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WO 2007/137738 1 PCT/EP2007/004550 Spirocyclic nitriles as protease
WO 200Pjeig7HEe invention relates to subsiituted carbo- and heteaeY¢le58169 /004550
compounds of the formula | which inhibit thiol proteases, to processes for
their preparation and to the use 5 thereof as medicaments. Proteolytic
enzymes, known as proteases and peptidases, are very important
enzymes which make up about 2% of the genes in the human organism,
Spirogatiegutiitehsromtgaserihiniedso other life forms. Their particular
significance is that they 10 influence many physiological processes by
playing an important role in the activation, synthesis or degradation of
The ipttentigroteiase T tissnesitatadgiassaisan ketereicie guitcoppfopetiods of the

it . > , ,
form B e e T e A ittt the use
therefofr akanigsligamsnisival of the organism. When there is an imbalance of
protease-catalyzed processes as a result of endogenous or exogenous
factors such as genetic predisposition or environmental factors, massive

Protefisfipgsa\gasodainvi the pioieasee wsldfaphitanescss deitdrmpegastenzymes

whiclZ PR Dg%ﬂbﬂ??&?%ﬁﬁ@i%la siﬁ‘ﬁh‘é%&ﬁ%ﬂ@ﬁf?%&ﬂ iagases.

~Equally, proteases are essential and responsibl _ g’i ona
micraeaemiysio @ ner ekt odeesiiiler Ao st heinparbema picasiitaoagavished they

_ : bl for i otion di N
I s e o PR e, PO M bctvation.
synthssiscasdsgnamationof atteamratekingdbis inevitelel bivasisigederalajrsial

requiSl B FARCEIPE I RS AR oA CRWHEIOS PEPTIERSE. HﬂQtBF&;ﬁé‘j\%@fS{ &% ases up

been developed, which are on the market or in all stages o ment:

to degd only as medicaments, but also as diagnostics, vaccines or food 30
supplements. A distinction is drawn between 5 classes of proteolytic
enzymes, divided according to the catalytically active radicals relevant for

The gelasiesyaidhie Miffreddisreepsess Wof zooTialzigasicance for the life and survival

of th& Gri/&H<00 YRNAP AR BrRISASRTnaRING WP&B@%&@%%@&%%@%% asa

metalloproteases and threonine protreases. Inhibitors of all of these
resultiaksasa@e RS AhREP IR RONTHIRFERSIvACELRT S IEC Wigs Reasidomer

envirbPRYOhf YREHRYS YRR QLU HRISn B SR M ?ﬁ@q&?n%rlcﬁ%éﬁ)gment

inhibitors are on the market, for example ACE inhibitors, HIV-1 protease
procassibRere dpgerious chronic health disorders up to and including life-threatening

diseases.

Equally, proteases are essential and responsible in replication and transmission
processes of viral, bacterial and other parasitic organisms which are responsible, for
instance, for infection disorders, and equally essential, of course, for all further

physiological and pathophysiological processes in the plant and animai kingdom.

Caused by this general great significance for our health, a multitude of protease
inhibitors have already been developed, which are on the market or in all stages of
development: not only as medicaments, but also as diagnostics, vaccines or food

supplements.

A distinction is drawn between 5 classes of proteolytic enzymes, divided according to

the catalytically active radicals relevant for the enzymatic hydrolysis: asparty!
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5 also thrombin and elastase inhibitors, followed by a large number of

WO 20bipiHers7Anglinical phases. A summargy can be found, for inSpER¢BEB2007/004550
Medicinal Chemistry, 2005, Vol. 1, No. 1, p. 71-104. Cysteine (thiol)

proteases are divided into three main classes: Papain-like, ICE-like 10

(caspases) and Picornaviral proteases. From the point of view of the

mechanism, the hydrolysis of the amide bond proceeds in a similar way
protefsatatSariie pexleatencdiatnefreicrsen protaliepmivases anddbwianme
protrdBIQR1E ANPRLRL %&H%meé%f&%éﬂef%@%%e{ BtebRpedhsive studies in

. transmon state. The most p_romlnent repre_sentatlves of the papain )
a wide firlg{anitpeasantohrjesriavs Woassijifreritiegro e vetakvepeffective protease

inhibifSALEARESH AR IRdiie CalIeRIRTHMNCE BN RiBRAUNIOS HROL IR ors. and

various tissues and to which an important function is attributed both in

also mmipwmamﬁammo@amﬁ@@sgégrgamwﬁ é»frﬂphéty‘t@rs in clinical
phass80uId e ANRNLHEeRRIkRE A el AearRORiANd emRadeling 2005, vol. 1,

processes. Accordingly, significance is ascribed to cysteine cathepsins in
No. fthe.fbllolfilg general disorder types: musculoskeletal disorders,

particularly bone degradation 20 disorders, inflammatory disorders,

particularly arthritides, atherosclerotic disorders, emphysemas,

Cysteigsridpiae relrreas AR shsiebiietp@misHarassarttopardieusCE-like
(casﬁ%%@réj%ﬁc(‘#ﬁ%rﬂ%@%ﬁ' g Ractetal INteelioBH BRVIAH.ASRS M anism, the

disorders, disorders of the immune system, ischemias, leukodystrophies,
hydrojisiserliibsephitie bord srgirgadaie aatidasivay frdtsidashtmease of the class

of thPHINUERIGRIQRSEICR AR SHEHEDARERBTALYINdRraaiiobslewlyl carbon and

mechanisms: the degradation of (connective) tissue, which initiate5 many

formajieasirasiphistonisal icrarbonsiriepdie saest HemERiThirpI@tentatives of the
papahas e AF, Pipagy eRset8 185 ARCRe RIS R MRICE-HIRMsiaVEe S B8 toteases, are

their action directly or in Signal cascades, and antigen processing, for ‘
the C@WF@%WQWQ@H%&%M@%i@'ﬁ@tﬁlﬂé@a&f‘th@%&lﬁﬁﬁ%’@é, Afide which an
impotRsht Rl dRTRas RO FSHRARE pRPIU! aé@an%@w%%%gf processes.
‘the cysteine cathepsins are particularly CathepsinB, H, K, L, F, V, W, X, _
Partiglier£Hariipaly sbare Ny sRamlingacs il ov seetsiadearatalinibasr spmodeling

procEdBOHE FARENE SidMflc8Hoc2R04k FPlishiet Bleavictabintisigns We following
2007/137738 3 PCT/EP2007/004550 Cathepsin F was found for the first

genejighlisondes by Ssussy rsirisha divradaite P gitisciadingo T gesHasiation
disordi& SGPHIBRTAS 1P RIS | NHBaRIHP BRIRTI R IRRISEL ATk B ders,
inflammatory respiratory pathway disorders has been postulated. 5
emphysemas, dystrophies, cancers, disorders of the periodontal apparatus, infectious
disorders {viral, parasitic and bacterial infections), neurodegenerative disorders,
disorders of the immune system, ischemias, leukodystrophies, glomerulonephritis.
According to the nature of the proteases, the pathogenic properties are exerted
especially by three high-level mechanisms: the degradation of (connective) tissue,
which initiates many types of symptoms and also further processes, the generation of
pathogenic or bioactive proteins and peptides which themselves exert their action
directly or in signal cascades, and antigen processing, for example the presentation of

antigenic peptides at the cell surface, which then finally initiates an immune response.

Known representatives of the cysieine cathepsins are particularly Cathepsin B, H, K, L.,
F,V,W, X, O, CandS (AJ. Barrett; N.D. Rawlings; J.F. Woessner; ed.; Handbook of
Proteolytic Enzymes, 2nd. ed., 2004; Publisher: Elsevier, London).
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Cathepsin L is involved in normal lysosomal proteolysis, but also in
WO MRfigYsEegase events such as melanpma metastatis. CathepghyBiair /004550
a key role in many processes which are of significance in the context 10
of antigen presentation and are thus present to an enhanced degree in
antigen- presenting cells. In this regard, inhibitors of cathepsin S are
possibly active agents in the prevention, inhibition or treatment of immune
or autoimmune disorders. Moreover, cathepsin S is also secreted by
Cath5¥R™ AAUIBNRIRSERIDG SURANM R PIRYS 8d0/8 R (EXIRAGUHIA antigen
matrix interactions which likewise have cruclal significance in many 15
ProcesainglogREs Rdee Hie SEHFRRRAS s Sjivaratek it g4ria o phagsism@iaportant
inflammat (ﬂ%”o?af rly, 'S i
fundﬁ?ﬁ%r?é]ton's digg;gﬂé%venil %%a%%?@néﬁ%ﬁﬁﬁ%@f ggr%%%%%
vulgaris, Graves' disease, Myasthenia gravis, systemic Lupus
Cath&RSRaMatRRisR LB BRI AL RRAJARR DA RN 9IHR s MRease
ALS, allerigic disorders such as asthma, allogenic iImmune responses
eventsgHaisaongleaisna eaetisiatia. organ transplants or tissue grafts.
Moreover, cathepsin S is connected with COPD (such as emphysema),
bronchiolitis, excessive respiratory pathway elastolysis in asthma and
CathepsitMtRiapacuksyrials Buary Wesessarpvatehiaredd sigaikicanes #s the context
of anBEHBrREHIEE AN RINFEPIRGE S RILL AISE SRAARSIHIOSS AR EN 9 Rtigen-

neéuropathic pain. Cathepsin S is also connected with fibrillary disorders,

preseqinthhfitors 2Bisapanics porkilsysue’ GatbensithS reathesstdy aptenagents in
the p?é%'ﬁ’ﬂ.@?ﬁiﬁﬂﬂﬁﬁ%ﬂsﬁdﬂ%‘éz%e?ﬁQﬁtnﬁﬁﬁﬁ'ﬂg&‘?&%ﬁﬁﬁﬂﬂ@d&%mers. Moreover,

distributions are found in various tumors - a role in tumor invasion and

cathgpstaRdf LIS UReCERIaMhRY 36 RPN E - IRREALES eatisepihtiBuaddiayp a role in
extrageliii%ﬁféﬁ‘i%ft%{ﬂHt@é@ﬁ‘&mf&ﬁﬁﬁﬁ@(kﬁs@ﬂ%@)@@ﬂ@%ﬁ SRyAfENCe in many

ancreatitis, inflammatory respiratory pathway disorders, Pneumocystis
path@lagife e TRARE and THReaiIsdsdeie ha iR HAtivitT dagtolinsgand

inflarRBERS RIBJRYS!S: %?ti@@%ﬂ@%ﬁ%ﬁ@%@@%%@é%i@ nd Ve OTuvenile
cytokine-independent WO 2007/137738 4 PCT/EP2007/004550

diabejgsrepplials Givgrasial RN BE B oSeRIt rsnEs kiTeass iMvastheniatgravs,
systethic PEPILAE N AHBYER 8NEBh 1A ISIiBArRrits BRY 2 2Bt 8L roiditis,

Cathepsin K éxpression is particularly marked (but not exclusively) in
MS, ptaoelisigigrsrssregaspieDa Bashimma caiposniBisNHes esponsesegoh as

rejectibtPRIA ISR BRE RIS AR PRI PG IO RS IRIBRRF R ASAIRAGININS is

there, mainly localized intracellularly within the lysosome. An autosomal

connrEBSVENdidAipadR BTt athepsIn e aXsr e SseRdapYERcex ErRsiigh respiratory

pathﬁ%ﬁfgig%l%@mjﬁm@n@%ﬁ@%&%ﬁ%ﬁ%‘?xi%%{ﬁ%@@%th cardiovascular
phenotype,

disorders such as plaque ruptures and atheromers, and also endometriosis and chronic
neuropathic pain. Cathepsin S is also connected with fibrillary disorders, and inhibitors

can thus possibly be used for the treatment of systemic amyloidosis.

Increased levels of cathepsin B and corresponding distributions are found in various
fumors — a role in tumor invasion and metastatis is thus ascribed to cathepsin B.
Enhanced cathepsin B activity is likewise found in rheumatoid arthritis, osteoarthritis,
acute pancreatitis, inflammatory respiratory pathway disorders, Pneumocystis carinii
and bone and joint disorders. A significant increase in synovial cathepsin B levels has

been detected in osteoarthritis models. A review of cytokine-independent



10

15

20

25

30

with reduced bone resorption, ossification disorders and massive growth

wo Hjsgrderszagl0 has likewise been posgjble to show with cathgegif/Er2067/004550
antisense nucleotides and knockout mice that cathepsin K is responsible

for osteoclast-mediated bone degradation. It is therefore assumed that
inhibition of cathepsin K leads to reduced bone resorption and should

thus constitute a possible therapy for all disorders which are
overepiRssienRuiEEEIaRaI BbR segiuiisaran eptavpdiiny daise et al.,

SemiNSAIRERHAN SR RIRIGHISHSAYSR] By Bigniicantydnstgsped activity
in the slightly acidic range between pH 4 and 8, enzymatic degradation of
the collagen network in bone proceeds accompanied by acidolytic

CathS5SHUCUL RIS MOBLHITALK; Hgfﬁeﬁi‘ﬂmlé%ﬁ@@e@?'?ﬁ%%@ew&%éts (for

is affected as a main constituent of the protease in bone; this has been

examsivian Bodsenas,ehaboddBinbstheaio? chtrd@sink (Tharlered sargesents about
98% dis@idlestaniichec A8 BB RESRMRANIER R ENCHeaRRAISRIARANG ﬁﬁHEE}{%&Fﬂﬁmmin

collagen level are also connected with cathepsins and particularly wit

the lyearipsinAC FolesRoLR P ivR sisisindisre iraains penlasiiigsgin bsence
throulPIRGRER A, G LIRS SRIEXBUIdUR-ARE HBYRBFUAN SCAUSSSRic phenotype,

_ Catabolically active enzymes, for example metalloproteinases, amon
with iefieeedPRNAASorRthviessRlinRSIferHeRoEE N BRSIEIAF Hdisorders. It

has IKEMRELBLen PSRRI ShENADIH kMR ERVR BYRBRI FIIRIESHEER ARd

the disease process (synovial fibroblast-mediated collagen degradation
knockyutatHepdiipkoataeserbEdsiasrensifie @rpstaaciastagdpteddone

degrdd&icR1# {200 rEnssslgniiganseinh patlePsMStkeihKifeads to reduced

musculoskeletal disorders such as osteoporosis and osteoarthritis is

bonegeseription faeaheyibtharsmeititg a RasakiadnsragiDenahdirerssswhich
are cRardddrBRY BY &Rk Lavsed iy RriabeVedesstiber ApRiladdindiagsent of

conce(nigg cysteine cathepsins in various disease processes, they are
osteqppiggisrddadsss g sieriisagthontieseathakinivo Tsosightly agidic range
betwB&nT FFP2CRH R0 nekiHe SeyrlaBmanbiIHeENHH AhIRBNRIVE iRS56RR proceeds

has commenced for specific, group- specific or even unspecific inhibitors.

acCOARMHE R BFideiEHERIESEIORR PR EN BRI iSo@ifmBargFularly human
colla§XATRIE FISIAEaS PRSANERYEBAYEDEhRSPILe JRDIESLWhe; this has been

molecular weight inhibitors were isolated from aspergillus for the first time

ProveR 109F & HEEE FPeDSIEITAR SIS RIPRdts ThETSiaRPtiiry dRardre which
are dBASIARANIR FRFONEIYA SHCERMANNACAIICPHNA Bellidgen AbHhkUARISO

calpaines are widely inhibited. Since then, a multitude of inhibitors with )
conngirerbntipertnehein o PRk EREHFIAE MR CahenRl Snersrsrosb@mong these is

oste@éﬁﬁ@ﬁ%?%aracterized by an imbalance of cartilage matrix buildup and
degradation, caused by catabolically active enzymes, for example metalloproteinases,
among others. It is therefare obvious and has now also been proved that an inhibition
of cathepsin K might likewise have favorable effects here on the disease process
(synovial fibroblast-mediated collagen degradation by cathepsin K is described in

W.-S. Hou et al., Am. J. Pathol. 159, 2167-2177 (2001)). The significance of cathepsins
K and S in musculoskeletal disorders such as osteoporosis and osteoarthritis is
described in detail by D. Bromme et al., Advanced Drug Delivery Reviews 57, 973-993
(2005). |

Caused by the above-described detailed findings concerning cysteine cathepsins in

various disease processes, they are considered to be very promising points of attack in
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10 covalently binding and reversibly covalently binding or reversibly

WO Fs0gasesdy binding inhibitors have Been found or synthesizggey MPHh07/004550
recent developments have been described in detail (W. Kim, K. Kang,

Expert Opin. Ther. Patents 13, 3, 419-32 (2002); U. B. Grabowska, Curr.
Opin. Drug Disc Dev. 8, 5, 619-30 (2005); R. L. Thurmond et al., Curr.
Opin. Invest. Drugs 6, 5, 473-482 (2005)). 15 Reversibly covalently
drug iedepmisiniteiechréhet paritensitaesichifons tosgrenpegiotisorelfic, group-
e s f heJatiles hasihsen identified as very promising. These are
Specdiescr%z%(ﬁin deFt)rzg\ili{:,rI {gr exar#&% in the applications W099/24460,
W02000/55125, W02004/052921 and also in W02005/040142. 20 In the
InhibRERHOJ %H@PPB’%QQ%}OHWQ%&%FWQ %?%%@ti Si%ﬂ QSeNLhystatines
Indirectly by cysteine cathepsins, it has now been foun yhét@ e inventive
as engingeremsrmivasptgrdabinitontrileyy anelseoray whighbisiubtissscystsingolated

from CRDSRANS f&a{ﬁi&rl?g&iﬂf&ﬂ%hﬁé%sif‘QQQQ/%FeSp&{QW?i %‘f &Yt?l@}%ibitors with

proteases such as calpain are inhibited much more weakly, If at al

low texdrsneu! @iGQﬁvéﬁﬁ’@b’@m@@fmﬁy}aﬁé% mﬂm@%dﬂimﬂalﬁit% L, S and H
but a%%i%%igéﬁ@@%x%e%@ WHEBK@G‘%E&%%&?\ G SRANG G ﬁ%f%?%%se with

permability tests. The i’w\)/entlon therefore relates to a compoun

differhRRTREFROMSBaRITSIREr 299N RILOANONEDSTES FX8B Breversibly
covalRftly %'?r?cﬁgg /904 5@9&%@5‘@%4}5?&‘?{ ﬁﬂ@\ﬁ%cofplr@v%&fi@? 839?889&@?\@ binding
s of the na/or a

the formula T and/or mixtur sé forms ih any ratio,

inhibjaisfaygiGapntthiadeer sypiblesigashivisere e thelefarinprmaantmbave been
descRBNAIRSHRAY Arates af ibewa&ape&g@&fdeﬁﬁorwadﬁeélﬂéoﬁ POUYGSS (2002);

the compound of the formula I, where A B'5 the radical is a spiro

U. B corapourikaniiticiopia sap-gridis Aleid & &rebitfedRH20%)1 sarhbusmond et
al., d}]ﬁé’%ﬂﬁq apfase erahdnsiependenily abaosaturated or partly saturated

>3-C11)-cycloalkyl, in vyhi(‘:hl cycloalkyl is uribridg_ed, bridged or fused
Revegpiply eméiBsiituRindrmindidintermig aleartimgabintoress. figrsizeis group,
partiGRRy 18 s leher RERSHASHHE B Riear 4y @eﬁ?"b’r@ﬁ‘?@i% PeHbse are
saturated, three- to eleven-membered heterocycle which,
described in detail, for example in the applications W099/24460, WQ2000/55125,

W02004/052921 and also in W0O2005/040142.

In the effort to find effective compounds for treating disorders caused directly or
indirectly by cysteine cathepsins, it has now been found that the inventive spiro
compounds, spirocyclic nitriles, are strong inhibitors of the cysteine cathepsins,
particularly of cathepsin K and/or S, while other cysteine proteases such as calpain are
inhibited much more weakly, if at all. Moreover, the inventive compounds have
improved bioavailability, which has also been shown already in vito in corresponding

Caco permability tests.

The invention therefore relates to a compound of the formula i

R2 R3

@@_X/Y\hll)krz ()

Rl O



according to the ring size, may contain one, two, three or four identical or

WO shigrentyheiproatoms from the group of oxygen, nitrogen or sg@yEB44a7/004550
which the heterocycle is unbridged, bridged or fused and is unsubstituted
or 15 independently, according to the ring size, mono-, di-, tri-, tetra- or
pentasubstituted by R4, where R4 is -NO2, -CN, =0, :S, -OH, -CF3, -SF5,
-(CO-C3)-alkylene-S-R10, -Si-(CH3)3, -0-CF3,

and/o[@b <GB RalRgBRECCENR R 214 RIP P oBihal iprenalCl @) dtaomixtures of

R e i

formu(@b@@)(%pﬂ@ﬁée@mmdr@t@ggyhgmm@umﬂzﬁ)ﬂm@rmu!a| and/or
prod &%él%yl SLN el %( i where

0O-CbH)-a ne-(C1-C3)-fluoroa
_ aIkerne (C3-C8)- cycloalkyl -R23,
th ?qe N(Rlo R21
e (CO cs) é éﬁ\?(ﬁ% ﬂ‘c'ﬁ%) R21,
-(CO-C5)-alkylene-O-C( C5) alkylene-O-C(0)-O-R21,
-(CO- C5 aIkerne NH- O&- R21
(@O’l’ “-@Q?’( (R ?OQR C@%ﬂ)%@l%?@%ﬁ@}ﬂ@ or different

urg@g@é@@mr{ag gndgngpy trlsubstltuted independently by R9,
-(CO-C4)-alkylene- aryI where aryl is selected from the group of phen

2) AR AR A PR ARHEISS Carlahy hr¥pMing S Ak i
4_E@%}ﬁl W%lr% 8(}&32&”%3 TA’%EBQ&UP %é?%t{éﬁé%%w aq?ording to

yl, an or fluoroenyl, Where aryl is-Gnsub dor
ditter tﬁ@b@@ﬁ@@ﬁnd@eﬁdetﬁhﬂawmm&@@@ﬂpdlbﬁ% bfet, where

Het f
) b(;Ein%%rﬁ?dgﬂt nylgéptrgrmml tLJZ%I?/I ?B?a'nzo ura%%%eﬁi%@é%?ﬁj {}&/%Yé which,
bereastititightsnit codng eize.olyé oemzthiazolp, e Aoty four identical or

O P e e VR iR sy anc n v
quirxaliarecyoia islidibyid gstshobnisigpd chrtimedyandrisolivsubstituted or

gﬁ]@% rantg%) %Eftet%iﬁ dro?’l'ranxl (9 g%}ed% ura?lp))/ P 'JEié%@i oﬂoxanyl

ZWG@EG&h@@thH@bhﬂ#thwﬁfurazanyl |m|dazoI|d|nyI imidazolinyl,
d | | d
A e e T o T
isoquiTPY Ny (henzimilkgrond) CeolgRRitinyk 2-isokiazglinyllene-C(O)-R 10,

isothiazolyl, isoxazolyl, isoxazolidinyl, 2-isoxazolinyl, morpholinyl,

naﬁ@g@gj@ﬂxy@@%@@@i&ﬁ@g Cg)-alkylene-S(0O)-R10, -8~ -CF3,
-(Cp-Ca)-alkylene-S{0}»-R10, -(Cp-Cs)-alkylene-S{O)r-N(R21)-R22,
~(Cp-Ca)-alkylene-0-R10, -(Cp-Ca)-alkylene-N(R21)-R22,
-(Cp-Ca)-alkylene-N(R10)-S(0)2-R10, -(Cg-Cx)-alkylene-(C4-C3)-fluoroalkyl,
-(Cp-Cs)-alkylene-(C3-Cg)-cycloalkyl-R23, -(Cq-Cx)-alkylene-N(R10)-C(O)-R21,
-(Cp-Cs)-alkylene-N{R10)-C(O)-N(R10)-R21, -(Co-Cs)-alkylene-O-C(0}-R21,
-(Co-Cs)-alkylene-O-C(0O)-0-R21, -{Cg-Cx)-alkylene-NH-C(O)-O-R21,
-(Cp-Cr)-alkylene-O-C(O)-N(R10)-R21, -(Cp-C4)-altkyl, where alkyl is
unsubstituted or mono-, di- or trisubstituted independently by R9,
-(Cp-Cyq)-alkylene-aryl, where aryl is selected from the group of phenyl, indanyl,
indenyl, naphthyl, 1,2,3,4-tetrahydronaphthyl, biphenylyl, 2-biphenylyt,
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15 oxadiazolyl, 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,5-oxadiazolyl,

wO 20871 9radimzolyl, oxazolidinyl, oxazolyl, oxazolidinyl, oxothiotastyleP2007/004550

pyrimidinyl, phenanthridinyl, phenanthrolinyl, phenazinyl, phenothiazinyl,
phenoxathiinyl, phenoxazinyl, phthalazinyl, piperazinyl, piperidinyl,

pteridinyl, purynyl, pyranyl, pyrazinyl, pyroazolidinyl, pyrazolinyl,

pyrazoly pyridazinyl, pryidooxazolyl, 20 pyridoimidazolyl, pyridothiazolyl,
pyAilGH n§t DRIy osaidyy | syrlarIpe Ty hyrRstigsyy| by wemwastituted or

2HiByBOIY. Wqﬂﬂbéﬁﬂﬁgﬁqméweﬁ g@%ﬂﬁgsggumollnyl

tetrahydroquinolinyl, tetrah dropyridinyl, 2,5- thiadazinyl, o
1,4 Gerbradiabolane; Hativaere: bigh, i,wm%fa@qugwmtﬁa&@awl

hianth I, thja [, thi i |d z I Z
ARV HIGHo AR Ry NSRBI a2y
trlh@ﬂbdimcﬂwangzojglnﬁoﬂﬁapmwylbbx&éﬁamkyﬁyl!:mmmmﬁrhybamﬂnazolyi
thjs Het rad bstit t d d

REBCITURAP Y BB e e o (N GAUHRE Vg s rRLtgo
whmib thieyiacgiinazdédy fogirso fovi-4b-ejgintcienyh exethbesdirodyglaraclidiny,
DRI AR R, AR A R FEeRE R,
caibmnnniﬂmaﬂhdﬂt@Zd#Q/d{@ﬁBaﬂﬁ (@) eDyR T rEN, CH@IrNdRny,
-OH, -NH2,,-0-C R10)-R20, -N 0)-R20,. WO.

R A 7B 30 o St S e W migazoliciny,
urimibatitliey, omidemolyidil EdHmﬁaﬂnﬂpituitexﬂ:linglbmemdlmuylbmﬁumlrm-i indolyl,

chlor‘ne? rTomlne iodi ne -NH2, -OH, meth yradloa

ARHeES Sl ety s ER R SRy ot isoauinotiny

-QHe1zE8)adol wiseibialkylidsnyh stHisbituterbbnyh meotezdiyibisoxazolyl,

ds Q(Stz%%grﬂg%lc éﬁlg‘%‘égnépgy o”rl;'é%g%éo” P&rogin mn 'Occj:'tré c:'l\t“5||§0qu1r101tny!

dewestibstivtet, By fiuaritiazeA(012GBY kG 20tydrd ,QL@bmainmﬁstJtmtaeﬁ-

or ute t)) lugrine, chlorine, . . .

or ORI Rt SRR LR i R 1 i

orpbm@ndqndldgbammmmmylﬂpbﬂneziny[ phenothiazinyl phenoxathiinyl,

-(C alk ycloal lon - Ien C

E‘%? cyc '?&yl Egﬂsamo&%& l%RI %nfg& §ur§?:)g pyfa“y"

W@@U@yrﬁﬁﬁﬁ)r&ﬁ&y{@é@h@(@&a}m pyrldazmyi pryidooxazolyl,

rlgg%agglzgpy? n&ofhlazolyl pyridothiophenyt, pyridinyi, pyridyl, pyrimidinyl,

pyrrolidinyl, pyrrolinyl, 2ZH-pyrrotyl, pyrrolyl, tetrahydrofuranyl,
tetrahydroisoquinolinyl, tetrahydroquinolinyl, tetrahydropyridinyl, 6H-1,2,5-
thiadazinyl, 1,2,3-thiadiazolyl, 1,2 4-thiadiazolyl, 1,2 5-thiadiazolyl, 1,3,4
thiadiazolyl, thianthrenyl, thiazolyl, thienyl, thienoimidazolyl, thienooxazolyi,
thienopytidine, thienothiazolyl, thiomorpholinyl, thiophenyl, triazinyi, 1,2,3-
triazolyt, 1,2,4-triazolyl, 1,2,5-triazolyl, 1,3,4-triazolyl and xanthenyl, and this Het
radical is unsubstituted or independently mono-, di-.or frisubstituted by R8, or
two adjacent R4, together with the ring atoms o which they are bonded, form a
four- to eight-membered heterocycle or phenyl which, together with the sub-ring.

to which the heterocycle or the phenyl is fused, forms a bicyclic system,

R8 is halogen, carbamimidoyl, -NO»9, =0, -CFj3, -SFg5, -C(0)-0-R10, -CN,

-C(O)-NHg, -OH, -NHp, ~O-CF3, -8-CF3, -C(O)-N(R10)-R20, -N(R10)-R20,



15 -(C0-C3)-alkylene-S-R10, -S-R10, -Si-(CH3)3, -N(R10)-S(O)u-R10,

WO 2008 agaihe integer 1 or 2, -SOr-R140, where r is the integpich@t B2007/004550
-S(O)v-N(R10)-R20, where v is the integer 1 or 2, -C(O)-R10,
-(C1-C8)-alkyl, -O-R19, -(C1-C8)-alkoxy, phenyl, phenyloxy-,
-(C1-C3)-fluoroalkyl, -NH-C(0)-NH-R21, -0-C(0)-R10, 20
-(CO-C4)-alkyl-C(O)-O-C(R19, R11)-0O-C(0)-R12, -O-CF3,
-(E6-CPparivE @t el % RIFYBLIB(EH ORINS- Gy frisustituted

-N R C(O R10, -S-CF3, Het, wher
NRPRERHEES, W GneE ‘o)ﬁ’% T o e BN B o, or s
raﬁ'\'é?flé RdpIlewingcl z"rllll’f;?o gé’rc%??d\* AN iFHE (& ~N
Ol~"N NCFOMer2 R10 30R1 ~H OOOOH-~/
"-clodd N0t e LY MuothBIH-NHOYCCZRATKYB WIBS & alkyl is unsubstituted or
PCT/EP2007/004550 O O C 4~11'0 N'N%N N~NH N1k OQN N=NN
5 /1PN 18- &f&rﬁuﬁﬁ@%%éqggﬂ%ﬂiﬂrﬁi@é{%‘ﬁﬁ?a%‘@fé"‘@arlﬁ@mme jodine,

diffgrsntapd @& engriglenen )61*0@@‘ oz IneRe-alsyl. 5
-(CO-C4)-alkyl-O-(CO-C4)-alkyl, - C3)-fluoroalkyl,

-(CoaashakyiiETEhg Slayrinalkyl, (CO C2)-alkylene-aryl, where aryl is

.ndep@ﬁ%ﬁﬁ@ﬁ%% Pg%ﬁ%%sé@gﬁ(ﬁph‘l%g'esnﬁgs&w Hibstituted

(@@é—}tﬂ?rﬁi&iﬂw&ﬂﬂ%ﬂ;ﬁe(@ﬁlcﬁab,aﬂfﬂﬁﬂ@éﬂmw@gmﬁ?t@m&ﬁ@tﬁl’@ﬁ@ radical,

above and is unsubstituted or mono-, di- or trisubstituted independently

10 bys@z @dBéHRYiS@@ﬁwﬁlmnﬁalﬁg@ﬁ@sqbgi@@ctpmsg‘wp@ 19
at Q)&_ﬂ ene’?&grdjgf)f%rfc Land, d,are each independently a hydrogen

~0-(Cp-Cy)-alkylene-(C3-Cg)-cycloalkyl,
R9 is a halogen, -NO», -CN, =0, =8, -OH, -CF3, -8F5, -C(0}-0-R10,

-N(R21)-R22, -C(0)-N(R21)-R22, -(Cg-C3)-alkylene-0-R10,

15 -(Cp-Cg)-alkylene-8-R10, -8-R10, -Si-(CH3)3, -N(R10)-S(0}),-R10, where u is
the integer 1 or 2, -SO-R10, where r is the integer 1 or 2, -S(O)-N(R10)-R20,
where v is the infeger 1 or 2,
-C(0)-R10, -(C4-Cg)-alkyl, -O-R19, <(C1-Cg)-alkoxy, phenyl, phenyloxy-,
-(C1-C3)-fluoroalkyl, -NH-C(O)-NH-R21, -O-C(0)-R10,

20 -(Cg-C4)-alkyl-C(O)-O-C(R19, R11)-0-C(O)-R12, -O-CF3,
-(Cg-Cyq)-alkyl-C(O)-O-C(R19, R11)-0-C{O)-0-R12, -O-C(0)-N-R10,
-N(R21)-C(0)-R22, -NH-C(O)-0-R10, -S-CF3, Het, where Het is unsubstituted or

mono-, di- or trisubstituted independently by R8, or is a radical from the following

list
0 0 O
=N O N\.
A2 s Koo ' Ao g "
| N CH N CF, [
25 R10 H @ H O R10

W

» o o 0 i
\(N\NH N o i\ 0 N 0 NH NH
e I~ e g
O HO | S N—O N—S H
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-(C1-C6)-alkyl, or 15 R19 and R11, together with the carbon atom to

WO WaEh §eysgre bonded, form a three- tg six-membered cycloglieyf it 007/004550
which is unsubstituted or mono-, di- or trisubstituted independently by
RIO, R12 is -(C1-Cg)-alkyl, -(C1-C6)-alkyl-OH,
-(C1-C6)-alkyl-O-(C1-C6)-alkyl, -(C3-C8)-cycloalkyl,
-(C1-C6)-alkyl-O-(C1-C8)-alkyl-(C3-C8)-cycloalkyl, 20

-(C1-C6 aIkyI-(C3-6:8)—cy oalkyl here the cyclpalkyl raqipé}kiﬁ
unsubstituted or m@no-, dior trisijbstituted ifdependentlyjiby;OH,
-O-[A-CANalkyl r RIOYR2Na ar e or different and are

each ih@edende K hydrdgen atom, -(C1-C6alk la%here a;lkyl is Me |
unsubstituted or mono-, di- or trisubstituted indepefid@ntly by Re, Were Me is
-(atih)-alkylene-(C3-C8)-cycloalkyl, -SOt-R10 where t is the integer 1

or 2, - (C1-C3)-fluoroalkyl, -O-R12, -S-R12, (CO-C6)-alky|ene-aryl where

R10 %’P&% Eé{i%&fi &dséﬂb%@¥a HSIRPeARLAT Pgr@%é’&%f%@ﬁlﬁ&iﬂ)ﬁé]%?“ atom,
mgQg~Ch)-@tityisubstituted independently by R8 or WO 2007/137738 10
PCT/EP2007/004550 ;jg%O_CG)_alk lene-Het where Het is as defined
abtve-frad-alkyl<ad @o é‘@&ﬂé’se&h@ﬁ%ﬁb&f@@@@br@ﬁﬁn@ﬁ)cﬁ"@f"(CS'CS)'
trisuggteiawte[-d independently by R8, R21 and R22, together with the
niﬁ%gen A0m to which they are bonded, form a four-to eight-membered
mdQgeytiicdikidzneyatid, rinigand ety &s avellciit ativogem8 Etomsubajituted or
additionally contain, according to the ring size, one or two identical or

diffRBATHEbHIBHRS HYR dHB BB 38 B¥ i FitrbgarR AN sulfur, and

in ich ogyelic ring.is, pnsuhsti o-, di- or

tri-segl[) 6;[i ugee%) %ﬁﬁépgé@ér%@%j (lgg-g%%l?g Eﬁ%@%@é&é}n atom, -OH or -0-(C

1 -@&)-alkyalkPinis-Bi60 vatesne hosidis-BEREFinddt atsover atfa(RIuBKRIstituted or
4))n- where n is the integer 1,20r3, R7 is a hydrogen atom,

-(CO4) dtgTdrsuctiteedayeleargrenty ©y-d6x digl.akad and R14 are
th ifferent and i hyd tom, - 15
AR R R o "

R19 d&d £H)-aikih Risraad Rdiffcleseihes Wih dBRicA BBPSHABR WGRE&¥n atom or

are bonded, form a three- to six-membered cycloalkyl ring which is

uréatstretish Mono-, di- or

R19 and R11, together with the carbon atom to which they are bonded, form a three- to
six-membered cycloalkyl ring which is unsubstituted or mono-, di- or
trisubstituted independently by R10,

R12 is -{(C1-Cg)-alkyl, -(C1-Cg)-alkyl-OH, -(C1-Cg)-alkyl-O-(C1-Cg)-alkyl,
-(C3-Cg)-cycloalkyl, -(C4-Cg)-alkyl-O-(C1-Cg)-alkyl-(C3-Cg)-cycloalkyl,
-(C1-Cg)-alkyl-(C3-Cg)-cycloalkyl where the cycloalkyl radical is unsubstituted or
mono-, di- or frisubstituted independently by ~OH, -O-(C1-C4)-alkyl or R10,

R21 and R22 are the same or different and are each independently
a hydrogen atom, -(C1-Cg)-alkyl where alkyl is unsubstituted or mono-, di- or

trisubstituted independently by R8,

-(Cp-Cg)-alkylene-(C3-Cg)-cycloalkyl, -SO+-R10 where t is the integer 1 or 2, -
(C4-Ca)-flucroalkyl, -O-R12, -S-R12,

-(Cp-Ce)-alkylene-aryl where aryl is as-defined above and alkylene and aryl are

each unsubstituted or mono-, di- or trisubstituted independently by R8 or
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trisubstituted independently by R10, Y is a covalent bond, -C(O)-, -S(O)-,

WO 2@&9?%37%%‘“)‘ -C(S)-, -C(=N-CN)-4 0 -C(=CHNO2)- or -@tEEBR007/004550
R1 is a hydrogen atom, -(C1-C4)- aIkyI or

-(C0-C4)-alkylene-(C3-C6)-cycloalkyl, R2 and R3 are the same or different

and are each independently a hydrogen atom, -(C1-C10)-alkyl,
-(CO-C4)-alkylene-(C3-C8)-cycloalkyl, -(C1-C6)-fluoroalkyl, -

-(€CaAy nikigidarcanet where atyt is aast&fﬁﬁaﬁabovmn@atuw@te and Het are

trisubstituted 25 independently b CO-C4)-a ere Het is
- e A R e A

R21 angYlFQ@ e&@émmﬁﬁia}mg@%@aﬁ)@fﬁﬁﬁ%ﬁ?&ﬁa&ﬁ@%ﬁm a four- to
atom, halogen alky oroalky
I A N A TR A
iSaﬁﬂwnﬁukysa@Mdrmtm@nﬁtam actasgipg]itutetkirdgpendenily by k8. identical or
4) WO 2007/137738 1 PCT/EP2007/004550 alkylene-Het where

Hgt T R B oMb g TP R HitepeR RS BiHRENd In

orwkleB %)t%t@d@b@aﬁiﬁ%l@uﬂeﬁmﬂ;&?@@rmmﬁﬁa@n&ﬁtr@b@mtﬁed
and re each | dently a hydrogen atom, - (C1-C4)-alkyl or halogen,
RYSRE™ ﬁ%ﬁw y% -5-, -S(0)-, -S(02)-, -C(0)-, -C(0)-0-, -0-C(O)-,

R23 r@éaﬁ@d@gehl@tdﬂt) Cﬂ)ﬁ)or @Q@t\tmzaikys(OZ) N(R17)-, -S(0)-N(R17)-,
R17)-S(02)-, -N(R17)-C(O)-0-, -0-C(0)-N(R17)-,
R 7)coi@lentRaByL, -N(R )@N({S@»N@é%)’:‘- (AR OIRR D7) the integer
I\gRl )-S(02)-N(R18)-, where 10 R17 and R18 are the same or
dngfereﬁ{ nd are each independently a hydrogen atom or -(C1-C6)-alkyl,

R7 isRil Byidradpyd raigen, atom-G4G-2B0eaiyC 3-Cg)-cycloalkyl or
-(CO-C4)-aIk lene-(C3-C6)-cycloalkyl, -(C1-C3)-fluoroalkyl,
B ne-aryl, where aryl is unsubstituted or mono-, di- or

R13 gl%&’?éti“é?&' tﬂg%%%‘@%?t!}‘ f‘Pé' §1§ % e egﬁ)épen ﬁfﬁb ﬁ%ﬁ{l ééﬁ atom, -

unsubstituted or mono-, di- or rlsu ed In

Rﬁctp@ethetkulanmecqaﬁb@hcammmh t-t&‘ey)-éhmbmdﬁehorfof@na@laﬁeetkyl
ix-membered cycloah yl ring which is unsubstltt*uted or mono-, di- o

FHS@r &Hutté’@‘?ﬁﬁ%b‘éﬁaé ﬁf@{}:@g gfom to which they are bonded, form a three- fo

six-membered cycloalky! ring which is unsubstituted or mono-, di- or
trisubstituted independently by R10,

Y is a covalent bond, -C(O)-, -§(0)-, -5(02)-, -C{NR1})-, -C(8)-, -C(=N-CN)-,
-C{(=CHNO9)- or -CH(CF3)-,

R1 is a hydrogen atom, -(C1-Cg)-alky! or -(Cq-C4)-alkylene-(C3-Cgl-cycloalkyl,

R2 and R3 are the same or different and are each independently a hydrogen atom,
-(C1-C1g)-alkyl, «(Cp-Cyq)-alkylene-(C3-Cg)-cycloalkyl, -(C1-Cg)-fluoroalkyt,
-(Cg-Cy)-alkylene-aryl, where aryl is unsubstituted or mono-, di- or {risubstituted
independently by R8, -(Cg-Cy4)-alkylene-Het where Het is unsubstituted or
mono-, di- or trisubstituted independently by R8, -{C1-C4)-alkyiene-R15-R16 or
-(Cp-Cy)-alkylene-C(R27)(R28)(R29),

R27 is a hydrogen atom, halogen, -(C1-Cg)-alkyl, -(C4-C3)-fluoroalkyi,
-(C0-04')—61ikytene—(03—06)~cyc:ioaikyi, -(Cg-Cy4)-alkylene-aryl, where arylis
unsubstituted or mono-, di- or {risubstituted independently by R8, -(Co-C4)-
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20 R2 and R3, together with the carbon atom to which they are bonded,

wo J807adhreg to six-membered heterogycloalkyl radical whiche8 T/EP2007/004550
unsubstituted or mono-, di- or trisubstituted independently by R10, and Z

is the -N(R26)-(C(R24)(R25))m-CN radical where R26 is a hydrogen
atom, -(C1-C4)-alkyl or 25 -(CO-C4)-alkylene-(C3-C6)-cycloalkyl, R24 and
R25 are the same or different and are each independently a hydrogen

a@hy/enetieb)amg Hat 6-omulkiivies @3 TBReydioakyisucstituted
CL éélﬁ’&ﬂ@@% (ﬁac‘o‘? 2&% p2es 59&% TBIE.REEOG4)-alkylene-aryl,

ere aryl i titute I- or trisubstituted independently

R28 @MRSZ9@3ré(?i@e(éé)fﬁkweﬁ%t%ﬁ@@ﬁ@a@@ﬂﬂ@@ﬁd@dt@%agbﬂ atom, -
gls@ﬁgte independently by R8, and m is the integer 1, 2 or 3, WO
ot KA 2 5@’007/004550 R24 and R25, together with the

R15 i%arlQEF@1 s, whichdhey.are andeds feym aihsge to.slepgmbered

cycloalkyl ring which is unsubstitited or mono d| or trisubstitated

indeqeflop Oty KYRR T0-0 Do HOEOMNRRA BRd- B@zb@@é‘ﬂ’ié’r)wm(tbw(m ),
carbon atom to which the 1\/-0y are bonded, form a three- to 5 six-membere

heh‘e@%&yér%@yl)'ratﬂéﬁ ek Ghsu@s%?éd\%%@no NERoh-C(O)-N( F‘218)

T SR e A

seleciagd from the followmg group ON O 00 00 ; 00 00 00 N N N 00 10N
O CN NO N'N>ON NN ON CN)NN-NON NNN-N ON
R17 eI EE hs5386 RY @‘ﬁq&ﬂt AQh@re each zndependently a hydrogen atom or

-(C1-Cg)-alkyl,
R16 is a hydrogen atom, -(C1-Cg)-alkyl, -(Cp-C4)-alkylene-(C3-Cg)-cycloalkyi,
-(C41-Cx)-fluoroalkyl, -(Cg-Cy4)-alkylene-aryl, where aryl is unsubstituted or

mono-, di- or frisubstituted independently by R8,
-(Cp-Cyg)-alkylene-Het where Het is unsubstituted or mono-, di- or trisubstituted
independently by R8,

R2 and R3, together with the carbon atom to which they are bonded, form a three- to
six-membered cycloalky! ring which is unsubstituted or mono-, di- or
trisubstituted independently by R8, or

R2 and R3, together with the carbon atom to which they are bonded, form a three- to
six-membered heterocycloalkyl radical which is unsubstituted or mono-, di- or
trisubstituted independently by R10, and

Z is the —N(R26)-(C(R24}R25))m-CN radical where

R26 is a hydrogen atom, -(C4-Cyq)-alkyl or
-(Cp-Cyg)-alkylene-(C3-Cg)-cycloalkyl,

R24 and R25 are the same or different and are each independently a hydrogen atom, -
(C1-Cg)-alkyl, -(Cp-Cy)-alkylene-(C3-Cg)-cycloalkyl,
-(C1-Ca)-fiuoroalkyl, -(C1—C4)-aikylene-R1 5-R16, -(Cp-C4)-alkkylene-aryl, where
aryl is unsubstitl}ted or mono-, di- or trisubstituted independently by RS,

-(Co-Cy4)-alkylene-Het where Het is unsubstituted or mono-, di- or trisubstituted

independently by R8, and mis the integer 1, 2 or 3,
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tJO\rOtoO*NI1JNNNN WO 2007/137738 13 PCT/EP2007/004550

wo 298YM3AY48PNa-SS S---OONS{N S s a-01--Os -5 ? p AeBHoN7/004550
NO:CIQ N~~NNNNNNSNN1ITON'NNOONNNNSNS ,¢"=j -

/| _ _ASNSONHS OOOO0O00JJJss SSSOCoobddb5 GCcC0OC
N-S WO 2007/137738 14 PCT/EP2007/004550 N,--O Nj 'S N~-"N>~N, 0
N UV N'J N- CN) Nwhere the dotted lines indicate the particular point of
R24 achErtheinaettver gatofiestarbon atom to which they are bonded, form a three- to

six-membered cycloalkyl ring which is unsubstituted or mono-, di- or
trisubstituted independently by R10 or fiuorine, or
R24 and R25, together with the carbon atom to which they are bonded, form a three- to
six-membered heterocycioalkyl radical which is unsubstituted or mono-, di- or

trisubstituted independently by R10 or fluorine.

2) The invention further provides the compound of the formula | where

A
the sub-ring O has been selected from the following group

B Od Q00000
2000000 OO0

: v S e N \\\ ”( \\\ /r \\‘ ',; N ‘\\ ’," N
oleler Ll T
N N N—N I\f \—N \—N N—N \'.—'N



ring, single bonds in the structures listed may be replaced partly by double

WO W‘gqﬁjgrther ring systems may be4used on, and B 5in WE?‘%OO?IOMSSO
sub-ring has been selected from the following group 0 0 0 CO 0--- N
“"CNNNNNNNQN/~)N_ "ON-NC.~~-NNN"~N~ON\pN~ S~
SNQ NNN~cNNN, N~~N/i NN WO 2007/137738 15
PCT/EP2007/004550 O)CON NNNN ~W \WNJINNNNNNN S..5
-a-0P 30,00, SSS tted mes indi the particular pin

B (ﬁ_%tactﬁgnt tﬁ% sedond s b 5 ing, %lrry]g)% ds i the strtﬁtur@ C

listed may be replaced partly By dduble-borids, and the twd s rings
and B are unsubstituted or mdependenﬂy mono- to tetrasubstltuted

| Q\ O 0 O (OB eAe @O
DO OO Q. U iole

N
SROFGSSFGRORERERS,
) -0
N) LN) N’O ) N * '
S N N N N
oPeEelcTcIsRotene
N) NN g_d \—/ N g .t N
QOO 000K
S - . .
VTN s N 0 0 s

ohoNoNeEe NN
L)L Q @ J ) A

\‘\ \\ /" N\
0 S o O
s s S Q .Es\ -:"’l\s N



by R4, and the X, Y, R1, R2, R3, R4 and Z radicals are each as defined
WO EiP¥83Fy3he invention further provides the compound of thegerdao7/004550
where 10 the sub-rings OA and C have in each case been selected from
cyclopropane cyclobutane, cyclopentane, cyclohexane, cycloheptane,
cyclooctane, bicyclo[4.2.0]octane, octahydroindene, decalin,
decahydrobenzocycloheptene, dodecahydroheptalene, bicyclo[3.1.1
¢ Jheptang, bicyclo[2.2.1 ]heptane blcyclo[3 3. 0]octane

‘"ﬁbdyycloL?/Zi@ctane/spwo[ZS Re, spirg &pctan ane, 15

N az pmwz}e{;?me@e gargz?azoc ne, b n2|ml azolipe, 2,

KJydro b]thiophene, 1,3 dih robemLQ[gﬂ?lophe &
2,3-dihydrobenzofuran, 2,3- dihydrobenzooxazole,

wherd.théibyeeprnzoinigizale the simielieispoamnzef waacKnbedi to the second sub-

hydroisothiazole, 2,3-dihydroisoxazole, 2,5-dihydroisoxazole,

ring, 3IBAR-RRRGRAXBBIB HAURRJSELMAY bfoiepiRecd aRIbyIbY druble bonds, or

furthdr4ntipgpnants haydirzrRiBa .ch3=tigze WO 2007/137738 16
PCT/EP2007/00455Q pine, 1,4-diazepine, diaziridine, diazirine,
1,4-diazocane, d@xgng, 1,3-dioxane, dioxazine, [1,3]dioxepane,

in which-ehezaaancd , Higxelase sbiddlxalanethb Idtloxmengoup
[1,3]dithiane, [1, 3]d|th|olane hexahydropyridazine, hexahydropyrlmldlne

imidazaline, imidazotdine, indené~jndoline; 50| doline, jgothiazoli :
Alsotmazoh e, 5 |I|ne |I|d|ne oI|n , morphaline, ---
[1 3 4]oxad|az|nane 1,3,5]oxashdzinane, Oxadiazglidine
34]ox zolidine, athiepa Ze\jz oxathlolane,[ oxathlolane
4oxaz pane, 1,2-oXazing, 1,3-oxazine, 1,4-oxaziné; oxa
N3-oxazihang, oxazoe neNoxazm xazolld ne, oxepang, oxe
oxwane oxocane, plperazme plperldlne pyran, pytézoline, pghdm

ine, 10 pyrrolidinone;.pyrroline, te ahydroqumohﬁ(§
tétrahydxofuran tétrahydroi NO“I’]GN/,%??A tetré&_ naphthalﬁne}
tetrahydfopyran, tetrahydrofyridme, 1 l;ﬁﬁtetrahy

drG-phrimidine,. -
1,25 Netrahyd pytimidine, teh‘ahydrothlophene tetrazine, thladlazme
[1,2,6]thiadiazinane, [1,3,4]thiadiazolidine, 1,2-thiazine, 1,3- thlazme
. 1’,,4-thiazinEj [1, 2]th|a2|nane [1, 3]th|a2|nane thia2qlidine, thla
iepan I @'S/tm'zmorph hlopyrai‘x /13- tr|a2|
Q 1,?,4 trlzl%q\<I 1,3 5-%;@2 e, [1,2 inane, .orft® 4]tr|az Bi and in
ich the'two sub- r‘lngs are each unsh’bstltuted or independently,
according to the ring size, mono-, di-, tri-, tetra- or pentasu'= bstltuted by

R4, where %4 is -NO2, %:N =0, SSOH -CF3, -SE
l\%:o C3)raikytene-S- il i

-
v



20 -Si-(CH3)3, -0-CF3, -(CO-C3)-alkylene-C(O)-N(R21)-R22,
wo z(ePr{37rakylene- C(0)-R10, -(CO-Cigralkylene-C(0)-O-R1gc1/EP2007/004550
-(CO-C3)-alkylene-S(0)-R10, -S-CF3, -(CO-C3)-alkylene-S(0)2-R10,
-(CO-Cb5)-alkylene-S(0)2-N(R21)-R22, -(C0-C3)-alkylene-O-R10,
-(C0-C3)-alkylene-N(R21)-R22, -(CO-C3)-alkylene-N(R10)-S(0)2-R10,
-(CO-C5)-alkylene-(C1-C3)-fluoroalkyl, 25
-(CO-C5)-alkylene-(C3- C8) cycloalkyl-R
(COrChH)-alkylene*N(R1 )- R21O
.1:(CGiCB)-alkyleng-N(R1Y) C( )- N(R -R ) [ j
(B0O-C5)-alkylshe-NH-C(OJO-R21, -
-(CO-C5)- alkylene -O- C(O) N(R10)-R21, (CO C4)- alkyl where aIkyI IS \‘-
‘upsubstitute mono-; di-@®r trisubstitgied mdep tly by
-(CO-C4)- a@} -aryl,” here aryI |SE;:-Ie%ted from the group. d\pwyl K )
indagyl, 30 inde I nap hlphen ,2Nb|phe, I/§b|ph enyii

|phennyI a’chryI or W 007/1’377% 17 PCT/EP20071004550
fluoroenyl where aryl IS unsubstltuted or mono-, di- or trisubstituted

pen -alky <Het, Hetsl ect
frgfﬁ ofa r|d| yI azepinyl, a etl inyl, aziri |nyI 7

Z|mldazomyl ‘oenz(Pmldacz yobehzofuﬁanyr benzofh|ofuranyl
benzothlophenyl benzoxazolyl benzthlazolyl benztriazolyl,

etrazol enzisox iazo bazo
aH -carbaz IyI arbolinyl, quma oI|n , quin I|ny 4H-qui noI| inyl,
allnyl wuclidin roma hrom cmnol

deca hydroquinolinyl, dlbenzofuranyl dlbenzothlophenyl
dihydrofuran(2,3- b] tetrahydrofuranyl d|hydrofuranyl dioxolyl, 10 dioxanyl,

-1,5, 2«d inyl, furamyl|, furaza idazolidinyl, imidazolinyl,
mldaz Iyl 1 -|nda olyl, i dolln l, indoliz nyI indolyl, 3H-indolyl,
zofuran chro somda iSoindolinyl, isoindolyl,

|soqumollnyl (ben2|m|dazolyl |soth|azolld|nyl 2-isothiazolinyl,

wher@‘?ﬁ@%ﬂd IBex84Mb 480 xR ikl £ ISORZN IBYA CRRTBRLI Yhe second sub-

ridinyl, octahydroisoquinolinyl, oxadiazolyl, 15 1,2,3-oxadiazol

5 ing, BgIRAOHR G SR a6 et e ardiayhie bonds, and

the tﬁé@?&h@@?\oﬁ%‘ﬁ &é%ﬂ&%it&%&@ﬂ%&&&%@wrﬁ%ﬁd to tetrasubstituted
phenanthrolinyl, phenazinyl, gﬁgnothlazn&)’/ phenoxathiinyl, phenoxazinyl,

by RBNERSABRY, SipBbAR, T SR SEARSRR BLAyPIHLIRASINgSHERYE
pyroazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl, pryidooxazolyl,
pyridoimidazolyl, 20 pyridothiazolyl, pyrldothlophené pyridinyl, pyridyl,
fy

3)  pyFRadANEOR SHEEA PESYIdRRYNS ORI HoR foraaRydrTarany .
ttrahydroi |noI|nyI
10 the sub-rings and O have in each case been selected from cyclopropane

cyclobutane, cyclopentane, cyclohexane, cycloheptane, cyclooctane,
bicyclol4.2.0]octane, octahydroin'dene, decalin, decahydrobenzocycloheptene,
dodecahydroheptalene, bicyclo[3.1.1}heptane, bicyclo[2.2.1]heptane,
bicyclo[3.3.0]Joctane, bicyclo[2.2.2]octane, spiro[2.5Joctane, spiro[3.4]octane, azepane,
15 azepine, azetidine, aziridine, azirine, azocane, benzimidazoline, 2,3-
dihydrobenzoibjthiophene, 1,3-dihydrobenzolcithiophene, 2,3-dihydrobenzofuran, 2,3-
dihydrobenzooxazole, 2,3-dihydrobenzothiazole, 1,3-dihydroisobenzofuran, 4,5-di-
hydroisothiazole, 2,3-dihydroisoxazole, 2,5-dihydroisoxazole, 4,5-dihydroisoxazole, 5,6-
dihydro-4H-[1,2Joxazine, benzo[1,3]dioxole, 1,4-diazepane, 1,2-diazepine, 1,3-diaze-
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tetrahydroquinolinyl, tetrahydropyridinyl, 6H-1,2,5-thiadazinyl,

wo JodB-ihegaazolyl, 1,2,4-thiadiazolyl, 14g,5-thiadiazolyl, 1,3,4-ipiegieraiye7/004550
thianthrenyl, thiazolyl, thienyl, thienoimidazolyl, thienooxazolyl,

thienopyridine, thienothiazolyl, 25 thiomorpholinyl, thiophenyl, triazinyl,
1,2,3-triazolyl, 1,2,4-triazolyl, 1,2,5-triazolyl, 1,3,4-triazolyl and xanthenyl,
and this Het radical is unsubstituted or independently mono-, di- or

pine, tiigtrgimerio HyoREIRSR igaiére chrbainirgicRys, No@n, L@ﬁi?soxgﬁé,
dtoxa%@%@?ﬁzo g%)'é}ne Q1) 5"5%05195' d%‘)’('&’e Odg)ﬁgtax%ol)'@'%@iﬁéoﬂ 3-di-

(C3-C8)-cycloalkyfl, -O-(C1:C8)-alkyl,
oxoie@(dﬁbm Wehb%bsm@wcmmyd@mmgaaw hexahydropyrimidine,

imidaGHNE PkASNEAE FEaNEYHaaline Wasie e IsdideigsiViOsothiazoline,

2007/137738 18 PCT/EP2007/004550 mentioned are each unsubstltuted
isoxagplitsndsodpzstidinabatisnsaantiepemesntiplibg HalSgtle xreiazirene,

[1,3 5%%2%%%&5‘??5@%95&«&9@5 hay Qaé@@i@% T -Rbthiepane, 1,2-

3,-C(0)-O (R21)-R22, -C d) N
oxath(@@tﬁsjic§mamia(@o ‘cejoasmm@ REeox8EiEH3)3;08a(R 11 4-0xazine,
oxazmaﬁéo)luﬂ%‘ﬂmﬁlgﬁeUd§a198d§F%g%x]a£ﬁam§ BQQZOWeREJQéﬁQ%e bitane,

the integer 1 or 2, -S(O)v-N(R10)-R20 where v is the integer 1 or 2
oxwar@(@)ﬂ%@éﬁ(@m@emmypm(@m@s) -Akaiky mﬁ@?@lﬂﬁh@b{%@diq@llﬁ@“dme '
pyrroﬂéﬂ%‘?@k%)rrrgrgei;fzgce‘twﬂﬁ@am%%o’te Fé@’\)fé@fw @é@éf?o%@él)aumohne

'NH-C(O)-NH-R27, 10 -N(R21)-C(0)-R2
1.2 &&@t@ﬁy@?ﬂa@W@@(F@Q@ahﬁdi‘)’m@(‘omidzopNI#KE%O} -OFrtetrahydro-
pyrimfaite 3 Hetaybes, tutemﬂ@ﬂ%e%% F’&Hl&?pﬁ’é}‘?é‘qgﬂ%!%?ﬁieorthlad:azane

mono-, di- or trisubs pendently b%{’RS or a radical from the

(1.2, %ﬂmﬁiﬁ#@q&@f)wﬁl\ﬁé]ﬁg@ﬂﬁmwmdﬂ wiraol Gethiezinay Githierine,
[1 ,Z]ﬁi%é}%%eg K ﬁilmeﬂ %@ AL f4R0 hidNhe NH%pIa\hépﬁ?lé’c'é'nQ VH

SN-ON-SOOO0OOOON'N,, N~ ~~
thiomenehrline NiHggyran, 1,2,3-triazine, 1,2 4-triazine, 1 .3, 5 tnazme [1 24]tr1azinane

or [1,2 4]triazolidine, and in which the two sub-rings are each unsubstituted or

independently, according to the ring size, mono-, di-, tri-, tetra- or pentasubstituted by
R4, where

R4 is -NO2, -CN, =0, =§, -OH, -CF3, -SF5 -(Cp-C3)-alkylene-S-R10,
-Si-(CH3)3, —O-CF3, -(Cg-Cy)-alkyiene-C(O)-N(R21)-R22, -(Cp-Ca)-alkylene-
C(0)-R10, -(Cp-C3z)-alkylene-C(O)-0-R10, -(Cp-Cy)-alkylene-S(0)-R10, -S-CF3
-(Cp-Cg)-alkylene-S(0)2-R10, -(Cp-Cs)-alkylene-S(O)»-N(R21)-R22,
-(Cp-Ca)-alkylene-O-R10, -(Cp-Ca)-alkylene-N(R21)-R22,
-(Cp-Ca)-alkylene-N(R10)-5(0O)»-R10, -(Cg-Cs)-alkylene-(C 4-C3)-fluoroalkyl,
-(Cp-Cr)-alkylene-(Ca-Cg)-cycloalkyl-R23, -{(Cg-Cx)-alkylene-N(R10)-C(O)-R21,
-(Cp-Cx)-alkylene-N(R10)-C(O)-N(R10)-R21, -(CyCxrakylene-NH-C(O}O-R21,
~(Cg-Cs)-alkylene-0-C({O)-N(R10)-R21, -(C-Cy)-alkyl, where alkyl is
unsubstituted or mono-, di- or trisubstituted independently by R9,
~(Cp-C4)-alkylene-aryl, where aryl is selected from the group of phenyl, indanyl,
indenyl, naphthyl, biphenylyl, 2-biphenylyl, 3-biphenylyl, 4-biphenylyl, anthryl or
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and H , where Me is methyl, R10 and R20 are the same or different and

WO A69esh7adependently a hydrogen atpm, - (C1-C6)-alkyl,  pCT/EP2007/004550

-(C0-C4)-alkyl-OH, -(C1-C3)-fluoroalkyl, -(C0-C4)-alkyl-O-(C1-C4)- alkyl,
-(CO-Cb)-alkyl-(C3-C8)-cycloalkyl, -(CO-C2)-alkylene-aryl, where aryl is
as 20 defined above and is unsubstituted or mono-, di- or trisubstituted
independently by -(C1-C6)-alkyl, -O-(C1-C6)-alkyl, halogen.or

- (G CRcIdagkel 2oy OO TDBHIKiRsher e ehe el RELTIS ERsHbieed

ahoye- AN ds ksdityted or mono-, di- or trisubstituted independently
by (C‘i@éG) aﬁ}éﬁ?y-o (C 1-C6)-alkyl, halogen or -(C3-C5)-cycloalkyl, WO

