NOVEL FLUORESCENT DYES AND USES THEREOF FIELD OF THE INVENTION 5 The present
invention relates to fluorescent dyes, more specifically, ultraviolet excitable fluorescent dye
compositions, compounds and conjugates, as well as method of using and making the same. 10
BACKGROUKD*OHEMHE INVENTION Fluorescent dyes are widely used FéfT&S&neg4dstecting, and/or
guantifying components in a sample. The various approaches used for such detection and/or
guantification include fluorescence microscopy, fluorescence immunoassay, flow cytometric analysis
of cells, and various other applications. In general, for many applications that utilize fluorescent dyes
as 15 detection tools, it is necessary to conjugate the fluorescent dye with a ligand such as a protein,
antibody, enzyN{&/ FuEIEoUBESAENE I A R8BI IIBBGIcal and non-biological molecules to make
a dye-labeled ligand. The dye-labeled ligand is an important reagent that confers specificity for a
subsequent biochemical interaction in which the fluorescent dye provides a method for detection
and/or quantifi%gEtH%% e g&BRNZO The choice in fluorescent dyes is particularly important in
applicatioris that utilize multiplex, multicolor analysis, such as fluorescence microscopy, fluorescence

immunoassay v, examaion andyatorsmifekarlications. Netahlyucerain detegtionapplications

require an ultraviolet excitable fluorophore having a specific excitation range. 25 Specifically, there is a
need for a fluoPHSEERRM JEeRAPRAHI9R eFREIERHIT RedSeREte 205 At BRSbQd Séruving amd-color flow
cytometry instrushkiagtthe Fectarget dye for such applications should essentially have the following
features: 1) a maximum in its excitation spectrum near 405 nm, 2) a strong spectrally resolvable
emission maximum, 3) a large 30 Stokes' shift, preferably, at least 50 nm, and 4) the ability of the
fluorescet? dy@f@m@}‘gg igﬁglgﬁﬁ@lﬂ@hpgh a reactive group. Heretofore, there is a shortage of
ultraviolet excitable fluorophores that can be conjugated to different ligands to provide dye-labeled
reagents haviriguoptiesihizaidielwedebicedjosbaliabl detstings eeticewpethrazpropenies: iThe
fluorescent dyesidherivanian assrsieiaiusaly similan todisefiyn UsiiRinEAmRGHALS:SED

compounds haﬁ/e been grevipusgl&; u%ed as chemiluminescent reagents whereby light is generated by
the oxidative cRtAITSIE ST MEHREAND JRREHR S S TTRRSRs st fifY B pbrsis el lbxhded in the
presence of lueHerasetter protctemxyiugieni, dmdneme gy hvhicis shee wdize dhiothefodyeofdight. For
these types of aazays, {1 lueiferRasls eI IRRGion PIRYIASS IS RASIRIQr BIMRIS.frRid, and

sensitive assays for a wide range of substances (Karielca, L.1 , Analytical Biochemistry, 175, 14-21

(1988)). While ROEH cHERR RS ALH e FS e R iGr &8s P arariiclisie gained
widespread usepkudhsusendices dyotlehde tigenth @ loapabiditylaf tomp sundshaamngadgitugiire similar to
that of firefly lugjietio ia.unston 2 liRleagedyenRxCABE WD §:Real Gpad aling ultraviolet

spectrum. Such ultraviolet excitable fluorescent dyes are particularly a_dvantageoueg for adee range of
applications, ifERIRARERSGRRdeLsEA A icRBHEHIN D e IERiERY, multicolor fluorescence
analysis. ®UMMARY The present disclosure relates to novel ultraviolet excitable fluorescent dyes
based general i ifer osjtians comprising the. same, intermediates
thereof and mé%l%%? g?%ﬁ%ﬁ%ﬁnglgs}gé%l‘%gr%%%%?mﬁp%ﬁt&colrgnapggltléiﬁgsg? aﬁd‘%r‘é%%‘ﬁ? 331}63’5 having the
following genefHF6ARUIENAY Hbe PiBvidetiolgtaRsm iEressarX 2 rerirreapre HioBrAES o (oY and Y2 are
independently sialagen, alkyhrhalostier | akaxisonaienylcamnengetich 5pYiisi angihe otheris a
haloalkyl grou%itr%hﬁggigc%a A Mvoils irpbglee%%g%eqt% Hé)gglkpél'll is H or alkyl; wherein Z1 and one of
the W groups may be absent ana, ifa

sent, arer Bféceci( With an ‘additional bond between 04 and 05

in ring C,&¥hich is indicated by a dotted line; 4 comprises a labeling substituent of the formula - L-RG,
wherein L is a BSAd6HE RhE /560 finaRessatue i svbp sHineatymabied idnmiescent dye
to be bound tonanatioks medeculenlitianiasfret, theradsypravidedasfliureseest dye haviagithe formula:

applications should essentially have the following features: 1) a maximum in its excitation
spectrum near 405 nm, 2) a strong spectraily resolvable emission maximum, 3) a large
30 Stokes’ shifi, preferably, at least 50 nm, and 4) the ability of the fluorescent dye to couple to
a biomolecule through a reactive group. Heretofore, there is a shortage of ultraviolet
excitable fluorophores that can be conjugated to different ligands to provide dye-iabeled

reagents having optically and electronically separable fluorescence spectral properties.



wherein X1 and X2 are independently S or 0; Y1 and Y2 are independently halogen or one of Y1 or Y2
is H, and the other is a haloalkyl group; wherein each W is independently H or alkyl; Z1 is H or alkyl;
wherein Z1 and one of W groups may be absent and, if absent, are replaced with an additional bond
between C4 and 05 in ring C; L is independently a bond or linking group; and RG is a reactive group
selected from Hgftaiscorislieief dranvaativarsescunsrabastmaisoky ficedsitceith anhyduide, acid

chloride, acyl saisesapoacy hatidecalsiebydeay Ghlaraformaie ARG, hydrow . Aydsasing isocyanate,
isothiocyanate est-g‘gtggl | hgllédeﬁg%tsxl, m?lleir.nidg N,;f idroxy-succinimide ester, aziridine, imine, and
disulfide; and Wherein fhe KNG group eomp Licite BvaleiiiiRage MM gHE 56298H-hydrogen
atoms selectelddifensC iNOligdRmte hategsn afdmifand i qumposed-dharnyicambiatian single,

double, triple, oigramatic:cahoneCRRRRRESF GARRN-QXYIR Ronds Latharssulfur bonds,

carbon-nitrogen bonds, and njtrogen-nitrogen bonds. In another enibodiment, synthetic intermediates

for synthesizing thE FRISFESE AT dVES SPirdTpiesrRtdisiiosent ke Bravadla. arrdiserarabodiment, the
synthetic interswediatesareckeprésamtaetiby tiecheninal fornudee whezejn Y1 and Y2 are independently,
halogen, alkyl, haloalkyl, alkoxy, or alkenyl, or one of Y1 or Y2 is H, and the other is a haloalkyl group.
In another embodiment, dye-conjugates comprising fluorescent dyes conjugated to biomolecules are

provided. In ai 35peEh e EIGGHe duedbrcdorubamrmving tHsel s Reve BalnbdOX2 Y2
wherein X1 andddraié isdependeniiyhereédidence the capability of compounds having a structure

similar to that of firefly luciferin to function as fiuorescent dyes excitable within a specific
part of the ultraviolet spectrum. Such ultraviolet excitable fluorescent dyes are particularly
advantageous for a wide range of applications, including without limitation, applications

that utilize multiplex, multicolor fluorescence analysis.

SUMMARY

The present disclosure relates to novel ultraviolet excitable fluorescent dyes based generally
on the firefly Luciferin structure, compositions comprising the same, intermediates thereof

and methods of their use,

In a broad embodiment, compositions of fluorescent dyes having the following general formula (1) are

provided:
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wherein

X and X are independently S or O;

Y1 and Y, are independently halogen, alkyl, haloalicyl, alkoxy, or alkenyl, or one of
Y; or Yy is H, and the other is a haloalkyl group;



Y1 and Y2 separately represent halogen or one of Y1 or Y2 is H, and the other is a haloalkyl group;
wherein each W is independently H or alkyl; Z1 is H or alkyl; wherein Z1 and one of the W groups may
be absent and, if abséwrteiaredie Wacadspiianiasdiianatbond between C4 and Csinring C; L is
independently a bongd %Lﬁ&%lﬂ&‘? group, wherein the linking group comprises a covalent linkage
comprising 1-50 non-hy rogen-atoms selected from C, N, 0, S, P and halogen atoms and is composed
of any combination STR§flE" dotengifiéedl sromatienr aetrbnenarhbifbbwds acarhtaygen bonds,
carbon-sulfur bondsacasbronaibegen-RARES, ane MIPERPMILRRE K bonds: ANd. Wheren CM is a
conjugated moleculezcgorprprisin Iabgﬁg)tid% Protein P%I{saccharide enzyme,lipid, nucllréétide,
oligonucleotide or niiéléic cid po?yf’nleﬁ IR gﬁ%‘fh(gr]é Wméﬁtﬁﬁei’l‘mn& ﬂfﬁr?@ffﬁ.@réscent dyes
and dye-conjugates fiskoeatewpr atetect the presence or interaction of analytes or ligands in a sample
are provided In spesficembadinenisatiadaAfusio e de:eqniugates for detecting the
presence of complementary biomolecules that bind to the dye-conjugates are prowdecﬂ ' an aspect,
there is provided a HStRBLF of detecting a complementary member of a specific binding pair in a
sample, comprising: a) mixing said sample with a dye-conjugate as defined above which specifically
binds to the comalaspentan meBt.aac il ARz Hhe.compey,(pimed by sald mixture fo detect
the complementary member. In other embodiments reagents an kits comprising the fluorescent dyes,
dye intermediates, or dye-conjugates are provided for use in detecting the presence of complementary
biomolecules that bind to the dye-conjugate&of the present disclosure. BRIEF DESCRIPTION OF
THE DRAWINGS-Eiguresl _depicts a general st uctyr of ultraviolet excitable fluorescent dyes of the
invention. 5Figure 2A-2D depi M%sg 4scheme for luciferin derivatives. Figure 3A and 3B depict
synthesis schemes ' erh of d erm acids.  Figure 4 depicts histograms illustrating
the relative peH@mance of CDX-DyeZ cgéju ate to 10 CD4-Pacific Orange conjugate using two-color
flow cytometry. Figure % depicts histograms \tlustrating the relative performance of CD4-Dye3 to CD4-
Pacific Orange conjugateusing ten-color flow cytometry. DETAILED DESCRIPTION OF INVENTION
DEFINITIONS S All scientific and technical terms used in this application have meanings commonly
used in the art unigss-Qtherwise specified. As used in this application, the following words or phrases
have the meanings specified. 10 As used herein, the term "activated ester" means an ester which
spontaneously re t%i%ﬁ%‘?ﬁﬁ%@ﬁﬁﬁﬁﬁéﬁ%w esters generally have the formula -COR, where
R is a good leaving geun aAGHatesiesienminedtde ohibaye &iof livieshtothswdeinismidyloxy (-006H402)
also known as N-hydrqxy-succinimide ester, sulfosuccinimdyloxy (-0061-1302-S03M,
-1-oxybenzotriazotfé!lf3 - P4R13). 15 As used herein, the term "alkyl" means a branched, straight
chain or cyclic hyerbeatheadtrtv i eoddaentrwgtitdinat-20@ydarbons. The term "alkyl” includes a "lower

alkyl" group Whic}kgygi%f\g}lﬁgggins upto 8 carbons.

wherein Z; and one of W groups may be absent and, if absent, are replaced with an
additional bond between C, and Cs in ring C;

L is independently a bond or linking group; and

RG is a reactive group selected from & group consisting of an activated ester of a
carboxylic acid, acid anhydride, acifi chloride, acyl azide, an acyl halide, aldehyde,
'chlorofonnate, amine, hydroxyl, hydrazine, isocyanate, isothjobyanate, sulfonyi"
haiidc, tosyl, maleimide, N-hydroxy-succimimide ester, azandine, mmine, and
disulfide; and

wherein the linking group comprises a covalent linkage comprising 1-50 non-
bvdrogen atoms selected from C, N, O, S, P and halogen atoms and is composed of
any combination single, double, triple, or aromatic carbon-carbon bonds, carbon-
oxygen bonds, carbon-sulfur bonds, carbon-nitrogen bonds, and nitrogen-nitrogen

bonds.



20 As used herein, the term "alkenyl" means a branched, straight chain or cyclic hydrocarbon group
containing at least one C--C double bond and containing from 2-20 carbons. The term "alkenyl"

includes a "lower alkeey|:gbeuin whiGTRICA Y GRIIAIRS UBrQBEADARSHe ASHSRIDLIGID (B JSH M cny
"alkynyl" means a branched or.§é?g[%ht chaig0 drocagbon i%ro.up 25containing at least one C--C triple

bond and contSinig Tom 2780 IB RES FRECHEMR RS SRS HEE s G 2IRYS GO which
typically contathsaspetel &oanbons.  As used herein, the term "aryl" means an aromatic ring-containing
group containing 1-5 carbocyclic aromatic rings, which can be substituted:with 1 or more substituents
other than 30H. As used herein, the term "analyte" means a substance the presence or amount of

which is to be measured in a sample bde Mnalyte may include a reactive group, e.g., a
¢onj o the analyte. Analytes include organic

group through which a dye of the invention cj
and biological molecules to which a spegifiebidiFgpagtner having a specific binding affinity exists.
Exemplary analytes include, without limitation, single stranded or double stranded DNA, RNA,
DNA-RNA complexes, oligonucleotides, antibodies, antibody fragments, antibody-DNA chimeras,
antigens, haptens, proteins, lectins, 5avidin, streptavidin and biotin. Other exemplary analytes also
include drugs and hormones. As used herein, the term "conjugated molecule” or "CM" means a
biological or non- bidtdgie#l component that is associated with at least one dye of the present

invention. SUICh com];gj@a,aimg m@hﬁd@aym?gg,g ﬁmg@,@g&%mgggﬁmimpgq%sﬁg%ﬁghydr?tes d(e.g.,
mono-, 10 oligo-, and poly-sacchari , prateins, peptides tens, nucleosides, nucleotides,
oligonucleotides, nuc?é%nggfd%‘,?oﬁ%ﬁieg’sﬁ%fi%%? trl?ﬁlc% %?bagor?%ﬁi‘,gﬁ(}ugell or cellular components.
"Conjugated molecule" also includes solid supports (e.g., synthesis support, chromatographic support,
membrane, or headay: Lafsdaer el s e lcressent dver means:a.compaund hay absorbs
light in the ultraviolet and violet regions of the electromagnetic spectrﬂm, and-reemits ﬁIgDh In lt%e blue
region to prodﬁﬁeepéo‘é@? ctable signal. "Fluorescent Dye" also includes fluorescent compounds having
a chemically reactive group that facilitates attachment of dye to a conjugate molecule 20 As used
herein the terni'dygsgenjugaies treans adpelesuledr whieh adlugresgent dye is associated with a
biological or non-biological component. Such biological or non-biological component is also referred to
as "conjugated @olecule". In one embodimétt, the association of a fluorescent dye to a conjugated
molecule is via a'¢ enty : Thef 8 s-ofthe 25 dye-conjugates include, but are not limited
to, conjugates of antjgens, nmfb%‘res,( arh inygrates, proteins, peptides, haptens, nucleosides,
nucleotides, olr:%: teotidés icleic a\g’ Tpolymers, solid supports (e.g., synthesis supports;
chromatographic suppoits, membranes, or{eads), virus, microorganism, or cell or cellular
components. 30 As useg,herein the term "fluorophore” means a molecule which is capable of
absorbing energy at a wavelength range and releasing energy at a wavelength range other than the
absorbance rangeWITfﬁ@”Perm "excitation wavelength" means the range of wavelengths at which a

fluorophore absorks enesgy=rEhgdermiemissignowavelength” means the range of wavelengths that the
fluorophore releases energy or fluoresces. As used herein the term "halogen" means fluorine,

chlorine, bromine &i BWine AfBARCEIAREFH8'¢&RR halo” means fluoro, chloro, bromo, or iodo

group. As used hqggybmitgrmz';gqtp@%yﬁig@g@g%migmwg&Which one or more hydrogen atoms
5 is replaced by one or more_halogen atoms. In one embodiment, the haloalkyl can be substituted with

1, 2, or 3 halo grolpErth&adhnY HaBamRyPARE THiIoBE% Werfluoro-alkyl groups. Examples of haloalkyls
include trifluoromethw, drighiaeomethyl, pentafluoroethyl, pentachloroethyl. As used herein the term
"linking group” or "L" means a groupéq linking the dye to the reactive 10 group or RG. The linking
group can be a boROCEHP &bfRISPERbIRE MARRIRT B B FRTER: Bio i 2PrReHHKIRP Bsdp can comprise
a straight or branchétl ehainiafoatdmmseme @hwhiehdanibeipart of a ring structure. The linking group
usually contains from 1 to abqut 50 on-(;: dragen atoms, mare ysually. from 1 to about 30
non-hydrogen atoms’ o%%r%g%? rlag?ﬁﬁ I%éaﬁfhngrggléﬁ’eé’f 8@?’8&&%}%}%, FOW GBI Se
atoms, preferably fromvdlsd jiNkfandipraioms-fiateohatantynlhdinkdhecthdoescentdye, & another
moiety such as a chemi g_gl / reactive group. Halogen atoms can be. present as substituents on the
chain or ring. Typi((izjjsﬁnrf%r%c f%/ﬁanl Eg‘r’oﬁﬁ p%%éér%gﬁl |%%%hoe?ﬁﬁ?£iﬁ%r%%%%tfé)ﬁesﬁﬁ}%m%&?&*§Fkylene,
arylene, alkenylengoethes, qeroxideboativady) cstakatoymsrdsiedscantbonaid festemdhjoester, or amide
group, amine, amidine, carbamate, urea, imine, imide, imidate, carbodiimide, hydrazine, diazo,
phosphodiester, pﬁ%rnggﬁortlﬁge%%g?,%) gg’paf‘?gg%%d%lenél eor,gef.ﬁ%%?ﬁc%’r?n Isulfide, sulfoxide, sulfone,
sulfonate ester, sutfatecastel ane abigugdadgrolpsl Esemmplen ot irkind: grougs.include substituted or

unsubstituted polymelylens AIYIGNG: AIURANIENS, ARSI QLD eic acid polymer.
' 3a



One linking group according to the present invention for linking dye to a reactive group has the
25general structure R1C(0)R2, where R1 is a bond or Chio methylene (CH2)n attached to the dye,
C(0) is a carbonyl group, and R2 is OH or a bond attaching the carbonyl group to a reactive group RG.
Examples of this linking group include: 0 Dye OH Dye RG Dye/ ,(CH 12s)*/).1\OH 0 ,(CH Dye/
.RC 5In another embodiment, illustrated below, the linking group has the general structure
RIC(0)AIR3C(0)R2, where R1 is a bond or Chia methylene as described above, Al is either NH, S or
0, R3 is an alkenyl (CH2)h, a five or a six membered ring having at least one unsaturated bond, or a
combination offFpotiprRBhdera CrRbyfsHddisegR T BRHGer digcrreH PR Shdetaching

Efée tze(rmOinal CREDQRYLANOUP fR-AtaaCtre.8IRUR BGikxamplessApfthis Inkingarapp,inghude: 0 DyeA
H2( OH

embodiments, methods of using the dye-conjugates for detecting the presence of

complementary biomolecules that bind to the dye-conjugates are provided.

In an aspect, there is provided a method of detecting a complementary member of a specific binding pair
in a sample, comprising: a) mixing said sample with a dys-conjugate as defined above which specifically

binds to the complementary member; and b) detectiﬁg the complex formed by said mixture to detect the

complementary member.
In other embodiments reagents and kits comprising the fluorescent dyes, dye intermediates,

or dye-conjugates are provided for use in detecting the presence of complementary

biomolecules that bind to the dye-conjugates of the present disclosure.

3b



0 O Asused herein, the term "reactive group” or "RG" is an atom or group whose presence
facilitates bonding to another molecule by covalent attachment or physical forces. Selected examples
of reactive g,g;ﬁ%l%%ﬁ? wn in Table 1. In some embodiments, attachm%ntTof a flugrescent
compound of the present invention to another compound will involve loss Stone B Hé& atoms from
the reactive group for example when the reactive group is a leaving group such as a halogen atom or
a tosylate group and the fluorescent labeling compound is 5 covalently attached to another compound
by a nucleophilic displacement reaction. In other embodiments, attachment of a fluorescent labeling
compound to @ rgég ?éj# rmation will involve reorganization of bonds within
the reactive g%@%@bgggj@ﬁg#égi I r?j §{ %uch as a Michael addition or a cycloaddition
reaction such as the Diels-Alder reaction or when the reactive group is an isocyanate or isothiocyanate
group. 10 In stilRdriEMBbAFARE SEHEh RN StHYIR Biesvstariiso AL VAT but rather
physical forces in which case the reactive group remains unaltered. By physical forces is meant
atiractive forcqssch,ashydspden handing. eleeiosiatsarignis;atiraction, hydrophobic attraction
such as base stacking, and specifi¢ affinity interactions suc% as biotin-streptavidin, antigen-antibody
and nucleotide-nucleotide interactions. 15 TABLE 1 Reactive Groups for Chemical Binding of Dyes to
Conjugated Moleciles REACTVE: GROUP(REIFENGHANALGROURaitashedo reactive
dye)(attached to conjugated molecule) carboxylic acidamine carboxyl esteramine activated esteramine
acid anhydrideamine acid halideamine acyl azideamine aldehydeamine chloroformateamine

Figure 4 depicts histograms illustrating the relative performance of CD4-Dye2 conjugate to

10 CD4-Pacific Orange conjugate using two-color flow cytometry.

Figure 5 depicts histograms illustrating the relative performance of CD4-Dye3 to CD4-

Pacific Orange conjugate using ten-color flow cytometry.



isocyanateamine isothiocyanateamine sulfonyl halideAmine/hydroxyl alkyl halidethi ol Alkyl
sulfonatethiol WO 2011/008912PCT/US2010/042063 aziridinethiol haloacetamidethiol maleimidethiols
amineCarbo%iQOqf/i‘g] EbodiimideCarboxyIic acid diazoalkaneCarboxyIig ‘?;P%%’%I halidehydroxyl

halotriazinehydroxyl hydrazine/hydrazidehydroxyl phosphoramiditesalcoho enf?ﬁzeo?%active group

is a moiety, such as a carboxylic acid or an activated ester of a carboxylic acid, the reactive dye is
particularly useful for preparing dye conjugates with molecules containing one or more amino groups,
such as proteins, peptides, nucleotides, 5 oligonucleotides, or haptens. Where the reactive group is a

maleimide or i ive dve i rticularly useful for conjugation with thiol-containing
aseATIR dpieasive el A

molecules. Where thé réactive group Is a €, the reactive dye is particularly useful for
conjugation to periodate-oxidized carbohydrates and glycoproteins. 10In one embodiment, reactive
groups includepganibaxybisi@cid, succinimidyl ester of a carboxylic acid, isothiocyanate, haloacetamide,
hydrazine,_ aliphatic amine, and maleimide groups. Methods to prepare each of these reactive groups
are well kiown in the art and their application for a particular purpose is within the ability of one having
skill in the art. 48 Bifutibticndlicbosihgreagedis fanaldcdpubed toceoupiedaelisitoierganic and

biological moleguilgs with.mpderalelyteaetive 4rouns {SafsLaphiidligka (i d9angd-Rindss Assays, Marcel
Dekker, Inc., New Yark, 1985, pp. 18-20,{Tab|e 2.2 arid T. H Ji, "Bifunctional Reagents," Methods in
Enzymology, ST 80869} %ﬁ%ngf’ R¥e 5 two 20types of bifunctional reagents, those which

become incorporated into the final structure and those which do not and serve only to couple the two

reactants;pAs NSGELNGERID, the ieHm-semblec.means.a IHidLoNAIRINg AL SUsRRCIed Of fantaining one

or more analytes to be assayed, Typical samples which are analyzed utilizing fluorescent dyes are
biological sam Bl HEIGHIHY By it S S8 s ZeHio By ol Al ohPRmirBere dinirt gaia, cell
lysates, tissueientractssamdAbietited et vamjeld oaime not limited to, succinimidyloxy

(vOCeH40;) also known as N-hydroxy-succinimide ester, sulfosuccinimdyloxy
(~OCsHa0,-S03H), -1-oxybenzotriazolyl (-OCsH N3},

15
As used herein, the term “alkyl” means a branched, straight chain or cyclic hydrocarbon
group containing from 1-20 carbons. The term “alkyl” includes a “lower alkyl” group which

typically contains up to 8 carbons.

