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WO 2008/104271PCT/EP2008/000963 Imaging
probes The present invention relates to molecular
wo mopredes (substrates) that allow for the observatiomeafosnisss
the catalytic activity of individual proteolytic enzymes
or groups of 5proteolytic enzymes in in vitro assays,
in cells or in multicellular organisms. The invention
Imaging pﬂjgggermore relates to methods for the synthesis and
the design of such probes (substrates). Background

of the Invention 10 Proteolytic enzymes (protease fZ? "
& e

The pressgidnatar (tjPa e BIRRI BAAATES OF RIS 12
observaticoyifdiecafittie distivily edidiPdurbprsies HivarirsivRer igrayps of
proteolytidButtitudenod vitaljpseee ssadlis manyofoshichaagenisms. The

invention HHERA IR caHdAE Signaliing-and fissess Qﬂﬂﬂﬁ@&&@% of such

probes (s L%thgt%%pt or enhanced activity of proteases is

assoclated with a variety of diseases including

cancer, Uosteoarthritis, arteriosclerosis, inflammation
Backgrourglf HiedAVFBYRRrs (M.J. Evans, B. F. Cravatt,

Chem.Rev. 2006,106, 3279-3301). Since proteolytic
Proteolyti@&tiiie f asoteaseBpaishunsleksistrgeni eanfnads bripdpigies in- and
outside ofWéﬁ?ﬂ&@%ﬁt%@@@&%ﬁ%@%@%ﬁ%@&m@@gx\fﬁesses many
of which & e[ %gt"ljczﬁ (;Jr{‘ L%EP grl er@(ﬁn Ogg P SSS)UXV%{%C%@S%CRK%%% QYenhanced

roteo tic cleaval ditional control of
sy o FegBiote HETOR 8L LATGEER AL IO
ostecarthifiepfvasiePeBra aere iR irRLTvaS Eataliticikpns. B F.
Cravatt, ChetivigefoRI00f Bc32TR§BAk). Finvtawptsbivis atinigbat to remain
under stringent control in living systems many proteases are expressed as inactive
precursor proteins (zymogens) which are activated by controlled proteoiytic cleavage.
Additional control of proteolvtic activity results from endegenous inhibitors that bind to
and thereby inactivate catalytically active form of the 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
exprassion alone. Consequendly, a variety of activity based chemical probes have
baen proposed in the literature. Commonly applied protease probes generate a
deiectable signal either (i) through enzymatic cleavage of a peptide bond leading the
spatiial separation of a fluorophore from a fiuorescence quencher or (i} by covalent
attachment of a mechanism based inhibitor to the protease of interest. The localization
and gquaniitative 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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regulation the investigation of protease function in
cellular or physiological events requires the

wo 00ne@itoring of protease activity rather than thecrerzeosiocesss
monitoring of protease expression alone.
Consequently, a variety ofzactivity based chemical
probes have been proposed in the literature.

geﬂeratsorbg Ci)fcrn?e%gey 58‘18&'.!.%‘1 [8 enasenp rObg 3 cgons%@ggte challenge for the

tectable si rou enzymatic

fied. The BigofphgLeRYoR iaa?ﬁj@ Bdﬁ&%&ﬁfﬁ@#ﬁ@%%%ﬁ%?s for oysteine
proteases eplaRRlIcTP O 2e FABRSPRGHE FBtn Gifiadieaeriiselion of these
probes in gie nskaes, o {d)shy icovaieriubtachnmemt (efgaby the means of

molecularMRGRANSAYRAS e HADIOHOsthe o teasR: L IME KRSk probes.
The localization and quantitative investigation of the

activity and i hlb!tlon ofas eC|f rote seoragroup .
Within rece?t s severa) motecular xﬂ:%;a § 8C 0 ies opt;caf ard non-optical)
ﬁro eases e ?/

have beca i SR A AP ARG S ST AEP IS ST AfERigRe! pecie
molecular dprgetopIheritehiriagitg ebbs Harieeseamef any image
signal is ppinysipiogicatly aieheyrasn iclodiast of puetems@actibntéensfly
quenched RGN0 RfRacaY ahi-SRRCIfic-LEgaMIMERIRN (e.g. cleavage
of a pept:c%rﬂm@] %}g%la&g%%%%m; %Snéa&; ggﬂ%% f%dtté%aqfes&raquticaﬂy
sive ol A I ISR DOOUBE S JERGTATEA T Poewss
and exhiblbﬁlﬁéxagg @d@@ﬂ\}%eb?%ég H&@ﬁﬁ%ﬁﬁ%@d”h‘”"o has rarely been
achieved @@n%m@[@}@l@m@q@@ fifetinfiaiteréie iptesselprmaceutical
industry fdcwentiancrelatess(i) teerevabhightyvselestve ppolopsate
pharmacol@eGY SteHaR e ases fipiarrbhc#an Ik SAHeRSIN our
invention v%l PQ@E”AQ(ASQQ &%Q‘%@s&%&%&%@a‘?@éﬂ%%%ﬂ@%Qéeﬂ“probes for

VItro assays, in cells or In mu tlce ular org r}lsm
cysteine p(gtea<3.8§/ %ﬁehraﬁ.fg aaﬁglzetf IS a cu ahrtlo éogt.leﬁg san (393 %steme
cathepsin gy8tBls for the syntheS|s and the design such

probes. Within recent years several molecular
Cysteine proRgiag dechaelagies (apiicatandraan-opticalchamete which
serves as Q%@l@?ﬁm&@@ga@%g AR etANS Wsﬁ@tﬁe is commonly hydrogen
bonded wﬂ1 Qp rr]cypa}% V%e}{ IﬁHQ‘J hsga}égrc]uefss 0%%@ % mgla ? can be formed.

ways In vivo. since the information

Vihen a S%ﬁf‘é%%?%ﬁ%?ﬂé’éé“ﬁ@éﬁ&ﬁ%? € BRRR s Paced
proximity tgfErRAliesistrirs, hencveToImErPBf RRAIgrming 20 orc-

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 intermadiate, which is subsequently cleaved by water, resuliing in
regeneration of the enzyme. The N-terminal cleavage product of the subsfraie is

liberated as a carboxylic acid.
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quenched imaging probes that are activatable upon
enzymatic reaction (e.g. cleavage of a peptide bond)
wo 2eRagBeen commonly applied to image and loGaliageesmenss3
catalytically active proteases. The generation of
probes that are selective for individual proteases and
exhibit the ability to reach the locus of protease action
The hum:JaH é’é\r{c(x)m aesnrggégéy P ggpn i%ﬁﬂ%hé%%ds%"’ét{%?n%‘%’ & Qrttlegsagblroteases or
approaches. Medicinal chemists ih the , o _
e oyt S REAEI L Ralshy 168 el CRINGHBREIFEI=d it
various f%odéméﬁ?ﬁ@qﬁ@pmwmﬁgsﬁ?@ﬁﬁﬁ@omes {house keeping
function}, phapssacoKisetens opersesaridrapproptiatees, and matrix
collagen ERRLIHGING TR givenctaigRIn baiRbsiRY BAOR AMeABYRted with a
number oﬁ;%ﬁ%%i@a%@’nfgw&%%%@%&ﬁc@%lxggﬁ%ﬁ&ggenesis

and tumoQ rgr%es%gonr SX)%eilcra]a? |S%9<%%%Sgsi;f:pg%gfa%\éeosa§é) lger Sis § Yasuda et
agpproa h?o pr8teases rom t cysteine athepsin

al. Adv. DEeHPSINRSY. R8s t8ite Brofe a8 AL erarkerdliZer 9/ e oystein

cathepsingigueinecresifgedr s ativisusiteroeti & bervrigsayey recent

years (Turku¥leOphil@;durin§.catabysisotiheocatadyticssysteine is
commonly hydrogen bonded with appropriate

For exam S,'%%BQQ i%ﬁ@g%se %IF%QQJBQJQE%A%Q&QE Q{%gradation and
the

are retatel 1TSS, 22WNED, 3 sUbstrate I5 recognized by
prof)eas Ythe SCrs8ile péptide bond is placed in

proximity to the catalytic cysteine, which attacks the
FurthermqsarGethybearbomiisiening infoxd dnistednastaradiats. shown to bee
crucial for hhenariche feaddsribenrel eavetdiheratingethe of Cathepsin K

activity regéﬁté':‘_miB@l@ﬁ@gﬁs@%@@e@:w&%d}m&i&ﬂﬁﬁm%ver expression in
cathepsin 9@5&'(95%%@9 ﬁ\é ﬂﬁ%\l.%r%%)cgl% ra‘?éﬂ?i”é‘? lgps 'iﬂc?;c%%‘/ea#&m

acyl-enzyme intermediate, which is subsequently =~
osteoorciig SARENI a0 e AbreBa ATl e e
helical coliggsut it BeRFAEHORIAET deBRarfetyisd R Fostiage matrixis
undergoinguiipsivieeeiosiiveratetihatha csarbitatipheteid. ! collagen (Y. Yasuda et
al. Adv. Drug Delivery Rev, 2005, 57, 973-893). 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 1o inhibition
of bone. Cathepsin S plays 2 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 atiractive drug target in immune related
diseases. Furthermore Cathepsin S might be also important for exiracetiutar 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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WO 2008/104271PCT/EP2008/000963 3 The human
genome encodes 11 papaine-like cathepsins (human

wo 2x@lal A proteases or the cysteine cathepsins;Baxtonsnacoss
F,H,K, L O0,S,V,W, X)which are implicated with
various functions including general protein
degradation in lysosomes (house keeping function),

airway ela%:gicgg Tc'r!r:!& Of antl Eron l’OC%(SeEE!Q Résgrangal%ro ascular disease
10V (g 8]
atrix coﬁlé’gen ByFAdAtGRE! e

ases, an
such as pﬁ?fﬁlﬁfﬁ%ﬁéen%? &V&t8ifcathepsins have been
associated with a number of pathological events such
Cathepsirals apgtecaid lktisocan cesdiiologyh(angiagen esisian of the hair

cycle andiblBAQKiIgEBRSIS) nRKEIGKAL YiskdRkR (€-9. pain) and
osteoporosis (Y. Yasuda et al. Adv. Drug Delivery

Fg v. 2005, 57, 973-993) and consequentlysomeo
Cathepsw{ i ayss ciated v t atholagical f é%%c}g\[%lg%ata%early stage of

stein ca SINS ave

pa“”eaf%ﬁé\?éﬁf"‘a%eﬁé? Ss P IHElsRReBYEF e @Bapiosis.
10years (Turk, V.; Turk, B.; Turk, D. Embo J, 2001,

For protedQic4620nd6 339 tfcbrzexam plit s Caihepsieio@bsh® 1858, that
dictates tﬂ@?%ﬁ@@@i%l@%lm&%g@@ QQ%%gﬁtmﬂ%@rﬁ\otecuies
that inhibil ﬁ!@%%ﬁv]@ WJ&Q@% ﬁ%rﬁtc?a” rthitis. 13 Furthe

usedll as ther :.ac?elutlc ager’:ts inthe

ont mfd Sseln \/JHE dminantly fo In oste
mem 3nd WaSSS YRR RROLPARRSF R%FH?ST‘BSWQH'"‘EFS that
visualize tf@rﬁ’f@iﬂ’@lm'fga%‘ﬁﬁé‘sré%ﬁﬁﬂ%')!”A'td’éﬁb‘i@ﬁw& ug candidates may
accelerateCetint pyideiOnctivity eetwiei adbeone stliesdsiss (H. Pien, A,
FischmanliSQroesi(Py GNecsosishrnBsens O Ter 8XReSSIoEY.266).
Using actt@@tbm'ﬂngq%c?@!@@@% hedHRAYEH of RoRR mﬁ%&% be
readily mo%ﬁo}eos J\nc%llgglt&/ b o%tr? %tlgtg e?;r% %t c%ﬁst aerp Séner|1< r?' vsz\%
S ows)éﬁotent coer? é?enase activity, cleaving triple

Furhermcit RSP A ST PHNRSH FOIREY AR 9 creens for sl
moleculescsbiiliost e Lapdfagnianaksigdies (D.A. Jeffery, M. Bogyo
Curr.Opp.Biotech. 2003, 14, 87-05).

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 fuciferin in enzyme activity assays or non-enzymatic
biological assays where the |uciferin derivative serves as a substrate for a desired

enzyme and is a prosubstrate for luciferase. A first proteolytic cleavage releases
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undergoing massive erosion including the
degradation of type Il collagen (Y. Yasuda et al. Adv.
WO mmungelivery Rev. 2005, 57, 973-993). ThUSgCT/EPz(;(}smu@gm
inhibition of Cathepsin B and K, for example, is a
useful method for the treatment of degenerative joint
diseases such as, for example, osteoarthritis.
uciferine \ﬁq%tk}e%ig K m%lbgtls)?‘lr?éé( §§)/(Sfa 2?%%3% ?d’;l g gt%%tlar:%slg !}‘?ﬂgﬂescem
signal. Thmﬁ@%@ﬁﬁ%l’%ﬁéa ?%WH%%%"‘P@&'BBﬁ%"'éW&MFHE%Tﬁ“em probes
and presegititferrdienady trlyanaie Mvdidri@aropieee&iing
protease in dendritic cells, Cathepsin S appears as

The enzyrfliAeMEAEHOLRIOS! H iRe e elaiask disarsaSvel swudied and
is highly CEA‘%@R/%W—’%% %Q‘?Q&ﬁ&%&@n@%@%@rﬁl %é@gpémgtt%rpeptades

xtracellular atrlxd radatl n an
eiectrophzh su strate a ave?: Cegnde go e g)asi r?a !rllll l%agotntext of

as ase an
this conseg(§e &Ll %‘%efﬁgf%‘f?ﬁ‘é G é’éﬁéﬁhlﬁf‘&‘?%iﬁ‘éﬁ’é&i y partofa
so called mybhzitigerceseverldtelysiptigirgd gteRiestiphilic character
and its geObstitichiverpulman asydisaasenteagiversiphysemsaine cathepsin,
where it rdQNERIONES BXEE SoME MM Gdue. A wide variety of such electrophilic

substratesZIQQQ 8%4%Zg’(?ﬂg-B/ESPH%BCQ§A%%%%§§0Aéy§t£W@'¥roteaSe inhibitors

elastol %SIS In asthma and bronc |t|§kgneurqi

inclucing G I QYL et AL SRR M e

acyloxymeiid ktRRat R YN RNEENTL. Uppaaidts e ﬁﬂ%}%ﬂ:m‘c
derivativesr{ S piefoefsialh Bnaeo SIBARCreguiai SIS tHe2i&i269).
5cycle and also MHC class II-mediated antigen

To be eﬁe@ﬁ@égyg%maf tools, protease inhibitors must be not oniy very potent but
also highly selective in binding to a particular protease. The development of small

oa’otme‘thyf ketones,

molecule inhibitors for specific proteases has often staried from peptide substrates.
Although peptides disptay a diverse range of biclogical properties, their use as drugs
can be compromised by their instability and their iow 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 requiremenis led to
the development of cysteing-cathegpsin 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 cysteing (mechanism
based inhibitor). In many cases the selectivity and pharmacokinetic properties of such
inhibitors were successfully optimized in the context of biomedicat 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 io the the electrophilic carbon atom of the warhead
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Cathepsin B is associated with pathological trypsin
activation in the early stage of pancreatitis and

wo 200s/G@ptributes to TNF-alpha induced hepatocytecT/Epzoos/ni0963
apoptosis. 10For proteolytic enzymes, it is their
activity, rather than mere éxpression level, that
dictates their functional role in cell physiology and

(%}(/Z{%% E{)A\a ;% é%’?%'é’mé’ﬂ?&?&&!'@éa@@é é&?&lé—’?ﬁetﬁl% the peplide

at
4Pl
correspon agt?w cathepsin #%Oltﬁfésc%% aarr([as gnsgé%le%sus o the idea that a

carbonyl of i S5 R 4G ERES IR the tFéatrent of diseases an

‘redesign’ eheptievetapRat brEpREiRAg Y BIGRRANKE "

electrophilivigatatizeRtheiprateelytic actiieaswelPagtrtie. Since the

chermical s&%@ﬁ%r}ﬁ@&&@@i&kﬂé m@id&mwﬁﬁmmmeieoﬂvity,

our approa%ﬁr\gic%c}é gi‘gq‘%p%e?F%%QﬁNﬁl%@?&ﬂ%%{@@ﬁcﬂw(éalectivity of
L LS - CIeN, A ;ISC B“%” icat” ga ar to this process

an optimized nhibltor jinta ar acijvity based cae nro

- egorgns”enf’%rug ISCEO'Ver 90 r%r%és? f9£9n§ ’ség?:’tive cysteine
as ‘reversedwgsing by’ tAly ARty BHSEA ARG réagents. a

cathepsin igpeitific protein or protein family can be readily

suMMARY MonNitored in complex protein mixtures, intact cells,

The presert ARgeverdnvivei-Furthermmereenzymeclassrspeetiic
probes can be used to develop screens for small
20molecules inhibitors t used for.functional
studies (DA™ éh%‘r_y"\,‘wl\ﬁs'g\so%?/%%% rtopp. B(i[())tech.
2003, 14, 87-95). So far, activity based imaging
wherein probes have been developed to monitor and label
Ais a groubatheRsinR and Luirepeli based assays (G. Blum et
R1 is a “nk%lf; Nat. Chem.Biol, 2005, 1, 203- 25 209), several
_ cathepsins (R. Weissleder et al. Nat.Biotech. 1999,
R2 s a bordor7itkel 8) and matrix metalloprotejnases in tumour
L is a bondeit @/7eP, PR FE E ARG NIGH P00 TS £ 943: 7 48). ,
L1 and L2 Amothepeotttoofrrasitosrotie arailiby! cafiernsly ppunc to a solid
support; akioluminescent assay. This method 30 makes use of
nis 1. 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
R2 s & bond;

L2 is & substrate, suitabie for 2 coupled bioluminescent assay; and

or

nis C.

