mixture was partitioned between tert-butyl methyl ether (30 ml)

10 and 1 M aqueous sodium hydroxide solution (50 ml). The layers were separated. The organic
layer was extracted with one 50-ml portion of 1 M aqueous sodium hydroxide solution. The
combined aqueous layers were acidified by addition of concentrated hydrochloric acid solution
and crushed ice (50 g) and extracted with three 50-ml portions of ethyl acetate. The combined
organic layers were dried over anhydrous sodium sulfate and concentrated in vacuo. Flash-

15 chromatography with n-heptane/ethyl acetate as eluent gave the title compound (0.12 g, 50%) as
off-white solid. MS m/e: 199 (M+H")

4-Alkoxy-cyclohexanecarboxylic acid 2
cis/trans-4-(Tetrahydro-pyran-4-yloxy)-cyclohexanecarboxylic acid (1:2)
A mixture of cis/trans-4-(tetrahydro-pyran-4-yloxy)-cyclohexanecarboxylic acid ethyl ester (7:1)
20  (0.385 g, 1.50 mmol) and sodium ethoxide (0.204 g, 3.00 mmol) in dry toluene (1.5 ml) was
heated at reflux for 20 h. The reaction mixture was cooled to room temperature, diluted with 1,4-
dioxane (7.5 ml) and 2 M aqueous sodium hydroxide solution (7.5 ml). Stirring for 16 h was
followed by partitioning between 2 M aqueous sodium hydroxide solution (50 ml) and
dichloromethane. The layers were separated. The aqueous layer was extracted with one portion
25 of dichloromethane. The combined organic layers were washed with two 50 ml portions of 2 M
aqueous sodium hydroxide solution. The combined aqueous layers were acidified to pH 1 by
addition of concentrated hydrochloric acid solution (100 ml). The aqueous layer was extracted
with two 150-ml portions of dichloromethane. The combined organic layers from the acidic
extraction were dried over anhydrous sodium sulfate and dried in vacuo to give the title
30 compound (0.358 g, 93%) as yellow solid. MS m/e: 229 (M+H")

4-Alkoxy-cyclohexanecarboxylic acid 3
cis/trans-4-Trifluoromethoxy-cyclohexanecarboxylic acid
To a suspension of N-bromosuccinimid (4.95 g, 27.8 mmol) in dichloromethane (13 ml) were
consecutively added dry pyridine (2.5 ml) and hydrogen fluoride pyridine complex 70% (5.80 ml,
35 223 mmol) at -45 °C. The mixture was allowed to warm to 0 °C and stirred for 10 minutes. A
solution of cis/trans-4-methylsulfanylthiocarboxyoxy-cyclohexanecarboxylic acid ethyl ester
(1.46 g, 5.6 mmol) in dichloromethane (10 ml) was added dropwise. Stirring for 1 h at 0 °C was
followed by partitioning between tert-butyl methyl ether (150 m) and a mixture of saturated
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concentrated in vacuo. The crude cis/trans-4-trifluoromethoxy-cyclohexanecarboxylic acid ethyl
ester (0.57 g) was dissolved in 1,4-dioxane (18 ml) and 2 M aqueous sodium hydroxide solution
(11.8 ml, 23.7 mmol). Stirring at room temperature for 18 h was followed by addition of 1 M
10 aqueous hydrogen chloride solution (20 ml). The reaction mixture was extracted 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 (0.37 g, 73%) as amorphous light
brown solid, which was used in the next step without further purification. MS m/e: 211 (M-H")

Hvdrazide intermediates of formula (1I)

15 General procedure IIIA: Hydrazide formation from 4-alkoxy-cyclohexanecarboxylic
acid ester
A mixture of a 4-alkoxy-cyclohexanecarboxylic acid ester (1 eq) and hydrazine hydrate (2-6 eq)
in n-butanol (0.2-1 M) is heated at reflux for 16-72 h. After cooling to room temperature the
reaction mixture is partitioned between an organic solvent such as ethyl acetate or

20 dichloromethane and water. The layers are separated and the aqueous layer is extracted with two
portions of organic solvent. The combined organic layers are dried over anhydrous sodium
sulfate and concentrated in vacuo to give the crude title compound, which is used in the next step

without further purification.

General procedure HIB: Hydrazide formation from 4-alkoxy-

25 cyclohexanecarboxylic acid
To a solution of a 4-alkoxy-cyclohexanecarboxylic acid (1 eq) and tricthylamine (1 eq) in
tetrahydrofuran (0.2 M) is added ethyl chloroformate at 0 °C. The reaction mixture is stirred for
1 h. The ammonium salts are removed by filtration. The filtrate is added to a cold solution of
hydrazine hydrate (2 eq) in methanol (0.2 M). The reaction mixture is stirred at room
30 temperature for 2-16 h. The solvent is evaporated under reduced pressure and the residue is
partitioned between an organic solvent such as ethyl acetate or dichloromethane and water. The
organic layer is separated. The aqueous layer is extracted with two or three portions of organic
solvent. The combined organic layers are dried over anhydrous sodium sulfate and concentrated
in vacuo to give the crude title compound which is used in the next step without further

35 purification.

Hydrazide 1
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CGeneral procedure 11B: 30 Atrinethylsilyloxy internmediate of forrmula (IX),
which is comercially avail able or 'l@hldeayn be pr epar ed accordi ng to

met hods known in t&e art (f:'(gbtg ssol in d| .ron&tq?a(ﬁ‘ %f() 4-
Cycl ohexanonecar bo -Gy P’HS/FYC eé‘?“‘icif VISP UGN Y LAG Y E i rret hyl si |yl
trifl udhonethaompolidnat eobtdndd es)wlatcesadided 98 ots grid iftoel yraas-4-cgBloGutokire
reacti ' ir f 1 t jtign iethylsilang (2
eq) thggicclgl(l) aﬂéc%gﬁot%wﬁ{:s écggm Vée)[ yh %‘stteﬁe ar?Jecg . 8" Qlnckdl' EHRHELELLANEIA:

MS m/e: 213 (M+H")

Hydrazide 8
cis-4-Cyclobutoxy-cyclohexanecarboxylic acid hydrazide
The title compound was obtained as white solid in 91 % vyield from cis-4-cyclobutoxy-
cyclohexanecarboxylic acid ethyl ester according to general procedure IIIA.

35 MS m/e: 213 (M+H")



35 mxture is allowed to warmto roomtenperature. Stirring is continued
over night. The m xture is quenched with saturated aqueous sodi um

bi car bonawe 28w/a3ri96n. The | ayers are separated. The or g&arEPe@yas4sds dri ed
over anhydrous sodium sul fate and com®entrated in vacuo. Purification by
WO 2010/ 057795PCT/ EP2009/ 064804 38 fl ash-chromat ography gives a

4- al koxy-cycl ohexanecar boxyl i ¢ aci dipbtedeiInt er medi ate of formula (VII).

4- Al koxy- cycl ohex > _r@gg‘%d i i S .

trans- 4- Et hoxy- cy@?gﬁgx ne ;Irn E%lg&’ ?_y(}&gl{c‘?%afletaﬁ?/?xyellgtaec}d g%%rémde

4- Al kO)Zlgh_ecty&g Wécxg@q)g&twnp@ ag oV lyteesaligy 280 Y% yield from trans-4-cyclopentyloxy-
Ci s- 4- BLhIeNycat Yk XaBed ERPXM fecalin 18ldNdraBsib&dure IIIA.

transs- iZﬁt&%ﬁ)% ‘g%xaneclgﬁrpboxyl iC g%i dtggt hyllqﬁest er and

ci s-4- TG 8 necar boxylic acid ethyl ester were obtained from
acet al dehyde according to general procedure | after 10 separation by

fl ash-col um chronmat ography. transHdiEazideyd cycl ohexanecarboxylic acid

et hyl ester was obfalne j : I iLoa %\ . me: 200 (M)
Ci s-4- Et hoxy-cycl %@kgéXg%‘%&% césfgic(ﬁhg%rféﬁ%fﬂoggﬁgf{ %l\}}ah?dg%?g/?ned as |ight
yel | owIdie| titioncompeupidetvels ofBingfleas wide olid in 88 % yield from trans-4-cyclohexyloxy-
154- Al kQX¥hEMGEQRSHGNE GAH RENY biter REbiSth®endal procedure IIA.
trirs-4-ésop‘ropg§/};- cgécl ohexanecar boxyli'c acid ethyl ester and

4- A%k oS &ye1 ¥ dar boxyl i ¢ acid ester 4

ci s-4-1sopropoxy-cycl ohexanecarboxylic acid ethyl ester 20
trans-4-1sopropoxy-cycl ohexanecar bébdrazidci tiet hyl est er andci s- 4-i sopr opoxy-

cycl ohexanecar boxyld ¢, aci.d et hvl ester [ bt ai from.acetone according
to general pr oceduf & 1 63{#] léer_xyg%x af §E_°|%8ﬁ 'befgfl?oag 1 ggﬁuh%ﬂg]ﬂra‘grrat ogr aphy.
t r ans- Ahistathy eporgursl wias dxainet as bydtgl sadidagi 88 ebohyiclde §ver ciaescwinlwixpledy-as

col or | €$8loRAanbdrisox Y| hdd MandY €'csel4 4d¥bld procedure  TIIA.

g irg%?l to general

ci s-4-150propoxy-cycl ohexanecarboxylic acid ethyl esfer was obtal ned as
i ght Y89 nyey SiliMH870% yield. MB me: 215 (MrH )

4- Al koxy-cycl ohexanecar boxylic acid ester 5

trans- 4- sec- But oxy- cycl ohexanecar beyrasidac2d et hyl ester and

oo 1 soo) BEVONES AP SIRRARE bR b REE i heanecathatic acid hydrazide

t r ans- AhseitleBuinpoynd yok obtnadesaritxsdliddadiSdeyinid &smeRidrins-442gecthBut-bxy -
cycl oh l i . i -

e or i ARACAARK 6 Ash aflot¥fic 230 S B ARbANS (o) SrobhAaRNR. ms
chr@mt@@?@dk@’.’ﬂéé t rans- 4- sec- But oxy- cycl ohexanecar boxyl i ¢ aci d et hyl

ester was obtained as colorless oil in 22%yield. M5 (El) me: 228 (M,
199, 199 ([MC2H5]', 6%, 155 ([ M @4idPlide 13100% WO

2010/ 05779 EP2009/ 064804 .39 ci s-4- - But - | oh | i id
ctnyl oot cHIRETBREA DG aS Ry oS Do aG pIa ackichygatis o °°
( M+1- 1"Dhedithl doompounyt ob shebtained as boloylbsscaramiptiowssodid ifi 97% yield from (RS)-4-(2-
trans- %'c%%lr-?%étﬁgﬁyétﬁé/ﬁb-%paéﬂ&%ﬁ&ra%wi& gcia%{h@l gsrt&yalccgrﬁﬁnegrto general procedure

25 IIIA. MS m/e: 217 (M+H")

Hydrazide 14
(RS)-trans-4-(3,3,3-Trifluoro-1-methyl-propoxy)-cyclohexanecarboxylic acid hydrazide
The title compound was obtained as white solid in 84% yield from (RS)-trans-4-(3,3,3-trifluoro-
I-methyl-propoxy)-cyclohexanecarboxylic acid ethyl ester according to general procedure IIIA.
30 MS m/e: 269 (M+H")

Hydrazide 15
cis/trans-4-(Oxetan-3-yloxy)-cyclohexanecarboxylic acid hydrazide (1:3)
The title compound was obtained as white solid in 53% yield from cis/trans 4-(oxetan-3-yloxy)-

cyclohexanecarboxylic acid (1:3) according to general procedure ITIB. MS m/e: 215 (M+H")



5and 4- Al koxy-cycl ohexanecar boxylic acid ester 8

ci s-4- Cycl obut oxy-cycl ohexanecar boxylic acid ethyl ester

t r ans- 4- Qyol2o0twso9$- cycl ohexanecar boxylic acid et hyl esPer/ERa@9/064804

ci s-4-cycl obut oxy- cycl ohexanecar box\7i ¢ aci d et hyl ester were obtained
from cycl obut anone according to general 10 procedure | after separation by
fl ash-col um chromat ogr aphy. t r ans H4ydeyddebbit oxy- cycl ohexanecar boxylic acid

A N BRSO T

ester vid$ t@ EATARAINE SV QpiEingd Iaﬁd’\ﬁ,‘@WISO ﬁlamyuyew owscw{t@nszéfte(%ﬂdrq*

154- Al 41 RkOn &Eé@@ﬁbﬁkj’l@c agdi@ @E’Qﬁra&ordnag %eneral procedure 1IIB.
tran f%ﬁg y cyclohexanecarboxyllc acid ethyl ester and
arboxyllc acid ester 10

CIS 4 Cyclopentyloxy cycl ohexanecarboxylic acid ethyl ester 20

t rans-4- Cycl opent oxy- cycl ohexanecaHydxytidelaci d et hyl ester and

ci s-4-cycl opent I bt ai ned from
8&%’&65 4%8?%9&%%&8{&’ Qcﬁolﬁ&hge&}‘ﬁ?f}%}?ﬁs&%ﬁf lrlj;’é\iji idd

cycl opent anone accor

flash- Jélﬁumﬁlecwpmmbrwphyobt@m@msam Wewopehit oy - 8§°6l mdaﬁr@@ar@@&/@naé
gz:}d etthﬁll (%gﬁfeﬁfoxw[% clgg&@h&%%cﬁgh@Qélﬁralz@o'i&ng't(ly gbldrB Prodeghd-11I¥S (El) nte:
ci stt- @§%P3 éﬁ?é%?“@chohexanecarboxyl|c acid ethyl ester was obtained as
colorless oil in 29%yield. M5 me: 241 (M1-1")

4- Al koxy- cyclohexanecarboxylic aciﬁbﬁﬁiﬂdel&

t rans- 4- Cycl ohexyl G exanecal hox f. and

304. Al Koxy- cycl AR é%f Pﬂ foxg o ?TQX eg&r Ve Sy aFR5GE

ci s- 4- Gel bﬂh@whmnynctwsoMmaﬂ@@arwbbtqllspbd aoi &Il gbhyitlde§par trans-4-tert-butoxy-
trans- 45 &Xﬁéx%ﬁ@d% h§yC£&@eX@tﬂflgare§@¥ylé&oﬁﬁﬂ%jhe&)hygtfééler Adure, TIIA,

cis-4- cyc opentog%%% ohexanecar boxyl I ¢ aci er wefe obtained from
cyclohédamvee laddbMéiing to general procedure | after separation by
fl ash-col um chronmat ography. 35 traRardzifyed ohexyl oxy-cycl ohexanecarboxylic

acid ethyl ester was, o ) Iorless oil ..in 15%yield. M5 (El) me:
254 (M)~ WD 2010/ 08*?‘@&9"#5{5%}‘%!52’0‘%? g sanRamp xylic Reid hya¥afal
ci s- 4- Gel totheexyrhpoyndcyed obexedesahifloxydlibe sdiddiretjimatitast eyicldaSorabtigtried- as

Z O!A\IOLl %ﬁ%xg’ ({ gi%#é{%%?(%!ﬁc a:ly? et cﬁgst%?? bt r% b general procedure TITA.

(F&%Qtﬁéﬁgﬂﬂivé(Nbﬂﬁdxy 1- nethyl et hoxy) - cycl ohexanecar boxyl i ¢ aci d et hyl
ester 5and 4- Al koxy-cycl ohexanecarboxylic acid ester 14 _ _

(RS) - ci s-4- (2- Met hoxy- 1- ﬁmdwdta@tihwmedweé&’rlsﬁﬂﬂmqanboxyl ic acid ethyl
ester (RS)-trans-4-(2-Methoxy-1I-methyl-ethoxy)-cyclohexanecarboxylic acid
et hyl

e 5 etk A Dach sty ger brmsel LAl disepinet-sarhexsli aid dertdmtyl. o

obt ai ned fron110 met hoxyacet one accordstag to general procedure | after

separ at ') Q'Elﬁé!rp‘:i ﬂt?lﬂro%?étﬁkﬂﬂ-m”" %EE&&@ aphy.

(RS) -t ramns-4-( 2- Vet hoxy-"1-me |-etnoxY) cycl ohexanecar boxylic acid eth
est \Ma @ﬁufeam@EiSﬁbloablzﬁnﬂrmzsduaﬂcqhn &g -4} so)nmdririethy q (@dHmi, 0.4

(RS) - Cipgs lflln(cgcﬂf&to@%%n% 18R AylwRtdedy aroﬁ)(ﬁg@m%@[‘ @lﬂ@ﬁ&@@ﬂl rth 0 af%'rgo I&E}_ﬁwﬂg

iskfrko\)lgfpsegg |og:§§)%§ﬁ é@g}aeagé ?;]ltq(:)ré;l ;g%agrlé‘lgltr%yvag_ ept)ge?ow 32°C by coohng w1t{1 a water

bath. The reaction mixture was stirred for 3 h. The solvent was evaporated and the residue was

triturated in warm tert-butyl methyl ether (970 ml). The ammonium salts were removed by
30 filtration and the filtrate was concentrated in vacuo to give the title compound (85 g, 99%) as

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

b) (5-Chloro-2-nitro-benzylamino)-acetic acid ethyl ester

A mixture of 4-chloro-2-chloromethyl-1-nitro-benzene (85 g, 0.41 mol), glycine ethyl ester
hydrochloride (70 g, 0.50 mol) and triethylamine (121.4 ml, 0.8665 mol) in ethanol (1000 ml)
35 was heated at reflux for 8 h. The solvent was evaporated and the residue was triturated in warm

tert-butyl methyl ether. The ammonium salts were removed by filtration and the filtrate was



(RS)-trans-4-(2-Acetoxy- 1-net hyl - et hoxy) - cycl ohexanecar boxylic acid et hyl

ester and 4- Al koxy-cycl ohexanecarboxylic acid ester 16

20( RS) - ciwo4o(05Am98t oxy- 1- met hyl - et hoxy) - cycl ohexanecar ipoxyHPR2@9A648d4 et hyl

ester (RS)-trans-4-(2-Acetoxy-1-net hys-et hoxy)-cycl ohexanecar boxylic acid

ethyl ester and (RS)-cis4-(2-acetoxy-1-methyl-ethoxy)-cycl ohexanecarboxylic

aci d etchyéengstedrinwere tbiak kel tifle enmpoendxlidcat Wie) acaw aoiorots byenesaid

proced . i | aska- hy 25

(RS) -t ;@ﬁ%ﬂ \ng %ﬁg\é%?%%%lhﬁgwﬁ){?ﬁtﬁ E(E})%f/@ncyc OIU@(%Z% gxyl ic acid ethyl

ester was obta| ned as light yellow oi I | n 13%y| el d MS me: 273 (MrH )
tgrtBut 11(Speior012-pitnay 1 e 1 efRyAA & acid ethyl

est er %Sol@b@rﬁbfl@jc%rol-l-@hio N&h&@mllﬂi)lacbtﬁb écla/oeﬂiyﬂ? bﬁer MBOMd, @.403 7o 1), M Hent-

30( RS PR TR ey P gt O Gy amyensyiding A S4PEB ISR i

aci d etdmplorestérnati®08-nil) kax yticyd foo Rexare¥antubsuyihec 1 @biadroest €mptBiture. The
( RS) ¢ 's8 {vént( was evapbrattd YRE W PR Myebadt APRXMritECh P HE KR RS ALY Hy Cwif! £

