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Background Art Field of the Inventi ntionis in the f| eI d of
intracel lular detection of enzynes usi ngmao@ fl uorogenic or fluorescent
probes. The invention relates to fl uorescent dyes and application of
t hese dyes fowWO998886epar ati on of Jmmmmm geni c or fl uoresPEMUSPHIIRIe
or amino acid derivatives which a of proteases and pepti dases.
In particular, the invention rel ates tamomsvel fluorogenic or fluorescent

pepti de derlvatlves whi ch are es, Qf S .l.av i
apopt osi sNONRlh FLUORES(EN @EL%M@MQEég?A% ?ﬁ?ﬁe%ﬁﬁga@)m
Granzyne INCEH®ING/ASSAXS 5@5&&%&"& to a process for measuring the
activity of caspases and other enzynes involved in apoptosis in living or
dead whole cells, cell lines or tissue samples derived fromany healthy.

di seasedl. infected or cancerOIBeWMOGrOf?Gélé@mW%A’ﬁvent| on also rel ates
to.the use of the tluorogenic or fluorescent 20 substrates in a novel assay
system for discovering or detecting inhibitors or inducers of apoptosis in
conpound col | ecgfahsr Rk ,gggpgwnd |ibraries. Furthernore, the invention
retates to the use oOf {Ie uorogeni c or fluorescent substrates in

determ ning the sensitivity of cancer cells to treatnment with -

chenot herapeutic drugs. The invention also relates to novel fluorogenic or
25 fluorescent peptifigs dRlehN@ isVRSthihierd of irfrat iRk aét@am(afofeemﬁfe& idiges
such as am nopeptidase A and N, nethi onine am nopepti dase and

di pept i@yl - peptﬂutaegrnic\br fhm:lmpampdeimss Tﬁaamweasonadlmaswnqnebﬂmmnsdvﬁs as
H V proteases. ~ pr.ot egs HSV prote HCV. pr ot ease apd adenovirus

pr ot ease. 0 4a’I§IPR> a9 &%8156 f?’ E JTERATALGN PETRENSE, Yuoregenis goénl sSns
elimnate unwa V, Y, I
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nor mal aspect oindapeptidasedev it qrartstarasheririventsn irslates Souao NBAGTOAIIS <ﬁnd
aging (G ucksmann, A, Biol. Rev. Canbridge Philos. Soc. 26:59-86 ( 195 |
© Q ucksnann, uoresserthpenside RerimpBYesgMBichats subsgates Kdeenzynmes| inyolved dp
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performed their function. Additionally, apoptosis occurs in response to

vari ous physi ol @i @h¢r mymss@yolvsduerhaa@tmﬁ)whun@ror idsatheihiole qeisTeeblulinesshed
application W096/ 20721 Ther e ' ol.ogi cal chan
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and cytoplasm, organelle relocalization and conpacti on, chromatin

condeng@ti on ansjlbpmichum aomovef assaypsystenc foo disesvermgnbr dﬁectmgc lindgkatbrs or

articles containin racel lular materi O reni us, er.nal
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mechani sm of ceirumIe%m%O h%uin%lﬂﬁ)n( I%gég & gﬁ udd of {He dﬁ@ﬁIarI)g{Pﬁ@toP ﬂd&rc}%'cg 10gy

and Pat hol ogy, Bowen and Lock apman an
9-34). A cell amblsuratesnldaermmlag Nhle | genemwugledf saner deellsr &gnmatmmtawuthsul t
of either internal or external a_nal s. The suicide progr g\hs execut ed
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mechani sm inflammatjon_is not induced despite the clearance of great
nunbers of cel | EV.(endogetidases such as calppiar peateasesiisugh @s 28 V7 psateases. " HCMV

protease. HSV protease, HCV protease and adenovirus protease.
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536 (1995)). 0 4 APR 2002 WO 99/ 18856 PCTI US98/ 21231 -3 Mammal i an
interleukin-1!3 (IL-113) plays an inportant role in various pathol di PR 2002
processes, including chronic and acute inflammtion and autoi mune di seases
(Oppenheim J. H et. al. Inmunol ogy Today, 7, 45-56 (1986)). IL-1(3 is
synt hesi zed as a cell associated precursor pol ypeptide (pro-1L-113) that is
unable to $ bwodosidsséd receptors and is biologically inactive (RIZUSS82¢231
al., J. Biol. Chem 262:294] -2944 ( 1987)). By inhibiting conversion of
precursor IL-1 13 to mature IL-1 (I) theactivity of interleukin-1 can be
inhibited. IL-1 is also a cytokine involved in nediating a w de range of

bi ol ogi cal responses including inflamuation, septic shock, wound heali ng,
henmat opoi esi s %g, guppt h of certain 10 | eukem as (Dinarello, C A, Blood
77:1627-1652 ( f f; diGovine et al., Imurnolvgy Today 11:13 (1990)).

I nterl eukin-113 converting enzynme (ICE) is a protease responsible for the
activation of interleukin-1_J3 (IL-113; (Thornberry, N A, et al., Nature
3.56: 768 ( 1992): Yorgamsms eligyinate unwagled cells. by a progesgovariouslycknqwn s
substrat e- specifi i I he d i ViE.

_prointerl euki ﬁ{e&ﬁl@g&%@i glr’%@ﬁé&%%gﬁﬁac{eﬂ?%aﬁL&%%g@ﬁ%@g§H¢g§%%ftl1§fatgr?gglgg for

| CE ans§l CPP32 @rendriiabaspecodl atimahdevaddpraént laCwelless th fissuk Ihonrbstgsinand whi ch

presently includes at |east twelve nenbers: |CE_CPP32/ Yana/ Apopai n, m CE2,
| CE4. I CH 1, Teginec{Gincksommn, AVCR®!. iepu Cambridey Nikcios\Oees, 26:686 M85 bad

| CErellll. The~proteol ytic activit f, thiscfadm i n ro ses,
whose active s?@%kswgi ’eA ’?eésﬁi% éOIIo '%Z@éﬂﬂﬁ (?%?ﬁ%léﬁ%nfgltgt elég‘;?l
apopt osi s, appg@s9103ti1999); VaukRe LAt CBR 76etl-199q1 Yo)M WidpBisisalegulates! |

75: 653-660 (1993)). This gene famly has recently been nanmed caspases
(Al nernri, E. il raambenl faci@itatds, merphogenesis,| 89@)ves hamfuhoh othergigerbnemadht as

Tunor crosis Factor, ,FAS-ligand, oxygen or nufrient deprivation).viruses)
t oXi n%{)\leanti - c%?ﬁéel"m‘{jrﬁ‘b‘gm e8| F&fsantgé")c/?l?‘\)'ﬁt élrﬁ%é'pé?ééow{fhiﬂ?‘?“ceﬁpé“?% a
cascade-|i ke 2Bidiastnon j .

FL1 ol NICH N G L P RISAE AN el e
(e.g. CPP32/ YaasdWypmcipar isthenfia (PQE published applicatiors pe%6/26dade | eads to cel |

death. A wealth of gcientific_ evidenc uggests that, .in ny di seases, the
caspase cascade is HEF§ YaLIYMBRES NP alowitahchangss Shaied oY) celBExReEIeESBB <51 ve

ot vati on of FEUSRAT GeBEDissly BipisoRR Bk BBt BREBREDCEE. ©
cascads and sudhsiakapencondehatibaof Sutlebplasrh kall wsphsng aorghmdllei refoasliation,

congestive heart failure, autoi mune diseases, AIDS, viral infections,
ki dney fai | ur eand| ferapactign,| chrematimcqondensatien and rprpdyationi efc ApeRtetic todies,

neur odegener atj_v. .seases t herascl erosi s..et Ther ef.oren.t dicscpvery
of novel dr ugs@%?&kea ¢ SB? géﬁx%([)els CRRTBIE "ftﬁaéglg‘g?ri {xlnge,lngh <(‘g%‘mttp’ﬁ"es ’ § as‘gase
cascade woul d [gergalNifelicin@ DY 5ZD-53AODSHN the treatnent of degenerative

di seases of nost, if not all, organ systens of the human body. Caspases are
al so thought to be #pem¢ss is mchineedd dvenglp rapnendagenaus emechanism fof cephlitar

Th ' in ' . l.l's,. whi l I ni 10 .
ok B0 of RASTEWRH B Hack: GRf Pehin Bielben el g oflaven dBhe "
(Los et al. . Bbdkshin, ¥8L., CHdpmble &d3HAR- AbED), (ppl%lili),)- ANtQ] GeevRSs iR

cancer cells to lose their capacity to undergo cellular suicide and the
cells becone i mtasnallyl edceodedsuiside prgoam ;assa resulthaf eitbeming¢roainot lexternal

chenot her apeuti.c (anti-cancer) drugs can trigger S cancer cells

under go sui ci d@g“ﬂﬂﬁs'r éJ-hS\C?H t%rﬁg"af’hés %FH‘&ﬂttg'g’Hg i}%"ea%“a"%&’élé’? aT‘Fﬁrgftuﬂh’y be a
cruci al aspect VoL of L T ROko. eyl : jicancer
drugs (Los et f'f?m,a kgﬁgﬁﬁgﬁﬁgﬁwﬂ&g’s‘% ﬁtgkgﬁf 6}? (&818%]731;9%%}%151%%”&13 al .)

Nat. K5d. 2:574ng. REOOEJell GienBicbRr(ape)).i cAgopiatc wels and firdigsnatehasually

capacity to activate the caspase systemin different classes of cangers.
Mbreover, it iYecognized and cleared by meighboring cells or macrophages before lysis.

Because of this clearance mechanism, inflammation is not induced despite the
clearance of great numbers of cells (Orrenius, S., J. Internal Medicine 237:529-
536 (1995)).



20 likely that anti-cancer drugs differ in their ability to activate the
caspase cascade in a given cancer (e.g. lung cancer) and in di f f rie AR 2002
patients. In other words, there are differences fromone patient to another
in the chenosensitivity of, e.g. lung cancer cells, to various anti-cancer
drugs. In sunmary) the excessive activation of the caspase cascade plays a
crucial 25 rove9ymesse W de vari ety of degenerative organ di sea®eg/usskiiz a
non-functi oni ng caspase systemis a hallmrk of cancer cells. New drugs
that inhibit or stimulate the caspase cakctade are likely to revol utionize
the treatnent of nunerous human di seases ranging frominfectious,

cardi ovascul ar, endocrine, kidney, liver and brain diseases to di seases of

the i mmune syst em Dol AReAEakin 1B AL APR ARA2aMGHABARERe FETILRRRT 21231

-5 1n order to fin rugs that erther 1nhibit” or stinulate the caspase
cascade, it ipatidegs peocgsses ideuding ghiongharidnacateginflamnctiopand aagtimwaineon

HTCA) assays.. These HTCA assays nust be able_to nj t tivagiqgn or
i(nhi bi) tion %fdlﬁmeﬂé@aa@@I@aéé%&é 3. jaymepnolqay; Maaﬁvééo%(@@ﬁ))sir Iy,

HTCA assays s : J: e ade
_activity insi %@*”5%&9??55% %egf%?%‘%%%? ﬁ%‘%*?%??ﬁﬁ@?%@?ﬂ#?ﬁ?@? @%ﬁé‘?ﬁ‘gm ght
be. Cancer cebihé ILtlurseptes &l isi bivlogiallelihstivO(Mosleyedil &,, LeBibs CHent. he
endocri ne systeni cells or cell lines fromdifferent organ Js)g/stems,- bi opsy

sanpl es ete. PRAIHErIMLI9&0Lh Borrichibitingagenvension of precusirelly b to mature
measure. - wi { hiri g NGy UROkERRLRS ekl Be ABRIYEA! ) Of AOIDEVLRRCO! any
of the caspas€ enzynes’ or any ot nher enzynes at areinvolv I'n 't he

caspase cascaf®olve®~ire! mpdiBgng UE hwitr Saddel eofHbielogisslassgonbdse S861L8ina
substantial advance in the field of drug screening. Currently avail able
HTCA assays dmflagmagiennsepti¢ ghockr wownd heading shamasopaignts st g ofiseainhat can

ith [ .1 nhi.bi h h .A. S. onl
cel 1 9Pr o, iy ERECHABGHRIEIG oF b MaoRs Ly Asae ATt RUCITR hfdure t he
activity of i paidibd! ToddySI9' Bt @99®RS méﬂetﬂciﬁf-YW\?ménvé?ﬁnc«aéﬁm o) ican

measure the activity of caspases In dead cells I ch have "been
per neabi | i zedpivieass mespousilsihdiok ,thd actietanpdfeintdriesikat1AI1(1L-18) (Ooiornbéty. 90, No

o s 3120 (T B DRSO TRABE R SEI0E FBHTE Borb gt @
o 1. : J : iyl I'ls,
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Thi s 1i5s cr uci plodbecthe smnirt &L-dashhagenssabatateodecfor HER and OPRE2 iard embersof t he
cells. In order to be 25 active, .a compound nust not only be able to

modul ate the eh¥sauemeRlymiCCedriApmaly, ofpapnes whinhspresndly’ ipeludes & least
penitrat e hendheRkgielt 108 LRray il e 089 fool ROTEYBAGIDY cone
potential |y updn2, MEHS, dMOH4, FLICE/MACH/MCHS. ICE-LAP6 and ICErellll. The
proteolytic activity of this family of cysteine proteases. whose active site cysieine
20 residue is essential for ICE-mediated apoptosis, appears critical in mediating cell
death (Miura et al., Cell 75:653-660 (1993)). This gene family has recently been
named caspases (Alnernri, E. S. et. al. Cell, 87:171 (1996)). A death trigger, such
as Tumor Necrosis Factor, FAS-ligand, oxygen or nutrient deprivation, viruses,
toxins, anti-cancer drugs etc., can activate caspases within cells in a cascade-like
25 fashion where caspases upstream in the cascade (e.g. FLICE/'MACH/MCHS) can
activate capsases further downstream in the cascade (e.g. CPP-
32/Yama/Apopain). Activation of the caspase cascade leads to cell death.
A wealth of scientific evidence suggests that, in many diseases, the

caspase cascade is activated when it shouldn’t be. This leads to excessive cellular

30 suicide and organ failure. Diseases involving inappropriate activation of the



2.) lsolated caspases in cell-free assays are highly susceptible to

oxi dation and to 30 conpounds that can cause oxidation of the enz§iddR 200hi s
property of isolated 0 4 APR 2002 WD 99118856 PCT/ US98/21231 -6 caspases
makes cell free caspase screening assays highly susceptible to artifacts
and has precluded successful use of these assays for high-throughput

screeni ng of WOBiIse&6ori al (or other) chemcal |ibraries. Prevw@rusIsels’]
screening efforts, using cell-free caspase enzyne assays. have led to

di scovery 5 of numerous inhibitors which_gxidi ze caspases, but no conpound
that would be useful as a potential drug. Simlar difficulties have been
reported by others. 3.) Nunmerous cellular receptors, proteins, cel

constituents and cofactors--many of which are still unknown--can_infl uence
the caspase caS¥R&s fascade,andgsubsequent eellutan sweide dnclude, myacardiah yafagitiogs say s

using. per et g Igash ahts AR Mirdhule?lSedsI CATSEOUR HAEREEOLLHLRT

receptors and CoO ors. BecauSe 0O I'S ‘posSSi a conp
identified in fiked| H¥erchilofe, deamhaeid aglaipasscheasastroke,| ndiwdbdegendsrative
living cells. On the other hand, a conpound that m ght inhibit or stinulate
the caspase cadisgases.iathgrescdaresis eier odherefone the discovery| ofupayel dmgsctbahedt s or

cof acters woul ¢, be m.s nti.rel.y i n cell-free or d-cel.| se
cesay. a0y "t PSR ol B GERNBlRte P oY efBpe B o MRS it AR

di fferently inifgict 6n @ treaBfleritof Aeghinkfa8ile isesed 3D most] [Taio€ all Sorgaw ¥y siins
evidence that the receptors and cofactors that influence the caspase

cascade di ff er obthoymeslbody.ypes. Using 20 cell-free or dead cell assays, it
woul d be virtually iJyrpossi bl e, to,identi celltype or organ spgcific

nodul ators of the cad %'5‘35_&:58&_89“ ‘b%E’éﬁ{'ﬁcéﬁl |"3//ﬂfen%drﬂt%aﬁimb fredimesh of a
HTCA assay syshemah&d. ”ﬁ’ﬂ&@ris”ﬂaohﬂﬁﬁga%@id'eHéeaEhaQ?éaﬂééecaﬁzXﬁﬁ&- ?BntﬁiﬁYngOt her

enzymes involved in 25 apoptosis Is chenpsensitivity testing of human
cancerl0 It is kaspasestlaelt partseofethe snaleapbarehachimgiy fhat ectbatd the tchgpase cascade
susceptibility of hu cancers tq the currently marketed anti-cancer
drugs: For exafise a?ﬁ%ﬁ"’?a%‘éle?ac]g? Ig's"]ilg'%?%”ﬁgt% Derkhiseayses he carasscellye to
Drug A while . | ' ey .f‘ssl?e!E. I Drug A
but sensitive ?‘{;g%]ﬁ%‘r%%ﬁ?tsm %Hg#gggggg%guf%ﬂ%ﬁdf@rggﬁce |§1H: I%IEMR 2002
WO 991 18856 PCildgd8éanedncefoasosensitivity of cancer cells fromdifferent
individuals is a well -knom§ghenorrenon. - In the past, attenpts have been
made to deternine t Hehashkaepshpwnthat ehpmethesapsutie (ansi-¢ancer) dsyest gasntrigger

o vighal PatLSRG 986 v SESLARTR, e SOLIE o OB o A0

has not found Whilemapbeadcrusial afiREPUS thel MBdd b @EELH 65 mobly of HedalnAROWEOME
i nherent technical difficulties: The testing is veri/gntl ne consum ng (six or

nore days per ggticapegr dings (Liosres i Bémdc il A0 Ny &B1183129(1997)s Hrigsen ¢/

ing. Th | cul | | onal sel ect i f..cells.and t.
ol tured cel s ah et et 21594 RREY o ERermofPRoaRE diin ey STt T ikiiBPacE o
patient. A NTCfy aspaive SheSEaPask Ofystah ﬁkhfffemw{sbﬁg%ﬁ eink@s el Metdhe; a6 paSE

activity could be used to deternmine very rapidly the chenosensitivity
profil20 of fredikely thatuintiesancenrdregs diffet in their abliny 4s sctivateathe gaspagh cascade

(roughput, 1 el bsaensl e Lo sols EhRmReeneL LY Lt BL WU AL
are differences from one patient to another in the chemosensitivity of, e.g. lung
cancer cells, to various anti-cancer drugs.

In summary, the excessive activation of the caspase cascade plays a crucial

25 role in a wide variety of degenerative organ diseases, while a non-functioning
caspase system is a hallmark of cancer cells. New drugs that inhibit or stimulate

the caspase cascade are likely to revolutionize the treatment of numerous human

diseases ranging from infectious, cardiovascular, endocrine, kidney, liver and

brain diseases to diseases of the immune system and to cancer.



15 information could then be used to design a treatnent reginen Kaéng
conbi nati ons of marketed anti-cancer drugs to which the cells sh 4FR 2002
greatest sensitivity. It is clear that the need exists for HTCA assays and
reagents for such assays that can be enployed in drug discovery or

di agnostic procedures to quickly detect and neasure the activity of
conpounds t hawvoasmssséate or inhibit the caspase |u cascade or RITHES98218¥ es
involved in apoptosis in the interior of living or dead whole cells. A
reagent for this type of cell assay ideaﬁry shoul d nmeet the foll ow ng
conditions: a) there should be a big difference in fluorescence signal

bet ween peptide-reporter nol ecule and reporter nolecule after the am de
bond in ' pepti de- redeért find drégsEAMRAhEYinhibe o7 IEMARBSthecaPabe Eastittey te's
involved in 25 apoptosis, preferably the peptide-reporter nolecule should
be non-f| uor eisceepessand terodsivelopehighdblopghpug gaspasedactvapion t(ETGA) @ssalys shoul d

e .col | por medE, HE i SRBRLITREbE i ARBRk Rt URGOR 9 Eophi | i

groups in thec%gés%?d&@adé%i&éﬁﬁv@g% Whott ReNEOIEGN) eHTTQU LEkaPE Gh&NdlYey be

Y
small; c) the ptide-reporter | ecul e 30 shoul d” preferably not diffuse
out. o5 the cevérsaile enoughper measues thaeaspase caseader activjty infidé¢ apPRigIO 2rO
99/ 18856 g Pc~/~s9snm d) the reporter, | ecul e shoul d preferably not
di f fuse out o’f"’hPﬁéeﬁ’_éTOI‘%‘ g &vhat ity eﬂslf*wsgf% G e et FB: Mot hod
of screeni g agRpbAN SiisPBUIR e efockRE UGSER, LU IGRE for Bkl [ ce
enzyne assay can al so be used for the screening of inhibitors of enzynes 5
ot her than casipasagstents,adopsly asaniples, et€n FurtRertrione, utlo HT Qe ragsalyks rshduld dent i f i ed
by cell free enzyne assays. Cell cultures were then used for secondary
assay to asseaddeiemegsurg-withindwing o wholesghérathe @ctivationtogdnhibiionsof agycel |
per ble flu enl r..fl t i) L. .1 he ni ng of
i nhimélﬁt ors of 8{)?&%& aesg eande %Sre%ts?n aé@gyaﬁiar“gqsﬁ]el# %ﬁ£§%§é§f¢ gp'(?'t ?%5 i%'(r?l3 l'iving
whol e cells. dieide. DeReldBifRlsath MésAlly HTC20SRays representdWébstaalial AvSRES VS
cell-free enzyne assays. One of the advantages is that in whole cell
assays, the i Hhthpifieldrofidrug screemingt o penetrate the cell to be detected. Since

many proteases in LiVvi cell equl ated hy other protejns, receptors
or genes, screenin uﬂgxﬂﬂ'ga\[ainl\z}ﬁlﬁg-i'@ghags el o%qqlpcgwl[t%n%?acg?{y{a{isg%etep%?ﬁ of
smal | ol ecul e rcRmRpOURISthitdaalkithet &hifvaicCorthhiBitGRe takbade dasendel OfRAS &% DY
binding to the active site, as well as conpounds whi ch nodul at e protease
f unctliSon by i nolgrdedrfraeg hight thraughpigcscrgeningnassaysanailahle dhgt danopgasureetics,
subunit assenbly, ggrl.l I%r ?ofai:tors or signal transduction nechani,sns (or
viral entry i AeDindinduidealy jsalaiadicaspase epfymes: AT Bi5Ae: LAk 4 MERFR TEr mor e,

si nce there iacmya@p@gg&e@ iefdeﬂaﬂceﬂy%gﬁémﬂ% Péé’ﬁ B&ﬁxeﬁﬁhk@d b?r@s?&tic
am nopept i dases can be Used in 20 the design of flUuorogenic of fluorescent
subst rat es f oshadkofoe examhiple fisasaey alvhBlohd, dtdie?0niNeS: 3 118F3 126t(19WHK But thedel - f r ee

enzynme assays. Therefore there js a need {o devel op high throughput.
screeni ng ( HTSJ2YAESHNAS SARNY! PERsi the idget glia RORBRYAAON e p1aee ERHEE ifni ch

can bg, used f%&g%rcﬂﬂsﬂ)ir%%%%in esloggnosti c procedures. AGW 1470 (al so

known as TNP-47 I'S ~n angi ogefesis I'nhibitor in 25 clinical trials for a
vari ety of cancers. The nechanismof action of AGWiI 470

1.) Cell free assays, or assays using dead, permeabilized cells, cannot predict the
ability of compounds to penetrate the cellular membrane. This is crucial
. because the caspase cascade resides in the interior of the cells. In order to be
25 active, a compound must not only be able to modulate the caspase enzyme or
enzymes, but it must also be able to penetrate the intact cell membrane. Cell-
free assays or assays using dead cells are therefore unable to determine
whether or not a compound will be potentially useful as a drug.
2.) Isolated caspases in cell-free assays are highly susceptible to oxidation and to

30 compounds that can cause oxidation of the enzymes. This property of isolated



was recently discovered by two i ndependent research groups (Sin, b\l ’APEtZUU?l'
Proc. Natl. Acad Sci. U S A 94:6099-6103 (1997); Giffith, E C., éet |2V
Chem Biol. 4:461-471 (1997)). They found that AGW 1470 and anal ogs are

i nhi bitors of nethionine ani nopepti dase type 2 (Met AP-2). The potency for

i nhibition of 30 endothelial cell proliferation and inhibition of

met hi oni ne awio¥9Uegssi dase activity 0 4 APR 2002 WD 99/ | 8856 PCT/US98/21231
PGT/ US981 21231 -9 was determned for a series of AGW 1470 anal ogs and a
significant correlation between the tworctivities was found. - Since

angi ogenesis inhibitors are known to be able to selectively kill cancer
cells, a cellular screening assay for inhibitors of MetAP-2 may result in -

5 novel anti - capgaphsedll Haics cyl'leﬁ%éoéaﬁpéé@ucr&ﬂfr%fe@@aﬁs fHi gy OARREHRILN 1o
fluorescent substrates for Met AP-2 can be used for the screening of

i nhi bitors of MatifdRetaridrhas peksiudet isatcessflil usewtfiitiodse @ssalys| fordugh-thronghmit
anti cancer agents. Recentl ﬁ‘ . Hi V'éaﬁr teage i$hi bi Eqrs such as .ritonavir and
viracept have bSEFFPiloRh oFibinatorial | (orsqthery jchemical (librariese o FeViPUS M58t i ent s

infected Wi th H¥Yeend; risOudimh by rod e L g .h?@ﬁ%d? disRvestr ucture
of the HLV pr otl_%ecaeseé1 lggﬁifg%réltlgé@fﬁe ac?z}s Iti gﬁ# tE%Se I nhi b{)]t cfrs,e\%ere
first5 det er mi nedf mgaenoss inkibitops whisthsxidiZe taspases,coqy mormbspoané tharewmoulést ed
for inhibition of HV infection in cell, cultures.. A cell perneable -

fluorogenic or b¢ wesfuk@e paemual rdivg fImilay ditficulies deve heemdeprsd P¥r t he

screeni ng of H YinpJot ease inhibitors in HV infected cells 1~ which could
speed up the process for the discovery of novel HV protease inhibitors and
| ead to new amyNagietess dellalat BRBptofs) prétéivs, dellecdnshitentSiand ecolfiicorp-magps e
processes viral Fr ecur sor_lor oteins at a late stage in viral replication, a
cel | perneabl e £ whichgens@dl! rkrommnorcas énflienen ithe ccasnase cascadq W pving eelde al so
can used to en conpounds. whi_ch i nhi bit e transcription or
Crantfat on. vi Fal IR APRERIES fksils uik BBty RBR S LEN P llige o

H 'V infection. e atbdif dREeeicell@lar frédeplops 8RN ofdiRed. ' BRaur! §0tHQUR dsbe used
for diagnosis of HV infection, which mght be nore sensitive than the

currently avai | peisiblerthahedompappd dentifiechon s aelkd-fige ionciepd-e¢ll caspasgpassarabl e

fl i fl. t '. substrat thepsin B b for th
ccrooning of caPHLBel B i AVBIE TS OB WRINSEIPREBItOmAPHR! SRRy

fluorescent subgihigt 6Ssiiriiilald tRE LA cBERE !ix%:%@tl}\é]erlﬁlé‘gh Bffc BB deflulak he

screeni ng of di peptidyl-peptidase IV inhibitors. per meabl e 1 uorogenic
or fldiorescent sabptbrsadresofadorsremild beamisbel ergaelyf mrart bell-free @erdeadrcell reni n
inhibitors and cell perneable fluorogenic or fluorescent substrates for
adenovi rus pr ot E28#AS@Pt her viral proteases can be used for the 30

screeni ng of AAENEKIhHSIIREPHEARE cRpatl OEtad¥ fitioR! FRAREY iR LN de?hid

from different organs. There is growing evidence that the receptors and
cofactors that influence the caspase cascade differ among cell types. Using
20 cell-free or dead cell assays, it would be virtually impossible to identify cell-

type or organ specific modulators of the caspase cascade.

A potentially important applicaiion of a HTCA assay system for

measuring intracellular caspase enzymes or any other enzymes involved in

25 apoptosis is chemosensitivity testing of human cancers. It is known that there is a
genetic difference in the susceptibility of human cancers to the currently marketed

anti-cancer drugs: For example, lung cancer cells in one patient might be

sensitive to Drug A, while another patient’s lung cancer might be insensitive to

Drug A, but sensitive to Drug B. This pharmacogenetic difference in



0 4 APR 2002 WO 991 18856 PCT/ US98/21231 -10 U.S. Patent Nos. 4, 55& %g,é @Ed
4,640, 893 di scl ose Rhodam ne 110 derivatives as fluorogenic subst éht 2408
prot ei nases of the formula: R~ HN NHR2 i wherein R, and Rz, which are the
sanme or different, are selected fromthe group consisting of am no aci ds,
am no acid derivatives, blocked amno acids, blocked amno acid
derivatives, wodosgssi des. Exenpl ary (AA) =- Rhodam nes and PCT/US98/21231
(pepti de) - Rhodam nes are (Z-Arg), - Rhodam_.ne 110, (Arg), -Rhodam ne 110, (Z
10 Al a- Arg), - Rhodani ne 110, (Z-GIN Arg);4Rhodani ne 110.

(Z-d u- Arg) 2Rhodam ne 110, (Z-dy-Arg)z-Rhodam ne 110,

(Z-Leu-Arg), - Rnodam ne |10, (Z-Met-Arg), - Rhodam ne 110,

(Z- Phe- Ar g) 2- BhafiesehdBvityl @f daficd?’ SelAr frdmRAF-AEH "Rdkiduals is a well-known
(Z-Tr p- Arg) =- Rhodanmi ne Il 0, (Z-Val-Arg),-Rhodam ne 110, and

(Z-11 e- Pro- Ar ghenoRiendani ne 110. ' - WD 961 36729 di scl oses conpounds or

their salts for assaying the activity of an enzyne.inside a netabolically
active whole ool | TyTHE FiSt AR oA AR v 6 SEET ing KOG Eer B B oup
and an i ndi caifceBEQNdRakehForh Giliadal Pafistls bﬁoﬁt%'d”c&%ﬂﬂlgfaf #8AtinBA BERYEN
conprising am no acids, peptides, saccharides, sulfates, phosphates,

ester$, phospratheoresirgnere afthd metkiettdsantipahgardrigsot Howsyernchemsisensatévitys, 20
pyri m di nes, pur.ines, nucleosides, lipids,and m xtures., The indigcator group
"2 el ect ed’ f ISHIE Jb J0h QU PAdF-4pacad ey bPCUSE (B4 BroRAdes dRvRlted Bathe

| eavi ng group : hen Vi 010 4 n%acg rom

t he i ndi cator S%I?‘gﬂ%&f)@??‘%gglgﬁiz@?& réf%&?g%}ﬁ%nﬁir{%%g g?“c%dnng%xﬁln S g((rj%’f sai d

t o be Rhodam meord d8ys pehsatedn) aadi it réduires esloeing afnhe edBIpoivs tofcrédnirge The

conpounds. The lgatent 25 application_ listed many enz?/rres and substrates of
enzymes. US p&elesultyredeasis Ao £lonak seleation efagedls and|the cpltyradiogls agy theadior t er

1 aprtbo0s woratePs B AR TR RE AR bR b el ol (RGN IS RIS B e
-BLOCK is a gipaieRlyspkaatiag idttachifulaceaayablactivdly asiild 88 wséd & a@emhiht vednal yt e,

to give reporter spectral properties different fromthose of the substrate;
REPORTER- is damidlydbe ckemosgnsitivitieprofile olofiehly pxnised qapcaicelix Bi/thg assaycK 5

REPORTER bond, _has. ctral properti.es.di.fferent fromthose of.the
cubstrate:  SpReLR gL HEbdpuP i BB RS sabbish Gk chr SRR G e Hiples.
that can covalsgmpley thienCErow e 3amé Patigmelel dil @smt Bifkert Omb@EtHRed. t ket her
conjugate. Preferred reporter compounds are said to include Rhodan ne-110.
rhodold fl uor ésfosnaticamdulst them be usd tSdnsigma treatnfent hagimew ssing compinatipms/ent i on

relates to flu ro%(enic or fluoyescen .reBortFr corrgounds of ...
of marketed anti-cancer drugs to which the cells showed greatest sensitivity.

It is clear that the need exists for HTCA assayvs and reagents for such
assays that can be employed in drug discovery or diagnostic procedures to quickly
detect and measure the activity of compounds that activate or inhibit the caspase

2u cascade or other enzymes involved in apoptosis in the interior of living or dead
whole cells. A reagent for this type of cell assay ideally should meet the
following conditions: a) there should be a big difference in fluorescence signal
between peptide-reporter molecule and reporter molecule after the amide bond in
peptide-reporter is cleaved by the caspases or other enzymes involvgd in
25 apoptosis, preferably the peptide-reporter molecule should be non-fluorescent and
most preferably the peptide-reporter molecule should be non-fluorescent and
colorless; b) the peptide-reporter molecule should be cell permeable, therefore
there should be minimum numbers of hydrophilic groups in the molecule and the
size of the molecule should preferably be small; c) the peptide-reporter molecule

30 should preferably not diffuse out of the cell once it permeates the cell membrane;



Formula 1I: x-y-z (I) 15 or biologically acceptable salts or pro-reporter
nol ecul es (such as nethyl ester form of carboxyl-containing am no b4 APR 2007
resi dues) thereof, wherein x and z is the sane or different and is a
peptide or am no acid or acyl group or other structure such that conpounds
of Formula | is a substrate for caspases, or a substrate for other

pr ot eases or wepyisdssses or ot her enzynes; and wherein the sci PETiusIpRIadl i s
20 only one or both of the x-y and y-z bonds in Fornula | when x is the
sane as z, or wherein the scissile bond8s only one of the x-y or y-z bond
in Formula | when x is not the sane as z. y is a fluorogenic or fluorescent
noi ety. Preferred conpounds are represented by Formula I1: ZS Rl- (AAl

" - Asp-y- ASp- ) Y rdpoRér foleburershBhi@ lﬁ'g%b?idl% YioR BFRRE Rt Bf AR £ Bhce it is

pro-reporter ol ecules (such as net ster form of carboxyl -contai ning
am no aci d r dibechtedsfyorn e pepfide.wherein R, is an N term nal protecting group

oeopendentty| < SR TRRBH ot o RO O PR 55  sso
PCT/ US98I 11 23Ly;- - am i - A ' i vatives
of an a-am n%kgg%%g?ﬁ%%g%%ﬁ ?\agadg%:% @%ggﬂpﬁeig%el n g’éﬁ‘%ﬁe‘ﬂ%"féy%%- ,h.]é%d y is
a fl uprogeni otifer thdnwaseses riraditosdlly, eflryseinhibitoys were dirftfidelnifieddyioetll udi ng

Rhodam ne 110, Rhodam ne 116 and Rhodam ne 19. Most preferred y is -
Rhodani ne 11drecsnzypeassays yCell snliyreswercthsa wsersfosr seconians s65 ¢ aB3ESEor nul a

(1% ) e D GOPeAAarh Gl el A i gt o
fluorescent substrate will enable the screening of inhibitors of proteases and
peptidases and other enzymes directly in living whole cells. There are several

10 advantages in “whole cell assays vs cell-free enzyme assays. One of the
advantages is that in whole cell assays. the inhibitor will have to penetrate the cell
to be detected. Since many proteases in living cells are regulated by other
proteins, receptors or genes, screening using living cells will allow the
identification of small molecule compounds which interfere with cellular

15 proteases by binding to the active site, as well as compounds which modulate
protease function by interfering with transcription, translation, biosynthesis, sub-
unit assembly. cellular cofactors or signal transduction mechanisms (or viral entry
into host cells, in the case of viral proteases). Furthermore, since there is an
abundence of aminopeptidases in the cells, these aminopeptidases can be used in

20 the design of fluorogenic or fluorescent substrates for whole cell assay which
otherwise will not work in cell-free enzyme assays. Therefore there is a need to
develop high throughput screening (HTS) assays and reagents for such assays in
whole cells which can be used for drug dis.covcry or diagnostic procedures.

AGM-1470 (also known as TNP-470) is an angiogenesis inhibitor in

25 clinical trials for a variety of cancers. The mechanism of action of AGM-1470
was recently discovered by two independent research groups (Sin, N., et al. Proc.
Natl. Acad. Sci. U.S.A. 94:6099-6103 (1997): Griffith, E.C., et al., Chem. Biol.
4:461-471 (1997)). They found that AGM-1470 and analogs are inhibitors of
methionine animopeptidase type 2 (MetAP-2). The potency for inhibition of

30 endothelial cell proliferation and inhibition of methionine aminopeptidase activity



form of carboxyl-containing amno acid residues) thereof. wherein R' AA
are 10 as defined previously in fornula Il. Preferred R is 04 APRZUDZ

t - but yl oxycar bonyl, acyl and benzyl oxycarbonyl. Preferred values of n are
1-3. The invention also relates to a nmethod for the preparation of a
conpound of Forrmula I11) conprising (a) condensi ng Rhodam ne together with
N f noc- L- asp0 918856 d ~3-t butyl ester to give PCT/US98/21231
(Froc- Asp( OBu-t)) ~- Rhodam ne; (b) renovi ng the Fnoc group to give
(Asp(OBu-t)), - Rhodam ne; (c) condensing ('Asp(OBu t)),-Rhodanmine with
Z-(AA)" to give (Z (AA)~_Asp(OBu-t))2-Rhodam ne; and (d) renoving the OBu-t
protecting group. 20 In a preferred enbodinment, -(AA)~ is WEH SEQ ID NO 1,

YVA SEQ I D NGjag ’dekﬁhﬁngg%xl Psé\l@es%f )QEIA DD bl éhd Pﬁénﬁﬁ%d Ebrbihton DEH SEQ
ID NO: 6, VEH SEQ ID NO: 7, LET DNO:8, L NO: 9, SHV SEQ I D NO

10, DEL SEQ baweaxnrmzwmxﬁﬁe; wms fd(ilncLZ DEP SEQ | D NO 13, DGT SEQ I D NO: 14,
DLN SEQ I D NO 15, .DEE SEQ | D NO; .DSL2 SEQ I Q NO S NO: 18,
DEA SEQ | D NO: 19, SISy 2888eeRssio! I‘ﬁﬁf%g@y ‘RB’%"‘WED*X%@VE'S ké)l | EP
SEQ I D NO: 23 AR /2285‘% EQ ID
NOQ24 and tﬁg‘{cgggﬁgxf} cggﬂieﬁgﬁfng%r%%gil @Figgr ot egt an]reﬂﬁar?sagu t

"group whi ch neveleamiveaticérndrupe fTheadfomet egil pernfeablehfinorgpenip avf flpsrescent ed
conmpounds falling within the scope of Faormula | include corTR'(ﬂ)unds wherein X

is not the s&MSUAES for Medhad canibe usedfor s saresnise of prlubiders o MHAPL® t hose
wherein x 1s g4 Reat Qals%ma%éb%'i%&% Lwe?ama qgé&ﬁfet he conpound a

substrate for caspases, a su e for ‘eases or peptidases or

ot her enzynes; an®etdiglyXxHyV pedichse nn}EBxltdwk@chl aslr&oﬂiahrﬁ' Adivigicts HaoaBesmnder
bi ol ogi cal conditions. z is a blocking group and the y-z bond in Formula I

i s not a sci $BOWRtbbmuery séfeetivsiin|thgyireaimeniorfchaticnta dnfegigd sp@cHWcér hese  t he
NOVE|, f 1 uor O%an?or? rWefré 'dgsl»’lgne ek?atse %Ploﬁle s[ructugp ij [L Hf\f/ pro Ie;?sc-:I sn \ﬁgp gt' on are

of Formula V:
The activities of these inhibitors were first determined against HIV protease.

Active compounds were then tested for inhibition of HIV infection in cell
cultures. A cell permeable fluorogenic or fluorescent substrate for HIV protease
can be used for the screening of HIV protease inhibitors in HIV infected cells
15 which could speed up the process for the discovery of novel HIV protease
inhibitors and lead to new and better treatment for HIV infection. Since HIV
protease processes viral precursor brotcins at a late stage in viral replication, a cell
permeable fluorogenic or fluorescent substrate for HIV protease also can be used
to screen compounds which inhibit gene transcription or translation. viral entry. or
20 other key proteins in the early stage of HIV infection. The fluorogenic or
fluorescent substrates also could be used for diagnosis of HIV infection, which
might be more sensitive than the currently available methods.
Applying the same principle, cell.permeable fluorogenic or fluorescent
substrates for cathepsin B can be used for the screening of cathepsin B inhibitors.
25 Cell permeable fluorogenic or fluorescent substrates for dipeptidyl-peptidase IV
can be used for the screening of dipeptidyl-peptidase IV inhibitors. Cell
permeable fluorogenic or fluorescent substrates for renin can be used for the
screening of renin inhibitors and cell permeable fluorogenic or fluorescent
substrates for adenovirus protease or other viral proteases can be used for the

30 screening of adenovirus protease or other viral protease inhibitors.



R1- (AA) n- Asp-y-R6 1V 15 or biologically acceptable salts or pro-reporter

mol ecul es (such as nethyl ester form of carboxyl -containing am no (ciA@R 2002
resi dues) thereof, wherein: R'" AA, n and y are as defined previously in
formula I'l; and R~ is a bl ocking group which is not an amno acid or a
derivative of an amno acid. 20 In particular, preferred enbodi nents of the
conpounds of worgsusseV are represented by Fornula VII: RIL-(AA) perupsiesIR
NRg-R6 R4 VI | v 25 or biologically acceptable salts or pro-reporter

mol ecul es (such as nethyl ester form of-1®ar boxyl - cont ai ni ng am no acid

resi dues) thereof, wherein 0 4 APR 2002 WD 99/18856 -14 R, R6, AA and n
are as defined previ ously in Fornmulae Il and V; PCT/US98111231 Rz and R
are the sane or difffer apd. a p | y riaryl ;

and R4 and R, are ﬂ;Jth lgagér#at @?Sdf‘??'é?g%t% mépﬁﬁnggggﬁpe%@déﬂyﬁr]ggen or
al kyl . 5 Anot derivagvesiap flubrqgenic aubstrites fnogtowhnasss affthd foematarpounds of For nul a
| are represented by Fornmula VII1: RL- (~) p ASP- '~) mMR2N O R5 NR3-R6 R4
VIIl 10 or biologically acceptable salts or pro-reporter nol ecul es (such as
met hyl ester form of car boxyk-é t ai ni ng.am no acgj.d_ resi dues) thereof,
wherein R, R6, AA and n are™& : . eV '™ Formulae 11 .and V; m
Is an integer fromO0-3. R and R $ or different and are

i ndependent |y hydrogen, alkyl or a :

h

wherein R, and R,, which are the same or different, are selected from the group

consisting of amino acids, amino acid derivatives. blocked amino acids. blocked

amino acid derivatives, and peptides. Exemplary (AA).-Rhodamines and

(peptide);-Rhodamines are (Z-Arg),-Rhodamine 110, (Arg),-Rhodamine 110. (Z-
10 Ala-Arg),-Rhodamine 110, (Z-GIN-Arg),-Rhodamine 110. (Z-Glu-Arg),-
Rhodamine 110, (Z-Gly-Arg),-Rhodamine 110, (Z-Leu-Arg),-Rhodamine 110,
(Z-Met-Arg),-Rhodamine 110, (Z-Phe-Arg),-Rhodamine 110. (Z-Pro-Arg),-
Rhodamine 110, (Z-Trp-Arg).-Rhodamine 110. (Z-Val-Arg).,-Rhodamine 110,
and (Z-Ile-Pro-Arg),-Rhodamine 110.

WO 96/36729 discloses compounds or their salts for assaying the activity
of an enzyme inside a metabolically active whole cell. The assay compound is
said to include a leaving group and an indicator group. The leaving group is
selected from the group comprising amino acids, peptides, saccharides. sulfates,
phosphates, esters, phosphate esters, nucleotides, polynucleotides, nucleic acids,
20 pyrimidines, purines, nucleosides, lipids and mixtures. The indicator group is

selected from compounds which have a first state when joined to the leaving
group, and a second state when the leaving group is cleaved from the indicator
group by the enzyme. Preferred indicator compounds are said to be Rhodamine
110. rhodol, and fluorescein and analogs of these compounds. The patent
25 application listed many enzymes and substrates of enzymes.
US patent 5,576,424 disclosed haloalkyl derivatives of reporter molecules

used to analyze metabolic activity in cells of the formula:



R, and Rs are the sane or different and are i ndependently hydrogen or

al kyl . Yet another group of preferred enbodi nents of the conpoundd$ 4ofPR 7007
Formula | are represented by Fottnula I XX Rl1- (AA) n- (AA) mR2D R 20
NR3-Rs Rg | X or biologically acceptable salts or pro-reporter nol ecul es
(such as nethyl ester form of carboxyl-containing am no acid residues)

t her eof, wherwOm918856 0 4 APR 2002 WD 99/18856 -15 R,, R~, AApOTAUSYSARIBIAS

defined previously in Fornulae Il and V; mis an integer from O-3.
pcTius9sn i RZ and R3 are the same or -diltferent and are i ndependent | y
hydrogen, alkyl or aryl; and - - 5 R4 and RS are the sane or different and

are i ndependently hydrogen or alkyl. The invention also relates to a nethod

for the preparation of a conppuasiseEREPEPORRERLBLOERPIi Sing (a) reacting
Rhodam ne with acetic anhyd%e to g}{ve N acet I?Rhodam ne of Fornula VI; 10

(b) condensi nWhkkeiat eBLOCRN Gdagrovp Mecﬁdrwubaréﬁhowabbebhecnw ofi al specific
f noc- Laspartlc acid (3-t-butyl '

N CFrmc. A p( (BRSO AV TSRaiE) PRSALRPAETEY G ereahGorhioss PLhe B BS p ¢ o
0 12, ChePl SR ITA 5 Rt g npégby o vy e BLOCKC
(Z~(A8)"_As p(RBBOR)'IER[\bemlC aisydpetthal gaopenttes different from those of the substrate; -
SPACER- is a covalent linkage; and XR- is a haloalky] moiety that can covalentl-y
react with an intracellular thiol to form a thioether conjugate. Preferred reporter

compounds are said to include Rhodamine-110. rhodol. fluorescein and others.
10 Summary of the Invention

The invention relates to fluorogenic or fluorescent reporter compounds of
Formula I:
X-y-Z D
15 or biologically acceptable salts or pro-reporter molecules (such as methy! ester
form of carboxy}-containing amino acid residues) thereof, wherein x and z is the
same or different and is a peptide or amino acid or acyl group or other structure
such that compounds of Formula 1 is a substrate for caspases. or a substrate for
other proteases or peptidases or other enzymes; and wherein the scissile bond is
20 only one or both of the x-y and y-z bonds in Formula I when x is the same as z, or
wherein the scissile bond is only one of the x-y or y-z bond in Formula I when x
is not the same as z. y is a fluorogenic or ﬂuorescent moiety.

Preferred compounds are represented by Formula I1:
25 R,- (AR) ,-Asp-y-Asp- (AA) -R, (I1

or biologically acceptable salts or pro-reporter molecules (such as methyl ester
form of carboxyl-containing amino acid residues) thereof, wherein R, is an N-
terminal  protecting group such as t-butyloxycarbonyl, acyl, and

30 benzyloxycarbonyl; each AA independently is a residue of any natural or non-



(e) renoving the OBu-t protecting group to give N

(Z-{AA) "-Asp)-N acetyl -Rhodam ne; or alternatively (a) reacting I%] CA?WZM?
with acetic anhydride to give N acetyl 20 Rhodani ne of Fornula VI; ?b
condensi ng N acetyl - Rhodam ne of Fornmula VI with Z-(AA)"Asp(~3-0Bu-t) to
give N (Z-(AA) ~-Asp(OBu-t))-N -acetyl - Rhodam ne: and (c) renoving the OBu-t
protecting grw@»I1I88sgi ve N-(Z- (AA)~ Asp)-N ' acetyl - Rhodanm ne. POLUSS/IIRIIS
enbodi ment, where (AA)" includes am no alg'cds such as glutamc acid or
aspartic acid, the carboxy group is prote€cted as an OBu-t group which is
cleaved in the last step. Thus, the invention also relates to the novel
fluorescent dyes of Fornmula VI which are derivatives of Rhodam nes. These
conpounds ar engtufpa-aflinoyackDot Ptantifol @iidg of detivatisien ®f ghakHamto keidoorofe of
the two am no groups_ of Rhodam ne. 0 4 APR 2002 WD 991 18856 -16

PCT/ US98/ 21 23amingeaqid;+pach moispindepepdently] 8- Svpneyoisi 3 dyoragenip sirpflugsescent

attachnment for react (L h i r ; . 4S,{he
carboxylic grgll?be g’f rpge?{;:{ré[’)q %(ﬁ(%é& %Ee’%ﬁ“ Zi%wlﬁ J(i)ﬁ%orﬂﬁ~l ﬁﬁgg E’%epflltogé{h z)ﬁlg@ler%blolrﬁsg. The
reaction will agdRM&ddmiad 89.f Meerefersd yi®RR6dUngEnO16;0rmul a VI into a

non-fl uorescent peptide-reporter nolecule of Fornmulae VII 5 I X whi-ch is a

substPate for a pr Bspesiadly prefergst ¢ampoundGrre seprgeented tytformpladil: | e

pepti de-reporter am de bond in peptide-reporter by proteases or peptidases

produces conpound of Formula VI or VI' which is fluorescent. Specifically,

t he novel flI uoresSqeny dyes-0fi t hias 1 Jpyention @rHeA(gfp-l-'(gwaLgl VI: 10 RZHr R

NR3-RE R9 VI V or biologically pt ab Jlts wherein: R "and R, are the
sanme or different and are indej jogen, alkyl or aryl; 15 R-is a
bl ocki ng group which is not an am no>€ci &~0r a derivative of qqleirri no aci d;

W and® are i ndependently hydrogén or
ge nmet hyl or ethyl; Preferred R4 and

alkyl. Preferred R and R3 are
Rs are

or biologically acceptable salts or pro-reporter molecules (such as methyl ester
form of carboxyl-containing amino acid residues) thereof. wherein R,, AA, n are
10 as defined previously in formula I1. Preferred R, is t-butyloxycarbonyl, acyl and
benzyloxycarbonyl. Preferred values of n are 1-3.
The invention also relates to a method for the preparation of a compound
of Formula III, comprising
(a) condensing Rhodamine together with N-fmoc-L-aspartic acid B-i-
butyl ester to give (Fmoc-Asp(OBu-t)),-Rhodamine:
(b)  removing the Fmoc group to give (Asp(OBu-t)),-Rhodamine;
(c) condensing (Asp(OBu-t)),-Rhodamine with Z-(AA), to give (Z-
(AA),-Asp(OBu-t)),-Rhodamine; and
(d)  removing the OBu-t protecting group.
20 In a preferred embodiment, -(AA), is WEH SEQ ID NO:1, YVA SEQ ID
NO:2, LEH SEQ ID NO:3, DET SEQ ID NO:4, DEV SEQ ID NO:5, DEH SEQ
ID NO:6, VEH SEQ ID NO:7, LET SEQ ID NO:8, LEV SEQ ID NO:9, SHV
SEQ ID NO: 10, DEL SEQ ID NO:11, DGP SEQ ID NO:12, DEP SEQ ID
NO:13, DGT SEQ ID NO:14, DLN SEQ ID NO:15. DEE SEQ ID NO:16, DSL
25 SEQ ID NO:17, DVP SEQ ID NO:18, DEA SEQ ID NO:19, DSY SEQ ID
NO:20, ELP SEQ ID NO:21, VED SEQ ID NO:22, IEP SEQ ID NO:23 or IET



hydrogen or nethyl. 20 The invention also relates to a process op4eﬁﬁ
the reporter conpounds represented by Fornula | to neasure the actli |#€ﬂ@f
intracel lul ar caspases or other enzynes involved in apoptosis in living or
dead whol e cells or tissues. The invention also relates to nmethods of using
t he conpounds represented by Fornula i and the assay processes descri bed
herein to neavopwi88see activation or inhibition 25 of any of tRETAEIPALS!
enzynmes inside any living or dead whole cell or tissue (normal or
cancerous) by a test substance or substanges. The conpounds 0 4 APR 2002
WD 99/ 18856 PCT/ US98/ 21231 -17 represented by Formula | are cell-perneable,
that is, they can be introduced into whole cells or tissue sanples. The

conmpounds are fl uorog@rj‘i c or  fluorescent and can be .designed to be specific
for any of theSRRoWhNOidhandthe carhoxy £Aptagpg: aming Acide preypiRiectsd, YR an

i nvol ved in apgﬁhg?ééj&v%igbgﬂg&%g?&% eﬁnﬁ]‘s?tefft al., J. Biol. Chem

272:17907 (199 e optl sequences for various caspase

substrates and for Ahethér afcupref Bprefebret ! edmpouhle fallingm@ithinithé retope of
sequences are shown in Table | . Table 1 Enme*O tinma

Seuence* * cas as Bormubr\\Einclude| comygounds, shasein| cHs | not nikeopemERp %E| Preferred
NO-.6casase-3a 0 ain dCPF—?;Z. VANA D,,SEl D,.NO. Scasase- 4|, CE -ll ) 2W L
EHDSE PD NO: 258RRAURdE of fiyis-group,inc OSeMbeEl} & 1R 3. Peptide gr athef sEORHES S p
NO: 7casase- 7Mcivhith méblesLihEZonfpbtthd RENIBs®hE FoNCaspasa e -a8 Mi¥stiate Hor Gther
MchSLETD SEI D NO: 8casase- 91 CE- LAP6, Mh6LEND SEI'D NO: 3~ranz ne BI EPD SEI D

NO: 23 * Enzynesprmteasiscurpepfidasds by othet knzyanesaaod thedx-{yi bondainerarimadaek js the
nonmencl ature. 10 **Stapdard,one-letter. .abbreyiatiaons for am.np acids are
Used To i ndi caltIRBOGERIrRPIOITEITA) CRTLOBE G oo og EHPLAN 1o et
sequences descy figthuliTis ABOS SRSIIE Yorid utler biolddidl 08E1Higns0r 1 uor escent
substrates for specific caspases can be synthesized by the procedures 15
descrilbed herein. | 8pdcHficallgothpamyelbfleorbgerde or dlnorsteat répamer cgmpoundsrof
fluorescent substrates for known oy, unknown caspases by utilixing known or

potential cl eatMy@veitios asepkimulaYuences from known or potential natural
substrates of caspase enzynes. Table

R;-(AA) ~Asp-y-Rg (Vv

15 or biologically acceptable salts or pro-reporter molecules (such as methyl ester
form of carboxyl-containing amino acid residues) thereof, wherein:
R,, AA, n and y are as defined previously in formula II; and
R, is a blocking group which is not an amino acid or a derivative of an amino
acid.

20 In particular, preferred embodiments of the compounds of Formula V are

represented by Formula VII:

Ry- (AA) ,~ASP-R,N ! 0 l NR3-Rg

Rg R,

o
25 or biologically acceptable salts or pro-reporter molecules (such as methyl ester

form of carboxyl-containing amino acid residues) thereof, wherein



2 depicts peptide sequences corresponding to known or potential cleavage
sites in 20 proteins that may be natural substrates for caspases. (4 APR4IAPR
2002 WD 99/18856 _ 18 Table 2 PCT/ US98/ 21231 EnzyneSubstrat eCl eavage
Sequence* Caspase- 3PAR PDEVD (SEQ I D NO: 5) PAK2SHVD ( SEQ | D NO 10) D4- GDI DELD
(SEQ ID NGO 11 )U 1-70kDabDGPD (SEQ | D NO: 12) SREBPDEPD (SEQ I D

NO: 13) DNA- PKDRWD9(18830 | D NO: 5) Hunt i ngt i nDGTD (SEQ | D NO: 14) DLROT{USEE2IRD
NO: 15) DEED (SEQ I D NO: 16) DSLD (SEQ I D NO: 17) mdn2DVPD ( SEQ | D

NO: 18) caspase-3 + ot her unknown caspasés"*f'odri n DETD (SEQ I D NO: 4) Possi bly
caspase- 3RbDEAD (SEQ I D NO: 19) Possi bl v_ caspase-3Preseni | i nsDSYD (SEQ I D
NO: 20) ?act i nELPD (SEQ | D NO: 21) Caspase-6Lanmin AVEID (SEQ I D

NO: 26) CaspaseRREPBAlabd R arSEQdfiRedBretously ibFondalae Iloamma-Vet t er abbrevi ati ons
for amno acids are used to indicate the am no acid sequences. 5 The

f 1 uor ogeni ¢ oR, anduRy are thermame dy sl fferentsandaare midspendentliekydyogan. etkyhesaryke nore
than one enzyng, at a tine, by designing substrates that are recogni zed and
cl eaved by mo?™ t han one of the enzymes involved in the caspase cascade.

Fl uor ogeni c OR, Md&@{ﬁéﬁi‘e%&xn%%?ﬁiffé&ﬁ%n&"ﬂieqm ﬁdéhl@l&qgrhﬁfgﬁﬂkl?ﬁlk pr nmore than
_one caspase may be utilized using the assay proces$S described herein to
measubfe the 10 act Auothyr grbupef prefermatkerobadimernstp af dise. contpounth ef Easpuelad
cascade is activated by a cell - h i nducing stinmulus, the fluorogenic or
fluorescent r¥pssrresenisBibsdoreuladdilri bed herein are cleaved, and respond
with a large increase in fluorescence em ssion. The change in fluorescence
can be neasured spectrofluoronetrivally. The reporter nol ecules 15 can al so
be used to neasky-eAdasehspe (BBspaBMN AcCiAi L@ p-sel I BRitRy are not

under goi ng apoptosis. The nmethod is epsily ad bl e to high throughput or
ultra. high throughput screening assa¥s.~~ 0 AAPR2002 WD 99/ 18856
PCTNS9821231 - 19 The assay systenRfs v arsati| eR4 Exanpl esv%lt he

extrene versatility of the assay syst ¢4 e gPven bel ow
0
10 or biologically acceptable salts or pro-reporter molecules (such as methyl ester

form of carboxyl-containing amino acid residues) thereof, wherein
R,, R,, AA and n are as defined previously in Formulae II and V:
m is an integer from 0-3.
R, and R, are the same or different and are independently hydrogen. alkyl or aryl;
15 and
R, and R, are the same or different and are independently hydrogen or alkyl.
Yet another group of preferred embodiments of the compounds of Formula

I are represented by Formula IX:

Ry~ (AA) ;- (AA)m~R,N l o [ NR;-Rg

Rg Ry

Q 0 IX

20 0

or biologically acceptable salts or pro-reporter molecules (such as methy! ester

form of carboxyl-containing amino acid residues) thereof. wherein



1. The assay can be used to screen a cell or tissue for baseline ggtzl'&pﬁi h[ﬁ
of any caspase enzyne or any other enzyne involved in apoptosis. . 'IZ
assay can be used with equal ease to screen for conpounds that can either
activate or inhibit the caspase cascade. That neans the assay can be used
to screen for drugs agai nst degenerative di seases or for drugs agai nst
cancer. 3. T #nsess can be used to screen for caspase cascadrCBRUSHS/HR3IION
or 10 inhibition in any living or dead cells or cell lines derived from any
organ systemin the body including) butlhot linmited to, hair, brain.

peri pheral nervous system eye, ear, nose, nouth. tonsils. teeth,
esophagus, lung. heart, blood, blood vessels, bone marrow. | ynph nodes,
thynus, splegn i ARUAR BYebe Brfided\Reviodd P FREImulRERid val tract, pancreas,
endocri ne glaﬁds 13 and tissues, Kidney, bl adder, reproductive organs and
gl ands, | oi ninsis andmegerdrmin 843. n. The assay can be used to screen for drugs

with potential use in any di sease of apny qQrgan system.in th od hat

i nvol ves mal ﬁzﬁﬁi&oﬁredgeﬁfée PEIbAER! Ak Ed _epg{queqiﬁg%ggrggg,n,@gfy Bég{}'iéd to
screen for drygs that m 4.:ht nodul ate the caspase 20 cascade directly or
indirectly) i.e. by nodulating the caspases itself or b~~ nodul ati.ng

‘cell @ ar recaytand R, aredhe anicortdifferehtimd ardinderssndentiyieydesgepas alkghscade. 5.
The assay can be used to determne the site of action at which a caspase '
cascade nodul at or Thatyenteralso Telates fsa metodafos e RrEPArAINOL HCHMPOYBN t he
25 nol ecul ar J .1on of a novel caspase cascade nodul ator drug.
The i nventi oﬁ@ﬁ%@négﬂagé@sﬁ%‘hghe use of the fluorogenic or fluorescent
substrates represeit ed riiétilmdr Reddamlind QFitlf | 426id hnR@dYi 0P ORIvES NodceigW USes
for known conpounds in reducing, preventing or treating naladies in which
apopt oti ¢ 30 Rdhedamiseaf HormuleMlher a causative factor or a result. Exanples

f f th t 0.4 APR 2 99/ 18856 P usogl 212 - 20
? nv gﬁfls on Oir ncl 3d 2 rﬂ% (S: (ra2é'ﬂ?%&S'f'_%?V'B‘Eﬁ'l’a%}P\é}gmt‘TFa?FE%fﬁ"%‘?Cgletggetl’Wewﬁé Vous
system fol | ovnnthggaikac' 8G9 -BuD bt qeagivb Sﬁnﬁmoa:As?(oB@m)n@:Jce{yl-

conpounds that can treat neurodegenerative disorders such as Al zhéiner's
di sease, HuntRhodémimes Di sease, prion di seases, Parkinson's Disease,

mul tiple sclerosis, amyotrqphi¢c 5_lateral sclerosi at axia, . .

tel angi ectasi a, afd spirFiBRINHare afﬁne‘bh%’,o“%C‘Peémenéfﬁsﬁﬁgéb‘l%%Fﬂffﬁ‘yl‘hat can
treat heart cﬁh%gﬁﬁﬁei ncl udi ng nyocardi al infarction, congestive heart
failure and cardi onyopat hy: screening for conpounds that can treat retinal
di sotslers; screeni(dg f @ondensingWi(kssp(@BU-t))F/¢ sdcegiHRbibdamine vitlsBHA)Sto

i ncl udi ng | upus erzt henmat osus, rheumatoid arthritis) type | diabetes,

Sjogren's 10 BYEMh(Zrd AdndspOReh N oassyrRhqdaming; pedni ng for compounds t hat
cogren AN ) . o Unes.
Compounds that  tr ook s FebaRERE, OBt SRR I Yot H REZA AL ASEINY "

screeni ng f oracePRAoMESNE; b ItEaskeey Or prevent cell, tissue and organ
damage during transplantation (e.g. graft versus host disease in bone

marrow t ranspl ant 48} on rggctise dihedaming cvisle nacgtc 18hyeride dapsiyadd-acstt- r educe
or prevent celd line th iR, ndustrial biotechnol ogy; screening for
Bnas « natsgE SR RraN

conpodunds tha ht al opecia (hair loss); and screening for

conpounds that regggpe tcBﬁddh%ﬁ@HWc&P/ﬂRﬁb&hrﬁBesd@ Porellld VI Thé Bresent

invention also relates to the use of the fluorogenic or fluorescent
substrat es r ebipéF-ORued thgivE-(A1(AA),-Asp(@BndpnV ragetyl-Bhedamins: atder e 20

|'i braries of kno drugs _or. canbjnpatorial . or other .co und, | i brarj,es are
screened for conpdfhds ‘v'\ﬁ“PYf“&ﬁlﬁ bBH‘r’rﬁF“S"r“"érﬁ”?‘%'&r@‘é‘? K’pa@f%?)w“l’? e cancer
celds or cellackiyNRBo&@mnee derived fromany cancer of any internal or

external organ Systemin the body including, but not limted to brain,
peri Bheral nervoudndhisteprhodiment, where (AA), includes amino acids such as glutamic

acid or aspartic acid, the carboxy group is protected as an OBu-t group which is
cleaved in the last step.

