Spirocyclic nitriles as protease inhibitors The invention relates to substituted carbo- and
heterocyclic spiro compounds of the formula | which inhibit thiol proteases, to processes for -
their preparation and to the use 5 thereof as metlicaments. Proteolytic enzymes, known as
proteases and peptidases, are very important enzymes which make up about 2% of the genes
in the human organism, pathogenic microorganisms and also other life forms. Their particular
significance is that they 10influence many physiological processes by playing an important role
in the activétionsiymitiiesissopdiegradabibiass other proteins. This inevitably gives rise to a
crucial regulatory function starting at conception, birth, growth, maturation, aging, diseases up
to death._15The balance of the diffgreng‘lprog%elossei| IS tof crugial sigcpificance 1:§)r tp& life and
survival of fhE B0 R TR R R TRt A A AR B S SR L SeA P d Brotesses as a
result of Emdeirehetishoinbikdgbivbusfertoss isuthcassgerietith pradispusiivneod énliroriaental
factogs, massive disuiptionsan occur in the normal development process, acute to serious
chronic health disorders up to and including life-threatening 20 diseases. Equally, proteases
are essential and responsible in replication and transmission processes of viral, bacterial and
other parasitebtgaaismswiichvaresrespensiblenfordntitanee, 407 nfEdivndisbriarsiesnd

equally egseniiabief Gourse: 101, all frhar25Rinsinlagisalandpathepfysislogical processes in
the plant and animal kingdom. Caused by this general great si p#,lcance, f% (%Lg; health, a
muItitudﬂ?rﬁ%mﬁgfﬁa@ﬁg‘\% gﬁ&é@%ﬁﬁ’ﬁéﬁ’/ﬁ% %rdg'%v (&R 5N the 'Warket or in all
stagés ofrdiesicpment:phsiollyics prredicsrn britslabinoalsdradrg nostiogheastiidisror food 30
suppIem%p%e%amt@@gﬁ%aaﬁsweﬁo@@%ff@%s@yﬁtgi%9{9&@3@@& metalaniegases and

threonine protreases. Inhibitors of all o se clagses are the sub{'_ect of comprehensive
studies it @ WA YA T REESAFL PRPSRIIENs WPk S G AT SPaere e AT AR S8R Ve
proteasetimhdztors are on the market, for example ACE inhibitors, HIV-1 protease inhibitors,
and 5also thrombin and elastase inhibitors, followed by a large number of inhibitors in clinical

hases. A be found, for instance, in Medicinal Chemistry, 2005, Yol. 1, No. 1, p.
71164 BB o) Br ALALE e oo S AFR e M el B MR ek e 1o

(caspases)) thrdRusnaviyabpribteasesn Fro@ithespbiptatasewaitiiehrseheasientthe

hydrolysis.efithe andisie:hondpraceers s @sinilanivay guthatiprthr.sesesi dhe class of the
serine proteases, via a{é attack of the gtnola e anion at the (igrbon I?%Zdrbon and f?rmatlon of a

tetrahedr&M VEHEHSHPSARL FHEFF S %Hﬁ%ﬁ%rﬁf?gpor%%%ﬂ?a G B th &P EER Liperfamily, as
the largestarasimestisitmifichus groap ofitaéitidebpreote asds carkindutheaddthpsiteivhich have
a naggral yde distribution in various tissues and to which an important function is attributed
both in normal physiological and pathological processes. Particular emphasis should be given
to intracellular protein degradation and remodeling processes. Accordingly, significance is
ascribed Enuylteoteathepsinssietiiel foildvaspgehleral dipira@mppdsransstisioskeletal

disorders, pagicllarly. hane degradationrQdigerders, nflamaaian, disordatsnaaeicaiarly
arthritides, atherosclerotic disgorders, emphysemas, dggsﬁ%gpglﬂes, canﬁers%fé%ﬁrders of the

periodont3FE55r A8 & AL OGS R SraR AR 5 §ob5EeiTAR ons),
neutdidegeneiathgicdisorteasoispridergoet thedesamarie Sysiém| dochermes Klegdedystrophies,
glomerulonephritis. According to the nature of the proteases, the pathogenic properties are

exerted _ o .
Caused by this general great significance for our health, a muitifude of protease

inhibitors have already been developed, which are on the market or in ail stages of
development: not only as medicaments, but also as diagnostics, vaccines or food

30 supplements.

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

the catalytically active radicals relevant for the enzymatic hydrolysis: asparty!



25especially 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 themselvés 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. 30 Known representatives of the
cysteine cathepsins are particularly Cathepsin B, H, K, L, F, V, W, X, O. C and S (A.J. Barrett;
N.D. Rawimigspdd: s¥oessniersed, chiasidbookied otectpticoEneymme sndnbreechin2004;
Publisher, G, | ARABR o GRIIRSIA Batasanng fu hedfistdime in sanionhaaesand is

involved in antl%en processing. Caused by the occurrence in stimulated lung macrophages, an
[ Pﬁg

importanPAIFEEHIAIN RIS resratdRPH AR ESoriv R NS B ETR P IEIAER S
Cathepsimititgdrvalved thenoenat |ysosemaloraiedhysisidsit Hilsd iprvatissimdiseaseaevents

suchas @%@&QMW%W%%%H}%%F%?rdﬁ’t'c?\)ééoab@eé’éé?é% %H@&%Pﬁ%&‘n’?&%ﬁ%iﬁ@aﬁre of

significance in the context 10of antigen presentation’and are thus present to an enhanced
degree irPaRAtRRA: PO EBRIOH e EGIHCSnINBRA S TBR CalRERER Ut Y&¥slbly active
agents inNbelpreventioh, inhibition or treatment of immune or autoimmune disorders.
Moreover, cathepsin S is also secreted by several antigen-presenting cells and thus plays a
role in extracellular matrix interactions which likewise have crucial significance in many
15pathol SgREl 15 S b EaThASE S I GddHh ket AT cas e osrAntke dna liflammatory
disorders(cpaptsaiaryAZhaeimei's diseasesHuntingiopsidistase, jitrentechabertasihaultiple
sclerosis parIpUIOLE L AS SFRGRASRARE MYRSINENRAMEY 3 FYSIBIE  HDUR e,

erythematosus, IBD, rheumatoid arthritis and Hashimoto's thyroiditis, MS, ALS, allerigic
disordersPs iSRS IMRISE Mo JBriR RHATHRE TR Biiatss ih Al s orafeetid LB in organ
transplantsrortissué gtetitshddaiacraiiicathepsinhs isccoprestechivithr SEREL(sH s

emphysema). bropchiolits, g&&%ﬁ@»@%&?gnmewgwg%sla;abg&%iwm apd pronchitis,

pneumonitis, but also with cardiovascular disorders such as plague ruptures and atheromers,
and 'Also BITAGHERTIEIS AT ORYSAC AMROHKIRIPHRTIeR RSB SRS RSB P &ttish Hith
fibrillar), d@mdmnsmmﬁdn mmmm%bamﬁhua@mibbyﬁelm@e@[ mrd.tbe_tmmfagmarﬁro&@&gmic
amyloidopis-ingeaseihRxetnaf salsRsing Apd.cauasRoRAing distitons ace [

various tumors - a role in tumor invasion and metastatis is thus ascribed to cathepsin B.
Enhanced BaBREp%iAEUEHRAl, RAKEHEESARTTRGh & RYAIDRF SARSRS TSt g R "S0acute
pancreatigisnhendlatizoratony sespiratoryoptiaiayidisdedersaRogangdeystisceasimtiand bone and

lointgisousietisehsSIaniGARIIACIRAREN SMOUAL SADARAINE IvsisDRnRegiariagied I

osteoarthritis models. A review of cytokine-in éq%endent 4 overexpression and relevance for
osteoarthfiie BETBES K TR HEBERIE ! Rars RPIES BhePRFEHFETERAIAE, 6,
Suppl. 2, 24:28:(200%3), fGatkepsindbaxipres sdecin psitiaulardy goacked, ¢otissrataxclusively) in

osieoclass (0.5 SXATE D FICAIRC £yl BBl Shemed Ll A1R%IR SRR and

represents about 98% of the total cysteine protease activity there, main
intracelluRFRPWIRSICHE (8B Rich AR FRESAP reREESH URSPRRTISS BfCaRERSin K
expEssicsfabaénog thrergiimeiatior)Hpyenadisosiesisdisiohal aeienzed Hytianesteopetrotic
bhenotype, it iRdus ik Rons.eseman assiication disprrers.and massiye graudh gisorders.
It 10has likewise been possible to show with cathepsin K antisense nucleotides an

pathogenic or bioactive proteins and peptides which themselves exert their action

directly or in signal cascades, and antigen processing, for example the presentafion of

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

30
Known representaiives of the cysteine cathepsins are particularly Cathepsin B, H, K, L,
F,V, WX, 0, Cand S (Ad. Barrett; NLD. Rawiings; J.F. Woessner; ed.; Handbook of

Proteclytic Enzymes, 2nd. ed., 2004, Publisher: Eisevier, London).



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 disordet¥s which are characterized by elevated bone
degradation, i.e. particularly for the treatment of 150steoporosis. Caused by a significantly
increased activity in the slightly acidic range between pH 4 and 8, enzymatic degradation of
the collagen network in bone proceeds accompanied by acidolytic destruction of the mineral
matrix. Here, particularly human collagen type | is affected as a main constituent of the

protease i Aep&H Pindias IRPRAFRVES: R RERVEDLBA]SURRITRIR JALSRIReRSILK. Therefore,

other disorders which 20are accompanied by increased catabolic activity at the collagen level
are also CHHSEEA WAHECARBHE RS SHE B L SILPH SUrth K ERSRPRESESr h JSPRRBRG these
is osteoafthiitie) ehafecterizey Bsainimbaleihceoficartitag dmatpopuitiigiechd degradation,
caused by catabolically active enzymes, for example metalloproteinases, among others. It is
therefore obvious and has now also been proved that an inhibition 250f cathepsin K might
likewise HEVBHRID a5 & ST T Bh YRESARaLRS RS PR IB I RE RIS AR diated
collagen degradaibrrbyetimepsimdasaesscribed 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 ﬁ@%ﬁ@%\?é“éaiPb’i’i%?gb%y§6’€26'd§?.‘“5%‘?6@58%%‘185g1@Wtf}éé@ﬂ’fﬁﬁf‘%iih?é%g%eé%arch
has Bommbnge farspedHiongrodprspecifioarcevénamspesificdrisifiters: dnhifsitors of cysteine
proteases,have:ReeR KNAWRILSIMGHIMSLLXaMPIRIFYSIRINGR SRS SAARARNRUS

polypeptide inhibitors. Low molecular weight inhibitors were isolated from aspergillus for the

first time IRC1Y8 R8s By P BB R AR PO I TR HTISH (BT & R B o X RAEy S S i dequate
specificityasirpein 6tio alyccethepsing Be ¥eral, aBiayst-Hr berralsy caipaintbar e aidelydrhibited.

Since thega faulidHee ok ntikirswithidifernt spacHiciies i dnrehanisms igs been found -
therifore, both irreversibly 10c$%valently binding and reversibly covalently binding or reversibly

noncdval At BHGHH G ReRRsES < MRNE TR PG hBRET &/ MBRELE G RABIE Y8R &R developments
have beenfdesrabed disderi (Virtikinar K Ak beig<Exspist Sypin- TliogiPatelits &3, 814032

(2002); UyiBo Saahaisie <OlrssQRigif %%Y'&&%@@%@&Q%@éﬂ%mﬁa fAyimond et
al., Curr. Opin. Invest. Drugs 6, 5, 473-482 (2005)). 15Reversibly covalently bin mg inhibitors

are of paftiGAP SritePEE C RIS BRE Wi PFHERNE THE EiR g8 b Al Mtfes heS AliEn
identified M8 V&r§ prgmgsingsrhescare aesstibed afalstal, fomeramplenstheapplieations

WO99/24460, WPRORRLSE 125, WPRA0AINTRI2 106 2lsadn WR20R5/040142,20]a the effort to

find effective compounds for treating disorders caused directly or indirectly by cysteine

cathepsin® TPRASHHEI SEEnFSTHT s TRVSGEIIVE QR bmBieiaY e SHRIIEN nitriles, are
strong inhibitorsycfith®lgysteinstbathepsihsypaiticutadyroboéthepsaisk aitd farSovehie ather

cysteine praipases suchsas.APAIR are: nhibiied Much mare e akly, i atalk Motegysrthe

inventive compounds have 25improved bloavailabiliéy, which has also been shown already in
vito in coﬁ%%ﬁ@ﬁmﬁgoéﬁc%aﬁ}é?ﬁﬁ‘é{bﬁi@ flagconnected with fibrillary disorders, and inhibitors

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

Increased levels of cathepsin B and corresponding distributions are found in various
tumors ~ a rote in tumor invasion and metastatis is thus ascribed o cathepsin B.
Enhanced cathepsin B activity is likewise found in rheumatoid arthritis, ostecarthritis,
30 acuie pancreatitis, inflammatory respiratory pathway disorders, Pneumocystis caririi
and bone and joint disorders. A significant increase in synovial cathepsin B levels has

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



The invention therefore relates to a compound of the formula | R2 R3 6 and/or all
stereoisomeric forms of the compound of the formula | and/or mixtures of these forms in any
ratio, and/or a physiologically tolerated salt of th& compound of the formula I, and/or solvates
or hydrates of the compound of the formula I, and/or prodrugs of the compound of the formula
I, where 5theradical is a Spiro compound, A ¢ in which the sub-ringsandare in each case the
same or different and are each independently a) a saturated or partly saturated
-(C3-Cil)reyuispikssian avkichiasarioalkylogemiidije dabidgedrorifusedameatisiunsubstituted or

independegiiy A6 GORHAGHOHARE dIRG 86, $M0BOs i Bl Jela-(9ppentasubstituted by R4, or
b) a saturated or partly saturated, three- to eleven-membered heterocycle which, according to
the ring size, may contain one, two, three or four identical or different heteroatoms from the
group of exjierisimitrogeessiosutfpsbmdery wiidtede Hetereryclevisynbridgediabridéed or fused

and ig un@@ﬁﬂt@t@p&a%@@@@@@,ﬂﬂ%tYoﬁ@ﬁ@r@?ﬁgé@z@%ﬂ@%gaﬂa%ﬁeggmykbé@{fa- or
pentasub %E}Jted byOFI%, where R4 js -NO2, -ON, =0, =S, -OH, -CF3, -SFb5, o
-(co-os)-§ VIBHESEYR 6YSEI RIS S D EY R CaT Ak reAl- By RRR B 38hin
-(CO-C3)htkierserG{ 0] RLOps(C G C)eatkydatich@ (D) 0R 2010166 0CS)ratiepleneasS¢0)R 10,

-S-CF3, -CAalkyiens: SRR, GH: S(025 VRp2
_(CO_C3)%§;E§§n§_%g) AR, (D3 Slllens SORNERHERREnonype

) R21)-R22, , )
L(CO-C3) Mk RAEIY (POL5) €787 6??(@6&%)5&&9?8%@(&@@%3'.‘frﬁar@gﬁflzwmers- it
-(COH05)-bdeylssi B @B)pasaidatkyiHREIyIHICOLOHsal ky lensetiR TO)HE(0)R 2hd
-(CO-05)-plkylene NER Q0 4N -Rk%—Fé%gmg%%@ér)@%@éaa@f.%&@éﬁ%%me

-(C0-05)-alkyl -0- -0- , -(C0-05)-alkylene-NH-C(0)-0-R21,
2(%(()%)5;)%%%%3%%t%%%%ﬁg@)lﬁ%e% ‘%*ﬂ %?@#%ﬁ@ﬁ@%%; @?ﬁ%@ﬁﬁﬂ@%‘jm mono-,

di- or trisGbstituteetiide pendently ByuReyET0LCH padisjiiénthanly Whhetedanyldsrseleicted from
the groupaf PheAYiRdaRY! = IBEanYlHPALRY LR fetetaivdrapantihyl Liphanyiv!,
2-bi9gen%lg/l, 7 %bléghﬁ%\é}/f%l 4-b|pher§1ﬁll l, anthrgl o; fluogoené/l, where ?ryl C|,s_unsubst|t_uted or
mons, e SR A T R HBRRE Y e Car s by RS et W et is
selected freimegrenytduprofaeridimafiaZepinghiaratidiry Lozt mdivimeh sirhseazolingkds
benzimidazelwloBeRZfUEAMAIytic destriction of the mineral matrix. Here, particularly human
collagen type | is affected as a main constituent of the protease in bone; this has beaen
proven {o be a very good substrate for cathepsin K. Therafore, other disorders which
2C  are accompanied by increased catabolic activity at the coliagen level are also
connecied with cathepsins and particularly with cathepsin K. Foremost among these is
osteéarthrités, characterized by an imbalance of cartilage matrix buildup and
degradation, caused by catabolically active enzymes, for example metalioproteinases,
among others. it is therefore obvious and has now also been proved that an inhibition
26 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. 169, 2167-2177 (2001)). The significance of cathepsins
K and S in musculoskelatal disorders such as osteoporosis and osteocarthritis is
described in detall by D. Bromme et al., Advanced Drug Delivery Reviews 57, 873-993
30 (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



5benzothiofuranyl, 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-t]-tetrahydrofuranyl,
dihydrofuranyl, 10dioxolyl, dioxanyl, 2H, 6H-1 ,5,2-dithiazinyl, furanyl, furazanyl, imidazolidinyl,
imidazolinyl, imidazolyl, 1H-indazolyl, indolinyl, indolizinyl, indolyl, 3H-indolyl, isobenzofuranyl,
isochromany, dsesigtezetyl sigoitickt iy inisethadalybrisogsinglinylheazion iy group-
isothiazoij ié‘éfhc%ri%ﬂa&%%@ﬁﬁ&%ﬂgiﬁ%%yt isoxazolyl isoxazolidinyl, 2-isoxazolinyl,
morpholinyl, naphthyridinyl, octahydroisoquinolinyl, 150xadiazolyi, 1.2,3-oxadiazolyl,
1,2,4-oxadiazolyl, 1,2,5-oxadiazolyl, oxadiazolyl, oxazolidinyl, oxazolyl, oxazolidinyl,
oxothiolamyt;ipyrsmitiinyleipbensatidinglohenaotbreliayls phenazingt akenothiazimdes
phe”8xat9§%\4@<9§%%68§?€@5§% ARz 718z 8%4%‘\%%E"?{{gf}é'hiB&%F%dwgé'@O%‘éf%ge%" byranyl,
pyrazinyl, pyroaZzolidinyl, pyrazolinyl, pyrazo¥, pyridazinyl, pryidooxazolyl,”20pyridoimidazolyl,
pyridothidZ8R/ BSRFFRIBIRIGp HeniIstRmaiRy] SRy ribespyrimRaiept iFpnemdieyk pytestmin
2H-pr)]/r:jolidwpym'rdtyl,dﬁiéﬁd&t}/dmgﬁ@aﬁlé,d;?ébﬁwfaiﬁ%@HB@?J'T[WE;&%@BM@ r@,qu,i nilplfy‘lyin H
tetrahydr ol - - thi L 23-thiadiazolyl, 1.2 4-thiadiazolyl, .
1,2,5-thia%?g§(%§l¥%§%}h%%%§ed?gé%? |?‘m¥§ﬁﬁi€%%§ﬁ t%h‘?gz&ﬁ?{ “i‘é%"i‘/f??t ”iéﬁg?ﬁn??é%lyl,
thienooxd?bRE B StegsTiaiBs thristsi &z Y RahignispHBRMHtRI ot imaverRiRiny|, 1,2,3-
triaztlyl, tRAeniazalydin, 2rat tiazalyly b3ddnazolydians: xenshanylhandshis-Hebragical is

nsubstit 05 | - di- or trj tituted by RB, or two adjacent R4, together
ammgﬁ@%ﬁﬁﬁﬁﬁ%ﬁ%%ﬁkzf%%%%ﬁ@%wéhm% g

/ 5]
ey are bonded, form a four- to eight-membered ePerocycIe or

phenyl wiiH terfethepiith thEButK rineSoRXReHiEPthel ReteRsdsiie G thet préRyRRORIsed,
forms a bityglicsystesha R8s lalpgen.gabamimidoy) 62, 20056 B3 L- Shmek)0-R 10,
CN. -00uNLIZ. @, |NHZ: BHCER, :S:CE G CIGLIRI0-R20, N(R10)-R20, 8

-(Ci-C8)-alkyl, where alkyl'is unsubstituted or m ji- or trisubstituted independently by
fluorie, CRISRTRD hRENAIRE Nt A bitarsr el kg adiniareS OBLo A HliS@ZINH2 or
-S02-CF3:@fidsliangnios tindecagubstitigeddyriuarnine -k ) aloyhivrhene.alkyis
unsubstit =, di- [ ti ' i) luor j mine,
odine, N O B B S e B e by
fluorine, -4 ¢@40¢/820Ry1 2l AR RLORAHSHted or mono-, di- or trisubstituted

independently by fluorine, chlorine, bromine, iodine, NH2, -OH, methoxy radical, 10-S02-CH3
3 T A RS DN, 000 SIS oosk
-C(0)-0-R18I KR TS e e tRRIRS 1) R 2O GO 0B HIY feRkLE-R1Tive Spiro
75-(00-C3)afiylets- S HErRAIOs - Sis( QI R)3n N IB AL F HHO WA N: WhBERdHIS
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
25 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 |

RZ2 R3

(}{g:§>mwx/y\§)¥lﬂ,/z ()

Rt O



the integer 1 or 2, -S0r-R10, where r is the integer 1 or 2, -S(0)v-N(R10)-R20, where v is the
integer 1 or 2, -0(0)-R10, -(Ci-C8)-alkyl, -0-R19, -(Ci-C8)-alkoxy, phenyl phenyloxy-, -
-(01-C3)-flooroalkyl, -NH-C(0)-NH-R21, -0-C(0)4R10, 20-(00-C4 )-alkyl-C(0)-0-C(R19, R11

)-0-C(0)-R12, -0-CF3, -(C0-04 )-alkyl-C(0)-0-C(R19, R11)-0-C(0)-0-R12,

-0-0(0)-N-R10,

-N(R21)-C(0)-R22, -NH-C(0)-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

OO0 N, N, iN,H

MC:NiNrZhd:NiTsidcoROnE@N-SN-ONHS c@mponethyt R&Gcamd| &R Réndrer thedsesnefor different

and are each.independently.a W/BG% m@ (%AY%A@M'séﬁ(&%%%m&a@n%mec“) alkyl,

-(Ci-C3)- quoroaIkyI $CO C6)-alk Xcloa
oo AEBUS B OITrSNaIRB g a1es of

prodrugs of the compound of the formula i, where

Ag¢ B
5 the @radicai Is a spiro compound,

-C2)-alkylene-aryl, where aryl is as
e mmpound of the formula |, and/or

SO
i which the sub-rings C and are in each case the same or different

and are each independently

2) a saturated or partly saturaisd -(C3-Cq 4 -cycioalkyl, in which cycloalkyl is

unbridged, bridged or fused and is unsubstituted or independently, according to

10 the ring size, mono-, di-, Iri, tetra- or pentasubstituted by R4, or

D) a safurated or partly saturated, three- fo eleven-membered heterocycle which,

according o the ring size, may contain one, twe, three or four identical or

different heteroatoms from the group of oxygen, nitrogen or sulfur, and in which

the heterocycle is unbridged, bridged or fused and is unsubstituted or

15 independently, according o the ring size, mono-, di-, iri-, tetra- or

pentasubstituted by R4, where

R4 is -NOg, -CN, =0, =8, -OH, -CF3, -5Fs5, -(Cg-Ca)-alkylene-3-R10, -Si-CHg)a,
-0-CF3, -(Cg-C3)-alkylense-C(0)-N(R21)-R22, -{Co-Ca)-alkylens-C{O)-R10,
-(Cq-Ca-alkylens-C(O)-O-R10, -(C-C3)-alkylene-S(O)-R10, -5-CF3,

20 -(Cg-Ca)-alkylene-S(0)p-R10, -{Cq-Cs)-alkylene-S{0)o-N(R21)-R22,

~(Cp-Cg)-alkylene-0-R10, -(Cq-Cal-alkylene-N(R21)-R22,

-(Co-Cylalkylene-N(R10)-5(0)»-R10, -(Co-Cs)-alkylene-(C4-Ca)-fluoroalky!,
~(Co-Cg-alkylene-(Ca-Cg)-cycloalkyl-R23, -(Co-Cil-atkylene-N{R10)-C{O)-R21,
-(Co-Cx)-alkylene-N{(R10)-C{O}-N(R10)}-R21, ~(Cp-Cx)-alkylene-0-C{O)}-R21,
25 -(Cg-Cs)-alkylene-0-C{0O)0-R21, {Co-Cs-alkylene-NH-C(O)-0-R21,
-(Cp-Crl-alkylene-O-C(O)}-N(R10}-R21, -(Co-Cy)-alkyl, where alkyl is

unsubstituted or mono-, di- or frisubstituted independently by R@,

-(Co-Ca)-alkylene-aryl, where aryl is selaecied from the group of phenyl, indanyt,

indenyl, naphthyl, 1,2,3 4-tefrahydronaphthyl, biphenylyl, 2-biphenylyi,



mono-, di- or trisubstituted independently by -(C1-C6)-alkyl, -0-(C i-C6)-alkyl, halogen or
-(C3-C8)-cycloalkyl, or 10-(C0-C2)-alkylene-Het, where Het is as defined above and is
unsubstituted or mono-, di- or trisubstituted independently by -(Ci-C6)-alkyl, -0-(Ci-C6)-alkyl,
halogen or -(C3-C8)-cycloalkyl, R19 and R11 are the same or different and are each
independently a hydrogen atom or -(C1-C6)-alkyl, or 15R19 and R11, together with the carbon
atom to which they are bonded, form a three- to six-membered cycloalkyl ring which is

unsubstituted o-bignewyidi-desittieabstitatec-yhdefhencent b i oy RLzhssEELebyalkyl,
-(C1-C6)-alkyl- %hogqgr G0 s%lgélztgtéﬂn @?Rq@ﬂcé&é&g%) cycloalkyl, -(01 -C6)-alkyl-0-(Ci

-C8 )-alkyl-(C3- C8) cycloalkyl c¢ycloalkyl where the cchIoaIkyI radical
is unsubstitu ed(6PiaNBk yé?n%ﬁ?ﬁs&&@ﬂ' ﬁﬁ@’(ﬂ 'ﬁw&“@ﬁ@ﬁaéﬁwtﬁ? AP -B-peidied)-alkyl or R10,

R21 and R22 agg, ﬁﬁ%&.@sﬁgklféezﬁﬁah%@@{ﬁrﬁegkbm@@%ﬂgﬁ%m@y%@@@m@m,
-(Ci-C6)-alkyl where alk |ISU ubstlézﬂdor mono-, di- or trisubstituted in e(ﬂfendentl y by RS,

25-(CO-C6)-alk EHE CH By D TERIRP S BY RFGAREFR Y i O Bratiteagil pegisiazol
(C1-C3)-fluorodikykicd=Rdig, t8rRis2at0PLOB) iy danierayvarih it @sidefivtd above and

alkylene and ary} & eAci MBSHRSAISELORMN QR0 ﬂ'oiﬁf isyhstiuieg indenendantly by R8 or
10 -(CD-C6)- alk}ajﬁ}né Hqtghwherehﬁleﬁls as cfm qﬁ rﬁy:gkglk Ieﬁg and Het are each

ine ve a
unsubstituted of 5?,%73’ o P BE b SHITRABY] nﬂ%ﬁé%‘gﬂﬁy B8, %‘ﬁﬂ%"wb together with
the nitrogen atcotivaozathichi ey, dieyborided]Zckin-tefouvdofaightdnmitierechnybnocyclic

heterocyclic r'”@a&@!ﬁhd@&é/ﬁ?l” a9 the. mIngﬁmé%mfwmﬁ%ﬂ@"mgﬁa!ﬂu@wordmg to

the ring size, one.or two identical or different heteroato rom the group of oxygen nitrogen
and sulfor and IR HEAEP By EHETHAG 0 LASCHE R oG B WioHGe M6 ebbstituted

independently gpRBzofuranyl, isochromanyl, iscindazolyl, isoindolinyl, isoindolyl, isoquinoliny
(benzimidazoiyl), isothiazolidinyl, 2-isothiazolinyl, isothiazolyl, isoxazolyl,
isoxazolidinyt, 2-isoxazolinyl, morpholinyl, naphthyridinyl, octahydroisoquinolinyt,

15 oxadiazolyl, 1.2 3-oxadiazolyl, 1,2 4-oxadiazolyl, 1,2,5-oxadiazolyl, 1,3.4-
oxadiazolyl, oxazolidinyl, oxazoly!, oxazolidinyl, oxothiclanyl, pyrimidinyi,
phenanthridiny!, phenanthrolinyl, phenazinyl, phenothiazinyl, phenoxathiinyl,
phenoxazinyl, phthalazinyl, piperazinyl, piperidinyl, pteridiny!, purynyt, pyranyl,
pyrazinyl, pyroazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl, pryidooxazolyt,

20 pyridoimidazolyl, pyridothiazotyl, pyridothiophenyl, pyridinyt, pyridyt, pyrimidinyl,
pyrmiidfnyf, pyrrolinyl, 2H-pyrrolyl, pyrrotyl, tetrahydrofuranyl,
tetrahydroisoquinolinyl, tetrahydroquinolinyl, tetrahydropyridinyl, 6H-1,2 5-
ihiadazinyl, 1,2,3-thiadiazolyl, 1,2, 4-thiadiazolyl, 1,2,5-thiadiazolyl, 1,3,4-
thiadiazolyl, thianthrenyl, thiazolyl, thienyl, thienoirmidazolyl, thienooxazolyl,

25 ‘sh%enopyridihe, thienothiazolyi, thiomorphotiny!, thiophenyl, triazinyl, 1,2,3-
triazolyl, 1,2,4-triazolyl, 1.2,5-iriazolyl, 1,3 4-iriazoly! and xanthenyl, and this Het
radical is unsubstitiied or independently mono-, di- or frisubstituted by R8, or
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

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

R8 i halogen, carbamimidoyl, -NO9, =0, -CFg, -8F5, -C(O}0-R10, -CN,
~G{O}-NHg, -OH, -NHg, ~O-CF3, -8-CF3 -C{O}-N{R10)-R20, -N{R10}-R20,



R23 is a hydrogen atom, -OH or -0-(C1-04)-alkyl, 10Xis a covalent bond, -N(R7)-, -0-, -S- or
-(C(R13)(R14))n- where n is the integer 1,2 or 3, R7 is a hydrogen atom,
-(C0-04)-alkyiene-(C3-C6)-cycloalkyl or -(C1-C6)-alkyl, = R13 and R14 are the same or
different and are each independently a hydrogen atom, -
15(CD-C4)-alkylene-(C3-C6)-cycloalkyl, -(C1-C3)-fluoroalkyl or -(C1-C4)-alkyl, R13 and R14,
together with the carbon atom to which they are bonded, form a three- to six-membered

cycloalkyl ring Whickas-dRgunBatarRivolEMeHESHLY BistbsntediiiRpsiuértly by R10, Y is

a covalent bonghwlo@)ienB( Q) nshide) wieiNR Llomtaelodt =NFIN)6120-C(=CHNO2)- or
-CH(CF3)-, R1 is a hydrogen atom, -(C1-C4)-alkyl or -(C0-C4)-alkylene-(C3-C6)-cycloalkyl, R2
and R3 are themsgifordifdreRParie i S&ach perfdertichipdrégen tatom,

(CL-C10)-aly o O NP3 SO YIORH r (GAe CORN GRSt o

-(C0O-C4)-alkylene-aryl, where aryl is unsubstituted or mono-, di- or trisubstituted
25independentlpdipRE; ACBCSiEiRg Everestambrevierinadiviiutedronmorbedi- or

trisubstituted indgpensientyhyRiqitel-Ed)atkenefRIDdFL6:0k mono- to
-(C0-C4)-alkylene-C(R27)(R28)(R29), R27 is a hydrogen atom, halogen, -(C1-Cg)-alkyl,
-(C1-C3)-fluoro#fkyBuitetiteed 2x IYPEARB-(C3-C6)-cycloalkyl, -(CO-C4)-alkylene-aryl, where aryl
is 30unsubstituted{Or DgRakyHiwbEksisibsitutediviepencentydy R (E0se#)ed 1

alkylene-Het where Het is unsuypstituted or mono-, di- or substjtuted independently by R8, or
-yl HUSPATELFSHE PR BREATR 8B BB Gt Sl S G
indegendently adtysiigeBraoy-€(GidEA) aliad-ab halogens BRES iy NGRAT)-, -0-, -S-, -S(0)-,
-S(02)-, -C(0)-, -C(0)-0-, -0-0(0)-, -0-C(0)-0-,-N(R17)-C(0)-, -C(0)-N(R17)-, -S(02)-N(R17)-,
-S(0)-N(R17)-, KR e4}-209)e" (RYIBNREGHFY 25-C(0)-N(R17)-, -N(R17)-C(0)-N(R18)-.

-N(R17)-C(N(RIBNMN(B LBty iBHR &T)=C4NERAFAk\Or -N(R17)-S(02)-N(R18)-, where 10R17 and
R18 are the same or different and are each independently a hydrogen atom or -(C1-C6)-alkyl,
R16 is & RYircBBR 26 Ne2L68) By (-0 kR (&S CE djcloalky!,

‘ -(Cl-OS)-quoroa;u@ig1@%@4&@@@:@@@@%@6@%@4@@@3@@% or

15 | -(Cp-Caj-alkylene-S-R10, -8-R10, -SiH{CH1a}3, -N(R10)-S(0},-R10, whera u s
the integer 1 or 2, -SO-R10, where ris the infeger 1 or 2, -S{CH-N{R10)-R20,
whare v is the infeger 1 or 2,
-C{O}-R16, -(C4-Cgralkyl, -C-R18, <{C4-Cg)-alkoxy, phenyl, phenyloxy-,
-{C1-Ca)-fiuoroalkyi, -NH-C(O}-NH-R21, -C-C{C}-R10,

20 -{Cg-C4)alkyl-C{O}-O-C(R19, R11)-0-C{C)-R12, -C-CF3g,
-(Cg-Cqalkyl-C{OF0O-C{R19, R11)-0-C{C}-0-R12, -O-C{O}-N-R10,
-N{R21}-C{O)-R22, -NH-C(O}-0-R10, -S-CF3, Het, where Het is unsubstituted or

mono-, di- or frisubstituted independently by RE, or is a radical from the foliowing

\N/ O\&O
/
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mono-, di- or trisubstituted independently by R8, 15-(00-04)-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 cycloalkyl ring which is
unsubstituted or mono-, di- or trisubstituted independently by R8, or 20R2 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({®26)-(0(R24)(R25))m-gN radical \%v_%ire dPQ]Z&J a hydrogen atom,
-(01-04)-alkyl or 25-(€Z0-C4)-al Iene)k\O?,-C )-cycloalkyl,"R24 an iRZﬁare the same or
different and are &ich iNtdepéhdent j}\jﬂy fogRM atefyy (C1-C -alkyl,

-(Co-C4)-alkylene-(G3rC6)-eycalkyl, -(Ci-C3):fluoroalkyt, -(G1-C4)-alkylene-R15-R16,
-(00-C4)-alkylene-aryl, where aryl is unsubstituted or mono-, di- or trisubstituted independently
by RS, 30-(CO-@§}hé( kylene-Het where Het is unsubstituted or mono-, di- or trisubstituted
independentlyiy 8, aadhm sstlzecintéiesd, a2 0, «E2MRAdcanckiR@by, ddgethbeewittothe carbon
atom to which tj’gg}{_@r 3 Ejed, 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, %ogether witfothe Jedkbion-Hiorf 10 aibich Ehel ar8usopelied, féFonCs Halse-(ferSSK-membered
heterocycloalky&g -Wl which is unsubstituted or mono-, di- or trisubstituted independently by
R10 or fluorine. 2)The invention further provides the compound of the formula | where the
sub-ring has be “@éé{@ﬂﬁ?@?ﬁWhé"ﬂﬂT@\ﬁl’Mbsg?édﬁﬂ“ed above and is unsubstituted or

mono-, di- or trisubstituted independently by -(C1-Cg)-alkyl,
-0-{C1-Cg)-alkyl, halogen or -(Cs-Cg}-cycioalkyl, or
10 -Cp-Co)-alkylene-Het, where Het is as defined above and is unsubstituied or
mono-, di- or irisubstituted independently by -(C4-Cgl-alkyl,
-0-(C4-CgJ-alkyl, halogen or -(C3-Cgl-cycloalkyl,
R19 and R11 are the same or different and are each independently a hydrogen atom or
{C1-Cglalkyl, or
15 R19 and R11, together with the carbon atom to which they are bonded, form a three- to
six-membered cycioalkyl ring which is unsubstituted or mono-, di- or
irisubstifuted indspendently by R10,
R12 is -(C4-Cgl-alkyl, -(C1-Cg)-alky-OH, -(C4-Cg}-alkyl-O-(C1-Cg)-alkyl,
-(C3-Cgj-cycloalkyl, -{C4-Cg)-alkyl-O-(C4-Cgl-alkyl-(C3-Cg)-cycioatkyl,
20 -(C1-Cgrralkyl-{C3-Cgl-cycioalkyl where the cycloalkyt radical is unsubstituted or
mono-, di- or frisubstituted independently by —~OH, -O-(C4-C4)-alkyl or R10,

R21 and R22 are the sarne or different and are sach independently

a hydrogen atorn, -(C4-Cg)-alky! where alkyl is unsubstituted or mono-, di- or
trisubstituted independently by R8,

25 -(Cp-Cglralkylene-(Ca-Cg)-cycloalkyl, -S0¢-R10 where tis the integer 1 or 2, -
(C1-Cy)-flucrcalkyl, -0O-R12, -8-R12,
-{Cy-Cr-atkylene-aryl where aryl is as defined above and alkylene and aryt are

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



14 C NN) 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 cr. iflhich the sub-ringhas been selected from the
following group 15  where the dotted lines indicate the particular point of attachment to the
second sub- 5 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(ByR4)-algithe-Mel¥yiRls R, R8s Refinerd aboad isadsangepacindsidefired

above. each unsubstituted or mono-, di- or trisubstituted indepéndenﬂy by R&,

R21 and R22, together with the nifrogen atom {o which they are bonded, form a four- {0
eight-membered monocyciic heterocyclic ring which, as well as the nifrogen
5 atom, may additionally contain, .according 1o the ring size, one or fwg identical or
different heteroatoms from the group of oxygen, nitrogen and sulfur, and in
which the heterocyslic ring is unsubstituted or mono-, di- or trisubstituted '
independently by R8,
R23 is a hydrogen atom, -OH or -O-(C1-Cql-alky,

10 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, ~{Cp-C4)-alkyiene-(C3-Cg)-cycicalkyl or
-{Cq-Cg)-atkyl,

R13 and R14 are the same or different and are each independently a hydrogen atorn, -
15 (Co-Ca)-alkylene-{Ca-Cgl-cycloalkyl, -(C4-Ca)-flucroalkyl or -(C4-Cal-akyi,

R13 and R14, together with the carbon atom {o which they are bonded, form a three- {o
sx-membered cycloalkyl ring which is unsubstituted or mono-, di- or
trisubstituted independently by R10,

Y is a covalent bond, -C(Q)-, -5(0})-, -8{0O2}, -C(NR1)-, -C(8)-, -C{=N-CN)-,

20 -C{(=CHNO2}- or -CH(CF3)-,

R1is a hydrogen atom, -(C+4-Cg)-alkyl or -(Cp-Cy)-alkylene-{Ca-Cgl-cycloalkyl,

R2 and R3 are the same or different and are each independenily a hydrogen atom,
-{C1-Cqplralkyl, «{Cn-Cyq)-alkylene-(Cy-Cgl-cycloalkyl, -(C4-Cgflucrealkyl,
-(Cg-Cyg)-alkylene-aryl, where aryl is unsubstituted or mono-, di- or trisubstituted

25 independently by R8, {Cp-C4)-alkylena-Het where Het is unsubstituted or
mono-, di- or trisubstituted independently by R8, ~{C4-C4)-alkylene-R15-R16 or
-{Cp-Csalkylene-C{(R27)}R28)(R28},

R27 is a hydrogen atomn, halogen, -(C1-Cgl-alkyl, ~(C+-C3g)-fiuoroalkyl,

~(Cp-Caj-alkylene-{Ca-Cgj-cycloaikyl, -(Co-Cyq)-alkylene-aryl, where aryl is
30 unsubstituted or mono-, di- or trisubstituted independently by R8, -{Cp-C4)-



The invention further provides the compound of the formula | where 1\, A 10the
sub-ringsandhave in each case been selected from cyclop opane cyclobutane, cyclopentane,
cyclohexane, cycloheptane, cyclooctane, bicycH[4.2.0]octane, octahydroindene, decalin,
decahydrobenzocycloheptene, dodecahydroheptalene, bicyclo[3.1.1]heptane,
bicyclo[2.2.1]heptane, bicyclo13.3.0]octane, bicyclo[2.2.2]octane, spiro[2.5]octane,
spiro[3.4]octane, azepane, 15azepine, azetidine, aziridine, azirine, azocane, benzimidazoline,
2,3- dihydrobeflo|BNthidphurmse st dnysrssEhiefqirispiend; ot disibsiidBenzofuran, 2,3-
dihydrobenzooxazeledndiydrobenzethiaraleyids-ditydroisobenzofuran,
4,5-dihydroisothiazole, 2,3-dihydroisoxazole, 2,5-dihydroisoxazole, 4,5-diréydroisoxazole, 5,6-
dihydro-4H44 £RIdxa% 16, BRizBla H1HIoXER. A4 A sapRICP I RAVEAIRETPEARDE: 16 pine,
1,4-diazepine, (iaziridiakyidiankingsrd, 4-diazocane, dioxane, 1,3-dioxane, dioxazine,

L3I, Rty ey By ARy S, T Sanie, iicazolcing. indane,

indoline, isoindalieoisothinzelidjre csotbidzolitR BisosazelineRrisoxazcliging 2rjsoxazoline,

morpholine, [1,3,41oxadiazinane, [1,3,5]oxadiazinane,|[1,2,3]oxadiazolid]
[1,3,4]oxadiazo‘f|\}ﬂ%’}a7,}18,§-)@>}ét‘m8% ﬂec(bbooxé%h%%?n&]“ﬂ? oﬁaﬁ?ﬁéﬁ@%ﬂ%&@%paﬂe,
1,2-oxazine, 1, NxezimanNIRh PXazRes X RaNeC (i BROXAZINANEROXABE0ARR RIGRIrdine,

oxazolidine, oxepane, oxetane, oxirane, oxocane, piperazine, piperidine, pyran, pyrazoline,
pyrazolidine, pyfr&lidine, 10pyrrolidinone, pyrroline, tetrahydroquinoline, tetrahydrofuran,
tetrdBydrBisoguingliferd 28sértetahijisamaphthate secteirdbyanopyian, tetrabydropyridine,
1,2,3,4-tetrahyQ(@P3ggpg§' e, 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,
[1,21thiaRid@rea [lyBitrasiane; thidzotiding, (Riafolinekhepdhe: taictares t8thiomorpholine,

hopyran, 1,2 JERENeddnleAion.ch RaiREnR A AT RANE Asthfed riazotdine,

and in which the two -rings are ‘eac unsubstltutecli or independently, according to the ring

size, mono-, dintrig-tetreor dripntisiebstdseshisnRabwRere R4 is -NO2, -CN, =0, =3, -OH,

-CF3g-SF5, -(Ca-0.3)allidanes 318 1haf01Rit (Odstiidtdadr mono-, di- or trisubstituted

-(CO-C3)-aIkerne-C(6 -N(R21)-R22, -(Co-C3)-alkylene- C(0)-R10,

-(Co-C3)-alkyleREsCf0y 911, K& 0-C3)-alkylene-S(0)-R10, -S-CF3,

-(Co-C3)-rikyleresS(E) i Ot GR-0apatkyieneaS(B)2n MR 241 Ra2e (CorE3) atiedene-0-R10,

-(C0O-C3)-alkylene-N(R21)-R22. -(C0O-C3)-alkylene- - - ;

(Co.05) alkylenE (e R e iy PR MR B0 s

-(C0-05)-alkylefiE:rpgitdyccndrprerdenily G058 4kylene-N(R10)-C(0)-N(R10)-R21,

-(03405)-akydenrINidocidr Oithdhe <6009tk e G) B 2brm(E artad)-alkyl,

where alkyl is unsubstituted or.monos, di- o _trisubstituted i 9,

(Co 04y akyie AT e P P VAT (P RS - or
trisubstituted independently by R10, and

Z is the ~N(R28)-{C{R24)(R25})y-CN radical where
R26 is a hydrogen atom, -(C+-C4)-alkyl or
25 -{Cp-C4)-alkylene~(C3-Cg)-cycloalkyi,
R24 and R25 are the same or different and are each independently a hydrogan atom, -
{C1-Cglraikyl, -{Cq-Cy)-alkylene-{C3-Cg)-cycioalkyl,
-{C4-Cy¥-fluoroalkyl, -{C4-Cyl-alkylene-R15-R186, -(Cp-Cy)-alkylene-aryl, where
ary! is unsubstituted or mono-, di- or irisubstituted independently by RS,
30 -(Cq-Cy)-alkylene-Het where Het is unsubstituted or mono-, di- or trisubstituted

independently by RE8, and m is the integer 1, 2 or 3,



30indenyl, naphthyl, biphenylyl, 2-biphenylyl, 3-biphenylyl, 4-biphenyiyl, anthryl or 17
fluoroenyl, where aryt is unsubstituted or mono-, di- or trisubstitu ed independently by R8, or
-(05-C4)-alkylene-Het, where Het is selected frdéh the group of acridinyl, azepinyl, azetidinyl,
aziridinyl, benzimidazolinyl, benzimidazolyl, benzofuranyl, 5benzothiofuranyl, benzothiophenyl,
benzoxazolyl, benzthiazolyl, benztriazolyl, benztetrazolyl, benzisoxazolyl, benzisothiazolyl,
carbazolyi, 4aH-carbazolyl, carbolinyl, quinazolinyl, quinolinyl, 4H-quinolizinyl, quinoxalinyl,
quinuclidiry4, mhﬂmaﬂyibaihwmiﬁmw,eeiﬂmﬂrmbrdm&ﬁhwﬂn&qyiék@lim;idﬂ)mmwt&@ﬂ, to

, d|benzoth|ophe§)ylmgm%g[rgélgm !%Aq‘li %%@Fﬁgom ;9&9 dga t;%ny& dé xolyl, 10dioxanyl,

2H, 6H-1,5,2-dithiazinyl, furanyl, uraza imidazoli |ny imidazo nyI Imi azonI

1H-indazolyl, intPRtusddnsFRANSAGK PYaRiSheidlyeTigsbehzofuranyl, isochromanyl,
isoindaz kg4 isedreletingt dgaindalythisoguimolinyh (oemzitnidagalyd hdiseshiagetidinytes- to
Z-souazgion (Do cheio ROaOIOI, Zyispraol, poghginy

yl, oxadiazo 155 §

naphthyridinyl, octahydroisoquinoli foxa azonI 1, ,4 oxadlazolyl
1,2,5- oxa?ﬁ?é’?@fwtﬁdgw ﬁ&@lﬁy&%%@iﬁw%xazolyl oxazolidinyl, oxothiolanyl,
pyrimidinyl, phenanthrldlnyl phenanthrollnyl phenazinyl, phenothiazinyl, phenoxathiinyl,

phenoxany, RITAIGZIT: RIRFLPRIRYRIRGICUMLPIEN AN, RYNIY, RUREYV! Pyraziny
pyroazolidinyl, pyraz pyrazo yrldazm ooxazol ? pyr|d0|m|dazolyl _
20pyridothiazolyl, py |d£t iophenyl, pyrldlnyl pyridyl, pyrimidinyl, pyrrolidinyl, pyrrolinyl,

2H-pyrrolyle RYBAh, o buanyb tetsasroisoainglipyhietanydroguinolinyl,
tetrahydropyridinyl, 6H-1,2,5-thiadazinyl, 1,2,3- thladlazolyl 1 2 4 thladlazolyl

1,2,5-thiadiazolyl, 1,3,4-thiadiazolyl, thianthre azol thlen idazol
thlenooxazo h|e rldl |e othl zolyl, 25t ion orph I| yI t |o tr| zinyl, 1
1.2,3- tnazoly‘l-NZ zoI rolyl,-1,3y4-triaz nel\x is Heg radical

is ungubstituted or mdependently mono di- or trlsubstltuted by E#S R8 iS haloge ;
carbamimidoyl, -NO2, =0, -CF3, -SF5, C(O)ORlO -CN,.-C(0)-NH2, - -NH2, -0-CF 3,
Iky g

-C(0)-N(R1Q) @o@ @5) @:ﬂk {-04C1- W@
-0-(Cg-C4J- kww loal Cos Iky ; C3~ the alkyl
radicals 18 mentioned are each unsubstitutéd or mono-, di- or trlsubstltuted mdependently by
halogen, NH2, -OH, -0-CH3, SOZ CH3 or -S02-CF3, R9 is halogen, -NO2, -ON, =0, -OH,
-CF3, -C(0)-8-R10, -N(R21)-R22..-C(0)- N(R21) R22 (C3 08)- cycloalkyl

-(C0-C3)- kyle e O 10, \Si-(CH3)3, 5-N(R10)- S erg 4 thg/i’h{gger\;i OR2,
-S-R10, - here s the inte er 1 r2 -S )v-/N( 0) 20W ere\ WLig the im_gg




1 or 2, -C(0)-R10, -(C1-C8)-alkyl, -(C1-C8)-alkoxy, phenyl, phenyloxy-, -(01-03)- fluoroalkyl,
-0-R19, -NH-0(0)-NH-R10, -(C0-C4)-alkyl-C(0)-0-C(R19, R11)-0-C(0)-R12, -NH-C(0)-NH-R21,
10-N(R21)-0(0)-R22, -(C0-04)-alkyl-C(0)-0-C(R13®, R11 )-0-C(0)-0-R12, -NH-C(0)-0-R10,
-0-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 00 ii AN O .,,,S227,--N /S92 tNCH3N
CF3 R10HH 0,0-R10Nr N R10NOMe OHOO N,,17H/INH . . v"---C NHlNON RI-r0
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0--N'N!/0 \ Ria andH , where Me is methyl, R10 and R20 are the same or different and are
each independently a hydrogen atom, - (C1-C6)-alkyl, -(C0-C4)-alkyl-OH, -(C1-03)-fluoroalkyl,
-(C0-C4)-alkyl-0-(C1-04)- alkyl, -(C0-06)-alkyl-(C3-C8)-cycloalkyl, -(00-C2)-alkylene-aryl,
where aryl is as 20defined above and is unsubstituted or mono-, di- or trisubstituted
independently by -(C1-06)-alkyl, -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 by - (Cl C6)-alkyl, 0 (CJ G6)-alkyl, -hdlogen or, -(03-C8)- cycloalkyl

19 R19 ap dROL are the ame ffere a C ndepeﬁa”e‘htly a degen atom or

-(Ci-C6)- a@ %sﬁ %i)%the Wlth ec rbon tom to ;vﬁcht ey ar} bonded, form

a three- to Six- bere Cloalkyrring whichisUnsubstituted or m , di- or

Strisubstitut epen 1-C6)-alkyl,
ed (@ﬁg q%%(%gﬁﬂé% éf.ﬁ} é%ﬂ@é%%ﬁ(%% §~13 bty %@s%'é%aosﬁ%

-(C3-C8)-cyclo cycloalk
-(C1-C6)HyHi(e's- Eﬁgod%yélféagmwci)\%@%ém?éﬂ &@r&w%%ﬁ é}ﬁggtﬁﬁgl%é{‘?ﬁﬁt%“éﬁmﬁbno- di- or
trisubstitied dnelapendent -ty Halkls4k (€1 0d)-alkyl or R10, 10R21 and R22 are the same or
different and are each indep ntly a hydrogen atom, - (C1-C6)-alkyl, where alkyl is
unsubstituted or mono-, di- c{%‘bstltuted mdependentl by R8, -0-R12
-(CO-‘Co)amyien&reesteBEcycloallkifs f@@ﬁﬁi@@%@m %lgecﬁ@‘ﬂ’i‘fé@éi‘f@@r 2,
-(C1-C3)-fluoroalkyl, -(C0-C6) l ylene-aryl where ar, as defi
(

bove and alkylene and
aryl are ungybstitut rmo i- ort stituted independeritly by R8, or__:
-(Cg-Co)-alkylene- here'Het is as o: red above an alkylene ang Het argj‘@substltuted
ether with the nltrogen

or mono-, di- or trlsubs uted independently by-R8, R21 and R22
atom to Wl‘{ICh they arg bonded, form four-to |
NN Al ’< N
i “ ’ N
| N
OXeNe: Q Lo o

N N

~
\

O

R

o S} s/w
QQ OO ? 5N ,‘\,‘—N

O N

=
\
{77

O

No
% L CS 7

N7 ( ~o -
N
(/\’ /’\I\E5 ENJ ‘[N\N N j
i o - -~
A N A N " z ) »"'J\N

PR PR
.
'

N AN

[

N



eight-membered heterocyclic ring which, as well as the nitrogen atom, may 20additionally
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 h&terocycle is unsubstituted or mono-, di- or
trisubstituted independently by R8, R23 is a hydrogen atom, -OH or -0-(C1-C4)-alkyl, X is a
covalent bond, -N(R7)- or -0-, where 25R7 is a hydrogen atom,
-(Co-C4)-alkylene-(C3-C6)-cycloalkyl or -(C1-C4)-alkyl, Y is a covalent bond,
-0(0)-,-C(=N-CN)-, -C(=CHNO2)- or %02) Rlisa hydrogen atom, RZ and R3 are the same
or different apd are eachrindapend hydrd@en tom.
(C0-03)-alkylene- (R27 R2 (RZSEII 27 is-a.hydrogen htorrb han enyL(Cl C{) -alkyl,
-(C1-03)-fluoroliikyl, 20 -(®0-C4)-alkytene-(C3- C@})/ cycloalkyl (Cg-C4)Mlkylene- afyl where
arylis as defmed above and.-is unsubstituted or mono-, di- or trisubstituted mdepe/dently by
R8, -(C0-C4)-atkylene-H here. Heff s defi bove(a/dﬁﬁg unsubstittjted oPmoto-, di- or
trisubstituted ind é)ende@;:hy RS, {E?@O CAJ alkgiene*RQ 16, R% pnid Rzé\ar he same
or different a e eachi ependegﬁya hydrogé¢n atom, - @d: -C4)-alkyl or quorlne R28 and
R29, together with the carbon atom to which they are bonded, form a -(03- C6)-cycloalkyl,
10R15 is -N(R17)-, -0>™S-, - SCS -5(02)9,.:0(0)>~C(0)-0520:0(0)s“N(RL ) (]‘?70)

