1 Caspase imagi ng probes The present invention relates to nol ecul ar probes
(substrates) that allow the observation of the catalytic activity of

i ndi vi dual proteolytic enzynes or groups of 5proteolytic enzymes in in
Vitro assd¥&2009/49%8| |s or in nulticellular organi sns. TREEPHEHEIEN
furthernore relates to nmethods for the synthesis and the design of such
probes (substrates). Background of the Invention 10 Proteol ytic enzynes
(proteases) cleave or degrade ot her en&ynes or peptides in-and outside of
the living cell. Proteases are involved in a nultitude of vital processes,
many of [ I 11 in cellular signalling and tissue honeostasis.
Abe¥rantm§?g£%%yﬁggék%'@?é?ty of proteaseg IS asgociated wth a variety of
di seases 15i ncludi ng cancer, osteoarthritis, arthereosclerosis,

inflammation and many ot hers. Sinc oteal ytic, activi S to remain
under st THEERBeebvERIoN ates RSBy BlE R it eslehd B Br coced as
i nactive @& ofhOteiaNBic Geimasmadividhaichrotiot tidGhnizyke dr Byoupendr ol | ed
proteol ytic cleavage. Additional control of proteolytic activity results
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20cat al y! [GBhligh RFHEYRoGAEMA ' MgrBAL iR kPntbew Al thilhssidh of agant

regul ation the 1 nvestigation of protease function in cellular or

physi ol ogprhlesdsebiiratesgqui res the nonitoring of protease activity rather
than the nonitoring of protease expression alone. Consequently, a variety
of activity based chem cal probes have been proposed in the literature.
Commonl y Bppkdredngobthedsemivobes generate a 25detectabl e signal either (i)
throu?h enzymati c cl eavage of a peptide bond |leading to a change of the
spect Q)scopi c properties of a reporter systemt or (ii) by coval ent

at t achmenpr@bolgtidlBE AR S HrRBaesk) icrdtivBidr MegiRic diRePsiyaRSDrPeptidbehest . The

| ocal i zati on and quantitative investigation of the activity and inhibition
of a specfng guisids @fdbe lwpg gelyriyateases protrealed in 8 rapltifuge @évitalbased assays
or whol e- ' ' (P i j W i magi ng
probes t hg%%f’: %%fﬂ?ﬁ‘é%%?ﬁ%@ﬁ@?P?Efgﬁg@gﬁ Q‘ﬁ%g%@o pr ot %ﬂé’e action
(e. g. theAbgitrasiodr erfhaacedbdtivily ol papesddsiis aosqmaated witheovaricanohaibedsemgi ng)

and ( are selective for the. 2 desjre ot.eas L. o] 0 ot eases.
The gher SE Bt FAngeS stor O rit Rt BE S BB Pl M PN pds b o
chal | engesime grbRofytieladtivilfresio esmain imisestringent edratodh I(ing sterayel

sel ective probes for c’ystei ne prot,easeségr ef er abl %/qifr{)mthe casg},ases
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5cel I's or gjda@iibidCs) édHt@Iie@b&ﬁ@éi?ﬁ@ciéﬁvﬂ%e.mﬁ_dﬁtl&ﬁaﬂ&ﬁiﬁ%l of proRdcpaiel ar
imaging) and (iii) t'o nmethods for the synthesis and the design of such

probes. Weeliity resdisiton) eategenwueraibigrs deafl tind inengl hgredradiveta es (opti cal
and ngp- opti.Ga d i -i nvasi ve
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t he i nf or mvestigatvondf entteade ngtiomgeelisiagpaphysiolpgicatavanis matires tieon of

i nternal contrast

t he devel.opnent of internall enched i pmaai ng probes
that are TETOAN &' o erey Rb P oo Misrimparaphodteloagee ROESHEal deo-
bond) has akpencessaqrinyy apyarietdlof sctivithgasedndndraral probes abad pebgal |y active
prot eases. The gener ation of probes that are selectjve

proposed in the literature. Commonly applied protease probes generate a

25  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
covatlent attachment of a mechanism based inhibitor {0 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 celi-based assays or whole-

30 animal imaging experimenis) require the development of imaging probes that (i)
reach the physiologically relevant /ocus of protease action (e.g. the cytosol of a

cell or a specific organ in whole animal imaging) and (ii) are selective for the



15for individual proteases and exhibit the ability to reach the | ocus of
protease action in vivo has rarely been achieved with conventi onal
approaches. Medicinal chenmists in the pharmaceutical industry face related
chal | enge¥Q #/¥#élidevel opment of drugs with appropri at BCHRECPEERE net i c
properties and appropriate specificity for a given target. In our invention
we have devised a new 20 route towards, sel ective activity based probes for
cystei ne proteases and have applied tH s approach to proteases fromthe
caspases subfam |ly. Cysteine proteases are characterized by a cysteine

resi due Lt I D 9@2{3 i at al ysi s.
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substrate | niz t he ease, .t he sci ond is

ol neen 1 rres TR ER SoRtiieiaBl Rt S eirs oGRS btTe BRI R " bony
carbon f ota5pagegBuioRARY) ﬁ@ptd znb@pmsbt@he)f tide mobeefdponditiosasshes) iel eaved

| iberating the C-ternm na as an, am ne. The N-term nal portion of 30

e sdl Sosals Grab I Hoa ARaPRETSHS (7 ol BTy ML UM o) BRI at o

whi ch is .Ql%é%t%@é%rmeem%sbé/am%@desrggﬁaﬂéucaqmw egeneration of the
enzyne. T N-term nal cl eavage product the substrate is |iberated as a
carboxylic acid. 3 Caspases are a famly of cysteinyl aspartate-specific

(caspase. ST iPb g R EA0RE RS, o M Aol 18U Bhd BB e o

deat h. The;yttqar)dmesaacbmjgbreaarm mbleyintroeigol m:rémb somHkbivayiTatisdbe. 1 n a

hi erarchi ¢ ar.der i ni.tiator. caspases (gaspase:2.8 9 and 10) cleave
ond a1 Vi e aoaR R it oht Bau SR E Thol SRR iR dontal & o

i nvol ved bMarSaRtReSsigraal iz e admaaﬁﬁa‘ mtdﬁ%ﬂ@ﬂit@éﬂt%ﬁedie&@fbﬁﬁfe‘ﬁt and
strokes. Three other Caspaseséégas pase- serve a distinct
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primarily found i N nonocytic cel This protease is responsible for the
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i nter S nefi ci al
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ost eoar t hiniwircshas m‘réiammh(ﬂcyuebed\/&hthohomaﬁmmhdpmadm N@ﬂqﬂa&s&e- 3is
responS|bIefo roteolitic cleav f a rie of fungdanmental 20proteins
i ncl udi ng® Q‘%}FSE%&B%‘? Bﬁarﬁ?%eé’f?é mcﬁ%ﬁﬁ%%e f\#% g)ﬁhgl (988 N K8 ymes. 1t is a
critical gBeHIGHMENT RGP épﬁropﬂawa@m&coﬁlﬂém@rbgeme@fanaaspase 3 have

shown efficacy in nodels such as stroke, traumatic brain spinal cord
i njury, h?%ﬁépﬁa‘l@r%eﬁ'ﬂ%)h@@@ given @regl. Insdnveatianwerkaysrdayisesa My ury. 25

Caspasg- 8;d 3o %ha%&@@ét%%@% h&vit %Qécf B\Sfb@é% cyé%bzfo%‘@égegfan Nayvguper -fam |y
death receptors. Its substrates 1 nc apopt'osi s-rel ate fector caspases
and pro- apppiedtihis mroa:hftamrmtyam@mgheR@@@@teawéfar@lyapopt osis in cancer
has been |inked to | ow expression |evels of caspase-8 and inhibition of
caspase-8 i ncreases resistance to apoptosis-inducing stressors such as

chenot her epsrtemmobromﬂsat bonchafctélizsd bpapgseirt rieS|dae 1ratrter activesitet ar get for

th d tastatic. | esi d | [
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knockouts exhi bi't deficiencies in |eukocyte differentiation, proliferation
and i mn@fqlé@pgﬁ%ﬂ bedermprd Vil e |Séb@i‘?zt?rh‘="e‘§009'f"2¢§ by Heg iaroa%aaewmey rat her
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physi ol ogy an hol ogy. ccordlng nol ecu Inhibit t activity
of caspaste @rboruéeamonefermzhgraaman@na@ennednate. iThe amidabnenis endi seases
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10tri al H. Pien etal [of0) Toda 005, 259-266). Usin
acti i/i US, gubseqluently cteavecH)y %a%rsres\é!%ng in regenerafion of the énzyme. %’?\e)N- 'ng

terminal cleavage product of the substrate is liberated as a carboxylic acid.



based i magi ng reagents, a specific protein or protein famly can be readily
nonitored in conplex protein m xtures, intact cells, and even in vivo.
Furthernore, enzyme class specific probes can be used to devel op screens
for smal | WblegePHESi nhi bitors that can be used for funteT/BrEF8/ELIEI es (D. A
Jeffery, M Bogyo Curr. 15Cpp. Biotech. 2003, 14, 87-95). So far, activity
based i magi ng probes incorporating a peptide substrate have been devel oped
to nonitor and |abel in cell based asshys caspase-1 (WNishii et al., FEBS
Letters 2002, 518, 149-153) or caspase-3 (S. Mzukam et al., FEBS Letters
201999, 453, 356-360). Furthernore a near-infrared fluorescent probe has
been reported to detect caspase-1 activity in living animals (S. Messerl

et al., Neapparwisar@@Gdmilp of Opstdiff)aspaheieesaoitriprotoaeefiamesurged by the
caspases has been wel | studied and | i,ghly cans From t.he

) s 25hi rved.
Pvoot | gad e T AECHESEET oS St QN ACTOPS 8IS Bt S0 Ui 1 1 ¢
substrat emeﬁér%sapjm@s@sﬁﬁogﬁa%ea%en bBah. FRbY pFRass mrBugM8e mext of

this conserved active site. e electrophilic tenter in such es is

usual |y peegulated aigaaliicacheehdewliy b Biggarchisakerdes sose isiietareashagesi s opti m zed

inits el b ol r J ] f I erfectl
nto the GeppERreeda ] MRTREls B et AOBRIRb LecR B R S8l D
cyst ei ne Tepdhdsecadpasedarey avobey intamerd, eiteotmaophikeasesyisgerarabvehave been

descri bed as chani sm based cysteine protease inhibitors including for
exanpl o bUPOTSTS B0 PUSISFol Jreeh By etARe o KB Breg, - 457K YIgFENE hyl ket ones,
acyl oxynegiayhct Keicioa Sinfl@maeiibh yekdiast Ry Resation obd ssidet enesamnthtory
epoxysucci ni c derivatives (S. Verhelst, M Bogyo QSAR Conb. Sci. 2005, 24,
261- 269) . cHARBERher tool to nonitor protease activity consists in

bi ol um nescent assay. This nmethod nmake use of am no-nodified beetles
pro-luciferine (caged |uciferine) or carboxy-term nal derivatives thereof
| i nked t oCasjpaset € as mtaidukin-di-econviering snzyme(I€E]) ya primatilg daageinr el eases

| uci ferine which i bsequent |y converte | uci f eras detectable as a

| nescemengrgfens THIS PEERT K SSREIRE for ¥ PR TET Spg s ot i on
spectra t mammalonestmiesinrheskiandbemesenaterbakiagddigt irmislidyoidvant age of a
high signal to noise ratio. To be effective as biological tools, protease

i nhi bilt or §33RPSE-HeaslerervIVI Y Ee BRIl BUTOaPS ST RGNy @etPVe i n

bi ndi ng t gis@aAddIGHhG FndinP4i8 RS nifid oASYRPREERHaRatG9 FRMe BRESSS €

inhibitors for specific proteases has often started from peptide

subst r at esnd ABRBuUgh pepti des display a diverse range of biol ogical
properties, their use as drugs can be conprom sed by their instability and
their low oral bioavailability. To be effective drugs, protease inhibitors
w t h r eduCedpseps iddespoksbieliar @rotestitic bleghaga ala vartsty aghindstmentad sel ecti ve

proteqlytic . degradation, hi Osgl.ectivity faor iven protease, and good
b1 oaval | aBlateES O g e Attt and i Ao B Thace

requi r enegtiscal BRdizdort dfepdeursiopBelirons. HasHasSesw dasphbe-BoTmeAhBuwhere A is a
chem cal scaffo]lds covalently linked to an el ectrophilic warhead B. In

presence 8fiCaspABRICIBSHERa® SRl AIAMAG RRRIPIFPING: Cest IRl iNYPeYS PEIRe
( mechani S%R@?@,dcdr@iab@cthgh)ia ah® rdPMOsRRSERry.t he sel ectivity and

phar macoki neti'c 25properties of such inhibitors were successfully optim zed
in the context of

25 Caspase-8 is an apoplosis initiator caspase, downstream of TNF super-family
death receptors. Its substrates include apeptosis-related effector caspases and
pro-apoptotic Bel-2 family members. Resistance tc 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.

30 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



bi onedi cal research. To enable the effective nucleophilic attack of the
catalytic cysteine, the electrophilic center of such inhibitors nust be
oriented precisely within the active site of the enzynme. The speci al

arr angenmemo Wpo/gatial yti c cysteine to the el ectrophili cPCHEXO9/0a85#n of t he
war head corresponds well to the spatial 30arrangenent of the catal ytic
cysteine and the peptide carbonyl of a scissile peptide substrate. This
conpari son guided us to the idea that 4 "redesign" of optimzed coval ent
inhibitors (wwth a chemi cal scaffold A and an electrophilic 6 warhead B)

A 'can be RiaPde it PRokEGa8) (hRERRC b oS P " our -

approach wahiite adsbomsd.or the transfer of the selectivity or parts of the
selectivity of an optim zed inhibitor into an activity based chem cal
probe. We refer to this process as "reversed design" of selective activity

based pr Ob@rspraféa(r})u@@ng?ﬁnbyeft %&ﬁ@@@@tmﬂphm@méﬂhén el MREEsbiBndedl [tRAt aspect ,
there is provid ecul ar probe for cysteine proteases of t’he fornul a

(1) {La- Rilci@}eﬁmec@wipmhrp@(In)cew@@y‘éfpiﬁ)gﬁaﬁg Rethpleglp Acsesiialzabl e by a
oSt PR (ARG ot A s B LUK borpuap g o o
i ndependeﬂnle trﬁatmanﬁofmh&msssamll@mdeméaﬂnwmlofspe¢immhagiﬂg)bbntﬁrm3’3a solid

conPPey i Brudie e BrorElulc oGS A wertes el RHBROL HirdaPHibie: © {here i s

provi ded earpiipes aisyeitcakerste pargbevaidatioe, drog aeleopipnasndlefémelthicabove
char act erized |

2B kBl Skemishola Fsbr ol S8BRERS Lo o Ine
for rruI a (bidad imaging reagents, a specific protein or protein family can be readily

monitored in complex protein mixtures, intact cells, and even in vivo. Furthermore,

enzyme class specific probes can be used to develop screens for small molecule

inhibitors that can be used for functional studies (D.A. Jeffery, M. Bogyo Curr.

15 Opp. Biotech. 2003, 14, 87-95).

So far, activity based imaging probes incorporating a peptide substrate have been
developed to monitor and fabel in cell based assays caspase-1 (W.Nishii et al,,
FEBS Letters 2002, 518, 149-153} or caspase-3 (S. Mizukami et al., FEBS Letters

20 1999, 453, 356-360). Furthermore a near-infrared fluorescent probe has been
reported to detect caspase-1 activity in living animals (S. Messerli et al.,
Neacplasia 2004, 6, 95-105).

The enzymatic mechanism used by the caspases has been well studied and is

25 highly conserved. From the investigation and screening data of cleavable peptides,
electrophilic substrate anaiogs have been developed that oniy react in the context
of this conserved active site. The electrophilic center in such probes is usually part
of a so called “warhead”, @ molecular entity that is optimized in its electrophilic
character and its geometric placement to fil perfectly into the aclive site of

30 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,



L1-R1-L-A-CO-OH(I'Il) (b) reacting the conmpound (I1l) wth a conpound

H2N- R2-L2 to the probe of the fornmula (1), wherein L' is fluoro, chloro,
brono, cyano, nitro, am no, azido, alkylcarbonylam no, carboxy, carbanoyl,
al koxycar B&h3e9/018k%| oxycar bonyl , carbal dehyde, hydr oxyPCHERGHEESYHEy| oxy,
al kyl car bonyl oxy, aryl carbonyl oxy, a carbon-carbon doubl e bond, a
carbon-carbon triple bond, preferably am no, azido, hydroxy, cyano,

car boxy, carbanoyl, carbal dehyde, or & car bon- car bon doubl e or a
carbon-carbon triple bond, nore preferred am no, and RL and/or R2 may be

pr ot et o o3 ARl BBt | ARSIl REBHEC 68 ALAURDANLESAYPT! 2l 1Y

cl eaved in I"on and if nis
0: reacti sgfohes @mdapodysfcciniedéromatiuésa(SA-\Veth€kt, (M. \BogyotMiS AR oo i,

H2N- R2- L2 the of the formula (1). 6b In a third aspect, there is
provi ded 2@@539 Zg %ggbr obe of the fornula (1) as defined above for

nol ecul ar i magi ng in vitro, in cell-culture experinents, ex-vivo

experiments or in aliving organism In a fourth aspect, there_ is provided
the us® of\n@thgr Mgbtaomop kR Iretesse actyily CRES gkt ‘Pr'fé@i“%‘lﬁ"%ﬁ?@e"ﬂfoﬁssﬁﬁaﬂﬂlﬁg a living
or gani sm o ge f of the
formula ( E [)r‘néléé‘gso%ﬁﬂémsal degﬁlégr?:e gﬁﬁ %’roé‘l?lgﬁ%r%%ﬂ@%%ﬂu@ﬁ% z;%trl on whi ch
excites noarbqusek&rWIﬁbﬂwtm@h(ﬂh@‘eoﬁlqﬁedd@e@ateeeeeumttate &iflgamal and (c¢)

detecting r h aspect,
there is 5?0@%/%%08?%}@%2%}9%%5? t"|§‘r?%rbe obgﬁﬁf &% E?Hﬂ% #‘%h\%gtegggll ned above
for i magi hgiferabe vigtgetablgans & luminesyent signgl: Tha)seadmiaiwﬁseay hgs beirsitgrd

organi sma prohe of the fornula 03|n sai nismto

el ect F%m@ﬁ@ﬁa OR SRFHE t@ﬁ“\ﬂﬁPFﬂWé’?&‘?@é@? ‘?eéﬁﬁ #h@% tg g ce a detectible
si gnal ; apgvdridgdlet £Bighreripidnsis@palo. and creating an i mage thereby.

