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WD 2009/ 019115 PCT/ EP2008/ 059358 1 Caspase inmagi ng
probes The present invention relates to nol ecul ar
w@e@bewi(substrates) that allow the observatipor/ab20béresssss
catalytic activity of individual proteolytic enzynes
or groups of 5 proteolytic enzynes in in vitro
assays, in cells or in nultidellular organisnms. The
invention furthernore relates to nmethods for the
synthesis and the design of such probes (substrates).
CaBpasginaginggrobes | nvention 10 Proteol ytic enzynmes
(proteases) cleave or degrade other enzynes or
peptides in- and outside of the living cell. Proteases

Théapeeddht ohwegtionreRitdB!td moltel fprebéd | sulbRiratss siest, allsanthe
which are critical in cellular signalling and

obseryatien Rbfheoztalie actiiyepiringividyal Brataelytia eaeYmes o gaaups of
prﬁ%@&ﬁggﬁ%\/més 5 PG 8 Eega i h.ﬁ‘ cBUYBf In %ﬁlt%nabfsgo%gﬁ’ssn]ré The

cancer, osteoa reosc

inv'enfld)rafm&te'rmraln@latwtxo raétheds .for tBersyatipggid and yhe design of such

activity has to remain under stringent control in
Prates; (RyoLAL % €8hs many proteases are expressed as

i nactive precursor proteins (zynogens) which are

activated by controlled proteolytic cleavage.
Bagkgtoundmdithe brvenbbnof proteol ytic activity results

from endogenous inhibitors that bind to and thereby

i nactivate 20 catalytically active formof the enzyne.

Prét@oWhé‘é‘nQim‘éB'(§ro$ééééw RaveF W Rfra@d oftee enzymes or peptides in-
i nvéstigation of protéase function in cel

ang iytdide o@tft%llvm/@ﬁlt Protepses e imelverbini a multﬁgdgpf vital

orde§bE83Hea] b Whleh 8 AFEALATBILEE SRERIG 3o gmagotasis

Abafrbhvoit eniiaseed sdieny oa rd!é@i‘»wls%%ambmwnﬁr&mww tliseases
the literature. Com’mné1 pli ed protease probe
ese

inchictieg 8RRCR ostegattBitimr wroélst H@'ﬁntmyt@m%@@?ﬁny others.
Sirﬁ%ﬁrggéd(l))?ﬂ é}&ﬁﬂf 9:% % rémBRPLAGS sk?r?rqt?ee I OﬂtrBBm IFvﬂ]rgf‘s&stems

rOSCOpIC propert are
mawqireteases raré le»(D)rdS}sed @s\inbetivie pretaconpritenfs (aymogens) which

areraVERAPY 23 TOhE DR eRliR Feavrae AGHBSM GapirBho GOl tic
L
cataQ/tlaallyractmmWnr@ tee pézimmentrs\)iewanfdhlsestmrh@rdeegwepm the
inv%fstigi;é.fllao%i grgprg{e%%%‘c’fuﬁ&%n ﬁwi gellular or physiological events requires the
monitoring of protease activity rather than the monitoring of protease expression
alone. Consequently, a variety of activity based chemical probes have been
proposed in the literature. Commonly applied protease probes generate a
detectable signal either (i) through enzymatic cleavage of a peptide bond leading
to a change of the spectroscopic properties of a reporter system t or (ii) by
covalent attachment of a mechanism based inhibitor to the protease of interest.
The localization and quantitative investigation of the activity and inhibition of a
specific protease or a group of proteases (e.g. in cell-based assays or whole-
animal imaging experiments) require the development of imaging probes that (i)
reach the physiologically relevant locus of protease action (e.g. the cytosol of a
cell or a specific organ in whole animal imaging) and (ii) are selective for the
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reach the physiologically relevant |ocus of protease
action (e.g. the cytosol of a cell or a specific
w@e@anidins whol e ani mal imaging) and (ii) are SECBEPI00€059358
for the WD 2009/ 019115 PCT/ EP2008/ 059358 2 desired
protease or a group of proteases. The generation of
prot ease sel ective probes h3s inposed a considerable
chal l enge for the field. The present invention
relates (i) to novel selective probes for cysteine
de@re.d @@é@%sqaorea areun 9f proteasese The gepasasionsaitiiraiaasg, selective

prfges s i SeB be SRier 3Pl nd BROE P PRI ofng ik fyention
reléest(heo mMeasisseéctivel robkeafor cy@mungbr@teéses{ preféra'bﬁy from the
nmet hods for_the synthesis and the design of such

casRasEeSUDIMIN 1 LBAPPPUGR DTS B8P PHRTARIOF iTViReaRsayS, I
cel se@hiﬂ%ﬁ’l%&ﬁﬂé %or f{és%w eIMELGEbY MR AERETg) and

and nore non- i1 nvasi ve
(iilMognethiogatioothe slyﬂthésspad tHie desrghexfsbeln ptebseget s and
pat hways in vivo. Since the information content of any
i mage signal is primarily a function of i nternal

Wi Fd it eé@sé‘%\‘ﬁ'rﬁ@l’é’éﬂkr%a |'nptt§6r‘ﬂ?6lb ﬁgﬁ&?‘énd non-

I magl ng probes that are activ e upon
opmm):lna\cmbeagqmg m@b@nﬂh@er@fmmr@mfod@ebmrdmvaawebmral|sat|on

of SERGT SRR B e AT PERAPAS i of Sifice B Preiinaia content
of é@} ﬁ—‘ﬁégé’@ hal %erlmé}ﬂy‘é' fGHé‘ﬂlorpbphﬁ#ﬁﬁlsccﬁﬂl%s@&hé*@Je"veldb%ent of

|ty tO reach the | ocus of protease action In vivo
Intqrmglly auvenghescionagiog peckas thiat Arecaetivadla vpRN eapynatie reasction

(o Y65k o1 PERIH? BohduheoBRE cORETY BRbld B Phide ane

locelizécappytienNy actﬁ/aob}@témkWhetgeﬁerﬁtmﬁcﬁﬂpresegﬂdat are selective
ppropriate specificit ven target. In ou

for, AL bt ofRa S et it bl 12 GeREm IS isuasatotease action
in S5 FELIARIPELLY EEMCBBS S EARER (R SYFLELNR. RIGKERSES

ave thi's approac o) t eases omt
chms@m&e@ﬁrm&cbyhc&l&rﬁw&tnye‘ape otlatskbchaleages in the
ar act edb steipe residue . in the active site
deWQPEWeQ Pt/ ith ﬁBFXFOQBE Pféaramq%e@gtp&@k}%r igs affe
apSrpRiald é&e&ﬁé@%ﬂg éjl\?enzt%r ”TFPBub’mUé!Ht‘icﬁg\ﬁ/@ HRRARidd & new
appropriate néi ring residues, so that a thiolate
roite mwandswle@wmtlvw based pmmtsrfat eysteinegwotpases dingyhave
the rot easebmt11 SCi ss 1}%eptl de bond | aced in

apB'ie& A 5P pE%{?Q?‘?ﬁ r‘Bm C&SR@%%‘H%‘]H”H& acks

t he carbonyl carbon form ng an oxoani on internedi ate.

The am de bond is then _ _ _ o
Cysteine proteases are characterized by a cysteine residue in the active site

which serves as a nucleophile during catalysis. The catalytic cysteine is
commonly hydrogen bonded with appropriate neighboring residues, so that a
thiolate ion can be formed. When a substrate is recognized by the protease, the
scissile peptide bond is placed in proximity to the catalytic cysteine, which attacks
the carbonyl carbon forming an oxoanion intermediate. The amide bond is then
cleaved liberating the C-terminal peptide as an amine. The N-terminal portion of
the scissile peptide remains in the covalent acyl-enzyme intermediate, which is
subsequently cleaved by water, resulting in regeneration of the enzyme. The N-
terminal cleavage product of the substrate is liberated as a carboxylic acid.
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cleaved liberating the C-term nal peptide as an am ne.
The N-term nal portion of 30 the scissile peptide

wo e0vaiord13 n t he coval ent acyl -enzyne i nt er nedi BEBEP2008/059358
which is subsequently cleaved by water, resulting in
regeneration of the enzyme. The N term nal cleavage
product of the substrate is Biberated as a carboxylic
acid. WD 2009/ 019115 PCT/ EP2008/ 059358 3 Caspases are
a famly of cysteinyl aspartate-specific proteases.
The human genone encodes 11 caspases. Eight of them

CappaRRaE-Aainit St Al spodfiEbrBpnch, AR GRS

gehdrgblancodesgul aispesss Fighl diitesr@esdase-£18,8,7,8,9,10 and 14)
hi erarchi cal order, sone initiator_caspases ,
functiag iy 3eoptogisorpiagrammercglidealiy Hay nraceseireegiva highly

req?ﬁ%tgﬁ\%@wilﬁ@@?&%déz ﬁauﬂ%ra@nica]_gﬁ?éar Qér%@qgﬁﬁtoﬁ‘rc%s ases

I ncancers, oi mune di seases, degenerative
(cadpase-@e8,9 anadl G)tcledesand hcivatotdffectoCaappasss (caspase-3,6 and

(caspase-1, 4 and 5) serve a distjinct fungtion: ,
”-@ﬁﬁ%rﬁ?&??%‘?ﬁ ﬁ{é?d'i”é(PEé/&d_b’;} Caete FattiQHNBIUNg é%ﬁ:%@@ts GPQe”erat'Ve
distﬁér@@FﬁBts‘deesWhl‘é\étcﬁhéf@%sp%’ésoﬁ;é@p%s@ﬁ 4 %%Fég%'ﬁé‘al

3 CE rily found i

-converting enzyne (I 'S pri
distinetidonciion: ¢rfldrsmation snedisteddyeadtivation pdassubiset dbinflamenatory
oduction of the pro- inflammatory cytoki nes
CWﬁkP?FIeukin-l-beta and interl euki ne-18. Inhibition of
15 caspase-1 has been shown to be beneficial in nodels
of human inflammtion disease, including rheunatoid

Caspase-iltardntedeulsiosti-nonvaring enzyraertito)y ip astoaily dowehise

el RIS s o f TSRS LBbuiRLRRe b
inflaRfrhatdhneytekines keteAbakinPr-Be®l A5 inkéMaa@se-a8dinhibition of
DNA-regal r enzynmes. It is a critical nediator of

cagjaset bhes Heen shewnoase bemefisiialiin mastele atpurven nflamenation

cisgrating Bt e BN o B oy aRindie, My IOl discase

angasthmg. | schem a and reperfusion injury. 25 Caspase-8
is an apoptosis initiator caspase, downstream of TNF
super-famly death receptors. Its substrates include

s sa ¢ _ _ .
CoR R 33 e DR 1 £ Bl EERRaGE b 3 orieR L BRQBRht
prateins énclbadisg loytoskelatalkedidins, |kivasesmresBNéardpairedrezyafes. It is a
crit?caa? %aesd?ét%r gP gp(‘);g]tlg)!ts?sl H r?enurgas.c ?rﬁﬁgi%igﬁ %f Icgg;gaesaesig%ave shown
efficacy in models such as stroke, traumatic brain spinal cord injury, hypoxic brain

damage, cardiac ischemia and reperfusion injury.

Caspase-8 is an apoptosis initiator caspase, downstream of TNF super-family
death receptors. Its substrates include apoptosis-related effector caspases and
pro-apoptotic Bcl-2 family members. Resistance to apoptosis in cancer has been
linked to low expression levels of caspase-8 and inhibition of caspase-8 increases
resistance to apoptosis-inducing stressors such as chemotherapy and radiation.
Thus caspase-8 is an attractive target for therapy of tumours and metastatic
lesions. Knockout studies reveal as well several other potential roles for

caspases-8 which are independent of apoptosis. For example, caspase-8
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resi stance to apoptosis-inducing stressors such as
chenot herapy and radi ation. 30 Thus caspase-8 is an
watdmwactiive target for therapy of tunours and PCT/EP2008/059358
nmetastatic |esions. Knockout studies reveal as well
several other potential roles for caspases-8 which
are i ndependent of apoptosi s4 For exanple, caspase-8
WO 2009/ 019115 PCT/ EP2008/ 059358 4 knockouts exhi bit
deficiencies in | eukocyte differentiation,
knegkeuts exhibit defigigacies nmia%ocb@gbﬁ@r@ntlab@n mr@tif@batjqri and

is their activity, rather than nere
m@%%ﬁ%@o&#q evel, that 5 dictates their functional

role in cell phy5|ology and pat hol ogy. Accordingly,
nmol ecul es that inhibit the activi tﬁ@f caspases are
FOO@@*@FP'V%%H@F‘@%MU@tBe'é@§HY'§/ irather an mese gxpresgion level, that

aclse EReE RN ATIRIS R o DRRFIGY AcBBRIRgy,
mobhedulesathat renilpit thmactn\mymﬁ cahpaneﬁarérus@fulcwtdecmjamcra@ents in
accel erat?gtar et v gqtlon dru d vel gpnent . an

thedjeaimant of diseages gp én q flevelpRment obgoe %@qglgg:g{pé’@@’kers
that 9deNIize 85protébly @Qctmg)as WBIl B tR&E inwidition #R866H druq

I magl ng rea ents; roteln or proteln
candidates ma)aacd:g{eraterharget eallda’mooodeeoke\mimment m&em@sllmcal

el bRt R e ek T e ool r I Geer Gy Uiy
baséd ingd@hy éﬁﬂzéﬂté” @spédﬂhd: bkdt@?n%ﬂﬁf@felﬁ%nWCMQQ ré@dilly
functl onal udi es (D. fery, Bogyo Curr.

mapgpredaingiasepiex pmtsln r_wtur@*s, %@ct C@disf%ﬁd ewen rmwvg Iﬁarétwmore

eniyFi0 R HeREfR PrDBCH Bt B (ooRERE| HFscres 1 nglHBlecute

mh&ﬂwmal@ﬁﬁaﬁeuéedW%@dliolnaestuales (D.KEFSHdro! IVIeB@g%Q}er
518, 149-153) or caspase 3 (S. Mzukam et al., FEBS
Oppe Biteeh #0894, 8499). 356-360). Furthernore a

near-infrared fluorescent probe has been reported to
detect caspase-1 activity in living animals (S.
SoNes setivity based imaging ppblzes iac@Qddatirty a pepfidd subJthate have been

enz I ¢ _nmechani se caspases has
deaRPOLP SIATTOL 08 ARSI GebUASE aeshyorsmapad (W st et al,
FEB@V@étEérQ%OQ%@QdW%ﬁSsﬁbmées%%@ 33(3 N1BKAR) 8t al., FEBS Letters
pept | des el ectr 'T'c substrate anal ogs have been
199@\/@1’0@@6 369t melhprmee&;a neardnfearedriueresceot pratieshas been
rep&g Vo?@g%cgmaé\égg% I&lt?e%;'vg F\lnﬁﬁ ta%%"é‘l'sl(bc I\/Fe%rs]ter I et aq.,
Neoplasia 2004, 6, 95-105).

The enzymatic mechanism used by the caspases has been well studied and is
highly conserved. From the investigation and screening data of cleavable peptides,
electrophilic substrate analogs have been developed that only react in the context
of this conserved active site. The electrophilic center in such probes is usually part
of a so called “warhead”, a molecular entity that is optimized in its electrophilic
character and its geometric placement to fit perfectly into the active site of
caspases, where it reacts with the catalytic cysteine residue. A wide variety of
such electrophilic substrates have been described as mechanism based cysteine
protease inhibitors including for example but not exclusively: diazomethyl ketones,
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of a so called "warhead", a nolecular entity that is

optimzed in its electrophilic character and its
wa@ewmawiaiix pl acenent to fit perfectly into thePEDEP2068/059358

site of 30 caspases, where it reacts with the

catal ytic cysteine residue. A wide variety of such

el ectrophilic substrates havB been described as

mechani sm based cysteine protease inhibitors

including for exanple but not exclusively: diazonethyl

flugremsaiey kefumes) @oyloxgmeywieiore20 032089 Eexylgmines, viny

ol A BRS84S0 coa como. s

200p04, deac269)c derivatives (S. Verhelst, M Bogyo QGAR
Comb. Sci. 2005, 24, 261-269). 5 Another tool to
noni tor protease activity consists in biolum nescent
Anaﬁ%"fl)foolw'ﬁonif@%)p&@agglé%ti\ﬂgﬁc&fsi @iﬁBroﬁmﬂ@febsgﬂtbfs%%k??his
pro-lucifterine (caged luciterine) or carboxy-term nal
metlzod rrekevss dfremieofmbdifikddeietiea ppo-hicifasine fodgpdd icderine) or

first proteol ytic cleavage rel eases |uciferin I.C
o IR TP LER YT EGEITFO DR PrOUF SR SRR MBI S
P e B e e R SR A v ees by
lucetsises datedtgnie sera lutiresaiuit sigmabl This aeecntayasséy has a similar

L gh Si [ tio. To be effect,] :
anpiadisear re sad fLeiBsbahiopAn agrutrecThiby SeBRiasaln y
adV&aitig®of BMigh Bighablosfoibé eitio, sel ective in binding to a

particul ar protease. The devel opnent of 15 small

nol ecul e inhibitors for specific proteases has often

To fe%ﬁegcgivérag{a}@?géa? fols ngéfé%g% ﬁﬁh |b(f\4)rrsr}ﬁgg{)l%e? ﬁ{i’té érﬂ? %/ery potent

e range ogrcal

but 166 higHie selectivel Isbingimglte poamicalar pestelye tTied development of
instability and their | ow oral bioavail abili by To be

smel reelecuie idhibiers faF sPeeiiePiainnIns kassolipn larieg fiem peptide

L den Li hi gl . o .
sui§fdecicton (RS Rplay's Hycrs@Panae Kr SRR ciibrics.
thefirusenag duegs garobe asmpramésegidndtheirdastablligband theit lowt dral
DioPR IR Bie ho DeIPCHYS ChHR SV BBRaID GRS it deduced peptide-like
charaBtd?! ﬁi@h%tf‘oiﬁty irfst AohSsefe G&NVBPrEfot R ddrhdstion, high
covalently linked to an electrophilic warhead B. |
selpciddyrfoe agivernpipisase, Bndegomdsbioavailadility yo thiet lecus of protease

catal ytic stei ne nechanj sm.hased inhibito Wy
acfiioreldediets HE B8 ebIToTey SRk TR nltkpni b sasbases
inhiiPe LB vhe?E AS1ecchérhidal 584ffolde ESvAERHERME toyan electrophilic

optim zed in the context of _ _ _
warhead B. In presence of caspase, B reacts covalently with the catalytic cysteine
(mechanism based inhibitor). In many cases, the selectivity and pharmacokinetic
properties of such inhibitors were successfully optimized in the context of
biomedical research. To enable the effective nucleophilic attack of the catalytic
cysteine, the electrophilic center of such inhibitors must be oriented precisely
within the active site of the enzyme. The special arrangement of catalytic cysteine
to the electrophilic carbon atom of the warhead corresponds well to the spatial
arrangement of the catalytic cysteine and the peptide carbonyl of a scissile
peptide substrate. This comparison guided us to the idea that a “redesign” of

optimized covalent inhibitors (with a chemical scaffold A and an electrophilic



10

15

20

25

30

bi omedi cal research. To enable the effective

nucl eophilic attack of the catalytic cysteine, the
webk@mepraphi | i c center of such inhibitors nmust BPEI/EP2008/059358

oriented precisely wthin the active site of the

enzyme. The special arrangenent of catalytic cysteine

to the electrophilic carbon @&tom of the warhead

corresponds well to the spatial 30 arrangenent of the

cat al %tl c cysteine and the ﬁeptl de carbonyl of a

wagrgassB) into pajiea\eble ausstraie shoule lse posgitlel Sieeghipabenieal

st et 8 ehiShe b pEERu PRy BRRIER SR RUTS r

apgtoaeh ehd allow\er ROBABISIAShECEIdTNRRP Bf 95ﬁ§5sthe6$electuvuty of
war head B) into a cl eavabl e substrate shoul d be

an pRYRIIFAGINNEQE ite 78 2wy @Qﬁed §bamical @rabe ANepgfer to this
pro%%?§ i der&rasy HOSigHELELLL (Iq gltg%‘s@& #)?6b%%from selective
se Wou [""ow for e

ectivity, our “approac
caspa’seshlalbltofsthe selectivity or parts of the
selectivity of an optim zed inhibitor into an
activity based chemi cal probe. W refer to this 5

Thgrr?\R#ﬁ@n%élaté@f@w’r%Fé&uﬂa?%r@Bes & cé@ie‘?r?é b?‘fﬁ A5dd of th¥ formula ()

ased probes from sel ective caspase |nh| Itors.
invention relates to nol ecul ar probes for cystei ne

t f I
?rLg ;il-sﬁfn?A- e ﬁ@%@%%ﬂﬁ%gn A |s(|3 group

recogni zabl e by a caspase; 15 Rl is a linker; R2is a

bond or a linker; L is a bond or a group allomﬁng for
whardiaci | e conjugation of the group L1; L1 and L2 are,

i ndependent of each other, at |east one | abe

optionally bound to a 20 solid support; and nisl; or

Ai%%ﬁsﬁ ?'%@%Sf*ﬁ%'e déa substrate, suitable for a

um nescent ssay and nis 0.

R1 is a linker;

R2 is a bond or a linker;

L is a bond or a group allowing for a facile conjugation of the group L1;

L1 and L2 are, independent of each other, at least one label optionally bound to a
solid support; and

nis1;

or

R2 is a bond,;

L2 is a substrate, suitable for a coupled bioluminescent assay; and

nis 0.

