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Spirocydiic nifriies as protease inhibiiors

The invention reiates to substituted carbo- and haterocyalic spiro compounds of the

formula | which inhibit thiol proieases, to processes for their preparation and to the use
thereof as medicaments. '

Proteolytic enzymes, known as proteases and peplidases, are very important enzymes
which make up about 2% of the genes in the human organism, pathogenic
microarganisms and also other life forms. Their particular significance is that they
influence many physiological processes by playing an important role in the activation,
synthesis or dagradation of other proteins, This inavitably gives rise to a crucial
reguiatory function starting at conception, birth, growth, maturation, aging, diseases up
to death.

The baiance of the differant processes is of crucial significance for the life and survival
of the organism. When there is an imbalance of protease-catalyzed processes as &
rasuit of endogenous or exogenous factors such as genstic predisposition or
environmenta! factors, massive disruption can oocur in the normal development
process, acute o serious chronic health disorders up fo and including life-threatening
dissases, '

Equally, proteases are essential and responsible in replication and fransmission
processes of viral, bacteriat and other parasilic organisms which are responsible, for
instance, for infection disorders, and equaily essential, of course, for all further

physiciogical and pathophysiclogical processes in the slant and animal kingdom.

Caused by this general great significance for our healih, 2 multitude of proteass
inhibitors have already been developed, which are on the markst or in all stages of
deveiopment: not only as medicameants, bul also as diagnostics. vaceoings or fond
supbiements.

A distinction is drawn between 5 clagses of proteciytic enzymes, divided according o

the catalytically active radicals retevant for the enzymatic hydrolysis: aspartyl
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proteases, sering proteases, cysiging proleases, metalioproteases and threonine
protreases. Inhibitors of ali of these classes are the subject of comprehensive studies in
a wide field for the conirol of various types of disorders. Several very sffactive protease
inhibitors are on the market, for example ACE inhibitors, HIV-1 protease inhibitors, and
also thrombin and elastase inhibltors, followsd by & targe number of inhibitors in clinical
phases. A summary can be found, for instance, in Medicinal Chemistry, 2005, Vol. 1,
No. 1, p. 71-104.

Cysteing (thiol) proteases are divided into three main classes: Papain-iike, ICE-like
{caspases) and Picornaviral proteases. From the point of view of the mechanism, the
hydrolysis of the amide bond proceeds in 2 similar way to that in the case of the class
of the serine proteases, via an attack of the thiolate anion at the carbory! carbon and
formation of & tetrahedral transitian state. The most prominent represeniatives of the
papein superfamily, as the largest and most significant group of the thiol proteases, are
the cathepsins which have a nafural wide distribution in various tissues and o which an
important function is atfribuied both in normal physiological and pathoicgical processes.
Pariicutar emphasis should be given to intragelluiar protein degradation and remodeling
procasses. Accordingly, significance is ascribed {o cysteine cathepsing in the following
general disorder types: musculoskeletal disorders, particularly bone degradation
disorders, infliammatory disorders, particularly arthritides, atherosclerotic disorders,
emphysemas, dystrophies, cancers, disorders of the pericdontal appearatue, infectious
disordsers {viral, parasitic and bacterial infections), neurodegenerative disorders,
disorders of the immune system, ischemias, leukodystrophies, giomeruiori‘ephritis.

According to the nature of the profeases, the pathogenic properties are exerted

'egp@oialiy by three high-level mechanisms: the degradation of {connective) tissue,

which initiates many types of sympioms and also further processes, the generation of
pathogenic or bioactive profeins and peplides which themselves exert their action
directly or in signal cascades, and antigen processing, for example the preseniation of

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

Known representatives of the cysieing cathepsing are parficularly Cathepsin 8, M, K, L,
F,V,W, X, 0, Cand & (AJ Barrett; N.D. Rawlings; J.F. Woessner, ed.; Handbook of

Proteoivtic Enzymes, 2nd. ed., 2004, Publisher: Elsevier, London).
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Cathepsin F was found for the first time in macrophages and is invoived in antigen
processing. Caused by the occurrence in stimulatad lung macrophages, an mporiant

function in inflammatory respiratory pathway disorders has been postulated.

Cathepsin L Is involved in normal lysosomal proteclysis, but also in various disease
events such as melanoma metastatis,

Cathepsin 3 plays a key role in many processes which are of significance in the context
of anfigen presentation and are thus present 1o an enhanced degree in anligen-
presanting celis. In this regard, inhibitors of cathepsin 8 are possibly active agents in
the pravention, inhibition or trestment of immune or auvinimmune disorders. Moreover,
cathepsin S is also secreted by several antigen-presenting tells and thus plays a2 role in
exiracelivlar matrix interactions which likewise have crucial significance in many
pathological processes. Emphasis is given here to various (autolimmune and
inflammatory disorders,; particutarly Alzheimar's disease, Huntinglon's dissase, juveniie
diabstes, multiple sclerosis, pemphigus vuigaris, Graves' disease, Myasthenia gravis,
systemic Lupus ervihematosus, iBD, rheumatoid arthritis and Hashimolo's thyroiditis,
MS, ALS, allerigic disorders such as asthma, allogenic immune responses such as
raj@c{ien reactions in organ fransplants or tissue grafts. Moreover, cathepsin S is
connected with COPD (such as emphysemal, bronchiolitis, excessive respiratory
pathway elasiolysis in asthma and bronchitis, pneumonitis, but also with cardiovascular
disorders such as plague ruptures and atheromers, and also endometriosis and chronic
neuropathic pain, Cathepsin 8 is also connected with fibriliary disorders, and inhibitors

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

Increased levels of cathepsin B and corresponding distributions are found in various
wmors — & role in tumor invasion and metastatis is thus ascribed to cathepsin B,
Enhanced cathepsin B aciivity is likewtss found in rheumaloid arthritis, ostecarthritis,
acute pancreatitis, inflammatory respiratory pathway disorders, Pneumocysiis carinii
and hone and joint disorders. A significant increase in synovial cathepsin B levels has

been detacted in ostecarthritis models. A review of cviokine-independent
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overexpression and relevance for osteoarthritis can be found in A. Baici et al,,
Seminars in Arthritis and Rheumatism, 34, 6, Suopl. 2, 24-28 {2005).

Cathepsin K expression is particularly marked (but not exciusively) in osteociasts (for
example 0. Brémme et al, J. Biol. Chem. 271, 2126-32 {1998)) and represents about
98% of the tofal cysiaine protease activity thare, mainly localized intraceiiularly within
the lysosome. An autosomal recessive disruption of cathepsin K expression {absence
through mutation), pycnodysostosis, is characietized by an-ostecpetrotic phenotype,
with reduced bone resorplion, ossification disorders and massive growth disorders. |t
has likewise been possible to show with cathepsin K antisense nucleotides and
knockout mice that cathepsin K is regponsibie for osteociast-mediated bone
degradation, 1t is therefore assumed that inhibifion of cathepsin K leads o reduced
hone resorption and should thus constitute a.possible therapy for alf disorders which
are characterized by slevated bone degradation, i.e. particularly for the treatment of
ostecparasis. Causad by = significantly increased activity in the slightly acidic range
betwesen pH 4 and 8, enzymatic degradation of the caliagen network in bone procesds
accompanied by acidolyiic destruction of the mineral melrix. Here, particularly human
coliagen type | is affected as a main constituent of the protease in bone; this has been
proven o be a very good substrate for cathepsin K. Therefore, other disorders which
are accompanied by increased catabolic activity ai the coliagen level are also
connecied with cathepsing and particularly with cathepsin K. Foremost among these is
ostecarthritis, characterized by an imbalance of cartilage matrix buiidup and
degradation, caused by catabolically active enzymes, for example metalioproieinases,
among others. It is therefore obvious and has now also been proved that an inhibition
of cathepsin K might likewise have favorable effects here on the disease process
{synovial fibroblast-mediated collagen degradalion by cathepsin K is described in
WS Hou st al., Am. J. Pathol. 158, 21672177 (2001)). The significance of cathepsins
K and S in musculoskeletal disorders such as osteoporosis and ostecarihrifis is
described in datall by D. Brdmme et al., Advanced Drug Delivery Reviews 57, §73-883
{2005},

Caused by the above-described detaited findings concerning cysteine cathepsing in

various diseass processes, they are considered to be very promising points of attack in



S

20

drug development, such that an intensive search has commenced for spedific, group-

spacific or even unspecific inhibitors.

inhibitors of cysteine proteases have been known for sometime, for example cystatines
as endogenous polypeplide inhibitors. Low molecular weaight inhibitors were isciated
from aspergiiius for the first time in 1981, These are potant irreversible inhibitors with
iow toxicity, but aiso inadeguate specificity, since not only cathepsins B, K, L, $ and #
but also calpaines are widaty inhibited. Since then, & mullituds of inhibliors with
different spacificities or mechanisms has been found — therefore, both irraversibly
covalently binding and reversibly covalently binding or reversibly noncovaientty binding
inhibitors have been found or synthesized. More recent developmenis have besan
described in detall (W. Kim, K. Kang, Expert Opin. Ther, Patenis 13, 3, 418-32 (2002}
U. B. Grabowska, Curr. Opin. Drug Disc !Z)év, 8,5, 819-30 (2005), R. L, Thurmond et
al., Curr. Opin. Invest. Drugs 6, 8, 4773482 (2008)).

Reversibly covalently binding inhibitors are of parficular interest. From this group,
particutarty the class of the nitriies has been identified as very promising. These are
describad in detall, for axample in the applications WOSBB/24480, WO2000/55125,
WOR004/052821 and alsc in WO2005/040142.

In the effort to find effective compounds for treating disorders caused directly or
indirectly by cysteine cathepsins, it has now been found that the inveniive spiro
compounds, spirocyclic nitriles, are strong inhibifors of the cysieine cathepsing,
particutarly of cathepsin K andfor 3, while other cysiaineg proteases such as caipain are
inhibited much more weakly, if at ail. Moreover, the inventive compounds have
impraved bicavailability, which has also been shown already in vito in corresponding
Cacn permability lasts.

The invention therefore relates to a compound of the formula |

RZ R3

COR S
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and/or all stereoisomeric forms of the compound of the formula | and/or mixiures of

these forms in any ratio, and/or a physiciogically iolerated salt of the compound of the

formula |, and/or solvates or hydrates of the compound of the formula |, andfor

orodrugs of the compound of the formuia {, where

Ao B
the C(Dradi{:ai is a spiro compound,

a)

D)

in which the sub-rings and “~— are in each case the same or different
and are each independently

a saturated or partly saturated -(Ca-C44 oycloaikyl, in which cycloalkyl is
unbridged, bridged or fused and is unsubstituted or indspandently, according to
the ring size, mono-, di-, iri, tetra- or pentasubstituted by R4, or

a saturated or partly saturated, three- o eleven-membered heterocycie which,
according to the ring size, may contain one, two, three or four identical or
differant hatercatoms from the group of oxygen, nitrogen or sulfur, and in which
the heterocycle is unbridged, bridged or fused and is unsubstituted or
indepandentty, according fo the ring size, mone-, di-, Irl-, telra- or
pentasubstititad by R4, where

R4 is -NO9, -CN, =0, =8, -OH, -CF3, -8F5 -(Cg-Cs -alkylene-5-R10, -Si-{CHa)s,

-0-CFz, ~(Cp-Ca)-alkylense-C{OFN{R21}-R22, -(Cp-Ca)-aikylene-C(0)-R10,
-{Cp-Caalkylene-C{O)0-R10, (Cp-Cylatkylens-S(O»-R10, -5-CFg
-(Co-Caralkylene-3(0)-R10, (Cp-Cx -atkylene-S(0)p-N(R21}-R22,
~(Cp-Cylalkylene-0-R10, -(Cp-Cap-alkylene-N{R21 )}-RZ2,
~{Co-Calalkyiene-N(R10)-8{0}p-R10, «(Co-Cg -alkyiene-(C4-Cg-flucroalkyt,
~{Cp-Cgratkylens-(Ca-Cgl-oycloalkyl-R23, <{Co-Crl-alkylene-N{R10W-C{O)-R21,
~(Cp-Cg)-alkylene-N{R10)-C(O}RN{R10}-R21, (Cg-Cxl-alkylens-O-C{O}-R21,
-(Co-Crrakyiense-0-C(O»0-R21, -{Co-Csl-alkylens-NH-C{O)-0-R21,
-(Cn-Chhalikviene-0-C{ORN{R10MR21, «(Co-Cygpalkyl, where alkyl is |
unsubstituted or mono-, di- or frisubstifuted independently by Ré,
~{GD—C4)«alkyien@-aryL where arylis seiecied from the group of phenyl, indanyl,

indenyl, naptithyl, 1,2,3 4-tetrahydronaphthyl, biphenylyt, Z-biphenyiyi,
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3-biphenylyl, 4-biphenylyl, anthryt or fluocroeny!, where aryl is unsubstituted or
mono-, di- or trisubstitited ndependenty by RE, or

-{Cp-Cyq)-alkyiene-Het, where Het is selecied from the group of acridinyl,
azepinyl, azetidinyl, aziridiny!, benzimidazolinyl, benzimidazolyl, benzofuranyl,
benzothiofuranyl, benzothiopheny!, benzoxazobll, benzthiazolyl, benziriazovl,
banztetrazolyl, benzisoxazolyl, benzisothizzotyl, carbazolyl, 4aH-carbazolyl,
carboiinv, guinazoliny, guinolinyl, 4H4-guinolizinyl. guinoxaliny, qﬁinuci‘rdinyh
chromanyi, chromenyl, cinnolinyl, deca-hydroguinolinyl, dibenzofuranyt,
dibanzothionhanyl, dihydrofuran]2, 3-bl-etranydrofurany!, dihydrofuranyi,
dioxoly, dioxanyl, 2H, 65-1.5 2-dithiazinyl, furanyl, Turazany!, imidazoliding,
imicdazolinyt, imidazolyl, TH-indazolyl, indolinyl, indolzinyi, indolyl, 3H-indoiyl,
isobenzofurany!, iscchromanyl, isoindazolyl, isoindoliny, isoindolyl, soquinoiiny
{benzimidazolyl), iscthiazolidiny!, Z-isothiazaliny, isothiazoly!, isoxazotyl,
isoxazdlidinyt, 2-isoxazoliny!, morpholinyl, naphthyridinyl, octahydroisoquinoliny!,
oxadiazoil, 1.2 3-oxadiazobyd, 1,2 4-oxadiazoiv, 1,2 3-oxadiazolvl, 1,34«
oxadiazolyl, oxazolidiny|, oxazolyi, oxazolidinyl, oxothiclanyi, pyrimidinyl,
phenanthridirng, phenanthrolinyl, phenaziny!, phenothiazinyi, phenoxathiiny,
phenoxazinyi, phihialaziny!, piperazinyi, piperidinyl, pteridinyl, puryayl, pyranyi,
pyrazinyl, pyroazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl. prvidooxazolyl,
nyridoimidazoly!, pyridothiazob/, pyridothiophenyl, pyridinyt; pyridyl, pyrimidinyl,
nyiroiidiny], pyrrolinyt, 2H-pyrroiyl, pyrrolyl, tetrahydrofirany!,
tetrahydroisoguinoling, tetrahydroquinciiny!, tetrahydropyridinyl, 6H-1,2,5-
thiadaziny, 1,2,3-thiadiazolyi, 1,2 4-thiadiazolyl, 1.2,5-thiadlazoiv, 1,3,4-
thiadiazotyl, thianthranyi, thiazolyl, thisnyl, thienoimidazoivl, ihiencoxazoivi,
thienopyridine, thienothiazoly!, thiomorpholinyl, thiophenyl, triszinyl, 1,2,3-
friazoivl, 1.2, 4-tfrigzolvt, 1,2, 5-frtazoil, 1,3.4-riszolyl and xanthenyl, and this MHet
radical s unsubstituied or ingependently mono-, di- .Dl” frisubstituted by R8, or
two adiscent R4, wogether with the ring atoms fo which they are bonded, form a
four- 1 eighi-mambered heterocycie or phignyt which, together with the sub-ring

to which the heterocycle ar the phenyi is fused, forms a hicyclic systam,

R8 i halogen, carbamimidoyl, -NO», =Q, -CFa, -5Fg, -C{O»O-R10, -CN,

-C{O}NHg, -OH, -NHg, ~O-CFg, ~8-CF3 -C{O}FN(R10)-R20, -N(R10}R29,
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(G 1-Cgl-alicyl, where alkyl is unsubstituted or mono-, di- or irisubstituied
independenily by flucrine, chiorine, broming, iodine, -NHg, -OH,

methoxy radical, -805-CHg S02-NHp or ~505-CF3 oris mono- to
decasubstituted by fluoring, —~O-(C+-Cgl-alkyl, where alkyl is unsubstituted or
mono-, di- or risubstituied independently by fluorine, chioring, broming, jodine,
NH», -OM, methoxy radical, -S02-CHy or ~50G2-CF3 or is mono- to
decasubsiituted by fluorine, |

~8-(C+-Cg)~alkyl, where alkyl is unsubstituted or mono-, di- or trisubstituied
independently by fiuorine, chiorine, bromirie, lodine, NHp, -OH, methoxy radical,
-809-CHa or ~B09-CF3 or Is mono- o decasubstituted by fiuorine,

-{Cp-Cy atkylene-(C3-Cgloyoioalkyt or
~0O-(Cp-Cqj-alkylene-{Ca-Cgi-cyctoalkyl,

RE is & halogen, -NO», -CN, =0, =§, -OH, -CF3, -8F5, -C{0)-0-R10,

20

NR21-R22, -COMNR21MR22, -{C-Calalkylene-0-R10,
{Cq-Ca)alkylene-3-R10, -8-R10, -SiH{CH3z )3, -N(R10)-S(0O)-R1C, where u s
the integer 1 or 2, -SO-R10, where ris the intsger T or 2, -S{O)-N{R10}-R20,
where v is the integer 1 or 2,

C{ORR10, -(Ce-Cglalkyl, -O-R18, -{C4-Cgl-alkoxy, pneny!, phenyioxy-,
~{Cq-Ca)luoroalkyl, -NH-C(O)}-NH-R21, -O-C{O-R10,
~{Cp-Caqalky-CIOR0-CR19, R11}-0-C(0)}R12, ~0-Chag,

A Cp-Cq Falky-C(ORC-C(R18, R11)3-C-C{0-0-R12, -0-C{O}N-R1G,
SN{RZ1-C{OPR22, -NH-CIO-0-R 10, -8-CFg, Het, whers Hetl is unsubstituted or

moﬁ0~, di- or trisubstituted independeantly by RE, or is a radical from the following

fist
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miethyl
R10 and R20 are the same or different and are sach independently a hydrogen atom,
-{C4-Cgralky,

ih

-(Co-Cyg yalkyl-O{To-Cai-alkyl, {C4-Carfluoroalkyl, (Cp-Cgp-aliky-(Ca-Cg)-
sycloalkyl,
-{C-Coraliylene-aryl, where aryl is as defined above and is unsubstituted or
rmono-, di- or risubstituted independently by -{Cq-Cgl-alioy,
-O-(C 1-Cgl-alkyl, halogen or -{Ca-Cgi-cycicalkyl, or
10 {C-Cpl-alkylene-Hetl, where Hetis as defined above and is unsubsiituted or
mano-, di- or frisubstituted independently by «(C+4-Cgl-alkyl,
-0-{C+4-Cagialkyl, halogen or ~{(Ca-Cglroycloalkyl,
R19 and R11 are the same or difierent and are sach independentiy & hydrogan atom or
-{Cq-Cgraliyl, or
15 R1gand R11, together with the carbon atom o which they are bonded, form & thrae- to
six-membered cycloalkyl ring which is unsubstituted or mono-, di- or
irisubstituted independently by R1G,
R12 18 -(C4-Cglralkyl, {Cq-Cglalky-OH, -(C4-Cgl-alkyi-O-(T4-Cg -alkyl,
-{Cx-Cgioycloalkyt, (C1-Cgiralkyl-C-{C4-Cglalkyl-(C3-Cgj-cycloalkyt,
20 -{C4-Cgialkyi-{C3-Cg)-cycloalicyt where the cycloalkyl radical is unsubstituted or
miono-, di- or risubstituted independently by ~OH, ~-O0.(C1-Cyg)-alkyl or R10,
R21 and R22 are the same or different and are each mdependentiy
a hydrogaen atom, -(Cq-Cgialkyl where alkyl 1s unsubstituted or mono-, di- or
risubstituted independently by R,
25 HCp-Cglalkytens-(Ca-Cq)-cysloalkyl, -80+R10 where tis the integer 1 or 2, -
(C+1-Ca)-fluaroaikyl, -O0-R12, -8-R1Z,
{Co-Cgiralkyiene-aryl where aryl is as defined above and alkylene and aryi are

gach unsubstituted or mono-, di- or frisubstifuted independently by RE or
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«{Cp-Cglralkylene-Het where Het is as defined above and alkylene and Hetars
esch unsubsiituted or mono-, di- or trisubstituied indepéndentiy by R8,

R21 and R22, fogether with the nitrogen atom to which they are bonded, form a four- {0
sight-memberad monocyciic heterocyclic ring which, as well as the nitragen
atom, may additicnally contain, according fo the ring size, one or two identical or
different neteroatoms from the group of oxygen, nitrogen and suffur, and in
which the heterocyclic ring is unsubstituied or mono-, di- or trisubstituted
independently by RE,

R23 is a hydrogen atom, -0t or -0-(C4-C g yalkyl,
¥ is a covalent bond, ~-N{R7)-, ~O-, -8- or <{C(R13){(R14))y,- whera n is the integer
1,203,

R7 is a hydrogen atom, -{Cq-Cy alkyiene-{Ca-Cgl-cycioalkyl or
«(Cq-Cgl-alkv,

13 and R1i4 are the same or different and are eash independently a hydrogen atom, -
(Cp-Ca)-alkyiene<{Ca-Cg)-oycioalkyl, (Cq-Cg)-fluoroalkyl or -(C4-Cygj-alkyl,

R13 and R14, together with the carbon atom to which they are bonded, form & three- to
six-mermbered cycloalkyl ring which is unsubstituted or mono-, di- o
trisubstituted independently by R10, |

Y is & covalent bond, <C{O)-, -S(0}, 809}, -CINR1- -C(8)-, ~C{=N-CN}-,
-C{=CHNO2)- or -CH{CFg}-,

R is & hydrogen aiom, -{C+1-Calalkyl or ~(Cé;64}~aikyleﬂe—(63—(36}cycioalkyi,

R2 and R3 are the same or different and are sach independently & hydrogen atom,
{C4-Capkalkyl, {(Co-Caalkylene-(Cs-Caleycloalicyl, (T4 -Cg fluoroaliky,
-{Co-Cyq-alkyiene-aryl, where aryl is unsubstituted or mono-, di- or irisubstituted
independently by R8, {Cp-Cq)-alltylene-Het where Het is unsubstituted or
mano-, di- or trisubstifuted independently by R8, -(C1-Cyql-alkyiene-R15-R16 or
~(Cp-Cylialkytane-CR2TIR28)(R29),

R27 is a hydrogen atom, halogen, -{(C4-Cg-alkyl, -(T4-Ca)-fluaroalkyl,
~(CorCy)-alkylane-(Ca-Cgl-oycloalkyl, -(Co-Cg l-alkylene-aryl, where aryl is

unsubstituted or mono-, di- or trisubstituted independently by R8, -(Cp-Ca )
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alkvlene-Het where Het is unsubstituted or mono-, di- or frisubstituted
independently by R, or ~{Cp-Cy)-alkylene-R15-R18,

28 ant R20 are the same or different and are sach independently & hyvdrogen atom, -
{C4-Cy)-alicyd or halogen,

R15is -N{R17}, -O-, -S-, -3(0}-, -5(09}-, -C(C}-, -C{O}-0-, -O-C{O},

O-C{OF0- -N(RT73-C{O), -CIORN{R 17}, ~S{O2)-N{R17 -, -B{O-NR1T ),
NRAT RSO0}, -N(R17RC(OR0-, -O-C{O-NRTT -, -N(RT7-C{ORN(R18),

' »N(R??)»C(N(R‘i?)}—w(m B)-, -N(RIT-CIN(RT7 Y- or -N(R173-5({02-N{R18)-,
whers |

R17 and R18 are the same or different and are sach independently a hydrogen atom or
-(Cq-Cg-alkyl,

R186 is a hydrogen atom, «(C4-Cg-alkyl, -(Cp-Cyqlatkyiene-{Ca-Cgl-oycioalkyl,
{C1-Ca)iluoroalkyl, (Co-Calalkylens-aryl, where aryl is unsubstituted or
mono-, di- or isubsiituted independsantiv by RE8,

-(Cp-C4ratkylens-Het where et is unsubstituied or mono-, di- or tisubstituted
indepandently by R8,

R2 and H3, together with the carbon atom o which they are bonded, form g three- to
six-membered cycloalkyi ring which is unsubstituted or mono-, di- or
trisubstituted independently by R8, or

RZ and R3, together with the carbon atom to which they are bonded, form & three- o
she-membered heterotycioatkyi radical which is unsubstituiec or mono-, di- or
trisubstituied independentty by R10, and |

Z s the —N(R263-(C{R24¥R25))m-CN radical where

R26 is a hydrogen atom, -(C4-Cg)-alkyl or
«(C-Cyalkylens-(Ca-Ca-cycioalkyl,

K24 and RZé’ are the same or different and are each independently 2 hydrogan aiom, -
(C4-Cyglaliyl, {Cp-Cglalkylens-(Ca-Cqloycloaliy, ‘
~{Cq-Carfluoroalkyt, ~(C¢—.C4i)-aﬁ<yiene-?%1 5-R18, -(Cp-Cyralkylans-aryl, whers
aryl is unsubsﬂtzi‘ted or mono-, di- or risubstiiuted independenily by RE,
-{Co-Cyalkylene-Hset where Het s unsubstituied or mono-, di- or trisubstiuted

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



R24 and R25, together with the carbon aiom to which they are bonded, form & three- fo
six-rnembered cycloalkyl ring which Is unsubstituted or mono-, di- or
risubstituted independenily by R10 or fluoring, or

R24 and R25, together with the carbon atom o which they are bonded, form g three- {0

5 six-membered heterocycioalkyl radical which is unsubstiiuted or mono-, di- or

trisubstituied independently by R10 or fluorine.

23 The invention further provides the compound of the formuia | where
0N

the sub-ting “— has been selscted from the foliowing group
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ring, single bonds in the structures listed may be replaced partly by double bonds, or
further ring systems may be fused on, and
&)

in which the sub-fing ™" has been selecied from the following group
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where the dotted lines indicate the particular point of attachmsnt to the sacond sub-
ring, singie bonds in the structures listed may be replaced partly by doubie bonds, and
the two sub-rings A and B are unsubstituted or independently mano- o tztrasubstituied
by R4, and the X, Y, R1, RZ, R3, R4 and £ radicals are each as defined above,

3 The invention further provides the compound of the formuls | where

@é: dB)

the sub-rings and S have in each case been sslectad from cyclopropane
cyciebutane, cyclopentane, cysiohexans, cycicheptane, cyclooctans,

bicyclold .2.0}octang, oclahydroindens, decalin, decahydrobenzocyciohepiens,
dodecahydroheptalane, bicyclo[3.1.1theptane, bicyclo[2 .2 1lhaptane,
bicyclol3.3.0loctans, bicyclofZ 2. 2joctane, spirn{2 Sloctans, spiral[2 4]octane, azepane,
azeping, azetiding, azirdine, azirne, azocane, benzimidazoline, 2,3~
dihydrobenzolblthiophane, "t,3mdihydrobehm{c}th%mphene, 2, 3-dihydrobarzofuran, 2,3
dihydrobenzooxazole, 2 3-dihydrobaenzothiazois, 1,3-dinydroisobenzofuran, 4,5-di-
hydrolsothiazole, 2,3-dihvdroisoxaznle, 2, 5-dihvdrotsoxazole, 4.5-dihydroisoxazole, 5,5+

dihydro-4H-I1 2loxazine, benzol1 3ldioxole, 1 d~diazepane, 1,2-diazeping, 1, 3-digzs-
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pine, 1,4-diazepine, diaziridine, diazirine, 1 4-diazocang, dioxane, 1,3-dioxane,
dioxazine, {i,B}dioxepéne, 1 d-diozocane, dioxole, dioxelane, 1,3-dloxolang, 1,3-di-
oxoleneg, {1,3idithiane, [1,3idithiolane, hexahydropyridazine, hexahydropyrimidine,
imidazoline, imidazolidine, indane, indniing, isoindcling, isothiazoiding, iscthiszolineg,
isoxazolineg, isoxazoliding, 2-isoxazoling, morpholing, [1,3 4loxadiazinansg,
[1.3,5loxadiazinane, {1,2,3loxadiazofidine, [1,3.4]oxadiazolidine, 1.2-oxathiepanse, 1,2-
oxathiclane, [1,3loxathiolane, 1,4-0xazepans, 1,2-oxazine, 1,3-oxazine, 1,4-0xazing,
oxazinane, 1,3-oxarinans, oxarocane, oxaziridine, oxazoliding, oxepane, oxetane,
oxirane, oxocane, piperazine, pipetidine, pyran, pyrazoling, pyrazolidine, pyrrolidine,
pyrrolidinone, pyrroling, tetrahydroquinoling, tetrahydrofuran, tefrahydroisoguinoiing,
1,2,3 &-tsirahydronaphthaiens, tetrehydropyran, tetrahydropyridine, 1,2.3 4-ietrehydro-
pyrimiding, 1,2,5,6-tetrahydropyrimidine. tetrahydrothiophens, tefrazine, thiadiazine,
I1,2,Blthisdiazinane, [1,3 4}thiadiazolidine, 1,2-thiazine, 1,3-thiazine, 1 4-thiazine,
[1,2lthiazinane, [1,3lthiazinane, thiazolidine, thiazoline, thiepane, thistans,
thiomorpholing, thiopyran, 1,2, 3-tiazine, 1,2.4-triazine, 1,3,5-triazine, [1,2 4}triazinane
or [1,2 4ltriazolidine, and in which the two sub-rings are each unsubstituied or
indapandeantly, according 1o the ring size, mono-, di-, -, telra- or pantasubstituted by
R4, whers .
R4 is -NOp, -CN, =0, =5, -OH, -CF3, -8F5 -(Co-Calalkylene-S-R10,
-Si-{CHn)a, -0-CF3, -(Co-Cri-alkylene-C{OFNR21-R22, -(To-Cal-alkylens-
C(O)-R10, ~{Cp-Calelkylene-C(O)-0-R10, {Cp-Caialkylene-G(0)-R10, -8-CF g
~{Cp-Ca-atkylene-3(0)5-R10, -{Cp-Chlralkyiene-S{0)p-N(R21)-R22,
~(Cp-Calalkylene-0-R10, «{Cn-Cri-alkytene-N(R2T)-R22,
-{Cp-Cajralkylene-NR10}5(0)p-R 10, (Cp-Cglalkyiene-{C4-Ca)-fluoroalky!,
-{Cp-Crlatkyiene-{Ca-Cgloycloalky-R23, -{Co-Crl-alitylene-N{R103-C(O)-R21,
~{Cp-Crratkyiene-N{R10}FC(O}NRI0NR21, Colhlakyiense-NHCOWO-RR1,
~{C-Crlatkylene-0-C(ORN{RI10RR21, «(Co~Cq j-alkyl, where alkyl is
unsubstituted or mono-, di- or {risubstiuted independently by RS,
-(Cp-Cqalkylene-aryl, where aryl is selected from the group of phenyl, indanyi,

indenyt, naphihyl, biphanylyl, 2-biphenylyl, 3-biphanylyl, 4-biphenylyl, anthryl or



n

10

26

[
[$3]

30

17

fluoroenvi, where ary! is unsubstituted or mono-, di- or trisubstituted
indspendently by RE, or

-(C-Cyq)-alkyiene-tHat, where Het is salected from the group of acridinyl,
azepinyl, azetidinyl, aziridinyl, benzimidazoliny!, benzimidazolyl, benzofuranyl,
bénzcthiofuranyl, benzothiophenyl, benzoxazohyt, benzihiazolyi, benziriazoiyl,
henzietrazolyl, benzisoxazolyl, benzisothiazolvl, carbazolyl, 4aH-carbazotyl,
carbolinyl, auinazolinyl, quinoliny, 4H¥quinciizinyt, guinoxalinyl, guinuciidiry,
chromany!, chiromenyl, cirmolinyl, deca-hydrogquinoling!, dibenzofuranyt,
gibenzothiopheny!, dinvdrofuran]2 3-bieirahydrofurany, dihydrofuranyl, dicxolyi,
dioxanyl, 2H, 6H-1,5,2-dithiazinyl, furanyl, furazany!, imidazolidinyl, imidazoliny,
imidazoly!, 1H-indazolyl, indolinyl, indoliziny!, indolyl, 3H-indoly!, isobenzofuranyl,
isachromanyl, isoindazolyl, isoindoliny!, isoindolyl, isoquinotiny! (benzimidazoiyl),
isothiazolidinyl, 2-isothiazolinyl, isothiazolyl, isoxazolyl, isoxazoliding, 2-
isoxazoliny!, morphioling, naphthyridinyl, octahydroisogquinoliny, oxadiazoly,

