Reactive Heterocycl e-Substituted 7-Hydroxycoumarins and Their
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The invention relates to fluorescent chem cals, including reactive
dyes and dye- 10conjugates; and to their uses. DESCRIPTI ON OF RELATED
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t hrough specific binding to the probes, and the |labeling facilitates
detection of the analyte. Appl ?ngﬁh@HsCBWUGPERﬁ escent probes for the
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avai lability of suitable fluorescent conpounds. In particular, there
is a need for fluorescent substances that can be excited by the
commercial viable |laser sources 5 such as the violet |aser (405 nm,
argon laser (488 nm and He-Ne | aser (633 nm). There are many
fluores LOR&EeAiyed TdMRe | BBFE pli BherCaledhamp) and
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conjugated to proteins due to their strong hydrophobicity and high
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and quenching by the substrate are a sifgni ficant concern because it
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25  Patent Publication 2008/071074 each disclose examples of known fluorescent dyes.



shydr oxycoumarin dyes, including reactive dyes and dye-conj ugates.
The wat er-sol ubl e, heterocycl e-substituted 7-hydroxycounmarin dyes of
the present invention exhibit novel conbinations of properties that
make these fluorescent dyes particularly suited for use in biological
assays, including for use as rabels for tobiopolyners. W discovered
that the heterocycl e-substitution and addition of water- sol uble
groups of, 7- hydroxycoumarins_ynexpectedly results in new cl ass of
fluores cbﬁ? a%’iﬁ’?&m&@“%ﬁlf’ﬁpf ?h‘? %Eﬁ]@gai'@rata@ §§9§e ﬁﬁdgl??ﬁ‘ﬁy B?%B%\ﬁ’leng
bi ol ogi cal , conjugates that have strong absorption at 405 nm and are
hi ghl'y f@Wﬁewe?ﬁgswtﬁh'eéwamﬁcsm CQpROUTRIso de Ratticelardhere is a need for

het erocycl e- substi tuted 7-h¥droxycounarins 15significantly decrease
pKa of tfhoressamssulbstayess thal ¢atabe exciteddniihesenvoensial Viabledapergoeses
have their maxi mum fl uorescence in the range of physiol ogical pH
These hesushas/ibEeiaieidasent{d0s dn); aigdndaser ¢dddnim adyl ¢te-be dastr (83 hn).
fluorescent, and the enhanced fl uorescence intensity of the

het er ocyTiare sud stany Jluecestenhyybsadgreiped fonardya 1a@nj 48mheseeftatidie and
invention results in greater assay sensitivity. 20 The

het er oc yed-Blesibet (688 el excitaligh R X AKERpIE) ivesscein, Wakth i weiltd@Red by
typically exhibit absorbance nmaxi ma cl ose to 405 nm and dyes of the

i nvent i ofBgGan aliagor$%Le,seti@é_uts@fuveﬁqmrtwﬁne%ﬂeeﬁir@@bT.emo%b@n thdrB€se f\éwa

violet laser, as present in, tor exanple, many flow cytoneters.

par {1 culsiior AAUANS A Rliab R0t fiRG05 ! Yt iagd, dve conj ugates of 25the
present 1 nvention 1s that tﬂlS class o yes typically exhibit

maxi pum em ssion in the green (approximately 500-540 nn). To our
knomhedge, the present invention provides the first description of a
class of.s uor.escent

|1 _molecule fl dyes.that emt in.th reen, and
oo userQnTanD poTRRE Hige bt BEREGT et BluledTor R darel Py beindlial ghigten
assay react.iqgn conditions. 5 | n_opne aspect, the present invention
provide@pgh 0831Evﬁrtﬁéﬁﬁv@khﬁg§e$@§%t&Bi@goﬁ@péﬁ%giﬁﬂéﬂ§%b§ﬁ?tuted
7- hydroxycoumarin conpounds useful as fluorescent dyes. The reactive
wat er - sGlaRIdNe. ¥ B3 19 @es ghati ang U - PatgriNp i 02%dfaia Rokipsen.of
the invention can react with a wide variety of organic or inorganic
subst ané&snparsd iz piher ugrespent dyea sarh as fluaresceaivgi I%Déﬂﬁﬁl’tescﬁ)“m cyiamines,
functional groups with suitable reactivity, resulting in conjugation
of tlhe dyanvt@untainsdpssthaveaertain athantepocs podpdrties. i Tivesmiaber, sizdef the
reactive dyes of the invention are used to directly fluorescently
st ai n ocoumbeh dyes anipihrdzesoihtedfect dfeths agploa thanffity detepkeificity of a dye-
identified, or quantitated. 15In another aspect, the present
i nvent i (befrddamtidRP-sheeificabhgga! @5 atiditbn,GREBHIaHEr ENMAINIMEVR higher
wat er - sol ubl e, heterocycl e-substituted 7-hydroxycoumari ns of %he

i nvent i pihefiR@ieHRARY théh AustHBEdifa Boddrings ahe 'y asine S D RALSRI Sss, hshy
dye-conjugates are used as fluorescent detectiOn reagents to detect’,
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part of, det Ftion reagents, including anal yte-specific detection

r eagent §oM SiquAnchingd5ioprelisfansrobelyecn coHMERA M andiarfemaiial

pol ymers, nucleic acid polynmers, polysaccharides, carbohydrates, and
| i pi ds. quenching by eleckanvigh emine Aeid repidues tpshyasdiistisn drvetaphah ande
dye- bi opol ynmer conjugate is an am no acid polyner, as broadly defined
her ei n. tyresine preaf &r additientioel iypiasily weaé atisopdionrat 405 sinachonoedromal
5anti body. In another aspect, the present invention provides kits



dye-conjugates of the present invention. Kits of the present

I nvention can contain addi ti onal conponents useful for carrying
out the intended application, such as other toreagents or buffers.
The reactive water-sol uble, heterocycle-substituted 7-hydroxycoumarin

dyes of B@@eré@‘{iﬁﬂis'tﬁ@[raﬁﬁmsathhﬁs%ﬂéﬁﬁlﬁﬁ@ &Hils TRIMHE dolst etﬂbt@nﬁ%@ R5
R2 Rl 15R5 Fornmufa erein HC is a héterocycle; R1,

R5, and F.pﬁhql@ datogen, alkyl, al koxy, aryl oxy

20t hi ol , Qgﬁ*ﬁéﬁ] ar Pé‘h)égﬁm azl do, am no, hydroxy, sul f onyl ,
phosphonyl, boronic aci d L- RG WG or alkyl or alkoxy that is
itself substituted one or nore tines by hal ogen, amino, hydroxy,

SOy RO e 9 BT e BF e e P 65 °

Sont & neZiokREK r°“paﬁ%e'%%f%ﬁ%%@?%ﬁﬁ@fd%%ﬁﬁH@Rw%%aqﬁ Rer oelass

]IcD (r)ﬂ g\r,\,.aﬁlgt}r/]all Eapgeanrl]ce;n%lre%ﬁ?/(‘:sl (raie[rtrr?elr%t };‘—quenchllng nﬁﬂh%%fednc“n%n%;} tﬁg substrate
is a severe problem because only a single coumarin molecule is present in each
conjugate. In contrast, for labeling antibodies, both self-quenching and quenching by
the substrate are a significant concern because it is desirable to conjugate multiple

10 dye molecules to each antibody. It is generally considered that chlorination of

coumarins or fluoresceins would result in inferior labeling of antibodies due to the so
called “heavy atom effect” and increased hydrophobicity (U.S. Patent No. 5,516,629
to Park et al.; U.S. Patent No. 5830912 to Gee et al.; U.S. Patent No. 6,472,205 to

Tsien and Zlokarnik; Haugland, Handbook of Fluorescent Probes and Research

15 Chemicals, Molecular Probes, 8" ed., pp 7-74, 2002).

Copending U.S. Patent Application Serial No. 12/220,938, 29 July 2008 describes
antibodies conjugated to a plurality of mono-chlorinated, 7-hydroxycoumarin dyes,
and their use in biological assays. These mono-chlorinated hydroxycoumarin dyes

20 unexpectedly exhibit decreased self-quenching when used as antibody labels with
multiple dyes per antibody. These dye-labeled antibodies typically exhibit

absorbance maxima close to 405 nm and exhibit maximum emission in the blue.



Preferably, the reactive group, RG is an acrylam de, an amne, a
carboxylic acid, an 1l0Oactivated ester of a carboxylic acid, an acyl
azide, an acyl nitrile, an al dehyde, an al kyl halide, an anhydri de,
an aryl halide, an azide, an aziridine, a boronate, a diazoal kane, a
hal oacet am de, a hal otri azi i oxyl am ne, an imdo
ester, an isocyanate, an i N@&?ﬁ S 1 e, a reactive

pl ati num conpl ex, a sul fonyl halide or a psoral en derivative. 15
Preferably, the optional linker, L, is none, an al kyl, al koxy, a

t hi oal kyl, an a am no acid, poly

pol yet hyjm%awgbnve%mwmdeawaiern%%l@Isaw,erocyﬁm@ﬁ@ategd 71 he

wat er-sol ubl e group, WG is a sulfonate, a thiosulfonate, a

phos phonBYEOXYEopBIER-lYes anf denivaivasml watpiysolablanfietarapytiadiubstitutad &n
acridiniumgroup. 5In a preferred enbodi nent, the reactive

wat ers sdnyslipxyconataginstygs) iscluidingtreadivedlyes aﬂ@diy@xgnmgﬂes n dyes of the
present invention have the structure of Fornula 2: 10 wherein Xis
0, SS NHor NRio; Yis NH NRi, CH or CR1Z Rl, R2, R3, R4,
Rs, Rs, R10, R11, and R12, are independently H, hal ogen, alkyl,

al koxy, Hieyatey, sonjmleqlh,etétbkyd]é bulsdtitutad Y-fiyiretycoaAiafia.dyagonthe ;b'hégélﬁ’txy,
sul fonyl, phosphonyl, 15 boronic acid, L-RG WG or alkyl or alkoxy
that is ihiaioh expibictEl Norﬁb"ﬂéﬁérﬁe%ﬁﬂoﬁé‘r‘ﬁegEhﬁ%ﬁ(éihﬁ@éﬂ@dregé’érﬁ%

am no, hydroxy, sulfonyl, phosphonyl, carbonyl, boronic acid

O aBG: datidtary SIRAIGALSE RALYRA0EQURS, thalldingloORd A0Bheld'rker:

20W5G is a wat er-sol ubl e group; "at one o
R6 10 ’b@a}ﬁ‘igﬁd @%%licﬁgéI%'fgﬁ?tth\%giat&e&/&é—sbﬁﬁﬁﬁti&nﬁmoéd o BwalE?:

soluble groups of 7-hydroxycoumarins unexpectedly results in a new class of
fluorescent coumarins useful in biological assays and for preparing biological
conjugates that have strong absorption at 405 nm and are highly fluorescent. In
addition, the halogenation of heterocycle-substituted 7-hydroxycoumarins

15 significantly decrease pKa of the coumarin dyes so that the resulted coumarin
conjugates have their maximum fluorescence in the range of physiological pH.
These heterocycle-substituted 7-hydroxycoumarin dyes are strongly filuorescent, and
the enhanced fluorescence intensity of the heterocycle-substituted 7-
hydroxycoumarin dye-conjugates of the invention results in greater assay sensitivity.

20
The heterocycle-substituted 7-hydroxycoumarin dyes of the invention typically exhibit
absorbance maxima close to 405 nm, and dyes of the invention can be selected to
match the principal emission lines of a violet laser, as present in, for example, many
flow cytometers. A particular advantage of the reactive dyes and dye conjugates of

25 the present invention is that this class of dyes typically exhibit maximum emission in



I n anot her preferred enbodi nent, the reactive water-sol uble,

het er ocycl e-substituted 7-hydroxycoumarin dyes have the structure of
Formula 3: Formula 3 wherein Xis 0 or S R1, R2, R3, R4, RI10,
R1 1, and R12 are independently H, hal ogen, alkyl, al koxy, aryl oxy,

thiol, alneydrbbh phpprafisatdly 800-501 HiR), 'ﬂffblﬁ!%ndWéHgfé(Yhe Fﬁésteﬁﬂmbenﬁon

phosphonyl 10 boronic acid, L-RG WG or alkyl koxy that is
i tself Oﬁﬂobﬁl‘é@'tﬁ fiseBass |bﬁ%f‘érlﬁ"a rof@?ﬁa@l rﬁbl@ﬁélet?MoF%c%El@%satﬁbpé}mt
hydr oxy, ony phosphonyl, carbonyl, boronic aci

RG

R e e b
R12 contains F%’G, ;E‘ﬁ %t | east one of RI, R2, R3, R4, R10, Rl1ll1l, and
R12 is VBEY reamoln o g't Her preferred embodi ment, the reactive

wat er - sol ubl e, heterocycl e-substituted 20 7-hydroxycoumarin dyes of
the ihvention have the structure of Formula 4: R4 HOO ORLO ti fi SX\

R3 L-RG R2 RlFornul a 4 ) ) , ) .
In one aspect, the present invention provides chemically-reactive, water-soluble,

heterocycle-substituted 7-hydroxycoumarin compounds useful as fluorescent dyes.
The reactive water-soluble, heterocycle-substituted 7-hydroxyl coumarin dyes of the
invention can react with a wide variety of organic or inorganic substances

10 (“substrate”) that contain or are modified to contain functional groups with suitable
reactivity, resulting in conjugation of the dye to the substance. In one aspect of the
invention, the reactive dyes of the invention are used to directly fluorescently stain or

label a sample so that the sample can be detected, identified, or quantitated.

15 In another aspect, the present invention provides dye-conjugates that comprise one
or more water-soluble, heterocycle-substituted 7-hydroxycoumarins of the invention
conjugated to a substrate. In preferred embodiments, the dye-conjugates are used
as fluorescent detection reagents to detect, identify, locate, or quantitate analytes in
a sample.

20
In a preferred embodiment of the invention, the dye-conjugate substrate is a
biopolymer, and the biopolymer is conjugated to a one or more or the water-soluble,
heterocycle-substituted 7-hydroxycoumarins of the invention fo obtain a fluorescent
biopolymer. The fluorescent biopolymer dye-conjugates of the invention have utility

25  as, or as part of, detection reagents, including analyte-specific detection reagents.



wherein Xis 0 ors; Rl, R2, R3, R4, R o, and Rl1l are

i ndependently H, hal ogen, al kyl, al koxy, aryloxy, thiol, alkylthiof,
arylthiol, azido, am no, hydroxy, suffonyl, phosphonyl, boronic acid,
L-RG WG or alkyl or alkoxy that is itself optionally substituted

one or [ n,. am no,,_ hydroxy,, sul fonyl, phosphonyl,
car bony ImU‘c%g%i g@l;&@%ﬁﬁ@@%&m&x%, %@nioéé:gj E‘E'&WieE%I”UF@éﬁ:@ l@go?)//mers,
group; taol,is an tional, linker; WSG is a water-sol uble group; at
least on@OWPARTIargss, %,gowgl,rar}ﬁi’o?”ddfﬂdﬁllf & praferresembpdiment, theast one
of R1, Rﬁ R'r% R4, R10, and Rl11 is WSG and at |east one of Ru) and
Rvi cont 2R Aomneaest ofithe dedipralapenrasivgate is @nboitionesid polyher, as
reactive water-sol ubl e, heterocycle-substituted 7-hydroxycounarin
dyes of PRadindelineddiereiny én ampesietred embasineént-trabibpolpmer is ReoRbclonal

wherein Xis 0 or S R, R2, R3, RI, R10, and Rll are
i ndependamntilogyhydr ogen, chloro, fluoro, cyano, or sulfonate; PGis a
chem cal reactive group; 5L is an optional |inker, and wherein at

| east one of R10 and R11 is a sul fonate.
in another aspect, the present invention provides kits confaining the reactive dyes or
dye-conjugates of the present invention. Kits of the present invention can contain
additional components useful for carrying out the intended application, such as other

10 reagents or buffers.

The reactive water-soluble, heterocycle-substituted 7-hydroxycoumarin dyes of the

invention have the structure of Formula 1:

R4
HO O O
R3  SHC—Rg
Re Ri 1
15 5 Formula 1
wherein

HC is a heterocycle;
Ri, Rz, Rs, Rq, Rs, and Rs are independently H, halogen, alkyl, alkoxy, aryloxy,
20 thiol, alkylthiol, arylthiol, azido, amino, hydroxy, sulfonyl, phosphonyl, boronic acid, L~
RG, WSG, or alkyl or alkoxy that is itself substituted one or more times by halogen,
amino, hydroxy, sulfonyl, phosphonyl, carbonyl, boronic acid, L-RG, or WSG;

RG is a chemically reactive group;



I n anot her preferred enbodi nent, the reactive water-sol uble,

het er ocycl e-substituted 7-hydroxycoumarin dyes of the invention have
the structure of Fornmula 6: HOa a R10O R11 wher ei n

R2, R3, R4, R10, and Rl11 are independently hydrogen, chloro, fluor,
cyano, 15or qyisf@ﬂ@fﬁtmnalfeﬁu@i a chemcal reactive group; L is an

optional |inker that is none, al kyI al koxy, thioal kyl, an am no
acid, a sul foyam Ry %téilqsonfbh pol yet hyl enegl ycol , aryl,

aryi al Ky, or heteroaryl, and e| n at least one of RIO and Rl1 is a
sul fonate. 2 . P n@dgﬁ Lhertseagdive

wat er - sol ubl gat I%bsﬁl@ﬁ%??c k h t| tu ngian %])r(]yCOUFYB.I’I n dyes of the

R, R, °?mf‘aéa§$%‘ifﬁér°iﬁm dém?‘énﬁy%ewsg"xﬁgr chi or o, "f1 uor o

cyano, or bsulfonate; nis an i nteger of 1-10; and wherein at |east
one oﬁlf R10 and Ru is a sul fonate. I n anot her preferred

enbodi nent, the reactive vvater-soh bl e, heteroc e-substi tuted
107- hydriseferahiratiernaigwsyele maiety; Hive it $28CIRAY vré’"{ﬁ\? foWRgur e of

Formul a 8:
/ Q—Q
£} L} Q@ Q\Q (HB .

H

H H
P Q CQ O o

Preferably, the reactive group, RG, is an acrylamide, an amine, a carboxylic acid, an
10 activated ester of a carboxylic acid, an acyl azide, an acyl nitrile, an aldehyde, an
alkyl halide, an anhydride, an aryl halide, an azide, an aziridine, a boronate, a
diazoalkane, a haloacetamide, a halotriazine, a hydrazine, a hydroxylamine, an
imido ester, an isocyanate, an isothiocyanate, a maleimide, a reactive platinum
complex, a sulfonyl halide or a psoralen derivative.
15
Preferably, the optional linker, L, is none, an alkyl, alkoxy, a thioalkyl, an amino acid,

a sulfo amino acid, polyamine, a polyethyleneglycol, an aryl, or a heteroaryl.



Forrmula 8 15wherein R3 and R4 are independently hydrogen, chloro,
fluoro or sulfonate; and at | east one of R1I0 and R11 is a sulfonate.
Sel ected enbodi nents of the reactive dyes of the present invention
are given in 20 Tabl e 1, below. The nunber of the reactive dyes in
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phosphonate, a borohate, an ammonium, a pyridium, a quinolium or an acridinium

group.

5 In apreferred embodiment, the reactive water-soluble, heferocycle-substituted 7-

hydroxycoumarin dyes of the present invention have the structure of Formula 2:

Ry
HO 0. _0 Rs
.
R3 = v s
Ra Ry Formula 2

10 wherein
Xis O, S, NH or NRyg;
Y is NH, NR44, CH, or CRy2;
Rt, Ra, R3, R4, Rs, R, Rie, Ryq, and R4z, are independently H, halogen, alkyl,
atkoxy, aryloxy, thiol, alkylthiol, arylthiol, azido, amino, hydroxy, sulfonyl, phosphonyl,
15 boronic acid, L-RG, WSG, or alkyl or alkoxy that is itself optionally substituted one or
more times by halogen, amino, hydroxy, sulfonyl, phosphonyl, carbonyi, boronic acid,
L-RG, or WSG;
RG is a chemical reactive group;
L is an optional linker;
20 WSG is a water-soluble group;
at least one of Ry, Ry, Rs, Ry, Rs, Rg, R1o, Ry1, and R4z contains L-RG: and

at least one of Ry, Ry, Ra, R4, Rs, Rs, R1p, R11, and Ryzis WSG.
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In another preferred embodiment, the reactive water-soluble, heterocycle-substituted

7-hydroxycoumarin dyes have the structure of Formula 3:

Ry

Rio
HO o 0 Ris
P
R3 K‘x\
Ry Ry Riz Formula 3
5
wherein
XisOorS;

R1, Rz, R, Rs, Ryg, I:.;11,and Rz are independently H, halogen, alkyl, alkoxy,
aryloxy, thiol, alkylthiol, a_rylthiol, azido, amino, hydroxy, sulfonyl, phosphonyl,

10  boronic acid, L-RG, WSG, or alkyl or alkoxy that is itself optionally substituted one or
more times by halogen, amino, hydroxy, sulfonyl, phosphonyl, carbonyl, boronic acid,
L-RG, or WSG;

RG is a chemical reactive group;
L is an optional linker;
15 WSG is a water-soluble group;
at least one of Rq, Ry, Rs, Ra, Rqp, Ri4, and Rq2 contains L-RG; and

at least one of Ry, Rz, Rs, R4, Rig, R11.and Rz is WSG.

In another preferred embodiment, the reactive water-soluble, heterocycle-substituted

20 7-hydroxycoumarin dyes of the invention have the structure of Formula 4:

10
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R

HO 0.0 ©R;
P
R3 ”\X,
Ry Ry L-RG Formula 4
wherein
XisOorS;

R4, Rz, R3, Re, Ryg, and Ry are independently H, halogen, alkyl, alkoxy,
aryloxy, thiol, alkylthiol, arylthiol, azido, amino, hydroxy, sulfonyl, phosphony!,
boronic acid, L-RG, WSG, or alkyl or alkoxy that is itself optionally substituted one or
more times by halogen, amino, hydroxy, sulfonyl, phosphonyl, carbonyl, boronic acid,
L-RG, or WSG; |

RG is a chemical reactive group;

L is an optional linker;

WSG is a water-soluble group;

at least one of Ry, Rz, Rs, Rq, Rqg, and R¢4 contains L-RG;

at least one of Ry, Rz, R, R4, Rip, and Rq1 is WSG; and

at least one of Ry and Ry1 contains a sulfonate.

In another preferred embodiment, the reactive water-soluble, heterocycle-substituted

7-hydroxycoumarin dyes of the invention have the structure of Formula 5:

R4
HO oo Rio j
/ /\\ RG
R = oL
Rz Ry Formula 5

wheregin

11
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XisOorS;

R4, Rz, R3, R4, Rig, and Ry are independently hydrogen, chloro, fluoro, cyano,
or sulfonate;

RG Is a chemical reactive group;

L is an optional linker, and

wherein at least one of Ryp and Ry is a sulfonate.

In another preferred embodiment, the reactive water-soluble, heterocycle-substituted

7-hydroxycoumarin dyes of the invention have the structure of Formula 6:

HO o. .0 RI0 Ry
N
R3 = S L—RG
Ry R4 Formula 6
wherein

Ri1, R2, Rs, Ry, Rqg, and Ry4 are independently hydrogen, chloro, fluoro, cyano,
or sulfonate;
RG is a chemical reactive group;

L is an optional linker that is none, alkyl, alkoxy, thioalkyl, an amino acid, a
sulfo amino acid, polyamine, polyethyleneglycol, aryl, arylalky, or heteroaryl, and

wherein at [east one of Rq and R14is a sulfonate,

In another preferred embodiment, the reactive water-soluble, heterocycle-substituted

7-hydroxycoumarin dyes of the invention have the structure of Formula 7:

i2
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R4 o
HO o. oRI0 Ry 0
: | Z/ \i ( {I‘L ~N
R3 F S n 9 %

wherein

Formula 7

Ra, R4, Ryp, and R1q are independently hydrogen, chloro, fluoro, cyano, or
sulfonate;
nis an integer of 1-10; and

wherein at least one of Ryp and Rj1is a sulfonate.