Thus, the invention also relates to the novel fluorescent dyes of Formula
VI which are derivatives of Rhodamines. These compounds are prepared by

30 introducing a blocking group R, into one of the two amino groups of Rhodamine.



eye, ear, nose, nouth, tonsils, teeth, esophagus) lung, heart, blood, blood
vessel s, 25 bone marrow, |ynph nodes, thynus, spleen, immune syst@ymykb@ r,
stomach, intestinal tract, pancreas, endocrine glands and tissues, Kidn g,
bl adder, reproductive organs and gl ands (e.g. prostate gland), joints,
bones and skin. The present invention also relates to the use of the

fl uorogeni c owddouasssscent substrates represented by Fornul a | PCTVUS98/21231

di agnostic procedures to 30 determ ne the chenbsensitivity or resistance of
cancer cells taken from an ani mal 0 41APR 2002 WD 991 18856 PGTNS98I 71231
-21 or a human being to treatnent w th chenot herapeutic drugs. The cancer

cells or cell lines can _be deri ved fyom any cancer of any !nternal or
external or gaq,SKINQ Froup iR FBHﬁulQQQXbrb\FIHJ:ﬂHb gint BEhttMBnehi 5 tE&RbP wWithai n,
peri pheral nervous system eye, ear, nose, uth, tonsils, teeth,

esophagus, | uagotetmézd ehzynd wdtratb,lsoohlaythssetbsxyﬂhoéneugoﬁamﬂébhooka;d peptigé, nodes,
t hynmus, spl een, _ inmune syste | {ver, stonmac intestinal tract, pancreas,
endocri ne gl ach@"HﬁcPeP}"i%%@glei"ijnig’; T%F%EHU%(F!C‘?"@'SF%&%@P?’\?E“BP walssuleng
gl ands (e.g. Sthfdi 3 104 . | j . the
i nvention rel gft‘gs toéeggl}r@?%)ggntfg!rop%g%né?tgﬂ% %Eg%%%ﬁe@c#ﬁ\?g%e &H%la?‘trlhe
apopt §si s caspxXdehich iDacsubstram f@r £ Prdtsasecarnpaptidasey leavage of alonseisdileng t he
one or nmore cells with a reporter conpound according to the invention under
condi ti ons whRIRtid-renster caside dhondo i AGRHAS-ECPPHERE PYi RFASCases ProReptsiasssor e
cells, and (b)_r rdi I f isai r nore cells.

16)(513%% cﬂ{nggu&cf‘gf FfonHSfag‘\lﬁfﬁg‘fxe wihich fg mePeggen?.

wherein a cha orescence, nitu i.e. increase) or of
wave |ength. 15 wi §hdcifidalle, ®BG00&l fiEuresced dyes GINRAR' ideritidon GRd of Formtlal s

whi ch have not been so contacted or one that has been contacted with the
reporter conmp¥lind and a known conpetiti~~e inhibitor of the enzyme) is an

i ndi gation of the presence of the enzyne. The invention also relates to a
nmet h for neasuring the activity of an 2U enzynme i m-olved in the apoptosis
cascade in one or nore cggﬁﬁ. QPricsi Ng-( a Nggmﬁgcting t he one or nore
cells with the reporter conpo to the invention under
condi ti ons whereby said repor s taken into the one or nore
cells, and (b) recording tRBég &ence ofRfhe one or pore cells, wherein
the 25 relative change in fluog enc®) either of nagniYude or of wave

| ength within the one or nore s—&Konpared to control cells which have
not been so contacted or one ti&& has “geen contacted with the reporter
conpound and a known conpetitive inhibitor of the enzyne, is a neasure of
the activity of the enzyne. 0 4 APR 2002 WD 99/ 18856 PCTNS98I 21231 -22

The inventi onoraﬁ% rceLla,tt es tﬁl a geytbeOd' for detenlining whether a test
subst ance has®a AT 2BPRR AR WP ol ved in the apoptosis cascade in
one or R, and R, are the same or different and are independently hydrogen, alkyl or aryl;
15 R, is a blocking group which is not an amino acid or a derivative of an amino
acid;

R, and R; are the same or different and are independently hydrogen or alkyl.
Preferred R, and R, are hydrogen, methyl or ethyl; Preferred R, and R, are
hydrogen or methyl.

20 The invention also relates to a process of using the reporter compounds
represented by Formula I to measure the activity of intracellular caspases or other
enzymes involved in apoptosis in living or dead whole cells or tissues. The
invention also relates to methods of using the compounds represented by Formula
I and the assay processes described herein to measure the activation or inhibition

25 of any of the caspase enzymes inside any living or dead whole cell or tissue

(normal or cancerous) by a test substance or substances. The compounds



nore test cells, conprising (a) contacting the one or nore test ﬁﬁblﬁ w th
the test substance and the 5 reporter conpound according to the i JRR 108
under conditions whereby the reporter conpound is taken into the one or
nore cells and the test substance either interacts with an external
menbrane receptor or is taken into said cells, and (b) recording the

fl uorescence wb9ohngsséest cells, wherein a change in fl uorescerR&/UsiszhId of
magni tude or of wavel ength, within the cells conpared to 10 the contro
cells which have only been contacted wi-tlf *t he reporter conmpound and not
with the test substance, is an indication that the test substance has an
effect either directly or indirectly on the apoptosis enzyne being tested.
In the practiggre@éntédby Fommasl atf cdlfertiedSIB] ihaiis, the¢ ch Bk ifRbdiedtobe
contacted with said test substance prior to, after, or substantially

si mul t aneous| yhals cgils o tissee sampdest eFheceomppownds are dorgspictay flussescentandi on.

The et hod maéaé)g ased %IO ﬁ)et ect. t her thef ﬁast substancef stinul ates or

inhibits the < Aeense 10 b8 SPRGHIRAOT % Of HFcKRVEh CaPasss 198 19T 20Y (8 ur ¢t her
contacting t hguh&sfuld ehhytndditVdbIvedSinaphstodigst substance or mi xture of test

substances in the preserice of the first test 20 substance. In a preferred
enbodbnent, the tefhormndrty, NA3 @aticer Bidl Chem. 2&2:17907nE 99@),idesctitfer dun a

human i n need of treatment with .a chenot herapeutic dr nd_the tes
substance is %Ptmnmqﬁgwabefémf i Varigue (FRsRase suRbate én@ffggﬁgﬁo@wewﬁsu%i c

agents. The iﬂiﬁ?ﬂﬁtgp?h@{)}ﬁﬂnﬁl%h@g{ﬁ& &%&c@?é@%ﬂo&ﬂiﬁ?&b@ém ne the sensitivity
of an 25 animal wth cancer to treatnment wth one or nore chenotherapeutic
agents. conprising (a) contacting cancer cells taken fromsaid animal wth
one or nore chenotherapeutic agents ankphled reporter conpound according to

t he i nventi ohEnmdae* condi ti ons wher eby t he {r@pimhbSeqqenpetind i s taken into

t he cancer cetdspasesidICE) WEHD (SEQ ID NO:1)
caspase-2 (ICH-1, mNEDD?2) DEHD (SEQ ID NO:6)
caspase-3 (apopain, CPP-32. YAMA) DEVD (SEQ ID NO:5)
caspase-4 (1CE .-1I. TX, ICH-2) (W/L)EHD (SEQ ID NO:25)
caspase-5 (ICE_-III. TY) (W/LYEHD (SEQ ID NO:25)
caspase-6 (Mch2) VEHD (SEQ ID NO:7)
caspase-7 (Mch-3. ICE-LAP3. CMH-1) DEVD (SEQ ID NO:5)
caspase-8 (MACH. FLICE, Mch5) LETD (SEQ ID NO:8)
caspase-9 (ICE-LAP6. Mch6) LEHD (SEOQ 1D NO:3)
granzyme B IEPD (SEQ ID NO:23)
*Enzymes are identified by both new and old (in parentheses) nomenclature.

10 **Standard one-letter abbreviations for amino acids are used to indicate the

optimal amino acid sequences.

Using the optimal sequences described by Thornberry e al., fluorogenic or
fluorescent substrates for specific caspases can be synthesized by the procedures
15 described herein.
It is also possible to design other fluorogenic or fluorescent substrates for
known or unknown caspases by utilizing known or potential cleavage site peptide
- sequences from known or potential natural substrates of caspase enzymes. Table
2 depicts peptide sequences corresponding to known or potential cleavage sites in

20 proteins that may be natural substrates for caspases.
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5 The fluorogenic or fluorescent substrates can also be designed to measure
more than one enzyme at a time, by designing substrates that are recognized and
cleaved by more than one of the enzymes involved in the caspase cascade.
Fluorogenic or fluorescent substrates which are “promiscuous™ for more than one
caspase may be utilized using the assay process described herein to measure the
10 activity of as vet unknown caspases.

When the caspase cascade is activated by a cell-death inducing stimulus,
the fluorogenic or fluorescent reporter molecules described herein are cleaved and
respond with a large increase in fluorescence emission. The change in

fluorescence can be measured spectrofiuorometrivally. The reporter molecules
15 can also be used 10 measure baseline caspase activity in cells that are not
undergoing apoptosis. The method is easily adaptable to high throughput or ultra-

high throughput screening assays.



(b) recording the fluorescence of the test cells, wherein a change in
fluorescence, either of magnitude or of wavelength, within the te§t, AR I
conpared to control cells which have only been contacted with the reporter
compound, is an 10 indication that the test substance causes or enhances
cell death. The invention also relates to a process of using the reporter
conpounds repweswnsssd by Fornula | X to neasure the activity of PCT/US98/2123]
intracel lul ar peptidases and proteases in |iving whole cells, including,
but not limted to, type-2 nethionine aﬁﬂnopeptidase in endothelial cells
and H'V protease in HV infected cells. The I Sinvention also relates to
nmet hods of using the conpounds represented by Fornula | X and the assa~~
processes descri begndigggy Systdin [BRSYV&sale, ERAhPles bPtheWxtrdfilel WRhtiRy
enzynmes inside living whole cell by a test conpound or conpounds. "The
reporter conptenrssysgpgemsengiech bslowormula 1 X are cel |l -perneable, that is

they can be introduced into whole cells. The conpounds are fl uorogenic or
fluorescent 2& andﬁlﬁ%’f‘ﬁs%‘:@e}é‘? 'bsﬁgéo PR itspie g’é?’af ©RADIY ¥V nes of

interest, such as %nggggﬁemrgm%gﬁﬁgm%wghmgﬁ &ase. The invention

also relates to a neth for detécting a viral protease In one or.nore
cel.ls5 conpri 8 ng Thy assaytcac be meed With @qlhidlseasd tohsdréen foe gompeundsahmatozand
according to the 25 invention Hglget; condi tions whegreby the reporter-

1

conpound is taken pithep agthatecy) i ) lPcha(SB%ercé%@‘ai Lipgang Fh.?oqsé"s}’c"é‘ﬁé?g of
said cells, mherelpﬁ?é§P§@ ﬁﬁﬁn#%&%@ﬁ@@ﬁ @n&%ﬁ@¥£§ﬁﬁﬂﬁfé@&5n@§akBﬁ cell's

conpared to contro Ich not een so contac 'S an |n‘gi cation
of the presence of cdger.viral 30 protease. 0 4 APR 2D02 WO 99/ 18856
PCT/ US981 21231 -25_The invention also relates to a nethod for neasuring the
acti~~ity of & virahe Rsgavesare tenuspdetoscigen oy | qaspase ngaseadedagtisatien or

COMD R 19, ) o BB 5 O A0 BB BT Bl e
; ﬁgorter _ 5 CONpokeenh $n tIRKBHdy HcRidid}e H0@oOlintitel Qo Vhdidl braitf pefigickrael | s,
nervous system, eye, ear. nose, mouth. tonsils. teeth. esophagus. lung.
heart, blood, blood vessels. bone marrow. lymph nodes. thymus, spleen.
immune system, liver. stomach, intestinal tract, pancreas, endocrine glands
15 and tissues, kidney, bladder. reproductive organs and glands, joints, bones
and skin. The assay can be used to screen for drugs with potential use in
any disease of any organ system in the body that involves malfunction of
the caspase cascade.
4, The assay can be used to screen for drugs that might modulate the caspase
20 cascade directly or indirectly, i.e. by modulating the caspases itself or by
modulating cellular receptors and co-factors that influence the caspase
cascade.
5. The assay can be used to determihe the site of action at which a caspase
cascade modulator interferes. That is, the assay can help to pin dowp the
25 molecular mechanism of action of a novel caspase cascade modulator
drug.
The invention also relates to the use of the fluorogenic or fluorescent
substrates represented by Formula [ for finding new compounds or new uses for

known compounds in reducing, preventing or treating maladies in which apoptotic

30 cell death is either a causative factor or a result. Examples of uses for the present



(b) recording the fluorescence of said one or nore cells, wherein a change
or increase in fluorescence within the one or nore viral infecteﬂgg Eﬁs
conpared to control cells which have not been so contacted is a g Hlof
the activity of the viral protease. 10 The invention also relates to a

met hod for determ ning whether a test substance has an effect on the
activity of woadngssetease in one or nore viral infected cel | $CTASHBL1231 ng
(a) contacting the viral infected test cells with the test substance and
the reporter conpound according to the-Rfvention under conditions whereby
said 15 reporter conpound is taken into the infected test cells, and (b)
recording the fluorescence of the infected test cells conpared to infected
control cel | spvditieh iRau@ ScbehileRR GRipoafdsLthatVei pidi€t HIRPAEABiis gﬁi@@und,
wherein a change or increase in fluorescence within the infected test cells
|t) conpar ed foowing foedl aschemizcand globaldedhemid: screaning for earnpounds ghattche t est

substance has an effect, on th(f vi.ral LﬁéOt e?j& .In ,aa‘grefer}'r_jled.eandi nent ,
the cells ar '3 \pep %‘ft“éEF“c‘,’%I 18oTderg 4Gk 33 PIGE 2LEEARS HVIREOR Base. In
anot her pref epjede eBhosl difedies, E’Qﬂciﬁs%h{ssD?sregse?qﬁﬂlﬁPler k'cﬁex’oE!iE,e&;ngEitrSﬁKiks and
the viral protease I's adenovirus protease. In another 2~ preférred

enbods nent , tlherat esclesosis; eatdAfd/ telahgiettasiacatd spianbulbireawophyt spreenimgsfori s HSV

protease. In another preferred enbodi ment, the cells are HCW. i nfected
celI's and t heOMROHPdy rthRle £3R et HORRM pISEAsE s Nclyding nEy AeArdigh dingarcue,

enbodi nent, t : ' S : V| is HCV
pr ot ease. The&lﬁﬁgsgk% ?IS%E Z?lsmg%/ F }é?fg?rggs&&)&g{h#éf ﬂ(g)%“{]%(r?orn%({i uoruﬁgghfaﬁzggcti vity
of 30 prot easteeadtetip@ptiscides; sdtedifing for @aHOUNES gt tre alitoiihud Asofder99/ 18856
-26 PCT/ US98/21231 (a) contacting the test cells with the reporter conpound
accordi ng to inplading\lupes erythamasesusotgpmpeids arthetisbiype Hedipkgies: tbereBdpound

is taken into_the test lls, ar,.the reporter conpound.s.internacti.ng with
an el ernal ehgPRieH OFeRladbhit sRPRRE or FERUIE U e R AR )
recordi ng t hekifihdjoaRezemd HerliderydiftbpdiesifhRi&inthgd férhemgfdoulls itk @gse i n
fluorescence within the test cell conpared to control cells which have not
been so cont aomehe sysigmdiserders, intluting AIRXS and SCHIS;t doreening fpr carepmmdor

pepti dase. The inyention al SOE‘iel ates to a nethod far determning whether a

in n

Lest 10 subst BACEANGEsorapretsnd gel Tisque A Qreep ampes duge IeBlRAioddS S dase i n
the test cel Idgraﬁ%fg% ISt lsdade irf BOAMatrDd frdbplafifaliof PrdcidWed)!) stdenihgst

subst ance and the reporter conpound according to the I nvention under

condilfi ons whier ebmpoinels tieppaeduee oc prgventnatlli linet ddagnin intlosttidlebioteshinodegdyl; s, or

the reporter conpound is interacting with 15 an externpal penfyrane protease
or peptidase BfEHPHE f%‘FQ'%E"“&ﬁﬂ%GWHP@&SIP&?VﬁQ‘ SIH%“F% &BFZ%%E@BHB SEECRA@ t est
e compar e LomBAHds flat (bbb VBN KRR COnt act ed Wi Lh the
reporter conpound, wherelin a change or increase in T'uorescence within the
test cells conpar ethd présest aneiticdl afsel relates t@nthe nakec af ither fluvadgenite o est
substance has_an effect on the protease or 20 peptidase. In a preferred
embodi ment , t feoresentssubsigates, irprasented by ciarmutla dn tseeeepiag tnreeduras swhepe 2
met higni ne anj; i . nt h referre odi | T
ol 129ana t nel BaREY gt S8Ry YsBin SbmBingioReli 38 S0 ShiBilng, fBlerie b, e
enbodi ment, t&geened f6r cabpoifdsWith 8R-hin@ Y ahhiRaRée? aBMGE . | PheCétnber dells 25

Brief' Description of the Figures )
or cell lines can be derived from any cancer of any internal or external organ

system in the body including, but not limifed to brain, peripheral nervous system,

eye, ear, nose, mouth, tonsils, teeth, esophagus. lung, heart, blood, blood vessels,

25 bone marrow, lymph nodes, thymus, spieen, immune system, liver, stomach,

intestinal tract, pancreas, endocrine glands and tissues, kidney, bladder,
reproductive organs and glands (e.g. prostate gland), joints. bones and skin.

The present invention also relates to the use of the fluorogenic or

fluorescent substrates represented by Formula I in diagnostic procedures to

30 determine the chemosensitivity or resistance of cancer cells taken from an animal



Figs. | A-1F depict photographs of HL-60 cells stained by N -

oct yl oxycar bonyl - Rnodam ne 110 (Fig. 1 A), N-decyl oxycarbonyl - Rhog@rm:}q @0
110 (Fig. 1 B), N dodecyl oxycarbonyl - Rhnodam ne-110 (Fig. 1 ©, N O g« R
Z002 WD 99/18856 -27 PCT/ US98/ Z 1231 hexyl oxycar bonyl - Rhodami ne- 110 (Fig.
1D), N-(ethylthio)carbonyl-Rhodam ne 110 (Fig. 1 E) and Rhodam ne 110 (Fig.
1 F). FiguresvQgy/mssddepi ct the bar graphs of cleavage of the PETAHN9821231
substrates N Z-V D-N =et hoxycarbonyl -R 110, N Z-EVD-N =et hox~~car bonyl -R
110, ~ N Z5 DEVD- N - et hoxycar bonyl - R110 2$EQ IDNOS, N

Ac- DEVD- N - et hoxycarbonyl R110 SEQ ID NO S, N Ac- DEVD- N=oct yl oxycar bonyl - RI
10 SEQ I D NO'S, NAc- DEVD- N - hexyl oxycar bonyl -R110 SEQ ID NG ~. and N

Z- DEVD- N (et hyl 4 hirfaic BEiRO b/ tredvhéft @mch&]m&ew dru@ SPiRS mded &l@Sor 2A,

2B, 2D, 2G and 2J) .and Vinbl astine treated HL-60 cell lysates (Fins. 2C,
2E, 2H and 2Kgelhlines sambe detivied fram aay eancer of anyivemal prextempl orgems¥sienFi gs.

2F, 21 and 2L)._.Fi.gs. .3A-3E depi ct ..phot.ogr.aphs of .cell s stai ned b~~

i neubat i on wi ‘h£\|b%§é_ﬂ5§\‘)&3‘&$’%€ﬂ9f 859‘5&@5’5@[’1 ?ﬁ%"é@ef"ﬂuf\@' “MF¥BI ast i ne

(Fig. 3A) andedMRse (b, t3Milst fefht e%ph%gxépl_uﬁg,l Reart, Mob®) 168d V&sdls aned HL- 60
SEQ I'D NO S added

_cell's with N AcDEVD- CHO d’ in the assay stage (Fig: 3C),
anti F&s (Fi g. mamyw,ymphchddB§ tiynygs, splegn,timpatnecsystemk Hiverg stolmch,Hintgstidaldepi ct s

a graph showi ng the resul s of | eayvage assay Qqf . -

ACDEVDL N - oct JR-BEGHERD R90cRRY alaatt s e o kit iaddss repradvsaize oreagsed
Jurkat cells. B i : p j the results of a cleavage
assay of N Ac%lg’ %g/%(ﬂlgp%ts %‘)%%(l:%r%d%&%’ Eﬁ%gq@%%apb NO S by caspase-3, -6,
-7 and -8. Fig. 6 hepdritidara theainveitighreldtésntot i enetlemiufor letdcting @ahemzymge assay

of N Z-G N octyl ox%ﬁgar bonyl - R110 and N G N j octél oxycar bonyl - R110 by HL-60
cel | 1~-sat esinivpivgdireige aponsodesAseade i 9P O MBIFCels. cPMPESInge] | s treated with

Ll 2o act VI Gy caddoliths Rhd Oodor areNcnd ! wiletaY L BOHER AR Boun ! 10

(B). tail ed Description o he” |l nventi on uor ogeri ¢ orescent

substrates of adchblify esBtinvenviontunBér eonditibAsprhenstsy the\epigtet Rempemst ais
Formula I: 30 x-y-z (IgE 0 4 APR 2002 WD 99/18856 PCT/ US98121231 -28 or
bi ol ogi cal | y tkebinasieoregrmorgcelly. 8nd eport er nol ecul es (such as net hyl

ester form of car b@)ﬁyl -co(prt iai n{'hng(@%rrﬁsréoncam x %i d%es t he leoIv r\/é/herei n x
and z is the sanme di FreEsmg, s fipore &'BePt Yo °BF A6 G BFELdI gr oup
or other strughaage i$ YRdrdsberce, FATHERIoF thagnitude IUOSIERRR) TR T ofCREVAR@Fth.OF
ot her proteases or peptidases or
15 within the one or more cells compared to control cells which have not been so
contacted or one that has been contacted with the reporter compound and a known
competitive inhibitor of the enzyme, is an indication of the presence of the
enzyme.
The invention also relates to a method for measuring the activity of an
20 enzyme involved in the apoptosis cascade in one or more cells. comprising
(a)  contacting the one or more cells with the reporter compound
according to the invention under conditions whereby said reporter compound is
taken into the one or more cells, and .
- (b) recording the fluorescence of the one or more cells, wherein the
25 relative change in fluorescence, either of magnitude or of wave length within the
one or more cells, compared to control cells which have not been so contacted or

one that has been contacted with the reporter compound and a known competitive

inhibitor of the enzyme, is a measure of the activity of the enzyme.



5 other enzynes; and wherein the scissile bond is only one or both of the
Xx-y and yz bonds in Fornula | when x is the sane as z, or mherein[}$gPR 002
scissile bond is only one of the x-y or y-z bonds in Fornula | when X |é
not the same as z. y is a fluorogenic or fluorescent noiety. Preferred
conpounds falling within the scope of Fornula | include 10 conpounds
wherein X is wodoagsse as z, and the first amno acid attached pornwses2iasn
Asp. Most preferably, x is the same as z and is a N bl ocked tetrapeptide
substrate of a caspase including WEHD SE@- D NO: 1, YVAD SEQ I D NO:2, LEHD
SEQ ID NO: 3. DETD SEQ I D NO: 4, DEVD SEQ ID NO'S, DEHD SEQ I D NO6:, VEND SEQ
D NO: 7, LETD SEQ I D NO:8, LEND SEQ ID NO: 3, SHVD SEQ 15 ID NG 10, DELD SEQ

b NO 15, DEED SETD NO™IER BT SRR o) B RghdE oriReEE e BRESTE “Benn seo
B NO: 19, DSYEubShRrd Rashiy Tfrt drl RDeiBRe ivoleih, thyBpBpBEchBad®ibne diETD SEQ

I

I

I .

I D NO: 24 or a N-blocked tetrapeptide substrate of granzyme B including | EPD
SEQ I D NO 23moge g fellsopmBHESNED NO: 27; or x is the sane as z and is a N

bl ocked peptide whjgch c s 10 .00 pal ] i.hal
fragnent consi st i nor - nETEE B oI GRieetb il BB o GuBRERRI MY,
of a gaspase tepottetdtdatapd¥aliD aokd2ding {8CGiht, inVitianSiider RoNitidns WilidEyE el D

NO: 3, DETD SEQ ID NO: 4, DEVD SEQ I'D NO'S, DEHD SEQ I D NO: 6. VEHD SEQ I D
NO: 7, LETD SE®ppierxpmyougd is|talqn 1aodhe pnavor moregelipasitheltest mebstance prhey SE

Q1D
NO 11, DGPD SEQ | D N9 12, DEPD SEQ I D N0 13. SEQ | D, NQ: 14., DLND SEQ | D
NO 15, DEED SE%’F% m&hfe,exgaag%ﬁ%ﬁ%rwﬁoam BIRBaaR 18 'f:‘gt.si@,d DEAD SE8 ID
NO: 19, DSYD SEQ | B)0: 2fcorddgDinetfdorédc e 2ds, thikbdy caHE) Whirbp: £@hadeT{d SEQ | D

NO: 24 and granzyne including I EPD 30 SEQ I D NO: 23 and VEPD SEQ 1D NO: 27.
0 4 APR 2002 Wopesendss8herad n@hNgds b dR®avdienetle rwithin chapalsndmpfazdd iong

w thin the scqpe of Fornula I inclyude conpounds . rein i s Rhodam ne |
10. " par t - c RN o) S have Galb i COBRPH MR UpGHAVEET CITROMAAR | ar e
represented byFQfidekd s'\.‘bstaécems' éxﬁﬁ)d%aﬁﬁﬁ't%'t'?ﬁ?iés bsBhcé lhhs Qh effect

bi ol ogi cal |y acceptable salts or pro-reporter nol ecules (such as neth~~l
ester form of exlerdozstly erandisictly og tleendpoptoaisietizyms beiug sgstedher eof , wherein R

isan I~ 10 term Q]?J protecti ngz group including t-butyl oxycarbonyl,,
acetyl . benzyl oxycHr Msnpractiessoh iz asper piinthentavgntion. ghé dest geedls gnay e

| retigagh A Rt genténiYoniep. g detichlsonatrty
o no aci d_ gt BndaRel bt 1o @ ABsBah ARLMRNES o a0

f1 uoridgeni ¢ owithlthofepsa&donipousd ¥ccoAfing e iveafiod Thenfetdrmhay bemsedicul e i s
the methyl ester formof 15 carboxyl-containing amno acid residues
conpri si ng cokpdetagiswhethgotheutest substanestimulatesapminhibifs thepaasivitg pefr ther
nol ecul e is tQ& acet oxynet hyl (AM ester form of carboxyl -containing am no
aci d resi dues“of conmpounds of Formula Il1. AM esters of carboxyl -containing
conpounds are KnowTh¢ ehvetidifdlso RtERBFHiRh@dnGaind el cOlyWRR ak¥caftt er ases
inside the cells. Once hydrolyzed, the carboxyl

test substance or mixture of test substances in the presence of the first test

20 substance.

In a preferred embodiment, the test cell is a cancer cell or cell line derived
from a human in need of treatment with a chemotherapeutic drug and the test
substance is a chemotherapeutic agent or é mixture of chemotherapeutic agents.

The invention also relates to a method to determine the sensitivity of an

25 animal with cancer to treatment with one or more chemotherapeutic agents.
comprising

(a) contacting cancer cells taken from said animal with one or more
chemotherapeutic agents and the reporter compound according to the invention

under conditions whereby the reporter compound is taken into the cancer cells and



20 contai ni ng conpounds becone cell inperneable and are trapped inside the
cells (Adanms et. al., J. Am Chem Soc. | | |: 7957-7968 { 1989)) (/AR 2002
esters can be prepared by reacting the correspondi ng carboxy-contai ni ng
conpounds wi th bronmomet hvl acetate. Especially preferred enbodi nents of the
conpounds of Fornmula | are 2~ represented by Forrmula I11: 0 4 APR 2002 WO
991 18856 PCTMu4ro4is886231 - 30 R1- (AA) n-Asp-NH NH Asp- (AA) n- RET(USBS21281

bi ol ogi cal |y acceptable salts or pro-reporter nol ecules (such as nethyl
ester formof carboxyl-containing anm no agjjd residues) thereof, wherein R .
AA, n are as defined previously in Formula'll. Preferred R is

t - but yl oxycarbonyl, acetyl and benzyl oxycarbonyl. Al so preferred val ues for
n are 1-3. Another group of preferred conpounds falling within the scope of
Formul a | i ncl uthe angraydnerd sirvgsegithen interael wish an lexteszalgneabrane macepler peare

conmpounds of thj roup include those wherein x is a peptide or other
structure whi ch{a?fﬁlg@goﬁﬁeqa@oc tﬁﬂqd a substrate for caspases, or other

proteases or 10 pept (4Jasefecordin e FluBREYETRES of tHeahfi® céliy, vitpéinlatharddial a |
is the scissile bond under biological conditions; z is a blocking group and

the y-z bond i nflienesnehee, | either oftmagrstude sorl ef iwaveleogberwilliin| thgi caaker cells
conl g Vo B Sl i, Sl A S B A 8 °
DETD SEQ I'D NO: ih@ ° MO BsenViavD (Rt ddd Hi0: 7,
LETD SEQ I D NO: ompdfd §§8 llhDC%@[&ha%éH’@Dﬁ@Egb i ANI?ICIO, BELD SEOQ D NOT 1.
DGPD SEQ | D NO: iidre 43ERID 268 hat reMiirhl, is RGEDIvEES Heredindt. DLND SEQ | D NO: 15,

DEED SEQ I D NO: 16, DSLD.SEQ.ID NO: 17, DVPD SEQ | D NO: 18. DEAD SEQ I D NO: 19)
DSYD SEQ | D NO: 20, ERPDinyenyipm alye: relates\po) & mgthpd o emigr the tqufmnSngnD

NO: 24 or a N bl g¢ R‘ltlfiid r e B including | EPD
SEQ I D NO: 23 angﬁ@égghgéggﬁg :‘%L?;ﬁ%g?e EEgﬁlhfs?c ggﬁg‘b‘%g@ﬁlg% gpept I de whi ch
corresgonds to a car yxyt adiiniséringrondbr Rvr€Een@herhpecagodnigseo fsd airnaly of 1.
2 or 3 amno acids of the tetrapeptide substrates of a caspase_including

WEHD SEQ I D NO 1, YVAD SEepntasting: cells| wkgn Spm (the Moimal sfer prippnisteningptho: 4,
DEVD SEQ 1D Na rSdpoQErHPonslgc%nldDa&%i'&?ng Yg I_tPe Slr%%mion under conditions whereby the
reporter compound is taken into the cells, and
(c) recording the fluorescence of the cells contacted with the reporter
15 compound, wherein a change in fluorescence. either of magnitude or of
wavelength, within the cells taken from the animal after administering compared
to the control cells which have been taken from the animadl before the
administration is an indication that the animal is sensitive to the chemotherapeutic
agent. In this embodiment, the animal may suffer from a malady in which
20 apoptotic cell death is either a causative factor or a result.
The invention also relates to a method for determining whether a test
substance inhibits or prevents cell death in one or more test cells, comprising
(a) contacting the test cell with the test substance and the reporter
compound according to the invention under conditions whereby the test substance
25 either interacts with an external membrane receptor or is taken into the cell and
the reporter compound is taken into the cell, and
(b) recording the fluorescence of the test cells, wherein a change in
fluorescence, either of magnitude or of wavelength, within the test cells compared
to control cells that have only been contacted with the reporter compound, is an

30 indication that the test substance inhibits or prevents cell death.



ID NO: 7, LETD SEQ ID NO:8, LEHD SEQ ID NO: 3, SHvD SEQ | D NO: 10, 0 4 APR
2002 WD 991 18856 PC1'/US98121231 -31 DELD SEQ ID NG 11, DGPD SEQQBAk%Zq]oﬁ’
DEPD SEQ I D NO: 13, DGID SEQ I D NO: 14, DLND SEQ I D NG 15, DEED SEQ ri'e,
DSLD SEQ I D NO: 17, DVPD SEQ I D NO: 18) DEAD SEQ I D NO: 19, DSYD SEQ I D NO: 20,
ELPD SEQ I D NO: 21, VEID SEQ ID NO: 26, |IETD SEQ ID NO:24 or granzyne 5 B

i ncl udi ng | EP®O98A88s® NO: 23 and VEPD SEQ I D NO: 27; or X is a Ne@I/USsE23]
pepti de which corresponds to a carboxyterm nal or am noterm nal fragment
consisting of 1, 2, 3 or 4 anm no acids -#*the tetrapeptide substrate of a
caspase including WEHD SEQ ID NO 1, YVAD SEQ I D NO:2, LEND SEQ I D NO: 3,
DETD SEQ ID NO: 4, DEVD SEQ ID NO'S. DEHD SEQ I D NO: 6. VEHD SEQ 10 1D NO: 7.

LETD SEQ I'D NO: 8, Hfddinekldrd BsbUelhtesSoVER nafthod! RorNGetéitninidsl Whéthé hedO 11.
DGPD SEQ I D NO: 13, DEPD SEQ I'D NO: 13. DGID SEQ I D NO: 14, "DLND SEQ I D NO 15,

DEED SEQ 1D NDbi@nceRBuBesSEChapcedcell death\iPbnSE MR ekt ctlls, cOmADSBEQ | D NO: 19,
DSYD SEQ 1D NO: 20,, ELPD SEQ.I D NO: 21, VEI D SEQ | D : 26, | ETD SEQ | D NO: 24
and 15 granzynme B &cl utAnRGtnESRs teshoel W@.hz‘geé?ﬁﬁ S@%@‘%E‘iﬁﬁl gel\fﬁ? T pl us
1-2 anino aci B GERRBHE 16 Be nuRder BRAkAN whkreb SR SbRhfeOl 2
caspase i ncl ugc?nn%&b A GA tGGcaltﬁgenﬁ%? S%%rci ??lclgﬁ{y, liehg novel ??uorcogeni o
or fl fior escentithee pueraets vatngnoextetaalahembiane ireveptorionns taken afto o callsaand: 20

R1- (RA) n-Asp-y-R6 (V or biglogically acceptable salts or pro-reporter
nol ecul es (su@‘ﬁ r%&o%F‘PWPo‘@Qt‘Seﬁag?rb’lnﬁﬁ C€4¥boxyl - cont ai ni ng ami no aci d

i d her eof , it g1 0! '
residues) thereo Q%er%gﬁﬂ,%quﬁe’s@&éé' dhER geE&%ﬁcﬁEfn”&cﬂ%%‘ﬁ?lrl; each

i ncl udi ng t-butyl oxycar ace oct anoy enzyl oxycar

AA i ndependenflligtescance, eitisdr @0 maghitdizyor vftwavalength, withinthé wsatellscamparedaci d or
(3-amno acid, or a derivative of an a-amino acid or (3-amno acid; nis
0-5; 30 y is W& dontrelesdlsnyhichdiave opbyresn cantapied sith, the eportepcompoupgd, 302 WO

00T 4§50, P ARG Bt BRI 500t g ame
or fluorescent repphd giveAiPdrLESd @8aeé to a process of using the reporter compounds
represented by Formula IX to measure the activity of intracellular peptidases and
proteases in living whole cells, including, but not limited to, type-2 methionine
aminopeptidase in endothelial cells and HIV protease in HIV infected cells. The
15 invention also relates to methods of using the compounds represented by Formula
IX and the assay processes described herein to measure the inhibition or activation
of enzymes inside living whole cell by a test compound or compounds. The
reporter compounds represented by Formula IX are cell-permeable, that is they
can be introduced into whole cells. The compounds are fluorogenic or fluorescent
20 and can be designed to be specific for the known enzymes of interest, such as
methionine aminopeptidase or HIV protease.
The invention also relates to a method for detecting a viral protease in one
or more cells, comprising ‘
(a) contacting the cells with the reporter compound according to the
25 invention under conditions whereby the reporter compound is taken into the cells,
and
(b)  recording the fluorescence of said cells,
wherein a change or increase in fluorescence within the cells compared to control
cells which have not been so contacted is an indication of the presence of the viral

30 protease.



this invention of Fornula VII-1X are derivatives of Rhodam nes including S
Rhodami ne 110, Rhodani ne 116 and Rhodanine 19. These novel fl uor odehideR 2og;
fluorescent reporter nolecules are prepared by first introducing a bl ocking
group R5 into one of the two am no groups of a Rhodam ne to give novel
fluorescent dyes of the Formula VI. The remaining HNR, group is used for
reaction wtW@opssnti al enzyme substrate to give a fl uorogeRCEUSIEH2Pht e
of Formula VI1-1X By 10 blocking orie of_the two am no groups in a
Rhodam ne) the overall size of the substPafe is reduced conpared to a

bi s-substituted Rhodam ne, such as a bi spepti de- Rhodam ne. More
inportantly, the blocking group is selected such that a) it is stable and
wi || not hydrol yze ThedavenbionlaBgir€lales ¢ dhiethodrfar michsising thaactinity A aavieal

excl uded because the peptide bond forned can potentially be cleaved b5~ 15
pepti dases whiRfpteasedn gpearmore viral pdecied ¢alls, gpmprisings preferably not too

bul ky (e.g. is smal/l) in order t.0 d t he. over, 1%L,

pepti de-reporter m)(l"li:cul%ém%gmf%gle {;lfe %Pﬁor%gurgl %’gﬁéedr ééelflsz?/ﬁ% té%%%qornaefe; c)
it is preferralmpoindraediaiiCto theNdivefittors Andd ddnditivik BRB& el ehe @éfoenr
perneability of the fluorogenic or fluorescent reporter nolecule.-20
Preferfed RG kiompoundisgakangstoithe bngier moygtviral infeetad dellgiandd to, an C _,,

al kyl oxycar bonyl group such.as et hoxycar banyl., et hoxycarbonyl,

nexyl oxyoar bonyl , Bl y1 GRSRAPE SR AUOTREEgHe ST 086 Y Tokep I

dodecyl oxycar bgpettin athbkge ot ih@ede¥lih ALOKSRNBORhinIhOBRe 8147Brediral infected
(et hyl thio)carbonyl, (hekxylthio)carbonyl) (octylthio)carbonyl; an
aryl al kyl oxycarebio sgmpared tpconioh cells which \navx yatehebn 9y Icpntacted isG¥ measue pif

(al kanoyl) gro such as acetyl and octanoyl, a carbanyl group such as
di net hyl car ban‘ﬁg?cwl% I‘\}%‘f'faiﬁr%%af?l carbanyl, and an al kyl, hal oal kyl or

aral kyy sul fonyl grwg]@%na@ﬁg?g@%@gw&d- ff%e{lérﬁ@)iﬂé'\y em%gﬁré d R~
bl ocki ng groups are - p = 1-{1 ) Z, Cl? and
PhCH-CHZOCO (substangeahas sreeffes)on 2 vt {GHizal gitbiease(im enel o morandral

CH~(CHz), (OCH, CH~), 000 (r = 0-5, s =1 0 4 APR 2002 WD 991 18856 - 33
PCTI US98121231inferted cslls ¢popyisinky| car banat e series); Et SCO, CH3(CHZ)sSCO ,

CH~( CHz) , SCO-, CH, 9S5MN-... =. 0- ' t
ser | 60y} Too, " ok wednpenfffhe W phletsed 3, céiy midl e o Wighigee aRa T ©
CF3S0~( sul f onagi deposef t@bpouniRBémg 1EHRNERentichNghddr Mendiidas3wkardy-MaD (v =

0-9) 5 (urea series); and HCO-, CH CO, CH (CH2)WCO (w = 0-9), PhCH-CO and
PhCO 13 ani de swe€ppmarcomppund is taken inte dheRinfectsiddesk cells. akbups are the ones t hat

cel'l ul ar " per moani 110 or'erdrae e AsteedRs TG inteSdnost Bl BP0 oc.
as wel | as retgfdckedn cohirdingells WHIGS ARNE BRIy Ebden’ RohBAGe@ it &let @épdrite

cl eavage of substrate by 10 targeted protease or peptidase. These preferred
R~ bl ocki ng greuppoundcl udi ng. but are not limted to CH (CHZ) POCO- (p -

- b i : . ) = 1-.
%J—é(l C%—H § E?&ii%f%%%%%'ge '—I\‘/’l? (()‘g?%ga% ?id’j’fesf%‘gﬁy‘P’%lk‘séfhﬁsﬂ‘g%%ﬁﬁ el es)
Et SCO,y CH, ( CHedrplrld 10 thtlideEdizd coifefdt ﬁé(”'g Gichifar e One (EHis6RsRa ML €

'CE
series); CH, (CH2), S02- (f ~-0-11 0.0 15 (sulfonam de series): N Me-N

CH3( CHZ) " NCO ( an effét, dn theivied psaedses) ; and CH, (CH2)".CO (w = 0-9) (am de
series). The novel fluorqgenic or, fluorescent reporter nolecul of, Formul a
VI1IX are prepared #y?2 Pﬁg%q%r@“l?%’ém‘éﬁﬁ s Cﬁﬁéé}f? Mﬁﬁmtg«;teg ﬁ@?ﬁﬂfga‘e viral
fluorescent dy For it ' n : Sthat syeh as

t he carboxyli cslg)rt%t%% lgf}@g}o%?{kﬁs\é? o?ﬁ?ﬁ%ﬁ?’?&%&%o@%@@?ﬁ’ ptfé%t“l%)se éggn de

bond. The reachdenovieusivfected celearfd the viralogroteastnk aderlovirod plotsasa!| n afdothient 0 a

non-fl yorescent peptide-repoter nolecul e of Forrmulae VII-1X which is a
substdte for areg?r@@em@dwe%eﬁbﬁceb\we H$Viinfecigd el prd they yiral proteassrif t hat

t he- bl ocking g N b F [ 4 0, nd
that the pepti idtegbb? gllégera#ér ﬂg%nogféerbpé}%%wseﬁg?ﬂbad%&ghtg«l: %gﬂgéﬁeggpwg%%g{egnder
bi ol ogi cal congglisizndshe (k4 PrARSRe & HCMY pedtesit! & BithdrdreferODemBodigiEhde bond
of Formulae VII-IX by proteases or peptidases produces a conpound of
Fornmula VI or thecellnare G infecied edisand theSpeat pratesat IsyHEY areteased enbodi ment s
of the conpounds ofT or.nul a V are represente %y For mul a Vi L: 39 .

€ invention also relates 10 a method’ for measuring thé activity of

30 protease or peptidase in cells, comprising



0 4 APR 2002 WD 99/18856 PCT/US98/21?,31 - 34 Rl1- (AA) n-Asp-R2r R NR3-Rs
RO VI | or biologically acceptable salts or pro-reporter nolecules (such as
met hyl ester form of carboxyl-containing am no acid residues) therﬁe@fM,R 200
wherein: R, and R, are the same or different and are independently

hydr ogen, al kyl or aryl; 5 R6 is a blocking group which is not an am no
acid or a der wabyrseseof an am no acid; R4 and RS are the sane ¢eecTisoéernent
and are independently hydrogen or alkyl. R is an N term nal protecting
group; each AA independently is a resi due_IZ%f_ any natural or non-natural
a-amno acid or 10 ~3-anm no acid, or a derivative of an a-anm no acid or
~3-amno acid; nis 0-5; and the scissile bond is the Asp-N bond in Fornula
VII. Preferred RZ and R~ are hydrogen, nethyl or ethyl; Preferred R4 and RS
are hydrogen or met Hp) . Reostasting theatesineellmovids thensporier eamepavid aceording 9o

aci ds including,tyrosi.ne, + S gl,yci ne enyl al ani ne, et hi onine,. al ani ne,

serine, isol eugt#‘ﬁéveflbﬁ% Upder ‘i‘ﬂf‘%‘b’ﬂ? H‘g‘fpe\?’.é{ﬂ‘]‘\{%é?pow{)ﬁrﬂgq&ql%gﬁﬁ]é@ %?Os ®di ne,
gl utam ne, gl ut@g GIRAChHH the! FpBHAPEGApoUMAYs Thitactitg RAIH 28 @&édal ARRMrARI NE,

and cysteine. Non-natural am no acids include t butylglycine and

N, N-di net hyl gl utrateasesor paptidasanpbaid ofllsaamt o- r eporter nol ecul e is the nethyl

ester igrm of 20 carpocyl CONLE L AGuaSlag ShdcLfS! dues comprsing

wherein a change or increase in fluorescence within the test cell compared to
control cells which have not been so contacted is a measure of the activity of the
the protease or peptidase.
The invention also relates to a method for determining whether a test
10 substanc-e has an effect on the activity of protease or peptidase in the test cells,
comprising
(a) contacting the test cells with the test substance and the reporter
compound according to the invention under conditions whereby the reporter
compound is taken into the test cells, or the reporter compound is interacting with
15 an external membrane protease or peptidase of the cells, and
(b) recording the fluorescence of the test cells compared to control
cells which have only been contacted with the reporter compound,
wherein a change or increase in fluorescence within the test cells compared to the
control cells is an indication that the test substance has an effect on the protease or
20 peptidase.
In a preferred embodiment, the cells are endothelial cells and the peptidase
is type 2 methionine aminopeptidase. In anther preferred embodiment, cells are T
cells and the peptidase is dipeptidyl peptidase-IV. In another preferred

embodiment, the cells are neuron cells and the protease is calpain.

25
Brief Description of the Figures
Figs. 1A-1F depict photographs of HL-60 cells stained by N-
. octyloxycarbonyl-Rhodamine 110 (Fig. 1A), N-decyloxycarbonyl-Rhodamine-

30 110 (Fig. 1B), N-dodecyloxycarbonyl-Rhodamine-110 (Fig. 1C), N-



Anot her exanple of a pro-reporter nolecule is the acetoxynethyl (AM ester
form of carboxyl-contairing am no acid residues of conpounds of Formula
VI1. Another group of preferred embodinents of the conpounds of For 4l gl
are represented by Formula VII1: 25 0 4 APR 2002 WO 99/18856 H1 (~) n
ASp- | ~J mrc2n R, PCT/US981Z 1231 -35 NR3-R6 Rq VIII v ' or biologically
accept abl e saMeonrsssy o-reporter nol ecul es (such as nethyl est eeTh3osRRE
car boxyl -cont ai ning am no acid residues) thereof, wherein - R, Rs, AA and
n are as defined previously in Formulae Il and V; mis an integer from O-3.
R, and R are the sane or different and a2&-i ndependently hydrogen. al kyl
or aryl; and R4 and RS are the sane or different and are independently
hydrogen or al kyl. 10 Conpounds of Fornula Vi II are novel fl uorogenic or

F et o R RSy SRBARE 13D AR IS MRS Ehak B gamine

apoptosi s. Wen Yeavage o

Rhodami ne wi | | 1q0nF&. tlEt)bﬁiRthhﬁ@emo:(Pngs-T)rate into the fluorescent dye
of Formula VI. When mis not_ 0O, cleavage of the am de hond between Asp and
(AA),n will |eave t Higwes ddrdlndepict the b%&@ah&@f qleavage of the caﬁaesers«sharqwmg

am no acids ( h d the
cells to give 'Z'y‘#dor'ee%cglf’ggygeﬁﬁiEor%% > U: %%%x%@%één él ghe
correspond w t mEV@ N'-ethefyparoayloR 1 ISEQ! IDeNags; Jﬁl-lAtoeDEfVl}wbafHo&ywbéﬁyl-
caspases or apoptosis related enzynes. The incorporation of the P se uence

of known subst riat K5SBR IDabiEhs.eN- A@-DEH&pNo@w‘slomaabwladlerﬁQaIDeN@@S

expected to inc fICIt and an Iuoro

substrat es. ré‘é%}ﬁxlﬁg‘%gﬁwlaﬁ% ogyl ﬁm ngép(r)@)seﬁﬁlgn ceI I}grz @Eg%y
insert a (AA) Ne&SAHR)ERLNYI-RNE0 BEY WD 100:55 byst-£a \ME@% -P{Fi Qrzwl aB\Vbbl 2for
whol e cell assays. This is another advantage of ol e ce assays over
cell -free enzymndagBaand. Vﬁxbiasnmtraatgdaﬁhfrﬁ@mel(lmzm;sl gig. )ZC aZE;,uHétaneltﬂ\)of

n cel f0frce cospueehedty eetapt Rl hatBady gy 2 inathy, Ot MO
Figs. 3A-3E depict photographs of cells stained by incubation with N-Ac-
DEVD-N'"octyloxycarbonyl-R110 SEQ ID NO:5. Vinblastine (Fig. 3A) and
DMSO (Fig. 3B) treated HL-60 cells, vinblastine treated HL-60 cells with N-Ac-
DEVD-CHO SEQ ID NO:5 added in the assay stage (Fig. 3C), antiFas (Fig. 3D)
15 and PBS (Fig. 3E) treated Jurkat cells.
Fig. 4 depicts a graph showing the results of a cleavage assay of N-Ac-
DEVD-N"octyloxycarbonyl-R110 SEQ ID NO:5 by antiFas and PBS treated
Jurkat cells.
Fig. 5 depicts a bar graph showing the results of a cleavage assay of N-Ac-
20 LEVD-N'"-ethoxycarbonyl-R110 SEQ ID NO:5 by caspase-3. -6, -7 and -8.
Fig. 6 depicts a bar graph with the results of a cleavage assay of N-Z-G-N*-
octyloxycarbonyl-R110 and N-G-N'octyloxycarbonyl-R110 by HL-60 cell

ly'sates.

Figures 7A-B depict photographs of HL-60 cells treated with N-Z-G-N’-

25 octyloxycarbonyl-R110 (A) and N-G-N’-octyloxycarbonyl-R110 (B).
Detailed Description of the Invention

The fluorogenic or fluorescent substrates of the present invention are

compounds having the general Formula I:

30 X-y-z ¢y



0 4 A PR 2002. WD 99118856 -36 PCTIUS98/21231 ami de bond wll |[eave the Ay
attached to the Rhodam ne, which is not fluorescent. An exanple Oh4aAPR 2000
pro-reporter nmolecule is the nethyl or ethyl ester fornms of

car boxyl -cont ai ning am no acid residues conprising conmpounds of Fornula 5
VI11. Another exanple of a pro-reporter nolecule is the acetoxynethyl (AM

or pival oyl oxwgRbhsdse (PM ester form of carboxyl -containi ng anp@Russsiad231
resi dues of conpounds of Formula VIII. AM esters of carboxyl -containing

conpounds are known to be cell perneable d can be hydrolyzed by esterases

inside the cells. Once hydrol yzed, the cafboxyl - contai ni ng conpounds becone

cell inperneable 10 and are trapped inside the cells (Adans et al.. J. Am
Che~rr. Soc. 111:7957-7968 (1989)). AMesters can be prepared by reacting

t he corr espondioniclegitallyyaccepthbie rsalg or prpraporier mioldoules ¢soxhedshmethat estat e.

Yet anot her grqup of preferred enbodjnents of the conpounds of Fornmul a |
are represent edorBy oA PRNYIrconaining amino @gid) residugsi thereq erein X gpd zpg thes O v
RO I X Oor bio | . I - I I ch as
et hyl ester { Sink of AR SBRIER pEnR) rtantho RERr &S] Rt TR i ok

wherein 20 R, sith thA/Farmmbla] Rracsubsiralefdraspapesgut othel protgasdsarmeptidasks onnd V,
mis an integer from0-3. R2 and R are the sane or different and are

i ndepeddent |y Riher ergmeszandywhaseindhe scissile hortisaaly ¢ errtoth pbths e aed y-
AR T A R e T
Preferred n isode of the ffyesr £ B3ada M FBrmakd WHET R4S Rot tRidiMle as z. yis a
fluorogenic or fluorescent moiety.
P_referred compounds falling within the scope of Formula I include
10 compounds wherein x is the same as z. and the first amino acid attached to y is an
Asp. Most preferably. x is the same as z and is a N-blocked tetrapeptide substrate
of a caspase including WEHD SEQ ID NO:1, YVAD SEQ ID NO:2, LEHD SEQ
ID NO:3. DETD SEQ ID NO:4, DEVD SEQ ID NO:5, DEHD SEQ ID NO6:,
VEHD SEQ ID NO:7, LETD SEQ ID NO:8, LEHD SEQ ID NO:3, SHVD SEQ
15 ID NO:10, DELD SEQ ID NO:11, DGPD SEQ ID NO:12, DEPD SEQ ID NO:13,
DGTD SEQ ID NO:14, DLND SEQ ID NO:15, DEED SEQ ID NO:16, DSLD
SEQ ID NO:17, DVPD SEQ ID NO:18, DEAD SEQ ID NO:19, DSYD SEQ ID
NO:20, ELPD SEQ ID NO:21, VEID SEQ ID NO:26, IETD SEQ ID NO:24 or a
N-blocked tetrapeptide substrate of granzyme B including IEPD SEQ ID NO: 23
20 and VEPD SEQ ID NO:27; or x is the same as z and is a N-blocked peptide which
corresponds to a carboxyterminal or aminoterminal fragment consisting of 1. 2 or
3 amino acids of the tetrapeptide substrate of a caspase including WEHD SEQ ID
NO:1, YVAD SEQ ID NO:2, LEHD SEQ ID NO:3, DETD SEQ ID NO:4, DEVD
SEQ ID NO:5, DEHD SEQ ID NO:6. VEHD SEQ ID NO:7, LETD SEQ ID
25 NO:8, LEHD SEQ ID NO:3, SHVD SEQ ID NO:10, DELD SEQ ID NO:11,
DGPD SEQ ID NO:12, DEPD SEQ ID NO:13, DGTD SEQ ID NO:14, DLND
SEQ ID NO:15, DEED SEQ ID NO:16, DSLD SEQ ID NO:17, DVPD SEQ ID
NO:18, DEAD SEQ ID NO:19, DSYD SEQ ID NO:20, ELPD SEQ ID NO:21,
VEID SEQ ID NO:26, IETD SEQ ID NO:24 and granzyme B including IEPD
30 SEQ ID NO:23 and VEPD SEQ ID NO:27.



0 4 APR 2002 WD 99118856 PCTI US98/ 21231 -37 or ethyl. Preferred Ra and Rs
are hydrogen or nmethyl. Preferred R6 bl ocking groups include, but {4 &PRO;
limted to, an C, _, Z al kyl oxycarbonyl group such as - methoxycarbonyl,

et hoxycar bonyl , hexyl oxycarbonyl, octyl oxycarbonyl, decyl oxycarbonyl and
dodecyl oxycarbonyl; a CZ.,Z (al kylthio)carbonyl group such 5 as

(et hyl t hi o) cAY®e3118856 ( hexyl t hi o) car bonyl, (octylthi o) carbonyl PCAAIS98/21231
aryl al kyl oxycar bonyl group such as benzyl oxycarbonyl; a Cz_,Z acyl

(al kanoyl) group such as acetyl and oct<noyl; a carbanyl group such as

di et hyl car banyl, N-net hyl-N hexyl carbanyl; and an al kyl, hal oal kyl or
aral kyl sul fonyl group such as nethanesulfonyl. 10 In Formula I X, (AA" is

designed to be anpaférfsd a6impounds afaliig! Mathimhhe Beose ofCPguled chadespeci fic
pepti dase or protease as the sequence in the p side and will be cleaved by
the target edcmmqlﬁawemnbﬁdﬂﬁggwne(w}&)", is designed to be an amino acid

or peptide which s _recaogni z by a, specifi epti dase or. rotease as the

sequence in the Pbl g‘i‘rg&ag%r%&gﬁﬁ?&éﬂng%cﬁmﬁg&rogr{g?/gﬂmB?/m%ﬁiﬁior{oP?p)oWﬁdggrgs 15

pr esent ed inrgpp@egteagz;:omlggua is a Ntermnal protecting group such as a
t butyl oxycarbonyl, z or acetyl, conmpounds of Formula I X are substrates

f or éndopepti dases such as cathepsin D or protease such as H V protease:

when R, is H, conpounds, of rnul a | X are substrates for exopeptidases such
as net hi oni ne ani nopept%lda@g?n %S%p’éésf‘? c%s‘l}%yi, Ezéorrpm‘ﬂigs of Fornula IX are
designed to be substrates of type 2 nethionine am nopeptidase (Mt AP-2).
Met AP-2 was identified recently by two research groups (Giffith, E C, et
al. ( Chem Bt dblologcallylacéeptatile $81879r prodrepomer moleceles &duch aBrmethyiNedtér. Acad.
Sci. USA 94:6099-6103 ( ,1997)) to be the commom target of_ angi ogenesis

i nhi bi t or AGKeTY 9 carhpXyeontaiing: amingr eid residues) Higrao). whereingBy agae i ni cal

trialss. Met AP-2.1s a hifunctio enz j ch,é |.ate pr hn
synt 0Zsi S by?ea %‘iti rﬁéb{eﬁé&phog%@ryl )'ﬁzg‘ﬁd‘\@t at el%i')'l %{VEQ%OWGVMP%R?S
reported to ®ehavidxybirboiyli &RhanA nagaRhisalyes actesidut Yof @y Yebalr 8 asgl have no

effect on the regulatory activity of MetAP-2 (Giffith, E.C, et al., Chem
Biol. A 461- mztprag Pogmine. acgl e 8-amigd ggish @siderivathvepiof an caminemecidA@f470 i s

known to 0_4.APB2.p WD 99! 188S6. PCL/ US98/ 21231 - 38 .he le to

ol ot vel y IS RARCEIR SLMEEPorURRRIS s 201 INBU AR oRPU SRR ST have

anti - angi ogemidietp! ORAI dxiafipleadd at o REpdfet GRbIe@le ROVIR nfefttyil CARE SorAasMt s.

15 carboxyl-containing amino acid residues comprising compounds of Formula Il.
Another example of a pro-reporter molecule is the acetoxymethyl (AM) ester form
of carboxyl-containing amino acid residues of compounds of Formula II. AM
esters of carboxyl-containing compounds are known to be cell permeable and can
be hydrolyzed by esterases inside the cells. Once hydrolyzed, the carboxyl-

20 containing compounds become cell impermeable and are trapped inside the cells
(Adams et. al., J Am. Chem. Soc. 111: 7957-7968 (1989)). AM esters can be
prepared by reacting the corresponding carboxy-containing compounds with
bromomethyl acetate.