( RS) t rcadgh@wpdeglykaqmtﬁ Imistuse 2s whichly o pive b fille epapomk 6ifet &r Bbley lab dighti d
et hyl &giI&K V?S@Qus?’é’_’il MS m/e: 373 (M+H"). , ,
(RS)-ci's-4-(3,3,3-trifluoro-1-nethyl -propoxy) -cycl ohexanecar boxylic acid

eth or  wer e ota| rom acet ox%aceitone accordi. n t dener al
al -q_‘ S RESICL \\D

2010/ 0967 SSBGIﬁbERﬁO@&t-(Bﬁ%&%r%yI-(S chloro-2-nitro-benzyl)-amino]-acetic acid ethyl ester

(RS 03 oty T LV QLR PN B R Y e YR aear L opget ¢

et hyl © was o i néd”as co ess’ ol
(M) ( RSiction gnidtuf@ was Puligedf witlo prgon-atiet N mipr dpiex widisige lod e paledamb ostylyist

aci d ety (F'ﬁ LEfivAap cHeHE@dln‘?‘@ S 0%‘7@ [h&f SthQ'dnxhﬂe A%asY hidrger¥Rd M amB Rt

(MAl D) 54- Al koxy-cycl oh exaneca ic acid ester 19
ci shi r anesure (e Pt 01%e4$z b ug éyﬁ%twwébﬁww &% hash bsanenarmedky The

aci d etchpaly. sesxagrrelibeedt by mra@@murme WaGate By wMe@sanp{\w 88O ol shtrAQLo
yield from 1,3-dib %B anol accordin nerf Igroce&l %1(9 1A
VB m e aqafzofls(muf& ic IR E Nige {4l g¥asy dygt over

cis/tr anhydﬂcel(lsstdgadn @ulfat&ahq/ dmmxymtbdhm Va&mbwg)vedye hdh exapewdr 60Xy, 95.86) d

et hyl gpg sol ution of
cis/t ran ZOV%% %%rslozly oxy g%gngw oxymnet hyl - et hoxy) - cycl ohexanecar boxylic

acid ethyl ester (2.30 39 rrm)l) in acetic aC|d (54 m was added 15
D5 1o GOkt A D06ty P bz LA eamine st e s ni gaiat vi

Eygr ogeany Q@éluﬁ&@ o$ t[(zilériﬁi@lo?ﬁ-clﬂ&%%e&&ﬂl}l%rﬁbﬁtbﬁ?r{a%ogﬁl-b]mﬁi&qi-%etﬁnac@d @HP}P Bﬁéle of
ydr oge ata was ratio

(71t 6o a1 srduticr Garatias 46ghm Bw&%ideﬁpeﬁ%ﬁwﬁ%‘égﬁomdﬁmﬂ {19 i

n- hept amefatlpdrtieeeitas €Casndet weslinggaw antlbe whatdr | bt dho Do e nfplet ddt a@ditiob Yhe as
col or| e%élu?g' ‘tl)ath N%s ngrgove% d(reacgio H?lXt Pe was sl%grxeﬁ 57§ Ih ??oxo%??e%%epa?ﬁ(t%lf‘oﬁo Ccf d

ester f
( RS ciby/addtias-of water k) wly sattrated-aguotus lamemmivin shlofidayé lotker) (280l phd cthyl

CyCI Oh%éé}%c r()@ %Ql 'A%e?cl'djnﬁﬁ *%B(é #E?e% rﬁ{ate( %faz)co_cht@d % | Hftl'aﬂgn O'fl"he layers were

cis/trans-4- r ox dr oxy G[y y) - cycl ohexanecar boxyli1c acid
et hyl &8paggte :ﬁfmﬁ) thedil %;ateg driesl @V%%]W r@wqu%ﬁlﬁﬁt%ﬁ%@ormnt@edﬂn vagup. Fif| )

i n di chtadeneisandirdl \({@l@tﬁ@p}ecﬂplﬁa’é aVHiEH Eadap’fEﬂBﬁsl?Been collected by filtration, and

4- N, N-di aglh%/?‘ila R%r%‘{-ﬂ& s added ol uti On@‘? t ol g@ esul fonyl

hiori dEAied Foms §ooiE 4 o imelih snenrones (19 se
at 3moms enpeost(vM-&l).Stirring for 16 h was fol |l owed by partltlonl ng bet ween
et hyl acetate (100 m) and 0.5 M aqueous hydrogen chl oride solution (50

m) . Thesl@ayshS WehS. £9Ba AL e drd BE ATUBELYSIL BYRL. mﬁoo%hé gaa ?&t wﬁchs&éw

portions of ethyl acet at e. NE€ COoNDI ned organic layers

one por’ Moxuess ofpi-plero-oxed. Méﬁetwhﬁgmbmowﬂd@mmm ﬁ@@@ow maeéhbwtat ed
in vacuyger H4agh gchoqgat ﬁﬂ'[)al%hé[ muhs-m H@ﬂ{oag}ﬁﬁe%/bm 3 aedithifdi éﬂﬁ{étz gave

the ti tdlls%lfC (PenB?%ng, 6876436m%'1) in te/?ral%sdr la%réﬁﬁd nﬂs was Iwsated at re?ufz or 3 h ]T}ze

35 solvent was evaporated and the residue was triturated in tert-butyl methyl ether. The precipitate

ALyi-ah .....-..

was removed by filtration and the filtrate was concentrated to dryness. The residue was



4- Al koxy-cycl ohexanecarboxylic acid ester 22

ci s/trans-4-(Tetrahydro-pyran-4-yl oxy)-cycl ohexanecar boxylic acid et hyl
ester (7:WP288/05hmd5title conpound was obtai ned as col or PETEPRIN0/054804:9%
yield fromtetrahydro-pyran-4-one acc¥rding to general procedure |I. M5 me:
257 (MAI') WD 2010/ 057795PCT/ EP2009/ 064804 42

4- Al koxyysta}hitedl‘feomdecaﬂbmlytm gvaticditéestanp®R@d (37.5 g, 86.4%) as light yellow solid.
cis/trangé l\gqtlh()(,i ﬁjlj fanyl t hi ocar boxyoxy-cycl ohexanecar boxylic acid ethyl
ester To solutlon of ethyl 4- hydroxycyclohexane carboxylate (2:1) (3.0 g,
17 mmol) |n N, N- di net hyl f or mam de ( ? was added sodium hydride (1.0 g,
21 ol ,7-Ebogei2nthigxeet, 543,50te|tljahatir<5ben@[d[ stiskdazephrer4-63rhoxylicrdd ferg-batyl ¢ ed

for 10 m nutes at 0 C and for 45 m nukgsr at roomtenperature Car bon

St i 1 S R U A R R e R g

I odorretpltmmdul(ei destribe® 1 abowel ) fowasheaddachedisopti Sechddro-thidko- B2j3r5-tenghydrvo- 16

h at r t
armont QA by e AR iRt ik BHGNEHED St tnadout e BRIl o
bet weennsieadinfatedpracueigbenmyhelaohohicsicpal MS vt 2OV ¢M- Hl)ao m ) and
tert-butyl nethyl ether (150 nl). The | ayers were separated. The aqueous
ITﬁyer \An/gs %@:{emt céﬂdrblvw@oil.éaxsa‘nomrh @zidf aridihliolRethin ttormabmh et her.

e, conbi ned or rs Were. was orti r
M Tite SRS A e guﬂrl L g B Pasg Bt e 1 B
concentetaireg-butanyb@EUIGO. 2Ht/lat$shhccalﬂarcbatt&*eﬂ@x &phiyo-vd hhAﬂelhecpilmg a6 eddry Iterﬁp@ﬁmee as

Sgge?}w a\; ?1\%&6\ %%V%ﬂorétg gpﬁl%nges{dﬁl% Xl? | glf?’e%,/%y %sﬁo lhggﬁﬁggf 38]!13’ o '\g"gda

EX anecar acCl
t r ans- 4omppund3of oxgulay(d). dﬁh@mmdu@laﬁ@mf forraele d11é&tl hydongmuads ahtprmula (I1I) in

4- Al KOXpiQy Cﬁzoﬂew&ﬁé’i QPE%HII i@Cisdd etﬁ% Nt butox%lcﬁrlfongl group of the resulting

20ci s-4-tert - But oxy hexanecar boxylic acid a sol ut| on of
ci s r Aok mrfius yéyty T@H@x@ﬁé 81 B8 xRAidlyaer &omﬁqu efé?aéfﬁ (therir)a ly1 apd gt

5.8 nm%bdon@ﬁ&@ ahind @érivabie ¥F fdﬂinﬁﬁr(bibﬂ?stcﬂ)tz(lﬁecﬂmglddﬂﬁn%r B¥®e)soleproduct.
di chl oronet hane (6 m) was added anhydrous nagnesi um per chl orate (0.13 g

Cfor 1 h SeePyorBh e RE o CleEpb SRl PO D asfipRg 28+
bet weer sblotivroo DareNHEOE dBBantq obguherdfemul3d-ai (1 .cqTirel Rayd mscthveodic or 1.5
separ atgdyy, Egﬁ’c ﬁﬁ#ﬁ%&ﬁsch n%‘}'(faer WARNGXH L %Pteg‘hdb ‘isﬂle% a@@ W P 5] '6ﬁ 'ﬁa\flf After

di chl or onet hane |ne organic ers’ were rle over an r ous
sodtUimeselifgatocrogautcampstasie the éflé!c‘iquil VU, is pReanfratediip ryapye to give a secondary

fl ash- GRiiRBE PGP BY g¥Widrdl Brii@RYBBLAS W&o&%ﬂde Jumt mphol@ilﬁfethe Fec Pabtetdn @ave

pure trans-4-tert butox cloh | i cid eth ester and

Ci s-4- P@Wﬂ@ﬁuhyowﬂe%% E%@W&f@ Ay 1M FgIReoys s é@lp@rhydmlde solution
trans- 4nt @ntorutioxylvence. ghah@lnmaltéoop(&ﬂchbr@ﬁettﬂamt it legtedrc wagaralot andelet as
col or | ess (o] I in. 8x°[r3$

| d 1091 %
cis- . cprtelpb Ry SYM S R Berl Dol oty TR byl

er was O
col 3y | essdndd oven aggxdyo s s@dluwssuifaee, fleeed(dudEpngentrated in vacuo to give the free base

354- Al Ig)@é)éoﬁ%g{l]m%&grp <ylic acid internediates of fornula (XII)

4- Al koxy-cyc exanecar boxylic acid 1

ci s/trans-4-( Oxet an- 3-yl oxy) cl ohexanecarboxylic acid (1:3) WO

2010/ 057795 Eﬂﬂ@@%’@ﬂé{h é“%‘éﬁs%a&fﬁi 1869t ci s/ trans-4- [1-hydro

xymet hy&nﬂxtﬁiemflau@mmﬁn@ ot foemital (B-bX X9 fred Bae oy hs hydwail@ff@(@nte{ct aq,b@xaol 1 ®naci d

pot assi ML PPl i e . g orad sfigl 5 eo FRGuEer Brot iR b e hed it e

at 3Gef laldehfdr ordGtdme (Bferjem mothhnalgs h@te:d)amfﬂlerrﬁneﬂaﬁ br sftetheobhg taup ECwadium

parti tic9ﬂf'0%o¥bqﬁlﬂﬁ§@ (Ehméh) A GHAMEL TR0 redio®Wixture is stirred for 3-16 h at room
temperature and quenched with 1 M aqueous sodium hydroxide solution. The aqueous layer is
extracted with ethyl acetate. The combined organic layers are dried over anhydrous sodium

sulfate and concentrated in vacuo. Flash chromatography gives an N-alkyl derivative of formula
35 (D).

Example 1



5 1 M aqueous hydrogen chloride solution (30 nl). The |ayers were
separated. The aqueous | ayer was extracted with two 50-nm portions of ethyl
acet at e. Wheonasbioned organi c | ayers were dried over aniRgumprea@Isessum

sul fate and concentrated in vacuo. Th® residue was dissolved in 1, 4-

di oxane (12 m) and 2 M aqueous sodi um hydroxide solution (5.7 m, 12

mol ). Af tiss8-Chlarpiln@-methoopy tlohpedaf-umethyles,6 ABhyd o8 12,35, 0 0le- tetazaza-
partitioned between tert- butyI me 30 mM) 10 and 1 M aqueous
sodi um hydr OXI de sol uti on i’%"ﬁ%‘g@é‘r‘é wer e separ at ed. The organi c

| ayer 2 618 AKxans-8 <& IHerron g £ -4 O HHR.3 5. Mbatetiaaradcazd elamlenei? oxi de

sol uti QarbOI{aleC W&dﬂ%@t&@@p?ﬂ I ayers were acidified by addition of

conc t ed, hydr ochl aci d s | uti o dice (50 g) and

ot rac Pl CoHROS ‘aYe e S BHEnosm Ry Sl B eI ThYY combi ned or gani ¢
| ayer s Thiglectaini BQhivrer2-tidxpdr,p,0S-tsoalydno-beiopd|pl , 4jddzegine e art@kelic adid wacuo.
Fl ash- blglcép[rlpmat ography w th n-heptane/ethyl acetate as el uent gave the
title cor?lpound (0.12 g, 50% as off-white solid. MS me: 199 (MH )

4- Al koxBhedylelcohprambwas dsped as broiva splid in 53% yield using general procedure IV.

Ci s/tquqgnfye(ilggtWro pyran-4-yl oxy) - cycl ohexanecarboxylic acid (1:2) A
m xture of ci s/trans 4- (tetrahydro- pyran 4-yl oxy) - cycl ohexanecar boxyl i c
.50

aci d et yI I nd %od m et hoxi de (0.204
g, B od)sisdra - M@gbk@éemaw =20 h. The
reacti Q;enm[eqhzulalmasl)cool ed to room terrper ature, diluted with 1,4- di oxane

7.5 m 2 M d d Stir.ri

16 b welerbfs Guerti Bar P s g ik AR SR G ol R e
sol ut i @hlof&0- (#Imethqu' dycidticaylpriet, Gidi2e3, 5, Thie tdtayer benmeiodezsiperSatagithxylibe acid
AqUEOUSed YRS 1 O LUAE WEbrlf i A POLISL A 8 @l or omet hane,  The

conbi n anic |ayers wth two rtions of 2 M aqueous
sodi um hydroxilde soI ut| on Thle COITbI ned aqueous I ayers Were aC| d| fied to pH

aqueou%eh@[@mm&extract edWIth two 150 nI port| ons of di chI orrret hane.

anhydr dde QBFRPSUTY 368 SHHE FRaVTis SHELER A gro (B Ty CrE-uh RGN

(0. 358 r@th@@%ychﬂmyﬁb SondibpdroetH-¥13, ﬁ@d-teﬂﬁ@za{lﬁdﬁkbl}s]azulene (1:1) and
4- Al ko 9!
cis/tr ra‘{f g%?%ﬁt@ﬁ%@y gééhec gec%glrl]rg C\E]B.II’ ﬂer Iulmcf;1 CatloLndb yT%regaratwe gﬁ%Foor? of

N- b#b n@s@lnmlpﬁkmla colpngswih nz‘rﬁp@nﬁﬁtmpannl i i:)IﬂS@h@n’eﬂ\Ifﬁﬁée G832 MY her e

consecutively added dry pyridine (2.5 m) and hydrogen fluoride pyridine
conpl ex 70% (5.80 m, 35 223 mml) gkangk £ The mxture was allowed to

warmto O C a tir for
ci s/ transt rﬁnﬁg{jq'@ Hgﬁw(’c’%%’&@‘ﬁ@@gyﬁéf%{ gﬂ@ éﬁéwmﬂel?z&&“& %t hyl
ester (1.46 g, 5.6 mml) in ehmbkﬂtm@dka%ut)ﬂlQSM) was added dropw se.
ﬁ; L;: rﬁ%[e tl?le c %Bmﬁ% was %bvgg%?ﬁig vdﬁ‘é\e%%lﬁég%f oy 1Eféiour§' n%elﬂgray\gr%@e({u?e beUt y!
2011)3’ OETYIIQ@RETIIEF&@{I@MWA@@@MH&I@%@MIC%& hydrdziidsar bonat e sol ution (20

4 u r o us
SOdI umqﬁlﬁ(g%%?dz Cglgﬁggq gnw(?zgggrs t%%@dtf@bé&lo? ]Q dj Sgat% Ee]poIH% % daﬂ%é}%%%ﬁ ion
of fur toHBf et aqueous sodi um hydroxi de sol ution (210 ml). The |ayers were
separ atd nv/dher7aguedys | ayer was extracted with two 100-m portions of
tert-butyl net hyI ether. The 5 combined organic layers were washed with two
50-m portions of 1 M aqueous hydrog:en CE ride solution and one 50-m
portion of brine, dried over anhydr um sul fate and concentrated in
vacyb. (Fies-8+(Uderocl-¢4-ethamg-c4elphexylaboalibydoxdH Q3,54 bt emacar ixovzy| el azudenied
ethyl ester (0.57 g) was dissol vedh%g, g,hllgrﬁleoxane (18 m) and 2 M aqueous
sodlumhydrOX|de solution (11.8 m 3 . Stirring at room
t enper dhgrteler eymppgng Wik bangdogsen s selisint Wﬁtlwwq yhld droan trewsut-chipen-dgén
chlori @%o%?lc%lbﬁéky(l)z@ﬂm 2 3@@&@&5&@%@ [¥laHtiIBndsB Tk yIRC LA t¥-bhtyl BEtee
100- m portion of et M&f‘é} a%%] orrbl ned organic |ayers weré dried
over anffiygre6ig? BFW% trated in vacuo to give the title
conpound (0.37 g, 73% as anorphous Ilght brown solid, which was used in
t he3hext step without further purifEcampted MS me: 211 (MH ) Hydrazide
internediates of fornmula (11) 15CGeneral procedure MA: Hydrazide formation
from 4-al koxy-cycl ohexanecar boxylic acid ester A mxture of a
4- al koxy-cycl ohexanecarboxylic acid ester (1 eq) and hydrazi ne hydrate (2-6
eq) in n-butanol (0.2-1 M is heated at reflux for 16-72 h. After cooling
to roomtenperature the reaction mxture is partitioned between an organic
sol vent such as et hyI acet ate or 20 d| chI or onet hane and wat er. The | ayers

o T Y 1 o o e



30 tenperature for 2-16 h. The solvent is evaporated under reduced pressure
and the residue is partitioned between an organic sol vent such as et hyl

acet at e owodnoiisgrosnet hane and water. The organi c | ayer PCS/EPe@aneised. The
aqueous |l ayer is extracted with two ol three portions of organic sol vent.
The conbi ned organic |ayers are dried over anhydrous sodi um sul fate and
concent ratrads-B{CMamjb-(ﬂatlyixwecylchbexyllfdeneuhlyl-é,6etbhp(btm41Hvﬂq3,6ﬂ0bsteuaw-i n the
next step w thout further 35 puri fbhﬁf"ngég 1lend© 2010/ 057795PCT/ EP2009/ 064804
45 ci s/ trans-4- Met hoxy-cycl ohexaneca o]x Ic acid hydrazide (1:1) The title
conpourldewdide amapwel Ve erised @sWh%ﬁgﬁ%ug Bopi vckintramed-ghlarat 1 {#-sthoxy-

ci S/ {1 asiotexy Ng%&&%%@%&&%&%%&%hh&[@ﬁtﬂe@cCny@tdwloTrfélegeBﬁd[ al para-
pr OoC re e.
Bt 1 ohs L%am%%xg}eew gsReme cgﬁbf&xm@é LM de The title compound vas

obtained as white solid in 70 %yield from
trans-4- et hoxy-cycl ohexanecar boxyl i €xamipte £t hyl ester according to general

procedure [l LA Th € e
G o a B hoééhéby'“ﬁrﬂ‘igﬁ%@%ﬁyb& Sk BRI S0t bongoldaplenecs | o
obt ai ned as white solid in 76 yylw arid tﬂrmb@hdﬂleét hoxy- cycl o

hexane%"e@f%%bh@o% Qa%ttmhe@@g @hu@%ﬁrlﬁm% §1@1dgﬁﬁ1%r%herﬁ[ pesdirerv] 1A M5
razid trans- 4- cycl ohexanecarboxylic acid

