0050/ 474120050/4741@8,¢| pi peri di neket ocar boxylic acid derivatives, their
preparation and use The present invention relates to novel ketoesters
and ket oam des whi ch are inhibitors of enzynmes, in particular cysteine
prot eases, such as cal pain (= calcium dependant cysteine pr ot eases
[sic]) and its isoenzynes and cat hepsins, for exanple B 10 and L.

Cal pai ns e intracell ul ar roteolytic enzynes fromthe cysteine
pr ot easesag?‘() péﬁ’ﬁré?én%bdlﬁﬁ’%afhc’ﬁ% @gllas.geﬁveaté‘ﬁfﬁhegl% ain s
activat ed BYePHAEL8BNEHYE um concentration, a 15 di fferentiation being

made bet \geen calpain | or [err]-cal pain, which I's activated by
[err]-noPa at | { ' o] | 0 | | pai n,
L6 ch T2 S A CLhORE O SOLGLUT SR8 Kb ecest BB ecBlpocs

ich ar é n%brs nZz in I r (%1 $2 steine
Johnson, | Rt" 1:‘1 B & Hé‘?& f§96, ’?'Ze(sg), _833-%. afoﬁ%y, Srt.l |1 further
cal pai n i SBEPSRARSS :aPRCD(RHSHLBPAR o™ (RLCEURnIFERANIZNE CyftRinechem
Hoppe- Sey| protdag®s [sicByo(r@) i583iggenzymes hnd|catheppéns edfathaxavple B ns
play an_inppadtmnt part in various physi ol ogi cal processes. These include
cl eavagég of regulatory 25 proteins such as protein kinase C, cytoskeletal
proteins such as MAP 2 and spectrin, nuscle proteins, protein ,
degr adat i ofa{ppins Pﬁéuhﬁf%ﬁQf%%PgﬁFitEEﬂteﬁ#MPé$rﬁ?%ﬂ?eﬁhér%mnﬁhﬁaFVSHe%ﬂe
pl at el et s, protemaasogapup dendh@rgbfbundn inpmenyi eslisy Fheoenzyrendadphérs,
whi ch ate aEtivateddbyniddredseBatdBiiuretoatentdatfiendSca. 1991, 48, 30
1659- 69 lgndil(feﬂ@nt\ﬁﬁﬂﬁloﬁtbéﬁ!ng, mali€NsistwednPRAL PROP|T 08Cli-callfdd%h, whid,
412.9. il BCLAASCd 69! A1l CUEhSe g iBRESUE Ch 1B A LAUIS ang
pat hophysi ofgglcalnproc ss%s for exa*hrml e: #sc t:ee;He%\s}, of the 'heart 35 (eg.
cardi ac i nFaFEY TPt HeCaiRMey BPLThe S BGEFLR offs™*3%yst em (eg.
stroke), i APNEERHALIANS RS GALELUBYERRD IRy, JERRE IRt JofBidchemyes,
injuries ta&%%he dMraBlhedjouFodgyt eanildg furthemeealpain Al sderizypessaxk sease
et c. (SegngoKtuMﬁi’i@. (AboswukiAetehdt ] @izdli.pChem DfHdPpeSBediearcald095W t h

i ncreased gngd(ypsasng)i.ntracellular 40 calciumlevels is presumed. As a
result, cal cium dependent processes are overactivated and no | onger
subjected to physi ol ogi cal regul ation. Accordingly, overactivation of

cal pai ns Itcés suspectedghat salbaphy DlAyoghc dPPiteadspast inyarions yas
t her ef or e pbgsivkigidalhptocedsesi.t Dhesofindledeat peavages efizsemsatayybe
usef ul f26r pkbeeinL3uEBNhs OprdHAREk ThSAAIGS cytosMETHRALS proveitis gathoas
confirmthyge FNUR SpeBz{DY Wus@B9pflteins, protein degradation in

rheumatoid arthritis, proteins in the activation of platelets,

neuropeptide metabolism, proteins in mitosis and others, which

are mentioned in M. J. Barrett et al., Life Sci. 1991, 48,

30 1659-69 and K. K. Wang et al., Trends in Pharmacol. Sci., 1994,
15, 412-9.

Increased calpain levels were measured in various
pathophysiological processes, for example: ischemias of the heart
(eg. cardiac infarcts), of the kidney or the central nervous
system (eg. stroke), inflammation, muscular dystrophy, cataracts
of the eyes, injuries to the central nervous system (eg. trauma),
Alzheimer's disease etc.(see K. K. Wang, above). A relationship
of these diseases with increased and lasting intracellular
calcium levels is presumed. As a result, calcium-dependent
processes are overactivated and no longer subjected to
physiological regulation. Accordingly, overactivation of calpains
can also trigger pathophysiological processes.
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40

45
It was therefore postulated that inhibitors of the calpain

enzymes may be useful for the treatment of these diseases.
Various investigations confirm this. Thus Seung-Chyul Hong et



0050/ 474120050/47412 2 al., Stroke 1994, 25(3),
663-9 and R T. Bartus et al., Neur ol ogi cal Res. 1995, 17, 249-58 have
shown a neuroprotective action of calpain inhibitors in acute

neur odegenerative disorders, such a& occur after stroke. Likew se, after
5 experinealal skebkbradsdy as@s, €6d-waiandi Rhibi Barsus et aled t he recovery
fromthe nﬁé@fé’l wal Red aigles, ang, NAW 8EDhSYe HnoRhd8! Seurdproibbtiee (K E

Saat man et , ?,Proqccaws 63 S 4r0%ued eq,mgggéng,g;& 433). C. L.

Edel stein g X 62-6, found a
prot ect i Le %\%?’iqﬁlfscf)f S'é%\lfpaeﬁ ﬁcfﬁrl?\ﬂ?% F&Fg Bn k&ﬁ’é Hiffed by hypoxi a.
Yoshi da, Ske¥Pgsimental cerepjral yppumas, galpain gipibg P%’L? lf%HFOSEdWéIP% able to
show f avor a¢tevery dkpmctle afemozl ppower weiflhcits samsf menromotiradidandess whi ch
was pr ogseesk iy i(RChem saadmaheperdlisipede. Jtaxde aehpaisei niuishi t D3ss,
i nhi bi t th@ﬂ?&z‘%&%ﬁsﬁi té‘eﬂ%ﬁ]aléf’é‘np%@ gin, ﬂ-oQ:Ot fBt1aladiie Qéla 15
ther apeut  ad o1 fYszne ;Z Sord SEBRE: W05 BEARPARL Lol 9Kl 15l

5

Neur on, .19

i nhi bi téé b Jc%‘l 5Fn°f‘ e[YSrQ Aged\RYa F¥BR* 11 - :¥I°s lda' c‘;Sﬁ'bIEFﬁE 1‘9"94

6(6), 597-8b1) J"=‘IPt RABCf uf 4 H@Pﬁar@ﬂdundorﬁatwere @é?llﬁaF% shemi BRVEFablehow
cyt ot oxi ¢ effaxriiss odncalpain cdehlibif{drs 20t8hi barditacaldam@fe hwiikodt wag | nt. Ass.
Br east Canﬁﬁd&dxﬁﬁﬁ, byswdlaémla oPrepdFhsidh. - 8bhceSellpain inhibitERS Ol .
5(Suppl .), 1&19%1; ‘?t%é) release o'fr Hi‘@r @3S bp&?eﬂfe% brERL Al RiskhBibitors are

ment i an H%rz%peutlﬁa V? reaé&@ﬁz Id}(feSCFlgas pIOPOﬁ fl?QZh gaﬁi é&z 9. 25

Cal pain™n eracyr e,

Mai nly, hofbverie9RBse %1?%' dilrh8rltidevdhei BEeaie pép WE%ﬂeulﬂlﬁﬁF‘%l tBrs. As
a rule, iriékewigeyliahinkted tyr sajpaim|iopibitoes IV sUBG@@?hﬁé@taﬁél have the
di sadvant agetokiate 11884, hése ,a397-6UhselIectvay efurtdeirmone | founde thetly or are
unstabl e. ZAusaimen@ibitoidishowoEstidae ehovctndnsiturdr stelasefkects, such
?ﬁet oXi ?P: %hlba &HQ13L%0ErF'?IéJt§§gri§|§ee%s' sN BRGidr l&%cgf REWIL | |sle¥139%)e(l dérsmgg
E 64 (E. R LENe é)‘eﬁscoéhgn%p ng @Bl foog 19888?5) 158,
432-5), a-hal oketones ( H Angl i ker et aI . Med. Chem 1992, 35,
216-20) or rdishdsf ipdesibRe udiss vgdeabpaial J.nhﬂietbré_aﬁ.’b mentik3@@, iA91- 194).

40 Many kngwng! ueigSi BLénddNinbiph@fsaddl Cetel Nfody,0heasgs, syich as
cal pai n2gre peptide al dehydes, in particular di pept i de and tripeptide

al dehydes such as, for exanple, Z-Val-Phe-H (ML 28170) (S. Mehdi, Tends
[sic] in BPQI-PaSB|lnh19®§0rﬂ61a\f§5@189a@hdbeen descridedodndehe rlGHEERLEDD336.
Under physMainly caloweoard tilzze, adé @iyHdrdéracdetyitbde bavpeptheledi sadvant age

that they 2hRiwidc3. asUashakl,eipRedCiwilt Phnididiiseate r£BG iRy, can be

rapidly - oUBLeRRlds 8fla ok &1 hePhO0S A AGUSPREL (iiley’ REG A0S Wi Ch can be

0050/474mzunse1ect1ve reaction in the body or are unstable. Thus these

inhibitors often show undesired side effects, such as toxicity,
and are then restricted in their use or unutilizable. Among the
irreversible inhibitors can be counted, for example, the epoxides
E 64 (E. B. McGowan et al., Biochem. Biophys. Res. Commun. 1989,
158, 432-5), a-haloketones ( H. Angliker et al., J. Med. Chem.
1992, 35, 216-20) or disulfides (R. Matsueda et al., Chem. Lett.
1990, 191-194).

