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and pharmaceutically acceptable salts and/or pharmaceutically acceptable esters thereof.

Cysteine proteases have been viewed as lysosomal mediators of terminal protein
degradation. Several newly discovered members of this enzyme class, however, are
regulated proteases with limited tissue expression, which implies specific roles in cellular

25 physiology and thus would allow a specific targeting of these activities without interfering

with the general lysosomal protein degragation. Development of inhibitors of specific
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correlation between inhibition of cysteine protease activity and bone resorption has been
reported (Lerner etal, J. Bone Min. Res. 1992, 7, 433; Everts et al., J. Cell. Physiol. 1992,
150,221). Cathepsin K has been detected in synovial fibroblasts of RA patients, as well as in
mouse hypertrophic chondrocytes (Hummel et al., J. Rheumatol. 1998, 25(10), 1887-

25 1894.). Both results indicate a direct role of cathepsin K in cartilage erosion. P. Libby
(Libby et al., J. Clin. Invest. 1998, 102 (3), 576-583) reported that normal arteries contain
little or no cathepsin K or S whereas macrophages in atheroma contained abundant
immunoreactive cathepsins K and S . Most of the elastolytic activity of tissue extracts
associated with human atheroma compared to non-atherosclerotic arteries could be

30 inhibited with E64, a non-selective cysteine protease inhibitor.

Tumor progression and metastasis are characterized by the invasion of tumors into
adjacent tissues as well as by the dissociation of cancer ¢ells from primary tumors and the
infiltration of metastatic cells into organs. These processes are associated with the
degragation of extracellular matrix proteins and thus require proteolytic activity. Cathepsin
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above and 11 1 Gal |y qac | g~S ab [ or pharmaceutically
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accept abl e "est eof conpounds ormula (lc) enconpasses ci s-
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| ower - al Byl , hetercardnowdryalkawyy, | ower - al koxy, or | ower-al kyl - car bonyl oxy,
or in which Rgbj Lidi 90X\ v Further . .conpounds of general formula
(1) in which gs}e}éeﬁ?’g‘géﬁ%’i“ﬁ& g"%ﬁ/?ﬁh%lr"ﬁé%ﬁ’i"ﬁw, optional 'y substituted with

hydr oxy, negh [, hl ori ne or brom ne, or wherein R5 is
benxo[ 1, 3] d?ogﬁ“%hgﬁs"é’e%?‘g%%}rle fith phenyl, 3 20 hydroxy- phenyl

3- met hoxy- phe - ?Q = Pl@%%—l - met hyl - phenyl , 2, 4-di net hoxy- phenyl,

3, 4- di net hogy- k%sﬁlétfﬁ? - gﬁ?%r O-phenyl, 3-brono-phenyl,- 4- brono- phenyl, or

benzo[ 1, 3] do - h- i Ci y preferred. Ot her preferred conpounds
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of formula “( erein “i's hydrogen. Further preferred

conmpoun ofs h rein RS i1s cycloal kyl nore
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Compounds of, ; la (1) in which R represents -CORa and Ra is as defined
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above are preferred. Conpounds of formula (1) in which R represents
-CO- Ra and RN o1/ of Mo} | -l - | . qal kyl |,
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substi t uted / fluo or Ra is bepzyl ox

opt i onal t5y g%\%’é{éif?%?sg?%e?%y%%f@ggFOOIP%JU'?"? {Iﬁﬁ{focrog}p 0@58&&%? &@ and/ or
CF3, or Ra is phenylvinyl ene, thiophenyl-nethyl ene-oxy, cyclopentyl oxy,

t hi ophenyl - et hyl ene- oxy, napht hyl oxy, thiophenyl-trinethyl ene-oxy, or 10 .
phenoxy. Particularly preferred are conpounds of fornula (I) wherein R
represents -CO- Wand Ra is benzyl d€H,)phenyl vi nyl ene,

t hi ophen- 2-yl - et hyl ene- oxy, or thifdphsny- 3%l - nethyl ene-oxy. Another
preferred enmbodinent relates tq conmpoungds of for a (l) whereinR
represents -S2-R and Rb is &g ferrably Rb represents
phenyl ~ optionally substituted w'fh chlo ine4 yano and/ or

met hyl carbonyl -am no, or Rb is begkyl 150 dR* b@izo [(1d), 2, 5] oxadi azol e.
Most preferrably, Rb represents 4-chloro-phenyl. A further preferred
enbodi nent relates to conpounds of fornmula (I) wherein R represents phenyl
optionally substituted with ethoxy. Qther preferred conpounds of formula
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compounds of forrmula (I) are cis-compounds of formula (Ib)
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butyl - phenyl, or 4-chl oro-benzyl. Further preferred conpunds of the present
invention are those wherein R represents -COWand r is hetePecgmber 2004
pr ef er abl those |n which Ra is 5- nethoxy-benzofuran-2-yl. Preferred
corrpoundsxg fula (1) are those selected fromthe group P@G‘H‘F:s‘ioyﬂﬁﬂb of 25
(1R 2R) - ( 2- {(S) [ Cyano- ( 3- hydr oxy- phenyl) rret hyl ] - car banoyl } - cycl ohexyl ) -ca
rbam c acid benzyl ester,

ci s-2-(3-Phenyl -acryl oyl am no) - cycl ohexanecar boxylic acid [(R)- and
(S)-cyan- (3, 4- dinethoxy-phenyl)-methyl] -am de,

(R-{2-[(S)-(Cyano- phenyl - et hyl ) - ((B)H S:ar banoyl ] - cycl ohexyl }-carbam c acid
benzyl 30 ester, 2/n

syn-{2-[(S)-(Cyano- phenyl -net hyl ) -darb yIF? cycl (wexyl }-carbamc acid
benzyl ester, <cis-(2-{(R- a (S) ano =
(2, 4- di net hoxy- phenyl ) - net hyl anoy cy exyl)- carbam c acid benzyl
ester, 14 Decenber 2004 V\DOl/ 96{%85 PCT E?Szgéﬁ/&ll %

t rans- 2- (4- Chl or o- benzenesul fonyIFém no) - Y anecgg? boxylic acid

[‘cyano- (3- hydroxy-phenyl)-nmethyl] -am de, trans-

(2-[(Benzo[ 1, 3]dioxo| 5-yl -cyan-net hyl ) - car banoyl ] - cyclohexyl} car bam c
acid benzyl ester,

cis-(2- {[Q/ano V(’lgrh;lcﬂ 'oRY RIRGRT 3ndmehlave ﬂnes:gnifaamels bivey ebovead ) - car bami ¢
act d benzy phafshhuchhAselind A OLAR i d@gﬁg@gs@egﬁbﬁﬁé hereof

- car banoyl }
cis-2-(35 Ptfem;ﬁer amﬁ;trcxw:anpmdsy)éfmhﬂﬂaﬁeea&rdompﬁhnds affomidR)Ic) and

(S) - cyano- phenyl - 10 net hyl - am de,

(2-{[ Cyano- (3, 4- di net hoxy- phenyl ) - met hyl ] - car banoyl } - cycl ohexyl ) - car bam C
acid benzyl ester (1 cis-racemate), cis-{2-[(R) - and
(S)-(Cyano-mtolyl-nethyl)-carbanoyl]-cycl ohexyl}-carbam c acid benzyl
ester, 15 C

(2- {[Q/an (3- hydr oxy- phenyl ) - met hy
t hi ophen- 3-yl methyl ester, cig-(2

N
(S) - [ Cyano- (4- nmet hoxy- phenyI)Rnﬁ yL¥=Tycl ohexyl )- carbanmic acid
benzyl ester, cis-(2-{(R- and

(S)-[Cyano- (3 met hoxy- phenyl ) - msq:ﬁyl] C bﬂ?Dny-cy@QWexyl)- 20 carbam c
acid benzyl ester, trans-(2-{ [Cyano-(3- hydroxy-phenyl)-rret hyl ]

- car banoyl }-cycl ohexyl )-carbam c acid thiophen-2-ylnethyl ester,
cis-(2-1(R)- and (S)- [ (3-Chloro-phenyl)-cyano-net hyI]

-car bam)yl} cycl ohexyl)-carbam c acid benzyl ester,

is-{2- | b db |
LT ool sl ardau s oo
_car barﬂ.ﬂll pheyoicshe andksbr phamzackutasiip, a«;ceptable(é&te(r& Rereofirithe

(91 (4-5 qe&pggsg%@ffgaaﬁa(@tem&%pggg@mm Yalohai)agdy bam . acid

benzyl ester
(S) - CGyano- (3, 4- di met hoxy- phenyl ) - et hyl ] - car banoyl } - cycl ohexyl ) - carbam ¢
aci d cycl opent yompauads of forpedetih &y wRb4 is 2 are preferred. Compounds of formula (1)

in which R%, R?, and/or R’* represent hydrogen are also preferred. Another preferred
embodiement refers to compounds of formula (I) in which R’ is aryl, particularly those

15 compounds in which R’ is phenyl or naphthyl, optionally substituted with lower-alkyl,
halogen, hydroxy, lower-alkoxy, or lower-alkyl-carbonyloxy, or in which R’ is
benzo[1,3]dioxyl. Further, compounds of general formula (I) in which R® represents
pheny! or naphthyl, optionally substituted with hydroxy, methoxy, methyl, acetoxy,
chlorine or bromine, or wherein R’ is benzo{1,3]dioxyl are also preferred with phenyl, 3-

20  hydroxy-phenyl, 3-methoxy-phenyl, 4-methoxy-phenyl, 3-methyl-phenyl, 2,4-dimethoxy-
phenyl, 3,4-dimethoxy-phenyl, 3-chloro-phenyl, 3-bromo-phenyl, 4-bromo-phenyl, or
benzo[1,3]dioxol-5-y1 being especially preferred. Other preferred compounds of formula
(I) are those wherein R’is hy‘drpgen. Further preferred compounds of formula () are
those wherein R is eycloalkyl, more preferably cyclopropyl.
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[ Cyano- ( 3- hydr oxy- phenyl ) - net hyl ] - car banoyl } - cycl ohexyl ) - car Yhieeenaksr @024
t hi ophen-2-yl -et hyl ester, trans-(2-{

[ Oyan- ( 3- WAPHHheny! ) - met hyl | - car banoyl } - cycl ohexyl ) - caPSAMPOLAEHY 2-
nmet hyl - benzyl ester, 5

trans- 2- Phenylnethanesulfonylan1no cyclohé&anecarboxyllc aci d

[ cyano- ( 3- hydr oxy- phenyl)-nethyl] -am de, trans-(2-1

[ Cyan- ( 3- hydr o) cy- phenyl ) - net hyl ] - car banoyl } - cycl ohexyl ) -carbam c acid 2
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benzyl est efommiaa(riku(ﬂhﬁ:h R! represents -CO-R* and R* is phenyl, optionally substituted with

[ Cyano-(3-h %%%heg%%félf Boro) ol' RQ%rb%gznﬁgxy}op%nglpy )%sétute%’m%nnfetﬁﬁ cgloro
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e; ter, ZQE S- I&Cﬁdﬂéfy(ﬁ)eferﬁﬂ(ire ﬁompounds og formula (I) wherein R! represents -CO-
fﬁtm) ;] E)]( éygzéy?fgzi%&a %%’on o Phidy ex (ilae;x—fl(-)- -methy]ene-oxy, or thiophen-3-yl-

t rtans {2-] (ﬁﬁ yA.udtBé erﬁard@@mﬁnknﬁmtete Eﬁé‘dﬁhﬂao&ﬁk%z‘ﬁnﬂ@ (g benzyl
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trans-(2-{[ Cyan 0 tgh ny rret hyl r banoy ldi car%amc
acid 2- net%t)@ﬂagé g‘{é‘f ?11 e(r?r erre compounds of ormula (I¥are those
(R -[ Cyano- ﬁﬁeﬂéﬂﬂ@é}ir@&ﬁﬁé@@ R"%H&'Rahs BaVRpRichheHBoRRX with3klBados aci d

benzyl ester, 5 trans
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c acid 3- rWé r, cis-Biphenyl-4-carboxylic acid (2-{ [(R)-
and (S)-cyano- (3, 4- d| met ho) cy- phenyl )-met hyl ] -

Preferred compounds of formula (I) are those selected from the group consisting of
25  (1R;2R)-(2-{(S)-[Cyano-(3-hydroxy-phenyl)-methyl] -carbamoyli}-cyclohexyl)-carbamic
acid benzyl ester,

cis-2-(3-Phenyl-acryloylamino)-cyclohexanecarboxy-r]ic acid [(R)- and (S)-cyano-(3,4-
dimethoxy-phenyl)-methyl]-amide,

(R)-{2-[(S)-(Cyano-phenyl-methyl)-(R)-carbamoyl] -cyclohexyl}-carbamic acid benzyl
30 ester, :

syn-{2-{(S)-(Cyano-phenyl-methyl)-carbamoyl]-cyclohexyl}-carbamic acid benzyl ester,

cis-(2-{(R)- and (8)-[Cyano-(2,4-dimethoxy-phenyl}-methyl]-carbamoyl}-cyclohexyt)-
carbamic acid benzyl ester,




car banoyl } - cycl ohexyl )-am de, cis-{2-[(R- and

(S) - (Cyano- phenyl - net hyl - car banoyi ) -cycl ohexyl }-carbanmi ¢ aci4iDgérmiér 2009
ester, trans-2-(4-Acetyl am no-benzenesul f onyl am no) - cycl ohexanecar boxyl i c
aci d [ cyan¥Q ®/9%R8Nr oxy- phenyl ) -met hyl ] -ami de, cis-N-{2- [PCREPOIZ®641

(S) - (Cyano- phenyl - net hyl - car banmoyl ] -cycl ohexyl }-benzam de, trans-2-{

[ Cyan- ( 3- hydr oxy- phenyl ) - net hyl ] - car banoyl9 = cycl ohexyl ) -carbami ¢ acid 3- 20
met hoxy benzyl ester, trans-(2-{

[ Cyan- ( 3- hydr oxy- phenyl ) - met hyl ] - car banoyl } - cycl ohexyl ) -carbam c acid 4-

di E%: EGSF%@%? ?b@'res bé%%%vﬁ%y%w&l@mm@a%%ﬂ% agidi[grange(dz y |

ester, 25 hydro fhenyl)-methy%—amde
trans- 4- Q/ano N—x{ {[ cyano-( 3- hydro)cy-phenyl)-net hyl ] -carbanoyl } -cycl ohexy

|)- benzam ¢gnsy2d(BenkdF{3]dioxol-5-yi-cyano-methyl)-carbamovl]-cyclohexyl}-carb d
[ Cyano-(3-h dro.%g%henyﬁ) ]met hyl ]Y1 g}z’ir bam)yly}) cydaﬁe};(]yfyco ex%z}i&arcazané?aq -
nmet hoxy- ben%’?

cis-2-(3-Cyclo 0 0 ane XY acid [(R).- and
(S)-cyand-~ $§ @ﬁ‘%@%@’t ﬁf&?g%’ﬁ’gl?ﬂﬂ?g mﬁé:ﬂ'hy i e&é‘ﬁeﬁ%ﬁ@%@ bexgyl
01/9628 PCTegBQ1/ 06541 -12 (2-{ [Cyano-(3, 4- d| nmet hoxy-phenyl) nmet hyl ]
- car banmoyl } - cycl ohexyl ) - car bam c acid benzyl ester (1 cis-racenate),

cis-{2-[(R taﬁﬂ@Z-({@yaﬁ@(@ 5 ke ggtrhy&;{n%ﬂﬁm}lqem&ﬁ)cwbmﬁ?&m c
i

acid 4- nit gnzyl ester, {[(R
(S) - CGyano- ( &4t ho) cy- phenyl ) - et hyl ] - car banoyl } - cycl ohexyl ) - carbam c.

actd dnitro . R e neniasrinodohesanaebonis 5eid Racrad (ryenarphenyl

(S) - cyamo( 3 fethflimmaboxy- phenyl ) - net hyl | -am de,
ci s-2-(Cycl opropanecar bonyl - am no) - cycl ohexanecar boxylic acid [ (R) - and

(S)-cyano- tﬁl{[ aﬁoC{BﬁB&h@ﬁN }r Jda:bamd;ﬁ cyelobedy)y-EdBRimicaRd
(S) - (Cyano- phen I - met hyl - car ba)rmyl cydo exyl }-car bam c acid cyclopentyl

G ano- ( 3- hydr thI rba l}-c exyl| rbamc, acid 3-
E) tolyl (pro)égT{gﬁigg f§ é Yt E? eé.ﬂﬁxc%r yOYH CYXIO exYﬁ carbamic acid
(S)-1- Q/anobémzsp&dﬂe,ﬂ but yl car barmyl) cydohexyl ] -carbamm ¢ aci d benzyl
ester, cis-2 Phenoxy- acet yl am no) - cycl ohexanecar boxylic acid [(R) - and

(S)-cyans- ( @2 ‘{fCﬁhHR’Bl}@kﬂYcﬁhﬁiEﬁW) HEh Y | chrbagtByli€ayclohexyl)- carbamxc acid thiophen-
bans- 2- (2- Ph Ceﬁ%‘ cetyl am'no) - cycl ohexanecar boxyl ic acid
[ cyano- ( 3- hy félyg?fé%w)- 20 nethyl] -anmide, cis-(2-{(R- and

S) - ano- 4- henyl h | ]-car cl ohexyl)- carbam c
giCi) d[ %n zyl S(ge{?R{fEangy(S) F]‘_J(J}fatr%é) 24 -me o%lcy-]phenylgj tﬁlyﬁ—cargamoyl} c%,lrclz)hexyl)-
ci s-2-[ 2- (4ctbhoicaddhBaYIst@cet yl am no] - cycl ohexanecar boxylic acid [(R)-
and (S)- cyano- (3,4-d inmethoxy-phenyl)-nethyl] -am de, 25

Ci s-2-(2- Phem(bsqqkjwl (SP—“E@?éﬂoa@-ﬁﬁﬂﬁxﬁ%@ﬁﬁ)lﬁfe@ﬂ}hpéﬁbhﬁoﬂ?lc?cl&lée@ﬂ) and
(S)- cyan%- pheny é
carbarmc acl benzyl ester,

trans-(2-{{Cyano-(3-hydroxy-phenyl)-methyl]- carbamoyl} cyclohexyl)-carbamic acid
thiophen-2-ylmethyl ester,

cis-(2-{(R)- and (8)-[(3-Chloro-phenyl)-cyano-methyl]-carbamoyl}-cyclohexyl)-carbamic
acid benzyl ester,

25 cis—{2-[(Cyano-phenyl;methyl)-carbamoyl]-cyclohexyl}-mtbamic acid benzyl estér,

trans-{2-{[{3-Bromo-phenyl)-cyano-methyl] —carbamoyl} -cyclohexyl)-carbamic acid
benzyl ester,

cis-(2-{(R)- and (S)-{(4-Bromo-phenyl)-cyano-methyl]-catbamoyl}-cyclohexyl)-carbamic
acid benzyl ester,

30 cis-(2-{I(R)- anc_l (8)-Cyano-(3;4-dimethoxy-phenyl) -ﬁethyl] -carbamoyl}-cyclohexyl)-
carbamic acid cydopentyl ester,



trans- (2--{[Cyano-(3-hydroxy-phenyl)-methyl]-carbanoyl }-cycl ohexyl 2) car ban
is acid 3- (4-chloro-phenyl)-propyl ester, 30 14 December 2004
cis-2-(2- Phenyl sul faryl -acetyl am no) - cycl ohexanecar boxylic.acid [(R) - and.
(S) - cya. no¥YOU1/%285 4_ di net hoxy- phenyl )-nethyl] -amide, 1 4 BEI&ERIMO6HAD04 WD
01/ 96285 PCT/ EPO1/ 06541 -13

trans-2-(Benzo[ 1, 2, 5] oxadi azol e- 4- sul fony]r(bmi no) - cydohexanecar boxylic acid

[ cyano- (3- hydroxy-phenyl)-nmethyl] -am de, trans-N-(2-}

[ Cyano- ( 3- hydr oxy- phenyl ) - net hyl ] - car banoyl } - cydohexyl ) - 4- f | uor o-

T o e e

Ci s- 2- ( 3- Phixixyphepr2spl-ethyl eatet,n0) - cydohexanecar boxyl i ¢ aci d

(ryano-phenyl -net hyl)- ami de, cis-2-Phenyl acetyl am no-cycl ohexanecar boxylic-
acid [(R)- (28] Qyyan3-bidebxpipiehylpxyethyl D cpbeniplyl}-cyelohytil)-cabimR acid 2-

ci s- 2- Phenyl rr&lypgnesrl f onyl am no- cycl ohexanecarboxylic acid [ (R)- and

(S) - cyano ( y phenyl) -nmet hyl] -am de,

trans- 2 - Phen ul f:an am.no) - dohexa box C i

[ cyano- ( HY & oz;% Peﬁ‘r’gttf’ﬁ ylpning; iy q?’r?’{* ‘:(‘%k@"’ z%ﬂ'%Ydme‘
(S)-1- Q/ancp}imymmeﬂhlyb}maé, cycl ohexyl ] - car bam c acid benzyl ester

ci s-2-(2-Phenoxy accetyl am no-cycl ohexanecar boxylic acid ((R) - and

(S) - cyano- pﬂamsydzs{[@ﬁﬁgd(s-hyﬂm phéﬁﬂ}nhﬁbﬂ?«tﬁbemﬁyl}%ybm&yﬂ)cc@Bhﬁxc(a&JZ-
[ryano-(3-h ) met hyl'] -carbanmoyl }- cycl ohexyl)-am de,
cis-2-(3= Xex/esﬂgg FBonyl ani no) cycl ohexanecar boxylic acid [ (R)- iand

[ Qrane. (5. ks RSy (R et g ek stibeophearshmd)-seshamic.
trifl uonomeidybedzehesidr, ester,

ci s-2- (Cycl obut anecar bonyl - am no) - cycl ohexanecar boxylic acid [ (R)- and

(S)-cyano- (@- ﬂCy&E}-ds-ﬂﬁ?dﬂmy-thﬂilﬂﬁﬂe)ihﬂpwbhim Mostelohexyl)-carbamic acid 4-fluoro-

cis-2-[2-(4-Chl.oro-phenyl -acetyl a. wi no] - cycl oﬂlexanecar boxylic acid ((R)-
and (S)-cy | - met hyl - am de,

fry
gg;;g-yggg?'gggﬁg;@ecaggﬁ o A 0§ AoR S ANE AL AP e et o™
Ci s- 2-[ 2- ( 4ndphitioaien-phdByter) - acet yl am no] - cycl ohexanecar boxylic acid [(R)-
and (S)-ryano- (3, 4-dinmethoxy-phenyl)-nethyl] -am de, 14 Decenber 2004 WO