26670)1@273@(3[@p@iﬁlﬂpﬂb@rﬂdﬂ%aﬁm@%arﬂmbﬁ@rnéps@ﬁﬁcadmyl

diff d h d d tI hyd t -Cq)-alk

P P B T T o8 T R e S Beharany

fomna@ﬁmﬁutanyixb@&mﬂamey@lpa!wtmmgmmcrbmn’aabstyuwdrmtriazoly!,
bstituted i d 12 is -(C1-Cq)-alkyl,

e A R S B o

-(Carteta kplO ClGB) el leyhl (63, @Bi)-@ymioaﬂﬂyyl qmnoxaiinyl, quinuclidinyl,

C1-C6 c8 loal the cycloalkyl

N A T N o s e S

-Cﬁé@hﬁﬂbﬂabﬁyénlemyﬁﬂoR&érﬁﬁ@RﬂZ@tr&hmeﬁm&rqﬂ diffgr@mﬁa@yi dioxolyl,

TR Ao hion AP et e e g azoint

(Gh@d@ﬁc)ﬂaikyidnae{é?z@@S)r@cdloalkyidﬂﬁi@hﬂ;LDxdWDEt@d-t |adbgfinimgwﬁzofuranyl
Cl C fJuoroEa %ll (%O -C lene ?;rl where .a

de??le 2BV aheP AR 'er ljalnr Jﬁgb tXJtelS ca }%onoyi%genmf%ldazolyl

trlEiﬂibhtﬁﬂitéldlimﬂeﬁeﬂdﬁlﬂmﬂmﬁasotiﬂ@@iﬁg}&@ﬂaﬁe% ldekadudidirhybtds

as deflne ovea Ikylene tituted .or mono-, di-.or
R R RS o R R R osetighon
n|t¥dgémat1maazmWhltﬁme;xammdﬁﬂ,mﬁmﬂmmﬂ dight-manesig!,
heteroc ic rin Wh| as Wel enlt naom dltlon
et e R R o R I e ]
thBMDmsaimm ﬂsimgmpybf;ﬁu&gekhuaﬂrqgepmmmmsaw phmﬂmndaﬁrwi

hetﬁgg% aléc;‘zléen @ unsuk:%s)%téjt d ore W Eb Fg"lﬁﬁ({étﬁj%ag{ﬁd 59%‘??‘?”8%@ f(nyi
pyroazolidinyl, pyrazolinyl, pyrazoiyi pyridazinyl, pryidooxazolyl, pyridoimidazolyl,
pyridothiazolyl, pyridothiophenyl, pyridinyl, pyridyl, pyrimidinyt, pyrrolidinyi,
pyrrolinyl, 2H-pyrrolyl, pyrrolyl, tetrahydrofuranyl, tetrahydroisoquinolinyl,
tetrahydroquinolinyl, tetrahydropyridinyl, 6H-1,2,5-thiadazinyl, 1,2,3-thiadiazolyl,
1,2,4-thiadiazolyl, 1,2,5-thiadiazolyl, 1,3,4-thiadiazolyl, thianthrenyl, thiazolyl,
thienyl, thienoimidazolyl, thienooxazolyl, thienopyridine, thienothiazolyi,
thiomorpholiny!, thiophenyl, triazinyl, 1,2,3-triazolyl, 1,2 4-triazolyl, 1,2 5-triazolyl,
1,3,4-triazolyl and xanthenyl, and this Het radical is unsubstituted or

independently mono-, di- or frisubstituted by R8,

R8 is halogen, carbamimidoyl, -NO», =0, -CF3, -SF5, -C(0)-0-R10, -CN, -C(O)-NH>, -

OH, -NH»p, —-O-CF3, -C(0)-N{R10)-R20, -N(R10)-R20,
-(C3-Cg)-cycloalkyl, —O-(C1-Cg)-alkyl, -O-(Cp-C4)-alkylene—(C3-Cg)-cycloalkyl,
(C1-Cg-alkyl, {Cp-Cy)-alkylene-(C3-Cg)-cycloalkyl, where the alkyl radicals



Xis a covalent bond, -N(R7)- or -0-, where 25 R7 is a hydrogen atom,

WO 200239 7alkylene-(C3-C6)-cycloalkyl gg-(C1-C4)-alkyl, Y is geovaedoe7/004550
bond, -C(O)-, -C(S)-, -C(=N-CN)-, -C(=CHNO2)- or -S(02)-, Rl is a
“hydrogen atom, R2 and R3 are the same or different and are each
independently a hydrogen atom or - (CO-C3)-alkylene-C(R27)(R28)(R29),
30 R27 is a hydrogen atom, halogen, -(C1-Cg)-alkyl, -(C1-C3)-fluoroalkyl,
WOEPO0TAD 2738 20hROTHbRINNFd0uBB!0-, di- or trisubstituted independently

gyﬁg@fgnékyﬁg% L%%ﬁ%@qlﬁosﬁsl{%_(gg GA)- egI@( e ryI where aryl

isas defined e and is uns d ormono-, substltuted

RO isihctpeneeMRbyCR8, =(TOakH)- alkglemB({Bl)eDAmetﬁ quas BsRizfined

above and is unsubstituted or mono-, di- or trisubstituted independently

by(ﬁa(@)oN(E&?d)(f%@?aw(ﬁen@séﬂ’@qai@LRQ@mﬁcB R@‘@ﬁ@@%@ﬁ?ﬁ’e &f (CH3)3,

di ende drogen 1-C4)-alkyl or

: f|lﬁ§’ ﬁgb@%@%ﬂ%@ to‘ar ﬁje'rsvép-{é/ ég boﬁao ’R‘l ich they are

RIIMRedS BisGhe Gyelgatylold R 3

S(%QZ—S;id -C(O)-, -C(O)-O-a,;-o- ?O)-,O-N(’R%gqﬁd%g()& %?((%Qg(v%%@(ﬂg the Integer
-Simﬂ;lfl@i@)%RMF%)i@nng)?)alkyN6@73@'80@)( Hgowﬁmﬂw P@mﬂquy— -(C1-C3)-
-N(R17 8)- ar 2)-N(R18)-, where R17 and R18
ar Wﬂ'@ém g g%grem%@é\%één ependently a hydrogen atom or
15(€5 16 S amiyC RLEAsE Ry drarematem (PR 1861 aHyt(O)-NH-R21,
-(CO-C4)-alkylene-(C3-C6)-cycloalkyl, -(C1- C3)-fluoroalkyl,

(@ﬁ@@)ﬂ@é@&w %ﬁeh%%@é@)eﬂw&ﬂ%b%v@’amc(o)-o -R12,

R o PR NS TSP A ROV and i

Uﬂﬁ@%@%@@e@@%om R oGl RRiE dadeRsadem v PRES Reradical

and R3, to ether with the carbon atom to which they are bonded, form a

thf@"—“tif‘% Wauigeield cycloalkyl ring which is unsubstituted or mono-,

d| or trlsubstltuted in ependently by R8 or R3 and R3, together with the
Eh

om to which /aULhreQH@naS SB( membereg/oy
rrhetero Ir_ia\d

ey
h gun ub |tuted oanono di-
R10 210 /QLL -OMe

\\ﬁYOWN \( ° f, ﬁ
\N)OL 24 )
/LN f“ &J /K(

R10 and R20 are the same or different and are each independently a hydrogen atom, -
(C1-Cg)-alkyl, -(Cg-C4)-alkyl-OH, -(C1-Cg)-fluoroalkyl, -(Cg-C4)-alkyl-O-(C4-Cy)-

H , where Me is methyl,

alkyl, -(Co-Cg)-alkyl-(Ca-Cg)-cycloalkyl, -(Cq-Co)-alkylene-aryl, where aryl is as
defined above and is unsubstituted or mono-, di- or trisubstituted independently
by -(Cq-Cg)-alkyl, -O-(C1-Cg)-alkyl, halogen or

-(C3-Cg)-cycloalkyl, or -(Cp-Co)-alkylene-Het where Het is as defined above and
is unsubstituted or mono-, di- or trisubstituted independently by -(C1-Cg)-alkyl,
—O—(C_1~C6)~aikyi, halogen or -(Ca-Cg)-cycloalkyl,
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trisubstituted independently by R10, and Z is the

wo 204748y $4824)(R25)-CN radical, whegp R26 is a hydrogen afs/Ep2007/004550
-(C1-C4)-alkyl or-(CO-C4)-alkylene-(C3-C6)-cycloalkyl, 30 R24 and R25

are the same or different and are each independently a hydrogen atom, -
(C1-C6)-alkyl, -(CO-C4)-alkylene-(C3-C6)-cycloalkyl, WO 20071137738
21 PCT/EP2007/004550 -(C1-C3)-fluoroalkyl, -(CO-C4)-alkylene-aryl

R19 avibR1Argrisths definedratitesenid i arsasstiurstepenssmndly dihpdrogen atom or

trigubsh -e:ﬂll |d endently by R8, -(C0-C4)- alkylene-Het where Het is as
dei‘t;lb&ﬁ%éovepdr?gis unsubstituted or mono-, di- or trisubstituted by RS,

R19 and(R11CHRienatR 1teREfb on BiBRMtenthRPbHegeeswithethdorm a three- to
carbon atcbm to which they are bﬁlcﬁd, formgthree- to six-membpered
crHORIRITPRE L MEHIR BRSTRI NER B RSHESTHHIBH BidTIRERuEa ©
ingiep@rdanty ydspermidhinrineg RR24 and R25, together with the carbon

o2 G G AT A e G e
R BB B e s e e

X-YCNBsEAKYIACE-B 2y dReakyherbeteeisalmyirigalidAraditaréseacubstituted or
selected from the abovementioned groups, 15 and in which the two

sdBOr‘iﬁbsféiré’éé[@:‘-’rﬂ@ﬁét&ﬁ@ﬁ’tmé@Rﬁ%ﬁé@ﬁ\ér‘iﬂ’eﬁ% aledfeing 40-akyigR 10,

o B I A AP SR 5
_OLCES, glatkg5yhtkgeaikyDisC (CRIMUEOMDOSp Aty Idhe QBT IRLE
L(CO-C3)-alkylene-0-R10. Oesco-cs)-am;ﬁiene-l\l(rez%éeéz -(CO-C3) 20

alIASRENGRI) (58 RIT It O e fzalkalisisted csi2e)cslralib 3 S OrR 10,
'(%@é?és?'@llfm?ﬂﬁ?’é%é]?%}'ﬁyg(@%?é’)-ﬂuoroaikyl, -(Co-Cg)-alkylene-aryl where

-(CO-C5)-alkylene 0)-C(0O)-R
aryl is as defined above and alkylene and aryl are unsubstituted or mono-, di- or

trisubstituted independently by R8, or
-(Cp-Cg)-alkylene-Het where Het is as defined above and aikyiéne and Het are

unsubstituted or mono-, di- or trisubstituted independently by R8,

R21 and R22, together with the nitrogen atom to which they are bonded, form a four- {o
eight-membered heterocyclic ring which, as well as the nitrogen atom, may
additionally contain, according to the ring size, one or two identical or different
heteroatoms from the group of oxygen, nitrogen or sulfur, and in which the
heterocycle is unsubstituted or mono-, di- or trisubstituted independently by RS,

R23 is a hydrogen atom, -OH or -O-(C1-Cyg)-alkyi,

X is a covalent bond, -N(R7)}- or -O-, where

R7 is a hydrogen atom, -{(Cp-C4)-alkylene-(C3-Cg)-cycloalkyl or -(C1-Cy4)-alkyl,

Y is a covalent bond, -C(O)-, -C(8})-, -C(=N-CN}-, -C{(=CHNO»)- or -S(C»)-,

R1 is a hydrogen atom,

R2 and R3 are the same or different and are each independént!y a hydrogen atom or -
(Co-Ca)-alkylene-C{(R27)(R28)(R29),

R27 is a hydrogen atom, halogen, -(C1-Cg)-alkyl, -(C1-C3)-fluoroalkyl,
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-(C0-C3)-alkylene-C(0)-N(R21)-R22, -(C0-C4)-alkyl where alkyl is

WO 2068EASHEEd or mono-, di- or trisubsgigited independently byp8r/Ep2007/004550
-(CO-C4)-alkylene-aryl where aryl is selected from the group of phenyl,

indanyl, indenyl, naphthyl, where aryl is 25 unsubstituted or mono-, di- or
trisubstituted independently by R8, or WO 2007/137738 22
PCT/EP2007/004550 -(C0-C4)-alkylene-Het where Het is selected from
thd Gpolin otk baiuinifl 3 Hepkirviteatbihyl Gerzinaiispic wenzohatngry! is as
benzothipphenyl, benzoxazalyl, benzthiazolyl, benzisoxazolyl, .
BN A o A b B ety BT jicependenty
imiga®|ingohaighaiyleinsolisylirgde e Sid-indobfina dsabtdelianl is unsubstituted
isoindolyl, isoquinolinyl, isothiazolidinyl, 2-isothiazolinyl, isothiazolyl,
isOka2eNR;ishxar digukalitisexasenandatsiphmiRg, or -(Cp-Cq)-alkylene-R15-
0 ydroisoquinolinyl, oxazolyl, oxazolidinyl, pyrimidinyl, piperazinyl,
piperidinyl, pyranyl, pyrazinyl, pyrazolinyl, pyrazolyl, pyridazinyl, pyridyl,

R28 pydriRighphepirectidingl opydiftdirgdi 2Hd pyerelabipindelpk teisably drdfydemybn atom, -

tetrahydroispquinolinyl. tetrahydroquinolinyl, 10 tetrahydropyridinyl,
th{gﬁfgﬁ%ﬁ&%ﬁ#gn%@ridinyl, thiomorpholinyl, thiophenyl, and this Het

R28 RERDG e eiRdpPRSR dea I8 AMcndhey HigURIBE@ kP a -(Ca-
R8, R8 is halogen, carbamimidoyl, -NO2, =0, -CF3, -SF5, -C(0)-0O-R10,

-0OBg -CYCIpAKR, -OH, -NH2, -0-CF3, -C(0)-N(R10)-R20, -N(RIO)-R20, 15
-(C3-C8)-cycloalkyl, -O-(C1-C8)-alkyl,

R15 Ry B8y Ay e (o JeR ARSI O o & Ry 1-0-ClO)-
-(C w_&%d%pe; C qu t  alkyksadic entioned
arcgg égch unsu s’titute(;) or'mono-, ﬁybﬂﬁt%{stl ute (lﬁzzgegr@é?ﬂy by
halgen? NEXD) yOH, -O-CH3)-N3BA- G H3NRIOREI B3, MR R ighadpgen, -NO2,
-CN,,=0.,:QH,.-CE3, :C(0)-Q-R10, -C(0)-N(R21)-R22, 20 -N(R21)-R22,
(VR SRR e Ry ione-0-R10. -SH(CHES,

R17 BB IS4 B LA MBRIE diife B8 BEROS L iRiEDEh S RIRMRREN atom or
ris the integer 1 or 2, -S(O)v-N(R10)-R20 where v is the integer 1 or 2,

-C{E&®m;alkg-c8)-alkyl, -(C1 -C8)-alkoxy, phenyl, phenyloxy-, -(C1
-C3)-fluoroalkyl, -0-R19, -NH-C(0)-NH-
R16 A ROy S bl T A e bl e S s Rigady. -C -

-NOR LG EARFR 2 (G Dttt H)r Ot By R4 s @it @idYé.and is
-NH-C(0)-0O-R10, -0-CF3 or Het where Het is as defined above and is

ungubstistitatbdronomepei-dor arididstistitattin depepeleatntly R R R 1Capt 4 )-

Rt WheTe et o B e e asOve S & Ghed Ee A6 er mono-, di- or
at8HyY'$ su ;

- frisubstituted independently by RS,

R2 and R3, together with the carbon atom to which they are bonded, form a three- to
six-membered cycloalkyl ring which is unsubstituted or mono-, di- or
trisubstituted independently by R8, or

R2 and R3, together with the carbon atom to which they are bonded, form a three- to
six-membered heterocycloalkyl radical which is unsubstituted or mono-, di- or
trisubstituted independently by R10,
and

Z is the —=N(R26)-C{R24)}R25)-CN radical, where

R26 is a hydrogen atom, -(C1-Cg)-alkyl or -{(Cg-C4)-alkylene-(C3-Cg)-cycloalkyl,

R24 and R25 are the same or different and are each independently a hydrogen atom, -

(C1-Cg)alkyl, -(Cg-Cyg)-alkylene-(C3-Cg)-cycloalkyl,



(C1-C6)-alkyl, -(CO-C4)-alkyl-OH, -(C1-C3)-fluoroalkyl, 30

WO 20697447 Algyl-O-(C 1-C4)-alkyl, -(CO-£p)-alkyl-(C3-C8)-cyclogikyipSho7/004550

2007/137738 23 PCT/EP2007/004550 -(CO-C2)-alkylene-aryl where aryl

is as defined above and is unsubstituted or mono-, di- or trisubstituted
independently by -(C1-C6)-alkyl, -O-(C1-Cg)-alkyl, halogen or
-(C3-C8)-cycloalkyl, or -(CO-C2)-alkylene-Het where Het is as defined
abve-gadibiarerllsytittfed- &4&1&&@&@d&am?i%@s&tawﬂi%deﬁdedt@b@we and is

RS UHEH SCES e Ve Rl DERehit Rty & e

a@l@@ne@?—:i%e@ﬁ%eﬂ?a@ d@ﬁ&%@% a %{]i?qg?sﬁ%é/ 3tdd or mono-, di- or

-(C1-Cqg)-alkyl-O-(C1-C8)-alkyl, -(C3-C8)-cycloal
(@@@@Wt@ﬂt@y@& @Bﬂélky@@:alﬁﬂpwcm&ﬁw@or

s ros d R S TR BRI o vt
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15

20

25

-@(meamawlmmwzaﬁgamzaz&armemmmrdnﬁer@a; a@nRdare
e R R M AR P R pondenty oy Ro,

R24 e(r@ﬂ?@ﬁ)ia@gtbae&&@@%ﬁ@)eaybmmdmwm Mwerteisbdaﬁdbe ifdeges three- to

4)

lor2 C3)-fluproalk 0-C6)-alkylen ere ar lis

o R R RIEA A T TSR RSN SURUhet o s o o
dltrmmmubmrﬂut&dbmtmm}ebww tue(@@-Cqg)-alkylene-Het where
Het is as defined above and alkylene and Het are each unsubstituted or
mono-, di- or trisubstituted independently by R8, 20 R21 and R22,
togetherverttichéunttregenoaides tthevbimin pheyn dref hbadedhidenza four- to
eight-membered monocycllcr_heterocycllc ring which, as well as the

nitrogen atom, additionaly, 'rdlng to the ring size, may contain one or

two |dent|cal or different he ms from the group of oxygen, nitrogen
in which the h roc?yEIe Rp@nsubstituted or mono-, di- or

tr| ulst uth XpeM@Len g3yis a hydrogenjatom, -OH or

-O- “alkyl, X'is a'cova R7)- or -0-, where R7 is a

hydrogen atom, -(CO-CH)- alkﬁ}leneg cycloalkyl or -(C Jacehsalkyl,

30 Y is -C(Q)-, -C(S)- or -S(02)-,
30
the sub-rings and are each selected from the abovementioned groups,

and in which the two sub-rings are each unsubstituted or independently, according to

the ring size, mono-, di-, fri-, tetra- or pentasubstituted by R4,
R4 is -NO», -CN, =0, =§, -CH, -CF3, -SF5, -(Cp-Cg)-alkylene-5-R10, O-CF3,

-8i-{(CH3)3, -O-CF3, ~(Cg-Cx)-alkylene-O-C(0O)-R21, -(Co-Cs)-alkylene-C(O)-O-
R10, -(Cp-Cg)-alkylene-O-R10, -(Cg-Ca)-alkylene-N(R21)-R22, -(Cg-Ca)-
alkylene-N(R10)-S(02)-R10, -(Cg-Cx)-alkylene-(C3-Cg)-cycloalkyl-R23,
-(Cp-Cs)-alkylene-(C1-Cg)-fluoroalkyl, -(Cp-Cs)-alkylene-N(R10)-C(O)-R21,
-(Cp-Ca)-alkylene-C(O)-N(R21)-R22, -(Cn-Cy)-alkkyl where alkyl is unsubstituted
or mono-, di- or trisubstituted independently by RO, -(C-Cy)-alkylene-aryl where

aryl is selected from the group of phenyl, indanyl, indenyl, naphthyl, where aryl is
unsubstituted or mono-, di- or trisubstituted independently by R8, or



WO 2007/137738 24 PCT/EP2007/004550 p is the integer 1 or 2, R27 is

WO Zobygiegengiom, -(C1-C6)-alkyl, -(CQ£4)-alkylene-(C3-C6)-pyetopbybo7/004550
halogen, -(CO-C4)-alkylene-Het where Het is as defined above and is

unsubstituted or substituted by halogen, -(C1-C6)-alkyl, 5
-O-(C1-C3)-fluoroalkyl or-0-(C1-C6)-alkyl, or -(CO-C2)-alkylene-phenyl
where phenyl is unsubstituted or substituted by halogen, -(C1-C6)-alkyl,
-of(@r@Riaikidrostpbnimie et 63-aalontre & aa hedseeen eleetidinyl,

R LN e R N
(oS iatioh| (SO albyinbd 308 aivialiyinclByi OB foltpdliybny,

;J(ri:o_ C4)-al Iene-ag/

S e R A B RO RRRlR S 5w, ap-inco,

-(Coiadotmiydy zointist/viwrguitetiisylasdiifinediatope igbthiazolinyl, isothiazolyl,
unsubstitlljtfd or mon%l-. d'-gr. trisubstituted indﬁ) nd ntlégt t%/ %8,.15 R24 v
A RSO SRR RITTIVE GRS 2R b VAR e BEVSE R HIng iy
thoeeztilyisicxemstitienddoyitoiaiyl ripigevhithys pipsribiiegdemyioperazinyt,
di- or_trisubstituted independently, by RIQO or fluorine, R24 and,R25, .
OB RPN TN PR RA R b, PATETR L PRI g, 21
sixyneitybergddhetdedeiolontiyi eadicab indtighirsisogubsiitnte derahguesguinolinyl,
diz Qr 20 trisubstituted, independently by, R10 or flyorine, 5) The invention .
i e s YRR R Bt Ry Hhioshenyi
hareddach Hielera dielelcie d fsarbatifolegrop ards ptvedsuibhyr ingsoycttibotanie ibstituted
cycIoE%ntane, cyclohexane, cycloheptane, cyclooctane, 25

0

big)yc 4.2.0]octane, octahydroindene, decalin,

RS isdeakiyyor otabzocyoldbghted® o debe caRydr@fentali®s-O-R10, -CN,
bica/éclo%&l.l]he tane, bicyclo 2.2.1]%@(551% bicyclo[3.3.0]octane
~Spl I :

O ey alerant GO e MU A0,

) - P - benzimidazaling.2.
e G SR O IR e T -oycioatiy, -
2, gy drehenzqpa3-31RAshbydrabenregsarsled, where the alkyl radicals

2,3-dihydrobenzothiazole, 1,3-dihydroisobenzofuran, 4,5- _
difyendizotsiareleagiBLUIRYBRIBEREZDIENB il dpoisipxadibited independently

4 By yHERIROKA49!e oM Q. 808K 1 3535 ExE OH BB AP 4550

R9 is halogen, -NO»p, -CN, =0, -OH, -CF3, -C(0)-0-R10, -C{O)-N(R21)-R22,
-N(R21)-R22, -(C3-Cg)-cycloalkyl, -(Cp-Cz)-alkylene-O-R10, -Si-{(CH3)3,
-N(R10)-S{0);-R10 where u is the integer 1 or 2, -S-R10, -SO-R10 where r is
the integer 1 or 2, -S(0)-N{R10)-R20 where v is the integer 1 or 2, -C(0)-R10, -
(C1-Cg)-alkyl, -(C1-Cg)-alkoxy, phenyl, phenyloxy-, -(C4-C3)fluoroalkyl, -O-R19,
-NH-C(O}-NH-R10, -{Cp-Cyq)-alkyl-C{O)-O-C(R11, R19)-0-C(0)-R12, -NH-C(O)-
NH-R21, -N(R21)-C(O}-R22, «(Cg-Cyq)-alkyl-C(0)-O-C(R11, R19)-0-C(0)-0-R12,
-NH-C(0)-0-R10, -O-CF3 or Het where Het is as defined above and is

unsubstituted or mono-, di- or trisubstituted independently by R8,

R10 and R20 are the same or different and are each independently a hydrogen atom, -
(C1-Cg)-alkyl, «{(Cp-Cyg)-alkyl-OH, -(C4-C3)-fluoroalkyl,
-(CO~C4)-alky!—Oﬁ(-C1-C4)-alkyi, -(Cp-Cx)-alkyl-{C3-Cg)-cycloalkyl,
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5,6-dihydro-4H-[1,2]oxazine, benzo[1,3]dioxole, 1,4-diazepane,

WO doddiegepie. 1,3- diazepine, 1,4-diazepine, diaziridine, diaziger/ep2007/004550
1,4-diazocane, dioxane, 1,3-dioxane, dioxazine, [1,3]dioxepane,

1,4-diozocane, dioxole, dioxolane, 1,3-dioxolane, 1,3- dioxolene,
[1,3]dithiane, [1,3]dithiolane, hexahydropyridazine, hexahydropyrimidine, 5
imidazoline, imidazolidine, indane, indoline, isoindoline, isothiazolidine,

isothiazephalkeneaiihwhsoxaryliisins delibsd Ao madgholnmibstituted or
1,3,4 iazi 3,5loxadiazi 2, iazqlidj
130t s A R RaEe - B s A sadarg sl

1. fz08888RMEe 1.2 0% agHIEatkyi SragteCh $-MKORAR-HAAFINHR et is as defined

1,3-oxazinane, oxazocane, oxaziridine, oxazolidine, oxepane, oxetane, 10
oxitames arddanmspipstitiios opi pesitinedipynattispyrstioliad  inyeazoliingy by
pyrraliding, _pyrrolidinone, pyrroline, tetrahydroguinaling, tetrahydrofuran,
o Gy A T SR A S e A Hopyran.

R11 BRI epyiiiNgarhd Srétitediaiy died BYSiiR8nhdependently a hydrogen atom or
1,2,5,6-tetrahydropyrimidine, tetrahydrothiophene, tetrazine, thiadiazine,

[i,‘ﬁ%ﬂtﬁ@?ﬂ%ﬂ%ﬂane, [1,3,4]thiadiazolidine, 1,2-thiazine, 1,3-thiazine,

1.4 thiazine L 2thiazis "1, 3Lthiazinane thiazaliding, thiazgfine,

R e DR Gy Tt g e
1.2@ea)rsclod |kylliagineCH) alliarine Ordkg 4ltriaeglidipeioand/in
which the two sub-rings are each unsubstituted or independently,

actoriing relné-tirgrsizeCretrrikydiwheradhra-cyelpafftbiasiaaltsdupgubstituted or
R4, and the X, Y, R27,.p. R26, R24, R25 and R4 radical
R e TOE RS AP e e Eardpali o K10

R21 Hiifermuladansheimihersubrdiass 4MP-20¢ arp gaetibdessndentlarogen atom, -
selected from the group of azetidine, cyclcc)&rr?pyl, cyclobutyl, cyclo?entyl,
sti

cyétangyrats wiigigralsybierzesuiaiitotacumyariisoxd e risubstituted

2,5-dj ' ole,4,525 dihydrpisox e, 1,3-dioxang, di apg, :
R e o PSR e DB where s
oxXpzoidingsringrazine.PhHeTing cBIYPliding 1 tetratydraiusatsiénelaryl where
1,2,3,4-tetrahydronaphthalene, and in which the two sub-rings are each

u@%Qiﬁﬁ&@%%@p@%@ﬁ@afbﬁmmgi@mlearm@@depﬁmﬂmit@itedror mono-,
TN A B SR e o
-(GO definatkylones(ERdGRyysloakyIHRAZre (E621CH alkyine@ o Hono-, di- or
-ég%é%@@é%eﬂw& \{Y{’\%ryei_,ggenyl iIs WO 2007/137738 26
R21 and R22, together with the nitrogen atom to which they are bonded, form a four- to
eight-membered monocyclic heterocyclic ring which, as well as the nitrogen
atom, additionally, according to the ring size, may contain one or two identical or
different heteroatoms from the group of oxygen, nitrogen or sulfur and in which
the heterocycle is unsubstituted or mono-, di- or trisubstituted independently by
R8,
R23 is a hydrogen atom, -OH or -O-(C1-Cyg)-alkyl,
X is a covalent bond, -N(R7}- or -O-, where
R7isa hydrogén atom, -(Cp-C4)-alkylene-(C3-Cg)-cycloalkyl or
«(C4-C4)-alkyl,
Y is -C(O)-, -C(S})- or -S(O9)-,
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unsubstituted or mono-, di- or trisubstituted independently by R8, or

WO 2062373yl where alkyl is unsubstijyged or mono-, di- or tripddstpass7/004550
independently by R9, R8 is fluorine, chlorine, bromine,

-O-(C1-C3)-fluoroalkyl or -O-(C1-C4)-alkyl, 5 R9 is halogen, -NO2, -CN,
=0, -OH, -CF3, -C(0)-0-R1 O, -C(0)-N(R21)-R22, -N(R21)-R22,
-(C3-C8)-cycloalkyl, -(CO-C3)-alkylene-O-R10, -Si-(CH3)3,

p is thg(RIEIRS{®IUZR10 where u is the integer 1 or 2, -S-RIO, -SOr-R1 O

T A L 0 SO MR e i oo

(QB—@E}&@R@E&%H@%%M\}%C@W above and is unsubstituted or
(CO -C4 alk ) -0-C(R11, R19) -0-C(0)-R12, -NH-C(0)-NH-R21,

10@‘3 d@e)-aitw)-0-C(R11, R19)-0-C(0)-O-R12,
N h diff d
'Esg; )EF%'}JOG% i%}}%r @@%ﬁ% g&é{efret e same or different an

are’e pen 25 -(C1-C6)-alkyl, R11 and

R1Z4 t@ﬁg ngﬁzs%%@aé fR q@ inssrendertly & Bygagerd by
atom or -(C 1-C6)-alkyl, R12 is -(C1-C )aIkyI -(C1-C6)-alkyl-OH,

-(Oamml’r@fﬂ%ﬁamb allflC +{C 38R oyalbglicyl-O-(C1-Cg)-alkyl,

R26 R ETERAROIETICH ol PRl e MR P o ovcloalkyl
R24 Hﬂaufbﬁ?ﬁt%%dtﬁé ga&%%%@&%%&%%%%%ﬁ%w ydrogen atom, -

-0-(C1-C4)-alkyl or R10, R21 and R22 are the same or different and ar
ed Mp@hmbnégm%hﬂﬂ@éﬁrmdﬁas G rayeicaligy, -(C1-C3)-fluoroalkyl, -(Co-

e e T

-O C N/ 7 I
R K SRR B o o

R26 Wadihgd rageveaom jANOsROBTIILBFY 38 mﬁMTﬁERﬁaﬁgmﬁﬂmRﬂ

is g@%%)%%%( @o[ép éCl C6)-alkyl, -(C0-C4)-alkylene-(C3-C6)-cycloalkyl,

R24 and R25, together v?;ﬂfe}rgle carbon atom to which they are bonded, form a three- fo
six-membered cycloalkyl ring which is unsubstituted or mono-, di- or
trisubstituted independently by R10 or fluorine,

R24 and R25, together with the carbon atom fo which they are bonded, form a three- to
six-membered heterocycloalkyl radical which is unsubstituted or moho-, di- or

trisubstituted independently by R10 or fluorine.

5) The invention further provides the compound of the formula la where

3O
the sub-rings O and have each been selected from cyclopropane,

cyclobutane, cyclopentane, cyclohexane, cycloheptane, cyclooctane,
bicyclo[4.2.0}octane, octahydroindene, decalin, decahydrobenzocycloheptene,
dodecahydroheptalene, bicyclo[3.1.11heptane, bicyclof2.2.1}heptane,
bicyclo[3.3.0Joctane, bicyclo[2.2.2}octane, spirol2.5]octane, spiro[3.4Joctane, azepane,
azepine, azetidine, aziridine, azirine, azocane, benzimidazoline, 2,3- |
dihydrobenzo[b]thiophene, 1,3-dihydrobenzo[c]thiophene, 2,3-dihydrobenzofuran, 2,3-
dihydrobenzooxazole, 2,3-dihydrobenzothiazole, 1,3-dihydroisobenzofuran, 4,5-

_dihydroisothiazole, 2,3-dihydroisoxazole, 2,5-dihydroisoxazole, 4,5-dihydroisoxazole,
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where phenyl is unsubstituted or substituted by halogen, -(C1-C6)-alkyl,
WO 2803 Efluoroalkyl or -O-(C1-C6)-gdkyl, or -(CO-C2)-alkylererpypaeo 7/004550
5 R24 and R25 are the same or different and are each independently a
hydrogen atom, - (C 1-C4)-alkyl or -(CO-C4)-alkylene-(C3-C6)-cycloalkyl,
R24 and R25, together with the carbon atom to which they are bonded,
form a cycloalkyl ring which is selected from the group of cyclopropyl,

5,6-dilyyaspyl-] bydixssnng, drenzgbloblsiokcdad g tisappatted Srdmreping, 1,3-

'dlazéﬂlﬁ%sqbét@%‘igpﬂ'% NHSPRRHRN Y RE0 Pullyadne eﬁ? X R%51 3-dioxane,

together with the carbon atom to which they are bon ree- to

dloxaémméﬁna}é}@am@@cwdﬁm%ﬁmw@tﬁedimfanﬁa drovficpolane, 1,3-
dioxAgHidi %’SWFW [fiargt fﬂ&ﬁn@%ﬁg\’fg‘d Mﬂ@yﬂg%m?dmpynmidme

hexohydropyrimiding,” imidazolidire, mo oxadiazinane,
!m!daﬁr&m@ztﬁnmﬁéowmaamée,1lawmﬁsdm1@d@kazetmﬁuamaiGmmthnazoime,

1soxa%‘{‘1¥?é‘%83€528ﬁduﬂl99.§%&?az@9ﬁé'dn‘ﬂSr ﬁfg)ﬁ'@%wéﬁ‘giﬂ%ne

tetrahydrofuran, tetrahydropyran, tetrahy ene

(1.3, daveatiardnaiopyta %ﬂm@ﬁélc{ﬁ@d[&i@ﬁdm@dm@@mé #iaxatbiaeane, 1,2-
oxatfiRaRldine BUSIARRs HUIrRRE,HY9 @g%’ﬁé‘oi"?ow&ﬁédm% 55@5%”? 8'oxazine,

triazolidine, WhICh is unsubstituted or mono-, di- or trisubstituted
oxazmaegeﬁo&rﬁwzm;aa? F@r@@qﬂnﬁl@%%@Qn%ﬁﬂ@h@@ﬂh@mp@ﬂﬁeQXﬁ@ﬂe

oxiraF@MBRsthal MsdRITR [RouRaIedSyFHR; rHWanﬁn%BIE?F%%Wﬂéhﬁyrrohdme
O'?roup of azetidine, cyclopropyl, cyclobutyl,” cyclopentyl, cyclohexyl,
pyrr

Ciitmﬁ%mfg@éiéﬁzw@w@@qwa%ﬁ@, e alivdomnesn 2 Bimidislisaminoline,
1,2 3@?&%@%%%@&@%@ @%l@&mfl@gﬁgﬁm&@ R4 tetrahydro-

tetrahydrofuran, and 1,2,3,4-tetra ydronaphthalene e sub-ring is

pyrimygiageti 46 teirahyapasy srisinge lelalyspiionhense ejiazipaidhisgiazine,
[1,2 mrBBi%{%]ﬁaHéa%P'Sjﬂ]ﬁzsBH?ﬁé@l'i'a‘ﬁw@”q PYIFiding, ARdHRYIEN 1NEWSine,

sub-rings are unsubstituted or mdependently accordlng to the ring size,

[1.2]thép#iBABE. dit. S1ttegiiru ibipsy RingHbIa 2N eob B Paneathiaiane,

thfonP&JM%P@@QWBB%ﬁP £ irktfnk-GAraloh e 1, 3 5 triazine, [1,2,4liriazinane
-(CO-C4)-alkylene-(C3-Cb)-cycloalkyl, -(C1-C4)-alky

or [1 édjr@zp%ﬂwﬁar@ h%ﬁ{}?‘ﬁlhé*?@ E)H@r%kl sfm%ﬁéftl@ﬁéh gpssisdtitiniasy
indefertde Bl a:braind 0 tAlkYindt 48,8 GAVAISNLAONE-Ofeli-or pentasubstituted by

R4, and the X, Y, R27, p, R26, R24, R25 and R4 radicals are each as defined under 4).

6) The invention further provides the compound of the formula la where

the sub-rings @ and @ are each independently selected from the group of
azetidine, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 1,3-
dihydroisobenzofuran, 2,3-dihydroisoxazole, 2,5-dihydroisoxazole, 4,5-
dihydroisoxazole, 1,3-dioxane, dioxolane, 1,3-dioxolane, imidazolidine, indane,
morpholine, 1,3-oxazinane, oxazolidine, piperazine, piperidine, pyrrolidine,
tetrahydrofuran, and 1,2,3,4-tetrahydronaphthaiene,
and in which the two sub-rings are each unsubstituted or independently,
according to the ring size, mono-, di- or trisubstituted by R4,

R4 is =0, =5, -(Cp-C3)-alkkylene-C(O)-0-R10, -(Co-C3)-alkylene-N(R21)-R22,
-(Cp-C3z)-alkylene-NH-C(O)-R21, -(Cy-C4)-alkylene-(C3-Cg)-cycloalkyl-R23,
-(Cp-C3z)-alkylene-0O-R10, -(C-Cy)-alkylene-phenyl, where phenyl is
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5Y is -C(O)- or -S(02)-, p is the integer 1, R27 is a hydrogen atom,

wo 2te¥$5rAdgyl. 4-F-benzyl or benzyl, R26 is a hydrogen atonPB?fE%G?/OMSSO
R25 are the same or different and are each independently a hydrogen

atom, 10 methyl or ethyl, R24 and R25, together with the carbon atom to
which they are bonded, form a cyclopropyl or cyclobutyl radical, or R24

and R25, together with the carbon atom to which they are bonded, form a
pipesidisdifutedarichasamsitstittised stitstdd indteddnd @ iy-Cn Raker. 15

fg-e(%‘%ég‘gﬁgﬁm\K}Hé*ﬁsfﬂ?WﬂQ%ﬂ&&H&%%&%%So?f&%%qfrHH'8r' PEH RN

Niti@pettayanegyRippropylcarbamoyl)-3,3-difluorobutyl]-3-azaspiro[5.5]
. undecane-3- carboxamide, 2
R8 iS_{n

e DGR DTOH B G A R A5 Qe S edhne.

= al . y L SL‘ -(. - - e - - -
by caanion. s S SRR 0 “COPN(RE1 -2z

1, MR8y Razas(rold Sldgcimk§t cabe@g)idtkyNiéSPIR10, -Si-(CH3)a,

-(1- I Icarb )-3,3-difl butyl]-2- i . d
(gpmrectpropkabamoy) S dtlorobuy g asprols Shndecan
g_lggé%m@ﬁ@%?ﬁg)%@?@%%ﬁﬁé‘?‘59%?6%%(%‘?&%&%%21%6& e integer

cramyaRRIGAteme) ARl asmie ShRsAne-
3- carboxamide, 30 N-[(S)-1
-(1GyaRanyibliopraliiytaBaisy Y 8GN tRyIP-2-(4-methoxyphenyl)-1-
01052 leapepLOI SIecans AR ORI MO,

N- I I -gi -A- |-
ey e R A U A A
N-J{5)-T{Q3ePaiRd Cysiofapligarbamoyl)-3,3-difluorobutyl]-1,5-dioxa-9-aza

- spiro[5.5]undecane-9-carboxamide, 5 N-[(S)-

. -1
R10 gnd FeRorir 1G5 SpyieambsHfisyB s andiiris 666ty IP dan@ndantly a hydrogen atom or
-(C1-Cg)-alkyl,

R11 and R19 are the same or different and are each independently a hydrogen atom or
~(C1-Cg)-alkyl,

R12 is -(C4-Cg)-alkyl, -(C4-Cg)-alkyl-OH, —(C1—06)—aikyi~0~.(c1nCG)-aIkyE,
-(C3-Cg)-cycloalkyl, -(C1 -C@)—a!kyi—O-(C1~Cg)~élkyi-(03-08)-cycloalkyl,
-(C4-Cg)-alkyl-(C3-Cg)-cycloalkyl, where the cycloalkyl radical is unsubstituted or
mono-, di- or trisubstituted independently by ~OH, -O-{C4-C4)-alkyl or R10,

R21 and R22 are the same or different and are each independently a hydrogen atom, -
(C4-Cg)-alkyl, -(Cp-Cgl-alkylene-(C3-Cg)-cycloalkyl, -O-R12,

-SO-R10 where tis the integer 1 or 2, or -(C¢-C3)-fluoroalkyi,

R23 is a hydrogen atom, -OH or ~-0-(C4-C4)-alkyl,

X is a covalent bond or -N(R7)- where |

R7 is a hydrogen atom or —(C4-C4)-alkyl,

Y is -C(O)- or -S(O2p)-,

p is the integer 1 or 2,

R26 is a hydrogen atom,
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diazaspiro[4.5]decane-8-carboxamide,

wo i1 drfsgyanocyclopropylcarbamoyh-3, - PCT/EP2007/004550
3-difluorobutyl]-2-methyl-1-oxo-2,8- diazaspiro[4.5]decane-8-carboxamide,

N-[(S)-1 -(1-cyanocyclopropylcarbamoyl)-3,3-difluorobutyl]-3,3-dimethyl-
1-oxa-5,9 10 diazaspiro[5.5]undecane-9-carboxamide, N-[(S)-1
-(1-cyanocyclopropylcarbamoyl)-3, 3-d ifluoro-4-phenylbutyl]-8-

R27 igza$yrepg@)dricane-8-carboxamide, N-[(S)-1

trlazasplggﬁ%%e@é ggg‘r@gxa i@gf @ﬂg@fgﬂgk@@éﬁ*gﬂwiene~pheny1

-(heyanphyelippiropyinasbtined)es, Sathishitoreliubyl [~2iazaspindl4 4lppadag; -O-(C 1 -
2- carboxamide, N-[(S)-1 -(1-cyanocyclopropylcarbamoyl)-3,

3aBbrenaiyboseRr1-66) Q”@i or “(CO Ca)-alkylene-pyridyl,

dia ro decane8c oxa gb
Ro4 SR G G Sae SRR At e Je Gk independentyy gohverogen atom. -

M@RWMWﬂﬁg@@bFalﬁyﬁdeW@mbommﬂe, N-[(S)-1
anocyclo ropylcarbamo;g) -3-methylbut %I] -1,4-dioxaspiro[4.5]decane-
R24 gn@%géxg?g@ g with the cafbon atom to which they are bonded, form a

[(Sydddisyanevsiam epyiatam Ay Ik dfuepbueyid ey Ichadbigw,

a-9- azasplro [5.5]undecane-9-carboxamide, 25
N‘T![C@D@yrﬁ)ﬁo%? IGEFRRRA b Sﬂ)‘é%}b@%@%‘]@@-gfﬁﬁﬂ8t4@]d€c%ﬁé%SEtUted
anpepsy@ifdRantly by R10 or fluorine,

1-cyanocyclopro ylcarbamo l)cyclohexylmethyl]-8- azasplro 4.5]de
B AT e S L

B@Ebthn@éﬂlﬂs@yacer@wbéwdfa&wﬁﬁw shisdecaiom-gRkpvamiseazitine,

%@B%HW%S‘%W)”@ DERRERRYSRERG HORINElEPPyrimidine,

dlaﬁmm@@uw&caﬂa@mme oxadiazolidine, oxathianane,
N-[(S)-1-(1- cyanocycl ropylcarbamoyl)-3- methylbutyl]splro[Z 3]hexane -1-

cathd e PrEEOISIPETORPISOGT YR RgEIane, piperidine,

(b}ﬁﬁ@ﬂ@w‘pﬁfmlﬁﬁh@mﬂhﬁd@ﬁﬁmfwﬁmwﬁww &trahydrothiophene,
aza a%rﬁ/ decane-8-carboxam ide,

oPoESTLATEFRBARS, Blaficsrsias dpirTesiRexdhieaiicine

C&Fbmm, thietane, thiirane, thiomorpholine, triazetidine, triazinane or
friazolidine, which is unsubstituted or mono-, di- or trisubstituted independently

by R10 or fluorine.

7) The invention further provides the compound of the formula ia where

the sub-ring @is selected from the group of azetidine, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, 1,3-dihydroisobenzofuran, 1,3-dioxane, 1,3-dioxolane,
imidazolidine, indane, morpholine, 1,3-0xazinane, piperazine, piperidine,
pyrrolidine, tetrahydrofuran, and 1,2,3,4-tetrahydronaphthalene,

B

the sub»~ringc'O is selected from the group of azetidine, cyclopropyl, cyclopentyl,
cyclohexyl, morpholine, oxazolidine, piperidine and pyrrolidine, and in which the
two sub-rings are unsubstituted or independently, according to the ring size,

mono-, di- or tri-substituted by R4 where



15

20

25

30

5 N-[(S)-1 -(1-cyanocyclopropylcarbamoyl)-3,3-difluorobutyl]-2,2-dimethyl-

WO 200787 pggspiro[4.5]decane-8-carboygmide, PCT/EP2007/004550
N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3- '
difluorobutyl]-2-azaspiro[4.5]decane-2-carboxam ide, FF FFO NNNN
N NN O\Q/ O N-[(S)-1 -(1-cyanocyclopropylcarbamoyl)-3,
3-difluorobutyl]-1-oxa-4-azaspiro[4.5]decane- 10 4-carboxamide,

R4 isNQaleyno bropy){()-243-alkuleneBspira t BldeeBWI )ureido]-4,4-

S e alane g mg%%ﬁf?#%%dﬁowwb%ﬁt&?d or

diazespinedd- lpenanes:-ead gé;j“'@
-(1-cyanocyclopropylcarbamoyl |quorobutyI] -2-cyclopropyl-2, 7-
X is aEzadpirof@bBihonddE-7-carboxamide, N-[(S)-1

Y is g@ano%%ﬁropylcarbamoyl) -3, 3-difl uorobutyl]-2-propyl-2, 7-

Spiro onane-7-carboxamide, 20 N-(1
p is theymtegyelppropyl)-(S)-2-(8- azasp|r0[4 5]decane-8-sulfonylamino)-4,4-

difluoropentoxide, N-[(S) anocyclopropylcarbamoyl)-3,
RZ?@@.ﬁuaraaafwt@reyc%ﬁpw@ -2lKyladst goenzyl o benzy,

ROB g@ SJJlﬂg‘q]ecane -9- carboxamlde N-[(S)-1
Z'[i;\z;mo clopropylcarbamoyl) -3,

R24 an@ﬂﬁﬁﬁob‘@tw]egseye&)proﬁﬂ@geai(amgargaaach independently a hydrogen atom,
dlﬁ,@ﬁ pgl%?]gpdecane -4-carboxamide, N-[(S)-1

-(1-cyanocyclopropylcarbamoyl)-3,

R24 3&@.@2)5051@;2@32@\9@1@Wmhyﬂgmig.which they are bonded, form a
@r 5%4%9%%%@’@'%8%90)6?“‘16’ WO 2007/137738 31
50 F ’

/00
R24 and R25 together with the carbon atom to which they are bonded, form a

piperidine ring which is unsubstituted or substituted by -(C1-Cg4)-alkyl.

8) The invention further provides compounds of the formula | or 1a from the group
of
N-[(S)-1-(1~cyanocyclopropylcarbamoyl)-3, 3-difluorobutyll-3-azaspiro[5.5jundecane-3-
carboxamide,
N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluorobutyl]-8-azaspiro[4.5]decane-8-
carboxamide,
N-[(S)-1-(1-cyanocyclopropylcarbamoyl}-3,3-difluorcbutyl]-
1,4-dioxa-8-azaspiro[4.5]decane-8-carboxamide,
N-[(S)-1-(1-cyanocyclopropyicarbamoyi)-3,3-difluorobutyl]-2-azaspiro[5.5]undecane-2-
carboxamide,
N-{(S}-1-(1-cyanocyclopropylcarbamoyl)-3, 3-difluorohexyl}-8-azaspiro[4 .5]decane-8-
carboxamide,
N-{(3)-1-(1-cyanocyclopropylcarbamoyl)-3,3-diflucrohexyl]-3-azaspiro[5.5]undecane-3-
carboxamide, _

-[(S)}-1-(1-cyanocyclopropylcarbamoyl)-3, 3-diffuorobutyl]-2-(4-methoxyphenyl)-1-oxo-
2,8-diazaspiro[4.5]decane-8-carboxamide, |
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N ~N O 8--rz/ Ni N N-[(S)-1-(1-cyanocyclopropylcarbamoyi)-3,

wo fngifw%rﬁ@yl]-z-m-methoxyphenyl)-%gnxo- 2, 8-diazaspiro[4i§(]5§ﬁ@2007mo4550

ne-8-carboxamide, N-[(S)-1

-(1-cyanocyclopropylcarbamoyl)-3,3-difluorohexyl]-2-(4-methoxyphenyl)-2,

8- 5 diazaspiro[4.5]decane-8-carboxamide, N-[(S)-1

-(1-cyanocyclopropylcarbamoyi)-3, 3-difluorohexyl]-2-cyclopropyl-2,7-
-[(Stdzdspia®slnomaneycatrboxayhiides-difisyabutyl]-4-oxo-1-phenyl-1,3, 8-tri-

|) -3,3-difluorohexyl]-2-cyclopropyl-2,8-
azas%|a;g§£€§%§§ﬁgz:%¥h@)?gﬁbéamlde 10 N-[(S)-1
N-[(Sk1-¢Jevsovatyplepyipgitamayipg B3dHdiiabmtyibglcydafioapyd32a-

%ﬁﬂ% rboxamide, N-[(S)-1
splrof?fg nocyc?propy car rimfjc%yl) 3,3-difluorohexyl]-7-cyclopropyl-2, 7-
[(Sdféz@spm[®®]n@mnpymambmﬁ@e3 Niffgsyabutyl]-1-oxo-2,8-

0 3 3-difluorohexyl]-7-propyl-2, 7 15
d’azaéé ﬁygrgl%g%ﬁ%ngayé% St J)%amlde N-[(S)-1
N-[(S) ﬁymmp}@mﬂ@amamampsl) -3,3-difluorobutyl]-2-methyl-1-oxo-2,8-
ropyl 3, 9-
diaz @za pir (%85 g%% cargjokamlde N-[(S)-1
N-[(S- @mwwpmm@eﬂbarhampsl)@@ difluorobutyl]-3,3-dimethyl-1-oxa-5,9-
dlaz%azais‘%@f Dy leC W58 Wl@/é27'

piro[3.5]nonane- car oxamide, 20 N-[(S)-1
N-[(S ¢ Japusyeniplopspoatbaraayip s Badfdiiactophenysuipgablopyl-2,7-
azasg nonane- -E%rg xamide N-[(S)-1
Jng/aﬂocyc opropylcar amoy

N-{(%3- ammwnqﬂygqucarbmﬁp{b@ﬁgjiﬂuombutyl] 2 4-dioxo-1,3,8-
tnazéﬂ? E@'Sﬁ’é%@iﬂ%@'&%r%&%ﬁﬂé@m'de N-[(S)-1

nocyclopropylcarbamoyl)-3,3-

(Sﬁh]o%wosmgmm{@@l@@fam% 2dduponarides-azaspirc[4.4]nonane-2-

carbé\kéﬁ?dt]a (cyanomethylcarbamoyl)-3,
3-difluorobutyl]-6-azaspiro[2.5]octane-6- carboxamide, N-[(S)-1

N-[(Saldapiiyenysiopitsatbarhopnes!)-3, 3-diftuorobutyl]- 2- -benzyl-1-0x0-2,8-

diaza??s'zgf-xf%{grg ]ng gm%ﬁ@gtane -6- carboxamide, WO 2007/137738
3 P2007/004550

N-{(S\:1¢6)-evaneguplenromstagrbp@cin-a Sidiivarabylyt-23(dHiuerebutyl]-6-
phenyl)-1-oxo-2,8-diazaspiro[4.5]decane-8-carboxamide,
N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3-methylbutyi]-1,4-dioxaspiro[4.5)decane-8-
carboxamide,

N- [(S)-1-(1-cyanocyclopropylcarbamoyi}-3, 3-diflucrobutyf]-3-phenyl-1,5-dioxa-9-
azaspiro[5.5]lundecane-9-carboxamide,
N-[1-(1-cyanocyclopropylcarbamoyl)cyclohexyil-8-azaspiro[4 .5]decane-8-carboxamide,
N-[(S)-(1-cyanocyclopropylcarbamovyl)cyciohexylmethyi]-8-azaspiro[4.5]decane-8-
carboxamide,

N-{{S)-1-(1-cyanocyciopropylcarbamoyli}-3, 3-difluorobutyl]-9-butyl-3,9-
diazaspiro[5.5]undecane-3-carboxamide,
N-[(S)-1-(1-cyanocyclopropylcarbamoyl}-3,3-difluorobutyl]-9-cyclopropyl-3,9-
diazaspiro[5.5]undecane-3-carboxamide,
N-[(S)-1-{1-cyanocyclopropylcarbamoyl)-3-methylbutyllspiro[2.3]hexane-1-
carboxamide,
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azaspiro[2.5]octa ne-6-ca rboxam ide, N-[(S)-1-(4-cyano-1-methyl pipe
wo Zistirr4 ygapamoyl)-3,3-difluorohexyll- azas piro PCT/EP2007/004550
[2.5]octane-6-carboxamide, 5
N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluoropentyl]- or N-[(S)-1-(1-
cyanocyclopropylcarbamoyl)-3,
3-difluoro-4-phenylbutyl]-6-azaspiro[2.5]octane-6- carboxamide. The
N-[(Steimd-qenesrgRippyi@remnakyd: Siicercfoplaaibaty hBderstood
azasﬁ@rﬁr[‘gfh@?dé@aﬁ%%%éf@%k@ﬂf&@!s whose carbon chain is straight or

branched and contains from 1 to 3, from 1 to 4 or from 1 to 10 carbon
N-[(Satbrhbcrnseieiplr apviaarbamay brd gy ifepreyly bepjoi2obbigrane-1-
carb&ﬁétr‘ﬁ‘dté(," pentyl, isopentyl, neopentyl, hexyl, 2,3- dimethylbutyl, neohexyl,

heptyl, octanyl, nonanyl or decanyl. The terms "-(CO-C3)-alkylene",

N-[(&{bé@@@ﬁ%@@%ﬂ%@@g}dﬁﬁ)@eﬂ@v@f@qlssdhae%iéiaattwhieaﬁ&& |
azasbbfé[@Fﬂ%&&ééﬁ@ié%%m@éﬁﬁ%bw@ﬁmé 6%&3%5}%“@6?6}ﬁhégrt@é?ﬁoylg-3,3—

~ contains from 1 to 3, from 1 to 4 or from 1'to 5 carbon atoms, for example
difluarpiiRiEnt28a8pERt BlopyRIMR: SATRANABNE Isobutylene, butylene,

tert-butylene, isopentylene or neopentylene. "-CO-Alkylene" is a covalent

bond. The term "(C1-Gg)-alkoxy" is understood tg me, dicals such as

-O-(C1-C8)-alky} 20gwhere -(C1-C8)-alkyl is bonded ar atom to

an T ZC(0)-rHswunder®tood to e keto or
.ﬁ. digal is understood to mean a

aloelyde/radical. Thegcafamimid

-C(NH2)=NH radical. The term "-(C3-C8)-cycloalkyl" is understood to

mean radicals which derive from 3- to 8-membered monocycles such as
N-[(Shd-fopryerRsiopsrprissahaMedibbaaiidonbybidpbeesnd -azaspiroj4.5]decane-
4-caipislghayane, cycloheptane or cyclooctane. The term "aryl” is understood

to mean aromatic carbon radicals having from 6 to 14 carbon atoms in
N-(1-$¥ahRgY ARR RIBS lafelFdr ekairprs pirifypldasafl @idet-4 faphthy!,
diﬂu(;rgp%ﬁltggr@hydronaphthyl, biphenylyl, 2-biphenylyl, 3-biphenylyl,

4-biphenylyl, anthryl or fguorenyl. 30 The term "a saturated or partly

unsaturated -(C3-C11)cCycloalkyl in which cycloalkyl is unbridged,

bridged-er fused" is finderstoodyfo mean radicals, for example compounds
i "~prémbered mono-, bicycles, bridged cycles or
sp les; WO 2007437738 33 PCT/EP2007/004550 for example from
the Monocycles such as cyclopropane, cyclobutane, cyclopentane,

N"((%iﬁ’%?@%ﬁ%%ﬁ%ﬁt%rﬁﬂyﬁggﬂﬁu&bSéW%ﬁ&%ﬂ&%ﬁ@{ﬂes

diazaspiro|3.5]nonane-2-carboxamide,

N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-diflucrobutyl]-2-cyclopropyl-2,7-
diazaspiro[3.5]nonane-7-carboxamide,

N-[(S)-1-(1-cyanocyclopropylcarbamovyi)-3, 3-difluorobutyl]-2-propyl-2,7-
diazaspiro[3.5]nonane-7-carboxamide,

N-{1-cyanocyclopropyl}-(S)-2-(8-azaspirof4 .5]decane-8-sulfonylamino)-4 ,4-
difluoropentoxide,
N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluorobutyl]-4-cyclopropyl-1-oxa-4,9-
diazaspiro[5.5jundecane-9-carboxamide,
N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3, 3-difluorobutyl]-2-cyclopropy!-1-oxa-4,9-
diazaspiro[S.5]undecane-4—carboxamide,
N-[(8)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluorobutyl]-2-cyclopropylmethyl-3-oxo-
2.8-diazaspiro[4.5]decane-8-carboxamide,
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bicycloheptane, bicyclo[4.2.0]octane, octahydroindene, decalin,

WO W?3§)enzocycloheptene or dodﬂcahydroheptalene, forlﬂi‘ﬁé@iﬁooweoztsso
from the bridged cycles 5 such as bicyclo[3.1.1]heptane, _
bicyclo[2.2.1]heptane, bicyclo[3.3.0]octane or bicyclo[2.2.2]octane, or, for
example, from the spirocycles such as spiro[2.5]octane and
spiro[3.4]octane. The term "a saturated or partly unsaturated three- to
eleven-membered heterocycle which, according to the ring size, may
contairfoneftwo;three or four identical or 10 different heteroatoms from
t erﬁrm tyer; fitrogen and sulfur, and in which the heterocycle is

dged, bridgeéror fused" is understood to mean ring systems which
ve from three to eleven ring atoms and contain, as well as the carbon
atoms, according to the ring size, one, two, three or four identical or

N-[(iffereri/Baierpatpnsoiiray han 8oup, of prershailipgeand sidiybheny!)-1-oxo-

Examples of these rin% systems are ring 15 systems such as azepane,

2,8-digzaphlr ol S aRME R IGRIGXARNEC azocane, benzimidazoline,
N-[(S’i}+3=(11hMﬁé@B@?é@[@ﬂHﬁgl@BM%dﬂWﬁ@!@@FéﬁM l9npeReeBckyphenyl)-2,8-

dihydrobenzofuran, 2,3-dihydrobenzooxazole, 2,3-dihydrobenzothiazole,

diaz@i@'—"%ﬁﬂﬂﬂﬁgéB@T’&'&ﬁﬁ%ﬁ‘ﬁ%%hydroisoxazole, 2,5-dihydroisoxazole,
N-[(s$,5=@§hagé@n@wa5%@gm59%6’5}91%916ifﬂdéréi@gmp%y%rﬁ@&sﬂpim

. 1,3-diazepine, 1,4 20 diazepine, diaziridine, diazirine, 1,4-diazocane,
diazaspiehed ?§1ﬁ5§aﬂéaﬂmdf;4- diozocane, dioxole, dioxolane,
N-[(Sh-3-gHoxpianaybigriixalensaiiigazelneifimideraliging.dl ppdeline,

isoindoline, isothiazolidine, isothiazoline, isoxazoline, isoxazolidine, 2-

diaz%@%’%img?ﬁ%}ﬁ%ﬁﬁ@@@fﬁﬁﬁhiepane, 1,2-oxathiolane,
N-{(Sh-4-0xazepirg clbRropfeag amdyPa Zna L drenaziines Rxarneesyl-3,9-

,3-0xazinane, oxazocane, oxaziridine, 25 oxazolidine, oxetane, oxirane,

. 1,3
diazaspirlRe Iera e SRERARRNRan, pyrazoline, pyrazolidine,
N-[(DyIrolicipanoy i gepitREHRR)-BBaimdaanaing - tseramiupan,

isoquinoline, 1,2,3,4-tetrahydronaphthalene, tetrahydropyran,

. tetrahydr
diazqSRERLHAIRONANS A BAE MiiBtiasine. 1 2hinzing, 1 3.hiazing,
N-[(Sh4-thiaginaodirziiipraibaredine Fueliana dHemgrTheinsythigpyran,

1,2,3-friazine, 1,2,4-triazine 30 or 1,3,5-triazine. Spiro compounds are

diaz RPN PN BF TR AMELEn which, in each case, one ring atom
N-[(DelonpsjarivsyoRgedpseampenoRIeicsanne dsauesh in SRIEACIBRIBERoPY1-3,9-

which consisg of two rings in which, in each case, one ring atom belongs

diazgSR{RIPired SRS OPSBBRARPSE 34 PCT/ER2007/004550 common.
N-[(Skis(nneyatabyis eitey R aasRaTHAIRG DHdInitreoen R bRIgErabl:Bpropyl-2, 7-

diazaspiro[3.5]nonane-7-carboxamide,

N-{(8)-1-(1-cyanocyclopropylcarbamoyt)-3, 3-difluoro-4-phenyltbutyl}-2-propyl-2,7-
diazaspiro[3.5]nonane-7-carboxamide,
N-[{(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluoro-4-phenyibutyl}-7-cyclopropyl-2,7-
diazaspiro[3.5]nonane-2-carboxamide,

N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3, 3-difluorobutyl}-6-azaspiro[2.5]octane-6-
carboxamide,

N-[(S)-1-(cyanomethylcarbamoyi}-3, 3-difluorobutyi]-6-azaspiro[2.5]octane-6-
carboxamide,
N-[{S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluorohexyl}-6-azaspiro{2.5}octane-6-
carboxamide, |
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carbon atom. The Spiro linkage of the two sub-rings may be via all

WO SOEeI%abieg positions. Preferred spirgzgompounds in all posslb@TlEP2007l(}04550
stereoisomeric forms are: >s. NN NN ~N N O>CN N~,,/~~~ N ~ (—N

CCN CCN V/XYN >0 0N ~) QN 500' CO co c:0 N~ N N~~ (DC) p~
N'1 0~~ U QCN N O\VN N' CNI-\ 0J,\¢ NI O N N-O\/~-N >N N ooo
SON N 0 WO 2007/137738 35 PCT/EP2007/004550 N N N N >0 00 00
N-{(S0¢! 6 -amae Hoethgore itio-d1eereND Y nd Mdifketebutydogen” is

azas?f?gf"i% éRé%@QBBBQQHﬁdghlor'”e bromine or iodine, preferably

luorine; chlorine or bromine, especially fluorine. The term "Het rlng or

(Sﬁ-fbt(ﬁ@is:wd@rhmihﬂmm iing-siadbas @ilER Hegidl aotiehes]-8-carbon
azasﬁfﬂ[fsj’é E%SS'EéFbBQSn{}HQ or three ring systems bonded to one

Wh| according 'to the ring size, contain one, two, three or

[(Srbur(uﬂéxymcwpmﬁm@mafmarﬁéﬁ@ﬁu@f@@%m oobkyﬁ@d hitlegen
8Esu Gy RAmER0f K1sse ding ! B¥ane-6-
Cyaﬂazgpln%/ Egetldlnyl aglﬂdil?(ﬁ be%ﬁz%/mgﬁ ?&%&%ﬁﬁzﬁggg %%'3% ane
Carb@e?l”ﬂdﬂ@ranyl benzothiofuranyl, benzothiophenyl, benzoxazolyl, 10
benzthiazolyl, benztriazolyl, benztetrazolyl, benzisoxazolyl,
benzisothiazolyl, carbazolyl, 4aH-carbazolyl, carbolinyl, quinazolinyl,

The guimelin{1 4rshailiplizitA1 deinodbimyer YGindelidimalkehramarnyilerstood to mean
hydrocaqb i clflgéri]sn (\?Vlhna/sledga%%h% R%H%“:g“s’%}’éié’ht% Zgrgjrﬁgﬁgld and contains from 1 to
3, from 1 to 4 or from 1 to 10 carbon atoms, for example methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, tert-butyl, pentyl, isopentyl, neopentyl, hexyl, 2,3-
dimethylbutyl, nechexyl, heptyl, octanyl, nonanyl or decanyl.

