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| NCLUDI NG ASSAYS FOR CASPASES 5 Descri ption of
Background Artwbisehghse©f the |Invention This invention is in therhisedArAf
intracel lular detection of enzynmes using 10 fl uorogeni c or

fluorescent probes. The inventi on relates to novel fluorescent dyes and
application of these d eparation of novel fluorogenic or

f1 uor escentN%\égrl HEUQ %PQR%&& \WMPLEEYLER| ANDy BHER ARRLICATHINS
prot eases aN de%ss%%\’s FQRMW‘%ﬁﬁSar, the invention relates to novel

fluorogenic or fluorescent peéptide derivatives which are substrates of
enzymes i-nvolved in 15 t05|s cggas caspases and the

| ynphocyPe- deri ved seri ne prot‘égsé:p 2§§@ ‘"*HE? Alention also rel ates
to a process for neasuring the activity of caspases and ot her enzynes

i nvol ved in apoptosis in living or dead whole cells, cell lines or tissue
sanpl es deri ved Fieldrof theynveatipr hy, di seased, infected or cancerous organ or
tissue. The invention also relates to the use of the fluorogenic or

fl uorescent 20 substrates in a novel assay system for discovering or

detecting inhibitors.or .inducers. o poptasis I n conpaund coll ections or
conmpound |ibrari es. I;cﬂ) it ) ’“tt[‘l‘égf"lﬂ\fgd{l‘?%ﬁ”‘fl@ detcsction of epgymgs aisigg t he

fl uorogei c or fAvsesgesie epflugtedRsithaltes Tik xﬂﬁénﬁsm&tébﬁohb‘?%%ﬂékéehywd of

cancer cells to treatnent wth chenotherapeutic drugs e inventron al so
relates to novela“fll%P(BPGf’@éme thesepgyes for thef prgparatinwenf npeq:it flderogkmid wat i ves

o o S AL PRSP SR S, ST el
as cal pain, pr otaedsmuﬁesh &rs peitigular, aheaamno:HGbMes)rtotxﬁﬁSIeﬂud#&ér@a" @F ease,
HCV prot ease anq]uaoge%cne%'}/ Ipr e pc'l’erlvatxves ‘which are substrates of enzymes involved in
15 apoptosis, such as caspases and the lymphocyte-derived serine protease Granzyme
B. The invention also relates to a process for measuring the activity of caspases
and other enzymes involved in apoptosis in living or dead whole cells, cell lines
or tissue samples derived from any healthy. diseased. infected or cancerous organ
or tissue. The invention also relates to the use of the fluorogenic or fluorescent
20 substrates in a novel assay system for discovering or detecting inhibitors or
inducers of apoptosis in compound collections or compound libraries.
Furthermore, the invention relates to the use of the fluorogenic or fluorescent
substrates in determining the sensitivity of cancer cells to treatment with
chemotherapeutic drugs. The invention also relates to novel fluorogenic or
25 fluorescent peptide derivatives which are substrates of exopeptidases such as
aminopeptidase A and N, methionine aminopeptidase and dipeptidyl-peptidase
IV, endopetidases such as calpain, proteases such as HIV proteases, HCMV

protease, HSV protease, HCV protease and adenovirus protease.



-2- Related Art Organisns elimnate unwanted cells by a process variously
known as regul ated cell death, progranmed cell death or "apopt0sis. Such
cell death occurs 5 as a normal aspect of aninal devel opnent as wel |
as in tissue honeostasis and aging (d ucksmann, A., Biol. Rev. Canbridge
Phi | 0s. Soc.WQ@¥B5686 (1951); G ucksmann, A, Ar chi ves de RGTAiS8%21831
76:419-437 (1965); Ellis et al., Dev._J12:591-603 (1991); Vaux et al., Cell
76: 777-779 (1994)). Apoptosis regul ateS cell number, facilitates

nor phogenesi s, renoves harnful or otherw se abnor rral 10 cells and
el i m nat es ceI | s that have already performed their function. Additionally,
apopt osi s oc cRelated Art esponse to various physiol ogical stresses, such as
hypoxi a or ischem a (PCT published application W06/2072 1). There are a
nunber of norphol ogi cal changes shared cell's experiencing regul ated cell
deat h, including @rmsmimlmje Iuewnnt#bnﬂ?;aheamre@m meriousky| knops as

shri nkage (coudgns &' ell%%%tg{ ””%m%ﬁ@ glf{ﬁaﬁ'xn& é%t&% asith ceft 9&9‘8& ufs

rel ocalization-an i TS nsation pro ucti on of
apopt &t i ¢ bodisesSndriielng3pern of adimlabda@lopmeitias vl azdnttsue }m@pelosthsnsaa:rﬂi | ul ar

material) (Oreniys, .S., J. Internal icine 23 7.529- )

Apopt osi s is 2RI s SRty fiyh B Bigl S%cfgeé%afge ﬁ’@é%r‘ﬁ%n?@"?g‘gél((l}gﬁi’)r) 20

sui ci de (Wl |Gl‘ﬁcksﬂtamH A, IA}c}S;ﬁ‘ésldeD%aﬂ id '765191113’79%1%5}1 Eigs el ag9yevBowen and
Lockshi n, eds. Bman “and Hal | A cell activates its

i nternal |y enbfééﬁ@éi'6 B(EOHe Vﬂ%g’rdm%’# WﬁgﬁPKIWg)eléthOS}SﬁF@#ﬁ&ﬁ or
external sig c%hﬁugmt-gg&gﬁ&ﬂitﬁ o 59 5@5”9 k% ?ﬁéﬁn%ﬂ er'tl?e!x‘gﬂetaﬂﬁorﬁxﬁlt I vation of

a carefully re Cyt. 68:251
(198090, El i sceﬁ!; add. ehﬂﬁnates cells Alm hﬁi&v alréhlyl p&foxmea 61&& (ﬂ;@@rb)l)

ApopLoti © cel |y ady ot os o e el L BCaNL S ng Saked Bk
as hypoxia or ischemia (PCT published application W096/20721).
There are a number of morphological changes shared by cells experiencing
regulated cell death, including plasma and nuclear membrane blebbing, cell
15 shrinkage (condensation of nucleoplasm and cytoplasm), organelle relocalization
and compaction, chromatin condensation and production of apoptotic bodies
(membrane enclosed particles containing intracellular material) (Orrenius, S., J.
Internal Medicine 237:529-536 (1995)).
Apoptosis is achieved through an endogenous mechanism of cellular
20 suicide (Wyllie, A. H., in Cell Death in Biology and Pathology, Bowen and
Lockshin, eds., Chapman and Hall (1981), pp. 9-34). A cell activates its
internally encoded suicide program as a result of either internal or external
signals. The suicide program is executed through the activation of a carefully
regulated genetic program (Wylie et al., Int. Rev. Cyt. 68:251 (1980); Ellis et al.,
25 Ann. Rev. Cell Bio. 7:663 (1991)). Apoptotic cells and bodies are usually
recognized and cleared by neighboring 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)).



Because of this clearance nechanism inflammation is not induced despite

t he cl earance of great nunbers of cells (Orenius, S., J Internal Medicine
237:529- 536 (1995)). -3- Mammalian interleukin-1[err] (IL-1[err]) plays
an inportant (R f,kddsVvarious pathol ogic processes, includi ngcghisegdissand
acute inflammation and autoi nmune di seases (Oppenheim J. H et. al.

| munol ogy Today, 7, 45-56 (1986)). IL-3ferr] is synthesized as a cell
associ at ed precursor pol ypeptide (pro-IL-1[err]) that is unable to 5

bind IL-1 receptors and is biologically inactive (Msley et al., J. Biol.
Chem  262: 2941- 29441h 34} intefukidtT L L1 3) Gl 4R s SHhn® frolB TG CHHrvas
IL-1[err] to mature |L-1[err], the activity ‘of interleukin-1 can be

i nhi bi ted. | L-pathologig| preresses inaudirg:clironio indeztuteninfiagramaianapdpuigigi@upeinge of

bi ol ogical re incl udi LNfd kon, t4 G nd :heal i ng,
hemat opoi esi ssdgs(r%gs%gﬁ) i ﬂllegg’j;glr' tré]uI’lh Biddy Toﬁgujkg?nggg@?@)\'r,\\g#gﬁllg, C. A,
Bl ood 77: 1627-syfithésifed 994 ¢ell ddsdciatediphusbr polypeplidaipros]lloby) thay ikaynalils 1d 3

1990)).. Interleukin-1] nver ti, _ i _
eanonsi o1 ot ¢ dind el Pl sighis nolodivly | Baive oSy et o rL el e
(Thornberry, NeAoo4ebodal (1987t BY enidifag BhverbR820r profiaBs 11118 1€ atike ,  Cel |

75:641 (1993)). ICE is a substrate-specific cysteine protease that cleaves
the inactive proidnthe peiyiy rof sintegeukin-1 can be ighigiledh dlthés plse r eyipking . The

genes that engpolg,dqofy, ! &'édig(?]k% GPRAg ?ggéﬁg{}‘b%ﬁﬁogt%atl f@@g&ﬁ@@@ diffing CE/ Ced- 3

famly of genes I ch pres y inc I"eas e nmenbers:” | CE,
CPP32/ Yarra/ ApdpfammativnCiedtic Fi0Ed, wduBhealiy/ héthdtGhoidvistdRd ghdPHB of kikddn

FLI CE/ CH/I\/CI—fS | CE-1LAP6 and | CErell |l L, 0 /tic.activity of this
fam |y of cy st SHkmas, hﬁ“@%{g@%,cﬁ’o?&o&pb?\}@é}g@ E@Ehilﬂg“ﬁ'ﬁf‘e et "_\{" resi due
i's essential fRimmblogy B Igd 39000 ShterledPRNER cEnveftingi Bdymd (ICEREH at i ng cel |
protease responsible for the activation of interleukin-18 (IL-18) (Thornberry,
N.A., et al., Nature 356:768 (1992); Yuan, 1., ef al,, Cell 75:641 (1993)). ICEisa

substrate-specific cysteine protease that cleaves the inactive prointerleukin-1 to

15 produce the mature IL-1. The genes that encode for ICE and CPP32 are members

of the mammalian ICE/Ced-3 family of genes which presently includes at least

twelve members: ICE, CPP32/Yama/Apopain, mICE2, ICE4, ICH1, TX/ICH-2,

MCH2, MCH3, MCH4, FLICE/MACH/MCHS, ICE-LAP6 and ICErellll. The

proteolytic activity of this family of cysteine proteases, whose active site cysteine

20 residue is essential for [CE-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



death (Mura et al., Cell 75:653-660 (1993)). This gene fam |y has recently
been named caspases (Alnernri, E. S. et. al. Cell, 87:171 (1996)). A death
trigger, such as Tunor Necrosis Factor, FAS-ligand, oxygen or nutrient
deprivation, viruses, toxins, antl-cancer drugs etc., can activate caspases
within cel | SWPAYB8¥ascade- | i ke 25 fashi on where cadSASSBHUR ream in
the cascade (e.g. FLICE MACH MCH5) can activate capsases further
downstream in the cascade (e.g. €EPP- 32/Yana/ Apopain). Activation of

t he caspase cascade leads to cell death. A wealth of scientific evidence
suggests that, in many di seases, the caspase cascade is activated when it
shoul dn' t be. caﬂiﬁs& chﬁ@disaﬂdosw%’dqmlcmlﬁeéuﬁdﬂeafncﬁae myocardials infarcmim and organ

failure. Diseases jnvolving inappropriate actj on of the caspase
cascade and s%ﬂ?géséw%rli‘?arbéﬂlﬁiﬂ’ R’S‘WE‘F"dé‘S?aﬁ‘ESI‘ L’Hég Bga&n&ca?nsr rlﬂdé‘%t i on

congestive hegg.f ﬁbé#faﬁmﬁwﬁ&hmmm&ea&ﬁémc%@& Mk egérdfa@e¢ | ONS,
kidney failure, Iiver failure, rheunatoid arthritis, ischemc stroke,

neur odegener adlsaaeeSda@eamoswacther'B@@If@%dbﬁ! diseavery ghaovst drugs that&amii scovery
of noy, dr ugg, t.hat V, of the
caspase casca@g%\gdnﬁ%q e actwatlon Otbéhg)%%p ?{?péggt{ah p%?]ﬁgﬁ 4 ?gg‘%err%%% IHQ
degenerati ve ihpgershake éatm®s bf dégéneaiaive diskaseofamost, sfrsitt eligporgrn Styklanhuman body.
Caspases are aq[ o, tho g t to be crucial in the devel opnent and treatnent of
cancer. Ther e° °AY evi dence that cancer cells, while containing 10
caspases, |ack paréépé%és ér@%lsﬂ‘ﬁldﬁghﬂta'bef&ﬁfém Rehy déveRipnieaf indateamhdne caspase
cascade (Los et al., Blood 0, No 8:3118-3129 (1997)). This causes
the cancer cepf sancey. | a‘s’;xeretﬁempu@apamdeycet that, canser) Gelise | WhileaFoniaiiiBg de and t he

cel | Sl(PeCOrre m §, (Ilzlck pmseé/f he 8IS ARERIRH that activate the caspase cascade
(Los et al., Blood, Vol. 90, No 8:3118-3129 (1997)). This causes the cancer cells

to lose their capacity to undergo cellular suicide and the cells become immortal—

they become cancerous.
It has been shown that chemotherapeutic (anti-cancer) drugs can trigger
15 cancer cells to undergo suicide by re-activating the dormant caspase cascade.
This may be a crucial aspect of the mode of action of most, if not all, known
anticancer drugs (Los et al., Blood, Vol. 90, No 8:3118-3129 (1997); Friesen ef
al., Nat. Med. 2:574 (1996). Chemotherapeutic drugs may differ in their capacity
to activate the caspase system in different classes of cancers. Moreover, it is
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 different patients. In other words, there
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.



It has been shown that chenotherapeutic (anti-cancer) drugs can trigger 15
cancer cells to undergo suicide by re-activating the dormant caspase
cascade. This nay be a crucial aspect of the node of action of nost, if not
all, known angy drugs (Los et al., Blood, Vol. 90, Nog- 29
(1997); Friesgﬁﬁgpﬁgf., Nat. Med. 2:574 (1996). Chenntherapgﬁgﬁ% F%%s may
differ in their capacity to activate th®-caspase systemin different

cl asses of cancers. Moreover, it is 20 | i kely that anti-cancer
drugs differ in their ability to activate the caspase cascade in a given

cancer (e.g. lung ep5a&"d fiAdGubdithdd dither iSRbit BRSNS thelcAspatd\@kcadllifls, there
are differences fromone patient to another in the chenosensitivity of,

e.g. |lung candemeesssans to tdgvelenr ihighstheoyghpug snasnage @etingsion |(HTEMMeNIPS. t he
excessive acti | f S . Slear-1P role
in a w de var i-I\élt@%}e o?cge%%%grrgﬁsﬁs% %}lgﬁg‘%ﬁg‘e"g@@t‘%?f gﬁéﬂﬁ%’gn-%%ct}lrl\ect I oni ng
caspase syst emaspascacasal¢ irgide 1ningcanwhdsle eelld. sIdedlipyHECA) assapysashoulthbdi t  or
stinmul gte the caS@ase cascade are to revolutioni,ze the.treatnent of

i kel
nuner ods hunan “HFYE L8 r@d@?‘ﬁ\j‘eft%ﬁf‘ﬁpﬁ%e?ﬁs?”t‘}ﬁﬁm‘e'ﬁ'r Wige 20 JVHE %Bndocri ne,

ki dney, liver ik Rlaidnalict RAKES okiBinthigRARE TaRder LR, wuidH BA1sS Himane and to
cancer. -5- In order to find drugs that either inhibit or stinulate the

caspase cascadélls.ibrainp eellseeells ehthg epdocgias syssgm.trcBhor ¢alldingh fiem éifspase
activation (HT : FIRRNS I i 1 Or
activation or ngg%‘i %?c?xl?%??%g{ﬂtﬁ %gplggé{gase casggggﬁcpﬁg%% a?ﬁa%%)%%&gur Eahol e
cells. |deal | yableHdGieamssayithis hiving dr lpdok cells--the activationairiihldbignnofhnt 0 nmeasur e

LD CapR25C, SO 2R Vi RS0 M S ISLES bRl T
cells, cells ofasdalle BuVEIRFinE BRhSHBMEBTHTCOR AsSayd Fepe®bits b bubs@ndidl @dvaeltd f er ent
in the field of drug screening,

Currently available HTCA assays do not permit inner cellular screening

for compounds that can either activate or inhibit the caspase cascade. There are

15 only cell-free, high-throughput screening assays available that can measure the

activity of individually isolated caspase enzymes, or assays that can measure the

activity of caspases in dead cells which have been permeabilized by osmotic

shock, for example (Los et al., Blood, Vol. 90, No 8:3118-3129 (1997)). But these

enzyme assays cannot predict the effect of a compound on the caspase cascade in

20 living cells for the following reasons:

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



organ systens, biopsy sanples etc. Furthernore, such HTCA assays shoul d be
able to neasure--within living or whole cells--the activation or inhibition
of any 10 of the caspase enzynes or any other enzynes that are
i nvolved in the caspase cascade. Devel opi ng such versatile HICA assays
represents IQWISBAntial advance in the field of drug scrEENUAE 2 Crrently
avai |l abl e HTCA assays do not permt ipgner cellular screening for conpounds

that can either activate or inhibit the caspase cascade. There are 15
only cell-free, high-throughput screening assays avail able that can neasure

the activity of individually. solated caspase enz or ays that can
measure t heyacf’?sﬁ?sfil % 51%%5?55“?9?5% ég&ergxéq Ia?aW%’gﬁr}h aVe® %éfaén}!o

permeabi | i zed RyifRE&ERl hes Fhdeded shaRkssa appdfahdsk assapy fotthigh-toagiput Vol . 90, No
8:3118-3129 (1997)). But these_enzyme assays capnot predict the effect of a
conpound on t h&Teeainsaele cminaterial (R sther) chemical |libgarisy JIEYIGUS H185§ e
fol | owi ng reasgns:;l. ind EAERASAHSe SSASnE 1da%o dRask

perneabi |l i zed g&é‘?ﬁngﬁ%‘fg%g%m%%ﬁrct t'he %1 | iélt yf%f conpoands te(r)y penetrate
the cel | ul ar mefrimmeereus iftibitors which wsidide chspasessit npcompeypddbate¥psddide resi des

in the interiof of the cel]s. In order..to,. tive, a
conpound nust h%tuse(ﬂt‘\ll §f pee Bﬁ’aé ‘{}%g‘n%g‘mlaét%ﬁﬁﬁé%gg‘beag%enerﬁggf%g ll)r enzynes,
but it nust al sthee able to penetrate the intact cell nenbrane. Cell- free
assays or assaﬁ‘ using dead cells are therefore unabcteflo det er m ne whet her
or not a compbiiEerus [Celiidar SeReplqrs; RIAtgINS, St pnstiiuents gpq, gotados—-ray a4t ed
caspases in cebfshfcR8reA%R ANRnoAE i BRbohcs HRCBIHabdda8cal® iPNiif@LdRN and to 30
conpounds that can cause oxidation of the enzynes. This property of

i sol Ht ed - 6 Celidiep asspase peskyssor@edals peingepermenbilized. slerdeestls dg nak@ks/s hi ghl y

suscepti bl e tc)into account these cellular receptors and cofactors. Because of this, it is

possible that a compound identified in a cell-free or dead-cell caspase assay
will not work in living cells. On the other hand, a compound that might
inhibit or stimulate the caspase cascade indirectly through one of the cellular

15 receptors or cofactors would be missed entirely in an cell-free or dead-cell
caspase assay.

4.) It is highly likely that the caspase cascade functions differently in cells derived
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 application 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 Jung cancer might be insensitive to

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



artifacts and has precluded successful use of these assays for

hi gh-t hr oughput screeni ng of conbinatorial (or other) chenical libraries.
Previ ous nmass screening efforts, using cell-free caspase enzyne assays,
have led to diﬁ&&yﬁg% 5 of nunerous inhibitors Wy ghs@xbdkze

caspases, but noconpound that woul d be useful as a potential drug. Simlar
difficulties have been reported by others. 3.) Numerous cellul ar receptors,
proteins, cell constituents and cofactors--many of which are stil
unknown--can influence the caspase cascade in living cells. 10

Cel | -Tree caspaggogasiavity Of ARRANEIY HoRO dlftFEaRALIEAY - is deaRIGBbWE do not
take into account these cellular receptors and cofactors. Because of this,
it is possibl ephehemmeranconpound identified in a cell-free or dead-cel
caspase assay wl | rie.in.livi cells, .he . ot hand . conpound
that m ght inhibit Ig%esq\g?th%eﬁ%ésgwgg%& a§§§° 8%%113 emfgﬁg?q‘ﬁoesgﬁglltyﬁogough one
of the cell ul acandéy cells taken from indbddeial utiente prierab aAesignisg wadattheltereginea ed
entirely in an cell-free or. dead-ce|l caspase assay. 4.). It is _highly

i kely Yhat ¢ hE1R 8 AsBOTE KL dgfRarket %‘}t‘o??ggf‘didrlfgér Hivicys themestSiteYi ved from
different or gapgingThA 1 ifSurdl MdeRPrefY LEEReQubd 1 fe $B6IuRE SR¥IN RRE _
cofactors that influence the caspase cascade differ among cell types. Using
20 gase inherend tephnigel ifficnlties: o Sheaipsting) is vepyuinge pensyming (aiK| oy

i mpossible to | ' / S | f1HC . F t he
caspase cascad}élggz\hta &%etr gﬁ%élngf“%'%eﬁ%o?s% % ﬂ’§pdgﬁl¥ecc%p|§%@g¥ L%éﬁ?’l!l%éx Sssay
system for needlucultag lkeatsrtackinhltelactiomspeadic andaydradtutsd clly aret thew nenzynes

i nvol v in 25 apqopt osi.s i s chenbsensitivi testing of hunan
cancer Eéj | t isloﬁ%?fvﬁﬁprf’??a{g“%ng the; cancer dn, the: patien; ¢ Xeé]iﬁéeasﬁaﬁ' fem for

suscepti bi |i tyq@tki{ HEBMHAR MERESINR chpBseCAehiviNtduyd PRLkE LS dedtihe C@nCer
drugs: For exanple, lung cancer cells in one patient mﬁglgt be sensitive to

Drug A while nsibhie chemosepaitiaty| niplije of fredly ecifed carcer pllendf thevisayo Drug A
but sensitive ha eHxigﬂ tﬁoughy?t', 7 \9&3& BREQGEREE st QBéJ\&Emy'd} multiple

samples taken from the same patient, e.g. from different metastases. This

15 information could then be used to design a treatment regimen using combinations
of marketed anti-cancer drugs to which the cells showed greatest sensitivity.

It is clear that the need exists for HTCA assays 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

20 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 involved 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;



- 7 - chenpsensitivity of cancer cells fromdifferent individuals is a

wel | - known phenonenon. In the past, attenpts have been rade to determ ne
the chenosensitivity of cancer cells taken fromindividual patients prior
to designing a treatnent reginmen 5 with one or nore of the marketed
anti - cancer WR¥Y86 However, chenpsensitivity testing has RGTUPBEH!

wi de-spread use, because the procedurgs involved have sone inherent
technical difficulties: The testing is very time consunmng (Six or nore
days per screen) and it requires culturing of the cells prior to screening.

The cell culture |leads to clonal selection.af cell nd . the cultured cells
are then no di e reporter W°§ﬁ8§r‘%‘&)?£@%@&f‘%@%?e ?‘Hé’%é@%‘éeéﬁ oRck t He patient. A
HTCA assay sipstRmGbRIthéiptpfilid. Yy measuring intracel lular caspase activity
could be used to determne very rapidly the chenpsensitivity profile of

L r efs hiy grci sed Fhnwmethodef screenipg apaptosigdriuBitonner induceigin Whels GEOE , it woul d
e feasi e b Vi j f h
cgl?-ﬁ%gél{zﬁr‘lgﬁ]ﬁ%?%?%s{)'b\é hiEea £0f thggérgénm_%%if z&%{o?ssot{eﬁgﬁqbs romthne

sanme patient, e.qg. erent netastases. I nformati on
coul @ t hen henthenl cdspasee STreditienally,cearyresinhibiops mere first identifisdby gell-i ons of

mar ket ed antd - cancer dr ug 0 ich the cells sho r e ensitivity.
It is clear ffeﬁzif‘zyfrﬁeasf‘?g%daél; F%l{u\'gesf%e}re E?f&&segsféﬁfgco\éﬁ%y% %gé%?éss ®For such
assays that ag@ityRsf tigetioy ehingolinddrit gntskit SE1BY €X YelDpermiestdi i6drogenfr @cedur es to
qui ckly detect and neasure the activity of coppounds that activate or

i nhi bi t t he fWaEspreale syhgirate will cnalle dhe, aueepingoph ahibaALs, o BOfSHYS| APEd i n
apoptosi s | ']Je%}ﬂﬁsés%@ fo'nﬁ ;ﬁgsy#gt l\ﬁg&ﬁlyQB lﬂ'ﬁ%dwﬂqif)'cﬁ,lspefﬂe?e a® se@aglent for this

type of cell assay | dea nmeet the followi ng conditions: a) there
shoubd be a advaptages firervéhobee célh afdapoveselirfies eizymal assayswe Oae pefpthiede- r eport er

mol ecul e andad\r/a%)a%gst i Eham%lv(van%&lel c%]l%];sta%r, t&eq&igi'tﬁgr%ll Rg‘ﬂ:dco Ea&xetrate 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 discovery 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



peptide-reporter is cleaved by the caspases or other enzymes involved in 25
apoptosis, preferably the peptide-reporter nol ecule should be

non-fl uorescent and nost preferably the peptide-reporter nolecul e should be
non- f | uor escegd odttdsecoOl Orl ess; b) the peptide-reporter nol eptitgsssapEl d be
cell perneable, therefore there should be m ni mrum nunbers of hydrophilic
groups in the ol ecule and the size of9%he nol ecul e should preferably be
small; c) the peptide-reporter nol ecule 30 shoul d preferably not
diffuse out of the cell once it perneates the cell nenbrane; -8 - d) the
reporter nol egall detbigl dort akies abAGMOL70hdaldes andutsigatfidatecgRidtioance it is

| i berated fromthe peptide. The nethod of screening apoptosis inhibitors or
i nducers in vpFOVeEnRdks e agtivitisswas fouad. enzyne assay can al so be used for the
screeni ng of inhi i{QroRberfelid iMabitols are known B BETableNRNsHRBRAT 481
Traditionally, enzynme inhibitors were first identified by cell- free enzyne
assays. Cel | ootereris aweidart ssemening essay dor mbibvord af MetdB8ymay reswdes activity

of the active_co unds in intact cell A cel.l perneable £l uorogenic or
f1 uor ?scent s’ﬂ%’gﬂ%gi’%m\‘ﬁrl$m§hagﬁ?°@ﬁee°§%P?@ﬁ%%% fg“fmlgﬁ‘ﬂf Bt L%°§e58?“qpr ot eases
and pept i dasesibatules o MEAPIZ dHENR wded RE tHe)scietnihg of inBibUWLE o€ MeeAPQ.in There are
several 10 .advant ages in whole cel|] assays vs cell-free enzyne
assays. One @rotpial selbarichseuldileadip nove] pntigpRoeicage®s| assays, the i nhibitor

wi |l have to penetgatfiyt BBy gx%ic'asetiﬂhibﬁorQ%cﬁ% Bifbnavit AEEViFROY hRYObRASES I N
living cells are regulated by other proteins, receptors or genes, screening
usi ng |iving shewngo g véry gffeative in the tieafment dfi petigntoinfegfed syith HIVioTTkesal e
conmpognds whi ch.. i fere.wWth | 1 ular rof eases inding to
t he achSi ve si 1t%gl,bhélgssq\xf\e/enf figséé\‘l e%gﬁ%guoﬁ'déw\ﬁﬁ%%ﬁrer%dﬁ? 51{1 e pﬁ§t8f5eab§88¥aﬁégct i on by

i nterfering wWiheadtivities of ithdst Githibitors wgtea fitso MeteimhifSl AEdues IHV piolease.

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 proteins 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.



unit assenbly, cellular cofactors or signal transduction nmechanisns (or
viral entry into host cells, in the case of viral proteases). Furthernore,
since there is an abundence of am nopeptidases in the cells, these

am nopepti dases can be used in 20 t he design of fl j.c.or
fluorescent ¥99¢$3k es for whol e cell assay which ot her wi s%%f\ﬁﬁgglgﬁglt wor k
in cell-free enzyme assays. Thereforeighere is a need to devel op high

t hroughput screening (HTS) assays and reagents for such assays in whole
cells which can be used for drug discovery or diagnostic procedures.

AGW 1470 (al so k TNP- 4 LS, an nesksS_ 1 pRLADLEAr «kd 25
clinical trials 1&?)'?,'”;1;%?\7% Ngf'yz’g%”’%%nérédr ?ﬂ?g{g?n@% loafﬁi g%éé# %ctllmgn of

AGM 1470 wasddrivatvet hy/flubrepeniv siitedatby fot potdinasape tddaimulesear ch groups (Sin,
N., et al. Proc. Natl. Acad Sci. U S A 94:6099-6103 (1997); Giffith,

E.C, et al., Chem Biol. 4:461-471 (1997)). They found that AGW 1470 and
anal ogs are inhibitors of geljtﬂql oni_ne 6ni m)epNi se type 2 (MetAP-2). The
potency for inhibition of 30 emgotiet’l al 2cel | proliferation and

i nhi biti on of nethionine am nopdp vity - 9- was determ ned for
a series of AGW 1470 anal ogs and & s @i ant correlation between the two
activities was found. Since angi jesi@ inhibitors are known to be able to
selectively kill cancer cells, a ar screening assay for inhibitors of
Met AP-2 may result in 5 e i -cancer drugs. Therefore cell

per mesbl e fl uorogenic or fluorescent substrates for Met AP-2 can be used for
the screening of inhibitors of MetAP-2 in _endothelial cells which could

| ead to novePherrniR e K Wehurs thergame i djffergnty are, selectedsfzom (o §PPRr s such as

ritonavir anghMicfiaCamileuGdL ehho hﬂm}{}wiﬁg bY&kyd Shin6 GhidY BlodRed he

treatment of patients infected wt ese

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, (7-Trp-Arg),-Rhodamine 110, (Z-Val-Arg),-Rhodamine 110,
and (Z-Ile-Pro-Arg),-Rhodamine 110.

15 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:



10 i nhi bitors were designed based on the structure of the HV

prot ease substrate. The activities of these inhibitors were first

determ ned agai nst H V protease. Active conmpounds were then tested for

inhi bition of JhVyiggdsection in cell cultures. A cell permeabj@psidogRiz9p€eni C
or fluorescent substrate for H'V protease can be used for the screening of
H V protease inhibitors in HV infectedllcel | s 15 whi ch coul d speed
up the process for the discovery of novel HV protease inhibitors and | ead
to new and better treatnment for HV infection. Since HV protease processes

viral precursor proteins at gy -SEACERRFPORTER-BROCKeP!ication, a cell
permeabl e fluorogenic or fluorescent substrate for HV protease also can be

used to screenVoeRpoR @K e graunielsrted dgehe rtmraﬁblerbquh@n ofra speeifis| at i on,
i | try, f HV
Y' ra .en ry Ognaﬁvl e, to ve reP%r?% ?F%CFKI?% eﬂ%ﬁ% %ltﬁe?cgtlt ?:r ahtﬁos% tl¥e S%LQ% CF 0

infection. The Gor'o gen nt su es a SO CO be used
for di agnosi s REPORVERiS eatdlaznle thet) veliennio dérige bleountd te BEOGK iy BLOGKRA t he

current]y avai hods. | yi ng the me. pringipl er meabl e

f 1 uor ogeni ¢ or*‘ﬁ%@?@@ ‘ﬁ‘g‘h%&% e‘F‘S? d@%{%ﬁ%‘r‘ﬁﬁepegﬁl Lit‘sagcd “for the
screeni ng of csPACEHRI b aBovalit Pikagd; and RR- is a haloalkyCRlbletyPRatBRA BRIt Or 0geni ¢
or fluorescent substrates for dipeptidyl-peptidase |V can be used for the

screeni ng of dfep&pyithaan inagsiiplanto! ta/fornrgihidethst sonjugags. Preferradergporter
fluorogenic or JliaraSe eﬁs’ﬂdtﬁ% %&ﬁx&&r—lfo?ﬂlﬁ @P borB$ciiSEd ofhdls. L e
ce er méa

screening of renin inhibitors an uorogeni c or fluorescent
substrates for adenovirus protease or other vi ral proteases can be used for
t he 30 screeni ng of a novi r us otease or other viral protease
i nhi bi t%rs. “10- US. Pat erR#IRGAryBf% ‘? Iggentigly 4, 640, 893 di scl ose
Rhodam ne 110 derivatives as fluorogenic substrates for prot ei nases of the
f or mul a:

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 carboxyl-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 I 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 | 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 II:
25 R, (ARA) ,-Asp-y-Asp- (RA) -R; (II

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-



[err] 5 wherein Rlerr] and Rerr], which are the sane or different, are
sel ected fromthe group consisting of am no acids, am no acid”derivatives,
bl ocked am no aci ds, bl ocked am no acid derivatives, and pepti des.

Exenpl ary (AA - Rhodam nes and (peptide)[err]- Rhodam nes are
(z-Arg)[err]¥Y 8 ne 110, (Arg)[err]-Rhodam ne 110, (Z- PQI/US98/21231

Al a- Arg) 2- Rhodam ne 110, (Z-G@ N-Arg){err]-Rhodam ne 110, (Z-Qdu-Arg)2-
Rhodam ne 110, (Z-dy-Arg)[err]-Rhodam ne 110, (Z-Leu-Arg)[err]-Rhodam ne
110, (Z-Met-Arg)[err]-Rhodam ne 110, (Z-Phe-Arg)[err]- Rhodarri ne 110,

(Z-Pro-Arg)2 0 e 1 7~ ) dam

(Z-Val - Ar g)[%ar“rBhl %m é’n%%dé 1‘:’18‘“ %c@zg ré“ﬁ%’%? TéF‘FP ﬂﬁ%&% ne 110. 15
WO 96/ 36729 ﬂnmcIaOSESachmdeSndeﬁtl}t bst andalit @ ﬂ\fbfog@ﬁlﬁaﬁ‘lﬂiﬁrds&ﬂt activity of
an enzyne inside tapolic active whole cell. The assay conpound IS
said to mcl'ﬂﬂ’@tyaalfg FhY ixp a&’l‘?&‘&ﬂ“ﬁ"ﬁ&l“é‘&@@@‘b?%ﬁ“%@ &Hi ng group
is sel ected ixqumotiilﬁinlﬂ@%o&%@?&r}ea'yﬂBRﬁéﬂa%eaﬁbds peptides, saccharides,
sul f at es, phosphates, esters, phosphate esters, nucleoti des,

pol yrucl eot i des, Bspesially preferied somp@unds are reprqsylm&rb)dhmalﬁurl nes,

nucl eosi des, lipids and m xtures. The indicator group is selected from
conpounds V\/m ch have a first state when joined to the leaving group, and a
second st ate WhefRAeAbpalH [ BN-exkg-r(@m) { kR, i ndi cator group by
the enzyne. Preferred indica 5 are said to be Rhodam ne 110,
rhodol, and fluorescein and phese conpounds. The patent 25
application listed many enzy (?ustrat es of enzynes(1iiS patent

5,576, 424 di scl osed hal oal kyl ives of reporter nolecules used to
anal yze netabolic activity i S f t he fornul a:

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 II. Preferred R, is t-butyloxycarbonyl, aicyl and
benzyloxycarbonyl. Preferred values of n are 1-3.
The invention also relates to a method for the preparation of a compound
of Formula IT1, comprising
(@) condensing Rhodamine together with N-fmoc-L-aspartic acid B-i-
15 butyl ester to give (Fmoc-Asp(OBu-t)),-Rhodamine;
(b)  removing the Fmoc group to givé (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




- 11 - XR- SPACER- REPORTER- BLOCK Wherein -BLOCK is a group selected to be
renovabl e by action of a specific analyte, to give reporter spectral

properties different fromthose of the substrate; - REPORTER- is a nol ecul e
that, when no y@sgREs¢bound to BLOCK by a BLOCK- 5 REP@R%,%W, has
spectral properties different fromthose of the substrate; - SPACER- Is a

coval ent linkage; and XR- is a hal oal kyl 5m| ety that can covalently react
with an intracellular thiol to forma thioether conjugate. Preferred
reporter corrpounds are said to include Rhodam nc- 110, rhodol, fluorescein
and ot hers. Sunmary_of the I nvention The

i nventi on reI at REQ 1B NP38r ycthe cahpxy F‘?J{W&%éﬁlﬂn%%r%rérpr%%ﬁ%’o\YM@Of

Fornul a I X-Y-@Bu-t group which 3 removed in 1R fifdl @L9i cal |y acceptable salts or
pro-reporter nol eches (such as rretﬁ ester form of carboxyl -containing

am no acid resi dues)Aftoﬁ@r eBypup mﬁmrefmed( cemgounds Sfalling withie the sbopd efent and

is a peptide or 0 o] gL QuR: O oth structure s
conpounds of Forom :% %:fdshﬁig éou r%lst e?1 l% éalgpréz ke S%‘F’eaassﬁbs#?getﬁégfor

ot her priot easescompopmbtdfdh’sgmupﬁndlﬁd&&hoservzlmmsx i918 gepttderoRiothel B@udhgre SSi | €
bond is 20 honlg 8{9\6 or both of the x-y and y-z bonds in Formula |
when x is the s¥hich Jakss the cogpaund A SP\’FéraEecf%é’ﬁpéseﬁuoWda|5§b5(§"|‘ﬂ°yf°6r1’éhe<§f t he

X-y or y-z bondprofeade® bﬁyép%disey\’ﬂle&hé'r s ea&xji'ﬁae%?%o iZFofnllS1 & the

fluorogenic or fluorescent noiety. Pre err conpounds are represented by
Fornula |1: 25 scissile bond under biological cordjtioms.] z is(a2ydking drovismdythé\giz-bohd\A)

[err]-R err] mFon&hL rnopA%&sg@f&%hluX?g, o(g%c li)fongialts or pro-reporter

nol ecul es (such as net ormof car o ni ng am no acid

resi dued) ther eof vﬂpemﬁcaﬂyﬂhembyelifmomgeﬁk ok elmmefbaht rePér@dr &6inptighds Toup
such as t-but 1s ar oné{}._. a] and 30 benzyl oxycar bonyl; each
AA i ndependent | “é‘ ?Ibaﬁ PTAAGY natural or non-

R;- (AA) -~Asp-y-R, (v

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

Rg ! o Ry VII
(0}
25 or biologically acceptable salts or pro-reporter molecules (such as methyl ester

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



-12- natural a-amno acid or [err]-am no acid, or derivatives of an a-am no
acid or [err]- amino acid; each n is independently 0-5; "and y'is a
fluorogenic or fluorescent noiety. Preferred y is a Rhodam ne i ncl udi ng
Rhodam ne 110, Rhodam ne 116 and Rhodam ne 19. Most preferred

Rhodani ne 11W0 9818856 Especial |y preferred conpou?féﬂ"é?’ém‘
represented by Formula IIl: [err] or_jiologically acceptable salts or
pro-reporter nol ecules (such as net hy]l ester form of carboxyl -containing
anmno acid residues) thereof, wherein R[err] AA, n are 10 as

defined prevyoysly, f ornu Pre s t-butyl oxycarbonyl,
acyl and be #ﬁ%\/‘%ﬂ’:&lﬁ’oﬁﬁ??s‘iegpeé}fpé?vf%‘ﬁy\}ﬁ R%f% ?f]daY’e 1-3. The invention
al so rel at esRt@d R, aRithOGmedr diffeCenPiriintaé Réradatly Ay &GoFaO MRS @fa:ﬁor mula I,
conpri sing (a) condensi ng Rhodani ne together with N-fnoc- aspartl c aci d

[err]-[err]-and 5 butyl ester to give
F As ; t
(Aap( CBi t) pePa s B M OGPt b b ol B e e Bt DT Rhodar ne

wi t h 5Z- (AA)[err] Anothgr greurt 2f preRepd anbc]dimsp{mhequﬁmmds] ofFfadhmid Ine; and (d)
removi ng the OBu-t t oup. 20 In a preferred
enbodi ment , ”?ﬂﬁefé‘%d y%‘é“V@?V%EQ IDNO 1, YVA SEQ ID NO 2, LEH SEQ I D
NO 3, DET SEQIDNO4 DEV SEQ ID NO5, DEH SEQ ID NO 6, VEH SEQ I D NG 7,
LET SEQ I D NO_8, LEV SEQIDNOQ SHV SEQIDNO 10 DEL SEQ I D NG 11, DGP

SEQ I D NO 12, RoEFASr0PFB N i R2 ﬁw? NRpyRG SEQ | D NO 15, DEE SEQ
ID NO 16, DSL

Ry

VITII

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 0 ! NR;-Rg

R¢ Ry

Q 6] IX

20 0

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

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



25 SEQ ID NO 17, DVP SEQ I D NO 18, DEA SEQ ID NG 19, DSY SEQ ID
NO 20, ELP SEQ ID NO 21, VED SEQ ID NO.22, IEP SEQ ID NO 23 or I|ET -13-
SEQ I D NO 24, and the carboxy containing anm no acids are protected with an
CBu-t group V\?,'bcbgjlgsg removed in the final step. Another gropgrpbegpifferred
conpounds falling WI?hi n the scope of Fornmula | include conpounds wherein x
Is not the sanme as z. Preferred 5 -15-compounds of this group include
those wherein x is a peptide or other structure which nakes the conpound a
substrate for caspases, or a substrate for other proteases or peptidases or
other enzymesg aOaARfd Xa¥ aP@EHhell PrelRLSY kPP drmufe IN@ASLT SSi | e bond under .

bi ol ogi cal condltlpns. z is a blocking group and the y-z bond in Fornul a |
i s not a sci s&iifanintager fiend813. bi ol ogi cal conditions. 1

0
Spect Tl 1Y, B ROUels LMPAPIRDE 0 1 LSRG nfgRS GpusP e of

or biol ogi cal biyd acceptabl e salts or pro-reporter nol ecules (such as nethyl
ester form of _car hoxyl -contain| am no acid resjques) thereof, wherein:
Rierr]? AA nRafff 5 Zyde %“%‘E%l“?l“g?}“ B‘i"g?ﬂ" H@gweyd?%lygag%ﬁwﬁaﬁk,ﬁand R6 is a
bl ocki ng group Whi Tk inPenfith aBH rdddtbs 18 adfktHodfor thedfRéga¥atioh b€ a @bmpéurdm no aci d.
20 In particular, preferred enbodi nents of the conpounds of
Formul a V ar e of BpmaseYll.campyisiformul a VI 1: [err] 25 or biologically

acceptabl e salts Of Pr Gz BRO hiftldallBk CkHh Caefi UhRy A B! PWe RELEH L

Rhodamine of Formula VI;

10 (b)  condensing N-acetyl-Rhodamine of Formula VI together with N-
fmoc-L-aspartic acid B-f-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;

15 (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; or alternatively

(a) reacting Rhodamine with acetic anhydride to give N-acetyl-

20 Rhodamine of Formula VI;

(b) condensing N-acetyl-Rhodamine of Formula VI with Z-(AA),.
Asp(B-OBu-t) to give N-(Z-(AA),-Asp(OBu-t))-N -acetyl-Rhodamine; and

(c)  removing the OBu-t protecting group to give N-(Z-(AA),-Asp)-N’-
acetyl-Rhodamine.

25 In this embodiment, 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.



form of carboxyl-containing am no acid residues) thereof, wherein - 14-
Rlerr], Rerr], AAand n are as defined previously in Fornulaé Il and V,
Rlerr] and Rlerr] are the sanme or different and are independently hydrogen,
al kyl or aryl; and Rerr] and R err] are the same or different and are

i ndependent WO P8/#Bgen or al kyl. 5 Anot her FCEHS*#A12Pr ef erred
enbodi ments of the conpounds of Forn %g | are represented by Formula VIII:
[err] 10 or biologically acceptable salts or pro-reporter nol ecul es

(such as nethyl ester form of carboxyl-containing am no acid residues)
thereof, wherein Rerr], Rerr AA . and n are as defined previogusly in
Formul ae |1 &A&:KN gqupdn Eepmuly ?Vlf“?sdﬁ‘? ppint of gtachment far ye ‘é’PP‘]‘t?‘are the same

or- di ffer ent, RndiAleRzynMAGPSRMACHIH ¥s MY dirB&8Mc gk ¥t a Mbledkyd jaea)lidé, and
Rlerr] and Rierr] are the same or different and are independently hydrogen
or al kyl . Yde fomepeptidepmidgbontl. Thereaetioadvill epaxerttemfluoreseent molecslepounds of
Formula | arexgl / - LD | lyr.accept abl e
sal 15 or pr & FRERE SFHEnGnbREH BepelrtBhk moleall 8 ReGRe VI
car béxyl - conKawhicings arsubstratecior a rpesteate @s )peptidase o Cleavdper afi the scissile

peptide-reporter amide bond in peptide-reporter by proteases or peptidases

produces compound of Formula VI or VI’ which is fluorescent.

Specifically, the novel fluorescent dyes of this invention are of Formula
VI:

10

VI

or biologically acceptable salts wherein:
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



- 15 - Rerr], Rerr], AAand n are as defined previously in Fornulae II
and V; mis an integer from0-3. Rerr] and R err] are the sane or
different and are independently hydrogen, alkyl or aryl; and 5

Rlerr] and R @fddongésg the same or different and are |ndepenqaeﬁ-msy8,ﬂy§ir ogen
or alkyl. The invention also relates to a nmethod for the preparation of a
conpound of Formula VII, conprising (a)l7- reacting Rhodanmine with acetic
anhydride to give N-acetyl - Rhodam ne of Formula VI; 10 (b)
condensi ng N-acetyl - Rhodani ne of Fornula VI together with N

f noc- L- aspar t irgprésehtdd b Fodmdla Dhte bil-edablk, Ochﬂl i¥,&hey can be introduced into

N-(Frmoc- Asp(OBu-t))- N -acetyl - Rhodam ne; renovi ng_the Fnoc _group to
gi ve N (Asp( OBthofe gellpor tissus gamleﬂhah%mqm@un %are fluorogenic or Tluopeggent aghndensi ng
N (Asp(OBu-t)) A BsT AA)[err]
Asp(OBu-t)) - N'ca}é\tlgg? gﬁériéhgﬁfg,%ﬁé&f{@fowa%{ﬂ of rerrt)[u\;\?/1 C%pagﬁ &%ﬁ a4tl\£7 %‘r%g{ ecting
group to gi ve ihtrgcgiylaxaniyeres jodslyed M apoptosit.y| - Rhodam ne; or alternatively (a)

reacti g Rhodam ne c d e -, 20.

Rhodamgne of For mul® OWF‘: E\g)\ gSﬂd}ejr%?F&&’ v:ébﬁti@%ziﬁdﬁécr&c B mul a Vi
W th Z- (AA) [ erdplimab @éc{uezﬁdei -tﬁBuaﬁdust&s@sy%uBMaZes(aﬁyﬁ) for the Granzyme B
Asp(OBu-t))-N -acetyl - Rhodam ne; and (c) renovi ng the CBu t protecting
group to give SRbStatel Ahs PRiiml substigte spauencepry Ph%éélg d: I n
this enbodi nent, where (AA)[err] includes am no acids such as glutamc acid
or aspartic acid, t he carboxy group iFapedtected as an OBu-t group which is

Enzyme* Optimal Sequence**
caspase-1 (ICE) WEHD (SEQ ID NO:1)
caspase-2 (ICH-1, mNEDD2) DEHD (SEQ ID NO:6)
caspase-3 (apopain, CPP-32, YAMA) DEVD (SEQ ID NO:5)
caspase-4 (ICE_-II, 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 NOQO:5)
caspase-8 (MACH, FLICE, Mch5) LETD (SEQ ID NO:8)
caspase-9 (ICE-LAP6, Mch6) LEHD (SEQ ID NO:3)
granzyme B JEPD (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 Thomberry ef 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.



cleaved in the last step. Thus, the invention also relates to the novel
fl uorescent dyes of Formula VI which are derivatives of "Rhodanm nes. These

conmpounds are prepared by 30 i ntroduci ng a bl ocking group Rlerr]
into one of the two ami no groups of Rhodani ne. -16 -. The er réHN group
in Fornul a WO99188%6 des the point of attachment for reacti BRTHFBRIZA!

potential enzyme substrate, such as l(ijéfle carboxylic group of a N-bl ocked
peptide, to forma peptide anmide bon The reaction will convert the
fluorescent nolecule of Formula VI into a non-fl uorescent peptide reporter
nol ecul e of Fornmulae VII- 5 | X which is a substrate for a protease
or peptidase. C eavage of the sci sérap@zpept | de-reporter am de bond in

pepti de-r eporter 1}% ﬁhgtﬁdbcb oT BJ&&#@ses pr@q&gg&gﬁm_d_f Forrmul a VI

or VI' whi ¢h—s— escent—peegGH T Vs lluDElvn tEOTBNGSTEnt dyes of
this invenfion ar%aSB?se or mul a P4 f@ V;] §§EQ?]I}NOIO); [err] or

bi ol ogi cal |y acceptable salts M&FZ—R[—@’— af-e~t+He sane or
different and are i ndependent Ify_hyHft&d¥n_ a (SEQAD NO:I) Rlerr]
i's a blocking group which is ot 33-#kDao_ agi @C&DQSEQ D ¥X1e [of an anino
acid; Rerd] and Rlerr] are the saRBEBP dif{erRD Y B NG dedendent |y
hydrogen on al kyl. Preferred K er I}NAK R[] ef r |DEVD (REQADAMNG:S) ngt hyl or
ethyl ; Preflerred Rl err] and Rjer r Huafirgtiny dr Pg@GTD (SRQ Ny NO: %)
The inventijon also relates toja process of USIDIND (SEQ BPBIC:EY) clonpounds
represented by Fornula | to ngasure the actiVigpe®{SEQID Heeld)uljar caspases

or ot her DSLD (SEQ ID NO:17)
mdm?2 DVPD (SEQ ID NO:18)
caspase-3 + other unknown
caspases fodrin DETD (SEQ ID NO:4)
Possibly caspase-3 Rb DEAD (SEQ ID NO:19)
Possibly caspase-3 Presentlins DSYD (SEQ ID NO:20)
? actin ELPD (SEQ ID NO:21)
Caspase-6 Lamin A VEID (SEQ ID NO:26)
Caspase-8 CPP32 IETD (SEQ ID NO:24)

*Standard one-letter abbreviations for amino acids are used to indicate the amino
acid sequences.

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 yet 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 spectrofluorometrivally. The reporter molecules

15 can also be used to 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.



enzynmes involved in apoptosis in living or dead whole cells or tissues. The
i nvention also relates to nethods of using the compounds represented by
and the assay processes described herein to neasure the

activation or yyoksdss on 25 of any of the caspase enzypRschdbiife any
living or dead whole cell or tissue (normal or cancerous) by a test

For mul a |

subst ance or

subst ances. The conpounds-19-- 17 - represented by Fornul a |

are cell-perneable, that is, they can be introduced into whole cells or
ti ssue sanples. The conpounds are fluorogenic or fluorescent and can be

desi gned to be specikd désanyF(stékﬂYs_ “hy YGutikd %@mgﬁﬁ BRRRxR¢mE Prs:
I ntracel lular enzynes invo

Yy & her

ved in apoptosis. Thor nberry,

N. A, et al., Heafaypysteongagiverbelawno7 (1997), describe the opti mal3
f ' 3 : A substrate.
séquences tor yari %aggazrﬁﬁﬁe S gc?!{?g\%ﬁaf‘gr E‘sggt? fopﬁgsgfg%%c\év y %‘

The opti nal

substrate s

an
uences are s I e nzyne*

Opti mal Sequence** wsmgpaseythe Of &ify)other enzyme involved in apoptosis. WEHD ( SEQ | D NO
1) caspgse-Z (

(apopain,
| CH 2)

CPP-

. DEHD ( SE D NO 6 -3
ézCH ]Y'ﬂwg%\slsEa%zazl bHENAY W@E@qabem%agcrzfigﬁag@nnp 1‘5@?‘ %%]e S1TX
(W LeithkiDhc(iGiéod iRhibiOiRThsasesdadsfe. SThd: Gleh®y tht adshy canbY)

(WL)EHD (SEQ I D NO 25) caspase-6 (M:hz) VEHD (SEQ I D

NO 7) caspase-7 (MK®

dto scrgen forpnugs @gpipst fegenemixenligessey or Hrmgs)ageinsipase- 8

(MACH, FLICE, Mth5)cancer. LETD (SEQ I D NO 8) caspase-9 (I CE-LAP6, Mheé)

LEHD (SEQ I D Ngy 3)

10

15

20

25

30

The assay can be used to screen for caspase cascade activation or
inhibition in any living or dead cells or cell lines derived from any organ
system in the body including, but not limited to, hair, brain, peripheral
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
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 discase 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
cascade directly or indirectly, i.e. by modulating the caspases itself or by

modulating cellular receptors and co-factors that influcnce the caspase

cascade.

5. The assay can be used to determine the site of action at which a caspase
cascade modulator interferes. That is, the assay can help to pin down the
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 I for finding new compounds or new uses for
known compounds in reducing, preventing or treating maladies in which apoptotic

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



granzyne B | EPD (SEQ I D NO 23) *Enzynes are

i dentified by both new and old (in parentheses) nonenclature. 10

**Standard one-letter abbreviations for amno acids are used to indicaéeb
the optimal _am no acid sequences. Using the optiml sequences described by
Thorngerry SYO 2418856 | or ogenic or fluorescent substrates FEIUSHRAH ¢
caspases can be synthesized by the pmpgcedures 15 descri bed herein.