Especially preferred embodiments of the compounds of Formula I are

25 represented by Formula III:



Met AP-2 is a cobal t-dependent enzyne that hydrolyzes the am no term nal
met hi onine fromcertain proteins. Its preferred substrates are Met-X-Y. 5 X
is an amino acid with small and uncharged side groups, such as G04 ABR&?
Ser, whereas Leu, Met, Arg and Tyr are known to result in inactive
substrates. Y can be Ser, Met, Ay or other amno acids (Li, X & Chang
Y.-H., Bi ochwoodsisemhy. Res. Con:. 227a | 52-159 (1996)). Si n®ETRIsSS2128he
is much larger than an amno acid, a cogBound with nmethionine directly
attached to Rhodam ne nost probably 10~ not be a substrate for MetAP-2.
Taki ng advant age of the presence of am nopeptidase in whole cells, the
insertion of a (AA)", sequence between nethi oni ne and Rhodam ne wll nake a
good substrateRfOt(AA(btA%p’Z .NHLhi ne.of _sub mmaA§p+$AExpaclt ed to work well
in a whole cell "assay but othe g W [ work in a cell-free Met AP-2
enzynme assay. 15 For conpounds ! designed to be substrates of
Met AP-2, preferred R, is H preferredK(AXf~ is Met, and prefengg (AA", is
Gy, Ala. Gydy, Ala-Ay or Gy . ¥Phe nethionine will be cleaved by
type 2 net hi oni ne am nopepti da erdot helial cells to give the Rhodam ne
attached to (AA), ~. Am nopepti das gent inside the cells will -then
renove the (AA)mto give the 20 fluorescent dye of Formula VI. Conpounds of
Fornmula | X W| 9r| biplogisely aﬁ@ptatbh'e%@r@empﬁgaqﬂer imledilesofsychnrs mestiag-estarn

endot hel i al IIsf which is _ex ectedtod (ﬂlto]thefag]ntlf tji on_of novel
anti - cancer EHR ucrﬁ’aga"B g AaYng #Ad FRIdbEYhereht yehexsg, d\to e
substrates OfasHicYmEd PrEAGRly il Fofuld €S Preffsred™R aﬁspnasﬁtyl%xg)ws&ga eadthyiich
processes pol ypepti des 26 transcrl bed fromthe gag and pol genes and is
essenfi al f orandieneydoxycatbiooyl. cﬁlsm pfegarredoabiey farusare THer ef ore HI V pr ot ease
has been one of thigﬁl or tar or ,chenot h rgﬁmi c.'bnt rvent| onfof H V.
Recently, several PP %r §f°é‘85 9{ €BFY SPDRILY YHBY: YotERRS & in the
treatment of ¥danand Alac REAHARK WML O TG0k Ghi MmeMRSt, Ofpithgsg H
protease inhibitors were Si based on the 30 structure of

substrates ofcdnh]mupdsnbfeﬁmgroiﬁpeméﬁderrhosdwwheremoxnm)anpdptu&rer ethehetructur® 4 APR
200Z WO 99 188%6 PCTNS98I1 21231 -39 pepti des or peptidom rretl cs. The search
for new and n¥dieh mpkespihs uRROWNA g (subsrade ffar £35Pa¥Se T t YhEr BYtERSCHH e

ef figgci ous a t [

or ef gp‘r ed s u% %g or %hﬁf \}]%J}ﬁetség[gdeﬁlgrkég' %oﬁcg Qn ggﬁﬁulgﬁq's ?ﬁ@?cqssxlgm%nd

hydr ophobi c- hmdreﬁbhwl@l edndticnIpi lsca-mds&dmgﬁgoﬂﬁ@ﬁddﬁybﬂﬁshdo@tmemldlh@ P,-P'
(West, ML., and Fairlie, D.P., Trand. Pharm Sci. 1'6:67-74 ( 1995)) Ni ne
di stinct si te%OtlarﬁCtSBﬂéc Mndwndga@obp@wabq@dptﬂns pMsisepreterablyex isceN-tletksd to be

| db
o a0y ne RuBiBiae S MR dhaspi e ffind DSl B30 APAD eGSO 267

Ser - @ n- Asn- TmNtDQ LEHDVQEQS@N@lDEm@ EE mwmgﬂ‘zaJDl%QAbaNGy A a
SEQ ID NO: 29, Ala-Thr-lle-Met-Metd n-Arg SEQ I D NO: 3

Ar g- @n- Al a- ADRHBNhSEQIDR KOy6. SERIDISBO 1B INOS SETP: SER- I%ﬁﬂ_&u‘-@{ﬁt%@ SEQ I D

2 o T NS B B SoBR b M B0 1 PBRS A se 10

NO: 35 and Ar gpkEpd Yeh-1EeNO e -G TDASED PENOR4ANG13¢D ERPIDIRGE 1 31PN C,

radi oactive, or chronpgeni ¢ substrateS of H V' protease have beén prepar ed
based on t hesS8EQADUNE] 6 S SEEsID HO:H,\DYPDtIEQ ¢DaNOi ©8i DEAIISSEQ IDAN

2" am nobenzoylOFE 17§ ¥DRSEQ (Iﬁm@%écl@ugﬁbr@? NIR:258E1B, S50 4B NG ei
the spissile poRg 4EQl %94( IQJdeDp? teé?gﬁég}gfsfrasﬁgtﬁ?_gff%‘i’ax%ﬁ}%hﬁ

p24/ p15 cl eavage si te erived exapeptl
Marshal |') G Rinchidirg IEPD BEQtID ROn2®amd REPD SEQIDING-D7. (ct01)g N-Hlocked

fluoronetric ass%y fg, Hl V- protease activity using HPLC wi th the substrate
N Dns- Ser - G nPeRIKETYRich, ¢aryesponds| tosecsarpoxyisrminaha® paoteraundlyragmentr i ni et

al . (Tambur | nl:onsEstiﬁg of L 2|a13r ﬁ’g}ﬂb l\%ﬁl‘c’ o(\fr}ﬁg"rtetﬁﬁgptﬁcﬁz g?b@éat(:}%go% éas yQerein

t he Tyr-Pro is't Cl sSi ny ot ease su Pes 2~

i ncor por at i ngirAalignNWEHID ISBQ PDINONIN FADI SIR) IDANS:2, IiEIeDHEQ B Nbeavage

sites of HV protease substrates have been devel oped, and these include the

f1 uordgeni ¢ NDHIIhEEQAR N4, REVR SE®H N®:5, NE@IIb§E@-1rDiblﬁl 6yYBHDISEQEQ | D

NO: 37, which n [ C

brot ease ( Tyadp NTCLETE SEQT D8 EERD' S 1B Hok v boSEeth Nofid
(1992)); the radiol abel ed 30 heptapepti de substrate,

[tyrosyl -3, 5-3H] Ac- Ser-d n- Asn- Tyr - Pro- Val - Val - NHz 0 4 APR 2002 WO
99/ 18856 PCT/US98121231 -40




SEQ I D NO: 38, which is based on the pl7-p24 cleavage site Tyr-Pro found in
the viral polyprotein substrate Pr5 S gag (Hyland, L.J., et al., U'%nE];

Bi ochem 188: 408415 (1990)); the angiotensin |-based peptide R 2002
Asp- Arg-Val - Tyr-11 e-Hi s- Pro- PheHi s-Leu-Leu-d u-G u-Ser SEQ I D NO: 39, which
yields angiotensin | (Ang ~) and Leu-d u-d u-Ser SEQ I D NO:40 (Evans, D./B.,
et al., Anal wdhesessn 20b: 288 292 (1992)); the intranpl ecul aPctiuses/ER8ENCE
resonance energy transfer (FRET) substrate

4- (4- di met hyl am nophenyl azo) benzoi ¢ act @l -

(DABCYL) - Ser - @ n- AsnTyr-Pro-il e-Val -d n-5-[ (2-am noet hyl ) am no] napht hal ene-
1 SEQ ID NO:41 sulfonic acid (EDANS), wherein Tyr-Pro is the cleavage site
(Matayoshi, i p s?eQ 18 Rb.11 %m@@@g 3%&2?%@@&% N3t BSTD

chr onophoric pepti substrafes H Ser n- Asn- Leu- Phe ) - Leu- Asp- G y- NHZ
SEQ | D NO: 42 SHQI 12QD)K: BLYD SEQ I Neu1 RHBERD-SEQ éD-MOp-6CDSINHREQHD | D

NO: 43, wherein_the_am de_bond between the p-nitrophenyl al anyi né | eucyl
resi dues 1 s (NQ19cPYAL} SEQMYNOIE, TPt S5 1D NQ: Bhibrd Tk 1R 030 o)

Lys- Al a- Ar g- &l - ' . '

Lo Pho( N Ry REIEANES VEIB SEQIENGRE, 3P sRUID M¥FRaARES,
Bi ol .5 Chem 28 hicludad: [EPIHSEQIBOND:23%4R VERDISES) MMGI2T;mtx swgbldcked on of

the Leu residue _ in P, with norleucine, Met, Phe; or Tyr had m nimal- effects
on the ki net iRePBEs el corresponds tey acarbryyterminal @etamigpiseingt fmRemedt ent pH

val ues, whereas.. i co i_ni- X V, in.R 0
hydrol yze gaxtcr%g?rlegf@t élldg\?\%’y’. Qirgl??{ﬁgggésgﬁ? zg}bee%(k)rfi f)%hrl]lge 5?5%%%%:?%% agp%sg

non-speci fic jasufiapeWEHIRSES IDNGIP| ¥ved ISEQ fID N0 2geBHD SEJ IDN®@Scent
substrates of H thEErOt ease of Formula | X can be desi gned to I ncorporate

am no aci ds fPERPHIEQ IPMNOR, DEY® SHQ IP NO:HDBHDHEQ I0INOi6 VEHIRISEQ

Sequifice T uRSBLIEREE NS b iR SET (P Bopr St st B e
sequence in tHELB SEHID NOH . IBRGPIE SRS WO AN DEPEPEECARSNGISSEEEY i n the

cells. For conpounds of Formula I X designed to be substrates of HV
prot ease, preSEQAPANG;14i DL SEQ ) NOhis. DEEDSE@ID(MA) 6. DSLThSEQ D N e,

Sor - e acn. e ReBVHD RSP N RneRB Shllan el ndp Nl Tkl ™ '
ool 18856 41 "ronees 12002, VR, K 10 Mo, RS B R Oy

and pfef er r edgrad¥ime-B inchiding IRRLYSEQADINGEL] hrid WBPBASE@ID-NO£27Valus 1-2
Pro-Val -Val -NH,, Pro-Val-NH,. Pro-lle, or Pro; or preferred (AA)~is

Arg- G y- Phe, #R#o mcifserqressponda)to-the PipPo: pestiopreff ber aisirap)of 2 gaspase
Lys- Al a- Ar g- V; Q 47, a-Arg-Val -Leu SEQ I D NO: 48, 5 or

Ar g- Val - Leu, lglhlgh%geqsg}rdég ?ﬁ&?‘%ﬁ@l Phe- 3 u- Al a- Met SEQ | D NO: 49,

Phed u- Al a, Phe- G Specificalfiethe abvdlIfRicedgdedit drifiiorescenPrepoRBicedrhsoundsl oBEQ | D
NO 50) or Phe-Hi s-Leu, and preferred (AA)", is Leu-Qu-Gu-Ser SEQ ID

NO: 40, Leu d Wisdpyentippgre@fformpladsu; or preferred (AA)" is

Ser - ?gn-Asn- Leu- Phe SEQ I D NO: 140, d n-Asn-Leu-Phe SEQ ID NO S 1,

Asn- Ceu- Phe, Arg-Lys-Ile-Leu-Phe 10 SEQ I D NO:52, Lys-Ile-Leu-Phe SEQ ID
NO: 53, or 1le-Leu-Phe. and ppgteggﬁrg-p(?&%ymai S Leu-Asp-G y-NH,,

Leu- Asp-NH,. or Leu-NH=. More preferre AA)" is Ser-Leu-Asn-Phe SEQ ID
NO: 54, or Leu-Asn-Phe, and nore preferred (AA),n is Pro-lle-Val, Pro-lle,

or Pro; or nore preferred (AA" iis Arg-d y-Phe, .an r referred (AAAmis
Pro. 15 Subst PPBOBKAlk e A rPteariuica ol BRILEE BThd SHsTh | n
O'eavage of T Ro LA A ) e R U W ectod
cel | @5wi | | gi Re is han R¥eatmiviah epratettingh egloupo ibddding . t-Buty lapeyborgds asetpk, esent

inside the cells wll then rempve the (AA)", to give the fluorescent dye of
Formula W . CB%B\\%H@WZ%@XWWVB I X will be used for the screening of

i nhi bitors of WA PE P o sl{sq SN o L up the
process for tﬁdeéhdﬁ‘"gé%gggég?y 1nsol_zillvreflh{g% §)ep oaglgrLsﬂle&inr?-#%a?‘frgfr@%hgg%g%?gﬁ y the
di scovery of pamineadid.de aderivaihpifth dodthitBlatid orifVarhihetae@se i nhi bitors,
which mght lead to better anti-H V agents than currently avail abl e drugs.
Since HV prof‘éﬁa@;éi processes viral 25 precursor proteins at a late stage in

vir al30r epli Cagf'isoyhu&ogeenlicl: 0 ﬁ&orrrgs%gr{t?ngiletlfl? Jpgent ¢



or fluorescent substrate for an H 'V protease al so can be used to screen
conpounds which inhibit gene transcription or translation, viral ept rng z‘ﬂﬁ
ot her key proteins in the early stage of H V infection. Therefore ﬁi !
method can lead to the identification of inhibitors of HV infections with
a novel nechanism which 30 could not be identified in a cell-free enzyne
assay. |n addvopemssei nce HV 0 4 APR 2002 WO 99/ 18856 PCTN$¢A(8938123142
protease in HV infected cells will cleave the cell perneabl e substrates of
Fornula I X to produce the fluorescent dy@-of Fornula VI inside the cells,
substrates of Fornmula V also can be used for the diagnosis of HYV

i nfection. Conpounds of Formula | X al so can be designed to be substrates of
S adenovirus wi@_taeasadn@%m@vwm f 1806t A EmHRY 864 Vr SEARABYe St 3RANRAR0

i ncludi ng sporatic respiratory disease and epidemc acute respiratory

di sease whi chacan | ead to preunoni a. Adenovirus protease is a cysteine

prot ease whi ch cl eaves, sever al VIF{%!? proteins_and is required for virus

maturation and i nfBJRMHAUE), hasnvel Tiyorggenie gr fluorgsgentyiepertes mplecyles ofino) .
199/ 1: 227- 23 : . f b . Q is . t
oo taae bk, SN, oF VLRl SO SNDRLARISE, A2 RhoARAY ihiuRg oL 2o

are nfinly deRigydainived! 10y RRodantide P16 and Rhoduahifle 10D Thesd noviel flustogéhic or J.

Biol. Chem 27?1: 32511-32514 ( 1996)). Hydrophobjic am_ no acids such-as Met,
Leu and || e diuorgseentgenasigr melgoules gagpreparsd by first trodeding,a blgokingsgrerpf er r ed

in PZ. A smal d i.c.amno acid i | S0 eterred,for P16 and
P,", such as &!@poaﬂ%vg @gq\%ﬁl ST oggacgﬁﬂgﬁlpgQélgh‘%s?&ghﬁgﬁs%eg}aci d.
These obser valye9Bs th¥eF BmSPYRT TRE rdiaihing MISREBfduy i RERT fBr Restioh WliRh
structure of human adenorivus proteinase with its 11 am noacid cofactor and

substrat e nodwiténtigl ¢nzsme substratectogiyesa uorogenic substrafeififtprmpla VB Xal By EMBD
J. 1,5:1778-1783.(1996 Taki ng. advant age t.he. presence of.

ani nbgepti da O%ﬁég\/\ﬁ’(ﬁ é% the| wo a_“gﬁmf $rBBP§_)8b?1?{h°8?qu%u _eng,céﬂf S’szﬁt?sftq“%t es of
adevovi rus probasse ic aub&l @@rﬁ{)ﬂ@@%tapbisfhﬁgﬁﬁﬁtrcatl@uﬁﬁ}rﬂ&, aGtESs & bier from
the P side only, or fromboth the P side and P side of adenovirus protease

substrat e forpeppid-Rbadanune.i Mordimiporaetly. theblayking ooupds sgleterisuchfthdta) mul a | X

designed to he, suhstrates, of adenovirus pr.otease, preferred R. is acetyl or
Cbz, pref erréﬂls(%%%e ap “E’édi’%g)j‘if@ly?@ @ngerdriejogical epriditions, thysamipg aeidy- g y

SEQ I D NO: 56, L1 e: = S 15 M.?EF ; - \NO: 58,
Met - Val -d y- Csr%/ °§E@a%gﬁ%‘” EQY}]& Fﬁt{g@ \}g#}'&l 5 ‘g%é@ﬂ‘%‘?@ga%@ gighgld‘J dEP ferred
(AA) 15 is d ypepAliaes ohichn ate Presstfhan tm ¢edlsOb) i€ iepefigablomot H8) bulldhadans ne

am de bond by the_ adenovirus protease will|l produce a fluorescent dye of

Formul a Vi. \eeail) i piderigirediice ghecaxpajbsiz ofithe papideaperter Amierubmiciabisnd by
adenovi rus PrOAFES S bliler tenfyrx?eegllbitrxsf'e! J:) i¥ ﬁsvr?reFepr%bly hydrophobic in nature so as

to increase the cellular permeability of the fluorogenic or fluorescent reporter

molecule.

20 Preferred R, blocking groups include, but are not limited to. an C,.,
alkyloxycarbonyl group such as methoxycarbonyl, ethoxycarbonyl,
hexyloxycarbonyl, octyloxycarbonyl, decyloxycarbonyl and dodecyloxycarbonyl;
a C, ), (alkylthio)carbonyl group such as (éthylthio)carbonyl, (hexylthio)carbonyl,
(octylthio)carbonyl; an arylalkyloxycarbonyl group such as benzyloxycarbonyl, a

25 C,.1; acy! (alkanoyl) group such as acetyl and octanoyl, a carbamyl group such as
dimethylcarbamyl, N-methyl-N-hexylcarbamyl. and an alkyl, haloalkyl or aralkyl
sulfonyl group such as methanesulfony!.

Particularly preferred R, blocking groups are CH,0CO-, CH,(CH,),0CO-
(® = 1-11), Cbz, ClLCCH,0CO- and PhCH,CH,0CO- (carbamate series);
30 Me(OCH,CH,),0CO- (q = 1-4), and CH,(CH,)(OCH,CH,),0CO- (r = 0-5, s = 1-



0 4 APR 2002 WO 991 18856 PCT/ US98l 21231 - 43 Rhodam ne attached to (AA),n.
Am nopepti dases present inside the cells will then renove the (AA), 04 A@?
give the fluorescent dye of Formula VI. Conmpounds of Fornula I X w Il 2002
used for the screening of inhibitors of adenovirus protease in adenovirus
infected cells. _ 5 Conpounds of Fornmula | X al so can be designed to be
substrates ofWOe4/188% si npl ex virus type 1 (HSV-1) protease. HEFAAS98RII3L
sinplex virus type 1 is responsible for Berpes | abialis (cold sores). The
HSV-1 protease is a serine protease and ¥s responsi bl e for proteolytic
processing of itself and ICP35 for assenbly of viral capside (Gao, M, e~

al., .1. Virol. 68:3702-3712 (1994)). Two 10 proteoiytic sites have been
i dentified t o4y eal lafy’afkﬁMbaS@it%&@detsm;L@}ﬁ(@H SEI-L OH {OHL), 30O,
protease (Dil anm‘,@ C.L., et al . Biol. Cheat. 2228 25449- 2454 ( 1993))

Recently, an GHQEHM{J% andi @Ha(ﬁﬁ:éﬁ@@s (ept@-dd) éthiacorbanser seEe)i Bsn0: 61

f d I f de,
an ¢ ggnm: B Oz dEres o GERRRRy E° SN R Reng: plf SRR on
1 [ sy, -

2361 938 547 (TS e e been ek o8 T At ke Pes) Sraty of

HSV- 15pr ot eas@rcraesertte)s apdt HCO-1 6&,00-PCH (@) 00 dw £he-9 BhCHgEOs iands
(McCann, t age of

the pr esence B?é‘ém?mlﬁsﬁf'gég gM"ﬁP\%h%?S%gdcﬁ%g&k%&?a é%%léltgg Q(l’?‘(fg%gl&’éscent

substrates of cdda¥nla IRS/@&) Robic 3g’r@u Sihited &thb&)adenﬁ;gﬁp%ﬁt Fnc?éﬁ!sx'ﬁ% el ds
either fromthe P,-P,"only, th fromP,-P, and de of

pr ot ease substdilatae pf:mneabﬂpy loﬁ &tﬂ ﬂlmrmgtnwhnrl ftucrescentaesaries mdteculespapetids  of
Forrmul a |1 X designed to_be substrates of HSV-1 protease, preferred R 1is

acetyl or ChzasTgieatien pliie flngyescens moisty ynthe cells afjes thsmlpavags Rpsubstratg by

(A8) Wnodam LS et i wepee” Talfe preeid A6k e brothTAUARRR Uy

dye of the Fomulrmvn;mlwaemom CBI,(mHZ) 0CG| egvage 10f1)t heafbiate ( dejes): am de
bond by HSV-1 in the cells wl ve the R todanine attached to (AA)"
Ani nopept i dasMe(@rBsEHQER1 (ﬁa— tll'f’é ad CH,(@H, ). QIS HAR0R: € Fed-bA8Fmht 0 gi ve

the 30" scr eonthkfoRtatkt e gl BRKHS SLERING, chibltoter's.
0 4 APR 2002 ¥ %Hg&&ﬁﬁsem | daRszarbhmate - fied)o MEplTls,) 80, Fof M4 apliX.al so

can be designed to be substrates of hunman cytonegal ovi 'rus (HCW) pr ot ease.
HCW 18an caus@ulfbmmlﬂhr@aﬁémwft M@Hi(ﬁbh)sNCﬁ) dongefi¥) a(urea isafien)t agd

infants, inmmu ed | ual.s .and i mmunosuppressed cancer or
transpl ant paﬁ%@g ‘%ﬁﬁ‘ %aﬁeﬂs Prus 5 (HCW) encodes a protease t hat
cleaves itself andﬁ@ﬁo@%omﬁi@tﬂrmﬁ&k&h%ﬁ&%r ISl ERFQNSS Pornfu®d WI-T US
replication. therefore it is a potential target for therapeutic

intervention. IXke piepavepbprepatng it amisegroup NHB} efithe revel fluregent dyisyt i ¢
processing sit

(rel ease sitef FE?{H’ iﬂhg?@ﬁ%e%tg%ﬁ’ g‘%ﬁ{ﬁ'&%gggtggzé gﬁdth%tcgﬂ%‘yéggm%\?’rofzm
. 2gUr. J. a N-blocked peptide, to form an peptide amide bond. The reaction converts the
fluorescent molecule of Formula VI into a non-fluorescent peptide-repoter
molecule of Formulae VII-IX which is a substrate for a protease or peptidase. It is
therefore very important that the blockihg group R(-N bond of Formula VII
should not be cleaved and that the peptide-reporter amide bond should be the
25 scissile bond under biological conditions. Cleavage of the scissile peptide-
reporter amide bond of Formulae VII-IX by proteases or peptidases produces a
compound of Formula VI or VI' which is fluorescent.
Specifically preferred embodiments of the compounds of Formula V are
represented by Formula VII:
30



10 Biochem 2 26: 361-367 ( 1994)). A fluorogenic substrate,

DABCYL- Arg-d y-Val Val - Asn- Al a- Ser - Ser - Arg- Leu- Al a- EDANS SEQ I D NO[:] ?%@Yﬁf
synt hesi zed and found to be cleaved efficiently by CW protease at 02
Al a- Ser peptide bond (Hol skin, B.P.. et al., Anal. Biochem 227:148-155
(1995)). Recently, it was reported that replacenent of the Val-Val-Asn
sequence corvecpwrssseilg to the P, -P, 15 residues of the matur atRQIMUSISRE230f
the enzyne by the optim zed Thg- Tbg Asn(NMe,) (Tbg, t-butyl glycine)
sequence increase significant the affinity, of the substrate to the

prot ease. An AMC fl uorogeni c substrate was prepared wth the P side peptide
sequence including these inproved am no acids (Bonneau, P.R, et al., Anal.
Bi ochem 255:59- 65\,\%1998 ). Taking advantage of the_presence of 20

ami nopepti dase i n who!l @erPEP~Relis eGaniPwrryelMB8stBat substrates of
HCW prot ease are designed to incor acids either fromthe P
side only, or both fromP side a P oM P\prot ease substrate for
application in whole cell assays. of “Formul a | XVddsi gned to
be substrates of HCW 25 protease) R, is acetyl or Cbz, preferred
(AA)~ is Val -Val -Asn-Ala SEQ | D NO: 64
preferred (AAmis Ser, SerSer, or m="0.
(AA) " - Rhodam nge. am r i r nt
ye of the. Fordhpmreetfieebattd Sall 3 pRURhoRT mblerdie PLARAS ol E86°T
bond by HCW i foriahe catloksl-atintdinigh umiridwidBfesidaes) aeresst. ahereihed to (AA) m

Am nopepti dases present inside the cells will then 0 4 APR 2002 WO

99| 18856 PCTNSBpanmhBaare thessgmeros diffesentgad amapdepepdengiy\hydregsns aldras apdint  dye

i b Sor o of R b s dieop SHRAG b ptinbion 4B el R a7 S 1 x

al so can be degdigned. to be substrates of 5 hepatitis C virus (HCV)
protease. HCV is the major causative agent of both parenterally transmtted
and spor adi ¢ nBpand Rpate thersaBelroe différentsind ate intependentlydy deogen or alkgit. ed 50
mllion people_ worldwde. YlCV %F.otease.NSS and its protein activator NS4A
participate i nRt BN Y-4Eming! RIPSHNGBIOUP; ¢ a| pol yprotein, thus the NS3/4A
pr ot ease conpl i k. KV LA : i 10
o “The HOV pe B Bl b e B o B S A S o
as a dlbeavage Biandno xid, afa dehieativelsfian at-emi@qeherdd-amino acid;

Asp- Asp- 11| e-Val- Pro- Q/S-Ser_l\/et-Ser;Txr SE% | D NO: 66, ar{g P, Cys and P; Val
vere found to B &pi and:the sqissysbgnd is the &sp-dy bondyn Formula VE1: 6208- 6213 (
1997)). Taking adva 0 ' ti dase in whole cells,
fluorogenic or fl uo?%gg’gegﬁizsahg&%fw{i&g’ %?W‘g?@t ease are designed to

i ncorporate am no aPtefidrddR anlRynrd Rirbpenicienatind. P si de of HCV prot ease
substrate for application in whole cell assays. For conpounds of Formula IX
desi gned to be subsPref¢read aspinpi@eids ingledesthe nghussl aming afids jinclyding Jyrogine.chz,

preferyed (AA) , ; i - =11 e-Val -Pro;Cys SEOQO | Ol .

Asp- | I1eS- Val - Pr gb’&%’ %ﬁ@’)’m? %&'%Wm?’laé- r§ﬁ588’- ggggmgéde?cﬂ]ezém BY88 and
preferred (AA) valides pistine M3smeChistiihie. SH&ahlhdNQGilvBmicSadid Meypt . 2giiffBe, Ser,
or m= 0. V\V‘lenvml iespo. nrg:ngtaslr\;‘agersofl ?AS%) Rhé(;%arri nle ar‘ri dey%gﬁémbﬁhe HCV

protease wi || pIrattiscacitl] aepasagingtandy eystding. haNewnatutah amino\geids indludendt O,

cl eavage of th ~- 1 d nd hy HCV in the cells wll give the .
Rhodami ne attagﬂ&@%%n%ﬁgwm&ﬁ%wgégm‘\éﬁses present inside the cells will
then 25 renove the Wkﬁaml?ll@ dfl ¥ eprbh@;};d‘r{eyq{ﬁﬁé&ﬁ@tis due QbthyPresidl Forth - of

Conpounds of Fornula I X w be used Tor the screening of "inhibitors of HCV
prot eae i n HCvarbaxyeostinieg dminoTdvéd residend campridisgpcompaunds of Hormule | VII.

ds of F | a VI ich derivatiyes of Rhodgmi d
b1 8 ned by | nOVBHSE PHEPIHE B AT RGOTAT SeRAls 1 46F Sy RBObLAMA e S i no

Rh ' . i j WO 99/1 8856
groups on 2 FNefefibas-cftinthg Bhidb 3R rkdaied/oFtbdipourids 8f EiudR V1.

Another group of preferred embodiments of the compounds of Formula [
are represented by Formula VIII:
25



V1 provides the point of attachnent for the reaction with a potenti al
enzyne substrate, such as the carboxylic group of a N bl ocked peptide. to
form an peptide am de bond. The reaction converts the fl uorescentgmg By ©

of Formula VI into a non-fluorescent nolecule of Fornulae VII-IX

produces a peptide-reporter 5 nolecule which functions as a substrate for a
protease or mepby/dese. The peptide reporter amide bond in For roramsostizai X
is the scissile bond under biological conditions. C eavage of the scissile
pepti de-reporter amide bond in the pept3dereporter by proteases or

pepti dases produces a conmpound of Formula VI or VI' which is fluorescent.
More inportantly, the blocking group can incorporate a 10

hydr ophobi c~gr gup¢aaihe Afydraphabren gr oup i o de neQR%oRL_ ncrease the

menbr ane per neabi 1 i t)/‘ of "t he substra fsul f i nh an accunul ati on
of the substrate inside the cells, ag ncrease retention of the
fluorescence noiety inside the ceRgs a { eaRage by targeted
prqQtease or peptidase. The novel fluo Qyes of this invédlidbn are of
Formula VI: 15 RZHr' R NR3-RF Ra VI )M-gf0gi cal |y acceptable salts
wherein R, - R~ are defined above w t Fx=éspecy to Fornmula VII. 20.Preferred
R~_.and R3 are hydrogen, nethyl or ethyl; Preferred R and R5 are hydrogen
or nethyl. Conpounds of Fornula VI of the present i nvention may exi-st in

t aut ic f , f F N
| venti on- i nt RutleBEAl fStenl i ot PREPRAR,BOGIGT A 1 Pergeier o7

Q ~~s 04 tf@rYlY‘Gip&rrbo (Q)“r{ta%} Janftho a&li résxﬂes)‘iﬁ&eoplwliere?#' w~pot ~- ~(QdgQ- 2)
SZ 81 ~O-~L aut LU~pot al - ~a~ Q UPS "0l I

autt u~pot | 21 R (IQ IA%QuE)n Qre'ﬁsdéﬁndd ;@tvxd@ﬂy u(FomiulaLIl and¥t ~- ~( BgQ 2)

m is an integer from 0-3.

R, and R, are the same or different and are independently hydrogen. alkyl or aryl;
and
R, and R; are the same or different and are independently hydrogen or alkyl.

10 Compounds of Formula VIII are novel fluorogenic or fluorescent
substrates for caspases or other enzymes related with apoptosis. When m is 0,
cleavage of the amide bond between Asp and Rhodamine will convert the
fluorogenic substrate into the fluorescent dye of Formula VI. When m is not 0,
cleavage of the amide bond between Asp and (AA), will leave the Rhodamine

15 attached to NH,-(AA),.. The remaining amino acids (AA),, will then be removed
by aminopeptidases present in the cells to give the fluorescent dye of Formula VI.
(AA),, may be designed to correspond with the P’ sequence of the cleavage site of
substrates of caspases or apoptosis related enzymes. The incorporation of the P’
sequence of known substrates of caspases or apoptosis related enzymes are

20 expected to increase specificity and affinity of the fluorogenic substrates. Since
aminopeptidases are widely present in cells, one can insert a (AA),, sequence in

. the design of substrates of Formula VIII for whole cell assays. This is another
advantage of whole cell assays over cell-free enzyme assays. For instance, when
(AA), is Gly, a substrate of Formula VIII will work in whole cell assays but

25 otherwise will not work in cell-free caspase assay because cleavage of Asp-Gly



SI ~O~ Q@ d3S "0l | auiurepotl2i-"(Q~I'"1Q2Z2) bl ~O~ Q@ ~~S 01 I
autwepot ~-~(Q ~,~Q2 & | ~O~ Q (7~S "0l | auttu~potR - z(Qd3QZ) Z |
~O~ Q (~~S "0 1 i autui~potRI-z(Q~JQZ) 1 1~0O~t Q d3S "0t 104 APRZUU?
au~uz8pocai- (Q13Q2) Ol ~O~ Q d3S 01 t aui wW~pot ~- ~( QAHS- 2)

Q ~3S 011 auluz~pot~-~(QgA-Z2) St z~O~I Q@ ~~S "GO |

aui u~~Pot | 2i -wHoQ9ngss¢) 6~O ~1 Q (~3S "GO t auttu~pot~-" ( QAg~-pdTusdsrh23d
~3S "0i T autwpot~-~(QHg'1-2) 8~A~ Q d3S "A | autw-pot~-~(QZ~-1-2)
L~ ~ Q ~3S "4 | auTUi spot~-"(QBn-Z36a 9~A~l Q ~3S "OL |
auttu~pot~-" (QH3Q 2) S~O~I Q V3S O| i autuzepotRI (3Q 2) b~O~I Q
d3S 'OI 1 autw-pot~-"(a~gQ 2) Z~A ~I C-~S "d aut wepot ~- ~( QyA~-2) |
~Q ~I ~3S “( 0 pni auT
pug || eI nwi &?'&e bo@?l&g}oﬂ%o fhe %Mnézqegan%mqﬁ%a%}ggdahﬁ alTV?"FCI]-'O se{llo il sgns
~uaosat on~ zZqludtddder. ~on[ | paua~ .~d e~ m9Zi-2iN -&1l Zl ZI 86SN, LJd aooz
add ~ o i ~ZN 9S881/66 OM 0 4 APR 2002 WD 99! 188S6 -48 (Z-ELPD)z
Rhodami ne 110, SE®An exangpleof wwapmter Ralsaulaiin theimethylsewethy) egerofgrms

Z-1 ETD) 2- Rho 110, .SE : Rhod 11
(2D o) oA ARy pohaiag aiag, 88@&"%@“&51%"“?‘??‘%%%%'“9%5‘%)‘?ﬁaﬁ%"‘i‘%
(Boc $1E-D). - RngHom i1 Amo 5 ek Baged e By 104 9EC | D

NO: 2 10 (Boc-DETD) ~- Rhodam ne 11 D NO: 4 (Boc-DEV odam ne 110,
SEQ ID NO'S (pﬁaa&o\maum)qthmwamtnefom@)fc@ﬁ@cylmomxmng Baino/Erbyesidies 9hii ne

(Ao LETD) | CRIOMEAHE of fraa [ W%S%i%%%i%xy?ﬁ%fammwwndéé&|

Eﬁﬁi IDE\F{g R ggﬂtggeﬁgpegg%b}%%%ﬁfﬁydﬁy@d byBReRNsRsild @he S, | D

Once hydrolyzed, the carboxyl-containing compounds become cell impermeable
10 and are trapped inside the cells (Adams et al.. J. Am. Chem. Soc. 111:7957-7968
(1989)). AM esters can be prepared by reacting the corresponding carboxy-
containing compounds with bromomethy! acetate.
Yet another group of preferred embodiments of the compounds of Formula
I are represented by Formula IX:
15
R1- (AA) - (AA)m=RoN

IX

or biologically acceptable salts or pro-reporter molecules (such as methyl ester
form of carboxyl-containing amino acid residues) thereof, wherein

20 R;, R¢, AA and n are as defined previously in Formulae I and V;
m is an integer from 0-3. ,
R, and R, are the same or different and are independently hydrogen, alkyl or aryl;
and
R, and R, are the same or different and are independently hydrogen or alkyl.

25 Preferred R, is t-butyloxycarbonyl, acetyl, octanoyl, dodecanoyl and
benzyloxycarbonyl. Preferred nis 1-4. Preferred R, and R, are hydrogen, methyl
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15 presented in the cells. When R, is a N-terminal protecting group such as a t-
butyloxycarbonyl, Cbz or acetyl, compounds of Formula IX are substrates for
endopeptidases such as cathepsin D or protease such as HIV protease: when R, is
H, compounds of Formula IX are substrates for exopeptidases such as methionine
aminopeptidase.

20 Specifically, compounds of Formula IX are designed to be substrates of
type 2 methionine aminopeptidase (MetAP-2). MetAP-2 was identified recently
by two research groups (Griffith, E.C., et al.. Chem. Biol. 4:461-471 (1997) and
Sin, N., et al, Proc. Natl. Acad. Sci.' USA 94:6099-6103 (1997)) to be the
commom target of angiogenesis inhibitor AGM-1470, an anti-cancer drug

25 currently undergoing clinical trials. MetAP-2 is a bifunctional enzyme which also
regulate protein synthesis by affecting the phosphorylaton state of elF-2. AGM-
1470 is reported to only inhibit the aminopeptidase activity of MetAP-2 and have
no effect on the regulatory activity of MetAP-2 (Griffith, E.C., et al., Chem. Biol.
4:461-471 (1997)). Since angiogenesis inhibitor such as AGM-1470 is known to
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marketing. Most of these HIV protease inhibitors were designed based on the

30 structure of the substrates of the protease. Therefore these compounds are either
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(Z-,LEVD) - N - delegdlpdiseasebony| - Rhodanmi ne 110, SEQ 1D NO 9
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( Ac- DETD) - N' - e, d&d)lcalabd)rﬁahrh%ij.mFitendLlﬂharﬁEQ‘ch D1.N67474 (1995)) Nine

N ( Ac- LEVD N -decyl oxycar banyl - Rhodam ne 110, SEQ q':%
N- ( Ac- LEHD) N ‘%’@&%//?‘E?i%éheb‘ﬂ B2RARY &E-Pe PINIHSW| 5z UBdr{P be cleaved

LT M PR PR g 9.

(Ac- | EPD) - N - depyl @equeﬂdebmydheﬂmﬂlarﬁuae atel Ger-GRAR TNE-PZS 118l Val SEQ ID
(Z- WVEHD) - N dodeégl oxycar bonyl - Rhodam ne 110. SEQ ID NO 1 23 N

(Z- YVHED) - N - d3¥e@yi ddedeepiiHeradinide SEQOID S8 2% Al:-ThrarMeoMer1231 N

(7 CEVD) - N - doHE oty arh ARy 10 rda i R E A Phes B g T MO, Pro-
N- (Ac- V\EHD) - NGwmcm{eowp@msay&tE@md@mmeséflﬂae ﬁE@He@rBQ}ﬁa [\ SEQ ID
(Ac- YVAD) - N - dodecyl oxg//car bonyl - Rhodam ne 110,

( Ac- DEVD) - N - d¥dd38y ThxhemAbwipe-Pre-Ho$anBSheQ ID.LBIO BEQIH-IﬁlNGlGPheOTﬂ-WPR 2002
WO 99/t 8856 S

1

U he- DErD) - PR PR P o Ly ehBherkep-Asp SEQRAIQG Many
(AC‘ DEID) - N - ?(?éhféx)‘%aﬁﬁ()é’ | srRpslasddnge ddfdraeEQr |P@VNBro46ase have been

N- ( Ac- LEVD) N - dodecyl oxycar bonyl - Rhodam ne 110, SEQ
(Ac- LEHD) - N' - duelecad basyd an bibesy Inatdnad dabstraees1£00 HISE@oie&d\&tﬂny assays An
intramolecularly quenched fluorogenic substrate, 2-aminobenzoyl-Thr-Ile-Nle-(4-
NO,-Phe)-Gln-Arg-NH, SEQ ID NO:141, wherein the scissile bond is the Nle-(4-
NO,-Phe). was prepared based on the p24/p15 cleavage site-derived hexapeptide

20 substrate (Toth. M.V., and Marshall, G.R., Int. J. Pept. Protein Res. 36:544-550

(AUAW)
66652
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(1990)). A fluorometric assay for HIV-protease activity using HPLC with the
substrate N-Dns-Ser-Gln-Asn-Tyr-Pro-Ile-Val SEQ ID NO:28 was reported by
Tamburini ez al. (Tamburini, P.P., e al., Anal. Biochem. 186:363-368 (1990)),
wherein the Tyr-Pro is the scissile bond. Many other HIV protease substrates
25 incorporating sequences from both the P side and P’ side of the cleavage sites of
HIV protease substrates have been developed, and these include the fluorogenic
N-alpha-benzoyl-Arg-Gly-Phe-Pro-MeOQ-beta-naphthylamide SEQ ID NO:37,
which contains the Phe-Pro dipeptide bond recognized by HIV-1 protease (Tyagi,
S.C., and Carter, C.A., 4nal. Biochem. 200:143-148 (1992)); the radiolabeled
30 heptapeptide  substrate, ([tyrosyl-3,5-*H]Ac-Ser-Gin-Asn-Tyr-Pro-Val-Val-NH,
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preferred R, is acetyl or Cbz, preferred (AA), is Thr-Ile-Nle, and preferred (AA),,
is Phe-Gln-Arg, Phe-Gln, or Phe; or preferred (AA), is Ser-Leu-Asn-Phe SEQ ID

NO:54, or Leu-Asn-Phe, and preferred (AA), is Pro-Ile-Val, Pro-lle, or Pro; or
preferred (AA), is
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N- (Ac- DEVD) - N - (decyl t hi o) car bonyl -1 Zhodam ne 110 SEQ ID NGO S

N- (Ac- DEHD) - N ¢, - : o)
N—EAE- DETD% Se(f?ﬂﬂy thyé%%ﬁ&vj‘? gﬁ‘é% ha S péé%%‘h)?‘%g? 15 Pro-Tle-
N- (Ac- LEVD) - N v{idsia mmﬁbomtnﬁaﬂm Val- %QNHSEP}oL@alNQHQ Pro-lle, or
N- ( Ac- LEHD) - N - (decyl t hi o) car bonyl - Rhodanmi ne 110, Q I D NO:

N-(Ac- LETD) - N Pr@dm’cgrbfedeAAb,bem %dﬁamm@p&[@;ed&ﬁ@)l“@ Réo: 8>r|‘1|>referrcd
Ac- VEHD) - N - (decqyl t.hi o) carb S

EAC | EPDg N - E ;C}Stlﬁ‘s 16&’8%#9@%@2@% 0‘“335'8 *’@ Q%‘ é‘é&l ID NO:48,

HD) - N -{.d Iyt hi . ]

N ( 7- \\//!EVAD) ) drS gg%c%f:ﬁf ﬁ%‘g? fepled ‘AP}@P Shh %Qin%‘]’ﬁliyg gE%@llgqu 4 Phe

N- ( Z- DEVD) - N -Glietllacie: ﬁhp))cahdg@mptefambkmma RrbCPheSHR-Ledd $E) $D NO: 50

N- ( Z- LEVD) - N dodecyl th b | - Rhod 110, SEQ | D_NO:
NS Ao vere) Nér(@mi%wh?%ff il (A oL a1 - See R @ BDNRD 4Gy Leu-

Ac- YVAD
(N-E:Ac DE%/D) N(él?‘g@@g% @Cga%ﬁ%gg@agmh% 6%5@25& %%'CSSEQ 7
(Ac- DEHD) - N' - (odd0y GllhA@ﬂ-Qﬂﬁ-lPﬁe)ﬂE@deﬁ(Mﬂe AlshU.euSHR, |APgNO/sale-Leu-Phe

N- (Ac- DETD) N 1_é(godec | t hi o) car bonyl - Rnodam ne 110, SEQ I D NO:4 N
(Ac- LEVD)- A ' -] dBcN t9Ri byededeuyiiheRisadRi NO:Bror Tiselsu-Phan@ng preferred

(c- LETD) - N - (Aelodyihra EAFihy Pestatiner Sa6 M Peedp P ea o i

(Ac- VEHD) - N - (md,%ﬁyAstnmlﬁ)wcgbpwbrﬁh@ﬂﬁsﬁ-mn%& ot pridired (AR )4 idPR
2002 WD 99/18856 PCT/ US98/ - 56

N- (Ac- | EPD) - N Prpdtﬂd‘é@lyPtdﬂlg)@al?xbonymom«pcﬁmerde(ﬁmn is 3EQGIp-Re: aad more
(Z-VEHD) - N - (d| I) Rhodam ne 110, SEQ ID NO |

N- ( Z- YVAD) - N Rrﬁ {{H@ﬁgdﬁ Myl ) - Rhodanine | 10, SEQ ID NO:2 N
(Z-DEYD) - N - (d' et hyberabadw v BF&Q&%T'%HQEI IS5 b é&@dﬁoahork in whole

N- (Z-LEVD) - A" - (di et hyl car banyl') - Rhodam ne 110, SE
(Ac- V\EHD) - A~' -detli asstyl ot athbewiyd wilRhodwortknia cfbﬂGf;eeS&QinB d&lei Cleavaae of

(Ac- DEVD) - - (B B8P A Jor Ay e i SEB lsrbes il v e

Ac- DEHD) - | J°
(N- (Ac- DEzl'D) - N' Wﬁ%}%@g&ggﬁbﬁ)m q‘gﬁ@rﬁaﬁtl&a}s gr@?:@bh? Mll@ céig will then
N ( Ac- LEVD) A rempsle niet (WAL, atobginy [the Roodatenndyd b FoﬁE(ﬂal TDI N(Ccﬁm;Nunds of

(Ac- LE D) - (lgl rreuﬁ?e car banyl ) - Rhodam ne 110, SEQ
N (Ac? ETD) N kg %ﬁ)‘ﬁll’éé’%’é fqr t%éﬁﬁ?ﬁl%oﬁmb"b@mof BIKICPFBWP«FE in HIV

N (Ao- 1 EPD) - A VAT ML TRA Bhbdia SRORCD BE phdchss R Wt s Brshy? pgvel HIV
N- (Z- WEHD) - | ~' profedbkeheiiilbitdrsretelpdctatify badiy | Jisshoganmidfe ohOpepGEQ ldp Monl N

(Z-YVAD) - N - (1~~ hexyl - N-net hyl car banmyl ) - Rnodam ne 110, SEQ I D NO: 2
N- (Z- DEVD) - N - poRtidemimygticNH Rt igleaser ﬁarhnoy& Rm;alamnﬂbt 1699) togprtyer oMLY N

Z-LEVD)-i\ hyl d SE t

N (A ViErD) - S0t O e BB ks hRORR, Bidteess %@%s%vi@ )
(Ac- YgAD) - | ~"" &Ehrsdi@)ﬁdtbmb'aﬂﬂdﬂé’ ktﬁ@é Revid ke Qﬁi@l{”art%ll ana‘BEth&

N ((Ac- DEVD) N - (N hexyl - N net hyl car banyl ) - Rnodam ne 1 SEQ I D N
(Ac-DEHD) - N - (™ ﬁi&tgﬁpenﬂsmsbl oaaIbHW Ip)otﬂsgd}amcanebqnﬁd tSE@eﬂDBMDCBmdS

N- (Ac- DETD N th b Rhod 110 EQ 1D NO:.4 25 N
(A LEVD) N ¥ R e PR 58 PRSP 001 s Hep Fgiegs in

N- (Ac- LEHD) N mewem ol eI | FRHERY | TnERReThRC nE R SFQ L 10 i N
(Ac-LETD) - N - (N- hexyl nmet hyl car banyl ) - Rhnodam ne 110,

N- (Ac- VEHD) N Ld@mlfﬁnamrh -olfl infeibhgrs oafr HEVhihjec fbrsdevith nee nibﬂ.ﬂ mSEE@nism N@hﬂh N

Ac- | | -N |.car bamyl ) - Rhod | 10, | D. NO: 30
(N-((:Z ?3) N ?ﬁé’tl )a%b?m'Hgﬁ{%d%%gﬂmﬁ)@eﬂ%yggﬁm ﬂ@@%ln n, since Aty



0 4 APR 2002 WD 99118856 -57 N (Z-YVAD)-N -net hanesul fo yI Rhodam ne 110,
S)rQID N0O:2 N (Z-DEVD)-N -acetyl -Rhodam ne 116, SEQ ID NO S N 04 APR 200
(Z- YVAD) - N - et hanesul f onyl - Rhodam ne 116, SEQ ID NO:2 N

(Z-DEVD) - N -acetyl - Rhodam ne 19, SEQID NO S S

N- (Z- YVAD) - N - net hanesul f onyl - Rhodam ne 19, SEQ I D NO: 2 PCT/ US98I 21231 N
(Z- YVAD( OAM )wdl9o/gg86 Y| - Rnodam ne 110, SEQ I D NO: 2 PCT/US98/21231
N (Z- LE( CAM HD{ OAM ) - N' - acet yl - Rhodam ne 110. SEQ I D NO: 3

N (Z- D{ OAM) E( OAM) TD( OAM) ) - N - acet yl - Rhodd2tne 110, SEQ I D NO: 4

Z- D( OAM E(OAM VD( CAM ) - N - acet yl - Rhodam ne 110. SEQ 1D NO S 10
Z-D(Owve) E(OVe) VD(OAM ) - N - acet yl - Rhodam ne 110. SEQ ID NO S

Z- D( Ove) E( ] : I ~

Z- VD OAM)) %Laggi? k—[%{/ %fgggctrln X‘J:nllesl%?fﬂgcqggg ghelc]eﬂ peﬁ'ﬁgblpsd\ggrates of Formula

N- (Z- E(OAM VD(IWM;)m&hceahetfmbreS’Eumiairyfia Rf Foltula/ViDtinkide theededlsr aubsfrhteodgeni ¢
or fluorescent_ substrates of the present 15 |nvent|on are conpounds havi ng

Formula VI 11 divemplady alge carpbg ussd ortbe diagnesieef HIY infection.

(N'Z( \Z(VXEDCHE)DG?\I Nacgfiltdl 0 a\ﬁ%ﬁaﬁgrfeﬂélpasgg (PE? :%Gnl\gnf? s'\éned to be substrates of

(Z-LEHDG) - N - agedavirulipetaasen e AléfbvikQre PhdVQause_of several diseases mcludmg
N ( Z- LEVDG} N -acetyl - Rhodam ne 110. SEQ ID NO:74 20 N

(Z- DETDG) - N' - sperati¢ reRhiseiaryi discagel and e;gdynmp ays,me T@plratory disease which can lead
am ne 110

(N A((:ZL[E)E\[Q)G NN g%ﬁfﬁo%ogamop(gui ffptéaggdj Flsyf\tﬁln§-protease which cleaves several

N- (Ac- LEHDG) - N’Jraﬁﬁﬁﬁéﬁhs By ﬁ'i?edlwiwég%itﬁ)rawgn 7aﬁd I\1‘k'1t"<:ct1v1tv %Weber IM.,
(Ac- VEHDG) - N - net hoxycar bonyl Rhodam ne i SEQ

(Ac- YVADG) N -Gret.riopy d4ciobivy| iriRnomé niNed: 2219235$E9;§>5)1D I‘Ilﬁe ﬁﬁefhh’ed substrates

Eﬁg- £§ Q %?4?6%‘%‘%?{@%%9%6 RWGE-% . £]1$>96§E§Qmp @? #;SX%G X. The
I{\I_Z( \Z(VXEDCHE)DGﬁ) EP ﬁ%ﬁé}({f{g?Eony% tg‘gm ne Jﬁél‘i}egaé‘aﬁ’f%g ki[)) §9p amino acids

N- ( Z- DEVDG) - ATDi@irh 0Ly eraaly OnBio?. ieda 27 na 23 11032 3EQ1 b85)NOH#GrophObié aAfthb 2002
WO 99/ 18856 -58, N-(Z LEVDG) - N - et hoxycar bonyl - Rhodam ne 110, SEQ I D _NO: 74 N
( Ac- VEHDG) - N -31ds shsitas Meh e rpd digdrgiperierted ISEQ Ppapigyino geid such as Gly

( Ac- YVADG) - N + bonyl - Riad
( Ac- DEVDG) - N 1gﬁaﬁgoxycar Ef(%n ‘+‘ %Auﬂ 3 hﬁ' r?}'g,blc ?BC%‘;S'/%S $prﬁf°"ed for P,
(Ac- DEHDG) - N -8 o yea :QOAJM' anR@?,aCﬂ\né P] &6h acebfnlddafiCilfBst any amino acid.

These observations were supported by the recently determined crystal structure of

N- (
N- (
N- (
N- (

human adenorivus proteinase with its 11 aminoacid cofactor and substrate
modeling based on the crystal structure (Ding, J.. e al.. EMBO J. 15:1778-1783
(1996)). Taking advantage of the presence of aminopeptidase in whole cells,
20 fluorogenic or fluorescent substrates of adevovirus protease can be designed to
incorporate amino acids either from the P side only, or from both the P side and P’
side of adenovirus protease substrate for application in whole cell assays.
For compounds of Formula IX designed to be substrates of adenovirus
protease, preferred R, is acetyl or Cbz, preferred (AA), is Leu-Arg-Gly-Gly SEQ
25 ID NO:55, Met-Arg-Gly-Gly SEQ ID NO:56, lle-Arg-Gly-Gly SEQ ID NO:57,
Leu-Val-Gly-Gly SEQ ID NO:58, Met-Val-Gly-Gly SEQ ID NO:59 or Ile-Val-
Gly-Gly SEQ ID NO:60, and preferred (AA),, is Gly, Ala, orm =0. Whenm is 0,
cleavage of (AA),.Rhodamine amide bond by the adenovirus protease will
produce a fluorescent dye of Formula VI. When m is not 0, cleavage of the

30 (AA),.(AA), amide bond by adenovirus protease in the cells will give the



rc' rms98nz3~ N (Ac- WVEHDG) - N - hexyl oxycar bonyl - Rhodam ne 110, SEQ I D NO: 71

N- (Ac- YVADG) - N - hexyl oxycar bonyl - Rnodam ne 110, SEQ I D NO: 72 N

(Ac- DEVDG) - N - hexyl oxycar bonyl - Rnodam ne 11 U. SEQ I D NO: 76 04 APR 2002
N- ( Ac- DEHDG) - N - hexyl oxycar bonyl - Rnodam ne 110) SEQ I D NO: 78 10 N

(Ac- VEHDG) - N - oct yl oxycar bonyl - Rhodam ne 110. SEQ ID NO: 71 N

( Ac- YVADG) - Nyw@6d/iesspcycar bonyl - Rhodam ne 110, SEQ I D NO: 72 PCT/US98/21231

N- (Ac- DEVDG) - N - oct yl oxycar bonyl - Rnodam ne 110. SEQ I D NO: 76

N- (Ac- DEHDG) - N - oct yl oxycar bonyl - Rhnodan #®-110. SEQ I D NO: 78

N- (Ac- VEHDG) - N - decyl oxycar bonyl - Rnodam nc 110. SEQ ID NO: 71 1S

N- (Ac- YVADG) - N - decyl oxycar bonyl - Rnodam ne 110, SEQ I D NO: 72

N- ( Ac- DEVDG r Rhoda 'n . . : .

N (Ac- DErD - Jeag s ENIRL I T b0 R ERPRideopre e RigoNp syl then
( Ac- VEHDG) - N' +ela6HCiHe covARr iogive it Adereidest 410 of $efhbi@ WO: Thmpounds of
N- (Ac- YVADG) -. 'V -dodecyl oxycar bonyl - Rhodam ne 110, SEQ I D NO: 72 20
N- ( Ac- DEVDG) - /Eonnul@défcy?/ Ik, used fomHie-sRisoniagiof énhibityrs SEaiqnovims pwtease in
N- ( Ac- DEHDG) - N, - dodec Xy ean bonyl - Rhodam ne 110, SEQ ID NO: 78 N

( Ac- VEHDG) - N - f‘%‘l"l’{i}}‘fﬁl 6‘3%‘@ $YSnyi - Rhodami ne 110, SEQ ID NO: 71 N

(Ac- YVADG} - N - (et hﬂ&ﬁpdﬁh&%%ﬂ)@ﬂ@@bﬁ?h&é&;g&&% stMtth%s Nf hérpes
(Ac-DEVDG) - N - (et hyl t hi o) car bonyl - Rhodam ne 110,

( Ac- DEHDG) - N -s{maplewy Ivirh$ typeal GidBY+L)Ritoidasei nidurhan heSEsgsnxnplmvms Wpe 1 is

(Ac YVADG N “HBIYPl rot MRk IRY R RS 1107 B0 BrilGeskaise serne

Ac- DEVDG) - N |
(Ac- DEIDG - N Heary) ) B Eaamly 10 BRI hogsigg 34 %Q&%Q9‘gch3?\|f°’

( Ac- VEHDG) - N' -aésatbtyy bﬁmalaapmmymaamanum/ m/ GEGTOZIB N (1994))0 TAWAPR
2002 WO 99/1 8856 PCT/ US98l 21231 -59
(Ac- YUADG) - N -Prejeelyhie fites) laaaﬁmﬁﬁwd%%a%m ke Aladf7 apdSeRAREng Ala610 and

N- ( Ac- DEVDG 0 A
N-EAC-DEHDG% eré‘oct%{‘%eo‘%@%r @la‘@eﬂ%ﬂ%ﬁ@ ]1718"’[ g@%”} [096%’5529 2454
( Ac- WEHDG) - G%lekéveﬁﬂﬁahbighybmﬂmadwdlﬁeﬂd@ pepikde dfR WOASISE SEQND
( Ac- YVADGG) - N (Sdecyl t hi o) car bonyl - Rhodam ne 110 SEQ | D NO: 142

N- ( Ac- DEVDG) - @Ié’t,%?l prnbipdsrdenyed arefbgisniinas p 2Qonerswwa90mnqeepnde
N- ( Ac- DEHDG) -

(Ac- V\EHDG) N IXP ?j gecylﬁoﬂrg%g@rgonaas %gﬁg&naneﬂlllo)@xé@%q@) 7%&[{}10“

(Ac- YWADG) - R doﬁﬁﬂﬂ@&YihEmSYClabhﬂéh‘éé (OtBedanDire, 40/, $HIddy Nb-IR-147
N-(Ac DEVDG) - N - (dodecyl t hi ogcar bonyl - It Hodam ne 110, SEQ I D NO: 76

- (Ac- DEHDG)(1997)) (detedpvt hean)repertedriiat-thb opkeifioity of HYV-19rQrenss wsides N

Ac- VEHDG) - ~' ~ ] b d . SE IDN071 .
(N?Ac- WADG) - N HET ) Ryl ARt e {DIeCaty Teb -3 o Virol
N- (Ac- DEVDG) - lgg' 59(6d52§9f1f9¥)h ar @azmgkh d%ﬁ&’g@%ﬂ%}]elﬂy&seé&rl %m@p{%ﬁ;d& Mh
(Ac- DEHDG) - N - (di et hyl car arryl odammne 110,

(Ac- VEHDG) - N \(/lmlheedgsl ﬂubmgtmgfbnﬂudnamzht)suRklmiemmanSYiDpro&ES@ 4 deeigidd

N ( Ac2BEVDQ - No HRTTHERS e BUAY P SRy e Pl borh FomSLoh s BB 76
(o D00 N B AR R ey 10 070

(Z- YVADG - R' - et harfes uédnopophd Riod dBorimuéa 1X10esigife@ {oDbblOsubftrates of HSV-1

protease, preferred R, is acetyl or Cbz, p.referred (AA), is Leu-Val-Leu-Ala SEQ

ID NO:62, and preferred (AA),, is Ser, Ser-Ser, or m = 0. When m is 0, cleavage

25 of (AA),.Rhodamine amide bond by the HSV-1 protease will produce fluorescent

dye of the Formula VI. When m is not 0, cleavage of the (AA),-(AA),, amide

bond by HSV-1 in the cells will give the Rhodamine attached to (AA),.

Aminopeptidases present inside the cells will then remove the (AA),, to give the

fluorescent dye of Formula VI. Compounds of Formula IX will be used for the

30 screening of inhibitors of HSV-1 protease in HSV-1 infected cells.



N- (Z- DEVDG) - N - acetyl - Rnodam ne 116, SEQ I D NO: 76 N

(Z- YWVADG) - N - net hanesul f onyl - Rhodam ne 116, SEQ ID NO: 72 N

(Z- DEVDG) - ~' ~" - acet yl - Rhodam ne 19, and SEQ I D NO: 76 N 04 APR 2002
(Z- YVADG) - N - net hanesul f onyl - Rhodam ne 19 SEQ I D NO: 72. 0 4 APR 2002 WO
99/ 18856 PCT/ US98/21231 -60 Another preferred fluorogenic or fluorescent
substrates of sent invention are conpounds havi ng For

i ncl ude, but \&0@3}%5{5‘3' imted to: N (GP)-N -octyl oxycarbonyl - % a/ir'#gnszﬁ%llo,
N (GPG - N -octyl oxycar bonyl - Rhnodam ne 110, 5

N-(GP) - N - et hoxycarbonyl - Rhodam ne 110, N"%AGDG}- N - et hoxycar bonyl - Rhodam ne
110, N-(GPA)-A"'-ethoxycarbonyl - Rhodam ne 110, N

(GP) - N - hexyl oxycar bonyl - Rnodam ne 110,

N-{ GPG - N - hexyl oxyc@dagoyhdFUTFbamulaa X alddcanl: designed to be substrates of human

A -(CGP)-7v' "' -(ei hylthio)carbonyl - Rhodam ne | 10, ] o )

N (GPG) - N - (et hyyiomegplexirtoiCMER) paeteasse HAMYV can cause life-threatening infections

N (M3 -N -octyl oxycarbo - Rh yne 110, . . o g

N- ( MA} - N - oct yl 6‘3(y 58?%%'%41)5 Rﬁ@g%ﬁé n én%ﬁﬁ’, Nnmunocompromlsed individuals and
(M3G) - N - oct yl oxpginB&ipytessa0odanben orl Hansplant Rlatients. Human cytomegalovirus
N-(M3A) -1 ~" ' -octyl oxycar bonyl - Rnodam ne 1l 0)

( MAG) - N3 oct yl oXHEMVpendodddha drotéase tiat CleatesGtself- andtthe BICMAT assempblyRirotténi ne
110, N(M3-A "' -ethoxycarbonyl - Rhodami.ne. 110 - .

N- (M) - N - et hox B B FItal JHa NS Epoation. hesefare df Hs g PAEUiRY 112986 ne
110, N(M3 -1~ 'ty ; /| - RRNIVE prot il ; W
(MA) -1 ~"" - hexyl 8§€%Egﬁgﬁewﬁﬁg%m ﬁgpllo, veNPG N ?Elséxayls%rinfcgrrotg‘glrslslIa-nlghtodoam ne
110, N (M3 -N - (pedténliytihporesampaitgd withindherprogeatd QvereZidenttiified at Ala 256-Ser 257

& (NB;)fff_rl\zll_ }\lh I_ 829? raggc()g,}{ea_p ggqaénﬁhngq{igﬁgl){glamr@jonﬁite). (Sztevens, J.T., et al., Eur. J.
(Ac- LM N - octyl rbe : K e 2l : -Aro-Glv-Val-
{ Boc- LI\}; e e t%&%/hgglr b(ﬂn)%[ mgg%ﬁé Alélgeroé\{emc substrate, DABCYL-Arg-Gly-Val

N-(Ac-LM - N - et haatoyasardlarset-SBhagantna 1d-EDANS SHQ ID NO:63 was synthesized and
(Boc-LM - N -hexyl oxycar bonyl - Rhodam ne 110, 0 4 APR 2002 WO 99/1 8856
found to be cleaved efficiently by CMV protease at the Ala-Ser peptide bond

(Holskin, B.P.. et al., Anal. Biochem. 227:148-155 (1995)). Recently, it was

61

reported that replacement of the Val-Val-Asn sequence corresponding to the P,-P,
15 residues of the maturation site of the enzyme by the optimized Tbg-Tbg-
Asn(NMe,) (Tbg. t-butylglycine) sequence increase significant the affinity of the
substrate to the protease. An AMC fluorogenic substrate was prepared with the P
side peptide sequence including these improved amino acids (Bonneau, P.R., ef
al., Anal. Biochem, 255:59-65 (1998)). Taking advantage of the presence of
20 aminopeptidase in whole cells, fluorogenic or fluorescent substrates of HCMV
protease are designed to incorporate amino acids either from the P side only, or
both from P side and P’ side of HCMV protease substrate for application in whole
cell assays.
For compounds of Formula IX designed to be substrates of HCMV
25 protease, preferred R, is acetyl or Cbz, preferred (AA), is Val-Val-Asn-Ala SEQ
ID NO:64, Tbg-Tbg-Asn-Ala SEQ ID NO:65, and preferred (AA), is Ser, Ser-
Ser, or m = 0. When m is 0, cleavage of (AA),-Rhodamine amide bond by the
HCMY protease will produce fluorescent dye of the Formula VI. When m is not
0. cleavage of the (AA),-(AA),, amide bond by HCMYV in the cells will give the
30 Rhodamine attached to (AA),. Aminopeptidases present inside the cells will then



PCTNS98/ 21231 N (Ac-LM - N - hexyl oxycar bonyl - Rhnodam ne |

10, N-(Boc-LM - N - (et hyl thio)carbonvl - Rhodam ne

110, N- (Ac-LM - N - (et hyl t hi o) car bonyl - Rnodam ne 110, N 04 APR 2002
(Ac- SLNFPI V) - N -octyl oxycar bonyl - Rhnodam ne 110, SEQ ID

NO: 805N- (Ac- SLNFPI ) - N - octyl oxycar bonyl - Rhodam ne 110, SEQ I D NO 81l ~!