187 y-
hydir%zm@raﬂ%élsw th@xw hﬁ@nmg %Blaﬁﬁgglyg zZ9Ef-white solid in 70 %

yi el d fIﬂﬁUThdtﬁrﬁﬂ%Gh-ldrS@ﬁhMlﬁ2 G \setcahigpdan®eddoPa Kyd dtzasihel 4 efatbokyBs i tert-
accordl,b g,tq[ 1general procedure I11A M5 nmfe: 201 (MtH ) Hydrazide 5
cis-4-1% 6 oxy cyclohexanecarboxyllc aci d hydrazi de The title
conpourdS was: Ft(Med as white solid in 86 %yield from

Ci s-4-isoproxy-cyclo 20 hexanecarboxylic acid ethyl ester according to
general procedure II1A M nie: 201E§;yﬁ|§le) Hydrazi de 6

(RS -trans-4- sec- But oxy- cycl ohexanecar xy i ¢ acid hydrazide The title

undrisgL gkl idgthexyupriobexd)-p4-dihydip-4hiy2, 3,5 4 Oprigirpaza-benzo| e]azulene

(RS) trans- 4- sec- but oxycycl ohexaneﬁﬁi@@mkm@ acid ethyl ester according to
general_ procedure |1I1A.

trans- 4 hey%t OB 2 %W%a%s%%& éf%hdt&xiﬂhfi a9c11 o %ﬁ@“’#ﬂoﬁ a&gﬁdﬂlﬂ@ -{3(¢rehoxy-

conpounrgclohscybptdjohie? 3 251 Obktctrenzs-diehzb [ ¢ Jazi88n ¥ garbbrlylfcr @end tert-butyl ester using

trans- lic acid ethyl ester according to
gener al egér%glc&ggérdg&%/ﬁlgso% wﬁ\im {3 (M+H ) Hyd?/azi de 8 °

ci s- 4- Cycl obut oxy- cycl ohexanecar box lic acid hydrazide The title conpound
wasZbbt ai ned as white solid in 91 YdypepleTrom

ci s-4-cycl ahgtOnie-tl@ ng@f/cg%wmylysqn%ﬂs%tmv\%dﬁﬁmtz 3690bdeidala

general procedure IIIA b (A
2010/ 057795PCT/ EP2009/ 064804 46 benzole] Z“‘e“

The title compound was obtained as white solid in 50% yield from trans-8-chloro-1-(4-cthoxy-
cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzo[eJazulene hydrochloride and
25  paraformaldehyde using general procedure VI. MS m/e: 361 (M+H").

Example 8
trans-8-Chloro-1-(4-isopropoxy-cyclohexyl)-4H,6 H-2,3,5,10b-tetraaza-benzo|e]azulene-5-
carboxylic acid tert-butyl ester
The title compound was obtained as white solid in 38% yield using general procedure IV.
30 Hydrazide: trans-4-Isopropoxy-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: 461 (M+H")

Example 9
35 trans-8-Chloro-1-(4-isopropoxy-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-tetraaza-
benzo[e]azulene hydrochloride



Hydrazi de 9 trans-4-Cycl opentyl oxy-cycl ohexanecar boxylic acid hydrazi de The
title conpound was obtained as white solid in 80 %vyield from

t rans- 4- cyol2opanstiwsoxycycl ohexanecar boxylic acid ethyl esr@P2@006430ing to
general procedure II1A 5 M5 (El) me2 226 (M) Hydrazide 10

trans- 4- Cycl ohexyl oxy-cycl ohexanecar boxylic acid hydrazide The title
conpouniheviek mmmunédwasawmmdeasswhit@ sdltd B8qniiaivel yialdfmom trans-8-chloro-1-(4-

Béﬁgfaﬁ %Y%J g%ﬁmwA\ﬂ@ﬁ%@FN@ 'b%m?%‘[bﬁwlgéﬁ% a%&%hé‘%ﬂr gl P
Ci s- 4- Cyi€r BragINsIa) p&ﬁ@ﬂ@ﬁé&&ﬂ%@deb&ﬁl yMdacid hydrazide The title

conmpound was obtained as white solid in 88 %yield from
ci s-4-cycl ohexyl oxycycl ohexanecar bogydrhpleaoi d et hyl ester according to

AR 2 I I e oML 3'%%-%@%@@%@& AR LOstgtgpara-

hydr azi de The title conpound was tbbnzn[eiadulane white solid in 75%yield from

(RS) -t rans - y C c hyI
ester ajglgotrtg n{ﬁ%hg@ﬁke{arsa wrﬁltg?e ure 5 I%Q)\d K?E@%eryﬁag %@? E;O' g@t)}/dr aél de
13 (Rsysomrmyﬁyelghwél}@ﬁ;dlmdm@ﬂ%2 3 &t Woxigtraazg-dearedslandens sisﬂlc lorige and
hydraz'pﬁ?af&‘ﬂ?aldéh%&l@u&@%@éﬂéfﬂ pYRSIQRNAL REFMAS 3¢9 ieps anor phous solid in
97% vyield from (RS)-4-(2- acetoxy-I|-nethyl-ethoxy)-cycl ohexanecarboxylic

acid ethyl ester according to gener]gjl IRrocelldure 25 I11TA M5 me: 217 (MtH)
Hydrazi de 14 xample 1

(RS) - t r anans-48-CBloBo-3-(¥ribdpropooy-dydiatidryl)-me e ulépngi-Gltedihydean Hox $)5i @baci d
hydrazi de The title conpound Waﬁe t%t %'b?ﬁ?oa%ﬁle\{\l@' te solid in 84%yield from
(RS)-trans-4-(3,3,3-trifluoro- r"oOpoxy) - cycl ohexanecar boxylic acid
ethyl &t esolageoptine- $@hlgeméf(éilsqprmewwelo ¢NyA-5.80liE rontEl-2,3 691 Opniatradza-

d
e N R R it e U g e e
frohd ciddghiorapsthang 6 anl rives-add ﬁwathwwlmk%l@ﬁé? 16%9% i, §di%mppl)zyt room

accor ditegpdrorugener ! stRfingeeiing H khdBreaMioihdiktuZdl Svab Mbhlcontra¥¥@ in vacuo. Flash-

2010/ OSZrogn?al?ngréﬁlpzqugﬁlngl?e% a%éel/24propanol as eluent gave the title compound (0.004 g, 5%) as

yellow solid. MS m/e: 439 (M+H").

Example 12
20 trans-2-[8-Chloro-1-(4-isopropoxy-cyclohexyl)-4H,6 H-2,3,5,10b-tetraaza-benzoazulen-5-
yl]-ethanol
The title compound was obtained as white solid in 50% yield from trans-8-chloro-1-(4-
isopropoxy-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzo[e]azulene hydrochloride and
glycolaldehyde using general procedure VI. MS m/e: 405 (M+H")

25 Example 13
trans-8-Chloro-1-(4-isopropoxy-cyclohexyl)-5-isopropyl-5,6-dihydro-4H-2,3,5,10b-tetraaza-
benzoazulene
The title compound was obtained as white solid in 25% yield from trans-8-chloro-1-(4-
isopropoxy-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzo[e]azulene hydrochloride and
30 acetone using general procedure VI. MS m/e: 403 (M+H")

Example 14
trans-8-Chloro-1-(4-isopropoxy-cyclohexyl)-4H,6 H-2,3,5,10b-tetraaza-benzoazulene-5-
sulfonic acid dimethylamide
To a solution of trans-8-chloro-1-(4-isopropoxy-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-tetraaza-
35 Dbenzo[e]azulene hydrochloride (0.070 g, 0.18 mmol) and triethylamine (0.037 ml, 0.26 mmol) in
dichloromethane (3 ml) was added N,N-dimethylsulfamoyl chloride (0.028 ml, 0.26 mmol) at



Hydrazi de 16 cis/trans-4-(Tetrahydro-pyran-4-yl oxy)-cycl ohexanecar boxylic
acid hydrazide (1:2) The title conpound was obtained as yellow solid in 88%
yi el d frowocoa/asrmas- 4-(tetrahydro- pyran-4-yl oxy) - cyclpoharaceoessnoxyl i ¢
acid (1:2) according to general procedure I11B. 5 M5 me: 243 (MAI')
Hydrazide 17 cis/trans-4-Trifl uoronmet hoxy-cycl ohexanecar boxylic acid

hydr azirdem Térepdrature Admpouing foass bbhaicaetb rasiyek|vow wotdntratad iB6%6uoL. Eladhf rom

;';]/e ﬁ ;l%ﬁ%rn(‘i)aéo% uély WRA ‘ﬂ”f’f“e?ﬁ‘ﬂ% 1%}4@11% Qg;a%@agra)b%ye' Jﬁ @oﬁﬁé&%&‘é@b@i BI7FR) as

trans- 2hierspliguvdxyccy Oheitanecar boxyl i ¢ acid hydrazide The title
conpound was obtal ned as white solid in 81 %yield from
trans-4-tert-but oxycycl ohexanecar bogydmgleasi d ethyl ester according to

eneral proced [ 1] 15 M me e .
o ot or (TR S eRpe R s F&‘@m e €t dso hpound
was obtained as i ght yel | 0\2,38]10b-tetragpuaabdnizoaduleree yi el d from

gener al ot LRty oF iR CBREEAIIAN Gy ERL K. S o AFERE A e

f or nul &cpga(¢lpzulene hydrochloride (0.070 g, 0.18 mmol) and potassium carbonate (0.073 ml, 0.53
7- Chl Orn‘ﬂﬁg%tl@ 120 Onifrild  B:nd) Rk ra@ﬁé’deQbIQ)%MﬂE[tI%]L 1ﬂ]rfé' I?y%i?&ir@ﬁid% (@@4@%361_

acid tert | ester a) 4-Chl or.o-2-chl or onet |tro- benze 0 a
ool [ i SPmeb atagn) f@ﬁ@e@twtsrta‘ﬁe&iv St dlotolC tvsw OWG d iy i onggpetween 1 M

triet h)ﬁhﬁfmulesoﬁﬁrﬂn mﬂydro(ild%sdlﬁtho)n (30 dilg hh@&ﬁtﬂﬁirbﬁi&&mﬁ@‘(@ thi). TAs laayédsadzed:r op
W se thLon

i h
"t or naro e el T LSyt ES s B SiE e' Waaf oRGint i Lenfire B gl ferpe
react i enmbinctlorgania saystsi werediriedrover hmhyﬁhelsssoHMHnwlm agl/ apureatradd andacube
resi du?’u\f\f‘ﬁé?ﬁd’ﬂ St\)gr ‘?ltaﬁ{jcﬁra g%p%% %vltpuhme ﬁﬁ&/ﬁﬁj Iﬁ?g?ras( Q&Qnt"“ghve FH@ title

amoni um sa re renove Pon- a
coanentcpame@lnd(rﬁ)Qﬂécg;éi%%agw@vmé MBt/e: ‘&?-n@éﬂﬂd (85 g, 99% as brovvn oi |
whi ch was used in the next step without purification. MS mle: 205 (M). b)
(5-Chl oro-2-nitro-benzyl am no) - acetEglﬁp]'eq6et hyI ester A m xture of

4- chl or o- -chlor itr enzene 4 ine ethyl
oot er _nydlBBRARRGBc A Gelo e P e ey B s L B Fagant s
nmol) in ethanol (1000 m) %nmdanas-glj hbxd-edhlylwstétor 8 h. The sol vent was

evapor ai e s@lﬂﬁorf pﬁ&ﬁéé @}r{@ﬁdt’)‘@y H{)oyhﬁ{ ?ﬁr%gflbﬂe ngktcﬁﬁe}&gr@ HPIYi g%elto'%ytktr%ger

The anmoni um sa 1 on

2013 odrradeery arinoios dby8e40 4080 gohdé mmel) ead trietiydemimet(8.060 v, @.A% mmal) &
corrpoura%hq&féaqeglan&&z%m Swilh S e&%@ la&&gmcﬁehaéi)(woggfg VRS5 UsRel) & {ddg

next st ep w t hout ur| %tl on.
[tert - BUTRSYUER %f?ﬁ% St{rgn% ord- fzﬂeﬁ fqast% ﬁ%tl‘fe Mrf@}w%@%qdcma@%oeﬂﬂyh
est er Ahfodhdidgraphyolith b=1ehtadeQ-plopidol as dlasrydagatiraiticaasipound¢d.d72Ehyd%gesd er

(110 g’wh?teé‘églgd.mg)rh/eq)%l (?\/I‘EH ).

25 Example 17
trans-1-[8-Chloro-1-(4-isopropoxy-cyclohexyl)-4H,6 H-2,3,5,10b-tetraaza-benzoazulen-5-
vl]-2-hydroxy-ethanone
To a solution of trans-acetic acid 2-[8-chloro-1-(4-isopropoxy-cyclohexyl)-4H,6H-2,3,5,10b-
tetraaza-benzoazulen-5-yl]-2-oxo-ethyl ester in methanol (5 ml) was added one drop of a 30 %
30 methanolic sodium methoxide solution at room temperature. Stirring for 40 minutes was
followed by quenching with water. The mixture was extracted with three portions of tert-butyl
methyl ether. The combined org layers were dried over anhydrous sodium sulfate and

concentrated in vacuo. Flash-chromatography with n-heptane/2-propanol as eluent gave the title
compound (0.033 g, 49%) as white solid. MS m/e: 419 (M+H").

35 Example 18



5 butyl dicarbonate (180 g, 0.807 nol) and 4-N, N-di met hyl am nopyri di ne
(2.51 g, 0.0202 nol) in dichloronethane (1200 m) was stirred for 2 h at 0
C and furwbenioli67t95at room t enperature. The sol vent wasPeTapesanesoand t he
crude product was purified by flash cironmat ography with a cycl ohexane/ et hyl
acetate mxture as eluent to give the title conpound (76.4 g, 51% as |ight
yel | ow wrarsel4$8-6ihloroMs(4visepr@oly<{cyelohyxylt@HHH-2,3,5,10b-tetraaza-benzoazulen-5-

[ (2- Ami no- 5-chl oro- benzyl) tert- but};ﬂxaﬁgﬁmyl am no] -acetic acid ethyl
ester To a solution

[tert- @ %)Wee@rbeﬁtransc%ﬁelﬁr%ﬂd4zsqprqnoesyweﬁ12§>q>9yl)a%ﬁrdél}ydaeéﬂ &3 aeli0-tetranze-
ester (b@ﬁzcge]@zul@teh%@réﬂhll&lder(o@Bb)g' OQOQFHﬁI)B aﬁd—ﬁ%@hﬂﬁﬂnn‘é@@ O@‘J‘ﬁﬁdO ap ﬂﬁn&lB gim de

(35 Qidioranalnd s S0 vhe gl Rall shbke (510 ta g firy o0 ey,

7. 9 0, ADGhdingplor hk the xdautien mufeydamgmhedeahn &adioe mﬂasﬁﬁhmmsgraphy
during u C e
consunat e b entEs b bns By o rprit LBEFR PR PR s
washed mﬁet‘lmt(\]wrf@drtl ons of saturated aqueous sodi um b| car bonat e soI ut| on
and brine, each. The organic |ayer was dried over anhydrous sodiumsulfate
and concentrated in vacuo to give tﬁﬁnﬂfifell@ conpound (60.6 g, 95.5% as
yel | ow waxy soli MS me: 343

7-cHl or 6”2‘%&3'“1"‘213(45‘3?1310%1‘15576}1“(50‘%%93'[}1’63%%}?ézl&ﬁr‘i‘tem&z%BF‘b@i‘})F’?‘He%?'d

tert- butyI ester To a sol utlmbeiyhc acid tert-butyl ester

[ (2- am chl oro enz t oxycarhon am noj - et hyl
cster (88 B SBmBRtE R hpbT Rl SR O Do aka g hbrte St fei uim
t ert - bl ylxazuide: (128s- @Is@rd@xmyylohcmaslmrbowhctamdrls'damd& C under cooling on an
i ce-wat h r ' ; and
react i 01?11 Ii0n11£)§<{{ngr7eF\;ﬁvfaotsrgsz tlﬁir?)ggdﬁ% ) tgﬁjﬂl {(P?%I%rgrfet] @nﬁg{ra g%ﬁl?%& ? o]lwlggz\%qecgi%%{%gty
addl | dutdest@at er (400 nl), sat urat ed aqueous anmoni um chl ori de sol ution
(280 niNis apg: eishyi+#get ate (800 ml). After 10 min the precipitate was
collected by filtration. The | ayers were separated fromthe filtrate, dried
over anhydrous sodium sul fate and gﬁ{tce&t ted in vacuo. The residue was
conbined with the precipitate, & evi ously been collected by
filtration, trans#Sd?lymtoal-I(4-m¢r6p(mytdyolohex)hy-5 6ad:1hydt(e4Hez,g,i5;11®bttlaafahizt-l e

conpound (46 g, 88% as whit 'Eﬁb! glp ,ﬁg} ﬁ?S (MH"). f)
7-Chl oro-2-thioxo-1,2,3,5-tetra c}ro en If]? di azepi ne-4-carboxylic
aci P t dihe-tiglst gqrn[@ypé rwah qbtainggr s white solid in quantitative yield from trans-8-fluoro-1-(4-

Zeﬂtl g&tay l?opa&? c%rcl% he’xﬁy m%tﬁ@,z%r R)b%ﬂé&h%ﬂiﬂb]%%ﬁ@ﬁéﬂﬁcérbeéﬂttow i GerBBhtdl

2, 4- bi ses"(eﬂu?’r%% aewgﬁ&fy‘%mféw Hﬁeoq)“tstﬁvaﬂiﬁhosphet ane-2, 4- disulfide (31.5
g, 0.0763 nol) in tetrahydrofuran (1100 m) was heated at reflux for 3 h.
The 35 solvent was evaporated and tBeampki2due was triturated in tert-butyl
met hyl ther r e was Jemved fd Ltrat trate
WA concen 5 aFlud)r?H@ E%}oggx&ﬁ%a? ex&ﬁ < me?li(yl %dlhydrg q}flgqﬁgﬂﬁ) Ietraazg-
2012Y 057795PCT/ EP2009/ 064804 49 cbystodé|aialede f r om hot et hanol to give the
title %@pﬂﬂﬁl on %u§d gwa@@bﬁr@eda% lv&'zlﬂl!%t soifl ipw ol Jidd %n@t%ns-@jfllclofd\/ll@-

