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WO 2008/ 104271 PCT/ EP2008/ 000963 | magi ng probes The
present invention relates to nol ecul ar probes
W@ 2ubav2at es) that allow for the observati on PET/ERE08/000963
catalytic activity of individual proteolytic enzynes
or groups of 5 proteolytic enzynes in in vitro
assays, in cells or in nmulticellular organisns. The
invention furthernore relates to nmethods for the
synthesis and the design of such probes (substrates).
Imagifmgpkapezund of the Invention 10 Proteol ytic enzymes
(proteases) cleave or degrade other enzynes or
peptides in- and outside of the living cel

The pfasdnefRentiBh ‘?’efa’i‘é/sotov 'cﬂjleﬂ PrBbES ($idsstRited) th@i aIIow for the

processes, are critical in’‘cellular
obser\satgrrabﬁ Uhag:malgftlc lastwaty cbrfandwsilm psoteAty@c reamynms or grou ps of

5 anced aCth&é r ot eases lsaS P
protedjfs 81578¢ i alet s3s a0 CRLS DRl B CRURr Bfgdibfis’ The
inventisi RPRIerbrS | 'réatésr tberhéf?ﬁﬁls%ﬁ’ﬁi &dtlﬁ‘éé@rﬁfﬁﬂtth@ Heditth of such

many ot hers (M Evans, B. avatt, Chem Rev.
probeg (o@)stGBes)3279- 3301) Si nce proteolytlc activity has

to remain under stringent control in living systens

many proteases are expressed as inactive precursor

Backg?o@h&oRthd FyBREEAS) which are activated by controlled
proteol ytic cleavage. Additional control of

proteolytic activity results from endogenous

prote 1, Bt e RS A SREILYE s in-and
outsideldfeh&livin ftilggrftaﬂllt Proteggbsaare ihvohed investultjatie o vital processes, many
protease function in cellular or physiological events

of Wh'PEe’ﬁH@ cetcalie cewir sianadingranst BrssROmEPsIESsy AbarAg or enhanced
achwt@ﬁ?g%t%éa??@ etné)érdcné}erWIfH ?\/ ?I § ty%ase HEIH rf?f@?ncer

a varl
osteo@ntmhief, alnmlescllems,pnfbmsmluanrartdwmdnytc&haﬁstJ. Evany, B \F.

Cravagféﬁl ed o 02686 _epgr %Ezég’%%ﬁ;@hg@ i%éo 5p y %&iag{ ﬁas to remain
underl%ff Qéjrﬁ c%?iﬂ'@ lnelﬁﬁlr'\d‘ ét@?ns r?ulﬁg g?&te%@@@'é?é bQﬁré&fseé as inactive

ophore roma uorescen quencher or (1i) by
precursov prateins (arynmgammwrnﬁh arenactivated by lsantrdli¢dhprajeolytic cleavage.

iyl 2Bl 7 ol S58hse Ll TG EhaBheR s fibiors that bina to
and tHetbPiddchvatef cRafBesIy A&tiver fehRateh@enzyme. In view of this stringent
regulation the investigation of protease function in cellular or physiological events
requires the monitoring of protease activity rather than the monitoring of protease
expression alone. Consequently, a variety of activity based chemical probes have
been proposed in the literature. Commonly applied protease probes generate a
detectable signal either (i) through enzymatic cleavage of a peptide bond leading the
spatial separation of a fluorophore from a fluorescence quencher or (ii) by covalent
attachment of a mechanism based inhibitor to the protease of interest. The localization
and quantitative investigation of the activity and inhibition of a specific protease or a
group of proteases (e.g. in cell-based assays or whole-animal imaging experiments)
requires the development of imaging probes that (i) reach the physiologically relevant
locus of protease action (e.g. the cytosol of a cell or a specific organ in whole animal

imaging) and (ii) are selective for the desired protease or a group of proteases. The
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group of proteases (e.g. in cell-based assays or
whol e-ani mal i magi ng experinents) 30 requires the
waelewsliepnent of i magi ng probes that (i) reach PEGEEP2008/000963
physi ol ogically relevant |ocus of protease action
(e.g. the cytosol of a cell or a specific organ in
whol e ani mal i magi ng) and (?i) are selective for the
desired protease or a group of proteases. The WO
2008/ 104271 PCT/ EP2008/ 000963 2 generati on of
generptioh eépeoteate stliectve paiies hasinpoxeskal cansidesalile chhllenge for the
, hal | enge .for .the fiel. The present invention ,
field. fréqe prese ilijWOHd’@@te%(Igm 90\594 F@ﬁy \§gle§p¥% probes for cysteine
=Y, ik, 0 i
POt T o R ARG Lo Rsh i T 1O e BpPRERID of these
probesiin vidrcagssays, in cellsedr is roulticellulan erigaelisnig ée.goby tre sremans of

. g. by the s of.. 5 | ecul ar i maging), and (iii
molectirmARlna) s TG rEgHBRE Lo Er s 1a0H AnS Sesian such probes.
probes. Wthin recent years several nolecul ar imaging
technol ogi es (optical and non-optical) have becone .
Withimtgoaena pearsosay eratlpoelesntar imagingetenbnologiessioptical and non-optical)
visualisation of specifi | ecul ar targets_angd. o
nave ol si6ie A0 DS Bfkbbalio M Bohdvl € 8hbaiton ofpectic
moledul&aargets apdPrahwags Y Vivdr Sinteahé wfetrnatio® tohteinebhahy image
contrast, the devel opnent of internally quenched

signali igggineayily adbeetiameat intgraabeantiast abeed reaptefdntesnally

auend BRI s B4R oeREBY €2, PAABRORED. ciavage
of a peplidey Bopd Phasibesn cohengeipeippliedto rhage abedotdide catalytically

_ selective_for individual Br ot eases and, exhibit .the
activegypleasgst dhe geprration eigrases thaase seiectiverpbindividyalhrsoteases
o ' evod wi Y
ond o518 B et AU oS MBIR fog rarly been
achievediwithropniventionatlappechattes. Mediginal cherhistdievbeqiraemacettical

, drugs with a opri ate ar macoki netjc properties .and
indusifp spielalee CERUENgeS I PerasveloRmeR g8 Wi aprygpriate
pharmidb ket broe N R RAR TSP PRy Tof 8 fetbtarget. In our
inventiorovedwe devisérhamenppiute towaids seiectivecactivily pased axeles for

fromthe cysteine 20 cathepsin subfam.|ly. st e ne .
cysteipp GbleaseS A6 TAVe afRlieh b BARRO2TL Yo PEI RS T EPHL D, ysteine
cathepdift sedfarvpy.Site which serves as a nucl eophile during

catal ysis.” The catalytic cysteine is comonly hydrogen

Cysteine proteases are characterized by a cysteine residue in the active site which
serves as a nucleophile during catalysis. The catalytic cysteine is commonly hydrogen
bonded with appropriate neighboring residues, so that a thiolate ion can be formed.
When a substrate is recognized by the protease, the scissile peptide bond is placed in
proximity to the catalytic cysteine, which attacks the carbonyl carbon forming an oxo-
anion intermediate. The amide bond is then cleaved liberating the C-terminal peptide
as an amine. The N-terminal portion of the scissile peptide remains in the covalent
acyl-enzyme intermediate, which is subsequently cleaved by water, resulting in
regeneration of the enzyme. The N-terminal cleavage product of the substrate is

liberated as a carboxylic acid.
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bonded wi th appropriate nei ghboring residues, so that
a thiolate ion can be forned. 25 Wen a substrate is
wo e@sgmi2zed by the protease, the scissile peptPAPERPNE000963

is placed in proximty to the catalytic cysteine,

whi ch attacks the carbonyl carbon form ng an oxo-

ani on intermediate. The anmi d& bond is then cl eaved

| iberating the C-ternminal peptide as an amine. The

N-term nal portion of the scissile peptide remains in

The huhﬁamgmabreetencadgs drapané-ike cathipsins, ( thaJhclae CA proteases or

the CYRLRGPRIAANGE. g dAae. OTfcV AL GPhPHish P dmpligated it

variou¥' f%ﬂk’!ﬁén@fnd %g@ﬁéfa@ fotefh dé r%@éﬁbﬁ?@h @%o@oﬁ@%k{ﬁwéé keeping
acid. WO 2008/ 1024271 PCT/ EP200 /000963 3 The human

fu nCtIgl&)’] @nm@smgjefsa mllgqmap arogeskingeofgrahelas ipnetegheseand meatrix

collaggn (frg?t 8%@6 sv%:w.nyﬁo ! s{lst%?rbg%gsg@éﬂéyeﬁ?qq% aé:socli_lated with a
numb‘éﬁbf Qé'ﬁlofdﬁ'k%”é?/@ﬁté 8GdHgE Bgt&ﬁﬂﬁhﬁé cEHrQie‘?'b'iblo?y (anglogeneS|s
degradation in |ysosomes (house ing function)

and tymeotgendsig), otueiegigahdisorsiess 6 6i ngm angmﬁ@mmro&s (Y. Yasuda et

e
a. A PRERE R Re oA o7, SRR A AL some o g v
cathepsinb haverssgrevalidhtdrhbb eblegasiedrug\taryets sorthefspies over recent
osteoarthritis, cancer_ bi ol og&q) ?&Q%éﬁgeney s and
yearsi(lird Mgehes 8., TuikuPoEsape di 2605 ). pai n) and
osteoporosis (Y. Yasuda et al. Adv. Drug Dellvery
Rev. 2005, 57, 973-993) and consequently sone of the

For exarapk, Catieepisie psams Shaveaniptieatedaihibdmiecahdisartitdgevdegradation and
drug tar?ets for therap| es over recent 10 years (Turk,
are re(ate teqporosigapd ahthritisho J, 2001, 20, 4629- 4633).
For exarrpl e, Cathepsin K and S are inplicated in bone
and cartilage degradation and are related to
Furthmrhcaep@radmpsuaf(dsa:reuonninantly]f5urﬁdllrt betlenfoiasts aad Massshmwn to bee

m _nant found in oste nd_was
crucig] gpipdimal Popp apmael R henSsgae RERD e fgneponCatebsin k
act|V|t§/ hied in%‘bon@s@@rb&b‘?%‘c)’rd@f hBS?é%s”s)Kwh%?ééé/ b¥&r expression in
esults in a bone sclerosis di'sorder pycnody505|s)
cathepbieric ascelemated tive dyrspwer dibonsamateril @sKt sdodicetive é@f
e naterial ative

osteofisisy SHIBRRSIN ¢ ARE L ToN S AP0 Edlstaragg A d8uing rpte

helicaf ebliRfERH¥ARRNAEIE hieltdlorRaifaYinnOstebiathfitis the cartilage matrix is
undergoing massive erosion including the degradation of type Il collagen (Y. Yasuda et
al. Adv. Drug Delivery Rev. 2005, 57, 973-993). Thus, inhibition of Cathepsin B and K,
for example, is a useful method for the treatment of degenerative joint diseases such
as, for example, osteoarthritis. Cathepsin K inhibition, for example, leads to inhibition
of bone. Cathepsin S plays a major role to initiate a MHC class Il related immune
response towards an antigen. Being the main invariant cain-processing protease in
dendritic cells, Cathepsin S appears as attractive drug target in immune related
diseases. Furthermore Cathepsin S might be also important for extracellular matrix
degradation and shows significant elastase and proteoglycan-degrading activity.
Cathepsin S is therefore implicated in disorders involving excessive elastolysis, such

as chronic obstructive pulmonary disease (e.g. emphysema), bronchiolitis, excessive
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20 helical collagens in their helical domains. In
Osteoarthritis the cartilage matrix is undergoing
wore@silv7er osi on i ncl udi ng the degradati on of PEPEP1008/000963
collagen (Y. Yasuda et al. Adv. Drug Delivery Rev.
2005, 57, 973-993). Thus, inhibition of Cathepsin B
and K, for exanple, is a us®ful nethod for the
treatment of degenerative joint diseases such as, for
exanpl e, osteoarthritis. Cathepsin K inhibition, for
airwayerkaspdlgsis lireadthnha andHirbnchits, @euhomites anGatahdipsascubar disease
lays a major roJe. to initiate a MHC class Il rel ated
such ?‘rﬂlyfﬁ]é'e HELHE FBFERBE an antigen. Being the main
i nvari ant cai n-processing protease in dendritic
cells, Cathepsin S appears as attractive drug target
Cathepsin lmappearssioabe involiiesdiaspidermal thosnenstasiCatdgepation « the hair
m ght b sp inportant for. extracellylar matrix
cycle gh) AserfiH 2ans EisRen topE rBSEntalbase "anc
pr ot eogl ycan-degradi ng activity. 30 Cathepsin Sis
therefore inplicated in disorders involving excessive
CathegisinsB d$ gssaciategowith pethsieginaldnaisin agiixatipa ipdhensadystage of

pancrdhBE S 560 P SRRSO prB AR SEBRRAR.

asthma and bronchitis, pneunonities and cardi ovascul ar

di sease such as plaque rupture and atheroma.
For profeaigissemzymeapdbigrtbetr ackhuity, fathey depn mespiexpression level, that

. i r.equ ' i C
e OTRAEYBElnal SR L o g Ao AR lgf, piecues
that irﬁibiSth@saﬂwlitytoédamdm;rpptdwés@ arel qsefulr%aé theaapé%ttu agents in the

in the, ear stage o ancreatitis and confributes to

treatmﬁqtpgpbqgg.sp% @u”@etgeﬁj@p‘/&{&??@ °3|§<9|§f36'§n |g1:agirtg pigmarkers that

. , I o b 0
v EY YL RTIANE] g5 | 3 WL PEAAH o i behdpio may
acceleratectargetcedlidatiby simigodpvedormentt dred eggn chaical thiatsg(H:,Pien, A.J.

Fischilan, Lt ddval.dh (b Slpraen ieaiisaeveraGuiata 2088; 1 269-266).
using_ta"cﬁawsage@fmg'gm@&ésﬁem%siatsla)%cﬁi%v;ﬁbmnbr&&ir%ﬁmyféa% be

_imagi'ng biomarkers that visualize the proteolytic’
readilygtanitorgd mscamplexazrotaieinmixiuneés, intach aclish rmndggvedy ing/ivo.

candi dates m 15 agcel erate target | iidation, dru
Furtheffihip Sivanne Lrpspsiic RPERCap Heolised [ deyRip Sprepnsfor smal
molechiestRR®itorslthat cAR Rl Lised¥dPfuriliopas stdidd M ADUSHEME M. Bogyo

Today, 2005, 10, 259-266).
Curr.Opp.Biotech. 2003, 14, 87-95).

So far, activity based imaging probes have been developed to monitor and label
cathepsin B and L in cell based assays (G. Blum et al. Nat. Chem.Biol, 2005, 1, 203-
209), several cathepsins (R. Weissleder et al. Nat.Biotech. 1999, 17, 375-378) and
matrix metalloproteinases in tumour tissue (C. Bremer et al. Nat. Med. 2001, 7, 743-
748).