20 As used herein, the term “alkenyl” means a branched, straight chain or cyclic hydrocarbon
group containing at Ieast one C—-C double bond and containing from 2-20 carbons. The term

“alkenyl” includes a “lower alkenyl” group which typically contains up to 8§ carbons.

As used herein, the term “alkynyl” means a branched or straight chain hydrocarbon group
25  containing at least one C--C triple bond and containing from 2-20 carbons. The term

“alkynyl” includes a “lower alkynyl” group which typically contains up to § carbons.

As used herein, the term “aryl” means an aromatic ring-containing group containing 1-5
carbocyclic aromatic rings, which can be substituted with 1 or more substituents other than
36 H

As used herein, the term “analyte” means a substance the presence or amount of which is to
be measured in a sample by an assay. The analyte may include a reactive group, e.g., a

group through which a dye of the invention can be conjugated to the analyte. Analytes



5also include diluents, buffers, detergents, contaminants, and the other such components that are
usually present in a body fluid. As used herein the term "specific binding pair" means two substances
which exhib gﬂ&l{}ﬁ%ﬂlﬁdlng affinity. Examples include antigen-antibod Clﬁﬂgg%r:%ﬂntlbody, 10

) : : ; 42063
antibody-antibody pairs, complementary oligonucleotides or polynucleotides, avidinbio n,

streptavidin-biotin, enzyme-substrate, hormone-hormone receptor, lectincarbohydrate, IgG-protein A,
IgG-protein G, nucleic acid-nucleic acid binding protein, and nucleic acid-anti-nucleic acid antibody

(Table 2). 15 TARME &REP RESENIA o SREC G GrRINDINGRA RN AR taeRanifady
haptenantibody bi inq.vi&lin %kftrigpa\/idtin 'arborl%grateletctln oh%\arboh dra{e r.ec.e%tor_ _
DNAcomplem&htary sttand NREOmprementary &rand’ edr‘ﬁ'é%‘?ﬂfg PERSr Y88 brotein
Alprotein G sultigirdaeerizyined Rroteindpé phitféprdidin/ pEptitd ceptopkaemoriahonmanidaeceptor

Nucleic acidsAqtispisleiasigyantihesy 200s.upeshierginethe datpansybstituted meansireplacement
of at least pne h%{grogen atom or% q.r%rou§l%¥ another atom or Eii g,roupdh%vmg 1 to 50 atoms selected
from C, 0,°N, & B0-&irepanilipgnd QoA T8 ey SLAR SRS st BB RET multiple
points of substitution can be present. COMPOSITIONS OF INVENTION 5 The invention provides a

class of fluoregcepldviescthatare.Rased prping stiugtee of firedly lugifern, Apd possgsyGertain

functional adve%l? agges. For example, the fluorescent dyes of the inyention are adapted for excitation at
shorter wavel i:j b ETRRE S A B A A0 h T et doath g e R iR S St ANV Bt e®RI500 and 550
nm 10wavelergthisymeaty owledai ssibnub dmdwidihs, anfaege Stoked shiftbbhydeast &houtbionm,

10 olige-, and poly-saccharides), proteins, peptides, haptens, nucleosides, nucleotides,
oligonucleotides, nucleic acids, polymers, virus, microorganism, or cell or cellular
components. “Conjugated molecule™ also includes solid supports (e.g., synthesis support,

chromatographic support, membrane, or beads).

15 As used herein, the term “fluorescent dye” means a compound that absorbs light in the
ultraviolet and violet regions of the electromagnetic spectrum, and reemits light in the blue
region to produce a detectable signal. “Fluorescent Dyve” also includes fluorescent
compounds having a chemically reactive group that facilitates attachment of dye to a
conjugate molecule.

20
As used herein the term “dye-conjugate” means a molecule in which a fluorescent dye is
associated with a biological or non-biological component. Such biological or non-biological
component is also referred to as “conjugated molecule”. In one embodiment, the association
of a fluorescent dye to a conjugated molecule is via a covalent linkage. The examples of the

25 dye-conjugates include, but are not limited to, conjugates of antigens, antibodies,
carbohydrates, proteins, peptides, haptens, nucleosides, nucleotides, oligonucleotides,
nucleic acids, polymers, solid supports (e.g., synthesis supports, chromatographic supports,

membranes, or beads), virus, microorganism, or cell or cellular components,

30 As used herein the term “fluorophore” means a molecule which is capable of absorbing
energy at a wavelength range and releasing energy at a wavelength range ofher than the
absorbance range. The term “excitation wavelength” means the range of wavelengths at
which a fluorophore absorbs energy. The term “emission wavelength” means the range of

wavelengths that the fluorophore releases energy or fluoresces.



and other favorable fluorescent properties. The fluorescent dyes of the present invention are
particularly useful with violet 405 nm lasers. Compared to existing violet laser excitable dyes (e.g.,
Pacific Orange), the 15 fluorescent dyes of the invention, despite having comparable absorbtivity,
show surprisingly and unexpectedly brighter fluorescence. The fluorescent dyes of the invention are
well adapted for coupling to a conjugated molecule through a reactive group. In addition, the
dye-conjugates of the invention, in particular, the protein conjugates, exhibit bright fluorescence even

at a relafively highdegrer.af dya aRRHbsIIHIoN Fhes RIARSHISHNaks e Avashl. Be-nyention

particularly well-suited for multicolor, multiplexing application. The fluorescent dyes of the general
formulathPeosrovigda: Eeans Buprp ehiEINbXOMe 28 & 9HBependently S or 0; Y1 and Y2 are
independently halogen, alkyl, haloalkyl, alkoxy, or alkenyl, or 30one of Y1 or Ytis H, and the other is a
haloalkyl group; wherein each W is independently H or alkyl; Z1 is H or alkyl; wherein Z1 and one of

the W ofSUiSShisiF Bt olsemt 2t arabsBiTRnS RN RIS G Rith SRISORfo AN BENY BEWGES B and C5
in ring Gs whiskeipipdicatedy-anbrotediing 4Acompsisesdiabeling isubaitienh okthehfotmeda - L-RU,
wherein L, js a bond or a linking group whic npects. the dye to a reactive group RU, wherein the
inking QI cax P i SEHRS b A TG B ORI SoS B AR A e SRR rom .
N, 0, S,iRlandhalagadcatihsrandtis/tampisechofhahydiectmbirdtidnpsingbd]doethid, triple, or aromatic
carbon-carbon bonds, carbon- oxygen bonds, carbon-sulfur bonds, carbon-nitrogen bonds, and

nitrogen-nitrogen bonds; and wherein RU includes a carboxylic acid, an activated ester of a carboxylic
acid, acitkanbydricdé) teideahlShidepacybagide, dri’ acsdiisaligeual dehyoang iterdformste reavine,
hygroxy, hydrazige, fsocyanate, isathi A55Ult0Y | it OB IR IS aten
e B L o LA LY S B S B et s
fluorescéne Hylking fomutar Yoxpesw 2z hbrnghedelommfiatas some of which can be part

of a ring structure. The linking group usually contains from 1 fo about 50 non-hydrogen atoms,
more usually from 1 to about 30 non-hydrogen atoms. Atoms comprising the chain are selected
from C, O, N, S, P, Si, B, and Se atoms, preferably from C, O, N, P and S atoms that covalently
15  link the fluorescent dye to another moiety such as a chemically reactive group. Halogen atoms
can be present as substifuents on the chain or ring. Typical functional groups comprising the
linking substituent include alkene, alkylene, arylene, alkenylene, ether, peroxide, carbonyl as a
ketone, ester, carbonate ester, thioester, or amide group, amine, amidine, carbamate, urea, imine,
imide, imidate, carbodiimide, hydrazine, diazo, phosphodiester, phosphotriester, phosphonate
20  ester, thioether, disulfide, sulfoxide, sulfone, sulfonate ester, sulfate ester, and thiourea groups.
Examples of linking groups include substituted or unsubstituted polymethylene, arylene,

alkylarylene, arylenealkyl, or arylthio.

One linking group according to the present invention for linking dye to a reactive group has the
25  general structure RjC(O)R,, where R; is a bond or Cy.i¢ methylene (CHj)n attached to the dye,
C(O) is a carbonyl group, and R, is OH or a bond attaching the carbonyl group to a reactive

group RG. Examples of this linking group include:
O

A

Dye OH



(I-A) wherein Y1 and Y2 are independently halogen, alkyl, haloalkyl, alkoxy, or alkenyl, or 250ne of Y1
or Y2 is H, and the other is a haloalkyl group; Z1 is H or alkyl; wherein each W is independently H or
alkyl; in L-R j or a linking group which connects the dye to a reactive group RU, wherein
the linking glrdgﬁ*pi‘ila%]ﬂgc%lrgprise a covalent linkage 30comprising 1-50 non?ﬁ%% Urdfis selected
from C, N, 0, 5, P and halogen atoms and is composed of any combination single, double, triple, or
aromatic carbon-carbon bonds, carbon-oxygen bonds, carbon-sulfur bonds, carbon-nitrogen bonds,
and nitrogen-nitrogen bonds; and wherein AG can comprise a carboxylic acid, an activated ester of a
carboxylic 5acid, acid anhydri(fégcid chloride, acyl azide, an acyl halide, aldehyde, chloroformate,
amine, hydroxy, hydrazine,_isq ate, isothiocyanate, sulfonyl halide, tosyl, maleimide,
N-hydroxy-succinimide est@r},’eaziri&ircﬁe, imine, and disulfide groups. 10Selected embodiments of the
dyes of formula (I-A) are illustrated in Tallle 3 WO 2011/008912PCT/US2010/042063 TABLE 3 Dye
X1 X2Y1 Y2ZIW L RG LA-1 (CHan

Dye”” OH
O
(CHxn

Dye/ RG

5 Inanother embodiment, illustrated below, the linking group has the general structure
RiC(O)A:R;C(O)R,, where Ry is a bond or Cy.p methylene as described above, A is cither
NH, S or O, Rs is an alkenyl (CHy)n, a five or a six membered ring having at least one
unsaturated bond, or a combination of Ci.y methylene (CHy)n and a five or six member ring,
Ry is OH or a bond attaching the terminal carbonyl group to a reactive group RG. Examples
10 of this linking group include:

O
(CHy(
Dy {)L o VQTOH
H
O
O
(CHIZ(I R
Dy?L N/ ‘H( ’
H
8]

(CHy( =
Dyé)k S . Chm o
H \_/
O
O
(CH( \
N N
H
O

As used herein, the term “reactive group” or “RG” is an atom or group whose presence

15

facilitates bonding to another molecule by covalent attachment or physical forces. Selecied
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examples of reactive groups are shown in Table 1. In some embodiments, attachment of a
fluorescent compound of the present invention to another compound will involve loss of one
or more atoms from the reactive group for example when the reactive group is a leaving
group such as a halogen atom or a tosylate group and the fluorescent labeling compound is
covalently attached to another compound by a nucleophilic displacement reaction. In other
embodiments, attachment of a fluorescent labeling compound to another compound by
covalent bond formation will involve reorganization of bonds within the reactive group as
occurs in an addition reaction such as a Michael addition or a cycloaddition reaction such as

the Diels-Alder reaction or when the reactive group is an isocyanate or isothiocyanate group.

“In still other embodiments, attachment will not involve covalent bond formation, but rather

physical forces in which case the reactive group remains unaltered. By physical forces is
meant attractive forces such as hydrogen bonding, electrostatic or ionic attraction,
hydrophobic attraction such as base stacking, and specific affinity interactions such as

biotin-streptavidin, antigen-antibody and nucleotide-nucleotide interactions.

TABLE 1
Reactive Groups for Chemical Binding of Dyes to Conjugated Molecules
REACTIVE GROUP (RG) FUNCTIONAL GROUP
(attached to reactive dye) (attached to conjugated molecule)
carboxylic acid aming
carboxyl ester aning
activated ester amine
acid anhydride amine
acid halide amine
acyl azide amine
aldehyde amine
chloroformate amine
isocyanate amine
isothiocyanate amine
sulfonyl halide Amine/hydroxyl
alkyl halide thic]
Alkcyl sulfonate thiol

LA-4 S



S CIH H Me C(0) OH I-A-5 S S H CI H Me C(0) OH I-A-6 S S CI CI H H Me Me C(0) C(0) OH

WO 2011/008912 PCT/US2010/042063
aziridine thiot
haloacetamide thiol
maleimide thiols
aming Carboxylic acid
carbodiimide Carboxylic acid
ditazoalkane Carboxylic acid
acyl halide hydroxyl
halotriazine hydroxyl
hydrazine/hydrazide hydroxyl
phosphoramidites alcohols

When the reactive group s a moiety, such as a carboxylic acid or an activated ester of a
carboxylic acid, the reactive dye is particularly useful for preparing dye conjugates with
molecules containing one or more amino groups, such as proteins, peptides, nucleotides,
5  oligonucleotides, or haptens. Where the reactive group is a maleimide or haloacetamide,
the reactive dye is particularly useful for conjugation with thiol-containing molecules.
Where the reactive group is a hydrazide, the reactive dye is particularly useful for

conjugation to periodate-oxidized carbohydrates and glycoproteins.

10 In onc embodiment, reactive groups include carboxylic acid, succinimidyl ester of a
carboxylic acid, isothiocyanate, haloacetamide, hydrazine, aliphatic amine, and
maleimide groups. Methods to prepare each of these reactive groups are well known in
the art and their application for a particular purpose is within the ability of one having
skill in the art.

15
Bifunctional coupling reagents can also be used to couple labels to organic and
biological molecules with moderately reactive groups (see L. J. Kricka, Ligand-Binder
Assays, Marcel Dekker, Inc., New York, 1985, pp. 18-20, Table 2.2 and T. H Ji,
"Bifunctional Reagents,” Methods in Enzymology, 91, 580-609 (1983)). There are two

20 types of bifunctional reagents, those which become incorporated into the final structure

and those which do not and serve only to couple the two reactants,

10
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As used herein, the term “sample” means a fluid containing or suspected of containing
one or more analytes to be assayed. Typical samples which are analyzed utilizing
fluorescent dyes are biological samples including body fluids such as blood, plasma,
serum, urine, semen, saliva, cell lysates, tissue extracts and the like. The sample can
5  also include diluents, buffers, detergents, contaminants, and the other such components

that are usually present in a body fiuid.

As used herein the term “specific binding pair” means two substances which exhibit a
mutual binding affinity. Examples include antigen-antibody, hapten-antibody,
10 antibody-antibody pairs, complementary oligonucleotides or polynucleotides, avidin-
biotin, streptavidin-biotin, enzyme-substrate, hormone-hormone receptor, lectin-
carbohydrate, IgG-protein A, TgG-protein G, nucleic acid-nucieic acid binding protein,

and nucleic acid-anti-nucleic acid antibody (Table 2.

15
TABLE 2

REPRESENTATIVE SPECIFIC BINDING PAIRS
antigen antibody
hapten antibody
biotin avidin or strepavidin
carbohydrate lectin or carbohydrate receptor
DNA complementary strand DNA
RNA complementary strand RNA
drug drug receptor
1gG protein A/protein G
substrate enzyme
Protein/peptide protein/peptide receptor
hormone hormone receptor
Nucleic acids Anti-nucleic acid antibody

20 As used herein, the term “substituted” means replacement of at least one hydrogen

atom on a group by another atom or a group having 1 to 50 aioms selected from C, Q,

11
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N, 8, P, 5, F, C1, Br, 1. In references to substituted groups, it is intended that multiple

points of substitution can be present.
COMPOSITIONS OF INVENTION

The invention provides a class of fluorescent dyes that are based on the structure of
firefly luciferin, and possess certain functional advantages. For cxample, the
fluorescent dyes of the invention are adapted for excitation at shorter wavelengths
(between 340 and 45G nm), have emission maxima usually between 500 and 550 nm
16 wavelengths, narrow emission bandwidth, a large Stokes shift of at least about 50 nm,

and other favorable fluorescent properties.

The fluorescent dyes of the present invention are particularly useful with violet 405 nm
lasers. Compared to existing violet laser excitable dyes (e.g., Pacific Orange), the
I5  fluorescent dyes of the invention, despite having comparable absorbtivity, show
surprisingly and unexpectedly brighter fluorescence. The fluorescent dyes of the
invention are well adapted for coupling to a conjugated molecule through a reactive
group. In addition, the dye-conjugates of the invention, in particular, the protein
conjugates, exhibit bright fluorescence even at a relatively high degree of dye
20 substitution. These properties make the dyes of the invention particularly well-suited

for multicolor, multiplexing application.

The fluorescent dyes of the general formula are provided:

Zy
e 22
HE W
W
25
whergin
Xy and X, are independently S or O;
Y and Y, are independently halogen, alkyl, haloalkyl, alkoxy, or alkenyl,
or
30 one of Yy or Yz is H, and the other is a haloalkyl group;

i2
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wherein each W is independently H or alkyl;

Zy is H or alkyl;

wherein Z; and one of the W groups may be absent and, if absent, are replaced
with an additional bond between Cy4 and Cs in ring C, which is indicated by a
dotted line;

Z, comprises a labeling substituent of the formula — L-RG, wherein L is a bond
or a linking group which connects the dye to a reactive group RG, wherein the
linking group can comprise a covalent linkage comprising 1-50 non-hydrogen
atoms selected from C, N, O, §, P and halogen atoms and is composed of any
combination single, double, triple, or aromatic carbon-carbon bonds, carbon-
oxygen bonds, carbon-sulfur bonds, carbon-nitrogen bonds, and nitrogen-
nitrogen bonds; and wherein RG includes a carboxylic acid, an activated ester

of a carboxylic acid, acid anhydride, acid chloride, acyl azide, an acyl halide,
aldehyde, chioroformate, amine, hydroxy, hydrazine, isocyanate, isothiocyanate,
sulfonyl halide, tosyl, maleimide, N-hydroxy-succinimide ester, aziridine, imine,

and disulfide groups.

In one embodiment of the fluorescent dye of formula (I), X; and X, are S having the

formula:

Z

i ]{: :}\3 L—RG
HO s s—T W
W

Y,

(I-A)
wherein
Y; and Y are independently halogen, alkyl, haloalkyl, alkoxy, or alkenyl,
or
one of Yy or Y, is H, and the other is a haloalkyl group;
Zyis H or alkyl;
wherein each W is independently H or alkyl;
in L-RG, L is a bond or a linking group which connects the dye to a reactive

group RG, wherein the linking group can comprise a covalent linkage

comprising 1-50 non-hydrogen atoms selected from C, N, O, S, P and halogen

3



I-A-16 I-A-17 S S Me H H Me C(0) OH I-A-18 S S CF3 H H Me C(0) OH LA-19 (Dye?)
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atoms and is composed of any combination single, double, triple, or aromatic

carbon-carbon bonds, carbon-oxygen bonds, carbon-~sulfur bonds, carbon-

nitrogen bonds, and nitrogen-nitrogen bonds; and

wherein RG can comprise a carboxylic acid, an activated ester of a carboxylic
5 acid, acid anhydride, acid chloride, acyl azide, an acyl halide, aldehyde,

chloroformate, amine, hydroxy, hydrazine, isocyanate, isothiocyanate, sulfonyl

halide, tosyl, maleimide, N-hydroxy-succinimide ester, aziridine, imine, and

disulfide groups.

16 Selected embodiments of the dyes of formula (I-A) are ilfustrated in Table 3

i4
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OH I-A-22 (Dye5) S

LA-21 S S F F H Me C(O)NH(H2)2C(0)

WO 2011/008912 PCT/US20610/042063
TABLE 3
Dye XL IX21YE (Y221 |wW |L RG
[-A-1 S |8 |H H |H [Me | CO) 0OH
[-A-2 S |S |H H |H | Me | C{O) NHS
[-A-3 S IS |H H |H [Me [ CO) NHBSA
i-A4 S IS 1Cl H IH | Me | CO) OH
I-A-5 S IS |H Cl |[H | Me | C(O) OH
[-A-6 S S |C | Cl |H |Me | CO) OH
[-A-7 (Dyel) S 1S |C |Cl |H | Me | CO) NHS
[-A-8 S /S |Cl I'Cl |H |Me | CO) NHBSA
1-A-9 (Dye) S 1S 1C G H | Me | C(OINH(CH):C(O) | NHS
[-A-10 S |8 JC [ Cl [H !Me | C(ONH{CH);C(O) | NHBSA
[-A-11 S |S {C1 ICl |H | Me | C(ONH{CH,),NHCS | NCS
NHPh
T-A-12 S IS |G |C [H | Me | CONH(CH,)NHCS | NHCSNHBSA
NHPh
I-A-13 S |[S |F F 1H iMe | C(O) OH
L-A-14 (Dye3) IS |S |F FOIH [ Me | CO) NHS
I-A-15 § |S |F F |H Me | CO) NHBSA
I-A-16 S IS Me [Me|H |[Me [ CO) OH
1-A-17 S 18 Me |H {H | Me |CO) OH
1-A-18 S IS CF3|H [|H [Ms [CO) OH
FA-19(Dye7) {S 1S [CF3|H [|H |[Me | CO) NHS
1-A-20 O § H H |H |[Me | CO) OH
1-A-21 S |S |F F H {Me | CCONH(CH,),C(O) | OH
1-A-22 (Dye5) |S |S |F F | H :Me | CCONH(CH,;)C(O) | NHS
1-A-23 S |S |F F |H | Me | CCOINHCHC(O) OH
1-A-24 S IS | €l ' H | Me | CIONH(CH;)»-C(O) |OH
1-A-25 S (0 'F F ' H |H ¢ OH
I-A-26 S S ICl |H |H |H | CO) OH
-A-27 S |S |H Cl {H |H |CO) OH
I-A-28 S IS |C (¢l JH (H |CO) OH
1-A-27 S |S |F F iMelH |CO) OH
I-A-26 (Dyed) |§ |S | F F |Me|H jCO) NHS
-A-30 S i8S |F F ' H |H |CO) OH
[-A-31 S |S |F F IH [H |C0O) NHS
I-A-32 S IS |H 'H H |H [CO) OH
[-A-33 S |S |F F o H 'H {(CH2»CO) OH
I-A-34 (Dye6) |S |S | F F IH [H | (CH2RCO) NHS

Is
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In other embodiments, the fluorescent dyes have the following formula:

Y, N N .
\: :/ IL”RG
X X3 W

HO

(1-B)
wherein
X1 and X» are independently S or O;
Y1 and Y, are independently halogen, alkyl, haloalkyl, alkoxy, or alkenyl;
or
one of Y; or Y, is H, and the other is a haloalkyl group;
W is H or alkyl;
L is a bond or a linking group which connects the dye to a reactive group RG,
wherein the linking group can comprise a covalent linkage comprising 1-50
non-hydrogen atoms selected from C, N, O, S, P and halogen atoms and is
composed of any combination single, double, triple, or aromatic carbon-carbon
bonds, carbon-oxygen bonds, carbon-sulfur bonds, carbon-nitrogen bonds, and
nitrogen-nitrogen bonds; and
wherein RG can comprise a carboxylic acid, an activated ester of a carboxylic
acid, acid anhydride, acid chloride, acyl azide, an acyi halide, aldehyde,
chloroformate, amine, hydroxy, hydrazine, isocyanate, isothiocyanate, sulfonyl
halide, tosyl, maleimide, N-hydroxy-succinimide ester, aziridine, imine, and

disulfide groups.