011962855 - ms-mmpend 08)5€Yahd-BaphiRhlen 2-Rirethdt)dcarbamoyl]-cyclohexyl}-carbamic
(S)-[(Cyan- %ﬂ% fE%hyl) car banoyl ] - cycl ohexyl }-carbam-c acid benzyl

ester, (IS, T> and

Oyt RS PR R GRS S RE Lo A2

(2- {[ cyano-thiopheairo¥ypithpeingter, et hyl | - car banoyl } - cycl ohexyl - am de,

trans-2- (4-Cyan§-benzenesulfonylamino)-cyclohexanecarboxylic acid [cyano-(3-hydroxy-
20 phenyl)-methyl]-amide,

trans-(2-{[(3-Bromo-phenyl)- cyano—methyl]-carbamoﬂ} cydohexyl)-carbarmc acid
benzyl ester,

cis-Acetic acid 4-(R)- and (§)-[(2-benzyloxycarbonylamino-cyclohexanecarbonyl)- |
amino]-cyano-methyl}-phenyl ester,
25 trans—{z-[(Cyano-phenﬂ-methyl)-carbamoyl]-cyclohexyl}-carba.mic acid benzyl ester,

cis-N-(2-{{(R)- and (§)-Cyano-(3,4-dimethoxy-phenyl)-methyl]-carbamoyl}-cyclohexyl)-
benzamide, '

trans-(2-{[(3-Bromo-4-methoxy-phenyl)-cyano-methyl) -carbamoyl}-cyclohexyl)-
carbamic acid benzyl ester,

30 cis-{2-[(R)- and (_S)-(Cyanb—naphthalen—1-}d4methy1)—carbamoyl]-cydohexyl}-carbamic R
acid benzyl ester,




ci s-2-(2-Benzyl oxy-acetyl am no) - cydohexanecar boxylic acid [ (R)- and

. (S)-cyano- (3, 4- di met hoxy-phenyl) -nethyl] -am de, 14 December 2004
trans- 2- (2- Thi ophen- 2-yl - acet yl am no) - cydohexanecar boxylic acid

[ cyano- ( 3-WQ®E&3#S 10 phenyl)-nmethyl] -amide, cis-[2-((R)-PEHEPIL/06541

(S) - 1- Cyano- propyl car banoyl ) - cydohexyl ] - car bam ¢ aci d benzyl ester,

ci s- 2- Phenyl acetyl ami ri o- cycl ohexanecar boX¥tic acid ((R - and

(S) - cyan- phenyl - net hyl am de,

ci s-2-(2-Benzyl 0) cy-acet yl am no- cycl ohexanecar boxylic acid ((R) - and

(S) cyano- phen ani d

ci s- 2- ( OydopeB %é@rééﬁ?@ﬁn@rhﬁﬁ?’ﬁ mﬁﬁaﬂ&earbswl}refdabﬁelm@wd 2-
(S)-cyano- pheky-b@izihdster,ani de,

ci s-2-(3-Cydopentyl -pr opie(r)nyl am no- cydohexanecar boxylic acid ((R)- and
(S)-cyano- piwpR)-(2%E (NI Cyaabd8-hydfbxy-phenyl)-methyl]-carbamoyl}-cycloh Bcarbazmc
cis-2-(Cyd opeH}ane ar bonyl - am no) - cycl ohexanecar boxyli ¢ acid exer
(S)-cyano- ﬁ’bxy phenyl)-methyl] -am de,

'E(r:gp Ba-rrrgl |O§) heng&é{g{gﬁ néﬁ'l‘- e oxy-éhengll)[cyancyoque hy@& grﬁgyl?r}jercggﬂgxy{)r?t hyt]

?IS)S 2-(3- Pﬂeﬁylhmmz%umgfmﬁjy}l%ﬁemodcydohexanecar boxylic acid ((R) - and
cyan- phenyl - met hyl - am de

Ci s- 2- Pheny krnsfaieyad drashylaaibiendi)c &ﬂi&éﬁﬂp@éﬁ&ﬁﬂd&béﬁiﬂ%&f R - and

(S)-cyano- phenyl - rrethyl am de, trans-( 2-{

[ Cyano- ( 3- matahi y—{Fd)ﬁEML(B Héﬂﬁoxy < <R fl) BRG] aby SRR XYHbhEADERb fmACHA 3-

benzyl ester,, 30 clI s+ enyI am no) - cyc ohexanecar boxylic acid
[ cyano- ( 3- h{]‘]éiPB‘?(?e‘bﬂ’eﬁ??f) net hyl | -am de, 14 Decenber 2004 WD 01/96285

e Gy B P A SN S RO L sl

ci s-2- (4- Et hedyyl{Heamllesed,n0) - cydohexanecar boxylic acid

[ (3-brono- phenyl) cyano- nethyl]-am de,

Ci s-2- (4- Et bgx8ip abAglic 83 t:!ll{l[ER?ﬂ mqs}nembt(e 48&intkthoxy-phenyl)-methyl]-
(benzo[ 1, 3] di on -h-yl - %ﬁ’ )-a

ci s-2-(4- Et Ath E}I“E’;ddohexanecar boxyl ic acid

cyano- (4- net met hyl |
Sehe pﬁeny Fﬁ%ﬁﬁ@@f&%ﬁI‘arréearhfax&meéwﬁerrhamoﬂl -cyclohexyl}-carbamic acid phenyl
(benzol[ 1353] ditepxsol - 5-yl -cyano-nethyl )- am de, 10
2- Phenyl am i no- cycl ohexanecar boxylic acid (cyano-phenyl-nethyl)-am de,
ci s-(2-{(R) traapd-(4-Ace -benzenesuifonylammo)-cyclohexa.necarbox?r lic acid [clyano -(3-

((:gzbgcn,}lgngcgl EI4 sﬂhrégt {I)%%;hﬁ?eny ) En;t?yl[] car banoyl } - cycl opentyl')

(3 &7 oh PR ;rrrmrzrﬂr@n@b%g i LT e Eel St
- b I d I -
e R ey oo

ester, and metho -benz?rl ester, _ _
trans-{2- [(Q/ano mt - et hyI car banoyl ] - cycl opentyl} car bam c acid

benzyl est _e&ans ? SapRe CIE@LB aﬁﬁg -carbarnlc acid 4-
phar maceuti cal acc pt abl e esters hereo Especi al I y preferred
conmpounds ofMm&eRdienEylieserul a (1) are

cis-{2-[(Benzo{1,3]dioxol-5-yl-cyano- methyl) carbamoyl] cyclohexyl}-carbamic acid
benzyl ester,

25 trans- 4—Cyano-N-(2-{[cyano~(3-hydroxy—pheny1)—methy1] -carbamoyl}- cyclohexyl)-
benzamide,

trans-(2-{[Cyano-(3-hydroxy-phenyl)-methyl]-carbamoyl}-cyclohexyl)-carbamic acid 4-
methoxy-benzyl ester,

cis-2-(3-Cyclopentyl-propionylamino)- cyclohexanecarboxyhc acid [(R)- and (S) -cyano-
80  (3,4-dimethoxy-phenyl)-methyl]-amide, - - : N



(1R 2R)-(2-{ (9)-

[ Cyan- (3- hydr oxy- phenyl ) - met hyl ] - car banoyl } - cycl ohexyl ) - car bthDeceralpr@004
benzyl ester, cis-2-(3-Phenyl-acryl oyl am no)-cycl ohexanecarboxylic acid
[(R) - and ¥8)%182830- (3, 4- di met hoxy- phenyl)-net hyl] - ani de PCIEPOL/06541
(R-{2-[(S)-(Cyan-phenyl -nethyl )-(R) - carbaﬂoyl] cycl ohexyl }-carbam c acid
benzyl ester,

syn-{2-[(S) - (Q/ano- phenyl - net hyl ) - car banoyi ] - cycl ohexyl } - carbam ¢ acid
benzyl ester, cis-(2-{(R- and

O (g SR A

trans- 2- (4- Gﬂbéh}z@ﬁé@@mtﬁ by | ani no) - cycl ohexanecar boxylic acid

[ cyano- (3- hydr ox(\i{phe Egl nmet hyl ] -am de,

trans-{2- [(Bé‘-h o 3}@3 dCysaarp W&metbxlmbamwlbaymhe}tﬂ}:mbamw@ 4car bam
ic acid beng

cis-(2- {[Q/ano ( %@(fsoxy phenyl) nmet hyl ] - car banoyl } - cycl ohexyl ) - car bam ¢

db I
aglar barerg;zliy} ?3’3?? (ggiw@é%am C a(a:&ﬁieaﬁ%%%@%%ﬁ wrgea&%mcydo}lexm )

cis-2-(3- Phéﬂ;baﬂaéﬁ? nitgerbrozyestenhexanecar boxyl i c acid ((R) - and
(S)-cyan-phenyl - 10 nethyl -am de, (2
[ Cyan- (3, 4- m@ﬂﬁ&bynﬂmwxowmm}gw{;@nmwwbpmmm&yl Andd8)-byanios(3si d

b I t Fﬁﬁ 2-[(R d
(E?Z{Q/:?\oe;}to r%'a E@Wcﬁaﬂ]oamy ]- E:g/cl)ohg;lyl} carbam c acid benzyl
t
(e; {e { Q/ano (cé g V%I E“’Sﬁ%ﬁ%"n#e‘t“ﬁ”%‘? %110 %xr%ﬁa}rp%vgf 8%3)[97‘)) -aE% %aﬂﬁaﬁo'aci d

t hi ophen10 3-(§ Xy Yl oiethylpamiddr) - and
(S)-[ Cyano- (4 rret hoxy henyl ) - et hyl ] car banoyl } - cycl ohexyl)- carbam c acid
benzyl ~est ercis-g- @ (Csianp-phenyl- -methyl-carbamoyl]-cyclohexyl}-carbamic acid

- (S)-[ Cyano-( dggg fephenyl) met hyl ] - car banoyl } - cycl ohexyl )- 20 carbam c
acid benzyl est trans-(2-1

[yano (5 NUExy-(paime bk JndBDROBN Lt ShOHP AR Raitafailldls.
(S)-[(3-Chl m-tplﬂmnwl)esfcyano rret hyl ] - car barmoyl } - cycl ohexyl ) -carbanic acid
benzyl ester,

cis-{2- [Hq/m&zpﬂahymdwféﬁﬂy@yanoa&-nmwmmmbmmym}cydahmmtamd atidbeiytyl
ester,
trans-(2- {[(effit Br onp- phenyl ) - cyano- net hyl ] - car banoyl } - cydohexyl) carbam c

acid benzyl

(SI) [ (4- Bﬁg asefgg% ﬁb yangdagﬁ%lﬁg/?f&car am)y Ié%/%ﬁl%myﬁ‘i@grcﬁﬂ?ﬂ @"4'aci d
benzyl est erdlmaﬁ@mhsnﬂ)-@-’@ﬂ{ﬂ]@ml@nd

(S)-[Cyano- (3, 4- di net hoxy- phenyl ) - met hyl ] - car banoyl } - cydopentyl ) - carbam c

aci d benzyl tesér(2-Rherosyentidambix) pooiie)4cychbe i @68 85y 1R GTdH PRiblo0 By odyZ phdif]) -
phar mac Qt abl e esters thereof OQther preferred conpounds o

e
formul a %tf) ar%m %ﬁﬁe sel ected fromthe group
cis-(2-{(R)- and (S)-[Cyano-(2,4- ~-dimethyl-phenyl)-methyl]-carbamoyl}-cyclohexyl)-
carbamic acid benzyl ester, :
cis-2-[2-(4-Chloro-phenoxy)-acetylamino]-cyclohexanecarboxylic acid [(R)- and (S)-
cyano-(3,4-dimethoxy-phenyl)-methyl}-amide,
25 '

cis-2-(2-Phenylsulfanyl-acetylamino-cyclohexanecarboxylic acid {(R)- and (S)-cyano-
phenyl-methyl-amide,

frans- (2~{[Cyano—(3-hydxoxy—pheny1)—methyl]-carbamoyl} -cyclohexyl)-carbamic acid 3-
(4-chloro-phenyl)-propyl ester,

80  cis-2~(2-Phenylsulfanyl-acetylamino)-cyclohexanecarboxylic acid [(R)- and (S)-cyano-.. ... . . .

(3,4-dimethoxy-phenyl)-methyl]-amide,




consi sting of

Gi s[ 2-[ (Cyano-cycl opr opyl - net hyl ) - car banoyl | - cydohexyl } - car bihPecembar 2004
benzyl ester 5 Cis- [2-(Cyanonet hyl - car banoyl ) - cydohexyl ] -carbam ¢ aci d
2-chl or o- bg’ﬁz‘{}( %8§t er, C s-[2-(Cyanonethyl-carbanoyl) -cycl oMekHPqIO06HEbani ¢
acid 2-brono-benzyl ester,

Ci s-[ 2- (Cyanonet hyl - car banoyl ) - cycl ohexyl” ]13car bam c acid 3-nitro-benzyl
ester, G s- [4-(Cyanonethyl-carbanoyl)-cycl ohexyl]-carbam c acid

4-chl oro- benzyl ester, G s-

[ 4- (Q/anorretﬂ:%! @gﬁy e rba -.di chl or. benz
ester, 10 G s f@g iﬁéoﬁycﬁ&%ger %ﬁ%@’ﬁﬁ nb&ﬁ@%ﬁxfn Boxyhc acid [qrano- (3-
3-chl oro- be rha’ﬁrm@fst yh- Iﬁcth}’ﬂ—amﬁe,

[ 4- (Cyanonet hyl - car banoyl ) - cycl ohexyl ] -carbam ¢ acid 2-chl oro-benzyl ester,

Trans- [ 4- ( Grasd¥é2H{Cranar Gehyolyody-plyeayh emythyH acartunnoyl}- el cheRylpuctmrbenzy|
ester, Tr arB%PA g(,yanomet hyl - car banoyl ) - cycl ohexyl ] -carbam c acid
3- nltro benzyl "ester, Trans-

4- A t 5
L Oy 15 R e AR LBk T (B S 9

- 3, 4-di chl or@;’@mm@ny&ﬂﬂhyl-an@is- 5- Met hoxy- benzofuran 2-carboxylic acid
[ 2- (cyanonet hyl - car banoyl ) - cycl ohexyl ] - am de, Trans-

5- Met hoxy- b@mzb(irfhnnﬂ-praplbn)dym)mhbhéﬁnémfhmﬁehﬁﬁl(cﬁ@bbﬁi@ﬂ-ﬁmthyl)-
cycl ohexyl ] - ge 20 Trans- N

[ 2- (Cyanonet hyl “car banoyl ) - cycl ohexyl ] -2-chl oro-4-fl uor o- benzani de,
Trans- N -Phenvla

[ 2- (q/anorretchy Phenyacet ﬂmgycgflo?@%}f’ﬁaﬂ}o%f At Re- Ad @r%ﬂiéﬁ%@eﬂlﬁy‘
Trans- N-1q thémglhn‘mubﬂhyimdecar banoyl ) - cydohexyl ]

-2, 6-di chl or o- 4- net hoxy- benzam de, G s-N [ 2-(Cyanonet hyl - car banoyl )
_cycl ohexyl FIS-Z}PhtrumﬂlaamlfhWIamﬁmzqmioﬁexm@cabbkﬂic%ﬁd [(R)- and (8)- cyano (3,4~

gr%ﬁgorl\rl_et gy%anowﬁgﬂgéﬁﬁiﬂo&%ﬁ ygl gmag;/lo] 4- get)?)cl)lrmbéelnfrgrh&e benzanmi de,
5 T8 | B B T
-3, 5-di - t ri phemyibmethyl)-aditezan de, 14 Decenber 2004 WO 01/ 96285

PCT/ EPO1/ 06541 | $ C| S- N-gz- (Cyanonet hyl - car banoyl ) - cycl ohexyl ]
- 4-t er t -But yis=[BelfRRranddS I@Enm-l{exﬂ(:@bmoyﬁ&kwlbh@m]Ltafbﬁiﬁl):aeﬁdcﬁeﬁﬂewéﬂ

- 3-chl or 0- 6- met hoxy- benzam de, Trans-N-

[ 2- (Cyanonethyd-(Z8 t}ww;dc)i’/b;mh@hydyhe]xan&aﬂim@@acﬁd ((ﬁt)hmfﬁ)aﬂzwrpﬂﬁlyl-
Cs-N[2-( 3%, car banoyl ) - cycl ohexyl ] - 3-chl or o- benzam de,
Cs-N|[2- (Cyan et hy™- car bar noyl) cycl ohexyl] 3-acet yl am no- benzam de,

T N- 3 l.ami no- b i de,
G v 12 (Bani R SRR B B T e Db e,
Trans- N-[ 2- (:@}dmrlb{amaﬂe,car banoyl ) - cycl ohexyl] -4-acetyl am no-benzan de,

Ci s-N-[ 2- (Cyanonet hyl - car banoyl ) - cycl ohexyl ] -4-acetyl-benzam de, 10

[Tr2 a?a/ N-402- G%fﬁ&@ﬁdbhéwkarbbayhlxd@e)c | %omlgmmﬁallrboﬁym@eﬁmp%aqs) -Sno{3a- N
anone C ex - chl or o- 5-
(et hyl t hi o?n%éenggjni’geny @e@m )C/,yanorret hyl - car banoyl ) - cycl ohexyl ]

-2, 3-dichl o 17, C o anorret yI I) cy hexyl]
-2, 3-di chl of‘g@%zam&gﬁ? 1?%‘['%@ T QPES?H& yI ]

- 2, 4- di chl otmillenmethylibenzyl &ster,

-N-[ 2- (Cyanonet hyl - car banoyl ) - cycl ohexyl ] -2, 5-di chl or o- benzam de,

G s

Cis-N [2- ¢iSRa{Cpid anecabbaﬂmml yedlsHeexndckrboylf- Qid &N _
Cs-N % iy -car@gﬂo ho}(;’ycl ohexylc%iI -?4 di cﬁlkgrr%ﬂégnzamoggéz

Trans- N 2&%%98% 51/)I' mE F) - cycl ohexyl] - 3, 4-di chl or o- benzani de,

Cs-N [2- - - 3, 4-di_chl b d 20
0t o T Rt SH s o5 a8

phenyl-methyl-amide,

cis—2-(Cyclopentanecarbonyl-aquino—cfdohexanecarboxylic acid ((R)- and (S)-cyano-
phenyl-methyl- amide,

30 cis-2-[2—(4-Chioro—pheny1)-acetylamino]-cyclohexanecarboxylic acid [(R)-and (S)-cyai:o—.
{3,4-dimethoxy-phenyl)-methyl]-amide,




Cs-2-{ [(4-chlorophenyl)acetyl] am no]-N [cyano(cycl opropyl) nethyl ]

cycl o- hexanecarboxam de, C s-N-[cyano(cycl opropyl)nethyl] -2- 3-é 3-

net hoxyphenyl ) pr opanoyl ] am no{ cycl ohexanecar boxani de, 25 Ci sgﬂ\bfif"( er 2004
[ cyano(cycl apropyl ) met hyl ] ami no} car bonyl ) cycl ohexyl | - 4- et hyl benzam de,
Cis-N-[2- (‘?rg[0 9%6( cycl opropyl ) net hyl ] ani no} car bonyl ) cycl %ﬁ@@ﬂ}’““ﬁl

-4-et hoxybenzam de, G s-N [2-({ [ cyano(cycl opropyl)nethyl]

am no}car bonyl) cycl ohexyl] -4- nethoxybedtam de, 14 Decenber 2004 WO

. 01/96285 PCT/ EP01/06 41 -19 Trans-N- [2- ({ [cyan (cycl opropyl)nethyl]
~amno }carbonyl) cyclohexyl] -4- nethoxybenzam de, Trans-N- [2- ({ [ cyano

cycl-opropyl t am }, carbonyl) cygl ohexyl -4- et hyl benzam de,

G 2N T2 (1 G TRR DB ISl A mper By S oyl g eobeoily rpbacaicac

di f | uor obendafiiyllesteri s- N-[ 2- ({ [cyano(cydopropyl ) net hyl |

am no} car bonyl ) cydohexyl] -4-cyanobenzam de, G s-N[2-({

cyano(cycl ¢18,2 -nd (S f[(?@;], Bliﬂéﬂibﬁycﬁ)’hﬂn Yehi] 4aftabhdoy)- -
[bu%/yl b(en)z/am@%j1$ Eﬁ%—(ﬁ?ﬁ ](ejZ- { ﬁyano(cyc op?lgf)ﬁél)net hyl | Iyi-cyclohexyl)

am no} car bo@’i%)aE’s}"ﬁ% i‘}ﬂ% Y5 4, 5- 10 trimet hoxybenzam de, and

har maceutical | y acceptabl e esters thereof her especi al | referrad

(F:) onpound B%ﬂ@%ﬁ&?‘&i‘aﬁ%%ﬁ‘ﬁ&’ﬁﬁa%@ ‘iﬁagq'éﬁﬁﬁ gﬁ%@h‘%ﬂ%}%@%ﬁ%xw ic

aci d [ 2- (cyapasmixhyvdmmay banoyl ) - cycl ohexyl ] - ani de, 15

Tr ans- 5- Met hoxy- benzof ur an- 2- carboxylic acid [ 2-

(cyanomet hy kiscR(PBemsi ¥)-tycloltihdtearbbklicdecid [(R)- and (S)- (3.4~
[ (4-cbhl oropEeng )ac%t] | Tam av% N-j[ ]E-g/ano(cycl oproopyl) rr[ét yaln] (:(y)(:lc"'(r)a-no (34
hexanecar bo &K= -msthyil-2mideno( cycl opr opyl ) net hyl ] L

am no} car bonyl l.Qhexyl ] _-4-ethyl henzang de, 20 C s-N-[2-

[ cyan}é)( cycl 6%!%%%-)’!3@?3 %ﬁ‘i-ﬁef}tgg%wmeg%ﬁ@i@nth@a@é Iﬁ@)%@éﬂﬂdi‘d@':
G s-N | %((Pha?{pﬁ@(}gyph@meppyl ) methyl] am no} carbonyl)cycl ohexyl] -4-
nmet hoxybenzam de, Trans-N- [2- ({ [cyano (cyclopropyl)nethyl] amno -
}carbonyl) egdRaliR)yand (SH1-OROBPrEPABZBREH)-cAdol ]fr&ahka[:ﬁé fdid benzyl ester,

[ cyano(cycl opropyl ) met hyl ] am no] car bonyl ) cycl ohexy - 4- et hyl benzzarmcsée,
Cis-N[2- Bhaytacetypiif BRdAYE } n - _
- 4- cyaLob(eEE{;Q}de, and G s-N ‘.}21 ({ [cyano; cyd%ggggy?&%an@%ﬁ:&wﬁyl methyl
am no} car bof9%eycl ohexyl] -4-tert- butyl benzam de, 14 December 2004 WO

01/96285 PCIT/ EPQ1/06541 -20 and pharnpceuti cally acceptable esters thereof.
The inventi Slﬁ'lii%é%}%%ewgﬂl]ﬂ 'Cﬁ%lgﬁﬁffm %G(Eamnﬂﬂsér%qo—abenﬂ-

def i ned @boygthylamillge treatnment or prophylaxis of diseases which are
associated with cysteine proteases such as osteoporosis, osteoarthritis,

rheumat oi d aistN(TycidpropattirbbRFIATABLGcloRe:dh QAR dAYROSHN ((R)L $nd (S)-cyano-

at her oscl erosi s rg/tg al’dl,‘f| i nfarction, angina pectoris, I1nstable®angi na

phenyl-m )ﬁ—aml e, '
cis-2-(3-Cyclopentyl-propionylamino-cyclohexanecarboxylic acid ((R)- and (S)-cyano-
phenyl-methyl-amide, '

- 20 cis-2-(C-yclopentanecarboruyl-amino-)-cyclohexane&arboxylic acid [(R)- and (S)-cyano-
(3,4-dimethoxy-phenyl)-methyl] -amide, ‘

, frans—Thiophene—Z—carboxylic acid (2—{[cyano-(S-hydroxy-phenyl)-x_nethyll-carbamoyl}-
cyclohexyl)-amide, | |
ci$¥2—(3—Phenyl-propiomdamino-cyc_lohexanemboxyﬁc acid ( (R); and (S)—cyano-éhenyi-