1,2, 3-oxadiazolyl, 1,2 4-oxadiazolyi, 1.2, 5-oxadiazoiyl, 1.3.4-oxadiazolyi,
oxazolidiny!, oxazolyl, oxazolidinyl, oxothiolany!, pyrimidinyl, phenanthridinyl,
phenanthroliny, phenazinyl, phenothiazinyl, phenoexathiinyl, phenoxazinyi,
phthalazinyl, piperazinyl, piparidinyl, ptetidiny, purynyl, pyranyl, pyrazinyl,
pyroazolidinyl, pyrazolinyl, pyrazolyl, pytidaziny!, pryideoxazolyl, pyridoimidazaolyl,
pyridothiazolyl, pyridathiophenyl, pyriding, pyridyl, pyrimidinyt, pyrrolidinyt,
pyrrofinyl, 2H-pyrroivi, pyrrody, fetrehydrofuranyl, tetrahydroisoquineliny,
tetrahydroquinciinyl, tetrahydropyridinyl, 8H-1,2,5-thiadazinyl, 1.2, 3-thiadiazolyl,
1.2 A-thiadiszolyl, 1.2 5-thiadiazolyl, 1.3 4-thiadiazolyl, thianthrenyi, thiazoiyi,
thiany!, thienoimidazolyl, thisnooxazolyl, thienopyridine, thisnothiazolyl,
thiomorpholinyl, thiophenyl, triazinyl, 1,2,3-riazoiyl, 1,2 4-triazaolyl, 1,2 5-trdazoiyv,
1,3 4-triazolvi and xanthenyl, and this Het radical is unsubstituted or
independardly mono-, ti- or trisubstituted by RE,

RE is halogen, carbamimidoyl, -NOg, =0, -CFg, -5F5, -C{O}0O-R10, -CN, -C{O}NH, -
z 3 5 2

OH, -NH2, ~C-CFg, ~-CIOFN(RT0RR2D, -N(R10)-R20,
~{Ca-Cgi-cycloalky!, ~0-(C4-Cgralkyl, -0-(Co-Cq malkylene—(Ca-Cgi-cycloalkyl,
{C1-Caralieyl, -(Co-Cygi-alkyleneCa-Cgl-cycloalkyl, where the alko radicals



mentioned are each unsubstituted or mono-, di- or trisubsiituted independently
by halogen, Nio, -OH, -O-Cry, -809-CHy or ~804-CF 3,
RS is halogen, -NQn, -CN, =0, ~OH, -CF 3, -C{ORO-R10, -NR21-R22,

-ClORN(R21»R22, -(C3-Cgi-cycloaliovt, -(Cp-Cal-alkvlens-C-R10, -8i-(CHa)z,

o SNRI0H5(0)-R10 where u is the integer 1 or 2, -5-R10,
-50-R10 where ris the integer 1 or 2, -5{0},-N{R10-R20 where v is the integer
1or 2, -C{ORR10, {C4-Calatkyl, -(Cq-Ca)alkoxy, phenyl, phenyioxy- -(Cq4-Ca)
fluoroaliyl, ~O-R18, -NH-C{O-NH-R10, |
-{Cp-C 4 alyt-C{ORO-CIR1G, R111-0-C{ORR12, -NH-C(O}-NH-R21,

10 N{R2WC{OPR22, HCo-Cai-alkyi-C(ORC-C(R18, R111-C-C{G-0O-R12,

NH-C{O}-0-R10, -C-CF 1, Het, where Het is as dsfined above and is

unsubstituied or mono-, di- or frisubstituted independently by R8, or a radica!
from the following st
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and . where Mg is meihvi,
R10 and B20 are the same or different and are each independently a hydrogen atom, -
(C1-Calalkyl, -(Co-Caraliy-OH, -(Cq-Cai-fluoroalkyl, (Cp-Cyqiatkyl-O-{C4-Cy -

alkyl, ~(Gg~(35}wéikytm(c3w68‘,~cyoic\alkyh {Co-Colalkylens-aryl, where arvl is as

L]
3

defined above and is unsubstittted or mono-, di- or trisubstituted independently
oy -(Cq-Cg aliyl, -O-(Cq-Cglalkyl, halegen or

~(Ca-Cg)-cycioalkyl, ar (Cp-Col-alkylene-teat whare Het is as defined above and
is unsubstituted or mono-, di- of trisubstituted independeantly by ~(C4-Cgl-atkyl,

~O-(C1-Cg -alkyi, halogen or -(Crx-Cgl-oycloatkyl,
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K19 and R11 ars the same or different and are sach independently a hydrogen aiom or
-{C1-Cai-aikyl, or

R18 and R11, together with the carbon atom o which they are bonded, form & three- o
six-memberad cycloalkyl ring which is unsubstituted or mono-, di- or
frisubstifiied independently by R10,

R1Z is -{(C4-Cylalkyl, <(C1-Cgralkyl-OH, «{C4-Caralkyl-0-{C1-Cglralkyl,
-{C3-Cgioycloalkyl, (Cq-Cglalkyl-O-(C+-Cg)-alkyi-(Ca-Cgl-oycioalkyl,
-(C1-Cgralkyl-(Ca-Cgl-cycloalkyl, where the cycloalkyl radical is unsubstituted or
monc-, di- or risubstituied independently by —OH, -O-(C4-Cy-alkyl or R10,

R21 and R22 are the sarme or different and are sach independently & hydrogen atom, -
{C+-Cgl-alikyl, whare alkyl is unsubstitutad or mono-, di- or frisubstituied
indepandently by R8, -0O-R12, -(Cp-Cglralkylene~(Ca-Cgraycioalkyl, -S0¢-R10,
where t'is the integer 1 or 2, ~(C1-Cx)-flucroalkyl, (Co-Cg-alkylens-aryl where
ary! is as defined above and alkylene and aryl are unsubstittied or mono-, di- or
trisubstifutaed independently by R8, or
-{Cp-Cgl-alkylene-Hat where Het is as defined above and alkylene and Het are
unsubstituted or mono-, di- or tisubstituted independentiy by RE,

R24 and R22, fogether with the nitrogen atom to which they are bonded, form a four- to
eighi-membered heterocyclic ring which, as weli as the nitrogen atom, may
additionally contain, according fo the ring size, one or two identical or different
hetercatoms from the group of oxygen, nitrogen or sulfur, and in which the
heterocycie is unsubstituted or mone-, di- or trisubstituted independently by R8,

R23 is a hydrogen atom, -OH or ~0-{C41-Cyl-akkyl,

X is & covalent bond, -N(R7 ) or -C-, where

R7 is & hydrogen atom, ~(Cg-C4-alkylene-{Ca-Cgl-cycioalkyl or —{C4-Caj-alky,

Y is a covalant bond, -C(O, -C{8), -CEN-CNY-, ~C{=CHNO2)- or -5{02)-,

1 is a hydrogen atom,

"R2 and R3 are the same or different and are each independently a hydrogen afom or -

{Co-Ca-alkylene-CRZTHR2EHR2Y),
R27 is & hydrogen atom, halogen, ~(C4-Colalkyl, ~{C¢-Cxa)-fluorcalkyl,
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~(Cp-Cayalkylene-(Ca-Cgloycloalky!, -(Co-Cyq malkyiene-aryl where aryl is as
defined above and is unsubstituted or mono-, di- or trisubstituted independently
by RE, -(Cp-Cyqalkyiene-Het where Het is a8 defined above and is unsubstifuted
or mono-, di- or trisubstituted independenily by R8, or «( Co-Cyq)-alkylene-R15-
R16, _

RZ8 and R2% are the same or different and are each independently a hydrogen atom, -
(C4-Cg allyt or fluorine,

R28 and R28, togsther with the carbon atom o which they ars bondéd, form g ~{Ca-
Cgi-cycioatioyl,

R15 is ~-NR1T ), -0-, -8+, -B(0O}, -S5O}, ~C{O), -C{O}RO-, -O-C{O)-,

-NRA7FC{OF, -C{ORNIR1T ), -5{O2:-N(R17 -, -NR171-3(0s 1,
SNRAT {00, -G-C{ORN{RAT, -NRIT-CIORN{R18- or
“N{R17+-5{09-N{R18)-, where

R17 and R18 are the same or different and are each independently @ hydrogen atom or
{(C1-Cg alkv, |

R16is & hydrogen atom, (C4-Cglalkyl, -{Cp-Ca alicvlens-(C 3-Cgl-cycloalky, -(Cq-
Cri-fluoroalkyl, ~(Cn-Cy)-alkylene-aryt where aryl is as defined above and is
unsupstituied or monoe-, di- or trisubstituted independantly by R8, <(Cp-Cya )
alitylene-Het where Het is as defined above and is unsubstituted or mono-, di- or
irisubstituied indepsndenily by RE,

R2 and R3, iogether with the carbon atom 1o which they are bonded, form a threse- ©
sh-mamberad oyoloalkyl ring which s unschsatitiied or mono-, di- or
frisubstitited independently by RE, or

R2 and R3, iogether with the carbon atom fo which they are bonded, form a three- fo
shi-memberad heterocycloalky! radical which is unsubstifuied or monc-, di- or
rsubstituiad indapandently by R10,
agnd

Z is the ~N(R28)}-C{R24)(R25-CN radical, where

R26 is & hydrogen atom, -{C4-Cgj-aliyt or «{Cp-Cygl-alkylene-{Cx-Cgl-oycioalkyl,

R24 and R28 are the same or different and are each independently & hydrogen atom, -

{C4-Ugralkyl, {Cp-Cylatkyiene-{Ca-Cqi-ovoloalicyt,
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-{Cq-Cafiuorsalkyl, -{Cp-Cq y-alkylene-aryl where aryl is as defined above and Is
unsubsiftuted or mono-, di- or trisubsiituted indepandently by R8, <{Co-Ca)-

alkyiene-Het where Het is as definad above and is unsubstituted or morno-, di- o
trisubstiiuted by R8, or {C4-Cq)-alkyiene-R15-R16, or

5 R24 and R25, topether with the carbon atom to which they are banded, form a three- 1o
’ six-membared cycloalkyl ring which is unsubstituted or mono-, di- or
irisubstiiuted independently by R10 or fiuoring,
R24 and R285, fogether with the carbon atom to which they are bonded, form a fiwee- to
six-memberad haterocycloaliy! radical which is unsubstituted or mono-, di- ar

10 frisubstiuted indapendantly by 10 or fluorine.

&3 The invantion further provides the compound of the formula la

F
F. /-R27

{oH
(e /( W
A B XY N ;
P N % ?(\/CN (ia)

' 24 RZE
H o , whearse

the sub-rings @é and @ are each selscted from the abovamentioned groups,
15 and in which the two sub-rings are sach unsubstituied or independently, according to
the ring size, mono-, di-, iri-, fefra- or pentasubstituied by R4,
R4 iz -NO», «CN, =0, =8, -OH, -CFg, -5Fg ~(Co-Czp-alkylene-5-R10, O-CF3,
-Si-{CHz)g, <O-CF3, {Co-Cx-alkylene-0-C(C)-R21, -{Cp-Cs-alkyiens-C{O)-O-
R10, ~Co-Criatkyiene-O-R10, -(Cp-Caakylens-N(R21)-R22, -(Ca-Cal-

20 alkylene-N{R10)-5{0»)1-R10, «(Cp-Crialkylene-(Cq-Cgl-cycloalkyl-R23,
{Cp-Crlalkyiene-(C4-Ca)-ftucroalkyl, -(Co-Crralkylene-N{R10}-C{OFR2Z1,
ACp-Cai-alkylene-C{O)-N{R211-R22, {Cp-Cyj-alkyl where alikyl is unsubstituted
or moho-, di- or trisubstituted indspandently by RS, {Cn-Cyl-alkylene-aryl whers

aryl is selected from the group of phenyl, indanyl, indenyl, naphthyl, where aryf is

o]

[

pinsubstifuted or mono-, di- or fisubsatiided independently by RE, or
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-{Co-Cql-alkyiene-Het where Het is selected from the group of azetidinyl,
benzimidazolinyl, bernzimidazotvi, benzofuranyl, benzothiaphenyl, benzoxazolyt,
benzthiazolyl, benzisoxazolyt, benzisothiazolyl, quinoiinyl, dioxolyl, dioxanyl,

furanyl, imidazolidinyt, imidazolinyl, imidazolyl, indolinyl, indalyl, 3H-mdolyl,

isoindsiiny, isoindolyl, isogquinoiiny!, iscthlazolidiny!, 2-isothiazolinyl. Iscthiazotyl,

isoxazolyl, isoxazolidinyl, 2-isoxazoliny!, morpholinyl, actahydrolsoguinoliny,
axazolyl, oxazolidinyt, pyrimidinyl, piperaziny!, piperidinyi, pyranyi, pyrazinyl,
pyrazolingl, pyrazolyl, pyridaziny, pyridyt, pyrimidinyl, pyrroliding, pyrrotingt, 2H-

pyrrolyl, pyrrolyl, tetrahydrofuranyl, tetrahydroisequinoliny!, tetrahydroquinolinyd,

tetrahydropyridinyl, thiazolyl, thienyl, thienopyridiny, thiomorpholiny, thiophenyl,
and this Het radica! is unsubstituied or independently mono-, di- or irsubstituted
by KR8,

RS is halogen, carbamimidoyl, -NC», =0, -CFg, -5F 5, -C(QFO-R10, -CN, -

-C{OWNHp, -OH, -NH», —O-CF 3, -C{O)FN(RIC)-R20, -N{R1Q-R20,
«{Cy-Cpoycioalkyl, ~0-(C4-Cgalkyl, -0-(Cp-Cy patkylene-~{Ca-Cgj-cycloalkyl, -
{C1-Cgralkyl, {Cp-Cyl-alkytene(Ca-Cgl-cycloalky!, where the alkyi radicals
mentioned are each unsubstituted or mono-, di- or irisubstiiuted independently
by halogen, NHz, -OH, -0-CHz, -809-CHz or ~802-Ck 3,

RS is halogen, -NO, -GN, =0, -OH, -CF 4, -C{0)-0-R10, -ClON(R21}-R22,

N(R21-R22Z, +{Ca-Cgroycioalkyl, {Cp-Caratkyiense-O-R10, -Si-(CH3)3,
SN(R103-8(0)-R10 where u is the integer 1 or 2, -5-R10, -50-R10 where ris
the integer 1 or 2, -3{0),~N{R10)-R20 where v is the integer 1 or Z, -C{O)-R10, -
(Ca-Cgl-alkyl, (C1-Cg)-alkoxy, phenyl, phehyloxy-, «(C4-Cap-fiuorcalkyl, -O-R18,
SNH-C{OWNH-R10, «(Co-Ca)-alkyt-C{O)-0-C(R11, R18)-0-C(O)-R1Z, -NH-C(O}
NH-R21, -N{R21)-C{OFR22, «(Cp-Cy atky-CL{ORO-C(R 11, R183-0-C{O}-0-R12,
~NH-C{OR0-R10, -O-CF g or Het where Hel is as defined above and is

unsubsiituted or mone-, di- or trisubstiuted independantly by RE,

10 and R20 are the same or different and-are each independenily & hydrogen alom, -

(C4-Cgalkyl, -(Co-Cyg-alkyl-OH, (C4-Czi-fluoroalicyl,
~(Cp-Cqralkyi-O-(C1-Cqralkyl, {Co-Crl-alkyl-(Ca-Cgloycloalkyl,
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-(Cp-Coralkylene-ary! where aryl is as defined above and is unsubstituted or
mono-, di- or trisubstituteé independantly by -(C4-Cg)-alkyl, -0-(C4-Cg -alkyl,
halogen or ~{63~Cg}—syci{}élky1. or {{Cp-Coyalkylena-Heat where Het is as definad
above and is unsubstituied or mono-, di- or trisubstituted independently by
-(C-Lapatkyl, -0-{Cq-Cy-alkyl, halogen or «{Ca-Cal-cycloalkyl,

K11 and R1% are the same or different and are sach independently & hydrogsan atom o
~{C4-Cgialkyl,

R12 is «(Ca-Chialkyl, {CT4-Cyiralkyl-OH, ~{TC4-Cglaliop-O-(Cy-LCgi-alip,
-(Cn-Cgl-oycloalkyl, -(C4-Cglalkyh-0-(C4-Cgl-alkyl-{Ca-Cyl-cycioalikyl,
-{C+-Cxralkyl-{Cq-Cgi-cycloalkyl, whare the cycloalkyl radical s uhsubaﬁtuted or
mano-, di- or trisubstituted independently by —OH, -O-(C4-Cygl-alkyl or R1G,

K21 and RZZ are the same or different and are each independently & hydrogen atom, -
(C1-Cgialkyl where aliky! 1s unsubstituied or mono-, di- or insubsiituted
independently by R8, -(Cp-Calalkyiene-(Ca-Cgloycioalkyl, -80+R10 where tis
the integer 1 or 2, {(Cq-Ca)-flucroalkyl, -0-R12, ~(Cp-Cg-alkyiene-ary! whare
aryl is as defined above and atkviene and ary! are each unsubstinsied or mono-,
di- or trisubstituted independantly by R8 or M{CQQGg}maikyieﬁe«He\: whare Hel is

as défined ahove and alkylens and Het are sach unsubsiitied or mono-, di- or
trisubstitited indepandently by RE,

R21 and R22, fogethar with the nifrogen atam 10 which they are bonded, form a fow- to
eight-memberad monocychic haterocydiic ring which, as well as the nitrogen
atom, additionally, according o the ring size, may contain one or two identical or
differant heteroatoms from the group of oxygen, nitrogen or sulfur and in which
the heterocycle is unsubstituted o mono-, di- or trisubstituted independently by
RE,

R23is a hydrogen atom, -0 or -0 C4-Cyg palioyd,

X is 2 covalent bond, -N(R7 ) or -0-, whers

R7 is a hydrogen atom, M(C@—Cﬁt}—ai%{yi@n@-(c3»—66}—cycioaikyl or
~{Cq-Chlalkyl,

Yig -C(O), -C(8} ar -B(0Og}-,
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o s the integer 1 or 2,

RZ7 is & hydrogen atom, -{C+-Cgralkyl, -(Cn-C4)-alkylene-(Ca-Cgi-cycloalkyl, halogen,
-Cp-Cyaiatkylene-Het where Hel is as defined above and Is unsubstifuied or
subsiiiuted by halogen, -(Cq1-Cg)-alkyl,
~O={C1-Cal-fluorcaliyl or -C-{C4-Cgl-alkyl, or
-(Co-Croalkylene-phenyi where phenyl is unsubstituted or substituted by
haiogen, <{(C4-Cqralkyl, -O(Cq-Calfiuoroalkyi or -O-(C4-Cal-alkyl,

R286 is a hydrogen alom, -(C1-Cgl-alkyl or -(Cp-Cyg b-alkytene-(Ca-Cg Foveloalkyl,

R24 and R2ZE are the same or different and are each indenendently a hydrogen atom, -
{C4-Cqiratkyl, -{Co-Cal-alkytense-{Ca-Cgl-eyaioalkyl, -{C1-Cyi-fluorcaikyl, -(Cg-
Cyialkvlene-aryl where aryl is as defined above and is unsubstituted or mono-,
di- or trisubsiituted independently by RE, or «(Cp-Cyl-alkyiene-Het where Het is
as defined above and is unsubstituted or mono-, di- or trisubstituted
independently by RE,

RZ4 and RZ5, together with the carbon atom to which they are bondsad, form & three- o
stx-mamberad cyoloalicyl ring which is unsubstibuted or mono-, di- or
trisubsiituted independently ny R10 or fluorine,

R24 ang R25, together with the carbon atom to which they are bonded, form a three- fo
sh-membered heterocveloalky! radicat which is unsubstituied or mono-, di- or
frisubstituled independently by R10 or fluorine,

5)  The invention further provides the cormpound of the formuia ia where

the sub-rings \?ﬁ/ and “E/) have each been selected from cyclopropane,

cyclobutane, cyclopentane, cyciohexans, cycioheptane, cyclooctane,

bicyciol4 .2 Oloctane, octahydroindene, decalin, decanydrobeanzocycioheptens,
dadecahydrohepialene, bicyeiold 1. 1Theptiane, bicyciol2.2.1heptaneg,

bicyoio[3.3 Oloctane, bicyelo[2.2 2loctansg, spirofd.5joctang, spirol3. 4joctane, azepane,

araeping, azefiding, aziridine, aziring, azocane, benzimidazoline, 2,3~

dihydrobenzoiblthiophene, 1,8-dihydrobenzoicithiophene, Z,3-dihydrobenzofuran, 2,3-

dihydrobenzooxazole, 2,3-dihydrobenzothiazole, 1,3-dihyvdroiscbenzofuran, 4,5-

_d%hydroisothiazwe', 2, 3-dihydroisoxazole, 2, 5-dihydroisoxazole, 4, 5-dihvdroisoxazole,
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5, 6-dihydro-4H-i1,2]oxazine, benzol1, 3ldioxole, 1,4-diazepane, 1.2-diazepine, 1,3
diazepine, 1.4-digzenine, diaziridine, diszirine, 1 4-dizzocane, dioxane, 1,3-dioxane,
dioxazine, [1.3]dioxepane, 1 4-diczocane, dioxole, dioxolane, 1,3-dioxolans, 1,3-
dioxolene, [1,3]dithiane, {1,31dithiotane, hexahydropyridazine, hexahydropyrimidine,
imidazaline, imidazolidine, indane, indoling, isoindoling, isothiazolidine, isothiazoting,
isoxz.azoiine{ isoxazolidine, 2-isoxarzoling, morpholing, [1,3 4Joxadiazinanse,
[1,3.5loxadiazinane, [1,2,3loxadiazoiidine, [1.3 4joxadiazolidine, 1,2-oxathiepane, 1,%-
oxathiolane, [1,3icxathiolane, 1.4-oxazepane, 1,2-oxazing, 1,3-oxazing, 1 4-0xazine,
oxazinans, 1,3-oxazinans, oxazocane, uxaziridine, oxazolidine, oxepane, oxetane,
oxirane, oxocans, piperazing, piperidine, pyran, pyrazoline, pyrazoliding, pyrolidine,
pyrrofidinone, pyrroline, tetrahvdroguinoline, tatrahydroturan, tetrahydroisoguinoling,
1.2,3,4-tetrahydronaphthatene, tetrahydropyran, fetrahydropyriding, 1.2,3 4-tetrahydro-
pyrimidineg, 1,2,5,8-tetrahvdropyrimidine, tetrahydrothiophene, tetrazine, thiadiazing,
[1.2,6)thiadiazinans, [1,3 4ithiadiazolidine, 1,2-thiazine, 1,3-thiazing, 1 4-thiazine,
[1.2thiazinane, [1,3lthiazinane, thiazolidine, thiazoline, thiepane, thislane,
thiomorpheiing, thiopyran, 1,2,3-triazine, 1,2 4-triazine, 1,3.5-rlazine, {12 4jinazinane
or [1,2,4ftriazofiding, and in which the two sub-rings are each unsubstituted or
independently, according to the ring size, mono-, di-, trl-, teira- or pentasubstituted by
R4, and the X, Y, R27, p, R26, R24, R25 and R4 radicals are each as defined under 4).

B} The invention further provides the compound of the formula la where

the sub-rings \i/ ang \EJ are sach independently selecied from the group of
azetidine, cyclopropyl, cyclobuiyl, cyclopeniyt, cyclohexyl, 1,3~
dihydroiéobenzofuraﬂ, 2.3-dinvdroisoxazole, 2,5-dihvdroisoxazole, 4.8-
dinydroisoxazole, 1,3-dioxans, dioxolang, 1,3-dioxolans, imidazelidine, indane,
morpholine, 1,3-oxazinane, oxazoliding, piperazine, pipetidine, pyrrolidine,
tetrahydrofuran, and 1.2,3 4-tetranydronaphinalens,
and in which the two sub-rings are each unsubsiitufed or incependently,
according to the ring size, mono-, di- or trisubsiifutad by R4,

R4 is =0, =8, -{Cqa-Crpalkylene-C{O-C-R10, {Cp-Calralivlens-N{R21}-R2Z,
{Ca-Calalkyiene-NH-C{O-R21, «{Cp-C 4 -atkylene-(Ca-Cgl-oycloalkyl-R23,
ACp-Cafalkyiene-C-R10, -(Cp-Cy lalkylene-phenyl, where phanyl is
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unsubstituied or mono-, di- or trisubstituted independentiy by Rg, or

-{Cn-Cyqralky! where alkyl is unsubstituted or mono-~, di- or trisubstituted
incependently by RE,

R8 is fiuoring, chiorine, bromine, -0-(C4-Ca)-fluornalicyt or -C-{C4-Cyql-alkyl,

R9 is halogen, -NO»o, ~CN, =0, -OH, -CF3, -C{O}RO-R10, -C(O)-NIR21)-R22,

ANIR2Y ‘}ﬂzz, ~{Ca-Cgl-cycioatkyl, «(Cp-Cai-alkylene-O-R10, -Bi-(CHz)a,

N(R10M-S(0),-R10 where 1 Is the integer 1 or 2, -8-R10, |
-S0-R10 where ris the integer 1 or Z, -S{0O)~N(R10»R20 where v is the integer
TorZ, —C(D)«R'i{}, ~{C4-Cgialkyl, {Cq-Cgl-alkoxy, pheny, phenyloxy-,
~(C4-Co)-fluoroaliyl, ~-O-R18, -NH-C(O}NH-R10,
-{Cp-Cayalkyl-C(O-O-CR11T,R1NOG-COFR12, -NH-C{O)-NH-RZ1,
-N(R21-C(O»R22, «(C-Cy)-alkyl-C(OR0O-C(R11, R18)-0-C{0)-0O-R12,
-MNH-C({O0-R10 or -G-CFj,

R10 and R20 are the same or different and are sach independently & hydrogen atom or
{C1-Cglalkyi, _

R11 and R13 are the same or different and are sach independently & hydrogen atom or
{C1-Caalkyl, |

R12 s «(C-Cglratkyl, -{C4-Cgl-alky-OH, -(C1-Cgi-alky-O«(C1-Cgi-alkyl,
{Ca-Calroycloalkyl, -{Cq-Cqi-alkyl-0-(C4-Cgakyi-{Ca-Cgi-oycloalkyl,
-{C4-Cgi-altikyi-{Cn-Cri-cycioalkyl, where the cycioaiky! radical is unsubstituted or
mono-, di- or trisubstituted independently by —OH, ~-O~{C¢-Caialkyl or R10,

R21 and R2Z are the sams or different and are sach independently a hydrogen atom, -
{C4-Cglalkyl, -{Cp-Cglalkylene-(Ca-Cylcycloalkyl, -O-R12,
-S0O+R10 where tis the integer 1 or 2, or -{C-Cy)-fiuoroaiky!,

RZ3 is & hydrogen atam. -Ok or -0-{C1-Cy -alikyl,

X s a covalant bond or -N{R7 ) where

R7 is & hydrogen afom or —{ C{«C4)»a£kyL

Y is -C{C} or -S{0On}-,

o is the infeger 1 or 2,

RZ61s & hycircjgen atom,
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R27 is a hydrogen atom,
~(C1-Cyalkyl, {Cq-Cyq )-alkylene-{Ca-Cq)-cycioalkyl, —(Co-Col-alkylene-phanyi
where phanyl is unsubstituted or substituted by halogen, (C4-Cgj-alkyl, -0-{C4-
Cafiuorcaikyl or -O-{C1-Cgalkyl, or ~(Co-Coj-alkylens-pyridyl,

R24 and R25 are the same or different and are sach indepengently a hydrogen atom, -
(Cq-Cyqralkyt or -{Co-Caralkylene-(Ca-Cg-cycloalkyl,

R24 and R25, together with the carbon atom fo which they are banded, form a
cycioalkyt ring which is selected from the group of cyclopropyl, cysiobutyl,
cyclopentyl and cyciohexyl, and ie unsubsiituted or mono-, di- or irisubstiiuted
indepandantiy by R10 or fluorine,

R24 and R25, together with the carbon atom to which they are honded, form a thrae- to
six-memberad neterocycioalkyt radical selecied from the group of aziridine,

" azetidine, dizzstidine, diaziridine, hexohydropyridazine, hexohydropyrirmidine,
imidazolidine, morpholineg, oxadiazinane, oxadiazoliding, oxathiananse,
oxathiciane, oxazstidine, oxazolidine, oxetane, oxirane, piperazine, piperiding,
pyrazoliding, pyrrolidine, tetrahydrofuran, tetrahydropyran, tetrahydrothiophens,
tefrahydrothiopyran, {etrazinane, thiadiazelidine, thiszetiding, thiaziridine,
thiagzolidine, thistane, thiirane, thiomorpholine, triazetidine, Fiazinane or
friazoliding, which s unsubstituted or mono-, di- or trisubstituted independently

by R10 or fluorine.