7- Fl uor.o- 2-t rahél r o- benzol e] I azepi ne-4-carboxylic

e i apyey s e 55 e P b dat e b Hadows TieTroyer, W

sol i d iparfomRadcpd Cudh@befrApesdi@o/It M9 Me: BFPEAdHr ps descri bed above for
t he synt hesis of

7-chl oro-2-thioxo-1, 2, 3,5-tet rahydrlgbenz%% ?l [ 1, 4] di azepi ne-4-car boxylic
acid tert-butyl ester using 5-fluor t2 obenzyl al cohol instead of

5- cH] or oeB-SChlarbdn@yisomtopokyicy ¢lohasty®pd 13,0 H-28, 511 (- tephaz§-behkd[ ¢ | az@enedal
procedure |V: Condensation o |% ctamto triazole 10 A
m xture of a hydrazide deri V{ﬁn{%%lﬁ’@é?&t&?%u’tﬁ il(1 1.5 eq) and a

t hi ol adthgritlsfcompenigd wag obtpineq as whife sqfidrn 6ét/<aﬁel|d weoeeeoc2l MpcedirpBat ed at
refl ux HykaA®s ¢R- mlsoafoﬁaeﬁy-ey&t)h&anéc@rm I ﬁﬁd{rﬁgdrﬁilb!ée the solvent is

evapor ated and ue I r mat o ive a

corrpou%%'?c tlar?r@%éoret Bieh Y iopderd lo‘ﬁprtﬂzepltlt Tca%&t/@%ﬁcg%tﬁths of

fordaul au(yllkstgr i n which R2 is tert-butoxycarbonyl) is used the

N-tert t oxygar )y, group of the resulting 15 triazol e product of formula
-a) n@%"g% L%gr(ﬁfﬂ%{l)y or conpletely cleaved thermally, and a secondary

am ne derivative of fornula (1-b) is obtained in addition or as the sole

product. General procedure V: C eavage of N-tert-butoxycarbonyl (N BOC)

group A solution of an N-BOC derivative of general fornula (1-a) (1 eq) in

1.25 Mnethanolic or 1.5 Methanolic hydrogen chloride solution (10 - 20 eq

HCl) is heated at 50 C for 15 60 m n. After 20 coollng to roomterrperature

o, . T 1 o, o o -



WD 2010/ 057795PCT/ EP2009/ 064804 50

ci s-8-Chl oro- 1- (4- net hoxy-cycl ohexyl ) -5-net hyl -5, 6-di hydro-4H- 2, 3, 5, 10b-t et
raaza- bewecpswj@zissene a) PCT/EP2009/064804

ci s/trans- 8- Chl oro- 1- (4- et hoxy- cycl di¥exyl ) - 4H, 6H 2, 3, 5, 10b-t et raaza- benzo
[ e] azul ene-5- carboxylic acid tert-butyl ester (1:1) 5 Hydrazide:

ci s/ trans-4- Met hoxy- cycl ohexanecar biésample 23ci d hydrazide (1:1) Thiol actam

7 Chlor o 2- L 8X g 34 35dpFhi @@Y%Rm%gﬂg\g [Cllnlafd diRZSR - duadipoxy! | ©

acid tertbutyl "ester etl alne brown solid in 53%
yi el d using general procedurbenzglelamilenehydrgchlonider ) 10 b)

C|55/ t er{II%tt@cieCm f Bpsund iAo BRinbe aéywlﬁbécsdlfd frf]he ) |nllta5we @n@d'ﬁﬁﬂﬁd Qis- SLHtljltgro?\l (éé-

et raazaben e ti ound was aj ped. as
Frrear ittt A e ob bt Lo SR A P i g g R ]
- 1- ( 4- restchosiny geneeal peodaduryg V). -MBInGe+-3513M-3H 30b- t et r aaza- benzo [e] azul ene-5
-carboxylic acid tert-butyl ester (1 1) usi ng general procedure V. M n1e:
333 (MrH) 15 c) cis-8-C hloro -1- (ks Qny-cyc | o hexyl)-5 -nethyl -

, 6-di hydro -4H-2,3 , 5, 10b- tetraazabenz azul ene The title corrpound was

obt ai ned cissS-fhiare-lsé- 1sqpmp04wy¢leh@f&yﬂ)r5rm ¥, o-aiy docdl-3535,10l-tetraaza-
nmet hoxy- cycl ohexyl ) -5, 6-di hydr o- 4ﬁegzﬁdgzg.lgﬂétetraaza benzo [ €]

azu) ene(1: 1) and par af or mal dehyde accor fo eral proced after
purh. éﬁh@ f?%csg;lpawﬁwwbte@e%ﬁﬁ hisost 13 Johe Ylé%pg%n,&tﬁ' -ahlam#wiﬂwpmpoxy-
n- hept agelbRexgn PR avhydro-48)2,39, @buetiaza Wonav] €azddnt ( MFHhydrockiidbe 2  and

| ene- sl BERTA IR ORI R Bﬁ*ﬂﬁe 38 M Re tommanad e Lo 24

obtained as white solid in 77%yvyield using general procedure IV. 25
Hydr azi de: trans-4- Et hoxy-cycl ohexadfisuapled@®yl i ¢ acid hydrazi de Thi ol actam

/- Chl or o- 2- tmlgi@raﬁsﬁ'\% %ft]ﬁft{)%hyfu’l&l&?ﬁzgg&ﬂ]) 01-4ﬁ ﬁl@@?!t‘i\?t&r&ﬁﬁ?boxy' Ic

aci d tertbut ester t'rans- 8-

ro- 12 (4- et hoxy- cycl ohé’ﬁ%‘)[e]@ZBleﬂF WBOWZ‘CEI @rthBtYﬂéitF‘éaza benzo [e]

azul enerhlayiﬂlre% @ﬁﬁcd@asﬂilﬁaﬁlbd hﬁwﬁi@@mmilw 1@11at1@1ﬂgegénaal béuwréphid in
quant i Y ro c o]

ey ) T %ﬂgé) aroeRs st dniaitosy i atabbad¥e boxyi i ¢ acid

t ert - buthyd la@sihe?-Chéirog-thenxer BL,3 prtoteldudr@ by¥hzoMY| Ind [diazSdde-¢MatBoxyliddid tert-
2010/ 0%{1@?5@/ EP2009/ 064804 51

trans oro-1-(4-ethoxy-cycl ohexyl)-5-nethyl -5, 6-di hydro-4H 2, 3,5, 10b-te
t r atlz a-MbareaHpd #3201 ene” The titie compound was obtained as white solid
in 79%yield

trans-8-chl oro- 1- (4- et hoxycycl ohexyE,) R2¢i hydro-4H 2, 3, 5, 10b-t etraaza- ben

20 L€l Az oy % 't%%@%” otexy %ﬁqur”?%dd‘?ﬂ%fm-iﬁ' 095 605 Ganca

procedur e
benzo[e]azulene hydrochloride

The title compound was obtained as off-white solid in quantitative yield from (RS)-trans-1-(4-
25 sec-butoxy-cyclohexyl)-8-chloro-4H,6H-2,3,5,10b-tetraaza-benzo[e]azulene-5-carboxylic  acid
tert-butyl ester using general procedure V. MS m/e: 375 (M+H")

Example 27
(RS)-trans-1-(4-sec-Butoxy-cyclohexyl)-8-chloro-5-methyl-5,6-dihydro-4H-2,3,5,10b-
tetraaza-benzo[e]azulene
30 The title compound was obtained as white solid in 66% yield from (RS)-trans-8-chloro-1-(4-
isopropoxy-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzo[e]azulene hydrochloride and
paraformaldehyde using general procedure VI. MS m/e: 389 (M+H").

Example 28
(+)-trans-1-(4-sec-Butoxy-cyclohexyl)-8-chloro-5-methyl-5,6-dihydro-4H-2,3,5,10b-
35 tetraaza-benzo[e]azulene

and



ci s-8-Chl oro-1- (4- et hoxy-cycl ohexyl )-4H, 6H 2, 3, 5, 10b-t etraaza- benzo[ e] azul e
ne-5- carboxylic acid tert-butyl ester The title conmpound was obt ai ned
as white wol20t/a5m7937% yi el d usi ng general procedure |V. PCO/ERg@0AziSHE:

ci s- 4- Et hoxy- cycl ohexanecar boxyl i ¢ aciéd hydrazi de Thi ol act am

7- Chl oro- 2-t hi oxo-1, 2, 3, 5-tetrahydro-benzo[ e] [ 1, 4] di azepi ne- 4- car boxylic
acid tertbutyl ester M5 nie: 447 (NExdmpke8nple 6 15cis-8-C hI o]

ro-1- (Lt )eﬁ'lé'p iﬂ;_\é&! gnﬁiﬁg chﬁhﬁe}q} bycﬂi&oédth% l%} é‘ﬁﬁl b Q@I\izg

azul ene "hydr ori e’tit ound was “obfal n
y| eld from benzo[e]azulene

cis-8- qh} -Rh- iL(4 %@Bﬂ@xy@y&bﬂé}@m thiBF- Slthethyd. 5%6- a@@dioema@z@ 106R&RakL]
aZU| %n@{ﬁ_ﬁm) S ng-ﬁ-:grgl?st ? (}t -sec- {)Xtoxﬁ%;[lc ohexyi)ﬁrkg-clgo neg ethyl %066 gﬁllgrgro 4H-
CI s 8- Q3,51 0b- iet(aézeebé‘mﬂe}atzyamlneh@r@r bptamedeidny (R S)-tami- hydisa-Bith2;-SyclohbRpbt et r

agoz/a;” teéf (frr%gf]ﬁ]%ﬁllyﬁ@%-dihglz_cﬂg-zfﬁ-ﬁlfs,?@lee%@zq-t% o[RRLARED 85 Whi G SOHpE N
t r ans- 8epridtemeenia Chirapdloripesodiromestplnhept@cdihapdt @ WHs2I@n6, 10b-t et r aaza- ben

ZO[ el aZ(J*rJrji ﬁﬁ!ﬁshy-%{@é‘chh@t"ok? Egaghegcgl)p@l':l%ﬁﬁﬁ%@l%msd@ dHSHRL4EENEE AbpRERGSAUT €

traH% é’-e@ﬂ[%]la%ﬂline(@ q6§<ﬁ@ﬁéééwsep@%ﬁé&wh}tc&ﬂ%w2 3,5, 10b-t et raaza- benzo[ e
] azul emmecagﬁs)gwymp & d+tigrt cbug ¥l 4, €HEx, 20 °C)The title conpound was

oy iy e Seaﬁ%o%w @V%%?@ﬂ% B T M BA TS T

Thi ol adibam[e]azulene (0.035 g, 18%) was obtained as white solid.

;;:icgl ;)gg,{%m;eh ;Hz}vg f%l eft Qé/dro Qeaég[le]zplcg] di azepi ne- 4- car boxylic

35t r ans- 8- ChI oro 1-(4- |sopropoxy cyclohexyl) 5, 6-di hydro-4H 2, 3,5, 10b-tetra
azal5 benzo[ e] azul ene hydrochl ori de ExampleB8/ 057795PCT/ EP2009/ 064804 52 The

t itle g&aﬁ?s@hma(ﬁ}lqh@blasdt@s} c%loh@x;aphncmn ﬁ%@%ﬁt%dgﬁ%%h@eszﬁl&@ls-
rans- 8- chl or o- - i Sopropo C X

,5,10b-t etraaza- benzo [e] azt#" H@f]{f ac&‘if @F; 1es%®Ei d tert - but yl ester using
gener alThprtivleedmpound whdobthiaed 36dhitdvictid)in Bésasakd ukbhg general procedure IV.

Stransg d%21 eb?rans-gl Lbe}jc?o%ﬁ{ DAY f?ﬁgxatn&fa&%%/xehlc%m JHYamdse 6-dihydro-4h2,3,5, 1

Ob-tetraaza- 8N ‘W& “obt ai ned as white
sol 3 Thiciggami @leldrpo}fﬂmp@)ng2g,i3t¢trghyﬂ.rq_.b@mzo[e][l 4]diazepine-4-carboxylic acid tert-
|soproq)g§5(e§tglcl ohexyl ) -5, 6-di hydro-4H 2, 3, 5, 10b-tetraaza- benzo [e] azul ene
hydr ochl gri de and par af or mal dehyde using general procedure VI. M5 nfe: 375
(MrH ) M MH)

trans- 8- ChI or o- 1 (4-1 sopropoxy-cycl ohexyl) - 5-net hanesul f ony1-5, 6-di hydro-4H
-2,3,5, 10b- Example 31

trans-8-Chloro-1-(4-cyclobutoxy-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-tetraaza-
25 benzo[e]azulene hydrochloride

SOI |n 91%

The title compound was obtained as off-white solid in 87% yield from trans-8-chloro-1-(4-
cyclobutoxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-benzo[e]azulene-5-carboxylic acid tert-butyl
ester using general procedure V. MS m/e: 373 (M+H")

Example 32
30  trans-8-Chloro-1-(4-cyclobutoxy-cyclohexyl)-5-methyl-5,6-dihydro-4H-2,3,5,10b-tetraaza-
benzo[e]azulene
The title compound was obtained as white solid in 51% yield from trans-8-chloro-1-(4-
cyclobutoxy-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzo[e]azulene hydrochloride and
paraformaldehyde using general procedure VI. MS m/e: 387 (M+H").

35 Example 33



tetraaza- benzoazul ene To a solution of trans-8-chloro -1-(4-isopropo Xxy-cyc
| o hexyl)-5 ,6-di hydro -4H 2, 3,5, 10b-tetraaza- benzo [e] azul ene

hydr ochl owpde1(370%0 g, 0.18 mmol) and triethyl am ne (0POFZEP2009/064884 rmol )
in 15 dichloronethane (5 mM) was added net hanesul fonyl chloride (0.015 m,
0.19 mml) at roomtenperature. After stirring for 19 h the reaction

m xt ur e ¢ieS-Cllocedi(dalyelbitoxyayawherilrd H,@h2chai Olortetpimzavheniao e azulene-5-

n- hept ane/ 2- pr opanol as el ue ound (0.004 g, 5% as
yellow solid. Ms nmle: 439 I\ﬁﬁbg%gﬁéw é&%%%z]‘é?&?

20t r an§ﬂ124¥gle@ﬁm9%ﬂqweﬂobt§16ﬁﬁ @ﬁowhgfﬁ W@I igRéXyyipldawsinggencrsl groegshue EY r aaza- ben

ég?/zm éi@%md/é I@ﬁAM@Q@lbbﬂibﬁy byélbl%xﬁﬁém%ﬂﬁhd\@&d ﬁ?&r@tla@d as white solid in
() Slj rom

ns
oot od YRl orrayyE Biesdn A Guahidso bewolbl ki gaipe-Aerasy i peid itene
hydr oclbluoid ester and gl ycoI al dehyde usi ng general procedure VI. M5 nmfe: 405
(M-H)
trans-é\%wgw e(]\/%iil)sopropoxy cycl ohexyl)-5-isopropyl-5, 6-di hydro-4H2, 3,5
, 10b-tetraaza- benzoazul ene The title conpound was obtained as white
solid in 25% yi el d from trans- 8- chllbxample34-

| Sopr opoxy- ¢ eiRHL . BicRsh e evclohedyh. o WA 61IRaZS, PaarLa. azul ene

hydr ochl ori de and 30 acet’one usi g? genefal procedure Wi me: 403 (MtH )
}‘H’ﬂ e 14 benzo[e]azulene hydrochloride
t r ans- ghchitRreanmbo(dd Waopbaped s oYitw bikexalld) mﬂdaﬁdrﬂatzv&yl&dﬂwntcﬁtSambao-quz oaz

ul ene- 5- Ifonlc Cld Toasol tlono

trans. 8YERPUPBT S LB Bt Sy ey P o iy beaaberls 14 PUR} ez
a- 35 betezofied gmtaéme)dastmﬁdéri%&m/deﬂ(i(lwm)g, 0.18 mmol) and triethyl an ne
(0.037 mM, 0.26 nmmol) in dichloronethane (3 nm) was added

N, N- di rrethylsulfam)yl chloride (0.0R& M 3] 26 nmmol) at WO

2010/ 057795PCT/ EP2009/ 064804 53 room tenperature. After stirri ng{ for 65 h

t hel ¥ eactiFSnChioxe-dr@d-crglob Emﬁﬁméﬂ)'ﬁﬁnmbéﬁ dihydre-tHrodad 8BrieEagzani t h
n- hept ane/ 2- pr opanol as el uent ga‘b@ni(ﬂqah]@h@ conpound (0.063 g, 77% as
white | i M5 m e:, 468 n58

or 15 ALl SRR, SRRy b ST . B gRRRAGS i T i chigro-1-4-

2, 3, 5, thdebebrpayde imnhenddilyde-3H-23, ﬁ]lk)b{lletmazéi benzo[cJazulene hydrochloride and

trans O 0-4H- 2, 3,5, 10b-tetraaz
a- ben% fdl?(%%{zag e%xée @fg&%&qﬁgy"&?{%qgew 1)1176 3% )i]ﬁ and potassi um
carbonate (0.073 m, 0.53 mMmol) in acetonitrile (1 mM) was added

2- (¥t omonet hyl ) pyri di ne hydr obr oni déxqmple#¢ g, 0.18 10 mml) at room

t enper ai-mises-CHléroti-(c d}&épe%@ylhx éi@n& q?amfsﬁ t@‘,’!’?ﬁbbbtétMEinEhﬂﬂé]'ﬂgul'@ﬁé ween
1 M aqueous sodi um hydroxid | on nd di chl oronet hane (30 nil).
The | ayers were separ at ed. h"é‘rﬁff}’ J§! 'é’% §s§&tracted with two 30-ni
porti oﬂﬁlemftledbﬁipbombm blaniaed Ihkglt drdimesdidon@and gieldayargspeneabpdeedte Dv.er

anhydr draz?(? Lol yvc\:l1 Ot%ﬁ%&%h 98 Sf‘%ﬂ%}%%tegarb | nr¥01?c/ %Sfd%élfi%%{d[ fication by

f1 ash-chromatog rah ane ropa as el'uent” gave the title 15
conou ernc(l@nzt@l%7g3h1®8%tlwoyblzﬁowewhydrmem%e][14512118(Z%4hb H- caﬂsoaitsrbt ecid@gert-

trans- ApgfikGeaCi d

248- chl_oro- 17 4 ropoxy cycl ohexyl)-4H, 6H 2, 3,5, 10b-t etraaza-
benzoa2\P exest dxo et hyl ester
Example 37
trans-8-Chloro-1-(4-cyclopentyloxy-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-tetraaza-
30 benzo[e]azulene hydrochloride

The title compound was obtained as light brown solid in 75% yield from trans-8-chloro-1-(4-
cyclopentyloxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-benzo[ e]azulene-5-carboxylic acid tert-
butyl ester using general procedure V. MS m/e: 387 (M+H")

Example 38
35 trans-8-Chloro-1-(4-cyclopentyloxy-cyclohexyl)-5-methyl-5,6-dihydro-4H-2,3,5,10b-
tetraaza-benzo[e]azulene



To a solution of trans-8-chloro -1-(4-isopropo xy-cyc |o hexyl)-5

, 6-di hydro -4H-2, 3,5, 10b-tetraaza- 20 benzo[e] azul ene hydrochl ori de (0.090
g, 0.23 mwol2p1ensarosri et hyl ami ne (0.066 m, 0.48 mmol) i mCuiEPkéoonotses hane (5
m ) was added acet oxy acetyl chlorides$(0.031 g, 0.25 nmol) at room
tenperature. After stirring for 19 h the reaction m xture was concentrated
in vacUde fHlaghrmponohavogpbipmedwis white hepitdame/58Ypriogd nodmasaed-Srehlpragpdn(é- t he
&'7'[ le %99188&11%9&0&9 cQ&gh&yl)@)g@dﬂﬁlﬁrd’\@Hth 390b JetrddPa- Bér‘f‘zo[e‘}gz']uk(dgh' Hh}droglﬁmpl €
t r ans- Pag pafosmgldehyde ysinsoecaptk prasgdure Y xYIS) mer@HMH )5, 10b- t et r aaza- benzo
azul en-5- yl]-2-hydroxy-ethanone To a solution of trans-acetic acid

2-[ 8-chl oro 1-(4- |sopropoxy cycl oherydmpK96H 2, 3, 5, 10b-

one. T ofF B LCAGFar1 LT R TR T I T R
tenperature. Stirring for 4Qcari)nnyliisaoid1$erit—dplutyl\mtérby quenchl ng wth water.
The m )(Ithlértﬁlg%ﬁl Sﬁrﬁc{ @g& S’Biai‘ﬁ'b&gs ?olﬂ%tm ;%efafus g o%‘. ol %ﬂoFﬁﬁé‘}’v ether.