25 methyl-amide, ' '

cis—2—Pheuy1methanesulfony1amino-Cydohex‘anecarb'oxylic acid ((R)- a.nd‘(.S)-cyano-
phenyl-methyl-amide, o ' :

frans-{2-{ [Cyano—(S-methoS:y—phenyl) -methyl]-carbamoyl}-cyclohexyl)-carbamic Aa;:id
benzyl ester,

30 cis-2-(4-Ethoxy—phenylamino)—cy'clohéxziﬁééarbdk'ylic acid [cyano-(S-hydrdxjﬂpﬁehyi)ﬁ R

methyl]-amide,




pectoris, stroke, plaque rupture, transient ischem c attacks, amaurosis
fugax, peripheral arterial occlusive disease, restenosis aft4PesgmberdQdty
and stent placenent, abdominal aortic aneurysmformation, inflamation,

aut oi muneVYfP W3 nal aria, ocular fundus tissue cytopat BCEERP1/06541
respiratory disease. In a preferred enbodi enent, the invention relates 10
to the use of conpounds as defined above fi18-the treatnent or prophylaxis
of osteoporosis, instable angina pectoris or plaque rupture.. Further, the
invention relates to conpounds as defined above for use as therapeutic
active substances, in particular in context with di seases which are

associ at ed w2t{A-Tehewephenylapine e arsiuhesansharboxyistacidi{oyansi ghenyb tretigh )t dmidej s,
rheumatoid arthritis, tupor netastasis, 15 gl onmerul onephritis,

at her oscl er o§82-(4rktheny-ahenylaming) sy dlorexansrgrhvaylbeasid (P hromosplealyl-qragp-na
pectoris, Stﬁﬁh@f]”mye rupture, transient ischemc attacks, amaurosis :
fugax, peripher arterial occlusive disease, restenosis after angi opl asty

At of mne of Seage oar EAR Moo ARE N T ARTHE R A M TS bl

respirat ofy Hiethyhsamiden a preferred enbodi ement, the invention relates 20
to conpounds as defined above for use as therapeutic active substances, in
particul ar i fis-2cénkthery-phenylasmedppdouixanecartowpii avidjvyana($pevtinxyphenyl)-

pl aque rupt UfRy ]]b&dé{gventi on also relates to pharmaceutical conpositions
conprising a corxpoun >as defined above and a pharnaceutical |y acceptabl e
carrier and/ | VB MinoJPlRdh A : i . Lk h di es
whi ch are as‘g%g?%égg W t%cgg}stel n%%@g%%ﬁ%@%@gi&%&%% e pg?bn%%‘g?ﬁ'
ost eoart hri t#®ides heumatoid arthritis, tunor netastasis, glomerul onephritis,
atheroscl erosi s, nyocardial infarction, angina pectoris, instable angina
pect ori s 10st?-dlenylapinmerlobgmnecasboxylisnsidd ayanospiteap-mettyl)ekile, amaur osi s
fugax, peripheral arterial occlusive disease, restenosis after angioplasty
and stent pl€ed?dtt): and OmMGranodddtdimetmapphenyl)-watmd} -cohamiopl {ccnperityh;

aut oi rMmune  di3E6A3R 2 (Ml 2stefClU! @r Tundus tissue cytopathy 30 and
respiratory disease. In a preterred enbodi enent, the invention relates to
phar maceuti c i, QA S .S N F: e

Phar maceut | carTy ARs CHEPPIRAR s Me R BB 25 LBl R FIR R AR,
ost eopor osi séster nst abl e angi na pectoris or plaque rupture. 14 Decenber 2004
WO 01/ 96285 PCT/ EPQ1/ 06541 -21 A further enbodi nent of the present

i nvent i 0A5r etrarss(2- Cyneo-(drenashoxgophsopinmnsthyl] - cadesrnordi cydpentyl-arbrinéc acid
preparation gém??ég{egarrents for the treatnent or prophylaxis of diseases
whi ch are assocfated with cystein proteases such as osteoporosis,

osteoarthrity _zr_n@g,gﬁa_' I, i3t 1 D asi s .

gl oner ul onep rlﬂ s, at e?ggs’nc}? g%g*lséﬁﬁéﬁﬁéﬁ%ﬁ}ﬁglf%??gﬁ{dbaelr—%fl ﬁ%lter’ and
pectoris, ingtable b 09, -RAGE RS- . | 3 i1€

i schem c attacﬁi)! gg’gur og?s uga§<h,§ ﬁ%&%‘%ﬁ@? é:?élgﬁx‘@lf %%ﬁ%@%@%ﬁ%@&se,
restenosis ajdLhharfadl et : ) td
aneurysmfornadti{son, ?JF'] a tfon,e%ﬁ{agfl%lﬁ%%e |s%%%iei,99£r?§ alrbllege?{ef)sctglFré:‘Pf‘
fundus tissue cytopathy and respiratory disease. In a preferred

embodi em@At , t heEspscially prsferred) cempounds ofgsnersbfopmhuladipoends as defi ned above
3.0 for the preparation of nedi canents for the treatnent or prophylaxis of
ost eopor osi sFl {Rs2al{Sk-[ Gyrzion@-Rssoxy-plenyl) -petil) ecarbapaytjecy cBibekyl reatbemient s
conprise a c g@g&%k%%er defi ned-above. An additional enbodinent of the
invention refates to a nethod for the prophylactic and/or therapeutic

treat nent of sdi-s@r N .G a st} . FeNLf b Gan (24,

pat hol ogi cal Cl_ggl 6e3, ﬁ?&x@%hﬁgﬂ?g trtg%&q%}%g’lﬂas, géxgé%? ﬁ?ifitﬂ@n alrlﬁgﬁnnétagso(g"é‘
arthritis, tdimsthoxyephenyBonethyltanmide.ul onephritis, atherosclerosis,

nyocardi al infarction, angina gect oris, instable angina pectoris, stroke,

pl aque r @pt utR)-{2 KEECrano-phenifemethyht (Riedeshamaomlicyriibexyl}-carbamic acid benzyl

ester,

syn-{2-[(S)-(Cyano-phenyl-methyl)-carbamoyl) -cyclohexyl}-carbamic acid benzyl ester,

cis-(2-{(R)- and (§)-[Cyano-(2,4-dimethoxy-phenyl)-methyl]-carbamoyl}-cyclohexyl)-
carbamic acid benzyl ester, '




fugax, peripheral arterial occlusive disease, restenosis after angioplasty
and stent placenent, abdom nal aortic aneurysm formation, inf4@aecenticy2004
aut oi nmune, di sease, 20 malaria, ocular fundus tissue cytopathy and
respiratoryOd! %%%Fse whi ch nmethod conprises admini steri ngPETE8MIIA as
defined above to a human being or an aninmal. A preferred enbodi enent of
the invention relates to a nmethod for thelptophylactic and/or therapeutic
treatment of osteoporosis, instable angina pectoris or plaque rupture,

whi ch nethod conprises adm nistering a conpound as defined above to a
human being or an a 14 Decenber 2004 WO 01/96285 PCT/ EP01/ 06541 - 22
The inventi Hﬁ@'ﬁﬁ@@%‘?%@?—s@@lﬁ laniseskcle mbmmh#mdlm’en@‘f(?morrpounds

of generalg i,d}bf@u m\émygbaﬂdgcess conprises a) reacting a conpound of
formula (11) 5 wi hacorrpound of formula (I111) 10 wherelnR' R2, R3, R4,
Rs, and n haugs-{hRBeha]1 Bl e SSylohMEs. b d of
formila (1) AR BR AL GO e BN Ecarpinoh Cr"glgg%’#@gﬁagb & mul a
(V) or (M) WY]ef’Stf!'L:[L RR_--Sd dlIt MO NOS vvhereln R2, R3, R4, R5,

Ra, Rb~ and .n h?éf t he %nl fi cances gl ven above. PCI/EPQ1/ 06541 The

i nventi oR afi&é2ky §H X3y D-raethpidsamrepnyllatsiobexhhiohapicaidbenzyl
conprises tdag. prepar atl on of pharnmaceutically acceptable salts and/or
phar maceut i caITy acceptable esters. The fornmation of the esters and/or

sal ts can bgagaft a3l 3. d:%bc% ﬁ@g}a th the
conpound of forgru[@? torgrvvlt jP%1e corréspon mgpgtcgmf:’?%ﬁ%mﬁﬁnacgﬁdal S.

The react i obensy! eétte@;orrpound of formula (11) with a conpound of fornmula (I11)
can be carried o Iéfg-ym hods known to the person skilled in the art. The
g

reaction cafis c(éﬁ? loylpminoreydlehexenacanbpxylicssisl ((Rirgreoifpopmm-pheny)-

COWpoundo(linLeﬁhIlaiﬁﬂé (01, 2-
Di hydr o- 2- oxo- 1- pyri dyI) N,N, N, N -tetranmethyluroniumtetrafl uoroborate)

and 15 Huni gsfjagend-0$,Edmibslb Hérgwhﬁ Carbdin &5}@@
m xture at rogg;? g{)eraturek}?or to ?LHthoars gﬁﬁy"reac i'on mxfure ran be
concentr at elae“&’ﬂ(fﬁﬁh @¢-Brg@Ete)can be obtained by methods known to the

person skill,e Pthe art, e.g. by extraction and
cis-{2-[(R)- and (S)- (Cyano-m-tolyl~methyl)-carbamoyl] -cyclohexyl}-carbamic acid

benzyl ester,

15 (2-{[Cyano- (3-hydroxy—phenyl)-methyl} carbamoyl} cyclohexyl) carbamic acid thlophen-
3-ylmethyl ester,

cis-(2-{(R)- and (S)-[Cyano-(4-methoxy-phenyl)-methyl] -carbamoyl}-cyclohexyl)-
carbamic acid benzyl ester,

cis-(2-{(R)- and (S)-{Cyano-(3-methoxy-phenyl)-methyl}-carbamoyl}-cyclohexyl)-
20 carbamlc acid benzyl ester,

trans-(2-{[Cyano- (S-hydroxy-phenyl)-methyl] -carbamoyl}-cyclohexyl)-carbamic acid
thiophen-2-ylmethyi ester,

cis-(z-{(R)— and (S)~[(3-Chloro-phenyl)-cyano-methylj-carbamoyl} -cyclohexyl)-carbamic
acid benzyl ester,

25  cis-{2-[(Cyano-phenyl-methyl)-carbamoyl]-cyclohexyl}-carbamic acid benzyl ester,

trans-(2-{{(3-Bromo-phenyl)-cyano-methyl]-carbamoyl}-cyclohexyl)-carbamic acid
benzyl ester, |

cis-(2-{(R)- and (S)- [(4-Bromo-pheny"1) cyano-methyl] -carbarnoyl}-cyclohexyl)-carbamic
acid benzyl ester, and

30  cis-(2-{(R)- and (§)-{Cyano-(3,4-dimethoxy-phenyl)-methyl]-carbamoyl}-cyclopentyl)-
carbamic acid benzyl ester,




col um chr omat ogr aphy. Alternatively, a conmpound of formula (H) can be
dissolved in CH2CI 2 and reacted for 6 to 16 hours at room tthipecesmber 04t h
a conmpound of forrmula 20 (111) in the presence of N-nethyl norpholin, HOBT
and EDCl . WRAVHR8Huct can be isolated by nethods known pePCEEZPOHOGH by
extraction and HPLC. The reaction of a conpound of forrmula (1V) with a
conpound of formula (V) or (Vl) is conveliently carried out by preparing a
solution of conpound (Mm CH2O 2 and adding a solution of conpound (V) or
(VI) in CH2A 2. To this mxture, Triethylam n is 25 added and after shaking
6 to 16 hour t roomit erature formc acid is added. The product can be
i sol ated arﬂil%p&faf‘inf“éedl St eﬁsﬁ?f\?\ﬂ]‘eﬁ - se, e.g. by evaporation of the
sol vent and HPLC. 14 Decenber 2004 WO 01196285 PCT/ EPO1/ 06541 -24 In order
to prepare pharOneeptdfesdd Qﬁuﬁﬂﬁﬁﬂx abfoemudd ([parenldse keldhted FBALMELER ¥
accept abl e ester.s oé conpounds of formula (1), it is possible to prepare

t he corresp‘iﬂ?ﬁish@go sters and/or salts starting fromthe conpounds of
formula (1). It is also possible, to form the esters and/or salts at an
earlier st agi{2-{Qyand-eydepropilhacthol)fatnaisiiPey dobleiy} -adtb i @siEbenzff eskr! he
correspondi ng starting materials. The nethods to prepare pharmaceutically
accept abs e CsdRt(Cyamsthethylphatbarnogitydstelyl] aatrptiaiti@2&5labDeasyldski ned
before are known in the art. Conpounds of fornmula (11) are prepared by

net hods kno@is-[2e(Qyimeorpethglocarisdchbfipdydshexiiieafatnic @@!Qﬁbﬁi&ﬂbéﬁz&&é@&n
corresponding amno acid is linked to the desired substituent

anal ogous| yCis<2¢(iigammhéthglscaclesnsylpegtlohexyiieabaniiDies 3-nih6-Heasyl lebten g
conmpound (I1) is 10 isolated by nethods known per se, e.g. by extraction
and evapor aCisda-(Qyandraethyll saebum&Ga)yrprivhdsyldpicaftatmitdad 4Jch1c9ro%ﬂ?ﬂcé§t¥§ni ently
be obtained by adding a solution of the corresponding al dehyde in CH2Q 2
to a sol utiGis-[ef(OxridEhethylecaodzhbyi 3 cpidBeayid-caffaglit £did 8. C-didilerdvbuiAyl estdrs
stirred and allowed to warmto roomtenperature. After addition of NH3

sol ut i omo anGisgdr{flyenomethyif catbano@pcpdabexyiiearbasid idids-blvrpdendy] efted, 5
formula (111) is isolated and purified by nmethods known to the person

skill ed i n Tiesd{Cymogmethilycathatmai)t tyolohedfip cabamaspidtichigrépednnt Bter i d can
be prepared by nmet hods known per se. Chiral conmpounds of fornmula (111) can
conveni ent | Trabe-{44Cpinvetthyt-cattsinmgl)- grivheiydjrehbaaidmxibl -brémodenipl @ster,
anhydride (prepared froma suitable t-BOC protected amno acid and

di -t ert - but {iangh4¢-4Cpanvatayl aarttb@yl)Ttyelohemdj-tarbamiocdcid B nitso-bendyl edergt r oom
20 tenperature for 1-5 h. After conpletion of the reaction the resulting

t - BOC pr ot €btaasH{4-4Gyanwnathyl-carhateyl)scyickblentl p darbadicidid flienst] &yernet hods known
to the person skilled in the art, e.g. by extraction. The Boc protected
ani no aés d Emneé4-§Ovhronathiycachaimmey)acyel otiesyd plarbamid avidl3HE dadtdoro-benzyl ester,
trifluoroacetic acid anhydride at OC. The mixture is stirred for 2 h at
-10C.  Aft ekist Sdlethoxnbemdiypan-2fdadatkiyhnadd {2-heranentthyl-cgbambel) wpdbhésl]-
product, e.g..Jay evaporation 25 of the solvent and flash chromatography,
the t-BOC protective group can be cleaved off with HCl in acetic acid to

yield the ired ynd formuba (1] ounds .of for a (1'Vv) can
conveni ent f@égge%gfe%%;ﬁ%%g icﬂr&of‘ﬁéc a%%lzrc’:g%( qﬁﬁl“‘iaf%wygi“ot ect ed

am no aci d aycloheqylleanmpleyind of fornmula (111) anal ogous to the nethod
descri bed above. After isolation and purification of the resulting 30

i nt er medd at Braps-08{2{ Cyanometliyy- cestapriyht dyelohefyl - behlkbod-vefiorarbntdmkla,
chromat ography, the t-BOC protective group can be cleaved off with

trifl uor o- dEens-N-f2( Gydnomeitefl dattamoyBsiyciptiexytloprmethckyos-niahyibeazdiideyi t h
trifluoro-acetic acid. 1 4 Decenber 2004 WO 01/96285 PCT/ EP01/ 06541 -25
‘Trans-N-[2-(Cyanomethyl-carbamoyl)-cyclohexyi] -2,6-dichloro-4-methoxy-benzamide,
Cis-N-[2-(Cyanomethyl-carbamoyl)-cyclohexyl]-3-fluoro-4-methyl-benzamide,
Cis-N-{2-(Cyanomethyl-carbamoyl)-cyclohexyl}-3-chloro-4-methyl-benzamide,
25 Trans—N—[2—(Cyanomet}xyl—ca:bamoyl);cydohexyl] -3-bromo-4-methyl-benzamide,
Trans-N-[2-(Cyanomethyl-carbamoyl)-cyclohexyl}-4-cyanomethyl-benzamide,

: Cis-N—[2—(Cyanomethyl—carbamoyl)—cyclohezqd] -3,5-di-triffuoromethyl-benzamide,




Compounds of fornula (V) and (VI) are either comrercially avail able or can
- be obtained by nethods known in the art. The follow ng schetDeeamber266dds
to nethod Gin the experinmental section) shows another possibility to
prepare cOpOAFE® of the present invention by solid phase PEY/ERH&SHE. 0 1.3
eq. FMOC- Cycl ohexyl beta amm acid, H 3 eq. EDCl,1 eq. HOST, 9 eq. NwW
DMF R nk, N, I\I%H220%p|per|d|ne IONF O RlnkNVN013eq

succi ni m dyl car bonate DMF 2.10% TFA, CH2CI 2 2.0 eq. Burgess R=any

conbi nati on of H, alkyl, haI ogen, acetyl am no acetyl, al koxy, nitro,

thio, thioa I fo sul f ox of Ri.nk resin bound glycine
(see Rink, éf’é&z&%ié Yl' YDZ éﬂ?gﬁ-‘irtﬁrt-lmﬂ bepzampdes 1 eq of educt
1(a cycl o o I i C deriyvat i HOBT,, and NWM

(Nonot hyl 1,5#@1?3 ﬁ‘gy orpgthylzcathamaoyi)-&v RISl v

agai n (ij?ﬁ areif -G Do = ¥ 8%&5&%%%25@228%_

Plegrg\rlledl by ¢1ﬁl€f§f<‘8§ Apomeil Ylfr@g%wvfmes phea i'° rar'%wﬁéeat ' ;Eaﬁes‘)néfﬂégbf
DM 3

o i B

yvithh di chl ﬁi‘ﬁ}’ag gﬂﬁh%&rfbaafm’a glofes ! #aaw & PE?&H@E The resin

5 uen suspendeg oD a0 salutl an ol Ly L uor gacel, %ﬁ%@gg?me, he

Concent r at Rt I R P RSB Hnd s agone beRRatbed t o

((jel\/g%l%i;i:g&%ﬂ@‘ll@&&? Bur P reﬁ‘i’%@i}rﬂfﬁﬁ*ﬁﬁﬂhf}cﬁs‘ﬂ -hepzamide.y 1 H N 14

- anetn > Srans G5 1088 96285 A DDA ot PR b SRTe nl o1 Oet hane of

ngig?oﬁ;?igﬁ?iféé?“ g %fbaﬁzylﬁgx%q%m?gg efcjﬁ-ﬁ%e@akbgﬁdde: egde i

added and t tion is,stirred,for ona e crude

' on mSEa e CrampneRr P @F%Pﬂ’séﬁ siehBro-Rerammde

;ggfgltgn mhlg de EI 0 t? i SO gltdo ?J r fled rnaI Eogtsh)lélnown to

tEe ]E)elrlson ﬁe@e 9 gﬂ’ GI% b hp g‘ry‘i %?%‘B’é‘i%t: ve HPLC.

- .

Shows a%“t@%-ﬁ-f@%i?ﬁq%?% e G Re PR ael or%Ex% T hventi on by

solid ptl"? SeClg)f\?t[E ? anomethyl-cgr‘t%l'argo q—tycfo%g:cﬁ]c:\égl—&hﬁ)&lo-bgmet g de%m no acid, HN

Cis-N-{2-(Cyanomethyl-carbamoyl}-cyclohexyl]-2,6-dichloro-benzamide,

Cis-N-[2-(Cyanomethyl-carbamoyl)-cyclohexyl]-3,4-dichloro-benzamide,

Trans-N-{2-(Cyanomethyl-carbamoyl)-cyclohexyl]-3,4-dichloro-benzamide,

Cis-N-[2-(Cyanomethyl-carbamoyl)-cyclohexyl]-3,4-dichloro-benzamide,
20 Trans-N-[2-(Cyanomethyl-carbamoyl)-cyclohexyl]-3,5-dichloro-benzamide,

Cis-2-{[(4-chlorophenyl)acetylJamino}-N-[cyano{cyclopropyl)methyl] cyclo-
hexanecarboxamide,

Cis-N-[cyano(cyclopropyl)methyl}-2-{[3-(3-
methoxyphenyl)propanoyl]amino}cyclohexanecarboxamide,

25  Cis-N-[2-({[cyano(cyclopropyl)methyl]amino}carbonyl)cyclohexyl]-4-ethylbenzamide,
Cis-N-[2-({] cyano(cyclopropyl)methyl}amino}carbonyl)cyclohexyl} -4-ethoxybenzamide,

Cis-N-[2-({[cyano(cyclopropyl)methyljamino}carbonyl)cyclohexyl] -4-
methoxybenzamide,




3 eq. EDClI,1 eq. HOBT, 9 eqc NMM DV O R nk ~N H 2.20% pi peridine, DVF i N
RinkrN- 1.3 eq_ benzoic acid, 3 eq. EDCI, 1 eq. HOBT, 9 eql4 ResamimuR004
2.10% TFA, CH2Cl2 H 1.0 2.0 eq. Burgess 5IN R =any conbi nati on of H, alkyl,
hal ogen, W&ORNA285ani no acetyl, al koxy, nitro, thin, thi o#GEERPVISEEONY]
sul foxyl To 1 eq of Rink resin bound glycine (see R nk, Tetrahedron Lett.
1987, 28, 3787) in DM is added | eq. ofgeduct 1 (a cycl ohexanecarboxylic
acid derivative), EDCI, HOBT, and NVM The reaction is shaken overni ght at
RT. The solvent is renoved. and the resin washed w th dichl oronet hane,

met hanol , and again with dichloronethane. The resin is 15 then suspended in
DVF and 2o%gmp§f[2dﬁ{ bryana{ cpdtrprdpyl hethyl] 8finuvl caib eyl Yepelohéxgli-4-i me at  RT, the
sol vent i S b Q#%Ym I tration- The resin is washed wi th dichl oronet hane,
“with rrethan and agai'n wi th di chl or onet hane. The resin is again

33323ndS?ongﬁwéﬁﬁ@ﬁﬁﬁaﬁ}%ﬁhﬁﬁ?ﬁ%@%@ SRR e
EeTt hlggl re?}lﬂN‘é 3 t:%{)q‘l‘:&%l ch gﬁﬁgﬂ%ane }%%Q?égﬁyﬁoﬁgwﬁﬁ%?t Qﬁggénded in a

10% sol &t i diflugio WMHL&W oacetic acid in dichloronethane. After 30 m nutes
reaction tine at RT, the resinis filtered and washed wi th di chl or onet hane.
The filtratés-Ns[214[veveivpdopropilmeibyl}amslesbeml)dreoheftsa-tyaidbenzamide,
concentrated to dryness to yield the am de. The am de is subjected to
dehydr at i ofsisal-i2e({ % g(gﬂfiopreﬁﬂémtth}’l]ammo}carbonyl)cydohexyl] 4-tert-