DESCRI PTI ON The invention relates to nol ecul ar probes for cysteine

proteases of the fornula (I) {L1-Rl-L}n-A-CO NHR2-L2(1) wherein Ais a
group r ec?gfﬂe%'cﬁvéf’é(s Bio M?@o!? guﬂ-ot‘eé @idmmﬂa% muSebé ﬁo@oﬁ?@?t@ot@htl | nker;

L is a bond or a group all"ow ng Fadile conjugation o group 1_1;
L1 and L2bair$$o highbpmietdine inbindirgHoat peeticulat proesse. dnedewdepmepttdfonal | y

oubet Har SmBl FidleP PRI or2Rl spifrd pisterhes ee e 3G PERFRNE & The
conpounds s@stidnes. iAthougiapébhdeardis@sy awuvteysebmgé oplbwa@@cdz Juubsdriied, es) for

cyst ei ne proteases referably from
y g‘:e?r use as drugs can be co promnsed%

eir Pnstapbthty and¥he|r low oral
bioavailability. To be effective drugs, protease inhibitors with reduced peptide-like
character, high stability against non selective proteolytic degradation, high

20  selectivity for a given protease, and good bioavailability to the focus of protease
aclion are desirable. These requirements led to the development of caspases
inhibitors A-B where A is a chemical scaffolds covalently linked to an electrophilic
warhead B. In presence of caspase, B reacts covalently with the catalytic cysteine
(mechanism based inhibitor). In many cases, the selectivity and pharmacokinetic

25 properties of such inhibitors were successfully optimized in the context of
biomedical research. To enabie 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

30 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



7 In their nost basic form the chem cal probe consists of four functional
el emrents, a) an amde group -CO NH as a reactive group, that can be

cl eaved by the action of a protease, gb) a scaffold A which defines the
selectivity for a given protease target, c) linker moieties Rl and R2 to
connectwaitzadi B} into @attavaebleesubstrateddhasdd bef posgille. Sineentha ghemical

det ecti on. A | f ly t in det i nant., f ,ficit '
Cower A RT51d b s PR B2, Ho, e CRetp R IF, PR e e SRR bt 1
and 8, ghtoads WOlREIIdW) fHARB Atetdterlof4Be isBletalitBorl part@otithd. seedtivity oy - based

probes of the present 10i nvention show selectivity for a given caspase of
t he facamroptiotged onhibiter iteratbegtidts hased chemisaliprofigeMpnreten Eethisity is

0o AR5 SRS J4U0RLG (B A BNELy BB ] B

concentgdae8.inHiBRofksel ative turnover nunber is deternmined for each enzyne
pair by dividing the turnover nunber of the enzyne of interest 15 (enzyne
1) by the turnover nunber of another enzyme agai nst which selectivity is
desire waﬁef 2). For in vivo applications high selectivity is desired at
| ow (e.%—mtrmo. | ar or subm cronol ar) substrate concentrations. Schene 1
shows tlnes fistakpoct, (Hera ippatvidekba Pholethlanpmbzstor aysteiepotenses2ifriepr esent s
the specificity determ nant, and P represents the protease with its
reactivf@rWQQ?/ne conprising the thiol group S': 0 L1-Rl-L-AN-R2-L2 S
(Schenme 1) 25The reaction rate is dependent on the structure of the
substrate. WD 2009/ 019115PCT/ EP2008/ 059358 8 i s chosen in the context of
the envi si oned appl i cti-Bri-Lin-A-CO-NidaR&:1t2 of an adfi vity based i maging
probe for a specific protease. The linker nmay al so increase the solubility
of the substrate in the appropriate solvent. The |linkers used are

chem cal bé st abl e under the conditions of the actual application. The

li nker HOB®"™ not interfere with the reaction of a selected pr ot ease target
nor wiwth the detection of the label Li and/or L2, but may be constructed
such as to be cleaved at sonme point in time. Mre specifically, the Iinker
group RA 9@ gROUp seepEtZahlg Ry orasRa®tched chain al kyl ene group with 1 to 300
carbon atons, wherein optionally (a) one or nore carbon atons are

repl aced by oxygen, in particular wherein every 10third carbon atomis

repl acepihy adkikeen, e.g. a poyl et hyl eneoxy group with 1 to

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

nis 1,
or

R2 is a bond;
L2 is a substrate, suitable for a coupled bicluminescent assay; and

nis 0.



100 et hyl eneoxy units; and/or (b) one or nore carbon atons are repl aced by
nitrogen carrying a hydrogen atom and the adjacent carbon atons are
substituted by oxo, representing an ggide function -NHCO; and/or 15 (c)
one or nore carbon atons are replaced by an ester function -0-03-; (d) the
bond belwesecond ssgpal émtredamvovided apreparatiatoaba erobe af thé frentdafy; and/ or
(e) two ag%ﬁcent carbgn a%gns are replaced by a disulfide |linkage. 20 The

| abel L3S SRBNED2BPVE ARAEGIEEPD(R can be chosen by those skilled in the art
dependent on the application for which the probe is intended. The | abel L1
and L2 is independently of each other a spectroscopic probe such as a

f | uor opifiorie;i:a quencher or a chronophore; a magnetic probe; a contrast
25reagent; a nol ecule which is one part of a specific binding pair which is
capabl e of specifically binding to a partner; a nolecule which is a
subst r atf réQttirNa eBFPTRING B iid ReLEa goval ently attached to a polymeric
support, a dendriner, a glass slide, a mcrotiter plate known to those
proficient in the art; or a nolecul e possessing a conbination of any of the
properties |listed above. 30 L?ﬁ@éﬁﬂ@%i“hiCh(Hfon cl eavage fromthe centra
scaffold A can generate a |um neScent signal' through its conversion by a

| uci ferase. Therefore, label L2 may alternatively be a substrate, suitable
for a coupl ed biolum nescent assay, characterized jn nodi f i ed

ani nol LBIthé FamBeURE ehiMBIRYDYIa - RArH g6 arcaireatinstet Podervdlabr et as a
reporter group. US7148030 discl oses exanpl es of biolum nescent protease
assays conprising peptides as caspase substrates which are linked to
nodi fi ed am nol uci f eri nes.L1BRrlePeCO@H s a pritibe whi ch consi sts of

i ntranol ecul arly quenched fl uorescent probes conprising a polyneric
backbone and a plurality of fluorochrones covalently |inked via scaffold A
to the 7 I bi I u i

A e i e e e A L
dendr i t focrmaec(lpol ecul e onto which two or nore fluorophores are covalently
|l inked via scaffold A at a density which leads to fluorescent quenchi ng.
The use of a polyneric probe has the advantage of |ocalized probe delivery
(targetiypgleirndLa B olfReed ehikd] atrémot | NEyaing, t hetrd] oanipbl eadpidal, an

ani mal or humans. Pol ymer 20conjugation alters the bi odi stri buti on of

| ow nol alkyicarbamilarhinos ulperkowes cashampyihg alkeweareti f arvlawicgedanyl (by the

cccess rabAdERRE: PN, HRERD Elof AR oS opeatb bR b es wi ¢
| ow- ol egtloarcardbe hdoubr@gbaeH, P& obedohscarb oM Striply eomtll gstefurbblgi Bmivio,of t he

present invention for imaging of multicellular or%anisns 25i ncl udi ng
manmmal s@giden hydraxye €yapat oKy, cahanydily famaldelydRhOhe CaPULFRRIPED of any

bi OC0@8&&9%%@&&%85»%%%%1%BHPHJ PG pRALYBERIIAS, oty PO! ysacehar de, a
nucl eic acid or a synthetic polyner. conpr ehensi ve sunmary of pol yners
useful in the context of the present invention can be found in MJ. Vincent

etal. Trends Biqgtech. 2006, 24, 39-47 and R Duncgan, ure Revie Cancer,
5006, SBICBISDIRZ R e RESCRIESCDY SLltBRe R TRaaILY Bralselit rhukhengon oxt

of the Qé@@é%maugw(;aﬂ\;ehq&mécg&@@'o@%ﬁ@?iéba\f@ﬁagf Q\th@]corﬂﬂ)‘&.:&ﬂt%‘,@%{di c or

dendrinmeric probe can conprise protective C ns covalently linked to the
backbone or the dendritic

ifnis O:

reacting a compound of the formula A-CO-OH (IV) with a compound H;N-R2-L2
to the probe of the formula (1).



WO 2009/ 019115PCT/ EP2008/ 059358 10 nol ecul e. Protective chains include

pol yet hyl ene gl ycol, nethoxypol yet hyl enegl ycol and further copol yners of

et hyl enegl ycol . The probe of the pggsent invention can additionally
conprise a targeting noiety 5such as an anti body, an anti body fragnment, a
r ecept oin-dihidi agpddt,ghacy isgprpeped dee Lsaghamrobe ol thy farheds ) ps sledinad

i nhibitor. Label LiL arild L2 can f.urt.ger 'gsw?peﬁSiuﬁfi velé/ charged |inear or

br anche@ P& yREr TOREHY FHRORG: N qY Ok FUHES S HENTEYS) P HE®art to
faci |t gkgaridients'ns bewvirRf ord8nlshaiched nol ecul es over the plasma nenbrane of
living cells. This is especially preferred for substances which otherw se
have a | ow cell nenbrane perneability or are in effect inperneable for the

becom. For: ehfonsebp el in o flglf obran B DRRES of M 68puRL P os0r Lo
Such ceffitgIbAEREdr MBI INeRd aRgTisrhD o6 @pRsingL (Arglinhiditeniy tceaidf or

exanmpl e, a |linear poly(arginine) of D- and/or L- arginine with 6 - 15
ar gi ni nergegisdués, probedt tog yfsrlat (B, -(b15 exgpsinpt SAACRTEGENISHI dA carry a

guani di Bl biagBy ?Qdi%{;rg\?ﬂ%@ﬁém%gc@essH{}ﬁ-hn' ﬁgﬂécﬁ‘ ARBEHIRTe 6 dib@REat 0 UP o
50 subunrts, a por‘fl on-o I'c AVE att ache guani dini'um groups, and/ or
parts ofiefehibisasigreaicend{c)idatedting-daad sfgnat ehd créatingesraimdge tHeeelsyibuni t

Tat 49-Tat 57 20 (RKKRRQRRR in the one letter ami no acid code). A |inear
poly(arginine) of D-and/or L-arginine with 6 - 15 arginine residues is
prefera i I i [ | r L2 is

t he ot hg‘lré{rfrighbaéélpégg tlﬁ’év\%eglg t(grﬁg%dt:Fﬂnéagg%)gf:tgrﬁgggggﬁhép&gﬁg@a ﬁ%?(%{eiﬁgguch as
in a FRaDopaifor idbdisg grieingr neghrdasmil, atrehpiigingndapradn@nisterirgpdot saidcopi ¢
probes. Most preferred as label L2 ari nndpscul es representing.one part of a
Spect r GQEEBITT] it PRBEI o PBF T A LLD: 1Rt REPROING 43D OTHTEn Pe

capabl eqRitrsRefINEE AddvatRinn Ninih tekce®AMiddBPhéRd (DbREULESa Ca¥RLENE! ¥
attached to a solid support. 30Particularly preferred are | abel such that
L1 i s osignakripdr(chdeteciing saidsigral land greatieg aofimage thenebyact i ng
spectroscopi c probes L1 / L2, wherein energy can be transferred

non-radi atively between the donor and acceptor (quencher) through 11

ei ther gyrameeOONtati c quenching. Such said pair of |abel L1 / L2 changes
its spectroscopi C properties upon reaction/cleavage through the

cor r espdhdiingerdipnpeatziep rtotraalesulanpreieminrecysteisa dioteasap of dhelfaperiaL] / L2
is a FR&J (Forster resonance energy transfer) pair, e.g. a pro-fluorescent
probe covalently |abelled at 5one end (e.g. L1) with a donor (reporter),
and the another position (L2) with an acceptor (quencher), or vice versa.

In particular, L1 is a dgnor (reporter) _and L2 is an _acceptor (quencher),
or L1 is a quencher arﬁld1'BZ|ﬂL%n'aATQQdNHGR.2‘LF% usi ng {hi s probe, the reaction

of the cystein 10protease with the probe will lead to a change in
fl uorescence. The reporter-
wherein

A is a group recognizable by a caspase;

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



guencher distance within the double |abelled substrate is changed upon
reaction with the protease leading to a spatial separation of reporter and
quencher whi ch causes the appearanceg®f fluorescence or change of the

em ssion wavel ength. A broad sel ection of reporter groups nay be used as

| abel Uiisot; L2, respectively, 15including e.g. near infra-red enitting

fl uorophores. The substrate containing reporter and quencher remains dark
until it reacts with the protease, whereupon the reaction mxture is "lit
up" swigeching on the fluorophore em ssion, since the reporter |abel and the
guencher | abel are now spatially separated. Fluorescence quenching and
energy transfer can be neasured by the em ssion of only one of 20 the two
Iabels,R g@ ched or energy donor | abel. \Wen energy transfer occurs and
t he energ g z@tlng | abel is also fluorescent, the acceptor | abel

f | uor esice R saBEtrates subshieRRrdE@thied bitdmoindsabatl asdayt bage two interacting

| abel can be chosen from chenol um nescent donor probes which elimnates the
need ofN¥nQexcitation lanp and reduces acceptor background fl uorescence.

The mentioned particul ar 25nmet hod using such doubl e-| abel |l ed substrates is
useful to determ ne reaction kinetics based on fluorescence tine

measur eTiedtcompauhdsapf llee afpphhied(lb rergi aalivity beddd gsobas Ysubrstrates) for

Al ternatively, the | abel ”%V be a solid %¥$ ort or be additionally
attache‘&’sﬁﬁn@@%ﬁeﬁée%dﬁﬁfﬁf?b'd P the rasPase #Michabl e to a pol ymer/ solid
support. Linear poly(arginine) of DD and/or L-arginine with 6 - 15 arginine
residues is preferably utilized as polyneric label for a L1 / L2 FRET pair.
12 Particular preferred conbinations are two different affinity | abel,
especially a pair of spectroscopic interacting |abel L1 / L2, e.g. a FRET
pair. An affinity label is defined as a nolecule which is one part of a
specific binding pair which is capable 50of specifically binding to a
partner. A specific binding pair considered is e.g. biotin and avidin or
streptavidin furthernore nethotrexate, which is a tight-binding inhibitor
of the enzyme di hydrofol ate reductase (DHFR). Appropriate pairs of
reporters and quenchers can bee chosen by those skilled in 10 the art.
Typical ly reporter and quencher are fluorescent dyes with | arge spectral
overlap as, for exanple, fluorescein as a reporter and rhodam ne as a
guencher. O her quenchers are gold clusters, and netal cryptates. A second
cl ass of quenchers used in this invention are "dark quenchers", i.e. dyes
15w t hout native fluorescence having absorption spectra that overlap with
the em ssion spectra of comon reporter dyes |eading to maxi mal FRET
guenching. Furthernore pairs of dyes can be chosen such that their
absorption bands overlap in order to pronbte a resonance di pol e-di pol e
interaction nechanismw thin a ground state conplex (static quenching). 20
Particul ar fluorophores and quenchers considered are: Al exa dyes, including
Al exa 350, Al exa 488, Alexa 532, Alexa 546, Al exa 555, Alexa 635 and Al exa
647 (US5696157, US6130101, US6716979); dinethylam nocoumarin (e.qg. 7-

di met hyl am nocounmari n-4-acetic acid succinimdyl ester supplied as product
D374 25 by Invitrogen, CA 92008, USA); quenchers QY 35, QY 9 and QY 21
(I'nvitrogen, CA 92008, USA); Cyanine-3 (Cy 3), Cyanine 5 (Cy 5) and Cyani ne
5.5 (Cy 5.5) (Amersham - GE Heal thcare, Solingen, Gernany); BHQ 1, BHQ 2
and BHQ 3 (Bl ack Hol e Quencher TM of Bi osearch Technol ogi es, Inc., Novato,
CA 94949, USA); fluorophores ATTO 488, ATTO 532, ATTO 600 and ATTO 655 30
and quenchers ATTO 5400 and ATTO 6120 (Atto-Tec, 057076 Siegen, Cernmany);

fl uorophores DY-505, DY-547, DY-632 and DY-647 (Dyom cs, Jena, Cernmany);

5/ 6-carbon/fl uorescei n, tetramethylrhodam ne, 4- WO

2009/ 019115PCT/ EP2008/ 059358



13 di net hyl am noazobenzene 4' sul fonyl derivatives (Dabsyl) and 4-

di net hyl am noazobenzene-4' -carbonyl derivatives (Dabcyl). These can be
advant ageously conbined in the follow ng conbinations: Fl uorophoreQuencher
Al exa BSOW%HGK%QIPIVFam nocoumarin, 5/6- Dabsyl, Dabcyl , P{EJF2§06/059358

car boxyfl uorescein, Al exa 488, ATTO 488, QSY 35 DY-505

5/ 6- car boxyfl uorescein, Al exa 488, Alexa 532, BHQ 2, QSY 9, Al exa 546,

Al exa 555, ATTO 488, ATTO 532, ATTO 540Q t etranet hyl rhodam ne, Cy 3, DY-505,
DY-547, Al exa 635, Al exa 647, ATTO 600, ATTO 655, BHQ 3, ATTO 612Q

DY- 632, Oy (Reir F%S%Zsiglfﬁ Xh&]ricg‘- %H?gﬂﬁﬁigﬁ% f&ﬁ%@ﬁ(@tioﬁﬂ%ieﬁ{eﬁté,; nked to

an enzymatic event yie ‘i'ght cou e i nstantaneous rate 0
cat al ysi sa) ahamitiet grodp e€iipiit-bes eareaativengronpdinil eah bectdagedibyifos | uci ferin or

a carboxy-term.nal pr te i i.ve.fhereof re . 1 N0- gr oup of

i nol vl FEP D P pfERedols STk EGRe sERBub G BBLAR O 6 A

10r esul timﬁtdaseaa@et)jﬁ)niaka_mdjaﬁesj l::ﬁ raadmioz@d}r@ngsmsgﬁmeaﬁﬂ athereav;ad ﬁy a
caspase. The enzy [ cti,yit .caspase |leads to the cleavage of the
pepti de b@?fgdb\?ﬁt@ggtqeﬁkiaf‘ﬂizaféi %@P%&qr’f'eri nto the scaffold A |liberating
the am noluciferin a substrate for a luciferase. The follow ng reaction of

the luciferase with its substrate yields a detectable signal
(1 uni nesceri®)A isTRiefarablldoe Marsdetermainest waspegtcitydaweidsia ¢iviit h a second

enzymat i ccIBact Pl .grgaN6S Aldodded WILBRARPRE €a8Sad{ 83yl SiANGownThi s type
tgne deve 8p a ~'pro- ( ged lu

of assay requires nerit o uci ferin ciferin"),
whi ch i s inemotpuiungs 1648 @ Taide fl & arskd.aActizitgbbsed ptobesnlf thanpresenionverted to

luci ferine by,a precedent .enzynatic event e.gd..prot ti,c cl.ea e. In
tics By Ry RRESER RV b oftiable oy ey Rt DR 1 pRUSAPREE o
enzymat i Cfaetoeﬂn.toh}j Wh@reaxﬁ)tsglet:?fi@riﬁdafiﬁwib;hmre r@lﬁﬁoiditm‘_ﬁmerefu_rﬁm pr ]gzsent

| nvention to rovide a prope or etectin roteolvytic actiyit (0] caspases
by means grnp méf%%%fﬁ'&i& eﬂW%ﬂ)é@F@%é‘i@Q&@%@%&'ﬁ%@%@@ éhat)ll% a

parti cul afreerRtd R MHate EdHRcABENOH ThBVEIYES tanSURHUNHSR iVBeERhRclZod S @

solid support or attached to a solid support further carrying one nmenber of
t he repor @2 gnzymenedieby giding te turgver number ¢f the esapnagl interest a sol id

suppo r A kS, L he ot her
romberS o (LRI TEY TRt KRbolet el BhotePHRRRIE b B BN Eolbniy ¢

f | uor escet¢singddanzyeae ).drorwe vino ehpliGbipne pighateteqbiv ity saesired asw (B.gupport,
may be a l?]l ass %Iide,ba. n‘icrlotitﬁ)r $I ate or, any polynmer known to those
proficien 'GP éogl?y,mg:_r(a'pogr)fsly ld e s Isymars (preferably in the
form of 10beads), chemically nodified oxidic surfaces, e.g. silicon

di oxi de, tantal um pentoxide or titani umdioxide, or also chemcally

nodi fi ed REM&TE dErewedae readion phpirecieasal Witl f sebsralgvhesRnNdol d or sil ver

sur f ages. refr@@ntdine e&-&-tmte%mnb%na FSKor&drs RNSBlea8h GIBNts:
15Pr et er ag{b;, t he cga%ouln; of the fornula (1) conpr irtges a group A being an
reactive cysteine comprising the thiol group S

O

M

L1R1L=AT N—R2-L2
@—s‘j

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

The linker group R1 or R2 is preferably a fiexible linker connected to a label L1 or
L2, respectively, or a plurality of same or different label L2 or L1. The linker group



I nhi bitor of caspase-1. The preparation of scaffolds A having caspase-1

I nhibitory activity is for exanple described in US5670494; W9526958;
W9722619; W9816504; W0190063; W03106460; W03104231; WO03103677; W G
Harter, BMSOLI§/IRES. Chem Lett. 2004, 14,809-812; ShalfrVBousaepssy

Bi oorg. 20Med. Chem Lett. 2001, 11, 2779-2782; Shahripour et al., Bioorg.
Med. Chem 2002, 10, 31-40; M C Laufgrsweiler et al., Bioorg. Med. Chem
Lett. 2005, 15, 4322-4326; K. T. Chaprtan, Bioorg. Med. Chem Lett. 1992, 2,
613 618; Dolle et al., J. Med. Chem 1997, 40, 1941-1946; D. L. Soper et

B| obr SI N Sg:.hog%qm tﬁ%%%téxﬁé@ th?égggmfé%a&%%é%o{hz?’éﬁg% P fex ﬁé}g%dﬁh% oor g.