35

40 Many known reversible inhibitors of cysteine proteases such as
calpain are peptide aldehydes, in particular dipeptide and
tripeptide aldehydes such as, for example, Z-Val-Phe-H (MDL
28170) (S. Mehdi, Tends [sic] in Biol. Sci. 1991, 16, 150-3) and
the compounds from EP 520336. Under physiological conditions,

45 peptide aldehydes have the disadvantage that they are often
unstable on account of the great reactivity, can be rapidly
metabolized and are prone to nonspecific reactions which can be



the cause 8P5P4478%8 fects ( J. A Fehrentz and B. Castro, Synt hesi s
1983, 676-78). The use of peptide al dehydes in the treatnent of di seases
is thus only [sic] restricted or ineffective. It is thus surprising that
only a few al dehydes can 5 be enpl oped as active conpounds, nanely
especi al | ytheetaidie of abgbhyhfegtoup IS At gbhkémtes andoB. egasgds by
hem acet al syn{Redidd 1083, 676-A18)2d¥RACEd %ftE Egi&é?%\i%uyaé@tnp%ka' n

§

pept i de keEQQ&tﬁl&}td%rf'M LYES aeeals r%s%n&ﬁééeé e prot eases

xaimpl 6, KEPBRESTNyatFyES P8 RHERH309. S8R o, 2RI % ng

activat ed By amplaveck Péna%w?drcmﬂ‘gn%%m ¥respeciagty oyhqn "-Ihﬁ the case
of cyst ei nelgebydengroupdes i stabivégedi tfork exempie 1y demigaetwal by CF[err] or
sim | ar grdopsation.l ess active or inactive (M R Angelastro et al., J.
Med. Chem 1990, 33, 11-13). Surprisingly, in the case of cal pain, until
now only ketone derivatives in which on the one hand a-position |eaving
groups RRudAValre deethe JIRCOVERK Bhat GRTAAER RERMEeokaRNhand a 20

car boxyl11 c dgtivhtderesy are velsxtinhabésotshefkeyetgimuproveases aamd inas active
i nhi bi t or spasefciMarlk cAbgelmstihaseinathe cage 8P indOprof@dse83or WO

92, 12140; !%Eg‘(@()@%oﬁgddé@v%iﬁggg?’@e KHQWRVES , i Hini tbPEs e Plapi des and
r
(o4

ket oest er s ybef}ﬁ‘r%t aggf_gﬂéfv%kbégsijgeaéé%on_gig%éfo@%% ggg‘%) %%%%r Qed as

t Zh
P berss §F3a| h Ehe fasE ‘45 Gipeine SYptoaues sGirIALiYeE S0t hakBten R

Angel ast Poagtinated by CFs |qr jsémihakpigregPsopre hessr asbhve o dnerbive o make
avai | abl e 38.nRnpepgeldetimethialor sIwiexh &hemdel9%ad 3B obl+1®) .nore stabl e
ket ones anduwpi Ddt i yolin hehee dalde genes1dlaifl, Obh€ilE nok aﬁpjrilckaﬁme

(et abol i ¢ gatapidives, 1ell VhiGldny the &l tiahg hhﬁeém&nhﬁeseiﬁ g gréR goranes
ete.). . 3dalbe g *:Qi’tf’l l%ﬂggﬂf% |2 %nkoR! BEI IlhagkEloea P < acid

deri vatigges 0 onerjic and

someri o't 6 A SeLadotiih cev s ) Shpub e taredn ne
vari abl es REvaCtie 45111#8%%% ri§erelni Rg#ngelastrqspri7415ee above; WO
4 Rl is92¢0&&r WO 92, B4 WORP &/ 97095 @ONHIR] ¥5/10053EDORjavaver , - € (=N)
-Rerr], -€hés§C§ethMEheér&nd ketoes 8tk Gn1P) pepHde KWerivatives have
previously been described as active (Zhaozhao Li et al., J. Med.
25 chem. 1993, 36, 3472-80; S. L. Harbenson et al., J. Med. Chem.
1994, 37, 2918-29 and see above M. R. Angelastro et al.).

It is an object of the present invention to make available
nonpeptide inhibitors which are derived from the more stable
ketones and which do not have the general problems of peptides,
(metabolic stability, difficulty in getting through the cell
membranes etc.).

30

35 The present invention relates to piperidineketocarboxylic acid
derivatives of the formula I

R2 o)
0
R!'—N }——u*—N R3
40 H
0

and their tautomeric and isomeric forms, and possible
physiologically tolerable salts, where the variables have the

45 following meanings:



R2 is -ClQ%QéFHF',Z whi ch is branched or unbranched and can 5

additionally carry a phenyl, pyridine or naphthyl ring which in turn
can be substituted by at nost two radicals R5, it bei ng possible for
R5 to be Cl1-C4-al kyl which is brancheé or unbr anched,

- O Cl- C4- aRkyl is G-o-@4,, =SOBR4,| ~-CARB-RNDICROONH2 ~C (=N) -R4,CNC ( OHHR4
COO- C1- CA- al kKyhnd sicgl=s )Nk C1- C4- al kyl, - NHCOPh, 10

- NHSQ2- C1- C4- al kyl , NHSQ2- Ph, -SQ2-Cl-C4-al kyl and - SO2Ph; R3 is -OR6
or -NHRG; 15 R4 is -Cl-C6-al kyl whi ch is branched or unbranched, it al so
bei ng R?2 pdsst@l-Eefakkyd ,chehirlofist Woanehehoxr gnbhramgshad apdneain a

doubl e b&nd or atditiomaldpdcany ta0 phenglipyyirtidied day raphthyl ring whiieh rings
such as phenyl innaphf RAheBe, sUBYLAIR¥BLE By at most ﬁw ri%'d'leﬁls'ﬁQQB!{:n()' i ne,
pyridine, thi OEQE&E pd28RpPL hfcf}p*&@”{?o b’eocl-c -Qﬁ'il l%yB!c d¥for
1%
PEOoiaz%

t hi azol e, isot tri exy

Io entyl,
fl uorene. i ndofRPranched, pA %‘Fo"‘é{yﬁl OBX 38 g‘&'é:f’ ?ahg Y
furan, Iﬂ'é bei n§Ns COOH, SS@S?hCé'Pb}‘Y%afcﬂi'cdf' rﬂ’éc‘?"r%ggvtaﬂé‘ﬁféelv Oph,
|

additio |y toNHSO2-C1-Gaxradyyht NHSOR-PRw 1S8diCaiCs-&Bky2Bnd -$@Phi;s
hydrogen, a phenyl ring which can additionally carry one or two

radi cal s Rg Cl- C6- Ik I (&h i's branched or unbranched and can
contain a Goubfd b rlple bond, and a ring such as phenyl,
napht hal ene, pyridi ne pyrl m di ne, 30 pi peri di ne, pyrrolidine,

nor phol i;gers t higphene,-Aiy10khnen angd branched'c&OQll!leth:ﬁhQi Iltt BesdDbIRSi bl e
for the aromat PSséiﬂh%s foﬁ a chﬁqldlotfl le&y %f[ radi ](c:al S
-NR7R8 or SS endent of one
anot her to doublbe Bondr 8% %"t?& C& Eﬁ Rﬁl% tlb’ 8 c??éaor}?r%

unbr anched. 35tW0 HnNgsespe FhenyL ne‘l@? BBﬁyI‘i‘bmé’é‘raéllH%rl vatives of
t he gener al qE&RoRAnE,| la@@lmﬂis}@easpﬂ%dl{md thiephsne,2behzpthviivipbine, 40
R1 iop - C( =BkRofur3@?Rdyrimidine, thiazdi2, isotkidZbl€6- akkyioMhich is

branched or unbna#g#sid, cyclohexyl, cyclopenty®;2fBiosdne,ChiRapys) dyl, 45

R3 i's '%bgﬁbﬁllﬂzolng%{ z%l(‘e] i‘ggzxazole ?9..5.9 4c17rf331%uran, it beln

aLn se
fort h in clai mpE‘L’Slbcﬂé Iggft %%‘fﬁa 5r’é 7% %k’ems d| ne l%t"' car o>$<tyl ic acid
derivatives  S2bFY tHe "g8hetuR % ﬁ*ﬁF% Rare those as claimed in claim 3,
for wisc h
R¢ is hydrogen, a phenyl ring which can additionally carry one
or two radicals R5, C;-Cg-alkyl which is branched or
unbranched and can contain a double bond or a triple bond,
and a ring such as phenyl, naphthalene, pyridine, pyrimidine,
30 piperidine, pyrrolidine, morpholine, thiophene, quinoline and
isoquinoline, it being possible for the aromatic rings
additionally to carry at most two radicals -NR7R® or RS, it
being possible for R7 and R8 independently of one another to
be hydrogen or C;-Cg-alkyl which is branched or unbranched.
35

Preferred piperidineketocarboxylic acid derivatives of the
general formula I are those as claimed in claim 2, for which

40 Rl is -C(=0)R¢, -SO;R4,
R? is C;-Cg-alkyl which is branched or unbranched,
~CH;-Ph or -CH;-pyridyl,
45

R3 is -OR6 [sic] or -NHR6é [sic] and



RL is 9BPOLERAL2. ScpR4, 10 R is -Cl-C4-al kyl or

- CH2- Ph, R3 is -NHR6, 15 R4 is -CH=CHR9, it
bei ng possible for RO to be phenyl , napht hal ene or
gui nol i ne, and R6 i sShydrogen, Cl-C4-al kyl which can be 20

substituted by pherylsiyr,i d6Nesid] and R6 [sic] have thdMeph@ht8eas set The
compounds of the fesMH &n Gabmbe, enpl oyed as racemates or as 25
enantionerically pure conmpound [sic] or as diastereoners. If
enantionerically pure conpounds are desired, these can be obt ai ned, for
exanpl e, bParwicuylardyoprefenreds pipafidigwdketorarboxyliict Acitedeydmpoivels of
the form? afl tivs demeirali fbmuladiiabhes tiisegas chaimdd dbl elopi ixaltby active
base or acifich30 The invention also relates to conpounds which are
mesomnmeri c or tautonmeric with compounds of the fornula I, for exanple
those in whi ch the keto group of the formula | is present as an enol
tautoner. 35 ThB! i nvents o (FO)Rher-SPeR‘at es to the physiologically

t ol er abl_e salts of the conpounds I, which can be obtained by conversion

of c&r?pounds | uUsing a suitaple.acid or hase. 40 The
pi peri di neket ocar bBxyl i ¢ Jasci'glag‘r‘la\}gf’?‘v%g 'Fgé'i‘pgbr ding to the i nvention
can be prepared in various ways, which have been outlined in Schenes 1

and 2. 45 Startipg fromgiy@redi necarboxylic acids |1, the derivative |11
i s obtained by conversion under customary conditions using activated

acid derlisvati ves RL-L, L being a |eaving group such as 0050/ 47412
6 d, i"'midazol e Bt N-hykd okji5sEHz®r iikzbeing HessibdacieR’itokeried out

i n anhydrous, inert sol vesdshvSUCh HBLRY! sRenE AL KEE ang t €t rahydr of uran
or di methyl f or mam de at ?é%my-iéo ?%%3,25[6”?(;6%”(1 s '[sic] as a rule

under customary conditions as are sumarized in 5 Houben- Wyl , Met hoden
der organi schen Chafri e [ Ms Hodisogén Or@afiealkyChehich radn bét h Edition, E5,

Chapt Th [ i di ' ' I ted int
thgp er 2% e pi perlgjﬂgq:cﬁwgéyw cbh%%&g'es};reirds_l_ng L-are converted into

morpholine.

The compounds of the formula I can be employed as racemates or as
enantiomerically pure compound [sic] or as diastereomers. If
enantiomerically pure compounds are desired, these can be
obtained, for example, by carrying out a classical resolution
with the compounds of the formula I or their intermediates using
a suitable optically active base or acid.

30
The invention also relates to compounds which are mesomeric or

tautomeric with compounds of the formula I, for example those in
which the keto group of the formula I is present as an enol
tautomer.