( Met hoxyca: ;%4” { I -triethyl ammoni um hydr oxi de,. see Burgess, E M
At ki ns, kﬁw d%hem -Soc. 1968, 90, 4744). The amide is diluted in

di chl orone 4- dj n eq..,0of. Burgess is
added and Fkﬁlaﬂe[zoggggmg@? érg?@i& fafh S’I]%mwog%a%ﬁ%?’&égﬁﬂ’ﬂé%&g'second eq. of-
Bur gessiOj strimidibg zamigley eaction stirred for an additional 2 h. The crude
reaction mxture is ebvaporat ed to dryness and then diluted in ethyl

acet at e. Thed phariraseuiicalipangeptable estswsithereof. and purified by nmethods known to
the person skilled in the art, e.g by extraction and by preparative HPLC

ﬁ%ﬁﬂ?;ﬁ USCOUE BB BRIl SELL LT RERIEIES 5 e o “§£ by
T

I A s e L %ﬁ%‘?—ﬁ%ﬁ%&ss. B -2 80 %%B&Z

conpounds amidéhe present invention. 0 NHCbz cis or trans HOBT EDCI

DMVF

15 Trans-5-Methoxy-benzofuran-2-carboxylic acid {2-(cyanomethyl-carbamoyl)-cyclohexyl] -
amide,

Cis-2-{[(4-chlorophenyl)acetylJamino}-N-{cyano(cyclopropyl)methyljcyclo-
hexanecarboxamide,

Cis-N-[2-({[cyano(cydopropyl)methyl}amino}carbonyl)cyclohexyl]-4-ethylbenzamide,
20  Cis-N-[2-({[cyano(cyclopropyl)methyljamino}carbonyl)cyclohexyl] -4-ethoxybenzamide,

Cis-N-{2-({[cyano(cydopropyl)methyl}amino} carbonyl)cyclohexyl] -4-
methoxybenzamide,

Trans-N-[2-({[cyano(cyclopropyl)methylJamino}carbonyl)cyclohexyl]-4-
methoxybenzamide, '

25 Trans-N-[2-({{cyano(cyclopropyl)methyl]Jamino}carbonyl)cyclohexyl]-4-ethylbenzamide,

Cis-N-{2-({[cyano(cyclopropyl)methyl]amino} carbonyl)cyclohexyl] -4-cyanobenzamide,
and

Cis-N-[2-({[cyano(cyclopropyl)methyl}amino}carbonyl)cyclohexyl] -4-tert-
butylbenzamide, |




Method 1 Pd/ C(10% 1% HOAc in EtOAc Method F HOBT, EDCJ NWM DMVF DI PEA,
CH2C1 2 15 1) HOBT is added to a solution of the acid in DW.14December 20841 s
stirred at room tenperature for 1 hour and 2- Am no-cycl ohexanecarboxylic
aci d(1 - cyaMOI018¢285 opr opyl 14 Decenber 2004 WD 01/96285 PCRCEFEPILOE341 - 28
met hyl ) -am de acetic acid salt, EDCI and NWM (N-net hyl nor pholi ne) are
added. The mixture is stirred at roomteBperature overni ght and
concentrated. The desired conpound is isolated and purified by nethods
known to the person skilled-in the art, e.g by extraction and by
preparative T 5 p) DIPEA (diisopr | et hyI amne) is added to a solution
of 2- Ami no- aEb %HMVBWQ‘I&P@ s(fi;qzeg f7ano- | - cydopr opyl - met hyl ) - ani de
acetic acid salt in CH2CI2. The mxture is stirred at roomtenperature for

45 m nut es. The TaeisveatbR hlsd eelites toaﬂelagé cﬁr&émghﬁna@@ﬁommmm%ﬁng?ﬁ@ rred . -

roomte ture under N2_overni esired_conpound is |
and purifi ggorbt;.e Frettad ORHERH]?YF@SPﬁg“Eé?SS‘ﬁhCh Rielaseagiated with cmelae proteasgs by

extraction @a& ostoBBRIsR! bstarthiil, PRbdHRtoid e Oh&{; ta%tas:?
trans-for msﬁ& t he ?oduct are obt ai nec gldstartt?sng rom ’cor r espondi ng
3e!

cis- or tha ‘?SPWPSP e 2lbpraseesesiscnpecerdislinipectiond agive peaorig didablyvngina

01196285 PCHLERAY56R4 piaokd riberd Sl LA 0N ShAlesid ) beagmaunds

of formula as prepared one o rocessés
i nvention aPE# aléacshl@ge flisease Fpsenagis a&ﬂmcrpiﬂs dtentimdacenrenR2bd@BBinakd, Rs

and n are a%oﬁféah@&%ﬁa%riﬁaﬁo@ﬁmﬂaﬂﬂhﬁ&noﬁ toﬂﬁﬁllulﬁ%tdyse?g &Qﬁl OM&%%| I's

agai nst cat hepsin K, teste Arute
opague whi t@%l%@ﬁ’?@rﬁ@dﬁs@ﬂé@q @@waﬁl)lap'ﬂ:ferrcéembpdxemdﬁt, tBe ﬁxvenrﬂmmrdlztesy

activi t yygnasg I |

hosphat . RO TEnh AR o S et aBhuety I Bl S pr bRl o b eoRgros
10- 0. 0001 PMS%@%%PW@F@@%FHMn with 35 | of hunman recomnbi nant
cathepsin K (final concentration: 1 nM diluted in assay buffer (100 mM

di t at
i i on of 10 | ﬁ%q??%éﬂ?%ggﬁ‘?%ws%%%?%%9{53463%?’5?% Reehlatitic

assay buf f epctivejsubstancepiep theomgexp Wjth dissases adJeCh)éIefabamB:sbeﬂc eysteme

(excitation h@m] red for

every 45 seg%t'el'%ggsldr%ﬁ]a% és‘ﬁ 9&(&% n vvaas gerl v%jé’ 5rlﬁlett7ﬁ%asfsf near
fit of tife Elmesalonephrifis ﬁﬂlsrosder@smmshﬂ uacarcnimbamgmypamm; insyableangina
assayed und n L bitot

ot vi by UsPraC oty Pane R it o i SH R Slulbol g bétipheral
concentrat i eﬁeml omclnwe disense ¢ aQSh%]@SllS aftér angtriphistyoand ﬁentlplactememaabmmd
under the s psi.n. K inhi.bitor clivi us
human |iver Qcat hepsi'n %%‘i’ oc e%?&tn)?' aht 'na fic disease, X‘aﬁn C”iax fun"!l
tissue cytopathy and respiratory disease. In a preferred embodiement, the invention relates

20  to compounds as defined above for use as therapeutic active substances, in particular in

context with osteoporosis, instable angina pectoris or plaque rupture.

The invention also relates to pharmaceutical compositions comprising 2 compound
as defined above and a pharmaceutically acceptable carrier and/or adjuvant, in particular
- for use in context with diseases which are associated with cysteine proteases such as

25  osteoporosis, osteoarthritis, thenmatoid arthritis, tumor metastasis, glomerulonephritis,
atherosclerosis, myocardial infarction, angina pectoris, instable angina pectoris, stroke,
plaque rupture, transient ischemic attacks, amaurosis fugax, peripheral arterial occlusive
disease, restenosis after angioplasty and stent placement, abdominal aortic aneurysm
formation, inflammation, autoimmune disease, malaria, ocular fundus tissue cytopathy

80 and respiratory disease. In a preferred émbodiement, the invention relates to
pharmaceutical compositions comprising a compound as defined above and a
pharmaceutlcally acceptable carrier and/or adjuvant for use in context with osteoporos1s,
instable angina pectoris 6r plaque rupture. '



concentration of 3 nM 14 Decenber 2004 WO 01/96285 PCT/ EPO1/ 06541 - 30
Cathepsin S inhibitory activity was assayed anal ogeously to thicecembes 3004 K
inhibitory activity, except that the buffer was 100 nmM pot assi um phosphat e,
5mM EDTA, We#PeIBY (freshly added), 0.01% Triton X-100, pHMTERNdsIshe
fluorogeni c substrate was Z-Val-Val-Arm MCA (Bachem (final concentration:
20 pM. Human reconbi nant 5 cathepsin S ¢@lederanders et al., Eur. J.

Bi ochem 1997, 250, 745-750) was used at a final concentration of 0.5 nM
The results are given as 150 val ues which denote the concentration of the

I nhi bitor at h,t he matic.activity is inhibited by 50% The |C50
val ues are det\é\p‘rﬁ‘ﬁ%ﬂ ﬁ en??ﬁ@%?’?%‘&r%@@?ﬁr&fﬁ/‘@ FBPﬁ%fCP@@lOPﬂ%QG

(Vo 71) 1 CE0 4 ML 1L 50, (DL LL L, (Bl LS8 To BOEe oy oot
>
8.20. 0160. 6 @?ﬁi@ﬁ%‘i"gbﬂéﬁe pAgtegses sectopspstagporasioosseparthritis,
8. 70. 027>104h£iﬁﬁat3ﬂ drthritds) ﬂumc:l@enaﬁ%ﬁ(;gl@ B@ﬁhﬁﬁ@aﬂﬁ%@l&%& floaras! al
formula ( F’Qfg{thls I npvent | on rivatjsed._at _functional groups to

provi de adFctons ipsfabigpasie Pec@ﬁ‘?nﬁé‘i‘%‘ rﬂ%a%ﬁPWeatwsﬁsat ent

conmpou nds | RscHéndie. attz&éksﬁﬁﬁ&lh@él@ fhio8 R PekiDheralBdesA RALSVE ARLAE Heich RisG@pound
an ob t of .t he_present invenfion, as is a

of formul a re
process for g‘f‘%‘@&lﬁﬁ gé’ﬁﬁ?éaweé‘& P@éﬁ"é &ﬁﬁ?ﬁ@eum%f@rﬁlﬁ@@%ssﬂmhmes

bringi ng. ong ﬂﬁmﬁﬁ’in@cﬁiééﬁﬁé% X cym &H%F}l, re
ot her therape :% cgl %/ aI uagiﬂgagﬁggat?%‘%tfsﬁ%eo a en| ca &ﬁgﬂ;‘%%g‘?ér)g |ggn

form The p B nihs dnventing refalps ethedise ﬁf srppeundsras Hefinedfabove
exanpl e jon Ediahe 3&;)5%’6‘:1@:’1:&@%% fts f%@%aﬁmt%?r ﬁﬁ éfoslﬂa%gsgro(gfs sof t

gel ati ne capsul ? sol utions, sions or suspen dmnistration can
al so be car MSERPlEAR IFaech‘é’lDrs;Qf P¥3&Pe BIRRTS gughy mglca@apﬁ@@s»mxsc esompouad ky or
per cut aneougkffnedfabbovexanpl e using oi ntnents, creans, gels or 14 Decenber
2004 WD 01/96285 PCT/ EPO1/ 06511 -31 solutions; or parenterally, e.g.

i ntravenously, intrapmuscul arl subcut aneousl y i ntrathecal |

transdermal |y, @8 31 eé%é%%‘l"émi ofjthe nyBnEon plates irpmethodfor éﬁ@r@h}’la‘iﬂc
adni ni strat Mo@ﬂﬁrﬁiﬁuﬁa&wﬁg&n%{tdlm&s@ﬂ m&hvca@g i 1@%&%‘?5

prepar atj ons tgq as aerosol, for exanple. in or spray 5 For
the prepdr ab? logical Tl 81 2s egaeRAFosistROaTthiitiagheamatolhantbinie fembne
capsul es thmetz%&@ia%laﬂ&lﬁ?&neﬁ)ﬁﬁup ARSI N E By RA TR YRGB %&é&orp,

phar maceut i ¢al lb inert, inorganic or organi ¢ exclpients.
suitabl e exE‘HS NEIadgeciosls) e, Riz@Igauptuse, thansient géhqtﬁcm*étadespgmg@sm ncl ude

| act ose, mMmafzaxPefibhbraPirtdal békﬁisiv\é@seﬁﬁeféi%osﬁs gkl MgichiRd ddd /Gd OF
salts ther eo{bce

pla
20  malaria, ocular fundus tissue cytopathy and respiratory disease, which method comprises

administering a compound as defined above to a human being or an animal. A preferred

ment, abdominal aortic aneurysm formation, inflammation, autoimmune disease,

embodiement of the invention relates to a method for the prophylactic and/or therapeutic
treatment of osteoporosis, instable angina pectoris or plaque rupture, which method

comprises administering 2 compound as defined above to 2 human being or an animal.



10 Suitable excipients for use with soft gelatine capsul es include for
exanpl e vegetable oils, waxes, fats, sem-solid or |iquid pttPetembsr@004
according to the nature of the active ingredients it may however be the
case t haWMd1/g6283 pi ent is needed at all for soft gel ati nePCFEPIUDSE1 For
the preparation of solutions and syrups, excipients which may be used
include 15 for exanple water, polyols, <%ccharose, invert sugar and

gl ucose. For injectable solutions, excipients which may be used include for
exanpl e water, alcohols, polyols, glycerine, and vegetable oils. For
suppositories, .and | ocal _or. percutaneous application, excipients ich may
be  used i nol udBe fevensen farthbrislateedp aw%&%é%maw@%égpﬂm?g ofnd

sem -sol i dgeﬁerh]ifaﬁhdla (E0which Yobcess Eﬂiﬁpﬁg@r maceut i cal conpositions may al so,
contain preserving agents, solubilising agents, stabilising agents,
wetting agents, enulsifiers, ,sweetenpe colorants, odorants, salts for

t he vari at #6n HFCBQﬁﬁfpgmﬁpﬁégﬁﬁg?nﬁﬁé rs, coating agents or antioxidants.
As mentioned earlier, they nmay al so contain other therapeutically val uable
agents. 25 It is a prerequisite that all adjuvants used in the manufacture
of the preparations are non-toxic. Intravenous, intranuscular or oral
admnistration is a preferred form of The dosages in which the
conmpounds of formula (1) are adm ni st in effective anobunts depend on
the nature of the specific active indgredient, the age and the requirenents
of the 1 4 Decenber 2004 WO O L86285\ P /EPQéAO6541 -32 patient and the
node of application. In general, | of about 1 ng - 1000 -ny,
preferably 5 nmg - 500 ng, per day ciyre int@ consideration. The follow ng
Exanpl eg; shal | illustrate preferredienbodi fents ofljhe present invention
but are not intended to limt the scope of the invention. 5 The
corresponding starting materials are either commercially available or can
be obtained by nethods known in the art (e.g. from DE 26 24 290; WO

98/ 03540; Chem Pharm Bull., 38(2), 350-354 (1990), Chiral Synthon

bt ai ned wiwtith Riognhowret offeotanla{HI) | ntroduction of Chiral Centers into

Cycl ohexene Skeleton; J. Chem Soc. Perkin Trans., 1, 1411-1415 (1994),
Asymmetric Synthesis of (-)-(1R 2S)-Ci spentacin and Related cis- and 10
trans-2- Ami no Cycl opentane- and Cycl ohexane-1-carboxylic Acids) or can be
obtai ned by nethods anal ogous to the nethods described before. 14 Decenber
2004 WO 01/96285 PCT/ EP01/ 06541 - 33gEXAMPLE 1 Preparation of

(R, S)-cc-am no- 3-bronophenyl acetonitril e MNC (2.14 g, 40 mmol) and NaCN
(1.96 g, 40 mmol) are dissolved i HBQ it H20 and 20 m MeOH and cooled to
0 C. A solution of 3-bronobenzal dehy (4.68 mM, 40 mol) in 5 15 M CH2A 2
and 15 MeCH i s added dropw se over BO ri#n. The;ﬂh%ture is allowed to warm
to RT and stirred for 0.5 It NH3 solution (25 %1h H20) (6 mM, 80 mmol) is
added. The mi xture is stirred for 16 h at RT. The organic solvents are
evapor atled and H20 is added (5 to 10 mM). The water layer is extracted
wth CH2A 2 (2 x 50 M) and the latter is washed with H20O (20 m) and

brine (20 Al Y eyt V. : i 10 residue is
di ssol \(/ed %He%g%’qgfﬁe’?{’%ﬁi e s%@#n%ﬁ%&?%ﬁﬁ;ﬁ&%%gm se a 4 M HC

solution in dioxane is added. A solid precipitates and is filtered and
dried. To ©&crystallize the solid :

b) reacting a compound of formula (IV)

G
l:I:{ =N
He N F
N <
R oR" R @

15




is.dissolved in as little MeCOH as possible (do not heat!). Now, while
stirring, ether is added until precipitation has finished. THRegandergDoat e
is filtered and dried in vacuo. Yield: 40% Ms: 229 (M\H4+) 15 EXAMPLE 2
Preparati 8¥O819@B3ral amino nitriles: PCT/EP01/06541

(S) - (Carbanoyl - phenyl -met hyl )-carbam c acid tert-butvl ester 0.628 g (7.95
mmol , 1 eq) anmoni um bi carbonate is added2goe the m xed anhydride (prepared
from7.95 nmol (S)-BOC-phenyl glycine and 10.4 mmol di-tert-butyl 20

di carbonate in 40 m di oxane and 2.39 mmol pyridine) at 15 C. The m xture
is stirred for 8 h at this tenperature and concentrated. The residue is

di ssol ved i With@ cempsmgd|of feravde &V) onfd8hed with saturated sodi um

bi carbonate, 2N HCL, brine, dried over sodiumsulfate and evaporated.
Yield. 92 % Ms: 251 (MH+), [a]D =-120.4 (1.00, EtOH) 25

(R - (Car banmoyl - phenyl - met hyl )-carbam c acid tert-butyl ester is prepared
anal ogously to (S)-(Carbanoyl -phenyl-nethyl)-carbamc acid tert-butyl
ester 14 Decenber 2004 WO 01/962 PCT/ EPO1/ 0654?_ -34 Preparation of S -
o- hen | -meth -carbamc acid t | esterp

(S) - (Carbanmoyl - phenyl - met hyl ) - carbamc acid tert %utc);l ester (1.8 g, 7.19
nmmol) and triethylamne (2.2 m, 15 nmol ) are @i ssolved in THE (40 m)
at -10 C. Trifluoroacetic acid anhy de (1.1 m, (Yho1 nmol ) i s added over
30 min. The mxture is stirred at -10 C5 for 2h and evapor at ed.

Di chl or omet hane and water are added. The organic phase is separated, dried
over sodium sul fate and evaporated. The crude product is purified by ;
chromat o phy (si]i ga e et hyI acet at e/ hexane=4: 1, =0.5). Yield: 81 %
MB: 231 grvr wherey B RR 4R ®F, Ben h}ﬂr)etbﬂylgm@y@@g;mabbvmt hyl ) - car bani c

acid tert-butyl ester is prepared anal ogously to (S)- 10

(Cyano- phenyl - MehditlvbnG A58 latdlloth rBkdss BdeétritiaaBbve WaRARbLR chprives

Am no- phenyl - acetonitrile hydrochloride

(S) - (Cyano- BIREAsRZHEhe Iahaeaﬁ%lmceﬂm@pt@ldp salisangor Ebmlﬁc@ﬂl@ﬂ]gaccgptablemml )
i s di ssol vegkterk TR fBlmkfidd 868 eﬁ&gé‘nﬁﬂcﬁos@l &H%e E%rﬂea!'b ﬁér%ﬁtr sgzgfgg%:% f or

2 h and evaporated- The_. product _I's vvashe ety er an

vacuo. 15 YPEXEsS g with fhscomppungefformuls d) QSWlih ﬂwerWMg startiog)

(R) - Am RB- PRaRtatsacetonitril e hydrochl oride is prepared anal ogously to
(S) - Amino- phenyl-acetonitrile hydrochloride. EXAMPLE 3 Preparation of
cis-(2-{(R) - and AS)-(Cyano- (2 4-di nethox henyl ) - met hyl ] - car bano

cycl ohexyl ) - car bhgFeacuen of pezpeunsketdp 'l%&f tgﬁcompogndrqﬁfwmula(ﬂ%) Can

Ci s- 2- Benzyhoxaead Qﬁf‘w Aeiogs Rﬂ&rkrﬂ lﬂ‘?ﬁ{é rs%ﬂ 5?1%& %d the ?ﬂé&e(ﬁg&fo&xz r%&‘) cpd 2

5. 2mol N net hyl rmrp holin, 0.1
i s added t ocOnVeTieHBY bagarred pgtWérswénnm«ympwnw;) engepaymidt (151), §PTU (O-1,2-

hydr ochl i t
ottt od e RS 2roxa. 1 pRidyA RN IO i RO T inG | <
puri f i ed5byHipigshase &Nuﬁﬁhrldﬂmmpﬁmmexml\@m arplistizring tHe mi%Omeet Som es No DN
1020 net hOdteﬂ&%re%%/tm@h%sp?ﬁ@@%om bt e Bmratdd and the product

can be obtained by methods known to the person skilled in the art, e.g. by extraction and
column chromatography. Alternatively, a compound of formutla (II) can be dissolved in
CH,Cl; and reacted for 6 to 16 hours at room tempereture with 2 compound of formula

20  (II) in the presence of N-methylmorpholin, HOBT and EDCI. The product can be isolated
by methods known per se, e.g. by extraction and HPLC,

The reaction of a compound of formula {(IV) with a compound of formula (V) or
(VI) is conveniently carried out by preparing a solution of compound (IV) in CH,Cl, and
adding a solution of compound (V) or (VI) in CH:Cl,. To this mixture, Triethylamin is
25 added and afier shaking 6 to 16 hours at room temperature formic acid is added. The
product can be isolated and purified by methods known per se, e.g by evaporation of the
solvent and HPLC. |



Omn 0.2mn 3.5mn 4.7mn 5 4.8rnin 4.9 1 nachine: 80% water, 20%
acetonitrile 80%water, 20% acetonitrile 5% water, 95% acetdddecenities 20844
wat er, 95% acetonitrile 80% water, 20% acetonitrile 80%water, 20%

acet oni t WQ @1/9928p HPLC Syst em Dynamax Mddel SD-1, W1 Vi ePCr/EBAMs3HYS:

452( M++) EXAMPLE 4 PCT/ EPO1/ 06541 10 Preparation of (1S,2R)-d2-(R)- and
(S)-[ (Cyano- phenyl - net hvl ) - car banoyl ] - epdl-ohexyl }- carbam ¢ acid benzvl
ester A solution of 0.18mol (IS, 2R)-2-Benzyl oxycar bonyl am no-cycl ohexane
carboxylic acid (educt 1), 0.72mml N-ethyldiisopropylam ne and 0. 18mml
TPTU in 10m acetonitrile is added to 0.18mmol Ani no-phenyl -acetonitrile
hydr ochl ori de IedderttoPrepary plmrmatéuticallypctsptablesaliis ghﬁfot phasniceatndally s

evapor at e e acte

o um hy eSS Bkt e tn B IGa URo Yo R B Fend i ATkt
over sodi wastersarndianr saltastartmgdponm ahwmmds offooanth (i[)s Itdsialsb peshuhg; t6 Faash
gg{)? mﬂtH;’g rzth %@h@@ "égr 'é% %rr? g%}l’llar st%\%% 84§ foE R B rebspthding Sltf'an/B3 e Bt

t rans- % ( 4h€hdwespohdingsneting meteyiabrT nonethpds whprepare phadameghiiclipacadptable
Trans- 2- Am.pocygl o anecars | 0 0] di sol ed
s B S pEPE AR RB b8 s St befpra R bt Tadast ° T
added at OC. 4-Chl orobenzene sulfonyl chloride (0.243g, 1.15 mmol) |n 1.5
m of tol uene Compousls.of kreulelE) dre praparedibyendtho@krstvinr toettle pérsomsldiled in

oot 2N e AR CO SRR e Bl G s ol R IERR LT bR DR ABGAITCL
acetate i m@e&éﬁ&t@a@gﬁsﬁ;ﬁﬁ%ﬁ%ﬁﬂ%ﬁ&&%&ﬁ%&%ﬁdé@ rli '?ezi hgnd
he- aqiodstred by HebndRinaing i e bl v tnd SopBRRERRrBHBeRE ) hed

organi c phases _are washed with brine (20m), dried over MgSO4 and the
ethyl acetate (Empewnls@rﬂ farnuBa (Im)admmemeaﬁgshe ebthinad bpgddinghistlatienlofd t hat

i s dissoly @?é n t en%‘éﬁ%& p%?“ Cenk&\@%ﬁﬁaﬁ&ﬁa&ﬁ?mﬁiﬂ del‘l ed; | in

vacuum Yi

t[_;ns (2) (ﬁﬂ?@ﬁ@@ﬁﬂﬂ%&ﬁ&?ﬂgﬁ?%ﬁﬂﬂ&ﬂoﬁ&i&@%ﬁ@%@%ﬁ&wA&a
| no- v- - rgl env- ne
Tr ans- 2- (AP}/d@#gQﬂ‘bﬂ{%ﬂm%ﬁ%hd%@%ﬂﬁﬁ%?ﬁté?ﬁam&ﬁémwwmwmQf (0. 095g,

0.3mmohy  fmbib (@H?ﬁ%o‘fzﬁéﬁiﬂ& bﬁ methods known to the : person skilled in the art, e.g.
0- 1, 2- D hydro-2-o0xo-| -pyrid tetrarrethy roni um

t et r af | uorkibRsEmRERON. 'ﬂﬂlFlQOffgﬁPOBﬁfgl,a hydeocmmd)canhe Prepaied hysogthegy kugwmper(sel PEA,
0.208 M, 1.21 mol) are added. The ami no -(3-hydroxy-phenyl)-acetonitrile

in CH3CN (1. Srgtdirdl®ompounds of formula (III) can conveniently be obtained by adding
ammonium bicarbonate to 2 mixed anhydride (prepared from a suitable t-BOC protected

amino acid and di-tert-butyl dicarbonate) at 15°C. The reaction mixture is stitred at room

20 temperature for 1-5 h. After completion of the reaction the resulting t-BOC protected
amino acid amide is isolated and purified by methods known to the person skilled in the
art, e.g. by extraction. The Boc protected amino acid amide and triethylamine are dissolved
in THF and trifluoroacetic acid anhydride at 0°C. The mixture is stirred for 2 h at -10°C.
After isolation and purification of the resulting intermediate product, e.g. by evaporation

25  of the solvent and flash chromatography, the t-BOC protective group can be cleaved off
with HCl in acetic acid to-yield the desired compound of formula (III).