The terms "-(Cp-Cga)-alkylene”, "-(Cp-C4)-alkylene” or "-(CO-C5)4aikylene" are
understood to mean hydrocarbyl radicals whose carbon chain is straight or branched
and contains from 1 to 3, from 1 to 4 or from 1 to 5 carbon atoms, for example
methylene, ethylene, propylene, isopropylene, isobutylene, butylene, tert-butylene,

isopentylene or neopentylene. "-Cp-Alkylene" is a covalent bond.
The term "(C1-Cg)-alkoxy" is understood to mean radicals such as -O-(C4-Cg)-alky!
where -(C1-Cg)-alky! is bonded by a carbon atom to an oxygen atom.

The radical "-C{O)-" is understood to mean a keto or aldehyde radical.

The "carbamimidoy!” radical is understood to mean a -C(NH»)=NH radical.
The term "-(C3-Cg)-cycloalkyl" is understood to mean radicals which derive from 3- to

8-membered monocycles such as the monocycles cyclopropane, cyclobutane,
cyclopentane, cyclohexane, cycloheptane or cyclooctane.

The term "aryl" is understood fo mean aromatic carbon radicals having from 6 to 14
carbon atoms in the ring. Aryl radicals are, for example, phenyl, indanyl, indenyl,
naphthyl, 1,2,3,4-tetrahydronaphthyl, biphenylyl, 2-biphenylyl, 3-biphenylyl,
4-biphenylyl, anthryl or fluorenyl.

The term "a saturated or partly unsaturated -(C3-C1 1 }-cycloalkyl in which cycloalkyi is

unbridged, bridged or fused" is understood to mean radicals, for example compounds

which derive from 3- to 11-membered mono-, bicycles, bridged cycles or spirocycles:
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dibenzothiophenyl, dihydrofuran[2,3-b]-tetrahydrofuranyl, dihydrofuranyl,

WO Zboreidy #igxanyl, 2H, 6H-1,5,2-dithiaganyl, furanyl, furazanylpcT/EP2007/004550
homomorpholinyl, imidazolidinyl, 15 imidazolinyl, imidazolyl, 1 H-indazolyl,
indolinyl, indolizinyl, indolyl, 3H-indolyl, isobenzofuranyl, isochromanyl,
isoindazolyl, isoindolinyl, isoindolyl, isoquinolinyl (benzimidazolyl),
isothiazolidinyl, 2-isothiazolinyl, isothiazolyl, isoxazolyl, isoxazolidinyl,

for examgiaisinyh RIS hapehgsdYSPRIQBRDEr S giians/ cyclopentane,

cycloﬁé?cgﬁ’é,o%cI%@e%t%%?&&o&%ﬁé?@:d@@%ié HRorrO¥RAREAYds such as

1,3,4-oxadiazolyl, oxazolidinyl, 20 oxazolyl, oxazolidinyl, oxothiolanyl,

bicyclahrniging!, biskelattrzifingiapee eatahsiieindphenderslin pHesatiamEny |,

benzBBFABKEEN ANsseaindrdHEbRIRARY kRSN frBIRGHEBYldged cycles
pteridinyl, purinyl, pyranyl, pyrazinyl, pyroazolidinyl, pyrazolinyl, pyrazolyl;
Suohwmf?a? %WTM?/@OWB@GthéWQWiM@WI

bicycRYPAL MRzl Py Riazely, pyRfaiBIeBReRybIBY iRy la ¥Rl 5loctane and
_ rimidinyl, pyrrolidinyl, pyrrolinyl, 2H-pyrrolyl, pyrrolyl, tetrahydrofuranyl,
Sp“'ofgtﬂéﬁ%ﬁﬁ%oquinolinyl, tetrahydroquinolinyl, tetrahydropyridinyl,

The eHnLv3. 2dfadag Ry géﬂﬁq%ﬁé@@%‘é’éﬂﬂﬂf@eﬁ@@@@é@bﬂem bered heterocycle
1,2,5-thiadiazolyl, 1,3,4-thiadiazolyl, thianthrenyl, 5 thiazolyl, thienyl,

whichaearsinszonheritecra- SRy SRaaIyPamdWpidheRRis ST identical or
diffe%?@@@f@&@iﬂ%ﬁs@@ﬁhﬁ@%rﬁ@&@b G PAFOYAn b d 4RGP MNd in which the

1,2,5-triazolyl, 1,3,4- triazolyl and xanthenyl radicals. The term

heteraggglaois)Liisid R DRAGRICPSIBISEED Imearptaad iy sremplasystems which

havefHarnARL alky sadicahwiethsietmues: dpiaxampiRelrad e daHiNgoms,
radicals: -CF3, 10 -CHF2, -CH2F, -CHF-CF3, -CHF-CHF2, -CHF-CH2F,

accorgipg fethe singsiepmonedws.duee adpyrdgentiest pradifferent heteroatoms from

the g@Eﬁ'&'ﬂ%ﬁg@ﬁ!‘@t@?Eﬂ%ﬁb sﬁd@‘%m%ﬁ%%f‘ﬁ%@@e@i‘ﬁg s are ring
-CH2-CH2-CF3, -CH2-CH2-CHF2, -CH2-CH2-CH2F, -CH2-CF2-CF3,
systerp sush AT REEPats 2asene zelid o prRe it ReF 8ZItSFrZARatHF2,

benzifaldafelite CHERiN Eb@h'fo@i%i&g”heﬁ%’é'ﬁ% Wfobenzo[clthiophene, 2,3-
-CHF-CH2-CH2F, -CHF-CF2-CF3, -CHF-CF2-CHF2, -CHF-CF2-CH2F,

dihydsbsrepitiera2.ehyspensesxazpie.GHidysobeszothinzoler3, 3-

dihydfelesbdiedititad, LFafdioisbiizofel 2 5ahidrdisokdzble2:54dihg @t6-
-CF2-CF2-CH2F. The terms "R2 and R3", "R19 and R11 *, "R13 and R14"

isoxagiRbearalRAdiedhet (it zertSed Borliatsrie whicHiarspiae 1.4-
diazdl9RdedidormiadheggziihaixtmembaIes @/ dpaksr o IA-aISxaRde IR, 1 4-
GiozguanAorole. dioxoiane, 1 5-aordang, 5 deoone, imdasaine, midazolidine
QGRIGhekgKole, 1, 1, , : ,
indane, indoline, isoindoline, isothiazolidine, isothiazoline, isoxazoline, isoxazolidine, 2-
isoxazoline, morpholine, 1,2-oxathiepane, 1,2-oxathiolane, 1,4-oxazepane, 1,2-oxazine,
1,3-oxazine, 1,4-oxazine, oxazinane, 1,3-oxazinane, oxazocane, oxaziridine,
oxazolidine, oxetane, oxirane, oxocane, piperazine, piperidineg, pyran, pyrazoline,
pyrazolidine, pyrrolidine, pyrrolidinone, pyrroline, tetrahydroquinoline, tetrahydrofuran,
tetrahydroisoquinoline, 1,2,3,4-tetrahydronaphthalene, tetrahydropyran,
tetrahydropyridine, tetrazine, thiadiazine, 1,2-thiazine, 1,3-thiazine, 1,4-thiazine,
thiazolidine, thiazoline, thietane, thiomorpholine, thiopyran, 1,2,3-triazine, 1,2,4-tfriazine
or 1,3,5-triazine.
Spiro compounds are compounds of tWo or three rings in which, in each case, one ring

atom belongs fo two rings in common. Preference is given to spiro compounds which

consist of two rings in which, in each case, one ring atom belongs to two ring atoms in



The terms "R2 and R3" or "R24 and R25, together with the carbon atom to
WO 2’5@?}‘! gﬁg@re bonded, form a three-stg six-membered heter%ﬁ;l@p%b-ﬂomsse

radical” are understood to 25 mean radicals such as aziridine, azetidine,
diazetidine, diaziridine, hexohydropyridazine, hexohydropyrimidine,
imidazolidine, morpholine, oxadiazinane, oxadiazolidine, oxathianane,
oxathiolane, oxazetidine, oxazolidine, oxetane, oxirane, piperazine,
commiperidiseripgratoidiae;tbpnalicknes tegtainy drofu rding gstrediydnopyedarably a.

T

positipisz dtidiferr ethzriem e piazdéidmeal! W Ib&E7s18Er8808Teric forms are:

PCT/EP2007/004550 The term "R21 and R22 together with l(pe itrogen
atQ vhich the bondeql form afoyy- to elght-member
b \ . . . N
0 glic heterocyeficying which, a INas the nitrogen.a ma

additionally, according to the ring size, also contain one or two identical or

differen heteroatomsérom the group of oxygen, nitrogen and sulfur” is

rstoQtoSmEn icals\such asa ne, azepine; tidine,

dioxazi 7 diazébane, [1,2-giszepin® 1,3-diazegipe, N
1,4-diazepine, imidaz%le, Imidazoline, imidazofidine, isothiaZole,

i oline, isoxazole, isgxazoling, isoxazolidine,

Y dxazohpe, morfpholing MNoxazepane,\Q &, Pip&razing
idine; pyrazike, pyra pyrazoline, pyrazolidine, pﬁ/ﬂd ine, N
pyridine, pyrimidine 18’pyrrole, pyrrolidine, pyrrolidinone, pytfoline;

tetrahydropyridine, tetra, , tetrazole, thiazole, thiadiazole, thiazolidine,
hiazo thiom he, 12,3-trigziney X,2,4- iazine, 1;3,5xMazin
,2,3-tridzole or 1,2 4-txjazolé. The te 0 adjacent R4i.1ogéther with

ling,
the rlnaJ atoms to which theV are bonded, form ™, four- to eight-mem[\ﬂered

le or pheny which, together with the sub-ring to 15 which the
cle or thﬁh yl is fised, forms gbicyclic system” i derstood
a1 compo gmnsist nngcted rin m
which one ring constitutes the sub-ring orO and the other ring forms a
artl

y-satyurated or aticring syst ich=ascordin the ring size,
rai e, twq'or thr?@e‘ggical r differgnt hetgroatoms froth the
R_of gxygen, ;;'trog) an% ulfur. a §'of these.ti &hns

are radicals such as benzoimidazole, benzoisothiazole, benzoisoxazole,

nzefi;3]dioxole of [, ben tazole;—benzoisoxarolg
N bengothiofuran, Benzothipopheng, befzo[1,3f0oxathigle, be!(ri)zé‘o @
nzothigzole, be azeldNquinazalirey quira2olone, quikoline;

4H-quinolizine,

N N
N~ O N—© N N~ O N
I N | 1
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quinoxaline, chromane, chromene, cinnoline,

wo ZedAwsFakenzo[l,4]dioxine, 2,3 25 q;’@ydrobenzofuranyl PCT/EP2007/004550
1,3-dihydroisobenzofuran, 3,4-dihydro-2H-benzol[1, 4]oxa2|ne 2,3-
dihydrobenzooxazole, 2,3-dihydrobenzothiazole,
1,3-dihydrobenzo[c]thiophene, 2,3- dihyd robenzo[b]thiophene, indazole,
indole, indoline, isobenzofuran, isoquinoline, |sochromane |sorndazole
isoindole, isoindoli

term =0" is understood to mean an oxo radical as in carbonyl (-C(O)-) or
sulfonyl or sulfoxide S(0)2 or S(O)) or(C H 2)p The sub- structure /i in the

invéntive.compounds ¢an be prepare by “well-known procésses or by
processes described here. The invention further relates to a process for

e qg the ouRds of uIae la and/er @
o-‘ e CM:g of { el an@t
phys ologicallyompatible salt of the compound of the formulde 1'and
vate or hyd_,r f the idprpoprd-pf théNfortu
xide of t compou 1ds ofi mula |, wi{ch compfjses a
poun the farmula B X (Im

each as defined in the compound of the formula | with a compound of the

The fermula|bigss i Ordie 2608 20 mAMiQiNR, SN (Bimihe e PERE

R2 R3 (activated) N)O (lllc
preferazb!y flu(orrne chi%:)rrr)re {gr b%omme especially fluorine.

The term "Het ring" or "Het" is understood to mean ring systems which have 3 from 15
carbon atoms, are present in one, two or three ring systems bonded to one another and
which, according to the ring size, contain one, two, three or four identica! or different
heteroatoms from the group of oxygen, nitrogen or sulfur. Examples of these ring
systems are the acridinyl, azepanyl, azepinyl, azetidinyl, aziridinyl, benzimidazolinyl,
benzimidazolyl, benzofuranyl, benzothiofuranyl, benzothiophenyl, benzoxazolyl,
benzthiazolyl, benziriazolyl, benztetrazolyl, benzisoxazolyl, benzisothiazolyl, carbazolyl,
4aH-carbazolyl, carbolinyl, quinazolinyl, quinolinyl, 4H-quinolizinyl, quinoxalinyl,
quinuclidinyl, chromanyt, chromenyl, cinnolinyl, decahydroguinolinyl, dibenzofuranyi,
dibenzothiophenyl, dihydrofuran[2,3-bl-tetrahydrofuranyl, dihydrofuranyl, dioxolyl,
dioxanyl, 2H, 6H-1,5,2-dithiazinyl, furanyl, furazanyl, homomorpholinyl, imidazolidinyi,
imidazolinyl, imidazolyl, 1H-indazolyl, indoliny!, indolizinyl, indolyl, 3H-indolyl,
isobenzofuranyl, isochromanyl, isoindazolyl, isoindolinyl, iscindolyl, isoquinolinyt
(benzimidazolyl), isothiazolidinyl, 2-isothiazolinyl, isothiazolyl, isoxazolyl, isoxazolidinyl,
2-isoxazolinyl, morpholinyl, naphthyridinyl, octahydroisoquinolinyl, oxadiazolyl, 1,2,3-
oxadiazolyl, 1,2 4-oxadiazolyl, 1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl, oxazolidinyl,
oxazolyl, oxazolidinyl, oxothiolanyl, pyrimidinyl, phenanthridinyl, phenanthrolinyl,
phenazinyl, phenothiazinyl, phenoxathiinyl, phenoxazinyl, phthalazinyl, piperaziny!,

piperidinyl, pteridinyl, purinyl, pyranyl, pyrazinyl, pyroazolidinyl, pyrazolinyl, pyrazolyl,
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R1 O~ PG where X, R1, R2 and R3 are each as defined in the compound

wo Rjghe erpaga 1, 20 PG is an ester prgfecting group and "activetefE p2067/004550
means that the amine is present in an activated form, for example as a

chlorocarbonyl compound, to give a compound of the formula Na or Vb
WO 2007/137738 39 PCT/EP2007/004550 O R2 R3S R2 R3 Ae NO
(lva) AB Ro (IVb) R1 O. PG ,PG and reacting the resulting compounds of
pyridgzénformyriddesanclyb ratisiodoitazaht; phiddsieamotyie mudoiyibpaerny!, pyridinyl,
. with. Z ' i [
Py O I Bl 2, AL e Ay
tetrahysirgisoadindling féetaly OAMMNGY GitE by E® WidO BiivbR ithiadazinyt,
f her. R2 i '
1 8 B e e A fpronyt
thiazolg, (ienyl; tVeRDIOH®REAY tthifneexeanipo tihig oepys dorendhianatbiavplyl,
. in ti rmal [ VD, ater. .
o e T e ool S g 1.3
triazalyé auirsihdrof ieslfeataula |, or ¢) reacting a compound of the formula

e o A o s e o Lo Yy T e
fluorithgdaraniariicdl R RIRAIR3ek] for example, from the following radicals: -CFa,
-CHF9, -CHoF, -CHF-CF3, -CHF-CHF7p, -CHF-CHaF, -CHp-CF3, -CH2-CHF 7,
-CH»-CHgF, -CF2-CF3, -CFo-CHF9, -CFo-CHoF, -CHp-CHF-CF3,
-CH2-CHF-CHF9, -CHo-CHF-CHoF, -CHp-CHo-CF3, -CHp-CH2-CHF2,
-CH»2-CH9-CHoF, -CHp-CF2-CF3, -CHo-CF2-CHF9, -CHp-CFo-CHoF,
-CHF-CHF-CF3, -CHF-CHF-CHF2, -CHF-CHF-CHoF, -CHF-CHp-CF3,
-CHF-CH9-CHF 2, -CHF-CH2-CHoF, -CHF-CF»-CF3, -CHF-CFp-CHF2,
-CHF-CFo-CHoF, -CFo-CHF-CF3, -CFo-CHF-CHFo, -CFo-CHF-CHoF,
-CF2-CH9-CF3, -CF2-CH2-CHF2, -CF2-CH2-CHoF, -CF2-CF2-CF3,
-CFo-CFo-CHF9 or -CFo-CFo-CHoF.

The terms "R2 and R3", "R19 and R11", "R13 and R14" or "R24 and R25, together with
the carbon atom to which they are bonded, form a three- to six-membered cycloa!kyf
ring" are understood to mean cycloalkyl radica.l's such as cyclopropyl, cyclobutyl,
cyciopentyl or cyclohexyl.

The terms "R2 and R3" or "R24 and R25, together with the carbon atom to which they
are bonded, form a three- to six-membered heterocycle alkyl radical”" are understood fo
mean radicals such as aziridine, azetidine, diazetidine, diaziridine,
hexohydropyridazine, hexohydropyrimidine, imidazolidine, morpholine, oxadiazinane,
oxadiazolidine, oxathianane, oxathiolane, oxazetidine, oxazolidine, oxetane, oxirane,
piperazine, piperidine, pyrazolidine, pyrrolidine, tetrahydrofuran, tetrahydropyran,
tetrahydrothiophene, tetrahydrothiopyran, fetrazinane, thiadiazolidine, thiazetidine,

thiaziridine, thiazolidine, thietane, thiirane, thiomorpholine, triazetidine, triazinane or
triazolidine.



10

15

20

25

30

10 0 X'Is (Villa) A "B X SN O (VIlb) B) O R1 O R1 0O PG PG to give a

wo Jsarpesnekgf the formula Villa or Vllib-gnd reacting the resultipg:T/EP2007/004550
compound of the formula Villa or Villb, after converting the ester to the 20

corresponding. carboxylic acid, with Z to give the compound of the
formulae | and la, or WO 2007/137738 40 PCT/EP2007/004550 d)

reacting a compound of the formula IX R2 PG N20 | (IX) R1 OH with an
The tghin We%%tag%t@mﬁerﬂtmmr@&@mwmwbﬁﬁmta%egﬁ/é@ded form

a foulod ﬁh@e@mﬁ‘\% iﬁ%ﬁgdﬁ(ﬁli‘c(?ﬁmjmﬁ and s the nitrogen

conver |ng the compound X thus obtained in a protecting group

atomelingin agstiengite aCé‘@ﬁﬁb@@nﬁ@ bratipgosivnelaleprRTain NP Alwaitentical or
differ@]ﬂmfﬁ@%%ﬁ%sfmﬁ%‘gpoﬁb‘@% AR é/r‘i"‘é?fdvgﬁﬂfr'd%tﬂ'rlﬁa%ré%od to

under b), to give the inveniive compo d of the formulae 1and la, or e)

mearsepdicgin § oM FAEREDERZ otinR a8 e tidio ga Prsaee, @@f@@@@sé‘s"&)
diazedafe, A Slhigb Snavitable_precy ﬁﬁéo{%@z Bpiiae |rﬁf8%£%whlﬁh%8%6ﬂ9e

to its chemical structure, occu enantiomeric or diastereomeri

‘m'daﬁ@dﬂmﬁplﬁ@he&?&ﬁ‘ﬁo@@@Wiﬁ%@ré&ﬂﬂ'&@@%ltﬁ@mﬁﬂ@ni&wﬁm“ﬂe
isoxaeBREHRINSICAN IS HSrpholine, [1,4]oxazepane, oxazole, piperazine,
piperidine, pyrazine,'pyrazoie, pyrazoline, pyrazolidine, pyridazine, pyridine, pyrimidine
pyrrole, pyrrolidine, pyrrolidinone, pyrroline, tetrahydropyridine, tetrazine, tetrazole,
thiazole, thiadiazole, thiazolidine, thiazoline, thiomorpholine, 1,2, 3-triazine, 1,2,4-
triazine, 1,3,5-triazine, 1,2,3-triazole or 1,2 4-triazole.

The term "two adjacent R4, together with the ring atoms to which they are bonded, form
a four- to eight-membered heterocycle or phenyl which, together with the sub-ring to
which the heterocycle or the phenyl is fused, forms a bicyclic system" is understood to

mean compounds which consist of two connected ring systems in which one ring

%0
constitutes the sub-ring Q or and the other ring forms a partly saturated or

aromatic ring system which, according to the ring size, contains one, two or three
identical or different heteroatoms from the group of oxygen, nitrogen and sulfur.
Examples of these ring systems are radicals such as benzoimidazoie,
benzoisothiazole, benzoisoxazole, benzo[1,3]dioxole, benzofuranyl, benzothiazole,
benzoisoxazole, benzothiofuran, benzothiophene, benzo[1,3]oxathiole, benzoxazole,
benzothiazole, benzotriazolyl, quinazoline, quinazolone, quinoline, 4H-quinolizine,
quinoxaling, chromane, chromene, cinncline, 2,3-dihydrobenzof1,4]dioxine, 2,3~
dihydrobenzofuranyl, 1,3-dihydroisobenzofuran, 3,4-dihydro-2H-benzo[1,4]joxazine, 2,3-
dihydrobenzooxazole, 2,3-dihydrobenzothiazole, 1,3-dihydrobenzo[clthiophene, 2,3-
dihydrobenzo[blthiophene, indazole, indole, indoline, isobenzofuran, isoquinoline,
isochromane, isoindazole, isoindole, isoindoline, 7-oxa-bicyclo}4.2.0]Jocta-1,3,5-triene,
phthalazine, 2,3,4,5-tetrahydro-1H-benzo[blazepine, 6,7,8,9-tetrahydro-5-oxa-9-aza-
benzocycloheptene, 3,4,5,6-tetrahydro-2H-benzo[b][1,4loxazozine, tetrahydroquinoline,

1,2,3,4-tetrahydroquinoxaline or tetrahydroisoquinocline.
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15 or bases, chromatography on chiral stationary phases or derivatization
WO 0783733y chiral enantiomerically pgge compounds such ass@MiiEps607/004550
acids, separating the diastereomers thus obtained, and eliminating the
chiral auxiliary groups, or f) either isolating the compound of the formulae |
and la prepared by processes a), b), c) or d) in free form or releasing it
from physiologically incompatible salts or, 20 in the case of the presence
The feraciaie osbaxiemionsstactamitan K rpiieilagicaligraccyblabi®sales; sulfonyl
: ' mpound of the formulae | and la prepared by
of S”gﬁ’f&%@i@%’f@g@ 'd), or a suitable precursor of the formulae | and la
which, owing to\itgdéchemical structure, is capable of forming an N-oxide to
an N-oxide or, i «¢ase 25 of the presence of an N-oxide, converting it

The é@lﬁhﬁﬁmmﬁénirz or the salfHe asnBing) ¥Y@hddBMdA4 1884dnderstood to mean
PCT/EP200Q7/004550 The synthesis of the inventive products can also

a mefylensaRitee BEs GrEmdiatRiin SphansbYEDA Bt b Rease that p is

2. components which lead to the inventive structures being possible. For the
sake of simplicity, the possible syntheses are described through these
three components; however, this is not intended to constitute any

The ipaiAtlercempahdyrsher haasnes of &y B GBI HrRfvaX pRiRIEs SONMMONE BEdesses
nﬁaé/ be a spiro-amine: OCN For example, component B may be an
deschRERdSER/I derivative: J 0 N 0 and 10 for example, component C may be

The RSB fiHer DY is a preterseddodte taMngRae cieipdhegs Hirer formulae
| an dztartina materials by selection of suitable derivative L}j)gf%hese

Bt SIBFRERPR BrveR el B8R oM ReY N forgUREd 786 and/or a
physiitsgitefifecbateansbemisty tHbechiveoiivel TR Bnesiz® Uah Syidabla/or a

15 coupling, reactions, possibly after activation with reactive reagents such
SONVAJE RhOWA e AT SHPTPREA G TRE CPRELERANF LA RS ShvARage of the
compreadredursofsrmideinods:phpepiigeisesipling are described, for instance,

in Bodanszky (M. Bodan , .Princjples of Peptide Synthesis, 2nd ed,

2)  SIRAGURSRHTRGY8 BTG

where A and B are each as defined in the compound of the formula | with a
compound of the formula lila or litb or Ilic

R2 R3 R2 R3

o::\::_NXfo (Ita) S:‘:‘“:Nxfo (k)
: 0
O\PG “PG
R2 R3
(activated)\N 0O (llle)

E

R1 O

~PG

where X, R1, R2 and R3 are each as defined in the compound of the formula |,
PG is an ester protecting group and "activated” means that the amine is present
in an activated form, for example as a chlorocarbonyl compound, fo give a
compound of the formuia [Va or IVb
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20

their introduction, detachment and stability are described, for example, in

WO S90S 2R - W. Greene, P.G.M. Wutg Protective Groups inﬂgmGOWOMSSO

Synthesis, 3rd ed, Wiley, New York, 1999). The preparation of ureas is
described in detail, for example, in G. Sartori; R. Maggi, Acyclic and cyclic
ureas. Science of Synthesis (2005), 18, 665-758. It is possible for many
different suitable activation and coupling reagents which are 25 known to
those skilled in ti® B2 apg some of which differ in their chenfistig torze

used~Metely bway exagple, lr\T}%ntion is prade-ofcarbadiimidss, o (IVk)
urQ IS 8r elsy ch oformi&e ters for gaf ’@ acid ac'ﬂvatio ,

and of phosgene, cagponydiimidazole or else chloroformic estérs foothe
preparation of activated ured’Brecursors, and of WO 2007/137738 42

PQ%ﬁ%%@%@o%%%ug{a‘\g{f%éwﬁ&iﬁnﬂg'%ﬂh%%%&%‘l%f ! 1‘\‘28, ﬁg}grfgpnverting

preparation of activated s rea precursors. Itis’equally poss

thiheeepiente tbectanplinglio seidavit, Htegivatbénttivivhoalndarhfonémmula |, or
of H&%Q'&%ﬁ%@%@&ﬁﬂ%ﬁmé %ﬁ&%%%‘i@)&?%‘f&é' QPR cach as
adjacentindividual components) on which the activation'is undertaken, or
fofldiffedimn Potstingyrdupshe erosdd,!followed by the addition of the
compone hich_is still Qbsent or of the compopents which arg,still

absent. If ipalSo passjbte tg ?hang(avg)e protecting, gtoup$; m/exscggple (Vb}
protectin etachmer%s on completion of Ime~or at the end of

the,: j n the f I - -
e e o e eheth as defined in
rotite cnmRend HrropoiaN end BE s @CRsieORFotecting gortponent

B - amino acid ggyivadiye - used is a suitable ester, for example a 15

methyl ester, but many otger ester protecting groups are also possible.

This derivative i§f activgted on the nitrog@)to give a urea precursor, for

example by reaetion with triphosgene, diphosgene or phosgene itself to

give an isocyanate, so th&t®a urea is formed by subsequent reaction with

thesSpe-aBRs A UG WEYRE FEIRMISINEI or 1V, and reacting the resulting
compound of the formula 1Va or {Vb, after converting the ester protecting group
to the carboxylic acid, with Z to give the compound of the formula |, or
reacting a compound of the formula Viia or VIib where A, B and X are each as

defined in the compound of the formula |

C 8]
H I

5 _
@@—x’ia\m (Vi) @fa—x S<ci (Vi)
o] N

with a compound of the formula V!

. 0 S o)
)y SN (Villa) mx N (Villb)
O R1 O ~— !
~pe R1  O.

PG
to give a compound of the formula Vlila or Vliib and reacting the resulting
compound of the formula Villa or Villb, after converting the ester to the
corresponding carboxylic acid, with Z to give the compound of the formulae | and

la, or
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types of activation are also possible; for example, reaction with

WO 80P eyigiggidazole 20 affords the actiypted imidazolide, reagigf b oo7/004550

d)

f)

g)

4-nitrophenyl chloroformate affords the corresponding carbomate, and
reaction with various similar activating carbonate reagents such as
bis-succinimidyl carbonate or bis(4-nitrophenyl) carbonate affords
corresponding derivatives. The analogous sulfur-containing derivatives
(thERTE20 arz0oy)was deivd famadladiespondingly by the use of
thiophosgene. 25 Howevelg it hassto be taken into account that the
strength of activation pgthe rﬁ@s‘o listed is different, i.e. the
subsequent reaction with tﬁﬂe secandary spirot&mine can proceed at
different speed or else affofd veryPdifferent yields or by-products. WO

2001 4R \Qﬂéﬂ?ﬁ%iE{Q%ﬁﬁ%d“ﬂ?fﬁ%"c%rﬂbgﬁ%t&%‘?‘F&ﬁﬁ%ﬁﬁ {% give a

achieve a preactivation by silylating the amine with, for example,
trigeetmasing ehibedesrvREimethylsiliylacetamide or
bistrifluoromethyltrimethylsilylaggtarige in order that the actually activated
urea precursor can form meye easdy. In gddition, it might be
advantageous in some cases t§ 5 prdceed from &¥ree amino acid and to
silylate it both on the nitrogen dh#l on #he carboxylic acid with one of the

SIYIAIINeLIEAGRDLSRE IHONRE oRIRE Rt'(fl)%s?k(&i)&%ﬁeéiM'%t@%{@@tﬂ?@b%oup

and then to form theisocyanate. 0 0 o Next, the ester IS
cletvdnalindeiccaiveiropemntdhdaideafaimmaniievel of side 10
reactions on the molecule, in thergase; @f the methyl ester preferably under
basic conditions, for example with NaOH gr LiOH as a base, and it is
advisable to avoid base excessds or Iong reactioriXithes. In the case of a
silyl protecting group, it may, thotdh, dso be sufficient to achieve ester

R B X R R AR Y O i Bt
th_sraiﬁrnbhitﬂlefwgéheémwewwmmmgmeméﬂgzeétwwmrbanm@sm
0 I RSB e .0 o
skﬂreﬂ),imtrmm,a@@aam@uysmemimﬁagbw@e if apfriepnbitehwitviagdiddts chemical
of JHIRGF AR YR%%%’H&J REEA5IAG IS SRR FHICIRRENRE pure

suppressing racemization.
enantiomers or diastereomers by salt formation with enantiomerically pure salts

or bases, chromatography on chiral stationary phases or derivatization by means
of chiral enantiomerically pure compounds such as amino acids, separating the
diastereomers thus obtained, and eliminating the chiral auxiliary groups, or
either isolating the compound of the formulae | and la prepared by processes a),
b), c¢) or d) in free form or releasing it from physiologically incompatible salts or,
in the case of the presence or acidic or basic groups, converting it to
physiologically acceptable salts, or

converting the compound of the formulae | and la prepared by processes a}, b),
cj or d), or a suitable precursor of the formulae | and fa which, owing fo its
chemical structure, is capable of forming an N-oxide to an N-oxide or, in the case
of the presence of an N-oxide, converting it to the free amine of the sait of an

amine.
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Route 1 b: ~N _s U ~/N~CI ( X N'™ 0 ol~ 25 The same components as

WO ArPEHBeT smder route la are used. In ggntrast to route la, howevek R 07/004550
activation to give the urea precursor is not effected on component B, the

WO 20071137738 44 PCT/EP2007/004550 amino acid derivative, but
rather on component A, the spiro-amine. Since it is, however, a
secondary amine, reactivities and yields are often changed compared to

The swiilkesis af dhekaraplé/stpso iy eapaisblerasaetveidhieedasitocitiiree starting
mateﬁéiéh%ﬁ{?'%?%ﬂ‘?&%ﬂtk%%’éf%‘%@%t@eww il M‘ﬁ@ﬁﬂ%ﬁﬁwgﬁ%ﬂ?res being

or diphosgene, and then to react the 5 latter with the abovementioned

possiiinoeaditeesnke gheimbboéyntitioess hinisyubrpeamralsesibeddhnough these
threeBSABBYRISE SHARRA forms @ﬁo@ﬂ%d@@%%bﬁ&t[ﬁ?ﬁﬁ? Fgéﬁ'ﬁ:tlon on the

carboxylic acid and coupling with the amine component C,Is then
furthestrag@idsaef gvs¢hveid-.under 1a. Route 2a0 /h O ~ON -->N |O~N NN

MNe 0NN el ¥ol g%%thk%% §/d8 = Qsirs=AreN N The starting

material is a suitableé N-terminally protected amino acid derivative B. This
is first coupled with the aminoni n this reaction, the known methods
of peptide bond formation can d. Subsequently, the
N-terminal protecting group is 15 eliminated and the elimination product is

cariesteshipitheagiaied UBen Hyantiesotasndescidogstivades 1 a. Under
some circumstances, it is of particular significance here to use the
protecting groups whose detachment conditions are compatible with the
functionalities on the overall molequle B-C. This activated derivative, for
example the isocyanate, is subg ly reacted with the spiro-amine to
give the inventive 20 compound I. ute 2b c\!VO 2007/137738 45
PCT/EP2007/004550 "~J~n, (~x/~,00

for example, component C may be an amino nitrile:

it is a preferred route to prepare, from these three starting materials by selection of
suitable derivatives of these components, for example protected or modified precursors
or precursors with defined stereochemistry, the inventive compounds through suitable
coupling reactions, possibly after activation with reactive reagents such as known
peptide coupling reagents or reagents which lead to activated urea precursors.
Methods of peplide coupling are described, for instance, in Bodanszky (M. Bodanszky,
Principles of Peptide Synthesis, 2nd ed, Springer, Beriin, 1993). Protecting groups,
their introduction, detachment and stability are described, for example, in Greene

(T. W. Greene, P.G.M. Wuts, Protective Groups in Organic Synthesis, 3rd ed, Wiley,
New York, 1999). The preparation of ureas is described in detail, for example, in

G. Sartori; R. Maggi, Acyclic and cyclic ureas. Science of Synthesis (2005), 18,
665-758.

It is possible for many different suitable activation and coupling reagents which are
known to those skilled in the art and some of which differ in their chemistry to be used.
Merely by way of example, mention is made of carbodiimides, uronium salts or else
chioroformic esters .for carboxylic acid activation, and of phosgene, carbonyldiimidazole

or else chloroformic esters for the preparation of activated urea precursors, and of
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V VN ~/ ~/N~a OCNIN O N ~, N Alternatively, it is also possible here,

WO FReppsagto the route described ungler 1 b first to activate gye1/ep2007/004550
spiro-amine A in order then to perform the reaction with component B-C

to give the urea. 5 Chlorosulfonylamines or inventive sulfonylureas are

prepared according to the following scheme: 00 , SS, OH ---" ( X .NCl cl

O\ ,N ~-- X N-IOI' I I (=N/O N O N N The synthesis of sulfonylureas is
chioraggfiyndeactibet sife diexidg iecihenprapdrpissestiaclivatednsalfonylurea
preCLﬂ%@Y@ion of the amines to give sulfonyl chlorides by reaction with

preferably chlorosulfonic acid, and subsequent chlorination of the
It is aqualyrepseitaitoadhbwieauIcexdrplipigkphervarisehtackisadbeindividual

: gy
com R ST RSO B2 S e
adjacpetfirstiwidien) optheasyenteisis whintoteeantivaticaise podsitiken achfevelifferent
oY B RS D Sy o

absetiieraddtiendorneentseybictheransibalsianiniine, gsotporritis theksnge the

Prot T T R I o coupiing
or at #eiseacitithe apiithasislde preparedtie compiehitbthfprowerdand la.

amino acid by coupling with the aminonitrile unit followed by the
protecting group detachment. Bisamides are prepared starting from amino

Moresufer LitIes copring ©f tie fioowileg sandrie cavdbequznBeraduBUte 1a:
~outEGI/EP2007/004550 O

o
0 JL O
O = QN — NN
N N2 ;
0 * 0
O\ N

™~

The component B ~ amino acid derivative — used is a suitable ester, for example a
methy! ester, but many other ester protecting groups are also possible.

This derivative is activated on the nitrogen to give a urea precursor, for example by
reaction with triphosgene, diphosgene or phosgene itself to give an isocyanate, so that
a urea is formed by subsequent reaction with the spiro-amine A. However, many other
types of activation are also possible; for example, reaction with carbonyldiimidazole
affords the activated imidazolide, reaction with 4-nitrophenyl chloroformate affords the
corresponding carbamate, and reaction with various similar activating carbonate
reagents such as bis-succinimidyl carbonate or bis(4-nitrophenyl) carbonate affords
corresponding derivatives. The analogous sulfur-containing derivatives (thiourea
analogs) can be obtained correspondingly by the use of thiophosgene.

However, it has to be taken into account that the strength of activation by the reagents
listed is different, i.e. the subsequent reaction with the secondary spiro-amine can

proceed at different speed or else afford very different yields or by-products.
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O O O 0-1 N When the spiro unit is not present as a secondary amine
WO M'fﬁ@?'?% a carpoxylic acid, there .@attachment Fo the amﬁéﬁfi‘é@i_&bmo 4550

an amide bond. This can be effected in the synthesis either first, in which

case an amino acid ester is used, followed as 5 described above in the

analogous case 1 b by ester cleavage and amide coupling with the

aminonitrile unit, or, when an amino acid-amidonitrile unit is used, as the
Moresyennid reigi lfgrsragesanhte sigitieysis preactivetiss hycehipdingthisyamine with,
for o ARBIAIRAIARSHRG AR BANHALRA A desERiLafiove I case

0 Opti Ive carbon atoms in the inventive compounds of the

bistrifoieroraethpiiime ingpilwack mmége erdsr Bbgirdseacinaoadivated urea
™ S f o] ;
Pre e e A S cases to
proceaitiiees nfees proporacitsaidiie @Mﬁt&)mbcgrandlﬁm riiegeormpspfothe
carb@é?m %'%dr\n}ﬁ!ﬁ‘ K phinely PORRLORIRILS UPSISLCOMET suitable
. pair e present 15 invention t s re ates to pure enantiomers and

silylatiigieegon heoadaihtonierorantheipgsipr@isure diastereomers and

mixtures of the diastereomers. The invention lijkewise encompasses

mixtures of two or pf more than two stereoisomers of the formulae | anﬂ\

la and IlkeW|ge alf'pessible mixing ratios @f thése stereoisomers m@he

mi ; jhe asgythat the ¢ ul,gﬁ\of he dormula )ﬁ% 0
pre in fhe O fgrm of E Or ggg’ , O cisfor fransi s, graS'a N
"spiran”;the invenan relates i case bath to the pure E and pure%

isomers, and to the pure cis or pure transisomers, and likewise, entirely
analogously, to the corresponding spiroisomers, and also E/Z or cis/trans

Nextnipawrsteanipaagms andancenddionkewish s passainaimiieiehmdridde
reaciBHEDAMHEHYERIYS FOmMROUS Gfihe ftmylas é%é?er%%lwﬂﬁlder basic

compound of the formulae [ and la is, when it'occurs as a mlxture of
condiigsterimsrnpleenihitatrs dridQibame basamaadridiastdsairiatie avoid base

exce8¥BNIEFIR 5§ IRUBHRERARAICH IRLPIRERYS SIRNIEHSRIDRNS SINRY, l?cymay, though,

chromatography on a chiral or achiral support material, or, when th
also F&téﬁfftc&%bbaﬁai@f%ﬁ*@frﬁtﬁaéa%aw@W@@pﬁﬁr@mgmvmsmbiy with

addit VL3 FhRBAAESITAER20071004550 formation, by fractional
crystallization of the diastereomeric salts formed with an optically active
base or acid as an auxiliary. Suitable chiral stationary phases for thin-

BefoldY#leOheRId R FATOMARIIGRNY SRRA IO f EA/MINBRISIRE i honitrile, the

example, modified
carboxylic acid is generally released from the salt with a mineral acid after the basic

cleavage.

Subsequently, the peptide coupling can be effected by a multitude of methods known to
those skilled in the art, as already mentioned above, if appropriate with addition of
further auxiliary reagents for increasing the coupling efficiency or suppressing
racemization.

Route 1b:

OO — OOt — OOMy

The same components as described under route 1a are used. In contrast to route 1a,

- however, the activation to give the urea precursor is not effected on component B, the



silica gel supports (so-called Pirkle phases) and high molecular weight
WO Seebpiygrates S such as triacetylcellujgse. For analytical purgege$e§3907/004550
chromatography methods on chiral stationary phases can also be
employed after appropriate derivatization known to those skilled in the art.
For enantiomer separation of the racemic carboxylic acids, an optically
active, generally commercially available base such as (-)-nicotine, (+)- and
amingﬁ%&wréﬂ%nhﬁérajbrﬁrmmegonayéuhetbﬂsmrmama@r&m@arérs however,
h
2 S e Ko B e eyt 12
For exaseplardtds ilooniaiie passibiditiusctatettieeptrsosramp atetiapbiorocarbony!

o B e LR B e ot
iatterafvrsaﬁ“@@’@epemretx@mqa@mﬂ@ gadap, The Beammerntonedieeppeacid can
also Q%Ll}é 52 A RIS ACH NS ACIdS, for example

+) camp or-10-sulfonic acid, D- and L-tartaric acid, D- and L-lactic acid,

The faithergegslioand- )rih?memf Hadzathexrbe p@g:émﬂ@ eopiv@wihitag amine
com{EHBRPENGS BiFR sontainAlcphol pramingdpngtions to the

corresponding esters or amides with correspondingly activated or
Routgtfonally N- protected enatiomerically pure amino acids, or, conversely,

to convert chiral carboxylic 20 acids t the amides with carpoxy-protected

enantiomerically pure amino acids, o to the corresponding chiral esters

with enamtiopierically pure h dr yc rboxylic acids such as actic acid.

The hirﬁ;lity@e amino radical ingrody

enanti®méticafly pure form an then /?Jed to separat Nthe mers by

undertaking &separation of the dlaster omers now presen y

crystallization or chromatography on 25-suitable stationary ses, and

then detaching the entrained chiral molecular morety again by means of

inventive compounds to ugse dlastereome or.en ntl merlcally pure

stag aterials to pr e skeleton » uct e also allows

differe Sgﬁé*mplified%roce egﬁbr purrfyrn ie‘end produ e used.
These starting materials havg\been prepared beforehand |n

enantiomerically or diastereomerically pure form by literature processes.

The Fiating enalefel ixarapitaitashlsorpivediplerieniedarpimaieiordesediyelB. This
is firdf &g}?ﬁi' 5“"\/&{“‘ ﬂ%&%Hﬁﬁé’X %%087/ Fﬁﬁ%%%éétl%ﬂl’?&%‘?@m R@ﬁ%d@f}?ﬁepirde

tic processes w |c proceed enantio- or diastereoselectively in
bon%fmnw}mhem S@PIN ke afterdl Sndbsensntivd betddtlespinad kddating group is

eliminSef @t%'é'%ﬁ'?nﬁ%?ﬂﬂ@%&éﬂ@f@%@n‘?ﬁeﬁ%ﬁ%&%é”a%f%t%&"&?’eﬁ‘%?e@frsor as

example, an enantiomer o
described under 1a. Under some circumstances, it is of particular significance here {o

use the protecting groups whose detachment conditions are compatible with the
functionalities on the overall molecule B-C. This activated derivative, for example the
isocyanate, is subseguently reacted with the spiro-amine to give the inventive
compound .

Route 2b
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diastereomer already present is converted highly preferentially in the

WO Bgy/yafiedgreaction, for example in thg sense of a selective aeyaEE»867/004550
esterification or acyl cleavage or ester cleavage. Reactions used
successfully are, for example, acylation reactions with lipases or acylase
cleavages of N-acetyl compounds, or protease- mediated esterifications in
organic solvents or ester cleavages, but many other possibilities are also
conceivable. 10 When amino acid derivatives are used, they ar
frequently commerc:lally avallab@ already in enantiomerigally putce form.

: n/c;\amlno acids, jtheyn yjjbo ever, often
antigineecally-or-dias giically ptire n, ural
proteinogenic am ids or elseNgthéf 15
natural chiral starting materials of the chiral pool, or else these pyecursors
are obtained ‘in optically pure form by one of the separation methods

Alterngdivebhdtioalsp psissibigifleréneyplogof el Apmiatic it desesibed wisder 1b first
to achOHEY ?;5' I%%ME%XH@R%S tl’f@ﬂq@gér?@ﬂ?tﬂ@% ﬁi](% Hen component B-C
compound of the formulae I and la may be present in 20 the form of th
to giveatieoriigdfree form. Preference is given to pharmacologically acceptable
salts, for example alkali metal or alkaline earth metal salts or
hydrochlorides, hydrobromides, sulfates, hemisulfates, all possible
Chiopsisedistviesiirs salrventie smiia deitkshaner arepgedaeaaisinglie the following
scheffdds. The present invention also includes all solvates of the compounds
of the general formulae | and la, such as 25 stoichiometric or
coﬁbl adducts. The_preparatidh of
4 d forigulag| and la
Vi <’ is effected
in a manner known per se. The acidic compounds of the formulae | and la
form stable alkali 30 metal, alkaline eartlp me optionally substituted
ammonium salts with.basic reage s uéb hydroxides, carbonates,
hydrogencarbonates, alkoxi 318n|a or organic basis, for
example methylamine, dimethylamlne, ethylam {lmethyl or
triethylamine, ethanolamine, diethanolamine or tfiethanolamine,

The gm%g acgf f@f&%ﬂ 7@3% 7§‘ %\/%1%&&%5%?8887@ 9%%@@/%%}%5’ ?ﬁécihod proceeds

tance Iysm ine or arginine. W

from @hﬁﬁma@@@pﬂt@wmmaé gty tastidiva Yacitagiden byireaatsnpuidlipreferably
chior@sﬂ!ﬁﬁgﬁé (ﬁ@bci \%@g%ﬁ'gﬂﬁﬂ r\’?‘%ﬁr%%ﬁcﬂsgfﬁ@@%ﬁ 3eid with, for

use s are Inorganic and organic acids suc orlc
exarmigie, Wcmb\@wﬁcm]éacgumde acighosphorus oxychloride, foiiowed by the

reaction with the second amino component and a suitable base. Equally, it is also

possible to use SOg3 in the first stage of the synthesis.

Moreover, it is also possible fo achieve the desired conversion with sulfony! chloride.
Preference is given fo undertaking the reaction on the secondary spiro-amine unit,
followed by the reaction, for example, of the amino acid-amine, protected as the ester.
Subsequently, the ester is cleaved and reacted with the aminonitrile unit.
Alternatively, it is also possible to react the activated spiro unit with the amino acid-
amidonitrile, prepared from the N-terminally protected amino acid by coupling with the

aminonitrile unit followed by the protecting group detachment.

Bisamides are prepared starting from amino acid units according to the following

scheme:
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5 hemisulfuric acid, phosphoric acid, nitric acid, methanesulfonic acid,

WO RsZaRe3dfonic acid, p-toluenesulfonig acid, 4-bromobenzensasyiepisoo7/004550
acid, cyclohexylamidosulfonic acid, trifluoromethylsulfonic acid,
2-hydroxyethanesulfonic acid, formic acid, acetic acid, oxalic acid, tartaric
acid, succinic acid, glycerolphosphoric acid, lactic acid, malic acid, adipic
acid, citric acid, fumaric acid, maleic acid, malonic acid, benzoic acid,
sorbic 10 acid, gluconic acid, quCurqnic acid, palmitic acid, st?aric acid or
trifluoroacetic acid. Hydrates of the.cqmpounds of the fo(smu | and la
can be repaéed, for example, By re)rystallization fromjan

que u§_§glvent ‘ NAING
' S\ ) opyersely,
&' rms of the
sponding saits. For

so ‘.‘ as dipxane, tetra
it is also possible to prr free acid or free bas
Whef{AE'8 rﬁ&ﬂﬂi&%‘??)r%fs@ﬁt.é]%r%‘g beh%%%é%m%%@&%%@%‘%é%oxyﬁc

compounds of the formdlae | and la from the corré

acid salt form by treatment with suita s (such as ammonia
acid,ébr@nenﬁ, %%@mhmﬁvﬁi@ki@%ﬁinmld n@mneméiﬁdima@&hﬁm@eﬁected in
the s%%@%‘i' %ﬁ%?ﬁ%g‘%‘? ARG, rstﬂﬂ%&:afaaeggqg}nge.ugﬁxgr%n&)%g@as

an 20 be released by treatment with methyloxirane, particularly in't _ _
descolhsd ebanino Huicrnringairesasvitipblindasiciaaageurad eamdéacoupling with

the a¥HEThAFRAIRREBE i%ﬂ&fgm%mgca@%ﬁ\ RALIgHD GAR ig%(g%\,’%gqﬂé%econd

the free acid form by treatment with suitable acids (citric aci

coupfiparsicigeria HuisynEifisiciaciayPeRageetpANiRl ORI fgin paecting
group FGHBMAAISORERES LAY @Wc%%@‘%. N-oxides. These can be

prepared by various processes which are known to those skilled in the

art. For example, a nonoxidized form of a compound of the formulae | and

Opti&@i%&@@é%ﬁ Iodhe W%Mﬂgé\k%%%@é{éﬁ@%%gmﬁm | and la may

suitable oxidizing agent (trifluoroperacetic acid, permaleic acid,

eachﬁ@_ﬁt@@@_ﬂ@@%@w@@@m Hbia,%&agﬁi@um@@érﬁéﬁzmms of the formulae
| andSHERS NSHBQARILIANES éftﬁ'@%m%%ﬁgﬁtl&ﬂé%e&gﬁg%iastere_omers or in

compounds of the formulae | and la can also be prepared by using starting
the feraraiardrinteimmrlReenartinfonihtbe peRNURRISsCHIGPE pitrigrarners, for

exan‘?}ﬁé%‘?'ﬂhW@r%@ﬁﬁ*@iﬁé@eﬁﬁﬁ&%ﬁg@Q%&%‘*@&a@@WQ%QEhEhe present

_ formulae I and la in their nonoxidized form can also be prepared from the
invenNigxiies Getaee dmpoisnBBaTineRImANdenixiias ol theanmiomers, and

equdRAKFING < BRAGBESSRHGR 2% SHHikurH Y Wr dixides PSRN OSRN RS ention

_various borohydrides, phosphorus trichloride or -bromide and the like) in
likewismapleamaestgambéures s e Tonficnat: brhdveraiarasisamers of the

formWBich SHRULARPHRLRS2 LR PASEHBH ARSI Ufos of these stereoisomers in the
mixtures. In the case that the compounds of the formulae | and la are present in the
form of E or Z isomers, or cis or transisomers, or as a "spiran”, the invention relates in
each case both to the pure E and pure Z isomers, and to the pure cis or pure
transisomers, and likewise, entirely analogously, to the corresponding spircisomers,
and also E/Z or cis/trans mixtures in any ratio. The invention likewise encompasses all

tautomeric forms of the inventive compounds of the formulae | and la.

The compound of the formulae | and la is, when it occurs as a mixture of diastereomers
or enantiomers or is cbtained as mixtures thereof in the synthesis selected, separated
into the pure sterecisomers, either by chromatography on a chiral or achiral support

material, or, when the racemic compound of the formulae | and la is capable of sait
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group, for example an amino or guanidino group and a carboxyl group,
WO J08YMHevyisg be present in the form of heir zwitterions (betaipesypsveih7/004550

are likewise included within the scope of the present invention. 10 The
invention likewise encompasses all salts of the compounds of the
formulae | and la which, owing to their low physiological tolerability,
cannot be used directly in active pharmaceutical ingredients, but, for
formaticeim e fractiosabcaysiaitiraienatd sl difsteige e b sgie fararrshvdthnan

opticHIyERs Y&%&Bmgﬁﬁ? ﬁ%ﬁ@f@“@dﬁéﬁ@%ﬁs al éﬁ‘&(:&%&fg%ﬂéﬁéq& thin-

phyS|o ogically t ention further encompasses 1
!ayer@mﬁéum e maigdicaRinn s ariconnd Giesiomees fitn itiekanmpla, modified

silica§BF FEs&%déﬁﬂéd%ﬂﬁ&tﬁﬂé%@)sé}{bdHH}?W&%’ éﬁ%ﬁ%’&’@@r‘\ drates

erivatives, and equally active or secondarily-activable metabdlites of th
such c&ﬁrﬁﬁ@mmo@fiW@mrﬁﬁn@@aiaﬁaabpumm@as eheomaiagerphy methods on

chlraﬁé‘@?mﬁé‘ﬁﬁﬁﬁﬁ@%ﬁgg éoé?ﬁfﬁ l)]é’an%?t H@%ﬁ@?@@%%ﬁ%ﬁon known to

formulae I'and la which can e converted to mpounds of the 20

thoseeiiladdn Hiriae (T pylisonsyisapesatine of lsuraetarsaihgxdicsids, an
Opti(ﬁ%led o SiehaiocaHIRgLRIR 82k M REeUa hose SGRERLY (+)- and (-)-

ativeS whose properties are modified in a deswed manner,

pheniethamieinceRinerbeSRaptolEINe AUbIIBN B AMiRBIRprapssptotoan the
dlﬁer%§ﬂ19'§9ﬁﬁb?éq&‘?§é{@&5r%ﬁ“9§it%f BrL98s S B8 PRSSIBIRRIRARHSS Rifated as a

known to those skilled in the art and widely described in the 25 literature.
solid Tihe imasatRe i diasieeanne fcpreniesh R e subyeildiadanueand the pure

enan%%m%'?é %@é%ﬂﬁém&ﬂmﬁ%@rwg%‘géﬁsl A l?o?él%ki %aa manner

physiologically compatible salt of the compound of the formulae | and la
similaihiy siracife s rRERDE FRMBOUIERRISOMENTETORA bRMHE IdopelseRin a

basﬁ%%gﬂnfﬂﬁ%)laﬁ'ﬂgl@a?@gﬁ#ﬂ\%r YRR elepracsyicaly BRI #B%tnantiomers

sio oglcally compatible carrier, additive and/or other active ingredients

with aﬁaoam R&tiug. arios2fuRxamYEe 1) pempIrorediEto aowide-Bned-tartaric
acid IhagRaqelagicakerorshtiessednventive. commeurds-arestitalls st to

prophyIaX|s secondary prevention and therapy of all of those disorders

conveghi BYTRROHIKIBINGHCE sratajatalsehslons asaine iuristions erthe
oorre%@i@ﬁemac%ié%v&rsrﬁw%m%%hf@éﬁ&k&&?@fﬁgamtée%f%&%aéﬁm

therapy. Cathepsin inhibitors can be used in case of abnormall
protegiarhnipiome degiyPais R RIRPPFEKIN IPheTRRYE SRl seCoRVYRblIis carboxylic

acidS 3R aHfHaL MHRMReS SRR SR RS ANSI R YEFESItnino acids, or to the

autoimmune disorders, bacterial infections, bronchiolitis, cerebral
corrgsfpofiRggalral esters with enantiomerically pure hydroxycarboxyilc acids such as

lactic acid. The chirality of the amino acid or alcohol radical introduced in
enantiomerically pure form can then be utilized to separate the isomers by undertaking
a separation of the diastereomers now present by crystallization or chromatography on
suitable stationary phases, and then detaching the entrained chiral molecular moiety

again by means of suitable methods.

Furthermore, the possibility arises for some of the inventive compounds to use
diastereomerically or enantiomerically pure starling materials to prepare the skeleton
structures. This also allows different or simplified processes for purifying the end
products to be used. These starting materials have been prepared beforehand in
enantiomerically or diastereomerically pure.form by literature processes. To this end,

for exampile, it is also possible to use enzymatic processes. It is possible either to use
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cerebrovascular ischemea, Huntington's chorea, chronic inflammations,
wo LFRiehraaic inflammatory demyeliniging polyradiculoneuropgs@kp2007/004550
Creutzfeldt-Jakob disease, 10 Crohn's disease, diabetes (particularly the
juvenile form), emphysema, encephalomyelitis, endometriosis,
inflammatory respiratory disorders, inflammatory pancreatitis, epilepsy,
disorders characterized by enhanced angiogenesis, excessive respiratory
thoseparfxaipfaBtorsss esswtich rafes;andoviasiglomaliapissppeiectively in one
I rticoid-i ' r i dain: e o
S 16 F o s e ot apidnetie
enzyfisbasyniypeircalceaayads D svahuasvayghainéon sxtenslitiaboystiastiomer or
diastm@cé%ea&fﬁ%é%?ﬁ’ SHSRISHLP H?gfﬂg’ HHEPRALATUF: rf‘ﬁa{ﬁé'%nzy_m atic
eukodystr 1ZIn IS,

metachromic leutk ophy, metastasiz osteogenesls, metasta
reactipoltipres@siplsisnringignesayeionse|entivetay @jisrophgsialtstiianiar acyl

. e ok A |
Ciea\%gé/ ISy BEIPHRAGHREA NSé%ﬁ?F%%%eﬁéﬁ?%%&ﬁﬁgﬁg%F%%e, acylation

onic neuropathic 20 pain; but also Y,
reactisg-widtaipeses negartiactrigavaesmelNaRelypaifipeiagstior protease-
mediBRYNESHOBRIN- RO SHEXG Pally BRR-SMIRKERLI9ERA e@%ﬂ?ﬁ%‘ﬂ&%her

radiculopathic pain, atypical facial pain and causalgia-fike syndrom
possibiidgsrejecae aenesispliats, osteoarthritis, osteogenesis imperfecta,

osteoporosis, Paget's disease, pancreatitis, Parkinson's disease,

pemphigus vulgaris, periodontitis, plaque rupture, 25 Pneumocystis carinii,
Whenp st dgis geovatiesasterses, frauaiatbicauentiiscoseraaseiaimavailable

alreafYSIe G MRRSHHIS BRI niraH T (L5 P RBAL GBI BEBAICEhino acids,

invasion, viral infections, tooth loss, and preferably, but not exclusively, in-
they fRaollowriEtypéarplsanee Pisreasd dinderennetnmgicabesr siagtaieomerically

pure FRRGEN BRAMGRFENRS e RKIRpRRRATH ;?F@f@i BRiKBRASLSRASBPRise other

leukemia (B- and T-cell), lung cancer, lymph 30 node cancer, pancreatic

naturgh sbdialrisstrageneairitd! sl be ehinakp Srhcer plgsytkesfiRiasUsSIrthare obtained
in optRARISD 8 R RATHG WARGINHD IS REH YeIBIn8s ‘Fﬂg}ﬁﬁﬁéﬂé\/ %Or KyAEeSHf

it is possible with preference to treat disorders in which sai

different vype3 e8P HIER 200 $RE4E0 ISR &95TIRS Rentimate fotiieesynthesis.
pathology or/and symptoms. This relates particularly to: pain, especially
neuropathic pain, osteoarthritis, osteoporosis and various cancer types.

Acidit s hirgiwibeoysts LidR FODPERIRE) Ph ther@ tisd et sinshHaduRyIP@ PIRsent in
the fERSUONIRIE RS oW highehavedikenvize alieady Bren isteH Aoy BBtally

disorders characterized by 5 excessive elastolysis, particularly of the

accepiabp spile, Prdevaaele Adaiiarsinetalkaliec endiumetehrmbvascular
hydrSSISABISSCRIREIARRILY, VRCHEY, HRANREH LS A5, SRHBRSESEeEISates and

salts of the amino acids, natural bases or carboxylic acids. The present invention also
includes all solvates of the compounds of the general formulae | and la, such as

stoichiometric or nonstoichiometric hydrates or alcohol adducts.

The preparation of physiclogically compatible salts from compounds of the formulae |
and la capable of salt formation, including their stereoisomeric forms, is effected in a
manner known per se. The acidic compounds of the formulae | and la form stable alkali
metal, alkaline earth metal or optionally substituted ammonium salts with basic
reagents such as hydroxides, carbonates, hydrogencarbonates, alkoxides and
ammonia, or organic basis, for example methylamine, dimethylamine, sthylamine,

trimethyl or triethylamine, ethanolamine, diethanolamine or triethanclamine, tfrometamol
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The inventive medicaments can be administered extravascularly, for

WO RigyleAggintramuscularly, subcutanggusly, intraocularly, intseafiEptBgly7 /004550
intrasynovially, perorally, orally (buccally, perlingually, sublingually),
rectally, vaginally, (trans)dermally, pulmonally (inhalatively) or nasally or
intravascularly, for example intravenously, intraarterially, or intracardially,
in each case as an injection or infusion. Preference is given to the oral

or elsgdbsisispation rReits 1B Thetaveslimingsonithiss wr afgodess\icien the

com p@@%@'&%ﬂtﬁé‘?ﬁ%ﬁ@%ﬁ(mﬁm%@%é thSlﬂ%”ﬂ i %‘?%’é’éﬁ'bﬁ’é Heprepare

formulae | and la into a suitable administration form with a
stablpggithadeiitappisitabistnopagislofoaichily purapatbiksehiliacidadcre both

morggﬂﬂpgﬁﬂy wé'ﬁ?tf ARG ACHY & RIERMRRTS Rl %ﬁ&ﬁr@%ﬂ'%ﬁf &furic acid,

Suitable solid or pharmaceutical formulation forms are, for example

hemngﬁua@gcpﬁmﬁ@@h@@@tgglﬂamétg et i ORE FeAIRSTIteasid, benzenesulfomc
acid, %‘RﬂQéH@QBﬁoﬁYé%@l%%rﬁHBBﬁQéWé&i Oi%'%'e'as’cgﬁq)ﬁe%lﬁlﬁfd@:@[ﬂfomc

solutions, and also preparations with protracted active ingredient release

acid, Hlm%maw\mmgmwwﬂmﬁﬂ@mﬁ@m@ﬁ@% fognic acid, acetic acid,
oxah@' SN QLA S, %'&Q%é‘&ﬁ&&%dﬁ%@%ﬁ%&ﬁh@%%@Ora'&'@é'%msmai.c acid,

flavorings, sweeteners and solubifizers are used. Frequently used
adipia @gidhridsimenidelnagniesicieh @isbhatid titaalanicesistdaagaeacid, sorbic

acid, GRBIRL ARROUISESRRESRIC pBIHKRIQIEIS, Qe B"Scﬂ@ﬁcﬂrfﬁ%l‘élé’égnc acid.

and derivatives thereof, animal and vegetable oils such as fish oll,

Hydr@tﬁm@medfp@mpbmfgémd.awgﬁeﬂw@%@@ear%ahcfor example, by
(re)cRRMIE RSHSH 2SS ‘é%ﬁﬁ’%@u@&%@%ﬂ%rﬁrnﬁ’%méfdf& aicahols 5B’H]smg such

as glycerol. Moreover, |t is also possible, particularly in the production of
Ofga%@s‘ﬁéﬁ@lﬁﬁﬁﬂcﬂl@@%ﬁﬁf&ﬁhﬂ’é’%ﬁﬁﬁuﬁ@%ﬁb@ﬁﬂ@bé@iﬁbany

established surface properties. These include, for example, dry and wet
grinding, micronization, spray drying, production of WO 2007/137738 53
CO“V@@I‘E/EPQ@O?%}M’%@‘%%&S%Q@ é'fﬁfs’m‘ﬁiﬂb‘?@@@é@@& fprovRieh the compounds

of th&HERHINESNSRHITAGRRRARE HE R S40MSiler SHRIMPIS, SRRQYEMEBbRpound of the

solubilities or especially dissolution kinetics, which achieves, for example,

formifiasrbead lpeae be elasser HartEmpeideaib o ety gaakners wha suitable
baseBNBIPRSRUHRRHBIRRAGA0R 8 MIRIERIRRORIGS WeRttiBRd adaumisiesetial cases,

dosage units, each unit containing a particular dose of the inventive
tr@at’&kﬁﬂbb’dﬁcpéfrﬂféeﬁ)ﬁ%lﬁ@q RipI 2 RRUAR deiRRSSo fRlitEHTRIe thy depsdlgrides can

be reiHIPEPIR U SHANRPEPIAtS (i SARS Wa R QRaIRAIPRIS R of amino acid
suppositories, this dose may bé up to about 5000 mg, but
derivatives. Compounds of the formulae | and la which are present in the form of their

base salt form can be converted to the free acid form by treatment with suitable acids

(citric acid, hydrochloric acid or sulfuric acid).