35

The invention further relates to the physiologically tolerable
salts of the compounds I, which can be obtained by conversion of
compounds I using a suitable acid or base.

25

40 The piperidineketocarboxylic acid derivatives I according to the

invention can be prepared in various ways, which have been
outlined in Schemes 1 and 2.

45 Starting from piperidinecarboxylic acids II, the derivative III
is obtained by conversion under customary conditions using
activated acid derivatives R1-L, L being a leaving group such as



acids IV iR°§86366%2m9di umor in mxtures of water and organic 10 sol vents
such as al cohols or tetrahydrofuran at roomtenperature or elevated
tenpertures, such as 25-100[err]C, using acids or bases such as lithium
hydr oxi de, sodi um hydroxi de or potassPum hydroxi de. These acids |V
are |inkedClp amidazailenor atihyditeryberdioteriathke. THiSt eracyi@ond teonseduch
as those agg¥eibeinhgdv6esl, Meiréhsaifents isabRUas Mmdibiyene Whloride?0 Schene 1

[err] tgérah dro*fran or dlmeth lggghdMQHbVQ{'fggh'V20“@60I255§ gnduie are

esters, ar verte etocabx sim.lLarly to the
hydrol ysi s bag dui8t g thecks S cpRrit e 28 SFe 8%’?‘%5‘512%‘1 o3P cact i on
sinmilar fo H°u}??fh‘tw Iﬂﬂ:tl‘f’qf’é’sfjert ﬂ’égarrééepFBnCIﬂfé?%?g [@SF? &Y HuPrgeRs di ng
to a et GbemigtrmiaozhhEdition, aE5, Chapser ¥hem , 1993, 36, 3472-80. In
this method, a carboxyllc aC|ds [sic] such as V are [sic] reacted 45 with

oxal i ¢ aci paongester chlgride . at ehs,vatt%d tgg}c)earraetté & er %{: n%o rr]C) I n
sol vents s ﬁ B gﬁfld? ?L}'aﬁ AR 576 5?0 PRYUST 51 47584 % t hen
react ed ui Pﬁl‘{’a%lsTé’s lé’uéﬂ“%%“%&l?ﬁ&ﬁ?‘e%o’;& gextures qfpigrayand organic

7 in érhapbventis 38cB0feralaphedsgpy ctativehydrofisnany at' roem drafivegaters he

I nvent i on. ofheldeiteds tensedturesn beclhyar aby2eolc ,ansdagcaditsd or booee, for

exanpl e t os@eNead ha thetRCRFIDRIUES S6didt AGEPEHRH I drOpotadiunnvent i on.
hydroxide.

15 . . . . . .
These acids IV are linked to an o-amino acid derivative, the

customary conditions such as those above being used, which are
listed in Houben-Weyl.

20 Scheme 1

OR’ OR’ OH
HNM ———— Ri1—N ———— m_NC>,_<
o] o o
1

ot v

25

—— RI—N CONH”l\cooR R”‘”(:::>"°°N” COOH

30

R2 R2 o
35 — T O'CONH#COOR - Rt_NO_CONH/SV)L
A3
0 0
1 1

The derivatives V, which as a rule are esters, are converted into
the ketocarboxylic acids VI similarly to the hydrolysis described
above. The ketoesters VII are prepared in a reaction similar to
that of Dakin-West, the reaction being carried out according to a
method of ZhaoZhao Li et al. J. Med. Chem., 1993, 36, 3472-80. In
this method, a carboxylic acids [sic] such as V are [sic] reacted
with oxalic acid monoester chloride at elevated temperature
(50-100°C) in solvents such as tetrahydrofuran and the product
thus obtained is then reacted with bases such as sodium ethoxide

40

45



The reacti%?ﬁ?@b?]v’e ketoamdes |' is also carried out simlarly to the
net hod of ZhaoZhao Li et al.(see above). The keto group in ' 1s
protected at roomtenperature by addition of 1, 2- et hanedi t hi ol under

Lewi s acid catalysis, such as, for 107 exanple, boron trifluoride etherate,
In inert sid\whkhaeclsakeh 23s-80craidglieserhd | kutioderen T tducamrdiheidig thkt ai ned.
These deriMldnt@sn. P KeRBEEEEL M- cBHI BEShydkolyk8d P Aldesek¥yB&d S, such as

al cohol s, %:ﬁvte D80l SLidre LReo kel G H8eodarRaii9c ORI uord By Sohere 2
e

[err] nalternatlverre

i |l ustrat et ﬁ%@ﬂ&ﬁ%n'z The  piperi di neket ocarboxylic acids IV are
reacted }ith am nohydr oxycar boxylic acid derivatives VII (see S. L.
Har benson theétredktiod t veCREMBaniR4. 137is 2053 38y r LW utCHShOTR 1Y,

pept i de Ul H& & %hﬁaé?ﬁa@t}ﬁ"‘ét %y \Q‘B)Sbéal il ‘i‘étX‘ éimﬁ?'l g 45

vatl ves QXI,

obt ai ned. ese a
ket ocar boxyl i*%® é’(’ff’g *‘9‘?‘7}\;’31 Q8% fremp%?@éﬂ’ﬁ? {3519 dOF nt | on For this,
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oxi dat i onsa$d Heladk el OwitiPSRifEs SYERN i H polak solvents, such as alcohols,

at 0-80°C, the ketoamides I’ being obtained.

Scheme 2
R2
OH R2
COX
Ri- NC>———< + H,N ———p R —NO— CONH /S/COX
0
20 O OH
v vi il
(X = 0-Alkyl)
25
R2
—N
Rt D—CONH/H/COOH (X=R3)
OH
X
30

R2 o
35 R o Oxidation
R1—N CONH
R1—N CONH R3
R3 I

OH
X

40 An alternative method is illustrated in Scheme 2. The
piperidineketocarboxylic acids IV are reacted with
aminohydroxycarboxylic acid derivatives VII (see S. L. Harbenson
et al., J. Med. Chem. 1994, 37, 2918-29) under customary peptide
coupling methods (see above, Houben-Weyl), amides VIII being

45 obtained. These alcohol derivatives VIII can be oxidized to the
ketocarboxylic acid derivatives I’ according to the invention.
For this, various customary oxidation reactions (see C. R.



Ti dwel |, SPRPREE7413900, 857-70) or sodi um hypochl oride 5 [sic]/ TEMPO (S.
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added to 88[err] L of cat hepsin B (cathepsin B from human |iver
(Cal bi ochetthe kdddHeCderivd©ivasun &§néﬁn‘é@0w i fittelbent NiSvdlivibH! 8ré S
prei ncubat egh Al ; QMo c,t,&mg{a §5€e4£§e e ul(a@ P%Sand the

d NA
o bus o BEPTRRSE SHOR RGPS FRLPPHIE ARSI ST rafl c(#éap%ﬁ“ A4S P

mcrotitgr plate reader for 30 m nutes. The | C50s are then determ ned
I; rom c; Ihe _ Thé'aiﬂlfﬂlﬁ\tbltﬂfjr@@ﬁﬁﬁ} of tH® ketone QQEWaﬂt?:,%abI was determirtled f

ai 0 | opgerties o
cal pai npl nﬁféﬁaors | s €é£ts cus}IBﬁaI‘;S{d I%%fef E%E%ﬁ%ﬂg h%/ﬁé/ % P%f H7.5;
0.1 M Nad , é. { hi o?ornézlef’go?u[ (1 tg Y §l the - LLorogenl c
cal pai n at whlch 50% of the enzyme act1v1ty is inhibite

25 ketone derivatives I were in this way measured for lnhlbltory

action on calpain I, calpain II and cathepsin B.

Cathepsin B test

30 The cathepsin B inhibition was determined similarly to a method

by S. Hasnain et al., J. Biol. Chem. 1993, 268, 235-40.

2uL of an inhibitor solution, prepared from inhibitor and DMSO
(final concentrations: 100pM to 0.01uM) are added to 88uL of
cathepsin B (cathepsin B from human liver (Calbiochem), diluted
to 5 units in 500mM buffer). This mixture is preincubated at room
temperature (25°C) for 60 minutes and the reaction is then started
by addition of 10uL of 10mM Z-Arg-Arg-pNA (in buffer with 10%
DMSO). The reaction is monitored at 405nM in a microtiter plate
reader for 30 minutes. The ICsps are then determined from the
maximum increases.
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substrate %o %74]12yr AMC (25 nmM di ssol ved i n DVSO, Bachem Swi t zer | and)
bei ng used (Sasaki et al. J. Biol. Chem 1984, Vol . 259, 12489-12494).
Human [err]-calpain is isolated from erythrocytes follow ng the nethods
of Croall and DeMartino (BBA 10 1984,9Vol. 788, 348-355) and Graybill et
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reversi bl eof N0 i, oenei@ealéag[asw]the S0bktvi¥e )isl 1ifesd ;anthehe | =

i nhi bi tor sma&%wnace&%t ' Bftéa?ipaln 5.§t fovp‘%;hgﬁetﬁéldé:@ﬂe(}&m@fxté here
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3472- 3480. asupitad podttiens, wheeei BMSGtied theofinkl fcoesensoatiiom showld e bl ood
of donors ast exjeedt 2dsfo 10[err] cells/m in buffer (5 mM Hepes, 140 niM
NaCl an@51 ng/nml BSA, pH 7.3). 0050/ 47412

10 Platelets (0.1m ) are preincubated for 5 mnutes with 1 %err | of
vari ous coRBehttyRirshserRenimentpl Jrixtudessdf el afn spReeyatecd2

i onophor e Ps23]&FAngl)[ end |svbseqhért 1esit0) nandf aedcailesit 5( rivd/mlt fienal t est)
were then adderB amy aréuiddeey tbnaubail euvettd whinilt esntiins DuIfef. vEise
carried outal ﬁrﬁ-‘ineﬁ:.ﬁ@éﬁ rd]fe‘é%&éoé‘f Sé}FeOsuBB@rﬂeih@J ﬁéésuré’@rf%rt letfb up in

SDS- Pagé0sg ﬁab‘é SE @%@%g/@s@to@%e Lilof ?&g M 4485 108" {
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proteins vver ¢ ren chitratlono the two
proteins at } bt nmf eme

quantitati @ér o%rféﬁrt"'ﬁﬁﬁt mig.nKe ”@ls EGet‘FRateéﬂﬂpﬁiio?F‘iﬂrdé-&BcFﬁrﬁ%Pnd
i onophor e Gh%%@@yo?euﬂthn fappravexsible inhibition, ie. K: [sic] =
35 I(vg/v)-1 [sic]; where I = inhibitor concentration, v, = initial
rate before addition of the inhibitor; vj = reaction rate at
equilibrium.