In another preferred embodiment, the reactive water-soluble, heterocycle-substituted

7-hydroxycoumarin dyes of the invention have the structure of Formula 8:

HO o. oRI0 Ry o ©
3 =
R3 F S S

Formula 8

wherein
Rs and R4 are independently hydrogen, chloro, fluoro or sulfonate; and

at least one of Ryp and Ry is a sulfonate.
Selected embodiments of the reactive dyes of the present invention are given in

Table 1, below. The number of the reactive dyes in Table 1 corresponds to the

numbering of the compounds described in the examples.

13
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Table 1

Example Reactive Dyes of the Invention

Dye Structure
HO O__0
NS OH
6 Cl%m
/87 0
0" oH
7
HO 0. _0
NS T
8 cl \ / NH NH3
o)
5% O
ol \O-
O™
HO 0.0 N
0
S
9 al N3 NH
)57 0
0" oH
N
NS !
13A F {7 ©
0 0
O "OH

14
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F
HO 0.0
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14 A b
c 9
:S;O ©
0" oH
19
25
29
(IJH
0=$=0
HO 0. .0
36 Q o J s
»
SN
0
0 Y
40 g —N:/\/\)Lo e
VAR

HO
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The dye-conjugates of the invention comprise a substrate to which one of more dyes
of the invention are conjugated. Typically, the dye-conjugates are produced by a
reaction between a reactive dye of the invention and a substrate that contains or has
been modified to contain functional groups with suitable reactivity, resulting in
chemical attachment of the dye to the subsirate. As a result of ’Ehe conjugation
reaction between the reactive dye and the functional groups on the substrate, one or
more ator;|13 of the dye reactive group typically are incorporated into a new linkage

aftaching the dye to the substraie.

In general, the dye-conjugates of the invention have the structure of Formula 9:

R4
HO 0.0 _1 _ suB
R3 & ||4C—R6

R R

2 1 R5
- An

, Formula 9

wherein

HC is a heterocycle;

19
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R1, Rz, Rs, R4, Rs, and Rg are independently H, halogen, alkyl, alkoxy, aryloxy,
thiol, alkyithiol, arylthiol, azido, amino, hydroxy, sulfonyl, phosphonyl, boronic acid,
WSG, or alkyl or alkoxy that s itself substituted one or more times by halogen, amino,
hydroxy, sulfonyl, phosphonyl, carbonyl, boronic acid, or WSG;

5 WSEG is a water-soluble group;

nis an integer of 1-35;

SUB is a substrate;

at [east one of Ry, Rz, Rs, R4, Rs, and Rg is covalently bound to S through an
optional linker L; and

10 at least one of Ry, R, Rz, R4, Rs, and Rg is WSG.

in a preferred embodiment, the dye-conjugate of the present invention has the

structure of Formula 10;

R4
R
HO 0 o}/ \ 6 sUB
R3 Z Ty Rs
Ry Ry
B An
15 Formula 10
whersin

Xis O, S, NH or NR1p;

Y is NH, NR14, CH, or CRq2;

R1, Rz, Rs, R4, Rs, Rg, Ry, R11, and Rz, are independently H, halogen, alkyl,
20 alkoxy, aryloxy, thiol, alkylthiol, arylthiol, azido, amino, hydroxy, sulfonyl,

phosphonyl, boronic acid, WSG, or alkyl or alkoxy that is itself optionally

20
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substituted one or more times by halogen, amino, Hydroxy, sulfonyl, phosphony!,
carbonyl, boronic acid, or WSG;
WSG is a water-soluble group;
nis an integer of 1-35;
SUB is a subsfrate;
at least one of Ry, Rz, Rs, R4, Rs, Rg, Ryg, R4, and R4z is covalently bound to S
through an optional linker L; and

at least ane of Ry, Rz, Rs, Rg, Rs, Rg, Rig, R, and Rz is WSG.

In another preferred embodiment, the dye-conjugate of the present invention has the

structure of Formula 11;

Ra Rip
HO 0__0O /R11
e
R3 = U\X'\S ——SUB
Ry Ry Rz
— —-n
Formula 11
wherein
XisQorS;

R1, Rz, Rs, Rs, Rio, Ri1,and R4, are independently H, halogen, alkyl, alkoxy,
aryloxy, thiol, alkylthiol, aryithiol, azido, amino, hydroxy, suifonyl, phosphonyl,
boronic acid, WSG, or alkyl or alkoxy that is itself optionally substituted one or more
times by halogen, amino, hydroxy, sulfonyl, phosphonyl, carbonyl, boronic acid, or
WSG;

WGEG is a water-soluble group;

21
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nis an integer of 1-35;

SUB is a substrate;

at least one of Ry, Rz, Rs, R4, Rig, R4, and Rz is covalently bound to S
through an optional linker L; and

5 at least one of Ry, Ry, R, Ra, Ryg, Re4, and Rq2 is WSG.

In another preferred embodiment, the dye-conjugate of the present invention has the

structure of Formula 12:

Ry R
HO 0.0 "}Rﬂ
A

RSN G ——SUB

- 4n
10 Formula 12

wherein

XisOQorsS;

R1, Ra, Rs, R4, Ryp, and R4y are independently H, halogen, alkyl, alkoxy,
aryloxy, thiol, alkylthiol, arylthiol, azido, amino, hydroxy, sulfonyl, phosphonyl,

15 boronic acid, WSG, or alkyl or alkoxy that is itself optionally substituted one or
more times by halogen, amino, hydroxy, sulfonyl, phosphonyl, carbonyl, boronic
acid, or WSG;

WSG is a water-soluble group;
n is an integer of 1-35;
20 SUB is a substrate;
at least one of Ry, Rz, Rs, R4, R1a, and R4, is covalently bound to S through an

optional linker L_;

22
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at least one of Ry, Rz, Rs, Rs, Ry, and R4 is WSG; and

at least one of Ryg and R4 contains a sulfonate.

In another preferred embodiment, the dye-conjugate of the present invention has the

5 structure of Formula 13:

R4
HO o_0 RO Ry
A\
R3 = S | —SUB
Ra Ryq Formula 13
wherein
10 XisOorS;

R1, Rz, Rs, Ry, Rio, and Ry4 are independently hydrogen, chloro, fluoro, cyano,
or sulfonate;

L is an optional linker;

SUB is a substrate; and

15 wherein at least one of Ryg and R, is a sulfonate.

Preferred embodiments of the heterocycle moieties, linkers, and water-soluble

groups are as described for the reactive dyes, above.

20 DESCRIPTION OF DRAWINGS
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Figure 1 shows a schematic of the synthesis of reactive coumarins by base-
catalyzed condensation (Method A) or by acetic anhydride-based condensation

(Method B) of 4-carbonylresorcinols with heterocycle acetate compounds.

Figure 2 shows the absorption and emission spectra of Compound 7 in pH=9.0
buffer. Compound 7 has its maximum absorption around 414 nm, which matches

very well the 405 nm violet laser excitation of a typical flow cytometer.

Figure 3 shows a plot of the data obtained using dye-conjugates of CD3 antibodies

conjugated to Compound 7 over a range of dye-to-protein ratios to label lymphocytes.

Figure 4 shows a plot of the data obtained using dye-conjugates of CD4 antibodies

conjugated to Compound 7 over a range of dye-to-protein ratios to label lymphocytes.

Figure 5 shows a plot of the data obtained using dye-conjugates of CD8 antibodies

conjugated to Compound 7 over a range of dye-to-protein ratios to label lymphocytes.

Figure 6 shows a plot of the data obtained using dye-conjugates of CD45 antibodies

conjugated to Compound 7 over a range of dye-to-protein ratios to label lymphocytes.

DETAILED DESCRIPTION OF THE INVENTION

In order that the invention herein desciibed may be fully understood, a number of
terms are explicitly defined, below. Terms not explicitly defined are intended to have

their usual meaning in the fields of chemistry and biology.

24



/ 0 O-N

10

15

20

102 HCO 0 0 0 \\ Cls-OH O NHNH2 103 0 0S" 8 O

The term "7-hydroxycoumarin” or "7-hydroxycoumarin derivative", as used herein, by
itself or as part of another group, means any compound or substituent that contains

one or more of the following fused ring structures or a derivative thereof:

= 7-Hydroxycoumarin

It is to be understood that the coumarin dyes of the invention have been drawn in
one or another particular electronic resonance structure. Every aspect of the instant
invention applies equally to dyes that are formally drawn with other permitted
resonance structures, as the electronic chargé on the subject dyes are delocalized

throughout the dye itself.

The term "heteroatom"”, as used herein, by itself or as part of another group, means
an oxygen atom ("0"), a sulfur atom (*S") or a nitrogen atom ("N"). It will be
recognized that when the heteroatom is nitrogen, it may form an NRyR, moiety,
where R; and R; are, independently from one another, hydrogen or alkyl, or together
with the nifrogen to which they are bound, form a saturated or unsaturated 5-, 6-, or

7-membered ring.

The term "heterocycle” or "heteroaryl”, as used herein, by itself or as part of another
group, refers to groups having 5 to 14 ring atoms and containing carbon atoms and 1,
2, 3, or 4 oxygen, nitrogen or sulfur heteroatoms. Examples of heterocycle groups

include thienyl, benzo[b]thienyl, naphtho[2,3-b]thienyl, thianthrenyl, furyl, pyranyl,

25
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isobenzofuranyl, benzoxazolyl, chromenyl, xanthenyl, phenoxathiinyl, 2H-pyrrolyl,
pyrrolyl, imidazolyl, pyrazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, indolizinyl, |
isoindolyl, 3H-indolyl, indolyl, indazolyl, purinyl, 4H-quinclizinyl, isoquinolyl, quinolyl,
phthalazinyl, naphthyridinyl, quinazolinyl, cinnolinyl, pteridinyl, carbazolyl,

5  phenanthridinyl, acridinyl, perimidinyl, phenanthrolinyl, phenazinyl, isothiazolyl,
phenothiazinyl, isoxazolyl, furazanyl, phenoxazinyl, and tetrazolyl groups).
Heterocycle groups have been described extensively in the literature (see, for
example, Katritzky, Alan R., Charles W. Rees, and Colin J. Drayton. 1884.
Comprehensive heterocyclic chemistry: the structure, reactions, synthesis, and uses

10  of heterocyclic compounds. Yolume 8, Part 6. Indexes. Oxford [Oxfordshire]:

Pergamon Press.).

Any aryl or heteroaryl ring system may be unsubstituted or opticnaily and
independently substituted by any synthetically accessible and chemically stable

15 combination of substituents, such as M, halogen, cyano, sulfo, alkali or ammonium
salt of sulfo, nitro, carboxy, alkyl, perfluoroalkyl, alkoxy, alkyithio, amino,
moncalkylamino, dialkylamino or alkylamido, the alkyl portions of which having 18 or

fewer carbons.

20 The term "substituted”, as used herein, refers to the formal replacement of a
hydrogen on a chemical moiety or functional group with an alternative radical.
Where a compound, chemical moiety or functional group is described as substituted,
the alternative radical substituent moiety is generally selected from the group
consisting of hydroxy, oxo, nitro, trifluoromethyl, halogen, alkoxy, alkylenedioxy,

25 aminoalkyl, aminoalkoxy, amino, monoalkylamino, dialkylamino, alkylcarbonylamino,
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alkoxycarbonylamino, alkoxycarbonyl, carboxy, hydroxyalkaxy, alkoxyatkoxy,
monoalkylaminoalkoxy, dialkylaminoalkoxymaono(carboxyalkyl)amino,
bis(carboxyalky!l)amino, alkoxycarbonyl, alkynylcarbonyl, alkytsulfonyl,
alkenylsuifonyl, alkynylsulfonyl, arylsutfonyl, alkyisulfonyl, alkylsulfinyl,
alkylsulfonamido, arylsulfonamido, alkylsulfonamido, carboxyalkoxy, carboxyalkyl,
carboxyalkylamino, cyano, trifluoromethoxy, perfluoroethoxy, guanidine, amidino,
oxyguanidino, alkylimino, formylimino, acyl nitrile, acyl azide, acetyl azide,
dichlorotriazene, isothiocyante, sulfonyl halide, sulfosuccinimidyl ester, isocyante,
acyl halide, aldehyde, haloacetamide, maleimido, aziridinyl, alkylthio (disulfide),
acrylo, haloalkylcarbonyl, boronate, hydrazide, semicarbazide, carbohydrazide,
arylalkyl, heteroarylalkyi, cycloalkylalkyl, cycloalkenylalkyl, cycloheteroalkylalkyl, and

cycloheteroalkenylalkyl.

As used herein, a “reactive group”, denoted "RG", refers fo a moiety on a compound
that is capable of chemically reacting with a functional group on a different

compound to form a covalent linkage.

As used herein, a “linker”, denoted “L.”, between two moieties is referred to as
“optional” if the two moieties can be bound either directly to each other or through
the linker as an intermediate. This l[anguage is used to simplify the description of
alternative structures that differ only by the presence or absence of the linker. Inthe
present invention, for example, the coumarin dye molecules can be conjugated
either directly to the biopolymer or, altemétively, indirectly to the biopolymer through
linker, L. For economy of notation, both alternatives are described herein by a single

structure having an optional linker, An embodiment of a structure having an optional
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linker, L, in which the linker is not present can be described as the structure in which

L is “none”.

The term “water-soluble group” or "WSG”, as used herein, refers to any substituent
that enhances the water-solubility of a compound to which it is bound. Preferably,
the water-soluble group, WSG, is a sulfonate, a thiosulfonate, a phosphonate, a
boronate, an ammonium, a pyridium, a quinolium, an acridinium, or a polyhydroxy

(e.g., a sugar such as glucose) group.

The term "sulfonate”, by itself or as part of another group, refers to any compound or

substituent that contains one or more moieties having the following structure:

where R is hydrogen or other counter jons, such as a metal ion or ammonium ion.

As used herein, the term “dye-conjugate” refers to a conjugate between a dye and a

"substrate” or "substance”,

The term "analyte” is used herein broadly to refer to any substance to be analyzed,
detected, measured, or labeled. Examples of analytes include, proteins, peptides,
hormones, haptens, antigens, antibodies, receptors, enzymes, nucleic acids,
polysaccarides, chemicals, polymers, pathogens, toxins, organic drugs, inorganic

drugs, cells, tissues, microorganisms, viruses, bacteria, fungi, algae, parasites,
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allergens, pollutants, and combinations thereof. By convention, where cells of a
given cell type are to be detected, both the cellular component molecules or the celi

itself can be described as an analyte.

The term "analyte-specific reagent” or “target-specific reagent” is used herein broadly

wn

to refer to any reagent that preferentially binds to an analyte or target of interest,
relative to other analytes potentially present in a sample. A target (analyte) and
target-specific (analyte-specific) reagent are members of a binding pair, and either
member of the pair can be used as the target-specific reagent in order to selectively
10 bind to the other member of the pair. Examples of target and target-specific reagent
pairs include those provided in the Table 2, below. Preferred target-specific
reagents are antibodies that include an antigen binding site that specifi;:ally binds

(immunoreacts with) an antigen.

15 Table 2

Representative specific binding pairs

Antigen Antibody
Biotin Avidin, streptavidin, or anti-biotin Antibody
IgG (an immunoglobulin) protein A or protein G
Drug Drug receptor
Toxin Toxin receptor
Carbohydrate Lectin or carbohydrate receptor
Peptide Peptide receptor
Nucleotide Complimentary nucleotide
Protein Protein receptor

29



Cl

10

15

20

107 HOO-CP."S .0 O N/ le O N

Enzyme substrate Ehzyme
Nucleic acid Nucleic acid
Hormone Hormone receptor
Psoralen Nucleic acid
Target molecule RNA or DNA aptamer

As used hereln, a “detection reagent” refers to any compound that is used to
facilitate optical detection of an analyte. A detection reagent typically comprises an
analyte-specific reagent conjugated to a fluorescent label, and includes both dye-
conjugates in which the substrate component, typically a biopolymer, is, itself, an
analyie-specific reagent, and analyte specific reagents bound to a dye-conjugate that

functions as the fluorescent label.

As used herein, the term “biopolymer” is used generically to refer to amino acid
polymers, nucleic acid polymers, carbohydrates, polysaccharides, and lipids, each

as broadly defined herein.

As used herein, the term "amino acid polymer” is used generically to refer to any
polymer of amino acids, including peptides, polypeptides, and proteins, including
proteins that have been subject to co-translational or post-translational modification,
such as glycoproteins. The amino acid polymer may comprise both standard (i.e.,
one of the 20 amino acids encoded by the standard genetic code, also referred to as
proteinogenic) and nonstandard amino acids, may be derivatized, protected, or
substituted, such as, for example, by phosphates, carbohydrates, or Cj to Cazs

LI 13

carboxylic acids. The terms “peptide”, “polypeptide”, and “protein” are used herein
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interchangeably without a distinction as to the length of the polymer, although short
polymers of amino acids are typically referred to as peptides or polypeptides and
ionger polymers of amino acids, particularly those that are naturally occurring and/or

have a biological function, are referred to as proteins.

As used herein, the term "antibody” includes all products, derived or derivable from
antibodies or from antibody genes, that are useful as target-specific binding reagents.
"Antibody" thus includes, inter alia, natural antibodies, antibody fragments, antibody
derivatives, and genetically-engineered antibodies, antibody fragments, and antibody

derivatives.

As used herein, the terms “nucleic acid polymer”, "nucleic acid”, and
"oligonuclectide” refer to polydeoxyribonucleotides (containing 2-deoxy-D-ribose), to
polyribonucleotides (containing D-ribose), and to any other type of polynucleotide
which is an N glycoside of a purine or pyrimidine base, or modified purine or
pytimidine base. There is no infended distinction in length between the terms
"nucleic acid" and “oligonucleotide”, and these terms will be used interchangeably.
These terms refer only to the primary structure of the molecule. Thus, these terms
include double- and single-stranded DNA, as well as double- and single-stranded
RNA. Nucleic acid polymers is intended to include peptide nucleic acids, such as N-

(2-aminoethyl)glycine units (see Nielsen et al., U.S. Patent No. 5,539,082).
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Reactive Dyes

The reactive water-soluble, heterocycle-substituted 7-hydroxyl coumarins of the
present invention have the general structure shown in any of Formulae 1-8.

Particular examples are shown in Table 1 and described in the examples.

The reactive water-soluble, heterocycle-substituted 7-hydroxyl coumarin dyes
contain at one reactive group, RG, covalently attached to the dye by an optional
linker L. In certain embodiments, the cavalent linkage attaching the dye to RG

contains multiple intervening atoms that serve as a spacer.

The reactive water-sofub!e, heterocycle-substituted 7-hydroxyl coumarins dyes of the
invention can react with a wide variety of organic or inorganic substances that
contain or are modified to contain functional groups with suitable reactivity, resulting
in chemical attachment to the dye to the substance. Typically, the conjugation
reaction between the reactive dye and the functional groups on the substance results
in one or more atoms of the reactive group RG to be incorporated into a new linkage

attaching the dye to the substance.

Typically, a reactive group is an electrophile or nucleophile that can form a covalent
linkage through exposure to a corresponding functional group that is a nucleaphile or
electrophile, respectively. Selected examples of reactive pairs of electrophilic and
nucleophilic groups, along with the covalent linkage resulting from their reaction, are

shown in Table 3, below.
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Reactive Electrophilic and Nucleophilic groups, and the Resulting Conjugates

Cl

Table 3

Electrophilic Group

Nucleophilic Group

Resulting Conjugate

activated esters*

amines/anilines

carboxamides

acrylamides thiols thioethers
acyl azides™ amines/anilines carboxamides
acyl halides amines/anilines carboxamides
acyl halides alcohols/phenols esters

acyl nitriles alcohols/phenols esters

acyl nitriles amines/anilines carboxamides
aldehydes amines/anilines imines
aldehydes or ketones hydrazines hydrazones
aldehydes or ketones hydroxylamines oximes

alkyl halides amines/anilines alkyl amines
alkyl halides carboxylic acids esters

alkyl halides thiols thioethers
alkyl halides alcohols/phenols ethers

alkyl sulfonates thiols thioethers
alkyl sulfonates carboxylic acids esters

alkyl sulfonates alcohols/phenols ethers
anhydrides alcohols/phenols esters
anhydrides amines/anilines carboxamides
aryl halides thiols thiophenols
aryl halides amines aryt amines
aziridines thiols thioethers
boronates glycols boronate esters

carbodiimides

carboxylic adds

N-acylureas or

diazoalkanes carboxylic acids esfers

epoxides thiols thioethers
haloacetamides thiols thioethers
haloplatinate amino platinum complex
haloplatinate heterocycle platinum complex
haloplatinate thial platinum complex

halotriazines

amines/anilines

aminotriazines

halotriazines

alcohols/phenols

triazinyl ethers

imido esters

amines/anilines

amidines
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isocyanates amines/anilines ureas
isocyanates alcohols/phenols urethanes
isothiocyanates amines/anilines thioureas
maleimides thiols thioethers
phosphoramidites alcohols phosphite esters
silyl halides alcohols silyt ethers
sulfonate esters amines/anilines alkyl amines
sulfonate esters thiols thioethers
sulfonate esters carboxylic acids esters
sulfonate esters alcohols ethers

sulfonyl halides

amines/anilines

sulfonamides

suifonyl halides

phenols/alcohols

sulfonate esters

* Activated esters, as understood in the art, generally have the formula -COW,
where

W is a good leaving group (e.g. succinimidyloxy (-OC4H4O2) sulfosuccinimidyloxy
(-OC4H302-SO3H), -1-oxybenzotriazolyl (-OCgH4Nz); or an aryloxy group or aryloxy
substituted one or more times by electron withdrawing substituents such as nitro,
fluoro, chloro, cyano, ar triflucromethyl, or combinations thereof, used to form
activated aryl esters; or a carboxylic acid activated by a carbodiimide to form an
anhydride or mixed anhydride -OCOAIlk or ~OCN{Alk{)NH(AIlk.), where Alk; and
Alks , which may

be the same or different, are C1-Cop alkyl , C1-Cop perfluoroalkyl , or C4-Cag alkoxy;
or

cyclohexyl, 3-dimethylaminopropyl, or N-morpholinoethyl).

** Acyl azides can also rearrange to isocyanates.

The choice of the reactive group used to aftach the dye to a substance to be

conjugated typically depends on the functional group on the substance to be
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HO * Cl 111 The dye-conjugates of the invention conprise
a substrate to which one of nore dyes of the invention are
conjugated. Typically, the dye-conjugates are produced by a 5
reaction between a reactive dye of the invention and a substrate that
contains or, has been npdified to contain functional g1r_ou s with

t

sui t abl eCPHHEREG A the §ae ¥'ilaRoth of eRepridinkage desifrcht Thst YPR& Ollye t o
the substrate. As a result of the conjugation reaction between the
react i vefuingtonrm@greuns typigaly pisaenigrroingsoreanic iee inouganie atlestansrs ioeluder e
atons of the dye reactive group typically are incorporated into a new
| i nkage amatasasmides, tHiadsdyleohals tphensishaldehydes, katogengpladsphates,
dye-conjugates of the invention have the structure of Fornula 9:
imidazoles, hydrazines, hydroxylamines, disubstituted amines, halides, epoxides,

5 carboxylate esters, sulfonate esters, purines, pyrimidines, carboxylic acids, olefinic
bonds, or a combination of these groups. A single type of reactive site may be
available on the substance (typical for polysaccharides), or a variety of sites may
occur (e.g. amines, thiols, alcohols, phenols), as is typical for proteins. A
conjugated substance may be conjugated to more than one dye, which may be the

10 same or different, or to a substance that is additionally modified by a hapten, such as
biotin. Although some selectivity can be obtained by careful control of the reaction

conditions, selectivity of labeling is best obtained by selection of an appropriate

reactive dye.

15 Typlcally, the reactive group, RG, will react with an amine, a thiol, an alcochol, an
aldehyde or a ketone. Preferably, RG reacts with an amine or a thiol functional
group. In one embodiment, RG is an acrylamide, a reactive amine (including a
cadaverine or ethylenediamine), an activated ester of a carboxylic acid (typically a
succinimidyl ester of a carboxylic acid), an acyl azide, an acyl nitrile, an aldehyde, an

20 alkyl halide, an anhydride, an aniline, an aryl halide, an azide, an aziridine, a
boronate, a carboxylic acid, a diazoalkane, a haloacetamide, a halotriazine, a
hydrazine (including hydrazides), an imido ester, an isocyanate, an isothiocyanate, a
maleimide, a phosphoramidite, a reactive platinum complex, a suifonyl halide, or a
thiol group. By "reactive platinum complex” is particularly meant chemically reactive

25 platinum complexes such as described in U.S. Patent Nos, 5,580,990; 5,714,327;
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5,985,566.