It is also possible to design other fluorogenic or fluorescent substrates
for known or unknown caspases by utilizing known or potential cleavage site

pepti de seq > r known otential natural bstrates of caspase
enzynes. Tagﬁ%}éﬁggnd{élﬁlﬁg% gcr%egg’tgﬁléﬁg%%pcfﬁg ctggt %agrwgtgﬁi'ﬁ%f’%m{sosy or
potential clfeliovdne fosaltischeinia 280 global ischemifid: Gtrédnirsg foh admpaRyiddthanadnur al
substrates for cas 'sl'a le 2 Enzyne Substrate

Cl eavage Sed‘iﬁ%"ne%u‘g%zé%?g@? 3‘35°}d83;s uch as Alzhgigjep's disease, Hmtiﬂé‘Qﬁ S(SEQ I D

NO 5) PAK2 Disease, prion Sﬁﬁé&eﬁ,sf@(ihgn%is@@e, %‘ltgﬁ sclerosis, am Rﬁch( SEQ I'D
NG 11) Ul- 70kDa DGPD (SEQ | D NO. 123 SRE PD (SEQ | D NO 13)

DNA- PK lateral pylappsiy, SpaRia, [telaupiesasipi An ﬂgmh?ﬂbar atroptb@TBerediig K NO 14) DLND
(SEQ 1D NG c&%}omthgtS%% I&%aweaf]tesziisease including myocardial infarction,
congestive heart failure and cardiomyopathy; screening for compounds that can
treat retinal disorders; screening for compounds that treat autoimmune disorders
including Iupus erythematosus, rheumatoid arthritis, type I diabetes, Sjégren's
10 syndrome and glomerulonephritis; screening for compounds that treat polycystic
kidney disease and anemia/erythropoiesis; screening for compounds that treat
immune system disorders, including AIDS and SCIDS; screening for compounds
that reduce or prevent cell, tissue and organ damage during transplantation (e.g.
graft versus host disease in bone marrow transplantation procedurcs); screening
15 for compounds that reduce or prevent cell line death in industrial biotechnology;
screening for compounds that reduce or prevent alopecia (hair loss); and screening
for compounds that reduce the premature death of skin cells.
The present invention also relates to the use of the fluorogenic or
fluorescent substrates represented by Formula I in screening procedures where
20 libraries of known drugs or combinatorial or other compound libraries are
screened for compounds with anti-tumor or anti-¢ancer activity. The cancer cells
or cell lines can be derived from any cancer of any internal or external organ
system in the body including, but not limited to brain, peripheral nervous system,
eye, ear, nose, mouth, tonsils, teeth, esophagus, lung, heart, blood, blood vessels,
25 bone marrow, lymph nodes, thymus, spleen, 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



DSLD (SEQ I D NG 17) mdn® DVPD (SEQ I D NG 18) caspase-3 + ot her

unknown caspases fodrin DETD (SEQ I D NO 4) Possibly
caspase- 3 Rb DEAD (SEQ I D NO 19) Possi bly caspase-3
Presenilins (SEQ I D NO 20) ? acti ELPD
(SEQ I D NO. 21)" %s%;)éé%s?e- 6 Lanin A Vel 1) (SEPPE R 26)
Caspase- 8 CPP32 -PETD (SEQ I D NO 24) *Standard
one-letter abbreviations for am no acids are used to indicate the am no
acid sequences. 5 The fluorogenic or fluorescent substrates

can al so be degj Qﬂﬁﬁant&idﬁq@%ﬂt&CMﬁ I:lg:gﬁg%gh%g ﬂ:z&f'g% fhetahdel Rells Bt

1
desi gning substrates that are recogniz eav by nore t%an one of
the enzynes i neY linsgicanberderivasfogaeny cracr afleny Hienrod oyexirual organl sygtems cent

substrat es whi e nrom Cafar e. t han .one caspase, may be
utilized usi ngﬁlt hg bgd sgl§ﬁg?rrl gg%{lggl %El}a"sn%ﬁ %’géraﬁléﬁ)gﬁlwefag nﬁ%ﬁ‘gsu?yétefrhgyel’o
activity of aseargiosemkonthmonsitss pathessoph¥eas) lidyeheuas plosd; icvdGaskels] songCt i vat ed
by a cell-death i ndulci ng a&i | us, the fluorogenic _or fluorescent reporter
mol ecules descPPBEY HEPRPA '&‘I‘Seél_?)é‘a" HARURCY 6l vt Homagha ptigstinglcr ease i n
fl uorescence effhdiSafdteas, hidBernB @SS AriatfskdéQ,rl&lﬁﬁﬁﬁ&ligddG@PepP@du il

spectrofluorometrivally. The reporter nolecul es can arso be used
to neasure bas@®d glands fesg prnstaigldng), jaintsbopes dnd skinat  are not under goi ng

o oo et o cart (i bakRufR thd AHRR RIS oS @ ey 1D OANR M Bltiet T2 MY ON
involved in the apoptosis cascade in one or more cells, comprising
10 (a) contacting the one or more cells with a reporter compound
according to the invention under conditions whereby the 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, either of magnitude (i.e. increase) or of wave length,
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.



-19- The assay systemis very versatile. Exanples of the extrene

versatility of the assay system are given bel ow 1. fhe assay can be
used to screen a cell or tissue for baseline activity of any caspase enzyne
or any other enzynme involved in apoptosis. 5 2. The assay can be

used with eqWQI9/t8#5% to screen for conmpounds that can eit RGTE 3k e or

i nhibit the caspase cascade. That meaps the assay can be used to screen for
drugs agai nst degenerative di seases or for drugs agai nst cancer. 3. The
assay can be used to screen for caspase cascade activation or 10 .
inhibition in any_living or dead cells o Il 1ines deriyed from any organ
systemin the bodifei HEMGaR 350 Blates i@ ’P?‘h?‘fg‘ﬂ detprmpping Whetber & sher i pher al
nervous Syst gifktaféas SPEfecNOS S erBPHE Bvolv@ i the apdpeRisitasca@onnages. | ung,
heart, blood, Dblood vessels, bone marrow, |ynph nodes, thynus, spleen.

i Mune syst empre|tpsyeslls, ecompmigiog, i ntestinal tract, pancreas, endocrine gl ands
15 d t] ' N ¢ | ns and

gl ands, joints, égﬁesggﬁ sgFﬁ&hg%§%3§2%§9%§%w%éﬁﬁéggH%%h%%?gg%@for drugs
Wi t h ot ent i sdportes compolndy adtardiag ao ahe ivgntivhgarders yatditions riwlekeby tbely t hat

i nvol ves mal function of .the caspase cascade. 4. The say .can be used to
screen for dfggEs £agPoYd erﬁ’keﬁ‘d’étgl que Pﬁ’é‘m&?%‘“’d@g thptest su&?ancyclﬁ‘cr cascade
directly or {nigicisosit ah exterfl meMbAREHLaHdrd9isttl@n GR6 Pag edllsi dngel f or by

modul ating cellular receptors and co-factors that influence the caspase
cascade. 5. THE) as sepprdingnthp dlugeesegneepofiibe deshicells, pherelsy 2 ghagge det i on at

whi ch a casp i ' L O% Wil tht SellstddGndsgqdy can hel p
to pin down ?ﬁ%e%éﬁg’agﬁe gﬂﬁwer%l%%{'egrn%%éghaﬁll tsm %}s ac ?I%n of a novel
caspidde cascthdeommd uéllstvdrichohame only been contacted with the reporter compound and

not with the test substance, is an indication that the test substance has an effect
either directly or indirectly on the apoptosis enzyme being tested.

In the practice of this aspect of the invention, the test cells may be
contacted with said test substance prior to, after, or substantially simultaneously

15 - with the reporter compound according to the invention. The method may be used
to detect whether the test substance stimulates or inhibits the activity of the
enzyme.

The invention also relates to further contacting the test cells with a second
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 a mixture of chemotherapeutic agents.

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

25 animal with cancer to treatment with onc or more chemothcrapeutic 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

i



The invention also relates to the use of the fluorogenic or fluorescent
substrates represented by Fornmula I for finding new conpounds or new uses
for known conpounds in reducing, preventing or treating nmaladies in which
apoptotic 30 wo9/1ssssce| | death is either a causative fact Orp8f/U§’98fzf'z§}" t.
Exanpl es of uses'tor the present - 20 - invention include screeni‘ng for
conpounds that can protect the nervous syihem follow ng focal ischema and
gl obal ischem a; screening for conpounds “that can treat neurodegenerative
di sorders such as Al zheiner's di sease, Huntington's Di sease, prion

di seases, Parkinson's Disease, nultiple sclerosis, anmyotrophic 5

| at eral scl erosi $he e imore dags pighes énteradt avithaandextgrinal ahrmbiyane rgeaptystvy are
screeni ng for coppg reat heart disease including nyocardi al

i nfarction, cong§§1#3@§ﬁ%gﬁécégﬁwtre and cardi onyopat hy; screening for
conpounds that can tréat rrecarding thdifRioresehee ofdhe emoernglld, Wherimp changsint hat
treat autoi nmune di sorders.including | upus erythematosys, rheumatoid
arthritis, type _ffluﬁ"ieif’ﬁ%‘iee§_} & Té?‘?ﬁ?‘@ﬁ'% of pwavelength, s‘i}‘ﬁﬂ‘i‘ d{ﬁ“ecéfff_ﬂr cel_ls

gl oner ul opephr i t csrped @£ B! fcells GRIBAKAIE onlyBlent EGRtictedOWME XEE ké&poltbdney

di sease and anem a/eryt hropoi esi s; screening for conpounds that treat

i mune syst em di §oRPRING, is iahmdmatlwgﬂmmscmgrw; chsmp@afltlmgwftbe ogHepounds
that reduce o Pheyehien Shd talth® MG LrBHIAD HAPBAS.HUTI Ng Lranspl antali on
(e.g. graft versus host disease In hone narrom1?ransﬁ1antat|on procedures);
screeni ng 15 f Bhe owemburds telwds toed method o @ieN theCRtdtmént g geat h i n
I ndustrial biotechnol ogy; screening for coppounds that reduce or prevent

al opecia (hair | 8%‘3)31 ‘”g‘K8“%%&%?‘}?8‘%*{9{@8%&6%&“1%%reduce the premature

death of 18kin cells. {Ehe pdeSAREridgbAERE mBR &Lé&hé@%&ii@&&g@t&tﬂ@aﬁiﬁ@,Of the
fluorogenic or fluorescent substrates represented by Forrmula I in screening
procedur es wher e (b) contacting cells taken from the animal after administering the

reporter compound according to the invention under conditions whereby the
reporter compound is taken into the cells, and
©) 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 afler administering compared
to the control cells which have been taken from the animal 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 cither 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
(@  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
(®)  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.



20 i brari es of known drugs or conbinatorial or other conpound
libraries are screened for conpounds with anti-tunmor or “anti-c¢ancer
activity. The cancer cells or cell lines can be derived fromany cancer of
any internal_or external organ systemin the body includin but not
limted to BYQPHIeri pheral nervous system eye, ear, nod&IUsBRAIE!
tonsils, teeth, esophagus | ung, heardy,. bl ood, bl ood vessels, 25

bone marrow, Iynph nodes, thynus, spleen, i mune system liver, stonach,

i ntestinal tract, pancreas endocrine glands and tissues, kidney, bladder,
reproductive or ggqs .an Iand 0|nts bones and

s
skin. The present | nven reé%e%% Eta) Eofﬁ lefrg "§f T4 I8k ogeni ¢ or

fl uorescent sabstdice efues oiaﬂfaﬁ&ﬁ!eélﬁdi:awnﬁﬂd’diﬂiﬁc&eicsﬂd&llﬂlcaﬂﬁ@sﬁﬁgC procedures to
30 det er? ne the chenosensitivity or resistance of cancer cells

taken from an ani®al contacgng the dest gelis With thiolepigsubsance aad the reprtem
chenot her ap%ﬁmb&urﬂrdééb?dmg HahE AR&RTon C&ﬁc{lér Toritfitidn§ Ithelle by e tés Ehbgﬁg&er lved from

any cancer of any internal or external organ System i n 1 y i ncl uding,
but Rot | i nicithef interapts avith anpeterrphmembranemqu@ @yis taen inky the celhy andnose, nout h,

tonsils, n art,, bl ood, blood vessels, bone 5
ly np%%&eg(ﬁ‘g g@&lﬁ%‘dﬁd is tﬂ(eg nto ﬁl ec

mar r ow, een elr?l’rune system |iver, stomach,
i ntestinal tract (b)pantecc&ang ﬂmnﬂmﬁésicﬂteeg)lfaM&stadws twissdR S, c}hhgia‘lﬁy, bl adder,

reproductive, or gans and ands I and), joints, bones and

skin. In paﬁ‘{"l ’E?g“reé‘?e exﬂ}?égﬂlfnwméeo% of @E&ﬁ@’g ¥i mﬁ%? ??8(1:6?%?0%{6@0“ ng an

enzyrre | NV olyy 8htioNcdlll (hh ARSI bdeA S6MGed xompdﬁ@ré}&név&ﬁl G6d, S anCOMPr i Si ng
contacting the one or nore cells W|th a reporter

(a)
conﬂ@und ac desieting thabthe feat subsasae cayeesin erdianessnell déatins wher eby the reporter
conpound is t akeﬁ"hé ﬂ}\gntﬁ)ﬂ'a%oqgﬁteg g%ﬁ'oecegseétl u%ingatﬂéj 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 cempounds 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 bc 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
(@)  contacting the cells with thc reporter compound according to the
25 invention under conditions whereby the reporter compound is taken into the cells,
and
®) 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.



(b) recording the fluorescence of said one or nore cells, wherein a
change in fluorescence, either of nmagnitude (i.e. increase) or of wave

| engt h, 15 within the one or nore cells conpared to control cells
whi ch have notydfgssg0 contacted or one that has been cont agicerswéiibsit he
reporter conpound and a known conpetitive inhibitor of the enzynme, is an_

i ndi cation of the presence of the enzym@5-The invention also relates to a
met hod for neasuring the activity of an 20 enzyme involved in the
apoptosis cascade in one or nore cells, conprising (a) contacting the one

or nore cells wth trheinveiiehkBb rdaesre WikktRaicor sheatgrih®the Aeiigudnatvian under
condi ti ons whereby said reporter conpound is taken into the one or nore
cell's, and (b) Protpase Byore egmereein] infeed cellfeeonyrisinge one or nore cel s,

wherein the 25 - (o) I elialakiify HORA0%s nork iR ARERACRUS GihRE rBorttpan t ude

or of wave length within the one or nore ce conpared to control cells
whi ch have not compoungloaccondingctoedie dnventien tundér ¢raditioae wherehy abe ecpomiet h t he

reporter conpound and.a kna onpetitive inhibitor of the enzyne, is a
measur e>of t he cgg’f’?%%tl§/mg?n %éﬁee%fﬁﬁommai l"gef?e-d mT’l{llsemi"‘%went ion also rel ates
to a nmethod for det@)m niebgdinh telfRioredcenOSdf stiddnt anmerelkalds, an ef fect on an
enzyne involved in the apoptosis cascade in one or nore test cells

conprising (a) Wherdimi shapgsef ippiease icilvoresapice Withigthe enel of mgre wiral frafeqteds ¢

substance and tdifis Gompared to cortfoPE&ls SihiGOERE HBihee R SE BEARA it @ nidaSurk B ENL T ON
under conditions V\/nerebtybt he reporter conpound 1s taken into the one or
t

nmore cel |l s and thhectivissef theivisal arvtseseei t her interacts with an external

menbr ari% receptor o The %n\;eg‘lft%nallson tre atgsa'toda Cn?eltllxosd’ fo?‘

ncgtermining whether a test
substance has an effect on the activity of viral protease in one or more viral
infected cells, comprising

(a) coniacting the viral infected test cells with the test substance and
the reporter compound according to the invention under conditions whereby said

15 reporter compound is taken into the infected test cells, and

(b)  recording the fluorescence of the infected test cells compared to
infected control cells which have only been contacted with the reporter
compound,
wherein a change or increase in fluorescence within the infected test cells

20 compared to the infected control cells is an indication that the test substance has
an effect, on the viral protease.

In a preferred embodiment, the cells are HIV infected cells and the viral
protease is HIV protease. In another preferred embodiment, the cells are
adenovirus infected cells and the viral protease is adenovirus protease. In another

25 preferred embodiment, the cells are HSV infected cells and the viral protease is
HSYV protease. In another preferred embodiment, the cells are HCMV infected
cells and the viral protease is HCMV protease. In another preferred embodiment,
the cells are HCV infected cells and the viral protease is HCV protease.

The invention also relates to a method for measuring the activity of

30 protease or peptidase in cclls, comprising



(b) recording the fluorescence of the test cells, wherein a change in

fl uorescence, either of magnitude or of wavelength, within the cells
conpared to 10 the control cells which have only been contacted with
the reporter conpound and not with the test substance, is an indication
that the tes‘ﬁ'°§?r}g§§f6ance has an effect either directly or iRdY8¥R3 on the
apoptosis enzyne being tested. In the practice of this aspect of the -
invention, the test cells nay be conta2éed with said test substance prior
to, after, or substantially sinultaneously 15 with the reporter
conpound according to the invention. The nethod nmay be used to detect

whether the test s@pst adffctiigl thditesf @Hs Withi hdkdpbiter dohpomd aceoidingoto t he
enzyme. The inventiqgn also relates to further cont actiggg he.teﬁ]t6 cells

with a secondthedBentiomurden eendiffonsiwhershy thorrepqsiet CUpREIR Y HE presence
of the first {&SteOor the reparte? :ébﬁﬁcﬁﬂaqs idtBradinR WitE bk Q4lteBED GbinfRdie, - t he test

cell is a cancer cell or line derived froma human i n need of
treat ment wit broteasspeptidaseqfsaidicellsdandg and the test substance is a

chenot per apeutic ?@?gts K gor&n%%%ﬁ%rgfcgﬁﬁgb?mb@r apeutic agents. The

I nventTon also re 0 a ermné the sensitivity of an 25
ani mal with caheein 4 chdnge ak rilxmdassvint luaeseerme withie tlehtestoeehlecomparedi to agent s,

conprising (a) ont aGt, i cancer cells tgken fromsajd animal . .with one or
nore chenot heF%fﬁ@ﬁP‘?q% "é@@ﬂ?‘é’e 3?1‘3"’?’?1%" ?@W?ésr a %Wu%ﬁh%ﬁcgﬁ% f’hg’et o the
I nvention undgeéfagggbi}sﬁk@ﬁdag@,ereby the reporter conpound is taken into the
cancer cells an -23 - the one or nore drugs either interact with an

ext ernal nenbrane Fesc @ﬁp@ifonoqflsoafegtes to a method for determining whether a test
10 substance 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 dépict photographs of HL-60 cells stained by N-
octyloxycarbonyl-Rhodamine 110 (Fig. 1A), N-decyloxycarbonyl-Rhodamine-
30 110 (Fig. 1B), MN-dodecyloxycarbonyl-Rhodamine-110 (Fig. 1C), N-



taken into the said cell, and (b) recording the fluorescence of the
cancer cells, wherein a change in fluorescence, either of nagnitude or of
wavel ength, within the cancer cells 5 conpared to control cells

whi ch have onl yohgggsgontacted with the reporter conmpound, ig.an 48525 gatl on
that the cancer cells are chenosensitive to the one or nore agen? AU t hat
the animal is sensitive to the treatnment. The invention also relates to a
nethod to nonitor the treatnment of an ani2tal with one or nore

chenot her apeuti c drugs, conprising 10 (a) adm ni stering one
or nore chenot herapeutic drugs to the animal, (b) contacting cells taken

from the ani mal halyldcassyNRRbEGEIRG 10N EriE SPO], LAl EATRSLRToRt S@diAg, O t he

i nvention under condltlons wher eby the réporter conpound 1S taken into the
cells, and (c) 11 &gyl prg Ripdamingdl @ figrddd of the cel | s contacted with the

reporter of Wavefgngt EﬂdZL &%’Fe‘i ﬁ{erbaggﬁpﬁsg&ecl alade o%ﬁee%f%g%%%ubs%! her of

magnltude or In the ani el oaf t er
adni ni stering corpAled -ethoxyharbomtRl b0, cMZ—E\W;NCéthdnamabb&ﬁ#R]tlakewﬂ om t he

ani mal fore t stration e . ani

sensi ti \?Sg to thg%éﬁfj %?‘ﬁ%’fyﬁﬁ%ﬁ?ylglzﬁgﬁp Iﬁ%B%fﬁgbﬁ@-}}gﬁ@oq °8¥|‘i‘ mal nay
suffer froma rmllwsEQﬂD/\Nocsw MAc-DEVD-N'-o@fleRjattofylrel 10 sEeatb NG:seivt her a
causative factor qr_a result. The invention also relates to a nmethod for

det er ni ni ng whePREPERDEdexdomysuhonykRl i BEQs IBr Niv:dy e#nds X&PEWBaNh i n one
or more test celdigihEHORbdngi- ﬁglo(éﬁ% IDORBIs2H r’bg%ﬁ&hs (il 28 dp g g he test

subst ance and the Treporter conpound accor di vent| or+"unider
condi ti ons wher élbiﬂi)h@dt\élslblaslmbstt@hdéﬂz-so cell lysates ﬂi‘lghezc i2H, athatd 2K)t h an

ox! €1 naly e e SEERURL Sl AUSS (LA L0, (oL o0 s ceporer
the test cells, wherBiga 3\-8Bdage photwflapley &&em\ﬁﬁne@w Ribadon RAGIMVIALde or of
wavel ength, wi thiR,t0e Lest & %oLﬁ-lfﬁgp &G 4D NO:s. 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

lysates.

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 )



to control cells that have only been contacted with the reporter conpound,
Is an 30 I ndication that the test substance inhibits or prevents
cell death. - 24 - The invention also relates to a nethod for
determ ni ng whether a test substance causes or enhances cell death in one
or nore testWOSPNS6 conprising (a) contacting the test cRFVES%PIR! t he
test substance and the reporter conpound according to the invention under
condi ti ons whereby the test substance-38- either interacts with an
external menbrane receptor or is taken into the cells and the reporter
conpound is taken into the cells, (b) recording the fluorescence of the

test cells, waebbidgicallg aesageblt Ralfsl stoires€@RECmoktuléesudf asmethy) extke or  of
wavel ength, within the test cells conpared to conirol ¢ell s which have only
been cont act e ¢ wa{h%vlrcebtamtr@rm&mﬁaldu?%ﬂgﬁo o eremxa“ﬁi Ad} B5ti on that

the test subsLancs GAEASInAs &Pé]ﬁﬂ@%ﬁa:ﬁ&b'acﬁ%tabyl gt dribisd trldtudl SO

relates to a process of using the reporter conpounds represented by Fornul a
| X t o neasur e sudhghat Foimpila yIS@fsubmateefeeMsnﬁsem opetheriprieieases rpgpidasscises i n

Ltlrnvhgge\g??ljgsé |errlerf§ﬁlégst?|ﬁ#‘fvlv%gelng1c SCISSI togg'o ggrs{é&?ﬁfﬁe\qﬁf Jlr}'*dﬁglt 23 cells.

The 15 zibbdsrih Formnuld Ewhdned 1atle$a1tna amtoln Msremfthusz:hssge b isomipounds

represented by FOf la | X ag{DiléSa %CH %1'2 cesses descri bed herein to

measuro the i A BF B 8F Y m WSS ot dhgsame 35 g MR8l e cel | by

a test conmpoumdy@ketOSIRIRYSEnt hbigtyr €port er conpounds represented by Formula

| X are cell-perneable, that is the can be introduced into whole cells. The
fie

conpounds are fl uoPrsteeneil ccompowrids ofeBing ewithipgthe scope of Zgrméan Esludesi gned t o
be SP§h ' fic fg&géﬁﬁﬂ{jaﬂ%{&qgﬁggﬁmoési RAPLE Blst ariinG Qcﬁ%ttﬁ%"fo%ﬂs%

am nopept i das
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 1D
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 D NO:26, IETD SEQ ID NO:24 and granzyme B including IEPD
30 SEQ ID NO:23 and VEPD SEQ ID NO:27.



The invention also relates to a nethod for detecting a viral protease in
one or nore cells, conprising (a) contacting the cells with the reporter
conmpound according to the 25 i nventi on under conditions whereby the

reporter conpeysh ksset aken into the cells, and (b) r ecor dipgg/isb©21231
fluorescence of said cells, wherein a change or increase in fluorescence

within the cells conpared to control e€29+s which have not been so contacted
is an indication of the presence of the viral 30 pr ot ease. - 25
- The invention also relates to a nethod for neasuring the activity of a

viral protease in mBRmed cORpSunds falling "idtih &He GBbHeS of FORMELL ST MtldR)
contacting the one or nore viral infected cells with the reporter conpound

accordi ng to ederquadsoMrereimy isfthodamizadi®i ons whereby the reporter 5
dis tak i : i i b
compound is taken jnLichiie pg«?@ré r%ﬁnéﬁ't! & mé @&ﬁﬁugx?s g\ﬁﬂ&ul@f‘gre( )

recordi ng the fluorescence al e Oor nore ce ereln a change or
i ncrease in f rapesesachydemilaii:n t he one or nore viral infected cells
conpargd to control cells which have not been so contacted is a nmeasure of
the activity of the viral protease. 10 The invention al so

relates to a nethod forrgahayradgrg-weethes) ariest supstance has an effect
on the activity of viral protease in one or nore viral infected cells,
conprising (a) contacting the viral infected test cells with the test

substance and Bﬁ"y"rgg“g?% hELptEATRANNE FEFHoHL GoleCult N EulYEREMI N c4igder

condi ti ons where
form of carboxyl-containing amino acid residues) thereof, wherein R, is an N-

10 terminal  protecting  group  including  t-butyloxycarbonyl,  acetyl.

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

natural o-amino acid or B-amino acid, or derivatives of an o.-amino acid or B-

amino acid; each n independently is 0-5; and y is a fluorogenic or fluorescent

moiety. An example of a pro-reporter molecule is the methyl ester form of

15 carboxyl-containing amino acid residues comprising compounds of Formula II.

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:



15 reporter conpound is taken into the infected test cells, and (b)
recording the fluorescence of the infected test cells conpared to infected
control cells which have only been contacted with the reporter conpound,
wherein a change or increase in fluorescence within the ipf test cells
20 86H§ 8 to the infected control cells is an iﬁﬁﬁ@%ﬁﬁ&ﬁlthat t he
test substance has an effect, on thejgi.ral protease. In a preferred
enbodi ment, the cells are HHV infected cells and the viral protease is HV
protease. In another preferred enbodi nent, the cells are adenovirus .
i nfected cell g z the vig,al protease js NQVI_T prot ease. I n another 25
preferred enbgﬂﬁggﬂf,géééﬁﬁ- G 'ﬁﬁgggsd(gnggaand the vira
protease is HSV protease. In erred enbodi nent, the cells are
ase i s HCOW proteagﬁf I n anot her
Qre HCV infected cells an tIhe vi ral
lon also relates to a nethod for
measuring the activity of 30 opr ot ease or peptidase in cells,
conpri sing - .26 - (a ontacting the test cells with.the reporter
compound accBriegcaly aF%F@taP ¥ PORFOTRRAEIEY s Gigh %8}3&39 e reporter
compound i s fhak8fcattx9l-doARidifSimine abid resRiued) IBeréEPRRER Rgpmpmaﬁ I's
interacting with an external nenbrane protease or peptidase of said cells,
and 5 as defined previusly indtasmulardly Prederred Forie dbutyioxyesrbanyb 6@l s, wherein
a change or | uQyf WL g test cell conpared to
cont ?ol cel Idgﬁ%ﬁgﬁgﬁg@é}g lb?u% eﬁ%@d@gﬁ%‘%@péﬁkg 'té a neasure of the activity
of the Another group of preferred compounds falling within the scope of

preferred enbodi nent, the cel
protease is HCV protease. Theg

Formula I include compounds wherein x is not the same as z. Preferred
compounds of this group include those wherein x is a peptide or other structure
which makes the compound a substrate for caspases, or other proteases or
10 peptidases or other enzymes; and the x-y bond in Formula I is the scissile bond
under biological conditions; z is a blocking group and the y-z bond in Formula I is
not a scissile bond under biological conditions. Most preferably, x 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,
15 DEHD SEQ ID NO:6, VEHD SEQ ID NO:7, LETD SEQ ID 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,
20 IETD SEQ ID NO:24 or a N-blocked tetrapeptide substrate of granzyme B
including IEPD SEQ ID NO:23 and VEPD SEQ ID NO:27; or x is a N-blocked
peptide which corresponds to a carboxyterminal or aminoterminal fragment
consisting of 1, 2 or.3 amino acids of the tetrapeptide substrates of a caspase
including WEHD SEQ ID NO:1, YVAD SEQ ID NO:2, LEHD SEQ ID NO:3,
25 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, LEHD SEQ ID NO:3, SHVD SEQ ID NO:10,



the protease.or peptidase. The invention also relates to a nethod for
determ ning whether a test 10 subst ance has an effect on the
activity of protease or peptidase in the test cells, conprising (a)
contacting thegd&sakssgel |s with the test substance and the rqRguigi26aMPouUNd
according to theinvention under conditions whereby the reporter conpound
Is taken into the test cells, or the r€{dorter conpound is interacting with
15 an external nenbrane protease or peptidase of the cells, and (b)
recording the fluorescence of the test cells conpared to control cells

whi ch have Onlryﬁmgﬁqcﬂﬂwm@m@ﬁ REHh® NP THPIF SERABNO: Wh e a change
or increase in fluorescence within the test cells conpar ed to the control

cells is an i iBQH Nﬁhl‘i HRLENT ISEQtIé)sNOSILibBE&RC%EQéBWIé.fE%@P S5 Hhe
rot ease or Ik lls are
protease or 20,7 pyeBSBid 835004 DANPSBLPI R, BTRYITSB 1 e e

endot hel i al dase m nopépti dase. In
ant her pref er r}HcPIDEEQdDrN{DtTZI \CEIDI SE@IIEND 2&IEFD SEQ IThNOddr igttmgpme S

neur on col 15 ShinerRpegt P SEUH S0 apd VEPEenS SOUE S i Meblodd 1 ™ ©

Figures Figs. idd- whes| Eﬁneﬁ)ﬁlﬁaé)% aaptiﬁb&fyté'ilnir@p o@%ﬁot@ﬁxﬁhﬂeﬁﬁgk?ﬂcnk\"
octyl oxycar bonyl - Rhodam ne 110 (Fig. |A), N-decyl oxycarbonyl hodani ne- 30

110 (Fig. 1BpnsistggridedyPp @xﬂ@arrlm)wﬂa otibe setiapentids GubstEiepf a caghase  N- -
27 - hexyl oxycggy E&Hgkvﬁﬁfﬁg i NbHP ¥ T8 sE®Ip NO:2, LEHD SEQ ID NO:3,

N- (et hyl t hi o)c
DETD SEQ ID NO:4, DEVD SEQ ID NQ:5, DEHD SEQ ID NO:6, VEHD SEQ
10 ID NO:7, LETD SEQ ID 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, I[ETD SEQ ID NO:24 and
15 granzyme B including IEPD SEQ ID NO:23 and VEPD SEQ ID NO:27, plus 1-2

amino acids corresponds to the P,’-P,” portion of the substrate of a caspase
including G, A, GA, GG and AG.
Specifically, the novel fluorogenic or fluorcscent reporter compounds of

this invention are of Formula V:

20
or biologically acceptable salts or pro-reporter molecules (such as methyl ester
form of carboxyl-containing amino acid residues) thereof, wherein:

25 R, is an N-terminal protecting group including t-butyloxycarbonyl, acetyl,

octanoyl and benzyloxycarbonyl;

each AA independently is a residue of any natural or non-natural a:-amino acid or
B-amino acid, or a derivative of an a-amino acid or B-amino acid;

nis 0-5;

30 y is a fluorogenic or fluorescent moiety; and



110 (Fig. 1E) and Rhodam ne 110 (Fig. 1F). Figures 2A-2L depict the bar
graphs of cl eavage of the caspase substrates N-Z-VD N -ethoxycarbonyl - R110,

N- Z- EVD- N - et hoxycar bonyl -R110, N Z- 5 DEVD- N - et hoxycar bonyl - R110
SEQ I D NO 5, N Ac-DEVD-N -ethoxycarbonyl- R110 SEQ I D NO 5,
N- Ac- DEVD- NWQO¥(§856xycar bonyl - R110 SEQ ID NO 5, N PCT/US9821231

Ac- DEVD- N - hexyl oxycar bonyl - R110 SEQ;4D NO 5. and N-Z- DEVD-N -

(et hyl t hi o) carbonyl -R110 SEQ I D NO 5, by r-caspase-3 (Figs. 2A 2B,2D, 2G
and 2J) and Vinblastine treated HL-60 cell lysates (Figs. 2C, 2E, 2H and
2K) 10 .conpared to HL-Q0 control (DMSO treated) |ysates (Figs. 2F,
21 and 2L). Rﬁilﬁggﬁ? -“%I%“H‘Bﬁ’i’L}Bq‘ st 8y S2cHt or-d ?révagz'ea?%%‘ﬁmﬂwoi ncubat i on
with N-Ac- RENYD- N -octyl oxycarbonyl -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- bHpsrispudsr) the movel fhigengenit or divereseestreperteigeoleqaley of3C) | anti Fas

(Fig. 3D) 13y inventio3f Fommuh VE:1x3Ee bdfalind O]fjgp%ﬁgé_sl ﬁmluﬁing' 4 depicts

a graph show ng the results of a cl eavage assay
DEVDSN - oct Rhodantiae bl Rhedainii: SE@nd Rhdiantind 9. aFitesdmsvebflabrésBictareat ed Jur kat

cells. Fig. depicts a ba raph _show the results,of .a cleavage assay
of N c- 0 Mol iepagts RPlegtReRD pEEPUE Y Frel 5 IS § BOREPS B Poaspase. 3.
-6, -7 and 38 .intbiogle of 1R GlnSncAgrdas T ARRodaine theve @Sl fisorekce Cl €avage
assay of NZ-G N - octyl ogﬁcar bonyl - R110 and N-G N -octyl oxycarbonyl - RL10

by HL-60 celdyes §fdbg Bgrmuh ar B romaiping PR+ grpwots aEechion scagiorritbe cel | s
H ((a?a{i}ﬂ??o\(lz\ﬁ't ;?8%%3%%%1; Isg%ir %t(% t(z %SV? Q%liel%{ﬂgg e‘g&%eptgagér/{%ﬁ%‘ﬁlag}ﬁ i-'P%'ggrnvent i on The
f 1 udPogeni c bluckihp woe of derivoaniist gwbpsinod Rhbdanpne sieneverailvsre dpbihear e
conpounds haslﬁlti)sggletip e ge%ego%pall‘:e rtrguzl %islsﬁbstituted Rhodamine, such as a bis-
peptide-Rhodamine. More importantly, the blocking group is selected such that a)
it is stable and will not hydrolyze under biological conditions, thus amino acids
are excluded because the peptide bond formed can potentially be cleaved by

15 peptidases which are present in the cells; b) it is preferably not too bulky (e.g. is
small) in order to reduce the overall size of the peptide-reporter molecule so that it
will be a better enzyme substrate; c) it is preferrably 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 (ethylthio)carbonyl, (hexylthio)carbonyl,
(octylthio)carbonyl; an arylalkyloxycarbonyl group such as benzyloxycarbonyl, a

25 C,.;; acyl (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 methanesulfonyl.

Particularly preferred R, blocking groups are CH,0CO-, CH,;(CH,),0CO-
(p = 1-11), 'Cbz, CL,CCH,0CO- and PhCH,CH,O0CO- (carbamate series);
30 Me(OCH,CH,),0CO- (q = 1-4), and CH,(CH,),(0OCH,CH,),0CO- (r = 0-5, s = 1-



30 . X-y-2 (1) -28 - or
bi ol ogically acceptable salts or pro-reporter nol ecul es (such as nethyl
ester form of carboxyl-containing am no acid residues) thereof, wherein Xx

and z is the % eéssdi fferent and is a peptide or am no acigd1@fso@sdy; 9r oup
or other structure such that Fornmula | is a substrate for caspases, or

ot her proteases or peptidases or 5 -33- other enzynes; and wherein the
scissile bond is only one or both of the x-y and y- z bonds in Formula |
when x is the sane as z, or wherein the scissile bond is only one of the

X-y or y-z bongs (41@15@awkﬁb@m@§é}ie§; BSOS, CHIECIB3RBOASCH,(CH,),SCO-,
fluorogenic or fluorescent noi et&{. referred conpounds fall ing within the
scope of For mifH:(FHDIQrdand1 GHy(CH)SCO finpolmils (thivsarbimatg jesedhdssame as z.

and the first ﬁ{g’dwpl\l_@ﬁs@ at gﬁggﬁg §(9_ij S %lgﬁfg?%@%hprﬁﬁer@béd,_ X is the

sane as z and i's &’ otke 4pept 'de sub a caspade 1 ncl udi ng
VEHD SEQ | D NCEstifon¥iviti® s&ieq); M2, NCD2, EtNEMD, SEQV-M2-NC IR (CEENTGEG- DD)NO. 4,

DEVD SEQ ID NO 5, DEHD S LV NO 7, | I D.NO. 8,
LEHD S 8 | D NGF2 %RVB @@"%ﬁo" %@Sﬁ#&ﬁﬂﬁ %%%I’B}ﬁg.Slde DGPD SEQ
ID NO 12, DEPPhGREQahiRid\ried)3, Masil hrefdm@l IF) %Qﬁ%@lgﬂu%@f@elﬁewal& DEED

SEQ I D NO 16, DSLD SEQ I D NO 17, DVPD SEQ'I 3 D SEQ ID NO 19, DSYD
SEQ | D NO 20, ®nfamy agkydraphalis zroupyamflasomembrgne Jlipid, $yp isEesing tex 24 or a

N5 ocked et abg dos 9698l PR TTcBoTEhE ARGLEDSOGR D 10, 2
peptide whi ch sorreespedds fluoreaccotmbien)ih ererdelivdfieo theaitdavapeof sibsahte by agnent
CouoLeld N9 P et rasheltd MiRide “ncd plelel R, LAAERE bip ok s " ®
are not limited to CH;(CH,),0CO- (p = 1-11) (carbamate series):
Me(OCH,CH,),0CO- (q = 1-4), and CH,(CH,),(OCH,CH,),0CO- (r = 0-5, s = 1-
4), (alkyloxyalkylcarbamate series); EtSCO-, CH,(CH,),SCO-, CH,(CH,),SCO-,
and CH,(CH,),SCO- (thiocarbamate series); CH,(CH,)SO,- (t = 0-11),
15 (sulfonamide series); N-Me-N-CH,(CH,)NCO (u = 0-9) (urea series); and
CH,(CH,),,CO (w = 0-9) (amide series).
The novel fluorogenic or fluorescent reporter molecules of Formula VII-
IX are prepared by reacting the amino group NHR, of the novel fluorescent dyes
of Formula VI with a potential enzyme substrate, such as the carboxylic group of
20 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 blocking 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



NO 1, YVAD SEQ ID NO 2, LEHD SEQ I D NO 3, DETD SEQ ID NG 4, DEVD SEQ | D

NO 5, DEHD SEQ ID NGO 6, VEHD SEQ ID NO 7, LETD SEQ ID 25 NO 8, LEHD
SEQ ID NO 3, SHVD SEQ I D NO 10, DELD SEQ ID NO 11, DGPD SEQ I D NO 12, DEPD
SEQ ID NG 13, DGID SEQ I D NG 14, DLND SEQ I D NG 15, DEED SEQ I D NG 16, DSLD
SEQ I D NO 17V,V°Wﬁ9565EQ | D NO 18, DEAD SEQ | D NGO 19, DSYD <BH/UYSSs/Ae$120, ELPD
SEQ ID NG 21, VEID SEQ ID NO 26, IETD SEQ I D NO 24 and granzyne B i ncl udi ng
| EPD 30 SEQ | D NO 23 and VEPD-3EQ | D NO 27. -29 - Preferred
conpounds falling within the scope of Formula | include conpounds wherein vy
i s Rhodam ne 110. In particular, preferred enbodi nents of the conpounds of-

Formul a | are reprrgsenapg-aAap-R I Lo .5 _R ernk -HAA) [ err]-Asp-y-Asp-
(AA)[err]-Rerr] ml (I)Id_ or b??)l : Ep %I eﬁAgaIts or pro-reporter
nol ecul es (such as methyl ester 8 I -containing am no acid

resi dues) thereof, wherein Rl eRg] i 0 Rq t er mytial protecting
group i ncl udi ng t- butyloxycaro4 2cety|, benzyl oxycar bonyl ; each AA

i ndependently is a residue of any , or non- natural [err]-am no acid
or [err]-amno acid, or derivatives 0f anqerr] am no acid or am no acid;

each n i ndepe&dﬁﬂkk%allysa&e;ﬁabl@%syor'p?o gznltﬁ sc(s&ﬂl Jslrﬂgﬁﬁségfae t rml ety.

An exanpl e of a pro-reporter nolecule | ester formo
car boxyl - cont ﬁlrmmﬁgarbnwhmmldgmmpduéseswmﬁhemOﬂgNlmmmpounds of Forrml all.

]'?‘Cn)?';nher exarrpkean(a %reg;fleo salmeR? }fFegenEm dea(fcum plersldeIﬁHy hy ggtegxéiﬁrﬁtop Xrlyl;( AM - ester

5 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.
R, is an N-terminal protecting group;
each AA independently is a residue of any natural or non-natural «-amino acid or
10 B-amino acid, or a derivative of an a-amino acid or B-amino acid;
n is 0-5; and the scissile bond is the Asp-N bond in Formula VII.
Preferred R, and R, are hydrogen, methyl or ethyl;
Preferred R, and R are hydrogen or methyl.
Preferred amino acids include the natural amino acids including tyrosine,
15 glycine, phenylalanine, methionine, alanine, serine, isoleucine, leucine, threonine,
valine, proline, lysine, histidine, glutamine, glutamic acid, tryptophan, arginine,
aspartic acid, asparagine, and cysteine. Non-natural amino acids include t-
butylglycine and N,N-dimethyliglutamine.
An example of a pro-reporter molecule is the methyl ester form of
20 | carboxyl-containing amino acid residues comprising compounds of Formula VII.
Another example of a pro-reporter molecule is the acetoxymethyl (AM) ester form
of carboxyl-containing amino acid residues of compounds of Formula VII.
Another group of preferred embodiments of the compounds of Formula I
are represented by Formula VIII:
25




of carboxyl -containing am no acid residues of conpounds of Formula Il AM
esters of carboxyl -containing conpounds are known to be cell perneable and
can be hydrol yzed by esterases inside the cells. Once hydrolyzed, the
carboxyl - 20 o 9948856 0Nt @i Ni Ng conpounds becone cel | i nper mpappRosifighiar e
trapped inside the cells (Adans et. al., J. Am Chem Soc. 111: 7957-7968
(1989)). AMesters can be prepared by-B®acting the correspondi ng

car boxy-cont ai ni ng conpounds with brononethyl acetate. Especially preferred
enbodi ments of the conpounds of Fornmula | are 25 represented by
Formula I11: thaﬁAjn{Kﬁﬁq(AﬁgmhméN ogi-cal Jo -g.salts or
pro-reporter nolecules (such as nethj of car boxyl - cont ai ni ng
am no acid residues) thereof, whereilg A._n are as defined
previously in Forrmula II. Preferr®d ' - buRy| oxycar y], acetyl 5
and benzyl oxycarbonyl. Al so preferregd P for n are 1-3. her group
of preferred conpounds falling wthiN g—sgope of Formula | include
conpounds wherein x is not the same as—z. Préeferred conpounds of this group
i nclude those wherein x is a peptide or other structure which nakes the
conpound a substrate for caspases, or other proteases or 10

pept i dases or onbivkgiceliy peeeptablanaltst drepru-rgpoliemnptolenulBofsm as methsg! edier sci ssil e

bond under biql ogical condit.ions;.z is a.blackin oup and the y-z bond in
Pormul a1 i o Roee e abrRdiepusBR i feR B SgheR: RRHR | ons. Moot
prefergbly, XR RaaNa8la6ked diftled pRORubIY e Bathslded 4dof; a caspase including

VEHD SEQ I D NO 1, YVAD SEQ I D NO 2, LEHD SEQ I D NO 3, DETD SEQ I D NQO 4,
DEVD SEQ | D N@ 5 an integer from 0-3.

R, and R, are the same or diffcrent 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 thc 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’ scquence 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



15 DEHD SEQ ID NO 6, VEHD SEQ ID NO 7, LETD SEQ | D NO. 8, LEHD SEQ ID
NO 3, SHVD SEQ I D NO 10, DELD SEQ ID NG 11, DGPD SEQ | D NO 12. DEPD SEQ | D
NO 13, DGID SEQ I D NO 14, DLND SEQ | DN015 DEED SEQ I D NO 16, DSLD SEQ I D
NO 17, DVPD SEQ I D NO 18, DEAD SEQ I D NG 19, DSYD SEQ I D NG 20 ELPD SEQ I D
NO: 21, VEI D VWERYISES6NO. 26, 20 | ETD SEQ I D NO. 24 or ECRUSHA

t et rapeptl de substrate of granzyne B éncl uding 1 EPD SEQ I D NO 23 and VEPD
SEQ ID N0 27; or x is a N-blocked peptide which corresponds to a

car boxyterm nal or ami noterni nal fragnent consi sti ng of 1. 2 or 3 amno

acids of the tetrapeptide substrates of a cas i.ncl u%; o] V\EHD SEQ I D

NO 1, YVAD @mide bpndowill leqvpshepéaly| aitaghgdzto she Jarnin % ™ NO 4, DEVD
SEQ I D NO: 5,q,RtenSEQ | D NGO 6, VEHD SEQ ID NO 7, LETD SEQID N08 LEHD SEQ
I D NO 3, SHVD SEQ | D NG 10, -31 - DELD SEQ ID NGO 11, -DGPD SEQ I D NG 12,

DEPD SEQ | D NO 141 BT SRQpioRepder moleoplns BE@etiyl Neethy, esOERIMSEQ | D NO: 16,

DSLD SEQ I D ““)3‘:1 I 9, EQ I D NG 20,
ELPD SEQ | D° ﬁg“’%"y' \%f %‘“EE%“’I“% %‘% %e aupS GG %mﬁg”%’ﬁ °5?%§?é1§zyne 5

B i nsl udi ng VIEPAnSHe} ¢xamide of3 ;ﬁdﬂ-fbpb’E&BﬂtﬁE@ld D thdGctBxyroethyd (AM)a:rl\l- bl ocked
peptide which corresgtgggg t)o a carboxyterm nal .or am nc§ naI f ragnment
consi sting Gfvaipylogym M) sstsrigrmy cﬂé’oﬂl'ﬁ“ﬂ@"?n@t%ﬁ%ﬁ ﬁ’él Ut rate of a
caspase i ncloyghamdy\EHR R ViR NIML estefd/6¢ &arﬂ?@ ¢datddthe corhdddsSE® | D NO: 3,
DETD SEQ I D 4, DEVD SEQ ID NO.'5, DEHD SEQ I D NG 6, VEHD SEQ 10 | D

NO 7, LETD $moya b bapedl peprmableamdcapbaaydsoly asterasesgnpids % e D SEQ 1 D
NG 11 DGPD (ﬁ%@h&@ol@%d}a& c%%%l-%ﬁ@aﬁggl\égn&)gund%lgme cell impermcable

10 and are trapped inside the cells (Adams ez al., J. Am. Chem. Soc. 111:7957-7968

-

(1989)). AM esters can be prepared by reacting the corresponding carboxy-
containing compounds with bromomethyl acetate.

Yet another group of preferred embodiments of the compounds of Formula
I are represented by Formula IX:

15
Ri- (AA) - (AA) m~RoN

IX

or biologically acccptable 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 Il 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, methy!



SEQ ID NG 14, DLND SEQ I D NG 15, DEED SEQ I D NG 16, DSLD SEQ I D NG 17, DVPD
SEQ | D NO 18, DEAD SEQ I D NO 19, DSYD SEQ I D NO 20, ELPD SEQ I D NO 21, VEID
SEQ I D NO 26, IETD SEQ ID NG 24 and 15 granzyme B including | EPD SEQ

| D NGO 23 and \(Fng% | D NGO 27, plus 1-2 am no acids corres%&aﬁspe

Plerr]'-Plerr]” " portton of the substrate of a caspase i ncl uding

GG and AG Specifically, the novel fluogpgenic or fluorescent reporter
conpounds of this invention are of Fornmula V: 20 Rerr]-
(AA)[err]-Asp-y- R[err] (V or biologically acceptable salts or

pro- repor Ler B} Gl ePie s 'k A0 Iy hy BRLST of BEyPPreRERORY igRgal 1l ng

am no aci d residue ereo rm nal
protecting gr olmupsnmbhldct rbgt tirelnot Yimitey) ¢aranoDyy alkyb&yopthonjdcgraumyzhchamd

benzyl oxycar bony|; endently. is.a res e of tural or
non- nat ur al H’fv#hﬁ ﬁ'g’oﬂylor ‘ftg‘?’&far Hho gﬁ’fy&"xyfi?r Eer |‘\73'?‘?’%$’8a E?ny n a-anino
acid or [er r] aEBbeQy@%dﬂyl dﬁdldﬁd&yﬁxyﬁ%onyl aC, xalkﬁthao)édrb@iyog@np Sudhr
fluorescent noiety; an err] 1% a bl ockin group which is not an

anmino atid or & deﬁqt%‘ﬂqo)‘@fwylan 4 xﬁBl]“a}?Pféliﬂ peach ?@W@Fb‘mb’he fével
7S 0 RS ] GRS Tl flon LG g, Tor ! o
Rhodam ne 116 gratp Rixhommacety] dnd. octinedpa narbahylf droupr sigkea$ dinmathylcarbamyl,
N-methyl-N-hexylcarbamyl; and an alkyl, haloalkyl or aralkyl sulfony! group such
as mcthancsulfonyl.

10 In Formula IX, (AA), is designed to be an amino acid or a peptide which
is recognized by a specific peptidase or protease as the sequence in the p side and
will be cleaved by the targeted peptidase or protease. (AA), is designed to be an
amino acid or pepﬁde which is recognized by a specific peptidase or protease as
the sequence in the P’ side, and which can be removed by aminopeptidases

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
1, 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., ef 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



fluorescent reporter nolecules are prepared by first introducing a bl ocking
group Rlerr] into one of the two ami no groups of a Rhodanine to give novel
fluorescent dyes of the Formula VI. The remaining HNR group is used for
reaction with a potential enzynme substrate to give a fluorogenic substrate
of Fornul a WO9Y1%856By 10 bl ocki ng one of the two afCAFSHBtYs in a
Rhodami ne, the overall size of the sufgstrate is reduced conpared to a

bi s-substituted Rhodam ne, such as a bis- peptide-Rhodani ne. Mre
inmportantly, the blocking group is selected such that a) it is stable and

wi || not hydrolyze under | ogi c nditi us am e
excl uded beckaab tPﬁ"ée%ﬂV?‘Hg aBEﬁﬁGa‘* &%3@%&‘#2 "Txlpflc O o engtr:Ieby 15
pepti dases Wyiche ﬁ?&l@ﬁﬁﬁ&ﬁ% ahdtd R&ofeflidl hovdd hnticandes agensf er abl y not too

bulky (e.g. i's sha In order to reduce the overall size of the

ptept i de- r](caportﬁlr MeABQu s as eobalidepandent snzyme thatpbydrelyzesnthgn@m@nstrate; c)
| |spreerra C e |1 I

per moabi |1 ¢ yienr bR BBl ety BRIt Bkl EnRE MR EE 0™

Plr Ef leg red RLXﬁi 'in hhmc Iﬁtlﬂ@Vlthrsﬂlaﬂand nndherged sibe groaps st as| Glyi AlagSerp, an Clerr]
al kyl oxycar bon r su met hoxycar banyl. %thc%xsycyarg]onyl,

hexyl oxycar b&h§ffas [gﬂ’ﬁ‘ag %(’gb'la’ﬁ)ﬂe k“ﬂ&&?‘r %ﬁ@&’é‘r’ﬁ%" VF subsggates: e

dodecyl oxycapdohyiMet, &1beothdr aﬁﬂ:ll&&dsm,p)}wf bRy Y%cham hBiayshy.

