WD 03/ 048123 PCT/ EP02/ 13221 SUBSTI TUTED 2 - AM NO- CYCLOALKANECARBOXAM DES

AND THEI R USE AS CYSTEI NE PROTEASE | NHI Bl TORS The present invention rel ates

to novel wetoanesaeyl nitrile derivatives, their nmanufact uPeTard2/uel1 as

medi canments. In particular, the invention relates to novel nitriles of

gener afURPEGFFHAER ¢ 1AMIRO(CALQYLFATTARRENMUDEN AN THERR T AP )CYRZEINh@RETERSR i S

heteroaryl, -(RR')NCO Ra or S(OWHRELTMErein R and R' are independently

hydrogen or lower-alkyl; 10 mis zero or one; p is one or two; Ra is

heteroaryl, hetiargrasesk idvengon allkied soovhalerk ORJIHitHIOUB ANk @eimher ei n the

heteroaryl in each of the preceding is selected fromthe %roup consi sting

of i ndol yl mangpetusand wsgiansredifpmentss by prrtishlan yhe inkengiaa welatesdp meyel nitriles

N- 0x0- i soqyit RALAMkmulxnapht hyridinyl., pyrazolyl, indazolyl,

furo[2,3-b]pyridinyl, furo[2,3-c]pyridinyl, furo[3,2-c]pyridinyl,

furo[ 3, 2-b] pyridinyl, 1Hpyrrolo[3, 2-b]pyridinyl, 1H

pyrrol o[ 2, 3-b] pyridinyl, 1H pyrrolo[3, 2-c]pyridinyl,

1H pyrrol o[ 2, 3=c] pyri di nyl, 1H; 9Io[3,4-b] pyri di ne,

1H pyrazol o[ 3, 4-c] pyri di ne, 1FJ% [ 4, & b] pyridine, 1H pyrazol of 4, 3-

c] pyridine, benzothiazolyl, azain i 'da%glﬁ,1-b]benzothiazo|y| and

20 indolizinyl each optionajlgléub } uteqqg;?/ﬂé hydr ogen or | ower-al kyl ;
n or

R3 is hydrogen or lower-alkyl; R4 is h | ower-al kyl; 25 R5 is
hydrogen, |ower-al kyl, heteroal kyb, cyclloahKylgs cqupalkyl-lomer-alkyl,
| ower - abkoxy- carbonyl -1 ower - al kI, aryF{ araFLyI, eteroaryl, or

het eroaryl -1 ower - al kyl; WO 03/ 048123 PCT/ EP02/ 13221 - 2-

wherein
R' is heteroaryl, -(R'R”)»CO-R® or $(0),-R* wherein
R’ and R” are independently hydrogen or lower-alkyl;
10 m 1S Zero or one;
p is one or two;

R®is heteroaryl, heteroaryl-lower-alkyl,or heteroaryl-lower-alkoxy wherein the
heteroaryl in each of the preceding is selected from the group consisting of indolyl,
pyridyl, quinolinyl, isoquinolinyl, N-oxo-quinolinyl, N-oxo-isoquinolinyl,

15 naphthyridinyl, pyrazolyl, indazolyl, furo[2,3-b]pyridinyl, furo[2,3-c]pyridinyl,
furo[3,2-c]pyridinyl, furo[3,2-b]pyridinyl, 1H-pyrrolo[3,2-b] pyridinyl, 1H-
pyrrolo[2,3-b]pyridinyl, 1H-pyrrolo[3,2-c]pyridinyl, 1H-pyrrolo[2,3-c]pyridinyl, 1H-
pyrazolo[3,4-b]pyridine, 1H-pyrazolo[3,4-c]pyridine, 1H-pyrazolo(4,3-b]pyridine, 1H-
pyrazolo[4,3-c]pyridine, benzothiazolyl, azaindolyl, imidazo([2,1-b]benzothiazolyl and

20 indolizinyl each optionally substituted;

R?is hydrogen or lower-alkyl;
R’ is hydrogen or lower-alkyl;
R*is hydrogen or lower-alkyl;

25 R’is hydrogen, lower-alkyl, heteroélkyl, cycloalkyl, cycloalkyl-lower-alkyl, lower-alkoxy-
carbonyl-lower-alkyl, aryl, aralkyl, heteroaryl, or heteroaryl-lower-alkyl;



R6 is hydrogen or lower-alkyl; nis an integer fromone to three; and

phar maceutical |y acceptabl e salts and/or pharmaceutically acceptable esters
t her eof . wWQysiei1ae pr ot eases have been vi ewed as | ysosomalPCra®oaines of
term nal protein 5 degradation. Several onewly discovered menbers of this
enzynme cl ass, however, are regulated proteases with limted tissue
expression, which inplies specific roles in cellular physiology and thus
woul d all ow a specific targeting of these activities without interfering

with the gpfepai@loghysprarBhLIpL Ot ei n degragation. Devel opment of inhibitors
of specific cys?elne proteases promi ses to provide new drugs for nodifying

i mmuni ty, ngsahqgﬁggp@bﬁ ont@o Rkd;0degener ation, chronic inflammtion, cancer
and mal aria (Brormme, Drug News Perspect 1999, 12(2), 73-82; Chapnan et

al ., ANNUandE¥harmBBlSicalkPR éeptitile sdid-aB8)or ph%i&hﬂ@llphﬁﬁepﬁ%&&s&aﬂhbﬁoﬁr ouped
into two superfamlies:” the famly of enzynmes related to interleukin lid

converting enzysi@né pfdrdasestHide bES RARA 43 [pdop@hhlafedivonf ofeyshighliRotefdi Ot eases.
Presently there are at_|east 12 hg{m %rote%éles of tlil %q%l n famly from
whi ch 5 15degEasdating eVl BevHE disC ST & MEDErs Al iy sngymes class, hqwewer, gfe "¢, Wy
F, V(L2), re%ﬁlﬁed%gte%e@ WQirHitéMsﬁé éﬁﬁéssm@atvﬁi%ﬁﬁ ?hé@ spesfit tdl&tindeladaver ed

as a cDNA promnent. in rabhit osteocl asts an erred to as OC-2 (Tezuka

et al ., Jphysiolpsy agddhys woud aﬂg‘ggspiq’@%taﬂqﬁ@)%o t}Ré%%ﬁii‘t"lt’cS*B%‘ihQH"tW TIgdi cat e

that cathgpgiue gén'el%l 13650003 br RAh AL raBRIBIR D@ ot S EhibRbrs dHes&ifided.
Cat hepsin K, as well "as cathepsins S and L, are also potent coll agenases

and 20 gecryatemvargeseasqvmxaﬁﬁﬁaf@égoaﬁseaw deags{B1 MOGHYIRE BRI PLSEIPOIRSES ve
prot eggesy &@Sganeﬁﬁgﬂ SAfHic AdaRhatiors Qﬁ%@ﬁn&%ﬁﬁqm&et&dgbﬁv@m |

surface under special circunstances. In this case,
surf ace/ sﬁﬂy@teﬂd@@% 12k T38% Graporassetal c@ﬁﬁh&ﬁé’ﬁﬂ’s ﬂ?%7m599rﬁ3c$§) endogenous

inhibitors are excluded and can be viewed as a physi ol ogi cal extension of

t he 'ysosomec sﬂlhégfdtpa%esoéanl%la%%@éeegﬂtd t%voasﬁpéﬂmﬁﬂ@s Ttﬁeaﬂain iRfof esyang! asts, a
bone nacro may al So be exploited by other frﬁmﬁggges or cel S
T

inthe c aésc? tmntqrhﬂlﬂ@rﬁ&mommungﬁezyr%ﬁoﬂﬁ@éﬁ@ét ¢ PEPRhBYRS cysteine
osteocl as téagédﬁrek&ﬂghﬁeﬁqwﬁ%aspm tdxahn ﬁ?étgb%&séﬁhgpiﬁaﬁi/ﬁnﬁl? frdrfmﬂﬁaant

role in bone resorpti t udi es_reveal ed_t hat _cat hepsin

pr edortb nasequensgs haverheep pbiained d cathersin Booltash ©» Enfh s sﬁ@&)#@%lapg expr essed
in human EsLa06HasHS asA c%‘éﬁegﬁhq& wgglﬁ}%@me@&%rédruaIaQﬂN@ﬁrcﬁﬁmeﬂﬁhq-hmt

protease activity an bone r sor£t| on has been 30 re Lerner et al.

J. Bone Msicockets.andgeferred fo a93¢C-(keruke @tal-al. Biol ﬁhe@eﬁ?% l?'ﬁ%bs(;lﬂ%@ 110992,
150, 221) Reccé‘ﬁ{ Q?sfé?‘\!aﬁogs ﬁ'ﬁ?ca&etﬁgth gltnqg itHe ﬁjﬁ?ﬂ[}’ deddt rﬁérﬁﬁﬁh&@&%ﬁaé@fyem
ype cho

patients, I'n nouse trop The drocytes (Hummel et al J.
Rheumat ol desiﬁ’@@i Cag{epsin K, 288®el as cathepsins S and L, are also potent collagenases and

20 gelatinases. Macrophages appear capable of mobilizing the active proteases within
endosomal and/or lysosomal compartments to the cell surface under special circumstances.
In this case, the cell surface/substrate interface becomes a compartment from which
endogenous inhibitors are excluded and can be viewed as a physiological extension of the
lysosome. This type of physiology is an innate trait of osteoclasts, a bone macrophage, and

25 may also be exploited by other macrophages or cells in the context of inflammation. The
abundance of cathepsin K in osteoclasts leads to the suggestion that cathepsin K plays an
important role in bone resorption. Studies revealed that cathepsin K is the predominant
cysteine protease in osteoclasts and is specifically expressed in human osteoclasts. A
correlation between inhibition of cysteine protease activity and bone resorption has been

30 reported (Lerner et al., 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-
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



1894.). Both results indicate a direct role of cathepsin Kin cartilage
erosion. P. Libby (Libby et al., J. din. Invest. 1998, 102 (3), 576-583)
report ed wbas/osiedal arteries contain WO 03/048123 PCT/ EPRR2TEPER1322t 3
little or no cathepsin K or S whereas negcrophages in atheronma contai ned
abundant i nmunoreactive cathepsins K and S. Mst of the elastolytic
activity of tissue extracts associated with human at heroma conpared to
non- at herosclerotic arteries could be inhibited with E64, a non-selective

cysteine prgl Wca‘tﬁ@fﬂsi}?ﬂltgf 5 wherdd SR ciop RIS 55 hiBBerodidlcJRhinsd #findant €
characterized by the"invasion of tunors into dj acent té}ssues as well as

by the di dmoeinarsastivesathensmei and § Mast ghithset W%&Fﬁ?ﬂéo HePe rEracts

infiltrati %d&%a%&@ﬁﬁﬁah GtHeFdrhs cérﬁf)é}e&)Ecgﬁ&%ath-gh@s‘é@rcﬂi&ﬁﬁé‘ifé@é‘mﬂd Be
associ at eo;l1 egragation of extracell ul matri x proteins and thus

require prikibsedvith Fahid wen-yelectiye RBpEnePrOkeapRis B?é’é)ﬁ- identified in primry
breast tunors, as well as in breast tunor-derived bone 10 netastasis

(Littl eywod- Evigig, ro esmomﬁfetaaﬁﬁs arJa%QZracé?lzecﬁ&S@re%%@on oPufrh 61 eio
cl asses of conpoun such as al dehydes, a ket oc 1}}3@}[‘1 ounds

hal onet hyladleéwﬁ@@les as welb Ak e disse@ation ofcapsar 65‘4;) Wrmqaé s and the
ket omet hyl; ﬁﬂlltxfaﬁﬁ% §a§Jcatt1§ cel RRAIYors MECTIAE peQRReHNdRssoriabd withEones,

am noket on ra2| des have Dbeen |dent| fied as cysteine protease

i nhi bi tor sieglsmtﬁcr egtre¢e11e1iar@natr1x prreins med thug gequiregproteplytic petivity Gathepn et
al ., Proc.y ﬁ&?\ﬂﬁe@ E'r@%?tun%’rs, AP 14 BRA tute dsheddt sl ngs

t hese conpoun clude l'ack of selectivity, poor solubility,
r api d Mamamse%(rlahﬂe‘éooma@mt@l{ﬁﬂﬂéﬂtﬁﬂs 1R9%ede5180e?3¥00r e exi sts for novel

i nhibitors useful |n treating di seases caused by pathol ogical |evels of

pr ot eases, stein d pecially
Cathopsi n K- B3P BTE RenEBOa F0375 ALt e R P BSEC B
i nvention detﬁetaﬂ KefteRidigmoynetigll ketohss, Giayloyplngiting kefomes, écam;hyduuifemum
paticulary on stei ne proteases of.th apai.n erfa v r
paticul ar bﬁP%’S)’ssP&?lﬂ@ CBPB’toélBg%éf it S‘{lﬁgg‘% ﬁfl}’l%?)l%ey Ehﬁ rapide ?Hav%%egn
paLt leU| arlHa&%t%?ﬂ&d%%%‘?@ﬁé rdfease Idhibigss Sdhiptresstargt yl. f@mm:lRefe h937, VA ]§a 171;
inhibiting effect on cat in K ect ct. 5to er
cat hepdb nsVebgpead @(Yﬁﬁg@ﬁ 4)235 é}r?zr@% Gt %%‘3%(4?5 iﬁg% fcofﬁnég*? §€i nhi bi t
cat hepsi n &mpdaads Mffeblfﬁdn@mcafdeqadwfs@mbmqmot edsiubﬂfmmsplaprabrnaslemhbepsi n
S, cathepsin L and catheps F eh her e p new conpounds
of gener al aqdqu)}gcl(cx )A f'xere ore ex15ts or nove n 1b1tors use 1n trea 1ng diseases

caused by pathological levels of proteases, especially cysteine proteases, including

cathepsins, especially cathepsin K.



usefull for specifically inhibiting cathepsin K. They can accordingly be
used for the treatnent of disorders which are associated with cysteine
pr ot easeswOWwal4823 ost eoporosi s, 10 osteoarthritis, rheumatoirkpraz/ideitis,
tunor netastasis, glonerulonephritis, atherosclerosis, nyocardial
infarction, angina pectoris, instable angina pectoris, stroke, plaque
rupture, transient ischemc attacks, anmaurosis fugax, peripheral arterial
occl usive di sease, restenosis after angioplasty and stent placenent,

abdomi nal aortige @d?%;%u\fﬁgbfﬂ{e'ﬁédeﬁﬂmveﬂtﬂfd BREBA i SHbitéY aehBtREcieaRase,
mal aria, ocul ar fundus tissue cytaopathy and 15 respirat ory di sease.

Accor di ngl Broteaies moé%mﬂculaﬁso@wi{%w BIC#gases of shepapaithyeriginily;fyen more

prophyl act j,g;ang fiemepestehes bf BRLEMBLsiPTantllyS BRIESrbIIEy 84 BatRSSACK AL ed
with cysteiygtl ﬁg I?Jrelacé’es St%c assosteopor@I%)Sélsa gzteoa%rhrltlltbé rﬁgﬁ%atmd

arthritis, Itmﬁéurpﬁetnab&faen@ thafg}h@neh Itogeshretion cethensinds sseledvgayith respect
myocar dial 1 fhar GHiedRns AAHIB, g}s&e&g &fgehaatfaﬁhaam%peefﬁeeﬁapfnmon stroke,

pl aque rupture, transient ischemc attacks, amaurosis fugax, perlpheral 20
arterial oexhepsind the inbihition pgethsnpritensainhihitongichs sathypam @thensin L

pl acenent, ax?cp&‘%ﬁ@ p3d B 15@1915&1 &ea%@xe UF S b EAhEREW 06m bﬂﬁ&%ﬁg@ﬁé&%nﬁﬂﬂagl)w ne

di sease, aria, ocul ar fundus tissue ¢ tO at h splrator | Sease,
whi ch et hegtfdbiepspesifisallimbitiidegedthepsin Ko hw@n@c‘zﬁrdm}mﬁ wed for the a hunan

bei ng or apn.anMRbf diddiGerl WiS& Yre %%\sagﬁe o n}ﬁl{yga e)p%aae§ st agf&aeggagagl cal

conposi tions conprising a conpoun and a utically
accept Bl eogtemartheitis ahavmatoadiputhris tumar mststasis, elomﬁelqneebem ath¢wn1tercms,

relates to &Bgargéﬁ et Qnﬁl\%ﬁ?gﬁgg§ ihQhbil magupzf RALAL LP8k L Ela "E‘ﬁ‘f‘ént s for

the treatne sor érs are associ ate w th cyst teases
The pr esentrangisrdntchemicalttgoks; amarresis fagaxppeayipbsrabartérinl OFﬂ@SIYﬁ@wS%lﬁstﬁﬂO@iﬁ t he

et P 1 ondiver b8y ehlseclEb R e Mt bBE BRI ERR OB 18
scope of th:élamnatwsautemuuséueetso, melgtia.idselar imdua iesweicpiophidyend. In this
speci fi gat | Mtp@ §i80. A QURTnell ShUBRE A TpfEB G0 FIBOHP SRS f@@ of one to

seven, pre oneto on a term "al refers to
a br anchedpuoiphslacti :gﬁﬂi{ ordhanapemm:rimminem ofshiteareawbith aa¢ agsheinted mshchysiclalr bon

r adi C?: 0\?\;?9 n%gésl i g%ésteo% posrg ggtgﬁhhn &%ﬁr?xé\g)}@%tﬁgg E008f e %\Jasm,' 5 The

term Sre o s or s di n nonoval ent al kyl
radi cal of glonermlonq:hxms,aatbcmsdnrosm, mmcefcbarlamflalgctloneangma‘ prgtorgsainighleangims .

This term | S
n- propyl , esc(’g%r#so f)t)r/{ﬁ?e, Rl% {T}qptlfn]e,% IEs\fe[ﬁ lr's%ﬂexﬁl%q'ttgals, arﬁgul%g}rs I@Q’éa}c ;?eh@%ral
20 arterial occlusive dlsease, restenosis after angioplasty and stent placement, abdominal

aortic aneurysm formation, inflammation, autoimmune disease, malaria, ocular fundus
tissue cytopathy and respiratory disease, which method comprises administering a
compound of formula (I) to a human being or an animal. The present invention also
relates to pharmaceutical compositions comprising a compound of formula (I) and a

25 pharmaceutically acceptable carrier and/or adjuvant. Furthermore, the present invention
relates to the use of such compounds for the preparation of medicaments for the treatment
of disorders which are associated with cystein proteases. The present invention also relates

to processes for the preparation of the compounds of formula (I).
Unless otherwise indicated the following definitions are set forth to illustrate and

30 define the meaning and scope of the various terms used to describe the invention herein.

In this specification the term “lower” is used to mean a group consisting of one to

seven, preferably of one to four carbon atom(s).

The term “alkyl” refers to a branched or straight chain monovalent saturated

aliphatic hydrocarbon radical of one to eight carbon atoms.



t-butyl and the like. Lower-al kyl group are preferred al kyl groups. 5

"Al kyl ene"” neans a |inear saturated dival ent hydrocarbon radical of one to
si x carbowo oaesre3 or a branched saturated dival ent hydrocachmpor/axtecal of
three to six carbon atons, e.g., nethylf et hyl ene,

2, 2-di net hyl et hyl ene, propyl ene, 2-neth propylene butyl ene, pentyl ene,
and the |like. The term "cycl oal kyl " refers to a nonoval ent carbocyclic
radical of 3 to 10 carbon 10 aton(s), preferably 3 to 6 carbon atons.

"A kyl am no" ofphe tMQHGﬁakx}éyia&'gfl”rié‘fers%%rb'ia&h'éé@k 6241 ghtNER WA6H &aRnft BRYESENt S an
al kyl, cycloal kyl or cycloal kyl -a roup defrned her ei_n.

Repr esent dedigel of pagi &X catbgap Ptﬁftra‘glrenﬁé@ four epeben afemsrekHg feamiino,
et hyl am ngy SRk lh@atwgtch erﬁGélQQ%XﬂhZﬁEﬂx%l n E}lheotfoggr tyl, s-butyl,
re ndent

"Di al kyl am no" nea radi cal - I nde y represent
an al kyl f—wla@élthslhke deweyrelkd grayp welmfe}gﬁ@d lﬁo‘ﬁ@fr ned herein.

Representative exanples include, but are not limted to dinethylam no,

met hyl ef hyl am"ﬁﬂﬁléi'fe( ThedBd Iy B m&aat@mlmenttgardc%%xtamﬂras%twtc) su@earﬂen
(cyclohexyl) (e am no, (cycl ohexyl) am no, (cyclohexyl nethyl)
(et hyl ) &®meor Qgra(n@b@d enerﬁgﬁrlﬁetafﬁﬂtfwreﬁ# py redwq&@ftlﬁmt%ﬁecarbwtowe term

chiori ne S B ehy%ﬁfﬁ’g@ S TR A R T N

preferredimnﬂﬁﬁkoﬁl thedikgpans al kyl substituted with one or nDre sanme or
different hal o atonms, e.g., -CH2Cl, -CF3, -CH2CF3, -CH2CC13, and the |ike.

25 "Heteroal kyfpe ERANS R P¥ters B AghovaRnd efrbHERLN BRI MR 191 Arie,  tWo
or three hydrogen at gns ve been replaced with ‘a substituent

|ndepeﬁheﬁﬁ@?f%dﬂ@&%@ﬂyff%ﬁfﬁﬁ@n3§W@Up consi sting of -ORa, -NRbRc, and
-S(OnRd (where nis an integer fromO to 2), with the understanding that

the point of a‘%‘u%%ﬁﬁ'&" oPF Mtotteanaﬁtﬁtmlrhéféns haghieal N[—PR WhER R ﬁ:serﬁﬁlﬁxbon
atom wherein dr ogen, a |, al kyl , cycl oal kyl, or cycFoa kyl al kyl ;

Rb and Rc adigl ,éreoalkulépéﬁdeﬂkr yllet seoupres é? heeino REPFesatafive earrrtylre
cycl oal kylmleHe b€ Llféal'ldﬂ'llnﬁteﬁ)te me‘fm&nﬂlo, &ty Qmirks] 140%er@£3@” al kyl,

cycl oal kyl, cycl oal Qﬁ when n'is 1 or 2, °Rd is alkyl, MD
03/04812369dvh 1@822¥1ﬂm %ycloalkyl cycl oal kyl al kyl, ani no, acyl ami no,
nonoal kyl am no, or dial kyl am no. Representative exanples i nclude, but are

not limgted topiArfyClirHedalyh raddcal YARR®YREE RN R' independently represent an
alkyl, cycloalkyl, or cycloalkylalkyl group as defined herein. Representative examples
include, but are not limited to dimethylamino, methylethylamino, di(1-
methylethyl)amino, (cyclohexyl)(methyl)amino, (cyclohexyl)(ethyl)amino,
(cyclohexyl)(propyl)amino, (cyclohexylmethyl)(methyl)amino,
20 (cyclohexylmethyl)(ethyl)amino, and the like.

The term “halo® refers to fluorine, chlorine, bromine and iodine, with fluorine,

chlorine and bromine being preferred and chlorine and bromine being more preferred.

"Haloalkyl" means alkyl substituted with one or more same or different halo atoms,
e.g., -CH2Cl, -CF3, -CH2CF3, -CH2CCI3, and the like.

25 "Heteroalkyl" means an alkyl radical as defined herein wherein one, two or three
hydrogen atoms have been replaced with a substituent independently selected from the
group consisting of -ORa, -NRbR¢, and -5(O)nRd (where n is an integer from 0 to 2), with
the understanding that the point of attachment of the heteroalkyl radical is through a
carbon atom, wherein Ra is hydrogen, acyl, alkyl, cycloalkyl, or cycloalkylalkyl; Rb and Rc

30 are independently of each other hydrogen, acyl, alkyl, cycloalkyl, or cycloalkylalkyl; when n
is 0, Rd is hydrogen, alkyl, cycloalkyl, or cycloalkylalkyl, and when nis 1 or 2, Rd is alkyl,



2- hydr oxy-1 - hydr oxynet hyl et hyl , 2, 3-di hydr oxypropyl, 1-hydroxynethyl ethyl,
3- hydroxybutyl, 2,3-dihydroxybutyl, 2-hydroxy-I|-nethyl propyl,

2- am noetwgl03/02133 di met hyl am no- propyl, 3-am nopropyl, PCT/EP02/13221

3-am no- 2- net hyl - propyl, 3-dinethyl am ng; 2- net hyl - propyl,

2- met hyl sul fonyl et hyl , am nosul f onyl net hyl , am nosul f onyl et hyl,

am nosul f onyl propyl , nethylaninosulfonylnethyl, nethylaninosulfonylethyl,
net hyl am nosul fonyl propyl, and the like. "Heteroaryl" nmeans a nmonocyclic or

bicyclic radbdrf, @Hoaksrlalkazﬁ afriulikﬂ @19 o) onBBlklmidd) dreddkylaimoar omat i ¢
ring containing one, three ring hetq}efLoatgﬁlr:‘}r(}s1 sel&Lcl}fromN ? or
S, the rer?éPWrs‘ﬁﬁatPﬁeﬁéa@PEW enBuicare RPE MLty ATW SRRt h g HECTPHPY

at t achnenty RRirsity-1-8FdidembelyRERAI Y- dﬂ@@l&&@brdyyl I1- k&@lr@ﬁnﬁ&h E@pmsi ¢ ring.

The heteroaryl ring is optionally bstltut endent wi th one or
mor e substyeipsHREyL, %’ﬁéilbYCiafBP‘Xb‘Hﬁle It%' '@G@é’lﬁrf’ﬁ n-@miReqt é@t%d from

al kyl ., galspgabi lamnlfty ghﬂ%flf @Lgﬁﬁnopﬂ@ﬁy@ r@ﬁhﬁ%LZ n?&ﬂ}blvpréb*lyt-@'i}ﬁe lgnlﬂ@ZXR

(vvhere Xis a wher e yy rogen_or | ower - al and Ris
(6]

hydr ogen, mﬁhﬂgﬂrop)ésl 3(@??9111}’15 ylssyl, aﬁ}lk nylFcHyl, %ﬁ@ﬁﬂf@W}ﬁF}ﬂYho or

di al kyl NR C(O) CR'
Cuher & R o A oyl Lhi

al kyl sul fme,thylarameymléqnﬂmﬁpyl ang tedikef ony! | aI kyl sul fonyi al kyl ,
al kyl sul finylal kyl, -SO2NR R* (where R and R are i ndependent I y hydrogen,

al kyl, 20 cyc |“H@!ek(yary19 mda}§h AR dRIoK }Sic%rchcl\ﬂm%f s5(tyhe rrﬁlgatdrﬁs Rasiogen or

Iovver al k s alkyl, cycloalky cycl oal kyl -al kyl , am no

monoal ¥/ ﬁwtrmle@rmam K)E SORABYLE enacbg or thisf Has iae%poa’f%mk éﬁhﬁ&f&lrfb@ﬂ% O,

car bamoyl .o Ry@ie ?&Mamﬂ%l réhg dtbids (Bem%)Ca Ri&th thY ﬁﬂ@&kﬂéﬁﬁm "’lﬁz&qa@&t@achment point
met hyl enedi oxy, et hyl oxy, befizyl oxy, pyrid % alkoxy,

het er ocyclof the hejaroarvivad éﬁ]dﬁl}'ld?e}ﬂnadl gemgtic ﬁege?‘beb%tﬁsﬂaéxly%ﬂs QRHQDG Bliy

substi t ut eg o @ainde &nap%ﬁa&adrllﬂo&faeb&%én% mér&rasrywexb& ti&cl udes, but
is not limted to, uran hi enyl, th |az%?i{(1 i.sot hi azol I
%

triazolyl substiternit Be}q:cted é@mﬁ lwa¥oaﬁvi mersercyallsyly heten Btk yRmgyE(O)
napt hy{]a di vrhep?%%oet H5aDY or Nﬁt(we%ck QPSS A ver- élﬁﬁ SRR Uk AN en,

benzot hi azo g enzoi sot hi azol'yl, benzgtriazolyl, indolyl, isoindolyl,
i ndazol yl ,ally nﬂm}dzlwdyoxy, alsorp 2pino, menqaliflaaniaq o deiloAdmino) aedaming) v |

benzi m da x+ mOEHAL gagal h%ahlpg%@tfooww (Ffde RBQOI-QGHg\éﬁto& VIRS1 driger eof .

"Het eroary koxy" an Repr esent ative

ower - al kyI het er .
exanpl es iRid$ aligd or blhenﬁl%eﬂlﬂ’éiglq, ﬁﬁ‘i}’bé](ﬁnv alkpglfariyh-apylgulf eyl fopytatkyl,
2- (pyri di ngrolAnylaBLN 0% NNR- Q324 234 REM HRAeh Ry hydrogen, alkyl,

20  cycloalkyl or cycloalkyl-alkyl), NRSO,R’ (where R is hydrogen or lower-alkyl, and R’ is
alkyl, cycloalkyl, cycloalkyl-alkyl, amino, monoalkylamino or dialkylamino), alkoxy,
haloalkoxy, alkoxycarbonyl, carbamoyl, hydroxy, halo, nitro, cyano, cyanoalkyl, mercapto,
methylenedioxy, ethylenedioxy, benzyloxy, pyridylalkyl, pyridylalkoxy, heterocyclylalkyl,
heterocyclyl-alkoxy, heterocyclyloxy or optionally substituted phenyl. More specifically the

25 term heteroaryl includes, but is not limited to, pyridyl, furanyl, thienyl, thiazolyl,
isothiazolyl, triazolyl, imidazolyl, isoxazolyl, pyrrolyl, pyrazolyl, pyrimidinyl,
napthyridinyl, benzofuranyl, tetrahydrobenzofuranyl, isobenzofuranyl, benzothiazolyl,
benzoisothiazolyl, benzotriazolyl, indolyl, isoindolyl, indazolyl, benzoxazolyl, quinolyl,
tetrahydroquinolinyl, isoquinolyl, benzimidazolyl, benzisoxazolyl or benzothienyl and

30 derivatives thereof.

“Heteroaryl-alkoxy” means a group -O-lower-alkyl-heteroaryl. Representative
examples include, but are not limited to (pyridin-2-yl)-methoxy and 2-(pyridin-2-yl)-
ethoxy.



-7 "Heterocyclyl"™ means a saturated or unsaturated non-aromatic cyclic
radical of 3 to 8 ring atons in which one or two ring atons are

het er oat owe 03@ksaez ed from N, N(O, 0, or S(O" (where n ipsTAPI2/MR2eger from
0to 2), the remaining ring atons being-C The heterocyclyl ring may be
optionally substituted i ndependently with one, two, or three 5 substituents
sel ected from al kyl, hal oal kyl, heteroal kyl, halo, nitro, cyanoal kyl,

hydr oxy, al koxy, am no, nonoal kyl ami no or di al kyl am no. Mre specifically

the term het eFH@ﬁé%dﬂ:l 1" iGhd &l @Furabidtorvisit@tatbd Add-@fbrhatic dyelid Ryl &F?)Wb@'lw
pi peridi no, N nethyl piperidin-3-yl pi per azi no, 4- rret | - &pﬁ{@ﬁ

N- net hyl pyiReatenas Hw 19111 oneorpw%llls PR ArersienBiomsselecte Feom

t hi onor phgtmmwhe% flen ihRELTRIRDR RN ehe ﬂemalmn ki) iatins E’éiﬁ%(@' gl 10

i m dazol i nyI t he derl vatives thereof erqcycl yl al ans a

group -R' F@?rW@V}eUF% mpg, bepptignally spstigited, Hldéﬁﬁflq@?t Y $ith Oq’?e’{“@’ SEVEES| group.
Repr esgnt %st@u&%@géwc?ea fidi'& Lm ehalQé&leali&eﬂ&QB(yi hﬂbt kot @yangal((ﬂohﬁﬁ@ky

4-yl)ethyl, 3-(norpholin- prop)f 1{ era2| n- | ) et h]él
3- (4- et h?lﬂmxbuaﬁ@naazmﬂnoaikmnymsr%ﬁﬁ leaJn{%’r @é?liedP?’Fl Caﬁ eerRF Vel
like. 15 ldéﬁcf‘ers%ﬁqé Yot 1&5@% teFRRRR o pyrd A Upiperidito V- rﬁ@cﬁ 1B ;End!hﬁ?aﬁy'l‘

al kyl ene group a Ry 1s a eteroc C group. Represenfative exanpl es

i ncl ude, BiRErFRO; ﬁometlhyhmpé@zm@, - me%iédrr@ﬂlﬂm -3y} ByRsEFRiidjno, morpholino,
2- (4- met hylis, V\E‘l gﬁ&ﬁioﬂ‘f}&oﬁﬂb éﬁtohﬁéyl @ﬂge ih®nldrfRolinobEl REQGYHE by Bkiyl, means a

group O-Ri is a heter oggc y[ ‘group.” Représentative exanples
i ncl ude bunlchlliolmyﬂ dndrﬂlQ derivegvesdheradlydr opyr anyl oxy and the like. 20
"Hydroxyal kyl " means an_al kyl radical as defl ned herein, substitut gd W th

one or nore, pHetese@plylpllahaneanss eaoun th e Wiate Bx is @r%@ﬂ%ﬂe grerpadl’ Brat t he
same car bﬁ?tle\?/ée&gyl %gﬁé es&?tﬁflxye éﬁgfrfplés hau Q) Butid h@%ﬂm%@‘tkp 2 mor holin-

Represent a are not limted et hyl ,
2- hydr oxy Brd)syl, %(mymkyﬁﬂdWrom—?c me&yﬂrmemg-lﬂbqﬁlﬁtlr%y %

2- hydfoxy FqB5y BL ol AU RXHUEY he 1Ae3- di hydr oXypropyl , 2 25
hydr oxy- | = %ér%ﬁénﬂ{ﬂ@’ U(:p}‘ﬂen 3-di hygr%}gybut yel e3 4-di hydr oxybutyl and 2-

(hydr met hyk Ry 0 t y
2, 3- d?ﬁ%dr oxgp%%%ﬁé&g&pémw%%r SQ&%%]% Rﬂwﬁ/%?&?é? h??len,ﬁe\cgé%lﬁ%?%%lﬁy, as

used her eisn heterocydyl rgrwwd%e@wamwe expgiplaydndudey buefre pot hmifad se2- of
het er oal kglinkgﬁs}%@h‘; YBQ&OW@% Iﬁleﬁf%lgerizﬁi e eldxh BEd QiR R - O, wherein

is an e‘term koxy" ‘refers to the group R 0-,

Wher ein R is« eJceQX\ﬁfr II'yFEJx?’yfneaJs}EegrBﬁé - Ra%&@ﬁy is Shaadeydifloradpne or in

conbi nation wt oups,
Representative examples include but ar not 1m1ted to tetrahydropyranyloxy and the like.

20 "Hydroxyalkyl" means an alkyl radical as defined herein, substituted with one or
more, preferably one, two or three hydroxy groups, provided that the same carbon atom
does not carry more than one hydroxy group. Representative examples include, but are
not limited to, 2-hydroxyethyl, 2-hydroxypropyl, 3-hydroxypropyl, 1-(hydroxymethyl)-2-
‘methylpropyl, 2-hydroxybutyl, 3-hydroxybutyl, 4-hydroxybutyl, 2,3-dihydroxypropyl, 2-

25  hydroxy-1-hydroxymethylethyl, 2,3-dihydroxybutyl, 3,4-dihydroxybutyl and 2-
(hydroxymethyl)-3-hydroxypropyl, preferably 2-hydroxyethyl, 2,3-dihydroxypropyl and 1-
(hydroxymethyl)-2-hydroxyethyl. Accordingly, as used herein, the term “hydroxyalkyl” is
used to define a subset of heteroalkyl groups.