Nitrogen compounds of the formulae | and la may also be present in the form of their
N-oxides. These can be prepared by various processes which are known to those
skilled in the art. For example, a nonoxidized form of a compound of the formulae | and
fa can be oxidized to the corresponding N-oxides by treatment with a suitable oxidizing
agent (trifluoroperacetic acid, permaleic acid, perbenzoic acid, peracetic acid, meta-
chloroperbenzoic acid) in suitable inert organic solvents. Alternatively, the N-oxides of
the compounds of the formulae | and la can also be prepared by using starting

materials or intermediates in the form of their N-oxides or preparing them as such.
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preferably from about 50 to 1000 mg, and, in the case of injection

Wwo $8b#i9asagmpule 10 form, up to ab% 500 mg, but preferatg,)ctfgép 007/004550
about 20 to 200 mg. For the treatment of an adult patient of about 70 Eg in

weight, according to the activity of the compound of the formulae | and la,

daily doses of from about 2 mg to 5000 mg of active ingredient, preferably

from about 10 mg to 1000 mg, are indicated. Under some circumstances,
Compowelenfilghévronkaecr atadlyadvsthe inagradsddized gproprateatsd Bheprepared

from qﬁgﬁ 5%83%%3%@@%&%%%& fi& tfgrﬁ!ﬁli‘%%lg QR&?A%&h&éB(ﬂ}gﬂt%m reducing

sing osage unit orel y of sma osage umits, or e
reagemnistiislecidasisistiaticuifor dividide dopbe ayipddisplandteavialss Indbibhydsides,
loned - ipistere monothe
Phos g st S oher G oIRe) Mo AR et s saberrs.
are generally determined by mass spectrometry methods (FAB-, ESI-MS)

Com?ggrﬂ_ﬁj W!%(%g?ﬂﬁ@g’ i %E?& Wﬁgs‘?ﬁpﬁﬁ‘ﬂi‘?@o@o %Iglz én?%%(? QnQ %)1‘1 acidic
n each case, the main peak or the two main peaks aré specified.
groume‘mrp@xamt_ée aresgrateddh REdEtinecyr Geisarsd Astrbaalibgoupedhaselikewise be
presgﬁtpﬁrtﬁ)épfl&lﬂggf%89%9?&8%&8 gta?HggﬁﬁW %Ogyeeﬂyg\ﬂf’s‘esa% ¥ within the

materials or synthesis intermediates are eittier 08 amabl‘e commercially or
scoparef threpuase pisieitentiondescribed. 30 1-Oxa-8-azaspiro[4.5]decane,

e R RS S UM e oot 1 and
whiclanavdgaus 8reidpivs pbysiotedical idiksubbilitetededidivesedalempiaredactive

ibed | / 711377 T/
prertTER SO U0 0 PR e
the prepariaaroo ki asiineBisR ndeTaE A e diastaring SEjlendde foretbe
S e e A O s

derivieéive praed rssrdferadicns piktiiseoroeied S @ipeedoro) wat aidslantbaexample
i ) fanic acid.
prod A é,y%?éf‘@éﬁ‘fo%% OHEDRRY Rowgué%%lg% Aok b?&%%fﬁx‘}

ggves, and equally
-Azaspiro[5.5|undecane is also obtaina r example, from 3-

activaRisprets&ilinteckrrbie Mmgithe)ites shihe @p}ﬂﬁ@@_uadsiﬁﬁr&:eo@fmcmé and la,
BRI B, o v
compryivasividdhe formulae | and la which can be converted to the compounds of the
formulae | and la under physiological conditions. Suitable prodrugs of the compounds
of the formulae | and la are in particular those chemically modified derivatives whose
properties are modified in a desired manner, for exampie in relation to improved
solubility, bioavailability, absorption, ot prolonged exposure or duration of action. The
possible prodrugs are known to those skilled in the art and widely described in the

literature.

The invention also relates to medicaments characterized by an active content of at
least one compound of the formulae 1 and la and/or of a physiologically compatible salt
of the compound of the formulae | and la and/or a stereoisomeric or non-
stereoisomeric form of the compound of the formulae | and la, together with a
pharmaceutically suitable and physiologically compatible carrier, additive and/or other

active ingredients and auxiliaries.
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analogous ureas and amines are described in J. Med. Chem. 47 (8),

WO 2558 $4@04), or can be obtained fepgim the products descripeererS ¥ 7/004550

further reactions, for example reduction. Likewise described in this
publication are substituted spiro-hydantoins and lactams with inverse
amide formation (i.e. 2,8-diazaspiro[4.5]decan-3-one and 15 derivatives),
and also imides. Many different spirocyclic indanes, indenes, tetralones
Owingrig tee aiteraecolpainel gietgedissidbieinMenireaatisniogs are suitable for the

prop@%%@8@8&%@@%%%%@%@@%&F?RHQQ%f§oﬂ?e?%rtp§§t£%ie by an

Soc Chim. France 10, 2572-81 (1 20 Abbreviations used
mhsbl@@ozomém@xybamﬁ)arﬁh@w@ﬁumm@ulﬁw lAgre tethppeineBd hey are suitable

both ?0? a%@l@‘@@gwm%ﬁ’@m)lﬁné @%RHHMB%@&R%N mh} itors can be used in

bis(oxo-3-oxazolidinyl)phosphaoryl chloride Ibenzylideneacetone
the cgpa dlishipoRRinaevBieN baityslebwgat@podliaiitieDzheimer's disease,

amy iEEoER RO evaNIRE ARG SOdisnRromElBNaT IR BIEE Arocis

methylaminopyridine DMAP N,N-dim rmamide DMF
autormme@ws@wmwleﬁemgr% b@wrammm@@w hemorrhage

ceretrdvAS (NS IRRasP N AFHBRDEHSFRE cﬁr%f&”ﬂﬂ%‘ﬁw@ff&% CIPD (chronic
propyl)-3-ethylcarbodiimide hydrochloride EDCI equivalents eq. 5

inflargenafansdieaty etinzing anbAsdinaeupathy), reutdekindahphbidarane.
cronReXalldaaphasBale HARI. Yt MIEHIORIFRIBARIRGHG thium

dilsopropylamide L
encephalomyelitis, endometnosus inflammatory respiratory disorders, inflammatory

pancreatitis, epilepsy, disorders characterized by enhanced angiogenesis, excessive .
respiratory pathway elastolysis, tissue grafts, gingivitis, glomerulonephritis,
glucocorticoid-induced ostecoporosis, Graves' disease, Guillain-Barre syndrome,
Hashimoto's thyroiditis, hepatitis, HIV infection, Huntington's disease, hypercalcemia,
IBD, immune impairment, interstitial cystitis, bone fracture, bone loss, cancers, lupus
erythematosus, malaria, metachromic leukodystrophy, metastasizing osteogenesis,
metastatis, multiple sclerosis, multiple myeloma, muscular dystrophy, myasthenia
gravis, neurodegenerative disorders, neuropathic pain, (particularly chronic neuropathic
pain; but also diabetic neuropathy, post-therapeutic neuralgia, trigeminal neuralgia,
painful diabetic polyneuropathy, post-stroke pain, post-amputation pain, myelopathic or
radiculopathic pain, atypical facial pain and causalgia-like syndromes), organ rejection
in transplants, osteoarthritis, osteogenesis imperfecta, osteoporosis, Paget's disease,
pancreatitis, Parkinson's disease, pemphigus vuigaris, periodontitis, plaque rupture,
Pneumocystis carinii, pneumonitis, psoriasis, restenosis, rheumatoid arthritis,
scleroderma, systemic lupus erythematosus, trauma (brain, spinal cord), tumor cell
invasion, viral infections, footh loss, and preferably, but not exclusively, in the following
types of cancer: breast cancer, intestinal cancer, ovarian cancer, cervical cancer, skin
cancer, brain fumor, Kaposi's sarcoma, leukemia (B- and T-cell), lung cancer, lymph

node cancer, pancreatic cancer, prostrate cancer and sarcomas.

Since many compounds of this invention are particularly inhibitors of the cysteine

cathepsins B, K and S, it is possible with preference to treat disorders in which said
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10 methanol MeOH methylmagnesium chloride solution MeMgCl sol.

wo F0etyisigfisputyl ether MTBE N-bromgsuccinimide NBS PCT/EP2007/004550
N-chlorosuccinimide NCS 15 N-iodosuccinimide NIS N-ethylmorpholine

NEM room temperature from 20C to 25C RT broad singlet sb
tetrahydrofuran THE 20 trifluoroacetic acid TFA
O-((ethoxycarbonyl)cyanomethyleneamino)- N,

cathapainscestrbriterigldhenaih clogfevied e plomy. Ehiemplates marticularly to:

. i | .

pain SEHRBER MG HAIF, WA AR MUHIR SIS HRTGERIs cancer ypes.

This (ispeissereipies tanssinartanto3romorn disordapo parisidaryspi@veumatoid

type AR KBl o e e Ao, BN IS GNY gt Asie P by

excegHiE laghely Se. eastintaity) of doted O&EK trpaoin doisleéedtdisaiR)sdinied above,
) W . . At

and O R T L Bl A B VAU haHody AR

athengggsiei@séentrated on a rotary evaporator at a maximum of WO

2007/137738 56 PCT/EP2007/004550 30C and coevaporated repeatedly

with toluene. The resulting dirty white solid was dried to constant weight
The ipNastivie edicamenisraibbatadninisieyethextavast s riarigxemple

intra%gﬁﬂmif [Ra s ,@n@gomgﬂgtﬂqﬁ%)ar%cifpf)%@rﬁz:@gréo%ﬁw%é%{,goeroraﬂy,.

(S)-2-benZzyloxycarbonylarmino-4-oxopehtanoate

oralhy( B alihdreilinasgiivaseiin@enflvasaityd veginiais, dtranitgdermedi,
puimBASH iR SXQRRIFY &y ﬂ%@af@gﬂﬁkm%é?rf&r 898 Ilel, itBRRI o usty,

. septa, In a cooling bath) and"admixed wi 0 ml of THF. A separate ‘
intragideKalds ah dIBCHRRGRdALBCC VAEe [RRIM Dieaticle O75 . Sen. miederence is

giver?té 8 afemxedwish #9470 ml of THF under argon. On completion

of dissolution and recooling to RT, this solution was transferred to the
suspension of the copper bromide. The resulting

The invention also relates to a process for producing a medicament, which comprises
bringing a compound of the formulae | and la into a suitable administration form with a
pharmaceutically suitable and physiologically compatible carrier and optionally further

suitable active ingredients, additives or auxiliaries.

Suifable solid or pharmaceutical formulation forms are, for example, granules, powders,
coated tablets, tablets, (micro)capsules, suppositories, syrups, juices, suspensions,
emulsions, drops or injectable solutions, and also preparations with protracted active
ingredient release in whose production customary auxiliaries such as carriers,
disintegrants, binders, coatings, swelling agents, glidants or lubricants, flavorings,
sweeteners and solubilizers are used. Frequently used auxiliaries include magnesium
carbonate, titanium dioxide, lactose, mannitol and other sugars, {alc, milk protein,
gelatine, starch, cellulose and derivatives thereof, animal and vegetable cils such as
fish oil, sunflower oil, groundnut oil or sesame oil, polyethylene glycol and solvenis
such as sterile water and mono- or polyhydric alcohols such as glycerol.

Moreover, it is also possible, particularly in the production of suspensions, to use
compounds with quite particular, specifically established surface properties. These

include, for example, dry and wet grinding, micronization, spray drying, production of
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colorless to slightly greenish solution was cooled to -60C, and

WO FothMiagitesium chloride (141 ml ofsa 3.0 M solution in TH%&%W}IOOMSO
was added within 15 min. A thick yellowish precipitate formed and the

temperature rose to RT. After cooling again 15 to -60C, the solution from

example 1 (prepared from 106 g of methyl (S)-2-

benzyloxycarbonylamino-3-chlorocarbonyl propionate, 353 mmol, and 360
nanogilystarsa)deamitaidet eresesh dnvgoohishanghe teenparaceereasKigst allows,

-/ ’ | A I or .
For & O Ao e (A0 b o A g i
achienker torereendd, ithprovetd kplieks fiifdredp art el ratepeas dilote dheittrganism.
400 ml of heptane and 200 ml of saturated ammonium chloride solution
were added. Once the mixture had been stirred at RT for 1 h, the organic

The @h@%m&g'ﬂf@ﬁhW@Qﬂﬂﬂ%&@f@ﬂ@ﬁ@ﬁbﬂlpr&dd%é andeutisiptsiees in dosage
units}"@é‘éhr@ﬁﬂ&%ﬁ&%‘ﬂwﬂ’%ﬁiﬁ%i@ﬁ%ﬁ%géﬁ f?RH‘R{USHtRf@%% 5'&?8 MES formulae |

dried over sodium s , concentrate§ on a rotary evaporﬁor under
and leagct artes wenstitlgstichidhmtapephedishdokgast sitida gjetiwith Bleds,

capséiés‘?tgyé%%e@ &g%@@ﬁgﬁéﬁ{gg%sgﬂ%%ﬁggﬂf?g%%nﬁ Yﬁbé'g%%ta@@eo mg, but

ried under reduced pres white solid were
prefespbdineanLaban Rq300 MEznQDE@) 17 thermaseiyfSrgeainnisel)tBns ifsampule

form,gu%té'gt{étégédb l?héslt{ﬁp rabR FrO o&ﬁ%b%&ééo 30 Example

: Methyl (5)-2-benzyloxycarbonylamino-4-oxoheptanoate The
For theepsasdmaniviserréwdratiaioboliaho éldagple weighh tecditirgriodhe activity

of théh&w;sa&ﬂeymmw&'wﬁa 2 Mai@dds%wr%@gggqﬁ% ﬁgﬁoa@ﬁ*oo mg

a chromatographic purification was dispense e resulting
of actiyekieeligdipnbduel wradhakiemmupbmed Yo0T1R7 YB8BMG, are indicated. Under

som& SERANFO0ARRN L L A &QBWQBﬁ%ﬁiH%‘%&dﬂHQ%g%a%‘:él(i?f‘?&ropriate.

After treatment with activated carbon and filtration, the desired pro
The dally slsreneaniboswyieisicre\riRgBOY MHIPIETIORY T henfoBrpimEEngle
d , ). 5 . . n II’ . 3 - ( . 4 . .
cssffie 645 0 1AL Bl N B R B o
of diyigpd-aeseylakpeatisolannameads4-difluoropentacate BAST (Deoxofluor,
60 g, 271 mmol, 2.95 eq.) was initially charged in a 1 liter flask made of

. inert plastic and admixed with the ketone from example 2,
Inhibiirisonfdhas aspemaentianes! hinst erhkeoratiperagievanascaonamegerapy or in

comBitoANgt 1038340 RIEr IRk dleeRcheasR 25 mi (113 mmol) of BAST

were added and the mixture was stirred further at RT. After a further 12 h,
dichloromethane was added and the

End products are generally determined by mass spectrometry methods (FAB-, ESI-MS)
and "H NMR (generally, unless stated otherwise, 500 MHz in DMSO-D6); in each case,
the main peak or the two main peaks are specified. Temperatures are stated in
degrees Celsius. Abbreviations used are either explained' or correspond to the
customary conventions.

Starting materials or synthesis intermediates are either obtainable commercially or are
prepared as cited or described.

1-Oxa-8-azaspiro[4.5]decane, 2-oxa-8-azaspiro[4 .5]decane, 2—oxa-?-
azaspiro[4.5]decane, 1-oxa-7-azaspirol[4.5]decane, 2-oxa-7-azaspiro[3.5]nonane and
also analogous or alkyl-substituted or —disubstituted derivatives are prepared as
described in WO01/87838.
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resulting solution was rapidly added dropwise to an ice-cold saturated

WO f@@ﬂﬁﬁmogencarbonate solution while keeping the tempepiyig:-Pe\d% 1004550

30C. The organic phase was removed, the aqueous phase was extracted
repeatedly with 15 dichloromethane and the combined organic phases
were washed with water, 1 N HCI and saturated in NaCl solution, dried
over sodium solvate and concentrated under reduced pressure. The

1,4-DieoarB allzaspinbidnbitiecanto Jrapbed], Srilkiies et (B Sl deeptan e MTHE 80 9-

s 0 ke VI ) e SRR, D R bt

derivaibeseyra areparsid)as MsEFO6R1 261 STise Mapwn enethtl )oan7ikewise also be

. . o5
e e A pr e o xamete dhs arlepiss
pipendaseffeiiedialafrgbashtadicaampieiat H PHURIEIES WibzicGDEIB)N 2.water
sepaF% ﬁH); 5.46 (m, 1 H); 5._17 (s, 2H); 4.6 (m, 1 H); 3.77 ("s", 3H); 2.4 (m,

2 ?; 1.8 (m, 2H, overlapping); 1.5 (m, 2H); 0.95 (m, 3H) All further
3-AzasptighSjantecsuizis ofl secohibidifibiordee sraamiplacitbdedvatives to give

azas&%@é@%&{%%ﬁ%@ﬂ%ﬁﬁé“ ?ﬁ% %%Prqéj %ﬁ%@g%@%@%?&%tﬁ%%ﬂ@%piro

corres 0 pentan0|c’ac:| erivativ xXamp
compgsyamine-edutitloorope marsdtastagdviibromidte WO 2007/137738 58

2 e ey S S e I SRR S B R ato,
analagphirirsapseflientipeacoentes cinedisty dambrChere. Adde. b6 1 (2004),
or calf %%“8&%?6%5{#%%%%%3&@%%0 ied }F%%r %(?t iaied [%@V&V!ﬁ%’; T§r5exam ple

iltered o suction through a glass frit, washed thoroughly
reduciiner bike iseddsrsohentinedituedhiinatipreatrsdliiéisdardes pircahysiantoins and
lactaHREA M SREL DRiGEXL

ﬁf'%gfﬂiﬂ{‘g\.@?@sﬁd@gzgéﬁ%"{fl% BUR: B Ehnd
HY; 2.5 17

“3H);4.3(t, 1H);3.76 (s, 3 (m, 2H); 3H). Example 7: Methyl
derivedivas- @fdois isstsanatopentanoate 10 The compound from example
Man$ dfrd Rt %Ez%Hyaiﬂ)iHB%%&E'%M&#@QF&!@%Q@W%%&%&%F@' Bmmercially
_dichloromethane and 9.46 ml' (117 mmol, 4.05 eq) of pyridine, cooled
availgblgn to OC in an ice bath for 15 min and admixed with 19.86 ml of a 20%

The BRISIRS FIHEUL A8IRLIONA(AaRE H?{H%éln%ﬂﬂ%i‘(}ﬁ%iﬁpéo%ﬁpounds is

seconds. The mixture was stirred at 0C for a further 2 h, then the reaction

descrfribie Wal. e cteinwithecsia haif4adRBACT 26d).

Abbreviations used:

bis(2-methoxyethyl)aminosulfur trifluoride BAST
tert-butyl tBu
2,2'-bis{diphenylphosphino)-1,1'-binaphthyl Binap
bis(oxo-3-oxazolidinyl)phosphory! chioride BOP-Cl
dibenzylideneacetone dba
dichloromethane DCM
dicyclohexylcarbodiimide DCC
diethylphosphoryl cyanide DEPC
diisopropylethylamine DIPEA
4-dimethylaminopyridine DMAP
N,N-dimethyiformamide DMF

dimethy! sulfoxide DMSO |
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15 ice. The water phases were reextracted with dichloromethane, and the

WO SEMEd rganic phases were washggl with ice and saturatesdNagbs007/00 4550
solution, then dried over MgSO4 and filtered off from the desiccant.

Concentration by evaporation under reduced pressure left 5.21 g of

brown oil (corresponded to a yield of 94%), which was reacted further

directly. 20 Example 8:
1.1'-i(SjdiptianyipphpiBi6)isrtecane-3-carbonyl)amino]-4,4ffloropentanoic

(2.3l ) from example 7 were dissolved
-3 @W%%ﬁ%?n‘%@%ﬁﬁm@og mg (3.25 mmol, 2.5 eq.) of
hydragtanddydrogencarbonate and 25 209 mg (1.37 mmoER®@5 eq.) of
equ:v%'l% 7@spiro[5.5]undecane. The mixture was stirred over%dght precipitated

s were removed and the reaction mixture was treated directly with 2.5
saturafeef 1 M LiOH solutlon (2.5 mmol, 1.9 eq.). The reactioaatias monitored

; peak of the reactant had disappeared
ol %%%E%M% re V\/as aC|d|f|ed cautiously with dilute HCI and the

fﬂram@bu&trwawmdlmiwraommmn with ethyl acetatetiérlng of the
72700 &B@S%Qé(g{ (?s%’gjm sulfate and concentration @ﬁ{ reduced

pres ure mg (quantitative). The crude product was used
lithiuglirgiislyrromdasanidiée coupling which follows. WO 2007148438 59
IEP2007/004550 Example 9:
th . H
me aﬁ ) 1-(1- cyanocyclopropylcarbamoyl)-3,3-d|ﬂuorobutg\//,ﬁ9-
methﬁﬂ”ﬂ@@ﬁ?@[ﬁ'%}unh@c&hiesslub’ﬂﬁbxamide The crude prodUdeftgh ks@imple 8,

m th? %‘ctﬂ p[5 5]undecane-3-carbonyl)amino]- 4, 4@*& ropentanoic
© ﬁwas |sso ved in 6 ml of 2:1 THF/DMF and admix Wl't% 5161.8 mg

N-brgmgesagaimiendeos eq.) of 1-amino-1-cyclopropylnitrile ¥ &Schloride and

N- Chpozgs%g&%(gn%gtmol 1 eq.) of 1-hydroxy-7-azabenzotrigg I§ cooled to 0OC
d admixed with 250 mg (1.3 mmol, 1 eq.) of EDCI and Wlth 0.496 ml

N- loc(esgmmtmlg@q ) of N-ethylmorpholine. Subsequently, B mixture was
N-et do RT for 2 h, THE was distilled off under rg %lﬂged pressure,
et I acetate was added and the mixture was 10 extracte shaking with
TOOWh‘i@FﬂVJ@’ it s 20 Nale@O 3 solution and sat. NaCl %Tutlon After
broagiSgRiration of the organic phase, a preparative HPLG; separation
(Merck Hibar Purospher RP18, 250x25, Standard- Gradiént of
tetralydeofiifgie-water-TFA) was performed directly. Product fréictions were

trifluSIRRIREd-aRg freeze-dried. Yield: 222 mg, 43% of theoryg 5

O-{{ethoxycarbonyl)cyanomethyleneamino)-

N,N,N',N'-tetramethyluronium tetrafluoroborate TOTU

Examples

The examples which follow were prepared analogously to the general or specific

methods specified above.

Example 1: Methyl (S)-2-benzyloxycarbonylamino-3-chlorocarbonylpropionate
Z-asp-OMe (175 g, 622 mmol) was dissolved in THF (1750 ml) and admixed with 2 ml
of DMF. 86.9 g (684 mmol) of oxalyl chloride were dissolved in 200 mi of THF (slightly
exothermic), cooled back to room temperature (RT) and added dropwise to the solution
of the amino acid over 1 hour (h). After a further hour at RT, the solution was initially

sparged with nitrogen for 10 min, concentrated on a rofary evaporator at a maximum of
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15 1H NMR: 8.82 (s, 1H); 6.6 (s, 1H); 4.31 (m, 1H); 3.28 (about, 4H); 2.29

wo 20bA87#381.1 (mm, about 20H); MS4ESI): 397.17 ExampledP/Ep2007/004550
8-azaspiro[4.5]decane-8-carbonyl chloride 1.57 ml of phosgene (20%

solution in toluene, 2.96 mmol) were initially charged in 5 ml 20 of

dichloroethane and cooled to -20C, then a mixture of

8-azaspiro-[4,5]decane (750 mg, 2.96 mmol) and triethylamine (1.28 ml,
30°C andmnevzparatei viereadedy witvipluaner 3beriesuHinmikiitrevivide solid was

drledqgoé%%@t%‘f%@fﬁm RladMRlb0sB5EAHN ¢ %gt%s Suﬁ\ﬂ%ﬂ?ﬁ?@%‘{ed further

material was stilf present but also three new'pea sequent

withopikuitearnasdiieriipt Y iRidiqLESsoHquamidtaliveous phase was
extracted with 25 dichloromethane, and the organic phase was washed
with saturated NaHCO3 solution and dried over sodium sulfate;

Exanguiesadvietiy!, tﬁéiﬁb&uwim@amwﬂmmmr%mnmmﬁimtion under

u Z?l%%%
Coppﬁi@ﬁ%mt@gj@ urt%r%%%ﬁ@t?oﬁ?‘z en ra met %geeéiample 1%'&%@’{0@1
3 i:teE&mﬁplleﬂlaﬁkSwﬁfyﬂ(s;)lmr@ﬁb@ayinéttwnaldkadmmﬁﬁeam@@rbdaylam@ber

septa W&%@b ?l;j g%@@%@wﬁ%‘@@ “f%’? J??i r%@éﬁgr@fé RaURs initially

methods by “reflu paraformaldehyde on a water

Cha!’mgta'tﬁr%w@mi@waﬂW%dWﬂ?ﬁ%S@b POTIERZ08T)00ab80mixed with
| .
0 T SOy oplelen gl squlop an egpina to RT. i
solutigsnyyres HramrirTredhinthe BUskensionveftteornpogobspmisiehd hraremilting
C | B
color%%% {bbgﬁgrg%a%ony gr Igﬁm%as conled to 60°C, and me methylmagnesmm

-4-ch methyl-5-oxooxazolidine-3-carboxylate. T

chlorjstodirét thl©bBt3iRcl welk e dwi fﬁBuﬂRﬁtﬁﬁﬂpDMﬁ@&tﬁﬂdﬁﬁtwhm 15 min. A

thick ?)é%@ﬂé’ﬁ é%?g&% 5k PR 3B Merature rose to RT. After cooling again
-5-0x0-4-(2-oxopropyl)oxazolidine-3-carboxylate CuBr (24.54 g, 168

to -6bnfmaihe. Mlpaﬁwmmms g, (@senarmela d§§ eeiematially(S)-2-
benzggﬁ{ 3 %%%Eﬂrﬁ?at RTI’]}?’ Abidhendissavahi) %'@B@fm! of THF)

e TH 10 and stir 20'min. This gave a clear

was geien-oyengoealdbmimreeike teperahin vetider bEdDY ar§°C. After the
addttMﬁMleeﬁﬂi\éﬁP%@ﬁﬂﬁd@ w58 Srpal fhP Sthinas 30ded dRUSEnonium

thereto. This led to a yellow suspension which was difficult to stir, so that a

chlordardp 75 W@ﬁﬁqﬁdﬁmTﬁﬂéd\ﬁm’m\ﬁgéhﬁf&ﬁixtbﬁéWé@é@M@Q}ﬁ@ﬁft@ﬂ the
flitrat@t'"ﬁg &hut8%/ By 480N of he SRIRGTH £higH G, fé@%m%%omum chloride

dissolved in about 150 ml of 15 THE (41.67 g, 140 mmol) was initially
solutirae s a@@@t&r@rta@rﬁfﬁdwrwa’@dléaddb@m%rremétré’gcfmn?nﬁaxtbEeorganlc

phasB U OFRIREWAS S TR Bl RISEARSERIUER EP Tk R g LIRS ORI R es were

reextracted with ethyl acetate. The combined arganic phases were dried over sodium
suifate, concentrated on a rotary evaporator under reduced pressure and
chromatographed on 1 kg of silica gel with 1:3 {o 1.1 ethyl acetate/heptane. After the
products had been combined and dried under reduced pressure, 83 g (84% vyield) of a
white solid were obtained. 'H NMR (300 MHz, CDCL): 7.4 (m, 5H); 5.78 (m, 1H); 5.18
(s, 2H); 4.6 (s, 1H); 3.75 (“s”, 3H); 3.3-2.9 (2dd, 2H); 2.2 (s, 3H)

Example 3: Methy! (S)~2—behzyloxycarbonytamino-4—oxoheptanoate
The preparation was effected analogously to example 2, with the difference that N-
propylmagnesium chioride (2 M in diethyl ether) was now used and a chromatographic

purification was dispensed with. Instead, the resuiting dark crude product was taken up
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was effected by adding about 100 ml of saturated NH4Ci solution; the
WO 2008 ryay stirred vigorously at -60Gfor 10 min, then 200 np 8fiAeptaier /004550
and 60 ml of water were added and the mixture was stirred at RT for a
further 15 min. The phases were 20 separated, and the aqueous phase
was admixed with 50 ml of 1 M HCI (green solution) and extracted twice
with about 100 ml of ethyl acetate. The combined organic phases were

in 1 \Washhertareanddilissrdidirossi it Affe O ata enttuitheackivated carbon
and fROMHAN. tligd Qvey ﬁﬁ&&ﬂj& %@%@Hé‘@ﬂé@@“@%ﬁ@t&ﬂder reduced

» Ng{é%ssure. Subsequently, purification was effected by means of silica gel

H 2ot grdphls k57142t 26 & ptah@/Ehy | lDe@i]: (srodddtidr® (s, 1H); 3.73

o tHORAS ' fr f eBlyres f e
N e A S
DMSO-d6): 7.35 (s, 5H); 5.43; 5.22 (2 d, 2H); 5.13 (d, 2H); 4.4 (dd, 1 H);

Exa @4329/%: ?-ﬁ%e%ﬂ%c%(%a%oiﬁpal%%gxﬁmm midSrPeRtbate

_[(: )-4-(2,2-difluoropropyl)-5-oxooxazolidine-3-carboxylate” 15.52 g of the
BASTdRpxnpitiabiegamplen®oba2fmen Wersdnljsiyddrigernm ef 1 liter flask

mad%&i@ﬁéﬂ”&%@%%ﬁ&%&ﬁﬁ%é&%%@r%%&@ﬁ’&‘#&ﬁ @G, 2.02 eq.) of

. For 14 days, the mixture was stirred under argon. Intermediate

dissojved/pusperdadsivieatritiedaoorizrTes siere vEH DD 0648 50day and
agairREPAYERSIANENER PRLYECANPIS e ANRS B ANE RGeS E YMBHHR R mixture

reaction solution was added dropwise to a cooled sodium hydrogen

was irserfaihss ati6h (idtsoadughsielditisintiatrstetbatarwrs fstdasband the
resul%ﬁ@i&ﬂB@%@VﬁRﬁgﬁéﬂé@ R BHEOS FPIEQ WA then&XEaaisH

by shaking twice with DCM. The aqueous phase was 5 adjustedoto pH 3 .
hydreggnemthtenats selutien whiekaariaa KiedrarneyatitrehelmwiesC mdre. organic

phasé WRaQraanisRbases waiesiiiasd apd waghetbwitbnalisaigd Nac!

solution, dried over sodium sulfate and concentrated by evaporation

dichlopeuiae feafR e BSsGrENbINRIrRESdINC PAS BRFoYRIB Yraphed it wgter, 1 N HCI
and SHGRESY WIRAS MOMEERNA I rE%8 e iReaa e RN RI el ASlifd inder

were combined and freed of solvent residues under 10 reduced pressure.
reducgd)|aresgUER I BRI DERRBGH) [ ERatRprarBed on silica gel (3:1
heptddRIBBRZMOXYGarbonylamino-4,4-difluoropentanoic acid The compound

from example 14 (4.9 g, 16.37 mmol) was dissolved in 30 ml of acetone
Prodaglifi@sdiensavers spneiaptiandeantaniRioNioy SuARIAYeD yadar reduced
pressigd4 mmol, 15 2 eq.) was added. For about 2.5 h, the reaction mixture

was stirred atrgom temperature; reaction monitoring by LC-MS indicated

Yields gl teXoitve FibIMRHRON A Ho I Iohedsby afid ool D 4RI Gra ki kB4 18 (s, 2H);
4.6 (Sigtilling-o placsione undgr sedugel 1 34

Example 5: Methyl (S})-2-benzyloxycarbonylamino-4,4-diflucroheptancate

The preparation was effected analogously to example 4.

"H NMR (300 MHz, CDCl3): 7.4 (m, 5H); 5.46 (m, 1H); 5.17 (s, 2H); 4.6 {m, 1H); 3.77
(“s”, 3H); 2.4 {m, 2H); 1.8 (m, 2H, overlapping); 1.5 (m, 2H); 0.95 (m, 3H)

Al further reactions in the series of the 4 4-difluoroheptanoic acid derivatives to give the
inventive end products were conducted entirely analogously to the corresponding

pentanoic acid derivatives.

Example 6: Methyl (S)-2-amino-4,4-difluoropentanoate hydrobromide
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- pressure and adjustment of the solution to pH 3 to 4. The mixture was

WO Rxdragtegrtygce by shaking with ethyl ggetate. The organic phege MeS007/004550
washed with saturated NaCl 20 solution, dried over sodium sulfate and

concentrated by evaporation to dryness under reduced pressure. The
crude product was chromatographed using silica gel with a
DCM/methanol gradient (0-6% methanol). Yield: 4.7 g (quantitative). 25
10 g ekthaslemeoysy Iresn - @ampleatbuerdadmoadaiifiorspedtandiefadide HBr in

glacidl %SQWHH%H%%@FBPMIQ g%(jgééé}élre i \ﬁasé)r FisSRIMEEU Aiher

ml of methanol and 580 mg of 10% P ogenation was

were greistadpad Asarentipm noxiyra wasistiigl shial Zas i3nim difumprasipitated
prod HGIREIS FEnANGF AR g&%ﬁﬁ‘h{ éh"\é%?dﬁ%dfﬁ‘? %HXQ@%‘?BQQR@W cold

effected for a further 2 h - low conveFsion; The 30’'same amount o

ethercangljerevhel sadeenkgpsidass Hodrigedated wessateaddcavdpaigivedatifgctly in
the nignRgLRe conversion compet § gﬁg C;mxture was filtered off from the
by ev

catalyst and concentrate oration. The residue was partly
"H NiiBs Ve lbin Aibkahd/(ialét); (&(7 ﬁ1()3 ait)sedidrireadbbnatd (R0 thg, 0.6
eq), 10.4 ml of 1 N NaOH solution WO 2007/137738 62
PCT/EP2007/004550 (10.4 mmol, 1 eq.) and 2,6 g of di-tert-butyl
Exargidarbdiatb (1594 rdibluereLdaoorenateerieiencaés about 2 h, the

The %&?&Wﬁ%ﬂ? ERIRIALES 18 EYUBRBWA BIITASLER é‘?’k EMFEBE% i dissolved

ether phase was discarded. Subsequently, the' aqueous phase was

in 248 diligédiehisosnpiiranaiand Patel dxirht e etetvidth eahpf anstdiee Teroled down
to 0° @WQHIIEQ%éﬂrﬁfW:a?W%%{VﬁBrﬂ&éMﬂq9 B GHIsaIutiogyd Eﬁgé@\éﬁ{e solution

sodium sulfate, filtered off from the desiccant and concentrated

in tolugapdrtion aek, réduead witeds e — $lerEOBTIMg f%%imwaﬁ stred at 0°C
for aWMRedZ2-8 Gehile r@aﬁ:%n%ﬁ)cﬂﬂé%vgs LihaliddWitRrectiihak Sridigict and

1.37 (s, 9H). 10 Example 17: tert-Butyl
ice. T(@)”@Gﬂd%ﬁ%?d@éﬂ)ﬁ%ﬁﬂfé%wm@WW@E@@UY?@%&%@M@Q@W@M

orga&ﬁ:?%@@%@?éhﬁd@@@&%lffpﬁb%mﬁj@t&lgm GREAMAkt @r%ﬂl )over

amino-1-cyclopropylnitrile hydrochloride and 943 mg (6.93 mmol,
MgSeyq, )aaﬂri@@rﬁqgm%mtw%aahs%@ﬂ@@atfﬁtwmmvaporatlon under

oo TS0 A0 0 L [ BB 380 5 2T v

reacteikiurdheradirstotigd at OC to RT for 16 h. The reaction mixture

Example 8: {S)-2-[(3-Azaspiro[5.5]undecane-3-carbonyhamino}-4,4-difluoropentanoic
acid

252 mg (1.3 mmol) of the isocyanate from example 7 were dissolved at 0°C in 5 ml of
THF and admixed with 109 mg (3.25 mmol, 2.5 eq.) of sodium hydrogencarbonate and
209 mg (1.37 mmol, 1.05 eq.) of 3-azaspiro[5.5]undecane. The mixfure was stirred
overnight, precipitated salts were removed and the reaction mixture was treated directly
with 2.5 mi of 1 M LiOH solution (2.5 mmol, 1.9 eq.). The reaction was monitored by
HPLC-MS. When the mass peak of the reactant had disappeared completely, the
mixture was acidified cautiously with dilute HCI and the product was isolated by
extraction with ethyl acetate, drying of the organic phase over sodium sulfate and
concentration under reduced pressure. Yield: 440 mg {quantitative). The crude product

was used directly in the amide coupling which follows.
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was then diluted with 40 ml of DCM and extracted by shaking with 1 N

WO JtfelpPiytiap saturated sodium hydroggncarbonate solution ger/EP2007/004550
saturated NaCl solution. The 20 organic phase was dried over sodium

sulfate and concentrated by evaporation under reduced pressure. The
product was sufficiently clean for further reactions. Yield: 1.5 g, 89% of
theory. Example 18:

Exampla Sy ey didpropghoScbarmmadcarbatifiopiepSncifheonide 34 -Bo

e e the compound from example 17 (580
azasﬁ]g%} irsggﬁr%%rr%g %Noés&é &é%qgvklth 10 ml of 1:1 TFA/DCM and stirred at

The @J%pg@dmﬂhfr@ummgmlﬁ, ) -2iktner asgircdd ddutrdaestiby-3-carbonyljamino}-
4,4- K?cﬂ% r‘r@ ﬁ' Sd%%dﬁ%géﬁ}gg iR SUBISEEHO-ARRAYORIE 2 gmixed with
Istillatio dic ‘I

oromethane and toluene, and solvent residues were
161 ﬁm%&%d@migﬁ LaceamofTheproguttoyalo prepyinitadetthydochioride and

170 YOPRRAHE Y8 S0 MO HO0TSTIR 83 T TIRgn 004550

prepar tIO ethod: reaction
admimbmdél with ragtétndimamoproteateafdniicd acid withD14R6nol &ﬂ&uenﬁﬂe@ 3eq.)of

: i
N e S A R dre . T
was digthed @y sdrigiedusarheraysvas dithyivesiate ovas @mﬂa@t aind eoratkture was
extratddih Qﬁa%‘%%'lﬂrﬁgh épmt?t)éai%ﬂ sHP thdpimel disy (%Wéﬂds 4t Yac

cold THF) wasthen ad slowly intwo  portions over 60 min

SOIUtwbéétﬁimm&ﬁgaﬁm haostiand phase: @vlélf‘ﬁ@’fﬂﬁM@eH%tﬁﬂparathﬂ
(Mer@&'ﬁ%ﬁr"ﬁﬁ&é@@ @%@@%'@EQWM@ gg&wﬁrea\ng er-TEA)
saturated NaHCO3

solution, dried ‘over sodium sulfate and concentrate

was poripretas, diccelnpbratunt Taetiess visseonopridedtanssimtsededtly in

Yield€aeh ewyf@qfqg ly by HPLC (RP-18, acetonitrile-water), and
product Tractions were freeze-dried. The yields in this process of urea

'H NMRnﬁn%% WeldtidhPdboli 04634098 . otthierf (EREHIpA-DOZBENYI 2H); 1.7-1.1
mm(%béu@wq (2 NQ ﬁ‘: I ng@fopyl)oxazolldlne -3-carboxylate 15
P

Analogously to example 13, benzyl
(S)-5-0x0-4-(2-0x0-3-phenylpropyl)oxazolidine-3- carboxylate was

ExarRERPAESRHS 5PN RRNZH ES)-Aschigrocarhamyimethyl-5-oxo-

oxazolidine-3- carbodzlate (5.00 g, 16.8 mmol) and 15 ml of a 20% .
1.57 pelrzfyrhagaest M OSh sakicien iiiiuets2 2rafommel bweie TR iyHharged in 5 m

of diCHRAESRS ARIAIBSHIas RYelPY ahe PIdiR G oP4% 2148584 Secane

(750 mg, 2.96 mmol} and triethylamine (1.28 ml, 9.2 mmol, 3.1 eq.) was added slowly.
After 30 min, the mixture was allowed to come to RT; after 1 h, according to LC-MS, a
little starting material was still present but also three new peaks. Subsequently, the
mixture was added fo 2 N aqueous HCI, the agueous phase was extracted with

dichloromethane, and the organic phase was washed with saturated NaHCO3 solution

and dried over sodium sulfate; subsequently, the mixture was concentrated by rotary
evaporation under reduced pressure. Crude yield: 592 mg

The material was reacted further directly without further purification. General method:
see example 19.

Example 11: Benzyl (S)-4-carboxymethyl-5-oxooxazolidine-3-carboxylate
The compound is commercially available or can be prepared by literature methods by

refluxing Z-Asp-OH with paraformaldehyde on a water separator in benzene.
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Example 21: Benzyl

WO ﬁ@b—ﬁf{g#ggluoro-s-phenylpropyl)-5-q3@oxazo|idine-3-carboxpléqqr__:p2007/004550
"~ Analogously to example 14, benzyl

(S)-4-(2,2-difluoro-3-phenylpropyl)-5-oxo- oxazolidine-3-carboxylate was
prepared starting from benzyl (S)-5-o0x0-4-(2-oxo0-3-
phenylpropyl)oxazolidine-3-carboxylate (5.00 g, 14.2 mmol) and BAST
(12.5 g, 25 56.60 mmol, 4 eq.). After chromatography on silica gel

Exa"‘%) LGS e OR LR AN 5 xorazoldine:sicarboxylate
The W%ﬁﬁ@m@ Jdllv@sofiovverded anplogouslytinetly 8@nner described

{t6%enzyl (S)-4-chlorocarbonyimethyi-5-oxopxazolidine-3-carboxylate. Th
n 8X(gé)ﬁjrzrétlgenzyl?)?qz/ca %%nylan%rnoo 4r4o(§‘|¥ll%?o g phgnnyeant%ﬁoilr?:eaua rooxyiate. The

produgiditgoabkpiteexartpuses Wihaubliiykswyaefisetiprmitioesalditqornbreaction.
phenylpentanoic acid was prepared starting from benzyl
(S)-4-(2,2-difluoro-3- phenyl propyl)-5-oxooxazolidine-3-carboxylate (1.2
Exargple. 2@‘%6@5{%&&@1@@& (oA PNEZT RBG43-carboxylate

cuBF&d/ fao%éorc?ﬁﬁép 10@@@2%5 mgr@%? A %ygﬂ%"}‘rﬁHcW hffeoriﬁ Hefdinitiatly

directly for the subsequent reactions 88% of
chargschinoaBemettylask under argon, then drssoived in 600 ml of absolute THF

and $B¥EA0RNRYI9%Y %fhﬂﬂy*ﬁ%“&a%e“ QH!HQF?QB@PSPQHE@@BRRF& The mixture was
Trlmethylsn%/l chloride (0.61 g, 5.61 mmol,”2 eq) was added dropwise to a
( @w@%

then selpleshier (S 2-ped N rsahx}l@miﬁé 4G rdlfld6fbrarphledybedtamesie added
dropRiid h&}218. 8L PERa DARLRE MRk Hiethe &%m@gﬂr so that a

ended, the mixture was stitred at RT for 3 h. The solvent was removed
fuﬁh@hﬁér%@u&é@r@gﬁﬁém dreprisigubhevaRixived wagkisueaguRetly stirred at

-60°EeRglien r\wa'cmfe'wseng'emoﬁ&gr%%ﬂmmwz EUBRIELH MW 50 mi of

)-2-amino-4,4-difluoro-5-phenylpentanoate In a three-neck flask, methyl

(S
THF (@)L £benAi6xearbongrinitioly, atardorb-60kenyr epsiewvaddacdropwise.
The Eatformmalivas diseaved 2 sm1tef @ﬁﬁ%ln@@?éﬁﬁ'@%ﬁeg h. The workup

evacuation and sparging with argon, 350 mg of Pd/C (10%) were added.

was aftecterh BN arrbepartitgriiat aﬁgmmmw@@@@ﬁwmwpﬂ@@re was

as re Iac d Yeiydrage (baIIo nW| a e mixture was st rre
st et R edd b AL T L RHALR 5581 By O Water were
addemhbai;ds&ﬁwmaﬂdedmﬂt!medmkm‘ﬁ‘efmWhyd@anate’dwetﬁésﬁesawere

urt ncom Ietlo fconvers re C
Sopa A r T AR PSS T d A ARep oG atgen solution)
and wdsadedderitateithbytevapiatohafretbyredetsid préssooenfineakyrganic phases

werere\fvsa'g & \,"\’f‘ﬁh"?tﬁm& solution, saturated NaHCO3 and saturated NaCl solution,

dried over sodium suifate and concentrated under reduced pressure. Subsequently,
purification was effected by means of silica gel flash chromatography (5:1-2:1
heptane/ethyi acetate); production fractions were combined and freed of solvent
residues under reduced pressure. Yield: 21.6 g, 56% of theory

"H NMR (250 MHz, 390 K, DMSO-d6): 7.35 (s, 5H); 5.43; 5.22 (2 d, 2H); 5.13 (d, 2H);
4.4 (dd, 1H); 3.26, 3.04 (each 2 dd, 2H); 2.07 (s, 3H).

Example 14: Benzyl (S)-4-(2,2-difluoropropyl}-5-oxooxazolidine-3-carboxylate
15.52 g of the compound from example 13 (56 mmol) were suspended in 5 ml of
dichloromethane and admixed with stirring with 25 g (20.8 mi, 2.02 eq.) of BAST. For

14 days, the mixture was stirred under argon. Intermediate LC-MS spectra showed that



10

20

25

30

which, as well as the desired product, also contained smaller amounts of

wo 309 7Maredefluorinated and didefluoriggted product. This resiguewes2007/004550
used without further 25 purification for the further reaction. Yield: 530 mg,

82% of theory. Example 25: Methyl
(S)-4,4-difluoro-2-isocyanato-5-phenylpentanoate Under argon, methyl
(S)-2-amino-4,4-difluoro-5-phenylpentanoate (400 mg, 1.64 mmol) 30

the caaeaman was inCAyahiconartalerafiastBaated Atdays phetimerksro g raaction

soiut%qr)\:\yé‘gsa%%%dd@&Bﬂ@%aé‘@5@?95e§HH|U%§%y88§N€§r%Wﬁ§?ef%ﬁton vigorous

minutes. The mixture was then cooled to OC and admixed with

gas gidtienpaiuiibnem terthaidqp almon 30 Miinfop gas epjutive) nardifee aqueous
soluti¥ASIETRR AR oI Q‘r’éﬂﬁ@r’[@@l@%ﬁﬁeﬁéwqﬁw‘@ W3us phase was

’ 2007/137738 65 P.CT/E 2007/004550 removed under reduced pressure.
adjustad fairidrd Wit dibdietnied soiution andeudiasied i atone. Wﬁ@ Probltwice

morePPRYC HUAOPIABEY Was YsAHRIEAS Frariens y/yeh folomed, Wl'gﬁf‘] lgc:)li.rcton

further purification. Yield: 425 mg, 96% of theory 5 Example 26: M
dﬂed(syﬁzr Rg%@%wwgmw%wﬁﬁmmmamam Beduced pressum

w@%'&ﬂ%ﬁw%ﬂwphed through silica gel with DCM/methanol (to 0-6%
(S)-4,4-difluoro-2-isocyanato-5-phenylpentanoate (425 mg, 1.58 mmol)

methaaed), @BsoNedURt IR RtaFSITERTEreARakiRRR gk fressiref o ritiainsigues under
redufa@ gradsmyaol, 10 1 egdiang B'F’c%ﬁééégrﬁis%%m JF-Rfbanol. 1 eq.)

were added to this solution which was stirred at RT overnight. The
solvent was removed under reduced pressure and the residue was

Exarhbidied s pecpRiaAie BA EdaIRAiERb AcelamidRlpaies ae aggiton of

The product-containing fractions were combined and freed
The W@ fPEhErATR et 8 P sredBuié B ibwa disaaivedin 8P mi of acetone

and &B%%M BOPE then 1 N sodium hydroxide solution %32 74 ml, 32.74 mmol,
)-2-[(8-Azas |ro[4 5]decane-8-carbonyl)amino]-4,4-difluoro-5- phenyl-
2 eq é{ﬁgrﬁﬁ@g@ meqpﬂut 2.5 h, the reaction mixture was stirred at room

temp@b&i@%@@fﬁ&ﬂﬁ’&?ﬁ@%\gﬂ@fWM%%ﬁ é&rﬁdf&i@rébﬁ\?é}smn Thls was

phenylpentanoate 2404:;39H 9 mmol) was dissolved in a mixture of 1
t

followgchby agdiien simlonh@diRaNdi G, ﬁﬁﬂi&m&fﬁ@w@@m@w@ﬁwmﬁﬁéﬁ
pres&?él A 2 ehaiesiae sldedprddbesnixiireas s A RN Bed twice

h. After the react|on had ended, the reaction mixture was acidified to
by SW@W'%@ Ry gqeﬁgtﬁd'lg@gfgﬁmq-@@@t;@awﬁ;s washed with saturated NaCl

solution, dried over sodium sulfate and concentrated by evaporation to dryness under
reduced pressure. The crude product was chromatographed using silica gel with a
DCM/methanol gradient (0-6% methanol). |

Yield: 4.7 g (quantitative).

Example 16: (S)-2-tert-Butoxycarbonylamino-4,4-difluoropentanoic acid

The compound from example 15 (2.99 g, 10.44 mmol) was dissolved in 40 m! of
methanol and 580 mg of 10% Pd/C were added. Hydrogenation was effected at 2 bar
for 3h. Only a vaniéhfngly small Z elimination was detected. Another 300 mg of catalyst
were added and hydrogenation was effected for a further 2 h — low conversion. The
same amount of catalyst was added again and hydrogenation was effected overnight;
only then was the conversion complete. The mixture was filtered off from the catalyst
and concentrated by evaporation. The residue was partly dissolved in diokane/water
(40 ml), and sodium carbonate {700 mg, 0.6 eq), 10.4 ml of 1 N NaOH solution
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solvent was removed under reduced pressure and the remaining agueous

WO RJPE8 yresg5 extracted with ethyl acejate. Subsequently, thepsgagiS2007/004550
phase was washed another three times with water and once with

saturated NacCl solution, dried over MgSO4 and freed from the solvent
under reduced pressure. The product was obtained in the form of a
yellow solid which was used in the reaction which followed without further

(10.4puridationd. Bandield 492 dideddvatyf diciyomtanipledZBTIn{(S)-14 €q.) were

-(1 -3.3-di -4- -8- .
= ST s oxvacea
etherpOT/ the2gd 2004550 WRIPEHACBEE Bl REBanents. e digucsys, phase was
acidiﬁégstcmﬁﬂ %%@gﬁﬂHd%é‘%@'aﬁ@%}é&'%{R%%ﬂﬁ%@?ﬁiéﬁ‘?he organic phase

hydrochloride mg, 0.49 mmol, 1 eq.) were added “successively to a

was wgmm witthe §s§hmqt(@i&a§:§}tﬁmls}mafées-@aﬁ§@qdjamiﬁ@[}‘art;q-fi!tered_ off
from g%%“&é%‘né‘ %‘?%‘8%9?5& r2Ed 8braned A% B frYdsR AR PPl re.

_ 9 mmol)in510mlo gMF. The reaction mixture was stirred at RT
YieldoGéfhiglat 364> lethesttay, concentrated under reduced pressure. The

Aot S Sl of o 0Bt TR RS Chi olmmouna s 57

9H). obtained in the form of a colorless crystalline material. Yield: 34 mg, 15%
of theory. 10 1H NMR: 8.83 (s, 1H); 7.48-7.15 (m, 5H); 6.62 (s, 1H); 4.39
(m, 1H); 3.30-3.15 (m, 6H); 2.39 (m, 1H); 2.22 (m, 1H); 1.65-1.05 (mm,

Exarpleut 168N MeSWHSH) 1480y @neevplenropideagiagoyi)-3, 3-difluorobutyl]

carbaigyglopropyl-3,9-diazaspiro[5.5]undecane-3-carboxylate tert-Butyl
3,9-diazaspiro[5.5]undecane-3-carboxylate (250 mg, 0.98 mmol) were 15

1.35 gisBeheinolDahilet ardnHdinecon ey 16 Rolkogdbsis/ayiglAl .3 eq.) of
1~am“439h-5ﬁ90%‘?85yﬂriicﬁ%W@f@&ﬁﬁﬁ&@%‘?{d%Yﬁ@ﬁ@'gk‘gﬁ%ﬂdﬂg%@ HBEHOAL

solution. Under argon, glacial acetic acid (0.55 ml, 10 eq.),

were[disstHesgSichsisepRdestyirih eHasiteRigoemeians eepjedria 44 mngrfthen
admiﬁédwﬁqwi%%@fﬁgtﬁm&,Tt@éa:f‘éﬁ@gwéﬁ%),w thespadders sg mmol,

successively. After stirring at RT for' 20 minutes, the mixture was heated to

2.6 egoohhEMD dineatinturpsampiéiad et foriabe dR 1.5on. THhe reaetigaction mixture
was fREAUIRUMGE WiRred ANditecilteaig %?é&@%}}@ﬁ%%@%ﬁﬁiﬂbéﬁﬁ@:i solution,

pressure. The residue was taken up in dichloromethan&, washe

satursiedexaiieny WdragereabdrrsérEe vipd AT abilaied, MaG! gabdiederl he
orgaM@E%e’\Hsg@ﬁe%PMJ&‘Mﬁ%ﬁ@%%ﬁé HOFEL FELHCE BPRRBEAIBA under

product was obtained as a colorless oll. ‘
reduced pressure. The product was sufficiently clean for further reactions.

Yield: 1.5 g, 89% of theory.

Example 18: N-{1-cyanocyclopropyi)-(S)-2-amino-4,4-diflucropentanamide

To detach the Boc protecting 'group, the compound from example 17 (580 mg,

1.83 mmol) was admixed with 10 mi of 1:1 TFA/DCM and stirred at RT for 30 min.
Subsequently, the mixture was concentrated by evaporation under reduced pressure
and subjected to azeotropic distillation with dichioromethane and toluene, and solvent
residues were removed under high vacuum. The product was present as the
trifluoroaceate.

Yield: 340 mg.
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25 Yield: 318 mg (quant.) Example 30:

WO 23&al9praryl-3,9-diazaspiro[5.5]undegane The tert-butyl  peT/EP2007/004550
9-cyclopropyl-3,9-diazaspiro[5.5]undecane-3-carboxylate obtained as a

crude product (318 mg, 0.98 mmol) was dissolved in 6 ml of
dichloromethane and 30 admixed with 1 ml of a 4 M HCI solution in

dioxane (4 mmol, 4 eq.) with ice bath cooling. The mixture was stirred at
ExampiefdPa rtexelm)rqfh@r@b%m@tﬁ@cb\r@pﬁtm@@fmm&%m@j@d phéeddeawith

-ter%ﬁﬁﬁﬁ’d?e%%@#ﬁﬂd@dﬂ £@pal of water and lyophilized. Thus,

3-cyclopropyl-3,9-diazaspiro[5.5]undecane hydrochloride was obtained as
1 mmp\pbthedre FmEe & FahEP Pagheensbaesminglproduieciether fisrpresent as

the afkRY Wé)%@l%%‘é%&ﬁr%'@%ﬁi%@% %Q%Haé%égﬂr}%feased by

reactions. Y 252 m uantitative. The piperidine derivative thus

baSlCdb%‘iﬁ@@ﬂk)a\y%ﬁiféﬁ@@éﬁﬁbimé%ﬁdl cpfradﬂitgnwlﬁ:@«hlweto@r&eah@ egifbchoride
from @Q%Bté"%fti%ﬁ%‘?\ﬂ%g‘&%@dﬁ%wm%?d EPxaE) %é@héﬁ%@&&ﬁi slowly in two

-butyl-3,9-diazaspiro[5.5]undecane-3-carboxylate” tert-Butyl

poﬁf@@@v&za@%wm Slipreraerllg-dacomixidee v1zD stiged. boihenslyeraight. The

reactliRSANEGsBLRkAPRheHIShIAMRReLREM 8RE, 3FRied Wﬁtﬁ water and
butyraldeé/de (52 pl, 10 1 eq.). With ice bath cooling, 17 pl of glacial

saturgtediNach @F@M‘@ﬁd@tﬁﬂlﬂﬁeir%mﬁjdf@ﬁ/éﬂdéimﬂﬁ@@dﬂé’cﬁ) rotary

t qﬁd Th eE |xtur was, sti red at RT for 16 to incom etgd {
e"ap‘r’é%é?on Sty radenydd 5%‘%‘?% W3S SRR AR, ‘&& %%588 Iya directly
by HAhE $BHtB taacttoxyionobemtidemnil prochas tifrbetliphwereradain addeadd. The

Afte stlrrln at RT. for a rthe 4 h, ahttewat
vielo g e O e Rl R PR S i o)

organic phase was drled over MgSO4 and freed from the solvent under

Examrﬁgeu%d §ress é% twa flbalngi%a%%w[%%%” §i5n8' Ylelgoxﬁate

@ uant ecane

Analm@mmiyylcgémmEi%a@i&a&zasmﬂdﬁ)@m@éa(ﬂéeﬁen&%@mﬂqﬂembtﬁbmdm;ane -3-
cru pro 83 m 59 mol) was

oot R Tnd Sa e e B ST TR Retivm5-oro-
oxazdimbmé(@%bnm@;@, éqOX)vgtH {8 hattotoatidgt 5|' hé ohmﬂﬁ%vmwmmgnesmm

Cthl’! eso O{I ﬁ'(t) :EGIQmEPeT gmvvﬂgge oved ol ”e%LcjiJ%% Hl .38 a yellow oil.
Sure - Thé residueaasta nupin20m Wa er i yophi :

YieidTEL&gSM&yleBtﬁed:@zasplro[5 5]undecane hydrochlorlde was obtained as

a crude product in the form
Example 21: Benzyl (5)-4-(2,2-difluoro-3-phenylpropyl)-5-oxooxazolidine-3-carboxylate
Analogously to example 14, benzyl (S)-4-(2,2-difluoro-3-phenylpropyl!)-5-oxo-
oxazolidine-3-carboxylate was prepared starting from benzyl (S)-5-oxo0-4-(2-ox0-3-
phenylpropyljoxazolidine-3-carboxylate (5.00 g, 14.2 mmol) and BAST (12.5 g,
56.60 mmol, 4 eq.). After chromatography on si!.ica gel (dichloromethane/methanol),
pure benzyl (S)-4-(2,2-difluoro-3-phenyipropyl)-5-oxooxazolidine-3-carboxylate was
obtained in the form of a yellow oil.
Yield: 1.2 g, 23% of theory

Example 22: (S)-2-Benzyloxycarbonylamino-4,4-difluoro-5-phenylpentanoic acid
Analogously to example 15, (S)-2-benzyloxycarbonylamino-4,4-difluoro-5-
phenylpentanoic acid was prepared starting from benzyt (S)-4-(2,2-difluoro-3-

phenylpropyl}-5-oxooxazolidine-3-carboxylate (1.2 g, 3.20 mmol). The product was
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of a colorless amorphous material which was clean enough for further

wo J68¢iPReragdeld: 176 mg, quantitativeg f he piperidine derivatige-$ig2007/604550
obtained was converted to the end products, which are 30 listed in table 1
a and 1 b, as in the above-described examples. Example 33:
1,4-Dioxaspiro[4.5]decane-8-carboxylic acid WO 2007/137738 68
PCT/EP2007/004550 3.0 g (14 mmol) of the ethyl ester precursor, ethyl

obtaineti diokesfsiroi4b kigeiine-8i veblsbxylasey st el tisibivied thessuibegquent

reactld ghanol and admixed at RT slowly with 28 ml (2 eq.) of 1 M LiOH
solution. The mixture was stirred overnight; HPLC-MS indicated complete

~ YieldrdadBan. Setieiriblenas distilled off under reduced pressure and the

residue 5 was acidified cautiously with 1 ml of HCI such that no acid
excess was present. The mixture was extracted with ethyl acetate, and
ExambieetByMeibt6SyHatenmydonsiedrboay!swdiov stifbiie eroddrenylpentanoate

Tnm%m@%&%@%ﬁ%@%ﬁEﬂj@ﬁ(ﬁé%@%&%ﬂﬁ&d GiRIHwigeR% 8itkion of
(S)-2-teaygiosygelbonygicinoadd)isarcebhyrnylloantameite ddy 602 g, 2.81 mmol)
‘ et _ i | il

A e o S R e e &y or

3 h. Thereodissplendeddmegad| widichirnonsstmanesurd adthikedrasidge was used crude
in the?g%gﬁ@@/@mgﬂttﬂ?ﬁ 4g%8f EDCI (28.1 mmol, 1.3 eq.) and 7.15 ml of NEM

mmol, eq.). The mixture 15 was stirred at OC to RT
YieldoePriig g Bxatittedryy shaking under acidic (1 M HCI solution), basic
(saturated NaHCO3 solution) and neutral (saturated NaCl solution)
conditions, and dried over sodium sulfate, and the solvent was distilled off

Exanpiget4iddatad (SieLsarainmné. milifluerardsnhenydhenismogiaphed on
" : | ; - e % of {
= QR A e e A T R Mg
pentanegte (oMY, £ 6 (mraH) wasditse \64) iV (mEe):methaneikdifiplegseated
- “1-(1- r - y B - -
ea O oL P PO hhefeaddon. After
degagsioguad (S1aId 1T yaiveyetsprgsyicdiisariop)- simeapheyRareaaass! by
hydn%%ngb%t?d%ﬁ‘wm M’%%?sﬁﬁ%%drwm ?eovog's°£ﬂﬁ3adT£¢é¢%Pﬁqm%su§g§etg

irred at RT for’30 min. Subsequently, the mixture was concen

incorppleteporamshionderfrstiwtetbprens afeaidyeikerrermagan and the mixture was
hydr%%ﬂ%@ﬂ@m@‘ﬁ?cﬁ@fm%'?% ANS S YR BRGNS LEERIGHESYVEEE reaction mixture

oved under
was filtered. The mixture was washed with 20 mi of methano!l and the filtrate was

concentrated by evaporation under reduced pressure. A waxy residue was obtained
which, as well as the desired product, also contained smaller amounts of the
monodefiuorinated and didefluorinated product. This residue was used without further
purification for the further reaction. |

Yield: 530 mg, 82% of theory.