Another tool to monitor protease activity consists in bioluminescent assay. This method
makes use of derivatives of luciferin in enzyme activity assays or non-enzymatic
biological assays where the luciferin derivative serves as a substrate for a desired

enzyme and is a prosubstrate for luciferase. A first proteolytic cleavage releases
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Using activity based i magi ng reagents, a specific
protein or protein famly can be readily nonitored in
wa@oemsplies7protein m xtures, intact cells, and eREIEP2008/000963

vivo. Furthernore, enzyne class specific probes can

be used to devel op screens for small 20 nol ecul es

i nhibitors that can be used Yor functional studies

(D. A Jeffery, M Bogyo Curr.Qpp.Biotech. 2003, 14,

87-95). So far, activity based imgi ng probes have
luciferireewhibbvie sapsdqtentiyocornvarteainoly lueifetase; detegpabla &8 @hamipescent

S|gnalng%esl%on gg?agés%@g g%@ﬁ@rr %;ppﬁlggf‘ hgﬁgi%hgagggmlﬁi)%s’cent probes
and pi&lehid fiieAd floﬁéll Man@é@é BES- h@ﬁ)’ggnaﬂ% n&ZQTgﬂc?) and

matrix netall oproteinases int tissue (C. Brener
et al. Nat Med. 2001, 7, 743- 748). Another tool to

Tho oL EE LGSR RS0 b SRS BT 8575 s anc

is hlgﬁly%bfw%r‘v@d' Pr&ﬂ%ﬁ%%ﬁb&héﬂ aﬁé%@yéerﬁﬁg ety 8NEKBERABIE peptides,
ol ogi cal assays where the luciferin derivative

electremm@su astratemmgsahave been deweloped thahenlrereaeidnitee gontext of

this o 8cts ShE U eshbBRTh 5ot e ER b aR S bobruptypart of

so calldeChvigtheBg” \Mﬂm@)iédlﬁarsémwm% btiswraditigdeley¥trophilic character
| uci ferase, detectable as a |um nescent signal. This

and its geomeiiy plasementide flhpgrfﬁchlsanntcaﬁm aetive gte ebreystginengathepsin,
where %Pe%ﬁig@rﬂttpgrc%h?lg‘h g?gna '?%‘Hr%. téﬁ\g\?vlro%td\%o étg%f;‘_%légh electrophilic

substRit@y have bedn de’Biibed asedethartisre basedaiysteinatphetease dnhibitors
has been well studied and is highly conserve

includingfor exastle Ryt bat @Frdu%?'aeﬁﬁaﬁ@"’lﬂ’éﬁﬂél k@ﬁorﬁse&luamrapéw ketones,
acyloﬁg’r\?%t;ng@gegoﬁé eété@mvdrbﬁ){léﬂlﬁﬁfétsk @Fr@l anRbmss ?H&‘\éﬁomcmlc

at —on rea ntext o
derivatioes ¢8 v¥driadsti vk Bngya QTAR Ebett. ISnH2005; 2de264r269).
such probes is usually part of a so called "warhead",
a nolecular entity that is optimzed inits

To beeéffe%il(/é’%g Blblﬁgﬁﬁﬂcﬂﬁé eﬁro@é%s%ﬂﬁhi‘bﬁt%r&ﬁ%‘%?hé'n%t BhRCRSF 'Hotent but

to fit perfec Into the active site of a cysteine
also hightlhepkeictiye |mbmdmg to a pacticulai protease. dhealguelapment of small
A w.de v electro hi |1

o ek T A bl RS A s
Altho e pEptitfo sl igpadeedivBRiebidn@lesof biological properties, their use as drugs

can be compromised by their instability and their low oral bioavailability. To be effective
drugs, protease inhibitors with reduced peptide-like character, high stability against
non selective proteolytic degradation, high selectivity for a given protease, and good
bioavailability to the locus of protease action are desirable. These requirements led to
the development of cysteine-cathepsin inhibitors A-B with non-peptidic chemical
scaffolds A, which are covalently linked with an electrophilic warheads B. When bound
to the cysteine-cathepsin B reacts covalently with the catalytic cysteine (mechanism
based inhibitor). In many cases the selectivity and pharmacokinetic properties of such
inhibitors were successfully optimized in the context of biomedical research. To enable
effective nucleophilic attack by 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 the electrophilic carbon atom of the warhead
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i ncluding for exanple but not exclusively: diazonethyl
ket ones, fluoronethyl ketones, acyloxynethyl ketones,
w@@ssb42ydr oxyl am nes, vinyl sul fones and epoxRGI/ER1008/600963
15 derivatives (S. Verhelst, M Bogyo QSAR Conb. Sci
2005, 24, 261-269). To be effectlve as bi ol ogi ca
t ool s, protease i nhi bitors nfist be not only very
potent but also highly selective in binding to a
particul ar protease. The devel opnent of snal
correspinsisulvell tmlhietspatiai; afrangepenit bf thepcatblytis eysteirse and elme peptide

carbogﬁ,/@?;t ai%cufgsn %?@c{é-:! pé@attg]tc %?ﬂ%gﬁ%ﬁ%lng]@ggq yggg the |dsea that a
“‘rede$ifR! bf éﬁtﬁfnﬁéd@d@%ntWﬂbﬁtﬂ'sqwré)%éﬁﬂtabgcéfﬂ% 'A and an

Instability and their |ow oral bioavailability. To be
electreplmhcwarbeadj&)gﬁp Pcleavable subistrote smwlwuerpwﬁtMeesmce the

li.,ke characte hi st abi a alns nan ..
chem{igP SeAfid Aot BB Eeen ARt Morih drtRRganiaino B selectivty.
our apstbash Yok albWifFEAER tramsieHePthe é@l@@myloakydrtstdf the selRtivity of
|'ocus of protease action are desirable. These
an opfigdaad ehintos intedn @ctwythﬁéed@t@nmpalmfpbgfwce refer to this process

p Lei 1 o= idi G .
as "ref e AT o ctivelRbethy BSed pralts faRP T BFiA lteine
cathepsinhiniaibitetsect r ophi | i ¢ war heads B. When bound to the

cystei ne-cathepsin B reacts covalently with the
catalytic cysteine (nechanism based inhibitor). In
The if{RRo?8GTe< (17 AQIEENIRY blohE oRRIIEGRACARS i the formula ()
optim zed in the context of bionedical resear ch To
enabl e 30 eff ve nucl hili ttack by
catal ytic cys{Eilaﬁe S gcg D%%‘Iilzl c centé of such
inhibitors nust be oriented precisely within the
active site of the enzyne. The special arrangenent of
whergigt al yti c cysteine to the the electrophilic carbon
atom of the warhead WD 2008/ 104271 PCT/ EP2008/ 000963
A is agreup reeqaiticablodyla eathepsinspat i al arrangement of the
tic cysteine and the peptide carbonyl of a
R1lis égfngé?ll e peptide substrate Th| s conparison gui ded us

R2 is bdnlgeor glfakdrhat a "redesi gn" of optim zed coval ent
i nhi bitors (W|th a chemcal scaffold A and an

Lisa @peetqrcﬂowqulpcalw'hew éBfaqﬂﬁtC@nﬂJQﬁt'@a\RiBh% g5 L at e
L1 and t]_@u% %%%H Sl e%tﬂSﬁ'letrhgt RBaSt\GHE Etlel 8§ﬁ6$%l}ﬂ%&fnd to a solid

can be’'con |dered as e main erm nant
suppcstlaadti vity, our approach woul d allow for the

transfer of the selectivity or parts of the
NiISlselectivity of

or

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

nis 0.

A further embodiment of the invention is a molecular probe for cysteine proteases of
the formula (1) wherein

nis 1,
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an optim zed inhibitor into an activity based chem cal
probe. We refer to this process as "reversed design"
WQ@R008aVeLCL i ve activity based probes from sel ece¢T/&P2008/000963

cysteine cathepsin inhibitors. 10 The invention
relates to a nol ecul ar probe_for cysteine proteases of
the formula (1) {Ll-Rl-L}n-?A—CONI—I—RZ-LZ (1) 15
wherein A is a group recogni zable by a cathepsin; R1
is alinker; R2is a bond or a linker; L is a bond or

A is agrgup vgcagrizatile pyfacyseinaaidtieegsinj ugat i on of the group

endent, of each other, at

d
R1 aqlailgg@r%,dgdgagécﬁ' %@t(?efcﬁ?lé:lrﬁl @RBB%'H“&G& a solid support:

L is a%ﬂd"br'asgrjoup AlowdRg ?@r A facleReMfligdtidni oF the YroSH LAl Snd
suitab for a cou | ed biolum nescent assay; and

L1 anduLéI)aresmdependenéc eativdihesrat leastiane labekaptionallypaund to a solid
| ecul ar probe for cysteine proteases of the fornula
S“Ppoﬂ)) wherein nisl, WD 2008/104271 PCT/ EP2008/ 000963 7
A is a group recogni zabl e by a cystei ne cat hepsi n Rl
and R2 are, independently of each other, a |inke

The cpepgupda®f dhe forgibaifl) are aehivity baﬁedapno@@m(éuwfﬁtaghiqr@usteme
proteé)sfes B?enga%Wfrbﬁ'\ thaen&/stelne cathepsin subfamily.

In their most basic form, the chemical probe consists of four functional elements, a) an
amide group —CO-NH- as a reactive group, that can be cleaved by the action of a
protease, b) a scaffold A which defines the selectivity for a given protease target, c)
linker moieties R1 and R2 to connect subunits to each other and d) set of label L1 and

L2 for detection.

Group A is preferably the main determinant for specificity towards a given cysteine
cathepsin or a group of cysteine cathepsins, preferably for cathepsin K or S, e.g. as
shown in compounds 2.-114. Imaging probes of the present invention show selectivity
for a given cysteine cathepsin of the factor 1000 to 1, preferably a factor 100 to 1,
wherein selectivity is defined by the relative turnover number (turnover number with
enzyme 1 versus turnover number with enzyme 2) at a preferred substrate
concentration. The relative turnover number is determined for each enzyme pair by
dividing the turnover number of the enzyme of interest (enzyme 1) by the turnover
number of another enzyme against which selectivity is desired (enzyme 2). For in vivo
applications high selectivity is desired at low (e.g. micromolar or sub micromolar)

substrate concentrations.

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

comprising the thiol group S™:
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L1 and L2 are, independent of each other, at |east one

| abel optionally bound to a solid 5 support. The
weorpawds of the forrmula (1) are activity basedI/pPmoge00963

(substrates) for cysteine proteases, preferably from

the cysteine cathepsin subfamly. 10 In their nost

basic form the chem cal pro%e consi sts of four

functional elenments, a) an amde group -CO-NH as a

reacti ve group, that can be cleaved by the action of a

proteas€ b) a scaffold A which defines the

selectiyjity for a given protease target, c) |inker

| et} to connect subunits to each ot her
L1'gﬁ'§3‘ d%‘ setH of gz@él L1 and L2 for detection. 15 G oup
@ﬁ_is p eferably the main determ nant for specificity
0 S a given cyste epsin or a group of
cyst ei ne cat hepsi ns, gb%fegf Py for cathepsin K or S,
e.g. as shown in conpounds 2.-114. |nmagi ng probes of
t he present i nvention show sel ect ivity for a given
The regalios rade issdergndant on thestiugiyrgof thegubstrate. pr ef er abl y
a factor 100 to 1, 20 wherein selectivity is defined
by the relative turnover nunber (turnover nunber wth
The Iiaklerygmuib Retos B2 lBLp*refarablyraJﬂméblevﬁrﬂ(br eoayected)to atlabel L1 or L2,

eferred substr con tr t i o The
respeRlifelivara RLiTBEY of SSmet oF iRt aho L2l e he] e 5ker otup is
|
chos% itHE %n?élﬁﬁwé‘e@ygr%ﬁfgl\bég% ne éﬁq eerﬁﬁaﬁth% Ofeﬁé %E:rg\?&y based
imaglag@mtse foxta s;becsfack pmtease yTheshrd@mm@yja(se)nnymsmthe l§o|ub|hty of the
cat,l on sel ecti,vit |1 S
substidle, 1t e ASnERRalE FveRs Thedlinkers Sisbtiars CrefpiEsiRL§gbie inder the
condlﬁméﬂ%%aédtﬁﬁlsapﬁaﬁﬁﬁ Théhlﬁ%’ér 866s hetmiteeredlitithe reaction of a
protease P wth a substrate erelnAre resents t he

selectegguptdaset targritnanyitiaiie, defadtion peiiedsbel |s1 and/osias @as gay be

cons b 35 o e AR TREA B AR e ke

group R1 or R2 is a straight or branched chain alkylene group with 1 to 300 carbon
atoms, wherein optionally

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

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

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

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

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

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 label L1 and L2 is independently of each other a spectroscopic probe such as a

fluorophore; a quencher or a chromophore; a magnetic probe; a contrast reagent; a
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L1-R1-L-A "J~ NR2-L2 H (r)-Sj (Schene 1). The
reaction rate i s dependent on the structure of the
waewstogere. 5 The |inker group RL or R2 is preP&r/apiogs/enooe3

flexible linker connected to a |abel L1 or L2,

respectively, or a plurality of sanme or dlfferent

| abel L2 or L1. The I|inker g?oup is chosen in the

context of the envisioned application, i.e. in context

of an activity based imaging probe for a specific
moleqmlenv\/dam’reis Ofteepdrit 0k arspeeificadisding maileahie:htisl eapabhetrbﬂﬂaepifically

bst th | t
binding tapartided BRlscbRo PRl afame & 8piiiagiipor, a
dendrﬁﬁ@ng“at c{;l9§§ shde té1ﬁ1l%ilt@|plé{5mrf0%{ !oot'ﬁose 'i'ﬁoﬁéléﬁteih tHe&st: or a

fere wth the reaction of sel ect ed
moleqmie)pemsumg geomtunativn of arm;eoﬂmeawopemeﬁlmeté apawel L1
and/or L2, but may be constructed such as to be
cl eaved at sone point in tine. Mre specifically, the

A preférl'éﬁeémb%%’éht%? tRé pFQsérﬁ ifveFttionlig e Q5e f anabeified R@hiRoluciferin
al kyl ene group with to 300 carbon atons, wherein

ora cemqwﬁermy\aisrqtepte@r@erofratmrtI@er@s)f B8R BPORET greup, which upon

cleav%§$ hg%eg} b%en(%@f %ggffglge% Bgﬁtdo?\% Ak av‘ﬂ%ﬁégcéﬂf%ré’nél tPI’"roﬁgh its

xygen,

convepSiphaiyhy lsifefase. ghewgfore, tlbbél LZJrrﬂaQQalteeh@We’:m Bextysubstrate,
units; and/or (b) one or nore carbon atons are

suitable &raagggu;pjed PiQlH BYResceRt AFERY ogaﬁ%eawlrh@ &gditiedy aminoluciferin

or a cpiAREFFFRl oEAERRM MR BlfeRiry A FERTIUP, (o)

one or m)re carbon atons are replaced by an ester
) the bond between two adj acent

US?%QP%%H'%?@% @@rarg'&a@&béo'%m"aess:ﬁn PEOIBRTRIZSSHUP SMPIRINg
pept.cf §9ét’f\%§§?n %ﬁfsfeegbﬁa q.nrkeeltaqﬁ&d.ﬁa%%nqhémufémes.

age L2 of the substrate can
be chosen by those skllled in the art dependent on

Prefergiids BPIOGRIS PaNS AR IARERPIRF Uy SeRCHER dHotpsCaRt probes
compASiRgtd PSIGRRIMNE BCkBBNE WHY &plLRality of fluorochromes covalently linked via
scaffold A to the backbone at a density which leads to fluorescent quenching.

Another preferred embodiment of the present invention is the use of a dendritic
macromolecule onto which a two or more fluorophors 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 and the combination of polymer conjugates with low-molecular-
weight imaging probes is a most preferred embodiment of the present invention for
imaging of multicellular organisms including mammals such as mice, rats etc.. The
polymeric backbone can consist of any biocompatible polymer and may comprise a
polypeptide, a polysaccharide, a nucleic acid or a synthetic polymer. A comprehensive
summary of polymers useful in the context of the present invention can be found in M.J.
Vincent et al. Trends Biotech. 2006, 24, 39-47 and R. Duncan, Nature Reviews Cancer,
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fl uorophore; a quencher or a chronophore; a magnetic
probe; a contrast reagent; a WO 2008/ 104271
WEIBEFR008/ 000963 9 nol ecul e which is one paPCT/BP2088/000963
specific binding pair which is capable of specifically
binding to a partner; a nolecule covalently attached
to a polyneric support, a déndriner, a glass slide, a
mcrotiter plate known to those proficient in the art;
or a nolecul e possessing a conbination of any of the
2006, ;ﬂ&ﬂ&pé@t i A furthestdedcaptior of 5019(nmrefweﬂddh thebcanterhof thee present

el ST WDy S0 B BB e probe cr
compﬁ'f‘é g?’d’}ébt‘ﬂﬁe ét‘i‘éﬁﬁﬁ%f)vé‘l%nﬂ)é'hﬁi@é’d Yc?fhe%é&l&on%r%e P ritic molecule.

vage fromthe centr scaffold A can generate a
Protettive ctesne inclsdegpallyethytenegylycols metboxypalyaeshylepeglycole and further
ore, |label L2 nay alternatively be a

COpo'ﬂUB%ﬁ?a&EyrefGQE@P[%bl e for a coupl ed bi ol uni nescent

assay, characterized in a nodified am noluciferin or
a carboxy-term nal protected derivative thereof as a
The prapoot e presept inusTtiarsoan addiionsky soepsng eiargsting moiety such

o an S AR 7 5o PG 2P RED B R pgEBN88 mont o

a synt@tip roteirf mhigies. 15 Preferred is a probe which
consists of intramol eculary quenches fl uorescent

probes conprising a polyneric backbone and a

Labelg_I #r?d Lg%'aﬂffu%ﬁ%g§%[§g B/ &fa‘fgécgghéﬁ {){? %%@n}é{j Zm(ljym?rs. Said
polymiersiareeReeWh ta tieseenskiled Anthichart tmfafe;ilﬁaﬂeetdeermmderrm‘rattamhed

the present invention is the use dendriti.c 20
moleGyigs @vﬁﬂ theplaspareemBrane af hvieo sel?wa his {9 egnasidllyrRrefgreed for

subst?ﬁé’% \ﬁp thé%@g Rav@ e?‘l‘b@sf%1 4l Hmenﬁrﬁhegbe ﬁ\‘é%bﬂil’y Pf‘éﬁ—:hm effect

Tlorescent quenchi ng a polymeric
imperprezbée fmsthetcbé naeimardregef Iwﬁng oelid. iAzBdn petblperrdebbkeememlcal

orobe Sl BB TR0 S0 B DR, S Y up Lt o

L2.S bé‘lgﬁ{é AR b?teerhﬂ\é?f@e?bfé@bét LP%anLZ comprise, for example,
ar - V\Elgt subst ancés, enab

a Ilneammiyfargmmm)fofdi)-tmcﬂet Lfajgmm}: wii;w 6 +xd 5@Tgwm€eeesmues linear

polyn{?séﬂggg i‘% géggnl S ég(t:her(]) r|]checf:aﬁr(re)5:£1 g%%ﬁ%w%fufme& ()l)p \Q'n (ﬂlgomer ora
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-Tat57 (RKKRRQRRR in the one letter amino acid code). A linear
poly(arginine) 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 /L2, such as in a FRET pair.