A further embodiment of the present disclosure is & molecular probe for cysteine proteases of
the formula (1) wherein

nis 1,



WO 2008/104271PCT/EP2008/000963 5 luciferine
which is subsequently converted by luciferase,
detectable as a luminescent signal. This secondary
assay has a similar application spectra than
A s a groupizspdaizahle BY&%%*%EF%CSF%E Sits the additionally
R1 and R2 aegvisdeageiefty piGRCBigha R AtiSe ratio. 5 The
L is a bond @NZymatielnethian isirvissechibyetive eyiseeirmar L1, and
L1 and L2 &athepsinsdhas beenivell stegiechantisdpighiyy bound to a sotid
conserved. From the investigation and screening data
of cleavable peptides, electrophilic substrate analogs
According o h@vesbermhdeieloped that oty réalt inthe context gfthe formula
(I this conserved active site. The electrophilic center in
such-pré%tr%sii usually, pargba so caljed "warhead”,
a molecular enfity that is optimized in its electrophilic
wherein Aischaracter 10and its geometric placement to fit
‘ perfectly into the~active site of a cysteine cathepsin,
where it reacts the catalytic cysteine residue. A
wide varietyof such electrophilic substrates have
b nﬂésc.ed B mechanism based cysteine
ﬁreiﬁaseﬂnhitors including for example but not
sively: d%zorf’fethyl ketones, fluoromethyl
ketones, acyloxymethyl ketones,
0-acylhydroxylamines, vinyl sulfones and
epoxysuccinic 15derivatives (S. Verhelst, M. Bogyo
Kis -CONFRYAR Comb. Sci. 2005, 24, 261-269). To be
Y s -L-R1-Lgff@étive as biological tools, protease inhibitors must
' be not only very potent but also highly selective in
R1 and B2 hiNRiRgtasaiparisulatpretase. The development of
Lis a bond STRGEPRISEHIEdnbikiteEsiog-speifie prataases has
L1 and L2 a?eﬂ%@e %Eﬁpe;F T, Qﬁ%'gﬁ‘eﬁgﬁér@fﬁﬁmp@%‘mmo & solid
eptides display a diverse range of biological
properties, their use as drugs

support.

wherain

support; an
nis .
According to a second aspect, there is provided the use of a probe of the formula (1) as defined above

for molecular imaging in vitro, in cell-culiure experiments or ex-vivo experiments.

According to a third aspect, there is provided the use of a probe of the formula (I) as defined above for
imaging a living organism, comprising {a) exposing said organism which has been administered a
probe of the formula (1) to electromagnetic radiation which excites non-quenched fluorophore to

produce # detectible signal, and (b) detecting said signal and creating an image thereby.

According to a fourth aspect, there is provided the use of a probe of the formula (1} as defined above for
imaging a living organism, comprising: (a} exposing said organism which has been administered a
probe of the formula (I} to eleciromagnetic radiation which excites fluorophere to produce a detectible

signal; and {b) detecting said signal and creating an image thereby.

DETAILED DESCRIPTION




can be compromised by their instability and their low

oral bioavailability. To be effective drugs, protease

inhibitors with reduced péptide-like character, high

stability against non selective proteolytic degradation,

high selectivity for a given protease, and good
The compouriPa VAl abiit to thedarus Bispiotease actioniandor cysteine
proteases, prgéﬁgﬂ}%@m-gkbe%%téﬁg%ﬁﬁ%m%J@grﬁ@yzahe

development of cysteine-cathepsin inhibitors A-B with

non-peptidic chemical scaffolds A thc
in thei most Byt AREE A EREERBANRE WAEAS Erer: &) an
amide group VieHbos ﬁdemmgéwénﬁér@a%ﬁgﬂm ?é&&@cﬂon of a
protease, b) £enaientywnith dfecatalyieoisicme Ginethrarszn target, ¢)
inker moietiddaSeHhdNibiesn i manyicasesciherse ieativigeanehbel L1 and
L2 for dete Ctig,lgarmacoklnetlc properties of such inhibitors were

successfully optimized in the context of biomedical

research. To enable 30 effective nucleophilic attack
Group A is PIs{PHHRYY BRATFITOEYSEIRE: i RadtTry SR e 8P o =tein
cathepsin or gwohirifiibistisereisensinoiseeseP et rsdlgRRift iR thes 9- 28
shown in cor@glivessite: of. thegnzynte s bhispectal mrarigeshentsepctivity
for a given cﬁ@éﬁb’&'&r@&t@k’i%@é&& theelectiophiicigcanbasratom 1,

h i t!‘ ative turnover number {turnover number with
wherein selefy ¥3/104211 CT/E 2008/00 r$)963 6{:%@
t

enzyme % ve(gus YRS S THET arraer? Gemerit of the cata
oo YD PRSI b ek o o
dividing the tpeptidesubsteates THsemhparfsdeGuERA Y s tHeover
number of angBar halac dasignicotaptiviy ediegval éntzini Bitdry in vivo
applications g‘@”@@e%?]&@s%@@ﬁﬁ@vwgl%ﬁmtw&m|lﬁ|cromoiar)

substrate coanemet%qt B) into a cleavable substrate should be
possible. "Since the 5chemical scaffold A can be
considered as the main determinant of inhibitor
Scheme 1 shoule iR/ CERTABBIEERIF WO HIHRRFRIF tRETAASTR °>en
the specificitpfitirerstottanity° oeqrertsioftheraersetivityterestive cysteine
comprising tRPHimIgeddriibitor into an activity based chemical
probe. We refer to this process as "reversed design”
of selective activity based probes from selective

cysteine cathepsin inhibitors. 10 SUMMARY

Srae
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The present disclosure relates to a molecular probe
for cysteine proreases of the formula (R

wo 200858411 -L}n-A-CO-NH-R2-L2 15wherein A is aq@roktssoosss
recognizable by a cathepsin; R1 is a linker; R2 is a
bond or a linker; L is a bonéd or a group allowing for a
facile conjugation of the group L1; 20L1 and L2 are,
independent of each other, at least one label
optig[@lly bound to a solid support; and is 1; or 25

LRl —A Q—RZLZ

®'Sm) (Scheme 1).

The reaction rate is dependent on the struciure of the substrate.

The tinker group R1 or R2 is preferably a flexible linker connected to a label L1 or L2,
respectively, or a plurality of same or differeni label L2 or L1. The linker group is
chosen in the context of the envisioned application, i.e. in context of an activity based
imaging probe for a specific protease. The linker may also increase the solubitity of the
substrate in the appropriate solvent. The linkers used are chemically stable under the
conditions of the actual application. The linker does not interfere with the reaction of a
selected protease target nor with the detection of the iabel L1 and/or L2, but may be
constructed such as 1o be cleaved at some point in time. More specifically, the linker
group R1 or R2 is a straight or branched chain alkylene group with 1 to 300 carbon
atoms, wherein optionally

(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 -0-CO~;

{d) the bond between two adjacent carbon atoms is a double or a triple bond; and/or
{e) two adjacent carbon atoms are replaced by a disulfide knkage.

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; & quencher or a chromophore; 2 magnetic probe; a contrast reagent; a
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R2 is a bond; L2 is a substrate, suitable for a coupled
bioluminescent assay and is O. 30A further

wo eeimbadiment of the present disclosure is a meteatstanssoosss
probe for cysteine proteases of the formula (1)
wherein is 1, 7 Ais a grodp recognizable by a
cysteine cathepsin; R1 and R2 are, independently of

molecule %ﬂ\%p 19 %@I‘ e l&@&%ﬁ’eb%ﬁ) M%Q{: @hQ;FQHQa%QEh\Q’B?Qpecmcauy
for a facile c néu[?atlon o th ﬁgjro&]{:) L1; and Li and YI:ra

binding toagaﬁn%réa Mo \.éaé% yo? L at ea merlfa%Jngo

de“d”me%ﬁ@&ﬁﬁéﬁﬂ}dﬁﬁjﬁ‘&%ﬁg§5ﬁ%1@8’f5'ﬂ)8’(fh056 proficient in the art; or a

molecule possessing a combination of any of the properties listed above.

A preferred embodiment of the present invention is the use of a modified aminoluciferin
or a carboxy-terminaf protecied derivative thereof as a reporter group, which upon
cleavage from the central scaffold A can generate a luminescent signal through ifs
conversion by a luciferase. Thereforeg, label L2 may alternatively be a substrate,
suitable for a coupled bioluminescent assay, characterized in a modified aminoluciferin

or a carboxy-terminal protected derivative thereof as a reporter group.

UST 148030 discloses examples of hioluminescent protease assays comprising
peptides as cathepsin subsirates which are linked to modified aminoluciferines.

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

Another preferred embodiment of the present invention is the use of a dendritic
macromolacule 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 (fargeting) 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 permeabiiity and retertion 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 muiticeliular 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. 2008, 24, 39-47 and R. Duncan, Nature Reviews Cancer,
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"According to a first aspect, there is provided a
molecular probe for cathepsin protease S of the
wo wdonmula (1) 1L1 -R10-NH-R2-L2 wherein A iSpcrEr200si000963
wherein X is -CONH-R2-L2, Y is -L-R1-L1, and R1
and R2 are, independentlyiof each other, a linker; L is
a bond or a group allowing for a facile conjugation of

2006, 688”?319&%%% ’d%ém%on 9mé'?99&%ﬂ%etﬂt 8&%8&? e prosernt

at least one label 0§ lonal g bound to a solid

invention :s dxsc!o ﬂg\lﬁ)?gi?BA%i C(”)TP Hoiytra iC %r dgnarsg?ﬁ% gfobe can
compise RifgIS ﬁ%ﬁ%@&%ﬁét‘%@‘%@ R BrobE BRI TRy molecue.
Protectivegbaiefindddalpolvetigem alesu| axincagivigeinydtegtimole and further
copolymeRall-auiibreggpreriments or ex-vivo experiments.

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

a synthetic protein inhibitor.

Label L1 and LZ can further be positively charged linear or branched polymers. Said
polymers are known to those skilled in the art to facilitate the transfer of attached
molecules over the plasma membrane of living cells. This is especially preferred for
stibstances which otherwise have a low cell membrane permeability or are in effect
impermeabie for the cell membrane of living cells. A non cell permeable chemical
probe will become cell membrane permeable upon conjugation to such a group L1 or
L2. Such cell membrane transport enhancer groups £1 and L2 comprise, for example,
a linear poly(argirine) of D- and/or L-arginine with 6 — 15 arginine residues, linear
polymers of 6 — 15 subunits each of which carry a guanidinium group, an ofigomer or a
shor-length polymer of from 6 to up to 50 subunits, a portion of which have attached
guanidiniuim groups, and/or paris of the sequence of the HiV-tat protein, for example
the subunit Tat498-Tats7 (RKKRRQRRR in the one letter amino acid code). A linear
poly(arginine) of D- and/or L-arginine with 6 — 15 arginine residuses 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

covalenily attached fo a solid support.
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According to a third aspect, there is provided the use
of a probe of the formula (I) as defined above for

wo 20dnaging a living organism, comprising: (a) exposifgosaees
said organism which has been administered a probe
of the formula (1) to electroamagnetic radiation which
excites non- quenched fluorophore to produce a

Pamcularg pre eyrte)l are aé,!l’ sal.‘:ngtﬁub Lgleig %tenrgeﬁ%l rg}%rﬁl :g H!% other

Creat |n an |ma ereb ﬁ.l Accord mg to a fourth
it

member of W '8 fifird 78 °r"&?ﬁ§’8& Rt ot & Probd SPiRy can e
'”3”Sfe?reﬁb??ﬁd?ﬂ‘(’f?é@ﬂ@@%@ﬁ’éfbiﬁ%’%?ﬂﬁﬁﬁﬁ?@)'a HAREer) through
either dyrgnganistaticcomphisiniuth)sepeividabald Orgasrisnges its
spectroschiti Popatdaepbrasipinisieineia prahrsebthedarmyleysteine
cathepsm J@a%ge%(%mﬁ@&% @rdéaéé%f\/mi&fl?%&ﬂ%% FRET {F&rster
resonance gr?e%?@rgrqgftg rOduce A dﬁtectlble SI%@Q"& ance!ﬂ ag)pabelled at one
said sig ighaland ¢ creatln an image t ah

end (e.g. HE‘?‘WIE%‘B“BEWT pTONe ?"‘8”’1%8088%%}1‘%@ i F scosptor
(quencheth & féfPi@a(1) are activity based probes (substrates)

for cysteine proteases, preferably from the cysteine
in particul6AINEPSIBcsUPiRPYHE Brtheindaesthase fperigor L1is a
quencher%hﬁﬂy%a& w&%&mﬁ%ﬁﬂé foue funciianal) - &lemaEsine

protease tha{n lbee\z\g{feﬁlg tt?‘]% cahg{l%e m uab;eesaécﬂc\:/ee ﬂnrOlrJeD orgr—quencher

dcleave a protease,
distance %Hﬂfﬁﬁf‘u‘iﬂ% iéﬂ%@rﬁ#@?ﬁ% %&‘i@&ﬁ%ﬁ%} f&agf{?@ﬁ“'th the
protease Igpgiecise auRjet sepdintarahienetieseRiadpRFRMiESh causes the
appearanGodiiiectestbunits doaegchl dthaniarichasebafttaherdsb selection

of reportePEEubE FRI HS1RCHRR 1 {BEAURLA IS REGIRRBLY R MaIBg. near
infra-red Qﬁ&ﬁ@ﬁmﬁ&g@pr‘ﬁ‘é'E'L%Q(r&%"%'{%ﬂ@Jgﬁdﬁ&y%m;%ncher

n OI‘ a gro Of cysteine cathepsins,
remains da % af: W?”:x tHg e% wgereu on reac’ﬂon rnixiure is “lit up”
y for cathe as SHown in

switching 86%%8‘&%?@"?3 fTZFSi?ﬁaﬁ”I‘i@tb"ré‘ﬁ&tﬂf'i‘H@ ﬂi“égﬁﬂ“@“"her label
are now shpliaivtrsnashiot Seteeatehyefareacyive Angyeseineranster can be
measureddatirepsitodthedactor b0 ta 1gbptefsahiyhentaiciognergy donor

label, Whé@@wé@g?—tr%%&@%l%'%){a@rgﬁgmtmﬁ heirelall iorescent,
the accepﬂlﬂr A8Y, %fu&%@@?&@%@%‘é%e%ﬁ&%&”ﬁ'&o%@?%gé‘?&these two

interactin fab cha;[iurg gvoe ! nlfjrggn g[r{evrxg %Qg C lely hich el t
PR P S B P AE E RGBT AT eI:hg reola? o%es which efiminates

the need ?U?HS%?W B FARNASEREY BCHBA ESSeos. The
mentionedgediviiingsthedturno vesrimaiires bf igves erszptaeiofseful to
determine FEeIRSE e aigmasd) dyfthe:tosnavenatmbeedtnts, and may be
applied inINOHBIAREYMGAgainst which selectivity is desired
(enzyme 2). For in vivo applications high selectivity is

somanESIEGa1 9% (6.0, micromolar or oy micromolan,
VDL ARE Coritentrations hie’ 1 SRRRE REPe @adtionally

attached *Pe%ﬁé\*?a@r%%P@?éﬁ%%qbwa&’eﬁ%éﬁa‘@@’whw@ﬁUAPOf’*- Linear
represents the specificity determinant, and P
represents the protease with its reactive cysteine
comprising the thiol group SI: WO
2008104271PCT/EP2008/000963 L1-R1-L