-C(0)- N(Rl?% (02)@17)-;!_ N(R17):S (&2 QEN) 4_yo- -0-C(0) hi‘

-N(R17)-0{0}- N?R18) or -N(R17)-S(02)- 18) where "/ R17 and R18 are ﬁ1e same or
different and are each lndependentLy X hydro en atom or 15-(C-C)-alkyl, R16 is a hydrogen

atom, -(Ci-C6) C#4)-alkyten (C3 e(Cl cﬂé)\ﬁuoroamyl
-(Co-C4)- alkylegle ryI ere aryl Is as defi d bove nd S Uns bs,JIuted or mono-, di- or

trisubstituted ind@pendent by R8, -&C0-C4)- © alkyflene-Het Where Het is as defined
above and is unsubstituted or mono-, d| or 20trisubstituted independently by R8, R2 and R3,
together with rbon‘atom.to which:they are b d, form a three- to six-membered

cycloalkyl nn WhICh is unsubstituted; or m no l\or trisubstituted independently by R8, or

where the dotted lines indicate the particufar point of attachment fo the second sub-

5  ring, singie 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 radicais are each as defined sbove.,

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

ROEON

1¢  the sub-rings and have in each case been selected from cyclopropane
cyclobutane, cyclopentane, cyclohexane, cycloheptane, cyclooctane,
bicyclol4.2.0Joctane, octahydroindene, decalin, decahydrobenzocyclohepiene,
dodecahydroheptalene, bicyclo[3.1.1Theptane, bicycio[2.2 1]heptane,
bicyclo[3.3.0Joctane, bicyclo{2.2 2Joctane, spiro[2.5joctane, spiro]3.4joctane, azepane,

1&  azepine, azetidine, aziridine, azirine, azocane, benzimidazoline, 2,3-
dihydrobenzolblthiophene, 1,3-dihydrobenzolcithiophene, 2,3-dihydrobenzofuran, 2,3-
dihydrobenzooxazole, 2,3-dihydrobenzothiazole, 1,3-dihydroiscbenzofuran, 4,5-di-
hydroisothiazole, 2,3-dihydroisoxazole, 2,5-dihydroisoxazole, 4,5-dihydroisoxazoie, 5,5-
dihydro-4H-[1,2]oxazine, benzo[1,3]dioxole, 1,4-diazepane, 1,2-diazepine, 1,3-diaze-



R2 and R3, together with the carbon atom to which they are bonded, form a three- to
25six-membered heterocycloalkyl radical which is unsubstituted or mono-, di- or trisubstituted
independently by R10, and Z is the -N(R26)-C(&24)(R25)-CN radical, where R26 is a
hydrogen atom, -(C-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,
-(C0-C4)-alkylene-(C3-C6)-cycloalkyl, 21 -(Co-C4)-alkylene-aryl where aryl is as
defined abiove’ ahdidgemiseisiariidideodimonos, did-olrisustiticediadbgaheaty by RS,
;(Oo-k?ét)t-&d}sadﬁt ne-Hed; WB@@@%@H?%@@E&%’ g?s&y@ %g%%{@@sm@s&im% m@'ra%; tﬂi or )
risubstitute or a ether wi e carbon
atom to MR 0y A HERe TS LS SR SR BE R K BRI Wi is
unsubstutméiai:cﬂhnmmm@oimm;sab@nmtemmp@mmﬁ bw&i@@@fnmnmimr@d R25,
eerouy oMl FlCaL W DS of oo (- of L0 ghlaed miepsndent
eterocy ical whi stifute r 10trisybstituted independently
by 10 o MG RAE =2 S (A BRI GUARE e S EEEIER et (IO SRRV aeptioned
groups, 1€5@tﬂdqﬁwhfékﬁlhmmm FYifigsarepenchludrstibsiituted-oxdadepérderthynaccording
to the rinQ@ZﬁaﬁéoﬁQ?&hzuHéﬂaé%Z@ém@x%ﬁﬂ%jﬂge&QXo%5é£§pé\%@?oxé%me =0, =3, -OH,

-CF3, -SF5 &90 -03)-alkylene-S-R10, 0-CF3, -Si %}
-(Co-05)- K BE6) FER2Z 0 BT KA RE? Zﬁ%"‘ Rﬁézeﬂnﬁk%ﬁ&%’-ﬁlo
-(CoiC3)alkylidiner (RZ 2R 2RO EEMHRIa Ky e MRLOISEMRIOisoquinciine,
10009 Hpe NI LRt "Bﬁé"“oﬁf&% S S Rﬁf%ﬂ?@%*%? e
-alkylene ene alkyl where
alkyl is uR€UBY s‘ijltnue[teé%d]?o‘r% E?hy mg?"%ﬁg E’?tlttﬁ Yﬁ&%%&r%gg ?I}}% ﬁ@e thiatliazine,
-(Co- C4)§élR;ﬂBh@f&¢ylfwh@r[=i 3, 4lthiachappitiseleciethiroivetie3groagef piehigzimdanyl, indenyl,
naphthylwhgigangs 2bunsdbatitdederdnane: +Hahibsuhsiitiiechisgapendently by R8, or
16 thiomorpholine, thiopyran, 1,2,3-trazine, 1,2,4-triazine, 1,3,5-triazine, [1,2 4}triazinane
or [1,2 41triazofidine, and in which the two sub-rings are each unsubsiituted or

independently, according to the ring size, mono-, di-, tri-, fetra- or pentasubstituted by

R4, whera
R4 is -NOp, -CN, =0, =5, -OH, -CF3, —SF5, -{Cp-Ca)-alkylene-5-R10,
20 -Si-(CH3)g, -O-CF3, -{Co-C3)-alkylene-C{O-N(R21)»-R22, ~(Cg-Caralkylene-

C(C)-R10, «{Cp-C3)-aikylene-C(O)-0O-R10, {(Cp-Cg)-alkylene-S(O}R10, -8-CFg,
-(Cp-Calalkylene-5(0)-R10, {Cp-Cx)-alkylene-3{Q)p-N{R21)-R22,
-(Cp-Caj-alkylene-O-R10, -(Co-Cal-alkylens-N(R21)-R22,
-(Cp-Ca)-alkylene-N{R10)-3(C)2-R10, -(Co-Cr)-alkylene-(C4-Cq)-fluoroatkyl,

25 -{Cp-Cr)-alkylene-(Ca-Cgi-cycioalkyl-R23, -(Cp-Cxl-atkytene-N(R10}-C(O)-R21,
-{Cp-Cx)alkylene-N{R10)-C(O)-N(R10)-R21, {Cq-Cr)-akylens-NH-COO-R21,
-(Cp-Csgalkylene-0-C{O)}-N(R10}-R21, -(Co-C4)-alkyl, where alkyl is
unsubstifuted or mono-, di- or frisubstituted independently by R,
~{Cp-Cy4)-alkylene-aryl, whers aryl is selected from the group of phenyl, indanyi,

30 indenyl, naphthy!, biphenylyl, 2-biphenylyl, 3-biphenyly!, 4-biphenyiyl, anthryl or



22 -(C5-04)-alkylene-Het where Het is selected from the group of azetidinyl, benzimidazolinyl,
benzimidazolyl, benzofuranyl, benzothiophenyl, benzoxazolyl, benzthiazolyl, benzisoxazolyl,
benzisothiazolyl, quinolinyl, dioxolyl, dioxanyl, flifanyl, imidazolidinyl, imidazolinyl, imidazolyl,
indolinyl, indolyl, 3H-indolyl, 5isoindolinyl, isoindolyl, isoquinolinyl, isothiazolidinyl,
2-isothiazolinyl, isothiazolyl, isoxazolyl, isoxazolidinyl, 2-isoxazolinyl, morpholinyl,
octahydroisoquinolinyl, oxazolyl, oxazolidinyl, pyrimidinyl, piperazinyl, piperidinyl, pyranyl,
pyrazinyl, pyrafotiradppyveeslybrpyis dasirgiplaitol, pynimidingt, tiswbsliditad, pyrrolinyl, 2H
pyrrolyi, pyrrolyhdrggggq,lagmgfgg;wlO,:etrahydroisoquinolinyl, tetrahydroquinolinyl, 10
tetrahydropyridinyl, thiazolyl, thienyl, thiengpyridinyl, thiomorpholin I,tQio henyl, and this Het
raclical is cnsUBSR e DPIRAGHARGERAV G- B AR ABHLY RS, s halogen,
carbamimidoyl 2R R et@h ), Shdim@ ©3r@MRitazoMi, {HQMitdiviObnANd2me-CF3,
-C(0):N(R10)-R20, - 10)-R20, 15-(C3-05)-cycloalkyl, -0-(C1-05)-alkyl :
o (Co-04) alky N R S PR o B2 B BT Y cloay,
where the alkyPradieiRzAE nkioiaePsracdadteirstibarotd dcarheshd- 4al-ermstmstituted
independently Eyrbalﬁg@?ush&i@zm@lﬂwi&@iﬁ:%{%@ar@i&w oER2-EM3, B&d&dmalﬁgien,”;Nloz
-ON, =0, -OH, -CF3, -0(P)-0-R10, -C(0)-N(R21)-R22, 20-N(R21)-R22. -(C3-05)-cycloalkyl,
(05.03) koL BIRR8, SOy Loy o T8 e TR 1 or 2,5R10,
-SOrR10 wherdip@saéipnagay! 105w droigianiz (R 1oy oraHeRy v dhuseciviager 4ol
-O(OH«El?, - (Cli'r&®n§‘!|,kml-l,ﬁ@%ﬁ@}é?@lk@%ﬂnﬂhﬁﬂ&hﬂh@@!@ﬁ:iwﬁ@éh&@i)nﬂu@m@é&hﬁhm@;R19,
-NH-C(0)-NH-R10, -(CQ-Q4)-alkyl-C(Q0)-0-C(R11, R19)-0- - -NH-C(Q)- 25NH-R21,
-N(R21)-C(0)-Fé%j,‘ﬁfggsgEp‘)‘-“ai%?—P '(85‘?85-‘ (IRT??‘I%[&)[’-&%)(%’%‘%%%%ﬁ%%?&%fyﬁal'g?-o-CFS
or Het where HEPFSrR8 @B finEa@ BtARY hifd RAGRRUIDSHUEY bisatartlin (betrstiBaamifed
ir?ddependently @oﬁﬁz&ib&ﬁig%i%as@i@im? @lama;@ﬁﬂ,iﬁ&r@zﬁa,md@d%@lammdgpen;ie“:lx; a (
ydrogen atom, - (Qi -€6)-a -(00-04)- -OH, -(C1-C3)-fluoroa 30-(Q0-Q4)-alkyl-0-(O i
O skl OB g et Y R e e
definéd above dArdsxataraitutedtorrBngvEil ertnisapsiried indepestanty) by
-(C1-C6)-alkyl, oRafGlkiR) @tixbiabRees Gyl G TaMeNglontyicny(GR:Aa)aHetgne-Het
where Het is as ﬁiefine{ﬁr il %b(r)]vei Eg:md IS Hgﬁab:?tityteiqe% meno-, di- onrot{iszlﬁp%tituted
independently gy%]?& E‘J%Yaﬁ?y? -86-(81? E%)-al yir}}(ailggen or@wé-’é@ -cycC oaI¥<S/I, R11 and
R19 are the saRid'radifdrdritndnaterdzisimdapendemty e nydroganvamasry{C1-C6)-alkyl,
pyroazolidinyl, pyrazolinyt, pyrazolyl, pyridazinyl, pryidooxazolyl, pyridoimidazalyl,

20 pyridothiazoiyl, pyridothiophenyl, pyridiny, pyridyl, pyrimidinyi, pyrrofidiny,
pyrrolinyl, 2H-pyrrolyl, pyrrotyl, tetrahydrofuranyl, tetrahydroisoguinoliny,
tetrahydroquinolinyl, tefrahydropyridinyl, 8H-1,2 5-thiadazinyl, 1,2,3-thiadiazolyl,
1,2 4-thiadiazolyl, 1,2,5-thiadiazolyl, 1,3 4-thiadiazolyt, thianthrenyl, thiazoiyi,
thieny!, thienoimidazolyi, thishooxazolyl, thienopyridine, thienocthiazoly|,

25 thiomorpholinyt, thiophenyl, triazinyl, 1.2,3-triazolyl, 1,2 4-triazolyl, 1,2,5-triazolyl,
1,3.4-triazolyl and xantheny!, and ihis Het radical is unsubstituted or
independently mono-, di- or trisubstifuted by R8,

R8 is halogen, carbamimidoyl, -NO»p, =0, -CF3, -8F5, -C(O}-0-R10, -CN, -C(O}NH2, -
OH, -NH2, ~0-CF3, -C(O}-N(R10)-R20, -N(R10}-R20,

30 -{Ca-Cgi-cycloalkyl, -O-(C1-Cg)-alkyl, -O-(Cp-Cyq)-alkylene—{Ca-Cgl-cycloatkyl,

(Cq1-Cgralkyl, {Cg-Ca)-alkylene-(Cy-Cg)-cycloalkyl, where the alkyl radicals



R12 is -(01-C6)-alkyl, -(C1-C6)-alkyl-OH, -(C1-C6)-alkyl-0-(C1-C6)-alkyl, -(C3-C8)-cycloalkyl,
-(C1-C6)-alkyl-0-(C1-C8)-alkyl-(C3-C8)-cycloalkyl, 10-(C1-C6)-alkyl-(C3-C8)-cycloalkyl, where
the cycloalkyl radical is-unsubstitu ed or mono-,18i- or trisubstituted independently by -OH,
-0-(C1-C4)-alkyl or R10, R21 and R22 are the same or different and are each independently a
hydrogen atom, - (Ci-C6)-alkyl where alkyl is unsubstituted or mono-, di- or trisubstituted
independently by R8, -(Cg-C6)-alkylene-(C3-C8)-cycloalkyl, -S0t-R10 where t is 15the integer
1 or 2, -(C1-C3r#uatwoatksts -€:82s(CAHA6 ) atkylane- ally bwinete saitytds asicefineadiabove and

alkylene and artyl ALe.eac! u@glt@qglh% J%O% Lrteisut ; %Jted independently by R8 or
efine ov en

-(C0-C6)- aIkerne Het where™Het is as and al and Het are each

unsubstittiel bpREsTo- N@Qoﬂﬂsﬁ@sﬂﬁkﬂedﬁﬂeﬁéﬁ&i@aﬂ@%ﬁﬂ(@%@ﬁm and R22, together
with the nitroger e form [ glgjm monocycllc
heterocyclic rlng;b |§l%ymas@ye b°§§§r%%‘( ng gddﬁ y%%?cor in he r?i’hg size,
may €ontain oné\Gr thieSidentic &) errditerenteetésgatdnes ZreBrEhe, group of oxygen nitrogen or
sulfur and in wh erocycle is. unsubstitute -, iz QF tri ubstltu
independently b%@S%eb&ﬁ;ﬁ ‘C“fsya% ﬁ}drgtg%n :itorﬁIz %%@FR%Q(@P(% ‘?ﬁy? Yis e? SB5aRint
bond, -N(R7)- of 0z, WhHErerRRT.is@hgdratien 4o s{@0«4)mikylendCa:06)-¢gelaalkyl or
-(01-04)-alkyl, Y IS C 0 S) r p is the integer 1 or 2, R27 is a hydrogen
T SRS M de ey SRl

atom, -(Ci-C6)- aH<yf3 ene- )-cycloalkyl, halogen, -(00-C4)-alkylene-Het
where Het is as*@é)‘lﬁeﬁaé*bé\%%h@“@ BriguBstitced (6 Stitistiited(Py-Nitdiien, -(Ci-C6)-alkyl,

-0-(GA-03)-fluort ( C )2)- l I enyl is

unsﬁéstltuteg or(%{gug:; t(E §d %}é/? h @Sen ?%f%&/aé) ?ﬂﬁ%ﬂ %ﬁ*%@%yﬁ@% &

-0-(C1-C6)-alkyfNR? @v@@‘d}o@eﬁ% Het (@@@&%‘almmefmed above and is

-(C0-C4)- aII?er & 3 G%}j c%JrQ lky ° q B 5 a ye the s ifferent are each
Qa%(? TRl Bf {:91 Fé ffé r{ P %C 893 ge\,fogé%

independently a hydrogen atom, 068) cycﬁ)alkyl
-(C1-03)-fluorodIRi, thﬁfeﬁ%ﬁ?%l@lene -aryl where aryl is as deflned above and is
unsubstituted or mono-, di- or trisybstituted dependentIy by R8, or -(C0-C4)- alkéglene Het

where Het/ﬁék/ )J\ so )J\ SOCFs\Q /KTFO R10 4 74
9]

i
4‘““3\3

16

H

and , where Me is methyl,

R10 and R20 are the same or different and are each independently a hydrogen atom, -
{C1-Cg)-alkyl, (Cp-Cq)alkyl-OH, -(C1-Ca)-fluoroalkyl, (Cp-C4)-alkyl-0-{C1-Cy)-
alkyl, ~(Co-Crl-alkyl-(C3-Cg)-cycloalikyl, (Cp-Co)-alkylens-aryl, where aryl is as

20 defined above and is unsubstituted or mono-, di- or trisubstituted independently
by -{C4-Cgl-alkyl, -O-(C1-Cg)-alkyl, halogen or
-(C3-Cg-cycloalkyl, or (Cp-Col-alkylens-Het where Het is as defined above and
is unsubstituted or mono-, di- or trisubstituted independently by -(C1-Cg)-alkyl,
-0-(C1-Cg)-alkyl, halogen or -(C3-Cg)-cycloalkyl,



as defined above and is unsubstituted or mono-. di- or trisubstituted independently by R8,
15R24 and R25, together with the carbon atom to which they are bonded, form a three- to
six-membered cycloalkyl ring which is unsubstifited 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 20trisubstituted independently by R10 or fluorine. 5)The invention further
provides i€ eortBoladdfhthesformutiiaavhene the sathfintgandhate cagirdigeresetested from
cyclopropane, C@@,iqp tane, gyclopentane, cyclohexane, cycloheptane, cyclooctane,
25bicyclo[4.2.0]octane, octahydromdene decalin, decahydrobenzocycloheptene,
dodecahyt® Bepaldnéodsitys vt ine prspranelobiéyolbjel DTheptanedbityeto[3 $:0jectane,
bicyclo[2,2.21osanensireiZReeinei-eniath Hesanararepanmageninerazetidine,

aziridine, a2|r|ntelstz?§qﬁap% bggéégl(gj%@o%%e ,3- dihydrobenzo[b]thiophene,

1,3-dihydrobenzgd|c |op zofuran, 2,3- 30dihydrobenzooxazole,
2,3- d|hyc??dﬁeﬁz(&hnﬁzb@kmsﬁaﬁh‘}dbrﬁ&@b@hizomnaﬁa#Eskxﬂiﬁy(d}oi@etkﬁészble

2,3-dihydroisox: %@g?c@cﬁj&gwo' X glgﬂ(ﬁ%Q§I¥@’0;a9&éﬁi gycloal

5,6-dihydro-4H xazine ben clloxole azeplﬁ,e 1,3- diazepine,
1,4-diazepine, d@ziﬁeﬁrfékméfzmﬁ@}*wmazbm thexam@aﬂiﬁ m@xahe Ldxstingd or

it O R O L AU e,

[1,3)dithiane, [ |th|olane exa ydropyridazine ydrop fim
imidHzolithhe pimblB A2 ziedblirseisain dﬁmwusomwz@amhmdspmmmlm higiyxgzo ke, -

isoxazolidine, Ju30XBLANIEWHEIPIRYNE JAsBsliRiRABE ARG, [ pinaasiagiaane,

[1,2,3]oxadiazolidine; [1,3,4]oxadiazolidine, 1,2-oxathiepane, 1,2- oxathiolane,

[1, 3]oxath|olan@d§,ﬁ36i%(fé/®h88 1:9- 8)132#@0 Larelakme; (@a%&hm@aémzﬁ@n@m
1,3-oxazinane o> erielercllcH m@ggp |Qp2 0{@%%2#@@0 %@gia%g'&]a&g)g%&)éocane

piperazine, piperidine, pyran, pyrazoline, pyrazolidine, pyrrol Inone, pyrroline
tetrahydroquindiivids tstragiiigd e, 2ot aliytroisonlinpliae, UnauBstitdedhythomaptithsiene,

tetra@dropyramrgggg@mgggmg@gga@@;;@ %@t@hydropynmldme 1,2,5,6-tetrahydropyrimidine,
tetrahydrothiop tr Z| azin 2,6]t zmane 4]thiadiazalidine,
1,2-thiazine, 1, Q%ﬁaﬁi %X %%neei%%%ﬁh% %é%@ ﬁ.mé?tﬁhﬂ ﬁ%@r&@%ﬁ%‘i&% ﬁ’?
thiazoline, thlepmsebsthtetamar ﬂmmowhalmeuwbtwmmbﬁaad&ww RB2,4-triazine,
1,3,5-triagipe [ 1 Rajr % ﬁ‘&e\,\%[ﬂvg 1”45' 0 ’o%%jéﬂ M\{QI are ho \Q{stysq rlng%&r(? each

unsubstituted or mgepe ently. according'to the nng siz€, moho-, Ig] tri-, tetra- or
pentasubstituteti By RATERE HeeRrey RIS 7ing, iIRE®), roOWekes BadIRARIIEAIR Aidveach as

defired under 4udtbaifednventiondiiieonreviags the @m@mdd@hth@;f@rmﬁéaela where
the Sub'“ngSar}%%?og%?ps'ﬁgﬁﬂﬁgdg?ggg &%%‘ggff%g@ e&rgtﬂpur and in which the

heterocycle is unsubstituted or monoe-, di- or trisubstituted independently by R8,
R23 is a hydrogen atom, -OH or -O-{C4-C4)-alkyl,
X is a covalent bond, -N(R7)- or -O-, where
25 RT7is a hydrogen atom, -(Cg-Cyl-alkylene-{Ca-Cgj-cycloalkyl or «{C+-Cy)-alkoyt,
Y is a covalent bond, -C(O)m, -C(S), -C(=N-CN)-, -C{=CHNO2%}- or -S{0Op)~,
- R1is a hydrogen atom,
RZ and R3 are the same or different and are each independently a hydrogen atom or -
{Co-Caj-alkylene~-C{R27}{R28)(R29),
30 R27 is a hydrogen atom, halogen, -{C1-Co}-alkyi, {C4-Cx)-flucroatky,



azetidine, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 1,3- dihydroisobenzofuran,
2,3-dihydroisoxazole, 2,5-dihydroisoxazole, 4,5- 25dihydroisoxazole, 1,3-dioxane, dioxolane,
1,3-dioxolane, imidazolidine, indane, morpholinéf 1,3-oxazinane, oxazolidine, piperazine,
piperidine, pyrrolidine, tetrahydrofuran, and 1,2,3,4-tetrahydronaphthalene, and in which the
two sub-rings are each unsubstituted or independently, according to the ring size, mono-, di- or
trisubstituted by R4, 30 R4 is =0, =S, 4C0-C3)-alkylene-C(0)-0'R10,
-(C0-03)-alkyleHEMN(R RalkR2 - (05 6 ) yalkylene (NG (GHR Rhe-aryl where aryl is as _
-(Co-C4)-alkylene:(C3-C6)-cycloalkyl-R23, -(00-C3)-alkylene-Q-R10, -(C0-04)-alkylene-phenyl,
where phenyl i %éeﬁ;?]as%%%tl%/ﬂgeﬁ 8&?%%8%%‘-‘?%?-"6mﬁgﬂbgfﬁﬁféﬁ‘%‘ﬁﬁ%@ﬁwﬂ% Wor
-(C0-C4)-alkyl Whéfe dilyiGe valkyibstitbidvbemmonbis di drftmstibstiteteddimiepandtntyctby RO,
RB is fluorine, ¢hlorine, hromi -Q:(C1-C3)-fluor ors0-(C1-C4a)-alkyl, 5R9 IS halogen,
-NO2, -ON, :O,(E{P I—‘%HSCIE%gyo?&%“%&%@%&%%ﬁgﬁﬁybéggéé f})@fyky(‘%%@“ !‘?Mcycloalkyl,
-(00-€3)-alkylerg®-R10, -S1-(CH3)3, N(R10)-S(0)u-R10 where u is the integer 1 or 2,

-S-R10, Rzasélﬂdﬁz%\%e&%%Eﬁﬂ@%ﬂf&ﬁ%%’ra@{d%rése(é’ébf‘%%&)aﬁ%@‘M&%&?ogé’ﬁ the-integer 1

or 2, -0(0)-R10, -(%11;58%31& [, -(C-i-C8)-alkoxy, phenyl, phenyloxy-, 10-(C -C3)-fluoroalkyl,

-0-R19, -NH-C , =(CO-04)-alkyl-C(0)-0-C(R11 ,R19)-0-C(0)-R12, -NH-0(0)-NH-R21,
TR I

-N(R21)-GEY) 42 R24C00 M ki -G)=0064 Bibtn RN ch GHE)-SdehaddtletOd- Q10 or
-0-CF3, R10.and R20 are the same or different and are each independently a hydrogen

atom or 15-(C19@é>'f—\§1‘%ﬂlf‘ﬁ’11 and R19 are the same or different and are each independently
a hyriiogen gionge *rf@,l@@sa!kﬂe@ﬂé%o,?ﬂc:%@lkw<d%=9@@d&ﬂ:OH,
-(Ci-C6)-aIkyI-O-(Cl-CG%—aIkyI, -(C3-C8?-cyc oalkyl,
-(C1-C6)-alkyl-ONE1 ¢ 5%)1()796@3!%@)-E&ctéé@@%%@-k@l-@é%’mﬁiQZ%-CS)-cyc|oa|ky|, where
the cycloalkyl radipakisaiasubstistietor -, §lierOr _ks,ﬁlg@ﬂ, eghingdependently by -OH,
-0-(C1-C4)-alkyl %0 E%Zilﬂ@{e{dkg 2 %P?Ir’?’é? samﬁé)igtr)r di e’reEﬁaﬁ)d are each independently a
hydrogen atom,“'\ﬂ&:j o672 Vi O-ﬁ%ﬁfﬁlkerne-(C3-C8)-cycIoaIkyI, -0-R12, -S0t-R10
where t isRheanteges drotid mCd-aB)Bnornalkyd, each independently a hydrogen atom or
15 ~{C1-Cglalkyl,
R16 is a hydrogen atom, -(C4-Cg)-alkyl, -(Co-Cq -alkylene-{Ca-Cg)-cycloalkyl, ~(Cq-
Ca)-fluoroalkyl, ~(Cp-C4)-alkylene-aryl where aryl is as defined above and is
unsubstituted or mono-, di- or trisubstituted independently by R8, -(Cy-Ca)-

alkylens-Het where Het is as defined above and is unsubstituted or mono-, di- or
20 frisubstituted independently by R8,

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

R2 and R3, together with the carbon atom fo which they are bonded, form a three- to

25 six-membered heterocycloalky! radical which is unsubstituted or mono-, di- or
trisubstituied indspendently by R10,
and

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

R26 is a hydrogen atom, -{C4-CgJ)-alkyl or -{Cp-Cy)-alkylene-{Ca-Cg)-cycioalkyl,

30 R24 and R25 are the same or different and are sach independently a hydrogen atom, -
(C4-Cgralkyl, -{C-C4}-alkyiene-{Cr-Cgi-cycloalkyl,



25R23 is a hydrogen atom, -OH or -0-(C1-C4)-alkyl, X is a covalent bond or -N(R7)- where R7
is a hydrogen atom or -(C1-C4)-alkyl, Y is -0(0)- or  p s the integer 1 or 2, 30 R26 is a
hydrogen atom, 27 R27 is a hydrogen atom, -(€i-C6)-alkyl, :
-(C0-C4)-alkylene-(C3-C6)-cycloalkyl, -(C0-C2)-alkylene-phenyl where phenyl is unsubstitute
or substituted by halogen, -(C1-C6)-alkyl, -0-(Ci03)-fluoroalkyl or -0-(C1-C6)-alkyl, or
-(C0-C2)-alkylene-pyridyl, 5R24 and R25 are the same or different and are each independently
a hydrogen atorif; ~{G G pailigy] O o(Cgraiyalielent (B3<ChY ¢y eloadiyls R24bandrid 25,

together with the car afom to which they are bonded, form a cycloalkyl ring which is
setected from (UYL oF & CTEBonr B CRTE S IOIEHGH A el s
unsubstituted afipiens-HiciwoetisthstintediiRindependently by RibeeluprneR24 and R25,
together with the car R{Pe@t&m%@ %9{11”@ they ﬁﬁ%l bonded, form a three- to six-membered

rom the

heterocycloalkyl radical selected roup of aziridine, 'azetidine, diazetidine, diaziridine,
hexohydfepyada 36, hextieyaidpirneitive, aidazolidiielhmosphblindsdXadiazittane, io

oxadiazolidine Xaihianabe ol aeRINRlaNe X RASHdING Az iding,-oxetane, oxirane,
piperazine, piperidine,t}é%razolidine, %rrolidine, tetrahydrofuran, tetrahydropyran,

tetrahydrothiopReRe EtPSH) BB BRI ERY BERoMME  hiadiazolidine, thiazetidine, thiaziridine,
thiazolidiRé4thiet&?8, thgedne viliicimonphaimeldridzetidinethtriazia &nederitriazokdimeswhich is

unsubstituted o, meAAnerliy MstHsibsited depensienty 200y R0 rflkarpe. 4L he

inverg%tion further provides the compound of the formula la where A the sub-ring \--Y is selected
from the group B HFBtARTENEGRRSITIV PR ISR HURGopentyl, cyclohexyl,

1.3-dihydroisobenzofuran, 1,3-dioxane, 1,3-dioxolane, 25imidazolidine, indane. morpholine,

1,3-oxazinane, 1{RekaziRen RIPGHHREvRYE gliding. setranydrafuran. and

1,2,3,4-tetrahydronaphthalene, the subE;ringis selected from the group of azetidine, cyclopropyl,
cyclopentyl, cyclohexyl, morpholing; oxageldine, piperidine and pyrrolidine, and in which the
two sub-rings are unsubstituted or in Egpﬁ}ntly, according to the ring size, 30mono-, di- or

2

tri-substituted b%gx v "_R28
AC B ~N N —CN (12)

' R24 R25
H © , Where

the sub-rings @ and @ are each selected from the abovementioned groups,
15 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,
R41is -NGg, -CN, =0, =8, -OH, -CF3, -8F5 -(Cp-Ca)-alkylene-5-R10, O-CF3,
-3i-{CHa)3, -O-CF3, ~{Cp-Cx)-alkylene-C-C(O)-R21, -{Cp-Cxl-alkylene-C(C-O-
R10, «{(Cp-Cy)-alkylene-O-R10, -(Cp-Ca)-alkylene-N(R21)-R22, «(Co-Ca )

20 alkylene-N{R10)-5(02)-R10, -(Cg-Cx)-alkylene-(C3-Cg)-cycloalkyl-R23,
-{Cp-Cxl-alkylene-(C4-Ca)-fiucroalkyl, ~{Co-Cr)-alkylene-N(R10}-C(0O)-R21,
-(Cp-Cai-alkylene-C{O}-N{R21)-R22, -(C)-Cy )-alkyl where alkyl is unsubstituted
or mono-, di- or trisubstituted independently by RO, -(Cp-Cyg)-akylene-ary! where

aryl is selected from the group of phenyl, indany!, indeny!, naphthyl, where arvl is
25 ufisubstituted or mono-, di- or trisubstituted independently by R8, or



28 R4 is -0-(C1-C4)-alkyl, =0, -(C0-C4)-alkylene-(C3-C6)-cycloalkyl, -(C1-C4)-alkyl or
-(C0-C4)-alkylene-phenyi where phenyl is unsubstituted or substituted by F, CI, Br or
-0-(C1-C4)-alkyl, X is a covalent bond or - -NHZ 5 Y is -C(0)- or -S(02)-, p is the mteger 1.
R27 is a hydrogen atom, -(C1-C6)-alkyl, 4-F-benzyl or benzyl, R26 is a hydrogen atom,
R24 and R25 are the same or different and are each independently-a hydrogen atom,

10methyl or ethyl, R24 and R25, together with the carbon atom to which they are bonded, form
a cyclopropy! ofegclatratiyieagica! vhR241ahd REBesdeaneharPtiectansdAratom to which

ey are bondeg DM 2 BIRSL g%mga%{v}%@n ﬁ%ﬁ}lt%@%ﬁh%‘F)%Hwt%gr@éx&%pdf) alkyl

15 8)The invention urther p compounds e formula | or la from the group of
N-RS)-1-(1- cy&%@@ﬁfﬁ?ﬂpmﬁ%ﬂ%ﬁ) Besrnntiirerdynslisyaghirely. siviiktane-3-

carboxamide, furanyl, imidazolidiny, imidazotinyl, imidazolyl, indoiinyl, indolyt, 3H-indolyl,

20NTS)-1-(1-cyanoeyHoPInviEA P ARyt LRI 2a4RapuRi. daransS-

b ide,
Eang;( aln(nl cyaﬁmzabfbféwéa%ﬁmo%@é?@%ﬁm-mwfm-a%éa/-%f%%%%ﬁ@[%)decane-s-c

arboxamide, oxazolyl, oxazolidinyl, pyrimidinyl, piperazinyl, piperidinyl, pyranyi, pyrazinyl,

N-RS)-1-(1-cyanocy iR pvAcarR a3 siR B a2 g anBats lyndasang2- 25

carboxamide,
N-[(S)-1-(1-cyaPSESoproplylcistbaldpiyansidriinsiaRppanaindoirspisedneiag.

carboxamide, tetrahydropyridiny!, thiazolyl, thienyl, thisnopyridinyl, thiomorpholinyt, thiophenyi,

N-{(S)-1-(1- Cya r?&}’r?'OHE?g%?@aﬁqé%%'%s?tﬁtgéf%‘rqR‘&Qﬁéxge%%%%%o[5*1 e EaRGS

carboxamide, 30N
nocyclopropylcﬁYﬁﬁnoyl) 3,3-difluorobuty1]-2-(4- methoxyphenyl) 1-oxo-
2,8-diazarpirofbbliecanddrearhonamioe, =29 -CFs, -SF5, -C( )O -R10, -CN,

N-RS)-1-(1- cyano%clceé)ro%/kl*cay\ﬁ_?moeslé ;i?’ 3- gl%u%?%a/l# 1%51_%%1 1,3,8-triazaspiro[4.

5]decane-8 carbexam
N-[($-1-(1-cyanoeyclopsamyitanbamay)c3, Bagiftuavatafyd - &u’éﬂém@g@@&mé@ﬁ@mdecan
XA, oA (o R ey G M where the oy Yadicais 28
mentioned are each unsubstituted or meno-, di- or trisubstituted independently
by halogen, NHg, -OH, -O-Ciig, -809-CHg or ~809-Ck 3,
R8 is halogen, -NO9, -CN, =0, -OH, -CF g, -C{0)-0-R10, -C{O}-N(R21)-R22,
20 -N(R21}-R22, -{C3-Cg)-cycioalkyl, ~(Co-Ca)-alkylene-0-R10, -Si-(CHa)a,
-N(R10}-S(0)-R 10 where u is the integer 1 or 2, -S-R10, -S0~R10 where ris
the integer 1 or 2, -8(0),~-N{R10}-R20 where v is the integer 1 or 2, -C(O}-R10, -
{C4-Cglalkyl, -(C4-Cyaj-alkoxy, phenyl, phenyloxy-, -(C4-Cg)-flucroalkyl, -O-R18,
-NH-C(O}-NH-R10, «(C-C4)-alkyl-C(O)-O-C{R11, R19)-C-C{O)-R12, -NH-C(O}-
25 NH-R21, -N(R21-C({C)}-R22, -{Cp-Cyq)alkyl-C{O}0O-C(R11, R18)-C-C{C)}-O-R12,
-NH-C{O)}0-R10, -O-CF 5 or Het where Het is as defined above and is

unsubstituted or mong-, di- or frisubstituied independently by R8,
R10 and R20 are the same or different and are each independently a hydrogen atom, -
(C4-Cgl-alkyl, -{Cp-Cyg)-alkyl-OH, «(C4-Ca)-fluoroalkyl,
30 H(CQ~C4)~alkyi~O—(Cq—C4}-alkyl, -(Cp-Crlalkyl-(Ca-Cg)-cycloalkyl,



diazaspiro[4.51decane-8-carboxamide,
N-RS)-1-(1-cyanocyclopropylcarbamoy1)-3,3-difluorobutyl]-2-methyl-1-oxo-2.8-
diazaspiro[4.5]decane-8-carboxamide, N-[(S)-14d :
-cyanocyclopropylcarbamoyl)-3,3-difluorobuty11-3,3- dlmethyl 1-oxa-5,9-
10diazaspiro[5.5Jundecane-9-carboxamide, N-[(S
)-1-(1-cyanocyclopropylcarbamoy1)-3,3-difluoro-4-phenylbutyl]-8-

azaspiro[4. 5]de¢§ne§2§)tﬂfﬂeixa~mﬂiﬂevﬁﬂ@$yi is as defined absve and is unsubstituted or
A YA AN AU IGBM L) 2 RGP B0

15N-[(S)-1-(1- cyaimeycboﬂr:cm@acbam)e%@Erbfm@mww%msmrﬂm.ém@&-
carboxamide, , , . , . .

N-RS)-1-(1- cyan%%‘iz%ﬁo&ré%"’p%/fl"éa%ﬁ%tS%ﬂﬁ?ﬁ?&mL?Br%'bi‘}ﬁ}ﬁfﬁ‘f%'?;?fpffb%‘iﬁé’y
diazaspiro[4.5]décafeistboxdmide,)-alky!, halogen or -(Ca-Cg)-cycloakky!,

Ni(S)-1- (Jg@mg%!aogweo% [@%g%grén%% Lg%og%&wlguépg“é' 1% hydrogen atom or

20phenyl)-1-ox0-2,8-diazaspiro|4.5]decane-8-carboxam
N-RS)-1-(1- cyaﬁ@d?@ﬁﬁ%ﬂylcarbamoyll 3-methylbuty11-1,4-dioxaspiro[4.5]decane-8-

o oxarde dudipbs Grevanoryoniapaemey kSl popHiKiA-S-Phenyi-d

,5-dioxa-9- azaspiro[5.5]undecane oxamid

25N41-(1- cyand&&%@?ﬁb@&%‘?kﬂar%&&)@%é%@@@&k&%ﬁf@[@ Esuerdnelicarboxamide,

N-[($)-(1-cyanax lohe | ]
carboxamide, N?%%S@%) (1N£/aaﬁr?’£/é§%%%%ﬁ@aﬁﬁylﬁ%% u%%é%ﬁél%ﬁgﬁﬁt? é) [

diazaspiro[5. S]Wm&aﬁe@%ﬁmﬁ&ﬁﬁ@@demﬂdenﬂy by —OH, -0-{C1-Cy)-alkyl or R10,
3ON-[(S)-4-A4 &&@ﬁg%@m@%@mﬁ%ﬁ%%%Uéuggeﬁjwy&&endexﬁfgf%P#lgéh‘?’amm

diazaspiro[5.51undecane-3-carboxamide,

NTS)-1-(1- cyan@dy&@p?%&%%%&@@%@?ﬂ%ﬁﬁtﬁ%ﬂ By xandstitdatboxamide, 30
N-RS)-1-(1- Cyaﬂ@@%@lﬂ@&@%ﬁ@%@@ﬁ%@%@(@ ARNRIUBLRA]-80,-R10 where tis

azaspiro[4.5]decane-8-carboxamide,

N4(3Y-1-(1- cyaﬁ&%ﬁ%fob?l@arﬁ%ﬂn@?ﬂ@%lﬁﬁmoﬁéﬁ"uTt;,?'IIéﬁﬁo@@B%@i@?%aﬂ’ vérexamide,
5N-[(S)-1-(1- CYQWWQWM%MQ@%@%%WQWE%&':!egclz &l%%@?b{&e]d%mno

azaspiro[4.5]decane-8-carhboxamide, N-[ Sg 1-(1-cy anocyclog)rop ylcarbamo

difluorobuty1]-Fa s S siae drbendanis xRier -(Co-Celalkyiene-Het REAT

N-[(S)-1-(1-cyaneeysionsepyleashamryibhs shdifuosabubihl ihxatazaspireikboldesanel04-c

arboxamide, N- :'LS%%%;[CX%O ) o&%gﬁkz FE% (1,4-dioxaspiro[4 .5]dec-8-yl)ureido]-4,4-
difluoropentoxide

NTSFL-(Reyanedyéioipapyratiniicy 1iDg:difieordb iy a-mayelepapser g a four- to
15diazaspiro[3.5ljmaaapireanbexanige neterocyclic 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
ihe heterocycle is unsubstituted or mono-, di- or trisubstituted independently by
'26 RS,
R23 is & hydrogen atom, -OH or -C-(C1-C4)-alkyl,
X is a covalent bond, -N{(R7}- or -O-, where
R7isa hydroge.n atom, —(00—04)—afkyien&(Cg»C@)-«cycloaikyt or
-(C1-Cyl-alkyl,
30 Yis -C(O), -C(S)- or -S(09)-,



N-RS)-1-(1-cyanocyclopropylcarbamoy1)-3,3-difluorobuty1]-2-cyclopropyl1-2,7-
diazaspiro[3,5]nonane-7-carboxamide, '
N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-diftdorobutyl]-2-propy1-2,7-
diazaspiro[3.5]nonane-7-carboxamide,
20N-(1-cyanocyclopropyl)-(S)-2-(8-azaspiro[4.51decane-8-sulfonyla no)-4,4- dlfluoropentOX|de,
N-US )-1-(1-cyanocyclopropylcarbamoyl)-3,3-dif fuorobuty1]-4-cyclopropyl-1-oxa-4,9-
diazaspirp[5.5undgeaherEcarboxamide, N- [(S) 1-(1-cyanocyclopropylcarbamoy1)-3,3-d

luorobut a %dergjfgec [ S
)-1-(1- cyﬁﬁfégﬁ%{%?%ﬁgﬁ;%é dlﬁor%p gil 2- cyclo@ggé%féygﬁﬁwoi%ﬂgg 86%

iazaspiro[4 .5]déearnerBatetboxalEiddieg et is as deﬂned above and is unsubstituted or
NTS)-1-(1-cyanpgeyalope gyl}%@gmo ﬁ@ﬁ.?aqworohexyl] -2-(4-methoxyphenyl)-1-oxo- 2

,8-diazaspirop .5ldecane-8-carboxamid
N-[(S}-1-(1-cyarioccttpidpidtaisamoyd )3 3-dif alsybtexyll-2-(4-methoxypheny1)-2,8-

5diazaspiro[4 .5]de
RO (1 oyt BN o B hers sheryt i asybptiutsd o substitas by
diazaspiro[3.5]hehare- 7CaBekalyide)-(C 1-Ca)-flucroalkyl or -O-(C4-Cg)-alkyl,

NRS)lﬁ#&gﬁae °'° é%'cb J&?ﬁ”?é’glgikyﬁog'f@o@ N8 QPEOR KBy,

diazaspiro[4 carb

10N- RS)HX@&aoyidkﬁ&ytﬂdemmbarﬁmm)-é%mﬂmamhmﬁy@@mwwmnpgﬁa’@& atom, -

diazgspiro[S.5lypdecang:a- 'C boxamig C3-Ci)-cycloalkyl, -(C1-Ca)-fluoraaliyi, (Co-
N-RS)-1-(1- cyano oprop arbé%lr;g‘oyS?L{)A’nf;’a é d3 flu%)rg?%{é?(yl] y7 cycﬁop%pgl/l- 7-y 10

diazaspiro[3. 5)@;}@3@1@3@méwamﬁj@ryr\|s[@§ defined above and is unsubs{stuied of Mono-,

)-1-(1- CyanOCyQJPQJrHHé/u%@ mgbo)é& gd‘éﬁk’%&?*ﬁ?axﬂl %EP&QPMJH!%ﬂene-HeL where Het is

15diazaspiro[3.5]nonane-2-carboxami
N-RS)-1-(1-cyasdytifeprapyearirhin oyt Butifiunrodpheimabtitydis¥oigsiopropy1-3,9-
diazaspiro[5.5]yrsiecaperdcarhexamide, _
e B3 A O R Ry Y Sy ISR oo
20N-RS)-1-(1-cyamveycopropyicarhantayty-8;3-difluerbsityhe nylmetytl4>-propy1-2,7-
diazaspiro[3, 5]@%@@&9#%%@% by R10 or fluorine,

N-RS) Il yehocydqpropylestbamoy )3 Lo pheny Uy 1T pyclopropy2
N-(S)-1-(1- cyammom@wm&tqu@i@l@@a@mabmbimkt%]mmm@@ms]m{@nedM%
carbgxamide, Nri{@)shn(@pemaiidsarnanoyldr3dsdifiuorobutyl]-6-azaspiro[2.5]octane-6-

carboxamide,
NTS)-1-(1-cyanocyclopropylcarbamoy1)-3,3-difluorohexyl]-6-azaspiro[2.5]octane-6-
carboxariitle, The invention further provides the compound of the formula la where

the sub-rings @ and @ have each been selected from cyciopropane,
cyclobutane, cyclopentans, cyclohexane, cycloheptans, cyclooctane,

25 bicyciol4.2.0Joctane, octahydroindene, decalin, decahydrobenzocycloheptene,
dodecahvydrohepialene, bicyclo[3.1.11heptane, bicyclolZ.2.1lheptane,
bicycio[3.3.0]octane, bicyclo[2.2 2]octane, spirolZ. Sjoctane, spiro[3.4Joctane, azepane,
azepine, azetidine, aziridine, azirine, azocane, benzimidazoling, 2,3-
d%hydrobenzo[b]thio;ﬁhene, 1,3-dihydrobenzoiclthiophene, 2,3-dihydrobenzofuran, 2,3-.

30 dihydrobenzooxazole, 2,3-dihydrobenzothiazole, 1,3-dihydroiscbenzofuran, 4,5-
dihydroiscthiazole, Z,3-dihydroisoxazole, 2,5-dihydroisoxazole, 4,5-dihydroisoxazole,



32 NTS)-1-(4-cyano-1-methylpiperidin-4-ylcarbamoyO0-3,3-difluorobuty1)-6-
azaspiro[2.5]octane-6-carboxamide,
NTS)-1-(4-cyano-1-methylpiperidin-4-ylcarbam@§1)-3,3-difluorohexyl]-6-
azaspiro[2.5]octane-6-carboxamide, _
5N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluoropentyl]- or N-RS)-1-(1-
cyanocyclopropylcarbamoy1)-3,3-difluoro-4-phenylbuty11-6-azaspiro[2.5]octane-6-
carboxanidediTrsctdiras  JRk=CBp dieplo!( CltiCdjealkyi-drzE0Hr € T(2allazt pires Lihderstood to

mean 10%}@%&9@@%%9%\@%5%@0&%@ i étmg&%ebtﬂ&%%d Aadeanfains from 1

to 3, from 1 to 4 or from 1 to 10 carbon atoms, for example methyl, ethyl, prop¥l isopropyl,

butyl, isoBBAZEH Butlioparape: |§oﬂpgﬁﬁﬁ°ﬁé‘%§t§%ﬁeh‘@9ﬁ g8 HM%?‘%“U?}/I ﬁeohexyl

heptyl octanylemaridditralecdhpidPheltemissi{BRHOB)ddkyleadisXa(QO-&4)alkidene"” or
"-(CO05):3llylenge aredkaumdessinashto .mfotﬂéw&maemx' té&m%iwmgsgaﬂt%@am IS

straight or branched and contains from 1 to 3, from 1 to 4 or from 1 to 5 carbon atoms, for

example [REHAANHR, ’%?ﬁ?ﬁ@h@”%T@ﬁWéﬁ%Oil%pWﬁwge|§6i§uﬂﬁéﬁ@aﬂﬁﬁﬂ%ne tert-butylene,
|sopentylé‘né Soretpemylene,2 PoAlkyedelsis b olaleditbdinthe, 1, Thedtiapane, 1,2-

"(C1-C8)-alkpnyiajs UAdessiRqdiRNean radicals Such a8, 5(C1-LRkalkyl 20. W&‘Etﬁe

-(C1-C8)-alkyl is bonde by a carbon atom to an oxygen atom. The radical "-

understoSE¥E &N aﬁ?éﬁ;‘gf’%?d@ﬁ?/ﬂ’é"?%tEéﬁzfﬁjé“%%ﬁ’ffﬂ’fﬁo9f‘e%ﬁa‘?¥§ ﬁﬂ%terstood to
meaita -GN 2) oklidaasli caleTdmr e rpipe(@B8=08yreyclnatiad!ins, yrydersidod, toymeidmsadicals

which dewﬁc{r%ﬁeteym;%éﬂ%Qﬁ,ﬁ&%m%@&w@%&e@ﬁén%&@@}%}5@8@@&!@fopane

cyclobutane, 25 cyclopentane, ¢ exane, cycloheptane or cyclooctane. The term "aryl" is

understodctdy 'f‘nt@g{ﬁr%‘(%ﬂﬁ‘é’t?@ BQ ﬁ@éé@%ﬁﬁg ANEIEPY AN bR AfsiRsaRvEie-ring.
Aryl radicafsraiéndor %mmeawmwmdmwlmndmmmmm 253t etiatiydiranaphthyl,

biphenylyh 2-bipheRyidsRs0ipRenydARiRhenV] 3&»@%&2% 9r flyprenyl. SOTNe taEM "a
satur ted or artly unsaturated -(C3-C11) Zﬂycloa kyl in which cycloalkyl is unbridged, bridged

or ful 5 URERASE b HiNaR R fHE A e A& s SuGRERWHIER terive from 3- to
11-mem Uér@dmﬂn@nebthmwnbmd@@d:emdestcﬁ spitanyelels3, 3Ftarrexanipldtfeoin dhe

monoCyClys PUCKAS CHAIPIARANR CKFIANAR0 S BYFIARSLANR  ghaNaRR Y Cloheptane or

cyclooctane, for example from the bicycles such as bicycloheptane, bicyclo[4.2.01octane,

octahydré”ﬁ&@ﬁ%d%@aﬁﬁcﬁg%VdW By aeyAdEpEnd 'ort%?fé?faﬂ%%ﬁ tuteA&yior
example Rénatkdetsridgédeycles el et asHiit yeld R4 rddireptane chitystof2iRddheptang,
bicyefp[3.3.0]octane or bicyclo[2.2.21octane, 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-m@mberetf FAEMER) AL URIIRI VAR e TP B FiRGIRR L AS @oMEsHT one, two, three or

four identical or Q c@)
the sub-rings and “~— are sach independently sslected from the group of

azetidine, cyclopropyl, cyclobuty!, cyclopentyl, cyciohexyl, 1,3-
dihydroiscbenzofuran, 2,3-dihydroisoxazole, 2,5-dihydroisoxazole, 4,5-

25 dihydroisoxazoie, 1,3-dioxane, dioxolane, 1,3-dioxclans, imidazolidine, indans,
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 trisubsiituted by R4,

30 R4is =0, =5, -{Cp-Ca)-akylens-C{O}-C-R10, -{Cp-Ca)-alkylene-N{R21)}-R22,
-(Cp-C3alalkyiene-NH-C(O}R21, ~(Cg-C4)-alkylene-(C3-Cg)-cycloalkyl-R23,
-(Cp-Calalkylene-O-R10, -(Cp-C4)-alkylena-phenyl, where phenyi is



10different heteroatoms from the group of oxygen, nitrogen and sulfur, and in which the
heterocycle is unbridged, bridged or fused" is understood to mean ring systems which have
from three to eleven ring atoms and contain, aséfiell as the carbon atoms, according to the ring
size, one, two, three or four identical or different heteroatoms from the group of oxygen,
nitrogen and sulfur. Examples of these ring systems are ring 15systems such as azepane,
azepine, azetidine, aziridine, azirine, azocane, benzimidazoline, 2,3-dihydrobenzol[b]thiophene,
1,3-dihydrobenzofolthiibghe me rRy3e-difrydrbizenhztfuteann2<daliiydifpbe i axazole,
2,3-dihydrobenzgthiazola grdbhyipisohenzaivran  ddilydiolsanaztle e =
2,5-dihydroisoxazole, 4,5-dihydroisoxazole, benzo[1,3]dioxole, 1,4-diazepane, 1,2-diazepine,
1,3-diazepine, TulepenigpdpieRBiaziridine, diazirine, 1,4-diazocane, dioxane, 1,3-dioxane,
dioxazin, dg4s dierpeansiodiaxelemsliexotane, L 3diaxearg.of Bdioxelgngwimidazoline,

imidazolidine, indane, indoline, isoindoline, isothiazolidine, isothiazoline, isoxazoline,

isoxazolidiAds Dl ztifitre -FibrBRolinE, 157 x&titetRd 01 -8R Ah824, 4-oxazepane, 1
,2-0xazine, 1,3-AXAZNERA4-@XATRRAGAINANE: | 350XAZIBADS. QAZ 8RN pXaziridine,

250xazolidine, oxetane, oxirane, oxocane, piperazine, piperidine, pyran, pyrazoline,

pyrazolidine, pyMNGitihe ByurBidinéRe: gyerdmieiagtrahgtifoqtiRofine, tetrahydrofuran,
tetrahydroisoquiselineylyacdriRURNVEABRpRINAIS®, [elatHIRBY AN ey Al pReigine.

tetrazine, thiadiazine, 1 ,2-thiazine, 1,3-thiazine, 1,4-thiazine, thiazolidine, thiazoline, thietane,

thiomorpholine,tAichyfdR - 203t faztres;alke! 4{friazineadout 108 S tidsiery Spiro compounds
are @QmpoundsL%@f,ltﬁ\@g)g[u%%gp@n@‘@{h}g@&@%g_w, one ring atom belongs to two rings

in common. Preference is giveri to Spiro compounds which consist of two rings in which, in

each case, one-figatbrkBeldRGOE RO P atermEInR3Z, domHeh-NHhS4ing atom is either a
b t j , f T, iro.j f the t
caton o o FRE e, Bl g o T v e

sub-rings may be via positio piro comp s in all possible
stereoisomeric fohirs(@ne?-R38 oTHe-t&rm "halogen” is understood to mean fluorine, chlorine,

bromine ¢.iodi fluorine..chlorine qr bromine, especially flugrine. The term "Het
RS e sl b G R M R e
present in one, tfi6-&6itFE¥-ring systems bonded to one another and which, according to the

ring size, EPNIAA RNG Hl/hJUGROS RIEIdRNLCALAL difereRLREIRIOAMS, aRLING Grogp of

oxygen, nitrogen or sulfur. Examples of these ring systems are the acridinyl, azepanyl,
azepinyl, azetid]%l‘%@?ﬁyfﬁg’/l, benzimidazolinyl, benzimidazolyl, benzofuranyl,

benzothiataraaythengodiophenythenepxaroiys 16aearyiazay.hanakiazolyl
benztetrazolyl, benzisoxazolyl, benzisothiazolyl, carbazolyl,
~(03-Cg)-cyc!oalf<yi, -(C1-Cg-alkyl-O-(C1-Cg)alkyl-(C3-Cg)-cycloalkyl,
20 -(C1-Cgl-alkyl-{(C3-Cg)-cycloalkyl, where the cycloalkyl radical is unsubstiiuted or
mono-, di- or trisubstituted independently by —OH, ~-O-(C¢-Cy4)-alkyl or R10,
R21 and R22 are the same or different and are each independently a hydrogen atom, -
(C1-Cp)-alkyl, -{Co-Cg)alkylene-{C3-Cg)-cycloalkyl, -O-R12,
-SO¢R10 where tis the integer 1 or 2, or -(C1-Ca}-fluoroalkyl,
25  RZ3 is a hydrogen atom, -OH or -0-(C4-Cy4 Falkyl,
X is a covalent bond or -N(R7)- where
R7 is a hydrogen atom or —{(C4-Cy)-aikyl,
Y is -C(O}- or -8{02}-,
pis the integer 1 or 2,
30 RZ6 is a hydrogen atom,