The conb S Were over an r ous e and

concenthiyairazdda: ﬁavﬁétib’dqhﬁaﬁhxjchymlﬁtxé@@caﬁlwym gqd hydrepdane/ 2- propanol as

el uent T8RN §cthiie7 Ianldr8- Cameung B0 LAY ¢ iS4 iz fin &l dafbox MR MF @ tert19
VO 2010/ 057795PCT/ EF52009/ 0%%804 4(ﬁ IpS4poRi.b e

tra P&@’ EHFor 0- 1- (4- i sopr opoxy- cycl ohexyl ) - 4H, 6H 2, 3, 5, 10b- t et r aaza- benzo

azul en-MiS nyb:s@tamang To a sol ution of trans-8-chloro -1-(4-isopropo xy-cyc

| o hexyl)-5 ,6-di hydro -4H 2, 3,5, 10b- tet raaza- benzo [e] azul ene

hydrochl ori de (0.080 g, 0.20 rrm)l) élr 4ﬁt hyl am ne (0.059 m, 0.42 mmol)

in 5 dichloromethane (5 m) was ad gtyl chloride (0.016 rri 0.22 mmol)

at roomt etrrpm-&{(ihler.o-Mwyclghexynldxygcyrcbnhem)-ﬁ,& dibydeed Hr b3, Srilkttetraavies

concentrated in vacuo. Flash-gly Hﬁh@&rﬁﬁﬂﬁ%ﬂbhﬁen hept ane/ 2- propanol as

eI uent ve the title corrpound 0. 062 as white solid. M5 me:. 403
IE]EX fplcempgund was obtained “as white sohd m 97% yield from trans-8- chloro 1-(4-

10t r an% &oﬁé c%fc(o‘hekﬁPﬂHWyj-Sl’@d X3l Dendbh A kdng,5328bokMc tRid 82ZButbenzo
[ e] azul ene G c\}&g‘%ert L@Lf ﬁ)l ter The title conpound was
obt ai néateagsl%gffné”ga?‘?ca Al wWer Pl rlrg%general procedure |V. Hydrazide:

trans-4-1sopropoxy-cycl ohexanecar boxyl i ¢ acid hydrazi de Thi ol act am
7- Fl uor o- 2-t hi oxo-1, 2, 3, 5-t et r ahydriexsepled{le] [ 1, 4] di azepi ne- 4- car boxylic

acid tert t €4

trans- 8- Fﬂtg%lﬁgé z - £ 4p§@6%‘§<e§yl(§)§g%g&i§§§%ﬂ g%&gﬂh yﬂfﬁo 4% 253 ?L(%Bbt etraaz
a- Henzo[ e] azul ene hydr ochl ori dtet%lq'ﬁb@nzqatlllbnéorrpound was obtai ned as
white 5[@1'6' t‘iﬂd Boék vad lovRinddedsdofrrvaimet SIS mBedd upkR- ﬁ‘ofn‘ltrans 8-chloro-1-(4-

| sopr opoxy I 6 aaza- henzo ene- - rbo yli
¢ aci d VEPhe %&vrCY§ﬁ1h8¥ﬁ§§.4§%ﬁ§%ﬂ 414;3%5 FibaRiage %42 fsmqa 3y and
Exanpl @atiformaldehyde using general procedure VI. MS m/e: 415 (M+H").

trans- 8- Fl uor o- 1- (4-i sopropoxy-cycl ohexyl ) -5-nmet hyl -5, 6-di hydro-4H 2, 3, 5, 10
b-tetraaza25benzo[ e] azul ene The tit ’%Iﬁ&@pﬁund was obtained as white solid
in 77%yield fromtrans-8-fl uoro-1-(4-

i sopr opogig=Sc(blogprdxif-gych hexylioky-dy doluyD-H1 5 Hr 28,5 Hihr etraazabenafagigneiSene
hydr ochl or| de and par af or mal dgydaidialid Gerg DReyI1dktepr OCedure VI. M5 me: 359
(MeH ). .

30ci s- & hemﬂsrcamyozuzﬁ Vaophtaigek s whits widhdy I 7¢yyiclgsnggeserpbproretira i a- benzo[ e
] azul eI}Qrd5a21¢eaI’CQOMSZM:lﬁh@@ﬂ(ﬁ(yt@fclohbkﬁmébarﬁﬁi}&fc athiehyldrddid conpound was

bt ai 6 | V,. | i de:
oi s e P chbie b ey OB DBl e B
7- Qﬂorbutﬂelsthll oxo0-1, 2, 3, 5-tetrahydr o- benzo[ e] [ 1, 4] di azepi ne 4- car boxylic
acid taig %ezbﬂ)tly(![\/lﬁ*f{)er

Example 43
cis-8-Chloro-1-(4-cyclohexyloxy-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-tetraaza-
benzoazulene hydrochloride



M me: 461 (MHH ) WD 2010/ 057795PCT/ EP2009/ 064804 55 Exampl e 23

ci s-8-Chl oro-1-(4-isopropoxy-cycl ohexyl)-5, 6-di hydro-4H-2, 3,5, 10b-tetraaza-
benzo[ e] axol2ervesmedr ochl ori de The title conpound was ebT&iPa@d/oesonhit e
solid in quantitative yield fromcis-®8-chloro-1-(4- 5

i sopropoxy-cycl ohexyl)-4H, 6H 2, 3, 5, 10b-t et raaza- benzo[ e] azul ene- 5- car boxyl i
¢ aci d Thertitlebenrgpoundt was abtamgd ge el sqiidomeguangtative i ldfeom 3618-CMekd-) -(4-

Exanpl -5-
cis-8 %16hexylox(y cyclohexyl)-4H,6H-2,3.5, Ob te‘t\laaza benz%az]ulene g c&f,rlf]oxghc aﬁ & 5ert b%ty1 Ob-

-l sopropo clo
t et r aaZster %ﬁ&%‘f@}%i’tﬂc@ﬁ@el\% Mﬁ@vﬁ 401 Mt
in 90%vyield from
ci s-8-chloro-1-(4- |sopropoxycycl oherydmple.44- di hydr o- 4H-2 3,5,10b-tetraaza-b

i WS R AR AR R T oL TRl Ay Bl B RSTEL Tl RLRRELY @
(RS)-trans-1-(4-sec- But oxy-cycl oheloyiu)oaﬁulrehéoro 4H, 6H 2, 3, 5, 10b-t et raazalbb

enzol e] ”1!161’4‘%0&88@%?%)4'6&9%(1 S LR C Rt 950, TOR I | 8‘11? Stk S

obt ai ne as whi d using genera rocedur e : dra2| de:

( RS) - t rcaplehaxydaxy-Bigtobiyyliy d-dhekardtarhd -teéraa@rlwnmnmﬁ dwdnshiraet and

7- Chl 0rp@fa%dﬁrﬁ'ld%ﬁ?dé—uﬁ%%géfe?aﬁ#ﬂdﬂ%ﬂ%Wlbﬁ/fszﬁ[ee]4ﬁé—(]ﬂ]kglﬁ)'izem ne- 4- carboxylic
acid tertbutyl eSter MS me: Exanpl e

(RS)-trans- 1- (4-sec- But oxy- cyclohex%g | or o-5, 6-di hydro-4H 2, 3,5, 10b-te
tradaza- benzo[ e] azul ene hydrochl ori mpl?ﬁ‘ title conpound was obt ai ned as
of f - whi t e(RS)}tirshs-$+Chidéxtot 1-{4H(3- mtlyo)@LIinfeltme(thSW)IcydlBexM](m 6252,3,5,10b-

sec- but oxy- cycl oheﬁ%{% ?qelﬁ gﬁﬁlzﬁﬂhgﬁ-gﬂ@ggl c“i gL garyei %%nzo[e] azul ene- 5-

carboxylic acid ter I usl pr ocedu 375
(M+H ) Tiedidglcempgund was obtamed as white sohd in 54% yleld using general procedure IV.

(RS) - t 1Agazad §R§§ﬁm§lﬂ Me@%&'r\{qhﬁféw?) e&oﬁw afcibh‘éxé’ﬁ%ké}%xﬁlc@acfﬁ Mﬁz@de‘lH 2,3

, 5, 10b- tetraa enza azu he titl ¢ corrpoun was qbt ai’ned
whi e ddnqlectam: B63Herp e dixoohy.f Reptrahwirerbenzor bk bidmzepfne-4-carboxylic acid fort-
i sopr ongyegylel ohexyl) -5, 6-di hydro-4H 2, 3,5, 10b-t et raaza- benzo[ e] azul ene
hydroc ride af or mal dehyde usi ng general procedure VI. M5 me: 389
(MH ) 'Mé’ 48 ANMAT Exanpl & 28
(+)-trans-1-(4-sec-Butoxy-cycl ohexyl)-8-chl oro-5-net hyl -5, 6-di hydro-4H 2, 3,
5, 10b35t et raaza- benzo[ e] azul ene andExaMplR@d0/ 057795PCT/ EP2009/ 064804 56
Exanple 2 _ 1. _
(-)-trans 1oy J2asE P EXy: [“ T A i A e PR Y
5, 14b- tetraaza- benzoZE té??éa(bﬂ)ﬂ?ﬁemlellﬂ(lw%@éﬂ@w% xy-cyc |l o

hexyl ) ﬂareCtlitheOE&np&mdanbraﬁled%déﬂMQﬁt@ sohitt 8, GranfaliOPvi@d rfRRE AR S)-trans-8-

chloro-1-[4-(2-methoxy-1-methyl-ethoxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-benzo| e]-
azulene-5-carboxylic acid tert-butyl ester using general procedure V. MS m/e: 391 (M+H").

ound was obt ai ned as white solid

Example 47
25  (RS)-trans-8-Chloro-1-[4-(2-methoxy-1-methyl-ethoxy)-cyclohexyl]-5-methyl-5,6-dihydro-
4H-2,3,5,10b-tetraaza-benzo|e]azulene
The title compound was obtained as white solid in 79% yield from (RS)-trans-8-chloro-1-[4-(2-
methoxy-1-methyl-ethoxy)-cyclohexyl]-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzo[ e]-azulene
hydrochloride and paraformaldehyde using general procedure VI. MS m/e: 405 (M+H").

30 Example 48
(+)-trans-8-Chloro-1-[4-(2-methoxy-1-methyl-ethoxy)-cyclohexyl]-5-methyl-5,6-dihydro-
4H-2,3,5,10b-tetraaza-benzo|e]azulene
and
Example 49
35 (-)-trans-8-Chloro-1-[4-(2-methoxy-1-methyl-ethoxy)-cyclohexyl]-5-methyl-5,6-dihydro-4H-
2,3,5,10b-tetraaza-benzo|e]azulene



5 benzo [e] azulene and (-)-trans-1-(4-sec-buto xy-cyc |o hexyl)-8-chloro
-5 -methyl -5 ,6-di hydro -4H2, 3,5, 10b-tetraaza-benzo [e] azul ene were

obt ai ned woamo(@®Bp95t r ans- 1- (4- sec-but o xy-cyc | o hexyl) PC8EPRI00/064805

-met hyl -5 , 6-di hydro -4H 2, 3, 5, 10b-t eidr aaza- benzo [e] azul enebychiral HPLC
separation on a Chiral pak AD colum w th n-heptane/ethanol (4:1) as eluent.
(+)-t rdﬁ}‘tra_nsém&reBu[tﬁMyethm I-ondtexydthox8)-cintlohaxyl]55-medtyhyp|6-Gihy@oeltthy dr o

-4H- 2, %,3},5 éé@ i Ghd Q&&g%eé&?le%“éﬁ%e ?Zt{-hln%e%hﬁ% q6f31 &um@tﬁcﬁy- : etgﬁt&fa&%?- as

white soO ii 0. 414,

(-)-tr &Helohexy. %@@1%566 @yé@@c 3. hatQ }ct@azmb@sxz@[el@uleﬁ@t Wyl gbtaged FpaY o

- 4H 2, %Rsﬁtr&@osicﬁrof@aqal(gnﬂe@hd@ll-ﬂzeu{yquéﬁlo&g)) Qy?o‘io}@xyl}%%ewﬁs ehiiRydAed s
IEXSgr‘rél ig ng etraaza- genzo??azglll\me )by c[hn]a? HPLC separatlgn on a Chlreﬁpak 1égolur1211? wcl:zh

trans &lﬁpkmm&ﬂémw;)cabemamoxy cycl ohexyl)-4H, 6H 2, 3, 5, 10b-t et raaza- benzo|

€] azul Zﬁftrgnsgﬁ-@’hpo(% 4 0(2318&@ 'i-tmeﬁﬁylyethoxa nl-orlgea)jyh L hl%t alﬁ rggioiill@ydrv%-azi de:

obtain te soI proce
trans- &a@dﬁ‘@mﬁta@wbwo[m@ﬂé@%ng%ﬂ%)cwmtdalhgﬂbérwhld?ewﬁd Thi ol act am

7- Cnl or, R/ISZmyehlil@S( lHﬁ/%aEi$t5rﬁk¥¢r@5’ﬁ’£@%1?,]iol%‘3] di azepi ne- 4-car boxylic

amdtertbuty e 2
Exa]{ﬁ) &-)gans-g- Chloro 1-[4-(2-methoxy-1 rnethyl -ethoxy)-cyclohexyl]-5-methyl-5,6-dihydro-4H-

trans- &-ﬁlh%-ﬁbtﬂaaﬁaﬂbﬁl‘i@[e%ﬂﬂe@&{@ ov&zgoijwvas&tﬁnéh aydhies $iid2, 3, 5, 10b-tetraa

of 1 w0 2t B8 PRV IT e 16l Do haCRC bRl (g o o e

cycl obut oxy- cycl ohexyl ) -4H, 6H 2, 3, 5, 10b-t etraaza- benzo [e] azul ene-5
-carboxylic acid tert-butyl ester uEXaanlgéﬂeral procedure V. M5 nfe: 373

(MrH ) Ex - -

30t rans- 8- Itgzr"gs-2 (hAoro 4 [4B g%/oxgycfngﬁgl elﬂfo’%]) n\‘édﬂh?xyg AGH(?}%ZSF IOAB—I- 2,3,5
, 10> t et raaza- ben¥rgagp- mﬂm[emulpn@&wbexﬁwmmt &yl ghfeR| ned as white

sol : db'TheF?ﬁPe/OcMgbgmf ﬁz@%ﬁtﬁlﬁ@&asghg{ﬁ'y@%ﬁv Soldtm 39%b yltel% using general procedure TV. |

cycl obyt oxy- ro- etra enz zul ene
Pydr ocHIGH A SR e P AP aRMAC hesThAEE 3

(M+H ) Thlthﬁﬁlmwa%ﬂﬁﬁ%meﬁgﬂeﬁ%&Mb&ﬁo[e][1 4]diazepine-4- carboxyhc acid tert-

ci s- 8- %hb, Lo/ 1- (4-cycl obut oxy-cycl ohexyl)-4H, 6H 2, 3, 5, 10b-t et r aaza- benzo[ e]

azul ene-5- “Car boxylic acid tert-butyl ester The t|tIe conpound was obt ai ned

as 2hi tl\éssrdtl‘tﬂl(M%% yi el d using general procedure |V. Hydrazide:

ci s-4- Cycl obut oxy- cycl ohexanecar boxylic acid hydrazide 5 Thi ol actam

7- Chl or o- 2-t hi oxo- 1, 2, 3 5- tetrahydrgxg:gﬁ a&fje] [ 1, 4] di azepi ne-4-car boxylic

acid tertbhutyl ester NS mie: 473 (MrH '
Exanpl e 3 ARS)-trans-2-[4-(8- Chloro 5,6-dihydro-4H-2,3,5,10b-tetraaza-benzo|e]azulen-1-yl)-

ci s-8-Chl oro-1- (4 cycI obq;thnﬁeax mgyp ﬂitmh)l-.ElﬁydihbMdhqe4H2 3,5,10b-tetraaza
10b b

of 1 - w18 4l e i R b G oo P TRHRF T (it TRS) B

cy c2obuhloxy- eyteR dtydroxly) l—mlﬁmmpsyﬁqﬂﬁbmxﬁﬂ#ébﬁéﬁhiehi% [eet]aaaazul ene-5

i K/ﬁ‘er;%éi ip]@%dlg%é SRRV ackPLAIbUSH 2Qr GRS EAlerATRGRAIC Sy V- M5 me: 373

15¢ci s- dMEMVerd7AMH dycl obut oxy- cycl ohexyl ) - 5- et hyl - 5, 6- di hydr o- 4H 2, 3, 5, 1
Ob-tetraaza- benzo [e] azulene The title conpound was obtai ned as whi te
solid in quantitative yield from CIEXﬁng@lmro 1-(4-

v SE’Eﬂ@ﬁarﬁ%hﬁf)pé?é%lar@meﬁ&ﬂéﬁc@ﬁ U aR PR BREASRA ks et 557
( M#39 yD)-cyclohexyloxy]-propan-1-ol
The title compound was obtained as off-white solid in 59% yield from (RS)-trans-2-[4-(8-chloro-
5,6-dihydro-4H-2,3,5,10b-tetraaza-benzo[e]azulen-1-yl)-cyclohexyloxy]-propan-1-ol
hydrochloride and paraformaldehyde using general procedure VI. MS m/e: 391 (M+H").