In one embodiment of the fluorescent dye of formula (I-B), X1 and X2 are S, ag

provided in formuia:

Yis I{ N [—RG
(O~
S S W

Y,

HO

16
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wherein,

Y: and Y; are independently halogen, alkyl, haloalkyl, zlkoxy, or alkenyl

or

one of Yy or'Y, is H, and the otheris a haioalkyl;

W is H or alkyl;

L is a bond or a linking group, wherein the linking group comprises a covalent
Imkage comprising 1-50 non-hydrogen atoms selected from C, N, O, S, P and
halogen atoms and is composed of any combination single, double, triple, or
aromatic carbon-carbon bonds, carbon-oxygen bonds, carbon-sulfur bonds,
carbon-nitrogen bonds, and nitrogen-nitrogen bonds: and

RG is a reactive group, wherein RG can comprise a carboxylic acid, an
activated ester of a carboxylic acid, acid anhydride, acid chioride, acyl azide, an
acyl halide, aldehyde, chloroformate, amine, hydroxy, hydrazine, isocyanate,
isothiocyanate, sulfonyl halide, tosyl, maleimide, N-hydroxy-succinimide ester,

aziridine, imine, and disulfide groups.

Selected embodiments of dyes of formula (I-B) are illustrated in Table 4.

Table 4
Dye X1 X2 Y1 Y2 W L RG
I-B-1 S S Cl Cl H C{O) QH
1.B-2 s S Cl Cl H (o) NHS
I-B-3 S S Cl Cl Me Co) OH
I-B-4 S S Cl Ci Me C(O) NHS
I-B-5 S S F F Me C(O) OH
I-B-6 S ) F F Me C(O) NHS
1-B-7 S S F F H C(O) OH
1.B-8 5 S F F H C(O) NHS

The invention further provides synthetic intermediate compounds that may be used for

synthesizing the fluorescent dyes of the invention. In one embodiment, the intermediate

compounds are represented by the general formula (I1):

17
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Y N
>——CN
HO S
Ys
(1)
wherein

Y1 and Y, are independently halogen, alkyl, haloalkyl, alkoxy, or alkenyl
5 or

one of Y1 or Y is H, and the other is a haloalky! group.

In another embodiment, the intermediate compounds are represented by the general

formula {I1):
O
“CI'HaNa_ 2!
LH
W
10 HX, W
(11T
wherein
X218 SorO;
wherein each W is independently H or alky};
15 Z; is H or alkyl; and

LH 18 OH or NH(CH,mCOOH (n is 1-10).

The fluorescent dyes of the invention may be covalently or non-covalently associated
with one or more conjugated molecules “CM”. Covalent association may occur through
20 various mechanisms, including attachment of a conjugated molecule CM to the
fluorescent dye via a linking group L as described above, and may involve a covalent

linkage.

Where the dye is associated non-covalently with one or more molecules, the association
25 may occur through various mechanisms, including incorporation of the dye or synthetic

intermediate compound into or onto a solid or semisolid matrix, such as a bead or a

surface, or by nonspecific interactions, such as hydrogen bonding, ionic bonding, or

hydrophobic interactions (such as Van der Waals forces). The associated molecules

i8
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may be selected from the group consisting of polypeptides, polynucleotides,
polysaccharides, beads, microplate well surfaces, metal surfaces, semiconductor and
non-conducting surfaces, nano-particies, and other solid surfaces. The associated or
conjugated molecule may be associated with or conjugated to more than one
fluorescent dye, which may be the same or different. Generally, methods for the
preparation of dye-conjugates of biological substances are well-known in the art. See,
for example, (Greg T. Hermanson, Bioconjugate Techniques, 1996 Edition Academic
Press, Chapter 8, pages 298-362; Nataliya Panchuk, etal. J. Histochemistry &
Cytochemistry, 1179-1188 {1999); S Bhatacharya, ctal Bioconjugate Chemistry,
Volume 19, 1186-1193 (2008); B. Dworecki, ctal
http://www.piercenet.com/files/DyLight%20Poster%206-7-04.pdf ). Typically, the
association or conjugation of a fluorophore to a dye-conjugate imparts the spectral

properties of the fluorephore to that molecule,

In one embodiment, a fluorescent dye of the invention is attached to a conjugated

molecule CM via a covalent linkage, the dye-conjugate having the formula:

wherein

Xy and X, are independently S or O,

Y and Y, separately represent H, halogen, alkyl, haloalkyl, alkoxy, or alkenyl
wherein cach W is independently H or alkyl;

Zyis H or alkyl;

wherein Z; and one of the W groups may be absent and, if absent, are replaced
with an additional bond between C, and Cs in ring C, which is indicated by a
dotted line;

L is independently a bond or a linking group, wherein the linking group
comprises a covalent linkage comprising 1-50 non-hydrogen atoms selected

from C, N, O, S, P and halogen atoms and is composed of any combination

19



H (CH2)2C(0) OH LA-34 (Dye6) SS F F HH (CH2)2C(0) NHS In other embodiments the quore_scent
dyes have the following formula: HOXi2W 5(1-B) wherein X1 and Ki are independently S or O; Yi and

Y2 are indepgpdgpiheialpgen, alkyl, haloalkyl, alkoxy, or alkenyl; or 10or]%%]\£m%/ 422({65 H, and the
other is a haloalkyl group; W is El or alkyl; L is a bond or a linking group which connects the dyeto a

reactive group RU, wherein the linking group can comprise a covalent linkage comprising 1-50
non-hydrogen atoms selected from C, N, 0, S, P and halogen atoms and is 15 composed of any

combination single, digleddiile rgraroaatiaarenearRaNnBRR0S A RRYLOXYERR, bonds,
en onds z%nd nitro en-nd'trotgen bands; at)nd wherein RU can
On-hi @ and ni

carbon-sulfur bonds, carbon-nitrogen Nk h
comprise a carboxylicc %&%Q lggu%?:%{/é(’tésér ester ofa car (SJXyTlc ach ?%8?80§ﬁﬁy8?ﬁ§eflﬁicid chloride, acyl

azide, an acyl halideVARigh{dé ivoetiltyastetmaleculimine, hydroxy, hydrazine, isocyanate,
isothiocyanate, sulfonyl halide, tosyl, maleimide, N-hydroxy-succinimide ester, aziridine, imine, and

disulfide GEOUPS,jug!d % REIRR ARG S B RIS Ebatts, i ia LBk g X2 are S, as
the present invention include, but are not limited to, amino acids, peptides, proteins,
nucleosides, nucleotides, nucleic acids, carbohydrates, enzymes, Tipids, non-biological
polymers, cells, and celiular components. The molecules to be conjugated may be
protected on one or more functional groups in order to facilitate the conjugation, or to

10 insure subsequent reactivity.

Where the molecule 15 a peptide, the peptide may be a dipeptide or larger, and typically
includes 5 to 50 amino acids. Where the conjugated molecule is a protein, it may be an
enzyme, an antibody, catalytic antibody, kinase, lectin, glycoprotein, histone, albumin,
15 lipoprotein, avidin, streptavidin, protein A, protein G, hormone, toxin, growth factor.
Typically, the conjugated protein is an antibody, en antibody fragment, avidin,

streptavidin, a lectin, or a growth factor.

The conjugated molecule may be 2 nucleic acid polymer, such as for example DNA
20 oligonucleotides, RNA oligonucleotides (or hybrids thereof), or single-stranded,
double-stranded, triple-stranded, or quadruple-stranded DNA, or single-stranded or
double-stranded RNA, The conjugated molecule may also include carbohydrates that

are polysaccharides, such as dextrans,

25 Theassociated or conjugated molecule may be a member of a specific binding pair, and
therefore useful as a detection reagent for the complementary member of that specific
binding pair. The dye-conjugate of a specific binding pair member may be useful for
detecting and optionally quantifying the presence of the complementary specific
binding pair member in a sample, by methods that are well known in the art,

30
Representative specific binding pairs may include without limitation ligands and
receptors, and may include but are not limited to the following pairs: antigen-antibody,

biotin-avidin, biotin-streptavidin, IgG-protein A, IgG-protein G, carbohydrate-lectin,
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25provided in formula: Y. BO wherein, Y1 and Y2 are independently halogen, alkyl, haloalkyl, al_ko>§y,
or alkenyl or one of Yi or Y2 is H, and the other is a haloallcyl; 5W is H or alkyl; L is z; b(;)nd or atllnklng
roup, wherej linki roup comprises a covalent linkage comprising 1-50 non-hydrogen atoms
geleg[ed frorﬁ%%%}f%g] ngandphalogrzzn atoms and is composed of any oA '?ﬂjle, double,
triple, or aromatic carbon-carbon bonds, carbon-oxygen bonds, carbon-sulfur bonds, _
10carbon-nitrogen bonds, and nitrogen-nitrogen bonds; and RU is a reactive group, vyherem _RU can
comprise a cadexiGasiR. anasivaied BRLOMAICAIRNYlic.acith agid anhydride,ggid chloride, acyl
azide, an acy!l Q%lzidle’ aldehxde, dcﬁl\? oglgrmate amine, hydrox gédrgz!ne, !sqcyanate, |§othlocyanate,
sulfonyl halide: oSyT, TARIe A ﬁ%? 6%@&?&%’?%9@%% 148f57kdine, imine, and disulfide groups.
Selected embodiments of dyes of formula (I-B) are illustrated in Table 4. Table 4 20 Dye X1 X2 Y1 Y2

W L RG II-B-1 3364 OF PREPARING FLUORESCENT DYE COMPOUNDS
5

In one aspect of the invention 2 method is provided for preparing the fluorescent dyes
of formula {I).
Zy

Y, N N 7
OoSe
X X3 W

HO
W

e

Y;
wherein
10 X, and X are independently S or O;
Yy and Y> separately represent H, halogen, alkyl, haloaliyl, alkoxy, or alkenyl
wherein each W is independently H or alkyl;
Zy is H or alkyl;
wherein Z; and one of the W groups may be absent and, if absent, are replaced
15 with an additional bond between C, and Cs in ring C, which is indicated by a
dotted hne;
wherein Z; comprises a labeling substituent of the formula —-L-RG, wherein
L is independently a bond or a linking group, wherein the linking group
comprises a covalent linkage comprising 1-50 non-hydrogen atoms selected
20 from C, N, O, S, P and halogen atoms and is composed of any combination
single, double, triple, or aromatic carbon-carbon bonds, carbon-oxygen bonds,
carbon-suifur bonds, carbon-nitrogen bonds, and nitrogen-nitrogen bonds; and
wherein RG is a reactive group selected from a group consisting of a carboxyhic
acid, an activated ester of a carboxylic acid, acid anhydride, acid chloride, acyl
25 azide, an acyl halide, aldehyde, chioroformate, amine, hydroxyl, hydrazine,
isocyanate, isothiocyanate, sulfony] halide, tosyl, maleimide, N-hydroxy-

succinimide ester, aziridine, imine, and disulfide Sroups.

In one embodiment, the fluorescent dyes of the invention having the fornnula:
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H C(0) OH I-B-2 S S CI CI H C(0) NHS I-B-3 S S CI Cl Me C(0) OH I-B-4 S S CI Cl Mc C(0) NHS I-B-5

WO 2011/008912 PCT/US2010/042063
0
N
Yy N N e
N 2
= Jw 0
HO 5 X w
Y3

wherein Yy and Y» separately represent H, halogen, alkyl, haloalkyl, alkoxy, or
alkenyl;
Xy SorQ;
5 wherein each W is independentty H or alkyl;
Z; is H or alkyl; and
L 1s O or NH(CH;)nCOO (n is 1-10}
can be synthesized using the synthesis scheme illustrated in Figure 2A-2D. The
method includes the steps of:
10
(a) forming cyanobenzothiazole intermediate of the dye using the method shown in
Figure 2B having the formula;
Y, N
Son
HO S
Y
wherein

15 Y and Y, separately represent H, halogen, alkyl, haloalkyl, alkoxy, or alkenyl.

(b) forming a carboxyl derivative of the dye by reacting cvanobenzothiazole
intermediate with modified amino acid of formula:

"CIHyNe_ 21
LH

20 wherein
X588 0r0;
wherein each W is independently H or alkyt;
Zy 18 H or alkyl; and

LH is OH or NH(CHpnCOOH (n is 1-10).
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SSFFMeC(0)OHt-B-6 SSFFMe C(0)NHS I-B-7SSFFHC(0) OHI-B-8SSFF

WO 20171/008912 PCT/US2010/042063

to produce luciferin derivative of formula:

VARG
Yy N N
\>___</ LH
W
HO S X
Y
Y,
3 wherein
X185 0r O

Y1 and Y, separately represent H, halogen, allyl, haloalkyl, alkoxy, or alkenyl;
wherein each W is independently H or alkyl;
Zy is H or alkyl; and

10 LH is OH or NH(CH,; nCOOH (n is 1-10),

{c) replacing the hydroxyl function of the carboxyl group in LH with a reactive group.

In another embodiment, the fluorescent dyes of the invention having the formula:

15

Y N CO,H

1 \H/NI 2
HO s S
Yo R
wherein
Yy and Y, separately represent H, halogen, alkyl, haloallyl, alkoxy, or alkenyl;
and

20 R is H or alkyl

are synthesized using the synthesis scheme illustrated in Figures 3A.

In another embodiment, the fluorescent dyes of the invention having the

formula:
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H C(0) NHS The invention further provides synthetic intermediate compo_unds tha_t may be used for
synthesizing the fluorescent dyes of the invention. In one embodimfft, tgeYlgterm_e(;i;ate choanpounds
are represe neral formula (11): Y2 (Il) wherein an are independently
haloggn, almﬁlﬁ%ﬂgalkoxy, or alkenyl 50r one of Y1 or Y2 is H, and’Eﬁ'e”Bﬁ%%¥"(§“§“ﬁ%|oa|ky|
group. In another embodiment, he intermediate compounds are represented by the gene_ral formula
OM: 0 wherein X2is S or 0; wherein each W is independently H or allcyl; 1571 is H or alkyl;
and LET is OH or NH(CH2)nCOOH (n is 1-10). The fluorescent dyes of the invention may be
covalently or non-covql1entl asazociated v(\Si(t_)hHone or more conjugated molecules "CM". Covalent

association may occur th ids Mechanisms, including attachment of a conju_gated
molecule CM to the flug Xelye @ta\a linking group L as desmibed above, and may involve a
covalent linkage. Where the, dye is assdtiated non-covalently with one or more molecules, the _
association 25may oceur through various mechanisms, including incorporation of the dye or synthetic
intermediate compou\?l%ﬁ%l{lo or onto a solid or semisolid matrix, such as a bead ora surfacg, or by
nonspecific interactidﬁsﬁ,ﬂgiféhSaylmyﬂmgﬁnmmrﬂjmglommjmlk@ndm%mﬂ,Wmemﬁdﬁ}tgracthn$ (such
as Van dek Wag|s forces). The associated molecules may be selected from the group consisting of
polypeptides, polynugleatides, polysaccharides, beads, microplate well sur_faces, metal surfaces,_
semiconductor and n%?‘f o%&ﬂ%’tling surfaces, nano-particles, and other solid surfaces. The associated
or conjugated favleculetmasebesagsbeintetionithcbesoiijugateditormareth aB.eRe, MC. et

al., J. 4m. Chem. Soc., 122, 3301-3313 (2000).

10 In another aspect the invention provides methods for making dye-conjugates of
invention. The method comprises mixing a fluorescent dye of the invention comprising
a reactive group with a conjugated molecule. The conjugated molecule may be an
amino acid, protein, peptide, antibody, antibody fragment, nucleoside, nucleotide,
nucleic acid polymer. The conjugated molecule may include carbohydrates that are
15 polysaccharides, such as dextrans. Typically, the conjugation of a fluorophore 10 a

conjugated molecule imparts the spectral properties of the fluorophore to that molecule.

The methods for the preparation of dye-conjugates of are well-known in the art. For
preparation of peptide or protein conjugates, the method typically comprises first
20 dissolving the protein to be conjugated in aqueous buffer at about 1-10 mg/ml at room
temperature or below (typically 4-25° C). Borate or carbonate/bicarbonate buffers (pH
about 8.0-9) are especially suitable for reaction with succinimidyl esters, phosphate
buffers {pH about 4.0-8) for reaction with thiol-reactive functional groups, and
carbonate or borate buffers (pH about 9.0-9.8) for reaction with isothiocyanates and
25  dichlorotriazines. The appropriate reactive dye is dissolved in a nonaquecus solvent
(usually DMSO or DMF) in an amount sufficient to give a suitable degree of
conjugation and added to a solution of the protein to be conjugated. The appropriate
amount of reactive dye to be used for any protein or other component is usually
predetermined by experimentation in which variable amounts of the reactive dye are
30 added to the protein to be conjugated. The reactive dye is usually used in 5-100 fold
excess of the amount of protein to be conjugated. Following addition of the reactive

compound to the component solution, the mixture is incubated for a suitable period
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5fluorescent dye, which may be the same or different. Generally, methods for the preparation of
dye-conjugates of biological substances are well-known in the art. See, for example, (Greg T.
HermansonyRipgQnidgate Techniques, 1996 Edition Academic Press, Chapter.8, pages 298-362;
Nataliya Panchuk, etal.-J. Histochemistry & Cytochemistry, 1179-1188 (1999); S Bhatacharya, etal
Bioconjugate Chemistry, 10Volume 19, 1186-1193 (2008); B. Dworecki, etal
http://www.piercenet.com/flles/DyLight%2oposter%205-7-04.pdf). Typically, the association or
conjugation of @ flicelippharelthoardy esconjugatetimpardsthe spectalpropediesehjihedluorophore to

that motecule. i1 31p.onesarpRofineit. A yarsscentdueof e nventian-Bafiached fg.a conjugated

molecule CM via a covalent linkage, -conjugate ai/lngy[ﬁsé ormula: Wherein XI and X2 are
independently BEPE- ?E@éﬁﬂ*@f@zégéﬁﬁwafegﬁ FEpPe SR AP Mt genhitined walloatksd, ialitoxy, or alkenyl
wherein each \Wsiscihaigpiencantiyhid pedliyl; Sdnisdilanalienli2 Bwhereind band gag.ef the W groups
may be ahsen if absent, are replaced with an.additional bond between C4 and C5 in ring C, which
is indicatebg by£§H o%t%%%pﬁcr%l ' cm?tﬁalos% ?n%%‘%g%ﬁén%&dg%c}ﬁﬁ%sr’ a ]flzﬁﬁﬁij Slr%tﬁbn,sw éurﬂgirg the linking group
comprises a cEVHERPIREGSIEBRBH SR ES I Ao Ryioduimaen suskidsiad@dfom C, N, 0, S, P and
halogen atoms and is composed of any combination single, double, triple, or aromatic carbon-carbon
bonds, carbon; g@? arbon-sulfur bonds, carbon-nitrogen bonds, and nitrogen-nitrogen
bonds; and wherein IS a conjugated molecule. 5Conjugated molecules CM that may be used for
preparing dye-conjugates according to the present invention include, but are not limited to, amino

acids, peptideghprpiains imualensidasdAUCIBatite S AuElRit.aC it fiatReRYdRles £hZYMeS, lipids,
non-biological Spgygg%ri%mcellsa,i %ﬂ% cgﬂl&ufar com qon(gnts. The mole ulegg to §e conjugated may be
protected on ofe of more fuRclional groupS iRordas B TAEiAtS ROl Ao Y Loinsure
subsequent regicthgityy wwinarehise muidically sralpeptideonirdepeptidenmalcbevaddigeptice or larger, and

typically includes 24 amineiasids.i¥Vhere e capgalRd MARGHE IS, aRIRiRin, fymay be an
enzyme, an antibgd , cﬁqalytic) antibo%, kinase, lectin, glycoprotein, histonc, albumin, 15 lipoprotein,
avidin, streptaligin Brotéif R BrEweR F%Pﬁ‘f?‘fn@ﬂ%%?ﬁ,%%%ﬂﬁnfa@f‘éqﬂ #SIpngveafE tonjugated
protein islan afdtivceay, daeramiiltotly ffagniersttaxi fin dstepavidin; @uiettitioonfagrawtitdactor. The
conjugated maleculgmayibe.AaGRisasi RIS AR faneARAle. R R oljgonucleotides,

RNA oligonucleotides (or hybrids thereof), or single-stranded, double-stranded, triple-stranded, or

quadruple-strafded N, B S FARaRY SF USRS SpaEsE R’M}Bﬁf@srh(é”?%ﬂj]ﬁ@a%ﬁ molecule may
also include carbohyefatesihat atepohsdceharidesssuydh asgdesdsansogle component or

homogeneous group of components, e.g. biological polymers such as amino acid

20 poiymers, nucleic acid polymers, carbohydrate polymers, or lipid membrane complexes.