4aH-carbazolyl, carbolinyl, quinazolinyl, quinolinyl, 4H-quinolizinyl, quinoxalinyl, quinuclidinyl,
chrornanyl, chromenyi, cinnolinyl, decahydroquinolinyl, dibenzofuranyl, dibenzothiophenyl,
dihydrofuran[2,3-N-tetrahydrofuranyl, dihydrofuényl. dioxolyl, dioxanyl, 2H,
6H-1,5,2-dithiazinyl, furanyl, furazanyi homomorpholinyl, imidazolidinyl, 15imidazolinyl,
imidazolyl, 1H-indazolyi, indolinyl, indolizinyl, indolyl, 3H-indolyl, isobenzofuranyl,
isochromanyl, isoindazolyl, isoindolinyl, isoindolyl, isoquinolinyl (benzimidazolyl),
isothiazof#inys, Rrigbtigazalimyl, isothiazolyl, isoxazolyl, isoxazolidinyl, 2-isoxazolinyl,
morpholinyl, naphihyridi ogtahydrai INQHi W gl L. 2.350 iaz0 -
1,2,4-oxadiazoﬁa%eg%édgzao}}yy%f%lg&g-ﬂ%:%g%g&, oxazolbi'/diﬁ%)}/ﬁ gBEﬁgﬁf %(%gyélidinyl,
oxothiolanyl, py¥iiaigigengheranthstinid shevkaithien i heisesazitiyl-pheathiaZiiyl-
phenoxathiinyl’@9@8&%@)’&9@]’(‘@[&6@(&; 'P%F%%iﬂaﬂbagipﬁiwwl*ﬁF@B;gi”y" purinyl, pyranyl,
pyrazinyl, pyroazolidinyl, pyrazolinyl, pyrazolyl, 36 pyridazinyl, pyridooxazolyl,
pyriddimiBaZcipt pyfidottite styhepyridteniop henprepsainydepgridyhtip yinmidirgdn pyerolidiny |,
pyrrolinyl, 2H-pym-aivh. ayixelyl; detrahysirof: J g;a@&@;; is@quinolinyl, tetrahydroquinolinyl,
tetrahydro yrid?@l, g’ll-}l-l,gg-té%%dg?nﬂ@fg%?ﬁlﬁﬁlamlyl,QllﬁgA-thiadiazolyl,

1,2,5-thidfdfdz8M RE3 legrib8iasshyNanammtem SiMbEsiehisnPotRrEhéHAdRZolyi,
thienooxazolyl, dfirmogy rickineithieneshiazal o dhinegrahotinyciiephe nylcittaziny |,

1’2’3't”azo'y"o%ﬁﬁggéﬁﬂmh Rz 'Ehé‘aﬁ% yEPAX'o?’}H' ’ﬁ%ﬂtﬁfwt:@%‘éﬂﬁﬁy he term

"-(Ci-C3)-fluoro erstood to’mean a partially or completely fluorinated radical
whidl derives, foFBeARIIEY o therfdiriving radicals: -CF3, 10 -CHF2, -CH2F, -CHF-CF3,
-CHF-CHR24 ot RzBHREbe#H2H#0A8: itk 1o QGHRICHRFard e dSB or@R2HCHE
-OF2-CH2F, -CH2-CHE:- -QH2-CHEx  -CH2-CHF- -CH2-CH2-CF3,
-CH2-0H2-CH F%g %ﬁ@%&%‘éﬁg § ﬁgé%ﬁizlg' g@ %,'fés'é?eéf_%%%'?é% E%’,El-gcoﬁ g%c'g gg)c H2F,
-CHF-CHF-CF#zs8tireclinzstiine diegifidios peeqhytroriifleanasiercsy 4o edigidtrg-cHF2,
-CHF-CH2-CH 2kic«Gbik h&hidoincHbAR2zGHH e 2 oxediti=db 2 < Cbi2ihi2GE-CHF-CF3,
-OF2-CHF-CHF2, - -CHE- = -CE2- -C - - -C -CE2-CH2-.CH2F,
CrS era.crat A Rhe Shalng by SR e R e R,
"R13 and R14" B 2R inmP RIS diuytiE Wit Ehd Labahons i eiRiva Higrie Bonded,
form a three- toispeimenmbenedcy cloalkykriaghakgaaoinerstian totimieaniayelodgieyl radicals such

as cyclopropyl, gyclopiiyl, cyslonentyl r.cyglons o?é%‘? RIIDRGRS ARG Q) 'R24 and R25,

together with the carbon atom to which they are bonded, form a three- to six-membered
heterocycle alkyiaaelidar areithgerasbbeitei b aaradit=1s Shehsis sl iniracedetitine,
diazetidine, diaziyigiteohix@imgdropyridazine, hexohydropyrimidine, imidazolidine, morpholine,
oxadiazinane, oxadiazolidine, oxathianane, oxathiolane, oxazetidine, oxazolidine, oxetane,
oxirane. piperazine, piperidine, pyrazolidine, pyrrolidine, tetrahydrofuran, tetrahydropyran,
tetrahydrat iopﬁ@ﬁé’,‘“t@‘ﬂﬁw&ﬁﬁﬁﬁé’;ﬁ?\‘&?,‘st@ﬁéﬂﬁ‘é‘ﬁé?ﬁﬁ’é&ﬁ%ﬁ&ﬁ@,iiih’?’&?é?idine,
30thiaziridine, thiazoume, thietane, thiirane, thiomorpholine, triazetidine, triazinane or

triazolidinge 3¢b-ring N is selected from the groun of azetidine, cyclopropyl, cyclobuiyi,
cyclopentyl, cycichexyi, 1,3-dihydroischenzofuran, 1,3-dioxane, 1.3-dioxolane,
25 imidazolidine, indane, morphoiine, 1,3-oxazinane, piperazine, piperidine,
pyrrofidine, tetrahydrofuran, and 1,2,3 4-tetrahydronaphthalene,

the sub-ring @ is selected from the group of azetidine, cyclopropyl, cyclopentyl,
cyclohexyl, morphaline, oxazolidine, pipsridine and pyrrolidine, and in which the
two sub-rings are unsubstituted or independently, according to the ring size,
30 mono-, di- or tri-substituted by R4 where



The term "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, may
additionally, according to the ring size, also cor&in one or two identical or different
heteroatoms from the group of oxygen, nitrogen and sulfur" is understood to 5 mean radicals
such as azepane, azepine, azetidine, dioxazole, dioxazine, 1,4- diazepane, 1.2-diazepine,
1,3-diazepine, 1,4-diazepine, imidazole, imidazoline, imidazolidine, isothiazole, isothiazolidine,
isothiazoftdes isbkazdle)-Bbxazdling; dsoxpabliine | 2sisaxazolivaidiorpholine, i1,4Joxazepane,
oxazole, piperazine,.piperidine, byrazin razole, pyrazoline, pyrazolidin ridazine,
pyridine, pyrimiyﬁ'll‘n é%”ﬁ?%?éfb@ }gﬁ ﬁ%ﬁ%ﬁféﬁgm@%@%ﬁ/ﬂ%ﬁ{%,'Fiéjt?gﬁ%/ﬁ%%%jricc}ﬁne,
tetrazine, tetrazotestithied bieftiiiadiazole-{GiaZaljditgl, thiazoline, thiomorpholine, 1,2,3-triazine,
1,2,4- trif%jn%, ]é\%?e};[{iaozijtged 1 ,§-triazole or 1,2,4-triazole. The term "two adjacent R4,
together Wwith the rng atoms {6 which they are bonded, form a four- to eight-membered
hetefocydlée o hieryHaRieh, together with the sub-ring to 15which the heterocycle or the
phenyl ispﬂgﬁzg, Emégé? a bicyclic system' is understood to mean compounds which consist of
two connected ring systems in which one ring constitutes the sub-ringOrand the other ring

forms a prrllySAtUIRSE DR RO mEtit FipkPdtén Witeh, ARBaihg to the ring size, contains
one, two QpdhieeHdanticalpsHifferent heteroatoms from the group of oxygen, nitrogen and

sulfur. 20Exampl f these ring systems are radicals such as benzoimidazole,

penzoisot A BarE Tt EOTs S G BN bR SRS Al
benZéisoxazoleydsbyizathiofluran, benzothiophene, benzo[1,3joxathiole, benzoxazole,
benzomi@@n@%%@éﬂ%kM%Gﬁé%ﬂ?@rﬂé'ﬂ&%zt@@ﬂ%h%mi{éemﬂde@v?ﬂﬁﬂzéne’ quinoxaline,
chromane, chromene, cinnoline, 2,3-dihydrobenzo[1,41dioxine, 2,3- 25dihydrobenzofuranyl,
1,3-dihydroisoB:é(ﬁ%gfﬁpéfﬂ?%?X%i%%%ggyﬁ%eoﬁzo[l,4]oxazine, 2,3- dihydrobenzooxazole 2
3-dihydrdbhaothidlolegtiBdimk tob earwcjvoplweniic? Bedingdrobésndfivitrdophene,
indazole, indolg,dndglingiisopgnzRiuranLispauinglingJdseyonans dsolaggzole, isoindole,
isoindoline, 7-oxa-bicyclo[4.2.0locta-1,3,5-triene, phthalazine,
2,3,35,5-tetrahydro-lH-benzo[b]azepine, 6,7,8,9-tetrahydro-5-oxa-9-aza- 30benzocycloheptene,
3,4,5,6-tetyahydree 2dpaoz olblit:4toxazozinaptetiahytltos tinaling, or ia from the group
1,2,3,4-teot1rahydroquinoxaline or tetrahydroisoquinoline. 38 The term "=0" is understood to
mean an oxo radical as in carbonyl (-C(0)-) or sulfonyl or sulfoxide (S(0)2 or S(0)). The

sub-structuléih tHé-emnpoERPBrRierBARa A AT sl Yo meairr 5 alvReasyrmé radical in

the case taaigxdsnkiand an ethylene radical in the case that p is 52. The inventive compounds

o e 6 L e R s T T S naor o

stereoisofAEMNEEGHEof the compound of the formulae | and la and/or a physiologically
compatibie [sajt of thecompaineoltredeamuae.-irngtaig/or a solvate or hydrate of the
ggmgg:g&sjﬁg[gxeaf rmy %?rc!{é’i‘.%?d!% rpeggg{rjaar Oﬁé%l e(? of the compounds of the formula I, which
N-{{5)-1-(1-cyanocyciopropyicarbamoyi)-3, 3-diflucrobutyl]-2-azaspiro[5.5lundecane-2-
25  carboxamide,
N-[(S)-1-(1-cyanccyclopropylcarbamoyi)-3, 3-difluorohexyi}-8-azaspirol4.5]decane-8-
carboxamide,
N-[{S}-1-{t-cyanocyclopropylcarbamoyi)-3, 3-diftucrohexyl}-3-azaspiro[5.5jundecane-3-
carboxaride,
30 N-(S»1-(1 '~cyaﬂocyc{o propvicarbamoyh-3, 3-diffucrobutyil-2-(4-methoxyphenyil-1-oxo-

2,8-ciazaspirol4.5]decane-8-carboxamide,



a)reacting a compound of the formula Il 15 where A and B are each as defined in the
compound of the formula | with a compound of the formula Illa or Illb or lllc  where X, R1. R2
and R3 are each as defined in the compound o£%he formula I, 20PG is an ester protecting
group and "activated" means that the amine is present in an activated form, for example as a
chlorocarbonyl compound, to give a compound of the formula IVa or IVb 39  and reacting
the resulting compounds of the formula IVa or Vb, after converting the ester to the carboxylic

acid, withnZe)give-tercempound,/ehtbedornola-difardpreadlingreconipoynd ®ithe formula Va
or Vb Wh5%@&@(4?&}3@&%%&%8?3%@@eﬁned in the compound of the formula’'l with a

compound of the formula VI where R1, R2 and R3 are each as defined in the compound of the

formula | ¥A& PEUHsRNesHstoprerrBageh Redtygapytri* pdioxa-9-aza-

spiro[3.5undecane-9-carboxamide,

5  N-[{8)1-{1-cyanccyciopropyicarbamoyi}-3,3-difluorobutyl]-1-oxo-2 8-
diazaspirol4.5]decane-8-carboxamide,
N-[{S}1-{1-cyanocyciopropyicarbamoyl)-3, 3-difftuorobutyli-2-methyl-1-oxo-2,8-
diazaspirol4.5]decane-8-carboxamide, |
N-[(8}-1-{1-cyanocyclopropylcarbamoyti-3, 3-difluorobutyl]-3, 3-dimethyi- 1-oxa-5,9-

G diazaspiro[5.5]undecana-9-carboxamids,
N-[{8}1-(1-cyanocyclopropylcarbamoyl}-3, 3-diftucro-4-phenylbutyl]-8-
azaspiro[4.bidecane-8-carboxamide,
N-[(8}-1-(1-cyanocyclopropyicarbamoyi}-3,3-difluorobutyl}-2 4-dioxo-1,3,8-
triazaspircl4.5]decane-8-carboxamide, '

15 NH{(S)-1-(1-cyanocyclopropylcarbamoy!)-3,3-difluorobutyl}-2-azaspircl4.4Jnonane-2-
carboxamide,

M-8} 1-{1-cyanocyclopropyicarbamoy-3, 3-difiuorobutyll-2-banzyl-1-oxo-2, 8-
diazaspiroj4 . Sldecane-8-carboxamide,
N-{(S)-1-(1-cyanocyclopropyicarbamoyl)-3, 3-diffucrobutyl]-2-(4-flucro

20  phenyi}1-oxo0-2,8-diazaspiro[4 5ldecane-8-carboxamide,
N-[(5)-1-(1-cyanocyclopropylcarbamoyl}-3-methyibutyll-1,4-dioxaspirol4 .5]decans-8-
carboxamide,

N- {{S)-1-(1-cyanocyclopropyicarbamoyl)-3,3-difluorobutyl]-3-phenyi-1,5-dioxa-9-
azaspiro[5 . 5lundecane-9-carboxamids,

25  N-[1-{1-cyanccyclopropylcarbamoylicyclohexyil-8-azaspiro[4.5]decane-8-carboxamide,
N-[{S)-{1-cyanocyclopropylcarbamoyi)cyclohexyimethyll-8-azaspiro[4.5ldecane-8-
carboxamide,

N-1{S)»1-{1-cyanocyciopropylcarbamoyi}-3, 3-difluorcbutyl}-8-butyl-3,9-
diazaspiro[5.5jundecane-3-carboxamide,

30 N-{{8)1-{1-cyanocyclopropylcarbamoyt}-3,3-ditlucrobutyl]-9-cyclopropyi-3,9-
diazaspiro{S.5]undeéane~3~carboxamide,
N-[(S)-1-(1-cyanocyclopropyicarbamoyi}-3-methvibutyilspirof2. 3lhexane-1-
carboxamide,



10to give a compound of the formula IVa or IVb, and reacting the resulting compound of the
formula IVa or IVDb, after converting the ester protecting group to the carboxylic acid, with Z to
give the compound of the formula I, 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 | with a compound of the
formula VI to give a compound of the formula Villa or Vlllb and reacting the resulting
compound of the formula Villa or VIlIb, after converting the ester to the 20corresponding
carboxyli&H-d i vitl@noayiventieedearipoumd)-6f 3k fommdlab 4 raticlita]-8r 40 reacting a

compoung,gftherforpuiarX 2% BG A RE 01-1 with an amine Z where Z is as defined in the

compound of the formula Ito give a compound of the formula X R2 PG (X) Rlz and then
convertinﬁ“{% "éé%ﬁ%ﬂﬁ&%t?%ﬂ%pﬁﬁﬁi )2 Proteeing Gy elimiigtiBhsd give a compound
of the formautmnRER3

5  N{&)-1-(1-cyanocyclopropyicarbamoyl)-3,3-difluorobutyll-2, 2-dimethyi-1-oxa-8-
azaspiro[4.5]decane-8-carboxamide, N-[(S}1-(1-cyanocyclopropylcarbamoyi)-3,3-
diftuorchutyl}-2-azaspirof4.5)decane-2-carboxamide,
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N-{(S)-1-{1-cyanocyclopropylcarbamoyt)-3, 3-difiuorobutyl}-1-oxa-4-azaspiroj4 .5 decane-
10 4-carboxamide,

N-{1-cyanocyclopropyl)-(S)-2-[3-(1.4-dioxaspiro[4.5]dec-8-yhureido]-4,4-
diflucropentaoxide,

FooF
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W
Jﬁf >
= §
o
o
1

N-[($)-1-(1-cyanocyclopropyicarbamoy!)3, 3-difluorobutyl]-7-cyclopropyl-2,7-
16 diazaspiro[3.5inonane-2-carboxamide,

N-[(8)-1-(1-cyanocyclopropyicarbamoyi})-3, 3~diflucrobutyi}-2-cyclopropyl-2,7-
diazaspiro[3.5]nonane-7-carboxamide,
N-[({5}-1-{1-cyanocyclopropylcarbamoyi)-3, 3-difluorobutyl]-2-propyl-2, 7-
diazaspirc[3.5nonane-7-carboxamide,
20 N-{1-cyanocyclopropyl}-(3)-2-(8-azaspiro[4 Sldecane-8-sulfonylamino -4 ,4-
diftuoropentoxide,
N-[{S)-1-(1-cyanocyclopropylcarbamoyl}-3, 3-difiuorcbutylj-4-cyclopropyi-1-oxa-4, 8-
diazaspiro[5.5jundecane-g-carboxamide,
N-[(S)1-{1-cyanocyclopropylcarbamoyt}-3,3-difluorobutyl}-9-cyclopropyl-1-oxa-4 , 8-
25 diazaspiro[S.5]undecane-4-carboxamide,
N-[(S}-1-{1-cyanocyclopropylcarbamoyl}-3, 3-difluorobutyf]-2-cyclopropylmethyl-3-oxo-
2,B-diazaspiro[4 5jdecane-8-carboxamide,



R1z and then reacting this compound XI with a compound Va or Vb, as detailed 10under b), to
give the inventive compound of the formulae | and la, or e) separating a compound of the
formulae | and la prepared by processes a), b), &) or d), or a suitable precursor of the formulae
| and 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 elimirgati “chiral auxiliary groups, or f) either isolating the compound of the

» prepared by ocesses a), b), c) or d) in free form or releasing it from
acompatibte sailts or, 20in the case of the presence or acidic or basic groups,
physiologically acceptable salts, or converting the compound of the formulae |
and la prepared by processes a), b), ¢) or d), or a suitable precursor of the formulae | and la
which, oW 5 T CHEMIGAT QR ER AT LR b SR BrATRY b WS RPSTNLBB® o, i the
case 250¢f thdiprespingé bitenaNeeidoebormviiting it to the free amine or the salt of an amine.

41 The synihesis pidhe JayepiiNg Pradueian alampireradien the,basis ohdrpe siarting

materials, any variation of the components which lead to thé inventive structurés being

possible. FoF Y Sk GamRTi AP A 88 sible syntheses are described through these three
componeRtgShowewearihigds ropyitamnded 1-Sdhstilubehayyiestrictionamyith e bfurther means

of synthegis, k0 xaEMRlg- cOMPIRENL Aifaay be a spiro-amine: For example, component B
may be an ﬁ%ﬂno acid derivative: Oand 10for example, component C may be an amino ni le: N.

Itis a prefs }i%ﬂﬁ%%ﬁ%‘%ﬁféﬂ%ﬁﬁ%@%ﬁré@@fﬁfﬂ?ﬁ%%ﬁ&??BV@@@&mn of suitable

derivativeBaattnirsét corrpemneitsafomexaidiple protected or modified precursors or precursors

with defined S{erapeieriaiiio A IReRLie AT ANIAR IURUDBLSaIs ocqupling reactions,

possibly a&ter activation with reacfive reagents such as known peptide coupling reagents or

reagents WHEANEHA T QEAGARS HEA BrEHRors. Methods of peptide coupling are described,
for instanbe{ #-Bdtarszioy¢MpBodaasziys Prh dipléscod fReplidecByothesis2 ZAd ed, Springer,
Berlin, 1993) - E5RteCHNQ QMBS arboxamide,

N-{{S}-1-(1-cyanocyclopropylcarbamovl -3, 3-diffucrchexyl]-7-propyh-2,7-

()

converting

15 diazaspire{3.5nonane-2-carboxamide,
N-{(8)-1-(1-cyanocyciopropylcarbamoyi}-3, 3-difluoro-4-phenylbutyl-9-cyclopropyt-3,9-
diazaspiro[5.5jundecane-3-carboxamide,
N-[(8)-1-(1-cyanocyclopropylcarbamoyl)-3, 3-difluoro-4-phenytbutyl]-2-cyclopropyl-2,7-
diazaspiro[3.5]nonane-7-carboxamide,

20 N-(8)-1-(1-cyanocyclopropyicarbamoy!)-3, 3-difiucro-4-phenylbutyl]-2-propy-2, 7
diazaspiro[3.5]nonane-7-carboxamide,

N-{(8}-1-(1-cyanocycloprepyicarbamoyt)-3, 3-difiuoro-4-phenyibutyl]-7 -cyclopropyl-2,7-
diazaspiro[3.5]nonane-2-carboxamide,
N-[{5)-1-(1-cyanocyclopropylcarbamaoyl}-3, 3-diflucrobutyll-6-azaspiro[2.5]octane-6-

25  carboxamide,
N-[(S)-1-(cyanomethyicarbamoyl}-3,3-diflucrobutyl]-8-azaspiro[2.5loctane-6-
carboxamide,

N-[(S}1-(1-cyanocyclopropylcarbamoyi)-3, 3-difluorohexyl}-6-azaspiro{2 .5loctane-6-

carboxantide,



their introduction, detachment and stability are described, for example, in Greene 20(T. W.
Greene, P.G.M. Wuts, Protective Groups in Organic Synthesis, 3rd ed, Wiley, New York,
1999). The preparation of ureas is described intfetail, 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 25known 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 YdiSadiithieiecatonif BRrRE Er-dtyiseiiernsioimie-eskerorbdatboxylic acid activation,
and of p@%ggm@gt@&mw@la@r@amlﬁ@ else chloroformic esters for the preparation of

activated SCUrsors, an of 42 chloro qu ni (% r Ifurtrlo for the preparation of
actrvated{\gm' ureya préc@%oVSD Ft‘ﬁ%%‘e“qff ﬁ/p%ss%% or e”%?é‘&é d(%eof coupling to be

varied, oﬁe’@éim@ midiiang=d-corhpeBiE or the two-component unit (which has been obtained

by caupling o 5M@&%&Mtﬁjh@gw@hﬁﬁmg)n@osaamrbwb@hyu!peaa&twe;t@r{1s undertaken, or for
different grotectlng H%rougar%am g% éo! O\{,Ve gti enzgst %gﬂcngtonerg which is still
absent or 67 the €6 ehte Whi are Stif abs rWls 0 poss Qnange the protecting
groups, f@@f@ﬁaﬂw@protectrng group detachments on completion of coupling or at the end of
the synthesis, to prepare the compound of the formulae I and la. 10 Moreover the compound

of the formulae | an (fgl Bargd Vi ute }Lal,, are unﬂe cor nent B - amino
acid derivalive - 'Used 1s a?’surtable e%tef“"for xam da yI ester, Bu many \y other ester

- prote:c;trng;gfmup&;ar@rat&ospmblear'ﬁhrsaﬂrewatMmmowaﬁedr@ﬂ thel nitncgjen ftorgivéca urea
precursos, it xpipale cfeagtion viAribhgRacRe APhASIRRRArAARSIRRRISEI (o give an

|socyanate so that a urea is formed by subsequent reaction with the spiro-amine A. However,

many otHEPRRRE aﬂafétaawfarrélaga'pae% lﬂlés‘?B?%t%am?%ePé%c?r@ﬁ’Mﬁ
carbonyldiimitiazioley? Oaffosed thepadtivattedlimislazrglidedeeaction with 4-nitrophenyl
chloroforrﬂaéebaﬁgr‘d 18 o&rﬁﬁ&o@drn §%Qagg%;@ngngrre é%m }éargogﬁesmllar

activating carbonate reag nts Such as bis-succinimidyl carboriaté or bis(4-nitrophenyl)
carbénateraftostisdderesporivivig derilatdissisTieoap alogousIRilfus-Soreairmngraeshetives

(thiourea gnaleaslicande chiainashcoesRPRAMA DY é@%eﬁeromeimwe 25However, it
has to be tali} n into mount that fhe streng3 factrv ation b tlg %a]%ep@% E |s different,
Le. the s ﬁﬁgﬁt? TS WithtRe"s 8¢ nopafry‘?%eplr%aa ne %an foceed at ditterant speed or
else affordaaytdifferentsiekisdesy-pradbittdens” is a covalent bond.

The term "(C4-Cg)-alkoxy" is understood to mean radicals such as -O-{C1-Cgl-alkyl
20 where -(C4-Cgl-alkyl is bonded by a carbon atom o an oxygen atom.

The radical "-C{O}-" is understocd to mean a keto or aldehyde radical.

The "carbamimidoyl” radicat is understood to mean a ~C{NHz=NH radical.
The term "-{C3-Cg)-cycloalkyl” is understood to mean radicals which derive from 3- o

8-memberad monocycles such as the monocycles cyciopropane, cyclobutane,

25 cyclopentane, cyclohexane, cycloheptane or cyclooctans.
The term "aryl" is understood to mean aromatic carbon radicals having from 6 o 14
carbon atoms in the ring. Aryl radicals are, for example, phenyl, indanyl, indenyl,
naphthyl, 1,2,3 4-tetrahydronaphthyl, biphenylyl, 2-biphenyiyl, 3-biphenyiyl, '
4-biphanylyl, anthryl or fluorenyl.

30  The term "a saturated or partly unsaturated -{C3-C1 1 )-cycloalkyl in which cycioaikyl 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:



43 Moreover, it might be necessary to achieve a preactivation by silylating the amine with, for
example, trimethylsilyl chloride or bistrimethylsiliylacetamide or
bistrifluoromethyltrimethylsilylacetamide in ordet*that the actually activated urea precursor can
form more easily. In addition, it might be advantageous in some cases to 5proceed from a free
amino acid and to silylate it both on the nitrogen and on the carboxylic acid with one of the
“silylating reagents mentioned or else other suitable silylating reagents, and then to form the
isocyanafel 2ANPZNANEIR ICOPNeles feTeatcRRFas (eePeERaitReIicéhtause a
migim%W@%m%@am@wm?m@;memw @fetb%m@ﬂwﬁsé@r preferably
under basic conditions, for ith NaQH or LIOH as se, and it is advisable to avoid
pase excheL B G L Be o g B BB T M ough
also be stéfigiepcieaelifiesyorciidebrliabe iy eifu iy realniet HessiBupdRIFEadition of a
little minesalingichidmBRiereiagiamidechand canmetaaetwidnibeBeemponent, the
aminonitie, the.cacoxvli acid i generally telsased framhe saltwith  mineral acid fter the
basic cleavgge. u equeht?y, the pepﬁgé coup mgpc_an ee ected$b§ a rulitude of methods
known toSPthd<4éostaned in the art, as already mentioned above, if appropriate with addition of

further auikansreagenisster incseasingdhecauplingeticieney asrRpRssingdagasmization.

Route 1 thﬁ';ﬁ' %@én%%%0|%Qerlvatlve but rather on comgvon%r}teAb{th%?p Q%%?C%]'EF’- Since it is,

e fing giZe. May contain one
however, a secondary dmine, redctivities and yleid% are often c%anged compared to route la,
For &anfpieranshekoghsosein bed@sivaitetriepiboamire asuie . anerocaisenye derivative

by reactioritRwsaeneidtiphosgenepraiphosderrransthemdar aagishe-biatienowith the
abovementiongd amino acig ester. The abov%me tioned amino %cid cgn al§o be used in the
h m e ni'has na

. GV aff Inree evel rNg aldoms and conigin, as w 2 Car QITIS .
activated S|Iy@IaEed orRY. The TUNerreac on, i.e. releass of the carboxy?lc acid and coupling

with the FffRE ESHDBRSHIICIS e Bifedhstray Hesddpairalsasiiarerdipterpgioms from

the group of oxygaen, nitrogen and sulfur. Exampies of these ring systems are ring

15 sysiems such as azepane, azepine, azetiding, aziridine, aziring, azocane,
benzimidazoiine, 2,3-dihydrobenzolbljthiophene, 1,3-dihydrobenzo[clthiophene, 2,3-
dihydrobanzofuran, 2,3-dihydrobenzooxazoie, 2,3-dihydrobenzothiazole, 1,3-
dihydroischenzofuran, 2,3-dihydroisoxazole, 2,5-dihydroisoxazole, 4,5-Gihydro-
isoxazole, benzo[1,3]dioxole, 1,4-diazepane, 1,2-diazepine, 1,3-diazepine, 1,4~

20  diazepine, diaziriding, diazirine, 1,4-diazocane, dioxane, 1,3-dioxane, dioxazin, 1,4~
diozocane, dioxole, dioxolane, 1,3-dioxolane, 1, 3-dioxolene, imidazoline, imidazoliding,
indane, indoline, isoindoline, isothiazolidine, isothiazoline, isoxazoline, isoxazolidine, 2-
Isoxazoling, morpholine, 1,2-oxathiepane, 1,2-oxathiolane, 1,4-oxazepane, 1,2-0xazing,
1,3-oxazine, 1,4-0xazine, oxazinane, 1,3-oxazinane, oxazocane, oxaziridine,

25 oxazolidine, oxetane, oxirane, oxocane, piperazine, piperidine, pyran, pyrazoline,
pyrazolidine, pyrroliding, pyrrolidinone, pyrroline, tetrahydroguinoline, tetrahydrofuran,
tetrahydroisoquinoling, 1,2,3 4-tetrahydronaphthalene, tetrahydropyran,
tetrahydropyridine, fefrazine, thiadiazine, 1,2-thiazine, 1,3-thiazine, 1,4-thiazine,
thiazolidine, thiazoline, thietane, thiomorpholine, thiopyran, 1,2,3-triazine, 1,2 4-triazine

30 or 1,3,5-triazine.

Spiro compounds are compounds of tWo or three rings in which, in each case, one ring
atom beiongs to two rings in common. Preference is given io spiro compounds which

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



The starting material is a suitable N-terminally protected amino acid derivative B. This is first
coupled with the aminonitrite C; in this reaction, the known methods of peptide bond formation
can again be used. Subsequently, the N-termin&¢ protecting group is 15eliminated and the
elimination product is converted to the activated urea precursor as described under | 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 molecule B-C. This
activatedagerivativEhiforrexaimple tibdésacyabatetisrsubseduethyateactadiwithithe spiro-amine

to give the.ipuantivg 20compayahRowe 2 45 Al %Vﬁb’mk’iiﬁi%@%&?&éﬂ@'e here,

analogously to the route described under Ib first to activate the spiro-amine A in order then to

perform RSB SRR E SRIPOTRMR BRE T G R IP LS PBITEUIRSRS 1A ines or inventive

sulfonylureas ar ared accerdi the follgwin eme: Q 7N [ OHN 11 C1 00 )N
N The synth@{cﬁﬁonyturw dedéribed. A frEquently used method proceeds
10from an activatierrof the amines Ive sulfonyl chitorides by reaction-with preferably

chlorosulfonic acid, and subsequent chlorination of the resulting sulfonic acid with, for

example, pfiosphorusypentac B or phosphgrus.oxXychloride, f@ﬂH the reaction with
the second-amihg component.ar suitable base. Bquallyit is also gessible to use SO3 in

the first stage of the synthesis. 15Moreover, it is also possible to achieve the desired

conversionawith, sutfenyl chloride.cPr nce isgiven dertaking the reaction on the
secondary aminetunit, followed by tke reactionxfor example, ofthe amno acid-amine,
protected as-th ef. Subse thy ester a and r ith’the aminonitrile
unit. Alternatively, it is also possible to react the activated spiro unithith the amino acid-
-~
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20amidonitrile, 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&cheme: 46 When the spiro unit is not
present as a secondary amine but rather as a carboxylic acid, there is attachment to the amino
acid via 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 Ib by ester
cleavage and amide coupling with . the aminonitrile unit,or, when an amjriosacid-amidonitrile
- zompanied by

in casg— Optically active
) dependently be
pounds of the Tormutae'| and la-may be present in the
rs or in the form of mixtures in any
exs, for gxampleimthe form oftheir

resn tes to pure
1 and’equallytopure diastereomers and mixtures
of the diastereomers. The invention likewise encompasses mixtures of two or of more than two

stereoisommfor e la mwisble mixify 4 of these
stereoisom mime case thdt the sompavnds oftth% e | and la are
present in the 20form of E or Z isomers, or q\iis_qg trans'som@_gsoor as a "spiragy’, the invention
relates in each-case6th to thepuré E and ﬁ re% isomers| and, to the pyfe cis\ér pyre
transisom ikdwise, en@"@ogo ly/to the conjﬁiip inQ SpIxQis rs,iand also

E/Z or cis/trams’mixtures In any ratio. The invention likewise encompasses all tautomeric forms

of the inveRdivencommesfsalibe-farmaulag s anaLgH2> dieisempoung ef thadermulae | and la

is, when it ogcu[ﬁ 6}? a_mixtlérle of diastereomers or.e]p tiomers or is obtained as mixtures
thereofinpfﬁeers%/ THESI S fE el ® SEpATAtES it ThH Hurléoé'fbereoisomers, either by
chromatobraseryroret chirapoithisalsigponciatesiall, g wissemh e radehaecbirpodnd of the
L(?rmlﬂae é&@B_@n'@t%@?@lﬁégi@ﬁh 6{7&99&%@%9@%&&@@9@%‘5?%@4@@@% %msﬁey art;(I:i hiral
iastereomerijc salts formed with an, optically active base or acid as an auxiliary, Suitable chira
iy A i i

stationary phasg(sm%r {Pins a@%?'ré? gofurmi” PoorH%tS’é?a ;e/es%ib %ﬂg?%%r% ftheks are, for
example, eleaitdrsilicaryeesippp s (sweal kiiRiklerphi{se Sxamblsg hithekectfgr weight
carbohydgpies-asuehas deiaaalylceldplose LepanablsriRUraosRe sy Jas SARMBIRLAPhY
methods on chiral stz?tll(}?ar% ghasess:an %sofbe er[n%k?/e aft%r a péo riate derivatization
known to those. is%?iﬁ%éﬂ inthe” Ur{?i%’r ehan 6%%?%p Yafioh OF therack f%x@?i?%xylic acids, an
optidélly setvéiigemidrabpsoarmrdialsieiaitiyl e eateosaephadso@)rsottiagg (i aapai ¢,
phenyletmaanamaﬁumiesrmﬁgfﬁ,@mmé, vl argiineR s ed e ity the _
10differentl soll,gsble dlastereomenc salts, the ei_ss soluble omponer;{&(%, solat?d as a solid, the
more soldlie tid ‘Pé’}e%%oé??é‘%e%};{f’é?&fiyﬁ&#ﬂ%&% ﬁ%?ﬂ}' 6%9?‘588“ e %%%H%ﬁmﬁmers are
obtained fibanthévidizstaybcihpdioiad k] dbraimetiolranphatimeirsimiayliniprioigiple, the
racemic C&B&Qﬁw‘%ﬁ,@ﬁhﬁsf,?tgﬂﬁ@t%iAﬁ%r@uwf@ﬁ%ﬂ?iﬂgﬁé}ﬁéiﬁtﬁw,;ﬂ‘w‘tﬂ_ﬁ%ﬂéﬁﬁfa“

aminQ group, can be conver, _ ure enantiomers, 15with optically active acids, for
cxaribie (2RI RS c-AET AR WA A 4B 0 B FRERY i, and o
(+)- and (9elranadélieadiddtlistalsoypossihdezod onvedatiny hispmiplnssiwhidimdontain
alcohol oramingiddasiANE 4t R AARR SPARAING SRR BI-ARHISRS WIBARTeSREDCIRGI,

activated or optionally N-protected enatiomerically pure aming acids, or, conversely, to convert
chiral carBesSEESUA TS TR M AR R WA 5630 KRB SHAHOFERERN pcrd-amino

acids, or toghimzolyl, 1.2 4-oxadiazolyl, 1.2,5-oxadiazolyl, 1,3 4-oxadiazolyl, oxazolidinyl,

=

20 oxazolyl, oxazolidinyl, oxothiclanyl, pyrimidinyl, phenanthridiny!, phenanthrotinyl,
phenazinyl, phenothiazinyl, phenoxathiinyl, phenoxazinyl, phthalazinyl, piperazinyl,
piperidinyt, pteridinyl, purinyl, pyranyl, pyrazinyl, pyroazolidinyl, pyrazolinyl, pyrazolyl,



corresponding chiral esters with enantiomerically pure hydroxycarboxylic 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 by3ndertaking a separation of the diastereomers
now present by crystallization or chromatography on 25suitable 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
diastereanvtizily, oyatantemericatopuira stiyting idwirials! Lo pidpbie tee\dkeyetbny |,

3OSUUCt'~H€:§ﬁyT*E§rﬁl§Qn9J'%Wﬁdﬂ!ﬁﬁ&?'&Kr% i Pi!ﬂ%@r%%%ﬁﬁ?{yﬁ%@‘éﬂ {¥iRg agypnd products to

- be used. These startlng]materlas ave been p ggre beforehand in enantlomerlcally or

dlastereoﬁii@hggwsﬁ Y B TRBY AR B?Bﬁ\é[s Ehyaranediny R dxamplgdtitiso
possible feisthiedayaidtic  prodessegolylist fosdiiiteieitbigh, tols¢hidd4hdge tbimymatid,

processeshigh BiasaedenaRos o AianlRRassiaslve N Ans 8y RS iRy o. afford one

compoun% selectively, or else in the Sense of a kinétic enzymatic sg/nt esis or clea\éage in such
a way thd %P@@M%ie P RAMA B RFNOr dfastdreiel aifsiirPredentibi@avrtetfhighly

preferentiggizoip the! eaziwratic=Biesistion, for example in the sense of a selective acylation or
esterificatign t@rnacqul%erg VALRBERTICE deavRaRREARIANS Ysedisuscersiiliugre, for example,

acylation reactions with lipases or acylase cleavages of N-acetyl compounds, or

proteasef*h*fé"tﬂi%@f%fﬁaé‘%’ﬂé’ﬁﬁ@étlWﬁhd@r”g’@ﬁié%(ﬂwﬁ@%Fr@méh%l@ﬁvﬁ@ég" agigetmarfyFather
possipilities @ie algo,goneeivable; 18 Mnepnam @-%%“V%w ple ﬁ%ﬁztcme are
er orm he

frequently commermaliy availablg already in enantlom ally p e T cése of

non-proteftdgrétipfamiredeids, they-fidy?. hcﬁ@@ﬁﬁteﬂﬁs@ﬁéﬁ%ared from
enantlomgﬁj_pg&%gréﬁ%%e %{g@lall_%al g r%ll’ urs ngeprple from proteinogenic

amino acids or else other 15natural ch ter s of iral pool, or else these
precursor§apeCttdined inOpticafly-Bare f@ﬁﬁ@ﬁgﬁé“ﬁfgthe%@é}@f@higﬁethods mentioned or

by use of %xqp_ae roc C ly in the synthesis.
Acidic or t?gsf%%%? P Q;%ne comp%lf Eﬁf&g?&%%ﬂ a(%% la'ma Eg present in 20the
formof th@ﬂ%@%ﬂﬂ?ﬁeéﬁdﬁw@@@é@c@iﬁfﬁmw gha@ﬁﬁﬁqgmaiﬂy acceptable salts, for
example i et = al r rochlori bromides, sulfates,
hemisulffﬁ!elsf,l“aq}g Boesl%P ble p ates §hd sa?t E% tf#gg m@%c%%:nat&%l bases or carboxylic
acids. Th@EQeSEthﬁgean@@sqmeiﬁglembsmH@mgﬁ thercetpeards of the general
formulae Hz_.ndcl ?g&p § OI&QIO@S ic or nonstoichiometric hydrates or alcohol adducts.
6 V&idlogicaNy ‘b

he prepara |bIe salts from compounds of the formulae | and la
capable ahsattfosrrtiand |Reludmga theirrsteresisornast Rfiorms "rszeftmtaim Bde@Rnefknown

er 5. The Aidl camperprz.okibieJarmyiae fnd @ dun siable Alial.A0metal glialine earth
ly S fydro

metal or optiona substltut onium salts with basic reagen SUC rox des
carbonaté<3 h%ﬁ@%?{éﬁ%%ﬁh@%a%ﬁé@ﬁ@é% &pficals such as cyclopropyl, CVC‘ObUW’

cyclopentyl 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-memberad heterocycle alky! radical” are understood o
25  mean radicals such as aziridine, azetidine, diazetiding, diaziridine,
hexohydropyridazine, hexchydropyrimidine, imidazoliding, motpholine, oxadiazinane,
oxad%ézaiidine, oxathianane, oxathiolane, oxazetidine, oxazoliding, oxelane, oxirane,
piperazine, piperidine, pyrazolidine, pyrrolidine, tetrahydrofuran, tetrahydropyran,
tetrahydrathiophene, tetrahydrothiopyran, tetrazinane, thiadiazolidine, thiazetidine,
30 thiaziriding, thiazoliding, thietane, thilrane, thiomorpholine, triazetidine, triazinane or

frigzolidine.



. ammonia, or organic basis, for example methylamine, dimethylamine, ethylamine, trimethyl or
triethylamine, ethanolamine, diethanolamine or triethanolamine, trometarnol 49 or else basic
amino acids, for instance lysine, ornithine or argfhine. When the compounds of the formulae |
and la have basic groups, it is also possible to prepare stable add addition salts with strong
acid. For this purpose, useful acids are both inorganic and organic acids such as hydrochloric
acid, hydrobromic acid, sulfuric acid, 5hemisulfuric acid, phosphoric acid, nitric acid,
methaneshidgit aBidl, dethZeRdsutibaicndiibithprivhaenesolfoiticvhiid eh everohsiezenusulfonic
acid, CYCE)F&%W{@@@@M‘Hﬂ&eﬁﬂ%rﬁﬂﬁy@f@ﬁé@éhﬂ%ﬂfpﬂ@ @JHQhZaQM@éE{QQ&@ﬂ@é@EWmC acid,

formic amg acetic a cg{ OX@ ic acid, Iartar acid, succinic acid, g‘ycero F%hos horlc acid, lactic
ok

acid, malft kil Aef yc?ﬁ%“é%f&?% S AEhEIE: rﬁgl%%“.%@ BRI H58h2bic acid,
sorbic 10#d6rI=gietaimieis, pocinooiowc gabeitic ok stearis gidiprtifudroddetic acid.

Hyd@tesrﬁ’ééh@a‘éﬁﬁ@i@%\:{eﬁj%Q&i@ﬁaﬁ@é”&%@ﬁn’eﬂgﬁé@!F%” @sxe%@a@&ar%@xample by
(re)crystallization frqr?$ ani g gueous solvent mixture, for ex?mEg % Tsmg such organic
solvents A& HBXAH rAAsiUram BRaAG! of FHEEFENST: TREF R f’ E4lso possible to

prepare ﬁ@@mﬁimefr@ethas@%m‘éw!@ﬁ@hétr@ﬁ)mpﬂumsim theforomilsedzanihta from the

correspopding Salis ROsSRBNPIE, AFeRRRLNG othe dpumulagband g capihe released from
its acid salt for [ﬁ{%by treatment with suitable bases (such as ammaonia solution, sodium

hydroxid® BBIitiSh) AP EB R & WpE R RAREY el ‘ﬁ‘f%ﬁw BXirgrEe RA'IRS BIGABGut a
reledse; farexamyplelitipdrovhltoiddeseary20e retbabed byytidatmieltbviith msgagloxirane,

paf“CU|3&Wéﬁcﬁ|aetﬁé§%9§|@%&%@ﬁiﬂéj@tﬁl‘é%'ﬁ&?es tﬁ@r’%ﬂﬂBHB%of ti‘@ {@éma@ i@”d la which
are pres nt in th(? %ém of thei % se. sal formé:c%1 n be converted to the free acid form by
Suit é ]

treatmen {ith' fg;%‘faes A %?}’d} %‘ﬁé%%ld or sulfuric acid). 25Nitrogen
compountiEdt e forradizeetiand lagatinpaléty be praseiatris thevfdrmioftiaedr idrolkiddsThese

can be prepaked;y mamef@@%%aya@&%ﬁemmcﬁq thgse skiligrhin the ary kor

exa%ple ox%}h ed form ofac mp agéoj}#he form ae I and la can be oxidized to the
cormbapo g KEGRERB At A ST BB G GGERE (T U HSBSERUE acid
permaleléﬂa@rd cprrsendsiethdid; peisicstivacedeat iBacklstoperiberizdicasididin suitable

inert organic solvents. Alternati h ides of the compounds of the formulae | and la
can also be prepared by using tar ﬁe ials or intermediates in the form of their N-oxides

or preparfiigiHeRcd8S TS0 oPEREFBrANFAENHINETA PRiEN SSHEkdized form
can also be;pmmar@lsfwmﬁhﬂai&hoxtdﬁsdafghtetﬁ@m@smdso@hth@é@imuﬂae bagmekta by

treatmen gg 511‘?9“8 g&éﬁ{aﬁé&%f %%?f %s%l géé‘{)%:fil’d% ; %é ehf@g en xlv%h?%h'ne various

borohydri osp orus t eor roml e)'in suitable inert organic
solvé&hts. %‘@BH‘f’p%‘EfﬁE%SSf"tﬁ% FoTRTIRATP SAHRSRIER SrRaRERIEHRAA) Bear a basic and an
acidic grmmgtmmamweb@nmmmaw@n@noegmupt@rwbﬁzearwlt@nmmwm@}é“kewse be

present i ihe foxm. ol thg %Bér Herons %?ﬁ%&éhvﬁ;c? hSHUC SIS, i‘%‘@ HDEugsdwitin the scope

of the present invention. e inventi e encompa se sa s o?%e compounds of
the form8BZPHigERe. benzotriazolyl, quinazoline, quinazolons, qwnolme 4H-quinolizine,

quinoxaiine, chromane, chromene, cinnoline, 2,3-dihydrobenzol1,4]dioxine, 2,3«

25 dihydrobenzofuranyl, 1,3-dihydroisobenzofuran, 3,4-dihydro-2H-benzo[1,4]oxazine, 2,3-
dinydrobenzooxazole, 2,3-dihydrobenzothiazole, 1,3-dihydrobenzofclthiophens, 2,3~
dihvdrobenzo[b]thiophene, indazole, indole, indoline, ischenzofuran, isogquinoline,
isachfcmane, isoindazole, isoindole, iscindoling, 7-oxa-bicyclo[4.2.0locta-1,3 5-triene,
phthalazine, 2.3,4,5-tetrahydro-1H-benzolblazepine, 8,7,8,9-tetrahydro-5-oxa-9-aza-

30 benzocycloheptens, 3,4,5,6-tetrahydro-2H-benzob][1,4joxazozine, tstrahydroguinoling,
1.2.3.4-tetrahydroquinoxaline or tetrahydreisoquincline.



which, owing to their low physiological tolerability, cannot be used directly in active
pharmaceutical ingredients, but, for example, are used as intermediates on the route to the
preparation of the inventive compounds, or elsets starting materials for the synthesis of the
physiologically tolerable salts. The invention further encompasses 15derivatives and
modifications of the compounds of the formulae | and la, for example prodrugs, protected
forms and other physiologically tolerable derivatives, and equally active or secondarily
activablehefabolifes’ if undasippbimas st eeoforfdied pamdcrRPIParEtalarotselipvention
encompassasipedriegs ang Brotgcted forms of the compounds of the formulae | and la which
can be converted to the compounds of the 20formulae | and la under physiological conditions,
Suitable prodrugs of the co\?qp,g)y)nds of the formulae | and la are in particular those chemically
modified glf?riv tives whose/propé’rti,e  are modified !rn a Qesired anner, faor exam le in
relation 3 TABYBVRAE8IEbity, bloalatAbTy SHCBBASR, B BIANRGAL YRt d et ation of
action. Therptnditle dcrligshareaascit rosHosedskilkstilethezaitalid Widelyedestrilired in the
25literatuge. The invention also relates to medicaments characterized by an active content of at
least one compound of the formulae | and la and/or of a physiologically:compatible salt of the
compound of the formulae | and la and/or a stereoisomeric or non- 30stereoisomeric form of
the compBunitofrtiie farmedaedsaad fee rogettest byitked-harmaceetead psilitatsiecases
physiologigally-eempatible carrier, additive and/or other active ingredients and auxiliaries. 51
Owing to.the pharmacolqgical properties, the inventive compounds are suitable for the
orophylaie SRR R EHGH Gt erasy G AR GHoLE RO S D By A
inhibition!einghéecystbine Peoteses: saitioukidyeotameambep sinsoThepalerstitadid/boeh for
acute Ueﬁﬂ?ﬁ%@l&@l rpngdsrmherepy. SAthaRinipiibitars can Redusesioethe case of

abnormally elevated bone radation, allergies, Alzheimer's disease, amylaidosjs, ARDS,
avtoral 1TSS S RO L O Lo a8t ACHUA N et SORASIS o iteral
infections;dsronehislitishedesiat herarragenreerebrovascular ischemea, Huntington's chorea,
chronic irg;amm@g&ﬁ@ SRR (ehoBigHBflgmmatery demyelinizing polyradiculoneuropathy),
Creutzfeldt-Jakob disease, 1QCrohn's disease, diabetes (particularly the juvenile form),
emphysema, encephalomyiﬁ%@nmgtriosis, inflaypmatory respiratory disorders,
inflalimatory pancreatitis; epi ~disorders characterized by enhanced angiogenesis,
excessive respiraiaey Hatvemyrelastalysiscfisstie graftangioghvitis, mlomesulonephrtis,
glucocorticoid-indr%c%d %S{Eﬁﬂ%%?%ﬁ ﬁp%verﬁ'i gig?ﬁ%e, Guillain-Barre syndrome,
15Hashimoto's %Ryr%laﬂls, IVin echon, Huntington's disease, hypercalcemia, 1BD,

epatitis,
immune impairment, if&rsktial cystitis, bone fracture, bonel ¢ancers, lupus
izin§ osteqgeyesis, metastatis,

erythematosus,@ﬂal%iﬁ tachromiqierkodystrophy, ¥

multiple sclerosis, multiple myeloma, muscular dystrophy, myasthenia gravis,
neurodegenerative disorders, negropathic pain, (particularly chroni¢ruropathic 20pain; but
also diabetic neuropathy, post-therapeutic neyralgig, trigeminal neuralgia, painful diabetic

polyneuropathy, post-stroke pain, post-amputatign paip, myelopathic or radiculopathic pain,
atypical facial pain and causalgia-ﬁm%agya/kﬁgd&r))omes), Ban rejé%:c))n in transplants, osteoarthritis,

osteogenesis imperfecta, osteoporosis, Pageéa disgase, pancreatitis, Parkinson's disease,

pemphigus vulgaris, periodontitis, plague rupture, 25PR&umocystis carinii, pneumonitis,
psoriasis, restenpsis xheumataidarbrHs cseletrILMad Sy Herpislspumentiematosus, trauma
(braip, spinal cqug) tumor,cell inyasion, vialnfestions, (oih loss, and preferably, but pot
exclusively, in the following types o cer: breast cancer, Intestinal cancer, ovarian cancer,
cervical cancer fsRihasgifese ram Rimv M RERSPCERresaTRo TRURRTHIALBL dhelvE-éell), lung

cancer, lymph compound of the formula Va or IVb



30node cancer, pancreatic cancer, prostrate cancer and sarcomas. Since many compounds of
this invention are particularly inhibitors of the cysteine cathepsins B, K and 5, it is possible with
preference to treat disorders in which said 52 c3hepsins contribute to the pathology or/and
symptoms. This relates particularly to: pain, especially neuropathic pain, osteoarthritis,
osteoporosis and various cancer types. This likewise relates to various (auto)immune
disorders, particularly of the rheumatoid type, which have likewise already been listed above,
and disorders characterized byr@exgessive elastolysis, particularly & GORD type, and
related disorderg isted~abové, and alsg,cardiqyasculaydisgrders characterizen byyyascular
changes, such 5 eroé‘{s. The inveﬂ%i%fe medi )ents ca be;%éﬁﬁ?geréd P
extravascularly, for example 10itrafugcularly, subcutaneously, intraéﬁuIaﬁypi(@traarticularly,
intrasynovially, perorally, orally (buccally, perlingually, sublingually), rectally, vaginally,
(trans)dermally 2pdligmiayimisaldtive s)ropnasiliyf ranamvasdutady| \br aflernpieerting
intravenously, ifeasisrialiie Qe ARV eacRicast-as AR dniecton OfRfUpIoN.:
Preferen% is 9%%&-%0 the oral adénlphs]tr?tion Jor\rp. 1 Th(i}i?nvenfk(:n als% relates tQ a process
for producing a MediCamant WHiIcH cornprisasblinging a Csfigound Fhe Aifndfk* and la
into esuitable dfiasrdiierdorausiiebiphiinmaseutically suitable and physiologically

compatible carrier and-eptignally furgher suitable active i leqts, agqlitives or auxiliaries. 20
Suitable solid or pharfnacguigatfrmugation féains are, forfegarfipte Xgraipies, g¥fiders, coated

tablets, tablets, (micro)¢apsules, suppositories, syrups, juices, suspensions, emulsions, drops
or injectable soWitloAsCamgHISEbifeptaratidasy/ witheps difladiédad ifesrmgrediient defemsdin whose
production custgmannpbxiinsiosSuathas cariers %%ﬂiséat@gfs%’z&%ﬁhm%@ coatings, swelling
agents, glidants or lubricants, fl$vsprings, sweeteners and solubilizers are used. Frequently
used auxiliaries include magw(garbonate, titanium dioxide, lactose, mannitol and other
sugars, talc, milk protein, gélatinefStarch, cellulo8&’and derivatives thereof, animal and
vegetable oils such as fish @i, surflower oil, groundnut oil or sesame oil, polyethylene glycol
and solvents 30such as sterile water and mono- or polyhydric alcohols such as glycerol.
MoréBver, it is &s@ivgossisieopasticliiaefoimtie vrodubtiorrot sempiegsfens;stdtnge compounds
with quite particidanaprcicadyestablished surfags-RIoRRItRS tThese Inckdsmfprxample,

dry and wet grind'é ization, S roduction of 53g1anocr%stals and similar
pfovement in

, micro ray drying,
processes, in whi Rhg&%nodﬁﬁg ﬁ?édsﬂ'?‘%gé{%%‘bee%ﬁgoé%%@dﬁ Beloipis'a
solubilitie®) or espedinty: dwspiutichokihetiospwhivhHachibleshfoe éxdple Ximpresedasptake of

the particular coppidnd tHQ.the,organisme phgRharmaceutical preparations are preferably
produced and administered ig dosage units, each unit containing g particular dose of the

inventive comp the foimulae | and la as an getive canstituent. In the case of solid
dosage units s bldtsicapsuled, @dated tabl &ippasitories, thid Bdse may be up to
abou} 500_0 mgwtl),ﬁt ap(r:g{fnegggr% g?@eafg%% g%o 1000 mg, and, in the case of injection
solutions in ampule
o Ry‘; 0 R2 g3
[ o
- (Villa) Br—X N Villp
GO SCohadl
PG ~pg

to give a compound of the formula Vilia or Villb and reacting the resuliing
coempeound of the formula Vilia or Villb, after converting the ester to the
26 corresponding carboxylic acid, with Z to give the compound of the formulae | and

fa, or



10 form, up to about 500 mg, but preferably from about 20 to 200 mg. For the treatment of an
adult patient of about 70 kg in weight, according to the activity of the compound of the
formulae | and la, daily doses of from about 2 mM§ to 5000 mg of active ingredient, preferably
from about 10 mg to 1000 mg, are indicated. Under some circumstances, however, higher or
lower daily doses may also be appropriate. 15The daily dose can be administered either by a
single dose in the form of a single dosage unit or else a plurality of smaller dosage units, or
else by nfllltiplecdtinpizrationuwidiiibe dodosksidt particular intervals. Inhibitors of the
aforementioned type can be administeeedreyen as a monotherapy or in 20combination or
together with other medicamentsrEn &@m are generally determined by mass
spectrometry methods (FAB-, ESI-M$),and/1H NMR (%’@nerally, unless stated otherwise, 500
MHz in DMSO0-06); in each case, the main peak or the two main peaks are specified.
Temperatures df&"staRAN Z5dgree s GoiliscABb PRI IS Birefeither éXpRlEet or
correspond to thegusiamary.camRMians. Starting materials or synthesis intermediates are
either obtainable commercially or are pre;ggre§3as cited or described.
301-Oxa-8-azaspiro[4.5]decane, 2-0xa;8-azaspiraj4.51decane, 2-oxa-7- azaspiro[4.5jdecane,
1-oxa-7-azaspiro[4.5]decane, 2-oxa-7-azdspirof3.5jnonané and also analogous or
alkyl-substituted or -disubstituted derivati¥éds are prepared as described in W001/87838 54
1,4-Diaxa-8-azaspito4. Slolecang k-oxand, Badixzaspicofdibydecanepbiicioxacd-
azaspiro[5.5]un&q%ﬁgﬁoQf@é@éSaQéWrQ{%g]wgﬁ%agg or similar and substituted
derivatives are prepared as’in EP 0621267. The known method can likewise also be employed
successfully by heating the keto precursorR(f r’éia@ple the protected 5piperidone) with diols
and a catalytic amount of p-toluenesulfonicfa%%\ﬁﬁ a waterxseparator,
3-Azaspiro[5,5]undecane is also obtainabl&, for @xample, from 3-

azaspirolS. S1undRGANe:ZARIoNR: L SBIE APOIRSI0L SBIIAN A BpHEI: SRk Gpmpounds.
The reduction can be effected with LIAIH4. 102-Methyl-2,8-diazaspiro[4.5)decan-1-one,

diffet8ntly 2-sub&iited BevathR gV aRAE IR aredLahg MiiTieRedrd ddéchbed in J. Med,
Chem. 4%{8), 2032+6in(200d)mucdrnbio btamé: frant thepprpalucts\dpsarbees lzgre )by further

reactions, for example: redielion, Likewisedrseghad o (RiRYRIGEHODAS RHRSHIRE

spiro-hydantoins and lactams with inverse amide formation (i.e. _
2,8-diazaspiro[4 &0 R L U I TEIBFAREU LSS IR BRIE iIREs AR BHferent spirocyclic
indanes indenesnietialomne s atidstetralinsratey canimeicialyvatradadbiéc The@ippanaticaiof
6-azaspiro[2,5]getane and MAK ILIRET SPUR COTRBHAYSSdeS GHRE L BHbIRG{eID-
France 10, 2572-81 (1964), , _ _
of chiral enantiomerically pure compounds such as amino acids, separating the
diasiersomers thus abiained, and eliminaling the chiral awdiiary groups, or
) either isolating the compound of the formuize | and la prepared by processes a),
b}, c) or d} in free form or releasing it from physiologically incompatible salis or,
20 in the case of the prasence or acidic or basic groups, convetrting it to
physiologically acceptabls salts, or
a} converting the compound of the formulae | and la prepared by processes a}, b},
c) or d), or a suitable precursor of the formulae | and la which, owing to its
chemical structure, is capabie of forming an N-oxide o an N-oxide or, in the case
25 of the presence of an N-oxide, converiing it to the free amine or the sail of an

amine,



20 Abbreviations used: bis(2-methoxyethyl)am nosulfur trifluorideBAST tert-butyltBu 2,21-bis(d
p_henylphosphino)-l,11-binaphthyIBinap 25bis(o%<o-3-oxazolidinyl)phosphoryl chlorideBOP-CI
dibenzylideneacetonedba dichloromethaneDCKi dicyclohexylcarbodiirnideDCC
diet_hylphosphoryl cyanideDEPC 30diisopropylethylamineDIPEA
4-dm_ethylaminopyridineDMAP N,N-dimethylformamideDMF dimethyl sulfoxideDMS0 55
1,1'-bis(diphenylphosphino)ferroceneDPPF 1-(3-dimethylaminopropy1)-3-ethylcarbodiim de
hydrochl“o“?i@jéEw@@é@amméH@éw?@ﬁ%@&%ﬁé@é@ﬁ%@-W@aﬁa%eﬁigﬁf%?zﬁ-ii%ﬁm@ﬂ?%- |
tetrametiyduseaianhexatusrephiesphatpnéisiandedeydtexybentsetiazoleOAdighium
d'ISOprOpﬁggs%l%.eLgr%h]éosﬂ%tgﬁgs%lmggﬁthe nossible syntheses are described through these
three components; howaver, this is not intended to constifute any restriction on the
5 further means of synthasis.