73 The invention further provides the compound of the formula la where
0
the sub-nng Mg selected from the group of azetidine, cyclopropyl, cyclobuty,
cyclopentyl, cyclohexyl, 1,3-dinydroiscbanzofuran, 1,3-dioxane, 1.5-dioxolane,
imidazolidne, indane, morpholine, 1.3-0xazinane, piperazine, piperiding,

pvrrofidine, tetrahydrofuran, and 1.2,3 d-etrahydronaphthatene,
S
o de , o
the sub-ring - is selected from the group of azetiding, oyclopropy!, cyclopentyi,
cyclohexyl, morpholing, oxazolidine, piperidine and pyrrofidine, and th which the
two sub-rings are unsubstituted or indepandently, according to the ring size,

mono-, di- or iri-substifuied by R4 where
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R4 is -O~{C1-Cyalityl, =0, -(Cp-Cy -alkylene-(C3-Cgj-oycioalikyl,
~(C4-Cyqjalkyl or -(Co-Cy-atkyiene-ohenyl whers phenyl is unsubstituted or
substituted by , CL. Br or -O-(C 4-Cyg }-alkyl,

X is a covalent bond or ~NH-,

Y is -C{O) or -S(00)-,

o is the integer 1,

K27 is a hydrogen atom, ~(Cq-Cqi-alkyl, 4-F-benzyl or berzyi,

RZ26 s a hydrogen atom,

R24 and R25 are the same or differsni and are each independently a hydrogen atom,
methy! or ethyl,

24 and R25, together with the carbon atom to which they are bonded, form 2
cyclopropy! or cyclobuty! radical, or

R24 and R25, together with the carbon atom {o which they are bonded, form a
piperidine ring which is unsubstituted or substiiuted by -(C+-Caalkyl,

8} The invention further provides compounds of the formula | or la from the group
of

N-{(S+1-{1-cyanocyclopropyloarbamoy!-3 ,3~diﬂuombutyl}-3~ézaspim{5,S]undecan'em&
carboxamide, '

N-[{S)-1-{1-cyanocyciopropylcarbamoy)-3, 3-difluorohulyl]-8-azaspirold, Bicecane-8-
carboxamide,

N-[(8)-1-{T-cyanocyclopropylcarbamoyl}-3, 3-diffuorobutyll-

1, 4-dioxa-B-gzaspirof4.5jdecane-8-carboxamide,
N-[(81-{1-ovanocyclopropyicarbamoyl)-3, 3-diftuorobutyll-2-azaspirols 5lundecane-2-
carboxarnide,

N-I(8)-1-(1-cyanocyclopropytcarbamoyi)-3, 3-diflucrohexyil-8-azaspirol4 Sjdecane-&-
carboxamices,

N-[[8)-1-{1-cyanocyclopropyicarbamoyl! -3, 3-diffuiorohexyll-3-azaspirels . Slundecansa-3-
cariaoxam'ide,

N-[(S1-(1-cyanocyciopropyicarbamovl -3, 3-diffuorobutyll-2-{4-methoxyphenyli-1-oxo-
2!8«diazaspiro[4.5]decane«8n_carboxamic§e, | '
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N-{{S)-1-(1-cyanccyclopropylcarbamoyl)-3, 3-difluorobutyl}-4-oxo-1-phenyl-1,3 8-tri-
azaspireld. Sidecans-8-carboxamide,

N-{{S)1-01 —cyanocyc:iaprcpytcarbarﬁoy%}% S-diiucrobuiyil-1,5-dioxa-8-aza-

gpirofh. Slundecans-G-carboxarmide,

N-[(8)-1(1-cyanocyciopropylcarhamoyl)-3, 3-difluorcbutyl}-1-oxo-2 8-
diazaspirol4.5ldecane-b-carboxamide,

N-[{S)-1-{1~cyanoeyclopropylcarbamoyl)-3, 3-difiucrobutyil-2-methyl-1-ox0-2,8-
diazaspirof4.5]decane-8-carboxamide,

N-[(8)1-(1-cyancoyclopropylcarbamoyl)-3, 3-diftuorobutyl}-3, 3-dimeathyl-1-oxa-& 8-
diazaspirofs Slundecane-B-carboxamide,

N-[{S - 1-(1-cyanocyciopropylcarbamoyl}-3, 3-difiuoro-4-phenylbutyi]-&-
azaspirol4.bldecane-B-carboxamide,

N-[(S)-1-(T-cyanocyclopropyicarbarnoyil-3, 3-difluorobutyll-2 4-dioxo-1,3,8-
iriazaspirol4.Bldecane-S-carboxamide, '
N-[(8}-1-{1-cyanocyclopropylcarbamoyl)-3, 3-diftuorobutyl-2-azaspirol4 4nonang-2-
carboxamide,

N-[(8 1+ T-cyanotyclopropylcarbamoy!)-3, 3-difluorobutyi}-2-benzy1-0x0-2,8-
diazaspiroi4 Sjdscane-G-carboxamide,

N-{(S}-1-{1-cyanccyciopropytearbamoyl}-3, 3-difiuorcbutyl}-2-{4-fluoro
phenyli-1-ox0-2,B-diaraspirol4.5]decane-8-carboxamide,
N-[{3}-1-{1-cyanccyclopropyicarbamoyl}-S-methylbutyll- 1 4-dioxaspiro(4.5ldecans-&-
carboxamide,

N- {{3)1-(1-cyanooyclopropyicarbamoeyl -3, 3-diftuorobutyl}-3-phenyi-1,5-dioxa-6-
azaspirol5.Slundecane-8-carboxamide,
N-[1~{1-cyanocyciopropylcarbamoylicyciohexyli-B-azaspirol4 Bidecane-B-carboxamide,
N-[(S)- 1-cyanocyclopropylcarbamoyticyclohexytmethyll-8-azaspirofd Sldecane-g-
carboxamide,
N-[(S)1-(1-cyanocyciopropylcarbamoyl -3, S-diftuorobutyl]-S-butyt-3,8-
diazaspiro{5.5lundecane-3-carboxamide,
N-[{8}1-{1-cyanocyciopropylcarbamoyl}-3, 3-difivorobutyl]-O-cyclopropyl-3,9-
diazaspiro{s.Slundecane-3-carboxamide,

N-[(8}-1-{ t-cyanocyclopropylcarbamoyi -3-methylbutylispirolz. Slhexans-1-
carboxamide,
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N-{{8}-1-{ -cyanocyclopropyicarbamoyl}-3, 3-diflucro-4-phenylbutyi}-8-

azaspirol4. Sldecanse-B-carboxamide, '
N-[{S1-1-{1-cyanocyclopropyicarbamoy!}-3 3-diflucrobutylispirelZ. Slhexane-1-
carboxamide,

N-{{8)1-( t-cyanocyclopropylcarbamaoyly-3, 3-diftuorabutyl]-2, 2-dimethyi-1-oxa-6- '
azaspirold.5decane-8-carboxamide, N-[{8)-1-{1-cyanocyclopropyicarbamoyl)-3.3-
difluorobutyll-2-azaspirol4 Sidscane-2-carboxamide,

N-[(S1-(T-cyanocyclopropyicarbamoyl -3, 3-difiuorebutyl]-1-oxa-4-azaspirol4 Ojdecans-
4-carboxamide,

N-{1-cyanoayclopropyl}-(8)-2-[3-(1 4-dioxaspiro[4 .5]dec-8-ylureido]-4 4~
difluoropentoxide,

b4
I Ou r\ 3N
j/‘\,/g'i\i i =
yOTTE

N85 1-(1-cyanooyclopropylcarbamoyl)3, -diftucrobutyll-7-cyclopropyl-2,7-

- diazagpire{3.5inonane-2-carboxamide,

N-I{S1-{ 1-cyanocyclopropyicarbamaoyli-3,3-diflucrabutyi}-2-cyclopropyi-2,7-
d'iazaspiroita Sinonane-7-carboxamide,

N-[(S}-1-{1-cyanocyclopropylcarbamoyt)-3, 3-difiuorobuiyi]-2-propyk2, 7-
diazaspire[3.5inonane-7-carboxamids,

N-(1-cyanocvclopropyl (8 })-2-(8-azaspiral4 Bldecane-B-sulfonviamino -4, 4~
difluoropenioxide,

N-[(8)-1-{1-cyanocyclopropyicarbamoyl -3, 3-diftuorobutyl]-4-cyclopropyl-1-oxa-4, 8-
diazaspirols Sjundecane-S-carboxamide,
N-[(S)-1-(1-cvanooyclopropyicarbamoyty-3, 3-difluorabutyl]-G-cyclopropyl-1-oxa-4.9-
diazaspirolS Slundecane-d-carboxamide, |
N-[{8}-1-{1-cyanocyciopropyicarbamoyl)-3. 3-difiuorobutyt]-2-cyclopropyimethyi-3-oxo-
2 B-diazaspirol4 5]dscane-B-carboxamide,
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N-[{5)-1-{t-cyanooyclopropyicarbamoyl}-3, 3-difiuorchexyl]-2-(4-methoxyphenyi- 1-oxo-
2 8-diazaspircid Bldecane-8-carboxamide,

N-[(8}-1-(1-cyanpcycloprapyicarbamoyi)-3, 3-difluorchexyl]-Z-{d-methoxyphenyl}-2,.5-
diazaspirol4.5idecans-8-carboxamide,

N-{{B}1-{1 «cyaﬂocyclopmpyicarbamoyl}«ﬁ,3-=d'sﬁuorahexyi}?wycloprc pyh2,7-
diazaspiro{2.5lnonane-7-carboxamides,

N-[{S1-(1 -cyanocyciopropylcarbamoy!y3, 3-difluorchaxyl]-2-cyclopropyl-2, 8-
diazaspirnl4.5ldecane-B-carboxamide, .

N-[(8}-1-{ 1-cyanceyclopropylcarbamoyl!}-3, 3-diffucrohexyil-8-cyciopropyi-3,.9-
diazaspirol5.Blundecane-3-carboxamide,
N-{{8)-1-{"-cyanocyciopropylcarbamoyl)-3, 3-difluorohexyl]-7-cyciopropyl-2, 7-.
diazaspirol3.Sinonane-Z-carboxamide,
N-I{S)-1-{1-cyanocyclopropyicarbamovty 3, 3-difuorohexyli-7-propy-2,7-
diazaspiro[3.5lnonane-2-carboxamide, “
N-[{8}-1-{1-cyanocyciopropylcarbamoyl}-3, 3-diftucro-4-phanylbutyl]-9-cyclopropyl-3,8-
diazagpirofB.5lundecane-3-carboxamids, |
N-[{S)-1-(1 wcyanocycidpropy%carbamcy[}~3,3»d ffluoro-4-phenylbuivi]-2-cyclopropyl-2,7-
diazaspiro]3 3inonane-7 -carboxamide,
N-[{5)~1-{1-cyanocyclopropyicarbamaoyl}- 8, 3-difiucro-4-phenylbutyll-2-propyi-2,7 -
diazaspirol3.Slinonane-7-carboxamids,

N-[{S)-1-{1-cyancoyclopropyicarbamoy!}-3, 3-difiucro-4-phenyibutyll-7 -cyclopropyi-2, 7-
diazaspiro[3 Sinonane-2-carboxamids,

N-[{8}-1-{ t~cyanocyciopropyicarbarmoyt)-3, 5-diftunrobutyll-t-azaspiro[ 2. Sloctane-6-
carboxamide,

N-[(S}-1-(cyanomethyicarbamoyi -3, S-difluorobutyii-G-azaspiro]2.5jociane-6-
carboxamide,

MN-{{8})1-{1-cyanocyciapropyicarbamoyl)-3, 3-difiucrohexvli-6-azaspiro{2 Sjoctane-6-
carboxamids,



o

10

20

N
<5y

30

N-{{8}-1-(4-cyano-1-methylpiperidin-4-yicarbamoyi}- 3, 3-diftuorobutyl}-6-
azaspiro[2.5joctane-6-carboxamids,
N-[(8)-1-t4-cyano-t-methyipiperidin-4-yicarbamoyi-3, 3-diffuoronexyil-6-
araspirofZ, Sloctane-S-carboxamide,

N-{(8}-1-{1-cyanocyciopropylcarbamoyl)-3, B-diflucropentyl}- or N-[(S}1-(1-
cyanocyciopropyicarbamoyi-3, 3-difluoro-d-phenylbutyll-6-araspiro]2.Bloctans-6-

carboxamide,

The terms "(C4-Cxralkyl", (C4-Cgl-alkyl” or (C1-Cqnl-atkyl” are understood o mean
hiydrocarbyl radicals whose carbon chain is straight or branched and containg from 1 1o
3, from 1 to 4 or from 1 to 10 carbon atoms, for example methyl, ethyi, propyl,
isopropyl, buty!, isobuiyl, tert-butyl, pentyl, isopentyl, necpentyl, hexyl, 2,3~
dimethylbutyl, neohexyl, heptyl, octanyl, nonanyl or decanyl,

The terms "-(Co-Cajralkylene”, "-(Cg-Cgj-aliylens” or {Co-Cgl-alkylens” are
undersiood io mean hydrocarbyi radicals whose carbon chain is straight or branched
and contains from 1 1o 3, from 1 to 4 or from 1 to & carbon atoms, for example
methviene, sthylene, propylene, isopropylene, isobutylens, butyleng, tart-butylens,
isopeniviens of neopentyiene. "-Co-Alkyleng” is a covalent band.

The term "(C+-Cg)-alkoxy" is understood to mean radicals such as -0O-(Cy-Cyglalkyl
where <{(C4-Cgl-alkyl.is bonded by a carben aiom o an oxygen atom. |

The radical "-C{O}-" is undersiood o mean a keto or aldehyde radical

The "carbamimidoy!” radical is undersiood to mean a -C(NHz)=NH radical.
The term "-(C»-Cgloycicalkyl" is understood fo mean radicals which derive fram 3- o

B-membered monosycies such as the monogycies cyciopropane, cyclobutane,
cyclopeniane, cyclohexane, cycloheptane or cyciooctane.

The term "ary!” is understood to mean aromatic carbon radicals having from 6 10 14
carbon atoms in the ring. Aryl radicals are, for exampie, phenyl, indanyl, indenyl,
naphfhyl;.’é 2,3 4-tetrahydronaphihyl, biphenyiyl, Z-biphenylyl, 3-biphenyiyl,
4-biphenylyl, anthryl or fluorenyl.

The term “a saturated or partly unsaturated (Ca-C 4 eycloatkyl in which cyciaaikyi is
unbridged, bridged or fused" is undersiood to mean radicals, for example compounds

which derive from 3- o 11-membered mono-, bicyales, bridged cycles or spirocycies:
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for exampie from the monocycles such as cyciopropane, cyciobutane, cyclopeniane,
syclohexane, cycioheptane or cyclooctane, for example from the bicycies such as
bicycloheptane, bicyclol4.2.Cloctans, ocishydroindene, decalin, decahydro-
benzocycioheptene or dodecahydroheptalene, for example frc_m the bridged cycles
such as bicycio]3.1.1]heptane, bicycio[2.2.11hepiane, bicyelo[3.3.0joctane or
bicycioj2.2.2Joctane, or, for example, from the spirocycles such as spiro[2.Sloctans and
spiro[3 4joctane.

The term "a saturated or partly unsaturated three- to slevaen-memberad heterocycle
which, according to the ring size, may contain oneg, two, three or four identical or
gifferent nateroatoms from the group of axygen, nirogen and sulfur, and in which the
heterocycie is unbridged, bridged or fused” iz understood 10 maean ring systems which
have from three fo eleven ring atoms and contain, as well as the carbon aioms,
according to the ring size, one, two, fhree or four identical or different heteroatoms from
the group of oxygen, nlirogen and sulfur. Examples of these ring systems are ring
sysiems such as azepane, azepine, azetiding, aziridineg, aziine, azocane,
benzimidazoline, 2,3-dihydrebenzolblithiophene, 1,3-dihvdrobenzolcithiophene, 2,3-
diydrobenzofuran, 2,3-dihvdrobenzooxazols, 2,3-dihvdrabenzothiazole, 1,3-
dihvdroisobenzoiuran, 2,3-dinydroisoxazole, 2 5-dihydroisoxazole, 4,5-dihydro-
isoxazole, benzolt,3ldioxole, 1.4-diazepane, 1,2-diazepine, 1,3-diszepine, 1.4~
dlazepine, diaziriding, diazirine, 1,4-diazocans, dicxane, 1,3-dioxane, dioxazin, 1,4-
diozocane, dioxole, dioxoiane, 1,3-dioxolans, 1,3-dioxolene, imidazoline, imicdazoiiding,
ndane, indoline, isoindoling, isothiazelidine, isothiazoling, isoxazoline, isoxazoliding, 2-
isoxazoline, morpholing, 1,2-oxathiepane, 1,2-oxathiolane, 1 4-oxazepane, 1.Z-oxazine,
1,3-oxazing, 1 4-oxazine, oxazinane, 1,3-oxazinane, oxazocane, oxaziridine,
oxazoliding, oxetane, oxirane, oxocane, piperazing, piperidine, pyran, pyrazoline,
pyrazoliding, pyrroliding, pyrrolidinone, pyrrofine, tetrahydroquineline, tefrahydrofuran,
tetrahydroisoguinoline, 1.2,3 4-tefranydronaphthalene, tetrahydropyran,
tetrahvdropyridine, tetrazine, thiadiazine, 1.2-thiazine, 1,3-thigzine, 1.4-thiazine,
thimzolidine, thiszoling, thistane, thiomorpholine, thiopyran, 1,2, 34riazing, 1,2 4-friazing
or 1,3, 5-triszine.

Spire compaounds are compounds of iwo or three rings in which. In each case, one ring
atom belongs to iwo rings it common. Prefersnce is given to spiro compounds which

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



commoen. This ring atom is either 2 carbon atom or & nitrogen atom, preferably a
carbon atom. The spiro finkage of the two sub-rings may be via ali conceivable

positions. Preferred spiro compounds in all possible steraoisomeric forms are:
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The tenm "halogen” is understood to mean fltorine, chiorine, bromine or ieding,
oreferably fluorine, chiorine or broming, especially fiuorine.

The term "Het ring" or "Het" is undersiped o mean ring systems which have 3 from 15
carbon atoms, are present in one, two or three ring systems bonded {o cne anoather and
which, according to the ring size, contain one, two, three or four identical or different
heteroatoms from the group of axygen, nitrogen or sulfur. Examples of these ring
systems are the acridinyl, azepany!, azepinyl, azetidiny!, aziridiny!, benzimidazolinyl,
benzimidazolyl, benzofuranyl, benzothiofuranyt, benzothiophenyi, benzoxazolyl,
benzthiarolyl, benzﬁriazﬁiyt, benzietrazolyl, benzisoxazolyl, benzisothiazolyl, carbazoiyl,
dat-carbazolyl, carbolinyl, guinazolinyl, guinclinyt, 4H-quinolizinyl, quinoxaliny,
guinucliding!, chromany!, chromenyl, cinnolinyl, decahydroguinofinyl, dibenzofuranyl,
dibenzothiophenyl, dihvdrofuran{z, 3-bi~tetrahydrofuranyl, dihydrofuranyl, dioxolyl,
dioxanyt, 2H, 8H-1,5 2-dithiaziny, furanyl, furazanyl, homomaorpholiny. imidazolidin,
imidazolinyl, imidazolyt, 1H-indazotyl, indoliny, indolizinyl, indolyl, 3H-indoiyi,
isobanzofuranyl, iscchromany!, iscindazolyl, isoindolinyl, isoindolyl, iscauinoliny
(benzimidazoiyl), isothiazolidinyl, 2-isothiazolinyl, isothiazolyl, isoxazolyl, isoxazolidiny,
2-isoxazolinyl, morpholinyt, naphthyridiny!, octahydroisoguinolinyl, oxadiazoivl, 1,2,3-
oxadiazovl, 1.2 4-oxadiazob, 1.2 5-oxadiazolyl, 1,3 4-oxadiazolyl, oxazolidiny,
oxazolvl, oxazolidinyl, oxothiclanyl, pyrimidinyl, phenanthridiny!, phenanthroiinyl,
phanzziny, phenothiazinyl, phenoxathiinyl, phenoxazinyi, phthalazinyl, piperaziny,
piperidinyl, pteridiny, purinyt, pyranyi, pyrazinyl, pyroazolidinyl, pyrazolinyl, pyrazoiyl,
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pyridazinyt, pyridooxazolyl, pyridoimidazolyi, pyridothiazoly!, pyridothiophenyl, pyridiny,
pyidyl, pyrimidinyi, pyrrolidinyl, pyrroliny!, ZH-pyrroiyl, pyrrotvi, tetrahvdrofuranyl,
tefrahydroisoquineliny!, tetrahydroguinolinyl, fetrahydropyridinyl, 6H-1,2,5-thiadazinyl,
1,2, 3-thiadiazoll, 1,2 4-thiadiazoiyl, 1,2.5-thiadiazolyl, 1,3 4-thiadiazoiyl, thianthranyt,
thiazoiyi, thienyl, thienoimidazoiyl, thisnoaxazolyl, thiencpyridine, thiencthiazolyl,
thiormorpholiny, thiopheny!, triazinyl, 1,2,3-trazoiyt, 1,2 4-triazolyl, 1,2 S-inazoiyl, 1,3, 4-
triazolyi and xantheny! radicals.

The term "-{C1-Cq -flucroalkyl™ is understood to maean a partially or completety
fiuorinated alkyl radical which derives, for exampie, from the following radicals: -Crg,
CHFg, CHoF, -CHF-CFg, ~CHF-CHFy, -CHF-CHpF, -CHp-CFa, -CHp-CHEF»,
-ChHo-CHoF, -CFo-CFg, -GFp-CHFp, -CFp-CHaF, ~CHp-CHF-CF3,
-CHo-CHF-CHF g, -CHo-CHF-CHaF, -CHo-CHp-CF 3, -Chgp-Chp-CHF g,
~CHo-CHo-CHaF, -CHo-CFo-CFg, -CHo-CFp-CHFp, ~CHp-CFp-CHaF,
-CHF-CHF-CFg, ~CHF-CHF-CHF2, -CHF-CHF-CHoF, -~CHF-CH2-CF3,
~CHE-ChHp-CHF 5, «CHF-CHo-CHpF, -CHF-CFp-Cg, -CHEF-CRp-CHEFg,
-CHF-CFo-CHoF, -CFp-CHF-CFa, -CFp-CHF-CHFg, -CFp-CHE-CHF,
-CFo-CHo-CFg, ~CFp-CHp-CHFy, -Cro-CHyp-CHoF, -CFp-CFp-CF 3,
-CF5-CFo-CHF5 or -CFp-CFo-CHpF.

The terms "R2 and R3", "R19 and R11", "R13 and R14" or "R24 and R25, together with
the carbon ator o which they are bonded, form a three- o six«membéred cycioalky!
ring" are understood o mean cvaloalkyl radicals such as cyclopropyl, cyclobutyt,
cyclapentyl or eyciohesxyl,

The terms "R2 and R3" or "R24 and R25, together with the carbon atom {o which thay
are bonded, form a three- to six-mambersd heterocycle alkyl radical” are undersiced o
mean radicals such as azitidine, azehiding, déaietidlne; diaziridine,
hexohydropyridazine, hexchydropyrimidine, imidazolidine, morpholine, oxadiazinans,
oxadiazolidine, oxathianane, oxathiclans, oxarzetiding, oxazoliding, oxetane, oxirang,
niperazine, piperidineg, pyrazoliding, pyrrolidine, tetrahydrofuran, "iétrahydropyraﬂ,
tetrahydrothiophene, tetrahydrothiopyran, tetrazinane, thiadiazoliding, thiazetidine,
thiaziridine, thiazoliding, thistane, thirane, thiomorphoiine, friazefiding, triazinane or

trigzolidine.
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The term "R21 and RZ2 fogether with the nitrogen atom 1o which they are bonded form
a four- to eighi-memberaed monocyeiic heterccyciic ring which, as well as the nitrogen
atom, may addiionally, according to the ring size, also contain one or two identical or
different hateroatoms from the group of oxygen, nifrogen and sulffur” is undersiood 1o
mean radicals such as azepaneg, azepine, azetidine, dioxazole, dioxazing, 1,4~
diazepane, 1,2-diazepine, 1 3-diazeping, 1,4-diazepine, imidazole, imidazoling,
imidazolidine, isothiazole, isothiazolidine, isothiazoline, isoxazole, isoxazoline,
isoxazolidine, 2-isoxazoling, morpholing [1,4loxazepans, oXazole, biperazine,
piperidine, pyrazine, pyrazole, pyrazoling, pyrazolidine, pyridazine, pyriding, pyrimidine
pyrrote, pyrroliding, pyrrolidinone, pyrroline, tefrahydropyridine, {etrazing, tetrazole,
thiazole, thiadiazole, thigzolidine, thiazcling, thiomorpholine, 1,2,3-friazine, 1,2 4-
trizine, 1,3,5-riazing, 1,2.3-trigzole or 1.2, 4-triazole.
The term "wo adiacent R4, fogether with the ring atoms fo which they are bonded, form
2 four- to eight-memberad heterocycle or phenyl which, logather with the sub-ring to
which the helerocycie or the phenyl is fused, forms & bicvelic system” is understood to
mean compounds which consis? of two connected fing systems in which one ring
o¥o
constitutes the sub-ring ~—" or and the other ring forms a partly saturated or
aromatic ring system which, according to the ring size, contains one, two or three
identical or different haieroatoms from the group of oxygen, nifrogen and sulfur.
Examples of these ring systems are radicals such as benzoimidazole,
benzoigothiazole, benzoisoxazole, benzo[l,3dioxole, benzofurany!, benzothiazole,
benzoisoxazole, nenzothiofuran, benzothiophene, benzo[1,3joxathiole, benzoxazaoie,
henrothiazolz, benzofriazolyl, quinazoline, quinazolone, guinoline, 4H-quinolizine,
quinoxaline, chromane, chromene, cinnoline, 2,3-dihydrobenzolt 4idioxine, Z,5-
dihydrobenzofuranyl, 1,3-dihydroisoberizofuran, 3 4-dihydro-2H-benzol1 4loxazine, 2,5
dinydrobenzooxazole, 2,3-dihvdrobenzothlazole, 1.3-dihydrobenzojclthiophene, 2,3+
dihvdrobenzolblthiophene, indazole, indole, indoling, iscbenzofuran, isoguinoline,
isochromane, isoindazole, isolndole, isoindoling, 7-oxa-bicyctol4.2 Oocta-1,3,5-triene,
phthalazine, 2,3 4,5-4etrahydro-1H-benzofblazeping, 6,78 S-istrahydro-5-oxa-8-aza-
banzocycioheptens, 3,4.5 B-tetrahydro-2H-benzo[bll 1.4loxazozing, istrahydroguinoline,

1,23 4-tetrahydroquinoxaline or tetrahydroisoguinoline.
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The term "=0" is understood to mean an oxo radical as in-carbonyl {-C(O)-) or suffonyt
or sutfoxide (S{0)y or.8{0}}.

R

The sub-structure in the compound of the formuda la s undersiood o mean

a methyiene radical in the case that p is 1 and an sthyiene radical in the case thal pis
2.

The inventive compounds can be prepared by wel-known processes of by processes
describad here.

The invantion further relates {0 g process for preparing the compounds of the formuias
! and fe and/or a sterevisomeric form of the compound of the formulae | and la and/or a
physioiogically compatible salt of the compound of the formulae | and e andfor a
solvate or hydrate of the compound of the formulae | and [a and/or an N-oxide of the

compounds of the formula 1, which comprises

s

j reacting & compound of the formule i

Ag B {m

wheara A and B are each as defined in the compound of the formula | with &
compound of the formuta ia or litb or llic

R2 Ra R2 R3
O~‘-“—":_;~_:N>/\¢O (Hia) S::::QN&D {Iith)
1 i
! o}
ﬂ\PG PG
R2
R3
{acfivated}\ﬁ/\/\,}f} {ilse)
? _
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where X, R1, R2 and R3 are each as defined in the compound of the formula |,
PG is ah ester protecting group and "sciivatad” means that the amine is present
in an activated form, for exampie as a chiorocarbony! compound, to give a

compound of the formula Ve or Vb
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and reacting the resuliing compounds of the formuia Va or IVh, after convarting
the estar to the carboxvlic acid, with Z to give the compound of the formula |, or

o) reacting a compound of the formula Va or Vb where A, B, X and Y are gach as

w“

defined in the compound of the formuia |
Y ¥

with & compound of the farmula Vi where 1, R2 and R3 are each as defined in

the compound of the formula | and PG is an ester protacting group

RZ  R3
m)ﬁ\%{,o vp
"1 Pepg
10 o give a compound of the forrmuia Va or IV, and reaciing the resuling

compound of the formuia 1Va or Vb, afier converting the esier proteciing group
to the carboxylic acid, with Z to give the compound of the formula |, or
c} reacting a compound of the formula Vila or Viib where A, B and X are each as

defined in the compound of the formuia |
0 o

il 3
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{ e o It} ' b Vb
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with 2 compound of the formula Vi

o FA RS G R2 Ry
. i . G [ ) o
('/::‘/g\.——x’sl~ﬁ1 \f (Viita) {‘/\’;‘/C@;mm \/ \N){\\?& I
R ETN S Rt oo ! pe B
PG N ~og

to give a compound of the formula Villa or VIiIb and reacting the resulting
compaund of the formuta Vitia or Vi, after converting the ester to the
20 correspending carboxylic acid, with Z to give the compound of the formutae | and

la, or
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reacting a compound of the formula X
Rz/\ig
Peu =0

{0y
"1 O

with an amine Z whers Z is as defined in the compound of the formula | to give a
RZ_ R3
BG. )Zl o
N )
R Z

and then canverting the compound X thus obtained in & protecting group

compound of the formula X

elimination 1o give a compound of the formula Xl

RZQS

- G

P
T} 2

and then reacting this compound Xl with @ compound Va or Vb, as detalled
under b}, to give the inventive compound of the formulag | and la, or

separating a compound of the formulas | and la prepared by processes a), b}, ¢j
or d), or a suitable precursor of the formulae ! and fa which, owing to its chemical
struciure, ocours in enantiomeric or diastersomeric forms, into the pure
enantiomers or diastereomers by salf formation with enantiometically pure salts
or bases, chromatography on chiral stationary phases or derivatization by means
of chiral enantiomerically pure compounds such as amine asids, separating the
diasiereomers thus obtained, and eliminating the chiral auxiiiary groups, or
sither isolating the compound of the formulze | and |a prepared by processes a),
b), ¢} or d) in free form or releasing It from physiologically incompatible saits or,
in the case of the presence or acidic or basic groups, converting it to
physiclogically acceptabie salis, or

converting the compound of the formulae | and la prepared by processes aj, b,
o) or d), or a suitable precursor of the formudae | and la which, owing to ifs
chemical structure, is capable of forming an N-oxide fo an N-oxide o, in the case
of the presence of an N-oxide, convarting it to the free amine or the salt of an
amine,
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The synthesis of the inventive products can alsc proceed on the basis of three starting
materials, any variation of the componants which fead to the inventive structures being

possible. For the sake of simplicity, the possible syntheses are described through these

~ three components; howeaver, this is not intended to constitute any restriction on the

further mears of synthesis.

For sxampig, componant A may be a spiro-amine:

X

For example, component B may be an aminc acid derivative:

o andg

for example, component © may be an amino nitrile:;

h
s

It is a praferred route fo prepare, from these three starting maierials by selection of
suitabie derivatives of these components, for exampie protected or maodified precursors
or precursors with defined sterebchem%stry, the inventive compounds through suliable
coupling reactions, possibly afier activation with reactive reagents such as known
peptide coupling reagents or reagents which isad o activaled urea precursors.
Methods of peptide coupling are described, for instance, in Bodanszky (M. Bodanszky,
Principles of Peptide Synthesis, 2nd ed, Springar, Berlin, 1883}, Proteciing groups,

their introduction, detachment and stability ars described, for exampls, in Greene
{T.W. Greene, P.G.M. Wuts, Proteciive Groups in Organic Synthesis, 3rd ed, Wiley,
New York, 1398). The preparation of ursas is describad in detail, for example, in

G. Sariori; R, Maggi, Acyclic and cyclic ureas, Science of Synthesis (20058, 18,
BEETHE.

it is possible for many different sultable activation and coupling reagsnts which are
kriowr to those skilled in the art and some of which differ in their ahemistry to be used.
Merely by way of exampls, meantion is made of carbodiimides, uronium salis or else
chioroformic esters for carboxyiic acid aclivation, and of phosgene, uarbonyimumldamoie

or else chloroformic esters for the preparation of aciivated urea precursors, and of
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chiorosuifonic acid or sulfur frioxide for the preparation of activated sulfonyiures
precursors,

It is equally possible for the sequence of coupling fo be varied, or else the individual
component or the two-componard unit {which has been obtained by coupling two
adiacaent jndividual components} on which the activation is underiaken, or for different
protecting groups o be usead, followed by the addilion of the component which is still
absent or of the compenents which are still absent. 1t is alsc possible to change the
protecting groups, for exampie protecting group detachments on completion of coupling
or at the end of the synthesis, to prepare the compound of the formulae | and la.

Moreover, the compound of the formuiae | and la can be prepared via route 1a:
Raouts 18

t
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i
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The component B ~ amino acid derivalive — used is a suitable ester, for exampie g
methyl astar, but many other ester protecting groups are also possible.

This darivative is activated on the nitrogen to give a urea presursor, for example by
reaction with triphosgene, diphosgene or phosgene itself o give an isocyanate, so that
a urea is formed by subsequent reaction with the spirc-amine A. However, many other
typas of activation are also possible; for example, reaction with carbonyidiimidazole
affords the activated imidazolide, reaction with 4-nifrophenyi chlorcformate affords the
corresponding carbamate, and reaction with various similar activating carbonate
reagents such as bis-succinimidy! carbonate or bis(4-nitrophenyl) carbonate affords
corresponding derivatives. The analogous sulfur-coniaining derivatives {thiourea
analogs) can be obiained corraspondingly by the use of thiophosgene.

Howevar, it has fo be {akan into account that the strength of activation by the reagents
iinted is differant, La. the subsequeni reaction with the secondary spiro-amine can

proceed at different speed or else afford very different vields or by-praducts,
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Moreover, i might be nacessary to achieve a preactivaiion by silyiating the amine with,
for example, imethylsilyl chioride or bistrimesthylstliviacetamide or
histriflucrornethylirimethyisilylacetamide in order that the actually activated urea
precursar can form more easily, {n addition, # might be advantageous in some cases {0
nroceed from a free amino acid and to silylate if beth an the nitrogen and on the
carboxylic acid with one of the silvlating reagenis menticned or eise other suitable

sityiating reagents, and then to form the isocyanate.

Next, the esfer is cleaved under conditions which cause g minimum level of side
reactions on the molecule, in the case of the methy! ester preferably under basic
conditions, for example with NaOH or LiDH as a base, and it is advisabie o avoid base
excesses of jong reaction times. in the case of a silyl protecting group, it may, though,
also be sufficient {o achieve ester cleavage by agueous treatment, possibly with

addition of a little mineral acid.

Before the amids bond cah be {formed with the 3rd component, the aminonitrile, the
carboxylic acid is generally released from the sall with a mingral acld after the basic
cleavage.

Subsequently, the paplide coupling can be effected by a multitude of methods known to
those skilied in the arf, as already mentioned above, if appropriate with addifion of
further auxiliary reagenis for increasing the coupling efficiency or suppressing
racemization.

Route 1b:

OO0 — 00N — OO

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

howaver, the activation {0 give the urea precursor is not effectad on component B, the
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amino acid derivative, but rather on component A, the spiro-amine, Since it is, however,
a secondary amine, reactivities and yieids are often changed compared to route 1a.
For example, it is, though, possible to activate the spiro-amine as the chiorocarbony
derivative by reaction with phosgene, triphosgene or diphosgene, and then o react the
latter with the abovementioned amino acid ester. The abovementioned amino acid can
also be used in the activated silylated form.

Tha further reaction, 1.e. release of the carboxylic acid and coupling with the amine
component C, is then effected as described under 1a.

Route 2a

The starting material is a suitable N-terminally protected amino acid derivative B. This
is first coupled with the aminonitriie C; in this reaction, the known methods of paplide
bond formation can again be used. Subssguently, the N-terminal protecting group is
eliminated and the slimination product is converted to the activated urea precursor as
described under 1a. Under some c:ircumsiancas,' it is of pariicutar significance here o
use the profecting groups whose datachment conditions are compatible with the
functionalities on the overall mot'ecule B-C. This activated derivative, for example the
isocyanate, is subsequently reacted with the spirc-amine (o give the inventive
compound 1.

Route 2b
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Alternativaly, It is also pussible here, analogously o the route described undear 1b first

to activate the spiro-amine A in order then {o perform the reaction with component B-C
to give the urea.

Chiorosulfonylamines or inventive sulforyluress are prepared according to the foliowing
scheme,

i i
Bo— . RTITOH e TSI
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The synthesis of sulfonylureas is widaly described. A frequently used method procesds
from an activation of the amines to give sulfony! chiorides by reaction with preferably
chiorosulfonic acid, and subsequent chiorination of the resulting sutfonic acid with, for
exampie, phosphorus pentachioride or phosphorus oxychioride, followed by the
reaction with the second amino component and a suitable base. Equally, i is also

possibie to use 803 In the first stage of the synthesis.