In certain embodiments, the fluorescent dyes of the invention, including reactive dyes
and dye-conjugates are used to stain or label an analyte in a sample so that the analyte
can be identified or quantitated. For example, fluorescent dyes, including dye-
25 conjugates of the invention may be used as a detectable tracer element in an assay for a

target analyte, in a biological or non-biological fluid,

In other embodiments, the fluorescent dyes, including reactive dyes and dye-conjugates
arc used to detect a sample that comprises a ligand for which the conjugated molecule
30 is a complementary member of a specific binding pair (e.g., Table 2). Thus, the ligand
is one member and the conjugated molecule the other member of the specific binding
pair. The fluorescent dyes, including the dye-conjugates are also used for identifying an

interaction between a dye-conjugate and a complementary binding molecule.
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25 The associated or conjugated molecule may be a member of a specific binding pair, and therefore
useful as a detection reagent for the complementary member of that specific binding pair. The
dye-conjuga@{g I%%ggigc binding pair member may be useful for detecting and optionally quantifying
the presence of tf?e complementary specific binding pair member in a sam e/?%zﬁnr&gfﬁ%as that are
well known in the art. 30 Representative specific binding pairs may include without limitation ligands
and receptors, and may include but are not limited to the following pairs: antigen-antibody,

biotin-avidin, bigtifestreptayidingmtof-mratair AuleGeRioton Ghcrarhphvdrales\eciin, enzyme-enzyme
substrate; DNA-com Iement% strand DNA, and RI\]A-corg%ementary strand RNA, hormone-hormone

receptor (Table* )" MEFHOBS GRBEEPABINEEEOREEE ENFHVPEBOMPBUNDS 5 In one aspect
of the inventiofgenietherddespresddéefor itheharmaptheflsorescentcdyesioiofermigactl)e Y, wherein

10X1 and X2 a;nelmae@agaetbbmn&p&%@ﬁﬁh@f%@%@ﬁg@ﬂyt SREESERHEL halparm, gkyl, haloalkyl,

alkoxy, or gllcehrg)}gl_cv(\)/\b%rem each W is independently H or alkyl; Z, is H or alkyl;,  wherein Z1 and one

of the W gioups Tay ba abSeRE At T SBURT, XHE b HERa™ Eithe ARGt HERY between C4
and C5 in ring i@sswhigfithiafidibatads by tidsttadelivreponherefitid2gurhpitesamtabaliftgrsubstituent of

the formula -LRGiiNARIGIn hisduAERROABEHNARANG O ALK AU, MBEERIN MR INking group

comprises a covalent linkage comprising 1-50 non-hydrogen atoms selected 20from C, N, 0, S, P and
halogen atom<™Snd ¥ Colh s @o%?ﬁ’ﬁ%%ﬁ'nﬁﬂ?&ﬁ‘ﬁﬂ SHEEEHSIEOIE, hpiamel drofiatier carbon-carbon
bonds, carboncosepgereiionelgicehrispmsulfigh hemasr¢arbon-nitrogen bonds, and nitrogen-nitrogen
bonds; ang wherein RG is a reactive group selected from a group consisting of a carboxylic acid, an
activated ester of a carboxylic acid, acid anhydride, acid chloride, acyl 25azide, an acyl halide,

aldehyde, chlofbfSFmBRECaHi HYErIRY, thy dheseu iz yaialtbedATBEmrare, suMBnyl halide, tosyl,
maleimide, N-hydlrokysutitimimicereste madiiridinerciiiy, and disulfideigraupsnbdnenembodiment, the

fluorescent dygg, of MGG RN DAV DL IRE Q" BaHR RO MORB AR T TAHS204 01042063 Y2
typically, an antigen, a hapten or a biotin. Such dye-conjugates of the invention can be
15 wse for detection of an analyte in a sample, using a variety of applications, Primary
applications inciude immunofluorescence, fluorescence in-situ hybridization (FISH),
flow cytometry, labeling of receptors, and tracing of labeled cells. For certain detection
methods  e.g., those based on cytometry which inberently involve spatial
separation/resolution of bound vs. unbound conjugate; it is not necessary to remove the
20 unbound dye-conjugate from the analysis mixture. However, for other detection
methods, ¢.g. immunocassays not involving spatial separation/resolution of bound vs.
unbound conjugate, it may be necessary to remove the unbound dye-conjugate from the

analysis mixture prior to detecting the optical response.

25  In another aspect, the fluorescent dyes and dye-conjugates of the invention may have
utility as laser dyes. Since the dyes and dye-conjugates of the invention are excited by
an ultraviolet or violet laser, these dyes and dye-conjugates are particularly useful for
multiplex assays with other dyes that are cxcited at longer wavelengths. In one
embodiment, these dyes and dye-conjugates are excited at about 350-405 nm and when

30 used with dyes that are excited at longer wavelengths (e.g., 480 nm and longer), their
emission spectra are distinguishable from the dyes that are excited at longer

wavelengths.
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wherelr_!_Yl and 1Y2 separately represent H, halogen, alkyl, haloalkyl, alkoxy, or alkenyl; X2 is S or 0;
5wherein each W is independently H or alkyl; Z1 is H or allcyl; and L is 0 or NH(CH2)nCQO (n is 1-10)’
can be synthgsiza@d4siag the synthesis scheme illustrated in Figure 2AR0r/d31e1meie6dl includes the
steps o_f: 10 (a) forming cyanobenzothiazole intermediate of the dye using the method shown in Figure
2B having the formula; 1\71 wherein 15Y1 and Y2 separately represent H, halogen, alkyl, haloallcyl
glkoxy, or alkenyl. (b) forming a carboxyl derivative of the dye by reacting cyanobenzothiazole ’
intermediate withaedifipetashiho iavidtioh formitac@iaBivhefdis KRGS Eﬁkﬂ(%e\ﬁﬁ%lr'é}ﬁ each W is

independently H.or alkyl 7 is b} aE syl AR Lbis @bhes NH(GHRINGO@kkisiind). to produce

luciferin derivative of formula: 5wherein xﬁfﬁﬁ

alkyl, haloal viferailiRle dewPIE IR SEAGE i fi?’ ?’Etg?i%%;‘lﬂ%gg HRFEPHEARRISRER: 1. halogen
multi-color analysis. The method includes incubating the sample with a composition of
5 {he invention that includes multiple dye-conjugates, for example, a first dye-conjugate
and second dye-conjugate. In this compos;ition, the component of the first dye-
conjugate is a binding partner for the first analyte and the component of the second
dye-conjugate is a binding partner for the second analyte. The incubation continues
under conditibns appropriate to induce an interaction between the firsi analyie and the
10  first dye-conjugate. During this incubation period, it is generally preferred that a similar
interaction occurs between the second analyte and second dye-conjugate, however, it is
within the scope of the invention to change the incubation conditions as necessary 10
drive the formation of a dye-conjugate-analyte complex between the second dye-
conjugate and second analyte. Following the formation of at least the first dye-
15 conjugatc-analyte complex, the sample is illuminated with light of a wavelength
appropriate to cause the complex to fluoresce, thereby detecting the first analyte. The
second analyte is detected in a similar manner and may be detected simuitaneousty with
the first analyte or by the sequential illumination of the sample with wavelengths
appropriate to induce the fluorescence of each fluorescent dye-conjugate. In a particular

20 aspect, the illumination and/or detection step comprises a flow cytometer.

Alternatively, the multiple dye-conjugates, preferably fluorescing at different
wavelengths can be used to detect different features of an analyte. For example, a cell
or epitopes of an analyte, can be labeled with different colored dye-conjugates, the
25  target is detected and its identity is confirmed using the co-localization of each color on

gach target.

The dyes and dyeconjugates of the invention may be used for diagnostic applications.
For example, the dyes and dye-conjugates of the invention may be useful for detecting
30 the presence of a pathogenic organism (e.g., bacterial, viral, fungal) in a subject.
Alternatively, presence of a particular analyte and/or amount of a particular analyte
and/or variants of a particular analyte may be associated with a pathological condition
in a subject. The dyes and dye-conjugates of the invention that bind to such analytes

may have utility for determining the presence and/or amount of a particular analyte
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Ziis H or alkyl; and 10LH is OH or NH(CH2)nCOOH (n is 1-10). Ikoxy, or alkenyl; (c) replacing the
hydroxyl function of the carboxyl group in LH with a reactive group. In another embodiment, the
fluorescentdyes Qg nvention having the formula: N CO2H HO WS Sp¥¢zusrerein¥dsand Y2
separately represent H, halogen, alkyl, haloallcyl, alkoxy, or alkenyl; and 20R is H or alkyl are
synthesized using the synthesis scheme illustrated in Figures 3A. In another embodiment,.the
fluorescent dyes of the invention having the formula: WO 2011/008912PCT/US2010/042063 N CO2H
HOX1 0 Y2 wheteintyharian¥?2 Sepatatehsieptbsantshtatoden, iRyl paloaitdtioakelxy, or alkenyl; 5
and R is H or glkyl.can be synthesized using the synthesis scheme illustrated in Figure 3B (Bagley,
MC. et al., J. Am. Chem. Soc., 122, 3301-3313 (2000). 10In another aspect the invention provides
methods for making dye-conjugates of invention. The method comprises mixing a fluorescent dye of
the invention gonsprising/axagaotive group with a conjugated molecule. The conjugated molecule may
be an amkno acid, protein, peptide, antibody, antibody fragment, nucleoside, nucleotide, nucleic acid
polymer. The conjugated molecule may include carbohédrat S, th@ aire.g.S?oll){sacc arides, such as
Aciiital i:

dextrans. TypiIRFPETEESRRGEEBHBIA T SPhiTE TR AR LIgGatEd HBIECHES

LRI CTRNLE n%rﬁ%lr(fg the spectral
properties of thre,flisaraphetatmphalrablecies of the invention, as described above. The kits of

the invention typically comprise a fluorescent dye of the invention, either present as a
chemically reactive label useful for preparing dye-conjugates, or present as a dye-
10 conjugate where the conjugated molecule is a specific binding pair member. Selected
conjugated molecules include without Hmitation, polymers of biological molecules (e.g.
profeins, nucleic acids or carbohydrates). In specific embodiments, the dyes of the

present invention listed in Tables 3 and 4 are particularly suited for the preparation of

such a kit.
i35
Preferably, the kits comprise one or more of fluorescent dyes listed in Table 5.
20
25
30
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The methods for the preparation of dye-conjugates of are well-known in the art. For preparation of
peptide or protein conjugates, the method typically comprises first 20 dissolving the protein to be
conjugatedyypagyuess puffer at about 1-10 mg/ml at room temperature BCb@EkRaAtyIREIlYy 4-25 C).
Borate or carbonate/bicarbonate buffers (pH about 8.0-9) are especially suitable for reaction with
succinimidyl esters, phosphate buffers (pH about 4.0-8) for reaction with thiol-reactive functional
groups, and carbonate or borate buffers (pH about 9.0-9.8) for reaction with isothiocyanates and 25
dichlorotriazines. The appropriate reactive dyeligbHissolved in a nonaqueous solvent (usually DMSO or
DMF) in an grgountsufficient to give a suitable degreg®f conjugation and added to a solution of the
protein to be_canjugated. The appropriate-amount-of reactive-dye-te-be-tsed-feranypiotein or other
component is usually predetermined by experimentation in which variable amounts of the reactive dye
are 30 added to the protein to be conjugated. The reactive dye is usually used in 5-100 fold excess of
the amount ¢f protein to be conjugated. Following additio reactive compound tg the component
solution, the imixture fis incubated for a suitable period ypicdlly apout 1 hour at room :Iemperature to
several hours!®ttice), the dye-ganjugate i jugated dye by gel filfration, dialysis,
HPLC or other suitable methods. i@ in solution or lyophilized, until
tested in its desired applicatio é mpethod is geg y applicable for preparing dye-¢onjugates
5using antibodies, antibody fr;% entd, avidins, lectins, enzymes, proteins A and G, cellular proteins,
albumins, histones, growth factors, héﬂnones, and other proteins. METHODS OF USE 10 The present
invention pravides a method of detecting a complementary member of a specific bindirjg pair in a
sample, comprisirgHaixing-satd-samplte-with-a-dye-conjugate of the invention which specifically binds
to the complementar_l/ member; and detecting the complex formed by said mixture to detect the
complementary memper. The methods of the invention may comprige using the fluorescent dyes,
tion and/or quantitation of an

including reactive 15 |dyes and dye-conjugates of thedinvention for d

analyte in a dample. In certa'g\ embodiments, the sa Ie@emi)ﬁ%eﬂ etarogeneous mixtures of
terig) virtiges, orgpriélles, and mixtyres thereof In

mponeﬁt or hogogeneous group of

components, iR ding intactce §, CEHe actsy
other embodiments, the sample & '

inp acid 20polymers, nucleic acid polymers,
carbohydrate| polymers, or lipid megibrane complexes. In certain embodiments, the fluprescent dyes
of the invention, including reactive dyes and dye-conjugates are_used to stain or label an analyte in a
sample so tfit the analyte can be identified or quantitated. For example, fluorescent dyes, including

dye- 25conjugates ofithe invention may be used as a dete acer element in an agsay for a target
analyte, in a biological or non-biological fluid. In other ergbodiments, the fluorescent dyes, including
reactive dyes|and dye-conjugates. t comprises a ligand for which the
conjugated mateerle B0 is a compley
the ligand is one member and t RiY the other member of the specifi¢ binding pair.
The fluoresceant dyes, including the dye-conjugates are also used for identifying an intefaction between
a dye-conjugate and complementar)}:binding molecule. In the first step of the method, the

by combining|a dye of the invention as described above with the sample of interest under conditions
selected to yield a detectable optical response. The dye-conjugé? fypically forms a covalent or 5
non-covalent @ssociation or complex with an element of the sample, or }s simply present within the

Rle. @nﬁ‘l inated at a wavelength
selected to elicit the optical response. Ty styinig) the sample is@sed to determine a specified
characteristic jof the sample by furthﬂ e m | response with a standard. 10 In one
aspect of the [nvention, the dye-conjugate ig

a labeled protein, such as an antibody, antibody
fragment, avidg

pavidin, and the like"In this embodiment the dye-conjugate is used to detect a

complementary specific binding pair which is typically, an antigen, a hapten or a biotin. Such

dye-conjugate
of applications
(FISH), flow ¢

sing a variety
ybridization
ection

methods e.qg.,those-ba Ay v
bound vs. unbound conjugate, it is not necessary to remove the 20 unbound dye-conjugate from the

analysis mixture. However, for other detection methods, e.g. immunoassays not involving spatial
separation/resolution of bound vs. unbound conjugé?e, it may be necessary to remove the unbound
dye-conjugate from the analysis mixture prior to detecting the optical response. 25In another aspect,
the fluorescent dyes and dye-conjugates of the invention may have utility as laser dyes. Since the
dyes and dye-conjugates of the invention are excited by an ultraviolet or violet laser, these dyes and
dye-conjugates are particularly useful for multiplex assays with other dyes that are excited at longer
wavelengths. In one embodiment, these dyes and dye-conjugates are excited at about 350-405 nm

and whan



30 used with dyes that are excited at longer wavelengths (e.g., 480 nm and longer), their emission
spectra are distinguishable from the dyes that are excited at longer wavelengths. In another aspect of
the inventiog.he; dygrenjugates of the invention can be used in a multireotarseethoziéor detecting
one or more analytes in a sample. In one embodiment, the multiple dye-conjugates can be used to
detect multiple analytes in a sample using a multi-color analysis. The method includes incubating the
sample with a composition of 5 the invention that includes multiple dye-conjugates, for example, a first
dye-conjugate and sécond dye-conjugate. In this composition, the component of the first
dye-conjugate is a binding partner for the first analyte and the componef of the second dye-conjugate
is a binding partner for the second analyte. The incuBation contifues und nditions jappropriate to
induce an interaction; betweep the first aﬁalyte ﬁnd the_1Qfst <conjugate.} During this incubation
period, it is gemgsally|preferred Simsar inger tionh{)ccurs between th}¥ second analyte and
second dye-¢onjugate, howevert ign of the invention to ghange the ingubation
conditions as necessary to 8fve thE formation of a ye-conjugate-analyte complex between the
second dye-¢onjugate and secondFanalyte. Following the formation of at least the first flye- 15
conjugate-aralyte complex, the sample is illuminated with light of a wavelength appropriate to cause
the complex to-fluoreseethereby-detecting-the-firstanatyte:The second anatyte is detected in a
similar manner and may be detected simultaneously with the first anal\dg or by the sequential
illumination df the sample with wavelengths appropriate to in cence of aach fluorescent
dye-conjugate. In a particular 20gspe they\jllumir}@tio B stgp comprises a flow
cytorneter. AtBrn tively, the multiplg Fconjugates, preferably fluorescfhg at different wavelengths
can be used (0 Uetect different feg @ de- For example, a cdll or epitopes df an analyte,
can be labelad with djfferent cdifed diye-conjugates, the 25target is detected and its identity is
confirmed usjng the do-localization of 8ach color on each target The dyes and dye-conjugates of the
invention may - | i icati € e,-the-dyes-and-dye=conjugates of the
invention may vacterial, viral,
fungal) in a spbject. Alternatively, presence of a particular a r amount of a particular
analyte and/qgr variants of a pa@ilgﬁular analyte may be associated with hological condition in a
subject. The gdyes and dye-conjuga o Of the entio ) Inddge-stich analytes may have utility for
determining thﬁyﬁgesnce and/or amg | a pafticulqr anghyte and/gk+ts variants, thus diagnosing
the presence;and/or extent of agpathologftal céndition. SKITS OF INVEENTION 5 One aspect of the
present invention is the formulation of kits that facilitate the practice of various assays ysing any of the
dyes of the invention,|as described above. The kits of the invention typically comprise a fluorescent
dye of the invention, either present as a chemically reactive label useful for preparing dye-conjugates,
or present as a dye- 10 conjugate where the conjugated molecule is a specific binding pair member.
Selected conjugatedsraalesidesdpeiidemwithauidioitaticne Rolyeats of bialogisabnbletules (e.g.
proteins, nuclejc ai:i%s %rga__rgoh ra}es). In specific embodiments, the dyes of the present invention
listed in Tabled’8and"5 aré’ %aﬁfcﬁﬁr[y suited for the preparation of such a kit. 15 Preferably, the kits
comprise éne or more of fluorescent dyes listed in Table 5. 20 25 30 Table 5 No. Formula Dyel

In an exemplary embodiment, the kit inciudes a reactive dye of the invention and

instructions for conjugating the dye to a molecule possessing an appropriate functional

group, and optionally for recovering the dye-conjugate.

10 Tn another exemplary embodiment, the kit includes instructions for performing an assay
that detects an analyte or ligand in a sampie. For example, in one embodiment,
instructions are provided for detecting cell surface receptors, or an enzyme, or other

ligands that can bind antibodies.
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The kit optionally further comprises one or mbre buffering agents, typically present as
an agueous solution. The kits of the invention optionally further comprise additional
detection reagents, a purification medium for purifying the resulting labeled molecules,
fluorescent standards, enzymes, enzyme inhibitors, organic solvent, or instructions for

5 carrying out a method of the invention.

The various embodiments of the invention are demonstrated further by the following
lustrative examples. The examples are offered by way of illustration and are not

intended to limit the scope of invention or claims in any manner.

10

EXAMPLE 1

The following example provides a description of a general method for the synthesis of

dihalo derivatives of firefly luciferin and their respective NHS esters.
15

L. Preparation of Appel Salt

Cl Cl
CICH,CN + CiSs — A
Cr SI N

20 A 500-ml round-bottomed flask was charged with chioroacetonitrile (20 mL), sulfur
monochloride (120 mL), and CH,Cl, (110 mL) under argon. The reaction stirred under
argon for 3 days while a brown precipitate formed. The precipitate was collected by
suction filtration and washed with CH>Cl {300 ml) and hexanes (300 mL). The
washed solid was vacuum dried to give the product as a brown solid (75% yield).

25
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2. Preparation of 2-Cyanobenzothiazoles

The following procedure is for the preparation of 5,7-dichloro-6-hydroxy-2-
cyanobenzothiazole. The preparation of 5,7-difluoro-6-hydroxy-2-cyanobenzothiazole

5 followed the same procedure with very similar results.

Ci Cl
OMe OMe H
Y. Y Zn, NH,CI Y. Y Cr st _.N Y Na c
i s N
S\ J’N
MeQ
NO_2 NH2 Y
2A-B
1A-8
Y=CiLF 140 °C
Pyridinium
Y. N Hydrochloride, V. N
N—CN 195 °C E B—CN
S>— 195 P S>—
HO MeQ
Y Y
AA-B 3A-B

10

A 5-L round-bottomed flask was charged with 1,3-dichloro-2-methoxynitrobenzene
(0.33 moles), ammonium chloride (3.3 moles), and ethanol (1200 mL). Zinc dust (3.3
moles) is added rapidly to the stirred mixture. The reaction mixture warmed o near
15 reflux after several minutes and was then allowed to cool to room temperature. After
stirring overnight, the suspension was filtered to remove residual zine and ammonium
chloride. The filtrate was concentrated under reduced pressure and the resulting solid
was resuspended in CH,Cl, (1500 mL). The suspension was filtered and the filtrate
concentrated under reduced pressure to give the substituted aniline as a white solid
20 (0.33 moles).

1A Y=(l 'H NMR (400 MHz, CDCly): & 6.601 (s, 2H), 3.811 (s, 3H), 3.6-
37 (broad s, 2H)
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N NCSO0.--- \>S The kits can also comprise one or more of the dye-conjugates of Dye |, Dye2
Dye.3, Dyc_41, Dye5, Dyc6, or Dyc7. 5 in an exemplary embodiment, the kit includes a reactive dye of ’
the mvenﬂo&gg&jy&gygtions for conjugating the dye to a molecule possesSsingEN/ @REFDPriate
functlonal group, and optionally for recovering the dye-conjugate. 10In another exemplary
embodiment, the kit includes instructions for performing an assay that detects an analyte or ligand in a
sample. For example, in one embodiment, instructions are provided for detecting cell surface
receptors, or aB enzyme, or othérigeRdgthatitaCbitid ahtiidies2HTne%R Gpdidhaty further comprises

one or more by fering agents, typically&gg&gpj@)s an aqueous solution. The kits of the invention
optionally further comprise additional (Setection reagents, a purification medium for purifying the

resulting labeled molecules, fluorescent sta aards enzymes, enzyme, inhibitors nic solv
) : By A . ardas, A ent, or
instructions fof ScarigeUEa ??1‘@1‘?188“87’%[; ?‘ﬁ%‘eﬁﬁ%ﬂ%h‘%@fﬁ%ﬁ?@%ﬁ 0 (?ﬁ%earf‘litg%%t(he invention are

demonstratedifowtherby theifolewingilubtratve! Sxdiphpies? Tiethexamiphes Are offered by way of
ilustration and are notintendedde-lipit thescane afibvgniomoneaimads aay maangy. EXAMPLE 1

portions over 5 minutes causing the solution to reflux. TLC showed the complete
disappearance of the aniling after 15 minutes. The reaction mixture was concentrated
to ap orange solid. The solid was dissolved in 2.5 L of ethyl acetate. The organic
10 solution was washed with type 1 water (2 x 1000 mL) and brine (1000 mi.). The
washed organic layer was dried over anhydrous Na;SOy and concentrated to give the

appel salt adduct as a solid.

24 Y=C(] ' NMR (400 MHz, CDClL): 8 7.203 (s, 2H), 3.933 (s, 3H)
15
2B Y=F 'H NMR (400 MHz, CDCLy): 8 6.87 (m, 2H), 4.030 (s, 3H)
A 500-mL three-necked round-bottomed flask was equipped with and argon inlet line
and a water-cooled condenser with a bubbler connected to the outlet. The flask was
20  charged with appel salt adduct (0.134 moles) and heated to a surface temperature of
140° C for 1 hour. Toluene (50 mL) was added and the reaction was cooled to 90° C.
CH,Cl (100 mL) and silica (50 g) were added. The resulting slurry was filtered and
the filter cake was washed with CH,Clp (200 mL). The combined filtrate and washes
were concentrated and flash chromatography (CHCly/hexanes) provided the 5,7-

25 dichloro-6-methoxy-2-cyanobenzothiazole as a solid (0.031 moles).