Compounds of formula (IV) can conveniently be obtained by reacting-the
corresponding t-BOC protected amino acid with a compound of formula (If} analogous
to the method described above. After isolation and purification of the resulting ._

80 intermediate product, e.g. by evaporation of the solvent and flash chromatography, the
t-BOC protectlve group can be cleaved off with trifluoro-acetic acid to yleld the desired
compound of formula (IV) with trifluoro-acetic acid. o



added. The mxture is stirred at RT for 16 hours. The solution is filtered
and concentrated. The residue is dissolved in CH2Cl 2 (15 nli4 Remkneer 2804 ed
W th NH4C:I§V2x10 2 The H20 15 layers are extracted with CH2O 2 (2x15m ).
The col |l ec 2 layers are dried over MSO4 and evap@®Carerdi/ioéshe solid
is purified by preparative HPLC. colum: YMC, Conbi Prep ODS_AQ 50*20nmm . D
S-5um 120A nethod: Onmin 20 0.1L 3.5mnmr2%.5nmn 5.7mn 5.8nmn 25

machi ne: Flow 40m/mn. 90%ater, 10%cetonitrile

90%wat er, 10%cetonitrile S%Vat er, 95%1cet onitrile 5%ater,

95%cetonitril e, 80%nater ton {W 80%Nat er, 20°/«acet onitrile Prep
HPLC Syst em DynSAERORB ?ff%’@ M é‘fecF'l WﬂﬂY@(JMﬂbk)ormbecenber
2004 WO Oleﬁaﬁab?(ﬁi'étﬁmmaﬁﬁth%EXANPLE 6 Preparation of Carbonic acid
4-nitro-hen 1 ester thi ophen 2- yI met hyl ester To a solution of the :

Thi ophen- 2-yl h 412 [ 2C12 (6 M) is added

pyri di ne (0. 29??#l 45 ﬁfﬁeﬁgﬁoﬁeﬂc’gﬁg al g@a@#mreeqtd STABBY sB0Ws
mol) 5 at aﬁxﬁheutpotsﬁbﬂls;hm rEfhrOVRHpdeHs of tEprERACTVORNiSH extracted
with NHACH (5 e).andthe 2(312isp%vaporated | eaving a }\};\}hlte I d which
is used- %?6‘@ further purification. Pre aration of

ci s- 2- Thi ophen- 2-yl met hoxycar bonyl am no) - cycl ohexanecarboxylic acid To a
sol ution of Trans-2-am no-1-cycl ohexane carboxylic acid (100 rrg 0.7 mmol)
in il of water ig added 2MiaQyeAdSoNaRHR hildake PH = 9-10 ( . A

solution of the ca bon 10 &es 5309.1m1~|mr$)émmwdnm=ster t hi phe hyl
ester (195 nginkoM 7Jlm~r6f“),_,| n_ 4 peerding. BME  added at 0C-an ,J,er
mnutes, 1 m of the 2M Na2CO8 is added to the readinkon is

allowed to warmto RT and vigorously stirred overnight. The reaf
mxture is diluted with 0.5N HO until pH = 4-3 and the water [ayer is
extracted three tines wwth CH2C&2 (10mM ). The organic phdsgs are

conbi ned, dried (l\/gSO4) and con@entyated under 15 reduced suba. The
resultlng pr biffciucenigid sgale P he : Wit hout further \parifi i on.
Yield 68% Ms. H) ation of s- | 240 eq Burgess
Cyano- ( 3- hydr oxy- phenyl ) - net hyI] car ba -cycl ohexyl ) - carbam é’
t hi ophen-2- ylnmethyl ester 20 Trans-(2-

- car banmoyl } - cycl ohexyl ) - carbam ¢ aci hen- 2-yl met hyl e
0.33mmol ) is dissolvedinDIVF(lgi). -1, 2- Di hydro-
2-0x0-1-pyridyl)-N NN ,N -tetr |Qir oni um t et r af | uor obor teo( TPTU,
0.099ny, 0.33 mmol) and N-Ethyl dii é\g;ﬂ opyl ami ne (DI PEA, 0.8 m, 1.32
mol ) are added. The am no H .

mgt(h?gn:gm :fﬂ?o na;lrysluﬁglxoy%m acetyl, amino acetyl, alkoxy,
To 1 eq of Rink resin bound glycine {see Rink, Tetrahedron Lett. 1987, 28,3787) in
DMF is added 1 eq of educt 1 (a cyclohexanecarboxylic acid derivative), EDCI, HOBT, and
NMM (N-methylmorphotine). The reaction is shaken overnight at RT. The solvent is
10 removed and the resin washed with dichloromethane, methanol, and again with
dichloromethane. The resin is then suspended in DMF and 20% piperidine is added. After
30 minutes reaction time at RT, the solvent is removed by filtration. The resin is washed
with dichloromethane, methanol, and again with dichloromethane. The resin is agaiﬁ
suspended in DMF and 3 eq. of the corresponding succinimidyl carbonate (educt 2) is
15 added. The reaction is shaken overnight at RT. The resin is then filtered and washed with
dichloromethane, methanol, and again with dichloromethane. The resin is then suspended
in a 10% solution of trifluoroacetic acid in dichloromethane. After 30 minutes reaction
time at room temperature, the resin is filtered and washed with dichloromethane The -
filtrate is concentrated to dryness to yield the amide. The amide is subjected to dehyd:at;on :
20 using Burgess reagent (Methoxycarbonylsulfamoyl-triethylammonium hydroxide, see ~ ~




- (3- hydr oxy-phenyl)-acetonitrile in DM (1.5m ) is added and the m xture-is
stirred 25 overnight at RT. The reaction mixture is filteredi4hbdcamker 2004
product is obtai ned by HPLC. colum: YMC, Conbi Prep ODS _AQ 50*20mmi . D,
S-5um 1¥RQ048¢2%8dd: Flow 40m /nin Onin 90%ater, |0%cet ®ETEPPI/ES5IU
Decenber 2004 WO 01/ 96285 PCT/ EPO /06541 -38 O- 11 90%wat er,
10%cetonitrile 3.5m n 5%ater, 95%cetdhitrile 5.5m n 5/ awater,
95%acetonitrile 5.7m n 80%water, 20%acetonitrile 5 5.8nm n 80%at er,
20%cetonitrile machine: Prep HPLC System Dynanmax Model SD-1, W1. Yield

24% I\/Nag Prepar ation of 2- Am no-cycl ohexanecar boxyl I C
aci d (cyané"“%g?s5 MT@?%N@I}E?% hiem. 3¢5, 1RBOG: 4744, Hke amilaivdintedin
trifluoro- dithlotéma&hﬂe 3PinXhs elatt t4a8 lﬂtééﬁan?nnﬂjﬁée of Burgess  Leagent is isa §ed guad

2-tert-But car.bonyl am arboxylic acid, :
Ani no- (3, 4atfyﬁ%q:‘ﬂ8>¥ F?%%ﬁgﬁ %@a%mp@wwm th{OBT and
18. 8ml Eﬂ@tuams;ﬁﬁaaf@ﬁ%&ﬁ@aagﬂeﬂhé&aagmo&w&w& BRibB ﬁg 1@0mllAf ter

KHsOr 18 atfamessdr then Sl briaerats. Sheegbommparadsislse sntppifiine
by flash ﬁi&ﬂi@@kﬁmm@ﬁl&ﬁ&eﬁn@m@aﬁw{m@e IelefrGARE] ardd %&ﬁ%}ﬂ’%@m

400mL CH2d 2). BOC- cl eavage S perforrred 17ml TFA |

within 4 hours,gﬁ oraklon | ds albrovvn oil which is used w thout
further purifitatfo g Ehama L ScoFERAndse s os e e er@engqe@salmws ows
-cycl ohexamﬁmrgfmﬁbmyﬁﬁprepﬁé Ba,mpaﬁﬂds(@che &Qséaméveﬁn% ehen 1
-meth 1 -am % a solution of 0.17mml ci's-2-Am no- cyc necar boxylic
acid [ cyanVP&HS. di net hoxy- phenyl) - net hyl | - ami de corrpound WI th -

trifluoro-acetic acid (educt 1) in 3mL CH2CI2 is added a sol ution of
0.187mml trans-G nnanoyl cholride (educt 2) in 1m CH2A 2. Jo this

mxture is added Q. 36mMDI 1t 1y £l ARGy blalfiho 32K Ng overni 4ht at RT 25
formc acid is ad ed, e Qﬂ%%éqEﬁCIl‘Seqﬂimpxyééq’iMﬂﬁwnd t he cgonpg'

HPLC.  col uRmk—N i HT 2&Breidgre. B 2 . D. 50nm  Sdfi e
met hod: Fl ow. 40m /nmin 14 Decenber 2004 WD 01/ 9G@85 -39 0

mn 80% water, 20% acetonitrile 0.2mn 80% water, 20% acetonjitrile 3.5mn
5% wat er, 95% acetonitrile 4.7m n 5%gwater, 95% acetonitrile 504.8m n 80%

wat er, 20% acetonitrile 4-9mn % er, 20% acetonitri ine: Prep
HPLC System @ymm;cammlecsn 1, el d: 19% MS: 448 ) MPLE 8 10
Prepar at i on} & ?ﬁﬁtﬁ@é@"&fn%unds ner Bl £Qr Mul 80 &l durcess

e e

R=any combination of H, alkyl, halogen, acetyl, amino acetyl, alko
10 : nitre, thio, thicatkyl, sulfonyl, sulfoxyl Wl ko

To 1 eq of Rink resin bound glycine (see Rink, Tetrahedron Lett. 1987, 28, 3787) in
DMF is added 1 eq. of educt 1 (a cyclohexanecarbomrlié acid derivative), EDCI, HOBT,
and NMM. The reaction is shaken overnight at RT. The solvent is removed and the resin
washed with dichloromethane, methanol, and again with dichloromethane. The resin is
15 then suspended in DMF and 20% piperidine is added. After 30 minutes reaction time at
RT, the solvent is removed by filtration. The resin is washed with dichloromethane, with
methanol, and again with dichloromethane. The resin is again suspended in DMF and 3 eq.
the corresponding carboxylic acid (educt 2) is added, along with EDCI, HOBT, and NMM.
The reaction is shaken overnight at RT. The resin is then filtered and washed with
20  dichloromethane, methanol, and again with dichloromethane. The resin is then
susﬁended in a 10% solution of trifluoroacetic acid in dichloromethane. After 30 minutes - -
reaction time at RT, the resin is filtered and washed with dichloromethane. The filtrate is
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concentrated to dryness to yield the amide. The amide is subjected to dehydration using
Burgess reagent (Methoxycarbonylsulfamoyl-triethylammonium hydroxide, see Burgess,
EM. Atkins, G:M. J. Am. Chem, Soc. 1968, 90, 4744). The amide is diluted in
dichloromethane or in the trans case 1,4-dioxane. One eq. of Burgess is added and the

5 reaction stirred for 2 h at RT, afterwhich a second eq. of Burgess is added and the reaction
stirred for an additional 2 h. The crude reaction mixture is ebvaporated to dryness and -
then diluted in ethyl acetate. The desired compound is isolated and purified by methods

- known to the person skilled in the art, e.g by extraction and by preparative HPLC.

All educts used to prepare compounds by solid phase synthesis are either
10 commercially available or can be obtained by methods known in the art or by methodes

described herein.

The following scheme (corresponds to methods I and F in the experimental section)
shows another possibility to prepare compounds of the present invention.

HOBT 0 i
CfL . o (LN
NHCbz NZ NH, NMM

NHCbz
cis or trans x HCI DMF
Method |
PA/C(1 PAC(10%) ]; | }_@ i
m/éEE)OAﬁC HOBT, EDCI
xAcOH NMM, DMF
Method F C' 1
0
H
DIPEA, CH.CI, ' N

15 I) HOBT is added to a solution of the acid in DMF. The mixture is stirred at room
temperature for 1 hour and 2-Amino-cyclohexanecarboxylic acid(1-cyano-1-cyclopropyl-
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methyl)-amide acetic acid salt, EDCI and NMM (N-methylmorpholine) are added. The
mixture is stirred at room temperature overnight and concentrated. The desired
compound is isolated and purified by methods known to the person skilled in the art, e.g
by extraction and by preparative TLC.

5 F) DIPEA (diisopropylethylamine) is added to a solution of 2-Amino-
cyclohexanecarboxylic acid(1-cyano-1-cyclopropyl-methyl)-amide acetic acid salt in
CH,Cl;. The mixture is stirred at room temperature for 45 minutes. The acid chloride is
added and the reaction mixture is stirred at room temperature under N overnight. The
desired compound is isolated and purified by methods known to the person skilled in the

10  art, e.g by extraction and by preparative TLC (PathF).

The isolated cis- and trans-forms of the product are obtained by starting from the
corresponding cis- or trans-form of the cyclohexane derivative.
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The present invention relates to all compounds of formula (I), as prepared by one of
the processes described above.

The invention also relates to compounds of formula (IV)

(CH,),

wherein R?, R®, R%, R® and n are as defined above.

The inhibitory activity of the compounds against cathepsin K, S, L and B was tested _
at room temperature in 96-wells opaque white polystyrene plates (Costar). The cathepsin K
10  inhibitory activity was tested as follows:

5 pl of an inhibitor diluted in 5mM sodium phosphate, NaCl 15mM pH 7.4
containing 1% DMSO (final concentrations: 10-0.0001 pM) were preincubate& for 10min
with 35 pl of human recombinant cathepsin K (final concentration: 1 nM) diluted in assay
buffer (100 M sodium acetate pH 5.5 containing 5SmM EDTA and 20mM cysteine). After

15 addition of 10 p! of the fluorogenic substrate Z-Leu-Arg-MCA diluted in assay buffer (final
concentration: 5 pM), increase of fluorescence {excitation at 390 nm and emission at 460
nm) was measured for 7.5 min every 45 sec. The initial velocity (RFU/min) was derived
from the linear fit of the 11 reading points.

The cathepsin B inhibitory activity was assayed under the same conditions as the
20 cathepsin K inhibitory activity using human liver cathepsin B (Calbiochem) at a final
concentration of 1 nM.

The cathepsin L inhibitory activity was assayed under the same conditions as the
cathepsin K inhibitory activity using human liver cathepsin L (Calbiochem) at a final
concentration of 3 nM. '



WO 01196285 42 PCT/ EP01/ 06541 Z+caeses d'0 !f7t1-)I!'=0ONEn O C14 Cl14 M

L'Yg:rvvr-.4 w0~V dC3 .. -.5 I'rte-.+ Q0 na ~.i+ Nle, 14 Dstenibedr?004cU
ct;V.~Jel2 03 AaC.-0 u C 4Cz4410qCG40V t t ~...'
. WO 01/96285 PCT/EP01/06541
-30-

Cathepsin § inhibitory activity was assayed analogeously to the cathepsin K
inhibitory activity, except that the buffer was 100 mM potassium phosphate, 5mM EDTA,
5mM DTT (freshly added), 0.01% Triton X-100, pH 6.5 and the fluorogenic substrate was
Z-Val-Val-Arg-MCA (Bachem) (final concentration: 20 pM). Human recombinant

5 cathepsin § (Wiederanders et al., Eur. J. Biocherm. 1997, 250, 745-750) was used at a final
concentration of 0.5 nM.

The results are given as ICs; values which denote the concentration of the inhibitor at
which the enzymatic activity is inhibited by 50%. The ICs values are determined from a
linear regression curve from a logit-log plot.

Example Cathepsin K Cathepsin§ Cathepsin .  Cathepsin B
ICs, (MMoll) IC;, (uMoll) IC, (uMoll) IC,, (uMolfl)

8.1 0.005 >10 4.7 4.6
8.2 0.016 0.64 1.2 0.095
8.15 0.016 : 1.26 - 0.58 044
8.12 0.029 2.61 1.38 0.64
8.7 0.027 >10 4.69 1.38

10

It will be appreciated that the compounds of general formula (I) in this inverition
may be derivatised at functional groups to provide derivatives which are capable of

cconversion back to the parent compounds in vivo.

As mentioned earlier, medicaments contajr_xing a compound of formula (I} are also
15 an object of the present invention, as is a process for the manufacture of such
medicaments, which process comprises bringing one or more compounds of formula (I)
and, if desired, one or more other therapeutically valuable substances into a galenical
administration form.

The pharmaceutical compositions may be administered orally, for example in the
20 form of tablets, coated tablets, dragées, hard or soft gelatine capsules, solutions, emulsions
or suspensions. Administration can also be carried out rectally, for example using

suppositories; locally or percutaneously, for example using ointments, creams, gels or
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solutions; or parenterally, e.g. intravenously, intramuscularly, subcutaneously,
intrathecally or transdermally, using for example injectable solutions. Furthermore,
administration can be carried out sublingually or as opthalmological preparations or as an
aerosol, for example in the form of a spray.

For the preparation of tablets, coated tablets, dragées or hard gelatine capsules the
compounds of the present invention may be admixed with pharmaceutically inert,
inorganic or organic excipients. Examples of suitable excipients for tablets, dragées or hard
gelatine capsules include lactose, maize starch or derivatives thereof, talc or stearic acid or
salts thereof. -

Suitable excipients for use with soft gelatine capsules include for example vegetable
oils, waxes, fats, semi-solid or liquid polyols etc.; according to the nature of the active
ingredients it may however be the case that no excipient is needed at all for soft gelatine
capsules.

For the preparation of solutions and syrups, excipients which may be used include

for example water, polyols, saccharose, invert sugar and glucose.

For injectable solutions, excipients which may be used include for example water,

alcohols, polyols, glycerine, and vegetable oils.

For suppositories, and local or percutaneous application, excipients which may be
used include for example natural or hardened oils, waxes, fats and semni-solid or liquid

polyols.

The pharmaceutical compositions may also,contain preserving agents, solubilising
agents, stabilising agents, wetting agents, emulsifiers, sweeteners, colorants, odorants, salts
for the variation of osmotic pressure, buffers, coating agents or antioxidants. As mentioned
earlier, they may also contain other therapeutically valuable agents.

Itis a prerequisite that all adjuvants used in the manufacture of the preparations are

non-toxic.

Intravenous, intramuscular or oral administration is a preferred form of use. The
dosages in which the compounds of formula (I) are administered in effective amounts

depend on the nature of the specific active ingredient, the age and the requirements of the
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patient and the mode of application. In general, daily dosages of about 1 mg - 1000 mg,
preferably 5 mg - 500 mg, per day come into consideration.

_The following Examples shall fllustrate preferred embodiments of the present
invention but are not intended to limit the scope of the invention.

5  Thecorresponding starting materials are either commercially available or can be
| obtained by methods known in the art (e.g. from: DE 26 24 290; WO 98/03540; Chem.
Pharm. Bull,, 38(2), 350-354 (1990), Chiral Synthon Obtained with Pig Liver Esterase:
Introduction of Chiral Centers into Cyclohexene Skeleton; J. Chem. Soc. Perkin Trans., 1,
1411-1415 (1994), Asy_mmeuic Synthesis of (-)-(1R,28)-Cispentacin and Related cis- and
10 trans-2-Amino Cyclopentane- and Cyclohexane-1-carboxylic Acids) or can be obtained by
methods analogous to the methods described before.
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EXAMPIE 1

Preparation of (R,S)-0-amino-3-bromophenylacetonitrile

NH4CI (2.14 g, 40 mmol) and NaCN (1.96 g, 40 mmol) are dissolved in 20 ml H,O and 20
ml MeOH and cooled to 0° C. A solution of 3-bromobenzaldehyde (4.68 ml, 40 mmol) in
5 15 ml CH;Cl; and 15 MeOH is added dropwise over 30 min. The mixture is allowed to

warm to RT and stirred for 0.5 h. NHj; solution (25 % in H,O) (6 ml, 80 mmol) is added.
The mixture is stirred for 16 h at RT. The organic solvents are evaporated and H,0 is
added (5 to 10 ml). The water layer is extracted with CH,Cl, (2 x 50 ml) and the lattef is
washed with H>0 (20 ml) and brine (20 ml), dried over N2,SO, and evaporated. The oily

10 residue is dissolved in 75 ml ether. While stirring vigorously dropwise a 4 M HCl solution
in dioxane is added. A solid precipitates and is filtered and dried. To recrystallize the solid
is dissolved in as little MeOH as possible (do not heat!). Now, while stirring, ether is added
until precipitation has finished. The precipitate is filtered and dried in vacuo.