The compounds of the formula (1) are activity based probes (substrates) for

cysteine proteases, preferably from the caspase family.
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The conpounds of the forrmula (1) are activity based
probes (substrates) for 30 cysteine proteases,
w@e@bordabd y fromthe caspase famly. WO 2009/ OROWLB2008/059358
PCT/ EP2008/ 059358 7 In their nost basic form the
chem cal probe consists of four functional elenents,
a) an am de group -CO- NH as7a reactive group, that
can be cleaved by the action of a protease, b) a
scaffold A which defines the selectivity for a given
In fhedtreasterasie tpem, thy chemicet prasieceansistRof fggactiamal elements,

a) £ MTGe B RCIENLR AR PoetiE orduf Jhaf bk Ve TS he

actior of glptaease) ab)ta §caffosd Bowhichidefinte\ted g6leatidiywiena given
caspase or a _group of caspases, preferably for

proteagsatasgat; g) U rgn0|§t|@s RdsanchBério qoﬁn%tnﬁbth%ﬁ‘dﬁ tq eagh jofner
L ed probes of the present
anqgi%g’{léfnlépgin”ﬂsﬁggvﬁgep?ég%t?é&ﬁ@ for a given caspase of
the factor 1000 to 1, preferably a factor 10 to 1,

wher.ei n tivit defi ned the, relativ .
Growls Ads SrSRIABING (A} ReFEm TR, SRAG o SrioyRiEs:A gegus
cadplseied gr ca¥phbBes f@?a@lﬁ/f caspaRESf 8'dn@8®B, e.g. as shown

substrat ncentrati O ative tur nover nu er
in ¢campeyrgs 4adn flable &2chndBzAnkvilyabaseasyprobes of the present

vty i ST Lo R Shpasoeh i Teniy A00uE i bfterably o
factdt Thtos €] eeérei sdetBvityds Slefiféd bYNAEY i@lalve tlﬁﬁbvérrhl}fhy@r
appl i cations high seléctivity i5 desired at [ow (e.

(turrayieb AEMReEr yrithsenzyime biveraus) lusuder nambes avideenzyaee aggt a

t+an
orE e SybaP R G BR flp OEALEERErRAH PeRrmine for
eadeéﬁzyme Pair, byadididihg B teRies nuhﬁadmrdﬂtmeﬁzymé lof lnttérest
reactive cysteine conprising the thiol group S-:
(enzymey 1) by Kye-tuRpquer npmber %apgm%@zymez@amg Wré'ﬁﬁtslelﬁ?tw'ty IS

deﬁjﬁéoe én%%g%"%‘);%m /Ootarﬂégééltgdﬁ%trfg tz F%{ﬁ&'v@ %I RS rre?teﬁ low (e.g.

midromodar arcsubeditexnolar)ssubsirate tdncmntratlons

Scheme 1 shows the reaction of a protease P with a substrate wherein A
represents the specificity determinant, and P represents the protease with its
reactive cysteine comprising the thiol group S’

O

L1-R1-L—A ”—R2-L2
&/

(Scheme 1)
The reaction rate is dependent on the structure of the substrate.

The linker group R1 or R2 is preferably a flexible linker connected to a label L1 or

L2, respectively, or a plurality of same or different label L2 or L1. The linker group



10

15

20

25

30

L2, respectively, or a plurality of same or different

| abel L2 or L1. The linker group WO 2009/019115
weEFanbaPADD8/ 059358 8 is chosen in the contextPOf/EPives/ 059358

envi sioned application, i.e. in context of an activity

based i magi ng probe for a specific protease. The

i nker may al so increase the8 solubility of the

substrate in the appropriate solvent. The linkers used

~are chemcally stable under the conditions of the o
is cigisgalin dpprontexi onthe miwisionackapination, imtin icantaxt ef an activity

ot [nddlfo RO & Hegtr otasi TR IrRRE s S8 s pe
solbsn|qo@ﬁhembeﬁaw|ﬁhhasapbaom%t@ sereat The SAKErs Uzeidrdrel N
time. More specifically, the linker group RL or R2 is

chemigialy Sishle BRABF deciRngtiansTine PRy ABPUSASRP . wineninker goes
nofgiggéb g@ﬂ’] tﬂ%qgﬁctldWﬁ §b§le%&td ;gr%?éés)é tga?ée Hyr. vﬂﬂ“ t;flﬁr%rcfetectlon

ons are re part
of ﬂuledabelﬂ.%am/pr LIDbmﬂmayl beardmetruaitedrsuw aefol e eldabgd at some

Pt foBk cblee shebBdalih e miengrane Rifonke & & siisit & branched

chéﬁh Kﬁ@&@gﬁﬁgﬂ%ltﬁ‘ﬂ 16 VR CBHR BtdHs b rPSStrbn"gll‘?m

t e a t carbon atons are substitufed by
(a)rcmmcersmnte nqban aéotmearefreplece@bymygemln Qanmujar waer(edn every
.one or re.carhbon are repl ace
i Bha AR IE Rt bY ARV EHT & 6ot RRERtAR g Hrblp with 1 to
106 2fBPh 9 ThitsS afd@eubl e or a triple bond; and/or (e)
two "adj acent carbon atons are replaced by a disulfide

(b)lanskergeorecarpre atgmélargie@ﬁaewycsﬂtrw@ samyng &t ydragen atom,

and of A5EP etk R e REpnDu ettt PRRERHERS fihmice
furlctibe -NH-@0d: 42d/os independently of each other a
spectroscopi ¢ probe such as a fl uorophore; uencher

(c)@neaordnpmﬁ%’hen &lorys gig herlpeeth Py 56: eséerc%'ﬁﬁt'%t‘

I L8 .
(A8 BERG o 0B, R Bl RLE Lk Wi o e Sq%é'ﬁfﬂ%&
and/ora partner; a nolecule which is a substrate for an

y cule covaletl attached to a polyneric
(©) 306 EhAceS AR Fiogrs ot PRSI BB OeTARGRY t o
pl ate known to those proficient in the art; or a

nol ecul e possessing a conbinati on of any of the
Thelapeddtliand L2 of e sizsir@te can be chosen by those skilled in the art

dependent on the application for which the probe is intended.

The label L1 and L2 is independently of each other a spectroscopic probe such as
a fluorophore; a quencher or a chromophore; a magnetic probe; a contrast
reagent; a molecule which is one part of a specific binding pair which is capable of
specifically binding to a partner; a molecule which is a substrate for an enzyme, a
molecule covalently attached to a polymeric support, a dendrimer, a glass slide, a
microtiter plate known to those proficient in the art; or a molecule possessing a
combination of any of the properties listed above.

A preferred embodiment of the present invention is the use of a modified

aminoluciferin or a carboxy-terminal protected derivative thereof as a reporter
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30 A preferred enbodi mrent of the present invention is
the use of a nodified amnoluciferin or a
w@ 2000019113 er m nal protected derivative thereof PEIEER2008/059358
reporter WO 2009/019115 PCT/ EP2008/ 059358 9 group,
whi ch upon cl eavage fromthe central scaffold A can
generate a |um nescent signfl through its conversion
by a luciferase. Therefore, |abel L2 may
alternatively be a substrate, suitable for a coupl ed
grayite MWiniemese? ﬁlteaagggir om ieaeemtadiscateldican gederate@

i P S oG R8P Bl A JtarBSe Bk BRs 8 gavel L2 may

altehnatil gy e Lxangtrse, fitddiefoid cagstednbidkimire’sentassays
pept.i des as caspase substrates which are

i si ng
chapragﬁeégefddn ﬁdﬂpfj i’“é@ Wﬁ@ﬁlﬁ%""ﬁ eF prfasboxytigrmingl proteateds
i ntranol ecul arly quenched
deﬁﬁfv%&@g@rﬁf%g 2 g‘prl sing a polyneric backbone and
a plurality of fluorochrones covalently linked via

f d A to the backbope at.L a density which | eads to,
UST1A8P8 BSOS R cHOMAIES Of BOKTBREFThRPIEASE PSR GBSO
peidddss Gé%@tsdﬂé‘t’r%% \Qﬁlchsaré hek&s fo ﬁfoo‘ﬂ'léﬁeé‘r%ddlu&fermes

macr onol ecul e onto two or nore fluorophores are
covalently linked via scaffold A at a density which

d fl hi . Th f
PrafBftetlis B orabent s eonsS 2 iifugkChety SuheBad Tuprsscent
profbeslaepprishig e gsRlyrisiic Bagsonehiy 8 diioRsrPomes e

in the blood stream of an ani mal or humans. Pol yner 20

CO‘C&iﬁnMglénKanVI@ISpéﬁ@dtﬂq@ thiedeRrcikbpne @t iagiensity which leads to
meight subst ances, enabling
ﬂu%@%% pe0|¥ ¢ targeting (by the enhanced
perneablllty and retention effect (EPR effect)) with
reduced access to sites of toxicity and t

Anetheripreleried espbogimentef theopresgat |@gemlqr|~,|s tﬂe use of a dendritic
AR OB B ORI ke oEPRIBBIGIEReS Brd oy lked v

scaﬁtﬂ@ﬁn@ atensityt woiehllehds tooftgaascarg %nchmlguilfhegjse of a
as mice,

po'uatemoqfegﬁ B TR aruantage ol Igralzee brohe SBIETs BreRling Agd @
éooﬁﬁfdlétg)rﬁtlrﬁellﬂﬂ?@bl'o% steaPP by SR&HIRAIN SFhuméhs. Polymer

nuc el ¢ acl a synthetic polyner. A conprehensive
comuga@mwabersﬁbepmlstrlbutgm of lomnmohecutamveight sfibstheces,

engtgl%sgetﬁtm()'ur}vs%%tclﬂc%Fgaertllna?by e enr'1anncedJ permeacoeIQy a%'d rg{e'ntion

effect (EPR effect)) with reduced access to sites of toxicity and the combination of
polymer conjugates with low-molecular-weight imaging probes is a most preferred
embodiment of the present invention for imaging of multicellular organisms
including mammals such as mice, rats etc.. The polymeric backbone can consist
of any biocompatible polymer and may comprise a polypeptide, a polysaccharide,
a nucleic acid or a synthetic polymer. A comprehensive summary of polymers
useful in the context of the present invention can be found in M.J. Vincent et al.
Trends Biotech. 2006, 24, 39-47 and R. Duncan, Nature Reviews Cancer, 2006,
688-701. A further description of polymers useful in the context of the present
invention is disclosed in WO99/58161. The polymeric or dendrimeric probe can
comprise protective chains covalently linked to the backbone or the dendritic
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Trends Bi otech. 2006, 24, 39-47 and R Duncan, Nature
Revi ews Cancer, 2006, 30 688-701. A further
waleweniqti on of pol yners useful in the contextPOf/EPives/059358
present invention is disclosed in W99/58161. The
pol yneric or dendrimeric probe can conprise
protective chains coval entl y10i nked to the backbone or
the dendritic WO 2009/ 019115 PCT/ EP2008/ 059358 10
nol ecul e. Protective chains include polyethylene

moigguie| Proteativh shpins Iyéltuﬁsemlﬁeejhyleae otue@L.f ur t her

el RORREVRN R PO S oneli e & Ralsabdiellior oty

5 such as an antibody, an anti body fragnent, a

receptor-binding |igand, a peptide fragnent or
The prietref @epQréﬁﬁanVﬁWiQﬂ ¢t ad@'HB'@‘P”YLQOVH%ISQ_Q t@r@,@tlng moiety

r S I
Su%%%%%@ras@%oggi%{%ﬁﬁémggre ,norr\%ﬁé tO? ose sg peptlde
fragjtmendot atsgnfhaticlprot@ireinhiidtor r ansf er of 10 attached

nol ecul es over the plasma nenbrane of living cells.
This is especially preferred for substances which

Lagéiner she E2 Ra¥euRNEOBE EJSFlltlv?‘g'Hh%?é@d gﬁ%{ﬁ%bhéﬁéd gélymers.

are in effect 1 nperneab he c menbr ane
Sald polygecehresknowm tnthoskel skilleerr it g toHadiitase ther toaesfer of

wi ||, beco cel | rane errreab co tion.
atgtyied RRe T Gver A8 Biashs wRIRARRE 4T 1Bk o Phi 38 e8P gially
pref@ad ¢& subataic@dRphib ofithwise 18AVBE IGR cefl Aierfilsimel @errr%ablllty

l'i near pol y(argini ne) of D- and/or L- arginine with

or are1ip esﬁegat inpermeatliel ferdhe cefl sagmpeangnefliying cels. Aigon cel

oYU B e | B AE T O LB

corﬁQgémﬁww $uich agpsuig Loor 0p. 8atcle behm@na@n@CtMport enhancer
guani di ni um groups, and/or parts of the sequence o

of
9rqqf°?§ L /nd L2 Cﬁﬁaﬁ@enfOFanﬁanmlg@ll@e@wlx@wﬁme) of D- and/or L-
argTﬁhé%wa?é 274 E?Qr'drﬁﬁ%( K R lifhe %Pg?@ﬁ‘?er %qc;;er 1 %Bﬁnl?scégch of

i nea gr ri ne i nine
whight dfarf‘y a gﬂJEanrgum greupeam oligsmes opaesfnertdbhgthbmolynneedf from 6

| ab
to G S0 BUPUERisPOBPN Ch TN BFHR iAG 1S SRR RILEB GreLps, Bndlor
paRé BP&R éé'qdenleg of%’épll‘@ﬁa! &o?elﬁ ReF eRafiple #ie dBRinit Tat49-Tat57

preferred as | abel and/ or L2 are spectroscopic
(RlﬁKBE@ERRRUQtthplo@fedetrt@"daramo acidebdep Adlineargiotyargsine) of D-

I esentin rt of ctrosco . raction
anfyBP LS Gine MR e o er Runr SLsdR HipRerby DhEatas BBymertc
labePRCEddecial |syorkd ﬁ@nﬁtﬂartéhdaLP@ﬂw@QJ’ther member of two interacting
spectroscopic probes L1/ L2, such as in a FRET pair.

Most preferred as label L1 and/or L2 are spectroscopic probes. Most preferred as
label L2 are molecules representing one part of a spectroscopic interaction pair
with L1, furthermore a label which is capable of specifically binding to a partner

and molecules covalently attached to a solid support.

Particularly preferred are label such that L1 is one member and L2 is the other
member of two interacting spectroscopic probes L1/ L2, wherein energy can be
transferred non-radiatively between the donor and acceptor (quencher) through
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and nol ecul es covalently attached to a solid support.

30 Particularly preferred are | abel such that L1 is
woo@onether and L2 is the other nenber of twoPCT/EP2008/059358

i nteracting spectroscopic probes L1 / L2, wherein

energy can be transferred non-radiatively between the

donor and acceptor (quencher})1through WO 2009/ 019115

PCT/ EP2008/ 059358 11 either dynam c or static

quenchi ng. Such said pair of label L1 / L2 changes its

eithgredinesiic opistatisrasnchings Suebrsaickaair oblabel bavagechanges its

sodJh Pl Oobll TR Bfon ERAPAZE tRoRbRTEE poffasonaing
cadgadespreteaset ADHERTI€ B 6O¥h hrpiisdidabelnal L2 & §FRET (Forster
pro-fluorescent probe covalently |abelled at 5 one

nd
reS0BAGCe BIPTaN ¥ ANSIORRr ST ARPrIOreseaTt Praks savalgly [abelled at

onB GRS L e oSSRl CRAPRIE s Sy

ac¢eptam(cmmeberoror(quewel'w) or L1 is a quencher and L2
is areporter. In using this probe, the reaction of
the cystein 10 protease with the probe will lead to a

In ﬁé}%EGI%r'LW fs'éJabﬁ’érC(‘g dou%r;mﬁ?rL?HQra'heéc,*ce%R?rr(ﬁU@ﬁcher) orL1isa

distance wthin th abel | ed substrate |
queM@gmddpbts a wmrtemnln wging this prqires tlea seadtioadiftige cystain

e 8o REE B Bac BT B hBpedE DHTERE el o riefe
quUETBHEY IdtaMe @it Moth- dolbld rpRAed %U§§ﬁrét@ﬂs @ﬁah?é@b 8h reactlon
wﬂ%rou ps may be used as | abel L1 or respective

e poptagse lepding:tor a spatial-separatian Qf rﬁQOﬂBlU@N) gh@ﬂ@f@er Wthh
caJ%%atﬁgba%é)ggtéenc%ogﬁfﬁlo%%nctegoor\?arhiaﬁbgﬁ)g gfﬂ?&% wavelength. A

unt Tl f €ac ease

broslesetegtion oftreporteegitoups Mayxbenused s’ Ibbél ILJ1Oor B ﬁe@Featg/ely,
on the fluorophore em ssion, since the E_orter abel

inclyeling g9- @@éh&ﬁ@rrqda@f@lttl%g ﬂuw&whgf%ﬁ ITé"plS;Hb§ pa e@aining
redr?éfaég %ﬁggﬁ@@%{]ﬁﬂﬁﬁ%é WA rie 06t SR Mtﬁ‘?r?ézgfottﬁgé‘%,\j\%ereupon

em ssion of only
thd refaetien mikltereq'u;e‘rhthpdswrtcmm@ogyhelcﬂuorodrmbelemiwmnn since the

rerfoltes s e dne Qughton BSea i PR SoPRIAIPH S FlEg cence
quERchiRg 8Ad %e@ﬁﬁ’?ﬁ@l@r cgré %@Wﬁéaémﬂ@?'bg%etéh% ioh\4? on one of

I nteracti ng can chosen m chenol umi nes ent
thediveolabpise Bs quénatiededri eriangy donohk@bekdidherf eaargy transfer occurs

ang i B6isdhesoD e B Brad UBGrErBLIThy Socmiar o fgrgoence
carfggs?ttlsbgﬁ@agu@b@l d&sbradbsitdfahese tvwo iegadling faste tah Beehosen
from chemoluminescent donor probes which eliminates the need of an excitation
lamp and reduces acceptor background fluorescence. The mentioned particular
method using such double-labelled substrates is useful to determine reaction
kinetics based on fluorescence time measurements, and may be applied in vivo

as well as in vitro.

Alternatively, the label L2 may be a solid support or be additionally attached to
solid support or attached or attachable to a polymer/ solid support. Linear
poly(arginine) of D- and/or L-arginine with 6 — 15 arginine residues is preferably
utilized as polymeric label for a L1 /L2 FRET pair.
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ki netics based on fluorescence tinme nmeasurenents, and
may be applied in vivo as well as in vitro.
wa\bdoenrati vel y, the | abel L2 nay be a solid suppDEP2008/059358
be additionally attached to 30 solid support or
attached or attachable to a polyner/ solid support.
Li near poly(arginine) of D12nd/or L-arginine with 6
- 15 arginine residues is preferably wutilized as
pol ynmeric | abel for a L1 / L2 FRET pair. WO
2009/ 019115 PCT/ EP2008/ 059358 12 Particul ar preferred

PafRiAt el @i peChiREbBlor Al 308, rapeciply @ par
of %defdtrds@op@ itergctingHabelal 1 / LAre.gf &4 IFREY phb&h afffinity label is

Jefined as a nol ecul e which is onefpart of a specific
defﬂ‘%?ﬁé paleeulgnviishiis opa pap & aSSQﬁC'%@@ﬂﬂgc%ﬁ“T Wh'Ch is capable

of onS| ytbgﬁd”’!né’f'c; Brﬂfa[gtlngﬁ/ﬁ%g%@b %lrﬁiﬁbgg cg él"de{ed is £.g. biotin
and lawtdneonshreptaeidlrmfur&vearmre wetiodiréxate, whightis bltlgdlt-bmdlng
or of the enz di hydr of ol reduct ase
inhy tiﬁifgﬁfﬁ}( hexgpReRe idétlygrwart%r th%i)% [3%?3 )and quenchers
can bee chosen by those skilled in 10 the art.
Typically reporter and quencher are fluorescent dyes
prqmialt@pgh;s spesnarigrs and guieaphers, caopeagbogareby those skilled in

e A RBP B S b REnd e LB RAT e EE o
ov@ﬁlé@é@tféﬁex&né%‘? f06reBcamsadh rép@féﬂ‘@f&rﬁbﬁ%ﬁnh@ akh éuencher
i nvention are "dark quenchers"™, i.e. dyes 15 without

Othﬂtqwchﬁtﬁ)a@sgﬁdﬂwsl’ﬁ%fﬁb Agd aniat pyPEieSpect ra t hat
overlap with the em ssion spectra of conmon reporter
dyes | eading to maxi mal FRET quenching. Furthernore

A geeohd oifsstfefueh@neReusdtbipenissinedntidnedret ‘aark qadiseheps’, 08. dyes
bands overlap in order to pronote a resonance

withpylgnativei fb{ﬂr@Sqan@rwngJﬁbW@HQ'ﬂl SRACHR that @Vﬁrla@ Méttnige
mﬁs%r?sﬁ e Sf(cc(rﬁﬁﬂﬂ' re H@PH onS| 8 n%ﬂtgprﬁéh IFRET 8ugrs10hing.

uorop ores an quen ers are exa

Furtherinunmerpgalrskbfdwsm be&bl&mrﬂ@&;h tAIaEtmalr'sa?sormlmbaﬁdlsﬁoverlap
exa 635 ag a 647 @g S5696

in %ﬁéi%bRWOtS%FﬁfQQ%?e tﬂ%?fﬂﬂ'%fﬂt% AENe a@ésr@W'tf"”a

O e K 3o e B05™8) 1y Trvi trogen, CA 52008,
USA) ; quenchers QSY 35, QY 9 and QSY 21
Particular fluorophores and quenchers considered are: Alexa dyes, including
Alexa 350, Alexa 488, Alexa 532, Alexa 546, Alexa 555, Alexa 635 and Alexa 647
(US5696157, US6130101, US6716979); dimethylaminocoumarin (e.g. 7-
dimethylaminocoumarin-4-acetic acid succinimidyl ester supplied as product D374
by Invitrogen, CA 92008, USA); quenchers QSY 35, QSY 9 and QSY 21
(Invitrogen, CA 92008, USA); Cyanine-3 (Cy 3), Cyanine 5 (Cy 5) and Cyanine
5.5 (Cy 5.5) (Amersham — GE Healthcare, Solingen, Germany); BHQ-1, BHQ-2
and BHQ-3 (Black Hole QuencherTM of Biosearch Technologies, Inc., Novato,
CA 94949, USA); fluorophores ATTO 488, ATTO 532, ATTO 600 and ATTO 655
and quenchers ATTO 540Q and ATTO 612Q (Atto-Tec, D57076 Siegen,
Germany); fluorophores DY-505, DY-547, DY-632 and DY-647 (Dyomics, Jena,
Germany); 5/6-carboxyfluorescein, tetramethylrhodamine, 4-



(I'nvitrogen, CA 92008, USA); Cyanine-3 (Cy 3), Cyanine

5 (Cy 5 and Cyanine 5.5 (Cy 5.5) (Amersham - GE
woke@boimaas e, Sol i ngen, Germany); BHQ 1, BHQ 2 PeIEP2008/059358