Platelet test for determining the cellular activity of calpain
40 inhibitors

The calpain-mediated degradation of proteins in platelets was
carried out as described by Zhao ZhaolLi [sic] et al., J. Med.
Chem., 1993, 36, 3472-3480. Human platelets were isolated from

45 fresh sodium citrate blood of donors and adjusted to 107 cells/ml
in buffer (5 mM Hepes, 140 mM NaCl and 1 mg/ml BSA, pH 7.3).
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G ut amat e-i nduced cell death of cortical neurones 15 The test was
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therefore induced in a further nodel in a human cell i ne. Cal pain

i nhi bi t QrsChikIngiesdnipeed 196d Ic 8PRERRE ICORERFRL RFYSFAPRS  there in order to
prevent “the i nduced cell death. 40 Cal cium nedi ated cell death in NT2
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pl at ed out m Cr.ot.| pl Bt 839 JF'IO% J‘tr)’efxore t per i T After
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glutamate, the calpain inhibitors are added. 24 hours later, the

30 cell damage is ascertained by the determination of lactate
dehydrogenase (LDH) in the cell culture supernatant.

It is postulated that calpain also plays a part in apoptotic cell
death (M. K. T. Squier et al. J. Cell. Physiol. 1994, 159,

35 229-237; T. Patel et al. Faseb Journal 1996, 590, 587-597). Cell
death with calcium in the presence of a calcium ionophore was
therefore induced in a further model in a human cell line.
Calpain inhibitors must pass into the cell and inhibit calpain
there in order to prevent the induced cell death.

40

Calcium-mediated cell death in NT2 cells

Cell death can be induced in the human cell line NT2 by calcium
in the presence of the ionophore A 23187. 105 cells/well were
plated out in microtiter plates 20 hours before the experiment.
After this period, the cells were incubated with various
concentrations of inhibitors in the presence of 2.5 uM ionophore

45
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treatnent of diseases in which an increased interleukin-1 30 | evel occurs,
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the disor ment Z 2t tﬁ; hear% after ca ?ﬁac ischemias,
rati.on, har ceut i cal

Accor di ttﬁeages E
Accordi 86 dehadic (AP S RN oL Sl e L F e
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conpound. Feolifgecatiextaf rkhle ameotli mussls erkls blerovanis eashapasreeut i cal
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| iquid paraffin, petroleumjelly and vvool fat. For_internal use, for
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fl avor-ggpié»@ﬂﬂgcqug;Igﬁgﬁ as in inflammation and rheumatic disorders.

Beside the customary pharmaceutical auxiliaries, the
pharmaceutical preparations according to the invention contain a
therapeutically efficacious amount of the compounds I.

35
For local external use, for example in powders, ointments or
sprays, the active compounds can be contained in the customary
concentrations. As a rule, the active compounds are contained in
an amount from 0.0001 to 1 % by weight, preferably from 0.001 to
40 0.1 % by weight.

In the case of internal use, the preparations are administered in
individual doses. In an individual dose, from 0.1 to 100 mg are
given per kg of body weight. The preparation can be administered
in one or more doses daily, depending on the nature and severity
of the disorders.

45



15 stabi | i98%9/4tM®sifiers and Iubricants can furthernore be cont ai ned.
The substances contained in the preparation in addition to the 20 active
conmpound and the substances used in the production of the phar maceut i cal
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Exanple§°4£PCtoseEx§ﬁﬁp¥;qpe glch}hyqthanol, starch,
4- et hyl - 2pekoridylpoy Ex Sl igiemey hré - siwibabdel ) pi peri di n-4-yl)- 45 amidoval erate
0050/ 47412 13 [err] 5 a)

(0 546 wor Aigroiabal 0P Hel Bl At hyvddovaniroid 4500

of pyri 'Fné %cpl{tﬂéﬁt?ﬁi SHAE@XYRO RN rofdavor -imprgvi Ay 4addid ives26 nol ) of
ci nnanoyP etrliliigersThemylsdlfdewasand lubricants ednafurblenmonepbeat ure for 16
h. The reacontainsdxt ure 15 was then concentrated under reduced pressure
and the residue was partitioned between 2M hydrochloric acid and

et hyl acetate. The organi c, phase was separated off, dried and
The substances contalned in the preparation in addition to the

active compound and the substances used in the production of the
pharmaceutical preparations should be toxicologically harmless
and compatible with the respective active compound. The
pharmaceutical preparations are prepared in a customary manner,
for example by mixing the active compound with other customary
excipients and diluents.

20

25

Pharmaceutical preparations are prepared by methods familiar to
the person skilled in the art (see, for example, H. Sucker et
al., Pharmazeutische Technologie, Thieme Verlag, Stuttgart,

30 1991).

The pharmaceutical preparations can be administered in various
types of administration, for example, orally, parenterally, such
as intravenously by infusion, subcutaneously, intraperitoneally

35 and topically. Preparation forms such as tablets, emulsions,
infusion and injection solutions, pastes, ointments, gels,
creams, lotions, powders and sprays are thus possible.

Examples
40

Example 1

Ethyl 4-methyl-2-0x0-3(1l-(E-3-phenyl-l-acryloyl)piperidin-4-yl)-
a5 amidovalerate



concent r at 89504 474d@0. 47.0 g (76% of the product were obt ai ned.
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concentrat ed under reduced pressure. 27. Sg (96% of the product wer e

obt ai nedt 32 W‘g f o pipe uilne Ql-%a lﬂc QcdaOwéAt) |
e s ol
A 5 0, sitle Lostitt FELE SR n%ref?f@ﬁl P%rpwgls

0050/ 47412 W1th 43. 3g (0.26 mol) of cinnamoylj gh OE ide. The whole was

4- Met hyl - 3(1- ( Et3rperat reoncrsmmarakprpefoniie- h-ymlfamqmmpn mixture yric

aci d 1 #ds0ghdn’ Zoncenorjteaf underpredliceid peeswure @indsehe exkdiriu200n

S of Stet r akpadr pi £k A oned Bé@iﬂe@xdzw h{drbcr ok 14 5adiPlahdObthyl l'ithium
hydroxi de di SS%'c\é?Qté“ ﬁéoo%aﬁic 2@: Q%éeﬂ%%&"aéff, 1edS£Mred at

room tenperature removed under

reduced pr essufgnﬁﬁ’atﬁ%eedr éguY?‘f“ho go%s +)73¢ i lﬁﬁ'ogﬁc €%t r act ed

with ethyl acePRfainagy d-Rag * neutralized with 1M hydrochloric
acid andygextracted again WI t h ethyl acetate. The latter organic
phase was )i eqedRg1 concentrated under reduced pressure, 26g (100%
of the rod

1.0 (6H), 1.6- ga’ﬁg gE(?rﬁa“ l‘acryl°y(1£H§’lp%r'\’mééRl(“1ﬁ)CD%‘%s‘ Je”].Z

(2H), 6.4 (1H) PugY 7.3-7.6 (5H) and 7.7 (1H) ppm

25 20.0g (77.1 mmol) of the product la and 12.5g (77.1 mmol) of
L-valine methyl ester hydrochloride were added to 350 ml of
methylene chloride and the mixture was treated dropwise with
ice-cooling with 25.6 ml (185.1 mmol) of triethylamine. It
was stirred for 1h and 3.1g (23.1 mmol) of l-hydroxy-1H-

30 benzotriazole (HOBT) were then added. The reaction mixture
was cooled to 0°C and then treated in portions with 14.8g
(77.1 mmol) of N’'-(3-dimethylaminopropyl)-N-ethylcarbodiimide
(EDC). The whole was stirred at room temperature for 16 h.
[lacuna) organic phase was then washed with water, aqueous

35 sodium hydrogen-carbonate solution, 5% strength citric acid
solution and again with water, dried and concentrated under
reduced pressure. 27.3g (96%) of the product were obtained.

1H-NMR (CDCl;): 8 = 0.9 (6H), 1.6-2.0 (3H), 2.2 (1H), 2.5
40 (1H), 2.8 (1H), 3.2 (1H), 3.8 (3H), 4.2 (1H), 4.6 (1lH), 4.7
(1), 6.0 (1H), 6.9 (1H), 7.3-7.6 (5H) and 7.6 (1H) ppm.

45



20 d) Et h?Psﬂ-’ﬁ%H§| - 2- 0x0- 3( 1- (E- 3- phenyl - 1-acryl oyl ) pi peri di n-

4-yl)am doval erate 26.0g (72.5 mmol ) of the product 1c, 0.9g (7.25
mmol ) of 4- di met hyl am nopyridi ne (DMAP) and 23.4 m (0.29 nol) of 25
pyridine were dissolved in 150 nl of ¥hhydrous tetrahydrofuran. 16.2
m (0.15 o)) ofMetdwll-3okal§+3-giteoyldb-acryloylyeipertikidn-$wy T fdnidatided
dropwi se so thatid heeidenperature rose to about 50[err]C. The whol e
was refluxed for a further 3 h. The reaction mxture was stirred at
roomtenperature for 16 h. 30 100 m of water were then cautiously
added an% the &7:x@Ur@2-5 mmol)of &herprrfusiailf Yore a¥egelved dmivésland
partitionfed of tetmsthpdeofwegremndntredted watht Aty (M6 wmghhiaf phase was
washed agehiunt @ydrekide MEASsBLTEd Waf @50 flI 1 ¢fl vadrConge Mhodkedasinder
reduced pr eSSUEE’lrr?éi at roomT‘I!E:t'np%@ QtufSIRIr tlhusTﬁ’@t@t'}%ﬂmeﬂa§§95¥ed in

200m ~of Rgllx r% ovegnt\}\%ée eateggc%mdtaqressurg g.nd6t ?élrpg aq%eouiG h.

et hoxi de, andf m't énper at U

The whol.e was Fﬂ%‘ht’(%h(‘féﬁt?’é?read’tﬁﬁdwtli‘ RFiFed2HPER él‘h45 was theg t he
resi due Was pubettealippdcHithelito dydpeghianigenacid and extachsd again
chl ori de/ met hawbth =t2Q/11 pcetdte8 Fhé3b44texf orlienic phasepwasudtidaeiand

obt ai ned. 45concenV¥ratE4Bladé¥ @eduddd ddsthuik) . 26g (10039068 theA12

15 Exarrpl e oduct b b d.
4- Met hyl - 2- OXOSB( 1uc( -??18 e%y 2% 1eacr yl oyl ) pi peri di n-4-yl)am do-

val eramyde 5 [err] 10 a) Ethyl
2, 2- et hyl enedi dBriMpt(0-COCEY by B- £- B-q A-63, phetryd J2- (88), 2.5 (1H), 2.9
1-acryl oyl ) pi perigj 8.4 Yhpam davghayate.4 (218), 6.6.0Q0)(14.6 mmw),) of the

product 1d and71357rg GL{- 2 (§mpl7l 1H [sic]) of 1,2-et hanedlthl ol were
di ssolved in 20 ( Z " él‘Ol)JSpernl\':‘t hyl ene chloride and the m xture

was treated with 20 4 m of boron trifluoride etherate. The whol e was
stirredagt d) Ethy} dometbype? etxun-3 (LotE1%-phenFhel raantlioyd ) pipemidinaas t hen

4-yl)amidovalerate

26.0g (72.5 mmol) of the product 1le, 0.9g (7.25 mmol) of
4-dimethylaminopyridine (DMAP) and 23.4 ml (0.29 mol) of

25 pyridine were dissolved in 150 ml of anhydrous
tetrahydrofuran. 16.2 ml (0.15 mol) of ethyl oxalyl chloride
were then swiftly added dropwise so that the temperature rose
to about 50°C. The whole was refluxed for a further 3 h. The
reaction mixture was stirred at room temperature for 16 h.