The term “alkoxy “ refers to the group R’-O-, wherein R’ is an alkyl. The term
30 '"lower-alkoxy" refers to the group R’-O-, wherein R’ is a lower-alkyl.

The term “alkenyl” stands for alone or in combination with other groups, a straight-
chain or branched hydrocarbon residue comprising an olefinic bond and up to 20,

preferably up to 16 C-atoms. The term "lower-alkenyl" refers to a straight-chain or



chain or branched hydrocarbon residue conprising an olefinic bond and up to
20, preferably up to 16 C-atons. The term "l ower-al kenyl" refers to a

st rai ght -wbaBf4s1e3 WO 03/ 048123 PCT/ EP02/ 13221 -8 br ancheaChyponcaebon
residue conprising an olefinic bond and ¢ip to 7, preferably up to 4
C-atons. "Aryl" neans a nonocyclic or bicyclic aromatic hydrocarbon radical
which is optionally substituted with one or nore substituents, preferably
one, two or three, 5 substituents preferably selected fromthe group

consi sti ngrafchald K}’cﬂroc@@'oﬁ&leii&\he conyHseyal Kfinic bbed ehd@ap Ky b, pré@embly up to 4

acyl am no, amino, al kyl am no, dialkylanm no, alkylthio," al kyI sul finyl,
al kyl sul f&f??oms S2NR R' (where R and R' are independently hydrogen or
al kyl), al koxy, hal oal koxy, al koxycarbonyl, carbanoyl, hydroxy, halo,

nitro, cyano « IC&[Haﬁsan{Hiiohydh@B?Hic%ﬁé a%m@ﬂi@li‘}cﬁﬂ@ﬁb@ﬁﬁadld‘dbwmchﬂﬁm fically
the termar #g{:%lﬁ is not 10 letedto enI chl gr ophenyl
f 1 uor opherfpH 1°n t}ﬁb‘ﬁ%ﬁ‘ﬁﬂt h oRe mRTGPSTEERSANERTA YO%FnEiW?% i vatl ves
t her eofs PﬁBJtRﬁérﬁéﬂpﬁ'féﬂablgrsgblaéd 6/ thOSRYp c@ﬁ&btﬂg‘éﬂa‘ﬂ(ﬁ llﬁﬁia]ktyllh gr
a

hal o, | ower-al kyl Iower al koxy r.oxy " rreans
a group argrere racy), Ryl amWﬁ’eP@i%” %l%/’l?mérl*fh e}mgqokg,lﬂ(}’ 18’%}9’ ﬂ’ﬁ‘iyll?ed

above. 15 a-l'ﬂgi%ulfgﬁ s@m*e@mér@m An\d RC&E R RBERd SAlythdr 28R bASIRS) sﬂdﬁ of
t he conpounds_ of formul a (1) le organl c.or .organi c acids such
@r gzé?é’il

hydr ochl ofaloabiery, allxyrabeorh YAFRH} baleciitro, SappHaeicePtaci d,

phosphori Gh@gjidnedbsty diCetRbtbdidx9r Mdre dSdcHicalfBdh@it&rndryTinRERY, bt AGiofl
succinic acid, tartaric acid, net hanesulyﬁ)honl c acid, g_ t ol uenesul ﬁhonl c

aci d aHd dimeitad teephenghichlerephenioHuerarhenyl.ansthorimbentlgknpRMEYL 2@maph&yh er m
" phar rrace%a%é 4¥accaRhakbe P?e‘f&&écﬁaryl%mﬁﬁscﬁé ﬁ@ﬁﬁ'bﬁtﬁﬁalﬁy%bs@ﬁﬁ’ﬂé@%ﬂdﬁ of

formula (1), 1 n which hydroxy groups’ have een converted'to
cor r espondialsy lavearealleyl, lgivetalipieh etirEy> A0 Fhnr EFaci ds such as hydrochl oric
acid, hydrobronmic acid, nitric acid, sulphuric acid, phosphoric acid,

citric acid, f“Wi"ﬂk ” %Yéaﬁs a %%L@'a?qugw&ralﬁﬁ%h&eﬁﬁrfl , anRlU6wEMAIRY] a@@éﬁieﬁned
tartaric acid, net anesul phonic acid, p- t ol uenesu phonic acid and the |ike,

whi ch are 2b9%-non toxic to Iivi ng organi sms. WO 03/ 048123 PCT/ EP02/ 13221
-9 In detail, the present invention refers to conpounds of formula (1)

15 The term "pharmaceutically acceptable salts" embraces salts of the compounds of
formula (I) with inorganic or organic acids such as hydrochloric acid, hydrobromic acid,
nitric acid, sulphuric acid, phosphoric acid, citric acid, formic acid, maleic acid, acetic acid,
succinic acid, tartaric acid, methanesulphonic acid, p-toluenesulphonic acid and the like,

which are non toxic to living organisms.

20 The term "pharmaceutically acceptable esters" embraces esters of the compounds of
formula (1), in which hydroxy groups have been converted to the corresponding esters
with inorganic or organic acids such as hydrochloric acid, hydrobromic acid, nitric acid,
sulphuric acid, phosphoric acid, citric acid, formic acid, maleic acid, acetic acid, succinic
acid, tartaric acid, methanesulphonic acid, p-toluenesulphonic acid and the like, which are

25 non toxic to living organisms.



R(CH2)~ R3 RANNN R2 OR4 R5 (I) wherein 5 R is heteroaryl, (CRR')m
CORor -S(OP-Ra; wherein: R and R' are independently hydrogen or
| ower - al kyD;03/0#812%3 zero or one; p is one or two; Ra i s hePeTEPOYI3221
het er oaryl - | ower - al kyl , or het eroaryl - | ower.- al koxy wherein the 10 heteroaryl
in each of the preceding is selected fromthe group consisting of indolyl,
pyridyl, quinolinyl, isoquinolinyl, N oxo-quinolinyl, N oxo-isoquinolinyl,
napht hyri di nyl, pyrazolyl, indazolyl, furo[2, 3-b]pyridinyl,
f ur o[ 2, 3- c] pyr Inidetsil, the presanft By @ntippyefeditmyompdurids[o? f&obdlpyl)i di nyl ,
1H pyrrol o[ 3, 2-b] pyridinyl, 1H pyrrol o[ 2, 3-b] pyridinyl,
1H pyrrol o[ 3, 2-c] pyridinyl, | H H[)2, 3-c]pyridinyl, 1H 15
pyrazol o[ 3, 4-b] pyri di ne, 1H pyrazo}Q[ 3y4-ckpyridine,
1H pyrazol o[ 4, 3-b] pyri dine, 1H pynazo 0[4J§%;l%%pjdine, benzot hi azol yl ,

. I d i

azai ndol yl, imidazo[2,1- b]bedzq 2] olizinyl, each optionally
substituted; R2 is hydrogen or | r-al kyl i s hydrogen or | ower-al kyl
20 R4 is hydrogen or |ower-alkyl g?R5 is yRf ogeh, | @yer - al kyl , heteroal kyl,
cycl oal kyl, cycl oal kyl -1 ower -al kyl, | ower-al koxy- carbonyl -1 ower -al kyl ,
aryl, aral kyl, heteroaryl, or heteroaryl-lower-alkyl; R6 is hydrogen or
alkyl; and nis an integer fromone to three; 25 and pharmaceutically
acceptableggglﬁé and/ or pharmaceutically acceptable esters thereof. WO

03/ 048123 FEP02/ 13221 -10 In one enbodi nent, the present invention

rel at es 5t opCRARAVAGS, RERROTTHRRE D) —5(B)( - RERdher &R N
R’and R” are independently hydrogen or lower-alkyl;
m is zero or one;
p is one or two;

R® is heteroaryl, heteroaryl-lower-alkyl,or heteroaryl-lower-alkoxy wherein the

10 heteroaryl in each of the preceding is selected from the group consisting of indolyl,
pyridyl, quinolinyl, isoquinolinyl, N-oxo-quinolinyl, N-oxo-isoquinolinyl,
naphthyridinyl, pyrazolyl, indazolyl, furo[2,3-b]pyridinyl, furo[2,3-c]pyridinyl,
furo[3,2-c]pyridinyl, furo[3,2-b]pyridinyl, 1H-pyrrolo[3,2-b]pyridinyl, 1H-
pyrrolo[2,3-b]pyridinyl, 1H-pyrrolo[3,2-c]pyridinyl,1H-pyrrolo[2,3-c]pyridinyl, 1H-

15 pyrazolo[3,4-b]pyridine, 1H-pyrazolo[3,4-c]pyridine, 1H-pyrazolo[4,3-b]pyridine,
1H-pyrazolo[4,3-c]pyridine, benzothiazolyl, azaindolyl, imidazo[2,1-
b]benzothiazolyl and indolizinyl, each optionally substituted;

R? is hydrogen or lower-alkyl
R’ is hydrogen or lower-alkyl
20 R*is hydrogen or lower-alkyl.

R’ is hydrogen, lower-alkyl, heteroalkyl, cycloalkyl, cycloalkyl-lower-alkyl, lower-alkoxy-
carbonyl-lower-alkyl, aryl, aralkyl, heteroaryl, or heteroaryl-lower-alkyl;

R® is hydrogen or alkyl; and
n is an integer from one to three;

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



RNNR2 ORR5 (I) 5 wherein Rl is heteroaryl, (CRR')mCO Ra or

-S(O P-Ra; wherein: R and R' are independently hydrogen or |ower alkyl;
mis zeroworo3o#a23p is one or two; 10 Ra is heteroaryl, PCT/EP02/13221

het eroaryl -1 ower - al kyl , or heteroaryl -1 oygr-al koxy wherein the heteroaryl
in each of the preceding is selected fromthe group consisting of indolyl,
pyridyl, quinolinyl, isoquinolinyl, N oxo-quinolinyl, N oxo-isoquinolinyl,
napht hyri di nyl, pyrazolyl, indazolyl, faro [2,3-b]pyridinyl, faro [2, 3-c]
pyridinyl, fLIf eherdbédinght, eﬁe?fbsenf wved Bor2rddtpytoicdinpplinds of formula (I)

1H pyrrol o[ 3, 2-b] pyridinyl, 1H 15 pyrrol o[ 2, 3-b] pyridi nyl,

1H pyrrol o[ 3, 2-c] pyridinyl, | Hpyrrol o[ 2, 3-c] pyridinyl,1H pyrazol o[ 3, 4-Db]
pyridi ne, 1H pyrazol o[ 3, 4-c]pyridine, 1H pyrazol o[ 4, 3-b] pyridine and

1H pyrazol o[ 4, 3-c] pyri dine, ( honal%y substituted; R2 is hydrogen or
| ower -al kyl R3 is hydrogen or |o | kyR™ 20 R4 i s hydrogen or

| oner-al kyl. R5 is hydrogen, {1 owe yl,lhete kyl, cycl oal kyl ,

cycl oal kyl -1 oweral kyl , aryl Bra I QP?ﬁfggM

, | or heteroaryl-Ioweral kyl ;
R6 is hydrogen or alkyl; and n I an in egﬁ %%onl e to three; 25 and
ar
As

phar maceutical ly acceptable sal B and/ & ceutvcally acceptable esters
t hereof. WD 03/048123 PCT/ EPO2/ 13221 -11 defi ned above, the heteroaryl
groups of Ra can optionally be substituted. 1 to 3 substituents sel ected
fromthe group consisting of halo, hydroxy, |ower-alkyl, hydroxy-

| ower - &l kytherdipwer - al koxy, al kyl thi o, NH2, NH COO | ower -al kyl ,

NH COO- | ower - al kenyl, NH S02-1 ower -al kyl, SO2NH2, aryl, heterocyclyl oxy,

het er ocy cRY kslhdsoxyl, (BRR"NSICH-BAbYHS(CB,-A kwehxgteidome i nto consi daration. The
conpounds of fornmula (1) have at |east 2 asymmetric carbon atons and can

exi st in the Roind R aephdepahdentlpliydrogamnt loveakybr as racemates. The
i nventi on enbraces al

m 1§ Zero or one;
p is one or two;

10 R? is heteroaryl, heteroaryl-lower-alkyl,or heteroaryl-lower-alkoxy wherein the
heteroaryl in each of the preceding is selected from the group consisting of indolyl,
pyridyl, quinolinyl, isoquinolinyl, N-oxo-quinolinyl, N-oxo-isoquinolinyl,
naphthyridinyl, pyrazolyl, indazolyl, furo[2,3-b]pyridinyl, furo[2,3-c]pyridinyl,
furo[3,2-c]pyridinyl, furo[3,2-b]pyridinyl, 1H-pyrrolo[3,2-b]pyridinyl, 1H-

15 pyrrolo[2,3-b]pyridinyl, 1H-pyrrolo[3,2-c]pyridinyl,1H-pyrrolo[2,3-c]pyridinyl, 1H-
pyrazolo[3,4-b]pyridine, 1H-pyrazolo[3,4-c]pyridine, 1H-pyrazolo[4,3-b]pyridine
and 1H-pyrazolo[4,3-c]pyridine, each optionally substituted;

R? is hydrogen or lower-alkyl
R’ is hydrogen or lower-alkyl
20 R*is hydrogen or lower-alkyl.

R® is hydrogen, lower-alkyl, heteroalkyl, cycloalkyl, cycloalkyl-loweralkyl, aryl aralkyl,
heteroaryl or heteroaryl-loweralkyl;

R° is hydrogen or alkyl; and
n is an integer from one to three;

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



of these forns. Preferred conpounds of formula (1) are conmpounds of fornula
(la) (CH2)Nn RB NNN RI X R ORI R (la) 10 wherein Rl, R2, R3, R4,
R5 and n weawa/osd1e3 si gni fi cances gi ven above and phar macerCir@E®o?/y3221
acceptabl e salts and/or pharnmaceutical | y;pcceptabl e esters thereof. The
conpounds of formula (la) enconpass cis- as well as trans-conpounds. O her
preferred conpounds of formula (1) are cis-conpounds of formula (Ib) 15
(CH2)n RB N RANNR2 O R4 R5 (Ib) wherein RL, R2, R3, R4, R5 and n have

tﬂe si gni I! calmlxeaeﬂied@{boaf;w@h@a@aryp hp’ﬁf@ﬁRﬁdagaigtMnﬁlﬁyﬂmmt&teﬂai te3 and/ gr
phar maceuti gal, accep e esters thereof. rthe referred conpounds
of 1 or mil as{efitpE S&’Gﬁ‘ﬁ&%&?&% SIOGR CANSETIPS £ by Y ar oMo Y5+ BSTh EPGERT 3001
-12-  (CH2) RowR3-alidyl, i NverRARb:AY; IR Kb RAHEN I | O OWa e alky RNH RO O FowerRdkerdyd and
n have the 2%3n| |canﬁ % Y ab %g and Fharnaceutl ah%y acceptabl e salts
and/ or phaPNrcEtPweEr? §Va QP aBé hetareysiviar, heserocyighd-a %ﬁ% HaQargt
fornula5(lgkagngﬁﬁp§§§g§n§&§mm§§ wel | as trans-conpounds. Conpounds of
formula (1) in which nis 2 are preferred.

The compounds of formula (I) have at least 2 asymmetric carbon atoms and can
exist in the form of optically pure enantiomers or as racemates. The invention embraces all

of these forms. Preferred compounds of formula (I) are compounds of formula (Ia)

(CH,),
TN
R~ : N //
N
R

4 5

R (Ta)

10

wherein R}, R%, R%, R%, R® and n have the significances given above and
pharmaceutically acceptable salts and/or pharmaceutically acceptable esters thereof. The
compounds of formula (Ia) encompass cis- as well as trans-compounds. Other preferred

compounds of formula (I) are cis-compounds of formula (Ib)

15

R°  (Ib)

wherein R', R%, R?, R*, R’ and n have the significances given above and
pharmaceutically acceptable salts and/or pharmaceutically acceptable esters thereof.

20 Further preferred compounds of formula (I) are compounds of formula (Ic)



Compounds of fornmula (1) in which R2, R3, and/or R4 are hydrogen are al so
preferred. Also preferred are conpounds where R4 and R5 are both hydrogen
as wel | awold/oesaprpounds where R4 is hydrogen and RS is cyecCoaiPhyl32or al kyl ,
particularly cyclopropyl or isobutyl. _Genpounds of Fornula (1) where R is
-(CH2) nCO-Ra are preferred, particularly those where mis zero and Ra is

i ndol yl, pyridyl, quinolinyl, isoquinolinyl, N-oxo- quinolinyl,

N- oxo-i soqui noli nyl, pyrazolyl or indazoly, each optionally substituted;
nore 15 particularly optionally sg@ﬁ&%tuted i ndolyl (particularly
optionally substituted 2-indolyl d 5-i@folyl) and indazolyl. O her
contenpl ated optionally subst;tut d 24/i ndql yl gpmpounds are those where Ra
is of the formula shown bel oR~_N dei is selected fromthe
substituents shown bel ow. WO 03MN048123 YWCT/ ER02/ 13221 -13 HO OH OH OH HO
HO rll--- rI* NH2 NH2 N (N) (Mp (N & R*O'8D2 S@R)02 i0 Also preferred
are conpounds of Fornula (I) where R iS heteroaryl, particularly 5
optionally substituted indolyl or indazolyl. In another enbodi nent, the
present invention relates to conpounds as defined above, wherein R is
(CRR')YmMCORa, mis zero and Ra is as defined above, particularly wherein

Ra is indolyl, 1Ayl p2 gui i Nyl o i.nolinyl, .N- -quinolinyl, N -
coqui not i nyl a5 R A n RS bRARFYrs st geRrador 0

pyr r ol opyrphairmyteutically acceptable salts and/or pharmaceutically acceptable esters thereof. The

5 compounds of formula (Ic) encompasses cis- as well as trans-compounds.
Compounds of formula (I) in which n is 2 are preferred.

Compounds of formula (I) in which R%, R?, and/or R* are hydrogen are also

preferred.

Also preferred are compounds where R* and R® are both hydrogen as well as
10  compounds where R* is hydrogen and R’ is cycloalkyl or alkyl, particularly cyclopropyl or
isobutyl.

Compounds of Formula (I) where R' is -(CH,),CO-R® are preferred, particularly
those where m is zero and R* is indolyl, pyridyl, quinolinyl, isoquinolinyl, N-oxo-
quinolinyl, N-oxo-isoquinolinyl, pyrazolyl or indazoly, each optionally substituted; more

15  particularly optionally substituted indolyl (particularly optionally substituted 2-indolyl and
5-indolyl) and indazolyl. Other contemplated optionally substituted 2-indolyl compounds

are those where R? is of the formula shown below.

10

i

wherein R is selected from the substituents shown below.



10 benzoi m dazot hi azolyl, or indolizinyl, each optionally substituted with
one or nore, preferably one or two, substituents selected fromthe group
consi st i nyoaB/oksabd, hydroxy, |ower-al kyl, hydroxy-| ower - &I CryEP02/13221

| ower - al koxy, al kylthio, NH2, NH COO | owep-al kyl, NH COO | ower-al kenyl
NH- SO2- | ower - al kyl , SO2NH2i aryl, heterocyclyl oxy, W 03/048123

PCT/ EPO2/ 13221 -14 heterocycl yl -al koxy, and heteroaryl -al koxy. Conpounds
wherein Ra is 1Hindol e-2-yl, 1- nethyl-1Hi ndole-2-yl, 1Hindol e-5-yl,

qui nol i ne-2-yl, 62[2-(4-nethyl pi perazin-1- yl)ethoxy]-1H i ndol e-2-yl,

1- Met hyl - 6- ( 2- pyrgdi n- 2- y§ - et hoxy)< i nﬂ_ﬁée

Hydr oxy- et hyl ) - i ndol | arepart c
wherein R is 5 quinoliin-8-yl arejalso preferjred. Furthernore, conpounds of
formula (1) as @¥@finedOkbove, whePBin R2 is_Hydro are preferred.
Conpounds wherein R3 is hydrogen are al sdi@refer®d. In addition,

conpounds wherein_ R4 is hydrogen, are preferred. Another preferred
enbodi ment of thegpresent |nvent| on rélates to npounds as 10 defined
above, wherein R3is hy | ower - 8l kyl , hydr xy- | ower - al kyl,

or

| ower - al koxy- cfar bonyl - | ower - aIkyI ower - aIk o- | ower - aIkyI

cycl oal kyl heq@qoaryl Hyer-alkyl aryl-lomer-alkyl preferably

hydr ogen, Iomer-dikyl or cycIoaI ~.nore /p erably hydrogen i so-butyl,

or cyclopropyl. Ot her preferred conpounds are ose wherein R6 is hydrogen
In a further preferred 15 enbodinent, n is tmo Preferred conpounds of the
present invention are those sel ected fr the grou consi sting of

N[ (1S, 2R)-2-({ [cyano(cycl opr.opyl ) net
}car bonyl ) cycl ohexyE] - 1H i ndoke- 2- carjpoxam de, 20 N-((1S, 2R)-2-{
[ (cyanonet hyl ) am no¥car bonyl }Cycl ohexyl ) - 1H i ndot e- 2- car boxam de, N [

(1S,2R)-2- ({ [cypno(cyclop opyl)rre hyI] am no} carbonyl) cycl ohexyl]
-1H i ndol e- 2- carfpoxam de,

- 2 ({ Nyano(cycl opropyl ) met hyl ]
am no} car bonyl ) ycC hexy r o- doI 2- car boxam de, 25
N[ (1S, 2R)-2-({ [cyano(c clop op ) me hyl]a car bonyl)
cycl ohexyl ] - 1- -1H e-2- oxam

/2

Also preferred are compounds of Formula (I) where R' is heteroaryl, particularly

5 optionally substituted indolyl or indazolyl.

In another embodiment, the present invention relates to compounds as defined
above, wherein R' is (CR'R”),,-CO-R® m is zero and R is as defined above, particularly
wherein R* is indolyl, pyridyl, quinolinyl, isoquinolinyl, N-oxo0-quinolinyl, N-oxo-
isoquinolinyl, pyrazolyl, indazolyl, quinoxalinyl, benzothiazolyl, pyrrolopyridinyl,

10  benzoimidazothiazolyl, or indolizinyl, each optionally substituted with one or more,
preferably one or two, substituents selected from the group consisting of halo, hydroxy,
lower-alkyl, hydroxy-lower-alkyl, lower-alkoxy, alkylthio, NH,, NH-COO-lower-alkyl,
NH-COO-lower-alkenyl, NH-SO;-lower-alkyl, SO,NH,, aryl, heterocyclyloxy,



5-chloro-N- [(1 S, 2R -2- ({ [cyano (cycl opropyl)nethyl] am no}

car bonyl ) cycl ohexyl] -1H indol e-2-carboxamde, N [( 1S,2R)-2- ({ [cyano (
cycl opr opyb)aestigd | am no} carbonyl) cycl ohexyl] -1H i ndolPeTBPOB0B221

car boxam de, 6- (benzyloxy) -N- [ (1 SS2ZR -2-({ [ cyano(cycl opropyl)nethyl ]
am no} car bonyl) cycl ohexyl] -5- nethoxy- 1Hindol e-2-carboxamde, N- [ (1
S, 2R)-2-({ [cyano (cycl opropyl)nethyl] am no}carbonyl) cycl ohexyl]

-1H i ndol e-3 WD 03/ 048123 PCT/ EPO2/ 13221 -15- carboxam de, N [

(1S, 2R) - 2hétbrdcpy rhq(@cgcimmwhay{mm A AIENd s GbieRean RE )N irdedocylyl, 1-

-5-ethyl - |'H _indol
(cygl o%r OWF})Y rlrglﬂ%ﬁp gffﬁg[ }@;?%Bﬂhqyue@le?ghgx@ i' Inqlﬁ)%lpera(z{n {cyano
i ndol e-2-¢ ?nddl\ls 2y 1-SreaR] 62¢2¢ @mng e(tﬁb’)@qu-@rmﬁlélz{%ﬂfbyh} 2ani no }

car bonyl ) I ohexyl)]y rret hox In oI e- am de,

S 2R 2 (B ecycaﬁ&(yé HHomelssd-yies qucu rypewsmwﬁ isg-

met hoxy- uilﬂ'ohhjgdﬂla?e':ﬁs&ﬁ{e@f%@m de 10 N [(18 ZR) 2-({ [cyano

(Cécl opropyl) met'hyl] ami no }carbonyl) cycl ohexyl]- 5 hydroxy | H

i ndol e- 2-carb_oxam de, N no cIo rret hyI
am no} car bonyF‘)‘rﬂW@%%éQWPPunés BféFIﬁ'E]Laﬁgw {inﬁi/? %‘ Bg%’ !
N-((1S, 2R} redsréfedred. W@Wﬂeréﬂﬁﬁ)ﬂhydro en are also eferred In addition,

car bonyl }cycl ohexyl ) - 1-ngt hyl - 1H-i ndol'e- 2- 15 carboxani de, N ((1 S, 2R)-2-{

[ (cyanorr‘é‘?fﬁwl}ndéﬁih%‘]m&FWW%%@IG@H@WF@-6 (et hyl t hi 0) - 1H i ndol e- 2-
carboxamde, N [ (1 S, 2R -2- ({ [cyano(cycl opropyl)nmethyl] am no}carbonyl)

(z:ygl ?hfexyl ] fén%t(qu féYérié@l' e@ﬂbocﬁﬁl&eﬁfﬁh@ l?esé%ﬁﬁxb&fb‘ﬁﬁﬁh gélate € compounds as
uty -2- cya amn

car borifl }é9 Eéwészxﬂ yvhmlﬁl }%5%] eog%elpws&alﬁ%’(oldwdré%lﬂ‘w-%Yl loyarealleyy: o
cyano (Cy€$r9BﬁﬂHé(\kférnﬁkﬁ}’ﬂoheﬁﬁlwptﬁlﬁ%\b&ﬂé&)ﬂ SYIohIbE k¥etoaryl Ubkver-alkyl, or

i ndol e- 6- car boxam de
aryl-lower- alkyl 'preferably hydrogen, lower-alkyl, or cycloalkyl, more preferably

hydrogen, iso-butyl, or cyclopropyl.

Other preferred compounds are those wherein R® is hydrogen. In a further preferred

15 embodiment, n is two.

Preferred compounds of the present invention are those selected from the group
consisting of
N-[(1S,2R)-2-({[cyano(cyclopropyl)methyl]amino}carbonyl)cyclohexyl]-1H-indole-2-
carboxamide,

20 N-((1S,2R)-2-{[(cyanomethyl)amino]carbonyl}cyclohexyl)-1H-indole-2-carboxamide,
N-[(1S,2R)-2-({[cyano(cyclopropyl)methyl]amino}carbonyl)cyclohexyl]-1H-indole-2-
carboxamide,
N-[(18,2R)-2-({[cyano(cyclopropyl)methyl]amino}carbonyl)cyclohexyl]-5-fluoro-1H-
indole-2-carboxamide,

25  N-[(1S,2R)-2-({[cyano(cyclopropyl)methyl]amino}carbonyl)cyclohexyl]-1-methyl-1H-
indole-2-carboxamide,
5-chloro-N-[(1S,2R)-2-({[cyano(cyclopropyl)methyl]amino}carbonyl)cyclohexyl]-1H-
indole-2-carboxamide,
N-[(1S,2R)-2-({[cyano(cyclopropyl)methyl]amino}carbonyl)cyclohexyl]-1H-indole-5-

30 carboxamide,
6-(benzyloxy)-N-[(1S,2R)-2-({[cyano(cyclopropyl)methyl]amino}carbonyl)cyclohexyl]-5-
methoxy-1H-indole-2-carboxamide,

N-[(18,2R)-2-({ [cyano(cyclopropyl)methyl]amino}carbonyl)cyclohexyl]-1H-indole-3-



N[ (1S 2R -2- ({ [cyano (cycl opropyl)nmethyl] am no }

car bonyl ) cycl ohexyl] - 1Hindol e-6- 25 carboxam de, 6-chloro-N- [ (1

S, 2R) - 2- WP op/oesgano (cycl opropyl ) methyl] am no }carbonyl) egeirphexeki - 1H

i ndol e-2-carboxam de, N- [ (1 S ,2R)-2-_¢§_[cyano (cyclopropyl)nmethyl] am no
}car bonyl ) cycl ohexyl] -4,6-difluoro- 1H indol e-2-carboxam de, 30
N-((1S,2R)-2-{ [(cyanonet hyl)

am no] car bonyl } cycl ohexyl ) - 6- net hoxy- 1- et hyl - i ndol e- 2- car boxani de,

5- (am nosgirgg%)&el\l-((ls 2R)-2-f [ (cyanonet hyI) ani noj

SoR o b C&@E%%Z{&%%&%Eé»é@%»&? e pagpionyonast s s 1 ¢
}car bonyI 10t -oheydxhimldd | ndol e- 2- car boxanmi de, WO 03/ 048123 PCT/ EP02/ 13221
-16 N 1S, 2R) - 2- I I t hyl

car bonyl )é;krpm?)eklyﬂ ﬁ Zﬁl gﬁﬁ;ﬁacqyof@f C{ng%égggtb&ﬁ s amaé@nmczcéqhegyliﬂﬁ-z {

(cyanorget byl -8t Atkafddonyl } cycl ohexyl ) - 1- et hyl - 1H i ndol e- 2- car boxam de,
5 N[ (1S, ZF% 2- [éS)- yano(cycl opropyl ) met hyl ] ami no carb

cycl ohexyN-1ASaB 1y (1 icmn@icvq%@moeylém@di/Ba&r&r}pﬂéonwnﬂo ggl] ﬁynezhw JH-

R) - cyano hyl ] am no} carbonyl) cycl ohexyl] -1-nmethyl- 1

( ) dgle_g@og%g&%%a NY][ (1 S}ZR) 2. (f) 1 /] Y

- 1 cyano- X-{{S&R)2- §I{|[@@hgﬂcyclgpﬁomﬂ})m@awﬂeﬁwg}c%i%»@ﬂﬂm&lthl l1¢4meibeelH1 0

2- car boxam flg 2'\é'arﬂ gnganR) 2-({ [ (1S)-1-cyano-2- th| en 3 yl ethyl] am no
}car bonyl§ﬂ ohex 1H i ndol e- 5-carboxani de, N 2 ({H[ (S
_ cyanal(( c% |§r2&%32| r{rmahgﬂcyd@momlpmaﬁwﬂﬁmu}qiy@rbehﬂ%yplphewl rr'é‘%‘lﬁéw

1- net hyI Hﬁd@g ﬁD ﬁ_ﬁl&ﬁoxam de, 15 N-[(1S, 2R -2-({

[ (i S)-1-cyano- -p en | ]am no _} car bonyl ) cycl ohexyl ] - 6- net hoxy- 1-

met hyl - 1 NH{(188R) - eyan @dellﬂ’@}’)NEﬂ{YUIamSlCﬂ@IbQDXllC[}’C]@l@WH -4:6- dlmethOXY-

Kﬁ/izl((igrggg{%{ﬁ?]{opeybjcalq)r&%}decar bonyl) cycl ohexyl] isonicotinam de,

[ cyano( cy N-6@S3By12)- théeapdinathiyhamnien] pashghil oy elobérerkly] -presthA diH -iedope-2-
15 carboxamide,
N-((18,2R)-2-{[(cyanomethyl)amino]carbonyl}cyclohexyl)-6-(methylthio)-1H-indole-2-

carboxamide,

N-[(1S,2R)-2-({[cyano(cyclopropyl)methyl]amino}carbonyl)cyclohexyl]-6-(methylthio)-
1H-indole-2-carboxamide,

20 2-butyl-N-((1S,2R)-2-{[(cyanomethyl)amino]carbonyl}cyclohexyl)- 1H-indole-6-
carboxamide,
2-butyl-N-{(1S,2R)-2-({[cyano(cyclopropyl)methyl]Jamino}carbonyl)cyclohexyl] - 1H-
indole-6-carboxamide,
N-[(18,2R)-2-({[cyano(cyclopropyl)methyl]amino}carbonyl)cyclohexyl]-1H-indole-6-

25 carboxamide,
6-chloro-N-[(1S,2R)-2-({[cyano(cyclopropyl)methyl]amino}carbonyl)cyclohexyl]-1H-
indole-2-carboxamide,
N-[(1S,2R)-2-({[cyano(cyclopropyl)methyl]amino}carbonyl)cyclohexyl]-4,6-difluoro-1H-
indole-2-carboxamide,

30 N-((18,2R)-2-{[(cyanomethyl)amino]carbonyl}cyclohexyl)-6-methoxy-1-methyl-1H-
indole-2-carboxamide,
5-(aminosulfonyl)-N-((15,2R)-2-{[(cyanomethyl)amino] carbonyl}cyclohexyl)- 1H-indole-
2-carboxamide,
5-(aminosulfonyl)-N-[(1S,2R)-2-

35  ({[cyano(cyclopropyl)methyl]amino}carbonyl)cyclohexyl]-1H-indole-2-carboxamide,



car boxam de, 20 N-[ (1S, 2R)-2-({

[ cyano(cycl opropyl ) net hyl ] am no} car bonyl ) cycl ohexyl ] qui nol i ne- 3-

car boxamwe,03mus1p3 (i S, 2R)-2-( @ cyano (cycl opropyl) net hylPLTaPInG21

car bonyl ) cycl ohexyl] qui noxaline-2- carbgamde, N [ (1 S, 2R)-2- ({ [
cyano (cycl opropyl)nethyl] am no}carbonyl)cycl ohexyl] isoquinoline-7- 25
carboxam de, 5-amno-N- [ (1 S,2R)-2- ({ [ cyano (cycl opropyl)nethyl ]

am no} carbonyl) cycl ohexyl] -1- phenyl-1 H pyrazol e-4-carboxam de, N |
(1S, 2R) - 2N-[(1S,2R g4 (ay4my cfoypropy jnethl diyinb} cab dighepd syl 1 -&xAl gnexyl ]
qgui nol i ne-6-, cayboxam de, 30 N-[(1S, 2R)-2-({

[(S)- cyanolfltdﬁ}l(?fa%ﬁarr BATMPEL hyl ] ami no} car bonyl ) cycl ohexyl ] qui nol i ne- 2-

car boxam oe-(1rQxR)E2 [(Nyqr(drﬂgtﬁylxdainoﬁa{bo&ly(}?cm@shyéthylaerJi&QJole-z-

car bonyl }(zzé/ctlwohex%l ) qui nol i ne-2-carboxan de, [ (T S, 2R -2-({ [(IS)
- 1- cyano- 2°ptEAW e hyl ] ani no}carbonyl) cycl ohexyl ] qui nol i ne- 2-

car boxasi de-[(FRm-2 - 1obAdpH) mbtisYamen ' -
} car bonyl) [é%qu}‘y-l[(([gﬁ ﬁ)(?hgleﬁyﬁ{e)?é P\?\I)!)) 05%4812%1:%*&6_? %2’ 2%%@?%{%}4
car boxam d@?[‘“f\é)o féica%l{‘”fa(rfl - | - cyano - 2 - (4-nitrophenyl) ethyl]

T e e e (e,

- 1- net hyl H}liﬂn@%craﬂéo@? Pboxami de, tert-butyl 2-({ [ (1S,2R)-2-({ [(9)

010, R s

ani no] %ar%&%@?’}%’}‘éﬁohexyl ) - 6- hydroxy- |-nmethyl-1H 10

e T AT 3 S e

S, 2R) -2- X§arpoxagyidey ano( cycl opr opyl ) met hyl ] ami no} carbonyl ) cycl ohexyl ]

- 6- hydr oxWN-J¢18,2R)-2-({[(S) -cyano(cyclopropyl)methyl]Jamino}carbonyl)cyclohexyl]-6-methoxy-
1-methyl-1H-indole-2-carboxamide,