For example, component A may be a spiro-amine.

A

For example, compaonent B may be an amino acid derivative:

o

c and
10 for exampie, component G may be an aming nitrile:
N

It is a preferred route to prepare, from these three starting materiais by selection of
suitable derivatives of these components, for example protected or modified precursors
or precursors with defined stereochemis‘iry, the inventive compounds through suitable

15 coupfing reactions, possibly after activation with reactive reagents such as known
peptide coupling reagents or reagents which lead to activated urea precursors.
Methods of peptide coupling are described, for instance, in Bodanszky (M. Bodanszky,
Principles of Peptide Synthesis, 2nd ed, Springer, Berlin, 1993). Protecting groups,
their introduction, detachment and stability are described, for example, in Greene

20 (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. Sartort; R. Maggi, Acyclic and cyclic ureas. Science of Synthesis (2005), 18,
B65-758.
It is possible for many different suitable activation and coupling reagents which are

25  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 eise
chioroformic esters for carboxylic acid activation, and of phosgene, carbonyldiimidazole

or else chioroformic esters for the preparation of activated urea precursors, and of



methylmagnesium chloride solutionMeMgCI sol. methyl tert-butyl etherMTBE
N-bromosuccinimideNBS N-chlorosuccinimideNOS 15N-iodosuccinimideNIS
N-ethylmorpholineNEM room temperature from?20C to 25CRI broad singletsb
tetrahydrofuranTHF 20trifluoroacetic acidTFA 0-((ethoxycarbonyl)cyanomethyleneamino)-
N,N,N',N'-tetramethyluronium tetrafluoroborateTOTU Examples = The examples which follow
were prepared analogously to the general or specific 25 methods specified above. Example 1:
Methyl (S)Rbeniytaxycdryonyieamiing<d vl Gre caeberajipropieciate - asiip@Me=6175 g, 622
mmol) w igsgived in THF (1750 ml) and admixed with 2 ml of DMF. 86.9 g (684 mmol) of
oxalyl chloride were dissolved in 200 ml of THF (slightly 30exothermic), cooled back to room
temperatliré SR AP SHAEd YrOBHRA'EITR & LRGP &7 e GRfiR o AEETovE NS h). Atter a
further hourmgoRahi et solutiormavasniitiatlyl sgsrhatavittenitrogerddryl@upimegceacentrated on
a rotary exaporatorRidumaximum 0626 Ifrnd servararatadspgatedyuithdgliane. The

resulting dirty white solid was dried to constant weight under in-house vacuum (about 1.5

mbar) antf PESEHFGHAR ISt R TURIRISS LN i8R 19818T D88 P riGahIIRYS SBExample 2:
Methyl (S)2ebenzyicky carbpmdatinbich exopiintapesitct Gogpe rits Hihbaiidenrte@O the 425 mmol,
1.2 equiva@@tﬁa&af@aadf@,sf&mé%g e ek p-aeckilast(uith-dronaing &ge&&l:;' temal\

thermometer, argon inlet, rubber septa, in a cooling bath) and admixed with 250 ml of THF.
separate HELKTAHhRIAY DHAPGRI & REEARHIDHANRRBIAIRHE? 784489 MiRtbiE 2.4 eq.) and

admied with 10 470 ml of VHF under argon. On completion of dissolution and recooling to RT,
this solutigpuas.trapsismed odtbe-serpeRsian ahihe copRerhramide, ] s reulting colorless
to slightly. %reenlsh solution was cooled to -60C, and methylmagnesium chloride (141 ml of a
3.0M sol'f) oif iqu'THF, 423 mmol) was added within 15 min. A thick yellowish precipitate
formed and the temperature rose to RT. After cooling again 15to -6(?C, the solution from

example 1 (prepared from 1069 of methyl (S)-2- 5 /C
; § o
| /(;o — O\\&N)\fo > <\ X NJ\N i
O O & O
‘\

The component B ~ amino acid derivative — used is a suitable ester, for example 3

15 methyl ester, but many other ester protecting groups are aiso pessible.
This derivative is activated on the nitrogen to give a urea precursor, for exampie by
reaction with friphosgene, diphosgene or phosgene itself to give an isocyanate, so that
a urea is formed by subsequent reaction with the spirc-amine A. However, many other
types of activation are also possible; for example, reaction with carbonyldiimidazole

20 affords the activated imidazolide, reaction with 4-nitrophenyi chloroformate affords the
corresponding carbamate, and reaction with various similar activating carbonate
reagents such as bis-succinimidyl carbonate or bis{4-nifrophenyl) carbonate affords
corresponding derivatives. The analogous sulfur-containing derivatives {thiourea
analogs) can be obtained correspondingly by the use of thiophosgene.

25  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,



benzyloxycarbonylamino-3-chlorocarbonylpropionate, 353 mmol, and 360 ml of THF) was
added over about 30 min and the temperature was kept below -25C. After the addition had
ended, the mixture was stirred for another 1 h, 4Ad solid ammonium chloride (30 g) was added
at -15C. After a further 2 h, the mixture was filtered, the 20 filtrate was diluted with 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 phase was removed and washed repeatedly, and
the aque s gsivasasigreixeestasay Witihéthylagetatéy e bpwiliaid trganidnphases were

cried ovefoPaiEMRIEI SANGONBNED 01 RRia RYRRAIAGLHAer reduced pressure and 25
chromato&ggﬂued on ﬁé(% of S|I|c%é;el with 1:3 to 1.1 ethyl acetate/heptane. After the products

had been’comBHEG HRdTURET HRBE Riamds ' rede T feetdaspidumly yislds 5r A RhRite solid were
obtained PHENMRSEB00 M Hpr CBEIS) 7 alidiin b H)NE RS GradiiyeEb8ss) 2biekbsls, H): 3.75

("s", 3H). Bodead #3M0, 2ER ZrinSa 3N RORQMALE S MetVine nitrogen and on the
(S)-2-ben%mﬁarbon Iam|n0-4-oxoh(§ftanoate The preparation was effected analogously to

example RETHENERLE HAPRIFPSBYI SFTERIG AT RMIBNER Poaliaw BrRitAYI®er) was now
used andsdyéhirunasogréspicdpireficatiomwiies isispemsted with. Instead, the resulting dark crude
product was taken up 57 in 1:1 DCM/heptane and filtered through Celite, After treatment with
activated carbon and filtration, the desired product was| obtained in 93% yield. 1H NMR (300
MHz, CDCI3): 7.4 (m, 5H); 5.78 (m, 1H); 5.17 (s, gH);/Al\ﬁ (s, 1H)7 ("s", 3H); 8.3-2,9 (2dd, 2H):
2.4 (m, 2H); 1.6<(§;2§5 ing);.0.9 (v, 3H)'5 Example 4: Methyly, 0
(S)-2-benzyloxy laming-4,4-difluokapentaoate BAST (Deoxdfluar, 60 g, 273Mmmol, 2.95
eq.) was initially charged in a Titer flask made of inert plastic and admixed withthe ketone
from example 2, dissolved/suspended in 40 ml of dichloromethane. After a reaction time of 1
day and Mdgtia edter i 2ibameactiecasedtbmivRits nanes eoh BT weere cfdded and the

mixtuse wagcaiHed futheiopldRE. Aftss sluthernd mbngicieromethane was.added and the
resulting solutjon W?S rapidly added dro_ wise to an ice-cold saturated sodium
gécﬁhﬁ

hydrogencalbER%e'oRiABH GHITE & Y tHE TR 5P ARG P BRIb BEsePlsd bryalieHRase was
removed £iitessgaeo s piesdioaiwdractod sepeatediyivithidStidichtonpniethanhanghthe
combined@pianicpRRseHWerRVashed yithwater .1 N4ICangd-saturaled.in HaCl solution,
dried over sodium so[lvtrlte and concentrated under reduced pressure. The brown oil was then
chromato%‘f HRag'Gh'd ﬁég'a%rla?’ﬁ'i‘%eptane/MTBE to 2:1).  Product fractions were
combined and concentrated by evaporation under reduced 20pressure, Yield: 22.3 g, 56%. 1H

NMR (308 drtz He B3 oA Bt d icrrn (M TR & fin atdh 4R Gmitdhidid 8ies™ 3H): 2.4
(m, 2H); 1,7F%(é<n, 3% _Example 5: Methyl ) ) ] _
(S)-2-ber Ay BRYLG A SRR G A A RAGRTSIREp R At S S The BRI AT G Aedthsided
analogouwsBeta@xample 4. 1H NMR (300 MHz, CDCI3): 7.4 (m, 5H); 5.46 (m, 1H); 5.17 (s, 2H);

4,6 (M, 16)3:60drsy, @4@)@&%&@@%&&&% 2HL Quentlanpingdi dud M @Hdud 9o aH) Al

further reactions in the series of the 4,4-difluoroheptanoic acid derivatives to give the inventive
end rodﬁﬁgﬁﬁngﬁﬁhm?c% ThereR U BRI Be Re R RESEHENED ARbic acid

derivativdgtther auxitiary reagents for increasing the coupling efficiency or suppressing

racemization.
Route 1b:

X — e — (Y ey

25 The same componenis as described under route 1a are used. In contrast to rouie 1a,

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



Example 6: Methyl (S)-2-amino-4,4-difluoropentanoate hydrobromide 58 10 g of the
compound from example 4 were admixed at RT with 35 ml of 33% HBr in glacial acetic acid
and stirred for 40 min. Subsequently, 400 ml. of*éold diethyl ether were added and the reaction
mixture was stored at 4C for 3 h. The precipitated product was filtered off with suction through
a glass frit, washed thoroughly with cold 5ether and freed of solvent residues under reduced
pressure. It can be used directly in the next reaction.Yield: 6.67 g (82%) 1H NMR: 8.5 (sb, 3H);
4.3 (t, 126, SHyave31h 7R, HIRMmRAMR BT sMistapine. Since it is, however,
(S)-4,4-diflvarendaisocyrratepenianoate; %Td@eea@mmﬁw @@;5@94@ @}6@&@ ©:.28.8 mmol)

was initi char and ssoi]}ved in, 4(2 glc$loromethme n ﬁ 117 moI,4.05
ey of oy FECERe Bouln 0 OEo T I BN S e e e T9B8 mof &
20% phosgeratisohutieadictoWigne (BSTSE niiimbisi@eq) dithiszge, %‘@éﬁﬁhtﬂ%’e’ﬁh@ﬁﬁixture

was stirrgehat Qi ipe %E@%@%%é@%@ reaction-Mixture Was exiractedwith £ald:half-molar
HO and 1 IC% Theég g}éﬁ%gse%] egl-i- Oggtracted with dichloromethane, and the combined

organic p 2588 Wise'W Atlirated NaCi solution, then dried over MgSO4
and f|Iteré@@fﬂiﬁiﬁﬂ’hrﬁ@@t@@sl@&ﬁi@@@rﬁémra@r@nwcmé@mtmugmwﬁédh@émmssure left

5.21 g of Hraweheil (Cox esprBgedds & \ield 9l-34Mehich was reacted further directly. 20
Example %S) -2-[(3- Azasplro[5 5]undecane-3-carbonyl)amino]-4,4-difluoropentanoic acid 252

mg (1.3 T the isocyanate from example 7 were dissolved at OC in 5 ml of THF and
admixed with 109 mg (3.25 mrnol, 2.5 eq.) of sedium hydrogenca(bonate and 25209 mg (1.37

mmol, 1.05 eq.) of 3C§zaﬁp1\ro[5 51undeca|a,e Hie-mixture was s overnight, precipitated
salts were removed and theDreactlon treated direct| gh 2.5ml of 1 M LIiOH

solution (2.5 mr'r(TO /ﬁﬁ The reactflo% vv%s onjiered by by H®BL SNWhen the mass peak
of the reactant had disappeared completely, thezéture was aC|d cautlously with dilute
HCland the product was isolated by 30extractiormrwith ethyl acetat drylng of the organic
phase over sodium |sulfate and concentration under reduced pressure. Yield: 440 mg

(quantitative). Th/(;ude product waé(sed directly in the amigle coupllng which follows. 59

Example 9: N-RS)-1-{1-cyanoecyclop pylcarbamoymjbr busy1]-3-
crude p om ex Iﬁ;;e 8,

azaspiro[5.5]undecéne; -carboxafr?‘nd
(S)-2-[(3- azasplro[é*l ndecand-3-carbah )amlno] 4.4-difluoropentanoic acid, was dissolved
in 6 ml of 2:1 THF/DMF and admixed wi

The starting material is a suitable N-terminally protected amino acid derivative B, Thisg

is first coupled with the aminonitrile C; in this reaction, the known methods of peplide
bond formation can again be used. Subsequently, the N-terminal protecting group is

15 sliminated and the elimination product is converted to the activated urea precursor as
described under 1a. Under some circumstances, it is of parlicular significancs here o
use the protecting groups whose defachment conditions are compaiibie with the
functionalities on the overall moiscule B-C. This activated derivative, for example the
isocyanate, is subsequently reacted with the spiro-amine to give the inventive

20 compound |,

Route 2h



5161.8 mg (1.365 mmol, 1.05 eq.) of 1-amino-1-cyclopropyinitrile hydrochloride and 176.9 mg
(2.3 mmol. 1 eq.) of 1-hydroxy-7-azabenzotriazole, cooled to OC and admixed with 250 mg (1.3
mmol, 1 eq.) of EDCI and with 0.496 ml (3.9 mrf®I, 3 eq.) of N-ethylmorpholine. Subsequently,
the mixture was stirred at OC to RT for 2 h, THE was distilled off under reduced pressure, ethyl
acetate was added and the mixture was 10extracted by shaking with highly dilute NCI; sat.
NaHCO3 solution and sat. NaCl solution. After concentration of the organic phase, a
preparative HPLC separation (Merck Hibar Purospher RP18, 250x25, |Standard-Gradient of
acetonitrile-water-TFA) was performed dirgctly. Product fractiongw@ombined and

6.

freeze-dried. Yi mg, 43% rjzi\151H NMR: ,AH); (s, 1H); 4.31 (m, 1H);
3.28 (about, 4H%.‘2H’); 7- H?‘nm?‘abﬁ"d"f“zozi; ;g\S_(ESI ): 397.1% Example 10:

8-azaspiro[4.51decane-8-carbonyl chloride 1.57 ml of phosgene (ZO%NX\O%/tion in toluene, 2.96
mmol) were initially charged in 5 ml 200f dichloroethane and cooled to <20C, then a mixture of

8-azaspirard-Ridasanad 4k0 pigs Ri8GERMaR-ABIER Y iABVBG biede ks AuhdBMel ikl €d.)
was addetd sI(gvv%Ilyé éger 30 min tQ\eI mlxélejrr%}\évrgf aII(?%N%g 0 come to RT: after 1 hhta@ rding to

LC-MS, afifie’s artlngsﬁ'é%éarﬁfgf{\?vasnsﬁﬁ presen DUTArSO t Ferg%%ﬁnp%%l!kg?@a%%%que tly, the

mixture waskaderi4ee2 N aqueous HCI, the aqueous phase was extracted with
25dichloromethane, and the organic phase was washed with saturated NaHCO3 solution and

dried over.spdium. sulfate; subsequently, the mixture was concentrated.by rotary evaporation
nder ot B R B 4 e A L Tl RS e thou
further puriiéatin. General method: see example 19. 30 Example 11: Benzyl

(S)-4-carboxymethy1-5-oxooxazolidine-3-carﬁi?oxylate The compounqg is commercially available
or can be prepamrmure méthagds by-efluxing _Z,-Abﬁpgraformaldehyde ona
water separator enzéne. 60 E 2°Benzyl 0 '

(S)-4-chlorocarbonylmethy1-5-oxooxazolidine-3-carboxylate The compound from example 11
was converted analogously to the manner descrilyed irrexample 1 to benzyl
(S)-4-chIorocarbonylmethxl_—_ifexeoxaz,\p@d@ te. The 5product thus obtained was
used without further purification in the subgeguént reaction. £%ample 13: Benzyl
(S)-5-ox0-4-(2-oxopropyl)oxazolidine-3-carboxylate CuBr/24.54 g, 168 mmol, 1.2 eq.) and

LiBr (29.18 g, 336 mmol, 2.4 eq.) were initially charged in a baked-out flask under argon, then
dissolved iRGttrthis Shidiony aigRs is widely described. A frequently used method proceéds

10 from an activation of the amines to give sulfony! chiorides by reaction with preferably
chiorosulfonic acid, and subsequent chiorination of the resulting sulfonic acid with, for
exampie, phosphorus pentachioride or phosphorus oxychioride, foliowad by the
reaction with the second amino component and a suilable base. Equally, it is also

possible to use S04 in the first stage of the synthesis.

15 Moreover, it is also possible o achieve the desired conversion with sulfony! chioride.
Preference is given o undertaking the reaction on the secondary spiro-amine unif,
followed by the reaction, for example, of the amino acid-amine, proteciad as the ester.
Subsequently, the ester is cleaved and reacted with the aminonitrite unit.
Alternatively, it is also possible te react the activated spiro unit with the amino acid-

20 amidonitrile, prepared from the N-terminally protacted amine acid by coupling with the

aminonitrile unit folliowed by the protecting group detachment.

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

schemse:



10and stirred at RT for 20 min. This gave a clear yellow-orange solution. The mixture was then
cooled to -78C, and MeMgCl solution (55.46 ml, 168 mmol, 1.2 eq.) was added dropwise
thereto. This led to a yellow suspension which fifas difficult to stir, so that a further 75 ml of
THF were added dropwise; the mixture was subsequently stirred at -60C for 15 min. The
carbonyl chloride from example 12 dissolved in about 150 ml of 15THF (41.67 g, 140 mmol)
was initially stirred at -60C and then slowly added dropwise. The reaction mixture thus formed
was stirred at this temperature for 1 h. The wqgrkup was effected by adding about 100 ml of
saturated NH4CI solution; the mixture was sfirred vigorously at (60€ for 10 min, then 200 ml of
heptane and 60 m| of wager were added and thg mixture Wa;,\sti' red ap,RT for a further 15 min.
The phases wefe 20separated, and theladiiequs phigseé was admixed with 50 ml of 1 M HCI
(green solution)‘and-extrécted twjce with abo#.100 ml .®~ aceta he combined organic
phases were washed with2 M H olution, saturated NaHCO3 and saturated NaCl solution,
dried over sodium sylfate and concentrated under reduced %ess re. Subsec})uen‘glé/,
purificatioh \WASERBER Y By HBHNS BT it 4 GEFAALH L AMRTALSGIEREY 182 ST B e ptane/ethy!
acetate);gpivdbetois iationsvertheembinedidnt: roethdfsbiveniliosivinessaitistadfuced
pressureyYieldh @46 ¢ithE%:&f hepnkds1NMR (250 ME 2R RMSMoUBY 735 (. 5H);
5.43;5.22(2 "bZH); 5.13 (d, 2H); 4.4édd, lHé; 3.26, 3.04* each 2 dd, 2H); 2.07,&5, 3.%).
30E>§am§l%siﬂ.%je?we(§)iﬁ@ SIS EIID DI SR A TS A SRRIEU S 2 g of the
compouritefrmminexérimpleil (56amiol pwére stidpenidedtifecumt of el eroivetsapeiand
admixed Withistirdpg Wit2 S gh{R:B M 282840 RIBASINEPE L dsimysidhe rabstiig was
stirred under argon. Intermediate LC-MBS %pectra shO\ged that 61 the conversion was not yet
complete?5t8t BUNY SRS 2ESPIVURESPIE [R&RTBK Rolution was added dropwise to a

cooled sodium hydrogencarbonate solution (vigorous gas evolution) and stirred further for

abot 303 e gasLvaliionl,anchthe atuaaus solivRwas thenextiasteshByshaking

twi ith DCM. Th h _ 5ad] d to pH ith dilute HCI soluti d
b DT SR Pase e s Bt e e

ihed and washed
with saturatetl!Ne@y Selatisetinddoiemsydivny wilfanendhdetnoepitratdidstsrevapsration under

reduced m&weofmwe%i%ﬂw?ﬁogemm@t@m@mmmgmﬁ&m @skwith RGMipethanol

(to 0-6% methanol), and prodyct fractions were combined apd freed of solvent residues under
Oreatucet BRI D 81dhEbrASSHTRAR Gb A BT P ST e e proven
(S)-2:Berrrydoiiydnbe nsiatasiho s difudioperstandimixiiceT hetoe miplinthérsndexample 14

(4.9 9. 16,37 mraohunas slisselyreindn mkefacetone anssaslre to-ffe.ianghiben 1 N sodium

hydroxide solution (32.74 ml, 32.74 mmr,ol, .
likewise entompassas mixiures of two or of maore than two stereoisomers of the

formulae ! and ia and likewise all possible mixing ratios of these stereoisomers in the
mixiures. In the case that the compounds of the formulae | and [a are present in the
20  form of E or Z isomers, or cis or transisomers, or as a "spiran”, the invention reiates in
each case both to the pure E and pure Z isomers, and {o the pure cis of pure
transisomers, and likewise, entirely analogously, to the corresponding spiroisamers,
and also E/Z or cisfirans mixtures in any ratio. The invention likewise encompasses all
tautomeric forms of the inventive compounds of the formulae | and la.
25
The compound of the formulae | and fa is, when it occurs as a mixture of diastersomers
or enantiomers or is obtained as mixtures thereof in the synthesis selected, separaied
info 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 salt



152 eq.) was added. For about 2.5 h, the reaction mixture was stirred at room temperature:
reaction monitoring by LC-MS indicated complete conversion. This was followed by addition of
20 ml of 1 N HCI, distilling-off of acetone underféduced pressure and adjustment of the
solution to pH 3 to 4. The mixture was extracted twice by shaking with ethyl acetate. The
organic phase was washed with saturated NaCl 20solution, dried over sodium sulfate and
concentrated by evaporation to dryness under reduced pressure. The crude product was
chromatdgrengitied bgiigcsitival getwiincdddOMhacihsergradiest(©i6ssedatiianol). Yield: 4.7 ¢
(quantitatiyedRpEREBIRLE: fSik 2deH-Bulexycathomidaminestd-diflyoropeatanei,acid The
compound from e am'EJI 15 (2.999, 10.44 mmol) was dissolved in 40 ml of methanol and 580
mg of 105 BEILRE 4R YRS TR A8 LI S F5 -3 ShIT 2 U ishingly

small Z edifisingtibsupraste ¢tecbdAtittheh306simy o hemtatpstavEreradiée dabohhgdtegenation
was effeciad s fifedhrer Bsdomsconversian,. fhe 30 BRABHRARNRIYaS added

again and h (Fro enation was effected overnight; only then was the conversion complete. The
ieture AL ERUE N RS TRE T aEag T HOHE AN BRSPS PHBIE2F A SR was
partly diskuisediiticdioxtseddter ¢enidnansksedition chthe raten(it0G g, 8cced}, 6.4 ml of 1
N NaOH soletiona 624 10:Adhmoboh S aRd £.6:9:0 dideriRutyLdicasoanate (1194 mmol,

1.14 eq.) were added. After about 2 h, the conversion was complete. The solution was
extractedP WY EHEP BIE 1N BRI PHIFs & RIS R dardfdt PSR4 RRHNP S &P AGTR 8tfs phase
was! dcidifiigr o ubithdie NG ivanid exitratie detwiselwbith ethpbaeetdésFdiecorganic phase

Swas waghrgl withRsalbiaedhRMNAC) Selubieapaec aveh sRdiHgtarifate. ilierectolf,fom the

desiccant and concentrated by evaporation under reduced pressure. Yield: 950 mg, 36% of
theory. NRIRPUCTS &2 B9 5 (07 H3° 4'3'9E59MG'S 3PS X985, 519 "P3s, 9H). 10
Example similgeit Butgifs s (heeyen coyutopropydtirb moyhes, B+diflacrabutydhcarzamate
1.359 (5.83smmelLhihe rEdidctiram@aonle ke 31 Me083 MuQlrd 3 &%t

1-aq1 no-1-cyclopropylnitrile h dr?chlorlde and 943 m (2.93 mmol, 1.3 eq.) of HOAt 15 were
dissbived 0T SRRENARGNA T8 B TSI tHARED Wofeth 6 T4 B AAYE with 1.33
9 (6.93 mawdl, 1= 3reyl)y et QO st BiE6 )-(an896-0;18 @1 anrolf B.6legrpesiNEM. The

mixture wagsaiirad-at Ui RESAUL L Bordim rgagtionmixieswagdhen dikted with 40 mi of
DCM and extracteéi{,é:a/ shaklng with 1%50 solution, saturated sodium hydrogencarbonate
0

solution &R0 EROPAIBH T LoRMIGRS FHE T SrEIARHRB VAR NP & ¥ dbium sulfate and
concentratettbize eaptrativialindera educe dpressureniVhes piso tu cowast shfficientipalean for

further re@&ﬁ@%-ﬂYéeJ91%@8@@i@%@i}ﬁﬁ@é’ctgéﬁéﬁl&%icaﬂy ure amino acids, or fo the

N-(1-cyanoc:éér%lo(glrﬁll yI)-(%?-Z-amino- ,4-dif|_uororpentanamide 25 To detach the Boao protecting
group, th&€omy T SR P BB  BE AR O IPRYSadnTRAId RS PHMPSS 1:1
TFA/DCMaammmrgﬁﬁtﬁﬁlf@m%@mMiSwbs?gtmramtwah@dfdatmm@cer}trated by
evaporatign.HRGREFREMCEL DIESS LR and bigcied {9 azaptranic Alstilation, Withertaking
dichloromethane and toluene, and solvent residues were removed under high vacuum. The
product v@a%%?é@%?ﬂ 3fsf[9ﬁéixaswreomers row present by crystaliization or chromatography on

25  suitable stationary phases, and then detaching the entrained chiral molecular moiety

again by means of suitabie methods.

Furthermore, the possibility arises for some of the inventive compounds o use
diastereomericaily or enantiomerically pure starting materiails {0 prepare the skeleton
30 siructures. This also sliows different or simplified processes for purifying the end
products o be used. These starting materials have been prepared beforehand in
enantiomerically or diastereomerically pure form by iiterature processes. To this end,

for example, it is also possible 10 use enzymatic processes. It is possible either to use



30trifluoroaceate. Yield: 340 mg. 63 Example 19: General preparation method: reaction of an
N-carbonyl chloride with C-terminally protected amino acid units 1 mmol of the free amino acid
which has been C-terminally protected or is present as the amide (for example the product
from example 18 after it has been released by 5basic treatment) was dissolved in 10 ml of THF
and cooled to OC. The acid chloride from example 10 (1 mmol dissolved in 5 ml of cold THF)
was then added slowly in two portions over 60 min. Subsequently, the mixture was stirred
further ovesaigknzThetireaictossatixthe waseebektdidOmiisfidichiomniethaneywashed with

water and,satbEaietbNaE GRS BhEigrgraher 08I Saie rpd Sarcaniratedby a rotary
10evaporation. The re uItjr:g oil%aeroduct was subseq#e tly in each case purified directly by

HPLC (REPE AchTRES WA 8RR Pratilic? Hakdd We%aﬁ@é‘%eqﬁﬁéa;ﬁﬁ%‘ée&i%ﬁds in this
process ofasteteformatisadyeresfeohsabout 1€itbiG0ypaffthetiyl)y Exampie@atBenzyl

(S)-5s0x QAR R Ry ioxazalidinerd-rarhonulale 2AnAIRIAMSIK g Srample 13,
benzyl (S)-5-0x0-4-(2-0x0-3-phenylpro ,gl%oxazolldlne- - carboxylate was grepared starting
from ben P& BHORCATBEPTETRY L S RSO SHaT L SRR A5, G608 & mimol
and 15 mketi29%thdnzytmagaedhsmottigriges soltitori{202rpumotsl & pgféasEHF. The

product wasieRiained Az AiyelavsRihndeldh 2t & 84(0- ofdhern: 20ExamRie&1: Benzyl
(S)-4-(2,2-difly o_ro-3-phenylprop%,l)-5-oxooxazol|d|ne-3-carboxylate Analogously to example 14,

benzyl (FJ2A32" 810 FES3- FHERYBPSDyI)-5-0x00xazolidine-3-carboxylate was prepared
startihg from benzyl (S)-5-0x0-4-(2-0x0-3- phenylpropyl)oxazolidine-3-carboxylate (5.00 g, 14.2

mmol) angBAS 2218 ¢ R ARQ0RMeLsH 88y . ATtRI LRI atagraRYOR sllicagel
(d|chlororqeth§ne/methanoi%, re ber%zyl ) _ ) ‘
(S)-4-(2, 2" hift6 18- PGS \‘%%yij|53-‘§?o>?6'8x£{&8]Fdﬁ?é?s%B%&ﬁ%ﬁ@%ﬁ%’%ﬁ%ﬂ%%fﬂ%e form of
a yellow dikvistd: HoRvey P 39eof 2lbedry BeBx@® flarPenantiomerically or diastereomerically
(S)-2-Benzylonyeaiporiaguno At ora-PheMIRGIAR QG RS IdfARalpgRushHEp example
15, g%)-z-b?nz I%x 9agbo,n£ammo-4,4-d|quor,o-5- hen I%en anoic acid was prepared starting
from Ben2§ L(§¥ -‘[yif-aﬁlﬁ PR Byt DY 1) 0 SR B ol S € E 2%, 3.20
mmol). Theoptiodiicbwadoed mbtametiin tepdforhenfreieliow eiltivhichowag ussed directly for the

subsequegtdeAcHons. ofieldy - 47 9rB38%&f theQle PEXABRIE RIMAINM synthesis.
(S)-2-benzyloxycarbonylaminO-4,4-difluoro-5-Phenylpentanoate
Acidic or basic products of the compound of the formuiae | and la may be present in |
20 - the form of their salts or in free form. Preferance is given fo pharmacologically
acceptable salts, for example alkali metal or alkaline earth metal salis or
hydrochiorides, hydrobromides, sulfates, hemisulfates, all possible phosphates and
salis of the amino acids, natural bases or carboxylic acids. The prasent invention also
inciudes all solvates of the compounds of the general formulae | and 1a, such as

25 stoichiometric or nonstoichiometric hydrates or alcohol adducts.

The preparation of physiologically compatibie salis from compounds of the formuiae |
and la capable of salt formation, including their sierecisomeric forms, is effected in a
manner known per se. The acidic compounds of the formulae | and la form stable alkali
30 metal, alkaline earth metal or oplionaliy substituted ammoenium salis with basic
reagents such as hydroxides, carbonates, hydrogencarbonaies, alkoxides and
ammonia, or organic basis, for example methytamine, dimethyiaming, ethylaming,

trimethyl or triethylamine, ethanolamine, diethanclamine or triethanolamine, fromatamol



Trimethyisilyl chloride (0.61 g, 5.61 mmol, 2 eq) was added dropwise to a solution of
(S)-2-benzyloxycarbonylamino-4,4-difluoro-5-Phenylpentanoic acid (1.02 g, 2.81 mmol) in 40
ml of methanol. After the addition had ended, tH& mixture was stirred at RT for 3 h. The solvent
was removed under reduced pressure and the residue was used crude 10in the reaction which
followed. Yield: 1.0 g, 94% of theory. Example 24: Methyl
(S)-2-amino-4,4-difluoro-5-phenylpentanoate In a three-neck flask, methyl
(S)-2-bernzyitryiarisemylarnigsd fo- difitioms B nyhilbpentarmete (1V0ag D65 mmol) was

dIssolvedoa?n%émés@mﬁéhanﬂma%ﬁ%rn@%w @3@&5?&% arﬂg' §1€§f&5§9%% %@89p9350 mg of
PdiC (1og%were added. After de‘?BaSSIQ%)QﬂBio ng with argon again, the ar

atmosph ﬁaascﬁ%ﬁﬁgétgﬁ‘ 55y T LR WE’%f‘ YRR ARG R RO |rred at RT
for 3 h. Owgrgpticincopplete eoﬁvmbmg&fﬁrmmﬁ@m lofcatabystweie adiled arid, the

MIxtuse WaseOmiFrogenalesshdrit ferafuithgs® %e%ﬁ&éﬁ%ﬁ%%ﬂf BQH‘A’ﬁééQﬂome reaction

mixture was filtered. The mixture Was washed with 20 ml of methanol'and the filtrate was

concentr&fet BQ%‘(}%?)%‘{P&H%?&% EW%@%@W@OW\EQ% PESRGENFALSItAIR_E which, as
well as thecidegifedprogbglsulstcaritaihbgddsoxatérsastolfntscafdi efmnanoatad usritiateddand

d'deﬂu0r@)@é&d&r@%ﬁg%@a&e%\em[waa@umwﬁ@wwﬁﬁnégaéﬂa%@a%nJ%r;.%a‘&"ther
reaction. Yield: 530 m8%82%0 theory, Example 2

(S)-4,4-dfftiBro?29s 68 aR4H '@%ﬁé‘fﬁ%‘éﬁ?&r‘%‘é@@m’&@l"%@ﬁd rhgtigIc acid, sorbic
(S)-2Cammusdgichiftirozoid-ghemylpe mangaten{dOBarigs ikt ruicl) B0wasadisikobudl in 20 ml of

dichloromefhane, AtRTdriclings(820Mmeyd.e0) wasiadded dropwises and theresuliing

solution \z %erred for 15 minutes. The mixture was then cooled to 0C and admixed with 20%

phosgen HEHTT HBILEAT B8 DBRNCA AR YR it TR R BRI RS IRYSKER T for 90
minutes angktheroihensohedibwas, 65rabmbveenndirreducedipeessure. The mixture was
codistilled with 10 ml of toluene twice more, The crude product thus obtained was used for the
reac ns which followed without further purification. Yield: 425 mg, 96% of theory 5 Example

Viethy1Y8558- 4285001955 it L RE R HSS A Rl 6 R 2 26 BB B B sFSERESnoate
Methyl (SEdh4-difteiors- 230 ¢y dmatohs-pherylpeditenodte @28 mgpb 58ammal)imeesétdissolved

in 25 ml of dichieromethang: SsAzaspipldaldesane 4840:Mey +28mM i suitable

bases (such as ammonia solution, sodium hydroxide solution}. It some special cases,
treatment with oxiranes can also bring about a release; for example, hydrochlorides can

20 be released by reatment with methyloxirane, particularly in the case of amino acid
derivatives. Compounds of the formutae | and la which are present in the form of their
base salt form can be converted fo the free acid form by treatment with suitable acids
(citric acid, hydrochloric acid or sulfuric acid). '

25 Nitrogen compounds of the formulae | and la may also be present in the form of their
N-oxides. These can be prepared by varlous processes which are known {o those
skilled in the art. For example, a nonoxidized form of a compound of the formulae | and
ta can be oxidized to the corresponding N-oxides by treatment with a suitable oxidizing
agent (triffluoroperacetic acid, permaleic acid, perbenzoic acid, peracetic acid, meta-

30 chloroperbenzoic acid) in suitable inert organic solvents. Alternatively, the N-oxides of '
the compounds of the formuiae ! and la can also be preparad by using starting

materials or intermadiates in the form of their N-oxides or preparing them as such.



101 eq.) and DIPEA (269 pl, 204 mg, 1.58 mmol, 1 eq.) were added to this solution which was
stirred at RT overnight. The solvent was removed under reduced pressure and the residue was
purified by preparative HPLC (gradient: acetoniéflletwater and addition of 0.05% TFA). The
product-containing fractions were combined and freed from the solvent under reduced
pressure. 15Yield: 245 mg, 38% of theory. Example 27:
(S)-2-[(8-Azaspiro[4.51decane-8-carbonyhamino]-4,4- difluoro-5- phenylpentanoic acid Methyl
(S)-2-[(8-&nagpivefs 51 ttecanme:Bzed oahi Jamiiohddsdifisar b 20phenyipentancate (240 mg,
0:59 mmalhanHesAKRinR ke Rl a1k Atk 2ndna Bl ashanclih agliting of 12

mg of LiOH (1.76 mmol, 3 eq.) in 5 ml of water was added and the mixture was stirred at RT
for 3 h. AFISEHISS3EGHT LBl draFeakiRlishIRsRPINER XETRFR A BIEE9BY adding a 2
M HCI sohitisphdrne oinganidesolventivids sedibeciia)identetieGed pregsiceanetae remaining
aque@us phase was 25extracted with ethyl acetate. Subsequently, the organic phase was
washed another three times with water and once with saturated Nadi solution, dried over
M9SO4 artFRMIHoh bR LBl R MelGR SRS R T PRA FokRRE AR BbRSIRE in the
form of a yelpwisolickwhichwasitsed jo:hdireaction avidichctolioxwedrwithoutftikkhese be
purificatio §Q1Y'ﬁ|q\el%?nm’ti%réxﬁﬁgﬁg%ybgt)émlem%ch are fikewise included within the
N-RS)-1-(1-Cyanocyclopropylcarbarnoyl)- 3 3-difluoro-4-phenylbutyl]-8-
azaspiro[ABRFHhE HESHBIRERIRE 66 DIPEA (331 pl, 252 mg, 1.95 mmol, 4 eq.), HATU
(185ithg, Dhé9nvemiiin lilegvisarad daprsacyelopitpaitecarhopiiriehytitechioniged 58 midz 0.49
mmol, 1 & CW%\%@%MQP%W%%%&% %&Q&ﬁ ffégﬁr\ot be used darec:tiy in active

(S)-2-[(8-azaspiro[4.5]decane-8-carbonyhamino]-4.4- difluoro-5-phen pentan0|c acid obtained
as a crudBFTOHTEH PR HG P AS: m%dﬂr.ﬁxgwﬁn%? (IRAE 2P ERRHGIF Rkt e WS &irred at
RI overnidiie amrdathtonexticajyveaiicentrated ukder stduse diqapressuraeTdie fresidue thus

optained WagRBURARLNISRRIALNE Rifhin@iadiont aesionilislaleLAnd AdAUlgn of 0.05%

TFA). The title compound was obtained in the form of a colorless crystalline material. Yield: 34
mg, 15% P iHabIS 2t madieeiens oo prmaosads p5ile e ieed Ard Baionesamhiel ).
3.30-3.15pfmir644), 1R B:{ad, fbi)s 2rRPofneyr bH)sibiGSeh! G&c(mnbtabema’mbh) S (EBbHy. 459.2

Example 28; fed-Butyl.3-exrlonpianild2udinzaspiiols.a 86%%@% Hephanglaie ferzButyl
3,9-diazaspiro[5.51undecane-3-carboxylate (250 mg, 0 mmo# were 15dissolved in 10 ml of

absolute MENARUE 3 BEIR¥REHSELRAF LTRSS MOWHRN RSP IRIEHaS R ef5iRand under high
vacuum) wengaddedtdithisrsalutidrrdidenatgon plactalvadeticatid ¢Bondomidd Ofene),

[(1- ezboxxsxﬁmgéq%qéydm%ﬂw@afaépcéﬁdm&né %ﬁﬂa)o%%ﬂa&, | Gl R LM NANBHS

solution in THF (4.4 mmol, ) were then added successively. After stlrrlng at RT for 20
minutes, e fﬁﬁi??é Wé@ﬂ@é@%ﬂéﬁ@%@“ SRShehP R AR TORPEFAESFYAHY $HE0PIS h. The
reaction mixtundanasditterdicgnd dhefitrateamasrcncentrated urtebreducedopressure. The

residue wag glienin i Ahigrametiane. gvashshaucaessivelvWii.AM NaOiofyion and

NaCl solution, and dried over IVI SO4. After the so ad been removed under reduced
pressure, WE%HW%@S%@)@H‘@H @sﬁﬁ’%%%‘r‘iﬁ‘é%"bﬂhe art and widely described in the

25 literature.

The invention also relates to medicaments characierized by an active content of at
least one compound of the formulae | and ta and/or of a physiologically compatible salt
of the compound of the formulae | and ia and/or a stereoisomeric or non-

30 stersoisomeric form of the compound of the formulae | and ia, together with a
pharmaceutically suitable and physiologically compatible carrier, additive and/or other

active ngredients and auxiliaries.



25Yield: 318 mg (quant) Example 30: 3-Cyclopropy1-3,9-diazaspiro[5.5]undecane The
tert-butyl 9-cyclopropyl1-3,9-diazaspiro[5.51undecane-3-carboxylate obtained as a crude
product (318 mg, 0.98 mmol) was dissolved in $'ml of dichloromethane and 30admixed with 1
ml of a 4 M HCI solution in dioxane (4 mmol, 4 eq.) with ice bath cooling. The mixture was
stirred at RI for about 16 h. The solvent was evaporated under reduced pressure. The residue
was taken up in 20 ml of water and lyophilized. Thus,

3-cyclopopyi 8;kdinkasphaib@iahpecarizhytrocihkotide wagobtdined asitabB7weriide product

in the formﬁhﬁﬁﬁoﬁgﬁxéﬁﬂ?%ﬁ@%zéﬂﬁ%'ﬂlé’z‘%?*E'JM‘:@%@kﬁé@e@ﬂ%@r&?é&k@ﬁ@ﬂ@%“ons
Yield: ZSZ%t\ﬁhi%ntltatlve The piperidine derlvatlve thus obtained was converted to the

end prodl 5 & BIRBEPIR IRHHEIBAS I eI eSS &R Bles.
Example!8ith fersButyIrsabueyt 3/9: dinerpieofs Hlume QatbedasaibuikitatcterbBusgd in

3,9- dé)azmla%&%%@-g&%m9 é’ie%f@@&\%%&%%éﬂ@n a@%&’é@%&%@%@@sﬁ’ﬂé’@é&@ 10 ml of
absolute dichloromethane and admixed with butyraldehyde (52 pl, 101 e?%ﬁ )..With ice bath

cooling, F7PPSSIRCHT AceftLBd BS 65 5 A i Gt %B%‘H fe (137 mg, 1.1
eq.) wereatteniLihgisnikitnee eatestie@pRS fortbibliBwiagbosirneomplateaeaction,

butyraldehyde-£o2sPlit ﬁgﬁerg@ac'ﬁibﬂﬁﬁgfb@g'gw%apbrpo%%%} ghchsQdidMtIPD (chronic
trlacetoxyboro%drlde (137 m were again added. After stlrrlnggat RT for a further 4 h,

BN ik A e i e A N LR v
solutibn. Thenwsghstiesshdbdetes (drdduwwey MyB@ikd ireeenfratystasolvent under reduced

pressure cThe, pipekiEinas ARiRibedas %@%'%a%s&@ﬁr@&ém@mw&@@mple 32:
3-Butyl-3,9- dlazas undecane The tert-bu

9-butyl- 3‘?‘&‘?&%@5 r%‘f[geéjlﬂna585‘#?6%“%%%%%%’&%%‘8%@%ﬂ?&@%&%a‘?ﬁ&eﬁf@@ mg, 0.59
mmol) wagsgissolyedimanslaftdichio femetheafie. aibxdimixeonsitiodmtief a 4 M HO;
solution I%@e@m@o@ﬁkaaéagloét&%w% igsabatheeqoling cThe miduedasstiged at RT for

The solv% removed under reduced 25pressure. The résidue was taken up in

abo S
20 r# of WETEIBHA }Srr?i'ﬁ%égd Reiss Y ifeston AbnRIe SiRease e Hyalthidride was
obtained ‘&S aiwrodes pradhirct snithetdéortfiad Ees titdoblerss mbrphbusenraeriahwdricHuyes clean

enough feriHERGIIGACHANSH IRliaL iR MEAHBRILAEKGRy, m&Q&ﬁﬁﬂ%ddQ%Gb’éﬁ\é%w’e thus

obtained Was converted to the end products, which are Olisted in taple 1a and 1 b, as in the
above-ddi& ?&éﬁ%)@%& soiemsm muitlpie rmysloma, muscular dystrophy, myasthenia |

gravis, neurodegenerative disorders, neuropathic pain, (particularly chronic neuropathic

20 pain; but also diabetic neuropathy, post-therapeutic neuralgia, trigeminal nauraigia,
painful diabetic polyneuropathy, post-stroke pain, post-amputation pain, myeiopathic or
radiculopathic pain, atypical facial pain and causalgia-like syndromes), organ rejection
in transplants, ostecarthrilis, osteogenesis imperiecta, osteoporosis, Paget's disease,
pancreatitis, Parkinson's disease, pemphigus vulgaris, periodontitis, plague rupture,

25  Pneumocystis carinil, pneumoenitis, psoriasis, restenosis, rheumatoid arthritis,
scleroderma, systemic lupus erythematosus, trauma (brain, spinal cord), tumor cell
invasion, viral infections, tooth loss, and preferably, but not exclusively, in the following
types of cancer: breast cancer, intestinal cancer, ovatian cancer, cervical cancet, skin
cancer, brain tumor, Kaposi's sarcoma, leukemia {B- and T-cell), lung cancer, lymph

30 node cancer, pancreatic cancer, prostrale cancer and sarcomas.

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

cathepsins B, K and 3, if is possible with preferaence to treat disorders in which said



Example 33 4-Dioxaspiro[4.5jdecane-8-carboxylic acid 68 3.0 g (14 mmol) of the ethyl ester
precursor, ethyl 1,4-dioxaspiro[4.5]decane-8- carboxylate, were dissolved in 5 ml of methanol
and admixed at RT slowly with 28 ml (2 eq.) of 32M LiOH solution. The mixture was stirred
overnight; HPLC-MS indicated complete reaction. Methanol was 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 the ethyl acetate phase was
dried overasutlicine salftiie.tinid thewabatmytrated syrepipasaliibi wikes redictéat'piessure.

Egdl ?i%éigz %@EIW%{)Q&%B@W|g§éﬁ%§ﬁfg@;ﬂ%§teo€0msi§ aSRd vafrious cag)cir typesl_.l (216
-1-(1-cyanocyclopropylcarbamoyl)-3-me utyllcarbamate 5 g of Boc-(S)-Leu- .
R R el R e L R
of HOBt (281 whivtohaySkew)seericsdspendddtin 80avt cirdiclitordenetihane @nideddmixed at 0C
SUCCESSIUeRE VR Ri4:OEE Qe Bty BMAL &80k N 1 1o OHMEM (Bistgl #6-¢4nmol,

2.6 eq.). The mixture 15was stirred at OC to RT overnight, extracted by shaking under acidic (1
M HCI slHSH° 839'&3’@%%%8&%%%@??@8’1%&&)%‘@ﬁ%ﬂ%ﬁ’t@%ﬁéﬁéﬁ | solution)

conditionstr@nbderdiaver 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. 201H NMR: 8.82 (s, 11%2;'6.92 (d, 1H); 3.86 (m, 1H); 1.55 (m, 1H); 1.47
(m, 2H); 1756 YT TS THEYE 5 86 fH0 BRIF MSHERT>2087Y "R &P 3s:
N-[(B)-1-{lreyascuiztp propyicamdyarsipyhjr8omethyl butgfricdiarty, intrasynovially, perorally,
dioxaspirg{4pldecang - S aR0xamide kel e Pradusl f(%gtl)n%?ﬂ?m@é% ShelteHmbutyl

ar

[(S)-1-(1-cyanocyclopropylcarbamoyl)-3- methylbutyl|carbamate, (1,1 g, 3.72 mmol) was
acimixed S0 I A A o AR RS R S8 Rl Stibsequantly,
the mixturdrazstaihcentniitediyabydp eratioresmde arediscddpre ssuseartd tikencapsagain in
dichloromgifianeyand: Lo kieRRiaRd0lugAt and TFA residues were removed under 30reduced
pre%sure. The resulting N-terminally protected product was reacted further directly. 283 mg
a5 rfhmol) thereof were admixed at 0OC with 136 mg of HOAt (1 mmol, 0.67 eq.), 195 mg of
1,4-dioxaBpiro]:bloclessneess taroaylic @sig froproexainpier@3iidamendl wGi67 ey 268 mg of

EDCI (1400 L9365 @B QTR MLRENVEM 16 eSsmmal) i3 enb el T aneh .25 ml of
DMF, and the mixture l\’g\\é‘as .stggd at OC to RT oxgr%l_%]t. ,Subse%JlSentl , the solvéen was

distilled S BRGREHGALEH PSS aRS, RInG T ral e IPAY S T iRy Pae R A A
extractedsbijstmkinigenitradantateddtidiamr bydiogencarbonate solution and saturated NacCl
solufpn. Drying over sodium 5sulfate and evaporating-off the solvent were followed by

purification using RP-HPLC . _
Suitabie solid or pharmaceutical formulation forms are, for example, granules, powders,

coafed tablets, tablets, (microjcapsules, suppasitoties, syrups, juices, suspensions,
arnuisions, arops or injectable solutions, and also preparations with protracted aclive
ingredient release in whose production customary auxiliaries such as carriers,

25  disintegrants, binders, coatings, swelling agenis, glidanis or lubricants, flavorings,
sweeteners and solubilizers are used. Frequently used auxiliaries include magnesium
carbonate, titaniwm dioxide, lactose, mannitol and other sugars, talc, milk protein,
gelatine, starch, celiulose and derivatives thereof, animal and vegetable oils such as
fish oil, sunflower oil, groundnut oil or sesame oil, polysthylene glycol and solvents

30 such as sterile water and mono- or polyhydric alcohols such as glycerol.

Moreover, it is also possible, pariicularly in the production of suspensions, {o use
compounds with quite particular, specifically established surface properties. These
include, for example, dry and wet grinding, micronization, spray drying, production of



(gradient: acetonitrile/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. 1H
NMR: 8.81 (s, 1H); 7.84 (d, 1H); 4.20 (m, 1H); $33 (s, 4H); 2.22 (m, 1H); 1.75-0.8 (3m, about
13 H; 1.05 (m, 2H); 0.82 (dd, 6H): MS (ESIf ): 364.2. 10The examples listed in table la were
prepared in a manner analogous to that described above. Table la shows the examples with
accompanying characterization: Table la: Molar mass (parent compound) 8.82 (s, 1H): 6.62
(d, 1H); dn28c@nysiid) pB8d20n(itar Atdy;cR 26, (im p2kd) dh&SsidcOby mmiadOdrhp &8s slol), 6.80 (d.
1H); 4. 3%%&%@ %rbvémz,r?mﬁ STTuBRROY: 8l iRl RABR R AL drfich-4 (mm,

approx, 11H); 1.1

10

15

20

25

30

achigves, or exampte improved uptake of the particular compound into the organism.