Med. Chenbaaﬁtxmagmgmpb&mrm%c]fmpteaad The nkeEIndysaled |ra:|rease|3heorg Med.

Formil & (F9UPEORr e e B8R et el S e Ry SR8 e na compr i i ng
the foll me:callryeétebiéfwwd%ﬁafef@indmoés bTatel #&tdalapplibaton. THé IMker ébeg ably H O
NA 00 | nnc?t ;nterftere with ru‘ I %lérct?on 01!1 a sgllo cted pa’otease target nor with the detection
of the label L1 and/or L2, but may be constructed such as to be cleaved at some
point in time. More specifically, the linker group R1 or R2 is a straight or branched
chain alkylene group with 1 to 300 carbon atoms, wherein optionally
(@) one or more carbon atoms are replaced by oxygen, in particular wherein every
10 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
15 (c)one or more carbon atoms are replaced by an ester function —-O-CGO—;
(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.

20 The label L1 and L2 of the substrate can be chosen by those skilled in the art
dependent on the application for which the probe is intended.

The labe!l 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

25  reagent; a molecule which is one part of a specific binding pair which is capable of
specifically binding to & partner; a molecule which is a substrate for an enzyme, a
molecule covalently attached 1o a polymeric support, a dendrimer, a glass slide, a
microtiter piate known to those proficient in the art; or a molecule possessing a
combination of any of the properties listed above.

30
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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group, which upon cleavage from the central scaffold A can generate a
luminescent signal through its conversion by a luciferase. Therefore, label L2 may
alternatively be a substrate, suitable for a coupled bioluminescent assay,
characterized in a modified aminoluciferin or a carboxy-terminal protected
derivative thereof as a reporter group.

US7148030 discloses examples of bioluminescent protease assays comprising
peptides as caspase substrates which are linked to modified aminoluciferines.

Preferred is a probe which consists of inframolecularly quenched fluorescent
probes comprising a polymeric backbone and a plurality of fluorochromes
covalently linked via scaffold A to the backbone at a density which leads {o
fluorescent guenching.

Another preferred embodiment of the present invention is the use of a dendritic
macromolecuie onto which two or more fluorophores are covalently linked via
scaffold A at a density which leads to fluorescent quenching. The use of a
polymeric probe has the advantage of localized probe delivery (targeting) and a
prolonged circulation time in the blood stream of an animal or humans. Polymer
conjugation alters the biodistribution of low-molecular-weight substances,
enabling tumour-specific targeting (by the enhanced permeability and retention
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 preierred
embodiment of the present invention for imaging of multicellutar 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, Naiure Reviews Cancer, 2006,
688-701. A further description of polymers useful in the context of the present
invention is disclosed in WO29/568161. The polymeric or dendrimeric probe can
comprise protective chains covalently linked to the backbone or the dendritic



0 3. ONO, o...s,,, 0O OHNH(R)N 16 wherein Ris (C1-05)al kyl,
phenyl, (C5-C6)cycloalkyl; and nis 1-3. preferably in the configuration:
0 wherein RL is hydr ogen, (Cl-C6)al kyl, aryl or -CH2-a nd R3 are
i ndependeMd 39U41983ch ot her hydrogen, or an aryl, subs?ﬁ:{’ﬁi’%&@mé?%?

het eroaryl, substituted heteroaryl, cycloal kyl, substituted cycloalkyl,
heterocycle, or substituted heterocycl group that is fused to the phenyl
group that contains a group R2 as a subsStituent; Wis a bond, NR5, CO S,
0, S02,0(CHR5)n-, CHR5, NR5CO CONR5, OCHR5, CHR50, SCHR5, CHR5S, SO2NR5,

(C1- Co) al \g-{?.gj%% ,QF% CH2C0; wherein RS is
mdependeﬁt ecu %?%égr'] § ?))Ig%ml) i gﬁﬁgn aryl, or

(CH2) ncycmemdxypoiyethplleeaglhcm amd fuﬂbl@nmmbfmery ob ethyieBeglycol.

The probe of the present invention can additionally comprise a targeting moiety
5 such as an antibody, an antibody fragment, a receptor-binding ligand, a peptide
fragment or a synthetic protein inhibitor.

Label L1 and L2 can further be positively charged linear or branched polymers.
Said polymers are known to those skilled in the art to facilitate the transfer of

16 attached molecules over the piasma membrane of living cells. This is especially
preferred for substances which otherwise have a low cell membrane permeability
or are in effect impermeable for the cell membrane of living cells. A non cell
permeable chemical probe will become cell membrane permeable upon
conjugation to such a group L1 or L2. Such cell membrane transport enhancer

15 groups L1 and L2 comprise, for example, a linear poly(arginine) of D- and/or L-
arginine with 6 — 15 arginine residues, linear polymers of 6 — 15 subunits each of
which carry a guanidinium group, an oligomer or a short-length polymer of from 6
to up to 50 subunits, a portion of which have attached guanidinium groups, and/or
parts of the sequence of the HIV-tat protein, for example the subunit Tat49-Tats7

20 (RKKRRQRRR in the one letter amino acid code). A linear poly(argining) of D-
and/or L-arginine with 6 — 15 arginine residues is preferably utilized as polymeric
label in case L1 is one member and L2 is the other member of two interacting
spectroscopic probes L1/ 12, such as in a FRET pair.

25 Most preferred as label L1 andfor L2 are spectroscopic probes. Most preferred as
label L2 are molecuies 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.

30 Particulary 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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either dynamic or static quenching. Such said pair of label L1 /L2 changes its
spectroscopic properties upon reaction/cleavage through the corresponding
caspase protease. An example of such a pair of label L1/L2 is a FRET (Forster
resonance energy transfer) pair, e.g. a pro-fluorescent probe covalently labelled at
one end (e.g. L1) with a donor (reporter), and the another position (L2) with an

acceptor {quencher), or vice versa.

in particular, L1 is a donor {reporter) and L2 is an acceptor (quencher), orlL1isa
quencher and L2 is a reporter. In using this probe, the reaction of the cystein
protease with the probe will lead to a change in fluorescence. The reporter-
guencher distance within the double labelled substrate is changed upon reaction
with the protease leading to a spatial separation of reporter and quencher which
causes the appearance of fluorescence or change of the emission wavelength. A
broad selection of reporter groups may be used as label L1 or L2, respectively,
including e.g. near infra-red emitting fluorophores. The substrate containing
reporter and guencher remains dark until it reacts with the protease, whereupon
the reaction mixture is “lit up” switching on the fiucrophore emission, since the
reporter label and the quencher label are now spatially separated. Fluorescence
guenching and energy transfer can be measured by the emission of only one of
the two labels, the quenched or energy donor label. When energy transfer occurs
and the energy accepting label is also fluorescent, the acceptor |abel fluorescence
can also be measured. A donor label of these two interacting label can be chosen
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 fora L1 /L2 FRET pair.
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Particular préferred combinations are two different affinity label, especially a pair
of spectroscopic interacting fabel L1 /1.2, e.g. a FRET pair. An affinity label is
defined as a molecule which is one part of a specific binding pair which is capable
of specificaily binding to a pariner. A specific binding pair considered is e.g. biotin
and avidin or streptavidin furthermore methotrexate, which is a tight-binding
inhibitor of the enzyme dihydrofolate reductase (DHFR).

Appropriate pairs of reporters and quenchers can bee chosen by those skilled in
the art. Typically reporter and quencher are fluorescent dyes with large spectral
overlap as, for example, fluorescein as a reporter and rhodamine as a quencher.
Other quenchers are gold clusters, and metal cryptates.

A second class of guenchers used in this invention are “dark quenchers”, i.e. dyes
without native fluorescence having absorption spectra that overlap with the
emission spectra of common reporter dyes leading to maximal FRET quenching.
Furthermore pairs of dyes can be chosen such that their absorption bands overlap
in order to promote a resonance dipole-dipole interaction mechanism within a
ground state complex (static quenching).

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, USB716979); dimethylaminocoumarin (e.g. 7-
dimethylaminocoumarin-4-acetic acid succinimidyl ester supplied as product D374
by Invitrogen, CA 92008, USA); guenchers 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); fiuorophores DY-505, DY-547, DY-832 and DY-647 (Dyomics, Jena,
Germany), 5/6-carboxyfluorescein, tetramethyirhodamine, 4-

H



HAH HNXOHO 0 (CH), 18 wherein nis 1-4 mis 1 or 2, and R
Is methyl or nethoxy. 11. wherein SO
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dimethylaminoazobenzene-4’-sulfonyl derivatives (Dabsyl) and 4-
dimethylaminoazobenzene-4'-carbony! derivatives (Dabcyl). These can be
advantageously combined in the following combinations:

Fluorophore Quencher

¢ Alexa 350, dimethylaminocoumarin, 5/6- ¢ Dabsyi, Dabcyl, BHQ 1,
carboxyfluorescein, Alexa 488, ATTO 488, QSY 35
DY-505

¢ 5/6-carboxyfluorescein, Alexa 488, Alexa 532, =« BHQ 2, QSY 9,
Alexa 548, Alexa 555, ATTO 488, ATTO 532, ATTO 540Q

tetramethylrhodamineg, Cy 3, DY-505, DY-547,
s Alexa 635, Alexa 647, ATTO 600, ATTO 855, ¢ BHQ 3, ATTO 612Q,
DY-632, Cy 5, DY-647 Cy 5.5 QSY 21

h

Bioluminescent assays that are linked to an enzymatic event yield light coupled to
the instantaneous rate of catalysis. The method comprises an amino-modified
beetle amino-luciferin or a carboxy-terminal protected derivative thereof were the
amino-group of aminoluciferin is linked via an amide bond to the central scaffoid A,

10 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

15 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 cieavage. In this way,
the luminescent signal is directly dependent on the previous enzymatic event. It is

20 therefore a further embodiment of the present invention to provide a probe for

detecting proteolytic activity of caspases by means of luminescence.



nis 1-4. (CH2)n HH -..."..-- N N HNX 00 OH 12. wherein SO n is 1-4.
o(CH2), HH NN--",.."--- HNX 00---",0 OH 13.
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In a particutar embodiment, the method involves a substrate wherein L2 is a solid

support or attached to a solid support further carrying one member of the reporter

/ quencher pair, or wherein L2 is a combination of a solid support and one

member of the reporter / guencher pair, and L1 is the other member of this pair. in
5  this way, the dark solid support becomes fluorescent upon reaction with the

appropriate protease.

A solid support, may be a glass slide, a microtiter plate or any polymer known to
those proficient in the art, e.g. a functionalized polymers (preferably in the form of

10 beads), chemically modified oxidic surfaces, e.g. silicon dioxide, tantalum
pentoxide or titanium dioxide, or also chemically modified metal surfaces, e.g.
noble metal surfaces such as gold or silver surfaces. A solid support may also be
a suitable sensor element.

15 Preferably, the compound of the formula (I) comprises a group A being an
inhibitor of caspase-1. The preparation of scaffoids A having caspase-1 inhibitory
activity is for example described in US5670494; W(O9526958; WO9722619;
WO9816504; WO0190063; WO03106460; WO03104231; WO03103677; W. G.
Harter, Bioorg. Med. Chem. Leit. 2004, 14, 809-812; Shahripour et al., Bioorg.

20 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 ¢t al., Bicorg. Med. Chem.
Lett. 2006, 16, 4233-4236; D. L. Soper et al., Bioorg. Med. Chem. 2006, 14, 7880-

25 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 formuia (1) is a probe for caspase-1 characterized by a
compound comprising the following preferred scaffolds A (Table 1):

30 Table 1 — Examples of selective probes (1) for caspase-1
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preferably in the configuration
0
HO
N o
N
7 N %
YN 00" H
HO
o
N O
H
H H

Ci

preferably in the configuration:
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---.(p0 OH16. OH O Y---ArHH 0 wherein Wis S or S0)2, and Ar
aryl or heteroaryl, preferably phenyl, naphthyl, benzothi ophene or

i soqui nolyl. 17. HO
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wherein R is (C1-Cg)alkyl, phenyl, (C5-Cg)cycloalkyl; and

nis 1-3.
4 @]
OH
O:\\. ’/O R1
S X
L)
W
Y Ry

preferably in the configuration:

0
OH
T N
S“N X
Rz{ji H
W
Y Ry

wherein R4 is hydrogen, (C1-Cg)alkyl, aryl or -CHg-arvi,
R2 and Rj 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 Ra as a substituent;

W is a bond, NRg, CO, 8, O, S09,0(CHR35)n-, CHR5, NR5CO,CONRg,
OCHR35, CHR50, SCHR5, CHR5S, SOoNRs5, (C1-Cglalkyl, NR5SOs,
CH2CHRg, CHR5CH2, COCHg or CH2CO; wherein Rg is
independently hydrogen, (C1-Cg)alkyl, aryl, (CHp)n-aryl, or (CHo)n-

cycloalkyl; and each n is independently 0 to 5.

S
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whereinnis 1-4
mis 1 or2, and
R is methyl or methoxy.

H H
N N X
H :
Y

OH

1.

wherein nis 1-4.

12. 0 (CH),
H H
N N\:/X
H :
O O YO
Y OH
wherein nis 1-4.
13.
0
H H
N N X
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O O 2 O
v Y
OH
14.
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OH




HN OH 22.

YHO CH, 21 23. YNHO HOH24. H* OH
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15.
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H H
N"N N _-X
H :
O O '\fo
Y
: OH
16. OH

A H o0
wherein W is 8 or S(O)9, and
Ar is aryl or heteroaryl, preferably phenyl, naphthyl, benzothiophene or

17.

isoguinolyt.
HO
O
0]
X
N
Y~nar g O 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

’
.
-
i

means either a single or a double bond.




25. R2b R2a’ 0 )-H y-Ar preferably wherein Wis CH2,

het eroaryl, R2a,

are each

R2a', N(R6)2, wherein and R2b R2bl1 N HO all-(S) configuration or
het eroaryl; wherein R9 is hydrogen or (Cl-C6)al kyl, ary Rai
i ndependeMQ 30483811 8gen, hydroxyl, (Cl-C4)al kyl, (Cl 045‘%?%%@98/“5%"8 m Xt ures
t her eof (Cl-C6)al kyl, cycl oal kyI, (G CQaryl; or Ra together to forma
doubl e bond. heterocyclyl; R2a ) 20
18.
@’\Jf’
N HO
N
H 0 > X
o” R
Y
19. OH
¥ 0O H 0 O
N N
YT N \;)LN X
: H : H
: o :
: OH
20. F
OH
N
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N N X
H H
0O
21. OH
Y, O O
N N\/U\
0O E
22,
Y, Q‘s OH
N
N
H C
I
O N X
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Ointhe Ar is aryl 0 or NR9 R2b and hal ogen, R6 is hydrogen, can taken
22 HO preferably in the all-(S) configuration, wherein Ar is aryl or
heteroaryl; R2a, R2ai, R2b and R2b' are each independently hydrogen,

hydr oxyl , My REYB11Ral ogen, (Cl-C4)al kyl, (Cl-C4)al koxy®€ 0‘#/‘%? fes

t hereof wherein R6 is hydrogen, (Cl-C6)alkyl, cycloalkyl, (CGCl )aryl; or

R2a and R2b can taken together to form.,a doubl e bond. preferred in the
all-(S) configuration wherein Ar is aryl or heteroaryl; and Wis

i ndependently selected from C(R1)2; 0(0); NR2; S; S(0); S(0)2i wherein Rl
and R2 arejngependentty hydrogen, TSR3 21 p(CH=CHTIR3,—C(=Z)R3;

o(=2) [ C(RH2] | i "2 NoRR) 2, C(=2) NRBN(R3) 2, ON, CF3, N{R3)2,
NR3CN, NR3C(=Z )2, INHN(R3) 2, NHOR3, N2, OR3, OCF3, |F, d,
Br, I, SGBH, P(0) (OR3)R3, P(0)(OR3)2i wherein pis

0 to 12; iwherei eré&in Zis 0, W
2009/ 019115PCI S, NR3; wherein R3 is independently
hydr ogen,| al kyl, cycl oaICRyI , Haryl)ﬁ het eroaryl, heterocylyl. 28.

24,

25, R2'

preferably in the all-(8) configuration,
wherein Ar is aryl or heteroaryl;
W is CHo, O or NR9 wherein R9 is hydrogen or (C4-Cg)alkyl, aryl,

heteroaryl, heterocyclyl;
R28 R28" R2D and R2b are each independently hydrogen, hydroxyl,
N(RE)5, halogen, (C4-Cyg)alkyl, (C4-Cy)alkoxy, and mixtures thereof

wherein RS is hydrogen, (C1-Cg)alkyl, cycloalkyt, (Cg-Cqg)aryl; or R28

and RZP can taken together to form a double bond.