30 100 ml of water were then cautiously added and the mixture
was stirred again for about 30 minutes and partitioned
between water and ethyl acetate. The organic phase was washed
again several times with water, dried and concentrated under
reduced pressure.

35
The enol ester thus obtained was dissolved in 200ml of
ethanol and treated with 0.47g (5.6 mmol) of potassium
ethoxide, and the mixture was stirred at room temperature for
40 16 h. The whole was then concentrated under reduced pressure

and the residue was purified by chromatography (eluent:
methylene chloride/methanol = 20/1), 10.8 g (36%) of the
product being obtained.

45 MS (FAB): m/e = 414 (M*).



di luted wit9P3®441% net hyl ene chioride and washed 3x with

saturated sodium chloride solution. The organi c phase was dried and
concentrat ed under reduced pressure, 7.3g of a 25 crude product being
obt ai ned, which was reacted further i#&5 unpurified form b)

4- Met hyl - 2-Exaople(E- 1( 3- phenyl ) - 1-acryl oyl ) pi peri di n-4-yl) -

am doval eram de 30 1.79 (3.6 mmol) of the product 2a were
introducedg nLe Zggl of 2 M ethanolic ammonia solution and the

m xture was SECPY e ~0X0-3 (1a{ErRienghpiragiloyi dpiner idinthey Wtidiamas t hen
concent r gt élggzamide ynder reduced pressure and the residue was purified by
chr omat odgf aphy (el uent: nethyl ene chlori de/ methanol = 40/ 3), 0. 22g

of the product being obtained. M5 (FAB)-: nmle = 385 ( Merr] ). 40
Exampl e 3 N- Et hyl - 4- net hyl -2- oxQ-3( 1- (B_37phenyl - 1-acryl oyl ) pi peri di n-
pr

4-yl)am doval eram de 45 QpATA CONH, 16
[err] 5 10 1.7g (3.6 Aol _of t duct 2a were reacted in
ethanoli{? et hyl anmi ne solutfon simlarly to procedure 2b, 0.15g of the
product ‘bei ng obt ai ned. M5 (FAB) : nmle = 413 (Merr]). Exanpl e 4

4- Met hyl - N- ( 3- (nor phol i no | ) propyl ) - 2- oxo- 3(1- ( E- 3- phenyl - 20
1-acryl oyl) pi peridi n-4-yl)am doval eram de

a) Ethyl 2,2-ethylenedimercapto~4-methyl-E-B-(1—(3-phenyl)—
15 l-acryloyl)piperidin-4-yl)amidovalerate

6.0g (14.6 mmol) of the product 1d and 1.5 ml (17.5 mmoll
[sic]) of 1,2-ethanedithiol were dissolved in 20 ml of
anhydrous methylene chloride and the mixture was treated with

20 4 ml of boron trifluoride etherate. The whole was stirred at
room temperature for 16 h. The reaction mixture was then
diluted with 10 ml of methylene chloride and washed 3x with
saturated sodium chloride solution. The organic phase was
dried and concentrated under reduced pressure, 7.3g of a

25 crude product being obtained, which was reacted further in
unpurified form.

b) 4-Methyl-2-oxo-3-(E-1(3-phenyl)-l-acryloyl)piperidin-4-yl)-

amidovaleramide

30
1.79 (3.6 mmol) of the product 2a were introduced into 20ml
of 2 M ethanolic ammonia solution and the mixture was stirred
at room temperature for 16 h. The whole was then concentrated

35 under reduced pressure and the residue was purified by
chromatography (eluent: methylene chloride/methanol = 40/3),
0.22g of the product being obtained.
MS (FAB) : m/e = 385 ( M* ).

40

Example 3

N-Ethyl-4-methyl-2-oxo0-3(1-(E-3-phenyl-l-acryloyl)piperidin-

45 4-yl)amidovaleramide



[err] 250050/47413 1.3g (3.6 mol) of the product 2a and 0.8g (5.4
nmol ) of 3-(norphol i no-1-yl)propyl am ne were reacted simlarly to
procedure 2b and 1.1g of the product were obtai ned. 35 M5 (FAB) : nle =

512 (Merr]). Exanple 5 16

4- Met hyl - 2- oxo- 3(1- (E- 3- phenyl - 1- acryl oyl ) pi peri di n-4-yl)-am do- 40
N-(2-(pyrid-2-yl)ethyl)val eram de 45 0050/ 47412

17 [err] 10 1.3g (2.8 of j product 2a and 0.7g (5.5

eaCj-etPNiPhft.ar |y to procedure 2b

mol ) of 2- (2- am noet hyl ) pyri §Lng
[ 15 (FAB) nmfe = 490 (Merr]).

and 0.853 of the product was oby
Exanpl e -

10 1.79 (3.6 mmol) of the product 2a were reacted in ethanolic
ethylamine solution similarly to procedure 2b, 0.15g of the
product being obtained.

15 MS (FAB) : m/e = 413 (MY).

Example 4

4~-Methyl-N-(3~(morpholino-1-yl)propyl)-2-0xo-3(1l-(E-3~-phenyl-
20 l-acryloyl)piperidin-4-yl)amidovaleramide

0 N PR
CONH N”\j

30
1.3g (3.6 mmol) of the product 2a and 0.8g (5.4 mmol) of

3~(morpholino-l-~yl)propylamine were reacted similarly to
procedure 2b and 1.1lg of the product were obtained.

35 MS (FAB) : m/e = 512 (M*).

Example 5

4-Methyl-2-0x0-3(1-(E-3-phenyl-l-acryloyl)piperidin-4-yl)-amido-
40 N-(2~(pyrid-2-yl)ethyl)valeramide

45



Et hyl 2- oxBoﬁoﬁﬁEﬁ}? 3(1- (E-3-phenyl -1-acryl oyl ) pi peridin- 20

4-yl)am dobutyrate [err] 25 30 a) Methyl

3- phenyl - 3( 1- (E- 3- phenyl - 1- acryl oyl ) pi peri di n- 4-yl ) am dopropi onat e

35 The product was prepared frohZ he internediate | a and

phenyl al ani ne nethyl ester simlarly to procedure Ib 1H NMR (CDCI3)
. [err] =1.6-2.0 (3H), 2.35 (1H), 2. 9(1m 40 3(4m 3.7 (3H),
4.1 (1H), 4.6 (1H, 4.9 (1H, 5.9 (1ml 7].(2m and
7.2-7.7 (9H) ppm 45 0 50/ CONH 18
b) 3-Phenyl - 3(1- (E-3-phenyl -1-a ;/T oy \ pev/i di n-4-yl )am do-

pr opi oni é acid The pr ct was pr@pa?ed fromthe internedi ate 6a
simlarly 5 to procedure IH-NWR (CDC 3) : [err] = 1.4-2.0

(4H), 2.3 (1H, 2.8 (1H), 3.0-3.4 (3H), 4.0 (1H), 4.6 (1H), 4.9 (1H,
4.9 (1H), 6.2 10 (1FD (1H), 7.0-7.8 (11H and about 8.2 (broad)
ppm c) Ethyl 2-oxo- phenyl 3(1- (E-3-phenyl - 1-acryl oyl) pi peri di n-

4-vyl )am'1 obutyrate 15 The product was prepared fromthe internediate
6b siml rny3g (2.8 mmopycvb¢meepngﬁuct 2a and 0.79g (5.5 mmol) of

2-{2-aminoethyl)pyridine were reacted similarly to procedure 2b
and 0.85g of the product was obtained.

15 MS (FAB) : m/e = 490 (M*).

Example 6

Ethyl 2~oxo-4-phenyl-3(1l-(E-3-phenyl-l-acryloyl)piperidin~
20 4-yl)amidobutyrate

25

0 N
<:>__< COOCH,CH,
N
o O

30

a) Methyl 3-phenyl-3(1-(E-3-phenyl-l-acryloyl)piperidin-
4-yl)amidopropionate

35
The product was prepared from the intermediate la and
phenylalanine methyl ester similarly to procedure 1b.

1H-NMR (CDCl3) : & = 1.6-2.0 (3H), 2.35 (1H), 2.9 (1H),
40 3.0-3.3 (4H), 3.7 (3H), 4.1 (1H), 4.6 (1H), 4.9 (1lH), 5.9
(1H), 6.9 (1H), 7.1 (2H) and 7.2-7.7 (9H) ppm.

45



MS (FAB) :ORPR/474%2 (Merr]). 20 Exanple 7

N- ( 3- (Mor phol i n-1-yl) propyl ) - 2- oxo- 4- phenyl - 3(1- (E- 3- phenyl -

acryl oyl ) pi peridin-4-yl)am dobutyram de [err] 25 30 35 The
product was prepared from Exanple 6 a¥l 1-(3-am nopropyl)- nmor phol i ne
simlarly bp ppepishirle 320~ (E-3-phdnhlV/RL L 13)1) pigsrridin-4-¢1 flani do6H) ,
2.3-2.6 (6H) %gpl(él,]-j)c aéid 40 (2H), 2.3-2.5 (3H), 2.6-2.8 (4H), 4.1 (1H),
4.6 (1H), 5.5( 1 (1H), 6.9 (1H), 7.1 (1H), 7.2-7.7(10H) and 8.9
(1FD ppm 0050/ 47412 19 Exanpl e

2- Oxo- 4Tp¢|em;ddt®¢1wéE-18rmgnsil fhormahel dytepigubaitei Aa 4sinillamilgo-
butyran1§e 5 to[grddedureliec.

1H-NMR (CDCl3) : & = 1.4-2.0 (4H), 2.3 (1H), 2.8 (1H),
3.0-3.4 (3H), 4.0 (1H), 4.6 (1H), 4.9 (1H), 4.9 (1lH), 6.2

10 (1H), 6.8 (1H), 7.0-7.8 (11H) and about 8.2 (broad) ppm.

¢c) Ethyl 2-oxo-4-phenyl-3(1-(E-3-phenyl-l-acryloyl)piperidin-
4-yl)amidobutyrate

15 The product was prepared from the intermediate 6b similarly
to procedure 1d.

MS (FAB) : m/e = 462 (M*).

20
Example 7

N-(3-(Morpholin-l-yl})propyl)-2-oxo~-4-phenyl-3(1-(E-3-phenyl-1-
acryloyl)piperidin-4-yl)amidobutyramide

25

H
N N coNH" "N
30 <C:j§::>*—ii::>__<b Q L:::l

35 The product was prepared from Example 6 and 1-(3-aminopropyl)-

morpholine similarly to procedure 2b.

1H-NMR (CDCl3) : & = 1.4-1.9 (6H), 2.3-2.6 (6H), 2.8 (1H), 2.2
(2H), 2.3-2.5 (3H), 2.6-2.8 (4H), 4.1 (1H), 4.6 (1H), 5.5(1H),
6.1 (1H), 6.9 (1H), 7.1 (1H), 7.2-7.7(10H) and 8.9 (1H) ppm.