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

covalently attached to a solid support.
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to sites of toxicity and and the conbi nati on of
pol ynmer conjugates with | ow nol ecul ar- wei ght 1 magi ng
w@e@Bass2rs a nost preferred enbodi ment of the PCEERIWS/000963

invention for imaging of multicellular organisns

i ncluding mammal s such as mce, rats etc.. The

pol yneri c backbone can consi It of any bi ocorrpatl bl e

pol ymer and may conprise a 30 pol ypeptide, a

pol ysaccharide, a nucleic acid or a synthetic polyner.
ParticAIarlgrmeﬁdnetSianeelabeUsmm mabUpsloymHnembeefanU li21istthe other

context of the pres |nvent e found in
memtigT ot dnp ideragng RIS SBPBIEED D bdd L HHe8 erdlat oah be

M

trans R0 M- SR ey 6%%2358@8 Honolehddeplsttddencher) through
eltherdib_mamlpbr etatxqumo}’mg Suphesaid pnan afrhebeidnh /ele cbangeﬁalts

Ip i nyention ?I ):L V\g99/ 8161. J
SPeCtiSEORERTEPBHIC N TraC enﬁq?a@gséwm BfgPEaponding cysteine
cathe?éiﬁt;ﬁéféa‘éé Ah%%é?nﬂ@‘b?'s@ﬁh laypdit BKR®el D179 @%Cﬂ‘RETITG(F@fster

he 'dendritic nolecule. Protective chains include

resonpote enasdyetnansfer)duin, engtah pigrfludrescant riobg qﬂyel@ﬂa(dabelled atone

ot LRl SRR RSB0 [ BERR optr

(quentREQELE MBeWRIred.Y such as an antibody, an antibody
fragnent, a receptor-binding |ligand, a peptide

fragnent or a synthetic protein inhibitor. 10 Label

In pangéngPqJL% g BnéP@éB@}‘ aean 52 fs' é’r‘?hgcéétﬂéf]gﬁ%r{ch@ﬁﬁéggﬁ isa

nched yner yners ar

quenchierlangd_2 i3 4 heparter. Inouding lthlstp:adbbetthe reaatiaf of thefcysteine
attached nol ecul es over the l@a}sma menbrane of liv

proteasq wih the,proheswilkigagitaa shasiast wQaemncesEB@tfﬁHe@%r-qgencher
dlstan\ﬁ‘g'\ﬁl lﬂttll?é[:lm:EI% Iagéﬁe@sul?é’i’ré%g id cﬁE USOH?%é@(ﬂ)EjD Ith Yhe
t I or

are in e I nper nea e cel rane
proteam‘e leadingotocae kpatial Aepanatioel of r]eeorteabhe quieechemWwitcipcabses the

appeqvl\'%lnlgeJ gﬁﬁggreﬁsggbcl:e_ or g’ﬁérﬁ‘@eﬁ oP glece]%kgslgfqnu%%lﬁgaﬁwu %E}Irooa% selection
of repr@ﬂ%Rﬁfds rﬁﬁPWetﬂé@!ﬁb%l L1 @9, lr@s;%&f%lysﬁclﬁd%g e.g. near
exanpl e i near pol y(argini ne)

infra-red&rrgﬁtiﬁgwféuwmpho&s The m@tr\aﬁmeont@g‘hd@e@poﬂter@m quencher
bunits eac

remaiggbﬁﬁpﬁ‘ilﬁ{ﬁe&c&é’ﬁhjﬁe &retggﬁg,rwgeroeféxp%i t?\g ré8Ltioh Aixture is “lit up”’
switching on the fluorophore emission, since the reporter label and the quencher label
are now spatially separated. Fluorescence quenching 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 label 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 of the substrate may be a solid support or be additionally
attached to solid support or attached or attachable to a polymer/ solid support. Linear
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20 short-length polyner of from6 to up to 50
subunits, a portion of which have attached
w@e@nilai2ni um gr oups, and/or parts of the sequePCEEPR{008/000963
the H V-tat protein, for exanple the subunit
Tat 49- Tat 57 (RKKRRQRRR in the one letter amno acid
code). A linear poly(argi nilﬁe) of D and/or
L-arginine with 6 - 15 arginine residues is preferably
utilized as polynmeric |abel in case L1 is one nmenber
poly(argiidline) of D-tdreil/ot Ib-%rrgrﬁ&fémlth 6f— i Bargibinetesidias isgpreferably utilized
spectroscopic probes L1 / L2, such as in a FRET pair.
as po'MBEQ""’rJ?E?'efgféd-héL?grﬁﬁT P@Ifand/ or L2 are spect r oscopi ¢
probes. Most preferred as |abel L2 are nol ecul es
representing one part of a spectroscopic interaction
Particptr preferied.dombihatibhe anotveo diffeadrt affihity labies, espeatlly aopair of

spectEBgaplerteyPdinBRentt 602 e Ao REB T AEBoIbe fpdgfined as
a mol&&dl ﬁ'\:ntﬁﬁ OPR{ 99(9?@% of]alsﬂf> ifid i B%Hﬁfdzyari?’(/\ﬁ\ﬁcﬁf fseé'ia;fé'b?e bﬁ?@écrflcally

suc L1 1s one er and I's the other
bindir@ftota/\partnerer“aspem@: qumg paic cpns:rdpreﬂolese glbrotlnand avrdln or
) ener C tra erred n- r.adi. a t. ve
streptBUAIT LANERBot MithaPealt L BBESrS ey REufRBlghS! the enzyme
d|hyd@f(§|aﬁ:[ redUREEeC(DMFRY.at i ¢ quenching. Such said pair of
| abel L1 / L2 changes its 5 spectroscopic propertles

upon reaction/cl eavage fromthe correspondi ng cysteine

noreBfE B8 oPEAGRIE o BATEL o a5 taP Bl R n e

art. TRAL4lly Rpdrted api qudnepee areNtosebnt @yesa\rvanuérygel @mitdaedveriap as,
at one end (e.g. L1) with a donor (reporter), and the

for exammiediuopessain 88 A 1ePPrfr BRddhodaréns 8¢ a quanshendpther guenchers
are gé’ib%ﬁtsg&rsgndmeﬂavc ét%gul ar, L1 is a donor (reporter)

S5 “ah accept quencher) or L1 is a quencher
and L2 is a reporter. In using this probe, the

reacti on of the cysteine . protease robe
A secpp@glass of quensher Hseci Erbt,hé%@gﬁe@on @Vféxcparf( que hchers” (Johansson
aEEnoher Lp] Swithih il 8 iRkt
R G A AR U
havingabsegdtienl ss,md:rtnaghabowemwnblths epussion speoftra roé gonraon reporter
dyes Ieagrn ut%nr%a%naw ﬁﬁ%%ﬁ%ﬁgﬁintghﬁurthermore 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 (Panchuk-
Voloshina, N. et al., J. Histochem. & Cytochem. 47:1179-1188, 1999);
dimethylaminocoumarin (7-dimethylaminocoumarin-4-acetic acid succinimidyl ester
supplied as product D374 by Molecular Probes); quenchers QSY 35, QSY 9 and QSY
21 (Molecular Probes, Inc., Eugene, OR 97402, 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,



appearance of fluorescence or change of the em ssion
wavel ength. A broad selection of reporter groups nay
wheoogget7as | abel L1 or L2, respectively, incledi/EB2008/000963

e.g. near infra-red emtting fluorophores. The

substrate containing reporter and quencher renains

dark until it reacts with tHé pr ot ease, whereupon the

reaction mxture is "lit up" 20 switching on the

fl uorophore em ssion, since the reporter |abel and the
Germang) fiherophabes DYabes no-347atDa6BY swpBiYab4d (Dyomics, Jena,

e e T
dimeth@8RliSoaidbRnIERENRHIf8HyIRiaNVEOIOibsyI PR 4- Vhen

energy transfer occurs ‘and the energy "accepting | abel
dimethganlineadobeozeseeiicarbaryt daveaijpmesr(Dadiogl). These esnedece
an al so be, neasur.ed. donor |.abel. of these two 25
advariagedusty PABLIARL (B OfWBHGOmBIRIAK: hero! um nescent
donor probes which elimnates the need of an
excitation |anp and reduces acceptor background

Fluorapheseescence. The nentioned parti dduenchest hod using

bl e- | abel | ed b [ I
o A A BB TRA T WBhased oh APdivbRaRed BHR!
cafBR§ALEFERRER, Addkh 488, ReTOM8Y,i ed in Q89 35 wel | as
invitro. 30 Alternatively, the label L2 of the

D¥%8B6trate may be a solid support or be additionally

+ SRR ASHIERS ABKASER e o odaRTH ST Y © °
AlSQT658200%6 WHBIAITA 4880AYTE 532 ne) ATTD syuds or

L-arginine with 6 - 15 arginine residues is preferably
tetiampethylriodaming | Gyrdr PY-P@hdPYas7.a L1 / L2 FRET pair.

. AGH b ARKaRi. RITTEPR R TR 680y of * SR EATER T
DY-8Bgr 8¢t5, mybabety 5% / L2, e.g. a FREQ@wiZ1 An

affinity label is defined as a nolecule which is one
part of a specific binding pair which is capabl e of

SiolriEBSLEACALSRYs (RATIRLER 8 R AR o T Yl ol Bslatea o e
instansdiezffsanatel bhcatatyishe Mher metidcdmprsésan wiminb-medified beetle

aminqtrlbggééirgigggi(qng%pxipq?ymebrmir%l porI)tetc?eed gg%\yar{ﬁle t%iepgo(%rvyefrgltﬁte%mino-
group of aminoluciferin is linked via an amide bond to the central scaffold A, resulting
in a substrate that is recognized and subsequently cleaved by a cathepsin. The
enzymatic activity of a cathepsin 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 cathepsin activity with a second
enzymatic reaction, generating luminescence as a read-out signal. This type of assay
requires the development of a “pro-luciferin” (“caged luciferin”), which is recognized by
a luciferase as a substrate only when converted to luciferine by a precedent enzymatic
event e.g. proteolytic cleavage. In this way, the luminescent signal is directly
dependent on the previous enzymatic event. It is therefore a further embodiment of the
present invention to provide a probe for detecting proteolytic activity of cathepsins by

means of luminescence.
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10 Appropriate pairs of reporters and quenchers can
bee chosen by those skilled in the art. Typically

wo eenoer1 and quencher are fluorescent dyes w PET/ER20g&000963
spectral overlap as, for exanple, fluorescein as a
reporter and rhodam ne as a quencher. O her qguenchers
are gold clusters, and netall4cryptates. 15 A second
cl ass of quenchers used in this invention are "dark
guenchers" (Johansson, MK et al., Chem Eur. J.
9: 3466- 3471, 2003), i.e. dyes wi thout native
fluorescence haV|ng absor ption spe%pra thgt Qv

In & PAFHEHIAT RETRR Tering dBelAoA IB1OIEH AN Bl 1BPre f)guie 3 solid
sonpoFSEA148 ELR SRT YRE in h EBG o sporer

quendmgnﬁalroaewhem|n rh.2osdaea:omb|n|atlonmfa solidesuppartcand one member of
the regplge GURITSE el 20 L s dhe ATy mepmet ok i pai I s way, the

I I
o HTHPARTEFANS TBSEF Ao dyoprgforense

Al exa 555 Al exa 635 and Al exa 647 (Panchuk- 25
t och

A soligghﬁﬁggnﬁ?ggie aetg{ﬂ%ls' Slig‘éh@:r'ﬁ?r@@e@@g%%qﬁp% poﬁlmer known to those
prof.c.@ﬁt i tRetdly | 2] AneuBABIiZed DOl RIErS (BRIFEraBUCH theTbE lof beads),
ester supplied as product 74 by Mol ecul ar Probes);

chemigaliy otaslifiedsxidRssurtasesge an giligew didxide Mantajumeperpyiger titanium

dioxicgy i lgf SR Nroliirarp i suretdd, &5 dotiPpdlel sufages such as

gold dFsilviged UrfcRise A Seidi Sigpart reay ity be auitdbie denddin@iément
BHQ 3 (Bl ack Hol e Quencher TM of Bi osearch

Technol ogi es, |nc. Novat o, CA 94949, USA);
h-yon T a
Prete GLAPIABEERERAATR i) B3ier R §8RrPRS TS isor o
cathep¥in K Gnf@inegtional Yeterl Gipplid4tbH W6 EFEB3 V0008636793,
WOOQ%%EB%%%Q@M@%@ mhor ¥ lsg\g{ég %gﬁm%TeSS é‘? selgzz(t_l\?esczzat%e%sin K inhibitors
3 t

it k56 QST DLABHRRSFILY kDR SbE ORI Mbre prfered, he
compdéab ef/the fantuls (1) is a probe for cathepsm K characterized by a compound

comprising the following preferred scaffolds A:

ﬁ@*%*
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N
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di met hyl am noazobenzene-4' - carbonyl derivatives
(Dabcyl ). These can be 5 advantageously conbined in

wo b@sfied2fowi ng conbi nati ons: Fl uorophore QuenP¢EEP2008/000963

Al exa 350, di nethyl am nocoumarin, 5/6- Dabsyl,

Dabcyl, BHQ 1, carboxyfluorescein, Al exa 488, ATTO
488, SY 35 DY-505 5/6-caﬂ€oxyf|uorescein, Al exa
488, Alexa 532, BHQ 2, QSY 9, Alexa 546, Al exa 555,
ATTO 488, ATTO 532, ATTO 540Q tetramethylrhodam ne,
Cy 3, DY-505, DY-547, | Al exa 635, Al exa 647, ATTO 600,
ATTO 655, BHQ 3, ATTQ 612Q  DY-632, Cy 5, DY-647 Cy
5.5 QSY 21 Biohuni ngScent assays that are linked to an

enzymati c ewen [ ilght coupled to the

instantaneo *aty§is. The net hod conpri ses
an am ng 10 amno-luciferin or a

car box prot éct ed¥deri vati ve thereof were the

) of am noluciferin is Iinked via an am de
bond to the central scaffold A resulting in a
sub te that is recogni zed and subsequently cl eaved

aphepsin. The enzymatic activity of a cathepsin
IeaqR o the cl eavage of the peptide bond which |inks
the am noluciferin to the scaffold A liberating the
am noluciferin a substratejfor a 15 |luciferase. The
followi ng reaction of the Juciferase with its
substrate yields a @#,ecfabl signal (lum nescence).
The met hod thus _rel dtes atthS|g(act|V|ty with a
second enzyng eaNT o g rating | um nescence as
a read-out si Thits type ofl assay requires the

A & pro-luciferin” ("caged luciferin"),

cogni zed by a luciferase as a substrate
onIy onverted to luciferine by a precedent
enZyNatlc 20 event e.g. proteolytic cleavage. In this
way, @he | uninescent signal |s dlrectly dependent on
t he previous enzymatic event. Is therefore a

further enbodi nent pf-the present i nvention to
provi de a probe for etectlng proteolytic activity of
cat hepsi ns Qﬁ: | um nescence.




10.

11.

12.

13.

14.

wO 2008/1602F71 d

WD 2008/ 104271 PCT/ EP2008/ 000963 14 In a particul ar
enbodi nent, the nethod invol ves a substrate wherein L2

further carrying one nenber of the reporter /
guencher pair, or wherein L2 is a conbination of a
solid support and one nmenber®of 5 the reporter /
gquencher pair, and L1 is the other nmenber of this
pair. In this way, the dark solid support becones
quorescent upon rdﬂctlon with the appropriate

, may be a glass slide, a
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Xis -CONH-R2-L2,

Y is <{L-R1-L1}p,

R1,R2,L, L1, L2 and n are as described above, and
Ris H, C4-Cs-Alkyl.

Compounds 1.-28. are substrates for cathepsin K with L1 in the S1 pocket, compounds
29.-63. for cathepsin K with L1 in the S3 pocket or beyond (outward).

Further preferably, the compound of the formula (1) comprises a group A being an
inhibitor of cathepsin S. International patent applications W0O04089395, W005040142,
WO00055144, WO05074904 and WO0069855 disclose examples of selective cathepsin
S inhibitors that may be used to be transformed into probes of the formula (l). More
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wherein

Xis -CONH-R2-L2,

Y is {L-R1-L1},

R1, R2, L, L1, L2 and n are as described above, and
Ris H, C4-Cs-Alkyl.

Compounds 64.-85. are substrates for cathepsin S with L1 in the S1 pocket,
compounds 86.-119. for cathepsin S with L1 in the S3 pocket or beyond (outward).