Morsover, it is also possibie fo achieve the desired conversion with sulfony! chioride,
Preference is given to undertaking the reaction on the secondary spiro-amine unit,
followad by the reaction, for example, of the aminc acid-amine, protectad as the ester.
Subssquently, the ester is cleaved and reacted with the ammnonitriie unit.
Aliernatively, it is also possible 1o react the aclivated spiro unit with the amino acid-
amidonitrile, preparad from the N-terminally protected amino acid by coupling with the
aminonitrile unit followed by the protecting group detachment.

Bizamides are preparaed starting from aming acid units according o the following
scheme:
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When the spirc unit is not present as a secondary amine bui rather as & carboxvlic
acid, there is altachment {o the amino acid via an amide bond. This can be effected in
the synthesis sither first, in which case an amino acid esier is used, followed as
described above in'{he analogous case 1h by ester cleavage and amide coupling with

the aminonitrile unit, or, when an amino acid-amidonitrile unil is used, as the second

coupling stage in the synthesis, in each case accompanied by appropriate protecting

group manipuletions, as described above in case Zb.

Optically active carbon atoms in the inventive compounds of the formulae | and la may
each independently be present in R ar S configuration. The compounds of the formulae
I and la may be present in the form of the pure enantiomaers or pure diastezareomarss o in
the form of mixiures in any proportions of the enantiomers and/or diastereomars, for
axample in the form of their racemates or enantiomeric digstereomer pairs. The present
invention thus relates to pure enantiomers and mixtures of the enantiomers, and
equally to pure diastersomers and mixtures of the diastereomers. The invention -
likewise encompasses mixtures of two or of more than two sterepisomers of the
formulae | and iz and likewise all possible mixing ratios of these stereoisomers in the
mixtures. in the case that the compounds of the formulae | and ia are presant in the
form of E or Z isomers, or cis of fransisomers, or as a "spiran”, the invention relates in
gach case both to the pure & and pure 7 isomers, and to the pure cis or pure
transisomers, and likewise, entirely anaiogously, to the corresponding spircisomers,
and also E/Z or cisftrans mixtures in any ratic. The invention likewise encompasses all

tautomeric forms of the inventive compounds of the formulas | and fa.

The compound of the formulae | and iz is, when i occurs as a mixiure of diastereomers
or enantiomers or is obtained as mbdures thereof in the synthesis selscted, separated
into the pure stereniscmers, either by chromatography on a chiral or achiral support

material, or, when the racemic compound of the formulae | and la is capable of sall
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formation, by fractional crystafiization of the diastersomeric salis formed with an
eplically aclive base or acid as an auxiliary. Suitable chiral stationary phases for thin-
layer or colums chromatography separafion of enantiornars are, for example, modified
sifica ge! supports (so-calied Pirkle phases) and high molecular weaight carbohydrates
such as triacstyicellulose. For analviical purposes, gas chromatography methods on
chiral stationary phases can also be employed after appropriaie derivatization known o
those skilad in the art. For enantiomear separation of the racemic carboxylic acids, an
optically active, generally commercially aveailable base such as {~rnicoting, (+) and (-
phenylethylaming, quinine bases, L-ysine or L- and D-arginine are used to form the
differently soiuble diastaraomeric salts, the less solubla component is isolated as a
solid, the more soluble diastereomer is separated from the muother licuor, and the pure
enantiomers are obtained from the diastereomeric salts thus obiasined. In a manner
simifar in principle, the racemic compounds of the formudae | and la which contain &
basic groun, for example an amine group, can be converied to the pure enantiomers
with optically aciive acids, for example {(+}-camphor-10-sulfonic acid, D- and L-tartaric
acid, D-and. L-iactic acid, and also (+)}- and (--mandelic acid. { Is also possibie io
convett chiral compounds which contain alcohol or amine functions to the
correspending esters or amides with correspondingly activeted or optionally N-
protected enafiomerically pure amino acids, or, conversely, {o convert chiral carboxyiic
acids 1o the amides with carboxy-protected enantiomerically pure amino acids, or to the
corresponding chiral esters with enantiomerically pure hydroxycarboxylic acids such as
tactic acid, The chirality of the amino acid or alcohol radical infroduced in
enantiomerically pure form can then be utilized to separate the isomers by undertaking
a separation of the diastereomers now present by crystallization or chromatography on
suitable stationary phases, and then detaching the entrained chiral molecular moisty
again by means of suitable methods. '

Furthermore, the possibility arises for some of the inventive compounds o use
diastersomerically or enarndiomaerically pure starting materials to prapare the skeleton
structures. This also aliows different or simplified processes for purifying the and
products to be used. These starling materials have been prepared beforshand in
enantiomerically or dias%ereomeréca%%y nure form by liferature processes. T this snd,

for example, it is also possible to use enzymatic processes. [t is possible either 1o use
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those enzymatic processes which proceed enantio- or diastersoselectively in one
synthesis step, i.e. afford one compound selectively, or else in the sense of a kinefic
enzymatic synthesis or cleavage in stch a way that, for exampig, an enantiomer of
diastereomer already presernt is convertad highly preferentislly in the enzymatic
reaction, for example in the sense of a seleclive acylation or esterification or acyl
cleavage or esler cleavage, Reactions used successhully are, for example, acylation
reactions with lipases or acyiase cieavages of N-acsty! compounds, or profeass-
mediated esterifications in organic solvents or ester cleavages, but many other

possibiliies are also conceivabie.

When amino acid derivatives are used, they are frequently commercially avaiiabie
aiready i ananfiormarically pure form. in the case of non-protelnogenic amino aclds,
they may, however, ofien also be prepared from enantiomerically or diastersomerically
pure natural precursors, for example from profeinogenic amino acids or else othar
natural chiral siarfing materiale of the chiral pool, or eise these precursors are obtained
in optically pure form by one of the separation methods mentioned or by use of

different types of enzymatic processes and usad correspondingly in the synthesis.

Agidic or basic products of the compound of the formulae | and la may be pressnt in

- the form of thair salis or in fres form. Preference is given io pharmacoiogically

acceptable sals, for example alkall metal or akaline sarth metal salis or
hydrochiorides, hydrobromides, sulfates, hemisulfates, all possible phosphates and
salis of the amino acids, natural bases or carboxylic acids, The present invention also
includes ali solvates of the compounds of the general formulae | and la, such as

stoichiometric or nonstoichiometric hydrates or alcohol adducts.

The preparation of physiclogically compatibie salts from compounds of the formulas |
and la capable of salt Tormation, inciuding their slerecisomeric forms, is effecied h a
mannegr known per se. The acidic compounds of the formulae | and e form stable alkali
meftal, alkaline earlh melal or oplionally substiiuted ammonium salls with basic
reagents such as hydroxides, carbonates, hydrogencarbonates, alkoxides and
ammoenia, or organic basis, for example methytamine, dimethylamine, ethylamine,

trimathyl or tr%athylaméné, gthanoclamineg, disthanolamine or iriethanolaming, rometamo!
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or sise basic amino acids, for instance lysine, ornhithine or arginine. When the
compounds of the formulae | and la have basic groups, it is also possible fo prepare
stable acid addition salts with strong actd. For this purpose, useful acids are balh
inarganic and organic acids such as hydrochioric acid, hydrobromic acid, sulfuric acid,
hemisulfuric acid, phosphoric acid, nitric gcid, methanesulfonic acid, benzenesuifonic
acid, p-icluenssulfonic acid, 4-bromobenzenesutfonic acld, cyclohexylamidosulfonis
acid, triflucromathvisulfanic acid, 2-hydroxvethanesulfonic acid, formic acid, acstic acid,
oxalic acid, tartaric acia, succinic acid, glycerolphosphoric acid, lactic acid, malic acid,
adipic acid, citric acid, fumaric acid, malsic acid, malonic acid, benzoic acid, sorbic
acid, gluconic asid, glucuronic acid, palmitic acid, stearic acid or triflusroacetic acid.
Hydrates of the compounds of the formulae | and ta can be prepared, for example, by
{re)crystaliization from an organic-aqueous solvent mixiure, for example by using such

organic solvents as dioxane, efrahydrofuran, ethano! or methanol.

Conversely, it is also possible to prepare free acid or free base forms of the compounds
of the formulae | and 12 from the corresponding salts. For exampie, & compound of the
formuiae | and la can be released from its acid salt form by treatment with suitable
bases {such as ammonia solution, sodium hydroxide solution). In some special cases,
treatment with oxiranes can alse bring about a retease; for example, hydrochlorides can
be released by treatment with methyloxirane, particularly in the case of amine acid
derivatives. Compounds of the formulae | and la which are pr@sént in the form of their
base saif form can be converted to the free acid form by treatment with suitable acids
{ctiric acid, hydrochioric acid or sulfuric acid). '

Nitrogen compounds of the formuiae | and la may also be present in the form of their
N-oxides, These can be prepared by various 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 fo the corresponding MN-oxides by freatment with a suitable oxidizing
agent (trifluoroperacetic acid, permaleic acid, perbenzoic acid, peracetic acid, meia-
chicmpevbeﬁzoic acid) in suitable inert organic solvants. Alternatively, the N-oxides of
the compounds of the formulae | and |a can also be prepared by using starting

materialg or intermediates in the form of their N-oxides or preparing them as such.
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Compounds of the formulas | and la in their nonoxidized form can also be preparsd
from the N-oxides of the compounds of the formuiae | and la by treatmant with reducing
reagents {such as sulfur, sulfur dioxide, triphenylphiosphine, various borchydrides,

phosphorus trichloride o —bromice and the like) in suiiable inert arganic solvents,

Compounds of the formuiae | and {a which simultaneously bear a basic and an acidic
group, for example an amino or guanidino group and a carboxy! group, may likewise be
presant inn the form of their zwitterions (betaines), which are likewise includad within the
scope of the present invention.

The invention likewise encompassas all salts of the compounds of the formulas Tand ia
which, owing to their low physiological tolerabiiity, cannot be used directly in active
pharmaceutical ingrediants, but, for example, are used as intermadiates on the route ©
the preparation of the inventive compounds, or else as starting materials for the
synthesis of the physiclogically toigrable salts. The invention further encompasses
derivatives and modifications of the compounds of the formulas | and ig, for example
prodrugs, protected forms and other physiologically tolerable derivatives, and equally
active or secondarily activable metaholites of the compounds of the formulae | and ia.
in parficular, the invention encompasses prodrugs and rotectad forms of the
compounds of the formulae | and ia which can be converted to the compounds of the
formulae | and ia under physiological conditions, Stitable prodrugs of the compounds
of the formulze { and ta are in particular those chemically modified derivatives whose
propariies are modified in 2 desired manner, for example in relation to improved
solubility, bicavaitability, absorption, or prolonged exposure or duraiion of action. The
possibie prodrugs are known to those skilied in the art and widsly described in the
Hisrature.

The invention aiso relates to medicaments characterized by an active content of at
fsast one compound of the formulae | and ta andior of & physiciogically compatibie salt
of the compound of the formulae | and la and/or a stereoisomeric of non-
sterapisomeric form of the compound of the formulae | and iz, together with 2
pharmaceutically sultable and physiologically compatible carrier, additive and/or other

active ingredients and auxiliaries.
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The invention also relates to a medicament characterized by a compound of the formuta | as
defined herein together with a pharmaceutically suitabie and
physiologically compatible carrier, additive and/or other active ingredients and/or

excipients.

The invention also relates to the use of the compound of the formula | as defined herein
for producing a medicament for the prophylaxis, secondary prevention and
therapy of abnormally elevated bone degradation, allergies, Alzheimer's disease,
amyloidosis, ARDS, artertal thrombosis, asthrna, atheromas, atherosclerosis,
autoimmune disorders, bacterial infections, bronchiolitis, cerebral hemorrhage,
cerebrovascuiar ischemia, Huntington's chorea, chronic inflammations, CIPD
(chronic inflammatory demyelinizing polyradiculoneuropathy), Creutzieldt-Jakob
disease, Crohn's disease, diabetes, particularly the juvenile form, emphysema,
encephaiomyelitis, endomeiriosis, 'inﬂammatory respiratory disorders,
inflammatory pancreatitis, epilepsy, disorders characterized by enhanced
angiogenesis, excessive respiratory pathway elastolysis, tissue grafts, gingivitis,
glomerulonephritts, glucocorticoid-induced osteoporesis, Graves' disease,
Guillain-Barre syndrome, Hashimoto's thyroiditis, hepatitis, HIV infection,
Huntington's disease, hypercalcemia, IBD, immune impairment, interstitial
cystitis, bone fracture, bone loss, cancers, iupus erythematosus, malaria,
metachromic leukodystrophy, metastasizing osteogenesis, metastaiis, muliipie
sclerosis, muitinle myelomai muscuiar dysirophy, myasthenia gravis,
neurodegenerative disorders, neuropathic-pain, chronic or diabetic neuropathy,

post-therapeutic neuralgia, trigeminal neuralgia, painful diabetic polyneuropathy,
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post-stroke pain, post-amputation pain, myelopathic or radiculopathic pain,
atypical facial pain and causalgia-iike syndromes, organ rejection in transplants,
ostecarthritis, osteogenesis imperiecta, osteoporosis, Paget's disease,
pancreatitis, Parkinson's disease, pemphigus vulgaris, periodontitis, plague
rupture, Pneumocystis carinii, pneumonitis, psoriasis, restenaesis, rheumatoid
arthrilis, scleroderma, systemic lupus erythematosus, brain trauma, spinal cord
trauma, tumor cell invasion, viral infections, tooth loss, breast cancer, intestinal
cancer, ovarian cancer, cervical cancer, skin cancer, brain tumor, Kaposi's
sarcoma, B- and T-cell leukemia, lung cancer, lymph node cancer, pancreatic

cancer, prostrate cancer and sarcomas,
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Owing to the pharmacological properties, the inventive compounds are suitable for the
prophylaxis, secondary prevention and therapy of alt of those disorders treatable by an
irthibition of the cysiaine proteases, particularly of the cathepsins. They are suitable
both for acute treatment and for [_Onguterm therapy. Cathepsin inhibitors can be ussd in
the case of abnormally elevated hone degradation, allergias, Alzheimer's disease,
amyloidosis, ARDS, arterial thrombosis, asthma, atheromas, atherosclerosis,
autoimmune disorders, bacterial infections, bronchiolitis, cerebrat hemorrhage,
cerabrovascular ischemea, Huntington's chorea, chronic inflammations, CIPD {chronic
inflammatory demyelinizing polyradiculoneuropathy), Creutzfeldi-Jakob disease,
Crohn's disease, diabetes (particutarly the juvenile form), emphysema,
encephalomyelitis, endomeitricsis, inflammatory respiratory disorders, inflammatory
pancreatitis, epilepsy, disorders characterized by enhanced angiogenesis. excessive.
respiratory pathway elastolysis, tissue grafis, gingivitia, giomerulonephritis,
glucocorticoid-induced osteoporosis, Graves' disease, Guillain-Barre syndrome,
Hashimolo's thyroiditis, hepatifis, M1V infection, Huntington's disease, hypercaicemia,
IBD, immune impairment, interstitial cystitis, bone fracture, bone foss, cancers, lupus
erythematosus, malaria, metachromic leukodystrophy, metastasizing osteogenesis,
metastatis, multiple sclerosis, multiple myeioma, muscular dystrophy, myasthenia
gravis, neurodegenerative disorders, neuropathic pain, (particularly chronic neuropathic
pain, but also diabetic neuropathy, post-therapeutic neyralgia, tigeminal neuralgia,
painful diabetic polyneuropathy, post-stroke pain, post-amputation pain, myelopathic or
radiculopathic pain, atypical facial pain and causalgia-iike syndromes), organ rejection
in fransplants, osiecarthritis, osieogenesis imperfecta, osteoporosis, Pagel's disease,
pancraatitis, Parkinson's disease, pemphigus vuigaris, periodontitis, plague rupture,
Prneumaocystis carinil, pneumonifis, psoriasis, restenosis, rheumatold arthrifis,
scleroderma, systernic lupus erythematosus, trauma (brain, spinal cord), tumor cefl
invasion, viral infections, tooth loss, and preferably, but not exclusively, in the following
types of cancer: breast cancer, intestinal cancer, ovarian cancer, cetvical cancet, skin
cancer, brain tumort, Kaposi's sarcoma, leukemia (B~ and T-call); fung cancer, lymph

node cancer, pancrestic cancer, prosirale cancer and sarcomas.

Since many compounds of this invenfion are particuiarty inhibitors of the cysteine

cathepsing B, K and 8, it is possible with prefarence io treat disorders in which said
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cathepsins contribute o the pathology orfand symptoms. This relates particularly {o:
pain, espacially neuropathic pain, ostecarthritis, osteoporosis and various cancer types.
This likewise relates {o various (auto)immune disorders, particularly of the rheumatoid
type, which have likewise already been listed above, and disorders characterized by
excessive elastolysis, particularly of the COPD type, and related disorders listed above,
and aiso cardiovascular disorders characterized by vascular changes, such as

atherosclerosis,

The invertive madicamanis can be adminisiered extravascularly, for exampls
intramuscularly, subcutanesously, infraocularly, infraarticutarly, intrasynovislly, perorally,
orally (buccally, periingually, sublingually}, rectally, vaginally, {transjdermally,
pulmonally (inhalatively) or nasally or intravascularly, for exampie intravaenously,
intraarterially, or intracardially, in each case as an injection or infusion, Preference s
given to the oral administration form,

The invention aiso relates to a process for producing a medicament, which comprises
bringing a compound of the formulas | and la into a suitable administration form with 2
pharmaceutically suitable and physiclogically compatible carrier and optionally further

suitable aclive ingredients, additives or awdliaries.

Suitable solid or pharmaceutical formulation forms are, for example, granules, powders,
coated tablets, tablets, {micro)capsules, aupposi‘mrieé, syrups, juices, suspensions,
armulsions, drops or injectable solutions, and also preparations with profracied active
ingredient release in whose production cusfomary auxiliaries such as carriers,
disintegrants, binders, coatings, swelling agents, gliidants or tubricants, flavorings,
swesteners and solubilizers are used. Frequently used auxiliaries include magnesium
carbonate, titanium dicxide, lactose, mannifol and other sugars, tale, milk protein,
gelatine, starch, cellulose and derivatives thereof, animal and vegetable olis such as
fish ofl, sunflower oll, groundnut ol or sesame i, polyethviene glyoo! and solvends
such as sterile water and mone- or poiyhydric alcohols such as glveerol,

Moreover, it is also possible, particutarly in the production of suspensions, {o use
compounds with quite particutar, specifically established surface properties. These

inciuds, for example, dry and wet grinding. misronization, spray drying, production of
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nanocrystals and similar processes, in which changing the surface properiies allows,
for example, improvement in solubilities or especially dissoiution kinetics, which

achisves, for example, improved uptake of the particular compound infe the organism,

The pharmaceutical preparations are preferably preduced and administered in dosage
units, gach unit containing a particular dose of the inventive compound of the formulae |
and ia as an active constifuent. in the case of solid dosage units such as tablets,
capsules, coated tablsts or suppositories, this dose may be up to about 3000 mg, but
praferably from about 50 to 1000 mg, a'nd, in the case of injection solutions in ampute
form, up to about 500 mg, but preferably from sbout 20 to 200 mag.

ror the treatment of an adult patient of about 70 kg in weight, according 1o the activity
of the compound of the formulae | and iz, daily doses of from about 2 mg to 5000 mg
of active ingredient, preferably from about 10 mg to 1600 mg, are indicated. Undsr
some circumsiances, howevar, higher or lower daily doses may alsc be appropriate,
The 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 muliiple administration
of divided doses af particular intervals.

inhibitors of the aforementioned type can be administsred even as a monotharapy or in
combination or together with other medicaments.

End products are gensrally determined by mass spectrometry methods {FAB-, ESI-MS)
and "H NMR (generally, unless staied otherwise, 500 MHz in DMSO-D8): in each case,
the main peak or the two main peaks are spacified. Temperaiures are stated in
degrees Celsius. Abbreviafions used are either expiained or corrgspond to the
customary conventions,

Starting materials or synthesis intermediates are either obtainable commercially or are
prepared as cited or described.

1-Oxa-8-azaspiro[d. Sldecane, Z-oxa-B-azaspiro[4.5ldecans, 2-oxa~7-
azaspiroj4.5ldecane, 1-oxa-7-azaspiro[4.5]decane, 2-oxa-7-azasplol3.8lnenane and
also analogous or alkyl-substituted or —disubstituted derivatives are prepared as
described in WO01/87838.
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1,4-Dioxa-8-azaspiro[4.5ldecane, 1-oxa-4,8-diszaspirol4.Bldecane, 1,56-dioxe-&-
azaspiro[5.Slundacane, 1-oxa-5,8-diazaspiro{5 5lundecane or stmilar and substituted
derivatives are prepared as in EP 0621267, The known method can lkewise also be
amploved successfully by heating the keto precursor (for example the protected
pineridone) with diols and a catalvtic amount of p-toluenesulfonic acid on a waier
separator,

3-Azaspiro{5.Blundecane is also obtainable, for example, from 3-

azaspirols Slundecana-2,4-dione, the same applies for similar carboeyclic spiro
compounds, The reduction can be effected with LiAdH,.

2-Methyl-2 8-diazaspirof4 Sldecan-1-one, differently Z-subsiifuted derivatives,
analogous ureas and amines are described in J. Mad. 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 subsiituied spiro-hydanioins and
lactams with inverse amide formation (i.e. 2, 8-diazaspirol4.5ldecan-3-one and
derivalives), and also imides.

Many different spirocyciic indanes, indenes, {etralones and tetralins are cormmercially
avaiable. '

The preparation of 8-azaspirol2.5loctane and many furthar spiro compounds is
descriped In Buil. Soc Chim. France 10, 2572-81 (1864},

Abbreviagiions used:

bis{Z~methoxyethyljaminosulfur frifluoride BAST
tert-butyl By
2,2 -bis(diphenyiphosphino}-1, 1-binaphthy! Binap
bis(oxo-3-oxazolidinyl)phosphory! chioride ORI
dibenzylidensacetone dha
dichioromsthane DCM
dicyclohaxyicarbodiimide DCC
diethyiphosphory! cyanide DEPC
ditsopropylethylamine _ DIFEA
4-dimethylaminopyridine DMAP
N, N-dimethylformamide TiIF

dimethy! suffoxide DMSO



15

20

30

1, 1-bis{diphenyiphosphinoiferrocene
1-(3-dimethylaminopropy!-3-ethyicarbodiimide

hydrochloride
equivalents

saturated

Cu(T-azabenzotiazol-1-y-~N, NN N
tetramethyluronium hexafluorophesphate

Teara-1-hydroxybenzotriazole

lithium diisopropylamide

methano!

methyimagnesiurm chioride solution

mathyl terl-buiyl ether
N-bromosuccinimide
N-chiorosuccinimide
N-iodosuctinimide

N-ethyimorpholing

room temperaiure from 20°C 1o 25°C

broad singiet
tetrahydrofuran

irifiuorpacstic acid

O-{{ethoxycarbonyl)cyanomethyvigneaming -

NN N N -teramethyiuronium tstrafiuoroborate

Examplas

OPPE

=00

eq.
sat.

HATU

HOAL

LDA

ieQOH
MeigCi sol.
MTBE

NBS

TOTU

Thea examples which foliow were prepared analogousiy fo the gensral or specific

methods specified above.

Example 1. Methyl {5)-2-benzvioxyoarbonviaminoe-3-chiorocarbonyipropionals
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 oxaly! chioride were dissotved in 200 mi of THF (slightly

excthermic), cooled back o room temperature {(RT) and added dropwise {0 the solution

of the amino acid over 1 hour (h}. Afiter a further hour at RT, the soiution was initialty

sparged with nitrogen for 10 min, concentrated on a rotary eva;:\os"atm; at a maximum of
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30°C and coevaporated repeaiedly with toluene. The rasulting dirty whife solid was
dried to constant weight under in-house vacuum (about 1.5 mbar) and reacted further

without further purification. Yield: 186.6 g {quantitativa}.

Example Z: Methyl (S3»-2-benzyloxycarbonylamino-4-oxopentanoate

Copper(!) bromide {60.9 g, 425 mmol, 1.2 equivalents (eq.)) was introduced info a

3 fiter 4-neck flask (with dropping funnel, internal thermometer, argon intet, rubber
septa, in a cooling bath) and admixed with 250 ml of THF. A separate flask was initially
chargsd at 10°C with lithium bromide (75 g, 8§64 mmol, 2.4 eq.) and admixed with

470 ml of THF under argon. Gn completion of dissolution and recocling to RT, this
solution was transferred to the suspension of the copper bromide. The resulting
colortess io slightly greenish solufion was cooled o —80°C, and methyimagnesium
chloride (141 mi of a 3.0 M solution In THF, 423 mmol) was added within 15 min. A
thick vellowish precipitate formed and the temperature rose fo RT. After cooling again
to -60°C, the solution from exampis 1 (prepared from 108 g of methyl (5)-2-
benzyloxycarbonylamino-3-chlorocarbonylpropionate, 353 mmol, and 380 mi of THF)
was added over about 30 min and the temperature was kept below ~25°C. Afler the
addition had ended, the mixture was stirred for another 1 h, and soiid ammonium
chioride (30 g) was added at-15°C. After a further 2 h, the mixture was filtered, the
filfrate was diluted with 400 mi of hapiane and 200 mi of saturated ammonium chioride
solution were added. Once the mixiure had been stirred 2t BT {or 1 h, the organic
phase was removed and washed repeatedly, and the agueous phases were
raexiracied with ethy! acetate. The combined organic phases were dried over sodium
sulfate, concehtrated on & rotary evaporator under reduced pressure and
chromatographed on 1 kg of sliica gel with 1:3 to 1:1 sthy! acetate/heptane. After the
products had been combined and dried under reduced pressure, 83 ¢ {B4% vieid) of a
white sofid were obtained. "H NMR {300 MHz, CDCIs): 7.4 {m, 5MY, 5.78 (m, 1H); £.18
(s, 2H); 4.5 (s, 1H), 3.75 ("s", 3H); 3.3-2.9 (2dd, 2H}, 2.2 {s, 3H)

Example 3: Methvi {5 }~2~behzyloxycarbonylaminon&oxoheptanoam
The preparation was effected analogously to example 2, with the difference that N-
propyimagnesium chioride (2 M in diethyl ether) was now ussd and a chromatographic

purification was dispensed with. Instead, the resulting dark crude product was taken up
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in 1.1 DCM/heptane and filiered through Cefite. After ireatment with activated carbon
and filtration, the desired product was obiained in 93% vield.

TH NMR (300 MMz, CDClL): 7.4 (m, 5H); 5.78 (m, 1H): 5.17 (s, 2H): 4.6 {s, 1H} 3.73
("s”, 3M); 3.3-2.9 (2dd, ZH); 2.4 {m, 2K} 1.6 (m, 2H, overtapping); 0.9 (m, 3H)

Exampie 4: Methyl {(8}-2-benzyioxycarbonyiamino-4, 4-difiucropentacate

BAST (Deoxofiuor, 80 g, 271 mmol, 2.85 eq.) was iniially charged in a 1 liter flask
made of inert plastic and admixed with the ketone from example 2,
dissolved/suspended in 40 ml of dichloromethane, After a reaction dme of 1 day and
again afier 12 h, in each case 25 mi {113 mmol} of BAST ware added and the mixture
was stirred further at RT. Afler a further 12 h, dichloromethane was added and the
resuifing solution was rapidiy added dropwise tc an ice-cold saturaied sodium
hydragencarbonate soluiion while keeping the temperature below 30°C. The organic
rhase was removed, the agueous phase was axtracted repeatedly with
dichloromethane and the combined organic phases were washed with water, 1 N HCI
and saturated in NaCl soiution, dried over sodium solvate and concentrated under
reduced pressure, The brown oil was then chromatographed on silica gel (31
heptane/MTBE o 2:1).

Product fractions were combined and conceniraied by evaporation under reduced
pressure,

Yield: 22.3 g, 56%. 'H NMR (300 MHz, CDCIs) 7.4 {m, 5H); 5.45 (m, 1H): 5.18 (s, 2H);
4.5 (s, 1Hy; 378 ("s", 3HY; 2.4 {m, 2HY) 1.7 {m, 3H)

Example 5: Methy! (8)-2-benzyloxysarbonyiamino-4 4-difluorohepiancate

The preparation was effected analogously fo example 4.

"H NMR (300 MHz, CDCl): 74 {m, bH); .46 (m, 1H); 547 (s, 2H), 4.6 (m, 1HY; 3.77
("s", 3HY); 2.4 (m, 2H}; 1.8 (m, 24, overlapping); 1.5 (m, 2H); 0.95 (m, 3H)

Al further reactions in the series of the 4 A-diflucroheptansic acid derivatives to give the
inventive end products were conducted entirely anaiogously 1o the corresponding

nentancic acid derivatives.

Example §: Methyl {S)-Z-amino-4 4-difluoropentancate hydrobromide
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1C g of the compound from example 4 wers admixed at RT with 35 mi of 33% HBr in
gtacial acetic acid and stirred for 40 min. Subsequently, 400 mi of cold diethy! ether
ware 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
ether and fread of solvent residues under reduced pressure. i can he used directly in
the next reaction. Yield: 6.67 ¢ (82%)

TH NMR: 8.5 {sp, 3H) 4.3 (1, 1H): 3.76 (s, 3HY 2.83 {m, 2H); 1.7 (1, 3H)

Exampte 7. Methyt (S)4 4-difluoro-2-isocyanaioperianoats

The compound from exampile 6 (6.76 g, 28.8 mmol) was inftially charged and dissolved
in 240 mi of dichloromethane and 946 ml (117 mmol, 4.05 eq) of pyridine, coolad down
o 0°C in an ice bath for 15 min and admixed with 19.88 mi of a 20% phosgene solution
in toluens (37.54 mmol, 1.3 eq) within 20 - 30 seconds. The mikiure was stirred 81 0°C
for & further 2 h, than the reaction mixture was extracted with cold half-molar HC and
ice. The waler phases were reexiracted with dichloromethane, and the combined
organic phases were washsd with ice and saturated Nall solution, then dried over

MgSO4 and filtered off from the desiccant. Concertration by svaporation under

reduced pressure left 5.21 g of brown oll {(correspondad to a yield of 84%;), which was

regacted further directly.

Example 8 {8)-2-](3-Azaspiro[5.5jundecane-3-carbonyhaminol-4, 4-difluoropentancic
acid

252 mg {1.3 mmol) of the isocyanate from axample 7 were dissolved at 0°C in 5 mi of
THF and admixed with 108 mg (3.25 mmol, 2.5 eq.) of sodium hydrogencarbonate and
209 mg (1.37 mmol, 1.08 aq.) of 3-azaspiro[b.Slundecans. The mixture was shirred
overnight, precipitaied sails were removed and the reaction mixture was treated directly
with 2.5 mi of 1 M LiOH solution (2.5 mmol, 1.9 eq.). The reaction was monitored by
HPLC-MS. When the mass peak of the reactant had disappeared compietely, the
mixture was acidified cautiously with dilute HCl and the product was isolated by
axfraction with ethyl acetate, drying of the organic phase over sodium suifate and
concenfration under reducad pressure. Yield: 440 mg (guaniitative). The crude product

was used direclly in the amide coupling which follows,
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Exampie 9; N-[(S)-1-(1-cyanocyclopropylcarbamoyi)-3, 3-diflucrobuivi}-3-
azaspiro[5.5lundecane-3-carboxamide

The crude product from example 8, (8)-2-[(3-azaspiro{5.5)undecane-3-carbonyljaminc}-
4 4-difluoropentanoic acid, was dissolved in 8 mi of 2;1 THF/DMF and admixed with
161.8 mg {1.365 mmol, 1.05 eq.} of 1-aminc-1-cyclopropylinitrile hydrochioride and
176.9 mg (1.3 mmel, 1 eq.) of 1-hydroxy-7-azabenzoiriazole, cooled to 0°C and
admixed with 250 mg (1.3 mmol, 1 eq.) of EDC and with 0.496 m! (3.8 mmol, 3 eq.) of
N-gthylmorphoting. Subsequently, the mixture was stirred at 0°C to RT for 2 h, THF
was distified off under reduced prassure, sthyl acetate was added and the mixture was
extracted by shaking with highly dilute HCI, sat. NaMCOg solution and sat. NaCl
soiution. Afier concentration of the organic phase, a preparative HPLC separation
{Merck Hibar Purospher RP18, 250x25, Standard-Gradient of acetonitrile-water-TFA)
was performed directly. Product fractions were combined and freeze-dried,

Yield: 222 mg, 43% of theory.,

'HONMR: 8.82 (s, 1H); 8.6 (s, TH) 4.31 (m, 1H}; 3.28 (about, 4H); 2.28 (m, ZH); 1.7-1.1
(mm, about 204}, MS (ESI™): 897.17

Example 10: 8-azaspiro[4.5ldecane-8-carbonyl chioride

1.57 mi of phosgene (20% solution in toluene, 2.86 mmol) were inilially charged in b mi
of dichlorosthane and cooled o -20°C, then a mixture of S—eazaspiro«{ét,S]décaﬂe

{750 mg, 2.98 mmot) and tristhytamine (1.28 ml, 9.2 mmb{, 3.1 eq.) was added slowly.
After 30 min, the mixture was aliowsd {o come 1o RT; after 1 h, according to LC-M8, a
litthe staring material was siilt present but also three new peaks. Subsequently, the
mixture was.added o 2 N aqueous HC|, the aqueous phase was extracted with

dichioromethane, and the organic phase was washed with saturated NaHCO23 solution

and dried over sodium sulfate; subseguently, the mixture was concentrated by rotary
evaporation undst reduced pressure. Crude yield: 582 mg
The material was reactsd further directly without further purification. General method:

see exampls 19,

Example 11: Benzyl (8)4-carboxymethyl-5-oxooxazoliding-3-carboxylate
The compound is commercially avaitabie or can be prepared by literature methods by

refluxing Z-Asp-OH with paraformaldehyde on a water separator in benzene.
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Example 12: Banzyi {S)-4-chiorocarbonyimethyl-S-oxooxazolidine-3-carboxyviate
The compound from exampie 11 was converied analogously to the manner described
in example 1 {o benzyl (8)-4-chlorocarbonyimethyi-5-oxooxazolidine-3-carboxylate. The

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

Example 13 Benzyt (8)-5-oxo-4-(2-0x0opropylioxazolidine-3-carboxylate

CuBr (24.54 g, 168 mmol, 1.2 eq.} and LiBr (20.18 g, 336 mmol, 2.4 eq.) were initially
charged in a baked-out flask under argon, then dissolved in 800 mil of absolute THF
and stirred ai RT for 20 min. This gave a clear yellow-ocrange solution. The mixiure was
then cocled to -78°C, and MeMgCl solifion (55.46 mi, 188 mmol, 1.2 £q.) was added
dropwise thereio. This led 1o a yallow suspension which was difficult to stir, so that a
further 76 mil of THF were added dropwise; the mixizufe was subseguently stired at
-50°C for 15 min. The carbonyt chloride from example 12 dissolved in about 150 ml of
THF {41.67 g, 140 mmol} was initially stirred at -60°C and then slowly added dropwise.
The reaction mixture thus formed was stirred at this temperature for 1 h. The workup
was effecied by adding about 100 mi of saturaied NH4Cl solution; the mixture was

stirred vigorously at -80°C for 10 min, then 200 mi of heptane and 80 mi of water were
added and the mixture was stimed at R for a {urthar 15 min. The phases wars
separated, and the aqueous phase was admixed with 50 mi of 1 M HC! {green solution)
and axiracted twice with about 100 mi of ethyl acetate. The combined organic phases

were washed with 2 M HCI solution, saturated NaHCO4 and saturated Nall soluiion,

dried over sodium sulfate and concentraisd under reduced pressure. Subsaguently,
purffication was effected by means of silica gel flash chromatography (5:1-2:1
heptane/ethyl acetate); production fractions were combined and freed of solvent
residues under reduced pressure. Yield: 21.8 g, 58% of theory

"H NMR (250 Mz, 390 K, DMSO-d6): 7.35 (s, 5H); 5.43; 5.22 (2 d, 2r); 5,13 {d, 2+,
4.4 (dd, 1H); 3.26, 3.04 (sach 2 dd, 2H); 2.07 {s, 3H).