Where RG is an activated ester of a carboxylic acid, the reactive dye is particularly
useful for preparing dye-conjugates of proteins, nucleotides, oligonucleotides, or
haptens. Where RG is a maleimide or haloacetamide the reactive dye is particularly
useful for conjugation to thiol-containing substances. Where RG is a hydrazide, the
reactive dye is particularly useful for conjugation to periodate-oxidized carbohydrates
and glycoproteins, and, in addition, is an aldehyde-fixable polar tracer for cell
microinjection. Preferably, RG is a carboxylic acid, a succinimidyl ester of a
carboxylic acid, a haloacetamide, a hydrazine, an isothiocyanate, a maleimide group,
an aliphatic amine, a perfluorobenzamido, an azidoperfluorobenzamido group, or a
psoralen. More preferably, RGis a succinihidyl ester of a carboxylic acid, a

maleimide, an iodoacetamide, or a reactive platinum complex.
Alternatively, the reactive group, RG, is a photoactivatable group, such as an azide,
diazirinyl, azidoaryl, or psoralen derivative, in which case the dye becomes

chemically reactive only after illumination with light of an appropriate wavelength.

Synthesis of Reactive Dyes

The water-soluble, heterocycle-substituted 7-hydroxyl coumarins of the invention are
either prepared from the acetic anhydride-based condensation of 4-
carbonylresorcinols with a heterocycle acetatic acid or the base-catalyzed
condensation of 4-carbonylresorcinecls with active methylene compounds. These

basic structures are optionally further substituted, during or after synthesis, to give
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Rl R15 Fornula 9 wherein HOis a heterocycle; R2, R3, R4, R5, and
R6 are independentlyhal ogen, al kyl, al koxy, aryloxy, thiol,

al kylthiol, arylthiol, azido, am no, hydroxy, sulfonyl, phosphonyl,
boronic acid, WBG or alkyl or alkoxy that is itself substituted one
or nore tinmes by hal ogen, am no, hydroxy, sulfonyl, phosphonyl,

car bonyl thelgorreapendiog doumarimg@: sBYVBBIENs casetimedsationbl # igrenngnizaditbat
an integer of 1-35; SUB is a substrate; at feast one of R, RZ,
R3, R4, iRBre amedn&6y pssgileakdatidns thalmdy tyielGah koaivglentresojis.i Thakypical
i nker L; and toat |east one of Rl, R2, R3, Ra, Rs, and R6 is WoG In

a pref erdyptherbodiveriactivd oy gric aydIgRhE ifentibe aps MESPdted rn/ra 1' on
has the structure of Fornula 10: wherein Xis 0, S, NH or

is NH NRke, k%n%&ntﬁ@ﬁ@hethods of comarﬁ%m%htﬁ%tur@%[gﬁﬁbe B8ap tB&@cf
R11, and R12, are independently H, hal ogen, alkyl, al koxy, aryl oxy,

Dt Aol e B8RS B o MYl ABlpons

opti Onallén%wn to the ones skilled in the arts (see, for example, Benisen et al., U.S. Patent
No. 6,5666,508; Dittmer et al. 2005, J. Org. Chem. 70:4682; Shi et al., 2005, Fen Xi
Hua Xue 33:1452; Sivakumar et al., 2004, Org. Leit 6:4603; Zhao et al., 2004, J.
Am. Chem. Soc. 126:4653; Huang et al., 1994, J. Chem. Soc. Perkin Trans. 1:

10 102; and Kuznetsova and Kaliya, 1992, Russ. Chem. Rev. 61: 1243).

Methods for the synthesis of dyes containing a reactive group are well documented
in the art. Amine-reactive dyes, such as "activated esters" of carboxylic acids, are
typically synthesized by coupling a carboxylic acid to a relatively acidic "leaving

15 group". Other preferred amine-reactive groups include suifonyl halides, which are
prepared from sulfonic acids using a halogenating agent such as PCl; or POClg;
halotriazines, which are prepared by the reaction of cyanuric halides with amines;
and isocyanates or isothiocyanates, which are prepared from amines and phosgene
or thiophosgene, respectively.

20
Dyes containing amines and hydrazides, which are particularly useful for conjugation
to carboxylic acids, aldehydes and ketones, are most often synthesized by reaction
of an activated ester of a carboxylic acid or a sulfonyl halide with a diamine, such as
cadaverine, or with a hydrazine. Alternatively, aromatic amines are commonly

25 synthesized by chemical reduction of a nitroaromatic compound. Amines and
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substituted one or nore tinmes by hal ogen, am no, hydroxy, sulfonyl,
phosphonyl, carbonyl, boronic acid, or WG WSG is a water-soluble
group; nis an integer of 1-35; 5SUB is a substrate; at | east
one of Rl, R2, R3v Ra, Rs, Rs, R10, Rl11l, and Rl12 is coval ently bound
to S through an optional linker L; and at |east one of Rl, . R2,

Re. R51 RETAHE SRiBAT QIS TPTORESORIP R SWIB P OF [TQINERtta

enbodi nent, the dye-conjugate of the present invention has the

st r uct urheledcetnidgs £r maleiRidesopstgndardme®dsy Ri 2 Fornul a 11 wherein
15X 1S 0 or S Rl, R2, R3, R4, R10, Rl11l, and R12 are

I ndependent |y H, hal ogen, alkyl, alkoxy, aryloxy, thiol, alkylthiol,
arylthiol, azido, am no, hydroxy, sulfonyl, phosphonyl, boronic acid,
W5G, or Ry&k@bniogmalskoxy that is itself optionally substituted one or
nore tines by hal ogen, am no, hydroxy, sulfonyl, phosphonyl,
carbagnyl, boronic acid, or zo WG W5G is a water-soluble group; n
Is an integer of 1-35;

The reactive water-soluble, heterocycle-substituted 7-hydroxyl coumarin dyes of the

invention can react with a wide variety of organic or inorganic substances (referred to
herein as “subsirates”) that contain or are modified to contain functional groups with
suitable reactivity, resulting in conjugation of the dye to the substance. Useiul dye-

10 conjugates include, among others, conjugates where the substrate is an aminao acid,

a nucleotide, a biopolymer (e.g., amino acid polymer, nucleic acid polymer,

polysaccharide, carbohydrate, or lipid), an antigen, steréid, vitamin, drug, hapten,
metabolite, toxin, environmental pollutant, ion-complexing moiety, or a glass, plastic,
or other non-biological polymer. In some embodiments, the substrate is a cell,

15 cellular system, cellular fragment or component, or subcellular particle (e.g., a virus
particle, bacterial particle, or a component thereof). Reactive dyes fypically label

functional groups at the ceil surface, in cell membranes, organelles, or cytoplasm.

For use in biological assays, the substrate typically is an amino acid, a nucleotide, or
20  a biopolymer, such as an amino acid polymer, a nucleic acid polymer, a

carbohydrate, or a polysaccharide. Dye-polymer conjugates can be prepared that

incorporate a plurality of dye molecules conjugated to the substrate to increase the

fluorescent signal from the dye-conjugate.

25 In one embodiment, substrate is an amino acid or an amino acid polymer, such as a
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SUB is a substrate; at least one of IRl, R2, R3, R4, RO R11,
and R12 is covalently bound to S through an optional |inker L; and
5at least one of Rl, R2, R3, R4, R10, R11l, and R12 is WG In

anot her preferred enbodi nent, the dye-conjugate of the present

i nvention ha t he stru ture of Formul g 12: R4 110R HOl1 0 0 R3 R2 Ri
10For mul BERUISPITRISH-XFEagPlss o§anipo apg pofynergisapdedn thmarereat igyention
| ndependently H, halo al kyl , al koxY, aryloxy, thiol, alkylthiol,
aryl thi olnC'L@,?l%boﬁlﬁﬁgés bfﬂﬂ@r‘mﬁiﬂneguab@-fﬁ)l 19priadl|ﬂﬁcﬂﬁ9ﬂe!ﬂ31(§kﬂarm‘m&m A,
acid, WG, or alkyl or alkoxy that is itself optionally substituted
one or npickeiniGraxolein AL ajen, erapines, lehijnl, ghygppriinsyistonpscsiplroing) |
carbonyl, boronic acid, or WoG WSG is a water-soluble group; nis an
i nt eger lidoptetdhis, 20i8luBstrepfavisii pratained, protein GaphyeadipraemseihdRtheR2,
R3, R4, R10, and R11 is covalently bound to S through an opti onal

l'i nkey  Liluoréécdre daiteipBeh@imdibs, BRinsReéherdking¥ Growthtalbls, ireulipfeptiasd

at | east one of R10O and R11 contains a sulfonate. |In another

fL ef er r eglteunesitoBAS, prble@s8 ¥absiPbs S refeid Rifabt 856Rtatb S VRN hRRRAP
e

embodiment, the biopolymer substrate is a monoclonal antibody.

In another embodiment, substrate is a nucleic acid base, nucleoside, nucleotide or a

10 nucleic acid polymer. Nucleic acid polymers include those that are modified to
possess an additional linker or spacer for attachment of the dyes of the invention,
such as an alkynyl linkage (U.S. Patent No. 5,047,519), an aminoallyl linkage (U.S.
Patent No. 4,711,955), a heteroatom-substituted linker (U.S. Patent No. 5,684,142),
or other linkage. In another embodiment, the conjugated substance is a nucleoside

15 ornucleotide analog that links a purine or pyrimidine base to a phosphate or
polyphosphate moiety through a noncyclic spacer. In another embodiment, the dye
is conjugated to the carbohydrate portion of a nucleotide or nucleoside, typically
through a hydroxyl group but alternatively through a thiol or amino group (e.g., as
described in U.S. Patent Nos. 5,659,025; 5,668,268; 5,679,785). Typically, the

20  conjugated nucleotide is a nucleoside triphosphate or a deoxynucleoside
triphosphate or a dideoxynucleoside triphosphate. Incorporation of methylene
moieties or nitrogen or sulfur heteroatoms into the phosphate or polyphosphate
moiety is also useful. Nonpurine and nonpyrim.idine bases such as 7-deazapurines
(U.S. Patent No. 6,150,510) and nucleic acids containing such bases can also be

25 coupled to dyes of the invention. Nucleic acid adducts prepared by reaction of
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5structure of Forrmula 13: HOO 0 R10 R1l wherein Xis 0 or S

R1, R2, R3, R4, R10, and Rl11 are independently hydrogen, chloro,
fluoro, cyano, or sulfonate; L is an optional linker; SUBis a
substrate; and 15wherein at |east one of RI10 and R11 is a sulfonate.

P { SRR 8ol R 1 BBl A Sy drh S G

wat er - so groups are as e rea IVE ove.

20DESCRI PTI GS._ Fi 1 sh .

synt hesi RTG Hg\l r@b@ﬁ%nagl I rbﬁwng%&@%&%@ﬁﬁ%@ é %‘F@%ns ‘?l rm sthod
Met hod ) tic.anhydrid d d t hod B

‘s car borl? %?ﬁga%%mﬁaﬂ%ﬁwﬁl&%@%@@?55@%@?9@ EBRpGRT IS8 PERTe 2
shows t he absorptl on and_eni ssion spectra of rrgound 7 in pH=9.0

buf f er. EhRFoudamMmafdal ?@W)&’Pﬁﬂﬁiﬁﬁgrﬁﬁ'ﬁ(znﬁ dhd 414 nm which

mat ches very well the 405 nmviolet |aser excitation of a typical
flowkytoneter. Figure 3 shows a plot of the data obtained using
dye-conjugates of CD3 antibodies io conjugated to Conpound 7 over a
range of Payeré¢dnpeleiceia palyines conjufiatieelard {ametest gingss- oFinguili-etranddthws a
pl ot of the data obtained using dye-conjugates of CD4 anti bodies

conj ugat egtuta) oCeymthetic DRACGERNA, Daviger RiNAdigohoe!potites] or DRAVRNAL 0

| abel | ynphocytes. |Is Figure 5 shows a plot of the data obtained

using dYI%rtﬁi@l@j HOIRESDoRite GRANBLADRHELSUSH A H@atiedink @leGoamed thobphXes,

a range of dye-to-protein ratios to | abel |ynphocytes. Figure 6 shows

a plot %Cpéﬁ'dgmmﬁkpééﬂgg%ﬂﬁé RO20yRneR wg@hﬁ% WHits Ciife il MRMies

conj ugated to Conpound 7 over a range of dye-to-protein ratios to

| abef, | yamhacy s8shefoligonuclectide, it typically contains fewer than 50 nucleotides,
more typically fewer than 25 nucleotides. Conjugates of peptide nucleic acids (PNA)

(Nielsen et al U.S. Patent No. 5,539,082) may be preferred for some applications

because of their generally faster hybridization rates.

15 In another embodiment, substrate is a carbohydrate that is typically a polysaccharide,
such as a dexftran, heparin, glycogen, amylopectin, mannan, inulin, starch, agarose
and cellulose. Alternatively, the carbohydrate is a polysaccharide that is a
lipopolysaccharide. Preferred polysaccharide conjugates are dextran, or
lipopolysaccharide conjugates.

20
In another embodiment, substrate is a lipid (typically having 6-60 carbons), including
glycolipids, phospholipids, sphingolipids, and steroids. Alternatively, the conjugated
substance is a lipid assembly, such as a liposome. The lipophilic moiety may be
used to retain the conjugated substances in cells, as described in U.S. Patent No.

25 5,208,148, Certain polar dyes of the invention may also be trapped within lipid

40



DETAI LED DESCRI PTI ON OF THE | NVENTI ON In order that the invention
herein described may be fully understood, a nunber of terns are
explicitly defined, below Terns not explicitly defined are intended
to have 25their usual neani ng in the fields of chem stry and bi ol ogy.
The term " 7- h%dr oxycoumarin" or "7-hydroxycoumarin derivative", as
used her@ MY FSitsel f or as part of another group, neans any
conpound or substituent that contains one or nore of the follow ng
fused ring structures or a derivative thereof: 5 HO O

7- Hydroxycoumarin It is to be understood that the coumarin dyes of
the i nveéDﬂJUGaha\J@ whégihnthérsanaatrgte is an iorpnempleximgotbiety geve Beundicators

el ectroni c resonance structure. Every aspect of the instant

10i nvent foonalajppd,i sedivmguabgyediumdyins, gdiassian corf athambiblp gitadywimpdrtant
other permtted resonance structures, as the electronic charge on the
subj ect wpes iovse Riefereal ibﬁ%dﬂﬂl‘é)@@h@iﬁtlebhh@e divavri éthetd (U.Shpatedt M.
"heteroatont, as used herein, by itself or as part of another group,

means 15@&09@9 el s ?" 1)2-bR- QU b \ [
("N"). It will eer ecogni zed tha(t;sz V\h@npﬁiﬁﬁﬁ/g@r %a?‘olﬁn@f EJ %@’%@8@%8?}

may for %@ﬁ%eﬁ@ta?@'l@éypﬁghﬂ\% Rlzand 7R3 68141 tﬁﬂ %Wégy from

one another, hydrogen or or together Wth’ hto

whi ch t |v§ﬁ\?esb&’%gqr€f09\?rﬁ}a?ﬁ0§ﬁérj{lmé Ry aRE Lt erog‘é‘y?he%tsg (o

7-menbered rin erocycl e'

her ei n, rt_of nothe rou refers to S

ravi g S i?’iﬁf- S9rRES ey gl ﬁﬂﬂ@%%@t}@"%@%ﬁe mietal 06

4 ox i,trage r. sul.fu roat ons. of heterocycle

gr oulds s ionelaiere Bhe- e'gn?ffe”y 'B%n%?ﬁ??ﬂ? é’ﬁ)‘?fe”Wﬁa’ﬁﬁgﬁB[tfﬂo’gtasﬂ[%ﬁ%'ﬁyﬁ*»% e.g.

thianthre r¥ fury! y i sobenzof uranyl, benzoxazoly

chr omeny P! %ﬁieﬁeﬁw hes&@%ﬁ'ﬁrﬁﬁﬁﬁﬁt'orﬂ-ﬁ-ww&ﬁt% n'“ﬁ?’?“la@ﬁ’w aCld a

i m dazol yl, pyrazo ridyl yrazin yrimdinyl, pyridazinyl,

i ndol i zMﬁ\y:lue rﬁ@@erﬂn @rihe g@eptiqmp fyt’rtldlnehé@g?tli prcitﬁ@azmmﬂbllrzgdmnnyl

4H qui nol i zi nyl, isoquinolyl, quinolyl, phthalazinyl, naphthyri di nyl ,

qui nazolnltmﬂejfubﬁﬁ ddvigitgn @lt@r, i1BBﬁyAmachim¢iwzmQ§fﬂi:,‘IO1—106. Preferably, the
jon-complexing molety is a crown ether chelator, a BAPTA chelator, an APTRA

15 chelator or a derivative of nitrilotriacetic acid.

Other conjugates of non-biological materials include dye-conjugates of organic or
inorganic polymers, polymeric films, polymeric wafers, polymeric membranes,
polymeric particles, or polymeric microparticles; including magnetic and non-

20  magnetic microspheres; iron, gold or silver particles; conducting and non-conducting
metals and non-metals; and glass and plastic surfaces and particles. Conjugates
are optionally prepared by copolymerization of a dye that contains an appropriate
functionality while preparing the polymer, or by chemical modification of a polymer
that contains functional groups with suitable chemical reactivity. Other types of

25  reactions that are useful for preparing dye-conjugates of polymers include catalyzed
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5phenant hri di nyl, acridinyl, perimdinyl, phenanthrolinyl,

phenazi nyl, isothiazolyl, phenothiazinyl, isoxazolyl, furazanyl,
phenoxazi nyl, and tetrazolyl groups). Heterocycle groups have been
described extensively in the literature (see, for exanple, Katritzky,

Alan R 819? eln StioNs ﬁ%ﬁowﬁﬂg{zgﬁéﬁ@of}alk&@émea&% of RERSEhpnSi ve

het er ocy em stry tructure, reactions, synthesis, and uses

i&?&ﬁiﬁ?bﬁ? 5, g mENptons 8 iy o Lroees Odord

may be unsubstituted or optionally and independently substituted by
any synthetically accessible and chem cally stable 15conbi nati on of
substituents, such as H hal ogen, ano suI% kal i, or anmoni um
salt of E\#amRe embpgignergati}@xgpnjlégq@%/ are,irhey, BB@%W h atdf—‘ﬁ%iﬁe second
al kyl thi o, am no, nonoal kyl ani no, di al kyl ami no or al kyI am do, the
al kyls pohmlweot dywhivghchsantignaly an ad@%@ﬁal@bfemﬁm pregentisvention, to
"substituted", as used herein, refers to the formal replacenent of a
hydr ogenfoom an erergy-transtep peiry insomarspecaaf tregr iougntiong thealabaleder nat i ve
radi cal . Where a conmpound, chem cal noiety or functional group is
descr i becbriggateisridgtiont @d antdrneymlet eibstrbtey end adizgabtics pdrblysisadisrupts they
is generally selected fromthe group consisting of hydroxy, oxo,
nitro, tendrpyespsethyl, hal ogen, al koxy, alkyl enedioxy, 25am noal kyl,
am noal koxy, am no, monoal kyl am no, dial kyl arni no,
al kyl car bonyl am no, al koxycar bonyl am no, al koxycarbonyl, carboxy,
hydr oxyal koxy, al koxyal koxy nonoal kyl am noal koxy,

2l Kol carBonT oo R R oM oL B et SHRRESE MBI eR. can
?2%9?23&5@%%3%%& AT R Figsg),
per 1 uor OETARY: AR MR ‘é‘%‘)figrbcahé?r%ﬁ%ﬂﬁ%@%ﬁ oRgIgBer

f I I tril t
di chl or AYUEALTR, I SBPe BiepBibe S MEcRioRo Kier Ben Sifinegy. etdpAFt e
ester, isocyante, acyl halide, r@@l dehyde, hal oacgltqe;g de, _@rTBI ei m do,

azi ri di riypPre preksrabINias lqast § dvei ?CU'E% PE FYIBgatR QF¥o R pome
boronate, hydrazi de, sem carbazi de, carbohydrazide, yl al kyl ,

het etoarsmbddiments y6Ieaikgs abayi35 dj@cmaﬁcuéﬁﬁamnomugated to the

cycl ohet er oal kyl al kyl , and cycl ohet er oal kenyl al kyl . As used

her ei n, antibodywithoat g‘gmﬁpﬂnt sempeachingdut meredypically as mangeg apouk1s-
conpound 15that is capable of chemcally reacting with a functional

group org( ldnilf les entlerstopddiymhe of kil imthe aovibbisrdchl statied gengahsf dysssdber
herein, a "linker", denoted "L", between two noieties is referred to

as "opt i gymplgate bubdteaté Wwointavidet ite Sesatbdoall mueswithin hies rahigee cThus, for
each other or through 20the linker as an internediate. This |anguage
i's used &@nfllEPdy Sthtind thatl Ae6reseéntBoptlymers of the intention contain 6-15 dye

20 molecules, biopolymers containing 8, 7, 8, ..., or 15 dye molecules are alse part of

the invention.

Preparation of Dye-Conjugates
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alternative structures that differ only by the presence or absence of
the linker. In the present invention, for exanple, the coumarin dye
nol ecul es can be conjugated either directly to the biopoiyner or,
alternatively, indirectly to the biopolymer through |inker, L. For
econony of notation, both alternatives are described herein by a

si ngl e 2%k¢ fluctescentityelcumjayatepdi tha predant keentidniyp it bresintiedsized as
structure having an optional linker, L, in which the linker is not

present gripro€udtes arehetbritsetivien sitdubtraictaridla véctile Watdr-sonaile” . The
term wat er-sol ubl e group” or "WBG', as used herein, refers to any

substit uwbr&yblatsﬁah@wﬁ-%@x : lﬁﬁamhytgi }r%p@%@ggﬁt{@@g&%ﬁ@gt%

which it Is bound. Preferab e water-so

S § Gt eing!rdddki0s HlCORME) df AIGRER S, ‘Fl’aenﬁgﬁ%]rgg%g’ B@Boﬁ.g%“i um a

pyridium a quino m an acri roxy (e.’g”, a sugar

Such 2 SLATRREN RERHIme S8R0 T 1S LD GH: LB 96 Py ol
cont ai 005 ofUS8 BTRLEUES BRUA Lhcchoblowo sLretire 0.,

metal ion or_ ammopiumion. As used herein, the term "dye-conjugate"
refers t'§S4! FBMW) MbIGARIPIRRIR raacilye dyra apd the pubsiance todie eqiibgatan dea
The term "analyte" is used herein broadly to refer to any substance
to be arfalifablecfolvest Brwbigh belnam sdubler Agipevsaolutonsmyltee redctiyaatajeres
i nclude, proteins, peptides, hornones, haptens, antigens, antibodies,
r ecept orsojutdgAaterocysiercLbsiiutedi dbydrpeyapsiasarirdydesiesciiizad beres) are
pol yners, pathogens, toxins, organic drugs, inorganic drugs, cells,
t i sswes,reatlityrgeaigdnfasiigtingi confemtiobaedaivna withungst bidbges, mperiaki tFes,
al l ergens, pollutants, and conbi nati ons thereof. By convention, where
cel | s ofthesegicaetiveeeyds thapareasiotoartivatede tegtgationnet hirdhfluemdtiohas the
conmponent nol ecules or the cell itself can be described as an
anal yt e rehdifop mRfuR 1@ Baldt@ tiPeetfivecdy«eagent” or "target-specific
reagent” is used herein broadly to refer to any reagent that
preferentially binds to an analyte or target of interest, relative to
ot her anal ytes potentially present in a sanple. A target (analyte)
and tar - hEhi = LG

R o b REPmEL e b e T ol 1\ ERAER iy BRE R Re frafas the

bi nding pair, an air c
- i£i ' [ ively 10 bind h h
montar oroissofarFRYE e ledt SBiorsRulE R 1t ReBulividor cagent
[ [ h [ i h I . bel ow. f [
P oo SR Ra5BIRY RSy bOSEE Foen RerteSariE ot

binding.sjte that specifi [ 1 bi nds . (i munoreacts with) an anti gen.
g in {he con?ugatim{i) o?mult?p?e dye molecule(s to each biopolymer. Aﬁernatively, tr?e

fluorescent biopolymer can be synthesized as a polymerization reaction of subunit
molecules, wherein one or more of the subunit molecules have been conjugated to a
20 reactive water-soluble, heterocycle-substituted 7-hydroxyl coumarin prior to
polymerization of the biopolymer. An example of the latter method is the synthesis
of oligonucleotides using standard phosphoramidite chemistry, where at least one

phosphoramidite is dye-labeled.
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15Tabl e 2 Representative specific binding pairs Antigen Anti body
Biotin Avidin, streptavidin, or anti-biotin Antibody I1gG (an

I mmunogl obulin) protein A or protein G Drug Drug receptor Toxin Toxin
receptor Carbohydrate Lectin or carbohydrate receptor Peptide Peptide
recept or Nucl eoti de | i mentary nucl eotide Protein Protein receptor
EnzyPre sHpelicalipgs andﬁenﬁods ofnU y P

In one aspect of the invention, the reactive dyes of the invention are used to directly
stain or label a sample, or components of the sample, so that the sample can be

5 identified or quantitated. Chemically reactive dye compounds will covalently attach
to a corresponding functional group on a wide variety of materials, forming dye

conjugates, as described above.