Example 53
35 (RS)-trans-8-Chloro-1-[4-(2-fluoro-1-methyl-ethoxy)-cyclohexyl]-S-methyl-5,6-dihydro-4H-
2,3,5,10b-tetraaza-benzo|e]azulene



20Exanpl e 36
trans- 8- Chl oro-1- (4-cycl opentyl oxy-cycl ohexyl ) -4H, 6H 2, 3, 5, 10b-t et raaza- ben
zo[ e] azulwoeoldmsemsboxylic acid tert-butyl ester The ti PCE/EPOINNOKSI4 WaS
obt ai ned as light brown solid in 65%6t eld using general procedure IV.
Hydr azi de: trans-4-Cycl opentyl oxy-cycl ohexanecarboxylic acid hydrazi de 25
Thi ol aclicama solution of (RS)-trans-2-[4-(8-chloro-5-methyl-5,6-dihydro-4H-2,3,5,10b-tetraaza-
7- Chl oxy ; n [
%?%)aé@]kﬁéﬁ)l éyl)zf\%l e&%&g}w% PR1Z61083 (ol oHAhRRRP I Bt ARARXNE (£

acid ter
Exanpl anlyas added [bis(2-methoxyethyl)- armno]su?fur trifluoride (0.031 ml, 0.17 mmol) at 0-5 °C.

trans- &thh® at%ém( aheo et 19 pws FBvRiAeYd dditRrbo AN d[oars@ﬂn%ﬂ%x%twn tet

30b d Th I d
o B g QHort ChE e 8 slitneoPe b | oy e
Xy-cyc plamtimaxd/bét«melzh edthi2tcd aqhedi3Betimhr Biazrbetes zaufi@] (3@zml) enécthyl eatdoxdd i c
aci d' G115 Py &3 WRke UhRSPRREAR g RIRS A &aVoxltRell Gien 308 M ArGik0TP! ©
35t r anstigd @gttereo-The( doralined peganyd ayyprsc yetcoHasdy loyers anhistdingus- ) diurdi suyfdicoant- 2,
3. 5 Loondliaaza hspz lish ki eRGro) <A §URAAEOORTL AP OO ORA08 (RAiENe

title conpound was obtain solid

trat- QQEIHPBII%Cole@L& 36y af‘%‘ltéﬁ?lﬂ M&W%ﬁé”l(%’[%)}yl) 5 ,6-di hydro -4H 2, 3
, 5, 10b-tetraaza-benzo [e] azul ene hydrochl ori de and parafornaldehyde usi ng
gener al procedure VI. Ms me: 401 (M;hh leBManpl e 39

Zonvul e REROTT LT gl Qy?ﬁﬁm%&') BB "

obt ai ned as white satiadaibhenzeltayilend-SesirbgxJeneidterpbotddstee | V. Hydrazi de:

trans I 7ol act am
7 oh of%l@éﬂehP‘S@I‘Waw@m@%@ﬁ%@%& M Bl i) e
aci b t &hrdravidsy tipns-g<3 33-TANqrpel-Msthy - proppry) -G lohpkancggboxylic acid hydmZl e
{1 ans- QK- 1-(foreYTHRANGE YD QIS/robHBIRBBY ol o) B1clzBlE 3-hboRy e BeidQbnt et 1
aaza- %oazulene hydrochl oride 15 The title conpound was obtai ned as
white 8P E5%Fh 97% vyield from trans-8-chl oro- 1- (4-
cycloh@ﬂ&hﬁﬁﬁﬂ@j@h&ﬁexyl) 4H, 6H 2, 3, 5, 10b-t et raaza- benzoazul ene- 5- car boxyl i
c acid tert-butyl ester using general procedure V. M5 nie: 401 (MtH ).
Exampl e 41
trans- 8- Chl oro-1- (4-cycl ohexyl oxy- cyéIo%exyI) 5-net hyl -5, 6-di hydro-4H 2, 3,5
, L0HROt ERPrtrans-Behbloro-it[dr(d,3htrifluarod -mehpdtnrdp oes-cyblohexydbtS #sdiby dronhlt e
ool ohey ok cvcl ohesst) o Sodr i dRovalEiieiens bydroctioride o e sl
hydr oc HINSr titéfe CRiRRP r\é{%Pht&m&eWo%f%&ﬂﬁgw rﬂ@r‘&’ranﬁ%ﬁ%d’&ﬁ %&ﬂ 415
(MrH ) chioX@U& 3482 -trifluoro-1-methyl-propoxy)-cyclohexyl]-4H,6H-2,3,5, IOb tetraaza- benzo[e]

oazul e e B e IS RPN VE by 2 B9 et e bene

obtained as white solid in 74%yield using general procedure | V. Hydrazide:

ci s2%4- Cycl ohexyl oxy- cycl ohexanecar biéxarhple Saci d hydr azi de Thi ol act am
7- Chl I
7- Chi or orRs). EJS%Q Cnigrdsapb@iANgss: @Gm;hgrshmmﬁlﬂ'péaﬁ&zy@%yénoﬁ@{ﬁpgx ic

dihydro-4H-2,3,5, 10b tetraaza-benzo[e]azulene
The title compound was obtained as white solid in 55% yield from (RS)-trans-8-chloro-1-[4-
(3.3,3-trifluoro-1-methyl-propoxy)-cyclohexyl]-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzo| e]-
30 azulene hydrochloride and paraformaldehyde using general procedure VI. MS m/e: 443 (M+H").

Example 57
trans-8-Chloro-1-[4-(oxetan-3-yloxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-
benzo[e]azulene-5-carboxylic acid tert-butyl ester
The title compound was obtained as white solid in 51% yield using general procedure IV.

35 Hydrazide: cis/trans-4-(Oxetan-3-yloxy)-cyclohexanecarboxylic acid hydrazide



Exanple 43 cis-8-C hlo

ro- 1- (4-cycl ohexyl oxy-cycl ohexyl ) -5, 6-di hydro-4H- 2, 3,5, 10b-tetraaza-

benzoazulwoeotwdrmoshl ori de WO 2010/ 057795PCT/ EP2009/ 06280A£P2@9Dh#s04 i t | €

conpound was obtained as white solid dn quantitative yield from

ci s-8-chl oro-1-(4- cycl ohexyl oxy-cycl ohexyl)-4H, 6H 2, 3, 5, 10b-t et raaza- benzo

az u I e n g Iﬁalaqtambae@ﬂ@ro-ktﬁi@% b2 85 Bietrghydes-tbenzofis|i hé]dipzneinetd-qarimcgtored\ert Vs
H(l iy Exanpl e 44 5cis-8-C hlo ro-1-(4-cycl ohexyl o

xy cyclo exy 5-nmet hyl -5, 6-di hydro-4H-2, 3,5, 10b-t etraaza- benzoazul ene The

title OAMPYETSVAS Dt ai ned as off-white solid in 75%yiel d from

ci s-8-chloro-1-(4-

cycl ohexyl oxy- cycl ohexyl )-5, 6-di hydmgnﬂiﬂegsis 5, 10b-tetraaza- benzo azul ene

nydroehl o de. 20100 RaL 3G (R RERLR 3, FRNSORL R B SR o i 2 0 415

(RS) trans 8 Chl or 0- 144- ( 2- net szi—mmd[y]azelehexy) cycl ohexyl]-4H, 6H 2, 3,5

, 10D Lt | - 5 Thggtltle
conpound  wd ‘on 3 JZ e p IB L / i tZﬁfen re

| V. W@w&l@hmloxv] propan—l ol hvdrochlorlde

(RS) - t raRs - c(o%iﬂ}{%h@w obtdiRUN! cIRWVARX ¥I HiE HELORERANE SRIP P {rensdtBloro-1-

hyd
ycfﬂa r{ge?q?mTQ-ﬁXy)-ﬁwg] olexyHrihAlldr o0 QhZer 8 Petmo&]s%@erﬁecazrbwlwoxmdc
E)(z:id It gét’z lguﬁyy bst@stsaig déberal grocdfite YMHS n/e: 411 (M+H).
np

11-5, 6-di hydr
't e conpound
itative y|eId from (RS)-trans- 8-

chl or Oque[tﬂre(c%n{iS%hﬂd)Ms btﬁﬁﬁeﬁ'&ék oﬁt\k)ﬁ’igo‘lﬁlﬁﬁ '8‘?‘5’9%%1¥ﬂd] S REY-Frard- PclBRy-b g4I aaz

a- benzo e]n ene-5-carboxylic acid tert-butyl ester using general
pr obedip® lgro @é dhdrod- 2(3%{@]:)—‘[6‘[1‘@(2& [g];azulen—l -yl)-cyclohexyloxyJ-propan-1-ol
25( RS) gﬂm@ﬁb&d@h@% rafbrindtdeRyd¥Rishe bydureViawg)m/ey4dsahexyh) - 5- met hyl
-5,6-di hydro- 4H 2 5, 10b-tetraaza- enzo e] azul ene The title conpound was
obt ai ned, as ¥ ol i d 1 % |edfrm 1S- rsa -, 8- chl4r- 6(2-
met hox et hioig; TRV Ty aaviny S 2 PetPaaza- benz
o[ e] - azuh@nebhwdﬁﬂmmﬂ@mlde and parafornaldehyde u5|ng general procedure Vi.

MB nt 4
(4) -t ?gosgg)llgFﬁh%ﬁ(R%?%ésathﬁr%% 4- (§ ch101r?I 5I nlg[%lfyll() > )dlléydr? 4E1 %63’15]10']3 tetraaﬁa
6- iy debzolalprdos | 5 asla wlaaﬂaprnemé{%](é%ﬁ &nd- Wntniafpladicsy Gamb) was
(-)-tr aagecga&aisﬁfn@re}éﬂm()%de@ 0oxy: 8 lﬁ%ﬂﬂbﬂ) ehhRaorC et @Rexw HeaRdnRtrbMlx 5, 6

-2 8 '18}/ 8 ggrfg P@%:rr:qgggg@ }Qe)%)i@gg‘é%lpg%?grg [thé r?ille’[lur% Qx?as p\a/l\gltloned between ethyl acetate and

water. The layers were separated. The aqueous layer was extracted with two portions of ethyl

acetate. The combined organic layers were dried over anhydrous sodium sulfate and
25 concentrated in vacuo. Flash-chromatography with n-heptane/2-propanol as eluent gave the title
compound (0.10 g, 24%) as white solid. MS m/e: 389 (M+H").

Example 59
trans-8-Chloro-1-[4-(tetrahydro-pyran-4-yloxy)-cyclohexyl]-4H,6 H-2,3,5,10b-tetraaza-
benzoazulene-5-carboxylic acid tert-butyl ester
30 and
Example 60
cis-8-Chloro-1-[4-(tetrahydro-pyran-4-yloxy)-cyclohexyl]-4H,6 H-2,3,5,10b-tetraaza-
benzoazulene-5-carboxylic acid tert-butyl ester
trans-8-Chloro-1-[4-(tetrahydro-pyran-4-yloxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-
35 Dbenzoazulene-5-carboxylic acid tert-butyl ester and cis-8-chloro-1-[4-(tetrahydro-pyran-4-
yloxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-benzoazulene-5-carboxylic acid tert-butyl ester



60

(+)-trans-8-Chl oro-1-[4-(2-methoxy-1-net hyl - et hoxy) - cycl ohexyl ] - 5- met hyl -5,
6- di hydr owoHR108557980b- t et r aaza- benzo[ e] azul ene and PCT/EP2009/064804
(-)-trans-8-chl oro-1-[4-(2-nethoxy- 1-6¥et hyl - et hoxy) -

cycl ohexyl ] -5-net hyl -5, 6-di hydro-4H 2, 3,5, 10b-t et raaza- benzo[ e] azul ene were
obt ai neceré r obtained according to general procedure IV after separation by flash-column
(RS)-tr = 8- 0- 1-[ 4- (2- net hoxy- 1- met hyl - et hoxy) - cycl ohexyl ] -5-nmet hyl -5
, 6-di h Cgr o%lé%% 3,5,10b-tetraaza- benzo[ e] azul ene by chiral HPLC

separ attskazige: sistrnp4r(Jarangre-pyiaar-wiorn-suciahsranserbordisaicid lydryzidg1:2) yent .
(+) - tr amsoletéh] RICicko 4thioko LB Sxtétrdiryaied Bl zofd ] NIOXMiaz&pifd-aharook] idadi@tdmyl - 5,
6- d:lﬁy(iljr 0-4H2, 3,5, 10b-t et raaza- benzo[ e] azul ene (0. 081 g, 39% was obtai ned
as vwhi P4WGHFY. (MS me: 405 (MAI), [a]) = + 5.75 (¢ = 0.574, CHCL3, 20 C)
10 trans-8-Chloro-1-[4-(tetrahydro-pyran-4-yloxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-

(-)-tr - 8- 0L0-4-[4- (2= 1 - et ~et hoxy)- he - 5 nmet hyl - 5,
6 0 hyd R as i SRR SIS bR R g iR a8 2 e
as whi tMS 9ot W3(M-B)e: 405 (MAI), [a]) = -5.76 (¢ = 0.538, CHC13, 20 O).
Exanpl %is5@-Chloro-1-[4-(tetrahydro-p an-4-yloxy)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-

(RS) -trans-8-Chl oro-144:=( 2-,hy§dr oXYy- JY mz.t hyl -et hoxy) - cycl ohexyl | - 4H, 6H2, 3, 5
, 10 bshzaapelgner> 1sarbosy e adiishbutblester e phiagned @ vhite feam i 1A% gidldr The
title oagpoesdIv@soht ai ned as Iight yellow solid in 39%yield using
general procedure |IV. Hydrazide: (RS)-trans-

4- ( 2- Hydr oxy- 1- net hyl - et hoxy) - cycl chexa rboxylic acid hydrazide

Thi ol act am Oﬁxamlr}l%%zi

7- Chl or otansi8-Chlvr-12[43(t&raletdraipyutan-dbdoxOf @clobexiy b pzdiby deo-4He2 3 5390t i C

acid tertbutyl ester 20 . [ 51
(RS)-trans- 2}/[ 4-(8-Chl or g’ﬁgﬂ%‘iﬁa‘-ﬁg%zrog%?&%hg@@%ﬁﬁ!{em raaza- benzo[ e] azul en-
| - yh) - TheditlsheomnosRg ps sibsnerl & WKW pJichinoquagttativapyicld ifiope tragnireiaer -hdd-
obt ai nggtrakydrb PPtantd-9lRy S &Y dichek P AFBOIA RS 1198 tott@EAbdiz08(dRS) 5-LdrBHSyIR- 25
chl oro- 1@3@%} hydr oxy- | - met h){l - etgoxx) -cycl oh yM-ZL , 6H 2, 3,5, 10b-tetraaza
benzo[ éf [ H@Xg@tﬁ%l BHBEAFE! Bl ‘{rért'l\@%m' 4§)§<t( i ng general procedure
V. Msme: 377 (MtH ). Exanpl e 52
(RS) -trans- 244- ( 8- Chl or o- 5- net hy1- SEGuapleyedr o- 4H 2, 3, 5, 10b-t et raaza- benzo[ e
azul en- 1. I - -1- i t ai ned
oo 1S L Bl AR e PRIRRRD b s M) L BHERTPR SN YR -
(RS t rans- 2-[ 4- (8- chl or 05, &-HbA)brtetrazzashenzeaadene et r aaza- benzo[ e] azul en-1

- y1) - cyglofgx Yompblin® WPRABbthineH 4y Uhe Noahd G 2nd \Rad akenMRhACSYABrdI$i AY
general procedure V| S)-trans-8-C hlo

. me: 391 (MtH ). Exanple 53 35
ro-1- [(@j[r@lzydfrp@&a@_—%ymﬁ%wﬁ(&eﬁwé6_-@%%1%@51%, ,5,10b-tetraaza(- enizoazulene
- 5- net hydro2hBride bydlparafbiriaBebydbQRmgalchaal probetize VI.aliSaz/vl £Ife M-MWD).
2010/ 057795PCT/ EP2009/ 064804 61 To a solution of (RS)-trans-2- [4-(8-chloro
-5-nmethyl-5 ,6-di hydro -4H 2,3 , 5, llg’l‘)-tglt&r?gazabenzo [e] azulen-l-yl)-cyc lo
hexyl o xy] -prop an-I1-ol (0.055 g, A ) in dichloro nethane (2 m)
was2added cisti-€hrodt Heltoteayd rp-paramdl doky)eay clohieky 1556 didy (1 00-d 12,345,100~ 17
mmol) at 0-5 C. Stirring ) h was foll owed by
addi tion of further [bi s(%%ﬁ@éﬁsﬁﬁ @f'?"%?%‘fr%’?ﬁ'é’ fsaﬁl,f ur_trifluoride (0.016
m, 0. O%eriy sorapringdt Was phiginged s 4vHte SHid neguaptitdiverviald feomgs-Sahlera-i dfed
bet weentcgrahyirépSEhnaAYRAYE cXsHeu i1 KIFL 68 203181 0b-36H ddkd-Béhz0 SR 1¢He) 5-adrBo eIy |

t at 30 . The | d t I
ot 1 acrBtt R THOL gy Se PBREIGE ot 00 AU Fhe combi ned or gani c

| ayers were dried over anhydrous sodi um sul fate and concentrated i n vacuo.
Fl a¥h- chr omat ogr aphy wi t h n- hept anelfupplegdnol as el uent gave the title 10

(RSt anSo P ER b S ind]- U i o rbp o bU 5o SROIRLSNZY 4116
H 2, 3, 5, 10b- tetraaza- benzo[2%}.ad0bdetsazzackemsexanlene acid tert-butyl ester

The tithe GRREMPSuNBSVRLSRLAEH a8SoMANLiE SBUI B 723 iRl citsg-BBloaNg s Al
procedur e flv 15 Hyzfir@m de: : 4

t r ans- Alfrahyslranyrant4-yloxy)-qyoiRhenyil-St-gihsdipy idvel o B teadr Boegiauensci d
hy d3 8z ihgtérothioeldaatdparaformaldehyde using general procedure VI. MS m/e: 417 (M+H").

