Reacti ve Heterocycl e-Substituted 7-Hydroxycoumarins and Their Conjugates 5
BACKGROUND OF THE | NVENTI ON. FI ELD OF THE | NVENTI ON The invention rel ates
to fluorescent chem cals, including reactive dyes and dye-conjugates; 10
and to their uses. DESCRI PTI ON OF RELATED ART Anal yte-specific fluorescent
probes are useful reagents for the analysis of analytes in a 15 sanple. The
anal ytes becone | abel ed through specific binding to the probes, and the

| abeling facilitates detection of the analyte. Applications of fluorescent
probes for the analysis of analytes in a sanple include fluorescence
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fl uorescence microscopy, and vi ?Halfﬁﬁrriéﬁ'nﬂ{egfg% separated anal ytes by

fluorescence staining. These 20 techniques a escri bed by Herzenberg et
al ., "CELLULAR | MMUNOLOGY" 3rd ed., Chapter 22; Blackwell Scientific
Publ i cations (1978); and by Gol dman, "FLUORESCENCE ANTI BODY METHODS"
Academ c Press, New York, (1968); and by Taylor et al., APPLICATI ONS OF

FLUO?ESQENCE I N THE BI QVEDI %lCI%:f{EWE}Q'OﬂPﬁ]E&V“TI(bﬂC , (1986), each of

which i§ incorporated herei m oy refrerence. 25 wWren enpl oyi ng fl uorescent
dyes for the above purposes, there are many considerations affecting the

choice of the fluorescent dye. One consideration is the absorption and
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The invention relates to fluorescent chemicals, including reactive dyes and dye-conjugates;

10  and to their uses.

DESCRIPTION OF RELATED ART

Analyte-specific fluorescent probes are useful reagents for the analysis of analytes in a
15 sample. The analytes become labeled through specific binding to the probes, and the labeling
facilitates detection of the analyte. Applications of fluorescent probes for the analysis of
analytes in a sample include fluorescence immunoassays, including the identification and/or
separation of subpopulations of cells in a mixture of cells by flow cytometry, fluorescence
“microscopy, and visualization of gel separated analytes by fluorescence staining. These
20 techniques are described by Herzenberg et al., "CELLULAR IMMUNOLOGY" 3rd ed.,
~ Chapter 22; Blackwell Scientific Publications (1978); and by Goldman, "FLUORESCENCE
ANTIBODY METHODS" Academic Press, New York, (1968); and by Taylor et 4al.,
APPLICATIONS OF FLUORESCENCE IN THE BIOMEDICAL SCIENCES, Alaﬁ Liss
Iné., (1986), each of which is incorporated herein by reference.
25 ,
When employing fluorescent dyes for the above purposes, there are many considerations
affecting the choice of the fluorescent dye. One consideration is the absoirption and emission
characteristics of the fluorescent dye, since many ligands, receptors, and materials in the
sample under test, e.g., blood, urine, cerebrospinal fluid, will fluoresce and interfere with an

30  accurate determination of the fluorescence of the fluorescent label. This phenomenon is



characteristics of the fluorescent dye, since many |igands, receptors, and
materials in the sanple under test, e.g., blood, urine, cerebrospinal

fluid, will fluoresce and interfere with an 30 accurate determni nation of the
fluorescence of the fluorescent |abel. This phenonenon is | called

aut of | uorescence or background fl uorescence. A second consideration is the
ability to conjugate the fluorescent dye to |ligands, receptors, and other

bi ol ogi cal and non-biological  nmaterials, and the effect of such conjugation
~on the fluorescent dye. In nmany situations, conjugation to another nol ecule
may result in a substantial change in the fluorescent 5 characteristics of
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consideration is whether the fluorescent molecules will interact with each other when in close
proximity, resulting in self-quenching. Another consideration is whether there is non- |
' speciﬁc binding of the fluorescent dye to other compounds or container walls, either by
themselves or in conjunction with the compound to which the fluorescent dye is conjugated.
15 '
The applicability and value of the methods indicated above are closely tied to the availability
of suitable fluorescent compounds. In parﬁcular, there is a need for ﬂubrescent substances
that can be ekcited by the commercial viable laser sources such as the violet laser (405 nnﬁ),b
argon laser (488 nm) and He-Ne laser (633 ﬁm). There are many fluorescent dyes developed
20 for argon laser (488 nm excitation) and He-Ne laser (633 nm excitation).. For éxample,
ﬂuoréscein, which is well excited by 488 nm argon laser, is a useful emittér in the green

region. However, there are few fluorescent dyes available for the 405 nm violet laser.