The imaging probes of the present invention may be synthesized by using appropriate
protecting group chemistry known in the art to build up the central scaffold A and to
attach either linker and label 1 or 2 to this unit via a group L and a group —C(O)-NH-.
Appropriate building blocks as well as FRET-pairs such 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, 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 scaffold A and optionally the
group L will be protected and liberated sequentially for further modification with the
subunits L1R1 and L2R2 respectively. Conjugation of these subunits can be
accomplished by known methods of chemical synthesis. Particular useful is the
reaction between a dye active ester and a primary amine group of the scaffold A to
connect both units via an amide bond. Intermediates as well as final probe molecules
may be purified by high performance liquid chromatography (HPLC) and characterized
by mass spectrometry and analytical HPLC before they are used in labelling and

imaging experiments.

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

limiting examples:
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In a preferred embodiment, the probe of the formula (I) comprises a scaffold A which is
derived from a dipeptide cathepsin S inhibitor as shown as No. 62 above and as
disclosed in W02005/082876 bearing a chromophore in the P1 position and in the P1-
primed position. Appropriate chromophores are chosen in a way that their spectral
properties are suitable for fluorescence resonance energy transfer (FRET).
Chromophores can be fluorescent or non fluorescent. In principle, a broad variety of
chromophores may be used in the present invention, as long as the central
requirement that is a spectral change after proteolytic cleavage of a peptide bond is
met. The attachment of such interacting chromophores and the central scaffold is

made optionally via linker units.

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 US 5,268,468 and U.S. 5,627,027. They include the
dyes with the trademark (Amersham, GE Healthcare) Cy 3, Cy 3B, Cy 3.5, Cy 5, Cy
5.5,Cy7and Cy 7.5.

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

coumarin-4yl)acetyl and non fluorescent cyanine-dyes as described in WO 9964519.

In a preferred embodiment, the quencher does not show a significant emission and
more preferably is a non-fluorescent chromophore. In this embodiment, the imaging
reagent comprises a fluorophore and a non-fluorescent (dark) acceptor chromophore.
More preferred is a probe, based on a cathepsin S specific scaffold bearing a BHQ3-
Quencher in the P1 position and a CY 7 fluorophore in the P1-primed position (Abb.2).

More preferred is a probe of the formula (1) based on a morpholine dipeptide scaffold
bearing a QSY 21-Quencher in the P1 position and a CY 5.5 fluorophore in the P1-

primed position (Scheme 2):
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(Scheme 2)

A further preferred embodiment includes the same scaffold bearing the dark quencher

5 BHQ3 inP1and aCy 7 fluorophore in the P1-primed position (Scheme 3):
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(Scheme 3)

In a further preferred embodiment, a benzamide dipeptidic scaffold A for cathepsin S
as disclosed in W09924460 is converted into an imaging probe by placing the
quencher molecule QSY 21 in P1 and the fluorophore CY 5.5 in the P1-primed position

(Scheme 4):
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-{L-R 1-L1}n, 5 R, R2, L, L1, L2 and n are as
descri bed above, and R is H_ Cl-C6-Al kyl. Conpounds
64.-85. are substrates for c‘githepsm Swith Ll in the
S1 pocket, conpounds 86.-119. for cathepsin Swith L1
in the S3 pocket or beyond (outward). 10 The i magi ng
probes of the p t invention may be synthesized by
usi ng appropria ot ecting group chem stry known in
the art to buil a-d e central scaffold A and to
attach either I|nke and abel 1 or 2 to this unit via
a group L and a gro p A O-N+. Appropriate building
bl ocks as well a RET- pai rs such as the cyani ne-dyes

(e.g. Cy3

(Scheme 4)

In a further preferred embodiment, the above-described benzamide dipeptide scaffold
is modified and the quencher QSY 21 is placed in a position corresponding to P3
(Scheme 5).
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Further preferred is a probe, based on a cathepsin S specific benzamide scaffold
bearing a non-fluorescent BHQ 3 quencher in the P1 position and a CY7 fluorophore in

the P1° position (Scheme 6).
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(Scheme 6)

In a further preferred embodiment, the above-said benzamide scaffold is modified and
5 the non-fluorescent BHQ 3 quencher is placed in a position corresponding to P3
(Scheme 7).
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Specific imaging probes for cathepsin K are build up in a similar way than the

cathepsin S probes described above.

In a further preferred embodiment, the probe of the formula (I) comprises as a group A
piperazine based scaffold which is derived from a cathepsin K inhibitor as disclosed in
W02005049028 and as shown as No. 1 above, bearing a chromophore in the P1

position and in the P1-primed position.

In a preferred embodiment, fluorescein and tetrametrhylrhodamine are chosen as an
interacting FRET pair and the tetramethylrhodamine is placed in the P1 position of the

scaffold whereas the fluorescein is linked via the P1-prime site as shown in Scheme 8:
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(Scheme 8)

In a preferred embodiment, the quencher does not show a significant emission and
more preferably is a non-fluorescent chromophore. In this embodiment, the imaging
reagent comprises a fluorophore and a non-fluorescent (dark) acceptor chromophore.
More preferred is a probe of the formula (l) based on a cathepsin K specific scaffold
bearing a BHQ 3 quencher in the P1 position and a CY 7 fluorophore in the P1-prime

position as outlined in Scheme 9:
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Based on the piperazine-scaffold, a further preferred embodiment comprises a
cathepsin K probe of the formula (1) wherein the quencher molecule is placed at the P3
position of the scaffold whereas the corresponding fluorophore Cy 5.5 remains in P1-
prime (Scheme 10):
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In a further preferred embodiment, the quencher unit of a cathepsin K probe comprise
of the non-fluorescent BHQ 3 quencher in the P3 position and the corresponding

fluorophore Cy 7in P1-prime (Scheme 11):
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preferred enbodi nent, the probe of the fornmula (I)
conprises as a group A piperazine based scaffold
which is derived froma cath@psin K i nhibitor as
di scl osed in W?2005049028 and as shown as No. 1
above, bearing a chronophore in the P1 10 position and
in the Pl-prined position. In a preferred 8@hodi nent,
fluorescein and tetranetrhyl rhodam ne are choen as an
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A further preferred embodiment is a probe for cathepsin K comprising a thiazole
(disclosed in U. Grabowska et al., Curr. Opin. Drug Disc. 2005, 8, 619-630) as scaffold

A. Thus, a further preferred compound of the formula (1) for imaging of cathepsin K

(Scheme 11)

activity comprises a quencher in the P1 position of the thiazole scaffold and the

fluorophore Cy 5.5 in the P1-prime site (Scheme 12):



N OO N (Schene 8) In a preferred enbodi nent, the

guencher does not show a significant em ssion and 5
woes/1pref erably is a non-fl uorescent chronophPCEEP1008/000963

this enbodi nent, the imging reagent conprises a

fl uorophore and a non-fluorescent (dark) acceptor

chronophore. More preferred5ﬁs a probe of the formula

(1) based on a cathepsin K specific scaffold bearing

a BHQ 3 quencher in the Pl position and a CY 7

fluorophore in the Pl-prinme position as outliSRed in

Schene 9: WD 2008/ 104271 PCT/ EP2008/ G099 A

O Qr N/ NNN H Y, NI OO~ NJ

LN/ N/

(Scheme 12)
The same design principle applies for the cathepsin K probe, where a non-fluorescent
quencher molecule BHQ 3 is used in the P1 position and the fluorophore CY 7 is

attached via the P1-prime position (Scheme 13):



N (Schene 9) Based on the piperazine-scaffold, a

further preferred enbodi nent conprises a 5 cathepsin K
wee@Bao2fi the formula (1) wherein the quencher PGADER2D0$/600963

is placed at the P3 position of the scaffold whereas

the correspondi ng fluorophore Cy 5.5 remains in P1-

prime (Schenme 10): WO 2008/ 104271 PCT/ EP2008/ 000963

49 So- so 3CN OOH NMNN/N HOO rNN s03 OO0

S0O3 NNO1 N~ CO N+ (Schenme 10) In a further

preferred enbodi ment, the quencher unit ofS@-cathepsin

K probe conprise 5 of the non-fluorescent BHQ

guencher in the P3 position and the correspq

fluorophore Cy 7in Pl-prime (Schene 11):
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(Scheme 13)

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) and lanthanide-ion doped oxide nanoparticles (e.g.
Y0.6Eu0.4V04). If such nanoparticles are used as a donor in a FRET pair, they can be
excited at wavelength much shorter than the acceptor absorption thus minimizing
direct acceptor excitation. In addition, the narrow donor emission does not overlap with

acceptor emission. Furthermore, such nanoparticles proved to be much more



WD 2008/ 104271 PCT/ EP2008/ 000963 50 SO3 N OO H N
NN,AN-~-NNHCNO O / I 503 N/ V' \ N~ 1 NN/ N+
WO 2008/1042 \  (Schenme 11) A further preferred er@DEP20881000963

is a probe for cathepsin K conprising a thiazole 5

(disclosed in U G abowska et _at., Curr. Opin. Drug

Di sc. 2005, 8, 619-630) as s%%ffol d A Thus, a

further preferred conmpound of the fornmula (I) for

i magi ng of cathepsin K activity conprises a quencher
photostabilé ¢hdtiopmid dpes w“rnctmendérigazfaisbphxﬁabfeabdir@ndAd:th/ated quantum

f1 uor ophor.e the P1- site (Sche 12): . .
dots 4 CRTOM ﬁi@ﬂ&ﬁ%@l@%ﬁ%@@ﬁ@@ﬂ@@o Mloseciar @6@% %e@g%w'r)@m{ﬁs'on
wave%h tbh Be MdgeR frory aN/arlety of products.

5 Schemes 14 and 15 show quantum dot based probes of the formula (1) that are
specific for cysteine cathepsin S. Thus, in a further preferred probe of the formula (1)
the quantum dot (QD605) might be positioned via an appropriate linker either in P1 of
the cathepsin S probe (Scheme 14)

10  (Scheme 14),

or the P1-prime position (Scheme 15)



\SI1 0S03- NSO3 NOO,S N ON w (Schene 12)

The sane design principle applies for the cathepsin K
w@e@bap42nher e a non-fl uorescent quencher nol erCi/8PBBKD00963

3 is used in the P1 position and the fluorophore Cy 7

is 5 attached via the Pl-prine position (Schenme 13):

WO 2008/ 104271 PCT/ EP2008/ 008963 52 so3 N O Nomf O N

N HNNOO S-N~N-~NOS503- N N

(Scheme 15).

The quantum dot is represented as a grey circle and an appropriate acceptor molecule

is represented by the cyanine dye CY 7.

In a further preferred embodiment, the quantum dots in the probe of the formula () are

connected to gold-nanoparticles via a proteolytic cleavabie subunit (Scheme 16):



LN C 11 NIt~ NJ (Schenme 13) In a further
preferred enbodi nent, one interaction partner of the
WO-REsApRTT conprises 5 a nanoparticle. Mre pPerf/EP2008000963
in the context of the present inventions are CdSe
nanoparticles (e.g. Quantumdots) and | ant hani de-ion
doped oxi de nanoparticles (es.fg. YO 6EuO. 4VO™4) . | f
such nanoparticles are used as a donor in a FRET pair,
they can be excited at wavel ength nmuch shorter than
(Scherhe 183cept or absorption thus mnimzing direct
acceptor excitation. In addition, the narrow donor
em ssion does not overlap with 10 acceptor emni ssion.
o g I, .
Gold [ SR PR S PRRIRSY) T 38 BCle AushictgTofBidanic
fluorescgandyesige wellldascor gndstugo dbts (Thehappichtian lof ggantum dots in
Actj vat ed .q tum dots are.c j vai |l abl e
5 combpiaan iy AR R a1 SR ot FRIR008 feedr Bt ss i on
wavel engt h can be chosen froma variety of products. 5

Schenmes 14 and 15 show quant um dot based probes of the
In a fadherprefgrrgd emiodiment, dpe prabiecof ibe fegsula (hecansiste ©f iarmuilti-

ey b SRR RSB FRECRE Bl B 58 Boetrer

(Scheéifieappropriate |linker either in P1 of the cathepsin S
probe (Schene 14) SCGBH ON NJ N

| .
C
0]

10
(Scheme 17)

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

is a scaffold for cathepsin K and a scaffold for cathepsin S.



OON, SOBH 10 (Scheme 14), or the Pl-prime position
(Schene 15) WO 2008/ 104271 PCT/ EP2008/ 000963 54 SO3H
WOR008A04%H1 O SGBH N NO (Schenme 15). The quant RGT/@B2008/600963

represented as a grey circle and an appropriate
acceptor nmolecule 5 is represented by the cyani ne dye
CY 7. In a further preferred5 nbodi nent, the quantum
dots in the probe of the forrmula (I) are connected to
gol d-nanoparticles via a proteolytic cleavabl e subunit
(Scheme 16): ON ONNN NY O W 2008/ 104271

PCT/ EP2008/.000963 5

The arrangement of a cathepsin p$%eh8%?er%@y used in the context of compounds
of formula (1) wherein two subgroups A (specific for cathepsin K) are derivatized with a
dark quencher BHQ-3 and covalently connected to the same fluorescent dye (e.g. Cy

5 7)is shown in Scheme 18:

Na' ﬁ_ R-'O Na"

o VA A A A
N N

(Scheme 18).

In a further preferred embodiment, the probes of the formula (1) are designed to have a
10 long circulation time, have high tumoral accumulation and contain quenched

fluorescent markers which become fluorescent in the near-infrared spectrum after



10

15

ol d nanoparticles (AuNPs) have been shown as
ef fective quenchers for organic fluorescent dyes as
wowedos/1eL27f or quant um dots. The application of PCEEP2908/000963
dots in 5 conbination with AuNPs is e.g. disclosed in
W2006126570. In a further ferred enbodi nent, the
probe of the formula (I) co |sts of a multi- FRET
system wherein two specific protease probes are
covalently |inked together (Schenme 17): I I. NO N
enzyr@e otidatidrd These wobestare szeHNnmmtmetm\graf-u\cdpdlyroeO[Qartially

methwoly ethUIene glyco% mod?eg pon-D or I?Iysme] cbntoc\avhigh ?r/\ulﬁ)ple NIR
fluorochromes were attached to free poly -lysine residues. The fluorescence of these
macromolecules are highly reduced, due to internal quenching by the high density and

close proximity of the NIR-chromophores.

As an example, Scheme 19 shows a polymer-based cathepsin K probe where the
connection of A to the poly-lysine backbone is achieved via a linker in P1 position
whereas the NIR-chromophore Cy 5.5 is attached at the P1-prime site:

. T[?/5.5 Cy5 5
Qi%)” EWQ 0L
\/O NHMPEG N\/
bessiad

(Scheme 19)

The inverse situation is shown in Scheme 20, where the NIR-chromophore Cy 5.5 is
attached at the P1 site whereas the poly-lysine backbone is connected via a linker in

P1-prime position:



10 0 (Schene 17) In this configuration it is possible
to excite at a single wavel ength and use the different
we@eiosaomi rati os as uni que FRET signatures. (SPEI/EPH08/000963
Sapsford et al. Angew. Chem Int. 15 Ed. 2006, 45,
4562 - 4588). This probe conbines two specificities in
one nol ecule that is a scaf?dld for cat hepsin K and a
scaffold for cathepsin S. WD 2008/ 104271
PCT/ EP2008/ 000963 56 The arrangenent of a cathepsin K
probe preferably used in the context of conpounds; of
formula (I) wherein two subgroups A (specific for
Ncathepsin K) are derivatized with a dark quencNer

BHG4 3 and coval ently connected to the same fl uogescent
e (¢ Cy 5 7) is shown in Schene I Na' O
SAO N oONg~ N OO NNNMNN N/ OOWT NN
N N <--,-NJ NN ' NNN- N
HN NH
0~ "NH HN™ ~O
(0] 0)
Cy5.5-HN"" > NH-Cy5.5
NH NH NHMPEG
’ o} ’ 0
a AR I AR
H H H
O \H O \k‘ )
NHMPEG NHMPEG

(Scheme 20)

In a further preferred embodiment, the probes of the formula (1) are designed to be
used in an homogeneous enzyme linked luminescence assay. The following scheme
shows the above-mentioned mechanism of action generically. The luciferine is a
substrate for luciferase and a luminescent signal will be generated by a second

enzymatic reaction:



I I N/ NN\ N\ T I / NJ (Schene 18). In a
further preferred enbodi nent, the probes of the

wo orosb27(1) are designed to have a 10 | ong PCT/EP2008/000963
circulation tine, have high tunoral accunul ati on and
contai n quenched fluorescent markers which becone
fluorescent in the near-infrated spectrumafter WO
2008/ 104271 PCT/ EP2008/ 000963 57 enzyne activation.
These probes are based on synthetic graft copol yner