The pharmaceutical preparations are preferably produced and administered in dosage
units, each unit containing a particular dose of the inventive compound of the formulae |
and ta as an active constituent. In the case of solid dosage units such as tablets,
capsules, coated tablets or suppositories, this dose may be up to about 5000 mg, but
preferably from about 50 to 1000 mg, and, in the case of injection solutions in ampule
form, up to about 500 mg, but preferably from about 20 to 200 mg.

For the treatment of an adult patient of about 70 kg in weight, according to the activity
of the compound of the formulae | and fa, 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, however, higher or lower daily doses may alsc be appropriate,
The dafly dose can be administered sither by a single dose in the form of a single
dosage unit or else a plurality of smaller dosage units, or else by multiple administration

of divided doses at particular intervals.

Inhibitors of the aforementioned type can be administered even as a monotherapy or in

combination or together with other medicaments.

End products are generally determined by mass spectrometry methods (FAB-, ESI-MS)
and 'H NMR (generally, uniess stated otherwise, 500 MHz in DMSCQ-D8); in each case,
the main peak or the two main peaks are specified. Temperatures are stated in
degrees Celsius. Abbreviations used are either explairz@d' or correspond o 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~7'-
azaspirol4.5]decane, 1-oxa-7-azaspiro[4.5]decane, 2-oxa-7-azaspiro[3.5Inonane and
also analogous or alkyl-substituted or —disubstituted derivatives are prepared as
described in W001/87838.



70 Example Molar mass (parent compound) Structure MS (ES1) 1H NMR 40 424.54 CD -..--"
"---i (----\----) 425.6 8.82 (s, 1H); 6.62 (d, 1I-1); 4.28 (m, 1H); 3.29 (m, 4H); 2.26 (m, 2H); 1.60-
1.05 (mm, approx. 20H); 0.88 (t, 3H) 41 503.55%H -X \

10

16

20

25

1,4-Dioxa-8-azaspiroj4.5]decane, 1-oxa-4,8-diazaspirc[4 Sldecans, 1,5-dioxa-G-
azaspiro[5.5lundecane, 1-oxa-5,9-diazaspirol5.5]lundecane or similar and substituted
derivatives are prepared as in EP 0621287, The known method can likewise also be
employed successfully by heating the keto precursor (for example the protected
piperidone} with diols and a catalytic amount of p-toluenesulfonic acid on a water
separator,

3-Azaspiro[8.5lundecane is also obtainabie, for example, from 3-

azaspiro[5 .5lundecane-2.4-dione; the same applies for similar carbocyclic spiro
compounds. The reduction can be effected with LIAIH,.

2-Methyl-2 8-diazaspiro[4.5]decan-1-one, differently 2-substituted derivatives,
analogous ureas and amines are described in J. Med. Chem. 47 (8), 2037-61 (2004),
or can be obtained from the products described here by 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-cne and
derivatives), and also imides.

Many different spirocyclic indanes, indenes, tetralones and tetralins are commercially
available.

The preparation of 8-azaspiro[2.5]octane and many further spiro compounds is
described in Bull. S8oc Chim. France 10, 2572-81 (1964},

Abbreviations usead:

bis(2-methoxyethyDaminosulfur triflucride BAST
tert-butyt iBu
2,2'-bis(diphenylphosphino)-1,1-binaphthyi Binap
bis{oxo-3~oxazolidinyliphosphory! chioride BOP-CI
dibenzylideneacetone dha
dichloromethane DCM
dicyciohexylcarbodiimide DCC
diethyiphosphoryl cyanide DEPC
dilsopropylethylamine DIFEA
4-dimethylaminopyridine DMAF
N, N-dimethyiformamide DMF
dimethyl sulfoxide DMB0O



504.2 9 (s, 1H); 7.58 (d, 2H); 6.93 (d, 2H); 6.82 (d, 1H); 421 8m, 1H); 3.92(m, 2H); 3.77 (m,
2H); 3.76 (s, (M, 2H); 2.07 (m, 2H); 1.69-1.4 (2m, 9H); 1,1 (m, 2H) 42 474.51 F N N N\ .7--- NH
/ \00 r-----; L., 475.3 8.94 (s, 1H): 8.88 (s, 1H); 3% (t, 2H); 6.87 (d, 1H); 6.7 (m, 3H); 4.6 (s,
2H); 4.39 (m, 1H); 3.96(m, 2H); 2.6-2.2 (m, br, approx, 6H); 1.6 (m, br, approx, 7H); 1.11 (m,
2H)

1,1"-bis{diphenyiphosphincerrocene DRPF
1-(3-dimethylaminopropyll-3-ethylcarbodiimide
hydrochloride : EDCI
squivalents eq.
5 saturated sat.
O-(7-azabenzotriazol-1-yh-N, N, N' '~
tetramethyluronium hexafluorophosphate HATU
7-aza-1-hydroxybenzotriazole HOAS
lithium diisopropylamide LDA
10 methanol MeOH
methylmagnesium chleride solution MaMgCl sol.
methyl tert-butyt ether MTBE
N-bromosuccinimide NBS
N-chiorosuccinimide NCS
15 N-iodosuccinimide NIS
N-ethyimorpholine NEM
room temperature from 20°C o 25°C RT
broad singlet Sp
tefrahydrofuran THF
20 trifluorcacetic acid TFA
O-({ethoxycarbonyljcyancmethyleneamino)-
NN, N N-tetramethyiuronium {etraflucroborate TOTU

Examples

The examples which follow ware prepared analogously fo the general or specific
25  methods specified above.

Example 1. Methyt {(S}-2-benzyloxycarbonylamino-3-chlorocarbonylpropionate
Z-asp-OMe {175 g, 622 mmol) was dissolved in THF (1750 mi) and admixed with 2 ml
of DMF. 86.9 g (684 mmol} of axalyl chloride were dissolved in 200 mi of THF (slightly

30 excthermic), 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 sciution was initially

sparged with nitrogen for 10 min, concentrated on & rotary evaporator at a maximum of



43 397.43r_7( F Hy'r-----N8 0V 398.4 8.88 (s, 1H); 7.57 (s, 1H); 6.72 (d, 1H); 4.28 (m, 1H);
3.85 (m, 2H); 3.2 (t, 2H); 2.88 (m, 2H); 2.3 (m, 2H); 1.92 (m, 2H); 1.65-1.4 (m, | br, 7H); 1.29
(m, 2H); 1,1 (m, 2H) 44 411.46 FL ,/-H 412.5%.88 (s, 1H); 6.72 (d, 1H); 4.28 (m, 1H); 3.85
(m, 2H); 3.28 (t, 2H); 2.88 (m, 2H); 2.7 (s, 3H); 2.3 (m, 2H); 1.92 (m, 2H); 1.65- 1.4 (in, br, 7H);
1.29 (m, 2H); 1.1 (m, 2H) /

30°C and coevaporated repeatedly with toluene. The resulting dirty white solid was

dried to constant weight under in-nouse vacuum (about 1.5 mbar) and reacted further

without further purification. Yield: 186.6 g (quantitative).

5  Example 2: Methyt (8)-2-benzyloxycarbonylamino-4-oxopentanocate

Copper{l) bromide (6C.9 g, 425 mmol, 1.2 equivaients (eq.)) was introduced into a
3 liter 4-neck flask (with dropping funnel, internal thermometer, argon inlet, rubber
septa, in a cooling bath) and admixed with 250 ml of THF. A separate flask was initially
charged at 10°C with lithium bromide {75 g, 864 mmol, 2.4 eq.} and admixed with

10 470 ml of THF under argon. On completion of dissolution and recooling fo RT, this
solution was transferred to the suspension of the copper bromide. The resulting
colorless to slightly greenish solution was cooled fo —80°C, and methyimagnesium
chloride (141 mi of a 3.0 M solution in THF, 423 mmol} was added within 15 min. A
thick yellowish precipitate formed and the temperature rose to RT. After cooling again

15 to -60°C, the solution from example 1 (prepared from 108 g of methyl (S)-2-
benzyloxycarbonylamino-3-chiorocarbonylpropionate, 353 mmol, and 360 mi of THF)
was added over about 30 min and the temperature was kept below —25°C. After the
addition had ended, the mixture was stirred for another 1 h, and solid ammonium
chloride (30 g) was added ai —15°C. After a further 2 h, the mixture was filtered, the

20 filtrate was diluted with 400 m! of heptane and 200 mi of saturated ammonium chioride
solution were added. Once the mixiure had been stirred at RT for 1 h. the organic
phase was removed and washed repeatedly, and the aqueous phases were
raextracted with ethy! acetate. The combined organic phases were dried over sodium
sulfate, concentrated on a rotary evaporator under reduced pressure and

25 chromatographed on 1 kg of silica gel with 1:3 to 1:1 ethy! acetate/heptane, Afier the
products had been combined and dried under reduced pressure, 83 g (84% vyieid) of a
white solid were obtained. 'H NMR (300 MHz, CDCls): 7.4 (m, 5H); 5.78 (m, 1H); 5.18
(s, 2H); 4.6 (s, 1H); 3.75 ("s”, 3H); 3.3-2.8 {2dd, 2H); 2.2 {s, 3H)

30 Example 3: Methyl (8)-2-benzyloxycarbonylamino-4-oxoheptancate
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 chromaiographic

purification was dispensed with. instead, the resulting dark crude product was taken up



r-r-"N'O\ 454275 FF O H o,H! /'----7,,,,"-0 429 5.overl, 8.85(s, 1H); 6.75 (d, 1H); 4.29 (m, 1H);
3.6 (s, 1H. water); 3.46 (s, 4H); 3.3 (m, 4H); 2.3 (m, 2H); 1.73-1.42 (3m, 9H); 1.1 (m, 2H):
0.88 (s, 6H) 71 | Example Molar mass (parentStructure compound) MS (ESI+) 1H NMR

in 1:1 DCM/heptane and filtered through Celite, After treatment with activated carbon
and filiration, the desired product was obtained in 93% yield.

'H NMR (300 MHz, CDClg): 7.4 (m, BH); 5.78 (m, TH); 5.17 (s, 2H); 4.6 (s, 1H); 3.73
("s”, 3H): 3.3-2.9 (Zdd, 2H); 2.4 (m, 2H); 1.6 {m, 2H, overlapping); 0.9 {m, 3H)

Example 4: Methy! (S)-2-benzyloxycarbonylamino-4, 4-diflucropentacate
BAST (Deoxofluor, 80 g, 271 mmol, 2,95 eq.) was initially charged in a 1 liter flagk
made of inert plastic and admixed with the ketone from example 2,
dissolved/suspended in 40 mi of dichioromethane. After a reaction time of 1 day and

10 again after 12 h, in each case 25 ml (113 mmol) of BAST were added and the mixiure
was stirred further at RT. After a further 12 h, dichloromethane was added and the
resulting solution was rapidiy added dropwise to an ice-coid saturated sodium
hydrogencarbonate sotution while keeping the temperature below 30°C. The organic
phase was removed, the aquecus phase was extracted repeatedly with

15 dichloromethane and the combined organic phases were washed with water, 1 N HC|
and saturated in NaCl solution, dried over sodium solvate and concentrated under
reduced pressure. The brown oil was then chromatographed on silica gel (311
heptana/MTBE to 2:1).
Product fractions were combined and concentrated by evaporation under reduced

20 pressure,
Yield: 22.3 g, 56%. 'H NMR (300 MHz, CDClg) 7.4 {m, 5H), 545 (m, 1H); 5.18 (s, 2H);
4.6 (s, TH), 3.78 ("s”, 3H); 2.4 (m, 2H); 1.7 {m, 3H)

Example 5: Methy! (S)-2-benzyloxycarbonylamino-4,4-diflucroheptancate

25  The preparation was effected analogously to example 4.
'H NMR (300 Mz, CDCL): 7.4 {m, bH); 5.46 (m, 1H); 517 (s, 2H); 4.6 (m, 1H); 3.77
{"s", MY, 2.4 (m, 2H); 1.8 (m, 2H, overlapping); 1.5 (m, 2H); 0.95 (m, 3H)
All further reactions in the series of the 4,4-difluorcheptanoic acid derivatives to give the
inventive end products were conducted entirely analogousiy to the corresponding

30 pentanoic acid derivatives.

Example 8. Methyl {S)-2-amino-4 4-diflucropentancate hydrobromide



46 430.5 FF o NN HI 431'2 8.89 (s, 1H); 7.15 (m, 4H); ' 6.74(d, 1H): 4.34 (m, 1H); 3.98 (dd,
2H); 2.9 (m, 4H); 165(m 5H); 145(m 4H); 1.1 (m, 2H) 47 412.4 F O\, 11Fy, i--—- \ N\N CI*
NINH vC 413.4 8.88 (s, 1H); 8.51 (s, 1H); 6.8 (§81H); 4.3 (m, 1H); o' r, approx. 6H); 1.6 (m, Idr,
approx. 5H); 1.24; 1.11 (2m, 4H) 48 368.43

10 g of the compound from example 4 were admixed at RT with 35 ml of 33% HBrin

glacial acetic acid and stirred for 40 min. Subsequently, 400 ml of cold diethyl ether

were added and the reaction mixture was stored at 4°C for 3 h. The precipitated

product was filtered off with suction through a glass frit, washed thoroughly with cold
5 ether and freed of solvent residues under reduced pressure. it can be used diractly in

the next reaction. Yield: 6.67 g {82%)

"H NMR: 8.5 (s, 3H); 4.3 (1, 1H); 3.76 (s, 3HY 2.53 {m, 2H); 1.7 (t, 3H).

Example 7: Methyt (3)4,4-difluoro-2-isocyanaiopentancate

10 The compound from examiple 6 (6.76 g, 28.8 mmol) was initially charged and dissolved
in 240 mi of dichloromethane and 8.46 mi (117 mmol, 4.05 eq) of pyridine, coocied down
to 0°C in an ice bath for 16 min and admixed with 19.86 ml of a 20% phosgene soiution
iy toluene (37.54 mmol, 1.3 eq) within 20 — 30 seconds. The mixture was stirred at 6°C
for a further 2 h, than the reaction mixture was extracted with sold haf-molar HCl and

1% ice. The water phases were reextracted with dichloromethane, and the combined
organic phases were wasned with ice and saturated NaCl solution, then dried over

MgSO04 and filtered off from the desiccant. Conceniration by evaporation under

reduced pressure left 5.21 g of brown cil (corresponded 1o a yield of 94%), which was
reacted further directly.

20
Example & {S)-2-[{3-Azaspirofb blundecane-3-carbonyljamino}-4,4-difluoropentancic
acid
252 mg (1.3 mmol) of the isocyanate from example 7 were dissolved at 0°C in 5 mi of
THF and admixed with 109 mg {3.25 mmol, 2.5 eq.) of sodium hydrogencarbonate and

256 209 mg (1.37 mmol, 1.05 eq.) of 3-azaspiro[5.5jundecane. The mixture 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 mmaol, 1.9 eq.). The reaction was moniiored by
HPLC-MS. When the mass peak of the reactant had disappeared compiletely, the
mixture was acidified cautiously with dilute HCl and the product was isolated by

30 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 foliows.



r X HNj.----- 369.3 8.88 (s, 1H); 6.24 (d, 1H); 4.3 (m, 1H); 3.3 (m, 2H); 3.1 (dd, 2H); 2.3 (m,
1H); 1.75-0.9 (mm, 15H); 1.1 (m, 2H) 49 487.55 ??,FF rr'N"m -5-*-,.(Nill .,...,,,2, ,F,-.0 488.5
8.88 (s, 1H); T4-7.15 (3m, 5H); 6.74 (d, 1H); 439 (s, 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 (m, 1H) 50 49152 Fc FH ,1,. 492.5 8.89
(a, 1H); 7.68 (m, 2H);

Exampia 9: N-{(8)-1-(1-cyanocyclopropyicarbamoyi}-3, 3-difluorobutyl}-3-

azaspiro[5.5hindecane-3-carboxamide

The crude product from example 8, (8)-2-[(3-azaspiro[5.5)undecane-3-carbonyljaminc)-

4 4-difluoropentancic acid, was dissoived in 6 mi of 2:1 THF/DMF and admixed with

5 161.8 mg {1.365 mmol, 1.05 eq.) of 1~-aminc-1-cyclopropyinitrile hydrochioride and

176.9 mg (1.3 mmo!, 1 eq.) of 1-hydroxy-7-azabenzotriazole, cooled {c 0°C and

admixed with 250 mg (1.3 mmol, 1 eq.) of EDCI and with 0.498 mi (3.9 mmol, 3 eq.) of

N-gthylmorpholine, Subsequently, the mixture was stirred at 0°C to RT for 2 h, THF

was distilted off under reduced pressure, ethyl acetate was added and the mixture was

10 extracted by shaking with highly dilute HCI, sat. NaHCO; solution and sat. NaCl

solution. After concentration of the organic phase, a preparative HPLC separation

{Merck Hibar Purospher RP18, 250x25, Standard-Gradient of acetonitriie-water-TFA)

was petformed directly. Product fractions were combined and freeze-dried.

Yield: 222 mg, 43% of theory,

15 "M NMR: 8.82 (s, 1H): 6.6 (s, TH); 4.31 (m, 1H}; 3.28 (about, 4H}; 2.28 (m, 2H); 1.7-1.1
!mm, about 20H); MS (ESI™): 38717

Example 10: 8-azaspiroi4.5]decane-8-carbonyl chioride

1.57 ml of phosgene (20% solution in toluene, 2,96 mmol) were initially charged in 5 mi
20 of dichloroethane and cooled to -20°C, then a mixiure of 8-azaspiro-{4,5ldecans

{750 mg, 2.96 mmol) and triethylamine (1.28 ml, 8.2 mmol, 3.1 eq.) was added siowly.

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

mixiure was added to 2 N agueous HC|, the agusous phase was extracted with

25  dichloromethane, and the organic phase was washed with saturated NaHCO 3 solution

and dried over sodium sulfate; subsequently, the mixture was concentrated by rotary
evaporation under reduced pressure, Crude yield: 582 mg
The material was reacted further directly without further purification. General method:
see exampla 19,

30
Example 11: Benzyl (8 )-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.



7.20 (m, 2H); 618 (d, 1H); 4.31 8m, 1H); 3.92 (m, 2H); 3.77 (m, 2H); 2.92 (m, 2H); 2.30 (m,
2H); 2.07 (m, 2H); 1.7-1.4 (2m, 9H); 1.1 (m, 2H) F 51400A3 FH HN--- ?I .-"-,,0 (----- 401.3 8.82
(s, 1H); 6.72 (d, 1H); 4.28 (m, 1H); 3.83 (m, 4H}.3 (m, approx. 4H, water overlap); 2.28 (m,
2H); 1.75-1.4 (3m, approx. 11H); 1.1 (m, 2H) N-_-ty"."0r_o,/ N-C._12i :

10

15

20

25

30

Exampie 12: Benzyl (S)-4-chlorocarbonylmethyl-5-oxooxazolidine-3-carboxylate
The compound from example 11 was converted anaiogously o the manner describad
in example 1 to benzyl (3)-4-chlorocarbonyimethyi-5-oxooxazolidine-3-carboxylate. The

product thus obtained was used without further purification in the subsequent reaction.

Exampie 13: Benzyl (S)-5-oxo-4-(2-oxopropyljoxazolidine-3-carboxylate

CuBr (24.54 g, 168 mmol, 1.2 eq.) and LiBr (28.18 g, 336 mmol, 2.4 eq.) were initially
charged in a baked-out flask under argon, then dissolved in 800 ml of absolute THF
and stirred at RT for 20 min. This gave a clear yellow-orange solution. The mixture was
then cooled to -78°C, and MeMgCl solution {55.46 ml, 168 mmol, 1.2 eq.) was added
dropwise thereio. This led to a yeliow suspension which was difficult to stir, so that a
further 75 mi of THF were added dropwise; the mixiure was subsequently stirred at
-60°C for 15 min. The carbonyl chloride from example 12 dissolved in about 150 mi of
THF (41.67 g, 140 mmol) was initially stirred at -60°C and then slowly added dropwise.
The reaction mixiure thus formed was stirred at this temperature for 1 h, The workup
was sffected by adding about 100 mi of safurated NH4C! solution; the mixiure was

stirred vigorously at -60°C for 10 min, then 200 mi of heptane and 60 mi of water were
added and the mixture was stirred at RY for a further 15 min. The phases were
separated, and the agueous phase was admixed with 50 mi of 1 M HCI (green solution)
and exiracted twice with about 100 ml of ethyl acetate. The combined organic phases
were washed with 2 M HCI soiution, saturated NaHC O3 and saturated NaCl solution,

dried over sodium sulfate and concentrated under reduced pressure. Subsequently,
purification was effected by means of silica gel flash chromatography (5:1-2:1
heptane/ethy! acetate); production fractions were combined and freed of solvent
residues under reduced prassure. Yieid: 21.6 g, 56% of theary

'H NMR (250 MiHz, 390 K, DMEO0O-d8): 7.35 (s, bH}; 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).

Exampile 14: Benzyl (5)-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 specira showed that



72 Example Molar mass (parent compound) | Structure MS (ESI+) 1H NMR 52 F 476.53 477.4
8.86 (s, 1H); 7.31 (s, 5H); 6.8 (d, 1H); 4.30 (m, 1H); 4.0 (m, 2H); 3.9 (m, 2H); 3,, approx 5H,
ov4erlap(m. water); 3.05 (m, 1H); 2.28 (m, 2H); 210 (m, 2H); 1.7-1.3 (2m, approx. 7H;1.1m, 2H)
53 372.51

the conversion was not yet complete after 3 and 9 days. For workup, the reaction
solution was added dropwise to a cooled sodium hydrogencarbonate solution {vigorous
gas evolution) and stirred further for about 30 min (no gas evolution), and the aqueous
solution was then extracted by shaking twice with DCM. The aqueous phase was

5  adjusted fo pH 3 with dilute HCI solution and exiracted by shaking with DCM twice
more. The organic phases were combined and washed with saturated NaC! solution,
dried over sodium sulfate and concentrated by evaporation under reduced pressurs,
The residue was chromatographed through silica gel with DCM/methanol {to 0-6%
'me‘thancw%), and product fractions were combined and freed of solvent residues under

10 reduced pressure. Yield: 8 g, corresponds to 48% of theory.

Exampie 15: (8)-2-Benzyloxycarbonylamino-4 4-diflucropentanoic acid
The compound from example 14 (4.9 g, 16.37 mmol) was dissolved in 30 ml of acetone
and cooled to 0°C, and then 1 N sodium hydroxide solution (32.74 mi, 32.74 mmal,
15 2 eq.) was added. For about 2.5 h, the reaction mixture was stired at room
temperature; reaction monitoring by LC-MS indicated complete conversion. This was
followed by addition of 20 mf of 1 N HC, distifling-off of acetone under reduced
pressure and adjustment of the solution fo pH 3 to 4. The mixture was extracted twice
by shaking with ethyl acetate. The organic phase was 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 &
DCM/methanol gradient (0-6% methanol).
Yield: 4.7 g {quantitative).

25 Example 16: (8)-2-tert-Butoxycarbonylamino-4 4-difluoropentanoic acid
The compound from exampie 15 (2.99 g, 10.44 mmol) was dissolved in 40 mi of
methanol and 580 mg of 10% Pd/C were added. Hydrogenation was effected at 2 bar
for 3 h. Oniy a vanishingly small Z elimination was detected. Another 300 mg of catalyst
were added and hydrogenation was effected for a further 2 h — low conversion. The

30 same amount of catalyst was added again and hydrogenation was éffeci:ed overnight;
only then was the conversion complets. The mixture was filtered off fro?n the catalyst
and concentrated by evaporation. The residue was partly dissolved in dioxane/water
(40 ml), and sodium carbonate (700 mg, 0.6 eg), 10.4 mi of 1 N NaOH solution



Ip, (7---N\l------ <----- o7\, 373.2 8.26 (s, 1H); 5.83 (s, 1H); 3.26 (m, approx, 5H); 1.9- 1.0 (mm,

approx. 25 H)

54 386.54 iTh 0 1 387.2 8.83 (s, 1H); 6.20 (m, 1H); 3.9, 3.8 (2t, 1H); 3.28 (m,

4H); 1.75-0.8 (mm, approx. 27H) 55 453.29 ,..-62N-1- (---\___ "Jr,..-.> 454.3

(10.4 mmol, 1 eq.) and 2,6 ¢ of di-tert-butyl dicarbonate (11.94 mmol, 1.14 eq.) were

added. After about 2 h, the conversion was compiste. The solution was extracted with

ether and the ether phase was discarded. Subsequently, the agueous phase was

acidified to pH 3 with 1 N HCE and extracted twice with ethyl acetate. The organic phase

5 was washed with a safurated a NaCl solution, dried over sodium suffate, filtered off

from the desiccant and concentrated by evaporation under reduced pressure.
Yield: 850 mg, 36% of theory. :
HNMR: 12,8 (s, 1H); 7.25 (d, TH); 4.11 (t, 1H); 2.3 {m, br., 2H), 1.6 (t, 3H}); 1.37 (s,

OH).
10

Example 17: {fert-Butyl [(5)-1-(1-cyanocyclopropyicarbamoyl -3, 3-diftucrobutyl]

carhamate

1.35 g (5.33 mmol) of the product from example 16, 810 mg (6.83 mmol, 1.3 eq.) of

1-amino-1-cyclopropylnitrile hydrochioride and 843 mg (6.83 mmol, 1.3 eq.) of HOAL

1% were dissolved or suspended in 18 mi of dichloromethane, cooled to 0°C and then
admixed with 1.33 g (8.93 mmoi, 1.3 eq.) of EDCl and 1.768 ml (1.586 g, 13.86 mmoi,
2.6 8g.) of NEM. The mixture was stirred at ¢°C to RT for 16 k. The reaction mixture
was then diluted with 40 mi of DCM and extracted by shaking with 1 N HCI soiution,

saturated sodium hydrogencarbonate solution and saturated NaCl solution, The

20 organic phase was dried over sodium sulfate and concenirated by evaporation under

reduced praessure. The product was sufficiently clean for further reactions.
Yield: 1.5 g, 89% of theory.

Example 18: N-{(1-cyanocyclopropy-{S1-2-amino-4, 4-difluoropentanamide

25 To detach the Boc protecting 'grsup, the compound from example 17 {580 mg,
1.83 mmol) was admixed with 10 miof 1:1 TFA/DCM and stirred at RT for 30 min,

Subsequenily, the mixiure was concentrated by evaporation under reduced pressure

and subjecied io azeofropic distillation with dichioromethane and toluene, and solvent

residues were removed under high vacuum. The product was present as the

30 trifluorcaceats.
Yield: 340 mg.



- 8.86 (s, 1W; 6.68 (d, 1H); 4.29 (m, 1H); 3.3 (m, 6H); 3.0 (m, 4H); 2.28 (m, 2H); 1.81 (m, 2H);
1.65-1.4 (m, 11H); 1.3 (rn, 4H); 1.1 (m, 2H); 0.9 (t, 3H) 56 437.26 ?Hi cF7I"N,r v '-'NVN (N2a
yIL,,; 7 438.2 8.89 (s, 1H); 6.7 (d, 1H); 4.28 (mE%H); 3.32 (m, approx. 8H. water overlap); 2.89
(m, 1H); 2H); 1.66-1.37 (m, 2m, 9H); 1.28 (m, 2H); 1.1 (m, 2H); 0.85 (2m, 4H) 73 Further
spirocyclic amines which have been used hereinafter for the preparation of further inventive
examples were prepared as follows: the spirocyclic amines
7-cycloplogek 1 Higzaspit of3 B ation ardh T preqmtibi? oF -ahidy espive(8 . Siokang!2-cyclopropyl-
52,8-diazasgirafdibldetang: ZaKelQRI@RKks2, 7-diazaspiro[3.5]nonane, 2-propyl1-2,7-

1 mmol of the free aminc acid which has been C-terminally protected or is present as

the amide {for example the product from example 18 after it has been released by

5  basic reatment) was dissolved in 10 ml of THF and cooled to 0°C, The acid chloride

from exampia 10 {1 mmol dissoived in 5 ml of cold THF) was then added siowly in two

porfions over 60 min. Subsequently, the mixture was stirred further overnight. The

reaction mixture was addead o 50 mi of dichloromethans, washed with water and

saturaied NaHCO 3 solution, dried over sodium sulfate and concentrated by a rotary

10 evaporation. The resuiting oily product was subseguently in each case purified diréctiy
by HPLC (RP-18, acetonitrile-water}, and product fractions were freeze-dried. The

yields in this process of urea formation were from about 10 to 50% of theory).

Example 20 Benzyl (8)-5-ox0-4-(2-0x0-3-phenylpropylioxazolidine-3-carboxylate

15 Analogously {0 example 13, benzyl (3}-5-ox0-4-(2-0x0-3~phenyipropyl)oxazolidineg-3-
carboxylaie was prepared starting from benzyl (S)-4-chlorocarbonylimethyl-5-oxo-
oxazolidine-3-carboxylate (5.00 g, 16.8 mmol) and 15 ml of a 20% benzyimagnesium
chioride solution (20.2 mmol, 1.2 eg) in THF. The product was obtained as a yellow oil.
Yield: 5.0 g, 84% of theory.

20
Example 21: Benzyl {S)-4-(2,2-difluoro-3-phenylpropyl}-5-oxooxazolidine-3-carboxylate
Analogously to example 14, benzyl (8)-4-(2,2-difluore-3-phenylpropyi-5-0xo-
oxazolidine-3-carboxylate was prepared starting from benzyl (S)-5-ox0-4-{2-0x0-3-
phenyipropyhoxazolidine-3-carboxylate (5.00 g, 14.2 mmol) and BAST (12.5 g,

25 56,60 mmol, 4 eq.). After chromatography on silica gal (dichloromethane/methanol},
pure benzyl (S)4-(2,2-difluoro-3-phenylpropyl)-5-oxooxazolidine-3-carboxylate was
obtained in the form of a yelow ofl.

Yield: 1.2 g, 23% of theory

30  Example 22; (S»2-Benzyloxycarbonylamino-4,4-difluore-5-phenylpentancic acid
Analogously to example 15, (8)»2-benzyloxycarbonyiaming-4 4-difiucro-5-
phenylpentanoic acid was prepared starting from benzyl (8)-4-{2, 2-difluoro-3-
phenylpropy!}-5-oxooxazolidine-3-carboxylate (1.2 g, 3.20 mrﬁoi). The product was



diazaspiro[3.5]nonane, 9-cyclopropyl-1-oxa-4,9-diazaspiro[5.5jundecane and 4-cycio-
propyl-1-oxa-4,9-diazaspiro[5.5]undecane were prepared according to the above-described
examples 29-32 starting from the tert-butyloxy&4rbonyl-protected precursors which are
commercially available. 102-Cyclopropylmethyl1-2,8-diazaspiro[4.5]decan-3-one was obtained
by alkylating tert- butyl 3-oxo-2,8-diazaspiro[4.5]clecane-8-carboxylate (commercially
available) with cyclopropylmethyl bromide and subsequent elimination of the
tert-butylgxycerboriykgoote ofing gioup vithchEas GaRzadra2i s draaheeande prepared
according, to,the. literature (Bull. Soc Chim. France 10, 2572-81 (1964)) or else as described
below by 15cyclopropanating tert-butyl 4-methylenepiperidine-1-carboxylate and then
detachinﬁ'ﬂ% e fﬁu%%‘k% yl protecting group. Example 58 6-Azaspiro[2.5]octane >(-)H
20In a baked-out dry flask under protective gas (argon), a mixture of 9.90 g of zinc dust (151

mmay) a@éﬁgﬁ%f;\%{w a5oLBammiel) in 20 mkafiabs. digthy-sthenwasskitseda 50C (bath

temperatur approx. 100 min. The mixture was cooled to 15C (bath temperature). 6,1 ml of
diiodomeTﬂgﬁ@(‘Fig’échﬁ%i 7.8 gfaéb@m%%ﬁ%w’ésﬁgﬁgdaﬁg i gﬁ)}afzsﬁéj {(')Cﬂéjft-butyl -
4-methyléiepiperigdinedtardxyiated 21 Tunmdhphverg 25saceie ssiely thd. rapidiyrarided

dropwise;, [Re 1eAGHOR JNBAgWAS Beaied ArRdurlbutond hR0%G(hathtpmperatune) and stired
at this temperature for approx. 20 h. After this time, owinh% tonatitig incog(‘uﬁplete con\éersig%
e e

another 20"l 5t SR EREFBREEE. 11T IR OH GO RIS HRe R /e AFaET Wit Co5iing -

readtion mittelreantds) veateddin®®@C (bath temperature) for a further 8 h, Cooling was followed
by dilutiog;with, ?5"&;',:9%'3@ gffm@;[ign 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 THF and admixed with
7.099 of Beararthgdridet(y 50 eR)eamidcs4S mitlob DIBBA{ BedanoRie mixture was stirred at RT

for 48 h apd then cancentated undey reducssbpressive, i sesidupdbismbiained was
10stirred with approx. 150 ml of diethyl ether. The mixture was filtered, with suct%og and the
5P dter "t ek

filter' residGBLASE FASE HOrSUGRN Wt BithFdth s ShighE Was
concentrateduiibatrerspimgth yvaithaarguit Wit hnwab Rake n1Gf-in 200 anted . didsloromethane and

was was i6g ¥ i iam and Withodin HE Lselkdivartatby 5). The
organic p@]%gsaggﬁassgggés(?@ggemr%g%ﬁd%eh coﬁgoﬁtratedggmggr gﬁ)fég (P%ssure. In

_ r
this way, P& 6F (RIBER MEFa8pfo [ 80k kRR WL EREAate Wi bbtingdas a
light-coloresboib.Fhiscailanssdis safired 366l dicdiehloroerethdgredand Sumikddriasa mixture

of 19l ¢f, 1i50-A0L O 2 Bt %V&aftﬁ{he%fﬁwﬁr%?té%fef 4shletiereactionsoltignas
concentrated under reduced pressure and COdIStgre(lvfth tﬁluer}e t rf e p‘rtnes more. In this
FASAI *

way, 6-a2&hilP%1 R ANWES WobbEaReg ML & FHE'f Swire

fSFm 5t A BTSW bil which was
clean enaughdiarfurtter veastiaisn Vield: bEGe(3E%s ofthboaAMSS(ESIwasldHtaiTie
6-azaspirglg plogcitane dhys.chigingd wasconeasdpdakyrntiveccampeyrds which have
been described in examples 61-63 and 68-70. 25 ) ) ,
monodefluorinated and didefluorinated product. This residue was used without further
25 purification for the further reaction.

Yieid: 530 mg, 82% of theory.

Example 25: Methyl {S)-4,4-difluoro-2-isocyanato-b-phenylpentanoate

Under argon, methyl (S)-2-amino-4,4-difluoro-5-phenylpentanoate {400 mg, 1.64 mmol)
30 was dissolvad in 20 mi of dichioromethane. 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 mixfure was stirred at RT for 90 minutes and then the solvent was



Example 59: Methyl (S)-2-amino-4,4-difluoropentanoate hydrochloride HCI At approx. 5C (ice
bath cooling), 8.2 ml of thionyl chloride (112.6 mmol; 1.5 eq.) were  added dropwise to 100
ml of methanol (p.a.) under argon. The mixture8#as allowed to 30come 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 75 this reaction mixture. The reaction mixture was
stirred at RT for 2 h. Thereafter, the reaction mixture was warmed to 35C (internal
temperat@@petustiresdtthisoresyperaiine fortanorhe c8dist8edh aquenyotidunineture was

concentrgied wnder reduagsl Rreasky g whichirEieaRd BRI the reactions which followed |
(S)-2-amin -4,4-d|fluoro*@$ntanoate 5hydrochloride as a slightly brownish crystalline solid

which wa¥ R ERELEH H5PH M her reactions. Yield: 13.5 g (89% of theory). Example 60:
Methyl (Sjiattd 48 uagoSBisotimatopentanoate FF  10Under argon, 2.0 g of methyl
(S)-2samino-4,4-difluoropentanoate hydrochloride (9.8 mmol) were dissolved in 80 ml of -

dichloromethane, admixed with 3,2 ml of pyridine (4 eq.) and cooled tg approx. 5C (ice bath).
After 10 MR 70 (US> 614 598 T B SN AR BT s e Gy e
dropwisepiaTeirestdtingtisuspension was stirred with ice bath cooling for 3 h and then

concentraieghynder rediaed e IRt hedesidietiigobieinad wag Fﬁk@{w{@ﬂ@ toluene
e

and filtered. After the solvent had been remqgved under reduced pressure. m

(S)-4,4-dHRRTESS 18 S8y Bh R SFOIREBRtE Irad S Ea RIS hRIR e DRI WRed in the
sub3Bquertae actich Rt (RAF W tIEr pugific Al onmlicl cal) WeG 8ttt thétngeRBEXeaighe 61:

Methyl (S)z2-Kifradaspifal¢-rlqaianescabomdiamiRsd dndif norapenianaate ks NAN 0 A
solution of 05 4.8 S;ar23R iz Slostans ygroggeiate (.30 mml Lo AN, o

0.05% TFA). The product-containing fractions were combined and freed from the

solvent under reduced pressure.

15 Yield: 245 mg, 38% of theory.

Example 27: (5)-2-[{8-Azaspiro[4.5]decane-8-carbonyhaminol-4 4-difluoro-5-phenyl
pentanocic acid
Methyl (8)-2-{{8-azaspirci4 .Sldecane-8-carbonyhiaminol-4,4-difluoro-5-

20  phenylpentanoate (240 mg, 0.58 mmol) was dissolved in a mixture of 15 mi of THF and
5 ml 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. Afier the reaction had ended, the
reaction mixture was acidified to pH=3 by adding a 2 M MCl solution. The organic
solvent was removed under reduced pressure and the remaining agueous phase was

25  exfracted with ethyl acetate, Subsequently, the organic phase was washed another
three times with water and once with saturated NaCl splution, drisd over MgS0, and
freed from the solvent under reduced pressure. The product was cbiained in the form
of a yellow solid which was used in the reaction which foliowed without further
purification.

30 Yield: 192 mg, 82% of theory.

Example 28: N-[(8}-1-(1-Cyanocyclopropyicarbamaoy!}-3, 3-difluoro-4-phenyibuty!l-8-

azaspirol4.5)decane-8-carboxamide



0.75 ml of DIPEA (1.3 eq.) in 6 ml of dichloroethane was added under argon to a 25solution of
0.65 g of methyl (S)-4,4-difluoro-2-isocyanatopentanoate (3.36 mmol) in 4 ml of
dichloroethane, The reaction mixture was stirreéfat RT overnight. The mixture was diluted with
10 ml of dichloromethane and washed with saturated NaHCO3 solution. The organic phase
was dried over MgSO4 and then concentrated under 76 reduced pressure, The residue thus
obtained was purified by preparative HPLC (gradient: acetonitrilelwater and addition of 0.05%
TFA. Thelprbduadanitairfimegfrad@fonsiedesgontbiied a8l freakz éodried, Yielg) 200 mg , 20% of

theoryMS; @ﬁh&?@égrﬁﬁ@@é@o@gfmie hydrochloride (58 mg, 0.49 mmol, 1 eq.) were added
(S)-2-[(6-Azaspiro[2 )%r@lno]A,4-d|fluoropentan0|c acid F F 365.0 mg of

.51octane-6-carbonyl : |
methyl (S15 BN Y pifoTR HioR @Ik éﬂ FiBaH LA c G rucro e iETad 2 mmol)

were dissﬁf&e@kﬁahwiwtmetaﬁdi@ﬁ:i@bbfaﬁéﬂ mf_\el eﬁmbﬁmmaamg}mmmm iaqueous 1
M LIGN soiufion SN@Q%H@!?&%&QQ‘%&’&R;y‘Q'&%O%HﬁA@g -aTlﬂ%“ TURIHIS V@R SiEe atAxC (bath

temperature) for one hour and then 3.6 ml solution were added. The mixture was

o] 1C . ]
concentr&fEE THILP$ HHHREE PHERS HEsSHIR cOBRSTHRAPR I DRI IRE & AT RSEPY
(S)-2-[(6-pzaspHidfR HFoCt e il Secrbvoity Ramirodrd, dddifivordedian dicsgciththtiie obtained

was cleangnauigly (rdBeARKhRAHIBFII: 400810 (Buant) Sxarmpls 63:

N-RS)-l-%l,-c%anocyclo yropylcarbamoy1)-3,3-difluorobutyl1
6-azaspird@Eocke 8% AHERhide F F 0 H 0 20 142.3 mg of
1-arhihocitispidpaaecarbenittie-HythachiBirie 6L 2smital 4129 @q. ),H63,30mg BIH@GN)(1.0

o). O8I gFDIBRA £3 ¢4, nch 456 g pfHATU L8 50 wate addsdsyapessively o a

solution of 348.0 mg of (S)-2-[(6-azaspiro[2.5]octane-6- carbonyl)aminop4,4-difluoropentanoic
acid (1.2 mmol) in 5 ml of DMF. The reaction 25mixture was stirred at RT for 24 h and then
concentratsanuilg? redued SregsupeoMhé fesisue pirafStakenazir-Bocanboaf itk loromethane,

washed with g iifls sataNablcR% AL and e e lillediulg, HISRIMigNRE=S), and dried
over MgSQ4. The residue ] ,

1o 7 dissoived in 10 mi 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 (G.55 mi, 10 eq.), [(1-ethoxycyciopropyhoxylrimethyisitane (C.68 mi, 3.5 eq.)
and 4.4 mlof a 1 M NaCNBH; solution in THF (4 4 mmoi, 4.5 eq.) were then added
successively. After stirring at RT for 20 minutes, the mixture was heated to 60°C and

20 stirred at this temperature for about 15 h. The reaction mixture was filtered and the
filttrate was concentrated under reduced pressure. The residue was taken up in
dichloromethane, washed succassively with 1 M NaOH solution and NaCl solution, and
diied over MgS0y. After the solvent had been removed under reduced pressure, the
product was obtained as a coloriess oil,

25 Yield: 318 mg (quant.)

Exampie 30: 3-Cyclopropyl-3,9-diazaspiro[5 5lundacane
The tert-butyl S-cyclopropyh-3,8-diazaspirol5.5lundecane-3-carboxylate obtained as a
crude product (318 mg, 0.88 mmol} was dissolved in 6 ml of dichioromsthane and

30 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 18 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-diazaspiro[5.5}undecane hydrochioride was obtained as a



77 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,
N4(S)-1-(1-cyanocyclopropylcarbamoy1)-3,3-dfffuorobuty1]-
6-azaspiro(2.51octane-6-carboxamide was obtained as a colorless amorphous solid. 5Yield:
200 mg , 47% of theory,MS (ESIt): 355.1. 1H NMR: 8.85 (s, 1H); 6.68 (d, 1H); 4.30(m, 1H);
3.30-340 (m, 4H); 2.30(m, 2H): 1.60 (t, 3H); 1.50 (m, 2H); 1.25 (m, 4H); 1.10 (m, 2H); 0.30 (s,
4H) . Examgle bddMethiis S -Wenzylosgeaebunplamiioaeoroubipheaglpeatagioaedl. | .11 10
In a bakegdreuinargon-iged flask, 3.7 g of lithium bromide (2.4 eq.) and 4.38 g (1.2 eq) of
CuBr-Me23 were dissolved, in 55 ml of abs. THF and stirred at RT for 20 min. The resulting
yellow soltfi8rwas 8odf8it81™oc and admixed with 16.2 ml (1.2 eq.) of benzylmagnesium
chloride Sbkitime(2DeoderiVHE) tAftertddionher2Cemireded B 100 & sohdicts of B2 ie of methyl

(S)-2sbenzid@myeaskony laming-2s shigosriosyiprpRiPBRae (@xample 1) (17.75 mmol) in 15

ml of THE was added. After 2 h, the mixture was heated slowly to -35C and 50 ml of a sat.
NHA4CI solution were added. The reaction mixture was diluted with 400 ml of dichloromethane
and washedwith 300antitfid 2 MIACI BoletimitlieSitueoasphasdwadaigashed twice more

with 20 5@@@%ﬂ@@lgﬁmhq@,%g%%.@%%gﬁgmqmm@;?W%W@%h@gssuccessively
with 2 M HCI solution, satc.éJ\IaHC 3 solution and sat. Ne%olgtm@, dr#edl vgrO!\/I(\; Oégl and
concentr e AAEH fAdULR BTelGe e MRy (ST T YRS L AT AR T2 H
oxoi8-phérypenténcatesitas diairiéd bef glyelibaceilomkidiGrasasettincgiernext stage without
?ér)thzetr) p%@%@&ﬁ%ﬁéﬁﬁ'@é%ﬁ %9@5@“&%.3 m?eeE?H@a \vt%ﬁ%*l |s>;§n% %ff @%&&%{a{ RT ford 1o
-2-benzyloxycarbonylamino-4-0xo-5- phenylpentanoate (17.7 mmol). were disspjved in
ml of dicﬁlgﬁ) UHRge ! ﬁ‘&@@&%%‘f@é‘ﬁ?@ﬁ%ﬁeg@ﬁ{%.'j‘\/\ie:?grgt%aegdélfﬁ%“?e%%#on mixture
was stirréd7al406 Sgbathdterdperdtines)doy ROy Aidsties Brocof BAST (E2geg!) adsietadded

00 T et diepiorometoane. The.
to ml of an ice-cogled Na sglution and diluted wit ml of dichloromethane. The
phades e BRI Aol ico0 S OHALs WAl QBT To0 v, D"
dichloronzethémed The dontoinett orgenicpitasts seersavakhetbdith woa dbineC psélution and
with sat. NaGlsldtion, dried over MgSO4 and concentrated under reduced pressure. The
residue (dark brown oil) was purified by flash chromatography on silica gel with a heptane/ethyl
acetate ﬁﬁ@ré?l\i{ﬂvglﬂ;%@rj{é benzyloxycarbonylamino-4,4-difluoro-5-phenylpentanoate was
obtained as a yellow waxy substance. 15Yield: 3.03 g (45% of theory). Example 66: Methyl

(S)-Z2eamiBesthdrdiiuara s phenyipeniaReatundscane
The tert-butyl 8-butyi-3,8-diazaspiro[5.5]undecane-3-carboxylate obtained as a crude
product {183 mg, 0.58 mmol) was dissolved in 4 ml of dichloromethane and admixed
with 0.6 mi of a 4 M HCI solution in dicxane (2.4 mmiol, 4 eq.} with ice bath cooling. The
mixture was stirred at RT for about 16 h. The solvent was removed under reduced

25  pressure. The residue was faken up in 20 mi of water and iyophilized. Thus, 3-butyl-

3,9-diazaspiro[5.5lundecane hydrochloride was obtained as a crude product in the form
of a coloriess amorphous material which was clean enough for further reactions. Yieid:
176 mgq, quantitative,
The piperidine derivative thus obtained was converted {o the end products, which are

30 listed in table ta and 1h, as in the above-described examples.

Example 33: 1,4-Dioxaspiro[4.5ldecane-8-carboxylic acid



3.0 g of methyl (S)-2-benzyloxycarbonylamino-4,4-difluoro-5-phenylpentanoate 20(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 ml of diethyl ettiét 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 25 washed with sat. NaHCO3 solution.

The orgahit bHdsemasdiedd eMy SO dner ceikbhttalieyashtierredgeateptessure. Thus,

methyl (Sx2amine; ¢d-«lifisinesanheny Hentanoaiewasdhiainedrs aollowrols 9 Yield:
817 mg (42% of theory).Example 67: Methyl (S)-4.4-difluoro-2-iso A{Q=D-1 pentanoate
5817 mg((%zfeﬁigﬁfflq&5lé%%wg?ﬂ;4-%% u8‘50‘¥f§-%%Seﬁ?ﬁ%én‘%g%@%ér’@’(%%@n%ﬂ%%%édissolved in

20 ml of BREhRbFERTRERTe Mrihnse dvaatHiglits! oif snegrithAdces 6T HHE 2odIEa tBsiysrox. 5C
gce Qathhérim&ﬁbPMUQ&QE'vﬁm &ﬂl-bﬂﬁ@é%g%w m:]mmmh u&liwmgcﬂmemy\me added
ropwise, The resulting suspension was stirred with ice bat lj r4
concentrated Gnder ?égﬁé% \bvgr}eﬁs%%\rﬂe.a %‘gt?ééfﬁjﬁej?h@&%8%%%21%%\%%?%@%%&%?toluene
and filterserinferifieseidehehaenbeeipteiorepandrremutts doptessUpEsHEthyeic:
(S)-4,4-diflporo-BsimagyaBatin-5-phenylpentanoate was obtained as an orange oil which was
used without further purification in the subsequent reaction.Yield: 943 mg (quant.) 15Example
68: Methyl (S)-2-[(6-azaspiro[2.5]octane-6-carbonyl)amino]-4,4-difluoro-5- phenylpentanoate
MetHy! (Sxam(@earbidpiidints]beiand-cvearsya\praraifarbamaifidra st pheniseitaaBate was
preparedsagaiagaLgly-teexamplesGimstartngfeom Qomsag-ei-20metaytbonitrile
(S)-4,4-diflugro:2-ispcyanato-5-phenylpentanoate (3. ).and 9 f 6-
azaspiro[!}y.éi%%}é)ﬁe ?r%ﬁ%bﬁgﬁaf%gtgt%’ %ﬁ% %Iag)% @r%%&%ﬂ ié% s“%gifa?;%??% &eg{r%eparative

HPLC (gfatiaitdetst@imiciviesloamacmiachndrooses THATqageapeRpl with 5.4 g of
(S)-2-[(6-rzaspiro[2 RiestaneHr.sanonybamisal@welflyore-3-phenyipestanqate mistaryellow
oiI.Y}ig lok: \,%384 Sry egg%%f ttg E&qrgzze(?rﬁght exiractad by shaking under acidic (1 M HC!
solution), basic (saturated NaHCO4 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. _
20 'HNMR; 8.82 (s, 1H); 8.92 (d, 1H); 3.88 (m, 1H); 1.55 (m, 1H); 1.47 (m, 2H): 1.36 (s,

9H): 1.09 (m, 2H): 0.86 (dd, 6H); MS (EST): 296.3 .

Example 35: N-[(§)-1-(1-cyanocyclopropylecarbamoyl)-3-methylbutyl}-1,4-
dioxaspiroj4.5ldecane-&-carboxamide

25  The product from example 34, tert-buty! [(8)-1-(1-cyanocyciopropylcarbamoy!}-3-
methylbutylicarbamate, (1.1 g, 3.72 mmol) was admixed with 20 mi of 1:1
TFA/dichioromsthane and stirred at RT for 30 min. Subseguently, the mixture was
concentrated by evaporation under reduced pressure and taken up again in
dichforomethane and {oluene, and solvent and TFA residues were removed under

30  reduced pressure, The resulting N-terminally protected product was reacted further
directly. 283 mg (1.5 mmol) thereof were admixed at 0°C with 136 mg of HOAL (1 mmol,
0.67 eq.), 195 mg of 1,4-dioxaspirof4.5}decans-8-carboxylic acid from example 33
(1 mmol, 0.67 eq.), 268 mg of EDCI (1.4 mmol, 0.93 eq.) and 0.32 m! of NEM



Example 69: (S)-2-[(6-Azaspiro[2.5]octane-6-carbonyhamino 4,4-difluoro-5- phenylpentanoic
acid 80 iyl (S)-2-[(6-Azaspiro[2.5]octane-6-carbonyl)amin )-4,4-difluoro-5-phenylpentanoic
acid was prepared analogously to example 62,%‘%arting from 234 mg of methyl (S)-2-[(6-
azaspiro[2.5]octane-6-carbonyl)amino]-4,4-difluoro-5-phenylpentanoate (0.62 mmol). 5
Chromatographic separation by preparative HPLC (gradient: acetonitrile/water and addition of
0.05% TFA) gave (S)-2-[(6-azaspiro[2.5]octane-6-carbonyl)amino]-4,4-
difluoro-32phemyipentadard acidbeadcorkiiessEpdrphet S sTitriureipsstingg et 8%k & theory).
10Exampie EéQerhkijS)s&b@e@y@ﬂgcx@wwlw@amw@rf?me&ﬁu eg@aéerahﬁaymt@yié\zﬁ

azaspiro 5 oc ne-6- ca oxamld anec |tr|Ie
hydrochl rlde %eevaa? f W %Pg %eé{;a ? eﬁﬁ’l%@g?g eq% J%Ed's mg of
HATU (1:0¢u) mmwm%@@éﬁm@yw@t@@taﬂdﬁ%ﬁ galulieRghyying over sodium

(S)- 25[(6@@?»@Ea@émﬁg%fp@r@%v@m@@ﬁs@@ﬁwg&w@ag@yl@@m@m@m (0.11
mmol) in 5 rrg of DMF. Th agtlon % fo 4c§1ugtr}d then concentrated
sidue

J J
under redti& beﬁ?e%s%?gmﬁ e &%k alneér ﬁgg é S By preparative HBLC
(grad|ent@%étmﬂitﬂM\ﬁf&ﬁ@eaﬁ@ﬁd’dﬁ@@@ﬁ@d@%%mxﬂ%ﬁqﬂﬁwﬁbtﬁéﬁﬁﬁﬁm@ fealctions were

2000mbi@e%é&@ fraegardricgs (g, this; waw, é}i [(ﬁ) -4-bt-pyanasysepropsoarameyh:3;3-

amorphol Ea1 CYIIEL D faa 6298 O 1180y 02 CRIR. BB 3 1FY 7 22.7 40 (. S 6,68

(d, 1R); 4The ¢nmmpps 3%@4@%@1%%@5@5@@ AMEPFGT A peus i tabdeaciigy1.10
(d, 2H); 0,80k, 7HEk MSHewbird3danidsBranpleMbadyhzaspildblgraane-8-sulfonyl

chloride 00 \No 1.0 g of 8-azaspiro[4.51decane (7.2 mmol) were dissolved in 25 ml of
dichloromethane.