7- Chl oro- 2-t hi oxo-1, 2, 3, 5-tetrahydro- benzo[ e] [ 1, 4] di azepi ne- 4- car boxyl i c

acid tertbutyl ester Ms me: 529 (I\ﬁ-ﬂlﬁple“



Exanmpl e 55

20(RS) -trans-8-Chl oro-144-(3, 3, 3-trifluoro-1-nethyl-propoxy)-cycl ohexyl]-5,
6- di hydr owoH010253795, 10b-t et raaza- benzo [e] azul ene hydr echiEreéodmciBhe titl e
conmpound was obtained as off-white solid in quantitative yield from
(RS)-trans-8- chloro -1- [4-(3,3 ,3 -trifluoro -1-nmethyl-propo xy)-cyc |lo
hexyl] - 4H, 6iraas-8-ClBoob-(4-tiflaomandsborocyddhexsh b od-53 Sdilbeteyanza-aci d

tert-butyl ester usi ngQzealicRt 35GHHS S I ackfiel Byt e MFH ) - 25Exanpl e

( RS) t rdwgitigcompeprl sanehtpiped avlaght yeliowsselid i 336r yickd wdrgganc sppsrgyredyel ohe
xyl ] - 5. F6ydrabidey @fsﬂrﬁkﬂzrr@ﬂ&réﬁh@ﬁlb% cod8iRexagaaRlor] BE i ﬁydrmget itle compound

ed as te soli 5% eldfro trans- 0- 144-
(55 47 3 hilitd; GRS CR RO bpd ek oheko s Wi g s aigaad . et

raaza ban ostte] - 30 azul ene hydrochl ori de and par af or mal dehyde usi ng
gener al eqdur w M5 me: 443 (M+H ). Exanple 57
trans- é\/l%{?g LQH %&L\% 3xet an- 3-yl oxy) - cycl ohexyl ] -4H, 6H 2, 3,5, 10b-t et raaza-
benzo[ e] azul ene-5-carboxylic acid tert-butyl ester The title conmpound
was obtained as white solid in 51%19xmplle ing general procedure IV. 35
Hydr azi dgya sl SUCHiGYoST-f4-65HES 1D aﬂébé) lfé)éﬂ%@'@dﬂi}ﬁ?@-ﬂmﬂﬁﬂ QReh%aza-
hydr azi de WD 2010/ 057795PCT/ EP200 64804 62" Thi 0l act am
7- il or 0- 2- t hi oxo- 1, 2, 3, 5- t ebenAialrBLeRsBYSIrashleride gi azepi ne- 4- car boxyl i ¢
acid t @hbbiﬂle}don@‘@hﬁd wMSoBﬂaﬁled%ZﬁgﬁMﬁlov@ sdBdanpuenti&tive yield from trans-8-chloro-

gt r5a28 bl (4921'{]?1@1%?&6%0 et h%rfg)%lg)g}d ﬁe()th-? 35, Y(gbof(eYI)aa t?elng&e fa%ullene-S caﬁaoxﬁdcr Oacf1 2,

(RS) - t tanbut3i @l’nd:rorsmg%epdra(ﬁmcédlm ¥-5, 6-di hydro-4H-2, 3, 5, 10b-t et raaza- benzo[
e] azul q\g MeMmghohexyl oxy] - propan-1-ol hydrochl oride The title
conpound was obtal nea as off-white solid in quantitative yield from
trans-8-chloro-1- 10

[ 4-Loxet an- 3- yl oxy) - cycl ohexyl ] - 4H, §AMPISOE 10b-t et r aaza- benzo[ e] azul ene- 5-
car boxy| iteagigChiirb-Phetl lﬂSMGFrlﬂiﬁirﬂﬂeﬂﬁﬁ?Ic@hloﬁé@ﬂ)“lg 6L EhydroMH W, 35,1481
(M:H ) . bRS-trans3ChIoro 4- 8ch| 1-5 6-dih dro-4H2 3 5
10b- t et r aazabenzo[ e] azul en- 1- yﬂ‘ﬁtra@\%ﬁ'lbﬁﬂ ﬂa&%ﬂ‘epropan 1-ol  The title
conpounithewatde aothgoned ves obtfameli 4se witei sblidn B 748y iyédld fro@ntrans-8-chloro-1-(4-

(RS)-tr,
(B eni oo Stlto %Q%&Y@‘Oﬁéwl%%%o AU 3 Qo SRl ey By dros i idtesy
oxy30 praopapraforsial mwmg)gqné@lamveﬁé/ﬂornal dehyde using general procedure

VI 'VBMé%vc%‘ié M) - _
trans- 8- Chl or o- 5- net hyl 1 [ 4- (oxet an- 3-yl oxy)-cycl ohexyl -5 6-dih dro-4H2

3 5 10btetraaza-benzo [e] azul ene 0 a S%Jtl on of (RS)-trans-3 -chloro
-2- [4-(8-chloro -5-methyl-5 , 6-di XABPIEA8 > 3 5 10b-tetraaza- 20 benzo
[e] azultenst~@llercBatdxy-dyelopletylyBlchgrocd s -2 S;ﬂ,ldtﬁtemaz@}beﬁholé] apiiehd-54i n
toluene (2 m) was added potas iu ter oxi.d 0.013 g, 0.12 mmol ). The
reaction m xture was heated gatr%?x cac‘ﬁi c?,r!tji)urt,yleitfeger cooling to room

t engfer dthartielctchmpringd weeobtaischay bight iyohed solet ne¥rto gtchl/usiaetnatad peovddwiat ¥r .

The 'aBPEFd%i{\&‘er %aﬁ@@%@‘iﬁ%x J&Eloﬁ%@&b?b& %racmd%ﬁdeact ed with two

portlons o acet r gani_c yers were dried qver
anhydr duo %éﬁﬂu Célénrpa?rféu%ﬁdl 23.clsHalerre a@@e[q]hl @H@a@qmwﬁwpéﬁ%ﬁé &gtraphy
wi th nvhgpease/ 2- propanol as eluent gave the title conpound (0.10 g, 24%

as Whl soI |%5 Bﬁ 389 (M+tH ). Exanple 59
trans- 1A )etrahydr 0- pyran-4-yl oxy) - cycl ohexyl ] -4H, 6H 2, 3,5, 10b-t

etraaz a-
30 Example 69

cis-1-(4-tert-Butoxy-cyclohexyl)-8-chloro-4H,6 H-2,3,5,10b-tetraaza-benzo|e]azulene-5-
carboxylic acid tert-butyl ester
The title compound was obtained as light brown solid in 63% yield using general procedure I'V.
Hydrazide: cis-4-tert-Butoxy-cyclohexanecarboxylic acid hydrazide
35 Thiolactam: 7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzo|[e][ 1,4]diazepine-4-carboxylic acid tert-
butyl ester. MS m/e: 475 (M+H")



benzoazul ene-5-carboxylic acid tert-butyl ester 30and Exanpl e 60

ci s-8-Chloro-1-[4-(tetrahydro-pyran-4-yl oxy)-cycl ohexyl]-4H 6H 2, 3,5, 10b-te

traaza- WO 2010/057795 benzoazul ene- 5- carboxyl i ¢ aci @CraPRedO64804 est er

trans- 8- Chl or o- 144- (t etr ahydr o- pyr an-6- yl oxy) - cycl ohexyl ] -4H, 6H 2, 3, 5, 10b-t

etraaza- 35 benzoazul ene-5-carboxylic acid tert-butyl ester and

ci s-8-chl oro- 144- (t et r ahydr o- pyr an- 4-Claims

yl oxy) - cycl ohexyl]-4H, 6H 2, 3, 5, 10b-t et raaza- benzoazul ene-5-carboxylic acid

t ert - but yThesinpounh\Of #@lgehobr oemRET/ EP2009/ 064804 63 wer e obt ai ned

according to general procedure |V after separation by flash-colum

chr omat ogr aphy. Hydr azi de:

ci s/trans-4-(Tetrahydro-pyran-4-yl oxy) - cychh@&anecarboxyllc acid

hydrazi de(1: 2) Thiol actam

7- Chl or o- 2-t hi oxo-1, 2, 3, 5- tetrahydro benz
O

1, 4] di azepi ne-4-carboxylic
acid tert5 butyl ester R2
trans- 8- Chl or o- 144- (t etrahydr o- py X\ - cycl ohexyl ] -4H, 6H 2, 3,5, 10b-t
et raazabenzoazul ene- 5-carboxylic g tertfbutyl ester was obtained as
white foamin 26%vyield. M5 nife:
ci s-8-Chloro-1-[4-(tetrahydro-pyranf 4- yI xyficyclohexyl]-4H,6FL2,3,5,10b-te
traaza- 10 benzoazul ene- 5- carboxyll N& rt-butyl ester was obtained as
white foamin 14%vyield. M5 nife: (NHH') Exanpl e 61

trans- 8- Chl oro- 144- (tetrahydro- pyar 4-yl oxy) - cycl ohexyl ] -5, 6-di hydr o- 4H- 2,
3,5, 10b- tetraaza-benzoazul ene hydrochloride 15 The title conpound was
obtained as white solid in quantitative yield fromtrans-8-chl oro-144-

(t et rahydr ovhsidi@n- 4- yl oxy) - cycl ohexyl ] - 4H, 6H 2, 3, 5, 10b- t et r aaza- benzoazul en
e- 5- carboxyllc acid tert-butyl ester using general procedure V. M5 nfe: 403
(MrH ) . R'is  Cipp- alk 1, unsubstltuted or substituted FXBBRAL 8r B¥re halo, hydroxy, cyano or
trans- 8- Chl or o- Sdge %: 1-[ 4- (tetrahydro-pyran-4-yl oxy) - cyclohexyl -5,6-dih
ydr 0- 4H202, 3, 5, 1084 8tP&%Aza- benzoazul ene The title conpound was obtai ned as
white foamin 72%;yigtdakyh Imnﬁlrbaﬁﬁnfﬁi-cﬁmhbstﬁut&d’rby one or more substituents
(tetrahydro-pyra ]-5, 6-di hydro-4H 2, 3, 5, 10b-t et raaza- be
nzoazul ene hydrogﬁﬁg (%%Mg %X&ara %ﬁ%aldehyde usi ng general procedure Vi.

MS mle: 417 (MeH4)T nﬁn@nmkiéle@go@sbaﬁcygc@tmnmgme or two heteroatoms selected from
[4-{d etrahydro-pyj, "N‘ofls y\Jvﬁ’icPf M%teﬁ%%l@alﬁﬁ)ﬂ Lihsubsnitiecdi R XaERindted By dncoriAfre

t et r aaza- benzoazul’ene rochlorid he title conmpound was obtal ned as
white solid in qéal?l%titlﬂe&%lﬁ 19@¢R¢P@?I¥91YfSP](§’ﬁ‘ieélﬁ§118Bchl or o- 144-
(tetrahydro-pyran-4-yl oxy)-cycl ohexyl ] -4H, 6H 2, 3,5, 10b-t et raaza- benzoazul en
e- 5- car boxy’iie aqid tert-butyl ester using general procedure V. M5 nfe: 403
(MtH ). 30Exanpl lkyl, " " " 1

ci s- 8- Chl or o- 5- ne IHW YL st T AP R BY P ANIA OPF 8% PP E DE BGXHH2 8T 6- di hyd
ro-4H 2, 3,5, 10b-Giet-nkkexn- benzoazul ene The title conpound was obtai ned as

?I ];téer;ih;Srgokgga:\mﬂ%(yq{ylﬂegelﬂﬁ@nge@ ?fﬁ%rqg d:éﬁn%ﬂélerew%e@aglwb t et raaza- be
nzoazul ene 35 hy&ﬁ@tW#ﬁbﬁﬂ@féﬁﬂﬁﬁéﬁ i%#%%h@@HVd@N@§PhﬁW@éﬁ@ﬁéﬂmﬁﬁﬁébUure

VI. M5 me: 417 (MeHed fronV¥Q 2010/ 057795PCT/ EP2009/ 064804 64
trans- 8- Chl or o- l.géESEh{ﬁyoronethoxy cycl ohexyl)-4H, 6H 2, 3, 5, 10b-t et raaza-

-C(0)-Cy.1z-alkyl, wherein alkyl is unsubstituted or substituted with one or more

20 OH, halo, cyano or C;_j,-alkoxy,
-C(0)(CH,)q0C(0)-C.12-alkyl,
-C(O)(CH,)NRR",

-C(0)0O-Cy_1z-alkyl, wherein alkyl is unsubstituted or substituted with one or more
OH, halo, cyano or C;_j,-alkoxy,
25 -S(0),-Cy.12-alkyl,
-S(0),NR'R",
R’ and R" are each independently H, C;_i,-alkyl, or form together with the

nitrogen to which they are bound a 3- to 7-membered heterocycloalkyl containing



benzo[ e] azul ene-5-carboxylic acid tert-butyl ester The title conpound was
obtained as light yellow solid in 33%vyield using general procedure IV.
Hydr azi dewochsyasrmas- 4- Tri f | uor omet hoxy- cycl ohexanecar b@x¥IEPC00Q.O64804

hydrazi de 5 Thi ol act am 66

7- Chl oro- 2-t hi oxo-1, 2, 3, 5-tetrahydro-benzo[ e] [ 1, 4] di azepi ne- 4- car boxylic
acid tertbutyl esteorV® hiteroatd8® s¢eted from N, O or S, which heterocycloalkyl is

Exanpl e 66 . . . .

trans- 8- Chl or o- 10T TS ERat Hoky? Sy PoRas P S ISR O U ¥'%5'Y! 10b- 1
etraazalObenzo [écljona@ul ene hydrochl oride The title conpound was obtai ned as
light yellow solid in quantitative yield from

trans- 8- chlqas 01- (14213 bf 4,uor omet ho xy-cyc | o hexyl)-4H, 6H 2, 3

, 5, 10b-tetraaza-benzo [e] azulene-5 -carboxylic acid tert-butyl ester using
geneyal praocedur ezné{. me: 387 (MtH ). 15Eanple 67

trans- 8- Chl'dt o- 5-éthyl - 1- (4-trifluoromethoxy-cycl ohexyl)-5, 6-di hydro-4H 2,
3,5,10b- tetraaza-benzo[ e]azul ene The title conpound was obtai ned as
white solid\ isn 7édoycwing, OHo i tabays-18locGl orlbyl of £47-alkoxy,
trifluoromethoxy-cycl ohexyl)-5, 6-di hydro-4H-2, 3,5, 10b-t etraaza- benzo[ e] azul
ene hydrocly gri dgxdhandmar aLakymirdghydiexysi ng general procedure VI. M
me: 401 (MtH ). Exanple 68

trans- 1- (4-kert- Byt oxy-cycl ohexyl)-8-chl oro-4H, 6H 2, 3,5, 10b-t et raaza- benzo
[e] azul en&8% ¢ t?ES?yI ic acid tert-butyl ester 25 The title conpound was
obtained as light yellow solid in 55%vyield using general procedure IV.
Hydr azi de: ot nphsrmdkct@ichl Batw@pripblrysalt olexafhecar boxyl i ¢ aci d hydrazi de Thio

|l actam 7-Chloro -2-thio xo -1,2,3 ,5-tetrahydro -benzo [e] [1,4] diazep

i net®- Qar B cgrhpoundoif brivenld badcytdigstoardais , hetcidd 75 ( MAI ') 30Exanpl e 69
cis-1-(4-tert-Butoxy-cycl ohexyl)-8-chloro-4H, 6H 2, 3,5, 10b-t etraaza- benzo[ e]
azul ene-5- carboxylic acid tert-butyl ester The title conpound was obt ai ned
as |ight bRdum sdliigalkyl, 68%byiimtad arsitbagitgedwithlonpoooeduhao,|hydrddydrazi de:
cis-4-tert-But oxtlpy_gfkgggxanecar boxylic acid hydrazide 35 Thi ol actam

7-Chl or 0- 2-t hi ox0-'1> 2, 3. 5- t et rahydr o- benzo[ e] [ 1, 4] di azepi ne-4-car boxylic
acid tertbutyl edtecyclwmkyher 475 (MrH ) WO 2010/ 057795PCT/ EP2009/ 064804
65 Cainms 1. The-rarpdRd RicrédRlodkYLERM aihPEMAk dr two héteroatoms selected from

15 O or S, which heterocycloalkyl is unsubstituted or substituted by one or more oxo,
halo, OH, C;7-alkyl or C;7-alkoxy.
3. The compound of formula I according to any one of claims 1 or 2, wherein R!is Cip-alkyl

or Cs7 cycloalkyl.

4. The compound of formula I according to any one of claims 1 or 2, wherein R' is -CF3,

20 -CH(CH3)CH:CF;, -CH(CH3)CHyF, -CH(CH3)CH,OH, -CH(CH3)CH,OMe, cyclobutyl,
cyclohexyl, cyclopentyl, ethyl, i-propyl, methyl, oxetanyl, sec-butyl, t-butyl or tetrahydro-
pyranyl.

5. The compound of formula I according to any one of claims 1 to 4, wherein R' is i-propyl,

cyclobutyl or cyclopentyl.

25 6. The compound according to any one of claims 1 to 5, wherein

R*is H,
Ci.2-alkyl, unsubstituted or substituted with one or more OH,
-(CH,)q-R?, wherein R* is phenyl or 5- or 6-membered heteroaryl and q is 1, 2, 3 or 4,
-C(0)-Cy_1z-alkyl, wherein alkyl is unsubstituted or substituted with one or more OH,



wherein 5RI isCl_12-al kyl, unsubstituted or substituted with one or nore
hal o, hydroxy, cyano or Cl_12-al koxy, C3_7-cycloal kyl, unsubstituted or
substi t utwo 2bw/Bn®sor nore substituents independently seCEmpPealofsasnd B,

4-7 menbered heterocycl oal kyl contai ni’7ng one or two heteroatons sel ected
from 100, N or S, which heterocycloal kyl is unsubstituted or substituted by
one or nore sUEONCEHME O){depeligbmtheiciseliebtZed of dom B, R2 i sH,

Cl _12-al kyl, éﬂ?gﬂ ty p or substituted with one or nore OH, hal o, cyano
or Cl_12- alko ﬁH -Ra, wherein Ra is phenyl or 5- or 6-nenbered

het eroaryl e§6ﬁ2&ﬁ§mﬁ ﬁﬁted or substituted with one or nore substituents

i ndependent | y.Ss0),80Rd wheR R and(ICHEY eNRLRIepen Sy 1€dr &27,2d1kpl . Wherein

al kyl is unsubstituted or substituted with one or more 200H, halo cyano or

Cl_12- gl kPKycompeudl GEddAR0 & Qﬁy Sthe 1Ak Y to 6, FhOnGI2) d, NRURJL
C(0)0-C1_12-al kyl, mhereln al Kyl is unsubstifuted or substltuted w th one

or more OH, hal o, ano or Cl_12-al koxy, 25-S(0)2-Cl_12- quyI S(0)2NR1R11
. R and Rc gpmpe ama@pgrtae%m gneHof claims_ I\  wheein gy mist tj@ﬂmw ¥lh

cont o HERIRTE A b I B AaB SN B St Rl TR TRRD SR, eI GRE .

sel ect &l ifpreppl Nnet@y o rS(8),ndthdlor ket®reeygehdanl kyl is unsubstituted or
substituted by one or nore substituents independently selected fromB, q
isl, 2 3 or 4, b5r is2, 3 or 4, A H§ha|o an OH,ClL 7- %Ik

hal o- CP- 715 &QFpougd agepreing)iq gy oncgp Céad%ltﬂ  whérepn Ry methyly i o

Cl 7-alkoxy, R3 isd or F, or a pharmaceutically acceptable salt thereof.