BHQ 3 (Bl ack Hol e Quencher TM of Bi osearch

Technol ogi es, Inc., Novato, CA 94949, USA);

fl uorophores ATTO 488, ATTO 532, ATTO 600 and ATTO 655

30 and quenchers ATTO 540Q and ATTO 612Q (Atto- Tec,

~D57076 Si egen, Cermany); fluorophores DY-505, DY-547,

dinmthglaminerzabensare-dbpuliord desivatves @absahyand 4-

. - . fl_uar el t Lr '

cing By BTSSP B Ar sk EE TS BRBEM) et o be

advhritag byl siyrcomdrmeinzas follbwiRg lcbatyhatibeist vat i ves
(Dabsyl ) and 4- di net hyl am noazobenzene-4' -car bonyl
derivatives (Dabcyl). These can be advantageously

ined in the foll ow ng conbi nati ops; rophore

Flgr gr Al exa 350, dinethyl am nocg%'Jr%ar']r’:%hr%?P 5/ 6-

o [bsy B50DdibwathylaBidcoumarar, Bagy f | uor ee c®absy Aty BHQ 1,
ATTO 488, QSY. 35 DY-505 5/ 6- car boxyf | uorescein,
RBEAVAGBresseEy Alepspt88.8MI © 488sy 9,7 AN 3846, Al exa

5081 TO 488, ATTO 532, ATTO 540Q
tetramet hyl rhodam ne, Cy 3, DY-505, DY-547, Al exa
o G36.cab@yliubrescein] M2x@0038, Mdka 632, BHBHQ 2ATKY 612Q,

s Madid Rt I e
#ﬁgg.tr?gmbegnﬁ@e, &, D%@@g}t@ﬂ%&ys rate of catalysis.

conprises an am no- ified beetle
o Atexm6BocAlexniod 70 ATA & 8000XYTOB56,nal e pBHE@S AT TO 612Q,

rivative thereof re the am no-grou f
jﬁﬁ'@@%ugyf%r -6 CI;E\(N%k'%d via an ani de b%% t he
central scaffold A 10 resulting in a substrate that

is recogni zed and subsequently cl eaved by a caspase.
Biollmaineszgnteassayadhabareyinged &0 aaspaymatieayent gietchkght coupled to

SRl o ERA R, BRE TR ER Ao mocit
beétle BRliE-IUCHEHR oR a CEtBEXy-Brfindprétectéd d@iaiive tHéof were the
followi ng reaction of the luciferase with its
aminhgtquix @f aminoluciferin is linked via an amide bond to the central scaffold A,
resulting in a substrate that is recognized and subsequently cleaved by a caspase.
The enzymatic activity of a caspase leads to the cleavage of the peptide bond
which links the aminoluciferin to the scaffold A liberating the aminoluciferin a
substrate for a luciferase. The following reaction of the luciferase with its substrate
yields a detectable signal (luminescence). The method thus relates caspase
activity with a second enzymatic reaction, generating luminescence as a read-out
signal. This type of assay requires the development of a “pro-luciferin” (“caged
luciferin”), which is recognized by a luciferase as a substrate only when converted
to luciferine by a precedent enzymatic event e.g. proteolytic cleavage. In this way,
the luminescent signal is directly dependent on the previous enzymatic event. It is
therefore a further embodiment of the present invention to provide a probe for

detecting proteolytic activity of caspases by means of luminescence.
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yi el ds a detectable signal (lum nescence). The nethod

thus rel ates caspase 15 activity with a second
we@ewyoetiix reaction, generating | um nescence aBCHEP2008/059358

read-out signal. This type of assay requires the

devel opment of a "pro-luciferin" ("caged luciferin"),

which is recogni zed by a luciléerase as a substrate

only when converted to luciferine by a precedent

enzymatic event e.g. proteolytic cleavage. In this

In apgrticuarembedimesntche retgadiinvalves a subsijalgapeereént2 ima solid

sufrgft BE PR B KO p o P Bl kel R B Sus pporter
/ q@emsh@ @airobr wietels L2ng apsamhisiobdion of agblid istigpeft and one
caspases by neans of | um nescence, WO 2009/019115

mepthigrEbAing 87 Rstess guenghenpair, Fc i t iR e dheomembsar of fikg pair. In

. od. i | . . C
i Reothe SR EFS sReRUSetB iR chor Bobf radRr fin the
appraprigtegrodeeserenber of the reporter [/ quencher pair,

or wherein L2 is a conbination of a solid support and

one nenber of the reporter / quencher pair, and L1 is

. ir

A S R B R Slase Y Pobd clicrstfor palt & Aoty ffodn to
thaskeprotigipnioprthaiaet, protectuetionalizetipdlwoersoipreferably irethg form of

I | i de, ). tit | at I Kk
begds). ErRBisa siaditica oxidlr urtaces, o sficon thonlds BRI o g
peR@kidEEsitamuAT glorlley ot BisbhtehfiEanyoiodkedifags surfaces, e.g.
chem cally nodified oxidic surfaces, e.g. silicon

nollegnei@ésuifasrssunh pgelehardiiver surfacas. draaiidgunpert ray also be
a Sﬁliet?%ec%ﬁgbggleweﬂpdl fied metal surfaces, e.g. noble

€s such as gold or silver surfaces. A
solid support nay also be a suitable sensor elenent.

15 Preferably, the compound of the fornmula (!& ,
Per@FﬁWY@E@ CQ”’_@%%‘@E Qi“b%ﬂbf@wé@] ()] iCﬁmp_dSisﬁéra @pup Bﬁ@g-aﬂ
inhi-ilmnﬁ)ir%irft% g?@é’ééégﬁr\ﬁ/’% P %gﬁrgégica%;{de&gescr @eg-qlar? e-1 inhibitory
actisyas GerSskanviil 6 sl2865i8ed WY 33860494 ; WDBB26968; W0O9722619;

BT o EAEI SR Rt A Bl ..
Haft%ﬁ@ib@@f!w@d. @ﬂ%m. B o4, 49, P@@-Sé@hSﬂhhhﬁ/éé%r- et@.é)%ioorg.

, 2779-2782; Shahripour et al., Bioorg. .
MegoGhentd,et3 2080, 1M 2479-2632;shatesipoar ebal. aBioorgeiMded.g-hem.

200 clf e “en bATRT S e 23 gh, BTG Heg Bndin, LRE 2905, 15,
4322-4326; K. T. Chapman, Bioorg. Med. Chem. Lett. 1992, 2, 613-618; Dolle et
al., J. Med. Chem. 1997, 40, 1941-1946; D. L. Soper et al., Bioorg. Med. Chem.
Lett. 2006, 16, 4233-4236; D. L. Soper et al., Bioorg. Med. Chem. 2006, 14, 7880-
7892; D. J. Lauffer et al., Bioorg. Med. Chem. Lett. 2002, 12,1225-1227; and C. D.
Ellis et al., Bioorg. Med. Chem. Lett. 2006, 16, 4728-4732. More preferred, the
compound of the formula (I) is a probe for caspase-1 characterized by a
compound comprising the following preferred scaffolds A (Table 1):

Table 1 — Examples of selective probes (I) for caspase-1



al., J. Med. Chem 1997, 40, 1941-1946; D. L. Soper et
al., Bioorg. Med. Chem Lett. 2006, 16, 4233-4236; D
wa. 2009015 et al ., Bioorg. Med. Chem 2006, 14,P@BBP202%059358

7892; D. J. Lauffer et al., Bioorg. Med. Chem Lett.

2002, 12,1225-1227; and C. D. Ellis et al., Bioorg.

Med. Chem Lett. 2006, 16, 4728-4732. More preferred,

the conmpound of the fornmula (1) is a probe for

caspase-1 characterized by a conpound conprising the

1fol| ow ngOpreferred scaffolds A (Table 1): 30 Table 1

- Bxanpl eg of | e ve probes (1) for caspase-1 WO
2009/ 018115NPCT/ EP20 590358 15 1. 0 HO N O NX
Y H OO(N preferably/in the configuration:. 0 HO N O
N Y H O\O 2{1{HO 11-11-1 ONO \ NHX Y,NOON
HH JA/C N X

YN 90" H

preferably in the configuration:

0]
HO
N 0
N
7 N x
2. HO
O
N O
N
Yo @] N X
Cl

preferably in the configuration:

HO
O
N o]
N
Yo O N X




preferably in the configurationn. HO ONO \ HN X
YNOON HH JACd 3. OH 0'"S1"0 O,NX OHY

w@ R)oo/ 0012009/ 019115 PCT/ EP2008/ 059358 16 whePEi/RP1R08/659358
(Cl-Co) al kyl, phenyl, (C5-C6)cycloalkyl; and n is
1-3. 4. 0 OH O. RRR aD\HX W Y R3 preferably in
the configurationn. O OHOI16 R

wherein R is (C1-Cg)alkyl, phenyl, (C5-Cg)cycloalkyl; and

nis 1-3.
0]
OH
O\\ /,O R1
S\N X
RZJE:[ H
W
Y R,

preferably in the configuration:

wherein R4 is hydrogen, (C4-Cg)alkyl, aryl or -CHo-aryl,
R2 and Rg3 are independently of each other hydrogen, or an aryl,

substituted aryl, heteroaryl, substituted heteroaryl, cycloalkyl,
substituted cycloalkyl, heterocycle, or substituted heterocycle group that
is fused to the phenyl group that contains a group R» as a substituent;

W is a bond, NR5, CO, S, O, SO2,0(CHR5)n-, CHR5, NR5CO,CONRs5,
OCHRj5, CHR50, SCHR5, CHR5S, SO2NR5, (C1-Cg)alkyl, NR5SO2,
CH2CHR5, CHR5CHg, COCH2 or CH2CO; wherein Rg is
independently hydrogen, (C1-Cg)alkyl, aryl, (CH2)x-aryl, or (CH2)n-

cycloalkyl; and each n is independently O to 5.




R2 HX Y R3 wherein Rl is hydrogen, (Cl-C6)alkyl,

aryl or -CH2-aryl, R2 and R3 are independently of each
we@tdenitiydir ogen, or an aryl, substituted aryl PCT/EP2008/059358

heteroaryl, substituted heteroaryl, cycloal kyl,

substituted cycl oal kyl, heterocycle, or substituted

heterocycle group that 1is fdged to the phenyl group

that contains a group R2 as a substituent; Wis a

band

6.0CHR5, CHR R5, CHR5S, S NR5 (C1- C6) al kyl,
NR5SO2, CH2CHR5, CHR5CH2, or CH2CO wherei n R5
i's |ndepende tly hydrogen, CB)aIkyI aryl ,
(C}Q)nHaryI or] ( ) n- ycI al k§1: and each n is
i ndependen to /019115 PCT/ EP2008/ 059358
17 O 6O N N’thIN NX H=HO= 7.
HOOO Q0 ONNNN"k:HHO- OH 8. (Ca)n

H

7. HO O
O
O O OH
H H
_N N
Y : N : N X
i H : H
\@\O -

OH

whereinnis 0 or 1;

10. (CH,),
R b




N YHX --/ NNO HOOO™ whereinnis 0 or 1; 9.
=00

YNH--/X NNO H

OH ) 10. (RMOH (CH) H

WORMIBINIH = O OO Y OH W 2009/019115 PCT/EP2008/059358
PCT/ EP2008/ 059358 18 wherein nis 1-4 mis 1 or 2,
and Ris nethyl or nmethoxy. 11. O (CH2)n NON NI X H =

18

whereinnis 1-4
mis 1 or 2, and
R is methyl or methoxy.

11.

o (CH,),
H H
N N _X
H ;
O O Yo
Y

OH

wherein n is 1-4.

12. 0 (CH,),
H H
N/N N\/X
H ;
O O YO
Y OH
wherein n is 1-4.
13.
O
H H
N/N N\/X
H :
O O : O
Y
OH
14.
O
H H
N/N N\/X
H ;
O 0O - O
v Y




OO0OO-,YY OH whereinnis 1-4. 12. O (CH2)n NON
NEX H=0O0O-,Y QI OH whereinnis 1-4. 13. O
woRddo/oMIN NI X H =000 / YOHd 14. OH H NaiXi/EP208/639358
= 00O Y OHW 2009/019115 PCT/ EP2008/ 059358 19
15. / 0
19
15.
O
H H
N/N N._ X
H
O O YO
Y
OH
16. OH
W
,\ 5 5
3 AN
. N
N H
Y=ar H o
wherein W is S or S(O)2, and
Ar is aryl or heteroaryl, preferably phenyl, naphthyl, benzothiophene or
isoquinolyl.
17. HO
o)
6
X
N N
Y~ar H 0" H
wherein Ar is an aryl or heteroaryl group selected from phenyl,
benzothiophene, isoquinolyl, cinnamyl, naphthyl, which is optionally
once or independently twice substituted by methoxy, chloro, methyl,
CF3, and wherein
means either a single or a double bond.




HH NONNX H=00O~~r YOH 16. OHW- OOO N
-"-ANNHXY-Ar HO wherein Wis S or S(0O2, and Ar

wo sooanyi1dr heteroaryl, preferably phenyl, napktTgP2008/059358
benzot hi ophene or isoquinolyl. 17. HO PN O O X
Y-Ar HO H wherein Ar is an aryl or heteroaryl group
sel ected from phenyl, benzoR20i ophene, isoquinolyl,
ci nnanyl, naphthyl, which is optionally once or

__ind i '

18ret hy
doubl
ON
19.
20. F
OH
N
| N O O
N N X
H H
O
21. OH
Y\ O O
N PN
N
e) =
22.
N
N
H @]
07 N7 X
H




Y19. OH O ~CAO YENV NNV NXH=H O= H
200 FOH NOO YENNV NXHHH 21. OH Y 0O N
woRowotrgis HNX 0 =H22. YSOd NNHO E1EPNS059358
H WO 2009/ 019115 PCT/ EP2008/ 059358

21
23.
OH
Yo N
: O
07 NT X
H
24.
O OH
? O
N
25.

R2b'
R2b
R2a
RZa' W
N
H O
O N
>/N o)
H e X
y—Ar 0
HO

preferably in the all-(S) configuration,
wherein Ar is aryl or heteroaryl,
W is CH2, O or NR9 wherein R9 is hydrogen or (C1-Cg)alkyl, aryl,

heteroaryl, heterocyclyl;

R2a, R2a’ R2D and R2b" are each independently hydrogen, hydroxyl,
N(R6)2, halogen, (C1-Cg)alkyl, (C1-C4)alkoxy, and mixtures thereof
wherein RO is hydrogen, (C1-Cg)alkyl, cycloalkyl, (Cg-C1q)aryl; or R2a

and R2D can taken together to form a double bond.




21 23. HY,NNO HOO~-NX H 24. OOH O NO
YN~N HOHX 25. RRb®" R2b R2a W R2a® NHO ON
WO 29D X Y-Ar O HO preferably in the all-(B)T/EP2008/059358

configuration, wherein Ar is aryl or heteroaryl; Wis
CH2, O or NR9 wherein RO is hydrogen or (Cl-Co6)alkyl,
aryl, heteroaryl, heterocycR®l; R2a, R2a', R2b and
R2b' are each independently hydrogen, hydroxyl,
N(R6)2, halogen, (Cl-CAalkyl, (Cl1-C4)alkoxy, and

26u xtures theReBf wherein R6 is hydrogen,

( C1- C6) aR cycl oal kyl, (C6-Cl 0)aryl; or R2a
R2a
R2a'

ZT

O
y—Ar

HO

preferably in the all-(S) configuration,
wherein Ar is aryl or heteroaryl,

R2a, R2a’ R2D and R2b" are each independently hydrogen, hydroxyl,
N(R6)2, halogen, (C1-Cg4)alkyl, (C1-C4)alkoxy, and mixtures thereof
wherein RO is hydrogen, (C1-Cg)alkyl, cycloalkyl, (Cg-C1q)aryl; or R2a

and R2D can taken together to form a double bond.

27.

HO
W-W
@]
0O > O X
Ar
H o H 0O

preferred in the all-(S) configuration
wherein Ar is aryl or heteroaryl; and

W is independently selected from: C(R1)o; C(O); NR2; S; S(0); S(0)o;
wherein R1 and R2 are independently hydrogen,
[C(R3)21p(CH=CH)qR3, C(=Z)R3, C(=Z)IC(R3)2]p(CH=CH)4R3,
C(=Z)N(R3)2, C(=Z)NR3N(R3)2, CN, CF3 N(R3)2, NR3CN,
NR3C(=2)R3, NRC(=Z)N(R3)2, NHN(R3)9, NHOR3, NO2, OR3, OCF3,
F, Cl, Br, I, SO3H, 0SO3H, SOoN(R3)9, SO9R3, P(O)(OR3)R3,

P(O)(OR3)2; wherein p is 0 to 12; wherein q is 0 to 12; wherein Z is O,




10

and R2b can taken together to forma double bond. WO

2009/ 019115 PCT/ EP2008/ 059358 22 26. R2b' R2b R2a
we2@v/oMis 0 ON /HOO Xy-Ar 0 HO preferabtEPI008/059358

the all-(S) configuration, wherein Ar is aryl or

heteroaryl; R2a, R2a', R2b and R2b' are each

i ndependent |y hydrogen, hydr238yl, N(R6)2, hal ogen,

(Cl-A)al kyl, (Cl-C4)al koxy, and m xtures thereof

wherein R6 is hydrogen, (Cl-C6)alkyl, cycl oalkyl

( Co- 10 REF é@ﬁe

form§amkou%)|hgr%2r$j& %Zlg r%tl%\/@%d?% O,QM%_G&}I& Eljall\lm,&ra%l’
O H lwetegpasyle hetedioeylylt he al | - (S) confi gurati on wherein

Ar |c gr\ll ot haf er ngr\ll . gnrl \I\I| S |nr~|ananr~|an+|\l
28ellected fromRiC(RB2; (O :HOR2: S, S(O: S(O 2:
wherein RL and YR2_@are i ndepend ntIy hydr ogen,

[ C(R3) 2] p( CH=CA) g C(Z)R3
C(_Z)[C(TLZ] (CH=

preferred in the all-(S) configuration

wherein Ar is aryl or heteroaryl; and R4 and RS are independently
selected from: C(R1)9; C(0); NR2; S; S(0); S(O)o; wherein R1 and R2
are independently hydrogen, [C(R3)2]o(CH=CH)qR3, C(=2)R3,
C(=2)[C(R3)2]n(CH=CH)4R3, C(=Z)N(R3)p, C(=Z)NR3N(R3)p, CN,
CF3, N(R3)2, NR3CN, NR3C(=Z)R3, NRC(=Z)N(R3)2, NHN(R3)s,
NHOR3, NO5, OR3, OCF3, F, Cl, Br, |, SO3H, 0SO3H, SOoN(R3),
SO2R3, P(O)(OR3)R3, P(O)(OR3)y; wherein p is 0 to 12; wherein q is 0

to 12; wherein Zis O, S, NR3; wherein R3 is independently hydrogen,
alkyl, cycloalkyl, aryl, heteroaryl, heterocylyl.

wherein the variables in the groups 1. to 28. are defined as indicated in the
definition next to the respective compound; X is -CONH-R2-L2; Y is -L-R1-L1; and
R1,R2, L, L1 and L2 are as described above.

Further preferably, the compound of the formula (1) comprises a group A being an
inhibitor of caspase-3. The preparation of scaffolds A having caspase-3 inhibitory
activity is for example described in WO0032620; WO0055127; WO0105772;
W003024955; WO 2008/008264; P. Tawa et al., Cell Death and Differentiation
2004, 11, 439-447; Micale et al., J. Med. Chem. 2004, 47, 6455-6458; and Berger
et al., Molecular Cell, 2006, 23, 509-521. More preferred, the compound of the
formula (1) is a probe for caspase-3 characterized by a compound comprising the
following preferred scaffolds A (Table 2):



C(=Z) N(R3) 2, C(=Z)NR3N(R3)2, ON, CF3, N(R3)2, NR3CN,
NR3C(=Z) R3, NRC(=Z) N(R3) 2, NHN(R3)2, NHOR3, N2, OR3,
wozes/191 C, Br, |, SO3H, OSG3H, SO2N(R3) 2, BOPRB2008/059358

P(O(OR3)R3, P(O(OR3)2; wherein pis 0to 12;
wherein g is O to 12; wherein Zis O WD 2009/019115
PCT/ EP2008/ 059358 23 S, NR324wherein R3 is

i ndependent |y hydrogen, al kyl, cycloal kyl, aryl,

het eroaryl, heterocylyl. 28. RA RS HOO OON X Y-~
NNA HHO preferred in the all-(S) configuration

TPl et b o el HEESAD B el o o, s

2®(0 ¥y S(O 2; vvherel n RL and R2 are independently
h C( Z)RS

—Z (R3) 2, C(=2Z) NR3SN(R3) 2,
R3, NRC(=Z) N(R3) 2,

3XF, d, Br, |, SO3H,
P(O) ( R3 P(O) (OR3) 2;

2 V\herel W to 12; wherein Z
is 0, S NR3; whefein R3is in ependently hydr ogen,
al kyl ryl, heter®aryl, heterocylyl.
wherein the vari abl es in the groups 1. to 28. are
tefrned—as—ndicated—n—th defrnrtironmrmnext—tothe
qlespectlQ corrpoundOX i g -CONH R2-L2; Yis -L-R1-L1;
and YRN HL1 MSCH bed above. 5
Furlt her [Bl t C ofxthe formula (1)
conpri ses a gr oup [A bej ng an |nh| bi tor of caspase-3.
The| preparation of\ ffols A vi@y caspase-3

inhibitory activityl is for exanple described in
W0032620; W0055127~ W0105772; O

31. O
OH

X
o)

N

HO 5 H
H N pa
Yp _N = R

//S\\
o) O O RB

wherein RA and RB are independently hydrogen, (C1-Cg)alkyl,
hydroxyl, (C1-Cg)alkoxy or halogen.

32.