Table 1a:
Molar mass MS )
Example {parent Structure (ESI™) "H NMR
compound)

F
o < 8.82 (s, 1H): 6.62 {d, 1H);
Ao agaq | 428 (m, 1H); 3.29 (m,

36 382.48 O oz 1 4H); 2.26 (m, 2H); 1.65-
C K 1.05 (mm, 19 H)

8.83 {s, 1); 6.80 {d, 1H);
{

. ‘/LF : 4.30 (m, 1H); 3.6 (m, 1H);

o0 N s 34 {m, approx, 4 H); 2.25

37 386.4 - D W“Z/ 38111 (m, approx, 4H), 17-1.4
: b A VAN {mm, approx, 11H) 1.1

(m, 2H)

» 8.81 (s, 1H); 6.6 (d, 1H);
N o ¥ 4.3 (m, 1H); 3.3 {m, 2H);
38 306.48 AR #3971 3.15 (dd, 2H); 2.28 (m,

'\) gl 2H); 1.6-1.0 (mm, approx.
° 20H)
e 8.82 (s, TH}: 6.62 (d, 1H);
e - 4.28 (m, tH); 3.28 (m,
39 410.51 J\; 14115 | 4H) 2.26 (m, 2H); 1.82

e (m, 2H); 1.65-1.05 (mm,
- approx. 18H); 0.88 (t, 3H)




5After addition of 1.5 ml of triethylamine (1.5 eq.), the mixture was cooled to OC. At this
temperature, a solution of 0.48 ml of chorosulfonic acid (7.2 mmol, 1 eq.) in 5 ml of
dichloromethane and then 1.9 ml of pyridine (3. deq ) were added. The mixture was stirred at
RI for 48 h. The reaction mixture was washed with a 1 M HO solution and the aqueous phase
was removed. Thereafter, the organic phase was shaken with an 10Na2CQO3 solution. The
aqueous phase thus obtained was then washed three times more with a little diethyl ether. The

agueaqus phase Widrsaconeenirated under reduced pressurg,an d codistilled three times more
with. 20Eroploluerieasaith time. The ré8idtiersvas taken Ypdfrwater and'lyopARized. Th
colorlem&iduleﬁﬂﬂ%@ned was treated three times Wlth :{ mI each time of ethanol, The
combined alcoholic phases were 15concentrated under reduce syr aélg:zc efd twice
more With toluene. The residue thus obtained ({.58 g of 8- aza%pmp S?Arﬁ g mc acid
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Sl

gfgt le

uced p

nino)-4

G4 MilkBwae fdP)a further

0.05%

Jr

4- dlﬂH rg@egl g wa.
ll%’p@%th@w KEBI+)
approx, 7TH): 1.11 {(m, 2H)

3609.

43 387.43

388 4

8.88 (s, 1H); 7.57 {s, 1H};

6.72 (d, TH); 4.28 {m, 1H),

3.85{m, 2HY;, 3.2 {1, 2H); E

2.88 (m, 2H), 2.3 {m, 2H};

1.82 (m, 2H), 1.65-1.4 (m,

br, 7H); 1.29 {m, 2H); 1,1
{m, 2H)

44 411.46

412.5

8.88 (s, 1H); 6.72 (d, 1H};
4.28 (m, 1H); 3.85 (m
2H), 3.28 {1, 2H); 2.88 (m,
2H) 2.7 (s, 3H); 2.3 (M,
2HY 1.82 (m, 2H); 1.65-
14 (m, br, 7H); 1.28 (m,
2HY: 1.1 {m, 2H)

45 427.5

4285

8.85 (s, 1H); 6.75 (d, 1H}
4.29 (m, 1H); 3.6 {s, 1H,
overl, water); 3.46 (s, 4M);.
3.3 (m, 4H), 2.3 (m, 2H);
1.73-1.42 (3m, 9H); 1.1
(m, 2H); 0.88 (s, BH)




Example 73 S)-2-(8- aspiro[4.5]decane-8-sulfonylamino)-4,4-difluoropentanoic acid F F

15(S)-2-(8-Azaspiro[4.5)decane-8-sulfonyiamino)-4,4-difluoropentanoic acid was prepared
analogously to example 62 starting from 50 mg7' f methyl
(S)-2-(8-azaspiro[4.5]decane8-sulfonylamino)-4,4-difluoropentanoate (0.14 mmol). Yield: 30
mg (62/0 of theory) 83 Example 74:

N-(1-Cyanocyclopropyh)-(S)-2-(8-azaspiro[4.51decane-8-sulfonylamino)- 4,4-difluoropentamide

12.0 mg of 1-amihﬂoejaimsmpanecarbonitrile hydrochlorid
eq.), 3&xABPIR-pthiaendholine (3 eq$tarmii®.5 mg of
a“8a1aaBR H130.0 myg of (S)-2-(8-azaspiro[4.5

successively to

.2 eq.), 13.8 mg of HON 5

ey

1.2 eq.) wertiidaded
ecane-8-sulfonylamino)-

4,4-difluoropent
reaction mixture
residye thus ob
addition of®.05

fained was p|
% TEX)SThe

this way, N-(1-cyanocyclopropyl

azaspiro[4.5]de
amorg hous-mat

,08 mmol) in 2

anoic acid (OL

was stirred at RT for 4 h

ml 6f THF and 1 m
&gd efr.congentrate
tairiing ira

rr' by-pr
0 co

cane-8-sulfonylamino)-4,4-difluoropentamide w
rial. Yield: 20 mg,.56%.0f theory_1bl

(gradi
Siere

NMR:.9

{0

3

1.85 (m, 5H); 1.45 (m,

as obtained as a2¢blorles
(s,-1H);.7.85.(d, 1H); 3.85 (m,

1.2

“and

T
e

h .
compineshanddfirezesdried. In

S

1H); 3.00 (rn, 4H); 2.15 (m, 2H); 1.65 (t, 3H); 1.55 (m, 41H), 1.5088 &Y 805 (aH) .87 (m,
4H); 1.10 (m, 2H): MS (ESI+): 419 1.  Analo gg:lyt@the exa EI% s&iBEdin detail
above (exémples 1-88and 58-74$\th§h}\2§)\‘)f6ﬁ;9 ing‘furtheri cain %rgu;n m\}%/%lﬁzp%e%)%m .r'l'hese
further compounds are shown in ta e /] with ad nying € 35%%9”5@5'&%4- 441
° (2m, 44y
F#"W  8.88 (s, 1H); 6.24 {d, 1H);
. N =" 43 (m, 1H); 3.3 {m, 2H);
48 368.43 N,:;;’f < 369.3 | 3.1 (dd, 2HY; 2.3 (m, 1H):
: 1.75-0.9 (mm, 15H); 1.1
‘ {m, 2)
] ’F)i 8.88 (s, 1H): 7.4-7.15 (3m,
iy S5HY, 6.74 (d, 1H); 4.39 (s,
YK 2H), 4.3 {m, 1H); 3.9 (dd,
49 487,55 @\j\}\/ noo 4885 1 o1y .18 (m, 2H); 2.9 (dt,
Yo 2HY, 2.3 (m, 2H); 1.7-1.3 |
(3m, 6H); 1.1 (m, 1H) |
E s 889 (s, 1H); 7.68 (m, 2H);
- 17.20 (m, 2HY; 6.78 (d, 1H);
P | 4.318m, 1H); 3.92 (m,
50 182 (YW T K 4925 | 20y 377 (m. 2H), 2.99
I ) (m, 2H): 2.30 (m, 2H);
| N 5 y s s
R 2.07 (m, 2H), 1.7-1.4 (2m,
OH); 1.1 (m, 2H)
o 8.82 (s, 1H); 6.72 (d, TH);
T\[ Wk 4.28 (m, 1H); 3.83 (m,
I 4H); 3.3 (m, approx. 4H,
o 40043 o] N):-tojé/ Z{ 0130 ater overlap); 2.28 (m,
( , 2H); 1.75-1.4 (3m, approx.
O 11H), 1.1 (m, 2H)




84 Table Ib: Example Molar mass (parent compound) . Structure j MS (ESI+) 11H NMR 75
325.36 FFI1326.29.03 (s. 1H); 8.35 (d, 1H); ¢.§9 (m, Y (d, 2H); 0.75-0.95 (m, 2H) . MIV

1.0 (mm, approx. 25 i}

- Molar mass l VS .
Exampie {parent Structure (ESI) H NMR
compound)
8.86 (s, 1HY. 7.31 (s, 5H); -
6 6.8 (d, 1H), 4.30 (m, 1H);
N 4.0 (m, 2HY; 3.9 (m, 2H);
) ,,g - 3.4 (m, approx. 5H,
52 476.53 L @ eow/ﬂ AT | T 05
(\\/’\/z) 1H); 2.28 (m, 2H}2€)(
L 2HY; 1.7-1.3 (2m, approx.
7HY 1.1 (m, 2H)
2 L w 8.26 (s, 1H): 5.83 (s, 1H);
53 372 .51 /\N)*\; 1 Nf,J 373.2 | 3.26 (m, approx, 5H); 1.9-
_;‘r\) o
!

8.83 (s, 1H); 6.20 (m, 1H};

3.9, 3.8 (2, 1H); 3.28 {m,
54 386.54 Pe B R B2 T 175.0.8 (mm,
Tono K approx. 27H)

o f\ 8.86 (s, 1H); 6.68 (d, TH);
PR N 4.29 {m, 1H); 3.3 (m, 6H);
PR T 3.0 {m, 4H); 2.28 (m, 2H);
55 453.29 /;:)"‘" 4543 1 4784 (m, 2H), 1.65+1 .4 (m,
| T1H); 1.3 {m, 44 1.1 {m,
g 2H): 0.9 (t, 3H)

8.89 (s, 1H); 8.7 (d, 1H);
4.28 (m, THY; 3.32 {m
approx. 8H, water

overlap); 2.89 (m, 1H);
43821 5 26 (m, 2H): 1.83 ('d",
2H): 1.66-1.37 (m, 2m,
gH); 1.28 (m, 2H}; 1.1 (m,
2H): 0.85 (2m, 4H)

56 437 .28




0 76412.48 .N./OAF F9iH7N ,7\N/NNZNN7Ney H 'NZ0 413.1 8.85 (s, 1H); 6.70 (d, 1H);
4,30 (m, 1H); 3.20-3.40(m, 4H); 2.25

73
| Mo{ér mass MS
Example {parent Structure . H NMR
(ESI)
compound)
8.89 {s, 1H); 8.1 (¢, TH);
o 4.18 (m, 1H); 2.0 (m, br,
- ; 3024  approx. 5H); 1.66-1.32 (m
_=0
57 0341 EJQ/L N (ES") | mm, approx. 8H); 1.07 (m,
: AN 2H): 0.94-0.74 (m, dd,
K approx. 10H)

Further spirocyclic amines which have been used hereinafter for the preparation of
further inventive examples were prepared as follows: the spirocyclic amines 7-cycio-
propyl-2,7-diazaspiro[3.5]-nonane, T—propyl—z,?-diaz:aspiro{S,S]honane, 2-cyclopropyi-

5 2 B-digzaspiro[4 5ldecane, 2-cyclopropyl-2,7-diazaspiro[3.5inonane, 2-propyl-2,7-
diazaspiro[3.5]nonane, 8-cyclopropyl-1-oxa-4,8-diazaspirof5.5]undecane and 4-cyclo-
propyl-1-oxa-4,9-diazaspiro[5 . 5lundecane were prepared according to the above-
described exampies 29-32 starting from the tert-butyloxycarbonyl-protected precursors
which are commercially available, .

10 2-Cyclopropyimethyi-2,8-diazaspirof4 .5]decan-3-one was obiained by alkylating tert-
butyl 3-ox0-2.8-diazaspiro[4 .Sjdecane-8-carboxyiate (commercially available) with
cyciopropylmethyl bromide and subsequent elimination of the {ert-butyloxycarbonyl
protecting group with TFA. S-Azaspirc[Z.bjoctane can be prepared according to the
literature (Bull. Soc Chim. France 10, 2572-81 (1964}) or else as described below by

16  cyclopropanating tert-bulyl 4-methylenepiperidine-1-carboxylate and then detaching the
tert-butyloxycarbonyi protecting group.

Example 58: 6-Azaspiro[2.5]jociane

e

20 In a baked-out dry flask under protective gas {argon}, a mixture of §.90 g of zinc dust
{151 mmol) and 1.50 g of CuCt (15.15 mmol) in 20 ml of abs. diethyi ether was stirred
at 50°C (bath temperature) for approx. 100 min. The mixture was cooled to 15°C (bath
temperature). 6.1 mi of dilodomethane (75.0 mmol), 7.8 m! of abs. dimethoxysthane
and finally 4.27 g of teri-butyl 4-methylenepiperidine-i-carboxylate (21.7 mmol) were

25 successively and rapidly added dropwise. The reaction mixture was heated gradually to



(m, 2H); 1.80(m, 4H); 1.62 (t, 3H); 1.45 (m, 6H); 1.20 (s, 6H); 1.10 (m, 2H) 77 382.46 F F 7NN
N /N'N,"-.."7\_Hd) 1383.18.87 (s,1H); 6.28 (d, 1H): 4,30 (m, 1H); 3.22-3.38 (m, 2H); 3.08
(m, 2H); 2.20-2.38 (m, 2H); 1.55-1.68 (m, 5H); 1430-1.52 (m, 12 H); 1.10 (d, 2H) 78 432.47 F F
F ON KNN/NN 0 1-O

50°C {bath temperaiure) and stirred at this temperature for approx. 20 h. After this time,
owing to still incomplete conversion, another 20 ml of diethyi ether and 6.1 mi of
diiodomethane were added with cooling. The reaction mixture was heated to 50°C
(bath temperature) for a further 8 h. Cooling was followed by dilution with THF and
5 filtration through Celite. The filirate was admixed with 4.3 g of p-toluenesulionic acid

and a few drops of water, and then concentrated under reduced pressure. The crude
product thus obtained was dissolved in 100 mi of THF and admixed with 7.09 g of Boc
anhydride (1.5 eq.) and 5.5 mi of DIPEA {1.5 eq.). The mixiure was stirred at RT for
48 h and then concenirated under reduced pressure. The residue thus oblained was

10 stirred with approx. 150 ml of diethyl ether. The mixture was filtered with suction and
the filter residue was washed thoroughly with diethyl ether. The filtrate thus obtained
was concentrated. What remained was an oil which was taken up in 200 mi of
dichloromethane and was washed twice with sal. NaHCO; solution and once with dil.
HCI solution (pH = 5). The organic phase was dried over MgS0, and then concentrated

15 under reduced pressure. in this way, 2.8 g of tert-butyl 6-azaspiro[2.5joctane-6-
carboxylate were obtained as a light-colored oil. This oil was dissolved in & mi of
dichioromethane and admixed with a mixiure of 10 mi of TFA and 0.5 mi of water. After
stirring at RT for 48 h, the reaction solution was concentrated under reduced pressure
and codistilled with toluene three times more. In this way, 6-azaspiro{2.5lociane was

20 obtained as a TFA salt in the form of a brown off which was clean enough for further
reactions.
Yieid: 1.50 g (31% of theory) MS (ESI): 112 .
The 6-azaspire{2.5octane thus oblained was converted o the inventive compounds
which have been described in examples 61-63 and 68-70.

26
Example 53 Methyl (8)-2-amino-4 4-diftucropentanoate hydrochloride

oo 0
] \f HC
’ ;N\NH

2

At approx. 5°C (ice bath cooling), 8.2 ml of thiony! chloride (112.6 mmol; 1.5 eq.) were
added dropwise to 100 mi of methanol {p.a.) under argon. The mixiure was allowed 10
30 come to RT within 30 min and stirred for a further 30 min. 19.0 g of (S}-2-tert-

butoxycarbonylamino-4,4-diffuoropentanoic acid (75.0 mmol} were added in portions {o



433.318.90 (s, 1H); 729 (m, 3H); 7.20 (m, 1H); 6.80 (d, 1F1); 5.00 (s, 3,05 (m, 2H); 230 (m,
2H): 1,80 (m, 2H); 1.65 (t, 3H); 1.58 (m, 2H); 1.50 (d, 2H); 1.10 (d, 2H) 79 430.50 FF ('JN4311
OH. 018.90 (s, 1H); 7.31 (m, 1H); 7.05- 7.20 (n%38H); 6.40 (d, 1H); 4.38 (m, 1H); 3.30-3,45 (m,
4H); 2.80 (t, 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)
85 Example Molar mass

10

15

20

25

this reaction mixture. The reaction mixture was stired at RT for 2 h. Thereafter, the
reaction mixture was wamed to 35°C (infernal temperature) and stirred at this
temperature for ancther 3 h. Subsequently, the mikium was cohcentrated under
reduced pressure, which afforded methy! (8)-2-amino-4 4-difluoropentanoate
hydrochloride as a siightly brownish crystalline solid which was clean enough for further
reactions. Yield: 13.5 g (88% of theory).

Exampie 60: Methyl (S}-4 4-difluoro-2-isocyanatopenianoate

O;.”\}N/CG\
I!

0

Under argon, 2.0 g of methy! (S)-2-amino-4 4-difiucropentanoate hydrochloride

(9.8 mmo!) were dissolved in 80 mi of dichioromethane, admixed with 3.2 mi of pyridine
(4 eq.) anc cooled to approx. 5°C (ice bath). After 10 min, 6.7 mi (1.3 eq.) of a 20%
phosgene solution in fcluene were slowly added dropwise. The resulting suspension
was stirred with ice bath cooling for 3 h and then concenirated under reduced pressure,
The residue thus obtained was taken up in toluene and filtered. After the solvent had
been removed under reduced pressure, methyt (8)-4,4-diflucro-2-isocyanatopentancate
was obtained as a brown oil which was used in the subsequent reaction without further
purification. Yield: 1.1 g (58% of theory).

Example 681: Methyl (8)-2-[{6-azaspiro[2.5joctane-8-carbonyliaminol-4,4-
difluoropentanoate
F £

A solution of 0.75 g of 6-azaspiro[2.5]octane trifluoroacetate (3.30 mmol, 1 eq.) and
0.75 mt of DIPEA {1.3 eq.} in 6 ml of dichloroethane was added under argon to a
sotution of .65 g of methyl (8)-4 4-difluoro-2-isocyanatopentanoate (3.36 mmol) in

4 mt of dichloroethane. The reaction mixiure 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 MgS04 and then concentrated under



(parent compound) Structure MS (ES) 11-1 NMR 80 384.43 1101 o NNN H F F 385.3 8.85
(s,1 H); 6.35 (d, 1H); 4.30 (in, 1H); 3.90 (t, 2H); 3.50 (q, 2H); 3.30-3.40 (m, 2H); 2.20- 2.40 (m,
4H); 1.38-1.65 (m, 11H); 1.10 (d, 2H) 78 ) '

reduced pressure, The residue thus obtained was purified by preparative HPLC
{gradient: acetoniirile/water and addition of 0.05% TFA. The product-containing
fractions were combined and freeze-dried.

Yield: 200 mg , 20% of theory MS (ESI™). 305,

Example 62: (S)-2-[(6-Azaspiro[2.5]octane-6-carbonyllamino]-4, 4-difiuoropentanoic
acid

o)
L

(\N/\'N [ OH

365.0 mg of methy! (5)-2-{(B-azaspiro[2.5joctane-6-carbonyamino}-4 4~

10 difluoropentancate (1.2 mmol) were dissolved in a mixture of 10.8 ml of THF and 3.6 ml
of methanol. 3.6 ml of an agueous 1 M LiOH solution (3 eq.} were added o this
solution. The mixture was stirred at 45°C (bath temperature) for one hour and then
3.6 mil of 1 M HCI solution were added. The mixture was concentrated under reduced
pressure and codistilled with DMF twice more. The (S)-2-[(8-azaspiro[2.5joctane-6-

18 carbonyllaminol-4 4-difluoropenianocic acid thus obtained was clean enough for the
next reaction, Yieid: 400 mg (quant.)

Example 63: N-[(S}1-(1-cyanocyclopropylcarbamoyi)-3,3-diftuorobutyll-

G-azaspirof2 Sloctane-G-carboxamide
FF

i
ﬁw”““m’éﬁ %
20 v\/ °

142.3 mg of T-aminocyclopropanecarbonitrile hydrochloride (1.2 mmol, 1.0 eq.),

163.3 mg of HOAL (1.0 eq.), 0.61 miof DIPEA (3 eq.) and 456 mg of HATU (1.0 eq.)

were added successively toa solution of 348.0 mg of {S}-2-[(6-azaspiro|2.5loctane-6~

carbonyl}aminal-4 4-difluoropentanocic acid (1.2 mmol) in 5 ml of DMF. The reaction
25 mixture was stirred at RT for 24 h and then concentrated under reduced pressure. The

residue was taken up in 10 ml of dichloromethane, washed with a litile sat. NaHCOg

solution and then a little difute HC! solution (pH=5), and dried over MgSQ.. The residue



81 400.43 0 11N -17-0 : K/NN2'.N HH FF/ H 0 N 402 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

thus obtained was purified by preparative HPLC {gradient. acetonitrile/water and
addition of 0.05% TFA). The produci-containing fractions were combinad and freeze-
dried. In this way, N-{(8)-1-(1-cvanocyclopropylcarhamoyl-3, 3-difiuorobutyl]-
B-azaspiro[2 Slociane-6-carboxamide was obtained as a colorless amorphous solid.

5 Yield: 200 mg , 47% of theory,  MS (ESI™): 355.1.
"M NMR: 8.85 (s, 1H); 6.68 {d, 1H); 4.30 (m, 1H); 3.30-3.40 (m, 4H); 2.30 (m, 2H), 1.60
{t, 3H); 1.50 (m, 2H); 1.25 (m, 4H); 1.10 (m, 2H); .30 (s, 4H) .

Example 64 Methyl (8)-2-benzyloxycarbonylamino-4-oxo-5-phenylpenianoate

?

0

in a baked-out, argon-purged flask, 3.7 g of ithium bromide (24 eq.yand 438 g

{1.2 eq} of CuBr-Me,S were dissolved in 55 mi of abs. THF and stirred at RT for

20 min. The resuiting vellow soiufion was cooled to -70°C and admixed with 16.2 mi

(1.2 eq.} of benzylmagnesium chloride sclution {20% in THF). After & further 20 min af

15 -70°C, a solution of 5.32 g of methyl (8)-2-benzyloxycarbonylamino-3-
chlorecarbonylpropionoate {(example 1} (17.75 mmol} in 15 ml of THF was added. Afier
2 h, the mixture was heated slowly o -35°C and 50 ml of a sat. NH4Cl solution were
added. The reaction mixture was diluted with 400 ml of dichloromethane and washed
with 100 ml of a 2 M HCI solution. The agueous phase was washed twice more with

20 50 mi of dichloromethane. The combined organic phases were washed successively
with 2 M HCI solution, sat, NaMHCO; solution and sat. NaCl sotution, dried over MgSQ,
and concentrated under reduced pressure. Methyt (8)-2-benzyloxycarbonylaming-4-
oxo-5-phenyipentanoate was obtained as a yellow off which was used in the next stage
without further purification.

25 Yield: 6.39 g {quant.)

Example 65: Methyl (8}-Z-benzyloxycarbonylamino-4 4-difiucro-S-phenyipentanocate



44453 :N"N:P FFOHH"-N/445.48.81 (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 (in, 11H); 1.10 (d,”2H) 83 409.48 IF-NHFF Nil 0

In a Teflon vessel, 6.3 g of methyl {(S)2-benzyloxycarbonylamino-4-oxo-5-
phenylpentanoate (17.7 mmol) were dissolved in 10 mi of dichioromethane. Under
argon, 5 g of BAST (1.28 eq.) were added, The reaction mixture was slirred at 40°C
5 (bath temperature) for 20 h. Another 5 g of BAST {1.28 eq.) were added and the

mixture was stirred at 40°C for a further 20 h. The reaction mixture was added dropwise
to 500 mi of an ice-cooled NaHCO; solution and dituted with 200 mi of
dichloromethane. The phases were separated and the agueous phase was washed’
twice with 100 ml of dichloromethane. The combined organic phases were washed with

10 a1 M HCi solution and with sat, NaCl sciution, dried over MgSO; and concentrated
under reduced pressure. The residue (dark brown oil} was purified by flash
chromatography on silica gel with a heptane/ethy! acetate mixture. Methyl (5)-2-
benzyloxycarbonyiamino-4,4-diffuoro-S-phenylpentanoate was obiained as a vellow
waxy substance,

15 Yield: 3.03 g (45% of theory).

Example 66: Methyl (8)-2-amino-4 4-difluoro-S-phenyipentanoate

P ’f\i‘
ﬁ&)
HNT Y O
O

3.0 g of methyl {S)-2-benzyloxycarbonylamino-4,4-difluoro-5-phenyipentanocate

20 (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 ml of disthyl ether were added and the
resuliing precipitate was filtered off with suction. The crude product thus obiained 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

25 washed with sat. NaHTCO; solution. The organic phase was dried over Mg8G, and
concentrated under reduced pressure. Thus, methy! (S)-2-amino-4,4-difluoro-5-phenyl-

penianoate was obtained as a yeliow oil.



/\ 410.3 Fumarate: 8.90 (a, 1H); 6.60 (s, : 2H); 6,50 (d, 1H); 4.25 (m, 1H); 1 3.58 (d, 2H); 3.48
(d, 2H); 2.25- [ 2.55 (in, 6H): 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 NI- CNN HF FT8 1 z 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);

Yield: 817 mg (42% of theory)

Example 87: Methyt (S)-4 4-difluoro-2-isocyanato-5-phenyipentanoate

S 817 mg of methyl (8)-2-amino-4 4-diftucro-5-phenyipentanoate (3,36 mmol) were
dissolved in 20 mi of dichloromethane, admixed with 1.08 mi of pyridine {4 eq.) and
cooled to approx. 5°C {ice bath). After 10 min, 2.3 ml (1.3 eq.) of a 20% phosgene
solution in toluene were added dropwise. The resulting 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, methyi (3)-4,4-diflucro-2-isocyanato-5-phenyipentancate was
obtained as an crange oil which was used without further purification in the subsequent
reaction. Yield: 943 mg (quant.)

15 Example 68: Methyl (8)-2-{(6-azaspiro{2 5loctane-6-carbonybamino]-4 4-diflucro-5-
phenylpaniancais |

A
Oy

Methyl (S)-2-[(6-azaspiro{2.5]octane-6-carbonyl)aminol-4,4-difluoro-5-

phenylpentanocate was prepared analogously to example 61, starting from 904 mg of

20 methyl (8)-4 4-difluoro-2-isocyanato-5-phenylpentanoate (3.36 mmal) and 807 mg of 8-
azaspiro{2.5loctane triflucroacetate (1.2 eq.). Chromatographic separation by
preparative HPLC (gradient. acetonitrile/water and addition of 0.05% TFA) gave methyl
(S)-2-{{B-azaspiro[2 5loctane-G-carbonyljamino]-4, 4-diflucro-5-phenyipentanocate as a
yellow oil, Yield: 234 mg (18% of theory)

Example 69: {8)-2-{{6-Azaspiro|2 5joctane-6-carbonyljamino}-4,4-difluoro-5-

phenylpentanoic acid



1.10 (m, 2H); 0.34 (d, 2H); 0.25 (d, 2H) --ir 86 Molar Examplemassi (parent compound)
Structure MS (ESIt) 111 NMR 85 411.50 N- 7-8-(-)-/ v L

{8)-2-{(5-Azaspirol2 Sloctane-G-carbonylamino}-4 4-diflucro-5-phenylpenianocic acid
was prepared analogously {o exampie 62, starting from 234 mg of methyl (S)-2-[{6-
azaspiro{2 Sloctane-8-carbonylamino}-4 4-difluoro-5-phenylpentancate (0.62 mmol).

(&)

Chromatographic separation by preparative HPLC (gradient: acetonitrite/water and
addifion of 0.05% TFA) gave (8)-2-[(6-azaspiro]2.5]octane-G-carbonyllaminoi-4,4-
difluoro-6-phenylpentancic acid as a colorless amorphous solid,

Yield: 41 mg (18% of thaory).

10 example 70: N-[{S)-1-(1-cyanocyclopropylcarbamoyi}-3, 3-difluorc-4-phenylbutyl]-6-
azaspiro[2.5joctane-6-carboxamide

13.3 mg of 1-aminocyclopropanecarbonifrile hydrochioride (1.0 eq.), 15.2 mg of HOAL
(1.0 eq.), 57 W of DIPEA (2 eq.yand 42.5 mg of HATU (1.0 eq.) were added
16 successively to a solution of 41.0 mg of (8)-2-[{6-azaspiro[2.5]octane-8-
carbonvljaminol-4 4-difluoro-&-phenyipentanoic acid (0.11 mmol} in 5 ml of DMF. The
reaction mixture was stirred at RT for 4 h and then concentrated undar reduced
pressure. The residue thus obtained was purified by preparative HPLC (gradient:
acetonitriie/water and addifion of 0.05% TFA). The producbcémtaining fractions were
20 combined and freeze-dried. In this way, N-[(S)}1-(1-cyanocyclopropylcarbamoyl}-3,3-
difluorc-4-phenylbutyl]-8-azaspirof2.5lcctane-B~carboxamide was obtained as a
coloriess 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); 3.20-3.4C (m, 5H);
25 2.15-2.40 (m, 2H); 1.48 (d, 2H), 1.25 (t, 4H)1.10 {d, 2H); 0.30 (s, 4H);
MS (ESIT): 431.3,



otNHFF 412.4 Fumarate: 8.90 (s, 1H); 6.72 (d, 1H), 6.50 (s, 2H); 4.28 (m, 1H); 3.10-3.50
(m, 8H); 2.65 (m, 2H); 2.25 (m, 2H); 1.53-1.65 (m, 7H); 1.45 (d, 2H); 1.38 (g, 2H); 1.10 (m,
2H); 0.87 (t, 3H) 86439.51 N ,---,,,, i, 0 H F F ! @71-N 440.3 TFA salt: 9.02 (sb, 1H); 8.88 (s, 1H);
6.75 (d, 1H); 4.30 (m, 1H); 3.40-3.90 (m, 6H); 2.88-3.25 (m, | 6H); 2.15-2.35 (m, 3H); 1.62 (t, 1
3H); 1.35-1.48 (m, 4H); 1.10 (d, F 2H); 0.90-1.05 (m, 2H); 0.78 (m, 2H)I

Example 71: 8-Azaspiro[4.5jdecane-8-suifonyi chloride

N

’/\N/S\C{

1.0 ¢ of 8-azaspiro[4.5]decane (7.2 mmol} were dissolved in 25 m! of dichloromethane.
S After addition of 1.5 m of tristhylamine (1.5 eq.}, the mixture was cooled to 0°C, At this
temperature, a solufion of 0.48 mi of chorosulfonic acid (7.2 mmol, 1 eq.}in 5 mi of
dichloromethane and then 1.9 mi of pyridine (3.2 eq.) were added. The mixture was
stirred at RT for 48 . The reaction mixure was washed with & 1 M HCI soiution and the
agueous phase was removed. Thereafter, the organic phase was shaken with an
10 Nap;CO; solution. The aguecus phase thus obfainad was then washed three times more
with a fittle diethyl ether. The aqueous phase was concentrated under reduced
pressure and codistilied thres fimes more with 20 mi of toluene each tima. The _residue
was taken up in water and lyophifized. The coloriess residue thus obtained was treaied
three times with 10 m! each fime of ethanol. The combined alcoholic phases were
15 concenirated under reduced praessure and codistilled twice more with ioluens. The
residue thus obtained (1.58 g of 8-azaspiro[4.5]decane-8-sulfonic acid sodium salt) was
“suspended in 30 mi of toluene and admixed under argoh 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 constituenis
20 and the filirate was concentrated under reduced pressure. In this way,
8-azaspiro[4 Sldecane-8-sulfanyl chioride was obtained as a coloriess ofi which was
used in the next reaction without further puriffication.
Yietd: 520 mg (30% of theory).

25  Example 72: Methyl (8)-2-(8-azaspiro[4 .Sldecane-B-sulfonylamino -4 4-difluoro-
pentanocate '

\w {
QO ¥



87143951 A HFF/HO 440.3 TFA sad: 8.90 (s, 1H); 8.70 (sb, 1H); 6.82 (d, 1H); 4.32 (m,
1H); 3.35-3.70 (m, 8H); 3.15-3.33 (m, 4H); 2.95 (m, 1H): 2.25 (m, 2H); 2.03 (t, 2H); 1.62 (t,
3H): 1.50 (d. 2H);1.10 (d, 2H); 0.90 (d, 2H); 0.8%(d, 2H) 88451.52 N HF F

n a reaction vesse!, 100 mg of methy! (8)-2-amino-4 4-diflucropentancate
hydrochioride (0.49 mmol) were admixed with 320 mg of N,O-bis{trimethylisiiyl)-
acetamide (3.2 eq.} in 3 mi of acetonitrile. The reaclion midure was treated at 100°C in
a microwave for 30 min, 128 mg of 8-azaspiro{4.5[decane-8-suifonyl chloride {1.1 eq.),
5 dissolved in 2.5 mi of acetonitrile, were then added and the resulling reaction mixture
was treaied at 100°C in a2 microwave for a further 2.5 h. The reaction mixiure was
concentrated under reduced pressure and the resulting residue was purified by
preparative HPLC (gradient acetonitriie/water and addition of 0.05% TFA). Methy! (5)-
2-(B-azaspiro[4.5ldecane-8-suifonylamino)-4 4-difiuoropentancate was obtained as a
10 colorless amorphous material.
Yield: 75 mg, (41% of thaory) MS (ESI™): 368,

Exampie 73: {S)-2-{8-Azaspiro[4 .5]decane-8-suifonyiamino)-4 4-difluoropentanoic acid

AO B

W/

15 (8)-2-(B-Azaspirc]4 bldecane-8-sulfonviaming)-4 4-diffuoropentanocic acid was prepared
analogously to example 62 starting from 50 mg of methy! (8)-2-(8-azaspiroj4 .Sldecans-
&-sulfonylamino)-4 4-diffucropentanoate (0.14 mmol).

Yield: 30 mg {62% cf theory)



452 3.'8.85 (s, 1H); 6.72 (d, 1 H); 4.30 (m, 1H); 3.40 (m, 4H); 3,25 (m, 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)
89444.53 0 ii, ik NHFFHN 445.1 8.45 (s, 1H3 7.10-7.28 (m, 4H); 5.90 (d, 1H); 4.38 (m,
1H); 3.30- 3.60 (m, 2.40 (m , 1.38-1.52 (m. 4H); 1.15 (m, 2H); 0.60 (t, 3H)

20

Example 74: N-{1-Cyanocyclopropyl-(8)-2-(8-azaspiro[4.5]decane-8-sulfonylaminoe)-
4 4-difluoropentamide

FoF

O 0O

N H N

N:s:Nﬁ?N 2
Sh

O~ °

12.0 mg of 1-aminocyclopropanecarbonitrile hydrochloride (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 {o a solution of 30.0 mg of (8)-2-(8-azaspirol4.5]decans-8-sulfonylaminc)-
4 4-difluoropentanoic acid {0.08 mmol) in 2 ml 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:
acefonitriie/water and addition of 0.05% TFA). The product-containing fractions were
combined and freeze-dried. in this way, N-(1-cyanocyciopropy!)-{(S)-2-(8-

azaspirof4 Sidecane-§-sulfonylamino)-4 4-difluoropentamide was obtained as a
colorless amorphous material.

Yield: 20 mg, 56% of theory.

"HNMR: 9.1 (s, 1H); 7.85 (d, 1H); 3.85 (m, 1H}; 3.00 (m, 4H}: 2.15 (m, 2H); 1.85 (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

foliowing further compounds were prepared.

These further compounds are shown in table 1b) with accompanying characterization:



87 Molar mass (parent compound), 8.88 (s, 1H); 7.58 (d, 2H); 6.95 (d, 2H); 6.77 (d, 1H); 4.30
(m, 1H); 3.90 (m, 2H); 3.77 (m, 2H); 3.73 (s, 3H); 2.90 (m, 2H); 2.25 (m, 2H); 2.10 (t, 2H); 1.85
(m, 2H); 1.65 (g, 2H); 1.40-1.50 (m, 6H); 1.10 (¥¢ 2H); 0.90 (t, 3H) 8.85 (s, 1H); 6.82 (d, 2H);
6.70 (d, 1H); 6.55 (d, 2H), 4.30 (m, 1H); 3.68 (s, 3H); 3.25-3.55 (m, 6H); 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) TFA salt: 9.80 (s," 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);
2.15-2.307@hle2H); 1.75-1.86 (in, 2H); 1.70 (s, 4H); 1.45 (d, 2H); 1.40 (m, 2H); 1.10 (d, 2H);

0.89 (t”?FIT'G‘SU (Bt

' ﬁxamp&e

mass
{parent
compound}

Structure

MS (EST)

€

W NMIR

75

325.36

326.2

9.03 (s, 1H), 8.35 (d, 1H); 4,49 |
{m, 1H); 1.85-2.40 (m, 9H);
1.62 (1, 3H); 1.50 (d, 2H);, 1.10
(d, 2H); 0.75-0.85 {m, 2H)

76

412.48

FoF
(o]
oAy
N
H!K
O
F F
N

4131

885(3 1H); 8.70 (d, TH): 4.30
(m, 1HY; 3.20-3.40 (m, 4H); 2.25

L (m, 2HY); 1.80 (m, 4H): 1.82 {1,
| 3H); 1.45 (m, 6M); 1.20 (s, 6H);

1.10 (m, 2H)

77

382.46

383.1

8.87 (s,1H); 6.28 {d, 1H): 4.30
(m, 1H); 3.22-3.38 (m, 2H); 3.08
(m, 2H); 2.20-2.38 (m, 2H);
1.55-1.68 (m, 5H); 1.30-1.52 (m,
12 HY: 1.10 (d, 2H)

78

432.47

433.3

8.90 (s. 1H}; 7.29 (m, 3H); 7.20
(m 1H): 6.80 (d, 1H); 5.00 (s,
2H); 4.35 (m, 1H); 400 (m, 2H):
3,05 (m, 2H); 2.30 (m, 2H); 1.80 |
(m, 2H): 1.85 {t, 3H); 1.58 (m,
2H); 1.50 {d, 2H); 1.10 {d, 2H)

79

430.50

4311

8.90 (s, 1HY; 7.31 {m, tH), 7.05-

7.20 {m, 3H); 6.40 (d, 1H); 4.38

(m, 1H); 330 -3,45 (m, 4H); 2.80

{t, 2H}; 2.15-2.40 (m, 4H); 1.50

(m, 1H); 1.60-1.80 (m, 6H); 1.50
(d, 2H); 1.10 {d, 2H)




TFA salt: 9.45 (sb, 1H); 8.90 (s, 1H); 6.72 (d, 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, 5%%); 0.82 (d, 2H) TFA salt: 8.89 (s, 1H); 8.52
(sb, 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 (sb, 2H); 1.35-1.49 (m, 6H); 1.29 (sb, 2H); 1.10 (d, 2 H): 0.90 (m, 5H);
0.82 (d, 2H) 88 Example Molar mass (parent compound) Structure MS (ES I) | 1FI NMR 95

43754 F F

Example

Molar
mass
{parent
compound)

Structure

S (ESi")

HNMR

80

384.43

385.3

8.85 (s,1 HY; 6.35 (d, 1H); 4.30
(m, 1H); 3.90 (1, 2H); 3.50 (q,
2H}; 3.30-3.40 {m, 2H); 2.20-
2.40 {m, 4H); 1.38-1.65 (m,

11H); 1.10 (d, 2H)

81

400.43

401.2

9.05 (s, ’iH); 6.69 (d, 1H); 6.80
(d 1l-i) ( L 1H), 3.86 (s,
) 48( - 2.05-2.32 (m,
1581,68 (m,

1.38 (

4H);
QH) 10 (dd, 2H)

82

444 53

4454

8.81 (s, 1H}: 7.50 (t,1H); 7.05-
7.29 {m, 3H); 6.60 (¢, 1H); 4.35
(r,1 HY: 3.90-4.10 (m, 2H):
2.72-2.90 (m, 2H}; 2.70 (s, 2H):

12.19-2.35 (m, 2H); 1.85-2.05 (m,

ZH} 1.38-1.75 (m, 11H) 1.10
(d, 2H)

83

400.48

410.3

| Fumarate: 8.90 (s, 1H); 6.60 (s,
2H): 8,50 (d, 1H); 4.25 (m, 1H);
3.58 (d, 2H): 3.48 (d, 2H); 225m
2,55 (m, BH); 2.15 (m, 1H):
1.50-1.68 (m, 7 H): 1.45 (d, 2H);
110 (d, 2H); O d, 2H); 0.28
(d,

2.
H)

40 (
2H)

84

409.48

410.3

Fumarate: 8.85 (s, 1H); 6.68 (d,
1H), 8.60 (s, 2H); 4.30 (m, 1H),
3.15-3.50 {m, 4H) 3.05 (s, 4HY;
2.25 {m, 2H); 1.95 {m, 1HY;
1.52-1.65 (m, ?H}, 1.48 (m, 2H};
1.10 (m, 2H); 0.34 (d, 2H); 0.25
{d, 2H)




0,,,N N fNN Hil 10 /N.,,, ' 438.2 TEA salt: 8.90 (s, 1H); 8.68 (sb,1 1H); 6.65 (d, 1H); 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 (sb, 1H);
2.12-2.40 (m, 2H); 2.05 (m, 2H): 1.73-1.89 | 1 (#§, 4H); 1.50 (d, 2H); 1.40 (m, 2H); 1.10-(dd,

2H); 0.90 (m, 5H); 0.85 (d, 2H) 96 439.55F F, f
salt 9.01 (sb, 1H); 8.90 (s, 1H); 6.62 (d, 1H); 4.29 (m, 1H);

(\t.,, JH il0 /NyN9 438.3 (ES-) TFA

Example |

i

Molar
mass
{parent

compound)

1

]

Structure

MS (ESH)

"H NMR

85

411.50

412.4

Fumarate: 8.0 (s, 1H); 6.72 (d,

1H), 8.50 {s, 2HY;, 4.28 (m, 1H),

3.10-3.50 (m, 8H); 2.85 (m, 2H};

2.25 (m, 2HY); 1.53-1.65 (m, TH);

1.45 (d, 2HY, 1.38 (g, 2H), 1.10
(m, 2H); 0.87 {t, 3r)

86

438.51

440.3

TFA salt: 9.02 (s, 1H); 8.88 (s,
1H); .75 {d, 1H): 4.30 (m, 1H);
3.40-3.90 (m, BH); 2.88-3.25 (m,
BH); 2.15-2.35 (m, 3H); 1.62 (t,
3H); 1.35-1.48 (m, 4H); 1.10 (d,
| 2H), 0.90-1.05 (m, 2H}; 0.78 (m,
2H)

N

87

439.51

440.3

TFA salt: 8.90 (s, 1H); 8.70 (s,
THY, 6.82 (d, TH); 4.32 {m, 1H);
3.35-3.70 (m, 8H); 3.15-3.33 (m,
4HY; 2.95 (m, 1H); 2.25 {m, 2HY;
2,034 2H), 1.62 {1, 3H), 1.50
(d, 2H); 1.10 (d, 2H); 0.90 (d,
2H); 0.80 (d, 2H)

88

451.62

452.3

(m, TH): 3.40 (m, 4H); 3.25 (m,

AHY; 3.05 (d, 2H); 2.25 (m, 2H);

2.15 (s, 2H): 1.62 (t, 3 H); 145

(m, 5H); 1.10 {m, 2H); 0.45 {d,
2H); 0.20 (d, 2H)

8.85 (s, 1H); 6.72 (d, 1 H); 4.30 |

89

444 53

448 1

| 8.45 (s, 1H); 7.10-7.28 (m, 4H);
. 5.90 (d, 1H); 4.38 {m, 1H); 3.30-

3.60 (m, 4H); 2.90 (t, 2H); 2.15-

2,40 (m, 2H): 1.75-2.10 (m, 6H):

1.38-1.52 {m, 4H); 1.15 (m, 2H);
0.90 (i, 3H)




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) 97 513.64
FFO.,N(CN'N, | NC/514.2 TFA salt: 8.89(s, 1H); 8.51 (sb, | 1H); 7.22-7.39 (m, 5H); 6.72
(d, 11H); 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 (sb. 2H); 1.38-1.48 (m, . 4H); 1.28 (t, 2 H); 1.10 (dd, 2H); ' 0.90 (d, 2H); 0.80 (d,

2H) 98 48558 FF,IC' ? ON.

MS (ESI)

H

Tt NMR

532.2

8.88 (s, 1H): 7.58 (d, 2H); 6.95
(d, 2H); 8.77 (d, 1H); 4.30 (m,
TH); 3.90 {m, 2H); 3.77 (m, 2H);
3.73 (s, 3H); 2.90 (m, 2H); 2.25
(m, 2H); 2.10 (t, 2H); 1.85 {m,
2H); 1.85 (g, 2HY; 1.40-1.50 (m,
BH); 1.10 (m, 2H): 0.90 (¢, 3H)

518.2

8.85 (s, 1H); 6.82 (d, 2H); 6.70
{d, 1H); 6.55 (d, 2H), 4.30 (m,
1H); 3.68 {5, 3H); 3.25-3.55 (m,
BHY, 3.10 (s, 2H); 2.25 {m,
2H);1.80 (m, 4H); 1.35-1.55 (m,
8H), 1.10 (d, 2H); 0.90 (&, 3H)

436.3
(ES)

TFA salt: .80 {s5, 1H}; 8.90 (s,
1H); .75 (d, 1H); 4.30 {m, 1H};
3.97 (m, 2H); 3.80 {m, 2H);
3.15-3.30 {m, 4H); 310 {m, 1H)
2.15-2.30 {m, 2H}; 1.75-1.86 {m,
2HY 1,70 (s, 4H); 1.45 (d, 2H},
1.40 (m, 2H); 1.10 (d, 2H); 0.89
(t, 3H); 0.80 (d, 4H)

452.3

TFA salt: 9.45 (sy, 1H); 8.90 (s,
1HY; 8.72 (d, TH); 4.31 {m, 1H);
3.52-3.70 {m, 2H}; 3.20-3.40 (m,
41, 3.05 (m, TH); 2.85 (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)

Wiolar
Example mass Structure
(parent
combound)
90 53161 |,
FE
W
; 0
91 51762 1\ =
Qﬁw 1
_ | H o
PN o
v
FF
Ji§
N N
82 437.54 /\ H/\?O(
F ™
9
a3 451.56 1
N
AN
/\/\/ ©
F F
/
/\N)k
o4 465.59 é

464.3
(ES)

TEA salt: 8.89 (s, 1H): 8.52 (s,
1HY: 8.70 (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 (5o, 2H); 1.35-1.49 {m,
BH); 1.29 (sp, 2H): 1.10 (d, 2 H);
0.90 (m, 5H); 0.82 (d, 2H)




NH7N /'11 0 486.2 TFA salt 9.80 (sb, 1H); 8.90 (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, 881): 0.80 (d, 4H) /

.~"NN 1H

99 487.60, N- 7-/ FFI H

Example

Molar
mass
{parent
compound)

Structure

MS (ESH) |

“H NMR

85

437 .54

438.2

TFA sait: 8.90 (s, 1H); 8.68 (s,

| 1H); 6.85 (d, 1H); 4.29 (m, TH);

3.70 (d, 1H): 3.65 (dd, 2H); 3.55

| (d, 1H); 3.30-3.45 (m, 2H); 3.12
(m, 2H): 2.87 (s, 1H): 2.12-2.40

(m, 2HY; 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)

86

438.55

438.3
(ES)

TFA salt: 9.01 (s, 1H}: 8.90 (s,
1HY; 6.82 (d, TH); 429 (m, 1H);

3.50-3.68 {m, 4H}; 3.25-3.40 (m,
2HY; 3.00 (m, 2H); 2.87 (g, 2H);

2.10-2.38 {m, ZH) 2.02 {m, ZH)

1.80 (m, 4H); 1.65 (m, 2H); 1.50
(d, 2H): 1.40 (m, 2H); 1.10 (d,

2H); 0.90 (4, 8H)

87

513.64

514.2

TFA salt: 8.88 (s. 1H); 8.51 (s,
1H); 7.22-7.38 (m, 5HY:, 672 (d,
THY, 4.39 (m, 1H); 3.26-3.40 {m,
10H); 2.80 (m, TH); 2.35 (m,
1H); 2.18 {m, 1H); 1.80-1.90 (m
2HY); 1.57 (s, 2H); 1.38-1.48 {m

4H); 1.28 {t, 2 H); 1.10 (dd, 2H); |

0.90 (d, 2H); 0.80 (d, 2H)

o8

485.58

486.2

TFA salt: 9.80 (s, 1H), 8.9C (s,
MY, 7.23-7.40 {m, SH),B?S(
1HY;, 4.38 (m, 1 H); 3.95 (m,
ZH}, 3.88 {m, 2H); 3.15-3.42 {m
BHY; 3.09 (m, 1H); 2.38 {m, 'EH)
2.20 (m, 1H); 1.59-1.69 {m, 4H);

1.50 (d, 2HY; 1.10 (dd, 2H): 0.80 |

(d, 4H)

;
i

i

29

487.60

488.2

TFA sait: 9.80 (s, 1H); 8.90 (s.
1H); 7.23-7.42 (m, 5H); 8.75 (¢,
1HY); 4.38 (m, 1 H); 392(

2HY: 3.82 (m, 2H); 3.15-3 40 (m,
BH); 3.11 (¢, 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 (t, 3H)




0. 488.2 TFA salt: 9.80 (sh, 1H); 8.90 (s, 1H); 7.23-7.42 (m, 5H); 6.75 (d, 1H); 438(m, 1 H);
3.92(m, 2H); 2.15 (m, 1H); 1.60-1.75 (m, 4H); 1.39-1.46 (m, 4 H); 1.10 (dd, 2H); 0.90 (t, 3H)
89 Example Molar mass (parent coound Strué®ire 1 MS (ESI)1h1 NMR 1 1 100 F. 485.58
IN.N"..." F F/ N..

Exarmnple

Molar
mass
{parent
compound}

Structure

| s (ES0Y

o NMR

100

485.58

486.2

TEA salt: 8.90 (s, TH); 8.60 {d,,
1HY, 7.206-7.4G {m, BH), 6.60 (d,
TH); 4.40 {m, 1H); 3.40-3.70 {m,
BHY 3.25 (1, 2H); 3.10 (g, 2H);
2.85 {m, 1H}) 2.35 (m, 1H), 2.15

C(m, THY; 2.0 {m, 2H), 1.72 (¢,

2H); 1.50 (d, 2H); 1.10 (dd, 2H); |
0.90 (d, 2H}; D.80 (d, 2H)

101

328.36

328.2

8.58 (f, 1H): 6.75 (d, 1H); 4.40 |
(m, 1H); 4.10 (d, 2 H); 3.30-3.40
(m, 4 H): 2.25 (m, 2H): 1.62 (4,
3MY: 1.25(m, 4H); 0.30 (s, 4 H)

102

382.46

383.3

8.85 (s, 1H); .70
{m, 1H); 3.30-3.40
{m 2H); 1.82 (m, 2 H); 1.48 (
2H), 1.42 (m, 2H); 1.25(m, 4
1.10 (m, 2H), 0.90 {, 3H). 03(}
(s, 4 H}

(d, 1H), 4.30
0 {m, 4H), 2.25
2H
1.2

103

411.50

412.2

| 8.47 (s, TH), 6.70 (d, 2H); 4.42

(
{m, 1HY; 3.30-3.40 (m, 4H): 2.55
(m, 2H); 2.10-2.40 {m, OH): 1.88

s (o, 2H) 1.25 (m, 6H); 0.30 (s,

4H)

104

439.55

e

440.5

8.40 (s, 1H); 6.70 {d, 1H); 4.40
{g, tH); 4.05 {m, 2MH); 3.40 {m,
4H); 2.18-2.35 {m, 4H); 2.15 {s,
3H); 1.78-1.94 (m, 4H); 1.42 (m, |
2HY1.26 (1, 4H); 119 (m, 2H);

0.90 (t, 3H); 0.30 (s, 4H)




QH 1 NNOI486.2 TFA salt: 8.90 (s, 1H); 8.60 (db, 1H); 7.20-7,40 (m, 5H); 6.60 (d, 1H);
4.40 (m, 1H); 3A0-3.70 (m, 2.85 (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 (d92H) 101 328,36 N FF o Ici",222NNH 10
329.2 8.58 (t, 1H); 6,75 (d, 1H); 4.40 (m, 1H); 4.10(d, 2 H); 3.30-3A0 (m, 4 H); 2.25 (m, 2H);
1.62 (t, 3H); 1.25(m, 4H); 0.30 (s, 4 H) F.

Moiar
Example | | Tase Structure MS (ESH) ' NMIR
(parent
compeund)
FF
o B.82 (s, 1H); 6.68 (d, 1H); 4.30

N (m, 1H); 3.28-3.40 {m, 4H); 2.30

0.90 (t, 3H); 0.30 (s, 4H)

H
105 | 36843 N)LN ; Nz{/ 3634 1, 2H): 1.88 (m, 2H), 1.48 {m
Ho 4 2H); 1.25 (t, 4H) 1,10 (m, 2H);

i
!
i

10

The examples which foliow can be prepared in an analogous mannern
N-[{S)-1-(1-cyanocyciopropylcarbamoyt)-3, 3-diffuoro-5-methythexyil-6-

azaspiro{2.5loctane-6-carboxamide

VE')“)LNTNZ(

N-{{S)-1-{1-cyanocyclopropyicarbamoyi-4-cyclopropyl-3,3-difluorobuiyil-6-

1

azaspirof[2 5loctane-6-carboxamide

FF

g .

N-[(S)-1-{1-cyanocyclopropyicarbamoyl}-3, 3-difiucro-4-{2-methoxyphenylbutyl]-6-

Y=o

azaspirof2.5joctane-6-carboxamide

N-{(5)- 1~(1 ~cyanocyciopropylcarbamoy!)-3, 3-difiuoro-4-(2- tnfiuoremethoxypheny%}
butyll-6-azaspiro[2.5]octane-6-carboxamide




102 382.46 FF 383.3 8.85(s, 1H); 670(d, 1H); 4.30 (m, 1H); 3.30-3.40 (m, 4H); 2.25 (m, 2H);
1.82 (m, 2 H); 148(d 2H) 1.42 (m, 2H); 125(m 4H), 1.10 (m, 2H), 0.90(t, 3H). 0.30 (s, 4 H)
IV 10341150 N.