(et hyl t hi o) carbonyl, (‘hexyl thi o) carbon (octyl thio) car bonyl ;. an

aryl al kyl oxyBesr 6@?ﬂy327glr581}§9 §I0 )a§“l§éﬁ-ﬁ94365t%“c1§|”5’6 rger ghapepn’antin  (y gy r ]
acyl (al kanoylj ,qh &r@%ﬁ ‘ﬁf‘hﬁﬁﬁ% xirecﬁgqﬁ#ﬁé odmﬂmwc@a% abif oup such as

di et hyl car bamyl, carb an al kyl | oal kyl or
aral kyl sul fwﬂyhotgbeaupsubmate &s MetrAli’ames’Eﬁkﬁieradvantmr of thel m$ey06ppéf erred

Rl err] bl ocking grqups .are [ e ]
1-11), Cbz, ‘?‘8‘? %[lgr‘?’l}‘%@ﬁs EA%L]E%LC?%M banat ((ap
series); 30 methionineNeq m({aﬁﬁﬂe]v(iﬂﬂ[n&!ké]ik{)cﬁf su]:ﬁi@@fo( MfetAPL2.4This gypel of

CHerr](CHerr])r(OCH err]CH err err = D- = 1-
[ e sub]st)raté is exgaecte to v[vork vx]/e%l[m a w!vho e celf assay gutSdthesrwise 1will not

work in a cell-free MetAP-2 enzyme assay.
15 For compounds of Formula IX designed to be substrates of MetAP-2,
preferred R, is H, preferred (AA), is Met, and preferred (AA), is Gly, Ala, Gly-
Gly, Ala-Gly or Gly-Ala. The methionine will be cleaved by type 2 methionine
aminopeptidase in endothelial cells to give thc Rhodamine attached to (AA),.
Aminopeptidases present inside the cells will then remove the (AA), to give the
20 fluorescent dye of Formula VI. Compounds of Formula IX will be used for the
screening of inhibitors of MetAP-2 in endothelial cells, which is expected to lead
to the identification of novel anti-cancer drugs.
- Compounds of Formula IX also can be designed to be substrates of HIV
protease. HIV protease is an aspartic protease which processes polypeptides
25 transcribed from the gag and pol genes and is essential for the maturation of
infectious virus. Therefore HIV protease has been one of the major targets for
chemotherapeutic intervention of HIV. Recently, several HIV protease inhibitors
have shown great potential in the treatment of HIV and have been approved for
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



-33 - 4), (al kyl oxyal kyl carbanate series); EtSCO,
CHerr](CHerr])[err]SCO, CHerr](CHerr])[err] SCO,
CI—I[err](CH[err])[err]SCO and CHerr](CH err])[err]SCO (t = 0-11)

(t hi ocar bamat Ts-, PhSderr]-, MeSOerr]-,
CH[err](CH[er?‘Y'?F%Wﬁs‘sq err]- (u = 0-11), PhCH err]Sq err]-FERE21231
CFlerr]SO err]- (sulfonam de series); MNCO, Et2NCO, and

N-Me-N-CH err](CH err])[err] NCO (v = 0-9) 5 (urea series); and
HCO, CHerr]CO, CHerr](CHerr])[err]CO (w = 0-9), PhCH err] CO and PhCO
(am de series) t & er g e t hat
contain a hydrgeﬁ)hlgggs opéjgé)ugﬁl?ﬂer@% f%ogér?gcﬁr]b?%n%eg’f %&)zm%lhﬁrg\hl nrgllrgg%sr ng the
cel lul ar per rremlhlbhtbtsyls etpetthé tdf procide gerd efficacidul ldnrgesfo:ethé figktpegainetr thisol ecul es,
as well as retg La‘{‘] of the fluorescent noiety in the cells after the

cl eavage of su targeted protease or peptidase. These
preferred Rerr] b"ﬂfek&o&n% Qu%ateﬁﬁflmwgrot&ﬂé afd Beptidbs With 4 QisdiR

CH err] CH[errgc;erl (car bamat e series):

Me( OCH[ ®r r ] CH[ BY rPBl{o 1,crqy obecq o&atpm’xc-pmhge peptide bond between the P,-P,’

?;I[ ﬁ;rraai?;[ E;Irkarﬁ’anﬁ‘f"é se?{agisle_jb% gr@%ﬁ%(dﬁ&# )?] 888%)

CH[ er r ] ( CH er r Hisfimat site<SGDthe vambgdgHnd rgag-palHpreteink hher beeb@mind (td) e oteavdda mat e

series); CHer CH err err err fonam de
eri o). N o R RRTESE BUEER TG & 71ty Mo Chomoi? Rarel ssveatteand

CH err] (CH er r p) Pergeil;&&ésw)f:th&e%ne( arrssok@e $eF-GRSAsn-THEPrBINEV al TR Dgeni ¢ or
fl uorescent S}orter nol ecul es of Fornmula VII- | X are prepared by reacting

the amitfo gr oup!OMR &lerdreotal-LaeAkmGhrAk §BReHY AV : 28y Ade-Thr-loMstMet-vI with a
|
potential enzyj eﬁi’?%ﬁp‘g‘lﬁiﬁ NOSHE mr?%éﬁ-ﬂ?a-ﬁg%?g%%%ﬂ-éﬁgﬁg Ap°hioZd, p a

N- bl ocked pepti m an pep e am eaction converts t he
fl uorescent nolGicdlsePhé-LEnGhSean SEQ IDNNO: 312, BarPHelSeoiPbe-CrrGInddpSEQdDr epot er

pept i dase. 1t O hdnteraSy iR PR sS sHO T NE BB Bt IR Ro- N bone
of Formula VII A%E@ﬂ:bdrmno :35eand | AN 56 VaRDed-Piad- L& &sPSPQ IDNOSBO N &Hy am de

bond shoul d be the 25 sci ssile bond under biological conditions.
Cl eav adé of t h@lugr@ggrgq,p@dlgaébyq,d)é ~chromogenic substrates of HIV protease have been

prepared based on these natural substrates for HIV protease activity 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 thc 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
(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 et al. (Tamburini, P.P., ef 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-MeO-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-Gln-Asn-Tyr-Pro-Val-Val-NH,



reporter am de bond of Fornmulae VII-1X by proteases or peptidases produces
a conpound of Formula VI or VI' which is fluorescent. Specifically
preferred enbodi nents of the conpounds of Fornula V are represented by
Formula VI1: 30 -34 - [err] or biologically acceptable /6

pr o- reporterwﬁ’c?P’éW es (such as nethyl ester form of carbo’i‘%{ %8’% } ning
am no acid residues) thereof, wherein: Rlerr] and R err] are the sane or
different and are independently hydr og€h, alkyl or aryl; 5 R6 is a
bl ocki ng group which is not an am no acid or a derivative of an am no acid;
Rlerr] and Rlerr] are the same or different and are independently hydrogen
or alkyl. R eSE) IDN®@BS,NHidvigbarad oﬁ)ﬂﬁtpe’b-bﬁﬂgezgragm#ltew&nwd mdtbpendent |y

[ or 1~ no aBF POSPOIERTAR PRISESREAG Lob 8ttt e 14 no aci ;1

is 0-5; and thg ?@9@)’?'&@ aﬂéi&@néuﬁl B&@d @éﬁrd%l A0kl Vil Q6 His-PHo-PhePT ef er r ed
or

Rlerr] and R err] are drogen, ethyl; Preferred R[err and

Rlerr] are hyHmd@lrLeurGlnﬁlh@Pr SEQH? pr‘%"d“’érﬁhr}’éﬁléﬁﬂn&@tqnﬁél é&ee Drred nat ur al
am no Aaci ds | p Hﬂl G §e¥rS ﬂf"qugO (CEvans D]gI XP&lneAnaE%Meﬁll %m’-

neth! ni ne, nine. serln 1 SO I"etici né reoni ne, valine,
proline, |ysipe2 (1902); tHe ma;an@ldaulanﬂumescgicatrmnmca@ndgy mayqftrom) ar gi ni ne,

gﬁfs{tg: ;C?ﬁledgﬁ)a %N— d@rfgxpm}alnd Cé ﬁézo?benzN&Q arc]n %EEC% ger—éﬁ\i—gssn-i nclude t-
Tyr-Pro-lle-Val-Gln-5-[(2-aminoethyl)amino]naphthalene-1 SEQ 1D NO:41
sulfonic acid (EDANS), wherein Tyr-Pro is the cleavage site (Matayoshi, E.D., et

10 al., Science 247:954-958 (1990)); and the chromophoric peptide substrates H-Ser-
Gln-Asn-Leu-Phe(NO,)-Leu-Asp-Gly-NH, SEQ ID NO:42 and acetyl-Arg-Lys-
lle-Leu-Phe(NO,)-Leu-Asp-Gly-NH, SEQ ID NO:43, wherein the amide bond
between the p-nitrophenylalanyl and leucyl residues is the scissile bond. In
adddition, the chromogenic substrate, Lys-Ala-Arg-Val-Leu-Phe(NO,)-Glu-Ala-

15 Met SEQ ID NO:44, wherein the Leu-Phe(NO,) is the cleavage site, was reported
(Richards, A.D., et al., J. Biol. Chem. 265:7733-7736 (1990)). SAR studies found
that substitution of the Leu residue in P, with norleucine, Met, Phe, or Tyr had
minimal effects on the kinetic parameters (K, and K_/K,), as determined at
different pH values, whereas peptides containing Ile or Val in P, were found to

20 hydrolyze extremely slowly. Taking advantage of the presence of non-specific
aminopeptidasesl in whole cells, fluorogenic or fluorescent substrates of HIV
protease of Formula IX can be designed to incorporate amino acids from both the
P side and P’ side of HIV substrate for application in whole cell assays. It is
expected that after the peptide sequence in the P side was cleaved by the HIV

25 protease, the peptide sequence in the P’ side will be removed by aminopeptidases
presented in the cells.

For compounds of Formula IX designed to be substrates of HIV protease,
preferred R, is acetyl or Cbz, preferred (AA), is Thr-Ile-Nle, and preferred (AA),,
is Phe-GlIn-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-Ile, or Pro; or
preferred (AA), is



An exanple of a pro-reporter nolecule is the nethyl ester formof 20

car boxyl -contai ning am no acid residues conprising conpounds of Formula
VII. Another exanple of a pro-reporter nolecule is the acetoxynethyl (AM
ester form of Ggbdys - containing amno acid residues of conpErGEERA
Forrmula VII1. Another group of preferred enbodi nents of the conpounds of
Formula | are represented by Formula Vi44l.- 25 -35 - [err] or

bi ol ogi cally acceptable salts or pro-reporter nolecules (such as nethyl
ester form of carboxyl-containing am no acid residues) thereof, wherein 5

Rierr], Rerr],seff5naRAsn-TySSi) a5 Ndrdd, BedinPA @V TRUsIdpréfBrrdy |@sﬁ’rblIleand V., m
IS an integer fromO err] are the same or different and are

i ndependent | y h‘@ﬁig§ﬁQ B N914]5o?f0éi°y al, BiedVaR\eal- Nt abre- Yol 2V} Prrlle. Ohe sane
or different arﬂ%ﬁtf ngVI 5 geﬂtAr &%%9%@ g%fe@édl%@ﬁ)ﬁ }soPro or referre

Compounds of For nov l'uor ogeni ¢ or oresce substrates
for caspases or(Adt)hisLyenizyAmValdleatSEQmN@ Apbpt-dg-Yal-NaSEQID NOXS, cl eavage

ubstrate i nt o PrYSIATRELLRRTtyd Arors b e AT b i BTl Cavage

of the am de bog®- Axetm&ﬂuﬁtﬁmhartﬁ ptefdedeAR), iwPHd-PheciéE ch ISEQRPN@B0)Ee 15
attached to NH[err] AA)[err]. The remai ni ng_am no_aci ds I&]\ﬁ)%e”] w | |

then be renpvedrRicdtt-henhant pafyes (ﬁ#‘éséﬁﬁ?e‘} Hlu-Ghi-$e5 | SEQ ® kv _
fl uorescent dyeGBfGlﬁoiéﬂJi’Jﬁl W Led; '%A‘%pé&%r?e]d (R0, ResH@sih MGY ehPne SEERPONd Wi th

the P' sequence of the cleavage
NO:140, Gln-Asn-Leu—Phe SEQ ID NO:51, Asn-Leu-Phe, Arg-Lys-Ile-Leu-Phe

10 SEQ ID NO:52, Lys-Ile-Leu-Phe SEQ ID NO:53, or Ile-Leu-Phe, and preferred
(AA), is Leu-Asp-Gly-NH,, Leu-Asp-NH,. or [.eu-NH,. More preferred (AA), is
Ser-Leu-Asn-Phe SEQ ID NO:54, or Leu-Asn-Phe, and more preferred (AA), is
Pro-lle-Val, Pro-Ilé, or Pro; or more preferred (AA), is Arg-Gly-Phe, and more
preferred (AA), is Pro.

15 Substrates of HIV protease of Formula IX are expected to work in whole
cell assays but otherwise will not work in cell-free enzyme assays. Cleavage of
the (AA),-(AA), amide bond by HIV protease in HIV infected 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

20 Formula IX will be used for the screening of inhibitors of HIV protease in HIV
infected cells. This should speed up the process for the discovery of novel HIV
protease inhibitors, especially the discovery of non-peptide or non-
peptidomimetic HIV protease inhibitors, which might lead to better anti-HIV
agents than currently available drugs. Since HIV protease processes viral

25 precursor proteins at a late stage in viral replication, a cell permeable fluorogenic
or fluorescent substrate for an HIV protease also can be used to screen compounds
which inhibit gene transcription or translation, viral entry, or other key proteins in
the early stage of HIV infection. Therefore this method can lead to the
identification of inhibitors of HIV infections with a novel mechanism, which

30 could not be identified in a cell-free enzyme assay. In addition, since HIV



substrates of caspases or apoptosis related enzynes. The incorporation of
the P sequence of known substrates of caspases or apoptosis related
enzynmes are 20 expected to increase specificity and affinity of the
fluorogenic substrates. Since am nopeptidases are widely present in cells,
one can i nsePMP Y1483 [err] sequence in the design of substPEVE¥sRRIor mul a

VIl for whole cell assays. This is angther advantage of whole cell assays
over cell-free enzyne assays. For instance, when (AA)[err] is Ay, a
substrate of For rrul aVvill wil vvork i n whol e cell assays but 25

ot herwi se wi | e as cause.. | eayvage of
Asp-Gy fémcase in '61 eﬁﬁg\ﬁfl} Wi ége‘éeatﬁ%ée?]@e?“‘??%élfﬁér&wtm f X?nodam’ ne,
whi ch is not IK mq:frﬁtﬁﬁelﬂic fludfes€on@did ef BérmaladVDinsRIEAhd Sélls”mlﬁﬁéiéseoﬂ s the
met hyl or et r forps of _carboxyl -containing am no acid residues

|
conpri si ng cgyr?BBWﬁ salsgrear B¢ Wigfl fordhe diagnosis G HIV infe@ether exanpl e of a
pro-reporter nol eeulBoinds [OFeF RSP AR N¥h I%Aﬁ@slgﬂéd RS Rl Qulinxngd hyl (PM

ester form of carboxyl-containing am no acid residues of conpounds of
FornmuPa VI | admv@s& proteasst  Adetnynys awotht aansenef mqpbdmd@emrelddnuvm to be

cel | permeably b Latera .t.he gells. Once
hydr ol yzed, the (l:ar on éé?éz’ii&ﬁil ‘S"g%‘b TR s %?o ase e}fm}f %g?%abl e 10
and are tr appeqlrdumsmde Adhmavﬁmk bfbte(aMﬁchyett:malpmteade wAiaSh c(20d¥ setigl.

111: 7957- 7968, é 989 AM est ers can be prepared, by reacting the _
cor r espondi ng "REPBEYS 2nd i teqriFdgr VB REHREOMARh iInficHWEHEVRDAT Aet at e. Vet

anot her gr oufC:pf, Top.SHRF ksl mmamgz B9 27053 5L (D6H550 TRRYRME&] subtkAl @ | are
represented by Fornmula I X
10 of adenovirus protease mcludes (M,L)XGX-G and (M,L,DXGG-X. The
specificity of thc substrates are mainly determined by P, and P, amino acids
(Diouri, M., et al., J. Biol. Chem. 271:32511-32514 (1996)). Hydrophobic amino
acids such as Met, Leu and Ile are perferred in P,. Small amino acid such as Gly
is preferred in P,. A small and hydrophobic amino acid is also preferred for P,
15 and P;’, such as Ala and Gly; while P, can accommodate almost any amino acid.
These observations were supported by the recently determined crystal structure of
human adenorivus proteinase with its 11 aminoacid cofactor and substrate
modeling based on the crystal structure (Ding, J., er 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 brotease 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, or m =0. When mis 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




[err] or biologically acceptable salts or pro-reporter nolecules (such as
met hyl ester form of carboxyl-containing am no acid residues) thereof,
wherein 20 Rlerr], Rerr], AAand n are as defined previously in

Formulae Il a , is an integer from0-3. R2 and R3 are t
di fferent andmg(r)\gw}sg&cfependently hydr ogen, al kyl or aryl; and@grriug%d

Rlerr] are the same or different and are43independently hydrogen or al kyl.
25 Preferred R err] is t-butyl oxycarbonyl, acetyl, octanoyl,
dodecanoyl and benzyl oxycarbonyl. Preferred n is 1-4. Preferred R err] and

Rlerr] are hydragRBming@ithbd o (AA),?e?AfniereﬁifdQééL rebdn Rk Btk é@[l?ﬁvg] th@xgd Rlerr]
are hydrogen or nethyl. Preferred R err| bl ocang groups include, but are
not |imted to,re@avecher(AA)altkgivethe Bndreseyit dyeoddosmula s Gemhongs &f bony | |
et hoxycar bonyl , yGar | oxy.c onyl.. decvl oxycar bonyl and
dodecyl oxycar bolu;lo;l/-‘F{ ?mgk%?lgfb?]lg%d;%k%etsﬁlfé%‘ii%?%'gﬁ{‘??mﬁ r°86‘%"'“8h‘ %Xtease " as

(et hyl t hi 0) car balaydvirus {nifeeted|celts. 0) car bonyl , (octyl t hi o) car bonyl ; an

oYl kg oxycar borvle gtoup syEh-s eneyl onrcatoand s s, derlac
di et hyl car banydimplbk WRie N (FEXY11CR6BARY |Hur@ifthedtts aldibx vidal 98 iy or
aral kyl sul fonyl group such as nethanesul fonyl. 10 I'n Fornmul a
IX, (AA),, is desopidlg fop herpesalabialis feoldisomds)or The pISY-1 deotedst it 2i wrinecogni zed
D1, eCh | P38 SoBBAETS ARl SRMRNEY R BP0 M |
be an am no aciasemblypeiviral eapsiie ¢Gao, M. ecagdi Fieol. b§:3205PAQI(19%)pePivo dase or
proteasg, as proteolytic sites have been identified to be Ala247 and Ser248 and Ala610 and
Ser611 within the proteasc (Dilanni, C.L., ef al., J. Biol. Chem. 268:25449-25454
(1993)). Recently, an eight amino acid consensus peptide of LVLASSSF SEQ ID
NO:61 was found to be cleaved as efficiently as a 20-mer maturation site peptide,
and the P, to P, sequence was defined as the minimal substrate recognition
15 domain for the HSV-1 protease (O’Boyle, DR, et al, Virology 236:338-347
(1997)). It also have been reported that the specificity of HSV-1 protease resides
within the P,-P,” region of the cleavage sites (McCann, P.J., et al, J Virol
68:526-529 (1994)). Taking advantage of the presence of aminopeptidase in
whole cells, fluorogenic or fluorescent substrates of HSV-1 protease are designed
20 to incorporate amino acids either from the P,-P, only, or both from P,-P, and P’
side of HSV-1 protease suBstrate for application in whole cell assays.
For compounds of Formula IX designed to be substrates of HSV-1
protease, preferred R, is acetyl or Cbz, preferred (AA), is Leu-Val-Leu-Ala SEQ
ID NO:62, and preferred (AA),, is Scr, 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.



the sequence in the P side, and which can be renoved by am nopepti dases 15
presented in the cells. Wien Rlerr] is a Nterm nal protecting group such
as a t- butyl oxycarbonyl, Cbz or acetyl, conpounds of Forrmula I X are
substrates for endopepti dases such as cathepsin D or protease such as HV
prot ease; wWHAABK6r] is 11, conpounds of Fornula | X are PECHHSPHIIRY f or
exopepti dases such as net hi oni ne am nopepti dase. 20

Specifically, conpounds of Fornula | X &4 designed to be substrates of type
2 met hi oni ne am nopepti dase (Met AP-2). Met AP-2 was identified recently by
two research groups (Giffith, E.C, et al., Chem Biol. 4:461-471 (1997)
and Sin, N, et al Conﬂi’oﬁﬁdsoNFbﬂmulaAD@ﬂso Gafiibe dbiithed 4 BORBsRAR DI hilHQy) ) to be

t he commom target of_ angi ogenesis inhibitor AGW 1470, an anti-cancer drug
25 cur r%ﬂmf‘yza M’é‘@r@j&l\ﬁ\j) @pieasec AICHVican gausedifeApregteniag infegtiophct i onal

enzyne whi Ch S QuohSOMLR CilRi® HAlNt RethibobipBihaa! 'l&ﬂvpy soEnd

phosphoryl aton st at el F-2 I'S rep to on
am nopept i das emammowppscsaeﬁ ddpterPor? tangpldna vigtiends. ef mmanocyt@mgatoergust atory

activity of f th, 61 471 (1997)).
Si nce ang| ogen%@rM% nrhc°% aoplfotgff(? ﬁhaésleﬂmlJfﬂ‘?b“(ﬁW af%?mby PIgEM he able
to sel ectivel yari Isl essemtial iforC @irhss replidtioh) tiseforef it Met Afponaaletageperos ed to
have anti - angitggenl C properties_and to be potential  novel ant | cancer
agents. Met AP-9eTaREUNC dpfgrypRtioge n Ehg SIGM ¥ rpieaset it SHiGr BIPPesesadhBYani no-

term nal methi 199!!65‘12&5 profRsGRy tikk Q/ltﬂfn%@ﬂ)ret%aselvgeﬁe ﬂEﬁf A 1SR f 84£S are

Met-X-Y. 5 I's an amno acid snal unchar ged side groups,
such as Ay, Aredeasssite) ayhilp$43-Serchigs (mmratlAn gtﬂanéﬁzTﬁycnsaIE krdwiut. d result in

i nacti . SUb SE&I‘% §’L 2; | Oﬁ??/?léﬁf) Al\ﬁl}o’rogen% s%stratte hﬁABa%nRrga&] déal-( Li, X &

Chang
Val- Asn Ala—Ser-Ser-Arg-Leu—Ala—EDANS SEQ ID NO:63 was synthesized and

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
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 HCMYV 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
HCMYV protease will produce fluorescent dye of the Formula VI. When m is not
0, cleavage of the (AA),-(AA),, amide bond by HCMV in the cells will give the
30 Rhodamine attached to (AA),,. Aminopeptidases present inside the cells will then



Res. Com 227:152-159 (1996)). Since Rhodamine is nmuch | arger than an am no
acid, a conpound with nethionine directly attached to Rhodam ne nbst
probably 10 will not be a substrate for Met AP-2. Taki ng advant age of

the presence okoagisespepti dase in whole cells, the insertionp@fusdsksy [ err]
sequence between net hi oni ne and Rhodam ne will make a good substrate for

Met AP-2. This type of substrate is expectded to work well in a whole cell
assay but otherwise will not work in a cell-free Met AP-2 enzyne assay. 15
For compounds of Fornula | X designed to be substrates of Met AP-2, preferred

Rlerr] is H prremeve the (AAR) fegivg thesfiMréscerie RF Fohule VVI( AAMhEsunls bs G Y,
Ala, dy- Gy, e nethionine will be cleaved by type 2

a-dy or. Gy-Ala. Th ni_ne .
met hi oni ne ami c?ﬁéb‘f‘i%(aw beqused for the| scasenipg f inbibitors ol HENEY RFRerserithe
attached to (AA¢EMihfectddtdiRpept i dases present inside the cells wll then
renove the (AA)[err] to give the 20 fluorescent dye of Formula VI.
Conpounds of For rmul &opmgoyids| of pRormyladIX @isot ¢ae s desigried go dfe sublsirdies of s of

Met AP-2 < n end ' ich is ected to lead. to the

i dent | f Fcat | onq{oep ﬁlrtlfg\a/éel"ﬁ'ggnk}?@\éﬁﬁr@ Fo%r Ugs. ls(%ﬁﬂ’baﬂl‘?{d“sauﬁa(f%w?&gﬁloef o 41 so can

be desi gned to paentmiyttraasmisied knd-¥pdradicoiodas @nd hbV/BHepitRRS hich iMBctagpartic
ypeptides 25 transcri bed fromthe gag

pr ot ease whi ch process pal. . ] '
and pol genes aﬁfsf‘?atégggﬁ?”lﬁp Fegple tpgldridey G Y gwotease iN¥3emand iBUBrOWR U .

Therefore HI 'V pic@iR@SRS4parldBiBhte G0 8he brobddSinB I e VRAIGRFbrd®h, thus the
chenot herapeutic_intervention of H V. Recently, several  H V protease

i nhi bi tors haveN&4bPrejeasacomplerris ian| atirastivé cargat fat antintirabftherbpy agathshave been
copr oV or mouket bRl D R BCPResL I R gt g 0o ol
Ther ef ore t hese deavpgeusids Queevfehd subktrate sequéfe is Asp-Asp-Ile-Val-Pro-Cys-Ser-
Met-Ser-Tyr SEQ ID NO:66, and P, Cys and P, Val were found to be critical
(Zbang, R., ef al, J Virol 71:6208-6213 (1997)). Taking advantage of the
presence of aminopeptidase in whole cells. fluorogenic or fluorescent substrates
15 of HCV protease are designed to incorporate amino acids both from the P side and
P’ side of HCV protease substrate for application in whole cell assays.
For compounds of Formula IX designed to be substrates of HCV protease,
preferred R, is acetyl or Cbz, preferred (AA), is Asp-Asp-Ile-Val-Pro-Cys SEQ
ID NO:67, Asp-lle-Val-Pro-Cys SEQ ID NO:68, or Ile-Val-Pro-Cys SEQ ID
20 NO:69 and preferred (AA), is Ser-Met-Ser-Tyr SEQ ID NO:70, Ser-Met-Ser, Ser-
Met, Ser, or m = 0. When m is 0. cleavage of (AA),-Rhodamine amide bond by
the HCV protease will produce fluorescent dye of the Formula VI. When m is not
0, cleavage of the (AA),-(AA), amide bond by HCV in the cells will give the
Rhodamine attached to (AA),,. Aminopeptidases present inside the cells will then
25 remove the (AA),, to give the fluorescent dye of Formula VI. Compounds of
Formula IX will be used for the screening of inhibitors of HCV protease in HCV
infected cells.
The invention also relates to novel compounds of Formula VI which are
derivatives of a Rhodamine and are obtained by introducing a blocking group R,

30 onto one of the two amino groups on a Rhodaminc. The R,HN group in Formula



pepti des or peptidom netics. The search for new and novel HIV protease
inhibitors is expected to provide nore efficacious drugs for the fight
against this deadly disease. The preferred substrates of HIV protease are
peptides with a scissile 5 hydr ophobi c- hydr ophob| c or

aromat i c- pr o¥PA¥I88pt i de bond between the Plerr]-Pler]’ (\REI{US§FIE31  and
Fairlie, D.P., Trand. Pharm Sci. 16:64¢74 (1995)). Nine distinct sites in
the viral gag and gag-pol proteins have been found to be cl eaved by the

pr ot ease (I\/artin J A, et al., Prog. Med. Chem 32:239-287 (1995)). The
L ) SRRU 5 LSS o b S g « ol cnme

Al a- Arg- Val - Lﬁmstﬂtas@hws /aieacaﬁE@licEgré\@ o%aN Bloeked Beptideetolbim Mepepti@d n- Arg SEQ
I D NG 30, Arg- d n- Al a- Asn- Phe- Leu- Gf\xl Q I D NO 31, Pro-

A y- Asn- Phe- Lamidebendsehhe greliqnsoppgrisah e@&resmne@rwlpwéFmrﬁﬂ@/hmr% SEQ I D
NG 33, Thr-Le P r Tyr - Val -
Asp SEQ ID Veis aréb‘%r g@?&ie\%&{?ﬁﬁ he- iﬁ’“"‘%% gﬁg?\l%ﬁ r%‘%?ér Nany 15

f 1 uor ogeni c, mahtmdawhlchéuncnonscalsracsabrgemfcr sprb'saieamr peptdhseH Te pepttdease have

been prepar ed b atu al strates . o ase, activity
assays. An int] P é}‘l g?ﬂ%yl q‘ﬂ) 3’ If‘ﬁgd? 8’6&%}581 E‘H@t ‘r‘ré’lgfa%'o ogical
2- am nobenzoyéonmbné | €leNage bfithe Nﬁ{sﬁlerp]ep&a&&kpoaenmﬁmww af thk p&ftAe! D NO 141,
wherein the scissile bond is the Ne-(4- NJerr]-Phe), was_pre ared based
on the p24/ p15Peies Ry Diricasss - mﬂ#aéwrﬁ@wab@ﬁemwnéef ormula VieMir ate (Toth.
MV., and Marghay lis Flgbrjé%centl N{fore)inp&ntl Pﬁth%cﬁxngeg?oupgﬁanSﬂléorEégﬁ(al990)) . A
f1 uorometric assay HI V- pr ot ease ac¥| vity using HPLC e substrate
N- Dnsi®er-d nhﬂs@h?ﬂylr: gPup- Thfeh}'dedphSE@mD) N@Q@l@dﬂ@lmtﬁp@rth@memyrafr@nburi ni et
al . (Tanburi nj na i em 1 6 1 wherein
the Tyr-Pro |%éntnﬁ€5”hs% ogé}llel Sé‘b 1% na. mﬁatg rQS% he" ﬁ? m%?agltogé)géﬁesagg%%eat es 25
i ncor por at i nginside tiereks af wdﬂrhsbmtxhcrédserd&mbﬁlef a:edluE‘res&nchemOifetytlhﬁde:I eavage

[ es have been devel oped, and these include the

sites of HV prot e .substra
f I uor ogeni ¢ Fﬂﬁ?éi‘ﬁféﬁf Ya-sf}w@isedm%tewafwt‘% t a- napht hyl ami de SEQ I D

NG 37, The novel fluorescent dyes of this invention are of Formula VI:

15
Rg l o ! R, VI
0]
or biologically acceptable salts wherein R, - R, are defined above with respect to
Formula VII.
20 Preferred R, and R, are hydrogen, mcthyl 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



whi ch contains the Phe:Pro dipeptide bond recogni zed by H V-1 protease
(Tyagi, S.C., and Carter, C. A, Anal. Biochem 200:143-148 (1992)); the
radi ol abel ed 30 hept apepti de substrate,

[tyrosyl -3, 5- keydohkdsé\c- Ser- A n- Asn- Tyr-Pro-Val -Val -NH err]  perngéhmagEQ | D
NG 38, which is based on the pl7-p24 cleavage site Tyr-Pro 1round In the
viral polyprotein substrate Pr55gag (HH4nrd, L.J., et al., Anal. Biochem
188: 408- 415 (1990)); the angiotensin |I-based peptide

Asp- Arg-Val - Tyr-11 e-Hi s-Pro-Phe- His-Leu-Leu-G u-3 u-Ser SEQ I D NO 39,

whi ch yi el ds angi otensin | ) NR,drgU- A u-d u-Ser SEQ ID

NO 40 (Evans, D.B., et at, Analy 06: 288-° 292 (1992)); the

i ntranol ecul ar fl uorescence restRapse. elergli _transfer RET) substrate

aci d UDABRXYL) - Ser - G n- Asn-

am@] napht hal ene-1 SEQ ID NO 41
sul fonic acid (EDANS), wherein Pro\\s the cl eavage site (Matayoshi,
E.D., et 10 al ., Science 247:954-M058 (1990)); and the chronophoric
pepti de substrates H Ser- G n-Asn-Leu-Phe(NJ err])-Leu-Asp-Ay-NHerr] SEQ
I D NO 42 and acetyl-Arg-Lys- Il e-Leu-Phe(NJerr])-Leu-Asp-G@y-NH2 SEQ ID
NO 43, wherein the &mifefecdfbwarbgbnic weflwpreshent pubsirateopfithe piesdnainyentamciré eucy!|

residues is the scissile. d. adddi.tiopn, the chronpgeni c substrate,
Lys- Al a- Ar g- Va|°-°ﬁ‘g’8‘-§’§ﬁé%‘ﬂ€§0§°rr i“ﬁ&’@-‘%ﬁl‘é‘iﬁ’ {g ave ot fimitggl o SEQ | D NO 44,
wher ei n 5t he LeuZPWEHNG Ritodhhined 10,ISEQIENDage site, was reported (Richards,

A D, et al, J. _Bi gl e 265: 7733- 7736 (1990)). SAR studies found that
substitution of(ZfE%ﬁgAPégi?"g]?P’&ﬁélq’§E9[19rl}]ﬁ)‘2wi th norleucine, Met, Phe, or Tyr

had m ni mal ef f@HBTIOLRhB&nkihd B! SEQaHNTREers (K[err] and Klerr]/Klerr]),
as deternmined at différent pH values, whereas peptides containing Ile or

Val in Plerr] wérREYBlLRdhodanipgl10, SEQ IDAN@Fol yze extrenely slowy. Taking
advantage of the PERSERGR Ml PIY; $ETDNG:6
10 (Z-VEHD),-Rhodamine 110, SEQ ID NO:7
(Z-LETD),-Rhodamine 110, SEQ ID NO:8
(Z-LEHD),-Rhodamine 110, SEQ ID NO:3
(Z-LEVD),-Rhodamine 110, SEQ ID NO:9
(Z-IEPD),-Rhodamine 110, SEQ ID NO:23
15 (Z-VEPD),-Rhodamine 110, SEQ ID NO:27
(Z-SHVD),-Rhodamine 110, SEQ ID NO:10
(Z-DELD),-Rhodamine 110, SEQ ID NO:11
(Z-DGPD),-Rhodamine 110, SEQ ID NO:12
(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




am nopeptidases in whole cells, fluorogenic or fluorescent substrates of

H V protease of Fornula | X can be designed to incorporate amno acids from
both the P side and P side of HV substrate for application in whole cell
assays. It is expected that after the peptide sequence in the P side was

cl eaved by tWE48§s605 protease, the peptide sequend&TtP¥HESIP side
w Il be renoved by am nopepti dases pre?gant ed in the cells. For conpounds of
Forrmul a | X designed to be substrates of H 'V protease, preferred R err] is
acetyl or Cbhz, preferred (AA)[err] is Thr-1le-Ne, and preferred (AA[err]
is Phe-d n-Ar -G n, ar e' s ferred (AA)[err] is Ser-Leu-Asn-Phe
SEQ | D NQ 54, &5‘?5@%&% ﬁ}é‘gﬁg‘@?fed (AA)[err] is Pro-1le-Val,
Pro-11le, or P(ZJVEHD),-Rh@JaﬂﬁﬁeeﬂoﬁmmNdzes -41 - Ser-A n-Asn-Tyr SEQ ID
NG 45, or d n-Asn- Ty and preferred AA4)[err] is Pro-Ile- Val-AGn SEQ ID
NG 46, Pro- ||(3'Z.Hfg )23‘11‘?51%3 E)f Pro-Val -NH err], Pro-lle, or Pro;
or preferred emrohthe,ﬁ\[ Gly Phe and preferred (AA)[err] is Pro; or
preferred (AA I's Lys-Ala-Arg-Val -Leu SEQ I D NO 47, Al a-Arg-Val -Leu
SEQ | D NO 48, (ZETD)z-RhodammclltOr -Val -Leu, and preferred (AA)[err] is

Phe- G u- Al a-l\/g E Ogamm ggo Phe- GIu-AI a, Phe-Gu, or Phe; or preferred
(AA[err] is Pro E >SEQ I D NO. 50, or Phe-His-Leu, and preferred
(AA)[err] is (Z%UAG),leﬁdunﬁem@EQ | D NO 40, Leu- Qu-Q@u, Leu-G@u, or Leu;

or preferred F‘fﬂ? n- Asn- Leu- Phe SEQ I D NO 140, d n-Asn-Leu- Phe
SEQ I D NO 51 rWEHB)z da%nglL%EWQIi%d Phe 10 SEQ I D NO. 52,
Lys-11le- Leu SHADRL.RNGHARne P0, SE§1bD.Fhe, and preferred (AA)[err] is
Leu- As err! “eu-Asp-NH[ érr], or Leu-NHerr]. More preferred (AA),,
is Sek Leu TEBERhgvlaminesi4 0, $HQ [RNOMN- Phe, and nore preferred

(AA)[err] '5 (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 IDNO: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



Pro-1le-Val, Pro-lle, or Pro; or nore preferred (AA)[err] is Arg-dy-Phe,
and nore preferred (AA)[err] is Pro. 15 Substrates of HV
protease of Formula | X are expected to work in whole cell assays but

ot herwi se w | yd@fisagr k in cell-free enzyme assays. C eavaggcqfushdfizs
(AM)[err] (AN [err] am de bond by H'V protease in HV infected cells will
give the Rhodam ne attached to (AA)[erri42-Am nopepti dases present inside
the cells will then renove the (AA)[err] to give the fluorescent dye of
Formula VI. Conpounds of 20 Formula I X will be used for the

screeni ng of i nZIBETDY,-Rhedantthe] RSELARIGOMN HIV infected cells. This shoul d
speed up the process for the discovery of novel HIV protease inhibitors,

especi al | y the @r@%@bﬁoéﬁmllﬁ%hg SERINEOY non- peptidonimetic H V protease
inhibitors, A IN:] ”l@a t agents than currently
avai l abl e dr ugs Si nc? HI %rlltc’)%gggéem{’gggggg\gbgl ral 25 precur sor

proteins at a I(@t—Ie‘E(@uAa@HD(GAM)Dzdlhqdapinada@ iSEQ IDENO& | per neabl e fl uorogenic

comounde. whi crer AR EQRBTBROAM MBnERRE 7L BERIBNGS, Vi & Sniry. or

ot her key prot e(IZFlB(OAM)HUeAMWD,(OAI\/QQMHadﬁhVIlmeEQtIDCNO5 Therefore this
met hod can lead to the identification of inhibitors of HV infections with

a novel mechanl (&nR( QM‘?)E?QI‘QEWD(OAM))z Rhodpgingd40.;58d BEQAPINGEd in a cell-free
enzyne assay. Ig@é)EmMeﬁﬂ]ijﬁhﬁ me 104§E piel-ease in HV infected

cells will cleav he "cel | "perhea str es of Formula I X to produce
the fluorescent dye meerﬁdrﬂmtcmenlb of ﬂmrmemhebsoreﬂei; of the piesent atvestiamfaré-or mul a Vv

o 50, 53 22 Uoelllnd 5l RORGHL P Ok L BLCRLhmiggipoUnCo Of For il
Adenovirus are NmawmsﬁNoace@emwdmlm SHRSEQ IDMND:udi ng
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
15 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)-N"-acetyl-Rhodamine 110, SEQ ID NO:8
20 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
25 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
30 N-(Z-DVPD)-N"-acetyl-Rhodamine 110, SEQ ID NO:18



sporatic respiratory di sease and epidem c acute respiratory di sease which
can lead to preunonia. Adenovirus protease is a cysteine protease which

cl eaves several viral proteins and is required for virus maturation and
infectivity &Wéber, J.M, Curr. Top. Mcrobiol. Inmunol. 199/1:227-235
(1995)). ThevPP¥EY¥r ed substrates 10 of adenovi r us RGTAISEHHBI| ncl udes
(ML, 1)XGX-G -and (M., |)XGG X. The spggificity of the substrates are

mai nly determned by Plerr] and P[err] am no acids (Diouri, M, et al., J.
Biol. Chem 271:32511-32514 (1996)). Hydrophobic am no acids such as Met,

Leu and Ile a ed | rej. jno acid such as Ay is
preferred in @Z&ié‘gﬁ);&r“awgkﬁ%'&%%@@éﬁwg% dis also preferred for
Plerr] 15 N-(Z-DSHDFY edcedyl-Rhédaglineg S 0/$ ) fvsid3y; while Plerr] can
accomodat e al npst any am no_aci d. These observations were supported by the

recently det eMriZridd O seetyl-Rhadaming 1 40, SEQIMA:2ddenor i vus prot ei nase with
its 11 am noagyiséh Gf I X } based on the crystal
structure (Di jril;llg(2 \gﬁb}gﬁ qgﬁtﬁwﬁﬁlﬂ%ﬁgﬁmigEﬁﬁghQ?gs (1996)). Taki ng advant age

of theS presen¥dZdETByrViraqethiRhddmmné hi OWRBQADMND:RP4, 20 fl uorogenic or
fluorescent s that £s. of evovir prot ease can be designed to

i ncor por at e a}%qu‘;@éjiGd%ce%ﬂ'gﬁ%%ml’?eoﬂlﬁt he P side only, or fromboth the P
side and P' sNdg-TD)-MdcagMREddamieqtigase substrate for application in whole
cell assays. For conﬁpunds of Formula | X designed to be substrates of

adenovi rus prOtéAed-N mcewbRheamigedif] s acetyl or Cbz, preferred (AA)[err]

i's Leu-Arg-GM;g\yA@E@_gc‘é -RhodamiddA 10O 55, Met-Arg-dy-A@y SEQ I D NO 56,
Te-Arg.Gy- A SEOTD Not.y57,°|fénd-VaP|’-OG y-dy SEQ ID NO. 58, Met-Val-dy-dy

SEQ | B NG 59 ¥r(Bp¢-¥BHD)-N GcytylRyod8mipel IDONBGD Nend preferred (AA)[err] is
8 2,00 PP B R SRIOSR phfh o [] Fhodem ne am o¢ bon
Wien mis not NqAcIETDY-AYacafl-Riodardide 110, SEQ IDMORerr] (AA)[err] ami de bond by
adenovirus prgteage ) e G aami: 118'sED H50:3
N-(Z-DEVD)-N "-mcthoxycarbonyl-Rhodamine 110, SEQ ID NO:5
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 1D 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




-43 - Rhodam ne attached to (AA)[err]. Am nopeptidases present inside the
cells will then renove the (AA)[err] to give the fluorescent dye of Fornula
VI. Conpounds of Forrmula I X will be used for the screening of inhibitors of

adenovirus prgy§dsfasdsn adenovirus infected cells. 5 PCT,Usgs,Fﬁgpounds
of Formula | X also can be designed to be substrates of herpes sinplex virus

type 1 (HSV-1) protease. Human herpes sifippd ex virus type 1 is responsible
for herpes labialis (cold sores). The HSV-1 protease is a serine protease
and is responsible for proteolytic processing of itself and 1CP35 for

assenbly of vi rﬁkZ—QMQ@'&I@%?caranyl Rhod@hine 1\10 %Q%N(ﬁ& 3702- 3712 (1994)).
Two 10 . proteol ytic sites have been identified to be A a247 and

Ser 248 and Al a6Y¢A @El&thwwmwﬂ%omn@h&SEQIDMﬂ ClL., etal., J
Biol. Chem 268; %gé%@% élﬂ_&%g%% %l_ﬁgg%%h@/“oaﬁ o.M no acid

consensus pepti de of LVLASS was fo e cl eaved as
efficiently as A-(36-DiSID)ntatiroxycanbongl-Reodamitel 1d6, SE(DIDN@ES P[ err] to Plerr]

sequence was def,i.ne e mni sjrate.re 0 donmai n
for the SHSV. 1 6{"82’@@? EiRxcar n%“ﬁé?ﬂg 110&&2%{? 536 338- 347
(1997)). It al smha-mﬁm;@n-eﬁﬁ)nwamqymwdaﬁxhﬁ ﬁowcjn}‘me of HSV- | protease

resides within the Plerr]-Plerr]' region of the ¢ eavagwsmes (McCann,
P.J., et al., JVN-¢L5VD)EE: e@mmz@nyl?@mnpmenm&z B8R age of the

pr esence of ani N%R@-E‘EH%%\P _ekHdx gglc}gllhdggm llllﬁ)’r%m&oq’r fl uorescent

substrates of rotease a 0 I™cor porate am no
aci ds either frJMWAc-hETDDéfr-le]ho?joarho]lyldﬁiogiammelb(htSEQ‘IID)NOFM P, and P' side of

HSV- 1 prpt ease ljca n, i n I issays. For
corrpoun{?g of FO’?%F?EI%@C{%élﬂboﬁg%?&ytgﬁ Vﬁﬁe@@ﬁ@l pr ot ease,
preferred R[er r]}/(AS—IBRE)t-NLetHny@?BonyDRﬁ&ﬁhﬁxﬁdlIOAS’E(DQDNO 2§ Leu-Val - Leu-Al a -
SEQ I D NO 62, apnd_preferred (AA)[err] is Ser, Ser-Ser, m= 0. When mis

0, cleavage 25 N-Z-WEHR)-N( Wﬂ%??%h%?%lwlﬁeg%mwl t he HSV-1
protease wll prAnoeAD)-NOh&S &M arbonyl-Rhodamine 110, SEQ ID NO:2

N-(Z-DEVD)-N -hexyloxycarbonyl-Rhodamine 110, SEQ ID NO:5
15 N-(Z-LEVD)-N’-hexyloxycarbony}-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 11D 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-Rhodamine 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-YVAD)-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



dye of the Fornmula VI. When mis not 0O, cleavage of the (AA)[err]-(AA)[err]
am de bond by HSV-1 in the cells wll give the Rhodam né attacthed to
(AA)[err]. Am nopeptidases present inside the cells will then renove the
(AA)[err] to give the fluorescent dye of Fornmula VI. Conpounds of Formula
IX wll be %889’1’8555 t he 30 screeni ng of inhibitors F&AUSERRIBIG ot ease
in HSV-1 infected cells. -44 - Conppunds of Formula I X also can be
designed to be substrates of human cytonegal ovirus (HCW) protease. HCW
can cause life-threatening infections in congenitally infected infants,

I mmunoconpron.sed_individuals and i nosu S cer or transpl ant
patients. Hm c-mach%y%g@ymOfm1€W(gh§&§ a protease that
cl eaves i t sel f(A0DEVDY-NHoMYl§ &b R Bddan@ieN 168/8EQ D ®esential for virus
replication, therefore it is a potential target for therapeutic

i nt er vent i on. N{hAeDEGArbroswioxsearhopyhRhedamine 130 SEQHNS t wo prot eol ytic

processi Ng Si {728 Wrtrbh /s RN Sin A t, Al a 256- Ser 257
(rel ease si te])v%éﬁgEmWGEjgt?lgg?&%@gﬁ( mat ur:';lntleiqgg:’ gslalbtlgjl.\Yé(“Szt evens, J.T., et

al ., Bur. J. NQAc-LEVD)-Mocylayaart@a@l-Rigtadsie 10 SEQ ID NA:F | uor ogeni ¢
substrate, DABCYL- - ,y-Val - Val - Asn- Al a- SR oY g -l eu- Al a- EDANS SEQ | D
NO. 63 was sy -ﬁég—}?@%)—?n-ﬁcqﬁﬁ%c&}ﬁogy 08%%336@ @gﬁt#y by CW protease
at the Al a- SeN-(pepETDRNbodfokydaibskyliRhoBardfine 180, SEQ.ID MO&l . Bi ochem
227:148-155 (1995)). Recently, it was reported that replacenment of the

Val - Val - Asn s¥§leYESDR¥Yf sty osvenbagyt-Bhadawino 140, SEGIRNO7 15 resi dues
of the mat ur aii Qe C el : Ty IPg- Thg-

Asn( NMe[ err] @f?b@@%ﬁ?}ﬁfwi ne?ﬁg?éunﬁe%?el@ﬁl%%%ggﬂgﬁgni ficant the
affinidty of tMé& E}Hf-@eCYbXIQa@Oprlfm@gyeineAhOn&BQ IDN@Grlogeni ¢ substrate was

el ?go‘r’]""ng21&-@-3\}2}1?)[g?deBﬁBHch‘%oEﬁ%%Ha‘}%né bfd, YEL1B NGgse | mproved am no
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:5
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-Rhodamine 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




al ., Anal. Biochem 255:59-65 (1998)). Taki ng advantage of the presence of
20 am nopeptidase in whole cells, fluorogenic or fluorescent
substrates of HCOW protease are designed to incorporate am no acids either

fromthe P sidgodtkses or both from P side and P side of HCMYcPi§dsBa5E
substrate for application in whole cell assays. For conpounds of Fornula IX

desi gned to be substrates of HCW 25 -53- protease, preferred Rerr] is
acetyl or Cbz, preferred (AA[err] is Val-Val-Asn-Ala SEQ I D NO 64,
Tbhg- Tbg- Asn-Ala SEQ I D NO 65, and preferred (AA[err] is Ser, Ser- Ser, or

m= 0. When m i 8(c-DEHBMAUGISEyHAArbetyI RnEedAT InesBgidavdend by the HOW
prot ease w || produce fluorescent dye of the Fornmula VI. When mis not O,

cl eavage of theMARFEIRN (M??MT“@HW&@%WWOWWNQ fre gel s will t
e the 30 lﬂgq@ &%ﬁ{l ti dases presen

?II‘I\S/I de the cells (WI |1 [W%d@éygl@é&%gm&;o rf'erlAk I&?h? toggl ve the

fl uor escent dyeNdﬁCFi&Hﬁ)I-M MﬂecymmbnwthtbdaﬁmerﬂUDaSEQ(IMO 3be used for the

[ | r ot.eas el l's. Conmpounds
SF Eoral ) oA SNBSS R bR e | = Comound:
C virus (HQV) qumm{DWcéddscyﬂMSﬁBb@ﬂ RﬁaA&miaé V@, SE@EDN(tb 7{)ot h i oh
t 1y t nd, sporadi ¢ non-A and_non- epatitis, I C
Pﬁ; th :(rjaanyes'[?]nrél"ééhgb]v 469@%;9@8&% -Rhgdauios Y, SERVDANG28ase NS3 and its
protein activat grzNSE¥D LGN Em&&ﬂ@io‘?ca'r%n&flﬁh&faﬂﬁﬁ%%%(?bw sviral
e

pol yprotein, thus t [ 4A protease Conplex I's an attractive target for
antiviral ther apy(Zag%ARNY -froethylthio)carbiyl- RTFM@HH@\/I 10r EQHINQ:3 a serine

B e I
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 ID 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 1D NO:4



Met - Ser-Tyr SEQ I D NO 66, and P[err] Cys and P[err] Val were found to be
critical (zZhang, R, et al., J. Virol. 71:6208-6213 (1997)). Taking

advant age of the presence of am nopeptidase in whole cells, fluorogenic or
fluorescent substrates 15 of HCV protease are designed to

i ncor por at e MI8SAci ds both fromthe P side and P side SFTHER APt ease
substrate for application in whole celdq_assays. For conpounds of Formula IX
designed to be substrates of HCV protease, preferred R err] is acetyl or
Cbz, preferred (AA),, is Asp-Asp-Ile- VaI Pro-Cys SEQ I D NG 67,

e 7 o o Y PUPF P LB Rl A TS 0 e ey, 0

Met, Ser’, or NfAc- QEHWM(mynmo%ar&hﬂmmfe1dd\%HQ9mﬂJoF§10dam ne ani de bond
by the HCV protease w || uce fluorescent dye of the Forrmula VI. When m

is not 0, cl &%@B@)Nh@twm[%w(%&)imm]ﬂ REQIDNAR by HCV in the
cells wll ve?‘{]gglgeﬁ??rdmﬁh ﬁ&%g?ﬂhéﬁm A1 b &E ] IDﬁ@ fopept i dases

present inside renove the (AA)[err] to give
t he fSuor esce{AdIEPD)N Kethylthie)cavbonyCBherlamints! 16f SEQIPMG23 X wi || be used for

t he screenin nhibitors.of H rot ease i ' cted cells. The

i nvention al 3‘6%3‘%@ éﬁt’@eﬁg@gPC %@éﬁg‘a@h"gémg‘ff 12%:3% fW%\hi ch are
derivatives W-(BYMM(B&y&Hﬁ)catbenﬂm}@Hmﬁetl)yo,iSEQrID)dﬂl(Oizng a bl ocki ng group
R6 30 one he two am_no_gr. OUFS on a_Rhodam ne. The R2HN
group in ForrﬁJfZOTDEVDJ% (he"vrth@cbr\?i”&’é%{hf"li%mﬁ% s SERIBNGehment for the

reaction wi tiy.gz pEVENN ReSEYERbGHRRbGfne PUCIEQIDNEg CAr DOXYI T 0 group of

a N-bl ocked peptide, to forman peptide am de b The reaction converts

the fiOuor esceahfAnHIERENNE-(bexyitbio)patbanykiRtodaning | hQ;rSEQI Io¥@gcent ol ecul e of
Formul ae VI -} X 204 ARf GPUESS 1R RERBDAA SHLERRE Ffo, 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
15 . 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
20 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
25 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
30 N-(Ac-LEHD)-N-(octylthio)carbonyl-Rhodamine 110, SEQ ID NO:3



5 nol ecul e which functions as a substrate for a protease or
peptidase. The peptide- reporter amde bond in Formulae VII-1Xis the
sci ssile bond under biological conditions. C eavage of the scissile

pepti de-repor tywé o@ilséte bond in the peptide- reporter by prot 69821231
pepti dases produces a conmpound of Formula VI or VI' which is uorescent.

More inportantly, the bl ocking group canSincorporate a 10
hydr ophobi ¢ group. The hydrophobic group is designed to increase the
menbrane perneability of the substrates, and to result in an accunul ation

of the substrat F-(ABSEID)MRodtaihiearbshyMRhddasind 10 SO EOIO:get ention of the
fluorescence noiety_ inside the cells after its cleavage by targeted

protease or peptil@&IEHINE-Reyithiormhond-Sbedaming bX), SEQIR N Tnvention are of
Formula VI: 15 LIE(JAEJIEFIB)-}?'-@Eﬁﬂhiﬁ)%hﬂb)énﬁ%%ﬁ%@i% lﬁfg@,@?@ﬁé\gg%l n Rlerr] -

Rlerr] are defined above with respect’ to
Preferred R errN-(ZAMERD»M {deaylthid)yatbanybRhoduetitny1 1008 EQIDWO:1Preferred R err]

and Rlerg] are hygr ; thyl.. Co nds . of Fo | ,of the present
i nvent i 052 may e&T(gf‘PYgﬁﬁl'&rjf%Eﬁ’@{j!'%loécalﬂiﬂ“g@gg?é?’ﬂccﬂE’aéé_r@hs Rt/)‘?l ng opening form
of Fornula VI'. NIBOEVIENL{deyithid)dattidasl-Rikddat et QOWEEID RO i ncl uding VI
and VI'. 25 - 4 r]. Preferred fluorogenic or fluorescent substrates

- [er ! .
of the present MG RVIONY Adecylibigsathaad-Fhedamige £4) SEQIDINO£hd i ncl ude, but
are not |im t edyi@c-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"-(dodecylthio)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 '-(dodecylthio)carbonyl-Rhodamine 110, SEQ ID NO:3
N-(Ac-LETD)-N -(dodecylthio)carbonyl-Rhodamine 110, SEQ ID NO:8
30 N-(Ac-VEHD)-N’-(dodccylthio)carbonyl-Rhodamine 110, SEQ ID NO:7



5 (Z-

VWEHD) [ err] - Rnodam ne 110, SEQ ID NO 1 (Z-YVAD)[err]-Rnhodam ne

110, SEQ ID NGO 2 (Z-DETD)[err]-Rhodam ne 110, SEQ ID NG 4
(Z-DEVD) [ err]-Rhodam ne 110, SEQ ID NO 5 (Z-DEHD)[ err]-Rhodam ne 110, SEQ

ID NO 6 10

(Z-VEHD) [ err] - Rhodam ne 110, SEQ ID NG 7

(Z- LETD) [ er rYORHHE¥ni ne 110, SEQ I D NO 8 (Z- LEHD) [ err] - Rnd&MS¥ 10, SEQ

ID NO 3 (Z-L

EVD)[err]-Rhodam ne 110, SQ ID NO 9 (Z-1EPD)[err]-Rhodam ne 1

10, SEQ ID NG 23 15 (Z-VEPD) [ err]-Rhodam ne 110, SEQ I D NO 27
(Z-SHVD) [ err] - Rhodam ne 110, SEQ ID NO 10 (Z-DELD)[err]-Rhodam ne 110, SEQ

ID NO 11 (Z-
110, SEQID

(2 PRSI RSAI B0 pSERAD N0 3 (1305 [er 1] - Rhodari ne

(Z- DLND) [ er r ] NRpOVEHD R " methﬁa%wlmaﬁnﬁ&lm@dmNthodam ne 110, SEQ

ID NO 16 (Z-
110, SEQ I D N¥

DSLD) l’rzé; Rhodam ne 110, SEQ ID NO 17 (Z-DVPD)[ err]-Rhodan ne
-N'-(dimethylgapbamyhrifpadamine i G FEQ TEN@2, SEQ I D NO 19

(Z-DSYD) [ e”]N'RB%#VD)W - (AikthyREBaty) M odnine 110, 48QD(M0BLPD) [ err] - Rhodari ne

110, SEQ ID
5

10

15

20

25

30

NG 21
N-(Z-LEVD)-N'-(dimethylcarbamyl)-Rhodamine 110, SEQ ID NO:9

N-(Ac-WEHD)-N’-(dimethylcarbamyl)-Rhodamine 110, SEQ ID NO:1
N-(Ac-YVAD)-N’-(dimethylcarbamyl)-Rhodamine 110, SEQ ID NO:2
N-(Ac-DEVD)-N -(dimethylcarbamyl)-Rhodaminc 110, SEQ ID NO:5
N-(Ac-DEHD)-N'-(dimethylcarbamyl)-Rhodamine 110, SEQ ID NO:6
N-(Ac-DETD)-N’-(dimethylcarbamyl)-Rhodamine 110, SEQ ID NO:4
N-(Ac-LEVD)-¥’-(dimethylcarbamyl)-Rhodamine 110, SEQ ID NO:9
N-(Ac-LEHD)-N’-(dimethylcarbamyl)-Rhodamine 110, SEQ ID NO:6
N-(Ac-LETD)-N’-(dimethylcarbamyl)-Rhodamine 110, SEQ ID NO:8
N-(Ac-VEHD)-N -(dimethylcarbamyl)-Rhodamine 110, SEQ D NO:7
N-(Ac-1IEPD)-N'-(dimethylcarbamyl)-Rhodamine 110, SEQ ID NO:23
N-(Z-WEHD)-N’-(N-hexyl-N-methylcarbamyl)-Rhodamine 110, SEQ ID NO:1
N-(Z-YVAD)-N’-(N-hexyl-N-methylcarbamyl)-Rhodamine 110, SEQ ID NO:2
N-(Z-DEVD)-N’-(N-hexyl-N-methylcarbamyl)-Rhodamine 110, SEQ ID NO:5
N-(Z-LEVD)-N'-(N-hexyl-N-methylcarbamyl)-Rhodamine 110, SEQ ID NO:9
N-(Ac-WEHD)-N’-(N-hexyl-N-methylcarbamyl)-Rhodamine 110, SEQ ID NO:1
N-(Ac-YVAD)-N’-(N-hexyl-N-methylcarbamy!)-Rhodamine 110, SEQ ID NO:2
N-(Ac-DEVD)-N -(N-hexyl-N-methylcarbamyl)-Rhodamine 110, SEQ ID NO:5
N-(Ac-DEHD)-N'-(N-hexyl-N-methylcarbamyl)-Rhodamine 110, SEQ ID NO:6
N-(Ac-DETD)-N'"-(N-hexyl-N-methylcarbamyl)-Rhodamine 110, SEQ ID NO:4
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
N-(Z-DEVD)-N -methanesulfonyl-Rhodamine 110, SEQ ID NO:5



(Z-VEID)[err]-Rnhodam ne 110, SEQ ID NO 26 (Z-1ETD)[err]-Rhodam ne 110, SEQ
ID NO. 24 (Z-VD)[err]-Rhodam ne 110, 5 (Z-TD)[err] - Rhodam ne 110,
Z-AD) [ err] - Rhodam ne 110, (Z-VAD)[err]-Rhodam ne 110,

B

oc- VEHD) [ eryyhobfitgekam ne 110, SEQ ID NO 1 (Boc- YVAD) [ err] - Bbftgshng: 110,
SEQ ID NG 2 10 (Boc-DETD) [ err] - Rhodam ne 110, SEQ ID NO 4

(Boc-DEVD) [ err]-Rhodam ne 110, SEQ ID N&¥5 (Boc-DEHD)[ err]-Rhodam ne 110,
SEQ ID NO 6 (Boc-VEHD)[err]-Rhodam ne 11 0, SEQ ID NO 7
(Ac- YVAD) [ err]-Rhodam ne 110, SEQ ID NO 2 15

(Ac-LETD)[err] Dfl‘m)yw'-%Méa%dfpm@&ﬁﬁﬁpwyﬁt@)bww- Rhodami ne 110, SEQ
ID NO 3 (Ac-DEVD)[err]-Rhodam ne 110, SEQ ID NO 5 (Ac-LEVD)[err]-Rhodam ne

110, SEQ | D NOM Z(DEVI})EHbﬂeyrlﬂthmMﬁa QIBNGEQ I D NO 23 20

(2 YD) 1| MO S PR i d o odam e 120

(Ac-VAD)[err] - Nlc(@’daEfVD)eNi-_a@;yl-MOdamine 19, SER-TDWID) er r | - Rhodam ne 116, SEQ 1D

N, SR LSRR ke, SEARLRO LS ]+ Fnodam e 16
N-(Z-YVAD(OAM))-N’-acetyl-Rhodamine 110, SEQ ID NO:2
N-(Z-LE(OAM)HD(OAM))-N "-acetyl-Rhodamine 110, SEQ ID NO:3
N-(Z-D(OAM)E(OAM)TD(OAM))-N -acetyl-Rhodamine 110, SEQ ID NO:4
N-(Z-D(OAM)E(OAM)VD(QAM))-N-acetyl-Rhodamine 110, SEQ ID NO:5

10 N-(Z-D(OMe)E(OMe)VD(OAM))-N '-acetyl-Rhodamine 110, SEQ ID NO:5

N-(Z-D(OMe)E(OMe)VD)-N -acetyl-Rhodamine 110, SEQ ID NO:5
N-(Z-VD(OAM))-N *-acetyl-Rhodamine 110, and
N-(Z-E(OAM)VD(OAM))-N -acetyl-Rhodamine 110.