ZT

0
HO X
N
H
s

o
o
o




W03024955; WO 2008/ 008264; P. Tawa et al., Cell Death

and

wdad2000h11Chem 2004, 47, 6455-6458;

Differentiation 2004, 11, 439-447; Mcale et al.,
and Ber ger PADER1008/059358

al ., Modlecular Cell, 2006, 23, 509-521. More
preferred, the conmpound of the fornmula (1) is a probe

for
t he

caspase-3 characterized By a conpound conpri si ng
followi ng preferred scaffolds A (Table 2): WO

2009/ 019115 PCT/ EP2008/ 059358 24 Table 2 - Exanples

N N
Y §

3®f [sel ective probes (1) for casapse-
3--F NNNX ) AL NO=O O 30.

29. YNOO NN
OOY-N3\,"~HH

-<
T
O
O\
O =T
2/ N\
I=
O

34.

OH
O O O
H H
Yo N N
N N ! X
H :

OH

35.

(O)mY
O O
R4/iii)‘\ H
55 . N X
R
O O
OH

preferably in the all-(S) configuration,

whereinmis 0 or 1; and

R4, RO and RO are independently selected from the group consisting of:
T H,

2) halogen,

3) (C1-C4)alkoxy optionally substituted with 1-3 halogen atoms,

4) NO»o,

5) OH,

6) benzyloxy, the benzyl portion of which is optionally substituted with
1-2 members selected from the group consisting of: halogen, CN,
(C1-Cyg)alkyl and (C1-C4)alkoxy, said alkyl and alkoxy being optionally

substituted with 1-3 halogen groups,




O O O RB wherein RA and RB are independently hydrogen,

(C1-C6) al kyl, hydroxyl, (Cl-C6)al koxy or hal ogen. 32.
wW@20000805 HON X HHY NO 5 0 0 0 WO 2009/ eADLREEH08/059358

PCT/ EP2008/ 059358 25 33. 0 OOH HOX NHH YO

/15, NOOO 34. OHOOO YONNNN"AXH= 00Y

0 OH 35. (O"YOHO R4 28l

7) NH(C1-Cg)acyl,

8) (C1-C4)acyl,

9) O-(C1-Cy4)alkyl-CO2H, optionally esterified with a (C1-Cg)alkyl or a
(Cs-C7)cycloalkyl group,

10) CH=CH-CO2H,

11) CO2H,

12) (C1-Cx)alkyl-CO2H,

13) C(O)NH>, optionally substituted on the nitrogen atom by 1-2
(C1-Cyg)alkyl groups;

14) (C1-Cg)alkyl-C(O)NH>2, optionally substituted on the nitrogen atom
by 1-2 (C1-Cg4)alkyl groups;

15) $(0)p-2-(C1-C4)alkyl;

16) (C1-C2)alkyl-S(0)g-2-(C1-Cgq)alkyl;

17) S(0O)p-2-(C1-Cg)alkyl or S(O)g-2-phenyl, said alkyl and phenyl
portions thereof being optionally substituted with 1-3 members selected
from the group consisting of: halogen, CN, (C1-C4)alkyl and
(C1-C4)alkoxy, said alkyl and alkoxy being optionally substituted by 1-3

halogen groups,

18) benzoyl optionally substituted by 1-2 members selected from the
group consisting of: halogen, CN, (C1-C4)alkyl and (C1-C4)alkoxy, said
alkyl and alkoxy groups being optionally substituted by 1-3 halogen
groups,

19) phenyl or naphthyl, optionally substituted with 1-2 members selected
from the group consisting of: halogen, CN, (C1-C4)alkyl and

(C1-C4)alkoxy, said alkyl and alkoxy being optionally substituted with 1-

3 halogen groups,
20) CN,
21) (C1-Cy)alkylene-HET2, wherein HET2 represents a 5-7 membered




NX RS RE OO OH preferably in the all-(9S)
configuration, wherein mis O or 1; and R4, R5 and R6
wae@iordependent |y sel ected fromthe group ConBCBEPI0GS8/059358

of: 1) H, 2) halogen, 3) (Cl-C4)al koxy optionally
substituted with 1-3 hal ogen atons, 4) NO2, 5) OH, 6)
benzyl oxy, the benzyl portioB70of which is optionally
substituted with 1-2 nmenbers selected fromthe group
consisting of: hal ogen, ON (Cl-CAyalkyl and

( c1l- ayraticoxnynonsalomatidang eertaidingtyt befeneptopsi sehedteg from

pe ersobEl 3 M1 G e IR S o) xgjggr%lés and
ég&er'¥%ﬁy®ugﬁtlt&ﬂ1& (EY CAECIE&? %%g cycl SC ky“l)aCyI

gr OU%guﬂaQ' CH=CH CQO2H, 11) COZH 12)

(C1- al kyl -CO2H, 13) C(O NH2, optionall g substituted
on [t 2R QHCroge)aliet-¢th b3, viherein IGETB4S al k9t © greraperediarpmatic
(CL- C5) al kyl - C(O) NH2, otlonall substituted on the

ni t [r@gea- arczmath)yngcgnf@mn@&pm KW 3draiaieatonns selected from

S(0) §; §-didtn AN G bf¥bmally substituted with one or two groups selected
from halogen and (C1-Cg4)alkyl, and optionally containing 1-2 oxo

groups, and

23) HET4, wherein HET4 is a 5 or 6 membered aromatic or non-
aromatic ring, and the benzofused analogs thereof, containing from 1 to
4 heteroatoms selected from O, S and N, and is optionally substituted by
one or two groups selected from halogen, (C1-Cg4)alkyl and (C1-Cg4)acyl,

and wherein halogen includes F, Cl, Brand I.

36.

R4
0 0
Y \ H
N N N X
H
o) o)
OH

preferably in the all-(S) configuration,

wherein R4 is selected from the group consisting of:

1) H,

2) halogen,

3) (C1-C4)alkoxy optionally substituted with 1-3 halogen atoms,

4) NOo,

5) OH,

6) benzyloxy, the benzyl portion of which is optionally substituted with
1-2 members selected from the group consisting of: halogen, CN,
(C1-Cyg)alkyl and (C1-C4)alkoxy, said alkyl and alkoxy being optionally




16)
S(0

(Cl-C2)al kyl -S(0)0-2-(C1-C4)al kyl; 17)
) 0-2-(C1-C6) al kyl or S(0)O0-2-phenyl, said al kyl and

w@b@oaglotiporti ons t hereof being optionally subBtT/EP100£059358
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h 1-3 nmenbers selected fromthe group consisting
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opt
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con
and

oRpstitLeey With11-84)adogen gemps( CL- C4) al koxy, sai d
V- al X%, 9" oups bei ng optionally substituted
%éﬁﬂgP égﬂ Xgroups, 19) phenyl or naphthyl,

%_ tituted with 1-2 nmenbers selected from
I'sting of: hal ogen, ON, (Cl-C4)alkyl and
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Sstit Stbgd al@y’a‘-‘ ?L' abcl)genygrsoups é%q § )J ra

@I7 ',F&,.p wherei n HET2 represents a 5-7

rremb(gged 2009/ 19115 PCT/ EP2008/ 059358 27 arommatic

nto)-@iHe@it-COaH,ng cont ai ni ng 1-4 heteroat ons

ected from 0, S, NH and N(Cl1-C4) and optionally

rt‘a1)rﬁ3@gH1 2 oxo groups, and optionally substituted
(C1-CcA)al kyl , OH hal ogen or (Cl-C4)acyl

ub@ (02295@”(3(%3@2b'|al kyl - HET3, wherein HET3 is a 5

RN 'OPla'%S%%%t@wsﬁt a; te%%a&w&wa s
5 EaRRAO0% om hal ogen-and (C1- 1) al kyl - and

T
PR R R OO, opRaing B eB R Bhitideh atom

HO (G N, )ARA drBgpdenzof used anal ogs ther eof,
nl15-\}|n| ng ?rg'r)n s;tt% Bf het er oat ons sel ect ed fromO S

™6) $(@)oLs(OPG Paklyl;y substituted by

16) (C1-C2)alkyl-S(0)g-2-(C1-Cgq)alkyl;

17) S(0O)p-2-(C1-Cg)alkyl or S(O)g-2-phenyl, said alkyl and phenyl
portions thereof being optionally substituted with 1-3 members selected
from the group consisting of: halogen, CN, (C1-C4)alkyl and
(C1-C4)alkoxy, said alkyl and alkoxy being optionally substituted by 1-3
halogen groups,

18) benzoyl optionally substituted by 1-2 members selected from the
group consisting of: halogen, CN, (C1-C4)alkyl and (C1-C4)alkoxy, said
alkyl and alkoxy groups being optionally substituted by 1-3 halogen
groups,

19) phenyl or naphthyl, optionally substituted with 1-2 members selected
from the group consisting of: halogen, CN, (C1-C4)alkyl and

(C1-C4)alkoxy, said alkyl and alkoxy being optionally substituted with 1-

3 halogen groups,
20) CN,




one
and

or two groups selected from hal ogen, (Cl-C4)al kyl
(Cl-C4)acyl; and wherein halogen includes F, d,

wa@eooanils 36 RA YIQOHOHNIYy NX OO BEHM/EP2008/059358
preferably in the all-(S) configuration, wherein R4 is
selected fromthe group consisting of: 1) H, 2)
hal ogen, 3) (Cl-C4)al koxy opR9onal |y substituted with

1-3

hal ogen atons, 4) N2, 5) OH, 6) benzyl oxy, the

benzyl portion of

1-2

which is optionally substituted wwth
2BnEer- € 43tk dene BT whereingr 63 repiesests a§-omembered

hal jogen, ON, (Cl-C4)alkyl and (Cl-4)al koxy,

al k
PCT|
gr oup

( C1f-
CH=
c(Q
by |1
opt|i

rogmjlcaqrma@éna{@ e p@m{aml@g W @@g@@@g@i%lected from

§P§ORI% Qﬁﬁ'flfzg é@ é@ébﬂécgﬁﬁglg%o% Hlnél 1328?&%}8%8 and

O ( %}%‘h}aﬁy %Mbst@%d WF?HW L® (@110’4)8%/? IOH | r@ﬂoéj‘érﬁ Br fC1-C4)acyl

)al kyl or a C5- C7) cycl oal kyl' grou
g&H, 11) C@H 12) (C1-C5)al kyl - COZH 13)
opt| onal | y substituted on the nitrogen atom
122) 0( MM@Q dﬂpﬁre'r}lﬂ?T@Cﬁﬂ&?%ﬁ Rygmegrgdntipmatic
onallgsubstltuted on t en|tr%%q ?
or non-aromatic ring containing from 1 to 3"heteroatoms selected from
O, S and N, and optionally substituted with one or two groups selected

from halogen and (C1-Cg4)alkyl, and optionally containing 1-2 oxo
groups, and

23) HET4, wherein HET4 is a 5 or 6 membered aromatic or non-
aromatic ring, and the benzofused analogs thereof, containing from 1 to
4 heteroatoms selected from O, S and N, and is optionally substituted by
one or two groups selected from halogen, (C1-Cg4)alkyl and (C1-Cg4)acyl,

and wherein halogen includes F, CI, Brand I.

37. O O
{ V\L
M I
' %OH

o)
0 0
H H
N N
N < X
H :




by 1-2 (Cl-C4)al kyl groups; 15) S(0)0-2-(Cl-C4)al kyl;
16) (Cl1-C2)al kyl -S(0)0-2-(Cl-C4)al kyl; 17)

WEL@p0141{ C1- C6) al kyl or S(0)0-2-phenyl, said et REP20881059358
phenyl portions thereof being optionally substituted
with 1-3 nenbers selected fromthe group consisting
of : hal ogen, ON, (Cl-C4)al kyBOand (Cl-C4)al koxy, said
al kyl and al koxy being optionally substituted by 1-3
hal ogen groups, 18) benzoyl optionally substituted by

39.- 2| nenmbeH$) sel ected fromthe group consisting of:

hal jogen, (Cl-A4)al kyl and (Cl-C4)al koxy, said

al klyl y grou ing optionally substituted
by [1-3 ha) ogen, gr&lups, ﬁhenjp or napht hyl ,

opt|i gnal | gLituted M- 2 nbers selected from
t hel gr ng Mo ogetr, , (Cl-C4)al kyl and
( C1- CAthl ko sai d dﬂkyl nd al koxy being optionally
substituted9wi th3l- 3. hal &en g é 20) ON, WD
2009/ 019115 PCT/ EP208/359358 29| 21)

(C1 A4) al kyl ene- HET2, erein HEQHrepresents a 5-7
menpered aronatic oh- aromat i ¢ ring containing 1-4

hetleroat ons selected from 0, S, NH and N(Cl1-C4) and
4@ptji onal | yatdontai ning 1-2 oxo groups, and optionally

substituted with 1-3 (Cl-C4)al kyl, OH, hal ogen or

(Cl-C4)a Qr oups; C>(Cm3CA)aIkyI HET3, wherein
HET3,, is qig/rﬁgnb rengigg@; or non-aronatic
ring TR xoat ons sel ected from
0, |S ahd N and: optionallly substituted with one or two
groups sel &ted fron1h§1ogeh\?n9 (Cl-C4)al kyl, and

g

optlional ly containing 1-2 oxo roups, and 23) HET4,
whefein HET4 is a 5 or 6 menbeéPEd aromatic or non-

J@%

HO @)

42.

OH

wherein the variables in the groups 29. to 42. are defined as indicated in the
definition next to the respective compound; X is -CONH-R2-L2; Y is -L-R1-L1; and
R1,R2, L, L1 and L2 are as described above.
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aromatic ring, and the benzofused anal ogs thereof,
containing froml to 4 heteroatons selected fromO0, S
wa@eaodgoiehd i s optionally substituted by one BPCT/EPZN08/059358
groups sel ected from hal ogen, (Cl-C4)al kyl and
(Cl-C4)acyl; and wherein hal ogen includes F, O, Br
and I. 37. OH OO ONN""3% NX HOO OY OH 38.
HOOOO HH~ Y,NN""ANN XH=H= 0=00 O
WD 2009/ 019115 PCT/ EP2008/ 059358 30 39. HOO OO
Furthey preferaiplynthe compmund gf fhe=formala () eorgpasesopgowp A being an

inhibitor of caspase-8. The preparation of scaffolds A having caspase-8 inhibitory
activity is for example described in Berger et al., Molecular Cell, 2006, 23, 509-
521; and Garcia-Calvo, J. Biol. Chem. 1998, 273 (49), 32608-32613. More
preferred, the compound of the formula (1) is a probe for caspase-8 characterized

by a compound comprising the following preferred scaffolds A (Table 3):

Table 3 — Examples of selective probes (l) for caspase-8

43.
H 0 H 0
Y\” N%N N%X
O < o) : o)
1T

44
N
o)

HO 0]
wherein X is -CONH-R2-L2; Y is -L-R1-L1; and R1, R2, L, L1 and L2 are as

described above.
The following definitions apply if not otherwise stated:

Alkyl means a straight or branched chain hydrocarbon having 1 to 6 carbon atoms.
Examples of (C1-Cg)alkyl groups are methyl, ethyl, propyl, isopropyl, isobutyl,

butyl, tert-butyl, sec-butyl, pentyl, and hexyl.

Acyl is defined as a group -C(=O)alkyl.
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40. OH00 GO Y, N v Nv NN X H = 0=00 ™

41, HOOO Y,NNNNVAX H==0- O HOO™
wWaE2000091 Y. N NN X H OO O OH wherein the parEPhees93ss

in the groups 29. to 42. are defined as indicated in

the definition next to the respective conpound; X is

-CONH-R2-L2; Yis -L-R1-L1; 383d R1, R2, L, L1 and L2

are as described above. 5 WO 2009/019115

PCT/ EP2008/ 059358 31 Further preferably, the conmpound

of the forrmula (1) conprises a group A bei ng an

ARl ad o P RRRE M p kA AL BRADB B PraeR s
Exdeptas dfestyl droBes gedlucd phényl dviel esaHtayl. Cel |, 2006, 23,
509- 521; and Grcia-Calvo, J. Biol. Chem 1998, 273

(49), 32608-32613. Mre
Heteroaryl is defined as an aryl group wherein one or more carbon atom of the

aromatic hydrocarbon has been replaced with a heteroatom wherein the term
"heteroatom" includes oxygen, nitrogen, sulfur, and phosphorus. Examples of
heteroaryl groups include furan, thiophene, benzothiophene, pyrrole, thiazole,
pyridine, pyrimidine, pyrazine, benzofuran, indole, coumarin, quinoline,

isoquinoline, and naphthyridine.

Cycloalkyl means a cyclic alkyl group having 3 to 10 carbon atoms. Examples of
cycloalkyl groups include cyclopropane, cyclobutane, cyclopentane, and

cyclohexane.

Heterocycle or heterocylyl means a cycloalkyl group on which one or more carbon
atom has been replaced with a heteroatom. Examples of heterocycles include

piperazine, morpholine, and piperidine.

The aryl, heteroaryl, or cycloalkyl groups may be substituted with one or more
substituents, which can be the same or different. Examples of suitable
substituents include alkyl, alkoxy, thioalkoxy, hydroxy, halogen, trifluoromethyl,
amino, alkylamino, dialkylamino, NO2, CN, CO2H, CO»alkyl, SO3H, CHO,
C(=O)alkyl, CONHp, CONH-alkyl, CONHRq, C(=O)N(alkyl)2, (CH2),NH2, OH,
CF3, O(C1-Cg)alkyl, (CH2)nNH-alkyl, NHRg, NHCOR(, phenyl, where nis 1 to 5
and Rq is hydrogen or (C1-Cg)alkyl.

The activity based probes of the present invention may be synthesized by using
appropriate protecting group chemistry known in the art to build up the central
scaffold A and to attach either linker and label L1 or L2 to this unit via a group L

and a group —C(O)-NH-. Appropriate building blocks as well as FRET-pairs such
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5 preferred, the conpound of the fornula (1) is a
probe for caspase-8 characterized by a conpound
waeewpnidihg the foll owi ng preferred scaffol ds PC/ERd&059358

3): Table 3 - Exanples of selective probes (1) for
caspase-8 43. 1 OO Y, NNNA X H==000 HOO
OH 44 OOHO YENNVNNIXB H==0- OO0 OH HOO
wherein Xis -CONH-R2-L2; Y is -L-R1-L1; and Rl, R2, L,

L1 and L2 are as 10 descri bed above. The fol | ow

as i Cyaninediyea ey Gyb Egc@y btch &l )s@remrél@rcial!wwailggaw@-g-

sighpIRT i e BOERT o8 S Qo 2B kR 38 s pighton.

then@dlh[yd)ha@t $Yitheds method I|§|§®ﬁ|@@l_‘ﬁﬂy use@byBYl ., Mehrifieyd, Methods in
tert-butyl, sec-but pentyl, and hexyl. Acyl is

Engenplesy ’%{959761 28P o8y ﬁ@e@mlwpn thesyaihistio 1eqdisements,

att %oca%ﬁ Qﬁ%\ﬁ%ner é? Iﬂr%bhggerﬁg '%@or@oﬁ@;@éé’l@gu@ort or

byeowtlogrptmape ohemlstdye phenyl and naphthyl. 5 Heteroaryl
is defined as an aryl group wherein one or nore carbon
atom of the

In general, reactive side chain residues on the central scaffold A and optionally
the group L will be protected and liberated sequentially for further modification
with the subunits L1R1 and L2R2 respectively. Conjugation of these subunits can
be accomplished by known methods of chemical synthesis. Particular useful is the
reaction between a dye active ester and a primary amine group of the scaffold A
to connect both units via an amide bond. Intermediates as well as final probe
molecules may be purified by high performance liquid chromatography (HPLC)
and characterized by mass spectrometry and analytical HPLC before they are

used in labelling and imaging experiments.

The present invention is illustrated in the following paragraph by several but non-

limiting examples:

In a preferred embodiment, the probe of the formula () comprises a scaffold A
which is derived from a tetrapeptide caspase-1 inhibitor (Table 1, compound 2)
bearing a chromophore at the C-terminal side and at the N-terminal side.
Appropriate chromophores are chosen in a way that their spectral properties are
suitable for fluorescence resonance energy transfer (FRET). Chromophores can
be fluorescent or non fluorescent. In principle, a broad variety of chromophores
may be used in the present invention, as long as the central requirement that is a
spectral change after proteolytic cleavage of a peptide bond is met. The
attachment of such interacting chromophores and the central scaffold is made

optionally via linker units.
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aromati ¢ hydrocarbon has been replaced with a

het er oat om wherein the term "heteroatonm includes
we@xogemiihi t rogen, sul fur, and phosphorus. Exap@i/EB200$/059358

het eroaryl groups include furan, thiophene,

benzot hi ophene, pyrrole, thiazole, pyridine,

pyrim di ne, pyrazi ne, benzof84an, indole, coumarin,

qui nol i ne, 10 isoquinoline, and naphthyri di ne.