[partially nethox oI ethNIen H nodified
poly-D or L- IyS|ne It ple NIR
fl uorochrones mer ;c poly -1ysine

resi dues. The flﬁore cence o these macr onol ecul es
are highly reduced, ue to internal quenching by the
hi gh density and 5 close prioximty of the

Nl R-chronophores. As an exanpkescifSciieavage9 shows a
pol yner - based cat hepsin K prjobe where the connection
of Ato the poly-Ilysine backbone is achieved via a
linker in P1 position whereas the h%ﬁbgnronnphore Cy

5.5 is attached at the Tig%éﬁ Cy5.5
O1-f ONTFINNL ON &OOO\IN/NIrvO
N N O NHWEG A N NHW x> K NIN 4nI®)0 O O NHWPEG NHVPEG

Luciferase

N N-©
Oy
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 the

5 proteolytic activity of said cathepsin K:



10

15

(Schenme 19) The inverse situation is shown in Schene

20, where the NIR-chronophore Cy 5.5 is 15 attached
w@rooshe2Pl site whereas the poly-1ysine backboP&l/EB2008/000963

connected via a linker in Pl-prime position: W

2008/ 104271 PCT/ EP2008/ 000963 58 NN J / N\ 1 OO

I / HNNH O NH HN O Cy5. 5-60N NH- Cy5.5 NH NH NHWPEG

OOHH NMYNNNHO=HO=HnN O NHWEG NHWPEG

(Schenme 20) In a further preferred enbodi nent, the

probes of the formula are desi gned to be 5 us%i%éﬂ

an honogeneous enzyge ed | umn .,. \ass
foll owi ng scheme shows eHabo e- one chanl sm
of action geng : e | i ne |sSa s§ostrat e

for luciferase a Hum escent signal will be
gener at by a s€écond enzymatic reaction: WO
2008&19 \yPCT/ EP2008/ 000963 59 O N NYCOON

specific cleavage

N N COOH
LT
H,N S S

Luciferase

—
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 individual proteolytic enzymes or groups of
proteolytic enzymes, such as e.g. a cysteine cathepsin or cysteine cathepsins, 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 activity-based probe for these individual proteolytic enzyme or group of
proteolytic enzymes, preferably cysteine cathepsin enzymes. To achieve this we
replace the electrophilic groups of certain known cysteine cathepsin inhibitors with a
scissile peptide bond. Preferred compounds are synthesized in a way that a detectable
signal is generated by the enzymatic (e.g. proteolytic) activity of a specific target.
Particularly, preferred probes comprise internally quenched fluorophores (e.g.
appropriate FRET-pairs) linked to (i) the specificity determinant A at the N-terminal
portion of the scissile bond and (ii) at the C-terminal portion of the scissile bond. The
invention allows for the transfer elements of desirable and previously optimized

properties of known inhibitors into novel activity based probes.
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A NS S Hspecific cleavage N N COOH H2N S S
Luciferase ~ NNO H2 NS S The follow ng schene
WG h@sa04£2ne above- nenti oned nmechani sm of acti onPCTHEPZ08/000963

luciferine is masked with a

pyri dazi nodi azepi ne-derivative and |iberated through

the 5 proteolytic activity & said cathepsin K WO

2008/ 104271 PCT/ EP2008/ 000963 60 OH O/ I N N COCH

NN 11 N~lc\ SS N\ |l HO~ NJ specific
Cathéﬁmwﬁﬂ@torbl desCabkt irtHé prisss 5t Gtiliaeca hérikesgrouly. Nh@irria’gh:hg probes

S The invention further relates t metho
of thedfé@isﬁﬁt igveatiapmaka use Bt %@iﬂewnm?@ ofand ftrasfogitho
modlﬁ&ﬁlo‘ﬁgt filsul ke ?t%ﬁlé(‘f‘%ﬁﬂénpf)f fh’éq"?dﬂl@' BWae@ééthﬁe amlde group
nzZynes or - groups rot eo yt| zynes such
and sgecgndw mythegiositiaring ep siteracting yahadling:paias be pedpesty mndulators on

both Isi[‘]es of the amide group.

In vitro, the reaction of the protease with the substrate of the invention can generally
be either performed in cell extracts or with purified or enriched forms of the protease.
For in vivo application, the reporters are preferably emitters in the near infra red (NIR)
region because that region is absent of interfering biofluorescence. Known cyanine
NIR dyes matching these requirements are preferably incorporated in the substrates of

the present invention.

The molecular architecture of compounds of the formula (l) consist 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 scaffold A via an amide group
since the amide group can be cleaved by the cathepsin enzyme. Appropriate functional
groups for the attachment of subunits L1R1 to scaffold A can be chosen by those
skilled in the art, and examples are given below. The specific functional groups L’ in
the precursor compound can be placed on the scaffold A for the attachment of suitable
L1R1 subunits to yield the group L within the compound of the formula () are limited
only by the requirement of the synthesis strategy and the final use of such substrate as
an activity based imaging reagent. Thus their selection will depend upon the specific
reagents chosen to build the desired substrates. Examples of functional groups L’
which can be provided on scaffold A to connect A with the subunit R1L1 include fluoro,
chloro, bromo, cyano, nitro, amino, azido, alkylcarbonylamino, carboxy, carbamoyl,
alkoxycarbonyl, aryloxycarbonyl, carbaldehyde, hydroxy, alkoxy, aryloxy,
alkylcarbonyloxy, arylcarbonyloxy, a carbon-carbon double bond, a carbon-carbon
triple bond, and the like. Most preferable examples include amino, azido, hydroxy,
cyano, carboxy, carbamoyl, carbaldehyde, or a carbon-carbon double or a carbon-

carbon triple bond. Thus, L is preferably a direct bond or a group selected from
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vitro assays, in cells or in nulticellular organisns,
characterized in transforming an inhibitor for an
wo p@sidtonl proteol ytic enzynme or a group of  PCT/EP2008/000963
proteol ytic enzynes into a selective activity-based
probe for these individual ot eol ytic enzyne or group
of proteolytic enzynes, prej%rably cystei ne cat hepsin
enzymes. To achieve this we 10 repl ace the
el ectrophilic groups of certain known cysteine
[Cathepsin inhibitors with a scissile peptide bond.
NPreferred conpounds are synthesized in a way that a
\ Metectable signal is generated by the enzymatic (e.qg.
teol ytic) activity of a specific target

t I L =
qal(rehl(ﬁ.ﬂcfatl_?ot%hor es Q-r Qéesop)ggopfl ate @rn@ 635' “CRx=CR

y-, -CECaleed phenlyl, ) whdveirs R&mn‘d Ry taye ieiependeatly Hﬁoa(Ct-ﬁg)alkyl.
N-term nal 15 portion of the scissile bond and (ii) at
the CGtermnal portion of the scissile bond. The

In pall(‘alEEMfa'i‘tﬂ{)\%";br@{r pr e{/ ﬁe&?eoftar@cﬂﬁnégurg?b?m?mu?a z s use of

esira I ously optl properti

orthogomaily protediéd furectionabgromps! Suxhi achglcbaﬁmomcobegroum allows for
2008/ 104271 .PCT/ 2008/ 000963 16 %ﬁ i nhi H?Ft

a sepgrale deprofertion sQ Tpat grchrqlearad fungtion Yt't Wn £28

chemﬂaﬂy 'nﬁ@fgeﬁﬁtéﬁ fHWérdsQﬁe e cRm_REDE tHeWﬁFEslp!Ude@ub’tﬁﬁts to

Ssaid known scaffolds and i ntroduce two
scaffotdd\ prlaltqpolaﬁ ptoteettng/gtdtQSrfepttwc@mmmned fumetionalitie$ ean be

choscL 8 ot gt Refn i rrage RuribnaRf & EW Blerigna P.om

Wuts i tRiotd Qive @fbup'é iR @iyanidiSgntBibsisheobm Wﬂe? 1808Bns | New York 1991.
vitro, the reaction of the protease with the substrate

of the invention can generally be either perforned in

Com;f%elds%fttﬁ@%rﬁuﬂé LW'AIt Eoobﬁ-t éc%ﬁf)ﬂ's‘)ﬁgﬁ' %f}fr%gfa éecrgygéandard

protease rvorapplication
methedsknoverd ér thi arrt,eafrgt asrdsscnbédtm internatioval patent émttlia)atldﬂs

wonk i HEBSREe1 PR S5B Wl
woosdRsRa webbgstmfvvwsmafoaram WoAsEYE ated in the

trates o e present invention. The nol ecul ar
archi tecture of conpounds of the fornmul a (I) consi st
of a.central aicaffo d, 15 A be

The preaeht FMR00G 56 At e wiagind 1o s BRasdiation ke compound of
the fofrAGREEY WHEIn n is 1 characterized in

(a) a compound of the formula (II)
L’-A-CO-OH (1

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

preferred amino,
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L2R2 is, as shown in fornula (1), always connected to
scaffold A via an am de group since the am de group
w@amwshes2cl eaved by the cathepsin enzynme. Appr OpCT/AP208/000963

functional groups for the attachnment of subunits L1

Rl to scaffold A can be chosgf by those skilled in

the art, and exanples are given below The specific
functional groups L' in 20 the precursor conpound can

be placed on the scaffold A for the attachnent of
suitable L1 Rl subunits to yield the group L within

. t he 0 . t la.. () | nl
s reafid GRRT R PR\ Y Ritbuindtifn Wild Blmpdlid Pine formuia
L1-RfiHwhetisie Lafis Sigcdefdeisdiciletinats gémarﬁCérid/Ftefehéé @feanings to a

i magi ng reagent. Thus their selection will depend upon
compprad fiéke farmula éllgent s chosen to build the desired

substrates. Exanples of functional groups L' 25 which

can be provided on scaffold A to connect Awith the

subunit Rl L1 inclltdR1£lU-BeCO-OHchl or o(lllpr ono, cyano,

nitro, am no, azido, alkylcarbonylam no, carboxy,

carbanoyl, al koxycarbonyl, aryl oxycarbonyl,

T Mwi -
(o) RO 1 HER it BRIy M2 12 0 sqpgpound of the
formude(dpl e bond, a carbon-carbon triple bond, and the

i ke. Most preferable exanples include am no, azido,
hydr oxy, 30 cyano, carboxy, carbanoyl, carbal dehyde,

Optiogglrl]yg tﬁ%ﬁzg eSfy SOhedVIMDSURT ofthedbRAGR (HAMBRES UsERIf@rthogonally

. L is preferably a direct bond or a group
protesteddunetibrial gnous. 2004y 4 ohoize dPOTHEPLGH graqeoawslr a $eparate

depro'_?%io&'\l{%h:a:t e:acé%ng egééb &g}&@%y i’n't&gg)gﬁ Eﬁzugﬂghma’nipulated
chemidfly @iithe Ro a4 1866 tb MUGTB R RNt d bcidn b furfier @ixtetision of the

) In particular, the preferred synthesis of a conmpound .
linkerdt1 aodmmPa?-(Agprﬁaneé Rrotedingropps fRydhalanyisiered iiunsgonalities
' I > chpi f Lye. p

can bEHHEERES) B8 WRAeo S SHe B BRUBFe 810 MAABHALE P WPBrecne and
P.G.M.alVeigs ind' Frotective Griouby in Dryanic Symthésist yohheliley & Sons, New

chem cal ly mani pul ated towards the attachnent of the
York $99t.espondi ng subunits to scaffold A Appropriate

protecting groups for the envisioned functionalities

can be
A further method for the preparation of the probe of the formula (I) comprises

(a1) the reaction of a compound of the formula (ll) with a compound of the formula (IV)
HoN-L2-PG2 (V)
to a compound of the formula (V)
L'-A-CO-NH-R2-PG2 V)
under conditions known to the skilled person,

(b) subsequently reacting the compound (V) with a compound (VI)
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chosen by those skilled in the art, and are e.g.
summarized in TW Geene and PP.GM 10 Wits in

WO Rgtieri ve Groups in Organi ¢ Synt hesi s", JohPCTEPYS/E0963
Sons, New York 1991. Conpounds of the fornula
L'-A-CO OH (scaffolds) can be prepared by standard
met hods known in the art, e.Y. as described in
i nternational patent applications WO06076796,
W06076797, WO06063762, WO05049028, WO04089395, 15
W05040142, WO0055144, WO05074904 and W0069855. The

present invention al solhjrrgg{ g%ﬁ_t,,thgvsonet hod for the

preparati on of a conpo roula (1) wherein
nis 1 characterized in 20 (a) a conmpound of the
formula (Il) L'-A-CO-CH (Il) wherein Ais as defined

to a cabtpasindn its generic and preferred neanings and L' is
fluoro, 25 chloro, brono, cyano, nitro, am no, azido,
al kyl car bonyl am no, carboxy, carbanoyl,

al koxycar bonyl , peryRexyACONMLR2 PGPl dehyde,
hydr oxy, al koxy, aryl oxy, alkyl carbonyl oxy,

aryl carbonyl oxy, a carbon-carbon doubl e bond, a

unoef SRR IaNs © 1 bEIBE BEed R i Kbl Bualf o

a carbon-carbon double or a carbon-carbon triple bond,
nore 30 preferred am no, WD 2008/ 104271
whereigT/ EP2008/ 000963 63 is reacted under conditions

ot . : ¢
PG1 FT I A SriyRipohALRRST SR dhEL R CERP U oSy ptrdErably
orthofg@m@tyi ;m'oaéitiiilngrggbﬁgs,;g rLrezni ng?}|toI ?I corrpougd of the ;

L is {1 pPReYe SnTRplROLOHP dap s SERMIRS- Ry ecParooh Skiled in the
art, Opggp@’und of the formula (1). 10

(c1) the group PG2 of the compound (VI) is cleaved and the resulting compound 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 resulting compound is
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) are as
follows:

When L’ is fluoro, chloro, bromo, iodo, L" is amino (R-NH3), 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-NH>), hydroxy (R-OH), thiol (R-SH);

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

when L’ is azido, L” is a triple bond, a phosphine moiety (Staudinger ligation);
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Optionally, the synthesis of the conpound of the
formula (I) makes use of orthogonally protected
wo eovstioemal groups. Such a choi ce of protecti VRCOEBR29P$000963

allows for a separate deprotection so that each

rel eased functionality in turn can be further

mani pul ated chemcally eith@ to attach a label to it

or for the introduction of further extension of the 15

l'inker R1 and/or R2. Appropriate protecting groups for
whentlhés eam’m(iyohét‘s dmird, ihydedyyl i leglrazide; be chosen by t hose

in art,,. and are rized in T.W
wheny’ &b AIOHEDBRY ki TdTing riveo il RYITTEES ups i
B&HI S | W York 1991.
whean ca@am?@#g? tlhl'odls}]ég?n}omwg?be ar at f%zrlla%f t he probe
whendi i$ hgdfooxy LT & flugroc onfpre,seemoaigda, hydregctMitaunobuareaction),
conpound of the formula (I1) with a conmpound of the
carboXyr mila (1V) H2N-L2-P& (1V) 25 to a compound of the

whenf@ré'ﬂé!aﬂ)a@éhﬂde £+ Oahih Mﬁ@zhé’) 30 under conditions
known to the skilled Berson subsequent |y reacting

whentlhds caraspuearbox)dombien andobrpmwh(wp) ioglo /reeatar), an alkyl
E 8 63 64 PGL -R1-L" (VI) to a conpound 5
boraqgg% ZQ%QE JIQQ%%?N H R2- P& (VI) under conditions known
whentl0 i$§ Becarsbhlcatbdretripla bbad,, Lhes brENECEHIv®, dodu! (Bonogddshira
wherein PGL and P& are independent of each ot her

Reache) @idong groups, preferably orthogonally protecting
groups, L" is the respective connecting group for L'
to be selected by the person skilled in the

Preferably cysteine protease substrates functionalized with different label are

synthesized on the solid support. Depending on the compatibility of the label for solid

phase synthesis a combination of solid-support and solution-phase synthesis is used.