Another preferred fluorogenic or fluorescent substrates of the present

NN

15 invention are compounds having Formula VIII and include, but are not limited to:
N-(Z-WEHDG)-N -acetyl-Rhodamine 110, SEQ ID NO:71
N-(Z-YVADG)-N-acetyl-Rhodamine 110, SEQ ID NO:72
N-(Z-LEHDG)-N "-acetyl-Rhodamine 110, SEQ ID NO: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 -ethoxycarbony!-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



(Z- YVAD) [ rr]-Rhodam' ne 19, SEQ ID NO 2 30 (Z-LEHD) [ err] - Rnodam ne
19, SEQ ID NG 3 - 49 - (Z-DETD)[err]-Rhodanm ne 19, SEQ ID NGO 4

(Z- DEVD)[ err]-Rhodam ne 19, SEQ ID NO 5 (Z-YVAD(OQAM ) [ err]-Rhodam ne 110,
SEQ ID NO 2 (Z-LE(OAM HD( OAM ) [ err] - Rhodam ne 110, SEQ ID NO 3 5

(Z- D( OAN) E( OX)¥IRSERN) ) [ er r | - Rhodami ne 110, SEQ | D NO 4  PCT/US9821231

(Z-D( OAM) E( OAM) VD( OAM) ) [ er r ] - Rhodam negg 10, SEQ I D NG 5

(Z-D(Owe) E(Owve) VD(OAM ) [ err ] - Rhodam ne 110, and SEQ I D NGO 5

(Z-D(Owve) E(Ove) VD) [err] - Rhodam ne 110. SEQ ID NO 5 Preferred fl uorogenic or

havi ng For mul S-@riEuae-R heperaebtir-Repdamiet 10, G I NG Fompounas

N- ( Z- VEHD) - N' Aa@@Lwy 1
N- ( Z- YVAD) - N N Fflghhgmgycﬁgn 12%8"*‘5’“9‘@‘13% D NO:71

N- ( Z- LEHD) - N Neldet ARﬁMamhﬁgcgrfpgnylﬁQiq@nNUQg SEQID NO:72

N (2 perh - NS SRR ety 1 REnh (07 SEQ D NO76
mg @B) H m@ethmwaamwcammy’l-sE@mmosSEQ ID NO:78
N ( Z- VEHD% N MAS %Hgﬁggﬁﬁe’ﬁgm%%“ SEghﬁl"g“% flo, sEQIDNO71
L2 1D e g e oo
N (7. VEPD) - N Mot BEVRAD Y shioxpagbongiRademie 136, SEQ IDNO76

N-(Ac-DEHDG)-N -hexyloxycarbonyl-Rhodamine 110, SEQ ID NO:78
10 N-(Ac-WEHDG)-N "-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:71
N-(Ac-YVADG)-N "-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:72
N-(Ac-DEVDG)-N"-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:76
N-(Ac—DEHDG)-N "-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:78
N-(Ac-WEHDG)-N-decyloxycarbonyl-Rhodamine 110, SEQ ID NO:71
15 N-(Ac-YVADG)-N’-decyloxycarbonyl-Rhodamine 110, SEQ ID NO:72
N-(Ac-DEVDG)-N -decyloxycarbonyl-Rhodamine 110, SEQ ID NO:76
N-(Ac-DEHDG)-N "-decyloxycarbonyl-Rhodamine 110, SEQ ID NO:78
N-(Ac-WEHDG)-N -dodecyloxycarbonyl-Rhodamine 110, SEQ ID NO:71
N-(Ac-YVADG)-N -dodecyloxycarbonyl-Rhodamine 110, SEQ ID NO:72
20 N-(Ac-DEVDG)-N -dodecyloxycarbonyl-Rhodamine 110, SEQ ID NO:76
N-(Ac-DEHDG)-N '-dodecyloxycarbonyl-Rhodamine 110, SEQ ID NO:78
N-(Ac-WEHDG)-N '(ethylthio)carbonyl-Rhodamine 110, SEQ ID NO:71
N-(Ac-YVADG)-N-(ethylthio)carbonyl-Rhodamine 110, SEQ ID NO:72
N-(Ac-DEVDG)-N -(ethylthio)carbony!l-Rhodamine 110, SEQ ID NO:76
25 N-(Ac-DEHDG)-N -(ethylthio)carbonyl-Rhodamine 110, SEQ ID NO:78
N-(Ac-WEHDG)-N -(hexylthio)carbonyl-Rhodamine 110, SEQ ID NO:71
N-(Ac-YVADG)-N’-(hexylthio)carbonyl-Rhodamine 110, SEQ ID NO:72
N-(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



Z-DSYD) - N -

Z-VD)- N
Z- ADJ -

7777777 ZFZZZZZZZZZ

N- (Ac- LETD) - N
N- ( Ac- LEHD) - N
N- (Z- DEVD) - N -

10

15

20

25

Z- SHVD) - N - acetyl - Rhodam ne 110, SEQ I D
Z- DELD) - N - acetyl - Rhodami ne 110, SEQ I D
Z-DGPD) - N - acetyl - Rnodam ne 110, SEQ ID
Z- DEPD) - N' waff}i¥dsg Rnodami ne 110, SEQ I D

Z- DEAD) - N - acetyl - Rhodam ne 110, SEQ I D NO

ACPPEVRENRA(9rylthiccar Rh?fhmlrm 10, SEQID NO:76

T VE D) - N - AP e earitnd ki 19, SEQIDNO:7S
Z-1ETD)- N - aé@toymmmm@ymm)ca@ﬁ@umommno SEQ ID NO:71

- S Bt RIATRRNE-dadmiibotmsaaiEatd, sERIEAT A2
Boc- VEHD) - Na- @C@DRVDWﬂﬁn&)&ﬁbox@E@hb@nh@ IL10 SEQ ID NO:76
Boc- YVAD) - N - acet vl - Rhodam ne (110, SE

’%(:“epf? HRGWEdequlthiq)garbagy Ejiqq(qugllo SEQ ID NO:78
me hox car bonrng%ﬁ%lﬁg%ca%&ﬂgh%%n H0,SEQ ID NO:71

N-(Ac- YVADG)-N -(dodecylthio)carbonyl-Rhodamine 110, SEQ ID NO:72
N-(Ac-DEVDG)-N"-(dodecylthio)carbonyl-Rhodamine 110, SEQ ID NO:76
N-(Ac-DEHDG)-N"-(dodecylthio)carbonyl-Rhodamine 110, SEQ ID NO:78
N-(Ac-WEHDG)-N "-(dimethylcarbamyl)-Rhodamine 110, SEQ ID NO:71
N-(Ac-YVADG)-N -(dimethylcarbamyl)-Rhodamine 110, SEQ ID NO:72
N-(Ac-DEVDG)-N’-(dimethylcarbamyl)-Rhodamine 110, SEQ ID NO:76
N-(Ac-DEHDG)-N’-(dimethylcarbamyl)-Rhodamine 110, SEQ ID NO:78
N-(Ac-WEHDG)-N"~(N-hexyl-N-methylcarbamyl)-Rhodamine 110, SEQ ID
NO:71

N-(Ac-YVADG)-N-(N-hexyl-N-methylcarbamyl)-Rhodamine 110, SEQ ID
NO:72

N-(Ac-DEVDG)-N'-(N-hexyl-N-methylcarbamyl)-Rhodamine 110, SEQ ID
NO:76

N-(Ac-DEHDG)-N’-(N-hexyl-N-methylcarbamyl)-Rhodamine 110, SEQ ID
NO:78

N-(Z-DEVDG)-N -methanesulfonyl-Rhodamine 110, SEQ ID NO:76
N-(Z-YVADG)-N -methanesulfonyl-Rhodamine 110, SEQ ID NOQ: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.

! 13 PCT/US98/21231
Z-DGID) - N -acetyl - Rnodam ne 110, SEQ I D NG 14

Z-DLND) - N - acetyl - Rhodanm ne 110, SEQ3PP NO 15
Z- DEED) - N - acet yl - Rhnodam ne 110, SEQ ID NO 16
Z-DSLD) - N -acetyl -Rhodamine 11 0, SEQ ID NO 17 30

(
(
(
(
(
(
E
E Z- DVPD) - N - ac@deyVYvVRDG) M &leﬂhl(gcar R&dﬂ%ﬂ@l 10, SEQ 30 NO:72
(
(
(
(
(
(
(
(

110,
110, 10



15 N- (Z- YVAD) - N - net hoxycar bonyl - Rhodam ne 110, SEQ I D NO 2
N- (Z- LEVD) - N - et hoxycar bonyl - Rhodam ne 110, SEQ ID NGO 9 )

N- (Z- LEHD) - N - et hoxycar bonyl - Rhodam ne 110, SEQ D NO 3

N- (Ac- VEHD) - N - et hoxycar bonyl - Rhodam ne 110. SEQ ID NO 1

N- ( Ac- YVAD) - MO xy car bonyl - Rhodani ne 110. SEQ | D NO: 2 BRy7US98/21231
N- (Ac- DEVD) - N - net hoxycar bonyl - Rnodamigge 110. SEQ ID NGO 5

N- (Ac- DEHD) - N' - net hoxycar bonyl - Rhnodam ne 110, SEQ I D NO 6

N- (Ac- DETD) - N - met hoxycar bonyl Rhodam ne 110, SEQ I D NO g
I\I—(Ac-LEVD)-N'-rreth carbo | ; Rhodam ne, 110, %ID NO,

N- ( Ac- LEHD) - N - mef“hg%c RieTsRind | iorhea ‘Heﬂ‘ﬁﬁce SUBteR§E Fhe present
N- (Ac- LETD) - Khventérary yamyoandiavinh So@iildEX didincl izt Brd¥ot Bmited to:
N- ( Ac- VEHD) - )R iar bonyl Rhodam ne 110, SE Q I D NG 7

N- ( Ac- | EPD) - ((%%f o%?i}f RAvlamiRed 0110, SE IQDl BONcl') 23

N- ( Z- VEHD) - N . N I ¥ArbRIRRAGRR 19, SEQ

N (Z- YVAD) - N - gmycar%‘gﬁy @h}gdam ne 110, SEQ ID NO 2 30

N- ( Z- BEVD) - NN- @Hid%y%lmxmrhmymmdmmélﬂ,lo SEQ ID NO'5 -51 -
N-(Z- LEVD)- N SEQ ID NO 9

N- ( Ac- WEHD) - lﬁﬁél t(r??oxyca onyﬂ“%gg’ma‘n’%“ﬁ o) 110, SEQ ID NO 1

N- ( Ac- YVAD) - W-¢@RA)eX yatlaaxpeanytny FRiddiamiged 10,10, §E8 : B % g .

N- (Ac-DEVD) - N, - rbon ne 110, SE

N- ( Ac- DEHD) - %"@%%%éﬁ?% ?Wma%wﬁ% 130, SEQ ID NO 6

N\ ( Ac- DETD) - N (GRONURAFIB0Mbo #irige 1), SEQ ID NO 4

N-(Ac LEVD) - et hoxycar bony odam ne 110, SEQ ID NO 9

N (GP)-N’- (ethylthxo)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-Rhodamine 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,




N- ( Ac- LEHD) - N
N- ( Ac- LETD) - N
N- ( Ac- VEHD) - N

N- ( Ac- | EPD) - Nywe&h

N- ( Z- VEHD) - N
N- ( Z- YVAD) - N
N- ( Z- DEVD) - N
N- ( Z- LEVD) - N -
N- ( Ac- VEHD) - N
N- ( Ac- YVAD) - N
N- ( Ac- DEVD) - N -
N- ( Ac- DEHD) - N
N- ( Ac- DETD) - N
N- ( Ac- LEVD) - N
N- ( Ac- LEHD) - N
N- (Ac- LETD) - N
N- ( Ac- VEHD) - N
N- ( Ac- | EPD) - N -

N- ( Z- V\EHD) N -
N-(Z- YVAD)-N -0 r
(Z- pvaD) - N - 091t SX¥PRUPARM s RAAL RS

N- ( Z- DEVD) - N
N- ( Z- LEVD) - N -
N- (Ac- WgHD) - N

15

20

25

30

- hexyl oxycar bonyl
- hexyl oxycar bonyl
- hexyl oxycar bonyl

- Rhodam ne
- Rhodamn ne
- Rhodam ne 110,

- Rhodam ne 110,

- Rhodam ne 110,
- Rhodam ne611-10,
- Rhodam ne 110,
hexyl oxycar bonyl - Rnodam ne 110, SEQ I

AL RN e arbhgARKodenidd 10, SEQ | D NO
-ﬁr]]LgxyI ?)? carﬁ}g%- Rhodam ne 110, SEQ 11

Sk onio) s kedaming 11BEQ | D NO

5
SEQ I D NO 6
ﬁgﬁr‘%y‘ggﬁtﬂﬁ%‘f”%am ne Legn()SEQ D NO 4

- M€ SONYERNRG roptyl RiycaibomyhBhddbthineSHQ $ERD NOND:80

RSB SRR Rfockre ZEIHEIRE e

mAysDNyB)amembxyB&@d@ﬁmmalﬂlﬁe 1 BEEODPDND 4225
hexyl oxycar Rhodam ne 110, SEQ ID NO 23

Rt L PP s oo B hadkgriiecii® P ADNG 3

ol 13585%@‘%8%34

0’&-1(&¢-bWBhN bgﬂylbxﬂhrbdwhlﬁmdm;a I BEQERDDNGD @530
"R ?AX IR%}(’S:W Qag)l%xycar on\ Iy ar%liijﬂg 1 IOS, EQQI IB ]&Q3j7
N-(Z-LNFPIV)-N -octyloxycarbonyl-Rhodamine 110, SEQ ID NO:83
N-(Z-LNFPI)-N-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:84
N-(Z-1.NFP)-N-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:85

- et hoxycar bonyl
- et hoxycar bonyl
- et hoxycar bonyl
Jpa¥ascar bonyl

110,
110,

20

 N-(Z-RGFP)-N -octyloxycarbonyl-Rhodamine 110, SEQ ID NO:37

N-(Z-RQANFLG)-N "-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:31
N-(Z-RQANFL)-N-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:86
N-(Z-RQANF)-N "-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:87
N-(Z-RKVLFLD)-N -octyloxycarbonyl-Rhodamine 110, SEQ ID NO:36
N-(Z-RKVLFL)-N-octyloxycarbony!-Rhodamine 110, SEQ ID NO:88
N-(Z-RKVLF)-N -octyloxycarbonyl-Rhodamine 110, SEQ 1D NO:89
N-(Z-ARVLFLG)-N -octyloxycarbonyl-Rhodamine 110, SEQ ID NO:90
N-(Z-ARVLFL)-N’-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:91
N-(Z-ARVLF)-N -octyloxycarbonyl-Rhodamine 110, SEQ ID NO:92
N-(Z-SQNYFLG)-N -octyloxycarbonyl-Rhodamine 110, SEQ ID NO:93
N-(Z-SQNYFL)-N -octyloxycarbonyl-Rhodamine 110, SEQ ID NO:94
N-(Z-SQNYF)-N -octyloxycarbonyl-Rhodamine 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
N-(Ac-RGFP)-N "-ethoxycarbonyl-Rhodamine 110, SEQ ID NO:37

52
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N- (Ac- YVAD) - N - oct yl oxycar bonyl - Rhodam ne 110, SEQ
N- (Ac- DEVD) - N - oct yl oxycar bonyl - Rhodam ne 110, SEQ
N- (Ac- DEHD) - N' - oct yl oxycar bonyl - Rhodam ne 110, SEQ
N- (Ac- DETD) - N - oct yl oxycar bonyl - Rhodam ne 110, SEQ
N- ( Ac- LEVD) -WP U836 oxycar bonyl - Rhodanmi ne 110, SEQ
N- (Ac- LEHD) - N - oct yl oxycar bonyl - Rhodqrg'br_le 110, SEQ
N- (Ac- LETD) - N - oct yl oxycar bonyl - Rhodam ne 110, SEQ
N- (Ac- VEHD) - N - oct yl oxycar bonyl - Rhodam ne 110, SEQ

N- (Ac- 1 EPD) - N - ad 110, 1D

N- § 7 \\EHD) - ) Nia OC@WX’&?’LW& wh‘g*?%i@me éEQ@gF@ P8
N- (Z- YVAD) - N -Ba,@ﬁm gﬁ% lj\m)
N—EZ DEVDg NNgggmg(ng: onyhm dginqlﬂ?dﬁ%“ﬁﬁ@’a %1
N- ( Z- LEVD) - N'N-@&gﬁt@é%r(ﬁbwwm)mmwmdamw 1QFREQ EDN@ 852

N (Ao vvaD) - RSSO SRRy IS RbAGidd o, SRR 5

~rOOIN
ol

/US98/21231

%%5555555

N- ( Ac5 DEVD) - W-(AdeRIGEG)eF dotyiouy edibrongth Rhordamilrie0, 10 SEEQ [IDNKIPE N- ( Ac- DEHD) - N

- decyl 110, . SE
N G oo PR P e R b, 4 0. BRIP4
N- ( Ac- LEVD) - IN-cARSICYGOBY- -@\B—b&?]&){*ca%ﬂﬂqmoﬂ@nﬂé@lo SEQ miNdy9g9 20
N- ( Ac- LEHD) - N' decg} ox§car bonyl - Rhodam ne 110, SEQ I D NO. 3

N- (Ac- LETD) - cqubsyRhedaminey 10 DNQPB

ﬁ E ﬁg YEE% w i e[?q ycarétgsgnyl E%%am ne L%g’o %HP@%@ 23
N- ( ZAMEHD) - NM@Gddi@GGkWé actploxydarbind dbwtlaeind 100, SERQDINIONG 1 25
(2 1 NS SRS 1 ST D
N- ( Z- LEVD) - NM-@adeRgGpNY-cayiboryibotsh-®haddntife 1100 SEGEQN®SHNO. 9
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 NO:55
N-(Ac-LRGGG)-N’-ethoxycarbonyl-Rhodamine 110, SEQ ID NO:101
N-(Ac-LRGGA)-N-ethoxycarbonyl-Rhodamine 110, SEQ ID NO:102
N-(Ac-LRGG)-N -ethoxycarbonyl-Rhodamine 110, SEQ ID NO:55
N-(Ac-LRGGG)-N’-(ethylthio)carbony!-Rhodamine 110, SEQ ID NO:101
20 N-(Ac-LRGGA)-N-(cthylthio)carbonyl-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




N- ( Ac- VEHD) - N
N- ( Ac- YVAD) - N
N- ( Ac- DEVD) - N -

- dodecyl oxycar bonyl - Rhodam ne
- dodecyl oxycar bonyl - Rhodam ne
dodecyl oxycar bonyl - Rhodam ne

N- ( Ac- DEHD) - Y| oxycar bonyl - Rhodani ne
N

N- ( Ac- DETD) -

N- (Ac- LEVD) - N -
N- (Ac- LEHD) - N
N- (Ac- LETD) - N -
N- ( Ac- VEHD) - N
N- (Ac- | EPD) - N -
N- (Z- DEVD) - N -
N- ( Z- YVAD) N
N- (Z- LEVD) - N

BRI R

yl oxycar bonyl - Rhodam ne
dodecyl oxycar bonyl - Rhodedsi-ne
- dodecyl oxycar bonyl - Rhodan ne
dodecyl oxycar bonyl - Rhodam ne

110,
110,
110,
110,
110,
110,
110,

110,

N R&EWA@%W@&W%%EQ@@H&H& H@,SE N@1

odam ne 11(5

odecyl oxycar bonyl
Ny ANy Buarsempryhsdaminaa 10, 850 BEROHB NG - 5

%caﬁgﬂg@r@ ming 10 S%g?{%ﬁ g2 10

1
1 2 30

1 5 - 53 -
! BeT/US98/21231

$55555555

4
r 9
13 5
r 8
. 7
;2

%

3

N- ( Z- LEHD) - N ](/'-t@t-thLtAlS)-M mmmyéampnmmdammmo SHOID N(Nmsa

N- ( Ac- EHD) - N
N- ( Ac- YVAD) - N

N- ( Ac- DEVD) - N N{RENVNAYR) W’Qﬁfyﬁ%@&drbdéﬁpm&ﬁnelﬂl@; SEED NO:N§g 5 15
et hyl t hi o;car bon

N- ( Ac- DEHD) - N -

N- ( Ac- DETD) - N Nx(ﬁé'tv A

N- (Ac- LEVD) - N
N- ( Ac- LEHD) - N -

N- ( Ac- YEHD) - N

15

20

25

30

AR o S ER SR on B iboseESNER 2

odam ne 110. SEQ ID NO 6

Q?&/ﬂ%ﬁ%rbormh%mmee hIPOSE@E@NQ)I% 4

{r&regﬁl\wlé* @ @é@%gﬁyl]%?ﬂgam né;ﬁlO}%EQéééﬁﬁ E) NO °

N- ( Ac- LETD) - N N((neﬁbgn’bgm«)&sammmyloxwmm Riodatiine Ismﬂqpnmo R0

B TRY b NS A oy ER3 TR

e, 110,

odarnme 11%?&6 IH) Iﬁ%:ZOQ

N-(Ac-Tbg-Tbg-NA)-N"-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)-N -octyloxycarbonyl-Rhodamine 110, SEQ ID NO:109
N-(Z-Tbg-Tbg-NA)-N -octyloxycarbonyl-Rhodamine 110, SEQ ID NO:110
N-(Ac-Tbg-Tbg-NASS)-N-ethoxycarbonyl-Rhodamine 110, SEQ ID NO:108
N-(Ac-Tbg-Tbg-NAS)-N-ethoxycarbonyl-Rhodamine 110, SEQ ID NO:109
N-(Ac-Tbg-Tbg-NA)-N-ethoxycarbonyl-Rhodamine 110, SEQ ID NO:110
N-(Ac-Tbg-Tbg-NASS)-N (ethylthio)carbonyl-Rhodamine 110, SEQ ID NO:108
N-(Ac-Tbg-Tbg-NAS)-N'-(ethylthio)carbonyl-Rhodamine 110, SEQ ID NO:109
N-(Ac-Tbg-Tbg-NA)-N'-(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-Rhodaminc 110, SEQ ID NO:114
N-(Ac-IVPCSM)-N"-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:115
N-(Ac-IVPCS)-N-octyloxycarbonyl-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"-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:114
N-(Z-IVPCSM)-N "-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:115



N- (Ac-1 EPD) - N - (net hyl t hi o) car bonyl - Rhnodam ne 110, SEQ | D NO 23
N- ( Z- WEHD) - N - (et hyl t hi o) car bonyl - Rhodanmi ne 110, SEQ ID NO 1
N- (Z- YVAD) - N - (et hyl t hi o) car bonyl - Rhodani ne 110, SEQ I D NO 2

N- (Z-DEVD) - N - (et hyl t hi o) car bonyl - Rhodam ne 110, SEQ ID NO 5 25
N- ( Z- LEVD) - NVOA%18886 t hi 0) car bonyl - Rnodami ne 110, SEQ | D N&C3/USH8/21231
I
I
I

N- (Ac- VEHD) - N - (et hyl t hi 0) car bonyl - Rh_%gqm' ne 110, SEQ ID NG 1

N- (Ac- YVAD) - N - (et hyl t hi 0) car bonyl - Rnadam ne 110, SEQ I D NO 2

N—EAC- DEVD; -N - (ethyl thi o) carbonyl - Rhodam ne 110, SEQ I D NO 5

N- (Ac- DEHD) - N - (et hyl t hj o) car bonyl - Rhodam ne 1 NO 6 30

N- ( Ac- DETD) - NI’-(é-bY )tMI%%YM%Wl'&M&%ﬂSO&S}I%? I@E@I@ NO. 4 -54 -
N- (Ac- LEVD) - N/.(A@rmsm)owcalnmmdngﬁnmm 118 BEPGENOR MO 9

N- (Ac- LEHD) - N - (et hyl t hi'o) car bonyl - Rhodam ne 110, SEQ I D NO 3

N- ( Ac- LETD) - NV-(AeTVRISMI-Y F ohetyearhanyRRberemineel 193EQ BENO:H NG 8

N (A 1 EPD) - NEAEITRGOR) SRR BRI IaRRE 160 SRIDRIP L NG 2
N R b eSS T

( Z- DEVD) - N N-%%&‘z‘i‘qWW@&M@%N&H@&%&H@E81,°= @%‘%@Iﬁg@ 15
Z- LEVD) - N m( Rexvbed)iw)edyiaReyirbsayniasdaiine (10 SEQHD NO:INE 9 10
Ac- VEEHD) - N' - (hexyl t'hi 0) car bon odanm ne 110. SEQ ID NO. 1

(
g ﬁc- E\E’CBI - I\whe(rméis)hemlwwbmhﬁd% rtbrbieEycptinylsheys artkioTbe is
Urc- DerD) - WO pIESERe AEARES IO T I 110" SE3 1D No 6

10 Preferred novel fluorescent dyes of the present invention are compounds

z272777%

having Formula VI and include, but are not limited to:
N-formyl-Rhodamine 110,

J-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-decyloxycarbonyl-Rhodamine 110,
N-dodecyloxycarbonyl-Rhodamine 110,

25 N-benzyloxycarbonyl-Rhodamine 110,
N-(2-butoxyethoxycarbonyl)-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,

i3
40 |



N- (Ac- DETD) - N
N- (Ac- LEVD) - N - (hexyl t hi
N- (Ac- LEHD) - N - ( hexyl t hi
N ( Ac- LETD) - Nyolobyessyg t hi
N- (Ac- VEHD) - N - (hexyl t hi
N- (Ac-1 EPD) - N - (hexyl t hi
N- (Z- VEHD) - N
N- (Z- YVAD) - N
N- (Z- DEVD) - N -
N (Z- LEVD).- N -
N- (Ac- VWEHD) - N £
N- (Ac- YVAD) - N
N- (Ac- DEVD) - N

- (hexyl t hi

(eety!

N- (Ac-
N (Ac- L

D) - N 3
D)- N *

N-(Ac-LETD)-N -focty

-(octyl thio)carbonyl
-(octyl thio)carbonyl
- biqBéxylthib)cabemRpOdmikb oTR M ne 110,
oct yI t hi o) car bonyl - Rhodam ne 110,
{hiQrregrykRb

M(Q&?Mﬁ:&%h:%&ﬁ-‘iﬁh@&ﬁfﬁmé?hﬂﬂam

i 0) car bonyl - Rhodami
N- (Ac- DEHD) - N N((d@deyylthm)ca)fbmwbwammddam

Mgt lo B adbts
N- (Ac- LEHD) - N N(eﬂﬁhﬁutf&n;&)@aﬂ@ﬁﬂylmhodam
i 0).car bonyl

0) car bonyl
0) car bonyl
o) car bonyl
0) car bonyl
0) car bonyl
0) car bonyl

N- ( Ac- VEHD) - N ? (*HEWF&E?PH)WHBW

N- (Ac- | EPD) - N' s hdul by @ REBAARY | rgRhodam
decyl t hi o) car bonyl - Rhodami ne 110, SEQ

etecanesutfonyldthodarmipe 1 Rhodanmi ne 110, SEQ
N-(Z- DiyD) - N - M&%X&B&hf?&n“yﬂkﬂ (mqmeph%dam ne 110, SEQ

N- ( Z- VEHD) - N -
N- ( Z- YVAD) - N -

nyl- odam
Bt 1 odam

- Rhodam ne
- Rhodamnm ne
- Rhodam ne
- Rhodam ne
- Rhodam ne
- Rhodéhi ne
- Rhodam ne 110,
- Rhodam ne 110,

eHEdani ne
ne
ne
ne
ne
ne
ne
ne
ne
ne

odam

nodar

N-trifluoromethanesulfonyl-Rhodamine 110,

N-dimethylcarbamyl-Rhodamine 110,

N-diethylcarbamyl-Rhodamine 110,

N-(N-methyl-N-hexylcarbamyl)-Rhodamine 110,
N-(N-methyl-N-octylcarbamyl)-Rhodamine 110,
N-(N-methyl-N-decylcarbamy!)-Rhodamine 110,

15

N-acetyl-Rhodamine 116,

N-methoxycarbonyl-Rhodamine 116,

N-ethoxycarbonyl-Rhodamine 116,

20

N-octyloxycarbonyl-Rhodamine 116,

N-hexyloxycarbonyl-Rhodamine 116,

N-benzyloxycarbonyl-Rhodamine 116,

N-methanesulfonyl-Rhodamine 116,

N-trifluoromethanesulfonyl-Rhodamine 116,

25

N-acetyl-Rhodamine 19,

N-octanesulfonyl-Rhodamine 116,

N-ethoxycarbonyl-Rhodamine 19,

N-octyloxycarbonyl-Rhodamine 19,

N-methoxycarbonyl-Rhodamine 19, and

30

N-methanesulfonyl-Rhodamine 19.

110,
110,
110,
110.
110,
110.

110,

110,
110,
110,
110,
110,
110,
110,
110,

110,
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N- (Z-LEVD) - N - (decyl t hi o) car bonyl - Rhodam ne 110, SEQ ID NO 9

N- (Ac- VEHD) - N - (decyl t hi 0) car bonyl - Rhodam ne 110, SEQ I D NG |

N- (Ac- YVAD) - N - (decyl t hi o) car bonyl - Rnodam ne 110, SEQ ID NO 2 10

N- (Ac-DEVD) - N - (decyl t hi 0) car bonyl - Rnodam ne 110, SEQ ID

N- ( Ac- DEHD) -W® 29§85y | t hi o) car bony! - Rhodani ne 110, SEQ I D %%é’smml
N- (Ac- DETD) - N - (decyl t hi o) car bonyl - Rhggam ne 110, SEQ ID NGO 4

N- (Ac- LEVD) - N - (decyl t hi 0) car bonyl - Rnodam ne 110, SEQ I D NG 9

ﬁgﬁc tE?Bgm_(((jdec?/l thhi 0) car bonyl Rhodam ne 110, SEQ ID NO 315
C- - e t hi o).carb 110 E i
N- ( Ac- VEHD) - N - ?ar‘ rﬂ'%b &ravffgﬁrﬁ &Qmp rﬁ‘n?? S ﬂ“§§§c5hFT¥ lNi‘fP}‘thyl
N- (/Ac- | EPD) - I‘ﬂuofedﬂ%h tHeilR: ey BORNikh BB@H@iﬂbEtﬁutl:&GmthSEl@ok akmraaas
N- (Z- WEHD) - N - (dodecyl t hi o)car bonyl - Rhodam ne 110,
xgé B\E/CBg N - ( dodzeigal elybgr he 3800 SEOVPRIDCHY 2 "?E@"Pg‘

N r M4 hakQ
N- ( Z- LEVD) - N'b“% d gﬁg”‘é’ﬁ q%‘%glrg %M%g%gm ne rﬁgd ‘ sE(;)S(?IJ&IN@egeof
N- ( AcSWEHD) - N - (dwmcquacyiu (elkezoybagrgups Rk Baniatkenayl EroupE@shoasveetyl,

N- (Ac- YVAD) - N cyl t ar bo
N- ( Ac- DEVD) - r&’°"§‘ S’Y ’ﬂ % glﬁvfan%l %ﬁ%?kﬁg"”e@% *‘gb ;&g 25
ﬁgﬁc %?Bg ﬁhm%g@gﬁfgﬂr&iﬁfogcar Eony: Rhodam ne 110, SEQ I D NO 6

C- ' odecyl t hi g) car bonyl - Rhod 110, SE D. NO 4
N- (Ac- LEVD) - N - ( dd#eied}| ielpisadlyras blemgﬂgﬁnfhg§°°mum§|§84‘%"ﬁ€9‘§m
N- (Ac- LEHD) - Nogy éc%qg@é&ﬁuhh bON&RERAAMonTHOYRI £ ddfle. SEQ | D NO' 3
N- (Ac- LETD) - N odecyl t hi o) car bonyl - Rhodani ne 110, SEQ . I D NO 8, 30
N- ( Acl-OVEHD) N - ( d6eeaiy lof Hieolpowpinss pf thRipaesant ineention magghe in trutgmeric

forms, particularly in the y-portion of Formula I. 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 cxemplary reactions in Schemes 1-5.

Scheme 1 is the least preferred method since deprotection with HBr/HOAc

led to the removal of both the r-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 f-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 7-butoxy group without removing the Z group.



-56 - N-(Ac-1EPD)-N - (dodecyl t hi o) carbonyl - Rhodam ne 110, SEQ I D NG 23

N- (Z- WEHD) - N' - (di et hyl car banyl ) - Rnodam ne 110, SEQ I D NO |
N- (Z- YVAD) - N - (di met hyl car bamyl ) - Rnodam ne 110, SEQ I D NO 2
N- (Z- DEVD) - N wig¥ofigdsky!| car banyl ) - Rnodam ne 110, SEQ I D NO S pRT/US98/21231
N- (Z- LEVD) - N - (di met hyl car banyl ) - Rnodam ne 110, SEQ I D NG 9
N- (Ac- VEEHD) - N' - (di net hyl car banyl ) - Rhodag¥ne 110, SEQ ID NO 1
N- (Ac- YVAD) - N - (di net hyl car banyl ) - Rhodam ne 110, SEQ I D NO 2
N- (Ac- DEVD) - N - (di net hyl car banyl ) - Rhodam nc 110, SEQ ID NO 5
N- (Ac- DEHD) - N - (di net hyl car banyl ) - Rh ey 110, SEQ ID NO 6 10
N- (Ac- DETD) - N - (di net hyl car banyl ) - Rnodam ne 110, SEQ I D NO 4
N- (Ac- LEVD) - N - (di net hyl car banyl ) - Rhodam ne 110, SEQ ID NGO 9
N- (Ac- LEHD) - N - (di net hyI car barryl ) Rhodam ne 110, SEQ I D NO 6
N-(Ac- LETD) - N - (%'np A F) - Bhodani ne léBOB QID NO 8
N- (Ac- VEHD) - N - (di net hy @ |') - Rhodani ne 11 SEQ FIS- Neyrydips
N- (Ac-1 EPD) - N - (di methyl far banyl ) - Rhoda 0 SEQ I D N@u23
N (Z- VEHD) - N - ( N- hexyl - M~qpthytl car barryl o afn ne 110, SEQ ID NG 1
N- (Z- YVAD) - N - ( N- hexyl t hyl car banyl ) Rhodam ne 110, SEQ I D NGO 2
N- (Z- DEVD) - N - ( N- hexyl - N~fret hyl car banyl ) - Rhodam ne 110, SEQ ID NGO 5
N (Z-LEVD) - N - ( N- hexyl - N- et hyl car banyl ) - Rhodam ne 110, SEQ ID NO 9 20
N (Ac- VEHD) - N - ( t hyl c barryl m J e, 110, SEQ ID NGO 1
N- ( Ac- YVAD) - N - (%%e%u %Hﬁ @ A %“%;8@ He?110, SEQ ID NO 2
N- (Ac- DEVD) - N - ( N- hexyl - N- net sarPamyl ) - Rnodam ne 138,/895Q | D NO 5
N-(Ac-DEHD)-N'-(N-hexyI-N—rret ganyl ) - Rnodam ne +#+—6—SEQ—+D NO 6
N- (Ac- DETD) - N - ( N- hexyl - N- et arpanyl ) - Rnodam ne 110, SEQ ID NG 4 25
N- (Ac- LEVD) - N - ( N- hexyl - N- met nyl ) - Rnodam ne 110, SEQ I D NO 9
N- (Ac- LEHD) - N - ( N- hexyl - N- et hyl car banyl ) - Rnodam ne 110, SEQ I D NO 3
HBrNH.-Asp-NH ) NH-Asp-NH,HBr
O O Z-Val, EDC
0 pyridine, DMF

Z-Val-Asp-NH l 0

<

6]

>

NH-Asp-Val-2

O



N- (Ac- LETD) - N - (N- hexyl - N- et hyl car banyl ) - Rhnodam ne 110, SEQ I D NO 8

N- ( Ac- VEHD) - N' - ( N- hexyl - N- et hyl car banyl ) - Rhodani ne 110, SEQ 1D NO 7

N- (Ac- 1 EPD) - N - ( N- hexyl - N- et hyl car banyl ) - Rnodam ne 110, SEQ I D NO 23 30
N- (Z- DEVD) - N - net hanesul f onyl - Rhodam ne 110, SEQ I D NO 5 -57-

N- ( Z- YVAD) - WO #é8$fanesul f onyl - Rhodami ne 110, SEQ | D NO 2 PCT/US9821231
N- (Z-DEVD) - N -acetyl - Rnodam ne 116, S I D NO 5
N- (Z- YVAD) - N - et hanesul f onyl - Rhodam ne 116, SEQ I D NG 2
N-(Z-DEVD)-N -acetyl -Rhodanmine 19, SEQID NO5 5
N- (Z- YVAD) - N - net hanesul f onyl - Rhodam ne 19, SEQ I D NO 2
N- ( Z- YVAD{ OAM) ) - N - acet yI - Rhodani néckeme B5EQ | D NO, 2
N (Z- LE(CAM HD{ OAM ) - N' - acet yl - Rhodam ne 110, SEQ ID NO 3
N (Z-D( OAM) E(CAM TD(GAM ) - N - acet yl - Rhodam ne 110, SEQ I D NO 4
N- (Z- D( OAM) E( OAME VDO ) Nﬂaaetyl - Rhodam ne 110, SEQ ID NO :5 10
N- ( Z- D( Ove) E( OVe) ' - acet yl - Rhodani #8210, SEQvPING, 5
N- (Z- D( Ove) E( Ove) VDY - Nf- acet yl - Rhodami ne 1 & SEQIDNOm&
N—(Z VD( OAM) ) - N' - acet yi Risgdani ne 110, ™37
N ( Z- E( OAM VD( CAM) ) - gcetyl - Rnodam ne 110. Anot her preferred fluorogenic
or fluorescent substrates of the present 15 i nvention are conpounds
having Formula_ Vi1l and | Jcl ude but are t .l m ted to:

N ( Z- VEHDO) - N S"8E ety T =T
N- (Z- YVADG) - N - acetyl - Rhoda
N- (Z- LEHDG) - N - acet yl - Rhodamgm
N (Z- LEVDG) - N - acet yl - RhodaR

0
Eﬁ SEQ | D NO 72 1. morpholine, DMF
p10, SEQ I D NO 73 2. el
O10. SEQ I D NO 74

HCINH.-Asp (G2u-t) -NE 0 NH-Asp (OBu-t} -NH.HC:
O O ’ Z-Ala, EDC
Q 0 pyrid:ne, DMF
0
Z-Ala-Asp /OBu-t) -NH o) NH~-Asp (OBu-t}-Ala-2Z
COC
—————————
S
(o]

Z-2ila~-Asp-NH (o] ! NH-Asp-Ala-2
O
o}




20 N- (Z- DETDG) - N -acetyl - Rhodam ne 110, SEQ I D NO 75

N- (Z- DEVDG) - N - acet yl - Rhodani ne 110, SEQ I D NO 76

N- (Ac- LETDG) - N - acetyl - Rhodam ne 110, SEQ ID NO 77

N- (Ac- LEHDG) - Nve aggasl - Rhodam ne 110, SEQ ID NO 73 PCT/US98/21231
N- (Ac- VEHDG) - N - et hoxycar bonyl - Rhodam ne 110, SEQ |
N- ( Ac- YVADG) - N- net hoxycar bonyl - Rhodani né9t10, SEQ I D
N- (Ac- DEVDG) - N - et hoxycar bonyl - Rhodam ne 110, SEQ |
N- (Ac- DEHDG) - N - et hoxycar bonyl - Rhodam ne 110, SEQ |
N (Z- VEHDGG) - N - et hoxycar bonyl - RhnodarSdi@eniel®, SEQ | D NO
N- (Z- YVADG) - N - et hoxycar bonyl - Rnodam ne 110, SEQ |
N- (Z- DEVDG) - N - et hoxycar bonyl - Rhodam ne 110, SEQ |
N-(Z- LEVDG) - N - et hexycarhosy! 1 dam 110, S I‘p
N- ( Ac- WEHDG) - N' - et hoxycar bonyf f

N- (Ac- YVADG) - N - et hoxycar bonyl - Rhod { I
N- (Ac- DEVDG) - N - et hoxycar bonyl - Rhodgrpe~Nd 10, SEQ |
N- (Ac- DEHDG) - N - et hoxycar bonyl - Rhoo e 110 SEQ |
N- ( Ac- WEHDG) - N' - hexyl oxycar bonyl - 3 110, SEQ
N- (Ac- YVADG) - N - hexyl oxycar bonyl - Rhod m ne 110, SEQ
N- (Ac- DEVDG) - N - hexyl oxycar bonyl - Rhodajn-Rg1-k10, =5ERQ bgﬂ%?@m

N- (Ac- DEHDG) - N - hexyl oxycar bonyl - Rhnodggmi ne 110, SEQ ID NO 78 10
N- (Ac- WEHDG) - N - oct yl oxycar bonyl - Rhodam ne 110, SEQ ID NO 71

N- (Ac- YVADG) - N - @8 \roxyreardpomy iR & y NHSEED (oBh NO- /A -val-z
N- (Ac- DEVDG) - N - oct yl oxycar bonyl - Rh , SEQ ID NO 76

Z-7al-Ala-Asp-NH i o) O NH-Asp-Ala-Vzl-2
(O

0



N- (Ac- DEHDG) - N - oct yl oxycar bonyl
N- (Ac- VEHDG) - N' - decyl oxycar bonyl
N- (Ac- YVADG) - N - decyl oxycar bonyl -
N- (Ac- DEVDG) - N -decyl oxycar bonyl -
N ( Ac- DEHDG) WR2248828%/| oxycar bony! -

N- (Ac- WEHDG) - N' - dodecyl oxycar bonyl - Rhoga
N- (Ac- YVADG) - N - dodecyl oxycar bonyl
N- (Ac- DEVDG) - N - dodecyl oxycar bonyl -
N- (Ac- DEHDG) - N - dodecyl oxycar bonyl -
N- (Ac- VEHDG) - N - (et hyl t hi 0) car bonyl*
N- (Ac- YVADG) - N - (et hyl t hi o) car bonyl -
N- (Ac- DEVDG) - N - (et hyl t hi o) car bonyl -
N- ( Ac- DEHDG) - N - ( &t'5r2sRIBY carBopn
N- (Ac- VEHDG) - N - (hexyl t hi o) car bo
N- (Ac- YVADG) - N - (hexyl t hi o) car bo
N- (Ac- DEVDG) - N - (hexyl t hi o) car bo
N- (Ac- DEHDG) - N - ( hexyl t hi o) car bo
N- (Ac- VEHDG) - N - (oct yl t hi o) car bonyl } Rhnodam ne 110,
N- (Ac- YVADG) - N - (octyl t hi o) carbonyl £

N (Ac- DEVDG) - N - (oct yl t hi o) car bonyl

N- (' Ac- DEHDG) - '\L % O\?alyl{lg hiobgarbgnyl -

()car bon

N- (Ac- YVADGG) - N - (decyl t hi 0) car bory

N- (Ac- VEHDG) - N -(decyl t hi

Z-Tyr-Val-Ala-Asp~NH

Rhgdam ngﬂ

NH~-Asp-Ala-Val-Tyr-2Z

Ripd@irde, 1Y, pySEDpY, DMRO, 72
Rhodam ne 110, SEQ I D NO 76

A rd R o

P ne 110, SEQ ID NO 142

- Rhodani ne 110, SEQ I D NO 78
- Rhodam ne 110, SEQ ID NO 71 15
Rhodam ne 110, SEQ ID NGO 72
Rhodam ne 110, SEQ I D NO 76
Rhodam ne 110, SEQ | D NCCAgUS98/21231
m ne 110, SEQ ID NO 71
- Rhodam ne 110, SEQ ID NO 72 20
Rhodam ne 110, SEQ ID NO 76
dam ne 110, SEQ ID NO 78
fine 110, SEQ ID NO 71
Rhodam ne 110, SEQ I D NO 72
Rhodam ne 110, SEQ ID NG 76 25
hode 'NH@S&‘%’ LISERHGD NO 78
ine 110, SEQ ID NO 71
Rpdam ne 110, SEQ I D NO 72
{odani ne 110, SEQ ID NO 76
odam ne 110, SEQ I D NO 78 30
SEQ ID NO 71

59 -




N- (Ac- DEVDG) - N - (decyl t hi 0) car bonyl - Rhodam ne 110, SEQ ID NO 76

N- (Ac- DEHDG) - N - (decyl t hi o) car bonyl - Rnodam ne 110, SEQ I D NO 78

N- (Ac- VEHDG) - N - (dodecyl t hi 0) car bonyl - Rhodam ne 110, SEQ ID NO 71

N- ( Ac- YVADG) - Mo doiiggkgcy! t hi o) car bonyl - Rhodam ne 1 10, SEQ | Qﬁ%é’%lm
N- (Ac- DEVDG) - N - (dodecyl t hi o) car bonyl - Rhodam ne 110, SEQ

N- (Ac- DEHDG) - N - (dodecyl t hi 0) car bonyl - RAbeam ne 110, SEQ D NO 78
N (Ac- VEHDG) - N - (di et hyl car bamyl ) - Rhnodam ne 110, SEQ ID NO 71

N- (Ac- YVADG) - N - (di net hyl car banyl ) - Rnodam ne 110, SEQ I D NO 72

N- (Ac- DEVDG) - N - (di et hyl car banyl ) - Eﬁgggmerp 110, SEQ ID NGO 76 15
N- (Ac- DEHDG) - N - (di net hyl car barryl ) - Rnodam ne 110, SEQ I D NO 78

N- (Ac- EHDG) - N' - ( N- hexy s hyd ,J -dthodam ne 110, SEQ I D
N (Ac- YVADG) - N - ( N- hexyl - N- any| )- Rhodam ne 110, SEQ ID
N (Ac- DEVDG) - N - ( N- hexyl - N-T x: nyl) - Rhodam ne 110, SEQ ID
N- (Ac- DEHDG) - N - ( N- hexyl - N- met hy carbanyl ) - Rhodam ne 110, SEQ ID
N- (Z- DEVDG) - N - net hanesul f onyl Rl fhe 110, SEQ I D NO 76 25

N (Z- YVADG) - N - et hanesul f onyl dam ne 110, SEQ ID NGO 72
(Z-DEVDG) - N - acetyl - Rhodam ne “116, SEQ I D NO 76

(Z- YVADG) - N - net hanesul f onyl - Rnodam ne 116, SEQ I D NO 72
(Z-DEVDG) - N -acetyl - Rhodam ne 1&As§quEQd1@($Q-Z£LVa1 —Asp (OBu-t)
(Z- YVADG) - N - net hanesul f onyl - Rhemampyradife, SBgr | D NO 72.

N-
N-
N-
N-

(Zz-Asp (OBu-t) ~Giu (OBu-t)-Val-Asp (OBu-t) ) ,~Rhdamine

J TFA

Z-Asp—-Glu-Val-Asp-NH l 0 [ NH-Asp-Val-Glu-Asp-2
(3L

0

Thus, the invention also relates to a method for the preparation of a
5 compound of Formula III, comprising

(a) condensing Rhodamine 110 together with N-fmoc-L-aspartic acid
P-z-butyl ester to give (Fmoc-Asp(OBu-t)),-Rhodamine 110;

(b) removing the Fmoc group to give (Asp(OBu-t)),-Rhodamine 110;

(c) éondensing (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.



-60 - Another preferred fluorogenic or fluorescent substrates of the
present invention are conpounds having Forrmula | X and include, but are not
limted to: N-(GP)-N -octyl oxycarbonyl - Rnodam ne 110,

N (GPG - N -octyl oxycar bonyl - Rhnodam ne 110, 5

N-(GP) - N - et WORY28bbhony| - Rhodami ne 110, N-(GPG) - N - et hoxy TG 2Ehodani ne
110, N-(GPA)-N -ethoxycarbonyl - Rnodanisi ne 110,

N (GP) - N - hexyl oxycar bonyl - Rhodam ne

N (GPG) - N - hexyl oxycar bonyl - Rnodam ne 110 10

N-(GP)-N -(ethylthjo)c 0 - oda e 11 0

¥ (PN (ot ol car bony! B0t 0e L Ot o oy comenion
N-(MG) - N - oCtoyhgek¥igRadeanuatiRned A pBRidé dfhthesis. In a preferred embodiment,
N-(MA)-N - oct | oxycar bonyl - Rhodam ne 110,

N- (M3G) - N' - odBggondispsiag Bmﬂs.lF(ﬁ&yaﬁy{@nmgpfop\glg3-ethylcarbod11m1de (EDC),

ﬁ E ,\MNF% N gc%%éle%car Eﬁ?i&{mﬁgﬂﬁmfﬂgﬁ%mhm (EEDQ). The solvent for the

N- G- N5- oct yl crxapuar inamyd pylﬂdmdandmt}mﬂmnna\m@d\xIBMN “Tee magtjeeis genssallyRhodani ne
110, N-(MA) - é car bon - Rho d

NG N -et hox;f(‘}‘g}ja fﬂﬁﬂb‘&‘a FrAEre, eraﬂp(o%/fﬁn H‘S"ﬁeafﬂté&%ar (1)rﬁzy| Rhodani ne
110, N (MA)- Nlayh@ﬁliblﬁx ya &h@ﬂl@‘ﬂuo%fgﬂﬁd&dﬂ&nﬂxﬂhcnd or peptide to Rhodamine

N- G N - hexyl oxycar bonyl - Rhnodam ne 110

MO)
' - (et hyl t hi o)océwé%v-nwéwémwe Ii0may slsp beabou 10 10 G N

"-(ethylthio)carb gangla €penhl 4 by treatment with morpholine,
N-(Boc-LM-N -octy oxyca(rjxgg‘g?yfg ®hodami ne 110, oo™ morpholt

10 p1per1d1ne or other amine base, in a polar aprotic solvent such as DMF. In
general, the morpholine is added in excess, and the reaction is carried out at room
temperature. o,c-Dimethyl-3,5-dimethoxybenzyloxycarbonyl (Ddz) is another A-
blocking group which can be used in the place of fmoc. Thus, N-Ddz-L-aspartic
acid B-1-butyl ester can be used in place of N-fmoc-L-aspartic acid -t-butyl 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.