15 N-[(1S,2R)-2-({[(1S)-1-cyano-2-phenylethyl] aminoj}carbonyl)cyclohexyl]-6-methoxy-1-
methyl-1H-indole-2-carboxamide,
N-[(1S,2R)-2-({[cyano(cyclopropyl)methylJamino}carbonyl)cyclohexyl)isonicotinamide,
N-[(1S,2R)-2-({[cyano(cyclopropyl)methyl]amino}carbonyl)cyclohexyl] quinoline-2-
carboxamide,

20 N-[(1S,2R)-2-({[cyano(cyclopropyl)methyl] amino}carbonyl)cyclohexyl]quinoline-3-
carboxamide,

N-[(1S,2R)-2-({[cyano(cyclopropyl)methyl]amino}carbonyl)cyclohexyl] quinoxaline-2-
carboxamide,
N-[(18,2R)-2-({[cyano(cyclopropyl)methyl]amino}carbonyl)cyclohexyl)isoquinoline-7-

25 carboxamide,
5-amino-N-[(18,2R)-2-({[cyano(cyclopropyl)methyl]amino}carbonyl) cyclohexyl]-1-
phenyl-1H-pyrazole-4-carboxamide,
N-[(18,2R)-2-({[cyano(cyclopropyl)methyl]amino}carbonyl)cyclohexyl]quinoline-6-
carboxamide,

80 N-[(1S,2R)-2-({[(S)-cyano(cyclopropyl)methylJamino}carbonyl)cyclohexyl] quinoline-2-
carboxamide 1-oxide,
N-((1S,2R)-2-{[(cyanomethyl)amino]carbonyl}cyclohexyl)quinoline-2-carboxamide,
N-[(18,2R)-2-({[(15)-1-cyano-2-phenylethylJamino}carbonyl)cyclohexyl]quinoline-2-
carboxamide,

85 N-[(1S,2R)-2-({[(1S)-1-cyano-2-phenylethyl]amino}carbonyl)cyclohexyl]quinoxaline-2-



met hyl -1 H i ndol e- 2- car boxam de, 15 N-[ (1S, 2R)-2-({
[ (1S)-1-cyano- 3-net hyl butyl ]am no }carbonyl) cycl ohexyl]- 1-net

hyl -

i ndol e- 2-warlboxsans de, N- [(I S, 2R)-2-({ [ (1S)-1-cyanoet hpCil/E®nt/nm221

}carbonyl)cycl ohexyl] -1-nethyl-iHindole-2- carboxam de, N [
({ [cyano (cycl opropyl)nmethyl] am no }carbonyl) cycl ohexyl] -
20 carboxamde, N ((1 S, 2R -2-{ [ (cyanonethyl) am no]

car bonyl }cycl ohexyl )-5-fluoro- |-nmethyl-IHindole- 2-carboxam
N-[ (IS, 2R3 I%Oﬁm{dglR) 1- cyano- 2- hydr oxyet hyl ] am no } car bonyl)
cycl ohexy yl -1 H indol e-2 -carboxam de

(1 S, 2R)-2-
i Hi ndol e-4-

de,

N. [ (1S, 2R)‘\l P2- ({{ ](S$—)1 @99@—@ (4- mtrophenyl)ethyl]amlno}carbonyl)cyclohexyl] qumohne -2-

(cycl opro leb% ﬁi\é'th rBQc} ﬁgbonyl ) cycl ohexyl]-5-fl uoro-1- mnet
H i ndol e- -car oxam e? TS 2R

hyl -

- cyano- 2- phenyl et hyl ) am _no]

car bonyl }@y&alén&hzrg eshyd:rym?-fmuet V@d@ﬂ)’&ﬂﬂzuwﬁﬁbﬁaﬁh)@’ébhmlké‘.l!n@hleéH‘z {1

1-cya m no b I | oh | )-6-hyd
R et b IO

1- 30

(1S) - 1- cyaﬂobatﬂ}r@t(lhﬂm)ﬂj( [4%i-no }carbonyl) cycl ohexyl] -6-nethoxy- 1-

R e Ny e

i ndol e- 2- ghetoxmtd.de, 35 N- ((IS, 2R) - 2- {[(cyanonet hyl ) ami no]

"oy SR Ay R I B A S B A L T et

am no]10c aniidmg2}cadyoxhoidexyl ) - 1- met hyl - 6- ( 2- mor phol i n- 4-

e A AR AL ol s g

H-i ndol e- Z}I:ardotn(&mrﬁtexamidleyl 2-({ [(1S,2R -2 ({ [cyano (

?3]/_'(3"_ Ioﬁ{jglp)f%% yl C %gﬁ(@ Q?ar}o(g}?dcﬂ)?%}l'l ﬁ&ﬁ&l?ﬂﬁfﬁx Jarl%ﬂyﬂg}cw}%&l‘? r@ﬂv}droxy—l-

methyl-1H-indole-2- carboxam1de,

15 N-[(1S,2R)-2-({[(1S)-1-cyano-3-methylbutyl]amino}carbonyl)cyclohexyl]-1-methyl-1H-

indole-2-carboxamide,

N-[(1S,2R)-2-({[(1S)-1-cyanoethyl]amino}carbonyl)cyclohexyl] -1-methyl- 1H-indole-2-

carboxamide,

N-[(18,2R)-2-({[cyano(cyclopropyl)methylJamino}carbonyl) cyclohexyl]-1H-indole-4-

20 carboxamide,

N-((1S,2R)-2-{[(cyanomethyl)amino]carbonyl}cyclohexyl)-5-fluoro- 1-methyl- 1H-indole-

2-carboxamide,
N-[(1S,2R)-2-({[(1R)-1-cyano-2-hydroxyethyllamino}carbonyl)cyclohexyl ] -

indole-2-carboxamide,

1-methyl-1H-

25 N-[(1S,2R)-2-({[(S)-cyano(cyclopropyl)methyl]amino}carbonyl)cyclohexyl} -5-fluoro-1-

methyl-1H-indole-2-carboxamide,

N-((1S,2R)-2-{[(1-cyano-2-phenylethyl)amino]carbonyl}cyclohexyl)-6-hydroxy-1H-

indole-2-carboxamide,

N-((1S,2R)-2-{[(1-cyano-2-phenylethyl)amino] carbonyl} cyclohexyl)-6-hydroxy-1-

30 methyl-1H-indole-2-carboxamide,

N-[(1S,2R)-2-({[(1S)-1-cyano-3-methylbutyl]amino}carbonyl)cyclohexyl]-6-methoxy-1-

methyl-1H-indole-2-carboxamide,

N-[(1S,2R)-2-({[(1S)-1-cyano-2-phenylethyl]amino}carbonyl)cyclohexyl] - 1-methyl-1H-

indole-2-carboxamide,

35  N-((1S,2R)-2-{[(cyanomethyl)amino]carbonyl}cyclohexyl)-6-[2-(4-methylpiperazin-1-



allyl 2-({ [ (1S,2R-2-({ [(S) 10 cyano(cycl opropyl ) nethyl]am no }

car bonyl ) cycl ohexyl ] am no }carbonyl) -1Hindol-6- ylcarbamate, N [ (1

S, 2R) - 2-wO{op/0§s323 cyano (cycl opropyl ) nethyl] am no}car bonpCrmpot/ahzexyl |

-4, 6- dinethoxy-1 Hindol e-2-car boxam de,g (1R, 2S)-N- [cyano

(cycl opropyl)methyl] -2- [ (1Hindol- | - 15 ylacetyl)am no]

cycl ohexanecarboxamde, N- [ (1 S,2R)-2-({ [ (S) - cyano (cycl opropyl)

nmet hyl ] am no}carbonyl ) cycl ohexyl] qui noline-2- carboxanm de, N ((1S, 2R)-2-
{ [ (cyanoyipiiusy]- 1amrma>]1e caniorythidesycl ohexyl ) - 1H i ndazol e- 5- car boxam de,

ovel oﬁéxﬁ SRS R iR sy s R smabehs o araain e
e i

(1S, 2R) - 2-§'7 CERFLORS: iRQIcathopyiic B & chg)mb@yer Hethpry)-
L R YU M ciiam i hgting atep g Sebareg berds

-1H | ndﬁzoife-lﬁdolé@r&h(w@ﬁhﬁ@e 25 N
[ (1S, 2R) - & ghRL%,J]}C ano- 2- (4- hydr oxyphenyl ) et hyl ] am no
} car bonyl )3&1}’ QR4 et hyl - 1 Hindol e-2-carboxamide, N [ (1 S, 2R

-2- 1-
et hyl -1 L0 €15 barbovan der 1 ert BT (38 5 evare S [ (IR 58 2-(

[ (1- et hyIY?W?%%1 -2- 30 yl) carbonyl] am no} cycl ohexyl)carbonyl]am no

} propanoat g 11\#( [({94,218- Q_Ii? 3)2 (1] (1S) 1- cyanobut yl ]

am no} car bon )icl oh ex | - 1H i ndol e-2- carboxam de, tert-butyl
(4S) - 419:yaﬁ¥énql(c¥c PPTCPR) rgls hyl_ial{mqq &argﬁmgﬂydphpmﬂamlncz}carppwléa Fydpl-p- ami no }
cycl ohexylﬂcaqgglg&@ I] ami no }butanoate, 35 N-[(1S, 2R)-2-({

[ (1S)- 1-cyano- 3- et héﬁbutyl ] am no} car bonyl ) cycl ohexyl]-6-fluoro-1H WO

03/ 048123 WCTI SRR HEDcaneEyclopigpymetyeponaisidenylieyclobgaiott hyl ) - 2-
(qui nol i n- dlglem(ﬁcmlr}@-)in&ﬁ@-b%@ﬁgm?&ear b oxam de, Benzothi azol e-6-carboxylic

acid [(1 S : F?S) N ([g-yaglgzcyg%}?po%yl)mrer?l'}yﬁy | -[ (bllﬁ )1{1|1<§:o?-r t_)am)y -

15 ylacetyl)armno]cyclohexanecarboxamlde,
N-[(1S,2R)-2-({[(S)-cyano(cyclopropyl)methyl|amino}carbonyl)cyclohexyl]quinoline-2-
carboxamide,
N-((1S,2R)-2-{[(cyanomethyl)amino]carbonyl}cyclohexyl)-1H-indazole-5-carboxamide,
N-[(1S,2R)-2-({[(S)-cyano(cyclopropyl)methyl]Jamino} carbonyl) cyclohexyl] -6-

20  [(methylsulfonyl)amino]-1H-indole-2-carboxamide,
N-[(1S,2R)-2-({[(1S)-1-cyano-3-(methylthio) propyl]amino}carbonyl)cyclohexyl]-1-
methyl-1H-indole-2-carboxamide,
N-[(1S,2R)-2-({[(1S)-1-cyano-3-methylbutyl]amino}carbonyl)cyclohexyl] -1H-indazole-5-
carboxamide,

25 N-[(1S,2R)-2-({[(1R)-1-cyano-2-(4-hydroxyphenyl)ethyl]amino}carbonyl)cyclohexyl]-1-
methyl-1H-indole-2-carboxamide,
N-{(18,2R)-2-({[(1R,2R)-1-cyano-2-hydroxypropyl]amino}carbonyl)cyclohexyl]-1-
methyl-1H-indole-2-carboxamide,
tert-butyl (3S)-3-cyano-3-{[((1R,2S)-2-{[(1-methyl-1H-indol-2-

30  yl)carbonyl]amino}cyclohexyl)carbonyl]amino}propanoate,
N-[(18,2R)-2-({[(1S)-1-cyanobutyl]amino}carbonyl)cyclohexyl]-1-methyl-1H-indole-2-
carboxamide,
tert-butyl (45)-4-cyano-4-{[((1R,2S)-2-{[(1-methyl-1H-indol-2-
ylcarbonyl]amino}cyclohexyl)carbonyl]amino}butanoate,

35  N-[(18,2R)-2-({[(1S)-1-cyano-3-methylbutyl]amino}carbonyl)cyclohexyl]-6-fluoro-1H-



cycl ohexyl] -am de, 5

1- Met hyl - 6- (pyri di n- 2-yl net hoxy) - 1H i ndol e- 2- car boxylic acid

[ (1S, 2R) -wO(0204832R) - cyano- 3- net hyl - but yl car banoyl ) - cycl olrexyEPp2/1320i de,
1- Met hyl - 6- (2- pyri di n-2-yl - et hoxy) - 1H-i pglol e- 2- car boxyl i ¢ acid

[ (1S, 2R)-2-(1-(S)- cyano-3-nethyl -butyl carbanoyl)-cycl ohexyl] -am de,
1- Met hyl - 6- (t etrahydr o- pyran-4-yl oxy)-1H i ndol e- 2-carboxylic acid [(1
S, 2R)-2-(1-(S, R 10 cyano- 3- et hyl - but yl car banoyl ) - cycl ohexyl] -am de,
6- Met hoxy-hddebhatdxarddde, r ol of 2, 3- b] pyri di ne- 2-carboxylic acid [(1S, 2R)-2-
(cyanonet hyl - car banoyl ) - cycl ghexyl ], -am de, .

Benzo[ d] i rﬁ@}?@ﬂ@?@ﬁ}%-mla%hné-ﬁz%@awgswhog%xa&éfadb?}(aimd%

S, 2R) - 2- ( ]Beﬁ@thﬁiél@%‘-ga‘rﬂ&iymg |afidt[(‘fs¥i}@5¥-tla(ﬂaydyhnOISYﬁEﬂ{}@bﬁl:y]lcarm&@r 15

I ndol i zi ne- 2- car hoxyli c aci
(1S, 2R) - 2-ydokssyllamide- 3- met hyl - but yl car banoyl ) - cycl ohexyl] - ani de,
6- Met hyd - i1ﬂﬁfetﬂy¥»islx§?ﬁdﬁlawm&hb£y3aﬂiuiinc[oﬁel@caz%oa&n& dcid RQrsovanoe3egmeyhy! -
but yl car barmyl%-cy ohexyl'] -anmi'de, and )
1- ( 2- Hydr sxsacesmydthylibntylrrspemorl) yrlpbssyll ramide; d
[ (1S, 2R) - 2- { AeyBh-OURRRER 20RL by )-A 01 Ridb )L L84 DB a1 E Y E5 OREEY( ] (53-ami de.
Particularly preferred conpounds of the present 1nvention are those
sel ect ed fayenn-3teshyryiplcabasioz ravegobexyNranpide.s 2R) - 2- ({

1S)-1- E 14 I - ih- _ -
i[ §, do? - foggg%g@ggﬁggyéhggfﬁ%@sﬁgﬁ%@g{ﬂ{?w@ 20ebARaXYER TirgmY iy (- 1dk)
[ ( cyaniiretdigno-ameibylcarperrprmeybtaHeksyl-amidendol e- 2- car boxani de, N [

1S, 2R) - 2-_ an Yl i ; _an | 6l oh I

et byt i Al X BREABY TR PG R atx gt phey ]
cycl opr opykjametieiyl-carvemoybasyblohsty)]-apideohexyl | - 1H i ndol e-5- car boxani de,
30 N[ (1S, =rAr( [ ] I AR RO ). o] -
cycl OL(exyI - ‘3@%1%‘%%9{2@1’1 ﬁjﬁ%ﬁgf%&%%fg@gg&é%fg}ﬁgﬁ §9 %{IS??%H&%)? [ cyano
(cycl opr opyptyleazbamdfl) -apndletexyldantiday | ) cycl ohexyl ] qui nol i ne-2- car boxami de,
N-( (1

(- ot By Aadvn 3 SR R AU ORI mel R =
cyclohexyl]-amide,
6-Methyl-indolizine-2-carboxylic acid [(1S5,2R)-2-(1-(S)-cyano-3-methyl-
butylcarbamoyl)-cyclohexyl]-amide, and
1-(2-Hydroxy-ethyl)-1H-indole-2-carboxylic acid [(1S,2R)-2-(1-(S)-cyano-3-methyl-
20 butylcarbamoyl)-cyclohexyl]-amide.

Particularly preferred compounds of the present invention are those selected from
the group consisting of
N-[(1S,2R)-2-({[(1S)-1-cyano-3-methylbutyl]amino}carbonyl)cyclohexyl]-1-methyl-1H-
indole-2-carboxamide,

25 N-((1S,2R)-2-{[(cyanomethyl)amino]carbonyl}cyclohexyl)-1H-indole-2-carboxamide,
N-[(1S,2R)-2-({[cyano(cyclopropyl)methyl]amino}carbonyl)cyclohexyl]-1-methyl- 1H-
indole-2-carboxamide,
N-[(18,2R)-2-({[cyano(cyclopropyl)methyl]amino}carbonyl)cyclohexyl]-1H-indole-5-
carboxamide,

30 N-[(18,2R)-2-({[(S)-cyano(cyclopropyl)methyl]amino}carbonyl)cyclohexyl]-1-methyl-
1H-indole-2-carboxamide,
N-[(1S,2R)-2-({[cyano(cyclopropyl)methylJamino}carbonyl)cyclohexyl] quinoline-2-
carboxamide,
N-((1S,2R)-2-{[(cyanomethyl)amino]carbonyl}cyclohexyl)-6-[2-(4-methylpiperazin-1-

35  yl)ethoxy]-1H-indole-2-carboxamide,



WO 03/ 048123 PCT/ EP02/ 13221 -20

1- Met hyl - 6- (2-pyridin-2-yl-ethoxy)-1H i ndol e-2-carboxylic acid

[ (1S, 2R) -wO(02048323 cyano- 3- net hyl - but yl car banoyl ) - cycl ohep¢rjEPpozm2de, and
1- (2- Hydroxy-ethyl) -1Hindol e-2-carboxyic acid

[ (1S, 2R)-2-(1-(S)-cyano- 3-net hyl - butyl carbanoyl)-cycl ohexyl] -am de. 5 The
invention also relates to the use of conpounds of forrmula (1) as defined
above for the treatnment and/or prevention of diseases which are associ ated
Wi th cysteiighylRi-01-BA3@8.2-Padthbepl Bli¥dSabhaBsdxliKacid 1B, 283-2061-gYpor osi s,
osteoarthritis, rheumatoid arthritis, tunpr netastasis,

gl orer ul cﬁ}’épﬁ"ﬁi'W&YI'EFW@P@&%’DO@FQMWBGW@E al¢infarction, angina
pectoris, i . N @1- ] okeq X - Losho-b aaRyient

i schem ¢ %é??ﬁ@ﬁl%ﬂg?rgﬁir %??g&? Sglg)?%%eri pL(g? gllq}lgr(ltigrg? a?&occl usi ’XY/e

di sease, hw¥licappemios))avelehexyHgmisieast y and stent pl acenent, abdoni nal

aortic aneurysmformation, inflanmmtion, autoi mune di sease, nalaria,

ocul ar 5 f undustfd SsHidnyARRalab (38t kL SPLERPOiNdsHf ERaHifa (I) Bs defifcafhBbVed
enbodi enment, the invention relates to the use of conpounds as defined above

for the for & tieatmeniandiT pIpspEioniobisersepWhich gis aseqciate CY§iEPast asi s,

i nstabl e aRel.08, PREEALIT cAhepsiPK NuBH 48 odttdPotbds, ofidsdritfiitis, H@ndafy@nt i on

rel ates t%ﬂagé(‘)a?n%bﬁﬁgs gllslyséefeipr?ed égtl)love ?Qr use %g therr apiesut_i C. aact,i ve

subst anceasthritis, puper wefiestasis, glorperalonenbiife AthepasderasisppyoeitirbpfBttihseases
whi ch are bt SR stibleRnEMa Hel tdfis PHQJKE, Rpfutd, ¢rindiehdisGRENe RSddRs K,
such as o%%gzrga;}g%gcgsségsgg%eggﬁﬁﬁ?i tf(%i g’%r he?ﬂn’ﬁlgirdﬁglr_t hr i ties,lst unor ’

met asf@si amawgbsiriraakareipheral arserish prdnsdetdisgass restenosipafigrangioptatty andrstenét i on,
angi na peﬁg&rnhe?rt, AbAB il G0 AR GNR AR YREGFH Ah hion, S22k RatidH, AFHEmEHR Wi Rase, _
transi ent” 1 schem c attacks, amaurosis fugax, peripheral arterial occlusive

di sease, mekrienemilar furdusgissuerrytapsthysang respiraser disepsealenpisterredodoni nal

aortic angypy§m.Eor %tih%tionhcglfa{eggﬂ’rﬁ{eilﬂgpf %&M?@déﬁﬁ%@%ﬁ@ve foRbr i a,

ocul ar fundus tissue cytopathy an respiratory disease. In a preferred
embodi enetmegtmehtandioeprerantionaifpsiseperesic orpnl measiasisymswble anemadiseipsis Pbr use
as therap el j.ve substances, in particular for the treatnent and/or
preveﬁ%i oﬁgél?ero@?%ﬂgborosi s, tunor netastasis, instable angina pectoris or
plaque rupture. The invention also relates to pharmaceutical conpositions
conpri sing a Betiprowihd invastior felstestodomrouads aadeimad Abeveer bwias fhagreaficabl e
carrier aM{v? SujRtiLva riia}g]lglafotr gt &t merOar]d6r SrBfentioR M RBLsc®MR{cAre
prevention o ’Seases Which are assoc! ated W t'h cysteine i

associated with cysteine proteases, particularly cathepsin K, such as osteoporosis,

osteoarthritis, rheumatoid arthritis, tumor metastasis, glomerulonephritis, atherosclerosis,

20 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 and
respiratory disease. In a preferred embodiement, the invention relates to compounds as

25 defined above for use as therapeutic active substances, in particular for the treatment
and/or prevention of osteoporosis, tumor metastasis, instable angina pectoris or plaque

rupture.

The invention also relates to pharmaceutical compositions comprising a compound
as defined above and a pharmaceutically acceptable carrier and/or adjuvant, in particular
30 for the treatment and/or prevention of diseases which are associated with cysteine
proteases, particularly cathepsin K, such as osteoporosis, osteoarthritis, rheumatoid
arthritis, tumor metastasis, glomerulonephritis, atherosclerosis, myocardial infarction,

angina pectoris, instable angina pectoris, stroke, plaque rupture, transient ischemic attacks,



proteases, particularly cathepsin K, such as osteoporosis, osteoarthritis,
rheumatoid arthritis, tunor netastasis, glonerul onephritis,

at her osclwpamsiogsi2aryocardi al infarction, angina pectoris, PCAgtPabi®2angi na
pectoris, stroke, plaque rupture, transhent ischem c attacks, W 03/048123
PCT/ EPO2/ 13221 -21 amaurosis fugax, peripheral arterial occlusive disease,
restenosis after angioplasty and stent placenent, abdom nal aortic
aneurysm formation, inflanmation, autoimune di sease, malaria, ocular
fundus ti ssteresyd fopat, fpynphaalraeﬁenamfcmwe dise@as@stehdsiafth @hgoplasty and stent
enbodi erren the inyenti n relates t armaceutical conpositi 03

conpri si n@ a&ﬁ@eebﬁ%‘?}ﬁwa %"IHEFP%&“%BB&@ RS A EYRAT R BHPIRUEIS Y58 pt abl e

carrier aﬂﬂﬁ&ﬁa,@dﬂlﬁﬂﬁﬁiduﬁ ﬂEsueEﬁ@p&th?aﬁmplrQﬁWf Bise36.9¥QPrefRedf
ost eopor OSI tum)t,éggt astasis, |Inst %bl e an pectoris or plaque

rupt ur e. RHERHER Tedtes I PharBREH lczi HQ%’EPFlBHmr ‘é?ng?rémig)a the use of

Cormounsis c@ fpod&f la@&@h&la%@vé Q{d at%t@rﬁa@mmly &@eﬂﬁbl@@ﬁ&féﬁﬁ&&%ﬁa& wanft P&
treat ment and/ or eventi on of di seases which are asso kat e(%
?)‘&“f 8@ RE8ing

cystein pr the Beatment pag/er E{‘FIV%WI% é’ts‘l‘?@li’)%roﬁlsiéu%éﬁeté%asb%tré
osteoart hI‘IjeEﬂoﬁs of pgqﬁ@}‘gjtgreart hritis, tunor netastasis, glonerul onephri tis,
at her oscl erosi s, nyocar i nfarction, angina pectoris, instable angina

pectoris, straok pl a rupture, transient ischem ¢ att cks anmaur osi s
fugax, peri phéyBrthst em, Pglimec%e e PresentdPEa e, reffe Blslf'eso SPTEPUBRGASop| ast y

and stent REACEIRAE ,fozadaelgfepaadtloawfmealcaﬂ@ufswsm&&refaaﬁémtah%r plréiifehﬁﬂiﬁYBfl on,
aut oi mune,_di sease, - nal ari.a, t?]Irar fundus tissue %t opat hy

respi r M ordjseaies which arg assqcigied mathgein s SR saTaRAT IOy 7 SRR ofuriSt es 1o

the use ofyste6PHRRIIGEeRAShEEE, rRQmABRVAHAS, tifoieRataal, igim@hlonesl@aent s
for the treatnent and/ or reventlon of osteoporosjs, t Umor net astasi s,

i nst abl e #HyTesslepewsy @?X%aréia HHaGtienapgingmectoris, japta e angiRARATaric sHpKs se a
conpound &g, ‘:e‘frhﬁt%d aheVent idtheMic Ak, hANAORTAOSH, FBRPhRAI attBBall JR¥REKE ON

rel ates to for the treatment and/or reventl on of di seases which
are assoc |déﬁeé‘i§> TsteRody stgiangioplisty 48d §tenbﬁllat3‘?né"tﬂta?bck¢mlﬁétaﬁgﬁsﬁnﬁuwsms uch as

0St e0pQy OFhEmatfH, BERM LGS, SutoiRgARUREs e AhRFih! b Slar AT tRRIeRF DAL
gl oner ul onephrl tis, atherosclerosis, rryocardl al infarction, angina

pectoris, an Agesinatora digesss. Ingarefsried embpdisrent shatyentiomtelites to thepseiofnt

i schem ¢ %In?a%‘ﬁﬁds ARS8 LoV YSthe pRPL RGN FFlm RcaAdn®d fod thedfabHen 4 d/or
di sease, restenosis after angioplasty and stent placenent, abdom nal

aortic anduPEHPR OF AEQRIMOSSS, Bmanatsians. intielle angine PenteBneplaghs apue.

ocul ar fungdug eHEc%ﬁiéﬂts%h&b?ﬁEQ¥oﬁ59u£@§§défﬁ%@5¥o@ sease, which net hod
conpri ses adm ni ster | ng a

20 An additional embodiment of the invention relates to a method for the treatment
and/or prevention of diseases which are associated with cystein proteases, particularly
cathepsin K, such as osteoporosis, osteoarthritis, rheumatoid arthritis, tumor metastasis,
glomerulonephritis, atherosclerosis, myocardial infarction, angina pectoris, instable angina
pectoris, stroke, plaque rupture, transient ischemic attacks, amaurosis fugax, peripheral

25 arterial occlusive disease, restenosis after angioplasty and stent placement, abdominal
aortic aneurysm formation, inflammation, autoimmune disease, 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 embodiement of
the invention relates to a method for the treatment and/or prevention of osteoporosis,

30 tumor metastasis, instable angina pectoris or plaque rupture, which method comprises

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

The invention further relates to a method of preparing compounds of general

formula (I) comprising:



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

enbodi ement of the invention relates to a nethod for the treatnent and/or
pr event i owomB/ogseeoporosi s, 30 tunor netastasis, instabl eramgiPoaiyrectoris
or plaque rupture, which nethod conpriseg-admnistering a conpound as
defined above to a human being or an aninmal. The invention further relates
to a nethod of preparing conpounds of general fornula (I) conprising: WO
03/ 048123 PCT/ EP02/ 13221 -22 a) reacting a conpound of forrmula (I1) 6
(CH2)n R O RRa@irgd Jompownidtdf farmalagiiynd of fornula (111) R3 HN/ N R4
R5 (I1l) wherein R, R2, R3, R4, R5, R6 and n are as defined above, 10 or
b) reacting a conpound of forrmula (I1V) R6 (CHZ2)" R3 HENN NR2 OR4 R5
(I'v) 15 with a conpound of fornmula (V) or (VI) WO 03/048123 PCT/ EP02/ 13221

-23 00 11 Ralld Ra S-C 11
6

(CH,),
R OH
N
5
R 0 (I1)
5 with a compound of formula (III)
TN
HN>///
4’ \_5
R" R (III)

wherein R}, R% R%, R%, R, RS and n are as defined above,
10 or

b)  reacting a compound of formula (IV)

15 with a compound of formula (V) or (VI)



V) O(VI) wherein R2, R3, R4, R5, R6, Ra and n are as defined above, or
) treating a conmpound of formula (XI) R (CH2)n RB NC (ONH2 R2NH R4 RS
(XI') wwboaogsabydrati ng agent, wherein R2, R3, R4, R5, RETawd2/m22are as
defined above. The invention further rel@gtes to a nethod of preparing
conpounds of general fornula (1) conprising: reacting a ester of Fornula
(MI'1) (where Ris for exanple an alkyl group) with a conpound R2ZCO2H of
Formula (VII1) to provide a conmpound of 10 Fornmula I X which is hydrol ysed
and treated with a conpound of Fgynula (X) to giive the am de of Formul a
(XI') which is then converted tp d conpound of, Fdkmula (1) by treatnent
with a dehydrating agent. Red'-f‘esen ive, blR_ngTﬂn'ti ng dehydrati ng

(
c
5

agents include trifluoroacetic anhydride, Burge reagent, TsCl, SOC12,
COCl2, P205 and POC13. WO 03/048123¥)PCT/ EP02/ 1322¥1) -24 R (CH2)n R (CH2) n
RZC2H OR (MI11) RRNORH2N O (VI1) (1X) 1. hydrolysis 2. (X) R (CH2)n

R8 R (CH2) B i A NN CRS Qe 2 S BERNH (1) R4 PO

or

c) treating a compound of formula (XI)

R&(CH,), R3

N C (O)NH,
R2NH ><
O Rs RS

5 (X1)

with a dehydrating agent, wherein R?, R% R, R’, R® and n are as defined above.

The invention further relates to a method of preparing compounds of general
formula (I) comprising: reacting a ester of Formula (VII) (where R is for example an
alkyl group) with a compound R*CO,H of Formula (VIII) to provide a compound of

10  Formula IX which is hydrolysed and treated with a compound of Formula (X) to give
the amide of Formula (XI) which is then converted to a compound of Formula (I) by
treatment with a dehydrating agent. Representative, but nonlimiting dehydrating
agents include trifluoroacetic anhydride, Burgess reagent, TsCl, SOCl,, COCl,, P,Os
and POCL.



(XI) RBRHNC(ONHR2 R4 R5 (X) wherein R, R2, R3, R4, R5, R6 and n have
the significances given above. The invention also relates to a process as
descri bedwelwemes12swhi ch process conprises 5 the preparati ®@aTEP02/13221
pharmaceutical ly acceptable salts and/qrpgpharmaceutically acceptable
esters. The formation of the esters and/or salts can be carried out at
different stages of the process, e.g. with the conpound of forrmula (1) or
with the corresponding starting materials. The reaction of a conpound of
formula (11) with a conmpound of formula (111) ¢ k@kp? carried out by
met hods known " tEes son skilled in the art. The &lion can
conveniently be car out by dissgmybgg conpound conpound (I111),

i h

TPTU (0-1, 2- Di hydr §- 2-/oxo- 1- pyr eyt =N N -tetr rQRi um
tetrafluorobor?Le 'g§ﬁ§0 03/ ¢48h23 PCT/ -égnbase
(N-Ethyl diisop i in MeCN and stirring the m xtur@g at room
tenperature for 6 to 16(ours. The reaction m xture can be concentrated
and the product can(pﬁ obt ai ned by nmethods known to {IXg person skilled in
the art, e.g. by extra%tion and colum chromat ography. Alternatively, a
compound of forrmula (11) can be dissolved in CH2C12 5 np,ﬁ@ ?gg for 6 to
16 hours at roomtenperature with a conpound of formula (l ?ﬁ n the
presence of N nethyl norpholin, HOBT and EDCI. The prod c@_@@n be isol ated
by methods known per se, e.g. by extraction and HPLC. |[The r'eaction of a
conpound of forrmula (IV) with a conpound of fornula ( or (V) is
conveniently carried out by preparing a solution of conpound (IV) in CH2Cl2
and 10 addi 5 | ution of conpound (V) or (VI) in CH2C12. To this

m xture, tri af"'ne i g added and after sRaki Hp to 1 shours at room
tenperature for cidﬁis added. The product e isdglated and purified

by nethodsRKgo seN\§§§§7 axaporation of \the/ solvent and HPLC. In

order to prepare phangiceytically acceptable s dLerNyhar E@NHAl |y
15 accept abl e lgsters ng sunds of formul @b, | S pd??Kéfgpto prepare
t he corresponéi ng

pse RS

(1)

R3

|
H N>< C (O)NH,

R+ RS
X)

wherein R', R% R, R, R’, R® and n have the significances given above.

The invention also relates to a process as described above, which process comprises
5 the preparation of pharmaceutically acceptable salts and/or pharmaceutically acceptable
esters. The formation of the esters and/or salts can be carried out at different stages of the
process, .g. with the compound of formula (I) or with the corresponding starting

materials.

The reaction of a compound of formula (II) with a compound of formula (III) can
10 be carried out by methods known to the person skilled in the art. The reaction can
conveniently be carried out by dissolving compound (II), compound (III), TPTU (O-1,2-
Dihydro-2-o0xo-1-pyridyl)-N,N,N’,N’-tetramethyluronium tefraﬂuoroborate) and Hiinigs



esters and/or salts starting fromthe conmpounds of formula (I). It is also
possible, to form the esters and/or salts at an earlier stage, e.g. to
form t he wormsesgaendi ng salts an/or esters of the correspeacdiErg2/s2arti ng
materials. The nmethods to prepare phar ng;;euti cally acceptable salts and/or
pharmaceutically acceptable esters as defined before are known in the art.
20 Compounds of fornula (Il1) are prepared by nmethods known to the person
skilled in the art. Conveniently, the corresponding amno acid is |inked
to the desghiad- gtm/qsdlisbp&%ﬁa&ne)aﬂmém@giﬁa Yirk &H@mﬁsahfkoﬂsfo@kﬂ&gmp@@dmn t he
exanpl es. The resultin nmpoun Bc%ll |solgat eg & met hqds known per se,
e.g. by ef?rrfa@tm)lﬁ)uéﬁd S%Jroéltfp r@fcalﬂ g capreniaried apgd HRRIREECtERI P8y ul a
(111) canopemyst Eﬂh)éd@l@nc%{ﬁit'ﬁ@ ef3¥n FAHENH tBe §1Q| mbgrkxatcu&ﬁaﬂmlumn
correspondj ng al dehyde in CH2C12 to a sol #’&LS’:F%Q 1 and NaCN in H20 and
MeOH at oehromaéosﬁap Yir Altergataelys ¢ 6pmRAUNGP lay (D) v R dissolvrstint@iater at ur e.
After saddhlroRidl oM fPhdlrk %o%ﬂ-ﬂteﬁ%pitﬁfe'vﬂﬂu Qéorw@uﬁ@@pfohﬁmat ) in the

resul ting conmpound of formula (| i's.isolated a purl fied by nethods
known to pﬁ@e@@rcgé\%nﬁhﬂlm@tphqlmt H@ and EDgL. Tfag/pr@siwtacep. g isolatebby

cor r esponqlh o AWM ePLd & mx%c@&?m&ﬁﬁéy met hods known per se. 30
Chiral conpounds of orrrulg can conveniently be obtained by addi ng
anmoni um bi carbonate to a mxed an dri de \g)grepared from a_sui bI e t - BOC
protected amlhg rerstian ahaicampewnd offgeyplad] %ﬁé@@?oﬁ’@ 9@@““\1 Weict i on

m xture i t R e for
1-5 h. Af t%}a/vrB 1%%%{13?}1&1&9%&%@@}%%&8&{’%ﬁtgfgrgﬁfhI ng t- ng prot g(n:l?gléﬁ

ani no ¥ei addinmggeolugiopgbrempaunthd’ e (Vi Bd-ByClret nBis MRy tiShylABiNsf son
skilled i Qqhfiesnditter sakéhg O fm{cﬁﬁ%ﬂ 10Bm @H@eﬁa@&re%ﬁﬁﬁ%ﬁqs A0 THei d ami de
and triethylamne are di ssol ved I n trifluoroacetic acid anhydride
at OC. Theredudt garebs solsierl apd puriged by megh%is kngzwepewe@ e£- bseyrpeiagan ghthe
purificatiQResfnl ? @sulting internediate product, e.g. by evaporation of
t he sol vent an Ias chr omat ography, the t-BOC protective group can be
cleaved off with HC in acetic acid to yield the desired conpound of
formula (111) Inepisséunespaisphrapatsrticyydrceptpleshy ard/onPhyrmmsediely ned by
reactifg Lpg ta%@éésﬁe%pmh%@uhdﬁmo%mm} ads ﬁé@si&% t%cprﬁlpawe e Rrfeopaung of
formula (111) anal ogous he net hod described above. After isolation
and pur i f iegtatsiang/ arsalsarting flom the compenadupHoEmpldhudt is asogossibledodomn at i on
of the SOltl;(@&rterﬁQﬂd/B% %ﬁ@ aCAH ORRLQH, B 1o it ihé c&%p@hﬁir%‘%’élté’ﬁl/% Eid2s BAN be
cl eaved of tri oro-acetic yield the desired onpound

formul a (Ithg carrasponding ptaging-raateriple: Bhe glethods to prepare pharmaceutlcally acceptable

salts and/or pharmaceutically acceptable esters as defined before are known in the art.