40

45



15 The pr%%%%{40ﬁ§2prepared from Exanpl e 6 and et hanolic anmoni a

solution simlarly to procedure 2b. IHNWR ( D6-DVBO : = 1.2-1.9 (4H
2.4 (1H), 2.7-2.9 (2H), 20 3.0-3.2 (2H), 4.1-4.3 (3H), 5.1 (1H) and 7.0-8.2
(14 H ppm Exanple 9 25 19

4- Met hyl - N(2xgmpdephBol i n- 1-yl ) et hyl ) - 2- oxo- 3( 1- (E- 3- phenyl - 1-

acryl oyl ) pi peridi n-4-yl)am doval eram de [err] 30 35 The

product was_prepared fromthe internmedi ate 2a and

1- ( 2- ani noet TRACAOPRERY 1 1 Lsil B 3 zphepyilo L ppeedipyld piperidispdnpl) amigdar = 498

(Merr]). butyrggide 0050/ 47412 20
Exanpl e 19 Et hyl 2-oxo-3(1-(E-3-phenyl-1-acryloyl)piperidin-4-yl)am do-
val erate [err] 5 10
o N
CONH,
— o ©
15

The product was prepared from Example 6 and ethanolic ammonia
solution similarly to procedure 2b.

1H-NMR ( Dg-DMSO) : = 1.2-1.9 (4H), 2.4 (1H), 2.7-2.9 (2H),
20 3.0-3.2 (2H), 4.1-4.3 (3H), 5.1 (1H) and 7.0-8.2 (14 H) ppm.

Example 9

4-Methyl-N(2-(morpholin-l-yl)ethyl)-2-0ox0-3(1~-(E-3-phenyl-1-

25
acryloyl)piperidin-4-yl)amidovaleramide

r/“‘o
K N CONH’/,\\//N\‘/J
30 <:j;_>LQ(:>~—<b;§;:

35

The product was prepared from the intermediate 2a and
1-(2-aminoethyl)morpholine similarly to procedure 2b.

40 w5 : m/e = 498 (M*).

45



a) Ethyl ?Pf—o(/é-"f-l&nenyl -1-acryl oyl ) pi peridin-4-yl)amdo- 15 butyrate
The product was prepared fromthe internediate | a and net hyl

2-am nobutyrate simlarly to procedure Ib. 20 1H-NMR (CDO 3) : [err]
= 0.9 (3H), 1.6-2.0 (6H), 2.5 (1H), 2290 (1H), 3.2 (1H), 3.8 (3H),
4.2 (1H), #xamgled I@H), 6.3 (1H), 6.9 (1H), 7.4 (3H), 7.6 (2H) and

7.7 (1H) ppm 25 b)

353 l(JCt vvapgeg‘ﬁ %r‘g’g’r'f‘?r‘ (%E %{ﬁ“g}néﬂ?%ﬁ}él&]égggg ’téd'l"i? Yf)amm?o pr-(l)_(rzlgdure

1c. ValfFIaNNR(D6 DMSO) : [err] =0.9 (3H), 1.3-1.9 (6H), 2.6
(1H), 2.f (1H), 3. 1(1H), 4.1 (1H,, 4.3 (1H), 4.5 (1H), 7.2-7.6

(5H), 7.7(2H), 8.0 (1H) and 12.5 (broad) ppm c) Ethyl

2- 0x0- 3( 1- (E- 3- phenyl - 1- acr yboyl )-pi.per #din- 4- yl ) ami do- 35 val erate
The product was prepared fro @m FAPE Y similarly to
procedure 1d 40 1H NWR ( )% o f[err] =0.9 (3H), 1.4 (3H),
1822 2.8 (1H), 3.2 (1H), 4.2 (1H), 4.4 (2H), 4.6
(1H), , 6.9 (1H), 7.4 (3H), 7.5 (2H) and 7.7 (1H
ppm 45 0050/4741 21 Exanple 11

2- Oxo0- 3(1- (E- 3- phenyl - 1-acryl oyl ) pi peri di n-4-yl)am doval eram de [err] 5
10
a) Ethyl 3(1-(E-3-phenyl-l-acryloyl)piperidin-4-yl)amido~
15 butyrate

The product was prepared from the intermediate la and methyl
2-aminobutyrate similarly to procedure 1b.

20 1H-NMR (CDCl3) : & = 0.9 (3H), 1.6-2.0 (6H), 2.5 (1H), 2.9
(1H), 3.2 (1H), 3.8 (3H), 4.2 (1H), 4.5-4.7 (2H), 6.3 (1H),
6.9 (1H), 7.4 (3H), 7.6 (2H) and 7.7 (1H) ppm.

25 b) 3(1-(E-3-Phenyl-l-acryloyl)piperidin-4-yl)amidobutyric acid

The product was prepared from the intermediate 10a similarly
to procedure lc.

30 1H-NMR (Dg¢-DMSO) : & = 0.9 (3H), 1.3-1.9 (6H), 2.6 (1lH), 2.7
(1H), 3.1 (1H), 4.1 (1H), 4.3 (1H), 4.5 (1lH), 7.2-7.6 (5H),
7.7(2H), 8.0 (1H) and 12.5 (broad) ppm.

c) Ethyl 2-ox0-3(1l-(E-3-phenyl-l-acryloyl)piperidin-4-yl)amido-

35 valerate
The product was prepared from the intermediate 10b similarly
to procedure 1d.

40

1H-NMR (CDCl3) ¢ & = 0.9 (3H), 1.4 (3H), 1.8-2.2 (6H), 2.5
(1H), 2.8 (1H), 3.2 (l1H), 4.2 (1H), 4.4 (2H), 4.6 (1H), 5.1
(14), 6.7 (iH), 6.9 (1H), 7.4 (3H), 7.5 (2H) and 7.7 (1H)
ppm.

45



The pr oduc‘?o%\%/srﬁ]e%ar ed fromthe product 10 and ethanolic anmoni a
solution simlarly to procedures 2a and b. 15 M5S: me = 371 (Merr]).
Exanmple 12 20 Et hyl
3(1- (2- napht hyl sul fonyl ) pi peri di n- 4- ¢) anmi do- 2- 0x0- 4- phenyl but yrat e
[err] 2%xample301 a) 1-(2-Naphthylsul fonyl)piperidine-4-carboxylic acid
26.0g (0.2 nol) of piperidine-4-carboxylic acid were di ssol ved in 250
m of pyridine and the solution was treated 35, wWith 47.6 0.2 nol) of
D napht byl SUEoA - BT IATEEY L nl -y Log S b e Aip—# Sl U RAE G AT
whol e was stirred at room tenperature for about 5 h. The reaction
mi xture Was concentrated under reduced pressure and the residue was
partitioned between ethyl acetgate and 2 ydrochloric acid. 40 The
organi ¢ phase was dried and congeptrat ed ungetoNeduced pressure.
48.5g (75% of the product were/obt{ai/ne by b) Ethyl
3(1- (2-napht hyl sul fonyl ) pi peyidi n-4-yl)am cfo- 2- oxo0- 45
4-pheny%€ropi onate (JO5Q/ 47412 22
The prodlct was prepared the internediate 12a simlarly to
procedure |b. 1HNWR (D6-DVSO) : [err] = 1.1 (3H), 1.4-1.8(5H),
2.3-2.6 (2H, 5 2.7-3.2 (3H), 3.5-3.8 (2H, 4.0 (2H, 4.5 (1H,
7.2(4H), The produgt3¢ys pgepaped(iqm &he BraluctH) 1@pmd ethagplic
3( 1- ( 2- Napimmpnisubbbmydompispai Lalr Iy 4oy bracediore®- @moadd ghenyl - 10
pr opi onilg acid The product was prepared fromthe internediate 12b

y

MS

simlar
: m/e = 371 (M*).
Example 12

0
Ethyl 3(1-(2-naphthylsulfonyl)piperidin-4-yl)amido~2-oxo-4-
phenylbutyrate

H
N
COOCH,CH,
$0,—N
30

a) 1-(2-Naphthylsulfonyl)piperidine-4-carboxylic acid

25

26.0g (0.2 mol) of piperidine-4-carboxylic acid were
dissolved in 250 ml of pyridine and the solution was treated

35 with 47.6g (0.2 mol) of 2-naphthylsulfonyl chloride in
portions at room temperature. The whole was stirred at room
temperature for about 5 h. The reaction mixture was
concentrated under reduced pressure and the residue was

40 partitioned between ethyl acetate and 2 M hydrochloric acid.

The organic phase was dried and concentrated under reduced
pressure. 48.5g (75%) of the product were obtained.

b) Ethyl 3(1-(2-naphthylsulfonyl)piperidin-4-yl)amido-2-oxo-

45 4-phenylpropionate



to proceduP8394474125 1H NMVR (D6-DVBO) :  [err] = 1.3-1.8 (5H),

2.3-2.6 (3H), 2.8-3.2(2H), 3.4-3.8 (2H), 4.4 (1H), 7.2 (4H), 7.7
(3H), 8.0-8.3 (4H) and 8.4 (1H) ppm d) Ethyl
3(1- (2- napht hyl sul f onyl ) pi peri di n- 4-y3d ami do- 2- oxo- 20 4- phenyl butyrate

The product waFherppsdued vasnpidparedt eromdibat ént@rmedidtieally similarlyo
procedure 1d. t85procedure1h‘bN|\/R (De-DVBO) : [err] =1.2 (3H), 1.3-1.9

(4H), 2.2 (1H), 2.3-2.5 (2H), 2.8 (1H), 3.1 (1H, 3.6 (2H), 4.2
(2H), 4. 4(1H), 7073(5H) 7.7 (3H), 8.0-8.3 (3H) and 8.4 (2H)
ppm 30 ExanpHeNMR (Dg-DMSO) : = 1.1 (3H), 1.4-1.8(5H), 2.3-2.6 (2H),
3(1-(2- Nz?pht hyRs@t+3 anyi3Epi, p2r S r&42§1b)a4n'(11(123-)ox4).51 (AmgRy P2 (4Mut yram de
35[err] 49.7(38), Ble-BloMNt awass Ps epanegphl om Exanple 12 simlarly to
procedures 45 2a and b. 0050/47412 23

M5 (FAB) : mle = 493 (Merr]). nple 14

N- (3- (Mor plol i A4 1-g/zjwtmy%@qlﬁ%v(nyloglmlpmwl%ulTWO)Q-OXO 4-phenyl-
pi peri di Y 4-y| paopilniz axdd4- phenyl butyram de [sic] [err] 10

The product was prepared from the intermediate 12b similarly
to procedure 1lc.

15 1H-NMR (Dg-DMSO) : & = 1.3-1.8 (5H), 2.3-2.6 (3H),
2.8-3.2(28H), 3.4-3.8 (2H), 4.4 (18B), 7.2 (4H), 7.7 (3H),
8.0-8.3 (4H) and 8.4 (1H) ppm.

d) Ethyl 3(l1-(2-naphthylsulfonyl)piperidin-4-yl)amido-2-oxo-

20 4-phenylbutyrate
The product was prepared from the intermediate l2c¢ similarly
to procedure 1d.