RARSHO 0S00 Y"-AriLNN HO HN O preferred in the all-(S) configuration
wherein Ar is aryl or heteroaryl; and R4 and R5 are independently sel ected
from C(R1)2; C(0); NR2; S; 8(0); 8(0)2; wherein RL and R2 are

i ndependeMQ P18 8gen, [ C(R3) 2] p(CH=CH)ci R3, C(Z) R3, PCT/EP2008/059358
C(=2)[C(R3)2] p(CH=CH) ci R3, C(Z)N(R3)2, C(=Z)NR3N(R3)2, CN, CF3, N(R3)2,
NR3CN, NR3C(=Z)R3, NRC(=Z)N(R3)2, NHN(R3)2, NHOR3, N2, OR3, OCF3, F, d,

Br, I, SO3H OSG3H, SO2N(R3)2, S02R3, 0) (OR3)R3, P(0)(OR3)2; wherein p is
0 to 12; wherein qis O to 12; wherein Zis 0, S, NR3; wherein R3 is
i ndependgniythydrogen, . gtkyt—cyctoatkyts—aryt-—heteroaryt;—heterocyl yl .

wherei n tifevari ablgs i,h the groups 1. to 28. are defined as indicated in
the definition n Xt t respective conpound; X is - CONH R2-L2; is
-L-R1-L1;; and R1; L2 are as described above. 5Furthe
preferablly, the &hpound ofl the formula (1) conprises a group A being an
i nhi bitor| of caspase-3. epagat i op of scaffolds A having caspase-3

i nhi bi torly act|i vigy is B desgribed in W0032620; WO0055127;
W0105772; W0302 ¥ WO@008//008 T\P. Tawa et al., Cell Death and
Differentfiati on 2004,H11, 439-@47; cale et al., J. Med. Chem 2004, 47,
6455- 6458; and Befger 10et al., Molwg @r Cell, 2006, 23, 509-521. Mre
preferred, the conmpound of the formufa (1) is a probe for caspase-3 '
characterji zed by a conpound conpri $igng the following preferred scaffolds A
(Table 2)]: 24 Table 2 - Exanples of selective probes (1) for casapse-3
29. Y\ NQ pteferably in the all-{S) configuration,

wherein Ar is aryl or heteroaryl;

R2a R2a' R2b and R2D’ are each independently hydrogen, hydroxyl,
N(R6)2, halogen, (C4-Cg)alkyl, (C41-C4)atkoxy, and mixtures thereof
wherein RS is hydrogen, (C1-Cg)alkyl, cycloalkyl, (Cg-Cqg)aryl; or R22

and R2D can taken together to form a double bond.

HO
W~y
O
O ) O "
v J\N N\/LLN
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)2; C(O); NR2; S; S(O); S(O);
wherein R1 and RZ are independently hydrogen,
[C(R3)2lp(CH=CH)qR®, C(=Z)R3, C(=Z)[C(R3)2]p(CH=CH)qR?,
C(=Z)N(R3)2, C(=Z)NR3N(R3), CN, CF3 N(R3)p, NR3CN,
NR3C(=Z)R3, NRC(=Z)N(R3)9, NHN(R3)o, NHOR3, NO5, OR3, OCF3,
F, Cl, Br, |, SO3H, OSO3H, SOoN(R3)p, SOoR3, P(O)ORIHRS,

P(O)(OR3)2; wherein p is 0 {o 12; wherein q is 0 to 12; wherein Z is O,
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S, NR3; wherein R3 is independently hydrogen, alkyl, cycloalkyl, aryl,
heteroaryl, heterocylyl.

28. R# RS HO

v I AL A~

N
AT H H

preferred in the all-(S) configuration

wherein Ar is aryl or heteroaryl; and R4 and R® are independently
selected from: C(R1)2; C(O); NRZ; S; §(0); $(0)y; wherein R1 and R2
are independently hydrogen, {C(R3)2]p(CH:CH)qR3, C(=Z)R3,
C(=Z)C(R3)]p(CH=CH)GR3, C(=Z)N(R3)p, C(=ZINR3N(R3);, CN,
CF3, N(R3), NR3CN, NR3C(=Z)R3, NRC(=Z)N(R3)2, NHN(R3)y,
NHORS3, NOg, OR3, OCF3, F, Cl, Br, I, SOgH, 0SOgH, SOaN(R3),,
SO,R3, P(O)OR3)R3, P(O)OR3)y; wherein p is 0 to 12; wherein g is 0

to 12; wherein Z is O, S, NR3; wherein R3 is independently hydrogen,
atkyl, 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 (I) 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;
WO03024955: 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 Celi, 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 scaffoids A (Table 2):
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Table 2 - Examples of selective probes (I} for casapse-3

29. | Y,
N 0
AN LA
N 7N - X
N © E\[rOH
o)
30. JTE\/H O H O
YNG N
\HJ\N \/U\x
N> O H(OH
0!
31, 0
OH
X
0
N 0
HO . H
H \
Yp N R
//S\\
O O O RSB
wherein RA and RB are independently hydrogen, (C1-Cg)alkyl,
hydroxyl, (C1-Cg)atkoxy or halogen.
32. 0
0 OH
HO X
H H
Y _N 0
"/S\\
o o JNe!




o OH HO

H H N\ RA 00 RB wherein RA and RB are independently

hydr ogen, (G -C6)al kyl, hydroxyl, (Cl-C6)al koxy or hal ogen. 32.
WO 2009/619115 PCT/EP2008/059358
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33. 0
O OH
HO Z N X
H | H
Y _N N O
58S N
o O
34. OH
H ? H ?
Yo N N
o > o] :\y//o
OH
35. (O)mY
N
A N X
R o
OH

preferably in the all-(S) configuration,

wherein mis 0 or 1; and

R4 R5 and RS are independently selected from the group consisting of:
1) H,

2) halogen,

3) (C4-Cy)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,
(C4-Cy)alkyl and (Cq-Cy)alkoxy, said alkyl and alkoxy being optionally

substituted with 1-3 halogen groups,
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7) NH(C1-Cq)acyl,

8) (C1-Cyqlacyl,

9) O-(C1-Cy)alkyl-COoH, optionally esterified with a (C4-Cg)alkyl or a
(C5-C7)eycioalkyl group,

10) CH=CH-CO2H,

11) CO2H,

12) (C1-Csg)alkyl-COH,

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

14) (C1-Cx)alkyl-C(O)NH», optionally substituted on the nitrogen atom
by 1-2 (C4-Cg)alkyl groups;

15} $(0)p-2-(C1-Cy)alkyl;

16) (C1-Cp)alkyl-8(0)g.-2-(C1-C4)alkyl;

17) S(O)p.2-(C4-Cglalkyl 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)alky! and
(C4-Cy4)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, (C4-Cy)alkyl and (C4-Cy4)alkoxy, said
alky! and alkoxy groups being optionally substituted by 1-3 halogen
groups,

19) phenyl or naphthyi, 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) (C4-Cglalkylene-HET2, wherein HET2 represents a 5-7 membered
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aromatic or non-aromatic ring containing 1-4 heteroatoms selected from
O, S, NH and N(C1-Cy4) and optionally containing 1-2 oxo groups, and
opticnally substituted with 1-3 (C1-Cg4)alkyl, OH, halogen or (C4-C4)acyl
groups;

22) O-(C4-Cy)atkyl-HET3, wherein HET3 is a 5 or 6 membered aromatic
or non-aromatic ring containing from 1 to 3 heterocatoms selected from
0O, 8 and N, and optionally substituted with one or two groups selected
from halogen and (C1-C4)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 thergof, 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)alkyt and (C1-Cg)acyl;

and wherein halogen includes F, Cl, Brand 1.

36.

R4
0 o
Y% H
N N N X
M
0 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) NO2,

5) OH,

6) benzyloxy, the benzyl portion of which is optionally substituted with
1-2 members selected from the group consisting of: halogen, CN,
(C4-Cyjalkyl and (C1-Cy4)atkoxy, said alky! and alkoxy being optionally

0



H

R T \ U R5R6 0O --...... ,0 OH preferably in the
all-(S) configuration, wherein mis 0 or 1; and R4, R5 and R6 are

i ndependently selected fromthe group consisting of: 1) H,
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substituted with 1-3 halogen groups,

7) NH(C1-Cglacyi,

8) (C1-Cg)acyl,

9) O-(C1-Cy)alkyl-COgH, optionally esterified with a (C1-Cgalkyl or a
(C5-Cy)ecycloalkyl group,

10} CH=CH-CO2H,

11) COsH,

12) (C4-Cs)alkyl-COoH,

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

14) (C1-Cg)aikyl-C(O)NH2, optionally substituted on the nitrogen atom
by 1-2 (C1-Cy)alky! groups;

15) §(0)p-2-(C1-Ca)alkyl;

16) (C1-C2)alkyl-3(0)p.-2-(C1-C4)alkyl;

17) S(O)p-2-(C1-Cglalkyl or S{(Q)p2-phenyl, said alkyl and pheny!
portions thereof being optionally substituted with 1-3 members selected
from the group consisting of: halogen, CN, (C4-Cg4)atkyl and
(C1-Cy4)alkoxy, said alky! 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-Cg4)alkyl and {C4-C4)alkoxy, said
atkyt and alkoxy groups being optionally substituted by 1-3 halogen
groups,

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

3 halogen groups,
20) CN,




2) hal ogen, 3) (Cl-C4)al koxy optionally substituted with 1-3 hal ogen
atons, 4) N2, 5) OH, 6) benzyloxy, the benzyl portion of which is
optionally substituted with 1-2 menbers selected fromthe group consisting
of : hal og& 200Mp19116C1- C4) al kyl and (Cl- C4) al koxy, sai dPal/RJA%0S15EPS8I1 koxy
being optionally substituted with 1-3 hal ogen groups, 26 7)

NH(Cl- C4)acyl, 8) (Cl-C4)acyl, 9) 0-(Cl-C4)al kyl -CO2H, optionally
esterified with a (G -C6)al kyl or a (G5 C7)cycloal kyl group, 10)
CH=CH-002H 11) Cx2H, 12) (Cl 05)a| kyI CO2H, 13) C(0) NH2, optionally

subst i t uted-—ot 11 1 1

(G 05) al oyl < GC0y B CA TR TSR Ty S ST T Tok ro v h IS o 80y 1.2
E % gg 2: ty: ré?(;'rﬂﬁtlc (()rlﬁén §(d?9:&m2ﬂr(gcédn%)1ﬁbkﬂh hetekBatoms selected from

Y 0O, S, NH and N(C1 C4) aynd optionally containing 1-2 oxo groups, and

NQ
A

optionally substituted with 1-3 (C1-Cg)alkyl, OH, halogen or (C1-Cg)acyl
groups;

22) O-(C1-Cy)alkyl-HET3, wherein HET3 is a 6 or 6 membered aromatic
or non-aromatic ring containing from 1 to 3 heteroatoms selected from
0, S and N, and optionally substituted with one or two groups selected
from halogen and (C4-Cy)alkyl, and optionally containing 1-2 oxo
groups, and

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

and wherein halogen includes F, Cl, Brand |.
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17) S(0)0-2-(C1-C6)al kyl or S(0)02-phenyl, said al kyl and phenyl portions
t hereof being optionally substituted with 1-3 nenbers selected fromthe
group consisting of: halogen, CN, (Cl-C4)al kyl and (Cl-C4)al koxy, said

al kyl and¥ ¥8%4120éi ng optional ly substituted by 1-3 hBEDEBHROEEHBHPs, 18)
benzoyl optionally substituted by 1-2 nmenbers selected fromthe group
consisting of: halogen, CN, (Cl-C4)alkyl and (Cl-(4)al koxy, said al kyl and
al koxy groups being optionally substittd{ed by 1-3 hal ogen groups, 19)
phenyl or naphthyl, optionally substituted with 1-2 nmenbers sel ected from
t he grou cotrststin dl. hrad Og€, €N, (Cl-@)ai 'i\yi and (Cl-@)ai Ko Y, sai d
al kyl an 'kgxy being optionally substituted with 1- 3 hal ogen groups,

20) CN, [21) (C1-C4) éene HET2, wherein HET2 represents a 5-7 nenbered
27 aromati c or non-4ronetic I3 ng~gontainingy 1-4 heteroatons sel ected from
0, S, NHjand N(C1-C4) and opt onaIIy dﬁntalnlng 1-2 oxo groups, and
optional lly subsYi I OH, hal ogen or (Cl-C4)acyl
groups; 22) Q- (G}- GA)jal kyl:- HE rein HEf% is ab or 6 nmenbered
aromatic jor nan-aronmatdc rizng contaEnlng i1 to 3 heteroatons sel ected
fromO, and (N, and option bstltu;iﬁgﬁﬁth one or two groups |sel ected
from hal ogen gnd (C1- C4)a|ky|§ and optionapyy containing 1-2 oxo groups,
and 23) [HET4, wherein HET4 is.a-Bl or 6 nenbered aromatic or non-aronatic
ring, and the jbenzofused anal ogs thereof, containing from1l to 4
het er oat oy S€l'ected pROM U, S and N, and 1S optionalTy substituted by one
or two grloups isel ected from hal ogen, (Cl-C4)al kyl and (Cl-C4)acyl; iand
wher ei n hjal ogen i nc F, o0 ~Bf and Ig OH preferably in the alll -(S)

configuration, yher in \v/ﬂ\select%y fr n1the group consisting of:;] 1) H

YO

OH

41,

EYE

HO O

42.

CH

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-L.1; and
R1, R2, L, L1 and L2 are as described above.



2) hal ogen, 3) (Cl-C4)al koxy optionally substituted wth 1-3 hal ogen atons,
4) N2, 5) OH, 6) benzyloxy, the benzyl portion of which is optionally
substituted with 1-2 nenbers selected fromthe group consisting of:

hal ogen, ®IQ 20081904) al kyl and (Cl- C4) al koxy, said al kyPCHRERO8YKHEY bei ng
optionally 28 substituted with 1-3 hal ogen groups, 7) NH(G -C4)acyl, 8)
(Cl-C4)acyl, 9) 0-(Cil-C4)al kyl -002H, O{J)tl onally esterified with a
(C1-Co)al kyl or a (C5-C7)cycl oal kyl gr 10) CH=CH CO2H, 11) CO2H, 12)
(C1l-Co)al kyl -CO2H, 13) C(0)NH2, opti onaIIy substituted on the nitrogen

t b 1 2 (Cl- |, k X - | kyl - ] |1
Subst 11 ut EATST e Y o EhTHBER o Bh S R Rp S Gt AT AR 1Y
gg 83 0-2- Exgi:rbggg o ttlzaelpase Yt DrogaymrkotocBON0 £ondi Cmise snhmta_ay

a e sai a i ons
t her eof b8SHYEY Sptor Sﬁ%mpk‘? %%EP?‘%(H é%'g\??[ ehale '@0 ﬁ%‘%’e&%” %&%gy%% Fom t he
group congseidacaia- @%@9@%0%6&@9@&)@3@@%@0@@%@@ Rlokoxy, said

al kyl and al'’koxy being optionally substituted §y | ogen groups, 18)
benzoyj oprtafef .Ithe serpewnd etiliedyrmula (nsrberabeder ersnagerd Giararerigibup
consi stin I (A OIEIOTAN- .said al kyl and
al koxy gro ps Hgggg[”pg%%‘ﬁ %substl¢%ﬂefﬁr%j éc%#ggﬁ)a%k)gen g oups, 19)
phenyl or napht hyI optionally substituted with 1-2 nenbers selected from
the gr oupTalolesa—sED(a@pm‘s ofisaleaes prabis () @I-d@¢pasdl and (Cl- C4) al koxy, said

al kyl and al |1 V\]l hnl ng nnf | nn:ﬂ | \l Subst: fllf arl \l\vl; t hl ’I 3 hal ngnn or ’ups

!
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wherein X is -CONH-R2-L2; Y is -L-R1-L1;and R1,R2, L, LT and L2 are as
10  described above.

The following definitions apply if not otherwise stated:

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

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

Acyl is defined as a group -C(=0)alkyl.



20) CN, 29 21) (Ci1-c4)al kyl ene-HET2, wherein HET2 represents a 5-7
menbered aronmati c or non-aromatic ring containing 1-4 heteroatons sel ected
fromO, S, NH and N(Cl-C4) and optionally containing 1-2 oxo groups, and
opti onal | YW&E¥#PiMdt ed with 1-3 (Cl1-C4)al kyl, OH, hal ofeHEBOIYEIHES) acyl
groups; 22) 0-(Cl-C4)al kyl -HET3, wherein HET3 is a 5 or 6 nenbered aromatic
or non-aromatic ring containing froml%o 3 heteroatons selected fromO, S
and N, and optionally substituted wi t hone or two groups selected from

hal ogen and (Cl-C4)al kyl, and optionally containing 1-2 oxo groups, and
23) HET4, wherein HET4 is a 5 or 6 nmenbered aromati c or non-aronmatic ring,
and t he benzofused anal ogs thereof, containing from1l1l to 4 heteroatons

sel ect ed Arwm definBdasdariNaroaratic ihyd auirmmatdwngséibs § © tatbed ddgmene or two

groups selected from hal ogen Cl- C4) al kyl d, (Cl-C4)acyl; and wherein
hal ogen ihé?'?}ﬂ S GEanghgro %'%%‘g? Ph%”ﬁ).i a”é%‘@ﬁgg‘yk HOH38 HOOHHO 110 0

5 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, quinoiing,

10 isoguinoline, and naphthyridine.

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

15
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, morpholing, and piperidine.

20 The aryi, heteroaryl, or cycioalky! groups may be substituted with one or more
substituents, which can be the same or different. Examples of suitable
substituents include alkyl, alkoxy, thicalkoxy, hydroxy, halogen, triffluoromethyi,
amino, alkytamino, dialkylamino, NO9, CN, CO2H, CO2alkyl, SO3H, CHO,
C(=0)alkyl, CONHp, CONH-alkyl, CONHRq, C(=O)N(alkyl), (CHz)qNH2, OH,

25 CF3, O(C1-Cg)alkyl, (CH2)sNH-alkyl, NHRq, NHCORg, phenyl, where nis 1 to 5
and Rq is hydrogen or (C4-Cglatkyl.

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

scaffoid A and to attach either linker and label 1.1 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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as the cyanine-dyes (e.g. Cy3 B, Cy 5.5, Cy 7) are commercially available (e.g.
Sigma-Aldrich, GE-Healthcare). For a subset of probe, descried in this invention,
the-solid-phase synthesis method is particularly useful (B. J. Merrifield, Methods in
Enzymology 1997, 289, 3-13). Depending on the synthetic requirements,

5 attachment linker, quencher or fluorophore may be done on the solid support or
by solution phase chemistry.

in general, reactive side chain residues on the central scaffoid A and optionally
the group'L will be protected and liberated sequentially for further modification

10 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)

15 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:

20
In a preferred embodiment, the probe of the formula (1) 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

25  suitable for fiuorescence resonance energy transfer (FRET). Chromophores can
be fiuorescent 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

30 optionally via linker units.