20 Compounds of formula (II) are prepared by methods known to the person skilled in
the art. Conveniently, the corresponding amino acid is linked to the desired substituent R*
analogously to the methods described in the examples. The resulting compound (II) is

isolated by methods known per se, e.g. by extraction and evaporation of the solvent.

Compounds of formula (IIT) can conveniently be obtained by adding a solution of
25 the corresponding aldehyde in CH,Cl, to a solution of NH,Cl and NaCN in H,O and
MeOH at 0°C. The mixture is stirred and allowed to warm to room temperature. After
addition of NHj solution and completion of the reaction the resulting compound of
formula (III) is isolated and purified by methods known to the person skilled in the art, e.g.
by extraction. The corresponding hydrochlorid can be prepared by methods known per se.

30 Chiral compounds of formula (III) can conveniently be obtained by adding
ammonium bicarbonate to a mixed anhydride (prepared from a suitable t-BOC protected

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



Compounds of fornula (V) and (VI) are either comrercially avail able or can
be 15 obtained by nethods known in the art. The present invention rel ates
to all cowpoanda2df fornmula (1), as prepared by one of tIRETHPODERSES
descri bed above. The inhibitory activilysof the conpounds agai nst cathepsin
K, S L and B was tested at roomtenperature in 96-wells opaque white

pol ystyrene plates (Costar). The cathepsin 20 Kinhibitory activity was
tested as follows: 5 pl of an inhibitor diluted in 5nmM sodi um phosphat e,

NaCl  15mMepiperatdre foOD{5eh. NA g cbpRVDR dffthéehctéante RésultingarBOC Poofecte@01 p. M
were preincubated for 10mn . with 35 ﬁl of. h q{’gn r econbi nant t.hepsin K
(final coHB@RAcktImpie ﬁls&lﬁﬁedd’i“filhu ed Yérée%l?ﬁ}ﬂ arpde ﬂeelmsqwﬂ@@ i"Mcet at e
pllj fh5 ?Fﬂt,&lgﬁlbﬁ_@x@&ﬂﬂgﬁDﬁ&eéﬂbg pf&@&%dlylﬁhﬁidtg)?mf& aﬁhttﬁéthgﬂdﬁ%é%z? of 1?_ p-ll
o] e or ogeni stfrate Z-Leu- Arg- iluted. in assay bu r i na
concent r afpi9hredsn %ﬁf? V%L&’é’éo%‘?t“f%‘ﬁ{ﬁrég’%ﬁﬁét‘i&g'?fteé’fl%’rfeétsu x50 192 Bind
eni ssi gn At 1040 A s oM SorBASHUTERafieH of the réfultirMafe¥nidiab8fodddie.¢. iyt i al
velocity (RFU min) g?s de%@g@ Er m t he Ilgeaé fit of the 11 readlgg

poi nt's. ~ Vi52P2yaY4B 5 reseiyep by Hash shromaiogTrRRys & qﬁé@& PrOBCHFEIBIP 675 D
activity M@aﬁre&%&%ﬁﬁH@ﬂ%ceﬁb@dé@@ﬁeﬁQﬁ@'Hédﬁ@ﬂ_%o ol1h8 of fork sitn K _
inhibitory activity using human |iver cathepsin (Cal bi oche at a final

concentration_of 1 n The cathepsin L inhibitory actjivity, assayed
under the sanECEBALR ﬁ‘?fr{@]rfé‘élat( Cche%‘f%éeﬁélD’rli’e&%W WG?SP“\ggﬁ?vity usi ng

hunman i V&frr&?&_ﬁtﬁﬁ% t-BAC plstbhbPEhRIacRl with h kORipous®BERMuBL (QNaflogdudM
Cathepsin S inhibifory activity {Q/as assayed ana{_l1 ogeou |y to the cathepsin K
t epon

i nhi bilorp the meflqd desgribednboygaditerdeolaian and Ry hsgessi®igum phosphat e,
SmM EDTA, intmddlalelploldnes @.'ng)aQ/qggxl)atiog 0P #bsEFveh OdhPfabR ChroRidtéurapld ehet he
a

fl uorogenic substrate was 10 Z- -Val - Arg- (Bachem (final .

concent r at B Protechye s1quReAn be slswisd ﬁ’éﬁﬂ’lﬁ‘ %ﬁ@ﬁﬂﬁl@%@%@ﬂ%@ gﬁo@ﬁ%e%t al .,
Eur. J. B&'&Wﬁd@fq%ulgfgﬁv) Wit o Wasiused at a final concentration of
0.5 nM The data for inhibition of Cathepsin K for the conpounds shown in

Examples 1, 2, 4 5 and 11 ar v elow, The resulis are given_ as |C50
val ues whi ch @RRBP@IELRE qun@az}{gmf Bei e et samimiri g iasiadle GRTRERe: he
enzymaki Comginkd bl YndtBod it i@dhdxt.50% The 1 C50

The present invention relates to all compounds of formula (I), as prepared by one of

the processes described 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

20 K 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 uM) were preincubated for 10min
with 35 pl of human recombinant cathepsin K (final concentration: 1 nM) diluted in assay
buffer (100 mM sodium acetate pH 5.5 containing SmM EDTA and 20mM cysteine).

25  After addition of 10 pl of the fluorogenic substrate Z-Leu-Arg-MCA diluted in assay buffer
(final concentration: 5 uM), 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.



val ues are determned froma linear regression curve froma logit-log plot.
Exanpl e Cathepsin K 1C50 (pMoln) 1 0.018 2 0.0454 M 4 0.0964 M 5

0. 0600 MWOD3040080 Sel ect ed conmpounds proved to be effi cacirampe2iinza
nonhuman primate bone resorption nodel_,7(G B. Stroup et al., Journal of
Bone and M neral Research, Vol. 16, Nunmber 10, 20 2001 (1739-1746)).

Treat nent of cynonol gus nonkeys with the conpounds clainmed resulted in a
significant reduction in serum markers (NTx and CTx) of bone resorption

rel ative to untheeatiRgsiaoBlihBbRoryV¥tRd 0dd 1A RENEED Bl el cond@forstaswht | be
appreci ated that the conpounds of general forrmula (1) in this invention may
be deri vatcetiepsiatK finbitorynadtivifiy ot hompn dived eatbiepsiv & i(Gealbioghesh ah e dlinal
capabl e ofCO 9&\&3{13'8@1 nl@)‘?Ck to the parent compounds in vivo. As nentioned
earlier, medicanments containing a conpound of formula (1) are also an 5
obj ect of the present invention, as is a process for the manufacture of
such nedi camerihs, cathepsiahl priltbesy @oivily iveSaskayedgindgr theesante conditiansgaatiads

of formula (1) .and, if.desired, one or re other  ther utjcally val yabl e
subst arteS2at P%ngg g%lvlgﬁ?lafa?ctla&aﬁ GG PEDAR AIVEDF 6%%‘3?@%%%@ atip final
conposi ti QRgcdmYtidE.esipni stered orally, for exanple in the form of

tabl ets, coated tablets, dragees, hard or soft gel atine capsul es,

solutions, enulsions 10 or suspensions. Admnistration can also be carried
out rectally, Gaghepsinafplimhibigirngaciiypowis cashaysd anadagepyslyriopthec gathepstudly,

e . 1 nt 1 Aok Bk EREGR R s P S Bo BB, EDR

t r ansder megphy, DTE i(f€shi oid RYER 000 1675 IThjtec Kattog pH@. 51 bh @ . fldib ddney subkteate was
adm nistration_can be carried out sublingually or as opthal nol ogi cal

prepar i dnyabVabArgN A fBwhemy ofinak apancentration; G HEVI.o IR Jeombigant For
th i f il t t . i .
capsbl oo (aeBin S (VBB dery O, Bl Ao, H0936, AT el B A dritina
phar maceutcoaednkigtiomefr @.5 nivior gani ¢

The data for inhibition of Cathepsin K for the compounds shown in Examples 1, 2, 4
5 and 11 are given below. The results are given as ICsp values which denote the
15 concentration of the inhibitor at which the enzymatic activity is inhibited by 50%. The ICsg

values are determined from a linear regression curve from a logit-log plot.

Example Cathepsin K
IC,, (uMol/)

0.018 uM
0.0454 uM
0.0964 uM
0.0600 UM
11 0.0030

(O T I SN NS FE

Selected compounds proved to be efficacious in a nonhuman primate bone resorption
model. (G.B. Stroup et al., Journal of Bone and Mineral Research, Vol. 16, Number 10,
20 2001 (1739-1746)). Treatment of cynomolgus monkeys with the compounds claimed
resulted in a significant reduction in serum markers (NTx and CTx) of bone resorption

relative to untreated controls.



or organi c excipients. Exanples of suitable excipients for tablets, dragees
or hard gelatine capsules include |actose, maize starch or derivatives

t her eof , welos/oes12stearic acid or salts 20 thereof. SuitablpeTaror/pizent s for
use with soft gelatine capsules include,§or exanple vegetable oils, waxes,
fats, sem-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. 25 For the preparation of solutions and
Syrups, exci pi&fiiShe/dpfddilEih A ehIeGpdunal BflSerefl forﬁ%iﬁdr(l? £ thRtiBVentRANYS/ S,
saccharose, invert sugar and glucose. For injectable solutions, excipients
whi ch naybbdenisided atclunct®ntlgroepsanprevidmdasivatived whibl bes, capalily of eonvgtsiarer i ne,
and veget abl.e (Hél S. VP 03/ 04%123.PCT/ EP02/ 13221 -29 For suppositories, and
| ocal or E@‘ikctﬁt HEYEE DEPPHEE SR exci pi ents which may be used incl ude
for exanple natural or hardened oils, waxes, fats and sem -solid or liquid
pol yol s. The pRandmioaed é4hdr, HodRABIt ONSaiiige HtEepoual bitsampta@pireialkg an
agents, solubilising 5 agents, stabilising agents, wettjing agents,

enul si Bi epRiecisafdbe BIFaTns IMEBlQT Ahissa PIOERSS APf18S maaptagturg of suthBicdigamatison of
osnotic p - : I L Qg : J.qned
carl i er " P rBeosbbnbhis oAEhE BHe BORRLSoMip iy GRS TREAET: 1
a prerequbsd bembredthad therapfutivaht waluebédsubstanées inmragataniaat edrofistfagon form.
preparations are non-toxic. 10 Intravenous, intranuscular or oral
admnistration,is,a preferred formof use. The dgsages.in whigch the
conpounds of &B? megf)a(c?ljtlcgf;cé)ng)&mtwpgfr@y}a aﬂﬂ“@f?@@t"?@@ g 5%6?1?3@ laékbeend on
the nat ur exff oft tABle&PESHdd tabIBGR! driSsds i@ & 3Tt gelithR capeilay)soltifiehs| @gulsioapent s
of the patient and the node of application. In general, daily dosages of
about 10 ngr suspergionsgAdmirigitasionlshy 250 e carisd QuivigctafprionexanieBsipgt o

cmbod mentetapoRss, Raltli S RhebiATTO S SR, boibe HERER G100 BUREE

scope of gblatibmy enparenterallpge.g aftcepousdy, igirahasctlady, subtwenaiusly pinerathietailyr
CONMEr Ci all%/ avai | abl e or can be _opt a'@ged by r’rzzth ds knmgn.i.n the art
(e.qg. froff rppsdopnally. aging fapexapplginigctabls splULtioph SUAPCIRIAe, A0MANBBALONLEAR_ 35,

(1990), Ol baliebut AMfinGiR & opthhithdrb HcdtipY&ardadh&b£88in aerosol, for example

15 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

20 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.

25 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.



20 Introduction of Chiral Centers into Cycl ohexene Skel eton; J. Chem Soc.
Perkin Trans., 1, 1411-1415 (1994), Asymetric Synthesis of

(-)- (1R, 28p-@ioggaent acin and Rel ated cis- and trans-2-An ReT@POY/02ent ane-
and Cycl ohexane-1|-carboxylic Acids) or.s@an be obtained by nethods

anal ogous to the nethods described before. Abbreviations/ Acronyns Burgess
Reagent (Met hoxycar bonyl sul fanoyl )tri et hyl ammoni um hydr oxi de, i nner salt
DCM CH2C12 Di chl oronet hane DI C 2- Di et hyl am noi sopropyl chloride

hydrochl or i depQRiB368%8ike hndGdéaEbPRrdRZRbus appli cEl'ldREéxmpmnts which may be
N, N-Di i sopropyl et hyl ami ne DVAP 4-Di met hyl am nopéél di ne

N, N- Di net hsddflmlném @éaIEPj@InalurQ]S)rDiaW}éﬂmlkﬁnWﬁ yand @I@tsm}qi exkigEdi i mi de
hydr ochl or| el HOBT 1- Hydr oxybenzotri azol e hydrate MEOH Met hanol NWVM

N- Met hyl mBP SRS i ne  NMP 1- Met hyl - 2- pyrrol i di none TBS
tert-Butyldinmethylsilyl protecting group TFA Trifluoroacetic acid THE
Tet rahydr of ur @he &ﬁﬂ:ﬁ?&rﬂﬁﬁﬁﬁﬁﬁ)ﬂiaﬂz%Bbontaﬁﬂplﬁmvmgagar(tdvbollubmsmg

Synthesis of N-[(1S 2R)-2-({ ano cycl m no} car b
cl ohexy! | 2geqts, ﬁﬁgmsglg?«%&a‘i%w‘;‘ﬂga%ent%e@ufi%rr@fgé tellFl”g(?O? Tl 0B TR0 ks
for the variation of osmotic pressure, buffers, coating agents or antioxidants. As mentioned

earlier, they may also contain other therapeutically valuable agents.

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

non-toxic.

10 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
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.

15 The following Examples shall illustrate preferred embodiments of the present

invention but are not intended to limit the scope of the invention.

The corresponding starting materials are either commercially available or can be
obtained by methods known in the art (e.g. from: DE 26 24 290; WO 98/0354; Chem.
Pharm. Bull., 38(2), 350-354 (1990), Chiral Synthon Obtained with Pig Liver Esterase:

20 Introduction of Chiral Centers into Cyclohexene Skeleton; J. Chem. Soc. Perkin Trans., 1,
1411-1415 (1994), Asymmetric Synthesis of (-)-(1R,2S)-Cispentacin and Related cis- and
trans-2-Amino Cyclopentane- and Cyclohexane-1-carboxylic Acids) or can be obtained by

methods analogous to the methods described before.

Abbreviations/ Acronyms

Burgess Reagent  (Methoxycarbonylsulfamoyl)triethylammonium hydroxide, inner salt
DCM, CH2CI12 Dichloromethane

DIC 2-Dimethylaminoisopropyl chloride hydrochloride



N H OOCOCe Ot NH2.HBr NH ON H 10 To 300 ng (1.19 mml) of ethyl
(1R, 2S) - 2- am nocycl ohexanecar boxyl ate HBr salt (Xu, Daquiang et al.,

Tet r ahedrwo:08®ysmeetry (1988), 9(10) 1635) dissolved in 8 wCTHVR2/132258 added
192 ng (1.19 mol ) of indol e-2-carboxylsg-acid, 228 ng (1.19 nmol) of EDC,
161 ng (1.19 mmol ) of HOBT and 0.458 niL (4.16 mmol ) of N-nethyl norpholine.
The reaction mxture was stirred at room tenperature overnight,
partitioned between ethyl 15 acetate and water, dried over magnhesi um

sulfate a ncent r at .. Provi (1R, 2S) -

2-1 (1 H i ng’g?ﬁg-w car boﬁ‘?fﬁ‘gﬂ&ﬁgﬁ{%‘g@@%@’{a@ne-car boxylate. 0 0 C OEt OH NH
CNH OO0ONN HHW 03/048123 PCT/ EP02/ 13221 -32 The crude reaction

m xture w@MaPssol ved énDBngihylaminegyofineand 110 ng (2.62 nmol) of lithium
hydroxi de dissolved in 2 nL water was added. The reaction m xture was

stirred opafpi ght, par N Nppssdhpeswranddi chl oronet hane and 1 N HC1, dried
over magnesium sulfate and concentrated to provide 220 ng of

20 e i bR S

HOBT 1-Hydroxybenzotriazole hydrate

MEOH Methanol

NMM N-Methylmorpholine

NMP 1-Methyl-2-pyrrolidinone

TBS tert-Butyldimethylsilyl protecting group
TFA Trifluoroacetic acid

THF Tetrahydrofuran



NHNH OO NN HHTo 110 ng (0.38 mml) of the acid above dissolved in 2
nm. DMF was added 50 ng (0.38 mml) R S-am no(cycl opropyl)acetonitrile

[ educt 2]woOn3/0#3230.38 mmol) of 10 EDClI, 51 ng (0.38 molpLTEPIHMCGBTI and
0.146 nL (1.33 mml) of N-nethyl norphol i Be- The reaction m xture was
stirred at roomtenperature overnight, partitioned between ethyl acetate
and water, dried over magnesium sul fate and concentrated. Col umm

chromat ography, eluting with 10% acetone in dichl oronethane, provided 67 ny
of the title conpound N-[ (1S, 2R) ZEEQEﬁQQ_QgQQEQL@prOpyI)nethyl]anlno }
car bonyl ) cy > & IR ] '

03/ 048123 PC C 2 - ‘ A &

N[ (1S, 2R) - 2-({ [(1S) 1-c, ay no- Zn@ﬂ@gkhﬂmkﬁﬁﬂmlIanlnolcarbonyl)c cly
ohexyl | qui nol i ne- 2- carboxanlde ON~-IN NHpT N~ 500 Ot OBt NH2.HBr
NHp !l N-\ To 190ng (0. 75mmol ) of ethyl (1R

2S) - 2- agi nocycl ohexanecar boxyl ate HBr salt dissolved in 5m DW was added
140nmg (0.80nmol) of quinaldic acid, 152mg (0.79mol) of EDCI, 108ny
(0.80mml ) of HOBT and 0.26nl(2. 37mmol ) of 10 met hyl nor phol i ne. The
reaction m xture was stirred at room téhpelature overnight, partitioned
bet ween et hyl acetate and water, driedjqv magnesi um sul fate and

concentrated to provide 290ng of (ﬂR, -2-[ (1H qui no- 2-yl car bonyl)
0 Z
N
H
0 0]
oz —
NH,.HBr NH
9] 2
N
H
10 To 300 mg (1.19 mmol) of ethyl (1R,2S)-2-aminocyclohexanecarboxylate HBr salt

(Xu, Daquiang et al., Tetrahedron: Asymmetry (1988), 9(10) 1635) dissolved in 8 mL. DMF
was added 192 mg (1.19 mmol) of indole-2-carboxylic acid, 228 mg (1.19 mmol) of EDCI,
161 mg (1.19 mmol) of HOBT and 0.458 mL (4.16 mmol) of N-methylmorpholine. The
reaction mixture was stirred at room temperature overnight, partitioned between ethyl

15 acetate and water, dried over magnesium sulfate and concentrated to provide ethyl (1R,2S)-

2-[(1H-indol-2-ylcarbonyl)amino]cyclohexane-carboxylate.

O o
e L
e
NH NH
0 2 o) =z



am no] cycl ohexanecar boxylate (crude). OO COEt OH NHNH .51 1 p N~ ON~
15 The crude reaction material above was dissolved in 8nl THE, and 120ng
(2. 86mmolwoaB/okd1ehi um hydr oxi de di ssolved in 2nl wat er wa®Cadgwez132The
reaction m xture WO 03/ 048123 PCT/ EP02/ 18221 -34 was heated to 60 C and
stirred for overnight, partitioned between dichloromethane and 1 N HC1,
dried over magnesi um sul fate and concentrated to provide 260ng of (1R
2S)-2- [ (1H qui no-2-yl carbonyl)am no] cycl ohexanecarboxylic acid [educt 1].
O O\ C OH N NHze ciEe @askibiOnixtive vaasNissblvEd 1&8&ﬂgn(eﬂmﬁc7m‘ﬂiiﬂ)1031fngt(262aci d

above di ssol adde 0. 85mol henyl al ani nam de
[ed\ljct I2] mi‘\@n‘&l QB hé%gF ’51%31 F%qudln%wﬂg” éfd”%ﬁsﬁﬁﬁlﬁq‘g %ﬁr%m%laﬁ@ullswm
(3. 06mmol )stﬂfed"&v@ﬁﬁklw P RO R BrechtcH SidietRRe afd X NTET Véﬁl%g%%lr red at room

t enper at ure over ni gﬂt partitioned between ethyl acetate and water, dried
over magne@Rgnesm sulfase amtconesniratadrtapeayidn22) me of KER 3982j(1dt-itdob2¢er ude 10

Phe. sol o1 AeeeSPh A BaRict elsemrsnphopideid el & 1 ek B Pver ™

di chl or onmedwoasepsf.10mM ) was added Burgess Reagent 210ng (0.88mmwol ). The
m xture was stirred at roomtenperature for overnight. After the
di chl oronet hane was renoved, the 15 residue was dissolved in 2ml MeCH and

purified with preparative thin | ayer chronatography (heXZne et hyl
acetate 1:1) to give the prodgct as a white foam 88
OH

To 110 mg (0.38 mmol) of the acid above dissolved in 2 mL. DMF was added 50

mg (0.38 mmol) R, S-amino(cyclopropyl)acetonitrile [educt 2], 73 mg (0.38 mmol) of

10 EDCI, 51 mg (0.38 mmol) of HOBT and 0.146 mL (1.33 mmol) of N-methylmorpholine.
The reaction mixture was stirred at room temperature overnight, partitioned between ethyl
acetate and water, dried over magnesium sulfate and concentrated. Column
chromatography, eluting with 10% acetone in dichloromethane, provided 67 mg of the title
compound N-[(1S,2R)-2-({ [cyano(cyclopropyl)methyl]amino }carbonyl)cyclohexyl]-1H-

15 indole-2-carboxamide, 93% pure by HPLC. (48%)



(0.21mmol ). 27.5%vyield. WD 03/048123 PCT/ EP02/ 13221 -35 Exanple 3 (Method
B-2) Synthesis of N-1(1S,2R)-2-((((S)-c

ano( cycl owoeppisiaet hyl | am nol car bonyl ) ¢ cl ohexyl | - 1- et hpICTEPBR/iRAD] e- 2- C
arboxamide CNY CN NH O,,N 5 This exanple illustrates the preparation
of NN[(1S,2R)-2-¢{ [(S)- cyano(cycl opropyl)nethyl] am no }

car bonyl ) cycl ohexyl ]-1-net hyl -1 H i ndol e-2- carboxam de starting with et hyl
ci s-2-am no-| - cycl ohexanecar boxyl ate and (S) 10 cycl opropyl gl yci nam de or
alternatively with ethyl cis-2- ﬁﬁgngughlafgggecarboxylate and
(S)-cyclopropylglycine nitrile. NH2 NH O XN To a 0 C
solution of ethyl cis-2-a | ne Y, HBr salt 15 (9.03 g,
35.8 mmol ), 1-net hyI i ndol %H%%?%QJ???%?g{qn@ﬁ éﬁ?qgg 3 mml ), HOBT
(5.45 g, batlay 1 T2 ) slohex @R1ud o} i e

anhydr ous DVF was added N—nethyInDrphollne(7 8 nm, 71 nnDI) The reaction
m xture was stirred for 24 h at room tenperature. The reaction m xture was
cooled in an ice bath and treated with 140 wat er. 140 nlL of ethyl
acetate was added to the resulting yellow s sion and stirred 20 until
the solids dissolved. An additional 0 of "ethyl acetate was added and
the organic |ayer was separated. Fhe & layer was washed with two 280
M. portions of 0.5 MHC, 280 niL brine, TNen dried over sodium sul fate,
filtered and concentrated to give Kdde yel l ow solid. Purification by

col um chr omat ogr aphy (30: 70, et hyl 03/p48123 PCT/ EP02/ 13221
@) ~
| =

5
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S NS
/

To 190mg (0.75mmol) of ethyl (1R, 2S)-2-aminocyclohexanecarboxylate HBr
salt dissolved in 5ml DMF was added 140mg (0.80mmol) of quinaldic acid, 152mg
(0.79mmol) of EDCI, 108mg (0.80mmol) of HOBT and 0.26ml (2.37mmol) of N-

10 methylmorpholine. The reaction mixture was stirred at room temperature overnight,
partitioned between ethyl acetate and water, dried over magnesium sulfate and
concentrated to provide 290mg of ethyl (1R, 2S) —2-[(1H-quino-2-ylcarbonyl)

aminojcyclohexanecarboxylate (crude).

Q 0
OEt
L — Ol
N
7 z
15 The crude reaction material above was dissolved in 8ml THF, and 120mg

(2.86mmol) of lithium hydroxide dissolved in 2ml water was added. The reaction mixture



-36 acet at e: hexanes) gave 10.9 g of the product as a pale green-tinted
solid. Yield: 90 % Ms: 329 (M+ H+), np = 98.1-99.0 C OO O0OCEt OH NH
NH OO NvNo3B4sios a O C solution of the ester (10.9 g, 31p8Tmpot/})322n 100 ni
of THE was added a solution of |ithiumRhydroxide hydrate (5.29 g, 126 mmol)
in 100 nL of water. The reaction mxture stirred at roomtenperature for
16 hours, then slowy poured into a flask containing 150 nL of a 1M HCl
solution and extracted the resulting suspension with 200 nlL of ethyl

acetate. Thg 1ghdan 60"@){1% SRR FSLHRIR gﬁ@l pARE ARSI M &lema%ahar@fanam ne,
10 dried over sodiumsulfate, filtered and concentrated to give 9.49 g of

t he produdi H&3, driedwhviet magneisiugn siifagd ahd copoemgatedso pmylde( 2#0mgpf) (1RGPS )=2-
196. 0- 198. NHZ2 - NH NH O N.OQ 0 C solution of
the’ car bolGRFauEe LY FRaURD SR lg g 9 gechpopiic iq ey 1

cycl opropyl gl yci nam de [educt 2](4.08 g, 35.7 mol), HCBT (6.90 g, 51.1
mml), and EDCI HCl (9.79 g, 51.1 mmol) in 60 nL of anhydro DVE was
added N net hyl norpholine (3.7 nL, 37 mml ). The reaction m X was
allowed to warmto room teéhperature and stirred for 24 houfs he reaction
m xture was cooled in gR igk bath and 20 treated w thj]10q ni,of water. The
suspensi on was sti rre 19%bur. The preci pi tat NT tgrf ed? and washed
Wi th copi ous anmounts @ I\HI—Q fol |l owed by copiou unts of water. The
precipitate was dried in vacuo to gi ve a crude of f-whi§ i
Purification by WO 03/ 048§Z3~PCSERQ2/ 13221 -37 sil je?

chromat ography (30:70, ethyl hexanes) gave 2.00 -
a white solid. Yield: 84 %

5 To 260mg (0.87mmol) of the acid above dissolved in 5ml DMF was added 140mg
(0.85mmol) L-phenylalaninamide [educt 2], 120mg (0.88mmol) of HOBT, 170mg
(0.88mmol) of EDCI and 0.34ml (3.06mmol) of N-methylmorpholine. The reaction
mixture was stirred at room temperature overnight, partitioned between ethyl acetate and
water, dried over magnesium sulfate and concentrated to give the 388mg of the crude

10 product as a white solid.

0 0
oyt — OO E
ng o © NH

N
s T

Z

To the solution of 388mg (0.87mmol) of the crude product from above in
dichloromethane (10ml) was added Burgess Reagent 210mg (0.88mmol). The mixture was
stirred at room temperature for overnight. After the dichloromethane was removed, the

15 residue was dissolved in 2ml MeOH and purified with preparative thin layer
chromatography (hexane : ethyl acetate 1:1) to give the product as a white foam: 88mg

(0.21mmol). 27.5% yield.



0O NNH2 NCNY-Ir HO=HNHNH OO NNS5To a0 Csolution of the
amde (10.0 g, 25.2 mmol) and anhydrous pyridine (200 nL) was added

trifl uorosoaBioegsianhydride (5.34 nl, 37.8 nmol) dropw se. PRa&/EPOE#ERLRI ON

m xture was stirred for 15 mns. at 0 Casthen 250 nL of 1M aqueous HCl was
added slowy. Ethyl acetate (200 nL) was added and the aqueous |ayer was

di scarded. Another 200niL of ethyl acetate was added and the organic |ayer
was washed with 1M 10 aqueous HO wuntil the aqueous |ayer renained acidic.
The organic | ayer was then washgg, #‘é?.imﬂﬁﬂﬁ%“ ons of water, one
portion of brlne dri ed mnth sod concentr at ed to glve 9. 80
g of a crubgth ] ‘ i3 3 (A i Rl ooy ey :
et hyl acetate: hexanes) gave he P 5,68 59.99 as an off vvhlte
solid. Recrystallization (8gJ¥$4X3§£#ﬁ¥i—%fﬁgpﬁigﬁ¥oroforn) gave 4. 63 g of
the product as a white 15 solid. Yield: 48 % MS: 379 (M+ H+),

166.0-168.5 C. Alternative synthesis OO OHNOCN --~ HNH C NH OO N N
20 To a solution of the carboxylic aC|d[ uct 1] (514 ng, 1.71 mol),

(S)-cyclopropylglycine nitrile [educt ”2] (300 ny, 2.26 nmmol), HOBT (255

ng, 1.89 mmmol) and EDCI  hydrochl g o- %gp 1.91 nmol ) in anhydrous DV
(8.0 nm.) was added N WO 03/ 048123 /[ ER®2/ 13221 -38 net hyl nor phol i ne
(0.80 nmL, 7.3 nmmol). The reaction WXtNHe was stirred at room tenperature
for 4 h, then 40 nL of water was adde an extracted with 40 nL of ethyl

acetate. The organic |ayer was washe® w 40 mL portions of 1M HO and
40 nL of N
p /

This example illustrates the preparation of N-[(1S,2R)-2-({[(S)-
cyano(cyclopropyl)methyl]amino }carbonyl)cyclohexyl]-1-methyl-1H-indole-2-
carboxamide starting with ethyl cis-2-amino-1-cyclohexanecarboxylate and (:S)-

10 cyclopropylglycinamide or alternatively with ethyl cis-2-amino-1-cyclohexanecarboxylate

and (S)-cyclopropylglycine nitrile.

0 0
CCLOE’( C{koa
NH, NH
0) z
N

To a 0 °C solution of ethyl cis-2-amino-1-cyclohexanecarboxylate HBr salt

15 (9.03 g, 35.8 mmol), 1-methylindole-2-carboxylic acid (6.18 g, 35.3 mmol), HOBT (5.45 g,
40.3 mmol), and EDCI*HCI (7.45 g, 38.9 mmol) in 70 mL of anhydrous DMF was added
N-methylmorpholine(7.8 mL, 71 mmol). The reaction mixture was stirred for 24 h at room
temperature. The reaction mixture was cooled in an ice bath and treated with 140 mL of
water. 140 mL of ethyl acetate was added to the resulting yellow suspension and stirred

20 until the solids dissolved. An additional 140 mL of ethyl acetate was added and the
organic layer was separated. The organic layer was washed with two 280 mL portions of
0.5 M HCI, 280 mL of brine, then dried over sodium sulfate, filtered and concentrated to
give a crude yellow solid. Purification by column chromatography (30:70, ethyl



brine, dried over sodiumsulfate, filtered and concentrated to give a crude
white foam 5 Purification by colum chromatography (40-50:60-50, ethyl
acet at e: wpan®#12yjave the product (341 ng, 53 % as a whiPCe/EPoYixt2ms an
83:17 (S:Rratio at the glycine stereocgater, as determned by 1H NWR
spectroscopy) mxture of diastereoners. Synthesis of (S)-cyclopropylglycine
amde [educt 2] 10 HZN O HZN O HC 0 O~ To a O C solution of thionyl
chloride (7.6 nL, 104 muol) in anhydrous nethanol (750 nlL) was added
(S)-cycl OQEé%ﬁé! 'hg)la)ﬁﬁé)%%vé 16, 9% & thSFrodudimBla, aﬁag'i&éﬂanmgv SOl E Aicl FONPHNAS:

Ki ngsport, . The’reactionm m xture was a | owed to warmto room
terrperatuBE9€Md+—Hh)emp1-598éi9l9tD<‘éid for 4 hrs, then cooled to roomtenperature
and concentrated in vacuo to give a crude solid. The solids were washed
with acetone to give 8.94 g of the product as a white solid. Yield: 62 %
MS: 130 (M+ H+), nmp = 1340-135.9 C. HZN H2ZN O H§l o. NH2 20 To a 0 C
solution of ammoni a in_netlhanol (100nL, 7M in_a bpnb was added (S)-

cycl opropyl gl yci ne et estoEt HCl (5.04 g, mddy . The bonb was seal ed
and placed in a 70 d bath for two days. eaction m xture was
cool ed to room tenperaturélthnd concentrat ed unti I suspensi on formed. The

suspension was filtered | lected solid hed with
met hanol : acetone (1:1). Anoth op of solids was d 25 fromthe
not her liquor in this manney, he conbi ned solid dried to give

3.52 g of the product as a white powder. 25 = +63.0 (1.00, 1M HC1).

Yield: 5100 % M5 7439 (Motuddh) of thP esterd26.9Q; 3383nﬂo§,1n fled RIVED TRF 48123
PCT/ EPO2/ 13221 -39- Synthesis of (S)-cyclo 1pzyl glycine nitrile NHC OH
OHH N added a solution of lithium hydroxide hydrate (5.29 g, 126 mmol) in 100 mL of water. The

reaction mixture stirred at room temperature for 16 hours, then slowly poured into a flask
containing 150 mL of a 1M HCI solution and extracted the resulting suspension with 200
mL of ethyl acetate. The organic layer was separated and washed with 200 mL of brine,

10 dried over sodium sulfate, filtered and concentrated to give 9.49 g of the product as a

white solid. Yield: 100 %, MS: 301 (M + H"), mp = 196.0-198.9 °C.