25
1H-NMR (Dg-DMSO) : & = 1.2 (3H), 1.3-1.9 (4H), 2.2 (1H),
2.3-2.5 (2H), 2.8 (1H), 3.1 (1H), 3.6 (2H), 4.2 (2H),
4.4(14), 7.0-7.3 (5H), 7.7 (3H), 8.0-8.3 (3H) and 8.4 (2H)
ppm.

30

Example 13

3(1-(2-Naphthylsulfonyl)piperidin-4-yl)amido-2-oxo-4-phenyl-

butyramide
35

40 SOr C>_<\<§ ) CONH,

The product was prepared from Example 12 similarly to procedures
45 2a and b.



15 The pP8§8¥97ﬁ&§ prepared fromthe product 12 and 1-(3-am no-
prop-1-yl)norpholine simlarly to procedures 2a and b. M5 (FAB) : me =
620 (Merr]). 20 Exanpl e 15
3(1- (2- Napht hyl sul f onyl ) pi peri di n- 4- y23 am do- 2- oxo- 4- phenyl - 25
N(2- (2- pyr M8y rxsnyl mzet yr 496 de+jerr] 30 The product was
prepared from Exanple 12 and 2-(2-am noethyl)- 35 pyridine simlarly to
procedures 2a and b. M5 (FAB) : nlfe = 598 (Merr]). 40 Exanple 16
3(9S) - (1- (2ExapPtfod ) pi peri di n- 4-yl ) ami do- 2- oxo- 4- phenyl butyr-  anide 45
0050/ 47412 24 [err] 5
3 N-(3-(Morpholin-1-yl)pop~1-yl)-3(1l-(2-naphthylsulfonyl)-
piperidin-4-ylj)amido-2-oxo-4~phenylbutyramide [sic]

10

A=Y 0

The product was prepared from the product 12 and 1-(3-amino-
prop-l-yl)morpholine similarly to procedures 2a and b.

MS (FAB) : m/e = 620 (M*).
20

Example 15
3(1-(2~-Naphthylsulfonyl)piperidin-4-yl)amido-2-oxo-4-phenyl-

25 N(2-(2-pyridyl)ethyl)butyramide

NT =
~

|
N CONH
30 Q soz—-NO——\<
® 2

The product was prepared from Example 12 and 2-(2-aminoethyl)-
pyridine similarly to procedures 2a and b.

35
MS (FAB) : m/e = 598 (M*).

40 Example 16

3(S)-(1-(2-Naphthoyl)piperidin-4-~yl)amido-2-oxo-4~-phenylbutyr-
amide

45



10 a) 3( S?QPRI-/#«ZH'-ZBOC- am no) - 2( R, S) - hydr oxy- 4- phenyl but yram de

17.7g9 (60 mmol ) of 3(S)-(N-tert-Boc-am no)-2-(RS)-hydroxy-

4- phenyl butyric acid (S.L. Harenson et al., J. Med. Chem 15 1994, 37,
2918-29) and 8.1g (60 mol) of 1-hydrdkybenzo- triazole were

di ssolved in 150 m of anhydrous di et ormam de. 12.6g (66 mmol)

of N -(3-dinethylam no- propyl ) - N- et hys bodi i m de hydrochl ori de and
48 m (about 2 nol ar) of ethanolic ammonrq sol ution were added in
successi on 20 at -5[err]C and the mixture was)stirred at this
tenperature for about 1 h. 1§ wa en red,for about a further 16

¥ therf added and t he
g\ at e. e ot gadi c phase was washed
with dilute sodi um hydroxid on and water, dried 25 and

concentrat ed under reduced gssure. The residue was additional ly
treated with n-heptane and the resulting precipitate was filtered off
with sugtion. 13.5g (769 of the product were obtai ned. 30

1H NVR (D6abVs@) S) - (Nertefrt- Boc—lan&n@QH)l{RZSMdQO(Cﬁﬂﬁpl@.n?lbgWI;amide

5.7(1H), 6.2(1H and 7.3 (5H) ppm

3(S) - Am no- 2(R, 5) ; hy XY-4-p ut md 46 |) of the
conpound 17a wé ? ng I"%' A i ?f%&g ~Eere %81‘: ﬁ@f'ﬁ% éz % ﬁﬁolﬁ'#m%d
treated with 1609ﬁ1’n361fbuttﬁ’i‘-'f~?tﬁ‘ﬁ’éi (S.L.Hazgnsonc efcd b - 'ﬁheMﬁﬁol%hWas stirred
at roomytenper dPBée For 2218-29) dndafdlgher? condénef at-dddunyebenzduced
pressure.” The tesazhle were didsol¥vakit ihi DIedchlbefvesiydviuer and et her and the
aqueous phase éQmethymﬁnaﬁmd@om@em;r @s@dmm epsl RAUCRG i REeRFIHinol2. 39
(889 of {- -‘é yx\@éﬁbq?ltl 136G tc%'léﬁ‘c? WLt ﬁi (abou®) 2

2- (R S) Hydr OX Qa solu 10n WZ aadge in succession

4- phenylbutyra 25
1.1g (3.fp mol ptot ‘f%é‘néoﬁlb%dﬁd‘tﬁﬁ ¥R$ Shiczetedt itls fepperature fpg g
mol ) of 1-(2- aapht hbyi.) gitpeas dihen sténresdior ebaet b furthersifil atly to
procedure 17a. rbofgtdnpkiatatet BOPMAdOEt watks were theabtagideddand the

1H NWR ( De6- DNBQ}Aole wdLlekkracted wAth gtﬁﬁﬁ)ace%a@e?’ Thd HYrgande bphase was(1H),
3.7-4.0(1H), 4 % 4:}}'12d§1 §g@ad1h§518h 34_3)? Had 23 Qe Br? ang Wﬁtel( 144 c@PM

h at 5 room t enper at ur e.
whol e was extracted with et

l%gt yr g%n-zé’( S) - oncé%tragg n e:cr Ireduced e%rsnugg 21‘hOeX(%<-:sz.B nvyas
addltlonally treated with n-heptane and the resulting
precipitate was filtered off with suction. 13.5g (76%) of the
product were obtained.
30 1H-NMR (Dg-DMSO) : & = 1.3 {9H), 2.6-2.9 (2H), 3.7 (1H),

5.7(18), 6.2(1H) and 7.3 (5H) ppm.

b) 3(S)-Amino-2(R,S)-hydroxy-4-phenylbutyramide

35 13.4g (46 mmol) of the compound 17a were dissolved in 300 ml
of methylene chloride and treated with 100 ml of trifluoro-
acetic acid. The whole was stirred at room temperature for 1
h and then concentrated under reduced pressure. The residue

20 was partitioned between water and ether and the aqueous phase

was then concentrated under reduced pressure. 12.3g (88%) of
the product were obtained as trifluorocacetate.

¢c) 2-(R,S)-Hydroxy-3(S)-(1l-(2-naphthoyl)piperidin-4-yl)-amido~

45 4-phenylbutyramide



0.46g (1 mPA50/47%%pound 17¢c and 0.4g (4 nmmol) of triethyl-
were dissolved in 10

treated at

m

of

tri oxi de-pyridi ne conpl ex,
The whol e was 4t.igr e3l. § ommol® &f D cbmpbund 17b weabereawtredd wheh hddoed and

the precipi tatQ3W65mxf1¢i)t &red-pf- n%hthoyMﬁfp&‘i@tlh@M Oardekylie%cif the

product was obtgjned-

exanpl es of thegﬁgner%ﬁ to Prof

nentloned |n

R3
18
[err]

NHCH2 CH2 CH2 - [ erf

NH2 40
[err]
26

23

NHCH2CH2CH2- [ err

NHCH2 CH3

15

20

1H~-NMR (Dg-DMBOJ]:
ﬁl), 3.7:4.0(18), 4.0(18),

H)pm
CH2Ph

bufyramld
10 25

24

di net hyl

di ssol ved

Exanpl
[err]
5 =

[err]
NH2

g (3 mmol)
P 5n of

e 17L€ T.dp M

can be prepare

e No.
CH2

sul foxi de and the
roomtenperature with 0.48

15

anm ne

sol uti on was

of sul fur
di met hyl

sul f oxi de.

egfl%he tpmduz@ew%sol | ovi ng

CH3

nmet ho

NH2

1 GHAPR (6H), 2.6-3.2NH#H) 33.6

CH2CH3
0050/ 4

[err]

7412

[err]

CH2Ph

NH2

19

4.2—4.6(ﬁg9{]5.8 (1H) %ﬁ%(%ﬁgiggz

45 22

E%éﬁﬂ|e3%@) -(1-(2-Naphthdyl)piperidin-4%s1)amido-2-oxo-4-phenyl- R3
derr] CH2Ph 5
CH2Ph

0.46g (1 mmol) of compound l7c and 0.4g (4 mmol) of triethyl-
amine were dissolved in 10 ml of dimethyl sulfoxide and the
solution was treated at room temperature with 0.48g (3 mmol)
of sulfur trioxide-pyridine complex, dissolved in 5 ml of
dimethyl sulfoxide. The whole was stirred for 16 h. 150 1 of
water were then added and the precipitate was filtered of

with suction.

MS : m/e

0.33g (72%) of the product was obtained.

457 (M*).

25 by the method mentioned in Example 16:

30

35

40

45

The following examples of the general formula I can be prepared

Example No. R} R2 R3
17 ! 1 CH,CHj3 NH;
18 | o CH,;Ph NH,
19 o CHoPh
| 2
°@) NHCH;CHaCHp —NCO
\0
20 b CH,CH,CH3 NH;
7
21 S CH,CH3; NH2
2
22 N CH,Ph NH2
7




NHCH2CH- [ @9PP/47412 o4

[err] 15

28

[err]

CH2Ph

NH2 30

33

[err]

CH2Ph

CONH2

0050/ 47412
10
15
20
25
30
35
40

45

[err]

[err]

27 [err] [err]. NH2
[err] CH2Ph NH2 2 29
CH2Ph NH2 26 30 [err]
Example M6 | 29 rt 31 R2 [err] Rgrs u—m—ﬂp
32 [err] CH2Ph CONH2
[lerr] CH2Ph COfH2 35 34
L TR LY oY =l Lok
WII N2 CHZPh O J T
CONH2 40~ | J36 [Nﬁ{:rﬁz HoCHg — r—CH2Ph
37 s, [err] CH2Ph SONH?2
27 W gl aim
24 9 CH,Ph NHCH,CH3
0
25 ° CH,Ph
2 NHCH20H2—©
26 o
< o—{y N NHCHZCHZ—NCO
27 |° NH;
: ) oM \_IN
28 g CH,;Ph NH,
29 . h CH,Ph NH,
oy
30 % CH,Ph NH,
g
31 e CH,Ph NH;
32 o CH,Ph CONH,
33 ° CH,Ph CONH,
34 °y CH,Ph CONH;
S
35 3 CH;Ph CONH;
CHQCONN—QJ“
36 ° CH,Ph CONH,
37 e CH,Ph CONH,
- /,
\ /7,