34 Y=0l 'H NMR (400 MHz, CDClz): 6 8.194 (s, 1H), 4.027 (s, 3H)
38 Y=F 'H NMR (400 MHz, CDCly): 8 7.981 (dd, J= 10 Hz & 1.6 Hz,
30 1H), 4.156 (s, 3H)

A 250-mL round-bottomed flask was charged with pyridinium hydrochloride (160
mmoles) and 5 7-dichloro-6-methoxy-2-cyanobenzothiazole (8.2 mmoles).  The
reaction was padded under argon and then heated at 195° C for 3 hours. After cooling
35 to room temperature, type 1 water {150 mL) was added and the mixture was sonicated

to dissolve the solids. The agueous solution was extracted with ethyl acetate. The
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The following example provides a description of a general method for the synthesis of dihalo
derivatives of firefly luciferin and their respective NHS esters. 1.Preparation of Appel Salt
CICH2CNC2§261140264200-mL round-bottomed flask was charged with gplgiRasaigpieie (20 mL),
sulfur monochloride (120 mL), and CH2C12 (110 mL) under argon. The reaction stirred under argon
for 3 days while a brown precipitate formed. The precipitate was collected by suction filtration and
washed with CH2C1) (300 mL) and hexanes (300 mL). The washed solid was vacuum dried to give
the product as@hrewnseld (dadoweld)y@duNRrepatatianmé2-iybhnobendetiraiotes The following
procedure is f %/%‘18 v@ggg@@g%én%flgf-dichloro-6-hydroxy-2- cyanobenzothiazole. The preparation of
5,7-difluoro-6-hydroxy-2-cyanobenzothiazole 5followed the same procedure with very similar results.
Pyridinium NHydrochloride, y,,,", N ,-CN 195 C HOSMeOrr Y 4A-B3A-B 10 A 5-L round-bottomed flask
was charged With 1,3-gichloro-2-MAeiBx{AMrEbEnsest0ds MdRES) SAmmonium chioride (3.3 moles),
and etharol (1200 mL). Zinc dust (3,3 moles) is added rapidl stirred mixture. The reaction
mixture Warmgg to ) :rF1_5 II P‘ ' ﬁné% grgﬁrﬁiﬁﬁ?&wér%)vzéagﬁkeen allowed to cool to room

188‘ plix %&?é% P . ; ; ;
temperature. After stirring overnight, the suspension was filtered to remove residual zinc and
ammonium chloride. The filtrate was concentrated under reduced pressure and the resulting solid was
resuspengled m CH3GL2£E600rmEInd ResgUspension was filtered and the filtrate concentrated under
reduced pressure to give the substituted aniline as a white solid 20(0.33 moles). 1AY = CI1H NMR

(400 MHz, CDCI3): 6 6.601 (s, 2H), 3.811 (s, 3H), §1, - 3.7(broad s, 2H) 1BY = FIH NMR (400 MHz,
CDC13): 8 6.22 (m 2H), 3.860 (s, 3H), 3.6- SIH#t +2H)
HX; \A\?i
5A-F
W Z LH X,
5A H H OH 18]
5B H Me OH s
5C Me H OH S
5D Me H NHCH2CO2ZH S
5k Me H NHCH2CH2CO2H S
5F Me H NHCH2CH2CH2CH2CH2C02H S
15
Synthesis of Modified Penicillamines
HCO,H
HCO,Na ¢HO

H
HO,C NH; Acetone HOLC N>< A0 HO,C N
T T JX

20 A 2000-mL round-bottomed flask was charged with DL-penicillamine (10 g) and
acetone (1000 mL). The rcaction was refluxed until all the solid had dissolved
{(approximately 24 hours). The reaction mixture was filtered while hot and cooled 1o
room temperature overnight, A small amount of crystals had formed overmight. The
reaction mixture was kept at -20° C overnight. The resulting solids were collected by

25 suction filiration and washed with acetone (300 mL). The thiazole product was dried
under argon (11.9 g). 'H NMR (400 MHz, DMSO-dg): & 3.750 (s, 1H), 1.556 (s, 6H),
EA438 (5, 3H), 1.185 (s, 3H)
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A 2-L three-necked round-bottomed flask was oven-dried and cooled under an argon 5 flow. The flask
was charged with 1,3-dichloro-2-methoxyaniline (0.33 moles), pyridine (75 mL), and CH2C12 (550
mL). The agrelaakdda3 moles) was added in portions over 5 minutes eaudisgpthe4goiation to reflux.
TLC showed the complete disappearance of the aniline after 15 minutes. The reaction mixture was
concentrated to an orange solid. The solid was dissolved in 2.5 L of ethyl acetate. The organic 10
solution was washed with type 1 water (2 x 1000 mL) and brine (1000 mL). The washed organic layer
was dried over 25thydrousiNa2SO dhekcomcdrngstbtith Giraolhadppbl St HHRAHUR a solid. 2AY =
ClIH NMR (400 MH 49%&%@%0%&%%@@%, (800340, 162 B4 ik MMRa6608 MHz, CDC13): 8
6.87 (m, 2F-1), 4.030 (s, 3H) A 500-mL three-necked r_ound-boggaryoe%f 1snk vlnge/%&%pped with and
argon inlet lin@5HEr ASIetEeotEP LondeREEh Wit A Bt BbTer Eonnected to the outlet. The flask was 20

charged with gpelssaticadtiydid0 334 mioles)addehdate dvies @ suradeitaripsbdeurkiBe 140 C for 1 hour.

Toluene (50 inf) s adlaand e dgaeiomuas-cooledto 00 G2OAZ 00 and siica (50 o)
were added. The resu ting slurry was filtered and the filter cak% was Wa?hed with CH@ClZ (200 mL).

The combinedhfiltPagHORHANSERRS WETREEb ACEINPA PSR Frash Ehi oA ography { VI§|2012/hexanes)
provided the SnéeRadichiornn6:MethdxyiR-cydnebehzotiiazole assessolid U311 MEIRs). 3AY = CI'11
NMR (400 e Cnglfg; 88,19 (St 4i0204S: Bt ARYasFNMB: (R0 Mki7.«GREC13): 87.981 (dd,
J=10Hz & 1: P—|z, i) 3,4.15_6 (S, 3H) A 250-nth round-bottomed flask was char %9 with pyridinium
hydrochloride(180mhsIdsyadiied 7-diehiorBe s HiBiAtk 5L 4 Héﬁz&ﬁ%&%&f’é‘?g‘.ig‘mmo|es).The
reaction ygas pagrechunder argonmsind tien heatedvatd 960D ifer 3drodrey s ftér0elitiy 35 to room

temperature, type 1 water (150 ml) was addad agd she,mbduiewasigepicaied towdisgolve the solids.
The aqueous%/}gTﬁ%On w%tg %)%%(rga‘g?écf c\)/{/ith ethyl acbetate‘.apTr%Z%eth | acetate was dr&?d ver anhydrous

Na2S04 and soriedrihated telighe ItapistiicaizyIfofh Sol (D8 AEROISEY AR IFI NMR (400
MHz, acetonexg@® (H8313, (SMSIRY 1= ABKENMR {400 (MPl 2o AR &dieisdd) 4884888 (8d, J = 10.4 Hz &

1.6 Hz) 103 PERRRl Bk THAD AR98 Q el ISBO RSS! 168 4 am)

15
IBCF
CHO  CHCh 0 o OHO  dioxane 1 awoor
ooy SR L Sl T e
;s o n H g n SH
><OJL(Vf\ NH; 5D-E
n n=01

20 A round-bottomed flask was charged with formylated thiazole acid (1 equivalent),
triethylarmine (2 equivalents), and CH,Cl,. The reaction mixture was stirred at 0° Cin
an ice/water bath under argon. Isobutylchloroformate (1 equivalent) was added via
syringe.  After the reaction mixture had stirred for | hour, the amino ester (1
equivalent) was added. The ice/water bath was removed and the reaction mixture

25 stirred overnight at room temperature. The reaction mixture was washed with 1.0 M
HCI (75 mL}, 5% NaHCO; (75 mL), and type 1 water (75 mL). The organic layer was
concentrated under reduced pressure and flash chromatography (50:50 ethyl
acetateshexanes) gave the target product (60-70 % yield). 'H NMR showed an isomeric
mixture of products.

30

35



5A-F WZ1LHX25AHHOHOSBHMe OH S 5C Me HOH S 5D Me H NHCH2002H S 5E Me

WO 2011/008912 ' PCT/US2010/042063

n=0 'H NMR (400 MHz, CDCh): 8.389 (s, 0.88H), 8.328 (s, 0.12H), 6.932 (m,
0.15H), 6.383 (m, 0.82), 4.620 (s, 0.82H), 4.367 (s, 0.15H), 4.030 (dd, ] = 18.4 Hz &
5.2z 1H),3.91  (m, 1H), 2.00-1.94 (m, 6H), 1.70-1.59 (m, 3H), 1.47 (m, 12H)

5 n=1 'HNMR (400 MHz, CDCl;): 8.358 (s, 0.79H), 8.291 (s, 0.15H), 6.973 (m,
0.15H), 6.486 (m, 0.78), 4.418 (s, 0.80H), 4.313 (s, 0.13H), 3.6-3.4 (m, 2H), 2.43
(m, 2H), 2.00-1.94  (m, 6H), 1.68-1.60 (m, 3H), 1.44 (m, 12H)

A round-bottomed flask was charged with the formylated thiazole ester, and
10 dioxane:2.0 M HCI (50:50). The reaction mixture was heated at 85° C under argon
overnight. After cooling to room temperature, the reaction mixture was concentrated

under reduced pressure to give the modified penicillamine as & gummy sohid.

n=0 'HNMR showed an isomeric mixture of products. 'H NMR (400 MHz, D,O):
15 4.128& 4.083 (s, 1H), 4.043 & 4.000 (s, 2H), 1.557 (s, 3H), 1.481 (s, 3H)

n=1 'H NMR (400 MHz, D;0): 3.702 (s, 1H), 3.45-3.38 (m, 1H), 3.27-3.19 (m, 1H),
2.441 (m, 2H), 1.295 (s, 3H), 1.233 (s, 3H)

20  Synthesis of Methvlated Cysteing

HCO,H
HCO,Na
HzNj,coprwe l CHO jcoz"f‘e Ac,0 COMe
- %—Q/
LDA
DMPU
Mel
H\_(O
HzN'ﬂ/C%H HC! Nﬂ/COZMe
O R ———
HS ! 'S

25
Cysteine methyl ester (8.6 g), pivalaldehyde (11 mL), and trethylamine (8 mlL) were

stirred in pentane. The reaction mixture was refluxed while water was removed via a
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H NHCH2CH2CO2H S 5F Me H NHCH2CH2CH2CH2CH2CO2H S 15 Synthesis of Modified
Penicillammes 20 A 2000-mL round-bottomed flask was charged with DL-penicillamine (10 g) and
acetone (1Q08 fly)edkbe reaction was refluxed until all the solid had disseiveustappreasnately 24
hours). The reaction mixture was filtered while hot and cooled to room temperature overnight. A small
amount of crystals had formed overnight. The reaction mixture was kept at -20 C overnight. The
resulting solids were collected by 25suction filtration and washed with acetone (300 nth). The thiazole
product was dbied-GrdenargokiEt B buMiRe (480 iMHRSDNIST. (25)08' 3BT E1Y91 556 (s, 6H),

1.438 (s, 3H), ;185 (S8 MhAARR- Tk rQuns R0t emash laskivmsieharged withethiazole acid (11.9 g)
and sodium formate (4.3 g) under argon. Formic acid (98%, 100 mL) was added and the reaction

mixture stirred under argon. The reaction mixture was cooled to 0 C in an ice/water bath. Acetic
anhydride (33:3 190 jnivasuaddietodrapivisesoyehatBehiritidkianplitectiki ftOssbafatitattie temperature

remained 5be|?r¥‘é‘% Go 1he igg{walembathwas remeved anddig reactionwassiidagyvernight at room
temperature. The solvents were removed unde(%gl uum at 35 C, Elogg?rﬁ%g white salid. The solid
was stirred in 38 PHARIEEE it i EBaEe ’éy STEHOAMNEETS A THE 30 Was washed with type

1 water (100 o) ang aiedsiediffitds g)hikhekoaaiintsd: filly atermdurashavzed bracted with 10 ethyl
acetate (3 x 30p.mb), The gxiraghs wais.comingd, dtied:ovak NagSOdveanghfiligraghat he filtrate was

concentrated to give a pale yellow solid (6.8 g). 1H NMR showed the two1 olids t8 be an isomeric
mixture (-85:151BFiHEtargst SONBEUNET TIPSO RIS BIEOTY TR (8™H), 8.446 (s,
0.86H), 8,495 ¢l Idtti)e 4. 681 @ bEH), ThS0R (53508844 © 82Bs 18H)lRiBO0f (ligH), 1.362 (s, 3H)
1520 A roundshefigsmed lagh s chatgedau i ualpdiiazale el eaidvalgd, triethylamine (2

equivalents), an ~12. The reaction mixture was stirred at 0 C in an ice/yy tter hath under argon.
Isobutylchlorofernatanetdrizseney Was Qadad THared rinhe TRRE i FELRIBHINIRERE had stirred for 1
hour, the amingsgsteril esudivalenitwasndeetomheitesuatendathswis FafRoed Hid.the reaction

mixure 25 sifegpYenight 3t IRomSTerate, The eARiAn miaMESIashedh 1.0 M HC!

(75 mL), 5% type 1 water (75 mL). The organic layer was concentrated under
reduced pfesstife afdlasiichromatography (50:50 ethyl acetate:hexanes) gave the target product
(60-70 % yield). 1.11- NMR showed an isomeric mixture of products. 30 WO

2011/008912PC I/iH20k0{04R08Bsopropylamine (12 mmoles) in anhydrous THF (106 mL) at -

78° C was stirred under argon. 1.3-Dimethyl-3,4.5,6-tetrahydro-2(1H)-pyrimidinone
(DMPU, 10 mL) was added and the reaction mixture stirred for 90 minutes.

20  Formylated thiazole ester was added (10 mmoles) and the reaction mixture was stirred
at =78 C for 1 hour. Mel (15 mmoles) was added and the reaction mixfure was stirred
at -78° C for 2 hours. The dry ice/ acetone bath was removed and the reaction mixture
was stirred at room temperature overnight. The reaction mixture was concentrated
under reduced pressure and the residue was taken up in brine. The aqueous solution

25 was extracted with ether (100 mL). The extract was dried over Na,SOy, and filtered.
The filtrate was concentrated to give a solid. The solid was purified by flash
chromatography with 10% ethyl acetate/hexanes. 'H NMR showed a diastercomeric
mixture of products, 'H NMR (400 MHz, CDCly) major product: 8.252 (s, 1H), 5.263
(s, 1D, 3.738 (s, 3H), 3.293 (d, ] = 11.6 Hz, 1H), 2.695 (d, ] = 11.2 Hz, 1H), 1.038 (s,

30 9H); minor product: 8.377 (s, 0.4H), 5.274 (s, 0.4H), 3.790 (s, 1.3H), 3.612(d,J=12
Hz, 0.5H), 2.831 (d, = 12 Hz, 1H), 0.929 (s, 4.6H)

The methylated thiazole ester (1.8 g} and 5 M HCI (30 mL) were heated at 105° C for 3

days. The reaction mixture was cooled to room temperature and extracted with ethyl
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ii = ONMR (400 MHz, CDC13): 8.389 (s, 0.88H), 8.328 (s, 0.12H), 6.932(m, 0.15H), 6.383 (m, 0.82),
4.620 (s, 0.82H), 4.367 (s, 0.15H), 4.030 (dd, J = 18.4 Hz & 5.2 Hz, 1H), 3.91(m, 1H), 2.00-1.94 (m,
6H), 1.70-1%8 £i13h4»ad-47 (M, 12H) 5n = 1 IFI NMR (400 MHz, CDC13k882681481480d9H), 8.291 (s,
0.15H), 6.973 (m, 0.15H), 6.486 (m, 0.78), 4.418 (s, 0.80H), 4.313 (s, 0.13H), 3.6-3.4 (m, 2H), 2.43 (m,
2H), 2.00-1.94(m, 6H), 1.68-1.60 (m, 3H). 1.44 (m, 12H) A round-bottomed flask was charged with the
formylated thiazole ester, and 10 dioxane:2.0 M HC1 (50:50). The reaction mixture was heated at 85 C
under argon axernightx Alfemtoolig toumonphesaperateresntnseresistio redvsadirssiiass doncentrated
under reduce%i%%%%%ﬁ);go%/_e the modified penicillamine as a gummy solid. n = 0 NMR showed an
isomeric mixture of products.NMR (400 MHz, D20): 4.128 844.083 (s, 1H), 4.043 & 4.000 (s, 2H),
1.557 (s, 3H), 1.481 (s, 3H) n = , D20): 3.702 (s, 1H), 3.45-3.38 (m, 1H), 3.27-3.19
(M, 1H), 2,441 (l; 21172 Synthesis of Methylated Cysteine LDA

DMPU Mei This is a typical procedure for the preparation of the basic luciferin structure.

2 Y2
4A-B 5A-F G6A-J
10

W e LH Xz Y /Yo

GA H H OH O F

5123 H Me OH S F

80 Me H CH ) F

6D Me H NHCHCO-H S F

BE Me H NHCH,CH,COH S F

6F Me H NHCH;CH,COH S G

686G H H OH ) F

6+ Me H OH ) Cl

3] H H OH S Ci

15 A 100-mL round-bottomed flask was charged with the cyanobenzothiazole (0.5 mmole}
and methanol (25 mL). The stirred reaction mixture was sparged with argon for 1 hour.
An argon-sparged solution of the amino acid (1 mmole) in water with a pH of 9 (pH
adjustment by the addition of NayCOs) was prepared and added. The reaction mixture
was stirred for 2 hours under argon and TLC indicated the reaction was completed.
20  The reaction was concentrated under reduced pressure to ~10 mL and diluted with type
] water (40 mL). The aqueous solution was extracted with ethyl acetate (3 x 75 mL)
and the extracts were set aside. The aqueous solution was acidified to pH 2 by the drop
wise addition of concentrated HCL. The acidified aqueous solution was extracted again
with ethyl acetate (3 x 75 mL). The six extracts were combined, dried over anhydrous

25  Na.S0,, and concentrated to give the product as a solid (40-90% yields).
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Cysteine methyl ester (8.6 g), pivalaldehyde (11 mL), and triethylamine (8 mL) were stirred in pentane.
The reaction mixture was refluxed while water was removed via-a Dean-Stark trap. After 36 hours, the
reaction waggegiedd@oom temperature and solids formed. The solids ReF@szliesHdBY suction
filtration and washed with ether. A 100-mL round-bottomed flask was charged with thiazole ester (4.0
g), formic acid 5 (98%, 30 mL) and sodium formate (1.5 g). The reaction mixture was stirred under
argon and cooled to 0 C in an ice/water bath. Acetic anhydride (5.7 mL) was added drop wise over 30
minutes while taking care that the temperature remained below 5 C. The ice/water bath was removed
and the reactipn wag;stified axevnight iaeomistmpaiature fing solventyereirembved under
vacuum and the resulting solid was 10 stirred in type 1 water (100 mL). The pH was adjusted to 7-8 by
the addition of solid’N’Q‘-?C‘B’é‘ %ﬁﬁ%\‘qu oﬁr'g%oqrﬁltig)[r%was extracted with ether (3 x 100 mL). The
extracts were combined, dried over Na9S04, and filtered. The filtrate was concentrated to give a solid.

The solidg wegg rec%ﬁﬂﬂiﬁgﬂ)ﬁmﬁtﬁw@ﬁ?fﬂ@mﬁ?ﬁ@%H‘z“‘&MB ¥BO0HYIB23ERAIZ): 8.317 (s, 1H),
4.858 (t, J = 8.8 Hz, 1H), 4. |

08 (s, 1H), 3.739 %3@%5 %8 (m,.152H), 1.000 (s, 9H) A solution of
lithium diisopropylarh}rfgepﬁéw él%gés il gnlﬁﬁj us Eg% (% m}) at - 78 C was stirred under argon.
1.3-Dimethy1-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (DMPU, 10 mL) was added and the reaction
mixture stirred,for 90 minuies @ YhorMylaisy hiagqlr estanwas addedi10 mmales)and the reaction
mixture was stirred at -78 C for 1 hour, Mel $15 mmoles) was added and the reaction mixture was
stirred at -78 C for 2‘%&@7%%%&: Ic&®4&etbie bath was removed and the reaction mixture was
stirred atippom temperature overnight. The reaction mixture was concentrated under reduced pressure

and the residug,was 2@ adp S BReAMseuRRIINONES wasExtantad i, ether (100 L)

The extract was dried over Na2S04, and filtered. The filtrate was canceptrated to give a solid. The

solid was purified by*EsHehFEnidbiddy ith 20vd -dtnyf aditatéRearies. 1H NMR showed a
diastereomeric mixture of products. 1H NMR (400 MHz, CDCII) major product: 8.252 (s, 1H), 5.263 (s,
1H), 3.738 (s, 3H), 3. a1 6 ), = &1 «dH) 1603843+809H); minor
protiuct 83775 o.ﬁﬂ%@%ﬁ%ﬁdﬁﬂgf@go@ﬁ%@é%d%&é%%&*dﬁ ST géﬁ 831 (@ 9= 12
Hz, 1H), 03929 (s, 4.6:5Tthe Hethiiztel iz bie estef: ?{f)%&@l\hﬂ&@(é % '3)9 ere heated at
105 C for 3 days. Thg rgaction mixture was cooled to room temperature and extracted with ethyl WO
2011/008912PCTIUS2010/042063 acetate (2 x 100 mL). The aqueous phase was concentrated under
reduced pressure to give a gummy solid. 4.Preparation of 6-Flvdroxy Luciferin Acids This is a typical
procedure for e praparsiiod O HEZHaBRORIEIfRE il SHigafurd H), 8.093(s, TH), 4.793 s, 1H),

3.610 (m, 2H), 2.640 (t, T = 6.6 Hz, 2F), 1.898 (s, 3H), 1.478 (s, 3H)

20
6G 'H NMR (400 MHz, acetone- dey: 9.838 (s, IH), 7.810 (dd, I = 108Hz & 1.6
Hz, 1H), 5.504 (t, ] = 9.2 Hz, 1H), 3.860 {m, 2H)
6H  'H NMR (400 MHz, DMSO- de): 8.266 (s, 1H), 5.007 (s, 1H), 1.725 (s, 1H),
25 1.447 (s, 1H)

61 'H NMR (400 Mz, acetone- de): 8.149 (s, ), 5.505 (1,7 =9.2 Hz, 1H),
3.855 (m, 2H)

30  Compound 6] (L= NH,(CHz)sCOOH) was prepared in three steps starting from
compound 6H. Reaction of carboxylic acid 6H with N-hydroxysuccinimide and DCC
produced NHS ester 7H which was coupled with methyl 6-aminohexanoate. The

resulting methyl ester was hydrolyzed with base to produce 6J.
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5. Preparation of Luciferin NHS esters

o)
0 0
z THF, DCC z
Y4 N ! ’ : Y N 1 N
HO 5 SXW HO s S Ww 0

Y2 AL
6A-J 7h-J
w 21 L Y4 Y,
Th H H 9 F
7B H Me G F
7C Me H O F
7D Me H NHCH,CO, P
7E Me H NHCH,CH,CO,  F
7G H H O F
7H Me H 0O Cl
74 Me H NH{CH,3CO, Cl

This is a typical procedure for the preparation of the luciferin WNHS esters.

A 10-mL round-botiomed flask was padded with argon and charged with the luciferin
(0.3 mmole), N-hydroxysuccinimide (0.3 mmole), and DCC (0.305 mmole).
Anhydrous THF (4 mL) was added-and the reaction mixture was stirred for 3 hours.
The solvent was removed under reduced pressure and a small volume of CHyCl, was
added. A white precipitate formed and was removed by filtration. The filtrate was
concentrated under reduced pressure to form a gumimy solid. The solid was dissoived
i1 2 minimum of THF and the addition of hexanes resulted in the solid reforming. The
solvents were decanted and the procedure was repeated 2 additional times to give the

product as a yellow solid (60% yields).