AN DO I O
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(Scheme 1). The reaction rate is dependent on the
structure of the substrate. 5The linker group RI or R2
wo mogiateferably a flexible linker connected to a labelikin@kossss
L2, respectively, or a plurality of same or different
label L2 or Li. The linker group is chosen in the
context of the envisioned application, i.e. in context of
poly( argimnea%?gwt qp i@g Imr?‘egwntg Qm'geaifq{atﬁ‘esn%% ll}cele% 's B{Fferab!y utilized
e linker may also increase the solubility
as p°'yme(5‘f3fﬁ*%egﬁb%fr5 &1 e 3%broprlate solvent. The
linkers used are chemically stable under the
Particular bOdonditionsrefithe actualdifsplicationy Ehe laskerialpe air of
spectroschit iIntestarg with ithereadliaref aseleciesidotBase defined as

a molecuiéawggﬁ @Q{ng\/fg}tt&% QS&&E&'BHM&Q&'@%% 'is' %g(ﬁrdfgpecmcany

€ cons ted such a e cle
binding to aopr%rén Oln pec?mtté 8!‘% gc%rg.ls t%g %r?km and awdm or

S“ema““dﬁi“%elfé‘%’ 8 *B%‘?Pé’@?‘ﬁ%F"B‘FQh“‘tﬁB%f‘Ei’]‘ﬁWP%f@!@WéOf He enzyme
dihydrofolgitoggomitse {X3FB00 carbon atoms, wherein optionally
15(a) one or more carbon atoms are replaced by

Appropria@VHI8 R HphastCAHA LW B eNEYBEY third carhenatemid in the

art, Typlcél?ry%gmﬁgng)émg&%rg fgoi%sggéﬁ] 99@%"&&!@8?& QEQH%I overlap as,

to 100 ethyleneox s n or
forexamva luoresclln as g orteran%Lﬁ a %cb her O%er quenchers
more carbon a oms are re ace irogen carrying

are gold Cly /g r LM AL PEIRP the adjacent carbon atoms are
substituted by oxo, representing an amide function -

A second 2QsMlbi-Q@rcasnd @fed i(Ghieme«alidnare ‘canbqrealiems(Johansson,
M.K. ef a/2t@&RPIAGEM §1¥48B8 £SERLBABCHONIgBsWthou: native fluorescence
having abscrption spectra that overlap with the emission specira of common reporter
dyes ieading to maxima!l FRET gquenching. Furthermore pairs of dyes can be chosen
such that their absorption bands overlap in order to promote a resonance dipole-dipole

interaction mechanism within a ground state complex {static quenching).

Particular fluorophores and quenchers considered are: Alexa dyes, including Alexa
350, Alexa 488, Alexa 532, Alexa 548, Alexa 555, Alaxa 635 and Alexa 647 (Panchuk-
Voloshina, N, ef al, J. Histochem. & Cytochem. 47:1179-1188, 1999);
dimethylaminocoumarin {7-dimethylaminocoumarin-4-acetic acid succinimidy] ester
supplied as product D374 by Molecular Prabes); quenchers Q8Y 35, Q8Y ¢ and QSY
21 (Molecular Probes, Inc., Eugene, OR 87402, 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, ATTC 600 and ATTO
655 and quenchers ATTO 5400 and ATTO 6120 (Atto-Tec, D57076 Siegen,



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

wo 206a6p0N atoms are replaced by a disulfide linkagexpz200s/000963
25The 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

Germany{gh‘l%ﬂl’gp‘ﬁczxrég W%gﬁ%ﬁyﬁ~&%cgng %ﬁ«%& {Dyomics, Jena,

Ipectrosco IC ) as a rijuoropnore; a
Germanyy A B & i S HBF YA AR E probe: a
dimeihylamﬁma@%ﬁt?tdfq}y@erivat‘lves (Dabsyh) and 4-
dimethylaR008/204 2214 CEHRIPRDO8NA0EEB Sbmd]Eoute whih

advantagSGRERAHek & sReeibebindingRadhwhich is capable
of specifically binding to a partner; a molecule
Fluoro ho(;gvalently attached to a polymeric Sup orrt, a
——Q‘dend_rimer, a glass slide, a microti known to
o Alexa R0 HTFIHEIERPSAYAR Bre/Sr a molecliePpédLasying i -
carbopfivmisisretioNefeldf df itHe {ibperties Ig¥dabove. 5 A
Dy-50preferred embodiment of the present invention is the

o 5/6-caRfyRlAnedifiedaminolucifesn . sHa2 asys,
Alexa 46, Alexa 555, ATTO 488, ATTO 532, ATTO 5400
tetramethyirhodamine, Cy 3, DY-505, DY-547,

s Alexa 835, Alexa 647, ATTO 600, ATTOB55, « BHQ 3, ATTO 812Q,
DY-632, Cy 5, DY-647 Cy 5.5 Qsy 21

Bioluminescent assays that are linked to an erzymatic event yield light coupied to the
instantaneocus rate of catalysis. The method comprises an amino-modified beetle
amino-fuciferin or a carboxy-terminal protected derivative thereof were the amino-
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 Juciferin™), which is recognized by
a luciferase as a substrate oniy when converted to luciferine by a precedent enzymatic
event ¢.g. proteclytic cleavage. In this way, the luminescent signal is directly
dependent on the previous enzymatic evert, It is therefore a further embodirnent of the
present invention o provide a probe for detecting proteolytic activity of cathepsins by

means of luminescence.



15

or a carboxy-terminal protected derivative thereof as
a reporter group, which upon cleavage from the
wo 06@ntral scaffold A can generate a luminescenicsigRalsoosss

through its conversion by a luciferase. Therefore,

label L2 may alternatively fae a substrate, 10suitable

for a coupled bioluminescent assay, characterized in

a modified aminoluciferin or a carboxy-terminal

protected derivative thereof as a reporter

Ina Pamcwwwg@%%.%mmﬁ%% SPBTBle LA = 201
support opsigersdoassdy s eraTbirisheg Peptieescdecamiepin reporter /
quencher sdibstratesewhich arerivkethtomaedifiedbport and one member of
the report@Nipeideiierines diS Rrgtesied ieadrepenhi¢hin this way, the

dark solid %QEEA§§BQ£A{(L§%@§C%H](@%H Ié%&?cl?.%ﬂ H’%@é&‘gmate protease.

probes comprising a polymeric backbone and

plurality of fluorochromes covalently linked via
A solid sugpotthlayRe6 B BUERGONE A1 BB WHHTERHS S © those
proficient fiubeescent q{y@pﬁgﬁmgem@p @a@f@ﬁaé\d in the form of beads),
chemicaihemtagdineenk el thespregesitidavantion isntherusenaik@e or titanium

dioxide, oﬁggtdmé%%@mWlﬁ&gd%&@smcho%m@rm&s such as
gold or sitv l{%ﬁ?@@gg ﬁdc %%g!)?trmel%en% ‘é'é\:ﬁ&@r@f%‘iﬁr %Feﬁxent

ensity WhICh leads to fluorescent quenching. T
use of a polymeric probe has the advantage of
Preferablyofig FeBRqyASIsE R fRBHAth AGERARS Aric4 b diBAg &y inhibitor of
cathepsindir Cutatisianthmeanttrlisitiod WPEBIMEGBRNVAIFAE & .
woos0sTemansv Balyrmersconjugasiomalers dhective cathepsin K inhibitors
that may @%@é’ét{é%ﬂ%é?&mw meleslamuRiahiSIBlanNge $reterred, the

compoun qupe Pograglm %'f'%alaé%%wg @g@ Yactgﬁ(zed E{y a compound

enhance and retention effect
CGmP”S'ngﬁ&fﬁjowﬁﬁ ?5&%@3&‘%@8@3@ to sites of toxicity and
and the combination of polymer conjugates with
1. low-molecular- we imaging probes is a most
preferred embog of.the present invention for
[ i Har o #ms including
2 rats etc.. The polymeric
netan consist of any biocompatible polymer

b#ck g
Ralm ay comprise a

0
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SN
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30polypeptide, a polysaccharide, a nucleic acid or a
synthetic polymer. A comprehensive summary of

wo 20p@imers useful in the context of the present ecr/mpzo0s/m00963
invention can be found in M.J. Vincent et al. Trends
Biotech. 2006, 24, 39-47 and R. Duncan, Nature
Reviews Cancer, WO
2008/104271PCT/EP20118/000963 10 2006,
688-701. A further description of polymers useful in
the contekt Of theypresent invention is disclosed in
W099/58464. T alymeric or dendrimeric probe
can gesiprise ﬂrote tive chains covalently linked to
the © pone or thédendrific molecule. Protective
chainsinclude polyethylene glycol,

<(ﬁ'e§;oxypolyethyleneglycole and further 5copolymers
qk

yleneglycole. The probe of the present invention
can additionally comprise a targeting moiety such as

nt-or a synthetic protein
d 2 cap further be positively

inhibitor. 10 Labe

charged |i @a brnchid pdlymers. Said polymers

are kriowrT to4fiose skilléd in the art to facilitate the

of attached molecules over the plasma

rMembrane of living cells. This is especially preferred
fof substances which otherwise have a low cell
membrane permeability or are in effect
15impermeable f fthe cell membrane of living cells.
A non celtpernieable chemical
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1t

12.

13.

14.

probe will become cell membrane permeable upon
conjugation to such a group L1 or L2. Such cell

wo odn@mbrane transport enhancer groups L1 angdsZranosmoess

comprise, for example, a linear poly(arginine) of D-
and/or L-arginine with 6-1% arginine residues, linear
polymers of 6 - 15 subunits each of which carry a
guanidinium groyp, an oligomer or a 20short-length
er_of from.6ito Lp to 50 subunits, a portion of
h haye acﬁf&:he guanidinium groups, and/or
, e séduente of the HIV-tat protein, for
example the subynit Tat49-Tat57 (RKKRRQRRR in
i > letter g 8id code). A linear

) iof D-Yand/or L-arginine with 6- 15
: dies is preferably utilized as polymeric
label in case L1 is one member and L2 is the other

ember of fyvo 25interacting spectroscopic probes L1

Qe?l,afé L RET pair. Most preferred as label
L1 and/ori L2 are spectroscopic probes. Most
preferredoas label L2 are molecules representing one
of a,spectroscopic interaction pair with L1,
‘@P a @belﬁvhicQ is capable of specifically
03 arhgr and molecules 30covalently
attached to a soli sugport. WO
£ 208/104271PCT/EP2008/000963 11
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18.

17.

18,

19.

Particularly preferred are label such that Li is one
member and L2 is the other member of two

wo wefateracting spectroscopic probes Li / L2, whereinp2aosmo0963

energy can be transferred non-radioactively between
the donor and acceptor (quencher) through either
dynamic or static quenching. Such said pair of label
Li/ L2 cqanges its S5spectroscopic properties upon
/¢leavage from the corresponding cysteine
in protease. An example of such a pair of

/ L2ys a RRET (Forster resonance energy
trarﬁfer) air, ¢.g. a pro-fluorescent probe covalently
labelled &t on€&’end (e g. Li) with a donor (reporter),
and the another po (L2) with an acceptor

(quencher), or vice
donor (reporter) and ™t
Li is a quencher.a . In using thrs

o
probe, the reag of the cy, tei protease with the

emission wavelength.
groups may be used as

or 2 respectively, including e.g. near
infra-refl emitting fluorophores. The substrate
containing reporten and quencher remains dark until it

ér label and the quencher
parated. Fluorescence

e apergy accepting label is also
al@er(ﬂuorescence can also

el of these two
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21

22.

23.

24.

25.

26.

25 interacting label can be chosen from
chemoluminescent donor probes which eliminates the

wo 0Br@ed:0f an excitation lamp and reduces accegtoerzsosessss

background fluorescence. The mentioned particular
method using such doubledabelled substrates is
useful to determine reaction kinetics based on
fluorescence time measurements, and may be
applied in vivo as well as i .30 WO

2008/00096 M y(arginine)
of D- and/or L-afginitie with 6-15 Jarginine residues is

preferably % polymeric l&bel féra L1/ L2
FRET pajr. Particular preferred combinations are two
ere ta nity label, especially a pair of
5spectroscopic interacting label L1 /L2, e.g. a FRET
pair. An affinity label is defined as a molecule which
S eufp binding pair which is capable

is one par a@a
Ptbi/;j%\rtner A specific binding
|dere is 29 b|Yt|n and avidin or
tFeptavidin furthermore methotrexate, which is a

tight-binding inhibitor of the enzyme dihydrofotate

8 R). 10 Appropriate pairs of reporters
and gqyenchers can bee chosen by those skilled in the
art. Typically guencher are fluorescent
dyes with large specir erlap as, for example,
fluorescein as a reporter and rhodamine as a
quencherH Othgr guenchers are gold clusters, and

)araftal\ﬂrypta[tés
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28.

28,

30.