The preparation of a compound of the formula (1) wherein group A consists of a
cathepsin S inhibitor, L1 is a 6-((4,4-difluoro-1,3-dimethyl-5-(4-methoxyphenyl)-4- bora-
3a,4a-diaza-s-indacene-2-propionyl)amino)hexanoic acid,residue (tradename:
BODIPY-TMR-X, Invitrogen) and L2 is the quencher QSY-7 is further described in
Examples 5-8: The scaffold of Example 5 having a C-terminal lysine residue with Boc-
protected amino group of the side chain is prepared on the solid-support using the
chloro-trityl resin. The obtained C-terminal carboxylic acid is coupled to mono-Fmoc-
protected butane-1,4-diamine, which is further modified in solution. After removal of the
Boc-group of the lysine side chain by methods known in the art, e.g. by reaction with
TFA, a fluorophore (preferably activated as its N-hydroxysuccinimidyl ester) was
coupled to the peptide under standard conditions. The coupled intermediate compound
may optionally be purified by e.g. preparative HPLC. After removal of the C-terminal
Fmoc-group the quencher (preferably activated as its N-hydroxysuccinimidyl ester)

was coupled to the peptide and the final product was purified by preparative HPLC.



art, or bond, 15 (cl) the group P& of the conpound
(V1) is cleaved and the resulting conpound is reacted
wowas/1es2rabel L2, and subsequently the protectPGIHEB2008/00963
PGL is cleaved and the resulting conmpound is reacted
with a label L1 to a conpoung of the formula (1), or
20 (c2) the group PGL of the Qonpound (VI) is cleaved
and the resulting conpound is reacted with a | abe
L1, and subsequently the protecting group P& is
For thﬂ em/dadsiamd seleral cystgine oathepsipouistiates witb tacpleptidamimetic
bel L2 to.a coppound of the f ”nul GLY . L. te .
strucifs RoprrariiS ERG Pl aney Be Rzt rithé solif-rEiagR, sypthesis.
Bwldfn)gFtﬁécl( S%thb@égﬁé}urﬁ{é? d&Scried frPEkQWeé’%@-‘?ZL I's
Fuoro, chloro, brono, iodo, L" is amno (R FQ),
hydroxy (R-OH), triple- bond (Sonogashlra Reaction), a
doubl e bond ngElreaction), an al kyl borane (Suzuki -
reaction); s is cyano, L" is amino (R-NH2),
hydroxy (R-OH) _ thiol (R-SH); 30 when L' is amno, L"
is an activ carboxylic acid (NHS-ester,...), an
car bal dehyd | uoro, chloro, brono, iodo; when L' is
azido, L" is & triple bond, a phosphine noiety
(St audi nger NT§ation); WD 2008/ 104271
PCT/ EP20Q8/ 000963 65 when L' is carboxy, L" is amino,
hydr o Nydr@zi de; when L' is al koxycarbonyl, L" is
N \\/nnganxdroxyl hydrazi de; when L' is
5 aryloxycarbonyl, L{l)is am no, hydroxyl, hydrazide;
when L' is hydroxy, L" is fluoro, chloro, brono, iodo,
hydroxy (M tsunobu-reaction), 5 carboxy; when L' is

Exanﬁﬁé§ggq§ﬁyde L" is am no, hydrazine; when L' is
car bon- car bon doubl e bond, brono, chloro, iodo (Heck

reaction), an al kyl rane (Suzuki-reaction);
OH
N
—N_ N~
/g
(1)
and Example 17,
10
O
0) OH
FmocNH
\/\/lj\ F

N
H (V)

respectively.

15  Building block (11) is preferably used in the synthesis of a compound of formula (I)
wherein two different label are attached at the C and N-terminus of the probe.

Building block (lil) is preferably used for the synthesis of cathepsin K probes.
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when L' is a carbon-carbon triple bond,, L" is brono,
chloro, iodo (Sonogashira 10 Reaction), azido.
wee@Baoebl y cystei ne protease substrates functPONEPID&00963

with different | abel are synthesized on the solid

support. Depending on the conpatibility of the I abe

for solid phase synthesis adconbi nati on of

sol i d-support and sol uti on-phase synthesis is used.

15 The preparation of a conmpound of the forrmula (1)
Buildingebleck (1Y) iprefeabhsuséd farftha syathiekspsfi catiSepsiniBoptaes, e.g. the

L1 is
ComP@yoéﬁP?-Ed?mRB%? 48810 et hyl - 5- (4- et hoxyphenyl ) - 4-
bor a-
3a, 4a-di aza- s-i ndacene- 2- propi onyl ) am no) hexanoi ¢
The mobes péialpresent mdentioms areBoraférabiMRoles|fav cathepeim) K, cathepsin
gqr%ﬁl L2 is the quencher QSY-7 is further described in
S or cgiheRsifiii-es 5-8: The scaffold of Exanple 5 having a
C-termnal |lysine residue with Boc- protected am no
group of the side chain is prepared on the _ o
The robes of theppresent invgntior are Hbed & the egntextesfi moleThtar imaging in
o, JE B BAfl's PR B PR il 2 sBoism tn vvo)
including sBeserimg ahd @¢hdlé apathaltiniind\estly grepméd are h&ging modalities
Boc-pg_rou_p of the |ysine side chain by nethods known I'n
such ggeplical imaging ppdrreagnetisnresPnanos INFERNg{MRIkor ophor e
(preferably activated as its N-hydroxysucci ni m dyl
ester) was coupled to the peptide under standard
The probés bf thespretbat tweption arairntendst &t be aesp doindiagnastic imaging of
optionally be purified by e.qg., preparative HPLC. After = |
PrOte?%‘PrQG?BY'tYO%/'Qﬂ%@r@feF @%ﬁ"’ﬁa@pphpﬁﬁ‘é”%w&?i%‘ @Wé'%@ﬁ@?@s of monitoring
e o o e o R o Bt
Admipistdtion ofisacipardriged diyg fikegabstance sHeLld h8¢e Wheasurable effect
2008/ 0427& PCT/ EP2008/ 000963 66 For the synthesis of
to thesgigagliforayfag arake o PESANLIYEPHARes with a
peptidom netic structure non-peptidic building bl ocks
may be utilized for the solid-phase synthesis.
A furtBer mtistgréfeoeld aspechetthe probes of theprasest mviestion s their use as

imagiir_:\)éa}'ggcbgr?tsznrq 's%?gicaq gou_ildance and to monitor the effect of medical treatment.
Surgical guidance includes the detection of tumour margin and 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),

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

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

Alternatively, the method of imaging a living organism comprises:

a) administering to said organism a probe of the formula (1),
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20

I N NI S5 N3NNI (I 1), Exanples 23-24, 0 OH N -N
N--~ S (Ill) and Exanple 17, 10 0 O OH FnocNH N F
WOLR{BNY427r especti vel y. 15 Buil ding block (I1) PGI/EP2008/000963

preferably used in the synthesis of a conpound of
formula (1) wherein two different |abel are attached
at the C and N-termnus of the probe. Buil ding bl ock
(I'11) is preferably used for the synthesis of
cat hepsin K probes. WD 2008/ 104271 PCT/ EP2008/ 000963
(b) exposihg $aid raggbhisoktq elettromagnetie radibtio st excitesefluorophore to

synt hesi f .cathepsin B probes, e.g. the conpounds
prodtg% QE?&%BEE i'@“ﬁﬂ&"g@g. The probes of the present
c) detBUHY $ABSigHA JdeEr8h Ry ¥nRRBBIhéRIbycat hepsin K,
©) cattﬁg}psi n %HS or catﬁ'g%si n B.g The prygbes of the
present invention are used in the context of molecular
A “Iivi'ngac%gﬁislmn’ 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

arat.

The probes of the present invention are highly selective, whereby a risk of false

positives can be avoided.

Abbreviations:

DMF = dimethylformamide

DMSO = dimethylsulfoxide

DCM = dichloromethane

equiv. = equivalents

sat. = saturated

THF = tetrahydrofuran

DIPEA = diisopropyl-ethyl amine

HOBt = 1-hydroxybenzotriazol

HBTU = O-benzotriazole-N,N,N’,N’-tetramethyl-uronium-hexafluoro-phosphate

NHS = N-hydroxysuccinimidyl ester
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15

vitro, in cell-culture experinments, ex-vivo
experinments or in a living organism (in vivo),
WO p@BaeH2my screeni ng and whol e ani mal i magi ng. PODEP1098/000963

preferred are inmaging nodalities 10 such as opti cal

i magi ng and magneti c resonance i maging (MRI). The

probes of the present i nvent®dn are intended to be

used for diagnostic imaging of protease activity.

Most preferred are applications which provide nethods
Geneodl Procetord fog SdiidePleddecPeptide 8ydthegisor drug- 1 i ke

substance towards the targeted proteases. 15

Adm ni stration of such a drug or drug |ike substance

b | i

The féEBW g OLEBBE t he%gl;lgg—:%}]zt%q?%%g Is;[aoﬁrﬁ%r& @%Ilé pﬁ@@é l%ergﬂﬂb synthesis.
The qb‘tl@bdntyéaiesuep!m uséd ahsofid sippodf Fonhle)apjmefrthe resin 2 equiv. of

t ts
Fmocsiaieetel Hrniaaiia 2ol s e @i o DBER nieTe 2lied ipbempnd the
reactfofnerﬂtx'ﬁﬁ%twas Add&yie %W@Pe@#(l@éﬂmg H REMAREI) tJITﬁ‘e reaction mixture
det ection of tumour margin and detection of
was qmr@g#@tsr@pantetmper@ﬁmfmomtmgmtag he reginevas washed with PEdd and DMF.

ror A Ap B BEFOER b YEAIA ) SRS RS B

piperifeIDMMA86Iusioh 2 Ao @BRd phatbcpbldgsyathdsls a Slandxe psotdgol was
said organismto el ectromagnetic radi ati on which

used ek entdVs Ohbmasorigterad aminerasihdr eqyiy. @frldaw_e 4zequiv. of HOBt and
8 equ‘i\?tog?jlﬁgAgwﬁfeg QS‘IIVB her er%u&)tur% 5@({:@/{7%%& 5'19ﬁiea%ﬂgn mixture is

stirredait hm*ndémpwr@fca 20 mmgeemgnarthemadd&ﬁrtosbe resin) The reaction
adm nistering to_said aorgani sma robe of the forpula |,
mixtufe yvasv@y%sgi@m%wumﬁoz p3h eé@l @ Phasgpthei regin was
treatetPvfih 209 FRIASH Bﬁl\/ﬁ'ﬁ{é SQUBANGLS Eoé\z;gé Hﬁ't&lﬂenF_under
excltes fluorophore to produce a tect e signal;
reducaadpresjumdedred thenfina grddsctgmad pariiied by aprepayative HRIge (Gradient:

h 5 “Livipg gani snt may be any live cell or
HzO*@r@%%@é&ﬂ#%ﬁE‘pP@bng the cysteine protease

to-be-detected, preferably the living organismis a
manmal , e.g. a nouse or
Example 1: Cathepsin S probe




a rat. The probes of the present invention are highly
sel ective, whereby a risk of false 10 positives can
wheooanoi2ded. Abbrevi ations: DWVF = di met hyl f or PEYEB208/000963
DMSO = di net hyl sul foxi de 15 DCM = di chl or onet hane
equiv. = equivalents sat. = saturated THE =
t etrahydr of uran DI PEA = diisabropyl-ethyl amne 20
HOBt = 1- hydroxybenzotriazol HBTU =
O benzotriazole-N,N,N , N -tetranet hyl - uroni um hexaf | uo
ro- phosphate NHS = N-hydroxysuccbnlnidyl ester WO
2008/ 104271 PCT/ EP2008/ 000963 General Procedure
for Solid Phase Peptide S "sﬂ . The follow ng
probes were synthesized u g/ standard solid phase
pepti de synthesis. The ch frityl-resin was used
as solid supportt. ﬁsr | oadi | the resin 2 equiv. of
5 Fnoc- prot ect agyd and 3 equiv. of DI PEA were
solved in DCM ang the reaction mxture was added to
e resindloaging: 1.4 mol/g). The reaction mxture
s stirr at|room terperature over night. The resin
For Fnoc-deprotection
s trgated two times for 15 minutes with
309 pi peyy ¢/ DVE_sol ution. For solid phase peptide
synthesis @ andand protocol was 10 used: 4 equiv. of
Frnoc- pr ot ected ampno acid, 4 equiv. of HBTU, 4 equiv.
of HOBt and 8 equiv. of DI PEA were solved in a
m xture of (1/1). The reaction mxture is
stirred at roomtenperature for 20 m nutes and then
added to the resin. The reaction

-

t he reS|n

P

/N\

The compound was prepared on solid-support according to the general procedure and
purified by HPLC (H20+0.05% TFA; 4-95% CH3CN). Calculated: [M+H]" = 1033.25,
found: [M+H]* = 1033.40. Yield: 97%.

Example 2: Cathepsin S probe




m xture was incubated for 2 hours. For cleavage from

the solid phase, the resin was treated with 2% TFA in
WOAMB/1T4221 sol vent was coevaporated w t h tol ueneCT/EB208/000963

15 reduced pressure and the final product was purified

by preparative HPLC (Gradient: H20+0.05% TFA; 5 to

95% CH3CN). Exanple 1: Cat he?J]si n S probe WD

2008/ 104271 PCT/ EP2008/ 000963 70 O ~, O / I SO O N

~/~ N\ OO NNN\~0- 0 OON N The conpound was

prepared on solid-support accoddi Eg to the general

procedure and purified by PLCS( 0+0. 05% TFA;, 4-95%

CH3CN). Cal cul ated: [M+H ¢ 3\%25 found: [MrH + =

1033.40. Yield: 97% 5 Exa ¢ 2.7 Cathepsin S probe WO

2008/ 104271 PCT/ EP2008/ 0009% 1SO ONNOO NO- N

N N

& ~¢g¢k

pd

/N\

The compound was prepared on solid-support according to the general procedure and
purified by HPLC (H20+0.05% TFA; 4-95% CH3CN). Calculated: [M+H]" = 1042.26,
found: [M+H]" = 1042.40. Yield: 82%.

Example 3: Cathepsin S probe

t gﬁ e o
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y : O"00 ON NI-N/ The conpound was prepared on
sol i d-support according to the general procedure and
w@eeosfioedt by HPLC ( H20+0. 05% TFA; 4- 95% CH3CN) PCT/EP2008/000963

Cal cul ated: [MH + = 1042.26, found: [MH + =

1042.40. Yield: 82% 5 Exan'p 3: Cathepsin S probe |

o -o\ /ol NN -, -~aON11”NOOON H O yaN O H

H NOO O-NO W 2008/ 104271 PCT/ EP2008/ 000963 72

The conpound was prepared on solid-support according

The mpmmogwaemequedcmuamlei aupporpaecdrding toytheemeral procedure and

purfigd 3y HECC k0 O5R A 203 G K\ Fhffiated BT = 1341 59,

found=fAFPI = 434Cat5Nansldn 9 Pypr obe 0 _

Example 4: Cathepsin S probe

0 [ ; 0 /';:‘ N N\/
N H\/U\N OH
OV\/N\H/\O/\H/ ﬂ” "o

O\/\O/\/\N:é/ \k
N\/\N

The compound was prepared on solid-support according to the general procedure and
purified by HPLC (H20+0.05% TFA; 4-95% CH3CN). Calculated: [M/2]" = 829.95,
found: [M/2]" = 829.95. Yield: 62%.

Example 5
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NN NN OOH NOH ONONHOHO OLNYO O
N-\NO OGS - 0/ \O The conpound was prepared on
wansdeeapport according to the general procedeCBERII8/000963
purified by HPLC (H20+0. 05% TFA; 4-95% CH3CN).
Cal cul ated: [M 2] += 829. 95, ound: [M 2]+ = 829. 95.
Yield: 62% 10ExarrpIeSOI—7 NIHH NNO QJ HO Ny
0 0 ~< WD 2008/104271 PCT/ EP2008/ 000963 73 The
conmpound was prepared on solid-support according to
The domepayeewas ppeparedoresalitisuprert Acgarding iestbe genefalprocedure and

was fpkth%zﬂf tl,;ge?é {Nﬂﬂbu%lljr%]éa%to%q baﬁc'mﬂlaﬁ ; [_IVI;I!IF"=751 if39u Podljnd: [M+H]" =
513.3.

Example 6

The compound of Example 5, 1.2 equiv. HOBt, 1.3 equiv. HBTU and 2 equiv. DIPEA
was solved in DCM/DMF and stirred at room temperature for 20 minutes. 2 equiv. of
mono-Fmoc-protected butane-1,4-diamine and 1.5 equiv. of DIPEA were added to the
reaction mixture, which was then stirred over night. The solvent was removed and the
remaining residue was purified on silica gel (gradient: DCM/1-5% MeOH). Calculated:
[M+H]" = 805.0, found: [M+H]" = 806.5. Yield: 55%.

Example 7
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513.3. 5 Example 6 OHO NN NN -~ NHFnoc QI HO Ny

0O OY The conpound of Exanple 5, 1.2 equiv. HOBt, 1.3
wWe@ousi042HBTU and 2 equiv. DIPEA was sol ved i nPQIZEPIONG/000963

and stirred at roomtenperature for 20 m nutes. 2

equi v. of nono- Fnoc- prot ect but ane- 1, 4-di am ne and

1.5 equiv. of DI PEA were add to the 10 reaction

m xture, which was then stirred over night. The

sol vent was renoved and the remaining residue was

purified on silica gel (gradient: B(ZMl-S%I\/bG—D.

Cal cul ated: [MH + = 805.0, found{ [ MtH + = 806. 5.

Yield: 55% Exanple 7 WD 2008/ 104 PCT/ EP2008/ 000963

741 OF F /BAN N ON NO

N'-"~NAO O - O

OONwr”\iNJ;:WNio .
O v

For removal of the Boc-group the compound of Example 6 was solved in
50%TFA/CH,CI, and the reaction mixture was stirred for 10 minutes at room
temperature. The solvent was coevaporated with toluene and the residue was solved
in DMF.1 equiv. of BodipyTMR-X-OSu and 6 equiv. of DIPEA were added to the
reaction mixture. The reaction mixture was stirred at room temperature for 12 h. The
solvent was removed and the final product was purified by preparative HPLC (Plab).
Calculated: [M+Na]* = 1221.3, found: [M+Na]* = 1221.6.