é?cloalkyl means a cyclic al kyl group havin g 3to 10
Prefarahy, the dneropboserpreshesen 9@l thalkQup §f sapienacoueyganine

v AR SRR NTes RIF! RRREDIRSY stsipangs.

thigdyeiniradsk wikagyaripePandMaz gty aiiee ICyapiiree d%éagnitamé @bdased in
been repl aced with a heteroatom Exanp

Py e sresant nientanses SiciRseaDbaTe8AE8 anhUS5627027.
Th8¥ gﬁcruéié e %y?e% ¥ d%{hsh}e{] éﬁé‘harTPrG@Y—Féa?tﬂkgaé) Cy 3, Cy

psS nay |tu one or 'nor
3830951 biOebt Sy Mbj Cth 7cad Og He sanme or di ffer ent .
Exanpl es of suitable substituents include alkyl,
al koxy, thioal koxy, hydroxy, halogen, trifluoronethyl,

Préfg}d% tAé @bﬁﬂhé}%m?ﬂsa&l Kéfﬂ\ ﬂ%%ceh%ro%p@é%@%hlih include 2,4-
d.n@mmmm @((-_49)1|N¢&ihkly'1rr)|rzopf(e@yia)anmzodn—lacME{DelBI}YL) Y -fnethoxy-

coghiria Ry fecehiasi G BTt ayoli iy e RSB,

wobesssfg vity based probes of the present invention may
be synthesized by using 30 appropriate protecting
group chemistry known in the art to build up the

In ?ggéffe?rlﬁg @{c&&eﬂt,’%ﬂ@%ﬁeﬁgh&l&@éﬁhn&' HBWE d;h@cfan?'%gnission

rstunrt-viaa gro
and e{ddk- ;Nafferaﬂyl% denaﬂlﬁ)rbmérdlmgorhbplﬁm &Sthl@bfnb@@jlment the
FRET- pai rs such, WD 2009/ 019115 PCT/EP2008/059358 33
imaging ﬁ%agg)ﬁ,qomr@%@ qupr@p @Segargj a@)(pn5 lg)re@enﬁ)(dgrﬂ(é acceptor

ally available (e.g. Sigma-Aldrich,

Ch@%ﬂﬂggf%hcare). For a subset of probe, descried in

this invention the solid phase synthesis nethod is

partic useful
MBS efEIT 0y Peuobe S56te torTivid (I Lhesripng Glrepaaide Scafiold
(Ta‘-’dfé‘t1h€6r'n%oﬁﬁ8l2') %%EHH%% ,Q8Ya 1-2fferBREr At KN -teFHFAIEIGE and a

f [ uor ophor e’ nmay done on the solid support or

CY 5 5 fluorophore at the C-terminal side (Scheme 2):



by sol uti on phase chem stry. In general, reactive side
chain residues on the central scaffold A and

wopiwordhiy the group L will be protected andPCT/EP2008/059358
| i berated sequentially for further nodification 10
with the subunits L1 Rl and L2R2 respectively.
Conj ugation of these subunit85can be acconplished by
known met hods of chemi cal synthesis. Particular useful
is the reaction between a dye active ester and a
primary am ne group of the scaffold A to cdﬁhg@t bot h
units via an anide bond. Intermediates as webl z
final probe nolecules may be purified by high

performance |iquid chromatography (HPLC) 15 a o
characterized by mass spectronetry and anal yt HPLC
before they are wused in |abelling and i nagin
experinments. The present invention is illustrat’™ed in

the foll owi ng paragraph by several but non- |imting
exanpl es: 20 In a preferred enbodi nent, the probe of
the formula (1) conprises a scaffold A [jwhich is
derived froma tetrapepti de caspase- '~h|b|tor (Tabl e
conmpound 2) bearing a chronophore \at Nt h
termnal side and at the N—tenﬂlnA

al properties are 2533 able for ~_o
resonance energy transfeg { FRET).
can be fluorescent or‘%O@Hquorespent

C pgeo a broad variety o chronn hor es
[ &e ent inventien, he cen ra

requi repent ﬁi}ziyé§ a spectral ch

prot eokytic clea ofep | o d \s

attac of sus {erac |ng choro ores and

centrgEEZEEffold i's nnde 30 optlond?IyHV|a>I|nker

units 009/ 019115 PCY/ EP2008/ 059358 34

(S Shé Q bl'y, the fluorophore are chosen fromthe group

xan hene- or cyanine dyes. Mire preferred are
cyanlne dyes fromthe group of carbacyani nes,

A " Eerke BocEenLBaT RS Thésa e atadoRpped R e ark

queRERRBH Q@%b%téﬁﬂngﬂ $§é ap8%h CP 7URRFESHGR atNe C-terminal
US5627027. 5 They 1 nclude the dyes with the trademark

sideAfpehemend): GE Heal t hcare) Cy 3, Cy
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3B, C& 3.5, C&¢ 5, C 5.5 C 7 and Cy 7.5. Preferably,
the quencher unit is a non-fluorescent chronophore
wokiogh1dint| ude 2, 4- dinitrophenyl, PCT/EP2008/059358
4- (4-di met hyl am nophenyl ) azobenzoi ¢ acid ( DABCYL),
7-met hoxy- 10 coumarin-4-yl)acetyl and non fluorescent
cyani ne-dyes as descri bed i n36\W9964519. In a
preferred enbodi nent, the quencher does not show a
significant em ssion and nore preferably is a
non-fl uopeseent chronophore. In this enbodi ment, the
15 imagi ng Yeagent conprises a fluorophore and a
non- uor= t (dark) acceptor chronophore. More
pre a probe of the formula (1) basgg on a
tet apeD |de scaffold (Table 1, conpound/Qi bearing a

QY 21 Mer at the N-term naI si de afld
5.5 qu hore at the CGtermnal side (Sc

2009/ Ol PCT/ EP2008/ 059358 35 OH O 0

N
o HO
O Q N
O N H S~
O N N N
H H (0]
HN N (0] N
H © H o
Cl

(Scheme 3).

In a preferred embodiment, fluorescein and tetramethylrhodamine are chosen as
an interacting FRET pair and the tetramethylrhodamine is placed at the N-terminal
side of the scaffold whereas the fluorescein is linked at the C-terminal side as
shown in (Scheme 4):

5
ngd

(Scheme 4).
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HOHO C (Schenme 2). A further preferred enbodi nent
i ncl udes the sane scaffold bearing the dark 5 quencher
w@kB1atsthe N-term nal side and a Cy 7 fl uorp@hBP®Og059358

the Ctermnal side (Schene 3): WD 2009/019115

PCT/ EP2008/ 059358 36 N9o~O 0-0 HO N O N 11 N N

XC~ NHO OO NO11 HO 0B/HT HV O~ NOOO H
HC OH (Schenme 3). In a preferred enbodi nent,
fluorescein and tetranet hyl rhodam ne are chosen as 5

In Qﬁﬂhﬂ@f aarneﬁgemagdiwmt;ommte@@timmaﬁ@t af/AherodB g
colubhad hiBhetlis bR e G o Bgbfmventons
aresCd8eamnophgivied (&.4.SQben@ntiots), lanthanide-ion doped oxide
nanoparticles (e.g. YosEuo4VO4) and iron-oxide nanoparticles (e.g. AminoSPARK
680 and AminoSPARK 750 supplied by VisEn Medical, Inc., MA 01801, USA). If
such nanoparticles are used as a donor in a FRET pair, they can be excited at a
wavelength much shorter than the acceptor absorption thus minimizing direct
acceptor excitation. In addition, the narrow donor emission does not overlap with
acceptor emission. Furthermore, such nanoparticles proved to be much more
photostable than organic dyes which undergo fast photobleaching. Activated
quantum dots for chemical conjugation are commercially available (Invitrogen, CA
92008, USA) and their emission wavelength can be chosen from a variety of

products.

Schemes 5 and 6 show quantum dot based probes of the formula (1) that are
specific for caspase-1. Thus, in a further preferred probe of the formula (1) the
quantum dot (e.g. QD605 supplied by Invitrogen, CA 92008, USA) might be
positioned via an appropriate linker either at the N-terminal side of the caspase-1
probe (Scheme 5) or at the C-terminal side of the caspase-1 probe (Scheme 6).



OH OON OHZCN /NOOOO ON--C HOO OOl

HJ-H H-N/ ONHOHO C (Scheme 4). 10 WO
wQee@hmel 15 PCT/ EP2008/ 059358 37 In a furt hePCT/EP2008/059358

preferred enbodi nent, one interaction partner of the

FRET pair conprises a nanoparticle. Mire preferred in

the context of the present i88entions are CdSe

nanoparticles (e.g. Quantumdots), | anthanide-ion

doped oxide nanoparticles (e.g. YO0.6Euo.4VQ4) and

i ron-oxi de nanoparticles (e.g. Amnqg$PARR 5 680 and

Ami NoSPARK 750 supplied by VisEn Medit® Inc., MA
01801, USA). If such nanoparticl Qsed as a
donor in a FRET pair, they ca Led at a

wavel engt h much shorter than thg pt or absor ption
thus mnimzing direct acceptorsexcitation. In

addi tion, the narrow donor emnySsi 6n does not overl ap
with acceptor em ssion. Furthernpfe, such
nanoparticles proved to be I'ch re 10 photostable
t han organi ¢ dyes whi ch undérgo fast phot obl eachi ng.
Activated quantumdots far chenical conjugation are
comercially available (Inyitrogen, CA 92008, USA)

and their em ssi on wave an be chosen from a
N

variety of products.

0
o
HN
Ho ©
HO o
o)
o)
o) N
o) N
HNQk H 02 NH
N
H © H 0o

Cl
(Scheme 5);



10

15 Schenes 5 and 6 show quantum dot based probes of

the formula (1) that are specific for caspase-l.
wabaws/o1d9ims a further preferred probe of the forpal/aPLh§/059358

the quantumdot (e.g. QD605 supplied by Invitrogen,

CA 92008, USA) m ght be positioned via an appropriate

linker either at the N-term 8@l side of the caspase-1

probe (Schene 5) or at the C-termnal side of the

caspase-1 probe (Schene 6). 20 WD 2009/019115

PCT/ EP2008/ 059358 38 O OH s" O NNN OO HO

HOO OO0 Il HNNd HNANONOHHO C ene

5); 09 191 PCT/ PZOO% 059358 H 39 OH N
O
H

HO O
(Scheme 6).

The quantum dot is represented as a black circle and an appropriate acceptor
molecule is represented by the cyanine-dye CY 7.

In a further preferred embodiment, the quantum dots in the probe of the formula
(I) are connected to gold-nanoparticles via a proteolytic cleavable subunit
(Scheme 7):

HO
i o § §
o N " H\)\\N/\/
H H 0
HN\)J\N 0] N
H °© H o
Cl

(Scheme 7).

The quantum dot and the gold-nanoparticle are represented as a black circle.



HONN/ O HNOHOHO d O\ H OS\\ HNO/ \ O
N+ NOS HOte. O (Schenme 6). The quantum dot is
wo eppesant ed as a bl ack circle and an appropri BEBEEP2008/059358
acceptor 5 nolecule is represented by the cyani ne-dye
Cy 7. In a further preferred enbodi ment, the quantum
dots in the probe of the forddla (1) are connected to
gol d-nanoparticles via a proteolytic cl eavabl e subunit
Schene 7): OOH |It"e HOOOjgHNOJ-HNO HNO
Gonl papparticles (Astifsirbavg begnshguarasueiferiiveagnchers for organic

o NI s oo BRBIA P Bo R or i ot i
corndmepiantwitl AANPAUSRS). disuiesditenVExDgs 126580 f ecti ve
gquenchers for organic fluorescent dyes as well as for

guantum dots. The application of gquantumdots in
In a further preferred embodiment, the probe of the formula () consists of a multi-

FRET system wherein two specific protease probes are covalently linked together
(Scheme 8):



conbination with AuNPs is e.g. disclosed in

W2006126570. 5 In a further preferred enbodi nent, the
w@embeiaisthe forrmula (1) consists of a nulti - PERER2008/059358

system wherein two specific protease probes are

covalently linked together (Schenme 8): WO 2009/019115

PCT/ EP2008/ 059358 41 OH N ¥CO02HCO2H 0 HO2C / p \ p

PHIO HAN NOHNHNHO  ~C ONN NN HH 0O
HONHN O HO S-p ONH % %6OHp s O O HNOH O -N+
ONH HOOHN:r"' I\ \ O/ |

HN” S0
0
OH
N N
" g H
© N N
0 N

(Scheme 8).

In this configuration it is possible to excite at a single wavelength and use the
different emission ratios as unique FRET signatures (K.E Sapsford et al., Angew.
Chem. Int. Ed. 2006, 45, 4562- 4588). This probe combines two specificities in

one molecule that is a scaffold for caspase-1 and a scaffold for caspase-3.
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OONH NN H O0O-/ HOS\  / 10 \ 0IS O™ (Schene

8). In this configuration it is possible to excite at
wa2@pnglies wavel engt h and use the 5 di fferent ePdBEPIING/059358

rati os as uni que FRET signatures (K E Sapsford et al.,

Angew. Chem Int. Ed. 2006, 45, 4562- 4588). This

probe conbi nes two specifici#2es in one nol ecul e that

is a scaffold for caspase-1 and a scaffold for

caspase-3. WD 2009/ 019115 PCT/ EP2008/ 059358 42 In a

further preferred enbodi nent, the probes of the

i 0 bl AT LBy B BB e o

hawem@ﬂi@durémlawreﬁ@enhavehigermnvdrerzécdw@@aﬁorﬁ @ eant
in the near-infrared 5 spectrumafter enzyne
quenreheilysASCeriarar kSF%WB@*"abQ@%@@@ﬁ%@MF e neagindrared

PS8 KISF ShPONE LA TRKK SO B el grar
corbd)lyrmeo(ﬂartialgsmeﬂrrce(yajdlﬂehqderte)glﬁlcele nmﬁnyed pelyHelysine] onto
MR B S TS eSS TS B B P e
qu&%@éérﬁée et %@cr@ﬁ%dﬂléé’ ISCHCI%EWGGNJ%CP 'E)‘"u%’fB F?r'it%ﬁ?a?

an exanple, Schene 9 sho ner-b
querarsrpra@ oy the highed enraily sandnelose proxauity @r‘rtruac NJR+cbrarhephores.
pol y-1ysi ne backbone of D and/or L- lysine is
achieved via a linker at the C-term nal side whereas
As tdhexXdnble NS eRNBRB Y shdéws a- p'i)lyrﬁerabé%’dléﬂspa\é'em probeBEre the

at the N-termnal side: WD 2009/019
compEentippxd dsicothewdy-lysine backbone of D- and/or L- lysine is achieved via

a linker at the C-terminal side whereas the NIR-chromophore Cy 5.5 is attached

via a linker at the N-terminal side:



43 ¢y5.5 ¢&¢y5.5 I I NHHN C OCl O OOOOHNHN O

O HNNHNNOO ,~NHNH OOHOOHHNOHN O
woOkPEG11DO ONNNNnN HHH OO O NHWEG NHMPERP2008/059358

(Schenme 9). The inverse situation is shown in Schene

10, where the connection of Ato the 5 poly-Ilysine

backbone of D and/or L- |ys#8e is achieved via a

linker at the NN termnal side whereas the

NI R-chronmophore Cy 5.5 is attached via a |inker at the

C-terminal side: WO 2009#9%9115 PCT/ EP2008/989358 44

/Cy5.5 N ONHOOHN%.S ONH -~ NH

g

HN o

Cl O cl

T AT
ﬁ*w ﬁ*m

0~ TOH 0~ "OH
Kg\’( }/(’i ﬂ/5’;'\‘HMPEG
\i;\lHMPEG \i;\IHMPEG
(Scheme 9).

The inverse situation is shown in Scheme 10, where the connection of A to the
poly-lysine backbone of D- and/or L- lysine is achieved via a linker at the N-
terminal side whereas the NIR-chromophore Cy 5.5 is attached via a linker at the

C-terminal side:



CNCl 0 OO ONHOHNO ON G HNONHI'NHHNDO

OHHN OHNONHWEG OONNNNRN HHH OOO
WORNPEGINHVPEG ( Schene 10). WO 2009/ 019115  PCT/EP2008/059358

PCT/ EP2008/ 059358 45 In a further preferred

enbodi nent, the probes of the formula (1) are designed

to be used in an honbgeneoud44enzyne |inked

| um nescence assay. The followi ng schenme shows the

above- nenti oned nechani sm of action generically. The

luciferine is a subst®afe for luciferase and a

| um nescent signal N'will be generated 5 by a second
enzymatic reaction,) ONNCOOH A NS S H specific
cleavage N N H2N S S

0N

HO HN |
\/Leso NH
HN/éj

HN

O O

O
N

”“JKQ
0] NH O

j/ NH

O

HN /E OH
HN/gO HN S0 NHMPEG
0 0

H H
> N N N N
H H Hn
o 0 o
NHMPEG NHMPEG

(Scheme 10).



Luciferase ~ NNO H2N a S S The follow ng schene
shows the above-nenti oned nechani sm of action, were

wo camodenihe i s masked with a PCT/EP2008/059358
pyri dazi nodi azepi ne-derivative and |iberated through
10 the proteolytic activity of said caspase-1:. WO
2009/ 019115 PCT/ EP2008/ 0593585 46 0 O ONOH NHN
NNHOONN HOSI N specific cleavage ~COCH N N
COON H2ZN a S S Luciferase N NOHZN a S S The _

In a fiyéraripsaferiad erebodigment b etprohesef fsdformula fragedesigned to

ve sef il B E I RIareD8 &N 3e IMGCTRATSSBEhES aBrot, the following

scmmef BRoAE the Gbovesn@itidreatraetydnismeszcnes ,geﬁ@ﬂbalge The
one caspase or sever al caspases, in 1nvitro

|UCH§@%‘§/§ a ﬁHb%té@t?§06|NCIfﬁra|$ﬁl&ﬂdc%lqrﬂl'ﬁﬁﬁc%?tééﬁﬂ% il be generated
formng an inhibitor for an
by%ﬁ%#@ﬁgugk§ﬁggFggééﬁﬂﬁ enzyme or a group of
proteol ytic enzynmes intQ a,selegfiyedormgi ng probe
for these individugl p 201 Wi ¢y effzyme or group of
proteol ytic enzy aspase enzynes. To
achieve this we ﬁepl ce the 0 electrophilic groups of
certain known caspase inhibitors with a scissile amde
bond.

specific cleavage

COOH
HN/E;[HJ/

2

I Luciferase

— ¥
H,N S S

2

The following scheme shows the above-mentioned mechanism of action, were
luciferine is masked with a pyridazinodiazepine-derivative and liberated through

10  the proteolytic activity of said caspase-1:
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Preferred conmpounds are synthesized in a way that a

detectable signal is generated by the enzymatic (e.qg.
w@embeollyiic) activity of a specific target. PCT/EP2008/059358

Particularly, preferred probes conprise internally

guenched fl uorophores (e.g. appropriate FRET-pairs)

linked to (i) the specificitg6determ nant A at the N

15 termnal portion of the scissile bond and (ii) at

the C-termnal portion of the scissile bond. The

invention allows forQthe transfer el ements of

desirabl e and prew6us timzed properties of
known i nhi bitors (i nt & novel SactH vity based probes. WO
2009/ 019115 Pgr/ 0 58 4 47 Caspase inhibitors

descri beg-N & privor fart\ ut N+ el ectrophilic

war head posi t o nrnevact i y~ased probes of

t he presen venti orPnake use of said/ known

scaffol ds i ntroduce two mdific&Téx?Nfirstlythe

conversion 0¥ the 5 el ¢ctrophilic warhead \ntg

scissile am de group andpeeia@bidhyagehe M&Qcﬁa of

interacting labelling pairs or property nodul ators on

both sides of the scis$ile amde bound. In vitro, the

reaction of the protease with t$§ HJbstrate of the

invention can 10 génerdl Iy N FPR performed in cell

extracts or with fi%d—((r}ﬁriched forms of the

pr ot ease. FoOrpin ¢0 &ppliBation, the reporters are

preferably emitters in the near infrared (NR)

regi on because that region is absent of interfering

bi of | uor escence. Known|dyaiiétraee Nl R dyes mat chi ng t hese

requi renents are preferably incorporated in the

substrates of the present invention. 15 The nol ecul ar

architecture of conpounds of thesformula (1) consists

of a central scaffoRy N\?kl;z}“ an am de functi onal

group and two sub F 3 L and L2R2 respectively.

L2R2 is, as shigy i f ool aS(I), al ways connected to

scaffold A via an am de group since the am de group

can be cleaved by the caspase enzyne. 20 Appropriate

functional groups for the attachnment of subunits L1 Rl
The spn gy o Telalas B acHetin 65 Me RNl radlepiiat fiobe for
thefbBserpibreAB! cetalieaivigbriRMeaHaivtival prREsiit Bnzyme or

functional groups L' in the precursor conpouhd can be
grauipscd doroteotitic engyatesosdchnas erg.tane caspashmsiseveral caspases, in

in \?’i%ta%ggy?s}r% cgljrs 3 %urrﬁth%eﬁlﬂayio%a%istrﬁse, &ra?g&ehzé'\"d Fnhtirgnsforming
an inhibitor for an individual proteolytic enzyme or a group of proteolytic enzymes
into a selective imaging probe for these individual proteolytic enzyme or group of
proteolytic enzymes, preferably caspase enzymes. To achieve this we replace the
electrophilic groups of certain known caspase inhibitors with a scissile amide bond.
Preferred compounds are synthesized in a way that a detectable signal is
generated by the enzymatic (e.g. proteolytic) activity of a specific target.
Particularly, preferred probes comprise internally quenched fluorophores (e.g.
appropriate FRET-pairs) linked to (i) the specificity determinant A at the N-
terminal portion of the scissile bond and (ii) at the C-terminal portion of the scissile
bond. The invention allows for the transfer elements of desirable and previously
optimized properties of known inhibitors into novel activity based probes.



10

15

20

25

30

the conpound of the formula (1) are limted only by
the requirenent of the 25 synthesis strategy and the
wo eovalo1aas® of such substrate as an activity baBemEP2008/059358
i magi ng reagent. Thus their selection will depend
upon the specific reagents chosen to build the
desired substrates. Exanpl es46f functional groups L'
whi ch can be provided on scaffold A to connect A wth
the subunit L1 R1 include fluoro, chloro, brono,
cyano, nitro, amno, azido, alkylcarbonylam no,

CaPRO R iR AgFeen BBk REFDER Ky plecirariyyp warhead in P

positiyh ORye actlitydas@uqroeosyiheapnesent ihoanticrkmaka use of said
car bon- carbon doubl e bond, a carbon-carbon trip

kngyn gcatiplds @R infreducevive ﬁ}@ﬂé‘ﬁ@?l@’bﬂi dirgthatis %“Vefﬁip'ﬂl G’éthe
eleg@?@mg\@éﬁg%%gﬁg aosj%ss({lggnrﬁlgggfagég 1ha scegPBdIXI;tg? positioning of

mte:racbtag taeliohey, pairs er mpbayﬂ%mbabmrsion lioth eidea of the scissile
r’ryﬁ‘g arbon triple bond. Thus, L is preferably a
amiz& e‘t'n ond or a group selected from,N NN,
-(NRx)-, -0-, -CN, -C(=0-, -C(=O0-NH, -NHC(=O) -
-C(=OH, - 5 CRx=CRy-, -C=C and phenyl, wherein Rx
In vaitrd Re reactiomdtiherprotadse Withotheg Sibst@dg af Kyd invention can

aekgHPE T reelnae BT e BB g iR B araned forms of
thef prdtddsen For 6 VO BppRedtibna ted RigeRteds abs pieTsidbieeBittdtH s the
10 allows for a separate deErot ection so that” each

nearingaged (NIRkeoinmbeeauserthatragieomis aisent af interfering

oFLEAbY AR RS IR AL SUTBR

prefér@ibBcincopogatedis thesubsteates of Heopedent nvehtional i ti es
can be chosen by those skilled in the art, and are

sunmmarized in T.W G eene and P. GM Wits in

o EGLELIR RRUES o Py AETOS eYE BETLRD B 5 con
scdﬁol@#ﬂ&e(ﬂﬂg(mafrﬁ@é fle)ctional greupraewgmmbmgrﬁsamﬂ%ﬂrmd L2R2
as, descri be

reSPREtali kRIS, BRI P EUE: (BneMeDsrgRsted to scaffold A via
an WHae &P sine8 iie ahfide YAipIeaPte MRNREAR2Pe caspase enzyme.
Appropriate functional groups for the attachment of subunits L1R1 to scaffold A
can be chosen by those skilled in the art, and examples are given below. The
specific functional groups L’ in the precursor compound can be placed on the
scaffold A for the attachment of suitable L1R1 subunits to yield the group L within
the compound of the formula () are limited only by the requirement of the
synthesis strategy and the final use of such substrate as an activity based imaging
reagent. Thus their selection will depend upon the specific reagents chosen to
build the desired substrates. Examples of functional groups L’ which can be
provided on scaffold A to connect A with the subunit L1R1 include fluoro, chloro,
bromo, cyano, nitro, amino, azido, alkylcarbonylamino, carboxy, carbamoyl,
alkoxycarbonyl, aryloxycarbonyl, carbaldehyde, hydroxy, alkoxy, aryloxy,
alkylcarbonyloxy, arylcarbonyloxy, a carbon-carbon double bond, a carbon-carbon
triple bond, and the like. Most preferable examples include amino, azido, hydroxy,
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20 W0055127; W0105772; WDOO 190063; WO03024955;

W03106460; W03104231; W03103677; W G Harter,
w@emonpiidved. Chem Lett. 2004, 14, 809-812; PCT/EP2008/059358

Shahri pour et al., Bioorg. Med. Chem Lett. 2001, 11,

2779-2782; Shahripour et al., Bioorg. Med. Chem

2002, 10, 31-40; M C. Laufed8weiler et al., Bioorg.