Example 14: Benzyt (S3-4-(2 2-diflucropropyl)-5-oxooxazolidine-3-carboxylate

15.52 g of the compound from example 13 (56 mmol} were suspended in 8§ mi of
dichioromethane and admixed with stirring with 25 g (20 .8 mi, 2.02 eq.) of BAST. For
14 days, the mixture was stirred under argon. intermediate LC-MS spectra showed that
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the conversion was not yet complete after 3 and 9 days. For workup, ihe reaction
solution was added dropwiss to a cooled sodium hydrogencarbonate solution (vigorous
gas evolution) and stirred further for about 30 min (no gas evolution), and the agueous
sofution was then extracted by shaking twice with DCM. The aqueous phase was
adjusted fo pH 3 with diluie HC! solution and exiracted by shaking with DCM twice
more. The organic ph'asea were cornbined and washed with saturated NaCl solution,
dried pvar spdium suliate and concentrated by evaporation under reduced pressure.
The residue was chromatographed through silica gel with DCM/methanol (o 0-6%
methanol), and product fractions were combined and freed of solvent residues under

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

Example 15: (S)-2-Benzyloxycarbonylarmino -4 4-difluoropentanoic acid

The compound from example 14 (4.5 g, 16.37 mimol) was dissolved in 30 mi of acetone
and cooled 1o 0°C, and then 1 N sodium hvdroxide solution (32.74 mi, 32.74 mmol, '
2 eq.) was added. For about 2.5 h, the reaction mixiure was stirred &t room
temperature! reaction monitoring by LC-ME indicated complete conversion. This was
foliowed by addition of 20 mi of 1 N HC, distilling-off of aceione under reduced
oressure and adjustment of the solution to pH 3 te 4. The mixture was extracted twice
by shaking with ethyl acetate. The organic phase was washed with saturated NaCl
solution, dried over sodium sulfate and concentrated by evaporation o dryness under
reduced pressure. The crude product was chromatographed using sifica gel with g
DCM/methano! gradient {0-8% methanol).

Yield: 4.7 g {guantitative}.

Example 16 (S)-2-iert-Butoxycarbonyiamine-4 4-difiuoropentancic acid

The compound from exampis 15 (2.99 g, 1044 mmol) was dissalved in 40 ml of
methanol and 580 mg of 10% Pd/C were added. Hydrogenation was effected at 2 bar
for 3 h. Only a vanishingly small Z eliminaiion was detected. Another 300 mg of catalyst
ware added ant hydrogenation was effected for a further Z h - low conversion. The
same amourt of catalyst was added again and hydrogenation was.effec‘{ed overnight;
only then was the conversion compleie, The mixture was filtered off from the calalyst
and concentrated by evaporation. The residus wes partly dissolved in dioxane/water
{40 ml), and sodium carbonate (700 mg, 0.6 eq), 10.4 mi of 1 N NaOH soiution
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(10.4 mmol, 1 eq.) and 2.6 g of di-tert-butyt dicarbonais (11.94 mmol, 1.14 eq.) were
added. After-about 2 h, the conversion was complete. The solution was sxiracted with
ether and the ether phase was discarded. Subsequently, the agueous phase was
acidified to pH 3 with 1 N HCl and exiracied twice with ethyl acetate. The organic phase
was washed with a safurated a NaCl solution, drted over sodium sulfate, filiered off
from the desiccant and concentrated by evaporation under reduced pressure.

Yield: 850 mg, 36% of theory,

T NMR: 12.8 {s, 1H); 7.25 {d, THY 4.11 (1, TH) 2.3 {m, br., 2H} 1.6 (1, 3H) 1.37 (s,
O},

Example 17 tert-Butyt {{S)-1-{1-cyanocycloprapyicarbamoyi}-3, 3-difiuorobutyl]
carbamate

1.35 ¢ (5.33 mmol) of the product from example 16, 810 mg (68.83 mmol, 1.3 eq.) of
1-amino-1-cyclopropyinitrile hydrochloride and 843 mg (6.83 mmoi, 1.3 eq.} of HOAL
ware dissolved or suspended in 18 mi of dichioromathane, cooled to 0°C and then
admixed with 1.33 g (68.93 mmol, 1.3 eq.) of EDCl and 1.76 ml {1.586 g, 13.86 mmol,
2.6 8g.) of NEM, The mixture was stirred at 0°C fo RT for 16 n. The reaction mixiure
was then diluted with 40 mi of DCM and extracted by shaking with 1 N HCI sclution,
saturated sodium hydrogencarbonate solution and saturated NaCl sotution. The
organic phase was dried over sodium suifate and concentrated by evaporation under

reduced pressure. The product was sufficiently clean for further reactions.

Yield: 1.5 g, 89% of theory.

Example 18: N-{1-ocyanocyciopropyh-{S-2-amino-4 4-diflucropentanamide

To detach the Boc protecting group, the compound from exampls 17 (880 mg,

1.83 mmol) was admixed with 10 mi of 1:1 TFA/DCM and stirred at RT for 30 min.
Subsequently, the mixiure was concentrated by evaporation under reduced pressure
and subjecied to azeotropic distillation with dichloromethane and ioluene, and soivent
residues were removed under high vacuum. The product was present as the
rifluoroacests.

Yield: 340 mg.
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Example 19: General preparation method: reaction of an N-carbonyi chloride with
C-terminally protected aminge acid units

1 mmol of the free amino acid which has been C-erminally protecied or is present as
the amide {for example the product from example 18 after it has been released by
basic treatment) was dissolved In 10 mi of THF and coocled to 0°C. The acid chioride
from exampte 1 {1 mmol dissoived in & mi of cold THF) was then added slowly in two
portions over 80 min. Subsaquently, the mixiure was stirred further overnight, Tha
reaction mixiure was added o 50 mi of dichioromethane, washed with water and

saturated NaMHCO3 solution, dried over sodium sulfate and concentraied by a rotary

evaporation. The resuiling oily product was subsequenily in each case purifisd directly
by HPLC (RP-18, acetonitrite-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-ono-4-(2-ox0-3-phenylpropylioxazolidine-3-carboxylate
Analogously to example 13, benzyl (3)-5-ox0-4-{2-0x0-3-phenyipropyloxazolidineg-3-
carboxylate was prepared stariing from benzy! (8)4-chlorocarbonyimeihyi-5-oxo-
oxazotidine-3-carboxylaie (5.00 g, 16.8 mmol) and 15 mi of &2 20% benzvimagnesium
chioride solution (20,2 mmol, 1.2 aq) in THF. The product was obiained as a vellow ol
Yield: 5.0 g, 84% of theory.

Exampie 21: Benzyi (S}-4-(2,2-difluoro-3-phenylpropyl)-G-oxooxazolidine-3-carboxylale
Analogously to example 14, benzyl (S)-4-(2,2-difluoro-3-phenyipropyt-5-0x0-
oxazolidine-3-carboxylate was prepared starting from benzyl [8)-5-0x0-4-{2-0x0~3~
phenvipropylioxazolidine-3-carboxylate (5.00 g, 14.2 mmol) and BAST (12.5 g,

56.80 mmot, 4 eq.), After chromatography on silica gel {dichloromeathanafmethanol),
pure banzyl (84-(2,2-diftuoro-3-phenyipropy! -5-oxocoxazolidine-3-carboxylate was
obtained in the form of a yeliow oll.

Yield: 1.2 g, 23% of theory

Example 22: (S)-2-Benzyloxycarbonylamino-4 4-difiucro-5-phenyipentanoic acid
Analogously to example 15, (8)-2-benzyloxycarbonyiamino-4 4-difluoro-5-
phenylpentanoic acid was prepared starting from benzyl {$)-4-(2,2-difluoro-3-
phenylpropyl-5-oxooxazolidine-3-carboxylate (1.2 g, 3.20 mmaol). The product was
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obtained in the form of a yellow oil which was used directly for the subsequent

reactions.

~ Yieild: 1.02 g, 88% of theory.

Exampie 23. Methy! (8)-2-benzyloxycarbonylamino-4 4-difluoro-5-phenylpentancate
Trimethyisily! chiorids (0.61 g, 5.61 mmol, 2 eg) was added dropwise t© 2 solution of
{S)-2-benzyioxycarbonylamino-4,4-difluoro-5-phenyipentanoic acid {1.02 g, 2.81 mmol}
in 40 ml of methanc!. Afler the addition had ended, the mixture was stirred at RT for

3 h. The solvent was removed under reduced pressure and the residue was used crude
in the reaction which followed.

Yieid: 1.0 g, 94% of theory.

Example 24 Methyl (S-2-aminc-4,4-difluoro-S-phenylpentancats

In a three~neck flask, methyi (S)-2-benzyloxycarbonylamino-4,4-difluoro-5-phenyi-
pentancats (1.0 g, 2.65 mmol) was dissolved in 25 mi of meathanol. After repeated
evacuation and sparging with argon, 350 mg of PdiC {10%) were added. After
dagassing and sparging with argon again, the argon atmosphere was replaced by
hydrogen (bafioon with H; gas). The mixture was stirred at RT for 3 h. Owing {0
incomplete conversion, a further 350 mg of catalyst were added and the mixiure was
hydrogenated at RT for 2 further 5 h. On completion of conversion, the reaction mixture
wes filtered. The mixture was washed with 20 mi of methanol and the filirate was
concentrated by evaporation under reduced pressure. A waxy residus was oblained
which, as well as the desired product, also contained smaller amounts of the
monodeflucrinated and didsfluorinated product. This residue was used without further
purification for the further reaction.

Yield: 630 mg, 82% of theory.

Example 25: Methyl (S)-4.4-diffucro-Z-isocyanato-5-phenyipenianoaie

Linder argon, methyl (S)-2-amino-4 4-diflucro-5-phenyipentanocate (400 mg, 1.64 mmaol)
was dissolvad in 20 mi of dichloromethane. At BT, pyridine (820 mg, 4 eq.) was added
dropwise and the resuiting solution was sfirred for 15 minutes. The mixture was then
cooled to D°C and admixed with 20% phosgene solution in toluene {2.18 ml, 4.1 mmol,

2.5 eq.). The mixture was stirred at BT for 80 minutes and then the solvent was
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removed under reduced pressure. The mixture was codistilled with 10 ml of oluene
twice maore, The crude product thus obiained was used for the reactions which followed
without further purification.

Yield: 425 mg, 96% of theory

Example 26: Methyi (8)-2-{{8-azaspirof4 5ldecane-8-carbonyliaminol-4,4-difluoroe-5-
phenvipenianoate

Methyl {S)»4 4-diffucro-2-isocyanato-5-phenyipeniancate (425 mg, 1.58 mmol) were
dissolved in 25 mi of dichioromethans. 8-Azaspivol4 . Sidecans (220 mg, 1.58 mmaol,

1 aq.) and DIPEA (268 i, 204 mg, 1.58 mmot, 1 eq.) were added 1o this solution which
was stitred al RT overnight. The solvent was removed under reduced pressure and the
residue was purified by preparative HPLC {gradient: acetonitriie/water and addition of
0.08% TFA). The product-containing fractions were combined and freed from the
sotvent under reduced pressure.

Yield: 245 mg, 38% of theory.

Exampie 27: (S)»2-[{8-Azaspiro]4. Sldecane-B-carbonylaminol-4 4-difluore-5-phenyl
peniancic acid

Methyl {8)-2-{{8-azaspirol4.Sldecane-B-carbonyljaminoi-4 4-difluoro-5-
phenyipentancate (240 mg, 0.59 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 2.} in 5 mi of water was
added and the mixture was sfirred at RT for 3 h. After the reaction had endad, the
reaction mixture was acidified to pH=3 by adding a 2 M HCI solution. The organic
soivent was removed under reduced pressurg and the ramaining aqueous phase was
extracted with ethy! peetate, Subsequently, the organic phese was washed another
three fimes with water and once with safurated NaCl solution, dried over MgSQ, and
freed from the solvent under reduced pressure. The product was obiained in the form
of a yellow solid which was used in the reaction which foliowed without further
purification, '

Yield: 192 mg, 82% of theory.

Example 28 N-[{8)-1-{1-Cyanocyclopropyicarbamoyl}-3, 3-difluoro-4-phenylbutyl}-8-
azaspirci4 5ldecane-8-carboxamide
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DIPEA (331 pl, 252 mg, 1.85 mmol, 4 eq.), HATU {185 mg, 0.48 mmol, 1 eq.) and
1-aminocyclopropanesarbonitrile hydrochioride (58 mg, (.49 mmol, 1 eg.) were added
successively io g solution of the (8)-2-[(B-azaspiro[4 .5ldecane-8-carbonylaminol-4, 4~
diﬂud@ﬁ@%‘senyipantanoéc acid obtained as = crude product (182 myg, 0.49 mmoll in
10 ml of DMF, The reaction mixture was stirred at BT overnight and, the next day,
concentrated under reduced pressurs. The residue thus obtained was purified by
preparative HPLC {(gradient: acelonitriie/wster and addition of 0.05% TFA). The fitle
compound was oblained in the form of a colorless crystaliine material.

Yietd: 34 myg, 15% of theory.

HONMR: 8.83 (s, 1H); 7.48-7.15 (m, BHY; 6.62 {s, TH): 4.38 (m, 1H}; 3.30-3.15 (m, 8H);
2.38 {m, 1H), 2.22 (m, 1H); 1.65-1.05 {mm, about 18H}; MS {ESF). 450.2

Exampie 29: tert-Butyl 9-cyclopropyh3, 8-diazaspiro|5.5]undecans-3-carboxylate
tert-Butyl 3,8-diazaspirol5.Slundecane-3-carboxylate (250 mg, 0.88 mumol) were
dissolved 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 (0.55 mi, 10 eg.), [{(t~ethoxycyclopropyhoxyitrimethyisitane {088 ml, 3.5 eg)
and 4.4 mi of a 1 M NaCNBH; solution in THF (4.4 mmaol, 4.5 eq.) were then added

- successively. After stirring at RT for 20 minutes, the mixture was heated to 60°C and

stirred at this temperature for akﬁcut 15 h. The reaction mixture was fitered and the
filtrate was concenirated under reduced pressure. The\r@sidue was faken ug in
dichioromethans, washed successivaly with 1 M NaOH solution and NaCl solution, and
dried over Mg3QC,. After the solvent had been remover under reduced pressure, the
product was obtained as a coloress oil.

Yieid: 318 mg {quant.)

Example 30: 3-Cyclopropyl-3,9-diazaspirol5 5jundecane

The teri-butyl 9-cyciopmpyfw3,9«diazaépiro[5.B]undeaaneh?;mcai'boxyiate obtained as a
crude product (318 mg, 0.88 mmol} was dissolved in & mil of dichloromethane and
admixed with 1 mi of 2 4 M HC s'oiuiion in dioxans {4 mmol, 4 eq.) with ice bath
cooling, The mixture was stirred at RT for about 16 h. The solvent was evaporated
under reduced pressure. The residue was taksn up in 20 mi of watar and yophilized.
Thus, 3-cyclopropyl-3,8-diazaspirol5. Sjundecane hydrochloride was obtained as a
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crude product in the form of a colorless amorphous maferial which was clean enough
for further reactions.

Yieid: 252 mg, quantitative. _
The piperidine derivative thus obtained was converted to the end products, which are

listed in table 1a and 1b, as in the above-described examples.

Example 31: tert-Butyl 9-butyi-3,9-diazaspirof5.5lundecane-3-carboxyiate

tart-Butyi 3,9-digraspiro[8.5jundecane-3-carboxylate (150 mg, 0.59 mmol) was
dissolved in 10 mi of abscluie dichloromethane and admixed with butyraldehyde (52 i,
1 eq.). With ice bath cooling, 17 pl of glacial acetic acid (0.5 eq.) and sodium
{riacetoxyborohydridge (137 myg, 1.1 eg.) were added. The mixture was stirad at RT for
18 hi. Owing to incomplets reaction, butyraidehyde (52 yl, 1 eq.), glacial acetic acid
{17 pi, 0.5 eq.) and sodium triacetoxyborohydride (137 mg, 1.1 eq.) ware again added.
After stirring at RT for a further 4 h, & little water was added and the reaction mixture
was washed with saturated NHLCI solution. The organic phase was dried over MgS0,
and freed from the soivant under reduced pressure, The prodect was obfained as a
coiériess oil.

Yield: 211 mg (quant.}

Example 32 3-Bulyl-3,8-diazaspiro]5.5lundacane

The teri-butyl 9-butyl-3,9-diazaspiro[5.5]undecane-3-carboxylate obtained as a crude
product (183 mg, 0.58 mmol) was dissolved in 4 mi of dichlorormethane and admixed
with §.6 mi of 2 4 M HCI solution in dioxane (2.4 mmol, 4 eq.) with ice bath cooling. The
mixfure was stirred at BT for about 16 h. The soiven! was removed under reduced
pressyre, The residue was taken up in 20 ml of water and lyophilized. Thus, 3-butyl-
3.8-diazaspirofs.5lundecane hydrochioride was obtained as a crude product in the form
of e colorless emorphous material which was clean enough for further reactions, Yieid:
178 mg, guantitative.

The piperidine derivative thus obtained was converted to the end products, which are

listed in table 1a and 1D, as in the above-described examples.

Example 33: 1,4-Dioxaspirof4.5jdecane-8-carboxylic acid
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3.0 g (14 mmo!) of the ethyl ester precursor, ethyl 1,4-dioxaspiroi4 . Bjdecane-8-
carboxyiate, were dissolved in 5 mi of methanol and admixed at RT slowly with 28 ml

{2 eg.) of 1 M LIOH solution. The mixture was stirred overnight, HPLC-MS indicated

complete reaction. Methano! was distilled off under reduced pressure and the residus
was acidified cautiously with T mi of HCH such that no acid excess was present. The
mixture was extracted with ethyl acetate, and the sthyi acetate phase was dried over
sodium sulfate and then cohcentrated by evaporation under reduced pressure. Yield:
2.25 g, 86% of theory.

Example 34: teri-Butyl [(S)-1-(1-cyanocyclopropylcarbamoyl)-3-methylbutyijcarbamate
& g of Boc-(S)-Leu-OH (21.6 mmol), 3.3 g of t-aminocyclopropanecarbonitrile
hydroshioride (28.1 mmol, 1.3 eq.) and 3.8 g of HOBL (28,1 mmol, 1.3 eq.) were
suspended in 80 ml of dichloromethane and admixed at 0°C succeasive%y with 5.4 g of
EDCH (281 mmal, 1.3 eq.)and 7.15 mi of NEM (8.5 g, 56.2 mmaol, 2.6 &q.). The mixiure
was stirred at 0°C to RT overnight, extracted by shaking under acidic {1 M MCGI
solution), basic (saturated NaHCO; solution) and neutral {saturated NaCl sclution)
conditions, and dried over sodium sulfate, and the solvent was distilled off undsr
reduced pressure. The mixture was then chromatographed on silica gel in ethy!
acetate/heptane.  Yield: 3.64 g, 57% of theory, ,
'HONMR; 8.82 (s, 1H); B.82 (d, 1H); 3.88 (m, 1H); 1.55 (m, 1H); 1.47 (m, 2H); 1.36 (s,
9H); 1.08 {m, 2+); 0.86 (ad, BH), MS (ESI™): 296.3 .

Exarnple 35: N-[(S}-1-(1-cyanocyciopropyicarbameyh)-3-rethytbutyl}-1,4-
dioxaspirol4.5)decane-&-carboxamide

The product from example 34, tert-butyl [(S¥1-(1-cyanocycicpropyicarbamoyl-3-
methylbutylicarbamate, (1.1 g, 3.72 mmol) was admixed with 20 ml of 1:1
TFA/dichioromethane and stirred at RT far 30 min. Subsequently, the mixure was
concentrated by evaporation under reduced pressure and taken up again in
dichioromethane and toluene, and solvent and TFA residues were removed under
reduced pressure. The resulting N-terminally protected product was reacted further
directly. 283 mg (1.5 mmol) thereof wers admixed at 0°C with 136 mg of HOAL (1 mmao,
0.87 g.), 185 mg of 1,4-dioxaspiroi4 Sjdecane-8-carboxylic acid from example 33
(1 mmal, 0.67 ea.), 268 mg of EDCI (1.4 mmol, .83 eq.) and 0.32 ml of NEM
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(2.5 mmol) in 2.5 mi of THF and 0.25 ml of DMF, and the mixiure was stirred at 0°C to
RT overnight. Subsequently, the soivent was distilled off undear reduced pressure, and
the rasidue was taken up In ethyl acetate and exiracted by shaking with safurated
sodium hydrogencarbonate solution and saturated NaCl solution. Drying over sodium
sulfate and evaporating-off the solvent were followed by purification using RP-HPLC
(gradient. acefonifrife/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. "HONMR: B.81 (s, TH); 7.84 (d, 1H); 4.20 (m, 1H); 3.83 (s, 4H); 2.22 {m, 1H);
1.75-0.8 (3, about 13 H; 1.05 {m, 2H}; 0.82 (dd, BH): MS (ESI™): 364.2 .

The examples lisiad in {able 1a were prepared in a manner analogous o that dascribed

ahove. Table 1a shows the examples with accompanying characterization:

Table 1a;

Maolar mass
Example (parent Structure
compaound)

ME

(ESI) HNMR -

F _
o (ﬁjp 8.82 (s, 1H): 6.62 {d, TH}:
o M © 4.28 {m, 1) 3.28 {m,
35 | 382.48 r\N N " 383.1 44y, 226 (. 2H). 166

: 1.05 (mm, 19 H)

0
(
S

' 8.83 (s, 1); 6.80 (d. 1H);
o e 4.30 {m, THY: 3.6 {m, 15}
Ny i r\; A 3.4 {m, approx, 4 H), 2.25
B K 387 .1 -
;WY K {m, approx, 4H); 1.7-1 4
: {mm, approx, 11+ 1.1
{m, 2H)

37 386.4

8.814{s, 1H); 8.6 {d, TH);
4,3 {m, 1H); 3.3 (m, 2HY);
A1 315 (dd, 2H); 2.28 (m,
C2HY) 1.8-1.0 (. approx.
20H)

38 356.48

CHIRRL

} 8.82 (s, TH); .82 {d, 1HY;
o 428 (m. 1M}, 3.2 (m,
39 44051 9 (v v A11.5 | 4H); 2.26 (m, 2H); 1.82

- - I, 2H); 1.65-1.05 (mm,
ol i approx. 18H); 0.88 (4, 3H)
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Molar mass | M 5
Example (parent | Structre ety | THNMR
i {EE) :
compound}
> B.B2 (s, 1H): 6.62 (d, 1H):
i 4,28 {m, H); 3.28 (m,
40 424.54 \ Fu_ _2N4D56 | 4H) 2.25 (m, 2H) 1.60- |
/w@)\m i ZX/ 1.05 (mm, approx. 20H}; |
S | 0.88 {t, 3H)
O (s, 1M}, 7.58 (d, 2H)
a 6.03 (d, 2HY; 6.82 (<, 1H);
L e
. LB NN Aoy o | 2HY 377 (m, 2H), 376 (5,
A 50385 | ey NUT {042 T 07 s 2y 2,50
. (m, 2r), 2.07 (m, 2H), |
1.88-1.4 2m, 9H); 1.1 (m,
2H) |
i E.04 (s, 1H); 8.88 (s, 1HY,
. e 7.4 (¢, 2H): 6.87 (d, 1H):
i h K ; 8.7 (m, 3H); 4.8 (s, 2HY:
42 474.51 U X w5, 14755 | 4.39 (m, 1H); 3.96 (m,
j X 2HY, 2.6-2.2 (m, br,
¢ NET approx, 8H); 1.6 {m, br,
i | approx, 7H): 1.11 (m, 2H)
8.88 (s, 1M); 7.57 (s, 14);
Pl 6.72 (d, 1H}: 4.28 (m, 1H): |
T 3.85 (m, 2H); 3.2 (4, 2H), |
43 36743 g 425 | 3984 | 2.88 (m, 2H); 2.3 (m, 2H); |
¢ / 1.82 (m, 2H); 1.65-1.4 (m,
TN br, 7HY; 1.28 (m, 2H); 4.1
| {m, 2H)
! ; % BB (s, 1H); 6.72 (0, 1H)
7. . 4.28 {m, 1H): 3.85 (m,
S DHY: 3.28 (t, 2HY; 2.88 (m,
44 411,46 (e = 14125 ZHR 2.7 (s, 3H) 2.3{m, |
s 2HY; 1.92 (m, 2H); 1.65-
s 1.4 {m, br, 7H); 1.29 (m,
‘ 2H): 1.1 {m, 2H)
EF
| o (\Q 8.85 (s, 1H); 6.75 (d, 1H);
| i Ho 4.29 {m, 1HY; 3.6 (s, 1+,
45 275 /\N)J\ﬁfﬁé/uz 42g 5 | Overl water); 3.46 (s, 4H);

3.3 (m, 4H); 2.3 {m, 2H);
1.73-1.42 {3m, 8H): 1.1
(. 2H: 0.88 (s, BH)




Molar mass

Example | (parent Structure {é\gjﬂ 4 NMR
compound) :
EF
. f& 8.88 (s, 1H); 7.15 (m, 4H);
a N 68.74 (d, 1HY); 4.34 (m, TH);
46 wos () N ; NK 4315 398 (0d, 2M) 2.8 (m, 4H);
- W g 1 2.3 (m, 2H); 2.0 (m, 2H);
’ 1.65 (m, 5 ) 45 (n,
4Ry 1.7 {m, 2H)
\ 8.88 (s, tH); 8.51 (s, 1H):
o K\/F 8.8 (d, 1H): 4.3 (m, THY;
wooA Lo e 3.1 (m, 2H); 2.8-2.1 (m,
47 4124 L /f ; S/\;,/ 2{ 413.4 br, approx. 8HY% 1.6 (m, br,
A ¢ approx. 58); 1.24; 1.11
¢ (2m, 4H)
?"»—ﬁ}m? N | 8.88 (s, 1H}; 6.24 (d, 1H);
I 4.3 (m, TH); 3.3 (m, 2H); |
48 368.43 e & PaS 368.3 | 3.1 (dd, 2H); 2.3 (m, 1H): |
| 1.75-0.9 {mmn, 15HY 1.1
g (m, 2H)
FF .
oo 18.88 (s, 1HY, 7.4-7.15 (3m,
‘ 0o BHY 8.74 {d, 1H); 4.38 (s,
| /‘NAN”‘Y”K ZHY. 4.3 (m, TH); 3.9 {dd,
- | e} i t i % T 4
49 Wy O 3 4885 o1y 3,18 (m, 2H); 2.9 (-
S g OHY 2.3 (m, 2H) 1.7-1.3
(@m, 85y, 11 fm, 1H) |
e s 8.8G (s, THY, 7.68 (m, 2H};
5 :, 17.20 (m, 2H); 6.78 (d, 1H);
_ i 4 | 4.31 8m, 1H); 3.92 (m
N ! 1 v $
50 W52 e AL TN K 4925 2HY 877 (m, 24y 2.2
L ; (m, 2HY); 2,30 {m, 2H);
A
@ 2.07 {m, 2H);, 1.7-1.4 {2m, |
9H); 1.1 (m, 2#)
o 8.82 (s, 1HY; .72 (d, 1H);
T e Lk 4.28 (m, 1H); 3.83 (m,
- e 4H); 4.3 (m, approx. 4H,
D 40043 o fr/\N/‘:-\mQ\g K 401.3 waler overlap); 2.28 {m,
( A 2H); 1.75-1.4 (3m, approx.
= 11H) 1.1 {m, 2H)

|
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Molar mass s i
Example | (parent Structure | TH NMR
compound) (S5
8.56 (s, 1H): 7.31 (&, 5
F 5.8 {d, 1H) 4.30 {m, TH);
H;.,a?i y 4.0 {m, 2H); 3.8 (m, 2H);
. 3.4 {m, approx, 5H,
52 47853 F/G\KJ - c ON/Q 47T A overlap water); 3.05 (m,
| N o 1HY; 2.28 (m, 2H); 2.0 {m,
L 2#); 1.7-1.3 {2m, approx,
7Y 1.1 (mm, 2H)
N)O\Q : 8.26 (s, 1H); 5.83 (s, tH);
53 372.51 P % [wy 373.2 | 3.28 {m, approx, 5HY; 1.8-
| Cv " \ér/ K 1.0 (mm, approx. 25 H)
| Q 8.83 (s, 1H), 6.20 {m, 1H);
| o 3.9, 3.8 (2t, 1H); 3.28 (m,
54 386 .54 e ] N/\r;:;\ P 387.2 4HY: 1.75-0.8 (mm,
L T K\ approx. 27H)
\\//
. 8.86 (s, 1H); 6.65 (d, 1H),
P N an 4.29 {m, TH); 3.3 (m, 8HY;
o~ T s 3.0 {my, 4H);, 2.28 (m, 2H});
55 453.29 /L:)w 4543 | 3 g ot 165t 4 (.
i Ty, 1.3 {m, 4H) 1.1 {m,
| ,\/ 2+ 0.9 (1, 3H)
! o 8.89 (s, 1H): 6.7 (d, 1H);
N ) f\k 4.26 (m, 1H); 3.32 {m,
’ ! H ¥ approx. 8H, water
" 457 26 1 /\“‘?:')\ﬁ ﬁ ”>(’/' 4380 | Overiap) 2.8 (m, 1H);
I P L VAN 226 (m, 2H); 1.83 ('d",
! M i P2H) 1.86-1.37 (m, 2m,
| o S OHY; 1.28 {m, 2H); 1.1 (m,
1 2HY: 0.85 (2m, 4H)




; Mb%ar mass | S
Example | (parent Structure (EST) ' NMR

compound) |

8.89 (s, TH); B.1 {d, M)
0 4.18 (m, THY, 2.0 (m, br,
5 ) - 5 | 302.4 | approx. §H); 1.66-1.32 (m
| 57 [ 803.41 i ’;3/ o [ (ES) | mm, approx. 6H), 1.07 {m,
| | . Sy 2HY; 0.84-0.74 (m, dd,
i 1 K\ ]} _ approx. 10H)
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Further spirocyclic amines which have been used hereinafter for the preparation of
further inventive examples were prepared as follows: the spirocyclic amines 7-cyslo-
propyl-2,7-dlazaspiro{2.5)-nonane, 7-propyi-2, T-diazaspiro[3.Sinonane, 2-cyclopropyi-
2 8-diazaspirol4 S5ldecane, 2-cyclopropyl-2,T-diazaspivo[3.5lnonane, 2-propyl-2,7-
dimzaspiro[3.5inonans, 9-cyciopropyi—?—axa-4,Q—diazaspiro{ﬁ.5]undecaﬁe and 4-cyclo-
propyl-1-oxa-4 8-dinraspirofd Slundecans were prapared according (o the above-
describad examples 28-32 starfing from the teri-butyloxycarbonyl-protected precursors
which are comrnercially avaiiable, ‘
2-Cyclopropyimethyi-2,8-diazaspirof4 . Sidecan-3-one was obtained by alkylating tert-
buty! 3-oxo-2.8-diazaspiro[4 Sldecane-B-carboxylate (commercially available} with
cyclopropyimethyl bromide and subseguent elimination of the tert-butyloxycarbonyt
protecting group with TFA. 8-Azaspiro[2.8]octane can be prepared according 1o the
fiterature (Bull. Soc Chim. France 10, 2572-81 (1864)) or eise as described below by
cyclopropanating tert-butyl 4-methvienepiperidine-1-carboxylate and then detaching the
tert-butylexycarbonyt protecting group.