N- (Ac-LM - N -octyl oxycar bonyl - Rhodam ne 110,

N- (Boc-LM - N - et hoxycar bonyl - Rhodam ne 110,

N- (Ac-LM - N - et hoxycar bonyl - Rhodanmi ne 110, 30

N- (Boc- LM - N -hexgrseseycar bonyl - Rnodam ne 110, -61 -
N- (Ac- LM - N - hexyl oxycar bonyl - Rhodam ne 110,

N- (Boc-LM - N - (et hyl thio)carbonyl - Rhoda@ ne 110,
N-(Ac-LM - N - (et hyl thio)carbonyl - Rnodam ne 110,

N- (Ac- SLNFPI V) - N - octyl oxycar bonyl - Rnodam ne 110, SEQ I D NG 80 5
N- (Ac- SLNFPI') - N - octyl oxycar bonyl - Rngdapiees 110, SEQ ID NO 81
N- (Ac- SLNFP) - N - oct yl oxycar bonyl - Rnodam ne 110, SEQ | D NO 82

N- (Ac- LNFPI V) - N - oct yl oxycar bonyl - Rhodam ne 110, SEQ I D NO 83

N- (Ac-LNFPI) - N -Ho[gtyl o] >écar bonyl ; Rhodam ne 110, SEQ I D NO 84
N- ( Ac- LNFP) - N' - 081 Y SxyCardong ' 2Rifddam ne 110, SEQ I D NO 85 10
N- ( Ac- RGFP) - N - oct \cat bagyl - Rhodani ne 110, SEQ | DHRE¥)@NEL

N- (Z- LNFPI V) - N - oct yl oxycarbonyl - Rhotlartf#e}3d0, SEQ | D N83

N- (Z- LNFPI) - N - oct yl oxyearb®ay/| - Rhodam ne 110, SEQ ID NO 84

N- (Z- LNFP) - N - octyl oxy - Rhodam ne 110, SEQ I D NO 85

N- (Z- RGFP) - N - oct yl oxycafbonyl - Rhodam ne 110, SEQ I D NO 37 15

N (Z- RQANFLG) - N - oct yl oxycar bonyl - Rhodam ne 110, SEQ ID NO 31
N (Z- RQANFL) - N - oct yl oxycaﬁzbon | - Rhodami pe 110, SEQ I D NO 86

N- (Z- RQANF) - N - oct yl oxycar boy famyhe ? SEQ | D NO 87

N- (Z- RKVLFLD) - N' - oct yl oxycar I3 Jam ne 110, SEQ I D NO

PCT/US98/21231
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N- (Z- RKVLF) - N - oct yl oxycar bonyl - Rhodam ne 110, SEQ I D NO 89
(Z- ARVLFLG) - N - octyl oxycar bonyl - Rhodam ne 110, SEQ I D NO 90
(Z- ARVLFL) - N - octyl oxycar bonyl - Rhnodam ne 1 10, SEQ ID NO 91
(Z- ARVLF) - N - oct yl oxycar bonyl - Rnodam ne 110, SEQ I D NG
(Z- SQ\IYFLGYQP?’B tyl oxycar bonyl - Rhodanmi ne 110, SEQ | D NEFGYsPRIBI
(Z- SONYFL) - N - oct yl oxycar bonyl - Rhodagi.ne 110, SEQ I D NO 94
(Z- SQONYF) - N - oct yl oxycar bonyl - Rhodam ne 110, SEQ I D NO 95
N- (Ac- SLNFPI V) - N - et hoxycar bonyl Rhodam ne 110, SEQ I D NG 80

N- (Ac- SLNFPI) - N - hox ar bgn ' 11 SEQ 1D

N- ( Ac- SLNFP) - N - Fb%‘ﬁﬁé"ﬁh ?fa&ﬁhlgg f‘fb,%é éE‘EBQI"iS R%ﬁé‘%gr%d by
N ( Ac- RGFP) - M%ﬂg@yy@@ﬁ&@ﬁ,ysclﬁhﬁdmne 110, SEQ I D NO 37 - 62 -
N- (Ac- SLNFPI V) - N - (et hyl t hi 0) car bonyl - Rhodam ne 110, SEQ I D NO 80
N- (Ac- SLNFPI ) - N - (et hyl t hi o) car bonyl - Rhodam nc 110, SEQ I D NO 81
N- (Ac- SLNFP) - N - (et hyl t hi o) car bonylW;ﬁ ne 110, SEQ I D NGO 82

N- (Ac- RGFP) - N - (et hyl t hi 0) car bonyl -Rhnodam ne 110, SEQ I D NG 37 5

z27272772N

N (AcsMRGGEG) - N - oct yl oxycar bonyl - Rhnodam ne 110, SEQ I D NO 96

N- (Ac- 1 RGEG) - N - octyl oxycar bonyl - Rhodam ne 110, SEQ I D NG 97

N (Ac- LVGGO) - N ¥ R SRy Rhodanmi ne 110, SEQ I D NO 98

N- (Ac- WGEG) - N -oc onyl - Rhodani ne AFRF**SEQEPD INEET9e

N (Ac- 1 VGGG - N -oct «ar bonyl - Rhddami nel 110, SEQ TD Ngx 100 10
N- (Ac- LRGEG) - N -oc car bonyl - Rhod&#nftie Tef¥, SEQ I D NO 101

N- (Ac- LRGEA) - N - oct ytoxyear bonyl - Rnodam ne 110, SEQ ID NO 1 02

N (Ac- LRGG) - N - oct yl oxycar bonyl - Rhodam ne 110, SEQ I D NO 55

Fmoc-Asp {OBu-t) ~NH 0o NE-COCH4
O O morphoiine L
O "
(o]
NH,-Asp (OBu-t}-NH 0 NH-COCH,
O O Zz-Ala, EDC
Q o pyridine, DMF
o}
Z-Ala-Asp{OBu~t)-NH 0 NH-COCH,
(L
e ————
B
&)
Z—-Ala-Asp-NH 0 ! NH-COCH-
2 (
0 .




N (Z- LRGEG) - N -oct yl oxycar bonyl - Rhodam ne 110, SEQ ID 101

N- ( Z- LRGA) - N - oct yl oxycar bonyl - Rhodani ne 110, SEQ | D 102 1 5

N (Z- LRGG) - N - octyl oxycar bonyl - Rnodam ne 110, SEQ ID NO 55

N ( Ac- LRGGG) - ycar bonyl - Rnodam ne 110, SEQ I D NO 101

N- ( Ac- LRGGA) - o etﬁggfycar bonyl - Rhodami ne 110, SEQ ID No 107 CH o> sR1

N- (Ac- LRGG) - N' et hoxycar bonyl - Rhodam ne 7§10, SEQ I D NO 55

N (Ac- LRGGG) - N - (et hyl t hi o) carbonyl - Rhodam ne 110, SEQ I D NO 101 20

N (Ac- LRGGA) - N - (et hyl t hi o) car bonyl - Rhodam ne 110, SEQ I D NO 102

N (Ac- LRGG) - N - (et hyl t hi 0) car bonyl - R@%peg)"eng 110, SEQ I D NO 55

N- (Ac- LVLASSS) - N - oct yl oxycar bonyl - Rhodam ne 110, SEQ ID NGO 103

N- (Ac- LVLASS) - N - oct yl oxycar bonyl - Rhodam ne 110, SEQ ID NO 104

N- (Ac- LVLAS) - N -octyl Ox)é\ﬁf 8on¥I - Rh dam ne 110, SEQ I D NO 105 25
2601 Q QA EPCH

N- (Ac-LVLA) - N -octyl oxy

N- ( Z- LVLASSS) - N - oct yl oxycar bonyl Rhodam @ ‘ | D NO. 103
N- (Z- LVLASS) - N - oct yl oxycar bonyl - Rhodarmi ng ) D NO 104
N-(Z-LVLAS) - N - octyl oxycar bonyl - Rhodam ne Z1 Q | D NO 105
N- (Z-LVLA) - N - octyl oxycar bonyl - Rhodam ne { P 1D NO 62 30

N-(Ac- LVLASS) - N - et hoxycar bonyl - Rhodam ne ‘&0, SRQ I D NO 104 - 63 -
N- (Ac- LVLAS) - N - et hoxycar bonyl - Rhodam ne 110, SEQ | D NO 105

N- (Ac- LVLA) - N - et hoxycar bonyl - Rhnodam ne 110, [SEQ I D NO. 62

N- (Ac- LVLASS) - N - (et hyl t hi 0) car bonyl - Rhodami neZ1 Y)r‘ I0AlR,NO. 104
N- ( Ac- LVLAS) - N - (et hyi t hi 0) car bonyl - Rhodani nd E26/ R dipencP¥Bs 5

N (Ac- LVLA) - N - (et hyl t hi 0) car bonyl - Rnodam ne Y110, SEQ I D NO 62

Z-Tyr-Val-Ala-Asp (OBu-t)-NH i 0 ‘ NH-COCH4
= 0O
0

l TFA

Z-Tyr-Val-Ala-Asp-NH o l NH-COCH;4
2 (
' ¢



N- (Ac- VWNASS) - N - oct yl oxycar bonyl - Rhodam ne 110, SEQ ID NO 106

N- (Ac- VWNAS) - N - oct yl oxycar bonyl - Rnodam ne 110, SEQ I D NO 107

N- (Ac- WNA) - N - oct yl oxycar bonyl - Rhodam ne 110, SEQ I D NGO 64

N- (Ac- Thg- Thg- NASSQ N -octyl oxycar bonyl - Rhodam ne 110, SEQ | D NO 108 10
N-(Ac-Thg-T %N - octyl oxycar bonyl - Rhodani ne 110, SEQPFEUR§21339

N- (Ac- Tbg- Thg- NA) N -octyl oxycar bonyl -ghodam ne 110, SEQ I D NO 110

N- ( Z- Tbg- Thg- NASS) - N - oct yl oxycar bonyl - Rhodam ne 110, SEQ I D NO 108

N- (Z- Tbg- Tbg- NAS) - N - oct yl oxycar bonyl - Rhodam ne 110, SEQ I D NO 109

N- (Z- Tbg- Tbg- NA) - N - oct yl oxycar bonyl - Rnodam ne 110, SEQ ID NO 110 15

N- ( Ac- Tbg- Thg- NASS) - N - et hoxycar bor¥aRer#@8ani ne 110, SEQ | D NO 108

N- (Ac- Tbg- Tbg- NAS) - N - et hoxycar bonyl - Rnodam ne 110, SEQ I D NGO 109

N- (Ac- Tbg- Thg- NA) - N - et hoxycar bony! - Rhodam ne 110, SEQ ID NGO 110

N- ( Ac- Thg- Thg- NAS S) N - ( ety iRy oPcarfonyitcoRivodam ne 110, SEQ I D NO 108
N- (Ac- Tbg- Tbg- NAS) - N - (et hyl t | -Rhodam ne 11 0, SEQID NO 1 09
20 N-(Ac-Tbg-Tbg- NA) - N - A Al 0) car bonyl - Rhodani ne 110, SEQ I D
NO 110 N ( Ac-DDI VPCSMST) -N -0 xycar bonyl - Rhodanmine 1 10, SEQ I D NO 111
N- (Ac- DI VPCSMST) - N - oct yl oxycakhohyN Rhodam ne 110, SEQ ID NO 1 12

N- (Ac- 1 VPCSMST) - N - oct yl oxycar bo;lyl Rhodani ne 110, SEQ ID NG 113

N- (Ac-1 VPCSMB) - N - oct yl oxycar bon |z—&b§@§’cﬂ‘cﬂ%hﬂ10§@t $§QAL‘BOHQU 114 25
N (Ac- 1 VPCSM - N - oct yl oxycar bonyl iE

N- (Ac-1VPCS) - N -octyl oxycar bonyl - Rnodam ne 110, SEQ ID NO 1 16

N-(Ac-1VPQC) - N ZQ\QEJ WhOXY Gk BRI = Rﬁﬂ%ﬁ'-et) ek, NOMa9cocn
N- (Z- 1 VPCSMST) - N - oct yl oxycar bonyl - Rhnodam ne t

N (Z- | VPCSME) - N -oct yl oxycar bonyl - Rhodanm ne 1 S
N-(Z-1VPCSM - N -octyl oxycar bonyl - Rnodam ne 110 Qd D NO1 15

l TFA

Z-Asp-Glu-~-Val-Asp-NH [ o] l NH-COCH,4
@

0




- 64 - N(Z-1VPCS)-N -octyl oxycar bonyl - Rnodam ne 110, SEQ I D NO 116

N- (Ac- | VPCSMS) - N - et hoxycar bonyl - Rnodam ne 110, SEQ ID NO 114

N- (Ac- 1 VPCSM - N - et hoxycar bonyl - Rhodam ne 110, SEQ I D NGO 115

N- (Ac- 1 VPCS) - Nvo eiggsgycar bonyl - Rnodam ne 110, SEQ I D NO 1 16cg/useszizsi

N- (Ac- 1 VPCSMBS) - N - (et hyl t hi o) car bonyl - Rhodam ne 110, SEQ ID NO 114

N- (Ac-1 VPCSM - N - (et hyl t hi 0) car bonyl - Raddani ne 110, and SEQ I D NO 115

N (Ac- 1 VPCS) - N - (et hylthio)carbonyl -Rhodam ne 110 SEQ I D NGO 116. where Z is

benzyl oxycarbonyl, BOC is tert.-butoxycarbonyl, Ac is acetyl, Thg is '

t-butylglycine, and AMis acetoxynet B¥hemeQqo Preferred novel

fluorescent dyes of the present invention are conpounds having Fornula Vi

and include, but ardtng Pritee 0: N-fornyl - Rhodam ne 110,

N acet yl - Rhodam ne 110 Xaaoyl - Rhodam ne 110, 15

N- oct anoyl - Rhodanmi ne 118 odecanoyl - Rhagasiine 1187 °*N¥ffodecanoyl - Rhodam ne

110, N-nethoxycarbonyl - or2

N- but oxycar bonyl - Rhodam ne 190, N-hexyl oxycar bonyl - Rhodani ne 110,

N-oct yl oxycar bonyl - Rnodanm ne 11Q, N-decyl oxycarbonyl - Rhodani ne 110,

N- dodecyl oxycar bonyMRhtgetn, e M]P,ORZS N- benzyl oxycar bonyl - Rhodam ne
0]

110 EDC, pyridine
’ +  2-NB7 coH .

Q 0 DMF

(o]
2-Gly-Hi o} ﬂ\n/ozt
O O o HBr/AcOH
(<

0

HBrNH;~Gly-NH #__oEt
O O Y 2-Gly-Prc, EDC
0
pyridine, DMF
(<
[¢]

H
N

Z2-Gly-Pro~-Gly-NH o} TOEt
O O o) HBr/AcOH
(O

(o]

o

H

HBINE.-Gly-Pro-Gly-NH o N\n/GEt
LI
0
o}

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-t-butyl ester to give N-(Fmoc-Asp(OBu-t))-N -acetyl-Rhodamine;

(©)  removing the Fmoc group to give N-(Asp(OBu-t))-N’-acetyl-
10 Rhodamine;



N- ( 2- but oxyet hoxycar bonyl ) - Rhodam ne 110,

N- (2,5, 8-trioxadecyl oxycar bonyl ) - Rnodam ne 110,

N- (et hyl t hi o) car bonyl - Rhodam ne 110, N-(ethylthio)carbonyl-Rhodam ne 110,
30 but | t hi 0) car bonyl - Rnodam ne 110, - 65 -

N- (hexyl t h| 0 9éP BPR/| - Rhodami ne 110, N-(octylthi o) car bony| RGHEHER23e 110,
N-(decyl t hi o) carbonyl - Rhodani ne 110, Ng(dodecylthio)carbonyl - Rnodam ne 110,
5 N- net hanesul f onyl - Rhodam ne 110, N- et hanesul f onyl - Rhnodam ne 110,
N- hexanesul f onyl - Rhodam ne 110, N-octanesul fonyl Rhodam ne 110,

N- decanesul f onyl - Rhodam ne 11 0 nesul - Rhodam ne 110,
N-trifluoromet hanép\@ul fﬁ?{@FnngYIQ%ﬁPH%B‘ﬂ?bN REHH %&Pﬁﬂ‘&%?”ﬁg%4 Bdani ne 110,
N-di et hyl car b@v@N(ﬂoQAﬁmyP@g‘i@) -NNadetyiRBbdphindaiExy | car banmyl ) - Rhodani ne
110, 15 met h N oc él car banyl ) - Rhodam ne 110,

N- ( N- et hyl - N- dec&‘l’ dcar EPHW’IHE Bt Progecting) groumtozgive AH(Z 1A Ahapind 1 16,
N- et hoxy car bppyi. RERAHHE SSitdrhBvely

5 (a) reacting Rhodamine with acetic anhydride to give N-acetyl-
Rhodamine;
(b)  condensing N-acetyl-Rhodamine with Z-(AA),-Asp(OBu-t) to give
N-(Z-(AA),-Asp(OBu-t))-N -acetyl-Rhodaminc; and
(© removing the OBu-t protecting group to give N-(Z-(AA)N.Asp)-
10 N’-acetyl-Rhodamine.
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.
Compounds of Formula VII also can be prepared using an acyl (alkanoyl)
15 chloride in place of acetic anhydride, such as acety] chloride, hexanoyl chloride,
octanoyl chloride and decanoyl chloride. Other reagents can be used in place of
acetic anhydride include, but are not limited to carbamyl chloride such as
dimethylcarbamyl chloride, diethylcarbamyl chloride and N-methyl-N-
hexylcarbamyl chloride; chloroformate such as methyl chloroformate, ethyl
20 chloroformate, octyl chloroformate, 2-butoxyethyl chloroformate and 2,5,8-
trioxadecyl chloroformate; chlorothiolformate such as methyl chlorothiolformate,
ethyl chlorothiolformate, octyl chlorothiolformate; alkyl, haloalkyl and aralkyl
sulfonyl halides such as methanesulfonyl chloride, octanesulfonyl chloride,
triflucromethanesulfonyl chioride 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




N- et hoxycar bonyl - Rhnodam ne 116, 20 N- oct yl oxycar bonyl - Rnodam ne 116,
N- hexyl oxycar bonyl Rhodam ne 116, N-benzyl oxycarbonyl - Rhodam ne 116,
N- net hanesul f onyl - Rhnodam ne 116, N-trifl uoronet hanesul f onyl - Rhnodam ne 116,

25 N- ogddvagsskf onyl - Rnodam ne 116, N-acetyl - Rhodam ”‘i’cé'ﬂ)swzlzsl
N- et hoxycar bonyl - Rnodam ne 19, N-octyl oxycarbonyl - Rhodam ne

N- met hoxycar bonyl - Rnodam ne 19, and 30-79- N- met hanesul f onyl - Rnodam ne
19. - 66 - Typical aryl groups are Cerr] aryl groups including phenyl,
napht hyl , fluorenyl and the |ike, any of which may be substituted with halo

or al kyl groupsr dlﬁ)eﬂiyﬁahna'ﬁhké’ (DMIFPUThe 6L:ti6h 8§ binedllYdanWdOMRSati BGUdI N
met hyl, ethyl, prop butyl_, Eentyl hexyl, heptyl, octyl, nonyl, decyl
and branced ch¥PReialisrefhe ffie pbemdensing agent to N-acetyl- Rbyéarmac wa@tgom %él kanoyl )

groups are (epid th@lrthroQEﬁﬁ Qﬁurﬁ)ugéqcil 3p g%&@%ﬂ) ' V- B(l:e l%%x mp"('ﬁ' %Oyl

pent anoyl , hexanoyl and e as we e branche arn i somers
t her eof . Typ| c BAspPB-bYy NG adery)-Raodamphaislabows 3lit s of t he conpounds of the

Gor i 1o of the compoiatr N-ESHRENATRY Eh GRPSHE, B 1A CAGror i ¢
fornms, particulsp(OBuithto diee ¥-(BIAND)0RspPOB &) Mladetyl-RNDABmInR S AldneRepnC! udes
al'l such reaction is a preferred procedure. Thus, compounds of Formula VI provide
fluorescent dyes which can be condensed with any peptide or other structure for
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 to 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 1o 2 method for determining whether a

20 test substance has an effect on an enzyme involved in the apoptosis cascade in a
test cell, comprising

(@ 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

(b)  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.



tautoners. The invention al so i ncludes stereoisoners,

the racem ¢ m xtures

of such stereoisonmers as well as the individual entantioners that may be
separated according to nethods that are well known to those of o

skill in the

conpounds with Fornulae |-111

rdi nary

art. 15 The conpounds of this invention nay be

pr epar ed usiW&’?fﬁsﬁ%ds known to those skilled in the art. @é‘i??’?‘&%‘l ly,
can be_gpepared as illustrated by exenplary

Schemes 1-5. Schene | is the |east preferred nethod since

reactions in
deprotection

with HBr/HOAc |l ed to the renoval of both the t-butoxy and

benzyl oxycar bonyl Tﬁez)resg{t]sa §9t§l\’;\‘l/ﬁ%\¢y¥ Ct?lﬁggl{etpgd can brgaé(o?r?})a};claeton Bl re ﬂ

reacti on conplicatéd.

utoxy groudp 1s desire

pling
it must be

rei nt r oduced.obidined with tdst {dnrfolidsrveiigh are kiownyto affba Ryzymesfimmived d tigp i S
enpl oyed as the N: bl ockin rou Schene 2), it can sel ecti.ve
aRYPLOSH %a?fd’iﬂ%&'?wg ?aaﬁw@) %&?éemﬁrrg%fﬂ‘feaﬁsaw fvlrﬁ

wi t h nor phol i

ly renoved
t he

t - but oxy pr ot&eiHiEngd. OtBmpotndy! whidhl & BOude@rindlR KRR adtiVitbR0H4@t i on 25

of additi onal

Z- bl ocked am no acids or peptides (see Schenes 2-4

final 5Z- bl odndbitosophenanmes inuelveskinsthe apentesiy gaserdpr diativeters. gither by _
trifluor Oacetdﬁrgct?og;igéigegﬁ)g%}%agisﬁnﬁ,m niyﬁx% &&%@éﬁe@% Qg&pté%& PRYLqer emovi ng

the Z group.

10

15

20

25

include but are not limited to known chemotherapeutic agents, such as etoposide
(Yoon HJ, 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,
Lasierra P, Alava MA, Martinez-Lorenzo MI, 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),
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-
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-III, V, VII and VIII in whole-cell assays, using whole cells or
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 VHI are expected to lead to

discovery of new drugs or new uses for known drugs that slow or block cell death

). The

IR



[err] - 69 - Schene 3 [err] - 70 - Schene 4 [err] -71- Schenme 5
[err] Thus, the invention also relates to a nethod for the preparation of a
5 conmpound of Forrmula 111, conprising (a) condensi ng Rhodam ne 110
together Wit hyh\sdoRdasL-aspartic acid [err]-t-butyl ester to pgiriosr21231
(Frmoc- Asp(QOBu-t))[err]-Rhodam ne 110; (b) renoving the Fnoc group to give
(Asp(OBu-t))[err]-Rhodani ne 110; (c) -8bndensing

(Asp(OBu-t))[err]-Rhodam ne 110 with Z-(AA)[err] to give 10

(Z-(AA)[err] Asp(OBu-t))[err]-Rhodam ne 110; and (d) renovi ng the OBu-t
protecting grojna variety of clinical conditions in which the loss of cells, tissues or entire

organs occurs.

The reporter compounds having Formulae I-III, V, VII and VIII and the

screening assays of the present invention can be used to identify drugs that reduce

5 or prevent cell death in the nervous system (brain, spinal cord, and peripheral
nervous system) under various conditions of ischemia and excitotoxicity,
including, but not limited to, focal ischemia due to stroke and global ischemia due
to cardiac arrest. The screening assays can also be used to identify compounds
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



In a preferred enbodi nent, -(AA)[err] is WEH, YVA, LEH DET, ,DEV, DEH, VEH,
LET, SHv, DEL, DGP, DEP, DGT, DLN, DEE, DSL, DVP, DEA, DSY, ELP, VED, |EP

or | ET. Where the amino acid is substituted by a carboxy 15 group,
it is protected with a OBu-t protecting group which is renoved in the final
st ep. - 7WO99/¥88% condensation reaction may be carried REVERE¥HGany

conventi onal condensing agent that is Eged for peptide synthesis. In a
preferred enbodi nent, the condensing agent is

1- (3-di net hyl am nopr opyl ) - 3- et hyl car bodi i m de (EDC), or

2- et hoxy- 1- et hoxycar bonyl - 1, 2- di hydr oqui nql,i pe ..Jhe solvent for the
5 r eachs @H?W?yﬁ?é“’ﬁ'\?ﬁ iaHiHﬁE’CB]Pgﬂ P#ﬁ%?@fﬁé%b‘fﬁ/ﬁ%&ﬁe reaction
i s general |y \Gal iR Gty HnfuROMHGERS! aksttgs, thd hatdcquiRll RoneeNsi ng agent
to Rhodanine may be about 10:1 and thé ratio of protected am no acid or
peptide to RisHeisnayesyndropmas@IPEl-seyere eompingh darsving clefigigncypsyndross be about
10:1. The F i I r ] morephol i ne, 10
pi peri di ne gﬂggﬁ?}ﬁ%‘;}l@aﬁg‘?@%@%& ﬁggg%é%%gg?%gﬁéﬁgg% \3%&%%&3’25 DMVF. In
gener 3l , the dahr gdadi iintdbitoss aliechni be axed 38, trean dratiaton-mdeded oimmenecar ri ed out
at roomtenperature. [err],[err]-Di methyl-3,5-di met hoxybenzyl oxycarbonyl
(Ddz) is anotBRROMp| ocki ng group which can be used in the place of fnoc

Thus, N-Ddz- L- aspght is&redhigtaskys of tHe-ilvehtion et Ao Siksebeo iyl drugd ace of
N-fnoc-L-aspartic acid [err]-t-butyl ester. 15 Ddz can be cl eaved

sel ectivel y iusefuhia gsgaadesnenlangation progedyxss. Jransplaggtionpfinman opgsphidene
chl o 9o, TRy, B o Sl Mo OGS gl o o
yl'ene chloride at roomtenperature.

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 medium. 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 vitro 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 antibodies, 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



Conpounds with Fornmula VI can be prepared as illustrated by exenplary 20

reaction in Schene 6. - 73 - Schene 6 [err] - 74 - Conpounds with

Forrmulae VII-1X can be prepared as illustrated by exenplary reactions in

Schemes 7-10. wrddRbRs 7 [€rr] -75 - Schene 8 [err] - T%ctrSedmasy 9
-83-

can be extended by including cell death inhibitors in the growth medium. Cell
death inhibitors useful in extending the life span of cell lines can be identified
using the screening assay procédures described in this invention. .
The factors governing hair growth and loss are largely unknown. There is
5 some evidence, however, that hair follicle regression (referred to as catagen) may
be due at least partially to apoptosis. Therefore, it is possible that cell death
inhibitors can be used to treat hair loss that occurs due to various conditions,
including but not limited to male-pattern baldness, radiation-induced or
chemotherapy-induced hair loss, and hair loss due to emotional stress. There is

10 also evidence that apoptosis may play a role in the loss of hair color. Therefore, it
is possible that cell death inhibitors can also be used in treating cases of premature
graying of the hair. Cell death inhibitors useful in treating or preventing hair loss
or graying of the hair can be identified using the screening assay procedures
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 scrcen for compounds that stimulate,

25 either directly or indirectly, an enzyme or enzymes involved in apoptosis.
Therefore, 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 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



[err] - 77 - Schenme 10 [err] Thus, the invention also relates to a
met hod for the preparation of a conpound of Fornmula VII, conprising 5
(a) ~reacting Rhodamine with acetic anhydride to give Nacetyl-
Rhodam ne; (b) condensi ng N-acetyl - Rhodanm ne together with
N-f noc- L- asp¥Q ¥¥885cid [err]-t-butyl ester to give PCT/US98/21231
N- (Frmoc- Asp(OBu-t))- N -acetyl - Rnodani BE; (c) renovi ng the Fnoc group to
give N-(Asp(OBu-t))-N -acetyl- 1 0 Rhodam ne; - 78 - (d)
Kﬁ)?czie?za\)n([:] N-](xpggu t))- N' acetyl Rhodam ne with Z- (AA)[err] to give

err p Rhodam ne; t he OBu-t
protecting ghuGplasis g m&b(“z“% Mﬁ%ﬂﬁag‘gﬂﬁbmﬂﬂmmg%‘éﬁ%’mﬂagﬁ ) or

al ternati vel Mer50us system, eye, ear, (Rke, m&fFRClohdN, ReGJIasHp Hﬁ%u ¥ g Bﬁrﬂ, c anhydri de
to give N-acetyl - odam ne; (b) condensi ng N ace Rhodam ne with

Z- (AA) [ er r] AblopdBbioed vesselg b@e marrow, lymph nodes, thymus, spleen, immune
N-(Z- (AA) [er g}JséﬁB (l%’;I s{o)ﬁaclhl mt@ﬁﬁxtaly{racgh&q@lre%@ GndRAflk glands and tissues,

5 kidney, bladder, reproductive organs and glands, joints, bones and skin.

Another important aspect of the present invention is the use of reporter
compounds having Formulae I-III, V, VII and VIII in whole-cell assays using
yeast and other fungi, and bacteria to screen compound libraries for anti-fungal or
anti-bacterial drugs that act by inducing, either directly or indirectly, the caspase

10 cascade or other enzymes involved in apoptosis in those cells.

Another important éspect of the invention is to use the reporter compounds
having Formulae I-ITI, V, VII and VII to monitor the therapeutic effects of
therapeutic agents or treatments given to patients with the aim of reducing,

_preventing or treating maladies in which apoptotic cell death is either a cause or a
15 result.

Another important aspect of the present invention is to use the reporter
compounds having Formulae IX to screen for HIV protease inhibitors in HIV
infected cells, comprising

(a) contacting the test cell with the test substance and the reporter

20 compound according to the invention under conditions whereb-y 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



(c) renoving the OBu-t protecting group to give NN(Z-(AAN Asp)- 1 0

N -acetyl -Rhodanmine. In a preferred enbodinent, -(AA)[err] is WEH, YVA
LEH, DET, DEV, DEH, VEH, LET, SHv, DEL, DGP, DEP, DGI, DLN, DEE, DSL, DVP,
DEA, DSY, ELPwoMgikss¢ EP or | ET. Conpounds of Fornula VIl al serasssiis:
prepared using an acyl (al kanoyl) 15 chloride in place of acetic
anhydri de, such as acetyl chloride, hex8hoyl chloride, octanoyl chloride
and decanoyl chloride. Qther reagents can be used in place of acetic
anhydride include, but are not limted to carbanyl chloride such as

di met hyl car banyl chiapri dentadlingtaltydt call Bafyin wbividukldespord Nf ieviby HIN-
hexyl car banyl chloride; chlorofornmate_such_as nethyl chloroformate, ethyl

20 chl ofscPRth hegeraiier eampauad ascreding to B irveRPBURYS LPHIBENST or mat e
and 2,5, 8- triqyadsrut re‘fabh&%%?%x{?ﬁitiﬁak&hhﬁrtﬂé Qaoidqor mat e such as met hyl

chlorothiol formate,” ethyl chlo formate, octyl chlorothiolformate,;

al kyl , hal oal kyl an) ar atdoydings thef fuvyéscéngt iofidlse tesic bella svhereith arnbgegef mny |

chl oridg, octanesulfonyl..chlorid trifluoromet hanesul fonyl,: ¢ | de and
Losyl chf or i de. DRREPRALHEh o Taaedpds o pf yipyelppt, it the qficcil cobdted ° (0
base, such as ¢dch portfol EdN, whith Broohacted wilkitth®feppiydricdmpeund] Beanpihgicationed
solvent is DVF.. The reac{li on is, general Ii(] carried out at, r oorH tgrrperat ure.
The ratio of aMfled tre st hacheen ifectad; Ry, ViRksaid tiah the; idixidyplihag been The
condensati on regelkdQRa B be carried out using any conventional condensing
agent that is used for peptide synthesis. In a preferred enbodi nent, 30

t he condensi ng agenApplginEE some BEROSurafod thehsgresuihg eHHIY proteabeinhibitorsi on i s

Eg: Ir ?gg@ out ;1 ¢ ?r? Iélglj\lln?r{fec(?écm%hp)ﬁg 1%&)5@&” cgrer'\lpgu[r)xlgslz )navi;xrgh ?o&n%?acfx g thiesprgs%ﬁer ally
invention can be used to screen for adenovirus protease inhibitors in adenovirus
infected cells. The reporter compounds having Formula IX of the present
invention also can be used to screen for herpes simplex virus type-1 (HSV-1)
protease inhibitors in HSV-1 infected cells. The reporter compounds also can be

15 used to screen for human cytomegalovirus (HCMV) protease inhibitors in HCMV
infected cells; to screen for hepatitis C virus (HCV) protease inhibitors in HCV
infected cells; to screen for DPP-IV inhibitors in T-cells; as well as to screen for
type-2 methionine aminopeptidase (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



tenperature. The ratio of condensing agent to N acetyl-Rhodam ne i s about
3:1 and the ratio of protected am no acid or peptide to N acetyl-Rhodam ne
or N (Asp(QBu-t))-N -acetyl-Rhodanine is about 3:1. 5

Condensi ng N-acetyl - Rhodam ne with a peptide such as Z-(AA p(OBu-t)
to give N (2YQ2MB8P¥rr] Asp(OBu-t))-N -acetyl - Rhodami ne in f‘%ﬁfgwﬁlg%
reaction is a preferred procedure. Th_ng,_ conpounds of Fornula VI provide
fluorescent dyes which can be condensed with any peptide or other structure
for the preparation of fluorogenic or fluorescent conpounds which are
Substrates for 10 . r ases or tidases. In pr.inciple conmpounds
of Fornmul a VIPISEPEioRLS aB"g’t ﬁbgﬁﬁ?(’&f?%)’gg&ruw “Pgaﬁn‘gr?gieﬁﬂv%e (&8s with a
Rhodani ne t o gFiavgltNr pRiégoster RbleElA¢ R0l tnhe PhysRiddHidally cbiipatible buffer.

N- pepti de- Rhodam ne with acetyl anhydride or other acyl ating reagent to
give for exarprk ,buﬁrae@%e-wlu1%WWEMwam@i@nplﬂcfweéé#“‘;mla)deﬁ

peptides in %%ﬂc%h@éus%g. TRISYAT TBH08 B BERRANE 109°RBOYYine Mrdhl ABBeOr
anhydri des, b) the condensation reaction between peptide and Rhodam ne is
not ar ef fi cilewtn rcelhdariinmbatienrbuffesseulddmebresisotonit solptiaisduffegdtvithat t ach t he

peptide to N-acetyl - odam rat her t.han tach the | .. to

N- pept i de- Rho%g?ﬁ %@?ph{iﬁ %ﬁgﬁ%@é&e,o tR “?rﬁ\fgwtlinotﬁe elcgﬁg%en 1@7 gtﬂ%et hod for
det er mi ni ng WaRiYe buffer? ¥ith no moret that routihs bgRreimeagoran Thé tellst canrbean enzyne

i nvolved in the %;S)opt 0si s cascade in a test cell,. crf%rr,priﬁsi n éa%, )
cont acti ng t HisTiy _fm’@eﬁ}“!y ABFINOT PrEan é\és_fm?slfﬁis‘t"éiﬂbét i§rflgsiab PelgﬂB T8 conpound
according to #}h0ge bf"ﬁ‘ﬁ%x‘eﬁﬁn 8% GRRdInk QRfa WGl YN kidRinSbpRsifst ance
either interacts wth an exterrial nmenbrane receptor of the'cel|l or is taken
into khe 25 mediated diedriiers recy. t egronelestltdsathchaapalisedse; Hveradiseass mtivak he cel |,
and (b) recording .t he fluor nce of tk sto.eel by rel change in
fl uor escence,dqseolr Cﬁérli(;nFy’r?aoﬁlniaﬁ?Jggncogls%afs es\‘/vangtélhgen%’{sﬁe?l \9\}5?% ? %ger?’est cel l

conpar ed to samdrsaadtissoé hypetplasiabeteh has only been contacted with the

reporter conpound a : . .
P P Su{t]ﬂ)le 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 fatty acid esters, for example, ethyl 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 flucrogenic or fluorescent reporter molecules.
25 Typically, the cells are contacted with the reporter compounds of the
invention and the test subsiance for about 30 minutes to about 5 hours, most
preferably, about 1 hour.
The invention also relates to the pro-reportcr 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-I1I,




not with the test substance, is an indication that said test substance has
an effect 30 on said enzyne. - 80 - The results obtained by this
nmet hod can be conpared to the results obtained with test conpounds which
are known to gdemkssenzynmes involved in the apoptosis cascag@rifogfbis 10
generate a neasure of the relative effectiveness of the test substance.
Conmpounds whi ch can be used include knowWi-activitors and 5

i nhibitors of enzynes involved in the apoptosis cascade. Activators, either
by direct or indirect nmechanisns, of enzynes involved in the apoptosis
cascade includey bad UEXN0SubH Brd-RPorkd? dmQUR ¢ hedRiNRIvRP Ly GsREeBE S, such
as etoposide (Yoon HJ, Choi 1Y, Kang MR, KimSS, Miller M, Spitzner JR,
Chung | K ( 1998)carbpxdhntanisgonnipe mf? Zesidyos suchnag 20p andd Gllox oEsme¢ialin ( Gamen

S, Anel A 10 Sl . \V2 i Nez: ipeiro A
Naval 3 (1oa7) PEERS PERHRREOT Ml el E M mefbT

i nhi bitors; ci <pMitestars(f/Abmtand Glu-dontdiihgadepuddsy. gl a J, Ortega A (1997),
Mitat Res 381:67- 75)1.' cthtor.anbucil %I—g'ﬁcknan JA. (,1992), Cancer . Metastasis
Rev. 117121-139) whi Bfi PEOHRE SFRDPST iegontei sselpiness| ofofsumyention Ih Rna/ DNA
anti - met abol i t endakiirinig "B aciity (0F Lsphses bAd other enzywREGHoINBLASbAsbSs FEV-
11:121-139). These activators of apoptosis also can be used to induce

apopt osi s when Sby @Kfissggst Jhe exammles alse damonptiate vssfulngsy ofithe|iaveatipn in

| nactivators, %ﬁ?greg%gdésg%&ggr%ah@ [86kq r{gq{mp%@gﬁ%ersogr YIRS of NVol ved

in the apoptosis cascade in ut are not Iirm 0 endogenous proteins
i ncl udi ng Bcl - 2p¢gtosn s Theselexdpyldskare dhustrativEpbit kah mitthg( b the)method and Pat hol .
5:1191-,,20 1198), e viral produced ent ., M,Jer LK (1997), J
Cel | PHysi ol . f?ﬁ‘?isi%"-")s 1%‘2;&‘°aREFS?'ﬁeQ’¥VWPH-et i@ﬂ?faé‘ﬂggg g‘}?ﬂffjﬁf“t‘?ﬂs ié‘%/AD FIVK

(An S, Knox KA addfi&fohs of the variety of conditions and parameters 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)] -Rhodamine 110

To a solution of Fmoc-L-aspartic acid B-t-butyl 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 HCl (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



FEBS Lett. 386:115-122). In particular, the invention relates to the use of
the reporter conpounds having Forrmulae I-111, V, VII and VIII in whole-cel
assays, using whole cells or 25 ti ssue sanpl es whi ch have been

i nduced to undergo apoptosis, to screen for conmpounds that inhibit either
directly or'WﬁaW? ¥y an enzyme or enzymes involved in agéfh 231
(progranmmed cel |l death). These screenjgg assays using conpounds havi ng
Formulae I-111, V, VIl and VIIl are expected to |ead to discovery of new
drugs or new uses for known drugs that slow or block cell death -81 - in

a variety of gid inpdlndcRndloteanslid, inpMBEisstde’t RMR @DCK). |$8.78 (ssues or
entire organs occurs. The reporter conpounds having Fornulae [-111,"V, VII

and VIl and mpss)@r(e,em- 9@ Hazs%lys7 SiI-Gﬂhernplfé{;)eﬁ,ﬂ2|(bwéH],l4064 ®a2He used to
identify drugs t hat reduc prevent cel death in the nervous

syst em (br ai n*4& A 516-&5% dH)%(bér‘l%BFaaH)r?e%%&%y]s‘ﬁeﬁﬁ 8Hhder various

conditions of ischem a and excitotoxicity, including, but not limted to,
focal ischem a due to stroke and gl obal ischem a due to cardiac arrest. The
screerg ng assays can al so be used gX¥4MPERE 2y conpounds that reduce or
prevent cell death in the nervous systemdue to traumatic injury 10

(such as head trauma or spifap(OBasg),-Rhpidarngine 110 2HLCI | nf ecti on or

radi ati on-i nduced nerve cell death (for exanple, as a side-effect of cancer
radi ot herapy) or environmental toxicity (e g. by certain hal ogenated

hyd bon). Th pify cell death
Wi i tor s i ch o EMIEGRITIo & LAVEERPRPIRY VB TaoMeS SRRV s ange of
neur odegener ajnty/ § HhePsMetich of W&QAWQM Y A@loddmine 110 (150 ldglid.efl to

Al zhei mer' s di sease, Huntington's Di sease, Parki nson's sease,
10 mmol) in dimethylformamide (3 mL). The solution was stirred for 20 min and it

was poured into ice water (100 mL) and extracted with ethyl acetate (2 x 100 mL).
The organic phase was washed with water (3 x 100 mL) and dried over Na,SO,.
To the solution was added 1N HCI in ether (0.39 mL) and it was concentrated to
give a red solid. The red solid was collected and dissolved in methanol (1 mL),

15 and precipitated with ether (50 mL) to give the title compound (65 mg, 77%) as
red solid. m.p. 200°C (dec).

EXAMPLE 3
[Z-Ala-Asp(OBu-t)] -Rhodamine 110

20
From benzyloxycarbonyl-L-alanine (376 mg, 1.69 mmol), EDC (258 mg,

1.35 mmol) and [Asp(OBu-t)],-Rhodamine 110 2HC] (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,): § 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).



mul tiple sclerosis, anyotrophic |lateral sclerosis, and spinobul bar atrophy.
The screening assays of this invention can be used to identify conpounds
that prevent cell death in any condition which potentially results in the
death of cardiyagediygsg! € This includes nmyocardial infarctiopcraRossSs Ve
heart failure and 20 cardi onyopat hy. One particul ar application of
the screening assay is to identify conpd9rds whi ch reduce or prevent
nyocardi al cell death that occurs in certain viral infections of the heart.
The screening assays of the invention can be used to identify conpounds
which prevent cell death of retinal BR6dMBPEEthat occurs in disorders
associated. with 25 incr@ggd iFtraocuL ar Eressure (such as

gl aucoma) or retinal disorders &S espleitfradppespecdd agi ng process (such as
age-rel ated macul ar degeneration). The assays can al so be used to identify
conpounds which treat hereditary degenerative disorders of the retina, such
as retinitis pigmentresie cobhd ssRtiBE (U OPoRTSAMABIOBNE],L-N6ARKIneN 164M al so be
used to identify cell 30 death inhibitors that can be used to
reduce 8r prevang, 0§38 manal) is rabtiyddne ohloxdd (Saml) was added 8@%-triflieodcatinanéd syst em

and are particylarly useful in identifying inhibitors which are useful in
treating i mund® dathydsng shloride Sk6 mb)-s The selktiens tumed arangg andrwasetisred iati ency

d Al DS ined defici d Cl DS d
elated di seaseon EEEERN 16 IR I gt b d e tE ot vy 5
cel | death i nhihiitaf by ARRGolSAA HmHREfiphP HHORPICH GSIEL b3 eRdd rmune

suppression. The screening assays of Inventi on can al s used to
identify drugs mgéflW) of theaitigaompounds B AMRYCDODY: 0@PULEE= 8Jir HASIphHant at i on

of human organs and
10 7.85 (s, 2H), 7.73 (t, ] = 7.5 Hz, 2H), 7.34-6.60 (m, 15 H), 5.08 (d, 4H), 4.05 (m,
211), 2.95 (m, 4H), 1.38 (d, ] = 6.4 Hz, 6H).
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,): & 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 11z, 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)



tissues is a conmon treatnment for organ failure. However, during the 10
transpl antation process, the donor organ or tissue is at risk for cel
death since it is deprived of its normal bl ood supply prior to being
inplanted in the host. This ischemc state can be treated with cell death
i nhi bi tors bYOi%f8% on into the donor organ or tissue, or HFEPVEEH
addition of the cell death |nh|b|tors9§o the organ/tissue storage nedium
Such cell death inhibitors can be identified using the screening 15

assays described in this invention. Cell death inhibitors nay al so be used
to reduce or ;preyentd @&hl) dBRLblith WiesHenar ro%géﬂééritﬁr%l-f@r phbgditit has been
transplanted to protect it fromthe effects of host inmune cells which kil
t hei r tar get svabtheh comgemitaisdgn apopt Toitke redidee way eided heP mEdyshydessr i bed i n
this invention can be used to identify cell death inhibitors useful in
protecting t F@ﬂfstplga‘rﬂaeﬁd @regmﬁstemheﬂh% isolated after eegjtiifugation to gjye 118
cytoprotective

Che deat h_of TRIEH B =t Fll 2 Ser i M CoMsOTkEs b e BasRBhi ' Dt on
pr oceFiur es. ﬁglqﬁ)éedgygl@tlﬁm m?%ﬁé%&q#"‘m g the harvesting process and

can also be in e st'orage death inhibitors usefu
for application in fertilization procedures can be identified using the

screeni ng assay 25 nmet hods _described in this invention. Mammal i an
cell lines and yeast cells are coffeHPLI5Ed to produce | arge anounts of
reconmbi nant proteins (such as ntlbod enz s or hornones) for

i ndustrial or nedicinal use. 14ﬂVe§§aﬂ’ aie of these cell lines is
limted due to growth conditlons the nature of the reconbi nant nol ecul e
bei ng expressed 30 (some are toxic) and other unknown factors. The

l'i fegpans of i ndupfol BenzfStylcarbbiy®.-valine (638 mg, Qasnmbm)eﬁber@eﬁnﬂgyzl ncl udi ng
cell death inhibitors in the growth nmedium Cell
mmol) and (Asp),-Rhodamine 110 2HBr (72 mg, 0.1 mmol) in 1:1 anyhydrous
DMF/pyridine (12 fnL) at O°C was obtained 38 mg (37 %) of the title compound,
mp 169-171°C. 'H NMR (DMSO): & 8.70 (d, 2H), 8.04 (d, J = 7.5 Hz, 1H), 7.80
(m, 2H), 7.48-7.20 (m, 11H), 7.05 (m, 2H), 5.02 (bs, 4H), 4.70 (m, 2H), 3.85 (,

15 2H), 3.20 (m, 2H), 2.60 (m, 2H), 2.05 (bs, 2H), 0.85 (t, 12H).

EXAMPLE 8 _
[Z-Val-Ala-Asp(OBu-t)] -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 mmol)
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,): & 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 2H), 2.90 (m, 4H), 2.12 (m, 2H), 1.35 (s, 18H), 1.30 (d, J = 6.4 Hz, 6H), 0.92 (m,
12H).



death inhibitors useful in extending the life span of cell I|ines can be
identified using the screening assay procedures described in this

i nvention. The factors governing hair gromh and | oss are |argely unknown.
There is 5 wo oonnsgs@e evi dence, however, that hair folliclggrhg§fssi on
(referred to as catagen) may be due at | east partially to apoptosrs.
Therefore, it is possible that cell deafPh-inhibitors can be used to treat
hair |loss that occurs due to various conditions, including but not limted
to mal e-pattern bal dness, radiation-induced or chenotherapy-induced hair

| oss, and hair |oss due to enoti onabXAMEIE 9There is 10 al so

evi dence that apoptosis may pl olein the, lo of hair color.
Therefore, it is possible thafﬁ%ﬁiri’f‘["ﬁ‘tY Zré}l”r‘/qﬂ?’metlcsﬁs can al so be used in
treating cases of premature graying of the hair. Cell death inhibitors
useful in treating or preventing hair loss or graying of the hair can be
i dentified using t hﬁoﬁﬁ[lZMlAﬂé}A@ﬁ@B)ﬂ-tﬂg—Rﬁé‘diﬂﬁﬁél 1838 highe 822 Minidl shd
i nvention. 15 The death of skin epithelial cells can occur
after eXposur e50% thiflugrodceticetoid inf methylermt ¢hdorideH@& mL)rat OP@ was abminel t23i s

possi bl e that cel a inphibitors can be used to reduce or prevent this
type of skin d 5‘%9&%&&%&?‘??%1 gH NMR (C2ODNS 8409 ¢, HDat792i i bi t or s

b i edy ' . th d
o prevent bl i SLBrrng e petd PG PG TRl P BTG I SRty s usef u
20 i N 51083d,1480, 012 @1, 2UGMIONEh, BRI, 34, Gl 2E5 3@, Fdent i fi ed

usi ng the screening assay procedures deScribed in this inventibh. Another
i nportant aspeb# I 6HRO.95(msH). i nvention is use of the reporter conpounds
havi ng gorrrul ae I-111, V, VIl and VIIl in whole-cell assays using live or
dead Wil e cells or tissue sanples to screen for conpounds that stimulate,

25 either directly or indi 86k nzynme or enzynes involved in
apoptosis. Therefore, these screening @&%@?@m ng conpounds havi ng

Formuiae |11, V. Vigma¥alsloladiOnespsmlsasma 193%d & Npsgovery of new

drugs or new uses for known drugs that“act as anti-cancer agents in
di seases such as cancers, tunors and cell

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 2HCI (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,OD): § 8.02-6.60 (m, 28H), 5.02
(bs, 4H), 4.92 (t, 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, ] = 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;OD): 3 8.02 (bs, 2H), 7.82 (bs, 2H), 7.70 (m, 2H), 7.40-6.60 (m, 22H), 5.02



hyper pl asi as etc. Conpounds that nmay be found using the screening assays
and 30 reagents described herein are useful for treatiment of
cancers, tunors or tissue - 84- hyperplasias including but not limted
to cancers or tunors of the brain, peripheral nervous syste eye, ear,
nose, mouth, WOIY$¥E teeth, esophagus, lung, heart, bl ood‘,’%\’%ﬁ@izﬁassels,
bone marrow, |ynph nodes, thynus, spleen, inmune system I|iver, stonach,
intestinal tract, pancreas, endocrine gPands and tissues, 5 ki dney,
bl adder, reproductive organs and gl ands, joints, bones and skin. Another

i nportant aspect of the present invention is the use of reporter conpounds

havi ng For nul agbs| 411), 4.80\m, 1), 4838(myDH), 4.7 (@D, 480 (m,2IHAYI0260"e, yeast and
ot her fungi, and bacteria to screen conpound |ibraries for anti-fungal or
anti - bact er | al Oth-2d EhakD, 436 (by = ribiei ok, 0.8 @nbr 7diHed ]y or i ndirect !y,
t he caspase 10 cascade or other enzymes involved in apoptosis in
those cells. Another inportant aspect of the invention is to use the
reporter conpounds havi ng Fornul ae EXMMPLE I2/I| and VIII| to nonitor the
therapeutic effects of therapeutic agents or treatments given to patients
with the ai mof reducing, preverdYisgyoRhadegita H8 nal adi es in which
apoptotic cell death is either a cause or a 15 result. Anot her

i nportant aspect of the present invention is to use the reporter conpounds
havi ng For nul ae | X Toa santsmrofRiwdddhive pi bS8 swg, it 3hinonelpdissalvedhh WNRf ect ed

cells, conprisj ]é)a o CONL ACT the tes ell wth tlﬂ tes ubst ance
and the report Q’qﬁ E}t 0°C was a(@swﬂlbsogré’@glf%y%Jé“qccgmﬁif@g’i ?ﬁeﬁﬂobhﬁ’ﬁﬁder
condi ti ons whekediy ailydrifieed 57 sighs 64 eWishted dibprisciothd\dbole sotuiotd, er nal
menbrane receptor or. is taken into said cell and .

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,Cl, =1:1). 'H NMR
(CDCL,): 5 8.00 (d, J = 6.7 Hz, 1H), 7.78-7.52 (m, 4H), 7.14 (d, J = 6.7 Hz, 1H),

6.93 (d, J=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-t)]-N’-acetyl-Rhodamine 110

From Fmoc-L-aspartic acid t-butyl ester (739 mg, 1.79 mmol), EDC (302
mg, 1.57 mmol) and N-acetyl-Rhodamine 110 (160 mg, 0.43 mmol) in 1:1
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,):
d 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, ] = 7.2 Hz, 1H), 2.96 (m, 1H), 2.68 (m,
1H), 2.20 (s, 3H), 1.46 (s, 9H).
30



the reporter conpound js taken into the cell, and (b) recording the
fluorescence of the test cell, wherein a change in fluorescence, either of
magni t ude or of wavel ength, within the test cell conpared 25 to a
control cell wesdhsggs only been contacted with the reporterpcgRigggBes and
not with the test substance, is an indication that said test substance has
an inhibiting effect on the H V proteas€? -Yet anot her inportant aspect of
the present invention is to use the reporter conpounds having Fornul ae | X
to di agnose H V infection, conprising - 85 - (a) contacting a test
cell froman individual suspected of Hlgv infection with the reporter
conmpound according to the invention under con itions whereby the reporter
conmpound is taken into the NgukpOBad) KN acetyl-RRodadingilthe fl uorescence of
the test cell, wherein a change in 5 fl uorescence, either of

magni t ude or of wavel ength, within the test cell conpared to a control cell
which is contacted with the reporter conpound, is an indication that said
test cell has been iﬁntbmcatcéﬂlddysoHtiVn\oifrDMF/amb}toﬁm 3 d, ilrldiamd dVtEimdras been
infected with H V. Appl );V sane procedure for the_screenin of H VvV
prot ease i nhi bi f\ﬁﬂ(QBﬂ@] 'ace"yl Rh?dﬂ}nye 119 100 mee 811 gnmph) evas hiained; the opounds

h F | - o
adenovi rus. pr ot SRRl B7 GRES ) RaERbuRy LS RE RN FoRELE R 8 or o1
conpounds havi ng, figy d15(dl X=012 HRE NI RILN 1) Velé 69(R! /P, 580 (Re1wsed to

screen for herpes sinmplex virus type-1 (HSV-T) protease i'nhibitors in HSV-1
infected cell s.2.3%¢, §ef6s5tes 1K) 2170 @ad BRI (G 8H)DPRIA s, 2H), 1.44(s,038d t o
screen for human cytonegal ovirus (HCW) protease inhibitors in HOW

10 EXAMPLE 15
N-[Z-Ala-Asp(OBu-1)]-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 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



infected cells; to screen for hepatitis C virus (HCV) protease inhibitors
in HCV infected cells; to screen for DPP-1V inhibitors in T-cells; as well
as to screen for type-2 mnethioni ne am nopepti dase (Met AP-2) i nhi bitors in
endot helial cells. Add| tionally, using the sanme procedure for the

di agnost i cs YBF 9184562 infection, the reporter conp8GRY898RAH ng
Formula I X of the present invention al {0 can be used to di agnose

adenovi rus, herpes sinplex virus type- human cyt omegal ovi rus and
hepatitis C virus. Conpositions within the scope of this invention include
al | CO”DOSItbﬂ@FG@H‘)elmNNﬁ{%HQﬂf)%m& @ 1 98NS cent 7868RQUAS of the
present invention are 25 contai ned I n an anount which are effective
t o achi eve i 14H]), Atle fobe AHR 22085 2HY\Bi 14 €s, BH)UNB B (dydiy: MaHy, 3H).om assay to
assay, determ nation of optimal ranges of effective amobunts of each
conponent is within the skill of the art 7yp| cally, the fluorogenic or
fluorescent substrate conpounds ed to cells or cell lines from

mamats, e.g. humans, atin he cells or 30
tissues containing the ¢ Z%’als)“i\tf\f(a% Wéﬁ"f%ﬂ’{)%ﬁgﬁ'f’@egﬁfl uor escent substrate

at a 86 - concentration of about 0.01 nanonolar to about 1 nolar, or an
equi val ent anount of a salt or proreporter nolecul e thereof in a

physi ol ogi cal | y cogRasi do81E.- f f growt h
medi as, an exanpl e forh%}ll&%g#nﬁ éﬁdervlﬁ\&/}fes{](‘,'@H1 c@?éce égg‘é (§f«‘ A-1640 with

or without l@fhdemaln- Aep(OBe-tp FT-atdtyl- @hb®nife 110 (30 mg, brcssvﬂmc&j nul: r
i ncubation buffers could involve isotonic solutions buffered with either

phosphat e or aEpdEsus RME/myfidine ¢ m&) 9t @K was dbraineld @d0ang (9496) of dbatiilé y ot her
suitable buffers with n&ﬁ;mret#s @2 rogtl ne ex erimentation. The cells can
be derived fFOMCHAY2DF JAH- &P brigan GySe er915f(¥r‘ AFitekanetd: s HelMBabl e to
find--by (CDCL): & 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, 0.05]
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,0D): 5 8.01 (d, J = 7.5 Ilz, 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).
25




means of the screening assays--drugs that could be useful in treating
apoptosis- 10 ‘medi at ed di sorders, e.g., neuronal cell death, heart
di sease, liver disease, retinal disorders, kidney, joint and bone di seases,
i mrune systen\‘gq@%ggr s, cancers, tunors and tissue hyperpl §¢rAfkof1S31

Sui tabl e solubiTizers may be used for presenting the fluorogenic or
fluorescent conpounds of the present inwsntion to tissues, cells or cel

lines. 15 Sui tabl e sol ubilizers include aqueous sol utions of the
active compounds in water- soluble form for exanple, water-soluble salts
and al kal i ne solutions. In addition yrgns of the conmpounds as

appropriate oily suspensions may be preSented to the cells or tissues.
Suitabl e i pophilic sol wetBalla-MepYOBLEGI-NDEYARFbadmine @16 S, for exanpl e,
sesanme oil, or synthetic fatty acid esters, for exanple, ethyl oleate or 20
triglycerides or polyethylene glycol-400 (the conpounds are soluble in

PEG 400) or dinethy L &ﬁ&#&@ _0L:-aR0 i I kinger .
ptionally, the susggﬁgﬁgﬁ&%gysolu ﬁbﬁhwgg'ggggz oﬁ%gﬁ%@gfghﬁpfggﬁg.