L oy
—_— H o
NH NH
0 2 'e) 4
N N
15 To a 0 °C solution of the carboxylic acid [educt 1] (10.23 g, 34.1 mmol), (S)-

cyclopropylglycinamide [educt 2](4.08 g, 35.7 mmol), HOBT (6.90 g, 51.1 mmol), and
EDCI HC1 (9.79 g, 51.1 mmol) in 60 mL of anhydrous DMF was added N-
methylmorpholine (3.7 mL, 37 mmol). The reaction mixture was allowed to warm to room
temperature and stirred for 24 hours. The reaction mixture was cooled in an ice bath and
20 treated with 100 mL of water. The suspension was stirred for 1 hour. The precipitate was
filtered and washed with copious amounts of 1M HCI followed by copious amounts of

water. The precipitate was dried in vacuo to give a crude off-white solid. Purification by



To a solution of cyclopropyl carboxal dehyde (10.27 g, 146.5 mmol) in 500 nL
of 5 anhydrous net hyl ene chlori de was added (R)-phenyl glycinol (20.06 g,
146. 2 mMmowP.o3/0ksa23 reaction m xture was stirred at room t erpa@reeote2f or 2 h,
then cooled to -26 Cwith a dry ice/acefone bath. Trinethylsilyl cyanide
(39.0 nmL, 292 mmol) was slowly added via syringe keeping the reaction
tenperature below -23 C. The reaction mxture was allowed to warmto room
tenperature and stirred overnight. 100 nL of nethanol and 150 nL of 10 1M

HO were aﬁﬁc%dge@e&uﬂaechhﬁﬁ;&&%%lhﬂWM @thY?&e&tté:ﬁéﬁﬂesf) Qhvel2 00 ¢ iend £AMET ON
m xture was neutralized wt 0 ni of 1M sodi um hydfoxi de, “t he organic
| ayer sepassatvelitasudidnva&bldds4 i, MS:4890 (M -+ &) wap er242d24506 8€er sodi um
sulfate, filtered and concentrated to give a yellow I|iquid. The product
was i solated as the nonohydrochloride salt by treating the free amne in
met hyl ene chloride with 1IMHQ—in ether to give 34.24.g,0f a white solid as
an 83:17 15 (S:Rratio at phe\gl yci ne stereocenter o asydeterm ned by 1H NWR
spectroscopy) mixture o i as er$p,mars. Yield: 93 : 217 (M + H+), np
= 106.0-108.1 C. HCl 02H2N N To 3 sg ut®®n of the glycinol
adduct (5.00 g, 19.8 {\lif-l 70 nL of Wer hand 20 and 35 nL of nethyl ene
ac

chloride was added lead te etate (9.15 g, 20.6 r’Hﬁ)I) portionw se over a
1 mnute period. The reag%re was stirredy¥o Q_m nutes at 0 C
ol

and the resulting suspensio | tered through a pad elite. The

coll ected solids were wash 2x100 nmL of net hykenexehl oride and the
organi c | ayer was separated, washed with 200 nL of water, dried over
sodiumsul fate, fiTégoed sahidios ontRriniidé €10.0 @, 2312 nidkol) Mdenhydroud pyridiad %) as
a clear liquid. The imne was directly hydrolyzed to give .

cycl opr opy©g ylirreasrdded Wéluﬁspamté:s@hﬁ%e SrddeinheY -Sammmor &gpyise Wheh 1M HO

in an ice bath. The hydrol S s _falha o] 0 i r the
di sappear AN OB PRES i“yr?f' e r 1g:van39§1§,t blgegﬁnéts QE(&‘ ﬁ%&%ﬁ%s%o%ﬂ?l e‘%gs

conpl et e hyde@kswils, Hillg acdiate 0209 thBy Ghs Wéded\WEd 0 28R WhBRehABa21 - 40
separated, washed with ether, then carefully concentrated on the rotary

evapor at or Ar@beu00nd. ofatlyl aprieth v as iddecornddhe peaagis layer yae inshst §ithdM he

o -1 18- SHPBIHCR RN Rb Bt e TR e o PRy 1
with three portions of water, one portion of brine, dried with sodium sulfate, and
concentrated to give 9.80 g of a crude solid. Initial purification by column chromatography
(30:70, ethyl acetate:hexanes) gave the product (5.68g, 59 %) as an off-white solid.
Recrystallization (83:17, diethyl ether:chloroform) gave 4.63 g of the product as a white

15  solid. Yield: 48 %, MS: 379 M + H"), mp = 166.0-168.5 °C.

Alternative synthesis

CE\%H C{LN CN
. H
NH NH
oY 0 z
/N /N

20
To a solution of the carboxylic acid [educt 1] (514 mg, 1.71 mmol), (S)-cyclopropylglycine
nitrile [educt 2] (300 mg, 2.26 mmol), HOBT (255 mg, 1.89 mmol) and EDCI
hydrochloride (366 mg, 1.91 mmol) in anhydrous DMF (8.0 mL) was added N-



met hyl - 1H-i ndol e-2-carboxamide O CHNCN HNH O ZN 10 This exanple
Illustrates the preparation of N[(1S,2R)-2-({ [(1R)-1-cyano-2-

hydr oxyetwolopasiia® } car bonyl ) cycl ohexyl ] - 1- met hyl - 1H i ndolpeTZPoAt20K am de
starting wth the am de, 4a, nmade fol [ gyi ng a procedure anal ogous to
Exanmple 2. OO OIBS CNONH2 NNH2 NH ONH O"-N 4a To a solution of the
hydr oxy am de (231 ng, 0.598 mmol) in anhydrous DMF (4 nli) 15 were added
tert-butyldinethylsilyl chi ori de (178 ny, 1.18 mml) and i m dazole (87 ny,

1. 28 mol JpethliBofpB8GAd ?Beinfﬁ@§ Fhé taRforRniXt0RWiSiRel af robf h. Vater
(20 nL) and eth | ace wer e added and the aqueous |ayer was

di scar dedtenm@mtmﬁéam b ﬂhayé mha%wateswwadded and W@triﬁéﬁd vih40 ol oletlend, dri ed

w th sodi um concent rat.ed . .t ation
by col um? cellﬁ Blﬁs 3(35: é’é,warsr@et ‘gﬁ}b& Jl(y%II‘oﬁbdﬁrrgel!td;hane %qg%gg%égng of
the pr OdUBﬁn@ﬁnad @kf@%didﬂblﬂﬁhte ‘ﬂll@fdd anaf&oh&ntrﬂ’@i@@bﬁ/é&ﬁﬁdd%@iﬂ%&ﬂ 13221
-41 O OTBS O OTBS N NH2 CH OH To a 0 C solution of

t he anibde Ppifigatiog bYGOWWPaF%r@hMW&réOWr ?tBV]rPéeKaF? Wﬁnes?/\/&%veéh%ied
trifluor Oﬁfo%h&t @PH}’J’B’%% 4G whitdLotid ks 4n §§3ng ?3’198?‘8{5318 #Tﬂ e es CHr!rflago ¢ M

yel low 5%reaction 1iixture was stirred at
HCl sol ut aodbtmsmxdbl;e’d{ NMRtshectroasaply) nivggure dildyasgareqeersi on was added 25 nL
of ethyl acetate and the aqueous |ayer

Synthesis of (S)-cyclopropylglycine amide [educt 2]

O B —
HZNL HQNI[&O HCI

) O

10

~

To a0 °C solution of thionyl chloride (7.6 mL, 104 mmol) in anhydrous methanol (750

mL) was added (S)-cyclopropylglycine (10.0 g, 86.9 mmol, Eastman Chemical Company,

Kingsport, TN). The reaction mixture was allowed to warm to room temperature and then
15 refluxed for 4 hrs, then cooled to room temperature and concentrated in vacuo to give a

crude solid. The solids were washed with acetone to give 8.94 g of the product as a white

solid. Yield: 62 %, MS: 130 (M + H"), mp = 134.0-135.9 °C.

0 —
HCI HzNL HzNI _0

O\ NH,

20 To a 0 °C solution of ammonia in methanol (100mL, 7M) in a bomb was added (S)-
cyclopropylglycine ethyl ester HCI (5.04 g, 30.4 mmol). The bomb was sealed and placed
in a 70 °C oil bath for two days. The reaction mixture was cooled to room temperature and
concentrated until a suspension formed. The suspension was filtered and the collected
solids were washed with methanol:acetone (1:1). Another crop of solids was obtained

25 from the mother liquor in this manner, and the combined solids were dried to give 3.52 g of

the product as a white powder.

Yield: 100 %, MS: 115 (M + H"), mp = 225.0-231.0 °C, [a]5 = +63.0 (1.00, 1M HCI).



was di scarded. The organic |ayer was washed with two 20 nL portions of 1M
HCl and 20 nL of brine, dried over sodiumsulfate, filtered and

concent r awed3wesigs ve a yellow liquid. Purification by colPCREP02/13221

chromat ogr aphy (20-40: 80-60, ethyl acetagpe: hexanes) gave 127 ng 10 of the
product as a white foamsolid. Yield: 53 % Ms: 483.3 (M+ H+). O OIBS O N
OH HONH~N NHCNHOONTo a0 Csolution of the TBS-ether (117 ng,
0.242 mmol) in 6 nmL of anhydrous 15 THE was added a 1M sol ution of
tert-butylammoniumfluoride (0.30 nL, 0.30 nmml) in THF. The reaction

m xture was warnmed to roomtenp, concentrated in vacuo and purified by

col urm chSunilesis obEhgyqleprogylehysineamle di chl or omet hane) to give 86 ng of the
product as a white foamsolid. Yield: 96 % M5 9 (M+ H+), nmp =
78.4-79.0 C. WO 03/0481 PCT/ EPO2/ 132242 Exagple 5 (Method Q)

Synthesis of N-f2-(f [(1F)-1-cyang:2-(4 rophen |y Cl
) et hyl | am no} car bonyl) hexyl | qui nol i ca . de trifluoroacetate
OIt + NO- O N ~~N FF 0 0 Nzz~ N | 5T@H5H)33g f

9H- f | uor en- 9- yl met hoxy- 2, 4- di net hoxyphenyl (4- hydr oxybenzyl) carbamate Ri nk
pol ystyrene r@widsolutiod of aygleprgpyisarbbrdibictste (2 7ag ddd. 208ab) inS0D adilnef DVF

and_naghean e e SHieRBodsH (RFDRSrSIEGiRA GAf VhEVE B hhien w ¢ 1
G202 To. L HARLR A AR A0 Anffirh e, colod® 28~ el 3 -

of a 0.11
ice/acetone bath. Trimethylsilyl cyanide (39.0 mL, 292 mmol) was slowly added via

syringe keeping the reaction temperature below —23 °C. The reaction mixture was allowed
to warm to room temperature and stirred overnight. 100 mL of methanol and 150 mlL of

10 1M HCI were added and the reaction mixture was stirred for 1 h. The reaction mixture was
neutralized with 150 mL of 1M sodium hydroxide, the organic layer separated and washed
with 400 mL of water, dried over sodium sulfate, filtered and concentrated to give a yellow
liquid. The product was isolated as the monohydrochloride salt by treating the free amine
in methylene chloride with 1M HCl in ether to give 34.24 g of a white solid as an 83:17

15  (S:R ratio at the glycine stereocenter, as determined by "H NMR spectroscopy) mixture of
diastereomers. Yield: 93 %, MS: 217 M + H"), mp = 106.0-108.1 °C.

onH N ne S

2 N

To a 0 °C solution of the glycinol adduct (5.00 g, 19.8 mmol) in 70 mL of methanol

20 and 35 mL of methylene chloride was added lead tetracetate (9.15 g, 20.6 mmol)
portionwise over a 1 minute period. The reaction mixture was stirred for 30 minutes at 0
°C and the resulting suspension was filtered through a pad of celite. The collected solids
were washed with 2x100 mL of methylene chloride and the organic layer was separated,
washed with 200 mL of water, dried over sodium sulfate, filtered and concentrated to the

25 imine (3.55 g, 97 %) as a clear liquid. The imine was directly hydrolyzed to give
cyclopropylglycine nitrile by dissolving in ether and treating with 1M HCl in an ice bath.
The hydrolysis was followed by TLC by monitoring for the disappearance of the imine (Rf
= 0.43, 10:90 EtOAc:hexanes). After complete hydrolysis, the aqueous layer was



N-[ (9H-f I uor en- 9-yl met hoxy) car bonyl ] - 4-ni trophenyl al anine (3.9 gr). The
resin was then suspended in CH2A 2 (80 nlL) and bubbled with nitrogen
over ni ghtwoThe4gieacti on was filtered and washed 3 tines WCTEP8D13TR1I Wi t h
CH2C 2 then with MeOH and again with CH)d 2. To the resin was added 80 rnL
of 20% pi peridi ne/ DMF. The reaction was bubbled 15 with nitrogen for 30
mn, filtered and washed three tines with 80 nL of CH2A 2, then with MOH
and again with CH2Cl 2. To the resin was added 3 eq EDCI (1.7 gr), 1 eq.
HOBt (0. &kpdtaled, Washed vath etlﬁeth@ﬁ):ar@ﬁl{llly[c{)ncentrated on the rotary evaporator (30-42
2-[(12) - prop I-enyI]-3 vi nyl -1 Hi nden-

y| } met hoxy(eweatsohgth) amd erofenixatasia vagsctardboxihk iproduct a$ a(18/gBosgopic witite spkdi n
was then suspended in NVWP (80 niL) and bubbl ed overnight. The reaction was
then filtered and 20 washed three tines with 80 nL of CH2Cl 2, once with
MeOH and again with CH2A 2 and pEidnyied (MetHby B-3) @ vacuum dessicator. To
250 ng of this resin in a solid™phase extractron vial was added 20%
pi per i di nedytesisdor V-l 5. 2RTRE{ [(ERGHLQANYBS H WRG14Rin®h Earb@fy1)3Pc18heX :]]g‘ﬁ;
filtered and washe ree tines wth : once w and
again with CH2C 2. To 25 t he mesthyhlifaindaldcleel T C(56 uL), 0.05 eq.
DVAP (52 uL of a O 116 Msoln in THF), 3 eq qui naldlc acid (62.3 ng). The
resin was then suspended in CH2CA 2 (2.5 nL) and WO 03/048123 PCT/ EP02/ 13221
-43 rotated overnight. The reaction was theHiltered and washed three
times with 4 nL of CH2A 2, once with Oﬁond again with CH2A 2. The resin
was then treated with 10%FA/ CH2 nyfor 30 min, filtered and

he Hiltrate was evaporated on a

washed twice with 2.5 nL of CH202.
Speed- Vac and dissolved in CH2O 2 NML) . Burgess 5 reagent (2 eq, 57 ng)
i The reaction was then
liquid chromatography to yield 1.8 ng ofN

was added and the reaction stirred ove )
gvexse phase high pressure
o pure sanple. Exanple 6
(Method D) Synthesis of N-(cyanometh

evaporated on a Speed-Vac and purifi & b
| )-2_(qui nolin-8-ylam no)cycl ohexanecarboxamde 10 ON_'-~~ N NOO

10 This example illustrates the preparation of N-[(1S,2R)-2-({[(1R)-1-cyano-2-
hydroxyethylJamino }carbonyl)cyclohexyl]-1-methyl-1H-indole-2-carboxamide starting
with the amide, 42, made following a procedure analogous to Example 2.
OTBS

Cfm LWNH Cfm L(NH
*QD o

To a solution of the hydroxy amide (231 mg, 0.598 mmol) in anhydrous DMF (4 mL)
15 were added rerr-butyldimethylsilyl chloride (178 mg, 1.18 mmol) and imidazole (87 mg,
1.28 mmol). The reaction mixture was stirred at room temp for 16 h. Water (20 mL) and
ethyl acetate (20 mL) were added and the aqueous layer was discarded. The organic layer
was washed with two portions of water, dried with sodium sulfate, and concentrated to give
a crude liquid. Purification by column chromatography (5:95, methanol:dichloromethane)

20 gave 250 mg of the product as a clear liquid. Yield: 83 %.



OH NH2.HCI NH jNTo an oven-dried Schlenk flask that was evacuated and
backfilled with argon was 15 added 726 ng (3.68 mmol ) of et hyl

Ci s- 2- am WoO-0B/¢31e3 ohexanecar boxyl ate HC salt, 56 ng (0. ®6TmP02/13221 nol %
Pd) of Pd2(dba)3, 77 ng (0.12 nmol, 4 pp{_.% of rac-BINAP, 881 -butoxide,
500 nmg (3.06 Mol ) of 8-chloroquinoline, and ng (9.17 mvol) of sodiumtert
7.5 nmL of toluene. The flask was sealed with a glass stopper and an argon
bal l oon replacing the source. The reaction m xture was then heated to 90 C
and stirred at that 20 tenperatprgsfor 17 hours. The m e was allowed to
cool to roomtenperature, °ak n up in diethyl &r (B5 L), washed three
times with saturated NH, dri ed ove o sul fate, and
concentrated to provid he Kgrude reactign m he TNude mi xture was
re-di ssol ved in ethyl ~ae@ébgie, partitioned betweéflnegt hyl acetate and 1IN
HCl, dried over nagne5|u sulfate and concentrated_tg.provide 125 ng (15

yl am no) cycl ohexanecar boxyl i N ( 4 :
ratio. Confirmed by 1H NMNR7 O O LOHH N NH NH NI 7, 050rrg(0.19

mmol ) of the acid above dissolved in 1.3 nL of DMF was added 18 5 ng (0. 19
nmol ) of am noacetonitrile HO salt, 37 ng (0.19 mmol) of EDCI 26 ng (0.19

mol ) of HOBToanglo@ sOfitibh of fre a%‘uﬁg@l?)s )fo. 9 ARk FRARES E‘(g hERCti on

mxture was stirred at roon1tenperature over ni ght, partltlone et ween
et hyl acetvais admftﬂtnm:bma,cenmwdnm/(@ﬂmabnleé immol3 drdreise. £t reandrmyalloved.

Col umm chr omat ogr.aphy, uti ol.ve eth cetate
(7:3) " Sndctnen i bre vt virred Qe HEmimanen 2) iy pPINTHEL foig pisadtl ™
provi ded kY f0rdsaRin? ?%y LBk RRREAN P9mE! o¥ kA ASetRe QHY e AALEIU4NByer Wi Ch
is the title conpoufid o

N- ( cyanorrmdsydis):aﬂiedq Tha okganic3aydr avas majlwgdolith oxade odr poxiand efd M HIQ awl@0r e by
HPLC Exa% of bnne dried over sodium sulfate, filtered and concentrated to give a yellow liquid.
Purification by column chromatography (20-40:80-60, ethyl acetate:hexanes) gave 127 mg

10  of the product as a white foam solid. Yield: 53 %, MS: 483.3 (M + HY.

To a 0 °C solution of the TBS-ether (117 mg, 0.242 mmol) in 6 mL of anhydrous
15 THF was added a 1M solution of terz-butylammonium fluoride (0.30 mL, 0.30 mmol) in
THF. The reaction mixture was warmed to room temp, concentrated in vacuo and purified
by column chromatography (5:95, methanol:dichloromethane) to give 86 mg of the product
as a white foam solid. Yield: 96 %, MS: 369 (M + H"), mp = 78.4-79.0 °C.



Synthesis of N-((1S 2R)-2-f
f (cyanonet hyl ) am nol car bonyl | cycl ohexyl ) -6- F2- (4- 15
met hyl pi p0azioss123 yl ) et hoxyl -1 H i ndol e- 2- car boxanm de O NPCT@EP02/ad221 O N

|---\

OO HNHNNHCNH OO HHO HX~ v W 03/048123 PCT/ EP02/ 13221

-45 To 85 ny (.25m\V) 6- Hydroxy-1H i ndol e-2-carboxylic acid
[ 2- (cyanonet hyl - car banoyl ) - cycl ohexyl]-amde in 5 m dichloronmethane at 0
C was added 144 ng (1 m\VM 2-(4- Methyl -piperazin-1-yl)-ethanol, 262 ng (1

mV) triphenyl phosphine and 131 mﬁ@ésmﬁhd&p After several hours the
m xture was allowed to warmto room tenperature and stir 5 overnight. The
reaction mixture was purif seghneiis 8EAIY- (P19 RERBAAKL Ve TLC plate and

eluted with 10% net hanol | 4l chl ororret hane. The product vvas then
partiti oneditivphe d X S} " AR 0

£y t 1 c

neutralized and extracted W|th et hyI acet ate, dri ed over magne5| um sulfate
and stripped to give 18.9 ng 6-[2-(4-Methyl o

pi perazi n-1-yl)-ethoxy]-1H i ndol e-2-carb
[ 2- (cyanonet hyl - car banoyl ) 10 cycl ohexyl
N-((1 S 2R -2-{ [(cyanomethyl)am no]ganybo

TG acid
rride Simlarly were prepared:

}cycl ohexyl ) - 1- net hyl - 6- ( 2- nor ph ~K< Iethp ) 1H i ndol e- 2- car boxam de
usi ng M tsunobu coupling with 2- ol i n*4- et hanol . 15 N-((1S, 2R)-2-{
[ (cyanonet hyl) ami no] car bonyl }cycl ohexyl ) 6 gror phol i n- 4-yl et hoxy) -
1H-i ndol e- 2- car boxami de using M tsioBucoup |ng W|th
2-mor phol i n-4-yl -ethanol. Exanple 8 esis of allyl 2-({ f (1S, 2R)-2-({
1(S) -

5

10

15

20

25

To 5.033g of 9H-fluoren-9-ylmethoxy-2,4-dimethoxyphenyl(4-hydroxybenzyl)
carbamate Rink polystyrene resin in a large glass bubbler was added 20% piperidine/DMF
(80 mL). The reaction was bubbled with nitrogen for 30 minutes, filtered, and washed
three times with 80 mL of CH,Cl,, once with MeOH and again with CH,Cl,. To the resin
was added 3 eq DIC (1.4 mL), 0.05 eq. DMAP (1.3 mL of 2 0.116 M soln in THF), 3 eq.
N-[(9H-fluoren-9-ylmethoxy)carbonyl]-4-nitrophenylalanine (3.9 gr). The resin was then
suspended in CH,Cl, (80 mL) and bubbled with nitrogen overnight. The reaction was
filtered and washed 3 times with 80 mL with CH,Cl, then with MeOH and again with
CH,ClL. To the resin was added 80 mL of 20% piperidine/DMF. The reaction was bubbled
with nitrogen for 30 min, filtered and washed three times with 80 mL of CH,Cl,, then with
MeOH and again with CH,Cl,. To the resin was added 3 eq EDCI (1.7 gr), 1 eq. HOBt
(0.41 gr), and 3 eq. (1R,25)-2-{ [{2-[(1Z)-prop-1-enyl]-3-vinyl-1H-inden-1-
yl}methoxy)carbonyl]amino }cyclohexanecarboxylic acid (3.3 gr). The resin was then
suspended in NMP (80 mL) and bubbled overnight. The reaction was then filtered and
washed three times with 80 mL of CH,Cl, once with MeOH and again with CH,Cl; and

allowed to dry in a vacuum dessicator.

To 250 mg of this resin in a solid phase extraction vial was added 20%
piperidine/DMF (2.5 mL). The reaction was allowed to sit for 30 minutes, filtered and
washed three times with 4 mL with CH,Cl,, once with MeOH and again with CH,Cl,. To
the resin was added 3 eq DIC (56 uL.), 0.05 eq. DMAP (52 uL of 2 0.116 M soln in THF), 3
eq. quinaldic acid (62.3 mg). The resin was then suspended in CH,Cl; (2.5 mL) and



cyano(cycl opropyl ) met hyl | am nol car bonyl ) cycl ohexyl | am nol car bonyl ) - 1H i ndol
-6- 20 ylcarbamate Chiral O NN NONN OO To 2.0 g (8.96 mvpl) of

4- am nobewoyBaksiehol di ssolved in 25 ni of dichl or onet hameTawd2/13281L nlL
(2.5 eq., 22.4 mol) of pyridine at 0C_ygs added 950 ~L (8.96 mmol ) of
allyl chloroformate. The m xture was stirred at OC for 1 h, partitioned 25
bet ween di chl oronet hane and water, dried over nagnesi um sul fate and
concentrated. The product was purified using colum chromatography,

el uting Wb AQ9Gealibn THOORG04 FhetheREleFR0AAMBRRId thrdkGineokah #mileyane, to
provide 2.154 g allyl oxycarbonyl - protected 4-am nobenzyl alcohol, as a

col or| ess @HICL, Tace withMegOH2nd 3gaimyith) CldiClhh&he msinewa; treddediviBol ved in

40 mL  dichl e ad . ) ss-Aarti n
peri odi naﬁ@ﬁ%ﬂﬁ %ﬁ?@%@?’gﬁgﬁeﬂda%%o‘%sﬁ %‘?t‘%g%%e%r’% J|}{?“| Ogndg%cgét ween
di chl or onetHeagaRReas¥vhpsrated bh @G pes@ NV asagh eibalnedinl CHIG, simignBardesat ed.
The product was purified usi ng col um chronat ography, eluting with _ 40%

ethyl aZetratgenhemd’ ma) Wsaddedeand thoragion storedavelighi. The reaction was then
fornyl phenyl t . : 4 ' i - 689 nmg (10. 13
ol ) sod%ﬁﬁ%@%@@cﬁ’?ﬁeﬁagfﬁaﬁ% ‘g’%’{lﬁf@ gy ré%éﬁasgth%l ¥ V\llaulgdded a

sol uti on athr&fftopgmphy & dddrivding obfa 5% parelsaiiplg (9. 75 mol )

et hyl azi doacetate dissolved in 5 nL absolute ethanol and 1 niL

t et rahydrof uran dropwi se over 5_m nute The mxture was stirred at 0OC for
1.5 h, then partitioned between MMM&Md 1 N HO until neutral.
The organi ¢ phegRh SN I EhnsH&hy] gfbUM S Uk BeycldheRaRbirbakfeidand
purified by col'unm chromatography, eluting wth 25% et hyl
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To an oven-dried Schlenk flask that was evacuated and backfilled with argon was

15 added 726 mg (3.68 mmol) of ethyl cis-2-amino-1-cyclohexanecarboxylate HCl salt, 56 mg
(0.06 mmol, 2 mol % Pd) of Pd(dba)s, 77 mg (0.12 mmol, 4 mol %) of rac-BINAP, 881
mg (9.17 mmol) of sodium tert-butoxide, 500 mg (3.06 mmol) of 8-ch10roquinoline, and
7.5 mL of toluene. The flask was sealed with a glass stopper and an argon balloon
replacing the source. The reaction mixture was then heated to 90 °C and stirred at that

20 temperature for 17 hours. The mixture was allowed to cool to room temperature, taken up
in diethyl ether (35 mL), washed three times with saturated brine (30 mL), dried over
magnesium sulfate, and concentrated to provide the crude reaction mixture. The crude
mixture was re-dissolved in ethyl acetate, partitioned between ethyl acetate and 1N HCI,

dried over magnesium sulfate and concentrated to provide 125 mg (15 %) of 2-(quinolin-8-



15 acet ate/ hexane to provide 385 ng of 3 (ethyl (2E)-3-(4-

{[(al | yl oxy)carbonyl ]am no }phenyl)-2-azi doprop-2-enoate) as a yell ow
solid. 3880042217 mmol ) of 3 was dissloved in 25 ni tolPaem®Pot/13201 05M
solution). The mxture was heated to 8@ for 2 h, cooled, and
concentrated. Purification by colum chromatography, eluting with 25%

et hyl acetate/ hexane provided 134 ng of 4 (ethyl 6- 20 {

[ (al I yl oxy) car bonyl ] am no}-1H i ndol e- 2- car boxyl ate) as a yellow solid. To
134 gy (0.4feRnseRIdhXbnébatiox§ht ¥4 with batiidis BRd Randisomes iaddedid3 ny (1.023
mrol ) |ithium hydroxide dissolved in 1 nL water. The mixture was stirred at
room tembenfirmedbioBNMBht, partitioned between ehtyl acetate and 1 N HC
until neutral, dried overynagnesiumsulfate and congentrated to provide
118 mg 5 (6 25 { [(allyl ofly)carbonyl]am no}-1H i ndolje- 2-carboxylic acid),
as a colorless solid-~Feltowng the procedure pfExany-€~ybut replacing

i ndol e- 2-car boxylic asNa col orl ess
solid. Exanple 9 Synthe

| ) ~yl I am nol car bonyl ) cycl
6- [ (et hyl sul fonyl )am n nyol e- 2- car boxam de WD

z, .‘4
PCT/ EPO2/ 13221 -47 Chir QNI~\N NONO N—4. 97 g (40.35

nmol ) of 4-am nobenzyl al c i ssolved in 30 nL of Yas™~added 9.69 g (44. 39

mol ) of di-tert-hutyl dicarbonate. .The m xture was SLirr t at Lo
Comper ot ur e ovaPriOght ©-38 FRFES RS aplAfal At Bl TS ntanb e .
over nRGN@sd @M9 mmdY dfahfnddtetoaRARGACT Al @ (D19\thahel)SfEDCT, 26 mg (0.19

t - but yl oxycar bonf_/II -Bprot ected 4-am nobenzyl al cohol, as a colorless solid.
mmol) of HOBT, and 0.09 mL (0.78 mmol) of N-methylmorpholine. The reaction mixture

aof N[ (1S 2R) - 2- ({
hexy| |- 30

was stirred at room temperature overnight, partitioned between ethyl acetate and water,
dried over magnesium sulfate and concentrated. Column chromatography, eluting with
solvent system hexane : ethyl acetate (7:3), and then with solvent system hexane : ethyl

10 acetate (1:1), provided 15 mg (25 %) of the corresponding cis/trans product mixture, which

is the title compound of N-(cyanomethyl)-2-(quinolin-8-ylamino)cyclohexanecarboxamide,

99 % pure by HPLC.
Example 7
Svnthesis of N-((1S.2R)-2-{[(cyanomethyl)amino]carbonyl }cyclohexyl)-6-[2-(4-
15 methylpiperazin-1-yDethoxy]-1H-indole-2-carboxamide
O
Cﬁ\N/\\\N Chiral
N
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N
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@] O
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NH NH
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0 = O =
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OH O—/_ _/



To 4.79 g (21.65 mol) of the above conmpound di ssolved in 50 nL

di chl oronet hane was added 9.19 g (21.65 mmol ) Dess-Martin periodi nane. The
m xture o o3pigieed for 2 h, partitioned between di chl or ecgtEraries2and
water, dried over magnesium sul fate and,40 concentrated. The product was
purified using colum chromat ography, eluting with 25% et hyl

acet ate/ hexane, to provide 3.0 g of 6 (tert-butyl 4-fornyl phenyl carbamate)
as a colorless solid. To a solution 13.45 mml of sodium nmethoxide in 6 nL

bsol ut t ‘%ﬂﬁ L OR: b T byl 6
gn301948 g%g%%ﬂggzm )%_Iilg%?ﬁgﬁe_ glglal %&%&gﬁgw%ihsds%l(\eye%oﬁﬁt L abs%?ut e
met hanol  @ydphaxsH-amide 155 pil diphlayomythane ah K'tCwas added ddd med MG or 6 h,
then part iﬁ&étﬁﬁ%ﬂp&fgﬁm )-EthBYdL, mhgt(ﬁn@n?i%r@ﬁ@ﬁ}hﬁm@gmidf aﬂctmai mggmsrralk@f _Thg
organi c se was dried_ over magnesium syl fate, concentrated an rifie
by el urm AR ALiss FEHer) RO U6 R RS SHOFES F) WA 905! ERSHETE BT Hvi de
551 ng obvdmiget Myd reactionbmixture was purified directly on a preparative TLC plate and

2E) - 2- azi do-3-LA-[(tert- ' P 20
2oL Four efifedivie 1h ghbay} AINERLAGRNL *HlIFLA0E I MR OMATARRBEGECAT 20

m xt ur e W Hizlahd dthyt ace80C thcpaqueots lagaovasdicuaslized end exiracgdodith iyl fi cati on

by col um L 1 - 250 I A _provi ded
551 ng of aé&%t%%éﬁ%??%ﬁ@%ﬂ%h@%&%\g %Sﬁ%é;tg%ﬂﬁol]gﬁﬁtgﬁ% %ﬁg’ér boxyl at e)
as a yel | pipesasin-4-ylpgthgey 18k indgles2-grrdanyliresid [R-(Exanemegidicedasisbhane was
added f meydiphddyyos@acetic  anhydride, and the mxture stirred at room
tenperature for 1.5 h. P The m xture was partitioned between

di chl orog]rgt haini)E and 1 N sodi um hydroxide until neutral, dried over

magnesi umPSOHEEY e RICRAYcent rat ed. bt ai ned 360 ng of the crude nethyl
6-am no-| H indol e-2-carboxylate. To 200 ng (1.05 mmol ) of crude product

di ssol ved N-((15,2R)-2A0(§an 48 h P3arR@d]EEs Ry 18 gddhexyRd -uiethiyl -6 r(dmeerhbolen-4nd 340
AL pyridi ) Cr adedy 8L ol \VANT ind _ATyxture
was sti rrg%tﬁxygg%rﬁ(ﬂ%d%?ﬂ\bf\as pg??ﬁl gggsgh%get \Aeglrllﬁ%%vg&l org%ht-gﬁgr?gy 1and 1 N
hydr ochl oethengki d until neutral, was dried over magnesium sul fate and
concentrated to obtain 333 ng of 9 (nethyl

6- [ (meighy Nﬁ@lg52'1?512)-g{ﬁéyﬁ%méthlﬂ)ﬁlﬂﬂlbﬂhﬂj&@f}b?@iMﬁe&@@%-@Sm@fplﬂﬁn-élEyleﬂhoﬂybct . To
%

333 1.24. 9 di | 8 L th d Q 3.10
mol )rrgl i(t H%’rﬂ@ﬂ?& G B’éafﬂbé ggpggjg‘ts:uﬁo@l WP&E@ 3’%@%@%@?8‘?@%@@%? i §r ed at
Example 8

room
Synthesis of allyl 2-({[(1S.2R)-2-({[(S)-

cvano(cyclopropyl)methyllamino }carbonyl)cyclohexyllamino }carbonyl)-1H-indol-6-

20 ylcarbamate

Chiral
i X

O

N
=
N
_\<N
O
/\/ 0
To 2.0 g (8.96 mmol) of 4-aminobenzylalcohol dissolved in 25 mL of
dichloromethane and 1.81 mL (2.5 eq., 22.4 mmol) of pyridine at 0°C was added 950 OL
(8.96 mmol) of allyl chloroformate. The mixture was stirred at 0°C for 1 h, partitioned

25 between dichloromethane and water, dried over magnesium sulfate and concentrated. The
product was purified using column chromatography, eluting with 40% ethyl



tenperature overnight, partitioned between ethyl acetate and 1 N
hydrochloric acid, was dried over magnesium sul fate and concentrated to
obt ai n 23W0reg/0ef123.0 (6 10 [ (et hyl sul fonyl ) am no] - 1H i ndolPeTaPoALR2OKY| | C
acid). Follow ng the procedure of Exanpjg 1 but replacing

I ndol e-2-carboxylic acid with 10 gave the title conpound as a col orl ess
solid. Exanple 10 Synthesis of N-((1 S,2R-2-({ r (I §- 1

-cgago 3-nmet hyl butyll am no }carbonyl)cycl ohexyll- 15

1 enzo : rates the
Syt hest SR RrTIe SR AFRT s AT Rariy ot St RERTBL 2 Heu @l
}car bonyl‘)Qi?f(}ﬁSéﬁéxyl] 1, 3- benzot hi azol e- 6- car boxam de starting from 20
ethyl cis-2-anino-I-cycl ohexanecarboxylate. O O OEt OEt NHS * HBr NH OO
WO 03/048123 ”P’&IﬂEE@MGSQZﬂmoB 4PthE abevddcdmysind dissolved 11940'IML

wLof mot HOPGHENEHTAA 0 Ohecdidetl Uyl oy oF Sriand eefdyRgtiitres 5™

mol ) andm2&trentasctirad aa@ﬂiéfmmé hs patiitionebiretoeat dclslotamdtioane afith wategadrteidon

m xture f I
A L e
filtered dnomewstphyraleiéng vish 40%ethyh aestargheranguiaprovide 1726 @k @Y 4pur i fi ed

by col umf&ﬁg@g&g}q&&%ﬁﬁeﬁggawﬁ&s@g et hyl acetate/ hexanes) to give 26.45
g of a clear”l'iquid. Yield: M5: 306 (M+ H/). OO0 CeEt OH NHNH OO

00

To a solution of 689 mg (10.13 mmol) sodium ethoxide in 5 mL absolute ethanol at
10 0°C was added a solution of 500 mg ( 2.44 mmol) of 2 and 1.25 g (9.75 mmol)
ethylazidoacetate dissolved in 5 mL absolute ethanol and 1 mL tetrahydrofuran dropwise
over 5 minutes. The mixture was stirred at 0°C for 1.5 h, then partitioned between ethyl
acetate and 1 N HCI until neutral. The organic phase was dried over magnesium sulfate,
concentrated and purified by column chromatography, eluting with 25% ethyl
15 acetate/hexane to provide 385 mg of 3 (ethyl (2E)-3-(4-
{[(allyloxy)carbonyl]amino } phenyl)-2-azidoprop-2-enoate) as a yellow solid.