Exampie 58: §-AzaspirojZ.Slociane

M\NH

N
In a baked-out dry flask under pratective gas {argon), a mixiure of 8,80 g of zinc dust
(151 mmol) and 1.50 g of Cull (15,15 mmol) in 20 ml of abs. disthyi ether was stirred
at 50°C {bath temperature) for approx. 100 min. The mixture was cooled fo 156°C (bath
temperature). 8.1 mi of diicdomethane (75.0 mmol}, 7.8 mi of abs. dimethoxyethane
and finally 4.27 g of {ert-buty! 4-methylensapiperidine-1-carboxylate (21.7 mmeol} were

successively and rapidly added dropwise. The reaction mixture was heaied g:adualiy to
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50°C (bath temperature) and stirred at this temperature for approx. 20 h. After this time,
owing to still incomplete convarsion, another 20 mi of diethy! ether and 6.1 mi of
diiodomethans were added with cooling.-The reaction mixiure was heated o 50°C
(bath temperature) for 2 further 8 h, Cooling was followed by difution with THF and
filtration through Celite. The fillrate was admixed with 4.3 g of p-toluenesulfonic acid
and & few draps of water, and then concentrated under reduced pressure. The crude
product thus obtainsd was dissolved in 100 mi of THF and admixed with 7.09 ¢ of Boc
anhydride (1.5 eq.) and 5.5 mi of DIPEA (1.5 eq,). The mixiure was slirred at RT for
48 h and then concenirated under reduced prassure. The residus thus oblained was
stirred with approx. 150 ml of diethyl ether. The mixture was fittered with suction and
the filter residue was washed thoroughly with diethyt ether. The filirate thus obtained
was concenirated. What remained was an off which was taken up in 200 mi of
dichloromathane and was washed fwice with sat. NaHCO; solution and ones with dil,
HCl solution (pH = 8). The organic phase was dried over Mg80, and then concanirated
under reducad pressure. In this way, 2.8 ¢ of tert-butyt S-araspirolZ Sloctane-G-
carboxylate were obtained as a light-colored oil. This oil was dissolved in & mi of
dichloromethane and admixed with a mixture of 10 mi of TFA and 0.5 mi of water. After
stirring at R7 for 48 h, the reaction solution was concentrated under reduced pressure
and codistilied with {oluene three times mare, In this way, B-azaspiro[2. 5loctane was
obtained as a TFA salt in the form of 2 brown off which was clean enocugh for further
reactions.

Yield: 1.50 g {31% of theory) WMS (ESIM): 112 .

The 6-azaspiro{2.5]octane thus oblained was converted to the inventive compounds

which have been described in examples 61-63 and 68-70.

Example 58 Methyl (8)-2-amino-4 4-difluoropentancate hydrochioride

0.0
T ke
r;W\NH

2

At approx. 3°C {ice bath cooling), 8.2 mi of thiony! chioride {112.6 mmoi; 1.5 eq.} were
added dropwise to 10C mi of methanol (p.a.) under argon. The mixiure was allowed o
comea to RT within 20 min and siirred for 3 further 30 min. 18.0 g of (8)}-2-tert-

butoxycarbonviamino-4 4-diftucropentancic acid (75.0 mmol} were added in portions to
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this reaction mixture. The reaction mixturs was stirred at RT for 2 h. Thereafier, {he
reaction mixiure was warmad to 35°C {infernal temperature) and stirred af this
temperature for ancther 3 h. Subsegquently, the mixture was concentrated under
reduced pressure, which afforded methyl (S)-2-amino-4 4-diflucrepentancats
hydrochloride as g slightly brownish erystalline solid which was clean enough for further
reactions. Yield: 13.5 g (89% of theory).

Exampie 60 Methyl (3)4 4-difluoro-Z-isocvanaiopeniancate
F.F

DﬂNg\\

I

O
Under argon, 2.0 g of methyl (8)-2-aminc-4 4-difluoropentanoate hydrochloride
(9,8 mmol) were dissolved in 8¢ mi of dichioromethane, admixed with 3.2 mi of pyridine
{4 ) and cooled to apprax. 5°C (ice hath). Afler 10 min, 87 mi (1.3 2q.) of 2 20%
phosgane solution in ioluene were slowly added dropwise. The resulting suspension
was stirred with ice bath cooling for 3 h and then conceniraied under reduced pressure,
The residue thus obtained was taken up in {oluene and fillered, After the solvent had
been removed under reduced pressure, methy! {S)-4 4-difluoro-2-isocyanatopentanoate
was obtained as a brown oil which was used in the subsequent reaction without further
purification.  Yield: 1.1 g (58% of theory).

Exampie 61: Methyl (8)-2-[{6-azaspiro[2 Sjoctane-6-carbonyllamingi-4,4-
difluoropenianoatie
FF

o

T/\N/[‘L\Ni O\

LT H Y

A

A solution of 0.75 g of B-azaspio[2 Sinctane tiflucroacetate (3.30 mmol, 1 2q.) and
0.75 mi of DIPEA (1.3 eq.) in 6 ml of dichloroethane was added under argon o a
solution of 0.65 g of metiwi (834 4-difluoro-2-isooyanatopenianoate (3.36 mmol) in

4 mi of dichloroethane, The reaclion mixiure was stirred at RT overnight. The mixiure

was diluted with 10 ml of dichioromethane and washed with saturated NaHCOq

solution. The organic phase was dried over MgS0y4 and then concenirated under
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reduced pressure, The residue thus obtained was purified by preparative HPLC
{gradient; acetonitriie/water and addition of 0.08% TFA. The product-coniaining
fractions were combined and freeze-dried.

Yield: 200 mg , 20% of theory MS (ESI™): 303,

Example 82: {(8)-2-[(6-Azaspiro2.5loctane-6-carbonyljamino]-4, 4-difiuoropentanoic
aeid

9 _
g /\ﬁ Of

365.0 myg of methyl (S)-2-{(B-azaspiro[2.5loctane-6-carbonyl)aminoi-4 4-
diftuoropentancate {1.2 mmaol} wers dissolved in 2 mixture of 10.8 ml of THF and 3.6 ml
of methanol. 3.6 m! of an aqueous 1 M LiOH soiution (3 eq.} were added to this
solution. The mixiure was stirred at 45°C {bath temperature) for one hour and then

3.6 ml of 1 M HCI! solution were added. The mixiure was concentrated under reduced
pressure and codistilied with DMF twice more. The (S)-2-[{8-azaspiro{2 Sloctane-6-
carbonyaminol-4 4-diflucropentancic acid thus obtained was clean snough for the
next reaction, Yield: 400 mg (quant.)

Example §3; N-[(311-(1-cyanceyciopropyicarbamoyt)-3,3-diffuorobutyll-
G-azaspirof2.Slociane-6-carboxamide
F F

? f
142.3 mg of 1-aminocyclopropanacarbonitriie hydrochloride (1.2 mmof, 1.0 eq.),

163.3 myg of HOAL (1.0 eq.}, 0.61 miof DIPEA (3 eq.} and 458 mg of HATU (1.0 eq.)
were added successively to a solution of 348.0 mg of (8)-2-{(6-azaspiro[2.5loctane-6-
carponyllaminol-4 4-difiuoropentancic acid (1.2 mmol in 5 mi of DMF. The reaction
mixiure was stirred at RT for 24 h and then concentrated undar reduced pressure. The
residue was taken up in 10 mi of dichioromethane, washed with g litlle sat. NaHCO4
solution and then a littte dilute MCI solution {pH=5}, and dried over MgS804. The residus
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thus obtained was purified by preparative HPLC {gradient: acetonitrile/water and
addition of 0.05% TFA). The product-containing fractions were combined and fresze-
dried. tn this way, N-{(S)}-1-(1-cyanocyclopropylcarbamoyl}-3, 3-difiuorobuty!}-
G-azaspiro{2 Sloctane-B-carboxamide was obtained as & coloriess amorphous solid.
Yield: 200 mg , 47% of theory, MBS (ES!I™): 355.1.

'H 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); 0.30 {5, 4H) .

Exampie 64: Methy! {S)-2-benzyloxycarbonylamino-4-oxo-6-phenyipentancate

)
I
SARRS
In a baked-out, argon-purged flask, 3.7 g of fithium bromide (24 eq.)and 4.38 ¢
{1.2 eq) of CuBr-Me,8 were dissolved in 55 mi of abs, THF and stirred at RT for
20 min. The resulting vellow solution was cooled 1o -70°C and admixed with 16.2 mi
(1.2 eq.) of benzyimagnesium chioride solution (20% in THF). After a further 20 min ai
-70°C, & solution of 5.32 g of methyl (8)-2-benzyloxycarbonylaming-3- '
shiorocarbonyipropionoate (example 1} (17.75 mmol} in 15 m! of THF was added. Afler
2 h, the mixture was heatsd siowly to -35°C and 50 ml of z sat. NH,Ci solution wers
added. The reaction mixture was diluted witn 460 m! of dichloromethane and washed
with 100 mi of a 2 M HCI solutlon. The aguecus phase was washed twice more with
50 mi of dichloromethane. The combined organic phases were washed successively
with 2 M HC! soiution, sat. NaHCC, solution and sat, NaCl solution, dried over MgSO,
and concentrated uhder reduced pressure. M@thyﬁ (S)-Z-benzyloxycarbonylaming-4-
oxo-B-phenylpentancate was obtained as & yellow oll which was used in the naxt stage
without further purification.
Yield: 8.38 g (quant.}

Example 85 Methyl {8)-2-benzyloxycarbonviamino-4 4-diflucro-5-phenyipeniancate
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FoE =
. S
i
B ‘3‘/]\&/\5{0\
e v

In a Teflon vessel, 8.3 g of methyt (S)-Z-benzyloyycarbonviaming-4-c0-&-
phenylpentanoate {17.7 mmol} were dissolved in 10 mi of dichloromethans. Under
argon, 5 g of BAST (1.28 et} were added. The reaction mixiure was stirred. at 40°C
(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 800 mi of an lce-cooled NabHCO; solution and dituted with 200 mi of
dichioromethans, The phases were saeparated and the agueocus phase was washed’
fwice with 100 ml of dichloromethane. The combined arganic phases were washed with
a 1 M HCI solution and with sat, NaCl solution, dried over Mg80, and concentrated
under reduced pressure. The rasidue (dark brown o) was purified by flagh
chromatography on silica gel with a heptane/ethy! acetate mixture. Methyl (8)-2-
benzyloxycarbonyiamino-& 4-difluoro-5-phenylpentanocate was obtained as g vellow
way substance,

Yield: 3.03 ¢ (45% of theory),

Example 86 Mathyl {S)2-amino-4 4-difluoro-5-phenyipentancale

HZN/\\“/ ™~

8
3.0 g of methyl (8 -2-benzyloxycarbonylamino-4,4-difiucro-5-phenyipentanoate
(8.0 mmot) ware admixed with 8.0 ml (& eq.) of a 30% HBr solution in glacial acetic acid
with ice bath cooling and stirred Jor 3 h. 100 mi of disthy! sther were added and the
resulting precipitate was filterad off with suction. The crude product thus obtained was
nurified by preparative HPLC {gradient: acetonitriiefwater and addition of (.05% TFA).
The amorphous solid obtained after freeze-drying was taken up in dichioromethane and
washed with sat. NaHC O, solution. The organic phase was dried over MgSO, and
concentrated under reducad pressure, Thus, methyl (S)»-Z-amino-4,4-diflucro-B-phenyl-

pentanoste was obiained as a yellow oit.



[#5]

10

20

Yield: 817 mg (42% of theory)

Example 67: Maethy! (814 4-difluoro-2-isooyanato-5-phenylpentanoate

817 mg of methyl (8)-2-aminc-4 4-difluoro-5-phenyipentanoate (3.36 mmol) were
dissolved in 20 ml of dichloromethane, admixed with 1.08 mi of pyridine (4 eg.) and
cocled to approx. 5°C {ice bath). After 10 min, 2.3 mi (1.3 eq.} of a 20% phosgene
solugion in foluene were added dropwise. The resulting suspension was stirred with ice
bath sooling for 4 h and then concentrated under reduced pressure. The residue thus
obtained was {aken up in foluene and fitered. After the solvent had been removed
under reduced pressure, methy! (S)-4 4-difluoro-Z-isocyanato-5-phenyipeniancate was
obtained as an orange ol which was used without further purification in the subsequent

raaction. Yield: 943 mg {(quant.)

Example 88: Methy! (8)-2-[{B-azaspiro]2 Bloctane-6-carbonytiaminol-4 4-difluoro-5-
phenylpentancate '

Methyl (S)-2-[(6-azaspirol2 Sloctane-6-carbonyljaminoj-4, 4-difluoro-5-
phenylpentanoste was prepared analogously to example 61, starling from 804 mg of
methyt (8)-4 4-diflucro-2-isocyanato-5-phenyipentanoate {3.38 mmoel) and 207 mg of 6-
araspiro[2.5joctane trifluoroacstate (1.2 eq.). Chromatographic separation by
preparative HPLC (gradient. acetonirilefwater and addition of 0.05% TFA) gave methyl
{S}~2~§(6—aza8piro{2.5§Dctana-6~carbony§)amino}«zi,4—diﬁumro~5—phenyip@ntanoate as a
yellow oil, Yield: 234 mg (18% of theory)

Exarmple 69: (8)-2-{(6~-Azaspiro{2 Sloctane-B-carbonyijamino}-4 4-difluoro-5-
phenylpentanoic acid '
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(82}

80

{S)-2-[(6-Azaspiro[2 Bloctane-B-carbonyljaminol-4 4-difluoro-B-phenyipentanaic acid
was prapared analogousiy 1o example 82, starting from 234 mg of methyl (8)-2-{{6-
azaspiro[2 Sloctane-B-carbonylaminol-4 4-diflucro-S-phenylpantanoate (0.62 mmol),
Chromaiographic separation by preparative HPLC {gradieni: acetonitrilefwater and
addition of 0,05% TFA) gave {8)-2-{(6-azaspiro{2.5]octane-6-carbonylamino}-4,4-
diffuoro-5-phenyipentancic acid as a colorless amorphous sofid,

Yield: 41 mg (18% of thaory).

Exampls 70 N-[(8)-1-(1-cyanocyclopropyicarbamoyi)-3, 3-diftuoro-4-phenylbutyl]-6-
azaspiro[2 Bloctane-6-carboxamide

13.3 mg of 1-aminocyclopropanecarbonitrile hydrochloride (1.0 eq.), 15.2 mg of HOAL
(1.0 eq.), 87 W of DIPEA (3 eq.) and 42.5 mg of HATU (1.0 8q.} were added
successively to-a solution of 41.0 mg of {(8)-2-{(-azaspiro[2.Sloctans-6-
carbonvhiaminol-4 4-difluoro-5-phenyipentanoic acid {0.11 mmol) in 5 mi of DMF. The
reaction mixiure was stirred at RT for 4 h and then concenirated undar reduced
pressure. The residue thus obtained was purffied by preparative HPLC {gradient:
acsionitrile/water and addition of 0.05% TFA). The pr&duct-céntaining fractions were
combined and fresze-dried. in this way, N-{(8}1-{1-cyanocyclopropyicarbamoy!i}-3,3-
difluoro-4-phenylbutyl]-6-azaspiro[2.5joctane-6-carboxamide was obtained as a
ooloriess amorphous solid.

Yield: 30 mg, 62% of theory.

"HONMR: 8.85 (s, 1HY, 7.22-7.40 {m, BH); 6.68 (d, 1H}; 4.40 (m, 1H); 3.20-3.40 {m, 6H);
2.15-2.40 (m, 2H); 148 (d, 2H); 1.25 (t, 4H);1.10 {d, 2H); 0.30 (s, 4H);

MS (ESI™Y: 431.3.
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Example 71: 8-Azaspirof4 Sidecane-8-sulfony! chlaride

S

-3
/\\N ~g

1.0 g of B-azaspirold Sldscane (7.2 mmol) were dissolved in 25 mi of dichloromethane.
After addition of 1.5 ml of tristhyiamine (1.5 eq.), the mbdure was cooled fo 0°0. Al this
temperature, a solution of 0.48 ml of chorosulfonic acid (7.2 mmol, 1 eq.) in 5 mi of
dichioromethane and then 1.2 mi of pyriding (3.2 eq.) were added. The mixture was
stirred at RT for 48 h. The reaction mixiure was washed with 2 1 M HCI soiution and the
agueous phase was removed. Thereafier, the organic phase wasg shaken with an
Na,COs solution. The agueous phase thus obiained was then washed three iimes more
with g litle diethyi ether. The agueous phase was concenirated under reduced
pressure and codistilled three fimes more with 20 md of toluene sach time. The residue
was taken up in water and lyophilized. The coloriess residue thus oblained was treated
three times with 10 mi sach time of ethanel. The combined alcoholic phases were
concenirated under reduced pressurs and codistifled twice more with toluene. The
residue thus obtained (1.58 ¢ of 8-azaspirol4.5ldecans-8-sulfonic acid sodium salt) was
suspended In 30 mi of ioluene and admixed under argon with 1.65 g of phosphorus
pentachioride (1.1 eq.) The reaction mixiure thus obtained was stirred at 100°C for

18 h. After cooling, the reaction mixiure was Tilttered off from undigsoived constituents
and the filirate was concantrated under reduced pressure. In this way,

B-azaspirof4 Sidecane-S-sulfonyi chioride was obtained as a coloriess oit which was
used in the nexi reaction without further purification.

Yield: 520 mg (30% of theory).

Example 72: Methy! (3)-2-{8-azaspirol4 .Sidecane-B-sulfonylamino)-4 4-diflucro-
pantancats
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n a reaction vessel, 100 mg of methyt (8)-2-aminc-4 4-difluoropentancate
fivdrochioride (0.49 mmol) were admixed with 320 mg of N, O-bis{irimethyisityi)-
acetamide (3.2 8q.) in 3 mi of acetonitrile. The reaction mixture was treated at 108°C in
a microwave for 30 min, 128 mg of 8-azaspirol4 .5jdecane-6-sulfonyt chioride (1.1 aq.),
dissofvad in 2.5 mi of acelonitrile, were then added and the resulling reaction mixture
was freated at 100°C in a8 microwave for a further 2.5 h. The reaction mixiure was
concentrated under reduced pressure and the resulting residue was purified by |
preparative HMPLC {gradient: acetonitrile/water and addition of 0.05% TFA). Mathy! (S)-
2-(B-azaspirold Slidecane-§-sulfonylamino)-4 A-diflucropentancale was oblained as a
coloriess amorphous material,

Yield: 75 myg, (41% of theory) MS (ESIT): 369.

Exampie 73: (8)-2-{8-Azaspiro[4.5]decane-8-suifonylamino)-4, 4-diftuoropentanoic acid
FF

e

ﬁ/

(S)-2-{8-Azaspiro[4 Bidecane-8-sulfonytamino)-4 4-diflustopentancic acid was prepared
analogously to example 82 starting from 50 mg of methyi (S)-2-(8-azaspiroi4 Sldecans-
g~sulfonyiamino)-4 4-diffupropentanoate (0.14 mmol).

Yield: 30 mg (62% of theory)
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Example 74; N-{1-Cyanocyciopropyl-(8)-2-(8-azaspiro[4 . 5ldecane-8-sulfonylamino)-
4 4-diflucropentaride
F o5

I/\?i/ \Ji};/ﬁ'( K
12.0 mg of 1-aminocyclepropanecarbonitrile hydrochioride (1.2 eq.), 13.8 mg of HOAL
(1.2 eq.), 33 1 of N-gthvimorpholine (3 eq.) and 18.5 mg of EDCI {1.2 eq.) were added
successively to a solution of 30.0 my of (3)-2-(8-azaspirol4 5]decane--sulfonylamino)-
4 4-difiuorapeniancic acid (0.08 mmal} in 2 mi of THF and 1 mi of dichloromethane.
The reaction mibdure was stired at RT for 4 h and then concentrated under reduced
pressure. The residue thus obtained was purified by preparative HPLC (gradient:

acetonitriie/watar and addition of 0.05% TFA). The product-containing fractions wera

combinad and freeze-dried. in this way, N-(1-cyanocyclopropyl =(81-2-(8-

azaspirof4 .Bldecane-8-suffonylamine -4 4-difluorcpeniamids was obtained as =
colorless amorphous material.

Yield: 20 my, 56% of theory.

THNMR: 9.1 (s, TH); 7.85 (d, THY; 3.85 (my, 1H); 3.00 (m, 4H); 2.15 (m, 2H); 1.85 (1,
3HY 1.55 (m, 4H), 1.50 (m, 2H), 1.40 {1, 4H); 1.37 (m, 4H); 1.10 (m, 2H),

MS (ESITY: 419.1 .

Anglogously {o the examples described in detail above {examples 1-35 and 58?74), the

following further compounds were prepared.

These further compounds are shown in table 1) with accompanying characterization:



Table 1h:

84

| Example |
!

Molar
Mass
{parent

 compound)

Biructure

MS (EST) |

i NMER

75

325.36

326.2

9.02 (s, 1HY; 8.35 (d, 1H): 4 48
(m, 1H); 1.85-2.4G (m, 9H);
1.82 (t, 3H); 1.50 (d, 2H); 1.10
{d, 2HY, 0.75-0,85 (m, 2H)

76

412.48

413.1

|
L (m, 2H); 1.80 (m, 4H); 1.82
(

8.85 (s, 1H); 6.70 (d, 1H), 4.30 |
(m, 1H; 3.20-3.40 (m, 4H}, 2.25

{t
3HY: 1.45 {m, 8H): 1.20 (s, BH);
1.10 (m, 2H)

77

382.48

3831

8.87 (s,1H); 6.28 (d, 1H); 4.30
(m, 1H):3.22-3.38 (m, 2H); 3.08
(m, 2HY; 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

1
]

| 8.90 (s, 1H); 7.29 (m, 2HY; 7.20

(rm, THY; 6.80 (&, 1HY; 5.00 (s,
2H); 4.35 (m, 1) 400 {m, 2H);
3.05 {m, 2H); 2.30 (m, 9H) 1.80

(s, 2H); 1.85 {t, 3H); 1.58 {m,
2H} 1.50 {(d, 2H}), 1.10 {d, 2H)

78

430.50

43179

8.90 (s, 1H); 7.31 {m, 1H); 7.05-

7.20 (m, 3H); 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, 1+); 1.60-1.80 {m, 6H): 1.50
{d, 2rH); 1.10 {d, 2H)




Exampie

Mislar
mass
{parent

compound) 5

H

i

Structure

WS (ESIY)

T MMR

BO

384.43

385.3

8.85 (s,1 HY 6.35 (d, 1H); 4.30
(m, 1H); 3.20 (t, 2H); 3.50 (q,
2H): 3.30-3.40 (m, 2H); 2.20-

2,49 (171, 4H): 1.38-1.85 {m,
{1HY; 1.10 (d, 2H)

81

400.43

404.2

5.05 (s, 1HY; 6.69 (d, 1H); 6.60
(d, 1H): 4.32 (m, 1H), 3.86 (s,

LAH), 3.48 (m, 1H); 2.05-2.32 (m,

2HY: 1.72 {m, 2H); 1.58-1.68 {m,
BHY 1.45-1.55 (m, 4H); 1.38 {m, |
oMY 1.10 {(dd, 2H) |

82

444,53

4454

8.81 (s, 1M}, 7.50 (1,1H), 7.06-
| 7.29 (m, 3H), .80 (t, TH); 4.35
{r,T HY, 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) 1.39-1.78 {m, T1H); 1.10
(d, 2H)

83

400.48

410.3

| Fumarate: 8.80 (s, 1H); 6.60 (s,
2H) 8,50 (d, 1+ 4.28 (m, 1H);
3.58 (d, 2H) 3.48 (d, 2H); 2.25-
2,55 (m, 8H); 2.15 (m, TH);
1150188 (m, 7 MY 1.45 (d, 2H);
110 {d, 2H); 0.40 (4, 2H); 0.28
(g, 2H)

84

409 .48

410.3

Fumarate: 8.85 (s, 1H), 6.68 {d,

1M}, 8.8 (s, 2HY, 4.30 {m, 1M},

3.15-3.50 (m, 4K}, 3.05 (s, 4H);
2.25 {m, 24} 1.85 {m, 1)

| 1.52-1.65 {m, TH}; 1.48 (m, 2H);

P 1.10 (m, 2H); 0.34 (d, 2H); 0.25

(d, 2H)
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] i Molar ' 5
{;ﬁfﬁ i Structure S (ST H NMR

| Ewample i
\  compound) i

Fumarate: 8.80 (s, 1H); 8.72 (<,

1H), B.50 (s, 2H); 4.28 {m, 1H); |

3.10-3.50 {m, 8HY; 2.65 (m, 2H);

2.25 (m. 2H); 1.53-1.85 {m, 7H);

145 (d, 2H); 1.38 (g, 2H); 1.10
{m, 2HY; 0.87 (t, 3H)

85 411.50 412.4

|

TEA selt: 9.02 (5, 1H): 8.88 (s,
1HY; .75 (d, 1H); 4.30 (m, 1H); |
3.40-3.90 (m, 8H); 288’225(511
4405 | BHY); 2.15-2.35 (m, 3H); 1.62 (3,
3HY; 1.35-1,48 {m, 4+); 1.10 (4,
| 2H): 0.90-1.05 (m, 2H); 0.78 (m,
{ 2H)

86 1 438.51

| TFA salt: 8.90 (s, 1H), 8.70 (s, |-

LMY 6.82 (d, TH): 4.32 {m, TH);

13.35-3.70 (m, 8H): 3.15-2.33 {m, |

4403 | 4H); 2.95 (m, 1H); 2.25 (rm, 2H): |

2.03 (t, 2H); 1.62 {t, 3H): 1.50

(g, 2H), 1.10 (d, 2H); 0.90 (d,
2H); 0.80 (d, 2H)

87 | 43051

. . | B.85 {s, 1H): 6.72 (c, 1H); 4,30

o Y 1 @%N (m, 1H}: 340 (m, 4H): 3.25 (m.
) AN e 205 (d, 2HY; 2.25 (m, 2H)
&8 451.52 xN/\}\) 2 A 4523 1 545 ¢s, 2H)_ 162 (1, 3 H): 1.45
)_J . {m, 5HY); 1.10 (m, 2H); 0.45 (4,
j/

4 | 2H5: 0.20 (g, 2H)

% | 845 (g, m) 7.10-7.28 (m, 4H);
ij;(\/h 5.90 (d, 1H); 4.38 (m, 1H); 3.30-

| A A L 3.60 (m, 4H); 2.90 (t, 2H), 2.15-

B9 A44.53 (ﬁ@ b Zk/ o AT 0 (m 2HY 175210 {m, BR):

; (m,
Wi “1,38-1.52{m,4H);1‘?‘5(m,2l~%);
A, I 0.90 (1, 3H)
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Example

Wolar
mass
{parent
compount)

Btruciure

M& (ESP)

|

i
i
| H NMIR |
H

[ 80

531.61

532.2

8.88 (s, 1H); 7.58 (4, 2H}; 6.95 |
(d, 2H); 8.77 (3, 1H): 4.30 (m, |
THY, 3.90 (m, 2H); 3.77 (m, 2H);
3.73 (s, 3HY;, 2.80 (m, 2H); 2.25
(m, 2H); 2.10 (&, 2HY; 1.85 (m,
2HY: 1.65 (g, 2H); 1.40-1.50 (m,
BHY: 1.10 {m, 2H); 0.90 {, 3H)

91

51782

518.2

8.85 (s, 1H), 6.82 (d, 2H); 8.70
(d, 151}, €.58 {d, 2H), 4.30 (m,
1H); 3.68 (g, 3H); 3.25.3.55 [m,
BH): 3.10 (g, 2H), 2.25 {m,
2H3;1.80 {m, 4H); 1.35-1.55 {m,
gHy, 1.10 (d, 2H); C.90 {, 3H)

o2

437.54

436.3
(ES)

! TFA salt: .80 {s;, THY) 8.80 (s,
1HY 8.75 (d, 1H), 4.30 (m, 1H)

I 397 {m, 2HY; 3.90 {m, 2H};

L 3.15-3.30 (m, 4H); 3.10 (m, 1HY;

2.16-2.30 {m, 23 1.78-1.86 {m,
2HY 1.70 (g, 4H) 145 (d, 2H); |
1.40 {m, 2H), 1.10 (d, 2H); 0.88

{t, 34}, 0.80 {d, 4H)

83

451.56

452.3

TFA salt: 8.45 (s, 1H); 8.80 (s,
THY: 6,72 (d, TH): 4.31 (m, 1H);
3.52-3.7C (m, 2H); 3.20-3.40 (m,
4HY); 3.65 (m, 1H); 2.95 (m, 1H);
2.25 {m, 2HY 2.00 (m, 1H}
1.72-1.88 (m, 4H); 1.58 (m, 1H):
| 1.38-1.55 (m, 7TH); 1.10 {d, 2H};
0.90 {m, 5HY 0.82 {d, 2H)

24

485.50

464.3
(ES)

TFA sal: 8.89 (g, TH), 8.52 {5y,
1HY, 6.70 (d, 1H); 4.30 {m, 1HY
3.20-3.40 (m, BHY: 2.90 {m, 1HY;
2.20-2.30 (rn, 2HY); 1.78-1.88 {m,
4AHY 157 (s, 2HY; 1.35-1.48 (m, |
8H); 1.28 {5y, 2MH), 110 {d, 2 HY;
0.80 {m, 5H), 0.82 (d, 2H)
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Exampie

Molar
mass
{parent
compound)

T
i

Structure

MS (EST") |

T NMR

o8

437 .54

[

438.2

FER salt 600 (5, 15, 8.68 (on |
P AH): 655 (d, TH), 4.28 (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 (sp, 1H) 2.12-2.40

{m, 2H): 2.05 {m, 2H); 1.75-1.89
(v, 4H); 1.50 (d, 2H); 1.40 (m, |
2HY: 1.10 (dd, 2H); 0.90 {m,
5H3: 0.85 (d, 2H)

96

438.55

438.3
(ES)

TFA salt: .01 (s, 1H); 8.90 (s,
M) 6.62 (d, 1HY, 4.28 (m, 1H);
3.50-3.68 {m, 4H}; 3.25-3.40 (m,
2H}, 3.00 (m, ZH); 2.87 {g, 2H);
2.10-2.38 {m, 2H); 2.02 (m, 2H);
1.80 {m, 4H); 1.85 (m, 2H); 1.50
(d, 2H%: 1.40 {m. 2H); 1.10 (d,
2H), 0.90 (4, 6H)

897

3.

51

514.2

i

TFA salt: 8.89 (s, 1H); 8.51 (s,

M), 7.22-7.2€ (m, 5H); 6.72 (4,
C1HY, 4.38 (m, 1H); 3.20-3.40 (m

10H); 2.90 (m,1HY: 2.35 (m,
1H): 2.18 {m, 1H): 1.80-1.90 (m
ZH) 157 (s, 2H}: 1.36-1.48 (m, |

| 4H); 1.28 (2 H), 1.10 (dd, 2#1); |

0.90 (d, 2H); 0.80 (d, 2H)

98

485.58

486.2

TFA salt: 9.80 {sy, 1), 8.20 (s,
1H); 7.23-7.40 (m, 5H}; 6.75 (d, |
Y 4.38 (m, 4 H) 3.85 (m,
ZHY; 3.89 (m, 2H); 3.15-3.42 {m,
BHY, 3.08 (m, 1+ 2.38 (m, TH)
2.20 {m, 1HY) 1.59-1.68 {m, 4H};
1.50 (d, 2H); 1.10 (dd, 2H}, 0.80
{d, 4H)

89

487.60

488.2

TFA salt; 9.80 (sp, 1H}: 8,90 (s,
1H): 7.23-7 42 (m, 5HY, 8.75 (d,
1H); 4.38 (m; 1 H): 3.92 (m,
2H): 3.82 (m 2@-{),315-3 40 (m,
6H); 3.11 (3, 2H} 2.35 (m, 1H);
2.15 {m, 1H), 1.80-1.75 (m, 4H);
1.39-1.46 (m, 4 H); 1.10 (dd,
2H); 0.90 (, 3H)
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Exarmple

Molar
mass
{parsnt
compound}

Structure

T
H

| ws (&S

TH MR

i
f
!