10 & TeTrOFRMNIAI Abcdr@nPHd 8ny o RCHUNHMET th0, GhatM A is\herein R
i sCl_12-al kyl, unsubstitufed or substituted with one or nore hal o, hydroxy

or C1_12- alkoxy, C3_7 cycl oal kyl, or
11. The compound according to any one of claims 1 to 10, wherein the compound is selected

from

trans-8-chloro-1-(4-ethoxy-cyclohexyl)-4H,6 H-2,3,5,10b-tetraaza-benzo[ e]azulene-5-
carboxylic acid tert-butyl ester;
15 trans-8-chloro-1-(4-ethoxy-cyclohexyl)-5-methyl-5,6-dihydro-4H-2,3,5,10b-tetraaza-
benzo[e]azulene;
trans-8-chloro-1-(4-isopropoxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-benzo[e]azulene-5-
carboxylic acid tert-butyl ester;
trans-8-chloro-1-(4-isopropoxy-cyclohexyl)-5-methyl-5,6-dihydro-4H-2,3,5,10b-tetraaza-
20  benzo[e]azulene;
trans-8-chloro-1-(4-isopropoxy-cyclohexyl)-5-methanesulfonyl-5,6-dihydro-4H-2,3,5,10b-
tetraaza-benzoazulene;
trans-2-[ 8-chloro-1-(4-isopropoxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-benzoazulen-5-
yl]-ethanol;
25 trans-8-chloro-1-(4-isopropoxy-cyclohexyl)-5-isopropyl-5,6-dihydro-4H-2,3,5,10b-
tetraaza-benzoazulene;
trans-8-chloro-1-(4-isopropoxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-benzoazulene-5-
sulfonic acid dimethylamide;
trans-8-chloro-1-(4-isopropoxy-cyclohexyl)-5-pyridin-2-ylmethyl-5,6-dihydro-4H-
30 2,3,5,10b-tetraaza-benzoazulene;
trans-acetic acid 2-[8-chloro-1-(4-isopropoxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-
benzoazulen-5-yl]-2-oxo-cthyl ester;
trans-1-[8-chloro-1-(4-isopropoxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-benzoazulen-5-
yl]-2-hydroxy-ethanone;



4-7 menbered heterocycl oal kyl containing one or two heteroatons sel ected
from 150 or S, which heterocycloal kyl is unsubstituted or substituted by
one or nowe 201as571%al o, OH, Cl_7-al kyl or Cl_7-al koxy. BCTHEreowomsound of
formula | according to any one of clai8ms 1 or 2, wherein R is Cl_12-alkyl
or C3_7 cycloalkyl. 4. The conpound of fornula | according to any one of
cl ai ns 1 ortrags-1vRehbirer 1 RU-isapro|@id; cy2® he:GH{-CHHHERBCK Bb-te@ri{2BHRNGMZElen-5-

- CH( ?]%Qd o CH( CH3) CH20Me, cyclobutyl cyclohexyl cycl opentyl, et hyI

i - propyl, oxet anyl, sec- butﬁ bu or tetrahydropyranyl

The corrpourﬁ@n&rg fhugronk HA-1§oDEROBY Y Rlg @Wlhﬁlgl G&ﬁ% cﬁrl%ﬂﬁtrwa@ep@[alazmlﬁ@r& n R
I's 1 -preampkyliCad Rt Qfercycl opentyl 25 6. The conmpound accordi ng to any
one of claibs wherein R2 unsubsti t uted or

SUbsT t ut o i THOBHE A oRiE s o Ry AR Ll br R e R S5 5. o
6- menbenddxhlét &idartybutglindted; |s 1, 2 3 or 4, (C(0)-Cl1_12-al kyI wher ei n

al kyl is u It

2010/ 057793%%5%%%%8%%%8@&% 13%(‘66‘(8%‘%0%?8%%@ @b%{ﬁ “wherein qis
1, 2, deogo[dlazulg(en)-arboxyl-awidiert-but@e8ee:- C1_12- al kyl, or S( 0) 2NR1R",
wherein R (RSflu s AI£5836 Mo LIERAIRATHI. %16'11003’69%?0 ailyd s, 19 Aol

co ound accor o any one of clarns 1 erein F\32 i's -al kyl .
8. e bg @rﬁ&e% oany one of claims 1 to 6, vvherelnR2|s

2- hydr oxy- %RB)L{ranS' Qﬂk@‘aﬁg}%mﬂwﬂ) 8= EH1 6o bz e g Y-S RE iyt dro=48(-0)31 1 br
-C(0)O0 tt but ?4zlé)n¥l’ldl n-2-yl, H i-propyl, methyl, -S(0)2nethyl or

- S( O)Zﬁﬁﬁaé‘?%%‘jzﬁ[e aglCmhe compound according to any one of claims 1 to 8,
wher ei n R2 (i ptramst hyd-seclintd0-cytlheg pipdechiato scmothgi-fg-dibydny A8, Hf0tel ai ns 1

to 9 11. The conpound accor ding to any one of clains 1
to %v]\[/ﬁa[a% Bergtékéégzu%nebund is selected fro

t ralrﬁs 8- chl(ortenng-1¢4- @@mmw@bbwujs )CthFD-éHﬂghﬁl So-ddydretHahd 2. 06nzo [ e]

azul engstpraz 58608 biu@exféC'd tert-butyl ester;
15t rans-8-chl oro- 1- et hog)é cycl ohex%/)!y)l) ?Hrretg)gSIGbG di hy %eo 4H 2, 3, 5, 10b-

t et raaza- %ﬁ%g 0 dz@r“é’ﬁ utoxy-cycloh tetraaza-benzo|e]azulene-5-

trans- &aﬁbbkgalﬁ@acld {cft- bﬁyms@poxy cycl ohexyl)-4H, 6H 2, 3,5, 10b-t et raaza- benzo
[ e] azul ene

d b | :
o s R R B S B S B g2 8 bHs W82 4 2. 3. 5, 10
b- tiélrézaz:a){e]zmlb@dz;@l@mbaz cene;
trans. 8- chlgfoxds S0 ERRIGS XGRS R T RAS A5 85 el 4+

-2,3,5,10b- tetraaza azu
trans- @%@l@]ﬁﬂd@lﬁ%l (4-i sopropoxy-cycl ohexyl ) -4H, 6H 2, 3, 5, 10b- t et r aaza- benz

oazul en- 5- k1§ cRbRANQA-cyclobutoxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-benzo[ ¢Jazulene-5-
carboxylic acid tert-butyl ester;
25 cis-8-chloro-1-(4-cyclobutoxy-cyclohexyl)-5-methyl-5,6-dihydro-4H-2,3,5,10b-tetraaza-
benzo[e]azulene;
trans-8-chloro-1-(4-cyclopentyloxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-
benzo[e]azulene-5-carboxylic acid tert-butyl ester;
trans-8-chloro-1-(4-cyclopentyloxy-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-tetraaza-
30 benzo[e]azulene hydrochloride;
trans-8-chloro-1-(4-cyclopentyloxy-cyclohexyl)-5-methyl-5,6-dihydro-4H-2,3,5,10b-
tetraaza-benzo[e]azulene;
trans-8-chloro-1-(4-cyclohexyloxy-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-benzoazulene-5-
carboxylic acid tert-butyl ester;
35 trans-8-chloro-1-(4-cyclohexyloxy-cyclohexyl)-5-methyl-5,6-dihydro-4H-2,3,5,10b-
tetraaza-benzoazulene;
(RS)-trans-8-chloro-1-[4-(2-methoxy-1-methyl-ethoxy)-cyclohexyl]-4H,6H-2,3,5,100b-

tetraaza-benzo[elazulene-5-carboxylic acid tert-butyl ester;



25t rans- 8- chl oro- 1- (4-i sopr opoxy-cycl ohexyl ) -5-i sopropyl -5, 6-di hydro-4H 2, 3
,5,10b- tetraaza-benzoazul ene;

t r ans- 8- cNDapw/057794- | sopr opoxy- cycl ohexyl ) -4H, 6H 2, 3, 5, PObAPetwABa+ benzoaz
ul ene-5- sulfonic acid dinmethyl am de;69

trans- 8-chl or o- 1- (4-i sopropoxy-cycl ohexyl)-5-pyridi n-2-yl net hyl -5, 6-di hydro
-4H 30 2, 3RS)-treis-§-ehlosm 4442mrtlzzayt enethyl-cthoky aeslaesyl]-6-methgl-5,6-dihydro-

2-[8-chy Qg 51I6b4teré&grb%HQc?ﬁ(]aQ&(l%ﬁé)hexy') 4H, 6H 2, 3, 5, 10b-t et raazabenzoazul en
-5-y1]-2- y s-1- -chloro-1(4|sopropox cyc lo
hexyl ) - 4H, 6191:@113850111@@ lr@r%@ﬁ@olsjéﬁzr@ethzlcﬁtwya cyclphgxydl-pryptiogy %ﬂ%ﬁﬁ@ne
WO 201002 3 OBRGEERA0RA,d161A808nE8 trans-1- [ 8-chl oro 1-(4-isopropo

lo h 6 b-t et ;
R SR e F“eaoﬁfa%éﬂw@v%vBi‘%‘%@wfetﬁér%@%%% Sl B bensof o
] azul enerdaza-dbaidpyiulencactarbdenic-abidt tytt-bast ester,
5ci s- 8- chl ?ﬁg} %raﬁs- LRGP gﬁ’ )f 2 uX{C) -?—hﬁ@{%};l)etlﬁolj(y?lc?'flc%ol;[)’e'xyl]-lﬁlt}le%hy& %%acﬁﬁy({%gnzo[ el

azul ene-5- ‘ca I'C aci
(RS) - tMéh%éﬁ(%@@@azmheo&qkby@lbm}exyl) 8-chl oro-4H, 6H 2, 3, 5, 10b-t et r aazaben

zo[ e] azul e { t
(RS) - tran QRS?{YQ%%%?K%?O%[@%g301?%1?(19%]!%6&1%33# 6p0xy23c}éd%heé( g4éﬁ—l-6P21 3,5, 10b-te

tra 2d 1 9‘%‘%‘%’6‘%‘] E%P@HI%WWET%‘@H‘PW igacid tert-bpigEysieti ans- 1- (4- sec- but o
Xy- CyC| 0 heRg)Iralk- @J@hlﬁf@SfmetHﬁt lh%‘ -(393,3-trifluoro- 1-methyl-propoxy)-cyclohexyl]-5,6-

, 6-di h t et I
(+)- ![ rﬁy%io ?‘Elz%géslls)ﬁtt?)tr%g %%&e F@i?){ E]- gzghfg(rao 5 -nethyl -
, 6- di hydr o+t#hk-8;cBlord;11@kbettnadzde oy olpbdad i oét-2, 83 1Qb-tetraara- 1- (4- sec- but o
Xy- cycly gn%i%(_?ﬁ le §Q r%Ble?c acqﬁa{eptytlutslle e’st%rd' hydro-4h2,3 5, 10b-

tetraaz

t r ahs- 8- chltishs mody[etr(@mmdw [oyar-ttydowy)-rydehaml]2A B 052,845, H0bttetsgeza- benzo|

T ans.- BB o) -5 42 35 10b-tetraa
S ut oXx
za- 20 b enf&?[’%]:]élﬂ{ﬂ é—i% (qqgab%%%&apcﬁgylox%y cycloiexylﬁj 4Hng % ,3,5,10b- tetraaza-

t r ans- &eatvaguiloncl s{carboygliokid exybiyicdsedngoty! ) - 5- met hy1-5, 6-di hydro-4H-2, 3,5, 1
Ob-t etraazaben

i 5. - chior BT L4 eEBGRIEGlOhey Rbor-FHAH-21% 51 -6t heB SRSz of of
az leneathoxyglar ok tdrt-butglodstért er t - but yl ester;

25ci s-8-chl oro- 1- (4-cycl obut oxy-cycl ohexyl ) -5-net hyl-5, 6-di hydro-4H 2, 3,5, 1
Ob-t et rldaZbe ctrepaoidedcagudiren®, any one of claims 1 to 11, wherein the compound is selected

o o e e e LSS SRR D St 1 SR i e
trans- §eply[ORouldnd 4- cyckﬁﬁ@@lcx o@em 2(@) @kféhﬁ%x&)cyaoﬁe@u)hy%{e@hﬁﬁ@dﬁy@mm@ tet

raaza- 30 benzo[ e]azul ene hydrochl ori
trans 2. T hil Ob-tethatasbayzeldaraienyg] o Ry - cymnsﬁ%fvéiio,wal -(@-cyatophntlylosy-cyclohexyl)-5-

tra h drﬁ’ﬂ?l;%%ﬁ%fif%éo%b%ﬁégg% %Q%Q%TZ%EJQ leza 6H 2, 3,5, 10b-tetraaza- benz

oazulene 5- carboxylic acid tert-butyl ester;
13. The compound according to any one of claims 1 to 12, wherein the compound is trans-8-

chloro-1-(4-cyclopentyloxy-cyclohexyl)-5-methyl-5,6-dihydro-4H-2,3,5,10b-tetraaza-

benzo[e]azulene.

14. A process for the preparation of the compound of formula I according to any of claims 1 to

30 13, comprising the step of reacting a compound of formula 11



35trans-8-chl oro-1-(4-cyclo hexylo xy-cyclo hexyl)-5 -nethyl-5

, 6-di hydro-4H 2,3 , 5, 10b- tetraaza-benzoazul ene;

(RS) - t r ars020iIso196- 1- [ 4- ( 2- met hoxy- 1- net hyl - et hoxy) - cy eColePeiojoe48hl 6H- 2, 3,
5, 10bt et raaza- benzo[ e] azul ene-5-carbo®ylic acid tert-butyl ester; WO

2010/ 057795PCT/ EP2009/ 064804 69,

(RS) -t rans-8-chl oro- 1-[ 4- ( 2- neRhoxy- 1- net hyl - et hoxy) - cycl ohexyl ] - 5- net hyl -5
, 6-di hydro4H- 2, 3,5, 10b-t et raaza; benzo[ e] azul ene;
(-)-trans-8-chl oro-1-[ 4- (2- net Noxy
6- di hydr o4H- 2, 3, 5, 10b-t etraaza- be
5(RS) -trans-8-chl oro- 144- ( 2- hydr oXy. ¥ ne ~giyhoxy) - cycl ohexyl ] - 4H, 6H 2, 3,
5, 10b- tetraaza-benzo[e]azulene-5-carbox!|ic actfd tert-butyl ester;
(RS)-trans-8-chloro-1-[4-(2-fluoro-1-net@yl - et hoxy) -cycl ohexyl ] - 5-net hyl -5,
6-dihydro4H—2,3,5,10b-tetraaza-ben2ﬁ[e]azulene;
(RS)-trans-8-chloro-1-[4-(3, 3, 3-triftluoro-1-nethyl-propoxy)-cycl ohexyl]-4H,
6H 10 2, 3,5, 10b-tetraaza-benzo[ e] azul ene-5-carboxylic acid tert-butyl

est er; Withd eqeppound gh&orgun(lyo -5 —methyl -1- [4-(3, 3

, 3-trifluoro-1-methyl-propo xy)-cyc |lo hexyl]g-5, 6-

di hydro-4H- 2, 3,5, 10b-t et raaza- benzo [ e] azyl_erre;

trans- 8- chl or o- 1- [ 4- (oxet an- 3- yl oxy, ¢t ohekyl ] -4H, 6H 2, 3, 5, 10b-t etraazabe
nzo[ e] azul ene-5-carboxylic acid ter yl ester;

15t rans- 8- chl oro-1-[4-(tetrahydgrd-py -yl 6xy) - cycl ohexyl ] -4H, 6H 2, 3,5, 10
b-tetraaza- benzoazul ene-5-carboxylic acid ry-butyl ester;

ci s-8-chl or o- 144- (t et r ahydr o- pyr an- 4- yl oxy) - cgcl ohexyl ] - 4H, 6H 2, 3, 5, 10b-t et
raazabenzoazul ene-5-carboxylic acid tefff-butyl ester, or
trans-1-(4-tert-buto xy-cyc |lo hexyl)-8-chloro -4H, 6H 2, 3
’5’10b'tet&@é&ﬁmQﬁﬂ%ﬁxhﬁho@%ﬁhﬁﬁﬁjﬁwﬁm@&l@?k@Qﬂ¥kﬁ%@%@k@ﬁﬁ&!%ﬁﬁﬁ&Mﬁ ester

12. The conmpound according to any one of clains 1 to 11, wherein the
conppung Ascoﬁ@!oﬁﬁ& RAmLEAMWHhEANST S5GE@ b ticlproéds h&D iﬁ’?ﬂ) A¥infy¥£ 10 hexyl)-5
-methyl-5 ,6-dihydro -4H 2,3 ,5 ,1 Ob-tetraazabenzo [ e

azul ene,trans-8-chloro -1 -(4-cyc |lo buto xy-cyc |o hexyl)-5 -nethyl-5

, 6- di hylér & cogigpound of Kyrgw/5] accOpdingte amz anbendeainise] tadif@nescastthamgsugcdhl or o
-1 -(4-cyc | entylo xy-cyc |lo hexyl)-5 - 25 methyl-5 ,6-di hydro -4H 2,3
5,1 Cﬁﬁﬁgi$§§@%9%enzo [e] azul ene.  13. The conpound according to any one
of clains 1 to 12, wherein the conpound is trans-8-

chl or 0-1%- Aoyl 6 NforhRiyF £¢6tdpetoydny-dre itchiirhs 3,t6-10i by duge hHh2 piovantldib-t e
traazabenzo [e] azul ene. 14. A process for the preparation of the
conpourdd SRt o dysmengresp.dmaly Qrofcarie serugl) disfnction.ghyportasions MG hewst t he

SteR) CailiaCtda ofrifid "BeHRdn At @eﬁgﬁ%}sﬁ; liver)GrngBi0! RAHAARPGH RO 8H.884504

ne;

g\

h a" conpoun ornmu
depressive disorders, obsessive compulsive disorder, autistic spectrum disorders, schizophrenia,

and aggressive behavior.

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

claims 1 to 13.

15 19. A pharmaceutical composition according to claim 18, 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.

20 20. Use of a compound of formula I according to any one of claims 1 to 13 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



to obtain a conmpound of formula (1) wherein R, R2 and R3 are as defined in
claim1. 5 15. A conpound fornula I, whenever obtained by the process

accordi ngvoaoolearTs14. 16. A conpound of fornula | accecuinrgowoscssny one of
claims 1 to 13 for use as therapeutically active substance. 17. A conpound

of fornula | accordin 0 any one of clains.1 to 13 for a use.i.n the
pr event &Sy nFPléngﬁe*g’PéYBfmd;?Eﬁﬁ%r ﬁ@é%lvmsgr%%r&fé%sﬁ%ves%%@HSla%JFWﬁ% on,
hyper t g&{tRLpcGRIRiserdeRakdhiAPhicdid, Bh€agdrBRRRMRRAVIGE € secretion of

vasopressin, |liver cirrhosis, nephrotic syndrone, anxiety, depressive
di sorders, obsessive conpul sive disorder, autistic spectrum disorders,

schi zopAr &rngthodifg thgythempsiticeansdédaryppitylactic greatmanh af dgseroneirbed. neadhpiosmalon
conpri sij n - ri - - | 13.
C2"De, ShO 8 SR B, BB o RO DG o A0NR0SeRbig)BF Thehd
usefdl liver citrhesifmepkiotic eyndvomt | @aidig ifcpraksicky Sid@rdorsy bigsassiveadoenpulsivedisdrder,
sexual dysfunction, hypertension, chronic heart failure,-inappropriate
secr et i28stiss Sneslswyr Heers, pohizophicniay 38 jagerepush Peltaviors Yhihomisthod rpemmprises
depr essj -di i i i r 4 SEL G ctrum
disordégggnggﬁﬁé%%ﬁ?@ﬂ?@%ﬁgﬁgﬁggggggg#@%1 éﬂ%%?%?ﬁmgg?%%ﬁ&%ﬁ%n§,ﬁa conpound
of fornmula | according to any one of clains 1 to 13 for the preparation of
a nmedi éanéht infvortionhe desaibedhersmabova. r eat nent of dysnenorrhea, nale or
femal e sexual dysfunction, hypertension, chronic heart failure,

i nappropriate secretion of vasopressin,,iver WO

2010/ 057795PCT/ EP2009/ 064804 71 cirrhosis, nephrotic syndronme, anxiety,
depressive di sorders, obsessive conpul sive disorder, autistic spectrum

di sorders, schizophrenia, and aggressive behavior. 21. A nethod for the

t herapeutic and/ or prophylactic treatnment of dysnmenorrhea, male or fenale
sexual dysfunction, hypertension, chronic heart failure, inappropriate
secretion of vasopressin, 5 liver cirrhosis, nephrotic syndrome, anxiety,
depressive di sorders, obsessive conpul sive disorder, autistic spectrum

di sorders, schizophrenia, and aggressive behavior, which nethod conprises
adm ni stering a conpound according to any of clainms 1-13 to a human bei ng
or animal. 22. The invention as described herei nabove. ***