Med. Chem Lett. 2005, 15, 4322-4326; K T. Chapnan,

Bi oorg. Med. 25 Chem Lett. 1992, 2, 613-618; Dolle et
cyano, caphoxye earkameoyl, aarbaldehgde 19 cartwg-canbon doullemera

car%%naéarggﬁgrﬁ)ﬁé%oglﬁfe?hugl_oglr gr%?qt{'/églyécﬁg%ﬁt]og@gg%gﬁ%% selected

from880-7892; D. J. Lauffer et al., Bioorg. Med. Chem
Lett. 2002, 12,1225-1227; C. D EI lis et al., Bioorg.
“"Med. Chem Lett. 2006, 16, 4728-4732; P. Tawa et al.,
N | Death and Differentiation 2004, 11, 439-447; WO
\,\f/g’ 9/ 019115 PCT/ EP2008/ 059358 49 Mcale et al., J.
Chem 2004, 47 6455 6458; Berger et al.

LARGEl-O- -
J. glcgl( Cfxg;ﬁm 1998 27 (49;@2 63608an§|2—|g?g%§ The SOM,

CRxr&ynt -CFueand oheaylswhe&uaﬂ:bsamdal?a aretimaepeingentlirél or (Cq-
C)%Iﬁg{])aration of a conpound of the fornula (1)
6 acterized in, if nis 1. (a) a conpound of the
formula (I1) 10 L'-A-CO-OH (I1) wherein Ais as
defined above in its generic and preferred neani ngs
In pardicular,ithe prefgsied, syoesi®of & compouagdaidornmilad b malkasiase of

oty Friisi RERL AT ddnagasret .o dfitccive groups

allcbwsifcﬁWse@rbt@(deprbEecﬁle|S@Xthat ahdy Faleassnitnesynality in turn can
| car bonyl oxy, a carbon-carbon doubl e bond,

be dehes Eeanibaly Tanfulaied dawaisisdhe Ageomant Rbihexsarersponding
ol beaRRR, ABIIRSLe prSRERT0.08 R IR SN GReo
funtctiodalitiesraanpves teoserdbythose, skilzd is theact, edd lanelerg summarized
in BV Geenecrr o M WS ke erive pus Qi iodyBGes"
JohrF‘V\Vl HRE Redokr g&fgarred  nmeanings to a conpound

of the formula (111) L1-R1-L-A-CO-OH (111)
Compounds of the formula L’-A-CO-OH (scaffolds) can be prepared by standard
methods known in the art, e.g. as described in international patent applications
US5670494; WO9526958; WO9722619; WO9816504; WO0032620;
WO00055127; WO0105772; WO0190063; W0O03024955; WO03106460;
WQ003104231; WO03103677; W. G. Harter, Bioorg. Med. Chem. Lett. 2004, 14,
809-812; Shahripour et al., Bioorg. Med. Chem. Lett. 2001, 11, 2779-2782;
Shahripour et al., Bioorg. Med. Chem. 2002, 10, 31-40; M. C. Laufersweiler et al.,
Bioorg. Med. Chem. Lett. 2005, 15, 4322-4326; K. T. Chapman, Bioorg. Med.
Chem. Lett. 1992, 2, 613-618; Dolle et al., J. Med. Chem. 1997, 40, 1941-1946; D.
L. Soper et al., Bioorg. Med. Chem. Lett. 2006, 16, 4233-4236; D. L. Soper et al.,
Bioorg. Med. Chem. 2006, 14, 7880-7892; D. J. Lauffer et al., Bioorg. Med. Chem.
Lett. 2002, 12,1225-1227; C. D. Ellis et al., Bioorg. Med. Chem. Lett. 2006, 16,
4728-4732; P. Tawa et al., Cell Death and Differentiation 2004, 11, 439-447;



10

15

20

25

30

25 (b) the conpound (I11) is reacted with a conpound
H2N- R2-L2 to a conpound of the formula (1).

wapiwordhd y, the synthesis of the conpound of PEEEP2008/059358
formula (1) makes use of 30 orthogonally protected
functional groups. Such a choice of protective groups
allows for a separate deproté8tion so that each
rel eased functionality in turn can be further
mani pul at ed chem ca either to attach a label to it

1
Mieale eoal.t héVied Cbewy 6964,1457,@455@2@)@@9986@@-,5\00|ecu|ar Cell,

20008 SRS ER e G T EBan el dife. +8 FlgicSee0s-

32613 si oned functionalities can be chosen by those
skilled in the art, and are e.g. summarized in T. W
Greene and PP.GM Wits in "Protective Goups in

TOOGAESN RRIBIAS) Rischals HELBS B S0Berbo e compouna
of thedoemola (@ hehdractevized (1, )if wset:ein n is 1 conprises 10

(al) the reaction of a conpound of the formula (I11)
with a conmpound of the formula (1V) H2ZN-L2-P& (1V)

(a)gef/gérﬁpéuﬁ%?ﬁ%rr%lat hg formila (V) L' -A- CO NH R2-PQ2

under conditions known to the skilled person, 20
(b) subsequently reacting the conpound (V) with a

conmpound (VI) PGl -Rl1:L{ ) 25 tg.a conpound
PGL- R1- L- A- CO- NH RZECQLQQ/I |_lunder @&nditi ons known to
the skilled person for the respective groups, 30

wherein PGL and PG2 are independent of each other .
whgrein écisiasgdefinegpriove in its generic and preferred meanings and L is

fluoro, chloro, bromo, cyano, nitro, amino, azido, alkylcarbonylamino, carboxy,
carbamoyl, alkoxycarbonyl, aryloxycarbonyl, carbaldehyde, hydroxy, alkoxy,
aryloxy, alkylcarbonyloxy, arylcarbonyloxy, a carbon-carbon double bond, a
carbon-carbon triple bond, preferably amino, azido, hydroxy, cyano, carboxy,
carbamoyl, carbaldehyde, or a carbon-carbon double or a carbon-carbon triple

bond, more preferred amino,

is reacted under conditions known to a skilled person with a compound of the
formula L1-R1-H wherein L1 is as defined above in its generic and preferred

meanings to a compound of the formula (lll)
L1-R1-L-A-CO-OH (1)

(b) the compound (lll) is reacted with a compound H2N-R2-L2 to a compound of
the formula (1).

Optionally, the synthesis of the compound of the formula () makes use of
orthogonally protected functional groups. Such a choice of protective groups
allows for a separate deprotection so that each released functionality in turn can
be further manipulated chemically either to attach a label to it or for the
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preferably orthogonally protecting groups, WO

2009/ 019115 PCT/ EP2008/ 059358 51 L" is the respective
wa@emnectiihg group for L' to be sel ected by theP@EEBRNG/059358

skilled in the art, or bond, (cl) the group P& of

the conpound (VI) is cleaved and the resulting

conmpound 5 is reacted with &0l abel L2, and

subsequently the protecting group PGL is cleaved and

the resulting conpound is reacted wth a label L1 to a

introgipiiemaf birther extensian of the)inker R{ and/emR2 gheriopreate potecting

gro&%%&éﬁ%oé@gs@é{éa gﬁqtléhsw%%cﬁpﬁ%éﬂﬁs{fsygrﬁ{#@skllled in the art,

an@ abs eqy suhivatifed ProvecGieheddiralP. R WatsciheRys@ctiva Groups
the resulting conpound is reacted with a |label L2 to a

in @EFASYeINd of the formula (1). In step (b), preferred
a L ction types (in
Sy RS o ek Aoy SR R L < Fruor o
chloro, brono, iodo, L" is ani no (R-NH2) , hydroxy

A fH%%ﬁ@&Aﬁ"Eé@ B%:]B%r Songig%mrgg%pgﬂ@t 1Loorrn)u1a a) w%lérellr? nis1

CO&EHgé%(I -reaction); when L' is cyano, L" is amno
-NH2), hydroxy (R-OH), thiol (R—SH), 20 when L' is
amno, L" is an activated carboxyli c acid

(a1§&h%§§c}t@bbdf'qm&5unq°g¥ &yfg NV @on Wit gq)rﬁf)gbggﬁatheaformula
|\/phosph| ne noi ety (St audi nger I igation); when L' is

carboxy, L" is amno, hydroxyl, hydrazide; when L' is
al koxycarbonyl, L" is am no, hydroxyl hydrazi de; 25

when L' is aryloxyc " IS hydr oxyl ,
hydrazi de; when L' q{kﬁzﬂgroxy, L" ?R})fluoro chl or o,

brono, iodo, hydroxy (M tsunobu-reaction), carboxy;
L' is carbal dehyde, L" is am no, hydrazine; when
to @COWO@Hﬂwﬁh%&r%ﬂ@é\éhbl e bond, bromp, chloro, iodo
(Heck reaction), an 30 alkyl borane
(Suzuki -reaction);
L’-A-CO-NH-R2-PG2 (V)

under conditions known to the skilled person,
(b) subsequently reacting the compound (V) with a compound (V1)
PG1-R1-L” (VI)
to a compound
PG1-R1-L-A-CO-NH-R2-PG2  (VI)
under conditions known to the skilled person for the respective groups,

wherein PG1 and PG2 are independent of each other protecting groups,

preferably orthogonally protecting groups,
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when L' is a carbon-carbon triple bond,, L" is brono,
chloro, iodo (Sonogashira Reaction), azido. WO
wQee@hel 15 PCT/ EP2008/ 059358 52 Conpounds oPCT/BP2008/059358
formula (1) wherein n is O can be prepared by reacting
a conmpound of the formula A-CO-OH (IV) with a
compound H2N-R2-L2 to the prbbe of the formula (I1). 5
Preferably cysteine protease substrates functionalized
with different |abel are synthesized on the solid
L” sulpgaespedtye qaneesiing Beainsfosil’ tnbe sstecirdbbyetheopenspg skilled in

the%r{g,n%tgq(dl) Wth a peptidom netic 10 structure

M%i ¢ bui | di ng bl ocks may be utilized for the
SO|Id phase synthesis. Building block syntheses are
her described in Exanples 8. Building block (VII)

(C1|)§h% BEIWY B@ZWfGQQ@OFmOUDHéVWﬁthﬁ?é’ﬁg 3yd PegpaulEng compound

s RERERy Rt 5 LA REHREeRl BeBlid i P Dilicaved
and ithvee rdgsiuiting) esrepoured @rr@bb@edawmrbeslatbeermmsanaempﬂ)und of the
e-3 or caspase-8. 20 The probes of the present
ﬁ”Vﬁvgafﬁﬁn are used in the context of nolecul ar imaging
invitro, in cell-culture experinments, ex-vivo
experinments or in a living organism(in vivo),
(c2) e geiupgP &drafding egmpoedindi(Vil)as atdaved andeiferrgsulkibg cbynpound

o B S B PR BT B
and @R (sl htpcdthg o RE R0@50R23REh addbel L2 to a compound of the

formula (1).

In step (b), preferred combinations of L' and L” and reaction types (in brackets)
are as follows:

When L' is fluoro, chloro, bromo, iodo, L” is amino (R-NH:), hydroxy (R-OH),
triple-bond (Sonogashira Reaction), a double bond (Heck reaction), an alkyl
borane (Suzuki-reaction);

when L’ is cyano, L” is amino (R-NH3), hydroxy (R-OH), thiol (R-SH);

when L’ is amino, L” is an activated carboxylic acid (NHS-ester,...), an
carbaldehyde, fluoro, chloro, bromo, iodo;

when L’ is azido, L” is a triple bond, a phosphine moiety (Staudinger ligation);
when L’ is carboxy, L” is amino, hydroxyl, hydrazide;

when L’ is alkoxycarbonyl, L” is amino, hydroxyl, hydrazide;

when L’ is aryloxycarbonyl, L is amino, hydroxyl, hydrazide;

when L’ is hydroxy, L” is fluoro, chloro, bromo, iodo, hydroxy (Mitsunobu-reaction),
carboxy;

when L’ is carbaldehyde, L” is amino, hydrazine;

when L’ is carbon-carbon double bond, bromo, chloro, iodo (Heck reaction), an
alkyl borane (Suzuki-reaction);

when L’ is a carbon-carbon triple bond,, L” is bromo, chloro, iodo (Sonogashira

Reaction), azido.
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The probes of the present invention are intended to be

used for diagnostic imaging of protease activity.
wokev/omies erred are applications which provi dePCTrEP1V0§I659358

of nmonitoring the effect of a drug or drug-like

substance towards the targeted proteases.

Adm ni stration of such a druf2or drug |ike substance

should 5 have a neasurable effect to the signal from

the probe of the present invention. A further nost

preferred aspect of the probes of the present

i NV i [ Scthej i .mag] i :
CopREERRT 1 IRELS (NI erdal SRELAT RE PRAREED tiengiina
corfnpeahdenthe BumalLcALCOLDHANEEwitih al dbigsotrteH SRt P oo thd probe

tumour margin and 10 detection of progression of
of hefeUPuleei)ast asis. Therefore, a further aspect of the

present invention is method of imaging a |living

organi sm conprising: (a) admnistering to said
Prefegaoly systainerprbtease dubstratesnfuhatigriglized svithodiffergmb sabed are

ssi d or%ag'hsm h@ el ectromagneti c radi ati on which
syniResized ORJRe SQid SLRERMf | uor ophore to produce a

detecti ble signal, and (c) detecting said signal and

creating an i mge thereby. Alternatively, the nethod
Foothe synginesis af caspasg pobeasios thecionmuias@swith 200eptidomimetic

strgitpte ) Bl hoR LR B vl Bel s dfneiaes Sntnesis
Bulld@iflh B dcknsyHh&desearel fLRRel HeirpRAGH Exahpies 8duce a

detectible signal; and (c) detecting said signal and
creating an i mage thereby. 25 A "living organi sni my

BullfngBlock () FEbterBiaph B L LT, EPRrcRsdeaid roves. e

thd corpourigerEsampiesal sma?pl , €. 9. a nouse or a rat.
The probes of the present invention are highly
sel ective, whergby a risk of false 30 positives can
be avoi ded. 0 9115 PCT/ EP2008/ 059358 54

Abbrevi ati ong: Dl\k%: y met hyl f ormam de DMSO =
di met hyl sul f &xi de N

< OH

> %o

)

(VII).

The probes of the present inventions are preferably probes for caspase-1,

caspase-3 or caspase-8.

The probes of the present invention are used in the context of molecular imaging
in vitro, in cell-culture experiments, ex-vivo experiments or in a living organism (in
vivo), including screening and whole animal imaging. Mostly preferred are imaging

modalities such as optical imaging and magnetic resonance imaging (MRI).
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DCM = di chl oromet hane 5 equiv. = equivalents sat. =
saturated THE = tetrahydrofuran D PEA =

waledosomepyl et hyl am ne HOAt = PCT/EP2008/059358
1- Hydr oxy- 7- azabenzotri azol e 10 HATU =
O (7-Azabenzotriazol -1-yl)-N, N, N, N tetramet hyl uronium
hexaf | uor ophosphate, NHS = 8Bhydr oxysucci ni m dyl
ester Ceneral Procedure for Solid Phase Peptide

Synthesis: 15 The foll ow ng probes were synthesized
The $rekessobthedarasedinejivasarepaiendad to Herntsedsis diagnestic

S 3 Bithetd pol . M PrefRBeuate SPolfo BRI pilite

meiod¥ofRbditeriey theegfact of afdriy Braruglike saosteate towddblthe
and the reaction m xture was added to the resin

targeteddiratpases 4Adminiskatiay) of sued & 6@{9 Progrugi likeubsianse should
ha\%‘ﬁl?ﬁ%aﬁ}r?ﬁ%%ﬁc? %Bﬁ@oﬁrﬁﬁ%@b e of th8 pré@éﬁtqn\\/@rﬁlon

washe eprotection th
resin was treated two tines for 15 mnutes w th 30%

i peridi olutio For soli phase pe
A Tt Die et o AsPeLiH 16 PEoaRa e BiSSent UalRnon s their use
as Frﬂﬁ%ﬁégggﬁt%‘?ﬁ s@fﬁvé‘éﬂ gf@ﬁéﬁce”’ar?oqw MonRbr tHé-@ﬁecﬂo?%U%al
of { and [

EA 25 were solved in a
treafinxenir Surgicabgwme(lmmwes Thedeteaton oh turhaunumargiasnd

L f 20 mi dth
aefilioh B B a5 0L oh LR MBS i xtur e vae Shaken

for 2 hours or longer if the Fnoc-protected am no acid
were sterically hindered. For cleavage fromthe solid
Thgwﬁ@r@, atfhéhere@weqtv@&ther rrgseat inventions i MeiRodroforgingoa living
%Pq{] g} nutes. The sol vent was coevapor at ed
3 Bti8Ae under reduced pressure and the final

(a)Mo@ﬁntsiterWﬁgstommd or@shiby dem@@r(ﬁtthé%rnhﬂHé@),( Gradi ent :
H20+0, 05% TFA; 5 to 95% CH3CN). WD 2009/019115

(b) RsPOBIDgCRRY QEIATHSM tg@lec@@émgr@t@ ra@:@%‘ﬁaé’@@h 6?‘@% non-
quenched fluorophore to produce a detectible signal, and
(c) detecting said signal and creating an image thereby.

Alternatively, the method of imaging a living organism comprises:

a) administering to said organism a probe of the formula (1),

(b) exposing said organism to electromagnetic radiation which excites fluorophore
to produce a detectible signal; and

(c) detecting said signal and creating an image thereby.

A “living organism” may be any live cell or whole organism comprising the
cysteine protease to-be-detected, preferably the living organism is a mammal, e.g.

a mouse or a rat.

The probes of the present invention are highly selective, whereby a risk of false
positives can be avoided.
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N O ,/N NH N OO OH \ SS~-OHO NOOOH NHN

HO HNOHOOHO NHOO NH ONO ~ HO The
wa@ewpowids was prepared on solid-support accor dPCEPIN0S/059358

the general procedure and purified by HPLC (H20+0. 05%

TFA; 4-95% CH3CN). Cal cul ated: [MrH + _ 5 1569, 70,

found: [M+Hl + = 1569, 45. Yi ebd: 54% WO 2009/019115

PCT/ EP2008/ 059358 56 Exanple 2: Caspase-1 probe -N

Abgreviations:

DMF = dimethylformamide

DMSO = dimethylsulfoxide

DCM = dichloromethane

equiv. = equivalents

sat. = saturated

THF = tetrahydrofuran

DIPEA = diisopropylethyl amine

HOAt = 1-Hydroxy-7-azabenzotriazole

HATU = O-(7-Azabenzotriazol-1-yl)-N,N,N’,N-tetramethyluronium
hexafluorophosphate,

NHS = N-hydroxysuccinimidyl ester
General Procedure for Solid Phase Peptide Synthesis:

The following probes were synthesized using standard solid phase peptide
synthesis. The 2-chlorotrityl-resin was used as solid support. For the loading of
the resin, 2 equiv. of Fmoc-protected amino acid and 3 equiv. of DIPEA were
solved in DCM and the reaction mixture was added to the resin (loading: 1.4
mmol/g). The reaction mixture was shaken at room temperature over night. The
resin was washed with DCM and DMF. For Fmoc-deprotection the resin was
treated two times for 15 minutes with 30% piperidine/DMF solution. For solid
phase peptide synthesis a standard protocol was used: 4 equiv. of Fmoc-
protected amino acid, 4 equiv. of HATU, 4 equiv. of HOAt and 8 equiv. of DIPEA
were solved in a mixture of DCM/DMF (1/1). The reaction mixture was stirred at
room temperature for 20 minutes and then added to the resin. The reaction
mixture was shaken for 2 hours or longer if the Fmoc-protected amino acid were
sterically hindered. For cleavage from the solid phase, the resin was treated with
5% TFA in DCM two times for 15 minutes. The solvent was coevaporated with
toluene under reduced pressure and the final product was purified by preparative
HPLC (Gradient: H2O+0.05% TFA; 5 to 95% CH3sCN).