7B 'H NMR (400 MHz, CDCly): 7.650 (m, 1H), 4.093 (d, ] = 11.4 Hz, 1H), 3.481
(d,T=11.4 Hz, 1H), 1.814 (s, 3H)
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NHCH2CO2H S F 6E Me H NHCH2CH2CO2H S F 6F Me H NHCH2CH2CO2HSCI6GHHOH S F
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7C

7D

7E

7F

7G

7H

7y

"H NMR (400 MHz, CDCL): 7.660 (dd, J=10.2 Hz & 1.4 Hz, 1 H), 5.153 (s,
1H),2.858 (s, 4HD), 1.874 (s, 3H), 1.653 (5, 3H)

' NMR (400 MHz, CDCly): 7.678 (d, ] = 10 Hz, 1H), 7.608 (broad s, 1H),
4713 (s, 1H), 4.614 (dd, I = 18 Hz & 6.6 Hz, 1H), 4.389 (dd, | = 18 Hz & 5.4
Hz, 1HO, 2.829 (s, 4H), 1.907 (s, 3H), 1.447 (s, 3H)

'H NMR (400 MHz, CDCly): , 7.670 (d, J = 10 Hz, 1H), 7.616 (broad s, 1H),
4.660 (s, 1H), 3.82-3.65 (m, 2F1), 2.899 (1, J = 6 Hz, 2H), 2.789 (s, 4H), 1.899 (s,
3H), 1.412 (s, H)

' NMR (400 MHz, CDCLs): 8.073 (s, 1H), 7.653 (broad s, 1H), 4.699 (s, IH),
3.9-3.7 (m, 2H), 2.932 (t, J = 6.0 Hz, 2H), 2.820 (s, 4H), 1.940 (s, 3H), 1.451 (s,
3H)

'H NMR (400 MHz, acetone- dg): 7.840 (dd, } = 10.0 Hz & 1.6 Hz, 1H), 5.962
(dd, J = 10.2 Hz & 8.2 Hz, 1H), 4.127 (t, ] = 10.3 Hz, 1H), 3914 (dd, F=11.6
Hz & 8 Hz, 1H), 2.935 (5, 4H)

"H NMR (400 MHz, acetone- dg): 8.13 (5, 1H), 5.59 (s, 1H), 2.33 (s, 4H), 1.89
(s, 3H), 1.64 (s, 3H)

'H NMR (400 MHz, acetone- dg): 9.53 (broad s, 1H), 8.10 (s, 1H), 7.78 (m,
1H), 4.69 (s, 1H), 3.22-3.42 (m, 2H), 2.81 (s, 4H}, 2.62 (1, 2H), 1.86 (s, 3H),

1.76-1.69 (m, 2H), 1.63-1.56 {m, 2H), 1.50-1.44 (m, 2H), 142 (s, 3H)

Preparation of Luciferin Maleimide Derivatives
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HHOHS CI 15 A 100-mL round-bottomed flask was charged with the cyanobenzothiazole (0.5
mmole) and methanol (25 mL). The stirred reaction mixture was sparged with argon for 1 hour. An
argon-spargeglsplitign of the amino acid (I mmole) in water with a pH of&r{phtadjusteent by the
addition of Na2CO3) was prepared and added. The reaction mixture was stirred for 2 hours under
argon and TLC indicated the reaction was completed. 20 The reaction was concentrated under
reduced pressure to -10 mL and diluted with type | water (40 mL). The aqueous solution was extracted
with ethyl acetate (3 x 75 mL) and the extracts wefg set aside. The agueous solution was acidified to
pH 2 by the drop wise addition of concentrated H he acidified aqueous solution was extracted
again with ethyl acetate (3 X 75 ). Ther&ib(\xtfa Were combined, driedgver anhjidrous

25NaiS04, andh N &dbe product asaa soI -9 ylel,d GAALM (4D0 MHz,
CD30D): 7.688 z, 11- 1) ), 4.778 (m, 2H)
56BNMR (400 fiHZ CDC13) 73795 (dd, J = T0 B’ & 1 e z,fH), 93 9357 J 11 8 4z, 1H), 3.434 (d,

J=11.8 Hz, 1H), 1.688 (s, 3H) 6CNMR (400 MHz, CD30D): 7:646 (dd, J = 10.4 Hz & 1.2 Hz, 1 H),
4.935 (s, 1H), 1.778 (s, 381), 1.488 (s, 3H) 10 6DNMR (400 MHz, CD30D): 8.379 (broad s, 111), 7.658
(d, J= 10 Hz, 1H), 4.758 (s, 1H), 4.000 (d, J = 6 Hz, 2H), 1.829 (s, 3H), 1.448 (s, 3H) 6ENMR (400
MHz, CD30D): 8.190 (broad s, 1H), 7.647 (d, J = 10.4 Hz, 1H), 154.705 (s, 1H), 3.56-3.50 (m, 2H),
2.558 (t, J = 6.6 Hz, 2H), 1.814 (s, 3H), 1.395 (s, 3H) 6FIH NMR (400 MHz, CD30D); 8.271 (broad s,
1H), 8.093 (s, Th), cibains NIEH, S5610@, D), pw40ted =6 amiydnp) Tog (34), 1.478 (s, 3H)
20 6GIFINMR (400 MH7nAceinRarifif) 9888 4&d L, 8 1ea{ddidd=al:8dd A&afiBddz, 1H), 5.504 (t, J
= 9.2 Hz, 1H), 3860 (M 2H), SLEHNME, (40 ME RMAG- A 8285 Ra i)eP O S, 1H). 1.725 (s

1H),

pressure. The mixture was dissolved in 5 mL of water and extracted with ethyl acetate.
The extract was dried over anhydrous Na;SQ; and concentrated under reduced pressure.

10 The solids were dissolved in acetonc and hexanes was added to generate a precipitaie
hat was atr-dried (13 mg). 'H NMR (400 MHz, DMSO- d¢): 8.118 {m, 1H), 7.836 (d,
I =10.8 Hz, 1H), 6.972 (s, 2H), 4.670 (s, 1H), 3.38 (m, 2H), 3.33 (m, 2H), 1.678 (s,
3H), 1.264 (s, 3H)

15  Preparation of fluorescent dyel (7H):

0
0
Civ N N o\
N 2
pestaah
Cl

Fluorescent dye 1 (LDI; 7H) was synthesized using the synthesis scheme described

20  above. Briefly, 2-cyano-3,7-dichlore-6-hydroxybenzothiazole (4A), synthesized using
the method describe above was reacted with D, L-Penicillamine (5C) under conditions

described in detail above to afford 5,7-dichloro-6-hydroxy luciferin acid (6H).

For the synthesis of 3,7-dichloro-6-hydroxy luciferin NHS ester, the dichloro-6-

25  hydroxy lucifern acid (6H) was reacted with N-hydroxysuccinimide in the presence of
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251.447 (s, IH) 61'-1 NMR (400 MHz, acetone- d6): 8.149 (s, 1H), 5.505 (t, J = 9.2 Hz, 1H), 3.855 (m,
2H) 30 Compound 65 (L= NH2(CH2)5COOH) was prepared in three steps starting from compound 6H.
Reaction ofgaraemylisacid 6H with N-hydroxysuccinimide and DCC prorocedtd8sesier 7H which
was coupled with methyl 6-aminohexanoate. The resulting methyl ester was hydrolyzed with base to
produce 65. 5.Preparation of Luciferin NHS esters 6A-J7A-J 5 10This is a typical procedure for the
preparation of the luciferin NHS esters. A 10-mL round-bottomed flask was padded with argon and
charged with teClucifesirit@ Bhmmoldl; NstijidzoXyIS rstinintide (or3Hiadoed cAHacts®ed(0.305 mmole).
Anhydrous THE(#fk) wasiaddgdyvand the reaction mixture was stirred for 3 hours. 15 The solvent
was removed under reduced pressure and a small volume of CH2CI2 was added. A white precipitate
formed and was removed by filtration. The filtrate was concentrated under reduced pressure to form a
gummy solid. Fieuaalial s fisclissaivégiriminimum of THF and the addition of hexanes resulted in the
solid reforming. The solvents were decanted and the procedure was repeated 2 additional times to
give the 20product as a yellow solid (60% yields). 7B114 1\TMR (400 MHz, CDC13): 7.650 (m, 114),
4.093 (d, J=11.4 Hz 1H), 3.481 (d, J = 11.4 Hz, 1H), 1.814 (s..3H) WO
2011/008912PCT/US2010()42063 7C1-INMR ( C18): 7,660 (dd, J = 10.2 Hz & 1.4 Hz,
1 H), 5.153 (s, 1H), 2.858(s, 874>(5,€H), 1.658i(s,"3H) 5

S 3

HO
10 cl

Fluorescent dye 2 (LD2; Compound 7]) was synthesized using synthesis scheme
described above, except that 2-cyano-5,7-dichloro-6-hydroxybenzothiazole (4A), was
reacted with compound 5F under conditions described in detail above to afford 5,7-
dicloro-6-hydroxy luciferin acid (6]).
15

The dichloro-6-hydroxy Iuciferin  acid (6]) was next reacted with N-
hydroxysuccinimide in the presence of DCC as described above to vyield the NHS ester
(73}, which was purified and analyzed by NMR as described above.

20  Preparation of fluorescent dve3 (7C):

o O
F N N ﬁ\(}“};;j 7.
HO 5 S &
F

Fluorescent dye 3 (LD3; 7C) was synthesized using synthesis scheme as described

above, except that 2-cyano-3,7-difloro-6-hydroxybenzothiazole (4B), was reacted with
D,L- Penicillamine {5C) under conditions described i detail above 0 afford 5,7-

25 difloro-6-hydroxy luciferin acid (6C).
The difloro-6-hydroxy luciferin acid (6C) was next reacted with N-hydroxysuccinimide

in the presence of DCC as described above to yield the 5,7-difloro-6-hydroxy luciferin
NHS ester (7C), which was purified and analyzed by NMR as described above.
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7D IFINMR (400 MHz, CDC13): 7.678 (d, J = 10 Hz, 1H), 7.608 (broad s, 1H), 4.713 (s, 1H), 4.614
(dd, J = 18 Hz & 6.6 Hz, 1H), 4.389 (dd, J = 18 Hz & 5.4 Hz, 1HO, 2.829 (s, 4H), 1.907 (s, 3H), 1.447

(s, 3H) 10 ThohsdhvdeNMR (400 MHz, CDC13): , 7.670 (d, J = 10 Hz, 1g&)/Tssi6/fanead s, 1H), 4.660
(s, 1H), 3.82-3.65 (m, 2H), 2.899 (t, J = 6 Hz, 2H), 2.789 (s, 4H), 1.899 (s, 3H), 1.412 (s, NMR (400
MHz, CDC13): 8.073 (s, 1H), 7.653 (broad s, 1H), 4.699 (s, 1H), 3.9-3.7 (m, 2H). 2.932 (t, J = 6.0 Hz,
2H), 2.820 (s, 4H), 1.940 (s, 3H), 1.451 (s, 3H) 15 7G NMR (400 MHz, acetone- d6): 7.840 (dd, J =
10.0 Hz & 1.6 Hz, 1H), 5.962 (dd, J = 10.2 Hz & 8.2 Hz, 1H), 4.127 (t, S = 10.8 Hz,3.914 (dd, J = 11.6

Hz & 8 Hz, 1K bzmg gn(&{m)eg&@d 'H NMR (400 MHz, acetone- d6): 8.13 (s, 1H), 5.59 (s, 1H), 2.33

(s, 4H), 1.89
0
0
< 0
HO s 3
F

Fluorescent dye 4 (LD4; 7B) was synthesized using synthesis scheme as described
10 above, except that 2-cyano-5,7-difloro-6-hydroxybenzothiazole (4B), was reacted with

compound 5B under conditions described in detail above to afford 35,7-difloro-6-

hydroxy luciferin acid (6C). The 5,7-difloro-6-hydroxy luciferin acid (6C) was next

reacted with N-hydroxysuccinimide in the presence of DCC as described above to yield

the 5,7-difloro-6-hydroxy luciferin NHS ester (7C), which was purified and analyzed
15 by NMR as described above. '

Preparation of fluorescent dyes (7E)

O,
O O
0 F N N N/\’)]\O/N
4 H
O

N

HO S 3
F

Fluorescent dve 5 (LD3; 7E) was synthesized using synthesis scheme as described
25 above, except that 2-cyano-3,7-difluore-6-hydroxybenzothiazole (4B), was reacted with

compound 5E under conditions described in detail above to afforg 3,7-difloro-6-

hydroxy Iuciferin acid (6E). The $,7-difloro-6-hydroxy luciferin acid (6E) was next

reacted with N-hydroxysuccinimide in the presence of DCC as described above to vield

the 5,7-difloro-6-hydroxy luciferin NHS ester (7E), which was purified and analyzed
30 by NMR as described above.
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25 7J 'FINMR (400 MHz, acetone- d6): 9.53 (broad s, 1H), 8.10 (s, 1H), 7.78 (m, 1H), 4.69 (s, 1H),
3.22-3.42 (m, 2H), 2.81 (s, 4H), 2.62 (t, 2H), 1.86 (s, 3H), 1.76-1.69 (m, 2H), 1.63-1.56(m, 2H),
1.50-1.44 (Qo2hideddLs, 3H) 6. Preparation of Luciferin Maleimide DerivativesMdes
2011/008912PCT/US2010/042063 7C8 5The luciferin NHS ester (22 mg) was stirred in anhydrous
THF.N-(2- aminoethypmaleimide-trifluoroacetic acid (13 mg) was added followed by aqueous
NaHCO3. The mixture was stirred for 4 hours and then concentrated under reduced pressure. The
mixture was diggaldechinBlunlesoéwdied extracted with ethyl acetate. The extract was dried over
anhydrous Na2S04 and concentrated under reduced pressuren10 The solids were dissolved in
acetone and hexanes was added to generate a precipiiate that Was air-dried (13 mg). IFI NMR (400
MHz, DMS0- d6): 8.118 (m, 1H), 7.886 (d, J = 10.8 Hz| 1H), 6.Q772 ($, 2H), 4.670 (s, 1H), 3.38 (m, 2H),
3.33 (m, 2H), 1.678 (s, 3AK X264 (4 fon 0Pfluo nt dyel (7H): Fluorescent dye 1
(LDI; 714) was synthesized @ scheme described 20 above. Briefly,
2-cyano-5,7-dichloro-6-qydroxybenZdthiaz&le (4A), synthesized Using the method describe above was
reacted with D,L-PenicillamineZ(5C) under conditions described in detail above to afford
5,7-dichloro-6-hydroxy luciferin acid (6H).  For the synthesis of 5,7-dichloro-6-hydroxy luciferin NHS
ester, the dichloro-6- 25 hydroxy lucifem acid (6H) was reacted with N-hydroxysuccinimide in the
presence of DCC as described above. The resulting NHS ester (7%2 s purified and characterized
by NMR as dederilsedaove (Praparatsrisredretsdht G395y e\é/geefg)wFluorescent dye 2 (LD2;

Compound 7J) wassyithesized usipig&inthesissghemedescrigid above, exsept t
2-cyano-5,7-deéﬁﬂ%ﬁbzo@ e temﬂic(ﬁ%pahndﬁf%n er conditions

described in detajl abovelto afford 5,7- dicloro-6-hydraxy luciferin acid (6.1). o}
lCH3COSK
N""H cr NHBoc
HS Toon MY s o><
10 C ©

N-Boc-L-glutamic acid y-t-butyl ester (4.3 g) was stirred in CH.Cl, at 0° C.
Tricthylamine {2 ml) was added via syringe followed by the addition of ethyl
chloroformate (1.4 mL). The reaction mixture was stirred for 60 minutes, filtered, and

15 the solids were washed with anhydrous THE. The filtrate and washes were combined
and transferred to an addition funnel. The solution was added drop wise over 30
minutes to a stirred solution of NaBHy in Hz0 (20 mL) at 0° C. The reaction mixture
was stirred at 0° C for 5 hours before stirring at room temperature overnight. The
reaction mixture was concentrated under reduced pressure and the residue was diluted

20  with ethyl acetate. The solution was washed with water and brine, dried over
anhydrous Na; S04, and concentrated under reduced pressure. Flash chromatography
(20:80 ethyl acetate:hexanes) gave the product as an oil, 'H NMR (400 MHz, CDCly):
4.814 (broad s, 1H), 3.62-3.49 (m, 3H), 2.496 (broad s, 1H), 2.290 (q, J = 6.8 Hz, 2H),
1.83-1.69 (m, 2H), 1.406 (s, 18H)

25 _
The amino alcohol (3.5 g} was stirred in pyridine (25 mL) at 0° C under an argon pad.

Tosyl chloride (3.0 g) was added and the reaction mixture stirred at 0° C for 6 hours.
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15 The dichloro-6-hydroxy luciferin acid (6J) was next reacted with Nhydroxysuccinimide in the
presence of DCC as described above to yield the NHS ester (7J), which was purified and analyzed by
NMR as deggsibgd@heome. 20Preparation of fluorescent dye3 (7C): Fluorestanstaiye24tD3; 7C) was
synthesized using synthesis scheme as described above, except that

. 2-cyano-5,7-difloro-6-hydroxybenzothiazole (4B), was reacted with D,L- Penicillamine (5C) under
conditions described in detail above to afford 5,7- 25difloro-6-hydroxy luciferin acid (6C). The
difloro-6-hydraxy kebifesinvacio{6@) wasonextampated avitd NiFpdoseyRigtinihideifitfe presence of

DCC as descrlé?%glgb@%e loiglcdbe &Zed'fjﬁ&cﬁ'l}y@{% Weifesin NhlfBestenidéGewhich was purified
and analyzed by NMR as described above. WO 2011/0089 2PCT/U@%O&8§)4,[2863 Preparatlon of

fluorescent d\ﬁb%O(*YBa A eseGor At SRS R B By R AL LaSthedizad uSing Synthesis scheme
as described 39 &Iﬁxm/erem@phmabwemyawassiﬂ%d|ﬂm09®mmw§béﬁ%o¥h¢bﬁ@}@ﬂ(‘mdwas reacted with

compound 5B under con de } doraffesdues AxdiflQyo-6+hydrexy luciferin acid
(6C). The957 diflc gr %1 dgmﬁg Jae M@J AR R ot b

roxy luciferin acid (6C) was nex reac éd Itt)lﬁé h 9{? i)ﬁgccmlmlde in the
presence of D& NE¥aeSPibed Ay ISI 72di ﬁb oxy 1Uciferin NHS ester (7C), which
was purified and apalyzed. 66 HyINMRES d%@rﬂbﬁduhb;oué} Rré]dafatﬁﬂ o} Aebfescdhk dves (7E)
Fluorescent d ?%%{Lﬂ §H7I§)3¥§a(§ @mtq%sgg% ﬁ%ng synthesis scheme as described 25 above, except

that 2- cyano uoro- 6 Rydroxybénzothiazolé (4B), was reacted with compound 5E under
conditions described in detail above to afford 5,7-difloro-6- hydroxy luciferin acid (6E). The
5,7-diflorg6- hb(dsr&%ﬁfowSffﬂfdﬁoéﬂiddﬁ&)eww@ﬁhﬁﬂ&ﬁiaﬂumithibﬁda@@@?&ﬂdciﬁﬂhﬁ'i@feqh the presence of
DCC as descr@gxg apovgdovPld e g AR R thEHEURN HR ERlarKEluuhich was purfied

and analyzed escr e ove. Preparation of fluorescent dye6 (9B
with ethyl acetate (300 mL) dﬂd washed with brine (3 x 100 mL). The washed qoiu 101

was dried over anhydrous Na;SO4 and concentrated under reduced pressure. Flash
chromatography (15:85 ethyl acetate:hexanes) gave the product as an oil. 'H NMR
15 (400 MHz, CDCL): 4.522 (d, J = 8 Hz, 1H), 3.704 (broad s, 1H), 3.07-2.94 (m, ZH),
2.311 (s, 3H), 2.264 (t, J = 7.2 Hz, 2H), 1.80-1.60 (m, 2H), 1.404 (s, 9H), 1.386 (s, 9H)

The thioacetate (2.5 g} was heated in degassed 6 N HCI at 105° C overnight. The

reaction mixture was cooled to room temperature and concentrated under reduced

20 pressure to give a red oil. "H NMR (400 MHz, D,O):

F. N -CE+H3N COgH F N N COQH
S—cN o+ band i
! s S‘J
HO 8 HS HO

F F 8A
THF, DCC,
NHS
O
FI;N N f\)L
\>___</ NHS
HO S g
F
oB

25 A flask was charged with 2-cyano-5,7-difloro-6-hydroxybenzothiazole (110 mg) and

methanol (25 mL). The stirred reaction mixture was sparged with argon for 1 hour. An
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Fluorescent dye 6 (LD6) was synthesized using the scheme described below. CH3COSK NHBoc
HCI 1000 N-Boc-L-glutamic acid y-t-butyl ester (4.3 g) was stirred in CH/CI, at 0 C. Triethylamine (2
mL) was adggd.yiggysiage followed by the addition of ethyl chloroformater¢iuamiojo4ste reaction
mixture was stirred for 60 minutes, filtered, and 15 the solids were washed with anhydrous THF. The
filtrate and washes were combined and transferred to an addition funnel. The solution was added drop
wise over 30 minutes to a stirred solution of NaBH4 in H20 (20 mL) at O C. The reaction mixture was
stirred at 0 C fiegcdb-hpugsdbefrestififig atmioorctéfideratardroversighth Theltedctonixture was

concentrated ynder reduced prasske RGBS Kasidusuasdilied 20mirs.eibylmeatate. The solution

was washed with water and brine, dried over anhydrous Na2S04, and oncentlrgteﬂqgnder reduced

pressure. Fladh SHEHE 00 (EBE Ethy P8 St h B b e SroUBet as an oil. 1H NMR
(400 MHz, CD&3)h 448 dotlosondted, bl 8:6R<8. #8we3b1);12. 106(1drdiieias], Wi, 21290 (g, J = 6.8 Hz,

2H), 1.83:1.69, (M. 211498 (Sk B 2Rtheamina.aleolnl 6hm adxwas siiFred dagayeidine (25 mL) at
00 C under an argon pad. Tosyl chloride (3.0 g) was added gﬁ]f? th%%e cti(gLQe?ixture stirred at O C for 6
ht.

hours. The séitish s harified teraBirs MpEiaturas e Uit da ezrnRj he reaction mixture was
concentrated sy edueeenptessHIR. ahd thelitsUiting solidstveredissaivetiagrstiythacetate. The

solution was vy Sg‘?%e‘{githéa}!&“%@t%fwa‘f'&%eﬁaﬂ&\{g%%’ bringnihemashed selwionswas dried over
anhydrous Na A8Rd concentrated 5 under reduced pressure. Flagh chrorﬁ}{&gfﬁghy gave the

product as an#SP NNIFIZOO NS E5EPHOusys aroi LB amy. s 8.8 Hz, 2 H),
4.623 (d,13 = &b IdD)1H)%4.0033-90 . 2H), 3.780goraad 6 [LHY, 12:4181Hs, BH)3 27224 (m, 2H), 1.719
(m, 2H), 1-3905(23%"}'%@ 59‘ §§0 %?A)z%g@ag%m@g; the tosylated ester (3.9 g) and potassium

thioacetate (2.9 g) in'ahhydrous F was stirred at room temperature for 3 days. The reaction mixture
was diluted with ethyl acetate (300 mL) and washed with brine (3 x 100 mL). The washed solution was
dried over anhydipusNazoe4 and ceosent ateekthdean kddeedipeessureid(asmeghrbmatography