385 mg (1.217 mmol) of 3 was dissloved in 25 mL toluene (~0.05M solution). The
mixture was heated to 80°C for 2 h, cooled, and concentrated. Purification by column
chromatography, eluting with 25% ethyl acetate/hexane provided 134 mg of 4 (ethyl 6-

20 {[(allyloxy)carbonyljamino }-1H-indole-2-carboxylate) as a yellow solid.

To 134 mg (0.465 mmol) of 4 dissolved in 5 mL methanol was added 43 mg (1.023
mmol) lithium hydroxide dissolved in 1 mL water. The mixture was stirred at room
temperature overnight, partitioned between ehtyl acetate and 1 N HCI until neutral, dried
over magnesium sulfate and concentrated to provide 118 mg 5 (6-

25  {[(allyloxy)carbonyl]amino }-1H-indole-2-carboxylic acid), as a colorless solid.

Following the procedure of Example 1 but replacing indole-2-carboxylic acid with 5
gave the title compound as a colorless solid.

Example 9
Svnthesis of N-[(1S.2R)-2-({ [(S)-cvano(cyclopropyl)methyl]amino }carbonyl)cyclohexyl]-

30 6-[(methylsulfonyl)amino]-1H-indole-2-carboxamide



The ester (26.45 g, 86.62 mmol) was dissolved in 250 nL of 10
tetrahydrofuran and treated with a solution of |ithium hydroxide
nonohydr awe o3a@&185 g, 256 mmol) in 250 nL of water and sPCTrEPd2/a228nbi ent
tenperature for 24 h. The reaction m xire was cooled to 0 C and
neutralized with 300 nL of a IN HO solution. Ethyl acetate (400 nlL) was
added and the organic |ayer was separated, dried over sodiumsulfate,
filtered and concentrated to give a crude solid. The product was purified
by recrystallizing 15 from ethyl acetate/ hexanes to give 19.60 g of a
white solid. Yield: 82 % Ms: 278 (MP+ yH+), np = 120.1-123.1 C. 0 0 OHN
NH2 --~HONHCGC ::eNH 0"~ O q&gI%Q] xSol ution of the carboxylic acid
(10.2 g, 36.9 nmol), L-Leucineam 20 hydrochloride (6.18 g, 40.5 nmmol),
EDCI hydrochl oride (5.48 g, 40.6 mof)), and HOBT (5.48 g, 40.6 mmol) in
100 nL of anhydrous DVMF was added NPnefhykrorpholine (12.0 niL, 109 nmol).
The reaction nmixture was stirred at arbi tenperature for 24 h, then
added 300 nlL of water and 400 niL of ethy etate. The organic | ayer was
separated and WD 03/ 048123 PCT/ EP02/ 13221 350 washed with two 300 niL

portions of a 0.5 MHCL solution, 300 nL of water, then,drigﬂ over _sodi um
sulfate, filterket8ha @3 el of Serminqbsmrvialeshol disseluedinilmhel vag addede

}3-1589002 996923 A 30ieto] oSt d-1avrbhi§] 8iehibBnatdi ThéliniBdreyad\¥birred b2at(tbrh Na+) , np

8 . 00 N NH2 N NHCNH, 0000 .5 To a 0.C
S0t on dPpHEER O EIBl S P ROELb R Y ket At Ot st BREISIR gi ne
was added sutfatlandcomentrated anprpsidedet ¢ 5bbQlaxiycarB&nyd-protedted draopmeteezyls| owl y
over a 3 %&h@?%&ggoloﬁgs% Sroian'-liction m xture was stirred for 15 mn and then
pour ed ’ )

To 4.79 g (21.65 mmol) of the above compound dissolved in 50 mL dichloromethane
was added 9.19 g (21.65 mmol) Dess-Martin periodinane. The mixture was stirred for 2 h,
partitioned between dichloromethane and water, dried over magnesium sulfate and
10 concentrated. The product was purified using column chromatography, eluting with 25%
ethyl acetate/hexane, to provide 3.0 g of 6 (tert-butyl 4-formylphenylcarbamate) as a

colorless solid.

To a solution 13.45 mmol of sodium methoxide in 6 mL absolute methanol at 0°C
was added a solution of 717 mg (3.24 mmol) of 6 and 1.49 g (12.96 mmol)

15 methylazidoacetate dissolved in 6 mL absolute methanol dropwise over 5 minutes. The
mixture was stirred at 0°C for 6 h, then partitioned between ethyl acetate and acetic acid
until neutral. The organic phase was dried over magnesium sulfate, concentrated and
purified by column chromatography, eluting with 25% ethyl acetate/hexane to provide 551
mg of 7 (methyl (2E)-2-azido-3-{4-[(tert-butoxycarbonyl)amino]phenyl }prop-2-enoate) as

20 ayellow solid.

851 mg (2.67 mmol) of 7 was dissolved in 40 mL toluene. The mixture was heated
to 80°C for 2 h, cooled, and concentrated. Purification by column chromatography, eluting
with 25% ethyl acetate/hexane provided 551 mg of 8 (methyl 6-[(tert-
butoxycarbonyl)amino]-1H-indole-2-carboxylate) as a yellow solid.

25 To 551 mg 8 dissolved in 15 mL dichloromethane was added 5 mL trifluoroacetic
anhydride, and the mixture stirred at room temperature for 1.5 h. P The mixture was
partitioned between dichloromethane and 1 N sodium hydroxide until neutral, dried over
magnesium sulfate and concentrated. Obtained 360 mg of the crude methyl 6-amino-1H-
indole-2-carboxylate. To 200 mg (1.05 mmol) of crude product dissolved in 5 mL



10 into a slurry of ice and IN HO solution. The m xture was extracted with
500 nL of ethyl acetate, and washed with three 400 nL portions of IN HCO ,
400 mL ofwaatmsg123iri ed over sodiumsulfate, filtered andpcompeniaated to
give a crude solid. Recrystallization Ig9n1ethyl acet at e/ hexanes gave 11.3
g of the product as a white solid. Yield: 90 % Ms: 394 (M+ Na+), np =
103.6-106.5 C. 1500 N'(1 C NCN HHNHNH2 * HGI p Ol A solution of
the carbamate (11.3 g, 30.4 nmol) and pal |l adium on activated carbon (1 0

g, 10 % bMICMOI%IﬁHBaI?eSQIdmOQjL?S’ﬁ&he LN B e‘l@%d 41T BtHaREsudn dl‘l'[kqﬁfe

hydrogen at nosphere he re Lon mxture was filtered through” a pad of
celite, 28he BREwER Vit gyred ARG (arddb 8t BERIOod RERSFRICBITmeTheac 41 leNner

(ﬁ5 Hté g&’oélﬂsﬂt béiB@ntiSEBpen $iad Iﬂrﬂé@évérlrhig%éﬁdm&lﬁlfa@rahﬂféoﬁ&n&}htéd t5. 96 g of
t he ydar oc € Sa t C
e ) oS AL R b e [@?ﬁ?@“w 3 int 1 O RSP e

PCT/ EPB2/ pR#8dt. -51 O O NCN NCNCH-~H C NH2 NHO S N To a solution
of the amne (220 ng, 0.927 mml), 1, 3-benzothiazol e-6 carboxylic acid (184

, 1.03 | 1. 04
ot ) 1 6.0 50 2P R SLAERN SR Ma sl ph el o B0
and stirr&dne) hﬁwnélﬁdr%&mﬁsakved@?aﬁweh hm@w@zr&offas@ﬁm@dm P81 was
partitionggy e%ﬁ&%@n@ﬁnt%arﬁﬁoﬂé@%fwe’éﬂ@tl@@ adetat® hn®1 NhyR6aHieHiEacid ReasOr gani ¢

| ayer was vva hed with
y <f over magnesium sulfate and concentrated to obtain 230 mg of 10 (6-

10 [(methylsulfonyl)amino]-1H-indole-2-carboxylic acid).

Following the procedure of Example 1 but replacing indole-2-carboxylic acid with
10 gave the title compound as a colorless solid.

Example 10
Svynthesis of N-[(1S,2R)-2-({[(1S)-1-cyano-3-methylbutyllamino }carbonyl)cyclohexvyll-

15 1,3-benzothiazole-6-carboxamide

N
SR
NH
0 S
gos
N

This example illustrates the synthesis of N-[(1S,2R)-2-({[(1S)-1-cyano-3-

methylbutyl]amino }carbonyl)cyclohexyl]-1,3-benzothiazole-6-carboxamide starting from

20 ethyl cis-2-amino-1-cyclohexanecarboxylate.

0
CfLoa dLOEt
NH, * HBr JN\H



two 30 nL portions of 1IN HO solution, 30 nL of water, dried over sodium
sulfate, filtered, concentrated and purified by colum chromatography

(et hanolwomtlydiehe chloride, 3:97) to give 297 ny of thecprErpduci22Bs a
white solid. Yield: 80 % Ms: 399 (M+ _44. H), np = 199.6-201.2 C. Exanple
11 Synthesis of N 1(1S,2R)-2-({f(1S)-1-cyano-3-neth |y

but yl I am no} car bonyl ) cycl ohex | ~I -1-

(2- hydroxyet hyl ) -1H i ndol e- 2-carboxam de 15 ON N N HOB " This exanple
illustrates the synthegioecofolNide dStRRbs2- m.[oc 1-5)c1dnduAa By RIS Qi V! ]

am no } carbonyl)cycl ohexyl ] -1-(2-hydroxyet hy i ndol e- 2- car boxam de
starting f@3dde BYI6 mmablin230 caly bfanythalme CIEDmier, vszasmdwl bem@ylehlordfo@TBs 20

WO 03/ 0481 2/1 =52 sol ution .of ethyl. .
ool e 2- caPaRyt S & rrmolg 34 250 1 8 o alectol Sombihenalt idon, Topgpection,s
added sodi Mtwd&asdan@@\f&ezm K & Afbiéht tdhdpetatifD| The d}%ﬁ& mw we seﬁ-ﬁlﬁteﬂ%ét ion
m xture was stirred until gas evol uti on subsi ded a t hen

( 2- Br orBet Hiashoy wlrélrEcSDanﬂf diatast dadveRsRdiy sgléatmfﬂtez@i sdreppontiates tadined.
Th t
e & P 2l Ml i VAR QR Ao B Qo 00 b

2. 33 mmol )am&ﬂmidﬁ@k)mgveaﬁslécg <bﬂla:1mrlhqutdat§[‘lekbl9ﬁ% zMSr@&(M BHT for 2" h.
The cool ed reaction m xture was poured into a slurry of ice water and

extracted with 250 nL of et I acetate. The organic |ayer s washed with
two 250 nL portions of €~ i ed over sodium sul fate &Qed
concentrated, and 10 p ed by col um chretratogr aphy

acet at e/ hexanes 10: 90) “t0 WHe 3 88 g of the product anal ear | qui d.

Yield: 75 % MS: 348(M+H;1.)\ HO r TNO + HO / PR
aae

The ester (26.45 g, 86.62 mmol) was dissolved in 250 mL of
10 tetrahydrofuran and treated with a solution of lithium hydroxide monohydrate (10.65 g, 256
mmol) in 250 mL of water and stirred at ambient temperature for 24 h. The reaction
mixture was cooled to 0 °C and neutralized with 300 mL of a 1N HCI solution. Ethyl
acetate (400 mL) was added and the organic layer was separated, dried over sodium sulfate,
filtered and concentrated to give a crude solid. The product was purified by recrystallizing
15 from ethyl acetate/hexanes to give 19.60 g of a white solid. Yield: 82 %, MS: 278 (M +
H"), mp = 120.1-123.1 °C.

o)
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oL — CLrrT
NH NH ©
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To a solution of the carboxylic acid (10.2 g, 36.9 mmol), L-Leucineamide
20 hydrochloride (6.18 g, 40.5 mmol), EDCI hydrochloride (5.48 g, 40.6 mmol), and HOBT
(5.48 g, 40.6 mmol) in 100 mL of anhydrous DMF was added N-methylmorpholine (12.0

mL, 109 mmol). The reaction mixture was stirred at ambient temperature for 24 h, then

added 300 mL of water and 400 mL of ethyl acetate. The organic layer was separated and



O LOTBS 0 LOTBS O LOH To a solution of the above ester (3.82 g, 11.0 nmol)

in 40 nmL of THE was treated with a solution of |ithium hydroxide

nonohydr awe 0624803 g, 52.9 nmol) in 40 nL of 15 water andP2@/EPL2/0¥221

met hanol . The reaction m xture was heategg-.to reflux for 10 mn, then

cooled and stirred at anbient tenperature for 2 h. The reaction m xture was

poured onto a slurry of ice and a 1IN HO solution, and extracted wth 50
m. of ethyl acetate. The organic | ayer was washed with 100 nL of water,

drI ed ovekyasRdl Wiﬁh%BwﬁxLﬁdrﬂlér%r@ff&(ﬁﬂMH@%ﬁﬂidhaB@ﬂnﬂpof%ét& BehQrigd of a
white solid as a 1:1 mxture of two carboxylic acid 20 products &‘as

det er mi ne@vgrysomqrrmmagqa@é&eredse@dggqrystqihéedqﬁ&m@ﬂwl aegiatgrbexaren tq giwe hdiig of

coupling w t furth i ON HO
o0 Ba/ 06 Pt ph TS B R R M, gﬁ&ﬂabg%l)l @PacP%é?gfg%g% 1.63
mmol, as a 1: 1 m xture of alcohol/silylether, see previous schene), am ne
(0.45 g, 1.90 mmol ), EDCI hydrochl oride (0.42 g, 2.20 mol ), HOBT (0.28 g,
2.07 mmol ), and N nethyl norpholine (0.50 nL, 4.55 nmol)|in 18 nL of
anhydrous DMF, were sti rrézd at-~qnbi ent tenperature for h. The 5 reaction
m xture was partitioned betwen @& nmL of water and of ethyl acetate.
The organic |ayer waS>w i % OFcfIN HCl sol uti on,
50 nL of water, the i edd ovgr sodiumsel f at i | tered, concentrated and
purified by colum ¢ roﬁﬂ ography (40: 60 ethyl™~aceftt e/ hexanes) to give
184 ng of the product as

At ex foamsolid. Yielg S: 425.2 (M +
H+), np = 59.0-63.5 C. 90 Ka 12 “N-((1S 2R -9- (P K 1- cyano- 3- net h
|y butyglam' nol car bonyl ) cycl ohexyf| - 1-nmeth 1y 6-(2-

To a 0 °C solution of the amide (13.2 g, 33.9 mmol) in 150 mL of

anhydrous pyridine was added trifluoroacetic anhydride (5.50 mL, 38.9 mmol) dropwise
slowly over a 3 min period. The reaction mixture was stirred for 15 min and then poured
10 into a slurry of ice and 1N HCI solution. The mixture was extracted with 500 mL of ethyl
acetate, and washed with three 400 mL portions of 1N HCI, 400 mL of water, dried over
sodium sulfate, filtered and concentrated to give a crude solid. Recrystallization from ethyl

acetate/hexanes gave 11.3 g of the product as a white solid. Yield: 90 %, MS: 394 (M +
Na*), mp = 103.6-106.5 °C.

o ol

15

* HCI

A solution of the carbamate (11.3 g, 30.4 mmol) and palladium on activated
carbon (1.0 g, 10 % by wt.) in 250 mL of ethyl acetate was stirred for 24 h under a
hydrogen atmosphere. The reaction mixture was filtered through a pad of celite,
20 concentrated, then treated with a 1N solution of HCI in ether (35 m1.). The resulting
suspension was filtered and dried to give 5.96 g of the hydrochloride salt of the product as
a white hygroscopic powder. Yield: 72 %, MS: 238 (M + H'), mp = 133.3-135.0 °C.



pyri di n-2-yl et hoxy) - 1H i ndol e-2- car boxam de, Conpound 4-3 ON ~\N NH O oN
N O 15 This conpound was prepared by a nodification of nethod B-2. An

i nt er mediwODa3iosms1ket hod B-2, N-{(1S, 2R)-2-({ [(1S)- 1-car boramirpez 83221

met hyl butyl] am no } -5]-

car bonyl ) cycl ohexyl ] - 6- hydr oxy- 1- met hyI 1H-i ndol e- 2- car boxam de, was
subjected to a Mtsonobu coupling OOO HNH2 HO NHNH ONH2 NON
OH 0-/- 20 WD 03/048123 PCT/ EP02/ 13221 -54 To a flask under nitrogen was
added 0.10 g (.23mM N-[(1S,2Ry-2-({ [(1S)-1- carboxam dg-3-net hyl butyl ]

am no } carbonyl)cycl ohexyl]-6J1hydroxy-1-nethyl -1 Hindol g 2-carboxam de,
0.122 g (.47m\M triphenyl Bhogphihe and 0.057 g (.47 @-pyridin-2-

yl et hanol al ong wi th _3~{] yl f ornam de. The cooled in an
ice-salt bath. 5 0. 0 W47 D ethyl ,azod boxyl ate was added in
four portions once evs nty mnutes. An a Qpal 0.122 g

Tri phenyl phosphi ne, 0. 057Ng 2-pyridin-2-ylethanol and 0.074 m D ethyl
azodi car boxyl ate was added in the sane fashion. Aﬂ%}@m Bng over ni ght
at room tenperature an additional .122 g triphenyl pho ﬁ/ and .074 m
To a solution of the amine (220 mg, 0.927 mmol), 1,3-benzothiazole-6-
carboxylic acid (184 mg, 1.03 mmol), EDCI hydrochloride (195 mg, 1.02 mmol), HOBT
(140 mg, 1.04 mmol) in 6.0 mL of DMF was added N-methylmorpholine (0.3 mL, 2.73
5 mmol) and stirred at ambient temperature for 24 h. The reaction mixture was partitioned
between 30 mL of water and 30 mL of ethyl acetate. The organic layer was washed with
two 30 mL portions of 1IN HCI solution, 30 mL of water, dried over sodium sulfate,
filtered, concentrated and purified by column chromatography (methanol/methylene

chloride, 3:97) to give 297 mg of the product as a white solid. Yield: 80 %, MS: 399 (M +
10 H"), mp = 199.6-201.2 °C.

Example 11
Svynthesis of N-[(1S.2R)-2-({[(1S)-1-cyano-3-methylbutyl]lamino }carbonvl)cyclohexyl]-1-
2-hvdroxvethvl)-1H-indole-2-carboxamide

15

This example illustrates the synthesis of N-[(1S,2R)-2-({[(1S)-1-cyano-3-
methylbutyljamino }carbonyl)cyclohexyl]-1-(2-hydroxyethyl)- 1 H-indole-2-carboxamide

starting from ethyl indole-2-carboxylate.

Et07'/[_© — EtO W/A/_Q
N N

o A 0 L _orss

20



di et hyl azodi car boxl yate were added at room tenperature. The reaction

m xture was 10 concentrated under vacuumto renove solvent and 25 nl ethyl
acetate wa® oagdaas This was extracted three tinmes wth 2BCWEPO1/1322M
hydrochloric acid, the organic |ayer di.ggarded and the extracts were
treated wi th aqueous sodi um carbonate to a pH of 8 and extracted three
times with 25 nl ethyl acetate. The extracts were dried over magnesium
sul fate, solvent was renoved under vacuum and the residue purified on a

silica gel preparatipga @)5CT§efﬁti2>h%tf§th?i AbbIBGD- %B&ﬁa@@%@%nﬂ9%§'@l) in 25
di chl oronet hane to give N-[(1S, 2R -2-({ [(1S)-1- "carboxam de- 3-net hyl but yl ]

am no } carthbefihydedusHY Wad addetl sgdiud-hy2rigy poetder- (45 g, 17.8 mmol)

%ll( itS;] Oﬁy)c ]bgtbl ndol el“}gc: Cg&%%%%&g wa-sl_stn‘red0 un(%q %ﬁé évolutllénlssdbgllgzad aO(r{un) then

met hyl but yb]Bieineethea W%&ﬁﬁﬁﬁ@mmﬁhlz (3500 iTh Y b36mbnd1Rv4s ﬁu&u 21pd ehdwy) - 1H

-i ndol e-2- car boxam is converted by the final step of Method B-2 into
t he des? r euixiu¢ aSpRRyd into 4 0[°Ciod)bath oy 3rin-An additiphdd ampouht efr2no

b I I I--thI--.2- i di_n-,2- _ .
)1 ot hoxy) “TbERtorL- sl Bestieidatios NS0l 2 3B gmmol s ddpdanghrised the o
I nt er medi afa@stemPetdithe ko FEOYbr H TH@&Ho?edzreQ&foQ%M&ﬁlﬁ v ipBurkl ifo GRLRAXY | C
acid was used to prepare conpounds 2-4, 6, 14, 2-18,; 2-19, 4-2, 4-3

and 4-4. Stewatgr and dstahtedarito2S0mLoef ¢hyl &ete(h{e JTmOmm:amﬂmmashed with

PCT/ EPO2/ 132 | ask dde 609%
75. 2mV) s?%ﬁ é#? H%@P?%&ns Th i SP?CgOYﬁééO‘#‘ ﬁ%&ﬁa‘ﬁf e%e& %Oﬁcﬂ’é‘s’i‘ ms él 30
DMF wago agfigiied Dy S6lubn &ﬁoﬁﬁto%fﬁpﬁy?‘( ﬁ@e%atéﬁﬁwanes 10:90) to glve 3.8 DI\%ZOf the

6- Met hoxy- 1H- i ndol e- 2- car boxyl'i ¢ aC| e ster in was added

i n porti orPsodust ases cleardiqyad Xiﬂlﬂl Jﬁl%ﬁwﬁaﬂ"r& M pPd0-the mixture was chilled in
an ice 5 bath and 14.07 g (99.13nM g |odorrethane mxed wiwth 5 mM DV was

added. The m xt ure AWS aIIovved to warmto rog enperat ure ang @
overnight, He re quenched y#th and a S | oY of

aqueous HCl. The DNF was rermvea under CN and the resi ue artitioned
between water aend ¢t hytgacetate. The et hgl J‘\e:tf T? | ayer was d iechover
magnesi um sul fate, stripped and the solid purified by colum

To a solution of the above ester (3.82 g, 11.0 mmol) in 40 mL of THF was
treated with a solution of lithium hydroxide monohydrate (2.20 g, 52.9 mmol) in 40 mL of
15 water and 20 mL of methanol. The reaction mixture was heated to reflux for 10 min, then
cooled and stirred at ambient temperature for 2 h. The reaction mixture was poured onto a
slurry of ice and a 1N HC] solution, and extracted with 50 mL of ethyl acetate. The
organic layer was washed with 100 mL of water, dried over sodium sulfate, filtered and
concentrated to give 2.50 g of a white solid as a 1:1 mixture of two carboxylic acid
20 products (as determined by "H NMR spectroscopy). The mixture was used in the next

coupling without further purification.

i J\)K
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10 chromat ography on silica gel. (gradient of 10 to 30% Et hyl acetate/
hexane ) to give 6- Methoxy-I|-nethyl-I|Hindol e-2-carboxylic acid nethyl
ester, 13woOo03@481¢M S 220.2, MtH) as a white solid. This ecwmErRond222as
hydrol ysed to the carboxylic acid and usgd to prepare conpounds 1-24,
1-33, 1-34, and 2-15. Step 2. C eavage of 6-Mthoxy group and nethyl ester.
OO-~- HO\ \ O NO j 15 OH To a flask under nitrogen was added 576 ng
(2.63 mV) of 6-Methoxy-I-nethyl-1H indole-2-carboxylic acid nmethyl ester

and 30 nl di chl or omepangye Thokyid 44 €(0/6Bg, A% Bthol 18 a 18P nfixdufe gy i ce

acetone bath and 16 nl 1M boron tribrom de in dichloronmethane (16mV) was
added. Af t@cotwi/silylether, 4% previateschame), 601G (0HS gril&0mmolha EDA Ihydreghlogdavar m

200 m " Sar 8 G ea Sebm b s o Lol e ey A e S0 B is

Hydr ochl or inencficih d SWals ofetisdrdul IDMFaeedistirre@ bitwrhbiagmatdperanas faadded Tued t he
m xture filtered through a celite plug to_renove insoluble solids. The

et hyl aBetmetiqndyikiuroyas pajsispaedbetygen Phalad veserandad malof shykareiaio Theor e
¢ e ‘ ' : ;

s ragnecs TR BSELE FrnlR GO S Shp RS Stk Lot sttt over
6- Hydr oxy - theimgti&d bver kbdimmhaduéfai?; filtare oontentrasedi aid (pvtiSed Bcolufi®0. 2 M H)

6- Hydr oxy- 1Hi ndol e- 2- cay boxyli c acid 6- Met hoxy- 1H i ndol e- 2- carboxyl i ¢ aci d
et byl oot GRORROREE D DA G S ey B §1e 164 g of the product 6 a Wfe

hydr oxy- 1H: | .- r A i i S 2d2 kn-t he preparation of
corrpoundsl_g)-a'@%hlgt)%}@%#@# 4%%@?@\@0?:& O4g::3L'§3CPCT/ EP02/ 13221 -56
Conpound Tabl es Several conmpounds of general forrmula (1) have been prepared

by the nethods described in the pr eéedi ng garrpl es. The follow ng Tabl es
shows their structures, analytical t he nethod used for the

oAl | on R s R o ) oo s arel bt 0 oA ik Tl etiyl-b 3t 2

pyridin-2-vlethoxv)-1H-indole-2-carboxamide, Compound 4-3

0 /é
Ly
NH
N N=
Oﬂ)

15 This compound was prepared by a modification of method B-2. An intermediate in
Method B-2, N-[(1S,2R)-2-({[(1S)-1-carboxamide-3-
methylbutyl]lamino }carbonyl)cyclohexyl]-6-hydroxy-1-methyl-1H-indole-2-carboxamide,

was subjected to a Mitsonobu coupling.

C :NH NH,  ——
0

N O
7 N

20



({ [cyano(cycl opropyl) indol-2- (cyclopropyl) nmethyl] am no }carbon
yl cabonyl) acetonitrile yl)cyclohexyl]-1H am no]cycl ohex
i ndol e- 2-warboxses de anecarboxilic acid 1-2 N ((1S, 2R) - 2PCA/EP02/13221
(1R 2S)-2-[(1H Am no- 324.38 324 { [(gyanonethyl)am no indol -
acetonitrile ]carbonyl}cycl ohexyl) ylcabonyl) -1H i ndol e-2- am no]cycl ohex
carboxam de anecarboxilic acid 1-3 N-[(1S,2R)-2- A (1R, 2S)-2-[(1H
R, S-am no 364.45 364 ({ [cyano(cycl opropyl) indol-2- (cyclopropyl)
met hyl ] ami no} cap Rgthsy hﬁ@é}qmdg)en%@taaaecm b (. z\zhﬁ\qyzvl[gfsezmlic{
am no] cycl ohex | ndol e- Ejboxa g q gox:d) cid ’ﬁ(ll 2R) - 2-
A (1R, 25) c&sbpyamider. Sn%ltll?’V]I}i’Bt cargonyl)c a]P ?@y °6?5rlo‘B§}P¥1 nddle-
fluoro-| FB-:cﬁﬂ)@kiamidéyO |IQDQQ{4YhM)rtﬁphM1ylplﬁ>@plﬁme hmca? DSNg 24ymdapdmpytiflin-2-
acetonitrj cyc | uor 1H—| ndol
anecar boxYll‘aﬁ’@n&c%?%go §ﬁ1§d’§1 l%lél?eéhyil{ngla!é’?% ER‘QZ%ISkZ a5 CO() 281 Taﬁf%th
R, Sh anbno0.878 ml §.43%8n) Diefhyy aavdlicayixyltopyd ddded ihidur pettiofis gudecyengpienty
nmet hyl ] a e I yl)
rot hyl - THReT A RALRNR D2 2R phoprint D04 s 25kt p e PARTY
03/ 04812 30, ﬁ@#ﬁr@@gﬁy@@@cu’t@xylate was added in the same fashion. After stirring overmght

at room temperature an additional .122 g triphenylphosphine and .074 ml

diethylazodicarboxlyate were added at room temperature. The reaction mixture was

10 concentrated under vacuum to remove solvent and 25 ml ethyl acetate was added. This
was extracted three times with 25 ml of .1M hydrochloric acid, the organic layer discarded
and the extracts were treated with aqueous sodium carbonate to a pH of 8 and extracted
three times with 25 ml ethyl acetate. The extracts were dried over magnesium sulfate,
solvent was removed under vacuum and the residue purified on a silica gel preparative

15 TLC plate eluting with 5% methanol 95% dichloromethane to give N-[(1S,2R)-2-({[(15)-1-
carboxamide-3-methylbutylJamino }carbonyl)cyclohexyl]-1-methyl-6-(2-pyridin-2-
ylethoxy)-1H-indole-2-carboxamide.

This product, N-[(1S,2R)-2-({ {(1.S)-1-carboxamide-3-

20 methylbutyl]amino }carbonyl)cyclohexyl]-1-methyl-6-(2-pyridin-2-ylethoxy)-1H-indole-2-
carboxamide is converted by the final step of Method B-2 into the desired N-[(1S,2R)-2-
({[(18)-1-cyano-3-methylbutylJamino }carbonyl)cyclohexyl]-1-methyl-6-(2-pyridin-2-
ylethoxy)-1H-indole-2-carboxamide

25 Example 13 — Synthesis of intermediates

6-Hydroxy-1-methyl-1H-indole-2-carboxvlic acid

This carboxylic acid was used to prepare compounds 2-4, 2-6, 2-14, 2-18, 2-19, 4-2, 4-3
and 4-4.

Step 1. N-Methvlation

30



Cpd # Conpound Name Met hod Educt 1 Educt 2 MWMS 1-6 5-chloro-N-[(1S, 2R)-
A (1R 2S)-2-[(5- R Samno 398.9 398 2- chloro-IHindol- (cyclopropyl) ({

[ cyano( cywbapiegigd ) 2-yl cabonyl) acetonitrile nethyl] amPod/Epoziizon

am no] cycl ohex yl)cyclohexyl]-1H anecggboxilic indole-2-carboxam de acid
1-7 N[(1S,2R)-2- A (1R 29)-2-[(1H R, S-amino 364.45 364 ({

[ cyano(cycl opropyl ) indol-5- (cyclopropyl) nmethyl] am no }carbon yl cabonyl)
acetonitrile vyl)cyclohexyl]-1H am no]cycl ohex indol e-5-carboxam de

anecar boxi | i Cﬁ%‘f@sk%ﬂ@er@ﬂﬁ@%@i&i@&dﬁ\'ﬂ OPaIﬁ BodifnIryantie) oTIRO0. 59

028)75. 2
MR R e et N e T,
car 302ylg) (68@?2@2%M¢ﬂ1®i}dbﬂ%ngosle-@mm ylic atitl oxabyl de 056{21} ﬁziémlrmmwbasoxyl ic
aci
[ cyano( cyéfla ' ﬁ?ﬁgonls‘néﬁﬁ gg}f? e &Y %y%lfng%)é %%{ﬁt?ljp%qﬁé {n]m M no C}hglga?lﬁ% %ﬁ tce
car bonyd ) -bathcarti dHi07rg ((29.13th Mg coduimmsityant nfiked with foht DMitiwkeadtledalhoxani de
CyS! ShxsaRgARE BNd G ARl hok éﬁ@@hﬁﬂy@ ae %d sﬁr g$§n ; T%%l{e&&fof%va%’ ani no

392.5 392 ano cyc opr opy am no
}carbon i mamcéedzwnéo’é%t@rrﬁmdra greall 3myuny ef @m@seys yiay removed under

et hyl - 1H i\ad@ihfardt th8 Rside-partitioned between water and ethyl acetate. The ethyl acetate
layer was dried over magnesium sulfate, stripped and the solid purified by column
10 chromatography on silica gel. ( gradient of 10 to 30% Ethyl acetate/ hexane ) to give 6-
Methoxy-1-methyl-1H-indole-2-carboxylic acid methyl ester, 13.47 g, (M/S 220.2, M+H)
as a white solid. This compound was hydrolysed to the carboxylic acid and used to prepare
compounds 1-24, 1-33, 1-34, and 2-15.

Step 2. Cleavage of 6-Methoxy group and methyl ester.