Example 25: Methyl (S)-4 4-difluoro-2-isocyanato-5-phenylpentanoate

Under argon, methyl (S)-2-amino-4,4-difluoro-5-phenyipentanoate (400 mg, 1.64 mmol)
was dissolved in 20 ml of dichloromethane. At RT, pyridine (520 mg, 4 eq.) was added
dropwise and the resulting solution was stirred for 15 minutes. The mixture was then
cooled to 0°C and admixed with 20% phosgene solution in toluene (2.16 ml, 4.1 mmol,

2.5 eq.). The mixture was stirred at RT for 90 minutes and then the solvent was
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30 reduced pressure. The resulting N-terminally protected product was
WO Je6¢iegyager directly. 283 mg (1.5 gwnol) thereof were admpteeigb9g67/004550

with 136 mg of HOAt (1 mmol, 0.67 eq.), 195 mg of

1,4-dioxaspiro[4.5]decane-8-carboxylic acid from example 33 (1 mmol,

0.67 eq.), 268 mg of EDCI (1.4 mmol, 0.93 eq.) and 0.32 ml of NEM WO

2007/137738 69 PCT/EP2007/004550 (2.5 mmol) in 2.5 ml of THE and
remogezbunfer BFcemeeeshiRtiUrBevastticcras oTliRliRT widrrigma! of toluene
twice PHERECHRO M dacsaivea e dilickalfaudcs soierd RIgeRURR @t followed

the residue was taken up in ethyl acetate and extracted by shaking with
withosfiwahed psvtiieati®iydrogencarbonate solution and saturated NaCl
YieldSabHi [gg%q)p%é ium 5 sulfate and evaporating-off the solvent

were folfowed by purifi¢ation using RP-HPLC (gradient: acetonitrile/water

and addition of 0.05% TFA). The product fractions were combined and

dyj iedd: il SAQ T

B NI b1 oo Lh | A (e S0 o TR fhuBlo-s
phenylpontanadg; 1.75-0.8 (3m, about 13 H; 1.05 (m, 2H) 0.82 (dd, 6H) MS
Meth{F&):43841R1ul o HeXaanles Htpd ! Ki%?a%ééf@fﬁﬁqﬂ@reldﬂg fmol) were

manner analogous to that described above. Table 1'a shows th

dissobseiipl8s Witwhehiasametiptsaddiersatiott Fiigeane (MaRneadsS8 mmol,

1 eq. Eéﬁ@@@’@&r EUQMGTT(% SEEE AR F%ﬂ‘?%@’r@)ﬁﬁ)éﬂ ng%(ésélbaon which
62 (d, 1 # 36 382.46 NON N 383.1 4.28 (m, 1 H); 3.29 (m

was sfiteg SeRMmoYEBIbiP Thesoes ¢am rqmgweyiwag%rqdue@éqw%m and the

: res&dEe"\v%(Hberéb Wﬁéﬂhéﬁﬁ@ﬁ@%%@ﬁ Nac é’c@ﬁ%léf@eﬁéﬂbnd addition of

Prox4H 2.2 ~ (m, approx, 4H); 1.7-1.4 o (mm, approx, 11 H);
0.05% 1 Ffn, s @rpsFoentang rasipne war@ eembinead angriress frem the
solve?? GASMN Al NP frésbdre(dd, 2H); 2.29 (m,

Yield: 245 mg, 38% of theory.

Example 27: (S)-2-[(8-Azaspiro[4.5]decane-8-carbonyllamino]-4,4-difluoro-5-phenyl-
pentanoic acid

Methyl (S)-2-[(8-azaspiro[4.5]decane-8-carbonyl)amino}-4,4-difluoro-5-
phenylpentanoate (240 mg, 0.59 mmol) was dissolved in a mixture of 15 mi of THF and
5 mi of methanol. A solution of 42 mg of LiOH (1.76 mmol, 3 eq.) in 5 mi of water was
added and the mixture was stirred at RT for 3 h. After the reaction had ended, the
reaction mixture was acidified to pH=3 by adding a 2 M HCI solution. The organic
sclvent was removed under reduced pressure and the remaining aqueous phase was
extracted with ethyl acetate. Subsequently, the organic phase was washed another
three times with water and once with saturated NaCl solution, dried over MgSQ; and
freed from the solvent under reduced pressure. The product was obtained in the form
of a yellow solid which was used in the reaction which followed without further
purification. '

Yield: 192 mg, 82% of theory.

Example 28: N-{{(S)-1-(1-Cyanocyclopropylcarbamoyl)-3,3-difluoro-4-phenyibutyl]-8-

azaspiro[4.5]decane-8-carboxamide
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" 2H); 1.6-1.0 (mm, approx. 20'H) GHIW 8.82 (s, 1H); 6.62 (d, 1H); 4.28

WO 26041372389 (M, 39 410.51 FN P 41445 4H); 2.26 (m, 2H); 12r ikBHK7/004550
(m, 2H); 1.65-1.05 (mm, approx. 18H): 0.88 (t, 3H) WO 2007/137738 70

PCT/EP2007/004550 Molar mass Example (parent Structure (ESI) 'H

NMR compound) 8.82 (s, 1 H); 6.62 (d, 1 H); 4.28 (m, 1H); 3.29 (m, 40

424.54 425.6 4H); 2.26 (m, 2H); 1.60 1.05 (mm, approx. 20H); 0.88 (t,
DIPEZHS (9411832 mE3 (022HNMSI93 @&y 2HIAG .8 (851md); OF42. 31n8mh, 1 44).) and

AR AT SERENIP T T2 acoe
succ@gﬁ&lﬂ)ﬁ 1®.8ss@Eutian) pfthe(SH E8z4dpital Sidettn6-3-gartBHyacinol-4,4-
onfs Sl FRATIE DA TS ORI Ry O
10 mLad P ME7 (beTredctiprrraiviRiel was) stras! (at, RHpvernight and, the next day,
concentrated under reduced pressure. The residue thus obtained was purified by
preparative HPLC (gradient: acetonitrile/water and addition of 0.05% TFA). The title
compound was obtained in the form of a colorless crystalline material.

Yield: 34 mg, 15% of theory.

'H NMR: 8.83 (s, 1H); 7.48-7.15 {m, 5H); 6.62 (s, 1H); 4.39 (m, 1H); 3.30-3.15 (m, 6H);
2.39 (m, 1H); 2.22 (m, 1H); 1.65-1.05 (mm, about 16H); MS (ESI"): 459.2

Example 29: tert-Butyl 9-cyclopropyl-3,9-diazaspiro[5.5]undecane-3-carboxylate
tert-Butyl 3,9-diazaspiro[5.5jundecane-3-carboxylate (250 mg, 0.98 mmol) were
dissolved in 10 ml of absolute methanol. 3 g of molecular sieves (3 A, which had been
dried beforehand under high vacuum) were added to this solution. Under argon, glacial
acetic acid (0.55 ml, 10 eq.), [(1-ethoxycyclopropyljoxyltrimethyisilane (0.69 ml, 3.5 eq.)
and 4.4 ml of a 1 M NaCNBHj; solution in THF (4.4 mmol, 4.5 eq.) were then added
successively. After stirring at RT for 20 minutes, the mixture was heated to 60°C and
stirred at this temperature for about 15 h. The reaction mixture was filtered and the
filtrate was concentrated under reduced pressure. The residue was taken up in
dichloromethane, washed successively with 1 M NaOH solution and NaCl solution, and
dried over MgSQ.. After the solvent had been removed under reduced pressure, the
product was obtained as a colorless oil.

Yield: 318 mg (quant.)

Example 30: 3-Cyclopropyi-3,9-diazaspiro[5.5jundecane

The tert-butyl 9-cyclopropyl-3,9-diazaspiro|5.5Jundecane-3-carboxylate obtained as a
crude product (318 mg, 0.98 mmol} was dissolved in 6 m! of dichloromethane and
admixed with 1 mi of a 4 M HC! solution in dioxane (4 mmol, 4 eq.) with ice bath
cooling. The mixture was stirred at RT for about 16 h. The solvent was evaporated
under reduced pressure. The residue was taken up in 20 mi of water and lyophilized.

Thus, 3-cyclopropyl-3,9-diazaspirc[5.5]undecane hydrochleride was obtained as a
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N 3.85 (m, 2H); 3.2 (t, 2H); 43 397.43 00 398.4 2.88 (m, 2H); 2.3 (m, 2H);
wo Zo87/487258: 1.65-1.4 (m, H" o br, 7Hx71.29 (m, 2H); 1,1 (m,ptiy&88d67/004550
1H); 6.72 (d, 1H); 4.28 (m, 1 H); 3.85 (m, 2H); 3.28 (t, 2H); 2.88 (m, 44
411.46 412.5 2H); 2.7 (s, 3H); 2.3 (m, 2H); 1.92 (m, 2H); 1.65- 1.4 (m, br,
7H); 1.29 (m, 2H); 1.1 (m, 2H) F F 0 8.85 (s, 1H); 6.75 (d, 1H); ~H 4.29
(m, 1 H);3.6 (s,1H, (NN N overt, water); 3.46 (s, 4H); 45427.50H 0
crudelp@E@:Bitmtha o of @ncolhniesg-pmegehares(Brateyia) vihichwagigjearsgnough

for fulBn@HLU(R,2Q07/137738 71 PCT/EP2007/004550 Molar mass Example

~ (parent Structu’r.e (ESS-) 'H NMR compound) F F 0 8.89 (s, 1 H); 7.15 (m,
Yielda @52 me. mugatitatiye 4.34 (m, 1 H); N N 431.2 3.98 (dd, 2H); 2.9 (m, 4H);

The p‘)‘irgedf?tﬂrrré NaH A3 s?hrafn@ Do fﬁe@“ﬁost'ﬂé én‘ﬁsmdu@"e} wHich are

8.88 (s, 1 H);8.51(s,1H); F6.8(d,1H);4.3(m
iisted in tabEe 1a and 1b, as in the above-described examples.

Example 31: tert-Butyl 9-butyl-3,9-diazaspiro[5.5]undecane-3-carboxylate

tert-Butyl 3,9-diazaspiro[5.5]undecane-3-carboxylate (150 mg, 0.59 mmol} was
dissolved in 10 mi of absolute dichloromethane and admixed with butyraldehyde (52 ul,
1 eq.). With ice bath cooling, 17 ul of glacial acetic acid (0.5 eq.) and sodium
triacetoxyborohydride (137 mg, 1.1 eq.) were added. The mixifure was stirred at RT for
16 h. Owing to incomplete reaction, butyraldehyde (52 ul, 1 eq.), glacial acetic acid
(17 pi, 0.5 eq.) and sodium triacetoxyborohydride (137 mg, 1.1 eq.) were again added.
After stirring at RT for a further 4 h, a little water was added and the reaction mixture
was washed with saturated NH.CI solution. The organic phase was dried over MgS0O;4
and freed from the solvent under reduced pressure. The product was obtained as a
colorless oil.

Yield: 211 mg (quant.)

Example 32: 3-Butyl-3,9-diazaspiro[5.5]undecane

The tert-butyl 9-butyl-3,9-diazaspiro[5.5]undecane-3-carboxylate obtained as a crude
product (183 mg, 0.59 mmol) was dissolved in 4 ml of dichloromethane and admixed
with 0.6 ml of a 4 M HCI solution in dioxane (2.4 mmol, 4 eq.) with ice bath cooling. The
mixture was stirred at RT for about 16 h. The solvent was removed under reduced
pressure. The residue was taken up in 20 ml of water and iyophilized. Thus, 3-butyl-
3,9-diazaspiro[5.5]undecane hydrochloride was obtained as a crude product in the form
of a colorless amorphous material which was clean enough for further reactions. Yield:
176 mg, quantitative.

The piperidine derivative thus obtained was converted to the end products, which are

listed in table 1a and 1b, as in the above-described examples.

Exampie 33:; 1,4-Dioxaspirof4.5]decane-8-carboxylic acid
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47 412.4 ON N FN N413.4 3.1 (m, 2H); 2.8-2.1 (m, H br, approx. 6H); 1.6

WO 200h%3ARsgox. SH); 1.24; 1.11 (2m, gil) F 8.88 (s, 1 H); 6.26 €& pR0dY/004550
4.3 (m, 1 H); 3.3 (m, 2H); 48 368.43 N~0 0 K 369.3 3.1 (dd, 2H); 2.3 (m,

1H); 1.75-0.9 (mm, 15H); 1.1 (m, 2H) F F 8.88 (s, 1 H); 7.4-7.15 (3m,
NxN N 5H); 6.74 (d, 1 H); 4.39 (s, 49 487.55 H 488.5 2H); 4.3 (m, 1H);
3.9 (dd, 2H); 3.18 (m, 2H); 2.9 (dt, 2H); 2.3 (m, 2H); 1.7-1.3 (3m, 6H); 1.1

3.0 g(m4lmm)»qﬂ)mf3tbg pihy! myier Gaaenrspr) . ethedl it dprpsnelfdSdenanet-

carb&?fﬂat%”\wé@ o 9818Y iR ﬁﬂ&%{haﬁo@ éﬁ@ Q&eré &f iﬁﬁ* s%m with 28 m

2H); 2.30 (m, 2H); 2.07 (m, 2H); );
(2 eqs) @é sVl rbsmiution. memstgﬁs we&g sgrggctmvesllgmo H@Lk@dwi indicated

compi&fe IHAtich SNIB AR a8 dis MR G QRILARE R 1C8d Mreddrd dRdltHe residue

(3m, approx. 11 H); 1.1 (m, 2H) WO 2007/137738 72
was W@ﬁ%ﬁ@@eﬂswt%m# ahdds Irah phet per afl G axeesreWES Brpegnt. The

mixtMBas extracted with ethyl acetate, and the ethyl acetate phase was dried over

sodium sulfate and then concentrated by evaporation under reduced pressure. Yield:
2.25 g, 86% of theory.

Example 34: tert-Butyl [(S)-1-(1-cyanocyclopropylcarbamoyl)-3-methylbutyljcarbamate
5 g of Boc-(S)-Leu-OH (21.6 mmol), 3.3 g of 1-aminocyclopropanecarbonitrile
hydrochioride (28.1 mmol, 1.3 eq.) and 3.8 g of HOBt {28.1 mmol, 1.3 eq.) were
suspended in 60 ml of dichloromethane and admixed at 0°C successively with 5.4 g of
EDCI (28.1 mmol, 1.3 eq.) and 7.15 ml of NEM (6.5 g, 56.2 mmol, 2.6 eq.). The mixture
was stirred at 0°C to RT overnight, extracted by shaking under acidic (1 M HCI
solution), basic (saturated NaHCOj; solution) and neutral {saturated NaCl solution)
conditions, and dried over sodium sulfate, and the solvent was distilled off under
reduced pressure. The mixture was then chromatographed on silica gel in ethyl
acetate/heptane.  Yield: 3.62 g, 57% of theory.

"H NMR: 8.82 (s, 1H); 6.92 (d, 1H); 3.86 (m, 1H); 1.55 (m, 1H); 1.47 (m, 2H); 1.36 (s,
9H); 1.09 (m, 2H); 0.86 (dd, 6H); MS (ESI"): 296.3 .

Example 35: N-[(S)-1-(1-cyanocyclopropylcarbamoyi)-3-methylbutyl]-1,4-
dioxaspiro[4.5]decane-8-carboxamide

The product from example 34, tert-butyl [(S)-1-(1-cyanocyclopropyicarbamoyl)-3-
methylbutyl]carbamate, (1.1 g, 3.72 mmol) was admixed with 20 ml of 1.1
TFA/dichloromethane and stirred at RT for 30 min. Subsequently, the mixture was
concentrated by evaporation under reduced pressure and taken up again in
dichioromethane and toluene, and solvent and TFA residues were removed under
reduced pressure. The resulting N-terminally protected product was reacted further
directly. 283 mg (1.5 mmol) thereof were admixed at §°C with 136 mg of HOAt {1 mmol,
0.67 eq.), 195 mg of 1,4-dioxaspiro[4.5]decane-8-carboxylic acid from example 33
(1 mmol, 0.67 eq.}, 268 mg of EDCI (1.4 mmol, 0.93 eq.) and 0.32 ml of NEM



compound) 8.86 (s, 1 H); 7,31 (s, 5H); F6.8(d, 1 H); 430 (m,1H); FH

WO 2081 a7iiag3.9 (M, 2H); 52 476.53 0 gly 7.4 3.4 (m, approx. 3 HEp2007/004550
overlap water); 3.05 (m, 1H); 2.28 (m, 2H); 2.0 (m, 2H); 1.7-1.3 (2m,

approx. 7H); 1.1 (m, 2H) H 8.26 (s, 1 H); 5.83 (s, 1 H); 53 372.51 N\
373.2 3.26 (m, approx, 5H); CP " 0 1.0 (mm, approx. 25 H) 8.83 (s, 1 H);
6.20 (m, 1 H); 54 386.54 0 H 387 2 3.9, 3.8 (2t, 1 H); 3.28 (m, "-"" 4H);
(2.5 mmeipis inm! eipprix 2THY. 25 mBENIFL BNdalss fdxiLig)was Ntirgdet 0°C to

ol U AT s e A

the ra__sar)u@ W, taken op ipGsthy| Besfedesantnextagipolky SHakingewihertdp)ated

o R BRI 1500 200 004 08 S Pl o
suffatzsmmeﬁmaﬁabeM@I\aamﬁm@f@mwectwemﬁmmﬂres(ﬁgﬁgpmmc
(graa‘i\éMﬁacetonitriie/water and addition of 0.05% TFA). The product fractions were
combined and freeze-dried. Yield: 25 mg (without mixed fractions), corresponds to 7%
of theory. "H NMR: 8.81 (s, 1H); 7.84 (d, 1H); 4.20 (m, 1H); 3.83 (s, 4H); 2.22 (m, 1H);
1.75-0.8 (3m, about 13 H; 1.05 (m, 2H); 0.82 (dd, 6H); MS (ESI"): 364.2 .

The examples listed in table 1a were prepared in a manner analogous to that described

above. Table 1a shows the examples with accompanying characterization:

Table 1a:
Molar mass MS
Example (parent Structure + *H NMR
(ESI)
compound)

F

8.82 (s, 1H), 6.62 (d, 1H);

o F
M o 4.28 {m, 1H); 3.29 (m,
36 382.46 o 2138 any 226 (m, 2H); 1.65-
K 1.05 (mm, 19 H)

8.83 (s, 1); 6.80 (d, 1H);

o F 4.30 (m, 1H); 3.6 (m, 1H);
o FH 3.4 (m, approx, 4 H); 2.25
> 5004 i@N/kH S m. approx, 4H); 1.7-1.4
o o {(mm, approx, 11H); 1.1
(m, 2H)

8.81 (s, 1H); 6.6 (d, 1H);

o F 4.3 (m, 1H); 3.3 (m, 2H);
38 396.48 A BN A%e74) 345 (dd, 2H), 229 (m)
N § 2H); 1.6-1.0 (mm, approx.
) G

20H)

CHIRAL

8.82 (s, 1H); 6.62 (d, 1H);
: 4.28 (m, 1H); 3.29 (m

39 410.51 3. L 2 411.5 | 4H), 2.26 (m, 2H); 1.82
CQ H Z( (m, 2H); 1.65-1.05 (mm,

approx. 18H); 0.88 (i, 3H)
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diliodomethane were added with cooling. The reaction mixture was heated

WO 28043 thath temperature) for a further48 h, Cooling was follopied i 2007/004550
dilution with THE and 5 filtration through Celite. The filtrate was admixed

with 4.3 g of p-toluenesulfonic acid and a few drops of water, and then
concentrated under reduced pressure. The crude product thus obtained

was dissolved in 100 ml of THE and admixed with 7.09

g of Boc

anhivldertiasseq.) and 5.5 ml of DIPEA (1.5 eq. )M@e mixture was stirred
' Examplat RT {pardBth and then coritanttated under re >L.iécrggio)[)ressure. The NMR
residoenthmusnabtained was 10 stirred with appro nl of diethyl ether.
The mixture wasifiltered with suction an@ the filter resiflue was washed
thoroughly with diethyl ether. The filtratethus obtained | 8@ dendet)irated.(m, 4H);
What remained was_an oil whichjjwa taken upgin 200 mBof4 {d, 1H); 4.34 (m, 1H);
46 dighlorg wuﬂhane @ IALCOIGGaticHaNA.9 (m, 4H);
once wit HCI'S e \Wa3 gnedrbyer.0 (m, 2H);
MgSO4 and then entrated 15 under reduced pressurd. .85 tiis Ay, 1.45 (m,
2.8 g of tert-butyl 6-azaspiro[2.5]octane-6- carboxylate were dibtgiret] @s,£H)
light-colored oil. This oil was dissolved in 5 ml of dichlaromethane and
admixed with a nﬂxture of 10 ml of TFA and 0.5 ml of wagegsAlen H1jréirfd (s, 1H);
at RT for 48 h, the reaction solution,was'concentrated ynées (édaetd4.3 (m, 1H);
47 Pressur ga d codistilled Wl'[ ughe rée ti 4n;ialore IrBthigrmeBH); 2.8-2.1 (m
6-azas§? [2.5]octane %a@ obtainkd 36 Aé tin thedpprorf @8H); 1.6 (m, br,
brown oil which was cle ough for fufther reactions. Yaglokol58H):(3124; 1.11
% of theory) MS (ESI+): 112 ” The 6-azaspiro[2.5]octane thus ob{gimedH)
was converted to the inventive compounds whjCh haveg been described in
examples 61-63 and 68FZQ7L§‘Z:mpIe 59: Methyl 8.88 (s, 1H); 6.24 (d, 1H):
(S)-2-amino-4,4-difluoropentatoate fhydr oride 0 HCI4RBRMNHE-AL3.3 (m, 2H);
48 approxgég4lice bath cooling), 8. Zml ionyl ctierdk (BL2.ammel}; 23 (m, 1H);
eq}) were added|drogwise to 100 ml of methanol (p.a.) undes-argqrhhe s5H); 1.1
mixture was aIIowe come to RT within 30 min and stirred fghazH)
further 30 min. 19.0 gof (S)-2-tert
butoxycarbonylamino-4,4- dlfluoropentaanc acid (75.0 mmol) were added
in portions to WQ 2007/137738 75 PCP@32007/00455CB,88 (s, 1H); 7.4-7.15 (3m,
5H); 6.74 (d, 1H); 4.39 (s,
/ﬁ( 2H): 4.3 (m, 1H); 3.9 (dd,
H ' ; ;
49 487.55 Q\/(l() K ases 2H): 3.18 (m, 2H); 2.9 (dt,
2H);, 2.3 (m, 2H); 1.7-1.3
(3m, 6H); 1.1 (m, 1H)
FF 8.89 (s, 1H); 7.68 (m, 2H);
o - 7.20 (m, 2H), 6.78 {d, 1H);
Py N 4 4.31 8m, 1H); 3.2 (m,
50 49152 1 N K a92.5 | 2R 3.77 (m, 2H). 2.92
\Q,N (m, 2H); 2.30 (m, 2H);
© 2.07 (m, 2H); 1.7-1.4 (2m,
OH); 1.1 (m, 2H)
. - 8.82 (s, 1H); 6.72 (d, 1H),
7‘5\” ! 4?4)283(& 1H); 3.83 (m,
HN ; 3.3 (M, approx. 4H,
o1 40043 o g O Z{ 401.3 water overlap); 2.28 (m
(/WC’ 2H); 1.75-1.4 (3m, approx.
“ 11H); 1.1 (m, 2H)




this reaction mixture. The reaction mixture was stirred at RT for 2 h.
WO 20 aafferaghe reaction mixture was warmed to 35C (internapcT/EP2067/604550
temperature) and stirred at this temperature for another 3 h.
Subsequently, the mixture was concentrated under reduced pressure,
which afforded methyl (S)-2-amino-4,4-difluoropentanoate 5 hydrochloride
as a slightly brownish crystalline solid which was clean enough for further

readdoles. add: (13.5 g (89% of theory). Example g Methyl
ExampléS)-4,4pdiferdro-2-isocyanatSpentarmate F F ON g] f 10 Underjieirg!eMR
2.0 gcojﬁpmlhyﬂ)(S)-Z-amino-4,4-dif|uoropentan( e hydrochloride (9.8

mmol) were dissplved in 80 ml of dichloromethane, admigexs wath 82 mBaf(s 5H);
pyridine (4 eq.) and cooled to approx..5C (ice bath). Afteg 8QdnitH$.4.80 (m, 1H);
(1.3 eq.) of a 20% phosgene solutlo*h | toluene were sloyiy @agldmd); 3.9 (m, 2H);

dropwise, The resulting suspens on W 1 with ice bath £oglingpfsioR. 5H,

52 hand ﬁr&%ncentrated u i@hceﬂ ssuré /15 heggsidigedatst); 3.05 (m,
obtained was taken lugie and filtered. After the SpHER Padmhes); 2.0 (m,
removed under reduced pressure, methyl 2HY, 1.7-1.3 (2m, approx.

(S)-4,4-difluoro-Z-isocyanatopentanoate was dbtained as a brepymoil (m, 2H)

which was used in the subsequent reaction without further purification.

Yield: 1.1 g (58% of theory). 20 Example 61: Methyl

(S)-2-[(6-azaspiro[2. 5]octane{6 arbi 1-4,4- di I%%p@ntﬁqgjage&g (s, TH):
553 F ONG5 0 HA solutlon of 0 qussp ?% ﬁ_ﬂﬁpﬁmx 5H): 1 9“

trifluoroacetate (3.
25 solution of

of dichloroethane
(3.36 mmol) in 4 mI of

methyl (S)-4,4-di

d:ch!crcethane 'l'hm n:.gr-tinn mivhlra Was ofirrm at RT \vlernight_ The
mixture was diluted with 10 ml of dichloromethane and washed with
saturated NaHCC( e was driedever MgSe420 (m, 1H);

and then cancen T/BRRGOZ/QA4%B0; 3.28 (m,
54 1863 3681;.% Y 1 75.0.8 o
approx. 27H)

L - 8.86 (s, 1H); 6.68 (d, 1H);
I N 4.29 (m, 1H); 3.3 (m, 6H);

VT X 3.0 (m, 4H); 2.28 (m, 2H);
55 453.29 Q(\) 454.3 | 181 (m, 2H). 1.65-14 (m,

H/ 11H); 1.3 (m, 4H): 1.1 (m,
2H): 0.9 (t, 3H)

e f 8.89 (s, 1H); 6.7 (d, 1H);
. 4,28 (m, 1H); 3.32 (m
)!\ H approx. 8H, water

N =
N overlap}, 2.89 (m, 1H);
N (\Q CT K ez | o (m, 2H); 1.83 ('d",
2H); 1.66-1.37 (m, 2m,

N 9H); 1.28 (m, 2H): 1.1 (m,
2H); 0.85 (2m, 4H)

.




reduced pressure. The residue thus obtained was purified by preparative

- WO o dgragient: acetonitrile/water ang-addition of 0.05% TFAs d%B=p2007/004550
product-containing fractions were combined and freeze-dried. Yield: 200
mg , 20% of theory MS (ESI'): 305. 5 Example 62:
(S)-2-[(6-Azaspiro[2.5]octane-6-carbonyl)amino]-4,4-difluoropentanoic
acidFE O~I~OHNJ11 JN H O 365.0 mg of methyl

Examplél.2 m(patewiere dissolved iStauntixtere of 10.8

E and 3.6'MINOMR

(S)-PAffBrazesr )[2.5]octane-6-carbonyl)amino]-éghlo difluoropentanoate
|_
metttamopRi6dnl of an aqueous 1 M LiOH solu1riT(E) g)eq.) were added to

this solution. The mixture was stirred at 45C (bath temperature) for one

hour and then 3.6 ml of 1 M HCI solution were added. The.sg@xisiréas. 1 (d, 1H);

cohcentrated under reduced pressgire and codistilled witld D8IFiwi¢E); 2.0 (m, br,

57 mare. g@%# )-2-:(6-aﬁ3%??§§) 302.4 | approx. 5H); 1.66-1.32 (m
carbonyt)amino]-4,4-d entgnoi¢ acid thus ¢b&inedhwaspleax. 6H); 1.07 (m,
enpugh for the %ext reaction. Yield: (Quant.) Exanghg; @894-0.74 (m, dd,

Q

N-[(S)-1-(1-cyanocyclopropylcarbamoyl)3,3-difluorobutyl]- approx. 10H)
6-azaspiro[2.5]ogtane-6-carboxamide FF O N|IN N 20{142.3 mqg of

10

15

20

25

1-aminocyclopropanecarbonitrile hydrochloride (1.2 mmol, 1.0 eq.), 163.3

FurtH(;QCE \}vﬂé%;ﬁaeﬂg%é %&mgﬂggﬁége%ﬂﬁﬁ%%éﬁ%g& HEOENfon of

successively to a solution o
furthesjrpgBive axpirpies|vermprepatedasy floims] thel sfiftocyofiersanioks 7-cyclo-

rop RIS SR BBl A e AR 8 B o
2.8-cigresipld- didetaielichiydareyie) iralhaashith(d filtosanaZHOgY!-2.7-

o RS SR AL A SR
propyl-1-oxa-4,9-diazaspiro[5.5]undecane were prepared according to the above-
described examples 29-32 starting from the tert-butyloxycarbonyl-protected precursors
which are commercially available.
2-Cyclopropyimethyl-2,8-diazaspiro[4.5]decan-3-one was obtained by alkylating tert-
butyl 3-oxo-2,8-diazaspiro[4.5]decane-8-carboxyiate (commercially available)} with
cyciopropylmethyl bromide and subsequent elimination of the tert-butyloxycarbonyl
protecting group with TFA. 8-Azaspiro[2.5]octane can be prepared according to the
literature (Bull. Soc Chim. France 10, 2572-81 (1964)) or else as described below by
cyclopropanating tert-butyl 4-methylenepiperidine-1-carboxylate and then detaching the
tert-butyloxycarbony! protecting group.

Example 58: 6-Azaspiro][2.5]octane

e

In a baked-out dry flask under protective gas (argon), a mixture of 9.90 g of zinc dust
(151 mmol) and 1.50 g of CuClI (15.15 mmol) in 20 ml of abs. diethyl ether was stirred
at 50°C (bath temperature) for approx. 100 min. The mixture was cooled to 15°C (bath
temperature). 6.1 ml of dilodomethane (75.0 mmol}, 7.8 m| of abs. dimethoxyethane
and finally 4.27 g of tert-butyl 4-methylenepiperidine-1-carboxylate (21.7 mmol) were

successively and rapidly added dropwise. The reaction mixture was heated gradually to
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thus obtained was purified by preparative HPLC (gradient:

wo S6619qHriesgater and addition of 0.05%4 TFA). The product-c@@aiRttb007/004550
fractions were combined and freeze- dried. In this way,

N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluorobutyl]-

6-azaspiro[2.5]octane-6-carboxamide was obtained as a colorless

amorphous solid. 5 Yield: 200 mg , 47% of theory. MS (ESI+): 355.1. 'H
50°CNlvith gessperatuve 668 @lirmad) at this (lmmpe)a8u80 Buaperex ) 2.36ftar, this time,

owing'tstifPth c%nﬁpété OShBr R ArfrEh A B o Bty P et & 30 P A thi of

xample

diiod@)&hﬁr&w@f@@eﬁwmmhm&ﬁmmﬂlpemam@mmheaeﬂ o $0°C

f
art AT SO 0 U Ok A SR IDUIIIR T 4 an
flitramﬂﬂfma@mr@@dtat RirerditpaienvasTadmbsedinglydldg sbiptiohienrsscfoleid acid

and éof utlonggg GAmixed with 8,2 Eﬂhéérﬁ %#}qgﬁégﬁg%@c%bes%l GPLOHEE crude

% in THF). After a further on of
prodg@ﬂ@%ﬁb@ﬁﬁc{g@g ﬁrgﬁ@;wwtgaﬂlﬁ)&mhnﬂﬂ'@ié and admixed with 7.09 g of Boc

4)5(
anhyﬁwgédﬁa Qaégﬁhgégrﬂﬂdure was h ate(% él vavr;5I %gé%f' ”%?gg}}' PR for
48 h eqd KM ClIasta iR e ren deld et Uues! r@@&&iﬁ&n"ﬁhﬁé&ﬁmaum@e@wmmed was

st:rre%;fﬂl %@'Qfmﬁ%&%‘%ﬁ%&e% %&%@Uvggq‘tﬁ%%glhh SLfICUOﬂ and

solution. agueous phase was wash twice more wit
the fillehleriva o WrRBbad ok by anit giedbykatiees WhsHddate thus obtained

was EHEE%%SE%%H WithA PMRIGHSQIWERN Rai bmj%%%%w AN

solution, dried over MgSO4 and concentrat er reduced pressure.

dichipfemgtiene-pesxysexyeshsshndnsiis- sotoapleRy pehiionardwmce with dil
HC! QtaiBRA S & %?ll?WeOS%QJﬁE W?%%%Qé%ﬂ@d%ﬁ%d” VERQHHURREh centrated

purification. 25 Yield uant.) Example 65: M

undeqs)egmskyrmﬁﬁbéwmﬁqmw4Zlﬁjm@é.t@rs—ip;mhﬁr@@ﬁmﬁéﬁeﬁmtane -6~
carb89595%&%%80%%5/55@%9%%%% NfHQ &l%@@:&@éﬁf‘éd%é} Al of

yl (S)-2-benzyloxycarbonylamino-4-oxo-5 phenylpentanoate (17.7

diChiﬁf@i@@Rﬁéf@ @BgoMsadied ovith afaiskisrahd B aneoUntd ardddh, Bipbivater. After
stiriRfRRE -5 88-hWRERALR0N LR ARACUAR AU WA SUIFeL AfMifCed pressure

and codistilled with foluene three times more. In this way, 6-azaspiro[2.5Joctane was
obtained as a TFA salt in the form of a brown oil which was clean enough for further
reactions.

Yield: 1.50 g (31% of theory) MS (ESIT): 112.

The 6-azaspiro[2.5]octane thus obtained was converted to the inventive compounds

which have been described in examples 61-63 and 68-70.

Example 59: Methyl (8)-2-amino-4,4-difluoropentancate hydrochioride

S~

G o]
F
NH

E 2

At approx. 5°C (ice bath cooling}), 8.2 ml of thionyl chloride (112.6 mmol; 1.5 eq.) were

added dropwise to 100 mi of methanol {p.a.) under argon. The mixiure was allowed to
come to RT within 30 min and stirred for a further 30 min. 19.0 g of (S)-2-tert-

butoxycarbonylamino-4,4-difluoropentanoic acid (75.0 mmol) were added in portions to
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5 (bath temperature) for 20 h. Another 5 g of BAST (1.28 eq.) were added
WO Zo8rH8 Frgiure was stirred at 40C forgfurther 20 h. The reagiigh ppddi®r/004550
was added dropwise to 500 ml of an ice-cooled NaHCO3 solution and
diluted with 200 ml of dichloromethane. The phases were separated and
the aqueous phase was washed twice with 100 ml of dichloromethane.
The combined organic phases were washed with 10 a 1 M HCI solution
this rapetienyxsiurgaheoedoinnl redtove mag Stueshat ddhfendtedhererster, the

react[ig%m@%rﬁ/a&pﬁ%ﬁeﬂwéd@%?ﬁ%\{v{bm%%@%%%giﬁg &Yrrfg’bs this

romatography on silica gel with*a heptane/e te mixture. Methyl

temp@mﬁé@rzgmrbéhﬁmme@wemmﬂlﬂmaﬁ@mm@mﬁm under
red g A e SO e o MR B Gora s

hydro¢hiodiesas @ slighdihjdrownish crystalline solid which was clean enough for further
< y r laeing-4,4-difluoro-5-phenylpentanoate 20 (8.0
read@%?ﬁéé%%nﬁ@%tﬁwgﬁyé eq.) of a 30% HBr solution in glacial
acetic acid with ice bath cooling and stirred for 3 h. 100 ml of diethyl ether
| ecipj ' f with suction. The
R R e B A S S
(grddienf: acetonitrile/water and addition of 0.05% TFA). The amorphous
igobtained after freeze-drying was taken up in dichloromethane and 25
ith sat. NaHCO3 solution. The organic phase was dried over
gSO4 and concentrated under reduced pressure. Thus, methyl
(S)-2-amino-4,4-difluoro-5-phenyl- pentanoate was obtained as a yellow
Undeyilait® 200741 377 @8HED (SET/E PR A1OQUHE0rOvieida8dZtengy@2dhtiride

o8 e SIS ed R ko ieblarometbane oty 33 of pyricine
(4 eqﬁ@oﬁrpedﬁw(@)@amM@mémMBﬂﬁﬁenylﬁgnhanﬁitMi.B@ eampdf a 20%
phosgﬁ%l %?ﬁlégiﬂgﬁﬁemé%gg@%m959888’&%ng.\*% ]ré()s%%g fsuspension

was stirred with ice bath cooling for 3 h and then concentrated under reduced pressure.

The residue thus obtained was taken up in toluene and filtered. After the solvent had
been removed under reduced pressure, methyl (S)-4.4-diflucro-2-isocyanatopentanoate
was obtained as a brown oil which was used in the subsequent reaction without further

purification. Yield: 1.1 g (58% of theory).

Example 61: Methyl (S)-2-{(6-azaspiro{2 .5]octane-6-carbonyl)amino}-4,4-
difluoropentanoate

FF

0
Isane

o

A solution of 0.75 g of 6-azaspiro[2.5]octane trifluoroacetate (3.30 mmol, 1 eq.) and
0.75 mi of DIPEA (1.3 eq.) in 6 ml of dichloroethane was added under argon to a
solution of 0.65 g of methyl (S)-4,4-diflucro-2-isocyanatopentancate (3.36 mmol) in
4 m! of dichloroethane. The reaction mixture was stirred at RT overnight. The mixture

was diluted with 10 mi of dichloromethane and washed with saturated NaHCO;

solution. The organic phase was dried over MgSO. and then concentrated under



10

15

20

25

cooled to approx. 5C (ice bath). After 10 min, 2.3 ml (1.3 eq.) of a 20%

WO RPA987e agolution in toluene were adggd dropwise. The resytgiep2007/604550
suspension was stirred with ice bath cooling for 4 h and then

concentrated under reduced pressure. The residue thus 10 obtained was
taken up in toluene and filtered. After the solvent had been removed
under reduced pressure, methyl

redugsy-pressifitordeisesiuiedios -phiaintsbman cardliga HrioprapmatiednPLC
il whi ithout fugt rifigaion,| i
rscEREGR S S S LS e e
fractippp vEBaispirsid. sstfserze-gaasbnyl)amino]-4,4-difluoro-5-
ieldPPBRYIRS N3He2 0\ HNO O Methyl .
YKM(SE)B-Q-E](F? -ég‘;%ing[E'Sg]Oothane-&carbonyl)aem%o(ﬁ%z)dif?ggfoﬁ
phenylpentanoate was prepared analogously to example 61, starting from

Exan?gégt%m%@@ggéﬁgﬁﬁw%%@ éﬂﬁt)%'rﬁwu%ﬁyﬁpﬁﬁ@&%@ntanoic

‘ 6-"azaspiro[2.5]octane tri oacetate (1.2
acid eq.). Chromatographic separation by preparative HPLC (gradient:
acetonitrileg/water and addition of 0.05% TFA) gave methyl

(S)-2-[(6-a iro[2.5]octane-6-carbonyl)amino]-4,4-difluoro-5-phenylpent
anoaje ad a yoe}LIow oil. Yield: 234 mg (18% of theory) 25 Example 69:
-[(6-Azgspiro[2.5]octane-6-carbonyl)amino]-4,4-difluoro-5-

(Sk
v@énylpentmoic acid WO 2007/137738 80 PCT/EP2007/004550 FF O O
ON

365.@%@&%ﬁm@L&»ﬂ@r&aﬁ@pﬁz@%%bﬂéﬁ@ﬂecaﬁﬁbmwégmanylpent
. anoic acid was prepared analogously to example 62, starting from 234
dlflqu%ogpmqé _.g_[(gr_\m) were dissolved in a mixture of 10.8 ml of THF and 3.6 ml
of m@#%?ﬁjo 2 'rp@ﬁtimpa@r%@aéb)g@yi)mﬁ@}-ﬂs@- 1dbeTS- s heRAP a0 #ethis

.62 mmol).
soluti(on. The m&ture was stirred at 45°C (bath temperature) for one hour and then
3.6 mi of 1 M HCI solution were added. The mixture was concentrated under reduced
pressure and codistilled with DMF twice more. The (S)-2-[(6-azaspiro[2.5]octane-6-
carbonyl)aminol-4,4-diflucropentanoic acid thus obtained was clean enough for the

next reaction. Yield: 400 mg (quant.)

Example 63: N-[(S)-1-(1-cyanocyciopropylcarbamoyl})-3,3-diflucrobutyl]-

6-azaspiro[2.5]octane-6-carboxamide

F F
0
aned
NN
H

SRR
142.3 mg of 1-aminocyclopropanecarbonitrile hydrochloride (1.2 mmol, 1.0 eq.),
163.3 mg of HOAt (1.0 eq.), 0.61 mi of DIPEA (3 eq.) and 456 mg of HATU (1.0 eq.)
were added successively to a solution of 348.0 mg of (S)-2-[(6-azaspiro[2.5]octane-6-
carbonyl)aminol-4,4-difluoropentanoic acid (1.2 mmol) in 5 mi of DMF. The reaction
mixture was stirred at RT for 24 h and then concentrated under reduced pressure. The

residue was taken up in 10 ml of dichioromethane, washed with a litile sat. NaHCO;

solution and then a little dilute HCI solution (pH=5), and dried over MgSQy. The residue
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5 Chromatographic separation by preparative HPLC (gradient:
WO ZfEipuieygvater and addition of 0.05p TFA) gave PCT/EP2007/004550
(S)-2-[(6-azaspiro[2.5]octane-6-carbonyl)amino]-4,4-
difluoro-5-phenylpentanoic acid as a colorless amorphous solid. Yield: 41
mg (18% of theory). 10 Example 70:
N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluoro-4-phenylbutyl]-6-
thus ebtaipre[raiceuaiied vamerarative HRLE \gradien: [dgatpritileiwatey apd
addltrl')% %i' 'f%"/l'?m\rio‘?‘}‘@ b%‘?f?(@% @%Hg;l? Q}fﬁ pehiside b ek (;xﬁdzfreeze-
HOAt (1.0eq.), 5 DIPEA (3 425mgo HATU
dﬂedew)twéw@ddérﬂ@%&ddc@myq@@rgsmmamyb mg-difluorobutyl]-

6-azdsH) 1%1&65 SPLOEZRIOIAGHe was obtained as a colorless a orr?hwf sofid.
car onyl)amlno] -4,4-difluoro-5-phenylpentanoic acid (0.11 mmgs 5m

YieldoR BMPITHY YeattireomixtutdSVESHT@S5RT for 4 h and then
d
"H NGRS REFE Uy 8r5§(ﬂ|§0?%)pﬁe§§l§ﬁ Tbs; r§%g@4bb@}02rtiﬁdﬁn9d3:ggﬁ1mzm 1.60

purified by preparative radient: acétonitrile/w
(t. 3H0;0600 TmARHRd f?l@&inbtélﬁbhthm%@méﬂﬁbr% et Aditombined and
freeze-dried. In this way, N-[(S)-1 -(1-cyanocyclopropylcarbamoyl)-3,3-
difluoro-4-phenylbutyl]-6-azaspiro[2.5]octane-6-carboxamide was obtained
Examiie; Sdo Wil dmofphenayisintarhaayBonng -6 xcobtabenyinenapmate
8.85 (s, 1H); 7.22-7.40 (m, 5H); 6.68 (d, 1H); 4.40 (m, 1H); 3.20-3.40 (m,
6H); 25 2. 15 42H); 1.48 (d, 2H); 1.25 (t, 4H);1.10 (d, 2H); 0.30 (s,
+43%3. WO 2007/137738 81 PCT/EP2007/004550
mple 71: 8-Azaspiro[4.5]decane-8-sulfonyl chloride 0"o (N s'Cl V 1.0
of 8- azﬁsm p[4.5]decane (7.2 mmol) were dissolved in 25 ml of
dlchloromethgne 5 After addition of 1.5 ml of triethylamine (1.5 eq.), the

Ina ga%lér%magr@%%lequpge&ﬂéﬁ(thé% g of lithium bromide (2.4 eq.) and 4.38 g
(1.2 eq) of CuBr-Me,S were dissolved in 55 mi of abs. THF and stirred at RT for

20 min. The resulting yellow solution was cooled to -70°C and admixed with 16.2 m|

(1.2 eq.) of benzylmagnesium chloride solution (20% in THF). After a further 20 min at
-70°C, a solution of 5.32 g of methyl (S)-2-benzyloxycarbonylamino-3-
chlorocarbonyipropionoate (example 1) (17.75 mmol} in 15 ml of THF was added. After
2 h, the mixture was heated slowly to -35°C and 50 mi of a sat. NH4Cl solution were
added. The reaction mixture was diluted with 400 ml of dichloromethane and washed
with 100 mi of a 2 M HCI solution. The agueous phase was washed twice more with

50 mi of dichloromethane. The combined organic phases were washed successively
with 2 M HCI solution, sat. NaHCO3; solution and sat. NaCl solution, dried over MgSQO4
and concentrated under reduced pressure. Methyl (S)-2-benzyloxycarbonylamino-4-
oxo-5-phenylpentanoate was obtained as a yellow oil which was used in the next stage
without further purification.

Yield: 6.39 g (quant.)

Example 65: Methyl (S)-2—benzy§oxycarbonylamino—4,4—diﬂuoro-S—phenyIpentaﬂoate
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temperature, a solution of 0.48 ml of chorosulfonic acid (7.2 mmol, 1 eq.)

WO 3067mbofr sichloromethane and then £ ml of pyridine (3.2 e W&P2007/004550
added. The mixture was stirred at RT for 48 h. The reaction mixture was

washed with a 1 M HCI solution and the aqueous phase was removed. .
Thereafter, the organic phase was shaken with an 10 Na2CO3 solution.
The aqueous phase thus obtained was then washed three times more
with a little diethyl r. The aqueous phase was concentrated under
reduced p codistilled three times more with 20 ml of toluene
each fime,Th sesidue was taken up in water and lyophilized. The
@?ﬁ)ﬁessﬁresi ue thus obtained was treated three times with 10 ml each
time of ethanol. The combined alcoholic phases were 15 concentrated

Ina Téfﬁﬁr.d @ﬁ@@ﬁcﬁmg‘ssglf?@tgﬁt stqligtw@dztyv(usg%ajgbejwmw lfleax}sh@_d
residue thus obtaine of 8-azaspiro[4. cane-8-sulfonic aci
PhenyRRITSAPIAL ATUDEALE B SR LT oM. Under
argomfg@dﬂi%ﬁgﬁﬁ 0xg ehqsnhﬁ_étmmtargigQéd@t(éﬂffﬁﬂﬁr@al@gaﬁti%u. at 40°C
mixture thus obtai was stirred at r . After cooling, the
(batty RS AL S VL SRS G T Aol 2P R R G hAa e
mixtdi@fat@s\fﬁﬁréﬁlmeid @F@ddmrlmﬁ?dﬁjgeiﬁé mﬁéﬁ‘e&g;tlﬁrﬂgﬁm \A;asl addetlj dropwise
-azaspiro[4.5]decane-8-sulfonyl chloride was qbtaing a colarless oi
t0 SO VAL L g N B A AN 25 ARG BRI el 220
dichld(?ﬂ@rf@i)ﬁ’aiﬁé.tﬁeﬁ phé’ﬁeEWF@@e‘{)&rMi@ﬂth the a((quflleous phase was washed’

. (S):2-(8-azaspirg[4.5]decane-8-sulfonylamino)-4,4-diflyorq- pentanoate F X
wice S, A001S P ARIBIG O A o0 LA B Db AR Ob BB fashed with
a 1 MedcCliepiveisaeintORithgaf. ek (h)tdrandieddedstifitightpeatanoateentrated

hydrochlgride (0.49 ol) were admixed with 320 mg of .
und e B R Gy L B3 (315 BECYTR 5 hrRaCEeRY famh
chromestolipapmixtureiias dedaiit atllgfienis/sahyicrovae faxBlanime 8 (B 2-

of 8-azaspiro[4.5]decane-8-sulfonyl chloride (1.1 eq.), 5 dissolved jn 2.5
benZy AR e T PR NS A SRR 25 G low
waxyteeafethatd 00C in a microwave for a further 2.5 h. The reaction mixture
Yiel dgg@é@%%%%r%ﬁ% gg%?r reduced pressure and the resulting residue was

Example 66: Methyl (S}-2-amino-4 4-difluoro-5-phenyipentancate

3.0 g of methyl (S)-2-benzyloxycarbonylamino-4,4-difluoro-5-phenylpentanocate

(8.0 mmol) were admixed with 8.0 ml (5 eq.) of a 30% HBr solution in glacial acetic acid
with ice bath cooling and stirred for 3 h. 100 mi of diethy! ether were added and the
resulting precipitate was filtered off with suction. The crude product thus obtained was
purified by preparative HPLC (gradient: acetonitrile/water and addition of 0.05% TFA).
The amorphous solid obtained after freeze-drying was taken up in dichloromethane and
washed with sat. NaHCO; solution. The organic phase was dried over MgSO, and
concentrated under reduced pressure. Thus, methyl (S)-2-amino-4,4-difluoro-5-phenyl-

pentanoate was obtained as a yellow oil.
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preparative HPLC (gradient: acetonitrile/water and addition of 0.05%
wo Zaurhiieiy (S)- 79 | PCT/EP2007/004550
2-(8-azaspiro[4.5]decane-8-sulfonylamino)-4,4-difluoropentanoate was
obtained as a 10 colorless amorphous material. Yield: 75 mg, (41 % of
theory) MS (ESI+): 369. Example 73:
(S)-2-(8-Azaspiro[4.5]decane-8-sulfonylamino)-4,4-difluoropentanoic acid
Yieldr8H D'ooN4R6e Efdhesry}
(S)-2-(8-Azaspiro[4.5]decane-8-sulfonylamino)-4,4-difluoropentanoic acid
was prepared analogously to example 62 starting from 50 mg of methyl
Exantglsb {8 MedbpilSi S1retuerca2sistonmkating)pharyieniapeatanoate
(0.14 mma)), Yield: 30 mg (62% of theory) WO 2007/137738 83
PCT/E P2 004550 Example 74:

\4 dlfI@oropentamlde FFNHSONNN VHLLL~~~ O 12.0 mg of
“N-a nocyclopropanecarbon|tr|Ie hydrochloride (1.2 eq.), 13.8 mg of HOAt
5 (1.2 eq.), 33 | of N-ethylmorpholine (3 eq.) and 19.5 mg of EDCI (1.2

817 @ bveistad casQ-@@eﬁ@@swalwtﬂ@&Q@mﬂﬁf%%@t%@Fe (3.36 mmol) were
dtssoﬁ(? )-2-(8- azasplro 5]decane-8-sulfonylamino)- 4,4-difluoropentanoic acid

%*Hﬁ%mﬁ) FATEeRRNe. ATBTERehIBN R O MG fing (4 $9.) and
cooldBixdLEp¥aR. hredaat BakHprakBend tan Zonepnirated yrder redustbsgene

pressure. The residue thus obtained was purified by preparatlve HPLC

SOIU G LA HUETS A HEPHRP ad i SR BTSERHSPIRR e Stiredt with ice

bath r@@ﬂm@mmmm ﬂu«?@ﬁ@aﬁm&r@amw pifl reg zpetdiiedl | T HS ¥RYue thus
-(1-cyanocyclopropyl)-(S)

Obta‘Q?é’sWﬁ‘é[@%?deBH@- -%ﬁﬂ%?f&‘?ﬁiﬂ%eﬁ AR RGN S BB gy ed

undeawm@é@rkﬁ%%m@rm@w@m@l}e@mdﬁla&oZg-mﬁ%t@fst@%ﬁy&éﬁﬂanoate was
NMR: 9.1 (s, 1H); 7. i35 (d, 1H); 3. 85(§m 1H); 3.00 (m, 4H); 2,15 (m, 2H);
obtali\%%?ts an orange oil which wéas used witholt further purification In the Subsequent

reaction. Yield: 943 mg (quant.)

Example 68: Methyl (S)-2-[(6-azaspiro[2.5]octane-6-carbonyl)aminol-4,4-difluoro-5-
phenyipentanoate

Methyl (S)-2-[(6-azaspiro]2.5]octane-6-carbonyl)amino]-4,4-difluoro-5-
phenylpentanoate was prepared analogously o example 61, starting from 904 mg of
methyl (S)-4,4-difluoro-2-isocyanato-5-phenylpentanoate (3.36 mmol) and 907 mg of 6-
azaspiro[2.5]octane trifluoroacetate (1.2 eq.). Chromatographic separation by
preparative HPLC (gradient: acetonitrile/water and addition of 0.05% TFA) gave methyl
(S)~2-[(6»azaspiro[2.5]octane-6-carbonyi)amino]-4,4~dEfluorowS»phenyipentanoate as a
yellow oil. Yield: 234 mg (18% of theory)

Example 69: (5)-2-[(6-Azaspirof2.5]octane-6-carbonyl)amino]-4,4-difluoro-5-
phenylpentanocic acid |
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3H); 1.55 (m, 4H), 1.50 (m, 2H); 1.40 (t, 4H); 1.37 (m, 4H); 1.10 (m, 2H);
WO M&AEST7E8191 . Analogously to the ggxamples described in geigiEabRYS§7/004550

(examples 1-35 and 58-74), the 20 following further compounds were

prepared. These further compounds are shown in table 1 b) with

accompanying characterization: WO 2007/137738 84

PCT/EP2007/004550 Table 1b: Molar mass Example (parent Structure

MS (ESI4}'H N ompound) F F 9.03 (s, 1 H); 8.35 (d, 1 H); 4.49 75
H); 1.85-2.40 (m, 9H); N N 1.62 (t, 3H); 1.50 (d, 2H);
110ﬂIN d, 2H) 0.75-0,95 (m, 2H) HF F08.85 (s, 1 H); 6.70 (d, 1 H);

OlH) 3.20-3.40 (m, 4H); 2.25 76 412.48 N 413.1 (m, 2H);

V@éo (M, 4H); 1.62 (t, H 0 3H); 1.45 6H); 1.20 (s, 6H); 1.1.10 (mm, , 2H) F
8.87 (s,1 H); 6.28 (d, 1 H); 4.30 o (m, 1 H); 3.22-3.38 (m, 2H); 3.08 77

-2 A SRy Ty T g o apge eci
was repaiGthanalinyos sy (0 exaMeod2sstartizg) rorBs2G4, maHyf methith(DHs:1(6-
azas%ﬁﬁ%%@?&%@ég‘r%g’n%ﬂ%w(mof—ﬁ')df—%iﬁgép&-g'B%én?%e%t@ﬁo%‘f@ ;(é:éé mmaol).
Chromatographic separation by preparative HPLC (gradient: acetonitrile/water and
addition of 0.05% TFA) gave (S)-2-[(6-azaspiro[2.5]octane-6-carbonylamino]-4,4-
difluoro-5-phenylpentanoic acid as a coloriess amorphous solid.

Yield: 41 mg (18% of theory).

Example 70: N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluoro-4-phenylbutyl]-6-
azaspiro[2.5joctane-6-carboxamide

13.3 mg of 1-aminocyclopropanecarbonitrile hydrochioride (1.0 eq.), 15.2 mg of HOAt
(1.0 eq.), 57 i of DIPEA (3 eq.) and 42.5 mg of HATU (1.0 eq.) were added
successively to a solution of 41.0 mg of (S)-2-[(6-azaspiro]2.5]octane-6-
carbonyhamino}-4,4-diflucro-5-phenyipentancic acid (0.11 mmol} in 5 ml of DMF. The
reaction mixture was stirred at RT for 4 h and then concentrated under reduced
pressure. The residue thus obtained was purified by preparative HPLC (gradient:
acetonitrile/water and addition of 0.05% TFA). The productucbntaining fractions were
combined and freeze-dried. in this way, N-[(S)-1-(1-cyanocyclopropylcarbamoyt)-3,3-
difluoro-4-phenylbutyl]-6-azaspiro[2.5loctane-6-carboxamide was obtained as a
colorless amorphous solid. '

Yield: 30 mg, 62% of theory.

'H NMR: 8.85 (s, 1H); 7.22-7.40 (m, 5H); 6.68 (d, 1H); 4.40 (m, 1H); 3.20-3.40 (m, 6H);
2.15-2.40 (m, 2H); 1.48 (d, 2H); 1.25 (t, 4H);1.10 (d, 2H); 0.30 (s, 4H);

MS (ESI"): 431.3.
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20

25

2H); 1.50 (d, 2H): 1,10 (d, 2H) F F 8.90 (s, 1 H); 7.31 (m, 1 H); 7.05- N'N

WO 7689 734y 6.40 (d, 1 H); 4.38 79 430.50 H 431.1 (m, 1 H); 07/004550
(m, 4H); 2.80 0 (t, 2H); 2.15-2.40 (m, 4H); 1.90 (m, 1 H); 1.60-1

6H); 1.50 (d, 2H); 1.10 (d, 2H) WO 2007/137738 85 PCT/EP2007/004550
Molar mass Example (parent Structure MS (ESI') 'H NMR compound F F
8.85 (s,1 H); 6.35 (d, 1H); 4.30 O (m, 1 H); 3.90 (t, 2H); 3.50 (g, 80
384.43 (H N 385.3 2H); 3.30-3.40 (m, 2H); 2.20 /" 2.40 (m, 4H); 1.38-1.65

0 1 H); 6.60 O F F (d,
Exanirﬂ? Igi k’% %@%’fé gc%%’ém i‘g‘ﬁ%m; 3.48 (m, 1 H):
2.05- %32 (m H ~N 2H); 1.72 (m, 2H); 1.58-1.68 (m, 5H); 1.45-1.55 (m,
,Nl’-%’a:l(m, N N 2H); 1.10 (dd, 2H) F F 8.81 (s, 1 H); 7.50 (t,1 H); 7.05-
O@(m, 3H); 6.60 (t, 1 H); 4.35 IOl HN (m,1 H); 3.90-4.10 (m, 2H); 82
444,53 - i 445.4 2.72-2.90 (m, 2H); 2.70 (s, 2H); N NNN 2.19-2.35 (m,

1.0 g25*)8 ]a%s%p 4 dg ﬂw%%l];\zgr% &g‘ \)e& %OZédeE%: chloromethane.
s,

Fumarate:
After addition of 1.5 ml of tnethylamine (1.5 eq.), the mixture was cooled 1o 0°C. At this

temperature, a solution of 0.48 mi of chorosulfonic acid (7.2 mmol, 1 eq.) in & mi of
dichloromethane and then 1.9 mi of pyridine (3.2 eq.) were added. The mixture was
stirred at RT for 48 h. The reaction mixture was washed with a 1 M HCI solution and the
aqueous phase was removed. Thereafter, the organic phase was shaken with an
Na,CO; solution. The aqueous phase thus obtained was then washed three times more
with a little diethyl ether. The aqueous phase was concentrated under reduced
pressure and codistilled three times more with 20 mi of toluene each time. The residue
was taken up in water and lyophilized. The coloriess residue thus obtained was treated
three times with 10 m! each time of ethanoi. The combined alcoholic phases were
concentrated under reduced pressure and codistilled twice more with foluene. The

residue thus obtained (1.58 g of 8-azaspiro{4.5]decane-8-sulfonic acid sodium salt) was

“suspended in 30 ml of toluene and admixed under argon with 1.65 g of phosphorus

pentachioride (1.1 eq.) The reaction mixture thus obtained was stirred at 100°C for
18 h. After cooling, the reaction mixture was filtered off from undissolved constituents
and the filtrate was concentrated under reduced pressure. In this way,
8-azaspiro[4.5]decane-8-sulfonyl chloride was obtained as a colorless oil which was
used in the next reaction without further purification.

Yield: 520 mg (30% of theory).

Example 72: Methyl (S)-2-(8-azaspiro[4.5]decane-8-sulfonylamino)-4,4-diflucro-
pentanoate | '

o 0

N Ay

N/S'\u O\
' e}
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15

0 2H); 6.50 (d, 1H): 4.25 (m, 1H); N 3.58 (d, 2H); 3.48 (d, 2H); 2.25-N 83

WO ZiPrAsiged 10.3 2.55 (m, 6H); 2.15 @, 1 H); O 1.50-1.68 ("p@:r2867/004550
(d, 2H); 1.10 (d, 2H); 0.40 (d, 2H); 0.28 (d, 2H) F F Fumarate: 8.85 (s, 1
H); 6.68 (d, o H /N 1 H); 6.60 (s, 2H); 4.30 (m, 1 H); J~ 3.15-3.50 (m,
4H): 3.05 (s, 4H); 84 409.48 ~JN H 0 410.3 2.25 (m, 2H); 1.95 (m, 1H);
N~~J~~// 1.52-1.65 (m, 7H); 1.48 (m, 2H); N 1.10 (m, 2H); 0.34 (d, 2H);
in a regmicqe vesgavO0Ronw 03 T7ed Be P PIPecs ACiBsy opea ifeis

hydr |BI§ (@ﬂ@%rﬁ (I?%F% MG B WihNYR copey @ﬂb@(’fﬂﬁ%ﬂ?@ %3

1H); 6.72 ( N1 H), 6.50 (s, 2H); 4.28 (m, 1 H); 8
acetammiai& 2 eabis S07raf BeBiandsiem] beiyeadionmisyEHyas seatgbat 100°C in

a midiOwA: s 3ot g, 259 n:lgS@f @J&%‘ég’ é’Pe%'é'?! 88&“0%}3;)_&?'1_{%@(1:&(1 1 eq.),

salt: 9.02 (Sb, 1 H); 8.88 (5, 0 1 H), 757(d, 1 H):4.30 (m, 1 _ ‘
dissof/ad-1 So ! eHFcelesilsiEs wﬂf%mgasﬂmmmﬂwr@@mg regstiprmixture

was t{%t%'d)atl‘l%‘(b W Dodars ¥t My L5, (‘F’hé/éeg&gﬁ}mxture was |

90-1.05 (m, 2H); 0.78 (m, 2H) F F TFA salt: 8.90 (s, 1 H); 8.70
conce{)trstgs! (mder)edtugzqrﬁrqugreaagsLmdwiBPg rgsigue: S@mpunfled by

preparative HPLC (gradient. acetonitrile/water and addition of 0.05% TFA). Methyl (S)-
2-(8-azaspiro[4.5]decane-8-sulfonylamino)-4 4-diflucropentanoate was cbtained as a
colorless amorphous material.

Yield: 75 mg, (41% of theory) MS (ESI"): 369.

Example 73: (S) -2-(8- Azaspsro[4 5ldecane-8-suifonylamino)-4,4-diflucropentanoic acid

\\ //
: ,S

}-2-{8-Azaspiro[4.5]decane-8-sulfonylamino)-4 4-difluoropentanoic acid was prepared
anaiogousty to example 62 starting from 50 mg of methyl (5)-2-(8-azaspiro[4.5]decane-
8-sulfonylamino)-4,4-difluoropentanoate (0.14 mmol).