HOOH41, HOOHOOH-,, ..--- HOO HO -?",-,0 OH 42. HOoH
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Preferably, the fluorophore are chosen from the group of xanthene- or cyanine
dyes. More preferred are cyanine dyes from the group of carbacyanines,
thiacyanines, oxacyanines and azacyanines. Cyanine dyes suitable to be used in
the context of the present invention are disclosed in US5268468 and US5627027.

5  They include the dyes with the trademark (Amersham, GE Healthcare) Cy 3, Cy
3B,Cy 3.5, Cy5, Cy55 Cy7andCy7.5.

Preferably, the quencher unit is a non-fluorescent chromophore which include 2,4-
dinitrophenyl, 4-(4-dimethylaminophenyl)azobenzoic acid (DABCYL), 7-methoxy-

10 coumarin-4-yhacetyl and non fluorescent cyanine-dyes as described in
W09964519.

In a preferred embodiment, the quencher does not show a significant emission
and more preferably is a non-fluorescent chromophore. In this embodiment, the

15 imaging reagent comprises a fluorophore and a non-fluorescent (dark) acceptor
chromophore.

More preferred is a probe of the formula (1) based on a tetrapeptide scaffold
(Table 1, compound 2) bearing a QSY 21-Quencher at the N-terminal side and a
20  CY 5.5 fluorophore at the C-terminal side (Scheme 2):



-..y,,,,p0 OH wherein the variables 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; and R1, R2, L, L1 and L2 are as descri bed
above. \WYOWOYIBNS115PCT/ EP2008/ 059358 31 Furt her pr ePeFEBINSO%3E compound
of the fornmula (1) conprises a group A being an inhibitor of caspase-8. The
preparation of scaffolds A having Cah/bfie 8 inhibitory activity is for
exanpl e described in Berger et al. cular Cell, 2006, 23, 509- 521; and
Garcia-Calvo, J. Biol. Chem 1998, 273 (49), 32608-32613. Mre 5preferred,
the conpound of the fornula (I) is a probe for caspase+8occharacterized by a
conpound conprising the follow ng preferred scaffolds OAS(TabI e 3): Table 3
- Exanpl es of selective probes (I) for caspase-8 43. )\_\)_S on 0 0
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(Scheme 2).

A further preferred embodiment includes the same scaffold bearing the dark
5 quencher BHQ 3 at the N-terminai side and a Cy 7 fluorophore at the C-terminal
side (Scheme 3):
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(Scheme 3).

in a preferred embodiment, fluorescein and tetramethyirhodamine are chosen as
5 aninteracting FRET pair and the tetramethylrhodamine is placed at the N-termina!
side of the scaffold whereas the fluorescein is linked at the C-terminal side as

shown in (Scheme 4):

{Scheme 4).
10
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in a further preferred embodiment, one interaction partner of the FRET pair
comprises a nanoparticle. More preferred in the context of the present inventions
are CdSe nanoparticles (e.g. Quantum-dots), lanthanide-ion doped oxide
nanoparticles (.. YosEup4V04) and iron-oxide nanoparticles {e.g. AminoSPARK
680 and AminoSPARK 750 supplied by VisEn Medical, Inc., MA 01801, USA). I
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 overiap with
acceptor emission. Furthermore, such nanoparticles proved to be much more
photostable than organic dyes which undergo fast photobleaching. Activated
guantum 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
guantum dot {(e.g. QDB05 supplied by Inviirogen, 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).



wherein Xis -CONHR2-L2; Yis -L-R1-L1; and R1, R2, L, L1 and L2 are as 10
descri bed above. The followi ng definitions apply if not otherw se stated:
Al kyl neans a strai ght or branched chai n hydrocarbon having 1 to 6 carbon
atoms. 15BGWPYE8YIST (C1- C6)al kyl groups are nethyl, ePRYFF2O8EHE

i sopropyl, isobutyl, butyl, tert-butyl, sec-butyl, pentyl, and hexyl. Acyl
is defined as a group -C(=0)al kyl. 3 ryl is defined as an aronmatic

hydr ocarbon having 6 to 10 carbon atoms® Exanples of aryl groups include
phenyl and naphthyl. 5Heteroaryl is defined as an aryl group wherein one or
nore carbon atom of the aromatic hydrocarbon hasgpeen replaced with a

het er oat om wherein the term "heteroat ont incIQ&g@ oxygen, nitrogen, sulfur,
and phosphorus. Exanples of heteroaryl groups ifntbude furan, thiophene,
benzot hi ophene, pyrrole, thiazole, pyridijne, i m di ne, pyrazine,

benzof uran, indole, coumarin, quinoline, N6t géi nol i ne, and napht hyri di ne.
Cycl oal kyl nmeans a cyclic alkyl group havjing~3—to 10 carbon atons. Exanples
of cycloal kyl groups include cycl opropapé,~rycl obut ane, cycl opentane, and
cycl ohexane. 15 Heterocycle or heterocy vyl ans a cycl oal kyl group on

whi ch one or nore carbon atom has been-tepllaced with a heteroatom Exanples
of heterocycl es include piperazine, norpholine, and piperidine. 20 The
aryl, heteroaryl, or cycloal kyl group$ nay be substituted with one or nore
substituents, which can be the samelpr different. Exanples of suitable
substituents include al kyl, al kaxy i.eal koxy, hydroxy, hal ogen,
trifluoronethyl, am no, al kylam no am NG, CN, CO2H, CQ2al kyl,
SG3H, CHO, C(=0) al kyl , CONH2, R =0) N(al ky1) 2,
(CH2)nNH2, OH, 25 CF3, 0(Cl-Co6)alk yl', INHRg, NHCORq, phenyl,
where nis 1 to 5 and Rg is hydroger—or (Cl-C6)al kyl. /The activity based

pr obes of e present i nvent i on 44 be synt hesi zed N usi ng 30appropriate
protectin up chem stry knowpfnQhe art to buildiup the central
scaffold A and{to attach either ﬂ nker and | abel L1 g to this unit via
a group L and group -C(0)-NH. cks as well as
FRET-pairs such |33 as the cyani L, C 5.5, C 7) are
comercially ava i afit hcare). For a subset of

e (e.g i_gn rilg
probe, descried in‘izgf\inﬂsi; Ht he[lsol i\d- phase™ynt hesis nethod is
particul arly usefhi ~Jd~N\ertifield OMet i n\Enzynol ogy 1997, 289,
3-13). Depending on the gynthetic requiréﬂent%, 5attachnment |inker,
quencher or fluorophore may ®e done on the solid support or by solution
phase chegééﬁ%y. In general, reactive side chain residues on the centra
scaffold %é%ionally the group L will be protected and |i berated

sequentially for further nodification




10 with the subunits URI and L2R2 respectively. Conjugation of these
subunits can be acconplished by known nethods of chem cal synthesis.
Particul ar useful is the reaction between a dye active ester and a prinmary
am ne gr o YOAMESscaffold A to connect both units vi BCHEPAM/E&5Bond.
Internedi ates as well as final probe nolecules may be purified by high

performance |iquid chromatography (HP 15 and characteri zed by nass
spectronetry and anal ytical HPLC before’they are used in |abelling and
i magi ng experinents. The present invention is illustrated in the foll ow ng

par agraph by several but non-limting exanples: 20 In a ferred

enbodi nent, the probe of the fornula (I) conprises a sca d Awhich is
derived froma tetra id aspase-1 i nhibitor (Tabl , conpound 2)
beari ng a chronophagre -t y nalq si de the N-term nal side.
Appropriate c phare ch sengin y~that\ their spectral properties

r fHuorgscence onancé4energy‘?ransfer (FRET) .

Chr onophor & be fl uor esfenfy orxnon fluorescent. In principle, a broad
vari ety of rogrophores nmay be uysedd n the present invention, as long as
the centr& requirement that is éégpectral change after proteolytic

cl eavage of g,peptide bond i s ef. The attachnent of such interacting
chronmophores a he central égEhfold is made 30optionally via |inker

are 25suitab

units. 34 Pref oif ophore are chosen fromthe group of

xant hene- or cyam elpreferred are cyanine dyes fromthe group
of carbacyani nes, 5
suitable to be used_in the gontext of the present invention are disclosed

(Amersham GE Healthgare) Cy 3, Cy 3B, Cy 3.5, C& 5 C 5.5 C 7 and Cy

' ncher unit is a non-fluorescent chronophore which
i nclude 2,4- di enyl, 4-(4-di met hyl am nophenyl ) azobenzoi c acid
(DABCYL), 7-net hox coumarin-4-yl)acetyl and non fl uorescent
cyani ne-dyes a§ﬁ$escribed in W9964519. In a preferred enbodi nent, the
quencher doedPnot show a significant enmission and nore preferably is a
non-fluorﬁ§5§ﬁﬁegpronnphore. In this enbodi nent, the 15i magi ng reagent
conprises a tluorophore and a non-fl uorescent (dark) acceptor chronophore.
More preferred is a probe of the fornmula (1) based on a tetrapeptide

S de and 373geSnertR R EEnGhed R Mool i B i) %55 G o0

0 s-0# \ kibtecule is represented by the cyanine-dye CY 7.

in a further preferred embodiment, the quantum dots in the probe of the formula
(1) are connecied to gold-nanoparticles via a proteolytic cleavable subunit

(Scheme 7):
HO
09 N N S\J»“N/\\/
HN\)}\ ; 0 N : °
10 Cl
{(Scheme 7).

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



\fr_ (Schene 2). A further preferred enbodi nent includes the sane scaffold
bearing the dark 5quencher BHQ 3 at the N-termnal side and a Cy 7
fluorophore at the CGterm nal side (Schene 3): (Scheme 3). In a
embodi nentO 10YBPEScei n and tetramet hyl rhodam ne are cRBYERVAYIBE
interacting FRET pair and the tetranethylrhodam ne is placed at the
N-term nal side of the scaffold mhereafﬂthe fluorescein is |linked at the
C-termnal side as shown in (Schenme 4)7“OH Cl (Schenme 4). 37 In a further
preferred enbodi nent, one interaction partner of the FRET pair conprises a
nanopart i Ik i ' r i i ONS are
Case. nanogSi T EErRAGE UAES) nive BER SRBGH asitieHlife RIGRARTS IoF Se

nanopar t i tli@esdantglyeiras Bued £¢@) queardurinrdats . oXiedeppiiaatipact queEindsm detgin

Am noSPARK 5 680 an M, NOSPARK 750 supplj n Medical, Inc., NA
01801, USRYTORArRE A AN 4 L et D oNE2aB 1295200, T FReT pat ¢t hey
can be excited at a wavel ength much shorter than the acceptor absorption
thus mnimzing direct acceptor excitation, In additjon, the narrow donor
b o1 b HoRETet DTS Pag LIt COBIBPORR 61 B IR CRBS Hs & GHen
nanoparti gRes %%hb%i@%@ﬁﬁ&iﬁ@ﬁ@té&é@b@éé 8R! Govialtity Bhkédidgetheps Whi ch
undergo fast photobl eaching. Activated quantum dots for chem cal

conj ugat i 6rcheme 8ommerci al |y avail abl e (Invitrogen, CA 92008, USA) and
their em ssion wavel ength can be chosen froma variety of products. 15
Schenmes 5 and 6 show quantum dot based probes of the formula (I) 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)

m ght be positioned via an appropriate linker either at the N-term nal side
of the caspase-1 probe (Schenme 5) or at the Ctermnal side of the
caspase-1 probe (Schene 6). 20

referred



38 C (Schene 5); The quantum dot is represented as a black circle
and an appropriate acceptor 5nolecule is represented by the cyani ne-dye CY
7. In a further preferred enbodi nent, the quantumdots in the probe of the
formul a (WP BP¥¥BAnected to gol d-nanoparticles via a ProfRdMrEeEcl eavabl e
subunit (Schene 7): 10C (Scheme 7). 40 Gold nanoparticles (AuNPs) have
been shown as effective quenchers for %{ganic fluorescent dyes as well as
for quantum dots. The application of qUantum dots in conbination with AuNPs
is e.g. disclosed in W2006126570. 5In a further preferred enbodi nent, the
probe of the fornmula (1) consists of a nmulti- FRET systen1mhereip t wo
specific protease probes are covalently linked together (5Schemesd): WO
2009/ 019115PCT/ EP2008/ 059358 41 (Scheme 8). I thj ation it is
possible to excitefit a single wavel ength and use t eht eni ssi on
rati os as uni que EF

HN

{Scheme 8).

in this configuration it is possibie to excite at a single wavelength and use the

5 different emission ratios as unique FRET signatures (K.E Sapsford et al., Angew.
Chem. Int. Ed. 20086, 45, 4562- 4588). This probe combines two specificities in
one molecule that is a scaffold for caspase-1 and a scaffold for caspase-3.



Chem Int. Ed. 2006, 45, 4562- 4588). This probe conbines two specificities
in one nolecule that is a scaffold for caspase-1 and a scaffold for
caspase-3. 42 In a further preferred enbodi nent, the probes of the fornula
(1) are d¥4 yYA¥eE%1S have a long circul ation time, havePRI"GROPIFBIA
accurnul ati on and contai n quenched fl uorescent markers whi ch becone
fluorescent in the near-infrared 5specfrum after enzyne activation. These
probes are based on synthetic graft c | ymer [partially methoxy

pol y(ethyl ene glycol) nodified poly-L-l1ysine] onto which multiple NUR
fluorochrones were attached to free poly-lysine residues. The fl uorescence
of these macronol ecules is highly reduced, due to internal quenching by the
hi gh densintyfurihdr predseeg eobodintgnt ohe tohebddl ¢-thb farmyd d) ese dddgrisd tan exanpl e,

Scheme 9 shows a poll%gﬁ.r-g.ase cagﬁﬁste-l ﬁrobe wr re the connection of Ato
the poly- 5% ﬂ@‘i@a‘ﬂr AN oM DA EO IO PEFHE VI CAARPEPBE Vi a a 1inker at
the C-ter gidrahegimderedeenensriehewhicRoelboroniesstehy inShé near-mifapshed via a

li nker at the N-term na he i nverse situation is shown

| side: . (Scheme 9). T
i n Schénesestrughaiter eyMenriielion i hepe Rralissiaie beged prisysingdc BiRfkbone of D-
and/ or L- i i i Vil I i Ljm I wher eas
the N R- cﬁé%&n%rgﬁroqpéﬁ@?ﬁﬁ%g %ﬁ%&%eég‘lé\?q%@z‘i) iﬁ’?ﬁ‘lﬁ%@ 925/ ?We%ﬁié-] t% gfréﬁl nal side:
45 | n a fwhichenulpple™NRr fudresiotiemuere atthehgst o polydisénd esituea. Th9 are
desi gned i S...QF i.nke ] ence assay. The
foll ow ngﬁg%)ég?%%gﬁog\;@est%hnrggg ovgéb(rzr@%t i?%%n@é‘{ggﬁi &shr% %m%glt?aﬁon generically.
The | uci f guémgingsbatheutigh dansityfaond dioss prexasiey afitbe dliRwonraraspfesres si gnal wi | |
be generated 5 by a second enzynatic reaction: The foll owi ng schene
s_howsi@ he above-nentioned nmechani smof action, were luciferine is masked
W th a pypk@azxaaiiazsipents glerdéwakipsfnidtthddebeizabask-1 irenignd i e

proteolytic activi t%\ of said caspase-1: WD 2009/019115PCT/ EP2008/ 059358 46
connection of A fo the poly-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:



t\1",,,COOH S Luciferase The invention further relates to a nethod for
the design of a nol ecular probe for the observation of the catalytic
activity of one individual proteolytic enzyne or 5 groups of proteolytic
enzymes, SCWIUY9ESg. one caspase or several caspases,P¢HERHMIEFD assays,
incells or in multicellular organisns, characterized in transform ng an
i nhibitor for an individual proteolytic enzyne or a group of proteolytic
enzynmes into a selective imging prob For these individual proteol ytic
enzynme or group of proteolytic enzynes, preferably caspase enzynes. To
achieve this we replace the 10el eglgphilic groups ofisgertain known caspase
inhibitors with a scissile am de pond. Preferred coppounds are synthesized
in a way that a detectable signalNH s generated by tHeé enzymatic (e.qg.
proteolytic) activity of a spegific target. Par[ugzlarly, preferred probes
conprise internally quenchetdNfTorophores (e.d!N"apgropri ate FRET-pairs)
linked to (i) the specifixcity deterninant ANat{the N- 15terninal portion of
the scissile bond and (H) Yhe Ctermninal i on of the scissile bond.
The invention allows for t ransfer el enents=oef desirable and previously
optim zed properties of kno inhibitors into/novel activity based probes.
WO 2009/ 019115PCT/ EP2008#059358 47 CaspaseHi ‘Fpitors described in the
prior art utiIizedanO | e¢trophilic wagr in Pl position. The activity
based probes of t prese inventi;EF%%jZ € of said known scaffol ds and
n

i ntroduce two ions; firsg conversion of the Selectrophilic
war head into _a stiss am de oup a sgcondly the positioning of

i nteracting i ng pairs or pesty Trodul ators on both sides of the
sci ssile am deghound. In vitro, th eaction of the protease with the
substrate of Heo nv@hti on can 20géner@tly be either perfornmed in cel
extracts or’iith purified or epiiched forms of the protease. For in vivo

appl i cati dftf” the reporters ar¥ preferabl Y% ters in the near infra red

(NIR) region because that region is absent of interfering
H H i
N
>N N N N
H H HIn
O 0 O
NHMPEG NHMPEG
(Scheme 9).

The inverse situation is shown in Scheme 10, where the connection of A to the

5 poly-lysine backbone of D- and/or L- lysine is achieved vig a linker at the N-
terminal side whereas the NIR-chromophore Cy 5.5 is attached via a linker at the
C-terminal side:



bi of | uorescence. Known cyani ne NIR dyes matching these requirenents are
preferably incorporated in the substrates of the present invention. 15 The
nol ecul ar architecture of compounds of the formula (1) consists of a
central s¥&F¥8VY9HSbearing an ami de functional group aFfdVERRBIERGTRIits LI R1
and L2R2 respectively. L2R2 is, as shown in fornula (1), always connected
to scaffold A via an am de group since, the am de group can be cl eaved by
t he caspase enzynme. 20 Appropriate furék i onal groups for the attachnent of
subunits URI to scaffold A can be chosen by those skilled in the art, and
exanpl es are given below. The gpggific functional groups L' in the
precursor conpound can be plgﬁéd on the scaffold A for the attachnent of
suitable URI subunits to yield the group L within the conpound of the
formula (1) are limted onl ywby the requirenent of the 25synthesis strategy
and the final use of such substrate as an activity based i nagi ng reagent.
Thus their selection wl#f pend upon the specific reagents chosen to build
the desired substrates. Exanples of functional groups L' which can be
provi ded on scaffolg A faytonnect A with the subuni®358Rl include fluoro,
chl oro, brono, cyano, hitrio, am no, azido, alkylcaﬁ onyl am no, car boxy,
car banoyl , 30al koxycar [0 aryl oxycar bonyl, carbal dehyde, hydroxy,
al koxy, aryl oxy, a | canponyl oxy, aryl carbonyl-exy, a carbon-carbon double
bond, a carbon-carthg pl e bond, and theilike. Kbst preferable exanples
i ncl ude am no, .azi dg, hydroxy, WD 20091019 1EP20081059358 48 cyano,
car boxy, carba r bal dehyde, or a carb rbon double or a
carbon-carbon triple bond. Thus, L is prefer y a direct bond or a group
sel ected from9xtRRx)-, -0-, -C=N, -c(=g}\,- -C(=0)-NH,-C(=0)H, - 5
CRx=CRy-, -CEC |and phenyl, wherein Rxpand; Ry @re independently H or
(G Co)al kyl. IgFparticular, the prefCerr hesis of a conpound of
formula (1) na use of orthogonal pfot e d functional groups. Such a
choi ce of protective! groups 10all or ya separate deprotection so that
each rel eased._f tionality inotu C e further chem cally manipul at ed
towar ds the éiggﬁﬁnent of the cofresjpondi ng subunits to scaffold A
Appropri ate tecting groups fekitde envisioned functionalities can be
chosen by tﬁgie skilled in the art, and are e.g. summarized in T.W G eene
and P. G My in "Protecti oups i RHf¥gani ¢ Synt hesis", 15 John W/ ey
& Sons, New York 1991. Conpounds of theformula L'-A-CO OH (scaffolds) can
be prepare y standard netffods known ¢n the art, e.g. as described in
i nternational patent appliciations US5670494; W9526958; W9722619;
; 0105772; W0190063; WO03024955;

Harter, Bioorg. Med. Chem Lett,

; p oorg. Med. Chem Lett. 2001, 11,
2779-2782; Shahr® po foorg. ‘Med. Chem 2002, 10, 31-40; M C
Laufersweiler et al., iBioorg. Med. Chem Lett. 2005, 15,4322-4326; K. T.
Chapnman, Bi oorg. Med.
Chem 1997, 40, 1941-19

NHMF’II::)G NHMPEG

(Scheme 10).