Yield: 40% MS: 229 (MNH4+)
15 | EXAMPIE 2

Preparation of chiral amino nitriles:

(8)-(Carbamoyl-phenyl-methyl)-carbamic acid tert-butyl ester

0.628 g (7.95 mmol, 1 eq) ammonium bicarbonate is added to the mixed anhydride
(prepared from 7.95 mmol (S)-BOC-phenyl glycine and 10.4 mmol di-tert-butyl

20 dicarbonate in 40 ml dioxane and 2.39 mmol pyridine) at 15 °C. The mixture is stirred for
8 h at this temperaturé and concentrated. The residue is dissolved in 20 ml ethy] acetate,
washed with saturated sodium bicarbonate, 2N HCL, brine, dried over sodium sulfate and
evaporated.

Yield: 92 %, MS: 251 (MH+), [e]5 =-120.4 (1.00, EtOH)

.25' (R)-(Carbamoyl-phenyl-methyl)-carbamic acid tert-butyl ester is prepared analogously to
(S)—(Carbamoyl-phenyl—methyl)-carbatnic acid tert-butyl ester
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Preparation of (S}- o-phenyl-methvl)-carbamic acid tert-butvl ester

(§)-(Carbamoyl-phenyl-methyl)-carbamic acid tert-butyl ester (1.8 g, 7.19 mmol) and
triethylamine (2.2 ml, 15.8 mmol) are dissolved in THF (40 ml) at ~10 °C. Trifluoroacetic
acid anhydride (1.1 ml, 7.91 mmol) is added over 30 min. The mixture is stirred at —10 °C

5 for 2h and evaporated. Dichloromethane and water are added. The organic phase is
separated, dried over sodium sulfate and evaporated. The crude product is purified by
chromatography (silica gel, ethyl acetate!hexane=4:1, R#0.5).

Yield: 81 %, MS: 231 (M-H), [a]® =+4.1 (1.00, EtOH)

(R)-(Cyano-phenyl-methyl)-carbamic acid tert-butyl ester is prepared analogously to (S)-
10 (Cyano-phenyl-methyl)-carbamic acid tert-butyl ester

Preparation of (S)-Amino-phenyl-acetonitrile hydrochloride

(S)-(Cyano-phenyl-methyl)—carbamic acid tert-butyl ester (0.5 g, 2.15 mmol) is dissolved
in 5 ml HCl/abs. AcOH (10%). The mixture is stirred at RT for 2 h and evaporated. The
product is washed with dietyl ether and dried in vacuo.

15 Yield: 98 %, MS: 192 (M+Na)*, [a]> = +38.6 (1.00, water) -

(R)-Amino-phenyl-acetonitrile hydrochloride is prepared analogously to (S)-Amino-
phenyl-acetonitrile hydrochloride.

EXAMPIE 3

Preparation of cis-(2-{(R)- and (§)-{Cyano-({ 2,4-djméth0xv-nh_e_nvl)-methvl] -carbamoyl}-

20 cyachexyl)-carbamic acid benzyl ester

A solution. of 0.7mmol cis-2-Benzyloxycarbonylamino-cyclohexane carboxylic acid (educt
1}, 5.2mmol N-methylmorpholin, 0.15mmol HOBT and 1.78mmol EDCI in 12ml CH,Cl,
is added to 0.97mmol Amino-~(3 4-dimethoxy-phenyl)-acetonitrile; hydrochloride (educt.
2). After shaking overnight the reaction mixture is extracted with 10ml 1N HCl and the

25 CHyCh is evaporated. The compound is purified by HPLC: |

column: HP-CombiHT XDB-C18, 21.2mmI.D.x50mm, Series No DN 1020

methon . Flow: 40mi/min |
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0 min 80% water, 20% acetonitrile
0.2min 80% water, 20% acetoniftrile
3.5min 5% water, 95% acetonitrile
4.7min 5% water, 95% acetonitrile
4.8min 80% water, 20% acetonitrile
4.9min 80% water, 20% acetonitrile
machine: ~ Prep HPLC System Dynamax Model SD-1, UV-1

Yield: 59%, MS: 452(MH+)

EXAMPLE 4

Preparation of (15,2R)-{2-(R)- and (S)-[(Cyano-phenyl-methyl)-carbamoyl]-cyclohexyl}-

carbamic acid benzyl ester

A solution of 0.18mmol (1S,2R}-2-Benzyloxycarbonylamino-cyclohexane carboxylic acid
(educt 1), 0.72mmol N-ethyldiisopropylamine and 0.18mmol TPTU in 10ml acetonitrile is
added to 0.18mmol Amino-phenyl-acetonitrile hydrochloride (educt 2). After stirring
6vernight the solvent is evaporated. The residue is dissolved in ethyl acetate, extracted with
sodium hydrogencarbonate solution (3x) and brine. The solution is dried over sodium
sulfate and evaporated. The compound is purified by flash chromatography (silicagel, ethyl
acetate/ hexane 7:3). '

Yield: 83%, MS: 390(M-H)
EXAMPLE 5

Preparation of trans-2-(4-Chloro-benzenesulfonviamino)-cvclohexanecarboxylic acid

Trans-2-Aminocyclohexanecarboxylic acid { 0.150g , 1.05 mmol) is dissolved in 1.5 ml of
water and NaOH (0.09 g, 2.25 mmol) in 1.5 ml of water is added at 0°C. 4-Chlorobenzene
sulfonyl chloride (0.243g, 1.15 mmol) in 1.5 m! of toluene is added. The reaction mixture is
stirred at room temperature for 16 hours. The toluene layer is separated and the aqueous
layer is washed twice with toluene. The toluene layers are discarded. Ethyl acetate is added
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to the aqueous layer (15ml) and 2M HCl until pH<7. The two phases are separated and
the aqueous layer is extracted with ethyl acetate (3x15mL). The combined organic phases
are washed with brine (20ml), dried over MgSO; and the ethyl acetate is removed under
reduced pressure leaving a white solid that is dissolved in toluene (2x10ml) and
concentrated .The product is dried in vacuum.

Yield: 70%, MS: 316 (M-H).

Preparation of trans-2-(4-Chloro-benzenesulfonylamino )-cyclohexanecarboxylic acid

no-(3-hydroxv-phenyl}-methvli-amide

Trans-2-(4-Chloro-benzenesulfonylamino)-cyclohexanecarboxylic acid (0.095g, 0.3mmol)
is dissolved in CHzCN. O—I,Z-Dihydro-z-oxo—1-pyridyl)-N,N,N’,N’-tetramethylu:onium
tetrafluoroborate (TPTU, 90.2mg, 0.3 mmol), N-Ethyldiisopropylamine (DIPEA, 0.208 ml,
1.21 mmol) are added. The amino -(3-hydroxy-phenyl)-acetonitrile in CH;CN (1.5ml) is
added . The mixture is stirred at RT for 16 hours. The solution is filtered and concentrated.
The residue is dissolved in CHyCl, (15 mL) and extracted with NH,CI (2x10mi). The H,Q
Iayérs are extracted with CH,Cl, (2x15ml). The collected CH,Cl, layers are dried over
MgSO; and evaporated. The solid is purified by preparative HPLC.

column: YMC; CombiPrep ODS_AQ; 50%20mml.D; S-5um, 120A

method: Flow: 40ml/min

Omin . S0%water, 10%acetonitrile

0.1L 90%water, 10%acetonitrile

3.5min 5%water, 95%acetonitrile

5.5min S%water, 95%acetonitrile

5.7min ' 80%water, 20%acetonitrile

5.8min 80%water, 20%acetonitrile

machine: Prep HPLC System Dynamax Model SD-1, UV-1.

Yield: 26%, MS: 470(MNa+)
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EXAMPIE 6

Preparation of Carbonic acid 4-nitro-phenyl ester thiophen-2.ylmethyl ester

To a solution of the Thiophen-2-yl-methanol (0.412g, 3.6 mmol) in CH,Cl; (6 ml) is

added pyridine (0.291ml, 3.6mmol) and 4-Nitrophenylchloroformate (0.728g, 3.6 mmol)
5 at0°C. After shaking overnight, the reaction mixtureis extracted with NH,CI (5ml) and

thz CH,Cl, is evaporated leaving a white solid which is used without further purification.

Preparation of cis-2-( Thiophen-2-yimethoxycarbonylamino )-cyclohexanecarboxvlic acid

To a solution of Trans-2-amino-1-cyclohexane carboxylic acid (100 mg, 0.7 mmuol) in 1ml,
of water is added 2M aqueous Na,CO; until pH = 9-10 (2mL). A solution of the carbonic

10  acid 4-nitro-phenyl ester thiophen-2-ylmethyl ester (195 mg, 0.7 mmol) in THF (1mL) is
added at 0°C and, after 10 minutes, 1 m! of the 2M Na,COj is added to the reaction. The
mixture is allowed to warm to RT and vigorously stirred overnight. The reaction mixture is
diluted with 0.5N HCI until pH = 4-3 and the water layer is extracted three times with
CH.Cl, (iOml). The organic phases are combined, dried (MgSQ;), and concentrated under

15 reduced pressure. The resulting product is used in the next step without further
purification. '

Yield 68% MS: 282 (M-H)

Preparation of trans-(2-{{Cyano-{ 3-hydroxy-phenyl)-methyl]-carbamoyll-cyclohexyl)-
carbamic acid thiophen-2-ylmethyl ester

20  Trans-(2-{Cyano-(3-hydroxy-phenyl)-methyl]-carbamoyl}-cyclohexyl)-carbamic acid
thiophen-2-ylmethyl ester (0.094g, 0.33mmol) is dissolved in DMF (1 ml), O-1,2-Dihydro-
2-0x0-1-pyridyl)-N,N,N",N’-tetramethyluronium tetrafluoroborate (TPTU, 0.099mg, 0.33
mmol) and N-Ethyldiisopropylamine (DIPEA, 0.228 ml, 1.32 mmol) are added. The amino
-(3-hydroxy-phenyl)-acetonitrile in DMF (1.5ml} is added and the mixture-is stirred

25 overnight at RT. The reaction mixture is filtered and the product is obtained by HPLC.

column: YMC; CombiPrep ODS_AQ; 50*20mm!.D; S-5um, 120A
method: | Flow: 40ml/min

Omin " 90%water, 10%acetonitrile
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0.1L | 90%water, 10%acetonitrile
3.5min 5%water, 95%acetonitrile
5.5min S%water, 95%acetonitrile
5.7min 80%water, 20%acetonitrile

5 58min 80%water, 20%acetonitrile
machine: Prep HPLC System Dynamax Model SD-1, UV-1.

Yield 249%, MS: 436(MNa+).

EXAMPLE 7

Preparation of 2-Amino-cyclohexanecarboxylic acid {cyano-( 3,4-dimethoxv-phenvi)-
10 methyl]-amide; compound with trifluoro-acetic acid

To a solution of 15.7mmol 2-tert-Butoxycarbonylamino-cyclohexanecarboxylic acid,
17.2mmol (R,S)- Amino-(3,4-dimethoxy-phenyl)-acetonitrile; hydrochloride, 1.57mmol
HOBT and 18.8mmol EDCI in 150ml CH,Cl; is added 109.7mmol N-methylmorpholine.
After stirring ovemiglﬁt at RT the reaction mixture is extracted with 150ml 10% KHSO,

15 and 150ml sat. NaHCOs;, dried over MgSO;, evaporated and purified by flash
chromatography (4cm Glassfrit, 2cm silicagel 0.04-0.063, eluent 400ml CH,Cl,). BOC-
cleavage is performed with 17ml TFA in 50ml CH,Cl, within 4 hours at RT. Evaporation
yields a brown oil which is used without further purification.

Preparation of c¢is-2-(3-Phenyl-acrvlovlamine | —gzclohexanecarbogqghc acid [(R)- and 1S)-
20  cyano-(3.4-dimethoxy-phenyl }-methyl}-amide

To a solution of 0.17mmol cis-2-Amino-cydohexanecarboxylic acid [cyano-(3,4-

dimethoxy-phenyl)-methyl)-amide; cbmpound with trifluoro-acetic acid (educt 1) in 3ml

CHzCly is added a solution of 0.187mmol trans-Cinnamoyl cholride (educt 2) in 1mi

CH:Cl;. To this mixture is added 0.36mmol triethylamine. After shakiﬂg overnight at RT
25 {formic acid is added, the CH;Cl, is evaporated and the compound purified by HPLC:

column: ~ HP-CombiHT XDB-C18, 21.2mml.D. 30mm, Series No DN 1020

method: | Flow: 40ml/m:
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0 min 80% water, 20% acetonitrile
0.2min 80% water, 20% acetonitrile
3.5min 5% water, 95% acetonitrile
4.7min 5% water, 95% acetonitrile
4.8min 80% water, 20% acetonitrile
4.9min 80% water, 20% acetonitrile

machine: Prep HPLC System Dynamax Model SD-1, UV-1

Yield: 19%, MS: 448 (MH+)

EXAMPLE 8

Preparation of other compounds of general formula (1)

Several additional compounds of general formuta (I} have been prepared. The following

table’shows an overview of the products, the educts and the method used for the

preparation.
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The following methods were used:
METHOD A: Coupling of protected amino acids with amino nitriles

A solution of leq cis-2-Benzyloxycarbonylamino-cyclohexane carboxylic acid, 7eq N-
methylmorpholin, 0.2eq HOBT and 2.4eq EDCI in 7 ml CH,Cl is added to 1.1-1.3eq

5 amino nitrile-HCL. After shaking overnight the reaction mixture is extracted with IN HCl
and the CH,Cl; is evaporated. The compounds are purified by HPLC:

column: HP-CombiHT XDB-C18, 21.2mmI.D.x50mm, Series No DN 1020

method: Flow: 40ml/min
0 min 80% water, 20% acetonitrile
10 0.2min 80% water, 20% acetonitrile
~ 3.5min 5% water, 95% acetonitrile
4.7min 5% water, 95% acetonitrile
4.8min 7 80% water; 209% acetonitrile
4.9min 80% water, 20% acetonitrile
15 macﬁne: Prep HPLC System Dynamax Model $D-1, UV-1
METHO]j A-2:

The protected amino acid, the amino nitrile, TPTU (O-1,2-Dihydro-2-oxo-1-pyridyl)-
N,N,N’,N'-tetramethyluronium tetrafluoroborate) and Hiinigsbase (N-
Ethyldiisopropylamine) are dissolved in MeCN. The mixture is stirred at RT for 6-16 h.
20 The solution is concentrated and the residue is dissolved in ethyl acetate and extracted with
H;0. The HzO layers are extracted with ethyl acetate. The combined ethyl acetate layers are
| washed with NaHCOs3, brine, dried over Na;SO, and evaporated. The crude product is
purified by column chromatography.

Yield 60-90%
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METHOD B:

Crude mixture of amino acid-amide-trifluoroacetate (educt 1) + a. Carbonylchloride
{educt2) or b. sulfonylchloﬁde (educt 2} + triethylamine

To a solution of 1eq 2-Amino-cyclohexanecarboxylic acid amide; compound with

5 tirifluoro-acetic acid (educt 1} in CH>Cl, is added a solution of 1.leq carbonylchloride
(educt 2) or sulfonylchloride (educt 2) or isothiocyanate (educt 2) in CH,Cl,. To this
mixture is added 2.1eq triethylamine. After shaking overnight at RT for:mc acid is added
CH_Cl, is evaporated and the compound purified by HPLC:

>

column: HP-CombiHT XDB-C18, 21.2mmI.D x50mm, Series No DN 1020

10 method: Flow: 40ml/min

0 min 80% water, 20% acetonitrile
0.2min 80% water, 20% acetonitrile
3.5min 5% water, 95% dcetonitr_ile
4.7min 5% water, 95% acetonitrile

- 15 4.8min 80% water, 20% acetonitrile
4.9min | 80% water, 20% acetonitrile
machine: Prep HPLC System Dynamax Model SD-1, UV-1
METHOD C:

The trans-cyclohexane carboxylic acid (educt1, 1 equiv) is dissolved in dry CHsCN (0.2M).
20 A solution of TPTU (1 equiv), DIPEA (4 equiv) in dry CHsCN (0.2M) is added to the
' solution at rt. The amino —(3-hydroxy-phenyl)-acetonitrile (educt 2, 1 equiv) dissolved in
CH;CN (0.2M) is added and the mixture is stirred overnight. The reaction mixture is
filtered and concentrated. The residue is dissolved in ImL of CH;CN and purified by
HPLC.

- 25 column: YMC; CombiPrep ODS_AQ; 50*20mm?!.D; S-5um, 120A

method: _ Flow: 40ml/min
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Omin 90%water, 10%acetonitrile

0.1L 90%water, 10%acetonitrile

3.5min 5%water, 95%acetonitrile

5.5min 5%water, 95%acetonitrile

5 5.7min 80%water, 20%acetonitrile

5.8min 80%water, 20%acetonitrile

machine: Prep HPLC System Dynamax Model SD-1, UV-1. -

METHOD D:

The reaction can be conveniently carried out by dissolving the trans-amino carbonyloxy-

10 cyclohexane carboxylic acid (educt 1) in DMF and adding TPTU (1 equiv), Hunigsbase (4
equiv), the 2-Amino-2- (3-hydroxy-phenyl)-acetonitrile {educt 2, 1 equiv) in DMF and
stirring  the mixture at room temperature for 16 hours. The reaction mixture can be
filtered and the product can be obtained by HPLC.

column: YMC; CombiPrep ODS_AQ; 50*20mml.D; S-5um, 120A

15 method: Flow: 40ml/min
Omin 90%water, 10%acetonitrile
0.1L 90%water, 10%acetonitrile
3.5min S5%water, 95%acetonitrile
5.5min 5%water, 95%acetonitrile
20 5.7min ‘ 80%water, 20%acetonitrile
5.8min 80%water, 20%acetonitrile
machine: Prep HPLC System Dynamax Model SD-1, UV-1.

Conveniently, the trans-amino carbonyloxy-cyclohexane carboxylic acid (educt 1)
is obtained by adding the mixed carbonate in THF (prepared from the corresponding
25  alcohol, 4-Nitrophenyichloroformate and pyridine in CH2Cly) to the corresponding amino
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acid dissolved in aqueous 10%NaHCO; . The reaction mixture is vigorously stirred at
room temperature for 16 hours. After completion of the reaction, the resulting compound
is isolated by methods known to the person skilled in the art, e.g. by extraction.

METHOD E:

5 A solution of 2-Phenylamino-cyclohexane carboxylic acid (educt 1, 1 eq), 3eq N-
ethyldiisopropylamine and leq TPTU in acetonitrile is added to 1eq Amino-phenyl-
acetonitrile hydrochloride (educt 2). After stirring overnight the solvent is evaporated. The
residue is dissolved in ethyl acetate, washed with sodium hydrogencarbonate solution (3x)
and brine. The solution is dried over sodium sulfate and evaporated. The compound is

10 purified by flash chromatography (silicagel).

METHOD F:

DIPEA {diisopropylethylamine) (3 equivalents) is added to a solution of 2-Amino-
cyclohexanecarboxylic acid(1-cyano-1-cyclopropyl-methyl)-amide acetic acid salt (1
equivalent) in CH,Cl; (anhydrous, 5 ml) and the mixture is stirred at room temperature

15 for 45 minutes. The acid chloride (1 equivalent) is added and the reaction mixture is
stirred at room temperature under N, overnight: The reaction mixture is diluted with
CH;Cly, washed with 1IN aqueous HCl and saturated NaHCOQ3, dried over MgSQy,, filtered
and concentrated. The residue is purified by preparative TLC (silica; hexane: EtOAc 1:1) to .
give the product as a white solid. Yield: 60-85%.

20 METHOD G:

To 1 eq of Rink resin bound glycine in DMF is added 3 eq. of Educt 1, 3 eq. EDCI, 1 eq.
HOBT, and 9 eq. NMM. The reaction is shaken overnight at RT. The solvent is removed
and the resin washed three times with dichloromethane, 3 times with methanol, and again
three times with dichloromethane. The resin is then suspended in DMF and 20%
25 piperidine is added. After 30 minutes reaction time at RT, the solvent is removed by

filtration. The resin is washed three times with dichloromethane, 3 times with methanol,
and again three times with dichloromethane. The resin is again suspended in DMF and 3
eq. of the succinimidyl carbonate {educt 2) is added. The reaction is shaken overnight at
RT. The resin is then filtered and washed three times with dichloromethane, 3 times with

.80 methanol, and again three times with dichloromethane. The resin is then suspended in a
10% solution of trifluoroacetic acid in dichloromethane. After 30 minutes reaction time at

room temperature, the resin is filtered and washed once with dichloromethane. The filtrate
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is concentrated to dryness to yield the amide. The amide is subjected to dehydration nsing
Burgess reagent. The amide is diluted in dichloromethare or in the trans case 1,4-dioxane.
One eq. of Burgess is added and the reaction stirred for 2 h at RT, afterwhich a second eq.
of Burgess is added and the reaction stirred for an additional 2 h. The crude reaction

5 mixture is ébvaporated to dryness and then diluted in ethyl acetate. The organic layer is
washed with 10% bicarbanate solution, water, and brine. The organic layer is then dryed,
filtered and evaporated to dryness. When purification is necessary, it is carried out using
HPLC.

Shimadzu HPLC Pump Initial Conditions

10 A% 80, (H20 (0.1 TFA))
B% 20, (CH3CN)
Flow (mL/min): 2.500
Stop time {mins): 100
High pressure (psi): 4000
15 Low Pressure (psi): 0
' éet Terp (C): 40
Temperature Limit (C): 45

Shimadzu HPLC Pump Gradient Timetable

The gradient timetable contains 5 entries which are:
20 Time, A%, B%, Flow, Curv¢

1.00, 80, 20, 2.50, 6

3.00, 65, 35, 2.50, 6

5.00, 45, 55, 2.50, 6

7.00, 75, 25, 2.50, 6

25 10.00, 80, 20, 2.50, 6
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met hyl nor phol in, 0.2eq HOBT and 2.4eq EPEF-in 7 M CH2Cl 2 is added to
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1020 net hod!
To 1 eq of Rink resin bound glycine in DMF is added 3 eq. of Educt 1, 3 eq. EDCI, 1 eq.
HOBT, and 9 eq. NMM. The reaction is shaken overnight at RT. The solvent is removed
and the resin washed three times with dichloromethane, 3 times with methanol, and again
5 three times with dichloromethane, The resin is then suspended in DMF and 20%

piperidine is added. After 30 minutes reaction time at RT, the solvent is removed by
filtration. The resin is washed three times with dichloromethane, 3 times with methanol,
and again three times with dichloromethane. The resin is again suspended in DMF and 3
eq. of the carboxylic acid (educt 2) is added, along with 3 eq. EDCI, 1 eq. HOBT, and 9'eq.

10 NMM. The reaction is shaken overnight at RT. The resin is then filtered and washed three
times with dichloromethane, 3 times with methanol, and again three times with
dichloromethane. The resin is then suspended in a2 10% solution of trifluoroacetic acid in
dichloromethane. After 30 minutes reaction time at RT, the resin is filtered and washed
once with dichloromethane. The filtrate is concentrated to dryness to yield the amide. The

15 amide is subjected to dehydration using Burgess reagent. The amide is diluted in
dichloromethane or in the trans case 1,4-dioxane. One eq. of Burgess is added and the
reaction stirred for 2 h at RT, afterwhich a second eq. Of Burgess is added and the reaction
stirred for an additional 2 h. The crude reaction mixture is ebvaporated to dryness and
then diluted in ethyl acetate. The organic layer is washed with 10% bicarbanate solution,

20 water, and brine. The organic layer is then dryed, filtered and evaporated to dryness. When

purification is necessary, it is carried out using HPLC.