Yield: 30 mg (62% of theory)
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20

87 439.51 H ~i 440.3 4H); 2.95 (m, 1 H); 2.25 (m, 2H); H 2.03 (t, 2H); 1.62
wo 206t ayp8s P (d, 2H); 1.10 (d, 2H); 090 (d, 2H); 0.80 (d, 2HpE+85%887/004550
(s, 1H); 6.72 (d, 1 H); 4.30 N ,N (m, 1H); 3.40 (m, 4H); 3.25 (m, 88
451.52 ~N 0 452.3 4H); 3.05 (d, 2H); 2.25 (m, 2H); 2.15 (s, 2H); 1.62 (t, 3
H); 1.45 (m, 5H); 1.10 (m, 2H); 0.45 (d, 2H); 0.20 (d, 2H)OF F 8.45 (s, 1
H); 7.10-7.28 (m, 4H); O H N 5.90 (d, 1 H); 4.38 (m, 1 H); 3.30- N 3.60 (m,
Exanply; 20 1260y @0 ptamB B(8 24t dz 2s1ir o4 . 2ldEchis-2-2 Gifonylamino)-
; < , 4H); 1.15 (m, 2H); \/0.90 (t, 3H) WO 2007/137738 87
44@4&7@%%%@&%50 Molar mass Example (parent Structure MS (ESI') 'H
NMR compéypid) F F 8,88 (s, 1 H); 7.58 (d, 2H); 6.95 o (d, 2H); 6.77 (d,
1H); 4.39 ( ); 3.90 (m, 2H); 3.77 (m, 2H); 90 531.61 0 P H ~~ 532.2
343 (,‘s\é’\S ;.2 7 EH); 2.25 H (m, 2H); 2.10 (t, 2H); 1.85 (m, 0 2H);
1.65\](q, ﬂH); 40-4.50 (m, 6H); 1.10 (m, 2H); 0.90 (t, 3H) FF8.85 (s, 1
~6.82 (d, Z?—I); 6.70 (d, 1H); 6.55 (d, 2H), 4.30 (m, 91 517.62H5182 1

H); 3.68 (s, 3H); 3.25-3.55 (m, 6H); 3.10 (s, 2H); 2.25 (m,
12.0 mg of 1-aminocyclopropanecarbonitrile hydrochioride (1.2 eq.), 13.8 mg of HOAt

(1.2 eq.), 33 ul of N-ethylmorpholine (3 eq.) and 19.5 mg of EDCI (1.2 eq.) were added
successively to a solution of 30.0 mg of (S)-2-(8-azaspiro[4.5]decane-8-sulfonylamino)-

4 4-difluoropentanocic acid (0.08 mmol) in 2 mil of THF and 1 ml of dichloromethane.

The reaction mixture was stirred at RT for 4 h and then concentrated under reduced
pressure. The residue thus obtained was purified by preparative HPLC (gradient:
acetonitrile/water and addition of 0.05% TFA)}. The product-containing fractions were
combined and freeze-dried. In this way, N-(1-cyanocyclopropyl)-(S)-2-(8-
azaspiro[4.5]decane-8-sulfonylamino}-4,4-difluoropentamide was obtained as a
colorless amorphous material.

Yield: 20 mg, 56% of theory.

"H NMR: 9.1 (s, 1H); 7.85 (d, 1H); 3.85 (m, 1H); 3.00 (m, 4H); 2.15 (m, 2H); 1.65 {t,
3H}); 1.55 (m, 4H), 1.50 (m, 2H); 1.40 {t, 4H); 1.37 (m, 4H); 1.10 (m, 2H);

MS (ESI*): 419.1 .

Analogously to the examples described in detail above (examples 1-35 and 58-74), the

following further compounds were prepared.

These further compounds are shown in table 1b) with accompanying characterization:



WO 2003/53l7380 (Sb, 1 H); 8.90 (s, 01

/ H 2H);1.80 (m, 4H); 1.35-1.55 (m, 0 8H), 1.10 (d, 2H); 0.90 (t, 3H) F F

k) 6.75 (d, 1H); 4.30 (WPéH)EﬂZf)mwomsso

NN 3.97 (m, 2H); 3.90 (m, 2H); H 436.3 3.15-3.30 (m, 4H); 3.10 (m, 1

92 437.54 N N (ES") 2.15-2.30 (m, 2H); 1.75-1.86 (m, N 2H); 1.70 (s, 4H);
1.45 (d, 2H); 1.40 (m, 2H); 1.10 (d, 2H); 0,89 (t, 3H); 0.80 (d, 4H) TFA
salt: 9.45 (Sb, 1 H); 8.90 (s, FF 1 H); 6.72 (d, 1 H); 4.31 (m, 1 H);
TablegHp-3. 70 (m 2H); 3.20-3.40 (m, 4H); 3.05 (m, 1H) 2.95 (m, 1H); 0 93

il B el

‘|- 1. (ﬂ I’“‘ ‘-I-OAJLL:) Ull LI_I) LUU UII J.l'l) =~ NI_IJ. ILJ.OO UII ‘H_I)
1/58 H); |0 1.38-1.55 (m, 7H); 1.10 (d, 2H); 0.90 (m, 5H); 0.82 (,
ExamplepH) robrdRA splt: 8.89 (s SEMGtES2 (Sh, 1011|IASNESH); 6.70 (d, 1H); 4BEMR
(m é#ﬁ)m]nch‘ 3.20-3.40 (m, 8H): 2.90 (m, 1 H); 46A q 94 465.59 N H o
(ESZ2.20-2.30 (m, 2H); 1.78-1.88 (M, 4H). I.57 (Sb, 2H) I.35-1.49 (M, ~N
6H); 1.29 (Sb, |2H): 1.10 (d, 2 H); 0.90 (m, 5H); 0.82 (d, 2H) WO
2007/137738 88 PCT/EP2007/p04550 Molarimass Examrﬁeo(p(ag,emﬁ); 8.35 (d, 1H); 4.49
Struct ESI) 'H NMR comgound) TFA salt; 8,90 (s| 1 ty, §.88 (585-2.40 (m, 9H);
[ 25 %65 (d, 1 H): 429 ( ;0379 1(d %251 8 3.651(dsR AH3HB:5650 (d, 2H): 1.10
N|/IN (d, 1H); B,N Z (d, 2H); 0.75-0.95 (m, 2H)
\/ H I
FF
o 8.85 (s, 1H); 6.70 (d, 1H): 4.30
1 H o N (m, 1H); 3.20-3.40 (m, 4H); 2.25
76 412.48 N Z{/ 4131 | (m, 2H); 1.80 (m, 4H): 1.62 (t,
O H 3H); 1.45 (m, 6H); 1.20 (s, 6H);
>@© O 1.10 (m., 2H)
FF
8.87 (s,1H); 6.28 (d, 1H); 4.30
o (m, 1H); 3.22-3.38 (m, 2H); 3.08
77 382.46 I HN s83d (m, 2H); 2.20-2.38 (m, 2H):
NN K 1.55-1.68 (m, 5H); 1.30-1.52 (m,
Aol 12 HY; 1.10 (d, 2H)
FF
8.90 (s, 1H); 7.29 (m, 3H); 7.20
)OL H N (m, 1H); 6.80 (d, 1H); 5.00 (s,
Z 2H); 4.35 (m, 1H); 4.00 (m, 2H);
8 43241 NN NK 4333 1305 (m, 2H); 2.30 (m, 2H); 1.80
o (m, 2H); 1.85 (t, 3H); 1.58 (m,
2H); 1.50 (d, 2H): 1.10 (d, 2H)
F F
8.90 (s, 1H); 7.31 (m, 1H): 7.05-
j’\ 4N 7.20 (m, 3H); 6.40 (d, 1H); 4.38
N (m, 1H); 3.30-3,45 (m, 4H); 2.80
& 430.50 il K AT 2H), 2.15-2.40 (m, 4H): 1.90
(m, 1H); 1.60-1.80 (m, 6H): 1.50
(d, 2H); 1.10 (d, 2H)




WO 49748

95 437.54  [~N~H /~/ 438.2 (m, 2H); 2.87 (Sb, 1 H); 2.12-2.40 f 0 (m,

2H); 1.73-1.89 N

(m,

gh); 1.50 (d, 2H); 1.40 Bp:7/p05007/004550

2H); 1.10 (dd, 2H); 0.90 (m, 5H:;0.85 (d, 2 F F TFA salt: 9.01 (Sh, T H);
8.90 (s, 1 H); 6.62 (d, 1 H); 4.29 (m, 1 H); 0 3.50-3.68 (m, 4H); 325340
(m, 96 439.55 H /i 438.3 2H); 3.00 (m, 2H): 2.87 (q, 2H); (ES-) 2.10-2.38

(m, 2H); 2.02 (m, 2H); HI1C 1.80 (m, 4H); 1.65 (m, 2H); 1.50 (d, 2H); 1.40

1

(m, 2Mplar10
ExamplelH); TI2857.39
P13 Gorent 5

SRR

(m, 5H); 6

Ms s
HO1H
m,..N.4H).. ]

d, 2H); 0.90 (t, 6H) Ue TFA salt: 8.89 (s, L H); 8.51 (Sbh, 0
gtk b H): 4.39 (m
14.2 10H); 2.90 (m,1H); 2.35 (m,
2H): 1 57 (Sh,2H); 1.38:1.48 (

H C)'3.40 (m, 971H NMR
2,18 (m, 1 H);

28 (1, 2 H): 1.10

80

0
4
2
2

7.

d

d, 2H); 0.90
1H); 7.23-7.4
85.58 N~H 4
138 g8y 18);

H); 0.80 (d, ¢
23-7.42 (M, |

10 (M _5H); 6.75 (4, rN 1 H); 4.

(d, 2H): 0.80 (d, !gH% FFnTFA

); 3.15-3.4

1H 1 59-}1 69
' . , 1
; 6.75 (d,HH ZNl 1H 38 (m, 1 H); 3.92

38 (m, 1 H)
2 (m, 6H);
AHBE59 (d,
H); 8.90 (s

salt: 9.80 (Sbh, 1 H); 8.90 (s,

3HEH(8,PBY); 6.35 (d, 1H); 4.30

3.09, (ML) (t, 2H); 3.50 (q,
2y B1DEHO (m, 2H); 2.20-
02.40;(m, 4H); 1.38-1.65 (m,

> (M, 11H): 1.10 (d, 2H)

81

400 .43

401.2

9.05 (s, 1H): 6.69 (d, 1H); 6.60
(d, 1H); 4.32 (m, 1H), 3.86 (s,
4H): 3.48 (m, 1H); 2.05-2.32 (m,
2H); 1.72 (m, 2H); 1.58-1.68 (m,
5H); 1.45-1.55 (m, 4H); 1.38 (m,
2H); 1.10 (dd, 2H)

82

44453

445.4

8.81 (s, 1H); 7.50 (t,1H); 7.05-
7.29 (m, 3H); 6.60 (t, 1H); 4.35
{m,1 H); 3.90-4.10 (m, 2H);
2.72-2.90 {m, 2H); 2.70 (s, 2H);
2.19-2.35 (m, 2H); 1.85-2.05 (m
2H); 1.39-1.75 (m, 11H); 1.10
(d, 2H)

83

408.48

410.3

Fumarate: 8.90 (s, 1H); 6.60 (s,
2H); 6.50 (d, 1H); 4.25 (m, 1H);
3.58 (d, 2H); 3.48 (d, 2H); 2.25-
2.55 (m, 8H); 2.15 (m, 1H);
1.50-1.68 (m, 7 H); 1.45 (d, 2H);
1.10 (d, 2H); 0.40 (d, 2H); 0.28
(d, 2H)

84

409.48

410.3

Fumarate: 8.85 (s, 1H); 6.68 (d,
1H); 6.60 (s, 2H); 4.30 (m, 1H);
3.15-3.50 (m, 4H); 3.05 (s, 4H);
2.25 (m, 2H); 1.95 (m, 1H);
1.52-1.65 (m, 7H); 1.48 (m, 2H}),
1.10 (m, 2H); 0.34 (d, 2H); 0.25
(d, 2H)




WO 20072 3pr6R, 1H), ~/2.15(m, 1 H); 1

99 487.60 NAN 488.2 2H); 3.82 (m, 2H); 3.15-3.40 (m, ~I H 0 6H); 3.11 (t,

g0-1.75 (m, 4H); N 1.38d196880¢7/004550

H); 1.10 (dd, 2H); 0.90 (t, 3H) WO 2007/137738 89 PCT/EP2007/004550
Molar Example mass Structure MS (ESI') '"H NMR (parent compound) F F
TFA salt: 8.90 (s, 1 H); 8.60 (db, 1 H); 7.20-7.40 (m, 5H); 6.60 (d, OH /N

1H); 4.40 (m, 1H): 3.40-3.70 (m, 100 485.58 N1N N Z 486.2 6H); 3.25 (t.
2H); 3dafg, 2H); H 2.85 (m, 1 H); 2.35 (m, 1 H), 2.15 QN (m, 1 H); 2.0
Examp[e(m 2RRSS72 (t, 2H); 1.5Q4g, 21k 1.10 (dd, 2ihs g,%) (d, 2H); 0.801 (MR
2H) kPRreys (1 1 H); 6.75 (d, 1 H); 4.40 101 B328.36 0 N|329.2 (m, 1H);
A RPTHRUAR) 2 30-3 40 A N~ (m, 4 H); 2 25 (m, 2H); 1.62 (t, H 3H);
1.25(m, 4H): 0.30 (s, 4 H) O F F 8185 (s, 1H):/6.70 (d, 1H): 4 30 H /N (m
1H); 3.30-3.40 (M, 4H); 2.25 NI /i ¢#, 2H); 1.82 (m, 2 )i £ %‘@f 190 (s, 1H), 6.72 (d,
382.46 N H X 883.3 2H); 1.42](m,[2HY 1.28Nm, 4H), o |_ e (;n?*;))é%%(& 121;1*))'
2H), §: 3H). 0.30 (8, FuHN8.41 16 A9 )s 2. » €M),
85 2H), £19050, 3H) ) i (s41249 2@' A B 53165 (m. 7H)
! 1.45 (d, 2H); 1.38 (q, 2H); 1.10
o~ (m, 2H); 0.87 (t, 3H)
FF TFA sait: 9.02 (sp, 1H): 8.88 (s,
0 1H); 6.75 (d, TH); 4.30 (m, 1H);
1 HoON 3.40-3.90 (m, 6H); 2.88-3.25 (m
86 439.51 & NN K 440.3 | 8H); 2.15-2.35 (m, 3H); 1.62 {t,
N H 8 3H); 1.35-1.48 (m, 4H): 1.10 (d,
K/O 2H); 0.90-1.05 (m, 2H); 0.78 (m,
2H)
FF TFA salt: 8.90 (s, 1H); 8.70 (sp,
1H); 6.82 (d, 1H); 4.32 (m, 1H);
O N 3.35-3.70 (m, 8H): 3.15-3.33 (m
87 439.51 7" 4403 | 4H); 2.95 (m, 1H); 2.25 (m, 2H);
N 2.03 (t, 2H): 1.62 {t, 3H); 1.50
o\) (d, 2H); 1.10 (d, 2H); 0.90 (d,
2H); 0.80 (d, 2H)
FF
o 8.85 (s, 1H): 6.72 (d, 1 H); 4.30
% JL ﬁ N (m, 1H); 3.40 (m, 4H); 3.25 (m,
NN K 4H); 3.05 (d, 2H); 2.25 (m, 2H);
88 451.52 N HoL 4523 | 5 15 (s, 2H) 1.62 (t, 3 HY); 145
(m, 5H); 1.10 (m, 2H); 0.45 (d,
g | 2H); 0.20 (d, 2H)
Vi 8.45 (s, 1H); 7.10-7.28 (m, 4H);
jL RN 5.90 (d, 1H); 4.38 (m, 1H); 3.30-
N 3.60 (m, 4H); 2.90 (t, 2H); 2.15-
89 444.53 PN T Z{ 4451 15 40 (m, 2H): 1.75-2.10 (m, 6H);
1.38-1.52 {m, 4H); 1.15 (m, 2H);
0.90 (t, 3H)




N (m, 1 H); 3.30-3.40 (m, 4H); 2.55 103 411.50 IN H 0 412.2 (m, 2H);

wo 2bd@r#349 4@, 9H); 1.88 (m, 2H); 1.25¢m, 6H); 0.30 (s, 4H) '@Eﬁ/é#@(}@?/omsso
1 H); 6,70 (d, 1 H); 4.40 H N (g, 1 H); 4.05 (m, 2H); 3.40 (m, N~X
4H); 2.18-2.35 (m, 4H); 2.15 (s, 104 439.55 VV v H 0 440.5 3H); 1. 78 1.94
(m, 4H); 1.42 (m, N 2H):1.26 (t, 4H); 1.19 (m, 2H); 1 0.90 (t, 3H); 0.30 (s,

4H) WO 2007/137738 90 PCT/EP2007/004550 Molar mass Example

Example(C

1H28S0
369.408FEMH
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m, 1 H); 3.28:3:004m, 4H); 2.3
1.88 (m, 2H); 1.48 (m, ~ H 2H
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(dareMofaructlre MS (ESI ) "H NMR compoupd) F F p 8
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n follow can

82 (s, 1H); 6.68
43 N~N N\ %1H NMR
1): 1.10 (m, 2H):
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90 3-
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an analogous
34difluoro-5-me
/N N\L7\~//

dif®tabutyl
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agesls3. 1H); 7.58 (d, 2H); 6.95
xad idell .70 M, 1H); 4.30 (m,
MENCIBROPN;DH); 3.77 (m, 2H);
FAN I (N 8Hb D90 (m, 2H); 2.25
(m, 2H); 2.10 (t, 2H); 1.85 (m,
2H); 1.65 (q, 2H); 1.40-1.50 (m,
6H): 1.10 (m, 2H); 0.90 (t, 3H)

91

517.62

518.2

8.85 (s, 1H); 6.82 (d, 2H): 6.70
(d, 1H); 8.55 (d, 2H), 4.30 (m
1H); 3.88 (s, 3H); 3.25-3.55 (m
BH): 3.10 (s, 2H); 2.25 (m,
2H);1.80 (m, 4H): 1.35-1.55 (m,
8H), 1.10 (d, 2H); 0.90 (t, 3H)

92

437.54

436.3
(ES)

TFA salt: 9.80 (sp, 1H); 8.90 {s,
1H); 6.75 (d, 1H); 4.30 (m, 1H),
3.97 (m, 2H); 3.90 (m, 2H);
3.15-3.30 (m, 4H); 3.10 (m, 1H);
2.15-2.30 {m, 2H); 1.75-1.86 (m
2H); 1.70 (s, 4H); 1.45 (d, 2H);
1.40 (m, 2H); 1.10 (d, 2H); 0.89
{t, 3H); 0.80 (d, 4H)

93

451.56

452.3

TFA salt: 9.45 (s, 1H); 8.90 (s,
1H); 6.72 (4, 1H); 4.31 (m, 1H);
3.52-3.70 (m, 2H); 3.20-3.40 (m,
4H); 3.05 (m, 1H); 2.95 (m, 1H);
2.25 {m, 2H); 2.00 (m, 1H);
1.72-1.88 {m, 4H}; 1.58 (m, 1H);
1.38-1.55 (m, 7H); 1.10 (d, 2H);
0.90 {m, 5H); 0.82 (d, 2H)

94

465.59

464.3
(ES)

TFA salt: 8.89 (s, 1H): 8.52 (sp,
1H): 6.70 (d, 1H); 4.30 (m, 1H);
3.20-3.40 (m, 8H): 2.90 (m, 1H);
2.20-2.30 (m, 2H); 1.78-1.88 (m,
4H): 1.57 (sp, 2H): 1.35-1.49 (m,
6H); 1.29 (so, 2H); 1.10 (d, 2 H);
0.90 (m, 5H); 0.82 (d, 2H)




N-[(S)-1-(1-cy

anocyclopropylcarbamoyl)-3,

wo 2poiflyarer4g(2-methoxyphenyl)butyl]-gg10
azaspiro[2.5]octane-6-carboxamide "-0 F F N N N-[(S)-1 -(1

-cyanocyclopropylcarbamoyl)-3,3-difluoro-4-(2-trifluoromethoxyphenyl)- b
u ty I]-6-azaspiro [2.5]o cta n e-6-ca rb oxa m id e WO 2007/137738 91

PCT/EP2007/

04550 FFO FFJ. NN

PCT/EP2007/004550

Exampley |
P N

Nr[(SMeler-cy

yij mﬁmg%

anocyclopropylcarbamoyl)-3,3-¢

w[? R]nr'fa ne-6-carboxamide.E

lifluoro-4-(2-fluorophenyl)but
-6- B@2&Spiro[2.5]octaneggrgafhaxamide F F faldNg
-[(équ%mt%ranocyclopropylcarbamoyl)-3,3-c

MONNO O BHNMR

iifluo(ro-4-(4 -fluorophenyl)but

EELQMAN_N~INNH

95

\~~~77X7~~ll

NiN /N
437 .54

/ N--[(S)-1-(1-cyanqgeyglopropylcarbamoyl
3-difluoro-4-pyridin-2-ylbutyl]-6-azay/spi ro[2.5

438.2

_J FA salt: 8.90 (s, 1H); 8.68 (s,

Joctane-6-¢ aBbBABIR i) 4.29 (m, 1H);

3.70 (d, 1H): 3.65 (dd, 2H); 3.55
(d, 1H); 3.30-3.45 (m, 2H): 3.12
(m, 2H); 2.87 (sp, TH); 2.12-2.40
(m, 2H); 2.05 (m, 2H); 1.73-1.89
(m, 4H); 1.50 (d, 2H); 1.40 (m,
2H): 1.10 (dd, 2H); 0.90 (m,
5H): 0.85 (d, 2H)

96

439.55

438.3
(ES)

TFA salt; 9.01 (sp, 1H); 8.90 (s,
1H); 6.62 (d, 1H); 4.29 (m, 1H),
3.50-3.68 (m, 4H); 3.25-3.40 (m,
2H); 3.00 (m, 2H); 2.87 (q, 2H);
2.10-2.38 (m, 2H); 2.02 (m, 2H);
1.80 (m, 4H); 1.65 (m, 2H); 1.50
{d, 2H); 1.40 (m, 2H); 1.10 (d,
2H); 0.90 (t, 6H)

g7

513.64

d

514.2

TFA salt; 8.82 (s, 1H); 8.51 (ss,
1HY, 7.22-7.39 (m, 5H); 6.72 (d,
1H); 4.39 (m, 1H); 3.20-3.40 (m,
10H); 2.90 (m,1H); 2.35 (m,
1H); 2.18 {m, 1H); 1.80-1.90 (m,
2H); 1.57 (sp, 2H); 1.38-1.48 {m,
4H); 1.28 (1, 2 H); 1.10 (dd, 2H);
0.90 (d, 2H); 0.80 (d, 2H)

98

485.58

486.2

TFA salt: 9.80 (s, 1H); 8.20 (s,
1H); 7.23-7.40 (m, 5H); 6.75 (d,
1H); 4.38 (m, 1 H); 3.95 {m,
2H); 3.89 (m, 2H); 3.15-3.42 (m,
6H); 3.09 (m, 1H); 2.38 (m, 1H),
2.20 (m, 1H); 1.59-1.69 (m, 4H);
1.50 (d, 2H); 1.10 {dd, 2H); 0.80
(d, 4H)

99

487.60

488.2

TFA salt: 9.80 (s, 1H); 8.90 (s,
1H); 7.23-7.42 (m, 5H); 6.75 (d,
1H); 4.38 (m, 1 H); 3.92 (m,
2H); 3.82 (m, 2H); 3.15-3.40 (m,
6H); 3.11 {t, 2H); 2.35 (m, 1H);
2.15 (m, 1H); 1.60-1.75 (m, 4H);
1.39-1.46 (m, 4 H); 1.10 (dd,
2H); 0.90 (1, 3H)




ON~H \LL7T~~// 10
WO %ﬂ@@ﬁ%@yaﬂocyclopropylcarbamog@ -3,3-difluoro-4-pyrid PCTIEP20071004550
in-3-ylbutyl]-6-aza- spiro[2.5]octa n e-6-carboxamideN FFO "~

H N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,
3-difluoro-4-pyridin-4-ylbutyl]-6-aza- 15 spiro[2.5]octane-6-carboxamide F
FEN_NNf.0WO 2007/137738 92 PCT/EP2007/004550

N-H[(SMoleeyanomethylcarbamoyl)-3,
Example&difllm?@&l-pl"enyIbutyl]-@@ggﬁgjéo[Z.S]octan% Xamide F F N {QNur
-R, HR@RDE(S)H1-(cyanomethylcarbamoyl)-4-ayclopropyl-3,
?-rﬁﬂmﬂm%)l -6-aza- 5 spiro[2 5loctane-6-carhoxamide F E NJ ~1 N/N V
N H N-[(S)-1-(cyanomethylcarbamoy})-37 | TFA salt: 8.90 (s, 1H); 8.60 (db,
3:difluoro-4-pyridin-3-ylbutyl]-6-azay/spifQ[2! 5]octane-6-cafpg?<am@dplfol:(m, 5H): 6.60 (d
NfOH_N N 1H); 4.40 (m, 1H); 3.40-3.70 {m,
7 BH); 3.25 (t, 2H): 3.10 (q, 2H);
100 | 485.58 4862 1585 (m, 1H): 2.35 (m, 1H), 2.15
(m, 1H); 2.0 (m, 2H); 1.72 (t,
2H); 1.50 (d, 2H); 1.10 (dd, 2H); |
0.90 (d, 2H); 0.80 (d, 2H)
FF 8.58 (t, 1H); 6.75 (d, 1H); 4.40
o (m, 1H); 4.10 (d, 2 H); 3.30-3.40
101 328.36 1 H\//N 329.2 (. 4 H): 2.25 (m, 2HY: 1.62 (t,
vO N 3H); 1.25(m, 4H); 0.30 (s, 4 H)
O
FF
8.85 (s, 1H); 6.70 (d, 1H); 4.30
T i 2 . 2h0 182 (m, 2 i 148 (.
N m, ;1. m, s :
102 | 38246 NT N K 383.3 1 opy. 1.42 (m, 2HY; 1.25 (m, 4H),
O 1.10 {m, 2H), 0.90 {t, 3H). 0.30
(s, 4 H)
F F
0 v N 8.41 (s, 1H); 6.70 (d, 2H); 4.42
Py N Z (m, 1H); 3.30-3.40 (m, 4H); 2.55
103 411.50 NN 412.2 | (m, 2H); 2.10-2.40 {(m, 9H); 1.88
O {m, 2H); 1.25 (m, 6H); 0.30 (s,
T 4H)
F F .
o 8.40 (s, 1H); 6.70 (d, 1H); 4.40
PS Ho 2N (g, 1H); 4.05 (m, 2H); 3.40 (m,
N N 4H); 2.18-2.35 (m, 4H); 2.15 (s,
104 | 439.55 VO . f{ 440.5 1 3101 78-1.94 (m, 4HY; 1.42 (m
N 2H);1.26 (1, 4H); 1.19 (m, 2H);
‘ 0.90 (t, 3H); 0.30 (s, 4H)




A"~NHO10

wo MG rdreygnomethylcarbamoyl)-4- (23g|ﬂuoromethoxyphenyb@—ﬁﬂﬁ@mgmmsso
butyl]-6- azaspiro[2. 5]octane-6-carboxam ide F --/~F FOO NHNN U

N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluorobutyl]-7-azaspiro[3. 5]
nonane-7- carboxamide FF O Ni_N I~IHL\7_~~// 15 N-[(S)-1

-(

1-cyanocyclo

propylcarbamoyl)-4-cyclopropyl-3, 3-difluorobutyl]-7-aza-

105

368.43

spiro[¥@Rfonane-7-carboxamide WO 2007/137738 93
Example” CT/EP28071004550 F Bk, ey BN N O N-[(Shd (es1 "H NMR
-(L -cﬂ%f@é‘f/clopropylcarbamoyl)-3, 3-difluoro-4-phenylbutyl]-7-aza-
spkearaHBAANe-7-carboxamide. E ENN.POH. E- Q5
N+ [(S) 1- (1 cyanocyclopropylca oyl)-3,3-difluoro-4-pyridin-2-ylbutyl]-7-
aza- spiro[3.5]nonane-7-06rbo ) 8.82 (s, 1H); 6.68 (d, 1H); 4.30
J\ H N 3694 | (M TH); 8.29-3.40 (m, 4H); 2.30

(m, 2H); 1.88 (m, 2H); 1.48 (m
2H); 1.25 (t, 4H); 1.10 (m, 2H);
0.90 (t, 3H): 0.30 (s, 4H)

The examples which follow can be prepared in an analogous manner;

N-[(8)-1-(1-cyanocyclopropylcarbamoyl)-3, 3-difluoro-5-methylhexyl]-6-

azaspiro[2.5loctane-6-carboxamide

I

X

o

F. F
@

N

H

N

N-[{S)-1-(1-cyanocyclopropylcarbamoyl)-4-cyclopropyl-3, 3-difluorobutyl}-6-

azaspiro[2.5]octane-6-carboxamide

Bt
S

FF

o

N

N-[(8)-1-(1-cyanocyclopropylcarbamoyl)-3, 3-difluoro-4-(2-methoxyphenyl)butyl}-6-

10

S

azaspiro[2.5]octane-6-carboxamide

-0

F
9]
A,
H

]

F

H
N

Z

“

N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3, 3-diffuoro-4-(2-trifluoromethoxyphenyl}-

butyl]—6¥azaspiro[2.5]octane-6-carboxamide




10

15

FFEN H\LLLIJ'<~~// ILJT/ O N-[(S)-1 -(1-cyanocyclopropylcarbamoyl)-3,

wo Fo8iarer4goyridin-3-ylbutyl]-7-aza- sgio[3.5]nonane-7-carbqxamige snb7/004550

N ON/NNINH\LLLTTT~~~~~ /' Q 10 r N-[(S)-1
-(1-cyanocyclopropylcarbamoyl)-3, 3-difluoro-4-pyridin-4-ylbutyl]-7-aza-
PN E H "\L777000~// spiro[3.5]nonane-7-carboxamide FF~N O\ NN
O N-[(S)-1 -(1-cyanocyclopropylcarbamoyl)-3,
3-difluoro-4-(j£ts§1eghoxyphenyl)butyl] -7-15

iro[3.5]nonane-2-carboxamide WO 2007/137738
FFON-ICHNH\-OV/~"

N- [(S)j\ (1lcyanpcy ropylcarbamoyl)-3,3-difluoro-4-(2-fluorophenyl)but
yl]-'7-cyélo prbpyl#2,7-diazaspiro[3.5]nonane-2-carboxam ide F F F H~/

o]

N-[(S)-1-(1 cyanocyclopropyloarbamoyi) 3,3-difluoro-4-(2- ﬂuorophenyl)butyl}

azaspiro[2. 5]octane -6-carboxamide

JL -~

N-[(S)-1-(1 -cyanocyclopropylcarbamoyi)-3,3~difluoro_-4—(4-fluoropheny!)butyt]

B-azaspiro[2.5]octane-6-carboxamide

/U\ 4’“

N-[(S)-1-(1 —cyanocyolopropyicarbamoy[)-S ,3-diftluoro-4-pyridin-2-ylbutyll-6-aza-

spiro[2.5]octane-6-carboxamide

N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3, 3-difluoro-4-pyridin-3-ylbutyl]-6-aza-

spirof[2.5]octane-6-carboxamide

N
F F

1

o
T

7 H
/U\ NZ{//
B N
H
Y:?Q o

N-[(8)-1-(1-cyanocyclopropylcarbamoyl)-3, 3-difluoro-4-pyridin-4-ylbutyl}-6-aza-

N

spiro[2.5]Joctane-6-carboxamide




10

15

VN/HANOVS

wo Mt6i37fsgyanocyclopropylcarbamoyh-3,3-difluoro-4-(4- quomﬁwﬁ@gmo 4550

yl]- 7-cyclopropyl-2,7-diazaspiro[3.5]nonane-2-carboxamide O F F
'~~~[~~N4NH-N"F H~i N _
N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluoro-4-pyridin-2-ylbutyl]-
7-cyclopropyl-2, 7-d iazaspiro[3.5] nonane-2-carboxamide F O N H NN ~/
N-[(Sn4- Wya@mathyﬁcarbamoyl) 3,3-difluoro-4-phenylbutyl]-6-azaspiro[2.5]octane-6-
carb@l é (1-cyanocyclopropylcarbamoyl)-3,3-difluoro-4-pyridin-3-ylbutyl]-
cyc opropyl -2,7- dlazasplro[s 5]nonane-2-carboxamide FFNOH HN

-N O

N- [(S) 1-(1- c pylcarbamoyl)-3,3-difluoro-4-pyridin-4-ylbutyl]-
157- %Iop opyl{2,7-digzaspiro[3.5]nonane-2-carboxamide F F O N NAN
N HA'jN T(ﬁ?l-cyanocyclopropylcarbamoyl)-3,

-gtifluoro-5-methylhexyl] WO 2007/137738 95 PCT/EP2007/004550
7-cyclopropyl-2, 7-diazaspiro[3.5] nonane-2-carboxamide
N-{(S)-1-(cyanomethylcarbamoy!)-4-cyciopropyl-3, 3-difiuorobutyl}-6-aza-

spirof2.5]octane-6-carboxamide
FoF '

H N

9]
VO/H N\//
o

N-[(5)-1-(cyanomethylcarbamoyl)-3, 3-difluoro-4-pyridin-3-ylbutyl]-6-aza-
spiro{2.5]octane-6-carboxamide

O
SR
M _=N

VO/L” T
@]

N-{(S)-1-(cyanomethylcarbamoyl}-4-(2-difluoromethoxyphenyi}-3, 3-difluorobutyl]-6-
azaspiro[2.5]octane-6-carboxamide
At

F o]
o] F
w4
N H
H N\_f...-f"'“u';-*N
& .

N-[(S)-1-(1-cyanocyclopropylcarbamoyi)-3, 3-difluorobutyl]-7-azaspiro[3.5]nonane-7-
carboxamide

FF
0
)‘L(?m{//l\[
N N
H
L__Q °

N-{(S)}-1-(1-cyanocyclopropyicarbamoyl)-4-cyclopropyi-3,3-difiuorobutyl}-7-aza-
spiro[3.5]nonane-7-carboxamide



FFONH ~N~N VyON[(S)l

Wwo z6bEMRee¢clopropylcarbamoyl)-4-cyeglgpropyl-3, 3- d|fluorobL@(HT]Ep2007mO4550
7-cyclopropyl-2,7-diazaspiro[3.5]nonane-2-carboxamide FFHV HN 5
N-[(S)-1-(cyanomethylcarbamoyl)-3,3-difluoro-4-phenylbutyl]-7-cyclopropyl
-2,7-di- azaspiro[3.5]nonane-2-carboxamide F F H N--~~H O
N-[(S)-1- (cyanomethylcarbamoyl) -3, 3-difluoro-4-pyridin-3-ylbutyl]- 10
7- cycloprop zaspiro[3.5]non ane-2-carboxamide F F X /N'\H N
N N%PUII N{O N

F@:f -5y oWarbamoyi)A-cyclopropyl-3,3-dif|uorobuty|]-
clopropyR2,7-diazaspiro[3.5]nonane-2-carboxamide FFO NH HN
N 15
N-[(SN{{S )} dréeymyotoptbplgiadybaroplyB BHit onret4 pfiaoydiphiiyliaasd]- 7-c
sp:ro%p%%{)e}/ne%%g?%zoe}%mr%’ .5]nonane-2-carboxamide O FFF N D N~

5  N-[(8)-1-(1-cyanocyclopropylcarbamoyl)-3, 3-difluocro-4-pyridin-2-ylbutyl]-7-aza-
spiro[3.5]nonane-7-carboxamide

N-[(S)-1-(1-cyanocyclopropylcarbamoyi)-3, 3-difluoro-4-pyridin-3-ylbutyl}-7-aza-
spiro[3.5]nonane-7-carboxamide

L HK//
N N
H
DQ O
10

N-[(S)-1-(1-cyanocyclopropylcarbamoyi)-3, 3-difluoro-4-pyridin-4-ylbutyl]-7-aza-
spiro[3.5]nonane-7-carboxamide

N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3, 3-difluoro-4-{2-methoxyphenylbutyl]-7-
15 cyclopropyl-2,7-diazaspiro[3.5]nonane-2-carboxamide



' H N 5IN
yanocyclopropylcarbamo %3 ,3-difiuorobutyl]-1,1
wo z%éb(?gﬁ}&g[(és octane-6-carboxam |de 2007/137738 96 F‘HH%@Z%@HDMSSO
PCT/EP2007/004550 FFONN NHF--Vim/O _
N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluoropentyl]-1,1-difluoro-6-
aza- s piro[2.5]octa ne-6-ca rboxam ide FF O N NH \JI~~~CCCIll// FO
5 N-[(S)-1-(1-cyanocycloprgpylcarbamoyl)-4-cyclopropyl-3,3-d
ifluorobutyl] 1,1-difl flore a spiro[2.5] octane-6-carboxamideF

N(S) =03

v,QNdlfI ~4-pyNidia- 3-§§/Ibut -
=difluoro-6-azagpirg Ctane-6-carboxamide NFF ONN N 10F
\V|~~/J O LX~ N- [(S)- -(1 cyanocyclopropylcarbamoyl)-4,4-d

N-[(SilyorereahblGcrspeiiatablosians: S acaipmide AuS-dhReNyhbutyl}-

7-cyclopropyl-2,7-diazaspiro[3.5jnonane-2-carboxamide

Fef
o
N’[( H
8 2
5  N-[(8)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluoro-4-(4-flucrophenyl)butyl}-

7-cyclopropyl-2,7-diazaspiro[3.5]nonane-2-carboxamide

]
FF
Vi r.«
D”NQCN N %*; -

N-{(S)-1-(1-cyanocyclopropyicarbamoyl)-3, 3-difluoro-4-pyridin-2-ylbutyl}-
7-cyclopropyl-2,7-diazaspiro[3.5]nonane-2-carboxamide

L L e
OO i
V/N N N =N
I =

N-{(5)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluoro-4-pyridin-3-ylbutyl}-

10

7-cyclopropyl-2,7-diazaspiro[3.5]nonane-2-carboxamide

N-{(S)-1-(1-cyanocyclopropylcarbamoyi}-3, 3-difluoro-4-pyridin-4-ylbutyl}-

15 7~Cyclopropyi-2,7—diazaspiro[3.5]nonane~2-carboxamide
Foor

A
V’NQC o X

N-{(S)-1-(1-cyanocyciopropylcarbamoyi)-3,3-difluoro-5-methylhexyl]-

N

(7



N N-[(S)-1

wo 20 Fypppeyglopropylcarbamoyl)-4,4-agiioro-4-phenylbutyll-69eggp2007/004550
spiro[2.5]octane-6-carboxamide F NiOHH O ~/N N-[(S)-1

-(1-cyanocyclopropylcarbamoyl)-4,4-difluoro-4-pyridin-2-ylbutyl]-6-aza- s p
i ro [2.5]octa n e-6-ca rboxa mid e WO 20071137738 97
PCT/EP2007/004550 FF >CNNN HN\N O ~

7-cydibf(Sp1-aA eyiamasiohtoplyl cadraribybaxdrfidero-4-pyrid
|n3y|buty|]6aza,-st|ro[25]octane6carbonsaureF N-N HH
N N5 o

‘c}l& ocyglopr g/p@/lcarbamoyl)-4,4-difIuoro-4-pyridin-4-y|buty|]
-aza=$p i r@[2 00%1/- -carboxamide F N4O\/N NeHHN
V/N S)-1-(1- cyanc?cyc opr opylcarbamoyl)-4-(2- d|fluoromethoxyphenyl) -4,
(S/} ﬁj f(“ljoroan%%yc]l 9&&%8 %Zm]o qsaf %y%l%%rr%%x?@ éd SI\F uorobutyi

7-cyclopropyl-2,7-diazaspiro[3.5]nonane-2-carboxamide

2 <

N-[(S)-1-(cyanomethyicarbamoyl)-3, 3-difluoro-4-phenylbutyl}-7-cyclopropyl-2,7-di-

azaspiro[3.5lnonane-2-carboxamide

ol O,

N-[(S)-1-{cyanomethylcarbamoyl)-3, 3-difluoro-4-pyridin-3-ylbutyl]-

N
=N

10 7-cyclopropyl-2,7-diazaspiro[3.5]nonane-2-carboxamide

VQGMS”@

N-[(5)-1-{cyanomethylcarbamoyi)-4-cyclopropyl-3,3-difiuorobutylj-
7-cyclopropyi-2,7-diazaspiro[3.5]nonane-2-carboxamide

D/QCNJ( CM

15 N-[(S)-1-(cyanomethylcarbamoyl)-3,3-difluoro-4-(2-fluorophenyl)butyl]-7-cyclopropyl-

2,7-diazaspiro[3.5]nonane-2-carboxamide

OOy

N-{{S)-1-(1-cyanocyclopropylcarbamoyl}-3, 3-difiuorobutyl}-1, 1-diflucro-6-aza-

N
SNe—EEN

spirof2.5]octane-6-carboxamide -



10

15

OF N-~4N HHN 100 N-[(S)-1

WO zgﬁgyﬁp%glopropylcarbamoyI)—4,4-d%‘|oro-4-(4-fluorophenypla}.||ty@Fﬁzaa-r 1004550
4 F :

a- spiro[2.5]octane-6-carboxam ide F NN O vN H N-[(S)-1
-(1-cyanocyclopropylcarbamoyl)-4,4-difluoro-4-(2-fluorophenyl)butyl]-6-az
a- 15 spiro[2.5)octane-6-carboxamide WO 2007/137738 98
PCT/EP2007/004550 FF O NN O N V~JI _ N~H N-[(S)-1-(4-cyano-1

-methyl piperﬂi&/\'w;l'-ylcarbamoyl)-4,4-difIuoro-4-phenylbutyl]-6-aza—
ne-
N

spiro[Z@i)ct carhgxamide F FOHN OHN 1
e

F A
N-{(S}-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluoropentyl]-1, 1-difluoro-6-aza-

E 6]

spiro[2.5]octane-6-carboxamide

FF
9]
H N
N)LNIQ:N/ =
F H
F Q

N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-4-cyclopropyl-3,3-difiuorobutyi]-1, 1-difluoro-6-

azaspiro[2.5]octane-6-carboxamide
FF

H N
N

N-{(S)-1-(1-cyanocyciopropylcarbamoyi)-3, 3-difluoro-4-pyridin-3-ylbutyl-

1,1-diflucro-6-azaspiro[2.5]octane-6-carboxamide

N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-4,4-difltuoropentyl}-6-azaspiro[2.5]octane-6-
carboxamide

F
F
O
WQ”J(N g
H N z==N
8]

N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-4,4-difluoro-4-phenylbutyl}-6-aza-
spiro[2.5]octane-6-carboxamide

A

F

H

N
¢ a-—//N
N-[(8)-1-(1-cyanocyclopropylcarbamoyi)-4,4-difluoro-4-pyridin-2-yibutyl]-6-aza-
spiro[2.5]octane-6-carboxamide



5
WO M(ﬁ)'-g.#ggyanocyclopropylcarbamogl? -4,4-difluoro-4- phenyl{bét-y}hm&mmsm

opropyl-2,7- diazaspiro[3.5]nonane-2-carboxamide F f- O F N-

N-[(S)-1
-(1-cyanocyclopropylcarbamoyl)-4,4-difluoro-4-(4-fluorophenyl)butyl]-7-

cyclopropyl-2,7- dlazasplro[3 5]nonane-2-carboxamide FOFF N~NN N

-~N F
D@I;MS% (L;cyanogyckpropylcarbamoyl)-4,4-difluoro-4-(2-fluorophenyl)but
- Cl prgpyl -2, 7 -diazaspiro[3.5]nonane-2-carboxamide FF O F N~

HNN O N
N-[(S)-1- (1 -G nocyclopropylcarbamoyl) -4-(2-difluoromethoxyphenyl)-4,4-

difluorobutyl]- 15 7-cyclopropyl-2,7-diazaspiro[3.5]nonane-2-carboxamide

[(%(megmgmgw@amam)‘@oasﬁm@r@-éii:q?rmi,inh&-yd@tmw-ﬁm

K cy<laprgpylcarbamoyl)-4,4-d ifluoro-4-pyrid
splrolfé Zﬁy)) uty] -7 %}gopropyl-

O

N-[(8)-1-(1-cyanocyclopropylcarbamoyl)-4,4-difluoro-4-pyridin-4-ylbutyl]-6-aza-

spirof2.5joctane-6-carboxamide

F —=

O i N
Ol
N H
N Z N
3 %“‘—//
-[(8)-1-(1-cyanocyclopropylcarbamoyl)-4-( 2-diflucromethoxyphenyl)-4 4-difluoro-

butyl]-6-azaspiro[2.5]octane-6-carboxamide

O

-[(S)-1-(1-cyanacyclopropylcarbamoyl)-4,4-diffucro-4-(4-fluorophenylbutyl}-6-aza-

spiro[2.5]octane—6-cafboxamide

N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-4,4-diflucro-4-(2-fluocrophenylibutyl}-6-aza-

15 spirof2.5]octane-6-carboxamide



2,7-diazaspiro[3.5]nonane-2-carboxamide F FNNN HHH ONS5
WO %ﬁ@ﬁ.?%gyanocyclopropylcarbbamggl) -4,4-difluoro-4-pyridi &Yﬁ#’éﬂhloo 4550

7-cyclopropyl- 2, 7-diazaspiro[3.5] nonan e-2-carboxamide F F p N /N
N~N H N N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-4,4-d
ifluoro-4-pyridin-4-ylbutyl]-7-cyclopropyl-
2,7-diazaspiro[3.5]nonane-2-carboxamide VNF~NNH 10
N-[(S)-l-(l-cyé propylcarbamoyl)-3,3-difluoro-4-phenylbutyl]-7-met

iazaspi nonane-2- carboxamlde FF 'N H/NO~/N-[(S)-1

dla@splro!;ﬁ 5]nonane 2 carboxamlde FF <N NO VHN O

PCT/EP2007/004550
opropylcarbamoyl)-3,3-difluoro-4-phenylbutyl]-9-(2-m
ethoxyethyl)- 3,9-diazaspiro[5.5]undecane-3-carboxamide F F /

N-[(S)-1-(4-cyano-1-methylpiperidin-4-ylcarbamoyl}-4,4-difiuoro-4-phenylbutyl}-6-aza-

spirol2.5]octane-6-carboxamide

5  N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-4,4-diflucro-4-phenylbutyl]-7-cyclopropyl-2,7-

~diazaspiro[3.5]nonane-2-carboxamide

N-{(S)-1-(1-cyanocyclopropylcarbamoyl)-4,4-difluoro-4-(4-fluoropheny!)butyl]-7-
cyclopropyl-2,7-diazaspiro{3.5]nonane-2-carboxamide

O
D’NQCN,% §
==N
o ¢ T

N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-4,4-difluoro-4-(2-fluorophenyl)butyl}-7-

F
F F

| cyclopropyl-2,7-diazaspiro[3.5]nonane-2-carboxamide

D—NDCN—{:

e F

H
N-[(5)-1-(1-cyanocyclopropylcarbamoyl)-4-(2-difluoromethoxyphenyi)-4 4-difluorobutyi]-
15 7-cyclopropyl-2,7-diazaspiro[3.5]nonane-2-carboxamide



NOO_H N, W N-[(S)-1-(1- cyanocyclopropylcarbamoyI)-3,
henylbutyl]-7-amino-5

Wo %@rﬁ@gﬁéﬁane 5-carboxamide F Fz% NN HNHO PCTIEP2007/004550
N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluoro-4-phenylbutyl]-7-dim
ethylamino-5- azaspiro[2.4]heptane-5-carboxamide F F N /,N N-_jNi H
IV/IL\~~~1// O 10 N-[(S)-1
-(1- cyanocyclopropylcafb§meyl) -3,3-difluorobutyl]-7-(cyclopropanecarbon

D\yl- |no) -5- azasplgo[g heptane-5-carboxam ide FF NN N~NHH

ylcarbamoyl)-3,

-di Iuorobut za- spiro[2.5]octane-1-carboxylic acid 0 ¢

N\%N O' J H O)15{ehyl 6-[(S)-1-(1-can ocyclopropylcarbamoyl)-3,3-dif

Iuorobutylcarbam(%-}ﬁﬁ/%\zasplro[2 5]octane-l-carboxylate FF O O NN N

NOHO

N-[(S)-1-(1-cyanocyclopropyicarbamoy!}-4 4-difluoro-4-pyridin-2-ylbutyl]-7-cyclopropyl-

2,7-diazaspiro[3.5]nonane-2-carboxamide

D> WOow

5  N-[{(S§}-1-(1-cyanocyclopropyicarbamoy!}-4 4-difluoro-4-pyridin-3-ylbutyl]-7-cyclopropyi-

2,7-diazaspiro[3.5]nonane-2-carboxamide

N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-4,4-difluoro-4-pyridin-4-ylbutyl]-7-cyclopropyl-
2,7-diazaspiro[3.5Inonane-2-carboxamide

10
N-[(S)-1-(1-cyanocyclopropylcarbamovl)-3, 3-difluoro-4-phenylbutyl]-7-methyl-2,7-
diazaspiro[3.5Inonane-2-carboxamide

J(

N-[(S)-1-(1-cyanocyciopropylcarbamoyl)-3,3-difluocro-4-phenylbutyl]-7-(2-methoxyethyl)-
15 2,7-diazaspiro]3.5jnonane-2-carboxamide

=
O
& =
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- WO 2007/137738 101 PCT/EP2007/004550 N-[(S)-1

lopropylcarbamoyl)-3, 3-ghy PCTIEP2007/004550
ifluorobutyl]-1-hydroxymethyl-6-aza- spiro[2.5]octane-6-carboxamide F

NN N!'~ HOHO?2

8-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluorobutylcarbamoyl]-1-oxa

-2,8-diaza- 5 spiro[4.5]dec-2-ene-3-carboxylicacid F OF HNN OH O
N-[(S8-1¢5)-tyanogsniagycipyashmandydribphdB|satitho rdanytianybOtylearbtiroxyethyl)-

3 0- d? I]é% E%%ﬂé%%%%%@%é@&%—%me -3-carboxylicacid O F F NO N

samoyl)-3,3-difluoropentylcarbamoyl]-1-ox
5-carboxylic acid FF O N--O~/N ~--~H

7-[(S)-1-(1- cyanocyclotpro Icarbamoyl) -3,3-difluoro-4-phenylbutylcarbam
oyl] 1 -oxa- 2,7- dlazasp|r0[4 5]dec -2-ene-3-carboxylicacidlFF ON HO O

N-1(Sk h 1=C¥PnqRseRACRYIGRRFBRM SRy fed haniBsfyh eultbrl-frgmino-6-aza-
spiro{Ienieuidaarbaaeytxirhs:

F F
iy { =
N

N-[(S)-1-{1~-cyanocyclopropylcarbamoyi)-3,3-difluoro-4-phenylbutyl}-7-dimethylamino-5-
azaspiro[2.4]heptane-5-carboxamide |

FF
Q

H P
PEARLY
/ H O

N-[(S)-1-(1-cyanocyclopropylcarbamoyi)-3, 3-difluorobuty!]-7-(cyclopropanecarbonyl-
amino)-5-azaspiro[2.4]heptane-5-carboxamide

*éf%“

N-6-[{S)-1-(1-cyanocyclopropyicarbamoyl!)-3, 3-difluorobutylcarbamoyl]-6-aza-
spiro[2.5]octane-1-carboxylic acid

F_F
i H N
i -
b N
H
HO% Q

ehyl 6-[(S)-1-(1-canocyclopropyicarbamoyl)-3, 3-difluorobutylcarbamoyl]-6-
azaspiro[2.b]octane-1-carboxylate

FF
1 Ch e
O N =
/\O,LKWO I

N
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2,7-diazaspiro[4.4]non-2-ene-3-carboxylic acid WO 2007/137738 102

WO FeTFe2APLy/004550 FF\ O O N BN N ~L7\,/~ N H O Os¥4{8dbo¥/004550

-(1 -cyanocyctopropylcarbamoyl)-3,3-difluorobutyicarbamoy!J-3-aza-
spiro[55jundec-9-yl}aceticacid FF NH HOHN\N O 5
{3-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluoropentylcarbamoyl]-3-a
za- spiro[5.5]undec-9-yl}acetic acid FF O '//O/N-(HN O1\~-HNN He
N-[(Sh-{¢B-dyaiocyaimupeiviappicarxd Syt @uitiutribdehydiax grutitixg-2-82a-
Spiroﬁ?ﬁg%%r[%%ﬂg%gggﬁ%&grboxam|de FFON NNXI!~HO 100Jv

-cyanocyclopropyléarbamoyl)-3,3-difluorobutyl]-1,3-dioxo-2,8-diaza-
o3

Snv-u
N N
H
HO/WQ O

8-{(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-diflucrobutylcarbamoyi}-1-oxa-2,8-diaza-
spiro[4.5]}dec-2-ene-3-carboxylic acid
F _
e F
OJO)C/N’I(N’ij N
H N Y’
OH 0 &,J/
8-[(S)-1-(1-cyanacyclopropyicarbamoyl}-3,3-difluorc-4-phenylbutylcarbamoyl]-1-oxa-
2,8-diazaspiro[4.5]dec-2-ene-3-carboxylic acid

P F
o)
N"O N"(
! N H
o M Na////w
OH ©

8-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluoropentylcarbamoyl]-1-oxa-2,8-diaza-
spiro[4.5]dec-2-ene-3-carboxylic acid

o fF
NE’O N’J<N )
© A Ny =N
§ 2
OH

7-[(S)-1-(1-cyanocyclopropylcarbamoyl}-3, 3-difluoro-4-phenylbutylcarbamoyl]-1-oxa-
2,7-diazaspirol4.5]dec-2-ene-3-carboxylic acid

o - F ]

o
A f H\N
N
N TN
H
'}

7-[{(S)-1-(1-cyanocyclopropyicarbamoyl}-3, 3-difluoro-4-phenylbutylcarbamoyl]-1-oxa-
2,7-diazaspiro{4.4]non-2-ene-3-carboxylic acid
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spiro[4.5]decane-8-carboxamide FF OoNN NNO O

WO %b(ﬁ)réﬁggyanocyclopropylcarbam 3, 3-difluoro-4-pheny, Wb&éﬁoﬂﬂoo 4550

3-dioxo-2, 8- 15 diazaspiro[4.5]decane-8-carboxamide ~f F F
HN 00 WO 2007/137738 103 PCT/EP2007/004550 N-[(S)-1
-(1-cyanocyclopropylcarbamoyl)-3, 3-difluoro-5-methylhexyl]-5-aza s
piro[2.5]octa n e-5-carboxamide FFN/N "N H\L7L7L7~~~111// 1~/
N-[(S)-1-(1 .
-cyanocycloprofy oyl)-3,3-difluorobutyl]-5-azaspiro[2.5]octane-5- 5
carboxamide F F O N_LN /N H ((\7//L~000// I~/l O N-[(S)-1
Y r6amoyl) 3, 3-d ifluoro-4-phenylbutyl]-5-aza- s p i
.5 Joctdhe-Fica4bBoxamide FF O\

{3-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluorobutylcarbamoyl]-3-aza-
spirof5.5]Jundec-9-yllacetic acid

: F
0
0
A S
HO ﬁ N .
P

{3-[(5)-1-(1-cyanocyclopropyicarbamoy!}-3, 3-difluoropentylcarbamoyll-3-aza-
spiro[5.5jundec-9-yl}acetic acid

O F F
O .
NJ<N et
I x7

N-[(8)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluoropentyl]-1,3-dioxo-2,8-

diazaspiro[4.5]decane-8-carboxamide

F.F

LT
o
Sy

]

N

N-{(S)-1-(1-cyanocyclopropylcarbamoyi)-3,3-difluorobutyi]-1,3-dioxo-2,8-diaza-
spiro[4.5]decane-8-carboxamide

F. F
i H N
o) )L N =
N O

N-[(S)-1-(1-cyanocyclopropylcarbamoyi)-3, 3-diflucro-4-phenylibutyl}-1,3-dioxo-2,8-

diazaspiro[4. 5]decane 8-carboxamide

£
0 o}
N N//QN R
H AN
0 420



15

/yl~NN VIO 10

WO %é(—ﬁ ﬂ@nomethylcarbamoyl) -3 31%|§Iuorobutyl] -5- azasplr?{%ﬁ]gg%ﬁgwoo 4550
5- car oxam|deFFL~ ~~({/N N NH

N-[(S)-1-(cyanomethylcarbamoyl)-3,3-difluoro-4-phenylbutyl]-5-azaspiro[2.

5]octane-5- carboxamide FF O NN N~H 15 N-[(S)-1

-(1-cyanocyclopropylcarbamoyl)-3,3-difluoro-4-(4-fluorophenyl)-butyl]-5-
N-[(Saze$pinyiSnetanpecydaarbremyytiedt3Eiffut - mdt iy Gy J35-alta-//

Spiro %%3%%5%@25%%? r% 194 PCT/EP2007/004550

cyanocyc opropylcarbamoyl) -3, 3- d

: % opropylcarbamoyl)-3,
3-difluofobutyl] ropyl-1-oxa-2, 8-diaza- 5
iro[4.5]dec-2-en-3-carboxamide F pN (NjH N
N-{(S)-1-(1-cyanocyclopropyicarbamoyl)-3,3-difluorobutyl]-5-azaspiro{ 2. 5]octane-5-
carboxamide

F F
0
%/U\QZ(//N
N N
H
C

N-[(8)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluoro-4-phenylbutyl]-5-aza-
spiro[2. 5]octane -5-carboxamide

B

N-[{(S}-1-(cyanomethylcarbamoyl)-3, 3-difluorobutyl]-5-azaspiro[2.5]octane-5-
carboxamide

F F
q H =N
Ay
Q

N-[(S)-1 -—(cyanomethyicarbamoyl)—3,3-diﬂﬂor0-4-phenylbutyi]-S-azaspiro[Z.5]octane~5~
carboxamide

N
A@ -

N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3, 3-difluoro-4-(4-fluorophenyl}-butyl]-5-
azaspiro[2.5]octane-5- carboxamide

AQQ?Q
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N N N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,
wo ZpFHaPPgyIl-7-cyclopropyl-1-oxa-2; 4 PCT/EP2007/004550
dlazasp ro[4.5]dec-2-ene-3-carboxamide FF NN OO \ . JN\Q% 1
N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluorobutyl]-7-propyl-1-oxa-
2,7-diaza- spiro[4.5]dec-2-ene-3-carboxamide FF/N CINNHO
N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluorobutyl]-7-cyclopropyl-1-
N-[(Soxi2 Ty dieraspiidpdinerbareog3B3cardibinanmibiotA IR eyl opropy 1t oxa-2, 8-

dmza’%ﬁ%ﬁl %]cyc op%np%/l%a%%%r%%?/ Ig,eis-difIuorobutyl]-?-methyl-1—oxa-2,
7-diaza- spjpo[4.4]hon-2-ene-3-carboxam ide WO 2007/137738 105

Z/O 4550 FFOHN NNOHNO N

)-1-(1-eya clopropylcarbamoyl)-3,

« ifluoro-4-pheny; =¥-methyl-1-oxa-2,7-
diazaspiro[4.4]non-2-ene-3-carboxamide

N-[(S)-1-{1-cyanocyclopropylcarbamoyl)-3, 3-difluorobutyl}-8-propyl-1-oxa-2,8-diaza-

spiro[4.5]dec-2-en-3-carboxamide

@y ¢
N-[(8)-1-(1-cyanocyclopropylicarbamoyi)-3,3-difluorobutyl}-7-cyclopropyl-1-oxa-2,7-
diazaspiro[4.5]dec-2-ene-3-carboxamide

gﬂﬁ?{“

N-[{S)-1-(1-cyanocyclopropylcarbamoyi)-3, 3-difluorobutyl]-7-propyl-1-oxa-2,7-diaza-
spiro[4.5]dec-2-ene-3-carboxamide

Jﬁz{”

-[(8)-1-(1-cyanocyclopropylcarbamoy!)-3, 3-difluorobutyl]-7-cyclopropyl-1-oxa-2,7-

diazaspiro[4.4]non-2-ene-3-carboxamide

éﬂf;g”

N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3, 3-difluorobutyl]-7-methyl-1-oxa-2,7-diaza-

spiro[4.4]non-2-ene-3-carboxamide
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FF~ Ol HNNNu/N OO 5 Pharmacological examples: Determination
WO Qéélﬁﬁ.,gﬁ@gﬁgatic activity of the catalyq%gomain of human Catﬁ@)@@i@ﬁom 1004550
This protein is obtained as an inactive enzyme from Sigma, Wiesbaden, :
Germany (catalog No. C8571). The enzyme is activated as follows: 10 25
tag of enzyme are diluted with acetate buffer to a concentration of 12.5
tag/ml. 1 part by volume of enzyme is admixed with 20 parts by volume of
cysteine solufigrf and diluted with the acetate/Hepes buffer to a
conce ratioh of §.11 tag#ml and incubated at 37C for 5 minutes. To
sneasure the e zyrﬁivity, 10 pl of enzyme solution are incubated with
plofa 15 3% (v/v) aqueous dimethyl sulfoxide solution (reaction 1) for
minutes. To measure the enzyme inhibitor activity, 10 pl of enzyme

N-[(sq-lU{@Bﬁﬁd%Bﬁ!@Mﬁ}ﬂﬁMﬁ%,%"-/amv/efao@a- BimgityLaulivideoxa-2,7-

solution’'which contains the enzyme inhibitor (reaction 2). Both in reacfion
diazappifelhdBiitierereafeiosder@snidR 10 pl of a 3% (v/v) aqueous 20

dimethyl sulfoxide jon which contains 0.3 mmol/l of the substrate, the
on | itored by fluorescence spectroscopy (360 nm
(excitafion) ¥ 465 nm ission)). The enzyme activity is shown as
dluoiiescehce ihcredse/minute. The inhibitor action is calculated as the

luorescence increase/minute in reaction 2) / (fluorescence
increase/minute in reaction 1) x 100]. WO 2007/137738 106
PCT/EP2007/004550 The IC50, which is the inhibitor concentration

Pharragofiegies! £589iekibition in the enzyme activity, is determined

DeteHARARAN,PBICHAERPSLRE ' _&@{Qg{ﬁ@aoﬂé@ﬁ%ﬁ IR athepsin B.

concentrations. The acetate bufféer contains 0.1 mol/l of sodium acetate,
This groeiplisorliednes an@pideactive enzyme from Sigma, Wiesbaden, Germany

(catalog No. C8571). The enzyme is activated as follows:

25 ug of enzyme are diluted with acetate buffer to a concentration of 12.5 pg/ml. 1 part
by volume of enzyme is admixed with 20 parts by volume of cysteine solution and
diluted with the acetate/Hepes buffer to a concentration of 0.11 pg/ml and incubated at
37°C for &5 minutes.

To measure the enzyme activity, 10 pt of enzyme solution are incubated with 10 pl of a
3% (v/v) agueous dimethyl sulfoxide solution (reaction 1) for 10 minutes. To measure
the enzyme inhibitor activity, 10 ul of enzyme solution are incubated with 10 pl of a 3%
(v/v) aqueous dimethyl sulfoxide solution which contains the enzyme inhibitor

(reaction 2).

Both in reaction 1 and in reaction 2, after addition of 10 yl of a 3% (v/v) aqueous
dimethyt sulfoxide solution which contains 0.3 mmol/l of the substrate, the enzyme
reaction is monitored by fluorescence spectroscopy (360 nm (excitation)} / 465 nm
(emission)).

The enzyme activity is shown as fluorescence increase/minute.