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.,

Bi oorg. Med. Chem Lett. 2002, 12,1225-1227; C. D. Ellis etal., Bioorg.
Med. ChemWQR¥OR019D506, 16, 4728-4732; P. Tawa et al., EEFVFPI8HINSENd
Differentiation 2004, 11, 439-447; 49 Mcale et al., J. Med. Chem 2004,
47, 6455-6458; Berger et al., Mol eculg& Cell, 2006, 23, 509-521; and
Garcia-Calvo, J. Biol. Chem 1998, 27 §49) 32608- 32613. 5The present
invention also relates to a nmethod for the preparation of a conpound of the

ormila (5 UBEFERTEEEERpPrrlgnt e bdoes o e g (T BRI ol "Coner i

and pref ebe edeaimam hgsiogerkdus ér&yh‘leumed Ewhilnesmnderamay 'Ef}eafwowmgt ro,

am no, azi al k rb | am carb al koxycar bonyl ,

ry1 oy caPHBA ST B dhe s dBe R Snocheises B) S EargeneBies - 1he

al kyl car bppyb@e/is aaéuﬂsﬁ@fsb@mdcﬁéﬁése@n@&r e estehosigaaul @etgyﬂdrat@d
carbon-carbon triple bond, preferably am no, azido, hydroxy, cyano,
carboxy, BRPERROYE ENARE0 @8RYRAB, or a carbon- carbon double or a
carbon-carbon triple bond, nore preferred am ng,~Z0 is reacted under
conditions known to a skllled pe th }’brrpound of the fornmula L1-R1-H
wherein L1 is as defined abo e | % and preferred neanings to a
conpound of the fornula (1) - LA OH(1l11) 25 (b) the conpound
(I'11) is reacted wth a conmpou d H2N-R2-L2 to a conpound of the formula (0.
Optionally, the synthesis of the conpound of the fornula (1) nakes use of
30orthogonal | y protected functional g ocppsiic Semfaga choi ce of protective
groups allows for a separate deprotection so that each rel eased
functionality in turn can be further ni pul ated chemcally either to
attach a label to it or for the 50 |ntroduct|(§@bgf further extension of
the linker RL and/or R2. Approp :ot% jng groups for the envisioned
functionalities can be chosen b &u led in the art, and are e.qg.
sunmmari zed |n T.W G eene andh®. rn "Protective Goups in Organic
5 Synt hesis", John Wley & Sons, New ork 1991. A further nethod for the
preparation of the probe of the fornul aLu(c{f raidherein nis 1 conprises 10(al)
) the reaction of a conpound of the fornu ) with a conmpound of the

formula (1V) H2ZN-L2- PG2(1V)
N N-©
<7
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:



15 to a compound of the formula (V) L'-A-00-NH R2-PG2(V) under conditions
known to the skilled person, 20 (b) subsequently reacting the conmpound (V)
with a conpound (VI) PGl -R1-L" (VI) 25 to a conpound

PGL- R1- L- RO NHPRS- PG2(VI) under conditions known to PREEBRPH|5EHE per son
for the respective groups, 30 wherein PGL and P& are independent of each
ot her protecting groups, preferably or%:ogonally protecting groups, WO
2009/ 019115PCT/ EP2008/ 059358 51 L" is e respective connecting group for
L' to be selected by the person skilled in the art, or bond, (cl) the group
P& of the conpound (VI) is clgaved and the resulting conpound 5is reacted

with a label L2, and subseque Iy the) protecting group PGl is cleaved and
r gac
up

the resulting conpound is IabeI L1 to a conmpound of the
e conmpound (VI) is cleaved and the
a

formula (1), or (c2) thegr
resul ting conmpound ab 1, and subsequently the

Qs _xe

protecting group P@ 1"$ cl ng corrpound is reacted with
a label L2 to a compowid o theOfOINrTU| In step (b), preferred
conbi nations of L' a " and reactl on types kets) 15are as foll ows:
When L' is fluoro, chfkoro, brono; iodo, L" is am (R— NH2) , hydr oxy
(R-OH), triple-bond (Sonogashira @%@g,ﬁé&ggve a doB (Heck reaction),
an al kyl borane (Suzuki-reaction E is cyano, L" is amno

(R NH2), hydroxy (R-OH), thiol ( SH) 20vvhen L' is amno, L" is an

activated carboxylic acid (NHS— ester, car bal dehyde, fluoro, chloro,
brono, iodo; when L' is azi Nis ra %Cs bond, a phosphi ne noi ety
(St audi nger ligation); vvhenl s>ca< o Y, L" is am no, hydroxyl,
hydrazide; when L' is akko ar bényl | is am no, hydroxyl, hydrazide;

l l.uciferase

N N-©
oo~
H.N S S

2

The invention further relates to a method for the design of a molecular probe for
the observation of the catalytic activity of one individual proteolytic enzyme or
5 groups of proteolytic enzymes, such as e.g. one caspase or several caspases, in

in vitro assays, in cells or in multicellular organisms, characterized in transforming
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
proteciytic enzymes, preferably caspase enzymes. To achieve this we replace the

10  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. proteoiytic) activity of a specific target.
Particularly, preferred probes comprise internally guenched fluorophores (e.g.
appropriate FRET-pairs) linked to (i) the specificity determinant A at the N-

15 terminal portion of the scissile bond and (ii) at the C-terminal portion of the scissile
bond. The invention allows for the fransfer elements of desirable and previously
optimized properties of known inhibitors into novel activity based probes.



25when L' is aryloxycarbonyl, L" is am no, hydroxyl, hydrazide; when L' is
hydroxy, L" is fluoro, chloro, bromp, iodo, hydroxy (M tsunobu reacti on)
carboxy; when L' is carbal dehyde, L" is am no, hydrazi ne L'

car bon- caMsbWIHBEBBe bond, bromp, chloro, iodo (Heck r%‘é@ﬁ”@?ﬁ(ﬂsg%ﬁ 30al kyI
borane (Suzuki-reaction); when L' is a carbon-carbon triple bond" L" is
bronmo, chloro, iodo (Sonogashira Reactjpn), azido. WO
20091019115PCT1EP20081059358 52 Conpounds of the forrmula (1) wherein nis O
can be prepared by reacting a conpound of the fornmula A-CO-CH (IV) with a
conpound H2N-R2-L2 to the probe of the formula (1). 5 Preferably cysteine
prot ease substrates functionalized with different |abel are synthesized on
t he sol i dCaspgmerithibFors ddserisgchintbs ipsiooart@aéqfasreeh@ctm@@ﬁ@wathf@dﬁ@ﬂiul a (1)

i th ti.doni-net i ¢ ty b

Wi 1 zen Povfiha ReclqytoRadel R BEMe MR i cltipn b8 e SR ™y, o
further d | betfdids dxanpbe @twdﬂtnﬁlﬁ g, fekty (N4 & f geabl d
f(l;; tﬁre sﬁﬂnem sd(i)cgs casggse&l r.0 gs C?@. tﬁ ygo anegssiorgfe. Exa Yegsi and
Lo o' ie e sohierertsag e auiciaaie agn e Gl HUESRECORY 0F oStiefIBRhl v pr onos
for cas paﬁ?éréctnrﬂ‘g%@élﬁﬁ? ﬁai@é oﬁ@%@@ﬁ@n%du?&oﬁhﬁu BstRRRfesAf thérecipsiRs ent

i nvention are used e context of nolecular imaging in vitro, in
cel | - cul t @miledk@P#d. nent's, ex-vivo experinents or in a living organism(in
vivo), including screening and whole animal inmaging. Mostly preferred are
i magi ng nodal ities such as optical imging and magnetic resonance i magi ng
(MRl) . Wb Z009he 184dioRCT HEP2003/se 308 b e5a1bTatemf dhe nvehtierhearpr esent

B T L o o e
noni tor i ng}et;:h@te%fsfaeﬁér Bfvivg dbpieation, dTeiJ@pr&Q m@éf@mlﬁy tovkard; thee t ar get ed
prot easesneééi\}:l!mrg Irch {I\?EH) ?legr]; bggacuhseathgtrrlé lOﬂ is a sgnt of mter?‘grt:)nsgt ance should
biofluorescence. Known cyanine NIR dyes matching these requirements are
preferably incorporated in the substrates of the present invention.
15
The molecular architecture of compounds of the formula (1) consists of a central
scaffold A bearing an amide functional group and two subunits L1R1 and L2R2
respectively. L2R2 is, as shown in formula (1), always connected to scaffoid A via
an amide group since the amide group can be cleaved by the caspase enzyme. h
20 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
25  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, chioro,
bromo, cyano, nitro, amino, azido, atkylcarbonylamino, carboxy, carbamovl,
30 alkoxycarbonyl, aryloxycarbonyl, carbaldehyde, hydroxy, alkoxy, aryloxy,
alkyicarbonyloxy, aryicarbonyloxy, a carbon-carbon double bond, a carbon-carbon
triple bond, and the like. Most preferable examples inciude amino, azido, hydroxy,



5have a neasurable effect to the signal fromthe probe of the present
invention. A further nost preferred aspect of the probes of the present
invention is their use as inaging reagents in surgical guidance and to
moni t or t WO WPFEE11Sof nedical treatnent. Surgical gui dBAUEPIRASEHES t he
detection of tunmour margi n and 10detection of progression of tunour
netastasis. Therefore, a further aspect of the present invention is nethod
of imaging a living organi sm conprisrﬁb: (a) adm nistering to said
organi sma probe of the formula (1), 15(b) exposing said organismto

el ectromagneti ¢ radi ation i |t - f r ore to
produce a eg?ﬁbﬁ’f‘% “a“g‘?{ﬁw é%@g‘?gﬁ‘yﬁt"g%ﬁaﬁ%g%ggidé’kgf% Og'lr%g creating an
i mage t hegg@byn-cArder thplel berldy Thtde. iseirslechtnf aidiregi hgndeor a wiong setegied sm

conprises; 20a) administering to said organisma probe of the fornula (1),
(b) exposfr?l@ said organismto el ectromagnetic radiation which excites

fl uor ophor produce a detectible signal; and (c) detecting said signal
and creating,_an i mage thereby. 25A "living organism' may be any live cell

or whol e ofgghi sm conprising the cysteine protease to-be-detected,
preferably iving organismis a manmal, e.g. a nouse or a rat. The

ol o 30posi 1 ves TaR-bO aterTedo-Cda bEp kHFk: T LT Ghr GEOfH™ T S ©!
di met hy| f oRxaORYE -BMBO aRdGHERYINWherih e it RN eindesdidynay®e bems- Sequiv. =

equi val ents sat.” = saturated THF = tetrahydrofuran D PEA = dii sopropyl et hyl
am ne HOAEsBIKYL.Hydr oxy- 7- azabenzotri azol e :

in particular, the preferred synthesis of a compound of formula (1) makes use of
orthogonally protected functional groups. Such a choice of protective groups

10  aliows for a separate deprotection so that each released functionality in turn can
be further chemically manipulated towards the attachment of the corresponding
subunits to scaffold A. Appropriate protecting groups for the envisioned
functionalities can be chosen by those skilled in the art, and are e.g. summarized
in TW. Greene and P.G.M. Wuts in “Protective Groups in Organic Synthesis”,

15 John Wiley & Sons, New York 1991.

Compounds of the formula L’-A-CO-OH (scaffolds) can be prepared by standard
methods known in the art, e.g. as described in intemational patent applications
US5670494; W09526958; W09722619; WO9816504; WO0032620;

20 WOO0055127; WO0105772; WO0120063; WO03024955; WO03106460;
WO03104231; 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.

25 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. 20086, 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 HATU = 0-(7- Azabenzotri azol -1-y1)-N, N, NX-t et ranet hyl uroni um

hexaf | uor ophosphate, NHS = N hydroxysuccini m dyl ester General Procedure
for Solid Phase Peptide Synthesis: 15 The foll owi ng probes were synthesized
usi ng st aMgBEIP/Q81Bd phase peptide synthesis. The 2- chPeVBPIIPPIEesi n was
used as solid support. For the loading of the resin, 2 equiv. of
Frmoc-protected amno acid and 3 equiv., of DI PEA were solved in DCM and the
reaction m xture was added to the resﬁHa(Ioadl ng: 1.4 20 nmol/g). The
reaction m xture was shaken at room tenperature over night. The resin was

oo o el AN, N, RS, 200% 47 B85 BabE BelB of 8% N URTA! CER BT L 1O

times for n nut'es W I'ne I on sol rd 'phase
pepti de s3006)@3i 508531 pacthGergia-Caowol. Bas Gresel: 1998e108 ¥9)p32¢08Cpr ot ect ed
am no acigl ;}%equi v. of HATU, 4 equiv. of HOAt and 8 equiv. of DI PEA 25were
solved in %51 ‘xture of DCM DMF (1/1). The reaction mxture was stirred at
roomtenperature for 20 m nutes and then added to the resin. The reaction
m xture was shaken for 2 hours or he Fnoc- protected am no acid

wer e st er TeapPrspent wvarian alﬁ%@’@ﬁéé@éd’@e’fﬁ?@ﬁ@ftth@ PERNErBHAHRAECOT RN %si n was
treated \Agt)gtge%/[om %6' EPQ%MetrWQdH r’gq{sgffldr 15 m nutes. The sol vent was
afe

coevapor wth uene under uced pressure and the final product
was purified by preparative HPLC (G adient: H20+0.05% TFA; 5 to 95% CH3CN).

WO 2009/ 0(%3%1%?%&1% gﬂqgﬁé EZ%%%BQ’ 5 Exanple 1. Caspase-1 probe The

conpound pport according to the general procedure
and purified by HPLC (H20+0 05% TEA; 4-95% CHSCN) Cal cul ated: [M-H =

51569, 70, found: [M+H = 1569, 45 54%
2009/ 19115PCT/ EP2008/ 059358 56- M"g 2 cé'é)pase 1 probe

wherein A is as defined above in its generic and preferred meanings and L' is
fluoro, chloro, bromo, cyano, nitro, amino, azido, alkylcarbonylamino, carboxy,
carbamoyi, alkoxycarbonyl, aryloxycarbonyl, carbaldehyde, hydroxy, alkoxy,
15 aryloxy, alkylcarbonyioxy, arylcarbonyloxy, a carbon-carbon double bond, a
carbon-carbon friple bond, preferably amino, azido, hydroxy, cyano, carboxy,
carbamoyl, carbaldenyde, or a carbon-carbon double or a carbon-carbon triple

bond, more preferred amino,

20 is reacted under conditions known {o 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 (lif}

L1-R1-L-A-CO-OH (1)
25
(b) the compound (II!) is reacted with a compound HoN-R2-L2 to a compound of
the formula {]).

Optionally, the synthesis of the compound of the formula (1) makes use of

30  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



The conpound was prepared on solid-support according to the general
procedure 5 and purified by HPLC (H20+0. 05% TFA; 4-95% CH3CN). Cal cul at ed:
[ MPkH] = 1583, 73 found: [M+H = 1583,2 . Yield: 72% WO

2009/ 0191 ¥8PET/EPRO08/ 059358 57 Exanpl e 3: Caspase-1 pPOUEP2008/08RE conpound
was prepared on solid-support according to the general procedure and
purified by HPLC (H20+0. 05% TFA; 4-95% CH3CN). Cal cul ated: [MtH = 51591, 19
found: [M:H = 1591,50. Yield: 66% B(fé}rpl e 4: Caspase-3 probe WO

2009/ 019115PCT/ EP2008/ 059358 58 The conpound was prepared on solid-support

- 59 oo G B AR rinS TPl PPy R Pl BB 1 ooy

5 Exanpl e r@upmn%enﬁls@mb%ncztoﬁﬁ!&lesw]OMOsas bgrtﬁowﬁdlienﬂnsmz bet; support

according to the general re and d HP C 05% TFA,
4- 95% CH3®R§ arecf cCRHAT@aze¢ f«fw @%e?’ggfﬁo@r@ V‘F‘%ﬁl‘?} 10 EOUDY ¢ g:
61% 10 WD,%@QQJ 019115 Exanpl e 6: Caspase-8 probe

5  Synthesis”, John Wiley & Sons, New York 1991.

A further method for the preparation of the probe of the formula (1) wherein nis 1
comprises

10 (a1) the reaction of a compound of the formula (1) with a compound of the formula
(IV)

HoN-L2-PG2 (IV)
15 to a compound of the formula (V)
L’-A-CO-NH-R2-PG2 (V)
under conditions known to the skilled person,
20
(b) subsequently reacting the compound (V) with a compound (V)
PG1-R1-L" (VI)
25 1o acompound
PG1-R1-L-A-CO-NH-R2-PG2 (VI
under conditions known to the skilied person for the respective groups,
30

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



1H 00 0 OH The conpound was prepared on solid-support according to the
general procedure and purified by HPLC (H200.05/0 TFA; 4-95% CH3CN).
Cal cul ated: [M+H = 51523,45 found: [M+H = 152325. Yield: 55% Exanple 7
WO 2009/ 0 R318PETFIIEP2008/ 059358 60 Bui | di ng bl ock (VI | PCHER0MEMSPr epar ed
according to the procedure described in W9722619. Exanple 8: Caspase-1

bi ol um nescent probe 5 OH The conpound was prepared on solid-support,
starting from 6- Fnoc- Ami no- DLuci ferin,5faccording to the general procedure
and purified by HPLC (H20+0. 05% TFA; 4-95% CH3CN). Cal cul ated: [MH =

72,82, fpunde [N ST a5 el A013% o 03 PRl TBiod ohRLESY! o

EE E?-eR];.?rLﬁhl@-a%,GOobhﬂ,RZ- L2(i) wherein Ais a group recogni zable by a
caspase;
{c1) the group PG2 of the compound (V1) is cleaved and the resulting compound
5 is reacted with a label L2, and subsequently the protecting group PG1 is cleaved
and the resulting compound is reacted with a label L1 to a compound of the
formula {1}, or

(c2) the group PG1 of the compound (V1) is cleaved and the resuiting compound

10 s reacted with a label L1, and subsequently the protecting group PG2 is cleaved
and the resulting compound is reacted with a label L2 to a compound of the
formula (1).