Method I

HOBT (2 equivalents) is added to the solution of the acid (educt 2, 1 equivalent) in DMF
(anhydrous, 5 ml) and the mixture is stirred at room temperature for 1 hour. 2-amino-
25 cyclohexanecarboxylic acid(1-cyano-1-cyclopropyl-methyl)-amide acetic acid salt (1
equivalent ), EDCI (2 equivalents) and NMM (6 equivalents) are added and the mixture is
 stirred at room temperature under N, overnight and concentrated. The residue is dissolved
in CH2Cl, washed with dilute aqueous HCl and saturated NaHCOj3, dried over MgSQOs,
filtered and concentrated. The residue is purified by preparative TLC (sﬂica; hexane:EtOAc
30. 2:1) to give the product as a white solid. Yield: 65-85%.
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with H20 The H2O | ayers are extractBUAMBLES:t hyl acetate. The conbi ned
ethyl acetate |ayers are washed with NaHCO3, brine, dried over Na2SO4 and

evapor at edPr@&ﬂéht&i@-ﬁﬁmgi Hoprdifi-hidiesl ol ho@loRidrahr omat ogr aphy. Yiel d
60- 90% 14 Dece 2004Wﬁg6%§%%wrm7ﬁ%m METHOD B: Crude

m xture ofégl\no ac -am de-trifluyorqgacetate (educt 1) +a. Carbonylchloride
P

(educt 2) u-ms‘EYF‘P PO k- SRMPE ARE AOYROmAIYI ﬁ§1l(é-§?|5e Fommeldpist i on of

| eq 2- Ami ngisgalgddaRexam %ulmsomad nﬁmthecs@lmgﬁ@cdmmo‘i)"c Asolutlon
trlfluoroaetlpg’amd in CH2C12 is. added_a sol uti on of g;l&
nat e

d
car bonyBchP&fF¥¢ roRaaggg f’é?ﬂ‘—'%ﬁﬁ@gn'&ll ?C:WF‘ERI} w@#@%@é@a&d@fb&&mé

(educt 2) Eﬁd@%@@o%mg_é)tottﬁé %ov@c&&k&@mkﬁu@gﬁk@@o%ﬁ&stﬂe%ﬂ&h&% RfredHit €7
shaki ng ovegni ght at formc acid is add CH2ClL 2 is evaporated and t he

compound plré f4réd BHF“FP@Ed AEBNQRHM lmdr%%(ﬂﬁ% NbBicisO, 8 p4mhi42$
Series No BhHeHOZfe rehrio® Hiadre £aBywad Wéﬂrpt&omﬂ"te%éﬁﬁéeeév’enﬁ and__

acetonitrile 0.2m n 80% water, 20% acetonitril smn 5% water, 95%

acet oni t r i FencentratefnThosesidness Pa%@@%f‘éé%eéﬁﬁ’eﬂrfﬂd%a@'ﬁﬁz@}m Fhaorgavisiayer is20%
acet oniy | kgmﬁe@ Md%%@ N@S@{_'wt%M &xﬂ%ﬁ@é&ﬂa&éﬁow 86 Y ¢ s F&uﬁsst em

Dynamax Mod trans-cycl/ohexane car aci d

(educti, | d@qqlv%m@& l(%%@i)\p@d 4:N1Hﬂ19n d;qu adaad) slowlyoThe wbxt@pne@mutaﬁe isTPTU
(1 equiv), ﬁREPE’AWa(sEL %ﬂl\@tz ranﬁ%e@#ﬁ%% % %ﬁaégh%g,é;%ﬁh&égk‘gﬁ {eon at

rt. The amno - roxy p lenyl ) -acetoni tri equi v ssol ved
in powder Ylel 7.89 g, 83.9%.

Preparation of {2-[(1-cyana-1-cyclopropyl-methyl)-carbamovll-cvclohexyl}-carbamic acid
15 benzyl ester

A solution of 2-Benqdoxycnbonyl-amiﬁo-cydohexme carboxylic acid (1.46 g, 5.26
mmol), 2-Amino-2-cyclopropyl-acetonitrile hydrochloride {0.70 g, 5.27 mmol ), 1-
hydroxybenzotriazole (0.89 g, 5.82 mmol) and N-methylmorpholine (1.07 g, 10.58 mmol)
in DMF is cooled to 0°C and treated with 1-ethyl-3-(3-dimethylamino)propyl

20 carbodiimide hydrochloride (2.02 g, 10.54 mmol). The reaction mixture is allowed to
warmn to room temperature overnight and concentrated. The residue is dissolved in
CH,Cl,, washed with dilute aqueous HCl and saturated aqueous NaHCOj3, dried over
MgSOy, filtered and concentrated to give a brown oil. Th.ls brown oil is purified via flash
chromatograhy with hexane:EtOAc 6:1 to 3:1 to give the product as a white foam. Yield:

25 1.55g, 82.8%.

Preparation of 2-Amino-

arnide acetic acid salt

To a solution of 2-[(1-cyano-1-cyclopropyl-methyl)-carbamoyl]-cyclohexyi-carbamic acid
benzyl ester (0.15 g, 0.42 mmol) in 50 ml BtOAc with 1% HOAc (v/v) is added PA/C (10%)
30 (0.05 gj carefully under nitrogen. The mixtore is degassed completely before the reaction
flask is filled with. Hj through a balloon. The reaction mixture is stirred for 45 minutes.
TLC showed that the starting material has disappeared. The reaction mixture is filtered




CH3CN (0.2M is added and the m xture is stirred overnight. The reaction
mxture is filtered and concentrated. The residue is di ssoliAdedamiiamr20068
CH3CN and %urlfled by HPLC. . 25 colum: YMC, Conbi Prep ODS AQ
. 50*20nmm . DWOMEEPRS 120A net hod: Fl ow. 40nil/ min 14 Decenber PODEPOIMD6SMH/ 96285
72 O0mn 90%water, 10%acetonitrile O0.1L 90%vater, 10%acetonitrile 3.5mn
50%wat er, 95%cetonitrile 5.5nml 5%water,-Y5%cetonitrile 5 5.7m n 80%at er,
20%cetonitrile 5.8mn 80%wvater, 20%cetonitrile PCT/EP01l/ 06541 machi ne:
Prep HPLC System Dynarrax Model SD-1, UV-1. METHOD D: The reaction can be

conveni entl carr di.ssol vi n he .trans-am _ng carbonyl

cycl ohexanée %{'}gﬁi‘céé‘ﬁ %&éﬁ te yfprceniya ?%tomw ayriowRril- Yield:mr7 g 10 ng

Huni gsbase idlaed¢isvind tgs- ?mﬁfﬁdf@h@pro&ﬁcﬂb&‘éb&éﬂze& Wnin @ ShPMLt T | I e (educt
2, 1 equiv) in DVF.and, stirri e mxture at m tenperature for 16 .

hours. The TEEERPUIPHFiRT oF B0 nl‘j‘é’ the ¢¥; Wéﬁdﬂl’weproduct can be

obt ai ned by HPLC. columm: YMC, Conbi Prep ODS AQ 50*20mi .D; S-5um, 120A 15
method: QOmn 0.1L 3.5mn 5.5mn 20x8MBEng 5. 8min  nachine: Flow 40m
Imn 90/owater, 10%cetonitrile 90%ater, I G%acet onitrile 5%ater,
95%acet OEI tri \ ' 2 O/@1cet onitrli I e
80%wat er )

Conveni ent | Y, he trans-am no car bonyI oxy- cydohexane car boxyl ic acid (educt
1) is obt aCie@etaynindditlghéage aa:se@'hea&laqma,tmmnﬁkl&&m&pﬂm bpAndde

correspondi 25 4- Ni n [ of and_pyridine jn
OO B it e L or AL i By 06 4 e
PCT| EPO1/ 06GEelBath IMEIT chlgiissOly£d mmohyuaadsd iI0abR8nd sthiliLd6HhR8H for
m xture |s%\%g_{)ro?sl;§ ﬁt rred a room;,t erature for 16 hours After

conpl eti on FeRqhion TRXEHTE Sﬁﬁbﬁﬁﬂn to room temperature
10 overnight. The reaction is quenched by the addmon of water to homogeneity. The aqueous

layer is washed with ether twice and then acidified. The acidic layer is extracted with
dichloromethane 3 x 100 mL. The combined organic layers are dried with sodium sulfate
and the reaction mixture is condensed in vacuo. The solid material is purifed using flash

chromatography 1:1:0.16 hexanes:ethyl acetate:acetic acid. A 50% yield of pure material is
15 obtained MS 366.2 (M+H).

Preparation Trans-2-( 9H—Pluoren;9-3{1rneth0§gca:bonxlamino )-cvclohexanecarboxvlic

acid

Trans beta amino cyclohexane carboxylic acid (1g, 7 mmol) is dissolved in 18 mL of a 10%

solution of NaCQj; in water, Dioxane {10.5 ml) is added and the solution is cooled in an
20  icebath. EMOC chloride (1.8 g, 7 mmol.) is added in portions and stirring is continued for

4 hin the ice bath. The reaction mixture is allowed to warm to room temperature

overnight. The reaction is quenched by the addition of water to homogeneity. The aqueous

layer is washed with ether twice and then acidified. Upon acidification the desired material

precipitates. The precipitate is filtered and washed and the white product is used without
25 purification.



is isolated by nethods known to the person skilled in the art, e.g. by
extraction. METHOD E 5 A sol ution of 2-Phenyl am no-cycl ohexalfeDecansx ¢Ppd
acid (educt 1, 1 eq), 3eq N- ethyldiisopropylamne and leq TPTU in

acetoni tri WO P63%ded to | eq Ami no-phenyl - acetonitrile hydPCURPOIicdHt
(educt 2). After stirring overnight the solvent is evaporated. The residue
is dissolved in ethyl acetate, washed w-th sodi um hydr ogencar bonat e
solution (3x) and brine. The solution is7dried over sodium sul fate and
evaporated. The conpound is-3.0 purified by flash chromatography
(silicagel). METHOD F: DI PEA (dii soprﬁgél eé hél amne) (3 equivalents) is
added to a solution of 2-Am no- cyclo r boxylic

aci d(1-cyano-1-cycl opropyl -nethyl)-anm de acetic acid salt (1 equivalent)
in CH2C12 (anhyThubletscorftaifiing thefolloéngtinstedicaitd Gnd himda@lirddian dogt@eichalll €
15 for 45 minutes. The acid chloride (1 equivalent) is added and the
reaction mXfBPe is stirred at roomtenperature under N2 overnight: The
reaction mxture is diluted wwth CH2Q 2, washed with I N aqueous HC and

sat ur at ed I;I% ried over MpSAi filtered and concentrated. The residue
is purifi eﬁ?f—ﬁ%—%ar ative TLC (silica; hexane: EtQOAc 1:1) to%—ebﬁésétt he

product as | I ield: 60-85% 20 METHOD G To.l, e f. Rink resin
bound gl yci%%ﬂghwogﬂglﬁéed 3 eq. of Educt 1, 3 eq. ED&P: '%Ogt?.mgHCBT,
and 9 eq. NMdosghe reaction is shaken overnight at RT. The sol2é@nhgi s
renoved anlgﬁaizggta;%si n washed three tinmes wi th dichl oronet han%éOS Limes

wi th met hanol",“3fAdagain three times with dichloromethane. THEY88in is

t hen susperidd i n DMF and 20% 25 piperidine is added. After 304mimytes
reaction tige at.RT t'hg solvent is renoved by filtration. Th(i resinis
washed t hr e& PR {iER i chl or omet hane, 3 times with met hanol X08&d again
three tines with dichloronmethane. The resin is again suspended in DM and 3
eq. of the succinimdyl carbonate (educt 2) is added. The reaction is
shaken ernight at RT. The resin is Ll tered and washed three tines
w th di g%l oronethane, 3 tinmes with SO%I, and again three tinmes with
di chl oronet hane. The resin is then suspended in a 10% solution of

trifluoroaceti cCapshlgs rontaining e dotoviagimgrediants c@bamnamufeguretiot on tine at
room t enper -Qﬁ%p inis filtered and washed once with

di chl or orretﬁ;g#é& eﬁ‘falhﬁ%jr: ate 14 Decenber 2004 WD 01/96285 PCT/ EPO /06511
-74 is concentrated to dryness to yield the am de. The am de is subjected

to dehydratj%%&dggﬂtpg Burgess reagent The amide is diluted i

di chl oronethane or in the trans case 1, 4-di oxane. One eq. o?irBCUaPLguelgs is
added and t@empeasd bPfrsmbiared for 2 h at RT, afterwhich a secgpdpeq. of
Burgess is added and the reaction stirred for an additional 2 h. The crude
reaction 5 ¥9Q%€re is ebvaporated to dryness and then dil ut ed500 mghyl
acetate. The.gedanic |ayer is washed with 10% bi carbanate solygty e, water,
and brine. The organic layer is then dryed, filtered and evaporat&d to
dryness. V\V]’E@icpuri fication is necessary, it is carried out usiA¢ mgPLC.

Shi madzu HPLC Punp Initial Conditions 10A% 80, (H20 (0.1 TFA)) B%20,
(CHBCN) Flow (nmL/nmin):2.500 Stop tinme (rains):10.0 H gh pressure (psi):4000

Example C
10 Injection solutions can have the following compositica:
Compound of formula I _ . 3.0mg
Gelatine 150.0 mg
Phenol 47 mg
Water for injection solutions , ad 1.0ml



15Low Pressure (psi):0 Set Ternp (C):40 Tenperature Limt (C):45 Shinmadzu
HPLC Punp Gradi ent Timetable The gradient tinetable contai nsl4Deegmber2004
whi ch are:; %i){ T'g_ma, A% B%o, Flow Curve 1.00,80,20,2.50,6 3.00, 65, 35,
250, 6 5.09%¥®Y 2> 50,6 7'.00,75,25 2-50,6 25 10. 00, SOPCHEPOOGSEL 6 14
Decenber 2004 WD 01/96285 PCT/ EPOL/ 06541 -75 METHOD H: To 1 eq of Rink
resin bound glycine in DVMF i s added 3 eq.796f Educt 1, 3 eq. EDCL 1 eq.

HOBT, and 9 eq. NMW The reaction is shaken overnight at RT. The solvent is
renoved and the resin washed three tinmes with dichloronethane, 3 tines

wi th nethanol, and again 5 three tines #'il?.fgdl chl oronet hane. The resin is
then suspended in DMF and 20% pi peri added. After 30 m nutes
reaction tine at i enoved by filtration. The resin is
washed t hree t?’nesREv?nH{I% ai chr%?%ﬁleats(%ne, 3 tines with nethanol, and again
three tines with dichloronmethane. The resin is again suspended in DVMF and 3
eq. of the carboxylic acid (educt 2) is added, along with 3 eq. EDCl, i eq.
HOBT, and 9 eq. 10 NWM The reacti(a is shaken overnight at RT. The resin
is then filtered-and washed three ﬁ s W th dichloronethane, 3 times with
met hanol , and again three tinmes w fh i chForomet hane. The resin is then
suspended in a 10% sol ution oRitrif i ¥d in dichloronethane.
After 30 minutes reaction tine a , t is filtered and washed
once with dichloronethane. The fillstrate entrated to dryness to yield
the am de. The 15 am de is subj efted to @e i on‘dsi ng Bur gess reagent.
The amde is diluted in dichloronethane or in the trans case 1, 4-di oxane.
One. eq. S5of Burgess is added and the reaction stirred for 2 h at RT,
afterwhich a second eq. O Burgess is added and the reaction stirred for
an additi o#&rem h. The crude reaction nmixture is ebvaporated to dryness and
then diluted in ethyl acetate. The organicbla er is washed with 10%

bi car banat & spresenishydragencansd -CQrRf dy-8@eR ;Wieereingani ¢ | ayer is then dryed,
filtered and _evaporated to dryness. Wien purification is necessary, it is

carried out Bsrepgeseris &weypallnddower-gdixy, 2ydenkkylatydoulkyl-iosvendbiat cydoaliy-

sol ution of a0 (ﬁglé i )3 L L} r _and
the nixture ?dgveeé?;mrﬁ’d at Sirl%goﬁ”te 9%?%?‘%’%3@8%’1%&?‘% &é%] no 527{9’3'

cycl ohéRanectvssallylardo-thwerajiah 2 dgdempalseyi.-hetsr bary), heter aveyldowei-alkpic o
salt (1 equi B = 2 equi valents) and NWM (6 equivalents) are
added and th%alg%o)%'?}gr%wffmé#rred at room tenperature under N2 overni ght
and concentrBfE@Iesﬁh@arﬂsﬂhbwes—aﬂdybgohetemaﬁln CH2C12, washed with dilute
agueous HCl,and saturated NaHCO3, dried over MgSO4, filtered and

concent r at B3representsdyiirngenios lowerialliydd by preparative TLC (silica:

hexane: Et OA¢ 30. 2:1) to give the product as a white solid. Yield: 65- 85%
14 DecenbeR’ rpaesen®hydropsn®s lowrs-athyAVPLE 9

15 R*represents hydrogen or lower-alkyl.
R’ represents hydrogen, lower-alky"l, cycloalkyl, or aryl,
nislor2,

and pharmaceutically acceptable salts and/or pharmaceutically acceptable esters thereof.
20 2.  Compounds according to claim 1, wherein n is 2.
3. Compounds according to any of claims 1 to 2, wherein R represents hydrogen.

4.  Compounds according to any of claims 1 to 3, wherein R represents hydrogen.

25



Preparation of 2-Am no-2 _cycl opropyl-acetonitrile hydrochloride

PCT/ EPOL/ 06541 Sodi um cyanide (3.5 g, 71.4 mmwol) and ammoni utd Betembet 209482
g, 71.4 mnol are dissolved in HO (20 mM) and MeOH (20 nml) and the

sol ution i WOMBPEI to 0C. A solution 5 of cycl opropanecar bdBGI/ER#SE4Y 5. 0
g, 71.3 mol) in MeOH (15 mM) and CH2C12 (15 m) is added dropwi se to the
above cool ed mixture over 20 minutes. The®Orixture is stirred at 0OC for 30
m nut es and anmoni um hydroxi de (28% NH3 in H2O, 8.64 nml, 142.8 mmol) is
added. The reaction mxture is allowed to warmto roomtenperature

over ni ght and ong, ntrat The, r esi due_i.s, titigned petween H20 and
CH2d 2. The org%nl c Cﬁ’é"c% SFQYBE‘,:I&"G‘%%@ '%\Yg%“ : preseptsdyydersgnd
concentrated to give a cI ear oil. This dear oil is di ssol ved in Et20 (50
nil) and 4N HCl in dioxane is added slowy. The white precipitate is
filtered, washed w hEt2(as and.dried in a_cuofo hou to glvethe
product as a whi’ teé%ﬁﬂ'ﬂ ﬁofiﬁ’bt?a‘gﬁ a1§3’§]9’% > ¥ %esﬁf‘ aryl.

12-f (1-cyano-| - cydopropyl - net hyl ) - car bam)vl I -cvdohexyyl carbam c acid 15
benzyl ester A soI ution of 2-Benzyl oxycarbonyl -am no-cycl ohexane carboxylic

id (1.46 g, 2- A 2- le h hl d
(6. 70 3.8 %7 o §°mﬁ°%af%‘{€n9'%r#9&§ilp§§§%pky@@@%@Om S
vl\\il_{rﬁt ngrﬁrwmwpﬁbnw?gﬁtﬁmmﬂ ar e h dr ggﬁ]‘?}?dzr(egt gg

g, 10.54 m%lBWf g@ﬁ 9’%1 WO& r§ %f’ffrﬁ'?/\g‘é}uf’ug -t o room

t enperat ure overni ght and concentrated. The residue is dissolved in
CH2Cl 2, washed with dilute agueous HCI and saturated aqueous NaHCQBi dri ed

over MSO4, fidter dand once ted t Y Wn . O This bro oi |
is purified vi aé f1 asi™ ﬁ%ﬁ 5‘3’?’&%9%?%1%55;&9 %Q'&‘%klwt%esﬁntf Pg“ﬁmgioﬁe

t he pr onkmctnmthyl \dplhbﬁaﬂ}mmuﬁ{tedlvﬁth hdrody, phetHoxy8zheldf, abét0xplchldriie &@f

2- Ami no- %pexaneca C}$ Ltsbano 113 %’le) ro |-methvl - am de acetic
acid salt TO g 8% répresen {L3]

2-[(1-cyano-1-cycl opr op) | - met hyl) - car banoyi ] - cycl ohexyl - car bam ¢ aci d
benzyl ester (0.15 g, 0.42 mol) in 50 m EtOAc vmth 1% HOAc (v/v) is added

Pd/ C (109 full d d d
conpl (et el/(i/ ng ( e %%LP%%F%WI&FEE%%YQ %30‘0 ﬁeﬁ? ﬁ’?%ﬁ%sﬁmé%‘g‘ggﬁe .
The react i diydsosytpliemyl, 3-méthoxyephdmid, Mﬁeﬂioﬁt;ﬂlgﬁﬁnyl ﬂ'—l;ﬁétli)ﬂiplﬁd?l‘, D@tdih{h@;o

starting. mater.i i sappea The t n m xtur ilt

Decerrbe?5 2 IR %46%@ %W’%f@f’i‘?' ,_5731-({%) @g‘ﬁ?ﬁéf’ﬁ“@o'&?@% Pltrate
i s concent rtanes[113)didivies-gl. yel | ow oi | . i eI d: 0.17 g, 100% The isolated
cis- and trans-forns of the product are obtained by starting fromthe
corresponding cis- or trans-formof the cycl ohexane derivative. EXAMPLE 10
5 Preparation G s-2-(9H Fl uoren-9-yl net hoxyc

rrbonyl ami no) - cMc| adiexpnaisebexdingas kely 6§ daibistiaodrivheretyR RPpeX%an8 hydrogen.
carboxylic acid (1g, 7 mml) is dissolved in 18 nL'of a 10% sol utlon “of
NaCO3 in water. Dioxane (10.5 nlL) is added and the solution is cooled in an
ice bath. FMOC chloride (1.8 g, 7 mml.) is added in portions and stirring
i's contgmued forl. 4Cdmpouridsecdoedingas bny h@ainBaAChHIS)WhEeld RY fpr&erts! ovwed to
warm t o roothe@{)lerature 10 overnight. The reaction is quenched by the

addi ti on of" &]8 to honmogeneity. The aqueous |ayer is washed with ether
twice and then acidified. The acidic |layer is extracted with

di chl oronet hane 3 x 100 nmL. The conbined organic layers are dried Wi th

sodi um sul fate &the reaction mxture, is condensed in yacuo. The solid
material is purng e q}gpcru@ F‘%&’I‘i g to any of claims 1 fo 5, wherein R” represents

cyclopropyl.