,INN xH N OOHOO4 OH NNN OHO HOOHDO

H N OF~ O NHOOO NHO1\\HO O The conpound
wor®ptEapar ed on solid-support accordi ng to thECEP®N&59358

procedure 5 and purified by HPLC (H20+0. 05% TFA,

4-95% CH3CN). Cal cul ated: [M+H += 1583, 73 found:

[ MPtH + = 1583, 2. Yield: 72% 5%0 2009/ 019115

PCT/ EP2008/ 059358

Example 1: Caspase-1 probe

.7
N
N
N
N
0]
Os /OH
Sx
O 0
() "
0]
. 0 S
N N N
o H 0]
HN 7

The compound was prepared on solid-support according to the general procedure
and purified by HPLC (H20+0.05% TFA,; 4-95% CH3CN). Calculated: [M+H]" =
5 1569,70, found: [M+H]" = 1569,45. Yield: 54%.



57 Exanple 3: Caspase-1 probe 0O O HOSI N 1i 1 NN

H OI INHNNOOHOHNOOOCKHOHOI HNI-NO ON
woRMIDIDH O Hy J?A cl The conpound was prepeCEHPIING/059358

sol i d-support according to the general procedure and

purified by HPLC (H20+0. 05% TFA; 4-95% CH3CN).

Cal cul ated: [MtH + = 5 1591, %6 found: [MtH + =

1591,50. Yield: 66% Exanple 4: Caspase-3 probe N O

\\ OHS NON OVl \ HNHNO ONHOHOOOO
Example 2: Caspase-1 probe

/

N

ZT

HO

Ir=z
o
o
Ir=z
o

The compound was prepared on solid-support according to the general procedure
5 and purified by HPLC (H,0+0.05% TFA; 4-95% CH3CN). Calculated: [M+H]" =
1583,73 found: [M+H]" = 1583,2 . Yield: 72%.



HN N'~N NANNv NOH ":A O=0=0000O0OHHIY
OH WO 2009/ 019115 PCT/ EP2008/ 059358 58 The conpound
wor®ptEapar ed on solid-support accordi ng to thECEP®N&59358
procedure and purified by HPLC (H20+0. 05% TFA; 4-95%
CH3CN). Calculated: [MtH + = 1517,66 found: [ MtH + =
1517,55. Yield: 59% 5 Exanpbé 5: Caspase-3 probe O
\SCH O HNONHOHHOO OO OHOHOHOHONNN
NNNNI\IO—I HHHH= O0O=0=00CHONH NN N
gD pivbena PreR&@par ed on sol i d- support accordi ng
to the general procedure and purified by HPLC

(H20+0. 05% TFA; 4-95% CH3CN). Cal cul ated [M+
Hoj;ig found: [ M+Hl + = 1546, 35. Yl/é/ﬁ

The compound was prepared on solid-support according to the general procedure
and purified by HPLC (H,0+0.05% TFA,; 4-95% CH3CN). Calculated: [M+H]" =
1591,19 found: [M+H]" = 1591,50. Yield: 66%.

Example 4: Caspase-3 probe

HN )



10

WD 2009/ 019115 PCT/ EP2008/ 059358 59 Exanple 6:
Caspase-8 probhe OOOO H ~H~H""~AFi2N NN NN

wO 20000MiIOH HHH O= 00 O NH HO O OH HN O PEIMEP2068059358
N~ N OS-OH N The conpound was prepared on
sol i d-support according to the general procedure and
purified by HPLC (H20+0. 05% 3&A; 4-95% CH3CN).
Cal cul ated: [MtH + = 5 1523,45 found: [MH + = 152325.
Yield: 55% Exanple 7 ON N OHOOH / O(VIl) W

The co01@L9Y VB PIELEFSYD 08/s08d35@PoB@CBArd iy iyths @eneralprogedure

anff B8 By BUSER BRI PREFTRA; LS TRIGRE LHGIIRRE PR -

1517,66 found: [M+H]" = 1517,55. Yield: 59%.

Example 5: Caspase-3 probe

Oy NH OH HO.__O
o 0 °© o 0 Q
(o~ A A o I o I K
. 0~ "N N <" N "N ~~ TOH
H H : H : :
o) o) o o) ;

0o NH

/,
z

/N\

The compound was prepared on solid-support according to the general procedure
and purified by HPLC (H,0+0.05% TFA,; 4-95% CH3CN). Calculated: [M+H]" =
1546,79 found: [M+H]" = 1546,35. Yield: 61%.



Exanpl e 8: Caspase-1 biol um nescent probe 5 0 HO N %
O NN OO HOOXX HN CN S N OH The conmpound was
w@e@parads on sol i d-support, starting from PCT/EP2008/059358
6- Fnoc- Ami no-D- Luciferin, according to the general
procedure and purified by HPLC (H20+0.05% TFA; 4-95%
CH3CN). Calcul ated: [M+H + =5972.82, found: [MH] +
=773.15. Yield: 10 13% WD 2009/019115
PCT/ EP2008/ 059358 61 Cdainms: 1. Ml ecular probe for
Pageea HERO&Hf the formula (1) 5
{Ll R1- L}n A—CONH- R2-12 (1) wherein Ais a group
A €¢; 10 Rl is alinker; R is a
A bond or a group allow ng for
the group L1; L1 and L2 are,

bond or a |4
a facile ca

i ndependenat ~f"each er, at | east one | abel
optvlﬁzally bcwnd 0 a 15Hsol i supportvﬁ\d nis 1,
H,N N N
? N : N .
: H : H : /ﬁ( OH
DU R
0 NH HOlO OH

7"~ OH

/N\

The compound was prepared on solid-support according to the general procedure
and purified by HPLC (H,0+0.05% TFA,; 4-95% CH3CN). Calculated: [M+H]" =
1523,45 found: [M+H]" = 152325. Yield: 55%.

Example 7

N ) OH
>lH O

(VI1)



or 20 R2 is a bond; L2 is a substrate, suitable for a
coupl ed bi ol um nescent assay; and n is 0. 2. Probe
waewondiingy to claiml, wherein the caspase i s PCT/EP2008/059358
caspase-1, caspase-3 25 or caspase-8. 3. Probe
according to any one of clainms 1 to 2, wherein L is a
direct bond or a group sele6bed from W 2009/019115
PCT/ EP2008/ 059358 62 , N NN - (NRx) - 0-, -C;N-
S TR« s Bl NH (=0 -, -C(=OH, - CRx=CRy-,
Buildirg blegkd(\) émlbeawe@aredacmﬁ@magoéhepro&w@pée]demmtged in
C6) al kyl. 5 4. Probe according to any of
VV§$??%%&§Ito 3, wherein RL or R2 is a straight or
branched chain al kyl ene group with 1 to 300 carbon
atons. wherein optlonally (a) one or nore carbon atons
ple diCaspape;] biglyminescent Pbe cul ar wherein every
thlrd carbon atomis replaced by oxygen, e.g. a
poylethyleneoxy group with 1 to 100 ethyl eneoxy
nd/ or %g (b) one or nore carbon atons are
itrggen carrying a hydrogen atom and
atons are substituted by oxo,

an am e ~~ ction -NHCO; and/or (c)
e repl aced by an ester
f upet onC>@43ﬂ; oo bet ween two adj acent

atonms is a oubIe era triple bond; 15 and/or
0 adj acent carbon atonsg e replaced by a
y de |inkage. 5. Probe &cc 'ng to any one of
g 1 to 4, wherein |abel L 2 are
|ndependently of each other a spectroscoplc probe such
Thasomﬁdulmdrmbre@ared 20 sglidrstipporipstaginghiromdphoms-Agino-D-

Lu&?egneta'cgor%rlnogb% thd gce%retralaproce&?r%eangd purlflrg&I bef HlP?_C (H20+0.05%
TFA; 4-95% CH3CN). Calculated: [M+H]* = 772.82, found: [M+H]* =773.15. Yield:
10 13%.
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which is one part of a specific binding pair which is
capabl e of specifically binding to a partner; a
wordoeowies coval ently attached to a solid suppopPCT/Ertves/@s93ss
the support may be a glass slide, a mcrotiter plate
or any polyner known to those proficient in the art;
a bionolecule with desirabl e6énzymatic, chem cal or
physi cal properties; 25 or a nol ecul e possessing a
conmbi nation of any of the properties |listed above; or
Claimsposi tively charged |inear or branched pol ymer. 6.
Probe according to claimb5, wherein |abel L1 and L2
are i ndependently of each other bound to a positively
1. chanistularnseabe d6r dyisea1ad @roteabysref theVibrraQRY1P19115
PCT/ EP2008/ 059358 63 7. Probe according to claim 6,
wherein one label L1 and L2 is a |linear
pol y(ar gi ni ne and/ i pi ne with,6
argi ni ne resi Jg§1q? AN Sggggqgggb?dlng tomgny one of
clains 5 to 7, wherein L1 is one nember and L2 is the
ot her nenber of two interacting spectroscopi c probes
whefein L2. 9. Probe according to claim8, wherein L1 /
L2 is a FRET pair. 10 10. Probe according to claim?9,
wherein one L1 / L2 is a fluorophor selected from
A |§b@¢@u§5@eo%i1liﬁﬁléﬂy% agpserari n,
5/ 6- car boxyt | uor escei n, Al exa 488, ATTO 488, DY-505,
5/ 6- car boxyfl uorescein, Al exa 488, Al exa 532, Al exa
R134% inkAl.exa 555, ATTO 488, ATTO 532,
3T Ane ‘hyl rhodam ne, Cy 3, DY-505, DY-547, Al exa
R268 %, baNdeorea Gdiker; ATTO 600, ATTO 655, DY-632, Cy 5,
DY- 647 Cy 5.5, and .15 the other |abel L1/ L2 is a
L igjadeedar %QW%%@W‘%W&W? CO%’S@?P” OBflRg groupdyl; 3s,
L1 H@ 12 a@Yn% MHER 885 h Qtf'@ |é£§€bﬁé?a@e| Q&I% fity bokind to a
robe accor |ng to any one o alns inn
solicssuppdrRR angl a bond and L2 is a substrate, suitable
.fﬁr a coupl ed bi ol um nescent assay characterized 20
a nodi fied am noluciferin or a carboxy-term nal
protected derivative thereof as a reporter group,
whi ch upon cl eavage fromthe central scaffold A can
orgenerate a |um nescent signal through its conversion
by a luciferase. 12. Sel ective caspase-1 probe
according to any one of claims 1 to 11 25
R2Gbarmsieri zed in a conpound 1. - 28. of the table

below. 1 O . .
L2 is a substrate, suitable for a coupled bioluminescent assay; and

nis 0.

2. Probe according to claim 1, wherein the caspase is caspase-1, caspase-3

or caspase-8.

3. Probe according to any one of claims 1 to 2, wherein L is a direct bond or a

group selected from
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HO NO NYHOOH preferably in the configuration:

WD 2009/ 019115 PCT/ EP2008/ 059358 64 0 HO N O NY H
wO@2@09814A15HO N O N HXY,NOON HH C prelfErPab$Y59358
in the configurationn. HO ONNO HX YENjP ONHH

a 3. 40 O0\S O
62

e

N’N
A\
N

%/
, -(NRx)-, -O-, -C=N-, -C(=0)-, -C(=0)-NH-, -NH-C(=0)-, -C(=O)H,
-CRx=CRy-, -C=C- and phenyl, wherein Rx and Ry are independently H or
(C1-Cs)alkyl.

4. Probe according to any of claims 1 to 3, wherein R1 or R2 is a straight or
branched chain alkylene group with 1 to 300 carbon atoms, wherein optionally

(a) one or more carbon atoms are replaced by oxygen, in particular wherein every
third carbon atom is replaced by oxygen, e.g. a poylethyleneoxy group with 1 to
100 ethyleneoxy units; and/or

(b) one or more carbon atoms are replaced by nitrogen carrying a hydrogen atom,
and the adjacent carbon atoms are substituted by oxo, representing an amide
function -NH-CO-; and/or

(c) one or more carbon atoms are replaced by an ester function —-O-CO—;

(d) the bond between two adjacent carbon atoms is a double or a triple bond;
and/or

(e) two adjacent carbon atoms are replaced by a disulfide linkage.

5. Probe according to any one of claims 1 to 4, wherein label L1 and L2 are
independently of each other a spectroscopic probe such as a fluorophore; a
quencher or a chromophore; a magnetic probe; a contrast reagent; a molecule
which is one part of a specific binding pair which is capable of specifically binding
to a partner; a molecule covalently attached to a solid support, where the support
may be a glass slide, a microtiter plate or any polymer known to those proficient in
the art; a biomolecule with desirable enzymatic, chemical or physical properties;
or a molecule possessing a combination of any of the properties listed above; or a
positively charged linear or branched polymer.

6. Probe according to claim 5, wherein label L1 and L2 are independently of

each other bound to a positively charged linear or branched polymer.
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,NX OHY (Rn wherein Ris (Cl1-C5)al kyl, phenyl,

(C5-C6)cycloal kyl; and n is 1-3; WO 2009/019115
weEFanbaPADD8/ 059358 65 4. 0 OH O . R R2 a' D R&A/KEP2008/059358

Y R3 preferably in the configurationn O OHO .S R

R2 HX Y R3 wherein Rl is hydrogen, (d -C6)alkyl,

aryl or -CH2-aryl, R2 and R36are independently of each

ot her hydrogen, or an aryl, substituted aryl,

heteroaryl, substituted heteroaryl, cycloal kyl,

substituted cycl oal kyl, heterocycle, or substituted

7. bt R Ratrdng G i b el Site el FF R 4m et
R e G, et S, OFas” SIENRE. (o1

C6) al kyl , NR5SC2, CH2CHR5, CHR5CH2, COCH2 or CH2CO

8. mef’ﬁd%cé%drélngqg%ﬁ’@%%?ln 58 vaéigln@ ééb%lﬁnember

and $ 2iis trepethee nteryb&r dfows; interacting spectroscoplc probes L1/ L2.
9. Probe according to claim 8, wherein L1 /L2 is a FRET pair.

10.  Probe according to claim 9, wherein one L1 /L2 is a fluorophor selected
from Alexa 350, dimethylaminocoumarin, 5/6-carboxyfluorescein, Alexa 488,
ATTO 488, DY-505, 5/6-carboxyfluorescein, Alexa 488, Alexa 532, Alexa 546,
Alexa 555, ATTO 488, ATTO 532, tetramethylrhodamine, Cy 3, DY-505, DY-547,
Alexa 635, Alexa 647, ATTO 600, ATTO 655, DY-632, Cy 5, DY-647 Cy 5.5, and
the other label L1/ L2 is a quencher selected from Dabsyl, Dabcyl, BHQ 1, QSY
35, BHQ 2, QSY 9, ATTO 540Q, BHQ 3, ATTO 612Q, QSY 21.

11.  Probe according to any one of claims 1 to 4, wherein nis 0, R2 is a bond
and L2 is a substrate, suitable for a coupled bioluminescent assay characterized
in @ modified aminoluciferin or a carboxy-terminal protected derivative thereof as a
reporter group, which upon cleavage from the central scaffold A can generate a

luminescent signal through its conversion by a luciferase.

12.  Selective caspase-1 probe according to any one of claims 1 to 11
characterized in a compound 1. — 28. of the table below:

1. O

HO
N o)
N

_ N
YN 90" H

preferably in the configuration:




WD 2009/ 019115 PCT/ EP2008/ 059358 66 6.
QOO YENH" NN NXH=H O= 7. HO 0

WO2009M9IN N~ N X =HH O= OH 8. (Ca)n N PCHE
-,/ NNO HOOOH whereinnis Oor 1; 9. YN
N NHNO =

64
0]
HO
N 0
N
7 N X
2 HQO
N o)
N
Y\N/(;)‘\ O o7 N X
N H
Cl
preferably in the configuration:
HO
N o)
N
Y\N/(;)‘\ O o7 N X
N H
Cl
3 OH
O\ //O O
\S\
N X
Lt
O
Y (R)n
wherein R is (C1-Cg)alkyl, phenyl, (C5-Cg)cycloalkyl; and
nis 1-3;




O OCH 100 (RRMOH(CH) H NONNNX H=000 Y O
WO 2009/ 019115 PCT/ EP2008/ 059358 67 wherein n is 1-4
woreeog/o19103 2, and R is nethyl or nmethoxy; 11. ECT/EPE)SI059358
NONNEX H=00O0O-,YY OH whereinnis 1-4; 12. O
(CH2)n NONNIX H=0O0OO0O-,Y ]I OHd whereinnis

1-4: 13. OHH 65
4 0
OH
O\\ /,O R1
S\N X
RZJE:[ H
W
Y R,

preferably in the configuration:

Y R,

wherein R4 is hydrogen, (C4-Cg)alkyl, aryl or -CHo-aryl,
R2 and Rg3 are independently of each other hydrogen, or an aryl,

substituted aryl, heteroaryl, substituted heteroaryl, cycloalkyl,
substituted cycloalkyl, heterocycle, or substituted heterocycle group
that is fused to the phenyl group that contains a group R as a

substituent;
W is a bond, NRj5, CO, S, O, SO2,0(CHR5),-, CHRs5,

NR5CO,CONRg, OCHRj5, CHR50, SCHR5, CHR5S, SO2NRs5, (C1-
Cg)alkyl, NR5SO2, CH2CHR5, CHR5CH2, COCH2 or CH2CO;
wherein Ry is independently hydrogen, (C1-Cg)alkyl, aryl, (CH2)n-
aryl, or (CH9o)n-cycloalkyl; and each n is independently O to 5;




woRddo/oNDNs NI X H

NON NI X H O

=0 YOH 14. OHH NONNX H=00
O Y OH WD 2009/0 1

O
19115 PCT/ EP2008/059358 68 15. / O
0

-"-ANNHX Y-Ar HO wherein Wis Sor S(O2, and Ar
is aryl or heteroaryl, preferably phenyl, naphthyl,
benzot hi ophene or i soqui nol §6;

whereinnis 0 or 1;

9,
as
Y TN X
N N > 0
O O \(
OH

10. (CH,),

(R)m 2 u v
ﬁ“‘m N X
H :
@) @) S O
Y \f

OH

0 O~r Y OH 16. OH W- ECTEP2008059358




17. HO PN OO X Y-Ar HO H wherein Ar is an aryl or

het eroaryl group sel ected from phenyl,

whengothidphene, isoquinolyl, cinnamyl, napht hp¢T/ERdeng659358
is optionally once or independently tw ce substituted
by nethoxy, chloro, nethyl, CF3, and wherein neans

either a single or a double 66nd; WO 2009/ 019115

PCT/ EP2008/ 059358 69 18. ONHO NHNHX19. OH O

OO YENNNVANXH=H O= 0O420. FO4d N ~

Y N

O O| vidiersind i H4H
mis 1 or 2, and
R is methyl or methoxy;
11, 0 (CH,),
H H
N N X
H :
O O YO
Y OH
wherein n is 1-4;
12, 0 (CH,),
H H
N N X
H :
O O YO
Y OH
wherein n is 1-4;
13.
O
H H
N/N N\/X
H :
O O S O
Y
OH
14.
O
H H
N N X
H :
O O . O
Y T
OH




021. OH W OO NN --~qf HNXx 0=H22 YS O
NNHO OO-NX HW 2009/019115 PCT/ EP2008/ 059358
WO209AB110H Y, NN O HO O~ NX H 24. O OH ECT/EP108/059358

YEN N ' -(--"

68

15.

16. OH

3 Ay

N
Y=ar H o
wherein W is S or S(O)2, and
Ar is aryl or heteroaryl, preferably phenyl, naphthyl, benzothiophene

or isoquinolyl;

17. HO

o)

Py

Y~ar H 0" H

wherein Ar is an aryl or heteroaryl group selected from phenyl,
benzothiophene, isoquinolyl, cinnamyl, naphthyl, which is optionally
once or independently twice substituted by methoxy, chloro, methyl,

CF3, and wherein
/,

means either a single or a double bond;




HOHX 25 RRb® RRb R2Za W RRa® NHO ON ~-HOO
XY-Ar O HO preferably in the all-(S) configuration,
wob@eeiniAr is aryl or heteroaryl; Wis CH2, OPOI/EMR08/059358
wherein RO is hydrogen or (d -C6)alkyl, aryl,
heteroaryl, heterocyclyl; R2a, R2a', R2b and R2b' are
each i ndependently hydrogen, 69hydroxyl, N R6) 2,
hal ogen, (d-C4)al kyl, (Cl-C4)al koxy, and m xtures
t her eof ' '

, (C6-CL O)aryl; or R2a and R2b can taken

t§cl
t og€ Me—Horm & double bond; WD 2009/ 019115
PCT/ 31 05 g/ 71 R2b' R2b R2a RRa® NHO O
N / HO
3 &W N O
N
H O >\N X
O H
Y
19. OH
oo H ©
_N N
Y \;)J\N QLN X
:  H i H
\@\O -
OH
20. F
OH
N
| N O O
N N X
H H
O
21. OH
Y, O O
N P
N
H <" N7 X
o : M
22.
N
N
H @)
@)
07 N7 X
H




HO preferably in the all-(S) configuration, wherein
Ar is aryl or heteroaryl; R2a, R2a', R2b and R2b' are
we@2amb/oindependent |y hydrogen, hydroxyl, N(R6)RCT/EP2008/059358
hal ogen, (Cl-C4)al kyl, (Cl-C4)al koxy, and m xtures

t hereof wherein R6 is hydrogen, (Cl-C6)alkyl,

cycloal kyl, (C6-Cl O)aryl; @0 R2a and R2b can taken
together to forma double bond; 27. HO WWO0O OO0 X
Y-~ NNAr HOHO preferred inthe all-(S)

28nf|i gurat i |s aryl or heteroaryl; and W
i s i|ndepe rom C(R1)2; C(O; NR2; S
S(O);Y\S( nd R2 are independently
hydrlogeN, R3, C(=2)R3,
C(=2) [ {iR3) 21p( (=Z) N(R3) 2,
C(=2) NR3N( 2 , »xN(R3) 2, NR3CN, NR3C(=7) R3,
NRC(|=2) N( R3) 2, ONHN(ﬁB)Z, NHOR3, NO2, OR3, OCF3, F,
a, |Br, I, SO8H, OSMH, SO2N(R3)2, S02R3, WO
2009/ 019115 PCT/ER2008/ 059358 72 P(O (OR3) R3,
P(O|(OR3) 2; wh y pis Oto 12; wherein gis O to
12; | whereiQ@ ), S, NR3OHwherein R3 is
i ndgpendemt |y hy n, alkyl, cycloalkyl, aryl,
het gr oar yl\, yl. [28.xg4 RS HO O
Y~

N N

H o) H X
25.