Certain coumarin dyes have demonstrated utilities for a variety of biological detection

25  applications. See, for example, US Patent No. 6,207,404 to Millér et al.; U.S. Patent No.
5,830,912 to Gee et al.; and U.S. Patent No. 4,956,480 to Robinson. Conipéred to other
fluorescent dyes such as fluoresceins, rhodamines and cyanines, many coumarin dyes have
certain advantageous properties. The smaller size of the coumarin dyes minimizes the effect
of the dye on the affinity and specificity of a dye-labeled antigeri—speciﬁc reagent. In

30 addiﬁon, the smaller coumarins have higher labeling efficiency than fluoresceins, rhodamines
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1998, Science 279:84 and U.S. Patent No. 5,955,604). For labeling small organic molecules,
neither self-quenching nor the quenching by the substrate is a severe problem because only a
~ single coumarin molecule is presént in each conjugate. In contrast, for labeling antibodies,

both self-quenching and quenching by the substrate are a significant concern because it is

15 desirable to conjugate multiple 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” ahd 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 Chemicals,

20 Molecular Probes, 9% ed., pp 7-74, 2002).

Copending U.S. Patent Application Serial No. 12/220,939, filed 7/29,2008, incorporated
herein by reference, describes antibodies conjugated to a plurality of mono-chlorinated, 7-
hydroxycoumarin dyes, and their use in biological assays. These mono—chlorinatéd

25 hydroxycdumarin dyes 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.



10 Chlorinated coumari ns have been used to |abel small organic nol ecul es
(e.g., Zlokarnik et al., 1998, Science 279:84 and U. S. Patent No.
5,955,604). For |abeling small organic nol ecul es, neither self-quenching
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the heterocycle-substituition and addition of water-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 heterobycle—sub stituted 7-hydroxycoumarins
significantly decrease pKa of the coumarin dyes so that the resulted comarin conjugates have
their maximum fluorescence in the range of physiological pH. These heterocycle-substituted
7-hydroxycoumarin dyes are strongly fluorescent, and the enhanced fluorescence intensity of
the heterocycle-substituted 7-hydroxycoumarin dye-conjugates of the invention results in

greater assay sensitivity.

The heterocycle-substituted 7- hydroxycoumarm dyes of the invention typlcally 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 advaﬂtage of the reactive dyes and dye conjugates of the present invention is that
this class of dyes typically exhibit maximum emission in the green (approximately 500-540
nm). To our knowledge, the present invention provides the first description of a class of
small molecule fluorescent dyes that emit in the green and are useful for labeling biological

molecules under typical biological assay reaction conditions.

In one aspect, the present invention provides chemically-reactive, water-soluble, heterocycle-

substituted 7-hydroxycoumarin compounds useful as fluorescent dyes. The reactive water-




5 including reactive dyes and dye-conjugates. The water-sol uble,

het erocycl e- substituted 7-hydroxycounmarin dyes of the present invention
exhi bit novel conbinations of properties that nmake these fluorescent dyes
particularly suited for use in biological assays, including for use as

| abel s for biopolyners. We discovered that 10 the heterocycl e-substituition
and addi tion of water-soluble groups of 7-hydroxycoumarins unexpectedly
results in a new class of fluorescent coumarins useful in biological assays
and for preparing biological conj ugates that have strong absorption at 405
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under typical biolog assay reaction’con
reagents to detect, identify, locate, or quantitate analytes in a sample.

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

15 7-hydroxycoumarins of the invention to obtain a fluorescent biopolymer. The fluorescent
biopolymer dye-conjugates of the invention have utility as, or as part of, detection reagents,
including analyte-specific detection reagents. Useful biopolymers include, for example,
amino acid polymers, nucleic acid polymers, polysaccharides, carbohydrates, and lipids. In a
preferred embodiment, the biopolymer component of the dye-biopolymer conjugate is an

20  amino acid polymer, as broadly defined herein. In a preferred embodiment, the biopolymer

is a monoclonal antibody.

~ In another aspect, the present invention provides kits containing the reactive dyes or dye-
conjugates of the present invention. Kits of the present invention can contain additional

25  components useful for carrying out the intended application, such as other reagents or buffers.