In step (b), preferred combinations of L' and L and reaction types (in brackets)
15 are as follows:
When L’ is fluoro, ¢chloro, bromo, iodo, L™ is amine (R-NHy), 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);
20 when L’ is amino, L is an aclivated carboxytic acid (NHS-ester,...}, an
carbaldehyde, fluoro, chioro, 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;
25 when L’ is aryloxycarbonyl, L. is amino, hydroxyl, hydrazide;
when L' is hydroxy, L" is fluoro, chioro, bromo, iode, 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
30  alkyl borane (Suzuki-reaction),
when L’ is a carbon-carbon triple bond,, L.” is bromo, chioro, iodo (Sonogashira
Reaction), azido.



10 Rl is alinker; R2Zis 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,

i ndependent of each other, at |east one | abel optionally bound to a 15solid
support; 2089918113, O 20R2 is a bond; L2 is a substrBtEEPHIFEESEe for a
coupl ed bi ol um nescent assay; and nis O 2.Probe according to claiml1,
wherein the caspase is caspase-1, caspase-3 25 or caspase-8. 3. Probe
according to any one of clains 1 to 2,%94herein L is a direct bond or a
group selected from WD 2009/ 019115PCT/ EP2008/ 059358 62 , -(NRx)-, -0-,
-CN, -C(=0)-, -C(=0)-NH, -NH-C(=0)-, -C(=0)H, -CRx=CRy-, -CEC and
phenyl, wherein Rx and Ry are independently H or (G -C6)al kyl. 54. Probe
gccor ﬁi ggc*ﬁmpauyd@éf thbadsmmé_ (1 ovh@reimhes dicanRke @'gpﬁa%di ts) mastimgaght or

ranched chain a e tq 300 car ei n

opt 1 onal | SOTHBSUIEHE 65 ratls R o Alaing BoTepr L Ea I ba e PPRe

parti cul ags pwaes@ila ayery third carbon atomis replaced by oxygen, e.g. a
poyl et hyl eneoxy group with 1 to 100 et hyl eneoxy units; and/or 10 (b) one or
nmore carbon atons are replaced by nitrogen carrying a hydrogen atom and

t he adj ac ‘_bcci@ S Ut L0y n am de
function ﬁﬁf%gr a’fﬁ}%@?ﬁ’{@e{s‘% é‘%cg:?g{e%guﬁgoﬂélrle cal%gﬁég%ﬁg%%grg%@repl aced by
an ester $ynilbesioad orOtEGalid support(d) the bond between two adj acent carbon
atons is a double or a triple bond; 15and/or (e) two adjacent carbon
atons are replaced by a disulfide |inkage. 5.Probe according to any one of
clainms 1 Ferthe subekeisoflcabgdsd drobasl ol Redoeniladie pethdeptptidontimetich ot her a

spectroscoplc robe such as a fluoro ncher or a c nophor e;
P mgior | SriuBatorp S BichaBigRin Ak bR Besi o Ui SA10 s BIEe ol o

specific Buitﬁh@atoraﬁlspnm/@s@@aﬂesfuﬁﬁ@ra&é@n@éd fPegAhbleald.y bi na ng to a
partner; a nolecule covalently attached to a solid support, where the

support may be a glass slide, a mcrotiter plate or any polyner known to

those pr Oéb%l BLO'CQ Vgﬁ %réferefb fb&éﬂo?ﬁm‘g &rthddh Jesishabl s (FOBaTR C

chem cal or
the compounds of Examples 1 and 2,

O}—%/EOH
g

J

15 Vi),

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

caspase-3 or caspase-8.

20  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).



25 or a nol ecul e possessing a conbination of any of the properties listed
above; or a positively charged |inear or branched polyner. 63 7.Probe
according to claim6, wherein one |label L1 and L2 is a linear

pol y(ar gi WO#9/ep11D- and/or L-arginine with 6-15 argi MFFHEPIESPRTRs. 5

8. Probe according to any one of clains 5 to 7, wherein L1 is one nenber and
L2 is the other nenber of two interacting spectroscopic probes L1 / L2.

9. Probe according to claim8, wherein P/ L2 is a FRET pai r. 1010. Probe
according to claim9, wherein one L1 / L2 is a fluorophor selected from

Al exa 35 t hyl & exa 488, ATTO
488, DY-5 OB%edpg?%gs85&@0‘2’%%%&%%@8?%“@&%‘5@%%’86 %e%?b,%? 6%35 exa 546, Al exa
555, ATTQrdfing NTJrOt=3@ actiwtyr ataet bydfetediard awplicEyors, wilth podyiddY- 547, Al exa
635, Alexa 647, ATTO.6Q0, ATT

5 DY- 63 Y 5, DY-64 5.5 d 15 th
ot her | ab@ethogs of paoniteriag i ?éé*l“éib?" %f %%&%B@Fe z%%é?lthé Bﬁg 1, ste
35, BHQ 2tar§§e\,’d %rot@g -'E,@ ﬂéﬂ%;stﬁ’é’ﬂ@n?of sﬁIﬂ'@ cﬁ@lé@r d%ﬂlk%lsubsﬂahce%hﬁbl@ accordi ng

to any one of clains bond and L2 is a

subst riat ehawg %Séra‘bdﬁ e@@@m&%‘m%’&’r%ﬁ%@@ﬂt@f%@?S@Wdﬁ‘ﬁ"tt@ﬂl zed 20in a
nodi fied am noluciferin or a carboxy-term nal protected derivative thereof
as a reporter group, which upon cleavage fromthe central scaffold A can
gener at e A futimrmessientfesied @apedttaf thggprobes of theveeseinnigntignlisithefraisgse. 12.

Sel . | ad ,
o v TR e RS D O (el
y-N treatment. Surgical guidance includes the detection of tumour margin and

10 detection of progression of tumour metastasis.

Therefore, a further aspect of the present invention is method of imaging a living
organism, comprising:
(a) administering to said organism a probe of the formula {1},

15 (b) exposing said organism to electromagnetic radiation which excites non-
guenched 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:
20 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.

25 Arliving 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 & risk of false

30  positives can be avoided.
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N H preferably HY, d in 1110 CI 0 the N configuration:

HO ON) (0O H 3. n wherein
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Abbreviations:

DMF = dimethyiformamide

DMSO = dimethylsulfoxide

DCM = dichloromethane

equiv. = equivalents

sat. = saturated

THF = tetrahydrofuran

DIPEA = diisopropylethyl amine

HOAL = 1-Hydroxy-7-azabenzotriazoie

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 mixiure 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 minuies 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: H,0+0.05% TFA,; 5 to 95% CH3CN).

HO NO O



INis 1-3; Ris IN (Ci-05)alkyl, OH (R, phenyl, (0b-C6)cycloal kyl; and
65 preferably in the configuration: 0 wherein Rl is hydrogen,

(C1-Co)al kyl, aryl or -CH-aryl, R2 and R3 are independently of each other
hydr ogen, Vi 204#0%&#35| | substituted aryl, heteroaryl, suBSTEPWOHEIHEL er oaryl,
cycl oal kyl, substituted cycl oal kyl, heterocycle, or substituted heterocycle
group that is fused to the phenyl grou%sthat contains a group R2 as a
substituent; Wis a bond, NR5, CO S, & S02,0(CHR5)n-, CHR5, NR5CO, CONR5,
OCHR5, CHR50, SCHR5, CHR5S, SO2NR5, (Cl- C6)al kyl, NR5S02, CH2CHRS,

CHR5CHZ, %ﬁi of. (%-S{Egg ~1¥Q86§i n R5 is independently hydrogen,
(C1-Co) al ; , or (CHn-cycloal kyl; and each nis

i ndependently 0 to 5; 66 6. H \N/
N

N

N
o)
0. oH
O 0O
) )
. SN P P,
N N N
o H 0
HN N
N 90" H o

The compound was prepared on solid-support according o the general procedure
and purified by HPLC (H0+0.05% TFA; 4-95% CH3CN). Calculated: [M+H]" =
5 1569,70, found: [M+H]" = 1569,45. Yield: 54%.



OOH110il OHHOH 7. HOOHY 101 11 GHO H
N..,..,,,---,,,N"."---....,xH O0--".(DH 8 (COn*/ Hwhereinnis O

or 1;
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Example 2: Caspase-1 probe

HO

The compound was prepared on solid-support according to the general procedure
5 and purified by HPLC (H0+0.05% TFA,; 4-95% CH3CN). Calculated: [M+H]" =
1583,73 found: [M+H] = 1583,2 . Yield: 72%.



HX N----/ t 0 0OH9. / NOHXN--../ 70H 10. (R, S H HOHO00

WO 2009019115 PCT/EP2008/059358
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Example 3: Caspase-1 probe

HO- ”o N
7 ~ ’O/ N NH
o

gﬂﬁ?ﬁ&ow

The compound was prepared on solid-support according to the general procedure
and purified by HPLC (H,0+0.05% TFA; 4-95% CH3;CN). Calculated: [M+H] =
5 1581,19 found: [M+H]" = 1591,50. Yield: 66%.

‘%

IZ

Example 4: Caspase-3 probe

HN o]



(CH2), H 67 whereinnis 1-4 mis 1 or 2, and Ris nethyl or nethoxy;

11. wherein n is 1-4; 100 (CH2), HH NN--,-- HNX 00

WO 2009/019115 PCT/EP2008/059358
58

The compound was prepared on solid-support according to the general procedure
and purified by HPLC (H20+0.05% TFA; 4-95% CHsCN). Calculated: [M+H]" =
1517,66 found: [M+H]" = 1517,55. Yield: 59%.

5  Example 5: Caspase-3 probe

O\\ -OH

8

[\
l :
N

H
O NH O HO O

)

H
O@ O:\(OO
OH

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]" =
15486,79 found: [M+H]" = 1546,35. Yield: 61%.

10



OH 12. wherein n is 1-4; S. (CH2)n HH NN-,,v- HNX 00"?.,,,0 OH 13,
N

OSitas HIP Hv I1\1- "---M N1 O OH 14.

WO 2009/019115 PCT/EP2008/059358
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Example 6: Caspase-8 probe

)\

L=

o = 0 : .~ 0 =

©” 'NH HO” o

AN
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]" =
5 1523,45 found: [M+H]" = 152325. Yield: 55%.

Example 7
@]
N
{
N
° OH
oo
0

(Vil)



11001 111 HWI-1 NNH-0 OH 68 15.

1110 111) He H Nz-N----, - -~
16, ---)O0 NN NH Y-ArHO wherein Wis S or 5(0)2, and Ar is aryl or
het eroaryl, preferably phenyl, or isoquinolyl; OH
WO 2009/619115 PCT/EP2008/059358
60

Building block (V1) has been prepared according to the procedure described in
WQO722619.

Example 8: Caspase-1 bioluminescent probe

o)
HO
N 0
N §
2 N
ﬁ Op H O ;N
Ne= S

\ #’;H

OH
The compound was prepared on solid-support, starting from 6-Fmoc-Amino-D-
Luciferin, according 1o the general procedure and purified by HPLC (H.0+0.05%

TFA; 4-95% CH3CN). Calculated: [M+H]* = 772.82, found: [M+H]" =773.15. Yield:
10 13%.

HNX OH



napht hyl , benzot hi ophene 17. wherein Ar benzot hi ophene, CF3, and neans
either HO selected from phenyl, naphthyl, which is optionally by nmet hoxy,
chl oro, nethyl, 0 once or |ndependently "' 0 ,Nis an ary

het er oar yWQ@gu%isoqui nol yl, ci nnanyl, twce substltu?ﬁﬂEWW@W@ﬁﬁsa single
or a doubl e bond; 69 18.t 41,

61
Claims:
1. Molecular probe for cysteine proteases of the formula (1)
5 {L1-R1-L};~A-CO-NH-R2-L.2 ("
wherein

A is a group recognizable by a caspase;
10

R1 is a iinker;

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
15 solid support; and

nis 1,
or
20 R2Zis abondg; ‘
L2 is a substrate, suitabie for a coupled bioluminescent assay; and

nis Q.

2. Probe according to claim 1, wherein the caspase is caspase-1, caspase-3
25 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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oN 19. O HY,...N,,,,...---.NHIIl H1\1----/--NOHOH 0 H
----- ...0 ImHH 0 OH
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N

%/
, "(NRx)-, ~O-, -C=N-, -C{=0}-, -C(=0)-NH-, -NH-C(=0)-, -C(=0}H,
-CRx=CRy-, -C=C- and pheny!, wherein Rx and Ry are independently H or
(C1-Cslalkyl.

4, Probe according to any of claims 1 to 3, wherein R1 or R2 is a straight or
branched chain aikylene 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 funciion —0-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 o 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
guencher 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 molecuie 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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7. Probe according fo claim 6, wherein one label L1 and L2 is a linear
poly(arginine) of D- and/or L-arginine with 6 — 15 arginine residues.

8. Probe according to any one of claims 5 to 7, wherein L1 is one member

and 1.2 is the other member of two interacting spectroscopic 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-carboxyflucrescein, Alexa 488,
ATTO 488, DY-505, 5/6-carboxyiluorescein, Alexa 488, Alexa 532, Alexa 546,
Alexa 555, ATTO 488, ATTO 532, teframethyirhodamine, Cy 3, DY-505, DY-547,
Alexa 635, Alexa 6847, ATTO 600, ATTO 655, DY-632, Cy 5, DY-647 Cy 5.5, and
the other label L1/ 1.2 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 10 4, wherein n is 0, R2 is a bond
and L2 is a substrate, suitable for a coupled bioluminescent assay characterized
in a 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 signai 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. 0

HO
N o)
N

_ N

=N 07N

preferably in the configuration:




H OHH?24. H. OH 25. R2al 0 )-Ny-Ar preferably wherein Wis CH2,
heteroaryl, R2a, R2al, hydroxyl, m xtures (C5-Cl bond; R2b' N O HO all-(S)
configuration, or heteroaryl;

WO 2000019113 PCT/EP2008/G59358
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0
HO
N o
N
X
YN O0” H
2.

HO
O
N 0
b
X

Yo 0O N

N O

H H

Ci

preferably in the configuration:

HO
0O
N O
b
Yo 0 N X
o H
Cl

N
H
3. OH
O\ //O ©
\S\
Cov
H
0]
Y (R)n

wherein R is (C4-Csg)alkyl, phenyl, (C5-Cg)cycloalkyl; and

nis 1-3;




wherein RO is hydrogen or (Cl-C6)al kyl, aryl, R2biare each independently
hydr ogen, hal ogen, (Cl-C4)al kyl, (Cl-C4)al koxy, and wherein R6 is

hydr ogen, (Cl-C6)al kyl, cycloal kyl, R2a and R2b can taken together to form
a doubl e M&l HWOHEWYESY] ; R2ly ) 0 inthe Ar is aryl POT/BP20f§839358 R2h and
N(R6) 2, thereof )aryl; or 71 HO preferably in the all-(9S)
configuration, wherein Ar is aryl or heteroaryl; R2a, R2a', R2b and R210'
are each i ndependently hydrogen, hydro@@l , N(R6) 2, hal ogen, (Cl-C4)alkyl,
(Cl1l-4)al koxy, and m xtures thereof wherein R6 is hydrogen, (Cl-C6)alkyl,

cycl oal kyl —€6=—€t—)aryt—ot %6 antd—R2b—can—taken—together—to-fofma
doubl e bonp#:
OH
OQ— ’/O R’!
SN X
Rzg H
W
Y Rs

preferably in the configuration:

®)
OH
OQ ’/O R1
S““N X
L
W
Y R,

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

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

substituent;
W is a bond, NR5, CO, S, O, 803,0(CHR5)n-, CHRs,

NR5CO,CONR5, OCHR5, CHR50, SCHRg, CHR5S, SO2NR5, (Cq-
Cg)alkyl, NR5SO2, CHoCHR5, CHR5CH2, COCH» or CHaCO;
wherein Rg is independently hydrogen, (C1-Cg)alkyl, aryl, (CHo)p-
aryl, or (CH2)n-cycloaltkyl; and each n is independently G to 5;




preferred in the all-(S) configuration wherein Ar is aryl or heteroaryl;
and Wis independently selected from C(R1)2; 0(0); NR2; S; S(0); S(0)2;
wherein RL and R2 are independently hydrogen, [C(R3)21p(CH=CH) gqR3, C(2)R3,
C(=2Z) EC( R®y2p¢/aicH) ci R3, C(=2Z) N(R3) 2, C(=Z) NR3N( R3) 2PCURPFZGFE3R( R3) 2,
NR3CN, NR3C(=Z)R3, NRC(=Z)N(R3)2, NHN(R3)2, NHOR3, NO2, OR3, OCF3, F, d,
Br, I, SGB8H OSGBH SMX2N(R3)2, S2R3, 72 P(0)(O0R3)R3, P(0)(0R3)2; wherein
pis O0to 12; wherein qis 0 to 12; whffein Zis 0, S, NR3; wherein R3 is
|ndependently hydr ogen, aIkyI cycloalkyl aryl, heteroaryl het er ocyl yI .
28 R4R5II QOO KNNI\I Hm I CI CI I Cd I II L hC al l \ S) \.;UIII I Hul aLI n mer el n
Ar is aryl %—r het er oa ; %'ﬁd R4 and R5 ajie independently selected from
C(R1)2; C(D); NR2; S; 5(0); 5(0)2; whereiln Rl and R2 are i ndependently

hydr ogen, [ C(R3)21p( i R3, C(52) R3; =Z) [ C(R3) 2] p( CH=CH) gR3,

C(=Z) N(R3) 2, C(=Z)HNR3N[( R3) ON 3, NM(R3)2, NR3CN, NR3C(=Z)R3,

NRC( =Z) N( RB) 2, 3) 2 OCF3, F, d, Br, |, SQO3H OSQG3H,
S2N(R3) 2, | SO2R3, P(;O)(%S) : P§0)(91R3)%( wherein pis 0 to 12; erein q
is 0 to 12} whgrein Z &, NR3; wherein R3 is independently hydrogen,

al kyl, cyc| oal kyl, aeroaryl heterocylyi. 13.Sel ective caspase-3
probe accofding to any~qpe~qf clains 1 to 11 characterized in a conpound
29. -42. of the table below: 00 OH
7. HO O

Q 0 OH
H H
_N N
YT YT N =" N7 X
i H i H

:\QO
OH

8. |cn,

H

whereinnisQor 1;

0.
2 N H X
Y /\ N\/
N N s 0
o) O\{
OH

10. CH
(Rhm o (G




0 7330. O0Oy- NH I NN..-- HN""--"x 0 0 31.
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wherein nis 1-4
mis 1 or2, and
R is methyl or methoxy;

11.