(Ac- SLNFP) - Nwe@ob/ydsaxycar bonyl - Rhodam ne 110, SEQ ID PCT/US98/21231
NO: 82" ~' - (Ac- LNFPI V) - N - oct yl oxycar bonyl - Rhodanm ne 110, SEQ I D NO: 83N
(Ac-LNFPI') - N - octyl oxycar bonvl - Rhodam ne4310, SEQ ID

NO: 84N- ( Ac- LNFP) -n' ' - oct yl oxycar bonyl - Rhodamne 1 0. SEQ ID

NO: 8510N- ( Ac- RGFP} - N - oct yl oxycar bonvl - Rhnodam ne 110. SEQ I D

NO: 37Al - (Z- LNF ey | - ' OSE :
(Z- LNFPI § . -‘Jg‘lé‘tx%/? (%@ey%%&g%%’y@ﬁ@% gsr‘)‘n&r(?é“ﬁi]8?9&§f%&%0\:/§4%°%m‘1§%w
(Z- LNFP) - . " ~" - Fsrinyl 0KY Gl iznysed BB ehenidieeningl€¥, inBERokDof HCMV protease in

NO: 85~' - (Z- RGFP%- N -octyl oxycar bonyl - Rhodam ne 110, SEQ | D NO: 3715N
( Z- RQANFLG) - N HeMV indsajedeaeB®ny | - Rhodani ne 110, SEQ ID

NO: 311 ~' - ( Z- NFL) = N - oct,vI | -,Rhodamni 110 EO I D
N 56 ve( - RO 16 TRdBhY o PR X A1 345 B desterep 3 B \qgbsgmates of
"= N- ( Z- RKVLFL D) reatit@C CyvieusyGRr WP Pidteas 0d4OV nig tﬁé%a'eﬁE@dngel agent of both

NO: 36N- ( Z- RKVLFL) - ~' ' -octy oxycar bonyl - Rhodam ne 110) SE _ )

NO: 88z Ul ~I| - ( Z-rRrentgrpliN\tramsoifiéconyd: spasadiq noRAoarhhore BligpatiSE/hich Ndfeged ~!
(Z- ARVLFLG) - N -oct.yl oxycar banyl - Rhodam ne 11 EQ | D - . .
NO: 9ON- ( Z- ARVLﬁﬁLSS-“ﬁ‘a?eé‘cg@%%gaﬁBBﬁy‘f%‘%‘&%mgﬁeéf%‘?a%é&? BnfgisgRrRtein
(Z-ARVLF) - N - OfelivhioX N&ahPRMIEipRE GHARE Hockidng 8Ed Biral polyprotein. thus the
NO: 92N- ( Z- SQNYFLG) - N - oct yl oxycar bonyl - Rnodam ne 110, %Eépl D NO: 9325N
(Z- SQNYFL) - N' -N83/¢Aoprpasd oomyipleRhio danbtactivkOiargsE@ot Bntiviral therapy against
NO: 94N- ( Z- SONYF).- N -0 | oxycar honyl - Rhodam ne | 10, SEQ I D NO: 95N

( Ac- SERIFPI V) - Nda?& %&ﬁ%ﬁ’ BERGASE fthd SeTiRCRIOEass, andpEY§-Ber has been identified as

NO: 80N- ( Ac- SL N 81 h e ILRE Qe PN o BN Ser-
(Ac- SL NI(:P)C N I\‘tgh%‘ﬁ??ﬁ érﬁ%o?ﬁ’?‘?ﬁﬁ’%%ﬁﬁ?@%@?@"gﬁﬁ KA gsh b o s ser
( Ac- RGFP) - N - eBeRsrcPyrk8EYIIDRNOEETane P 10ys SRP] DalNbeR7found 16 b BRiGGD02 VIO

99/ 18856 PCT/ US98/ 21231 -62 N,%Ac- SLNFPI \Q - N - ‘et hyl t hi o) car bonyl - Rhodani ne
110, SEQ | D NoZbdenaN Raet gl.NEpHrofr 7{:6208/61 15 O)9%0aDbohgkinRrrsivanagk of the SEQ

| D NO: 81 N-(Ac- [ - vl t hi o rb | < Rnhodam neq11 EO.l D NO:82 N
( Ac- RGFP) - N'( - ("e’?ﬁ?&f %@aﬁéﬂg’)@?#"- ’Iﬂhec\)'g@r% c(r%gy‘l {TOSSES ?rdlﬁkﬁgﬁféﬁxf%bsga‘es

(Ac- MRSEO) - N - T @V et BRmskighed@ant diorkieQuniREa2 i Pod 1R the P side and

N (Ac- 1 RGE5) - N -octyl OXécal‘ bonyl - Rhodam ne 110, SEQ ID NO: 97 N

(Ac- LVGGEO) - N -Ilb’csﬁqﬂ e Hptease sWistrdmfonapplicgionSE@hols dubl:a9guys.
N-{ Ao 1VGGG - N - oot aRUBAIEE R ForRdaLm Reeibe St IBIRAT Y rotease.
N- ( Ac- LRGGG} - m:)rf:féﬁr%b{|lQWﬁ@Jt%QﬂY¢bﬂb@ét@H§d‘?AA}.qS %E%%pgl%g:ag-g%o-ﬁys SEQ

N- (Ac- LRGGA) - N - oct yl oxycarbonyl - Rhodam ne 170.
(Ac- LRGG) - N - 0d W%y AspriagMal Rno@asi SEQ TLONGEER) oDIAY #Pro-Cys SEQ 1D

N (- oo - N NS A B BE A St Ser1Tie SERERD NO: R St Mater, Ser-
| ~' - (Z- LRGG} - N | i ' E i

(Ao LRG0 N e Ry o, PR TRV e AR R gidt bond by
N- ( Ac- LRGGA} - Nhe Q10 pyoreasdwill/proBixeddudreseert e oSHe Fobmbia: IO2WNen m is not

Ac- LRGG) - N - h b | - Rhodami 110, SEQ I D NO 55 . .
N AC LR - N AR b1 iHe) A e bAnA L HE. Sthe sty logive gh

(Ac- LRGEA) - N - 1 hl r - ' ; .

N- (Ac- LRGO) - N %@ﬁ;ﬁﬁ%@gpg@@pRgﬁg@@ﬁﬁ%%ﬁﬂeégg&%}ﬁb@% will then
N- ( Ac2BVLASSS,) reboveahy (AXY, car pioa\the Ruofasenndyd 0 FobirQal V1. NCohtpduhlds of
(Ac- LVLASS) - N -oct yl oxycar bonyl - Rnodam ne 110, SEQ I D NO: 104 N |

( Ac- LVLAS}- N - ley @il beMsad. frn Hrassrasaing of intgiors pf RGM potease in HCV
N (Ac- LVLA) - N l—n@ecae\élc%m/car bonyl - Rhodam ne 110, SEQ ID NO: 62 N

(Z- LVLASSS) - N -octyl oxycar bonyl - Rhodam ne 110, SEQ ID NO: 103 N
(Z-LVLASS) - N - oct y| Dixey reermionydisoenaeyfoeovaLl fom $ Bf NBrrd¥l4 W which are
(Z-LVLAS) - N -octyl oxycar bonyl - Rhodanm ne 110, SEQ I D NO 105 N

(Z- LVLA) - N - ocd¢yiveiyesaflsdtiyddaminedendi are obtathed $E@nir@iugings2 biwoking group R
%géc\%gvgé/sféigl\l O%tgggé%%%;v%%gréglggﬁgsa& Q ihl)dalmoihe.Sllz'Qe &{}-IN gr%8p4 in F(?rm4uléb‘ PR
N- (Ac- LVLAS) - N - et hoxycar bonyl - Rhodam ne 110, SEQ I D NO 105

N- (Ac- LVLA) - A" ' - et hoxycar bonyl - Rnodam ne 110, SEQ I D NO: 62

N- (Ac- LVLASS) - N - (et hyl t hi o) car bonyl - Rhnodam ne 110, SEQ I D NO: 104 N
(Ac- LVLAS) - N - (et hyl thio)carbonyl - Rhodam ne 110, SEQ I D NO 105

TI1




5 N (Ac-LVLA)-N -(ethylthio)carbonyl - Rhodam ne 110, SEQ I D NO: 62 N

(Ac- WNASS) - N - oct yl oxycar bonyl - Rhodam ne 110, SEQ | D NO: 106 04 APR 2002
N- (Ac- VWNAS) - N - oct yl oxycar bonyl - Rnodam ne 110, SEQ I D NO: 107 N

(Ac- WNA) - R ' - octyl oxycar bonyl - Rnodam ne 110, SEQ | D NO: 64

N- (Ac- Thg- Thg- NASS) - N - oct yl oxycar bonyl - Rhnodam ne 110, SEQ I D NO: 108 10

N- (Ac- Tbg- Thopk¥sahsssk' ' - oct yl oxycar bonyl - Rhodam ne 110. SEQ | DpdNpusédPi231
N- (Ac- Tbg- Tbg-NA) -1\ "- oct yl oxycar bon~~| - Rhodam ne 110, SEQ ID NO 110

N (Z- Tbg- Tbg- NASS) - ~| ' - oct yl oxycar bonyl - R@dam ne 110, SEQ I D NO: 108 N
(Z- Tbg- Thg- NAS) - ?~"- oct yl oxycar bonyl - Rhodam ne 110, SEQ I D NO: 109 N
(Z- Tbg- Tbg- NA) - ~" ' - oct yl oxycar bonyl - Rnodam ne 110) SEQ I D NO 110 15 N

(Ac- Thg- Tbg- NASS) - N -.et hoxycar benyl -,Rho ine 110. SEQ.| 1 10

(Ac- Tog. Tog. Ny ovidgh S KERL 8 Rlorh Rttt M, Pedior Gy Ppiartpbghoome

N- (Ac- Thg- Thg- Nastrate; suchtdd e/ CarbRQMY lgrdtpastanivitodked BeptileQd Brv@nlpkBtide

N- (Ac- Tbg- Thg- NASS) - N - (et hyl t hi o) carbonyl - Rhodam ne 110, SEQ I D NO: 108

N- ( Ac- Thg- Thg- Masje bond. 'Thegtdeyibn konvertathofiydreRendmniende pf Forsela ViDna | 09
lu N (Ac- Tbg- Thg- -~\"-(ethylthi.q) car bonyl.-Bhodam ne 110, SEQ ID NO | 10
N (Ac. D1 VPCSNETIRLeSEary IBSISRE B AR L ie S19 Broess AL TPoRie

( Ac- DI \PCSMBT) g dlule Rich | farofioas ?@%ﬁﬁ%@a&%ﬂk ??otéa’s@ or ﬁgﬁda&. N@he peptide-

(Ac- 1 VPCSMST) - N - octyl oxycar bonyl - Rnodam ne 110, SEQ NO: 113 )

N- ( Ac- | VPCSMVS) réportec tapidex homd o ptmithe AdiH Xeis 1the ,sciS&® bénd\dnddrdbialgical

N (Ac- 1 VPCSM - N - gctyl oxycar bony] - Rhodam ne, 110, SEQ I D NO 115 N |
(Ac- | VPCS) - N - &8P F’%‘i&c@%ﬁ%l"? SR g Peptide-repeiten #nide bppg In the peptide-

(1PN S5k BISSEREEN S EAPARE B8ubl0y SERUR iy ) o i
(Z- 1 VPCSMB) - N -wiiigly isoRyeresdeany Mdb adporanely L fi{2, bISEKIng Rroky tad idédrpdrate a

(Z-1VPCSM - N - oct yl oxycar bon:y; - Rhodam ne 110, SEQ I D NO 115 0 4 APR 2002
WO 991 iB856 - 6Ayatophelso groppp Fhe hydrephalpegiougris designed 1 Brassh e meplians ne

110, SEQ I D NO: Ac+1VP - N - gt hoxycarbonyl| - Rh i 11 QID
NO: 114 N (Ac- | \?é@‘?\?;@il}({ﬁ’&%ﬂeo@g%‘ﬁ%n@'ﬁ-‘ﬁh’%%’;‘n%“n%“ %ﬁ%‘,‘“"‘%&%"l R S%R%‘%E?
(Ac-1VPCS) - N - ghdidexthe 2EDS Y weRiRda Thdreasd FotentiFrQdf! the ofet€eree Moiety inside
(Ac-1VPCSMVS) - N - (et hyl t hi o) car bonyl - Rnodam ne 110, SEQ I D NO: 114

N- ( Ac- | VPCSM - Ithe ¢edis ften ks ddgayagdhioniargemidoprateasecorpeptidasad SEQ | D NO 115 N
Ac- 1 VPCS) - N - (et hylt hi bonyl - Rhodami ne 110 SEQ I.D NO: . wh Z i
E)e(r:]zyl oxyZ:ar b0§]§| , yg&ﬁ%ﬁ&%ﬁe@’%ﬁgwgg&w}m ﬁr(giog?QBBPéﬁ\?l:Tbge{g e

t-butyjglycine, and AMis acetoxynethyl. 10 Preferred novel fl uorescent
dyes of the present invention are conpounds having Fornmula VI and i ncl ude,
but are not limted to: NH3Nm hoddai ne MNR;NRacet yl - Rhodam ne 110, N
ine 110, N-decanoyl - Rhodam ne
110, N dodecanoyl - Rhodam ne _1 ERet boxyearbonyl - Rhodam ne 110,

N- et hoxycar bonyl - Rhodani ne F0, 6oxycar%onyl - Rhodami ne 110,

N- hexyl oxycar bonyl - Rhodam ne 1| octyl oxycar bonyl - Rhodam ne 110, N
decyl oxycar bonyl - Rnodam ne 110,

) @- but oxyet hoxycar bonyl ) - Rhodami ne
110, N-(2,5,8-trioxadecyl oxycarbonyl }-Rhodarni ne 110, N
(et hyl t hi o) car bonyl - Rhodam ne 110,

or biologically acceptable salts wherein R, - R, are defined above with respect to
Formula VII.
20 Preferred R, and R, are hydrogen. methyl or ethyl;
Preferred R, and R, are hydrogen or methyl.
Compounds of Formula VI of the present invention may exist in
tautomeric forms, particularly the ring opening form of Formula VI'. The

invention includes all tautomeric forms including Vi and VI'.
25



N (et hyl t hi o) car bonyl - Rhodam ne 110, 30 N (butylthio)carbonyl - Rhodam ne
110, 0 4 APR 2002 WO 991 18856 -65 PCT/ US98l 71231 04 APR 2002
N- ( hexyl t hi 0) car bonyl - Rhodam ne | 10, N- (octyl t hi o) car bonyl - Rnodam ne 110, N
(decyl t hi 0) car bonyl - Rnodam ne 110, N- (dodecyl t hi 0) car bonyl - Rhodam ne 110, _
5N- et hanesul f onyl - Rhodam ne 110, N- et hanesul f onyl - Rhodam ne

110, N- hexaneglob@gigl - Rnodam ne 110, ~' - oct anesul f onyl - Rhodam ngeT/uses21231
110, N- decanesul f onyl - Rhodam ne 1 |0, 10l ~' - dodecanesul f onyl - Rhnodam ne

110, A" -tri fl uoronet hanesul f onyl - Rhodam 147 410, N- di et hyl car banyl - Rhodam ne
110, N-di et hyl car banyl - Rhnodam ne 110, N-(;

1J- net hyl - N- hexyl car banyl ) - Rnodam ne

110, 15N-(."' ~' -nmet hyl - N- oct y, r banyl ) sRhodam -
110, N- (N- net hyl - N- decyl car b(f\]a *«-n ' % 8&!\?— géetyl - Rhodam ne

116, N- met hoxycar bonyl - Rhodam xycar bonyl - Rhodam ne

116, N- oct yl oxycar bonyl - Rhoda i SN oxgycar bonylVRhodanm ne |

16, N- benzyl oxycar bonyl - Rhodam ne/T'tg hanesul f onyl - Rnodam ne 116, -R!
trifluoromet hanesul f onyl - Rhoda oct anesul f onyl - Rhodam ne 116,

N acet yl - Rnodam ne 19, N-et hoxycasbhonyl (Ehodam' ne 19, )

N-oct yl oxycar bonyl - Rhodam ne 19, N-nethoxycarbonyl - Rhodam ne 19, and 30

N- net hanesul f onyl - Rhodam ne 19. ;~ ~ ~rH 2002 WD 99/ 18856 PCT/ US98/ 21231
-66 Typical aryl groups are Cb_,o aryl groups including phenyl. naphthyl,
fluorenyl and the IPrierredifiyorggenigprRugrascenicsubstraies Qfube ArSAERHNYRIIGNGFE al kyl

groups. Typical _al k u I , s I I di ng net hyl,

et hyl, propyl ,COB"B?E}%G,S h%{éﬁg;ﬁ) rrﬁwg)p%md ‘ﬁ%‘%@ %i?f),m %Jét?l éPﬁm'ht(@)ﬁw decyl and
branced chai n (zSWEEID,-Rhedesihe 150, BEY mN@ey! (al kanoyl) groups are C _, 0
al kanoyl groups such as acetyl, propion but anoyl, pentanoyl, hexanoyl

| ’
and the |ike d2-YWAD)aBhedaming b REQ lﬂléﬂﬁ?i soners thereof. Typical
bi ol ogical ly I alts gunds of the invention include the
sodi um pot asggwgmﬁﬁmnefgbégﬁdﬁmﬁ i ke. 10 Certain of the compounds

of the pr esengzim\geggimdggyn@goi, Setam ey ic forms, particularly in the
y-portion of Formulal. The invention includes all such tautoners. The

i nvention al sdZiDicHDjeBhatamimol IDoREQID NS racemi ¢ nmi xtures of such

st eregj sonmers he indi yi | ..enf antiomers that may be separated
accorgéng to ﬁzmbgiﬁi‘i&a%’? I)P‘E&L@IIHS% those of ordinary skill in the
art. 15 The cq Wﬁ_@odgﬁj& @’vga?@ilgr}q@gy be prepared using nmethods known

1
to those skilled in the art. Specifrcally, conmpounds with Fornulae I-11I
can be prepar qd-aBHD),}Risidamired 10ySEQdDANArY reactions in Schenmes 1-5.
Schenme 1 is the |east preferred nethod since deprotection with HBr/HOAc | ed

to the renovalZo¥E¥BY: E‘Iﬁ’émeb]l}po§]§'Qde‘IQ§nzyl oxycar bonyl (Z) groups, which
2U nmakes the rt%éi‘EPf)?Hﬁix&{lﬂBﬁee?ﬁf gg@o@)ﬁ@ifat ed. Thus, where the t-butoxy
I't° nus € rerntrodu

group is desired, ced.” Wien an

N- ( 9- ik uor eny | (@eVhPRY.cRifddamyte)1 10f SBQ)IDINOtYY i s enpl oyed as the N-bl ocking
group (Schene 2 it _can be selecti veltﬁq renoved wi th norpholine, piperidine

i I

or ot her ani ndZb3B¥DNRiesaminehidy SEQ -h¥OiLhut oxy protecting groups, thus
allow ng for the Vil UG = .addi tional Z-blocked am no acids
or peptides (s@ggﬁgn%}%%&i% 1C]EPhgﬁgi%rrl)a]IQbeta)}I ocked conpounds can be
sel ectively de@-pDGeoheRhodakting 110 SEQ [PaNeELjx acid (TFA) to renove the
t - but oxy group wi thout renoving the gr oup.

(Z-DEPD),-Rhodamine 110, SEQ ID NO:13
20 (Z-DGTD),-Rhodamine 110, SEQ ID NO:14

(Z-DLND),-Rhodamine 110, SEQ ID NO:15

(Z-DEED),-Rhodamine 110, SEQ ID NO:16

(Z-DSLD),-Rhodamine 110, SEQ ID NO:17

(Z-DVPD),-Rhodamine 110, SEQ ID NO:18
25 (Z-DEAD),-Rhodamine 110, SEQ ID NO:19

(Z-DSYD),-Rhodamine 110, SEQ ID NO:20



0 4 APR 2002 WO 99/18856 -67 Schenme 1 HEN NHz~ Cl1 ~COzBu-t Z-NH CO'H

PCT/ US98/ 21231 EDC, pyridine DVF Z- Asp(OBu-t)-NH ~ 0 ~ NH Asp( OBu-t 0-4ZABR 2802
/| ~0 O HBrNH -Asp-NH ~ ~ 0 ~ ~ NHAsp-NH.,HBr / / wO O Z-Val-Asp-N1 ~~ 0
~ ~ NHAsp-val-Z/ /| ~0 O HBr/HOAc Z-Val) EDC pyridi ne, DW 0 4 APR 2002
WD 99118856 -68 Scl:eme 2 HEN\ O/ NHyk CL | [/ [ [

WO 99/18856 PCT/US98/21231
-48 -

(Z-ELPD),-Rhodamine 110, SEQ ID NO:21
(Z-VEID),-Rhodamine 110, SEQ ID NO:26
(Z-IETD),-Rhodamine 110, SEQ ID NO:24
(Z-VD),-Rhodamine 110,

5 (Z-TD),-Rhodamine 110,
(Z-AD),-Rhodamine 110,
(Z-VAD),-Rhodamine 1190,
(Boc-WEHD),-Rhodamine 110, SEQ ID NO:1
(Boc-YVAD),-Rhodamine 110, SEQ ID NO:2

10 (Boc-DETD),-Rhodamine 110, SEQ ID NO:4
(Boc-DEVD),-Rhodamine 110, SEQ ID NO:5
(Boc-DEHD),-Rhodamine 110. SEQ ID NO:6
(Boc-VEHD),-Rhodamine 110, SEQ ID NO:7
(Ac-YVAD),-Rhodamine 110, SEQ ID NO:2

15 (Ac-LETD),-Rhodamine 110. SEQ ID NO:8
(Ac-LEHD),-Rhodamine 110, SEQ ID NO:3
(Ac-DEVD),-Rhodamine 110, SEQ ID NO:5
(Ac-LEVD),-Rhodamine 110, SEQ ID NO:9
(Ac-IEPD),-Rhodamine 110. SEQ ID NO:23

20 (Ac-VEPD),-Rhodamine 110, SEQ ID NO:27
(Ac-VD),-Rhodamine 110,
(Ac-TD),-Rhodamine 110,
(Ac-AD),-Rhodamine 110,
(Ac-VAD),-Rhodamine 110,

25 (Z-YVAD),-Rhodamine 116, SEQ ID NO:2
(Z-LEHD),-Rhodamine 116, SEQ ID NO:3
(Z-DETD),-Rhodamine 116, SEQ ID NO:4
(Z-DEVD),-Rhodamine 116, SEQ ID NO:5
(Z-YVAD),-Rhodamine 19, SEQ ID NO:2

30 (Z-LEHD),-Rhodamine 19, SEQ ID NO:3



/[ COpH \I PCTNS98I 21231 ~CO=Bu-t EDC, //\\ pyridine DMF Fnoct 4H CQZ
)-14H ~ 0 ~ NHAsp(OBu-t)-Frmoc | / | / 1. norpholire,El@FAPchﬁﬂ.Z

Froc- Asp( OE- -t

HC1 0 HCINH -Asp ! ~=~.~-t ) -NH\ O\ 14H Asp (OBu-t ~ -NH ,HC1L | / Z-Al a,
EDC ~O pyria~nE, DVF 0 2-Ala-Ase OBu-r_;-NH\ O\ NH ASpl QBu-c~-Aia-Z/ 1| |/
TFA 0 O Z-=.~a-Asp-NH Il ~ 01 \ NHAsp-Ala-E/ / 0 O 0 4 APR 20D2 WO

99| 18856 PCTN&%% 1 -69 Scheme 3 HCINH~-ksp(OBu-t)-NH ~ ~ @ctarsesn123t
NH- Asp( OBu-t) - 1/ / 00 zZVal-Ala, EOCC pyridi~ = D ~F 2-Val-AlG: ap;
OBu-t)-N,~ ~ 0 ~ NH Asp(OBu-= ~~a-Val -Z-/49=0 O T FA ~1-rla-Asp-NH ~ ~ 0 ~ ~
N :-Asp-Ala-'.-..-Z2 1/ [

10

15

20

25

30

(Z-DETD),-Rhodamine 19, SEQ ID NO:4
(Z-DEVD),-Rhodamine 19, SEQ ID NO:5
(Z-YVAD(OAM)),-Rhodamine 110, SEQ ID NO:2

(Z-LE(OAM)HD(OAM)),-Rhodamine 110, SEQ ID NO:3

(Z-D(OAM)E(OAM)TD(OAM)),-Rhodamine 110, SEQ ID NO:4
(Z-D(OAM)E(OAM)VD(OAM)),-Rhodamine 110, SEQ ID NO:5
(Z-D(OMe)E(OMe)VD(OAM)),-Rhodamine 110, and SEQ ID NO:5

(Z-D(OMe)E(OMe)VD),-Rhodamine 110. SEQ ID NO:5

Preferred fluorogenic or fluorescent substrates of the present invention are

compounds having Formula VII and include. but are not limited to:

N-(Z-WEHD)-N "-acetyl-Rhodamine 110, SEQ ID NO:1
N-(Z-YVAD)-N “-acetyl-Rhodamine 110, SEQ ID NO:2
N-(Z-LEHD)-N "-acetyl-Rhodamine 110, SEQ ID NO:3
N-(Z-LEVD)-N ’-acetyl-Rhodamine 110, SEQ ID NO:9

_N-(Z-DETD)-N ™acetyl-Rhodamine 110, SEQ ID NO:4

N-(Z-DEVD)-N '-acetyl-Rhodamine 110, SEQ ID NO:5
N-(Z-DEHD)-N "-acetyl-Rhodamine 110, SEQ ID NO:6
N-(Z-VEHD)-N’-acetyl-Rhodamine 110, SEQ ID NO:7
N-(Z-LETD)-V "-acetyl-Rhodamine 110. SEQ ID NO:8
N-(Z-IEPD)-\ "-acetyl-Rhodamine 110. SEQ ID NO:23
N-(Z-VEPD)-N '-acetyl-Rhodamine 110, SEQ ID NO:27
N-(Z-SHVD)-N '-acetyl-Rhodamine 110, SEQ ID NO:10
N-(Z-DELD)-N '-acetyl-Rhodamine 110, SEQ ID NO:11
N-(Z-DGPD)-N ’-acetyl-Rhodamine 110, SEQ ID NO:12
N-(Z-DEPD)-N '-acetyl-Rhodamine 110, SEQ ID NO:13
N-(Z-DGTD)-N -acetyl-Rhodamine 110, SEQ ID NO:14
N-(Z-DLND)-N -acetyl-Rhodamine 110, SEQ ID NO:15
N~(Z-DEED)-N -acetyl-Rhodamine 110, SEQ ID NO:16
N-(Z-DSLD)-N "-acetyl-Rhodamine 110, SEQ ID NO:17
N-(Z-DVPD)-N-acetyl-Rhodamine 110, SEQ ID NO:18



\' C o0 ~ aPR 2002 WD 99118856 -70 Schene 4 HCLNH~- Asp(OBu-t)-NH ~ 0 ~

NH Aspf OBu-t)-NHZHCI O 0 PCT/ US98/ 21231 Z-Tyr-Val -Al a, EDC p:ridi (g, ARRNE]
Z-Tyr-Val - Al a- Asp(OBu-t)-NH ~ O ~ NH-Asp(0~:.-t)-Ala-Val-Tyr-Z/ \ 00 T FA
Z-Tyr-Val -Ala-Asp-NH ~ ~ 0 ~ ~ NH-Asp-Ala-Val-Ty=-Z/ /| ~0 O 0 4 APR 2002
WD 991 18856 HzN -71 Scher~:e S NHZi Cl PCTN598/ 21231

Z-Asp(CBu-t)\g%%, gt)-Val -Asp(OBu-t) EDC pyridine, DVF PCT/US98/21231
(Z-Asp(OBu-t)-Qu u-t)-Vval - Asp(OBu-t))~-Rhdamme T FA
-50-

N-(Z-DEAD)-N -acetyl-Rhodamine 110, SEQ ID NO:19

N-(Z-DSYD)-N -acetyl-Rhodamine 110, SEQ ID NO:20

N-(Z-ELPD)-N ’-acetyl-Rhodamine 110, SEQ ID NO:21

N-(Z-VEID)-N"-acetyl-Rhodamine 110, SEQ ID NO:26
5 N-(Z-IETD)-N "-acetyl-Rhodamine 110, SEQ ID NO:24

N-(Z-VD)-N '-acetyl-Rhodamine 110,

N-(Z-TD)-N '-acetyl-Rhodamine 110,

N-(Z-AD)-N '-acetyl-Rhodamine 110,

N-(Z-VAD)-N ’-acetyl-Rhodamine 110,

10 N-(Boc-WEHD)-N "-acetyl-Rhodamine 110, SEQ ID NO:1
N-(Boc-YVAD)-N -acetyl-Rhodamine 110. SEQ ID NO:2
N-(Ac-LETD)-N -acetyl-Rhodamine 110, SEQ ID NO:8
N-(Ac-LEHD)-N -acetyl-Rhodamine 110. SEQ ID NO:3
N-(Z-DEVD)-N"-methoxycarbonyl-Rhodamine 110. SEQ ID NO:$§

15 N-(Z-YVAD)-N’-methoxycarbonyl-Rhodamine 110. SEQ ID NO:2
N-(Z-LEVD)-N’-methoxycarbonyl-Rhodamine 110. SEQ ID NO:9
N-(Z-LEHD)-N -methoxycarbonyl-Rhodamine 110, SEQ ID NO:3
N-(Ac-WEHD)-N -methoxycarbonyl-Rhodamine 110. SEQ ID NO:1
N-(Ac-YVAD)-N -methoxycarbonyl-Rhodamine 110. SEQ ID NO:2

20 N-(Ac-DEVD)-N -methoxycarbonyl-Rhodamine 110. SEQ ID NO:5
N-(Ac-DEHD)-N -methoxycarbonyl-Rhodamine 110. SEQ ID NO:6
N-(Ac-DETD)-N-methoxycarbonyl-Rhodamine 110, SEQ ID NO:4
N-(Ac-LEVD)-N"-methoxycarbonyl-Rhodamine 110, SEQ ID NO:9
N-(Ac-LEHD)-N -methoxycarbonyl-Rhodamine 110, SEQ ID NO:3

25 N-(Ac-LETD)-N -methoxycarbonyl-Rhodamine 110, SEQ ID NO:8
N-(Ac-VEHD)-N -methoxycarbonyl-Rhodamine 110. SEQ ID NO:7
N-(Ac-IEPD)-N -methoxycarbonyl-Rhodamine 110, SEQ ID NO:23
N-(Z-WEHD)-N "-ethoxycarbonyl-Rhodamine 110, SEQ ID NO:1
N-(Z-YVAD)-N '-ethoxycarbonyl-Rhodamine 110, SEQ ID NO:2

30 N-(Z-DEVD)-N -ethoxycarbonyl-Rhodamine 110, SEQ ID NO:5



Z- Asp- d u- Val - Asp- NH NH Asp-Val - d u- Asp-Z Thus, the invention also rel ates
to a nethod for the preparation of a conpound of Fornula II1. conpfisARRA0?
(a) condensing Rhodam ne | 10 together with N-fnoc-L-aspartic acid

~i -t-butyl ester to give (Fnoc-Asp(OBu-t))z-Rhodanmine | 10; (b) renoving
the Fnoc group to give (Asp(OBu-t)),-Rhodam ne 110; (c) condensing
(Asp(OBu-1)) whbwkese ne 110 with Z-(AA)" to give 10 PCT/US98/21231
(Z-(AA) "-Asp(OBu-t))=-Rhodam ne 110; and (d) renoving the OBu-t protecting
group. In a preferred enbodi nent, -(AA)-5ls WEH, YVA, LEH, DET. DEV, DEH,
VEH, LET, SHv, DEL, DGP, DEP, DGT, DLN, DEE, DSL, DVP, DEA, DSY, ELP, VED,
| EP or IET. Were the amino acid is substituted by a carboxy 1 S group, it

is protected w,th ,@_J-t_ rot ecti ' ' ed in the final

st ep. 0 4\,&(&%1%0 MOC@QT‘%‘%@:%QE’%@P%%%IQ@?%ycondensati on
reaction may be(AaWEHD)N tethilybaban-Ripduaite 19028EQADAROS ng agent that is
used for peptide synthesis. In a preferred enbodi nent. the condensi ng agent

i s_1-(3-di net iy (A NopPIdethosyearbgnyt-Rhodamingil 46, SEQTP NQ2

2- et hoxy- 1- et C 51, 2-di hydr imol.in e solvent for the
5 reaction nai}%éc'mﬁféewx%ﬁa%ﬁxl}%%wm 3&6%@13 % reaction is
“generafly carrygfcDEHBI-M-eMEki @Ry ARUbEamiAE €10, BE@IDNG:gndensi ng agent to

Rhodam ne may be about 10:1 and the'ratio of protected am no acid or
pepti de to RhoW&ATHRETD)-NActhoRartony-Ridadsng hi), SEQ Nt so be about 10: 1.

The Froc group,,i al ly renoved treat j pholine. 10

pi peri di ne or %ﬁ%&’?‘%%}é{ -gtgg)é',:caftwn E%‘B‘P‘iﬁmlﬁgfﬁiisgiﬂ?w] such as DVF. In
general , the nprrhald NS i SKASSThi .40n is carried out
at room teme%t(ﬁgggﬂﬁayagﬁggﬁgmogygﬁl mtlﬂgg%§%{%§§%gr bonyl (Ddz) is

anot her .\' bl oekAcd Efiiyul -ethoxgkarbanylbRhadaetdnd hl 0t BEQUIDaNE:&f fnoc. Thus, N

Ddz-L-aspartic_aci qg@ﬂé butﬁ-nlg ester can be used in place of
A% f mbR- L- aspalfe- e -ethgyysarbanyi-Bhodangney 10, HeNQ:daved sel ectively

T PSR AL S R R st o1 0o e
as met hyl ene chl(ZrWEEDHLN tleamokedapedal-Rhedamine 110, SEQ ID NO:1
N-(Z-YVAD)-N "-hexyloxycarbonyl-Rhodamine 110, SEQ ID NO:2
N-(Z-DEVD)-N "-hexyloxycarbonyl-Rhodamine 110, SEQ ID NO:5
15 N-(Z-LEVD)-N -hexyloxycarbonyl-Rhodamine 110. SEQ ID NO:9
N-(Ac-WEHD)-N -hexyloxycarbonyl-Rhodamine 110, SEQ ID NO:1
N-(Ac-YVAD)-N"-hexyloxycarbonyl-Rhodamine 110, SEQ ID NO:2
N-(Ac-DEVD)-N -hexyloxycarbonyl-Rhodamine 110, SEQ ID NO:5
N-(Ac-DEHD)-N -hexyloxycarbonyl-Rhodamine 110. SEQ ID NO:6
20 N-(Ac-DETD)-N -hexyloxycarbonyl-Rhodamine 110, SEQ ID NO:4
N-(Ac-LEVD)-N -hexyloxycarbonyl-Rhodamine 110, SEQ ID NO:9
N-(Ac-LEHD)-N '-hexyloxycarbonyl-thdamine 110, SEQ ID NO:3
N-(Ac-LETD)-N -hexyloxycarbonyl-Rhodamine 110, SEQ ID NO:8
N-(Ac-VEHD)-N -hexyloxycarbonyl-Rhodamine 110, SEQ ID NO:7
25 N-(Ac-IEPD)-N -hexyloxycarbonyl-Rhodamine 110, SEQ ID NO:23
N-(Z-WEHD)-N -octyloxycarbonyl-Rhodamine 110, SEQ ID NO:1
N-(Z-YV AD)-N '-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:2
N-(Z-DEVD)-N "-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:5
N-(Z-LEVD)-N "-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:9
30 N-(Ac-WEHD)-N -octyloxycarbonyl-Rhodamine 110, SEQ ID NO:1



Compounds with Fornula V1 can be prepared as illustrated b~~ exenplary LU
reaction in Schene 6. 0 4 APR 2002 WD 99/ 18856 PCT/ US98l 21231 - 73)4 &Ll 20
e~ze 6 HzN NHz+ C ( i-Pr) 22~Et + (CH3C0)y0 DMF NHZ ~ C ~ NHCOCH3 'O 0

0 4 APR 2002 WO 9911 8856 PCT/ US98l 21231 - 74Conpounds with Forrmulae VII-IX

can be prepared as illustrated by exenplary reactions in Schenes 7-10.
Sclzeme 7 5 Nybbosiggss ~ NH COCH3 CO_, Bu-t EDC, pyridine / O DIVEM,ZCJ‘Q H
0 Fnoc- Asp~OB-~. : - ~'3 NH ~ ~ ~ ~ NH COCH: nor pholine / ~0 DMF O
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N-(Ac-YVAD)-N -octyloxycarbonyl-Rhodamine 110, SEQ ID NO:2
N-(Ac-DEVD)-N -octyloxycarbonyl-Rhodamine 110, SEQ ID NO:5
N-(Ac-DEHD)-N -octyloxycarbonyl-Rhodamine 110, SEQ ID NO:6
N-(Ac-DETD)-N "-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:4
5 N-(Ac-LEVD)-N"-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:9
N-(Ac-LEHD)-N"-octyloxycarbonyl-Rhodamine 110, SEQ 1D NO:3
N-(Ac-LETD)-N "-octyloxycarbonyl-Rhodamine 110. SEQ ID NO:8
N-(Ac-VEHD)-N"-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:7
N-(Ac-IEPD)-N"-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:23
10 N-(Z-WEHD)-N -decyloxycarbonyl-Rhodamine 110, SEQ ID NO:1
N-(Z-YVAD)-N -decyloxycarbonyl-Rhodamine 110. SEQ ID NO:2
N-(Z-DEVD)-N -decyloxycarbonyl-Rhodamine 110, SEQ ID NO:5
N-(Z-LEVD)-N '-decyloxycarbonyl-Rhodamine 110, SEQ ID NO:9
N-(Ac-WEHD)-N -decyloxycarbonyl-Rhodamine 110. SEQ ID NO:1
15 N-(Ac-YVAD)-N'-decyloxycarbonyl-Rhodamine 110. SEQ ID NO:2
N-(Ac-DEVD)-N"-decyloxycarbonyl-Rhodamine 110. SEQ ID NO:S
N-(Ac-DEHD)-N -decyloxycarbonyl-Rhodamine 110, SEQ ID NO:6 .
N-(Ac-DETD)-N -decyloxycarbonyl-Rhodamine 110. SEQ ID NO:4
N-(Ac-LEVD)-N "-decyloxycarbonyl-Rhodamine 110. SEQ ID NO:9
20 N-(Ac-LEHD)-N -decyloxycarbonyl-Rhodamine 110. SEQ ID NO:3
N-(Ac-LETD)-N-decyloxycarbonyl-Rhodamine 110, SEQ ID NO:8
N-(Ac-VEHD)-N ’-decyloxycarbonyl-thdamine 110, SEQ ID NO:7
N-(Ac-IEPD)-N "-decyloxycarbonyl-Rhodamine 110, SEQ ID NO:23
N-(Z-WEHD)-N -dodecyloxycarbonyl-Rhodamine 110. SEQ ID NO:1
25 N-(Z-YVAD)-N "-dodecyloxycarbonyl-Rhodamine 110, SEQ ID NO:2
N-(Z-DEVD)-N "-dodecyloxycarbonyl-Rhodamine 110, SEQ ID NO:5
N-(Z-LEVD)-N'-dodecyloxycarbonyl-Rhodamine 110, SEQ ID NO:9
N-(Ac-WEHD)-N'-dodecyloxycarbonyl-Rhodamine 110, SEQ ID NO:1
N-(Ac-YVAD)-N'-dodecyloxycarbonyl-Rhodamine 110, SEQ ID NO:2
30 N-(Ac-DEVD)-N'-dodecyloxycarbonyl-Rhodamine 110, SEQ ID NO:5



N:1:-Asp(OBu-~1-NH ~ ~ 0 ~ ~ Nn-COCH: / / Z-Ala, EDC ~O pyrid=ne, DW O
Z- Al a- Aspf OBu-t)-NH ~ O~ NHCOCH. _. T FA 0 O Z-Al a-Asp-NH ~ 0 ~ NH)GOM, 2082
~~0 O 0 4 APR 2002 WD 99/18856 -75 Schen:e 8 NH2- Asp(OBu-t)-NH

Z-Tyr-Val - Al a- Asp(OBu-t)-NH Z-Tyr-Val - Al a- Asp- NH PCT/ US98/ 21231 NH COCH3
Z-Tyr-Val -Ala, EDC/ pyridine, DMV T FA v NH COCHg NH COCH3

WO 99/18856 PCT/US98/21231
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N-(Ac-DEHD)-N-dodecyloxycarbonyl-Rhodamine 110, SEQ ID NO:6
N-(Ac-DETD)-N"-dodecyloxycarbonyl-Rhodamine 110, SEQ ID NO:4
N-(Ac-LEVD)-N -dodecyloxycarbonyl-Rhodamine 110, SEQ ID NO:9
N-(Ac-LEHD)-N"-dodecyloxycarbonyl-Rhodamine 110, SEQ ID NO:3
. 5 N-(Ac-LETD)-N -dodecyloxycarbonyl-Rhodamine 110, SEQ ID NO:8
N-(Ac-VEHD)-N'-dodecyloxycarbonyl-Rhodamine 110, SEQ ID NO:7
N-(Ac-1EPD)-N'-dodecyloxycarbonyl-Rhodamine 110, SEQ ID NO:23
N-(Z-DEVD)-N '-(methylthio)carbonyl-Rhodamine 110, SEQ ID NO:5
N-(Z-YVAD)-N '-(methylthio)carbonyl-Rhodamine 110. SEQ ID NO:2
10 N-(Z-LEVD)-N '-(methylthio)carbonyl-Rhodamine 110. SEQ ID NO:3
N-(Z-LEHD)-N -(methylthio)carbonyl-Rhodamine 110. SEQ ID NO:3
N-(Ac-WEHD)-N -(methylthio)carbonyl-Rhodamine 110. SEQ ID NO:1
N-(Ac-YVAD)-N -(methylthio)carbonyl-Rhodamine 110, SEQ ID NO:2
N-(Ac-DEVD)-N'-(methylthio)carbonyl-Rhodamine 110, SEQ ID NO:5
15 N-(Ac-DEHD)-N'-(methylthio)carbonyl-Rhodamine 110. SEQ ID NO:6
N-(Ac-DETD)-N -(methylthio)carbonyl-Rhodamine 110, SEQ 1D NO:4
N-(Ac-LEVD)-N -(methylthio)carbonyl-Rhodamine 110. SEQ ID NO:9
N-(Ac-LEHD)-N -(methylthio)carbonyl-Rhodamine 110, SEQ ID NO:3
N-(Ac-LETD)-N -(methylthio)carbonyl-Rhodamine 110, SEQ ID NO:8
20 N-(Ac-VEHD)-N'-(methylthio)carbonyl-Rhodamine 110, SEQ ID NO:7
N-(Ac-IEPD)-N -(methylthio)carbonyl-Rhodamine 110, SEQ ID NO:23
N-(Z-WEHD)-N "~(ethylthio)carbonyl-Rhodamine 110. SEQ ID NO:1
N-(Z-YVAD)-N ~(ethylthio)carbonyl-Rhodamine 110, SEQ ID NO:2
N-(Z-DEVD)-N "-(ethylthio)carbonyl-Rhodamine 110, SEQ ID NO:5
25 N-(Z-LEVD)-N "-(ethylthio)carbonyl-Rhodamine 110, SEQ ID NO:9
N-(Ac-WEHD)-N'~(ethylthio)carbonyl-Rhodamine 110, SEQ ID NO:1
N-(Ac-YVAD)-N-(ethylthio)carbonyl-Rhodamine 110. SEQ ID NO:2
N-(Ac-DEVD)-N'-(ethylthio)carbonyl-Rhodamine 110, SEQ ID NO:5
N-(Ac-DEHD)-N '-(ethylthio)carbonyl-Rhodamine 110, SEQ ID NO:6
30 N-(Ac-DETD)-N -(ethylthio)carbonyl-Rhodamine 110, SEQ ID NO:4



0 4 APR 2002 WO 99118856 -76 Sclzenme 9 NHZ ~ 0 ~ NHCOCH3 / O
PCTI US981 21231 Z- Asp(OBu-t)-Ad u(OBu-t)-Val -Asp(OBu-t) EDCL pyridi ne[M% 0
Z- Asp(OBu-t)-Ad u(OBu-t)-Val -Asp(OBu-t)-NH ~ 0 ~ NHCOCH= 0 TFA 2002

Z-Asp-Qu-Val -Asp-NH~ ~0 ~~NHCOCH3 / / 0O
_77 Schen:e 10 PCTIUS98/21231 NHz ~ 0 ~ NHz | /
O _ DMF O H NGB 95714856 N /Ot EDC) pyridine / |

I
/

0 4 APR 2002 WD 99/ 18856
/ - + EtOCOCO (1-Pr)zNEt

O + Z-NH " Cgehbddknfhs
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N-(Ac-LEVD)-N-(ethylthio)carbonyl-Rhodamine 110, SEQ ID NO:9
N-(Ac-LEHD)-N -(ethylthio)carbonyl-Rhodamine 110, SEQ ID NO:3
N-(Ac-LETD)-N-(ethylthio)carbonyl-Rhodamine 110, SEQ ID NO:8
N-(Ac-VEHD)-N '-(ethylthio)carbonyl-Rhodamine 110, SEQ ID NO:7
N-(Ac-IEPD)-N '-(ethylthio)carbonyl-Rhodamine 110, SEQ ID NO:23
N-(Z-WEHD)-N’-(hexylthio)carbonyl-Rhodamine 110. SEQ ID NO:1
N-(Z-YVAD)-N '-(hexylthio)carbonyl-Rhodamine 110, SEQ ID NO:2
N-(Z-DEVD)-N '-(hexylthio)carbonyl-Rhodamine 110, SEQ ID NO:5
N-(Z-LEVD)-N"-(hexylthio)carbonyl-Rhodamine 110. SEQ ID NO:9
N-(Ac-WEHD)-N'-(hexylthio)carbonyl-Rhodamine 110. SEQ ID NO:1
N-(Ac-YVAD)-N -(hexylthio)carbonyl-Rhodamine 110, SEQ ID NO:2
N-(Ac-DEVD)-N-(hexylthio)carbonyl-Rhodamine 110. SEQ ID NO:5
N-(Ac-DEHD)-N "-(hexylthio)carbonyl-Rhodamine 110. SEQ ID NO:6
N-(Ac-DETD)-N"-(hexylthio)carbonyl-Rhodamine 110. SEQ ID NO:4
N-(Ac-LEVD)-N’-(hexylthio)carbonyl-Rhodamine 110, SEQ ID NO:9
N-(Ac-LEHD)-N '-(hexylthio)carbonyl-Rhodamine 110. SEQ ID NO:3
N-(Ac-LETD)-N -(hexylthio)carbonyl-Rhodamine 110. SEQ ID NO:8
N-(Ac-VEHD)-N"-(hexylthio)carbonyl-Rhodamine 110, SEQ ID NO:7
N-(Ac-IEPD)-N-(hexylthio)carbonyl-Rhodamine 110, SEQ ID NO:23
N-(Z-WEHD)-N-(octylthio)carbonyl-Rhodamine 110. SEQ ID NO:1
N-(Z-YVAD)-N '-(octylthio)carbonyl-Rhodamine 110, SEQ ID NO:2
N-(Z-DEVD)-N "-(octylthio)carbonyl-Rhodamine 110. SEQ ID NO:5
N-(Z-LEVD)-N -(octylthio)carbonyl-Rhodamine 110, SEQ ID NO:9
N-(Ac-WEHD)-N "-(octylthio)carbonyl-Rhodamine 110, SEQ ID NO:1
N-(Ac-YVAD)-N ~(octylthio)carbonyl-Rhodamine 110, SEQ ID NO:2
N-(Ac-DEVD)-N’-(octylthio)carbonyl-Rhodamine 110, SEQ ID NO:5
N-(Ac-DEHD)-N -(octylthio)carbonyl-Rhodamine 110, SEQ ID NO:6
N-(Ac-DETD)-N"-(octylthio)carbonyl-Rhodamine 110, SEQ ID NO:4
N-(Ac-LEVD)-N"-(octylthio)carbonyl-Rhodamine 110, SEQ ID NO:9
N-(Ac-LEHD)-N"-(octylthio)carbonyl-Rhodamine 110, SEQ ID NO:3



Ady-::H~0~NOQG I / I / HH/ACO- ~0O OHBrNH -Ay-NH ~ 0 ~ N /CEt

dy- Prc, EDC 1 / | |/ 0 pyridine, DMVF O 0 2-Ay-Pro-Avy-NH ~ 0 ~ hOGEAPR 201
| OHBr/ACOHV O O HBrt!.'-'.". _-@y-Pro-Ay-NH~O~NCEt | / I /| OO
.O Thus, the invention also relates to a nethod for the preparation of a
conpound of Forrmula VII, conprising 5 (a) reacting Rhodamine with acetic

anhydri de t oy ¥ §g6acetyl Rhodami ne; (b) condensing N acetyl PB?R%%]Q?]
together with N fnoc-L-aspartic acid (3-t-butyl ester to give

(Frmoc- Asp(OBu-t))-N -acetyl - Rhodam ne; (6j-renoving the Fnoc group to give
N (Asp(OBu-t))-N -acetyl 10 Rhodami ne; 0 4 APR 2002 WD 99/18856 -78

PCT/ US98/ 21231 (d) condensing N (Asp(OBu-t))-N -acetyl-Rtodam ne with

2" 19, 97 Mt SRR M B PG o™ (9
N- (Z- (AA) ~_As oy Ab-AFHIY)-VRQEAN 6)8arb Syl RHoBAMARel M8! $EQ ID NO:7
‘ N-(Ac-IEPD)-N '-(octylthio)carbonyl-Rhodamine 110, SEQ ID NO:23
N-(Z-WEHD)-N '-(decylthio)carbonyl-Rhodamine 110, SEQ ID NO:1
5 N-(Z-YVAD)-N’-(decylthio)carbonyl-Rhodamine 110, SEQ ID NO:2
N-(Z-DEVD)-N'-(decylthio)carbonyl-Rhodamine 110, SEQ ID NO:5
N-(Z-LEVD)-N’~(decylthio)carbonyl-Rhodamine 110, SEQ ID NO:9
N-(Ac-WEHD)-N'-(decylthio)carbonyl-Rhodamine 110, SEQ ID NO:1
N-(Ac-YVAD)-N~(decylthio)carbonyl-Rhodamine 110, SEQ ID NO:2
10 N-(Ac-DEVD)-N -(decylthio)carbonyl-Rhodamine 110. SEQ ID NO:5
N-(Ac-DEHD)-N-(decylthio)carbonyl-Rhodamine 110, SEQ ID NO:6
N-(Ac-DETD)-N '-(decylthio)carbonyl-Rhodamine 110, SEQ ID NO:4
N-(Ac-LEVD)-N'-(decylthio)carbonyl-Rhodamine 110, SEQ ID NO:9
N-(Ac-LEHD)-N"-(decylthio)carbonyl-Rhodamine 110, SEQ ID NO:3
15 N-(Ac-LETD)-N '-(decylthio)carbonyl-Rhodamine 110, SEQ ID NO:8
N-(Ac-VEHD)-N '-(decylthio)carbonyl-Rhodamine 110, SEQ ID NO:7
N-(Ac-IEPD)-N -(decylthio)carbonyl-Rhodamine 110, SEQ ID NO:23
N-(Z-WEHD)-N '-(dodecylthio)carbonyl-Rhodamine 110, SEQ ID NO:1
N-(Z-YVAD)-N"-(dodecylthio)carbonyl-Rhodamine 110, SEQ ID NO:2
20 N-(Z-DEVD)-N '-(dodecyithio)carbonyl-Rhodamine 110, SEQ ID NO:5
N-(Z-LEVD)-N -(dodecylthio)carbonyl-Rhodamine 110, SEQ ID NO:9
N-(Ac-WEHD)-N-(dodecylthio)carbonyl-Rhodamine 110, SEQ ID NO:1
N-(Ac-YVAD)-N’~(dodecylthio)carbonyl-Rhodamine 110, SEQ ID NO:2
N-(Ac-DEVD)-N"-(dodecylthio)carbonyl-Rhodamine 110, SEQ ID NO:5
25 N-(Ac-DEHD)-N-(dodecylthio)carbonyl-Rhodamine 110, SEQ ID NO:6
N-(Ac-DETD)-N-(dodecylthio)carbonyl-Rhodamine 110, SEQ ID NO:4
N-(Ac-LEVD)-N"-(dodecylthio)carbonyl-Rhodamine 110, SEQ ID NO:9
N-(Ac-LEHD)-N’-(dodecylithio)carbonyl-Rhodamine 110, SEQ ID NO:3
N-(Ac-LETD)-N’-(dodecylthio)carbonyl-Rhodamine 110, SEQ ID NO:8
30 N-(Ac-VEHD)-N"-(dodecylthio)carbonyl-Rhodamine 110, SEQ ID NO:7

Z-
2
I



5 (a) reacting Rhodam ne with acetic anhydride to give N acetyl Rhodani ne;
(b) condensing N-acetyl-Rhodamine with Z-(AA)"_Asp(OBu-t) to give 04 APR 200
N-(Z- (AA) ~- Asp(OBu-t))-N -acetyl - Rhnodam ne; and (c) renoving the OBu-t
protecting group to give NN(Z-(AAN Asp) 10 N -acetyl-Rhodamne. In a
preferred enbodi nent, -(AA" is WEH. YVA, LEH, DET, DEV, DEH, VEH, LET,
SHV, DEL, DGRyolbbisssé?Gl, DLN, DEE, DSL, DVP, DEA, DSY, ELP, VERrh&Br 9

| ET. Conpounds of Formula VII also can be prepared using an acyl (al kanoyl)
15 chloride in place of acetic anhydridesésuch as acetyl chloride, hexanoyl
chl oride, octanoyl chloride and decanoyl chloride. O her reagents can be
used in place of acetic anhydride include, but are not limted to carbanyl

chl oride such di ,car banyl. chlori ieth chl oride and
N ot byt N nexgRASTEERT SRiF o < ean R sadamihe L £ RERRBN S

chl or of or mat e, ygyhyk -NWdQﬂ&BﬂE%BﬁKl)QQ{o\dhmﬁb‘ PIOSEQTR RO: - but oxyet hyl
chloroformate and 2,5,8 trioxadecyl chloroformate; chlorothiolformte such

aﬁl met hKI |CP| oNdZhY%ADOfM%(ﬂﬁneltmlfgrbmeDdﬁmﬂhrEc}‘ldﬂnﬁE@,ID?ﬁ,mE: » )

chl or ot hi ol f or , ., hal o ara i des such as
met hanesul f ony’wgﬁ?%?b%} '@EI%H’Z%%"F@?[&}&‘B@RW%dé&%é@%%&gmt hanesul f onyl
chlori ge and tgQgyl ivdeqs: AR} R NH-d5 the presence
of a bgse, sucﬁs(gsL%wEﬂ gN%dlfnl-Ehﬁ}i ~- thgpb%ﬁ ?Iéil?g’fgglc?:ie])m? erred sol vent
is DMF. The redqAcONEHD)gerdimdthylcarbamyhRimdamate YIO0REQdBIeOaL ure. The
rati o of anhydride or acyI,_ chloride to Rhodam ne i s about 1:1. The
condensat i on r At ONARAY ﬂé‘%‘?%‘?@ﬁa‘ﬁw‘%ﬂﬁﬁmﬁﬂﬂOc%FnQéPtmgﬁa! condensi ng
condensi ng ageniy DEFRPEF RN BRI AP TS NIGIDRORE TN %0 the
pyridine ~ ANARRIZERD)-WO(SiHeli88&pbdntyT)-Rh0&dihe 310,-SEQ db N @et hyl f or mam de
(DMF). The reaction is generally carried out at roomtenperature. The ratio

of codflensi ng AdAstDEBDNVadimpihyRaehamylnBhodaming it 0.3EQ HANQ:fe rati o of

protected amn Ci ept.id o,.N acetyl s 1i.ho i .