In preferred embodiments, the reactive dye compounds of the intention are used to
10 directly stain or label samples with biological components. The sample may
comprise heterogeneous mixtures of components (including intact cells, cell extracts,
bacteria, viruses, organelles, and mixtures thereof), or a single component or
homogeneous group of components (e.g. natural or synthetic amino acid, nucleic
acid or carbohydrate polymers, or lipid membrane complexes). These dyes are
15 generally non-toxic to living cells and other biological components, within the typical

concentrations of use.

For direct staining, the dye compound is combined with the sample in any way that
facilitates contact between the dye compound and the sample components of

20 interest. Typically, the dye compound or a solution containing the dye compound is
simply added to the sample. Certain dyes of the invention, particularly those that are
substituted by one or more sulfonic acid moieties, tend to be impermeant to
membranes of biological cells, and once inside viable cells are typically well retained.
Treatments that permeabilize the plasma membrane, such as electroporation, shock

25 treatments or high extracellular ATP can be used to introduce selected dye
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Enzyme Nucl eic acid Nucleic acid Hornone Hornone receptor Psoral en
Nucl eic acid Target nol ecul e RNA or DNA aptaner As used herein, a
"detection reagent” refers to any conpound that is used to facilitate
optical detection of an analyte. A detection reagent typically
conprises an anal yte-specific reagent conjugated to a fluorescent

| abel , acompowhdsdies dsish Adlegeratbelngelgated slyewonpccinds ben belpdlysiatidy
conponent, typically a biopolyner, is, itself, an anal yte-specific

reagent , ingoded mid Yeks, SRR ChY peseargarRicinjeolt] strape [¥ding oftttg e hat
functions as the fluorescent |abel. As used herein, the term

" bi opol ygRthodsSorsieshdggRals. cal |y to refer to amno acid 10pol yners,
nucl ei ¢ acid pol yners, carbohydrates, polysaccharides, and |i pids,
each as broadly defined herein. As used herein, the term"am no acid

polymer" is used generically to refer to any polyner of am no acids,

that havayBelie! BER R AR ES aafty o4 Mol s SRty Sall Be IS RS
compr 1 saMlorlssHiREIRaY oA B8 B i Beoe iy e e leftERsoden by
Nt CE T R A
substituted, such as, for exanple, by phosphates, carbohydrates, or
Cl to caBtragriiylasaRplications sHeh agReuasiah§acipgpt i de”, "pol ypepti de' ',
and "protein" are used herein
10 Dye compounds that possess a lipophilic substituent, such as phospholipids, will
non-covalently incorporate »into lipid assemblies, e.g. for use as probes for
membrane structure; or for fncorporation in liposomes, lipoproteins, films, plastics,
lipophilic microspheres or similar materials; or for tracing. Lipophilic dyes are useful
as fluorescent probes of membrane structure.
15
For direct staining of analytes in biological applications, the dye compounds of the
invention are typically used in an aqueous, mostly aqueous or agueous-miscible
solution prepared according fo methods generally known in the art. The exact
concentration of dye compound is dependent upan the experimental conditions and
20  the desired results, but typically ranges from about one nanomolar to one millimolar

or more. The optimal concentration is determined by systematic variation unti

satisfactory results with minimal background fluorescence are accomplished.

In another aspect of the invention, the fluorescent dye-conjugates of the present

25 invention are useful as, or as part of, detection reagents, typicaily analyte-specific
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i nterchangeably wi thout a distinction as to the length of the

pol ymer, al though short polynmers of amno acids are typically
referred to as peptides or pol ypeptides and | onger polyners of am no
acids, particularly those that are naturally occurring and/or have a
bi ol ogi cal function, are_referred tQ as proteins. 5 As used herein,
the ter nflelgstiohERARenis &9 [Redidatg the gptigal detectione Ang @palyisd Anghitse N 6w
anti bodi es or from anti body genes, that are useful as target-specific
bi ndi ng eedgdinent, thaslyermsamugate gebstrade lisrlkis ananatytatsipgcifia sgageat, and
anti bodi es, antibody fragnents, antibody derivatives, and

genet i catHeyfluengdasotdyeicaniugbteds eised anta daselstiohrraggenttte |atzehdnamaibe diy
10derivatives. As used herein, the terns "nucleic acid pol ymer',
"nucl ei cinteresdt. , Inandciteohatyeransbatitneds the fidaresdamt dye-conjugate is bound to an
pol ydeoxyri bonucl eoti des (contai ni ng 2-deoxy-D-ri bose), to

pol yri bogusleadgcdfie résgentasmnd e ddrhbiRes ehtity d1dsddPafB¥tcRtiie Fedgep® tof
pol ynucl eoti1 de 15which is an N glycoside of a purine or pyrimdine

base, orpRAkd beslylRWrinerddt. BYHidhifirAgiRASRboditehe the dPe-chRjugafestts
distinction in | ength between the terns "nucleic acid" and

"ol i gonu LAe t Al i 1.t er changeabl y.
These te%r'rg(ﬂpg%grc e%ﬁ?gelt%%%ﬁé&g‘ﬁ?gn%wes%dr%&g# Efgéeig%rﬁ' t he nol ecul e.

Thus, these terns include double- and single-stranded DNA, as well as
doubl e- and singl e-stranded 90RNA. Nucl eic acid polyners is intended

i o ( SBEREh WBbriAe T Poff uidies o ihdEslGrel et bRt Hashe L6e0s o
The reacti ve_ wat er - sol ubl e, heterocyc] e- subﬁti tuted 7- hl%g{ o,xy,1
count i ridelgetianyeagprisand subsetesly Srlivaitt e welk Favuinghg gBwn

in any of Formnul ae 1-8. 5Particul ar exanples are shown in Table 1 and
descri beand Wettigsent dnprassentigie-eanidgatos angaieralhy vgsfel as detection
het er ocycl e-substituted 7-hydroxyl coumarin dyes contain at one

react i veeggemis,in RG&h assayse fiar gxampis veeteins in agampde byn ba lgpiednsing a
linker L. In certain enbodinents, the coval ent |inkage attaching the
dye to Rztédiomowbgémcamsistingbéailahaled priteig, wpioaty ahantibedy éha dirals
spacer. The reactive water-sol uble, heterocycle-substituted

7- hydr oxstlecificaiptoi the atgite pfotéihe Detwetivhi oithe msuitingdabated bnalytd pieteins
variety of organic or inorganic substances that contain or are

nodi fs eccdrtbe @atiad But USiag iZ0NAhbEr sTwis RioWh Sday adreats aaa instivmentation,
resulting 15in chem cal attachment to the dye to the substance.

Typi cal likeibing AR ML) MeASASIRIPakuRETY. TR g RAGKE B! B8y a8d Fidie

functional grdups on the substance results in one or nore atons o

the r eac({')}tc\/rﬁﬁw QU2 sBfbe @ aPRnbIFRRE bHeRdivh MeRattrd BVhld fMAIRIBUHACHRE NI

the dye to the substance.
example, Landy et al. (eds.), Clinical Flow Cytometry, Annals of the New York
Academy of Sciences Volume 677 (1993); Bauer et al. (eds), Clinical Flow

20  Cytometry: Principles and Applications, Williams & Wilkins (1993); Ormerod (ed.),

Flow Cytometry: A Practical Approach, Oxford Univ. Press (1997); Jaroszeski ef al.
(eds.), Flow Cytomeiry Protocols, Metheds in Molecular Biclogy No. 91, Humana
Press {1997); and Practical Shapiro, Flow Cytometry, 4th ed., Wiley-Liss (2003).

Fluorescence imaging microscopy is described in, for example, Pawley (ed),

25  Handbook of Biological Confocal Microscopy, 2nd Edition, Plenum Press (1989).
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Typically, a reactive group is an el ectrophile or nucleophile that
can forma coval ent |inkage through exposure to a correspondi ng
functional group that is a nucleophile or electrophile, respectively.
Sel ect ed exanpl es of reactive pairs of electrophilic and nucl eophilic
groups, along with the covalent |inkage resulting fromtheir
reaction, are shown in Table 3, below. 25 Table 3 Reactive

El ectrophilic and Nucl eophilic groups, and the Resul ting Coni ugates
El ect r opliuiireatiGnaoprddsalsedp fiod éxeitidydbe f Resgténtng ooss ud #ieingettiorat ed
esters* am nes/anilines carboxamides acryl am des thiols thioethers

acyl aziidelsiis hantesd amiakiona sarfps, hexan |@6pS, Xeabhdfps, lasers and
am nes/ ani | i nes carboxam des acyl halides al cohol s/ phenols esters
laser diodes. These illumination sources are optionally integrated into laser
5  scanners, fluorescence microplate readers, standard or mini-flucrometers, or
chromatographic detectors. Preferred fluorescent polymers of the invention are

excitable at or near 405 nm, and ¢an be excited using a relatively inexpensive violet

laser excitation source.
10 Kits

One aspect of the instant invention is thé formulation of kits that facilitate the practice
of various assays using any of the dyes of the invention, as described above. The
kits of the invention typically comprise a colored or fluorescent dye of the invention,
15 either present as a chemically reactive label useful for preparing dye-conjugates, or
present as a dye-conjugate where the conjugated substance is a specific binding
pair member, or a nucleoside, nucleotide, oligonucleotide, nucleic acid polymer,
peptide, or protein. The kils optionally further comprise one or more buffering agents,
typically present as an aqueous solution. The kits of the invention optionally further
20 comprise additional detection reagents, a purification medium for purifying the
resulting labeled substance, luminescence standards, enzymes, enzyme inhibitors,

organic solvent, or instructions for carrying out an assay of the invention.

EXAMPLES

25
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acyl nitriles al cohol s/ phenols esters acyl nitrites am nes/anilines
car boxam des al dehydes am nes/anilines imnes al dehydes or ketones
hydr azi nes hydrazones al dehydes or ketones hydroxyl am nes oxi nes

al kyl hal i des am nes/anilines al kyl am nes al kyl halides carboxylic

acids esters alkyl halides thiols i
Examples of the synthesis strategies of selected dyes, the synthesis of selected

fluorescent biopolymers, their characterization, and methods of use are provided in

the examples below. Further modifications and permutations will be obvious to one

skilled in the art.

Example 1

Preparation of Compound 1

HO OH

Cl/\@[CHO Compound 1

10
4-Chiororesorcinol (50 g) is dissolved in dry ether (200 ml). To the solution are
added finely powdered zinc cyanide (60 g) and potassium chloride (12 g) with stirring.
The suspension is cooled to 0TC. A strong stream of hydrogen chloride gas is blown
into the solution with vigorous stirring. After approximately 30-60 minutes the

15 reactants are dissolved. The addition of hydrogen chlcride gas is continued until it
stops being absorbed in the ether solution. The suspension is stirred for one
additional hour on ice. The ether solution is poured from the solid that is treated with
ice and heated to 100 T in a water bath. Upon cooling the product crystallized in

shiny plates from the solution, which is removed by filtration and air-dried to give the

20 desired aldehyde.

Example 2

Preparation of Compound 2
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t hi oet hers al kyl hal i des al cohol s/ phenol s ethers al kyl sul fonates
thiols thioethers al kyl sul fonates carboxylic acids esters al kyl

sul fonat es al cohol s/ phenol s et hers anhydri des al cohol s/ phenol s esters
anhydri des am nes/anilines carboxam des aryl halides thiols

t hi ophenol s aryl halides o

OEt
0

oA\

S Compound 2
Ethy! 2-thiopheneneacetate (10 g) and ethyl 6-bromohexanoate (12 g) are dissolved
in dichloromethane (200 ml). To the solution is added anhydrous AICI; (24 ¢) under
dry nitrogen protection with vigorous stirring at 0°C. The reaction mixture is stirred

5 under dry nitrogen protection at 0C, and warmed to room temperature when the

reaction is complete as indicated by TLLC. The reaction mixture is poured info ice-
water, and extracted with chioroform (3x200 ml). The chloroform layers are
combined, dried over anhydrous Na,S0Oy, énd the solvent is removed under vacuum

to give a crude solid. The crude solid is further purified on a silica gel column with a

10 gradient of chloroform/ethyl acetate as eluant to yield the desired Compound 2.

Example 3

Preparation of Compound 3

OH

oL
15 S Compound 3

Compound 2 (10 g) is dissolved in ethanol (100 ml). To the solution is added 5 M

NaOH (65 ml). The reaction mixture is stirred at room temperature, and neutralized

with concentrated HCI when the reaction is complete as indicated by TLC. The

resulted mixture is extracted with ethyi acetate (3x200 ml). The ethyl acetate layers
20 are combined, dried over anhydrous Na,SO,, and the solvent is removed under

vacuum to give the desired Compound 3.
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am nes aryl am nes aziridines thiols thioethers boronates glycols
boronate esters carbodiimdes carboxylic adds N-acyl ureas or

di azoal kanes carboxylic acids esters epoxides thiols thioethers

hal oacet am des thiols thioethers hal opl ati nate am no plati num conpl ex

Example 4

Preparation of Compound 4

AcO 0._.0
ol < \S/ OH
5 o Compound 4
Compound 1 (6 g) and Compound 3 (5.8 g) are suspended in acetic anhydride (100
ml). To the suspension, triethylamine (6 ml) is added at room temperature. The
reaction mixture is heated at 120-140C until the reaction is complete as indicated by
TLC. After cocling to room temperature, the mixture is poured into ice-water, and

10 resulted precipitate is filtered off with suction to collect the solid that is air-dried. The

crude product is recrystalized to yield the desired Compound 4.

Example 5

Preparation of Compound 5

15

HO 0.0
cl & \S/ oH

O Compound 5
Compound 4 (5 g} is suspended in 20% HCI (300 ml). The reaction mixture is
heated at 60-70°C until the reaction is complete as indicated by TLC. The reaction
mixture is diluted with water (200 ml}, and extracted with ethyl acetate (3x300 ml).

20 The ethyl acetate layers are combined, dried over anhydrous Na;SO4, and the

solvent is removed under vacuum to give the crude Compound 5. The crude
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hal opl ati nate heterocycl e plati num conpl ex hal opl ati nate t hi ol
pl ati num conpl ex hal otri azi nes am nes/anilines am notri azi nes
hal otri azi nes al cohol s/ phenols triazinyl ethers imdo esters
am nes/ ani | i nes am di nes i socyanat es anmi nes/anilines ureas

I socyanat es al cohol s/ phenol s ur et hanes . )
material is further purified on a silica gel column with a gradient of

chloroform/methanol as eluant to yield the desired Compound 5.

Example 6
5 Preparation of Compound 6
HO o__0O
NS OH
,S’O &
0" oH Compound 6

Compound 5 (1 g} is suspended in concentrated H,SOy4 (5 ml). To the suspension is
added 20% fuming H2SO4 (5 ml). The reaction mixture is stirred at 0°C until the

10 reaction is complete as indicated by TLC. To cold ether (200 ml), the reaction
mixture is drop-wise added with vigorous stirring to give the crude Compound 6 as a
yellow precipitate. The crude material is further purified by preparative HPLC to yield
the desired Compound 6 using 0.1% TFA in water-0.1% TFA in a MeCN buffer
system.

15

Example 7

Preparation of Compound 7

HO 0.0 ﬁ&
0\ ~=0

P S 0

cl \ /

©" OH Compound 7
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| sot hi ocyanates am nes/anilines thioureas nal eim des thiols

t hi oet hers phosphoram dites al cohols phosphite esters silyl halides
al cohols silyl ethers sulfonate esters am nes/anilines alkyl am nes
sul fonate esters thiols thioethers sulfonate esters carboxylic acids

esters self0RahE 69568 Hiy)Ert XBisuccinimidyl carbonate (85 mg) are dissolved in

10

15

20

DMF (5 mi). To the solution is added 4-dimethylaminopyridine (6 mg) and
anhydrous triethylamine(0.1 ml) under dry nitrogen protection with vigorous stirring at
room temperature. The reaction mixture is stirred under dry nitrogen protection at
room temperature until the reaction is complete as indicated by TLC. The reaction
mixture is poured into ether, and the resulted precipitate is collected by filtration.

The solid is washed with ether to yield the desired Compound 7.

Example 8

Preparation of Compound 8

HO o 0O

NH—NH;

Cl & \ /
,s? O
0" o Compound 8§
To anhydrous hydrazine (100 pl) in DMF (0.5 ml) is added Compound 7 (100 mg) in
DMF (0.5 ml). The mixture is stirred at ambient temperature for 156 minutes. The
reaction solution is poured into water, and resulted precipitate is centrifuged to

collect the solid that is washed with water and air-dried. The crude product Is further

purified by HPLC.

Example 9

Preparation of Compound 8
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et hers sulfonyl halides am nes/anilines sulfonam des sul fonyl halides
phenol s/ al cohol s sul fonate esters *Activated esters, as understood
in the ad, generally have the formula -CON where Wis a good | eaving
group (e.g. succinimdyloxy (-0C4H402) sul fosuccini m dyl oxy
5(-0C41-1302- SO3H), -1 -oxybenzotriazolyl (-006H4AN3); or an aryl oxy

group or aryloxy substituted one o e tinmes by electron

W t hdr a 'gg sub%titéjents such as niﬁfl uoro, chloro, cyano, or
trifluoro s conbi nati ons t herje used to formactivated aryl
esters; or r paxylsic _acid activa&ﬁd by a carbodiimde to form an
anhydri dé& or or -OCN( Al ki)NH(Al k2), where

Al ki and 113Al k2 , bomay be t same or different, are Cl-C20

al kyl , 01-C20 perfl L[ﬁﬂs ?l kyl , or 01-C20 al koxY; or_, cycl ohexyl,

3- di net hyl anmi nopr opyl , 33 N nor phol i noet hyl ). Acyl S#neuURGA’ al so
rearrangﬁéto i socyanates. 15 The choice of the reactive group used to
attach tHeCaywornsdd (0meg)dndBVIE §0-Benk ehjapgatasepargiire ig addagepends on
the functional group on the substance to be conjugated and the type
or | engtdyupialerdy af tiethlaminegnddegiauaialeniteot Nf2emihodtbyimateimidegr oups
typically present on the organic or inorganic substances include

am nes, tdfaatesceticraoid salt é8igmheAldrichph aimel rmixtuaé testircbetat debienes,
phosphat es, i m dazol es, hydrazi nes, hydroxyl am nes, disubstituted

am ngs, thmbefRsre POX nlesesS TheIMFIsaltionsd g6 sred Sntbiviiat anastailgd
purines, pyrimdines, carboxylic acids, olefinic

suspension is centrifuged to collect the solid that is air-dried. The crude product is

further purified with silica gel chromatography to vield the désired Compound 9.

Example 10

10 Preparation of Compound 10

F
Cl CHO

Compound 10 is prepared from 4-chloro-2-flucroresercinol (Fanbo Biochemicals,

Compound 10

15 Ltd., Beijing, China), analogous to the procedure for preparing Compound 1.

Example 11

Preparafion of Compound 11
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bonds, or a conbination of these groups. A single type of reactive
site may be avail able on the substance (typical for pol ysacchari des),
or a variety of sites may occur (e.g. amnes, thiols, alcohols,

phenol s), as is typical for proteins. A conjugated substance may be
conj ugat ed tanDre t han one dye, which may be the sanme or different,
or to a substance that is additionally nodified by a hapten, such as
bi oti n. AetrghCsorf sel ectivity can be obtained by careful control
of the reac @ sel ectivi t]_g of | abeling is best obtained
by sel ect€lon G 3| QY dye. 15Typically, the
reactive group, h an amine, a thiol, an alcohol, an
al dehyde or a ketone. Preferably, reacts with an Gampeusd 14 t hi ol
functional group. In one enbodinent, RGis an acrylam de, a reactive
am ne (including a cadaverine or ethylenediam ne), an activated ester
of a carboxylic acid (typically a succinimdyl ester of a carboxylic
aci d), abomeglundiilde preparediromrthe cohdensatioalod €oprmundr (26 Kgmpound 3,
hal i de, an anhydride, an aniline, an aryl halide, an azide, an

azi ri di nenalegdasrtoria erocedasy fooxydpzeingCampaeurdl 4zoal kane, a

hal oacet am de, a hal otriazine, a hydrazine (including hydrazides), an
i mdg ester, an isocyanate, an isothiocyanate, a naleimde, a
phosphoram dite, a reactive platinumconplex, a sulfonyl halide, or a

thiol group. By "reactive platinqugﬁﬂﬂbaﬁ' is particularly neant
chem cally reactive 25pl ati num conplexes such as described in U S.