(15:85 ethyl acetate:hexanes e the pr. il ‘ Za 13): 4.522 (d,
.1=8Hz, 1H)?1§‘?‘fﬁ‘1566’?6‘5 %@%@%fﬁ%ﬁbﬂo&%@%ﬁ%géﬁﬁs _3H)?%.§g%%( ,J 57%9(52, 2H),
1.80-1.601§m, 2M)thE Aediics DR BE6sETH)r 3 PREthiISEE SRR PSP HEREE 1R degassed 6 N
HCI at 105' C qugrnightidthedsaationmixiuienasyeaqiradadngnwieshpesaturdland doncentrated

under reduced 20 pregsure (o give a fd ol 11:1 NMR,(400MHg. R2QKs R ThEQEC, NHS
precipitate solids. The solids were collected by suction filtration and air-dried. 'H
NMR (400 MHz, CDCl): 7.666 (dd, J = 10.4 Hz & 1.6 Hz, 1H), 4.772 (m, 1H), 3.612
20 (m, 1H), 3.158 (dd, J = 11 Hz & 8.6 Hz, 1H), 3.00-2.86 (m, 2H), 2.821 (s, 4H), 2.188

(m, 2H)

25

30
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98 25A flask was charged with 2-cyano-5,7-difloro-6-hydroxybenzothiazole (110 mg) and methanol (25
mL). The stirred reaction mixture was sparged with argon for 1 hour. An argon-sparged solution of the
amino acid 399, me)de, water with a pH of 9 (pH adjustment by the addit@Teisia@E@B) was prepared
and added to the reaction mixture in 3 portions at 1 hour intervals. The reaction mixture was stirred
overnight. The reaction was concentrated under reduced pressure to -10 mL and diluted with type 1 5
water (40 mL). The aqueous solution was extracted with ethyl acetate (50 mL) and the extract was set
aside. The ageepistselufidchwiasdvadidifielfto pH 2 by the drop wise addition of concentrated HC1. The
acidified aqueous solution was extracted again with ethyl acetate (2 x 50 mL). The 2 extracts were
combined, dried over anhydrous Na2S04, and conc Intrated to give the product as a solid (130 mg).
1H NMR (400 MHz, 10¢ N%g%ﬁ (d,*=2 10.4 Hz, M1H), 3.612 (t, J = 8.8 Hz, 1H),
3.179 (t, J = 9.4 Hz, 1H i, ZH), 2:037-(m, 2k as‘padded with argon and charged
with the deoxoluciferin acid {41 mg), N- hydroxysuccinimige (15 mg, and DCC (26 mg). Anhydrous
THF (4 mL) was added 15 and the reaction mixture was stirred for 3 hours. The reaction solution was
filtered to remove solids. He#énes were added to precipitate solids which were collected by suction
filtration. The solid was redissolved in THF and hexanes werg ad O%'tecipitate solids. The solids
were collected by suction filtration and air-dried. 1-F1 1INMR (400 MHz, CDC13): 7.666 (dd, J = 10.4
Hz & 1.6 Hz, 1H), 4.772 (m, | H), 3.612 20(in, 1H), 3.158 (ddy J £11 Rz & 8.6 Hz, 1H), 3.00-2.86 (in,
2H), 2.821 (s, 4H), 2.188 (m, 2H) 25 30 Preparation of dehydro ucife (10). OEt 0 10AR=H

O

/ :'( — Y oE
HO s S SO
= HO
Cl ¢ R
10A R=H
108 R = Me

5 The following reaction description is for the example 10A and similar reaction

conditions were used in the case of 10B, 'H NMR data are given for both cases.

2-cyano-5,7-dichloro-6-hydroxybenzothiazole (2.8 mmole) was gtirred in pyridine (20
ml) and triethylamine (0.3 mL). Hydrogen sulfide was bubbled through the solution
10 for 4.5 hours. The addition of hydrogen sulfide was stopped and the reaction mixture
stirred at room temperature overnight. The reaction mixture was stripped under
reduced pressure and the resulting solid was recrystallized from methanol. '"H NMR

(400 MHz, CD;0D): 8.000 (s, 1H)

15  The benzothiazole product (55 mg) from above was suspended in methanol (5 mL}.
Ethy! bromopyruvate {100 mg) was added and ﬂle reaction mixture was stirred at room
temperature overnight. The reaction mixture was heated at 80° C for 7 hours. The
reaction mixture was cooled 1o room temperature and solids formed. The solids were
collected by suction filtration, washed with methanol, and air-dried (35 mg).

20 ‘
R=H 'H NMR (400 MHz, CDCly): 8.295 (s, 1H), 7.992 (s, 1H), 4436 (g, ] =

7 Hz, 2H), 1.414 (1, 7= 7 Hz, 3H)
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10B R = Me 5The following reaction description is for the example 1 OA and similar reactm condition
were used in the case of 108. 11-1 NMR data are given for both cases. :
2-cyano-5, {gelich|oxaaihydroxybenzothiazole (2 8 mmole) was stirred inpoyictine ¢26:0ak) and
triethylamine (0.3 mL). Hydrogen sulfide was bubbled through the solution 10 for 4.5 hours. The
addition of hydrogen sulfide was stopped and the reaction mixture stirred at room temperature
overnight. The reaction mixture was stripped under reduced pressure and the resulting solid was
recrystallized from methanol. 1H NMR (400 MHz, CD30D): 8.000 (s, 1H) 15 The benzothiazole
product (55 mg) frpm aboye was.susPendskinmahaneliemL).dihyl brorsopyrevate (100 mg) was
added and the reaction mixture was stirred at room temperature overnight. The reaction mixture was
heated at 80 €forPHdErsHhe reaction mixture was cooled to room temperature and solids formed.
The solids were collected by suction filtration, washed with methanol, and air-dried (35 mg). 20 R =
H1H NMFR (400dvitelzy dBDCIR)NS: Robettcr (Bf) M oRs(suspandaddsangiiapel 7 N§FOHA14 (t, 3 = 7 Hz,
3H) WO 201300891 2RCIAI S2RA0M04206 - RcrMeb/iethylaster fitd NMR {468 MEa2CDC13): 7.964 (s,
1H), 3.951 (s, 3H), 2.837 (s, 3H) 5 The dehydroluciferin ethyl. e 'ger(}1 0 as s nded in
methanol and* P RIRABIAETHE reiktidy V&/(eégzts’f{r?’é%figf ‘#o‘%}réw’ %gh %écreé %rég;gr% gvﬁagjs%'ﬁﬁe reaction
mixture was agidifieckitexprktoi@widhel Nt @ihpdrduediratfactidigergijlasseiater (2459 mL). The
combined ext@gst&yg%%iqg@g Axglanbydrges Na2S04 and concentrated under reduced pressure to
give the product as a solid. 10 10A 111NMR (400 MHz, CD30D): 8.518 (s, 111), 8.001 (s, 1H) 10B 1H
NMR (40 MHz, CD30D): 7.965 (s, 1H), 2.810 (s, 3H) 15 8.Preparation of 5-Chloro-44lvdroxy Luciferin
Acid (11A)and &S "Bt 26) MHzTHe:Syhthefiedroutéliottiel 4shiidroxy luciferin acids and NHS
esters is identical to the 25route used to prepare the 6-hydroxy luciferin acids and NHS esters. NIVIR
data is given fbﬁﬁhe1MW6WHHOQD§QQHI8r8@Q%éH$;N ffingtappel salt: 1H NMR (400 MHz,
CDC13): 7.224 (m, 1H). 7.068 (t, J = 8.2 Hz, 1H), 6.988 (d, J = 8 Hz, 1H), 3.809 (s, 3H)
2-Cyano-]‘§-ch1oro-4-methoxy benzothiazole: 11iINMR (400 MHz, CDCI3): 7.591 (d, J = 8.4 Hz, 1H),

7521 (d,1= 88.8 Hz’lfjfle_lr)argﬁgg' gf(ic'-’c’ﬁmo-él»ﬂ'vdroxv Luciferin Acid (11A)and NS Ester (11B)

cl Onie

Cl
\I ( OMe
e o N N S Cin AN
C’ - T el U e
A S\S/N e

8

Pyridinium
Hydrochloride,
185 °C

O HaN._COH
o RN bee, OH OM
Ci\@N N Ci COH Cl N
\>___<,- NHS = N\ /N 2 HS %
= I t >_< —— CN
g sj\ﬁk | g Sl s>_

20 1B 14A

The synthetic route to the 4-hydroxy luciferin acids and NHS esters is identical to the
25  route used to prepare the 6-hydroxy luciferin acids and NHS esters. NMR data ig given

for the above compounds.

3-Chloro-2-methoxy aniline appel salt: ' NMR (400 MHz, CDCL): 7.224 (m, 1H),
7.068 (t, ] = 8.2 Hz, 1H), 6.988 (d, =8 Hz, 1H), 3.809 (s, 3H)
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52-Cyano-5-chloro-4-hydroxy benzo hiazole: 1H NMR (400 MHz, CDC1 ): 7.576 (d, J = 8.4 Hz, 1H),
7.416 (d, J = 8.4 Hz, IH), 6.702 (s, IH) 5-Chloro-4-hydroxy dimethyl luciferin acid (11A): 1H NMR (400
MHz, CDCL3)1414Rdsdsh J = 8.4 Hz, 1H), 7.370 (d,1 = 9.2 Hz, 1H), 6.689(s/uktn14:008Es, IH), 1.886
10(s, 3H), 1.528 (s, 3H) 5-Chloro-44hydroxy dimethyl luciferin NHS ester (11B): 1H 19MR (400 MHz,
CDC13): 7.425 (d, J = 8.8 Hz, 1H), 7.354 (d, J = 8.4 Hz, 1H), 6.707 (s, 1H), 5.157 (s, 1H), 2.855 (s,
4H), 1.882 (s, 3H), 1.659 (s, 3H) 15 20 9.Preparation of 6-Chloro-5-Hydroxv Luciferin Acid (12M CICI
Me a NH2 CI- StseN Me0O S ,N Cl 12A i Pyridinium Hydrochloride, 195 C 12D12C 25The synthetic

route to the 5-hwaroxy Iyciferin acid is identicabia.the fowie used e prerats thev-ayaroxy luciferin
acids. NMR data is given for the above com]'g](i)unds loro-3-methoxy aniline appel salt (12A): 1H

| . 4-
NMR (400 MEZ-CHCHB). 77306 =52 8% H2: 1) €:78%.76 (m, 2H), 3.882 (s, 3H)
2-Cyano-6-chloro-5-methoxy benzothiazole (1213): 1H NMR (400 MHz, CDC13): 57.929 (s, 1H).

7.636 (s, 1H), if%?o_( L 2 Gy GhipnsRhy i Rensnihiazele (L 2C)s AHAMR (400 MHz,
CDC13): 9227 g 1H), 7.792 (s, 1H), 5.852%[%'@1[?8%10 6-Chloro-5-hydroxy dimethyl luciferin acid
, LH),

(12D): 1H NMRE (@b Mbiz]-EI8Y0D)7 #-68H( B1475, 1H), 4.927 (s, 1H), 1.778 (s, 3H), 1.489 (s,
3H) 10.Preparation of 5,7-Dimethy1-6-Hydroxy Dimethyl Luciferin Acid (13E) CI,,ClI

5-Chloro-4-hydroxy dimethyl luciferin acid (11A): "H NMR (400 MHz, CDCls):
7451 (d, I = 8.4 Hz, 1H), 7.370 (d, ] = 9.2 Hz, 1H), 6.689 (s, 1H), 4.903 {5, IH), 1.886
10 (s, 3H), 1.528 (s, 3H)

5-Chloro-4-hydroxy dimethy! luciferin NHS ester (11B): "H NMR (400 MHz, CDCls):
7.425(d, ) = 8.8 Hz, 1H), 7.354 (d, ] = 8.4 Hz, LH), 6.707 (s, 1H), 5.157 (s, 1H), 2.855
(s, 4H), 1.882 (s, 3H), 1.65% (s, 3H)

15

20 9. Preparation of 6-Chlore-3-Hydroxy Luciferin Acid (1 2D

Cl
4 :N MeO
g

!
. N MeO N
oy TS YT e e
| S‘s’ cl S
124

Cl

cl ¢
128

Hydrochlorice,

Pytidinium
195 °C

COgH

“CI*HgN
HO N N _.COuH HSJ;' HO N
@: — _— Y—cn
Ci S 8 cl S
12D

12C

25 The synthetic route to the 5-hydroxy luciferin acid is identical to the route used to

prepare the 6-hydroxy luciferin acids. NMR data is given for the above compounds.
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S The synthetic route to the 5,7-dimethy1-6-hydroxy dimethyl luciferin acid is identical to the route
-used to prepare the 6-hydroxy luciferin acids. NMR data is given for the 10 above compounds.
3,5-Dimethyls4-mathgxy aniline (13A): 1H NMR (400 MHz, CDC13): 6.320(gs:0hho 2635 (s, 3H),
2.167 (s, 6H) 153,5-Dimethy1-4-methoxy aniline appel salt (13B) H NMR (400 MHz, CDCI3): 6.905 (s,
2H), 3.711 (s, 3H), 2.278 (s, 6H) 2-Cyano-5,7-dimethy1-6-methoxy benzothiazole (13C): 1H NMR (400
MHz, CDC13): 7.845 (s, 1H), 3.782 (s, 3H), 2.488 (s, 3H), 2,429 (s, 3H) 20
2-Cyano-5,7-dimgtiy-3-e-tydroxy benppthiazoie £1:30) NNMRNMKRMEBOMPEER):CTICI3) 7.805 (s, 1H), 5.2
(broad s, 1H), . ( , .7-Rimethy1-6-hydroxy dimethyl luciferin acid (13E): 1H
NMR (400 Mﬁ?%@%gg%%éﬁigzﬁ?%%%%gqm 2.401 (s, 3H), 2.333 (s, 3H), 1.777 (s, 3H),
1.491 (s, 3H) 11.Preparation of Trifluoromethyl-substituted Luciferin Acids (14E) and NHS Esters
(Fluorescence Rygw-d-dii)ro-1 40T he:synthatit: (02 toFthaviRfldarometiGhEubstituted luciferin acids
and NHS esters is idenfical ] u d.tg.prepare the 6-hydroxy luciferin acids and NHS esters.
NMR dataige is Z};ég% (Féiﬁﬁé?a%%yg’eééaﬁ%%ﬁgé?@) 4-methoxy-3-trifluoromethyl aniline appel salt (14A):
lli NMR (400 MHz, CDC13): 157.522 (d, J = 2.4 Hz, 1H), 7.424 (dd, J = 8.6 Hz & 2.6 Hz, 1H), 7.064 (d,

J = 9.2 Hz, 1H)3816 (Si3b) Zndyanadiiflueseethy 1'8-mathoxy benzdthizizole (14B): IFINMR (400
MHz, CDC13); 4 7.451 ( ). 4.033 (s, 3H) 2-Cyano-7-trifluoromethy1-6-methoxy
benzothiazole ( %1?7253 @#&)ﬂ?&% Egﬂc"ﬁjé% ): 8.313 (d, J = 8.8 Hz, 1H), 7.374 (d, J = 9.2 Hz, 1H),
3.997 (s, 3H) 2-Cyano-5-trifluoromethy1-6-hydroxy benzothiazole (14D): 1H NMR (400 MHz,

25CDC13Y 8.368 (50 bH)7oddiksorkudkiifuarormpshy i Saycroop dimetbyblnciferin acid (14E): IT!
NR (400 MHz 30D);.8 s, 1H) 79 (s,.1H), 4.927.(s 1.779 (s, 3H), 1.492 (s, 3H)
5-Trif|uorometﬁ%%é*“lh%oé@ﬁi&%éﬁ;ﬁé@%f "nrﬁﬂr@ ’égs%r%é&ﬁ)%é})ﬁfﬁ% (400 MHz, 5CDC13): 8.278
(s, IH), 7.445 (s, 1H), 5.148 (s, IH), 2.861 (s, 4H), 1.874 (s, 3H), 1.653 (s, 3H) Fluorescence
Measurement of Luciferin compounds
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10 The fluorescence measurement experiments were conducted on a HOR1BA Jobin Yvon
FluoromaxE-3 spectrometer. Typically, the excitation wavelength was set at 405 nm unless otherwise
noted. The gxsiatiangand emission slits were at 1 nm. A solution of the dyerats26i9hhtaes 25 mM Tris
pH 8.0 buffer was used to obtain the fluorescence spectra and determine the intensity at the
wavelength of maXiallial emission shown in 15Table 6. Table 6 Luciferin compoundsFluorescence
Intensity at Fluorescence MaX|ma Compound 6H530 nm = 1.1e6 (ex = 405 Compound 61542 nm =
1.75e6 (ex = 405 nhjcCormp ( R ! Lidd 6B527 rim = 935490
(ex =405 nm) Compound 6E541 nm = |. 3e6 (ex = 405 nm) 541 nm = 4.5e6 (ex = 396 nm) Compound
9A532 nm = 964121 (ex = 405nm) 532 nm = 1.2e6 (ex = 396 nm) Cgmpound 14E532 nm = 570975 (ex

.

3 'A..uu (i: .a 1Y)

5O

=405 nm) 532 nm = 774)42 (ex = 396 nm) Compomad WAS =1.6e6 (ex = 405 nm) 20
EXAMPLE 2 The followikhg exampte: praxides tiptioﬁi‘oﬁasrﬁethod jlrgating the
fluorescent dyes of the ntion te-ar-artibody gcule. 5tn-atypical ens,. |body
conjugates of Luciferin dgrivatives are prepared as follows. The antibo of interest is prepared in

50mM Borate pH 9.0 buft€r at 4mg/ml. The dye re&fent is dissolved in anhydrqgg DMSO to give a
concentration of 5mg/ml. Predetermined amounts!®t the dye in DMSO are slowly added to the
antibody solution 10 with mixing. The reaction is incubated at room temperature fe£66 minutes.
Thereafter the reaction is quenched with addition glycyl glycine (200 molar excess to the dye used)
solution at 75mWm1 in PBS, 2mM EDTA. The dye-antibody conjugate is separated desalting on a
Sephadex G-50 column equnlbrated in PBS. The elution is mBYii#i&e for 280nm absorbance and the
antibody contai d is collectegifrom 1 n Th y k W@é of F/P Value) is
determined by me msb}atfso bance-values conjﬁga%ea{ @m{t e absorption
maxima of the'fje geak: The’degree of subStitutjon is calculated using the extinction coefficient for the
dye being used for the copjuigation as shown in Tafle 7. 20Table 7 Dyes of thestvention Extinction

5

The synthetic route to the §,7-dimethyl-6-hydroxy dimethy! luciferin acid 1s identical to
the route used to prepare the 6-hydroxy luciferin acids. NMR data is given for the

10 above compounds.

3,5-Dimethyl-4-methoxy aniline (13A): "H NMR (406 MHz, CDCL): 6.320 (s, 2H),
3.615 (s, 3H), 2.167 (s, 6H)

15  3,5-Dimethyl-4-methoxy aniline appel salt (13B). 'H NMR (400 MHz, CDCl3): 6.905
(s, 2H), 3.711 (s, 3H), 2.278 (s, 6H)

2-Cyano-5,7-dimethyl-6-methoxy benzothiazole (13C): 11 NMR (400 MHz, CDCls):
7.845 (s, 1H), 3.782 (s, 3H), 2.488 (s, 3H), 2.429 (s, 3H)

20
2-Cyano-5,7-dimethyl-6-hydroxy benzothiazole (13D): 'H NMR (400 MHz, CDCL):
7.805 (s, 1H), 5.2 (broad s, 1H), 2.443 (s, 3H), 2.401 (s, 3H)

3,7-Dimethyl-6-hydroxy dimethyl luciferin acid (13E): "H NMR {400 MHz, CD,0D):
25 7.641 (s, 1H), 4.905 (s, 1H), 2.401 (s, 3H), 2.333 (s, 3H), 1.777 (s, 3H), 1.491 (s, 3H)
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Coefficient Wicnil at Dye absorption maxima 5,7-Dichloroluciferin NHS ester (Dyel) 14662 5,7 dichloro

luciferin-Linker-NHS ester (Dye2) 18174 Dimethyl difluoroluciferin NHS ester (Dye3) 17665

Monomethykgiflgaralusiterin NHS ester (Dye4) 14665 Difluoro dimethylererhiseiferinNésS ester (Dye5)
11532 Difluoro amide Luciferin NHS ester (Dye6) 14990 The following table (Table 8) provides the

data for the various conjugates for six of the dyes of the invention to representative antibodies,

8 Antibody Dye Dye to Absorption Degree of Emission

11. Preparation of Trifluoromethvl-substituted Luciferin Acids (14E) and NHS

Esters (Fluorgscence Dye7: 14F ):

5
Cl o
FsC e cr m N ci
3 ~a 140 OC
-5, ;r—(\N e
MeO ~g MeO
ia) CFs
14A
Pyridinium
Hydrochloride,

FsC N 195 °C e N
oo B o —
MeO S HO S

14B 14D

FiC N
A
MeO S

148

c N N.__-CO,H
PSS
) S S
14E

10 The synthetic route to the trifluoromethyl-substituted huciferin acids and NHS esters is

identical to the route used to prepare the 6-hydroxy uciferin acids and NHS esters.

NMR data is given for the above compounds.

4-methoxy-3-triflucromethy! aniline appel salt (14A): "H NMR (400 MHz, CDCl;):
15 7.522(d, J=2.4Hz, 1H), 7.424 (dd, ] = 8.6 Hz & 2.6 Hz, 1H), 7.064 {d, ] = 02 Hz,

1H), 3.916 (s, 3H)

2-Cyano-3-trifluoromethyl-6-methoxy benzothiazole (14B): 'H NMR (400 MHz,

CDClLy): 8.384 (s, 1H), 7.451 (s, 1H), 4.033 (s, 3H)

2-Cyano-7-trifluoromethyl-6-methoxy benzothiazole (14O "H NMR (400 MHz,
CDCLY: 8313 (d, J=8.8 Hz, I1H), 7.374 (d, ] = 9.2 Hz, 1H), 3.997 (s, 3H)

2-Cyano-S-trifluoromethyl-6-hydroxy benzothiazole (14D): 'H NMR (400 MHz,

25  CDCL): 8.368 (s, 1H), 7.492 (s, 1H)
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antibody ratio used maxima for conjugate substitution maxima for conjugate CD4 Dye! 100 400run
13.5525nm CD4 Dyc2 60 399nm 30.4 516nm CD3 Dye2 10 399nm 5.91 516nm CD45 Dye2 5

399nm

10

15

20

WO 2011/008912

PCTAIS2010/042063

5.Trifluoromethyl-6-hydroxy dimethyl luciferin acid (14E): 'H NMR (400 MHz,
CD;0D): 8.168 (s, 1H), 7.479 (s, 1H), 4.927 (s, 1H), 1.779 (s, 3H), L492 (5, 3H)

5-Triftluoromethyl-6-hydroxy dimethy! luciferin NHS ester (14F): 'H NMR (400 MHz,
CDCL): 8.278 (s, 1H), 7.445 (s, 1H), 5.148 (5, 1H), 2.861 (s, 4H), 1.874 (s, 3H), 1.653

(s, 3H)

Fluorescence Measurement of Luciferin compounds

The fluorescence measurement experiments were conducted on a HORIBA Jobin Yvon

Fiuoromax®-3 spectrometer, Typically, the excitation wavelength was set at 405 nm

unless otherwise noted. The excitation and emission slits were at 1 nm. A solution of

the dye at 20 uM in 25 mM Tris pH 8.0 buffer was used to obtam the finorescence

spectra and determine the intensity at the wavelength of maximum emission shown in

Table 6.
Table 6
Luciferin compounds Fluerescence Intensity at
Fluorescence Maxima
Compound 6H 530 nm = 1.1e6 (ex = 405 nm)
Compound 6J 542 nm = 1.75e6 (ex = 405 nm)
Compound 6C 530 nm = 1.1e6 (ex = 405 nm)
Compound 6B 527 nm = 635490 (ex = 405 nm)
Compound 6E 541 nm = 1.3e6 (ex = 405 nm}
541 nm = 4.5e6 (ex = 396 nm)
Compound GA 532 nm = 96412 1(ex = 405nm)

Compound 14E

Compound 10A

532 nm = 1.2e6 {ex = 396 nm)
532 nm = 5709735 (ex = 405 nm)

532nm= 774112 (ex = 396 nm)
546 nm = 1.6e6 (ex = 405 nm)
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4.2 516nm CD4 Dye3 100 398nm 11.4 528nm CD3 Dye3 20 398nm 4.8 528nm CD45 Dye3 40
398nm 8.24 528nm CD3 Dye4 30 390nm 2.89 528nm

WO 2011/008912 PCTAIS2030/042063

EXAMPLE 2

The following example provides the description of a method for conjugating the

fluorescent dyes of the invention to an antibody molecule.