N-[{8)-1~{1-cyanocyclopropylcarbamoy!)-3, 3-difluoro-4-(2-fluorophenylbuty(}-6-

azaspirol2 Sloctane-B-carboxamide

F
F

|

/\

VC -y
5 N-{{S)}1-(1-cyanocyciopropyicarbamoyl}-3,3-diflucro-4-{4-fluorophenyibutyl]
€-azaspiro[2.5loctane-B-carboxamide

v@/ﬁ\§/q/§2{¢»f“

N-[(83-1-(1-cyanocyclopropylearbamoyl)-3, 3-difflucro-4-pyridin-2-yibutyl]-6-aza-
spiroi.Bloctane~-6-carboxamide

oy

ey

.//N

H
N

N-[(S)-1-{1-vyanouyclopropyicarbamoyl}-3, 3-difluoro-4-pyridin-3-ylbutyl]-6-aza-
spiro[Z.Sloctane-6-carboxamide

N-[{S}-1-{1-cyanocyclopropyicarbamoyi}-3, 3-diflucro-4-pyridin-4-yibutyil-6-aza-
15 spiro]Z2.5]oclane-G-carboxamide

F.F /\f‘i
~

i ' H N
L N Z
@ .
I3
O



FFO - - HN; | N FF412.2 8.41 (s, 1H); 6.70 (d, 2H); 4.42 (M, 1H); 3.30-3.40 (m, 4H); 2.55
F (m, 2H): 2.10-2.40 (m, 9H); 1.88 (m, 2H): 1.25(r6H); 0.30 (s, 4H) 104 439.55 |
92

N-[(5)-1-(cyanomethylcarbamoy!)-3, 3-difluoro-4-phenylbuty(]-6-azaspiro[2.5joctane-6-
carboxamide

FoF

O
H e
VOJ\% ~
0

Nw{(SM-(oyaﬂomethyioarbamoyl)~4«~cyciopropyi—3,B—diﬂuorobutyi]-ﬁ—aza- _

N

5 spiro[2.5Joctane-G-carboxamide
FF

o}
S
Ve o

(S) t-{cyanomethyicarbamoyl}-3, 3-diffuoro-4-pyridin-3-ylbutyl]-6-aza-
piro{2 Sloctane-G-carboxamide

el

FF /|
%\/N

o]
VO’ILN H
! H
Q

10 N-(8)-1-{cyanomethylcarbamoyl)-4-(2-difluoromethoxyphenyi)-3, 3-difluorobutyl}-6-

azaspiro[2 Sloctane-8-carboxamide

N-[(S)-1-(1-cyanocyclopropylcarbamoyi}-3,3-difluorobutyl}-7-azaspiro[3 . 5jnonane-7-

carboxamide

15
N-[(8)-1-{1-cyanocyclopropyicarbamoyl}-4-cyclopropyl-3,3-difluorobutyl}-7-aza-
spiro{3.5]ncnane-7-carboxamide



FF 2H ---- N--——'-'-(N H. 6 N.-- 440.5 8.40 (s, 1H); 6.70 (d, 1H); 4.40 (g, 1H); 4.05 (m, 2H);
3.40 (m, 4H); 2.18-2.35 (m, 4H); 2.15 (s, 3H); 1.78-1,94 (m, 4H); 1.42 (m, 2H);1.26 (t, 4H):

1.19 (m, 2H); 0.90 (t, 3H); 0.30 (s, 4H) 9®Example

N-{{S)-1-(1-cyanocyclopropyicarbamoyl)-3,3-diffucro-4-phenyibutyll-7-aza-

spiro[3.5]nonane-7-carboxamide

N-{(S)-1-(1-cyanocyclopropyicarbamoyl}-3,3-difluoro-4-pyridin-2-ylbutyl}-7-aza-

5
spiro[3.5jnonane-7-carboxamide
F F N/;\!‘
IS
: N _#
SERe.e
o~
N-{{8}-1-(1-cyanocyclopropyicarbarmoyl)-3, 3-difluoro-4-pyridin-3-vibutyll-7-aza-
spiro[3.5nonane-7-carboxamide
N
FF
9
O
NN
|
}“C/ ©
10 -

N-[(S)-1-(1-cyanocyclopropylcarbamovi}-3, 3-diflucro-4-pyridin-4-ylbutyll-7-aza-

spiro[3.5lnonane-7-carboxamide

e,
@] .
d\) . o
N-[(3}-1-(1-cyanocyclopropylcarbamoyi}-3, 3-difluoro-4-(2-methoxyphenylibutyl}-7-

15 gyclopropyl-2,7-diazaspiro[3.5]nonane-2-carboxamide



Molar mass (parent compound) Structure MS (ESI+) 11-1NN1R 105 368.43 OHF FH N 9.
36 4 8.82 (s. 1H); 6.68 (d, 1H); 4.30 (m, 1H); 3.29-3.40 (m, 4H); 2.30 (m, 2H) 188(m 2H);
1.48 (m, 2H); 1.25 (t, 4H); 1.10 (m, 2H); 0.90 (t28H); 0.30 (s, 4H) .

10

15

N-[{8)-1-(1-cyanocyciopropylcarbamoyl)-3, 3-difluoro-4-(2 ﬂuorophenyi)butyi}

-c:yc lopropyl-2,7-diazaspiro[3.5lnonane-2-carboxamide

V/N

N-[(S})-1-{1-cyanocyciopropyicarbamovt)-3, 3-diftuoro-4-(4-fluorophenylbutyl}-

7-cyclopropyi-2,7-diazaspiro[3.5]honane-2-carboxamide

o Fo F
oA AL AT
~ TN N
s %’/

N-[(8}-1-(1-cyanocyclopropylcarbamoyli-3, 3-diffuoro-4-pyridin-2-ylbutyl]-
7-cyclopropyl-2,7-diazaspiro[3.5]nonane-2-carboxamide

E &/\
kJ{C/\/\/
VN\/’ o Of' N&\/;\

i

N-{5})-1-(1-cyanocyciopropytcarbamoyl}-3,3-difluoro-4-pyridin-3-yibutyl]-

7-cyclopropyi-2,7-diazaspiro{3.5]nonane-2-carboxamide

V\QNJ( g\fj
E‘>/N\.,—ﬂ N =N
a7

G

N-{{8}-1-(1-cyanocyclopropylcarbamoyh)-3,3-difluoro-4-pyridin-4-yibutyl}-
7-cyciopropyl-2, 7-diazaspém[3 5)nonane-2-carboxamide

vQﬁJ\,g \,J’

N-{(S)}-1-(1-cyanocyclopropylcarbamayt}-3, 3-difluoro-5-methyihexyij-



Vv The examples which follow can be prepared in an analogous manner:
Nd(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluoro-5-methylhexyl]-6-
azaspiro[2.5]octane-6-carboxamide F F, 5 85
N-RS)-1-(1-cyanocyclopropylcarbamoyl)-4-cyclopropyl-3,3-difluorobuty1]-6-
azaspiro[2.5]octane-6-carboxamide F F
N-RS)-1-(1-cyanocyclopropylcarbamoy1)-3,3-difluoro-4-(2-methoxyphenyl)buty11-6-
10azaspiraf:bjoctane. b-darbepesiidgrdhane-2-carboxamide
N-RS)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluoro-4-(2-trifluoromethoxyphenyl)-

butyl]-6-azaspiro[2.510Gtane-8-carboxamide 0)1, ,c7c.N N 91 N-RS)-1-(1
-cyanocycloprppyi;@m‘aa. lifjuoro-4-(2-fluorophenyl)buty1]-6-
azaspwo[%ﬁ)de@aﬁe “6-carboga n

N-[{3)-1-(1-cyanocyclopropyicarbamoyi-4d-cyclopropyi-3,3-diftucrobutyl]-
7-cyclopropyl-2,7-diazaspiro[3.5]nenane-2-carboxamide

5
N-[(8)-1-(cyanomethylcarbamoyt)-3,3-difluoro-4-phenylbutyl]-7-cyclopropyl-2,7-di-
azaspiro[3.5]nonane-2-carboxamide
N~*[< §Kﬁ< >
N-[(8}-1-(cyanomethylcarbamoyt})-3, 3-difiucro-4-pyridin- 3~yibuty§]
10 7-cyclopropyi-2,7- dlazasp:ro [3.5lnonane-2-carboxamide

e
[V 2N
N-[(S)-1 —(cyanomethylcarbamoy!}—zl—cyciapropyiuB,3~ciiffuorobuty!]»

7-cyclopropyl-2,7-diazaspiro]3.5lnonane-2-carboxamide

F
;A
N

v F

N

\./f:'N

15 N-[(S)-1-(cyanomethylcarbamoyl}-3,3-diflucro-4-(2-flucrophenylibutyl]-7-cyciopropyl-
2,7-diazaspiro[3.5]nonane-Z-carboxamide

A @
[ N <NM N
'\__,_,»-N

N-[{S)-1-(1-cyanceyciopropylcarbamoyl)-3, 3-difluorobutyl]-1,1 ~diﬂu¢ro—6-aza—

spiro[2 5]octane-6-carboxamide



F. 0 5N-RS)-1-(1-cyanocyclopropylcarbamoyl)-3.3-difluoro-4-(4-fluorophenyl)butyl]
6-azaspiro[2.51octane-6-carboxamide F F N-[(S)-1 -(1 |
-cyanocyclopropylcarbamoyl)-3,3-difluoro-4-pygéin-2-ylbuty11-6-azaspiro[2.5]octane-6-carbox
amide 1 N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluoro-4-py
spiro[2.5)octane-6-carboxamide din -ylbutyl]-6-aza- N-[(S)-1-(1
-cyanocyclopropylcarbamoy1)-3,3-difluoro-4-pyridin ylbutyl)-6-azal
5spiro[2.5)octane-6-carbokamide 92 N-[(S)-1-(cya

nomethylcarbamoy1’) 3,3/{2\%0r0-/—rphenbeutyl]-6-azaspiro[2.5)octane-6- carboxamide

N-US )-1-(cyarfomgthylEarbamgy1)-4-cyclopropy1-3,3-difluorobuty1)-6-az
5spiro[2.5)octane-6-carboxamide

NTS)-1-(eya@omethwvieardamayddyi il Asnyricinssanionty l-6rz@sirgl2.5loctane-6-carb

oxamide gpﬁ—oiz‘g}octane-ﬁ—carboxamide

FF

a
F /’I ©

5 NH{8)-1-(1-cyanocyclopropyicarbamoyl}-4-cyclopropyi-3,3-difiuorobutyl-1, 1-difluoro-6-
azaspiro]2 Sjoctane-8-carboxamide

FoF
i H N
NJ\ N Mo ®
FLVQ "o
(=

F

N~[(_S)-? ~(1-cyanacyciopropylcarbamoy!)-3, 3-diffuoro-4-pyridin-3-yibuty!l-

1, 1-difluoro-6-azaspiro[2.5]octane-6-carboxamide

.,,J(i,g/ﬁ o
SSTTE

N-[(8}-1-(1-cyanocyclopropylcarbamaoyl)-4 4-d iﬂuorope ntyl}-6-azaspiro[2 .5loctane-6-

H
4
-

10

carboxamide

y
A

=
o]

N-[{S)-1-(1-cyanocyclopropylcarbamoyl)-4 4-diflucro-4-phenylbutyl]-6-aza-
15 spiro[2.5]octane-6-carboxamide

-

N-[(S)-1-(1-cyanocyciopropylcarbamoyi)-4 4-difluoro-4-pyridin-2-yibutyl}-6-aza-
spiro{2.5joctane-6-carboxamide



0 vCNI N 10N-(S)-1-(cyanomethylcarbamoy1)-4-(2-difluoromethoxypheny)-difluorobutyll-6-
azaspiro[2.5)octane-6-carboxamide '1111- F
N-[(S)-1-(1-cyanocyclopropylcarbamoy)-3,3-diffforobuty11-7-azaspiro[3 .5]nonane-7-
carboxamide 15 NTS)-1-(1
-cyanocyclopropylcarbamoyl)-4-cyclopropyl-3,3-difluorobuty11-7-azaspiro|3. 51nonane 7-carb
oxamide 93 N-[(S)-1-(1
-cyanocyclopropylcarbamg 3-difluoro-4-phenylbuty11-7-azaspiro[3.5]nonane-7-carboxami
de F N 5NBRS)-2-& -cy, opylcarbamoyl)-3,3-difluoro-4-pyridin-2-ylbuty11-7-aza-
spiro[3.5]nonane-7 b%amige PH 0 N-RS
)-1-(1-cyanocyclopro
arboxamide F F 10
N-[(8)-1-(1-cyanocyclopropyicarbamoyl}-4, 4-difluoro-4-pyridin-3-ylbutyf]-6-aza-

spirol2.5loctane-6-carbonsdure

5  N-{{8)1-{1-cyanccyciopropylcarbamovi -4, 4-difluoro-4-pyridin-4-ylbutyi]-6-aza-

spirol2.5joctane-6-carboxamide

-{(8)-1-(1-cyanocyclopropylcarbamoyl)-4-(2-difiucromethoxyphenyli}-4 4-diftuoro-

butyl]-6-azaspiro[2 5loctane-6-carboxamide

10
N-[(8)-1-{ 1-cyanocyclopropylcarbamoyl}-4 4-difluoro-4-(4-fluorophenylibutyli-6-aza-

spirof2.5joctane-6-carbexamide

N-[(8)-1-(1-cyanocyclopropylcarbamoyl)-4 4-difluoro-4-(2-flucrophenyllbutyli-6-aza-
15 spirof2.Sloctane-6-carboxamide



N-RS)-1-0

-cyanocyclopropylcarbamoy1)-3,3-difluoro-4- pyrlglln -4-ylbuty11-7-azaspiro[3.51nonane-7-carb
oxamide
N-RS)-1-(1-cyanocyclopropylcarbamoy1)-3,3-difluoro-4-(2-methoxyphenyObuty11-7- 1
5cyclopropy1-2,7-diazaspiro[3.5]nonane-2-carboxamide
N-[(5)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluoro-4-(2-fluorophenyl)buty11-
7-cyclopropy1-2,7-diazas§i 5]nonane-2-carboxamide 17,F F
5N-RS)-1-(1-cyanocyclop, bamoy1)-3,3-difluoro-4-(4-fluorophenyl)buty1]-
7-cyclopropyl-2,7- dlazas iro[3,5]nonane-2-carboxamide

NTS)-1-(1- cyanocMQop pylgarb y1)-3,3-difluoro-4-pyridin-2-ylbutyl]-
7-cyclopropyl-2, 7 dlaﬁaspmo[B nonane-2-carboxamide

N-[(S)-1-( ocyc(opropylcarbamoyl) -3, 3 difluoro-4- pyrldln -3-ylbutyl]-

7-cyclopr, |azas ro ona e xam )

N-RS)-1- E(QR{%)% oproprr[F }J rﬁgyf) 3 ﬁ%%? -4- pyrl -'ti'tﬂjl?/nilgjf%@gc%?opyl 2,7-d
|azasp|rof355¥r%’oﬂ9ﬁé@ -BHBERAANIE 95

7-cyclopropyl-2,7- dlazasplro([%s nonane-2-carboxamide
9
e ;J\ f/

5 N-[(S)1-(1-cyanocyclopropylcarbamoyl)-4.4-difluoro-4-phenylbutyl]-7-cyclopropyl-2, 7«

diazaspiro]3.5nonane-2-carboxamide

H

— N "
& 2& -
N-[(5)-1-(1-cyanocyclopropylcarbamoyli-4 4-diffuoro-4-(4-flucrophenyl)butvi]-7-

cyclopropyi-2, 7-diazaspiro{3.5]nonane-2-carboxamide

A
V“NQC”N’%&;}
& ﬁ&

N-[(8)-1-(1-cyanocyclopropyicarbamoyt)-4,4-difluoro-4-(2-fiuorophenyhbutyl]-7-

10

cyclopropyl-2, 7-diazaspiro[3.5]nonane-2-carboxamide

D“‘“(}CN—{:

-{{S)}1-(1-cyanocyciopropylcarbamoyl-4-(2-difluoromethoxyphenyl)-4 4-difiuorobutyl]-
15 7-cyclopropyl-2,7-diazaspire[3.5]nonane-2-carboxamide



N-RS).-1-(1-cyanocyclopropylcarbamoy1)-4-cyclopropyl-3 -difluorobuty1]-
7-cyclopropyl-2,7-diazaspiro[3.5]nonane-2-carboxamide 5
N-(S)-1-(cyanomethylcarbamoy0-3,3-difluoro-498henylbuty11-7-cyclopropyl-2,7-diazaspiro[3.5
Jnonane-2-carboxamide N-[(S)-1-(cyanomethylcarbamoy1)-3,3-difluoro-4-pyridin-3-ylbutyll-
107-cyclopropyl-2,7-diazaspiro[3.5]nonane-2-carboxamide F N 0
N-[(S)-1-(cyanomethylcarbamoy1l)-4-cyclopropy1-3,3-difluorobutyl]-
7-cyclopropyl-2,7-diazaspiro[3.5]nbnane-2-carboxamide F ~ /fIN VH

15N- RS)-Ei(cy methylcarbamg ) -3,3-difluoro-4-(2-fluorophenyl)buty1J-7- cyclopropyl-
2,7-diazaspirof3. fe-2-c i
N-[(5)-1-(1-cyanacycloprg 1)-3,3-difluorobutyl]-1,1-diflu

ro-6-azaspiro[2.51octane- bo/xamlde 96
N-RS)-1-(1-cyanocyclopropytearbamoy1)-3,3-difluoropenty1]-1,1-difluoro-6-azaspiro[2.5)octan

eﬁ_carb%ﬂgl)lg?(Ec@aﬁocyciopropyicarbamsyl)—4 4-diftuoro-4-pyridin-2-yibutyl]-7-cyclopropyl-

2, 7-diazaspiro[3.5lnonane-2-carboxamide

0045

5  N-[(8)-1-(1-cyanocyclopropyicarbamoyl)-4 4-difluoro-4-pyridin-3-ylbutyl}-7-cyclopropyl-

2,7-diazaspiro[3.5]nonane-2-carboxarnide

)
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A
N-{{8)-1-{1-cyanocyclopropylcarbamoyl)-4,4-difiucro-4-pyridin-4-ylbutyil-7-cyclopropyl-

2, 7-diazaspiro[3.5]nonane-Z-carboxamids

N-[{(S)-1-{1 wcyanocyclﬂpropylcarbamoy!)—S ,3-diflucro-4-phenylbutyl}-7-msthyl-2,7-

diazaspiro[3.5]nonane-2-carboxamid

oo SR

N-[(8)-1-(1-cyanocyclopropylcarbamoyi}-3, 3-difluore-4-phenyibutyl]-7-(2-methoxysthyl)-
15 2,7-diazaspirold.5jnonane-2-carboxamide
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5NTS)-1-(1-cyanocyclopropylcarbamoyl)-4-cyclopropyl-33-d fluorobutyl]-1,1-difluoro-6-
azaspiro[2.5joctane-6-carboxamide F -- F\7011
N-RS)-1-(1-cyanocyelopropylcarbamoy1)-3,3-difltioro-4-pyridin-3-ylbuty11-
1,1-difluoro-6-azaspiro[2.5}octane-6-carboxamide
N-RS)-1-(1-cyanocyclopropylcarbamoyl)-4,4-difluoropentyl]-6-azaspiro[2.5)octane-6-
carboxamide F O

N-[(S)-1- {6y pndtysopmpidoarbnoydjial -3 fadieb-gheryibityl] ie 42 a1 SspinpihBloctane-6
-carboxa@gjgia%gg@ﬁé-%’lugg@&{g@ggleg;&mg%gamoyn -4.4-difluoro-4-py d

n-2-yibuty11-6-azaspiro[ S]octang-6-carboxamide

N-[(S)-1-(1- cyanocyclofg\op ’gcarb A-difluoro-4-pyridin-3-ylbuty1]-6-anspiro[2.5]octane
-6-carbonsg\ur\e/N@u

5N-[(S)-1-(1-cyan clopropyfcar aW4 4-difluoro-4-pyridin-4-ylbuty1]-6-aza-
spiro[2.5]octane-6-carboxamide
N-[(S)-1-(tHFahdtypremitcarbaniys -3 Hdsrometnoig piiany -2 miifréasbuty]-6-aza
spiroR2.5lgctaperfreaHpexandRMnide

N-RS)-1-(1- cyanocyclopropyloarbam 1)-4,4-difluoro-4-(44luorophenyObuty11-6-azaspiro[251
octane-6- carboxamlde VI/Q

H2N—§ /L {N

e e o

N-[(8}-1-(1-cyanocyclopropyicarbamayl}-3, 3-difjucro-4-phenylbutyl]l-7-dimethylamino-5-
azaspiro{2.4lheptane-S-carboxamide

rE”

10 N-{(8-1-(1-cyanocyclopropylcarbamoyi)-3, 3-diflucrobutyl]-7-{cyciopropanecarbonyi-

aminc}-5-azaspiro[2.4]heptans-5-carboxamide
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B-[(S}-1-{1-cyanocyclopropylcarbamoy!)-3, 3-difluorocbutylcarbamoyl]-6-aza-
spiro[2.5loctane-1-carboxylic acid

V.

ehyl 6-[(3)-1-{1-canocyclopropyicarbamoyi)-3, 3-difluorebutylcarbamoyil-6-

15

azaspirol2.5loctane~1-carboxylate
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vO

N-RS)-1-(4-cyano-1-methylpiperidin-4-ylcarbamoy1)-4.4-difluoro-4-phenylbuty11-6- azasplro(2
51octane-6-carboxamide 101
5Nd(S)-1-(1-cyanocyclopropylcarbamoyl)-4,4-difluoro-4-phenylbuty1)-7-cyclopropyl-2,7-
diazaspiro[3.5]nonane-2-carboxamide N-RS)-1-(1
-Gyanocyclopropylcarbamoy1)-4,4-thfluoro-4-(4-fluorophenyl)butyl]-7-

cyclopropyiE FlediazsepiaSdirmiaeathoditiokaifiitaobutyll- 1 -hydroxymethy!-6-aza-

N-RS)-1-ghieyanqeysiarsonyicashaigoy0-4,4-difluoro-4-(2-fluorophenyObutyl]-7-
cyclopropy1-2,7-diazaspiro[3.5]nonane-2-carboxamide 99

N-RS)-1-(1- cyanocyclopr rbamoyl) -4,4-difluoro-4-pyridin-2-ylbuty1]-7-cyclopropy1-
2,7- dlazasp|r0[3 mide < <

5N-[(S)- 1ﬁ( Iop‘rop Ic amoyl)-4,4-difluoro-4-pyridin-3-yibutyl]-7-cyclopropy1-
2,7-diazaspiro[3. 5)nonane -2-carboxamide LCO/ N--Q\
8-[(S)1-(1-cyanoeyclopropylcarbamoyl}-3,3-diflucrobutyicarbamoyi}-1-oxa-2, 8-diaza-

5 spirol4. 5}dec-2~ene~3«carb{>xyiic acid
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8-[(S}1-(1-cyanocyclopropylcarbamoyi)-3, 3-diftluorc-4-phenylbutylcarbamoyt]-1-oxa-
2,8-diazaspirol4.5]dec-2-ane-3-carboxylic acid

10 8-[(8)-1-{1-cyanocyclopropylcarbamayl)-3, 3-diflucropentyicarbamoyl]-t-oxa-2,B-diaza-
spirof4.5ldec-2-ene-3-carboxylic acid
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7-{(S}-1-{1-cyanocyclopropylcarbamoyl)-3,3-difluoro-4-phenyibutylcarbamoyl}-1-oxa-
2.7-diazaspirol4.5]dec-2-ene-3-carboxylic acid

F

15
7-{(S)-1-(1-cyanocyclopropyicarbamoyi}-3, 3-diftuoro-4-phenylbutylcarbamoyl]-1-oxa-
2,7-diazaspiro[4.4lnon-2-ene-3-carbaxylic acid



NTS)-1-(1-cyanocyclopropylcarbamoy1)-4,4-difluoro-4-pyridin-4-ylbuty11-7-cyclopropyl-
2,7-diazaspiro[3.5)nonane-2-carboxamide F\ O N O/_N 10
N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-diffizoro-4- phenylbuty[] -7-methyl-2,7-
diazaspiro[3.51nonane-2-carboxamide
N-RS)-1-(1-cyanocyclopropylcarbamoy1)-3,3-difluoro-4-phenylbuty0-7-(2-methoxyethyl)-
152,7-diazaspiro[3.5]nonane-2-carboxamide 100 N4(S)-1 -(1
-cyanocyclopropylcarbamoylg3 ifluoro-4-phenylbuty1]-9-(2-methoxyethyl)-
3,9-diazaspiro[5.5]undecangs3-garbpxamide r-"-, N- /N N-RS )-1-(1
-cyanocyclopropylcart?ﬁm yl)=3,3-difluoro-4- phenylbutyl) -7-am

ino-5-azaSi;?'&%:'g1 eptang-S>garboxamide N-RS)-1-(1 -cya

nocyclopropyjcar oy1)-3¢8- oro-4-phenylbuty11-7-d methylamino-5-
azaspiro[2#&]heptane-5-carboxamide
10NTS)-1-(1%yanocyclopropylcarbamoy1)-3,3-difluorobuty11-7-(cyclopropa ec rbonyl-
amino)-5{34espiref2:4d et cdyieshRxaide, 3-diffucrobutylcarbamoyl]-3-aza-

. spiro[5.5lundec-9-yliacetic acid
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5 {3-[(S}-1-(1-cyanocyclopropylcarbamoy!)-3, 3-diftucropentylcarbamoylj-3-aza-

spiro[5.5jundec-9-yllacetic acid
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N-{{S)-1-(1-cyanocyclopropylcarbamoyl)-3, 3-difluoropentyi]-1,3-dioxo-2, 8-

=0

M
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diazaspiro[4.5]decane-8-carboxamide
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N-[(S)-1-{1-cyanocyclopropylcarbamoyl}-3, 3-difluorobutyl]-1, 3-dioxo-2, 8-diaza-

i0

spirol4.51decane-8-carboxamide

- N-{{8)-1-(1-cyanocyclopropylcarbamoyl)-3, 3-difluoro-4-phenylbutyl-1,3-dioxo-2,8-
15 d%azaspiro[4.Szdecane-s-carboxamide
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N-6-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluorobutylcarbamoy1]-6-azaspiro[2,5]octane-
1-carboxylic acid 15 ehyl
6-[(S)-1-(1-canocyclopropylcarbamoy1)-3,3-difli@obutylcarbamoy11-6-
azaspiro[2.5joetane-1-carboxylate 101
N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluorobuty11-1-hydroxymethyl-6-azaspiro[2.5]0
ctane-6-carboxamide
8-[(S)-1-(t-fifariedyclapropyinatipaiveoyh 3 ettty barbimiioyt] - Hxas?

8-diazaSspirof4 Hldecs2-Lneskcarhoxylic acid
8-[(S)-l-(l-cyanocyclogr(gpylcarbamoyl)-B,3-difIuoro-4-phenyibutylcarbamoyl 1-1-oxa2,8-diaza

spiro[4.5]dec-2-ene-3-carboxylic acid

108-[(S)-1-(1-cyamnocycloprop rbamoy1)-3,3-difluoropentylcarbamoyl]-1-oxa-2 8-diaza-
spiro[4.5]deg-2-¢ne+B-C b yﬁc acid 0 OH
7-[(S)-1-(1-cyariocyclopfopyicarbamoy1)-3,3-difluoro-4-phenylbutylcarbamoyl]-1-oxa2.7-diazas

piro[4.51geg=2-ene-3SARAMIE ARG AR HD)-3, 5-diftuorobutyl-5-azaspiro[2 5joctane-5-
5  carboxamide

FF

joF
IS
vy s

N-{{S)-1-("1-cyanocyclopropylcarbamoy!)-3,3-difluoro-d-phenylbutyl]-5-aza-
spiro{2.5loctane-5-carboxamids
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10 N-{(S)-1-(cyanomethylcarbamoyh)-3, 3-difluorobutyll-5-azaspirof2.5loctane-5-
carboxamide
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N-[(S)-1-(cyanomethylcarbamoy!)-3, 3-difluoro-4-phenylbutyl]-5-azaspiro]2.5loctane-5-

carboxamide

18
N-[{(&)-1-(1-cyanocyclopropyicarbamoyi)-3. 3-diflucro-4-(4-fiuorophenyl)-butyl]-5-

azaspiro[2.5]octane-5-carboxamide



7-[(S)-1-(1-cyanocyclopropylcarbamoy!)-3,3-difluoco-4-phenyibutylcarbamoyl11-1-oxa2.7-diaza
spiro[4.4]non-2-ene-3-carboxylic acid 102
{3-[(S)-l-(l-cyanocyclopropylcarbamoyl)-3,3-aﬁlf|orobutylcarbamoyl]-3-azaspiro[5'.51undec-9
-3/1)acetic acid 5{3-RS
1-1-(1-cyanocyclopropylcarbamoy1)-3,3-difluoropentylcarbamoy11-3-aza-
spiro[5.51undec-9-yllacetic acid
N-RS)-1{tHE)ahGcrrmorppe@biaadyr)os! Bafab ettt oyapesng: g-0xa-2.8-
diazaspirgigalgiegangd8c.cakexamidekiide
NTS)-l-(l-cyanocyclopropylcarpamoyl)-B,3-dif|uorobuty1]-1,3-dioxo-2,8-diazaspiro[4.5]decan

o

e-8-carboxamider ™
N-[(S)-1-(1-cyanacyclopt Io@rbamoyl)-s,3-difIuoro-4-phenyibutyl3-dioxo-2.8-
15diazaspirof#--5ldecane-84car mide 103

N-RS)-1-(¥-cyanocyclopropylc rbamoyl)-3.3-difIuoro-5-methylhexyl]-5-azéspiro[2.5]octane-5-c
arboxamigle, &3.1-MN-{2hdcldrsBppeyaaptapyicarhameydld 3aitaorabyty - Swmagaspiro[2.5 oc
ane-%— 5 carbo gwds .

spim{cfl).(% gC-2-eh-3-carboxamide
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N-[(8)-1-{1-cyanocyclopropylcarbamoy!}-3,3-diflucrcbutyl)-7-cyclopropyl-1-oxa-2,7-

diazaspiro[4.5)dec-2-ene-3-carboxamide
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10 N-[{8)»1-{1-cyanocyclopropylcarbamoyl}-3,3-diftuorobutyl]-7-propyl-1-oxa-2, 7-diaza-

spirof4.5]dec-2-ene-3-carboxamide
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N-{(3)-1-{ 1-cyanocyciopropylcarbamoyl}-3, 3-diflucrobutyl]-7-cyclopropyl-1-oxa-2,7-

X

diazaspirol4 4inon-2-ene-3-carboxamide
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15 v
N-[(8}-1-({1-cyanocyclopropylcarbamoyi)-3, 3-difluorcbutyl}-7-methyl-1-oxa-2,7-diaza-
spireld 4lnon-2-ene-3-carboxamide



LC:1 _
N-RS)-1-(1-cyanocyclopropylcarbamoy1)-3,3-01uoro-4-phenylbutyl]-5-azaspiro[2.5]octane-5-c
arboxamide .AO 105
10N-RS)-1-(cyanomethylcarbamoyl)-3.3-difluorobuty1]-5-azaspiro[2.5]octane-5- carboxamide
N-RS)-1 -(cyanornethylcarbamoy0-3, -difluoro-4-phenybuty11-5-azaspiro[2.5]ectane-5-
carboxamide 15 N-RS
)-1—(1-cyanocyclopropylcé}l@moyo-B.3-difIuoro-4-(4-fluorophenyl)-butyl]-S-
azaspiro[2.5]oc;tane05-c rbo>@mi lexn 104 N-RS)-1-(1
-cyanocyclopropyicarbamay1)3,3-difluorobuty1]-8-cyClopropyl-1-oxa-2,8-
diazaspiro[4/5]dec-2-ene-3-carboxamide O _
N-[(S)-l-(fcyanocyclopropylcarbamoyl)-33-dif|uorobutyl]-8-propy1-1-oxa—2,8-diaza55piro[4.5]
dec-2-eni$itarioXagidecycliopropylearbamoyl}-3, 3-diftuoro-4-phenylbutyll-7-methyl-1-oxa-2,7-

N-[(S)-1-ize¥aprexcippiapyicatbameytamiddifluorobuty1]-7-cyclopropyl-1-oxa-2,7-
diazaspiro[4.5]dec-2-ene-3-ca%amide
FoF l
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Pharmacolegical examples: _

Determination of the enzymatic activity of the catalytic domain of human Cathepsin B.
This protein is obtained as an inactive enzyme from Sigma, Wiesbaden, Germany
{catalog No. C8571 ). The enzyme is activated as follows:

10 25 pg of enzyme are diluted with acetate buffer to a concentration of 12.5 ug/ml. 1 part
by volume of enzyme is admixed with 20 parts by volume of cysteine solution and
difuted with the acetate/Hepes buffer to & concentration of 0.11 yg/ml and incubated at
37°C for 5 minutes.

To measure the enzyme activity, 10 pl of enzyme solution are incubated with 10 pl of a

15 3% (v/v) agueous dimethy! sulfoxide solution (reaction 1) for 10 minutes. To measure
the enzyme inhibitor activity, 10 pl of enzyma solution are incubated with 10 4l of a2 3%
(viv) agueous dimethyl sulfoxide solution which containg the enzyme inhibitor
(reaction 2).

Both in reaction 1 and in reaction 2, after addition of 10 ul of a 3% {v/v} aquecus

20 dimethyl sulfoxide sclution which contains 0.3 mmol/l of the subsfrate, the enzyme
regction is monitored by flucrescence spectroscopy {3680 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:

25 % inhibifion = 100 - [(fluorescence increase/minute in reaction 2) / (fluorescence

increase/minute in reaction 1) x 1001



10N-RS)-1-(1-cyanocyclopropylcarbamoy1)-3,3-difluorobuty1]-7-propyl-1-oxa-2.7-diaza-
spiro[4.5]clec-2-ene-3-carboxamide
N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-3ﬁ’l@lorobutyij-7-cyc|opropyl-1-oxa-2,7-
diazaspiro[4.4]non-2-ene-3-carboxamide 15
NTS)-1-(1-cyanocyclopropylcarbamoy0-3,3-difluorobuty11-7-methyl-1-oxa-2,7-diaza-
spiro[4.4]non-2-ene-3-carboxamide 105 /F '
N-[(S)-1-{hecifemotpicio sy ieaitbanteyeraatamirserachibe AyBiyAL IR Y E-1-0xa-2,7-
diazaspi@[ﬂyﬂi@”&rﬁﬁxﬁ@dat%b@mgﬁ@ﬁwm@m@giéaiammﬁiH&ﬂtenmination of the
enzymatic activity of the catalytic.domain of human Cathepsin B. This protein is obtained as an
inactive ﬁ%ﬁﬂé r%%;ﬁ% ia%lg.e %%gden, Germany (catalg No. C857p1). The enzyme is
activated's ﬁmmgzbm@scsgt@ﬂéﬁzym@lfh@éwﬁw&u%ﬁ%gﬁt@%ﬂ@%ﬁ%@ﬁe& fration of
12|.5g_f,,)g/rg,l}gl{églﬁﬁdgpm&;mq@@@gzylmgemi)mjmmmﬁ&p&ﬁs by volume of cysteine
solution iluted with the acetate e ffertoac trafi
incu batez‘%ﬁ 376 %Drrl]r}lilir? ﬂt%%ﬂ.% o Sm&éﬁa%}??g ?lagyg}]eziﬁnlé& g.v%ﬁ%/}ltfﬁ %)CI% ﬁgﬁiﬁﬁ%ﬁgﬂon are
incubatedantgine® potal sEsediviv pasaén s §imethyl Slarsadbdorifich Pe4EacH296r 10
rlnoinultefs. 5}%1 mg/g$w@1mg;ﬁp@Wilmmagmi@@mnypbsr&yme solution are incubated with
plo Y% (viv) aqueous dimethyl.sulfoxid ti hic ains the enzyme inhibitor
(reaction ?ﬁ%%ﬁprilr? (r%eog‘[c?{?c?nc %%; ylrb jé]afjc%)(gnr? %'?? élﬁe%%\gg#igﬁgg%’%’o pl of a 3%y(v/v) agueous

20 difnetAyiestibsiiete sekirmopHRsCOREIRS0 o Mt srRifesshbEHa e ke rryiite

reaction iggesiores dyfbuoreseensg) spectroscopy (360 nm (excitation) /465 nm (emission)).
The enzyme activity is shown as fluorescence increase/minute.

Determination of the enzymatic activity of the catalytic domain of human Cathepsin K.

This protein is obtained as an inactive enzyme from Sanofi-Aventis, Frankfurt,

e

£

Germany. The enzyme is activated as follows:
1 part by volume of enzyme is admixed with 4 parts by volume of cysteine solution and
diluted with the acetate/Hepes buffer to a concentration of 0.22 pg/ml.
To measure the enzyme activity, 10 ui of enzyme solution are incubated with 10 pl of a
3% (viv) aqueous dimethyl sulfoxide solution (reaction 1) for 10 minutes. To measure
20  the enzyme inhibitor activity, 10 pf of enzyme solution are incubated with 10 plof a 3%
{v/v) agueous dimethy! suffoxide solution which contains the enzyme inhibitor
(reaction 2).
Both in reaction 1 and in reaction 2, after addition of 10 il of a 3% (viv} aqueous
dimethyl suifoxide solufion which contains 0.3 mmol/i of the substrate, the enzyme
25 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 increasefminute in reaction 2} / (flucrescence
30 increase/minute in reaction 1) x 100]. |
The ICyp, which is the inhibitor concentration required for a 50% inhibition in the
enzyme activily, is determined graphically by plotting the percentage inhibitions at

different inhibitor concentrations,



The inhibitor action is calculated as the percentage inhibition by the following formula: 25%
inhibition = 100- [(fluorescence increase/minute in reaction 2) / (fluorescence increase/minute
in reaction 1) x 1001. 106 The 1050, which is i€ 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 0.1 mo1/1 of sodium
acetate, 0.1 mo1/1 of sodium chloride 5and 0.001% Pluronic (Sigma, Deisenhofen, Germany)
pH 4.5. Thecysteine salttioneantars D3 hol/loteystdnedewater atheiatetpta/bidfes buffer

contaiins G, 15 OYIel sefiuBGRIRE.0A9 BOAat Hanes. 0 3amallet podim chigride and

0.001% Pluronic (OSI ma, Deisenhofen, German)g pH 6.5. The enzyme solution contains 0.11
pg/ml of ﬁi’@@r%/h@( USR] SIOT R SRS AR s SIEHOA ¥oRtAME 0.3 mmo1/1 of the fluorogenic
substrater Ashsg=Ang-AlioBacheains Heidelberg! eemanyg. ddetermination of the enzymatic

activiy of e, calahic domalnalinmen Galbansindq, s, ororein s aptained asgn inactive

enzyme from Sanofi-Aventis, Frankfurt, 15Germany. The eénzyme is activated as follows: 1 part
by volumE'BréaAM e (ReabRx &t WRE A DS IRMVbIume of cysteine solution and diluted with

the acetate/Hepes buffer to a concentration of 0.22 pgiml. To measure the enzyme activity, 10

blot enzyFganiian AL RARAIRd IR Rl e At (¥R AdHRUS AHIE Yl aligride solution

(reaction_1) for 10 minutes. To measure 20the enzyme inhibitor activity, 10 pl of enzyme
solution dréSMERBEIETORIBNEO B 8 A"8SEVE RIAGHEUR BibthiptatfokisEigtion which
contains thereazy(oatdivybitar(teadion ™e Bothne reacticidd anddioreaction 2, after addition of

10 1 of o300 o AMAIDY SIoride SO0 WhiEh soniine g AL gl e

substrate, the enzyme 25reaction is monitored uorescence spectroscopy (360 |
(excitatioR)d 285 e HabLRsng) crHe BRSO R vy fs Sho it i tifestiseivation |
increase/shihatenzvhes jnhtbifioredciion bedltulaied e the pesceatagednbititeandyrthedollowing
formula: __ % inhibition = 100 -. [(fl incr ipute | ' I ence
Soimcren T B R e
for & B0os¥rhAtBAYH deeli yHE AW ierdetarinndad iGralshieamesy T steRg it Hercentage
inhibitionsratyditfetsibtion Rititory cohceoiratigns; sbQifion are incubated with 10 pi 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 pl of a 1.5% {v/v) aqueocus
dimethyl sulfoxide solution which contains ¢.15 mmot/l of the substraie, the enzyme
20 reaction is monitored by fluorescence spectroscopy (360 nm (excitation} / 465 nm
{emission)).
The enzyme aclivity is shown as fluorescence increase/minute.
The inhibitor action is caiculated as the percentage inhibition by the following formula;
% inhibition = 100 - [{fluorescence increase/minute in reaction 2} / {fluorescence
25 increase/minute in reaction 1) x 1001
The iCso, which is the inhibitor concentration required for a 50% inhibition in the
enzyme activity, is determined graphica!'w by plotiing the parcentage inhibitions at
different inhibitor concentrations.
The acetate buffer contains 0.05 mol/l of sodium acetate, 0.1 mol/t of sodium chioride
30 and 0.001% Pluronic {Sigma, Deisenhofen, Germany) pH 5.5.
The cysteine solution contains 0.3 molt of cysteine in water. The Tris/HCI buffer
contains 0.1 molfi of Tris/HCI, 0.04 mol/it of EDTA and 0.001% Pluronic pH=7.5.

The enzyme solution contains 6.65 pg/ml of the enzyme domain.



The cysteine solution contains 0.3 mol/lof cysteine in water. The acetate/Hepes buffer contains
0.15 mol/lof sodium acetate, 0.15 mo1/1 of Hepes, 0.3 mol/lof sodium chloride and 0.001%
Pluronic (Sigma, Deisenhofen, Germany) pH 6188 The enzyme solution contains 0.22 pg/ml of
the enzyme domain. 5The substrate solution contains 0.3 mmo1/1 of the fluorogenic substrate
Boc-Ala-Gly- Pro-Arg-AMC (Bachem, Heidelberg, Germany). Determination of the enzymatic
activity of the catalytic domain of human Cathepsin S. This protein is obtained as an inactive
enzyme ffomsR&DaBystenis; Widsbaden; dOGdtnfahy {catategibeuldsB8CYYalWid-anzyme is
activatedmgqgg%ré g@g&@;ggr}j’o@%ﬁﬁnzyme are incubated with 20 parts by volume of
acetate buffer and 50 parts by volume of cysteine solution at 37C for 5 minutes. After the
activation of the enzyme, it is diluted with the Tris/HCI buffer to a concentration of 0.65pgiml.
To meastrertweEnitynte adiviyrd 0pbokenzyame solutienCirenmeubatit d quishictO pl of a 3%
15(vly) agueqQus gi(lm_% pd Vfulfo%gq&esg'utiapig?action 1) for 10 minutes, To measure the
enzyme inhibitof activity, 10 pl of enzyie solution are incubated with 10 pl of a 3% (v/v)
aqueous Himetify & arosiIE E0RINRIRRRS A M ehiine iribite Pledeiiei®) Both in
reaction ihandhiprredction R, aftesastditiencofidéhphid@l3}p% (v/v) aqueous dirnethyl sulfoxide
solution which contains 0.15 mmo1/1 of the substrate, the enzyme 20reaction is monitored by
fluorescence spectroscopy (360 nm (excitation)) 465 nm 1(emissio.n)). The enzyme activity is
shown as' ﬁB@rgé‘é%?ﬁ%Wé‘?é%‘éWﬂﬂw%?ﬁ*ﬂ%‘fﬁh’ﬁtk‘i‘rtﬁﬁt pAnS LA cEEfs I UL HR percentage
inhibitionrby:therfaliowingfarswla: % inhibition = 100- [(fluorescence increase/minute in
reaction 3).[ (flyorescence 25increase/minute in reaction 1) x 1001. The 1050, which is the
inhibitor concentration required for a 50% inhibition in the enzyme activity, is determined
graphically t@;{grlgt{éng the geleentage inkibithass at differgntaphibitor concentrations.  The
acetate huffer containg G.0G:epelfidt sodrihepdetate, Calhepsliio? sodium chloride 30and 0.001%
Pluronic {Sigma, Déisernhofen;Germany) pH 5.5. The ¢ysteine salution contains 0.3 mol/lof
cysteine in watér. The Tris/HCY buffel contéfhs 0.1/molil 8f2TristHCI, 0.04 mo1/1 of EDTA and
0.001% PIluronic pH=7.5. The enzyme solution contains 0.65 pg/ml of the enzyme domain.

108 The substréfte solution cBhtains ),15>r‘ﬁmgl/lof the fILi‘or’tQ)genié substrate Z-Val-Val-ArgAMC
(Bachem, Heidelberg, Germany).  Corresponding Ki values aré obtained by applying the
Cheng-Prusoﬁ%uation: 5K, 4 KLap 3/(1[Sﬁﬁ(m) ;where K‘?,app =1IC50 (K1, app is the
concentration gf_ the competing substance which leads to 50% inhibition of the enzymatic
activity at a subidtrate gonce ?ation [SD 5§hble ; repor?so’ corresponding inhibition values in
the form of Ki v&!ues for a fevgzlorepreseniggge ethple%

45 21 1200 | 24

48 52 2200 16
53 4.5 1500 53
56 7.5 210 7.2
63 22 260 .5

70 910 110 0.3
74 150 >7100 16

76 47 930 22




Table 2: 109 Example Ki [nM] Cathepsin K Ki [nM] Cathepsin B Ki[nkil] Cathepsin S 77 20220
7 78 38 53019 79 16 6209 80 36 3900 9 83 28?%300

EXSMPIS | Catnepsin K | Cathepsin® | Cathepsm s |
-7 20 220 7
78 38 530 18
79 18 | 820 9
80 36 2900 | g
83 28 2300 8
88 15 310 g
91 43 140 2
94 24 84 2
97 400 100 1
102 33 62 o5
103 84 98 27

Caco-2/TCT permeability determinations for forecasting the absorption of the inventive
compounds: {Caco-2/TC7 permeability test)

5 Caco-2/TC-T cells from Sanofi are used. In addition, HTS Multiwell plates (24-well, non-
coated, Becton Dickinson, surface area of the Becion Dickinson Filter 0.3 sz) are
used. The cell density on the filters was 2 x 10° /om?, and 1.3 x 10* /em® on the T-75
flasks (Costar with vent-cap] for the cell tine growth.

The incubation conditions are 37°C, 95% air humidity, 10% CQO;. The medium is

10 changed three times per week (DMEM, Glutamax |, nonessential AA,
penicillin/streptomycin, FBS 20%).
Permeability assay conditions: asymmetric conditions for the screening with apical
buffer HBSS (with 10 miM 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

15 performed at 37°C with agitation for 2 h. The samples were analyzed by LC—MS. The



88815310991 43140294 2484297 400 100 1 102 3362 0.5 103 849927 Caco-21T07
permeability determinations for forecasting the. absorption of the inventive compounds:
(Caco-21TC7 permeability test) 5Caco-2/TC-76éIs from Sanofi are used. in addition, HTS
Multiwell plates (24-well, non- coated, Becton Dickinson, surface area of the Becton Dickinson
Filter 0,3 cm2) are used. The cell density on the filters was 2 x 105 1cm2, and 1.3 x 104 /cm2
on the T-75 flasks (Costar with vent-cap) for the cell line growth.

results were reported as the mean Papyp value (single point, cm/sec) {(permeability

coefficient).

P B
TAe]x Sxi

5 B2 basolgteral amount of the compound to be analyzed after 2 h
[Aq]: apical concentration of the test solution
S: "insert area™; 0.3 cm?
tiime:2h



The incubation conditions are 37C, 95% air humidity, 10% 002. The medium is 10changed
three times per week (DMEM. Glutamax I, nonessential AA, penicillin/streptomycin, FBS 20%).
Permeability assay conditions: asymmetric coriditions 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 15performed at 37C with
agitation for 2 h. The samples were analyzed by LC-MS. The 110 results were reported as the
mean Papivalue (single point, cm/sec) (permeability coefficient): P - 82 [AdxSxt. 562:
basolateral amount of the compound to be analyzed after 2 h [Ad: apical concentration of the
test solution S: "insert area"; 0.3 cm2 : time: 2 h 111 Claims A compound of the formula I,

F..kR27 (CH2)P BoPRIE eiNRfalPrig'Rb4 R25
F
F R27
\iw’ﬂ}p R26

4 ¢ rR2d” Rzs

5 and/or all sterecisomeric forms of the compound of the formula la andjor
mixtures of these forms in any ratio, and/or a physiologically tolerated salt of the
compound of the formula la, and/or solvates or hydrates of the compound of the
formula la, where

the radical is a spiroc compound,

(23,4
18 in which the sub-rings and are in-each case the sarne or different

and are each independently
a) a saturated or partly saturated -(C3-C11)-cycloalkyl, in which cycioalky! is
unbridged, bridged or fused and is unsubstituted or independently, according to
the ring size, mono-, di-, tri, tetra- or pentasubstitutad by R4, or

15 b) & saturated or partly saturated, three- 10 eleven-membered heterocycle
which, according to the ring size, may contain one, two, three or four identical or
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

20 pentasubstituted by R4, where
R4 is -NOg, -CN, =0, =8, -OH, -CFg, -SF5 -(Cg-Cg3)-alkylene-S-R10, -O-CF3,
-Si~(CHg}3, -{Cg-Cs}-alkylene-O-C(O)-R21, -(Cg-Cxi-alkylene-C{0)-0-R10,
-(Cp-Ca)alkylene-O-R10, -(C'Q-Cg)-aikylenemN(R% FR22, -(Cp-Ca)-atkylene-
N(R10)-5(02)-R10, (Co-Cg)-alkylens-(C3-Cg)-cycloalkyl-R23, -S-CF3,

25 -(Cq-Cr)-alkylene-(C4 -Cg);ﬁuoroaikyl, -{Co-Cxlalkylene-N{R10)-C{Q})-R21,
-(Cg-Cy)-alkylene-C(O)-N(R21)-R22, -{Cp-Cy)-alkyl where alky! is unsubstituted



5and/or all stereoisomeric forms of the compound of the formula la and/or mixtures of these
-forms in any ratio, and/or a physiologically tolerated salt of the compound of the formula la,
and/or solvates or hydrates of the compound dflthe formula la, where theradical is a spiro
-compound, 10in which the sub-ringsandare in each case the same or different and are each
independently a)a saturated or partly saturated -(C3-C11)-cycloalkyl, in which cycloalkyl is
unbridged, bridged or fused and is unsubstituted or independently, according to the ring size,
mono-, di-, tri, tetracror, géntasidostitited hylR4;raleibb)a S&iuated or ety satyratesethree- to

eleven-membered .heterocycle which, according to the ring size, ma ntain one, two, three or
four identical of ? e?é?]etcﬁ%@rr%rgttoren%r?r%n% ftl‘])g%] g’dBSoaP 5X}'/%dzer¥,ymrtqrd)§}enyt§rw shu ﬁﬁﬁ VYH% in
which the heterieyersiigiehpricigaet, Biidydis spTiiséad amtk s udsiibdtitiiBaodr independently,

according to theing sizeq BRasridindri Hetras L ABReRIASHBBHeErbY Rdinyhere R4 is
-NO2, -CN, =0, =S, -OH, -CF3, -SF5, -(Cg-C3)-alkylene-S-R10, -0-CF3, -Si-(CH3)3,

-(Cg*05)-alkyle PRI PReRiiEZaIKy RSTEOY HEL RO ZoleeR e h iRy TeREAR 0,
-(Cg-C3)-alkylared(R21)ER227i(Gaz03)-adkytetaN R0 s S (02)3R ixoly!, dioxanyl,
-(C0-05)-alkylene-(C3-C8)- [k R23io-Gh -(Cg;09)-al ex(C1-C3)-fluoroalkyl,
-(cg-os)-a|kyéﬂlﬁéﬁ?ngff&?)%%%*iF?zﬁ%.%*@;ﬁﬁ@%ﬁ%@%%ﬁf%@ﬂz_ﬂ“@%%mky| where
~ alkyl is unsubsti®iREg 1 2B MAdHo SR IBPiKuisstitier] dite peltarkp Yy Rgothiazoly,
-(C0-04)-alkylenexaryghiyinesaamydiis/seleated - fipim, the rgreiipygbphenhoinskanybiindenyl,
naphthyl, wher ' itWted or.or = di- or tri i i e by R8, or
sl R B ezl
benzimidazolylPBERYSHr MAZHEn PIRRFIRGRITBENRGIREINI, BEF R oN T BENEidExazolyl,
benzisothiazolylyrguiinalimydiyietelyldeioxanyl, Eiramnydrimstdazalidipylsimidazalinybiiknidazolyl,
indolinyl, indol -indolyl..iseindoliny, isai isequinolinyl,.isothiazolidi
2-isothiazo|iny¥%%%?rﬁgg yi:C§ @gx@éqz%gyé@%ﬁ:ﬁ%kﬁggﬁ%%a?ﬂﬂﬁﬁ@ngjr%c:t ﬁr}%ﬁ h eyl
octahydroisoquARBIRgIHEDBEHEEIG VBRSO pPHRRBIAN Y PR ERingt, Pipédipiiiipranyl,
pyrazinyl, pyranglitg/l, pyrazolyl, pyridazinyl, pyridyl, pyrimidinyl, pyrrolidinyl, pyrrolinyl,

2Hpyrrolyl, pyreglyl, ﬁst&a@x%w&m&% r@h&%f%ﬁg%‘%ﬁé%%%%?%Ry'1

tetrahydropyridinyl, thiazolyl, thienyl, thiéhopyfidinyl, thismor , thiophenyl, and this Het
radical is unsubstftitsd pr-Pdepéidett hzoAdQ BN (GY 1 Tisubstitit8dCI5RORS, R8 is halogen,

bamimidoyl, - =0, - - - -Q- - - - Ve - -Q- ,
O N(R10) FE R o a0 g3 ey ot -
-0-(CO0-C4)-alkylen&H BT 6) Sy Clopip et EO0G4) saikyterad«(C e teChe ytkpatkylcshere the
alk)gdadicals

mentioned are each unsubstituted or mono-, di- or trisubstituted independently
by halogen, NHo, -OH, -0-CHg, -802-CH3 or -802-CF3,
R® is halogen, -NO», -CN, =0, -OH, -CF3, -C{O}-0-R10, -C{O)-N{R21}-R22,
-N{R21)-R22, -{C4-Cg)-cycloalkyl, (Cy-C3)-alkylene-O-R10, -5i-(CH3)a,
-N(R10)-5{Q};-R1C where u is the integer 1 or 2, -5-R10, -SO-R10 where ris
25 the integer 1 or 2, -8{O)-N{R10}-R2C where v Is the integer 1 or 2, -C(O}R10, -
{C4-Cgq)-alikyl, -(C4-Cg)-alkoxy, phenyl, phenyioxy-, -(C4-Ca)-flucroalkyl, -O-R19,
-NH-C{O)-NH-R10,
-(Cp~Cy)-atkyl-C{O)-0-C{R11, R19)0-C(O)R12, -NH-C{O}-NH-R21,
N(RZ1-CLOMRZ22, {(Cp-Ca)-alkyl-C(O}-O-C(R11, R19)-0-C{O0O-R12,
30 - -NH-C{0}-0-R10, -0-CF3 or Het whers Het is as defined above and is

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



20mentioned are each unsubstituted or mono-, di- or trisubstituted independently by halogen,
‘NH2, -OH, -0-CHS3, -S02-CH3 or -S02-0F3, R9 is halogen, -NO2, -ON, =0, -OH, -CF3,
-C(0)-0-R10, -C(0)-N(R21)-R22, -N(R21)-R221+803-05)-cycloalkyi, -(00-C3)-alkylene-O-R10,
--Si-(OH3)3, -N(R10)-S(0)u-R10 where u is the integer 1 or 2, -S-R10, -S0r-R10 where r is
25the integer 1 or 2, -S(0)v-N(R10)-R20 where v is the integer 1 or 2, -0(0)-R10, -
(C1-CEO-alkyl, -(0i-05)-alkoxy, phenyl, phenyloxy-, -(Ci-C3)-fluoroalkyl, -0-R19,
-NH-C(0)-NH-R10,a4C 0043 raliyd-£2(03-0r G (Rl RAD 20 G0 RdZp =N riQ) Nbd3 34,
-N(R21)-C(0)-R22, -(00-04)-alkyl-C eg)" -C(R11, R19)-0; é -0-R12. 30-NH-C(0)-0-R10,
-0-CF3 or Het%v%ggr’e({el—/?ét [ a%sI léfi éod(%k%v!%%;%dﬁ’ is&éﬁscg ggﬁjg{g%k }'mono-, di- or
trisubstituted independeiyByRE;41a8:R 1TarthR2Byaf € tHessambakdifferent and are each
independentl r om, -(C1-Co)-alkyl, -(C0-04)-alkyl-OH .
-(CoEJOS)-aIky)I/-—(@é\-Z %:Wé%éikayw "(é%r-c 6}6'1 %?e&neﬁﬁélav%%\ég réfir)!/ %n3%b§3Wﬁ%%O§bove and is
- unsubstituted ordBmonibgrdiisobstistiastituted independe oty ~O6L-alky-alkyi,

-040-1-C61-alkyl, halogen.or -(C3-C8)-cycloalkyl, or -(Co-C2)-alkylene-Het where Het is as
defined above%ﬁ%?snlﬁrlé%ﬁ@fg&%&;}g et |0'§r21)r“|(§ ﬁSﬂﬁj@%ﬁ Wéﬁg‘?&@nﬁ% nec
-0-(C1-06)-allgiphatogen ons(E:31G8)oyeloatkykii- or trisRidrandiRLDaredhs sgme or
different and arg.each indepengdently a r Oatgm_ox. -(Cii-C6)-alkyl. R12 is
-(C1-C6)-alkyl, @g?@%}%ﬁky (@1 %ﬁw-gﬁ%@‘é(gﬁ@%ﬁé}%ﬁ?%@csycycmalkyl,
-(C1-05)-alky|-BI(CIrCB -2yl { € 34C8) <wyditetikyl 2+ 2-0@Rraltkyh (030 8)iyyeloalkydewhere the
cycioalkyl radigg;ﬁd;ngyp@gpgq@ggr mono-, di- or trisubstituted independently by -OH,
-0-(01-C4)-alkyl or R10, 15R21 and R22 are the same or different and are each independently
a hydrogen atoir; l%C@C@}J‘-hW*WF@TFPﬁI){%%'%U&'tit@ﬁé@'éﬁ)’frﬂdﬁ’d:,qﬂsil'@mjsubs.tituted
independently | 3'5%%?:&9‘@69@5&-”@4%‘%%%Q§¥@g%%ﬁ¥bl-Z\%g-tt%}—gnggﬁ% is the integer 1

or 2, -(Cii-C3)-fluoroalkyl, -0-R12, -(Co-Co)-alkylene-aryl wherée aryl is as defined above
and alkylene affdapf)évEsetr uasorEsirlitddvdranche s \zodikprradsistinmedatitépendently by
R8 or -(Co-Co)sglkylenesHet.wher ' ] ibque and.alkyle t are each
unsubstituted or moho-,odi- B%sﬁgﬁh%ﬁﬁ%%%%%gﬁ; b);e}n F@S?Igﬂ %n@%dﬂﬁtbgether with
thelRitrogen atdai endhRithatrelie e bendeidemhandore tocdighienenibedhed mydrngeyclic

heterocyclic ringowhigh, a5 welastbe: 2agiteasnstendditionally srerording o e ring size,

may contain one or two identical or different heteroatoms from the group of oxygen, nitrogen or

sulfur and in WGP SRESEEPY ol fotralsignedCarAoruciafilr thSutitituraare tis
independently Ry Bger 1 or 2, (C1-Ca)-luoroalkyl, -0-R12, -(Cg-Cg-alkylene-aryl where

aryt is as defined above and alkylene and aryl are each unsubstituted or mono-,

20 di- or trisubstituted independently by R8 or -(Cp-Cgl-atkylena-Het where Het is
as defined above and alkylene and Het are each unsubstituted or mono-, di- or
frisubstituted independently by RS,
R21 and R22, together with the nitrogen atom to which they are bonded, form a
four- to eight-memberad monocyclic heterocyclic ring which, as well as the

25 nitregen atom, additionally, according te the ring size, may contain one or two
identical or different heteroatoms from the group of oxygen, nitrogen or suffur
and in which the heterocycle is unsubstituted or mono-, di- or frisubstituted
independently by RS,
RZ3 is a hydrogen atom, -OH ar -0-(C4-Cyq)-alkyl,

30 X is a covalent bond, -N{R7}- or -O-, where



R23 is a hydrogen atom, -OH or -0-(C1-C4)-alkyl, 30X is a covalent bond, -N(R7)- or -0-,
‘where 114 R7 is a hydrogen atom. -(C0-C4)-alkylene-(C3-C6)-cycloalkyl or -(C1-C4)-alkyl, Y
is -0(0)-, -C(S)- or p is the integer 1 or 2, R27 is'4 hydrogen atom, -(61-C6)-alkyl, halogen,
--(C0-C4)-alkylene-(C3-C6)-cycloalkyl, -(Co-C4)-alkylene-Het where Het is as defined above
and is unsubstituted or substituted by halogen, -(C1-C6)-alkyl, -0-(C1-C3)-fluoroalkyl or
-0-(C1-Ce6)-alkyl, or -(Cg-C2)-alkylene-phenyl where phenyl is unsubstituted or
substituted by ROagenosbt BE6)-alkiC 10 {Ele63) Shyargatiyloati«0-(Ci-C6)-alkyl, R26 is a
hydrogen atom %&C%%?Ikyl or -(Co-C4)-alkylene-(C3-C6)-cycloalkyl, R24 and R25 are the
same or differek(f\ nél}aareye’ach independently a hydrogen atom, -(C1-C6)-alkyl,
-(C1-C3)-fluoraaikyt; (e 042 8)-alkydener(C3-06)-cycloalkyl, -(CD-C4)-alkylene-aryl where aryl is
as defined above and is unsubstituted or 15mono-, di- or trisubstituted independently by R8, or
-(C0-04)-alkyléh8-H1R{i#8Fe EFis as defined above and is unsubstituted or mono-, di- or
trisubstituted iftfgpendenitiydby R8m, -(CRZ% anldyR25|dggether with the carbon atom to which

they are bonded, form a three- to six-membered cycloalky|.ring which is unsubstituted or

mono-, di- or 20tr Oéglﬁl*é%‘eeﬁ ?n@é”peﬁ%]%@%y% %%%’fi*%lgﬁ%%%ﬁ%%é%& rﬁf‘fﬁ"&gaé&ther with the

carbon atom taisfiniet aheys aredbondad;sthunadhsesstio stk ineaibgred fetageyiaalkyl radical

which is unsubstituted. or mono:, di- or_trisubstituted independently by R10 or fluorine. 25
sieel e TR E e

2,The compound ormuia Y where the sub-ringhas been selected
from the followitahgrougtkylti-phenyl where phenyl is unsubstituted or substituted by

10 halogen, -(C1-Cg)-alkyl, -O-(C4-Ca)-fluoroalkyl or -O-(C4-Cg)-alkyl,
R26 is a hydrogen atom, ~{C4-Cy)-alkyl or -{Cn-Cy)-atkylene-{Ca-Cgl-cycioalkyl,
R24 and RZ5 are the same or different and are each independently a hydrogen
atom, «(C4-Cgj-alkyl, -{(C4-Cy)-fluoroatkyl, {Cp-C4)-alkylene-(Ca-Cg)-cycloalkyl,
-(Cp-C4)-alkyiene-aryl where aryl is as defined above and is unsubstituted or

15 mono-, di- or trisubstituted independently by R8, or -{Cg-C4)-alkylene-Het where
Het is as defined above and is unsubstituted or mono-, di- or frisubstituted
indepandently by R8,
R24 and R25, togsther with the carbon atom to which they are bonded, form a
three- o six-membered cycloalky! ring which is unsubstituted or mono-, di- or

20 trisubstiiuted independently by R10 or fluorine,
R24 and R25, together with the carbon atom to which they are bonded, form a
three- fo six-membered helerocycloaikyl radical which is unsubstituted or mono-,
di- or trisubstituted independently by R10 or fluorine.