Example 8



For renoval of the Boc-group the conpound of Exanple 6

was solved in 50%FA/ CH2CI 2 and the reaction m xture
worwsae42fred for 10 mi nutes at room tenperat UPET/EN1968/000963

sol vent was coevaporated with tol uene and the residue

was solved 5 in DWV.1 equiv.,@of Bodi pyTMR- X- OSu and 6

equiv. of DI PEA were added t0o the reaction m xture.

The reaction mxture was stirred at roomtenperature

for 12 h. The solvent was renoved and the final

product was purified by prepara(t)(ve HPLC (Pl ab).

Cal cul ated: [MtNa]+ = 1221.3, found: [M:Na] + = 1221. 6.

10 Exanple 8 WD 2008/ 104271 P FR2008/ 000963 75 0 F

3-, O__ NN OOOONONYNNN

For renoval of the Fnoc- group:t conmpound of Exanple

7 was sol ved in Et 2NH DVF 65/—4)

m xture was stirred at romte gerature for 30

m nutes. The solvent was ' Funder reduced

pressure and the residue pedi ved in DVF. QSY 5 7CSu

and 6 equiv. of DI PEA '

m xture. The reacti dd was stirred at room

tenperature for 12 h. IThe sol vent was renoved and the

final product was pwNfied by preparative HPLC

(Gradi ent: H20+0. 05% TFA; 4-95% CH3CN). Cal cul at ed:

[M2]+ = 808.4, foynd: [M2]+ = 808.5.

For removal of the Fmoc-group the compound of Example 7 was solved in Et,NH/DMF
(1/4) and the reaction mixture was stirred at room temperature for 30 minutes. The
solvent was removed under reduced pressure and the residue redisolved in DMF. QSY
70Su and 6 equiv. of DIPEA were added to the reaction mixture. The reaction mixture
was stirred at room temperature for 12 h. The solvent was removed and the final
product was purified by preparative HPLC (Gradient: H,0+0.05% TFA; 4-95% CH3;CN).
Calculated: [M/2]* = 808.4, found: [M/2]* = 808.5.

Example 9: Cathepsin S probe




10 Exanpl e 9: Cathepsin S probe WO 2008/ 104271

PCT/ EP2008/ 000963 76 NHDabcyl O\\9 OS 0 0 NNvVv N
w@2081070 0 Edans The conpound was prepar ed PCI/EP2008/000963

sol i d-support according to the general procedure and

purified by HPLC (G adient: O+0. 05% TFA; 4-95%

CH3CN). Cal cul ated: [MtH + _7 1114. 3, found: [MH + =

1114.4. 5 Exanple 10: Cathepsin S probe OH O O O NN

NNN 02\ HQI HOO HNOON OO -N

NHDabcyl

Q
X0
O (%
f o 1,
‘/\NN < ON

0.

(@] Edans

The compound was prepared on solid-support according to the general procedure and
purified by HPLC (Gradient: H,0+0.05% TFA; 4-95% CH3CN). Calculated: [M+H]" =
1114.3, found: [M+H]" = 1114.4.

Example 10: Cathepsin S probe

The compound was prepared on solid-support according to the general procedure for
the solid phase peptide synthesis and further modified in the same way as described

for the transformation of Example 5 to Example 8. The compound was purified by
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The conpound was prepared on solid-support according

to the general procedure for the solid phase peptide
wagwsheer’s and further nodified in the same wapCEEP2008/000963

described 10 for the transformation of Exanple 5 to

Exanpl e 8. The conpound was rified by WO 2008/ 104271

PCT/ EP2008/ 000963 77 HPLC (G adi ent: H20+0. 05% TFA,;

4- 95@6C}BC»®. Cal cul ated: [M+H + = 1198.3, found:

H + = 1198. 3. Exa e 11: Cathepsin S probe 5
HPLAU(GradieatSHE0+0.06% T R4 657> CHHANY, Clauaar. IFHY: = 1188.3,
N \ \N \ The conpound was prepared on

f°“m£$V S @ tYraccording to the general procedure for
t he SO|Id phase pepti de synthesis and further nodified

in the sane way as described 10 for the

Mﬁﬁﬂﬂhﬁcﬂw roPganple 5 to Exanple 8. The conpound
was purified by HPLC (G adi ent: H20+0. 05% TFA; 4-95%
CH3CN). Calcul ated: [MrNa]+ = 1619.1, found: [M+-Na]+
= 1619. 9.| Exanple 11 a: Cathepsin S probe WO

o299/708/ 104271 PCT/ EP2008/ 000963

The compound was prepared on solid-support according to the general procedure for
the solid phase peptide synthesis and further modified in the same way as described
for the transformation of Example 5 to Example 8. The compound was purified by
HPLC (Gradient: H;0+0.05% TFA; 4-95% CH;CN). Calculated: [M+Na]* = 1619.1,
found: [M+Na]" = 1619.9.

Example 11a: Cathepsin S probe




78 NNF-FsOO NHHNONYN_O\"t N vvN/ H

HO ONNN" HOC / The conpound was prepared on
wagalsdeeapport according to the general procede€CEEPZINS/000963

the solid phase peptide synthesis and further nodified

in the sane way as described,,5 for the transformation

of Exanple 5 to Exanple 8. T?ige conpound was purified

by HPLC (G adi ent: H20+0. 05% TFA; 4-95% CH3CN) .

Exanpl e 12: Cathepsin K probe WO 2008/ 104271

PCT/ EP2 000963 79 0 NI \' N Il OON I \' NN-N

The compound was prepared on solid-support according to the general procedure for
the solid phase peptide synthesis and further modified in the same way as described
for the transformation of Example 5 to Example 8. The compound was purified by
HPLC (Gradient: H,0+0.05% TFA; 4-95% CH3CN).

Example 12: Cathepsin K probe




10

ON N O=S=O O The conpound was prepared on

sol i d-support according to the general procedure and
we@eoosfiped by HPLC ( H20+0. 05% TFA; 4- 95% CH3CN) PCT/EP2008/000963

Cal cul ated: [MH + = 1117.37, 5 found: [MH + =

1117.50. Yield: 45% Exanple 13: Cathepsin K probe

NHDabcyl 0 O N N~N OH HH’D NO -CN~/ | S O Edans

10 The conpound was prepared on solid-support

according to the general procedure and purified by

HPLC (H20+0. 05% TFA; 4-95% CH3CNR. Cal cul ated: [ M+H] +

= 1186.4, found: [MH + = 1186, 3 kel d: 90% Exanple
14: Cat hepsin K probe WO 2008/ 042 @ / EP2008/ 000963
80 O OHOO NNNomi HO

\/OJ@)& o ;L 0 |

¢} N

N

O=\|°.o=O
o)

The compound was prepared on solid-support according to the general procedure and
purified by HPLC (H20+0.05% TFA; 4-95% CH3CN). Calculated: [M+H]* = 1117.37,

found: [M+H]* = 1117.50. Yield: 45%.

Example 13: Cathepsin K probe

NHDabcyl

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]" = 1186 .4,
found: [M+H]" = 1186.3. Yield: 90%.

Example 14: Cathepsin K probe




10

JNOO NNOOO O\ / ON O-N The conmpound was
prepared on solid-support according to the general
w@e@sadzre and purified by HPLC (H20+0. 05% TFECT/RPES8/600963
CH3CN). Calculated: [MtH + = 1273.4, found: [MH + =
1273.4. 5 Exanple 15: Cathepsin K probe O OJO o N/
NN\ 1 1 /HY NOoJooO NOOON OO N The
conmpound was prepared on solid-support according to
the general procedure for 10 the solid phase peptide
er nodified ind4he sanme way as
trangyormation [of Exanple 5 tq,

synthesis and fu
descri bed f w

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]" = 1273.4,
found: [M+H]" = 1273 .4.

Example 15: Cathepsin K probe

o] H (0]
d” e
H :
K\N O

The compound was prepared on solid-support according to the general procedure for
the solid phase peptide synthesis and further modified in the same way as described

for the transformation of Example 5 to Example 8. The compound was purified by



WD 2008/ 104271 PCT/ EP2008/ 000963 81 HPLC ( H20+0. 05%
TFA; 4-95% CH3CN). Cal cul ated: [MrH + = 1301.5, found:

w@ boosilie427= 1301. 3. Exanpl e 16: Cat hepsin K pr ober/©pr20h8/000963
H+F NSF Oo O NNNHOHH ONNHN OOS N :~O
OV 1 V1 i N56 The conpound was prepared on
sol i d-support according to t B general procedure for
the solid phase peptide synthesis and further nodified
in the sane way as described for the transfornmation

HPLGf(HERa00 5% T RAY £960pCel;8N)TCalautatpdujit+Mis= p801 Hi, &alind: [M+H]"
_ HPLC ( H20+0. 05% TFA; 4-95% CH3CN). Cal cul at ed:
-13{’){4% = 1663.9, found: [M+ _

Example 16: Cathepsin K probe

The compound was prepared on solid-support according to the general procedure for
the solid phase peptide synthesis and further modified in the same way as described
for the transformation of Example 5 to Example 8. The compound was purified by
HPLC (H,0+0.05% TFA; 4-95% CH;CN). Calculated: [M]* = 1663.9, found: [M]* =

10 1663.7.

Example 17: Cathepsin K probe




10 1663. 7. Exanple 17: Cathepsin K probe WO
2008/ 104271 PCT/ EP2008/ 000963 82 0 \-O Or:r-S N O
WORWS/IN27H HN N O O HN O-S~-O OO0 cr ii? TPEI/EP2008/000963
conmpound was prepared on solid-support according to
the general procedure for the solid phase peptide
synthesis and further nmodi fi®d in the sane way as
described 5 for the transfornmation of Exanple 5 to
Exanpl e 8. The conpound was purified by HPLC
(H20+0. 05% TFA; 4-95% CH3CN). Exanple IB: Cathepsin K
probe WO 2008/ 104271 PCT/EPZOOS/OOOQQg;SS@ HNYNH2  NH
ONN-~NNO

Iz

The compound was prepared on solid-support according to the general procedure for
the solid phase peptide synthesis and further modified in the same way as described
for the transformation of Example 5 to Example 8. The compound was purified by
HPLC (H,0+0.05% TFA,; 4-95% CH3CN).

Example 18: Cathepsin K probe




HNOH f OOHON OO/ OT42Z2Z \SONXOH OHO
ONH NNN N N O HONN NLI, The conpound was
w@e@pasedi on sol i d-support according to the geP&r/aP2008/000963
procedure for the solid phase peptide synthesis and
further nodified in the sane_way as described for the
transformati on of Exanple 5 8 Exanpl e 8. The conpound
was purified by 5 HPLC (H20+0. 05% TFA; 4-95% CH3CN).
Example 19 0 p OH _, ~ FnocNH NI F H
HNYNHZ

The compound was prepared on solid-support according to the general procedure for
the solid phase peptide synthesis and further modified in the same way as described
for the transformation of Example 5 to Example 8. The compound was purified by
HPLC (H,0+0.05% TFA; 4-95% CH3;CN).

Example 19

o) OH

FmocNH
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WD 2008/ 104271 PCT/ EP2008/ 000963 84 4- Fnopc-am no
buturic acid, 1.1 equiv. of HOBt, 1.1 equiv. of HBTU
wa@p@s2oequi v. of DI PEA were solved i n DVF/ DCWCIERY008/000963

and stirred for 20 m nutes at roomtenperature.

4- Am no- 2-fl uoro benzoi c aci gé}and 2 equiv. of DIPEA

were added to the reaction xture and stirred at

roomtenperature over night. The solvent was renoved

under 5 reduced pressure and the remaining residue is
4-Fmob+amninbdmutanh edid( driadqeint of IBORt11.132qeiwedHBTU and 2 equiv. of

DIPE%@:{&HPJ s?e%lgg%ljr{ W/E@i&%p%nﬁéﬁ#@ fﬁ’%%}_’w@?ﬁ ghoosn temperature.
4- Amﬁﬂﬁﬂﬁl&]@r@b@nzgcl\édwgnélﬁ dquiiv. SMOFEA Ne\t‘e adtieB fto thérédktion

he conpoun was prepare on
mlxtusealandsélcrspcattroaw@nmmgture aviee nightel e spiveobwaseemaed under

rified b LC (H20+0. 05% TFA;
redud@tfinp§itecind R e an Ty SIve Eistiomaidarapiod (grapieny; DOW1-
3 % NbeH): CARMIatEA AIpHa] 214658 Ran: EMB Teb1@3V\QY|e|d. 60%.
2008/ 104271 PCT/ EP2008/ 000963 8 OCO0OSO NHONOO

O ONN NNoml O NNI_v ONFOOO
Example 20: Cathepsin B probe

Edans

The compound was prepared on solid-support according to the general procedure and
purified by HPLC (H20+0.05% TFA; 4-95% CH3;CN). Calculated: [M+H]" = 1615.8,
found: [M+H]" = 1615.5. Yield: 42%.

Example 21: Cathepsin B probe




10

15

OONO NN The conpound was prepared on
sol i d-support according to the general procedure and
wW@eeosfipedl by HPLC ( H20+0. 05% TFA; 4- 95% CH3CN) PCT/EP2008/000963
Calculated: [M2]+ = 718.3, found: [M2] + = 718.8.
Yield: 10% 5 Exanple 22:
1-Boc-4-(3-ch|oropropyl)-pip%iazine To a solution of
4.94 g tert-Butyl-1-piperazine-carboxyl ate and 12.66 g
1-Brono-3- chloropropane in 15 mMl DV (dry) was added
4.08 ¢ KZECGgand the reaction heated to 10 50 C for
L @nd stirred at room tenperature for
Ll '@ h. The reaction mxture is pored into 200
gl and extracted with DCM The comnbi ned
ases were washed wth water and dried over
MySO{ d~evaporated in vacyo. The product was
purifiied by flash col unm chijomat ography
(n<hept ane/ et hyl acetate 1: RF = 0.3) Yield 3.9 g.

SBoc- 4- (3- azi dopr opy ) - gi perazi @e 0o
ert-Butyl-4-(3-Chl gtop i pera arboxyl ate

and sodi ur@azi wer e N di fsol Ved Ksuspen ed Qn 8 n

heal ed to 900 fok_15 h. O'he 3 eactlon 5
N i xture was Ml owedto cool to ?oomte e'r}t\ére and
as

Pored into 50 mM of water. The % xtracted
with DCM and the conbi ned organi c ses dried over
MySO4. The product was purified Y ash col

chr omat ogr aphy (n-hept ane/ et hyl acet ate 1.1, Rf{ =
0.34). Yield: 3.5 g. 10 Exanpl e 24:

(3-azi dopropyl)-piperazine 3.5 ¢

1- Boc- 4- ( 3- azi dopr opyl ) - pi perazi ne was di ssolved in 30
m MeOH DCM (3/1) and N//N

N

7N

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/2]" = 718.3, found:
[M/2]" = 718.8. Yield: 10%

Example 22: 1-Boc-4-(3-chloropropyl)-piperazine

To a solution of 4.94 g tert-Butyl-1-piperazine-carboxylate and 12.66 g 1-Bromo-3-
chloropropane in 15 ml DMF (dry) was added 4.08 g K.CO3 and the reaction heated to
50 °C for one minute and stirred at room temperature for additional 3 h. The reaction
mixture is pored into 200 ml of water and extracted with DCM. The combined organic
phases were washed with water and dried over MgSO,4 and evaporated in vacuo. The
product was purified by flash column chromatography (n-heptane/ethylacetate 1:1, RF
=0.3) Yield 3.9 g.
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10 M TFA were added. The reaction m xture was stirred
at roomtenperature for 20 mn and the product
w@e@siipi2tat ed by the addition of 150 mi PCT/EP2008/000963
tert-Butyl-nmethyl ether. Yield 15 2.3 g. Exanple 25:
Met hyl - pi perazi nyl thiourea Thi ocarbonyl diim dazol e
and 1 equiv. of N-nethyl-npi ngr.lazi ne were solved in
THF. The 20 reaction m xture was stirred at room
tenperature for 1 h and at 55 C for 1 h. Half of the
Exampde 23n1-Boxs41(3razidabrapyl)-piperszine anount of 2.0 M
NH3/ MeOH sol uti on was added to the reaction m xture,
whi ch was then stirred at roomtenperature over night

Tert- &'Jr']lsil iJ(@ﬂiHIMroﬁiroﬁ'ﬁ% 9- 6|9éra%u’fb ca'r'b%x?l'é%jéﬁ& s%ﬁJrﬁldzﬁd@\‘}véﬁb

washed with her Yi el %

dissolvedHguspensadizn Sunl DM%@ydry Bgdj’(ﬁa@e@m aorGCfor 15 h. The reaction

i {55 oRBAE G o o L B3 ot e

produtivakesiR@td PwWithHOM Akd the BomblRdsrgeHR: pises dried over MgSO..
filtrated and washed with ether. 30 WD 2008/ 104271

The prostugtmearopyiiiesb by flagh colupampheomatogranhy/(n-Yeptasg(athyigeetate 1:1,
- IO\t ssays 1 pg protease in 20 pl AHNP- Puffer
RF _Plitgﬁhg/fex%e:{'gt "HEPES, 300nM Nadl; 0.001 % Pl uronic pH
6.5 and 50 pl cysteine (300mM) was activated for 5 5
m nutes at. 37C. The substrates were solved in DVSO and
Exampigi2d: (3azidopiapybpineiagiNe with a final concentration
of 50 NM Fl uorescence was neasured with an Tecan
SAFI RE 11 spectroneter (excitation wavel ength: 336
35¢g nnBoert'r@sézidopmpgl)migéﬂazin&@asu aissekeidt iat30m! be@H/Q0M(3/1) and

10 migHhhas adss: ThedRection iy wes Fird\atipaiiempprare for 20

;n': ahl thé GRERIEt ik Eé%ﬁ?fn@(%@%ﬁ?%&%@égo B4%) Bther. Yield
3927500 29000

Example 25: Methyl-piperazinyl thiourea

Thiocarbonyldiimidazole and 1 equiv. of N-methyl-piperazine were solved in THF. The
reaction mixture was stirred at room temperature for 1 h and at 55 °C for 1 h. Half of
the solvent was removed and the same amount of 2.0 M NH3/MeOH solution was
added to the reaction mixture, which was then stirred at room temperature over night

and finally at 55 °C for 2 h. The product was filtrated and washed with ether Yield: 57%.