N Asp( OBu- 1)) - € ﬁc%\ap)&hg‘h%ﬁx SAregniiEkHodanyné ?W%&NQ g N

acetyl -1t hodanivg%cvﬂﬂmﬁlmedmed@1&#&%@%4&%&1mqlﬁym:st o give
N-(Z-(AA)" Asp(OBu-t))-N -acetyl-Rhodamne in a one-step reaction is a
preferred proc¥ddcd . ETY -(Gortbyleathamyl)-Fordaniise 0. SEQIRINCG:S uor escent dyes

breparat 1 on of ARG eanirenfhodimeadit: s RO subct r at es

for | Gsprot easgg ARIIEPONIN AaHEhyl¢dibhy] @a’hahﬁx-@qrmpm?mioﬁgrwla VI also
can be prepar egs(by il rggt gondenysi ng ay ?)Lepti deunV\/ith a [Zhodam ne to give

N- pept i de- RhodNriZaWEHDeM - hetyl-Amethy 1 dsripenpt )-Bbeddnddail hSEQ I Ngxét vyl
anhydride or o r l.at reagent t ive for exa e

N-acetyl - N - pey;(%dg-emggﬁ&\%}é@xy G‘QVﬁag’f" 9‘%@‘&‘3%@@ *q’lS&QnJQ NO2re nuch
nor e expensi vetha LRk Ldes i\C { on
reacti on bet wegtn&ggg?%é\ gbr}dﬁl& }' ﬂggg%f)#g%gﬂggﬁegog a@?e‘lt Q?é%tﬁaﬁgj;@téti' 5on. For

t hese reasons M(ZF-SEVD@Ner(VaztxyloNahdthyl barbiray PRiodamired 1B SEQUPI NMDMam ne
rat her than attach the acyl to N-peptide-Rhodam ne. |In one aspect,

the i Mfention Mersr WEHD)-A -Aebei-M-pethyieemyb-Riodamnn 50, SEQIR b

subst ance has gn \ef o_an X E ] - ' ade in a
test cell, corrprAgi ‘Pngx?)g?@c@nlt‘%gf %et{h Wé:g‘{b\ég&)c@ﬁ&%lﬁﬂﬁﬁggﬁgﬁ?ﬁjbstance
and the report ar(ARDBVINN Aacx6li-NonétRy lch®amplRHddaminede; SEQID NOohs
whereby the test substance either interacts with an external menbrane
receptor of th&-AstPEHP)iN-(Vahexil-Nrmeshylgarbamyl)-Rhodamine 110, SEQ ID NO:6

N-(Ac-DETD)-N'-(N-hexyl-N-methylcarbamyl)-Rhodamine 110, SEQ ID NO:4
25 N-(Ac-LEVD)-N’-(N-hexyl-N-methylcarbamyl)-Rhodamine 110, SEQ ID NO:9

N-(Ac-LEHD)-N'-(N-hexyl-N-methylcarbamyl)-Rhodamine 110, SEQ ID NO:3

N-(Ac-LETD)-N"-(N-hexyl-N-methylcarbamyl)-Rhodamine 110, SEQ ID NO:8

N-(Ac-VEHD)-N’~(N-hexyl-N-methylcarbamyl)-Rhodamine 110, SEQ ID NO:7

N-(Ac-IEPD)-N’-(N-hexyl-N-methylcarbamyl)-Rhodamine 110, SEQ ID NO:23
30 N-(Z-DEVD)-N -methanesulfonyl-Rhodamine 110. SEQ ID NO:5




25 cell and the reporter conpound is taken into the cell, and (b) recording
the fluorescence of the test cell, wherein a change in quorescence ei t her
of magni tude or of wavel engt h, within the test cell conmpared to s 8ildAPR 2002
control cell which has only been contacted with the reporter conpound and
‘not with the test substance, is an indication that said test substance has

an effect 3083{1%“?1%53 enzyne. 0 4 APR 2002 WO 991 18856 PCTI g‘?ﬁ?’g%@éﬂ o

The results by this method can be conpared to the r

W th test conpounds which are known to agfect enzynmes involved in the
apoptosis cascade in cells to generate a neasure of the relative

ef fecti veness of the test substance. Conpounds which can be used include
known activitors and 5 inhibitors_ of eniynes i nvol ved in the apoptosis

cascade. Acti V&feny/ARR)-Mraethgpespilfoayl-Rbodamiag | B SERENNRSns, of enzynes

involved in t S8 e ot linited to known
chenot herapeup\?((:f%?%@h ace@ﬂﬁggﬁe opo@?’d%gél\ygaﬁél—ﬂ Choi 1Y, Kang MR, Kim
SS, Muller MTN-&D-M\Z&]BINlﬁIetlﬁhéﬁwfohW REQR®ine Bl §SEQIBNapdys Acta 7395: |
10-120) and doxorubicin (Gamen S, Anel A, 10 Lasierra P, Al ava MA

Mar t i nez- Lor ed¥-6Z-REVIDrMepqetylRhodamine 19, SEQIPNOFEBS Lett 417:360- 364)

VeF endby . 78 okt T By R RO RR SRS 1A MEQRO SRIB0 i
(H ckman JA. {N.883)N ﬁgm&m) -Mehes mhcfdaﬁmelﬂd sE’QJ{Dlﬁ@)z which is an

al kyl ati ng agent; and fl uorourac DNA anti - met abol i te (H ckman JA.
(1992a 15 Cand\é(ZW@LAb@HMOM))-M1acet)42Eﬂoé@)lme'ﬂﬂés%EQleN@t%rs of

of “hpopt osi s MhamEMETPeMTRIBAR AT e T rbedeniy iPr SRR B NGH rocr
hani far
ot 1im Led o G AN e A TRk 3‘2?‘3%%‘3‘*9“%?‘&?2‘3 ’

Toi kkbdhen S ( N.QB-Q(OW}E(OIVIePHI(IQAM))ENladet)Q-ZlR}mdahnﬁk:QB)) SEQdDvNOad produced
agent p35 (M| er Pl zvsiol . 173;178 182)_and the

syninell coonill TMDE N DA e (P emien 0. RAQ(DINGE) - FEES Let t.
386: 115-122). WUA% _ackg,?a F&ﬁheqq{)/r ates to the use of the

reporter conpou avi n Il and VIl in whole-cell

assays, usi ng MBIECOAM)VD(0AMS- NLmtwmmhm Mbhi ch have been induced to
under go apoptosis, to screen for_ conpounds that inhibit either directly or
indirectly an enzyrfew@rererpfzistﬁéé flupyegenicd of rflupprseers ssubsttaieo §f Ahtetesest |

deat h h -
Ui ok v dPEeR et pRR M R IRV r RS, P BRS¢ or
known drugs t Rz svEMDG)- mtaa@ﬂyl-%baaxﬂﬂatmo SKEQ 4DARR72002 WO 991 18856

PCT/ US98l 21231 -81 in a vari etP/ of clinical conditions in which the Loss of
cells, tissuedNo£-YePog-N -acetyl-Rhodamine 110, SEQ ID NO:72

N-(Z-LEHDGQ)-N '-acetyl-Rhodamine 110. SEQ ID NQ:73
N-(Z-LEVDG)-N "-acetyl-Rhodamine 110. SEQ ID NO:74

20 N-(Z-DETDG)-N "-acetyl-Rhodamine 110. SEQ ID NO:75
N-(Z-DEVDG)-N '-acetyl-Rhodamine 110. SEQ ID NO:76
N-(Ac-LETDG)-N "-acetyl-Rhodamine 110, SEQ ID NO:77
N-(Ac-LEHDG)-N "-acetyl-Rhodamine 110, SEQ ID NO:73
N-(Ac-WEHDG)-N "-methoxycarbonyl-Rhodamine 110. SEQ ID NO:71

25 N-(Ac-YVADG)-N -methoxycarbonyl-Rhodamine 110, SEQ ID NO:72
N-(Ac-DEVDG)-N -methoxycarbonyl-Rhodamine 110, SEQ ID NO:76
N-(Ac-DEHDG)-N -methoxycarbonyl-Rhodamine 110, SEQ ID NO:78
N-(Z-WEHDGG)-N '-ethoxycarbonyl-Rhodamine 110, SEQ ID NO:79
N-(Z-YVADG)-N '-ethoxycarbonyl-Rhodamine 110, SEQ ID NO:72

30 N-(Z-DEVDG)-N "-ethoxycarbonyl-Rhodamine 110, SEQ ID NO:76



organs occurs. The reporter conpounds having Forrmulae I-111, V, VIl and
VIIl and the screening assays of the present invention can be used to
identify drugs that reduce S or prevent cell death in the nervous &@éf%ﬂml
(brain, spinal cord, and peripheral nervous systen) under various
conditions of ischema and excitotoxicity, including, but not limted to,
focal ischem %véj sB&k stroke and gl obal ischenm a due to cardi agc3his@gh23ne
screeni ng assays can al so be used to identify conpounds that reduce or
prevent cell death in the nervous systemgdge to traumatic injury 10 (such
as head trauma or spinal cord injury), viral infection or radiation-induced
nerve cell death (for exanple, as a side-effect of cancer radiotherapy) or

Sot eeni ng assay S BSENBengluioss|-BorragE I SEAIBNG TR o or S v o
are useful to rfgggﬁgvlgﬁD@)gy’ee@ﬁo,&g&bogqmd%ggﬁ NANSEQAD Newyodegener ati ve

di sorders, includi t not 15 Nmted to el ner's di sease,

Hunt i ngt on' s DiNééasd )V ARGHMetwxycdbbagddfhodamineiljDSEQIIBrNOIR, amyot r ophi c
| at eral scl erosi n i nobul bar atrophy. The r i ays of this

i nvention can H‘é'?@%@?qfﬁg?'yéﬁgpﬁjcaéwg%#ﬂmlﬁﬁtl?ér@efgwqﬁflg death in any
condi ti®n whi chy poL ey Rl [ 1] 4 f Ng§.7guscl e. This

i ncl udejs) nyocaPleﬂg% @lgn’#%ér"m Sﬁ],w%%a?l%deng’% ?@gd ﬁ‘?g‘tﬁ? : ’aslPTc(gFg I\g((rjfgggo )

car di omyopat hy .N-QOhe WEHDIG)W ‘dHexgloRl ¢atbdriydRhoflarhine 130 SEBQIDNGSFday is to
identify conpounds which reduce or preven ocardi al cell death that

t
occurs in cert dF-ATADGEedexyasy@rbanykRAedamine The SEQ HaNGd2assays of
the i ti i i.f i . |1 death of
ot nal - neur ond CAODEISE) Ao hEARY CboRORRUARNI S R AYBRE76D L C " ©

intraocul ar pr eesNE-DHEIUGH NahegaxeariahyPRhédhin@l 1 (ISR HRN®:a$soci at ed
with the agi ng process f)scgch as age-rel ated macul ar degeneration). The

assaysl®an al sdV-bhc-YRAD-N cstitlpxycathonpoRhetaming tH).SESRID hér-éHi t ary

ccroent ng. assayEear S raBENbRehGERo iR R LY SERAELERFT ol 30°
death i nhi bi t ore (ANAIE\DBE) e oty ekt b SrllaR B BYeSEORDATBLAY @ death of

cells in 0 4 A'PR 2002 8856 PCTI US98l 21231 -82 the i mmune system
and. are parti cuV-AcPERBGHN “iontyi akynaribbyyliRhodammirzi t16r SEQHDINOEH8 useful in

_ X ¢ e X q , ) X 1o
g e g PR b Badar i Sk TNRSge s ency
rel at efls di seaseg.(, [Ray RBGIANI A0y 1BRAAUDNGARNGIRARD £1 01530 FIONGloALT Ty 5 cel |
death I nhibitors that can’ be use o treat radi ation-induced i nmune

suppressi on. Thé(&cDENVIDGYNagisaylsxyahrbohgl-Riadantinheohl (C SEQIB B used to
identify drugs usef in_organ transplantation procedures. Transplantation

|
of human or gand" W LEISE ecvonsation e Readomion [boLSHIING & ire.
Ho , i : _ .
o a1 sk for NET GEaPRYy R B PECRSarfF) RS B REFEL cuppiy

prior to being Nqataf¥2DG)N tdodedidstycarbbhl-Risiaminec] 19X SEEQ ICANQLE2 t r eat ed
with cell death inhibitors by infusion into the donor organ or tissue, or
by diré@t addi tVéASHEYRE)deidoderyianycarhppyiRhodaming kiReSERBMNOi ¥sue st or age
medi um Such ce},l kbbbl tors can, be .igfdentifi US{ t.Hg.screening 1
S assays descrix’b'é‘égﬁ%él{l‘ﬁlbgw %\9@% ?%xﬁ.‘:ar&g'l]ylﬂﬂl(ﬁ’gglflhneﬁﬂlqi %F@gpsﬁﬁa‘{? al so be

used to reduce NﬁABIWEHMG)CﬂLdeﬂQﬁﬁId)cdrEbﬁthhd@ﬂﬂiheQIIQI,GSE‘Q IDN@7after it has’
been transplanted to protect It fromthe effects of host inmiune cells which

kill their. taréAs-YoYADG)dGeethylhigpaphonyl-Bhodamine ¢ tQSHQIP 2¥3ys descri bed

protecting tr ariatEYOG AEHehPitiaiStonty ERrdeaine Hp SEABMME R Toe "
ef fect gsof cel lNQA@HBEF{D@)W'I(&h§1tmgfé_a€’do§9l-i@ﬁodéﬁﬁﬁem),B!E@/ﬁled;’m deat h of

human or animal sperm and eggs used in 1h vitro fertilization procedures.
These i nhi bi t or ¥-(AarWEBHDG)eM -@haxy tigo X frboimdrRiesthmirg Hi0pSEQIDaNG:Han al so be

i ncluded in the, stor i u .1, deat h i nhibjtaor ful

application in yéf‘ﬁf?gﬁ%ﬁ'@FWS@&)F@EOWAMQWHEHt@f géé Iﬁslﬂé&rzt he

SCreeni ng assSayn.(Ac-DEVDG)-N -(hexylthio)carbonyl-Rhodamine 110, SEQ ID NO:76
N-(Ac-DEHDG)-N '-(hexylthio)carbonyl-Rhodamine 110, SEQ ID NO:78

30 N-(Ac-WEHDG)-N ~(octylthio)carbonyl-Rhodamine 110, SEQ ID NO:71




25 net hods described in this invention. Manmalian cell |ines and yeast
cells are commonly used to produce | arge anounts of reconbi nant pﬁztﬁjgﬁg
(such as antibodi es, enzynes or hornones) for industrial or nedic eﬁ R .
The |ifespan of some of these cell lines is limted due to growth
conditions, the nature of the reconbinant nol ecul e bei ng expressed 30 (sone
are toxic} a unknown factors. The |ifespans of i ndustgé

l i nes 04 %gﬁgyggg WD 99118856 PCT/ US98121231 -83 can be exf%ﬂgggﬁ%%”
including cell death inhibitors in the gowh nedium Cell death inhibitors
useful in extending the Iife span of cell lines can be identified using the
screeni ng assay procedures described in this invention. The factors

i hai d, |l e | I k ) i
Sotdence” novey I ARSEN o Per BRI RLER R oS ERIDNO T2, oot agen)
ey be due at N EASHERBIG)RLIdin Bid)eRRs R RhoddhREA] 0T SEQID NG :7B0SSI bl & t hat

cel.] death inhi ors can be Used’'to treat hair | oss that occurs due to
vari ous condi M-@xsDEHRSG M i-(egtylithio)canboryl-Rhbdainine 1if] SEQIDMNO78bal dness,

radi ati on-ind d ,herapy-inquced_hajr .Io d j oss due to
enot i onal str géé‘ 'mgwg ¢ %Bscégﬁ%%ggmi%f‘e zg%&mlﬁﬁﬁ&l play a role
in the | oss ofy_hal A [ i i .1&eat h

i nhi bi%t ors caglv a sgv%gjeag)eé, ?ﬁercﬁt@g ?ﬁﬂgh%gglels oi hg?gonadtﬁ?r Ielygjrdeiili ng .of the
hair. Cell deda(Ad-DEVIIG)eNS(des@ihid)carbotylRiiddaminer 116y BEGID NO:16ai r | oss or
graying of the hair_can be identified using the screeni nﬁﬁa%a pr ocedur es

described in PhiAC-PREKE ¥ n(degythipjearhenylRivdamne)! 18nPERd ll's can
; ( NN S ol .
Dosel bie that "ogr WEHFGAIOEY Ao b RlddaRind O SEO BRBLAS S 14 °

type of skin dameg¥VvADGPRNe(dudktyitid)edrbappRiRdhmite, 110e$EQIBaN®G: 72nhi bi tor s
can be applied in an. ointnent to treat acute over-exposure to the sun and

to pridvent bl MstAar-PRYDENIN pededesydthispcarbanytiihadanae |1 18HQ IPAHP Bt or s usef ul

20 in treatin ti,n eat h. of ski el,] s. can i ibhbed using

the screeni ng%@iﬁ@figﬁ(ﬁég}m&ggecﬂt&o<|: é%‘y?'ﬁ‘?’f’ﬂ?'gmle \}gﬁgﬂﬁﬂqg?her

i mpor t ant aspMA@WEHBGpmw@iﬁietlyreé%htm)?mmmmae@io.tsiEﬁQ [Bp@:.yer conpounds
having Forrmulae I-111, V, VIl and VIl 'in whole-cell assays using |ive or

dead wholhe ch—@‘\QﬂVtAQ@hé’ '-édimthle'is:att@nb'é)r&bwdahdne EHSENAE NOn A2 Zti mul at e,
""o5 e . iy | . !
apopt osi o harErsPE VRN eldarbulteram SRttt S SRR g

For musae |- 11 InAb-DEHD@IA - MithbhcgrbaxRBotifiiahind FRISES 1) REOMery of new

drugs or new uses for known c‘ir ugs that "dact as anti-cancer agents in

di seases suchMAcHEHDE)-M'iNdresylabdnalkeyltarbympel)Rhadaramedtl 6, SERAPounds t hat
may be found ﬁd’?g the screeni ng assays and 30 reagents described herein
are useful for'Mreatnent of cancers, tunors or tissue 0 4 APR 2002 WO

99/ 18856 PCTNS2 Ag.g,gapg?c;- 7 N BRLAL RS A 1 b inP9Y0/dpByi8d to
cancers or turm?s of t eﬁﬁrgi n,kge@%@lgﬁﬁr@g g%gms%‘/lgt e?n" eE;/%, ear, nose,
nout h, tonsil NO@G2eth, esophagus, lung, heart. blood, blood vessels, bone

marrow, |ynph nodes, thynus, spleen, imrune syste liver, stomach,

nt estd nal | {1 ACEACDEVG@aY - chaedr ety aresn i Bhedasmine 410.55Q ey

bl adder, repr gki ve organs and glands, joints, bones and skin. Another

i nportant aspect of the present invention is the use of reporter conpounds
havi ng For mul a&(Ae-DEHDG)-MUN-haxyd-Nhiethyl darbdngy pRESAdmias $ By, SBGIMg

NO:78

N-(Z-DEVDG)-N -methanesulfonyl-Rhodamine 110, SEQ ID NO:76
25 N-(Z-YVADG)-N-methanesulfonyl-Rhodamine 110, SEQ ID NO:72

N-(Z-DEVDG)-N "-acetyl-Rhodamine 116, SEQ ID NO:76

N-(Z-YVADG)-N -methanesulfonyl-Rhodamine 116, SEQ ID NO:72

N-(Z-DEVDG)-N -acetyl-Rhodamine 19, and SEQ ID NO:76

N-(Z-YVADG)-N -methanesulfonyl-Rhodamine 19 SEQ ID NO:72.



yeast and other fungi, and bacteria to screen conpound libraries for
anti-fungal or anti-bacterial drugs that act by inducing, either directly
or indirectly) the caspase 10 cascade or other enzynes involved inQ4 APR 200
apoptosis in those cells. Another inportant aspect of the invention is to
use the reporter conpounds having Forn~ulae I-111, V, VII and VIIl to

moni tor the t{gysAesssi ¢ effects of therapeutic agents or treat FERHUSosIEHN
to patients wwth the aimof reducing, preventing or treating naladies in
whi ch apoptotic cell death is either a e¢#%0se or a 15 result. Another

i nportant aspect of the present invention is to use the reporter conpounds
having Formulae 1 X to screen for HV protease inhibitors in HV infected

cell's, oM i S1 N0 (R AR I Eede r el B kSl mBLanGe and

the reporter 20 co tron under - con

wher eby the t ei%bexﬁwh%tr@wa@po@hamvmgﬂlt&m X Wld ihcﬁideebﬁt Qfd @t liteariane
receptor or is taken into said cell and the reporter conpound is taken into

the cell, and ¥H§P)-8EoctioxycarhenyliRhodemirenidd, of the test cell, wherein a
change in flu ei.t her , of t ude of wavel ength, within the
test cell nﬂgﬁégai%‘?f%tyé°’i¥8ﬁrpf’5¥l%4 Uﬁ’r has only been contacted with
t he regorter CRRBeYL ?\deﬂ—{w%mon\ﬂ RioldiRinkQ3d, Substance, is an indication

that said test substance has an inhibiting effect on the HV protease. Yet
anot her i npor t si{GP&3P€ etthaxfycarbenypRdwdaminerilént i on is to use the reporter

g\ggpggggsv\ga\éw%gggéw ae | X wgﬁg%%&el—h& infection, conprising O 4

N-(GP)-N -hexyloxycarbonyl-Rhodamine 110,
N-(GPG)-N -hexyloxycarbonyl-Rhodamine 110,

10 N-(GP)-N-(ethylthio)carbonyl-Rhodamine 110.
N-(GPG)-N'-(ethylthio)carbonyl-Rhodamine 110,
N-(MG)-N -octyloxycarbonyl-Rhodamine 110,
N-(MA)-N -octyloxycarbonyl-Rhodamine 110.
N-(MGG)-N "-octyloxycarbonyl-Rhodamine 110.

15 N-(MGA)-N -octyloxycarbonyl-Rhodamine 110,
N-(MAG)-N -octyloxycarbonyl-Rhodamine 110.
N-G-N -octyloxycarbonyl-Rhodamine 110,
N-(MG)-N -ethoxycarbonyl-Rhodamine 110,
N-(MA)-N '-ethoxycarbonyl-Rhodamine 110.

20 N-G-N"-ethoxycarbonyl-Rhodamine 110,
N-(MG)-N -hexyloxycarbonyl-Rhodamine 110,
N-(MA)-N '-hexyloxycarbonyl-Rhodamir}e 110,
N-G-N -hexyloxycarbonyl-Rhodamine 110,
N-(MG)-N-(ethylthio)carbonyl-Rhodamine 110,

25 N-G-N'-(ethylthio)carbonyl-Rhodamine 110,
N-(Boc-LM)-N-octyloxycarbonyl-Rhodamine 110,
N-(Ac-LM)-N -octyloxycarbonyl-Rhodamine 110,
N-(Boc-LM)-N -ethoxycarbonyl-Rhodamine 110,
N-(Ac-LM)-N "-ethoxycarbonyl-Rhodamine 110,

30 N-(Boc-LM)-N-hexyloxycarbonyl-Rhodamine 110,



(a) contacting a test cell froman individual suspected of having HV
infection with the reporter conmpound according to the invention qﬂﬁgﬁ 2
condi tions whereby the reporter conpound is taken into the cell, %gm
recording the fluorescence of the test cell, wherein a change in 5
fluorescence, either of magnitude or of wavelength, within the test cel
conpared to cell which is contacted with the report AR

is an indi caﬁ’((g)gs”{ gut said test cell has been infected by H V‘P\E/:rrrus /gir?ﬁfj
that the individual has been infected w6h-H V. Applying the sane procedure
for the screening of HLV protease inhibitors 10 in HV infected cells, the
reporter conpounds having Formula I X of the present invention can be used

to screen for S, prot eas bitors ji,n adenovirus infected cells.
The reporter J@%B%&Hha& ﬁod‘ quhloga‘@f % HE present invention al so can
be used to scrpeepod- QM)Wt(EﬁﬁltﬁioFG%H%hvlLRhH&arﬁMP‘?1d) (HSV-1 ) protease

inhibitors in HSV-1 infected cells he reporter conpounds also can be 15

used to screenV{Atc- m&)rﬁn(w»ﬂbmqubmilrm@démﬁﬂmwprot ease inhibitors in HCOW

S N e A e e i YA
as to screen fxor # ( |nh|b|torS|n
endot h§él i al ce]?I(éE;S%g{jl%tHlUgng# ?F&k?ﬁasrl n m?mggésdéﬁnlgqg? %%urg??gg the .

di agnosti cs of VAW SENNEPMAEeictydoxychdbenyletierdamine brdp SEQAD Nev8hg Fornul a | X
of the present_inv n.al so can be us o diagn enqvirus. herpes
si npl expw rus ’t%eWFPﬁVMn-OeW%@*QP@OMa@H& ﬂ@p EQtIgsNé ‘&3 r us. P
Gonposi tions iRk N R68RGIRTcdrbbik) REYERAIEY 1676k 4B XidBgcomposi i ons

wherein the fluorogénic’ or escen conpoun he present i nvention

are 25 cont ai "eqAtLNEP)aatatioxehrbon ek Rh@fabied 1 Me SEQ MEXNiCeg® its intended
pur pose. \Wile anounts may vary froma saé to assaéQ det erm nati on of

opt i néf rangesNrﬁ‘ﬁc'&Q}a)de@t)dﬁﬁ@ﬁtb@nblr mle@thrS IDNG#Thin the skill

of the art. e r f1 u tgate conmpounds
may be appli e %q‘(ﬁeﬁlgscb}r ?gﬁg? f]gbor%a% §E§ I?JIQQ ifans, or ot her
ani mal s by i ncMiatliNgpl§- WP-o@@ldx?yc&Bor%@ RhiodgHfe IQOHSEQTIDFNIOtShe cells with the
fluorogenic or fluorescent substrate at a 0 4 APR 2002 WD 99/ 188S6

PCTNS98~1231 -B6ZdoWon r@ﬂylwcafboabbﬁhocmnﬂlle hHh&EQ) E? NQs8%&bout 1 nol ar, or
an equi val ent It or rter iereof in a

physi ol ogi cal | ng%%@"\bl -t BW‘:@FbO% Egﬁg‘%ﬁ?‘f‘% Egsﬁg‘r {Fggcggfl ul ar growt h
medi ahs an exmtm@r\mt@%emc@r&%h%@ﬁymr&%ﬁnﬁeer oS sb@' IMONOZEM - 1640 wi th
or without 10% fet bovi ne serum” O her known cel | ul'ar incubation

buffers coul d Nr\iZdeANFkM\/dmtylcs«ybm-bomdé{limdﬁrhereeldOV\SE@ IDiIN@&6 phosphat e or
HEPES. One of grdipar k',II i art c n ide ui tabl e buffers
with no nore tﬁ'ézlil@ﬂﬁl:i é’ﬁ‘r%séﬁyﬁir et R3 aan@ lrc]bi %gngtﬁéé&deri ved from
any organ or orgaRRYBFES)Aobciiitabb Oyrﬁméﬁ% #0018, $eQiDNdo: Ry means of

t he . screening assays-- rugs t coul d be use ih treating apoptosis 10
medi at ed di sorNéZsRI\\éLle) -Niechy loxgearbadyl- mﬁaammeheamﬁ@use@@ss l'iver
i mmune system

di sease, retin gmgor}gr}ej ki dney, joint and bone diseases
di sor dir s, n@é? N§°§MH’XVF¥§WIT$}’B6?TB1“5§|] sSERID NE)8Pap) e
sol ubi I zer s TR ZBERYB PEGH AT B ESERALBRRALHAr ABSRES Brblgier escent

conpounds of the prese nven 0 tlssues, cells o cel I nes.

Sui t abl e sol ubNL(zaeRVLFnpwudetymyeab@nﬁmamnﬁ 100, SHE IPANOWe corrpounds in
wat er sol uble for qu or exa wat er - sol ubl e salts and al kal i ne

sol utions. |n AddrARY¥KF)- é’u@@éh%‘b’@ﬁiborbﬂ &h@éafé@ﬁﬂdgrﬁﬁ(}é@ N@ifRopriate oily

suspensi ons d r tiss t\ahle, |1 pophilic
solvents or ve%gl( I e@(’?ﬁgpﬁﬁ\ fggﬁ){}% rl%ﬁ orda@x‘}fng SEég?aﬁrré % |, or
synthesic fatty- (ZCS@NE'SL)ih&oct%'Qfxy@éfBéﬂ}‘l-thoﬂ&r’ﬁiﬂe 19DESE® IDINGD4L T | gl yceri des
or poI yet hyl ene %Ig/col 400 e conpounds are sol uble in PEG 400)
QNYF)-N -octyloxycarbonyl-Rhodamme 110, SEQ ID NO:95

N-(Ac-SLNFPIV)-N "-ethoxycarbonyl-Rhodamine 110, SEQ ID NO:80

N-(Ac-SLNFPI)-N -ethoxycarbonyl-Rhodamine 110, SEQ ID NO:81

N-(Ac-SLNFP)-N -ethoxycarbonyl-Rhodamine 110, SEQ ID NO:82

30 N-(Ac-RGFP)-N -ethoxycarbonyl-Rhodamine 110, SEQ ID NO:37




or di nmet hyl sul f oxi de (DVSO) or another suitable solubilizer. Optionally,

t he suspension or solution may al so contain stabilizers. Optional

el ectroporation or presentation of the reporter nolecules in IiposéﬁE@P&ﬂmZ
detergents may be used to enhance the cell perneability of the fluorogenic
or fluorescent reporter nolecules. 25 Typically, the cells are contacted
with the rep ounds of the invention and the test subsiHHs®

about 30 nlnﬁ¥%§§€%aggout 5 hours, nost preferably, about 1 hour. Tﬁéﬂbl
invention also relates to the pro-reporté2-derivatives of the conpounds of
the invention. Such pro-reporter derivatives include conpounds which are 30
cleaved in situ by endogenous enzynes to give the conpounds of Formnul ae

pro-repor ter dBPrGSEREES T RCIRANrponyoaeingrd CosERIEISRAC cont ai i ng
am no acid regy. P&%SLNFPD-}@S eﬁ?y@thﬁﬂ&rﬁﬂ% REoR&aing1hY, sm?fxérm%lpro reporter

derivatives inc e the rret esters and acet oxynmeth (AM esters of Asp-
and d u-cont ai]\h(krngNEﬁ)}Nn{aahylih@ciﬂbenﬂeﬂlhmmqp bb(hSﬁQeK) Neén®hstrat e

anzymes 1 nvol ethROEBR Sorafikeaim Bt S A SR B R es " oo 7
“denmonsfrate us]\p{A@ m@@ﬁg h-AE: %tylmﬁpgﬂtmﬂmﬁagg{) tgg@ I'FQN@%?’S that can

be utilized to find enhancers “or "i nhi ors o Si s se exanpl es
are illustrat |M¢(aA,c-tR(ﬁGGOW ‘tacnyloxyegrbooyl-Rixedamind bk, SEQ INEOPosi ti ons of

t he present |nv i her s tab i f.ications pf,ati ons of the
var i gt y of co% Eﬁg}@&]\/pﬁ?té{ e O'H’(B ﬂ?’?"‘éﬂdgﬁﬁﬁggﬁgﬁ?gl r7 vitro
assays, drug ] 9¢% 3 ch are

bt ous to {hosa T HOHf s cRootl PRRRRhLS: IR SERMIPRONS 20 T%0r the
invention. 15 AQ%W@G@WW&MO)&&:@(@WRM&%&E PIMSHY B NM1d®m a sol ution

of Fnoc-L-aspartic acid (3-t-butyl ester (4. , 11.91 mol ) 20 di ssol ved

i n anl&nhydr ods(Ac- mRﬁG@hNeo@vloaymbwﬂMpdamnaé IAREQYPiINDHE! (30 ) at OC
R TN T Ry SN P A R

N-(Ac-LRGG)-N -octyloxycarbonyl Rhodamine 110, SEQ [D NO:55
N-(Z-LRGGG)-N "-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:101
N-(Z-LRGGA)-N '-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:102

15 N-(Z-LRGG)-N -octyloxycarbonyl-Rhodamine 110, SEQ ID NQ:55
N-(Ac-LRGGQG)-N -ethoxycarbonyl-Rhodamine 110. SEQ ID NO:101
N-(Ac-LRGGA)-N "-ethoxycarbonyl-Rhodamine 110, SEQ ID NO:102
N-(Ac-LRGQG)-N "-ethoxycarbonyl-Rhodamine 110. SEQ ID NO:55
N-(Ac-LRGGG)-N’-(ethylthio)carbonyl-Rhodamine 110, SEQ ID NO:101

20 N-(Ac-LRGGA)-N'~(ethylthio)carbony!-Rhodamine 110, SEQ ID NO:102
N-(Ac-LRGG)-N '-(ethylthio)carbonyl-Rhodamine 110. SEQ ID NO:55
N-(Ac-LVLASSS)-N -octyloxycarbonyl-Rhodamine 110, SEQ ID NO:103
N-(Ac-LVLASS)-N'-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:104
N-(Ac-LVLAS)-N-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:105

25 N-(Ac-LVLA)-N "-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:62
N-(Z-LVLASSS)-N "-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:103
N-(Z-LVLASS)-N "-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:104
N-(Z-LVLAS)-N"-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:105
N-(Z-LVLA)-N "-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:62

30 N-(Ac-LVLASS)-N -ethoxycarbonyl-Rhodamine 110, SEQ ID NO:104




solvent (2 nL) was added. The reaction mxture was stirred at room
tenperature for 60 h and it was concentrated in vacuo to about 10 rrZ“J 21\-@
resi due was then 25 diluted with 100 nL of water and extracted withAt i
acetate (3 x 50 nL). The organi c phase was washed with 1IN HOJ (2 x 50 mi)
and water (2 x 50 nL). The solution was dried over Na2S04 and concentr at ed
to give crudgyghpdsss Which was purified by colum chromat ogr g¥yde 2/
Et OAc 10:1 ), gave 0.89 g (67% of 0 4 APR 2002 WD 99/18856 PCTNS98/ 21231
-88 title conmpound as colorless solid, np3156-158C. "H NWVR (CDA 3): b 8.75
(bs, 2H), 8.02 (d, J = 9.3 Hz, 2H), 7.80-6.70 (m 26H), 6 12 (bs, 2H), 4.64
(bs, 2H), 4.46 (d, J= 6.8 Hz, 4H), 4.22 (t, J = 6.8 Hz, 2.82 (m 4H),

ol ut  on of DOHFAGTORADHE '-%@Sﬁgf%%ﬁﬁytih’)]h%g@?d?ﬁ@ugﬁéﬁﬁﬁ%ﬁt o'a stirred
sol uti on of [ Fypec ANDLODN-d & ERORITARaHD (101500TD NG&8 10 rmol) i 1

di met hyl formam de (3 nL). The solution was stirred for 20 mn and it was
poured into i de(AalYLASS)O0- (mb)llthmtbad)myhﬂhedhmme h1GtIBQ IDND:204 (2 x 100

Na2Sn, To't e eat E%\%)&ES e&%ﬁ&aﬁ’cf% e KNGO ("
“conceng rat ed t]@(ﬁé—}/ﬁlﬁ%\g[ ﬁxghhﬁx c Lm"&a{‘]"“gﬁ e’r E(*(g(k)lbm.gg and di ssol ved

in methanol ( 1 nL rec plta to give the
title corrpounoV-(ﬁSVﬁ@IASSfW -agyloeycasiminyttRhodgmin2 00C SERED NEXMSPLE 3 (Z Al a

1566 ol ) EDACSIMAS - e oo KAt eBd10) S BRNGPe 110 21
(20,18 072 MRy M Rt B B 5,
(CDC,): S 8. 3B(Ae6Tbg4Ibg-NASS)-Hoctyloxycarbonyl-Rhodamine 110. SEQ ID NO:108
10 N—(Ac-Tbg-Tbg-NAS)-z\’ -octyloxycarbonyl-Rhodamine 110. SEQ ID NO:109
N-(Ac-Tbg-Tbg-NA)-\ -octyloxycarbonyl-Rhodamine 110, SEQ ID NO:110
N-(Z-Tbg-Tbg-NASS)-N-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:108
N-(Z-Tbg-Tbg-NAS)-A"-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:109
N-(Z-Tbg-Tbg-NA)-N -octyloxycarbonyl-Rhodamine 110, SEQ ID NO:110
15 N-(Ac-Tbg-Tbg-NASS)-N -ethoxycarbonyl-Rhodamine 110, SEQ ID NO:108
N-(Ac-Tbg-Tbg-NAS)-.V'-ethoxycarbonyl-Rhodamine 110, SEQ ID NO:109
N-(Ac-Tbg-Tbg-NA)-A"-ethoxycarbonyl-Rhodamine 110, SEQ ID NO:110
N-(Ac-Tbg-Tbg-NASS)-N '-(ethylthio)carbonyl-Rhodamine 110, SEQ 1D NO:108
N-(Ac-Tbg-Tbg-NAS)-N -(ethylthio)carbonyl-Rhodamine 110, SEQ ID NO:109
2V N-(Ac-Tbg-Tbg-NA)-\"'-(ethylthio)carbonyl-Rhodamine 110, SEQ ID NO:110
N-(Ac-DDIVPCSMST)-N -octyloxycarbonyl-Rhodamine 110, SEQ ID NO:111
N-(Ac-DIVPCSMST)-N "-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:112
N-(Ac-IVPCSMST)-N -octyloxycarbonyl-Rhodamine 110, SEQ ID NO:113
N-(Ac-IVPCSMS)-N "-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:114
25 N-(Ac-IVPCSM)-N -octyloxycarbonyl-Rhodamine 110, SEQ ID NO:115
N-(Ac-IVPCS)-N -octvloxycarbonyl-Rhodamine 110, SEQ ID NO:116
N-(Ac-IVPC)-N'-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:69
N-(Z-IVPCSMST)-N -octyloxycarbonyl-Rhodamine 110, SEQ ID NO:113
N-(Z-IVPCSMS)-N -actyloxycarbonyl-Rhodamine 110, SEQ ID NO:114
30 N-(Z-IVPCSM)-N "-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:115




25 2H), 7.60 (m 4H), 7.32 (m 10H), 7.10 (m 2H), 6.68 (m 2H), 5.20 (s,

2H), 5.10 (d, 4H), 4.90 (s. 2H), 4.18 (m 2H), 2.82 (m 4H), 1.42 ¢m 24kh
0 4 APR 2002 WD 99/ 18856 -89 EXAMPLE 4 (Z Ala Asp) R :odan:ine 110 002

PCT/ US98/ 21231 To the cool ed solution (0C) of [Z-Al a-Asp(OBu-t)]2-Rhodam ne
110 (41 5 ng, 0.038 mmol) in nethylene chloride (5 mM) was added ~0%

trifl uoroace%’ng?ﬁs&i n met hyl ene chloride ( 16 nL). The sol ut,ja%gg%%g

orange and wa Fed at roomtenperature for 3 h. The sol vent 'was Tenoved
and the crude product was purified by flagh col um chronmat ography

(Et OAc/CF,CO H = 20:0.5) to yield 34 ng (91 %9 of the title conpound. ' H
NWVR (CD,OD): 8 8.02 (d, J =8.1Hz, 1 H, 10 7.85 (s. 2H). 7.73 (t, J = 7.5
Hz, 2H), 7.34-6.60 15 H), 5.08 (d, 4H). 4.05 2 2.95 (m 4H),
1.38 (d, J = .-aZ-wf’g%kW.-oem%b@yl-Bhpéﬁpm1t10t g@ﬂ%‘ad ;e 110 15 From

b | b - i id - t 1%3. 63 1),
BoC Lo 61 o TR TEERHIS e BitsSeborty RipbaprRl 0050 Q 1B 9 OF) T
anyhydr ous DVIV-pa¢-1VIPOSM)AD-eitloxyadrb&iy ‘R dariri NedSEQQD MO(183% of the
title conmpound as colorless solid. 127-129C. 'H NVR (CDC1,): b 8.75 (bs,
2H). 8,06 (d. N(Ac-EVECSEN" otpyycartomyRBaiamine 419, SEQ ONQBIS (m 15H) . 6. 12

20 (b 20 SRty G DRy B 5N g
()11 o VAR oSt At 1 ) A o.  ac
[ Z- Asp( OBu- t ) IN-{AROMBGE Ry ~(etlyl hig)Carhopnyl Rivdaming! )10 SEQ ID NO:116.
where Z is benzyloxycarbonyl, BOC is tert.-butoxycarbonyl, Ac is acetyl, Tbg is
t-butylglycine, and AM is acetoxymethyl.
10 Preferred novel fluorescent dyes of the present invention are compounds
having Formula VI and include, but are not limited to:
N-formyl-Rhodamine 110,
N-acetyl-Rhodamine 110,
N-hexanoyl-Rhodamine 110,
15 N-octanoyl-Rhodamine 110,
N-decanoyl-Rhodamine 110,
N-dodecanoyl-Rhodamine 110,
N-methoxycarbonyl-Rhodamine 110,
N-ethoxycarbonyl-Rhodamine 110,
20 N-butoxycarbonyl-Rhodamine 110,
N-hexyloxycarbonyl-Rhodamine 110,
N-octyloxycarbonyl-Rhodamine 110,
N-decyloxycarbony!l-Rhodamine 110,
N-dodecyloxycarbony!-Rhodamine 110,
25 N-benzyloxycarbonyl-Rhodamine 110,
N-(2-butoxyethoxycarbony!)-Rhodamine 110,
N-(2,5,8-trioxadecyloxycarbonyl)-Rhodamine 110,
N-(methylthio)carbonyl-Rhodamine 110,
N-(ethylthio)carbonyl-Rhodamine 110,
30 N-(butylthio)carbonyl-Rhodamine 110,



0 4 APR 2002 WO 99/ 18856 PCT/ US98l 21231 -90 in acetic acid (2 nL). The
solution was stirred at roomtenperatwe for 1 h and it was then
concentrated in vacuo. To the residue was added 100 nL of anhydrouB4dtPRdRil
to give a red precipitate which was isolated after centrifugation to give
118 ng (78% of solid, np 130C. 'H NVR (DMSO-db): 8 10.81 (s, 2H), 8.35
(bs, 5 6H), Sy@5wfassd (M 10 H), 4.25 (bs, 2H), 2.96 (m 4H). pEXANBA2T (Z
Val Asp):-Rirodam ~:e 110 10 From benzyl oxycar bonyl -L-valine (628 ng, 2.5
mol )) EDC (383 ng, 2 mmol) and (Asp), -Rodanmi ne 110 2HBr (72 ng, 0.1 mmol)
in 1:1 anyhydrous DVF/ pyridine ( 12 nL) at OC was obtained 38 ng (37 % of
the title conmpound, np 169-17IC. "H NVR (DVBO: 8 8.70 (d, 2H), 8.04 (d, J

= 7.5 Hz, 1H),, 7. 80 (. g A8-7. 2 11 H), 7.05 2H), 5.02 (bs.
4H). 4.70 (Q%ﬁbef%‘gi&a%’??‘y‘ié‘éﬁw" . gm(m 25)0, 2. 60 Em 2E)|), 2. 05 Eb:,
2H), 0.85 (t, MedyithiedbbdyRivdanyide 1402 Asp(OBtr-t)J, - Rhodanri~re 110 20-

From benzyl oxycar bonyl -L-Val -L-Ala (200 ng, 0.62 nmol), EDC (110 ng, 0.57
nmmol ) and [ Asp{-GBaylthipRarboayicdRhodamine1lld, 2HCL (31 ng, 0.043 nmol) in 1:1

T s A B SRR o 0 (9 o (e tiile
520 (gt 0 eyt g2 (s 21 210 (0 40l
= 6.4 Hz, 6H) N-6thgsifonylRHpdamin® 140APR 2002 W O 99/ 18856 -91
N-hexanesulfonyl-Rhodamine 110,
l-octanesulfonyl-Rhodamine 110,
N-decanesulfonyl-Rhodamine 110,

10 N-dodecanesulfonyl-Rhodamine 110,
N-trifluoromethanesulfonyl-Rhodamine 110,
N-dimethylcarbamyl-Rhodamine 110,

N-diethylcarbamyl-Rhodamine 110,
N-(N-methyl-N-hexylcarbamyl)-Rhodamine 110,

15 N-(N-methyl-N-octylcarbamyl)-Rhodamine 110,

N-(N-methyl-N-decylcarbamyl)-Rhodamine 110,
N-acetyl-Rhodamine 116,
N-methoxycarbonyl-Rhodamine 116,

N-ethoxycarbonyl-Rhodamine 116,

2V N-octyloxycarbonyl-Rhodamine 116,

N-hexyloxycarbonyl-Rhodamine 116,
N-benzyloxycarbonyl-Rhodamine 116,
N-methanesuifonyl-Rhodamine 116,
N-trifluoromethanesulfonyl-Rhodamine 116,

25 N-octanesulfonyl-Rhodamine 116,
N-acetyl-Rhodamine 19,
N-ethoxycarbonyl-Rhodamine 19,
N-octyloxycarbony!-Rhodamine 19,
N-methoxycarbonyl-Rhodamine 19, and

30 N-methanesulfonyl-Rhodamine 19.



EXAMPLE 9 (Z Yal Ala Asp)l-R rodam ne 11 0 PCTNS98/ 21231 From

[ Z-Val - Al a- Asp(OBu-t)] Z- Rhodam ne 110 (28 ng, 0.022 mmol) and - 5 %Q%rR 2002
trifluoroacetic acid in nmethylene chloride (30 nL) at OC was obtai ned 23 ng
(88% of the title conmpound. 'H NWR (CD30D): b 8.00 (s, 1H), 7.92 (bs 1
H, 7.86 (bs, 1 , 7.70 (m 2H), 7.40-7.21 (m 13H), 6.70 (s, 1 , 668

s, 1 4.22 (m 2H), 3.90 (m 2H), 2.92 (m
(2H) 1H3°,4 (d%ﬁmwg 4 He, 6H)( 0. QED(m 12H§. 10H)EXAI\/PLE (10 %@ngs’s{a/g AIa

Asp(OBu-t)J.-Rhodamirre I10 SEQ I D NO: 2. &6 om
benzyl oaycar bonyl - L- Tyr-L-Val -L-Ala (339 ng. 0.70 mmvol ), EDC 15 (122 nmg,
0.64 mml) and [Asp(OBu-t)], - Rhodam ne 110 2HA (39 ng, 0.058 nmml) in 1:1

anyhydrous DWFl pyridine at .OC was obtained 61 6 of . the titl
Compoundy o 1507 19761 AR RO o) GoRetoRiAne 8P Ls heBRYs  ary

‘2183 ﬁn gr)b ﬂﬁl!xgt%gyl(énd t@ﬂxke 4n§8f6vmch%@ybeﬁsu%§’mmh v«%mha]@opﬁk?} Q%ué%n 8H),

EXAVPLE 1| (Z Tyr - Wabxcﬂl aiky&sgng\x;)sﬁhaﬂanakybgtbltxﬁs %@dﬁx[g methal Iéthyrh propyl,
[ Z- Tyr - Val t)]~- Rhodam 1 . Q29
mmol ) and 50%%P‘r ’fH(e 8‘5&‘1 heptepehl A Wé IEE?H‘@QHWP%% ﬁ%‘n(' heé‘i(’(%oc was

Cbs™ 55 9 89 (bs VB! 543@%*%*0%03%99#3%0 B alpoy %’?M&C@%&‘f&”
2002 V\D 99| 18@&@@@!\5&&1@ Zﬁéhtarﬁg%l (HesanoyHand 4h8iké s @) as Ah8Brdmche@H) ,

4.22 (m 2H), 4.10 (m 2H), 3.10-2.60 (m 6H), 2.06 (m 2H), 1.36 (d, J =
7.2 Hz, 6H}, G@nlwersth%re?% Hz, 12H). EXAMPLE 12 . 5 N Acetyl Rhodani ne

110 1o 8 solut | on SRR 0eSRY: T P Rl R i (20
aceti c anhydr iigtgudekfe sdtium] pcﬁélssmamlalnmmmdﬂkrs gHdapwiike to the above
sol ution. 10 The reaction solution was stirred at roomtenperature for 24
h. an it was then Certain of the compounds of the present invention may be in tautomeric
forms, particularly in the y-portion of Formula 1. The invention includes all such
tautomers. The invention also includes stereoisomers. the racemic mixtures of
such stereoisomers as well as the individual entantiomers that may be separated
according to methods that are well known to those of ordinary skill in the art.
15 The compounds of this invention may be prepared using methods known
to those skilled in the art. Specifically, compounds with Formulae I-III can be
prepared as illustrated by exemplary reactions in Schemes 1-5.
Scheme 1 is the least preferred method since deprotection with HBr/HOAc
led to the removal of both the /-butoxy and benzyloxycarbonyl (Z) groups. which
20 makes the next coupling reaction complicated. Thus, where the t-butoxy group is
desired, it must be reintroduced. When an N-(9-fluorenylmethoxycarbonyl)
(fmoc) group is employed as the N-blocking group (Scheme 2). it can be
selectively removed with morpholine, piperidine or other amine base without
removing the t-butoxy protecting groups, thus allowing for the ready introduction
25 of additional Z-blocked amino acids or peptides (see Schemes 2-4). The final Z-

blocked compounds can be selectively deprotected with trifluoroacetic acid (TFA)

to remove the r-butoxy group without removing the Z group.



diluted with 100 nL of water and extracted with ethyl acetate (3 x 50 nL).
The organi ¢ phase was washed with water (2 x 100 nL), dried over Nﬁ Sﬂ, ﬁﬂ}d
concentrated to give crude product which was purified by colum 4APR
chromat ography (Hexane/ EtOAc 1:1 ) to give 210 ny (41 %9 of the title
conpound 15 as colorless solid, np | 79C (dec). R~ 0.36 (EtOAc/CH-Ch =1:1
). "H NWR ( 8.00 (d. J =6.7 Hz, 1 H), 778752(m (d)
J = 6.7 Hz, /mRQS(d J = 6.7 Hz, 1H),664(d J:79P'f%(ys%g/f_§z,§x
6.54-6.28 (m 3 H), 3.86 (bs, 2H), 2. 15.4759 3H). 20 EXAMPLE 1 ~ N ~Fnoc
Asp(OBu-t)J N -acetyl R :odam ne 110 From Fnoc-L-aspartic acid t-butyl
ester (739 ny, 1.79 mol ), EDC (3D2 ng, 1.57 mmol) and N acetyl - Rnodam ne
110 (160 ng, 0.43 nmmol) in 1:1 25 any rous DVF/ pyridine (8 nmL) at Ovaas
obtai ned 276 ng (84% of the title c tIHE bas col orless solid. Rf = 0.75
(EtOQAc/CHzClz =1:1 ). '"H NWR (CDC13): b 8.72 (bs, 1H), 8.02 (d, J 6.3 Hz,
1H)., 7.80-6.68 (m 17H) 6.12 (bs, 1H), 4.63 {bs, 1 H), 4.47 (d, J = 5.5
Hz, 2H), 4.22 (. . ) 32.96 (m 1 H, 2.68 (m 1 H), 2.20 (s,
3H), 1.46 (s, 9H). PR 2002 WO 991 1 BPGT/U%Q,@/?QYQQJM 93
EXAMPLE 14 N JAsp( B 2 acetyl RI : oda 110 F4’-em-a—ch4—l—l—eel sol ution
of DVF/ norpholine (3 nL,| 1:1 ) and |~ -[Ffg DMF
Asp(OBu-t)]-N -acetyl - Reodaf?sle 110 ( 100 ny, 0.’13 mmol ) was obt ai ned the
title conpound (67 ny, ) as solid, np 131-133C. "H NMR (CDC13): 8 9.73
(s, 1 H, 801 (d, J =F2H, 1 H. 7.72 (s, 1 H) 7.70-6.65 (m 9H), 3.80
(m 1 H, 2.88 (d, J :165Hz) 1H, 2270 (m 1 H, 2.17 (s, 3 H, I .90
(bs, 2H), 1.44( XAMPLE_ 1 S N u-t)J N -acett~l
-Rl:odami:e |1% fE—\‘rg’(;")rcr)lnﬁer%zg\'/flllE 3 Bo ﬂ%la ?Oé%? ? ng, 0.19 mmol). EDC
(37 mg, 0.19 mmol ) and N Asp( acet yl - Rhnodam neygd 1Qo,30 ng, 0.055
nmml) in 15 1:1 anyhydrous DIVF [ ne at OC was obt ai-hed—38 g 92% of
the title conmpound as a soli d, 3-140 C. R~ = 0.42 (Et OAcl Hexane 4:1).
"H NVR {CDC13): b 8.82 (bs. 1\d./8N1 (d. J 6. 6 Hz, 1 H, 7.70-G 67 (m
14H), 5.20 (m 1 H. 5.16 (bs, 2H), £.90 (m 1 H, 4.20 (m 1 H), 3 .12 (m
1H), 2261 (m 1 H, 2.19 (s. 3H), 1.56(bs) 3H), 1.43 (s, 9H . 20 EXAMPLE

16 HBrNH-~Asp-NH 0 NH~Asp-NH-HBr
(T
Q ¢ pvridine, DMF

@)

0 l NH-Asp-Val-2
0

Z~-Val-Asp-NH

(
&



- N(Z Ala Asp)-N -acetyl Rirodamtte-110 - From N

[ Z- Al a- Asp(OBu-t)]-N -acetyl - Rhodam ne 110 (38 ng, 0.052 25 nmol) and 50%
trifluoroacetic acid in methylene chloride (3 nmL) at OC was obt ai ned 84PRgll
(96% of the title conmpound. R~ = 0.6 ( 10 nL EtOQAc with 5 drops 0 4 APR
2002 WD 991 18856 PCTNS98l 21231 -94 of CF,CO2H). "H NMR (CD30D): b 8.02 (d,
J =7.5 Hz, 0-6.69 (m 14H), 5.10 (bs, 2H), 2.92 (m : {s,
3H), 1.37 (d,]wgm’:’"’?.sg Hz, 3H). EXAVPLE 17 ' 5 N ~Z Val Asp(@u@’%sgﬁﬁhél
=acetyl -R :odamne 110 ' From benzyl oxyggtbonyl -L-valine (49 ny, 0.19
mol ), EDC (37 ng, 0.19 nmol) and N Asp(OBu-t)-N -acetyl - Rhnodam ne 110 (30
nmg, 0.055 mmol) in 1:1 anyhydrous DMF/ pyridine (4 nL) at OC was obtai ned 40
ng (94% of the title 10 conpound as gcgol id, mp 155-157C. R~ = 0.5

(Et OAc/ Hexane 4:1 ). 'H NVR (CDd 3): egr ¢s, 1 H, 8.01 (d, J = 7.5 Hz,
1H, 7.64-6.66 (m 14H), S.32 (bs, 1 H, 511 (d, J = 3.3 Hz, 2H), 4.92
(m 1H, 402 (m 1H, 3.06 (d, J =15.6 Hz, 1H), 2.62 (m J = 15.8 Hz,
1H). 2.20 (s, 3Hpn 1l by, &:-26 (bs. 1H), 0.96 (m 6H). 1S EXAMPLE 18
N (Z Val Asp)-N -acé ddam ~:e || D From.Ho,Bu-t EDC, pyridine

[ Z- Val - Asp( OBu-t) J- NN~as¢ Rhodam ne 110 (40] ng, 0.0ﬁﬁ—iﬁ—g;{-gm—)'_and 50%
trifluoroacetic acid in lyethys ene chlori deod@ p,sat OC was obt ai ned 37 ng
(99% of the title cony d. Rf = 0.6 (10 nL EtOAc with 5 drops CF3COZH).
"H NVR (CD30D): 8 8.01%& J = 7.5 Hz, 1H), 7.78-6.60 (m 14H), 5.08 (d, J
= 6.5 Hz, 2H). 4.83 (m 1 H, 3.8 (d, J =5.7H, 1 H, 3.02(m 1H, 2.85
(m 1H), 2.14 ( $socAdpiozl-t2mn 1 . h-ADSosub} o5  ~ ~ APR 2002 WO
991 18856 PCT/ US98l 21231 -95 E

1. morpholire, DMF

2. HC1

HCINH--Asp{TEu~-t}-NH

6] NH=-Asp (OBu~t'-NH HC1
O O 2-Ala, EDC
Q O pyridine, DMF

0

0 NH-AsSp(OBu~-t'-Aila-Z
COC .
O

¢}
O o] O NH-Asp-Ala-Z

0

2-Ala-Asy QJBu-t)-NH

Z-tla-Asp-NH

(o]



N ~Z Val Ala Asp(OBu-t)J N -acetyl-Rhodam ne 11 0 From

benzyl axycar bonyl - L-val i ne-L-al anine (63 ng, 0.019 mmol), EDC 5 (37 py, ﬁPR 2002
0.0l9 mml} and N Asp(OBu-t)-N -acetyl - Rhodam ne 110 (30 ng, 0.052 nrno

in 1:1 anyhydrous DI\/F/pyridi ne at OC was obtained 40 ng (97% of the t|tIe
corrpound np 101-103C. R~ = 0.35 (Et OAc/ Hexane 6:1). "H NWR (CDC13): b 7.99
(d J = 8. 4"%0 %/l§§966 62 (m | 41-1), 5.42 (m 1 H, 5. .11 (bgcrildsrrksPO
(m 1 H, ? , 4.08 (m 1 H, 3.68 (bs, 2H), 3.50 (m 1 H), 2.90
(m 10 2H). 2.16 (bs, 3H), 1.41 (s, 9H+69-26 (d, J = 6.3 Hz , 3H), 1.2~
(m 1 H, 0.93 (m 6H. EXAMPLE 20 N (Z Val Ala Asp)-N -acetyl -R:odanuie
i10 15 From IV -[Z-Val - Al a- Asp(OBu-t)]-N - acetyI-Rhodam ne 110 (36 ng,
0.043 mml) and 50%trifluoroacetic a g thyI ene chloride (4 nL) at OC
was obt ai ned 35 ng (IOO% of the titl d R = 0.4 (10 mL EtQAc with
4 drops of CF,CO-H). '"H NWR (CD30D): 8 8.02 (d, J 5.7Hz. 1 H), 7.9S7.12
(m 20 12H), 6.71 (s, 1 H, 6.68 (s, 1 H, 5.09 (bs, 2H), 4.82 (m 1 H),
4.25 (m 1 H, 3. x&ﬂNﬁmps—;thBu ) G  Odu{awp (@Y-t) 2N0,8C s, 3H),
1.30 (d, J = 6.0 Hz, 3H), 0.95 (d, 6H). EXAMPLE 21 - 25 N (Z
Tyr-Val Ala Asp(OBu-t))-N - acetyl- ‘ 8 A0 SEQ I D NO: 2 From,

-benzyl oxycar bonyl - L-tyr osi ne-L-val i npg=~<ataani ne ( 119 ng, 0.25 mml), EDC
(47 mg, 0.25 mmol) and N Asp(OBu-t) gt yl - Rnodam ne 110 (30 nyg,. 0. 055
mmol) in 1:1 anyhydrous DVF/ pyri di nesa owas obt ai ned 50 04 APR 2002
WO 99/1 8856 PCTNS98/21231 -96 ng (95% %of the title compound. Rf = 0.5

(EtQAc). '"H NWR (CD30D): 8 8.02 (d, J zzv§1J?,|§a 1545)/ nggg 5. 58r(m 18H),
4.90 (m 2H), 4.35 (m 1H) 4.24 (m H) , 8 (m T H, 2.93 (m 1H),
273(m1H),213(53 , 1.43 (s, 9H), 137(d J =7.2 H, 3H), 1.29
(bs, 1 H), 91_( E 22 N Tyr - V- ASP) - N -—agetyl
Rrodaiit:e 110° ﬁg)m%c%é%l” ¥ g}!ﬁsé%?o&gﬁ-t)]-J'-acetyl

- Rhodam ne i 10 SEQID 10 NO: 2 (49 ny ol ) and 50% trifl uoroacetic
acid in nethylene chloride (4 nmL) at obtained 42 ng (89% of the
title conpound. R~ = 0.62 (10 nL Et GA h 5 drops CF3CO-H). 'H NWR
(CD,OD): b 8.00 (d, J =7.2 Hz, 1H. 84-® 56 (m 18H), 4.99 (bs, 2H),
4.80 (m 1 H, 432 (m 1H) 4.23 (m | H)S) 4.10 (m 1H), 2.97 (m 2H),
2.13 (s, 3H), 1.37 (d, J = 6.9 Hz. 3H),jlr.x,-23 (m 1H), 0.90

7-'zl-Rla-Asp-NH NE-Asp-Rla-~-“ai-2




15 (m 6H). EXAMPLE 23 N ~Z Asp(OBu-t)-G u(OBu-t) - Val

Asp(OBtt-t)J-N -acetyl -Rirodame 110 SEQID NO S 20 From

benzyl oxycar bonyl - L- Asp(OBu-t)-L-3 u(OBu-t)-L-Val -L Asp(OBu-t) (ZGEUMPRQ[][]Z
0.34 mml ), EDC (65 ng, 0.34 mmol) and N-acetyl Rhodamine I 10 (30 ny,

mmol) in 1:1 anyhydrous DVF/ pyri di ne (4 m.) at OC was obtained 73 ng (81 O/c)
of the t|tIe W@gﬂg? rrp 127 129C. R~ 0.69 25 (Et CAc/ CHzC zpErbsderri23tH
NVR ( CDCl , : 8.79 (d, J:10.8 Hz, 1 H, 8.3 8 (bs, 1 H,
8.01-6. 65 (m 1 SH), 6. 10 (m 1 H, 5.1490¢m 2H), 4.92 (bs, 1 H), 4.52
(m 1 H, 442 (m 1 H, 418 (m 1 H, 3.92 (m 1H, 3.1 0-2.64(m
4H), 2.48 (m 2H), 2.17 (bs, 3H), 1.40 (m 27H) 0.99 (bs, 6H). 0 4 APR
2002 WO 991 18856 PCT/ US98121231 -9? E@P 4 N (Z Asp-d u-Vval

Asp)-N -acetyl -R :odamie 110 SEQ | D N&*§"4

[ Z- Asp(OBu-t)-d u(OBu-t)-Val -Asp(OBu-t))-N - acetyl - S Rhodam ne 110 SEQ I D
NGO S (49 ng, 0.043 mmol) and 50%trifluoroacetic acid in nethylene chloride
(5 nL) at OC was obiairnedp ®8u-ny-NHQ2 %4 : Htdse (GRoApPOVRECI R~ = 0. S2 (10
mL EtOAc with 5 drops of CF3COzH). D~CD): 8 8.04-6.63 (m 1 SH),
5,05 (m 2H), 4.50 (m 1 H), 4.40 I'm 4.05 (m 1H), 3.93 (d, J =7.9
Hz. 1H), 3.10-2.61 (m 4H), 2.37 (m .° 2.i3 (s, 3H, 10 0.97 (m 6H).
EXAMPLE 25 | V- Et hoxycar bonyl - Rhoda D 16 To a sol ution of Rhodam ne
110 (3.00 g. 8.18 nmml) dissolved in di mefhyl formanide (140 nL) at -50 C
was added N. N-diisopropyl et hyl am ne ( L) yl
chloroformate (1.07 g, 9.81 mmol) was azzdéggvarg)iz)a\/’vings% tﬂonH% E&E{q/e sol ution.
The reaction solution was then slowy warned to roomtenperature and kept
stirring for S b—TyL-tVamsaa-tAg}?(@B\d-'tL% d with 200 mh-0bdce )20 wedefyand
extracted with ethyl acetate (3 x 50 : pr gani ¢ phase was washed wth
brine water (3 x 100 nL), dried over ~SQ4~arAd concentrated to give crude
product which was purified by colum gt it ogr aphy (hexane / EtOAc 3:1 )

to give 1.31 g (40% of the title co reR\as colorless solid. R.=0.4 (
(Et OAc/ Hexane = 2:1). "H NWR (CDCl 3): 88.00 (d, J 6.9 Hz. 1H), 7.65-7.50
25 {m 4H), 7.15 (d, J =7.2 Hz, 1 H),L6rF88632 (m 8H), 4.24(q, J =7.2
Hz, 2H), 3.92 - (bs, 2H), | .33(t, J 7.2 Hz, 3H).

Z-Tyr-Val-Ala-Asp-NH 0 NH-Asp-kia-Val-Tyr-2Z



0 4 APR 2002 WO 99/ 18856 PCTNS981 21231 -98 EXAMPLE 26 N
[ Cbz-Val - Asp(OBu-t)] N -Ethoxycarbonyl - Rnodam ne 110 From
Cbz-Val - Asp(OBu-t) (197 ng, 0.47 mmol), EDC (89.53 ny, 0.47 5 mml)[]grl\tleI){]ﬂ
et hoxycar bonyl - Rhodam ne 110 (47 ng, 0.12 mmol ) (as described in Exa }
was obtained 47 ng (50% of the title conpound as a solid. 'H NWR (CDC13)
b 9.04 (bs, 0(d, J =6.9H, 1H, 7.82-6.62 (m 1 ( bs,
1 H, 5.20- 51\/1{99(/1%%6%_0 4.98 (m 1 H) 4.23 (g, J = 6.9 Hz, 2 /,Usgs/};lgsl (t,
1 H, 3.15 (d, J = 16.5 Hz, 1H), 2.59 («@1-1H), 2.10 (m 1H). 1.45 (s, 9H),
1.32 (t, J = 6.9 10 Hz, 3H), 1.01 (m 6H). EXAMPLE 27 N (Cbz-Val - Asp)
N - Et hoxycar bonyl - Rnodam ne 110 15 From N
[ Z-Val - Asp(OBu-t)]-N -ethoxycar bonyl odamfe 110 (20 ng, 0.025 mmol) in
50% trifluoroacetic acid in nethyl ene®<HB¢iPde (2 m.) was obtained 15 ny
(80% of the title corrpgztilqnd 'HNIVR(CDBOD) 8 8.02 (d, J =6.6Hz, 1 H),
7.86-6.59 (m 14H), b B FiH), 4.20 (q, J = 6.9 Hz, 2H),
3.77 (d, J =8.1 Hz, 1 H), . _ . 2.76 (m 1 H. 2.00 (m 1 H,
1.32 (t. 3 20 = 7.2 Hz, 3H . 6H) . EXAMPLE 28 N
[ Cbz- Asp(OBu-t)-d u(OBu-t)-Val - (%Jﬁt)] N - et hoxycar bonyl Rhodam ne 110
SEQ ID 1NO: 5 25 From Cbz- Asp( OB -G u(OBu-t)-Val -Asp(OBu-t) SEQ ID NO S
(374 mg, 0.48 mmol ), EDC (92 myge. @ 48 mmol ) and N et hoxycar bonyl - Rhnodam ne
110 (48.28 ng, 0.12 mmol) (as deScribed in Exanple 1 ) was obtained 81 ny
(58 %9 of the title conpound as solid. "H NWR (CDC13): 8 9.02 (bs, 1H)),
8.80 (d, 0 4 APR 200Z WO 99/ 18B56a ¥ bbWSH8/62E 283119 9vall-adh08-Q9- 6. 78 (m
15H), 6.18-6.02 (m 1 H), 5.13 (pspcliyridif4 Obs, 1 H), 4.60 (bs, 1 H),
4.44 (bs, 1 H, 4.22 (m 2H), 3.89 (m 1 H), 3.1 S2.00 (m 8H, 1.46-1.31
1

(m 27H), 1.26 (m 1H), 1.05-0.98 (m 9H). .
{Z-Asp (OBu-t)-Glu(OBu-t)~Val-Asp (OBu-t)},-Rhdamine

l TFA

Z-Asp-Glu-Val-Asp-NH O o O NH-Asp-Val-Glu-Asp-2
Q 0
o)
Thus, the invention also relates to a method for the preparation of a
s compound of Formula III. comprising
(a) condensing Rhodamine 110 together with N-fmoc-L-aspartic acid
B-t-butyl ester to give (Fmoc-Asp(OBu-t)),-Rhodamine 110;
(b)  removing the Fmoc group to give (Asp(OBu-t)),-Rhodamine 110;
© condensing (Asp(OBu-t)),-Rhodamine 110 with Z-(AA), to give
10 (Z-(AA),-Asp(OBu-t)),-Rhodamine 110; and
(d)  removing the OBu-t protecting group.
In a preferred embodiment, -(AA), is WEH, YVA, LEH, DET.DEV,
DEH, VEH. LET. SHV, DEL. DGP, DEP, DGT, DLN. DEE, DSL, DVP, DEA,
DSY, ELP, VED, IEP or IET. Where the amino acid is substituted by a carboxy
15 group, it is protected with a OBu-t protecting group which is removed in the final

step.