51. A piper?%?ﬂéf%?b%arboxylic acid derivative of the formula | [err]
10 or its tautoneric and isoneric forms, or physiologically

tolerable salts thereof, where the variables have the fol |l ow ng
meéani ngs: 15 Rl is -COR4, -S@I-R4, -CONH R4, -COOR4, -C(=N) - R4,
-C(=0) -NHR4 and - C(=S)- NHR4; 20 R2 is -Cl-C6-al kyl, which is branched
or unbranchﬁgcﬁgqmgan additionally carry a phenyl, pyridine or
napht hyl ring ) which in turn can be substituted by at npst two
radi cal s R5, it being possible for RS to be Cl-C4-al kyl which is
br anched grlunm Pigeeddinékdtbcedbak¥yic ald GkrifatiBe, of, the?Formula 1 CF3,
NC2, NH2, °CN, COOH, COO Cl-C4-al kyl, - NHCO- C1- C4- al kyl , - NHCOPh,
- NHSQ2- C1- C4- al kyl NHSCQ-Ph,RgSC2{£1-CA-aIkyI and - SO2Ph;

R3 is -OR6 and - NHRG; 30 R4O is -(C1-C64jal kyl which is branched or

chain of two or nore C

unbranched, it al so 3
tri pIFb bond and to be

| U
atonms to COﬂtQ n

substituiﬁd by one or two ri such as phenhyl, 35 napht hal ene,
qui noxal i'he, quinoline, isoquinoline, 0 pyri di ne, thiophene,
benzot hi ophene, benzof uran, pyrimdine, thiazole, isothiazole,

triazole, im damligs tautomeric epd| dmmeric Cychopent physidolmrieadlyi ndol e,
benzi m dazol e, tolerable s&az@herebspaNRzel en@nchliabass hivd@heg possible
for each 40 folloRfingNRedditgs t hensel ves additionally to carry at nost

t wo 1 radi cal s”R5; R6 1is hydrogen, a phenyl ring which can
addi ti ona?l y carry one or two radicals R5, Cl-C6-alkyl which is
branched or 45 R! is -GAbR&NCISOE-RiNd-CONH-eRIRt aCOORE ,deQb+®)4Rdnd or a triple
0050/ 47412 -C(=0)-NHR¢ and -C(=S)-NHR¢; 28 bond, and a
ring such as phenyl, naphthal ene, pyridine, pyri m di ne,

pi peridi ne, pyrrolidine, norpholine t hi ophene, qui noline and

i soqui noppne, i beihgCpossippkil, which is byapchedeonrwrkranshefingad can
additionally to caraddigionatly tasgry5a phenyl, ppdidires oxNRIPSthyl Rinpgi t
bei ng possible for WwRAcandnRBurn can be substituted by at most two radicals
R5, it being possible for RS to be C;~-Cs~alkyl which is
branched or unbranched, -0-C;-C4-alkyl, OH, Cl, F, Br, I,
CF3, NO;, NH;, CN, COOH, COO-C;-Cs~alkyl,

25
-NHCO-C;-C4~alkyl, -NHCOPh, -NHSO,-C;-Cs-alkyl,
NHSO,~Ph, -S0,-C;~C4-alkyl and -SO,Ph;
R3 is -OR6 and -NHRS;
30

R4 is -C;-Cg-alkyl which is branched or unbranched, it also
being possible for a chain of two or more C atoms to
contain a double bond or triple bond and to be
substituted by one or two rings such as phenyl,

35 naphthalene, quinoxaline, quinoline, isoquinoline,
pyridine, thiophene, benzothiophene, benzofuran,
pyrimidine, thiazole, isothiazole, triazole, imidazole,
cyclohexyl, cyclopentyl, fluorene, indole, benzimidazole,
oxazole, isooxazole and furan, it being possible for each

40 of the rings themselves additionally to carry at most two
radicals RS;

R6 is hydrogen, a phenyl ring which can additionally carry
one or two radicals R5, C;-Cg-alkyl which is branched or

45 unbranched and can contain a double bond or a triple

| ER) O R



| ndependent 9958(46ﬁ%2an0t her to be hydrogen or Cl1- C6- al kyl whi ch

I s branched or unbranched. 2. A piperidineketocarboxylic acid
derivative of the formula | 10 as claimed in claiml, where R1
s -C(=O R4, -SO2R4, R2 is -Cl-28-al kyl, which is branched or
unbranched, -CH2-Phbdrd, and a rirg sGUR- gyrpiéiyl, naphthdiznel, Spysinel, - NHR6
[sic] and R ﬁ%laaele e glihe, rﬁ&rydigalﬁé Sf@arpfneﬁme' n claim 1.
20 3. A piperidin @thgoxg {6136k c?riso%fu t q: %grrm aoslsmle
asclalmadlnclalrr% SPRYI P R2
is -Cl-Ca.alkyl or SoTv2 Pﬁrglg ‘W rings ad 11 H-F%carry at mqgt jtyo

- CH=CH-R93 it bei ngFPHES1IB| eNR'EY %0 R bb %ﬁ-{rsq Fpssible for R7gnshye,

napht hal ene or qui nboldependantily of oneRénéthdry doofgenhydradgenCdral kyl whi ch
can be substituted tycg-8lkyl which {sivthnpheaybr unprhdened or norpholine.
4. The use of piperidineketocarboxylic acid derivatives of the

formula | ag clainmed in.claims 1-3 for controlling di seases. 35 5. The
use of pj ﬁe?rdl%m&QFB%WQC@rQEFHl%ﬁC\}Qt Aeeivayrivenef the formglaufa | as
clainmed in cl ai & claimgd imiilsiimols wexsyst ei ne pr ot eases. 40 6.
The use as clained in claim5 as inhibitors of the cysteine

proteases calp cat hep: at hepsin L. 7. The use of

pi peri di neket oglglr boxill Fbg §é€d’ d%?s?%:ft ives of the formula | as
claimed in clai®s 1is83 -CgrCé-rakyloduitidiorisobrdfiched odf Ugbrdndhed)e-trpatnent
of di sea;;s i n whi ey elceyappei gal,pai n activities occur.

0050/ 474 8. The use of the

29
pi peri di neket ocBT b ITOR® aRF o NHES) {5EF | dndpt the formula | as

claimed in clairg &53addmrét heverduaehdingd as set fEFtI0Snl elaldher I reat ment
of neurodegenerative di seases and neuronal injuries. 5 9. The
use as claiped in claim8 for the treatnent of those

neur odegepe? at i ¥ Pidesddinekearagbarphid dcifufeeivaiivehofrthe formula I

as claimed in claim 1, where

Rl is ~C(=0)R4, -SO,R%,
R2 is -C;-C4-alkyl or -CH,~ Ph [sic],

25 R? is -NHRS,
R4 is -CH=CH-R%, it being possible for R? to be a [sic]
phenyl, naphthalene or quinoline, and
Ré is hydrogen or C;-C4-alkyl which can be substituted by a
30 [sic] phenyl, pyridine or morpholine.

4. The use of piperidineketocarboxylic acid derivatives of the
formula I as claimed in claims 1-3 for controlling diseases.

5. The use of piperidineketocarboxylic acid derivatives of the

formula I as claimed in claims 1-3 as inhibitors of cysteine
proteases.

40 6. The use as claimed in claim 5 as inhibitors of the cysteine
proteases calpain, cathepsin B and cathepsin L.

7. The use of piperidineketocarboxylic acid derivatives of the
formula I as claimed in claims 1-3 for the production of
45 drugs for the treatment of diseases in which elevated calpain
activities occur.

AL



caused by 9959éﬁ7é}2trauna or massive henorrhages. 10 10. The use as

clained in claim9 for the treatnent of stroke and cr ani ocer ebr al
traunmma. 11. The use as clainmed in claim8 for the treatnent of 15
Al zhei mer' s di sease and Huntington's 28 sease. 12. The use of the

pi peri di neket otied hvey bifCtRe | shgieitiabkatesta@boxylic adiliedéoivatires 3§
claimed in claip® fordufi@l 114 JALGAHELiPL1Rfins 1-3 £ WBE pPSaddtadhi Bs
injuries of thg. réora&flg.rtzceaartmeﬁg 6P ne rohz'i.g@&‘é@ rvel Qi HLLESS Qhqt hE

ki dneys after ren i.Schen as, skel"étar - nuscl e i njuries, mnuscul ar
dyst rophi es, d3PAEFEANEBAYTI®S.  results due to proliferation of the smooth
muscul ar 3cel | s, coronary vasospasm cerebral vasospasm cataracts of

a ge %gs Z o ThéNibd @5t 819hed Qh Emsixpls)%rveﬁéeé%a%ﬁﬁea& 8P HAleast y. fﬁe
: us . rj.v.at

formula | as c?%?ﬁ%gg?n%gg%?ﬁg%%ggg%§$4¥k£%8?géﬂ%fﬁ%ﬁmggégeéhﬂﬁlgfﬁgs for
treating tunorS2 R¥: A8FRERLa fERUBE OF Z§ssive femgrrhagesr ( he

pi peri di_neket ocar boxylic acid derivatives of the formula | as

~cl ai med1Pn1 6l aipe lidedhst Bea PRROUGE 0RIMTo for the EMGRnkAt bf GAlidka gheeases
i n which e'eva&?ﬁﬁ%ﬂ%&%h?&f'{kéhma. | evel s occur. 35 15. The use as
or

claimed in clarm reating 1 nflammati ons and rheumati c

di sorders. 16. A pharmaceutical preparation for oral, parenteral or 40
I ntraperit abeathelsese @@nplatmet) ipetlainm t8 doseLhé Neddktinienhanof 0 t he
customany phar ghgaiinetak aixdddedan8SHuding@dal s Offsease. _

pi peri dineket ocarboxylic acid derivative of the fornmula 1 [sic] as

clainmed in clains 1-3. 45
12. The use of the piperidineketocarboxylic acid derivatives of

the formula I as claimed in claims 1-3 for the production of
drugs for treating injuries of the heart after cardiac

20 ischemias, injuries of the kidneys after renal ischemias,
skeletal muscle injuries, muscular dystrophies, damage which
results due to proliferation of the smooth muscular cells,
coronary vasospasm, cerebral vasospasm, cataracts of the eyes
and restenosis of the blood vessels after angioplasty.

25

13. The use of the piperidineketocarboxylic acid derivatives of
the formula I as claimed in claims 1-3 for the production of
drugs for treating tumors and metastasis thereof.

30
14. The use of the piperidineketocarboxylic acid derivatives of

the formula I as claimed in claim 1 for the production of
drugs for treating diseases in which elevated interleukin-1
levels occur.

35
15. The use as claimed in claim 14 for treating inflammations and

rheumatic disorders.

16. A pharmaceutical preparation for oral, parenteral or
40 intraperitoneal use, comprising per unit dose, in addition to
the customary pharmaceutical auxiliaries, at least one
piperidineketocarboxylic acid derivative of the formula 1
[sic) as claimed in claims 1-3.

45

R