Example 26: Methyl-piperazinyl-thiazyl-benzoic acid

4-Methyl-piperazinyl thiourea and 4-(2-Bromoacetyl) benzoic acid were solved in THF.
The reaction mixture was heated to reflux for 3 h. The product was filtrated and

washed with ether.



Eo (noles/L) 2.3E-08 6.3E-08 2. 8E-08 1.1E-08 5. 2E-09
3.6E-09 KM (M 3.2E-05 1.9E-04 8. 7E-04 5. 2E-04
wa 2aBAe78. 3E-03 Vmax (nnoles/s) 2.4 0.3 72. 3rAr/8r04/000963
4.5 Kcat (5") 0.11 0.00 2.6 0.1 0.0 1.26 Kcat /KM (M
5) 3260 27 30 273 250 152 (@easurerrent performed at
pH 7.5) 15 Table 2: Results in vitro assay for the
conmpound of Exanple 10 Cath S Cath K Cath X Papain
Cath B Cath L Mwv enzynme (Da) 24000 27000 40000 23400
: nol es/L) 3.0E-08 3.8E-08 2.8E-08
2.4E-08 1.0E-08 3.2E-09 KM (M - 3.5E-05 4.7E-01
6. 3E-06 8.8E-04 7.1E-03 Vmax (nnoles/s) - 7.3 7997
For tHd PAvifto @sBays Kpg;prét%a)se-m QOJ;ﬂIAHNP PufferQ80MM AcetaIHE PES,
measur enent ornmed at pH 5. 5) WD 2008/ 104271
300 €520.08/ to Mgmcsé-l 6c% anﬁréo Wl cystging (3AGMM) ovas a@trvated for 5

5 minuBt 3376, PHSIASAI AL ST B0 arf ades o epayme sotor
with & ficgi@oinzabtratidyy of50at\hepsin; Rl is a linker; R2 is a
bond or a linker; L is a bond or a group allow ng for
a facile conjugation of the group L1; L1 and L2 are,
t
Fluoréék%ﬁ"l%%a'\&’%'ﬁbé%ﬁlg@? gntg i}gﬁac&ﬁ fSA‘Fg‘FSE IPQ?e&t?&ﬁéter (excitation
wavelength 336 nm; emission wavelength: 490 nm; ex0|tat|on band: 10.0 nm;

Exa

10 emission band: 10.0 nm; amplification (manual): 90).

Table 1: Results of in vitro assay for the compound of Example 2

CathS |[CathK |Cath X |Papain |CathB |CathlL
Mw enzyme (Da) | 24000 | 27000 | 27000 |23400 |27500 {29000
Eo (moles/L) 2.3E-08 | 6.3E-08 | 2.8E-08 | 1.1E-08 | 5.2E-09 | 3.6E-09
Km (M) 3.2E-05 | 1.9E-04 | 8.7E-04 | 5.2E-04 | 1.2E-04 | 8.3E-03
Vmax (nmoles/s) | 2.4 0.3 72.3 1.6 0.1 45
Keat (s7) 0.11 0.00 26 0.1 0.0 1.26
Keat /Ky (M7's™) 3260 27 30 273 250 152
(measurement performed at pH 7.5)
15  Table 2: Results of in vitro assay for the compound of Example 10
CathS | CathK | Cath X | Papain |CathB |CathL
Mw enzyme (Da) | 24000 | 27000 |40000 |23400 |27500 |29000
Eo (moles/L) 3.0E-08 | 3.8E-08 | 2.8E-08 | 2.4E-08 | 1.0E-08 | 3.2E-09
Kwm (M) - 3.5E-05 | 4.7E-01 | 6.3E-06 | 8.8E-04 | 7.1E-03
Vmax (nmoles/s) | - 7.3 7997 0.04 2.6 9.7
Keat (s7) - 0.192 287.4 0.002 0.25 3.01

(measurement performed at pH 5.5)
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nis 1l or 20 R2 is a bond; L2 is a substrate,
sui table for a coupl ed biolum nescent assay; and
woz@d/10271 Mol ecul ar probe accordi ng to cl ai m 1PGUITEPH081000963
25 nis 1, Ais a group recognizable by a cysteine
cathepsin; Rl and R2 are, igdependently of each
other, alinker; L is a bond or a group allowing for a
facile conjugation of the group L1; and L1 and L2 are,
i ndependent of each other, at |east one | abe
Claimspti onal |y bound to a solid 30 support. WO
2008/ 104271 PCT/ EP2008/ 000963 89 3. Probe according
to claiml1l or 2, wherein the cysteine proteases are
selected fromthe cysteine cathepsin subfamly. 4.
Probe according to claim3, wherein the cysteine
1. cMdiepdanpiabedfoc gysteps prokeas®es & tbe f@mda (Br obe
according to any one of claims 1 to 4, wherein L is a
direct bond or a group selected from REJJ-(NRX) -,
-0-, -GN, - QRN =L} -ATED-NRER2:INH C(=O) - (1) - C(=O) H,
10 CRx=CRy-, -C=C- and phenyl, wherein Rx and Ry are
i ndependently H or (Cl-C6)alkyl. 6. Probe according
to any of clains 1 to 5 wherein RL or RRis a
whergifir aj ght or  branched chain al kyl ene group with 1 to
300 carbon atons, wherein optionally (a) one or nore
carbon atons are replaced by oxygen, in particular
A is apeupi recegrizgblehby d calttepsam;bon atom i s repl aced by
. oxygen, e.g. a poylethyl eneoxy group with 1 to 100
R1is& neoxy units; and/or

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 bioluminescent assay; and
nis 0.

2. Molecular probe according to claim 1 wherein

nis 1,

A is a group recognizable by a cysteine cathepsin;
R1 and R2 are, independently of each other, a linker;

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

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

support.
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(b) one or nore carbon atons are replaced by nitrogen
carrying a hydrogen atom and the adjacent carbon
wat@saoare substituted by oxo, representing anPEIYER®08/000963
function - NHCO; and/or 20 (c) one or nore carbon
atons are replaced by an esaﬁg function -0-CO; (d)
the bond between two adj ace carbon atons is a double
or atriple bond; and/or (e) two adjacent carbon
atons are replaced by a disulfide |inkage. 7. Probe
3. aPobalaccprdimgteyclaine 1air %; Ivdiareinithe cysteing oreleasesbeg selected
f &% an?.LZ aie 25 ingﬁpeﬁpently of each other a
rom QS %@%85 r&ep&’rbfﬁ'é N -as a fluor ophore; a quencher
or a chronophore; a magnetic probe; a contrast
reagent; a nolecule which is one part of a specific |
4.  pbPreheacedingdei daim 3, whpeain éhe eysiping ¢atbapsip ipiaeathgesin K, S
to a partner; a nolecule covalently attached to a
solid support, where the support may be a gl ass
slide, a mcrotiter plate or any polynmer known to
those proficient in the art; a WO 2008/104271
5. perokeraceridingoiocny one Bf sldinedurd. whafetdsis aiirect bond or a
e [ chem cal or physical properties; or a
gbuﬂé?égﬁpgﬁxgossessing a conbi nati on of any of the
operties |listed above; or a positively charged
NJinear or branched polyner. 5 8. Probe according to

h\l\‘g@?i m 7, wherein label L1 and L2 are independently of

or B.

N h other bound to a positively charged |linear or

9. AP ' | aj
ohor SNEEIY TNy CREPY LRI BT Bom. -
CRx=0R( aTHCNHAE phehyPwREinRx bnad Ry AididdebéAdéntly Br (C4-Ce)alkyl.

argi ni ne resi dues. 10 10. Probe according to any one
of claine 7 to 9, wherein L1 is one nenber and L2 is

o, PrL BRI RS o ol Bl 43R R0 oo
branchiBérciath dlkylenkZyrotp awitfRETo B0 carbdrbatbins, Ruledrein optionally

according to claim1l1l, wherein one L1/ L2 is a ] ]
(a) one eignephearbeal atemsdarerrgpiaced by oxygen, in particular wherein every third

carbon atom is replaced by oxygen, e.g. a poylethyleneoxy group with 1 to 100
ethyleneoxy units; and/or

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

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

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

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

7. Probe according to any one of claims 1 to 6, wherein label L1 and L2 are
independently of each other a spectroscopic probe such as a fluorophore; a quencher
or a chromophore; a magnetic probe; a contrast reagent; a molecule which is one part
of a specific binding pair which is capable of specifically binding to a partner; a
molecule covalently attached to a solid support, where the support may be a glass

slide, a microtiter plate or any polymer known to those proficient in the art; a
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Al exa 350, di nethyl am nocounari n,
5/ 6- car boxyfl uorescein, Al exa 488, ATTO 488, DY-505,
woar@saenboxyf | uorescei n, Al exa 488, Al exa 532, PAI/ERA08/000963
546, Al exa 555, ATTO 488, ATTO 532,
tetramet hyl rhodam ne, Cy 3, DY-505, DY-547, Al exa 635,
Al exa 647, 20 ATTO 600, ATTO 655, DY-632, Cy 5, DY-647
Cy 5.5, and the other Iabel L1/ L2 is a quencher
sel ected from Dabsyl, Dabcyl, BHQ 1, QSY 35, BHQ 2
biomaissule, wittTdesirale enzpmatig, cmﬂnrr@asqgr@yw roperes; pF gweolecule

poss{%‘fr?igg:%gnﬂgﬁ&arfg%&&gw@ fﬂo@feetéfs isted géa{lé % PBBEitid84 charged

lineabrabraftREs pelyim@ssay characterized in a nDdl fied
am noluciferin or a carboxy-term nal protected

derivative thereof as a reporter group, which upon

8. Cb?%@ggcé%r{dﬂg fé)ﬁ&faﬁ:ﬁ'?t mleﬁéiﬁ%tgéﬂﬂ AhEF RS HET ”r?ciﬂie%o%ntly of each

| uni ne t hi ou tsS conversion

other!mnﬂabaﬁposiﬁﬁblﬁéha@abmmmrmiam@ed polynikr. vvherei n A
is a selective cathepsin K scaffold selected fromWO
2008/ 104271 PCT/ EP2008/ 000963 91 1. OH NIX NHO

9. YPrt%é\'Acccﬁd%g {3 Haim 8, wherein one label L1 and L2 is a linear

poly(arginine) of D- and/or L-arginine with 6 — 15 arginine residues.

10.  Probe according to any one of claims 7 to 9, wherein L1 is one member and L2

is the other member of two interacting spectroscopic probes L1/ L2.
11.  Probe according to claim 10, wherein L1 /L2 is a FRET pair.

12.  Probe according to claim 11, wherein one L1 /L2 is a fluorophor selected from
Alexa 350, dimethylaminocoumarin, 5/6-carboxyfluorescein, Alexa 488, ATTO 488,
DY-505, 5/6-carboxyfluorescein, Alexa 488, Alexa 532, Alexa 546, Alexa 555, ATTO
488, ATTO 532, tetramethylrhodamine, Cy 3, DY-505, DY-547, Alexa 635, Alexa 647,
ATTO 600, ATTO 655, DY-632, Cy 5, DY-647 Cy 5.5, and the other label L1 /L2 is a
quencher selected from Dabsyl, Dabcyl, BHQ 1, QSY 35, BHQ 2, QSY 9, ATTO 540Q,
BHQ 3, ATTO 612Q, QSY 21.

13.  Probe according to claim 1, wherein nis 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 signal through its

conversion by a luciferase.

14.  Probe according claim 1, wherein A is a selective cathepsin K scaffold selected

from
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X is -CONH-R2-L2,
Y is -L-R1-L1, and
Ris H, C4-Cg-Alkyl.
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wherein

X is -CONH-R2-L2,
Y is -L-R1-L1, and
R is H, C4-Cs-Alkyl.
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Preparation of a probe of the fornula (1) according to
claiml1l to 16 characterized 5 in (a) reacting a
conpound of the fornula (Ilﬂ31L'-A-CC>CH (1) 10 wth
a compound of the fornmula L1-R1-H to a conpound of the
formula (I111) L1-R1-L-A-CO-CH (II1) 15 (b) reacting
t he conpoupgzp) 1) with a conpound H2N-R2-L2 to the
probe of trmJI a (1), WO 2008/104271
PCT/ EP2008%xgp063 135 wherein L' is fluoro, chloro,
bronmo, cyano| nitro, am no, azido, alkylcarbonylam no,
car boxy, carbanoyl, al koxycarbonyl, aryl oxycarbonyl,
car bal dehyde, /hydroxy, al koxy, aryl oxy,
al kyl car bonyl fxy, aryl carbonyl oxy, a carbon-carbon
. preferably
am no, azidg=ydroxy, cyano, carboxy, a?kannyl,




5 carbal dehyde, or a carbon-carbon double or a
carbon-carbon triple bond, nore preferred amno, and

warlooana2or R2 may be protected by suitabl e ortPChBP2I0$/§00963
protecting groups and sequentially cleaved in the
course of the preparation of the conpound (1). 10 18.
Use of a probe of the f or mulld? (1) according to claims
1to 16 for nolecular imaging in vitro, in
cell-culture experinments, ex-vivo experinments or in a
l'iving organi 19. Use of a probe of the formula
(I') accordin clains 1 to 16 for imaging a living
15 organi sm rising: (a) admnistering to said
organisma probe of the fornula (1), (b) exposing said
organi smto electromagnetic radi ati on which excites
non- quenched | uor ophore to produce a detectible
signal, an®<g€) detecting said signal and creating an
i mage therebyn 20 20. Use of a probe of the fornula
(1) accordingJto clains 1 to 16 for imaging a living

/\Qrganis cgnprising: a) _admnistering to said

NL§31§ 0 th mula (1), (b) exposing said

or ani sm o eflectT omag radi ati on which excites

a detectible signal; and

f1 Qor ophere t® 25 produ [ [ :
(c) det -w g said signal and creating an i nage
t her eby.
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wherein @ is a quantum dot.

17.  Preparation of a probe of the formula (1) according to claim 1 to 16 characterized

5 in
(a) reacting a compound of the formula (Il)
L'-A-CO-OH (1
10
with a compound of the formula L1-R1-H to a compound of the formula (l11)

L1-R1-L-A-CO-OH (nr

15  (b) reacting the compound (1) with a compound H2N-R2-L.2 to the probe of the formula
0,
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wherein L’ is fluoro, chloro, bromo, cyano, nitro, amino, azido, alkylcarbonylamino,
carboxy, carbamoyl, alkoxycarbonyl, aryloxycarbonyl, carbaldehyde, hydroxy, alkoxy,
aryloxy, alkylcarbonyloxy, arylcarbonyloxy, a carbon-carbon double bond, a carbon-
carbon triple bond, preferably amino, azido, hydroxy, cyano, carboxy, carbamoyl,
carbaldehyde, or a carbon-carbon double or a carbon-carbon triple bond, more

preferred amino, and

R1 and/or R2 may be protected by suitable orthogonally protecting groups and

sequentially cleaved in the course of the preparation of the compound (I).

18.  Use of a probe of the formula (I) according to claims 1 to 16 for molecular

imaging in vitro, in cell-culture experiments, ex-vivo experiments or in a living organism.

19.  Use of a probe of the formula (1) according to claims 1 to 16 for imaging a living
organism, comprising:

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

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

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

20. Use of a probe of the formula (I) according to claims 1 to 16 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.