N N

l O— [ OH

15

To a flask under nitrogen was added 576 mg ( 2.63 mM) of 6-Methoxy-1-methyl-1H-
indole-2-carboxylic acid methyl ester and 30 ml dichloromethane. The mixture was cooled
to -60° C in dry ice acetone bath and 16 ml 1M boron tribromide in dichloromethane
(16mM) was added. After stirring 45 minutes at —60° C the mixture was allowed to warm

20 to room temperature and stirred for 5 hours. The mixture was poured into 200 ml saturated
sodium bicarbonate solution and stirred for 30 minutes. Hydrochloric acid was added till
acidic, ethyl acetate was added and the mixture filtered through a celite plug to remove
insoluble solids. The ethyl acetate layer was separated and the aqueous was extracted two
more time with ethyl acetate. The combined ethyl acetate layers were dried over

25 magnesium sulfate, filtered and stripped to give 6-Hydroxy-1-methyl-1H-indole-2-
carboxylic acid ( M/S, ES-, 190.2 M-H)

6-Hvdroxy-1H-indole-2-carboxvlic acid

6-Methoxy-1H-indole-2-carboxylic acid methyl ester when subjected to Step 2 gave 6-
hydroxy-1H-indole-2-carboxylic acid which was used in the preparation of compounds 2-5,
30 2-13,2-17, and 2-19.



car boxam de cycl ohexanecarb | oxylic acid 1-11 5-bronmo-N-[(1S,2R)- A

(1R, 2S) 2-[(5- R S-am no 443.34 443 2- Brono-lH (cyclopropyl) ({

[ cyano( cywbDopnegagd ) i ndol e-2- acetonitrile nethyl] am noPETERDO21
carbonyl)- yl)cyclohexyl]-1H am no]- iLggol e-2-carboxam de cycl ohexanecarb
| oxylic acid WD 03/048123 PCT/ EP02/ 13221 -58 Cpd # Conpound Nane Met hod
Educt 1 Educt 2 MWMS 1-12 N[(1S,2R)-2- A (1R 2S)- 2-[(4- R S-am no
394.47 394 ({ [cyano(cycl opropyl) Methoxy-1H (cyclopropyl) nmethyl] am no
} carbon indol e-2- acetonitrile yhopyaldiTexMed -4- carbonyl)-

met hoxy- 1H i ndol e- 2- ami no] - carbdxanr de cycl ohexanecarb | oxylic acid 1-13
N[(1S,2R)-2- A (1R 2S)- 2-[(6- R S-am no 394.47 394 égy

[ cyano( cycl opBSepsral comnonpss ofiggnerat fasmul @Ravy basst propared Ry fis Methedson

i ndol e-2- acetonitril | - = j, ndol e- 2-
i ol - Aot Ene PAARB NS, Tk roios i YW i Bttt "0

(1R 2S)- 2nilfBcal Ba- @it the mdtidd4ded 88 thd prepayadro( cycl opropyl ) Hydroxy- 1H
(cycl opropyl) nethyl] am no } carbon indole-2- acetonitrile

| ) cycl ohexyl ]-5- carbonyl)- hydr - | i_.ndol e-2- am no] carboxam de
)éyz:l )c/)héxanega]r b - Contpound Table ? ound Taplé T ]
Cpd#| Compound Name |Method [Eductl Educt 2 MW | MS
1-1 |N-[(1S5,2R)-2- A |(IR,25)-2-[(1H- |R,S-amino 364.44) 364
({[cyano(cyclopropyl) indol-2- (cyclopropyl)
methyl]amino }carbon ylcabonyl) acetonitrile
yDcyclohexyl]-1H- amino]cyclohex
indole-2-carboxamide anecarboxilic
acid
1-2  IN-((15,2R)-2- A |(1R,2S)-2-[(1H- |Amino- 324381 324
{[(cyanomethyl)amino indol-2- acetonitrile
]Jcarbonyl}cyclohexyl) ylcabonyl)
-1H-indole-2- amino]cyclohex
carboxamide anecarboxilic
acid
1-3  |N-[(1S,2R)-2- A |(1IR,2S)-2-[(1H- |R,S-amino 36445 | 364
({[cyano(cyclopropyl) indol-2- (cyclopropyl)
methyl]amino }carbon ylcabonyl) acetonitrile
ylcyclohexyl]-1H- amino]cyclohex
indole-2-carboxamide anecarboxilic
acid
1-4  |N-[(18,2R)-2- A [(1IR,2S)-2-[(5- {R,S-amino 382.44 | 382
({[cyano(cyclopropyl) fluoro-1H-indol- |(cyclopropyl)
methyl]amino }carbon 2-ylcabonyl) acetonitrile
yl)cyclohexyl]-5- amino]cyclohex
fluoro-1H-indole-2- anecarboxilic
carboxamide acid
1-5 |N-[(1S,2R)-2- A I(IR,2S5)-2-[(1- |R,S-amino 37848 | 378
({[cyano(cyclopropyl) methyl-1H- (cyclopropyl)
methyllamino }carbon indol-2- acetonitrile
yl)cyclohexyl]-1- ylcabonyl)
methyl-1H-indole-2- amino]cyclohex
carboxamide anecarboxilic
acid




oxylic acid 1-15 N-[(1S,2R)-2- A (1R 29)-

[ cyano(cycl opropyl ) D nmet hoxy-1H (cyclopropyl) nethyl] am no }carbon

i ndol e- 2-wamaesiRiril e

2-[(4,6- R S-am no 424.49 424

am no] - 2-carboxam de cycl ohexanecarb oxylLic acid 1-16 N-((1S,2R-2- A

(1R, 29) -

acetonitrile ]carbonyl

}cycl ohexyl) i ndol e-2-

2-[(1- Am no- 338.40 338 { [(cyanonethyl)am no Methyl - 1H
- 1- et hyl - 1H i ndol e-

({

yl ) cycl ohexyl]-4, 6- carbonyl)- di erhipry13R i ndol e-

carbonyl)- 2-carboxam de am no] cycl ohexanecarb oxylic acid WO 03/048123
PCT/ EPO2/[T32ZT T -59 Cpd #_Conpg [€ Vet hod Edlict I Educf 2 MAMS 13117
N ((1S, 2R)Cpd #4 (Gempeynd Namges-| Methed-(Eduet 117 370 [EduetZeyanprddWy| ) X8 no
Met hyl sul Fanyt=acetonrtrite Jjcar bonyl ycyclronexyl) ITHindofe- 2
- 6- (et hy]l t hi6o) [SdcHloroadXhAdi$y3R)- |i nosl e{@ é?)b%k(ém Sadipe] - | AP81%heR@hecar b
oxylic acid 1-128-N-[ (1S, 2R) - 2- |A (1R, 2&)ero2LH-figlol K cg:lapiopy) #10. 53| 410 ({
[ cyano( cylcl opr ojd[cyardetyieidpsepyl)a ( ¢3-glcapompy| ) |avetdnittile afri no } ¢car bon
1H-i ndol er 2- acigtedtifl}antih&}cayiondy cl ohexyhinofeycloaebonyl ) - (et hyl t hi o) - 1LI-
am no] - indol e- g,r)gym&@@niﬁg cylcl ohexangeabbxdixy! ijc acid
indole-2-carboxamide acid
1-7  [N-[(1S,2R)-2- (1IR,2S)-2-[(1H- |R,S-amino | 364.45| 364
({[cyano(cyclopropyl) indol-5- (cyclopropyl)
methyl]amino }carbon ylcabonyl) acetonitrile
yDcyclohexyl]-1H- amino]cyclohex
indole-5-carboxamide anecarboxilic
acid
1-8 {6-(benzyloxy)-N- (1R,2S5)- 2-[(6- |R,S-amino 500.59| 500
[(1S,2R)-2- Benzyloxy-5-  |(cyclopropyl)
({[cyano(cyclopropyl) methoxy-1H-  |acetonitrile
methyl]amino }carbon indole-2-
yl)cyclohexyl]-5- carbonyl)-
methoxy-1H-indole-2- amino]-
carboxamide cyclohexanecarb
oxylic acid
1-9 |N-[(1S,2R)-2- (1R,25)- 2-[(1H-|R,S-amino | 364.44 | 364
({[cyano(cyclopropyl) Indole-3- (cyclopropyl)
methyl]amino }carbon carbonyl)- acetonitrile
yDcyclohexyl]-1H- amino]-
indole-3-carboxamide cyclohexanecarb
oxylic acid
1-10 |N-[(1S,2R)-2- (1R,2S)- 2-[(5- |R,S-amino 3925 | 392
({[cyano(cyclopropyl) Ethyl-1H- (cyclopropyl)
methyl]amino }carbon indole-2- acetonitrile
yDcyclohexyl]-5- carbonyl)-
ethyl-1H-indole-2- amino}-
carboxamide cyclohexanecarb
oxylic acid
1-11 |{5-bromo-N-[(1S,2R)- (IR,2S) 2-[(5- |R,S-amino |443.34| 443
2- Bromo-1H- (cyclopropyl)
({ [cyano(cyclopropyl) indole-2- acetonitrile
methyl]amino }carbon carbonyl)-
ylcyclohexyl]-1H- amino]-
indole-2-carboxamide cyclohexanecarb
oxylic acid-




1-19 2-bu

tyl

-N-((1S,2R)-2- A (1R 29)-
[ (cyanonet hyl ) am no Butyl
- 1H i ndolwoe3/oeaebonyl ) -

2-[(2- Am no- 380.48 380
-1H acetonitrile ]carbonyl
car boxam de am no] cycl ohexanecalPoT/EPRYL32e1 aci d

{

}cycl ohexyl)

i ndol

e- 6-

1-20 2-butyl-N-[(1S,2R)-2- A (1R 2S)- 254(2- R S-am no 420.55 420 ({
[ cyano(cycl opropyl) Butyl-1H (cyclopropyl) nethyl]am no}carbon indole-6-
acetonitrile vyl)cyclohexyl]-1H carbonyl) indol e-6-carboxam de am no] -
cycl ohexanecarb oxylic acid 1-21 N-[(1S 2R -2- A (1R 2S)- 2-[(1H
R, S-am no364. 44 364 cyand cl opr opyl )" I'ndo cycl opropylI
met hyl | anRé # caﬁqmnmiéd Q%W )Swébéﬂﬁﬁ‘!pgtill) e vyl 8§1e¥y ]ﬁﬂfyaﬁﬂ%oh -
I ndol e- 6-carboxam e cyctohexanecarb T oxytiTc aci § L-22
6- chl or o-N-I-T2A SN2[RIS.2R)CAR, 2S) -| 2-4(6{(1R2)atrilldo H08-®engog| 3W4Tah| #do- L H-
(cycl opropyl) ([{{[fxnatytopcdpybriopyl ) iMdibbry-2H-acdtymopropyle| net hyl ] ami pho }
carbon car bonyl|inejtyllapgh@oerph]|- 1H dnidslel- i ndolaeedattdteboxan de
cycl ohexanecar y] )&,yclotgxyﬂ]m,c acijd WO 0¥agsbaip3 PCTfEPO02/ 13221 -60, Cpd #
Conpound |Nane I\Vé{e Gidofe-Fquct 2 MMiVS- 1-23 N-[(1S,2R);2- A (1R 29) -
2-1(4,6- R S antng, déz 400 |({ [cwgyg{ogg)@gng@grg byl ) Diflupro-I|H
(cycl opropyl) oxylic acid
1-13 |[N-[(1S,2R)-2- A |(1IR,2S)- 2-[(6- |R,S-amino |394.47| 394
({[cyano(cyclopropyl) Methoxy-1H-  |(cyclopropyl)
methyl]amino }carbon indole-2- acetonitrile
ylhcyclohexyl]-6- carbonyl)-
methoxy-1H-indole-2- amino}]-
carboxamide cyclohexanecarb
oxylic acid
1-14 |N-[(1S,2R)-2- A |(1IR,2S)- 2-[(5- |R,S-amino |380.44| 380
({[cyano(cyclopropyl) Hydroxy-1H-  |(cyclopropyl)
methyl]amino }carbon indole-2- acetonitrile
ylcyclohexyl]-5- carbonyl)-
hydroxy-1H-indole-2- amino}-
carboxamide cyclohexanecarb
oxylic acid [
1-15 |N-[(1S,2R)-2- A |(IR,2S)- 2-[(4,6-|R,S-amino | 424.49| 424
({[cyano(cyclopropyl) Dimethoxy-1H- |(cyclopropyl)
methyl]amino }carbon indole-2- acetonitrile
yl)cyclohexyl]-4,6- carbonyl)-
dimethoxy-1H-indole- amino]-
2-carboxamide cyclohexanecarb
oxylic acid
1-16 [N-((1S,2R)-2- A |[(1IR,2S)- 2-[(1- |Amino- 338.40| 338
{[(cyanomethyl)amino Methyl-1H- acetonitrile
Jcarbonyl }cyclohexyl) indole-2-
-1-methyl-1H-indole- carbonyl)-
2-carboxamide amino]-
cyclohexanecarb
oxylic acid




met hyl] am no }carbon indole-2- acetonitrile
di fluoro-1 H i ndol e-2-
oxylic acwo 0302120 ((1S, 2R)-2- A (1R 2S)-
{[ (cyanonet hyl ) ami no Met hoxy-1- acetoniiplle

car bonyl ) -

met hyl -1 H - 6- met hoxy- | - net hyl -

i ndol e-

am noj

2-

1H i ndol e- 2-

yl ) cycl ohexyl ] -4, 6-
car boxam de cycl ohexanecarb
2-[(6- Am no- 3@8TAPIB6R21
] car bonyl } cycl ohexyl)
car bonyl) -

car boxam de am no] cycl ohexanecarb oxylic acid 1-25 5-(am nosul fonyl)-N
(1R, 2S)- 2-[(5- Amino- 403.46 403 ((1S,2R)-2- Sulfanoyl-IH acetonitrile
[ (cyanonefhyT)am no 1 ndol e-Z- [lcar bonyI J cycl ohexyl ar bonyl) -
- 1H i ndol eCrd #apyi Gempound Nasen [Methed) Bdutadnecar b @Wtui’c aci dMW2p MS
5- (am nosurfony N A (IR 2S5 - Z-[ (51 R S-am no 443.5 443 g PRy -2~
Sul f amoy!| | 3HL7 ( d‘iréﬂlﬁﬁﬁd@yl ) ({[cyéno(é@e?%p?dffyl Amiigy| e- 24 é 41 onﬁml e
met hyl ] apmi no } décharonetinbemn - vyl ) cyMedtybsaifhiyld Hcetomitrits] -
I ndol e- 2- car boxJearbenyt)oytlohexydnecar b gkiitindolalt d 1-27 N[ (1§, 2R -2- A
(1R 295)- 2-[(1-|-R(Detfithio)-382. 5 392 ({arb@y@po(cyc¢l opropyl) | Ethyl 11 H
(cycl opropyl ) ngh agéhcgﬂb@gnkgarbon I ngkine12- acetonitrile
yI)cycIohkxyI] 1- carbonyl)- etjyl - F+&§& Carear®M NoJ -
oxylic acid
1-18 |N-[(1S,2R)-2- A |(1R,2S)- 2-[(6- [R,S-amino |410.53| 410
({[cyano(cyclopropyl) Methylsulfanyl- |(cyclopropyl)
methyl]amino }carbon 1H-indole-2- acetonitrile
yl)cyclohexyl]-6- carbonyl)-
(methylthio)-1H- aminoj-
indole-2-carboxamide cyclohexanecarb
oxylic acid
1-19 |2-butyl-N-((1S,2R)-2- A |(IR,2S)- 2-[(2- |Amino- 380.48 | 380
{[(cyanomethyl)amino Butyl-1H- acetonitrile
Jcarbonyl }cyclohexyl) indole-6-
-1H-indole-6- carbonyl)-
carboxamide amino]-
cyclohexanecarb
oxylic acid
1-20 |2-butyl-N-[(1S,2R)-2- A |(IR,2S)- 2-[(2- |R,S-amino |420.55| 420
({[cyano(cyclopropyl) Butyl-1H- (cyclopropyl)
methyl]amino }carbon indole-6- acetonitrile
yl)cyclohexyl]-1H- carbonyl)-
indole-6-carboxamide amino]-
cyclohexanecarb
oxylic acid
1-21 |N-[(1S5,2R)-2- A |(IR,2S)- 2-[(1H-|R,S-amino | 364.44| 364
({[cyano(cyclopropyl) Indole-6- (cyclopropyl)
methyl]amino }carbon carbonyl)- acetonitrile
yDcyclohexyl]-1H- amino]-
indole-6-carboxamide cyclohexanecarb
oxylic acid
1-22 |6-chloro-N-[(1S,2R)- A |(1IR,2S5)- 2-[(6- |R,S-amino 398.89| 398
2- Chloro-1H- (cyclopropyl)
({[cyano(cyclopropyl) indole-2- acetonitrile
methyl]amino }carbon carbonyl)-
yDcyclohexyl]-1H- amino]-
indole-2-carboxamide cyclohexanecarb
oxylic acid

A
{



car boxam de cycl ohexanecarb oxylic acid WO 03/048123 PCT/ EP02/ 13221

-61

Cpd # Conmpound Nanme Met hod Educt 1 Educt 2 MWMS 1-28 N-((1S,2R)-2- A

(1R, 2S) - WwO[0pA4812311 no- 352.4 352 { [(cyanonethyl)am no EPQYIEPLM3221
acetonitrile ]carbonyl}cycl ohexyl) indébe-2 - 1 -ethyl- 1Hindol e-2-
car bonyl)- carboxam de am no]- cycl ohexanecarb oxylic acid 1-29
N[(1S,2R)-2-({ [(S)- B-2 (1R 2S)- 2-[(1- (S)-cyclo 378.4 378
cyano(cycl opropyl)ne Methyl-1H propylalycina thyl]am no}carbonyl)c
i ndol e-2-| m | ohex = thyl - r.b ) 1Hj.Rdale- 2- kol -
car boxam dgpgf# I gﬁi‘é‘%’é’ﬁl&%é Aﬁgﬁ}‘i"gqggi“gmll- éo N—F? %éR) ﬁ??{w | RSBl 2
1R 2S)- P 1- cIo 378 378 a 11
éropyl zgl yci : tl\fi‘zé ) }cart# ny?™) c ﬁmgegy ‘{gnlné \/5'15(1];%% r’rgb?lyl -
carbonyl )| 1H i j¢tsyanoteyclgareRyl)-| car boxBHWE-d¥el of X%IHB‘EE’QV | oxylic acid
1-31 N-[ (1S, 2R nzatlos{lla[nqmg)caﬂ@nl (1R, 2<®ndolzn~£( 1H @S}Qm tile 490, 5 420
1- cyano- 2} t hi enfyBeydlolbaiyd-26- Ani no- 3- |gdteettyt] ami no }car bon|car bonyl ) -
t hi ophen-B- yl) eyftdcrbad ¥ ndoler2- [am no] -{aminol4 ndol e{2- car boxain de
cycl ohexapecar b|cpiboph@fiam de oxyl i ¢ adéytlohexanecarb
oxylic acid
1-24 |IN-((1S,2R)-2- A [(1R,2S)- 2-[(6- |Amino- 368.43 | 368
{[(cyanomethyl)amino Methoxy-1- acetonitrile
Jcarbonyl }cyclohexyl) methyl-1H-
-6-methoxy-1-methyl- indole-2-
1H-indole-2- carbonyl)-
carboxamide amino]-
cyclohexanecarb
oxylic acid
1-25 |5-(aminosulfonyl)-N- A |(1R,2S)- 2-[(5- |Amino- 40346 | 403
((1S,2R)-2- Sulfamoyl-1H- |acetonitrile
{[(cyanomethyl)amino indole-2-
Jcarbonyl }cyclohexyl) carbonyl)-
-1H-indole-2- amino]-
carboxamide cyclohexanecarb
oxylic acid
1-26 [5-(aminosulfonyl)-N- A (1R,2S)- 2-[(5- |R,S-amino 4435 | 443
[(1S,2R)-2- Sulfamoyl-1H- |(cyclopropyl)
({[cyano(cyclopropyl) indole-2- acetonitrile
methyl]amino }carbon carbonyl)-
yDcyclohexyl]-1H- amino]-
indole-2-carboxamide cyclohexanecarb
oxylic acid
1-27 |IN-[(1S,2R)-2- A |(1R,2S)- 2-[(1- |R,S-amino 3925 | 392
({[cyano(cyclopropyl) Ethyl-1H- (cyclopropyl)
methyljamino }carbon indole-2- acetonitrile
yl)cyclohexyl]-1- carbonyl)-
ethyl-1H-indole-2- amino]-
carboxamide cyclohexanecarb
oxylic acid




1-32 N[ (1S, 2R) -
1- cyano- 2-t hi en-

2-({ [(1S)-
3-

B-1 (1R 2S)-

t hi ophen-80 oglo)sagx| ohexyl ] - 1H am noj -
cycl ohexanecarb propi onam de oxylic acitil-33 N-[(1S,2R)-2-({[(S)-
cyano(cycl opropyl ) me Met hoxy-1I -

thyl]am no }carbonyl)c nethyl-iH ycineam de

(1R, 2S)- 2-[(6-
cycl opropyl gl

(S)- 408.4 408

2-[(1H (29)-
I ndol e-5- Ami no-3 ylethyl] am no }carbon carbonyl)-
i ndol e- 5- car boremiEPe2/13221

2- 420.5 420

B- 2

ycl oh]exyl ] - 6- net hoxy- indole-2 1-nethyl-1Hindol e-2- carbonyl)- carboxam de
am no] - cyclohexanecarb oxylirclacid 37048123 PCI/ EP02/ 113221 2 d #
Conpound 1 bt ompopnd:N %imEd JMeﬂzm\s t17.34 NEduet2oR) - MW (| %\4)9- B- 2
(1R 2S)- - L= 4:)5 5 458 1I-cyano- 2- tnox -T- nylal ani na
phenyl et hyl 18& M(d&:2Re2hyl - 1H niAde (b%,ﬁ§ %%1 olehféseiyxp] -6- | Akt d- B52
met hoxy- 1-|met hyl{[(wmmyh)ml d 1H ( 2laceiphismtoy| - car Qoxami de
cycl ohexylf) - amjdarbdr@cysidhetf) 2R) - 2- c(0152~2R) 2- R, S-am no 326.{3 326 | ({
[ cyano( cyql opr opylethfl{1Byiriddlee- 4- (cycleapoayyl ) nefhyl] amino }carjbon
car bonyl ) -] acet (ardgxiahgde Y! ) cycl ohexyl Lcoti am no] namde
cycl ohexarjecarb| oxylic acid 1-36 N[ ([wldhdxadecafo (1R 25)- 2- R, S-am no
376.4 376 oxylic acid
1-29 |N-[(1S,2R)-2-({[(S)- B-2 |(1R,2S)- 2-[(1- |(S)-cyclo 3784 | 378
cyano(cyclopropyl)me Methyl-1H- propylglycina
thylJamino }carbonyl)c indole-2- mide
yclohexyl]-1-methyl- carbonyl)-
1H-indole-2- amino}-
carboxamide cyclohexanecarb
oxylic acid
1-30 |N-[(1S,2R)-2-({[(R)- B-2 |(1R,2S)- 2-[(1- |(R)-cyclo 3784 | 378
cyano(cyclopropyl)me Methyl-1H- propylglycina
thyljamino }carbonyl)c indole-2- mide
yclohexyl]-1-methyl- carbonyl)-
1H-indole-2- amino]-
carboxamide cyclohexanecarb
oxylic acid
1-31 |N-[(1S,2R)-2-({[(1S)-| B-1 |(1R,2S)- 2-[(1H-|{(2S)- 2- 420.5 | 420
1-cyano-2-thien-3- Indole-2- Amino-3-
ylethylJamino }carbon carbonyl)- thiophen-3-
yDcyclohexyl]-1H- amino]- yl-
indole-2-carboxamide cyclohexanecarb |propionamide
oxylic acid
1-32 [N-[(1S,2R)-2-({[(1S)-| B-1 |(1R,2S)- 2-[(1H-|(2S)- 2- 420.5 | 420
1-cyano-2-thien-3- Indole-5- Amino-3-
ylethyl}amino jcarbon carbonyl)- thiophen-3-
yDcyclohexyl]-1H- amino]- yi-
indole-5-carboxamide cyclohexanecarb |propionamide
oxylic acid
1-33 |N-[(1S,2R)-2-({[(S)- B-2 [(1R,2S)- 2-[(6- |(S)- 408.4 | 408
cyano(cyclopropyl)me Methoxy-1- cyclopropylgl
thyl]Jamino }carbonyl)c methyl-1H- ycineamide
yclohexyl]-6-methoxy- indole-2-
1-methyl-1H-indole-2- carbonyl)-
carboxamide amino]-
cyclohexanecarb
oxylic acid




({ [cyano(cycl opropyl) [(Quinoline-2-

car bonyl)

376.4 376

acet

({

onitrile

am no }carbon carbonyl)- acetonitrile
e- 3- car boxam de cycl ohexanecarb oxylic acid 1-38 N-[(1S,2R)-2- A (1R 2S)-

2- R S-amino 377.4 377

(cycl opropyl) nethyl] am no }carbon

yl ) cycl ohexyl ] qui noxn am no] -
cycl ohexawemanisiexyl i c acid 1-37 N-[(1S,2R) -2- A (1R, 2S) - PRI/HR)B1RI NO
[ cyano(cycl opropyl) [(Quigpline-3-

e- 2-car boxam de

(cycl opropyl) nethyl]

yl ) cycl ohexyl ] qui nol n am no] -

({ [cyano(cycl opropyl) [ (Quinoxaline-2-

cycl opr dpyl thyl] am no }jcgrho onyl)- acetonitrile
§/I ?cycloohgéﬁi]#a]ﬁiagmjao‘wﬁ NB]‘?-‘* I iha%t?@ﬁ E&"b‘i&aan de %"&I@exan > MW BXMSr C
acid 1-39 W S ZRg-z- A ﬁll—i, 45)- Z2- TR.S-amno 3Y6.4 376
[ cyano( cycllo]b‘i N1 ng'@d&] L1abl[i nB=27- |((&&Dofr opy[Dy met hyl ] &8RS } cé¥bo
carbonyl )|- acet|/driyerd-Le yl) cyql ohexy|Yetegitilno a hemylalanimg- 7- caf boxan
cycl ohexanecar bphemethyllanane a0 03/ 048&thgl-BET/ EPPRIde3221 [63 Cpd #
Conmpound [Name MebiydityEdhexdyl]i6-Educt 2 NMdddlB-2-1-40 b-ami no-N-| (1S, 2R)- A
(1R 2S)- [2-[ (5-|nRixgrimethdD6. 4 406 ZearXylioatid (cycl opropyl) ({
[ cyano(cycl opr opyl.hapeeny! - 1H |acet onilprdakisamdy®t hyl ] amino } carbpn
pyrazol e-|4- yl)leyeheheyy! 1-1- dqar bonylsyudp@,@ﬁ)cl -1+ pyrazol et 4- am no] -
amide
1-35 |N-[(15,2R)-2- A {(1S,2R)- 2- R,S-amino 326.3 | 326
({[cyano(cyclopropyl) [(Pyridine-4- (cyclopropyl)
methyl]amino }carbon carbonyl)- acetonitrile
yDcyclohexyl]isonicoti amino}-
namide cyclohexanecarb
oxylic acid
1-36 [N-[(1S,2R)-2- A {(1R,2S)- 2- R,S-amino 3764 { 376
({[cyano(cyclopropyl) [(Quinoline-2- |(cyclopropyl)
methyljamino }carbon carbonyl)- acetonitrile
yDcyclohexyljquinolin aminoj-
e-2-carboxamide cyclohexanecarb
oxylic acid
1-37 |N-[(1S,2R)-2- A |(IR,2S)- 2- R,S-amino 3764 | 376
({[cyano(cyclopropyl) [(Quinoline-3- |(cyclopropyl)
methyl]amino }carbon carbonyl)- acetonitrile
ylcyclohexyllquinolin amino]-
e-3-carboxamide cyclohexanecarb
oxylic acid
1-38 |[N-[(1S,2R)-2- A |(IR,2S)- 2- R,S-amino 3774 | 377
({[cyano(cyclopropyl) [(Quinoxaline-2-|(cyclopropyl)
methyljamino }carbon carbonyl)- acetonitrile
yl)cyclohexyl]quinoxa amino]-
line-2-carboxamide cyclohexanecarb
oxylic acid
1-39  N-[(1S,2R)-2- A |(1R,2S)- 2- R,S-amino 376.4 | 376
({[cyano(cyclopropyl) [(Isoquinoline-7-|(cyclopropyl)
methyljamino }carbon carbonyl)- acetonitrile
yl)cyclohexylJisoquino amino]-
line-7-carboxamide cyclohexanecarb
oxylic acid

de



car boxam de cycl ohexanecarb oxylic acid 1-41 N-[(1S,2R-2- A (1R 295)-
R S-amino 376.4 376 ({ [cyano(cyclopropyl) [(Quinoline-6-
met hyl | arwoeBo#1bon car bonyl )- acetonitrile

2-

(cycl opropyl)
yl ) cycl ohexyPraipawiizal ami no]

e- 6- car boxam de cycl ohexanecarb

(1R, 295) -

2-1(1-

(R -am no 392.4

oxylic.ggeid 1-42 N-[(1S,2R) -2-({ [(S)-

392

(cycl opropyl) thyl]am no }carbonyl)c 2-carbonyl)-

acetonitri

| e

cyano(cycl opropyl ) me Oxy-qui nol i ne-

ycl ohexyl ] qui nol i ne-2- ami no] - carboxan de 1-oxide cycl ohexanecarb oxylic
acid 1-43[N-((1% 2R -2- A (IR 2§)- 2- no- 336. 3| 336
[ (cyanonet| Hyl? (‘iﬁr' Fd?wmwdnlgamﬁe-@ethe% FLHH dile @”GB%II }cycMS‘ﬁexyM)S
car bonyl ) [qui non ne- Z-_am car boxam de Cycl ohexanecarb gl I'c[ acrd
1- 44 N-[ (1S12R) {>aming-Ne} S, 2%)—1 (1R 2Sj(IRES) ( 28p- R.SamEng 424064 |c -|2-
[ (Qui nol i ne-2- AP no-3- phenyl ef hyl | amAmidoekr car tﬂ@w}qp)mpyﬂmenyl -
bonyl ) cycljohexyl|{{fesano@yelopdopylp opi onafpbderyl-13l+i ne- Reetanibwigani de
cycl ohexanecar b (hethybinénccarod 1 45 N-[ (ph&zdR}4-2- ({| [ (1S)- B-|1 (1R 2S)- 2-
(2S)- 2- 427.5 4 cyclohey@ng= 2- | ( QUi noxalboagh2- Axpi no-3 phenyl et hyl ] ani no
}car carbgnyl)- WhH— Wola Ly cl ohexpliggn-n am np] - propi gnam de
oxal i ne- 24 cycl ohgxganggalb car boxam d,cyg%n ia%eé’zﬁbﬂ
oxylic acid
1-41 |N-[(1S,2R)-2- A [(IR,2S)- 2- R,S-amino 3764 | 376
({[cyano(cyclopropyl) [(Quinoline-6- |(cyclopropyl)
methyl]amino }carbon carbonyl)- acetonitrile
yDcyclohexyljquinolin amino}-
e-6-carboxamide cyclohexanecarb
oxylic acid
1-42 |N-[(1S,2R)-2-({[(S)- A {(1IR,2S)- 2-[(1- |(R)-amino 3924 | 392
cyano(cyclopropyl)me Oxy-quinoline- |{(cyclopropyl)
thyllamino }carbonyl)c 2-carbonyl)- acetonitrile
yclohexyl]quinoline-2- amino]-
carboxamide 1-oxide cyclohexanecarb
oxylic acid
1-43 |N-((1S,2R)-2- A |(IR,2S)- 2- Amino- 3363 | 336
{[(cyanomethyl)amino [(Quinoline-2- |acetonitrile
Jcarbonyl }cyclohexyl) carbonyl)-
quinoline-2- amino]-
carboxamide cyclohexanecarb
oxylic acid
1-44 |N-[(1S,2R)-2-({[(1S)-| B-1 [(1R,2S)-2- (25)- 2- 426.5 | 426
1-cyano-2- [(Quinoline-2- |Amino-3-
phenylethyl]amino}car carbonyl)- phenyl-
bonyl)cyclohexyl]quin amino}- propionamide
oline-2-carboxamide cyclohexanecarb
oxylic acid
1-45 |N-[(1S,2R)-2-({[(1S)-| B-1 |(1R,25)-2- (2S)- 2- 427.5 | 427
1-cyano-2- [(Quinoxaline-2-|Amino-3-
phenylethyl]amino }car carbonyl)- phenyl-
bonyl)cyclohexyl]quin amino]- propionamide
oxaline-2- cyclohexanecarb
carboxamide oxylic acid




WO 03/048123 PCT/ EP02/ 13221 -64 Conpound Table Cpd # Conpound Nane Met hod
MVMS 2-1 N[2-({[(1S)-1-cyano-2-(4- C 471.5 471 nitrophenyl)ethyl]

am no } capwaenydi2l cycl ohexyl ] quinoline-2- carboxam de triPCrEpooexet ate 2-2
N-[(1S,2R)-2-({[(1S)-1-cyano-2- B-2 38Q4489 380 nethylpropyl] am no
}carbonyl)cyc | ohexyl] -1-methyl-1 Hindol e-2- carboxam de 2-3 tert-butyl
2-({ [(1S,2R-2-({ [(S)- A 479.578 479 cyano(cycl opropyl)nethyl]am no }

car bonyl ) cycl ohexyl] am no }carbo nyl)-1Hindol -5-ylcarbamate 2-4

N((1S, 2R)-2- A 354. 408 354 { [(qy hyapi@ noj carbonyl }c

ycl ohexyl ) - 6- hydroxy - met hyl - ol e- Z-car boxam de 2-5

N[ (1S 2R=2=X{1(S)~ B—2—38u 446 550 cyano([cycl opropyl )jnet hyl] am no }
car bonyl ) @pdl#)hexyl ]Cﬁntpp@lndﬂamgl-l-l ndioMethdcia J Mi? 26

N[ (1S, 2R=21{Sy—B2394472-394 yano({ cyctropropyt)ymet hyl ] am no }

car bonyl Jxycl oMeX34(] { BS)hlcyamoy2-(4k- met hyl -€ H-|i Adbbel 248ar boxam de 2-7

N-[ (1S, 2R) - 2- ( {difrdfheniDetionido }BetdbngbyY. 516 394 net hyl butyl ] am no }
carbonyl Jcycl ob@ididxytjduiiBlifel- | H-indol e-2 F

carboxamide trifluoroacetate

2-2 N-[(1S,2R)-2-({[(1S)-1-cyano-2- B-2 |380.489| 380
methylpropyl]amino }carbonyl)cyc
lohexyl}-1-methyl-1H-indole-2-
carboxamide

2-3 tert-butyl 2-({[(1S,2R)-2-({[(S)- A |479.578| 479
cyano(cyclopropyl)methyl]amino}
carbonyl)cyclohexyl]amino }carbo
nyl)-1H-indol-5-ylcarbamate

2-4 N-((1S,2R)-2- A 354.408) 354
{[(cyanomethyl)amino]carbonyl }¢
yclohexyl)-6-hydroxy-1-methyl-
1H-indole-2-carboxamide

2-5 N-[(1S,2R)-2-({[(S)- B-2 |380.446| 380
cyano(cyclopropyl)methyljamino}
carbonyl)cyclohexyl]-6-hydroxy-
1H-indole-2-carboxamide

2-6 N-[(1S,2R)-2-({[(S)- B-2 |394.472 394
cyano(cyclopropyl)methyljamino}
carbonyl)cyclohexyl]-6-hydroxy-
1-methyl-1H-indole-2-
carboxamide

2-7 N-[(1S,2R)-2-({[(1S)-1-cyano-3- B-2 |394.516] 394
methylbutyl]amino }carbonyl)cycl
ohexyl]-1-methyl-1H-indole-2-
carboxamide

2-8 N-[(1S,2R)-2-({[(1S)-1- B-2 [352.436| 352
cyanoethyl]amino }carbonyl)cyclo
hexyl]-1-methyl-1H-indole-2-
carboxamide

2-9 N-[(1S,2R)-2- A 364.447| 364
({ [cyano(cyclopropyl)methyl}ami
no }carbonyl)cyclohexyl]-1H-
indole-4-carboxamide




carboxam de 2-8 N-[(1S,2R)-2-({ [(1S)-1- B-2 352.436 352 cyanoethyl] am no

} carbonyl)cyclo hexyl] -1-nmethyl-1 Hindol e-2- carboxam de 2-9

N[ (1S, 2RyO23/0481364. 447 364 ({ [cyano(cycl opropyl) net hyl PariEPOD13221

car bonyl ) cycl ohexyl ] -1H i ndol e-4-car bgxam de WO 03/ 048123 PCT/ EP02/ 13221