Patent Nos. 5,580,990; 5, 71432/ +-R? ndWere RGis an
activated ester of a carboxyffé‘atrgT—E%@iggﬁcrrve dye is

particul arly useful for preparing dye-conjugates of proteins,

nucl eoti des, oligonucl eotides, or 5 haptens. Wiere RGis a naleimde
or hal oacetagide the reactive dye is particularly useful for
conjugatk9n o] hiqﬁ-containing substances. Where RG is a hydrazi de,
the reactive™e ¥s  particularly useful for conjugation to

peri odat e- aixi dl q?glycoproteins, and, in addition,
is an al Behyde- ch + or cell mcroinjection.
Preferably, RGis a carboxylic acfd, a succinimdyl .ester o 10
carboxylic acid, a hal oacetamni de, a hydrazine, an i 8pﬁﬂﬂﬂvgﬂgte a
mal ei m de group, an aliphatic am ne, a perfluorobenzam do, an
azid@perfluorobenzanido group, or a psoralen. Mre preferably, RGis
a succinimdyl ester of a carboxylic acid, a naleimde, an

i odoacetRRING2 I8 prersied\Eorp the asidin verlyes of Compednd A1 jwith 50 % hifel,
reactive group, RG 1is a photoactivatable group, such as an azi de,

di azi ri ®yRlogars do tg/procedurgder pllegariae Comadund 5.i n whi ch case the dye
beconmes chemcally reactive only after illumnation with [ight of an
appropriate wavel ength. Synthesis of Reactive Dyes 20 The

wat er - sol ubl e, heterocycl e-substituted 7-hydroxyl coumarins of the
invention are either prepared froExangpladsti c anhydri de-based
condensati on of 4- carbonylresorcinols with a heterocycle acetatic
aci gsor the base-catal yzed ¢osglgasat bPCofpocdngdrbonyl resorcinols with
active nethyl ene conpounds. These 25basic structures are optionally
further substituted, during or after synthesis, to give the
correspondi ng coumari n dye substituents, as defined above. It is
recogni zed that there are many possible variations that may yield an
equi val ¢ rkesuhts 4 The typica

0" ‘oH Compound 13
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synt heses of the reactive coumarin dyes of the invention are
illustrated in Fig 1. O her known synthetic nmethods of comarins in
the literature mght be adapted to Sprepare the chemcally reactive
counmarins of the invention by certain nodifications knowmn to the ones
skilled in the arts (see, for exanple, Bentsen et al., U S. Patent

No. 6, 56608puUNgyiBtisRrenaredfromibesulfgnationpf GomepaunriotZ @galogghs tethe
al ., 2005, Fen Xi Hue Xue 33:1452; Sivakumar et al., 2004, Og. Lett
6: 4603; Peaedee far prepadod Compotrd 6chem  Soc. 126: 4653; Huang et al .,
1994, J. Chem Soc. Perkin Trans. 1: i0102; and Kuznetsova and
Kaliya, 1992, Russ. Chem Rev. 61: 1243). Methods for the synthesis
of dyes containing a reactive group are well docunented in the art.
Am ne-reactive dyes, such as "actiggdmpleeist ers” of carboxylic acids,
are typically synthesized by coupling a carboxylic acid to a
rel ats vely acidic "leaving l5gbarfion Pdyeipdihgferred am ne-reactive
groups include sul fonyl halides, which are prepared from sul fonic

aci ds using a hal ogenati ng agent such as PCI5 or PQOCI 3;

hal ot ri azi nes, which are prepared by the reaction of cyanuric halides
wi th am nes; pand i socyanates or isothiocyanates, which are prepared
fromampes and phgsgene or thi ophgsgene, respectively. 20 Dyes

cont ai ni ng estand hydrazidesofgég%h)are particularly useful for
conjugath Lo catoRyl ic ackds~ al dehydes and ketones, are nost
often sy t hesi zed b feaction of an activated ester of a carboxylic
acid or a sulfonyl halN.g@ with a ¢ amne, such as cadaverine, or with
a hydrazine. Alternatd¥ , aromatic amnes are co nly 25

synt hesi zed by chenical%#gduction of a nitroaronat?gggl dﬁ%&ﬂ Am nes
and hydrazines are particularly useful precursors for synthesis of
thiol -reactive hal oacetam des or mal ei m des by standard nethods. Dye
Coni uoates 5 The reactive water-sol uble, heterocycle-substituted

7- hydroxyl coumarin dyes of the invention can react with a w de

vari ety of organjc, or inor%anic substances (referred to herein as

" suld8t r &W3PqUNcht isqeRared Tiom Hiecorsiensaiian ¢id-Brewich13 wibtY, dral
groups with suitable reactivity, resulting in conjugation of the dye
to the sligyseiaieidyl easeonate ggalegnysigdbe sraceduieder peapengy Sicmepaynd 7.
conj ugates where the substrate is an amno acid, a nucleotide, a

bi opol yner (e.g., amno acid polynmer, nucleic acid polyner,

pol ysacchari de, carbohydrate, or lipid), an antigen, steroid,

vitam n, drug, hapten, netaboliteExamplsisenvironnmental pollutant,

i on-conpl exi ng noi ety, or a glass, plastic, or other non-biol ogical
polynmer. In sone enbodi ment grepdigtigibstompeunsig cell, iscellular
system cellular fragnent or conponent, or subcellular particle
(e.gs, a virus particle, bacterial particle, or a conponent thereof).
Reactive dyes typically | abel functional groups at the cell surface,
in cell nmenlpanes, organelles, or cytoplasm For use in biological
assays, ybhe Isubgfirate typically is an am no acid, a nucleotide, or 20
a biopoly such as an am no acid polyner, a nucleic acid polyner,
a carbo a pol ysacchari de. Dye-pol ynmer conjugates can be
preparegythat i%%%rporate a plurality of dye nol eclt@8PeBAfSat ed to
the substrate to increase the fluorescent signal fromthe
dye-conjugate. 25 In one enbodi ment, substrate is an am no acid or an
am no acid polynmer, such as a peptide or protein. Exanples of am no
aci d poCymuosinddabs eréparetd&opr 2datichlomvesurciool (Faoba Biochetridadelildd.),( as
broadl y defined, above), 1gG binding proteins (e.g., protein A

pr ot ei nafaicgoud i the Arégedetre for, preparingeSompeetd ms, gl ycoproteins,

hi stones, al bum ns, |ipoproteins, avidin, streptavidin, protein A
protgin G phycobiliproteins and ot her

Example 16
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5 fluorescent proteins, hornones, toxins, chenokines, growth factors,
neur opepti des, cytokines, toxins, protease substrates, and protein

ki nase substrates. In a preferred enbodi nent, the bi oporyner
substrate is a nonocl onal antibody. In another enbodi nent, substrate
is a nucleic acid base, nucIEosideii ngiieotideggi a 1lOnual eic acid
pol ymer. Nucleic acid poly I S - are nodified to
possess an additional |inker or spacer for attachnent of the dyes of
the invention, such as an al kynyl |inkage (U.S. Patent No.

5,047,519), an amnoallyl linkage (U. S. Patent No. 4,711, 955), a

het er oat om supstituted |inker (U S. Patent No. 5,684, 142), or other

| i nkage.”%h._argt-Repz%®nmbodi nent, the conjugated substance is a

nucl eosi de ny | egtide analog that |inks a purine or pyrimdine
base to aClph At eQr POl OSPhs ~Oﬁoiety t hrough a noncyclic
spacer. In another empodi nent, thelldye is conjugated to the
carbohydrate portion of a nucl eoti@e or nucl eosi de, Gogppednd 16t hr ough
a hydroxyl group but alternatively through a thiol or am no group
(e.g., as described in U S. Patent Nos. 5,659, 025; 5, 668, 268;

5,679, 785). Typically, the 20conjugated nucl eotide is a nucl eoside

t ri phospbaneocond 46 deprepars] Easitbe condg@iezdiph af €oarpoandiidesitty Cooiposid de
tri phosphate. Incorporation of nmethyl ene noieties or nitrogen or

sul fur haigsqaisasthé piczeibe: phprpadihg Cumpaindrhosphate noiety is al so
useful . Nonpurine and nonpyri m di ne bases such as 7-deazapurines
(U.S. Patent No. 6,150,510) and nucleic acids containing such bases
can al so be 25coupled to dyes of the invention. Nucleic aci-d adducts
prepared by reaction of depurinat@gyﬁﬂghqic acids with am ne,
hydrazi de or hydroxyl am ne derivatives provi de an additional neans of

| abel i ng and detecting nucl g 2GS of Bcthpofig et hod for detecting
abasic sites in living cerlST“ggE?gethé%ﬁ%—tﬁanges i n base exci sion
repajr." Atama et al., 2000, Proc Natl Acad Sci 97: 686-691. S
Pref€rred nucleic acid pol ymer conjugates are | abel ed, single- or
nulti-strandad, natural or synthetic DNA or RNA, DNA or RNA
oIigonugﬁ;ot de DNA/ RNA hybrids, or incorporate an unusual
| i nker i as T ol ine derivatized phosphates, or peptide nucleic
aci ds suchlg - asl nget hyl ) gl yci units. Wen the nucleic toacid
is a synbhetic olig@nycl eot’i de; M™typically contains fewer than 50
nucl eotides, nore typrcally fewer{than 25 nucleotidgs. quhgg?tes of
peptide nucleic acids (PNA) (Nielsen et at U S. Pat AMRYING ] 39, 082)
may be preferred for sone applications because of their generally
faster hybridization rates. 15In another enbodi nent, substrate is a
carbohydrate that is typically a polysaccharide, such as _a dextran
hepari n,CYNpRUKEH isprepaisadtar thevaridighydrelvais AT Compernd 18ydied%difal.
cellulose. Alternatively, the carbohydrate is a pol ysaccharide that
i s a |ipowiigpsiade the pwesdmedpepicparing Cpsmrundrd-de conj ugates are
dextran, or |ipopolysaccharide conjugates.

15

Example 18

Preparation of Compound 18
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20 In anot her enbodi nent, substrate is a lipid (typically having 6-60
carbons), including glycolipids, phospholipids, sphingolipids, and
steroids. Alternatively, the conjugated substance is a lipid
assenbly, such as a |liposonme. The |ipophilic noiety may be used to
retain the conjugated substances in cells, as described in U.S.

Patent No. 286,208, 148. Certain polar dyes of the invention may al so
be trappdd. wthih _LPpid assenblies. Conjugates in which the

substrate i i gn- conpl exi ng noi ety serve as indicators for
cal ci um ¢cs0od N est Ty~ 24ACN pdttassi um or ot her biologically
i nportant 5Snetal ionsX Preferred iljon-conpl exi ng noieties are crown

ethers (U.S. Patent No,5s°b, 405, 975F derivatives of
1,2-bis-(2-aninophend%yéﬁhane)-N,N,N‘,N'-tetraaceticknnpohmd&N?TA
chelators; U S. Patent No. 5,453,517, 5,516,911, and 5,049, 673);
derivatives of 2-carboxynethoxyaniline-N Ndi- acetic acid (APTRA
chelators; Am J. Physiol. 256, C540 (1989)); or pyridine- and
phenant heghpbHend 28 aprdpbald i the SHRARkiBR D f t!dn%ouﬁgtﬁ%nélegous to the

5,648, 270); or derivatives of nitrilotriacetic acid, see e’g.

" Si ngl e- ﬂ?ré Sri erization of biotinylated
nitri|OH$?§%¥??E$aCig,mgpgﬁl égﬁggégent for the detection of
histgdine-tagged proteins i mobilized on nitrocellul ose", MMhan et
al ., 1996, Anal Biochem 236:101-106. Preferably, the ion-conplexing
noiety is a crown ether chel ator, é BAﬁTﬁgchelator, an APTRA

i schelator or a derivative of nitrd tic acid. O her conjugates

of non- bi ol ogi cal naterials[;nclude dye-conj u qtes of organic or

i norgani ¢ pol yners, poIynerLéﬁﬂﬁﬁﬂgggggpﬁﬂﬁﬂﬂg—ﬁafers, pol yneric
menbr anes, polyneric particles, or polymeric mcroparticles;

i ncl udi ng magneti ¢ and nonmagnetic m crospheres; iron, gold or silver

particles; conducting and non-conducting netals and non-netal §; and

gl ass and pl@stic surfaces and pari{+gl es. Conjugates are optionally
pr epar edihy -tbop8hyteri zati on of at contains an appropriate
ile greparing the polymer, or by chem ca

functionali
@i ns functional groups wth

nodi fi cati o
suitabl e chemical reaftigyity. O hdr types of 25reactions that are
useful for preparing(9§é-conjugat§% of polymers include catal yzed

pol ymeri zati ons or copofyherizati ons of al kenes andCeaysunshtd of

di enes with dienophiles, transesterifications or transam nations. In
sonmaocenbodi ments, dye-conjugates are further |abeled with at |east
one second 5l um nescent dye, which is optionally an additional dye of
t he pregmipdunders isqnepdred fanmtrancatengstidr anGdrapounad 18 with A Hive
aspects of the invention, the | abel ed conjugate functions as an
enzyne %Ii@!%bihﬁfﬁi@lyl @b dtd yardlbgo g rtné ysmc%ddre%upt@atrih? CUMEhd 7.
transfer. 10The tluorescent dye-conjugates, particularly wherein the
substrate is biopolyner, can

Example 20
13 Preparation of Compound 20
0
OMe
0
£tO /N
S Compound 20
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_incorporate nmultiple dyes per substrate nolecule to increase the
fluorescent signal. Preferably, at |east 3 nolecules of dyes are

i ncorporated into dye-biopolynmer conjugates. In enbodinents in which
t he bi opolyrner is an antibody, at |east three, nore preferably at

| east 6 dye nol ecul es are conjugated to the antibody. In some 15
enbodi nents, as many as about 35 dye nol ecul es can be conjugated to
the anti body w thout significant self-quenching, but nore typically
as many BEwhBdnipphenerzacetate (G ¢) arubmﬂuéﬂé:tr@mam@thb@zomes(ﬁ 2ig)are t he
art that each stated range of dyes per conjugate substrate is

i nt endeddissoldes or dibdloainethiahe E200nint)hiTo theesohding és addedsantiyalrowxAlgH €2
by stating that fluorescent blopolyners of the intention contain 6-15

dye 20nmogrmdessiry hitrogeh yreestidcroRttiavidoRsSstining & 0T. Thé):reaa;ﬁordmture is
nol ecul es are also part of the invention. Preparation of

e A T FAE A o P Gefman
et ween

et or ocy P abadlset' Eafip S R R AV f‘%ﬁe%ﬁ% "wbeamuaﬁd YO aye
1096, B BeAfAgaLad %ﬁfré'etéﬁ.vﬁ%eéﬂér%@?{’e S oS ks e e

Haugl and, 1995, Methods Mol . Biol. 45:205-21; and Brinkley, 1992,

Bi oconj Ugatkinehelriestqupr anbydrens NagBPesand theealveyt isgsmoved w@ﬁeﬁva@wgl
appropri ate reactive dyes and the substance to be conjugated in a
sui t abl dogiievaatudersoifli divessude aelid isduringreuriigd oo wssities gelicohsnpwithige
reactive water- soluble, heterocycle-substituted 7-hydroxycounarin
dyeslodesqradibetioﬂfmhas/atrwl aceinteaals blpaot patield thed desifdd @ompgund 20.
conjugation reactions with nost biological materials. For those
reactive dyes that are photoactivated, conjugation requires
illumnation of the reaction mixture to activate the reactive dye.
The fluorescent biopolymers of theepmgser i nvention typically are
synt hesi zed as the 15product of a reaction between a biopolynmer and a

reactive water-sol ubl e, het¢ﬂ@§%@h6n%ﬁ@%ﬁk¥ﬂh§@17 hydr oxyl coumarin,
wherein the reaction conditions resu € conjugation of nultlple
dye nol ecul es to each biopolynmer. Alternatively, the fluorescent

bi opol ymer can be synthesized as a pol ynerization reaction of subunit

nol ecul es, wherein one q§ nore of the subunit nol ecul es have been
conjugated to a reactivejiwater-sol uble, heterocycle-substituted

7- hydr oxyl red pol ymeri zation of the biopolyner. An
exanpl e of thod is the synthesis of oligonucleotides
usi ng st&n am dite chem stry, where at |east one

pho§éhoraniditegis dye- 1 abel ed. Applications and MEORRMNSt2Use | n
one aspect of the invention, the reactive dyes of the invention are
used to directly stain or |abel a sanple, or conponents of the
sanple, so that the sanple can be 5identified or quantitated.

Cheni calGompaact20/6 @yie dissntyredinlsthainiol (50avbl dotthy selutiac s tddesd 5 M
correspondi ng functional group on a wide variety of materials,

f or mi ng N&iGH ¢efhnlig afhesreasiio rdeddaichie dtirbd we rodnm tgpnedrature darehhewaneed s,
the reactive dye conpounds of the intention are used to io directly

stai n_okvithadddkenael ¢CIWHh theabadiordak cofprAs eBtisdicdtbe byamd . eTRaY
conpri se heterogeneous m xtures of conponents (including intact

cel lg, ?@édtmﬁ’fﬁu&ﬁﬁé % oAt Wilh oty Hé@éte @&9@@% efhe g;ﬁgh Shthta']

thereof), or a single component or honbgeheous group conponent s

(e.g. naw&o%P%dsermd;g&érfanﬂgg%mggoﬁ éme do%érﬁ ,sorenff&re%%%%f ate

pol ymer s rane ese
vacuum to give the desired Compound 21.
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15generally non-toxic to living cells and other biol ogical

conponents, within the typical concentrations of use. For direct

stai ning, the dye conpound is conbined with the sanple in any way
that facilitates contact between the dye conpound and the sanple
conponents of 20interest. Typicall th e conmpound or a solution
cont ai ning the dye conpound is sin%&@nﬁgﬂg% to the sanple. Certain
dyes of the invention, particularly those that are substituted by one
or more sulfonic acid noi et i geRaraliog afLaBOOURS2drant t o menbranes of
bi ol ogical cells, and once inside viable cells are typically well
retained. Treatnents that perneabilize the plasm nenbrane, such as
el ectroporation, shock 25 treatnents or high extracellular ATP can be
used to introduce sel ected dye conpounds into cells. Aternatively,
sel ected dye conpounds can/be physically inserted into cells, e.g. by
pressure mcroinjection, 7S ape | oadi ng, patch clanp nethods, or
phagocytas.s,~5D9e corporate an aliphatic amne or a

hydr azi ne @ croinjected into cells, where they can be
fixed in gkase by=a ele fixatives such as fornal dehyde or

gl ut ar al dehyde. This xabi lity makes such dyes useti%%égﬁndzz
intracel lul ar applications such as neuronal tracing. e conpounds
t hat possess a |ipophilic substituent, such as phospholipids, wll
non- coval ently incorporate into |lipid assenblies, e.g. for use as
probes for menbrane structure; or for incorporation in |iposones,

| i poproteins, filnms, plastics, |lipophilic m crospheres or simlar
materials; or f tracing.. Li hilic dyes are useful as fluorescent
probes df° %}iﬁ%%@fﬁﬁé&@fé@rﬁ?@e poRdefishlion osbamprHgd &l Kut9mesung 1,
bi ol ogi cal applications, the dye conpounds of the invention are

t ypi cal 13nalpgeysite thepragaddedor Psperya Sqmmueddr aqueous-miscible
sol ution prepared according to nmethods generally known in the art The
exact concentration of dye compound i s dependent upon the
experinmental conditions and 90the desired results, but typically
rangés from about one nanonol ar t cxamplaPBl i nol ar or nore. The
optimal concentration is determ ned by systematic variation until
satisfactory results w th mPrepabtibackGoopodnd PBor escence are

acconpl i shed. I n anot her aspect of the invention, the
fluorescent dye-conjugates of the present 25invention are useful as,
or as part of, detection reagents, typically anal yte-specific
detection reagents, to faci/kjtate the optical detection and analysis
of analytes. In one enbodyfnent, the dye-conjugate substrate itself is

an anal yte-specific reag'mi, and the fluorescent dye-conjugate is
used as @ def ecgi o, r eaeni

to | abel an analyte of interest. In an

e fluorescent dye-conjugate is bound to an
anal yt e- gpe¢ 29 , and the conbined entity is used as
detecti ofi reagents o/l abel an analyte of interest._In this

al ternative enbodi nent, the dye-conjugate acts as aCPMPOUEEZht | abe
bound to the anal yte-specific reagent. Assays in which one or nore
anal ytes of interest are | abel ed using anal yte-specific to detection
reagents and subsequently optically analyzed are well known in the
art 15 an&ommeLupdelSdatrepaied ooeie apydic byajolsia @Cempoyuha? alithy20ds EiGL
as detection reagents in such assays. For exanple, proteins in a
sanpl e enalopeus @hiblequiocedung far peparotg Compeag@d it consi sting of a

| abel ed protein, typically an anti body, that binds specifically to
the anal yte protein. Detection of the resulting | abel ed anal yte

pr ot ei ns

Example 24

Preparatien of Compound 24
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15 can be carried out using a nunber of well known assay formats and
i nstrunmentation, including using flow cytonetry, scanning cytonetry,

i magi ng, and gel analysis. Flow cytonetry is described at length in
the extensive literature in this field, including, for exanple, Landy
et al. (eds.), Cinical Flow Cytonetry, Annals of the New York
Acadeny of Sciences Volune 677(1993); Bauer et al. (eds), dinica

Fl ow 20Cytonmetry: Pringiples and Applications, Wlliams & WIKkins
(1993); Onerod (ed.), ¥ By Cytonmetry: A Practical Approach, Oxford
Univ. Press (1997); Jargszeski et al. (eds.), Flow Cytonetry

Pr ot ocolso_ Met ode inﬂ@j ecul ar Biology No. 91, Humana Press (1997);
and Practi i | ow Cytonetry, 4th ed., WIey-Liss (2003).

Fl uor escerice”1 ™ ‘ i croscopy i s described in, for exanple, Paw ey
(ed), 25Handbook o+Biml ogi cal Confocal M croscopy, 2nd Edition,

Pl enum Press (1989) g7 Il unination sources useful r_exciti,ng the
fluorescent polyners SW the i nvention include hand-k%mﬁﬁﬁﬁéggiolet

| anps, rcur | anps, non | anps, .| asers and | aser dj odes hese
11 ot oo BROYE £ i iEPared T dap ByRGatien PLCOAHONNY oon 8810880 s,
fluorescence microplate readers, standard or mni-fluoroneters, or
chr omat RjPegire fercrepasECompatBE Bed f1 uorescent pol yners of the
invention are excitable at or near 405 nm and can be excited using a
rel atsi vel y i nexpensive violet |aser excitation source. 10Kits One
aspect of the instant invention is the formulation of kits that
facilitate the practice of variousExmseledbusi ng any of the dyes of
the invention, as described above. The kits of the invention
typically conprise a col or edPrepafdtioniof Qoendoudde50f t he i nventi on,
15ei ther present as a chemcally reactive | abel useful for preparing
dye-conjugates, or present as a dye-conjugate where the conjugated
substance is a specific binding pair nenber, or a nucl eoside,

nucl eot i de, oligonucleg%fﬂz, nucl eic acid polyner, peptide, or
protein. The kits opth Atky further conprise one or nore buffering
agents, typically preSgmi as an aqueous solution. The kits of the
invention optionally farther 20conprise additional detection
reagents, a pu5if6ca medi um for purifying the resulting | abel ed
subst anceyTH esceng€ st andards, enzynes, enzyne inhibitors,

organi c i-hstructions for carrying out an assay of the

i nvention. Exanpl es of the synthesis strategies of

sel ected dyes, the s¥nthesis of selected fluorescent biopolyners,
their characterizati ! and nethods of use are prOVPGEH“FH“¥ﬁ§

exanpl es bel ow. Further nodifications and pernutations wll be
obvildus to one skilled in the art. 5 Exanple 1 Preparation of
Compound 1

Compound 25 is prepared from the condensation of Compound 24 with N,N*-

disuccinimidyl carbonate, analogous to the procedure for preparing Compound 7.

Example 26

15 Preparation of Compound 26
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Compound 1 10 4-Chlororesorcinol (50 g) is dissolved in dry ether
(200 nl). To the solution are added finely powdered zinc cyani de (60
g) and potassiumchloride (12 g) with stirring. The suspension is
cooled to . A strong stream of hydrogen chloride gas is blown into
t he sol u%ioon Wi t§ viorous stirring. After approximtely 30-60

m nut es thestBre ants are di ssol ved. The addition of hydrogen
chloride gadl_is contisued unt@l_I it stops being absorbed in the ether
sol uti on. YThe suspengi gn | irred for one additional hour on ice.
The ether solution i our fromthe solid that is _treated with ice
and heated to 100t in a water bath. Upon cooling th@%‘? 26
crystallized in shiny plates fromthe solution, which is renpved by
filtrati%amaAdnal I @gaea ZYdgahoxyrettihiephrag (BpdSyneeAldegRhgee 2
Preparation of Conmpound 2 COEt Conpound 2 Ethyl 2-thiopheneneacetate
(10 g) asuspentsd incaastiorshestideoE08 nill2 Tgthasespinsi tiethylamine (6 ml) is

di chl oronet hane (200 m ). To the solution is added anhydrous Al Cf 3
(24 g) uatied atryomitempgeturet dthectboitedMcabtion goxtorsis Hebtadi atgl 2at 1400
The reaction mxture is stirred 5 under dry nitrogen protection at

0C, and il fredebetidrPRBonAIIBE AlHdiBateiay TINE. ReEBEEIARG!S réSTRLAbErAG e,
i ndicated by TLC. The reaction mxture’is poured into ice-water, and

t t ki | . M
cxt 2t g iy BAALOID A3 s TS FLEALE Y| U BT
indlr, VSCHURL Pl kod B G5 e, SIS bl M e,

acetate Sﬂ%ﬁ%o#%@%@gﬁ%%g?gﬁélgﬁ q%eﬁ%k)ggf%mqpmn&ﬂgﬂo & AR lyl%l(i3 the

Pr epar at’i

desired Compound 26.
10

Example 27

Preparation of Compound 27

HO 0._.0
“ \ /
0 Compound 27
15
Compound 27 is prepared from the acidic hydrolysis of Compound 26 with 20% HCI,

analogous to the procedure for preparing Compound 5.
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Compound 3 Conpound 2 (10 g) is dissolved in ethanol (100 nml). To
the solution is added 5 M NaOH (65 m ). The reaction mxture is
stirred at roomtenperature, and neutralized with concentrated
HClwhen the reaction is conplete as indicated by TLC. The resulted

m xture is extracted with ethyl acgtate (3x200 m ). The ethyl acetate
| ayers 20 are conbined, dried over EX¥BEIRE S Na2SO4, and the sol vent
is renmoved under vacuumto give the desired Conpound 3. Exanple 4
Preparation of Conpound 4 cOGFRYoN QELATARRNIG12E 6 g) and Conpound 3
(5.8 g) are suspended in acetic anhydride (100 ml). To the
suspension, triethylamne (6 m) is added at roomtenperature. The
reaction mxture is heated at 120-140t until the reaction is conplete
as i ndi cdPe Y After cooling to roomtenperature, the m xture

[ and ioresulted precipitate is filtered off
ve48tid that is air-dried. The crude
product is recrystal d tJ yield the desired Conpound 4. Exanple 5
Preparation of CowpounﬁYS O 0Conpound 5 Conpound 4 (5 g) is
suspended in 20% HCI ?BGU*ni) The reaction m xt ur e Ganpeand@8at

60- 70t until the reaction is conplete as indicated by TLC. The
reactjon mxture is diluted with water (200 m ), and extracted with
ethyl acetate (3x300 mi). 20 The ethyl acetate |ayers are conbined,

dri ed oveasmaabucsiﬁg%spﬂ&@a%mmﬂe &hm%bn%bd@dﬁw@na@gsns WAHUM
to give the crude Conpound 5. The crude

procedure for preparing Compound 6.