Opti onably, el 31 mgo?.019 omady apd @5Am(ABuaRNGacettRhodguine drlOn@Plemgl es i n

| i posones or d ent.s. npy b se enhance the cell. abili iy of the
f1 uor ogeni ¢ or ﬁq%ég?'g%lighnﬁng’ﬁr?l%&&@(%@ fngéffoég“as gbtamgfidﬁrr%g%‘}[fi/pi cally,
the cells are affiexteadmpbindd, ipeo14p%C, R, <c@BP OGS/ Hekarteh®21). MHENMPON and
the test substance for_about 30 m mpst preferably,

| nutes to about 5 hours,
about 1 hour. TRECGMAERPT bh! 3 &HDT-80-662(w, 14D, prid (mepld) ! Gordthat i ves’ of
the compounds ofod @e 1ENVARS (R"HH)SHEB (B! P SRRTLEDEYCS SO/Gh ! 1¥HS2 b Gyt de
conpounds whi ch are 30 ¢l eav In’situ By éndogenous’ enzynes to
gi ve th€ conpodibs2.bf (beadthul 4ke(s] 9H),I1,26 (d, 1-8¢.3 Hz\/,3Bnd23n, 1HX. 0.83 ¢,
pro-reporter dqﬁbvatives i ncl ude | ower al kyl esters of

EXAMPLE 20
N-(Z-Val-Ala-Asp)-N’-acetyl -Rhodamine 110
15
From N-[Z-Val-Ala-Asp(OBu-t)]-V -acetyl-Rhodamine 110 (36 mg, 0.043
mmol) and 50% trifluoroacetic acid in methylene chloride (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, 311), 1.30 (d, J = 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



car boxyl -contai ning am no acid resi dues such as Asp and G u. Especially
preferred pro-reporter derivatives include the nethyl esters and

acet oxynmet hyl (AM esters of Asp- and G u-containing conpounds. 5

The follomﬁna’exaggles denonstrate useful ness of the invention in neasuring
the activity"® fases and ot her enzynes invol ved in apoPFBY$%s2121 cel | s
and tissues. The exanpl es al so denonstgat e useful ness of the invention in
drug screeni ng assays that can be utilized to find enhancers or inhibitors
of apoptosis. These exanples are illustrative, but not Iimting, of the

met hod and 1 0 sitions t reseng ention her suitable
modi fi cat i onsmﬁr{%sélj‘?féﬁ%?‘?eo‘f??p&mdcﬁ%* Q?I Sf %M%Q&D)zﬁﬁd Paraneters
nor mal |y “encog)y er7etiz, rmp WS@L(ISSXnﬁ%H)’aBO%Uﬂ{)SﬁB?%H' ng) phegROUNES Or

di agnostic procedures which are obvious to t hose ski | in'the art are

wi thin the sptff{mell. 38500 15D, %%(m,ri\?ﬁnﬂbﬁ, 3H513)?(ANP21® 137, )=

[ Froc- Asp( OBuy b .41y, 1 Roadafinn a solution of Fnoc-L-aspartic acid
[err]-t-butyl esggr %4 9ag ﬁ?ﬁgg%&ﬁhn )y 20 di ssol ved i n an anhydr ous
1:1 mXture of dlnethylfornanlde and pyridine (30 nm.) at O[err]C was added
EDC (2.28 g, 11.91 nmol ). The solﬁgbganﬁﬁggitirred for 45 mn, then a

sol ution of Rhodam ne 110 HO (O nmml) in the sane solvent (2

m) was added. Thenl@aslyolilLibHNC 3T Rhddaite Ao SEPID hpiperature for 60

h and it was concentr in vacuo to “about residue was then 25
diluted with 100 nL of water and extracted with ethyl acetate (3 x 50 nL).

The sol i on was. diTad Bror YeARARS L arep b olimdngfE SEQUE product
\32 i/ ghgo/vgg guzlélf%t)/z()a(d9 g, 0.049 oD h@ 58% agfl@Rbte Cid i mh byl lchloriBd @Ac 10: 1),
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, } = 6.9 Hz, 3H), 1.23 (m, 1H), 0.90

15 (m, 6H).
EXAMPLE 23
N-[Z-Asp(OBu-1)-Glu(OBu-1)-Val-Asp(OBu-t) J-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 (EtOAC/CH,Cl, = 1:1). '"H NMR (CDCl,): & 9.05 (s, 1H), 8.79 (d, J = 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).




- 88 - title conpound .as colorless solid, nmp 156-158C. "H NWR (CDCl [err]):
[err] 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, 2H), 2.82
(m 4H), 1.450SonssskH) . 5 _ PCTRNRIE 2

[ Asp(OBu-t)][err]-Rhodam ne 110 2HCI A chilled sol ution of DV norpholine
(3 m., 1:1) was added dropwise into a sP7rred sol ution of

[ Fnoc- Asp(OBu-t)][err]-Rhodam ne 110 (150 ngy, 0.13 10 mol) in

di ret hyl formam de (3 nlL). The solution was stirred for 20 min and it was
poured into ice water (100 nlL) and pxippeLED4M th ethyl acetate (2 x 100
m.). The organi c phase was washed with water (3 x 100 nlL) and dried over
Na[err] SO err]. To Nif&4asplGis-VahAvm SV aatespll-REblddnaine i1 h0 SEQID NQ:539 L) and it
was concentrated to give a red solid. The red solid was coll ected and

di ssolved in nethanol (1 niL), 15 and precipitated with ether (50 ni)
to give the title cggmound (615-[%sgﬁ)@@-t)-@u([ﬁﬁ-tWal-Asp(@Bﬂ-t)]wQﬁe@ﬂeC)
EXAMPLE 3 [ Z- Al a- Asp(CBu Stf)d odanm ne 110 From

benzyl okycar boR§pdaming HN %33}7‘@ 9 mg. 943 #anol) and38% ‘2’3@0?9@“‘12 289 ol )

d [ Asp(OBu-t E?ﬂ@l )
:Eym[/drgl(Js BIVF}Ilp[fr%fh %ﬁ%@?g@n{?ﬁég \/vavgésotgqtt%?er?e %@2 dﬁ% Gf%hg tgt the title
conpound as a sohpaipnd.MR;E2052A6CmI] ExQAH vl dfdjaéjoﬁfeﬁ‘l’r;q:g)zHl ethl [NMR85 (d,

o b (m 2r, E0ER 990¥er Sl Bosll ol b iy Bl oMW Bsy ™ 5 o

(m 4H), 1.42 () 11948IP3 (d, J = 7.9 He, 1H), 3.10-2.61 (m, 4H), 2.37 (m, 2H). 2.13 (s, 3H),

10 0.97 (m, 6H).
EXAMPLE 25
N-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, ] = 7.2 Hz, 1H), 6.88-6.32 (m, 8H), 4.24(q, J = 7.2 Hz, 2H), 3.92
(bs, 2H), 1.33 (1, J=7.2 Hz, 3H).



-89- EXAMPLE 4 (Z- Al a-Asp)[err]-Rhodam ne 110 To the cool ed sol ution (0C
of [Z-Al a-Asp(OBu-t)][err]-Rhodam ne 110 (41 5 ng, 0.038 mmol) in
nmet hyl ene chloride (5 m) was added 50%trifluoroacetic acid in nethylene
chloride (16 n1_3 The solution turned orange and was stirred at room
tenperat ure WBPYB86  The sol vent was renoved and the crud®PrEaHEE was
purified by flash colum chromat ographyg (Et OAc/ CF[err]CJ err]H = 20:0.5) to
yield 34 ng (91% of the title conpound. [err]H NVR (CDerr]OD): [err] 8.02
(d, J =8.1 Hz, 1H), 10 7.85 (s, 2H), 7.73 (t, J = 7.5 Hz, 2H),
7.34-6.60 (m 15 H), 5.08 (d, 4H 211), 2.95 (m 4H), 1.38 (d, J

= 6.4sz, |6H). EXQI\/PLE 5 [Z- Asp(ogéé‘l%l\(el‘rmlzf Rhodani ne 110 15

F 4.41 g, 13.63
o) BOC (2 61 o eyt aRBIOm EnRS b Bha by TRNGERRELID O 47 9 D)
Iﬂelt I1t ?gygg%gﬂz DIVF/ pyr| d: 25 (40 nmL) at OC was obt ai ned ér(r)]g g (82% of
ECDCI[err]) [err]r%m -As@BSu-tg(%g rrgolgy %g%d&?l$ @é’}\l7 56 (m

4H), 75 40-6. Gﬁan{pmanamtho)@camox@ﬂkhodmmne (1109(47 adg) 0.12.ndrBolf Gas désdyibedt. 62 ( bs,
2H), 2.97 (dd, J[err] = 17, r] 2H), .2.69 (dd, J[err] =
17.3 Hz, J[erH xarrmeglmz»«asmamei%m@o@@ﬁ)the mM@%deMaylf%r - Rhodani ne

110 2HBr 25 S Nq1of Br, s added
dropwi se i nt ?ﬂ{qwgdggg{' b 1 899?2!]4 691@26} ’af’ze?rg?@n%oc%%%vallo (200
ng, 0.21 mol {bs, 1H), 5.20-5.11 (m,2H),498 (m, 1H), 423 (q,J 69Hz,2H) 3.74 (1, 1H),

3.15(d, 1= 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)-/V’-Ethoxycarbonyl-Rhodamine 110

15 From N-[Z-Val-Asp(OBu-t)}-N'-ethoxycarbonyl 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,0D): & 8.02 (d,J =
6.6Hz, 1H), 7.86-6.59 (m, 14H), 5.10 (m, 2H), 4.97 (m, 1H), 4.20 (q, ] = 6.9 Hz,
2H), 3.77 (d, 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)]-V’-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,



- 90 - in acetic-acid (2 nL). The solution was stirred at roomtenperature
for 1 h and it was then concentrated in vacuo. To the residue was added 100
mL of anhydrous ether to give a red precipitate which was isolated after

centrifugati onyboygesee 118 ng (78% of solid, np 130C [err]ll—é]l){)@gngl

(DVMSO-d[err]): [err] 10.81 (s, 2H), 8.35 (bs, 5 8. 05
10 H), 4.25 (bs, 2H), 2.96 (m- 4H) . EXAMRIE 7 (Z.-VaI-Asp)[err] Rhodam ne
110 10 From benzyl oxycar bonyl™-L-valine (628 ng, 2.5 muol), EDC

(383 my, 2 mml) and (Asp)[err]-Rhodam ne 1%0 _2HB(r]I %2 rrg,Sg.ol m*r}tc)l%hin 1:1
anyhydr ous DVF/ idine (12 nL) at OC was obtai ne o] e

ti %/I g conpound, pﬁ{? g89'617%1({1b 1?%‘}:6 -186-63 ﬂnz,r\glﬁé (755}?(?@% 2}[)0?%‘ (Bs, 7{%}{),(?50 2H) ,
8.04 (d, J =17. 14—9,42 2 HY |

502 (bs, 4ty A0 0w oty B 4 (£, T8 %n* Days gt el 08, 60 (i
2H), 2.05 (bs, ZH}27 )886@1, TH)2 HP 5-0 98 AP

[ Z-Val - Al a- Asp(OBu-t)][err]-Rhodam ne 110 20 From

benzyl oxycar bonyl -L-Val -L-Ala (200 ng, 0.62 nmol), EDC (110 ng, 0.57 mmol)
and [AspsOBu-t)][err]-Rhodani ne 110 EXGAMEAYED®, 0.043 nmol) in 1:1
anyhydrous DVF/ pyridine at OC was obtained 45 ng (8 5% of the title
conpound, np 85-87C. N-<€€bi-AspNUR-VaRsig)eV+dthoxyearbohylORhOdiiae 1104) , 8. 90

bs, 1H), 8.80 (d, 1H), 780660(m 2(bs 2H), 5.10 (bs, 4H),
2.30 (H)s 2H) ELOO (H)d, 25 %B“f%% 2.12 (m 2H), 1.35 (s,
18H), 1.30 (d, J = 6.4 Hz, 6H), 092 (m 12H).

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 chloride (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,OD): & 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-£)-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
(CDCl3): 89.00 (d, J = 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).



91- EXAMPLE 9 (Z-Val -Al a-Asp)[err]-Rhodam ne 110 From

[ Z-Val - Al a- Asp(OBu-t)] 2- Rhodam ne 110 (28 ng, 0.022 nmol) and 5 50%
trifluoroacetic acid in nmethylene chloride (30 nL) at Jerr] C was obtai ned
23 ng (88% of the t|tIe conpound. [err]H NVR (CD[err]OD) 00 (s,
1H), 7.92 (b¥O%%18%6 7 86 (bs, 1H), 7.70 (m 2H), 7.40-7. 2f"%§{594ﬁ§ , 6.70
(s, 1H), 6.68 (s, 1H), 5.08 (d, 4H),-4}0(¥2 (m 2H), 3.90 (m 2H), 2.92 (m
4H), 2.06 (m 2H), 1.34 (d, J = 6.4 Hz, 6H), 0.95 (m 12H). 10 EXAWPLE 10

[ Z- Tyr-Val - Al a-Asp(OBu-t)][err] Rhodam ne 110 SEQ ID NO 2 From

benzyl oxycar bonyl - L- Tyr - L- Val - wféﬁ’é@‘gﬁ 0.70 nmml ), EDC 15 ' (122
my, 0.64 mmol) and [Asp(OBu-t)][ ne 110 2HA (39 ngy, 0.058 mmol)
compound,  mp. 155. 157(E PP ClurFaithep AR BRI 10 %6 60 (m
28H) , 5. 02 (bs, 4H), 4.92 (t, 2H) ,SEQ3DN@:5 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 EXAIVPLE 11 (Z Tyr-Val - Al a- Asp) [ err] - Rhodam ne 110

SEQ I 3 NO 2 From [Efordyr - Val - Wt} m(obu@vaampwsd-l)qw 'SEQ I'D NO 2
25 (47 ng, 0.029 rrrml) an 50% trifluoroacetic aci hyl ene

chl ori de (30 $hoxygarb ‘@!b@?@%l I9RER ABNGS (3§ npg3 Sbf34 dFmPHémfilsgf';‘é conpound,
rrp 115[err] C. r bs, 2H),
70 (m 2H). tr@g%léguy%%z %@%Ae@ﬁon&e?ﬁ nlL)aian 2blafRd 63 '?Qg (8% ‘%)’Zoﬁ
the title compound. '"H NMR (CD,OD): & 8.12-7.26 (m, 9H), 7.21 (d, J = 7.2 Hz,
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 (¢, J = 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, ] = 7.5 Hz, 111), 6.88-6.32
(m, 6H), 4.17 (t, ] = 6.6 Hz, 2H), 3.9 (2H), 1.68 (m, 2H), 1.42-1.26 (m, 8H), 0.89
(1, J=6.3 Hz, 3H).

EXAMPLE 33
25 N-[Ac-Asp(OBu-t)-Glu(OBu-t)- -Val-Asp(OBu-t)]-N’-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



- 92 - (bs, 4H), .4.80 (m 2H), 4.38 (m 2H), 4.22 (m 2H), 4.10 (m 2H)

6H), 2.06 (m 2H), 1.36 (d, J = 7.2 Hz, 6H), 0.91 (d, J = 7.5
Hz, 12H). EXAMPLE 12 5 N- Acet yl - Rhodami ne
110 To a sol utwesymissRhodam ne 110 (500 ng, 1.36 mmol) di ssqld,ﬁggs,h,ﬁ
m.) at OC was added N, N-dii sopropylethylamne (176 ng, 1.36 nmol),

3.10-2.60 (m

acetic anhydride (167 ng, 1.64 nmol) was;f

sol ution. 10

ethyl acetate (3 x 50 nL).
m.), dried over

purified by col wm(zghﬁgmmmﬁﬁapthx deddgyaN®/ Hiafibte 1}«;&-05&119&\4@(
m 1

dded dropwi se to the above

en

(20

The reaction solution was stirred at roomtenperature
for 24 h, and it was then diluted with 100 nL of water and extracted with

of the title conFoun as colorless solid

0. 36 (EtOAc/CH[é

:67HZ
6.7 Hz,
2.15(553H)

D5 Lt P I

20.64 (m, 1H), 4.39 (m, lH), 4.16 (m, 2H), 4. 06 (m, 1H), FO$D/BL Em]18H), 2.10

e ol Bt s Koot OO &R TR ©

t-butyl ester

N- acet yl - Rnodam ne 110 (160 ng, 0.43 mml) in 1:1 25 anyhydrous
DVF/ pyridine (8 m.) at Jerr]C was obtai ned 276

The organi ¢ phase was washed with water (2 x 100
Na2SO4 and concentrated to give crude product which was

2% (419

Rlerr] =

id

ng (84% of the title

conpound as col orless solid. R err] EXdMBLE EM)AC/CI-l[err]CI[err] =1:1).

780,668 (m 171, AsAEE A Boplosyeaponyt i deminail0 5 5

7.80-6.68 (m

4.22 (t10J = 7.2 Hz, 1H), 2 96 (M 1KkQ D KS:4M

15

20

25

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
(10 mL EtOAc with 5 drops CF,CO,H). 'H NMR (CD,0OD): § 8.02-7.04 (m, 8H),
6.79-6.64 (m, 2H), 4.67(m, 1H), 4.40 (m, 1H), 4.15 (t, ] = 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).

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
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,): 6 8.10-6.53
(m, 9H), 6.35 (d, J = 7.2 Hz, 1H), 3.90 (bs, 2H), 3.80 (s, 3H).

H)

Hz,

thr-aﬂfépmpoms! ag)a sofidy H ANMRRCDOLT § 8.01R8)53 (per3iH]) 80’00 (d J

-y 878 M e 64T deh e o "

2H),



1H), 2.20 (s, 3H), 1.46 (s, 9H. 30 - 93 - EXAMPLE 14

N-[ Asp(OBu-t)]-N -acetyl -Rhodam ne 110 Froma chilled sol ution of

DVF/ nor pholine (3 n, 1:1) and N-[Fnpbc- 5

Asp(OBu-t)]-N -acetyl - Rhodam ne 110 (100 ng, 0.13 nmol) was_obt ai ned the
title conpodhA*¥¥%¥eny, 95% as solid, rrp 131-133C. [err] HERMRSPEEH [err):

[err] 9.73 (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, J = 16. 5Hk02-1l—|) 2.70 (m 1H), 2.17 (s, 3H),
1.90 (bs, 2H), 1.44(s, 9H). 10 EXAMPLE

15 N-[Z-Al a- Asp(OBu-t)]-N -acetyl - Rhodam ne 110 From

benzyl oxycar bonyl - L-al anine (43 ng, 0.19 mml) EDC (37 ng, 0.19 mmol) and
N- Asp(OBu-t)-N -acetyl - Rhodam ne 110 &20 ? .055 mmol) in 15 1:1
anyhydrous DMF/ pyridine at oC was B8d 53@ ng (92% of the title

conmpound as a solid, np 138- e 42 (Et OAc/ Hexane 4:1).
[err]H NMR (CDQ [err]): [er#fﬁg“@ JSE" %ﬁ’é“%‘“ﬁlﬂld, J= 6.6 H. 1H),
7.70-6.67 (m 14H), 5.20 (m 1H), 516(bs 2H), 4.90 (m 1H), 4.20 (m
1H), 3.12 (m 1H), . 2.19 (s, . . 3H), 1 56(bs, 3 1.43 (s, 9H.
20 EXARPLE 16 N { ZFmmaRaddpying 119:500 mekst 36 amho AR mpiyapy by dinine
N-[Z- Al a- Asp( ] b Y, %&ﬂkﬁ@fa 11d8br{d38(188 mg) - 1062 méwol nol )
and 50% trifl Sﬁ{og%eg:gé rglgllg% %n?l met’hyl eﬁ% chlror|8(de m3é)m_ at Ciéarsr]c was
described in Example 25) was obtained 42.1 mg (9.4%) of the title compoun .
NMR (CDCL,): 8 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,CI, = 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 dimethylcarbamy! 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,0OD): 8 8.00 (d, J = 7.2 Hz, 1H), 7.80-7.64
(m, 3H), 7.55 (d, ] = 2.1 Hz, 1H), 7.21-6.40 (m, 6H), 3.03 (s, 6H).



obtained 34 ng (96% of the title conpound. Rerr] = 0.6 (10 nL EtQAc with
5 drops - 94 - of CF[err]CJerr]H). [err]HNW (CDerr]OD): [err] 8.02
(d, J =7.5 H, 1H, 7.80-6.69 (m 14H), 5.10 (bs, 2H), 2.92 (m 2H), 2.14
(s, 3H), 1.37wbdenssse 7.5 Hz, 3H) . EXAWMPLE 17 5 PCT/US98/21231

N-[ Z- Val - Asp(OBu-t)]-N - acetyl - Rhodam ne 110 From

benzyl oxycar bonyl - L-val i ne (49 ng, 0.19!®mol), EDC (37 ny, 0.19 mmol) and
N Asp(OBu-t)-N -acetyl - Rhodam ne 110 (30 ng, 0.055 mml) in 1:1 anyhydrous
DMF/ pyridine (4 nL) at OC was obtained 40 ng (94% of the title 10
compound as a solid, nmp 155-157C. REXUnrPEEO3® (Et OAc/ Hexane 4:1). [err]H
NVR (CDC [err]): [err] 8.87 (s, 1H), 8.01 (d, J = 7.5 Hz, 1H), 7.64-6.66
(m 14H), 5.32 (bs, 1H), 5. 1N-Hekylodycarlpngl-Risgdaptife-14). 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 - aCBltoyﬂ Rlﬁimﬂxamme dd& rlapﬂemylamme (o 24 mL 2 52 mmol) and
N-[ Z- Val - Asp( OBu- t £ E/I - Rhoda nmol )
and 509%trifl ubeBic lorq,fomed 0:27 mbs wf*émolér%#qsaébffésnrﬁw %ﬁ%ﬁs

bt ai ned 3 f e
S irope cracchy ASFLLN Epd b SRR GRS oo AR P

7.78-6. 60 (m ﬂzﬂﬂ)(d 5= @e (1), 7X67=7.85 @, BA]L), 215} (s,4HBZ. (4nfd, 1+7,5, BHBRS.§7d, J =
?5; H(ZSH) ) 3@ 0850 115 6B 6Mlbbe (& 115 36565078, b, 659 - O-97
(dd, T=2.1,8.7, 1H), 417 (, T = 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): §7.98(d,J=7.2,1H), 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, 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
EXAMPLE 41

N-Dodecyloxycarbonyl-Rhodamine-110

The title compound was prepared as described in Example 25. 'H NMR
25 (CDCL): 8 8.00 (d, J=6.9,1 H), 7.68-7.57 (m, 2 H), 7.51 (s, 1H), 7.16 d, ] =
6.9, 1H), 6.86 (d, ] = 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).



- 95 - EXAMPLE 19 N-[Z-Val - Al a- Asp(OBu-t)]-N -acetyl -Rhodam ne 110 From
benzyl oxycar bonyl - L-val i ne-L-al anine (63 ng, 0.019 mmol), EDC 5 (37
ng, 0.019 mol) and N-Asp(OBu-t)-N -acetyl - Rhodam ne 110 (30 ng, 0.052
mmol) in 1:1 an drous DMF/ pyri di ne at QC was obt ai ned 40 9799. of the
title corrpouW89¥’h%56101 103C. Rerr] = 0.35 (EtOAc/Hexane gc%;usgs/ﬂ/%
(CbCferr]): [err] 7.99 (d, J = 8. 4Hzm 7.80-6.62 (m 14H), 5.42 (m 1H),
5.11 (bs, 2H), 4.90 (m 1H), 440(b z_}L 4.08 (m IH), 3.68 (bs, 2H,
3.50 (m 1H), 2.90 (m 10 2. 16 (bs, 3H), 1.41 (s, 9H), 1.26 (d,

J=6.3 Hz, 3H), 1.25 (m 1H), EXAMPLE 20
N- (Z- Val - Al a- Asp) - N - acetyl Rhod %P%"ﬁ From

50% {111 wor oac Bt Aol P GETbBpRRERRPRABLY ool L o

obt ai ned 35 ng (100% of the RhotdhﬁmmemtﬂE(yIDN[(hSr] = 0.4 (10 nL EtQAc with
4 drops of CF[err]CCIerr]H) [err]H NWR (CD[err]OD): [err] 8.02 (d J =

5.7Hz, 1H), 7.95- m 7 8 5. 09
(bs, 2H), 4.82 ( mF ﬁ‘ﬁ) S“L{"SE@’%W'GM)OBlé%I E?H(é?@'oéHéﬁQ( %‘g Nﬁﬁ 294 (m
2H), 2514 (s, (B3I, aas&onﬁﬁm EDC 674 ntiz ,0.3HnmdD). &R Nd;ex;ilax)ﬁ:aﬂaohyl- 6H) .
EXAMPLE 21 25 %’r Val - Al a- Asp( QBu-t 21], @) %lll - Rhodam ne
110 SEQ I D NO.RQOWH&G%WBXQIQ: BHAY |(a°E°ffig¥1£<S% Examople {hyesbigined e ne (119
mg, 0.25 title compound as a white solid (30 mg, 28%). 'H NMR (CDCL,): 6 8.99 (d. ] =

6.9, 1H), 8.78 (d, T = 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)}-/V’-decyloxycarbonyl-
Rhodamine-110 SEQ ID NO:5

The title compound was prepared as described in Example 1. 'H NMR
15 (CDCl,): & 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-)-Glu(OBu-t)-Val-Asp(OBu-t)]-/V’-dodecyloxycarbonyl-
20 Rhodamine-110 SEQ ID NO:5

The title compound was prepared as described in Example 1. 'H NMR
(CDCL): & 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, 51H), 1.04-0.88 (m, 9H).



mml ), EDC (47 ng, 0.25 nmol) and N-Asp(OBu-t)-N -acetyl - Rhodam ne 110 (30
my, 0.055 mml) in 1:1 anyhydrous DVF/ pyridine at OC was obtai ned 50 -
96 - ngy (95% of the title conpound. Rerr] = 0.5 (EtOAc). [err]H NWR
(COlerr]OD): [wobdnised2 (d, J = 7.8 Hz, 1H), 7.82-6.58 (m 18 wsednPSr (M
2H), 4.35 (m IH), 4.24 (m 1H), 4.08 (m 1H), 2.93 (m 1H, 2.73 (m 1H,
2.13 (s, 3H), 1.43 (s, 94, 1.37 (d, J-102-Hz, 3H), 1.29 (bs, 1H), 0.91 (m
6 5 EXAMPLE 22 N-(Z-Tyr-Val - Al a- Asp)-N -acetyl -Rhodam ne 110 SEQ ID

5

From N-[ Z- Tyr-Val - Al a- Asp(OBu-t)]-N -acetyl - Rhodam ne 110 SEQ ID 10

) 2
12 (49 ng, 0.049 mmol) and SO%HEW qg?glc acid in nethylene chloride
rrL) at Jerr]C was obtained 42 ‘% the title conpound. R err] =

2 (10 mL Et OAc Wi NiAb-48p-Ghe-VaEUSH) N Kdcflossichdborn bR BodamddY 0CD[ er r ] OD) :
r] 8.00 (d, J =7.2 Hz, 1H), 7.84-6.56 (m_18H), 4.99 (bs, 2H), 4.80 (m
, 4.32 (m 1H), 4.23 (m IH), 4.19%edP , 2.97 (m 2H), 2.13 (s, 3H),
7 (d, J =6.9 Hz, 3H), 1.23 (m 1H), 0.90 15 (m 6H). EXAMPLE 23
Z- Asp(OBu-t)-d u(OBu-t)-Val - Asp( OBu- t)] N -acetyl -Rhodam ne 110 SEQ ID
NO 5 20 From benzyl oxycar bonyl - L- Asp( OBu-t)-L- 3 u( OBu- ;ﬁ L- Val -
Asp(OBu-t) (262 ng, Foem4 mmol ), BEBEAE- 651:(%4) O1E@BrYbV3-AsRfORuEE y | -

Rhodam ne 110 (RQy18BycaBod}-RI0RImint-T10" s%cf'i‘ﬁ%éfsok‘fo %/0%57' fyn{lﬁ) Gfa M) at
trifluroacetic acid (2 mL) was obtained the title compound as a yellow solid (22
mg, 85%). 'H NMR (CD,OD): 5 8.13-7.32 (m, 8H), 7.26 (d, J = 6.6, 1H), 7.12 (d,
J=8.7, 1H), 6.83-6.69 (m, 2H), 4.72 (m, 1H), 4.44-3.99 (m, SH), 3.11-2.77 (m,
10 3H), 2.43 (m, 2H), 2.17 (m, 2H), 2.03-1.98(m, 5 H), 1.73 (m, 2H), 1.49-1.34 (m,
8H), 1.04-0.97 (m, 9H).

Toos55
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EXAMPLE 46
N-(Ac-Asp-Glu-Val-Asp)-N’-decyloxycarbonyl-Rhodamine-116
15 SEQ ID NO:5

The title compound was prepared as described in Example 45. 'H NMR
(CD4OD): 6 8.13-7.32 (m, 8H), 7.26 (d,J = 7.8, 1H), 7.12 (d, ] = 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, 2IT),
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).



0C was obtained 73 ng (81% of the title conpound, np 127-129C. R err]
0.69 25 (EtQAc/CH err]dferr] 1:1). [err]H NWRYCDO [err]): |
9.05 (s, 1H, 8.79 (d, J = 10.8 Hz, 1H), 8.38 (bs, 1H, 8.01-6.65 (m
6.10 (m 1H) 5.14 (m 2H) 4.92 (bs, 1H), 4.52 (m 1H), 4.42 (m 1H),
(m 1H), 2’0(9%'83{1) 3.10-2.64 (m_4H), 2.48 (m 2H), 2.‘1C7T"(%§’,212§1H)
(m 27H), 0 99 (bs, 6H). - 97 - EXAMPLE 24

N- (Z- Asp-d u- Val - Asp) -N -acetyl -RhodadfPhe 110 SEQ ID NO 5 From
N-[Z-Asp(OBu-t)-d u(OBu-t)-Val -Asp(OBu-t)]-N -acetyl- 5 Rhodam ne
110 SEQ ID NO5 (49 ng, 0.043 mmol ) and 50% trifluoroacetic acid in

nmet hyl ene chloride (5 nm) at Jerr]C was obtained 38 ng (92% of the title
conmpound. Rf = 0.52 (10 nL EtOAc with 5 drops of CF3CO2H). [err] H NWR
(CO{err]OD): [err] 8.04-6.63 (m 1M A,m 2H) 4.50 (m 1H), 4.40 (m
1H), 4.05 (m 1H), 3.93 (d, J = 3. 10- 61(m 4H), 2.37 (m

2H). 2.13 (s, 3H), 10 lg_l;n _Rﬁggﬁw
N- Et hoxycar bonyl - Rhodanm ne 11%“‘?'@““&" : 0 a solution of Rhodam ne
110 (3.00 g, 8.18 mmol) dissolved in dinethylformam de (140 nL) at -50 C

was added NN-dii sopropyl e | apipne, (1.2 .2 )., then et hyl

chl or ofor mat e (1. Oglr B 'tgtf]grfn‘?g}#‘ %&E Eb‘gésog}r%ﬁgé ]'51%5 @B%%;gl sol uti on.
The reaction saha&ym&mamsaddmm;hpﬂ%cwmeh NW—d&GﬁPof;ﬁ&HﬂEﬁidéK%ﬁnd kept
stirring for 5 h. was then diluted w 200 L of :

and extract ed W’t %O‘émml), dhearethvd CIIISTOQ“‘Q@’W'E‘? (20fhmeol- %Wl)p‘ﬁaé%d“?ﬂas was hed
wi th brine vatgepdid 2 ddbolidolutidhl T RUGon MBS WChES bwRNhrmORENt T at ed

to

err]

15H),
4.18
1.40

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 produét 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,): 3 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, J, = 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 (q, J
= 7.5 Hz, 2H), 1.36 (t, ] = 7.5 Hz, 3H).

EXAMPLE 49
20 N-[Ac-Asp(OBu-t)-Glu(OBu-t)-Val-Asp(OBu-t)}-NV’-
(ethylthio)carbonyl-Rhodamine 110 SEQ ID NO:5

The title compound was prepared as described in Example 1. R;= 0.56

(EtOAc/CH,CL, = 2:1); 'H NMR (CDCly): 6 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).




gi ve crude product which was purified by col um chromatography (hexane /
EtOAc 3:1) to give 1.31 g (40% of the title conmpound as col orless solid.
Rlerr] = 0.4 (EtOAc/Hexane = 2:1). [err]HNWR (CDCl[err]): 8 8.00 (d, J =

6.9 Hz, 1H), 7 25 (m 4H), 7:15 (d, J= 7.2 Hz

6. 88-6.32 (m ‘?3'@1)5?”783;6(2)4(@ J=7.2 He, 2H), 3.92 (bs, 2H), 1?%'%43%9??’23': 7.2
Hz, 3H). -98 - EXAMPLE 26 - 107 -

N-[ Cbz-Val - Asp(OBu-t)]-N - Et hoxycar bonyl - Rhodani ne 110 From
Cbz-Val - Asp(OBu-t) (197 nmg, 0.47 mol), EDC (89.53 ng, 0.47 5 nmol )
and N-et hoxycarbonyl - Rhodam ne 110 LEsp2 nmol) (as described in

Exanpl e 1) was obtained 47 ng (50% of the title conpound as a solid. '"H
NVR (CDCl [err]): [ eNAc-Asp4100a-Asp) NV -GtdthisicarborylORRBoddmind HHo 7. 82- 6. 62
(m 15H), 5.30 (bs, 1H), 5.20-5.11 (%ZH) 4.98 (m 1H), 4.23 (q, J = 6.9
Hz, 2H), 3.74 (t, 1H), 3.15 (d, J = SEQIDWO:S11y "2 59 (m 1H), 2.10 (m
1H), 1.45 (s, 9H), 1.32 (t, J = 6.9 10 Hz, 3H), 1.01 (m 6H).
EXAWPLE 2 7 N-(Cbz-Val - Asp) - N - Et hoxycar bonyl - Rhodam ne 110 15

Fr om N- [3Z- Val - Asp( Ofie ttiflp compaamd ovay prephisd pb dedesbkaninrixampl 4520 HYYMR). 025

R S T R I TR
= 6.6Hz, 1H), 7(nB6HS. 53 @m2HIAL)2 (nh.2HD, (.09-12H), 38)91731 () J 4H)5 H4.BD), (g9, J =

6.9 Hz, 2H), 3.7 J =81 H, 1H), 3.04 (m 1H), 2.76 (m 1H), 2.00 (m
1H), 1.32 (t, Jl-‘g‘b‘g-g“(m»ﬁmz 7.2 Hz, 3H), 1.02 (m 6H). EXAWPLE 28

10 EXAMPLE 51

2,5,8-Trioxadecyl chloroformate

A solution of triethylene glycol monomethy! ether (2 g, 12.2 mmol) in
ether (15 mL) was added dropwise to a stirred, ice-cold solution of 20% phosgene
15 in toluene (11.36 mL, 21.92 mmol) over 20 min. The reaction mixture was
allowed to warm to rt and stirring was continued for 15 h. Evaporation of the
solvent give 2.63 g (95%) of the title compound. 'H NMR (CDCl,): & 4.44 (m,
2H), 3.37 (m, 2H), 3.68-3.63 (m, 6H), 3.55 (m, 2H), 3.38 (s, 3H).

20 EXAMPLE 52
N-(2,5,8-Trioxadecyloxycarbonyl)-Rhodamine 110

From Rhodamine 110 (500 mg, 1.36 mmol), N,N-diisopropylcthylamine
(317 mg, 2.45 mmol) and 2,5,8-trioxadecyl chloroformate (371 mg, 1.64 mmol)
25 was obtained 261 mg (37 %) of the title compound as solid. R; = 0.52
(EtOAc/Hexane = 4:1). 'H NMR (CDCl,): §8.00 (d, J = 6.6 Hz, 1H), 7.66-
7.58(m, 3H), 7.49 (s, 1H), 7.26 (bs, 1H), 6.88 (d, J = 9.0 Hz, 1H), 6.65 (d, J = 8.4
Hz, 1H), 6.54-6.31 (m, 3H), 4.33 (t, ] = 4.2 Hz, 2H), 3.93 (bs, 2H), 3.74 (t, ]=3.3
Hz, 2H), 3.70-3.64 (m, 6H), 3.55 (m, 2H), 3.37 (bs, 3H).



N[ Cbz-Asp(OBu-t)-d u(OBu-t)-Val -Asp(OBu-t)]-N -etl oxycarbonyl - Rhodam ne
110 SEQ ID NO 5 25 From Cbz-Asp(OBu-t)-3 u(OBu-t)-Val -Asp(OBu-t) SEQ ID
NGO 5 (374 ng, 0.48 mmol ), EDC (92 ng, 0.48 mmol) and

N- et hoxycar bonyl - Rhnodam ne 110 (48.28 ng, .0.12 mmol ) (as described in
Exanpl e 1) WA %884 ned 81 ngy (58 % of the title compoundPAEUR8EEP d.
[err]H NVMR (CDCl [err]): [err] 9.02 (bfg.1H), 8.80 (d, 99 - 1H),
8.00-6.78 (m 15H), 6.18-6.02 (m 1H), 5 13 (bs, 2H), 4.94 (bs, 1H), 4.60
(bs, 1H), 4.44 (bs, 1H), 4.22 (m 2H), 3. 89 (m 1H), 3.15-2.00 (m 8H),

1.46-1.31 (m 27H), 1.26 (m 1H)M%£ (m 9H). 5
EXAMPLE 29 N-(Cbz- Asp-d u- Val ‘ﬁ car bonyl - Rhodam ne 110 SEQ I D

NO 5 From N [pZr AsPL OB bR @ W VAl A rbonyl 10
Rhodam ne 11%@%‘%&66?“%%%%(%“0%%%% (ﬁ'ladogh? '*;I éérﬂgacetl c acid
in nmethylene chloride (3 nL) (as SEQI NGO i n Exanple 4) was obtained 85 ny
(9999 of the title conmpound. Rerr] = 0.5 (10 nL EtOAc with 5 drops

CFlerr]COerr]H). [err]HNWR (CDlerr]OD): 8 8.02-6.63 (m 15H), 5.08-5.04

(1 dbSZH) o6 (48 3. Ex%m(m-L&thu(@Bwﬂ‘kal%sp(@mu-%F&s9 tng3d.3(dmod) SEQIR Hz, 3H),
N- [ Ac- Asp( OB mﬁlq ?’-]@(El 5@&118 )0 W)&@aééeqh@wmhpnym@im b9 mghodani ne

110 SEQ I D N@15111m01) (according to Example 1) was obtained 48 mg (47 %) of the title

compound as a solid. R;= 0.35 (EtOAc/CH,CL, = 1:1); 'H NMR (CD,0D): & 8.02-

7.04 (m, 8H), 6.79-6.93 (m, 2H), 4.35 (m, 2H), 4.20 (g, J = 6.9 Hz, 2H), 4.11

10 (m, 1H), 3.94 (d, J = 6.3 Hz), 3.00-2.65 (m, 2H), 2.30 (bs, 2H), 2.00 (m, 2H),
1.98-1.95 (d, 3H), 1.62-1.28 (m, 25H), 1.04-0.82 (m, 12H).

EXAMPLE 54

" N-(Ac-Leu-Glu-Val-Asp)-N’-ethoxycarbonyl-Rhodamine 110
15 SEQ ID NO:9

The title compound was prepared as described in Example 45. 'H NMR

(CD,0D): 6 8.40-7.05 (m, 9H), 6.79-6.63 (m, 2H), 4.37 (m, 1H), 4.31 (m, 1H),

420 (q, ] = 6.9 Hz, 2H), 4.11 (m, 1H), 3.94 (m, 1H). 3.07-2.68 (m, 2H), 2.38 (m,

20 2H), 2.08 (m, 2H), 1.99-1.95 (t, 3H), 1.68-1.48 (m, 3H), 1.31 (t, J = 6.9 Hz, 3H),
1.04-0.80 (m, 12H).

EXAMPLE 55
N-[Cbz-Gly-Pro] -V~ ethoxycarbonyl—Rhodamme 110
25
From Cbz-Gly-Pro (91.8 mg, 0.3 mmol), EDC (57.5 mg, 0.3 mmol) and
N-ethoxycarbonyl-Rhodamine 110 (40.2 mg, 0.1 mmol) (according to Example 1)
was obtained 68 mg (98 %) of the title compound as a solid. R, = 0.6
(EtOAC/CH2C12= 4:1). "H NMR (CDCL,): 5 9.45 (s, 1H), 8.00 (d, J = 7.2 Hz, 1H),



20 JFrom Ac- Asp(OBu-t)-d u(OBu-t)-Val - Asp(OBu-t) SEQ ID NO 5
(307.6 ng, 0.45 mmol ), EDC (86 ny, 0.45 nmmol) and
N- et hoxycar bonyl - Rhnodam ne 110 (60 ng, 0.15 nmol) (as described in Exanple

1) was obt ai ngg odifddsd’0 (80 %9 of the title conpound as a sopgfusdsheni] =
0.35 (EtOAc/CH err|C[err] = 1:1). [Jerr]H NWR (CDC13): 8 9.00 (d, J =7.5

Hz), 8.80-8.54 (m 2H), 8.05-6.90 (m 909 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). -100- EXAMPLE 31

From N[ As (QBu-t OBu-t) - Vval -

et hoxycar bony!| 4{?@(§‘dialm A8 4@H$E@7rﬂ’ b 3(B0(1Hy, 343 8&41%3{4 - L9006
trifluoroaceti i I 2 obt ai ned 65 86 ¢
of the title ch gtﬁ%ébsnﬂﬁ?bqlg lﬁ?l%n(%@([)wgf‘tg 6@[%7‘1’ '8.12-7.26 (m WgHg g
7.21 (d, J = 7.2 He, 7.08-7.05 (m 1H), 679664(m2|—|) 4.67 (m
1,4.40m1,420 , J 10 , 4,07-3.52 (m 2H),
3%7-2.%8 Em 45)'), 2.38 E% oH), 2E5XA Lgl—ﬁ% 1. 9 194 (t, 3H),(1.32H%t,

ilg EégFngh SRL_?)aaﬁ‘i. gg ]?{%R' é’%hﬁ@hof%wrﬁlﬁl %ﬁoﬁlﬁ-ﬁél I sopr OLSIOQ%/LyFQ%dg;n e

(351.6 ng, 2.76 nmol), and octyl chl orof omate (316 ng, 1.64 mmol) (as
deseri bed i n Exampl g, 25, Y ! §s0italF2 T2 b ol ! b5 50O
(m, 3H), 7.32-7.15 (m, 3H), 6.95-6.87 (m, 2H), 4.64(m, 1H), 4.23 (g, J = 6.9 Hz,
10 211), 3.96 (s, 2H), 3.68 (m, 2H), 2.35-2.05 (m, 4H), 1.33 (t, J = 6.9Hz, 3H).

N-(Ac- Asp-d u- Vﬂﬁ-@@ﬁ ;- 9¥); efsb@m QZZ,[ v$.6908d #1), r5e111(1;021$j5@72Qde;3 5

EXAMPLE 57
1-Hexyl Chlorothiolformate

15 A solution of 1-hexanethiol (3.72 g, 31.5 mmol) in ether (15 mL) was
added dropwise to a stirred , ice-cold solution of 20% phosgene in toluene (25
mL, 47 mmol) over 20 min. The reaction mixture was allowed to warm to room
temperature and stirring was continued for 15 h, Evaporation of the solvent give

6.1g (98 %). 'H NMR (CDCl,): § 2.96 (t, J = 7.2 Hz, 2H), 1.64-1.24 (m, 8H), 0.91

20 (t, J= 6.3 Hz, 3H).
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): 5 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, 1 =7.2 Hz, 3H).



colorless solid. Rerr]= 0.7 (EtOAc/ hexane =1:1). '
7.99 (d, J = 20 7.2 Hz, 1H), 7.65-7.56 (m 2
(d, J = 7.5 Hz, 111), 6.88-6.32 (m 6H), 4.17 (t, J
(22H), 1.68 (m 1.42-1.26 (m 8H), 0.89 (t, J =
5

NVR (CDCl [err]): [err]
52 ( bs, 1H), 7.15

7.
6.6 Hz, 2H), 3.9
WO 99Il|_2856 3 HZPCT%I_S%S/ZII;%A MPLE 33

N-[ Ac- Asp(QBu-t)-G u(OBu-t)-Val - Asp(OBygt )] - N - Cctyl oxycar bonyl - Rhodam ne
110 SEQ I D NO. 5 From Ac- Asp(OBu-t)-d u?CBu-t)-VaI-Asp(CBu-t) SEQ I D NG 5
(123.7 ng, 0.18 nmol ), EDC (34.5 ng, 0.18 mmmol) and

N-oct yl oxycar bonyl - Rhodani ne (29 ng, 0.06 mmol ) (as
described in Exanple 1) was obtai MM&’%Q%Z % of the title conpound as

a solid. [err]HNWR (CDC [err 3 8.07- 7.99
1H), 7.77-6.78 (m 9H), 6.72 %)B“’Jf%’h}ltfg’é‘g%f?’g"’;% (m4 o (m 1H), 4. 6" s
4.64 (m 1H), 4.39 (m 1H), 4.16 (m 2H), 4.06 (m 1H), 308202(m 9H)

g'H)10 (E§(AIVI§’II:DE 3z11 47(%{8%%*&"@8‘”‘5% 7;&5%9)5-’1% mwef)w%?@”ms%%ﬁgﬁ £"Ffﬁ81§am né 110 10

SEQ I 3 NGO 5 F{Z@%L 47 mmol) was obta:med 4.51 g (79%) of the title compound 'H NMR
N- [ Z- Asp( OBu- €] ué OBu-t)- Vval - (I@ oxycar bonyl R—llO SEQ
1D N 5 and SETREIN 8 46 (oHe? 70 GRAH, P41 ﬁeiﬁ?l%ﬁ%zg%]@%l was

obtai ned 16.5 tl e conpound. Rl err] 0. 46 15 10
m. Et CAc with(@cﬂ()ops [err?%&“grr]l—l). [err]H NI\/R(CD[err]OD): [err] (
8.2267“24 (zm) 821)1 6. 79- (64 (m 2H), 4.67(m 1H), 4.40 (m 1H), 4.15 (t, J
= 6. : , 4.15-3.94 (m 2H), m 6 2.01-1.94 (m 3H),
1.69 (m 2H),1.29 (bs. 10H), 1. 0553“11911&&%0( i ( K

10 N-(2-Butoxyethoxycarbonyl)-Rhodamine 110

H
|_|)_
6.

The title compound was prepared according to Example 25. R,= 0.58
(EtOAc/Hexane =1:1). 'H NMR (CDC,): & 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, ] = 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,): & 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).



0.86 (m 9H). 20, EXAMPLE 35

N- Met hoxycar bonyl - Rhodami ne 110 From Rhodani ne 110 (600 ng, 1.64 mol),

NN- di i sopropyl et hyl am ne (254 ng, 1.96 mmol) and nethyl chloroformate (201
mg, 2.13mmol) wessidhss described in Exanple 25) was obi&inge.3% MO
(4.4 %9 of the title conpound as colorless solid. Ri= 0.77 (EtOAc xane
=3: 1). [err]H NMR (CDCl[err]): [err] 8. I’qu -6.53 (m 9H), 6.35 (d, J =7.2
Hz, 1H), 3.90 (bs, 2H), 3.80 (s, 3H). =102- EXAMPLE 36 N- Met hyl sul f onyl
- Rhodam ne 110 5 From Rhodam ne 110 (500 ng, 1.36 nmol), :
NN- di i sopropyl et hyl am ne (211 ng, 1.64 rrrml% and net hyl sul fonyl chl oride
(187 mg, 1.64 mmol) (as described i EXAMBLE 6%) was obtained 42.1 ny

e by 7. 71 7. BAReEe g A Ko R il gty aplonyL Rhoosenis (< 3hy.
10 EXAMPLE 3 7 N-Acetyl -Rhodam ne jfiesE@ epNepodan ne 116 (458.8 ng, 1.0

nmol ), N, N-diisopropyl et hyl am ne 15 (129.3 ng, 1.0 mmol) and acetic
anhydrlde (122 ng, 1.2 mmol) (as described in Exanple 25) was obtained 141

(Buovor o) o or [ 59 Rt el fobedfion 'y LBl dhoioqs, , -

7.5 H, IH), 7. .Cln= BH),,'H/NRR- €3OS 807,043 BH)D6.79-5t98, (n3. 28 (s

3H. 2.87 (S 2m), 620 (bs, 1H), 4.95 (bs, 1H), 4.52-4.20 (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-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,):
8 8.95 (bs, 1H), 7.98 (s, 2H), 7.53 (m, BH), 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 (4, 3H, J=7.5 Hz).

EXAMPLE 64
20 N-Gly-N’-ethoxycarbonyl-Rhodamine 110 HBr

The title compound was prepared according to Example 6. 'H NMR
(CDCL,): 8 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 (q, 2H, J=6.9), 1.33 (t, 3H, J=6.9
25 Hz).



3H), 1.95 (bs, 3H). 20 EXAMPLE 38 N-Di net hyl carbanyl -Rhodami ne 110 From

Rhodami ne 110 (1.0 g, 2.73mmol), NN-diisopropyl et hyl am ne 25 (0.42
g, 3.27 mmol) and di met hyl carbamyl chloride (0.35 g, 3.27 rrm)l) (as

described in Exanple 25) was obtained 10 ng (1 % of the- t| qpound as
solid. RerrV2o%®1856 5t oac). [err]H NVR (CD{err]OD): [err] é: 9'8' hY=72

Hz, 1H), 7.80-7.64 (m 3H), 7.55 (d, .31-2.1 Hz, 1H), 7.21-6.40 (m 6H),
3.03 (s, 6H). - 103 - EXAMPLE 39 N Hexyl oxycar bonyl - Rnodam ne-110 From
Rhodami ne- 110, diisopropylethylamne (0.24 ni, 2.52 mmol) and 5

hexyl chloroformate (0.27 ni, 1. 6%@ éz& descri bed in Exanpl e 25) was
obtained the title conpound as an eL id (80 ng, 13%. [err]H NWR

Ccbal 7 2 H, 7.51 (s,
(1H) [7e5£1]%d [3”=]7 é\g&lﬁw'}”g’ﬁ(ﬁoftﬂ"i‘w”fz’éﬁ%'z’dm“fo@m6. ?Dg (s, 1H§S 6. 66

(,J:8.7,1H) 6.54-6.50 (m 2H), 6.33 (dd, J = 2.1, 8.7, 1H, 4.17 (t,
J = 6.6, , 6 0.91
37 58 2005 Bl ot nclueByShe it 49l gn e €

The tigle corrawm}lmembﬁmaﬂbe@lmom:aé llb@dsa mg,Exmmhlmoz)S(acc{oedmg H NVR

(ChC[err]): lerr] ) 7.51 (s,
1H), 7.14 (d, OJExamPlesD wqq)obta@leéghfsuwcmouzwo @86%5/(’)&“5 %JPale gelow 14y |

6.53-6.49 (M Adsoi®- BZNMR (GDEL): §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, SH), 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 (q, 2H, J=7.2 Hz),
4.05 (m, 2H), 3.94 (m, 2H), 3.61 (m, 2H), 2.12 (m, 4H), 1.30 (t, 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 diethy] 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‘fC 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,): 8 3.42 (m, 2H), 3.07 (s, 3H), 1.59 (m,
2H), 1.31 (m, 6H), 0.90 (m, 3H).