31

15 A second class of quenchers used in this invention
are "dark quenchers" (Johansson, M.K. et al., Chem.

wo 200lii2:d. 9:3466-3471,2003), i.e. dyes without natha@oosoonsss

fluorescence having absorption spectra that overlap
with the emission spectra of common reporter dyes
leading to maximal FRET quenching. Furthermore
pairs of dyes can be chosen 20such that their

arption bands overlap in order to promote a
hance dipole-dipole interaction mechanism within

a ground state complex (static quenching). Particular
flug omzquenghers considered are: Alexa
dyes;+ ' @ exa 488, Alexa 532,
Alexa 546, Alexa 558, Alexa 635 and Alexa 647
(Panchuk- 25Voloshina, N. et al., J. Histochem. &

C m. 47:1179-1188, 1999);

di laminocoumarin
(7-dimethylami marin-4-acetic acid succinimidyl
estggssupplied pduct D374 by Molecular
Pr@bejil;L quéncheérs QSY 35, QSY 9 and QSY 21
: X, Eugene, OR 97402, USA);

Cyanine-d (CyIB), Cyanine 5 (Cy 5) and Cyanine 5.5
o .5) (Ame%hanY- GE Healthcare, Solingen,

Germany); 30 BHQ-1, BHQ-2 and BHQ-3 (Black Hole

Novato, 94949 #h\); fluorophores ATTO 488,
ATTO 52 TTH and ATTO 655 and quenchers
ATTO and ATTO 6120 (Atto-Tec, D57076

Siegén, WO 2008/104271PCPEP2008/000963 13

Y

PIY ¥

X
"SRR RN
o R



Germany); fluorophores DY-505, DY-547, DY-632
and DY-647 (Dyomics, Jena, Germany);

wo 0d@/fsgarboxyfluorescein, tetramethylrhodaminecfrpaonsinesss
dimethylaminoazobenzene-4'-sulfonyl derivatives
(Dabsyl) and 4- 20
dimethylaminoazobenzene-4'-carbonyl derivatives

a9 (Dabcyl). These can be 5advantageously combined
' in the following combinatjons: FluorophoreQuencher

Yfégamethylrhodamine, Cy 3, DY-505, DY-547, Alexa
635, Alexa 647, ATTO 600, ATTO 655, a BHQ 3,

33 ATTO 6120, DY-632,/Cy 5, DY 647 Cy 5.5QSY 21
Biolumine
enzymatl Nevéint yield Ilght cQ pled to the
instanta
comgrise§ an amino-modifted beetle
10a Ning uciferin or a carboxy-terminal protected
gezatlve thereof were the amino-
/N—)
Y
34,
0
Qr“ x
¥ T
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group of aminoluciferin is linked via an amide bond to
the central scaffold A, resulting in a substrate that is
wo 200260¢gnized and subsequently cleaved by a cathapsiRoues:
The enzymatic activity of a cathepsin leads to the
cleavage of the peptide bofid which links the
aminoluciferin to the scaffold A liberating the
minoluciferin a substrate for a 15luciferase. The
pllowing reaction of the luciferase with its substrate
B . .
lelds a detectable signal (luminescence). The
(ymet d thus relates cathepsin activity with a second
enzymatic reaction, generating luminescence as a
read-oyt signal. This type of assay requires the
develo h@ﬁf’%:)ro-luciferin" ("caged luciferin™),
which (s re ognri\[ ed by a luciferase as a substrate
only when cofverted to luciferine by a precedent
enzymatic 2Qgyent e.g. proteolytic cleavage. In this
way, thejl;@nescent signal is directly dependent on
the previ enzymatic event. It is therefore a further
Yembodiment of the present invention to provide a
probe~for detecting proteolytic activity of cathepsins
by megns ofumigescence. WO
200871027 71PCDEP20081000963 14 In a particular
embodiment e method involves a substrate
wherein L2 is a solid support or attached to a solid
support f A carrying one member of the reporter /
quenche@or wherein L2 is a combination of a
p

solid support'and one member of 5the reporter /

quenchegr pair, and Li is the other member of this pair.
In th , the
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40.

41,

42.

43,

44,

45,

46.

dark solid support becomes fluorescent upon reaction
with the appropriate protease. A solid support, may

wo 2008@aglass slide, a microtiter plate or any polypeErzeos/eo09e3

known to those proficient in the art, e.g. a
functionalized polymers (pseferably in the form of
beads), 10 chemically modified oxidic surfaces, e.g.
silicon dioxide, tanﬁllum pentoxide or titanium
dioxide, et ajso. chemically modified metal surfaces,
Yejg. noble retallsurfaces such as gold or silver
#ces.A solidsupport may also be a suitable
sensor element. Preferq_lply, the compound of the
formulaAh.comprises a-y A being an inhibitor of
\E: epsin K. Ihtern |on patent application
56076796, W006076797 WOO6063762 and
W005049028 disclose examples of selective
Yc thgpsirfK inhibitors that may be used to be
transformediinto probes of the formula (1). More
preferred, the of the formula (l) is a probe
for cathepsin K charia zed by a compound
comprising the followingrpreferred scaffolds A: R--N
1F§ 3. 4.
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5. WO 2008/104271PCT/EP2008/000963 18 20.
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NH 37. NXNN 43.X WO
2008/104279PCT/EP2008/000963 24

WG 2068/104271 PCT/ERZOOS/000963
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wherein

Xis -CONH-R2-.2,
Yis ~{L-R1-L1}n,

5 Ri,R2,L, L1, L2 and n are as described above, and
Ris H, Ci-Ce-Alkyl.

Compounds 1.-28. are substrates for cathepsin K with L1 in the S1 pockst, compounds

29.-63, for cathepsin K with L1 in the 83 pocket or beyond (outward).
10
Further preferably, the compound of the formwila (1) comprises a group A being an

inhibitor of cathepsin S. International patent applications WO04080395, WO05040142,
WO0055144, WOGL074804 and WO0068BS55 disclose examples of selective cathepsin

5 inhibitors that may be used to be fransformed into probes of the formula (i). More



53. 54. NNXNN WO
12008/104271PCT/EP2008/000963 wherein

WO 2008/104271 PCT/EP2008/000963

27

preferred, the compound of the formula (1) is a probe for cathepsin S characterized by

a compound comprising the folfowing preferred scaffoids A
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65.
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68.

69.

70.

71.

72,

Xis -CONH-R2-L2, Y is -{L-R1-L1}n, 5R1, R2, L, L1,
L2 and n are as described above, and R is H,

wo 200640:66-Alkyl. Compounds 1.-28. are substratesifaressoosess

cathepsin K with L1 in the Si pocket, compounds
29:63. for cathepsin K withzk 1 in the 53 pocket or
beyond (outward). 10 Further preferably, the
compound of the formula (I) comprises a group A
being an inhibitar of cathepsin S. International patent
applications 89395, W005040142,
W0Q055l 44, 1008074904 and W00069855 disclose
q&gles qﬁf sel cti@lfathepsin S inhibitors that may
d to be tr@&nsfo¥med into probes of the formula
(). More WO 20081104271PCT/EP2008/000963 27
preferred, the comp ¢l of the formula (I) is a probe
for cathepsin S chs grized by a compound

comprisingthe fbllowing preferred scaffolds A:
N ' N X
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93,

94,

85,

96.

WO 2098/104271PCT/EP2008/000963 39 wherein X
IS -CONH-R2-L2, Y is -{L-R1-L1)n, 5R1, R2, L, L1, L2

wo wognebn are as described above, and R is H,

C1-C6-Alkyl.
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87.

98.

99.

Compounds 64.-85. are substrates for cathepsin S
with Li in the Si pocket, compounds 86.-119. for

wao 0@@thapsin S with L1 in the 53 pocket or beyondrerasosisnosss

(outward). 10 The imaging probes of the present
invention may be synthesized by using appropriate
protecting group chemistry known in the art to build
up the cgptral scaffold A and to attach either linker
ajad label 1 or 2 to this unit via a group L and a group
-C(0 -..Appropriate building blocks as well as

FRE’ yeh as the cyanine-dyes (e.g. Cy3 t5B,
Cy 5.5, £y 7)1are commercially available (e.g.
Sigma-Aldr Fh' E-Healthcare). For a subset of
probe, iegbh this invention, the solid-phase

synthesis method is particularly useful (B. J.
Merrifield, M&theds im Enzymology 1997,289, 3-13).
Depending on the thetic requirements, attachment
linker, quencher-ortluorophore may be done on the
s@lid support or by solution phase chemistry. 20 In

ge l, reactive side chain residues on the central
§taffold A and optionally the group L will be protected

Conjugation@f thgse subunits can be accomplished

by kngwn r{nefﬁﬁjs of chemical synthesis. Particular
useful eaction between a dye active ester
and a primary amine group of the scaffold A to
connect b its via an amide bond. Intermediates
as well astfinal jprobe molecules may be purified by
high perforrﬁ}hnce liquid chromatography (HPLC) and
characterized by mass spectrometry and analytical

HPLC befarethey are used in labelling and imaging
ex erimer}f\so




WO 2098/104271PCT/EP2008/000963 40 In a
preferred embodiment, the probe of the formula (1)
wo uogemprises a scaffold A which is derived fromear/epzovsiooesss
dipepfide cathepsin S inhibitor as shown as No. 62
above and as disclosed in3/02005/082876 bearing a
chromophore in the P1 position and in the Pt-
100. 5pr|med position. Approprlate chromophores are

fluorg principle, a broad variety of

chre used in the present invention,
as Iong a quirement that is a spectral
change after p i cleavage of a peptide bond is

101.

chro h

op;@/\ona linker units. Preferably, the fluorophore
aechosen fro group of xanthene- or cyanine
ed are cyanine dyes from the
group of carb yaalnes, thiacyanines, 15
oxacyanlnes a acyanines. Cyanine dyes suitable
to be used in theTontext of the present invention are

102.  disclosed in US 5, 268 and U.S. 5,627,027. They

include the dyes w ¢ trademark (Amersham, GE

Healthcare) Cy 3;Cy~3B, Cy 3.5, Cy 5, Cy 5.5,Cy 7

and Cy 7.5/ 20P; eferﬁbly the quencher unitis a
q-/ﬂL;J%?bsc%t chfomophore which include 2,4-

no
o fluojescatt chfomop
Y
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dinitrophenyl, 4-(4-dimethylaminophenyl)azobenzoic
acid (DABCYL), 7-methoxycoumarin-4yOacetyl and
wo e fluorescent cyanine-dyes as described irddVEdzeos000063
9964519. In a preferred embodiment, the quencher
does not show a significargsemission and 25more
preferably is a non-fluorescent chromophore. In this
embodiment, the imaging reagent comprises a
fluorophore and a non-fluerescent (dark) acceptor
chro ole hore. Mre p eterred is a probe, based on a
e ﬁ f dﬁeanng a 13H03-
e PIiposition and a CY 7 fluorophore
Med position (Abb.2). 30More preferred
106. is a probe of the fla (I) based on a morpholine

105.

dipepfide scaffold ing a QSY 21-Quencher in the
P1 positign ang-a€ ,5 fluorophore in the P1-
primed pdisition (Sckieme2): WO
2 4214 PCT/EP2008/000963 41 (Scheme 2)

r preferrenl enmodiment includes the same
scaffold bearing the dark quencher 5BHQ 3 in P1 and

107 a Cy 7 flyoroph P1-primed position
(Schem;(s)
108. %
P
A\
CF S
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N
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WO 2008/104271PCT/EP2008/000963 42
(Scheme 3) In a further preferred embodiment, a

wo wegemzamide dipeptidic scaffold A for cathepsimS /Brags 00963

140

11,

112.

113.

114,

disclosed in W09924460 is converted into an imaging
probe by placing the quenéher molecule QSY 21 in
P1 and the fluorophore CY 5.5 in the P1-primed
position (Sgheme 4): WO

2008/1042J{P/(8'/EP§3008Q)00963
SAUE

AN




43 (Scheme 4) In a further preferred embodiment,
the above-described benzamide dipeptide scaffold

wo 0dis4modified and the quencher QSY 21 is plasedeinsesooisss

115,

1186.

117,

118.

18,

position corresponding to P3 (Scheme 5). WO
2008/104271PCT/EP200800963 44 (Scheme 5)
Further preferred is a probe, based on a cathepsin S
specific benzamide&caffold 5 bearing a
non-fluoresc Q 3 quencher in the P1 position
ore in the P1" position (Scheme

R
O
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H
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WO 2008/104271PCT/EP2008/000963 45 (Scheme
6) In a further preferred embodiment, the

wo s0e@foeve-said benzamide scaffold is modified amd/Bthesisoses
non-fluorescent BI-IC) 3 quencher is placed in a
position corresponding to P8 (Scheme 7). WO
2008/104271PCT/EP2008/000963 46 (Scheme 7)

wherein

X is -CONH-R2-L2,

Y is ~{L-R1-L1},,

R1, R2, L, L1, L2 and n are as described above, and
R is H, Cq-Cg-Alkyl.

Compounds 64 -85. are subsirates for cathepsin 8 with L1 in the 31 pocket,
compounds 86.-119. for cathepsin S with L1 in the 83 pocket or beyond (outward).

The imaging probes of the present invention may be synthesized by using appropriaie
protecting group chemistry known in the art to build up the central scaffold A and to
attach either linker and tabel 1 or 2 1o this unit via a group L and a group —C(O)-NH-.
Appropriate buiiding 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 synithesis method is
particularly useful (B. J. Merrifield, Methods in Enzymology 1997,289, 3-13},
Depending on the synthetic requirements, attachment linker, quencher or flucrophore

may be done on the solid suppart or by solution phase chemistry.

In general, reactive side chain residues on the central scaffold A and optionally the
group L will be protecied 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. Particufar usefui is the
reaction between a dye active ester and a primary amine group of the scaffold A 1o
connect both units via an amide bond. Intermedigtes 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 fabelling and

imaging experiments.

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

limiting examples:
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Specific imaging probes for cathepsin K are build up
in a similar way than the 5cathepsin S probes
wo woglesetibed above. In a further preferred embosdimenksooosss
the probe of the formula (I) comprises as a group A
piperazine based scaffold ¥shich is derived from a
cathepsin K inhibitor as disclosed in W02005049028
and as shown as No. 1 above, bearing a
chromo hore in the P1 10pasition and in the
mobdin 1 e formals Al

Ina prefeﬁ;id “me tSIiPS ﬁrolthe ‘é?"r"é cBréaanses a scaffold A which is

derived ffﬂﬁ‘@ré@é@ﬁ'ﬁw?@ﬁ‘&%@ﬂﬁ%ﬂfﬁéé‘é‘?ﬁfhésé*é @%6@@#% gl as
dlsclosedam\/uﬂ@@g@ﬂﬁ@mﬁa'n@ﬁcan@mbore in the P1 position and in the P1-

primed pd&tkamgihyphedamineps plagedHbstiaRlvaesitinneofspectral
pmpemeéfé?e%9@5@4%%1@F@&%4&@£&9§ﬁ§&@#&@ E@ka@r\@m@.

e as shpwn in Schemq §n W

cromes S SABRBSR T8 e gy
chromophigres BIANRP AP LIMBEAIFEAL "‘t‘f’?&“&ﬂe%?cﬂ%‘% HoBe Kore
requiremgR At £ Sigpfifieal Sh RSP RIRG Bt FR RE PARSIRtiRS bond is
met. The atiadmrBoicresce ttetaptm ophorehinethis eibadirmentffold is

made opfibRinaging:reagent comprises a fluorophore and a
non-fluorescent (dark) acceptor chromophore. More

Preferablg %fef{t';g% I%re%';gbﬁos 3rml'tl‘|c%lé|2>fbasgdn% or cyanine dyes.
SpeCI IC sca arl 6

More pf“"’c&[j%%ﬁéﬁyﬁﬁi &1 ot B%H‘%i‘r‘fd’f CEVP IS PHRERS:
oxacyaninpgaPd aaRiYRNPESifsrnas Efiswdiabin SeReRtd 9: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 38, Cy 3.5, Cy 5, Cy
55, Cy7and Cy7.5.

Preferably, the quencher unit is a non-fluorescent chromophore which include 2.4-
dinitrophenyi, 4-{4-dimethylaminophenyllazobenzoic acid {DABCYL), 7-methoxy-
coumarin-dylacety! and non fluorescent cyanine-dyes as described in WO 9964519,

In a preferred embodimeant, the quencher does not show a significant emission and
more preferably is a non-fluorescent chromophere. 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 2 BHQ3-
Quencher in the P1 position and a CY 7 fiuorophore in the P1-primed position (Abb.2}.