5 EXAMPLE 29 N (Cbz- Asp- d u-Val - Asp) - N - et hoxycar bonyl - Rnodam ne 110 SEQ
ID NO:5 Yrrom N [Z- Asp(OBu-t) -G u(OBu-t)-Val - Asp(OBu-t)]-N -ethoxycar bonyl
10 Rhodamine 110 SQ ID NO'S (100 ng. 0.086 mol) and 50%trifl uorgaceRig

acid in nethylene chloride (3 nL) (as described in Exanple 4) was obtained
85 ng (99% of the title conmpound. R~ = 0.5 ( 10 nL EtOAc with 5 drops

CF3CO~H). "H 3¥Rof164330D) : b 8.02-6. 63 (m 15H), S.08-5.04 (d, pthrsdsAss. 92
(m 6H, 3.10-1.95 (m 8H), 1.31 (t, J =7.2 Hz, 3H), 1.05-0.96 (m 9H). 15
EXAMPLE 30 N -72-

[ Ac- Asp(OBu-t)-G u(OBu-t)-Val - Asp(OBu-t)]-N -et hoxycar bonyl Rhodam ne 110
SEQ ID NO:5 20 From Ac-Asp(OBu-t)-d u(CBu t) Vai - Asp(OBu-t) SEQ ID NO S

(307.6 ng, 0.45 nm;ll 8 . .4

et hoxycar bonyl - aﬂ%cﬁg%é ?‘égycuog fg‘? UNn §88 rlrl])veguf”ﬁa]Exarrpl el
) was obt ai necohdéhs &Qtp{ét i@hselT6r jd 1H@s m%wrlﬂa ef@rréd)bmﬁodll'_ﬁenl: 0.35
(EtOAc/CHCl z = 1:1 n?dg CD(?? ﬁgoo dzpj- Hz), 8.80-8.54

(m 2H), 8.05-tke wd@mm@age}\t(s 17(23 céxmethylmngpﬂelpyl)é @byl(:ébociumpde (EDg§3- 4. 02

6 3.09-2..3 2 0 3
1 "b-0 06 m BRpene S Slikiacanipt-§a i aragiaotite D e Bivgatlor b8 2

PC 1' /4)S98I Z a 110
SEQ | DyNO: 5 SJrlg:%gr%Nl{lﬁa?%c Pidﬁelb'ru%et lﬁ%ﬂ%%lr}n?é) %gﬁ%ﬁqﬂ"@%@ﬂérﬁﬁ)

et hoxycar bo nylcaﬁicddmtmmomltemmw{) N@ 18tip 9®cwgienﬂng)8gbnmmloctwnnin60%
trifluoroacetic in t hyl.ene.chloride .mL) .was _obtain (86%
of the titIe B a%%ﬂ’d’ ‘ﬁﬂﬂ)& Bﬁpf%%d 150 é‘dg\?’h?epéﬁq)‘-m?gﬁ

7.2 He, ,467(m1|—|).440
(m 1 I-I) (SQ?p(bmlﬂmhogiaﬁne ]qomaéﬁa)l%e(%ﬂ%u%r%% (m 2t) 3.07-2.68 (m
4H), 2.38 (m 2H) ThelBmoongrdly) is lgefBally Sendted By)t)eatinéi? With norph6li®e. Hz,

3H), 1.04-0.95 (m_6H). EXAMPLE 32 N Cctyl oxycarbonyl - Rhodam ne | 10 15 From
Rhodah® ne 110 m%tﬁl%or PtheE aFipg PRseN, L&) PPIAH BRI ‘WF sHehas (BN 6

éx;?rpln?)lz)S) \‘j\l’;kgngx%t )a(.ll nxg‘ J.p%g&e 'Srg?ggd ﬁg)&%@?{‘ 1@4?21@{'?‘ ouné]d(g@%gg o | es
solid. R~ = 0.témpeufpe! hexphigetmll-35 BlmethMMﬂ@@hnbbnleDZ{zQQ dnBthed \=
blocking group which can be used in the place of fmoc. Thus, N-Ddz-L-aspartic
acid P-7-butyl ester can be used in place of N-fmoc-L-aspartic acid B-7-buty! ester.
15 Ddz can be cleaved selectively in the presence of t-butoxy group by 1%TFA in
methylene chloride.
The OBu-t group is removed with trifluoroacetic acid in an aprotic solvent
such as methylene chloride at room temperature.
Compounds with Formula VI can be prepared as illustrated by exemplary

20 reaction in Scheme 6.



20 7.2 Hz) 1 H), 7.65-7.56 (m 2H), 7.52 ( bs, 1 H, 7.15 (d, J = 7.5 Hz, 1
H) 6.88-6.32 (m 6H), 4.17 (t, J 6.6 Hz, 2H), 3.9 (2H)) 1.68 (m 2H),
1.42-1.26 (m 8H), 0.89 (t, J = 6.3 Hz, 3H). EXAWPLE 33 25 N 04 APR 2002
[ Ac- Asp(OBu-t)-G u(OBu-t)-Val - Asp(OBu-t)]-N -Cctyl oxycar bonyl Rhodam ne 110
SEQ I D NO:5 From Ac- Asp(OBu-t}-G u(OBu-t)-Val - Asp(OBu-t) SEQ 1D NO S (123.7
, 0.18 mol wo dblaesss34.5 ngy, 0.18 mmol ) and N octyl oxycar bony},é.ﬁlﬁg%q{ﬂﬂe
0 4 APR 2002 WD 99/18856 -101 Pc'r/us98nme3~ 110 (29 ng, 0.06 mol) (as
described in Exanple 1 ) was obtained 4378y (62 %9 - of the title conpound
as a solid. "HNW (CDCl,): 8 9.01-8.53 (m 3H}) 8.07 7.99 (m 1 H),
7.77-6.78 (m 9H), 6.72 (s, 1 H, 6.69 (s, 1 H, 493 (m 1 H),.4.76- 5
4.64 (m 1 H. 439 (m 1H, 4.16 (nkél—% .0b (m 1 H, 3.08-2.02 (m
9H), 2.10 (s, 3H), 1.47-1.29 (m 39H) °H0¥.®.96 (m 6H), 0.88 (t, J = 5.7
Hz, 3H). EXAMPLE 34 N (Ac-Asp-d u-Val -Asp)-N -octyl oxycarbonyl - Rhodam ne
110 10 SEQ ID NO S From N
[ Z-Asp( OBu-t) - Gim((Buys o Vak Aam(OBu=t) ] - N oct yl oxycar bonyl R-110 SEQ ID
NO ~ and 50%trifl @ acid in nethylene chloride;(g, 1k}, Was obt ai ned
16.5 ng ( |1 00% of ke~ herconpound. R~ = 0.46 1 S{-40-m> EtQAc With 5
draps CF, COzH). ' H NWR[(CD, 0D): 8 8.°02!%8Qm 8H), 6.79%. 64 (m 2H),
4.67(m 1 H), 4.40 (m HCO 15 (t) J = 6.6 Hz. 2H). 4.15-3.94 (m) 2H),
3.10-2.10 (m 6H), 2. 94 (m 3H), 1.69 (m 2H),1.29 (bs. 10H). 1.050.86
(m 9H). 20 EXAMPLE 35 N Met hoxycar bonyl - Rhodam ne 110 ° From Rhodam ne 110
(600 ng, 1.64 mml), N, N diisopropylethylamne (254 ng, 1.96 nmol) and
met hyl chl orof or mat ~ (201 no ) I (ﬁ?—ﬁgéﬁ descri bed in Exanple 25) was
obtained 28 ng (4.4 % of t i as’ * colorless solid. Ri=0.77
(Et OAc/ Hexane =3:1 ). "H NMR {CBbCl3 8.10 -6.53 (m 9H), 6.35 (d, 3 =
7.2 Hz, 1H}, 3.90 (bs, 2H), 3 :

52
6




0 4 APR 2002 WD 99118856 - 102 EXAMPLE 36 PGI/ US98/ 21231 N Met hyl sul f onyl
- Rhodam ne 110 5 From Rhodam ne 110 (500 ng, 1.36 mmol), NN

di i sopropyl ethyl am ne (211 ng, 1.64 mmol) and net hyl sul fonyl chl or ijdeARRLBT
ng, 1.64 mmol) (as described in Exanple 25) was obtained 42.1 ng (9.4% of
the title compound. "H NVR (CDC1 3): 8 8.02 (d, J = 7.5 Hz, 1H), 7.71-7.62
(m 3H), 7.24y699fmgégn 7H), 3.95 (bs, 2H), 3.18 (s, 3H). 10 ExpgyRidesadizdi N
Acetyl -Rhodam ne 116 From Rhodamne | 16 (458.8 ng, 1.0 nmmol), N, N

di i ~opropyl et hylam ne 15 (129.3 ny, 1.0-®l) and acetic anhydride (122 ny,
1.2 mmol) (as described in Exanpl e 25) was obtained 141 ng (9.4% of the
title conpound- as colorless solid. R .= 0.64 (EtQAc/CHzCl 2 = 2:1). 'H NI\/R

(30 D 8,90 (3, Loy Y Dbyl 0%, 0 oS B T,

D net hyl car baragem Bhp&ammlﬂg&dﬁ{@mmodam ne 110 (1.0 g, 2.73mmol), N, N
dii sopropyl ethylam ne 25 (0.42 g, 3.27 mmol) and di net hyl carbanyl chloride

(0.35 g, 3.27 mol) (as described in Exarrple 25) was obtained 10 ng (1 %
of the title conpound as solid. Rf= 0, lg,' " HNWR (CD30D): b 8.00
(d, J =7.2 Hz, 1 H), 780764{m3ﬁ)3” J=2.1Hz, IH,

-7.21- 6540 (m 6H), 3.03 (s, 6H). 0 4 APR 2002 V\D 991 18856 -103 EXAMPLE 39

NH, 0 NH~-COCH,4
O O CO-Bu-t EDC, pyridine
+
o] EMF
FmocNH” ~CO-H

0
c NH-COCH:
0 morpholine

0 DMF

Fmoc-Asp 'OBu~-t}-NH

(182

0

0 NE-COCH,
O z-ala, EDC

0 pyridine, DMF

o) NH-COCH.
O TFA
————————————(—
0

NiH.~Asp (OBu-t) -NH

OO

2-Ala-Asp (OBu~t)-NH !
2~Ala-Asp-NH l o] ! NH-COCH-,
O



N Hexyl oxycarbor:y! Rirodanmrre-110 PCT/US98/21231 From Rhodani ne- 110,

di i sopropyl ethyl amne (0.24 nL, 2.52 mmol ) and 5 hexyl chl orof ornatyg, Aﬁkggz
m., 1.64 mmol) (as described in Exarrple 25) was obtained the t|tIe conmpoun
as an orange solid (80 ng, 13%. "HNWR (CDC3): 8 7.99 (d, J 6.6, 1 H,
7.67-7.56 (m 2 H), 7.51 (s 1H, 7.14 (d, J =7.5, 1 H), 6. 87 (dd, J =
1.8, 8.7, 1 (s, 1 , 6.66 (d, J =8.7. 1 H, 6.54-6. 'tfs%

6.33 (dd, J @%?9}8@68 7, 1 H) 4.17 (t, J =6.6, 2 H, 3.92 (s, 1%'59 6
(m 2H), 1.34 (br s, 10 6H) 0.91 (t, J-»6.0, 3H. EXAMPLE 40 N

Decyl oxycar bonyl -Rhodam' ne-llO 15 The title conmpound was prepared as
described in Exanple 25. "H NWR (CDCh): 8 7.98 {d, J =7.2, 1 H), 7.67-7.56
(m 2H) 7.51 (s, 1 H, 7.14 (d, J: 6.89-6.87 (m 2H), 6.66 (d,
J=8.4, IH, 6.53-6.49 (m 2H), 29(—"68"'5]3@8 4, 1 H, 4.17 (t. J = 6.6,
2 H, 3.93(s, 2 H, 1.67 (m 2H). 1 27 (br s, 14H) 0.89 (t, J =6.9, 3H.
20 .EXAI t ~PLE 41 N Dodecyl oxycar bonyl - Rhodam ne-110 The title conpound was
prepared as descri bed inngxggpt@@&;)-'ml{N

6.9, 1 H, 7.68-7.57 (m , 7. :
(d) J =8.4, 1 H, 6.89-6.53 (m 4H), 6. 38

8

=6.9, °1H, 6.86
1H, 417 (t, J =

-6.3, 2 H, 3.89s, 2 H, 1.67 (m 2H, 1.2 ' 8H), 0.89 {t, J = 5.7,
3H). 0 4 APR 2002 WD 99/ 18856 PCT/ US98/ 2} (04 EXAMPLE 42 N.

[ Ac- Asp(OBu-t)-G u(OBu-t)-Val - Asp(OBu-t)] - oyoxycar bonyl Rhodam ne- 110
SEQ ID NO:5 . From Ac-Asp(OBu-t)-G u(OBu-t J=vdl - Asp(OBu-t)-OH SEQ ID NO S 5
(263 ng, 0.383 mmol ), EDC (74 ng, 0.39 mmol) and N hexyl oxycar boti yl

Rhodam ne-110 (44 ny, 0.096 mmol) (according tlo Exanple 1 s obt ai ned
the title conpound as_a white solid (30 ng) 2g¢ TYFI'NMT 8 8.99

(d. J =6.9, 1 H. 878 (d, J = 11.7, 1H),850?ép1r}-9hn8fo@ .69 (m 13
M), 4.97-4.01 (m 6 H), 3.08-2.04 (m 12H). 1¥70-1.34 (m 39H). 1.04-0.89
(m 9H). 10 EXAMPLE 43 N

[ Ac- Asp( GBu-1) - § W QB).Yal 3 ASRERUES Ll - decy! gryear bonl_cocy,

O
j TFA

Z-Tyr-Val-Ala-Asp-NH ! 0 ! NH-COCH4
(A



Rhodam nc-110 SEQ ID NO:5 The title conpound was prepared as described in
Exanple 1. "H NVMR 15 (CDCh): 8 9.01-8.76 (m 3H), 8.51 (s, 1H), 8.02-6.69
(m 13H), 4.97-4.01 (m 6 H), 3.08-2.04 (m 12H), 1.70-1.34 (m 47H) APR 2007
1.04-0.88 (m 9H). EXAMPLE 44 N

[ Ac- Asp(OBu-t)-G u(OBu-t)-Val - Asp(OBu-t)J-N -dodecyl oxycar bonyl 20

Rhodam ne- 110yghg)gdss NO: 5 The title conpound was prepared as Y o bR
Exanmple 1. "H NWMR (CDC13): 8 9.01-8.76 (m 3H), 8.51 (s, 1H), 8.02-6.69 (m
13H), 4.97-4.01 (m 6 H), 3.08-2.04 (m -178H), 1.70-1.34 (m 51 H),
1.04-0.88 (m 9H). 0 4 APR 2D02 WO 99/ 18856 PCTNS98l 21231 - 105 EXAMPLE
45 N (Ac Asp-d u-val Asp) |V -1:exyloxycarbonyl-Rrodamne-110 SEQ ID NO S
. 5 From N

[ Ac- Asp( OBu-t) - G u( OBu-t) - Val - Asp( 0BuX4ee fexy! oxycar bony! - Rhodani ne- 110
SEQID NO'S (30 ng, 0.027 mml) and trifluroacetic acid (2 nmL) was obtai ned
the title conpound as a yellow solid (22 ng, 85%. '"HNW (CD, OD): 8 8. |
3-7.32 (m 8H), 7.26 (d, J =161,8 12nvH-doc3 = 8.7, 1 H), 6.83-6.69
(m 2H), 4.72 (m 1 H), 4.44-3.9f 3.11-2.77 (m 10 3H), 2.43 (m
2H), 2.17 (m 2H), 2.03-1.98(m ) (m 2H)) 1.49-1.34 (m 8H),
1.04-0.97 (m 9H). EXAMPLE 46 N Glu- | ~al

Asp) - N - decyJoxycarboi:yl-Rrorl a 0 15 SEQID NO S The title.
conpound was prepared as describedi1n ERanple 45. '"I-i NVR (CD,QD): b
8.13-7.32 (m 8H), 7.26 (d, J = 7.8.’ 1 H) 7.12 (d. J =8.1, 1 H), 6.836.69

(m 2H), 4.72 (m 1H), 4.44-3.99 (m)] ZSP§p(0Bu-t)IGIR(QGRU-E MVaBthsp (B! (m 2H),
2.22-2.10 (m 2H), 2.05-1.98(m 5 H¥,EPE/ Pyc¥dipe@y 1.49-1.26 (m 14H),
1.06 20 0.92 (m 9H). , EXAWPLE 47 N

(Ac- Asp- d u- Val -zAs$) obdi~daxle auexy-garaepydes Rhesiag
title conpound was prepared as described in Exanp
8 8.07-7.08 (m 10H), 6.81-6.68 (m 2H), 4.73 (m
3.26-2.02 (m 12H), 1.73 (m 2H), 1.49-1.29 (m 1

3
@

WDcdER.S _ The
MR 25 (CD, OD):
AN 3.35 (m SH),
1°06-0.92 (m 9H).

l TEFA

Z-Asp~Glu-Val-Asp-NH l Q ! NH-COCH,
S

(¢}



0 4 APR 2002 WO 99! 1885b - 106 EXAMPLE 48 N-(Et hylt hi o) car bonyl - Rhnodam ne
110 PCT/ US98l 21231 5 To the solution of Rhodam ne 110 (500 ng, 1.36 mmol)
di ssolved in dinmethyl formamde (12 nL) at -61 C was added N, N 04 APR 200
di i sopropyl et hyl am ne (264 ng, 2.04 mmol), then ethyl chlorothiol fotmate
(204 nmy, 1.64 mmol) was added dropwi se to the above solution. The reaction
sol uti on vvas“xfjb(-},r;‘ gdgoWM y warmed to roomtenperature and kept pgtrfisodsiaior |
h. It was then Iﬂuted with 100 nL of ice 10 water and extracted with ethyl
acetate (3 x 30 nL). The organi c phase v#s washed with brine (2 x 54 nl)
and it was dried over NazS04 and concentrated to give crude product which
was purified by chromatography (Hexane /| EtOAc 2:1 ), gave 238 ng (42% of
the title conmpound asasolld Rf g’cg% c/Hexane = 1:1 ). ' H NWR

(CDC13): 8 8.0l (d, J = 6.9 Hz, 957 (m 3H), 7.21 (bs, 15 1 H),
7.14 (d, J = 7.2 Hzy 8,(Hgd, J, =84 H. JZ=21H, 1H, 668
(d. 1 H), 6.56-6.50 (i 32 34°(dd, J, = 8.4 Hz, J~=2.1 H, 1 H, 3.0l

(s, 2H, 3.00 (g, J = . 1.36 (t, J
N [Ac- Asp(OBu-t)-d u( QB t)DVaI Asp(OBLI-'E‘f’T XN
(ethyi thio)carbonyl - Rhadanye 110 SEQ | D NO S The tit™e conmpound was
prepared as described in Exarrple 1. Rr = 0.56 (EtOAc/CHzClz = 2:1 ); "H NWR
(CDA'3): 8 9.04-8.46 (m 3H), 8,0I- 6.68(m 11 25 H), 4.93-3.86 (m. 4H),
3.15-1.85 (m 8H), Va3 O8%8-1.33 (m 29H), 1.06 0.98 (m 6H). 0
4 APR 2002 WO 99/ 18856 P SOk 231 - 107 /E>C<OANPLE 8@, pyridine

2

+ Z-NH

7. ﬁ_{;gwsgl-l). EXAMPLE 49 20

DME

- 0 \H/OEt
O O o HBr/AcOH

pyridine, DMF

o OEt
O 2-Gly-Pro, EDC
o}

2-Gly-Pro-Gly-NH

fo) OEt
0 LU
B

p
HBrN#--Gly~Pro-Gly-NH O 0 OEt

Thus, the invention also relates to a method for the preparation of a
compound of Formula VII, comprising ‘
5 (a) reacting Rhodamine with acetic anhydride to give N-acetyl-
Rhodamine;
(b) condensing N-acetyl-Rhodamine together with N-fmoc-L-aspartic
acid B-r-butyl ester to give N-(Fmoc-Asp(OBu-t))-N -acetyl-Rhodamine;
(c) removing the Fmoc group to give N-(Asp(OBu-t))-N '-acetyl-
10 Rhodamine;



N (Ac- Asp-d u-Val - Asp)-N - (ct hyl t hi 0) car bonyl - Rnodam ne 110. SEQ ID NO:5 .
- 5 The title conpound was prepared as described in Exanple 45. ~H NWR
(CD30D): 8 8.12-7.09 (m 11 H), 6.79-6.66 (m 2H), 4.67-3.93 (m 4H) PR 2007
3.08-2.68 (m 6H), 2.38 (m 2H), 2.12 (m 2H), 1.99-1.94 (t, 3H), %é ’H
J =7.5Hz, 3H, 1.04-0.94 (m 6H). 1 o EXAMPLE SI 2,5, 8-Tri oxadecyl

chl or of or mat e ion of triethylene glycol m)norret hyl et hepc 88157 2
nmol) in et he‘rvaggﬂk%%nt) was added dropwi se to a stirred, ice- icszof/g ut| on

of 20% phosgene 15 in toluene {11.36 m_,-78l-.92 Mol ) over 20 mn. The
reaction mxture -as allowed to warmto n and stirring was continued for |
S h. Evaporation of the solvent give 2.63 g (95% of the title conmpound. 'H

NVR (CDCl;): 8 4.44 m 2 , 3.3 m ,68- 3. (m 2H),
3.38 (s, 3H). 20 BXA& e’r\?"(gz’z’égép(fﬁ%%g’ 7 ‘6&@%&%%@“’@8‘% hi'Re 110
Fr om Rhodam ne | | et hyl am ne (317 ,
2.45 mol) andgll‘&ﬂl @@‘%&@g‘?"?ﬁoﬁ y%@%&&@g&ﬁ% 1. %4 nmol )(25 Wang
obt ai ned 261 ng (37(e)9 afentolvingtth¢ OBueioprptzating goup td gd'e MNRZAAB)=Bsp)-N -

( Et CAc/ Hexane = S 8.00 (d, J 66Hz 1H,
7.667.58(m 3rﬂce‘ﬁ%d%@m‘*aOfH)'tngt%‘;(b 1H), 6.88 (d J ='9.0 Hz, 1 H),

6. 65 J=84H 5
3. 93 E s, 2H), 3. 74(a F%mﬁ? M%%%@H}?ﬁag %ﬁh’(&"de iy A G H)
3.37 (bs, 3H). RhodanﬁmAPR 2002 WO 99/ 18856 PCT/ US98121231 ) 106 EXAMPLE 53

N [ Ac- Leu-d u( OBu-t Vat Asp(OBu-t)] N _-ethoxycarhbon Rhodam ne 110 SEQ ID
NO:9 , 5 From Ac-LeiP @ Lﬁ@ElenS@r)gMa@PetAbBb@mnm? “mhsb(ég)“-esg%m))to 8o 1 D

NO: 9, EDC (57. Rhodanm ne 110 (40 ,
0.1 mmol) Eaccgr(gg(ng%f E?é’) )ij "‘?t‘%a aﬁﬁfiﬁ%ﬁg ng (47 % of Ehe {T?tle
conpound as a sol i di) Rf —reﬁxo%ng(ﬂ_ﬁe@B(x &Bctmglgrbub to(gn% INMZ (m}\m)sp) E') 8. 02

7.04 (m 8H)) 6.79-6.93 (m 2H), 4.35 (m 2H),
4.1 1190 (m  1Mj-acewyldRhodaming. = 6.3 Hz), 300265(m 2H)) 230(bs 2 ,

2,00 (m 20 1001, 39 Mok G Eh T R ol OOy et
I'D NO: 9 DEH. VEH, LET, SHV, DEL, DGP, DEP, DGT, DLN. DEE. DSL, DVP, DEA,
DSY, ELP, VED, IEP or IET.
Compounds of Formula V]I also can be prepared using an acyl (alkanoyl)
15 chloride in place of acetic anhydride, such as acetyl chloride. hexanoy! chloride,
octanoyl chloride and decanoyl chloride. Other reagents can be used in place of
acetic anhydride include, but are not limited 10 carbamy! chloride such as
dimethylcarbamy! chloride, diethylcarbamy! chloride and N-methyl-V-
hexylcarbamyl chloride; chloroformate such as methyl chloroformate, ethyl
20 chloroformate, octyl chloroformate, 2-butoxyethyl chloroformate and 2.5,8-
trioxadecy! chloroformate; chlorothiolformate such as methyl chlorothiolformate,
ethyl chlorothiolformate, octyl chlorothiolformate; alkyl, haloalkyl and aralkyl
sulfonyl halides such as methanesulfonyl chloride, octanesulfonyl chioride,
trifluoromethanesulfonyl chloride and tosylchloride. The reaction is carried out in
25 the presence of a base, such as (Et);N, (i-Pr),-NEt or pyridine. The preferred
solvent is DMF. The reaction is generally carried out at room temperature. The
ratio of anhydride or acyl chloride to Rhodamine is about 1:1.
The condensation reaction may be carried out using any conventional
condensing agent that is used for peptide synthesis. In a preferred embodiment,

30 the condensing agent is EDC or EEDQ), and the solvent for the reaction is pyridine



The title conpound was prepared as described in Exanple 45. "H NWMR (CD QD) :

8 8.40-7.05 (m 9H, 6.79-6.63 (m 2H), 4.37 (m 1 H, 4.31 (m 1H) éﬁo
(q, J = 6.9 Hz, 2H)) 4.11 (m 1H), 3.94 (m IH. 3.07-2.68 (m 2H) ! 42APEdl

(m 202H),208(m 2H), 1.99-1.95 (t, 3 H), 1.68-1.48 (m 3 H), 1.31 (t,
J=6.9 H, 3H), 1.04-0.80 (m 12H). EXAVPLE SS N-[Cbz-dQ y- Pro]

-N -et hoxycawqp;%lls dghodam ne 110 25 From Cbz-dy-Pro (91.8 ngpcf),ugggmqgl)
EDC (57.5 nmg, nmol ) and N-et hoxycar bonyl - Rhodam ne 110 (40.2 ng, 0.1

mol ) (accordi nQ to Exarrple 1) was obt-&9red 68 nmg (98 % of the title
compound as a solid. R~ = 0.6 (EtOAc/CHZClZ: 4:1 ). "HNWR (CDA3): S 9.45
(s, 1 H, 8.00 (d, J:72Hz 0 4 APR 2002 WD 99/ 18856

PCT/ US98l 21231 10 6.91 6. 63-6,63 2H) .. 5.6 1 ,
5.11 (s, 2 HOF 4 18"’9% i—‘ii% (@Wf& m’e rPaction i ﬁ&'&’rgipi) EQ’H'S%?“? t%‘S"}'iﬂl) Hé 58
(1H, 3.43 {efﬁgeﬂatd‘!’h. 'I?w49a&o@@orfd@hsﬁ%‘)agen2 18 X-4de8y1-Rifddam#nelB-abo@0Em 3H) ,
1.31 (t, J =6.9 Hz, 3H) 6 EXAMPLE N (dy-Pro)-N -ethoxycarbonyl

~Rhodami ne | 6 theBatio off puMECtéEBBGD) acig @ geptidel to N-acetylgRbedamtingfpr A8, 00
(bs, 1 H). 2 ?2.32-7.15 3H), 6.95-6.8? (m 2H). 4.64(m
1 H), 4.23 (q?Asj,Zoﬁ ‘érﬂﬁz" FQXBRQPG?‘”’“%‘C b%’%i . 3.68 (m 2H), 2.35-2.05
(m_4&), 1.33 (t, @omidhsiAbl N-é%'éQ)A REMM%E %ut?: Ja Iﬁ%gsmie Cﬁh'cﬁraé hy.Qhixgr mat e 15
A sol ution of 1-hexanet hi 6l ) g, i'n ether (1~ nL) was added
dr opwi se to aAsp(OBwet] to gn\mde(AAé,pAsp(QBu t))-NZ@%t]thbcgiarmne m & ohestep (25

m., 47 mmol) over 20 mn. Thgz reaﬁtlon xture wag al LFOWEd tQ,warm 0 room
terrperature affacean 5 Prﬁj’cfﬁﬁg FEPREPRGed 88 GRRPUN 3t PEKisies o vent

ng;/,e 8_ ég (288?%@1-‘:%@ %&'\g &Hl{z%?%%g be %@I\ﬁ{ég(\g&h dny"péptiie! & ottdd strudtufét k- 24 (M
the preparation of fluorogenic or fluorescent compounds which are substrates for
10 proteases or peptidases.

In principle. compounds of Formula VII also can be prepared by first
condensing a peptide with a Rhodamine to give N-peptide-Rhodamine, then
reacting the N-peptide-Rhodamine with acetyl anhydride or other acylating
reagent fo give for example, N-acetyl-N -peptide-Rhodamine. However, a)

15 peptides in general are much more expensive than acyl chlorides or anhydrides, b)
the condensation reaction between peptide and Rhodamine is not an efficient
reaction. For these reasons it is preferred to attach the peptide to N-acetyl-
Rhodamine rather than attach the acyl group to N-peptide-Rhodamine.

In one aspect. the invention relates to a method for determining whether a

2v test substance has an effect on an enzyme involved in the apoptosis cascade in a
test cell, comprising

(a) contacting the test cell with the test substance and the reporter
compound according to the invention under conditions whereby the test substance
either interacts with an external membrane receptor of the cell or is taken into the

25 cell and the reporter compound is taken into the cell, and

(v) recording the fluorescence of the test cell, wherein a change in
fluorescence, either of magnitude or of wavelength, within the test cell compared
to said control cell which has only been contacted with the reporter compound and
not with the test substance, is an indication that said test substance has an effect

30 on said enzyme.



N (Hexyl t hi o) car bonyl - Rhodam ne 110 . 25 The title conpound was prepared
according to Exanple 25. R~ = 0.8 ' (Et OAc/ Hexane = 1:1). 'H NVR (C?Zl%m iah
8.00 (d, J =7.2 Hz, 1H), 7.65-7.58 (m 3H), 7.24 (bs, 1 : 714( I—|)z
6.87 (dd, 1 H), 6.68-6.32 (m 4H), 3.92 (bs, 2H), 2.99(t, J 6.9 Hz,

1.68 (m 2H), 1.42 (m 2H), 1.34- 1.26 (m 4H), 0.90 (t, J = 7 2 Hz, 3H)

0 4 APR 2002 W§oHPsd856 - 110 EXAWPLE 59 2-Butoxyetlryl Crl 19{,@@)@53@
PCT/ US98/ 21 231 From 2- but oxyet hanol (3.72 g, 31.5 mmol) and 20% phosgene in
toluene - S (25 nmL, 47 mvol) was obtaineg04.51 g (79% of the title
conpound. "H NWMR (CDC13): 8 4.46 (t, 2H), 3.70 (m 2H), 3.51 (t, J = 6.6
Hz, 2H), 1.56 (m 2H), 1.40 (m 2H), 0.94 (t, J = 6.9 Hz, 3H). EXAMPLE 60

10 N ( 2- But oxyet hoxycarh ne 110 The title compaund was repared
according to Exarrpifée FEshie)s 0913‘6“@%5’ &A% belc%“?a"’ r\ﬁ)ﬁ Eﬂ%

8. 00 (d J = ébtainkd with tbﬁhcox?xg@@nd% vé'lﬂcl( Be lé’n'd)mtz aﬁéct(éﬁzylies-m@oﬁ/eﬁzn tHeH)
6.89-6.32 (m 6H), 4.3 , 3.91 (bs, 2H), m 2H), 3.50 (t, J
= 6.6 Hz), 1. Bgomcmls @lsgadeln %lscmemts: a(m®3ur(2t0f thb mlamvee ctivehyss OERRVPLE 61
N [ Cobz- Asp(OE Etho grpo | - Rhodam ne 20 110
Seq 10 NG S 57, SRR (CqmRAcLE, et 3 be A RTISRAPYD RO 8 g,

0. 1), ED{;,hq ny (40
ny, g\go nmol ) (a‘?%@%ﬁﬁ’éz’?’éé l%%deﬁg%e\?g&tp m&ﬁfﬁgéj& Acﬂﬁ%%ﬂgﬁr%ﬁe
title direct or indirect mechanisms, of enzymes involved in the apoptosis cascade

include but are not limited to known chemotherapeutic agents, such as etoposide
(Yoon HIJ, Choi 1Y, Kang MR, Kim SS, Muller MT, Spitzner JR. Chung IK
(1998), Biochim Biophys Acta 1395:110-120) and doxorubicin (Gamen S, Anel A,
10 Lasierra P, Alava MA, Martinez-Lorenzo MJ, Pineiro A, Naval J (1997), FEBS
Lett 417:360-364) which are topoisomerase II inhibitors; cisplatin (Maldonado V.
Melendez-Zajgla J, Ortega A (1997), Mutat Res 381:67-75); chlorambucil
(Hickman JA. (1992), Cancer Metastasis Rev. 11:121-139) which is an alkylating
agent; and fluorouracil, an RNA/DNA anti-metabolite (Hickman JA. (1992,
15 Cancer Metastasis Rev. 11:121-139). These activators of apoptosis also can be
used to induce apoptosis when screening for inhibitor of apoptosis in whole cells.
Inactivators, either by direct or indirect mechanisms. of enzymes involved in the
apoptosis cascade include but are not limited to endogenous proteins including
Bel-2 (Joensuu H, Pylkkanen L, Toikkanen S (1994), Am. J. Pathol. 5:1191-
2y 1198), the viral produced agent p35 (Miller LK (1997), J. Cell Physiol. 173:178-
182) and the synthetic caspase inhibitor Z-VAD-FMK (An S, Knox KA (1996),
FEBS Lett. 386:115-122). .
In particular, the invention relates to the use of the reporter compounds
having Formulae I-II1, V, VII and VIII in whole-cell assays, using whole cells or
25 tissue samples which have been induced to undergo apoptosis, to screen for
compounds that inhibit either directly or indirectly an enzyme or enzymes
involved in apoptosis (programmed cell death). These screening assays using
compounds having Formulae I-III, V, VII and VIII are expected to lead to

discovery of new drugs or new uses for known drugs that slow or block cell death



25 compound as a solid. Kf OQAc/ CH2C12 = 4:1 ), ' H NWR (CDCh): 8

= 3(

9.00 (bs, 1 H, 876 (d, 1 H, 8.43 (bs, 1 H, 814690(m 1 OH),
6.80-6.62 (m 2H), 5.1 3.8 (m 6H), 3.2-2.0 (m 11H), 1.35-1.22 (nf4 LPRYO0
1.12-0.84 (m 7H). 0 4 APR 2002 WO 991 18856 PCTNS98121231 - 111 EXAMPLE
& N [Ac-Leu-EF u(OBu-t)-Val -Asp(OBu-t)]-N =octyl oxycar bonyl - Rnodam ne 110
SEQ I D NO: 9 Swhyankdsk! € conpound was prepared according to Exapgfpsdsmitdi =
0.65 (EtQAc/CHz(I2 = 1:1 ), "HNWR (CD30D): 8 8.02-7.04 (m SH), 6.79-6.93
(m 2H), 6.20 (bs, 1 H, 4.95 (bs, 1 H) -8-52-4.20 (m SH), 3.15-2.00 (m
9H), 1.68 (m 2H), 1.48 (s, 9H), 1.45 (s, 9H), 1.41-1.29 (m 12H),
1.18-0.88 (m 15H). 10 EXAMPLE 63 N (Z-dy)-N -et hoxycar bonyl - Rhodam nc 110

F Z-d 284 , ¢12356 .. EDC 0 .

N et hoxycar bon1d AT AfFARREY TPRtions o whiEs o5 o1 0T TR & Biteon e 15
1) was obtai ngdadshRclrst | € conmpound (70 ng, 83% as a solid. "H NWR
(CDC13): 8 8.95 (bs, 1 H, 7.98 (s, 2H), 7.53 (m 8H), 7.30 (s, 5H), 7.05
(m 2H), 6.63 (dd, Mrwm&rmomunds—mvmﬁ:osnl(lse I-ZHDV Il ong ¢y 1I12and te7. 5

Hz 1.27 (t,

Glil N - et hgxyc%?F%BWlasﬁé{B&ﬁWrPéesfP'o‘“ii%}“%ﬁé“ br uped o ddemitn s g redisf ed

"accordksng to {'(%t Rell ddathMB thelXekvbus Ij?stgm‘l(})rélgssplﬁal"gord 9a1%p};ér$phe;al H .
8.04 (m 1 H, 7.62 (m 3H). 7.33 (m 2

6.74 (m 2H), mr%ls( gystéhh), uhdé. Ypriods IBnditiongHyf Jﬂcx@x@&nﬂ{zpcxtot@umy}\PR
2002 WO 99/1 8856

(2-Gly- Pro- G yPEREnE He 9L APHERY Tosibissheria dug i prokeaad globahissherpiadhie
Z- G yci ne- Prol i,ngrdifl 2r&®: The reBRRL Jassa5PCad also D6 J¥Bd td- idbd i RSthpounds

that reduce or prevent cell death in the nervous system due to traumatic injury

10 (such as head trauma or spinal cord injury), viral infection or radiation-induced
nerve cell death (for example, as a side-effect of cancer radiotherapy) or
environmental toxicity (e.g. by certain halogenated hydrocarbon). The screening
assays can also be used to identify cell death inhibitors which are useful to reduce
or prevent cell death in a range of neurodegenerative disorders, including but not

15 limited to Alzheimer’s disease, Huntington's Disease, Parkinson’s Disease,
multiple sclerosis, amyotrophic lateral sclerosis, and spinobulbar atrophy.

The screening assays of this invention can be used to identify compounds
that prevent cell death in any condition which potentially results in the death of
cardiac muscle. This includes myocardial infarction, congestive heart failure and

20 cardiomyopathy. One particular application of the screening assay is to identify
compounds which reduce or prevent myocardial cell death that occurs in certain
viral infections of the heart.

The screening assays of the invention can be used to identify compounds
which prevent cell death of retinal neurons that occurs in disorders associated with

25 increased intraocular pressure (such as glaucoma) or retinal disorders associated
with the aging process (such as age-related macular degeneration). The assays
can also be used to identify compounds which treat hereditary degenerative
disorders of the retina, such as retinitis pigmentosa.

The screening assays of the invention can also be used to identify cell

30 death inhibitors that can be used to reduce or prevent premature death of cells in



S and N @ y-N -ethoxycarbonyl - Rnodam ne 110 (50 ng, 0.103 nmol) (according
to Exanple 1 ) was obtained the title conmpound (70 ng, 96% as a pale
yell ow color solid. ' HNW (CDCl,): 8 8.97 (bs, 1 H, 7.94 (d, 1 J@K@
Hz), 7.77 (d, 1H, J=15 Hz), 7.52 (m 4H), 7.32 (s, SH), 7.22 (m 2 187
(m 2H), 6.64 (m 1 H), 592. (bs, 2H), 5.78 (bs, 1 H, 5.57 (bs, 1 H),

5.09 (s, 2 4.74 10 2H), 4.16 2H), 3. ,
3. 46 Efn 1FDH)W6f9’§%JGFn) 1.26 (m(g]H).l_DEXAIVPLE gg] N (H)Gy P%{m@ff}Zﬂ

=Et hoxycar bonyl - Rhnodam ne 110 HBr 15 'H-B®R (CD30D): b 8.02 (d, 1H, J=7.8
Hz), 7.71 (m 3H), 7.28 (m 2H), 7.19 (m 1 H, 7.01 (m 1 H,6.71 (m 2H),
4.48 (m 1 H), 4.19 (q, 2H, J=7.2 Hz), 4.D5 (m 2H), 394(m2|—|) 3.61 (m
2H). 2.12

2H 212 (M Gt SRkt s it il MRS b Whidge o
di et hyl ether LﬁEquQnV‘@'@atﬁ%d%nﬁBQS%Té?en(:¥ Hl@&d@ﬂs; 5%0193asMa§<9.{1#éH' SAmiufe

tol uene) and N hexyl net hylTam ne he reaction m xture
was al | owed t dlefisientyusyndro@6 GAIRS), Fefeu pombmeétmnmsd: dcﬁtﬁa@yf syndtemb. The

XL MBS T B A BB LSS TR Mnder, wecuu, T odue
e LR s A et (
met hyl car bany|supptiessi@ni ne 110 PCTl US98121231

The screening assays of the invention can also be used to identify drugs
useful in organ transplantation procedures. Transplantation of human organs and
tissues is a common treatment for organ failure. However, during the

10 transplantation process, the donor organ or tissue is at risk for cell death since it is
deprived of its normal blood supply prior to being implanted in the host. This
ischemic state can be treated with cell death inhibitors by infusion into the donor
organ or tissue, or by direct addition of the cell death inhibitors to the organ/tissue
storage xﬁedium. Such cell death inhibitors can be identified using the screening

15 assays described in this invention. Cell death inhibitors may also be used to
reduce or prevent cell death in the donor organ/tissue after it has been transplanted
to protect it from the effects of host immune cells which kill their targets by
triggering apoptosis. The screening assays described in this invention can be used
to identify cell death inhibitors useful in protecting transplanted organs from

20 rejection. The cytoprotective effects of cell death inhibitors can also be used to
prevent the death of human or animal sperm and eggs used in in virro fertilization
procedures. These inhibitors can be used during the harvesting process and can
also be included in the storage medium. Cell death inhibitors useful for
application in fertilization procedures can be identified using the screening assay

25 methods described in this invention.

Mammalian cell lines and yeast cells are commonly used to produce large
amounts of recombinant proteins (such as antjibodies, enzymes or hormones) for
industrial or medicinal use. The lifespan of some of these cell lines is limited due
to growth conditions, the nature of the recombinant molecule being expressed

30 (some are toxic) and other unknown factors. The lifespans of industrial cell lines



To a solution of Rhodamine 110 (0.5 g, 1.36 mmol) in DVMF (15 m) at - 5 61C
was added N, N diisopropylethylamne (0.25 nml) and N hexyl-N net hyIc
chloride in DM (2.05 mmol ). The reaction m xture was stirred at @ R(ZU?
| h, then was allowed to warmup to rt. The reaction m xture was further
stirred at rt for 14 h, and then was partitioned between aqueous saturated

NHAC1 sol uti gigoasyseses hyl acetate (2 x 50 ml). The organi c sol gigramsesansi
washed 10 with brine ( 100 m ), and dried over Na, SO, . The sol vent was

renoved and the crude product was purif-i8d by flash chromat ography (hexane
: EtOAc, 1:1 ). The title conpound (115 ng, 18% was obtained as a solid.
'HNI\/R(CDC13) b 7.97 (d, 1 H J=7.2 Hz), 7.59 (m 3H), 7.12 (d, 1 H,

6. 48 (da ' 2ty il Gueriett pymlhlingloch ifat, isfitihed §ipeTio e’ EfE)
2H), 3.33 (t, dedth inhilfitdds kigeful i e¥er(ding ) life Jspad of reell 2hles cdn 356 1dmu%ld) 0. 88

(t,, 3H J=6.6 Hz). 0 4 APR 2002 WO 99/18856 - 114 EXAI Vf PLE 69
PCT/ US98/ 21 234Sing thesergruing agsas prrsaduresgeserabadia this cnvsntions ¢t e corrpound was

oy 7 80 (o THE et verfife naghlih phkidsdre fragly g Theid 57,5,
Hz), 8.64 (d, solndtevidetigethdveer, @aa‘i&a{r(iﬁlhcl%fﬂegréss%xﬂ(ref%rr&d Wz ds cdhagkh) hilg, 1 H,

J84)24H2L397(bs QZQSmZH) 1.67 (m 2H), 1.29 (m- 10H).
0.88 (t egug aHigast patighionteelapontosis.  Therefore, it is possible that cell death

N[Z-dyj-N - -110 The titl d d
acE:ordi %Jg to @;é%? be HS#\/QR%& %&m n)[% th e |(§l§eto(1:o 0%‘51[‘/:05} eg P’r? Pare
7.5 1 H. 7. 0fhfink/ t(u'in né’t"')hmxfdegto( ﬁ)alelpdﬁ)em GbJQnefst,radlangm@uceZl Sr 2H .

5. 57 (s, 1H). S.16 (s, 1H), 6 (s, 2H), 4.18 (t, 6.6, 2H), 4.01 (d, J
5 7, 1 H), Qheaa)tl(lqapx}llﬁuadﬂualme)ss, and Dair(lbss dye etmi)t;onel 8es6.t There=is6. 9

conpol nd vs. FFBRER JAPORAY TOY ArRPL B1he [HSRRRCIstoin) hogFgtes i Elf )
> ilg(dé H?] s é)?)@ﬂﬁlg’thal cgll la_ga‘%h ga-néﬂogs gan%@stJ%eéiﬂ I—%_%% %%eg?zlp?éna(tﬁ% SH) be
1H), 4.20 (t, grhying6of@he Bzhh ,CeBl. dath imhib2bbs, uséful 4n (reatingHr,prdventing h3v 1¢sr m
|1?5_|) E())(Asl\a/gL(Et ?Qéra;'mGg gf th?é air cal? bﬂ: 1%epx1~tlﬁze(c)101§slr\1/\go t}?eglsé'ggn?r?g Escs:;g; %Srgc?e/d%%ezssj' )
described in this invention.
15 The death of skin epithelial cells can occur after exposure to high levels of
radiation, heat or chemicals. It is possible that cell death inhibitors can be used to
reduce or prevent this type of skin damage. In one particular application, cell
death inhibitors can be applied in an ointment to treat acute over-exposure to the
sun and to prevent blistering and peeling of the skin. Cell death inhibitors useful
20 in treating or preventing death of skin cells can be identified using the screening
assay procedures described in this invention.
Another important aspect of the present invention is use of the reporter
compounds having Formulae I-III, V, VII and VIII in whole-cell assays using live
or dead whole cells or tissue samples to screen for compounds that stimulate,
25 either directly or indirectly, an enzyme or enzymes involved in apopltosis.
Therefore, these screening assays using compounds having Formulae I-II], V, VII
and VIII are expected to lead to discovery of new drugs or new uses for known
drugs that act as anti-cancer agents in diseases such as cancers, tumors and cell

hyperplasias etc. Compounds that may be found using the screening assays and

30 reagents described herein are useful for treatment of cancers, tumors or tissue



Fl uorescence and Stability of N Acetyl R :odamne Il D Conpared to

Rl rodan:ine 110 5 The activities of Rhodam ne 110 and N- acetyl - Rhnodam ne
110 _ as fluorescent noieties for synthetic substrates were neasur(d APRI08?
fluoronmetric assay. The fluorescent signal is read in a spectrofl uoroneter
or in a fluoronmetric mcrotiter plate reader at excitation wavel ength of
485 and em s§i,Q9qpass Using this assay, the relative fluorescegrayakds:
wer e determ ned ?or the two fluorescent 10 noieties. Fluorescence was
measured using the follow ng buffer condg4d ons: 100 mM HEPES pH 7.~, with
10% sucrose, 1% CHAPS. 5 nmM gl ut at hi one, and 1200 nM test conpound. The
assay for stability was typically carried out at 37C for 3 days. 1 S The

tio of fl t. si gnal 1Q. 2. (Rhodami ne 110/ N- | Rh ine 110
e zer o hrergtas e R ndi SR GBI OmRe e hiatn. BT RE Lo
that simlar LovRROAMRMEeYEl Qar, 6 mbuRNBAaR! 'ﬂét}llélobﬁag%s.slxﬁ%kgxg@r}ﬂgd

efficient fluorescent indicator. 20 EXAVMPLE /73’ Fl uorescence of
Rl r odani ne DybloodVbltiofli weksédotomd mearchye slymphe nedeal uhyreds, uspleey, botnhune

conventi onal 25 spectronetry and spectrofl uoronetry. For. both types of
Cralyoi 5 the Byt BN HOUEHJBoInA B GRnFEEh dRAPe B8R HSEE. f ( nal
dye c@ncentrat. i @Lbssag e spectrum
from &/avel eng%‘wgg%qu@ggﬂE%ré({)&%%&ﬁ%ﬁévéa@ %%@gg%nrﬁsea’\go or gggﬁﬁdye using a

Beckman DU- 7000 spaabthepimpertant aspeciTof tidymesenl inveadom s thebssacsl fepaka at
around 470 to 480 nm 30 This wavel eng\t}h was chosen as the fluorescence
4

excitati on wavenpagdn haniae armujae 131, 2V,ABH sy 1ihon ggholegel asways usg/ 71231
- 116 fluoresg 1SS t ' US| ' i F-2000
speot r of | or ofgicad Tl SNSRIl LB o P hBGH o 210
the fl uorescenhti-Badigrid] dn@s thRaRt bR thdudliR! ekifte dreaull bi dFedds tidcdspar Tabl e
1 ). 5 Table 3. Fluorescence oj Modi fi ed Rhodam ne Dyes

Test BOak Peak c 63fcadernaOifies enzymes involved in apoptosis in those cells.

Sol vent Exci t ati onEmi_ssi onSi nala(sEr\%V\?ﬁEI.en hwavel eng%hA i tudeN- 1MeOHA705
2085000t y1 oxycar bofPIEn SSHARLASESH R N RUSTUSR T OHGF 5 FEATIES S9DE0H ke

' Rhodam ne 11QNNikd IFoxvGRE Qomy v, 1911 sABIAR0RO Adnitfh aftaHeipedidORMREGAME
1100. 01Tri s490520284N- 1MeOH475520827Decyl oxycar bonyl - Rhodam ne |

10N- Dodecy! oxytesmpoutidVagkins @5 20640ans \ziWnothapatentd with the aim of reducing,

10N- Hexyl oxycar bon: 0. 1NECH4655§‘8. 109yl - Rhodam ne ..

110N- ( Et hyl t hPE)YEHMSAT-HERiRg malagBs 3 YAl APopIoHE Sl Agath is either a cause or a
110~Ns( Hexyl t hisgpcar - 1IMeOH490530650bony| - Rhodam nel10N- 1MeOH470520471( Cet yl
t hi o) car bonyl - Rhodam ne

110N- ( 2- But oxyet hoAnpthel impetEmd 26204 3f drebpraydnt Rveddon me fol O8¢- (He, 18p8rdrTr i S485
5202841t ri oxadecyl oxy) car - bonyl - Rhogdam nellQN- Acetyl - 1Tr | 34705306% odam n
e 116N Net hy| SPMPFR bevingshsBuingdgs i SeFarR A ML Protgase inpRiwom

991 18856

infected cells, comprising
(a) contacting the test cell with the test substance and the reponer
20 compound according to the invention under conditions whereby the test substance
either interacts with an external membrane receptor or is taken into said cell and
the reporter compound is taken into the cell. and
(b) recording the fluorescence of the test cell, wherein a change in
fluorescence, either of magnitude or of wavelength, within the test cell compared
25 to a control cell which has only been contacted with the reporter compound and
not with the test substance, is an indication that said test substance has an
inhibiting effect on the HIV protease.
Yet another important aspect of the present invention is to use the reporter

compounds having Formulae IX to diagnose HIV infection, comprising
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N- Di met hyl car banyl - 0. 1Tri s490520446Rhodam ne- 110N- ( N- Hexyl - N- 1Tr i S§7OEER02146
6nmet hyl car banyl ) - Rhodam ne- 110 EXAMPLE 74 5 Upt ake and Rete~:tion h 002
Modi fi ed Rhodam ne Dyes by HL-60 Cells HL-60 cells were placed in 5 m of

| scove's nmedi um (w t hout serum or phenol -red) containing 10 pMor 50 pM
N-oct yl oxycanpgyigsshodam ne 110, Ndecyl oxycar bonyl - Rnodam ne-pkiaysoblzi231
dodecyl oxycar bonyl - Rhodam ne- 110, N 10 hexyl oxycar bonyl - Rhodam ne-1| 10,

N- (et hyl t hi o) car bonyl - Rhodam ne | 10 or RBfdam ne 110. The cells were

i ncubated for varying times at 37C in a CUZ i ncubator) recovered by
centrifugation, and washed in 50 nL of ice-cold nmedium The cells were

re-centrifuged and the final .pelle resu h

medi um Al i quots of( )eacﬁoﬁtgf?rp%ﬁgeﬁéﬁé?grﬂ b‘i“g‘&agauspﬁﬁﬁ? ont'r(L)hs?IV'in el_slﬁznd 1S
viewed on a NijkReisMWRh tiftrefbridredapRendvhddordind {d HMeiR&nabA uhddrttniiondn. As
shown in Figs. 1 A-1 F, N octyl oxycarbonyl - Rnodam ne 110 (Fig. 1 A, N

decyl oxycar bonylllerﬁ)’dbampneellcp@lp(oﬁn@)ls take®) intogthel cell, dodiecyl oxycar bonyl
Rhodamine 1 1 0 (Fi g I ahﬂe%ﬂ-‘HL 60 cel I}s] it%ie and t{}\ere was

al nost no | eakage )thée % THIREESEETGE Of thy ’ox b 8nS1 R dlani ne
I 10 (&1 9. 20 fydidscacal élﬁfér St mebhifklo? ok’%@elbﬁ‘étﬁn@ﬁﬁm th@’k@st tdll ¥afpakd | |

wel | -retained. N - (Ethylthio)carbonyl - Rnodan ne 0 (Fi 1 E) gave

moder at e, but teta dolntrehsalll whidbtiecoraddited withithé raported ¢dmmgmd1 Iseancindecatioh i ght

i okl | oakedMBRAIFsteRl tRebiEa g 1Y Mt et E LY YRS P 1l ar

st ai ni ng and of fluorescence in the nedium 25 containing the
cells. Theref nglcQ?r@&%qog{sfl ed Rhodam ne dyes are superior to Rhodam ne 110

since they are readipplyingklersadfe frycddurcSfor tled deseening IV ptoddase chhibitdrs n t he
cells for at least 30 m nutes. 0 4 APR 2002 WD 99] 18856 - 118 EXAMPLE 75
Enzymb®i c Act i 0iHhy Bfectedecetisntbe repastsr pempeussis hzying Formuladdt pf thei migsest N

(N-Z( \Z/D?:)E\N/D) aﬁet‘ég%’ﬁ%ﬁ%@bgg‘%édﬁg s_ﬁ%(‘xé’gé’b‘{i%\ &%§%Bﬁ>'\%a¥é RSP Gadtirus

(Z- YVAD) - N- acelh?dcteﬂih@dlll&m Mhe lréPortdrQdbpNAdL ha(idg VAGmulROU @il the présenand
(Z-YVAD), - Rhodam ne 110 SEQ ID NO: 2 as synthetic substrates for reconbi nant
CPP32 and | CE ijs¢nsiopebspugandbe ysed 1o see rhea)eérszrynléx as%ytypﬁéc(&iﬂo\(ﬂant

CPP32 t
encodi Ir[:zgot ﬁ;gﬁgﬁ%ﬁfﬁg@% ﬁ‘sé‘i\@is\rﬁd{’@ ’Fﬁle(rse\p J‘%Zﬁs “Bgi ﬁlao 6a%u$g§| rus
as thesvect or. use@e scY¥RFor Minftn @&orﬁégalovn@é PHEMV Phrohsd A iboRSinUSC ROV

reconbi nant Bacul ovirus,"” Techni'ques 2:173-188 ( 1990). C eavage of the
synt hetic subsmfeateés:elj;', tbrsereemimmpaaemrltmusrﬂ-ﬁ:\ﬂ protease nhibigirg maHGMi ch i s

o D2 SPe Lol STELeL Of Wyl OEOTEL b JLCratl] o PLALS feacer
substrate wi t hygé.bhedihibhRS dmMopbStitase (MetAP-2) inhibitors in endothelial cells.
Additionally, using the same procedure for the diagnostics of HIV
20 infection. the reporter compounds having Formula IX of the present invention
also can be used to diagnose adenovirus, herpes simplex virus type-1, human
cytomegalovirus and hepatitis C virus.
Compositions within the scope of this invention include all compositions
wherein the fluorogenic or fluorescent compounds of the present invention are
25 contained in an amount which are effective to achieve its intended purpose.
While amounts may vary from assay to assay, determination of optimal ranges of
effective amounts of each component is within the skill of the art. Typically, the
fluorogenic or fluorescent substrate compounds may be applied to cells or cell
lines from mammals, e.g. humans, or other animals by incubating the cells or

30 tissues containing the cells with the fluorogenic or fluorescent substrate at a



CPP32 and | CE dependent substrate cl eavage was neasured using the foll ow ng
buffer conditions: 100 mM HEPES pH 7.5, with 10% sucrose, | CHAPS, 5 mM

gl ut at hi one, and 1-100 uMtest substrate. Nonspecific enzyne cleavaé ARRS((?
determned with the use of the specific CPP32 and I CE inhibitors 20
consisted of an oligoner with the sequence Asp-Q u-Val - Asp or

Tyr-Val - Al aAsp, respectively, with an al dehyde group conjugated to the
C-term nus. Weommsssy for enzyne activity was typically carri #€Taisos12387C
for 60 mnutes. Table 4 lists the Kmand Vm ~ values for N

(Z-VD)-N -acetyl - Rhodam ne 110, N-(Z-VAD$6N -acetyl - Rhodani ne 110,

N- (Z- DEVD) - N - acetyl - Rnodam ne 25 110 SEQ ID NGO S, N

(Z-YVAD) - N -acetyl -Rhodam ne 110 SEQ ID NO 2, (Z VAD)i - Rhodam ne 110 and
(Z- YVAD) ~- Rho@?ﬁ@eﬂﬁati&poﬁ%guf @OMél?orﬁtﬂatSféb%Bﬁ@f BoldrObr &TERAVAR dnidant 0 4
APR 2002 WD 99/ 18856 Pcz' ~rs9sn m - 119 Table 4. C eavage of Substrate by
CPP32 and | CE ofnazsalter @rai8gont«timtleculenthersof ivranphyskiidgi¢ailypt dmpatible Buffyr.

|/niin) N (Z-YD).-.'~'-Ac-Rhodanmine 110 60 11 o
(Nn(m% VRIDI) ) ?\I - &f&‘%&%ﬁ% 'ﬁ%‘“iﬂéelmgﬁgmxﬂnﬁ r’eezl-laégmcxw%kcf%ﬂs@%ﬁ% deiyed 154

160 12 9 SEQ | Diedy i | oL EQyit NO: 2
_(Z- VAD) ~- thdgf%%lepcﬂ%b‘?{{lg ¥ %@NQ@) = Rho agweﬁ’e&%fg%@%eéﬁﬁ’;isgéﬁgb NO: 2
NA = o act i vikhgwoksiilwethcabatibn bhbers-ddubdi hsbhvetisotoRi¢ Goluliohs bnffefedtwitin The

results shown in Table 4 show that N (Z-DEVD)-N -acetvl Rhodam ne 110 SEQ
ID NO'S is an céhér Rhosphate op$tERSe Qnsr obeidinarioskidlni themsb candsatiSh gHKT i

a0 ) g 58 B 500 Sl S e Lo
(ZYVAD) < N - acekeil o siyrorgh CorSbigah By din2ior (i) 7 Resadels nefiddOpand

(Z-YVAD), - Rhodam ne 110 SEQ ID NO:2 are efficient substrates for |ICE and 10
not for CPP32.m@ERARPLE soeeening assaysvanws dhalGovldabe usfguinstreating sapoptosis-

Reconpi nant Hunrart spase-3 aril b totic HL-60 Il Lysates. 15 The
caspalh " eubst MREYIRIRAETE B deitpribedh AR Mebp ittt Ter AR FOURT oo
prepared fromaRerirdtiién L?@Qt 6fd Ibdne H%aﬁ&sﬁi_{xﬁux‘{\?Ef‘st&ﬁrdibcﬁder@%axﬁkrs?ﬂc 0
4 APR 2002 WD 99118856 P US98l 21231 - 120 1n 96-well plates in a 100 ~L

i ncubat i on corumbmsiang tiSMehyperpfasiaasisase- 3

Suitable solubilizers may be used for presenting the fluorogenic or
fluorescent compounds of the present invention to tissues, cells or cell lines.
15 Suitable solubilizers include aqueous solutions of the active compounds in water-
soluble form, for example, water-soluble salts and alkaline solutions. In addition,
suspensions of the compounds as appropriate oily suspensions may be presented
to the cells or tissues. Suitable lipophilic solvents or vehicles include fatty oils,
for example, sesame oil, or synthetic faity acid esters, for example, ethy! oleate or
20 triglycerides or polyethylene glycol-400 (the compounds are soluble in PEG-400)
or dimethylsulfoxide (DMSO) or another suitable solubilizer. Optionally, the
suspension or solution may also contain stabilizers. Optionally, electroporation or
presentation of the reporter molecules in liposomes or detergents may be used to
enhance the cell permeability of the fluorogenic or fluorescent reporter molecules.
25 Typically, the cells are contacted with the reporter compounds of the
invention and the test substance for about 30 minutes to about 5 hours, most
preferably, about 1 hour.
The invention also relates to the pro-reporter derivatives of the compounds
of the invention. Such pro-reporter derivatives include compounds which are

30 cleaved in situ by endogenous enzymes to give the compounds of Formulae I-H1I,



preparation or cell lysate, 10 p,Mor 50 pMof the substrate, and caspase
assay buffer (40 nM 1, 4-pi perazi nebi s(et hansul foni ¢ acid) (Pl PESy,APpaNiih
Chem cal Conpany) pH 7.2; 100 mM NaCl; 10% sucrose; 0.1 % CHAPS; 1 nM EDTA;
10 S "M DTT). At the end of the i ncubat i on peri od, the fluorescence was
measured on a Bi o- Tek FL500 fl uorescence mcroplate reader using excitation
and em ssi on wavel engths of 485 and 530 nm respectively. Two different
control s wer &vQ 9311888 ) an enzyne bl ank consi sti ng of sanpl es PEREHIBRIF!
substrate, but w thout enzyne or cell 29 2) an inhibitor control,

consi sting of sanples which contained th 10 caspase inhibitor. Ac-DEVD CHO
(f.c., 10itM. Table 5 is a sunmary of the results obtained with these
substrates. Table 5. O eavage of Substrate by Caspase-3 and Lysates

Cl eavage byd cavage WY-@WSUM%P%%%B@@@%thb Gnclude lower alkyl esters of

Lysat esN Z- VD- N - et hoxycar bony]|

~Poor Poor N- Z- Dmhpxw-cmtmmgcmmonwd Resid®sod@o@sEsn Pnd Glu.  Especially
NO-SN- Z- EVD-N - e ho car bo

Fai t Fa N Ao TERTSA P GTSRORUL AT DOy PS. Feplise b6 JReththegiess 0d acetoxymethy)

NO: SN- Ac- DEVD-(NMp&sters XX SRR Gih-cBii ID

.NO. SN- Ac- DEVD- N -'hexyl oxycar bonyl - RL10GoodGoodSEQ | D

NO. SN-3c- DEVD- N - (e'flttylfcblmvoylgamdampid R&m&m@@eﬁ@ﬁ@& of I\ﬁeamysntm shown in

Fi 2A, | f the di ptid bst
ot Poxronr bony | mEseyane b avEs A iranes 900, PO ShAEIss Paohehdn aPox?te%mi hant

caspase-3 (a 5;‘3[)3 ahd txgiu%é‘t The 23] ﬂﬁs Q{? H&r&t@ %Elefﬁl%ﬁeé# the indention 3R

tetrapepti de substrates). Even wt rge anount of enzyne, ?le si gnal
was | ow. By cadrtg esstef:mhgenssaysphm cae bsuhﬂtzeahtte find enhancers or inhibitors of

N- Z- EVD- N - Et hoxycar bopyl -R110 20 (Fi.g. and all, of the tetra eptlde
substrates (Fi38ptosis. 211)35%*@‘1313%6’\%3“@@?’61 B0y limitingspfalae -meth ?FS

apoptegic |lys
ot USBsl 215 Biéo glsxrtﬁoﬁs ofAﬁﬁpg)Q% %ﬁ.ﬁé . Q?tperl%l.ut%lﬁg@\lxggl%czgons and
Substrate, N A‘aﬂw&l%f@m wrQMWOEmth d &rameters normally encountered in in

vitro assays, drug screening procedures or diagnostic procedures which are

obvious to those skilled in the art are within the spirit and scope of the invention.