100

485.58

486.2

;TEA salt: 8.90 (s, 1H); 8.80 {ds,
1HY 7.20-7.40 {m, 5H); 6.60 {d,
1H); 4.40 (m, 1H); 3.40-3.70 {m,
BH); 3.25 {t, 2H); 3.10 (g, 2H);
2.85 {m, 1H), 2.35 (m, 1H), 2.15
S, THE 2.0 (o 2Hy 172 8
2H); 1.50 (d, 2H); 1.10 {dd, 2H);

101

328.36

11
T3

320.2

c o 0.80(d, 2H) 0.80 (¢, 2H) |

8.58 (t, 1H}: 6.75 (d, 1H} 4.40
{m, 1Y 4.10 (d, 2 HY; 3.30-3.40
(m, 4 HY; 2.25 {m, 2H) 182 {,
3HY; 1.25(m, 4H); 0.30 (s, 4 H)

102

382.48

383.3

8.85 (s, 1H) B.70 (d. 1H), 4.30

(mn, 1H); 3.30-3.40 (m, 4H), 2.25

(m, 2HY. 1.82 {m, 2 H); 1.48 (d,

2HY; 1.42 (m, 2H); 1.25 (m, 4H),

1.10 {m, 2H3, 0.90 t, 3H). 0.30
(s, 4 H)

103

411.50

412.2

841 (g, 1H), 8,70 (d, 2H); 4.42
{m, M) 3.30-3.40 (m, 4H); 2,558
{rm, 2H); 2.10-2.40 {m, OH): 1.88
o {m, 2H) 1.25 (m, 8H); 6,30 (s,

4H3

104

438.55

440.5

¢ 540 (s, 1Hy 670 {d, 1H); 4 .40
i {q, 1HY 4.08 {m, 2H); 3.40 (m,
AHY 2.18-2.35 {(m, 4H); 215 (s,
3H) 1.78-1.84 {m, 4H); 1.42 (m. |
2H)Y1.26 (t, 4HY, 118 (m, 2H);
0.90 {t, 3H); 0.30 (5, 4F)
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Molar | ! |
Example | oo Structure s (ESHY ' NEIR
(parent
sompound)
FF
o Lo 8.82 (e, 1H): B.66 (d, 1H); 4.30 |
Mo 2N (m, 1H), 3.29-3.40 {m, 44}, 2.30
105 | 38843 ;/\NJLNL%/HZ\/ A7 3894 Hi 2H) 1.88 (m, 2HY, 1.48 (m,
oAk 2H); 1.25 (1, 4H); 1.10 (m, 2H);
| W 0.80 (1, 3H): 0.30 (s, 4H)
i 1

The examples which follow can be preparad in an analogous manner,
N-[(S)1-{1-cyanceyclopropylcarbamoy)-3, 3-diffuoro-B-mathythexyl]-6-
azaapia"o{,z.S}cjctan@»f}mcarboxamide

N-[({8}1-{ 1cyanooyciopropylecarbamoyl-4-cyclopropyl-3, 3-diffuorobuty1-6- -
azaspirof2. 5loctane-6-carboxamide

e

Ve R

N-[(8}-1-(1-cyanooyclonropyicarbamoy!}-3, 3-diftuoro-4- 2-methoxyohenyloutyl-6-
azaspirel2 Sloctane-6-carboxamide

H

/\;AN;&( Z(

N-[{5)1-{ t-cvanocyclopropylcarbamov! -3, 3-diffioro-4-(2-triftuoromethoxyphenyiy
butyll-6-azaspiro[2. Sloctane-6-carboxamids '
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N-I{8)-1-(1-cyanocyclopropylcarbamoyl)-3, 3-diffuoro-4-(2-flucrophenyl)butyl]-6-
azaspiro[2.5loctane-B-carboxamide

Ci f i /_.(,}N
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N-[{8}1-{ 1-cyanocyclopropylcarbamoyl}-3, 3-difiuoro-4-{4-fluorophenylibutyl]
t-azaspirol2.5loctane-6-carboxamide

N-[(831-1-{1-cyanocyctopropylcarbamoyi}-3,3-difiuore-4-pyridin-2-vibutyil-6-aza-
spiro]2.Sjoctane-8-carboxamide
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N-[(S)1-{1-cyanocyciopropylearbamoyl}-3, 3-diflucro-4-pyridin-3-ylbutyl}-6-aza-
spirc(2.5loctane-6-carboxamide '
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N-{($)-1-{ 1-cyanocyclopropytcarbamoyi)-3, 3-difiuoro-4-pyridin-g-ylbutyl]-t-aza-
spirol2.Sloctane-G-carboxamide
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N-[{8)-1-(cyanomethyicarbamoyl)-3, 3-diftuoro-4-phenylbutyi]-6-azaspiro]2.5joctane-6-
carboxamide '

N-{{8)-1-{cyanomathyicarbamoyl)-4-cyclopropyl-3, 3-difluorobutyl}-6-aza-

spirol2 Sloctane-8-carboxramide
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N-{{8 1 +(cyanomethylcarbamoyil-3, 3-diffuoro-4-pyridin-3-yioutyl}-6-aza-
spirof2 5loctane-6-carboxamide

N-{{8)-1-(cyanomethyicarnamoyl)-4-{2-difluoromethoxyphenyi)-3, B-diftuorobutytj-6-
azaspiro[Z Sloctane-b-carboxamide
B
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N-[{S ) 1-(1-cyanceyclopropylcarbamoyi)-3, 3-difluorobutyl}-7-azaspiro[3.5jnonane-7 -

carboxamide
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N-[{8}-1-(1-cyanccyclopropyicarbamoyl-4-cyclopropyl-3, 3-diftuorobutyll-7-aza-
sp';m{i%.5}n0nané«?»carboxam%de

N
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N-{(8)-1~{1-cyanocyciopropyicarbamoyl)-3, 3-difluoro-4-phenylbutyl}-7-aza-

T

gpirof3.6]nonane-7-carboxamids

5 N-HSWi-(T-cvancoyciopropyicarbamoyl)-3, 3-difly or0—4~pyr‘idin~2~yibuty!]»?~aza~
spiro[3.5]nonane-7-carboxamide

EF

[~ |
N-[{5 -1-{1-cyanocyciopropylcarbarmoyt)-3, 3-difluoro-4-pyridin-3-vibutyl]-7 -aza-

spiro[3.5inonane-7-carboxamide

1o |
N-{(S)-1-{1-cyanocyciopropylcarbamoyly-3 S-diflucro-4-pyridin-4-ylbutyl}-7-aza-

spirol3.8lnonane-7-carboxamide

N-[{S W1 T-cvanocyclopropyicarbamoyl -3, 3-difluoro-4-(2-mathoxyphenylibuty -7

15 cyclopropyl-2,7-diazaspiro[3.5jnonane-2-carboxamide
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N-[(8)1-{ 1-cyanocyciopropyicarbamoyl-3,3-difluaro-4-(2-fiucrophenylibutyll-
7-cydapropy!—2 Y«diazaspimﬁ Sihonane-2-carboxamide
f\
(AN
N-[(S1+{ T-cyanocyclopropylcarbamoyl -3, 3-difluaro-4-(4-fluorophenylbutyl}-
7-cyclopropyt-2,7-diazaspiro[3. 5inonane-Z-carboxamide
SN
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N-[(8)-1-{1-cyanocyclopropylcarbamoyil-3, S-diffuoro-4-pyridin-2-yibutyll-
7-cyclopropyi-2, 7 -diazaspirol3 Sinonane-2-carboxamide
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N-[{511-(1~cyanocyclapropylcarbamayl)-3, 3-difiuoro-4-pyridin-3-yibutyll-

7-cyclopropyi-2,7 -diazaspiro[3.8)nonans-2-carboxamide
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N-1{8)}1-{1-cyanocyclopropylcarbamoyt}-3, 3-difluoro-4-pyridin-4-ylibutyl-
T-cyclopropyl-2.7 - dta?’aspim 13.5] nonan&»~2«~carbmxam1de
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N-HB1-(1-cyanocyclopropyicarbamoyt)-3, 3-difluoro-S-methyihexyll-
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N-{{8}-1-(1-cyanocyclopropylcarbamoyl -4-cyclopropyi-3, 3-diflucrobutyl]-
7-cyclopropyl-2,7-diazaspiro]3 Sinonane-2-carboxamide
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N-[(831-{cyanomethyicarbamoyt}-3, 3-diftunro-4-phenylbutyl]-7-cyclopropyi-2,7-di-
azaspirold. ‘i]ﬁonaﬁwzucarbm{amide

Q@»& f{\_-(\

N-[(8)-1-(cyanomethylcarbamoyl)-3, 3-difluoro-4-pyridin-3-yibutyil-
7~ayciopropyi—2,Tudiazaspiro[ﬁ.E}nonane~2»carboxamide

N-{{S)-1-(cyanomethyicarbamaoyl-4-cyclopropyl-3, 3-difluorobuiyl]-
7-oyclopropyi-2, 7~d€azaspim{3 5lnonane-Z-carboxamide
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N-[{S)-1-(cyanomethylcarbamoyl}-3, 3-difjucro-4-{2-fucrophenylibutyl]-7-cyclopropyl-
2,7-diazaspiro[3.5honane-2-carboxamide
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N-[{5)-1-(1-cyanocyeioprapyicarbamaoyl)-3, 3-difinorobutylj-1 _.%diféuéronﬁ-az&
spiro{2.5loctane-6-carboxamide
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N-[(8)}1-(1-cyanocyclopropyicarbamoyl}-3, 3-difluoropentyll-1, t-diffuoro-6-aza-
spiro[2.Sjoctane-8-carboxamide
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N-{{S)}-1-(1-cyanocyciopropylcarbamoyl-4-cyclopropyi-3, 3-diffluorobutyil-1, 1-difiuorc-6-
azaspiroi2 Sloctane-6-carboxamide
FOF )

N-H(S)-1-(1-cyanooyclopropyicarbamoyt -3, 3-diftuoro-4-pyridin-3-yibutyll-
1, 1-diffuore-B-azaspiro[2.8loctane-B-carboxamide

N-{{8)-1-{1-cyanocyciopropylcarbamoyli-4 4-d iﬂuomp@ ntyl}-6-azaspiro[2 Sjoctanse-6-
carboxarmide
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N-f{S)-1-(1 -»Cyanocyclopmpyk:arbamcyl}mﬁf,4~diﬁuoron4-phenyib utyll-6-aza-
spirof2.5loctane-6-carboxamide
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N-[{&)-1-(1-cyanocyciopropylcarbamoyl-4 4-diflucro-4-pyridin-2-yibutyl}-6-aza-
spirof2.5joctane-8-carboxamics ‘
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N-{{8-1-(1-cyanocyclopropylcarbamoyl)-4 4-difjuoro-4-pyridin-3-vibuty(}-6-aza-
spitol2 Sloctane-B-carbonséure

e F o
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N-{{S}-1-{1-cvanocycloprapylearpamoyl -4, 4-difluoro-4-pyridin-4-ylhutvl]-6-aza-
spiro[2.5loctane-6-carboxamide |
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N-[{S)-1-(1-cyanocyclopropylcarbamoyi-4-(2-difiucromethoxyphenyi)-4 4-diftuoro-
butvil-G-azaspiro[2.5loctane-B-carboxamide
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N . .
Nw{(S);‘s -{1-eyanocyclopropylcarbamoyl)-4 4-difluoro-d-{4-fluorophanylibutyli-6-aza-
spirolZ.5joctane-B-carboxamide

N-[{S}1-(t-cyanocyclopropyicarbamoyl -4, 4-difluoro-4-(2-flucrophenyt joutyl-6-aza-
spiro[2.5loctane-6-carboxamide
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N-[(S}-1-(4-cyano-1-methylpiperidin-4-yicarbamoyi -4 4-difluoro-4-phenylbutyll-6-aza-
s;airo[2.5]octane—8-carb0xamide
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5  N(SW1-(1-cyanocyoclo propyicarbamoyﬁ}@,z@—diﬂuoro-a-pheny[butyl]~7-cyc§0propyi~2,?~
diazaspiro[3.5lnonane-2-carpoxamide

S S

N-[(8)-1-(1-cyanocyclopropylcarbamoyl -4 4-diffuoro-4-(4-flucrophenyl)butyl]-7-

cyclopropyl-2,7-diazaspiro[3.5]nonane-2-carboxamids

10
N-{{S)}-1-{1<cyanocyciopropyicarbamoyl-4 4-diflucro-4-( 2-fitioraphenyl)butyl}-7-
cyclopropyi-Z, 7-diazaspiro]3.5lhonane-2-carboxamide

V_UJ@

N-[{§1-1-{1-cyanacyciopropyicarbamoyii-4-(2-diflucromethoxyphanyl}-4 4-difiuorobutyl-
15 7-cycloprapyl-2,7-diazaspiro[3 . Sinonane-2-~carboxamide
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N-H{81-(1-cyanocyciopropylearbamoy! -4 4-difluoro-4-pyridin-2-yibutyil-7-cyclopropyl-
2, 7-tiazaspirol3. §lnohane-2-carboxamide

N-{{S)-1-(1-cyanocyciopropyicarbamoyi-4 4-difluoro-4-pyridin-3-yibutyl-7-cyclopropyl-
2. 7-dlazaspirold.5lnonane-2-carboxamide
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N-[{&}-1-{ 1-cyanocyclopropylcarbamoyl -4 4-diftucro-4-pyridin-d-yibutyli-7-cyclopropyi-
2, 7-diazaspirol3.5)nonane-2-carboxamide
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N-[{S)}-1-(1-cyanocyclopropyicarbamaoy!-3, 3-difiuoro-4-phenyibutyll-7-methyl-2.7 -

diazaspirol3 Sinchane-2-carboxamide
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N-[(8)-1-(1-cyanocyciopropylcarbamoyi}-3,3-diflucro-4-phenyibutyll-7-(2-methoxysthyl)-

2.7 -diazaspiro[3.5inonane-2-carboxamide
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N-I(S)1-(1-cyancoyclopropylcarbamoyl)-3, 3-difiuoro-4-phenylbutyll-6-(2-methoxysthyh)-
3, B-diazaspiro[5.5jundecane-3-carboxamide

\cw\”N 3/ J( ’Z’KQ

N-{(8»1-{1-cyanocyciopropyloarbamoy!}-3, 3-diffuoro-4-phenyibutyl]-7-amino-5-aza-
spiro[2 4theptane-5-carboxamide
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N-[{8}1-{ t-cyanocyclopropylcarsamoyi}-3, 3-diflucro-4-phenylbutyll-7 -dimethylamino-5-
azaspiro{2 4theptane-S-carboxamide
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N-[{8)-1-{1-cyanocyciopropyicarbamoyl}-3, 3-diflucrobutyl]-7-(cyclopropanacarbonyt-
amino-S-azaspiro{2. 4ihestane-S-carboxamide
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I-6-[(8}1-(1-cyanocyclopropyicarbamoyt)-3, 3-diftuorobutylcarbamoyl]-6-aza-
spirol2. Bloctane-1-carboxylic acid
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ehyl 8-J(5}-1-(1-canoccyciopropyicarbamoyl)-3 S-diffuorobutylcarbamoyl}-6-
azaspiro[2. S}OC‘{anew’%—carbmxyiate
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N-{{S)-1-{1-cyanocyciopropyicarbamoyl -3, 3-difluorobutyl]-1 -hydroxymethyi-6-aza-
spirof2.Sjoctane-6-carboxamide
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8-[(S)-1-(1-cyanocyclopropylcarbamoyl)-3,3-diflucrobutylcarbamovil-1-oxa-2,8-diaza-
spiro[4.5}dec-2-ens-3~carboxylic acid
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8-{{S1-{1-cyanocyclopropylcarbamoyi)-3, 3-difiuoro-4-phenylbutylcarbamoyi]-1-oxa-
2,8-diazaspirof4 .5ldec-2-ene-3-carboxylic acid
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8-[(8}-1-{1-cyanocyclopropylcarbamaoyl)}-3, 3-tiflucropentylcarbamoyl]-1-oxa-2, B-diaza-
spirof4 5]dec-2-ene-3-carboxylic acid
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7-{(8}-1-(1-cyanocyclopropyicarbamoyi)-3, 3-diflucro-4-phenyibutylcarbamoyl}-1-oxa-
2, 7-diazaspirol4 Bldec-2-ene-3-carboxyhc acid
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7-[(S}1-{ t-cyanocyclopropylcarbamoyi}-3, 3-diffucre-4-phenvibutylcarbamoyll-1-oxa-
2, 7-diazaspirol4 4inon-2-ene-3-carboxylic acid
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{3-{(8)-1-(1-cyanoeyciopropylcarbamoyi)-3, 3-diffuorobutylcarbamoyll-3-aza-
spiro[5.5lundec-8-yvilacstic acid
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5 {3(S)1-{1-cyanocyclopropylcarbamoyt;-3, 3-diflucropentylcarbamoyl}-3-aza-
spirefs.Sjundec-9-yliacetic acid
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N-{{S}-1-{1-cyanocyclopropylcarbamoy!}-3,3-diftuoropeniyll-1,3-dioxo-2 8-

diazaspirof4 5]decans-8-carboxamide
“v/
/Jl\ "

N-[{S)-1-{1-cyanocyciopropyicarbamoyl)-3, 3-difluorobutyll-1,3-dioxo-2,8-diaza-

10 -//

spirof4 .5idecane-8-carboxamids

e

&
N-[(8)}-1-{1-cyanocyciopropylcarbamoyl}-3, 3-difluoro-4-phenylbutyl]-1, 3-dioxo-2, 8-

15 diazaspirof4, 5}deoan@~8~carbc>xamide
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N-{{5}-1-{1-cyanocyclopropyicarbamovl)-3, 3-difiuoro-S-methythexyl]-5-aza-
spirof2 Slociane-5-carboxamide

N-[(8)-1-{1-cyanocydopropyicarbamoyt -3, 3-diffuorobutyll-5-azaspiro[2. 5loctans-5-

or AP

N-I{S1-{t-cyanocyclopropyicarbamoyi)-3,3-difluoro-~4-phenyibutyll-5-aza-

carboxaimide

i
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spirof2.5]octane-5-carboxamide
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N-{(S)-1-(cyanomethyicarbamoyl -3, 3-diffuorobutyli-5-azaspiro[ 2. 5joctane-5-
carboxamide
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N-[{8)1-{cyanomethvicarbamoyi)-3, 3-difluoro-4-shenylbuivi]-5-azaspirol2 . 5loctane-5-

carboxamide

N-H{S}-1-{ T-ovanooyclopropvicarbameoyt)y 3, 3-diflucra-4-{4-fluorophenyll-butyll-5-
azaspiroi? Slociane-S-carboxamide
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N-[(8)-1-(1-cyanocyclopropyicarbamoyl}-3, 3-difluorobutyil-8-cyclopropyl-1-oxa-2 8-

diazespirold.Sldec-2-ene-3-carboxamide
/Jy @
N-[(S 1+ 1~cyanocyciopropylcarbamoyi)-3, 3-diftuorobutyl-B-propyi-1-oxa-2 8-diaza-

5piz’0{4 5idec-2-en-3-carboxamide
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N-[{§}-1-(1-cyanocyciopropylcarbamoyi)-3,3-diftucrobutyl]-7-cyclopropyi-1-oxa-2,7-

diszaspiro{4.5)dec-2~ene-3-carboxamide
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N-[(8}-1-(t-cyanocyciopropylcarbamoyl})-3, 3-difluarobutyl}-7-propyl-1-oxa-2, 7 -diaza-

spiro{ﬁz.ﬁ]dec~2-éne—3—carb0xamide
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N-{{8)1-( 1-cyanocyciapropyicarbamoyi -3, 3-diflucrobutyil-7-cyclopropyi-1-oxa-2,7-

diazaspiroid 4lnon-2-ene-3-carboxamide
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~
M- {{8} 1-{1-cyanocyciopropyloarbamoyi}-3, 3-diflucrobutyl-7-methyl-1-oxa-2, 7-diaza-

spirof4 4inon-2-ene-3-carboxamide
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N-{{B}-1-(1-cyanocyclopropylearbamoyi}-3, 3-difluoro-4-phenylbutyll-7 -methyi-1-oxa-2,7-
diazaspirof4 4lnon-2-ene-3-carboxamide

rharmacological examples:

Determination of the enzymatic activity of the catalytic domain of human Cathensin B.
This protein is obtained as an inaclive enzyme from Sigma, Wieshaden, Germany
(cataing No. 085?’%), The anzyme is activatad as follows:

25 pg of enzyme are diluted with acetate buffer to a concentration of 12.5 ugiml. 1 part
by volume of enzyme is admixed with 20 parts by volume of cysieine solution and
diluied with the acetate/Hepes buffer 10 a concentration of 0,11 ug/m! and incubated at
37°C for 5 minutes. '
To measure the enzyme activity, 10 pi of enzyme solution are incubated with 10 gl of a
3% (viv) agueous dimethy! sulfoxide solution (reaction 1} for 10 minutes. To measure
the enzyme inhibifor activity, 10 ul of enzyme solution are incubated with 10 ulof a 3%
{viv) aquecus dimethyl sulfoxide solution which contains the enzvme inhibiior

(reaction 2).

Both in reaction 1 and in reaction 2, after addition of 10 ul of a 3% (v/v) agueous
dimethy! suifoxide solution which contains 0.3 mmol/l of the substrate, the enzyme
reacticn is monitored by fluorescence spectroscopy (360 nm (excitation) / 465 nm
{emission)).

The enzyme aciivity is shown as fluorescence increass/minute.

The inhibitor action is calculaied as the percentage inhibition by the following formuia:
% inhibition = 100 - [{fluorescence increasa/minute in reaction 2) / (fluorescence
increase/mirnute in reaction 1) x 1001
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The 1Cs, which is the inhibitor co'ncentraﬁon required for a 56% inhibition in the
enzyme activily, is determined graphicaliy by pirfﬁing the percentage inhibitions at
different inhibitor concenirations.

The acetate buffer contains 0.1 moifl of sedium acetate, 0.1 molli of sodium chioride
and 0.001% Pluronic (Sigma, Deisenhofen, Germany) ph 4.5,

The cysteine solution contains 0.3 mol/l of cysteine in water. The acetate/epes buffer
contains 0.15 mol/l of sodium acstate, 0.15 molf! of Hepes, 0.3 mol/l of sodium chloride
and 0.001% Pluronic (Bigma, Deisenhofen, Germany) pH 6.5

The enzyme solufion contains 0,11 pg/mi of the enzyme domain.

The substrate solution contains 0.3 mmol/! of the fluorogenic substrate 2-Arg-Arg-AMC

{(Bachem, Heidelberg, Germany).

Determination of the enzymatic aciivity of the catalytic domain of human Cathepsin K.
This protein is cbiained as an inactive enzyme from Sanofi-Aventis, Frankfurt,
Germany. The enzyme is activaied as follows:

1 part by volume of enzyme is admixed with 4 parts by volume of cysteine solution and
dituted with the acetate/Mepes buffer to a concentration of 0.22 pgimt.

To measure the enzyme activity, 10 11 of enzyme solution are incubated with 10 plof a
3% (v/v) agueous dimethyl sulfoxide solution {reaction 1) for 10 minties, To measure
the enzyme inhibitor activity, 10 pi of enzyme solution are incubated with 10 plof 5 3%
{vfv) agueous d%rhéthy! sulfoxide solution which contains the enzyme inhibitor
{reaction 2).

Both in reaction 1 and in reaction 2, after addifion of 10 yi of a 3% (v/v) aqueous
dimethyl sulfoxide sohution which contains 0.3 mmol/l of the substrate. the enzyme
reaction is monitored by fluorescence spectroscopy (360 nm {excifation) / 465 nm
{emission}).

The enzyme activity is shown as fluorescence increase/minute.

The inhibiior action is calculaied as the percentage inhibition by the following formula:
% inhibition = 100 - [{flucrescence increase/minute in reaction 23 / (fluorescence
increase/minute in reaction 1) x 1001 |

The ICsg, 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 concenirations.
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The cysteine solution contains 0.3 mol/t of cysteine in waler. The acetate/Hepes buffer
containg 0.15 mol/l of sodium acetate, 0.15 mol/i of Hepes, 0.3 molfi of sodium chloride
and 8.001% Pluronic (Sigma, Deisenhofen, Germany) piH 8.5,

The enzymes solution contains 0.22 pgim! of the enzyime domain.

The substrate solution contains 0.3 mmol/ 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 5.
This protein Is obtained as an inactive enzyme from R&D Systerns, Wiesbaden,
Gearmany {catalog No. 1183-CY}. The enzyme is activated as foliows:

5 parts by volume of enzyme are incubated with 20 parts by volume of acetate buffer
and 50 parts by volume of cysieine solution at 37°C for 5 minutes. After the activation
of the enzyme, it is diluted with the Tris/HCI buffer to a concerdration of 0.85ug/mi. To
measure the enzyme aclivity, 10 ul of enzyme solution are incubated with 10 i of a 3%
{v/v) agueous diméthy% sulfoxide solution (reaction 1) for 10 minutes. To measure the
enzyme inhibitor activity, 10 ! of enzyme solution are incubated with 10 pl of a 3% (v/v}
aqueous dimethy! sulioxide solution which contains the enzyme inhibitor {reaction 2.
Both in reaction 1 and in reaction 2, after addition of 10 pt of a 1.5% (viv} aqueous
dimethy! sulfoxide solution which contains 0,15 mmol of the substrate, the enzyme
reaction is monitored by fluorescence speciroscopy (360 nm (excitation} / 465 nm
{emission}).

The enzyme aclivity is shown as fluorescence increase/minuie,

The inhibitar action is calculaied as the percentage inhibition by the foliowing formula:
% inhibition = 100 - [(fluorescence increase/minute in reaction 23/ (fluorescence
increasa/minute in reaction 1) x 100).

The iCs, which is the inhibitor concentration required for a 50% inhibition in the
enzyme activity, is determined grap’nica?iy by plotting the percentage inhibitions at
different inhibitor concentrations.

The acetate buffer contains €.05 mol/l of sodium acetate, 0.1 moi/l of sodium chioride
and 0.001% Pluronic (Sigma, Deisenhofen, Germany) pH 5.5. |

The cysteine solution contains 0.3 molfl of cysteine in water. The Tris/MCl buffer
contains 0.1 molft of Tris/HCIL, 0.04 mol/l of EDTA and 0.001% Pluronic pH=7 5,

The enzyme solution contains .65 ug/m! of the enzyme domain.
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The substrate solution contains 0.15 mmol/l of the flucrogenic substrate Z-Val-Val-Arg-
AMC (Bachem, Heidelberg, Germany).

Corresponding Ki values are obiained by appiyving the Cheng-Prusoff equafion:

Ki = Ko/ (1F[SIKw) ;. where K ape = [Cap

(I, ano 15 the concentration of the competing substance which lsads to 50% inhibition of
the enzymaﬁc activity at a substrate concentration [8])

Table 2 reports corresponding inhibition values in the form of Ki values for g few

represeniative examples:
Table 2
| ' , , - : " 5
- Example Caﬁe{;;\?i K Cafii\e{;;\g B Ca%?;ze[;gfrj} s
5 s 45 : 3.2 *=
1 31 | >7100 5 150 |
38 | 3 44 2
37 21 580 13
42 32 | 4500 14 |
45 21 1200 24 !
48 57 2200 16 |
53 4.5 _ 1500 : 53
56 7.5 210 7.2
83 22 260 5
T 210 110 G.3
74 150 >7100 16
76 | 47 _ 936 22
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Example Caﬁe{;gﬁ} K Ca}g}e{;g?r]l B Caiéeiggﬁ 8
9 20 220 | !
78 38 530 1@
79 (I oo °
80 36 3000 e
83 28 2300 8
- 15 310 9
o1 43 140 Z
94 24 84 °
87 400 100 1
102 33 82 05
103 { 84 99 f ?!

Caco-2/TCT permeabiiity determinations for forecasting the absorption of the inventive
compounds: {Caco-2/TCT permeability test)

Caco-2/TC-7 calis from Sanocfi are used. In addition, HTS Muliiwell plates {24-well, non-
coated, Bacton Dickinson, surface area of the Bacton Dickinson Fitter 0.3 cm®) are
used. The cell density on the filters was 2 x 10° fom?, and 1.3 x 10* fom” on the T-75
flasks {Costar with vent-cap) for the cell line growth.

The incubation conditions are 37°C, 85% air humidity, 10% COy. The medium is

- changad three fimes per week (DMEM, Glutamax |, nonessential AA,

penicillin/streptornycin, FBS 20%).

Fermeabilily assay Cbndiﬁorzs: asymmeiric conditions for the screening with apical
buffer HBSS (with 10 md HEPES and 0.5% BSA at pH 6.5) and basal buffer HBSS
{with 10 pM HEPES and 5% BSA at pH 7.4}, The permeability experiments were
performed at 37°C with agitation for 2 h. Tha samples were analyzed by LO-MS. The
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results ware reported as the mean Papp vaiue (singie point, cm/sec) (permeability
coefficient):

_ B
TAolxSxi

B2: basolateral amount of the compound o be analyzed after 2 h
[Agl: apical conceniration of ihe test solution

S: *insert area"; 0.3 cm®

ttme:2h
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Claims

1.