The inhibitor action is calculated as the percentage inhibition by the following formula:
% inhibition = 100 - [(fluorescence increase/minute in reaction 2) / (fluorescence
increase/minute in reaction 1) x 100].
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5 and 0.001% Pluronic (Sigma, Deisenhofen, Germany) pH 4.5. The

WO ﬁéﬁm%ytion contains O._3 mol/I of] %steine in water. The PCTIEP&OUFIOMSﬁO
acetate/Hepes buffer contains 0.15 mol/l of sodium acetate, 0.15 mol/l o
Hepes, 0.3 mot/l of sodium chloride and 0.001% Pluronic (Sigma,
Deisenhofen, Germany) pH 6.5. The enzyme solution contains 0.11 tag/ml
of the enzyme domain. 10 The substrate solution contains 0.3 mmol/I of

The g frwbiohémidieubbibditer 2onepAlgov CegBaiekidor, deitfélberdpition in the

r e inati the. ic activity o C ti nai
enzy S Ao B A By e PR R AREN =
differgrotrirdéritsfi-soeatisirBtamefurt, 15 Germany. The enzyme is activated as
I : | VIRe | ' ith-4,parts,b I :

The o O S AL VA O SO Bhiorie

and @60déntRitiomaf (BkimagbdistEomézsutetheasryyrhiedaGtivity, 10 pl of

: . ) £a 20 : |

The SFEHE SBINER AT S TR LR e i e KSR IDR s butrer

contantditd Savilityf B0 gilnh @eyate, sbiLiiomdioftdapate dwithdd pf ebdidsn chioride
i athyl . : : tains th

A G S e SR EE . er acition o

The agzphet a@ebiowwoatgiesds 1dipgihy oS dife dte woletismmaiich contains 0.3

The %ﬂ%ﬁl’é&f %W%RSH&%JH?@%@%t/?éfrﬂ‘wa?%igsﬂ/jiggﬁr{&‘ IR e 2-Arg-Arg-AMC

uorescence spectroscopy nm (excita m (emission)). Th

(Backenyrhiebetibiyds Saowarws fluorescence increase/minute. The inhibitor

action is calculated as the percentage inhibition by the following formula:

% inhibition = 100 - [(fluorescence increase/minute in reaction 2) /
Dete(fhioadistent éhsteincy s mtivity infrictetalytic tovnaihefloamanKiditiepsin K.

: inhibitor rat di %.inkibition in e

i S SR G O
Gernggfferehténbiltanon e dd estitalishas Vedo2e07/137738 107

7 T. ' i i | teine.:
oo 0 D 00 R S o an
dilutexi1sithn dive sflogtaies e mbiiifer koaicanchiotigioarsd 0.2 1%/ Pluronic

To Sl tﬂ?%ﬂ%@ﬁf@%oﬁﬁf ,?n@ggznpé# BreryHE SORYIBE SUYHANSEABENEN 10 ul of a

0.22 pg/ml of the enzyme do
3% (v/v) aqueous dimethyl sulfoxide solution {reaction 1) for 10 minutes. To measure

the enzyme inhibitor activity, 10 pl of enzyme solution are incubated with 10 pl of a 3%
{v/v) aqueous dimethyl sulfoxide solution which contains the enzyme inhibitor
(reaction 2).

Both in reaction 1 and in reaction 2, after addition of 10 ul of a 3% (v/v) aqueous
dimethyl sulfoxide solution which contains 0.3 mmol/l of the substrate, the enzyme
reaction is monitored by fluorescence spectroscopy (360 nm (excitation) / 465 nm
(emission)).

The enzyme activity is shown as fluorescence increase/minute.

- The inhibitor action is calculated as the percentage inhibition by the following formula:

% inhibition = 100 - [{fluorescence increase/minute in reaction 2) / {flucrescence
increase/minute in reaction 1) x 100]. |

The ICsy, which is the inhibitor concentration required for a 50% inhibition in the
enzyme activity, is determined graphically by plotting the percentage inhibitions at
different inhibitor concentrations.
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5 The substrate solution contains 0.3 mmol/l of the fluorogenic substrate

WO FtfrASyPAE Pro-Arg-AMC (Bachem,hgidelberg, Germany). poy/Ep2007/004550
Determination of the enzymatic act|V|ty of the catalytic domain of human

Cathepsin S. This protein is obtained as an inactive enzyme from R&D
Systems, Wiesbaden, 10 Germany (catalog No. 11 83-CY). The enzyme
is activated as follows: 5 parts by volume of enzyme are incubated with 20
The qysisihy solubne obat@mé)tﬁmml/laufcbsgt@mwwmnﬁwefm@@ﬁa@epes buffer

contal JSUH 8I ICo dagteé %er%} % %ne h %%}6”1 fitslg‘dium chioride
dﬂ {1 fis é) ‘P

ute Wlth t er td a‘concen ra ion 5pg/mil.
and Orwré’hh”@enmtﬂmﬁmpfm e@zymeradlmﬁ are incubated with

0 / u t I ol reaction 1) for
The %&%n%tes"{wméi%ﬁfgstﬁ g@yﬂrﬁe!}ﬁﬁ% gﬁill\gll'é/ %)éﬁ él of enzyme
The sitstisteaselittumatattaiit A6 mm&%tbﬁ\ﬂuaql@ms dirnettatkdatioxdde-Gly-
ZyHm, tor (reaction 2). Both in reaction
Pro- %%ﬁ%\;(e %%1%3 %%id:%% ono W%”[? I'of a 1.5% (v/v) aqueous

dimethyl sulfoxide solution which contains 0.15 mmol/I of the substrate,

Detemﬁn‘?ﬂ e %@@%@rgeﬂ)ﬁ%@ﬁ%ﬁg@ﬁ@% R P Sepsin s.

XCI atlon) / nm (emissi me acC IVIty I Wn as
This ﬂtmiwscemiﬁamém/mmmetitrmenzmmmﬁrramua&@ é‘adstsﬂatedvaseﬂimden,

Gerrﬁﬁﬁ@%@% NB'“PPa'E% Wﬁf‘?H%"EH /c {Pa'{é*?:“?aig%fl%

orescence Increase/minute Iin rea uorescence
S parischyacdimiauté mwmu@mlinmtmdrwah(%bpamﬁcwymimetate buffer

and %9?)%% @'%i[ﬁﬂ@'% [%(ilsr/%w té‘f%'f‘”&]%te@%ﬁmﬁtggt'ﬂw #?he activation

etermined graphica e percentage inhibitions at ferent
of th&m*mwn@dh@dthaWW!mHé%\Eéﬁié@mﬁf@bmﬁr@omwﬁtlnmﬂéacﬁﬁw\g/mf To

mea%%‘?eéﬁ%&@%iﬂ%é LatiSh |u||@ P&M&ﬁ‘?&&ﬁ%ﬂ%ﬁéﬁ%&é‘é%@@%f) plof a 3%

rman 5 The cysteine solution contains 0
(Viv) aﬂm@mélmaﬁmésutfnélmwmlcwutf@ac&maimécm 1GvoinuwsesristHogasure the

enzy%‘*rm@l Pt [a{pjh% B%nﬁﬂg@gfﬁt W%é wwﬁégaw 5@%% a 3% (viv)

contains 0.65 pg omain. 137738 10
aquep@r@nﬁwm&@sdeﬁwmbmms@mﬁ@méh@awms imniploofaastion 2).

Bothﬁ'H‘?E%%‘ﬁB‘:‘% ?‘ﬁ?%rﬂer%a&%n\/é" e é‘%ﬁzéﬁa&f’”ﬂ%%ﬁ” /%gv/v aqueous

Germany). Corresponding Ki values are obtained by applying t

dimeltiéayliniderselyliaonhisikeanieingm B (B-BIRM)of Wirrsikstiple thesmzyme
reaction is monitored by fluorescence spectroscopy (360 nm (excitation) / 465 nm
{emission)).

The enzyme activity is shown as fluorescence increase/minute.

The inhibitor action is calculated as the percentage inhibition by the following formula:
% inhibition = 100 - [(fluorescence increase/minute in reaction 2) / (fluorescence
increase/minute in reaction 1) x 100].

The 1Cgp, which is the inhibitor concentration required for a 50% inhibition in the
enzyme activity, is determined graphically by plotting the percentage inhibitions at
different inhibitor concentrations.

The acetate buffer contains 0.05 mol/l of sodium acetate, 0.1 mol/l of sodium chloride
and 0.001% Pluronic (Sigma, Deisenhofen, Germany) pH 5.5.

The cysteine solution contains 0.3 mol/l of cysteine in water. The Tris/HCI buffer
contains 0.1 mol/i of Tris/HCI, 0.04 mol/l of EDTA and 0.001% Pluronic pH=7.5.

The enzyme solution contains 0.65 pg/ml of the enzyme domain.
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(K;, app is the concentration of the competing substance which leads to
WO F79/dybiign of the enzymatic activiitMS':\t a substrate concerpétﬁ@;@@oﬂoo 4550
Table 2 reports corresponding inhibition values in the form of Ki values for
a few 10 representative examples: Table 2: Example Ki [nM] Ki [nM] Ki
[nM] Cathepsin K Cathepsin B Cathepsin S 9 1.8 46 3.2 35 31 >7100
150 363442 3721560 13 42 324500 11 4521 1200 24 49 52 2200
The sk SaBO0DB0BEINS 213 TEn6E 22 thelibioTog@icisih etttz 4168l-Val-Arg-
> 71137738 109 PCT/EP2007/004550
AMC éé%ﬂp%ﬁK%%%iﬁlg?ﬁﬁﬁ%%nﬁ athepsin K Cathepsin B Cathepsin S 77
202207 783853019 7916 6209 80 36 39009 8328 23008 88 15
Corré)’sjp%gdﬂjg ﬁ’ Jﬁllgegs gﬁezodb%r?ec? Ef 88&%& tH‘g %ﬁgnG&Fgrgsoff equation:

Ki = K app/(1+[S)Kn) ;

{Ki, app is the concentration of the competing substance which leads to 50% inhibition of

the enzymatic activity at a substrate concentration [S])

Table 2 reports corresponding inhibition values in the form of Ki values for a few

representative examples:

Tabie 2:
Example | Ki [nM] Ki' [nM] Ki [nM]
athepsin K | Cathepsin B | Cathepsin S |
? 18 46 3.2
35 31 >7100 150
36 3 44 2
37 21 560 13
42 32 4500 11
45 21 1200 24
49 52 2200 16
53 4.5 1500 53
56 7.5 210 79
63 22 260 5
70 910 110 0.3
74 150 >7100 16
76 47 930 22
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Caco-2/TCT permeability determinations for forecasting the absorption of the inventive

compounds: (Caco-2/TC7 permeability test)

Caco-2/TC-7 cells from Sanofi are used. In addition, HTS Multiwell plates (24-well, non-

coated, Becton Dickinson, surface area of the Becton Dickinson Filter 0.3 cm?) are

used. The cell density on the filters was 2 x 10° /em?, and 1.3 x 10% /cm? on the T-75

flasks (Costar with vent-cap) for the cell line growth.
The incubation conditions are 37°C, 95% air humidity, 10% CO,. The medium is

changed three times per week (DMEM, Giutamax |, nonessential AA,

penicillin/streptomycin, FBS 20%).

Permeability assay conditions: asymmetric conditions for the screening with apical
buffer HBSS (with 10 mM HEPES and 0.5% BSA at pH 6.5) and basal buffer HBSS
(with 10 pM HEPES and 5% BSA at pH 7.4). The permeability experiments were
performed at 37°C with agitation for 2 h. The samples were analyzed by LC-MS. The



OA B the radical is a spiro compound, 10 in which the sub-rings OA and

WO %gfnlgaﬁ@gase the same or dlfferenli q\pd are each mdepengﬂfnfl 07/004550
saturated or partly saturated -(C3- C19) cycloalkyl, in which cycloalkyl is
unbridged, bridged or fused and is unsubstituted or independently,
according to the ring size, mono-, di-, tri, tetra- or pentasubstituted by R4,
or 15 b) a saturated or partly saturated, three- to eleven-membered

resuliseveroeyeleondtics Huzongimy Ratie valges{zéngrapaohtain/eae) twerrtaakility

COfo%é W identical or different heteroatoms from the group of oxygen,
n| rogen or sulfur, and in which the heterocycle is unbridged, bridged or
fused and is unsubstituted or indgpendeBily, according to the ring size,
mono-, di-, tri-, tetra- or 20 pent sﬁqm%&tgqpy R4, where R4 is -NO2,
-CN, =0, =S, -OH, -CF3, -SF5, -(CO-C3)-alkylene-S-R10, -0-CF3,
-Si-(CH3)3, -(CO-C3)-alkylene-C(0)-N(R21)-R22,

B2: bASORS4rBNRt Sf e i i CR) tlkyiene 64Qker B 1D,
-(CO-C?3)-alkylene-S(O)-R10, S CF3 -(C0-C3)-alkylene-S(0)2-R10,

(Ao ﬁ(@@%@%@@ﬂ%ﬁﬁ%(@?éhﬁ(t@ﬂﬁ@@tzonzs -(C0-C3)-alkylene-O-R10,

S: "inéePLrSyalldengiN(R21)-R22, -(C0O-C3)-alkylene-N(R10)-S(0)2-R10,

-(CO-Cbh)-alkylene-(C1-C3)-fluoroalkyl,

t imgchhcs)-alkylene-(C3-C8)-cycloalkyl-R23,
-(CO-Cb5)-alkylene-N(R10)-C(O)-R21, WO 2007/137738 112
PCT/EP2007/004550 -(C0-C5)-alkylene-N(R10)-C(O)-N(R10)-R21,
-(C0O-C5)-alkylene-O-C(0)-R21, -(C0O-C5)-alkylene-O-C(0O)-O-R21,
-(C0O-C5)-alkylene-NH-C(0O)-O-R21,
-(C0O-C5)-alkylene-O-C(0O)-N(R10)-R21, -(C0-C4)-alkyl, where alkyl is
unsubstituted or mono-, di- or trisubstituted independently by R9, 5
(C0O-C4)-alkylene-aryl, where aryl is selected from the group of phenyl,
indanyl, indenyl, naphthyl, 1,2,3,4-tetrahydronaphthyi, biphenylyl,
2-biphenylyl, 3-biphenylyl, 4-biphenylyl, anthryl or fluoroenyl, where aryl is
unsubstituted or mono-, di- or trisubstituted independently by R8, or
-(C0-C4)-alkylene-Het, where Het is selected from the group of acridinyl,
10 azepinyl, azetidinyl, aziridinyl, benzimidazolinyl, benzimidazolyl,
benzofuranyl, benzothiofuranyl, benzothiophenyl, benzoxazolyl,
benzothiazolyl, benzotriazolyl,
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benzotetrazolyl, benzoisoxazolyl, benzoisothiazolyl, carbazolyl,

wo ArdHeappaglyl, carbolinyl, quinazolinyly quinolinyl, 4H-quinolgéYlep2007/004550

quinoxalinyl, quinuclidinyl, chromanyl, chromenyl, cinnolinyl,
deca-hydroquinolinyl, dibenzofuranyl, 15 dibenzothiophenyl,
dihydrofuran[2,3-b]-tetrahydrofuranyl, dihydrofuranyl., dioxolyl, dioxanyl,
2H, 6H-1,5,2-dithiazinyl, furanyl, furazanyl, imidazolidinyl, imidazolinyl,

Claimmidazolyl, 1 H-indazolyl, indolinyl, indolizinyl, indolyl, 3BEZ86KI(20

isobenzofuranyl, isochromanyl, isoindazolyl, isoindolinyl, isoindolyl,
isoquinolinyl (benzimidazolyl), isothiazolidinyl, 2-isothiazolinyl,
iséthizrgiglnsoxbituyio@ouokazolidinyl, 2-isoxazolinyl, morpholinyl,
naphthyridinyl, octahydroisoqﬁ@olﬁgl, oxadiazolyl, 1,2,3-oxadiazolyl,

1,2,4-oxadiazol 1,2,5-o>¥d|az lyl, 1,3,4- oxadiazolyl, oxazolidinyl,
oxazolyl,)d,_ggeo 79@7%4\@4 idinyl, p(rlll-:-nanthridinyl,
phenanthralinyh-pHenazinyl, phenothiazinyl, phenoxathiinyl,
phenoxazinyl, phthalazinyl, pi%érazi@l, piperidinyl, pteridinyl, purynyl,

pgf?)@r%ﬁ %%%ﬁycgﬁ)é/ﬂg%?- -'Bflt%%ﬁ%’n@@jﬂ%ﬁ%ﬁ%@%/or mixtures -

pryidooxazolyl, pyridoimidazolyl, pyri , pyridothiophenyl,
pyridirssepipitng, ipyainicatipl, apyhalidimyly ppiagiogl]y2tapratety kb oolhk

te r rOi inqli ir 0ol
e B P U RS Me compound of the
1, pamnladisedybriprosatiadia oty Kankoe Budibdia oty kdnwineny |,
thiazolyk-thieny], thienoimidazolyl, thienooxazolyl, thienopyridine,
thienﬁ%iomorpholinyl, thiophenyl, triazinyl, 1,2,3 WO

2008/ 3r8idd BB 2087i1e04ndp oliiaaolyl, 1,2,4-triazolyl,

1,2,5-triazolyl, 1,3,4-triaz€i§1d xanthenyl, and this Het radical is

unsubstituted or independegqtly mongy, gi-'pr trisubstituted by R8, or two

agipGantiRthdagpiheioyithtbe Tigatomsto WairNdhey asedansednierdt different

a four- to eight-membered heterocycle or phenyl which, together with the
SRS 8 niAapRseRI¥cycle or the phenyl is fused, forms a bicyclic

system, R84, 8p iy, - \ = , :
c( )-O-Rl%,lﬁ;g?l@c((g)%% %B{%ﬁ@dl\lﬁgg‘fgf 59%3%@?{?% which cycloalkyl is

-C{A)rNERT0 P RAGe AN L6PpdRA0( I$ChTB)stitkytdvbreredatighidently, according to
unsubstifuted o o-, di- oririsubstifuted, | flugrine,
e e i S A
S02-NHZoai802<0RS paityrsaivratedidbasabitittiedbyrfleoreeed heterocycle

-O-(C1-C8)-alkyl e alkéi.ns tifut r_mono-, djr or . .
e g TR S ey SR i g or four ential o
different heteroatoms from the group of oxygen, nitrogen or sulfur, and in which

the heterocycle is unbridged, bridged or fused and is unsubstituted or
independently, according to the ring size, mono-, di-, tri-, tetra- or
pentasubstituted by R4, where

R4 is -NO», -CN, =0, =S, -OH, -CF3, -SF5, -(Cp-Cy)-alkylene-S-R10, -O-CF3,
-Si-(CH3)3, ~(Cp-Ca)-alkylene-C(O)-N(R21)}-R22, -(Cg-Ca)-alkylene-C(O)-R10,
-(Co-Cg)-alkylene-C(O)-0-R10, <(Co-Cg3)-alkylene-S(O)-R10, -S-CF3
-(Cp-Cg3)-alkylene-5(0)2-R10, ~(CQ~C5)~alkyEene—S(O).2—N(R21 -R22,
-(Cg-Ca)-alkylene-0-R10, -(Cp-Ca)-alkylene-N(R21)-R22,
-(Cp-Ca)-alkylene-N(R10)-S(0)2-R10, -{C-Cg)-alkylene-(C4-C3)-fluoroalkyi,
-(Cg-Cx)-alkylene-(Ca-Cg)-cycloalkyl-R23, -(Cg-Cs)-alkylene-N(R10)-C(0O)-R21,
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NH2, -OH, methoxy radical, -S02-CH3 or -S02-CF3 or is mono- to

WO ZiRgaqurstiated by fluorine, 15 -S-(C3-(G8)-alkyl, where alkyl iscT/EP2007/004550

unsubstituted or mono-, di- or trisubstituted independently by fluorine,
chlorine, bromine, |od|ne NH2, -OH, methoxy radical, -S02-CH3 or
-S02-CF3 or is mono- to decasubstituted by fluorine,
-(C0-C4)-alkylene-(C3-C8)-cycloalkyl or -0-(C0-C4)-alkylene-(C
3-(3)-Eyplcaliky e o RGIX GHdLRHRNOR 2N Go G abrener3,C(0)-R21,

oS R I AR AR S A,

“N(RLDS(QUBAS. (Wb‘%(ﬁ W%;f?_j IR580EI A REZ)-S RAH W BRE fs!s

the integér 1 or 2, -S(O)v- 20, where A the Integer 1 or
-Q)R4ilEd IoClealy| dHOp RS H{EL i B3] - alkepy oleerip bghéﬁyloxy-

R A R R e e R SagR b pemyt incamy,
(iﬁ@&ﬂa 3 WHEHE) 02 GBS By d kALl -R b iR 21iEREDFRAZ,
-NH-C(0)-O-R10, -S-CF3, Het where Het is unsubstituted or mono-

S ed RtRSYSEHOARY B Y, W%%era/a.wwﬁ&wéww%ﬂﬁgﬁed or

W@#@DMBW%%%REJJEMAQQ%%WF{BJ oNAN Ip) SO /S02 N'0
AN O-R10p ~N. O ~I N CH ~N CF3 OMé N"'R10 H 3H s O R10 N' O~H

p B4 GO A IEne-Hes Werre Hes mpeiRster e Sogrupebaqridigy!

RZOH9 a@ ’&Jﬁlegégﬁndemﬁ dg%(‘yrifﬁyzn%?grge%e\gc 5‘?@2&?&3&’%’[ ME%A%} g%é?#%ofuranyi
benzothiofuranyl, benzothiophenyl, benzoxazolyl, benzoth;azoiyi benzotriazolyl,
benzotetrazolyl, benzoisoxazolyl, benzoisothiazolyl, carbazolyl, 4aH-carbazolyl,
carbolinyl, quinazolinyl, quinolinyl, 4H-quinolizinyl, quinoxalinyl, quinuclidinyl,
chromanyl!, chromenyl, cinnolinyl, deca-hydroquinolinyl, dibenzofuranyl,
dibenzothiophenyl, dihydrofuran[2,3-b}-tetrahydrofuranyl, dihydrofuranyl,
dioxolyl, dioxanyl, 2H, 6H-1,5,2-dithiazinyl, furanyl, furazanyl, imidazolidinyl,
imidazolinyl, imidazolyl, 1H-indazolyl, indolinyl, ih-doitzinyl, indolyl, 3H-indolyl,
isobenzofuranyl, isochromanyl, isocindazolyl, isoindolinyl, iscindolyl, isoquinolinyl
(benzimidazoly!), isothiazolidinyl, 2-isothiazolinyl, isothiazolyl, isoxazolyi,
isoxazolidinyl, 2-isoxazolinyl, morpholinyl, naphthyridinyl, octahydroisoquinolinyl,
oxadiazolyl, 1,2,3-oxadiazolyl, 1,2 4-oxadiazolyl, 1,2,5-oxadiazolyl, 1,3,4-
oxadiazolyl, oxazolidinyl, oxazolyi, oxezolidinyi, oxothiolanyt, pyrimidinyt,
phenanthridinyl, phenanthrolinyl, phenazinyt, phenothiazinyl, phenoxathiinyl,
phenoxazinyl, phthalazinyl, piperazinyi, piperidinyl, pteridinyl, purynyl, pyranvt,
pyrazinyl, pyroazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyi, pryidooxazolyl,
pyridoimidazolyl, pyridothiazolyl, pyridothiophenyl, pyridinyl, pyridyl, pyrimidinyl,
pyrrolidinyl, pyrrolinyl, 2H-pyrrolyl, pyrrolyl, tetrahydrofuranyl,
tetrahydroisoquinolinyl, tetrahydroquinolinyl, tetrahydropyridinyl, 6H-1,2,5-
’shiadazinyl,'1,2,3-thiadiazoly§, 1,2,4-thiadiazolyl, 1,2,5-thiadiazolyl, 1,3,4-
thiadiazolyl, thianthrenyl, thiazolyl, thienyl, thienoimidazolyl, thienooxazolyl,

thienopyridine, thienothiazolyl, thiomorpholinyl, thiophenyl, triazinyl, 1,2,3-
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atom, -(C1-C6)-alkyl, -(C1-C3)-fluoroalkyl, -(C0-C4)-alkyl-O-(C0-C4)-alkyl,

WO 2609199)ally!-(C3-C8)-cycloalkyl, -(q:pJCZ)-aIkerne-aryl, WW?@WH&O?K)O 4550

as defined above and is unsubstituted or mono-, di- or trisubstituted
independently by -(C1-C6)-alkyl, 10 -0-(C1-C6)-alkyl, halogen
or-(C3-C8)-cycloalkyl, or (C0-C2)-alkylene-Het, where Het is as defined
above and is unsubstituted or mono-, di- or trisubstituted independently

byrigaaht6)-2lkylriaoeir1 1ChP-4tigr ohdl dgeritdri@ayCs) dyelvakyy Rared this Het

e B e Y R S RSB Re, o
tobwietjgsenbretbirarsbiefonitnathirie eairstembisietheycivalkygintey, form a
Whigh.| ué\@%?—?ﬂ%@eaﬁ’éwgiog%%?%l gﬁgﬁﬁgmﬁﬁdﬂg%‘%@ﬂ@w&%e sub-ring

R10, R12ig-(C1

-(EvOB)Falkyl@igTecgdl akihe 2he(GBicB)antidatkys, a bicyclic system,
-(RA-55)aalod:O¢ 'Qnﬂ%@' H(G3c8)=gycleatyl.er . ~0v-0-R10. -
-(g%-gg?ﬁ%gbé%ﬁyclo &yﬁvﬁ%’re%e %?/Jc?)’(;aﬁ(%’ragig? ics? R10,-CN,
ungbstiNieq amoniHodi- Ordisy bstitaed indeppRARTY-RREDHN(R10)-R20,

-O-(C1-C4)-alkyl or R10, R21 and R22 are the same or different and are
eath iridepeftasnienoatiod 1B TsIEs iR T ARPRoo FHboATse uhstituted

hydrogen atom, -(C1-C6)-alkyl where alkyl.is unsubstityted or mono-, di-
IR ,Fu'}r%e?}g tl%’dﬁ%%r?zj%n%' @nﬁgpro%me, Sdine, wz, ol

epen
or trisubs

-(HfthSlyakmiene-(§8-4-8)1cy BoplMH> Q- etedissthesintegsr 1
or 2,t-(CﬁC3)-fluoroal yl, -c?mz, -S-H_ 9 éE\?C(:Q -CG;?ar%k)%eFr}l%-"géylg‘\?vhere

argeinas eisiinéetiahofle aind alk@ldOq -diw)-atdybreheseraliybisstitutbdtivnted or

mono-, di- or trisubstituted independently by R8 or -(CO-Cqg)-alkylene-Het
whEEHet s Y iR UR G B R REAMSIE NI AR a ehiRiie, bromine, iodine,

ungHbstioke thestmonoradicslr iseuhetiieas indepeagenty BRHREd and
R22, together with the nitrogen atom to which they are bonded, forma 10
fotlpcrseiRfitrieshbe fdeprtmocyclic heterocyclic ring which, as well as the

nit_rg?gﬁgghamdev M%i.tiﬁs%w KON, AREREHY 1RJNS-11RE SRR Alted

two r different hetefoatoms from the group of oxygen, nitrogen
anddaptmdeantty ioyfhichitee drdterosyblicrmingeisedisebstitygedns mastboxy radical,

di-_é)cr)tri"sculwti)stitutfg inEJIerE_)endently by R8, _ .

2-CHg or -805-CF3 or is mono- to decasubstituted by fluorine,
~(Cg-Cyg)-aikylene-(C3-Cg)-cycloalkyl or
~0-{Cp-C4)-alkylene-(C3-Cg)-cycloalkyl,

R9 is a halogen, -NO3, -CN, =0, =8, -OH, -CF3, -SFz, -C(0)-0-R10,
-N(R21}-R22, -C(O)-N(R21)-R22, -(C-C3)-alkylene-O-R10,

- -(Cp-Cga)-alkylene-S-R10, -S-R10, -Si-(CH3}3, -N(R10)-S(0});-R10, where u is
the integer 1 or 2, -SO-R10, where ris the integer 1 or 2, -S{O),-N(R10)-R20,
where v is the integer 1 or 2,

-C(O)-R10, -(C1-Cg)-alkyl, -O-R19, -(C1-Cg)-alkoxy, phenyl, phenyloxy-,
-(C1-Ca)-flucroalkyl, -NH-C{O)-NH-R21, -O-C(0)-R10, -O-CF3,
~(Cg-Cy4)-alkyl-C(O)-0O-C(R19, R11)-0-C(O)-R12, -O-C(O)-N-R10,
-(Co-Cy)-alkyl-C{O}-0O-C(R19, R11)-0-C(0O)-0-R12, -N{(R21)-C(0)-R22,
-NH-C(Q)-0-R10, -S-CF3, Het where Het is unsubstituted or mono-, di- or

trisubstituted independently by R8, or is a radical from the following list



15 R23 is a hydrogen atom, -OH or -O-(C1-C4)-alkyl, X is a covalent
WO R IHF38)- -0-, -S- or -(C(R13)(RY4)n- where n is the intager/EB96H7/004550
R7 is a hydrogen atom, -(CO-C4)-alkylene-(C3-C6)-cycloalkyl or -(C
1-C6)-alkyl, 20 R13 and R14 are the same or different and are each
independently a hydrogen atom, -(CO-C4)-alkylene-(C3-C5)-cycloalkyl,
-(C1-C3)-fluoroalkyl or -(C1-C4)- alkyl, R13 and R14, together with the
c;é?pn atom to whichghey are bondq@ form & three- to six-membered o o
)J\ IKy! ri ngcyvhlcw/saﬂnzstlt & ormono -8 BWtrisgbstituted N
Nndep fly‘l@;qu 0, Wis acryval ond, C((D - -S(O)-)Sg\J )P)vie LN
R@(Nm)- H0(S)-, "-C(=NECN)-, “C(=CHND2)- or3¢44(CF3)- R1Ns a
hydrogen atom, -(C1-C4)-alkyl or -(CO-C4)-a lkyle ne-(C3-g g)-cycloalkyl,
80 R2 3 e the game or diffggent and are gach |ndep ndently

\(Hygﬁggen ac (%1@&%9@, lkyl, NC1-Gg)-flugmalkyl, 37788
;\Qll PCT/ER2007/ %4) alkylene<{(C3- 3
E8)-alkylene-afyt;svhere arf{i2unsubstitited or méno-Hdi- ér

trlsubstlt ted mdependentl by R8, -(CO-C4)- alk lene-Het where Het is

unsubsﬁated or m(rmo di-jor trisybstituted ip endentlwﬁym 5

(CLC lkylene-Ri Q\N -(Cly-C4)-alk dﬂ%C(RZ 84&2 (R29),
"R27isah gen, -(Q1-Cgj-alkyl, -(C1-C3)- fﬁ\’loroalkyl
(CO- cmazaikylené“: ¢8-Cé)-cycl -(CO-C4x-alkylene-aryl Hvhegg aryiMe is
is unsubstituted or mono-, di- or trisubstituted independently by RS,
(@'@t@ﬂ) alkylene-Het Where Het is unsubstituted or mono-, di- or

5 trigypstiietob0dndeneadatlyyifS e At a(ﬁzpa%éa?éﬁvlﬁasp%ﬂaée%a@ a hydrogen

R28 and R29 are the same or different and are each independently a

hydRsgen Catdng) ?Mici%rﬁﬂbﬂ‘#%{%@%‘w R15 is -N(R17)-, -0-, -S-,

B SR SR R s

'W@@@Q(Qk@éﬂ&%@@%ﬁ%@ﬁ% KR YEFRED BRI Bhd is unsubstituted or
mono-, di- or trisubstituted independently by -(C1-Cg)-alkyl,

10 -0-(Cq-Cg)-alkyl, halogen or -(C3-Cg)-cycloalkyl, or
—(C@Cg)*afky!@.neﬂet,'where Het is as defined above and is unsubstituted or
mono-, di- or trisubstituted independently by -(C4-Cg)-alkyl,

-0O-(C4-Cg)-alkyl, halogen or -(Ca-Cg)-cycloalkyl,
R19 and R11 are the same or different and are each independently a hydrogen

15 atom or -{(C1-Cg)-alkyl, or

R19 and R11, together with the carbon atom toc which they are bonded, form a
three- to six-membered cycloaikyl ring which is unsubstituted or mono-, di- or

trisubstituted independently by R10,
R12 is -(C1-Cg)-alkyl, -(C1-Cg)-alkyl-OH, -(C1-Cg)-alkyl-O-(C1-Cg)-alkyl,

20 -(C3-Cg)-cycloalkyl, (C1-Cg)-alkyl-O-(C1-Cg)-alkyl-(C3-Cg)-cycloalkyl,
~(C1-Cg)-alkyl-(C3-Cg)-cycloalkyl where the cycloalkyl radical is unsubstituted or
mono-, di- or trisubstituted independently by ~OH, -O-(C4-Cy)-alkyl or R10,

R21 and R22 are the same or different and are each independently
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-N(R17)-C(N(R17))-N(R18)-, -N(R17)-C(N(R17))- or

WO 255'3!11@7%@2) N(R18)-, where R17 qq@ R18 are the same OVP&WMOOWOMSSO

and are each independently a hydrogen atom or -(C1-C6)-alkyl, 20 R16 is

a hydrogen atom, -(C1-C6)-alkyl, -(CO-C4)-alkylene-(C3-C6)-cycloalkyl,

-(C1-C3)-fluoroalkyl, -(CO-C4)-alkylene-aryl, where aryl is unsubstituted or

mono-, di- or trisubstituted independently by R8, (CO-C4)-alkylene-Het

wﬁémdmasa @Rubsiitinredgratiohaheie alhybisheriautbatiingshenawy, di- or
R8, 25 nd,R3, toge the carbon atom to which they are
Hﬂé%s%ﬁ‘ﬁ nt%?@& % ETyr{% ered cycloalkyl ring which is

ungugsngated(pleﬁmmcg-mgpwﬂaebqﬁtumthwen@@thwmsm@@am or2, -
and R3, together with the carbon atom to which they are bonded, form a

thee=Ga) %’Bé?e@n@tb?oc?cﬁ’o‘b@kyl radical WhICh is unsubstltuted or

2006@()%5@3@@ nSUb %%;%jé pende%gqﬁyg o\/e and gkylene and aryl are

MB@@M@QB@&M{%@}%&%BQ%M@&E@@% MAYEaRh 8 or
-(C1-C4)-alkyl or -(CO-C4)- alk ene-(C 3-C6)-cycloalkyl, R24 and

ar mﬁéf’@ﬁtvmﬁfea AR RHRRS é\W@ﬁ&)@r@&%W@aﬁB%Het are

1
R A e A P et epgndaniy by B8,

Wl?éf@ %I@/Iﬁéﬁntwﬁh@n@dtbﬁheonmr{)mnwmmmmtimiyepeeub@lmwpd form a
OUER: (RIS FLIREIE S MRS AREs K e

trlsu stitute pendently m |st e integer
amtmgﬁm@mhemwmmmmmmﬂomﬂ'ﬁthgycatbebnng@dzéomeaor two

o A SR LR D PR M s

togethér witlehhibe dniemcatgrtictoinghishi el atiébeshde dndoen, alitiareigistbstituted
loalkyl radical which b d -

éngﬁg;ﬂg S?rfgdgyc oalkyl radical which is unsubstituted or mono-,

independently by R10 or fluorine. 2. The compound
of 28 ferenbyitegeolaitnad i tlam Ohere 4xalkyl,
X is a covalent bond, -N(R7)-, -O-, -S- or -(C(R13)(R14)),- where n is the integer
1,20r3,
R7 is a hydrogen atom, -(Cg-C4)-alkylene-(C3-Cg)-cycloalkyl or
-(C1-Cg)-alkyl,
R13 and R14 are the same or different and are each independently a hydrogen
atom, -(Cg-Cy4)-alkylene-(C3-Cg)-cycloalkyl, -{C1-Ca)-fluoroalkyl or -(C1-Cyg)- |
alkyt,
R13 and R14, together with the carbon atom to which they are bonded, form a
three- to six-membered cycloalkyl ring which is unsubstituted or mono-, di- or
trisubstituted independently by R10,
Y is a covalent bond, -C(O)-, -S(O})-, -S(O9)-, -C(NR1)-, -C(S)-,
-C(=N-CN)-, -C(=CHNO2)- or -CH(CF3)-,
R1 is a hydrogen atom, -(C4-Cy)-alkyl or
-(Cp-Cy4)-alkylene-(C3-Cg)-cycloalkyl,
R2 and R3 are the same or different and are each independently a hydrogen

atom, ~(C4-C1q)-alkyl, -(C1-Cg)-flucroalkyl,
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the sub-ring has been selected from the following group N ON N N N 00

NN CNNNdbN-NNMA N-NNWO 2007/13,-3@351,;23007,004550

PCT/EP2007/004550 . <> OCNCNCN-Nj-NN OO NNNNJNN,

N, NUIN~NNNNNNSO~N~NpPN~S ~00-S-NSOQN Q

~~001Qs0,~- 014 NNONJfICJIJCN N'N)~J~NNNNNNN O~

(QPPNN1:11 S~SSNNONOpPNNVSN ‘Cll---N
-(Cp-Cy)-alkylene-(Ca-Cg)-cycloalkyl, -(Cq-Cy4)-alkylene-aryl, where aryl is

unsubstituted or mono-, di- or trisubstituted independently by R8, -(Cg-Cy4)-
alkylene-Het where Het is unsubstituted or mono-, di- or trisubstituted
independently by R8,

-(C1-Cy)-alkylene-R15-R16 or -(Cg-Cy4)-alkylene-C(R27R28)(R29),

R27 isa hydrogén atom, halogen, -(C4-Cg)-alkyl, -(C1-Ca)-fluoroalkyl,
-(Cg-Cy)-alkylene-(Cy-Cg)-cycioalkyl, -(Cp-Cyq)-alkylene-aryl, where aryl is
unsubstituted or mono-, di- or trisubstituted independently by R8, -(Cg-Cy4)-
alkylene-Het where Het is unsubstituted or mono-, di- or trisubstituted
independently by R8, or -(Cp-Cy)-alkylene-R15-R186,

R28 and R29 are the same or different and are each independently a hydrogen
atom, -{C1-Cg4)-alkyl or halogen,

R16 is -N(R17)-, -O-, -8-, -8(0}-, -8(09)-, -C(Q})-, -C(0O)-0-, -O-C(O}-,
~-0-C(0)-0-,-N(R17}-C(O)-, -C(O)}-N(R17}-, -S{OC2)-N{(R17}-, -S(O)-N(R17}-,
-N(R17}-8(02)-, -N(R17)-C(O)-0O-, -O-C{O)-N(R17)-, -N(R17)-C(O)-N(R18}-,
-N{R17)}-C(N(R17})-N(R18)-, -N(R17)-C(N(R17))- or -N{R17)-S{02)-N(R18)-,
where

R17 and R18 are the same or different and are each independently a hydrogen
atom or -(C1-Cg)-alkyl,

R16 is a hydrogen atom, -(C1-Cg)-akkyl, -(Cp-C4)-alkylene-{C3-Cg)-cycloalkyl,
-(C4-Ca)-fluoroalkyl, -(Cn-C4)-alkylene-aryl, where aryl is unsubstituted or
mono-, di- or trisubstituted independently by R8,

-(Cp-Cyg)-alkylene-Het where Het is unsubstituted or mono-, di- or trisubstituted
independently by R8,

R2 and R3, together with the carbon atom to which they are bonded, form a
three- to six-membered cycloalky! ring which is unsubstituted or mono-, di- or
trisubstituted independently by R8, or

R2 and R3, together with the carbon atom to which they are bonded, form a

three- to six-membered heterocycloalkyl radical which is unsubstituted or mono-,

di- or trisubstituted independently by R10, and



NSNSO11 5~~WO 2007/137738 119 PCT/EP2007/004550 0 o Nis O

WO 298513793 J S SJ 10-00J00-04$CN IJN O O;"0'S S P b 21091004550
v ~-s Cs N-S NO N NJ JJ CN) 5 where the dotted lines indicate the

particular point of attachment to the second sub- ring, single bonds in the
structures listed may be replaced partly by double bonds, or further ring
systems may be fused on, and B in which the sub-ring has been selected

framstiiecfolb(Ride) dRIRZIORLEMNBN raticsl Nieral N/ ON N-N ~N f 1
WQ,2007/137738 120 PCT%Pzgog/o?f 50 ~-N N'O N'O N NHS NS P

is a hydrogen atom
-(Cp-C4)-alkylene-(Ca-Cg)-cycloalkyl,
R24 and R25 are the same or different and are each independently a hydrogen
5 atom, -(C1-Cg)-alkyl, —(CO—C4)—a1kylené~(C3—06)mcycloatkyi,
-(C1-Ca)-fluoroalkyl, -(C1-C4)-alkylene-R15-R16, -(Cn-Cy)-alkylene-aryl, where
aryl is unsubstituted or mono-, di- or trisubstituted independently by R8,

-(Cg-Cy4)-alkylene-Het where Het is unsubstituted or mono-, di- or trisubstituted

independently by R8, and m is the integer 1, 2 or 3,

10 R24 and R25, together with the carbon atom to which they are bonded, form a
three- to six-membered cycloalkyl ring which is unsubstituted or mono-, di- or
trisubstituted independently by R10 or fluorine, or
R24 and R25, together with the carbon atom to which they are bonded, form a
three- to six-membered heterocycloalkyl radical which is unsubstituted or mono-,

15 di- or trisubstituted independently by R10 or fluorine.

2. The compound of the formula | as claimed in claim 1 where

A
the sub-ring Q has been selected from the following group

Toa 00000
N=Rel® @ D000

OOQ CN“/W\J(\NN

20
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WO 28071349798 _Ps ~__IICO0" 0 0445 S S S where the dqsieg #195007/004550
indicate the partlcular point of attachment to the second sub-ring, single -
bonds in the structures listed may be replaced partly by double bonds,
and the two sub-rings A and B are unsubstituted or independently mono
10 to tetrasubstituted by R4, and the X, Y, R1, R2, R3, R4 and Z radlcals
. areeach as deflned in clalm 1 WO 2007/137738 121 - .
“PC1/ 07/0Q fth ulg, 4/\3 laigyeth
/\ywhgceiz; e sub-rin s hav in each ca% beg_selectég_fmm
L—myclﬂ ropane,Cyc Nyclopentane ‘¢yclohexane, cycloheﬁ{ane
cyclooctane, blcyclo[42 0]octane octahydromdene decalin,
decahydrobenzocycloheptene dodecahydroheptalene,

clo[3.1. tane, bigyclo[2.2.1 ]h@ptane icyelo[3.3.0}oc

Tﬁ%o[ﬁ Zé;]‘gsgane ﬁ%}zS]octa €, spiro[3. 45?:% , dze ane @

oazepine, azetidife, aziding; azirin azo ane, henzi |dazo e

2 8- dlhydrob%zo[b]thloﬁﬁene 1,3 10 dihydrobenzid[c] hlophené’
dlhydrobenzcgfuran lhydrobenzegxazole,

ydreb 0 |azole 13 hydro obe zofur /\
ydr0| ;;Ele 2 -d| droiso azolﬁ 2,5+ drmsoxazl;)\e )
- dlhydr0|sox ole, 5,6-diNydro-4H- [1 P.S_’]oxazme bdhzo[1,3]dioxdle,
1 4 -diazepane, 1,2-diazepine, 1,3-diazepine, 1,4-diazepine, dlazmdlne
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15 dioxazine, [1,3]dioxepane, 1,4-diozocane, dioxole, dioxolane,

WO éﬁ%‘ﬁl%w, 1,3- diOX0|ene, [l,3]d|th]|%’le, [1,3]dithi0|ane, PCT/EP2007/004550
hexahydropyridazine, hexahydropyrimidine, imidazoline, imidazolidine,
indane, indoline, isoindoline, isothiazolidine, isothiazoline, isoxazoline,
isoxazolidine, 2-isoxazoline, morpholine, [1,3,4]oxadiazinane,
[1,3,5]oxadiazinane, [1,2,3]oxadiazolidine, 20 [1,3,4]oxadiazolidine,
1,2-oxathiepane, 1,2-oxathiolane, [,3Joxathiglane, 1,4- oxazepane,

Jif?}xaz—iﬂfﬁoxazi ; 4-oxa{\;e\,gxazinéq’,‘l _oxazZiffan N
--.) Oxazocane| oxa iridin@zolidi e, oxXgpane, xe?he, exj@pe, Xoctane, S
" piperazine, pipéridine, pyyan, pyrazZutifie, pyrazolidife, pyrrolidirie, N

pyrrolidingne, pyrroline, tetrahydroquineline, tetrahydrofuran,

tfrahydroiseqiqoline, +:2:3,4 25 tetrd gdror]f;ip lene, tetrakydropyr ],\j\s
-..| tetrahydropy) b, 1,2,38,4-tetrahy ro-%rimidin , ® N 'kt i/lil
'5,6-tetrahydropyrimidig€, tetrah iophe éer{azir]é, g diazine,

[1,2,6]thiadiazinane, [1,3,4]thiadiazolidine, 1,2-thiazine, 1,3-thiazine,
1,4-thiazine; [1,2]thiaziriane, [1,3]thiazinane, thiazolidine; thiazoline, o

tepane, Ahietane, thibmorphojitie;Ghiopyfan™<t,2,3-triazi S N

1,2\4-trigzine, 1)3,5-triazin [1,2,4]triazinane or [1{2,4]triazolidine, and \S

invhich the two sub~tings/areleach unsubstityted or ndepgndently /
according to the ring size, mono>-¢h tri-, tetra- or pentasubstituted by R4, N
where WO 20071137738 122 PCT/EP2007/004550 R4 is -NOZ2, -CN, =0, .

1 [

=3, -OH,: O-SF5“,‘/=£c;Qz-c3)- Ik -S-R1 Ox -§F3, -Sis )3,
-(CO-C3)-alkylepe-C¥0)-N(R21)-R22, -(GO-C3j-alkylene-C(®)-
o -(CO-C3 -alkylge 0)-0-R10, :gQ)C(S: -alkylene-S(0)-R10, -S-CF3, ,N

~€0-C3)- :

ene-S(0y2-K10, -(COC5Ralkylena~5(8)2-N(R2
-(CO-C3)-alkylene-O-R10, -(CO-C3)-alkylene-N(R21)-R22,
:-(CO-C3)-alkylene-N(R10)-S(Q)2-R10, o -

A(§O-Ch)atkylene-(CH@3)-flugivalkyl,
N o-CmneM)-cymk%-stf ° (\)N N>
-(ZO-C ene-N(R10)-C(®)- , N\) N N

-(CO-Cb5)-alkylene-N(R10)-C(0O)-N(R10)-R21,

wherd @62 Gojtadkiteneifcd ) th? bart&RaCSointytenesth Pl 0 Rls dddnd sub-
-(CO-Cﬁg-aAkyl, here alkyl is unsubstituted or mono-, di- or trisubstituted

NG, HAGHERABATY by RS (EB ARG RV 2R/ SRR LRI RYedps fRnds, or
furthéreigrsysedipaenyly slandd isdeat naphthyl, biphenylyl, 2-biphenylyl,

3-biphenylyl, 4-biphenylyl, anthryl or fluoroenyl, where aryl is
unsubstituted or @, di- or trisubstituted

in which the sub-ring has been selected from the following group

5 000U OO

N—N



15 independently by R8, or -(CO-C4)-alkylene-Het, where Het is selected
wo Funinergrup of acridinyl, azepinyl, ggetidinyl, aziridinyl, PCT/EP2607/004550
benzimidazolinyl, benzimidazolyl, benzofuranyl, benzothiofuranyl,
benzothiophenyl, benzoxazolyl, benzthiazolyl, benztriazolyl,
benztetrazolyl, benzisoxazolyl, benzisothiazolyl, carbazolyl,
4aH-carbazolyl, 20 carbolinyl, quinazolinyl, quinolinyl, 4H-quinolizinyl,
quinoxalinyl, qumuclldlnyl chromanyl; chromen gcmnollnyl
eca-hy |noI|n nzofura dlbenzo@a?q enyl, S
gZydrofS:i ,3-b]- r drofu ihydrofuk, d|oxoly]\.dqqoxanyl
6H-1 dlthlazmy I‘l[uranyl ibnyl |m|dazoI|d|nyI imidazolinyl,
imidazolyl, 1 H-indazolyl, indolinyl, indolizinyl, indolyl, 3H-indolyl,
|sobenzofuranyl 25 isochromanyl, isoindazolyl, |somdoI|nyI isoin IyI
oqum0| en20| ida IyI) NSothjazelidinyl, 2¢sot $_azoI|nyI
thiazolyl, ispxazol I is xazol inyl; 2-isoxazolir orpholln
phthyri |nyl octahydrmsoqumollnyl oxadlazoiyl 1,2,3-oxadiazolyl,
1,2,4-oxadiazoly], 1,2,5-oxadiazolyl, 1,3,4- oxadiazolyl, oxazolidinyl,
oxazolyl oxazolidinyl, oxothiolany, pyrimidinyl, ?f@phenanthrldqqyl
throllny phendizinyl, phenothiazinyl, pienoXathiinyl, N
henopqazmyl ﬁ: |nyI p1p amb? piperidinyl, erldrrryILQunBy
~ pyrdnyl, WO 2007M37738 123 PCY/EP2007/004650 pyrazinyiN

pyroazolldln l, pyrazollnyl pyrazonI pyrldaz[qul pryidooxazolyl,
pyridoimidazotyl, pyridothi pyridothiopheniyl, pyrldmymdyl
pyrimidinyl, pygrolidinyl, yrroﬂwl 2H-pyrrolyl, pyrrolyl, tetrahydrofuranyl,

tetrahydroi$bquinolinyl, tetraiydroquinolinyl, Metrahydropyriginyl, 6H-1,2,5
5 thiadazinyl 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, 1,2,5- thiadiazolyl 1,3, 4

diazolyl, threnyl, thigzolyl, thieny, thienoimidazolyl,
thlen oxazofn nopy |d|ne thieno azo yl, thiorfiorp 0I|ny1
" Athiopbenyl;t ZI tr| onI 1 zolyl, 1,2,5 |azol

1.4,4- -triazolyl dhd xanthem}}J and this Héij radical is dﬁsubstltuted\lor
independently meno-, di- or trlsubstltuted by R8, 10 R8 is haloge

atbamimido 02, =0, Ck3, -SF5 )-O- R C( jQ N
~OH) -NH2, f)igN -C(¢ )N\|10) Rﬁ -N{R10)- F§\O )
-(C32C8)-cy -0-( -alkyl ™~

-0-(CO-C4)- aIkerne (C3-Cob)-cycloalkyl, (C1- C5 aIkyI

-(CO-C4)-alkylene-(C3-C8)- cycloalkyl where the alkyl radicals menti
eveach ns stitgtedor mo i- ok trisybstityted sdeper{csﬁ?tly

20 gen -OH\__ H3 - O%CH3 - 02C

00 8300

-where the dotted lines indicate the particular point of attachment to the second

sub-ring, single bonds in the structures listed may be replaced partly by double
bonds, and the two sub-rings A and B are unsubstituted or independently mono-
to tetrasubstituted by R4, and the X, Y, R1, R2, R3, R4 and Z radicals are each

as defined in claim 1. -
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R9 is halogen, -N02, -CN, =0, -OH, -CF3, -C(0)-0O-RIO, -N(R21)-R22,

WO zﬁ‘dg)l)fyflggg.) -R22, -(C3-C8)- cycIoaIkTyé -(CO-C3)-alkylene-O¢ P2007/004550

-SI-(CH3)3, -N(R10)-S(O)u-R10 where u is the integer 1 or 2, -S-
-SOr-R10 where r is the integer 1 or 2, -S(O)v-N(R1 O)-R20 where v |s the
integer 20 1 or 2, -C(O)-R10, -(C1-C8)-alkyl, -(C1-C8)-alkoxy, phenyl,
phenyloxy-, -(C1-C3)- fluoroalkyl, -0-R19, -NH-C(O)-NH-R10,
-(CO-C4)-alkyl-C(0)-O-C(R19, R11)-0O-C(0O)-R12, NH -C(0O)-NH-R21,

aIk 1-C(0)-O:C R19 -O-C(0)-0O-R12,
-NH%é%gﬁ éﬁg t%?)C,glj:r 'ﬁ@t W %lfae' %s as cfﬁfln Shdve and is 25
unsubstltuted or N0-, d| substituted independently by R8, or a
cal from thlng I| 0 2007/137738 124 PCT/EP2007/004550
fee RS NDRFOINTS 027802 Np NBYRTFGHN esenpesh Ralgeied fepm

V\@Bé@rb‘padé Q:ﬁ:lébN{aH@@clHdeéThéﬂ By AW e cHERAEHEINSH
HOONN-~.O }-NROandH, where Me is

m@fﬁ O%ft?am?ﬁ%%[%%%%%?ﬁe %?tam@é‘?if‘gﬁa%r@eéééw
lnd@@ﬁﬁ%@%éﬁi@@@@ﬁép@ﬁ@@od&ﬁ%@r@i%ﬁa@% -63)tlepiopieptane,

Iky
%g Cé%{?g%h'(%% é@%oégc}:g&fiﬁl?f rl l@%%@g%ﬂ@£§@|2m~?@8€ary| is as

definerabeveamrd épvoBIaRitwad w8e8as, dizepiHisubstitidiad, aziridine,
mde endenth -(C1-C6)-alky 1-C6)-alkyl, haloi%en or

4R age bsmmé%z@mea(%ﬁeﬁ@wé@ [RitsiRpRe Rfihel
alamvwaﬁv@eﬁzw'ﬂ@}ﬂb@ﬁh@‘;boz Mangddboh Hasukatitatedindersnaenibxazole,

PR L T

atgimyaroléoda&dalkB.difydroisoxazole, 4,5-dihydroisoxazole, 5,6-dihydro-4H-
[1.2]oxazine, benzo[1,3]dioxole, 1,4-diazepane, 1,2-diazepine, 1,3-diazepine,
1,4-diazepine, diaziridine, d'iazirine, 1,4-diazocane, dioxane, 1,3-dioxane,
dioxazine, [1,3]dioxepane, 1,4-diozocane, dioxole, dioxolane, 1,3-dioxolane, 1,3-
dioxolene, [1,3]dithiane, [1,3]dithiolane, hexahydropyridazine,
hexahydropyrimidine, imidazoline, imidazolidine, indane, indoline, isoindoline,
isothiazolidine, isothiazoline, isoxazoline, isoxazolidine, 2-isoxazoline,
morpholine, [1,3,4]loxadiazinane, [1,3,5]oxadiazinane, [1,2,3]Joxadiazolidine,
[1,3,4Joxadiazolidine, 1,2-oxathiepane, 1,2-oxathiolane, [1,3]Joxathiclane, 1,4-
oxazepane, 1,2-oxazine, 1,3-oxazine, 1,4-oxazine, oxazinane, 1,3-oxazinane,
oxazocane, oxaziridine, oxazolidine, oxepane, oxetane, oxirane, oxocane,
piperazine, piperidine, pyran, pyrazoline, pyrazolidine, pyrrolidine, pyrrolidinene,
pyrroline, tetrahydroquinoline, tetrahydrofuran, tetrahydroisoquinoline, 1,2,3,4-
tetrahydronaphthalene, tetrahydropyran, tetrahydropyridine, 1,2,3,4-tetrahydro-
pyrimidine, 1,2,5,6-tetrahydropyrimidine, tetrahydrothiophene, tetrazine,
thiadiazine, [1,2,6]thiadiazinane, [1,3,4]thiadiazolidine, 1,2-thiazine, 1,3-thiazine,
1,4-thiazine, [1,2]thiazinane, [1,3}thiazinane, thiazolidine, thiazoline, thiepane,
thietane, thiomorpholine, thiopyran, 1,2,3-triazine, 1,2 4-triazine, 1,3,5-triazine,
[1.2.4]triazinane or [1,2 4]triazoilidine, and in which the two sub-rings are each
unsubstituted or independently, according to the ring size, mono-, di-, tri-, tetra-

or pentasubstituted by R4, where
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15 R19 and R11, together with the carbon atom to which they are bonded,

WO 388%/438788- to six-membered cycloghyl ring which is unsub %%071004550

mono-, di- or trisubstituted independently by R10, R12 is (Cl C6)-alkyl,
-(C1-C6)-alkyl-OH, -(C1-C6)-alkyl-O-(C1-C6)-alkyl, -(C3-C8)-cycloalkyl,
-(C1-C6)-alkyl-O-(C1-C8)-alkyl-(C3-C8)-cycloalkyl, 20
-(C1-C6)-alkyl-(C3-C8)-cycloalkyl, where the cycloalkyl radical is

uridibsthiRed ENnsb-=8i--trisubEguSasndipiiarliererg-R10, -O-CF3,

'Qé?ﬁﬁ TS A TS eae U AL B ks b gl CO)-R10,
@%‘Hﬁ‘é&%ﬁw ofiogids IBﬁ st ienedan e GR12

6)-alkylene-(C3-C8)-cycloa R10, WO 13773815
PQW@B%Q@WWS(W@WDS oy iatspatkyiens, S(CL LR oFRgyl,

-(CO-C6)-alkylene-aryl where aryl is as defined above and alkylene and

anffErCarsinggnee Tﬁ?ﬁod@odﬁ-ﬁﬁ'ﬂﬂé%@n%ﬂdﬁ%mently by RS,

o I s e e o e s
R&W@@Dﬁ*ﬂ&?&aéq&ﬁgt@gzv it IBQWEP@@ q@m@%%@héhémw 0)- C (O)}-R21,

bonded, form a four- to eight-membered heterocyclic ring which, as well

as(ﬂc‘ae RigbgtylatmrN (R4S <atRioNaRy @pRiaih, -4Cootding to/ thraify G(E8;R21,
tical eteroatoms from the group of oxygen,

n|t 5\5 ’él!ﬂ\‘ n?a ﬁgéﬁ &%@) the heterocycle is unsubstituted or

_O°(|_E|L‘§ ) )%&VP%&F@SWQ}‘%BHQQG&%@G gﬁg AB-S- YA RIRIL ARy

-0-(C1-C4)-alkyl, X is a covalent bond, -N(R7)- or -0-, where R7 is
a md’isrpg&dmtﬂmby(l@@ C4)- alkylene (C3-C6)- cycloalkyl or -(C1-C4)-alkyl,

S C PRI el S PRl S s R RL e g indanyt

ar?@@ﬁ TngepandeBibhamidrosemRigHRY 3-biphenylyl, 4-biphenylyl, anthryl
-(CO-C )alkylggg -C(R27) 9 %3)9) Ry eIyl anthry! or

haﬂH@g?ﬁny j{vb@)%aqwi :S(@qs tﬁu%&q(wono- di- or frisubstituted

-(Gladpéhadntonsy (R8-66)-cycloalkyl, -(CO-C4)-alkylene-aryl where aryl

is as defined above and is unsubstituted or mono-, di- or trisubstituted
indépstaerlifylene-Het, where Het is selected from the group of acridinyl,

azepinyl, azetidinyl, aziridinyl, benzimidazolinyl, benzimidazolyl, benzofuranyl,
benzothiofuranyl, benzothiophenyl, benzoxazolyl, benzthiazolyl, benztriazolyl,
benztetrazolyl, benzisoxazolyl, benzisothiazolyl, carbazolyl, 4aH-carbazolyl,
carbolinyl, quinazolinyl, quinolinyl, 4H-quinolizinyl, quinoxalinyl, quinuclidinyl,
chromanyl, chromenyl, cinnolinyl, deca-hydroquinolinyl, dibenzofuranyl,
dibenzothiophenyl, dihydrofuran[2,3-b}-tetrahydrofuranyi, dihydrofuranyl, dioxolyl,
dioxanyl, 2H, 6H-1,5,2-dithiazinyl, furanyl, furazanyl, imidazolidiny!, imidazolinyl,
imidazolyl, 1H-indazolyl, indolinyl, indolizinyl, indolyl, 3H-indolyl, isobenzofuranyl,
isochromanyl, isoindazolyl, isoindolinyl, isoindolyl, isoquinolinyl
(benzoimidazolyl), isothiazolidinyl, 2-isothiazolinyl, isothiazolyl, isoxazolyl,
isoxazolidinyl, 2-isoxazolinyl, morpholinyl, naphthyridinyt, octahydroisoquinolinyl,
oxadiazolyl, 1,2,3-oxadiazoiyl, 1,2,4—oxadiazo!y!, 1,2,5-oxadiazolyl, 1,3,4-
oxadiazolyl, oxazolidinyl, oxazolyl, oxazolidinyl, oxothiolanyl, pyrimidinyl,
phenanthridinyl, phenanthrolinyl, phenazinyl, phenothiazinyl, phenoxathiinyl,
phenoxazinyl, phthalazinyl, piperazinyl, piperidinyl, pteridinyl, purynyl, pyranyl,
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by R8, -(CO-C4)-alkylene-Het where Het is as defined above and is

or mono-, di- or trisubs{ifdted independently byd8r @p2007/004550
-(C0-C4)-alkylene-R15 25 R16, R28 and R29 are the same or different

and are each independently an hydrogen atom, -(C 1-C4)-alkyl or

fluorine, R28 and R29, together with the carbon atom to which they are
bonded, form a -(C 3-C 6)-cycloalkyl, 30 R15 is -N(R17)-, -0-, -5-, -S(O)-,

- SOz G( @Yroaz @YoV, DY) inYINSR B ZHHB( DY+ jde{DYINERATYgxazolyl,

p%%%@%?ﬁ&%@@&%@%?@%@@@ﬁ (Jéfjgmyi pyridyl, pyrimidinyi,
-N(RIT)EID) PM(REIB I, OF HHRIYR D)L S(P2HIN((RaiBy) wolhefier &1y7, and R18

EIRIRMII MR IREREANALHaRH sien.2%.