8.4, 1H), 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 EXAWPLE 41

N- Dodecyl oxycar bonyl - Rhodam ne- 110 The title conpound was prepared as
described in {{HeeResss 25. [err]H NWR 25 (CDC[err]): peribosifd® (d,
J=6.9, 1 H, 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, 613%-(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.
-104- EXAMPLE 42

N-[ Ac- Asp(OBu-t) -G u(CBu-t)-Val - AsgByrpl k6§ - hexyl oxycar bonyl -

Rhodam ne-110 SEQ ID NO'5 From Ac-Asp(OBu-t)-d u(OBu-t)-Val - Asp(OBu-t)-CH
SEQID NOS5 5 ( 268 (MiH ex{A-Ba3ecthyted rbamidPRHoddmivg, 110. 39 mmol ) and

N- hexyl oxycar bonyl - Rhodam ne- 110 (44 ng, 0.096 mml) (according to
Exanpl e 1) was obtained the title conmpound as a white solid (30 ng, 28%.
[err]H NVR (DO [ erTdd sorbhick RhoBfhnibsl1 1905 £ 936 monlgmp (b a-11.7,

1H), 8.52 (s, 8. 06- f@& 13H), 97-4.01 6 H), 204(m
To) | i 7001, 381 EmwasoRed - bisamopsigingpine 100-25AA g3 N hexyi-N-

N- [ Ac- Asp( OBu- ﬁ?ﬁ(

Rhodani ne- 110 &%ﬁ %‘o%ﬁgﬁifﬁg@h i @%‘ﬂ r{l)%%]l Nrﬁ%&é{ﬂoﬂmﬁﬁfég\g%%grggl bed in
Exanple 1. 'H dvRI°C for 1 h, then was allowed to warm up to rt. The reaction mixture was

further stirred at rt for 14 h, and then was partitioned between aqueous saturated
NH,CI solution and ethyl acetate (2 x 50 ml). The organic solution was washed

10 with brine (100 ml), and dried over Na,SO,. The solvent was removed and the
crude product was purified by flash chromatography (hexane : EtOAc, 1:1). The
title compound (115 mg, 18%) was obtained as a solid. 'H NMR (CDCl,): & 7.97
(d, 1H, }=7.2 Hz), 7.59 (m, 3H), 7.12 (d, 1H, J=7.5 Hz), 6.85 (dd, 1H, J=84, 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 (1, 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).



15 (cDC [err]): [err] 9.01-8.76 (m 3H), 851 (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). EXAVPLE 44

N-[ Ac- Asp(OBu-t)-G u(OBu-t)-Val -Asp(OBu-t)]-N -dodecyl oxycarbon

Rhodami ne- 110 D NO5 The title corrpound was prepar ed F&3"% éégfﬁlbed in
Exanple 1. [err]H NVR (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), 3.08-2.01114(-m 12H), 1.70-1.34 (m 51H),

1.04-0.88 (m 9H). - 105 - EXAMPLE 45
N- (Ac- Asp- 3 u- Val - Asp) - N - hexyl oxycar bonyl - Rhodam ne- 110 SEQ ID NO.5 5
From N-[ Ac- Asp(OBu-t)-d u(OBu-t)-Vval - Asp(OBu-t)]-N -

hexyl oxycar bonyl - Rhnodam ne-110 SE(% | D NO 5 30 ng, 0.027 mmol) and
trifluroacetic acid (2 nmL) was obt fitle conmpound as a yel |l ow

solid (22 ng, 85%. [err]H er L 13-7.32 (m 8H), 7.26
(d, J = 6.6, 1H), 7.12 (d, ’\;}I&@t@g‘%c‘fﬂ}’q@‘@ ‘%gﬁz’m oH), 4.72 (m 1H),
4.44-3.99 (m 5H), 311277(m 10 2.43 (m 2H), 2.17 (m 2H),
2.03-1.98(m 5 H), 3 (m 1. 49- 34(rr 4- 9H) .
EXAMPLE 46 N-(Ac- AEB@ acvapqqqgﬁyasmremgéchsw rthﬁWP%h%fgaﬁh\é%lo 15
[SE?riB NSR5(T g&c”'zﬁ; 59 e?ﬁd-mmgrﬁm{n%%}gwdﬁ?m111111861-69\ (Egtmpl e1ﬁ|)5
12 (d, J = ©.89,(ddHH, 4R B82.1 Hz), 6.64 (d, 1H, J=8.4 Hz), 6.48 (dd, 2H, J=8.4, 21Hz) !
6.31 (dd, 1H, J=8.4, 2.4 Hz), 3.97 (bs, 2H), 2.95 (m, 2H), 1.67 (m, 2H), 1.29 (m,

10H), 0.88 (t, 3H, J=6.6 Hz).

10
EXAMPLE 70
N-[Z-Gly}-N’-octyloxycarbonyl-Rhodamine-110

The title compound was prepared according to Example 1. 'H NMR
15 (CDCL): & 8.22 (s, 1H), 7.11 (d, J = 7.5, 1H), 7.04-6.97 (m, 2H), 6.85 (s, 1H),
' 6.70 (dd, J= 7.5, 7.5, 2H), 5.57 (s, 1H), 5.16 (s, 1H), 5.16 (s, 2H), 4.18 (t, ] = 6.6,
2H), 4.01 (d, J=5.7, 1H), 1.68 (g, J = 6.6, 2H), 1.29 (br s, 10H), 0.89 (t,J=6.9,
3H).

20 EXAMPLE 71
N-Gly-N’-octyloxycarbonyl-Rhodamine-110 HBr

The title compound was prepared according to Example 6. 'H NMR

(CD,0OD): 88.10(d, J=6.9, 1H), 7.93 (d, ] = 2.4, 1H), 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 (d, J = 9.0,

25 1H), 4.20 (t, J = 6.6, 2H), 3.94 (s, 2H), 1.74 (m, 2H), 1.50-1.30 (br m 10H), 0.94
(t, J= 6.6, 3H).



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- G uwdabnfs®) - N - dodecyl oxycar bonyl - Rnodam ne- 110 pERukINE} S The
title conpound was prepared as described in Exanple 45. [err]H NVR 25
(CD[err]OD): [err] 8.07-7.08 (m 10H), _q1§;-6.68 (m 2H), 4.73 (m 1H),
4.44-3.35 (m 5H), 3.26-2.02 (m 12H), 173 (m 2H), 1.49-1.29 (m 18H),
1.06-0.92 (m 9H). -106- EXAMPLE 48 N-( Et hylthio)carbonyl - Rhodam ne 110
5 To the solution of Rhodam ne 110 (500 ng, 1.36 mmol)

di ssol ved .in di met hyl formami de (12 BXAMPLEV2 err] C was added

N, N-di i sopropyl et hyl.am ne (26 2. hen I
chl or ot hi ol f or mat e A{’Wﬂscﬁ@‘f" "fﬁgﬁM%?ﬁﬁvwééﬁ%%"ﬁ%Wé@"ﬁam ®e above
solution. The reaction sol ution was gilvaemsleqepy warnmed to room tenperature

and kept stirring for 1 h. It was then diluted with 100 nL of ice 10
wat er and extracted with ethyl acetate (3 x 30 nL). The organi c phase was

washed w th brine (2px 20 Rhi i ov&é t;hlqglg_ difpngentrated
to give crude product I gﬁk\%va?npub‘lﬁ Ied 5/) gﬁdr omat gr ap%ﬂi?lglexane [ Et OAc
2: 1), gave 238 figprésé@ymaittics Her syrthedic conhypatesdwas meeaswbd dn aRfherrorhetric0. 6
(Et CAc/ Hexane = 1: 1) | r{éHNI\/R rr]): .8.8.01 (d, J =.6.9 1H),
T b8y 57 (m S T plsdeh SR read g eyt genppete oc s gikpgméllyy 11 g
(dd, J[err] = Omfkrdtiter pldt€tdadlerat excltattth wadlengtB. 08884 dnd drssio® 536 - Bsiap (M
2H), 6.34 (dd, J[err] = 8.4 Hz, J[err] = 2.1 Hz, 1H), 3.91 (s, 2H), 3.00
(q, J this assdy, the relative fluorescent values were determined for the two fluorescent
10 moieties.
Fluorescence was measured using the following buffer conditions: 100
mM HEPES pH 7.5, with 10% sucrose, 1% CHAPS, 5 mM glutathione, and 1-
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 om 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



7.5 Hz, 2H), 1.36 (t, J = 7.5 Hz, 3H). EXAMPLE 49 20
N-[ Ac- Asp(OBu-t)-d u(OBu-t)-Val - Asp(OBu-t)]-N -
(et hyl tgi 0) cgr bonyl - Rhodam ne 110 SEQ ID NO 5 The title conpound was
prepared as described in Exanple 1. Rerr] 0.56 (EtQAc/CH er rr] =
2:1); [err] AWRRMEDC [err]): [err] 9.04-8.46 (m 3H), 8.(5%55{%@1%32} ]11 25
H, 4.93-3.86 (m 4H), 3.15-1.85 (m _§. 2.14 (d, 3H), 1.48-1.33 (m 29H)
1.06- 0.98 (m 6H). - 107 - EXAMPLE 50
#;(chAfp-G u-VaIaAsp)-N'-(ethylthio)carbonyI-Rhodanine 110 SEQ ID NO5 5

e title conpound was prepared as described in Exanpl g. 4 :
(COf err] oD): PUFRpense joshigsiory spratomy \yas - getegtinedy usipg % ) t‘;‘é’%. EF0l'C, (
4H), 3. 08- 2. 6&eftibflubidneter. B& cadh dy2Hhe emistidn peak Wad)arouhd 396 hmdehd(the 3H), 1.32
(t, J =7.5H, 3H, 1.04-0.94 (m 6H). 10, .
EXAVPLE 51 2, Buogessent gutpptavas meanwesrugperthecandiionsdesied §5¢ Ta01e i et hyl ene gl ycol
nononet hyl ether (2 g, 12.2 mol) in ether (15 nL) was added dropw se to a
stirred, ice-cold solution of 20% phosgene 15 in toluene (11.36 ni,
21.92 5mol ) over 20 ni Fablahdlnerasrerasrof ModifiedRhgdamigge Dyded to warmto rt and

stirring was "pnti Ated—or—te—hr—Evaporatigrof g sotvent—grve] 2. 63 ¢
(95% of the|titl empompound.chel A gﬂkggéﬂm o dieion [ 11 sighatd (M 2H),
3.37 (m 2H)} 3.68-3.63 (m| @M "S- g (Whveidhgth | Wavdlndts |  rplitude
N- 1 MeOH 470 520 850
Octyloxycarbonyl-
Rhodamine 110
N-Methoxycarbonyl- | 0.1 Tris 470 520 254
Rhodamine 110
N-Ethoxycarbonyl- 1 Tris 485 520 3070
Rhodamine 110
Rhodamine 110 0.01 Tris 490 520 284
N- 1 MeOH 475 520 827
Decyloxycarbonyl-
Rhodamine 110
N-Dodecyloxycarb- 1 MeOH 480 520 640
only-Rhodamine 110
N-Hexyloxycarbon- { 0.1 | MeOH 465 520 109
yl-Rhodamine 110
N-(Ethylthio)carbon- | 1 Tris 490 520 2430
yl-Rhodamine 110
N-(Hexylthio)car- 1 MeOH 490 530 650
bonyl-Rhodamine
110
N- 1 MeOH 470 520 471
(Octylthio)carbonyl-
Rhodamine 110
N-(2-Butoxyethoxy)- | 1 Tris 470 520 2047
carbony]-Rhodamine
110
N-(2,5,8- 1 Tris 485 520 2841
trioxadecyloxy)car-
bonyl-Rhodamine
110
N-Acetyl- 1 Tris 470 530 644
Rhodamine 116
N-Methylsuifonyl- 1 Tris 485 520 988
Rhodamine-110

"



20 _ EXAMPLE 52

N- (2,5, 8-Tri oxadecyl oxycar bonyl ) - Rhnodam ne 110 From Rhodam ne 110 (500 ny,
1.36 mmol ), NN-diisopropylcthylamne (317 ng, 2.45-nmmol) and

2,5, 8-tri oxadggybosdsor of ormate (371 ng, 1.64 mol) 25 pCTY@Rdg/sal ned
261 mg (37 %9 of the title conpound as solid. R err]= 0.52 (EtOAc/ Hexane =

4:1). [err]HNWR (CDCl [err]): [err] 8.00 i.;l_ J =6.6 H, 1H), 7.66- 7.58(m
3H), 7.49 (s, 1H), 7.26 (bs, 1H), 6.88 ('é J =9.0 Hz, 1H), 6.65 (d, J =
8.4 Hz, 1H), 6.54-6.31 (m 3H), 4.33 (t, J = 4.2 Hz, 2H), 3.93 (bs, 2H),
3.74 (t, J:33Hz 2H), 3.70-3.64 (m 6H), 3.55(m 2H), 3.37 (bs, 3H).
-108- EXAMPL

N-[ Ac- Leu- d u( gq'%yewycgr anél' Setroxf(?gr bgnyl -QIghodam ﬁ"éé 110 SEQ I D
NO 9 5 o

s c-L -x?—q&s-p gt 311895 0. 3
mmol ) SEQ I D NG 9,]\II-J£B'(“}q x5’171\15 and’R et<r_1_c?>i‘)"?@arb:)ny}d“-6 odani ne
110 (40 ngy, 0.1 niRsthyl P g to Exanpl @ 1) was |obtai ned} 48 ng (47 % of
the title conpdundRbgdemingdilDg |Rlerd]= 0.3% (EtOAc/CH err]derr] ={1: 1);
"HNWR (CDerr]OD): [err] 8.02- 7.04 (m 8H), 6.79-6.93 (m 2H), 4.35 (m
2H), 4.20 (g, J = 6.9 Hz, 2H), 4.11 10 (m 1H), 3.94 (d, J = 6.3
Hz), 3.00-2.65 (m 2H), 2.30 (bs, 2H), 2.00 (m 2H), 1.98-1.95 (d, 3H),
1.62-1.28 (m 25H), 1.04-0.82 (m 12EXAMPINCIZHE 54
N- (Ac- Leu- d u-Val - Asp) - N - et hoxycar bonyl - Rhodam ne 110 15
SEQ I D N@ 9 The ti t | Eptekequd SRetertion ofMepified Bhadamine DyesthydIi-60 Eellnipl e 45.
[err]H NMR

HL-60 cells were placed in 5 ml of Iscove's medium (without serum or

phenol-red) containing 10 uM or 50 pM N-octyloxycarbonyl-Rhodamine 110, V-
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), N- |
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. N-
(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.



(COerr]OD): [err] 8.40-7.05 (m 9H), 6.79-6.63 (m 2H), 4.37 (m 1H), 4.31
(m 1H), 4.20 (g, J =6.9 Hz, 2H, 4.11 (m 1H, 3.94 (m 1H . 3.07-2.68
(m 2H),238(m 20 2H) 2.08 (m 2H), 1.99-1.95 (t, 3H),
16-48( H)lBl(tJ 6.9 Hz, 3H), 1.04-0.80 (m 12H). EXAMPLE 55
N-[ Cbz-Qy %8]99 18866 ot hoxycar bonyl - Rhodani ne 110 25 From ECTPYeFly (91, 8
ny, 0.3 mml) EDC (57.5 g, 0.3 nmol ), ?a_nd N- et hoxycar bonyl - Rhodam ne 110
(40.2 ng, 0.1 nmol) (according to Exarrp e 1) was obtained 68 ng (98 % of
the title conmpound as a solid. Rerr] 0.6 (EB(?A((:GCI—I\[]err%OZ[a;r]Z_DAf: 1).

rr NVR (CDCl [err]): [err] 9.4 = 7. , )
!(509! 7.61- 53 91(En 8H), 6.68-6. 632@”5&0@ 78 69 (b;H) 1|—%,5g. (11%5,322,(
4.72 (d, 1H), 4.22 : = , 3. , 3. m
IH), (2 49- T)go (m Elﬁi) 2.@'&%,“‘&&@”?&1@%“%8’3?‘% 3H), 1.31 (t, J = 6.9
Hz, 3H). 5 EXANPI[_E 56H MR (o1 ]OD)
N(dy-P N - err err
[eEr]ys r1?(@ J ﬂﬂxycéﬁg %WWB@W damﬁﬂ%z!*} 5’2(2(%]3 7.32-7.15
(ZIT) 3H), 6. 9%cétyBRhddaminéH)10, }V-@flﬁ[zﬂ’l%)éﬁ)—aceé'lﬁoé&me] 10 §E@(itlb:‘ 73 6. ot

3H) . EXANPLE %ﬁ%@@%qa@mmlm 3mics 139 rSHQ IDSNO2, (2-VAD), Ritagteut | on of
1- hexanet hi Ol]lﬁ%ng%zgfvﬁi%ﬁh%%/h% g% 1(1552 yn%ﬁc?g%?rgte [Opwi se to fa

stirred , ice-cold soluti ene In uene
recombinant CPP32 and ICE were measured in a ﬂuorometnc enzyme assay.

Recombinant CPP32 protein and ICE protein were prepared by expressing DNA
10 clones encoding these enzymes in an insect host cell (sf9 cells) using baculovirus
as the vector. See, Webb, N.R. et al., "Expression of proteins using recombinant
Baculovirus," Techniques 2:173-188 (1990). Cleavage of the synthetic substrates
by the enzyme results in a fluorescent signal which is read in a spectrofluorometer
or in a fluorometric microtiter plate reader. Using this assay, the K, and Vinax
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% sucrose, 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:S, 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.




m., 47 mmol) over 20 min. The reaction mxture was allowed to warmto room
tenperature and stirring was continued for 15 h. Evaporation of the sol vent
give 6.1g (98 %9. [err]HNWR (CDC[err]): [err] 2.96 (t, J = 7.2 Hz, 2H),
1.64-1.24 (mw8dnsssk 91 20 (t, J = 6.3 Hz, 3H . EXAMF$821231

N- ( Hexyl t hi 0) car bonyl - Rnodam ne 110 25 The title conpound was
prepared according to Exanple 25. R er+]l19= 0.8 (Et OAc/ Hexane = 1:1). [err]H
NVR (CDCl [err]): [err] 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 (t, J = 6.9 Hz, 2Hrabld4.681cavagedBubstrateby CPP32Hhad ICB4- 1.26 (m 4H),
0.90 (t, J =7.2 Hz, _3H) - 110- FXAMPIF 59 2-Butaxyethyl Chloroformate
From 2- but oxyet hanol (3 72 g, 31.5 mmol ) and 20% pH’G@g@he in toluene 5

(25 mL, 47 mmol) was obtained 4.51 g (79% ofcpele title comgegund. [err]H
NVR (CDCl[err]):—ferr] 4 46 (t 2H) 3 70 (m 2H) 3 51 (t 1 =616 Hz,

oH), 1.56 (m 2H), 1.40 (m 2H), 0.94 (t,X& = 6Veurz, 3th. EYAMPLE 60 10
N- ( 2- But oxyet hoxycar bonyl) Rhodam ne 110 Mg thbhbiBnigP "M dmiRFmia)epar ed

according to Exar}w\g(l e 25. %‘? Et OAc/ Hexane —1: 1). '"H NWR (CDC13):
8 8.00 (d, J =7 ZFED”‘.’LH)“R*‘?“ “°7“29 (m6%H) 705 (d,N¥' = 7.8 Hz, 1H),

6.89-6.32 (m O6HN-(z4vA8H)-NAc-Ridiamige A8 (bsNa2H), 15 70 3.684(m 2H),
3.50 (t, 3 = 6.6 f eIy A Rnotaline 11039 {0 2H) 1600 93 {4, I 572 e,
SEQ ID NO:5
N-(Z-YVAD)-N'-Ac-Rhodamine 110  NA 32 96
SEQID NO:2
(Z-VAD)2-Rhodamine 110 NA 21 9
(Z-YVAD)>-Rhodamine 110 NA 6 14
SEQ ID NO:2

NA = no activity observed at 1- 100 uM substrate, 37°C, 3 h incubation

The results shown in Table 4 show that N-(Z-DEVD)-N "-acetyl-
5 Rhodamine 110 SEQ ID NO:5 is an efficient substrate for both ICE and CPP32.
Also shown is that N-(Z-VD))-N’-acetyl-Rhodamine 110 is an efficient substrate
for CPP32 and not for ICE and that N-(Z-VAD)-N -acetyl-Rhodamine 110, N-(Z-
YVAD)-N"-acetyl-Rhodamine 110 SEQ ID NO:2, (Z-VAD),-Rhodamine 110 and
(Z-YVAD),-Rhodamine 110 SEQ ID NO:2 are efficient substrates for ICE and

10 not for CPP32.

EXAMPLE 76

Cleavage of Caspase-3 Substrates by Recombinant Human Caspase-3 and by
Apoptotic HL-60 Cell Lysates
15
The caspase substrates were assayed by rccombinant caspase-3 and by

lysates prepared from apoptotic HL-60 cells. The assays were carried out at 37°C



3H). EXAMPLE 61
N-[ Coz- Asp(CEt)-d u(CEt) - Val - Asp( OEt)
110 SEQ I D NO5 From Cbz-Asp(CEt)-d u

]-N - Ethoxycar bon);l _ Rhodani ne 20
(CEt)-Val -Asp(OEt) SEQID NGO 5 (181

ng, 0.3 mmol ), EDC (57.5 ng, 0.3 nmol) and N-et hoxycarbony] - Lhe 110
(40 ng, 0.1 PA888%ccording to Exanpl e 1) was obtai ned 711Lcrrg1 tél%gémof t he
title 25 conpound as a solid. Rerr] = 0.3 (EtQAc/CH err]C[err] =

4:1), "H NMR (CDO [err]): [err] 9.00 (b¥0-1H), 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). - 111 - EXAMPLE 62

N- [ Ac- Leu- G u( ©BY6iwellValatedsip (£B00t )1 -ibkubatidry kontsioiag b3hyil- Bficdspesqré 110 SEQ

ID NG9 5 ; T tit d i
Exansl o 3. R ePEpPEtpnger oldvirles 5p B PP S0 B BF e RLSHRI: End S BlsR oy  ©
(CDerr] OD): [ suffdr (B0 @dv 4. LfipérBinddilsthddsulfmie L) (PIPEBHAldrith20herical 1H) ,
4.95 (bs, 1H), 4.52-4.20 (m '5H) 3. 15-2.00 (m 9% 1.68 (m 2H), 1.48 (s,
o 145 (s, (@PWPW)EIJIJQ.;Q@O(IMNEQIH)IW’FP%S%)%%’@ PYsh M EBTA; 10
i - i 28
%ﬁ%@ ) %g&éﬂ%ﬁ%‘f%&%@%ﬁ{" R M fhdRsdeh@ W ftastiene (284

nmg, 1.356 mmol and N-et hoxycarbonyl Rhodam ne
110 (58 ng, 0. &R5 Bi¥btk FI(50 flapdsaencet micHphtgreslet 8sing excitatiopyandgmissionai ned t he

title conpound (7 , 9 solid. .. . 3); 95 (bs,
1H), 7008 (o, ppyclenpt oPfiR S Fnp tyepuvell WD GG ShpuyEiele By 3
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 pM). 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 Apoptotic 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 NO: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 extremely 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.



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 Hz). EXAMPLE 64 20

N-d y- N - et hoxycar bonyl - Rnodam ne 110 HBr The title conpound was prepared
according to wisaydses 6. 'H NVR (CDCl [err]): [err] 9.41 (bs,pdiAises1230 (s,
IH, 804 (m 1H), 7.62 (m 3H), 7.33 (m 2H), 7.12 (m 2H), 6.97 (m 2H),
6.74 (m 2H), 4.25 (q, 2H, J=6.9), 1.33_{4;. 3H, J=6.9 25 Hz) .

-112- EXAMPLE 65 N-(Z-dy-Pro-dy)-N -ethoxycarbonyl - Rhodanm ne 110 From
Z-d ycine-Proline (315 ng, 1.03 nmol), EDC (197 ng, 1.03 mol) 5 and
N-d y- N -et hoxycar bonyl - Rnodam ne 110 (50 ng, 0.103 mmol) (according to-.
Exanpl e 1) was obtained the title conpound (70 ng, 96% as a pale yellow
color solid. [err]H NWR (CDCl [err]) :gkanprg 27 (bs, 1H), 7.94 (d, 1H,
J=7.8 Hz), 7.77 (d, 1H, J=15 Hz), 7.52 (m 4H), 7.32 (s, 5H), 7.22 (m 2H),
7.15 (m 2H), 6.S&dnipgof Apdptotic U260 Cells BHfe Coasphte-8 Sahstritd) N-Ac-DEVIDY- 1H) ,

5.09 (s, 2H), 4.95 (m 2H), 4.74 10 4.16 (m 2H), 3.62 (m-

1H), g.46 (H)m 1H), (1 98 (m 4H), 1”‘%"*(%”’%'&(?}‘ I\/PLE 66

N-(dy-Pso-dy)-N - Ethoxycarbonyl - Rhodam ne 110 HBr [err]H

NVR (CD[err]OD): 8 8.02 (d, 1H, J=7.8 Hz) I-? .19

(m 1H), 7.01 (m 1 HFhegability (af, N-ApyDEVD %oewoxwaonal Rb (’(aEQzIH N9>f57t°2 Hz
J=7.2

4.05 (m 2H), d%ct(&pa%twgnoqgm( ftace s \gas&}_%ﬁeﬁflﬂﬁ ﬁé&%tgﬁo

Hz) . EXAMPLE 67 car%arryl
Chl ori de 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‘-octylox’ycarbony]-Rl10 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:5 is caspase-dependent.



To a solution of 0.35 m of (i-Pr)[err]NEt in 10 Ml of diethyl ether at 0OC
was added phosgene (1.06 m, 1.93 Msolution in toluene) and

N- hexyl net hyl amine (0.31m, 2.05 nm. The reaction mxture was allowed to
warmup to 25C and 25 further stirred at 25C for mxture
was filteredO¥ABSPhe sol vent was removed under vacuum TRET}QF%?&%E

used for the next step reaction w thoyf; further purification. 'H NI\/R
(cbdferr]): [err] 3.42 (m 2H), 3.07 (s, 3H), 1.59 (m 2H), 1.31 (m 6H),
0.90 (m 3H). -113 - EXAMPLE 68 N-(N-Hexyl - N-met hyl car banyl ) - Rhnodam ne
110 To a solution of Rhodami ne 1 )ég , .36 mol) in DMV (15 M) at - 5
6l[err] C was added Nl\l-diisopropilg Mﬁ% (0.25 mnm) and N hexyl -

met hyl car banyl r a1 pe Was
stirred at fg&?{:# J{ﬂﬁe éﬂﬁ%\/\%@“‘@% Ongh)DtEéﬂ_% O%E&}&%O%Mﬁre reaction

m xture was further stiSE@EDNO: 5tbyf76holé_,4pmtota:nﬂtrkdtﬁallv\/as partitioned

bet ween aqueous saturated NH err]C solution and ethyl acetate (2 x 50 m).
The organic solution was washed 10 with brine (100 m), and dried
over Ka2SO4. The ﬁpbfda% cymtatemvaehvagudoftmccmwb-mroeﬁ}mcamﬁwpur| fied by

flash chromato ra hexane: EtQAc, 1:1). The title corrpound 115 ng, 18%
was obt ai ned Fd 0 IlédNo[%PY]W@ONVF@”@CBCIaE%Vr‘]“)S pyriyrmed 0 1‘(hdghelH J=7.2

Hz), 7.59 ( mﬂugxlégcengmégal (gg‘zesrgtkh frdmn 48 7 this .li'ﬂ;hrat@ b?Sap()&guc :Hﬁ'kat‘lce&s 4yas2. 1 Hz),

6. 60 (dd, 2H dd, 2H Hz), 6.31 (dd 1H, -
15 J =8nedsur&] m a—tzgeptrﬁlugﬂm(etrs: platbi)rstadsr 331r1(€lt celBI-werQ igubatpd for 2.79 (s,
3K, 1.56 (mvarzylfr'?g t1mes in Qmweﬁkglhtes \»/81§1 géO né)r_'ﬂl anu?as arlﬂzgody to induce

10 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
pL of medium containing 1% FBS. 25 pL of caspase buffer containing 50 uM V-
Ac—DEVD-N'-octyl;)xycarbonyl R110 SEQ ID NO:5 was added, and the cells
were incubated for one hour. At the end of the incubation period, three 5 uL

15 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

20 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 NO: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.

25



-114- EXAMPLE 69 N-(Qctylthio)carbonyl Rhodam ne 110 5 The
title conpound was prepared according to Exanple 25. [err]H NWR
(cbdferr]): [err] 7.99 (d, 1H, J=7.5 Hz), 7.59 (m 3H), 7.11 (dd, 1H,
J=6.9, 0.9 Hz)}wodn8éke(dd, 1H, J=8.4, 2.1 Hz), 6.64 (d, 1H, Jc§nfSedMihs 6. 48
(dd, 2H, J=8.4, 2.1 Hz), 6.31 (dd, 1H, J=8.4, 2.4 Hz), 3.97 (bs, 2H), 2.95
(m 2H), 1.67 (m 2H), 1.29 (m 10H), 01288 (t, 3H J=6.6 Hz). 10 EXAMPLE 70
N-[Z-d y] - N -octyl oxycarbonyl - Rhodanm ne-110 The title conpound was prepared
according to Exanple 1. [err]H NWR 15 (CDCl[err]): [err] 8.22 (s,
1H), 7.11 (d, J = 7.5, 1H), 7.04-6¢48rPLEH9 6.85 (s, 1H, 6.70 (dd, J =
7.5, 7.5, 2H), 5.57 (s, 1H), 5.16 (s, 1H), 5.16 (s, 2H), 4.18 (t, J = 6.6,
2H), 4.01 (d, J Gedvage ofithly Caspas8 Sapistrate-N-Gicd AN -ethoRPeatbunyERINOH) , 0. 89
t, J =6.9, 3H. 20 EXANMPLE 71

(N-GI y-N -octyl gycar%g%%3&&5%‘3”@36”’%”%@‘”??{?% Grf’égtfnd was prepar ed
according to Exarrple 6. [err]H NI\/R (CD[err]CD) 8 8.10 (d, J = 6.9, 1H,

7.93 (d J—24 5 (m 3H), 28- 7.24 (m 2H), 7.11 (dd, J =
2.4, 9.9, 6. sst-LLﬁVI}A@emoxmbonﬂ RSIQ SEQ IR NOO®, wag assayed LN, 4.20
E t ’ j z g g gll:'%comﬁin%‘% hﬁnﬁan ga's_gasc- : 6?4}, a(n'a]& leﬂ)e’assjclyss\gert]: ca?}%eci Q&t a%%
96-well plates in a 100 pL incubation containing recombinant human caspase, 10
MM 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; 1 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



- 115 - EXAMPLE 72 Fluorescence and Stability of N-Acetyl-Rhodam ne 110
Conpared to Rhodam ne 110 5 The activities of Rhodam ne 110
and N-acetyl - Rhodam ne 110 as fluorescent noieties for synthetic substrates
were neasured in a fluoronetric assay. The fluorescent signal is read in a
spect rof | uor&V86or in a fluoronetric nicrotiter plate ?’EE’(!I@?“”’&%”
excitation wavel ength of 485 and eniggion 530. Using this assay, the

rel ative fluorescent values were determ ned for the two fluorescent |I O

noi eties. Fluorescence was neasured using the follow ng buffer conditions:
100 mM HEPES pH 7.5, with 10% s%‘gc(ﬁ% 1% CHAPS, 5 nmM gl ut at hi one, and 1-
200 nM test conpound. The assay P&ﬁ‘?'?ty was typically carried out at

37[err]C for . . h 0 of fluor t signal was
10. 2 (Rhodarricﬁeeﬂ%eg‘yﬁf};a%"e’fnff A ﬂﬁ%sﬁégﬁbﬁ'éa-[i&&'%éf’ c?’[l‘)’ caﬁ%(’% r}’ﬂfo. 1 after two
days incubation at 37[err] C. ThHLssgCeIysabow t hat sim | ar to Rhodam ne
110, N-acetyl-Rhodam ne 110 is a stable and efficient fluorescent
i ndi cator. 20 EXAMPLE 73 Fl uorescence of Mdified Rhodanine Dye Modified
Rhodani ne dyes Wakfindp¥middak ofle Usdsait bph{anﬁqsau@%a QB&ilentally remove
spectrometry and spectrof| uoronetry. For both types of analysis the dyes
wer e di ssol WBblosksd camipg cideresidies| fram mptidens Ttatting Hfronf jtheaN-ymingsncent r at i ons
rangi ng from, ON:BO b [ er. ‘0@ sorb SR&C rom wavel engt hs
of 200 nmto %@8 nm vva%g%gt%ﬁﬁ!)n%e ' ofglgelgoghﬁ%ggd'u%ﬁgsasg teegk‘gnLarE DU- 7000
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 lysatcs 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




spectrophotoneter. The dyes all had absorbance peaks at around 470 to 480

nm 30 Thi s wavel ength was chosen as the fl uorescence excitation
wavel ength and a full -116- fluorescence em ssion spectrum was

det erm ned usiyfgorsddst achi F-2000 spectrofl'uoroneter. For eaehndysaiziihe
em ssi on peak was around 520 nm and the fluorescent output was mneasured

under the conditions tested (see Tablel2j: 5 Tabl e 3.
Fl uorescence of Mbodifi ed Rhodam ne Dyes Test Peak Peak
Compound Conc. Solvent Excitation Em ssi on Signal ([err]M

Wavel ength Wavel ength  AmplitudeghNampres2 1 MeOH 470

520 . 850 Cctyl oxycarbonyl - Rhodam ne 110 N Met hoxycarbonyl- 0.1
Tris 470 Use of flubré€rence assay in 8aderRagfba dyups that GniibiEbhypmyinrdybey | -

Tris 485  caspase o@Qade stimulatedSOMDFIR AT 0P Bnokhéy dpbgydsistiviaacérl 0 0.01
Tris 490 520 284 N- 1 MeCH 475

520 827 Decyl oxycar bonyl - Rhodam ne 110 N- Dodecyl oxycar b- 1
MeOH 3 480 rugsp dhat inhibit thg4easpase ycaeade ampn ebel Beef e xksa8Rg car bon-

0.1 Me OH degéi@?ative and otk?é%odiseases causedltg'9 or associated with an inadequate
activation of the caspase cascade. Drugs that potentiate the action of another
caspase stimulator, such as e.g. Fas ligand or an anti-cancer drug or agent, may be
suitable to treat cancers or tumors caused by or associated with an inappropriate

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 cascade in cells by performing the assay as described in Example 78
using Fas ligand or any other agent that stimulates the caspase cascade or other
apoptosis pathway in the presence of a test substance that inhibits or potentiates or
15 acts synergistically with the action of the first apoptosis or caspase cascade

inducer.

EXAMPLE 83

Use of fluorescence assay in testing samples cancer cells from patients for
20 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 caspasc cascade. The results from this

1



yl - Rhnodam ne 110 N-( Et hyl t hi o) car bon- I Tris 490 520

2430 yl - Rhodam ne 110 N (Hexylthio)car- 1 Me CH " 490 530
650 bonyl - Rhodam ne 110 N 1 MeOH 470 520
471 (Cctyl thi ogcar bonyl - Rhodam ne 110 N-(2- But oxyet hoxy) - 1 Tris
470 §¥RI9/I8856 " 5047 car bonyl - Rhodani ne 110 N- (2, 5, §CT/US2123Y Tris
485 520 2841 trioxadecybgxy)car- bonyl - Rhodam ne 110
N- Acet yl - 1 Tris 470 530 644 Rhodani ne 116
N- Met hyl sul f onyl - 1 Tris 485 520 988 Rhodani ne-1
10 -117- N-Di net hyl carbanyl - 0.1 Tri s 490 . 520
446 Rhodani n%s-s%opfm!‘??\p 1%9(9\%% that “can ) be  ‘usefl jtg design ,3p) optimal 520
1466 ’ chemotherapeutic drug treatment regimen for the patient.
EXAMPLE 84
5 Uptake and Cleavage of the Aminopeptidase Substrate N-G-N’-

octyloxycarbonyl-R110 by HL-60 Cells

HL-60 cells were placed in 5 ml of Iscove’s medium (without serum or

phenol-red) containing 10 uM N-G-N’-octyloxycarbonyl-R110 or 10 uM N-Z-G--

10 N-octyloxycarbonyl-R110. Three million HL-60 cells were incubated for 3 hours
at 37 °C in a CO, incubator, recovered by centrifugation, and washed in 50 uL of

ice-cold medium. The cells were re-centrifuged and the final pellet was
resuspended in 50 uL 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 suspcnsion were also placed on microslides and viewed on a Nikon

inverted microscope with epifluorescent illumination. As shown in table 6,.on1y

the cells incubated with 10 uM N-G-N-octyloxycarbonyl-R110 showed signal.

There was no signal from the cells incubated with 10 pM N-Z-G-N'-

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-N'-octyloxycarbonyl-R110 by HL-60 Cells

Substrate Counts/ ug protein
N-Z-G-N’-octyloxycarbonyl-R110 {0
N-G-N"-octyloxycarbonyl-R110 12,98




met hyl car banyl ) - Rhodam ne-110 EXAMPLE 74 5 Upt ake and

Retenti on of Modified Rhodam ne Dyes by HL-60 Cells HL-60 cells were placed
in 5mM of Iscove's nedium (w thout serum or phenol-red) containing 10
[err] M or 50 [wa9solibsssl oct yl oxycar bonyl - Rhodamine 1 10, N pcrwses2i23i

decyl oxycar bonyl - Rhodam ne- 110, N- dodecyl oxycar bonyl - Rnodam ne-110, N 10
hexyl oxycar bonyl - Rhodani ne- 110, N- (et m27hi o) car bonyl - Rhodam ne 110 or
Rhodam ne 110. The cells were incubated for varying tinmes at 37[err]Cin a
CJ err] incubator, recovered by centrifugation, and washed in 50 nL of

i ce-cold medi um Thgavixg) desv ity dedceib&Eisiinddagles] iowil bdindbistoali b &hds@t was
resuspended in fﬁg er r;kh of fresh nmedium Aliquots of each ce suspenS| on
were placed i n°n?"@ Lin thyprtthat the same \van e Pegprmed NWiem, aj Y‘i\?‘érap d

m croscope W t fqu@Rldnt URHRS S S

N- oct yl oxycar bitlnyl Rhodag?h ﬁi%nldgw(ngrk&ﬁﬂa)%ns %ﬁ%e(gg&g d;%gér: rgn‘;"/fﬂj@hodam ne
110 (Fig. 1B). af‘émans\lﬂnoﬁenq/pbsbyoavmmy or afh evhhodimentithéreéf-i dl! paBntst ai ned
HL- 60 I1's in e | eaka t he elntothe
medi umcgal\l- Hexy%ag%%/cé %ﬁ Ft gﬁ& gjgpnﬁﬁagg’flﬁﬁe(dﬁh&rﬂﬁﬁr ¢ %ﬁly mci@frag Hed HL- 60
cells less int afsaicyherbmtmﬂablrmﬁe@tl Il well-retained. N

(Et hyl t hi o) car bonyl - Rhodam ne 110 (Fig. 1E) gave noderate, but still easily
det ect abl e staining, although there was slight | eakage. Rhodam ne 110 (Fig.
1F) stained cells rapidly, but the dye quickly |eaked out of the cells,
resulting in a lowintensity of cellular staining and a high degree of
fluorescence in the nedium 25 containing the cells. Therefore, the
nodi fi ed Rhodam ne dyes are superior to Rhodam ne 110 since they are
readily taken up by HL-60 cells and are retained within the cells for at

| east 30 m nutes.



- 118- EXAMPLE 75 Enzynetic Activity of the Substrates The activities of
N-(Z-VD)-N -acetyl -Rhodam ne 110, N-(Z-VAD)-N - 5 acet yl - Rnodam ne
110, N-(Z-DEVD)-N -acetyl-Rhodam ne 110 SEQ I D NO 5,

N- (Z- YVAD) - N- acet yl - Rnodam ne 110 SEQ I D NG 2, (Z-VAD)2-Rhodan ne 110 and
(Z- YVAD) [ er r‘]"oﬂ‘{k%%ﬁm' ne 110 SEQ ID NO 2 as synthetic substFCA{USEIHG}H
reconbi nant CPP32 and | CE were neasurgg.in a fluoronmetric enzynme assay.
Reconbi nant CPP32 protein and I CE protein were prepared by expressi ng DNA

10 cl ones encodi ng these enzynes in an insect host cell (sf9 cells)
usi ng bacul oyl rus._as the vector. See, Webb, N.R et al., "Expression of
prot ei ns usi Wl?%‘ imgddsBacul ovi rus, " Techni ques 2: 173-188 (1990).

Cl eavage of the synt h.eﬁEgﬁéﬁ&%ﬁ&%ﬁ%@‘#&@geﬁ%¥H§mﬂ§?”l ts in a fluorescent
0

signal which is read i'n Spec uoro ror rna fluoronetric
mcrotiter plate reader. Using this assay, the Klerr] and V[err] 15

val ues were determ ned_for _each substrate wth eit CPP32 or I CE. CPP32
and | CE dependent subg%lr'a‘tp‘@?ﬂ}g%afaﬁ s%i%éﬂred ing the follow ng
buffeg conditions: 100 mM HEPES pH 7.5, with 10% sucrose, 1% CHAPS, 5 nM
glutathione, and 1-100 [err]Mtest substrate. Nonspecific enzyme cl eavage
was det er mi neta hictogicalleacqepsablss salt geprogerarer wolenpgthergaf] WheEln nhi bi t ors 20

consi sted of pan, .Qly. W equence Asp-d u-Val -Asp or Tyr-Val-Al a-
Asp, respect ilﬁga&w%ﬁg?\rﬁ&%{ﬁ&ggﬁg’ group conjugated to the C-termnus. The
assay for TegfguiﬁA?qhdepbﬁdﬁnﬂslnifs & ;qsiduagf ? uaimiﬁhedcl:iduir [3?amiac7 [aeidy pCaf or 60

m nutes. Table.4 lists the K err] an err] values for

N-(Z- VD) - N - SE&YaUYE P8 QaFhing “ﬂﬁ'! B'Rf-“tnz-“[%)iD) _N -acetyl - Rhodami ne 110,

N- ( Z1BPEVD) - NeachGEihddpendeRUARI0BE ancD 110 SEQ I D NO 5, _
N- (Z- YVAD) - N -acetyl - Rhodami ne 110 SEQ ID NO 2, (Z- VAD)[err]-Rnhodam ne 110
and (Z- YVAD) 2-ix%Benspgenis o1 flnorsicet ity 2 as

2. The compound of claim 1 wherein R,-(AA),-Asp is an N-blocked
tetrapeptide which is a substrate for a caspasc cnzyme.
15

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, LEHD SEQ ID NO:3, SHVD SEQ ID NO:10, DELD SEQ ID
20 NO:11, DGPD SEQ ID NO:12, DEPFD 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 or IETD SEQ ID NQO:24.

25 4, The compound of claim 1, wherein R,-(AA) ,-Asp is an N-blocked

tetrapeptide which is a substrate for granzyme B.
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substrates for CPP32 and | CE -119- Table 4. C eavage of Substrate by

CPP32 and | CE Enzyne CPP32 | CE K[err] V[err] Klerr]
Vierr] ([err]M (nnol/mn) ([err]M (nnol/mn) N(Z-VD)-N -Ac- Rhodam ne
110 60wo 99/18856 11 NA N- (Z- VAD) - N - Ac- Rhodam ne 3p¢@musesniziA

70 4 N-(Z-DEVD)-N - Ac- Rhodam ne 110 154 160 12

9 SEQID NO5 N (Z-YVAD)-N -Ac- Rhodam 128-110 NA 32

96 SEQ ID NO 2 (Z-VAD)[err]-Rhodam ne 110 NA

21 9 (Z-YVAD)[err]-Rhodani ne 110 NA 6

14 SEQ I D NO 2 NA ¥ no Thetsomippyndops elpipe d, atherein RopGARR#AsMis UBBPret e, 37C, 3
h i ncubati.on %Dresults shown in Table 4 show that N (Z-DEVD)-N -acetyl -
5 Rhodam™he 110 SEQ ID NO5 is an efficient substrate for both I CE
and CPP32. Also shown is that N-(Z-VD)-N -acetyl - Rhodam ne 110 is an

N ]E 7 IviB; N acet ; " Eﬁ?&%ﬁrﬁé@%f @%"( %?‘K’W%)R?W;E‘g%pﬂs?ﬂh%gﬁ’ﬁ%mﬁe 110 SEQ
ID NO2, (Z- \dprilecorsisipottrampinkll Aspand 1( ZoYVAR)R> RivsddaipeptideldaliEQ | D NO. 2
are efficient QU sL a efe b op comsising of WEHD sEQ B Ro X vWAB¥EQ D
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, LEHD SEQ ID
NO:3, SHVD SEQ ID NO:10, DELD SEQ ID NO:11, DGPD SEQ ID NO:12,
10 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, ELFD 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.

15 7. The compound of claim 1, wherein y is Rhodamine 110; and the

pro-reporter molecule is a lower alkyl ester or an acetoxymethyl (AM) ester of an

Asp- or Glu-containing compound.

8. The compound of claim 1, having the formula III:

20
R;—- (AA) ,~Asp-NH l 0 l NH-Asp- (AA) ,~R,
o (III
Q 3 .
9. The compound of claim 8, wherein R, is t-butyloxycarbonyl,
acetyl, hexanoyl, octanoyl or benzyloxycarbonyl.

25
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EXAMPLE 76 Cl eavage of Caspase-3 Substrates by Reconbi nant Human Caspase- 3
and by Apoptotic HL-60 Cell Lysates 15 The caspase substrates were assayed
by reconbi nant caspase-3 and by |ysates prepared from apoptotic HL-60

cells. The assag}/s were carried out at 37[err]C -120- i 2 - pI at es
in a 100 [er¥9¥ 188€ubat i on cont ai ni ng 30 [err]L of caspase- prepar ation or
cell lysate, 10 [err]Mor 50 [err] Mghgthe substrate, and caspase assay

buffer (40 nM 1, 4- pi perazi nebi s(et hansul fonic acid) (PIPES, Aldrich
Chem cal Conpany) pH 7.2; 100 mM NaCl ; 10% sucrose; 0.1% CHAPS; 1 nM EDTA;

10 5 v DT p) &%‘e E@E@%g ?I E%{;zé{gg%ggarr(nmg 19% lqu%h‘EEH uorescence

was neasured on a BI o- opl a € reader asing
excitati on abDBTEREYsDBH, Wktk LEAYSHY, PELABGPaPEPSBGTHDLN, s aSIvel y. Two

different c yme bl ank consisting of sanples
cont ai ni ng gﬁﬁ??‘b@%@ﬁﬁ%"ﬁ%ﬁ%ﬁ%@ or cell lysate; 2) an inhibitor
control, consisting of sanples which contained the 10 caspase
|nh|b|tor Ac- DEV, Tabl.e of the
results obtained Cl_‘qth%e"é’g‘l’g P%&[a@éwﬁlb‘alé 1% se@?@%&‘g rag?gé‘fﬁstrate by

Caspase- 3 anghpsi¥t &s C eavage by Cl eavage by Corrpound
Caspase-3 Apoptotic Lysat es N-Z-VD- N -ethoxycarbonyl -R110

Poor PdérYXAR) Bhvdamine d{ SERB N7y | - R110 Good
Good SEQ I D NO 5 (7 pEVD),-Rhodamine 110, SEQ ID NO:S;
(Z-VAD),-Rhodamine 110;
10 (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(OAMY)),-Rhodamine 110, SEQ ID NQ:5; and

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

12. A method for the preparation of a compound of claim 8,
comprising

(a) condensing Rhodamine 110 together with N-fmoc-L-aspartic acid

20 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 with Z-(AA), to give (Z-
(AA),-Asp(OBu-t)),-Rhodamine 110; and

(d) removing the OBu-t protecting group.

25 13.  The method of claim 12, wherein -(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.

14, A reporter compound having the general Formula V:
30
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N- Z- EVD- N - et hoxycar bonyl - R110 Fair Fair

N- Ac- DEVD- N - et hoxycar bonyl - R110 Good Good SEQ I D NO 5

N- Ac- DEVD- N - oct yl oxycar bonyl - R110 Good Good SEQ I D NO 5
N- Ac- DEVD- N - enyadesy car bonyl - R110 Good Copér/obserida NO. 5
N- Ac- DEVD- N - (et hyl t hi o) car bonyl - R110 Good Good SEQ I D NO 5
15 As shown in Fig. 2A, elldhvage of the di peptide substrate,

N-Z-VD-N - et hoxycarbonyl -R110, required extrenely high concentrations of
reconmbi nant caspase-3 (a 50-fold greater anmount of enzyme than needed for
tri- and tetrapeptide substraiesa) Exep-wah this |arge anount of enzyne,
the signal was low By contrast, the tripeptide substrate,

N- Z- EVD- N - Et hoxycar bonyl - R110 20 (Fig. 2A), and all of the

tetrapeptide : QST - ) | G |y by caspase-3
and apoptoti c%@?g{lgéay(a@e%%lig@ @%@f%ﬁ%\g%ﬁ?ﬁé&bﬁhﬁgpt otic HL-60
Cel | s by the Qudpas¥-t8mBubpioteating grééipdc- DEVD- N - oct yl oxycar bonyl R110 5 The
abi ity of N Ag-. N. -octyl oxycarbgnyl -R110 .SEQ I D.NO 5 t.o det.ect caspase
activation i nﬁl&n‘? 5cif ocking %ro%agﬁ%é@és[ %‘8 aésa}“ﬂﬂo é‘f}g‘pﬁ’? &9%5“%96’6 AR Ur kat
cells. These wg@,e-cell assays were carried out in two stages: 1) induction

each AA independently is a residue of an a-amino acid or f-amino acid, or a

derivative of an c.-amino acid or B-amino acid;

nis 0-5; and

10 y is a fluorogenic or fluorescent moiety.

15. The compound of claim 14 wherein R;-(AA) ,-Asp is an N-blocked

tetrapeptide which is a substrate for a caspase enzyme.

15 16.  The compound of claim 15, 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, LEBD 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,

20 DLND SEQ ID NO:15, DEED SEQ ID NO:16, DSLD SEQ ID NO:17, DVPD
SEQ ID NO:18, DEAD SEQ 1D NO:19, DSYD SEQ ID NO:20, ELPD SEQ ID
NO:21, VEID SEQ ID NO:26 or IETD SEQ ID NO:24. '

17. The compound of claim 14, wherein R,-(AA) -Asp is an N-

25 blocked tetrapeptide which is a substrate for granzyme B.

18.  The compound of claim 17, wherein R;-(AA) ,-Asp is N-blocked
IEPD or VEPD.

I



of apoptosis; 2) incubation with the substrate. For HL-60 cells, apoptosis
was 10 i nduced by treatnent with 10 [err]g/m vinblastine for 4
hours. Control sanples were treated with DVSO For Jurkat cells, apoptosis

was i nduced by treatnment with 500 ng/m agonistic anti Fas i for 2
hours. Cont r“ﬂ%/”é‘é?ﬁﬁl es were treated with PBS. Follow ng aﬁgglﬁﬁgﬁg*’

induction, the cells were incubated with 50 [err]M

N- Ac- DEVD- N - oct yl oxycar bonyl - R110 SEJ¥D NO 5 in caspase assay 15

buffer (40 mM PIPES, pH 7.4; 100 mM NaCl; 10% sucrose; 1 mM EDTA; 10 niM
DIT). The cells were than transferred to a glass mcroslide and vi ewed by
epi fluorescent illum nation on a N kon inverted m croscope., As i}how in Fig.
3A, vinbl asti ne-t r Eat edhelcogmporrd 10§ clgipel4, vhsrain | Ry-( inh‘gﬂ ByaNYAc- DEVD- N -

oot y! oxyoar bogy RIAGSSFQ B EHREh L8260 0P 3 lisg aaboved sore 20

staining (Fig. Intensity the signal was significantly
| ess t han t hapemide ¢haisedested fient the gtoep carsisting ol WEBD SH I3NO:b with 50

M Ac- DEV | i i t t i h d
ot oo 1 uSEOS T NO%: Gh Sk o BETRSSEY 4B 895, b SEd 18 10"F T
v: nbl ast i nﬁ- t lﬁi@iﬁ}fi@sﬁg(}mg@!zm)?ﬂ(h [Ietzxré):llll@l'lﬂ)asmmms,rﬁelﬁﬁlﬁt e?_ i
cl eavage. Jurkat cells induced to underqo 0 i anti Fas
(Fig. gD) al s SEBNND 3.+l SEQ I NQig $HVR-SEQ W‘iﬁ’ﬁ%ﬁﬁﬁ%ﬁ?f‘ear bonyl
RI10 SEQ | D Nychy1 Wspis sBO/ RD: EDEPRSOIRISE NIy, DEBDISEY M N, (i 9. 3F)

These experinments nonstrate that N-Ac- - octyl oxycar bonél R110 SEQ
ID NO5 can b®INRSEQIDNEsIS; BEEPoPEQIDNO6; REERSERID NGAG PHEP t he

si gnal, obt ai ned, § \ = [ & f X SEQ I D
L 1%hg"BL 2 e AR B A ROYb AN 140 st seo 0

NO:21, VEID SEQ ID NO:26 or IETD SEQ ID NO:24, IEPD SEQ ID NO:23 and

VEPD SEQ ID NO:27.

20.  The compound of claim 14, wherein y is Rhodamine 110.

15
21. The compound of claim 14, wherein Ry is CH;0CO-, Cbz,
CL,CCH,0CO-, PhCH,CH,0CO-, or CHy(CH,),0CO-, where p is 1-11.
22.  The compound of claim 14, wherein Ry is Me,NCO-, Et;NCO-, or
20 N-Me-N-CH,(CH,),NCO-, where v is 0-9.
23. The compound of claim 14, wherein R, is Ts-, PhSO,-, MeSQO,,
PhCH,SO,-, CF,;S0,- or CH;(CH,),SO,-, where u is 0-11.
25 24. The compound of claim 14, wherein R, is CH,SCO-, or
CH,(CH,)SCO-, where tis 0-11.
25. The compound of claim 14, wherein Ry is HCO-, CH,CO-,
PhCH,CO-, PhCO- or CH;(CH,),,CO-, where w is 0-11.
30
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Cl eavage of the Caspase-3 Substrate, N-A c-DEVD N -octyl oxycarbonyl R110
SEQ ID NGO 5, by Wol e Apoptotic Jurkat Cells 5 In order to
guantitate the cleavage of N Ac-DEVD-N -octyl oxycarbonyl- R110 SEQ ID NO 5
by whol e cel | §0 Bhs@desay was perfornmed in which the fl uoresegiisss9nil
generated fromthis substrate by apoptotic Jurkat cells was neasured in a
spectrofluoronetric plate reader. Jurk¥i3-cells were incubated for varying
times in 96-well plates with 500 ng/m anti Fas anti body to induce 10
apoptosis. Control cells were incubated with PBS. At the end of the
treatment period, fdle CEiel onfBinfi dFlan@se dheeRM /) i Oy EOCHTH,) BOU-, t ubes and

resuspended in 25 [err]L of medium containing 1% FBS, 25 [errq] L of caspase
buf fer cont ai RF RH:EHRECHAHAOCGR-. pheypans -4ty (oapd §ivbflyl R110 SEQ ID NO'5

was added, and the cells were incubated for one hour. At the end of the

i ncubation period, three 5 [err]L 15 aliquots fromeach tine point
were placed in 96-%5l | Pexompounidfichin i 4,leviog tefomulm¥ilreasur ed at

exci tagi on/ em ssi on wavel ength of 485/530 nm Figure 4 shows that cells
treated with PBS gave a small fluorescent signal which did not increase

over the treatR{enfA] iHmp-8sed. A N8 tReated with anti Fas gave a
det ect abl e fl uorescent signal @ ¢ hour after apoptosis induction,
and the 20 si gnal congtqued
with a signal to backgroun&sratjig

erease up to the 2 hour tinmepoint,

about %4 This exmard ment deronstrates
that N Ac-DEVD-N - octyl oxycar®
in whole apoptotic cells and cen

110 SEQ ID NO 5 yields a robust signal
erngfore be used to quantitatively
measur e caspase-nedi ated apoptosis in @ cell-based assay. 25 - 123 -
or a biologically acceptable salt or pro-reporter molecule thereof, wherein

R, and R; independently are hydrogen, methyl or ethyl; and
R, and R; independently are hydrogen or methyl.
10
28. The compound of claim 27, wherein R, is t-butyloxycarbonyl,
acetyl, hexanoyl, octanoyl or benzyloxycarbonyl; and R,, R;, R, and R; are
hydrogen.