-65 Cpd # Conpound Name Method MWMS 2-10 N-((1S,2R)-2- A 356.399 356 {

[ (cyanonet hyl ) am no] carbonyl }c ycl ohexyl)-5-fluoro-I-nethyl-IH

i ndol e- 2- carboxam de 2-11 N-[(18 2R) 2- ({ [ (1R) - 1-cyano-2- B-3 368.435 368

hydr oxyethytt—animo——Tarbonyt)yTyc T 0 -I-nmgt hyl -1 H i ndol e- 2-

car boxani @pd# 12 N [Campbﬁ)ldﬂé(nﬁ (S)- hwje MW 398W/S

cyano( cy eteptopyt)frethyt—antnmo—} Tt arp onyi)| Cycl onex Tl -5 -fluoro- | -

met hyl - 1-igdole{@SeR)pxanmi de  2-13 N ( (A4S, 2B56.399| [350- cyano-2- B-2

430. 505 430 phemyeidmsthyniodlcarboanyt| } cycl o hexyl) 6- hydr oxy-1

Hi ndol e{2- car@mRrIfs-fArokd 1NnéthISIRR) - 2- { [|(1-cyano-2- |B-2 444.532 444

phenyl et hyl )amlﬂgglgqr bmidycl o hexy|)-6-hydroxy-|{ | -nmethyl-1 H

i ndol e- 21 carboxa

2-11  |[N-[(1S,2R)-2-({[(1R)-1-cyano-2- B-3 |368.435| 368
hydroxyethyl]amino }carbonyl)cyc '

lohexyl]-1-methyl-1H-indole-2-

carboxamide

2-12  |N-[(1S,2R)-2-({[(S)- B-2 {396.463) 396
cyano(cyclopropyl)methylJamino}
carbonyl)cyclohexyl]-5-fluoro-1-
methyl-1H-indole-2-carboxamide

2-13  |N-((1S,2R)-2-{[(1-cyano-2- B-2 [430.505| 430
phenylethyl)amino]jcarbonyl jcyclo
hexyl)-6-hydroxy-1H-indole-2-
carboxamide

2-14  |N-((1S,2R)-2-{[(1-cyano-2- . B-2 |444.532| 444
phenylethyl)amino]carbonyl }cyclo
hexyl)-6-hydroxy-1-methyl-1H-
indole-2-carboxamide

2-15  |N-[(1S,2R)-2-({ [(1S)-1-cyano-3- B-2 |424.542| 424
methylbutyl]amino }carbonyl)cycl
ohexyl]-6-methoxy-1-methyl-1H-
indole-2-carboxamide

2-16  |N-[(1S,2R)-2-({[(1S)-1-cyano-2- B-2 |428.533] 428
phenylethyl]Jamino}carbonyl)cyclo
hexyl]-1-methyl-1H-indole-2-
carboxamide

2-17  IN-((1S,2R)-2- A |466.583] 466
{[(cyanomethyl)amino]carbonyl}c
yclohexyl)-6-[2-(4-
methylpiperazin-1-yDethoxy]-1H-
indole-2-carboxamide

2-18  |N-((1S,2R)-2- A |467.567] 467
{[(cyanomethyl)amino]carbonyl}c
yclohexyl)-1-methyl-6-(2-
morpholin-4-ylethoxy)-1H-indole-
2-carboxamide




2-15 N[ (1S, 2R)-2-({ [(1S)-1-cyano-3- B-2 424.542 424 nethyl butyl] am no
}carbonyl)cycl ohexyl]-6-nethoxy-I-nmethyl-iH indol e-2-carboxam de 2-16
N-[ (1S, 2RyOo230481RX 1S) - 1- cyano- 2- B-2 428. 533 428 phenyl ePoyIHPozM220
}carbonyl)cycl o hexyl] -1-nethyl-1 H-iggole-2- carboxam de 2-17

N-((1S, 2R)-2- A 466.583 466 { [ (cyanonethyl)am no]carbonyl } c

ycl ohexyl )-6-[2-(4- nethyl pi perazin-1-yl)ethoxy] -1 H indole-2-c arb ox
am de 2-18 N ((1S,2R)-2- A 467.567 467 { [(cyanonethyl)am no]carbonyl }
ycl ohexyfg&- T-met hyl - 6-(2- norphol i n-Zyl et hoXy) - IFH1 ndqgl é- 2- car boxam de WO
03/ 048123CpeH#/|[EP02/ 1Gompounds¥amed # ocrywe@ﬁé VeM{8d (MVM S 2-19

N ((1S, ZR=2=— A 45354453 { [ (cyanormnet nyi ) am noj ¢ar bonyl }c

ycl ohexy|R)196- (|M-¢dB BRI n- 4- yl et hoxy)|- 1 A+ i ndéBé42 da%boxami de 2-20 allyl
2-({ [(1S, 2R) - 2{(cyentbBiBBamidIcarbdnyl pyano( cyﬁl opropyl ) netthyl] am no }

car bonyl}) cycl okeboiéAdylrea(Imoyphmdin-4-bonyl ) - 1 H{i ndol 16-yl carb amate 2-21

al Lyl 2-1({ [(LSletdxy21tHinfdI&R- A 463. 335 463 | cyang(cycl gpropyl) met hyl ]

am no } carboxamide

(¢

2-20  |allyl 2-({[(1S,2R)-2- A |463.535| 463
({[cyano(cyclopropyl)methylJami
no }carbonyl)cyclohexyl]lamino}ca
rbonyl)-1H-indol-6-ylcarbamate

2-21  |allyl 2-({[(1S,2R)-2-({[(S)- A |463.535| 463
cyano(cyclopropyl)methyl]amino}
carbonyl)cyclohexyl]amino }carbo
nyl)-1H-indol-6-ylcarbamate

2-22  |N-[(1S,2R)-2-({[(S)- A |424.498) 424
cyano(cyclopropyl)methyllamino}
carbonyl)cyclohexyl]-4,6-
dimethoxy-1H-indole-2-
carboxamide

2-23  [(1R,2S)-N- A 378.473| 378
[cyano(cyclopropyl)methyl]-2-
[(1H-indol-1-
ylacetyl)amino]cyclohexanecarbo
xamide

2-24  |N-[(1S,2R)-2-({[(S)- A [376.458| 376
cyano(cyclopropyl)methylJamino}
carbonyl)cyclohexyl]quinoline-2-
carboxamide

2-25  |N-((1S,2R)-2- A 32537 325
{[(cyanomethyl)amino]carbonyl}c
yclohexyl)-1H-indazole-5-
carboxamide




car bonyl ) cycl ohexyl] am no }carbo nyl)-1Hindol -6-yl carbamate 2-22
N[(1S, 2R -2-({ [(S)- A 424.498 424 cyano(cycl opropyl)nethyl] am no }

car bonyl )wooBo#szyl ] - 4, 6- di met hoxy-1 H i ndol e- 2- car boxam®CagEra2/2R221

(1R 2S)-N- A 378.473 378 [cyano(cycloprggpyl ) methyl]-2- [(1Hindol -1

yl acetyl )am no] cycl ohexanecarbo xam de 2-24 N-[(1S,2R)-2-({ [(9S)-
376.458 376 cyano(cycl opropyl)nethyl] am no } carbonyl)cycl ohexyl]

gui nol i ne-2- carboxam de 2-25 N-((1S,2R)-2- A 325.37 325 {

[ (cyanonet hyl ) am no] car bonyl } ¢ yclwmdjﬁamigﬁdazol e-5- carboxam de WO
03/ 048123 PCT/ EPO2/ 13221 -67 Conpoun abl e Cpd. # Nane Met hod MW MS
3-1 N[ (15 2R=2-T{ T(S)- A 457.55Z 457 ano(cycl opropyl) nethyl] am no }
car bonyl ) EGeehexyl | - 6- [ Nemeny| sul fonyIM& b MYVH 1Ml%ol e- 2- car boxani de
3-2 N[ (15 2R=p2=({ (1S ~1-cyano-3- B 4125 412
(et hyl t h{3s] pr opYl{I&@Re2-fdé¥bon  yl ) cyd ohexyI4F7 D5AEbhyl -| H
cyano(cyclopropylmethyl]Jamino}
carbonyl)cyclohexyl}-6-
[(methylsulfonyl)amino]-1H-
indole-2-carboxamide

3-2 N-[(1S,2R)-2-({[(1S)-1-cyano-3- |B-2 412.555|412
(methylthio)propyl]amino }carbon
yDcyclohexyl]-1-methyl-1H-
indole-2-carboxamide

3-3 N-[(1S,2R)-2-({[(1S)-1-cyano-3- |B-2 381.477(381
methylbutyl]amino }carbonyl)cycl
ohexyl]-1H-indazole-5-
carboxamide

3-4 N-[(1S,2R)-2-({[(1R)-1-cyano-2- |B-2 444.532|444
(@-
hydroxyphenyl)ethyl]amino }carbo
nyl)cyclohexyl]-1-methyl-1H-
indole-2-carboxamide

3-5 N-{(1S,2R)-2-({[(1R,2R)-1-cyano-|B-2 382.461|382
2.

hydroxypropyl]amino }carbonyl)cy
clohexyl]-1-methyl-1H-indole-2-
carboxamide

3-6 tert-butyl (3S)-3-cyano-3- B-2 452.5521452
{[((1R,2S)-2-{[(1-methyl-1H-
indol-2-

yl)carbonyl]amino }cyclohexyl)car
bonyl]amino }propanoate

3-7 N-[(1S,2R)-2-({[(1S)-1- B-2 380.489(380
cyanobutyl]amino }carbonyl)cyclo
hexyl}-1-methyl-1H-indole-2-
carboxamide

3-8 tert-butyl (4S)-4-cyano-4- B-2 466.579(466
{I((1R,2S)-2-{[(1-methyl-1H-
indol-2-

yl)carbonyl]amino }cyclohexyl)car
bonylJamino }butanoate




I ndol e- 2- carboxam de 3-3 N-[(1S, 2R)-2-({[(1S)-1-cyano-3- B-2 381.477 381
nmet hyl butyl] am no }carbonyl)cycl ohexyl]-1H i ndazol e-5- carboxam de 3-4
N[ (1S, 2RyO230481RX 1R) - 1- cyano- 2- B-2 444.532 444 (4 hydr exymrenyi22et hyl ]
amno } carbo nyl)cyclohexyl]-1-nethyl-¢d H indol e-2-carboxam de 3-5
N[(1S,2R)-2-({ [(1R 2R)-1-cyano- B-2 382.461 382 2 hydroxypropyl] amno }
carbonyl)cy clohexyl] -1-nethyl-1 Hindol e-2- carboxam de 3-6 tert-butyl
(3S)-3-cyano-3- B-2 452.552 452 { [((1R 2S)-2-{ [(1-nethyl-I|H indol-2-

yl ) carbonyl " amino jcyclohexyl)car bonyl]am np r opanoate 3-7

N[ (1S, 2R CIPﬂ({* [(1S)-1- BNam&go. 489 38;)1\4‘3&%03{45% M™ np }carbonyl)cycl o
hexyl] -1{methyl=1IH1n dole-2- carboxam de 3-8 tertrobutyl| (4S)-4-cyano-4-
B- 2 466. 5139466 N{(ISIRRZLH1D- I-cyane=3nethhy| - | H3PRIEP338 yI ) car bonyl ] ani no
} cycl ohexyl ) carmethylmiyl laarimojeagtonylaayolat e WO 03/ 0481p3 PCTf EP02/ 13221 - 68
Cpd. # Name Met hedaxjVoMBuoro-1H-indole-2-
carboxamide

3-10  [N-(cyanomethyl)-2-(quinolin-8- |D 308.383{308
ylamino)cyclohexanecarboxamide

Compound Table 4

Cpd. # |Name Method MW MS

4-1 Benzothiazole-6-carboxylic Example 10 | 398.528 | 398
acid [(18,2R)-2-(1-(S)-cyano-3-
methyl-butylcarbamoyl)-
cyclohexyl]-amide

4-2 1-Methyl-6-(pyridin-2- Example 12 | 501.627 | 501
ylmethoxy)-1H-indole-2-
carboxylic acid [(1S,2R)-2-(1-
(S,R)-cyano-3-methyl-
butylearbamoyl)-cyclohexyl]-
amide

4-3 1-Methyl-6-(2-pyridin-2-yl- Example 12 | 515.654 | 515
ethoxy)-1H-indole-2-
carboxylic acid [(1S,2R)-2-(1-
(S)-cyano-3-methyl-
butylcarbamoyl)-cyclohexyl]-
amide

4-4 1-Methyl-6-(tetrahydro- Example 12 [ 494.632| 494
pyran-4-yloxy)-1H-indole-2-
carboxylic acid [(1S,2R)-2-(1-
(S,R)-cyano-3-methyl-
butylcarbamoyl)-cyclohexyl]-
amide

4-5 6-Methoxy-1-methyl-1H- A 369.423 | 369
pyrrolo[2,3-blpyridine-2-
carboxylic acid [(1S,2R)-2-
(cyanomethyl-carbamoyl)-
cyclohexyl]-amide




3-9 N[(1S,2R) -2-({ [(1S)-]1-cyano-3- B-2 398.479 398 nethylbutyl] am no }

car bonyl)

cycl

ohexyl ]

N- (cyanorwoheglods123 (qui nol i n-8- D 308. 383 308

yl am no) cycl ohexanecar boxam de

-6-fluoro-1 Hindol e-2- carboxam de 3-10

PCT/EP02/13221

4-1 Benzot hi azol e- 6-carboxylic Exanple 10 398.528 398 acid
[ (1S, 2R)-2-(1-(S)-cyano-3 net hyl - butyl carbanoyl)- cycl ohexyl ]
1- Met hyl - 6- (pyri di n-2- Exanple 12 501.627 501 vyl nethoxy)-1H-indol e-2

Compoungh Tabl e 4 Cpd. # Name Met hod MWV MS

-am de 4-2

car boxyl i[c acri d IS 2R -2-(1- (S, R -cyan- 3- net -
bt y1 oar Harby| ) BEpEPGRERATEO L ki e’ 4- 5 ERammRmAY BEBI6HI 4. 20yl - Exampl o
12 515. 654 515 |bbhiasoly-2i¢arbarplieagidcar boxylic acjd [ (1S,2R)-2-(1-
(S) - cyano- 3- et [(1B;2R)12¥ 1 €8)-bpamy43) - cy¢l ohexyl ] -| am de 4-4
1- Met hyl -16- (t et| R KgI-ButHaridBoHS 494,632 494 pyran- 4-yl oxy) - 1Hi ndol e- 2-
car boxyl ijc aci Cc}c,(lé }ﬁﬁ}_-a 1igd (S, R) - cyano- 3- net hy| -
but yl car bamoyl )I-‘cycl offexylT- anide 4-5|6-Methoxy-|-nethyll-1H A1369.423 369
pyrrolo [12,3- bl 1Ry 5k AhR% arboxylic acid | Example 10 | 380.489 | 380

[(1S,2R)-2-(1-(S)-cyano-3-

methyl-butylcarbamoyl)-

cyclohexyl]-amide

4-8 6-Methyl-indolizine-2- Example 10 | 394.516 | 394

carboxylic acid [(1S,2R)-2-(1-

(S)-cyano-3-methyl-

butylearbamoyl)-cyclohexyl]-

amide

4-9 1-(2-Hydroxy-ethyl)-1H- Example 11 | 424.542 | 424

indole-2-carboxylic acid

[(1S,2R)-2-(1-(S)-cyano-3-

methyl-butylcarbamoyl)-

cyclohexyl]-amide




carboxylic acid [(1S, 2R)-2- (cyanonethyl -carbanoyl)- cycl ohexyl] -am de WO
03/048123 PCT/ EP02/ 13221 -69 4-6 Benzo[d]i m dazo[2,1- Exanple 10 437.565
437 Db]t Wweaoles123 car boxylic acid [ (1S, 2R)-2-(1-(S)-cyanoP8I/EP02/13221

met hyl - but yl car banoyl ) - cycl ohexyl]-am - 4-7 | ndoli zi ne-2-carboxylic acid
Exanpl e 10 380.489 380 [(1 S, 2R)-2-(1-(S)-cyano-3 nethyl-butyl carbanoyl) -
cycl ohexyl] -am de 4-8 6-Methyl-indolizine-2- Exanple 10 394.516 394
carboxylic acid [(1S,2R)-2-(1 (S)-cyano- 3-net hyl -

but yl car banoyl ) - cycl ohexyl] - am Bieloki@l Ex{r@plelydr oxy- et hyl ) - 1H Exanple 11
424.542 424 indol e-2-carboxylic acid [(18 2R) 2-(1-(S)-cyano- 3-
nmet hyl - but yl car banoyl )Detelhmmmn D 3 e oY\Oah@pHir &1 RBa1RCY/ EP02/ 13221 - 70

Bi ol ogi cal Exanpl es Determ nation of i nhi bi t i on of Cat hepsin K, 0 and S The

i nhi bi tory ac h}v H{bl?or aQFfw%P @g@gﬁﬁgﬁd na};-un%? V\#ﬁ%{?sh{'KKS Sand-BaRd tB0RS

tested at ro errper tuare ystyrene plates
( Cost ar) . afffeenci@tipepsire 1K965Nellzs bp@quem}yteazrﬂysvyrreqe pla‘s:s{@@atad He ddiepgnk 5 |

of an Inhknt%ubl%)oryg}:tlwli' evgasltestéfl\ﬂfgf?&bum phosphate, NaCl 15mM pH 7. 4

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

10 addition of 10 pl 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
15 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.

20 Cathepsin S 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 uM). Human recombinant
cathepsin S (Wiederanders et al., Eur. J. Biochem. 1997, 250, 745-750) was used at a final

25 concentration of 0.5 nM.
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at a final concentration EpSIp bitory activity was
assayed under the sane conditions as the d (hGMMDW)K nhi bitory activity
usi ng human |iver cat hepsip—+{Gatbiochem—at—a—Hnal— concentration of 3
nM 20 Cathepsin S inhibitlory BetipWty was agedygmi anal ogeously to the
cathepsin K inhibitory adtivity, m(man'r that the bufféer was 100 niv

pot assi um phosphate, 5nmM EDTA,Ex ;pTT (fresdusy @ﬁded , 0.01% Triton
X-100, pH 6.5 and the fludgrogeni c substrate was - Val { Val - Ar g- MCA (Bachemn)
(final concentration: 20 conbi n hepsin S (W ederanders
et al., Eur. J. Biochem %97%%1%45-750%%5@@% at a final 25
concentration of 0.5 nM \AO 03/ 048 2 PCT/ EPO2/ 13221 171 Conpound
Cathepsin K 1C50 (pMoU ) 61 0.018 MO le 2 0.0454 M Exanple 4

0.0964 M Exanple 5 0.060
PCT/ EP02/ 13221 -72 For nul
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Tabl ets containing the follow ng ingredients can be manufactured in a

conventional nmanner: Ingredients Per tablet Conpound of fornula I

10.0 -

100. 0 ng wbhashese3 125.0 ng Mai ze starch 75.0 ng Tal c 4. @CREPONEIAESI UM
stearate 1.0 ng 5 Exanple B Capsul es cormt-aining the follow ng ingredients
can be manufactured in a conventional manner: Ingredients Per capsule
Compound of formula | 25.0 ng Lactose 150.0 ng Muaize starch 20.0 ng Talc
5.0 ng 10 Exanple C Injection solutions can have the follow ng

conposi tion:

Conpound of fornul a orgaulatinp Ex@aipd¢s ne 150. 0 ng Phenol
Water for injection solutions ad 1.0 m WO 03/048123 PCT/ EP02/ 13221

4.7 ng
-73

CLAIMS 1. Conpounds of formula (1) %ﬁéﬂ&égm \NNN RR2ORA RS (I)

10

Tablets containing the following ingredients can be manufactured in a conventional

manner:
Ingredients Per tablet
Compound of formula I 10.0 - 100.0 mg
Lactose 125.0 mg
Maize starch 75.0 mg
Talc 4.0 mg
Magnesium stearate 1.0 mg

Example B

Capsules containing the following ingredients can be manufactured in a

conventional manner:

Ingredients Per capsule

Compound of formula I 25.0 mg

Lactose 150.0 mg

Maize starch 20.0 mg

Talc 5.0 mg
Example C

Injection solutions can have the following composition:

Compound of formula I 3.0 mg
Gelatine 150.0 mg
Phenol 4.7 mg

Water for injection solutions ad 1.0 ml



5 wherein R is heteroaryl, (CRR')mCORa or -S(OP-Ra; wherein: R and
R' are independently hydrogen or |ower-alkyl; mis zero or one; 10 p is
one or twp oRm48133 het eroaryl, heteroaryl -1 ower-al kyl, or PCI/EP02/13221

het er oaryl -1 ower - al koxy wherein the hetmgroaryl in each of the preceding is
selected fromthe group consisting of indolyl, pyridyl, quinolinyl,

i soqui nol i nyl, N-oxo-quinolinyl, N oxo-isoquinolinyl, naphthyridinyl,
pyrazolyl, indazolyl, furo[2,3-b]pyridinyl, furo[2,3-c]pyridinyl, 15

furo[ 3, 2-c] pyridinyl, furo[3, 2-b]pyri &ipsyMS 1H pyrrol o[ 3, 2-b] pyri di nyl, 1H
pyrrol o[ 2, 3-b] pyri di nyl,

1H pyrrol of 3, 2t.c] pydrhpounds,of Byils @) o[ 2, 3-c] pyridinyl, 1H pyrazol of 3, 4-b]
pyridi ne, 1H pyrazol o] 3, 4-c]pyridine, 1H pyrazol o[ 4, 3-b] pyridine,

1H pyrazol o[ 4, 3-c] pyri di ne, benzot hiazolyl, azaindolyl, imdazo|?2,1-

b] benzot hi azolyl and indolizinyl, each optionally substituted; 20 R2 is
hydr ogen or |ower-alkyl R3 is n or | oner-al kyl R4 is hydrogen or

| owner-al kyl . R5 is hydrogen, |ower<al®Kyl, teroal kyl, cycl oal kyl,

cycl oal kyl - ower - al kyl , | ower - alko y- ﬂgﬁyI:meer aIkyI, aryl, aral kyl,
het eroaryl, or heteroaryl-lomki\al 25 i s~fiydrogen or alkyl; and n is
an integer fromone to three; vﬂN03/048 23 PKT/ EPO2/ 13221 -74 and
pharmaceutically acceptabl e sal tg2and/ o p#hrmﬁceugmpally accept abl e esters
thereof. 2. Conpounds according to claim1, wherein R is (CR R')m CO Ra,
mis zero and Ra is as defined in claiml1l. 5 3. Conpounds according to
claim?2; wherein Ra is indolyl, pyridyl, quinolinyl, isoquinolinyl,

N- oxo- qU|nq$|n%I N- oxo-i soqui nol i nyl, pyrazolyl, indazolyl, quinoxalinyl,
benzot hi azZotF" pyrrolopyrldlnyl benzoi ni dazot hi azol yl, or indoli zinyl,

each opti ! 0 r,d’or e substituents selected from
The o bup T aREHEIRHE (bR Karec R orBT05 R RhErefi

R’ and R” are independently hydrogen or lower-alkyl;
m is zero or one;
10 p is one or two;

R® is heteroaryl, heteroaryl-lower-alkyl,or heteroaryl-lower-alkoxy wherein the
heteroaryl in each of the preceding is selected from the group consisting of indolyl,
pyridyl, quinolinyl, isoquinolinyl, N-oxo-quinolinyl, N-oxo-isoquinolinyl,
naphthyridinyl, pyrazolyl, indazolyl, furo[2,3-b]pyridinyl, furo[2,3-c]pyridinyl,

15 furo[3,2-c]pyridinyl, furo[3,2-b]pyridinyl, 1H-pyrrolo[3,2-b]pyridinyl, 1H-
pyrrolo[2,3-b]pyridinyl, 1H-pyrrolo[3,2-c]pyridinyl,1H-pyrrolo[2,3-c]pyridinyl, 1H-
pyrazolo[3,4-b]pyridine, 1H-pyrazolo[3,4-c]pyridine, 1H-pyrazolo[4,3-b]pyridine,
1H-pyrazolo[4,3-c]pyridine, benzothiazolyl, azaindolyl, imidazo[2,1-
b]benzothiazolyl and indolizinyl, each optionally substituted;

20 R%is hydrogen or lower-alkyl
R’ is hydrogen or lower-alkyl
R* is hydrogen or lower-alkyl.

R’ is hydrogen, lower-alkyl, heteroalkyl, cycloalkyl, cycloalkyl-lower-alkyl, lower-alkoxy-
carbonyl-lower-alkyl, aryl, aralkyl, heteroaryl, or heteroaryl-lower-alkyl;

25 R®is hydrogen or alkyl; and

n is an integer from one to three;



10 hydroxy, |ower-alkyl, hydroxy-I|ower-alkyl, |ower-al koxy, alkylthio, NH2,
NH COO- | ower - al kyl, NH COO- | ower - al kenyl , NH S02-1 ower - al kyl , SO2NH2i
aryl, hetwpwosypedigd oxy, heterocyclyl-al koxy, and het er oar pCTaiPRDX3221 4.
Conpounds according to claim3, wherein7Ra is 1Hindole-2-yl, 1-nmethyl-IH
15 indol e-2-yl, 1Hindol e-5-yl, quinoline-2-yl,

6-[ 2- (4- et hyl pi perazi n-1-yl) et hoxy]-1H indol e-2-yl,

1- Met hyl - 6- (2-pyridi n-2-yl-etho)cy)-1Hindol e-2-yl, or 1-(2-Hydroxy-ethyl)
- 1H i ndoked phyimacbuticaiiyrpaugpablesaktoardl/ ogpiaomeateitioally, acodyealde Bstéds theseof.
quinolin-8-yl. 20 6. Conpounds according to any one of clains 1 to 5,
wherein R2 is hydrogen. 7. Conpounds according to any of clains 1 to 6,
wherein R3 is hydrogen. 25 8. Conpounds according to any of claims 1 to 7,
wherein R4 i thydfmgmmunﬁs acConding tldaiac t,ortdraig Rt 65 (@@R/ROf,-€0aRYm ik zt0 8,
wher ein R5 hydr s al kyl, hydroxy-|ower-al kyl, |ower- al koxy-
car bonyl - y 15 aﬁfiﬁ%‘e lflo%é?j al kyl -t hi o-1 ower- al kyl, cycl oal kyl,

het ero%ryl -I ower -al kyl, or aryl-lower-al kyl. 30 WD 03/048123 PCT/ EP02/ 13221
-75 10. Corrpounds accordl ng to any of clainms 1 to 9, wherel n RS is

nydrogen. 1 ovsr Rl G 0eL ilim T RTREINI LSS AING 00
Conpounds 1sa»qumbﬁnyigNt<nxoaqgano]ﬁn§dJ Mioxe-itoquindlihyl, \piymze]yh ilEazolyl, lkyyitrooglénny, 13
Co d ne. 1.to 1.2 Lei,n.n i, two, .10.14.
Conpounds PAceap g w8 Binth Bl Sl Al e gP ol

consi sti ngubshtuthﬂ with ohe Sy 2ijre Rubstifudnfd B)ected Front fherm@eoud comssting lobbsly) ]| am no
I}\IE:?E ?gl ZR%AY he%(f_/%.}%%}%id}m )}yhg)lrﬁeﬁ kyl, lovgeorl-ﬁkozxy,c QL}H%&%%,’NIJI COO-lower-

car bonyl } ajksl, N}ema-lddvbn-ﬁiﬁﬁiya NHeSD bloxarralikel, SONHE, 4ril, Eetzﬁ)cyclﬁt))q(,{ [ cyano
(cycl oproggﬁ%%ryrgl h%lklxy, angﬁétg%glbﬁnﬁm) cycl ohexyl] -1 -nethyl- iH

i ndol e-2

4.  Compounds according to claim 3, wherein R* is 1H-indole-2-yl, 1-methyl-1H-
15 indole-2-yl, 1H-indole-5-yl, quinoline-2-yl, 6-[2-(4-methylpiperazin-1-yl)ethoxy}-1H-
indole-2-yl, 1-Methyl-6-(2-pyridin-2-yl-ethoxy)-1H-indole-2-yl, or 1-(2-Hydroxy-ethyl)-
1H-indole-2-yl.

5. Compounds according to claim 1, wherein R' is quinolin-8-yl.

20
6.  Compounds according to any one of claims 1 to 5, wherein R is hydrogen.
7.  Compounds according to any of claims 1 to 6, wherein R? is hydrogen.

25 8.  Compounds according to any of claims 1 to 7, wherein R* is hydrogen.

9.  Compounds according to any of claims 1 to 8, wherein R® is hydrogen, lower-
alkyl, hydroxy-lower-alkyl, lower-alkoxy-carbonyl-lower-alkyl, lower-alkyl-thio-lower-
alkyl, cycloalkyl, heteroaryl-lower-alkyl, or aryl-lower-alkyl.

30



N[ (1S 2R -2-({ [cyano(cyclopropyl)nmethyl] am no}carbonyl)cycl ohexyl ]

-1H i ndol e-5- carboxam de, 20 N-[(1S,2R)-2-({ [(S)-cyano

(cycl opr opglopwtiby | ] ami no } carbonyl) cycl ohexyl ] - 1- net hyl PCT/EP02/13221

1H i ndol e- 2-carboxam de, N [ (1S, 2R)-2-%5- [ cyano( cycl opropyl) net hyl

am no }carbonyl) cycl ohexyl] quinoline-2- carboxamde, N ((1 S, 2R)-2-

(cyanonet hyl ) am no] carbonyl } cycl ohexyl)-6- [2-(4-nethyl pi perazin-| -

yl ) et hoxy] - 1H i ndol e- 2- car boxani de,

1- Met hyl - 6- ( 2-18yr i Gmp@unds-aetdrding)te by bfidaines-12eGawherei Rtisdyiltbgen, lower-

[ (1S, 2R) - 2]1%}&_{rsc)y_l %}éﬁno- 3- et hyl - but yl car banoyl ) - cycl ohexyl] -am de,
-e hyff-

1- (2- Hydr oX

H- i ndol e- 2-carboxylic acid |

(1S, 2R)-2-(1-(S)-cyano- 3-net hyl - butyl carbanoyl ) - cycl ohexyl] -am de.
A nmet hod for preparing a conmpound according to any one of clains 1 to 14,

conpri si ng: 03/ 04 32 -.76-, @) reacti a.,C ound
formula (11 )V\gl( cé?%‘gézﬁ%ﬂggé?gﬁ’%%/(t% |a§’%f5d%“%shl O RS b oRedrcr
HN / N 5 RbuRE, ¢t dyiclopragybrein R, R2, R3, R4, R5, R6 and n are as defi
any one of clainms 1 to 14, 10 or b) reacting a conpound of fornula (

(CHR3 H,NNN

10

15

20

25

30

12. Compounds according to any of claims 1 to 11, wherein R® is hydrogen.

13. Compounds according to any of claims 1 to 12, wherein n is two.

14. Compounds according to any of claims 1 to 13 selected from the group

consisting of:

]

{1
25

and
30 15.
of

I11) R
ned in

V) R

N-[(1S,2R)-2-({[(1S)-1-cyano-3-methylbutyl]amino}carbonyl)cyclohexyl]-1-methyl-1H-

indole-2-carboxamide,
N-((1S,2R)-2-{[(cyanomethyl)amino]carbonyl}cyclohexyl)-1H-indole-2-carboxamide,
N-[(1S,2R)-2-({[cyano(cyclopropyl)methyl [amino}carbonyl)cyclohexyl]-1-methyl-1H-
indole-2-carboxamide,
N-[(1S,2R)-2-({[cyano(cyclopropyl)methyl]amino}carbonyl)cyclohexyl] - 1H-indole-5-
carboxamide,
N-[(1S,2R)-2-({[(S)-cyano(cyclopropyl)methyl]amino}carbonyl)cyclohexyl] -1-methyl-
1H-indole-2-carboxamide,
N-[(1S,2R)-2-({[cyano(cyclopropyl)methyl]amino}carbonyl)cyclohexyl] quinoline-2-
carboxamide,

N-((1S,2R)-2-{[(cyanomethyl)amino] carbonyl}cyclohexyl)-6-[2-(4-methylpiperazin-1-
yl)ethoxy]-1H-indole-2-carboxamide,
1-Methyl-6-(2-pyridin-2-yl-ethoxy)-1H-indole-2-carboxylic acid [(1S,2R)-2-(1-(S)-
cyano-3-methyl-butylcarbamoyl)-cyclohexyl]-amide, and
1-(2-Hydroxy-ethyl)-1H-indole-2-carboxylic acid [(1S,2R)-2-(1-(S)-cyano-3-methyl-
butylcarbamoyl)-cyclohexyl]-amide.

15. A method for preparing a compound according to any one of claims 1 to 14,

comprising:



RORA R5 (1V)

S11 -Cl 11 (M) O (V) wherein R2 6

15 with a conpound of forrmula (V) or (VI) 0 0O Rall

c
R3, R4, R5, R Ra, and n are as

Ra

defined iwoang4saee of clainms 1 to 14, WO 03/048123 PCT/ EPORTEFR21322t 77- OF

c) treating a conmpound of fornmula (XI) RgCH2)n R3 R2ZNH Y N C (O NH2

R4 R5 (XI)
as defined in any one of

wi th a dehydrating agent,

\~~
wherein R2, R3, R4, R5, R6 and n are

)

5 clains 1 to 14. 16. Conpounds accordi ng to any

one of clainms 1 to 14, when prepared by a process according to claim 15.

10 17.
one of
adj uvant .
t herapeutic active substance.
claims 1 to 14 for use as therap
and/ or prevention of diseases whic
20 20. A nethod for the treatnent a
associated wth cystein prote@§g§,
conpounds according to ¥

RZ

ti

5 with a compound of formula (III)

Phar) ettty campand efiféinonis (Bpnpri sing a conpound according to any
claiml1l to 14 and a pharnmaceutically acceptable carrier and/or

18. Conpounds according to any one of clains 1 to 14 for
15 19. Conpounds according to any one of

use as

tive substance for the treatnent
rassoci ated with cystein proteases.
prevention of diseases which are
h nqﬁﬂod conprises adm nistering a

O (I1)

(1)

wherein R, R%, R, R%, R°, R® and n are as defined in any one of claims 1 to 14,

10 or
b) reacting a compound of formula (IV)
R (CHz)n
H\l}l
B2
15 with a compound of formula (V) or (VI)

0
Ra—U—CI

(V)

@)
a__ [___
R ﬁ Cl
° W

wherein R?, R®, R%, R, R®, R? and n are as defined in any one of claims 1 to 14,



any one of clains 1 to 14 to a hunman being or animal. 21. The use of
conpounds according to any one of clains Ito 14 for the treatnent 25

and/ or prwoenwisaes of di seases which are associ ated w th cysrgiPn2/pot eases.
WD 03/ 048123 PCT/ EP02/ 13221 -78 22. The7use of conpounds according to any
one of clainms 1 to 14 for the preparation of nedicanents for the treatnent
and/ or prevention of diseases which are associated with cystein proteases.
5 23. The novel conpounds, processes and nethods as well as the use of such
conpounds swubstantially as descri bed herein before.

¢) treating a compound of formula (XI)

R&(CH,), R3

N C (O)NH,
R2NH ><
o)

Rt RS
(X1)

with a dehydrating agent, wherein R?, R?, R%, R>, R® and n are as defined in any one of

5 claims 1 to 14.

16. Compounds according to any one of claims 1 to 14, when prepared by a

process according to claim 15.

10 17. Pharmaceutical compositions comprising a compound according to any one of

claim 1 to 14 and a pharmaceutically acceptable carrier and/or adjuvant.

18. Compounds according to any one of claims 1 to 14 for use as therapeutic active

substance.
15
19. Compounds according to any one of claims 1 to 14 for use as therapeutic active
substance for the treatment and/or prevention of diseases which are associated with cystein
proteases.
20 20. A method for the treatment and/or prevention of diseases which are associated

with cystein proteases, which method comprises administering a compounds according to

any one of claims 1 to 14 to a human being or animal.

21.  The use of compounds according to any one of claims 1 to 14 for the treatment

25 and/or prevention of diseases which are associated with cystein proteases.



WO 03/048123 PCT/EP02/13221
-78 -

22.  The use of compounds according to any one of claims 1 to 14 for the
preparation of medicaments for the treatment and/or prevention of diseases which are

associated with cystein proteases.

23.  The novel compounds, processes and methods as well as the use of such

compounds substantially as described herein before.

*H