25

13. Compounds according to any of claims 1 to 12, wherein R’ represents -CO-R*
and R? is as defined in claim 1.

14. Compounds accroding to any of claims 1 to 13, wherein R! represents -CO-R®
30 and R*is cycloalkyl, cycloalkyl-lower-alkyl, cycloalkyloxy, aryl, aryloxy, aryl-lower-alkyl,




chromat ography 1:1:0.16 hexanes:ethyl acetate:acetic acid. A 50%vyield of
pure material is 15 obtained M5 366.2 (MrH). Pre aration 14 December 2004
Trans- 2- (9H-Fl uoren-9-yj ngf | Lox carbon | am no -cvcl ohexanecarboxvlic acid
Trans bet @882y cl ohexane carboxylic acid (1g, 7 mol) RCTHERIEF4E] i n
18 nL of a 10% solution of NaCO3 in water. D oxane (10.5 nL) is added and
the solution is cooled in an 20 ice bat h8lEMOC chl ori de (1.8 g, 7 mol.) is
added in portions and stirring is continued for 4 h in the ice bath. The
reaction mxture is allowed to warmto roomtenperature overnight. The

reaction is ench by the additi of ter to.ho enei ty. The aqueous

| ayer is V\égﬂéawﬁﬁ" O}Q%’/ ﬁ@'?o aPWg'ﬁ]%gl’ %%SWF’H leﬁr}ﬁgaﬁ'%néﬂ’f’fcati on the
desi red nutheteredryl-fowes-alkokpt es. The precipitate is filtered and washed and
the white product is used without 25 purification. 14 Decenber 2004 WO

01/ 96285 PCT/ EPO1/ 06541 - 78 - Exam | e Tablets containing the foll ow ng

i ngredients can be manufactured in a conventional manner: I|ngredients Per
t abl et Conpound5of Comipuainds hecbfdifig to 4fPoflldims 1kact osleerdidR GepRsentbiC® R®

starch 75.0 2. lalc A4 Q. nesiymstearate 1.0 Exanpl e. Capsul es
cont ai ni‘hg af’ﬁgz fs@%%ﬁ%%o%mﬁg&?ﬁﬁ Pgﬁn)ﬁ’ﬂﬁ?‘ﬁ@?g&ggh’i‘aﬁo’gf}g Rednvent i onal
manner : | ngegdiledytoptidaslly Obsgirateddvith niediyiithiord, Bford, meihokAalins cantbér. OF;10
Mai ze starch20. ng]'ls'%l c 5.0 g%ﬂExathFg 10 In%lecti n so ut honi an have
the foll owi% é‘oﬁi‘}B VH H?’%ﬂﬂ} (o P&V HORETOYIRGY FvE €0 ny
Phenol 4.7 oy, naphtigloxypthidphep@ttripnetb@dbtt-b0p) or pHenbxy. M 14 Decenber 2004 WO
01/ 96285 PCT/ EP01/ 06541 -79 CLAIMS 1. Conpounds of formula (1) (1) -5
wher ei n
10 16. Compounds according to any of claims 1 to 15, wherein R' represents -CO-R®
and R® is benzyloxy, phenylvinylene, thiophen-2-yl-methylene-oxy, or thiophen-3-yl-
methylene-oxy.

17. Compounds according to any of claims 1 to 13, wherein R’ represents -CO-R®
15 and R?isbenzyl optionally substituted with chlore, or phenyl optionally substituted with
lower-alkyl, lower-alkoxy, or cyano. =

18. Compounds according to claim 17, wherein R’ represents -CO-R* and R? is 4-
ethyl-phenyl, 4-methoxy-phenyl, 4-ethoxy-phenyl, 4-cyano-phenyl, 4-tert.-butyl-phenyl,
20  or 4-chloro-benzyl.

19. Compounds according to any of claims 1 to 13, wherein R} represents -CO-R°
and R’ is heteroaryl.

25 20. Compoundé according to claim 19, wherein R! represents -CO-R* and R*is 5-
methoxy-benzofuran-2-yl.

21. Compounds according to any of claims 1 to 12, wherein R! represents -SO,-R®
and R” is as defined in claim 1.

30



R represents hydrogen, aryl, -CORa O -SO2-R', wherein Ra represents

| ower - al kyl, |ower-al koxy, cycloal kyl, cydoal kyl -1 ower - al kyl ?4B?§¢fﬁﬁ¢rk%ﬂﬂ4
| ower - al k , L oal kyl oxy, aryl, aryloxy, aryl-Iower-alkyl

aryl -1 ower-élol%@%%? aryl oxy- 10 I ower-al kyl. aryl-S-| ower - alRG/EP01/06541

aryl -1 ower - al kenyl, heteroaryl, heteroaryl.-|ower-alkyl, or

het eroaryl -1 ower - al koxy, Rb represents ar31-, aryl-lower-al kyl, or

het eroaryl R2 represents hydrogen or |ower-al kyl R3 represents hydrogen or
| ower -al kyl 15 R4 represents hydrogen or |ower-alkyl. R5 represents

hydr ogen, | owerpmal C r : i Sy11_or 2 b b.

phar naceut i cal sz/')" alg%m?%fdg%g%ﬂ%isﬂggﬁ&’a%%&gh‘glﬁ%ae%a'grle%r§ﬁz§5 'zaisggzé%t%% Bsters
t hereof. 2 @@Ylwﬁhaai%dwba@m&}m chloripkayand andibemethylarianyRamo, GoRBgunds
accordi ng [ , Wwherein R2 represents hydrogen. 4: :
Conmpounds ?%g%?ﬁf%nitaéﬁ%%;o}égfﬁag?% m 1 to 3, wherein R3 represents

hydr ogen. 25 14 Decenber 2004 WO 01/96285 PCT/ EPO1/ 06541 -80- 5. Conpounds
according to any of clains 1 to 4, wherein R4 represents hydrogen. 6.
Conpoun accondi n A Iy ersi I RS. represents yls 5
7. Corrpﬁnds a%g'or %Jr?gpto a%{:/cog e:fglaégﬁf’d%‘%mg? é{r;}]é?r m%np TERISPRUR T K
phenyl or andphisdichlospiphendl |y substituted with |ower-al kyl, hal ogen,

hydr oxy, | ower-al koxy or | ower-al kyl -carbonyl oxy, or wherein R5 represents
benzo [ 1,31 dioxyl. 8. Conmpounds according to any of clainms | to 7,
wherein RS represents phenyl or 10 naphthyl, optionally substituted with
hydr oxy, ~met hoR$, serhyoyndaeectonding tohhpof dansl tbrldmvheemR Wepresints Phenyl
represents i Conmpounds -according to any of clains 1
to 8, Merggﬁgﬁﬁl){%%rs%é%@{%h%ﬁy ", 3- hydroxy-phenyl, 3-nethoxy-phenyl,

4- met hoyy - phenyl , 3-net hyl - phenyl, 2, 4-di nethoxy 15 phenyl,

3, 4- di et hoxy- phenyl, 3-chl oro-phenyl, 3-brono-phenyl, 4-brono-phenyl or
benzo[ 1, 3] di 0%gl - o~a4 . i to any of clainms | to 5,
wherein RS rep)rgg'sents %?/\élggéé%g&g}égﬁb’ @rr%%é%gs according to any of
claims. 1 to 5, wherein R5 represents cycloal kyl. 12. Conpounds according
to any of dains | to 5 wherein R5 represents cyclopropyl. 25 13.
Compounds according to any of cl ai KéHI to 12, wherein R represents -COR
and Ra is as defined in claiml. 1 mpounds accroding to any of clains 1
to 13, wherein Rl represents -CO 3 antlfRais ycl oal kyl ,

cycl oal kyl -1 ower -al kyl, cycl oglkyl g ary ar y, aryl-lower-alkyl, 14
Decenber 2004 WO 01/96285 PCI/ 1/ 065 - aryl - | ower - al koxy,

aryl oxy-1 ower-al kyl, aryl-S-1owegsal kyl , {lar -hawer-a% kenyl, or

het eroaryl -1 ower - al koxy. 15. Co unds aecording to'dny of clains 1 to 14,
wherein Rl represents -COORR 5 and Ra is phenyl optionally substituted

wi th phenyl, cyano, and/or fluoro, or Rais

15 wherein R', R%, R>, R4 R® and n are as defined in any of claims 1 to 24, .
and pharmaceutically acceptable salts and/or pharmaceutically acceptable esters thereof.

26. Compounds characterised by formula (Ib)

(CH,),
R
1 l N
R\N N =
;:142 o R R

20

wheréin R', R%, R, R%, R® and n are as defined in any of claims 1 to 24,
and pharmaceutically acceptable salts and/or pharmaceutically acceptable esters thereof.




benzyl oxy optionally substituted wth nmethyl, chloro, fluoro,

nitro, and/or or Ra is phenylvinylene, thiophenyl - neth945ﬁ§e®R9f2004
cydopenty hi ophenyl - et hyl ene- oxy, napht hyl oxy,
thiophenykaé¥rﬁéﬁﬁylene oxy, or phenoxy. 10 16. Conpounds BEEEPA#Fto any
of claims 1 to 15, wherein Rl represents -CO-Ra and Ra is benzyl oxy,
phenyl vi nyl ene, thiophen-2-y|-nethylenerﬁiy, or thiophen-3-yl -

met hyl ene-oxy. 17. Conpounds according to any of clains 1 to 13, wherein R
represents -CORa 15 and Ra is benzyl optionally substituted with chloro,
or phenyl optionally substituted with |ower-alkyl, |ower-al koxy, or cyano.
18. Conpounds according to claim17, wherein R represents -CO-Ra and Wis

4- ethyl - pheny t hen hox nyl, 4-cyano-phenyl,
4-tert-butyl - eny é§§§§?a%“%ﬁﬁarébﬁﬁﬁyyﬁ th Cbnpounds accordrng to any-
of clains | to 13, wherein R represents -CO-Ra and Ra is heteroaryl. 25
20. Conmpounds according to claim 19, wherein Rl represents -CO Ra and Ra is
nmet hoxy- benzof uran-2-yl. 21. Conpo ? according to any of clainms Ito 12,
wherein R represents -SO2-Rb and 1S -as,defined in claiml. 30 14
Decenber 2004 WD 01/96285 PCT/ EPO{L/ 06p41 R%Z 22. Cbnpounds according to
claim?2l1l, wherein R represergs - SQ2- a phenyI optionally
substituted with chlorine, cyan‘ﬁ d/ or arbonyl amno, or Rois
benzyl or benzo [ 1,2,5} oxadiazble. 5 qigaccording to any of
clainms 21 - 22, wherein R repreBents - Bro Rand i s 4-chl oro-phenyl.
24. Conpounds according to any of cIainB | to 12, wherein R represents
phenyl Soptionally substituted with ethoxy. 10 25. Conpounds characterised
by formula (la) 15 wherein R, R2, RR, R4; R5 and n are as defined in any
of clains WhereiRR!, RAnRE, PARS mdmaa&dﬂjxedmant@ﬂlﬂﬁnﬁaltb%and/ or

Pt el A AR SRR R e SRR RS B 85

clainms 1 to 24, and phar maceutical ly accept abl e salts and/or
phar maceut i cal I y acceptable esters thereof. 14 Decenber 2004 WD 01/96285

R R, R, Ra 2SR AR RS s BT LECLaRR] 8t Betn Bl giodin

phar maci®ut cemsidtingadcept abl e salts and/ or pharmaceutically acceptable esters
t hereof. 28." A conpound according to any of clains 1 to 27 selected from
the group (IR2BpHZH{ES)t{Ryams- (i-hﬁ;hibﬂ)r—phﬁn}ﬂ) f8thyl]-carbamoyl}-cyclohexyl)-carbamic

ano- ( 3- | ) - et hyl ] - car banoyl }-cycl ohexyl Y-carbam c acid
ngyr (estggggrbgéﬁgggpy ) - yll- yl'}-cy yl)-

cis-2-(3-Phenyl-acryloylamino)-cyclohexanecarboxylic acid [(R)- and (S)-cyano-(3,4-
dimethoxy-phenyl)~methyl]-amide,

15 {R)-{2-[{S)-(Cyano-phenyl-methyl)-(R)-carbamoyl]-cyclohexyl}-carbamic acid benzyl
ester,

syn-{2-[(S)-(Cyano-phenyl-methyl)-carbamoyl] -cyclohexyl}-carbamic acid benzyl ester,
cis-(2-{(R)- and (S)-[Cyano-(2,4-dimethoxy-phenyl)-methyl]-carbamoyl}-cyclohexyl)-

carbamic acid benzyl ester,

20  trans-2-(4-Chloro-benzenesulfonylamino)-cyclohexanecarboxylic acid {cyano-(3-
hydroxy-phenyl)-methyl]-amide,
trans-{2-[(Benzo[1,3]dioxol-5-yl-cyano-methyl)-carbamoyl] -cyclohexyl}-carbamic acid
benzyl ester,

cis-(2-{ [Cyano-(?:—hydroxy—phenyl)—meﬂlyll-carbamoyl}-cyclohexyl)-carbamic acid benzyl
25  ester,

trans-(2-{{Cyano-(3-hydroxy-phenyl)-methyl]-carbamoyl}-cyclohexyl)-carbamic acid
benzyl ester,




ci s-2-(3- Phenyl - acryl oyl am no) - cycl ohexanecar boxylic acid [ (R - and
(S)-cyano- (3, 4- di net hoxy- phenyl )-nmethyl] -anide, 15 14 December 2004
R) - { 2- no- phenyl - met hyl ) - (R) - car banoyl ] - cycl ohexyl } - carbam ¢ acid
(bel)ﬂzi/I [(g‘%%élcgfz pheny yl)-(R yl]-cy Yhdrcar ban «
syn-{2-[(S)- (Cyano-phenyl - met hyl ) - carbanDyI] cycl ohexyl } - car bani ¢ aci d
benzyl ester, <cis-(2-{ (R- and -84
(S)-[ Cyano- (2 4- dlnethoxy phenyl) nmet hyl ] - car banoyl ] - cycl ohexyl ) - carbanm c
acid benzyl ester,

t 2-(4- | - I b I

rans 2 Caglgigeh ﬁ'ﬁéﬁ@ N S T s
di oxol - 3- ythethybsmidet hyl ) - car banoyl | - cycl ohexyl } - carbam c acid benzyl
ester, cis-(2-{

. [ Cyano- ( 3- My@wmmh)&m-bkédﬂpmﬁﬁﬁ%h&amyﬂ}-&?ddlydﬂ})cdamm gcidci d

benzyl 25 ester rans-

( 2- { [ Oy anPaYIGSHET LSS BHEMHY~ et hyl ] - car baroyl } - cycl ohexyl ) - car bani ¢ aci d

benzyl ester Dec 004 01/ 85 -84 P P01/

oo 5 (& BRI DR ooy omedaResb s+ r ok arypmis pgid
(S)-cyano l:;aheyl)el;ter,rret hyl - am de (2-{

[ Cyano- ( 3, 4- di et hoxy- phenyl ) - met hyl ] - car banoyl } - cycl ohexyl ) -carbam ¢ aci d
benzyl est@r{{Clai-B-hadonpphenyl brrtsil é’a:bﬁﬁbyl}ﬁ?dohexyl) -carbamic acid thiophen-

(S)-(Cyan Wl-mt hyl ) - car banoyl ] - cycl ohexyl }-carbam c aci d benzyl
ester, 03{' -hydroxy phenyl) nmet hyI]

-car bam)y hex i d thi o nmet h ester,

cis-(2-{ (Fé féﬁ‘ﬁﬁ k ‘{“ g ?iSYyPH?HX ‘hﬁfﬁ %{/‘Fﬁm yclobexyl)-

- car bam@yldarmtaﬁa%);ylegt@; carbamc acid benzyl ester, cis-(2-{(R- and
(S)-[ Cyano- ( 3- net hoxy- phenyl ) - nmet hyl ] - car banoyl } - cycl ohexyl )- carbam c acid
benzyl eStcﬁf—(Z—{(tRQHSn& @)J{Cyano -(3-methoxy-phenyl)-methyl]-carbamoyl}-cyclohexyl)-

[ Cyano- (3 dr ox ). et hyl ] - carbanoyl } - cydohexyl ) - carbam ¢ aci d
t hi ophen-f—%tl’ % B%&fx"@resmw cis-(2-{(R- and

(9 [(3 oo f;&%& ARSI seR R b Y AhR esgrhany 2ol d

benzyl

{ 2- [ ( Cyanahidptey2-yinidiyfl pstear banoyl ] - cycl ohexyl } - carbanmi c acid benzyl
ester, trans-(2-{

[ ( 3- Br a5D- cﬁh(m![/GR))- ayd(8)- [f(fEIﬂlﬂfdrb Iﬁiﬁhblafﬁmic} niylefi Poarbyhoyl} asytlehtsg])acairbamic
benzyl estet,, 20 CIS (2-{(R- a
(S)-[(4- Bracﬁ‘ﬁ)b %~ cyano- net hyI ]-car barmyl }-cycl ohexyl)-carbamic acid

?é?z[y'gyiﬁécﬁ%éz it ?a%ag} BRETH t lclnfyrfyc@mmb}ame@mbwwfn carba ¢
compound JEE5r Gy 1hg-PEo PR G Ae T Y - GoREr BN PO EHE T B

consi st i nghedlzyl@hter,5- Met hoxy- benzof ur an- 2- car boxyl i c acid

[ 2- (cyanonet hyl - car banoyl ) - cycl ohexyl } am de,

Trans- 9o NB&lb%YﬁH)eﬂﬂ@t@LR@:B@oﬁﬁﬂ[ﬂmﬁ )lc?m%lhfkthyl] -carbamoyl}-cyclohexyl)-carbamic
[ 2- (cyanorretygenzglar barm cycl ohexyl ]

est er,

cis-(2-{(R)- and (S)-{Cyano-(3,4-dimethoxy-phenyl)-methyl}-carbamoyl}-cycdopentyl)-
carbamic acid benzyl ester,

and pharmaceutically acceptable esters thereof.
25 29. A compound according to any of claims 1 to 27 selected from the group
consisting of
Cis-5-Methoxy-beniofuran-2~carboxylié acid [2-(cyanomethyl-carbamoyl)-cyclohexylj-
amide,
Trans-5-Methoxy-benzofuran-2-carboxylic acid {2-(cyanomethyl-carbamoyl)-cyclohexyl]-
30 amide,




30.ani de, 14 Decenber 2004 WD 01/96285 PCTI EPO /06541 -85

Ci s-2-{[ (4-chl or ophenyl ) acet yl ] am no}- N [ cyano( cydopr opyl ) nethieqesylar@004
hexanecar boxam de, Cis-N [2-({ [cyano(cycl opropyl)nmethyl] am no }

car bonyl )MPH?@&%/I] -4-ethyl benzanide, Gis-N [2-({ [  PCI/EP01/06541
cyano(cycl opropyl )nmethyl] am no }carbonyl) cycl ohexyl] -4-ethoxybenzam de,
5 Cis-N[2-({[cyano(cydopropyl)nethyl ] an$ho} car bonyl ) cycl ohexyl]-4

nmet hoxybenzam de, Trans-N-[2-({ [cyano(cycl opropyl) net hyI ] am no)

car bonyl ) cycl ohexyl ]-4- net hoxybenzazni de, Tr ans N[ 2-(

ool N AT L i ROTYASUE S i g er e e

G s- N[ 2- (hqensnaeicadi@nr opyl ) met hyl ] am no} car bonyI ) cydohexyl ] - 4- - cyanobenz
anm de, and Gs-N-[2-({ [cyano(cydopropyl)methyl] am no}carbonyl)cycl ohexyl ]

-4-tert- bQisyNbent c&jf'piopflﬁﬁ RarhitdrboR@ g HoBblyl - £etigisenthiaiaeof 15
man

30. A process for t ufacture o conpounds accor di ng to any of clains 1

to 29 whi Ch-KNrjo d TphethegrhintcabeAReHoHag1] -4-2tHitFerizhinlde2 0
with a corrpound[ g? ?)I?ﬂrruaﬂpglelp}lr?hiﬁmcenber 2004 V\De}gll 96285 e?

PCT/ EPOb/ 0GRAN-[286] cydvas( efclopfopyl IR ethiAamivb} cdrbon )’L?dﬁhéiyﬁ—@-s defined in any
of clalmslt]o ?2514 ot, 5 b) reactlngacorrpoun formJIa(IV) Hwth a

conpound of% ®or (VI) 100 0 11Ra-~--Cl Fib S 11 (V) 0

Lo 24" 31, TospbiY el oo R i oot dgielebal od by (he.

process of melloxgbakzigni®, 32. Conpounds of fornula IV 14 Decenber 2004 ~WO
01/ 96285 PCTI EPOl/ 06511 -87 wherein R2, R3, R, R5 and n are as defined in

any of cl awfmas;lNi[:u(aw&ycm@%wmaﬁylmm@mmﬁw@hm] t@e@meﬁianﬁaal s

1to 29 for the treatnent or 5 prophylaxis of osteoporosis, instable
angi na 1pecCirNs[24fidhaio(pfchspuepylitdiyi@amino}carbonyl)cyclohexyl]-4-cyanobenzamide,

and

Cis-N-{2-({{cyano(cyclopropyl}methylJamino}carbonyl)cyclohexyl]-4-tert-
butylbenzamide,

and pharmaceutically acceptable esters thereof.

15
30. A process for the manufacture of compounds according to any of claims 1 to
29 which process comprises '
a)  reactinga compound of formula (1)
(CH,),
R! OH
N

20 | R O (11

with a compound of formula (III)



34. Conpounds according to any of clains | to 29 for use as therapeutic
active substances, in particular in context with osteoporosikDessiehesg0a4
angi na pectoris and/or plaque rupture. 10 35. A pharmaceutical conposition
conmpri si ngVAMHBdDuUNd of any of clains Ito 29 and a phar mREIEROLEGIY
acceptabl e carrier and/or adjuvant. 36. The use of conmpounds according to
any of clains 1 to 29 for the preparaticrr1360'f 15 nedi canents for the
treatment or prophylaxis of osteoporosis, instable angina pectoris and/or
pl aque rupture. 37. A method for the therapeutic and/ or prophylactic

treatment of osteoporosis, instable,angina pectoris and/or plaque rupture,
whi ch nethod conprises adm ni steri a 20 _conpound according to any of
claims 1 to 29 to a human bei ng or_@&ni nmekzMN38.  The novel conmpounds,
processes and nethods as well as t of such conpounds substantially

as descri bed herei nbefore. 4 5
R" R (II1)

wherein R', R%, R%, R, R, and n are as defined in any of daims 1 to 24,
or

5 b) reactinga compound of formula {IV)

(CH2)n \
R
| _~N
H.. N =~
N <
R? oR R @
| with a compound of formula (V) or (V1)
0 0
Ra——ﬂ—u R‘E——Is'l—c:l
O
10 i (V) (V)

wherein R% R%, R% R%, R®, R® and n are as defined in any of claims 1 to 24.

31. Compounds'according to any of claims 1 to 29, prepared by the process of
15 claim 30.

32. Compounds of formula TV |



14 December 2004

WO 01/96283 PCT/EP01/06541
-87-
(GH,). .
. R
| =N
H. N%
'?‘
R OR" R @

wherein R% R, R%, R® and n are as defined in any of claims 1 to 24.

33. The use of compounds according to any of claims 1 to 29 for the treatment or
5 prophylaxis of osteoporosis, instable angina pectoris and/or plaque rupture. '

34. Compounds according to any of claims 1 to 29 for use as therapeutic active
substances, in particular in context with osteoporosis, instable angina pectoris and/or
plague rupture.

10

35. A pharmaceutical composition comprising a compound of any of claims 1 to
29 and a pharmaceutically acceptable carrier and/or adjuvant.

36. The use of compounds according to any of claims 1 to 29 for the preparation of
15 medicaments for the treatment or prophylaxis of osteoporosis, instable angina pectoris
and/or plaque rupture.

37. A method for the therapeutic and/or prophylactic treatment of osteoporosis,
instable angina pectoris and/or plaque rupture, which method comprises administering a
20 compound according to any of claims 1 to 29 to a human being or animal.

38. The novel compounds, processes and methods as well as the use of such
compounds substantially as described hereinbefore.

3