Example 29
10 Pregaration of Compound 29
HO 0__0 Oﬁl?tlto
N
S I
Cl & \ / o
- SO O
0" oH Compound 29

15 Compound 29 is prepared from the condensation of Compound 24 with N,N'-

disuccinimidyl carbonate, analogous to the procedure for preparing Compound 7.

Example 30

Preparation of Compound 30

20
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material is further purified on a silica gel colum with a gradient
of chl orof ornmf net hanol as eluant to yield the desired Conpound 5.
Exanpl e 6 5Preparation of Conpound 6 Compound 5 (1 g) is suspended
in concentrated H2SO4 (5 m). To the suspension is added 20% f um ng
H2SO4(5 m ). The reaction mxture is stirred at OC until the

10r eact i omd@ ; et as indicated by TLC. To cold ether (200 m),
the reaction drop-wi se added with vigorous stirring to

gi ve t heqmoard ~ 0 % as a yellow precipitate. The crude nmateri al
is further purified by epar ative HPLC to yield thegetigssurstia@onpound
6 using 0.1% TFA in water-0.1% TFA in a MeCN buffer system 15

Exanpl e 7 Preparati on of Conpound 7 Conpound 6 (100 ng) and

NJW di succi ni m dyl carbonate (85 ng) are dissolved in DMF (5 nml). To

HEEIECA L R e e
ary i t oL PRETRENEAE Cro b ARIENTRAT AT, elasid i

conpl ete as 'nd%cat ed 3_}/ gLC. Th(g reaction mxture is poured into
et he, ARECRGES FUHIPRUTGCROPRIESfe i s collected by filtration. The

solid is washed with ether to yield the desired Conpound 7. Exanple 8
10Preparati on of Conmpound 8 NH NH

Example 31

Preparation of Compound 31

HO 0.0

HOOC
10 \ Compound 31

Compound 31 is prepared from the acidic hydrolysis of Compound 30 with 20% HCI,

analogous to the procedure for preparing Compound 5.

15 Example 32

Preparation of Compound 32

Compound 32
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Compound 8 To anhydrous hydrazine (100 pl) in DM (0.5 m) is added
Compound 7 (100 ng) in DMF (0.5 ml). The m xture is stirred at

anbi ent tenperature for 15 mnutes. The 15reaction solution is poured
into water, and resulted precipitate is centrifuged to collect the
solid that is ed with ter and air-dried. The crude product is
furt her  DOIRGHEA 3yS AFtRArERRHING SHERBIo of Cappa Al i Hicgousdfgind
9 -0.S (3- 'OHCompound 9 To Conpound 7 (10 ng) in DMF (0.2 m) at
r oom t enpéicgdurefor prapadag ConeerHndf.ent s of triethyl amne and 1.2

equi val ents of N-(2-am noethyl)mal eim de, trifluoroacetic acid salt
(Sigma-Aldrich). The mxture is stirred at anbient 5 tenperature for
60 m nutes. The DMF solution is poured into water, and resulted
suspension is centrifuged to col | eEkample Zlid that is air-dried. The
crude product is further purified with silica gel chromatography to
yi el ds t he desired Conpound' Brepa¥atinl & Gdnddlifepsr ati on of Conpound
10 Conmpound 10 Conmpound 10 is prepared from

4-chl oro- 2-fl uororesorcinol (Fanbo Bi ochenmicals, 15Ltd., Beijing,

Chi na), anal ogous to the procedure for preparing Conpound 1. Exanple
11 Prep%rati}qm of. Cgympownd 11

.0 W ..0OH
0 s}
HO O Compound 33

Compound 33 is prepared irom the condensation of Compound 32 with N,N*-

10 disuccinimidyl carbonate, analogous to the procedure for preparing Compound 7.

Example 34

Preparation of Compound 34

HO Q. 0
3
Hoocm /
N

Ethyl 2-benzothiazoleacetate (5 g, Sigma-Aldrich), 2,4-dihydroxy-5-formylbenzoic

15 Compound 34
acid (2 g, Fanbo Biochemicals, Ltd.), 0.5 ml of piperidine and 0.3 ml of acetic acid
are heated under reflux in 100 ml of methanol until the reaction is complete as
indicated by TLC. After cooling to room temperature, the mixture is filtered and the
20 filtrate is concentrated. The concentrated filtrated is poured into water, and resulted

precipitate is filtered off with suction to collect the solid that is air-dried. The crude
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Compound 11 Conpound 11 is prepared fromthe condensati on of Conpound
10 with Compound 3, anal ogous to the procedure for preparing Conpound
4. Exam ple 12 Preparation of Conpound 12 Conmpound 121s prepared
fromthe o [ ol ysi.s of Conmpound 11 with 20% NClI, anal ogous to
the proc e?ﬁédeuc? (')S:%gtbg'béf"ffﬁa Vel hpibkmae!shremategtaphy3o V&Rt Headadiiegn of
Conmpound %% Ugg ound 13 Conpound 13 is prepared fromthe

sul f onat i 6F"Yt° %ound 12, anal ogous to the procedure for preparing
Compound 6. Exanpl e 14 5Preparation of Conmpound 14 10 Conpound 14 is
prepared fromthe condensati on of Conpound 13 with N, N -

di succi ni m dyl carbonate, anal ogous to the procedure for preparing

Conmpound 7. Exanple 15 Preparation Wnd 15

3 Preparation of Compound 35

HOOC Z
O

Compound 35

Compound 35 is prepared from the suffonation of Compound 34, analogous to the

10 procedure for preparing Compound 6.

Example 36

Preparation of Compound 36

(')H
0=8=0

o HO 0.__0
SEAna
D
15 o

Compound 36 is prepared from the condensation of Compound 35 with N/ N-

Compound 36

disuccinimidy! carbonate, analogous to the procedure for preparing Compound 7.

20 Example 37
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%gﬁggng_ 15hOo_rrpound 15 is prepared from 2, 4-di chl or oresorci nol
I ochem cal s, Ltd.), analogous to the procedure for preparing

Conmpound 1. Exanple 16 Preparation of

! Compound 16 Cl

16 is prepared fromthe condensatjon o ngid 15 with gocogﬁogng
anal ogous to the procedure m%&%ﬂ%d 4 Exa Inpl "
Preparation of Conpound 17 C Ha.,..... ) I " rrp0e ! , 0 |

Cl  Compound 17 is prepared fromthe a

| cidi ¢ hydrol SIS of Co

with 20% HCl , d rrpound 0
() anal ogous toothe procedure for preparing Conpound 5.

0
/O o "*\/\/\)LO/
Wa

Methy! 4-carboxymethylpyridine (5 g) and methyl 6-bromohexanoate (8 g) are

Compound 37

s heated in 1,2-dichlorobenzene (50 ml) until the reaction is complete as indicated by
TLC. Aiter cooling to room temperature, the mixture is filtered to collect the solid that
is washed with ether and air-dried. The crude product is directly used for next step

reaction without further purification.

10 Example 38

Preparation of Compound 38

HO 0.0

o Compound 38

15 Compound 38 is prepared from the piperidine-catalyzed condensation of Compound

37 with resorcinol, analogous to the procedure for preparing Compound 34.

Example 39

Preparation of Compound 39

20
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Exanpl e 18 Preparati on of Conpound 18 Conpound 18 Conpound 18 is
prepared fromthe sul fonati on of Conmpound 17, anal ogous to the
procedure for preparing Conpound 6. Exanple 19 Preparation of
Compound 19 -0 0- OHConpound 19 Conpound 19 is prepared fromthe
condensation of, Corpound 18 with N, N - disuccinimdyl carbonate,
anal ogous pr ocedure for preparing Conmpound 7. Exanple 20
15Pr epar at i a8 sonpound 20 o Ethyl 2-thi opheneneacetate (5 g) and
met hyl 4-brononet hyl kgnzoate (6.2 g) are dissolved in dichloronethane
(200 mM). To the so uﬁFOQ,ggﬂfdded anhydrous Al C13 (12 g) under dry
nitrogen protection with vi s stirring at 0C. The reactigg
mxture is 5 stirred under dry“nitrogen protection &°ROUBHE I ar ned
to roomtenperature when the reaction is conplete as indicated by
TLC. The reaction mxture is poured into ice-water, and extracted
wi th chloroform (3x200 nl). The chloroform|ayers are conbined, dried
over anhyemeadnigd soareparryl rera tee hydislysissofrlearbpenndd@ianalegouane the
give a crude solid. The crude solid is further purified on a silica
gel col wmcedurh far epgriegiCempouhdibexanes/ et hyl acetate as eluant to
yield the desired Conpound 20. Exanple 21 Preparation of Conpound 21
5

Example 40

Preparation of Compound 40

HO 0.0

+
\/\/\/40 K
O

Compound 40

i0
Compound 40 is prepared from the condensation of Compound 39 with N,N*-
disuccinimidyl carbonate, analogous to the procedure for preparing Compound 7.
Example 41
15 Preparation of Protein-Dye Conjugates

Protein-dye conjugates can be prepared by standard means, such as those
described in, for example, Haugland et al. 1995, Meth. Mol. Biol. 45:205; Haugland,

1995, Meth. Mol. Biol. 45:223; Haugland, 1995, Meth. Mol. Biol. 45:235; Haugland,
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Compound 21 Conpound 20 (5 g) is dissolved in ethanol (50 m). To
the solution is added 5 M NaOH (65 m ). The reaction mxture is

stirred at roomtenperature, and neutralized with concentrated HCl
when the reaction is conplete as indicated by TLC. The 20reaction

m xture béo&%n%r?&ﬁﬂo@rcpg Aﬁ‘d@ﬂ'sié‘@ﬁmb%.(ﬁﬁa@%”%% %%8}5%#1% Late

| ayers are conbi ned, over a rous e 'solvent is
r enoved t | the desired. nd., 21, anpl
br epar at LG ESEHH Bl et sl 8o iuy S8 Bbuiedn e R B o
condensati on of Conmpound 21 with Conpound 1, anal ogous to the
procedure for preparing Conmpound 4. 10Exanple 23 Preparation of
Compound 23 . Is Conpound 23 is prepared fromthe acidic hydrolysis
of Conpotifglutiongfthe PIPIEINGg Prepaks Ut P Mgenk ine-ddvisedivpt bisptsatag
Conpound_5. Exanple 24 Preparation of Conpound 24 Conpound 24 is
pr epar edThe heling reagenéhane dissabfedGo mpetitad o Ivenisuiely ea vater, onBMF or
procedure for preparing Conpound 6.
DMSO at about 10 mg/mL. Predetermined amounts of the labeling reagents are
added to the protein solutions with stirring. The reaction mixture is incubated at
room temperature for one hour or on ice for several hours. The dye-protein
conjugate is typically separated from free unreacted reagent by size-exclusion
10 chromatography, such as on Amersham PD-10 resin {GE Healthcare Bio-Sciences
Corp., Piscataway, NJ) equilibrated with phosphate-buffered saline {PBS). The initial,
protein-containing colored band is collected and the degree of substitution is
determined from the absorbance at the absorbance maximum of each fluorophore,
using the extinction coefficient of the free fluorophore. The dye-protein conjugate

15 thus obtained can be subfractionated to vield conjugates with higher, lower or more

uniform DOS.

For many applications, such as for producing dye-labeled antibodies, a molar ratio of

10 to 50 equivalents of dye to 1 equivalent of protein is used. [t will be understood
20  that optimal reaction conditions and reactant concentrations typically are determined

empirically. Optimization of dye-protein conjugation is well known in the art, and

described in, for example, the references cited herein.

Example 42

25 Preparation of Antibody-dve Conjugates
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Exanpl e 25 Preparation of Compound 25 Compound 25 Conpound 25 is
prepared fromthe condensati on of Conpound 24 with N, N -

di succi ni m dyl carbonate, anal ogous to the procedure for preparing
Compound 7. Exanpl e 26 15Preparation of Conpound 26 Ac00 0 OH
Compound 26 Conpound 1 (1 g) and 2, 5-di carboxynet hyl t hi ophene (6 g,
Sigma- Al drich) are suspended in acetic anhydride (100 nml). To the
suspension triethylamne (6 m) is added at roomtenperature. The
resul t edAmseletried prafogeifpepieparieadgecanjuga@spien I§Grmonoddrel retisedyon
is conplete as indicated by TLC. After cooling to roomtenperature,
t he m xt deseribsd pelove dDierconjugetesatf €ompmohds &5 ] 4 1%, 26| pid 80 evars
filtered off with suction to collect the solid that is air-dried.

The cr udsrepatddduding Essdrially e defmgie pastodoisivith edngielarREbHEMsWdiéd Below.
gradi ent of chloroform nethanol as eluant to yield the desired
Compound 26. 10 Exanple 27 Preparation of Conpound 27 HOO O

Step 1. Prepare antibody solution: Prepare a solution of the antibody in labeling
buffer (0.06M NaPi, pH 8.0 + 0.15M NaCl + 20% glycerol) at a concentration of

about 2-20 mg/ml.

10 The concentration of the antibody.in solution can be calculated from the Beer-
Lambert Law, Azgo = €,°C-L., where Asgg is the absorbance measured at 280 nm
(which is the maximum absorptioﬁ wavelength of protein), ¢, is the molar extinction
coefficient of the antibody protein, C is the concentration, and L is the length of the
light path through the solution. A typical IgG antibody has an &, value of 224,000 cm”

15 v

Step 2. Prepare dye solution: A dye solution is prepared by dissolving the dye in
DMSO. The concentration if the dye solution is determined as described below.
The accuracy of the measurement of the dye concentration may be improved by first

20 diluting the dye 1/100 in 1M glycine, pH 9.6.

The concentration of the dye in solution can be calculated from the Beer-Lambert
Law: Amax = €dye'C-L, were Ay is the absorbance measured at the maximum
absorption wavelength of the dye, eqy. is the molar extinction coefficient of the dye, C

25 is the concentration, and L is the length of the light path through the solution. As an
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Compound 27 is prepared fromthe acidic hydrolysis of Conpound 26

wi th 20% HCI, anal ogous to the procedure for preparing Conpound 5.

Exanpl e 28 Preparation of Conpound 28 Conpound 28 is prepared from
t he sul fonation of Conpound 27, anal ogous to the procedure for

ELﬁBaLhS%RE?*&%ﬁB%%@W%#ﬁ?Pﬁ% darEEnan 5"?@8?%%@%9%% 2bgdt”
N, N - rb I d

prepari n‘gﬂgﬁ Bfnﬂ{(f’**?ec aﬁ%aéj(i@ﬁls @O é))g{%luhﬁagqor O@%YI% %é‘ﬂ; the
Compound 30 Ogy ound go IS ared fromthe condensation of

2, 4 di hy@astiye n‘-lr) Eﬂi%ﬁsé‘re p”%fpah% FaRHg B ocheni cal s, Ltd.)

vmth 2-thi opheneacetlc acid, anal ogous to the 5 procedure for
prepari ng Conpound 4. Exanpl e 31

5 Step 3. Carry out conjugation reaction: Calculate amounts of the antibody and dye
solutions to obtain the desired molar excess of dye In the reaction. For optimization
studies, reactions are carried out using a range of molar excess of dye, typically
between 2X and 60X molar excess of dye. Add the antibody sclution to the dye
solution with effective stirring or shaking, and keep the reaction mixture stirred or

10 shaken for 1-2 hrs o obtain the antibody-dye conjugate.
Step 4. Purify the conjugate: The antibody-dye conjugate can be purified using Bio-
Spin column. Load 50l of antibody-dye conjugate solution and 50l a chase buffer
(PBS + 20% glycerol + 0.1% NalNs;) on a Bio-Spin column, place 1 ml of chase buffer

15 into the receiver tube of the spin column, and separate. Vortex after separation.

Alternatively, the antibody-dye conjugate can be purified using a PD-10 column

(Amersham Biosciences, Piscataway, NJ), following the manufacturer’s protocol.

20 Step 5. Determine the degree of substitution of the antibody-dye conjugate: The

degree of substitution (DOS) is calculated using the foliowing equation:

DOS = [dye]/[antibody] = Amaxep/(€aye(A280-0.55 Amax)),
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Preparati on of Compound 31 Compound 31 is prepared fromthe
acidic hydrolysis of Conmpound 30 with 20% HCl, anal ogous to the
procedure for preparing Conpound 5. 13Exanple 32 Preparation of
Compound 32 Conpound 32 Conpound 32 is prepared fromthe

sul fonati on of Conpound 31, anal ogous to the procedure for preparing
ConpoundWBeredyeiip ehadve porgatiatipadaplibadyhisdha antiBody canseptatien. #8:.:i s
prepared fromthe condensation of Conpound 32 with Al,AlIL 10

di succi nibeiabgbrizamecd oneassrecabihegoaximum absorpiiovedvelendtbrof pregdye, ifag is
Compound 7. Exanple 34 Preparation of Conpound 34 HO a 0 O HOOC N

w

10

13

20

25

the absorbance measured at 280 nm, ¢, is the molar extinction coefficient of the
antibody protein, ey, is the molar extinction coefficient of the dye. It should be noted

that to obtain accurate DOS, the conjugate should be free of the non-conjugated dye.

For effective labeling, the degree of substitution typically should fall between 3-20
moles of dye to one mole of antibody. As is well known in the art, the DOS that
provides optimal labeling will depend on the antibody, and in some cases, a higher
DOS may provide improved labeling. The optimal labeling is determined empirically
by preparing dye-conjugates over a range of DOS and comparing the measured

fluorescence intensities. Examples are shown in the figures.

Example 43

Preparation of Dye-Conjugates of Periodate-oxidized Glycoproteins

Samples of 5 mg of goat IgG antibody (which has a polysaccharide chain attached to
the protein) in 1 mL of 0.1 M acetate, 0.135 M NaCl, pH 5.5, are treated with 2.1 mg
of sodium metaperiodate on ice for a period of time experimentally determined to be
sufficient to result in the desired amount of aldehyde groups on the glycoprotein,
which are then reacted with Compound 5. The reactions are stopped by addition of
30 pl ethylene glycol. The antibodies are purified on a Sephadex G25 column
packed in PBS pH 7.2. One-tenth volume of 1 M sodium bicarbonate is added to
raise the pH and Compound 5 is added at a molar ratio of dye to protein of 50:1.

The reaction is stirred at room temperature for a period of time experimentally
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15Conpound 34 Et hyl 2-benzothi azol eacetate (5 g, Sigma-Aldrich),

2, 4- di hydr oxy-5-fornyl benzoic acid (2 g, Fanbo Biochem cals, Ltd.),
0.5 mM of piperidine and 0.3 ml of acetic acid are heated under
reflux in 100 m of rrethanol until the reaction is conplete as

i ndi by TLC., Af

11t or eceRiinPrT o bo st s ham@@ﬁ@r%%a%ﬁpﬁ%%aﬁt%ﬁtw&@n e
filtrated is _poured into, water, and resulted P 5 g ﬁ i's flltered
of f wi t HOXATOPPEYAES. & 2usied torifindl Concamiaation of & dhe feretionigle

pr oduct

is further purified with silica gel chrorrato raphy to yield

t he desistseeddonfpdonts dwoomdsmpesatem. Bire apihaslyiconiugrieomsaiiiied Hy?H
0=S=0 Conpound 35 Compound 35 is prepared fromthe sul fonation
of Conpaliatysi8andasrabepiarext625 helumins gs dassdbedabove. pPefeddtegxdirgdound
6. Exanple 36 Preparation of Conpound 36 9H 0=S=0 HOO 0 O O 15

Conmpaun
35 with

gl @€ protesheLin deBSands op bipe canl afsodra lbbeled peabentialty andedcribedpround

N, N - di succi ni m dyl carbonate, anal ogous to the procedure

for prepagtep@n@onpenndsa, Anal. Biochem.157:100-105.

10

15

25

Example 44

Preparation Of A Protein-Dye Conjugate Using A Thiol-Reactive Dye

A solution of beta-galactosidase, a protein rich in free thiol groups, is prepared in
PBS (2.0 mg in 400 pL). The protein solution is then treated with a 10 mg/L solution
of the maleimide derivative Compound 9 in DMF. Unreacted dye is removed on a
spin column. The degree of substitution by the dye is estimated using the extinction
coefficient of the free dye, as described in Example 42. The protein concentration is
estimated from the absorbance at 280 nm, corrected for the absorbance of

Compound 9 at that wavelength.

Example 45

Preparation of Aminodextran-Dye Conjugafes

Aminodextran-dye conjugates are prepared as follows, described using 76,000 MW
aminodextran {60 mg) derivatized with an average of 13 amino groups as an
example. The aminodextran (50 mg) is dissolved at 10 mg/mL in 0.1 M NaHCQs.

Compound 7, 13, 14, 19, 25 or 60 is added so as to give a dye/dextran ratio of about
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20Exanpl e 37 Preparation of Conpound 37 0 10--c Conpound 37 Met hyl
4- car boxynet hyl pYlidine (5 g) and nmethyl 6-bronohexanocate (8 g) are
S5heated in 1, 2-dichl orobenzene (50 mM) until the reaction is conplete
as indicated by TLC. After cooling to roomtenperature, the mxture
is filte to,.coll t he soI| that .is vvashe

e dri od0- e vER et obmuer tradig BonigeiRatits s ErERnER Bieo od
W t hout further urification, 10Exanple 38 Preparation of Conpound
38 Hoo celutedguith @éFﬁEoJﬁ(&'C@ﬁY 641 m!ﬁ?d{f fyezge P@nJH%tsﬁrt@a quo@rﬁﬂgﬁéextran
pi peri di ne-catal yzed condensati on of Conpound 37 with resorcinol,

anal ogous to the procedure for preparing Conpound 34. Exanple 39

Preparati on of Conpound 39 20
Example 46

5 Preparation of Dye-labeled Microspheres

Microspheres can be labeled with a dye of the present invention using any of a

number of well know protocols. Examples are described, below.

10 Microspheres chemically modified to have functional groups such as amino, carboxyl,
or aldehydes on the surface can be surface-labeled by covalently conjugating the

surface groups with a corresponding reactive dyes, as listéd in Table 1. For example,
amine-modified microspheres are readily conjugated to the dyes of the invention
through succinimidy! esters, such as Compound 7, 13, 14, 19, 25 or 60.

15
A dye-labeled protein, prepared as described above, can be covalently coupled
through its amine residues to carboxylate groups on a microsphere using ethyl 3-
(dimethylaminopropyl)carbodiimide (EDAC). Alternatively, the dye-labeled protein
can be passively adsorbed on the microspheres. For example, carboxylate-modified

20 microspheres are suspended in a solution dye-labeled protein, the protein is allowed
to passively adsorb on the microspheres, and excess protein is removed by
centrifugation and washing. Microparticles of a size that cannot be centrifuged are
separated from excess protein by dialysis through a semi-permeable membrane with
a high MW cutoff or by gel filtration chromatography.