More preferred is a probe of the formula {|} based an & morphoiine dipeptide scaffoid
bearing a8 QSY 21-Quencher in the P1 position and a CY 5.5 fluorophore in the P1-

primed position (Scheme 2}):



WO 2008/104271PCT/EP2008/000963 48 (Scheme
9) Based on the piperazine-scaffold, a further

wo 200pieferred embodiment comprises a 5cathepsindfirzoosoososs
probe of the formula (1) wherein the quencher
molecule is placed at the R3 position of the scaffold
whereas the corresponding fluorophore Cy 5.5

remains in P1- prime (Scheme 10): WO
2008/10427!@%%008/000963 49 SO, -

(Scheme 2)

A further preferred embodiment includes the same scaffold bearing the dark quencher
5 BHQ3 inP1and aCy7 flucrophore in the P1-primed position (Scheme 3):



(Scheme 10) In a further preferred embodiment, the
guencher unit of a cathepsin K probe comprise 5of

wo okh@non-fluorescent BHQ 3 quencher in the R epzeosinnoves
position and the corresponding fluorophore Cy 7in
P1-prime (Scheme 11): WO
2008/104271PCT/EP2008/000963 50 (Scheme 11)
A further preferred embodiment is a probe for
cathepsin K comprising a thiazole 5(disclosed in U.
Grabowska et al., Cum Opj tg.Disc. 2005, 8,
619-630) as scaffold

(Scheme 3)

in a further preferred embodiment, a benzamide dipeptidic scaffold A for cathepsin 5
as disclosed in W00024460 is converted into an imaging probe by placing the
quencher molecule QSY 21 in P1 and the fluorophore CY 5.5 in the P1i-primed position
(Scheme 4):



A. Thus, a further preferred compound of the formula
(I) for imaging of cathepsin K activity comprises a
wo 00gih@cher in the P1 position of the thiazole soaffaleoosososss
and the fluorophore Cy 5.5 in the P1-prime site
(Scheme 12): WO 43
20081104271PC17172008/000963 51 03- (Scheme
12) The same design principle applies for the
cathepsin K grobg, where a non-fluorescent
guencher moleetile BHQ 3 is used in the P1 position
and the fluorophagte CY 7 is 5attached via the
P1-prime positfo

{Scheme 4)

In a further preferred embodiment, the above-described benzamide dipeplide scaffoid
is modified and the quencher GSY 21 is placed in a position corresponding to P3
(Scheme 5).



(Scheme 13) In a further preferred embodiment, one
interaction partner of the FRET-pair comprises 5a
wo wopaapparticle. More preferred in the context ofth@r2ess/nasss
present inventions are CdSe nanoparticles (e.g.
Quantum-dots) and lanthafide-ion doped oxide
nanoparticles (e.g. YO.6Eu0.4VO4). If such
nanoparticles are used as a donor in a FRET pair,
Q—Xey can be excited at wavelength much shorter than
e acceptor absorption thus minimizing direct
acceptor excitation. In addition, the narrow donor
@ ission does not overlap with 10 acceptor emission.
@. ermore, such nanoparticles proved to beQmug:h
sa[e VA

g, WO 2008/104271PCT/E1320@:8/@0
’Spﬁotobl ac ing. Activated quantum dots
mm yavallable (Invitrogen, MolectHér pobes)

dth

(Scheme 5)

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 P17 position (Scheme 6).



specific for cysteine cathepsin S. Thus, in a further
preferred probe of the formula (l) the quantum dot

wo 2006Q605) might be positioned via an appropristedinksresses
either in P1 of the cathepsin S probe (Scheme 14)
S0,1-1 tO(Scheme 14), or4he P1-prime position
(Scheme 15) WO 2008/104271PCT/EP2008/000963
54 (Scheme 15).

{Scheme 6)

In a further preferred embodiment, the above-said benzamide scaffold is modified and
the non-fluorescent BHQ 3 quencher is placed in a position corresponding to P3
{Scheme 7).



The quantum dot is represented as a grey circle and
an appropriate acceptor molecule 5is represented by
wo wetiggyanine dye CY 7. In a further preferred pctmEp2008/000963
embodiment, the quantum dots in the probe of the
formula (I) are connected t@ gold-nanoparticles via a
proteolytic cleavable subunit (Scheme 16): WO
2008?&96271PCT/EP2008/000963 55 (Scheme 16)
otd nanopgitictes (AuNPs) have been shown as
‘ ers for organic fluorescent dyes as
N well as for qu Qturﬁ“dots. The application of quantum
pbinatiorywith AUNPs is e.g. disclosed in
4570.{In a further preferred embodiment,
51 the foriula (1) consists of a multi -FRET SO.-
N, System whereiq tw@, specific protease probes are ?
covalently linked together (Scheme 17):

(Scheme 7)

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 (}) comprises as a group A
piperazine based scaffold which is derived from a cathepsin K inhibitor as disclosed in
W0O20050408028 and as shown as No. 1 above, bearing a chromophore in the P1

position and in the P1-primed position.

In a preferred embodiment, fiuorescein and tetrarnetrhylrhodamine are chosen as an
interacting FRET pair and the tetramethyirhodamine is placed in the P1 position of the
scaffold whereas the fluorescein is linked via the P1-prime site as shown in Scheme 8;



In this configuration it is possible to excite at a single
wavelength and use the different emission ratios as

© woogivigue FRET signatures. (see K.E Sapsford etratpzo0s/600963
Angew. Chem. Int. 15Ed. 2006, 45, 4562 - 4588).
This probe combines two gpecificities in one molecule
that is a scaffold for cathepsin K and a scaffold for
cathepsin S. WO 20081104271PCT/EP20@8/000963
56 The arrangement of a cathepsin K probe
preferably used in the context of compound
formula (I) wherein two subgroups A (specifi
cathepsin K) derivatized with a dark

BHQ-3 and)covalgntly capnected H) th @ ‘
N Qﬂg nir-Sehege 8.

er prefer bd einbo‘dlment the probes of the
Kf\ muta’ () are designedo have a 1&ong circulation
~_-N-_gime, have high tumoral accumulation and contain
guenched fluorescent marKers which become
fluorescent in the near-inffare %pectrum after

(Scheme 8)

In a preferred embodiment, the quencher does not show a significant emission and
more preferably is a non-fluorescent chromophare. In this embodiment, the imaging
reagent comprises a fluorophore and a non-fluorescent (dark) acceptor chromophore.
More preferred is a probe of the formula (1) based on a cathepsin K specific scaffold
bearing a BHQ 3 quencher in the P1 position and a CY 7 flucrophore in the P1-prime
position as outlined in Scheme 9:



WO 20081104271PCIAP2008/000963 57 enzyme
activation. These probes are based on synthetic graft

wo 200g0pelymer [partially methoxy poly(ethylene gbgeal)zoesmonsss
modified poly-D or Ltysine] onto which multiple NIR
fluorochromes were attached to free poly -lysine
residues. The fluorescence of these macromolecules
are highly reduced, due to internal que&ghmg by the
hlgh density and 5close proximity of the

()€
connection of A to the poly-lysine backbone }
achieved via a linker in P1 position wherea the/

the dread'tk WHMN
0 dvid a hnker n P1-prime position: WQ
N ﬁ08104271PCT/EP24M000963 58 O

o SO,
N/
M.
~N
:l SN
Aol
>

J

N

{Scheme 9)

Based on the piperazine-scaffold, a further preferred embodiment comprises a
cathepsin K probe of the formula () 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):



NHMPEGN HM PEG (Scheme 20) In a further
preferred embodiment, the probes of the formula (1)

wo 00ad@:aesigned to be 5 used in an homogeneousT/EP65/600963
enzyme linked luminescence assay. The following
scheme shows the above4hentioned mechanism of
action generically. The luciferine is a substrate for
luciferase and a luminescent signal will be gengsated
by a second enzymatic reaction: 580CQOH ifi
cleavage NN COON Cs

{Scheme 10)

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 Pi-prime (Scheme 11):



Luciferase  The following scheme shows the
above-mentioned mechanism of action, were
wo dieiferine is masked with a PCT/EP2008/000963
pyridazinodiazepine-derivative and liberated through
the Sproteolytic activity of said cathepsin K: The
invention further relates to a method for the design of
a molecular probe for the observation of thg catalytic
activity of individual proteolytic enzymes or g
5proteolytic enzymes, such as e.g. a cystei
cathepsin or cysteine cathepsins, in in vitro &
cells or in multicellular organisms, characterized, ja
transforming an inhibitor for an individual protetic
enzyme or a group of proteolytic enzymes into a
selective activity-based probe for these individual
proteolytlcoe @ Or group of proteolytic enzymes,

preferably Cy he sin enzymes. To achieve
\e—lé )Tm Bhiic Gropips of certain

kn A steifle cathepsin |nh|b|tors wath a scissile
ptlde bond. Preferred compounds are syntheS|ze
[ a way that a detectable

/U\/\/l
ik

A further preferred embaodiment is a probe for cathepsin K comprising a thiazole
{disclosed in U. Grabowska et al., Curr. Opin. Drug Disc. 2005, 8, 618-630) as scaffold
A. Thus, a further preferred compound of the formula (1) for imaging of cathepsin K

/

30,-

(Scheme 11)

activity comprises a guencher in the P1 position of the thiazole scaffold and the
fluorophore Cy 5.5 in the P1-prime site (Scheme 12



signal is generated by the enzymatic (e.g. proteolytic)
activity of a specific target. Particularly, preferred

wo 200p¥0BAS comprise internally quenched fluorophor@s:esicenses
(e.g. appropriate FRET-pairs) linked to (i) the
specificity determinant A atthe N-terminal 15portion
of the scissile bond and (ii) at the C-terminal portion
of the scissile bond. The invention aIIows for the

inhibitors described in the prior art utilize
group. The imaging probes of the present i j
make use of s own scaffolds and mtroduc two
modification O@gp placement of the nitrile;
eavabfé amide grolp gnd-secondly by
ing of ir?teratébwg labellifg pairs or

7 property modulators on 5hoth sides of the amide
group. In vitro, the reaction,of the protease with th
substrate of the invention canygenerally be eitiier

performed in cell extracts or |t purified or enriched

forms of the proteas rin o<a Ilcatlon the
reporters are prefera itte
¥

(NIR) 10region beca gign 1S absent of
mterfenng blofluorescence K OWD-C anine NIR dyes

incorporated in the substrates of the\present
invention. The molecular architectupounds

of the formula (I) consist of a central Scaffold
(Scheme 12)

The same design principle applies for the cathepsin K probe, where a non-flucrescent

quencher molecule BHQ 3 is used in the P1 positicn and the flucrophore CY 7 is
attached via the P1-prime position (Scheme 13):
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15 A bearing an amide functional group and two
subunits L1 R1 and L2R2 respectively. L2R2 is, as
wo 2e08i@wn in formula (1), always connected to scadfolulzfsooosss
via an amide group since the amide group can be
cleaved by the cathepsin erizyme. Appropriate
functional groups for the attachment of subunits L1
R1 to scaffold A can be chosen by those gkilled in the
art, and examples are given below. The spegifi

compound of the formula (I) are limited only by‘the
requirement of the synthesis strategy and the final

reagent. Thus theisselgctioh will de
specmc ntdicho JEen fo blild the S|red
. /WW\I@

—/whigh~can be provided on sgaffold A to connect A
with the subunit R1L1 includeiflugs, chloro, bromo,  so,
cyano, nitro, amino, azido, alkylCarbonylamino,
carboxy, carbamoyl, alkoxycarbonyl, aryloxycarbonyl,
carbaldehyde, hydroxy, alkoxy, ar 0%y,
alkylcarbonyloxy, arylcarbonyloxy, a carbon-carbon
double bond, a carbon-carbon tripfe bond, and the
like. Most preferable examples inctugle amino, azido,
hydroxy, 30 cyano, carboxy, carba }Q)
carbaldehyde, or a carbon-carbon double or a
carbon- carbon triple bond. Thus, L | fe@a

xamples of fmlonal groups L'25

C

direct bond or a group selected fro N’
2008/104271PCT/EP2008/000963 62\
-(NRX)-,-C=N-,-C(=0)-NH-, -NH-C(=0)- )ry
-CRx=CR

J
(Scheme 13)

In a further preferred embodiment, one interaction partner of the FRET-pair comprises
a nanopariicle. More preferred in the context of the present inventions are CdSe
nanoparticies (e.g. Quantum-dots) and lanthanide-ion doped oxide nanoparticles (e.g.
Y0.6Eu0.4VO4). 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 acceplor excitation. In addition, the narrow donor emission does not overlap with

acceptor emission. Furthermore, such nanoparticles proved to be much more
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y-, -CE-C- and phenyl, wherein Rx and Ry are
independently H or (Ci-Cs)alkyl. In particular, the

wo aopr@berred synthesis of a compound of formuladheresssoensss
makes use of 5orthogonally protected functional
groups. Such a choice of pgrotective groups allows for
a separate deprotection so that each released
unctionality in turn can e fu

s

photostabg ano%ie %\s/ g\;_ dS tH %r rfts?r tganyz% erg Aclivated quantum

cots e CORFREERIN AL YR IE S LAHBHF A B Gl emisson
wavelengiyrete S grofes PoratRtYenvisiaEd functionalities
can be chosen by those skilled in the art, and are e.g.

Schemes SUHAAEZR6WQUEANmGEERREAIAEHEs G Mk %W\Mﬁtﬂét are
specific fonP g%g%l\égﬂgégHgs Jr'HUQrQ%'?u‘&r%YBFQ% %%Q%fWQ@&mma {1}

Compounds of t

the quanttmgo E%%VY o)sshone a aﬂ ag? rg?\eg{la{l(er esg\der in P1of

can S

the Caih@?ﬁ'@tﬁ@&??( ‘ﬁ“tﬁe art, e.g. as described in
internationa D8 tent applications WO06076796,
VV00607 W006063762 W005049028,
WOO4089 15 W005040142, W00055144,

4 and W00069855. The present invention

a method for the preparation of a

e formula (1) wherein nis 1

20(a) a compound of the fornzalg(1l)

I

compound of
characterized'

{Scheme 14),

or the Pt-prima position (Scheme 15)



25chloro, bromo, cyano, nitro, amino, azido,
alkylcarbonylamino, carboxy, carbamoyl,

wo 0dlk@xycarbonyl, aryloxycarbonyl, carbaldehydererosicaoss
hydroxy, alkoxy, aryloxy, alkylcarbonyloxy,
arylcarbonyloxy, a carbon-@arbon double bond, a
carbon-carbon triple bond, preferably amino, azido,
hydroxy, cyano, carboxy, carbamoyl, carbaldehyde,

compound of theg{formula L1-R1
defined above injits genericandi! refe

(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 formuia (i) are

connected to gold-nanoparticles via a proteolytic cleavable subunit (Scheme 16}
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13

Optionally, the synthesis of the compound of the
formula (I) makes use of orthogonally protected
wo 200fiRetional groups. Such a choice of protectivecgreepsgoeoss:
allows for a separate deprotection so that each
released functionality in tuss can be further
manipulated chemically either to attach a label to it or
(Scheme G%i the introduction of further extension of the 15linker
and/or R2. Appropriate protecting groups for the
envisioned functionalities can be chosen by those
Gold naneggriistes A sH2RASF YD ahiRTRRIVE BTN er organic
flucresce@gares antl 4 16 MaWatsidts . Trorepliradcs phaprs ipn dots in
combinatic ganiu Syaihesislisdeda Milep&SossroNew York
1991. 20 A further method for the preparation of the
in 2 uing QOEALDSIOMLIR () ORISR G (ERGLIOR Ol mui

poun ormu with a compoun cLJ
FRET Sy4g IR N HIRELEPE a%sféet%c‘a%a‘%ﬁ"“ FRgPostner
(Scheme @f ¥he formula (V) L'-A-CO-NH-R2-PG2(V) 30under
conditions known to the sklll%d person, (b)
subsequently réa | t éc mpound (V) with a

L

compound (V1) °

(]

{Scheme 17)

In this configuration it is possible to excite at a single wavelength and use the different
emission ratios as unigue FRET signatures. (see K.E Sapsford et al. Angew. Chem. Int.,
Ed, 20086, 45, 4562 — 4588). This probe combines two specificities in one molecule that
is a scaffold for cathepsin K and a scaffold for cathepsin S.
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WO 20081104271PCT/EP20118/000963 64 PG1
-R1-L" (VI) to a compound 5 PG

wo wogniRi L-A-CO-NH-R2-PG2(VI) under conditicras/Epzens/o00963
known to the skilled person for the respective groups,
10 wherein PG1 and PG2 sre independent of each
other protecting groups, preferably orthogonally
protecting groups, L" is the respective connecting

roup for L' to be s i i
The arrangﬁn%%i Bfoan%fltl'f@sén &?L?%S%rg%rta%% Bseer % hsekélclxgt%@ ngmpounds

of formula {I) wherein two subgroups A (specific for cathepsin K) are derivatized with a
dark quencher BHQ-3 and covalently connected to the same flucrescent dye (e.q. Cy

Na’ R. HJD Ma”
ot %o
8] 0 AN N O
] N

7} is shown in Scheme 18:

{Scheme 18).