In a typical experiment, antibody conjugates of Luciferin derivatives are prepared as
follows. The antibody of interest is prepared in 50mM Borate pH 9.0 buffer at 4mg/ml.
The dye reagent is dissolved in anhydrous DMSO to give a concentration of Smg/ml.
Predetermined amounts of the dye in DMSO are slowly added to the antibody solution
10 with mixing. The reaction is incubated at room temperature for 60 minutes. Thereafter
the reaction is quenched with addition glycyl glycine (200 molar excess to the dye
wsed) solution at 75mg/ml in PBS, 2mM EDTA. The dye-antibody conjugate is
separated desalting on a Sephadex G-50 column equilibrated in PBS. The elution is
monitored for 280nm absorbance and the antibody containing band is coliected from
15 the column. The degree of substitution (F/P Value) is determined by measuring
absorbance values for the dye-conjugate at 280nm and at the absorption maxima of the
dye peak. The degree of substitution is calculated using the extinction coefticient for

the dye being used for the conjugation as shown in Table 7.

20 Table 7
Dves of the invention Extinction

Coefficient M~ cm™
at Dye absorption
maxima

5,7-Dichloroluciferin NHS ester (Dyel) 14662

5,7 dichloro huciferin-Linker-NHS ester (Dye2) 18174

Dimethyl difluoroluciferin NHS ester (Dye3) 17665

Monomethyl difluoroluciferin NHS ester (Dyed) 146635

Difluoro dimethylene Luciferin NHS ester (DyeS5) 11532

Difluoro amide Luciferin NHS ester (Dyeb) 14990
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CD4 Dyc5 60 390nm 20.8 527nm CD3 Dye5 20 390nm 6.2 527nm CD45 Dyc5 15 390nm 8.31 527nm
CD4 Dye6 80 382nm 27.6 517nm CD3 Dye6

WO 2011/608%12 PCT/US2010/042063

The following table (Table 8) provides the data for the various conjugates for six of the

dyes of the invention to representative antibodies.

5
Table ¥
Antibedy Dye Dyeto Absorption Degree of  Emission
antibody maxima for substitation maxima fer
ratio conjugate conjugate
used
CD4 Dyel 160 400nm 13.5 525nm
Ch4 Dye2 60 399nm 30.4 516nm
CD3 Dye2 10 399nm 591 316nm
CD45 Dye2 5 399nm 4.2 516mm
CD4 Dye3 100 398nm 11.4 528nm
b3 Dye3 20 308nm 4.8 528nm
CD45 Dye3 40 398nm 8.24 528nm
CD3 Dyved 30 390nm 2.89 528nm
Cb4 Dye5 60 3%0nm 20.8 527nm
CD3 Dye5 20 390nm 6.2 527nm
CD435 Drye5 15 390nm 8.31 527nm
Ch4 Dryeb &0 382nm 27.6 517nm
CD3 Dyed 15 382nm 6.8 517nm
D435 Dyeb 10 382nm 6.8 517nm
Ch4 Dye? 100 391nm ND? 524nm
Ch4 Dyed 100 420nm ND 465mm
CD4 Dyed 100 420nm ND 465nm
10

*ND means not determined

EXAMPLE 3.

15  The following exampie provides method for using the antibody-dye conjugates in flow

cytometry.

Flow Analysis

20 Optimum quantitics (determined separately by titration) of various compositions of
antibody-dye conjugates of the invention were independently combined with a
biological specimen containing whole blood (0.1mL), incubated for 10-15 minutes,

processed using the standard procedure using Versalyse™ lysing reagent, and
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15 382nm 6.8 517nm CD45 CD4 Dye6 Dye7 10 100 382nm n 391m 6.8 ND' 517nm 524nm CD4
Dye8 100 420nm ND 465nm CD4 Dye8 100 420nm ND

WO 2011/008912 PCT/US2010/042063

analyzed using a flow cytometer. Briefly, the treated biological specimen was
combined with the VersaLyse ™ reagent/0.2% Formaldehyde (ImL) for 10 minutes,
spinning down the treated specimen, aspirating the supernatant, resuspending the pellet
in PBS (2mL) spinning down the cell suspension and resuspending the pellet in

5 PBS/0.1% formaldehyde (ImL) for analysis. The tymphocyte population was selected
by flow cytometry based on forward and side scatter characteristics. Subpopulations
were identified using specific monoclonal antibodies. Fluorescence signals were
collected using appropriate band pass filters chosen based on the conjugate’s
fluorescence emission spectrum,

10
Similarly, the antibody-Pacific Orange™ conjugates were evaluated. In selected cases,
the flow data results of various luciferin derivatives dyes — antibody conjugates were
compared with the corresponding antibody-Pacific Orange dye-conjugates. Following
table summarizes these results (Table 9). The conjugates of antibody-fluorescent dyes

15  of the invention showed superior signal/noise values compared to antibody-Pacific

Orange conjugate.
Table 9
Conjugate Signal/Neise
values
CD4-Pacific Orange 8.7
CD4-Dyel 20.5
CD4-Dye? 26.%
CD4-Dye3 26.4
CD4-Dyed 274
CD4-Dye5 31.0
CD4-Dye7 9.2

20

Two-color flow analysis:

In selected cases, using 405 nm laser line, CD&-Pacific Blue™ dye-conjugate and a
25 CDA4-luceferin derivative dye of the invention, a two color flow analysis was similarly
performed. The results were compared with the corresponding performance for CD8-
Pacific Blue dye conjugate and a CD4-Pacific Orange dye (Invitrogen Corporation).
As shown in Figure 4, the antibody-Dye2 conjugate showed brighter signal when
compared to that of antibody-Pacific Orange™ conjugate.
30
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465nm 10 aND means not determined EXAMPLE 3: 15The following example provides method for
using the antibody-dye conjugates in fib cytometry. Flow Analysis 200ptimum quantities (determined
separately QyotHsaiigrhaf various compositions of antibody-dye conjugatesoltheinmentson were
independently combined with a biological specimen containing whole blood (0.1mL), incubated for
10-15 minutes, processed using the standard procedure using VersalLyserm lysing reagent, and
analyzed using a flow cytometer. Briefly, the treated biological specimen was combined with the
VersalLyseTnmvaageht/@idvebdyasaldehyde (1mL) for 10 minutes, spinning down the treated specimen,
aspirating the supernatant, resuspending the pellet in PBS (2mL) spinning down the cell suspension
and resuspending the pellet in 5 PBS/0.11)/0 formaldehyde (1mL).for anaL sis. The lymphocyte
population waOEBIS IR FREH B BELEE: BT APRHEF A" 8 After characteristics.
Subpopulationsmvese-de otificdiasing speciid Miomooiornabamibodids 2 Blioreksehce signals were
collected ysing gpproprialg bandinass iliais.ehasembasedan s caniugalaisdiyorescence emission
ilarly,

spectrum. 10 Sim the antibody-Pacific OrangeTM conjugates ,We#a evaluated. In selected cases,
the flow data FBSIRSBEY arIBYENCRe RRGRPERTES T e & CLlontiBe B RO EEHAS W&Te compared with the

correspondingi@atibody-Pacific Orange dye-conjugates. Following table summarizes these results
(Table 9). The conjugates&ngHQ&@yﬂlgorescent dyes 15o0f the invention showed superior
signal/noise values compared to antibody-Pacific Orange conjugate. Table 9 Conjugate Signal/Noise
values CD4-Pacific range®ED4-Dyel 20.5 CD4-Dye2 26.8

10 3. CD45(RO)-ECD

CD25-PCS

CD19-PC7

CD3-APC

CD27-APCATO0

CD3-APCCy7

CD&-Pacific Blue

10.  CD4-Pacific Orange/CD4-Dye3,

i5

I I

The histograms shown in Figure 5 illustrate that in the ten-color flow assay, the CD4-
20 Dye3 conjugate gave a brighter signal when compared to that of CD4-Pacific Orange

conjugate.
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CD4-Dye3 26.4 CD4-Dye4 27.4 CD4-Dye5 31.0 CD4-Dye7 9.2 20 Two-color flow analysis: In
selected cases, using 405 nm laser line, CD8-Pacific BluCTM dye-conjugate and a 25 CD4-luceferin
derivative dye of the invention, a two color flow analysis was similarly performed. The results were
compared with the corresponding performance for CD8- Pacific Blue dye conjugate and a CD4-Pacific
Orange dye (Invitrogen Corporation). As shown in Figure 4, the antibody-Dye2 conjugate showed

brighter signal when co

mpar
analysis: For on&gt fﬁélﬂ%eﬁ

a 3 laser 10 color PMT instrument equipped with a 405nm laser, 5488nm laser and 635nm laser. A

g p sea;ilter Wasdus%d to C%I?e)?t the fluorescence output into the photomultiplier tube.
d}r GERE ST JeEds. 25“{1%%)-F|TC 2.CD56-PE 103.CD45(R0)-BCD 4.

CD25-PC5 5. CD19-PC7 6. CD3-APC 7. CD27-APCA700 158.CD5-APCCy7 9,CD8-Pacific Blue

- 550/40 nm ban
Following antib

10

15

20

25

Yy

HO

Yy

wherein

d to that of antibody-Pacific OrangeTM conjugate. 30 Mu color flow
(Bye3d) of the invention, a ten-color application was also demonstrated on

| 7
N N
L[ —RG
X X3
W

X, and X, are independently S or O;

Y, and Y, are independently halogen or one of Y; or Y5 is H, and the other isa

haloalkyl group;

wherein each W is independently H or alkyl;
Z11s H or alkyl;

wherein Z; and one of W groups may be absent and, if absent, are replaced with an

additional bond between Cq and Cs in ring C;

L is independently a bond or linking group; and

RG is a reactive group selected from a group consisting of an activated ester of a

cérboxylic acid, acid anhydride, acid chloride, acyl azide, an acyl halide, aldehyde,

.chlcroformate, amine, hydroxyl, hydrazine, isocyanate, 1sothiocyanate, sulfonyl

halide, tosyl, maleimide, N-hydroxy-succinimide ester, aziridine, imine; and

disulfide; and

wherein the linking group comprises a covalent linkage comprising 1-50 non-

hydrogen atoms selected from C, N, O, S, P and halogen atoms and is composed of

any combination single, double, triple, or aromatic carbon-carbon bonds, carbon-

oxygen bonds, carbon-sulfur bonds, carbon-nitrogen bonds, and nitrogen-nitrogen

bonds.
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10.CD4-Pacific Orange/CD4-Dye3. The histograms shown in Figure 5 illustrate that in the ten-color
flow assay, the C0420Dye3 conjugate gave a brighter signal when compared to that of CD4-Pacific
Orange conjugate. What is claimed is: 1. A fluorescent dye having the formula: Zi wherein X1 and X2
are independently S or 0; Y1 and Y2 are independently halogen or one of Y1 or Y2 is H, and
the other is a 10haloalkyl group; wherein each W is independently H or alkyl; Z1 is H or alkyl; wherein
Z1 and one of W groups may be absent and, if absent, are replaced with an additional bond between
C4 and C5 in ring & 1@%&%@&?&8@%9@18%&’o‘?’ﬁi?fl?h‘?ét}ji'gl}’ﬂf’ﬁrﬁﬁoﬁ?ﬂgr&’?éﬁ%ﬁve group selected
from a group consigting,ef an activated ester of a carboxylic acid, acid anhydride, acid chloride, acyl
azide, an acyl halide, aldehyde, chloroformate, amine, hydroxyl, h l%r zine, isocyanate, isothiocyanate,
sulfonyl halide, tosyk! TS R RIS S & B o irhigi BT ok (R ST he S SR eulfide. and

wherein the linking Qroyp eemphisasR eoVale R, liskage comprisingeb:b) thenahyshroigengtoms selected
fromC, N, 0, S, P and halogen atorg and is composed of any combination single, double, triple, or

aronatic carbon-caASdRBBRUE CErBoh-Bxygen bonds, carbon-sulfur bonds, carbon-nitrogen bonds,
and nitrogen-nitrogRNCZ6hAamisC(Q ) he kroRstcenbaykaf@laimdhwberefi{ @heslmkimgpgydbup comprises
a formula: R1C(0)R2, wherein isab or. C1.10 met CfH%)n at %glgg%tg the dye, C(0)
is a carbonyl groupg”ra%ﬁa’l%? [ %&ﬁb%?\rdq%t ac Siﬁ%at gnillr éﬁ%ﬁ’g%obvp tog Sthe reeactif\:/e group RG;
or R1C(0)At1R3C (@)% aneret RisioachonarorEd bogdnmsthplenbina{o) is’ & carbsiiiigrsup, Al is
either NH, S or 0, R2 5 an alkepyl (i) g s Qs membersehingaviagi deashane
unsaturated bond,%%fé@gl)ran CEiﬁaﬂ[}\;({)arﬂocfg) ’%1_%10 rﬁeﬁa ’Ier%é (CH2)n and a five orlésix member ring, R2 is
OHIdr a bond attackiskptivé germitaibtoeagbong G idto the reactive group RG. 3. The fluorescent
dye of claim 1 or 2, wherein RG comprises a carboxylic acid, succinimidyl ester of a carboxylic acid, a

hydrazide, an amine, an isothiocyanate,or a maleimide. 15 4. The fluorescent dye of claim 1, having
the formula: 0 3. The fluorescent dye of claim 1 or 2, wherein RG comprises a carboxylic acid,

succinimidyl ester of a carboxylic acid, a hydrazide, an amine, an isothiocyanate,or

a maleimide.

15
4. The fluorescent dye of claim 1, having the formula:
O
Cl
N N R
Cl
wherein
20 R represents succinimidoxy, NH(CH2)nCOOH, NH(CH,),CO-succinimide, or
NH(CH;)n-maleimide, wherein n =1-10.
5. The fluorescent dye of claim 1, having the formula:
O
25 O

O~y
c N R
>—r H o
S S O
HO
Cl
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Cl wherein 20R represents succinimidoxy, NH(CH2)nCOOH, NH(CH2)11CO0-succinimide, or
NH(CH2)n-maleimide, wherein n =1-10. 5. The fluorescent dye of claim 1, having the formula: 0 CI
6. The fluorescent dye of claim 1, haying the formula: 0 N HO<s--c wherein R represents
succinimidoxy, NH(CH2)nCOOH, NH(CH2)nCO-succ n mide, or NH(CH2)n-maleimide, wherein n
=1-10. 7. The fluorescent dye of claim I, having the formula: 0 8. The fluorescent dye of claim 1,
having the foimula: 9. The fluorescent dye of claim 1, having the folumla: 0 0 10. The fluorescent
dye of claim 1, HavihbetAuolsrasnladye of claim 1, having the formula:

O
F N N
HO S S
F
wherein

R represents succinimidoxy, NH(CH,)nCOOH, NH(CH;),CO-succinimide, or
5 NH(CH,)n-maleimide, wherein n =1-10.

7. The fluorescent dye of claim 1, having the formula:

@)
O\r\}
N
F N N g
t \ @éo 5
3 S

HO

8. The fluorescent dye of claim 1, having the formula:

O
= N N \N/\,JLO/N
\> </ H
S sﬁ O

HO

15

20 F

9. The fluorescent dye of claim 1, having the formula:

O
O
25 \> </
S S O

HO
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0 NNR 5wherein R represents succinimidoxy, NH(CH2)nCOOH, NH(CHZ2)"CO-succinimide, or
NH(CH2)n-maleimide, wherein n =1-10. 11. The fluorescent dye of claim 1 having the formula:
HOX1X2 w 10Y2 wherein X1 and X2 are independently S or 0; Y1 and Y2 are independently halogen
or one of Y1 or Y2 is H, and the other is a haloalkyl group; 15W is H or alkyl; L is independently a bond
or a linking group, wherein the linking group comprises a covalent linkage comprising 1-50
non-hydrogen atoms selected from C, N, 0, S, P and halogen atoms and is composed of any
combination singfe, Tdedblerendpie doe afehaand chaves-darlosmpends, carbon-oxygen bonds,
carbon-sulfur bonds, 20carbon-nitrogen bonds, and nitrogen-nitrogen bonds; and wherein RG is a
reactive group selected from a group consisting of an activated ester of a carboxylic acid, acid
anhydride, acid chloride, acyl azide, an acyl h&lide, aldehyde, chloroformate, amine, hydroxyl,
hydrazine, isocya#sate, isthiocx?nate, [fonyll halide, tosyl, maleimide, N-hydroxy-succinimide ester,
aziridine, imine, 25andg-4 ide. 2. oreséent dye of claim 1, which can be excited with a

m. 13. A dye-conjugate having the formula: Zi 5Y2

. Y1 and Y2 separately represent halogen or

5 wherein
R represents succinimidoxy, NH(CH,)nCOOH, NH(CH,),CO-succinimide, or
NH(CH,)n-maleimide, wherein n =1-10.

11. The fluorescent dye of claim 1 having the formula:

e I{: :}\IIL—RG
HO X4 X3 W

10 Y2
wherein
X; and X, are independently S or O;
Y and Y, are mdependently halogen or one of Y; or Y» is H, and the other is a
haloalkyl group;

15 W is H or alkyl;
L. is independently a bond or a linking group, wherein the linking group comprises
a covalent linkage comprising 1-50 non-hydrogen atoms selected from C, N, O, §,
P and halogen atoms and is composed of any combination single, double, triple, or
aromatic carbon-carbon bonds, carbon-oxygen bonds, carbon-sulfur bonds,

20 carbon-nitrogen bonds, and nitrogen-nitrogen bonds; and
wherein RG is a reactive group selected from a group consisting of an activated
ester of a carboxylic acid, acid anhydride, acid chloride, acyl azide, an acyl halide,
aldehyde, chloroformate, amine, hydroxyl, hydrazine, isocyanate, isothiocyanate,
sulfony! halide, tosyl, maleimide, N-hydroxy-succinimide ester, aziridine, imine,

25 and disuifide.
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one of Yior Y2 is H, and the other is a haloallcyl group; 10wherein each W is independently H or alkyl;
Z1is H or alkyl; wherein Z1 and one of the W groups may be absent and, if absent, are replaced with
an additional bond between C4 and C5 in ring C; L is independently a bond or a linking group, wherein
the linking group comprises 15a covalent linkage comprising 1-50 non-hydrogen atoms selected from
C, N, 0, S, P and halogen atoms and is composed of any combination single, double, triple, or
aromatic carbon-carbon bonds, carbon-oxygen bonds, carbon-sulfur bonds, carbon-nitrogen bonds,
and nitrogen-nitidg b Brerssesnd dykeriaiinoM .isvbicoapadumenoittslevihe: comparitly Bopeptide, protein,
20polysaccharide, gnzymaolipid: huglepsiee, gligonucleotide or nucleic acid polymer. 14. The
dye-conjugate of claim 13, wherein the conjugated molecule is a peptide or a protein. 2515. The
dye-conjugate of claim 13or 14, wherein the conjugated molecule is an antibody, or a fragment of an
antibody. 16. A method, of. defecling A semplesmaniary member of a specific binding pair in a sample,
comprising: a) mixing said sample with a dye-conjugate of any one of claims 14 to 16 which
specifically bindsgo the complementary memfper; and b) detecting the complex formed by said mixture
to detect the complé s targreper. 5 47 ~Thel metadd of claim 16, wherein the complementary
member is a protein ofj paptideB CT ? method of claim 16 or 17, wherein the complementary
member is pres o- albFactesia, viru nint4l cell. 19. The method of any one of claims 16 to 18,
wherein the corre|§ X is detected by its fluoreggence response. 1520. The method of claim 19, wherein
the flyorescence responseg,is detected using a flow cytometer, fluorometer, fluorescence microscope,
or fludrescence plate reader. 21. The method of claim 19 or 20, further comprising distinguishing the
fluorescence 20reS|bY3'ﬁ§%“from that of a second fluorophore having detectably different optical
properties. 22. The yietheckobamidepenateiBims A9;to 21, further comprising separating said complex

from other sample constituents based on the fluorescence response.
Y and Y, separately represent halogen or

one of Yy or Y, is H, and the other is a haloalkyl group;
10 wherein cach W is independently H or alkyl;
7y is H or alkyl;
wherein Z; and one of the W groups may be absent and, if absent, are replaced
with an additional bond between Cy4 and Cs in ring C;
L is independently a bond or a linking group, wherein the linking group comprises
15 a covalent linkage comprising 1-50 non-hydrogen atoms selected from C, N, O, §,
P and halogen atoms and is composed of any combination single, double, triple, or
aromatic carbon-carbon bonds, carbon-oxygen bonds, carbon-sulfur bonds,
carbon-nitrogen bonds, and nitrogen-nitrogen bonds; and
wherein CM is a conjugated molecule comprising a peptide, protein,

20 polysaccharide, enzyme, lipid, nucleotide, oligonucleotide or nucleic acid polymer.

14. The dye-conjugate of claim 13, wherein the conjugated molecule is a peptide or a

protein.

25 15. The dye-conjugate of claim 13or 14, wherein the conjugated molecule is an

antibody, or a fragment of an antibody.

16. A method of detecting a complementary member of a specific binding pair in a

sample, comprising:
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10

15

20

17.

18.

19.

20.

21.

22.

a) mixing said sample with a dye-conjugate of any one of claims 14 to 16 which
specifically binds 1o the complementary member; and
b) detecting the corﬁplex formed by said mixture to detect the complementary

member,

The method of claim 16, wherein the complementary member is a protein or

peptide.

The method of claim 16 or 17, wherein the complementary member is present on a

bacteria, virus or animal cell.

The method of any one of claims 16 to 18, wherein the complex is detected by its

fluorescence response.

The method of claim 19, wherein the fluorescence response is detected using a
flow cytometer, fluorometer, fluorescence microscope, or fluorescence plate

reader.
The method of claim 19 or 20, further comprising distinguishing the fluorescence
response from that of a second fluorophore having detectably different optical

properties.

The method of any one of claims 19 to 21, further comprising separating said

complex from other sample constituents based on the fluorescence response.
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