15

EXAMPLE 1
[Fmoc-Asp(OBu-t)] ~-Rhiodamine 110

To a solution of Fmoc-L-aspartic acid B-t-buty! ester (4.9 g. 11.91 mmol)

20 dissolved in an anhydrous 1:1 mixture of dimethylformamide and pyridine (30
mL) at 0°C was added EDC (2.28 g, 11.91 mmol). The solution was stirred for 45

min, then a solution of Rhodamine 110 HCI (0.44 g, 1.19 mmol) in the same

solvent (2 mL) was added. The reaction mixture was stirred at room temperature

for 60 h and it was concentrated in vacuo to about 10 mL. The residue was then

25 diluted with 100 mL of water and extracted with ethyl acetate (3 x 50 mL). The
organic phase was washed with 1IN HCI (2 x 50 mL) and water (2 x 50 mL). The

solution was dried over Na,SO, and concentrated to give crude product which was

purified by column chromatography (CH,Cl,/ EtOAc 10:1), gave 0.89 g (67%) of



- 5 The ability of N Ac-DEVD- N -octyl oxycarbonyl -R110 SEQ ID NO S to detect

caspase activation in intact cells was tested using apoptotic HL-60 and

Jurkat cells. These whol e-cell assays were carried out in two staggs Pll'ﬂi?

i nducti on of apoptosis; 2) incubation with the substrate. For %§

apoptosis was 10 induced by treatnment with 10 pgim vinblastine for 4

hours. Control sanples were treated with DVSO. Far Jurkat cells, apoptosis

was i nduced bwyotmwasgseent with 500 nglm agoni stic anti Fas ant i OEysYsei23

hours. Control sanples were treated with PBS. Fol | owi ng apoptosis

i nduction) the cells were incubated witir 80 um N

Ac- DEVD- N - octyl oxycar bonyl - R110 SEQ | D NO S i n caspase assay 15 buffer (40

mM PI PES, pH 7.4; 100 mM NaCl; 10% sucr ose; mM EDTA; 10 nM DTT). The

cell's were thatitle ﬁ@nB¢lmdr8éd>0tQ5le¥ $Olllda§m kﬁﬁc}ﬂsﬁ JH NMR (GG &.75 (bs,

epi fluorescent _illum nation _on inverted m croscozﬂ Ag how i n Fig.
LN

3A, vinbl ast i néHyr&ed ¢ JHL9§OHEe'4H)s 7\§9r@79 (e Aeld).\p. L disn l?ﬁe:ZBEVD N

e nna (o, a6 oy BRAAALOE: hrin ot BE gl S BOI R Tt Ty

| ess than that of vinblastine-treated cells. HL-60 ceIIs treated with 50 pM
Ac-DEVD-CHO SEQ I D NO S during the assay stage (Fig. 3C) showed al.npst no
fluoregcent signal, indicating that {a ¢ pg observed in

Vi nbl asti ne-treat ed cells is al nost entl rely due to caspase-nedi at ed

cl eavage. Jurkat cells induce p,&&gpﬂ&g%g@”g@qg@%@ by anti Fas (Fig. 3D
al so showed i ntense staining by Ac D-N - octyl oxycarbonyl R110 SEQ I D
NO'S, while control cells showed only light staining (Fig. 3F). These
experinments denonstrate that N Ac- DEVD-N octyl oxycarbonyl R110 SEQ ID NO S
can be used to neasurehibgbatlmiorsof DMRitnaeghotiat (3 mlnd] 1 havas tabideds dppalise

obt ai ned from N Ac- DEVD- N -octyl oxycarbonyl -R110 30 SEQID NOS is

caspase- dependéne .a stiteds sol@ior? 0D Finoc-9p(@B66)| PREOGOEAS 1291(150 112, OEXAI\/PLE
78 d eavage of the Caspase-3 Substrate, N Ac-DEVD-N -octyl ox%/car bon 1A10
SEQ IB0NO. S, Bymal ingdimepiydigrmamise (3inda)k The sobution wasaitisied fon2@)minen alte t he
cl eavage of N Ac- DEVD- N=oct yl oxycarbonyl R110 SEQ ID NO S by whole cells,

an assay was p&ff BPH‘FE@I“}‘?\‘C\'MW"(‘,‘H {9RmLy) gad E’S‘Eaéf’ﬁd witlyethy! @éﬁ@r@t"ewqw&m this

Srif ter?LSdE?. "8 oSz e R 5wl &ater rxi&ﬂyﬁnhgarecf At Prergh &@fr e
ith 50

Cell s wore i ncuBatorb i RERBRINEY il Snbf £ty P AR et B

cells were har gﬁétaer@i SGRAL "Igé ?Qﬁ%l@”w%s &lﬁktek‘éﬁg%ﬁﬂl@e& %?H:%BFAHQPH %1’11&25 pL

of mediumcontaining 1 %F caspase er containing 5

NAC- DEYD- \- 0Ct whoieiiaeankitRahé: GBI SinasAslRsbundds e Treb) & wer e
i ncubat ed for oneishoflﬁ At the en<(<j\5 of ﬁ?gglvncubatl on lgoerl gd nli%ﬁree )5 wL 15
al i quots from eadolitli m®p. ROO°Ct(dsg)r € pl aced in 96-well plates and the
fluorescence was neasured at excitation/em ssion wavel ength of 485/530 nm
Figure 4 shows that cells treated with PBS gave a snall fl uorescent signal
whi ch did not increase over the treaEeAMPLEs used. However, cells
treated with anti Fas gave a detectable fluorescent signal at about one hour
after apoptosis induction, anfZ-Yhedsp{OBue)b'RidaibineEP to increase up to
the 2 hour tinmepoint, with a signal to background ratio of about 7. This
experliﬂant dem)nstrat es that N-Ac- DEVD-N= octyl oxycarbonyl R110 SEQ ID NO S

yi el dsa robust SI [ tot c ceé and can the be used
to quantitatively P&“@%&ﬁ&%‘gg H’eé igs il 9 "ﬂmﬁp)céﬁcog'%éﬂg assay.
Zs 1.35 mmol) and [Asp(OBu-t)]z-Rhodamme 110 2HCI (50 mg, 0.072 mmol) in 1:1

anyhydrous DMF/pyridine (10 mL) at O°C was obtained 63 mg (86%) of the title
compound as a solid, mp 124-126°C. 'H NMR (CDCl,): 5 8.85 (d, 2H), 7.90 (m.

25 2H), 7.60 (m, 4H), 7.32 (m, 10H), 7.10 (m, 2H), 6.68 (m, 2H), 5.20 (s, 2H), 5.10
(d, 4H), 4.90 (s. 2H), 4.18 (m, 2H), 2.82 (m, 4H), 1.42 (m, 24H).



0 4 APR 2002 WO 99/ 18856 PCT/US98121231 - 123 EXAMPLE 79 C eavage of the
Caspase-8 Substrate N Ac-LEYD N =etlroxycarbonyl R110 SEQ ID NO 9 by
Reconbi nant Human Caspase-3, 6, 7, and 8 . $ N Ac-LEVD-1U -et hoxy(haz;ﬂgwg]hz
R110 SEQ I D NO: 9 was assayed by reconbi nant human caspase-3, 6, 7, .
The assays were carried out at 37Cin 96-well plates in a 100 pL incubation
cont ai ni ng reconbi nant human caspase, 10 pM of N Ac-LEVD- N - et hoxycar bonyl
R110 SEQ I D W0 99188860 caspase assay buffer (40 mM Pl PES, pH 7PET/US982123)
NaCl ; 10% sucrose; 0.1% CHAPS; 1 nM 10 EDTA; 10 nM DTT). At the end of the
i ncubation period, the fluorescence was-d8termni ned on a Bio-Tek FL500
fluorescence mcropl ate reader using excitation and em ssion wavel engt hs of
485 and 530 nm respectively. In order. to correct for the endogenous

fl uorescence of the uncleaved subst raXAMIdE %Is were run which consi st ed
of sanples containing 10 uM N Ac- LEVD-Rr' - et hoxycarbonyl R110 15 SEQ I D

NO: 9 without enzyme ("enzyme bl &wdla-Asp)aRbodempieI10ontyol s incl uded sanpl es
cont ai ning the caspase inhibitor Ac-DEVD-CHO SEQ ID NO S. As shown in Fig.
~. -caspase-6 and caspase-8 cleave N Ac-LEVD- N -ethoxycarbonyl R110 SEQ I D

rN?é Y05 of about 13 Toied §%§2§§ﬁ8%|33"§§§°332%%‘3%0 (ne M ERRAREIIEPS"
N Ac- : : . - Q. . i Ci oy

Vielding a o gt Y ABHH SRARAEN itk (FRE) Wl Altied 9 airRokaeLEcY

Caspase- 7 gavepnvhéthiidhd ¥hiBAdS E%H‘%%()g F’l?e%‘ol@tﬂﬂ&ﬂ@ﬁ%rﬁn@é"% Wadlstirred at

N- Ac- LEVD- N et hoxycar bonyl Rl D NO: 9 can be cl eaved by nenbers of

the caspase-8 roofmutempbiatifre FtB hhdtheisblveBNwAS rdnsdd ta@d tePerutle pheduectviayi ty of
this type of caspase. 25 0 4 APR 2002 WO 99/ 188S6 PGT/ US98/ 21231 - 124

EXAMPLE 80 C epurdigd byfflash celusnichromppgraplas@EtGAbAIR,@0eH K 2D:0N5) to yield 34
=oct yl oxycarbo~ryl RI1 O by HL-60 Cell Lysates S Am nopepti dases are present
in many cel | s mpd9Eénofkthe ititle cpmpeursl, e HUNMR ¢RROR)idn®026d,d + 83i daekdH) r om
peptides, starting fromthe N-term nus. Peptides with bl ocked am no termni

are nd® cl eavel8 -2 7956t &5 MeHe, Pk Fad4eti6®imhbhbyehf& (hdi 486 (el 1s in

caspase buffer, _and the ilit f these sates to cl eave
N-Z-G N -octyl @i&g%%ﬁ‘nﬁﬁ?’m}i daﬁﬁ 6?41@1\@1'5 ctyl ox~~car bonyl
EXAMPLE 5
[Z-Asp(OBu-t)].-Rhodamine 110

15 From benzyloxycarbonyl-L-aspartic acid p-t-butyl ester (4.41 g. 13.63
mmol), EDC (2.61 g, 13.63 mmol) and Rhodamine 110 HCI (0.50 g. 1.36 mmol)
in 1:1 anyhydrous DMF/pyridine (40 mL) at O°C was obtained 1.09 g (82%) of
the title compound as colorless solid. mp 127-129°C. 'H NMR (CDCl,): 6 8.75
(bs, 2H), 8.06 (d, J = 6.3 Hz, 2H), 7.68-7.56 (m, 4H), 7.40-6.60 (m, 15H), 6.12

20 (bs, 2H), 5.16 (s, 4H), 4.62 (bs, 2H), 2.97 (dd, J, = 17.1 Hz, J, = 3.3 Hz, 2H), 2.69
(dd, J, = 17.3 Hz, J, = 6.9Hz, 2H), 1.44 (s, 18H).

EXAMPLE 6
(Asp),-Rhodamine 110 2HBr
25
A chilled solution of 30% HBr in acetic acid (5 mL) was added dropwise

into a stirred solution of [Z-Asp(OBu-t)],-Rhodamine 110 (200 mg, 0.21 mmol)



10 R110 was tested in a mcrotiter plate assay. Figure 6 shows that HL-60

cell lysates readily cleaved NNG N -octyl oxycarbonyl R110, and the size of
the signal was dependent on the concentration of substrate. By corti ABR 200ho
signal was generated by HL-60 cell lysates fromN

Z- G N -octyl oxycarbonyl - R110. 15 EXAMPLE 81 Use of Jl uorescence assay in
screening for drugs that stir:relate the caspase cascade. Drugs that

stinul ate t heWO29/38856 cascade in the absence of Fas |igand nayPQUUS/21231
useful, for exanple, as anti-cancer chenptherapeutic agents. The assay
described in Exanple 78 may be used to s een for dr ugs that stinulate the
caspase cascade by carrying out the assay under simlar conditions as in
Exanpl e 78, except that a known or unknown conpound w th known or unknown
anti cancer or imggeticapidd? nalek | Thersplutiop| vwasestimed at mpm tempsraredaybhtandds o 4
APR 2D02 WO 991 18856 PC T/ US98/ 71231, _- 125 . EXANPLE 82 e of Jl uorescence
assay irt scrd@aithes qoprentrategddn vRgHO- i Tiovthsi residie Was added; L0mEpf QUL

that a?'E_h?LS el o ik e Rerirtatug n S e ?ﬁgrg%ﬁ%itﬁ%%ﬁﬁéé%i%ﬁ E{Wfi ane
caspase cascadd CRAGY WA mEaREN T SR BOLET R IR aipi) 8088 o T

stinul@ator, s £2.79. i 0 | 4gancer drug or agent, may be
5 lragﬂg%s’:}és 8:79-(nf 26 H), £88tbs ﬁnﬁrzm, 435!

suitable to t cancers or tunors cause or ‘associ ated with an

i nappropriate 10 function of the caspase cascade. The assays and reagents
described in this invention may be used to screen for drugs that either
inhibit or potentiate the caspase cd&XAMPLE @el | s by perfornming the assay
as described in Exanple 78 using Fas ligand or any other agent that

stimul ates the caspase cascade (@ Valtisp) -BRhofumined Iflat hway i n the presence
of a test substance that inhibits or potentiates or 1~ acts synergistically
with the action of the first apoptosis or caspase cascade i nducer. EXAVPLE

83 Use 0JJl uorescence assa){ in testing sanples cancer cellsJraont patients
for 'MW cl : enpsensiFremibepztioxysatbonydmyvalingt638 gng. 2.5 immoly EDr3%A Mhat t he

R W ORI NP AR S i
i i ent,. | t apl, it ti i - d - 25
i e Ty
[ vent on Per T  GASFRESTRIAU IRy o 8=iB] 16 81 S0 nEongE”
patients. To Refbpsm.k8e RNRIMSENST.84 Kl Yirj @a (R, MINOLRPGANSH) aseay, USI ng

)
a cancer cell 'of tissue sanple taken froma patient nmay be conducted as

descriyed Exampi)e3.Z@(mUsHNa.60lths 289, 2002z, 0%isft,anemt drugs with known or
unknown chenot herapeutic activity can be tested for their capacity to

stinulate the caspase cascade. The results fromthis
EXAMPLE 8
[Z-Val-Ala-Asp(OBu-1)] -Rhodamine 110

20 From benzyloxycarbonyl-L-Val-L-Ala (200 mg, 0.62 mmol), EDC (110
mg, 0.57 mmol) and [Asp(OBu-t)},-Rhodamine 110 2HCI (31 mg, 0.043 mmoi)
in 1:1 anyhydrous DMF/pyridine at O°C was obtained 45 mg (85%) of the title
compound, mp 85-87°C. 'H NMR (CDCl,): 5 9.10 (bs, 1H), 8.90 (bs,1H), 8.80
(d, 1H), 7.80-6.60 (m, 19H), 5.42 (bs, 2H), 5.10 (bs, 4H), 4.90 (s, 2H), 4.00 (d,

25 2Hj, 2.90 (m, 4H), 2.12 (m, 2H), 1.35 (s, 18H), 1.30 (d, J = 6.4 Hz, 6H), 0.92 (m,
12H).



0 4 APR 2002 WD 99J18856 PCTNS98I 21231 - 126 assay provide information
that can be used to design an optimal chenot herapeutic drug treat et APR 2007
regimen for the patient. EXAMPLE 84 S Uptake and C eavage of the

Am nopepti dase Substrate N-G N octyl oxycarbonyl -R110 by HL-GO Cel |l s HL-60
cells were placed in 5 m of Iscove's nmedium (w thout serum or phenol-red)
containing 10 ~M N G N -octyl oxycarbonyl-R 10 or 10 pM N Z-G 10 N

oct yl oxycar bwo49/1885610. Three m|lion HL-60 cells were i ncubaPEUSA21231
hours at 37 Cin a CQZ incubator, recov\%réed by centrifugation, and washed
in 50 ~L of ice-cold nedium The cells "were re-centrifuged and the final
pell et was resuspended in 50 ~L of fresh nmedium Aliquots of each cell

suspensi on were placed in a mcroti - plate and read on a Wall ac
1420 micropl ate reader 15 with excim&\ﬁél ength at 485nm em ssion
wavel ength at 525nm Al iquots h cell syspensjaon were also placed on
m croslides and viewed on a l\fé%‘i‘/‘?jﬁ(\ﬁ*ﬁéh”ﬂy‘ﬁ'ﬁ%cic@e w th epifl uorescent
ilbum nation. As shown in table 6, only the cells incubated with 10 ~-rM N
G | ~n- octyl oxycar bonyl - RL10 showed signal. There was no signal fromthe

I1's incubated wi " : o
ooty heCeert < e Bt RO RSB S P o B )
fluor %Scencel Pg%_e&iﬂ 1%? E%Iegxhinﬁﬁ%pgané LHRias mgggsat el wieshahegnged

from the ce i ncubat e N oct yl oxyc onyl -R110 (FiI gures

/A-B). 25 Tabhp @wéhﬁuagﬁe ebmpbuad. VIH MR ! @D,0®)bersydo BL1PN)by.oblbs§0 Cel |'s
Subst rat eCour: tsl ~ccg

protei nN-Z_- GIN),-088 {HspXyI); Fr0q(ny, 12431 1.@0-A2 1GN 13K $I70Xg CHIR @8 (RIHQ12. 98

0 4 APR 2002 WD 99118856 PCTI US981 21231 - 127 Having now fully descri bed
this inventi 0f08i(d, 4H) #.2B ému2dE 320l 2b), 2923 <m, H),&.% (rar3HERiF4(di h=t he art
that the sane can be. perfornmed wthin a w de and equi val ent range of

condi tions, f6¢rhd.&H)dh8S end25bher parameters without affecting the scope
of the invention or any enbodi nent thereof. All patents, 5 patent

appl il0ations and publications cited herein are fully incorporated by
reference herein in their enti rety'EXAMI&éﬁ PR 2002 -128 CLAI M5

[Z-Tyr-Val-Ala-Asp(OBu-1)] -Rhodamine 110 SEQ ID NO:2

From benzyloxycarbonyl-L-Tyr-L-Val-L-Ala (339 mg. 0.70 mmol), EDC
15 (122 mg, 0.64 mmol) and [Asp(OBu-t)],-Rhodamine 110 2HC! (39 mg, 0.058
mmol) in 1:1 anyhydrous DMF/pyridine at O°C was obtained 61 mg (65%) of the
title compound, mp 155-157°C. 'H NMR (CD,0D): & 8.02-6.60 (m. 28H), 5.02
(bs, 4H), 4.92 (1. 2H). 4.80 (t, 2H), 4.38 (m, 2H), 4.22 (m, 2H), 3.05-2.62 (m, 8H),
2.02 (m, 2H), 1.42 (s. 18H), 1.32 (d, J = 6.6 Hz, 6H), 0.92 (m. 12H).

20
EXAMPLE 11
(Z-Tyr-Val-Ala-Asp) -Rhodamine 110 SEQ ID NO:2
From [Z-Tyr-Val-Ala-Asp(OBu-t)],-Rhodamine 110 SEQ ID NO:2
25 (47 mg, 0.029 mmol) and 50% trifluoroacetic acid in methylene chloride (30 mL)

at O°C was obtained 36 mg (82%) of the title compound, mp 115°C. 'H NMR
(CD,0OD): 6 8.02 (bs, 2H), 7.82 (bs, 2H), 7.70 (m, 2H), 7.40-6.60 (m, 22H), 5.02



1. A reporter conpound having the general Formula V: Rn(AA)~ Asp-y-R6 (V)
or a biologically acceptable salt or pro-reporter nolecule thereof wher e
R, is an Ntermnal protecting group; R6 is a blocking group sel ect el fAPR)ﬂﬂﬂz
t he group consi sting of C _, Zal kyl oxycar bonyl , CH, (OCHzZCHZ) qOCO-,

CH, (CHZz) r (OCHZCH2) 90C0-, C, , Z(al kyl thi o) car bonyI

aryl (C, _, ~al koxycar bonyl H2NCO-, (CH3) 2NCO-, (CHSCHZ) ZNCO-,

( CH, (CHZ) ) (OMPPERSS6 C, |, Zal kyl sul fonyl, C, ., Zhal oal kyl sul forﬁﬂﬂ"'/US98’212~"1
aryl (C, _, 2)all cyl sul fonyl, C13CCHZOCO unsubst i tuted benzoyl,

benzyl car bonyl, phenyl sulfonyl, tosyl; whepain qis 2-4, r is 0-5, s is
1-4, and v is 1-9, CZ a al kanoyl group, Cg_, 2 al kanoyl group, and HCO;
each AA independently is a residue of an a-amno acid or a derivative or

~i-amino acid, or a _derivative of am no acid or ~i- no | S
0.5 and 3 15 altRrbHah HEGD: §383m. D, ¢ ansDeriof 181 AD WG

R -(AA) n Asp i | sfyipt e for a
caspase enzyne. ég?%eé%gﬁggﬁ%%? f,@ffhr%?{ ’V\hée)lr df'ﬁ ?a?ggt ejtl-gapept ide is
VWEHD SEQ I D NO 1, YVAD SEQ >D NO: 2, LEND SEQ m NO: 3, DETD SEQ I D.NO: 4, DEVD
SEQ m NO S, DEHD SEQ I D NO: 6, VEND SEQ >D NO: 7, LETD SEQ m NO: 8, LEVD SEQ
1D: 9, SHVD SEQ m NO 10, DELD SEQ m BEDISEQ >D NO: 12, DEPD-SEQ ) D
NO: 13, DGID SEQ ) D NO: 14, DLND SE(% NO 15 DEED SEQ >D NO: 16, DSLD SEQ I D

NO: 17, BVPD SEQ )D N0: 18, f 0 4 odamineddAD SEQ | | ~ NO: 19, DSYD
SEQ I D NO: 20, ELPD SEQ I D NO: 21, VEIDSEQIDN026

To a solution of Rhodamine 110 (500 mg, 1.36 mmol) dissolved in DMF
(20 mL) at 0°C was added N,N-diisopropylethylamine (176 mg, 1.36 mmol). then
acetic anhydride (167 mg. 1.64 mmol) was added dropwise to the above solution.
10 The reaction solution was stirred at room temperature for 24 h. and it was then
diluted with 100 mL of water and extracted with ethyl acetate (3 x 50 mL). The
organic phase was washed with water (2 x 100 mL), dried over Na,SO, and
concentrated to give crude product which was purified by column
chromatography (Hexane/EtOAc 1:1) to give 210 mg (41%) of the title compound
15 as colorless solid, mp 179°C (dec). R,= 0.36 (EtOAc/CH,C], =1:1). 'H NMR
(CDCl,): 68.00 (d. J = 6.7 Hz, 1H), 7.78-7.52 (m, 4H), 7.14 (d, ] = 6.7 Hz, 1H),
6.93 (d, ] =6.7 Hz, 1H), 6.64 (d. J = 7.9 Hz. 1H), 6.54-6.28 (m, 3H), 3.86 (bs,

2H), 2.15 (s. 3H).

20 EXAMPLE 13
N-{Fmoc-Asp(OBu-1)]-N’-acetyl-Rhodamine 110

From Fmoc-L-aspartic acid t-buty! ester (739 mg, 1.79 mmol), EDC (302
mg, 1.57 mmol) and N-acetyl-Rhodamine 110 (160 mg, 0.43 mmol) in 1:]
25 anyhydrous DMF/pyridine (8 mL) at O°C was obtained 276 mg (84%) of the title
compound as colorless solid. R;= 0.75 (EtOAc/CH,Cl, =1:1). 'H NMR (CDCl,):
8 8.72 (bs, 1H), 8.02 (d, J = 6.3 Hz, 1H), 7.80-6.68 (m, 17H), 6.12 (bs, 1H), 4.63
(bs, 1H), 4.47 (d, ] = 5.5 Hz, 2H), 4.22 (t, J = 7.2 Hz, 1H), 2.96 (m, 1H), 2.68 (m,
1H), 2.20 (s, 3H), 1.46 (s, 9H).
30



or |ETD SEQ I D NO: 24. 4. The conpound of claim1, wherein R -(AA) n Asp is
an N bl ocked tetrapeptide which is a substrate for granzyne B. 5. yze PR
conpound of claim4, wherein R -(AA)o Asp is N blocked | EPD or VEPD. é Zlg%
conmpound of claim1, wherein R -(AA)"Asp is an N bl ocked peptide consisting
of Ctermnal Asp and 1, 2 or 3 am no acids of a peptide chain selected
fromthe group consisting of WEHD SEQ ID NGO 1, YVAD SEQ ID NO: 2, LEHD SEQ

| D NO: 3, DETDVSEY18836N0: 4, DEVD SEQ ID NO' S, DEHD SEQ | D NO: 6, PGEPE98EE31| D
NO: 7, LETD SEQ ID NO:8, LEVD SEQ ID NO:9, SHVD SEQ I D NO 10, DELD SEQ ID
NO 11, DGPD SEQ m NO: 12, DEPD SEQ I D NO:13, "DGID SEQ D7 NO: 14, DLND SEQ I D
NO 15, DEED SEQ I D NO: 16, DSLD SEQ I D NO:17, DVPD SEQ I D NO: 18, DEAD SEQ I D
NO: 19, DSYD SEQ I D NO: 20, ELPD SEQ I D NO: 21, VEID SEQ 117 NO: 26, |ETD SEQ

| D NO: 24, |EPD SEQ I D NO: 23 and VEPDESEAMPLHEOI£L7. 7. The conpound of claim
1, wherein y is Rhodam ne 110. 8. The conpound of claim1l, wherein R6 is
CH30C0-, Cbz, C13CCHZOCO-, RLSp@BLOGPN -adetyTIodavihXX0-, where n is 1-11.
-130 0 4 APR 2002 9. The conpound of claim1l1l, wherein R6 is Me~NCO ,

Et zZNCO-, or N Me-N CH, (CHz) "NCO-, where v is 0-9. 10. The conpound of claim
-1, wherein R6 is Ts-, PhS02-, MeSO-~, PhCH2S02 , CF3S02- or CH, (CH-"SOZ ,

where a is 0-11. 11Fdhe SAIRPYEIE of DNIFIrorpNélRic&3NmBY 1t19 4ad38Pmocor
CH, {(CH-, SCO, where t is 0-11. 12. The conpound of claim1l, wherein R6 is
HCO-, GH CO-, RptBEX))-APhicelyl-RhodadaaEHTOGD0 nvd)€0. &3 Wirh6l) Gvaklobtained the

title compound (67 mg, 95%) as solid, mp 131-133°C. 'H NMR (CDCl,): 89.73

(s, 1H), 8.01 (d, J=7.2 Hz, 1H). 7.72 (s, 1H), 7.70-6.65 (m, 9H), 3.80 (m, 1H),

2.88 (d, ] =16.5 Hz, 1H), 2.70 (m. 1H), 2.17 (s, 3H), 1.90 (bs, 2H), 1.44(s, 9H).

10 EXAMPLE 15
N-[Z-Ala-Asp(OBu-t)]-N’-acetyl -Rhodamine 110

From benzyloxycarbonyl-L-alanine (43 mg, 0.19 mmol). EDC (37 mg,
0.19 mmol) and N-Asp(OBu-t)-N -acetyl-Rhodamine 110 (30 mg, 0.055 mmol) in
15 1:1 anyhydrous DMF/pyridine at O°C was obtained 38 mg (92%) of the title
compound as a solid, mp 138-140 °C. R, = 0.42 (EtOAc/Hexane 4:1). 'H NMR
(CDCl,): & 8.82 (bs. 1H), 8.01 (d. J = 6.6 Hz. 1H), 7.70-6.67 (m, 14H), 5.20 (m,
1H). 5.16 (bs, 2H), 4.90 (m. 1H). 4.20 (m, 1H). 3.12 (m, 1H), 2.61 (m, 1H), 2.19
(s. 3H), 1.56(bs. 3H), 1.43 (s, 9H).

20 _
EXAMPLE 16
. N-(Z-Ala-Asp)-N’-acetyl-Rhodamine-110
From N-[Z-Ala-Asp(OBu-t)]-N -acetyl-Rhodamine 110 (38 mg, 0.052
25 mmol) and 50% trifluoroacetic acid in methylene chloride (3 mL) at O°C was

obtained 34 mg (96%) of the title compound. R; = 0.6 (10 mL EtOAc with 5 drops



13. The compound of claim1l, wherein R6 is CH3(OCH2CH2) qOCO-, or
CH3(CH2) ~(OCHzCH~, OCO-, where g is 1-4, r is 0-5 and s is 1-4. 14. The
compound of claim1, having the formula VI1: ~r-(~)~ or a biologi cdié APR 2002
acceptabl e salt or pro-reporter nolecule thereof, wherein RZ and R

i ndependently are hydrogen, nethyl or ethyl; and R4 and Rs i ndependently
are hydrogen or nethyl. VIl 15. The conpound of claim 14, wherein R is
t - but yl oxycaM@9®18856acet yl , hexanoyl, octanoyl or benzyl oxyeaPEdfiipo82RaY
R2, R3, R4 and RS are hydrogen. 04 2002 -131 16. The conpound of
claim 14, wherein -(AA)" is WEH, YVA, LEHA" DET, DEV, DEH, VEH, LET, LEV,
SHv, DEL, DGP, DEP, DGI, DLN, DEE, DSL, DvP, DEA, DSY, ELP, VED, |EP or
| ET. 17. The conpound of claim 1, which is selected fromthe

consi sting of ONCFCOHD) -1 NMR(GP: @RS Hi0Re(d 30= TeEH2 D7 BO-669 (m,

170, N (2. AD) I Tolh G HD Q.5 G 2B002 Lk My 7 L2 e At ne. 110, N
(Z-DEVD) - N - et hoxycar bonyl - Rnodam ne 110, SEQ ID NO:5; N

(Ac-DEVD) - N - et hoxycar bonyl - Rhodam'gg&%@l;? ID NOS; N (Ac-DEVD)
N - hexyl oxycar bonyl - Rhodam ne 110, 5, N

(Ac DVD) N - decyl onyoar BB e AhRIBELaR-R yen EaRh g rplg 210"
N- (Ac- DEVD) - N - dodecyl oxycar bonyl - Rhodam ne 110, SEQ ID NO:5; and N

(Ac-DEVD) - N - (et hyl t hi o) car bonyl - Rhnodam ne 110, SEQ m NO:5. 18. A nethod
for the preparatio

Rhodanmine with acet?' f‘%gﬁﬁﬁ' g%ggw%'%g"ﬁ?é%é}gyﬁq%@‘%ﬂﬂé’@@@;’g@w&ﬁs| ng
gi ve N ( Frroc- AupReahe FASRPBIf A Heod ERRNATRE ] 19 By 003 B 4% oup
(Asp( OB 1)) - RPYIREGa DUFARRIE @ RICEATD Esd StaRER B T P of) the tte
Asp(Ggu-t) ) - Neompind ah Qslail i 1581187°C. R, = 0.5 (EtOAc/Hexane 4:1). 'H NMR

(CDCl,): 6 8.87 (s, 1H), 8.01 (d, J = 7.5 Hz, 1H), 7.64-6.66 (m, 14H), 5.32 (bs,

1H), 5.11 (d, J = 3.3 Hz, 2H), 4.92 (m, 1H), 4.02 (m, 1H), 3.06 (d, J = 15.6 Hz,

1H). 2.62 (m, J = 15.8 Hz, 1H). 2.20 (s, 3H), 1.43 (s, 9H), 1.26 (bs. 1H), 0.96 (m,

6H).
15

EXAMPLE 18
N-(Z-Val-Asp)-N’-acetyl -Rhodamine 110

From N-[Z-Val-Asp(OBu-t)]-N -acetyl-Rhodamine 110 (40 mg, 0.051
20 mmol) and 50% trifluoroacetic acid in methylene chloride (3 mL) at O°C was
obtained 37 mg (99%) of the title compound. R; = 0.6 (10 mL EtOAc with 5
drops CF;CO,H). 'H NMR (CD,0OD): 6 8.01 (d, J = 7.5 Hz, 1H), 7.78-6.60 (m,
14H), 5.08 (d, J = 6.5 Hz, 2H). 4.83 (m, 1H), 3.89 (d, J = 5.7 Hz, 1H), 3.02 (m,
1H), 2.85 (m, 1H), 2.14 (s, 3H). 1.25 (m, 1H), 0.97 (bs, 6H).



(e) renoving the OBu-t protecting group to give N (Z-(AA)ri Asp)-N -acetyl
Rhodam ne. 19. A nethod for the preparation of a conpound of claim 14,
conprising (a) reacting Rhodam ne with acetic anhydride to give N

acetyl - Rnodami ne; 0 4 APR Z002 -132 (b) condensi ng N acetyl - Rno84rARRg002
with Z-(AA)~ Asp(OBu-t) to give N-(Z-(AA)" Asp(OBu-t))-N - acetyl Rhodam ne;
and (c) renoving the OBu-t protecting group to give N (Z-(AA) "Asp)

N -acetyl Rhoaemwpmessé 20. The net hod of claim 18 or 19, wherei rPCT(/lWﬁIZ%
WEH, YVA, LEH, DET, DEV, DEH, VEH, LET, |9|§V SHv, DEL, DGP, DEP, DGT, DLN,
DEE, DSL, DvP, DEA, DSY, ELP, VED, |EP oO0r°I'ET. 21. A corrpound haV| ng the
formula I XX RlI- ~~) n- ~~) mMmR2~ R, NRg-R6 RO I X V or a biologically
acceptable salt or pro-reporter nolecule thereof, wherein R is a hydrogen
or a Ntermnal protecting group; Pwﬂbqbl ng gnup selected fromthe
group consisting of C, _, Zal kyl oxycar ony OCHZCH~qOCO-

CH3( CH~, ( OCH-CHZ) , OCO- , NQZ-Vedk Alal-Asp (oBucr b@ ARMW:‘E« Lig-al koxycar bonyl ,
HzNCO-, (CH3) ~NCO-, (CH ) ZNCO-, )NCO C , 2al kyl sul fonyl ,
C, -, Zhal oal kyl sul fonyl, aryl (C, _, 2)al kyl sul fonyl a,

UnSubSt L uted benz ol DO SRR e R n@&»é‘%ﬂ’@” e '
group, sand HCQ37 mg, 0.019 mmol) and N-Asp(OBu-t)-N "-acetyl-Rhodamine 110 (30 mg,
0.052 mmol) in 1:1 anyhydrous DMF/pyridine at O°C was obtained 40 mg (97%)
of the title compound, mp 101-103°C. R, = 0.35 (EtOAc/Hexane 6:1). 'H NMR
(CDCl,): & 7.99 (d, J = 8.4Hz), 7.80-6.62 (m, 14H1), 5.42 (m. 1H), 5.11 (bs, 2H),
4.90 (m, 1H), 4.40 (bs, 1H), 4.08 (m, 1H), 3.68 (bs, 2H), 3.50 (m, 1H), 2.90 (m,
10 2H). 2.16 (bs, 3H), 1.41 (s, 9H), 1.26 (d, J = 6.3 Hz, 3H), 1.25 (m. 1H). 0.93 (m,
6H).

EXAMPLE 20
N-(Z-Val-Ala-Asp)-N’-acetyl -Rhodamine 110
15
From N-[Z-Val-Ala-Asp(OBu-t)]-N -acetyl-Rhodamine 110 (36 mg, 0.043
mmol) and 50% trifluoroacetic acid in methylene chioride (4 mL) at O°C was
obtained 35 mg (100%) of the title compound. R, = 0.4 (10 mL EtOAc with 4
drops of CF,CO,H). 'H NMR (CD,0D): § 8.02 (d, J = 5.7Hz, 1H). 7.95-7.12 (m,
20 12H), 6.71 (s, 1H), 6.68 (s, 1H), 5.09 (bs, 2H), 4.82 (m, 1H), 4.25 (m, 1H), 3.88
(m, 1H), 3.64 (bs, 1H), 2.94 (m, 2H), 2.14 (s, 3H), 1.30 (d, } = 6.0 Hz, 3H), 0.95
(d, J= 6.9 Hz, 6H).

EXAMPLE 21
. 25 N-[Z-Tyr-Val-Ala-Asp(OBu-t)]-N’-acetyl-Rhodamine 110 SEQ ID NO:2

From benzyloxycarbonyl-L-tyrosine-L-valine-L-alanine (119 mg, 0.25
mmol), EDC (47 mg. 0.25 mmol) and N-Asp(OBu-t)-N-acetyl-Rhodamine 110
(30 mg, 0.055 mmol) in 1:1 anyhydrous DMF/pyridine at O°C was obtained 50



each AA independently is a residue of an a-amno acid or ~-amno acid, or a
derivative of an a-amno acid or ~-amno acid; nis an integer of 0-5 mis
an integer of 0-3; 0 4 APR 2002 -133 RZ and R3 independently arfi APR 2002
hydrogen, nethyl or ethyl; and R4 and RS i ndependently are hydrogen or

met hyl . 22. The conpound of claim 21, wherein RZ, R3, R4 and Rs are

hydr ogen. 23. The conmpound of claim?2l, wherein R is H n=1; (AA" is M m
is an i ntegerwpragisssé2: and (AA)mis selected fromthe group cBEBEISAGIof
GG GA, AG G and A 24. The conpound of claim 21, wherein the compound is
selected fromthe group consisting of N~ éP) -N - et hoxycar bonyl - Rhodam ne
110, N (GPG -N -et hoxycarbonyl - Rhodam ne 110, and N

G N -octyl oxycar bonyl - Rnodam ne 110. 25. The conpound of claim 21, wherein
R is a N-ternngabsgpy of ettitRGospouid. SR €0 £ EDMAN HNMROWDOW)SBSBi0Ry of

t - but yl oxycar bonyl, acetyl, hexanoyl, octanoyl, dodecanoyl and

benzyl oxycar botdyl = TRHZTID, 28RS . JSFD] APerm12HHicscin 124 (AT, s

sel ected from r nsi stin f_SONY-PlYV, S I.D,NO: ARVL -, AEA SEQ
ID NO: 29, AT @Ws&%olzgﬁl\@‘éy) %@M@é@ ?1?%@& %QF-]%(!SE% I D
NO: 32, SFSF- PG 2 $EQ3H 1Y %3,1@_5[51 Eﬁkc‘ﬁﬁEQ | D NO: 34, AETF-YVD SEQ | D NO: 35
or RKVL-FLD SEQ I D’NO:'36;" SONY-PI "SEQ I D''NO: 117, ARVL- AE SEQ | D No: 118,

ATI M M) SEQ | D NO: 119, RQAN-FL SEQ | D NO: 120,

EXAMPLE 22
N-(Z-Tyr-Val-Ala-Asp)-N’-acetyl -Rhodamine 110 SEQ ID NO:2

From N-[Z-Tyr-Val-Ala-Asp(OBu-t)]-N -acetyl -Rhodamine 110 SEQ ID

10 NO:2 (49 mg, 0.049 mmol) and 50% trifluoroacetic acid in methylene chloride (4
mL) at O°C was obtained 42 mg (89%) of the title compound. R;= 0.62 (10 mL

EtOAc with 5 drops CF,CO,H). '"H NMR (CD,0D): § 8.00 (d, J = 7.2 Hz, 1H),

7.84-6.56 (m, 18H). 4.99 (bs, 2H), 4.80 (m, 1H). 4.32 (m, 1H), 4.23 (m, 1H), 4.10

(m, 1H), 2.97 (m, 2H), 2.13 (s, 3H), 1.37 (d, J = 6.9 Hz, 3H), 1.23 (m, 1H), 0.90

15 (m, 6H).
EXAMPLE 23
N-[Z-Asp(OBu-1)-Glu(OBu-t)-Val-Asp(OBu-t)}-N’-acetyl -Rhodamine 110 SEQ
ID NO:5
20
From benzyloxycarbonyl-L-Asp(OBu-t)-L-Glu(OBu-t)-L-Val-L-

Asp(OBu-t) (262 mg, 0.34 mmol), EDC (65 mg, 0.34 mmol) and N-acetyl-
Rhodamine 110 (30 mg, 0.08 mmol) in 1:1 anyhydrous DMF/pyridine (4 mL) at
O°C was obtained 73 mg (81%) of the title compound, mp 127-129°C. R,' = 0.69

25 (EtOACc/CH,Cl, = 1:1). 'H NMR (CDCl,): 8 9.05 (s, 1H), 8.79 (d, ] = 10.8 Hz,
1H), 8.38 (bs, 1H), 8.01-6.65 (m, 15H), 6.10 (m, 1H), 5.14 (m, 2H), 4.92 (bs, 1H),
4.52 (m, 1H), 4.42 (m, 1H), 4.18 (m, 1H), 3.92 (m, 1H), 3.10-2.64 (m, 4H), 2.48
(m, 2H), 2.17 (bs, 3H), 1.40 (m, 27H), 0.99 (bs, 6H).



PGNF- LQ SEQ I D NO: 121, SFSF-PQ SEQ | D NO: 122, TLNF-PI SEQ | D NO: 123,
AETF-YV 0 4 APR 2002 -134 SEQ )D NO: 124, RKVL-FL SEQ I D NO: 125; @832@ 00l
SEQ ID NO 126, ARYL-A SEQ ID NO:127, ATIMM SEQ | D NO: 128, RQAN-F 1

NO: 129, PGNF-L SEQ I D NO: 130, SFSF-P SEQ I D NO: 131, TLNF-P SEQ I D NO: 132,
AETF-Y SEQ I D NO: 133 and RKVL-F SEQ I D NO: 134. 27. The conpound of claim
21, wherein (AA)a (AA~, is selected fromthe group consisting of LRGGG SEQ
ID NO 101, LWeGW8E® | D NO: 102, MRGGG SEQ | D NO: 96, MRGGA SEQPAT/USNRIZBS,

| RGGG SEQ I D NO: 97, | RGGA SEQ I D NO: 136, L VGGG SEQ I D NO: 98, LVGGA SEQ || ~
NO: 137, MVGGG SEQ I D NO: 99, MVGGA SEQ | PN0: 138, 1 VGGG SEQ | D NO 100, NGGA
SEQ I D NO: 139, LRGG SEQ I D NGO 55, MRGG SEQ I D NO: 56, | RGG SEQ | D NO: 57,
LVGG SEQ I D NO: 58, MVGG SEQ I D NO: 59 and | VGG SEQ m NO: 60. 28. A conpound
having the general Fornula VI: or aghtohM@igEap4y acceptable salt thereof,
wherein R2 and R3 independently are hydrogen, nethyl or ethyl; R4 and Rs

i ndependent |y are W@Z—QQEJGIWMsg)LN’-a\z‘égrmhioaaﬁzirmIMKS" IDrNos sel ect ed
fremthe group consisting of C _, Zall cyl oxycarbonyl, CH3( OCHZCH-QOCO ,

CH3( CHz) ~( OCH2CH2) , OCO-, d _, 2(al kyl t hi o) car bonyl , i

LG oy DAL Y R SRR s
- 5 Rhodamine 110 SEQ ID NO:5 (49 mg, 0.043 mmol) and 50% trifluoroacetic a_cid

in methylene chloride (5 mL) at O°C was obtained 38 mg (92%) of the title

compound. R, = 0.52 (10 mL EtOAc with 5 drops of CF,CO,H). 'H NMR

(CD,0D): 6 8.04-6.63 (m, 15H), 5.05 (m, 2H), 4.50 (m, 1H), 4.40 (m, 1H), 4.05

(m, 1H), 3.93 (d, J = 7.9 Hz. 1H), 3.10-2.61 (m. 4H), 2.37 (m, 2H). 2.13 (s, 3H),

10 0.97 (m, 6H).
EXAMPLE 25
-Ethoxycarbonyl-Rhodamine 110
15 To a solution of Rhodamine 110 (3.00 g. 8.18 mmol) dissolved in

dimethylformamide (140 mL) at -50 °C was added N,N-diisopropylethylamine

(1.27 g, 1.2 mmol), then ethyl chloroformate (1.07 g, 9.81 mmol) was added

dropwise to the above solution. The reaction solution was then slowly warmed to

room temperature and Kept stirring for 5 h. It was then diluted with 200 mL of ice

20 water and extracted with ethyl acetate (3 x 50 mL). The organic phase was
washed with brine water (3 x 100 mL), dried over Na,SO, and concentrated to

give crude product which was purified by column chromatography (hexane /

EtOAc 3:1) to give 1.31 g (40%) of the title compound as colorless solid. Ry=0.4

. (EtOAc/Hexane = 2:1). 'H NMR (CDCl,):  8.00 (d, J = 6.9 Hz, 1H), 7.65-7.50
25 (m, 4H), 7.15 (d, J = 7.2 Hz, 1H), 6.88-6.32 (m, 8H), 4.24(q, J = 7.2 Hz, 2H), 3.92

(bs, 2H), 1.33 (t, ] = 7.2 Hz, 3H).



C, _, Zal kyl sul fonyl, C, _, Zhal oal kyl sul fonyl, aryl (C, _, 2)al kyl sul fonyl,
C1l3CCHZOCO-, unsubstituted benzoyl, benzyl carbonyl, phenyl sul f onyl

wherein qis 2-4, r is 0-5, sis 1-4, and v is 1-9, C2_8 al kanoyl (‘er'oggal 002
C9_, 2 al kanoyl group, and HCO. 29. The conpound of claim28, wherein RZ,
R3, R4 and R5 are hydrogen. 30. The conpound of claim 28, wherein RZ and R3
are nethyl; and R4 and R5 are hydrogen. 31. The conpound of claim 28,
wherein RZ anwoR9/1885¢ et hyl; and R4 and RS are nethyl. 32. ThePCHHPASRAZBIOf
claim 28, which is selected fromthe group consisting of N

met hoxycar bonyl - Rhodam ne 110, N et hoxyc nyl - Rhodam ne 110, N

hexyl oxycar bonyl - Rhodam ne 110, N octyl oxycar bonyl - Rnodam ne 110, N

decyl oxycar bonyl - Rhodam ne 110, and N dodecyl oxycar bonyl - Rhodam ne 110. 33.
The conpound of claim 28, which is sgkegispy £ t he group consisting of N
di et hyl car banyl - Rhodam ne 110, N (NErret hyl EI‘\Izrzlienxyl car banyl ) - Rhodam ne 110,

N met hanesul f onyl - @BtJ\&lilﬂsﬂohlu(tﬂtmmﬁux%Wohymﬂhﬂ%ﬁﬂﬂénlI@ 110, N
(hexyl t hi o) car bonyl - Rnodam 0 4 APR 2002 -136 N

(octyl t hio)carbonyl - Rhnodam ne 110, N acetyl-Ithodam ne 110, N )
acet yl - Rnodam ne llgf0 C(b.zz-\;dl i d Eéﬁé%dawlrgé,y&%b Xf), EB@?@?:PE 1{)0 and
) 5 mmol) and N-ethoxycarbonyl-Rhodamine 110 (47 mg, 0.12 mmol) (as descrll_)ed
in Example 1) was obtained 47 mg (50%) of the title compound as a solid. 'H
NMR (CDCl,): 4 9.04 (bs, 1H), 8.00 (d, J = 6.9 Hz, 1H), 7.82-6.62 (m, 15H), 5.30
(bs, 1H), 5.20-5.11 (m, 2H), 4.98 (m, 1H), 4.23 (q, J = 6.9 Hz, 2H), 3.74 (t, 1H),
3.15(d, J=16.5 Hz, 1H), 2.59 (m, 1H), 2.10 (m, 1H). 1.45 (s, 9H). 1.32 (t,]=6.9
10 Hz, 3H), 1.01 (m, 6H).

EXAMPLE 27
N-(Cbz-Val-Asp)-N’-Ethoxycarbonyl-Rhodamine 110

15 From N-[Z-Val-Asp(OBu-t)]-N -ethoxycarbony! Rhodamine 110 (20 mg,
0.025 mmol) in 50% trifluoroacetic acid in methylene chloride (2 mL) was
obtained 15 mg (80%) of the title compound. 'H NMR (CD,0OD): 3 8.02 (d, ] =
6.6Hz, 1H), 7.86-6.59 (m, 14H), 5.10 (m, 2H), 4.97 (m, 1H), 4.20 (g, } = 6.9 Hz,
2H), 3.77 (4, J = 8.1 Hz, 1H), 3.04 (m, 1H). 2.76 (m. 1H). 2.00 (m. 1H). 1.32 (t. J

20 = 7.2 Hz, 3H), 1.02 (m, 6H).

EXAMPLE 28
N-[Cbz-Asp(OBu-t)-Glu(OBu-t)-Val-Asp(OBu-t)}-N’-ethoxycarbonyl-
Rhodamine 110 SEQ ID NO:5
25
From Cbz-Asp(OBu-t)-Glu(OBu-t)-Val-Asp(OBu-t) SEQ ID NO:5 (374
mg, 0.48 mmol), EDC (92 mg, 0.48 mmol) and N-ethoxycarbonyl-Rhodamine
110 (48.28 mg, 0.12 mmol) (as described in Example 1) was obtained 81 mg (58
%) of the title compound as a solid. 'H NMR (CDCl,): 8 9.02 (bs, 1H), 8.80 (d,



N (2- but oxyet hoxycar bonyl ) - Rhodam ne 110. 34. A nethod for detecting an
enzynme involved in the apoptosis cascade in one or nore cells, conmmigﬂpﬂm
(a) contacting said one or nore cells with the reporter conpound accor g
to claim1 under conditions whereby said reporter conpound is taken into
said one or nore cells, and (b) recording the fluorescence of said one or
nore cells, wherein a change in fluorescence within said one or nore cells
conpared to cW®29dB856el | s whi ch have not been so contacted is RET/USASR2a2x i on
of the presence of the enzyne. 35. The nethod of claim 34, wherein said
enzyme is an intracellular caspase. 36. Agwthod for nmeasuring the activity
of an enzyne involved in the apoptosis cascade in one or nore cells,
conprising (a) contacting said one or nore cells with the reporter conpound
according to claim1 under conditions mhereﬁébsaid reporter conpound |

d
Caken | nto sai d1Hhe-00-68r @, doH)s6. Bbed2 Gm Hab oy b fhs: £H 4.06 ¢b%Idbnbd0of
e , . 53, Hebor t o of
2ol one or T foss T Sad i) AV 4123l 945, 1 4O (B BAP 190 DOAY 85 ONEE MR N

contacted is a (asIH)E1.26 (IMhEHRAIO50.9% (18f 9M e enzyne. 0 4 APR 2002 -137
37. The nethod of claim 36, wherein said enzyne is an intracellul ar
.caspase. 38. A nethod for determ ning whether a test substance has-an

ef fect gn an enzyne involved in the i cade in one or nore test
cells, eonprising (a) contacting sai gﬁ%ﬁfé&?rfﬁrﬁ test cells with said test
substance and the re r .conpoun ccarndi to claim, ynder ndi tions
wher eby said test su s'[‘;ﬁlb'ésgﬁ]%rﬂfﬁpgﬂéﬁtggwc?ﬁgwl% %%‘é erlg@eptor or

is taken into said one or nore cells xEHIPINOIEpPOrter conpound is taken
into said one or nore cells, and

From N-[Z-Asp(OBu-t)-Glu(OBu-t)-Val-Asp(OBu-t)}-N -ethoxycarbonyl
10 Rhodamine 110 SEQ ID NO:5 (100 mg. 0.086 mmol) and 50% trifluoroacetic
acid in methylene chioride (3 mL) (as described in Example 4) was obtained 85
mg (99%) of the title compound. R, = 0.5 (10 mL EtOAc with 5 drops
CF,CO,H). 'H NMR (CD,0D): 8 8.02-6.63 (m, 15H), 5.08-5.04 (d, 2H), 4.48-
3.92 (m, 6H), 3.10-1.95 (m, 8H), 1.31 (t, J = 7.2 Hz, 3H), 1.05-0.96 (m, 9H).

15
EXAMPLE 30
N-[Ac-Asp(OBu-t)-Glu(OBu-t)-Val-Asp(OBu-t)}-N’-ethoxycarbonyl-
Rhodamine 110 SEQ ID NO:5
20 From Ac-Asp(OBu-t)-Glu(OBu-t)-Val-Asp(OBu-t) SEQ ID NO:5 (307.6

mg, 0.45 mmol), EDC (86 mg, 0.45 mmol) and N-ethoxycarbonyl-Rhodamine
110 (60 mg, 0.15 mmol) (as described in Example 1) was obtained 128 mg (80 %)
of the title compound as a solid. R;= 0.35 (EtOAc/CH,Cl, = 1:1). 'H NMR
(CDCl,): 69.00 (d, ] = 7.5 Hz), 8.80-8.54 (m, 2H), 8.05-6.90 (m, 9 H),6.72 (s,

25 1H), 6.69 (s, 1H). 4.93-4.02 (m, 6H), 3.09-2.30 (m, 6H), 2.10 (s, 3H), 2.05 (m,
2H), 1.48-1.30 (m. 29H), 1.06-0.96 (m, 6H).



(b) recording the fluorescence of said one or nore test cells conpared to
control cells which have only been contacted with said reporter cogﬁpxﬂg
wherein a change in fluorescence within said one or nore test cell 2002
conpared to said control cells is an indication that said test substance
has an effect on said enzyne. 39. The nethod of claim 38, wherein said
enzyne is an intracellul ar caspase. 40. The nethod according to cl ai m 38,
wherei n sai d WRPB#8S6rore test cells is contacted with sai d t eSRCHEUSESRA?de
prior to contacting said test cells with id reporter conpound. 41. The
met hod according to claim 38, wherein saﬂ@?bne or nore test cells is
contacted with said test substance after contacting with said reporter
conmpound. 42. The nmethod according to claim 38, wherein said one or nore
test cells is contacted substantial |gysiyypipgously with said test
substance and said reporter conpound. 0 4 APR 2002 -138 43. The net hod

according to clai m 38(AuMpeG-Val-AspENhethokfedrbofid-RhbiamindHioher said
test substance stinmulates the activity of sald enzynme. 44. The net hod
according to claim38, wherein said P NQ:5 0 det erni ne whether said
test substance inhibits the activity of said enzynme. 45. The net hod
according to claim 38, wherein said contacting step further includes

contacking sai d onefgyn nore test gElASAYWOBUA-AI u-HalSRGROBuLFEN -
substance in the presence of said first test substance. 46. The net hod
accordi ng to cethpxpcadonyhBhedaminail H0 GEQ 8P MNOr5e(0emg, 68K smpnob) ahsl $&%d from

a single-cell organism 47..The t hod. according to claim_38, in said
one. of more t eHTBEAEENS i Fogiens Ghicitrys KR ohiaed 63ahe (0K At The
gglt gg?egcgfg‘rﬂ 118 e dhipolhd! 7'H WAL 6ED,08:$ §8-HixsqR], bhaf 2 P83 $A 11
1H), 7.08-7.05 (m, 1H), 6.79-6.64 (m, 2H), 4.67 (m, 1H). 4.40 (m, 1H), 4.20 (q. J
10 " =6.9 Hz, 2H). 4.07-3.52 (m, 2H), 3.07-2.68 (m, 4H), 2.38 (m, 2H), 2.13 (m. 2H),

1.98-1.94 (t, 3H), 1.32 (t, } = 6.9 Hz, 3H), 1.04-0.95 (m. 6H).

EXAMPLE 32

N-Octyloxycarbonyl-Rhodamine 110
15
From Rhodamine 110 (500 mg, 1.36 mmol), N,N-diisopropylethylamine
(351.6 mg, 2.76 mmol), and octyl chloroformate (316 mg, 1.64 mmol) (as
described in Example 25) was obtained 182 mg (28 %) of the title compound as
colorless solid. R,= 0.7 (EtOAc/hexane =1:1). 'H NMR (CDCl,): §7.99 (d,J =
20 7.2 Hz, 1H), 7.65-7.56 (m, 2H), 7.52 ( bs, 1H). 7.15 (d, J = 7.5 Hz, 1H). 6.88-6.32
(m, 6H), 4.17 (t, J = 6.6 Hz, 2H), 3.9 (2H), 1.68 (m, 2H), 1.42-1.26 (m, 8H), 0.89
(t,J = 6.3 Hz. 3H). '

EXAMPLE 33
25 N-[Ac-Asp(OBu-t)-Glu(OBu-t)-Val-Asp(OBu-t)]-V’-Octyloxycarbonyl-
Rhodamine 110 SEQ ID NO:5

From Ac-Asp(OBu-t)-Glu(OBu-t)-Val-Asp(OBu-t) SEQ ID NO:5 (123.7
mg, 0.18 mmol), EDC (34.5 mg, 0.18 mmol) and N-octyloxycarbonyl-Rhodamine



the group consisting of an invertebrate animal, an insect and a plant. 49.
The met hod according to claim 38, wherein the one or nore test and control
cells are derived fromthe group consisting of the hair, brain, perﬁbHﬁW&W?
nervous system eye, ear, nose, nouth, tonsils, teeth, esophagus, |ung,
breast, heart, blood, blood vessels, bone marrow, |ynph nodes, thynus,

spl een, immune system |iver, stomach, intestinal tract, pancreas,
endocrine  GVOI9PBES62002 - 139 gl ands and tissues, kidney, bl a8€@fS98/2123]
reproductive organs or glands, joint, bone and skin froma nufti-cellular
organi sm 50. The nmethod according to clLagpm 38, wherein the one or nore
test cells are cancerous. 51. The nethod according to claimb50, wherein
said one or nore cancerous test cells are derived fromthe group consisting
of the brain, peripheral nervous system eye, ear, nose, nouth, tonsils,
teeth, esophagus, lung, breast, heart, blood, blood vessels, bone marrow,

| ynph nodes, th @ngg ' hNRM %g% 943{1{;“ bb apy
tract, pancreaéiy n(fgg’ﬁ?'ﬁgﬂgfdellg@gra%?&%b?gg%é%xhﬁl?(}%e‘% bl adder, rgz(pro uctive
organs or gl angfthejtitlenésnpdnnd @s assalids KHNNMR $@DC1)ud 0i01&53 thaBHRr &M sm
52. The nethod_according. to claim wherein said one or nor elé?nf%ous

| 50,
test cells are?d@(mydihs 7-77)1@17§a(%r9é'9’ b 2H8ctb6-9% Gad Hdrt-93(mn
h t ti i d t i h { i t.
e o pog B S A Bh I E SIS D6l (T PR GV, 2.R0"

chenot her apeut (& 3HYEIM7-1.3¢ (m THgH) e 105A09AGa 06HY, 088Y(Q J&d 17 Mz38H).wherei n the
test substance is a m xture of chenotherapeutic agents. 55. A nethod to
determ ne the sensitivity of an animal with cancer to treatnment with one or

nore chenot her apeuti c agents, conpr if%lPLE 34
N-(Ac-Asp-Glu-Val-Asp)-N’-octyloxycarbonyl-Rhodamine 110
10 SEQ ID NO:5§

From N-[Z-Asp(OBu-t)-Glu(OBu-t)-Val-Asp(OBu-t)}-N -
octyloxycarbonyl R-110 SEQ ID NO:5 and 50% trifluoroacetic acid in methylene
chloride (2 mL) was obtained 16.5 mg (100%) of the title compound. R;= 0.46
15 (10 mL EtOAc with 5 drops CF;CO,H). 'H NMR (CD,0D): & 8.02-7.04 (m, 8H),
6.79-6.64 (m. 2H), 4.67(m, 1H), 4.40 (m, 1H), 4.15 (1. J = 6.6 Hz. 2H). 4.15-3.94
(m, 2H). 3.10-2.10 (m, 6H), 2.01-1.94 (m, 3H), 1.69 (m, 2H),1.29 (bs. 10H). 1.05-
0.86 (m, 9H). ‘

20 EXAMPLE 35
N-Methoxycarbonyl-Rhodamine 110

From Rhodamine 110 (600 mg, 1.64 mmol), N,N-diisopropylethylamine
(254 mg, 1.96 mmol) and methyl chloroformate (201 mg, 2.13mmol) (as
25 described in Example 25) was obtained 28 mg (4.4 %) of the title compound as
colorless solid. R;=0.77 (EtOAc/Hexane =3:1). 'H NMR (CDCl,): & 8.10 —6.53
(m, 9H), 6.35 (d, J = 7.2 Hz, 1H), 3.90 (bs, 2H), 3.80 (s, 3H).