In a further preferred embodiment, the probes of the formula (1) are designed fo have a
jong circulation time, have high fumoral accumulation and contain quenched

fluorescent markers which become fluorescent in the near-infrared spectrum after
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(01) the group PG2 of the compound (V1) is cleaved
and the resulting compound is reacted with a label
wo 2ki2uand subsequently the protecting group P&dyiSae0s000963
cleaved and the resulting compound is reacted with a
label L1 to a compound of $he formula (1), or 20(c2)
the group PG1 of the compound (V1) is cleaved and
poun IS I acte with a

n
I‘} h 1] rtiall
BRzZyme ac :\gtuo See%a é)nclf.ﬁ are ragteec i’\ns ¥ i 8 lxjo g éaﬁ Foiymér partially

methoxy e?éyé?}aﬂeaﬁa YRR r"B%‘Ei 'ﬁﬁ@%ﬁmﬁdu’ﬁ%ﬂ%} PEICHBIE WIS NIR
fluorochrgglge Me® @tacteship GemepPbir s daraidues (e fluorgssaape of these
macromo(yigreferigidycetabadatiens ofelrancdehirdnpdbyaactigh density and
close profyRigSonE: INackris)oareras 25follows: When L' is fluor,

chloro, bromo, iodo, L" is amino (R-NH2), hydroxy

), tripl nd (So ogashira Reactign ouble
As an ex%wopi ’% gEeﬁng (?}%vrsia ﬁr-?%sed ca epsm}(prng wt?*:ere the

COH“%*'0(5%fupz.ﬂwéaewrﬂﬁ%méi‘f@&“?gsafﬁﬁaewsaam%n P1 position
whereas {(R-NR2)dnyahioxy (RO )z tpibt(RLBEIFT-BOwisée L' is
amino, L" is an activated carboxylic acid
(NHS- ester ), an car}baldehwie fluoro, chloro,
bromo, | when E' azido, '°|s atri ond a

phospH Qiet ($taud|nger Ilga on),
« |u P T/EP2008/000963 &5
\»/N NHMPEG N\/

;%igiy

NHMF‘EG NHMPEG

(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 iinker in

P1-prime position;



when L' is carboxy, LH is amino, hydroxyl, hydrazide;
when L' is alkoxycarbonyl, L" is amino, hydroxyl,

wo wofydiazide; when L' is aryloxycarbonyl, L" is apaimraoesnosss
hydroxyl, hydrazide; = when L' is hydroxy, L" is
fluoro, chloro, bromo, iodo shydroxy
(Mitsunobu-reaction), 5carboxy; when L' is
carbaldehyde, L" is amino, hydrazine; when L' is

L carbon-carbon double bond, bromo, chloro, igdo
f‘E/\(Heck reaction), an alkyl borane (Suzuki-re@ti\ );

when-l' is a carbon-carbon triple bo »{¥~oromo,
@ iode (Sonogashira 10Reacti ido.
Preferab ine proteas strates

functionAlized with different | are synthesized on
the solido Hpport. Depending compatibility of
the label for golid phase synthésis a combination of
§J§Iﬁ*ﬂ§(pﬁd‘ﬁ{ai\m//ci solution-pfias€ syntFiesisis used.
15 The preparafibn of a conifiound of the'féfhitila (1)

Llisa o
6-((4,4-dif ,3di
bora3a,4a-di za-.E-in

noic acid,resfélue

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:



BODIPY-TMR-X, Invitrogen) and L2 is the quencher
QSY-7 is further described in 20Examples 5-8: The
wo wes8adfold of Example 5 having a C-terminal lysingurzoosico0963
residue with Boc- protected amino group of the side
chain is prepared on the seid-support using the
chloro-trityl resin. The obtained C- terminal carboxylic
acid is coupled to mono- Fmocprote
butane-14-diam gmo ified in
solution. After,y be B roup of the lysine
side chain by methods known in the art, e.g. by
reaction with 25TFA, a flu rophore (preferably
activated as its N- hydroxy}@ffﬁ?ﬁﬁﬁﬁfyf%ster) was
coupled to the peptide under standard conditions.
The coupled intermediate compeundavay optionally
be purified by e.g. p @ ative-¥PLC. After removal of
the C-terminal Fragoc-gfou® the guencher (preferably
activated as its N-hydroxysuccinimidyl ester) was
coupled to the peptide an{theifﬁﬁm product was
purified by preparative HPLC. 66 For the synthesis of
several cysteine cathepsin substrateg with a
pepfidomimetic struct %fc building blocks
may be utilized fqrg sgtiidgohase-synthesis. Building
block syntheses are further described in Examples
20-22, 0 OH CN S respectively.

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

5 proteclytic activity of said cathepsin K:
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15Building block (Il) is preferably used in the
synthesis of a compound of formula (I) wherein two

wao 0gliffierent label are attached at the C and N-termintisisieoosss
of the probe. Building block (lll) is preferably used for
the synthesis of cathepsind probes. WO
2008/104271PCT/EP20118/000963 67 Building block
(IV) is preferably used for the synthesis of cathepsin

oundg of Examples 18 OH
e presknt @- iofis

es fiir cdthepsin'K, cathepsin 5S or
cathepsin'B>The probe% of the present invention are

iryt—he context of molecular imaging in vitro, in
cell-culture experimentsgxmvive-egperiments or in a
living organism On vivg), including screening and
whole animal imaging. Mostly preferred are imaging
modalities 10suc, ticgirpatiRy and magnetic
resonance imagi : probes of the present
invention are thtended to be used for diagnostic
imaging of protease acti ityf. Most preferred are
applications which pro ig” ™

€ methods of monitoring the
effect of a drug or drug-like substance towards the
targeted proteases.-15A¢minjgtration of such a drug
or drug like subst shoutd have a measurable
effect H,N s s

The invention further relates to a methad 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 multiceliular organisms, characterized in fransforming an
inhibitor for an individual proteciytic enzyme or a group of proteciytic enzymes into a
selective activity-based probe for these individual proteciytic 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 detectabie
signal is generated by the enzymatic {e.g. proteolytic) activity of a specific target.
Particutarly, preferred probes comprise internally quenched fluorophores (e.g.
appropriate FRET-pairs) linked to (i) the specificity determinant A at the N-terminai
portion of the scissile bond and (ii) at the C-terminal portion of the scissile bond. The
invention allows for the fransfer elements of desirable and previously optimized

properties of known inhibitors into novel activity based probes.
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to the signal from the probe of the present invention.
A further most preferred aspect of the probes of the

wo 2000fR88Nt iInvention is their use as imaging reagents:imsvose3
surgical guidance and to monitor the effect of medical
treatment. 20Surgical guidance includes the detection
of tumour margin and detection of progression of

tumour metasta
Cathepsir_ inhibiors. descﬁ eg IIIS‘! t!f-ﬁlzahgenrﬁefﬁ'{e jazgl'alirtn nguedi'i’?g ;tntllaegmg probes
presentinvention is met

ma
of the pregeppERotBRIGHSHY: Szg(ﬂmaﬁﬁ?ﬁ i‘grrﬁa ?8"&%%8@ fwo
modificationgefintnite [arodserof i orfitiropyr () BXpsitigamide group
and secoS@bptigausiitEhe ptrpmingnetitinggiatian mdpety modulators on

both sideSSEHESMRLHMGNCched fluorophore to produce a
detectible signal, and (c) detecting said signal and

i, T 2l o ety
be either a%rﬁﬁrwr»ﬁé?ﬁféj %ﬁ%ﬁa%m@m@%@a %H@fﬁfiﬁﬁa%? grotease.
For in vivfl jpoiN@ @008/ L0421 PETHERR008/0BOT6 3he 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 {}) consist of a ceniral 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 ¢an be cleaved by the cathepsin enzyme. Appropriate functional
groups for the aftachment of subunits L1R1 to scafiold 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 vield the group L. within the compound of the formula (i) 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
reagenis chosen to build the desired substrates. Examples of functional groups L’
which can be provided on scaffold A fo connect A with the subunit R1L1 include fuoro,
chloro, bromo, cyano, nitro, amino, azido, alkylcarboenylamino, carboxy, carbamoyl,
alkoxycarbonyl, arvioxycarbonyl, carbaldehyde, hydroxy, alkoxy, aryloxy,
alkyicarbonyloxy, arylcarbonyloxy, a carbon-carbon doubie 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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68 (b) exposing said organism to electromagnetic
radiation which excites fluorophore to produce a

wo mogletestible signal; and (c) detecting said signad-eadsssmoness

creating an image thereby, 5A "living organism" may

be any live cell or whole okganism 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,

4 whereby a risk of false 10positives can be avoided
Abbreviations: DMF = dimeth Iformamlde DMS
aiti&thy1Sursxide 5 DM =S ﬁroro%gfﬁghe% Q0 CR-CR

y-, ~CEC- gr@@hp\w]éyﬁgrgigtiﬁ&@gtﬁyg{é@dependeﬁtly Hor(Cy s)alkyf

,\NT,V\
N

B
W
N

in particular, the preferred synthesis of 2 compound of formula (1) makes use of
orthogonally protected functional groups. Such a choice of protective groups allows for
a separate deprotection so that each released functionaiity in turn can be further
chemically manipuiated fowards the attachment of the corresponding subunits to
scaffold A. Appropriate protecting groups for the envisioned functionalities can be
chosen by those skilled in the ant, and are e.g. summarized in TW. Greene and P.G.M.
Wauts in "Protective Groups in Organic Synthesis”, John Wiley & Sons, New York 1891,

Compounds of the formula L'-A-CO-0OH (scaffolds) can be prepared by standard
methods known in the ari, e.g. as described in inlernational patent applications
WOOB076796, WO06076797, WODB063762, WO05048028, WO04089385,
WO05040142, WO0055144, WO(05074%04 and WOO069855.

The present invention also relates to a method for the preparation of a compound of

the formula (I} wherein n is 1 characterized in
(a) a compound of the formula (li)
L-A-CO-OH (mn

wherein A is as defined above in its generic and preferred meanings and L is fluoro,
chloro, bromo, cyano, nitro, amino, azido, alkylcarbonylamino, carboxy, carbamoyi,
alkoxycarbonyl, arvloxycarbonyl, carbaldehyde, hydroxy, alkoxy, arytoxy,
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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THF = tetrahydrofuran DIPEA = diisopropyl-ethyl
amine 20HOBt = 1-hydroxybenzotriazol HBTU =
wo 0fraenzotriazole-N,N,N',V-tetramethyl-uroniumehexafiwoosss

oro-phosphate NHS = N-hydroxysuccinimidyl ester

WO 2008/104271PCT1EP20081000963 69 General
Procedure for Solid Phase Peptide Synthesis: The
following probes were synthesized using standard

solid phase peptide synthes The chloro-trit

i reacted under condgitions 0o ?c}/ a Sk%eﬁ%’r d).vn of‘fﬁ reSSISI he formula

s'used as soli

LioR -4 R & B SRELedR D B B EdRen s v
campoungbifiPpEmwelfdsolved in DCM and the reaction
mixture was added to the resin (loading: 1.4 mmol/g).

The reaction mpduye \wassiired at ragm temperature
over night The resin was washed with DCM and

F. For Fmoc-deprotection the resin w s trea
©) e o AL BT TR SO e R Do of tr

formula (l5o|ution. For solid phase peptide synthesis a
standard protocol was
Optionally, the synthesis of the compound of the formuia (i) makes use of orthogonally

protected functional groups. Such a choice of protective groups allows for a separate
deprotection so that each released functionality in turn can be further manipulated
chemically either to attach a abel to it or for the introduction of further extension of the
linker R1 and/or R2. Appropriate protecting groups for the envisioned functionaiities
can be chosen by those skilled in the art, and are e.g. summarized in T.W. Greene and
P.G.M. Wuts in "Protective Groups in Organic Synthesis”, John Wiley & Scns, New
York 1991,

A further method for the preparation of the probe of the formuia (i) comprises
(a1) the reaction of a compound of the formula () with a compound of the formula (V)
HoN-L2-PG2 ()
to & compound of the formula (V)
L-A-CO-NH-R2-PG2 )
under conditions known to the skilled person,

{b} subsequently reacting the compound (V) with & compound (V)
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10 used: 4 equiv. of Fmoc-protected amino acid, 4
equiv. of HBTU, 4 equiv. of HOBt and 8 equiv. of
wa 200B4REA were solved in a mixture of DCM/DMPB{iédyosmoooss

The reaction mixture is stirred at room temperature
for 20 minutes and then added to the resin. The
reaction mixture was incubated for 2 hours. For
cleavage from the solid phase, the resin was treated
with 2% TFA in DCM, The solvent was coevaporated
with toluene under 15f8d{ided 6¥é’ssure and the final
product was purified by preparative HPLC (Gradient:

1o a compd@@+0.05% TFA,; 5 to 95% CH3CN). Example 1:
Cathepsin S probe WO

211081104244PCT(EL2B08/000963 7Qyfhe

compound was prepared on solid-support according
to the general procedure and purified by HPLC
under conglifisns (OB TRAS UG5 HICKY PRIV +H]
=1033.25, found: [M+H]' = 1033.40. Yield: 97%.
wherein Example 2: Cathepsin S probe WO

PGt and %@Qﬂrle%Zéf%&TéEE&QQ&{QQQ&@amg groups, preferably
orthogonalty protecting groups,
1" is the respective connecting group for L' to be selected by the person skilled in the

art, or bond,

{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 {f}, 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 2 compound of the formula (i),

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 aming (R-NH2), hydroxy {R-OH), triple-
bond {Scnogashira Reaction), a double bond {Heck reaction), an alkyl borane (Suzuki-
reactiony;

when L’ is cyano, L” is amino (R-NHy), 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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71 The compound was prepared on solid-support
according to the general procedure and purified by

wo 200816637(H20+0.05% TFA, 4-95% CH3CN). Caleylatedisooosss
[M+H] = 1042.26, found: [M+H]t = 1042.40. Yield:
82%. Example 3: Cathepsiy S probe WO
20M/104271PCT/EP2008/0110963 72 The

und was, red oI| -support according
hen L'
when L' ca gx enésréa Iroc §mx 35 urified by HPLC

wnen 1 AR 58y o BB CHACKT CAlculatoct

when L ifiorsipryeartand., 59 isfaiing: frasp- EYPSETes5. Yield:

when U i9iooly ExénipdesderGathepsm iSipropeoxy (Mitsunobu-reaction),
carboxy;

when L’ is carbaidehyde, L" is amino, hydrazine;

when L' is carbon-carbon doubie bond, bromg, chloro, iedo (Heck reaction), an alkyi
borane (Suzuki-reaction);

when U is a carbon-carbon {riple bond,, L. is bromo, chloro, iodo (Sonogashira

Reaction), azido.