O (CHz)n
H H
Cr A
H g
Y

OH

whereinnis 1-4;

12.

E)n

o (CH
H H
seaRste
H 5
O O ‘\fo
Y

OH

whereinnis 1-4;

13.

O
H H
N,N N._X
H
0 0O
Y

\]//o

OH

14,

O ; i
H H
N,N N\_/X
H :
. O O 3 0O
v g

OH




N O 'ORB O wherein RA and RB are independently hydrogen, (Cl-C6)alkyl,

,hydroxyl , (C1-C6)al koxy or hal ogen. 32. OOH HO 0 ,KNH *
WO 2009/019115 PCT/EP2008/059358
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15.
0
H H
N,N N._-X
H
Y
OH
16. OH

Y~ar H 0
wherein W is S or S(O)», and
Ar is aryl or heteroaryl, preferably phenyl, naphthyl, benzothiophene

or isoquinolyl;

17.

N
Y-ar H O 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, methyt,
CF3, and wherein

’
.
.
-

means either a single or a doubie bond;
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18.
@’\Jf
N HO

=

19.

{

21.

922.
Y, _Q—s OH
N
N




N, ,---,NN..... B O B CH preferably in the all-(S)
configuration, wherein mis 001 1; and R4, R5 and R6 are independently
selected fromthe group consisting of: 1) H, 2) hal ogen, 3) (Cl-C4)al koxy
opti onal | wesmhsdiptiat ed with 1-3 hal ogen atons, 4) NO2, PGYER)E05HES
benzyl oxy, the benzyl portion of which is optionally substituted with 1-2
menbers selected fromthe group consisting of: halogen, CN, (Cl-C4)alkyl
and (Cl-C4)al koxy, said alkyl and al ko’ being optionally substituted with
1-3 hal ogen groups, 7) NH(G -C4)acyl, 8) (Cl-C4)acyl, 9)
0- (Cl- A4) al kyl- CORH —optionally—esterifiedwth a (C1-C6)alkyl-—-o¢ a

0) N

0

o~

(C6- C7) cyc) ¥l kyl 0, CHeGRHCORH, 75 11) CCRH, 12)
(C1-05) al kyl - CO2H, 3) 2, optionally substituted on the nitrogen
atom by 1-p (CL¥YH4 I SI&O
H
o
X

N
H

0
O
H o) H

R20'
R2
RZa
REa‘ W
N H O
O N
N O
>,H 0 X
y—Ar o
HO

preferably in the all-(S) configuration,

24,
OH
0

X

25,

wherein Ar is ary! or heteroaryl;
W is CHa, O or NR9 wherein R8 is hydrogen or {C1-Cglalkyl, aryl,

heteroaryl, heterocyclyl;

R2a R28" R2b and R2D" are each independently hydrogen,
hydroxyl, N(Rﬁ)g, halogen, (C1-Cglalkyl, (C4-Cyq)alkoxy, and
mixtures thereof wherein R6 is hydrogen, (C1-Cg)alkyt, cycloalkyl,
(Cg-Cqg)aryl; or R22 and R2b can taken together to form a double
bond;




14) (C1-05)al kyl -C(0)NH2, optionally substituted on the nitrogen atom by
1-2 (C1l-A)al kyl groups; 15) S(0)0-2-(Cil-C4)al kyl; 16)
(Cl-C2)al kyl -S(0)0_2-(C1-C4)al kyl; 17) S(0)0_2-(C1-C6)al kyl or

S(0) 0_2- pranybyowaisd al kyl and phenyl portions thereof PODEPesHEPisenal |y
substituted wth 1-3 nmenbers selected fromthe group consisting of:

hal ogen, CN, (Cl-&4)al kyl and (Cl-C4)al koxy, said al kyl and al koxy bei ng
optionally substituted by 1-3 hal ogen Groups, 18) benzoyl optionally
substituted by 1-2 nenbers selected fromthe group consisting of: hal ogen,
C:N (Cl C4)_a| kvl and /f"l ("/I\ al |1nvy saidal |1\l| and—al koxy gr-oups beij ng
optionally %@b%tltuhed B§b1 3 hal ogen groups, 19) phenyl or naphthyl,
optional |y} substitu ith 1-2 nmenbers selected fromthe group consisting
of : hal ogep, CN, RE&L-A4)al nd (Cl-C4)al koxy, said al kyl and al koxy
being optipnal lly RebStituted wph 1-3 hal ogen groups, 20) CN, 21)
(C1- A4) al kyl eng- HET2, whereN ETéérepr sents a 5-7 nenbered aromatic or

non-aromat| c ringcont tonms selected fromO0, S, INH and
N(Cl-C4) apd opti on%l,l ai ni/ng X0 groups, and optionally
substituted with 1 ( OH, Kal ogen or (Cl-C4)acyl groups; 22)
0- (Cl1-C4) a| kyl {NET&r wherein HET3 i
non-aromat|c ring containing from1 t het er oat ons sel ected fromO, S and
N, and opt|onally substituted with or two groups selected from hal ogen
and (Cl-C4)al kyl, and optionally containing 1-2 oxo groups, and 23) HET4,
wher ei n HET4 |<,paef5ra@ry i t!ﬂ@@b@ﬁp@brﬁu@g@bm or non-aromatic ring, and the
benzof usedj analio %s thereof, containing from1l to 4 heteroatons selected
fromO0, S and NW Fﬁi”l%i%%rtyf BnBgtPiPasibst i t ut ed by one or two groups

sel ected from r%@ggga g@ﬁtﬂfyareaéh%h(r%ep%%ﬁﬁy hy%gewer ei n hal ogen

i ncludes F d,
hydroxyl, N(RS)Q, halogen, (C4-Cg)alky!, (C4-C4)alkoxy, and

or 6 nenbered 76 arommtic or

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

(Cg-C1plaryl; or R22 and R2P can taken together to form a double
bond,

HO
W-W o
o (N g
y e

preferred in the all-{S) configuration

27.

wherein Ar is ary! or heteroaryl; and

W is independently selected from: G(RT)s; C(O); NR2; S; S(O);
$(0)s; wherein R1 and R? are independently hydrogen,
[C(R3)2]p(CH=CH)GR3, C(=Z)R3, C(=Z)[C(R3)2]p(CH=CH)¢R3
C(=Z)N(R3)p, C(=Z)NR3N(R3),, CN, CF3 N(R3)g, NR3CN,
NR3C(=Z)R3, NRC(=Z)N(R3)9, NHN(R3)p, NHOR3, NO2, ORS3,

OCF3, F, Cl, Br, I, SO3H, 0SO3H, SOsN(R3)5, SOoR3,




preferably in the all-(S) configuration,
group consi sting of:
substituted with 1-3 hal ogen atons, 4) NO2, 5) OH,
pomto mmeemiashi ch is optionally substituted w thrpdFErivesdsesss sel ect ed
fromthe group consisting of:

benzyl
sai d al kyl

7) NH(Cl-C4) acyl,

1) H 2) hal ogen,
6) benzyl oxy,

hal ogen, CN, (Cl-C4)al kyl

wherein R4 is selected fromthe
3) (Cl-C4)al koxy optionally

t he

and (Cl-C4)al koxy,

and al koxy being optionally substituted with 1-3 hal ogen groups,

8) (Cl-C4)acyl, 9)7d-(Cl-C4)al kyl

-CO2H, optionally

esterified mnth a (G-06)alkyl or a (C5-C7)cycloal kyl group, 77 10)
CH=CH CC2 11 coRrH 12 (C1-05) a3l I/ul r‘mu ’IQ\ ("{ m I\II-I’) npf ional | y
substituted on (@R%Béem(amﬁtﬁmy wihe2ei @lis Opai X wWhegzin s 0 to 12)
(Cl-OS)aIkyI-C(O)NHZ optlona”%¥ substituted on the nitrogen atomby 1-2
(C1-C4) al kil gn eunpssin Z15)0, &, YRS AvH{eBainG3 @l ikgdpendkBily hydrogen, alkyl,
(C1-C2)al kil -S(0 - ﬁé 0) 0- 2- (C1- C6) al kyl or
S(0) 0- 2- phenyl , Q&?é Qlﬁyfééﬁﬁo%ﬁ%ﬁf% Sﬁ%rons thereof bei ng optlonally
substitute' th—1=3 neng@rs tected u+ Mt e group consisting o
hal ogen, C»E '(C1- A)al kyl' \and, [ C1- C4) al'kKoxy, said al kyl and al koxy being
optionally substltuted by hal ogen gr , 18) benzoyl optionally
substituted by|1-2 nbers sel m the group consisting of: |hal ogen,
CN, (C1-c4)al kyl angiéFl said al Kyl and al koxy groups bei ng
optional | y| substytu r oups,
Ay H
O O

preferred in the ali«(S) configuration

wherein Ar is aryl or heteroaryl; and R4 and RS are independently

selected from: C(R )2, C(O); NRZ; S; S(0); S(O)2; wherein R1 and

R? are independently hydrogen, [C(R3)p]5(CH=CH)qR3, G(=Z)R3

C(=Z)[C(R3)2]p(CH=CH}qR3, C(=Z)N(R3)p, C(=Z)NR3N(R3)y, CN,

CF3 N(R3)p, NR3CN, NR3C(=Z)R3, NRC(=Z)N(R3)p, NHN(R3)5,

NHOR3, NO, OR3, OCF3, F, Cl, Br, 1, SO3H, 0SO3H, SOoN(R3)s,

SO9R3, P(OYOR3)R3, P(O)OR3)y; wherein p is 0 to 12; wherein g

is 0 to 12; wherein Z is O, S, NR3; wherein R3 is independently

hydrogen, alkyl, cycloalkyl, aryl, heteroary!, heterocylyl.

13. Selective caspase-3 probe according to any one of claims 1 to 11

characterized in a compound 29. — 42. of the tabie below :

29,

Y\
N 0 o)
N LH I \)J\
N N N
N N < X
N. .= 0




19) phenyl
fromthe g
sai d al kyl

aromatic o
S, NH and
substitute
22) 0-(C1-
non- ar omat
and N, and
hal ogen an
23) HET4,
ring, and

het er oat ons sel

or two gro

or napht hyl,

roup consisting of: halogen, CN, (Cl-C4)alkyl

optionally substituted with 1-2 nenbers sel ected
and (Cl-C4) al koxy,

and al koxy being optionally substituted with 1-3 hal ogen groups,
20) CN, 2%)20020904) al kyl ene- HET2, wherei n HET2 r epr esBOl/EPA08S735henber ed
r non-aromatic ring containing 1-4 heteroatons selected from O,

N(Cl-C4) and optionally containing 1-2 oxo groups,

and optionally

d with 1-3 (Cl1-C4)al kyl, OH 7hal ogen or (Cl-C4)acyl groups; 78
CA)aIkyI HET3, mhereln HET3 is abor 6 nenbered aromatic or
Fi-Rg—eontatr-rg—frem1—te—3--heteroat-ons——sel-eeted—++rom 0, S
@Btlonal substltutﬁd h one or two groups selected from
d (Cl-&A4 nd ti I cgntai ning 1-2 oxo groups, and
whereln H Komatic or non- aromatic
Il he benzof used analb s |t herigof , contalnlng froml to 4
ected fromO, d NC)and s Optionally substituted by one
ups sel ected from hallogen, (Cl-C4 aIkyI
0]
31. @]
OH
X
O
N
HO < H
H \ RA
Y OS:N S
0 @] 0 RB
wherein RA and RB are independently hydrogen, (C1-Cg)alkyl,
hydroxyl, (C1-Cg)alkoxy or halogen.
32.
@ ﬁ ¢
,N
e
33. O
0 OH
HO Z N X
H \ H
Y _N N O
>8] N
o O O




and (Cl-C4)acyl; and wherein hal ogen includes F, d, Br and I. 37.

.OHO

H OH38. HO 00 HH NX HH . OH
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34.

OH
O 0O O
4 H
Y. N N
N N ; X
H i

OH

39.

{O)mY
O O
) 3] N X
R R O O
OH

preferably in the all-(S) configuration,

wherein mis 0 or 1; and

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

1) H,

2) halogen,

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

4) NO»,

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-Cy)alkyl and (C1-Cgq)alkoxy, said alkyi and alkoxy being
optionally substituted with 1-3 halogen groups,

73 NH(C4-Cglacyl,

8) (C4-Cglacyl,

9) O-(C4-Cy)alkyl-CO2H, optionally esterified with a (C4-Cg)alkyl or a
(Cs-Cy)cycloalkyl group,

10) CH=CH-CO92H,

41 k



7939. HOYHOHHOOHHI -..."N., OH40. Y, NH OHOH NGO HX
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11) COaH,

12) {C4-Cg)atkyl-COoH,

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

14) (C4-Cg)alkyl-C{O)NH»>, optionally substituted on the nitrogen
atom by 1-2 (C4-Cg)alkyl groups;

15) $(0)p-2-(C1-Cyjalkyl;

16) (C1-Co)alkyl-$(O)p-2-(C1-C4)alkyl;

17} S(O)p-2-(CG1-Cg)alkyl or S{O)g-2-phenyl, said aikyl and phenyl
portions thereof being optionally substituted with 1-3 members
selected from the group consisting of: halogen, CN, (C4-C4)alkyi and
(C1-Cy)alkoxy, said alkyl and alkoxy being optionally substituted by
1-3 halogen groups,

18) benzoy! optionally substituted by 1-2 members selected from the
group consisting of: halogen, CN, {C1-Cg4)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)alky! and
{C1-Cy)alkoxy, said altkyi and alkoxy being optionally substituted with
1-3 halogen groups,

20) CN,

21) (C1-Cy)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-Cy)alkyi, OH,
halogen or (C1-Cg)acyl groups;

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




.0 OH 41.

N‘!!!!

----,X--",

WO 2005/019115
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, ;-.."., HO---.. 00
.0 OH 42. 0
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HN OH
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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-Cg)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, 8 and N, and is optionally
substituted by one or two groups selected from halogen, (C1-Cy)alkyl

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

36.

preferably in the all-(S) configuration,

wherein R4 is selected from the group consisting of:

1) H,

2) halogen,

3) {C1-Cy)alikoxy optionally substituted with 1-3 halogen atoms,

4) NO»9,

5) OH,

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

7) NH(C1-Cg)acyl,

8) (C1-Cygjacyl,

9) O-(C1-Cy)alkyl-COoH, optionally esterified with a (C4-Cg)alkyl or a
(Cs-C7)eycloalkyl group,




14. Sel ecti ve caspase-8 probe according to any one of clains Ito 11
characterized in a conpound 43. -44. of the table below. WO
2009/ 019115PCT/ EP2008/ 059358 80 43. 0 H H Y
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10) CH=CH-CO2H,

11) COoH,

12) (C4-Cslalkyl-COH,

13) C{O)NH»o, optionally substituted on the nitrogen atom by 1-2
(C1-Cy4)alkyl groups;

14) (C1-Cs)alkyl-C{O)NH2, optionally substituted on the nitrogen
atom by 1-2 (C1-Cg4)alkyl groups;

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

16) (C1-C2)alkyl-S(0)g-2-(C1-C4)alkyl;

17) 8(0)p.2-(C1-Cglalkyl 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, (C4-C4)alky! and
(C4-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-Cg4)alkyl and (C4-Cy4)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, (C4-Cg)atky! and
(C1-Cq)alkoxy, said alkyl and alkoxy being optionally substituted with
1-3 halogen groups,

20) CN,

21) (C1-Cylalkylene-HET2, 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 (Cq-Cg)alkyl, OH,
halogen or {C4-Cg4jacyl groups;




WO 2009/819115

N N..." _,---,"X H - ....-- OH HOO 44.

78

22) O-(C4-Cylatkyl-HET3, wherein HET3 is a § or 6 membered

aromatic or non-aromatic ring containing from 1 to 3 hetercatoms
selected from O, S and N, and optionally substituted with one or two
groups selected from halogen and (C1-Cy4)alkyl, and optionally
containing 1-2 oxo groups, and

23) HET4, wherein HET4 is a 5 or 6 membered aromatlic 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-Cy)alkyl
and {(C1-Ca)acyl; and wherein halogen includes F, Cl, Brand L.
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HCO OH 15.Preparation of a

probe of the fornula (I) accordl ng to clalml to 14 characterized in 5if n

is 1. (a)

conpound &0 HECPDEUl a Li
-R1-L-A-CO-OH(111) 15(b)

Li

H2N- R2-L2 to the probe of the forrrula_;é),

reacting a conpound of the formula (I11) LAACOOH(Il) 10 with a
-Rid-1to a conpound of the fBYHEPHIFISPISY
reacting the conmpound (l111) with a conpound

39. HO
O
H
N : X
H : ;
40. OH
a O H O
Y. N N
N R
o ¢ o] Z\fo
OH
41.
H 0
) \)1\ SN
o) 5\fo
OH
HO O
42.
H O
0 E\fo
OH
14.  Selective caspase-8 probe according o any one of claims 1 to 11

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



WO 2009/ 019115PC T/ EP2008/ 059358 81 wherein L' is fluoro, chloro, brono,
cyano, nitro, am no, azido, alkylcarbonylam no, carboxy, carbanoyl,

al koxycar bonyl , aryl oxycarbonyl, carbal dehyde, hydroxy, al koxy, aryl oxy,
al kyl car b®if/308%9291%&r y| car bonyl oxy, a carbon-car bon douBtEERSHSIHE
carbon-carbon triple bond, preferably am no, azido, hydroxy, cyano,

car boxy, 5carbanoyl, carbal dehyde, or car bon-carbon double or a
carbon-carbon triple bond, nore preferf¥ed am no, and RL and/or R2 may be

protect ed by sui tabl e orthogonally protectlng groups and sequentlally
cl eaved in cotrse-of—the—preparation—of the—conmpound—+)——=nd—f n is

T

0: reactin
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15.

characterized in

Preparation of a probe of the formula (I} according to claim 1 to 14

5 ifnis1:
(a) reacting a compound of the formuia (If)
L’-A-CO-OH {)]
10
with a compound of the formula L1-R1-H to a compound of the formula (lll)
L1-R1-L-A-CO-OH {1y
15 {b) reacting the compound (Il1) with a compound H2N-R2-L2 to the probe of the

formula (1),
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15

20

25

30
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wherein L is fluoro, chloro, bromo, cyano, nitro, amino, azido, alkylcarbonylamino,
carboxy, carbamoyl, alkoxycarbonyl, aryloxycarbonyl, carbaldehyde, hydroxy,
alkoxy, aryloxy, atkylcarbonyloxy, 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 (I); and

ifnisO:

reacting a compound of the formula A-CO-OH (IV) with a compound HoN-R2-L2 to
the probe of the formula (1).

16.  Use of a probe of the formula (I} according to claims 1 to 14 for molecuiar
imaging in vitro, in cell-culture experiments, ex-vivo experiments or in a living
organism.

17.  Use of a probe of the formula (1) according to claims 1 to 14 for imaging a
living organism, comprising:

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

{b) exposing said organism to electromagnetic radiation which excites non-
guenched fluorophore to produce a detectible signal, and

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

18.  Use of a probe of the formula (I) 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.