R2b'
R2b
R2a
RZa' W
N
H O
O N
>/N o)
H e X
y—Ar 0
HO

preferably in the all-(S) configuration,
wherein Ar is aryl or heteroaryl,
W is CH2, O or NR9 wherein R9 is hydrogen or (C1-Cg)alkyl, aryl,

heteroaryl, heterocyclyl;

R2a R2a’ R2D and R2b" are each independently hydrogen,
hydroxyl, N(R6)2, halogen, (C1-Cg4)alkyl, (C1-C4)alkoxy, and
mixtures thereof wherein RS is hydrogen, (C1-Cg)alkyl, cycloalkyl,
(Ce-C1p)aryl; or R28 and R2b can taken together to form a double
bond;




OONX Y-~ NNA HHO preferred in the all-(9S)
configuration wherein Ar is aryl or heteroaryl; and R4
waeaRMi1es e | ndependently selected from C(RLyQI/EE0/059358
NR2; S; S(O; S(0O2; wherein RL and R2 are
i ndependent |y hydrogen, [C(R3)2]p(CH=-CH) gR3, C(=2Z)R3,
A(=2) [ A R3) 2] p(CH=CH) gR3, C(#¥) N(R3) 2, C(=Z) NRSN(R3) 2,
ON, CF3, N(R3)2, NR3CN, NR3C(=Z)R3, NRC(=2Z)N(R3)2,
_NHN(
PBO3H, SO2N(RB¥2, SO02R3, P(O (OR3)R3, P(O (OR3) 2;

wherlei n R9 to 12; wherein q is 0 to 12; wherein Z
is @ RN ih R3 is independently hydrogen,

al kyl , , |, heteroaryl, heterocylyl. 13.
Sel gctive obe according to any one of

claijme 1 to X1 cteHi zedd n a conpound 29. - 42.
of tlhe @abl e/belNow : -NY N/OO NN 3--~ N NN X
Al N O = N o W 2008/ 019x15 / EP2008/ 059358 73
30. 000 UNDX'~%PHNN NX NO= CH
Y—A
O
HO

preferably in the all-(S) configuration,
wherein Ar is aryl or heteroaryl,

R2a R2a’ R2D and R2b" are each independently hydrogen,
hydroxyl, N(R6)2, halogen, (C1-Cg4)alkyl, (C1-C4)alkoxy, and

mixtures thereof wherein RO is hydrogen, (C1-Cg)alkyl, cycloalkyl,

(Ce-C1p)aryl; or R28 and R2b can taken together to form a double
bond;

HO
W-W
@]
0O > O X
v A N@LN
Ar
H o H o)

preferred in the all-(S) configuration

27.

wherein Ar is aryl or heteroaryl; and

W is independently selected from: C(R1)9; C(O); NR2; S; S(0);
S(O)2; wherein R1 and R2 are independently hydrogen,
[C(R3)21p(CH=CH)qR3, C(=Z)R3, C(=Z)IC(R3)2]p(CH=CH)4R3,
C(=Z)N(R3)2, C(=Z)NR3N(R3)2, CN, CF3 N(R3)2, NR3CN,
NR3C(=Z)R3, NRC(=Z)N(R3)o, NHN(R3)o, NHOR3, NO», OR3,

OCF3, F, Cl, Br, I, SO3H, 0SO3H, SOoN(R3)5, SO9R3,




O 31. OH X OO0 HOHHSRA Y'INS OORB
wherein RA and RB are independently hydrogen,

w@ abooHiad kyl , hydroxyl, (Cl-C6)al koxy or hal BgERP208R059358
0 OOH HOX NHH YNO SOO0O033 O OOH HOX
NHH YO //5, NOO O WO 2009/019115
PCT/ EP2008/ 059358 72

P(O)(OR3)R3, P(O)(OR3)y; wherein pis 0 to 12; wherein q is 0 to 12;

wherein Zis O, S, NR3; wherein R3 is independently hydrogen, alkyl,
cycloalkyl, aryl, heteroaryl, heterocylyl.

28. R4 R5 HO

>
-

preferred in the all-(S) configuration

wherein Ar is aryl or heteroaryl; and R4 and RS are independently
selected from: C(R1)9; C(0); NR2; S; S(0); S(O)2; wherein R1 and
R2 are independently hydrogen, [C(R3)]p(CH=CH)qR3, C(=Z)R3,
C(=2)[C(R3)2]n(CH=CH)4R3, C(=Z)N(R3)p, C(=Z)NR3N(R3)p, CN,
CF3, N(R3)2, NR3CN, NR3C(=Z)R3, NRC(=Z)N(R3)2, NHN(R3)s,
NHOR3, NO5, OR3, OCF3, F, Cl, Br, |, SO3H, 0SO3H, SOoN(R3),
SO2R3, P(O)(OR3)R3, P(O)(OR3)y; wherein p is 0 to 12; wherein q

is 0 to 12; wherein Z is O, S, NR3; wherein R3 is independently
hydrogen, alkyl, cycloalkyl, aryl, heteroaryl, heterocylyl.

13.  Selective caspase-3 probe according to any one of claims 1 to 11
characterized in a compound 29. — 42. of the table below :

29. [ Y,
N 0 0
N ]vH H&J\
N N N
N N X
N~ o)




74 34. OHOOO Y,NNNN"AX H=0/ 0O OH 35.

(0)"YOHO RACNNX R5 RE OO OH preferably in
wo bmoald11 S) configuration, wherein mis 0 orPdT/EP2008/059358
R4, R5 and R6 are independently selected fromthe
group consisting of: 1) H 2) hal ogen, 3)
(Cl-C4)al koxy optionally subg8ituted with 1-3 hal ogen
atons, 4) N2, 5) OH 6) benzyl oxy, the benzyl
portion of which is optionally substituted with 1-2

gentjer s ected from the group copnsisting of:
hal @ ﬂNm-m al kyl and (CIt C4) al koxy, said
al kyl " an 0 ej i oNa| | ubstituted with
I 7) WNH( -
o)

1- 3 |hal ogen groups,| 7 C4)§acyl),< 8) (Cl-4)acyl,

N A '\H/OH

@)
31. o)
OH
X
o)

N O

HO 5 H

H N pa

Yp _N = R

//S\\
o) O O RB

wherein RA and RB are independently hydrogen, (C1-Cg)alkyl,
hydroxyl, (C1-Cg)alkoxy or halogen.

32. 0O

33.

0
o OH
HO _ q X
H | H
Y _N N O
//S\\ N
o 0

0]




9) O (Cl-)al kyl -CO2H, optionally esterified with a

(Cl-

C6) al kyl or a (C5-C7)cycloal kyl group, 10)

W@kt @2 H, WO 2009/ 019115 PCT/ EP2008/ 059358 PGBEPDA§/059358
CO2H, 12) (Cl-C5)al kyl-C2H, 13) C(O NH2, optionally
substituted on the nitrogen atomby 1-2 (Cl-C4)al kyl
groups; 14) (Cil-C5) al kyl-C(OfH2, optionally
substituted on the nitrogen atomby 1-2 (Cl-C4)al kyl

aro

ps; 15) S(0)0-2-(Cl-C4)al kyl: 18)

Be1-
S(0)
phen
wi t h
of :

al ky
hal g
1-2
hal g

C2)QHkyl - S(0) 0- 2- (C1- C4) al kyl ; 17)
(0) 0- 2-phenyl, said al kyl and

yO bei ng @ptionally substituted
¢-3 H‘ro the group consi sting
hal'Rgen; : kytandx (Cl- C4) al koxy, said

bk g optiomal ly.substituted by 1-3
gen groups, benzoyl opty %ally substituted by
menbers selected fromthe roup consi sting of:
gen, ON, (Cl-4)al kyl and -4) al koxy, said

K
By 1
opti
t he
(C1-
subg
(C1-
ment
het ¢
opti

—and—=t kuxeo Oy Oups berngoptTomat y substituted

-3 hal oge dr oups, 19) phenyl or naphthyl,

onal ly substituted with 1-2 nmenbers selected from

%ousist(bng © hal ogen, ON, (Cl-C4)alkyl and
4)aI Xy, sdaid alkyl | koxy being optionally

titutex ‘i Rups, 20) ON, 21)

C4) aRky| @te- HET2, ereijn HET2 represents a 5-7

ered aromatic or nofR-aro i@ ring containing 1-4

roatons selected fromO, NH and N(Cl1-C4) and

onal |y containing 1-2 OH

preferably in the all-(S) configuration,

wherein mis O or 1; and

R4, RS and RS are independently selected from the group consisting
of:

1) H,

2) halogen,

3) (C1-C4)alkoxy optionally substituted with 1-3 halogen atoms,

4) NOo,

5) OH,

6) benzyloxy, the benzyl portion of which is optionally substituted with
1-2 members selected from the group consisting of: halogen, CN,
(C1-Cyg)alkyl and (C1-C4)alkoxy, said alkyl and alkoxy being
optionally substituted with 1-3 halogen groups,

7) NH(C1-Cg)acyl,

8) (C1-C4)acyl,

9) O-(C1-Cy4)alkyl-CO2H, optionally esterified with a (C1-Cg)alkyl or a
(Cs-C7)cycloalkyl group,

10) CH=CH-CO2H,




(0D 46
(Cl-

W14y al kyl - HET3, wherein HET3 is a 5 or GPOERPBNEI3SS

groups, and optionally substituted with 1-3
) al kyl, OH, halogen or (Cl-C4)acyl groups; 22)

WO 2009/ 019115 PCT/ EP2008/ 059358 76 aronmati c or

non-

aromatic ring containing from1l to 3 heteroatons

selected fromO, S and N, and5optionally substituted
with one or two groups sel ected from hal ogen and

(C1-

CA) al kyl and optionally containing 1-2 oxo

gr oy
memye
benz
het gr
opti
fron
wher
O H
conf
coNSs
opti
NO2
is @
fron
(C1-
beir

dsﬂ)Cdangzs) HET4, wherein HET4 is a 5 or 6
aromati ¢ or non- aromatic rlng and t he

o1f20§@d %ﬁ)@l'@b@@ﬂéfr eof, containing froml to 4
RBIINgG, 2B} 'ml&sotﬁﬁ%ﬁéd o tnisi sl SomePudea
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Igibinngy 012 (C LT hhlkA)grbgp9gen. 3) (Cl- C4)al koxy
onal W sub(st1| t Lﬂ'?-bed)ava tﬁbl 3 hal ogen atons, 4)

D) S@)?@)(S(DE%%IQW the benzyl portion of which

pti onal stituted with 1-2 nenbers sel ected

11tGﬁ¢CgF@nIWO%JzF@@CMdWIDgen, ON,

Q)asl(é)(l) za(n(% %éﬁ)oarlsk(%x)%lz-ﬁﬁ'er?yflsakié/ lan@?gng lpﬁ%ﬁ%
portions thereof being optionally substituted with 1-3 members
selected from the group consisting of: halogen, CN, (C1-C4)alkyl and
(C1-C4)alkoxy, said alkyl and alkoxy being optionally substituted by
1-3 halogen groups,

18) benzoyl optionally substituted by 1-2 members selected from the
group consisting of: halogen, CN, (C1-C4)alkyl and (C1-C4)alkoxy,
said alkyl and alkoxy groups being optionally substituted by 1-3
halogen groups,

19) phenyl or naphthyl, optionally substituted with 1-2 members
selected from the group consisting of: halogen, CN, (C1-C4)alkyl and
(C1-Cyg)alkoxy, said alkyl and alkoxy being optionally substituted with
1-3 halogen groups,

20) CN,

21) (C1-Cqy)alkylene-HETZ2, wherein HET2 represents a 5-7
membered aromatic or non-aromatic ring containing 1-4 heteroatoms
selected from O, S, NH and N(C1-C4) and optionally containing 1-2
oxo groups, and optionally substituted with 1-3 (C1-Cg)alkyl, OH,
halogen or (C1-C4)acyl groups;

22) O-(C1-Cy)alkyl-HET3, wherein HET3 is a 5 or 6 membered




opti

onal Iy substituted with 1-3 hal ogen groups, 7)

NH( Cl1- C4) acyl, 8) (Cl-C4)acyl, 9)
W@ER(@019043 al kyl - CO2H, optionally esterified w PET/BP2008/059358

(Cl-
2009

Co6)al kyl or a (C5-C7)cycloal kyl group, WO
/019115 PCT/ EP2008/ 059358 77 10) CH=CH CO2H, 11)

CO2H, 12) (Cl1-GC5)al kyl -CO2H,783) C(O NH2, optionally

subs
gro

tituted on the nitrogen atomby 1-2 (Cl-C4)al kyl
ps; 14) (Cl1-Ch)alkyl-C(ONH?, optionally

subg
groyp
(Cﬁ-
S(0)

W t h
of :
al kyl
hal @
1-2
hal @

by 1
optl
t he

pheny
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subq

@ al kKoxy, sai d_at Kyl ano alkoxy being optionalty
tit 'th 1- 3 hal ogen groups 20) O\,
Y \¢
N
H

preferably in the all-(S) configuration,

wherein R4 is selected from the group consisting of:

1) H,

2) halogen,

3) (C1-C4)alkoxy optionally substituted with 1-3 halogen atoms,

4) NOo,

5) OH,

6) benzyloxy, the benzyl portion of which is optionally substituted with
1-2 members selected from the group consisting of: halogen, CN,
(C1-Cyg)alkyl and (C1-C4)alkoxy, said alkyl and alkoxy being

optionally substituted with 1-3 halogen groups,

7) NH(C1-Cg)acyl,

8) (C1-C4)acyl,

9) O-(C1-Cy)alkyl-CO2H, optionally esterified with a (C1-Cg)alkyl or a
(Cs-C7)cycloalkyl group,




21)
5-7
wa 20h9
and
opti

(Cl-4) al kyl ene- HET2, wherein HET2 represents a
menbered aronmati c or non-aromatic ring containing
loet1es oat ons
optionally containing 1-2 oxo groups, and
onal ly substituted with 1-3 (Cl-C4)al kyl, OH,

hal ogen or (Cl-C4)acyl groupg7 WO 2009/019115

PCT/
HET?

EP2008/ 059358 78 22) O (Cl-C4)al kyl - HET3, wherein
is ab o 6 nenbered arommtic or non-aromatic

ring

gr oy
opti
wher

and
gr oy
(C1-
and
ONe

1) KiHF@HAGORHoM 1 to 3 heteroatons selected from

0, $ and N, and optionally substituted with one or two

p@)@%‘dt ed from hal ogen and (Cl-C4)al kyl, and
onal Ly .cont aini 1-2 oxo groups, and 23) HET4,
é&ﬁ(hliﬁﬂ ygdabﬂg 6 nmenbered aronmatic or non-

cont PPz, BRfobalf, B EMHEBH BEBURRRALABHTBI 2

e R hal ogen, - (CLOhyal tyl - and
T ca P SIS, SRiguy RiEr o gidin,
atomNyy N2 (CNCH)alklIgrolps;

15) $(0)p-2-(C1-C4)alkyl;

16) (C1-C2)alkyl-S(0)g-2-(C1-Cgq)alkyl;

17) S(0O)p-2-(C1-Cg)alkyl or S(O)g-2-phenyl, said alkyl and phenyl
portions thereof being optionally substituted with 1-3 members
selected from the group consisting of: halogen, CN, (C1-C4)alkyl and
(C1-C4)alkoxy, said alkyl and alkoxy being optionally substituted by
1-3 halogen groups,

18) benzoyl optionally substituted by 1-2 members selected from the
group consisting of: halogen, CN, (C1-C4)alkyl and (C1-C4)alkoxy,

said alkyl and alkoxy groups being optionally substituted by 1-3
halogen groups,

19) phenyl or naphthyl, optionally substituted with 1-2 members
selected from the group consisting of: halogen, CN, (C1-C4)alkyl and
(C1-C4)alkoxy, said alkyl and alkoxy being optionally substituted with
1-3 halogen groups,

20) CN,

21) (C1-Cqy)alkylene-HETZ2, wherein HET2 represents a 5-7
membered aromatic or non-aromatic ring containing 1-4 heteroatoms
selected from O, S, NH and N(C1-C4) and optionally containing 1-2
oxo groups, and optionally substituted with 1-3 (C1-Cg)alkyl, OH,
halogen or (C1-C4)acyl groups;

selected fromO, S, NH and NEQUEE2)S/059358




O=00 OH W 2009/019115 PCT/ EP2008/ 059358 79 39.
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22) O-(C1-Cy)alkyl-HET3, wherein HET3 is a 5 or 6 membered

aromatic or non-aromatic ring containing from 1 to 3 heteroatoms
selected from O, S and N, and optionally substituted with one or two
groups selected from halogen and (C1-Cg4)alkyl, and optionally
containing 1-2 oxo groups, and

23) HET4, wherein HET4 is a 5 or 6 membered aromatic or non-
aromatic ring, and the benzofused analogs thereof, containing from 1
to 4 heteroatoms selected from O, S and N, and is optionally
substituted by one or two groups selected from halogen, (C1-Cg)alkyl

and (C1-Cy)acyl; and wherein halogen includes F, Cl, Br and I.

S

/ 0O
N\/U\N X
M :
iy
OH

38.

@)
O O
H H
N N
N : X
H :




HOO OH 14. Selective caspase-8 probe according to

any one of clains 1 to 11 characterized in a conpound
W@ 20091019445 of the table bel ow WO 2009/ 019115 PCT/EP2008/059358
PCT/ EP2008/ 059358 80 43. | OO Y, NNNA X H==
OO HOOOH 44 OH OO Y,NNVNNXH== 0O
O+O HO O 15. Preparation o¥9a probe of the formula
(1) according to claiml1 to 14 characterized in 5
ifnisl: (a\ reacting a conpound of the formila (I1)
B9-A-cOOHHD 1) 10 with a compound of the formula
L1-R1-H to aj conpound of the formula (I11)

L1-R1-L-A- (I II) reacting the conpound
(III) with a c H2 R2|_lr2t t he probe of the

|/N OH
40. OH
s S8 Es!
Y N Y
O = O YO
OH
41.
J¢ QL AP
N
: X
O YO
HO O OH
42.

14.  Selective caspase-8 probe according to any one of claims 1 to 11

characterized in a compound 43. — 44. of the table below:
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15

formula (1), WO 2009/019115 PCT/ EP2008/ 059358 81

wher

ein L' is fluoro, chloro, brono, cyano, nitro,

w@eiono19iezi do, al kyl carbonyl ami no, carboxy, CBCDOBEPINYS$/059358
al koxycar bonyl, aryl oxycarbonyl, carbal dehyde,

hydr
aryl

oxy, al koxy, aryloxy, alkyl carbonyl oxy,
car bonyl oxy, a carbon-caB8Bon doubl e bond, a

carbon-carbon triple bond, preferably am no, azido,

hydroxy, cyano, carboxy, 5 carbanoyl, carbal dehyde, or
43c3r bon- car bon doubl e or arbon-carbon triple

bond,, nore preferred am d Rl and/or R2 may be

pr ot suitabl e orthogonal |y protecting groups
and ially cleaved the course of the

preq ou q 10 ifn isO:
readgti -COH (IV) wwth a

cony

cl ai
cel |
i vi

(1)

oOr—o8

15 16.

( e fornmula (1).
pr obe of the ornula I) according to

m 1 to 14 fr nolecul ar O i mat Oin vitro, in
-culture experimenis, ex-vivo experinents or in a

ng organism 20 Use of a pbHbe of the formula

w-&in.

St yd

or gg
non-
si gn
an i
(1)
or gg
or gd
sai g

exci

according to cl#nms @ to 14 for imaging a living
III Dlll L,UII}JI I DI IIU \a) auttt LLIE=) LI IIU o Sarud
nisma probe of the fornmula ( (b) exposing said
ni smio el ectr orc aq5at|on whi ch excites
quen¢hed 4 | uaf ophere o pripduce a detectible

ar. C etect | S signal and creating
nagH t hgr eby. 18\ UsH of a pr%be of the fornula
accordigg t clalns ® tol4 for imaging a living
nism conprising: (a) admnrstering to said
nisma probe the formul gol), 30 (b) exposing
organi sm t® el €2t romagneti c radi ati on whi ch

tes fl ||nrnnhnrn to produce a detectible si gna| :

+
T
1),

and

15.  Preparation of a probe of the formula (I) according to claim 1 to 14

characterized in

if nis 1:

(a) reacting a compound of the formula (Il)

L’-A-CO-OH (1)

with a compound of the formula L1-R1-H to a compound of the formula (lll)

L1-R1-L-A-CO-OH (1)

(b) reacting the compound (I11) with a compound H2N-R2-L2 to the probe of the

formula

(1),
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20

25

30

(c) detecting said signal and creating an inmge
t her eby.
WO 2009/019115 PCT/EP2008/059358

81

wherein L’ is fluoro, chloro, bromo, cyano, nitro, amino, azido, alkylcarbonylamino,
carboxy, carbamoyl, alkoxycarbonyl, aryloxycarbonyl, carbaldehyde, hydroxy,
alkoxy, aryloxy, alkylcarbonyloxy, arylcarbonyloxy, a carbon-carbon double bond,
a carbon-carbon triple bond, preferably amino, azido, hydroxy, cyano, carboxy,
carbamoyl, carbaldehyde, or a carbon-carbon double or a carbon-carbon triple

bond, more preferred amino, and

R1 and/or R2 may be protected by suitable orthogonally protecting groups and
sequentially cleaved in the course of the preparation of the compound (l); and

if nis O:

reacting a compound of the formula A-CO-OH (IV) with a compound HaN-R2-L2 to
the probe of the formula (I).

16. Use of a probe of the formula (l) according to claims 1 to 14 for molecular
imaging in vitro, in cell-culture experiments, ex-vivo experiments or in a living

organism.

17.  Use of a probe of the formula (l) according to claims 1 to 14 for imaging a
living organism, comprising:

(a) administering to said organism a probe of the formula (1),

(b) exposing said organism to electromagnetic radiation which excites non-
quenched fluorophore to produce a detectible signal, and

(c) detecting said signal and creating an image thereby.

18. Use of a probe of the formula (l) according to claims 1 to 14 for imaging a
living organism, comprising:

(a) administering to said organism a probe of the formula (1),

(b) exposing said organism to electromagnetic radiation which excites fluorophore
to produce a detectible signal; and

(c) detecting said signal and creating an image thereby.