-(tiadayifivbrbakythiqdeeos)-dIdetivadiazol):cyaidatkyadiazolyl, 1,8,4-
f
uns%bstltu ﬁ%ﬁ{:}g%eﬁﬁﬂé’ [Sfr?\?eriﬁ '[ﬂ?gr?a aa%&cl%ls tﬁignooxazotyl

d or mono-, di- or thsdbstituted’ind epe

(@@@annkylenﬁuaeawmeiﬂeﬁwa@dﬁmwamhmteiy!s tiaimgtitliaa-
ortﬂe]at%ﬁxl' Ol' 20/5 ‘t’r‘%%@%t%e? M%%%gﬂe?w‘%%%&f% §gﬁ%tﬁ§ﬂ¥f arld this Het

with the carbon’ atom to ‘they are orma t
smaﬁiv@mb%mﬁup@mm pndNERisndentiyubstitotediopnivaobsttuted by R8,

RSB S SR ooy

hert&ﬂgs:ydHaWH@m@@\#gchamm{m;LmW-mmm) RS @li- or
trisubstituted independently by R10, and Z is the
N@%&MWE@) R {Gdites)aHefe-R26e- ngzaﬂsﬂén%rtéfﬁs Cg)-cycloalkyl,

B e I e e A T SR

(%Q@r@ﬂyére(@&ﬁﬂh%ﬂﬂﬁé@&%ﬁdﬂ@ﬂ'l@"trlsubstituted lndependently
-(C1-C3)-fluoroalkyl, -(CO-C4 aIkerne aryl where aryl is as defined

aBalRess. hansiteed HaoneCar s wrrunsiadd Bdependently
Bﬁré%bstﬁ%@e %Oﬁr? mﬁé‘)@’ 'e’“gNHeld"h%fﬁ HEES azasiinekaBovR @shisro2,
-C(0)-N(R21)-R22, {C3-Cg}-cycloalkyl, -(Cp-Ca)-alkylene-0O-R10, -Si-(CH3)3,
-N(R10)-5(0)-R10 where u is the integer 1 or 2, -S-R10,
-50~R10 where r is'the integer 1 or 2, -S(O)y-N(R10})-R20 where v is the integer
1or 2, -C(O)-R10, -(C4-Cg)-alkyl, -(C4-Cg)-alkoxy, phenyl, phenyloxy-, (C4-C3)-
fluoroalkyl, -O-R19, -NH-C(O)-NH-R10,
-(Cp-Cy4)-alkyl-C(O)-0-C(R19, R11)-0-C(O}-R12, -NH-C(O)-NH-R21,
-N(R21)-C(0)-R22, -{Cp-C4)-alkyl-C(O)}-O-C(R19, R11)-0-C(0)-0O-R12,
-NH-C(0)-0O-R10, -O-CF3, Het, where Het is as defined above and is

unsubstituted or mono-, di- or trisubstituted independently by R8, or a radical

from the following list
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trisubstituted by R8, or -(C1-C4)-alkylene-R15-R16, or 25 R24 and R25,

WO éggthgw@,@ the carbon atom to whicfpihey are bonded, formpgs e d97/004550

six-membered cycloalkyl ring which is unsubstituted or mono-, di- or

trisubstituted independently by R10 or fluorine, R24 and R25, together

with the carbon atom to which they are bonded, form a three- to

six membered heterocycloalkyl radical which is unsubstituted or mono-,

30 (HD or trlsubstltutect]ndependently IQY R10 ¢f fluorine. WO 2007/137738 0._o
ﬂg\ P%Qp?/OO 50 SO A comgiolmd idmtia a3 claimed W 7

"laim KRR H( EHRZGZPEB ~,CN (Iia% HO RZ}URZEO\Mher%;—

’?Pﬂa sub-rings ( AD and afe each selected from tHe @bovementiohed

groups, Oemd in which the two sub-rings are each unsubstitutgd or

mdependb 4 accok?ilng to the ripg size, mongt, di-, tri-,

pehtidsubstituted 4 Gs=NE2 ex 0 0.CF3, N, N
\«+é% Zalkylene-S J;gmo _CFA, - |(CH3)3;\ ?ﬁ N 0

R21, (co C5)3 kylene-C(0) 0-R10,

-Cb)-alkylene- %C
EEOC?,) -alkglene-OfR10, {CO-C3)- al&gyl%ne N(RZENP 22,

C3)- 10)45(02)- RlO

N.(cd¥es)- _yléh )-cybioal 3 -S-CF3, 1b{

NEB-C5) aIk;Wen (Cl- roaIkyI and
-(CO- C5) -alkylene-N(R10)-C(0O)-R21,

- (B0 ﬁ@@'{@?—@\l’(ﬁﬂ)m entend Ayl lerargratly a hydrogen
Urﬁewﬂmﬁ( RI-BIRPO=( i 01 JfigubrHEIkGH '3@69@%2%%1 BHRACH- 04) alkyl-O-

(CO-C4)-alkyléne-aryl Where aryl is selected from the group of phenyl,

inamyG 4nadiny, -0apHimkalitye(€ arflgs-cyneadktitutEdp Copaliy eivesary!, where
trisubstituted independently by R8, or 15 -(CO-C4)-alkylene-Het where
HEY SASHSHRSHARRYBroni Br W2eBRiH ISR RIS oty PT tisubsttuted

banaispisiaashtly wqgfw@@yiamz@h@qh@@wamznamw,or

benzthiazolyl, benzisoxazolyl, benzisothiazolyl, quinolinyl, dioxolyl,
diokaenis irerge!iviidarolidinyl, imidazolinyl, imidazolyl indolinyl, indolyl,

ndolinyl, isoindoly inyl, isothiazolidinyl, ,
Sttt Sobind, caniohL seaunel spRERldI e o
ma{BRglnyt. BFEﬁQMQ@iﬁRQH'w@%ndenﬂy by -(C1-Cg)-alkyl,

-0-(C4-Cg)-alkyl, halogen or -(C3-Cg)-cycloalkyi,

, where Me is methyl,

R19 and R11 are the same or different and are each independently a hydrogen
atom or -(C1-Cg)-alkyl, or
R19 and R11, together with the carbon atom to which they are bonded, form a

three- to six-membered cycloalkyl ring which is unsubstituted or mono-, di- or
trisubstituted independently by R10,

R12is -(Cq-Cg)-alkyl, ~(C4-Cg)-alkyl-OH, -(C1-Cg)-alkyl-O-{C1-Cg)-alkyl,
-(C3-Cg)-cycloalkyl, -(C1-Cg)-alkyl-O-(C1-Cg)-alkyl-{C3-Cg)-cycloalkyl,
-(C4-Cg)-alkyl-(C3-Cg)-cycioalkyl, where the cycloalkyl radical is unsubstituted or
mono-, di- or trisubstituted independently by —OH, -0-(C1-Cy4)-alkyl or R10,

R21 and R22 are the same or different and are each independently a hydrogen

atom, -(C1-Cg)-alkyl, where alkyl is unsubstituted or mono-, di- or trisubstituted

independently by R8, -0O-R12, -(Cq-Cg)-alkylene-(C3-Cg)-cycloalkyl, -SO+-R10,
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oxazolyl, oxazolidinyl, pyrimidinyl, piperazinyl, piperidinyl, pyranyl,

wo R6¥Fyt7 Hyrazolinyl, pyrazolyl, pyridaganyl, pyridyl, pyrimidingle1/ep2007/004550

pyrrolidinyl, pyrrolinyl, 2H- pyrrolyl, pyrrolyl, tetrahydrofuranyl,
tetrahydroisoquinolinyl, tetrahydroquinolinyl, tetrahydropyridinyl, thiazolyl,
thienyl, thienopyridinyl, thiomorpholinyl, thiophenyl, 25 and this Het radical

is unsubstituted or independently mono-, di- or trisubstituted by R8, WO

2007418 1 T3 B8 PEF/ PR A) 704650 fRErsalialh gDy €ag)atiydeyhryl where
-NO2, =0, -CF3, -SF5, -C(0)-0O-R10, -CN, -C(0)-NH2, -OH, -NH2, _
-0FBfEES %’(@ﬁ%ﬁ'—?ﬁﬁ%@(ﬁ”—%M—%@Pd-@éié%f)-%ﬂ}é}@a?ﬁw,m or mono-, di- or
-Qri&b-SiRalhdErERaeRty-Bik r@er(C3-C6)-cycloalkyl, - (CI-C8)-alkyl
-(CO-C%IQ{Iene-(C3-C§%-§ycloalkyl, where the alkyl radicals 5

miktisied Vel HREVAERIEG IR ADAGTIRRIRRRYGRf Aldylene and Het are
in en - CHS - n-Sp2a-CF3,
i L

-OR@¥-RRA LR 20geer MlRRe nifci@spispidaiilich they are bonded, form a
(GOE3 A NSRRIy itErESic '@@Wﬁ%ﬁ%&‘@%@a‘é’*ﬂ%&%ﬂﬂé&é‘ﬁ atom,

integer 1 or 2, -5-R10, -SOr-R10 where 10 the integer 1 or _
-StGy - AEtopHz Coieie, wicaidingdgdhe ona, sictO)R1®, two identical or

(C - -(C1-C8)- - o C1-C3)-f | ; ;
oSGl A D, DR o0 i
R1b%CeOpRIQ s NPEOISNPERZ TNonIR 2 @ (Oupstifuted independently by
-(@;C4)-alkyl-C(O)-O-C(R11, R19)-0-C(0)-0O-R12, 15 -NH-C(0)-O-R10,
-0-CF3 or Het where Het is as defined above and is unsubstituted or

mbvst 9B By tisgpstiatesd independerdth By R8I0 and R20 are the

sapne or different and ar independently a hydrogen atom,

R AR S R o, e e uoroatit

-(GU- G- il 60 C tGI) - ARy CLO Gl Ay DB G)ycisitiatkpl 2(C 1-Cy)-alkyl,
-(C0-C2)-alkylene-aryl where aryl is as defined above and is unsubstituted

or VoA W RS DR s it infidpendenai tyNic 1 (iBi-hiRiP 2)- or

- %?é 6)-alkyl, halogen or -(C3-C8)-cycloalkyl, or
-(CO- g-alkylene-Het where Het is as defined above and is -

urRybstiuiedretBreagmdi- or trisubstituted independently by
-(C1-C6)-alkyl, -0-(C1-C6)-alkyl, halogen or -(C3-C8)-cycloalkyl, 25 R11
and A LRS HEe ﬁ]é%?%iﬂé%ﬁ?%ﬁ{g ardaiashdk eHydrbyerPgen

atemer ofCleg@)-alidikylene-C(R27)(R28)(R29),
R27 is a hydrogen atom, halogen, -(C1-Cg)-alkyl, {C1-Ca)-fluoroalkyl,
-(Cp-C4)-alkylene-(C3-Cg)-cycloalkyl, -(Cg-C4)-alkylene-aryl where aryl is as
defined above and is unsubstituted or mono-, di- or trisubstituted independently
by R8, -(Cg-C4)-alkylene-Het where Het is as defined above and is unsubstituted
or mono-, di- or trisubstituted independently by R8, or -(Cp-C4)-alkylene-R15-
R16,

R28 and R29 are the same or different and are each independently an hydrogen

atom, -(C4-Cyg)-alky! or fluorine,

R28 and R29, together with the carbon atom to which they are bonded, form a
~-(C3-Cg)-cycloalkyl,

R15 is -N(R17})-, -O-, -S-, -5(0)-, -S(0O9}-, -C(O)-, -C{0)-0-, -O-C(O)-,
-N(R17)-C(O)-, ~C{O)}-N{R17)-, -S(O2)-N(R17)-, -N{R17)-S(02)-,
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R12 is -(C1-C6)-alkyl, -(C1-C6)-alkyl-OH, -(C1-C6)-alkyl-O-(C1-C6)-alkyl,

wo 2(e77¢SrFygloalkyl, -(C1-C6)-alkyl-O6d -C8)-alkyl-(C3-C8)-Gyeloatihg o 7/004550

WO 2007/137738 129 PCT/EP2007/004550
-(C1-C6)-alkyl-(C3-C8)-cycloalkyl, where the cycloalkyl radical is
unsubstituted or mono-, di- or trisubstituted independently by -OH,
-O-(C1-C4)-alkyl or R10, R21 and R22 are the same or different and are

eabijRridodefideaty @h@g@j@féﬁ“? éft’C))m ’MN@Z&%W&??% EiBS

un ti I =di- or trisubstitute independently by R8,
-(ﬂ%ii?%ﬁ@l&%%-%@)@%%alkyl, -SOt-R10 where t is the integer 1 or

2,RG hnad R fBiarealyls R R diffefdrit @ndllane reraihwbisEa daim ySaasydrogen

defined above and alkylene and aryl are each unsubstituted or mono-, di-
oDt tddhede i dently by R8 or -(CO-C6)-alkylene-Het where Het

is f] I n t each jtuted or
e B A e ShenT A e e,

tog€het Yyt nir(geTatony dwkigh-laRy ae-amyiask ynehéeerand is as
eight-membered monocyclic heterocyclic ring which, as well as the

nifefeachehayaditdn ARs LRSI 96 MhHeNengti, tiriybediutad dméependently
twey, identies) of differcpiReferogioms irmidheairRLl aX¥IE UOIWRubstituted

or sulfur 15 and in which the heterocycle is unsubstituted or mono-, di- or
trisulbstitged! iinoieppendstitlytdyy IRGe RAYisrdlhpgréden atom, -OH or

-Q5(C1-C4)-alkyl IS a. lent bond, -N(R/)- qr.-0-, .where R7 is,a

oo B AT e Bl e bortla, fom a
-(@r<eA rakiyhnYers be(er) -cyEl (Sk pir iS¢0 chp its ttheubtagetel ar 2n&R¥F, di- or
is a hydrogen atom, -(C1-C6)-alkyl,.,halogen,
-(Eg%iﬁ%ﬁ?ycfe’Hg-]e&%lé%r)]@yé%géyl?t(CO-C4)-aIkerne-Het where Het

is B8 2%defn&shebuevdtrdieuratstinted to subshitited dyeHaloded, form a
-(G1-C6)-alkyl, -O-(C1-C3)-fluoroalkyl or -:O-(C1-C6)-alkyl, or ,
S G e e SR R ra el a0 lsthstutpg or mono-
halegenti§@istit6)ealkyle@e (CE&GY) HuBrdalkyl or -O-(C1-C6)-alkyl, R26 is

a %{I rogen atom, -(C1-C4)-alkyl or -(CO-C4)-alkylene-(C3-C6)-cycloalkyl,

W

007/137738 130 PCT/EP2007/004550
Z is the —-N(R26)}-C(R24)}{(R25)-CN radical, where

R26 is a hydrogen atom, -(C1-Cg)-alkyl or -(Cp-Cy)-alkylene~(Ca-Cg)-cycloalkyl,
R24 and R25 are the same or different and are each independently a hydrogen
atom, -(C1-Cg)-alkyl, —(80-04)—élkyiene~(03~06)~cycloalkyl,

-(C1-Ca)-fluoroatkyt, -(Cp-Cy)-alkylene-aryl where aryl is as defined above and is
unsubstituted or mono-, di- or trisubstituted independently by R8, -(Cp-Cy4)-

alkylene-Het where Het is as defined above and is unsubstituted or mono-, di- or
trisubstituted by R8, or -(C1-C4)-alkylene-R15-R16, or

R24 and R25, together with the carbon atom to which they are bonded, form a
three- to six-membered cycloalkyl ring which is unsubstituted or mono-, di- or
trisubstituted independently by R10 or fluorine,

R24 and R25, together with the carbon atom to which they are bonded, form a
three- to six-membered heterocycloalkyl radical which is unsubstituted or mono-,

di- or trisubstituted independently by R10 or fluorine.
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R24 and R25 are the same or different and are each independently a

om, -(C1-C6)-alkyl, -(C1-G3)-fluoroalkyl,
-(CO-C4)-aIkerne-(C3-CG)-cycIoaIkyﬁCO-C4)-alkylene-ary \(/:\)Ele!?g %(r)y 71604350
is as defined above and is unsubstituted or mono-, di- or trisubstituted
independently by R8, or -(CO-C4)-alkylene-Het where 5 Het is as defined

above and is unsubstituted or mono-, di- or trisubstituted independently
byAR®NRUaddbREE, fogettetavits deEroatbon@eam to which they are

bonded, form a three- to sixgmembered cycloalkyl ring which is

unsubstituted or mono-, gi- gr RE@Zubstituted independently by R10 or

fluorine, 10 R24 and st,%h with the carbon atom to which they are

bo , a three- to sixmentérerdgeterocycloalkyl radical which is
urnisubsgtudor ¥torYo., mesu stituies) independentlyshy R10 or

fluorime. 5: compoun(ﬂ‘of th eIty ng claimed in claim 4 where 15

ecte

the sub-rings 0 and havd ead® beén se d from cyclopropapgere
cyclobutane, cyclopentane, cyclohexane, cycloheptane, cyclooctane,

bicyclo[4.2.0]octé ctahy@ene, decalin,
d 0 hep : icycl , :
]hqeﬁp%[ane,n icyclo[2.2.17 é(:)tane, &Eé%?@%%?gé%%gﬁom%%%[gojvé‘mennoned

bi@y@_uﬂa.az}meImequ@bﬁm@H@%@wmm!ﬁlia_zepjanéndependentiy,

D S e O BRBR B by e

diRAdinbERzDfdrdh, 2(3-dbydPbhefifapxédor, - L dipcabtyareBia/e -0O-CF3,
,3=.dj [ f ,.4,5-dih isothj , 2,3-di [ le,

2 B AR LR ARTORTARO A AL AT ST e 10

25.@@%@1]&)@@%%@}@(@@@@&)-5»%y%’%ew %y%z@@zm?l@g%zg)-amylene-

1,4-diazepine,” diaziridine, diazifine; 1,4-diazocane, dioxane, i0xane,

dibkazi0gS[O3)eiodepate-I g-dikyeeandC didwleydiosthahB 23, -S-CF3,
1,3-dioxolane, 1,3-dioxolene, [1,3]dithiane, [1,3]dithiolane,

heXlaRydtERe HekehyidiepyRifibiné; OntiakhabifenartBAdldn& -R21,

in eAndalj iSOI i isnthi lidj isothiazaline, isoxazoline .
isg@%(ﬁé?ﬁe@-?ﬁ)‘%az Qli}ﬁr}g(%rgﬁc%%’e—,t%: ﬁfégkgﬁl%n%ne?%% 'S Unstibstituted
[1&,5&@1ﬁ@djaﬁir@ntessub%t&méadiﬁmﬂémn[M%ﬂ]&@@déazypwwkylenemaryi where
1,2-oxathiepane, 1,2-oxathiolane, [1,3]oxathiolane, 1, O 2007/137738

1@1@@5@9@7‘30@3%@ wraipepbpleny-tidaime, indeoyhziaghthyl, where arylis
Lﬂ'r@%ﬂ&t%%”?ﬁgﬁo-l,’af-oéf"%r'@ﬁ%%tituied independently by R8, or

-(Cg-Cyg)-alkylene-Het where Het is selected from the group of azetidinyl,

benzimidazolinyl, benzimidazolyl, benzofuranyl, benzothiophenyl, benzoxazolyl,
benzthiazolyl, benzisoxazolyl, benzisothiazolyl, quinolinyl, dioxolyl, dioxanyl,
furanyl, imidazolidinyl, imidazoliny!l, imidazolyl, indolinyl, indolyl, 3H-indolyl,
isoindolinyl, isoindolyl, isoquinolinyl, isothiazolidinyl, 2-isothiazolinyl, isothiazolyl,
isoxazolyl, isoxazolidinyl, 2-isoxazolinyl, morpholinyl, octahydroisoquinolinyl,
oxazolyl, oxazolidinyl, pyrimidinyi, piperazinyl, piperidinyl, pyranyl, pyrazinyl,
pyrazolinyl, pyrazolyl, pyridazinyl, pyridyl, pyrimidinyl, pyrrolidinyl, pyrrofinyt, 24-
pyrrolyl, pyrrolyl, tetrahydrofuranyl, tetrahydroisoquinolinyl, tetrahydroquinolinyi,
tetrahydropyridinyl, thiazolyl, thienyl, thienopyridinyl, thiomorpholinyl, thiophenyl,
and this Het radical is unsubstituted or independently mono-, di- or trisubstituted
by R8,
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oxazocane, oxaziridine, oxazolidine, oxepane, oxetane, oxirane, oxocane,

wo Regiagrespiperidine, pyran, pyrazoli{@s pyrazolidine, pyrroliqy@ewﬁpzoowomsm

pyrrolidinone, pyrroline, tetrahydroquinoline, tetrahydrofuran,
tetrahydroisoquinoline, 1,2,3,4 5 tetrahydronaphthalene, tetrahydropyran,
tetrahydropyridine, 1,2,3,4-tetrahydro- pyrimidine, _
1,2,5,6-tetrahydropyrimidine, tetrahydrothiophene, tetrazine, thiadiazine,
[1F56k hiattigeimare bardajthiatisddOlpine), F2RBiabhe, 1 idxRd0, -CN,

T A R

R R Ay A Oy R

aqrding-tkiie(Dg-Si2¢-.ahgiume dCqE gletial ouRpn iR s ks tiidedkby Bdicals
and the X, Y, R27, p, R26, R24, R25 and R4 radicals are each as defined
inTBRMicnetsP6e £aomiposifpiiuiad or MaBda st Qaiiedsiitdaddapandently

5 Wﬁ@&@@@q@:@g@%%@@@ gx,regtgﬁt@p%egpn I;C:ngected from the

group of azetidin€, cyclopropyl, Cyclobutyl, €yclopentyl, cyclohexyl, 1,3-
diRgioisabgeroihay, 2 GMikireddxazéle, LHHYRIIBOXa0INGTE21)-R22,
dihydroisoxazole, 1,3-dioxane, dioxolane, 1,3-dioxolane, imidazolidine,

incR2 D0 Rer G 8- 6I o o IRAe B 3, Siblrtiv:
PYKeHdine ~ tefral h n leng, @ i .
O OIS 16 e R s b hner
aqperginggtr therng-SiEe), MoreOR 20 tisibstitutethdYridydr4 isr0, €30)-R10, -
-(CO-C?3)-alkylene-C(0O)-O-R10, -(CO-C3)-alkylene-N(R21)-R22, 25
-((Q)I—@:B)@llﬁblbnécl‘qk@@X@ﬂ‘F@M,pheﬂyL phenyloxy-, -(C1-Cg)-fluoroalkyl, -O-R19,
-(CQ-C4)-al -(C3-C6)-cycloalkyl-R23, -(C0-C3)-alkylene-O-R10,
-(%ﬁ%@@l‘@%ﬁgéhenyl, where phenyl is unsubstituted or mono-, di- or
trisidhs@yted iyteendentliRoly1 RR 18- LOQEGA HlkyNMRE(© piiH-IR 21,
unsubstituted or mono-, di- or trisubstituted independently by R9, 30 R8 is

flubHie Toridfihel Bromiine; Col@veES Auetdalky! br ROCR-Bi ki 12,

s L R P
-(GRLBhE ALY nd RSk (&R) Sl @aRDinSd Sl by RS,
\-Nﬁ%?m)-S((ﬁ)éu-Rlo where u is the integer 1 or 2, -S-R10, -SOr-R10

18 AidiRethidgene 8- 8(@iTaRRuB) R FRER DIsReaHRREEA hydrogen
atom, -{Cq-Cg)-alkyl, -{Cg-C4)-alkyl-OH, -(C4-Cx)-fluoroalkyl,

-(Co-Cq)-alkyl-O-(C4-Ca)-alkyl, -(Cq-Cs)-alkyl-(C3-Cg)-cycloalkyl,

E

-(Cg-Co)-alkylene-aryl where aryl is as defined above and is unsubstituted or
mono-, di- or trisubstituted independently by -(C1-Cg)-alkyl, -O-(C1-Cg)-alkyl,
halogen or -(Ca-Cg)-cycloalkyl, or -(Cg-Co)-alkylene-Het where Het is as defined
above and is unsubstituted or mono-, di- or trisubstituted independently by
-(C4-Cg)-alkyl, -O-(C¢-Cg}-alkyl, halogen or -(C3-Cg)-cycloalkyl,

R11 and R19 are the same or different and are each independently a hydrogen
atom or -(C1-Cg)-alkyl,

R12 is -(C1-Cg)-alkyl, -(C4-Cg)-alkyl-OH, -(C1-Cg)-alkyl-O-(C1-Cg)-alkyl,
-(Ca-Cg)-cycloalkyl, -(C1-Cg)-alkyl-O-(C 1-Cg)-alkyl-(C3-Cg)-cycloalkyl,
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51 or 2, -C(0O)-R10, -(C1-C8)-alkyl, -(C1-C8)-alkoxy, phenyl, phenyloxy-,

roalkyl, -0-R19, -NH-C( H-R10, '
WO g?@%f%@f&ﬁj Qb (O R1. -NH-C(0)-Ni KEF 20077004550

0-C4)-alkyl-C(0)-0-C(R11,R19)-O-
-N(R21)-C(0)-R22, -(CO-C4)-alkyl-C(0)-O-C(R11, R19)-O-C(0)-0-R12,
NH-C(O)-O-RIO or -0-CF3, 10 R10 and R20 are the same or different and
are each independently a hydrogen atom or -(C 1-C6)-alkyl, R11 and R19

aréCh eCrpirad k- (Ifetzmit eyuicaie \é ach énd éperjeldbiley hyaltiogeis atsubstituted or
-(C 1-C6)-alkyl, R12 is -(C1-C6)-alkyl, -(C1-C6)-alkyl-OH
(PRSs) SngT- irehstbitagkindependentshyyidikg-(C1-C4)-atkyl or R10,

-(61-CH)- -(G1-CH)-alkyl-(C3-C8)-C | :
EERA A RGBSRt oty a croser
ursdabsti(die cdCay)ratiyd whibreraliylisstingebsiivdpe mtentndy ddly trisubstituted
-0-(C1-C4)-alkyl or R10, R21 and R22 are the same or different and are

e RERERLERNL RY RBnittogeR -alsHeneadang/cioplyh -SOrRT0 where tis
'%@'ﬁ@g@'&(‘%ﬁl%ﬂ%%@é%!%?&!%}szﬁo-oi%ﬁilg%ﬁge&g@%g‘-%%mﬂe

1 or 2, or-(C1-C3)-fluoroalkyl, R23 isa hydrogen
-0a((lisCGrh) defyled éhacovaléaliboancoant (&Y)-anh e rRihisubdtitdtedesr mono-,

;tggég gﬁ%&%@é ﬁé! %%\g I%ﬁé@%@&r@&%&f@%% )t~ a%at@egg_%{) \rrv% ere Het is

(GO deh@dulings Grdt GRyRIHaRY el Gl RAlltdsubstituted or mono-, di- or
-(CO-CZ%—aIkerne-pheng where phenyl is unsubstituted or WO

200svbstitsgd gl HoYd38550 substituted by halogen,

'(@Mﬁ@km,'%‘é@ﬂﬁ'&%fw%@%W&%&@a&@%@%ﬁ@'ﬁt@y are bonded, form a
-(C0-C2)-alkylene-pyridyl, R24 and R25 are the same or different and are

edBHIHePIgRtERRINR G FRePearsle, hetaresyRipdjngrvhich, as well as the
-(Gdedhaligned@iorgeysiealitth PiR B4eameRias Iasinei iR Bife or two

carbon atom to which they are bonded, form a cycloalkyl ring which is
sdfienigatemdifiesretpeierisprefmt Bl o ermatty ndfeaen or sulfur

cysiehmynRAcs WesRsteieds0l maanstinMe QrdF gt UERdor trisubstituted

independently by R10 or fluorine,
independently by R,

R23 is a hydrogen atom, -OH or -O-{C4-C4)-alkyl,

X is a covalent bond, -N{R7)}- or -O-, where _

R7 is a hydrogen atom, -(Cg-Cg)-altkylene-(C3-Cg)-cycloalkyl or
-(C1-Cyq)-alkyl,

Y is -C(O)-, -C(8)- or -S(0O2}-,

p is the integer 1 or 2,

R27 is a hydrogen atom, -(C4-Cg}-alkyl, halogen,
-(Cp-Cy)-alkylene-({C3-Cg)-cycloalkyl, ~(Cg-Cyg)-alkylene-Het where Het is as
defined above and is unsubstituted or substituted by halogen, -(C1-Cg)-alkyl,
-0-(C1-Ca)-fluoroalkyl or -O~(C4-Cg)-alkyl, or

-(Cp-Co)-alkylene-phenyl where phenyl is unsubstituted or substituted by
halogen, -(C4-Cg)-alkyl, -O-(C1-C3)-fluoroalkyl or -O-(C4-Cgl-alkyi,

R26 is a hydrogen atom, -(C1-C4})-alkyl or -(Cp-C4)-alkylene-(C3-Cg)-cycloalkyl,
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R24 and R25, together with the carbon atom to which they are bonded,

@ﬂsqu:g?ree- to six-membered heli 8cycloalkyl radical sels&tﬁkwowoo 4550
the group of aziridine, azetidine, diazetidine, diaziridine,

hexohydropyridazine, hexohydropyrimidine, imidazolidine, morpholine,
oxadiazinane, oxadiazolidine, oxathianane, oxathiolane, oxazetidine,
oxazolidine, oxetane, oxirane, piperazine, piperidine, pyrazolidine, ,
pyRAidind, R&badmpditofusameaetratiffdrepy g hbctetsashyidaebmpdendy a hydrogen
tetrah drﬁéhi an, tetrazinane, thiadiazoliding, thiazetidine, thiaziridine
T T B B PG GO B N e B vcloalkt

trigzliding. ehis S WRle iee 108 B e fitbd b BlRMBRtEathsubstituted or

independently by R10 or fluorine. 20 7. A compound of the formula la as
clammed-irderer tianbsétofatbiniegdodenthely R subitpgyisalkidetedHet where
from the group, of azetidine, cyclopropyl, cyclobutyl, cyclopentyl, . .
cﬁér%wéx%ﬁ, GeENGHRRGIS i PSR AR e R kR fsubstituted
imiskkeedidinsmtipdanrgmorpholine, 1,3-oxazinane, piperazine, piperidine,
pyrrolidine, tetrahydrofuran, and 1,2,3,4-tetrahydronaphthalene, B 25 the
g 5

BCLHTHBRT LGN § SPareRtnAR Y ERaBSY SRR, form
cyﬁwh > gRahe : here@xAzbdiRE, mieﬂﬂia_ﬁdm)grﬂs@gdjt@d @ngndfm?-, di- or
which the two sub-rings are unsubstituted or independently, according to
P LS BB CEr i BUEAR, R B where WO 20071137738
134§%C%W£ﬁ2(|39%@@%0wc3 . Wﬂ?e%%bﬁééﬁc?kw, I\EﬁliCh they are bonded, form a
- -C4)-alkylene- - -cycloalkyl, -(C1-C4)-alkyl or . )

(R R DtETE IR (B 5rSsHSsHliahgr mono-
F, 0 B g uifs (G tdaddhalipbnd dngyopy @e ot doigopindVH-, 5Y is -C(O)-
or -S(02)-, p is the integer 1, R27 is a hydrogen atom, -(C1-C6)-alkyl,
4-F-benzyl or benzyl, R26 is a hydrogen atom, R24 and R25 are the
samecpnpliffereof ane fareredehdrepandedtiy: albidrogene0 atom,
methyl or ethyl, R24 and R25, together with the carbon atom to which they
are bonded, forr@clopr W Oy cyclobutyl radical, or
the sub-rings and have each been selected from cyclopropane,

cyclobutane, cyclopentane, cyciohexane, cycloheptane, cyclooctane,
bicyclo[4.2.0]octane, octahydroindene, decalin, decahydrobenzocycloheptene, .
dodecahydroheptalene, bicyclo[3.1.1]heptane, bicyclo[2.2.1]heptane,
bicyclo[3.3.0]octane, bicyclo[2.2.2]octane, spiro[2.5]octane, spiro[3.4]Joctane,
azepane, azepine, azefidine, aziridine, azirine, azocane, benzimidazoline, 2,3-
dihydrobenzo[b]thiobhene, 1,3-dihydrobenzo[c]thiophene, 2,3-
dihydrobenzofuran, 2,3-dihydrobenzooxazole, 2,3-dihydrobenzothiazole, 1,3-
dihydroisobenzofuran, 4,5~dihydroisothiazo|e, 2,3-dihydroisoxazole, 2,5-
dihydroisoxazole, 4,5-dihydroisoxazole, 5,6-dihydro-4H-[1,2]oxazine,
benzo[1,3]dioxole, 1,4-diazepane, 1,2-diazepine, 1,3-diazepine, 1,4-diazepine,
diaziridine, diazirine, 1,4-diazocane, dioxane, 1,3-dioxane, dioxazine,
[1,3]dioxepane, 1,4-diczocane, dioxole, dioxolane, 1,3-dioxolane, 1,3-dioxolene,
[1,3]dithiane, [1,3]dithiolane, hexahydropyridazine, hexahydropyrimidine,
imidazoline, imidazolidine, indane, indocline, iscindoline, isothiazolidine,
isothiazoline, isoxazoline, isoxazolidine, 2-isoxazoline, morpholine,
[1,3,4loxadiazinane, [1,3,5loxadiazinane, [1,2,3]oxadiazolidine,

[1,3,4]oxadiazolidine, 1,2-oxathiepane, 1,2-oxathiolane, [1,3]oxathiolane, 1,4-
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R24 and R25, together with the carbon atom to which they are bonded,

WO 286%/aspipsgidine ring which is unsubsjtuted or substituted bWCTIEPZUOTIOOd-SSO

-(C1-C4)-alkyl. 15 8. A compound of the formula | or la as claimed in one

or more of claims 1 to 7, which is the compound
N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-
difluorobutyl]-3-azaspiro[5.5]undecane-3-carboxamide, N-[(S)-1-(1-
cyRHETSRAGErohicadzintyl) Bo3atiheo rbBuorReie Db Rict3nexgzinane,

2 [

G Shaey s sesine, f1apaaR el oxrone. oxocane

1 nmaa%amm5maanmmmomm) mmoéwrr@cwmhdmone

O STERR Een agree R e 2 e

sprbphsitlecansiBatarnsoxatradydropyran, tetrahydropyridine, 1,2,3,4- tetrahydro-
LSy

RS oSSR  Einreicptpae, e
C%‘W@@WWF@Gedﬁmarélib@qiazeﬁmhdx&ﬁh@mmel b;zom.azme

2'[85) 19 C‘g; @opr%%@%afﬁﬁn%gg“%%e thiazolidine, thiazoline, thiepane,
3 m@mommynmm@nepﬁmpwag gl &iprioRl. 3)detdriezBreatbdainiazine,

id

QG Anene L SIS SO g g o e2er

spmg@ﬁﬁ@@@mﬁec@@gebdﬁarﬂm;j@ocordmg to the ring size, mono-, di-, tri-, tetra-
(el lscrannrue!opRBY A RO Rt T 9t0R bl RSB BfR4 racicals

|azasp|ro ecane-8-carboxam

-(Bi&yanebyasoprbppr dnodaiayh -3, 3- dlfluorobutyl] -2-methyl- 1-0x0-2,8 WO

2007/137738 135 PCT/EP2007/004550

diazaspiro[4.5]decane-8-carboxamide,

NH(SPTReLYARd EhelBpTDpiacke iseneynel sndraors sl 3udiriethy -

oxa 5,9-diazasp .5]unde -9 carboxamide,
-[(S)-1-(1-cya oe‘y pro c&b moyl)-3,3-difluoro-4-phenyl
ﬁ] SHRAGF ol —CartRarAde! WT{%@)"fiﬁtB’yﬁ%‘S@%ﬂ)fé‘)m the group

|orapﬁbf@zram@oyﬁc%ﬁrsﬁguowbmwﬂ@zwtﬂespén@%ymp@m Sldecane-
8- carboxamide,

N-FBYH QBT Rbrap e drsiaissElaiR SrabuiRsesazole. 4.5-

spiiplgddnnnanetd; camaxamite, dioxolane 1,3-dioxolane, imidazolidine, indane,

cyang ropylcarbam
e b e sl P e e

N-{EaxaydloayRmoerdonPRyiceshamaidagietifaeieputyl]-2- (4 fluoro 10
hengl) 1- oxo -2,8-diazaspirg[4.5]decane-8-carboxamide, N-[(S)

cyARBL)MRFEINEANSR S e Bty R A K WW&%&%{E‘@W&%‘%

caal@@m@erd\ir{ﬁ)n@ size, mono-, di- or trisubstituted by R4,

1-cyanocyclopro Icarbamo I 33 diflugrobutyl]-3
ANy ARy R ) o (MR R . 5 -alkylene-NR21)-R22,

~(Cg-Ca)-alkylene-NH-C(O)-R21, -(Cy-Cy)-akkylene-(Ca-Cg)-cycloalkyl-R23,
-(Cp-C3)-alkylene-0-R10, -(Co-Cy4)-alkylene-phenyl, where phenyl is
unsubstituted or mono-, di- or trisubstituted independently by R8, or
-(Cp-C4)-alkyl where alkyl is unsubstituted or mono-, di- or trisubstituted

independently by R9,
R8 is fluorine, chlorine, bromine, -O-(C1-Cg)-fluoroalkyl or -O-(C1-C4)-alkyl,
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WO 546

phenyl-1,5-dioxa-9-azaspiro[5.5]undecane-9-carboxamide, N-[1-(1-cyano-

lpRrepyagarbamoyl)cyclohexyl]-8-azaspiro[4.5]decane-8-caskoxaiBbi®n 7/004550
N-[(S) 15

1-(1-cyanocyclopropylcarbamoyl)-cyclohexylmethyl-8-azaspiro[4.5]decane

-8- carboxamide,
N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluorobutyl]-9-butyl-
3,BlisZzalpigeid. INgedaNe 35 aDbixabiide,-C(0)-O-R10, -C(O)-N(R21)-R22,

B T ok eens O R A s SH®)3.

et ol Q/\?{; th

propylcal)osino;H) et gu%ylﬁspl? Efgeﬁﬁéga%{azi t%r%ggamlde

N-f£8)r R10- W@qy@kamqnyé@@bamﬂzl)&(@wmmd% ptIEnylheielly8s the integer
azaspiro[4.5]decane-8-carboxamide, N-[(S)-1-(1-cyanocyclopropyl-

caltimeyB{® B Riotehufygseite2 é%e?@aeaﬁ%yb@keaﬁﬁb@hmms)%
(1 ya&o y (é;]%awg (I% ?gl)ﬁ’HB 16 Uﬂ_?%%l] -2,2-dimethyl-1-oxa-8
ec

25 az s oxami

N-US)-LgyanaaycleprendtrAeRey)S.810)-R12, -NH-C(O)-NH-R21,
d|f-I[§Joérob§tyl] 2- az?s%ﬁroM%]decane% cz?&)o&amide. FF L I): O \ON/N
(, HO(RN F-Q(QNREZ/ (@0 C4)-alkyl-C(O)-O-C(R11, R19)-0-C(0)-0-R12,

Flo% anocyclo I-carbamoyl)-3,3-difluorobutyl]-1-oxa-4-
az@ )5 &l\@lé’ 4- okamide, N-(1-cyanocyclopropyl)-(S)-2-[3-(1,4-
SOIBXAMPIECH]- gl@%@%W%'peiffét%mfm%@%ﬁ%ﬂgendem iy a hydrogen

2007/137738 136 PCT/EP2007/004550 FF FF O
N atqm[PS)r(PQ1Q3§'hﬁﬂwiéclopropylcarbamoyl) 3,

oo LT crpionton 2. 1y lazaspi g Snonane 2 camRa % drogen
3 3tdrﬂu@rree@qpﬂh2—@lkglopropyl -2,7-diazaspiro[3.5]nonane-7-carboxamide
'"R12 is -(C1-Cg)-alkyl, -(C1-Cg)-alkyl-OH, -(C1-Cg)-alkyl-O-(C 1-Cg)-alkyl,
-(Ca-Cg)-cycloalkyl, (C4-Cg)-alkyl-O-(C1-Cg)-alkyl-(C3-Cg)-cycloalkyl,
-(C1-Cg)-alkyl-(C3-Cg)-cycloalkyl, where the cycloalkyl radical is unsubstituted or
mono-, di- or trisubstituted independently by —~OH, -O-(C1-C4)-alkyl or R10,
R21 and R22 are the same or different and are each independently a hydrogen
atom, -(C4-Cg)-alkyl, -O-R12, -(Cg-Cg)-alkylene-(C3-Cg)-cycloalkyl,
-S0Ot+-R10 where t is the integer 1 or 2, or -(C1-C3)-fluoroalkyl,
R23 is a hydrogen atom, -OH or -O-(C1-Cy)-alkyl,
X is a covalent bond or -N(R7)- where
R7 is a hydrogen atom or —(C1-C4)-alkyl,
Y is -C(O)- or -S{09)-,
p is the integer 1 or 2,
R26 is a hydrogen atom,
R27 is a hydrogen atom, -(Cp-C4)-alkylene-(C3-Cg)-cycloalkyl,
-(C1-Cg)-alkyl, —(Cp-Cpj-alkylene-phenyl where phenyl is unsubstituted or
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5 [(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluorobutyl]-2-propyl-2,7

WO 8zasRirehy dInonane-7-carboxamidegh-(1-cyanocyclopropyBd$)Er8h07/004550

azaspiro[4.5]decane-8-sulfonylamino)-4,4-difluoropentanamide,
N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,
3-difluorobutyl]-4-cyclopropyl-1-oxa-
4,9-diazaspiro[5.5]undecane-9-carboxamide, N-[(S)-1-(1 10
cyastiyatepropyiedmpameyl) 43Gatiflktosut]-p-Cgittpropglikidaxa@;:9< 1-Cg)-

e 1
31@%‘9{9?%5@'5?8%'8@%%'@FW@%H@%@%@ each independently a hydrogen

diazaspiro[4.5]decane-8-carboxamide, 1

-cy@macyélaptepylybaméyi-Ga-alfiviene16°3-Ce)-cycloalkyl, |
239&%@%%%“%@%%%&%@ @ﬁ%{‘cﬂ%ﬁ? Ry BN orm
3elitilaciblyeriyid- 2de mstbelygiberfydm the group of cyclopropyl, cyclobutyt,
2,8-dj iro[4.5]d -8- ide, N-[(S):1-(1- lo-, . :

o RT3 3 OB . IR 8 R ot et
néndepartxatipide,R10 or fluorine,

N=[(S)-1-(1- lcarb )-3,3-dif] hexyl]-2 20
S YR AT HES 2 b, o
Ntf(ﬁ)eli(iatyanenynﬂmd heterocycloalkyl radical selected from the group of
g;é;%?{i' %g%fé%%}g'@gﬁqegﬁ@%é’t@E‘wee’fyc'ﬂégiﬁé%"é’,rﬁB%kﬁy%‘%S%ﬁéB!{%[é;5]““de

NHESpAydrayahodyicle profideat ainao yhe3idrdithegroxadiazinane, oxadiazolidine,
hexyll:7-cyclopropyl-2,,7-d iazaspirol3.5]nonang-2-carboxamide, . . .
N e A, P BPRUTS ) TR LS o R A9+ fR, pperazine
2D haddspqi3ralmidane - ycavlidramideahydrofuran, tetrahydropyran,

N:[(S)-1-(1-cyanqcyclopropylcarbamoyl)- . . -
S R T R R o o hrerdpms iRl
artiezetidide, thiaziridine, thiazolidine, thietane, thiirane, thiomorpholine,
N-[(S)-1-(1-cyanocyclopropylcarbamaoyl)-3.3-difluoro-4-phenylbutyl]-2- .
o PR YA e S RGN R 21 o o or
cyairabytinpedpyldapsameytly38-R 1fluor didspinenylbutyl]-2-propyl-2, 7 30
diazaspiro[3.5]nonane-7-carboxamide,

N-[(S)-1-(1-cyanocyclopropylcarbamoyl) WO 20071137738 137
P@TERPOOMIOA T formula la as claimed in one or more of claims 4 to 6 where
3,3-difIuoro-4-p@ﬂbutyl]-7-cyc|opropyl-2,7-diazaspiro[3.5]nonane-2-

carboxamide, { A¢ o
Nijis sulriaganocy ot insjeshfimbys) S S-aifieredtidiipecyclopropyl, cyclobutyl,
2z QRIS ANGHEEA ROX M8 roisobenzofuran, 1,3-di 1,3-dioxol
NS § (q;%ho%;thyl)gsaﬂfbémoyl_ -3':(9),1.80 enzc? uran, 1,3-dicxane, 1,3-dioxolane,
diffiiste260ligis- dapirooRbetite- 6. 3nveznaite, NPRSEDEL Fperidine,
RReNEIRe pHERRRN A oohexykfarssalRlRloganc 6
carboxamide, N-[(S)-1-(4-cyano-1-methylpiperidin-4-ylcarbamoyl)-3,3-
B

the sub-ring is selected from the group of azetidine, cyciopropyl,

cyclopentyl, cyclohexyl, morpholine, oxazolidine, piperidine and pyrrolidine, and

in which the two sub-rings are unsubstituted or independently, according to the

ring size, mono-, di- or fri-substituted by R4 where
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difluorobutyl]-6-azaspiro[2.5]octane-6-carboxamide, N-[(S)-1-(4-cyano-I-

13 , 134 _ PCT/EP2007/004550
piperidin-4-ylcarbamoyl)-3,3-difluorohexyl]-6-azaspiro[2.5]octane-6-
carboxamide, N-[(S)-1 -(1-cyanocyclopropylcarbamoyl)-3,3-difluoropentyl]-
or N 10
[(S)-1_-(1-cyanocyclopropylcarbamoyI)-3,3-difIuoro-4-phenylbutyl]-6-
arubprs[2(S]gctapesticdarioxefipé: 4 Dak proved fotglepaiog e

compo nioﬁﬂhe formula | or la and/or a steregisomeric form of the .
cé{ﬁgéﬁﬁ 3 é’fow(ﬁar # 5P YRR ey Ve SHEAN B SHpURBIELEH OF
of thesGAMAPY q:obtp%gcgm@@(b [dfa ?gqg [ a solvate or hydrate of the

g y a aﬁd &Van Ig

compound of the formula 1 or | oxide of the compounds of
the foamtieelent tepad ekaimEd in one or more of claims 1 to 8, which

c ri ) reagcting.a compound of the formula Il 20 A B x (II) where A
a%%"g?eagaeﬁ %%@gf\l‘ned in the compound of the formula | or la with a
cww%%&@g formula llia or lllb or llic R2 R3 R2 R3 ON O (llia) SN/ 0
(I1b) O, PG OLPG R2 R3 (activated) N O (llic) | R1 O~ PG where X, R1,

REahEReE earn a9Refiffed-frahalkymbduhe i herBamarA | or 25 la,

\F/’\%é; an eﬁ&e %roetecti(n group and "activated" means that the amine is

dodr 8158 BCT/EP2007/004550 present in an activated form,
foR@%aampl&kas archtbeosarbe oy diffeeod sechd@giveachdadgpmemdkeotithe hydrogen
formuladl_\r/@&ﬁ)r!twbe%l?]z R3SR2R3ABNO(IVa) AB)Co ~N(IVb) RI O

RFOP i

and rea%ting the resulting compounds of the formula IVa or
IVR24fmnct &R e riogether with the carbon atom to which they are bonded, form a

cyclopropyl or cyclobutyl radical, or
R24 and R25, together with the carbon atom to which they are bonded, form a

piperidine ring which is unsubstituted or substituted by -(C1-C4)-alkyl.

A compound of the formula | or 1a as claimed in one or more of claims 1 to 7,
which is the compound N-[{S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-
difluorobutyl}-3-azaspiro[5.5jundecane-3-carboxamide, N-[(S)-1-(1-
cyanocyclopropylcarbamoyi)-3,3-difluorobutyl]-8-azaspiro[4.5]decane-8-
carboxamide, N-—[(S)~;1 -(1-cyanocyclopropylcarbamoyl)-3, 3-diflucrobutyl}-
1.,4-dioxa-8-azaspiro[4.5)decane-8-carboxamide, N-[(S)-1-(1-cyanocyclo-
propylcarbamoyl)-3,3-difluorobutyl}l-2-azaspiro{5.5jundecane-2-carboxamide,
N-[(S)-1-(1-cyanocyciopropylcarbamoyl)-3, 3-difluorohexyl]-8-aza-
spiro[4.5]decane-8-carboxamide, N-[(S)-1-(1-cyanocyclopropylcarbamoyl}-3,3-
difluorohexyl}-3-azaspiro[5.5lundecane-3-carboxamide, N-[(S}-1-(1-
cyanocyclopropylcarbamoyi)-3,3-difluorobutyl}-2-(4-methoxyphenyl}-1-oxo-2,8-di-
azaspirol4.5]decane-8-carboxamide, N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-
3,3-difluorobutyl}-4-oxo-1-phenyl-1,3,8-triazaspiro[4.5]decane-8-carboxamide, N-
[{S)-1-(1-cyanocyclopropylcarbamovyl)-3, 3-difluorobutyl]-1,5-dioxa-9-aza-
spiro[5.5]undecane-9-carboxamide, N-[{S)-1-(1-cyanocyclopropylcarbamoyl}-3,3-
difluorobutyl]-1-oxo-2,8-diazaspirol4.5]decane-8-carboxamide,

N-{{S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluorobutyl}-2-methyl-1-oxo0-2,8-



5 the ester to the carboxylic acid, with Z to give the compound of the

WO Jaare{atpigla, or b) reacting a comp%lgd of the formula Va &PIW%TIOMSSO
A, B, Xand Y are each as defined in the compound of the formula lorla

A B X'Y'CI (Va) A B X~Y'OH (Vb) 10 with a compound of the formula VI

where R1, R2 and R3 are each as defined in the compound of the

formula | or la and PG is an ester protecting group R2 R3 NO (V1) | -1y
Rmiexmif@[éixﬁéctecanqaammthfdﬁnwk[a(saa1e(m>¢baandm@aptm@/tharbamoy|)-
regut I &£ ter
o O e e o S HSBSEE S of
thestreraraitler ;{63 e fé‘acls!ag(a:wmp@wﬂcﬁmlamwmaléddlfworwnmhenyi~

e R S R R R oS e
fomﬂmwwaawmmlézdmtmbsm 1R 15 1éaxe-(\VBL8) thaBax grold §\ddbpne-8-
R I e I [ AL
c@*ﬁi@iﬁw@]ﬂmﬁesw%aﬁemm%ﬁﬂ@%s(lwmmmOy!) 3,3-
C%ﬁﬂ?&%’%ﬁgﬂﬁgm tEJ%‘g&;JI% aGigh. E’ﬁhdfa%%%b‘fﬁo % QE&%%”Q 0% 1R8,J9kmuda

lorla, or compoun orm
N-[(S)-1-(1-cyanocyclopropylcarbamoyt)-3, 3- dlﬂuorobuty!] -2-(4-fluoro

phenyl)-1-oxo-2,8-diazaspiro[4.5]decane-8-carboxamide, N-[(S)-1-{1-
cyanocyclopropylcarbamoyl)-3-methylbutyl]-1,4-dioxaspiro[4.5]decane-8-
carboxamide, N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluorobutyl}-3-
phenyl-1,5-dioxa-9-azaspiro[5.5jundecane-9-carboxamide, N-[1-(1-cyano-
cyclopropylcarbamoyl)cyclohexyl]-8-azaspirol4.5]decane-8-carboxamide, N-[(S)-
1-(1-cyanocyclopropylcarbamoyl)-cyclohexylmethyl-8-azaspiro[4.5]decane-8-
carboxamide, N-[(5)-1-(1-cyanocyciopropylcarbamoyl)-3,3-difluorobutyl}-9-butyt-
3,9-diazaspiro[5.5lundecane-3-carboxamide,
N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3, 3-diflucrobutyl}-9-cyclopropyl-3,9-
diazaspiro[5.5]undecane-3-carboxamide, N-{(S)-1-(1-cyanocyclo-
propylcarbamoyl)-3-methylbutyllspiro[2.3]hexane-1-carboxamide,
N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3, 3-difluoro-4-phenylbutyl]-8-
azaspiro[4.5}decane-8-carboxamide, N-{{S)-1-(1-cyanocyclopropyl-
carbamoyi)-3,3-difluorobutyllspiro[2. 3lhexane-1-carboxamide,
N-[(8)-1-(1-cyanocyclopropylcarbamoy!)-3,3-diffuorobutyl}-2, 2-dimethyi-1-oxa-8-
azaspiro[4.5]decane-8-carboxamide, N-[(S)-1-cyanocyciopropylcarbamoyt)-3,3-

difluorobutyl}-2-azaspirof4.5]decane-2-carboxamide.

Q@“ix Q{;*ﬁ&/ |

N-[(S)-1-(1-cyanocyciopropyl-carbamoyl)-3, 3-difluorobutyl]-1-oxa-4-
azaspiro[4.5]decane-4-carboxamide, N-(1-cyanocyclopropyl)-(S)-2-[{3-(1,4-
dioxaspiro{4.5]dec-8-yl)-ureido}-4,4-difluoropentoxide,
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R2VR3 PG,NO ~r (IX) R1 OH 5 with an amine Z where Z is as defined in

wo dbsgempeimd of the formulae | or la {gggive a compound of theigepHa?/004550

R2 R3 PG NO i (X) R1 z and then converting the compound X thus
obtained in a protecting group elimination to give a compound of the
formula XI R2 R3O I N (X 1) 10 R1 z and then reacting this compound Xl
with a compound Va or Vb, as detailed under b), to give the inventive
compound of the formula I or la, or e) separating a’ Frnpound of the

salts™ or bases, chromatography:onchiral stationary phases or

deiyzatanuBegen.RbE) i saRRIIME IS BHIBAIMPRYRIS RS2, 7-

as amino acids, separating the diasteréomers thus obtainéd, an

elfifraspicivedArERAGRATSAT RpPsaFIder Md (Fiiihel-maatayaaeropylcarbamoyi)-
C%E}H%RJ-HERJH’IEU&;%IbBF&?ﬂ@PﬁEﬁQz%léﬁ%‘F@ﬁﬁénﬁhél)z-ebﬂﬁc%iﬂﬂde, N-
free form or releasing it from physiologically incompatible salts or, in the
cate)of-{Heprnesyseosr aRithe hramarit gt cupd e iitlgtrepyl-2,7-
fo%lﬁgﬁmgyﬂ%%w{ﬂ%é@%%@%@W—%ﬁ%%‘ﬁ@%ﬁ%&m)_O(fé e-(8-
prepared by processes a), 25 b), ¢) or d), or a suitable
p@%@ﬁ§8piﬂ‘-§]€f¥6%®1§‘ﬁéﬁ%‘Wﬂmm@vﬁﬁg HligorepariramstidRture, is
Capalie oI EDHHbEAPNPIEGI LA RRMNRNIE DU IS 588 -4-cyclopropyl-1-oxa-
4,9-diazaspiro[5.5jundecane-9-carboxamide, N-[(S)-1-(1-
cyanocyclopropylcarbamoyl)-3, 3-difluorobutyl}-9-cyclopropyl-1-oxa-4,9-
diazaspiro[5.5lundecane-4-carboxamide, N-[(S)-1-(1-
cyanocyclopropylcarbamoyl)-3,3-diflucrobutyl]-2-cyclopropyimethyl-3-oxo-2,8-
diazaspirof4.5]decane-8-carboxamide, N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-
3,3-difluoro
hexyl}-2-(4-methoxyphenyl)-1-ox0-2,8-diazaspiro[4.5]decane-8-carboxamide,
N-{(8)-1-(1-cyanocyclopropylcarbamoyl}-3, 3-difiluorohexyl}-2-(4-methoxyphenyl})-
2,8-diazaspiro[4.5]decane-8-carboxamide, N-{(S)-1-(1-cyanocyclo-
propylcarbamoyl)-3,3-diflucrohexyl]-2-cyclopropyl-2,7-diazaspiro|3.5]nonane-7-
carboxamide, N-[(S)-1-(1-cyanocyciopropylcarbamoyl)-3,3-difluorohexyl]-2-
cyclopropyl-2,8-diazaspiro[4.5]decane-8-carboxamide, N-[{S)-1-{1-cyanocyclo-
propylcarbamoyl)-3,3-diffluorchexyl]-9-cyclopropyl-3,9-diazaspiro[5.5}lundecane-
3-carboxamide, N-[{S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluoro-
hexyl]-7-cyclopropyl-2,7-diazaspiro[3.5]nonane-2-carboxamide,
N-[(S)-1-(1-cyanocyclopropyl-carbamoyl)-3,3-diflucrohexyl]-7-propyl-2,7-
diazaspiro{3.5]nonane-2-carboxamide, N-[{S)-1-(1-cyanocyclopropylcarbamoyl)-
3,3-difluoro-4-phenylbutyi]-9-cyciopropyl-3,8-diazaspiro[5.5]undecane-3-carbox-
amide, N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluoro-4-phenylbutyl]-2-
cyclopropyl-2,7-diazaspiro[3.5]nonane-7-carboxamide, N-[(S)-1-(1-
cyanocyclopropylcarbamoyl!)-3,3-difluoro-4-phenylbutyl]l-2-propyl-2,7-

diazaspiro[3.5]nonane-7-carboxamide, N-[(S)-1-(1-cyanocyclopropylcarbamoyt)-
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medicament characterized by a compound of the formula | or la according
to one or more of claims 1 to 8 together with a pharmaceutically suitable
and physiologically compatible carrier, additive and/or other active
ingredients and/or 5 excipients. 11. The use of the compound of the

fobnduthfler tadap lgaivteet yH-dreyelomisreybR -l irgas pir el fob Inetriting-a

. o : . :
e RS e pE R AR o
aragasigisele, AR exfieRibbremistssid-HSimhd cyatheropiagcarbamoyl)-3, 3-
8. @utol ' iald ' hiolitis,
at@ﬁﬁﬁﬁ%%eﬁéﬁ @%%%%gﬁ@&&%%%?%@dﬂ&%ﬁﬁﬁsﬂ 9@‘2 lolitis

cerebral hemofrhage, ovascular ischemia, Hunftington’s chorea,

clipriemmermattiasbamayichdsitiumranexstbrakaapiptiziigctane-6-

g%@gm%yr@@ﬁmﬁ_ ﬁf@?ﬁéﬁﬂﬂgﬂﬁ&ﬁﬁu@%%@ﬁﬁﬁﬁ%gs-

etes, 15 partic venile form; emphysema,

ertiBppeabriyBiiiazaseiridibiemanatilraiaexgmédpititty)disttdareno-1-
AR RN S%a?ﬂ!i?ﬁ%;ﬁ!ﬁﬂ[%%%el S%fy%ﬁi‘rs%g%lg@%ds

angiogenesis, excessive respiratory pathway ,
girgasagisineNdtRedhtitisyghredaitoryindtranoybidopstidsigiopentyll- or N-
s L e B Rl &
infrAaReIrgihalprane ifitepsheatesypiiiis, bone fracture, bone loss, cancers,

lupus erythematosus, malaria, metachromic leukodystrophy,

metastasizing osteogenesis, metastatis, multiple sclerosis, multiple

mﬁelt;ﬁf:@,%L%fcarépam_ﬁmygwﬂémé@mxm@arb@reb?eﬂ@f%{m@
digQUACSR IMRFRRBINICHANE 2a/RRIAMNG OF HRPRIMEY IR Ynd/or a

post-therapeutic neuralgia, trigeminal neuralgia, painful diabetic

paNELRiepiRRAYy pesttiNe pathohiw-apRpDeiish ¢fdie feraidpdiaidaand/or a
ragiineANiE ARk AVRIEAJAGRI BRI AL HGa SIMHHGBEN-oxide of

organ rejection in transplants, osteoarthritis, osteogenesis imperfecta,
osied FErERRY Myet theiderse Fraherdatias AR ohelasers®f claims 1 to 8,

quﬁ%}lgé@ﬁblﬂ%rés, periodontitis, plaque rupture, Pneumocystis carinii,
pneumonitis, psoriasis, restenosis, rheumatoid arthritis, scleroderma,

sy&temic’aapliReA/faenpaiesd LfBhareraallspinal cord trauma, tumor

cell invasion, vir
A B X (i

where A and B are each as defined in the compound of the formula | or la with a

compound of the formula lla or llib or Hiic

R2 R3 ' R2 R3

OMNX(O (lta) SQ"“:NX?O (Hib)
o}
O\PG PG
R2 R3
(activated)\N&O (Hic)
]
R1 G
PG

where X, R1, R2 and R3 are each as defined in the compound of the formula | or

la, PG is an ester protecting group and "activated” means that the amine is



infections, tooth loss, breast cancer, intestinal cancer, ovarian cancer,

WO E66Yieed MY652007/137738 141 PCT/E2007/004550 cancer, st/ 0887/004550
brain tumor, Kaposi's sarcoma, B- and T-cell leukemia, lung cancer,

lymph node cancer, pancreatic cancer, prostrate cancer and sarcomas.

present in an activated form, for example as a chiorocarbonyt compound, {o give

a compound of the formula Va or Vb

)o}\ R2 R3 /U\RZ R3
_ R1 O
PG

and reacting the resulting compounds of the formula 1Va or Vb, after converting
5 the ester to the carboxylic acid, with Z to give the compound of the formula | or

la, or

b) reacting a compound of the formula Va or Vb where A, B, Xand Y are

each as defined in the compound of the formula 1 or la

Y Y.

i0 with a compound of the formula VI where R1, R2 and R3 are each as defined in

the compound of the formula | or la and PG is an ester protecting group
R2 R3

;},&O (V1)

R1 O
PG

to give a compound of the formula IVa or 1Vb, and reacting the resulting

compound of the formula [Va or Vb, after converting the ester protecting group
15 to the carboxylic acid, with Z to give the compound of the formula t or la, or

c) reacting a compound of the formula Vlla or VIib where A, B and X are

each as defined in the compound of the formula | or la

ﬁ il
/S\_ /S\
@@——x el (Vliia) mx cl {Vilb)
0 —

with a compound of the formulia VI

o R2 R3 0 R2 R3
I 8 o _
/S N (Viia) B—X"""N (VIlIb)
x 0o B !
O Ri Rt O
20 PG

to give a compound of the formula Vilia or Vllib and reacting the resulting

compound of the formula Vllia or Vlllb, after converting the ester to the
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corresponding carboxylic acid, with Z to give the compound of the formula | or la,

or

d) reacting a compound of the formula IX

R2 3

PG 0
N (1X)
rR1 OH

with an amine Z where Z is as defined in the compound of the formulae 1 or la to

give a compound of the formula X

R2 R3

PG 8]
N (X)
R1 Z

and then converting the compound X thus obtained in a protecting group

elimination to give a compound of the formula Xl

R2 R3

O
N (xn
R1 Z

and then reacting this compound XI with a compound Va or Vb, as detailed
under b}, to give the inventive compound of the formula | or la, or

e) separating a compound of the formula | or la prepared by processes a),
b}, ¢) or d), or a suitable precursor of the formula | or la which, owing to its
chemical structure, occurs in enantiomeric or diastereomeric forms, into the pure
enantiomers or diastereomers by salt formation with enantiomerically pure salts
or bases, chromatography on chiral stationary phases or derivatization by means
of chiral enantiomerically pure compounds such as amino acids, separating the
diastereomers thus obtained, and eliminating the chiral auxiliary groups, or

f) either isolating the compound of the formula | or la prepared by processes
a), b), ¢) or d) in free form or releasing it from physiologically incompatible salts
or, in the case of the presence or acidic or basic groups, converting it to
physiologically acceptable saits, or

a) converting the compound of the formula | or la prepared by processes a),
b), ¢) or d}, or a suitable precursor of the formula | or 1a which, owing to its
chemical structure, is capable of forming an N-oxide to an N-oxide or, in the case
of the presence of an N-oxide, converting it to the free amine or the salt of an

amine.
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10.

.

A medicament characterized by a compound of the formula | or la according to
one or more of claims 1 to 8 together with a pharmaceutically suitable and

physiologically compatible carrier, additive and/or other active ingredients and/or

excipients.

The use of the compound of the formula | or la as claimed in one or more of
claims 1 to 8 for producing a medicament for the prophylaxis, secondary
prevention and therapy of abnormally elevated bone degradation, aliergies,
Alzheimer's disease, amyloidosis, ARDS, arterial thrombosis, asthma,
atheromas, atherosclerosis, autoimmune disorders, bacterial infections,
bronchiolitis, cerebral hemorrhage, cerebrovascular ischemia, Huntington's
chorea, chronic inflammations, CIPD (chronic inflammatory demyelinizing
polyradiculoneuropathy), Creutzfeldt-dakob disease, Crohn's disease, diabetes,
particularly the juveniie form, emphysema, encephalomyelitis, endometriosis,
inflammatory respiratory disorders, inflammatory pancreatitis, epilepsy, disorders
characterized by enhanced angiogenesis, excessive respiratory pathway
elastolysis, tissue grafts, gingivitis, glomerulonephritis, glucocorticoid-induced
osteoporosis, Graves' disease, Guillain-Barre syndrome, Hashimoto's thyroiditis,
hepatitis, HIV infection, Huntington's disease, hypercalcemia, IBD, immune
impairment, interstitial cystitis, bone fracture, bone Ioss, cancers, lupus
erythematosus, malaria, metachromic leukodystrophy, metastasizing
osteogenesis, metastatis, multiple sclerosis, multiple myeloma, muscular
dystrophy, myasthenia gravis, neurodegenerative disorders, neuropathic pain,
chronic or diabetic neuropathy, post-therapeutic neuralgia, trigeminal neuralgia,
painful diabetic polyneuropathy, post-stroke pain, post-amputation pain,
myelopathic or radiculopathic pain, atypical facial pain and causalgia-like
syndromes, organ rejection in transplants, osteoarthritis, osteogenesis
imperfecta, osteoporosis, Paget's disease, pancreatitis, Parkinson's disease,
pemphigus vulgaris, periodontitis, plaque rupture, Pneumocystis carinii,
pneumonitis, psoriasis, restenosis, rheumatoid arthritis, scleroderma, systemic
lupus erythemétosus, brain trauma, spinal cord trauma, tumor cell invasion, viral

infections, tooth loss, breast cancer, intestinal cancer, ovarian cancer, cervical
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cancer, skin cancer, brain tumor, Kaposi's sarcoma, B- and T-cell leukemia, lung

cancer, lymph node cancer, pancreatic cancer, prostrate cancer and sarcomas.