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-methaxyphenyi}-4- bora-
3a da-diaza-s-indacene-2-propionyl)aminohexanoic acid,residue (tradename:
BODIPY-TMR-X, invitrogen) and L2 is the guencher QSY-7 is further described in
Examples 5-8; The scaffold of Example 5 having a C-terminal lysine residue with Boc-
nrotected amino group of the side chain is prepared on the solid-support using the
chioro-irityl 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-hydroxysuccinimidy! ester)
was coupied to the peptide and the fina! product was purified by preparative HPLC.
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The compound was prepared on solid-support
according to the general procedure and purified by

wo wokithE (1-120+0.05% TFA; 4-95% CH3CN). pct/Er200si000963
Calculated: [M/211= 829.95, found: [M/2]. = 829.95.
Yield: 62%. 10 N Exampleés WO
2008/104271PCDEP2008/000963 73 The compound

For the syn%ssp e %I;/%ga C segrl*;lg 3 Eort B&Pa‘gsqgitﬁoatge%tadomsmet:c
neraﬁ!oroced re an er used with

structure Bﬂ}lﬁ%% &Pu&qg&igﬁﬁmﬁ\y/ﬁw?hzeg{g t}\ef%ohﬂ (?hfﬁ’/? sHTthes:s.

Building bloglsyrgheses are further described in Examples 20-22,
O, 0OH

{
N/LS

NS\/\/N\) (1,

Examples 23-24,

O
\/%QAOH
N
—N /4
N S[

and Exampte 17,

O
FmocNH
\/\/U\E F

respectively.

iy

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

Building block (1} is preferably used for the synthesis of caithepsin K probes.
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15

20

25

30

5 Example 6 The compound of Example 5, 1.2 equiv.
HOBLt, 1.3 equiv. EIBTU and 2 equiv. DIPEA was

wo esaleed in DCM/DMF and stirred at room temperatus@iooosss
for 20 minutes. 2 equiv. of mono-Fmoc-protected
butane-1,4-diamine and 14 equiv. of DIPEA were
added to the 10 reaction mixture, which was then

Building b?t rrg(\:hover %II% Y L;Esgg fgotlﬁ/ee Q tnwgésrgmé{xggaﬁ@dpﬁa?es e.g. the

reS| e Was purlfled on silica gel (gradient:
CO""“DO“*"?:?@W?‘EB/W%PB Calculated: [M+F11.= 2 scgg 0,
found: [M+H]t = 806.5. Yield: 55%. Example 7 WO
The prob@008/d 42t REGeP200 8/6060EIPdeor seheovalofathepsin
s or cathdP@rB0nCc-group the compound of Example 6 was
solved in 50%TFA/CH2C12 and the reaction mixture
tgtlrred f(gr 10 n mutes at ropm femperat

presen inventon anr in the conte
ent'was coevapora e W|th toluene an

e, in LGS A ESRCES HOWET BB Bf o Soorem (n vvo)
including BoekpyT MRS ENHIBRaHaiM st DIP ERed @i maging modalities
such as catldethtgith @reactiostimbstuiacd mespe@dVoi) mixture

was stirred at room temperature for 12 h. The solvent

The probﬂ%? té%%%&ﬂ 1%@14&?;%@@ e%ﬁ)%g:tal&t)gv@s%@ﬁpgﬁgngync imaging of
posse S i i K TR G i o of monores

the effect of a drug or drug- El e substance towards the targeted pmteases

g\ ecuil %agmg in

The probes ?V

Administration of such a drug or drug like substance should have a measurable effect
to the signal from the probe of the present invention.

A further most preferred aspect of the probes of the present invention is their use as
imaging reagents in surgical guidance and to monitor the effect of medical treatment.
Surgical guidance inciudes 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 formuia (1),

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

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

Alternatively, the method of imaging a fiving organism comprises:

a) administering to said organism a probe of the formula (1),
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15

20

WO 2008/104271PCT/EP2008/000963 75 For
removal of the Fmoc-group the compound of

wo e0lz@mple 7 was solved in Et2NH/DMF (1/4) asetth@smocsss
reaction mixture was stirred at room temperature for
30 minutes. The solvent was removed under reduced
pressure and the residue redisolved in DMF. QSY

{b} expossrég sai;lf| oar’ndngme %U%Cp I)r‘r%lgl;?"ae iC yavg a?o%’%v e% Ee?cc%@% fiucrophore fo
ction mixture. The reaction mlxture was stirred at

produce & GRRFYRRPEIALARE for 12 h. The solvent was removed
(c) detectig GAHS A PPICRAEP NS PRAFHESF BY preparative
HPLC (Gradient: H20+0.05% TFA; 4-95% CH3CN).

A “living declisnatagy tWaa)Hive 886sAwhodntsdMiiAldsmB@h&ine cysteine

protease %%@%Blﬁi rg ﬂgﬁ&;&g@&%\@(@ a mammal, e.g. 8 mouse or
cat 2008/104271PCT/E 2008/000963 76

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

positives can be avoided.

Abbreviations:

DMF = dimethylformamide

DMSO = dimethylsulfoxide

DCM = dichloromethane

equiv. = equivalents

sat, = saturated

THF = tetrahydrofuran

DIPEA = diisopropyi-ethyl amine
HOBt = 1-hydroxybenzotriazol
HBTU = O-benzotriazole-N,N,N’,N'-tetramethyl-uronium-hexafluore-phosphate
NHS = N-hydroxysuccinimidyl ester
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15

OEdans The compound was prepared on
solid-support according to the general procedure and

wo 200plditfied by I-IPLC (Gradient: H20+0.05% TFA¢deb8meoss
CHS3CN). Calculated: [M+Hr = 1114.3, found: [M+H] =
1114.4. 5 Example 10: Cathepsin S probe OH The
compound was prepared on solid-support according

General FIroce?? t%%oreégllcﬂgg dFyepeufor t%é&éld phase peptide

esis and further mo |f|ed In the same way as
_ described 10for the transformation of Example 5 to

The follovEngaRTRSRS 8STPHYTSATERSUIRN AR FRIFTTELR By By Plide synthesis.
The chior2083/£64 2728 RET HERIGOSHOATBE loading of the resin 2 equiv. of

Fmoc-protected amino acid and 3 equiv. of DIPEA were solved in DCM and the
reaction mixture was added to the resin {loading: 1.4 mmol/g). The reaction mixiure
was stirred at room temperature over night. The resin was washed with DCM and DMF.
For Frnoc-deprotection the resin was treated two times for 15 minutes with 30%
piperidine/DMF solution. For solid phase peptide synthesis a standard protocol was
used: 4 equiv. of Fmoc-protected amino acid, 4 equiv. of HBTU, 4 equiv. of HOBt and
8 equiv. of DIPEA were solved in a mixture of DCM/DMF (1/1}. The reaction mixiure is
stirred at room temperature for 20 minutes and then added to the resin. The reaction
mixture was incubated for 2 hours. For cleavage from the solid phase, the resin was
reated with 2% TFA in DCM. The solvent was coevaporated with toluene under
reduced pressure and the final product was purified by preparative HPLC (Gradient:
H20+0.05% TFA; 5 to 95% CH3CN).

Example 1: Cathepsin S probe



77 HPLC (Gradient: 1-120+0.05% TEA,; 4-95%
CH3CN). Calculated: [M+H]t = 1198.3, found: [M+H]

wo 2008r0k3:98.3. Example 11: Cathepsin S probe  rdtier200s/000963
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 10 for the transforgmtion of Example 5 to
Example 8. The compound wasurified by HPLC
(Gradient: 1-120+0.05%"TEK; 4,95% CH3CN).
Calculated: [M+Na] = 1649-1.found: [M+Nar =
1619.9. Exgmplg 11a: C
2008/10427 TWCDEP20418/000963

SISV
o) O ‘I

: o
oé N
N
Nt
/N\

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

Example 2: Cathepsin S probe



78 HNO The compound was prepared on
solid-support according to the general procedure for

wo 200tne50lid phase peptide synthesis and furthemrcrerzoosnoesss
modified in the same way as described 5for the
transformation of Example7 to Example 8. The
compound was purified by HPLC (Gradient:
[-120+0.05% TEA; 4-95% CI33CN). Example 12:
Cathepsin K probe WO pel
2008/104271PCT1EP20087900963 79

o] N

AN

The compound was prepared on solid-support according to the general procedure and
purified by HPLC (H,0+0.05% TFA; 4-95% CHCN). Calculated: {M+H]" = 1042.26,
found: M+H]" = 104240, Yield: 82%.

Example 3: Cathepsin 8 probe
-o\SfP i

OI/ = ] N N)l\©

N .

CJ I

2
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0=S=0 ol The compound was prepared on
solid-support according to the general procedure and

wo 200pltified by HPLC (H20+0.05% TFA; 4-95% GH3@E Mg/ 000s63
Calculated: [M+Hr = 1117.37, 5found: [M+H]t =
1117.50. Yield: 45%. Exarfiple 13: Cathepsin K probe
The compound was prepared on solid-support

The comp%ﬁgr? M{%%Ba‘é‘é@ &%%ﬁé%'uB Qi@%gdérr@n?égNgE@gﬁgj?)%gﬁedum and
e
found: | MW/’” 4hfioldeta® Bathepsin K probe WO

2008/104271PCTIEP2008/000963 80
Example 4: Cathepsin S probe

G

30
L O
M
0 ] \
Sessannt
H H 4

[C’WNY\GW

O\/\O/\/\NP x
N\‘//\l\

The compound was prepared on solid-support according to the generai procedure and
purified by HPLC (H,0+0.05% TFA; 4-95% CH3CN}). Calculated: [M/2]" = 829.95,
found: [M/2]" = 829.95. Yield: 62%.

Example 5
O i 18]
N N:/u\o
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-N\ The compound was prepared on solid-support
according to the general procedure and purified by

wo 200dREE (H20+0.05% TFA; 4-95% CH3CN). Calautatestsoesss
[M+H] = 12734, found: [IVI+Hr = 1273.4. 5 Example
15: Cathepsin K probe  7The compound was
prepared on solid-support according to the general

The csmp%un feudrltj rzr?f %arag:;l' tQ%oTﬁ'%%é%?ﬁ@@cQz%%i@ 1RY Bgﬁgﬁiﬁpmeedum and
(] I
e e

513.3. compound was purified by WO
2008/104271PCT/EP2008/000963 81

Example €

O { : O
(\ngj x\z)LN/\/\/NHFmoc

o/ o

NYO
*K
The compound of Example 5, 1.2 equiv. HOBt, 1.3 equiv. HBTWU 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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HPLC (H20+0.05% TFA; 4-95% CH3CN). Calculated:
[M+H). = 1301.5, found' [M+H] = 1301.3. Example 16:

wo wedaathepsin K probe 5 The compound was prepatsaoesss
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 HPLCYH20+0.05% TFA,
4-95% CH3CN). Calculated: [M 63.9, found: [M]
=101663.7. Example 17: Cathe K probe WO
2008/104271PCI7EP2008/

Eor removat of the Boc-group the compound of Example 6 was solved in
50%TFA/CH,Cly and the reaction mixture was sfirred 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+Nal* = 1221.3, found: [M+Na]"= 1221.6.

Example 8



82 The compound was prepared on solid-support
according to the general procedure for the solid

wo wphase peptide synthesis and further modifiedetrrlrgossoovss
same way as described 5for the transformation of
Example 5 to Example 8. The compound was purified
by HPLC (H20-F0.05% TFA; 4-95% CH3CN).
Example 18: Cathepsin K probe WO
2008/104271PCDEP2008/006963 83

For removal of the Fmoc-group the compound of Example 7 was solved in ELb,NH/DMF
{1/4) and the reaction mixiure was stirred at room temperature for 30 minutes. The
solvent was removed under reduced pressure and the residue redisolved in DMF. QSY
70Su and § 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 preparafive HPLC (Gradient: H0+0.05% TFA; 4-85% CH3CN).
Caleulated: IM/2]" = 808 .4, found: [M/2]" = 808.5.

Example 9: Cathepsin S probe




The compound was prepared on solid-support
according to the general procedure for the solid

WO 2()(i9h@$§ peptide Synthesis and further modifie@df/tbRaz/0800s3

b
(.

d
4

same way as described for the transformation of
Example 5 to Example 8. The compound was purified
by 5 HPLC (H20+0.05% TFA; 4-95% CH3CN).
Example 19 0 WO

2008/10427 1PCDEP20081000963 84 4-Fmoc-amino
buturic-agid, 1.1 equivi of HOBt, 1.1 equiv. of HBTU
and 2.equiv. of DIPEA were solved in DMF/DCM

1/i’§d stirged for20 minutes at room temperature.
-Amin
re gd

8N2-fl oro hengpic acid and 2 equiv. of DIPEA
w ded to the r¢action mixture and stirred at
room f&mperature dver night. The solvent was
removed under 5reduced pressure and the remaining
residue is Ehrofiftdgraphed (gradient: DCM/1- 3%

The compylesdMpsCralouksted spia-rre B35l IRg i the [§Aanetd peocedure and
purified bABBLL YieddieBOM0+0.05% TFA; 4-95% CHLCN). Calculated: (M+H]" =
1414.3, found: [M+H]" = 1114.4.

Exampie

i0: Cathepsin S probe

The compound was prepared on solid-support according to the general procedure for

the solid phase peptide synthesis and further medified in the same way as described

10 for the transformation of Example 5 to Example 8. The compound was purified by
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10 The compound was prepared on solid-support
according to the general procedure and purified by
wo 200kiPk e (H20+0.05% TFA; 4-95% CH3CN). Calctdat@eoosss
[M+H]t = 1615.8, found: IM+FIf = 1615.5. Yield: 42%.
Example 21: Cathepsin B probe The compound was
prepared on solid-support according to the general
HPLC {G%E?%?%E%@BQ@P‘#L‘%QQ% 'E:‘ﬁ ! %(E%QLT Qé?ﬁ?(ﬂ HrA 1198.3,
3CN). Calculated: = 718.3, found:
found: ’Mfﬁ}z‘]’t f’8 8. Yleld 10% 5 Example
ZZBoc 4- (3 chloropropvl) piperazine To a solution of
pfitersiBEyPAepiperazine-carboxylate and 12.669
1- Bromo 3- chloropropane in 15 ml DMF (dry) was
added 4.08 g K2CO3 and the reaction heated to 10
£ 50_C far one minute and stirred at room temperature

o/\] 0 0
Dbl dnhy Q 5
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 o Example 8. The compound was purified by
HPLC (Gradient: H,0+0.05% TFA, 4-95% CH:CN). Calculated: IM+Nal" = 1619.1,
found: [M+Na]’ = 1619.9.

Example 11a: Cathepsin S probe




WO 20081104271PCT/EP2008/000963 86 Example
23Boc-4-(3-azidoproPYl)-Piperazine
wo wedRitsButy1-4-(3-Chloropropyl)-1-piperazine pcr/p2008/600963
carboxylate and sodium-azide were dissolved
(suspended) in 8 ml DMSQ&ry and heated to 90C for
15 h. The reaction 5 mixture was allowed to cool to
roomtemperature and pored into 50 ml of water. The
\was extracted with DCM and the combined

1- Boc 4-(3-azidopropyl)-piperazine was dlssolved in
30 ml MeOH/DCM (3/1) and 10 ml TEA were added.
The reaction mixture was stirred at room temperature
for 20 min and’the product precipitated by the
addition ofk50:enl tert-Butyl-methyl ether. Yield
152.3g. Example 25: Methyl-piperazinyl thiourea
Thlocarb yldnmldazole and 1 equiv. of

O mgthyl- pl@erazme gre solved in THE. The

\[( eagition mixtur ixture wis stirred arfogm tempera ure W

Ofor‘ﬁ@na at 55 C for 1 h. Half o @i U h

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% CHiCN}.