15 29.  The compound of claim 27, wherein -(AA), is WEH, YVA, LEH,
DET, DEV, DEH, VEH, LET, LEV, SHV, DEL, DGP, DEP, DGT, DLN, DEE,
DSL, DVP, DEA, DSY, ELP, VED, IEP or IET.

30. The compound of claim 14, which is selected from the group
20 consisting of

N-(Z-YVAD)-N "-acetyl-Rhodamine 110, SEQ ID NO:2;

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;

25 N-(Z-VAD)-N-acetyl-Rhodamine 110;

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

RN DR A



EXAMPLE 79 C eavage of the Caspase-8 Substrate N-Ac-LEVD-N -ethoxycar bonyl
R110 SEQ ID NGO 9 by Reconbi nant Human Caspase-3, 6, 7, and 8 5

N- Ac- LEVD- N - et hoxycarbonyl R110 SEQ ID NO 9 was assayed by reconbi nant
human caspase-3, 6, 7, and 8. The assays were carried out at 37{ err]Cin
96-wel | pl at®Q9/H8% 100 [err]L incubation containing reco5ARRY2 Aman
caspase, 10 [err]Mof N-Ac-LEVD-N -et g%gycar bonyl R110 SEQ ID NO 9, and
caspase assay buffer (40 nM Pl PES, pl-ll .2; 100 mM Nad ; 10% sucrose; 0.1%
CHAPS, 1 nM 10  N-(Ac-DEHYDA:N dhaxidibohyl-Ritddatire 16 00SEQ ID N@:5;ncubat i on
period, the fluorgsce ,det erm ned Bi 0- 7. fJd uorescence

m cropl at e readerﬁﬂgF'ﬁ)&%@(@?fﬁf‘Y@WcﬁWB%}%}@gﬁ’ﬂc\}\/}atggﬁéhg)tqﬁg'%f 485 and 530
nm respectively. yi(AcDE\ED)- CoQbyeibodyR Rhbdueni @ IOgSPQUB NO:8pr escence of
the uncl eaved substrate, controls were run which coggi ilb%g %f sanpl es
contai ning 10 [ erM@eREAREdscxXosysaghenx)Riedanps 1H PEQIPNOS, ~ oE6 |p No 9
W t hout enzyne (" gnRay! K S It i P16 spglipdR:sanpl es
cont ai ni ng the caggégﬁ n ﬁg@g%cykﬁ%g?%%%l D NOESt§ As shown in Fig.
5, cdspase-6amhd caspase-8 cl eave N-Ac-LEVD- N -et hoxycarbonyl R110 SEQ I D

NO 9 to give an easil SU¥ |.uOr ' ' lnd @ background
rati os of about 1@#8%1) %@é@%f@%gggﬁ'%@@@gé%ggg-ﬁgég'(:aspase-3 20
cl eaved N-Ac-LEVD- N -et hoxycarbonyl R110 SEQ ID NO 9 less efficiently,

yi el ding a signal_that was about 5-fold above the enzyne bl ank _val ue.
Caspase-7 gave vi¥lt ual ynsihedsfyntee prenamiion é&ﬁe?‘?‘ﬁ%‘f‘é dhelpm 1 4at

N-Ac- LEVD- N o ghfaggycar bonyl R110 SEQ I'D NGO 9 can be cl eaved by nenbers of

t he caspase-8 subfanmily and that it can be used to report the activity of
t hi sl@ ype of caspake. r@gting 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-

15 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

(e) removing the OBu-t protecting group to give N-(Z-(AA),-Asp)-N -

acetyl-Rhodamine.

20
32. A method for the preparation of a compound of claim 27,
comprising
(a) reacting Rhodamine with acetic anhydride to give N-acetyl-
Rhodamine;
25 (b)  condensing N-acetyl-Rhodamine with Z-(AA),-Asp(OBu-t) to give

N-(Z-(AA) ,-Asp(OBu-t))-N -acetyl-Rhodamine; and
(c) removing the OBu-t protecting group to give N-(Z-(AA) ,-Asp)-N"-
acetyl-Rhodamine.

A



-124- EXAMPLE 80. d eaviage of the Am nopepti dase Substrate

N-G N -octyl oxycarbonyl R110 by HL-60 Cell Lysates 5

Am nopepti dases are present in many cells and sequentially renove unbl ocked
am no aci d resyglosagsser om peptides, starting fromthe N-termpgyssodapii des
with blocked amno termni are not cleaved. HL-60 |ysates were prepared by

honogeni zi ng HL-60 cells in caspase buff 5. and the ability of these
| ysates to cleave N-Z-G N -octyl oxycarbonyl  R110 and
N-G N -octyl oxycar bonyl - 10 R110 was tested in a mcrotiter plate

assay. Figure 6 Sh0“§3thathe'1hetﬁ& 6£khinl Y52k 83, Waeid l(AfA:)ei%VWﬁéI
N- G- N -octyl oxycarbonyl R110, and the size of the signa epend’ent on

t he concentr at i &EH) DETUDEV;, BB, VIBH, BT, LEV, SHW) DHEIQDIGP, \BEP, R DIt d by
HL-60 cell lysates from N-Z-G N -octyl oxycarbonyl -R110. 15
EXAMPLE 81 Use &EE D§brRYRJIAEA, RSY¥ELR, YE: IRei IEJT or drugs that stinulate

t he caspase cascade. Drugs that stinulate the caspase cascade in the

absence pf Fas Iigan may ful as anti-cancer
chenot he?apeutl c agen 's. T}% e os%ngffﬁlbg’&r éﬁgﬂff%f%‘ﬁ%ﬁgpm may be used to
screen for drugs that stinulate the caspase cascade by carrying out the
assay under simlar COB%@\SM'IO S as |n Exanpl e 78 except that a known or

|

unknown conpound wi t%i O ¥ Renti-tunor activity

repl aces the Fas ligand r eagent . 25
or a biologically acceptable salt or pro-reporter molecule thereof, wherein

Rg
IX

R, is a hydrogen or a N-terminal protecting group;
10 R, is a blocking group which is not an amino acid or a derivative of an amino
acid;
each AA independently is a residue of an a-amino acid or B-amino acid, or a
derivative of an ai-amino acid or B-amino acid;
n is an integer of 0-5;
15 m is and integer of 0-3;
R; and R; independently are hydrogen, methyl or ethyl; and
R, and R, independently arc hydrogen or methyl.

35.  The compound of claim 34, wherein R,, R;, R, and R, are
20 hydrogen.

36.  The compound of claim 34, 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.
25

37.  The compound of claim 34, wherein the compound is selected

from the group consisting of

I o



EXAMPLE 82 Use of fl uorescence assay in screening for drugs that inhibit or
potentiate the caspase cascade stinulated with Fas |igand or anot her
apoptosis inducer. 5 Drugs that inhibit the caspase cascade
may be useful in treating degenerative and ot her diseases_caused by or
associ at ed WP WU nadequate activation of the caspase cggz’é’a%s.mf#ugs t hat
potentiate the action of another caspgge stinulator, such as e.g. Fas

| igand or an anti-cancer drug or agent, may be suitable to treat cancers or
tunors caused by or associated with an inappropriate 10 function of

my be bsed (o sot BB GRGRwRRRBRERGIO; nhi bt or potentiate the

caspase cascade inm(GRb)-B-dhoxpedrbsnyRAGHalIMR 13854 as described in Exanple 78

using Fas ligand or any other_ agent that stinulates the caspase cascade or
ot her apoptosi s pPafriesrtilexyesbonyl-Bhedmtingkl0y t est .substance that inhibits
or potentiates or 15 acts synergistically wwth the action of the
first apoptosis or caspase cascade inducer. EXAMPLE 83 Use offl uorescence
assayy i n testing 3anplbs campoued of dhins34, vdwrepaRj it N-tdnminal protecting

chenosensitivit 0 ti-cancer drugs. lt.is wel kno hat the sane
CneTor oot i bt sleRre Mo 8 B8R ot iR o Do Rembodir eyl Bitanttle o oe o ¢ 1
anti-cancer estanggl, dddeemeflane bérzylosycatbodyldi fficult to predict whether a

cancer in a patient is treatable with a particular anti-cancer drug 25
before treatnent is begun. The fluorescence assays described in this

i nvention perm t hemMaeashioudd byl T, UlekRARD 3NCE [E31dRE Rfn Cancer or
tumor cells or tissue sanples taken from I ndivi dual "€ancer or tunor -
patithts. Tothparoprensistieg eHEIBE-FRY SEQID NOL28sARVE-AEASEQIDNOE%ssay usi ng
oo e e AT RPPBL, KON PR SRy B s o0 vs |
known or unkNOwW2, SFSRPQhSEQR MNO:33, TENFYPIS\SECHID 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-IFL SEQ ID NO:120,
15 PGNF-LQ SEQ ID NO:121, SFSF-PQ SEQ ID NO:122, TLNF-PI SEQ ID
'NO:123, AETF-YV SEQ ID NO:124 or RKVL-FL SEQ ID NO:125; SQNY-P
SEQ ID NO:126, ARVL-A SEQ ID NO:127, ATIM-M SEQ ID NO:128, RQAN-
F SEQ ID NO:129, PGNF-L SEQ ID NO:130, SFSF-P SEQ ID NO:131, TLNF'-.P
SEQ ID NO:132, AETF-Y SEQ ID NO:133 and RKVL-F SEQ ID NO:134.
20
40.  The compound of claim 34, 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,
25 MVGGG SEQ ID NO:99, MVGGA SEQ ID NO:138, 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.

30 41. A compound having the general Formula VI:

-
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be tested for their capacity to stimulate the caspasc cascade. The results

fromthis -126- assay provide information that can be used to design an
opti mal chenot herapeutic drug treatnent reginen for the patient. EXAVMPLE 84
5 wo objpdsdke and Cl eavage of the Am nopepti dase SpfitsahesN G N -

octyl oxycarbonyl -R110 by HL-60 Cells HL-60 cells were placed in 5 m of

| scove's nedi um (w t hout serum or phenoll- r7ed) containing 10 [err] M

N-G N -octyl oxycarbonyl -R110 or 10 [err] M RZ-G- 10

N- oct yl oxycar bonyl - R110. Three mllion HL-60 cells were incubated for 3
hours at 37 [err]Cin a CJerr] incubator, recovered by centrifugation, and
washed in 50 pL of ice-cold nedium The cells were re-centrifuged and the
final pellet was resuspenggfyin Rragh medium Aliquots of each
cell suspension were placed I n 962wel | plate and read on a

Wal | ac 1420 m cropl ate reader
485nm em ssion wavel ength & 5 \l igquot'gdsof each ggl| suspension were
al so placed on mcroslides and n a Ni kon inverted mcroscope with
epi fluorescent illumnation. As N table 6, only the cells incubated
with 10 [err]MN-G N -octyl oxycarbonyl -gR110 showed signal. There was no
signal fromthe cells incubated with 10 [err] MNZ-G N - 20

octyl oxycarbonyl -R110. Simlarly, only the cells incubated with NG N -
oct yl oxycar bony br £8id10gisflivaeceptdblecsalt #2630 avhaftfler ni croscope, and no
fluorescence signal was observed fromthe cells incubated with NNZ-G N -
oct yl oxytar bonyRa 11 independently aybygrogepgmethyl or ethylyp ¢ 6, O eavage of

N-G N-octyl oxycar harwlindRpdel il nRfodetbol Sethyl;

R, is a blocking group which is not an amino acid or a derivative of an amino

acid.

10 42.  The compound of claim 41, wherein R,, R;, R, and R; are
hydrogen.

43.  The compound of claim 41, wherein R, and R, are methyl; and R,
and R, are hydrogen.
15
44.  The compound of claim 41, wherein R, and R, are ethyl; and R,
and R, are methyl.

45. The compound of claim 41, which is selected from the group

20 consisting of
N-methoxycarbonyl-Rhodamine 110,

N-ethoxycarbonyl-Rhodamine 110,
N-hexyloxycarbonyl-Rhodamine 110,
N-octyloxycarbonyl-Rhodamine 110,

25 N-decyloxycarbonyl-Rhodamine 110, and

A



Substrate Counts/[err]g protein
N-Z- G N -octyl oxycarbonyl -R110 0 N-G N -octyl oxycar bonyl - R110 12.98

- %27- Having now fully described this invention, it will be understood by
those of ordinary skill in the art that the same can be peg wthin a
wi de and equ?éWéﬁ?;range of conditions, fornulations and%gﬁﬁggﬁgﬁﬁgneters

w t hout affecting the scope of the invention or any enbodi nent thereof All

patents, 5 patent applicationsi3d publications cited herein are
fully incorporated by reference herein in their entirety. - 128 - What
Is Cained Is: 1. A reporter conpound having the general Formula I1I:
Rierr]- (AA) [ err] - AsqodycyRxpeariohf) REgdagnira]1¢0.r | (11 5 or a biologically

acceptabl e salt or pro-reporter nolecule thereof, wherein R err] is an
N-term nal protecting group; each AA independently is a residue of an
[err]-amno acid or [err]-amno acid, or a derivative of an [err]-am no
acid or [err]-am néd6.aciThe ddmpound of cladroln whikhejsesetbsied | fjom ghog®upand v is a
fl uorogeni c or fluorescent noiety.

consisting of

5 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,
10 N-(octylthio)carbonyl-Rhodamine 110,
N-acetyl-Rhodamine 110,
N-acetyl-Rhodamine 116,
N-(2,5,8-trioxadecyloxycarbonyl)-Rhodamine 110 and
N-(2-butoxyethoxycarbonyl)-Rhodamine 110.
15
47. 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 or 14 under conditions whereby said reporter compound is
20 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.
25
48.  The method of claim 47, wherein said enzyme is an intracellular

caspase.

49. A method for measuring the activity of an enzyme involved in the

30 apoptosis cascade in one or more cells, comprising

L



2. The conpound of claim1 wherein Rerr]-(AA)[err]-Asp is an N bl ocked
tetrapeptide which is a substrate for a caspase enzyne. 15 3. The
conmpound of claim2, wherein said tetrapeptide is WEHD SEQ I D NO 1, YVAD
SEQ I D NO 2, hsise | D NO. 3, DETD SEQ I D NO 4, DEVD SEQ | BhsasnPFHD SEQ
ID NO6, VEHD SEQ ID NO 7, LETD SEQ ID NG 8, LEHD SEQ ID NO 3, SHVD SEQ I D
NO 10, DELD SEQ ID 20 NO 11, DG3D-SEQ I D NO 12, DEPD SEQ I D NO 13,
DGID SEQ I D NO 14, DLND SEQ I D NO 15, DEED SEQ I D NO 16, DSLD SEQ I D NG 17,
DVPD SEQ I D NO 18, DEAD SEQ I D NO 19, DSYD SEQ I D NG 20, ELPD SEQ I D NG 21,

VEID SEQ I D NO 26 of) | Ethhab IQI(NQ]@%I‘ mfote cells with the reporfer compdbid corrpound
of claim1, wherein ?Q[err] (Aﬁ?[err] Asp is an N-bl ocked tetrape tide which

i s a substr at e a¢cgrding tareiaimel @ 14 unden pgnditipns wherghye said ngpotierdcogipoandism 4,
wherein R[err] %&A d] “A?pf&S&CEEEQI‘&)r VEPD. 6. The conpound of claim

1, wherein Rerr an N bl ocked 5 pepti de consisting
of C-terninal Asp a(bol 1 rc&rd)ﬂgﬂleﬂﬂbmﬂ:eﬂ&ldSalﬁbnﬁorpﬁ@'Ede chain sel ected

fromth rou ting of HD SEQ I D NO 1, . YVAD, SE IDNOZ EHD SEQ
| D NO: 33 %ETDp e}“D %‘ B% BptRgeeece piithip ?ég‘ﬁgb SEQ ID
NO 7, LETD SEQch A}Q % cdaEbRe‘ﬁEQzﬂléﬂ ﬁ@ef*’not BEND é&@t&&é@nﬂe@snr@%ﬁ heSEQ | D
NO. 11, DGPD SEQ | DEPD SEQ I D NO 13, DGID SEQ | D NO 14,

DLND SEQ | D NoaqtyltyDE@@emel D NO: 16, DSLD SEQ I D NO 17, DVPD SEQ I D NO 18,
DEAD SEQ | D

50.  The method of claim 49, wherein said enzyme is an intracellular

10 caspase.

51. A method for determining whether a test substance has an effect on
an enzyme involved in the apoptosis cascade in one or more test cells, comprising
(a) contacting said one or more test cells with said test substance and
15 the reporter compound according to claim 1 or 14 under conditions whereby said
test substance either interacts with an external receptor or is taken into said one or
more cells and said reporter compound is taken into said one or more cells, and
(b)  recording the fluorescence of said one or more test cells compared
to control cells which have only been contacted with said reporter compound,
20 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.

52.  The method of claim 51, wherein said enzyme is an intracellular

25 caspase.

53.  The method according to claim 51, wherein said one or more test
cells is contacted with said test substance prior to contacting said test cells with
said reporter compound.

30
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NO 19, DSYD SEQ I D NO 20, ELPD SEQ I D NO 21, VEID SEQ ID NO 26, |ETD SEQ I D
NG 24, |1EPD SEQ ID NGO 23 and VEPD SEQ I D NG 27. 15 ' 7. The
colrrpoulnd of cl iai m1, Ymkelrei ny is Rhodami ne 110; and the pro-reporter

nol ecule is a | ower alkyl ester or an acetoxyneth A n Asp-
or d u-cont VAP Bonpound. 8. The corrpou%d ofyzzlf(ai ML Q{/s?ér?\{gl he P
formula I'll1: 20 [err] 9. The conpoiypd of claim8, wherein Rerr] is

t - but yl oxycar bonyl, acetyl, hexanoyl, octanoyl or benzyl oxycarbonyl. 25

- 130- 10. The conpound of claim8, wherein -(AA)[err] is WEH, YVA, LEH,

DET, DEV, DEH, VEH LEL, SHV.. DEL.. DE . DLN__DEF DVP. DEA
DSY. ELP. VED, |E or Tt adooiting b blaif S1, pyhetein %@Iogorrpoan Sf claim 1,

whi ch i s sel eslisei} donfaBled REthy 54 Rest Gitstanéd Bfer AfontadingVith [ seidr fepbtterdani ne 110,
SEQ ID NO 2; (Z-DeVD)[err]-Rhodam ne 110, SEQ I D NO 5;

(Z- VAD) [ er r | SRmBRIMA ne 110; 10 (Z- YVAD( OAM) ) [ er r ] - Rhodani ne
110, SEQ ID NO 2; (Z- LE(OAM HD( OAM) ) [err] - Rhodani ne 110, SEQ I D NO 3;

(Z- D( OAM) E( OAM) TD( OAM) ) 2- Rhodami ne 110, SEQ I D NO 4; .

( Z- D( ®AM) E( OAM) VDEHAM) V- réthetbaccerding 10 clamES) .| whergin said one or more test

cells is contacted substantially simultaneously with said test substance and said

reporter compound.

56. The method according to claim 51, wherein said method is to

10 determine whether said test substance stimulates the activity of said enzyme.

57.  The method according to claim 51, wherein said method is to

determine whether said test substance inhibits the activity of said enzyme.

15 58.  The method according to claim 51, wherein said contacting step
further includes contacting said one or more test cells with at least one second test

substance in the presence of said first test substance.

59.  The method according to claim 51, wherein said one or more test

20 cells are derived from a single-cell organism.

60. The method accoding to claim 51, wherein said one or more test

cells is derived from a multi-cellular organism.
25 61. The method according to claim 60, wherein said multi-cellular
organism is selected from the group consists of a mammal, an invertebrate animal,

an insect and a plant.

62.  The method according to claim 51, wherein the one or more test

30 and control cells are derived from the group consisting of the hair, brain,

AR D R |




(Z-D(Owe) E(OWe) VD{ OAM) ) [ err] - Rhodam ne 110, SEQ ID NQ 5; and 15
(Z-D(Owe) E(OVe) VD) [ err] - Rhodam ne 110 SEQ ID NO 5. 12. A nmethod for the
preparation of a conpound of claim 8, conprising (a) condensi ng
Rhodam ne 110ywi@Rkdaer Wi th N-fnoc-L-aspartic acid 20 pcThRbdindy- but yl
ester to give (Fnoc-Asp(OBu-t))[err]-Rhodam ne 110; (b) renovi ng the Fnoc
group to give (Asp(OBu-t))[err]-Rhodam i -110; (c) condensi ng
(Asp(OBu-t))[err]-Rhodamne with Z-(AA)[err] to give (Z-
(AA)[err] Asp(OBu-t))[err]-Rhodam ne 110; and (d) removi ng the OBu-t
protecting grougy . Ghk&hiauk2 erein
DA [orr] Do ViRl pervous st eve, gy noge, MU RARIE 100 A ™ Dep,
DGT, DLN, DEE, bpsit, haaupblopiAloqdsessels, bonevmdrow,Hpmph npger, thymus, splkepeport er
conmpound havin J N\ - - J] -
(AA)[err]-Asp-y- qlger %QH’ %’elj’:gé}mgjrsﬂéﬁ%slt% o%"’.‘%a‘f#‘gé%sc glg%)t%é%% élarsl%ﬁ %ndor
pro-reporter mksmes)kidneecsladier, regreduetive blgeds ¢r glandanjoleit) Bonel andlskipr off ect i ng
group; R&ﬁlit%l i.s a blocking group which is not an am no acid or a
derivatPve of &Hd lyfar qgganistihhy AA i ndependently is a residue of an
[err]-am no acid or [err]-amno acid, or a derivative of an [err]-am no
acid or [err]-amino acid; nis 0-5; and

63.  The method according to claim 51, wherein the one or more test

cells are cancerous.

10 64. The method according to claim 63, wherein said one or more
cancerous test cells are derived from the group consisting of the 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 glands or tissues,

15 kidney, bladder, reproductive organs or glands, joints, bones and skin of said

multi-cellular organism.
65. The method according to claim 63, wherein said one or more
cancerous test cells are derived from a human in need of treatment with a

20 chemotherapeutic drug and said test substance is a chemotherapeutic agent.

66.  The method according to claim 51, wherein the test substance is a

chemotherapeutic agent.

25 67.  The method according to claim 51, wherein the test substance is a

mixture of chemotherapeutic agents.

68. A method to determine the sensitivity of an animal with cancer to

treatment with one or more chemotherapeutic agents, comprising

A



10 y is a fluorogenic or fluorescent noiety. 15. The conmpound of
claim 14 wherein Rerr]-(AA)[err]-Asp is an N-bl ocked tetrapeptide which is
aI substrate for a caspase enzyne. 15 16. The conpound of
claim15, wherein said tetrapeptide is WEHD SEQ I D NO 1, YV, 1D NO 2,
LEHD SEQ | D WO¥188FTD SEQ I D NO 4, DEVD SEQ I D NQ 5, DEH[?‘@E&§§8% 6,
VEHD SEQ I D NO 7, LETD SEQ I D NO 8, I__% SEQ I D NO 3, SHvVD SEQ | D NO 10,
DELD SEQ ID NG 11, DGPD SEQ I D NG 12, PD SEQ I D NO 13, DGID SEQ I D NO 14,
%EQ D NG 13[3)LND SEQ I D NGO 15, DEED SEQ I D NG 16, DSLD SEQ I D NG 17, DVPD

1 18, DEAD _SEQ I D NO 19, DSYD. SEQ.|I D 20, LRPD S | D NO 21, VEID
SEQ I D NO. 26 or | 9D SEOFHRaeInss o S/.‘a%enﬁ?g‘ Y ‘B’ﬁgw'gsé%g?nr% 14, wherein
Rierr]-(AA) [ ehérk b&%&tﬁc@ag@ﬂic&ge&§and the reportdr @6#p6hint @tdoadigPtd démiherch is a
substrate for granzyne B. 18. The conpound of claim17, wherein
Rl, - (AA) [ er r | -Wsynderscandisions. kiberehyEraist gpe YEmore agents; gither jrgeracts ¥ 8 pound of
claim 14, whe e'ﬁ1 RL? XA . . isneind\t bl ocked peptide consisting
of CGterm nal"'xifsn{pzl ahd %Olrbs é‘%}]%ﬁg%}c}lg&g‘%ﬂiés&?@ a peptide chain selected
from tshe group cofs) st fenerding thAFOreSEeGed d shideanceivaghipegmpared to cogird) | D NO: 2,

LEHD SEQ I D NO.3, D SEQ I.D NO SEQ | D NO. EHD. SEQ | :

VEHD SEQ | D N&l¥ ,Whgg 3 |‘15°’N&"§?°‘ﬁ% = r?%“ﬁb“?!‘?‘"@?@%”%i%ﬂ % S:

SHVD SEQ | D N@addd, in Biabiesceh€e dfl3aliQahder cENPiAnipafd! D shid chidtrol ERDIsSEQ | D NO 13,
ID NO 17

DGTD SEQ I D NO. 14, DLND SEQ I D NO, 15, DEED SEQ.I D NGO
DVPD indication that said Qc:ancer cells are chemosengltive to sai‘%i6 ’ong) Soli'Dm§|rEeQ

chemotherapeutic agents and that said animal is sensitive to said treatment.

10

69. The method of claim 68, wherein said animal is a human.

70. A method for monitoring the treatment of an animal to treatment
_with one or more chemotherapeutic agents, comprising
15 (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 or 14 under conditions whereby
said reporter compound is taken into said cells, and

20 (c) recording the fluorescence of said cells contacted with said reporter
compound compared to contol 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

25 chemotherapeutic agents.

71.  The method according to claim 70, wherein said animal suffers

from a malady related to apoptotic cell death.

N



10 SEQ I D.NO 18, DEAD SEQ I D NG 19, DSYD SEQ I D NG 20, ELPD SEQ I D
NO 21, VEID SEQ ID NGO 26 or |IETD SEQ I D NO 24, IEPD SEQ ID NO 23 and VEPD
SEQ I D NO 27. 20. The conpound of claim 14, wherein y is Rnhodam ne 110.
15 21. The owydawdzg of claim 14, wherein Rerr] is CHer rpkﬂ,;%s 1%
Clerr]CCH err] OCO-, PhCH err]CH err]OCO-, or CHerr](CHerr] errﬁ ,
where p is 1-11. 22. The conpound of Cll sl m 14, wherein R6 is Me2NCO-,
Et 2NCO-, or 20 I\I-I\/E-I\l-CH[err](CH[é Fr1)[err] NCO-, where v is 0-9. 23.
The conpound of claim 14, wherein R er g—l[is ir?CH[ Ph_S]O)z-, I\/isgg err}, her e
rr]Sqerr]-, CHlerr]SOerr]- or err err err]Sgerr]-, |
Ehicg[ 8- 1]1..0[25 ] 72-[ Jm%md or Yeermining ovhethenfa tehtasubstarics, inhibigs @ir n RL err]
is CH err] SCO, et is 0-11. 25. The
COITpOl[Jnd I)f cl a?r?n{en?g,mﬁ %‘%%g%%%%?&?seﬁ%ﬁp%err] CO, PhCH2CO, PhCO
or CHerr](CH err]) [(® r] Gitactingreaid one orsmBre kdst cells withL&3d test2mbstdiive aadnpound

G or 1] (O r 115 EePr il e Gribe 10 ek | Bl indef pontipns amerehy 55 5 0. 5
and s i $ 1-4. 2réporfeheomindisiskenint6 kAd Bheldt mdewdlRGnline fornula VI1: 5

err] or a biologically acceptable salt or pro-reporter nol ecul e thereof,
\[A/nerlai n Rlerr] and RPer r fecpidaganmblansescence of said ameeranore test palls comparedy| :  and

Rierr] and R erpleontftl 8ARRASA HaVe M1§ bEBALOREIGH Qi FRE R¥breer tOmpound,

wherein a decrease in fluorescence within said one or more test cells compared to

said control cells is an indication that said test substance inhibits or prevents cell
10 death.

73.  The method of claim 72, wherein said one or more test cells are

nerve cells.

15 74.  The method of claim 72, 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.

20 75. 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 or 14 under conditions whereby said
reporter compound are taken into said one or more cells, and

25 (b)  recording the fluorescence of said one or more test cells compared
to control cells which has only been contacted with said reporter compound,
wherein an increase of fluorescence within said one or more test cells compared to

said control cells is an indication that said test substance causes or enhances cell
death.

30

* [ L M $ *



28. The conpound of claim 27, wherein Rerr] is t-butyloxycarbonyl,
acetyl, hexanoyl, octanoyl or benzyl oxycarbonyl; and R err], Rerr], Rerr]
and R[err] are hydrogen. 15 29. The conpound of claim 27,
wherein -(AA)[err] is WEH, YVA, LEH DET, DEV, DEH, VEH, LET, LEV, SHV,

DEL, DGP, DEWOG¥56DLN, DEE, DSL, DVP, DEA, DSY, ELP, VEDPCTEPS@I23FET. 30.
The conmpound of claim 14, which is s_ell get ed fromthe group 20

consisting of N-(Z-YVAD)-N -acetyl - Rhoé‘am' ne 110, SEQ I D NG 2;

N- (Z-DEVD) - N - acetyl - Rnodam ne 110, SEQ I D NO 5;

N-(Z-VD)-N -acetyl - Rnodam ne 110; N-(Z-AD)-N -acetyl - Rhodam ne 110; 25

N- ( Z- VAD) - N - acet yT6- Rhddamrsthodiof(plaing 157 whesein) said onst oRGE 285 GANA TRhodani ne
110, SEQ'I D NGireer cells, yeadt funbh drdactbdzYD) - N - et hoxycar bonyl - Rhodam ne 110, SEQ
I D NO 5; N-(Ac-DEVD) - i hexyl oxycar bonyl - Rhodam ne 110, SEQ | D NO 5;

N- (Ac- DEVD) - N- oct yl oxycar bonyl - Rhodam ne 110, SEQ I D NO 5;

N- (Ac- DEVD) - N - decy oxycarhony} - am ne. 110, SEQ 1D NQ. 5;

N- (Ac- DEVD) - N - dod')eé)(':yl (%(f/%earo 01;%/ @%%omﬁa?ﬁv %1 Hfffﬁasesgbo?%gwcg? cgl Is,

N- ( Ac- DEVD) - Neeryrisinigl t hi 0) car bonyl - Rhodam ne 110, SEQ ID NGO 5. 31. A

met hod for the preparation of o nd of claim 27, copprisi
P (91) contacting sgicl cggp»%!ﬁfm tﬂe reporter compound of cla{ﬁrmp 34 uncﬂa?

conditions whereby the reporter compound is taken into the cells, and

and

(b)  recording the fluorescence of said cells,
wherein a change in fluorescence within the cells compared to control cells which

10 have not been so contacted is an indication of the presence of the viral protease.

78. 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

15 compound of claim 34 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

20 activity of the viral protease.

79. 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 tcst substance and
25 the reporter compound of claim 34 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,

IO .



10 .(a) .reacting Rhodam ne with acetic anhydride to give
N-acetyl - Rhodam ne; (b) condensi ng N-acetyl - Rhnodam ne together with
N-fmoc- L-aspartic acid [err]-t-butyl ester to give

N ( Frroc- Asp( Gy dopasséN - acet yl - Rhodam ne; (c) removi ng t he pEpsosgipup to
give N-(Asp(OBu-t))-N -acetyl- 15 Rhodam ne; (d) condensi ng

N- (Asp(OBu-t))-N -acetyl - Rhodam ne wi thl43-(AA)[err] to give
N-(Z-(AA)[err]-Asp(OBu-t))-N -acetyl -Rhodam ne; and (e) renovi ng the
OBu-t protecting group to give NN(Z-(AA),,-Asp)-N - acetyl-Rhodam ne. 20
32. A nmet hodwhereintd Ehaifeth AudfebdfceOkitlan cAdMTIIEl Bt cellaitdmpared, togaidpr | Si ng
(a) reacti ng, Rhodam ne with acetic anhydride to give N acetyl- Rhodam ne;
25

mfgo&a}i contze] selisis phgxdpqug%@19q safdHieH SRhstaBce hasan effect, on the

Z-(AA)[err]-Asp@ sidake t O Qi Ve
N-(Z-(AA)[err]-As %-bO?au-t))-N'-acetyl-Rhodam ne; and (c) renovi ng the
OBu-t protecting group to give N-(Z-(AA[err]-Asp)-N - acetyl-Rhodam ne.

- 135 -_33. The hod.of ¢l gim 31 or .32 vx%g&?ei - %e kS VEH,  YVA,
LEH, DET, DEV, DEH, 'EHfjrhEI‘:“le,%‘“’%l‘—_’@?"yéﬁ\?,°f%é¥‘,‘s > W%EIS{T‘ ,eﬁ{)%ﬁt}ﬁBEE, DSL,
DVP, DEA, DSY, idfédttd M 3ndlthevinl plotedse iDHIV protease. 34. The conpound of
claim1, having the fornula I X

81.  The method of any one of claims 77-79, wherein said cells are

adenovirus infected cells and the viral protease is adenovirus protease.
10
82.  The method of any one of claims 77-79, wherein said cells are

HSV infected cells and the viral protease is HSV protease.

83. The method-of any one of claims 77-79, wherein said cells are

15 HCMYV infected cells and the viral protease is HCMV protease.

84. The method of any one of claims 77-79, wherein said cells are

HCV infected cells and the viral protease is HCV protease.

20 85. A method for measuring the activity of protease or peptidase in
cells, comprising
(a) contacting the test cells with the reporter compound of claim 34
under conditions whereby the reporter compound is taken into said test cells, or
the reporter compound is interacting with an external membrane protease or
25 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.
30
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[err] or a biologically acceptable salt or pro-reporter nolecule thereof,
wherein R err] is a hydrogen or a Nterm nal protecting group; 10 R6
is a blocking group which is not an am no acid or a derivative of an am no
acid; each AA independently is a residue of an [err]-am no acid or
[err]-anino &'893’,18%? a derivative of an a-anino acid or [ePSTUSRRKHA acid; n
Is an integer of 0-5; i5 mis @gd integer of 0-3; Rlerr] and R err]

i ndependent|ly are hydrogen, nmethyl or ethyl; and Rlerr] and R err]

i ndependent |y are hydrogen or nethyl. 35. The conpound of cl ai m 34,
wherein R2, RS, and, R5.. ar Q. .. hydr .o ound of

cl aim 34, wherei % er r]ne'fh‘s)dﬁr%ﬁtgﬁ?lmfwxe’rgrrajtglsgmﬁ%g% lllass-g'ggﬂlgﬁ{@ger from

1- 2; and ( AAlleectivityiof potdascirgdptidasein thecesy eellspecongpnisingt | Nng of GG GA, AG G

and A. 25 37. T conpound of, cl ai,m 3 rein the c ound i s sel ected
from the group coGii stcP’R e said test f%lg-w‘%i f&%—%\f”—%@?ﬁ?@gg&%ﬁﬁwgmodam ne
110, N (GPQ cdvapdihl oRM&GRT I106Mbr SBAGESHE vlgerebl Raidaéldrter compound is taken

N-G N -octyl oxycar bonyl - Rhnodam ne 110. 5 38 The conpound of

cl ai M 34, whbitesHdpgsticslls of the 1sRoReN cqspRAvad tif ipjeracting 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
10 cells is an indication that said test substance has an effect on the said protease or

peptidase.

87.  The method of any one of claims 85-86, wherein said cells are

endothelial cells and the peptidase is type 2 methionine aminopeptidase.

15
88.  The method of any one of claims 85-86, wherein said cells are T
cells and the peptidase is dipeptidy! peptidase-IV.
89.  The method of any one of claims 85-86, wherein said cells are
20 neuron cells and the protease is calpain.

90.  The method of any one of claims 85-86, wherein said peptidase is

aminopeptidase.

O



group sel ected fromthe group consisting of t-butyloxycarbonyl, acze?W)fm’*s"

hexanoyl , oct anoyl dodecanoyl and benzyl oxycar bonyl . 39. ma, conpound of

claim 34, wherein (AA)[err] (AA)[err] is selected from 10 j’fl‘”ﬁm t he group

consi sti ng of PQNT PV SEwaﬁnM@a@quARkbmﬁEAmﬁE@mdD NG 29, N t MOR SEQ I D

NO: 30, N-FLG SEQ | D NO 31, PGNF-TTE°8EYFD NO 32, SFS SEQ 1 D NO: 33,

TLNF- PI RNATIONAL APPLIGATION RIFBIRIFHD N@W@ATWO@E@%@ FBE/EB

B e S | 9 A ar R | D L%“é%%”(‘é““
01N A : - , B

NO 122 ?uwggmse H D7/060 f23 AETF- YYy@8mxtprpationpjBublicesionfatepi(\/|_ 2¢-priki2e9 (§2494.99)

NO 12 SONY-P SEQ I'D NO 126, ARVL- A

(FI)QE opy! fppicption Nuwiery gE@S?SB]%?i%B NO 127, ATIMM SEO I D NO 128;:|D
RQAN iy ‘¢ F- L i
SEQ | QZNQternll?bgal Fiftg Date:Y SEQ dlobeNGHs (d93@98?-hd R@fgﬁw (@ ?%5 g EFB

The corrpound of claim34, wherein (AA[E [L@xM]anwll\ch@de g
gr oup sistjing of LRGGG SEQ I D NO 101, % ﬁjf%ﬁﬁ%ﬁ)
NO: 96 ‘9%3%‘5‘%61, Q | D NGokad& 100 R6¥6Gn SEQu D E30DNoW3, Bhrasiod AT
SEQ | D NO ®833,681VGGA IB@rh DING01FY, 25US m'rggm M@Ma@EQ
| D NG 138, | VGGG SEQ | D NO 100, |VGGASEQ|[§_ é‘b %‘ﬁo
VRGG [5QabgaNO.¥ovik, REE (SR @sN@nG hiced VGG SQGH lzm@waéL E8QT6l) NO. 5P
and | VGG SBr@. 540 DiNEY, €092123 QUS). A1, A conpound havi ng the genera
For mul @, Wlhentors: WHBER! Eckard; 4040 Miller Street, San Diego, | Published

CA 92103 (US). CAI, Sui, Xiong;, 12 Salinas, Foothill With international search repori.
Ranch, CA 92610 (US). KEANA, John, F., W.; 3854 Onyx
Street, Eugene, OR 07405 (US). DREWE, John, A.; 2175
Pacific Avenue B-4, Costa Mesa, CA 92627 (US). ZHANG,
Han-Zhong; 3800 Parkview Lane No. 336, Irvine, CA
92612 (US).

(74) Agents: ESMOND, Robert, W. et al.; Sterne, Kessler, Goldstein
& Fox P.L.L.C., Suite 600, 1100 New York Avenue, N.W.,
Washington, DC 200053934 (US).

(54) Titlee NOVEL FLUORESCENT REPORTER MOLECULES AND THEIR APPLICATIONS INCLUDING ASSAYS FOR CAS-
PASES

(57) Abstract

The present invention relates to novel fluorescent dyes, novel fluorogenic and fluorescent reporter molecules and new enzyme assay
processes that can be used to detect the activity of caspases and other enzymes involved in apoptosis in whole cells, cell lines and tissue
samples derived from any living organism or organ. The reporter molecules and assay processes can be used in drug screening procedures
to identify compounds which act as inhibitors or inducers of the caspase cascade in whole cells or tissues. The reagents and assays described
herein are also useful for determining the chemosensitivity of human cancer cells to treatment with chemotherapeutic drugs. The present
invention also relates to novel fluorogenic and fluorescent reporter molecules and new enzyme assay processes that can be used to detect the
activity of type 2 methionine aminopeptidase, dipeptidyl peptidase IV, calpain, aminopeptidase, HIV protease, adenovirus protease, HSV-1
protease, HCMYV protease and HCV protease.




[err] or a biologically acceptable salt thereof, wherein 5 R err]
and R err] independently are hydrogen, nethyl or ethyl; R err] and R err]
i ndependently are hydrogen or nmethyl; R6 is a blocking group which is not

an ani no aci rivative of an amno acid. 10 The
conmpound of f:‘i”gl’?{f“%e wherein Rlerr], Rerr], Rerr] and R[%‘FT sgéﬁgsl

hydr ogen. 43. The conpound of cl ai mﬁjw V\/nerel n R2 and R3 are nethyl; and
Rlerr] and Rl err] are hydrogen. 15 44. The conpound of claim 41, wher ei n
Rlerr] and Rlerr] are ethyl; and Rerr] and R err] are nethyl. 45. The

compound of claim41, which is selected fromthe group 20 consi sting
of N-net hoxycar bonyl -Rhodam ne 110, N-et hoxycar bonyl -Rhodam ne 110

B
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5 N- di met hyl car banyl - Rhodam ne 110,

N- ( N- net hyl - N- hexyl car banyl ) - Rhodani ne 110, N-net hanesul f onyl - Rhodam ne
110, N-(ethylthio)carbonyl-Rhodam ne 110, N (hexylthio)carbonyl-Rhodam ne
110, 10 N- (octyl t hi o) car bonyl - Rhodam ne 110,

N acet yl - RnOWER/HE56110, N acetyl - Rhodani ne 116, PCT/US98/21231

N- (2,5, 8-trioxadecyl oxycar bonyl ) - Rnodam ne 110 and

N- ( 2- but oxyet hoxycar bonyl ) - Rhodam ne 11 15 47. A nmet hod for detecting
an enzyme involved in the apoptosis cas in one or nore cells,
conprising (a) contacting said one or rmre cells with the reporter
conpound accor di ng 68 claim1l or 14 under conditions whereby said reporter
conmpound i s 20 5 ake tforagi d one or nore cells, and (b)

recordi ng the fluorescgence sal d one or nore cells, wherein a change in
fluorescence within sald of=XrNGoENZYME | s corrpar d to control cells which
have not been so contagted E;.A] | aq_kgn of presence of the enzyne.
25 48. Ths get hsﬁ ﬁf cl afrira T aid e is an intracellular
caspase. 49Z EA p )fl for neasuring the actlvi of an enzyme involved in
t he 30 ogpopt osi$ cascade in one or nore

O
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-139- (a) contacting, said one or nore cells with the reporter conpound
according to claim1l or 14 under conditions whereby said reporter conpound
is taken into said one or nore cells, and (b) recordi ng the fluorescence
of said one orymmy I1s, 5 wherein the relative ch i

fl uorescence vvlthi}r?lsaggi d one or nore cells conpared to contrg&ﬁgt’ﬁy%\hi ch
have not be so contacted is a neasure of the activity of the enzyne. 50.
The met hod of claim49, wherein said enz&ﬂpg%s anintracel lular 10

caspase. 51. A nmet hod for determning etther a test substance has an
effect on an enzyne involved in the apoptosis cascade in one or nore test
cells, conprising (a) contacting said one or nore test cells with said
test substance and the reporter conpound according to claim1l or
14 under conditions whereby said test substance ep TRE eracts with an
external recep®dr or is| taken into said one or nore cells and said reporter
compound is taien i40osai g Boe or nore cells, ar@ZZ&b)Ac—-DEMBeCHiOhg t he

f1 uorescence ofg said one % e test cells conpared to control cells which
have only been®cont act gd 5ai d reporter conpound, 20 wherein a
change in fl uo@sceHf i bai d one or nore test cells conpared to said

control cells an i ndi cdt that said test substance has an effect on
said enzyne. The [het bf cl aim51, wherein said enzyne is an
intracel lul ar 200 4 dgse. 53. The met hod according to claim51
wherein said or norje tEeBr/tells is contacted with said test substance

prior to contacting saild téﬁ' cells with said reporter conpound.

100 - 7
VINBLASTINE DMSO
N~Z-DEVD-N-ETHOXYCARBONYLR110
FIG.2C
400003 TOTAL
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1 %/
N-Ac—DEVD- oD
L ETHOXYCARBONYL-R110 N-(ETHYLTHIO)—

CARBONYL-R110

FIG.2D
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30 -140- 54. The net hod according to claim51, wherein said one or
more test cells is contacted with said test substance after contacting with
said reporter conpound. 5 55. The net hod according to claim
51, wherein said one or nore test cells is contacted substantiall
si mul t aneousWP 94866 sai d test substance and said reporter PEB’H‘[?S‘L’H%’.‘ 56.
The met hod according to claimb51, wherein said nethod is to 10
determ ne whether said test substance 4'?1' mul ates the activity of said

I

enzyne. 57. The met hod according to imb51, wherein said nethod is to
determ ne whether said test substance inhibits the activity of said enzyne.
15 58. The met hod according to claimb51, wherein said
contacti ng stepsfJ rtherV' udes contacting said one oEZmrETAkst cells
with at |east one sgcon 5t substance in thepgPBgence_of sai ' t est
substance. 5% 4 §h e according to clai Me%ﬁ_é‘giwm&r nor e
test 20 | 9 I'Tls 3 erived froma singl ;/ I organi sm 60. The
nmet hod acc IPg to | ai wherein said one re teﬁt cel Ihsdl S derldved
froma nmul ¥ el | ul ar g jsm 25 341 The net hod accordi ng
to claim®6 uh&ﬂbi'n Sg il ti-cellular organs selected fromthe
group consnst& of a fman an i nvertebrate {;o% an insect and a pl ant.
62. The Beﬁﬁoci 8ccord o claim51, wherei ;//}‘ one or nore test 30
and controtﬂ%ll@a‘red iSged fromthe group cting of the hair, brain,
g /
100 /
0 //A oe Lot b
N~Ac-DEVD- N—Ac-DEVD-
N-ETHOXYCARBONYL~R110 N-(ETHYLTHIO)-
CARBONYL-R110
300 —
- | TOTAL
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N~ETHOXYCARBONYL-R110 N-(ETHYLTHIO)-

CARBONYL-R110
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- 141 - peripheral nervous system eye, ear, nose, nmouth, tonsils, teeth,
esophagus, lung, breast, heart, blood, blood vessels, bone marrow, |ynph
nodes, thynus, spleen, inmune system liver, stomach, intestinal tract,
pancreas, endogiygigsd@s ands and tissues, Kidney, bl adder, repf st %/

rce

organs or glands, joint, bone and skin of 5 sai d mul
organi sm 63. The net hod Qpcordlng to claimb51, wherein the one or nore
test cells are cancerous. 1f.: 5/194. & met hod according to

claim 63, wherein said one or ‘nore cancerdus test '¢élls are derived from

t he group consisting 9& bhe brain, peripheral nervous system eye, ear,
nose, nouth, tonsils, Q esophagus | ung, breast, heart, blood, blood

vessel s, bone marrow, |ynpht nod us, spleen, | ystem I|ver
stomach, intestinal tract, Jpanc jocri ne glaﬁégzgﬁﬁqggsues
ki dney, bl adder, > eproductive o gl ands, oIty Rird skln of
said nulti-celluE%g;organi 6 met hod accordln 0 clalm 63,
wherein sai d onefpE mgpgocancer cells are dlllhgmy PEHM a human in
need of treatnenffggth a2 ot her apeuti ¢ drug and said test
substance is a cltawt herapeptic 56. The met hod according to claim
51, wherein the gt substahce ot her apeuti c agent. 25
67. The net ho E&ordlng 0cC wherein the test substance is a
m xture of chenogh 2§p age ; A nmethod to determ ne the
sensitivity of an ani wifh c treatment with one or nore
chenot her apeuti c agents, cojpri

0 /5222 \\\\\ e
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-142- (a) contacting cancer cells taken fromsaid animal wth said one or
nor e chenot herapeutic agents and the reporter conpound according to claim1l
or 14 under conditions whereby said one or nore agents, either interacts
with an external receptor or is taken into said cancer cells, and 5

(b) recor Ynep/18856 f | uorescence of said cancer cells conffFesfB3tontrol
cells which have only been contacted with said reporter conpound, wherein a
change in fluorescence of said cancer cells conpared to said control cells
is an indication that said cancer cell $/3e chermpsensitive to said one or
nore chenot herapeutic agents and that said animal is sensitive to said

treatnent. 10 69. The nethod of claim68, wherein said aninmal is a human.
70. A nmethod for nonitoring the treatnment of an animal to treatnent with
one or nore chenot hejygpeutic agents, conprising 15 (a)

adm ni stering said one qf nore chenotherapeutic agents to said aninmal, (b)
contacting cells taken ffomsaid animal after s&Z8ZadQTAL stering with the

reporter conpound accord/ng to claim11 or 14 un condif,L wher eby said
reporter co W is taken into said cells, and%gés ﬁB thk?ﬂﬁ (c)

recording th proreﬁiﬁﬁ:e of said cells contac@&ﬁnw?EVD?ﬁQd reporter
n en taken Tro

conpound conp&r to [ ol celTE which have be m sai d ani mal
before said a&mmhi sterinp, w change in fluorescence of said cells
t aken from saudesni mal cpnpal ai d control cells is an indication that
said animal i@-<Sensitivelto
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25 chenot her apeuti c agents. 71. The net hod according to claim?70,
wherein said animal suffers froma nalady related to apoptotic cell death.
- 143 - 72. A nmet hod for determ ning whether a test substance inhibits or
prevents cel L, AgALdlsi n one or nore test cells, conprising ﬁg}ms!,sﬁpjg; acting
said one or nore test cells with said test substance and the reporter
conpound according to claim1l or 14 under conditions whereby said 5
reporter conpound is taken into said one;lﬂg nore cells, and (b) recordi ng
the fluorescence of said one or nore tes ells conpared to control cells
whi ch have only been contacted with said reporter conmpound, wherein a
decrease in fluorescence within said one or nore test cells conpared to
said control cellsgggp-an indication that said test substance inhibits or
prevents cell 10 deat h. 73. The nethod of claim 72, wherein said

one or nore test cells jare nerve cells. 15 74. The net hod
of claim 72, wherein said one or nore test cells are selected fromthe
group consi st@g\of ny i cells, immne cells, cells of an organ to be

transpl anted, & ] lin i pr S a reconbi nant
protein, hair 759 ner vwm{hl-zbeﬁv 75. A
met hod for def e ning , 9 est sul ne ZYMESW. enhances cel |
death in one prising (a contacting said one or
nore test cel $¢t ance [ZAD P HSrkq:cﬂE\@'—GJ&hpound
according to ndi ti ons whereby said
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reporter conpound are taken into said one or nore cells, and 25

(b) recording the fluorescence of said one or nore test cells conpared to
control cells which has only been contacted with said reporter conpound,
wherein an increase of fluorescence within said one or nore test cells
conpar ed t owsapmsssontrol cells is an indication that sai PGPS 2Ist ance
causes or enhances cell death. 30 - 144- 76. The net hod of claim 75,
wherein said one or nore test cell 84t cancer cells, yeast, fungi or
bacteria. 77. A nmethod for detecting a viral protease in one or nore
cells, 5 conprising (a) contacting said cells with the reporter
conpound of claim34 under conditions whereby the reporter conpound is
taken into the cells, and (b) recordi ng the fluorescence of said cells,
wherein a change in fluorescence within the cells conpared to control cells

whi ch 10 have not been so contacted is an indication of the
presence of th . S A SERD R he activity
of a viral proti A RGN |  al | C : i sing (a)
contacti ng sai GEucewE AN f ©Ct { brter 15
conmpound of cld S Wh§ pound i S
taken i nto sai (s hf ect B pcordi ng the
fl uorescence of i FNEPENERE , s, ! uor escence
W thin said one l : ed c
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conpared to control cells which have not been so contacted is a neasure of
the 20 activity of the viral protease. 79. A net hod for
determ ni ng whether a test substance has an effect on the activity of viral
protease in o re viral infected cells, conprising (a ntactlng
said viral in é@é est cells with said test substance and%ggvgﬁnnnl
reporter conpound of claim34 under conditions whereby said reporter
conmpound is taken into said infected test cells, and (b) recordi ng the
fluorescence of said infected test cell ?ﬁgrrpar ed to infected control cells
whi ch have only been contacted with sai porter conpound, - 145 -
wherein a change in fluorescence within said infected test cells conpared
to said infected control cells is an indication that said test substance

has an effect, on the viral protease. 5 80. The net hod of
any one of clainms 77-79, wherein said cells are HV infected cells and the
viral protease is HV protease. 81. The net hod of any one of clains
77-79, wherein said cells are adenovirus infected cells and the viral
protease is adeno¥ rus proteas 1Qnfid The nethod of any one of clains
77-79, wherein sai'd Cplls are V intected cells and the viral protease is
HSV proteaéa 83. The net hod of one of clainms 77-79, erein said
cells are && H i nf ected” s and the viral proj€ase is HCOW
prot ease. 8k, The apthod of any one of clainms 77-79, erein said cells
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HCV infected cells and the viral protease is HCV protease. 20

85. A nethod for neasuring the activity of protease or peptidase in
cells, conprising (a) contacting the test cells with the reporter
conpound of claim 34 under conditions whereby the reporter _conmpound is
taken into S¥Q8Y/188%t cells, or the reporter conpound is iﬁFyPg@fz?’ﬁb with an
ext ernal nenbrane protease or 25 pepti dase of said cells, and (b)
recording the fluorescence of said cells, wherein a change in fluorescence
within said test cell conpared to conthg#zcells whi ch have not been so
contacted is a neasure of the activitQ the said protease or peptidase.
30 - 146 - 86. A nethod for determ ning whether a test substance has
an effect on the activity of protease or peptidase in the test cells,
conprising (a) contacting said test cells with said test substance and
the reporter conpound of claim 34 under conditions whereby said reporter
conpound is taken 5 into said test cells, or the reporter conpound
is interacting with an external 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 changesbﬁgfluorescence within the test cells conpared to said

control 10 elfls is an indigation trmuzéﬁzﬂ ﬂ?ﬁ& ﬁehvn?nce has an

effect on éﬁe sai d prdtease or peptigglase.
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87. The met hod.of any one of clains 85-86, wherein said cells are
endot helial cells and the peptidase is type 2 nethionine am nopepti dase. 15
88. The net hod of any one of clains 85-86, wherein said cells are T cells
and the pepti dgg9hgeséli pepti dyl peptidase-1V. 89. The net one
of clainms 85-86, wherein said cells are 20 neur on cgﬁpﬁﬂéﬁg%he
protease is cal pain. 90. The nmet hod of any one of clains 85-86, wherein
sai d peptidase i s am nopepti dase.
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