0 4 APR 2002 -140 (a) contacting cancer cells taken fromsaid animal with
said one or nore chenot herapeutic agents and the reporter conpound
according to claim1 under conditions whereby said one or nore ag@matAPR 2002
either interacts with an external receptor or is taken into said cancer
cells, and (b) recording the fluorescence of said cancer cells conpared to
control cells which have only been contacted with said reporter conpound,
wherei n a chA¥Q®9/I1885¢ | uor escence of said cancer cells conpar ed®CTAISI&RIR3]
control cells is an indication that said cancer cells are chenpsensitive to
said one or nore chenotherapeutic agents jgpd that said animal is sensitive
to said treatnment. 56. The nmethod of claim55, wherein said animal is a
human. 57. A nethod for nonitoring the treatnent of an animal to treatnent
wi th one or nore chenotherapeutic agents, conprising (a) adm nistering said
one or nore chenotherapeutic agents to said aninmal, (b) contacting cells

taken fromsaid aninmal after said ad with the reporter conpound
according to claim 1 under conditi ongmy‘ggl d reporter compound is
taken into said cells, and (c) fesppnce of said cells
contacted with said reporter (%%%Bﬂgh@gnr%lare Jtﬁg{control cell s which have
been taken from said animal before said adm ni sterl ng, wherein a change in

fl uorescence of said cells taken from said ani nal nﬁared to said control
cells i5% an indicat Emmﬂmdasmedl%(ﬁ@almgslééﬁsmpl)vé/ sliigeprgpylethylamine

chenot her apeut I(fl 2 entl 64 mrgoﬁ Aﬁngt?ngsulfonyl chloride (187 mg, 1.64 mmol) (as
described in Example 25) was obtained 42.1 mg (9.4%) of the title compound. 'H
NMR (CDCL,): & 8.02 (d, } = 7.5 Hz, 1H), 7.71-7.62 (m, 3H), 7.24-6.36 (m, 7H),
3.95 (bs, 2H), 3.18 (s, 3H).
10
EXAMPLE 37

N-Acetyl -Rhodamine 116

From Rhodamine 116 (458.8 mg, 1.0 mmol), N,N-diisopropylethylamine
15 (129.3 mg, 1.0 mmol) and acetic anhydride (122 mg, 1.2 mmol) (as described in
Example 25) was obtained 141 mg (9.4%) of the title compound. as colorless
solid. R;= 0.64 (EtOAc/CH,Cl, = 2:1). 'H NMR (CDCl,): 8 8.01 (d, J = 7.5 Hz,
1H), 7.69-7.62 (m, 3H), 7.24-6.36 (m, 7H). 3.95 (bs. 2H), 3.28 (s, 3H), 2.87 (s,
3H), 1.95 (bs, 3H).
20
EXAMPLE 38

N-Dimethylcarbamyl -Rhodamine 110

From Rhodamine 110 (1.0 g, 2.73mmol), N,N-diisopropylethylamine
25 (0.42 g, 3.27 mmol) and dimethylcarbamyl chloride (0.35 g, 3.27 mmol) (as
described in Example 25) was obtained 10 mg (1 %) of the title compound as
solid. R;=0.3 (EtOAc). 'HNMR (CD,OD): & 8.00 (d, J = 7.2 Hz, 1H), 7.80-7.64
(m, 3H), 7.55 (d, J = 2.1 Hz, 1H), 7.21-6.40 (m, 6H), 3.03 (s, 6H).



-141 58. The nethod according to claim57, wherein said animal suffers from
a malady related to apoptotic cell death. 59. A nethod for determ ning

whet her a test substance inhibits or prevents cell death in one orf) /myPRI0?
test cells, conprising (a) contacting said one or nore test cells with said
test substance and the reporter conpound according to claim1l under
condi ti ons whereby said reporter conpound is taken into said one or nore
cells, and (WO ®%88%&i ng t he fl uorescence of said one or norePCERISIP2A2BE
conpared to control cells which have onlg been contacted with said reporter
conpound, wherein a change in fluorescen B within said one or nore test
cells conpared to said control cells is an indication that said test
substance inhibits or prevents cell death. 60. The nethod of claim59,
wherein said one or nore test cells pygapmpryesgells. 61. The nmethod of
claim59, wherein said one or nore test cells are selected fromthe group

consi sting of myocardial cel I]\sHe.LﬂmjmﬁrWyl-Rhomhbﬁ.m an organ to be
transpl anted, spermatozoa, egg, cell lines which produces a reconbi nant

protein, hair cells, skin cells and nerve cells. 62. A nethod for,

determ ni ng whet her t, subs caus enh deat,h in one
or nore test cells, g‘nﬁﬁ dsafrﬂﬁe ?g(? 88?’881“’%’5 %Pﬁ@gg %8"’6’%’21&"% S
Wi th sgid testhe&ymﬁlamm(a@hi@ppm %msgrmpuesh@e&% Hxathple025] ¥ 1

under conditions whereby said reporter conpound are taken |nto sal d one or
nmore cells, anabtaing the AHRcoMPOuUndlasan(Gningesclid (JBOrlgg,t 1386) IHIOMB(ERE;)od sai d

one or nore te I.Is co r cont.r.al [ | a e
contacted wt h?é%f‘g re?Jg'r{TBS 76&1%39 l% 7%? (s, ”‘\M’]%Q (Q, f=9ry’)h'8 §E7
(dd, J = 1.8, 8.7, 1H), 6.79 (s, lH), 6.66 (d, J = 8.7. 1H), 6.54-6.50 (m, 2H), 6.33
(dd,J=2.1,8.7, 1H), 4.17 (, ] = 6.6, 2 H), 3.92 (s, 2 H), 1.68 (m, 2H), 1.34 (br s,
10 6H), 0.91 (1, J = 6.0, 3H).

EXAMPLE 40
N-Decyloxycarbonyl-Rhodamine-110

15 The title compound was prepared as described in Example 25. 'H NMR
(CDCL): 8798 (d,J=72,1H), 7.67-7.56 (m, 2 H), 7.51 (s. 1H), 7.14 (d. ] =
7.5, 1H), 6.89-6.87 (m, 2H), 6.66 (d, J = 8.4, 1H), 6.53-6.49 (m, 2H), 6.32 (d, J =
8.4, 1H), 4.17 (t. ] = 6.6, 2 H), 3.93(s, 2 H), 1.67 (m, 2H). 1.27 (br s, 14H). 0.89
(t, J=6.9, 3H).
20
EXAMPLE 41

N-Dodecyloxycarbonyl-Rhodamine-110

The title compound was prepared as described in Example 25. 'H NMR

25 (CDCl,): 6 8.00 (d, ] =6.9,1H), 7.68-7.57 (m, 2 H), 7.51 (s, 1H), 7.16 (d, J =

- 6.9, 1H), 6.86 (d, J = 8.4, 1H), 6.89-6.53 (m, 4H), 6.35 (d, J = 7.1, 1H), 4.17 (t,J
=6.3,2 H), 3.89(s, 2 H), 1.67 (m, 2H), 1.27 (br s, 18H), 0.89 (t.J = 5.7, 3H).



wherein an increase of fluorescence within said one or nore test cells
conpared to said control cells is an indication that said test substance
causes or enhances cell death. 63. The nmethod of claim 62, wherei(y 48R digpne
or nore test cells are cancer cells, yeast, fungi or bacteria. 64. A nethod
for detecting a viral protease in one or nore cells, conprising (a)
contacting said cells with the reporter conpound of claim2l1 under

condi ti ons whWOAM9{I885he reporter conpound is taken into the cel PET/USHRIZY)
recording the fluorescence of said cells, wherein a change in fluorescence
within the cells conpared to control cell184Ghi ch have not been so contact ed
is an indication of the presence of the viral protease. 65. A nethod for
measuring the activity of a viral protease in one or nore viral infected
cells, conprising (a) contacting saigy{pfErE¥y e viral infected cells with
t he reporter conpound of claim 21 under conditions whereby the reporter
conmpound i s takernNiAé-AspeOBuIREIOBEREEVHI-Asp(OBY-63 ¢ chexgldxycarinayl-b)
recording the fluorescence of sajd one or nore cells, wherein a change in
f1 uorescence within said one orRhedamiperld0 SEQIDNQ:Xel |'s conpared to
control cells which have not been so contacted is a neasure of the activity

hethe " ! %28 AR SR HRORT AR E  M0

whet her a test substance has n the a Vir protease in

one or snore vi (243 mpf @3sSdmasd]l), SEDCO(Er gl 0B A aymely rindCNVihegy iy chrborydd
infected test cells with said test substance and the reporter conpound of

clai m 21 under Rbeduminedad (fhmeeB o8 mmepl) Gseording tedisowpiell) was aRieiwed the sai d
infected test ALl ZmoSMH as a white solid (30 mg. 28%). 'H NMR (CDCL): & 8.99 (d. J =

6.9, 1H). 8.78 (d,J = 11.7, 1H), 8.52 (s, 1H), 8.06-6.69 (m, 13H), 4.97-4.01 (m, 6
H). 3.08-2.04 (m, 12H), 1.70-1.34 (m. 39H), 1.04-0.89 (m, 9H).
10
EXAMPLE 43
N-[Ac-Asp(OBu-t)-Glu(OBu-t)-Val-Asp(OBu-t)]-N’-decyloxycarbonyl-
Rhodamine-110 SEQ ID NO:5

The title compound was prepared as described in Example 1. 'H NMR
15 (CDCl,): 6 9.01-8.76 (m, 3H), 8.51 (s. 1H). 8.02-6.69 (m, 13H), 4.97-4.01 (m, 6
H), 3.08-2.04 (m, 12H), 1.70-1.34 (m, 47H), 1.04-0.88 (m, 9H).

EXAMPLE 44
N-[Ac-Asp(OBu-t)-Glu(OBu-t)-Val-Asp(OBu-t)}-N’-dodecyloxycarbonyl-
20 Rhodamine-110 SEQ ID NO:5

The title compound was prepared as described in Example 1. 'H NMR
(CDClL): 6 9.01-8.76 (m, 3H), 8.51 (s, 1H), 8.02-6.69 (m, 13H), 4.97-4.0] (m, 6
H), 3.08-2.04 (m, 12H), 1.70-1.34 (m, 51H), 1.04-0.88 (m, 9H).



(b) recording the fluorescence of said infected test cells conpared to
infected control cells which have only been contacted with said reporter
conpound, wherein a change in fluorescence within said infected tegt, M%UMQ
conpared to said infected control cells is an indication that said test
substance has an effect, on the viral protease. 67. The nmethod of any one
of clainms 64-66, wherein said cells are HNinfected cells and the viral
protease is HWYQ88¥se. 68. The nethod of any one of clains GRCHEASIYHAIkI n
said cells are adenovirus infected cells gd the viral protease is
adenovirus protease. 69. The nethod of éﬁ@ one of clains 64-66, wherein
said cells are HSV infected cells and the viral protease is HSV protease.
70. The nethod of any one of clains 64-66, wherein said cells are HCW
infected cells and the viral proteasEXi\IEW 4 ot ease. 71. The nethod of
any one of clains 64-66, wherein said cells are HCV infected cells and the
viral protease is HOV-(@eoispasia-Val-Asp)-NExplolycarBdiyl-Rdiodbnmims-ngl f or
measuring the activity of protease or peptidase in cells, conprising (a)
contacting the test cells with the r TBN@¥npound of claim 21 under
condi tions whereby the reporter conpound is taken into said test cells, or
the reporter conmpound is interacting with an external nenbrane prot-ease or
pepti dase of said cells, and (b) recording the fluorescence of said cells,
wherei B a change inFidmior escence W-[AY-AsS@Bh-§)&HL(OBL-L)- VaRRgs(©Bu-Y]-vont r ol
cells which have not been so contacted is a neasure of the activity of the

sai d protease dexyeycpipany-Rivgammentin§EQ dP bk 2r@0nmeg APt mupol) andst
fggft LS f‘ai Oﬁ%ﬂfr‘éécﬁgﬁ a3 B WLAGH Sidhde@inPhO &3R50 REPIUARS Sorld (done
mg, 85%). 'H NMR (CD,OD): & 8.13-7.32 (m, 8H). 7.26 (d. ] = 6.6, 1H). 7.12 (d.
J =87, 1H), 6.83-6.69 (m, 2H). 4.72 (m. 1H), 4.44-3.99 (m, 5H), 3.11-2.77 (m.
10 3H), 2.43 (m, 2H), 2.17 (m, 2H), 2.03-1.98(m, S H). 1.73 (m, 2H), 1.49-1.34 (m,

8H), 1.04-0.97 (m, 9H).

EXAMPLE 46

N-(Ac-Asp-Glu-Val-Asp)-N’-decyloxycarbonyl-Rhodamine-110
15 SEQ ID NO:5

The title compound was prepared as described in Example 45. 'H NMR
(CD,0OD): 5 8.13-7.32 (m, 8H). 7.26 (d, J = 7.8. 1H), 7.12 (d. J = 8.1. 1H), 6.83-
6.69 (m, 2H), 4.72 (m, 1H), 4.44-3.99 (m, 5H), 3.11-2.77 (m. 3H), 2.45 (m, 2H).
2.22-2.10 (m, 2H), 2.05-1.98(m, 5 H), 1.73 (m, 2H). 1.49-1.26 (m. 14H), 1.06-

20 0.92 (m, 9H).
EXAMPLE 47
. N-(Ac-Asp-Glu-Val-Asp)-N’-dodecyloxycarbonyl-Rhodamine-110
SEQ ID NO:5

) The title compound was prepared as described in Example 45. 'H NMR
25 (CD,OD): & 8.07-7.08 (m, 10H), 6.81-6.68 (m. 2H), 4.73 (m, 1H), 4.44-3.35 (m,
5H), 3.26-2.02 (m, 12H), 1.73 (m, 2H), 1.49-1.29 (m, 18H), 1.06-0.92 (m, 9H).



(a) contacting said test cells with said test substance and the reporter
conpound of claim 21 under conditions whereby said reporter conpound is
taken into said test cells, or the reporter conpound is interacting{wRRign
ext ernal nmenbrane protease or peptidase of said cells, and (b) recording
the fluorescence of said test cells conpared to control cells which have
only been contacted with said reporter conpound, wherein a change in

fl uorescence WO9918856he test cells conpared to said control cePCEUSES/ @31
indication that said test substance has an effect on the said protease or
pepti dase. 74. The nethod of any one of chgsos 72-73, wherein said cells
are endothelial cells and the peptidase is type 2 nethionine

am nopept i dase. 0 4 APR 2002 -145 75. The nmethod of any one of clains
72-73, wherein said cells are T cells and the peptidase is dipeptidyl

pepti dase-N. 76. The nethod of any one of clainms 72-73, wherein said cells
are neuron cells and the protease is calpain. 77. The nmethod of any one of

clainms 72-73, wherein said peptidase j X;W i dase. .A& . A AF. A% A&h. A
A A A AY. AFaE. A& A A&, . Al @ AY. AYT. A&Eo ! y%ﬁ ASe. AYu@ . A@E. AY;

y.AN.A("E A A2 AN | . AF. Al @V%Eﬁfﬁtli%)@aﬁ\o%&l-ﬁhodamine 110
a. Ar. Al . A&af . AL. A. AS5@ AA. Aa&. AY( & A. Auye. Ah A& A, . A AU, . A{. A Ah. A.-Al . A a. A

r.A& A& A AT A LA(LA A% A . A@ . A&2. A9 . A9. AUS. A,
Mrhe AR S A A A B0 Abe st Biodaime Abd, (U i T36 el dissaiver in® A
P 50 U e i
mg, 2.04 mmol), then ethyl chlorothiolformate (204 mg, 1.64 mmol) was added
dropwise to the above solution. The reaction solution was then slowly warmed to
room temperature and kept stirring for 1 h. It was then diluted with 100 mL of ice
10 water and extracted with ethyl acetate (3 x 30 mL). The organic phase was
washed with brine (2 x 50 mL) and it was dried over Na,SO, and concentrated to
give crude product which was purified by chromatography (Hexane / EtOAc 2:1),
gave 238 mg (42%) of the title compound as a solid. R;= 0.6 (EtOAc/Hexane =
1:1). 'HNMR (CDCL,): & 8.01 (d, J = 6.9 Hz, 1H), 7.68-7.57 (m, 3H), 7.21 (bs,
15 1H), 7.14 (d. J = 7.2 Hz, 1H), 6.88 (dd, J, = 8.4 Hz. ], = 2.1 Hz, 1H), 6.68 (d. 1H),
6.56-6.50 (m, 2H), 6.34 (dd, J, = 8.4 Hz, J, = 2.1 Hz, 1H), 3.91 (s, 2H), 3.00 (g, J
=7.5 Hz, 2H). 1.36 (t, J = 7.5 Hz, 3H).

EXAMPLE 49
20 N-]|Ac-Asp(OBu-t)-Glu(OBu-t)-Val-Asp(OBu-t)]-N’-
(ethylthio)carbonyl-Rhodamine 110 SEQ ID NO:5

The title compound was prepared as described in Example 1. R;= 0.56

(EtOAC/CH,CI, = 2:1); 'H NMR (CDCl,): § 9.04-8.46 (m, 3H), 8.01-6.68 (m, 11

25 H), 4.93-3.86 (m, 4H), 3.15-1.85 (m, 8H), 2.14 (d, 3H), 1.48-1.33 (m. 29H), 1.06-
0.98 (m, 6H).
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EXAMPLE 58
N-(Hexylthio)carbonyl-Rhodamine 110

25 The title compound was prepared according to Example 25. R, = 0.8
(EtOAc/Hexane = 1:1). 'H NMR (CDCl,): 8 8.00 (d, J = 7.2 Hz, 1H), 7.65-7.58
(m, 3H), 7.24 (bs, 1H), 7.14 (d, 1H), 6.87 (dd, 1H), 6.68-6.32 (m, 4H), 3.92 (bs,
2H), 2.99 (1, ] = 6.9 Hz, 2H), 1.68 (m, 2H), 1.42 (m, 2H), 1.34- 1.26 (m, 4H), 0.90
(t. ] =7.2 Hz, 3H).
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2-Butoxyethyl Chloroformate

From 2-butoxyethanol (3.72 g, 31.5 mmol) and 20% phosgene in tol’qcnc
5 (25 mL, 47 mmol) was obtained 4.51 g (79%) of the title compound. 'H NMR
(CDC),): & 4.46 (t, 2H), 3.70 (m, 2H), 3.51 (t, ] = 6.6 Hz, 2H), 1.56 (m, 2H), 1.40

(m, 2H), 0.94 (t, ] = 6.9 Hz, 3H).

EXAMPLE 60
10 N-(2-Butoxyethoxycarbonyl)-Rhodamine 110

The title compound was prepared according to Example 25. R;= 0.58
(EtOAc/Hexane =1:1). 'H NMR (CDCl,): § 8.00 (d, J = 7.5 Hz, 1H), 7.67-7.49
(m, 3H), 7.15 (d, J = 7.8 Hz, 1H), 6.89-6.32 (m, 6H). 4.34 (m, 2H), 3.91 (bs, 2H),

15 3.68 (m, 2H), 3.50 (t, J = 6.6 Hz), 1.59 (m, 2H), 1.39 (m, 2H), 0.93 (t, J = 7.2 Hz,
3H).
EXAMPLE 61
N-[Cbz-Asp(OEt)-Glu(OEt)-Val-Asp(OEt)]-N’-Ethoxycarbonyl-Rhodamine
20 110 SEQ ID NO:5

From Cbz-Asp(OEt)-Glu(OEt)-Val-Asp(OEt) SEQ ID NO:5 (181 mg, 0.3
mmol), EDC (57.5 mg, 0.3 mmol) and N-ethoxycarbonyl-Rhodamine 110 (40 mg,
0.1 mmol) (according to Example 1) was obtained 71 mg (72%) of the title
25 compound as a solid. R; = 0.3 (EtOAc/CH2CI2 = 4:1), '"H NMR (CDCl,): 8 9.00
(bs, 1H), 8.76 (d, 1H), 8.43 (bs, 1H), 8.14-6.90 (m, 10H), 6.80-6.62 (m, 2H), 5.1-
3.8 (m, 6H), 3.2-2.0 (m, 11H), 1.35-1.22 (m, 12H), 1.12-0.84 (m, 7H).
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5 The title compound was prepared according to Example 1. R, = 0.65
(EtOAC/CH,Cl, = 1:1), 'H NMR (CD,0D): 8 8.02-7.04 (m, 8H), 6.79-6.93 (m,
2H), 6.20 (bs, 1H), 4.95 (bs, 1H), 4.52-4.20 (m, SH), 3.15-2.00 (m, SH), 1.68 (m,
2H), 1.48 (s, SH), 1.45 (s, 9H), 1.41-1.29 (m, 12H), 1.18-0.88 (m, 15H).

10 EXAMPLE 63
N-(Z-Gly)-N’-ethoxycarbonyl-Rhodamine 110

From Z-Glycine (284 mg, 1.356 mmol), EDC (260 mg, 1.356 mmol). and
N-ethoxycarbonyl Rhodamine 110 (58 mg, 0.135 mmol) (according to Example
15 1) was obtained the title compound (70 mg, 83%) as a solid. '"H NMR (CDCl,):
6 8.95 (bs. 1H), 7.98 (s, 2H), 7.53 (m, 8H), 7.30 (s, 5H). 7.05 (m, 2H), 6.63 (dd,
2H, J=8.4. 11.4 Hz), 5.09 (s, 2H), 4.19 (q, 2H. J=7.5 Hz), 1.27 (t, 3H, J=7.5 H2).

EXAMPLE 64
20 N-Gly-N’-ethoxycarbonyl-Rhodamine 110 HBr

The title compound was prepared according to Example 6. 'H NMR
. (CDCl,): 6 9.41 (bs, 1H), 9.20 (s, 1H), 8.04 (m, 1H), 7.62 (m, 3H), 7.33 (m, 2H),
) 7.12 (m, 2H), 6.97 (m, 2H), 6.74 (m, 2H), 4.25 (g, 2H, J=6.9), 1.33 (t, 3H, J=6.9
25 Hz).
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\'L] ] aBPB40( 10L810% & N}Z-Gly-Pro- Gly)-N’-ethoxycarbonyl Rhodamine 110
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L:10% & (O)-""DY__ el SRy dQE-BI3HE (815 me, 1.03 mmol), EDC (197 mg, 1.03 mmol)
5 and N-Gly-N -ethoxycarbonyl-Rhodamine 110 (50 mg, 0.103 mmol) (according

to Example 1) was obtained the title compound (70 mg, 96%) as a pale yellow

color solid. 'H NMR (CDCl,): & 8.97 (bs, 1H), 7.94 (d, 1H, J=7.8 Hz), 7.77 (4,

1H, J=15 Hz), 7.52 (m, 4H), 7.32 (s, 5H), 7.22 (m, 2H), 7.15 (m, 2H), 6.64 (m.

1H), 5.92.(bs, 2H), 5.78 (bs, 1H), 5.57 (bs, 1H). 5.09 (s, 2H), 4.95 (m, 2H), 4.74
10 (m, 2H). 4.16 (m, 2H), 3.62 (m, 1H), 3.46 (m, 1H), 1.98 (m, 4H). 1.26 (m. 3H).

EXAMPLE 66
N-(Gly-Pro-Gly)-N’-Ethoxycarbonyl-Rhodamine 110 HBr

15 'H NMR (CD,0D): & 8.02 (d, 1H, J=7.8 Hz), 7.71 (m, 3H), 7.28 (m, 2H),
7.19 (m, 1H), 7.01 (m, 1H),6.71 (m, 2H), 4.48 (m, 1H), 4.19 (g, 2H, J=7.2 Hz).
4.05 (m, 2H), 3.94 (m. 2H), 3.61 (m, 2H). 2.12 (m, 4H), 1.30 (¢, 3H, J=7.2 Hz).

EXAMPLE 67
20 N-Hexyl-N-methylcarbamyl Chloride

To a solution of 0.35 ml of (i-Pr),;NEt in 10 ml of diethyl ether at 0°C was
added phosgene (1.06 ml, 1.93 M solution in toluene) and N-hexylmethylamine
(0.31ml, 2.05 mm). The reaction mixture was allowed to warm up to 25°C, and
25 further stirred at 25°C for 14 h. The mixture was filtered, and the solvent was
removed under vacuum. The product was used for the next step reaction without
further purification. 'H NMR (CDCl,): § 3.42 (m, 2H), 3.07 (s, 3H), 1.59 (m,
2H), 1.31 (m, 6H), 0.90 (m, 3H).
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title compound (115 mg, 18%) was obtained as a solid. 'H NMR (CDCl,) 6 7.97
(d, 1H, J=7.2 Hz), 7.59 (m, 3H), 7.12 (d, 1H. J=7.5 Hz). 6.85 (dd, 1H, J=8.4, 2.1
Hz), 6.60 (dd. 2H, J=5.1, 3.3 Hz). 6.48 (dd, 2H, J=8.4, 2.1 Hz), 6.31 (dd, 1H,
15 J=8.4. 2.4 Hz), 3.93 (bs, 2H), 3.33 (t, 2H, J=6.9 Hz). 2.79 (s, 3H), 1.56 (m, 2H),
1.30 (m, 6H). 0.88 (t, 3H, J=6.6 Hz).
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20 EXAMPLE 71

N-Gly-N’-octyloxycarbonyl-Rhodamine-110 HBr
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The title compound was prepared according to Example 6. 'H NMR

(CD,OD): 6 8.10(d,J=6.9, 1H), 7.93 (d, ] = 2.4, IH), 7.86-7.75 (m, 3H), 7.28-

7.24 (m, 2H), 7.11 (dd, J = 2.4, 9.0, 1H), 6.85 (d, J = 9.0, 1H), 6.78 (4, J = 9.0,

25 1H), 4.20 (1, J = 6.6, 2H), 3.94 (s, 2H), 1.74 (m, 2H), 1.50-1.30 (br m 10H), 0.94
(t, 1=6.6, 3H).



1099& ()- _2i|[:vUWal{ 3%0% & ()-, |33940%? p& ()-, N3Y%LO%?' u& ()-,
93040% ?' - & ()-, 93%40% ?' -& ()-, p& 10% L% & ()-i X| obU41{ &@ 109%84&’ () -
10?' 107 107" 3%0%" & ()-, a3%0%' & ()-, |39%0%' & ()-, 04 APRYLNY
RBVAOW? y& ()-, Q[ bUAL{ | z#1008& ()- YGLOW& ()-Z 10%& ()- 10980y
pOL! 10%6t& ()- OL! 1098-94& ()-<4x|[: bUAL{ & 10%& ()- & 1098& ()-
Yy#1000& ()- &1090& ()- 41098& ()- & FL099& ()-xd |[:bUsl{ ' 410%& ()-

&F 81090 () - WBIUWBEY () - Y" #1008& ()- && 10984& ()- 41098& ()- PEEARSPE/H2AN {
1310994& ()- 9901099& ()- 9.109& ()- , 1098& ()- Y3+1098& ()-

&) 1099@& ()-7| [ NA41{ 1094094.0% LF: 1098& ()1115L8109%0& ()- 6 10%& ()- L@10%
& ()- |3#109%& ()- vY|[:NM1{10 Y @0% & ()- @10% & ()- GCR@EI0% 4& ()-
@M 109E&& ()-- 9M 10% & ()-- y&@m0% & ()-kp: || [: NAAL{10 #10% & () -

#10%g& ()- #10% & ()- 8#10% & () -

#109%& ()-/u" abc| [ NA41{10' 10' 10" s<l M&Eﬁglo%& ()- F17 10%& ()- 9

L4&10%&' &&' ()- 4LO&LO% ' ! & Skk | : E2 41008 7100

1090& () - @9 | 109 0(7“‘"&?*%(‘21'6;@6%&5(”?% % 6&#& ‘t’j””"ﬁ*’g) amparq p!)”
410994 ()- YSZLOWAE ()- 109& ()- SRQYMBnbae-19410%&: () -

1090& () -[<|[: NA1{10 Y+#10%& ()- & $10°/8/& A s1008& () - & 1098& () -
&YL0%& ()- 109%& ()- d|[ NA41{10 61098& ()- Is3#100/8/& O-f 1 109/@/& ()-

901090/& |, 109%% 0984’ () - =vU41 % 0% & (
10%10tyé0t(y3 | ;- 10904&: %‘e Ectwmlﬁm}& (éh dE%WPo{ e 651 \;\’r?éfg—%yl 3%5% ine

E n;goo/%iﬁ)&&( §) @mﬁe?‘géi &%e@ oﬁsyn%ggﬁigfﬁﬁi—a /&»% e"lﬁgés%@d%r( )™ fluorometric

\sFod0% ' | & ()a@ Rﬂﬁ&’(ﬂ@@/&s&&i §ipnd®is ekl % Q%R TuprdBet@isérihGflior8ineiric@
dsFo0%Y Q& ()- @bA410Lagg 10%& ()-8 $910%s(SE () - y1096(S& ()
L&L0%s(S& () - Snienptitgs piake repdergrt erql@rwp wavelengthoyf 485 andiqguissien 630. Using

10% - tse: (- b RooRi By Feai SuBebkert yhthis bERBURIGd for the vy Bugresgeny
& 10%810s & blans(s& () - F#109N(N& ()- #(8vU410 $L10%;(s& () -

()-
s10%s(s& ()- 9910%s(s& ()- 'nmlO¥%s(s& ()- 10t (t10t(t10t(t
999%4.0% (t & () - G8F| [ Fluggesgence AyasomBsRred) uging the dolfagving -bufter Gogditigms: (1)00 z

t &

103}2((%{5 z 8 3"&% &g Z)v w]tp%‘% g\)crose ll'[/o &H%P% 5 m]\'}( Putat‘none(gnd {
200 nM test compound. The assay for stability was typically carried out at 37°C
for 2 days.

15 The ratio of fluorescent signal was 10.2 (Rhodamine 110/N-acetyl
Rhodamine 110) at time zero and 10.1 after two days incubation at 37°C. The
results show that similar to Rhodamine 110. N-acetyl-Rhodamine 110 is a stable

and efficient fluorescent indicator.

20
EXAMPLE 73
Fluorescence of Modified Rhodamine Dye
Modified Rhodamine dyes were evaluated using both conventional
25 spectrometry and spectrofluorometry. For both types of analysis the dyes were

dissolved in either methanol or 50 mM Tris at final dye concentrations ranging
from 10 nM to 100 uM. An absorbance spectrum from wavelengths of 200 nm to
700 nm was determined for each dye using a Beckman DU-7000
spectrophotometer. The dyes all had absorbance peaks at around 470 to 480 nm.

30 This wavelength was chosen as the fluorescence excitation wavelength and a full
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decyloxycarbonyl-Rhodamine-110, N-dodecyloxycarbonyl-Rhodamine-110, N-

10 hexyloxycarbonyl-Rhodamine-110, N-(ethylthio)carbonyl-Rhodamine 110 or
Rhodamine 110. The cells were incubated for varying times at 37°C in a CO,
incubator, recovered by centrifugation, and washed in 50 mL of ice-cold medium.
The cells were re-centrifuged and the final pellet was resuspended in 50 pL of
fresh medium. Aliquots of each cell suspension were placed in microslides and

15 viewed on a Nikon inverted microscope with epifluorescent illumination. As
shown in Figs. 1A-1F, N-octyloxycarbonyl-Rhodamine 110 (Fig. 1A), M-
decyloxycarbonyl-Rhodamine 110 (Fig. 1B). and N-dodecyloxycarbonyl-
Rhodamine 110 (Fig. 1C) stained HL-60 cells intensely and there was almost no
leakage of the dye into the medium. N-Hexyloxycarbonyl-Rhodamine 110 (Fig.

20 1D) stained HL-60 cells less intensely, but it was still well-retained. M-
(Ethylthio)carbonyl-Rhodamine 110 (Fig. 1E) gave moderate, but still easily
detectable staining, although there was slight leakage. Rhodamine 110 (Fig. 1F)

. stained cells rapidly, but the dye quickly leaked out of the cells, resulting in a low

intensity of cellular staining and a high degree of fluorescence in the medium
25 containing the cells. Therefore, the modified Rhodamine dyes are superior to
Rhodamine 110 since they are readily taken up by HL-60 cells and are retained

within the cells for at least 30 minutes.
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15 values were determined for each substrate with either CPP32 or ICE.
CPP32 and ICE dependent substrate cleavage was measured using the
following buffer conditions: 100 mM HEPES pH 7.5, with 10% éucrose, 1%
CHAPS, 5 mM glutathione, and 1-100 uM test substrate. Nonspecific enzyme
cleavage was determined with the use of the specific CPP32 and ICE inhibitors
20 consisted of an oligomer with the sequence Asp-Glu-Val-Asp or Tyr-Val-Ala-
Asp, respectively, with an aldehyde group conjugated to the C-terminus. The
assay for enzyme activity was typically carried out at 37°C for 60 minutes.
Table 4 lists the K, and V_,, values for N-(Z-VD)-N "-acetyl-Rhodamine
110, N~(Z-VAD)-N "-acetyl-Rhodamine 110, N-(Z-DEVD)-N -acetyl-Rhodamine
25 110 SEQ ID NO:5, N-(Z-YVAD)-N "-acetyl-Rhodamine 110 SEQ ID NO:2, (Z-
VAD),-Rhodamine 110 and (Z-YVAD),-Rhodamine 110 SEQ ID NO:2 as
substrates for CPP32 and ICE.
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10% %" & ()1 e SO%%) ™. o0 mM NaCl; 10% sucrose; 0.1% CHAPS; 1 mM EDTA; 10
5 mM DTT). At the end of the incubation period, the fluorescence was measured
on a Bio-Tek FL500 fluorescence microplate reader using excitation and emission
wavelengths of 485 and 530 nm, respectively. Two different controls were run: 1)
an enzyme blank consisting of samples containing substrate, but without enzyme
or cell lysate; 2) an inhibitor control, consisting of samples which contained the
10 caspase inhibitor. Ac-DEVD-CHO (f.c., 10 uM). Table 5 is a summary of the

results obtained with these substrates.

Table 5. Cleavage of Substrate by Caspase-3 and Lysates

Cleavage by Cleavage by
Compound Caspase-3 Apoptatic Lysates

N-Z-VD-N'-ethoxycarbonyl-R110 Poor Poor
N-Z-DEVD-N'-ethoxycarbonyl-R110 Good Good

SEQ ID NO:5

N-Z-EVD-N'-ethoxycarbonyl-R110 Fair Fair
N-Ac-DEVD-N'-ethoxycarbonyl-R110 Good Good

SEQ ID NQO:5

N-Ac-DEVD-N'-octyloxycarbonyl-R110 Good Good

SEQ ID NO:5

N-Ac-DEVD-N'-hexyloxycarbonyl-R110 Good Good

SEQ ID NO:5

N-Ac-DEVD-N'-(ethylthio)carbonyl-R110 Good Good

SEQ ID NO:5

15 As shown in Fig. 2A, cleavage of the dipeptide substrate, N-Z-VD-N"*

ethoxycarbonyl-R110, required exwemely high concentrations of recombinant
caspase-3 (a 50-fold greater amount of enzyme than needed for tri- and
tetrapeptide substrates). Even with this large amount of enzyme, the signal was
low. By contrast, the tripeptide substrate, N-Z-EVD-N"-Ethoxycarbonyl-R110

20 (Fig. 2A), and all of the tetrapeptide substrates (Figs. 2B-2L) were cleaved
efficiently by caspase-3 and apoptotic lysates.
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The ability of N-Ac-DEVD-N "-octyloxycarbonyl-R110 SEQ ID NO:5 to
detect caspase activation in intact cells was tested using apoptotic HL-60 and
Jurkat cells. These whole-cell assays were carried out in two stages: 1) induction
of apoptosis: 2) incubation with the substrate. For HL-60 cells, apoptosis was
10 induced by treatment with 10 pg/ml vinblastine for 4 hours. Control samples
were treated with DMSO. For Jurkat cells, apoptosis was induced by treatment
with 500 ng/ml agonistic antiFas antibody for 2 hours. Control samples were
treated with PBS. Following apoptosis induction, the cells were incubated with
50 uM N-Ac-DEVD-N-octyloxycarbonyl-R110 SEQ ID NO:5 in caspase assay
15 buffer (40 mM PIPES, pH 7.4: 100 mM NaCl; 10% sucrose; 1 mM EDTA; 10
mM DTT). The cells were than transferred to a glass microslide and viewed by
epifluorescent illumination on a Nikon inverted microscope. As show in Fig. 3A,
vinblastine-treated HL-60 cells were intensely stained by N-Ac-DEVD-N'-
octyloxycarbonyl R110 SEQ ID NO:5. DMSO-treated cells also showed some
20 staining (Fig. 3B). although the intensity of the signal was significantly less than
that of vinblastine-treated cells. HL-60 cells treated with 50 uM Ac-DEVD-CHO
SEQ ID NO:5 during the assay stage~ (Fig. 3C) showed almost no fluorescent
signal, indicating that the staining observed in vinblastine-treated cells is almost
entirely due to caspase-mediated cleavage. Jurkat cells induced to undergo
) 25 apoptosis by antiFas (Fig. 3D) also showed intense staining by N-Ac-DEVD-N "
. octyloxycarbonyl R110 SEQ ID NO:5, while control cells showed only light
staining (Fig. 3F). These experiments demonstrate that N-Ac-DEVD-N'-
octyloxycarbonyl R110 SEQ ID NO:5 can be used to measure apoptosis in intact
cells and that the signal obtained from N-Ac-DEVD-N -octyloxycarbonyl-R110

30 SEQ ID NO:S is caspase-dependent.
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ACleavage of the Caspase-3 Substrate, N-Ac-DEVD-N'-octyloxycarbonyl R110
SEQ ID NO:5, by Whole Apoptotic Jurkat Celis

In order to quantitate the cleavage of N-Ac-DEVD-N' octyloxycarbonyl-
R110 SEQ ID NO:5 by whole cells, an assay was performed in which the
fluorescent signal generated from this substrate by apoptotic Jurkat cells was
measured in a spectrofluorometric plate reader. Jurkat cells were incubated for
varying times in 96-well plates with 500 ng/ml antiFas antibody to induce
apoptosis. Control cells were incubated with PBS. At the end of the treatment
period, the cells were harvested, centrifuged in 1.5 ml tubes and resuspended in 25
nL of medium containing 1% FBS. 25 uL of caspase buffer containing 50 uM N-
Ac-DEVD-N-octyloxycarbonyl R110 SEQ ID NO:5 was added, and the cells
were incubated for one hour. At the end of the incubation period, three 5 pL
aliquots from each time point were placed in 96-well plates and the fluorescence
was measured at excitation/emission wavelength of 485/530 nm. Figure 4 shows
that cells treated with PBS gave a small fluorescent signal which did not increase
over the treatment times used. However, cells treated with antiFas gave a
detectable fluorescent signal at about one hour after apoptosis induction, and the
signal continued to increase up to the 2 hour timepoint. with a signal to
background ratio of about 7. This experiment demonstrates that N-Ac-DEVD-N"
octyloxycarbonyl R110 SEQ ID NQ:5 yields a robust signal in whole apoptotic
cells and can therefore be used to quantitatively measure caspase-mediated

apoptosis in a cell-based assay.
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10%& ()- &  Cleavage of the Caspase-8 Substrate N-Ac-LEVD-N’-ethoxycarbonyl R110
SEQ ID NO: 9 by Recombinant Human Caspase-3, 6, 7, and 8

-5 N-Ac-LEVD-N-ethoxycarbonyl R110 SEQ ID NO:9 was assayed by
recombinant human caspase-3, 6, 7, and 8. The assays were carried out at 37°C _in
96-well plates in a 100 uL incubation containing recombinant human caspase, 10
uM of N-Ac-LEVD-N'-ethoxycarbonyl R110 SEQ ID NO:9, and caspase assay
buffer (40 mM PIPES, pH 7.2; 100 mM NaCl; 10% sucrose; 0.1% CHAPS; | mM

10 EDTA; 10 mM DTT). At the end of the incubation period. the fluorescence was
determined on a Bio-Tek FL500 fluorescence microplate reader using excitation
and emission wavelengths of 485 and 530 nm, respectively. In order to correct for
the endogenous fluorescence of the uncleaved substrate, controls were run which
consisted of samples containing 10 uM N-Ac-LEVD-N’-ethoxycarbonyl R110

15 SEQ ID NO:9 without enzyme (“enzyme blanks™). Additional controls included
samples containing the caspase inhibitor Ac-DEVD-CHO SEQ ID NO:5. As
shown in Fig. 5. caspase-6 and caspase-8 cleave N-Ac-LEVD-N"-ethoxycarbonyl
R110 SEQ ID NO:9 to give an easily measured fluorescent signal (signal to
background ratios of about 13 for caspase-6 to about 26 for caspase-8). Caspase-3

20 cleaved N-Ac-LEVD-N'"-ethoxycarbonyl R110 SEQ ID NO:9 less efficiently.
yielding a signal that was about 5-fold above the enzyme blank value. Caspase-7
gave virtually no signal. These experiments show that N-Ac-LEVD-N'-
ethoxycarbonyl R110 SEQ ID NO:9 can be cleaved by members of the caspase-8
subfamily and that it can be used to report the activity of this type of caspase.

25
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gL. 1000/&&;&.( %) %Géﬁ%%&d@i bl{%&g{%ﬁ‘ %W&%ﬁw ?ﬁ}%‘&qysmes were

prepared by homogenizing HL-60 cells in caspase buffer, and the ability of these
lysates to cleave N-Z-G-N'"-octyloxycarbonyl R110 and N-G-N"-octyloxycarbonyl-
10 R110 was tested in a microtiter plate assay. Figure 6 shows that HL-60 cell
lysates readily cleaved N-G-N"-octyloxycarbonyl R110, and the size of the signal
was dependent on the concentration of substrate. By contrast. no signal was

generated by HL-60 cell lysates from N-Z-G-N'-octyloxycarbonyl-R110.

15 EXAMPLE 81

Use of fluorescence assay in screening for drugs that stimulate the
caspase cascade.

Drugs that stimulate the caspase cascade in the absence of Fas ligand may

20 be useful, for example, as anti-cancer chemotherapeutic agents. The assay
described in Example 78 may be used to screen for drugs that stimulate the

caspase cascade by carrying out the assay _under similar conditions as in Example

78, except that a known or unknown compound with known or unknown anti-

cancer or anti-tumor activity replaces the Fas ligand reagent.
25
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inducer.

EXAMPLE 83

Use of fluorescence assay in testing samples cancer cells from patients for
iy chemosensitivity to anti-cancer drugs.

It is well known that the same cancer in different patients shows a great
variability to treatment with anti-cancer drugs. Therefore it is very difficult to
predict whether a cancer in a patient is treatable with a particular anti-cancer drug

- 25 before treatment is begun. The fluorescence assays described in this invention
permit chemosensitivity or drug resistance testing of cancer or tumor cells or
tissue samples taken from individual cancer or tumor patients. To perform the
chemosensitivity test, a fluorescence assay using a cancer cell or tissue sample
taken from a patient may be conducted as described Example 78. Using this

30 approach, different drugs with known or unknown chemotherapeutic activity can

be tested for their capacity to stimulate the caspase cascade. The results from this
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resuspended in 50 pL of fresh medium. Aliquots of each cell suspension were

-]

placed in a microtiter 96-well plate and read on a Wallac 1420 microplate reader
15 with excitation wavelength at 485nm, emission wavelength at 525nm. Aliquots of
each cell suspension were also placed on microslides and viewed on a Nikon
inverted microscope with epifluorescent illumination. As shown in table 6, only
the cells incubated with 10 pM N-G-N’-octyloxycarbonyl-R110 showed signal.
There was no signal from the cells incubated with 10 uM N-Z-G-A"-
20 octyloxycarbonyl-R110.  Similarly, only the cells incubated with N-G-N-
octyloxycarbonyl-R110 showed fluorescence under microscope, and no
fluorescence signal was observed from the cells incubated with N-Z-G-N'-

octyloxycarbonyl-R110 (Figures 7A-B).

25 Table 6, Cleavage of N-G-V-octyloxycarbonyl-R110 by HL-60 Cells

Substrate Counts/ ug protein
N-Z-G-N'-octyloxycarbonyl-R110 | 0
N-G-N-octyloxycarbonyl-R110 12,98
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1. A reporter compound having the general Formula V:
R,-(AA),-Asp-y-R, (V)
or a biologically acceptable salt or pro-reporter molecule thereof, wherein
R, is an N-terminal protecting group;
Ry is a blocking group selected from the group consisting of C,,alkyloxycarbonyl,
CH,(OCH,CH,) ,0CO-, CH,(CH,)(OCH,CH,),0CO-, C,...(alkylthio)carbonyl,
aryl(C,_,,)alkoxycarbonyl, H,NCO-, (CH,),NCO-, (CH,CH,),NCO-, (CH,(CH,) )(CH,)NCO-,
C,.;alkylsulfonyl, C, ,,haloalkylsulfonyl, aryl(C, ,,)alkylsulfonyl, Cl,CCH,0CO-, unsubstituted
benzoyl, benzylcarbonyl, phenylsulfonyl, tosyl; wherein q is 2-4, r is 0-5, s is 1-4, and v is 1-9,
C,.; alkanoyl group, C,_,, alkanoy! group, and HCO-;
each AA independently is a residue of an a-amino acid or a derivative or B-amino acid, or a
derivative of an a-amino acid or B-amino acid;

nis 0-5; and

y is a Rhodamine moiety.

2, The compound of claim 1 wherein R,-(AA) ,-Asp is an N-blocked tetrapeptide which is

a substrate for a caspase enzyme.

3. The compound of claim 2, wherein said tetrapeptide is WEHD SEQ ID NO:1, YVAD
SEQ ID NO:2, LEHD SEQ ID NO:3, DETD SEQ ID NO:4, DEVD SEQ ID NO:5, DEHD SEQ
ID NO:6, VEHD SEQ ID NO:7, LETD SEQ ID NO:8, LEVD SEQ ID:9, SHVD SEQ ID NO:10,
DELD SEQ ID NO:11, DGPD SEQ ID NO:12, DEPD SEQ ID NO:13, DGTD SEQ ID NO:14,

DLND SEQ ID NO:15, DEED SEQ ID NO:16, DSLD SEQ ID NO:17, DVPD SEQ ID NO:18,
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DEAD SEQ ID NO:19, DSYD SEQ ID NO:20, ELPD SEQ ID NO:21, VEID SEQ ID NO:26

or IETD SEQ ID NO:24.

4, The compound of claim 1, wherein R,-(AA) -Asp is an N-blocked tetrapeptide which is

a substrate for granzyme B.

5. The compound of claim 4, wherein R,-(AA),-Asp is N-blocked IEPD or VEPD.

6. The compound of claim 1, wherein R,-(AA),-Asp is an N-blocked peptide consisting of
C-terminal Asp and 1, 2 or 3 amino acids of a peptide chain selected from the group consisting
of WEHD SEQ ID NO:1, YVAD SEQ ID NO:2, LEHD SEQ ID NO:3, DETD SEQ ID NO:4,
DEVD SEQ ID NO:5, DEHD SEQ ID NO:6, VEHD SEQ ID NO:7, LETD SEQ ID NO:8,
LEVD SEQ ID NO:9, SHVD SEQ ID NO:10, DELD SEQ ID NO:11, DGPD SEQ ID NO:12,
DEPD SEQ ID NO:13, DGTD SEQ ID NO:14, DLND SEQ ID NO:15, DEED SEQ ID NO:16,
DSLD SEQ ID NO:17, DVPD SEQ ID NO:18, DEAD SEQ ID NO:19, DSYD SEQ ID NO:20,
ELPD SEQ ID NO:21, VEID SEQ ID NO:26, IETD SEQ ID NO:24, IEPD SEQ ID NO:23 and

VEPD SEQ ID NO:27.

7. The compound of claim 1, wherein y is Rhodamine 110.

8. The compound of claim 1, wherein Ry is CH,0CO-, Cbz, Cl,CCH,0CO-,

PhCH,CH,0CO-, or CH,(CH,),0CO-, where n is 1-11.
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13. The compound of claim 1, wherein Ry is CH,(OCH,CH,)0CO-, or

CH,(CH,),(0CH,CH,),0CO-, where q is 1-4, r is 0-5 and s is 1-4.

14.  The compound of claim 1, having the formula VII:

R—(AA),—Asp—R; ‘ o ‘ NR;—Rg
Ry Ry
-

or a biologically acceptable salt or pro-reporter molecule thereof, wherein

(o)

R, and R, independently are hydrogen, methyl or ethyl; and
R, and R, independently are hydrogen or methyl.

15.  The compound of claim 14, wherein R, is t-butyloxycarbonyl, acetyl, hexanoyl, octanoyl
or benzyloxycarbonyl; and R,, R;, R, and R, are hydrogen.
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N-(Z-DEVD)-N *-acetyl-Rhodamine 110, SEQ ID NO:5;
N-(Z-VD)-N *-acetyl-Rhodamine 110,
N-(Z-AD)-N “acetyl-Rhodamine 110;
N-(Z-VAD)-N “acetyl-Rhodamine 110;
N-(Z-DEVD)-N “ethoxycarbonyl-Rhodamine 110, SEQ ID NO:5;
N-(Ac-DEVD)-N “ethoxycarbonyl-Rhodamine 110, SEQ ID NO:5;
N-(Ac-DEVD)-N “hexyloxycarbonyl-Rhodamine 110, SEQ ID NO:5;
N-(Ac-DEVD)-N ~octyloxycarbonyl-Rhodamine 110, SEQ ID NO:5;
N-(Ac-DEVD)-N “decyloxycarbonyl-Rhodamine 110, SEQ ID NO:5;
N-(Ac-DEVD)-N “dodecyloxycarbonyl-Rhodamine 110, SEQ ID NO:5; and
N-(Ac-DEVD)-N “(ethylthio)carbonyl-Rhodamine 110, SEQ ID NO:5.

18. A method for the preparation of a compound of claim 14, comprising

(@)  reacting Rhodamine with acetic anhydride to give N-acetyl-Rhodamine;

(b)  condensing N-acetyl-Rhodamine together with N-fmoc-L-aspartic acid B-z-butyl
ester to give N-(Fmoc-Asp(OBu-t))-N “acetyl-Rhodamine;

() removing the Fmoc group to give N-(Asp(OBu-t))-N ~acetyl-Rhodamine;

(d)  condensing N-(Asp(OBu-t))-N “acetyl-Rhodamine with Z-(AA), to give N-(Z-
(AA),-Asp(OBu-t))-N “acetyl-Rhodamine; and

(¢) removing the OBu-t protecting group to give N-(Z-(AA),-Asp)-N acetyl-

Rhodamine.

19. A method for the preparation of a compound of claim 14, comprising

(a)  reacting Rhodamine with acetic anhydride to give N-acetyl-Rhodamine;
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R, and R, independently are hydrogen or methyl.

22.  The compound of claim 21, wherein R,, R,, R, and R, are hydrogen.

23. The compound of claim 21, wherein R, is H; n=1; (AA), is M; m is an integer from 1-2;

and (AA),, is selected from the group consisting of GG, GA, AG, G, and A.

24,  The compound of claim 21, wherein the compound is selected from the group consisting
of

N-(GP)-N “ethoxycarbonyl-Rhodamine 110,

N-(GPG)-N “ethoxycarbonyl-Rhodamine 110, and

N-G-N"*octyloxycarbonyl-Rhodamine 110.

25.  The compound of claim 21, wherein R, is a N-terminal protecting group selected from
the group consisting of t-butyloxycarbonyl, acetyl, hexanoyl, octanoyl, dodecanoyl and

benzyloxycarbonyl.

26.  The compound of claim 21, wherein (AA),-(AA),, is selected from the group consisting
of SQNY-PIV SEQ ID NO:28, ARVL-AEA SEQ ID NO:29, ATIM-MQR SEQ ID NO:30,
RQAN-FLG SEQ ID NO:31, PGNF-LQS SEQ ID NO:32, SFSF-PQI SEQ ID NO:33, TLNF-PIS
SEQ ID NO:34, AETF-YVD SEQ ID NO:35 or RKVL-FLD SEQ ID NO:36; SQNY-PI SEQ ID
NO:117, ARVL-AE SEQ ID NO:118, ATIM-MQ SEQ ID NO:119, RQAN-FL SEQ ID NO:120,

PGNF-LQ SEQ ID NO:121, SFSF-PQ SEQ ID NO:122, TLNF-PI SEQ ID NO:123, AETF-YV
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27.  The compound of claim 21, wherein (AA),-(AA),, is selected from the group consisting
of LRGGG SEQ ID NO:101, LRGGA SEQ ID NO:102, MRGGG SEQ ID NO:96, MRGGA
SEQ ID NO:135, IRGGG SEQ ID NO:97, IRGGA SEQ ID NO:136, LVGGG SEQ ID NO:98,
LVGGA SEQ ID NO:137, MVGGG SEQ ID NO:99, MVGGA SEQ ID N0:158, IVGGG SEQ
ID NO:100, IVGGA SEQ ID NO:139, LRGG SEQ ID NO:55, MRGG SEQ ID NO:56, IRGG

SEQ ID NO:57, LVGG SEQ ID NO:58, MVGG SEQ ID NO:59 and IVGG SEQ ID NO:60.

28. A compound having the general Formula VI:

or a biologically acceptable salt thereof, wherein

R, and R, independently are hydrogen, methyl or ethyl;

R, and R, independently are hydrogen or methyl;

Rs is a blocking group selected from the group conmsisting of C, alkyloxycarbonyl,
CH,(OCH,CH,),0CO-, CH,(CH,)(OCH,CH,),0CO-, C,.;;(alkylthio)carbonyl,

aryl(C,.,,)alkoxycarbonyl, H,NCO-, (CH,),NCO-, (CH,CH,),NCO-, (CH,(CH,),)(CH,)NCO-,
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C,.;,alkylsulfonyl, C, ,,haloalkylsulfonyl, aryl(C, ,,)alkylsulfonyl, C1,CCH,OCO-, unsubstituted
benzoyl, benzylcarbonyl, phenylsulfonyl, tosyl; wherein q is 2-4, r is 0-5, s is 1-4, and v is 1-9,

C, ; alkanoyl group, C,_;, alkanoyl group, and HCO-.

29.  The compound of claim 28, wherein R,, R,, R, and R, are hydrogen.

30.  The compound of claim 28, wherein R, and R, are methyl; and R, and R, are hydrogen.
31.  The compound of claim 28, wherein R, and R, are ethyl; and R, and R, are methyl.

32.  The compound of claim 28, which is selected from the group consisting of
N-methoxycarbonyl-Rhodamine 110,
N-ethoxycarbonyl-Rhodamine 110,
N-hexyloxycarbonyl-Rhodamine 110,
N-octyloxycarbonyl-Rhodamine 110,
N-decyloxycarbonyl-Rhodamine 110, and

N-dodecyloxycarbonyl-Rhodamine 110.

33.  The compound of claim 28, which is selected from the group consisting of
N-dimethylcarbamyl-Rhodamine 110,
N-(N-methyl-N-hexylcarbamyl)-Rhodamine 110,
N-methanesulfonyl-Rhodamine 110,

N-(ethylthio)carbonyl-Rhodamine 110,

N-(hexylthio)carbonyl-Rhodamine 110,
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N-acetyl-Rhodamine 110,
N-acetyl-Rhodamine 116,
N-(2,5,8-trioxadecyloxycarbonyl)-Rhodamine 110, and

N-(2-butoxyethoxycarbonyl)-Rhodamine 110.

34. A method for detecting an enzyme involved in the apoptosis cascade in one or more cells,
comprising
(a) contacting said one or more cells with the reporter compound according to claim
1 under conditions whereby said reporter compound is taken into said one or more cells, and
(b)  recording the fluorescence of said one or more cells,
wherein a change in fluorescence within said one or more cells compared to control cells which

have not been so contacted is an indication of the presence of the enzyme.
35.  The method of claim 34, wherein said enzyme is an intracellular caspase.

36. A method for measuring the activity of an enzyme involved in the apoptosis cascade in
one or more cells, comprising
(a) contacting said one or more cells with the reporter compound according to claim
1 under conditions whereby said reporter compound is taken into said one or more cells, and
(b)  recording the fluorescence of said one or more cells,
wherein the relative change in fluorescence within said one or more cells compared to control

cells which have not be so contacted is a measure of the activity of the enzyme.
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(b)  recording the fluorescence of said one or more test cells compared to control cells
which have only been contacted with said reporter compound,
wherein a change in fluorescence within said one or more test cells compared to said control cells

is an indication that said test substance has an effect on said enzyme.
39.  The method of claim 38, wherein said enzyme is an intracellular caspase.

40.  The method according to claim 38, wherein said one or more test cells is contacted with

said test substance prior to contacting said test cells with said reporter compound.

41.  The method according to claim 38, wherein said one or more test cells is contacted with

said test substance after contacting with said reporter compound.

42.  The method according to claim 38, wherein said one or more test cells is contacted

substantially simultaneously with said test substance and said reporter compound.
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48.  The method according to claim 47, wherein said multi-cellular organism is selected from

the group consisting of an invertebrate animal, an insect and a plant,

49.  The method according to claim 38, wherein the one or more test and control cells are
derived from the group consisting of the hair, brain, peripheral nervous system, eye, ear, nose,
mouth, tonsils, teeth, esophagus, lung, breast, heart, blood, blood vessels, bone marrow, lymph

nodes, thymus, spleen, immune system, liver, stomach, intestinal tract, pancreas, endocrine
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thymus, spleen, immune system, liver, stomach, intestinal tract, pancreas, endocrine glands or
tissues, kidney, bladder, reproductive organs or glands, joints, bones and skin of said multi-

cellular organism.

52, The method according to claim 50, wherein said one or more cancerous test cells are
derived from a human in need of treatment with a chemotherapeutic drug and said test substance

is a chemotherapeutic agent.

53.  The method according to claim 38, wherein the test substance is a chemotherapeutic

agent.

54. The method according to claim 38, wherein the test substance is a mixture of

chemotherapeutic agents.

55. A method to determine the sensitivity of an animal with cancer to treatment with one or

more chemotherapeutic agents, comprising
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(a) contacting cancer cells taken from said animal with said one or more
chemotherapeutic agents and the reporter compound according to claim 1 under conditions
whereby said one or more agents, either interacts with an external receptor or is taken into said
cancer cells, and

(b)  recording the fluorescence of said cancer cells compared to control cells which
have only been contacted with said reporter compound, wherein a change in fluorescence of said
cancer cells compared to said control cells is an indication that said cancer cells are
chemosensitive to said one or more chemotherapeutic agents and that said animal is sensitive to

said treatment.
56. The method of claim 55, wherein said animal is a human.

57. A method for monitoring the treatment of an animal to treatment with one or more
chemotherapeutic agents, comprising

(a) administering said one or more chemotherapeutic agents to said animal,

(b)  contacting cells taken from said animal after said administering with the reporter
compound according to claim 1 under conditions whereby said reporter compound is taken into
said cells, and

(¢)  recording the fluorescence of said cells contacted with said reporter compound
compared to control cells which have been taken from said animal before said administering,
wherein a change in fluorescence of said cells taken from said animal compared to said control

cells is an indication that said animal is sensitive to said chemotherapeutic agents.
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is an indication that said test substance inhibits or prevents cell death.

60. The method of claim 59, wherein said one or more test cells are nerve cells.

61.  The method of claim 59, wherein said one or more test cells are selected from the group
consisting of myocardial cells, immune cells, cells of an organ to be transplanted, spermatozoa,

egg, cell lines which produces a recombinant protein, hair cells, skin cells and nerve cells.

62. A method for determining whether a test substance causes or enhances cell death in one
or more test cells, comprising

(a) contacting said one or more test cells with said test substance and the reporter
compound according to claim 1 under conditions whereby said reporter compound are taken into

said one or more cells, and
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whereby the reporter compound is taken into the cells, and
(b)  recording the fluorescence of said cells,
wherein a change in fluorescence within the cells compared to control cells which have not been

so contacted is an indication of the presence of the viral protease.

65. A method for measuring the activity of a viral protease in one or more viral infected cells,
comprising

(a) contacting said one or more viral infected cells with the reporter compound of
claim 21 under conditions whereby the reporter compound is taken into said one or more viral
infected cells, and

(b)  recording the fluorescence of said one or more cells,
wherein a change in fluorescence within said one or more viral infected cells compared to control

cells which have not been so contacted is a measure of the activity of the viral protease.
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66. A method for determining whether a test substance has an effect on the activity of viral
protease in one or more viral infected cells, comprising

(a) contacting said viral infected test cells with said test substance and the reporter
compound of claim 21 under conditions whereby said reporter compound is taken into said
infected test cells, and

(b)  recording the fluorescence of said infected test cells compared to infected control
cells which have only been contacted with said reporter compound,
wherein a change in fluorescence within said infected test cells compared to said infected control

cells is an indication that said test substance has an effect, on the viral protease.

67.  The method of any one of claims 64-66, wherein said cells are HIV infected cells and the

viral protease is HIV protease.

68.  The method of any one of claims 64-66, wherein said cells are adenovirus infected cells

and the viral protease is adenovirus protease.

69.  The method of any one of claims 64-66, wherein said cells are HSV infected cells and the

viral protease is HSV protease.

70.  The method of any one of claims 64-66, wherein said cells are HCMYV infected cells and

the viral protease is HCMYV protease.

71.  The method of any one of claims 64-66, wherein said cells are HCV infected cells and

the viral protease is HCV protease.
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72. A method for measuring the activity of protease or peptidase in cells, comprising

(@ contacting the test cells with the reporter compound of claim 21 under conditions
whereby the reporter compound is taken into said test cells, or the reporter compound is
interacting with an external membrane protease or peptidase of said cells, and

(b)  recording the fluorescence of said cells,
wherein a change in fluorescence within said test cell compared to control cells which have not

been so contacted is a measure of the activity of the said protease or peptidase.

73. A method for determining whether a test substance has an effect on the activity of
protease or peptidase in the test cells, comprising

(a) contacting said test cells with said test substance and the reporter compound of
claim 21 under conditions whereby said reporter compound is taken into said test cells, or the
reporter compound is interacting with an external membrane protease or peptidase of said cells,
and

(b)  recording the fluorescence of said test cells compared to control cells which have
only been contacted with said reporter compound,
wherein a change in fluorescence within the test cells compared to said control cells is an

indication that said test substance has an effect on the said protease or peptidase.

74.  The method of any one of claims 72-73, wherein said cells are endothelial cells and the

peptidase is type 2 methionine aminopeptidase.



04 APR 2002

-145-
75.  The method of any one of claims 72-73, wherein said cells are T cells and the peptidase

is dipeptidyl peptidase-IV.

76.  The method of any one of claims 72-73, wherein said cells are neuron cells and the

protease is calpain.

77.  The method of any one of claims 72-73, wherein said peptidase is aminopeptidase.