A compound of the formula |,

RZ R3
Y. Z [
& &2 }MX/ M M
N !
RT ©

and/or all stereoisomeric forms of the compound of the formuia | and/or mixtures
of these forms in any ratio, and/or a physiologicaily tolerated salt of the
compound of the formula [, and/ior solvates or hydrates of the compound of the

formuia |, and/or prodrugs of the compound of the formula |, where

A B )
the QC) radical is a spiro compound,

OO
in which the sub-rings and are In each case the same or different

and are each independently

a) a saturated or partly saturated -(Cz-C+ 1 }-cycloalkyl, in which cycloalkyl is
unbridged, bridged or fused and is unsubstituted or independently, according fo
the ring size, mono-, di-, tri, {etra- or pentasubstituted by R4, or |
b} a saturated or partly saturated, three- {o eleven-membered hetarocycle
which, according to the ring size, may contain one, two, three or four identical or
different heteroatoms from the group of oxygen, nitrogen ar sulfur, and in which
the heterocycie is unbridged, bridged or fused and is unsubstituted or
independently, according fo the ring size, mono-, di-, iri-, tetra- or
pentasubstituted by R4, where

R4 is -NOg, -CN, =0, =5, -OH, -CFg, -5F5 ~(Cp-Cy)-alkylene-3-R10, -O-CFa,
-S{CH3)3, «(Gg-Cal-alkylens-C{O)-N(R21)}-R22, -{Cn-Ca)-alkylene-C(O-R10,
«(Co-Calralkylene-C(0)-0-R10, -(Cp-Ca alkylene-S(Q)}-R10, -8-CF3,
-(Cp-Cal-atkylene-S(0)2-R10, -(Cp-Cx)-alkyiens-S{0O)o-N(R21)-R22,
-{Cp-Cxl-alkyiene-0-R10, {Co-Cajatkyiene-N(R21)-R22,
~{Cp-Ca)-alkyiene-N(R10)-5(0)>-R10, (Cp-Cx)-alkylene-(C4-Ca)-fiuoroalkyl,
-(Cp-Cr)-alkylene-(Ca-Cgl-cycloakkyl-R23, 4{Cn-Cs)-alkylena-N(R10)-C{O}-R21,
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«(Co-Csl-alkylene-N(R10)}-C(O»-N(R10}-R21, {Cp-Cs)-alkylene-0-C{O)-R21,
-(Co-Cs -altkylens-0-C{0O)-0-R21, w(CO-CS)—alkyiene~NH-C(O)~O~R2'¥ ,
-(Co-Cs)-alkylene-O-C{O)-N(R10}-R21, (Cg-C4)-alkyl, where alkyl is
unsubstituted or mono-, di- or frisubstituted independently by RS,
-(Cp-Cy)-alkylene-aryl, where aryl is selected from the group of pheny!, indanyl,
indenyi, naphthyl, 1,2,3,4-tetrahydronaphthyl, biphenylyl, 2-biphenylyl,
3-biphenylyl, 4-biphenylyl, anthryl or fluoroenyl, where ary! is unsubstituted or
mono-, di- or frisubstituted independently by RS, or'

~(Co-Cqlalkylene-Het, where Het is selected from the group of acridinyi,
azepinyl, azetidinyl, aziridinyl, benzimidazolinyl, benzimidazolyl, benzofuranyl,
benzothibfuranyi, benzothiophenyl, benzoxazolyl, benzothiazolyl, berzotriazolyl,
benzotetrazolyl, benzoisoxazolyi, benzoisothiazolyl, carbazolyl, 4ak-carbazolyl,
carbolinyl, guinazolinyl, quinolinyl, 4H-quinolizinyl, quinoxaiinyl, quinuciidinyl,
chromanyl, chromeanyl, cinnalinyl, deca-hydroguinolinyl, dibenzofuranyl,
dibenzothiophenyl, dihydrofuran[2,3-b}-tetrahydrofuranyl, dihydrofuranyl,
dioxolyl, dioxanyl, 2H, 6H-1,5,2-dithiazinyl, furanyl, furazanyl, imidazotidiny!,
imidazolinyl, imidazolyl, 1H-indazolyl, indolinyl, indolizinyl, indotyl, 3H-indoiyl,
isobenzofuranyi, isochromanyl, isoindazolyl, isoihdoiinyi, isoindolyl, isoguinoiiny!
(benzimidazolyl), isothiazolidinyt, 2-isothiazolinyl, isothiazolyl, isoxazolyi,
isoxazolidinyt, 2-isoxazolinyl, morpholinyl, naphthyridinyl, octahydroisoquinoiinyl,
Qxadiazoiyl, 1,2,3-cxadiazolyi, 1,2,4-oxadiazolyl, 1,2,5-oxadiazolyl, 1,34~
oxadiazolyl, oxazolidinyl, oxazolyl, oxazolidinyl, oxothiolanyl, pyrimidinyl,
phenanthridinyl, phenanthrolinyl, phenazinyl, phenothiazinyl, phenoxathiinyl,
phenoxazinyl, phthalazinyl, piperazinyl, piperidinyl, pteridinyl, purynyl, pyranyl,
pyrazinyl, pyroazolidinyl, pyrazoiinyl, pyrazolyl, pyridaziny!, pryidooxazolyl,
pyridoimidazolyl, pyridothiazoiyl, pyridothiophenyl, pyridinyi, pyridyl, pyrimidinyl,
pyrrolidinyl, pyrrolinyl, 2FH-pyrrolyl, pyrrolyl, tetrahydrofuranyi,
tetrahydroisoquinolinyl, tetrahydroquinolinyl, tetrahydropyridinyl, 8H-1,2,5-
thiadazinyl, 1,2,3-thiadiazolyl, 1,2 4-thiadiazolyl, 1,2,5—thiadiaﬁoiyl, 1,3,4-
thiadiazolyl, thianthrenyl, thiazolyl, thienyl, thienoimidazolyl, thiencoxazotyl,
thienopyridine, thienothiazolyl, thiomorpholinyl, thiophenyl, triazinyl, 1,2,3-
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triazolyl, 1,2, 4-triazolyl, 1,2,5-trlazolyl, 1,3,4-triazolyl and xanthenyl, and this Het
radical is unsubstituted or independently mono-, di- or trisubstituted by R8, or
two adjacent R4, together with the ring atoms to which they are bonded, form a
four- to eight-maembered heterocycie or phenyl which, together with the sub-ring
fo which the heterocycle or the phenyl is fused, forms a bicyclic system,

R8 is halogen, carbamimidoyl, -NO», =0, -CF3, -SFg, -C(0}-0-R10, -CN,
-C(O)-NHz, -OH, -NHp, —0-CF3, ~5-CF3 -C(O)}-N(R10}-R20, -N{R10}-R20,
~(C4-Cg)-alkyl, where alkyl is unsubstituted or mono-, di- or trisubstituted
independently by fluorine, chiorine, bromine, loding, -NH», -OH,

methoxy radical, -809-CHz SO2-NHp or ~S509-CF3 or is mono- to
decasubstiiuted b’y ﬂuo%iné, —;O-(C»{ng)-afkyl, where aikyi is unsubstituted or
mono-, di- or trisubstituted independently by fluorine, chiorine, bromine, iodine,
NHo, -OH, methoxy radical, -502-CHg or ~802-CF3 or is mono- to .
decasubstituted by fluorine,

~8-{C¢-Cg)-alkyl, where alkyl is unsubstituted or mono-, di- or trisubstituted
ind’ependent]yby fivorine, chloriﬁe, bromine, iodin‘é,N-Hg, -OH, methoxy rédica[,. '
-507-CHz dr ~809-CF3 or is mono- fo decasubstituted by fluorine, |
-(Cp-Ca)-alkylene-(Cy-Cg)-cycloalkyl or
~0-(Cp-C4)-alkylens-(Ca-Cg-cycloalkyl,

R8 is a halogen, -NO», -CN, =0, =8, -OH, -CF3, -SFg, -C(O}-0-R10, |
-N(R21)}-R22, -C(O}N(R21)-R22, -{Cq-Ca}-alkylens-0-R10,
-(Cp-Calalkyiene-5-R10, -5-R10, -8i-(CHz)a, -N(R10)-5(0)-R10, where u is
the infeger 1 or 2, -80~R10, where r is the integer 1 or 2, -S(O),~N(R10)}-R20,
where v is the integer 1 or 2,

-C{O-R10, -(C4-Cgl-atkyl, ¥O~R19,~-(C»; -Cgl-alikoxy, phenyl, phanyloxy-,
-(Cq-Capfluoroalkyl, -NH-C(O}NH-R21, -0-C(O)}-R10, -C-CF3,
-(Cp-Cq)-alkyi-C(O)-C-C(R18, R11)-0-C(0}-R12, -O-C(O}-N-R10,
-(Co~Cyq)-alkyl-C(O)-0-C(R18, R11}-0-C{O}-0-R12, -N(R21)-C(O}-R22,
-NH-C{O}-0-R10, -5-CF3, Het where Hst is unsubstituied or mono-, di- or

trisubstituted independently by R8, or is a radical from the following list
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N=N - R™ and H , where Me is

methyl

R10 and R20 are the same or different and are each independently a hydrogen
atom, (C4-Cglratkyl, {Cq-C3)-flucroalkyl,

~(Cp-Cylalkyl-O-(C-Cy)-alkyi, -(Cg-bg)—a[kyl-(Cg—Cg)«cycioaikyi,
~(Cp-Coalkylene-aryl, where anyt is as defined above and is unsubstituted or
monoe-, di- or frisubstituted independently by -(C4-Cgl-alkyi,

-0-{C4-Cgi-alkyl, halogen or -{Cg,-Cg}-«-cycloélkyl, or

-(Co-Coj-alkylene-Het, where Het is as defined above and is unsubstiuted or
mono-, di- or trisubstituted independently by «(C1-Cg)-alkyl,

~0~{C+-Cg)-alkyl, halogen or -{Cz-Cg)-cycloalkyl,

R19 and R11 are the same or different and are each indapendenﬂyé hydrogen
atom or {C4-Cg}-alkyl, or

R18 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
trisubstituted independently by R10,

R12 is -(Cq-Cg)-alkyl, ~(C1-Cgl-alkyl-OH, «(C4-Cg)-alkyl-O-{C4-Cg)-alkyl,
-(C3-Cgcycloalkyl, (C1-Cg)-alkyi-O-(C1-Cgl-alkyl-(Cx-Cg)-cycioalkyl,
~(C1-Cg)alkyl-(Cs-Cg)-cycloalkyl where the cycioalky! radical is unsubstituted or
mono-, di- or trisubstituted independently by —OH, ~0-(C4-Cy4)-alkyl or R10,

R21 and RZ2 are the same or different and are sach independently
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a hydrogen atom, -{C4-Cg}-alky! where alkyl is unsubstituted or mono-, di- or
trisubstituted independently by R8,

-{Co-Cpalkylene-{C3-Cg)-cycloalkyl, -S0¢-R10 where t is the integer 1 or 2, -
{Cq-Cg)-fluoroaikyt, -O-R12, -3-R12,

-(Cp-Cgl-atkylene-aryl where atyl is as defined above and alkylene and aryl are
gach unsubstituted or mono-, di- or trisubstituted independently by R8 or
~{Cp-Cp-atkytens-Het where Het is as defined above and alkylene and Het are
sach unsubstituted or mono-, di- or trisubsiituted independentty by R8,

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

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

X is a covalent bond, -N(R7}-, -O-, -S- or —(C(R13)(R14))n- where n is the integer
1,2 or 3,

R7 is a hydrogen atom, <(Cp-C4)-alkylene-(C3-Cg)-cycloalky! or

~(Cq-Cg}-alkyl, .

R13 and R14 are the same or different and are each independently a hydrogen
atom, -(Co-Cy)-alkylene-(Cz-Cglcycloalkyl, -(C4-Ca)-fluoroalkyl or -{(C4-Cz)
atkyl,

R13 and R14, fogether with the carbon atom to which they are bonded, form a
three- o six-membered cycloalky! ring which is unsubstituted or mono-, di- or
trisubstituted independentty by R10,

Y is a covalent bond, ~C(O)-, -S(0), -5(0s)-, -C(NR1)-, -C(SB}-,

~C{=N-CN}-, -C{=CHNO2}- or -CH(CF3)-,

R1is a hydrogen atom, -{C1-C4l-alkyl or

~{Cq-C4)-alkyiene~-(Ca-Cgl-cycioalkyl,

R2 and R3 are the same or different and are each independently a hydrogen
atom, -(C1-Cqg)-alkyl, {C1-Cg)-ftuoroalkyl,
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-{Cp-C4alkytene~(Ca-Cgl-cycioalkyl, ~(Cp-Cyi-alkylene-aryl, where aryl is
unsubstituted or mono-, di- or trisubstituted independently by R8, «{Cp-Cy)-
alkylene-Het where Het is unsubstituted or mone-, di- or trisubstituied

independently by RS,

HCq-Ca)alkylene-R1 5-R16 or -(Cp-Cy-alkylens-C(R27)(R28)(R29),

R27 is a hydrogen atom, naiogen, —(C»j~09)~alkyl, -{C4-Ca}-flucrcalkyl,
-{Cp-Cq)-alkylene-(Ca-Cgl-cycloalkyl, (Cp-Cyl-alkylens-aryl, whers aryl is
unsubstituted or mono-, di- or trisubstituted independently by R8, {Cg-Cq)-
atkylene-Het where Het is unsubstituied or mono-, di- or trisubstituted
independentiy by R8, or {Cp-Cy)-alkylene-R15-R18,

R28 and R29 are the same or different and are each indepandently 2 hyvdrogen
afom, -(Cq-C4)-alkyl or halogen,

R15 is -N{R17}, -O-, -S-, -8(0O}-, -5(O2}-, -C(O}-, -C(O)-0-, -O-C(O)-,
“O-C{ORT--N{RIT-C(O), ~CLOFN(R1T7}-, -S(O-NR17)-, -S(O»-NR17)-,
-N(R17RS(09)-, -N(R17}-C(O}-0-, -O-C{O}RNR1T7 ), -N{R17-C(OFN(R18)}-,
-N(RAT FCIN(RT)-N(R18)-, -N(R17-C(N(R17))- or -N(R17)-5(Op-N(R18)-,
where

R17 and R18 are the same or different and are each independently a hydrogen
atom or -(C4-Ce -alkyl, |

R16 is a hydrogen atom, -(Cq-Cgl-alkyl, -(Cp-Cy)-alkylene~(C2-Cg)-cycioalkyl,
-(Cq-Ca)-flunroaliyl, {Cp-Ca)-alkylene-aryl, where aryl is unsubstituted or
mono-, di- or trisubstituted independently by RS,

«(Cp-Cy)-alkylene-Het where Het is unsubstituted or mono-, di- or trisubstituted
idependeantly by RB,

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

trisubstituted independently by R8, or

- R2 and R3, together with the carbon atom 1o which they are bonded, form a

three- to sh-membered hetarocycioalkyl radical which is unsubstituted or mong-,

di- or trisubstituted independently by R1C, and
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Z ig the =N(R26}{C(R24)}R25))m-CN radical where
R26 is a hydrogen atom, -(C4-Cy)-alky! or
=(Cp~Cyq)-alkyiene-(Cz-Cgl-cycloalkyl,
R24 and R25 are the same or different and are sach independently a hydrogen
5 atom, -(C_1 -Cg)-alkyl, (Cp-Ca)-alkylene-{Ca-Cg)-cycloalkyl,
| ~(C4-Cx)-flucroalikyl, (C1-Ca)-alkylene-R15-R16, {Cp-Cyq)-alkyiene-aryl, where
arvt is unsubstituted or mono-, di- or trisubstituted independ@htiy by R8,

~(Cp-Cy)alkylene-Het where Het is unsubstituted or mono-, di- or trisubstituted

independently by R8, and m is the infeger 1, 2 or 3,

10 R24 and R25, together with the carbon atom to which they are bonded, form a
three- to six~membered. cycloalky! ring which is unsubstituted or mono-, di- or
trisubstituied independently by R10 or fluoring, or -

- R24 and R25, together with the carbon atom o which they are bonded, form a
three- to six-membered heterocycloalky! radical which is unsubstituted or mono-,

15 di- ot trisubstituted independently by R1G or fiuorine.

2. The compound of the formula | as claimed in claim 1 where

Ag
the sub-ring C has been selected from the following group
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5  where the dofied iines indicate the patticular point of attachment to the second 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
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where the dotied lines indicate the particular point of attachment to the second
sub-ring, single bonds in the structures listed may be repiaced partly by double
bonds, and the two sub-rings A and B are unsubstituted or independently mono-
to fetrasubstituted by R4, and the X, Y, R1, R2, R3, R4 and Z radicals are sach

as defined in claim 1.
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A compound of the formuia | as claimed in ciaim 1 where

330
the sub-rings @ and have in each case been selectaed from

cyciopropane, cyclobutane, cyclopentane, cyclohexane, cycloheptans,
cyciooctane, bicyclol4.2.0loctane, oclahydroindene, decalin,
decahydrobenzocycloheptene, dodecahydrohepiaiane, bicyclo[3.1.1}heptane,
bicyclo[2.2.1Theptane, bicyclo]3.3.0loctane, bicyclo!2.2.2loctane,
spiro[2.5loctane, spiro3.4joctane, azepane, azepine, ézetidine, aziridine,

azirine, azocane, benzimidazoline, 2,3-dihydrobenzolblthiophene, 1,3-

. dihydrobenzo[clthiophene, 2,3-dihydrobenzofuran, 2,Sudihyd‘robenzooxazole,

2,3-dihydrobenzothiazole, 1,3-dihydroisobenzofuran, 4,5-dihydroisothiazole, 2,3~
dihydroisoxazole, 2,5-dihydroisoxazole, 4,5-dihydroisoxazole, 5,8-dihydro-4H-
[1,2joxazine, benzo[1,3]dioxole, 1,4-diazepane, 1;2-diazepine, 1,3-diazepine,
1,4-diazepine, diaziriding, diazirine, 1,4-diazocane, dioxane, 1,3-dioxane,
dioxazine, [1,3]dioxepane, 1,4-diczocane, dioxole, dioxolane, 1,3-dioxolane, 1,3~
dioxolene, [1,31dithiane, [1,3]dithiclane, hexahydropyridazine,
hexahydropyrimidine, imidazoline, imidazolidine, indane, indoline, isoindoline,
isothiazolidine, isothiazoline, isoxazoline, isoxazolidine, 2-isoxazoiine,
morpholine, [1,3,4loxadiazinaneg, [1,3,5]loxadiazinane, [1,2,3]oxadiazolidine,

[1,3 4Joxadiazoliding, 1,2-oxathiepane, 1,Z-oxathiolane, [1,3]joxathiolane, 1,4~
oxarzepane, 1,2-oxazine, 1,3-oxazine, 1,4-oxazine, oxazinane, 1,3-oxazinane,
oxazocane, oxaziridine, oxazolidine, oxepane, oxetane, oxirane, oxocans,
piperazine, piperidine, pyran, pyrazoline, pyrazolidine, pyrrolidine, pyrrolidinane,
pyrroline, tetrahydroguinoline, tetrahydrofuran, tetrahydroisoguinoling, 1.2,3,4-
tefrahvdronaphthaiene, tetrahydropyran, tefrahydropyridine, 1,2,3 4-tefrahydro-
pyrimidine, 1,2,5,6-fetrahydropyrimidine, tetrahydrothiophene, tetrazine,
thiadiazine, [1,2,8)thiadiazinane, {1,3 4lthiadiazolidine, 1,2-thiazine, 1,3-thiazine,
1.4-thiazine, [1,Zjthiazinane, {1.3lthiazinane, thiazolidine, thiazoline, thispane,
thietane, thiomorpholing, thiopyran, 1,2,3-riazine, 1,2 4-riazine, 1,3,5-triazine,
i1,2,4}Yiriazinane or [1,2,4]triazolidine, and in which the two sub-rings are sach
unsubstituted or independently, according fo the ring size, mono-, di-, tri-, tetra-

or pentasubstituted by R4, whers
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R4 is -NOp, -CN, =0, =8, -OH, -CF3, -SF5 -(Cp-Cz}-alkylene-$-R10, -O-CFs,
~8iH{CHg}3, «(Co-Cal-atkylene-C{O)N(R21)-R22, +{Cp-Cxl-alkyiene-C{O)-R1G,
-(Cp-Calalkylene-C{O})-0-R10, (Cp-Cal-alkylene-S(O}-R10, -5-CF3
~(Cp-Cgi-alkytene-S(0)-R10, -(Cp-Cil-alkyiene-S(0O)o-N(R21)}-R22,
-(Cp-Ca)atkylene-0-R10, -(Co-Cy)-atkylene-N{R21)-R22,
-(Cp-Cyl-alkylene-N(R10}-5(0}2-R10, «(Cy-Cygl-alkylene-(C4-Ca)-ftuorcalkyi,
-(CQ—Cs}~a[kyieme«(CngS)~cycioaiky!~=R2_3, ~(Cy-Cyjralkylens-N(R10-C(O)RR21,
~(Cp-Cs)-alkylene-N(R10}-C(O}N(R10}-R21, «(C-Csalkylene-0-C{0)-R21,
-(Cg-Csl-alkylene-0-C(O}0O-R21,

-(Co-Cgi-alkyl, where alkyi is unsubstituted or mono-, di- or trisubstituted
independently by R8, _ _ _ .
~(Cp-Cylalkylene-aryl, wﬁere aryi is seiected from the group of phenyl, indany!,
indenyl, naphthyl, biphenylyl, Z-biphenyiyl, 3-biphenyiyl, 4-biphenyivl, anthryl or
fluoroenyl, where aryl is unsubstituted or mono-, di- or trisubstituted
independently by RE, or | .
-(Cp-Cyq)-alkylene-Het, where Hel is selected from the group of acridiny!,
azepinyl, azelidinyl, aziridinyl, benzimidazolinyl, benzimidazolyl, benzofuranyl,
benzothiofuranyl, benzothiophenyl, benzoxazolyl, berizthiazoiyl, benztriazoly!,
benztetrazolyl, benzisoxazolyl, benzisothiazolyl, carbazolyl, 4aH-carbazoivi,

carbolinyl, guinazolinyl, quinolinyi, 4H-guinolizinyl, quinoxalinyl, quinuclidinyl,

- chromanyl, chromenyl, cinnalinyl, deca-hydroquinolinyl, dibenzofurany,

~ dibenzothiophenyl, dihydrofuran{2,3-bletrahydrofuranyl, dihydrofuranyi, dioxoivi,

dioxanyl, 2H, 8r-1,5,2-dithiazinyl, furanyl, furazany, imidazoiidinyl, imidazolinyl,
imidazolyl, 1H-indazolyl, indolinyl, indolizinyl, indolyl, 3H-indoiy, isobenzofuranyl,
isaochromanyt, isoindazolyl, isoindolinyl, isoindolyl, isoquinoiiny
(benzoimidazolyl), isothiazolidiny!, Z-iscthiazolinyl, isothiazolyl, isoxazolyl,
isoxazolidinyl, 2-lsoxazolinyl, morpholinyl, naphthyridinyl, octahydroisoguinofiny!,
oxadiazolyl, 1.2,3-oxadiazolyl, 1.2,4-oxadiazolyl, 1,2,5-oxadiazolyl, 1,3,4-
oxadiazolyl, oxazolidinyl, oxazolyl, oxazolidinyl, oxothiotanyl, pyrimidinyl,
phenanthridiny!, phenanthrolinyl, phenazinyl, phenothiazinyl, phenoxathiinyi,
phenoxazinyl, phthalazinyl, piperazinyl, piperidinyl, pteridinyl, purynyi, pyranyi,
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pyrazinyl, pyroazolidinyl, pyrazolinyl, pyrazoiyl, pyridazinyl, pryidooxazolyi,
pyridoimidazolyl, pyridothiazolyl, pyrido?hiophényi, pyridinyl, pyridyl, pyrimidinyl,
pyrrolidiny!, pyrrolinyl, 2H-pyrrolyl, pyrrolyl, tetrahydrofuranyl,
tetrahydroisoquinolinyl, tetrahydroquinolinyl, tetrahydropyridinyl, 6H-1,2,5-
thiadazinyl, 1,2, 3-thiadiazolyl, 1,2.4-thiadiazolyl, 1,2,5-thiadiazolyi, 1,3,4-
thiadiazolyl, thianthrenyl, thiazolyl, thienyl, thienoimidazolyl, thienooxazolyi,
thienopyridine, _th%enoth-iazm!yl, thiomorphoiinyl, thiophenyl, triazinyl, 1,2,3-

- friazotyl, 1,2, 4-triazolyl, 1,2,5-triazolyl, 1,3, 4-triazoly! and Xanthenyi, and this Het

radical is unsubstituted or independently mono-, di- or trisubstituted by RS,

R8 is halogen, carbamimidoyl, -NOy, =0, -CF3, -SFs, -C(0}-0-R10, -GN, -G(O)-
NHo, -OH, -NH», ~O-CF3, -C{O-N(R10)-R20, -N{R10)-R20,
-(C3-Cg)-cycioalkyl, ~O~(C1-Cgl-alkyl, -O-(Cn-Cg)-atkylene—(Ca-Cgl-cycloalky!,
(C4-Cgyalkyl, {Cp-Cy)-alkylene-{C3-Cgl-cycloaikyl, where the alkyl radicais
mentioned are sach unsubstituted or mono-~, di- or trisubstituted independently
by halogen, NHg, -OH, -0-CHz, -502-CH3g or ~805-CF3,

R9 is halogen, -NO2, -CN, =Q, -OH, -CFg, -C{O}-0-R10, -N(R21)-R22,
-C{O)-N{R21)-R22, -(C3-Cg)-cycloalkyl, {Cp-Caz}-alkylene-C-R10, -Si{CHz)3,
-N(R10)-3(0),-R10 where u is the integer 1 or 2, -8-R10,

- -80~R10 whers r is the infeger 1 or 2, -S(0)~-N(R10)}-R20 where v is the integer

1 or 2, -C(O)}-R10, -(C1-Cg)-alkyl, {(C1-Cg)-alkoxy, phenyl, phenyloxy-, (C4-C3)-
fluorcalkyl, -0-R19, -NH-C(ORNH-R10,

-(Cp-Cq aliyl-C(O}-0-C(R18, R11)}-0-C{O}»R12, -NH-C(O)-NH-R21,
-N(R213-C(0)-R22, -(Cp-Cyg)-alkyl-C{O)-0-C(R19, R11)-0-C{O»0-R12,
-NH-C(O}-0-R10, -O-CF 5, Het, where Het is as defined above and is

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

from the following list
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7 > _O~R10 ~ O
7 )L S8 N/S‘cz;;f \Q N ){J)\ Nl—r
RID N CH H 3 o) R10 nOMe o

o 0

CNHO 0 a0 o ¢ "NH !
e \ \f \< P Y A o

O HO N—S N—O N—8 y
0 o Ny
1, 2 s
~N” NH NAO QN /i\N/ /%O )\N

R wl =N © \

N=N )\ a2 L] R™ and H , where Me is m@thyﬁ, ‘

R10 and R20 are the samé or different and are each independently a hydrogen

 atom, (C4-Cg)-alkyl, -(C1-Ca)-flucroalkyl, (Co-Cyl-alkyl-OH, (Cg-Cy)-alky-O-

{C4-Cy)-alkyl, «(Cp-Cs)-alkyi-{Ca-Cg)-cycloalkyl, {Cp-Col-alkylene-aryl, where

aryl is as defined above and is unsubstituted or mono-, di- or trisubstituted

‘independently by ~(C4-Cg)-alkyl, -O~(C4-Cg}-alkyl, halogen or

-(Ca-Cg)-cycloatkyl, or

-{Cp-Coalkylene-Het where Het is as defined above and is unsubstifuted or
mono-, di- or frisubstituted independently by ~{(C4-Cg)-alkyl,

-0-(C1-Cg)-atkyl, halogen or -(C3-Cg}-cycioalky!,

R18 and R11 are the same or different and are each independently a hydrogen
atom or -(C4-CgJ-alkyl, or

R19 and R11, together with the carbon atom fo which they are bonded, form 2
three- to six-memberad cycloalkyl ring which is unsubstituted or monoe-, di- or

trisubstituted independently by R10,

R12 is «(C1-Cgalkyl, {C1-Cgl-alkyl-OH, «(C4-Cg-alkyl-0-(C1-Cgl-alkyt,
{Cz-Cgleoycloalkyl, «{Cq-Cpl-alkyl-O-{C4-Cg)-alkyl-(C3-Cg)-cycloalkyl,
{C4-Cgratkyi-(C3-Cp)-cycloalikyl, whers the cycloalkyl radical is unsubstituted or
mono-, di- or trisubstifuted independently by ~OH, -O-(C+-Cyl)-alkyl or R10,

R21 and R22 are the same or different and are each independently a hydrogen
atom, -(C+-Cgj-alkyl, where alkyl is unsubstituted or mono-, di- or trisubstituted

independently by R8, -O-R12, -(Cp-Cg)-alkyiene-(Ca-Cgl-cycicalkyl, -S0+R10,
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where t is the integer 1 or 2, -(C4-Cg)}-fluorcalkyl, -(Cp-Cg Jalkylene-aryl where
aryl is as defined above and alkylene and aryi are unsubstitutaed or mono-, di- or
trisubstituted independently by R8, or

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

R21 and R22, together with the nitrogen atom o which they are bonded, form 2
four- o eight-membered heterocyclic ring which, as well as the nitrogen atom,
may additio.naiiy confain, according 1o the ring size, one or two iderdical or
different hetercatoms from the group of oxygen, nitroegen or sulfur, and.in which
the heterocycle isr ﬁnsﬁbsiitutecﬁ of mono-, di- or trisubsﬁtutéd independently by
R8, -

R23 is a hydrogen atom, -OH or -O-(C4-Cy)-alkyl,

Xis a covalent bond, -N(R7}- or -O-, where

R7 is a hydrogen atom, -{Cg-Cy-alkylene~(Ca-Cgl-oycloalky! or —(C4-Cyl-aliyl,
Y is a covalent bond, ~C{O})-, -C(8}-, -C(=N-CN}-, ~C{=CHNO»}- or

-$(02),

R1is a hydrogen atom,

R2 and R3 are the same or different and are sach independently a hydrogen
afom or {Cp-Ca)-alkylene-C(R27THR28)(R29),

R27 Is a hydrogen atom, halogen, -(C1-Cg}-alkyl, «(C4-Ca)fluoroalkyi,
~(Cp-Cyq)-atkylene-(Cx-Cgl-cycicaikyl, «(Cp-Cy)-alkylens-aryl where aryl is as
defined above and is unsubstituied or mono-, di- or trisubstituted independently
by R&, (Cp-Cyq)-alkylene-Hat where Het is as defined above and is unsubsiiuted
or mono-, di- or trisubstituted independently by R8, or «{Cp-Cy)-alkylene-R15-
Rr18,

R28 and R28 are the same or different and are each independenilty an hydrogen
atom, -(C4-Cgl-alkyl or fluorine,

R28 and R28, together with the carbon atom to which they are bonded, form a
~(Ca-Cgl-cycioalkyi,

R15 is -N(R17)-, -O-, -8, -8(Q)-, -S(0O2)-, -C{O}-, -C{O}-0-, -O-C(D)-,
~NRATFC(O)-, -COFNRIT)-, ~S(O2-N(R17 ), -NR171-S(02)-,
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“N(R17)3-C(0)-0-, -O-C{O}N(R1T}-, -N{R17}-C{O)}N(R18)- or
-N{R171-5(02)-N(R18)-, where

R17 and R18 are the same or different and are each independently a hydrogen
atom or -(C1-Cgl-alkyl, i

R16 is a hydrogen atom, -{C4-Cgl-alkyl, ~(Cq-Ca)-fluorcalkyl,
-(00—04)-aikyiene~(03«(35)—cycioal'kyE, ~(Cp-Cyq)-alkylens-ary! where aryl is as
defined above and is unsubstituted or mono-ydi- or trisubstituied independently
by RB, -(Cp-Cy)-alkylene-Het where Hel is as defined above and is unsubstituted
or mono-, di- or frisubstituted indepandently by R8,

R2 and R3, together with the carbon atom to which they are bonded, form a
ihrée— to six-membered Aéycloaikyl ring which is unsubstituted or mone-, di- or
trisubstituted independeantly by R8, or

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

and

Z is the -N{R268)-C{R24)¥R25)-CN radical, where

R26 is & hydrogen atom, ~(Cq—C4}~é!kyi ar -{Cp-Cyl-alkylene-(Cz-Cgleycloalkyl,
R24 and R25 &re the same or different and are each independently a hydrogen
atom, <{C1-Cg)alkyl, -{(Co-Cyg)-alkylene-(Cs-Cgl-cycloatkyl,

-(C1-Caq)-fiuoroalkyl, {Cp-Cy)-alkylene-aryl where aryl is as defined above and is
unsubstituted or mono-, di- or trisubstituted independently by R8, «{(Cg-Cyg)-
alkylene-Het where Hel is as defined above and is unsubstituted or mono-, di- or
trisubstituted by R8, or «{C4-Cy)-alkyiene-R15-R16, or

R24 and R25, togather with the carborn atom to which they are bonded, form a
three- to six-mambered cycloalky! ring which is unsubstituted or mono-, di- or
trisubstituted independently by R10 or fluorine,

R24 and R25, iogether with the carbon atom fo which they are bonded, form a

three- to six-memberad heterocycloalky! radical which is unsubstifuted or mono-,

di- or trisubstituiaed independently by R10 or fluorine.
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A compound of the formula | as claimed in one or more of claims 1 to 3, which is
the compound N-{(S})-1-{1-cyanocyclopropylcarbamoyl}-3-methylbutyl}-1,4~
dioxaspiro[4.5]decane-8-carboxamide, N-[1-(1-cyano-
cyclopropylcarbamoyl)cyciohexyl}-8-azaspiro[4.5]decane-8-carboxamide, N-[(S)-
1-(1-cyanocyciopropylcarbamoyt)-cyciohexylmethyl-8-azaspiro[4.5]decane-8-
carboxamide, N-[(S)}-1-{1-cyanacyclopropylcarbamoyl}-3-

methylbutyl]spirc[2.3]hexane-1-carboxamide.

A medicament characterized by a compound of the formuiar‘-%~-atcording to one or
more of claims 110 4 togéther with a pharmaceutically suitable and

physiclogically compatible carrier, additive and/or other active ingredients and/or

excipients.

The use of the compound of the formula | as claimed in ane or maore of claims 1
to 4 for producing a f_nedicament for the prophylaxis, secondary prevention and '
therapy of abnormally elevated bone degradation, aitérgies, Alzheimer's disease,
amyloidosis, ARDS, arterial thrombosts, asthma, atheromas, atheroscieresis,

aufoimmune disorders, bacierial infections, bronchioiifis, cerebral hemorrhage,

-cerebrovascular ischemia, Huniington's chorea, chronic inflammations, CIPD

(chronic inflammatory demyelinizing polyradiculoneuropathy), Creutzfeldt-Jakob
disease, Crohn's disease, diabstes, particularly the juvenile form, emphysemas,
encephalomyeiitis, endometriosis, inflammatory respiratory disorders,
inflammatory pancreatifis, epilepsy, disorders characterized by enhanced
angiogenesis, excessive respiratory pathway elasiolysis, fissue grafts, ginglvitis,
giomeruionephritis, glucocorticoid-induced osteoporosis, Graves' disease,
Guillzin-Barre syndrome, Hashimoto's thyreiditis, hapatitls, HIV infection,
Huntington's disease, hypercaicemia, IBD, immune impairment, interstitial
cystitis, bone fracture, bone loss, cancers, lupus erythematosus, malaria,
metachromic leukodystrophy, meiastasizing osiecgenesis, metastatis, muliipie
sclerosis, multipie mye&oma, muscular dystrophy, myasthenia gravis,
neurcdegenerative disorders, neuropathic pain, chronic or diabetic neuropathy,

nost-therapeutic neuralgia, frigeminal neuralgia, painful diabetic polyneuropathy,
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post-stroke pain, post-amputation pain, myelopathic or radiculopathic pain,
atypical facial pain and causalgia-like syndromes, organ rejection in transplants,
ostecarthritis, osteogenesis imperfecta, osteoporosis, Paget's disease,
pancrealitis, Parkinson's disease, pemphigus vuigaris, periodontitis, plague
rupture, Pneumocystis carinii, pneumonitis, psoriasis, restenosis, rheumatoid
arthritis, scleroderma, systemic lupus erythemaiosus, bfain trauma, spinal cord
trauma, tumor cell invasion, viral infeclions, tooth loss, breast cancer, iniestinal
cancer, ovarian cancer, cervical cancer, skin cancer, brain tumor, Kaposi's
sarcoma, B- and T-cell leukemia, tung cancer, iymph node cancer, pancreatic

canier, prastrate cancer and sarcomas.
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SPIROCYCLIC NITRILES AS PROTEASE INHIBITORS

Absfract
The invention relates o substituted hsterocyclic spiro compounds of
formula (1) inhibiting cathepsing, fo a method for the production theraeof,

and to the use of same as medicameants.

(Mo suitable figure)