25
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HO 0 OHConpound 39 Conpound 39 is prepared fromthe hydrolysis of
Compound 38, anal ogous to the procedure for preparing Conpound 5.
Exanpl e 40 Preparation of Conpound 40 Conpound 40 Conpound 40 is
prepared fromthe condensati on of Conpound 39 with N, N -

di succi ”B[;i'nﬂgéte‘ﬂa]f\ ?@}‘%}th%& aA0H Qgﬂeéteﬁ%lpﬁ% sﬁéﬁ%@@h‘f %vfd‘ﬂ‘f orpér‘:rtp%hﬁg

Conpound S5Preparation of Protein-Dye Conjugates

Protein-d n t rd means such as

t hose de¥¢V ?%ée%ﬁbvﬁgaggO?g%a#n‘g?&goqﬁgu(g%an#%%%' 1995, Meth. Mol .

Bi ol . 45:205; Haugl and, 1995, Meth. Mol . Biol. 45:223; Haugl and,
1995, Meth. Mbol. Biol. 45:235; Haugland, 2000, Current Protocols In
Cell Biology 16.5.1-16.5.22. For exanple, protein-dye conjugates can
be prepared using a succini m dyl e@‘—&g&—fhe i nvention, as foll ows.
A solution of the proteinis repared at abouth ng/mL in 0.1 M

sodi uin bi car bonat e. EERE ‘ HEdES8| ved in a

sui tabl e sol vent such as vvater, or DIVF or DIVISO at about 10 ng/ m..
Predet erm ned anounts of the | abeling reagents are added to the
protein solutions with stirring. The reaction mxture is incubated at
room t enideclabtities domjugated With theodyamofiicertion ceaver @bdioprepardthiey
dye-protein conjugate is typically separated fromfree unreacted

reagent &msbresiene iihe artIlang trad wel Risdwn, iblishabptcdomssfiaoh as
PD-10 resin (GE Heal thcare Bio-Sciences Corp., Piscataway, NJ)

equi l i brtﬁb@@ldé@értbeahﬁwhmrﬁmau%wu @@'aISQiUOOeB(oP&‘FMqhuE%QS BH B,

protein-containing colored band is collected and the degree of

substg t “W'P%ggﬁf %eéle"lgb S0l CREMIIHRPSANBASEE 085 da3e AR AL BN GE,

maxi num o udr op ore, using the extinction coe?fl cient of the

free fl uﬂfébo pﬁé’t&heﬁ@tr?b@, PaLY @6.” E‘igt@ﬁ:\&aéf%art[cular conjugations are

described, below.

To 2 mg of 5-(3-aminoallyl}-2'-decxyuridine 5-triphosphate {Sigma-Aldrich) in 100 pl
15 water is added Compound 7, 13, 14, 19, 25 or 60 in 100 uL. DMF and 5 pL
triethylamine. Aifter 3 hours, the solution is evaporated and the residue is puriiied by

HPLC. The product fractions are lyophilized fo give fluorescent nucleotide conjugate.

Alternatively, fluorescent dye-conjugates of deoxyuridine 5-triphosphate are
20 prepared from 5-(3-aminc-1-propynyl)-2'-deoxyuridine 5'-triphosphate, or by freating
a thiolated nucleotide or a thiophosphate nucleotide with a thiol-reactive dye of the

invention (such as the maleimide Compound 9).

Alternatively, 2'-(or 3")-2-amninoethylaminocarbonyladenosine 5'-triphosphate is

25 reacted with a slight excess of Compound 7, 13, 14, 19, 25 or 60, following
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15 thus obtai ned can be subfractionated to yield conjugates with

hi gher, lower or nore uniform DOS. For many applications, such as for
produci ng dye-1| abel ed anti bodies, a nolar ratio of 10 to 50
equi val ents of dye to 1 equivalent of protein is used. It will be
understood 20 that optimal reaction conditions and_reactant

concent r BEECHHALPR With &FWOMBS geee-moddedertpd vatdapyrfieddpt prapaativen of
dye-protein conjugation is well known in the art, and described in,
for exandPkC.the references cited herein. Exanple 42 25Preparation of
Ant i body-dye Conjugates A preferred protocol for preparing
dye-conjugates of an I gG nonocl onal antibody is described bel ow.
Dye- conj ugat es of Conmpounds 7, 13, 14, 19, 25, and 60 were prepared
using essentially the sanple protdgemplai4gh m nor variations, as
noted below. 5 Step 1. Prepare antibody solution: Prepare a sol ution
of the antibody in | apeddargtidiidif @fgo@clatiideRe Catildatds + 0. 15M NaCl +
20% gl ycerol) at a concentration of about 2-20 ng/m. 10 The
concentration of the antibody in solution can be cal culated fromthe
Beer- Lanbert Law, A290 = ep.C. L, where A290 is the absorbance

measur e oF Pt vel engt f.
reasur oh SLaghl-PE L) Shohds 118 PR L AR @%@%?ﬂ@’a‘@e@ﬁ'ﬂ”ﬁ%@vﬁ in4
protein, CIS t e conceg tlon and L is the Iengjth of the lig

path t hib¥@eT Ho &5 iad )ﬁotl-‘ﬁd?fc%ﬂm@@@da?ﬂa@ady $ad erPLin, TQQaHﬂ&bT of
224,000 cm 15 Step 2. Prepare dye solution: A dye solution is

pr epar ed bgdiditsboriatd, il §.5e Adige 16hoDKSA0 |Toé 5dd NadR tandt3 arumés bheoldy e
solution is determ ned as descri bed bel ow. The accuracy of the

neasyr egdnodbird Aedell ETIROMBRINTI8holBdnBY2(7e, bamrirNed, B dubkfiatant is
20di luting the dye 1/100 in 1M glycine, pH 9.6. The concentration of

the dvegbeaﬁ@hutth;g 1P PROSAEUIRLRS LIt IRCPRFel BIBSILa P60 (X

b X |sf hﬁ ance meas e naxi mum
??2? i PE:\’P&R%W ‘ﬁ@gﬁ@@?@&%@%@ﬂa Pt By T con g P%%ﬁ% | engt h
absor pt POIPHIEY ENLAYRPBIER RENS MBS AEESPe '@@nvglxeaﬂ&ﬁva%@r%a%xekgf ;

ot her dye conpounds, the HBX|nun1absorpt|on wavel engt h of the
reactive dye should be neasured prior to the conjugation. 5 Step 3.
Carry out conjugation reaction: Calculate anounts of the antibody and
dye 8ol utions to obtain the desir&dampled excess of dye in the
reaction. For optlnlzatlon studles reactlons are carrled out using a
range of nol ar (e& SNAL 3 D g :
excess of dye. Add the antlbody solutlon to t he dye solution with
effective stirring or shaking, and keep the reaction mxture stirred
or

Analyte-specific antibodies conjugated to a dye compound of the present invention
(i.e, labeled antibodies) are useful for the analysis of blood cells (for example, in
20 whole blood samples) by flow cytometry, The labeled-antibodies are used to label

(stain) cellular proteins, and the labeled cells are detected using a flow cytometer.

Samples (100 uL) of whole blood (preferably collected in EDTA) typically are stained
with antibody-dye conjugate for 30-60 minutes in the dark at a dye-conjugate

25 conceniration of 1 pg or less per 0.1 ml of blood. Following staining, 2 mL of 1X
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to shaken for 1-2 hrs to obtain the antibody-dye conjugate. Step 4.
Purify the conjugate: The anti body-dye conjugate can be purified

usi ng Bi oSpin colum. Load 50pl of anti body-dye conjugate sol ution and
50pla chase buffer (PBS + 20% gI ycerol + 0.1% NaN3) on a Bio- Spi n

cpi n ool EAS ™ huba S HRR B loafenre o Cidsar ST & ‘c‘ﬁ??ikbb@? Salde
Aror o h o Egs st i, shwel i vor g e Shsl gD W&m??%c@ﬂfpem s

protocol . 20 Ste 5. Determ ne the degree of substitution o

ant i bodytemmr%m t@gapénmﬁféleoﬁegv Rle f%?e@ufyged @&?r@@g((mraiby 2- 300) for 5
cal cul ated using the foll owi ng equation: = [dye] /[ anti body]

=P( A. 55 minaxg9 andithe uperrgtant ig decamiad, The saﬁmi%lq\u@@]ed (seguspenyed in 2
concentration, [antibody] is the antibody concentration, Arax is the
absorbane afBakBEA/BRES Washravier mixsss ang tenmniugede heingt ﬂe~smspehéedzl§ne,
A280 is the absorbance neasured at 280 nm ep is the nolar extinction
coef fi cigither 0f5 inherfavdshidndier pr 6@ uhof Bighytion Stabhieattan Buffers bha dikldoat 4
coefficient of the dye. It should be noted 5 that to obtain accurate
DCS, t heamiveat&isihewictnzgsts.ee of the non-conjugated dye. For
effective | abeling, the degree of substitution typically should fall
bet ween 3-20 nol es of dye to one nole of antibody. As is well known
in the art, the DOS that provides optinmal |abeling will depend on the

ant i body, , r'sﬁlsbpt[h %@ﬁn% %gﬁ’s Rl%fé]jagg% cén?@%éj%éﬁnpraogbq.l%R m?lroWEd

| abel i ng. g 1S determne rical

e B S ?géé?@%%q@ﬁ@“ Ao %J“%. Bres.
Exi‘Z‘éL? CEpAamachl vidlt BbaahiiaghL MR statenimipS i °X4?§%ée iina

pol ysaccharl de chain attached to in
acet at e,>4/ak8m %5%?708”5%‘19"@?’“0'&10 a’E"?@a? I—‘:’G’ %\%W?E'OPO 96? ‘@BERQE%'"Q
nmet aperi odate on ice for period of tinme experinentally determ ned
to be 2@@@@&%&&@*8@@%@&9%9%%@ e snd @9 axhiniian %*C'té‘}/'@l'éﬁ]ﬁi‘é“@moups
on the glycoprotein, which are then reacted with Cor‘rﬁound 5. The
reacti or@owkmgtcrbqy@tﬂleb@%metmlaﬁoapf Bw violet lesaly lpadléhg pnissiion Teva the
anti bodies are purified on a Sephadex &5 col um packed in PBS pH
7. 2. 15Onebivpoiyrnessds o sofedlinNhe &&b(5H on datdstina tbanseladdedlomocytainsterihe
pH and Conpound 5 is added at a nolar ratio of dye to protein of
50: 1. 25Ehe folewhigahe insaraifactoed satstruations. eRiper gtemetricamalysizesfithe  of
time experinmentally

sample of stained cells is carried out according to the manufacturer's protocols, and

the data is analyzed using standard techniques well known in the field to obtain the
median fluorescence intensity for the cell population of interest.

20
It will be understood that the particular antibody conjugate used and the specific
reaction components and particular reaction conditions used can have an effect on
the resulis obtained. Routine experimentation should be carried out to determine

preferred reaction components, such as buffers or lyse solutions, and reaction
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determned to be sufficient to result in the desired dye/protein
rati o. Sodi um cyanoborohydride is added to a final concentration of
10 mMM and the reaction is stirred for 4 hours at room tenperature.
The anti body conjugates are purified by dialysis and on Sephadex G5
colums as descri bed above. Peri odate-oxidi zed | ycoproteins in gels
ond on: br ot Ny S 8aS S04 Sampr SHroS VB CoM BepEOn
and MIler, 1986, Anal. Biochem 157:100-105. Exanple 44 Preparation
Of A Prode§ay-aopeitiopnjugfandandsiragfics imthefielhed Fnmyuaosipiningbasashasaeysn
of beta-gal actosi dase, a protein rich in free thiol groups, is
prepared in PBS (2.0 ng in 400 pL). The protein solution is then
treated with a 10 ng/L solution of the mal eim de derivative Conpound
9 in DW. Unreacted dye is renovedbxamplesii n col unm. The degree of
substitution by the dye is estimated using the extinction
15coef fici ent of tIyefdopfuddiies ofentdebdl CDednd CBAamptiBodids The
protein concentration is estimted fromthe absorbance at 280 nm
corrected for the absorbance of Conpound 9 at that wavel ength.
Exanpl e 45 Preparati on of Am nodextran-Dye Conjugates
Am nodexhyans } f ing
BIBoGaree W&S?&%ﬁ% BisREPRbEACESpLANL RNEDIMRAEDRL (S

70, 000 extran erivati zed an average o

ST o, SR BRI TIPSR AR 2
dded ' / ' f 10-15. 6-12
e SSn SRR AR P el B

oL WoReLEIE TR RaTRIER G TR B

M crospheres M crospheres can be |abeled with a dye of the present
i nvent | ¢ EYRTMRE HhEbevea ThampliPodi-coitgatrs aihe 6Pt @l COE aniiasiesar e
descri bed, below toM crospheres chemcally nodified to have -
f unct i onéaregieed 52 asalyke hsnrlivciites ie amheladiood sanmplase BysriYialy ag Hescribed
surface can be surface-|abeled by covalently conjugating the surface
groups W ekamapleotd, edpeadi ng reactive dyes, as listed in Table 1. For
exanple, am ne-nodified mcrospheres are readily conjugated to the
dyes of the invention through succinimdyl esters, such as Conpound
7, 13, 14, 19,25 or 60.

15 The data indicated an optimal dye-to-protein ratio for each antibody-dye pair. For

each antibody, the optimal dye-to-protein ratio for each of the three dyes occurred at
similar ratios. Comparing the different antibodies conjugated to the same dyes, the
optimal dye-to-protein ratios were significantly different, with optimal fluorescence
observed at a higher ratio for CD4. In these experiments, no appreciable self-

20  quenching was observed with the CD4 dye-conjugates having dye-to-protein ratios
higher than the optimal ratio (over the tested range) - the fluorescence remained at
the optimal level. In contrast, significant self-quenching was observed with CD45
dye-conjugates having a dye-to-protein ratio higher than the optimal ratio.

Comparing the maximum fluorescence staining obtained using each dye compound,
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15 A dye-| abel ed protein, prepared as descri bed above, can be
covalently coupled through its am ne residues to carboxyl ate groups
on a mcrosphere using ethyl 3- (dinethylam nopropyl)carbodiim de
(EDAC). Alternatively, the dye-I|abel ed protein can be passively

adsor bed e by 1 A5ASRBEHE dFaLcdta T g SR PROAGHES IR el

20m cros S are suspended 1n a so proté€in, the
protein is allowed.to passively.adsorh. t he m grospheres, and
Excess prigiare el pitabais SebrB ARt gt FamPine Bien ng.

M croparticles of a size that cannot be centrifuged are separated
from excess protein by dialysis through a sem -perneabl e nenbrane
with a high MVWcutoff or by gel filtration chronatography. 25

Bi ot i ny| Bbemeswts inskigmie ihad a&&%re@eﬂner%l&atw are ysedyl e prepaAriagmntigendi n
or anti-biotin conjugated to a dye of the invention, as described
aboves ExmviflcedetgctBiriepgenisifonmenunaiicbmscedes dyaaysamalygad &y flow

Nucl eoti des conjugated with the dyes of invention can be readily

pr epar edcyiymetipe tmeersdeal, keadh the optenairdyeftoldroteimmeptiv lie deferhinedampirically
publ i shed procedures, such as those described in M N mrakayal u et

al ., 200@y rBiitricesitimiatten )36 edchBefetlic antibbiiceiggRibelid. al ., 1990, Bi ol
Chem Hoppe Seyler 371, 953-965; and Gaid et al., 1989,

Hi stochem stry 93, 191-196. Exanples of particular conjugations are
descri bed, below. To 2 ng of 5-(3-am noallyl)-2'-deoxyuridine

5'-triphosphate (Sigma-Aldrich) inglOQgkids 15 water is added Conpound
7, 13, 14, 19, 25 or 60 in 1001. 11_D|VFLGTI’1_C]' 5 pi triethylam ne. After

3 hoyrs, the sol uiign:i t | g siSByELET ed b
Ll The preO;(Jc@F%nlga@mﬁf@%?@@ﬂ'i B@Braerﬁj' @BQs'ﬁ%uBH&bE'ea y

nucl eoti de conjugate. Alternatively, fluorescent dye-conjugates of
deoxyuridine 5 -triphosphate are 20prepared from

5-(3-am po- 1- l'y2' -d i di ot hat ti
2 Uhi o dDGICATUPREE et srenaren Ppcei e et BRduRiR, S iod. 8 Hnd
thiol-reactive dye of the é_l%%/fé]}t(é,os?K’F,SUCh [5?15 t he nal elfrpode Conmpound

9) . Clafs apiieddige(glones and 2D1, respectively, from BD
3')-2-ammi noet hyl am nocar bonyl adenosi ne 5' -tri phosphate is 25reacted

with a Sipggiencsee 888 Jopeofip ®@al coniugateds in separats RieP@BLCNSHIP owi ng

precipitation with ethanol, the ribose-nodified product is purified

by prsepdiempeendiPLayer a range of dye/protein ratios. The antibody-dye conjugates were
prepared essentially as described in example 42, above. The dye-conjugates of the
CD3, CD4, CD8, and CD45 antibedies were used to analyze lymphocyte cells in

whole blood samples, essentially as described in example 49, above.

20  The results of the analyses are summarized in Figures 3-8, which show plots of the
fluorescence intensity of the lymphocyte population labeled by the dye-conjugate,
plotted against the dye-to-protein ratio for each dye-conjugate. In Figures 3-5, the
fluorescence intensity is reported as a “stain index” that provides a measure of the
fluorescence intensity of a stained cell population over the signal measured from an

25 unstained, “negative” population (i.e., background), relafive to the width of the
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Exanpl e 48 5Preparati on of O igonucl eotide-Dye Conjugates A

5' -am ne-nodi fied, 18-base ML3 priner sequence (about 100 pg) is
dissolved in 4 gl water. To this is added 250 pg of Conpound 7, 13,
14, 19, 25 or 60 in 100 pl 0.1 Msodiumborate, pH 8.5. After 16

hour s NaCl and 3 vol s of cold 10et hanol

The. m xt airgtadon 36iliyestegesesdnd for Deaaidied oo Fibn Gre WEcKr e
decanted, the pellet is rinsed with_ethanol, and t pellet is then
di ssol vedh RAO4.devtometiidiast A 6?%1519&6@3de5?|5§@5%0@@§6‘§ Fiﬁﬁzne?%a?)url fied
by HPLC. The desired peak is collected and evaporated to give the

fl uorescent oligonucleotide-dye conjugate. 15Exanple 49 Cell Analysis
by Fl ow Cytonetry using Dye-Anti body Coni ugates Anal yte-specific

anti bodi es costpingaded=t(& aJpi@ cdpoegadivef, t he present invention
(i.e, labeled antibodies) are useful for the analysis of blood cells
(for xanple, in 20 whol e bl ood sanples) by flow cytonetry. The

| abel ed- anti bodi es are used to | abel (stain) cellular proteins, and

the | abahﬁéi'eﬁﬁs|l§th’@rmedﬁhﬁmb%écéﬁ(tél@téhsfty‘PMFE%@&@II‘@«H frofrpiiRl 25inéd @8Il
pL) of whole blood (preferably collected in EDTA) typically are

stai ned yid It LOBEEYS a«hqms%@ﬁé&cénpﬁoﬁﬂat% %a@cﬁ%é%anw%tﬁér k at

a dye-conjugat e 25concentration of | ess | ood.

B oscl encd C Loy adef Lt eny é\ i Zﬁgﬁg”ﬁ%%ﬁg’%ﬁét% n
Cemper atTia o Grnd DR CoEO ALY S’*?EO@Q%?% E‘fﬁmsﬁ%i‘tbﬁégféaé‘%ptﬁ%ﬂ‘sw
s o el R D R i SR M

m xed, and centri fuge W ce, re-suspended i ther 5 mL of wash
but fer QYMBBeLHe pePglﬁ?ga%%ﬁoo@% ekl s ¥ FRAOTE BRI oy 4 @
until flow cytometric analysis. Analysis of the stained cells

pref er atﬁX?ef@eBEﬁ ﬁﬂ@éh%ﬁfta'm@ﬁ%CﬁUIQIUEQRCﬁICUﬁt@J@v to cytometer (BD

Bi osci ences, San Jose, CA) equipped with a blue (488 nm, a red (-633
nm,and a violet (405 nm | aser. The detection optics includes
detection in a 525/50 nm fl uorescence detection channel. Fl uorescent
bi opol yniéesoptineal dyettadpretgindyéo s tovach df theudye-asnj@atpdantibddied ®, and
25 exhibit an excitation maxi num cl osely matching the 405 nm em ssi on
of tihe \praviéed IreFatsle 4abdiotvhe em ssion fromthe 15 biopolyners is
measured in the 525150 nm det ecti on channel. The flow cytoneter is
setup follow ng the manufacturer's Tagkracti ons. Flow cytonetric

anal ysis of the sanple of stained cells Is carried out according to
the manufacturer's protocol gpiigRfDYE%-PRéRiH Ra@tel Yzed using standard
techni ques well known in the frerd to obtarn the nedian fluorescence
intensity for thegTett—poputationm of jinterest—20+t—wii b
under st ood t hat theﬂﬁ@bﬁﬂbﬁpaﬂﬂ@htlbod@pwbﬁhﬁw%kEPU§@dFﬁﬁ@ I he
specific reactiopn_conponents and particular reaction condit]ons used
can have an effect on th sul ts obtlai ned. Routd ne experinentation
shoul d be carriegd out to deferm ne preferred reacti on conpohents,
such as buffers jpr—tyse—soluti-ons—afit—+eaction

CD4 25
CD8 28
CD45 9
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conditions, including staining tinmes and tenperatures. Such routine
optim zation of assay conditions is standard practice in the field of
i munost ai ni ng- based assays. Exanpl e 50 5Dye-conjugates of anti-Ch,
CD8 and C045 Anti bodi es Dye-conjugates were prepared using antibodies

specific nd: 201,.. ' QM

Bi osci eng@grecg;éﬁﬁ'@gg % %Afgtﬁé gg%ﬁo c%ﬁ?ﬁé’g{r@d& 9 %&g@%%éa?gém J&IB%'QQ
preparations, .t ounds -7,.. 13, and ._over .a range -Qf dye-to-
opr ot oi feMa6E o BRBER R ket & ePdt af utbiaidpa s e iy
essentially as described in ex | e 42, above. The . X

et Do SiE BRPBE S GO ot S CaNLPRISa L 5.6R8 ARLibady dpbeled
anal yze | ynphocytes in whol e bl ood sanples, essentially as described
i n exanpiéh Fompasde’ enapfeedigaiminetan ggiwfaﬁe%xmﬁmcvé/@owaw\@rn
ratio for each anti body-dye pair. For each anti body, the optinal

dye- to- phagkgrounddiuasesennceiie & flow aykemetiicdanmiyeduoesaencedassaysiFer this
rati os. Conparing the different antibodies conjugated to the sane
dyes, t hantibpdymad dpecntipatione self-gatnadingveas cbisgrvefliat dpe-fig-pditéiheatios |
with optiml fluorescence observed at a higher ratio for CD4. In

t hese exgisivietReicptimad appreci abl e sel f- 20 quenchi ng was observed
with the CD4 dye-conjugates having dye-to-protein ratios higher than
the optimal ratio (over the tested range) - the fluorescence renai ned
at the optimal level. In contrast, significant self-quenching was

obser Veq:ig‘iﬁ%%s 9@@%@9&%‘%@% 0ging r@é%@ﬁrﬁnﬁ @icﬂa& ahliSodies

hi gher th e opti rati1 o. Conparing uor escence

A T
al 1t i oA o SRR et PR o B b3 b A el Rt

for i mmunof| uor

et o ol ERAED S Lo FIIBLBAEFE S06S 558X B BRI il e

determ ned enpiri.cal | by. roytine optimzatiop) for each spegifjc¢
BN bt R e ER R R A T e e
CD8 and CD45 Anti bodi es Dye-conjugates were prepared using four

di f f er eritntigpdy podidye combinatiopylitiepel-ayaachina wagmbssber el dyetienpeatenky,
SK3, SKI, and 2D1, respectively, from BD Bi osci ences, San Jose, CA)
eachisconptiemakene the apdipwl arevigingrabreed sgagge pbussbrglioand 7 over a
range of dye/protein ratios. The anti body-dye conjugates were
prepared essentially as described in exanple 42, above. The
dye-conjugates of the CD3, CD4, CD8, and CD45 anti bodies were used to
anal yze Higureltshdves a @ldiof the ddtalobtdabdsingtipbesnjugatandfiGds ynitsodies
described in exanple 49, above. 20 The results of the anal yses are

sumar | @@;u’fgatéﬂ M@mﬁauﬁd 7\EEA rédvoidyels-mbtdih fatiob U The $RSISEm
intensity of the |ynphocyte popul ation | abeled by the dye-conjugate,

plotted s?éiﬁiir‘itﬁsﬁc 6t]§ciﬁin@&1%“ehfb‘ri§fr9{e%itﬁatr el i atE26MHHYEDE UMK} Ribeldd