Z25 2 The compound of the formula | as claimed in claim 1 where

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

N
.
.

|8 a0080 0

N N



/-.,N.,A 0 (4") czNo(,-\-00>CN NN NN/AN)LNNONN"SA/ 116 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 dolbfe bonds, or further ring systems may be fused

on, and in which the sub-ring has been selected from the following group
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118 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 indepe Ebntly mono-to tetrasubstituted by R4, and the
X, Y, R27, p, R26, R24, R25 and R4 radicals are each as defined in claim 1. 3.A compound of
the formula la as claimed in claim 1 where A c the sub-ringsandhave in each case been
selected from 10cyclopropane, cyclobutane, cyclopentane, cyclohexane, cycloheptane,
cyclooctane, / yclo[4.2.Q]octane, octahydroigdene, decalin, de¢cahydrob@nzocycloheptene,
dodecahydrohe lalene, bi yclo 1.1 heptaﬁe |cyc|©f2\; 1]heptane, bl/ydb[?, F0]Joctane,
bicyclo[2.2. 2}0 I@ne §|3|§Q , spire[3.4 ocIaPaecaze“p e/azépmg/dzet Q

aziridine, 15a2|r|ne azocane, ben2|m|dazoI|n§ 2,3- dlhydrobenzg[blthlophene 1,3-
dihydrobenzolethiephene, - 0 @benz -dihydrobenzooxazole

2,3-dihydrobe ale, 1 droisobe zof an ,5-dihydroisothiazole, 2,3-
dihydroisoxazol€, 2,5-dihydroi oxazole 4,5-di dr iSoxazole 5 6-dihydro-4H[1,2]oxazine,
benzo[1, 3]d|oxole 1,4-diazepane; l 2-diazepine, 1 3«d|azep|ne 201 4- dlazep d|a2|r|d|ne
diazirine, 1p/dﬁocane/&oxan 3-dioxane, dioxazi @, 3]di c/a}z\j‘ne 14 ocane
dioxole, ci"oxc){l3 e 1 3Ldlc9xblan dloxb\ené [1,3] |th,ane Iﬂ: hiol
hexahydropyridazine, hexahydrop}%lmldme |R1|dazollne C?mldazolldlﬁe indane, mdollne

isoindoline, Wazolld}&\sothla e, |sci;ollne isoxazolidine, 2-isoxazgline

25morphaline, [1,3 4]oxad|az|nan [1,3,5]oxadiazinang; [1, ,31o>?ad|a olidine, ?

[1,3 4]oxad|’\2@h’d|ne 1;2-e%athiep ge’ 1,2 Iane oxaterQ@He 14-\sxé\£epane
1,2-oxazine, 1,3- oxazme 1,4- oxazme oxazinane, 1,3- oxazmane oxazocane, oxaziridine,
oxazolidine, oxepane, oxetane;.oxirane; oxocane piperazine, plperldtnef pyran, pyrazoline,
pyrazolldwé\[ﬁu;rroll li rroIidfrT {z}dr ine, etrah ro Ef;}etrahﬁdwfuran
tetrahydrolsoquinoline, 1,2}3,4+ tetrallydronap alene tetrahydropyran, teftrahydropygidine,
1,2,3,4- te%&h@iropyﬁmdme 1, -tetrghyd ifline, te rot ene Metrazine

thiadiazine, [1 2,6]thiadiazinane, [1 3 4]th|ad|azoI|d|ne 1,2-thiazine, 1,3-thiazine, 5 1,4-thiazine,
[1,2]thiazinane, [1,3]thigzinane, g‘(\azoudlne Zohne}@ine thi tane thlomorphollne

thiopyran;1,2,3:triazirie, i ,4-<tr|a2|r? -triazjne lazinghe 0‘1:‘[1 2,4)triazolidine,
and in whjch the twoisub-rings lare e h unsubstituted:or independently, according to"fhe ring
size, monodf, tri-, tétralor pen bstitumﬁﬁ'b’ i°R4, antHhe radlca 7Y R27 26, R24,
R25 and R4 10are each as defined in claim 1. 4.A compound of the formula la as claimed in
claim 1 whefe EGEO3 the sub-rings Oandare each. 1ndependently selected from the group of
azetldlnemﬁ pro c;? Iob;ut?l? cIo niyl, cyciotiex I 13 ydro nzofuran,

2,3- dlhydgioﬁazole\éjgdlh droispxazole, 45 d*@ dro oxa oleﬁi 3- dloxa , dioxolane,
1,3-djoxol midazdlidine, inddane, morpholine, 1, azinanet OvaO|I Nplperazme

piperiding, oyripliding.daialyareiiiane 3afidugny: ﬁ‘?gﬁgﬁ’g&%éﬂf@ﬁl%&md sub-

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

further ring systems may be fused on, and

B
in which the sub-ring CQ has been selected from the following group



and in which the two sub-rings are each unsubstituted or independently, 20according to the
" ring size, mono-, di- or trisubstituted by R4, R4 is =0, =S, -(00-C3)-alkylene-C(0)-0-R10,
-(C0-C3)- aIkerne N(R21)-R22, -(C0O-C3)- alky1éﬁe NH-C(0)-R21,

- -(C0-04)-alkylene-(C3-C6)-cycloalkyl-R23, -(C0-C3)-alkylene-O-R10,
-(C0-C4)-alkylene-phenyl, where phenyl is unsubstituted or mono-, di- or trisubstituted
independently by R8, or 25-(C0-C4)-alkyl where alkyl is unsubstituted or mono-, di- or

trisubstituted mdependentl by R9, R8 i orine, -O -(C1-G3)-fluoroalkyl or
-0-(C1- C IkyI ' halo -NO2; -CN,i=0, -OH, -C 3 - (O) -0-R10, ~C( (R21)-R22,
-N(R21)- R22 -(C3- C8) C;ycloa yl, -(CO -alkylene-0-R10, - - 3 30- N(BJ.O) -S

(O)u- RlO 2re.uis t mteger Or- RlO here r IS the integer 1 or 2,

-S(0)v- N(L_"_ -R20 \@ vis th eger é@o -0(0)-R10;.-(C-C &a -98) alkoxy,
phenyl, phenyloxy- -(CitC3)- fltroroa NH- C - -Rl )
-(C0-04)-alkyC{ 0) -0- C(Rll R19)-0- C(O) R12 -NH-C(0)-NH-R21, -N(R2I)-C(0)-R22

--(C0-04)-alky -C(R1 19)-0-C <NH- C(OQ/O\Fylo or -08CF3; R10 and R20

are the sameior dlff rent nd e each m@ﬂepen(i__n y a hydregen atom o | -C6)-alkyl, R11
and R19 are the’se‘tfne or diffgfent and-ake each mélependently a hydrogen atom or
-(C1-C6)-alkyl, 10R12 is -(Ci-C6)-alkyl, -(Ci-C6)-alkyl-OH, -(01-C6)-alkyl-0-(Ci-C6)-alkyl,

-(C3-C8)- cycloalkyl -(§1-C6)- a&%ﬁO (C1-08)-alkyl-( {?-cyclo

-(Ci-C6)-alk -mloalkzy ere the cygloalkylradical is unﬁ-b tituted or mono-, di- or
trISUbStltﬁl\ﬂ(EI depe tly by 0-(C1=C4)-alkyt orR O "RY1 and R22 are the
same or di

Pbnt and-are each independently a hydrogen 15atom, (C| C6)-alkyl, -0-R12,
-(C0O-C6)-alkylene-(C3- C8) cycloalkyl -SO0t-R10 where t is the integer 1 or 2, or

-(Ci-C3)- Iluomoa[kyl s a hy n atem><OH or -0-(€1-C4)-alkyi ‘ssa covalent bond or
ato or A@C\l/é

-N(R7)- wher R? |s roge 4)-alkyl, 2 té O(O) 02)-, p is the integer
1or2, w ) ‘
[\) N TN N"‘X:N
N/N N') ]:N) s\N)
D K\ [OW ?/-) 7/\ o I/O\s
i
N/Q "\N/] N/’ /*\N ‘\N,O {\N) \N)
© © o N
o =™y ) 0]
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5



R26 is a hydrogen atom, R27 is a hydrogen atom, -(C0-C4)-alkylene-(C3-C6)-cycloalkyl,
"-(C-05)-alkyl, -(C0-C2)-alkylene-phenyl where phenyl is unsubstituted or 25substituted by
halogen, -(Ci-C8)-alkyl, -0-(Ci-C3)-fluoroalkyl dr €0-(Ci -06)- alkyl, or -(CO-C2)-alkylene-pyridyl,
‘R24 and R25 are the same or different and are each independently a hydrogen atom,
-(C-C4)-alkyl or -(C0-C4)-alkylene-(C3-06)-cycloalkyl, R24 and R25, together with the
carbon atom to which they are bonded, form a 30cycloalkyl ring which is selected from the
group of cyclopropyl, cyg:lobutyl, 12%.cyclopentyl and cyclohexyl, and is unsubstituted or
mono-, di- ortrisubstitut pen y R180r flyorine, R24 and R25, together with the
carbon atomito which th argjbond d, form a- tﬂ@e- six-membered heterocycloalkyl radical
selected from tfie group of 5aziridine, &etidin€, didzetidine, diaziridine, hexohydropyridazine,

P S LRz, OIS, QRO RB AN e ArAdlazaudine, QX anane,
oxathiolane, oxazetidine oxazoll Ine, oxetane, oxirane, piperazine, piperidiné pyrazolldlne

pyrrolidine, tetFaRydtofaire f@ﬁéﬁy@?h@ﬁ&r@tqéﬁdﬁﬁﬂ'mﬁb%éﬁiéaQ@fdraﬁVHrbMQWmn
tetrazinane, thigdiggaliding. 4Mihiszetiding, dhisgiddings iviarokdine ithigtanalyirane.

thiororpholine, triazefi e ia f whigh is |tut di- or
trlsu%stltuted ﬁ]dégen Eéir?FU’t datf-'ﬁg}{:br?Iucg)f}ln%-io BSY ’p%%er;lcj%n fgs % ‘%Ia Iar§§%?almed in
one or more oftdRATS f‘-‘l@@f Qﬁﬁ’e'féci%'ﬁhé sub-ringis selected from the group of azetidine,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 1,3-ciihydroisobenzofuran, 1,3-dioxane,

1,3- dloxglane Amldazolld indane, m rph%Lne %% azina eEgiperazine, piperidine,

pyrrolidine, tetr %yrHPofﬂran ’g}ndrﬁ{rﬂ,%?f 484 a3'/rc}1Iqreon'ap &fhalene , the sub-ringis selected

from the group of azetldlne@qéoprop cyclopentyl, cyclohexyl, morpholine, oxazolidine,

piperidine andipyiipldipg, add M paichhe puocstsnos. auunsubsiiuie gy independently,
cgrdlng to the ring size, mono-, di- or tn.-substituted by R4 where R4 is -0-(C1-C4)-alkyl, =0,

C4)- alkylgﬁtéo&i@% %Wﬁ?é('lme Cydo@e"(@lecﬁfﬁfv&)f%\e @5 EEPEM Iene-phenyl
where phenyl ycingciastitutegcm L 3sihattuted:ay Fr@haBrardés4Gil-C4)-alkyl, Xis a covalent

bond or -NH-, B{e@ﬁg@ébgﬁzﬁ{%ﬁ@t@@%%@%%@&mheptaiene, bicyclo[3.1.1]heptane,
bicyclo[2.2.1]heptane, bicycio[3.3.0Joctane, bicycio[2.2. 2joctans,
spircf2 bloctane, spirol3.4joctane, azepane, azepine, azetidine, aziridine,

15 azirine, azocane, benzimidazoline, 2,3-dihydrobenzolblihiophene, 1,3-
dihydrobenzoic]thiophene, 2,3-dihydrobenzofuran, 2,3-dihydrobenzooxazole,
2,3-dihydrobenzothiazole, 1,3-dihydroisobenzofuran, 4,5-dihydroisothiazole, 2,3-
dihydroisoxazole, 2,5-dihydroiscxazole, 4,5-dihydroisoxazole, 5,8-dihvdro-4H-
[1.2]oxazine, benzo[1,3]dioxole, 1,4-diazepane, 1,2-diazeping, 1,3-diazepine,

20 1,4-diazepine, diaziridine, diazirine, 1,4-diazocane, dioxane, 1,3-dioxane,
dioxazine, [1,3]dioxepane, 1,4-diozocane, dioxoie, dioxolane, 1,3-dioxciane, 1,3-
dioxolene, [1,3}dithiane, [1,3]dithiolane, hexahydropyridazine,
hexahydropyrimidine, imidazaline, imidazoliding, indane, indoline, isoindoline,
isothiazolidine, isothiazoline, isaxazoilineg, isoxazolidine, 2-isoxazoline,

25 morpholine, [1,3,4ioxadiazinane, [1,3,5]oxadiazinane, [1,2,3loxadiazolidine,
[1,3,4joxadiazolidine, 1,2-oxathiepane, 1,2-oxathiolane, [1,3]oxathiolane, 1,4-
oxazepane, 1.2-oxazine, 1,3-oxazine, 1,4-0xazine, oxazinane, 1,3-oxazinane,
oxazocans, oxaziridine, oxazolidine, oxepane, oxetane, oxirane, oxocane,

piperazine, piperidihe! pyran, pyrazoline, pyrazolidine, pyrrolidine, pyrrolidinone,



R27 is a hydrogen atom, -(C1-C6)-alkyl, 4-F-benzyl or benzyl, 30R26 is a hydrogen atom, 122
"R24 and R25 are the same or different and are each independently a hydrogen atom, methyl
or ethyl, R24 and R25, together with the carbbPatom to which they are bonded, form a

- cyclopropyl or cyclobutyl radical, or 5R24 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.
- 6.A compound of the formula la as claimed in one or more of claims 1 to 5, which is the
compound N-R@)=lind -eyahedisioprbipyldartsanoyLy3 Jetiloptabengl] 8sline, 1,2,3.4-
10azaspirol5. 5146%?@%% tﬁé@%%ﬂ%fﬁ% 1nkd pRropylcarkameydy

3,3-difluorobut zaspiro[4 5 deca e -8-carhoxamjde, NTS)-1-(1-
Cyanocycloprowgggg\gmo§ Wﬂne tetrahydroth;oph ne, tetrazine,

1,4-dioxa-8- azﬁﬁﬁ@a%]ﬁ@éh@@eamm@éﬁhradiazoildme 1,2-thiazine, 1,3-thiazine,
N1($)-1-(1-cyanpeyslaniopyiaarbamaylyr3p-difnorebuidb-dmzaspimiuptssane-2-carboxa

mide,
N-[(S)-1-(1-cy 2B o rIBSIEaNIAMSY 15528 difudtoRERy 1 18T RehiFo 4 5 TaliEaihg:8-carboxa
mide, N-RS)-1F{ E-éylaascyotopropyléarbanidnt)8)84n which the two sub-rings are sach

difluorohexyll- %r@é@%?&[@@ﬂﬁ@ﬁ@ﬁ@@ﬁ /CakR, idenN r{gé)s&e(]monw di-, tri-, tefra-
cyanocyclopr gglcarbamo 1)-3,3-difluorobuty11-2-(4-methoxy phen¥1) -0X0-2,8- dlazasp|r0[4 5

)decane-8-carBbRENAGH° %\I“ﬁ%% by a4c§5ﬁ&§lé?8iﬁ%§%car 6, R24, R25 and R
203 3-difluoroloutyddst-mxoetinphieny kil 3,84riazaspiro[4. 5]c|ecane -8-carboxamide, N-
[(S)-1-(1- cyanocyclopropylcarbamoyl) -3, 3 difluorobutyll 1,5-dioxa-9-aza-spiro[5.51undecane

-9-carboxamid yan Icarba -3,3-

difluoroblitylp- é&?ééé’eﬂ] §§§ ?raﬂ’gj %”’88?68%;&/ L where

N-RS)-1-(1-cyanocyclopro rbamaq, 3 -difluorobuty1]-2-methyl-1-ox0-2,8-
25diazaspiro[4+k]desaingB-carbaxami ?{(&alcrﬁln@yé@@iaﬁaﬁﬂ?w@@w@@mamt?wgmup
ﬁlngllio(rf t::ugrgo%% oproéﬁcar g{/‘% %%yﬁ 8%%5%! \%’F% ?-1C§_rboxamlde,

buty¥]-8- azas)éwami@ng@%r%g%ghyﬁf@ssoxazole 2 S-dthydrmsoxazole 4,5-

NTS)-1-(1- cyamagzytd@@mw@afwmécﬁodﬂdmot)latﬁmmlw@aizc%n@laﬁ%@érom Sjdeca
ne-8- 3OCarb0é%r%g§ [{%) r@(‘%no_c%cl%)r%p lcarb%%o%é> e:él d fluycg{r? g}thl] -2-aza-

. spiro[4.4]nonane- CarboXAmIc - -c ano yc opropylcar

difluorobuty1 1f%€}"¢zf§>iu%>&5@ ‘B?dﬁaf’zﬁp?mfir %]@Ié@éﬁé‘?%icarboxam ide,

N-RS)- % (1- Cyaﬂ@@m}ﬁ@l‘pﬂ%'ﬁ%%?ﬁb@%—&@éﬂféﬁ@%@ti&&[i%—ﬂ@(@ﬂénﬂigﬁﬂy,
1)-1-ox0-2,8-diazaspirol4.51decane-8-car N-[(S 1-

cy%a)gcycloprop cagr'ggr%o%fg SRetH %que 8' Zf%‘lsoé;%g%ﬁtg& ]clecane-8- carboxamide,

NTS)-1-(1- cyaﬁéd?d@pr@py(@@r@&ﬂrﬁi%%@éﬁﬂ%ﬂ)@ty@&{% -alkylene-N(R21)-R22,

phenyl-l,5-dl0$@g%§?§-§9f&@r\§% @%%ﬂe ?’ﬁa{b f a% -EYADNy1-R23

5cyclopropylcarb yl)cyclohexyl]-8-azaspiro[4,5 ecane80 amide, [(S-

1-(1-cyanocycliprepylcaitbansoiy-tycidhelylnadtighs-pixespin|as bhdagdne-8- carboxamide,
N-RS)-1-(1- Cyﬁﬁgﬁy !Rﬁ’ég l%%rr]i r%%y&)i?&ub% e R%%{&An%é)nléig}/l%r R8, or

9-diazaspiro[5.5]undecane-3-car

N-[€8)-1-(1-cya bﬂ@bw@maﬁv&m@@ﬁﬁmmﬁmm Eersprepyatigied
independently by R9,
R8 is fluorine, chiorine, bromine, ~-O-{C1-Ca)-fluoroaikyl or -O-{C+-Cyq)-alkyi,
RS is halogen, -NO2, -CN, =0, -OH, -CFa, -C{O}-C-R10, -C{C}-N{R21}-R22,
-N(R21}-R22, -(C3-Cg)-cycloaikyl, -(Cp-Cal-alkylena-O-R1C, -Si-(CHa)a,
30 ~N{R10}-5{0);;~R10 where u is the infeger 1 or 2, -S-R10,
-50-R10 where ris the integer 1 or 2, -5{0},-N{R10)-R20 where v is the integer



10diazaspiro[5.5]undecane-3-carboxamide, N-RS)-1-(1-cyanocyclo-
propylcarbamoy1)-3-methylbutyl]spiro[2.3Thexane-1-carboxamide,
NTS)-1-(1-cyanocyclopropylcarbamoy0-3,3-difld8ro-4-phenylbutyl]-8-
azaspiro[4.51decane-8-carboxamide,
N-[(S)-1-(1-cyanocyclopropylcarbamoy1)-3,3-difluorobutyl]spiro[2.3Thexane-1-carboxamide,
15N-[(S)-1-(1-cyanocyclopropylcarbamoy1)-3,3-difluorobuty1]-2,2-dimethy1-1-oxa-8-
azaspiro[4,5]decang-8-CaHidkaniites N-RB); ey abgeyioprapdodrhamgyd)aad, 3-
difluorobutylj-2-gzaspirg[4.5]decane-2-car ide, F.F cc/
N-[(S)-1-(1-cya%&%‘ég%ﬁéﬂ@fggﬁgglj%&éﬁl)ﬁ%ﬁdmgl]-1-oxa-4-
20azaspiro[4.5jlep@npatodaitoxanitr] TR EganEry sloprapmy (SR, 4-

dioxaspiro[4.5]dec:8:y1)-ureido]-4.4-difluoropentoxide,
N-[(S)-1-(1-cya%%§é?$@coyﬁg%r” SR gﬁ)%ﬂg% ffﬁ@b%mi1@-%%&5?8&1%?7-
diazdspiro[3.5]rdnares2caraxamide; N-RS)-1-(1-cyanocyclopropylcarbarnoyl)-

253,3-dif|uoro-§g§ 11\-{%& clopropyl-2,7-diazaspiro[3.5)nonane-7-carboxamide, N-
RS)-1-(1-cyanoeyciop %‘?I(’?&%B%W?%Egiﬁ?ﬁﬁ%ﬁ%ﬁ%@ff}%—ﬁﬁﬁ?ﬂ%%”@ﬂ hydrogen
diazaspiro[3.5]aBmane<T-céipexavhide, N-(1-cyanocyclopropyl)-(S)-2-(8-

azaspiro[4.5]decang-8-sufonylamino)-4,4-difluoropentanamide,
N-RS)-1-(1-cygﬁgcggﬁoﬁrép%%ﬁ%g?noeyﬁféj%-eé| lEoFgocg?ft?/ff?h-g‘f&%%%%@ﬁyﬁ&ﬁ?@%‘iazaspiro[
5.5]undecane-@t%@rﬁbﬁﬁmﬁ@:ENI‘-![(S)_-1-(1-

ScyanocyclopregylearpanayLh3; 3-difluomh %}?%in(_@l?ﬂgpé(g&gﬂ;zﬂéﬁc%}_a;kw’

diazaspiro[5.5]undecane-4-carboxamide, N-[(
cyanocycloprop{laarbafiielyaig, 3(diftGaictiuy OHEcyaoptopybactiny-Ly8loxbyR, 8-
diazaspiro[4.5]decans-S.carboxami -1-(1- ropylcarbarn - 3.3-difluoro
10hexyl)-2-(4-gg&?@%@%ﬁ@(o-fﬁ% a'zxg%sé#oﬁgé}?ﬁ%%lﬁg-rggca%gfgﬁ%@zUteg}or
N-[(S)-1-(1-cydnerscldprofiachpbiedytyd Sadiftuiaronesoy]- Bdomeéthextiphe myn)- :
2,8-diazaspiro[4,3] -9- ide,. .
N-RS)-1-(1-cyzﬁf\lnzgc%ﬁélﬁ)ﬂir%p?)ﬁ%%(r%%)énﬁ(;)gyg’%fg%?Iﬁgpo %"%y é%%%”&r%%% ?ﬁ ,%-iafg?%ﬂiro[&S]no
nane7- carboHiddCKiEs Al - YR bbytioprapyitaipaerGroCe scuiffrmghexyl]-2-

15cyclopropy 1-g¢§-fif7asRiol 4 1ld6cRRer8-craxapide. NaRRdx( 1 -cyanocyclo- _
propylcarbamo 1g-3,3-d|quorohexyll-9-cyc|opropy1-3,9-§1azasp|ro 5.5]undecane-3-carboxami
de, 23 is a hydrogen atom, -OH or -O-(C4-Cy4 )-atkyi,

N-[(S)-1-(1-cyq@gggm{%yggﬂ5b&mg&7)5%@jguorohexyli-7-cyc|opropyl-2,7-diazaspiro[3.5]no

nane-2-carboxamide,
N-[(S)-1-(1-cydHoByR IBFERSR ERBLM ol )-8 8-alilorohexyg-7-propy1-2,7-
ZOcQ@zaspiro[&ﬁ]ﬁ@]@r}Leoz_-g@gg%amide, N-[(S)-1-(1-cyanocyclopropylcarbamoyl)-
3,3-difluoro-4-phenylbutyl]-9-cyclopropy1-3,9-diazaspiro[5.5]undecane-3-carboxamide,
N-[(S)-1-(1-cydnddyeiBiteRylcdrBarnoy0-3,3-difluoro-4-phenylbuty1]-2-

R26 is a hydrogen atom,

R27 Is a hydrogen atom, -{Cy-Cy)-alkylene-(Ca-Cg)-cycloalkyl,
-{C1-Cg)-alkyl, «{Cp-Co)-alkylene-phenyl where phenyi is unsubstituted or
25 substituted by halogen, ~(C4-Cg)-alkyl, -O-(C4-Ca)-flucroalkyl or -0-(C4-Cg)-
alkyl, or -(Cp-Co)-alkylene-pyridyl,
R24 and R25 are the same or different and are each independently & hydrégen
atom, -(C1-Cy}-alkyl or -(Cg-Cy)-alkylene-(Cy-Cg)-cycioatkyl, -
R24 and RZ5, together with the carbon atom to which they are bondéd, form a
30 c_ycfoalkyi ring which is selected from the group of cyclopropyl, cyclobutyl,



cyclopropy1-2,7-diazaspiro[3.5]nonane-7-carboxamide, N-[(S)-1-(1-

“cyanocyclopropylcarbamoy0-3,3-difluoro-4-phenylbutyl1]-2-propy1-2,7-
25diazaspiro[3.5]nonane-7-carboxamide, N-[(é%’jl-(l-cyanocyclopropytcarbamoyl)-

- 3,3-difluoro-4-phenylbutyl]-7-cyclopropyl-2,7-diazaspiro[3.5]nonane-2- carboxamide,
N-RS)-1-(1-cyanocyclopropylcarbamoy1)-3,3-difluorobuty11-6-
azaspiro[2.5]octane-6-carboxamide, N-RS)-1-(cyanornethylcarbarnoyl)-3,3-
difluoro-butyl]-6¥a2aspirb RS RyetaRes - eariexasibeiNegS)- Ingho-, di- o trisubstituted
30cyanocycloprapyisarhamey R13.s-difliprohexyl1-6-azaspiro[2.5]octane-5- carboxamide,
N-RS)-1-(4-cyano-1-m Ipiperidin-4-ylcarbamoyl)-3,3- | . ' '
diluorobutyts e Yot BRI 8 SRR AL Erieh i tgambopded. for
methylpiperidiffegidarbameybr33 dituorptiexid]l 6:dizaspiief2:B]oetatie-§rot25icarboxamide!
[“(lé??)-&-(1-W@Q@%Q%%M@réléﬂiﬂé{é%)é,?g%'ﬂ}fmpi?ﬁ@w%rc%?ﬁih!fgzine,

-1-(1-cyanqcyclopropylcarpamoyl)-3,3-difluoro-4-phenylbuty1]-6- N
azaspiro[2.5]o?:'?§ é-é8§¥88& 'ﬁ%d’@%&f?ﬁ%%ﬂ:&%ﬁ% BrepRARG e AR i BGe formula
la and/or a stefxais@meTic feathiobtite earpicingd ofahsidoren olelanandtoe:zepbiysicingically
compatible sal;gEthe:copraung RS r&%‘?ﬂ@!@%99/@%@%9@%@?&%@5@?6 of the compound

ae

of the formula!at and/or E%N-oxide 0 thﬁaco,m ounds of the formu la as claimed in one or

more of claims < & WHICH €LY 164 RALRRd H 2 BRI S nula 1|l where A
and 8 are eaclh&eeiidite dhinzhdivortipomtid of théeformdtaiienwithiersonipdond of the formula

Ill‘lla or llib or |g%i%?eéf&%{%?ﬁ@i?a‘%géﬁﬁ@zo;séﬁwh@%%is%%ﬁ!}%%& ﬁ{&_q%éqg-%? deﬁ”eﬁ in
the compound of the formula la, IS an ester protecting group and "activated” means that
the amine is ngss‘%Eﬁﬁl@f{g EQ%WSF@!& '@F Y?S@geg)gll}ﬁﬁ@%s a chlorocarbonyl compound, to give
a compound of the formula IVa or IVb

5. A compound of the formula la as claimed in one or more of claims 1 1o 4 where

15 the sub-ring is selected from the group of azetidine, cyclopropyl, cyciobutyi,
cyclopentyl, cyclohexyl, 1,3-dihvdroisobenzofuran, 1,3-dioxane, 1,3-dioxolane,
imidazolidine, indane, morpholine, 1,3-oxazinane, piperazine, piperidine,

pyrrolidine, ’fetrahydrofuran, and 1,2,3 4-tetrahydronaphthalene,

the sub-ring C@ is selected from the group of azetidine, cyclopropyl,

20 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
R4 is -O-(C+4-Cyq)-alkyl, =0, -(Cp-Cq)-alkyiene-(Ca-Cg)-cycloatkyl,
-{C1-Cyq)-alkyl or ~(Cp-Cyq)-alkylene-phenyl where phenyl is unsubstituted or

25 substituted by F, Ci, Br or -O-(C4-Cyg)-alkyl,

Xis a covalent bond or -NH-,

Y is -C{O)- or -8(O3)-,

p is the integer 1,

R27 is a hydrogen atom, -(C1-Cg}-alkyl, 4-F-benzyl or benzyl,

30 R26 is a hydrogen atom,



OR2 R3R2 R3 (IVa)(IVb) R1 0, PG 20and reacting the resulting compounds of the formula IVa
or Vb, after converting the ester to the carboxylic acid, with Z to give the compound of the
formula la, or b)reacting a compound of the fof&&la Va or Vh where A, B, X and Y are each as
defined in the compound of the formula la 126 X\ ci(Va)krAXE11."OH (Vb) with a compound
of the formula VI where R1, R2 and R3 are each as defined in the compound of the formula la
and PG is an ester protecting group R2 R3 (VI) R10., PG to give a compound of the formula
IVa or IVb, andR#astin fThere dutingreornpdiershodth e foeacharimendiblyafteydcomerting the
ester protectingtgﬁqqpet@m g@{ﬁoxylic acid, with Z to give the compound of the formula la, or
c)reacting a compound_of the formula Vila or Vilb where A, B and X are each as defined in the

compound of t %Wﬁ%qat%%%‘fjw Wit & RBAMHA BRI RSARLUI P RINRE D

cyclopropyt or cyclobutyl radical, or
5 R24 and R25, together with the carbon atom to which they are bonded, form a
piperidine ring which is unsubstituted or substituted by ~(C4-Cg)-alkyl.

. A compound of the formula la as claimed in one or more of claims 1 to 5, which
is the compound N-[{S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-difluorobutyl]-3-

0 azaspiro{S.Ojundecane-3-carboxamide, N-{(8)-1-(1-cyanocyciopropylcarbamoyi)-
3,3-difluorobutyil-8-azaspiro[4.5idecane-8-carboxamide, N-[(S)-1-(1-
cyanocyclopropylcarbamoyt)-3,3-difiugrobutyl)-
1,4-dioxa-8-azaspiroj4 5jdecane-8-carboxamide, N-{S)-1-{1-cyanocycio-
propylcarbamoyi)-3,3-diftuorobutyl}-2-azaspiro]5. 5jundecane-2-carboxamide,

ib N-{(5)-1-(1-cyanocyclopropylcarbamovyi)-3, 3-diflucrohexyi}-8-aza-
spiro{4.5idecane-8-carboxamide, N-[(S)-1~(1-cyanocyciopropylcarbamoyl)-3,3-
difluorohexyf}-3-azaspirof5.5lundecane-3-carboxamide, N-[(S)-1-(1-
cyanocyclopropyicarbamoyl}-3, 3-difluorobutyl}-2-{4-methoxyphenyi)-1-oxo-2 8-di-
azaspirol4.5jdecane-8-carboxamide, N-[(S)-1-(1-cyanocyciopropylcarbamovyl)-

20 3,3-difluorobutyl]-4-oxo-1-phenyl-1,3,8-trazaspiro[4.5decane-8-carboxamide, N-
{(8)-1-(1-cyanocyclopropyicarbamoyl)-3,3-diflucrobutyi}-1 5-dioxa-9-aza-
spiro[5.5]undecane-9-carboxamide, N-[(S)-1-(1-cyanocyciopropylcarbamoy!-3,3-
difiuorobutyl]-1-0x0-2,8-diazaspiro4.5jdecane-8-carboxamide,
N-{(5)-1-{1-cyanocyclopropylcarbamoyl)-3, 3-difiluorobutyli-2-methyi-1-oxo-2, 8-

25 diazaspirof4.5]decane-8-carboxamide, N-[{S}-1-{1-cyanocyclopropylcarbamoyl)-
3, 3-difluorobuty}-3,3-dimsthyi-1-oxa-5,9-diazaspiro[5.5lundecane-9-
carboxamide, N-[(S)-1-{1-cyanocyclopropylcarbamoyl}-3, 3-diflucro-4-phenyi-
butyl}-8-azaspiroj4.5ldecane-8-carboxamide, N-[($)-1-{1~cyanocyclo-
propylcarbamoyl)-3,3-diflucrobutyi}-2 4-dioxo-1,3,8-triazaspiro[4 . 5jdecane-8-

30 carbaxamide, N-[{S}-1-(1-cyanocyclopropylcarbamoyi)-3,3-d ifluorobutyil-2-aza-
spiro[4.4]nonane-2-carboxamide, N-[(8)-1-(1-cyanocyclopropylcarbamoyl}-3,3-
diftuorobutyl}-2-benzyl-1-oxo-2 8-diazaspiro[4.5]decane-8-carboxamide,
N-[(S)-1-(1-cyanocyclopropylearbamovl}-3, 3-difluorobutyl]-2-(4-fluoro



X11l(Villa) 0 R1 OPG FI Cl(v Jib to give a compound of the formula Villa or VIlIb and reacting
“the resulting compound of the formula Villa or Villb, after converting the ester to the
15corresponding carboxylic acid, with Z to glvé%e compound of the formula la, or d)reacting a
“compound of the formula IX R2 R3 PG (IX) RIOH with an amine Z where Z is as defined in the
compound of the formula la to give a compound of the formula X R2 R PG rJ 20R1Z and
then converting the compound X thus obtained in a protecting group elimination to give a
compound of thbefatrilixXE &-2EzaapcbihSidesastingaiosemipeuNd(X)-lvith a compound Va or

Vb, as detalIedsymdﬁg@apt@pgw@rm@gwm%bmfoxrmaié.égpr@{a %@@%aélng a compound
of the formula la pre ar d W ses a), or a suit urs rof the formula
A S R Bt oK

la which, owmg% & ehemic: erlc forms, into
the pure enantivwiefs! Srdlinxatéreoneirs by bakdorntaticamiteaidmtdidicaly pure salts or

bases, chromaipgsaripyiesmehivalisationany m@%% @@W@é&%@l%zﬁ})ﬂ@%% ofghiral

enantlomerlcally P %@%n%%ry gplg“gpﬁc%l#ggmamsy -CYG 8hae?<|qme?hy9 %rg%l iroj4.5ldecane-8-
carboxamide, N-[{{S}-1-(1-cyanocyclopropylcarbamoyt}-3,3-diftuorobutyl}-8-butyi-
3,8-diazaspiro[5.5lundecane-3-carhoxamide, _
N-[{S)-1-(1-cyanccyclopropylcarbamoyl}-3, 3-difluorobutyl]-8-cyclopropyl-3,8-

10 diazaspiro[b.5lundecane-3-carboxamide, N-[(5)-1-{1-cyanocyclo-
propylcarbamoyl)-3-methyibutyllspiro{2. 3Thexane-1-carboxamids,
N-[{S}-1-(1-cyanocyclopropylcarbamoyl}-3,3-difluoro-4-phenyibutyl]-8-
azaspiro[4.5jdecane-8-carboxamide, N-[(S)-1-(1-cyanocyclopropyl-
carbamoyl)-3,3-diftuorcbutyviispiro[2.3]hexane-1-carboxamide,

15 N-{S}1-(1-cyanocyclopropyicarbamoyt)-3, 3-diffuorobutyil-2,2-dimethyl-1-oxa-8-
azaspiro[4 Sidecane-8-carboxamide, N-{(S)-1-cyanocyclopropylcarbamoyl)-3,3-
difiuorobutyl}-2-azaspiro[4.5ldecane-2-carboxamide.

FF ' o /Ef
i : N N/u“‘N N Z
%@km I 3\2( @ i K
o}

N-[{S}1-{1-cyanocyclopropyl-carbamoyl}-3, 3-difluorobutyi}-1-oxa-4-
20 azaspiro4.5]decane-4-carboxamide, N-{1-cyanocyclopropyl-(83-2-{3-(1,4-
dioxaspiro[4.5]dec-8-yl}-ureidol-4,4-diflucropentoxide,

ol ﬁ?xg@ v

N-H{S}-1-(1-cyanocyclopropyicarbamoyi)-3, 3-diflucrobutyil-7-cyclopropyl-2,7-

\\

diazaspiro[3.5]nonane-2-carboxamide, N-{(S)-1-(1-cyanccyclopropyicarbamovyi -
25 3,3-difluoro-butyl}-2-cyclopropyi-2,7-diazaspire{3.5incnane-7-carboxamide, N-
[(5)-1-(t-cyanocyclopropyicarbamoyl)-3,3-difluorobutyl}-2-propyi-2,7-



10diastereorners thus obtained, and eliminating the chiral auxiliary groups, or f) either
isolating the compound of the formula la prepared by processes a), b), c) or d) in free form or
releasing it from physiologically incompatible S&fs or, in the case of the presence or acidic or
‘basic groups, converting it to physiologically acceptable salts, or 15g)converting the compound
of the formula la prepared by processes a), b), c) or d), or a suitable precursor of the formula la
which, owing to its chemical structure, is capable of forming an N-oxide to an N-oxide or, in the
case of the preferawiof aA]Noxide] -cormeeeing ét t& thevireecariine oy 1i8)salBef an amine. 20
8.A medlCame@iﬁﬁ@@@ﬂé%@%&&%ﬂﬁ@%?ﬁ@%xf%mﬂén@%frﬁ%@'”9 to one or more of
claims 1to 6 tg\gft% ith a hag}nace tlc%)éjsun ble and?P Xfﬂolo%calg/ compatible carrier,
additive and/or othdr Acive 6?'8 R SRAETRYe af)l%ﬁ[fg“ B9Ue S BPIRBYESMEBUNd of the
formula la as clafniéatdnrontd Giumtreaot daiamsokaoBdoNd(BElcing a medicament for the
propgylaxis, sec%ng@gm@g@emaag)th%%ea‘o@taamrme}%%' tedhaneglegradation,

allergies, Alzheimer's disease, am 0| osis, ARDS, arterial thrombosis, asthma, atheromas,

atherosclerosi€ FNRIH ARSEATEFCHRAEMA hiddtionk Bronchiolitis, cerebral hemorrhage,
BOcerebrovas&ﬂamaszﬁemay%bﬂrham@wmﬁcﬁrﬂnemt;)lmhmfﬁs:m:ftarmmu@rﬁsﬂ{mm@mon|c

inflammatory demyyefipizing RelradiculenguroRa iy GrerzielAblakob.1aediseass,. Crohn's

disease, dlabeées articularly the juvenile form, emphysema, encéphalomyelitis,
endometriosis, rﬁf% ﬁ{gtory respiratory disorders, inflammatory pancreafitis, epilepsy,
disdkters charé@wﬁﬂe@wwwiam@@g@r&é:&;m&ﬁ&ﬁi@%eswﬁ&&ym elastolysis,

tissue grafts, gipgivjtis 1 > @laseerdonsphElis-aivsocariaiddnduses @steaparosis, Graves
disease, Gwllar%rgBmarres %dr r?we I%%Ss%lmotor%?%/rmdltls he[iatltls ﬁlv infection, Huntlngtons

disease, hype %aﬁgp ﬂr‘?\?ﬁ%qrﬁ%@?ﬁ%ﬂ SnbbHtinkk JERSCHIRe fracture, bone loss,
cancers, Iupus%@?bﬂ@ﬁh}&msﬂS&ﬁaﬁ@narowmwrwdmﬁwkbﬂy%mmlnm[été}stasame}g
osteogenesis, saelagiatige MUIENLe. LOSHRISISo RIS TAVRIOMRs mseHaEdysyophy,

myﬁgthenla gravis, euro%iﬁ eneratlv d|s rders, néuropathic pain, chronic or diabetic

neuropathy, pc‘?g{; UPRYE ﬁéﬁ?ﬁ@ e FRRIBTEpallHiT biabetepBRiCaropathy,
post-stroke paﬁiﬂpﬁswammu&ti’oﬁqﬂmrahga}t}@th&ﬁmrma%@m@mm@spﬁﬁdﬁ]m;qmcahéaual pain
and CaUS&'Q'aéU&%%QQz’%%@eﬁ»[@é%r‘( 1€ QJ?&(%&%H@B?@%%&@%@%&B%'S osteogenesis

imperfecta, OS(% #{%ﬁross Paget's disease, pancreatitis, Parkmsonsdlsease pemphigus

vulgaris, periodGhtifie: BRERIBRFird BRI SJSR8 T RiIFBEETNitis, psoriasis, restenosis,
rheumatoid arthritis)- ’sﬂjIiec@aimmdpsystelmwwapmte@ﬁaerﬁm@sasylbfamapauma spinal cord

trayma, tumor&sﬁa&yﬁffsosnn&cawie&me%mew k@ﬁ@ﬁr%ﬁym{om%@%%%ﬂ ﬂcef

ovarian cancer, cervical cancer, skin cancer, brain tumaor, Kaposi's sarcoma, cell
leukemia, lung C%Hg@rorﬁ/ighBﬁ’]eﬁéﬁiaét@!aﬁcfé/l’;kb%[ﬁe}‘éétﬁ:%ﬁ%ﬁ?@%ﬁ@%@@%@ﬁém’éamom%
amide, N-[{8)-1-{1-cyanocyclopropylcarbamoyl)-3,3-diflucro-4-phanyibutyl]-2-

cyclopropyl-2,7-diazaspiro[3.5jnonane-7-carboxamide, N-[{3)-1~(1-
cyanocyclopropytcarbamoyi)-3,3-difiuoro-4-phenyibutyl]-2-propyi-2,7-

25 diazaspiro{3.5inonane-7-carboxamide, N-[(8)-1-(1-cyanocyclopropylcarbamoyi)-
3,3-difluoro-4-phenylbutyl]-7-cyclopropyl-2, 7-diazaspiro]3.5]nonane-2-
carboxamide, N-[(S)-1-(1-cyanocyclopropylcarbamovi)-3,3-diffluorobutyl}-6-
azaspiro{2.5joctane-6-carboxamide, N-{S)}-1-(cyanomethyicarbamoyl}-3,3-
diffluoro-butyf]-6-azaspiro[2.5]octane-6-carboxamide, N-[(S)-1-{1-

30 cyanocyclopropylcarbamoyl)-3,3-difluorohexyll-6-azaspiro[2.5loctane-65-
carboxamide, N-{(S)-1-(4-cyano-1-methyipiperidin-4-ylcarbamaoyi)-3,3-
diflucrobutyl]-6-azaspiro[2.5]octane-8-carboxamide, N-[(S)-1-(4-cyana-1-
methyipiperidin-4-ylcarhamoyl}-3,3-diffuorohexyl}-8-azaspiro[2. 5loctane-6-
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carboxamide, N-[(8)-1-(1 -cyanocyclopropylcarbamoyl)-3,3-difluoropentyl]- or N-
{S)-1-(1-cyanocyciopropylearbamoyl)-3, 3-difluore-4-phenylbutyl}-6-

azaspiro[2.5]octane-8-carboxamide.

A process for preparing the compound of the formula la and/or a stereoisomeric
form of the compound of the formula la and/or a physiologically compatible salt
of the compound of the formula la and/or a solvate or hydrate of the compound
of the formuia ta and/or an N-oxide of the compounds of the formulae ia as
claimed in one or more of claims 1 to §, which comprises

aj reacting 2 compound of the formuia 1}

%x o

where A and B are each as definad in the compound of the formula la with a
compound of the formula Hlla or llib or lic

R2 R3 R2, R3
O::H::NXT/O (lita) S:"\:W“N&O {{ilb}
)
O\% PG
R2 Rs3
(actiuated)mxfo (lifc)
]
R1  O._
PG

where X, R1, R2 and R3 are each as defined in the compound of the formuia ia,
PG is an ester protecting group and "activated” means that the amine is present
in an activated form, for example as a chlorocarbeny! compound, to give a
compound of the formula IVa or IVb

O RZ m3 s RZ R3

C}Q’“")\ )Qf (va) C}(\_*/J\ )Q/o (Ivb)

zle

and reacting the resulting compounds of the formula Va or [Vb, after converting
the esier to the carboxylic acid, with Z to give the compound of the formula la, or
b) reacting a compound of the formula Va or Vb where A, B, X and Y are

each as defined in the compound of the formula la
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Y

with a compound of the formula VI where R1, R2 and R3 are sach as defined in

the compound of the formula la and PG is an esier protecting group

RZ R3
e o
R1 O.
PG
5 to give a compound of the formula Va or IVb, and reacting the resuiting

compound of the formula Va or Vb, after converting the ester protecting group
to the carboxytic acid, with Z to give the compound of the formula la, or
G} reacting a compound of the formula Vlla or Vilb where &, B and X are

each as defined in the compound of the formula la

0

[#]
i :

with a compound of the formula Vi

o R2 R3 8 =34 R3
i 0 :
R1 O R1 ©
PG : PG
to give a compound of the formula Vila or Villb and reacting the resulting
compound of the formula Viila or Villb, after converting the ester to the
15 corresponding carboxylic acid, with Z to give the compound of the formula la, or
d) reacting a compound of the formuia 1X

R2 R3

(iX)

with an amine Z where Z is as defined in the compound of the formula la to give

a compound of the formula X

RZ2 R3
PG O
o x)
o0 R1 4

and then converting the compound X thus obtained in a protecting group

elimination fo give a compound of the formula X
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R2 R3
Q

N (X1}

R1 L

and then reacting this compound Xl with a compound Va or Vb, as detailed
under b}, to give the compound of the formula la, or

&) separating a compound of the formula la prepared by processes a), b), ¢)
or d), or a suitable precursor of the formula 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
dlastereomers thus obtained, and eliminating the chiral auxiliary groups, or

fy either isolating the compound of the formula la prepared by processes a),
b), c} or d) in free form or releasing it from physioclogically incompatible saits or,
in the case of the presence or acidic or basic groups, converting it to
physiclogically accepiable sals, or

gl converting the compound of the formula la prepared by processes a), b},
c) or d), or a suitable precursor of the formuia fa 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,

A medicament characterized by a compound of the formula ta according to one
or more of claims 1 fo 6 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 |z as claimed in one or more of claims 1
io 6 for producing a medicament for the prophylaxis, secondary prevention and
therapy of abnormally elevated bone degradation, allergies, Alzheimer's disease,
amyloidosis, ARDS, arterial thrombosis, asthima, atheromas, atherosclerosis,
autoimmune disorders, bacterial infections, bronchiclitis, cerebral hemorrhage,
cerebrovascular ischemia, Huntington's chorea, chronic inflammations, CiPD

{chronic inflammatory demyelinizing polyradiculoneuropathy), Creutzfeldt-Jakob
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disease, Crohn's disease, diabetes, particutarly the juvenile form, emphysema,
encephalomyelitis, endometriosis, inflammatory respiratory disorders,
inflammatory pancreatitis, epilepsy, disorders characterized by enhanced
angiogenesis, excessive respiratory pathway elastolysis, tissue grafts, gingivitis,
giomerulonephritis, glucocorticoid-induced osteoporasis, Graves' dissass,
Guilisin-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, 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 tfranspiants,
osteoarthritis, ocsteogenesis imperfacta, osteoporosis, Paget's disease,
pancreatitis, Parkinson's disease, pemphigus vulgaris, periodontitis, plague
rupture, Pneumocystis carinii, pneumonitis, psoriasis, restenosis, rheumatoid
arthritis, scleroderma, systemic lupus erythematosus, brain trauma, spinal cord
trauma, tumor cell invasion, viral infections, footh loss, breast cancer, intestinal
cancer, ovarian cancer, cervical cancer, skin cancsar, brain fumor, Kaposl's
sarcoma, B- and T-cell leukemia, lung cancer, lymph node cancer, pancreatic

cancer, prostrate cancer and sarcomas.