Example 12: Cathepsin K probe
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the solvent was removed and the same amount of 2.0
M NH3/MeOH solution was added to the reaction
wo 00nbtre, which was then stirred at room temperatesi@sooises
over night and finally at 55 C for 2 h. The product was
filtrated and washed with ether Yield: 57%.
25Example 26: Methyl-piperazinyl-thiazyl-benzoic
acid 4-Methyl-piperazinyl thiourga and
4-(2-Bromoacetyl) benzoic acidiwere solved in THE.
The reaction mixture was heated gflux for 3 h. The
product was filtrated and washed with ether. WO
CPEP2008/600963 87 EX 27:
5SAY inNitre assays 1p | ase
AHNP-Puffér (150nfM Acetat/HEPES, |
( NacCl; 0.00l\lPluronic pH 6.5 and 50 pl
cysteine (300mM) wés-activated for 5 5 minutes at
37C. The substrates were solved in DM50 and added
to enzyme solution with afinal concentration of 50
pM. Fluorescence was measured with an Tecan
SAFIRE Il spectromete fion wavelength: 336
nm; emission wavelength nm; excitation band:
10.0 nm; IDemission band:&@€enm; amplification
(manual): 90). Table 1: Resuls of in vitro assay for
the compound of Example 2

The compound was prepared on solid-support according to the general procedure and
purified by HPLC (H,0+0.05% TFA; 4-85% CH;CN). Calculated: M+H]" = 1117.37,
found: [M+H]" = 1117.50. Yield: 45%.

Example 13; Cathepsin K probe

NHDabcyl
8} O
Qm\)\ (;H
N ol
/SN N © 0
RS l
5 o] Edans

The compound was prepared on solid-support according to the general procedure and
purified by HPLC (M20+0.05% TFA; 4-95% CHsCN). Calculated: [M+H]" = 1186.4,
found: [M+H]" = 1186.3. Yield: 20%.

Example 14: Cathepsin K probe




Cath S Cath K Cath X Papain Cath B Cath L Mw
enzyme (Da) 24000 27000 27000 23400 27500

WO 2008/104271 PCT/EP2008/660963

80

The compound was prepared on solid-support according to the general procedure and
purified by HPLC (H,0+0.05% TFA, 4-85% CH3CN). Calculated: [M+H]" = 1273 4,
found: [M+H]" = 1273.4,

Example 15; Cathepsin K probe

o} o}

™y ;

et
e \
g

The compound was prepared on solid-support according to the general procedure for
10 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



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

WO 200&13@7’ 104 PCT/EPZ008/000963

81

HPLC (Ha0+0.05% TFA; 4-95% CH3CN). Calculated: [M+H]" = 1301.5, found: [M+H]"
= 1301.3.

Example 18: 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]" = 1663.8, found: [M]* =

10 1663.7.

Exampie 17: Cathepsin K probe




5.2E-04 1.2E-04 8.3E-03 Vma, (nmoles/s) 2.4 0.3
72.31.6 0.1 4.5 Kea, (s"1) 0.11

WO 2008/104271 PCT/EPIO08/600963

82

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; 4-85% CHiCN).

Example 18: Cathepsin K probe




0.00 2.6 0.1 0.0 1.26 K",/Km (M-Is-1) 3260 27 30 273

250 152
WO 2008/104271 POT/ET2O08/000963
83
HNg NH,
M4
O\/\\/N N\/LL O
/r W‘(\ /\’_( N/\,r N\)LOH
0 N :
(I ’
O
O
LH 0 NH
N
N
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 {H,0+0.05% TFA; 4-85% CH3CN).

Example 19
Q0

FmochH
m \/\/U\N F

H
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(measurement performed at pH 7.5) 15Table 2:
Results of in vitro assay for the compound of
wao oefzéample 10 MEIMliall Cath K Cath X Papaine&athssonesss
Mw enzyme (Da)24000 27000 40000
84

4-Fmoc-amino buturic acid, 1.1 equiv. of HOBL, 1.1 equiv. of HEBTU and 2 equiv. of
DIPEA were solved in DMF/DCM (1/1) and stirred for 20 minutes at room temperature,
4-Amino-2-fluoro benzoic acid and 2 equiv. of DIPEA were added {0 the reaction
mixture and stirved at room temperature over night. The solvent was removed under
reduced pressure and the remaining residue is chromatographed {gradient: DCM/1-

3 % MeOH). Calculated: [M+H]" = 463.5, found: [M+H]" = 463.1.Yield: 60%.

Example 20: Cathepsin B probe

o Edans
) 0 0
1 J@\)LN R R
FmocNH N\/\)LN = 0 SNy O 7
o \©
N‘Dabcyl

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

Example 21: Cathepsin B probe




15

23400 27500 29000 Eo (moles/L)3.0E-08 3.8E-08
2.8E-08 2.4E-08 1.0E-08 3.2E-09 allill. 3.5E-05
wo wodiddz01 6.3E-06 FCT/EP2008/060963

85

/N‘\

The compound was prepared on solid-support according to the general procedure and
purified by HPLC (H20+0.06% TFA; 4-95% CH;CN). Calculated: IM/2]" = 718.3, found:
[M/2] = 718.8. Yield: 10%

Fxample 22: 1-Boc-4-(3-chloropropyli-piperazine

To a solution of 4.94 g tert-Butyl-1-piperazine-carboxylate and 12.66 ¢ 1-Bromo-3-
chloropropane in 15 ml DMF (dry) was added 4.08 g K2CO3 and the reaction heated to
50 °C for one minute and stirred at room temperature for additiona! 3 h. The reaction
mixture is pored into 200 mi of water and extracted with DCM. The combined organic
phases were washed with water and dried over MgSC, and evaporated in vacuo. The
product was purified by flash column chromatography (n-heptane/ethylacetate 1.1, RF
= {3.3) Yield 3.8 g.



i0

20

25

30

8.8E-04 7.1E-03 V",a" (nmoles/s) =Ma 7997 0.04 9.7
Ea-0.192 0.002 0.25

WO 2008/104271 PCT/EPZO08/060963

86

Exampie 23 1-Boc-4-(3-azidopropyl)-piperazine

Tert-Butyl-4-(3-Chlcropropyl)-1-piperazine carboxylate and sodium-azide were
dissolved (suspended) in 8 mi DMSO dry and heated to 90°C for 15 h. The reacfion
mixture was allowed to cool to room temperature and pared into 50 mi of water. The
product was extracted with DCM and the combined organic phases dried over MgSQ..
The product was purified by flash column chromatography (n-heptane/ethylacetate 1:1,
RF = .34). Yield: 3.5 g.

Example 24; (3-azidopropyl}-piperazine

3.5 g 1-Boc-4-{3-azidopropyl)-piperazine was dissolved in 30 ml MeOH/DCM (3/1) and
10 mi TFA were added. The reaction mixture was stirred at room temperature for 20
min and the product precipitated by the addition of 150 mi tert-Butyl-methy! ether. Yield
23g

Example 25: Methyl-piperaziny! 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 NHa/MeOH solution was
added to the reaction mixture, which was then sfirred 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-piperazinyi-thiazyl-benzoic acid

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

washed with ether,



10

15

3.01 (measurement performed at pH 5.5) 88 Claims:
Molecular probe for cathepsin protease S of the

wo 2ook@anula (1) 5{L1-R1-140-A--CO-NH-R2-L2 wWheheia:Rsmoosss
is wherein Xis -CONH-R2-L2,

Example 27: Activity-assays

g7

For the i vifro assays 1ug protease in 20 pi AHNP-Puffer (150mvl AcetatVHEPES,

300mM NaCl; 0.001% Pluronic pH 6.5 and 50 pl cysteine (300mM) was activated for 5
minutes at 37°C. The substrates were solved in DMSO and added to enzyme solution

with a final concentration of 50 pi,

Fluorescence was measured with an Tecan SAFIRE il spectrometer (excitation

wavelength: 336 nm; emission wavelength: 480 nm; excitation band: 10.0 nm;

emission band: 10.0 nm; amplification {manuai): 80}

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

Cath & |CathK Cath X |Papain |CathB |Cathl
Mw enzyme (Da) [ 24000 | 27000 | 27000 | 23400 | 27500 |28000
Eq (molesil) 2.3E-08 | 6.3E-08 | 2.8E-08 | 1.1E-08 | 5.2E-09 | 3.6E-09
K (M} 3.2E-05 | 1.6F-04 | 8.7E-04 | 5.2E-04 | 1.2E-04 | B.3E-03
Vmax (nmoles/s} | 2.4 0.3 72.3 1.6 0.1 4.5
Keat (57 0.11 0.00 2.6 0.1 0.0 1.26
Keat Ky (M 's7) 32860 27 36 273 250 152

{measurement performed at pH 7.5}
Table 2: Resulis of in vitro assay for the compound of Example 10

Cath S |Cath K |CathX |Papain [CathB |CathL
Mw enzyme (Da) | 24000 | 27000 | 40000 | 23400 | 27500 |28000
Eg (moles/L) 3.0E-08 | 3.8E-08 | 2.8E-08 | 2.4E-08 | 1.0E-08 | 3.2E-09
K (M) - 3.5E-05 | 4.7E-01 | 6.3E-06 | 8.8E-04 | 7.1E-03
Vmax (nMolesfs) | - 7.3 7897 0.04 2.6 8.7
Keat (87 - 0.192 | 2874 10002 |0.25 3.01

{measurement performed at pH 5.5)
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Y'is -L-R1-1...1, and 10 RI and R2 are,
independently of each other, a linker; L is.a bond or a
group allowing for a facile conjugation of the group Li,
L1 and 1.2 are, independent of each other, at least
one label optionally bound¥o a solid  support; and
15nis 1. 2.Probe according to claim 1, wherein L IS a
cmimegdirect bond or a group selected from , -(NR8)-, -0-,
-C=N-, -C(=0)-, -C(=0)-NH-, -NH-C(=0)-, -C(0)H,
-CRieCRYy-, -C-2C- and phenw, in.Rx and Ry
- g?eg‘?ﬁiﬁrepf'ébﬁféﬁﬁg 0 rgbefér%g@gﬁ%ﬁkgﬁm @robe
“according to any of claims 1 or 2, wherein R1 or R2 is

a straight ofBrEhdfred-daii=iéene grodp with 1 to

‘whereid@@carbon atoms, wherein optionally

wherein
¥ is-CONH-R2-12,
Y is -L-R1-L1, and

Rt and B2 are, independently of sach other, a linker,

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

£ 1 and L2 are, independent of sach other, at lsast one tabel optionally bound o & solid
SUppoTE; and '

nis 1.

Z..  Probe acsording o claim 1, wherein 1. is a direct bond or a group selected from

R
l\\(

 NRx), O, -G, -G(=0)-, G{=0)-NH-, ~NH-C{=0}-, -G{=0)H,
_CRx=CRy-, -GEC- and phenyl, wherain Rx and Ry are independently M or
{C-Celalicyl.

3 Probe according to any of claims 1 or 2, whereinR1 or R2 is.a siraight or
branched chain alkylene group with 1 1o 300 carbon atoms, wherein optionally
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89 (a) one or more carbon atoms are replaced by
oxygen, in particular wherein every third carbon atom
is replaced by oxygen, e a poylethyleneoxy group
with Ito 100 ethyleneoxy units; and/or (b) one or
more carbon atoms are reptaced by nitrogen carrying
a hydrogen atom, and 5 the adjacent carbon atoms
(a) ordl@ BLiD SHilkitestdny axesplepiesenting BpAuidtyhersin every thind

-carbof HAGH QNepdiEl 005,3B80/08. A6 RRSIHRPERGAHRON 100

S o o sclspent carbon aloms 48

()] e;mg 0" é& 8? aﬁ a‘?(fe %Onﬁga%e%r 71 ca lﬁ]qag]heyé{ageﬁ sitom, and
the a%%b??‘“ﬁ?ﬁﬁ%@“ﬁ?éer‘%ﬁm ’B’f’ﬁ} d?f[ﬁfﬁﬁ‘@“ﬁ ARAGE® E’@C’m“ -
NH-GO-ps¥s8 according to any one of claims 1 to 3,

(s} crpieraircisive lalothamd fdifeerebinaarsentiesitly-6F-66ieh

(0) thethes iatspecirosgepic Erebasuch assasitussophaseidcaand/or

(o) el HERSRREOEPRMOMABNRER bR BRgRRARIODE; &

contrast reagent; a molecule which is one part of a

CIfICb din a|rwh hIS e of fIC
R Ra ] Rl e

‘”de?zﬁﬁﬁ'?fﬁéfﬁ?&‘h”%’l@%‘?FEB%H"*WP@?H&E%B%WW quencher .

or & cHemRRas S SRgests m@@tm@ﬁw}%ﬂ@?‘“ is one part
of a shgvboan tinges efiofi cieritsnitrecirginthidrodlecatwer a ’

molecalitociesinakiecenzy maticsgipemicalanghysiealay te a glass
siide, RERARBHLE SR LAY QA RARIOBSIRGBEAPIALIOR
bmme%fcﬁgmfdg%ﬁa%%ﬁ')m% Iﬁ&ﬁ%@%w@i Em‘aQ%éL‘V&'X molacule

. psssessmgg na a Q an o gh é’relngf ed abo 5 Eéa gcﬁ?ﬁwely chargad

8g to claim i Li-an
Emearlﬁ&@"ﬁ&}}? ERY51 ea other bound to a positively

charged linear or branched polymer. 6. Probe _
5. duosrelirgcio dainmS, winstelsbe hé debie] 4rd raimppicRiitly of exch
other Bolimoal positively charged ii’ne‘lar or branthed polymer.

8. Probe according to dlaim &, whersin one labet L1 and L2 Is a finear
poly(argining) of D- and/or L-arginine with 8 - 15 arginine residues,

7.  Probe according o any one of claims 4 1o 5, wherein L1 is one member and 12
is the ofther member of two interacting speciroscopic probes L1/ L2

8. Probe according fo oaim 7, whersin L1 /L2 is a FRET pair.



25poly(arginine) of D- and/or L-arginine with 6 - 15
arginine residues. 7. Probe according to any one of
claims 4 to 5, wherein L1 Is one member and 12 is

- the other member of two interacting spectroscopic
probes L1/ L2. 30 8.Probebaccording to claim 7,
wherein L1/ 12 is a FRET pair. 90 9. Probe

o, PLREe %QB&Q&&F@ laim, 8, wherelne0ne Bl kA @hor selectad from
o R LRSS B SR o iz om0 e
o A 0 B o
485, ARVQ A SEPTIRIENE SRT A G A BABOR IR B lera 647,
ATTO AEBANTTREF B30 St tfah Ethffhotfalnifétheyiigr label L1 /L2 s a
ruenciNedaEd DM D475y lekey63, AleRE B4 BB ATFC GO0T 540Q.
BHO IO R0, B3¥-632, Cy 5, DY-647 Cy 5.5, and the
- . other label L1 /L2 is a quencher selected from .
syl I ' , QSY 9,
10 E%X%%%ggﬁ%%#ﬁﬁﬁ%%%%% 10. Probe
according to claim , selected fromgroup of 10 91

O -
L0
Py

g4
x[-

0 \Q C’(r |
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Use .of a probe of the formula (I) according to claims |
to 10 for molecular imaging in vitro, in cell-culture
experiments or ex-vivo experiments. 12.Use al a
probe of t.be formulaccordine to claimsto 10 for
imaging a living organism, gomprising: (a) exposing
said organism which has been administered a probe
of the formula (1) to electromagnetic radiation which

§ fgor imaging a living

according to claim
; (&Y expdsing said organism

organism. comptj




electromagnetic. radiation which. excites fluorophore
to produce a detectible signal; and (b) detecting said
_signal and creating an image thereby.

43




&4

1. Use of a probe of the formula (1) according 1o claims 1 to 10 for molecular imaging in
vitro, in cell-culture experiments or ex-vivo experiments.

. Use of a probe of the formula D according to claims | o 10 for tmaging o living
organism. comprising:

(a) exposing said organism wiich was beern administered a probe of the formula (1) to
aslecromagnetic radiation which excites nan-guenched fluorophore t produce a detectible signal,
and

{1} derecring said signal and cregting an mage thereby.

13 Use of a probe of the formula {1} according to claims 1 to 10 for imaging a living
organism, comprising:

fa) exposing said organism which has been administered a probe of the formula {1} 10
elecromagnetic radigtion which excites fluorophore to produce a dewectible signal: and

{1} detecting said signal and creating an image thereby.