Figures 3-5, the uorescence intensity 1S reported as a "stain

L oo, B CBRBBLAET, chalRAAK S hatdiPof thUQSREERATHARIE TR LKA B der

ation over the signal neasure unst al ned,

the o s BRPHyTubRY bhed i AR EHGBIEN bnfrBh B el oS s
-ﬁ)—ﬁgu !s? ;:q%%pfqa}zgnql}%ﬁg Eghpﬁ{?tiglg; li e? gélf—q%l%&rlr% \riv\és%%rsérvéd% é\yé c?—b%o%gaw'

ratios above the optimal, providing a broad range of useable ratios.
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stain index = (S - U [/ (2 *SD negative), 5 wherein S is the nedian
fluorescence intensity (MFl) nmeasured fromthe stained cel

popul ation, U the MFI of an unstained cell population, and

SD negative is the standard deviation of the fluorescence intensity
of the upstainped cell population. In Figure 6, the fluorescence

i nt ensi tyIGHEe § SREWE APIRisOT (hr dRIEAbARNEY Hémsseb@rﬁonltraaé@%@ft yD4p apigdies
Because CD45 anti body binds to all |ynphocytes, there were no

unst ai ne@PriyaaiedtyCempepod dtavens reeghel diselo- protein mtiesuris the MFI
background in these experinments, and the stain index could not be
cal cul atdzhends on, threxaptplardihe dyetodeteptorigeimtheanaxdsiufroMFéablained ddes
dye-conjugated anti bodies is 15provided in Table 4, below Table 4
Opt i mal ratetireoctyPindlcatentHeattiiitysof thatiybedyjugardbf distibyuiéiihy o8l populations.
Dye-to-Protein Ratio CD3 5 CD4 25 CD8 28 CD45 9 Figure 3 shows a

pl ot sof Hé‘ﬁe&@tme@fe%d@ﬁbdﬂés SOhRYCD 4D BhitsREEbaed Gith @dthhBaeH ?ﬁv_le_ere

conj ugated to Conpound over a range of dye to-protein ratlos

maxi ”Umﬁs@h&d‘tﬂ%&vm@@%@b&ﬁ&e%&ﬁéb g&m db%tfbﬂe}fmf)éeqﬁ ]ﬂ% te hi's

CD3 anti body | abel ed with Conpound scrlnlnatlon 0

stai ned agymrﬂe%maﬂy+@5ba{be%%éy§ g %Hp'aua gfb?nat@ndye

flow cyt I C I MMuNoT | uorescence” assay S an y an

above t RETAERENG HERGGH e qx%“ieﬂa%‘%?“ %%'0?%@03%5 £ e' ricfialio,

dye- COH]H es of Ch4 an& ies o conjugated to Cbnpound 7 over a

range of %}f"en?%o‘%?ror?@gﬁo H?‘? © TH9&: maxi mum stai n i ndex obt ai ned

denD@strates t hat dye- conjugates of this CD4 antibody | abeled with
und 7 enabl es discrimnation of the stained | ynphocyte

popul ati on over background fluorescence in a flow cytonetric

i munof | uor escence assay. For this anti body and dye conbi nati on,

little sel f-quenching was observed at dye-to-protein
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15ratios above the optinmal, providing a broad range of useable
ratios. Figure 5 shows a plot of the data obtained using
dye-conjugates of CD8 anti bodi es conjugated to Conpound 7 over a
range of dye-to-protein ratios. The maxi num stain i ndex obtained
dennnstre&ﬁ E?t dye-conjugates of this CD8 antibody |abeled 20 with
Conpound YYN&h5I&@eHi'%cri ni nati on of the stained | ynphocyte
popul ati on over background fluorescence in a flow cytonetric

i munof | dor est 6AE®OHRE Agvingdhe stiicumgat i body and dye conbi nati on,
little sel f-quenching was observed at dye-to-protein ratios above t he
optimal, providing a broad range of Ruseabl e rati os. Figure 6 shows
a plot of the data obtained usitig _dye--OqpiQgat es of CD45 anti bodi es
conjugated to Conpound 7 over a rd of dye-to-protein ratios. As
the MFI depends on, for exanpl e,Rr3 POt odetegf or gain the maxi mnum
VFI obt ai ned does not directly |nd|-$1- thé utility of the
dye-conjugate for distinguishing cel popuﬁatlons 5 However, the
dye-conjugates of this C045 anti body | abel ed with Conpound 7 were
obser vedvfiereppr ovi de adequate | abeling of |ynphocyte popul ations for
use in flow cytonetric imunofluorescence assays. For this antibody

and dye conbiH@id §ReteFdyiciit@NBNNE R FoRREIGYAH ednsiiiifigidd- Prot ei n

rati os above the optimal, indicating that a narrower range of useabl e
ratios. 10 What_is clai rred is: A conposrd havi ng the ructure:
wherein NCis aé/h_ér)ero Vol e -fo@ 0\ fr@ (_QH' consi sting
of R1, S R3, 5, R6 are,Afndependént | IN hal ogen,

al kyl , al koxy, aryl oxY, thiol, aI kyl t hi oI aryl tihi ol ,Hazi do am no,

hydr oxy, sul fonyl,sb\‘ phosphonyl, besgni c agid, L- G al kyl or

al koxy that is i ubstE 19 tit d nore tinmes
by hal ogen, am /t, ‘ < rgr\l ca(r hory! , boronic
acid, LRG or WSG RG | s a che i cal I y reactive group, wherein

RGis an acryla am ne, rbox aci d, ap.activated ester
of a carboxyli ﬁmz Eacyl de .\/:rﬁtrl @@ fehyde, an
al kyl halide, amn% nhy 2 haI | de7~apNazi de9 z#1 i dine, a

boronate, a di azoal kane a hal oacet am de, a halotriazine, a

h h

coml ex. a SBrdngt Faihahd o arcipapanenty 4, oder ﬁ@vmﬂeﬁra%'w 3,
l'i nker, wherein L resent or is one of an al kyl, al koxy,

t hi oal k{f#o: afkv @Whé%f@r% 2iflcs @i ddFrcyagiiépnyh dihpaRRiony). keronic acid,

pol yet hgl eneg] C an arﬁ‘p or a heteroaryl; WG is a

wat er - sbtiie %Gdtrpﬁl kyhee alpiy s isself wsubglitetedorisnbsiiuiedzans ommore
phosphate, a boronate, an ammonium a pyridium a quinoliumor an
acri di ufnestbyl hedegern aeind, HRtroxresulfBy!, RAOSFINYAMAIRBIYE doretioackd; RG;
and at least one of Rl, R2, IR3, R4, R5, and R6 is WG 2. The
conpounB&@for@&/aiGm 1 havi ng the structure: R4 HOD ORE

RG is a chemically reactive group, wherein RG is an acrylamide, an amine, a
carboxylic acid, an activated ester of a carboxylic acid, an acyl azide, an acyl nitrile,
an aldehyde, an alkyl halide, an anhydride, an aryl halide, an azide, an aziridine, a
boronate, a diazoalkane, a haloacetamide, a halotriazine, a hydrazine, a
hydroxylamine, an imido ester, a maleimide, a platinum complex, a sulfonyl halide or

a psoralen;
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R3/x R2 R1 wherein Xis 0, S, NHor NRio; Yis NH NR11l, CH or CR12;
Rl, R2, R3, R4, R5, R6, R10, R11l, and R12, are independently H,

hal ogen, al kyl, al koxy, aryloxy, thiol, alkylthiol, arylthiol, azido,
am no, hydroxy, sulfonyl, phosphonyl, boronic acid, L-RG WG or

al kyl or al ko 1St I t t r r
nore tinmes byﬁ(?;sa%’@géthd”s%hﬁg'ﬁeg Jvﬂé'%frglgis hétth %genn3lor ?&?@é %ﬁ%ﬁ\ IIQyIOQﬁ’(oS?y, a
car bonyl ., .bqroni c_aci east one

5, o) RighTke 2l deid LoHirmboEsPosRITas. ] Balg?th%@egfybﬁianﬁéﬁ
R3, R4, R5, Rs, R10, R11, and R12 is WG 3. The conpound of Caim1l
havi ng t Pie? Betetieqnyk e: HOa 0 ORvi fl( Ro R3X\ R12 , R2 R, wherein
Xis 0 ors; R3, R4, R10, Rl11l, and Rl12 are |ndependently
H, hal ogen, afVigidis %Wﬁt%wsolt&l@gw, wharesn WSE i ashlfate, adhigsuligtola

azi do, am no, hydroxy, sulfonyl, phosphonyl, boronic acid, L-RG WG
or al kylpmsmlatemwtrhm’tei an ptrgadiumng PYsdiLMy Beglinelivsubsan satididmone or
nore tinmes by hal ogen, am no, hydroxy, sulfonyl, phosphonyl,

car bonyl, boratiéastaoedf Ry; RGRHR,VBG anat Rd eagaineheR6f aRkl, R2, R3, R4,
R10, R11, and R12 contains L-RG and at |east one of Rl, R2, R3, R4,

R10, Ri11, anobtﬁﬂé?stloﬁe%mﬂg,memoap@md?@rs W@, m 1 having the
formula: wherein Xis 0 or S

2. The compound of Claim 1 having the structure:
R4
HO 0_0_ [Re
5
R3 L X Rs
Ry Ry
wherein

Xis O, S, NH or NRyg;

Y is NH, NR11, CH, or CR+z;

R4, R2, R3, R4, Rs, Rg, Rio, Ry1, and Ry, aré independently H, halogen, alkyl,
alkoxy, aryloxy, thiol, alkylthiol, arylthiol, azido, amino, hydroxy, sulfonyl,
phosphonyl, boronic acid, L-RG, WSG, or alkyl or alkoxy that is itself
unsubstituted or substituted one or more times by halogen, amino, hydroxy,
sulfonyl, phosphonyl, carbonyl, boronic acid, L-RG, or WSG;

at least one of R4, Ry, R, R4, Rs, Re, Rig, R11, and Rqz contains L-RG; and

at least one of R4, Rz, Ra, R4, Rs, Re, R, R11, and Ryzis WSG.

3. The compound of Claim 1 having the structure:
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Rl, R2, R3, R4, R10, and Rl11l are independently H, hal ogen, alkyl,

al koxy, aryloxy, thiol, alkylthiol, arylthiol, azido, am no, hydroxy,

sul fonyl, phosphonyl, boronic acid, L-RG WG or al kyl or al koxy

that is itself optionally substituted one or nore tines by hal ogen,

am no, hydroxy, sulfonyl, phosphopyl, carbonyl, boronic acid, L-RG

or WG at |east one of Rl R2, R R4 RlO R%nd R11 contains L-RG
3Cap® R i G and at |east one

at Igaast one of Ri, R2 R3, F@’tj

of Rio and R11 contains a sulfo . ound of Caim1 having
the formula: R4 HO a. 0 0 R10 RSRIY R&))Q!\RZ Rl PG wherein Xis
0 ors; Rl, R2, R3, R4, R®w, &apd Rll arehandependentIy

hydr ogen, chi oro fluoro or suI fonate; and wherein at |east one of

Ri o and a sulfonate. 6. The conpound of Claim5 wherein RGis
an actlvateg ester of a carboxylic acid, an acyl azide, an acyl
nitrite, an z*i e[§§ g‘ an al kyl halide, an aryl halide, an azide, an
aziridine, % o2&t ami de, a halotriazine, an amne, a hydra2| ne,
hydr oxyl am n n o_ester, a i mde. The oun

Cl aim5 wher gﬁnﬁﬁ Fﬂ‘oﬁ%ﬁ:‘%s@ﬂghﬁ(am@ ‘?’Peéld@ﬂy Z[ahﬁpﬁg? k"h@'g%’ﬁkyl
an amno acid, a su am no acid, a polyam ne or

pol yet hﬁ%’ﬁéﬁgltp@blauﬂﬁﬁpl rawthiclpazida,raspino abyshexy, %'fomepmﬁﬁb@ﬁﬂd of

Caim1l having the formula: R4 HOO 0 R-10 R11
boronic acid, L-RG, WSG, or alkyl or alkoxy that is itself unsubstituted or substituted

one or mare times by halogen, amino, hydroxy, sulfonyl, phosphonyl, carbonyl,
boronic acid, L-RG, or WSG; ‘
at least one of Ry, Ry, R3, R4, Ryg, Ryy, and Ry2 contains L-RG; and

at least one of Ry, Ra, R3, R4‘ R, Rﬂ,and Rq2 is WSG.

4. The compound of Claim 1 having the formula:
HO iy oo TR,
R3 “ 5&
Rz Ry L-RG .
wherein
XisOorS;

Rq, Rz, Ra, Rs, Rig, and Rqq are independently H, halogen, alkyl, alkoxy,
aryloxy, thiol, alkylthiol, arylthiol, azido, amino, hydroxy, sulfenyl, phosphonyl,
boronic acid, L-RG, WSG, or alky! or alkoxy that is itself optionally substituted
one or more times by halogen, amino, hydroxy, sulfonyl, phosphonwi, carbonyl,
boronic acid, L.-RG, or WSG;

at least one of Ry, Rz, R3, Rs, Rig, and Ry contains L-RG;
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L-ROR3 R2 R1 wherein R1, R2, R3, Ra, R10, and Rl1l are

I ndependent |y hydrogen, chloro, fluor or sulfonate; and wherein at

| east one of R10 and Ril is a sulfonate. 9. The conpound of Claiml

having the forrmula: wherein R3, Rel, R10, and Rl1l1l are

i ndependent | y. hlor | gor a ' | fonate; n is an
FPARREN TR S ekl SRR &

I nteger of 1- _ a ast “one 'of" RIL R11 is a
sulfonate. 10,5 d%feH 5 3R R, e ARt CufoRbE! & R4 HOO O

5. The compound of Claim 1 having the formula:

HO fy oo Rl S
. P /i%%—L——wRG
R, Ry ,
wherein
XisOQorS:

R1, Ra, Ra, R, Rio, and R4 are independently hydrogen, chloro, fluoro or
sulfonate; and

wherein at least one of R4y and R441s a sulfonate.

6. The compound of Claim 5 wherein RG is an activated ester of a carboxylic
acid, an acyl azide, an acyl! nitrile, an aldehyde, an alkyl halide, an aryl halide, an
azide, an aziridine, a haloacetamide, a halotriazine, an amine, a hydrazine, a

hydroxylamine, an imido ester, or a maleimide.
7. The compound of Claim 5 wherein L is not present or is an alkyl, alkoxy, a
thioalkyl, an amino acid, a sulfo amino acid, a polyamine or a polyethyleneglycol that

has 3-20 carbon atoms.

8. The compound of Claim 1 having the formula:
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R2 Rl HC-R6 R5 wherein HC is a heterocycle selected fromthe group
consi sting of R, R2, R3, R4, R5, and R5 are independently H
hal ogen, al kyl, al koxy, aryloxy, thiol, alkylthiol, arylthiol, azido,
am no, hydroxy, sulfonyl, phosphonyl, boronic acid, WG or alkyl or
al koxy that is itself unsubstityted or substituted one or nore timnes
by hal ogen, am no, hydroxy car bonyl, boronic
acid, or W5G WEG |SH9 ﬁp wherein WsG is a
sul fonate, a thiosulfonate, a proggte, an ammonium a
pyridium a quinoliumor anRa lum n $s an integer of 1-35; SUB
is a substrate, wherein SUB is R bRppol ymer; at | east one of

Rl, R2, R3, R4, R5, and R6 is covalently bound to S through an
optlonal hépeker L, wherein L is not present or is an aIkyI al koxy, a
thioal kyl, an am no acid, a sulfo am no acid, polyam ne,

o) VSV ek g, RSB O R Y ™

havi ng t ; uctyre: wherein Xis 0, S, NHor NR-io; Yis NH NRL 1,
CH, or cﬂ?”aea , R2, R3, R4, R5, R6, RIO, R11, and R12, are

i ndependentl hal en, al al ko | oxy, thiol, alkylthiol,
aryl t hiol , top ﬁé&?a”‘%gﬁﬁ “% phonyl , boronic acid,
W5G, or al kyI or al koxy that is itself unsubstltut ed or substituted
one or nore times by hal ogen, am no, hydroxy, sulfonyl, phosphonyl,
carbonyl, boronic acid, or W5G at | east one of Rl, R2, R3t
R4, RS, Re61 Rtercorimoungref Glaim i dayipedhefmrmplasound to SUB t hrough t he
optional linker L; and at |least one of RlL, R2, R3, R4, R5, R5, RI1O,
R11, and R12 is WG 12. The e- conj u%ate of clceu m 10 havi ng the
structure: HO o RIV Ry

R3 S n O

wherein

Ra, Rs, Rip, and R4+ are independently hydrogen, chloro, fluoro, cyano, or
suifonate;

nis an integer of 1-10; and

wherein at least one of Rig and R4+ is a sulfonate,

10. A dye-conjugate having the formula:

R4
HO o0 | <k
R3 = HO—Rs
R, R
2 i RS
| 4 n

wherein HC is a heterocycle selected from the group consisting of
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wherein Xis 0 or S Rl1, R2, R3, R4, R10, Rl1l1, and Rl12 are

i ndependently H, hal ogen, al kyl, al koxy, aryloxy, thiol, alkyithiol,

arylthiol, azido, am no, hydroxy, sulfonyl, phosphonyl, boronic acid,
W5G, or alkyl or alkoxy that is itself optionally substituted one or

nore tines by hal ogen, am no hydr oxy, suI fonyl, phosph I,

car bonyl, bor on| cid,_or ast R2, R3,
R4, Rio, Rl1, a 2 /s ova/ S/th ou h\ opti onal
linker L; and at 9reast e of 4, R, Rl and R12 IS

WSG. 13. The dye-conj ugate of cI al m 10 havi ng t kb for la: R4Ri 0 HOO

0 74 RBR R V\,herl@l n «‘-‘ and R11 are
i ndependent |y H[ , aI Ky E I o@& th oI\ kyl thiol,
arylthiol, azido}s am n hydro suI phothong oroni c aci d

W5G, or aI kyl or al koxy that IS |tself opt| onal Hy subsrtltut ed one or

more times by h .- ., phosg
car bonyl , boronj {’ ne @@ R3, R4,
R10, and R11l is n Gval e y NS thr w e optT ond nker L;

at | east one of Rl, R2, R3, R4 R10, and R11l is WBG and at |east one
of R0 and Rig &Ogggg RE sHH kOl fidephaehl? HIKEIERRI HRGA! SBhy, by,

10 having the'f
thiol, alkylthiol, arylthiol, azido, amino, hydroxy, sulfonyl, phosphonyl, boronic acid,
WSG, or alkyl or alkoxy that is itself unsubstituted or substituted one or more times
by halogen, amino, hydroxy, sulfonyl, phosphonyl, carbonyl, boronic acid, or WSG;
WSG is a water-soluble group, wherein WSG is a sulfonate, a thiosulfonate, a
phosphonate, a boronate, an ammonium, a pyridiun;l, a quinolium or an acridinium;
n is an integer of 1-35;
SUB is a substrate, wherein SUB is a biopolymer;
at least one of R1, Ry, R3, R4, Rs, and Rg is covalently bound to S through an
optional linker L., wherein L is not present or is an alkyl, alkoxy, a thioalkyl, an amino
acid, a sulfo amino acid, polyamine, a polyethyleneglycol, an aryl, or a heteroaryl;

and

at least one of R4, Ra, R3, R4, Rs, and Rg is WSG.

11.  The dye-conjugate of claim 10 having the structure:

Re
R
Oy | _sus
/oy Rs
X

HO o]

R3
Ra
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Xis 0 or S; Rl, R2, R3, R4, R10, and Rl11l are independently
hydrogen, chloro, fluoro or sulfonate; and wherein at |east one of
R10 and R11 is a sulfonate. 15.The dye-conjugate of one of Cains 10,
12, 13 and 14, wherein SUB is an anti body. 16. A nethod of detecting
an analyte in a sanple, conprising a) conbining the sanple with
a detectiorWh®glent conprising the dye-conjugate of any of clains
10-15; b) formng a conplex of the detection reagent with the

anal yte; and X)s QebebtlH orgNRfve conpl ex. 17. A kit conprising at | east
a reactive dye conpound of any of clains 1-5 and 8- 9. 18. A kit
conpri sing atYlslbl N& dye&HcorGRgat e of any of clains 10-15. 19. The

conpound of claim1 having a structure:

R1, Ra, Ra, R4, Rs, Rs, Rio, R11, and Rz, are independently H, halogen, alkyl,
atkoxy, aryloxy, thiol, alkylthiol, arylthiol, azido, amino, hydroxy, sulfonyl,
phosphonyl, boronic acid, WSG, or alkyl or alkoxy that is itself unsubstituted or
substituted one or more times by halogen, amino, hydroxy, sulfonyl, phosphonyl,
carbonyl, boronic acid, or WSG;

at least one of Ry, Rz, R3, Rq Rs, Rg, Rio, R11, and Rz is covalently bound to

SUB through the optional linker L; and

at least one of Ry, Rz, Rs, R4, Rs, Rs, R1o, R11, and Ryz is WSG.

12. The dye-conjugate of claim 10 having the structure:

Ry R
HO o\fo ;R.H
e
R3 o {X'\x sSuB
Ry Ry Riz

wherein

XisOor§;

R1, Rz, Ra, Rg, Rio, Re1, and Rqz are independently H, halogen, alkyl, alkoxy,
aryloxy, thiol, alkyithiol, arylthiol, azido, amino, hydroxy, sulfonyl, phosphonyf,
boronic acid, WSG, or alkyl or alkoxy that is itself optionally substituted one or more
times by halogen, amino, hydroxy, sulfonyf, phosphonyl, carbonyl, boronic acid, or

WSG;
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at [east one of Ry, Ry, R3, Ry, Rqa, R11,and R4z is covalently bound to S

through the optional linker L; and

at least one of R1, R2, R3, R4. R1o, R'H, and R12 is WSG.

13.  The dye-conjugate of claim 10 having the formula:

Ry R
HO o__0 j;R11
AW
R3 o Q\X}——-SUB
R, Ry

wherein

XisOorS;

R1, Rz, Ra, R4, R4p, and Ry are independently H, halogen, alkyl, alkoxy,
aryloxy, thiol, alkylthiol, arylthiol, azido, amino, hydroxy, sulfonyl, phosphonyi,
boronic acid, W3G, or alkyl or alkoxy that is itself optionally substituted one or
more times by halogen, amino, hydroxy, sulfonyl, phosphonyl, carbonyl, boronic
acid, or WSG;

at ieast one of Ry, Ra, Ra, R4, R4g, and Ry is covalently bound to S through

the optional linker L;
at least one of Ry, Ry, Rs, Rs, Rqg, and R4 is WSG; and

at least one of R4y and R4 contains a sulfonate.

14.  The dye-conjugate of claim 10 having the formula:

R4
HO o. o R0 Ry
F N
o _ S—L—sus
Ry Ry
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wherein
XisOor$S;

R1, Rz, Rs, Rs, Rye, and Ryq are independently hydrogen, chloro, fluoro or

sulfonate; and

wherein at least one of Ry and Ry4 is a sulfonate.

15.  The dye-conjugate of one of Claims 10, 12, 13 and 14, wherein SUB is an

antibody.

16. A method of detecting an analyte in a sample, comprising

a) combining the sample with a detection reagent comprising the dye-
lconjugate of any of claims 10-15;

b) forming a complex of the detection reagent with the analyte; and

b) detecting the complex.

17. A kit comprising at least a reactive dye compound of any of claims 1-5 and 8-

18. A kit comprising at least a dye-conjugate of any of claims 10-15.

19.  The compound of claim 1 having a structure:

HO o. 0 ;&
0

Cl

©” oH ,or
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