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

* have the structure of Formula 1:



I n one aspect, the present invention provides chem cally-reactive,

wat er - sol ubl e, heterocycle- 30 substituted 7-hydroxycoumarin conpounds
useful as fluorescent dyes. The reactive water 4 sol uble,

het er ocycl e-substituted 7-hydroxyl coumarin dyes of the invention can react
with a wde variety of organic or inorganic substances ("substrate") that
contain or are nodified to contain functional groups wth 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 5
directly fluorescently stain or |abel a sanple so that the sanple can be
detected, identified, or quantitated. In another aspect, the present

i nvention prRyides dye-conjugates that conprise one or nore water-soluble,
het er ocyigh e- subgsi tet ed 7- hydroxycoumarins of the invention conjugated to a
10 substrat gt ef erred enbodi nents, the dye-conjugates are used as

fl uorescey __pagents to detect identify, locate, or quantitate
anal ytes in @ . In% preferred embodi ment of "t he i nvention, the
dye-conjugat‘2SchtﬁQte is a biopolyner, and the m iﬁﬂ ge IS conjugated
to a one or nore or the water-sol uble, heterocycle-su uted 15

7- hydroxycoumarins of the invention to obtain a fluorescent biopolyner. The
quoresc&QQdBiopolyner dye-conjugates of the invention have utility as, or

as part etection reagents, including analyte-specific detection
reagents. Usdi@Qlis dhedggotyeiers i ncl ude, for exarrpl e, am' no acid pol yners,
nucl eic acid polyners, _pol saccharld ydra and lipids,. |n a
preferred entfodRendist Re. Rpgn B@ﬁtﬂlyﬁﬁﬁen% g‘ﬁ g?ﬁ» agsf’éy’tﬂrlﬁlﬁbl’»%‘@}
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or a]kyl or alkoxy that is itself subst1tuted one or more times by halogen, amino, “hydroxy,

sulfonyl, phosphonyl, carbonyl, boronic acid, L-RG, or WSG;
10 RGisa chemically reactive group;
L is an optional linker;
WSG is a water-soluble group;
at least one of Ry, Ry, R3, Ry, Rs, and Rg contains L-RG; and
at least one of Rj, Ry, R3, R4, Rs, and Rgis WSG.
15
Preferably, the heterocycle moiety, HC,:is selected from the following:

o 0 tQ AQ @ AQ
D QO CO @@ ()

Preferably, the reactive group, RG, is an acrylamide, an amine, a carboxylic acid, an

20  activated ester of a carboxylic acid, an acyl azide, an acyl nitrile, an aldehyde, an alkyl



is a nonoclonal antibody. In another aspect, the present invention provides
kits containing the reactive dyes or dye- conjugates of the present
invention. Kits of the present invention can contain additional 25
conponents useful for carrying out the intended application, such as other
reagents or buffers. The reactive water-soluble, heterocycle-substituted

7- hydroxycoumarin dyes of the invention have the structure of Fornmula 1. 5
RA HOOOR3i CGCR6 R2RL R5 Formula 1 wherein 5 HC is a heterocycle; Ri1,
R2, R3, R4, R5, and R6 are independently H, hal ogen, alkyl, alkoxy, aryl oxy,
t hiol, al kylidd, eh anteydyitl¢, lan @iyl halzidedan azdd, ao azihiue cdyoromad, almzbalkpteos phonyl |
bor oni ¢ aci al k or. al IS |t el f substituted one
or more 1 mEEOBPORAE IO ST b BB 1S S RaHgh in SHES SHORJR oLy |

boroni c aci dn 1§e‘tlﬁ§/%gaﬁ’e&e WefaleikHddRe réa%t@e FlagR 8bhylek 8ARIbYA L@ a psbralch an
opti onal Ilgker Gis a water-sol ubl e group;
erivative.

Preferably, the optional linker, L, is none, an alkyl, alkoxy, a thioalkyl, an amino acid, é

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

Preferably, the water-soluble group, WSG, is a sulfonate, a thiosulfonate, a phosphonate, a

10  boronate, an ammonium, a pyridium, a quinolium or an acridinium group.

In a preferred embodiment, the reactive water-soluble, heterocycle-substituted 7-

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

R, »
HO 0.0, Re
R3 7 /x‘\S'Rs
15 Ry Ry Formula 2
whérein

Xis O, S, NH or NRy¢;

Y is NH, NR;, CH, or CRy; .
20 Ry, Ry, R3, R4 Rs, Rg, Rio, Rip, and Ry, are 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 optionally substituted oné or more times by
halogen, amino, hydroxy, sulfonyl, phosphonyl, carbonyl, boronic acid, L-RG, or WSG;

RG is a chemical reactive group;

25 L is an optional linker;

WSG is a water-soluble group;

at least one of Ry, Ry, R3, R4 Rs, R, Ryg, Ri1, and Rj; contains L-RG; and

at least one of Ry, Ry, Ry, Ry Rs, R, Ry, Ry, and Ryzis WSG.



at least one of R, R2, R3, R4, R5, and R6 contains L-RG and at |east one
of Rl, R2, R3, R4, R5, and R6 is WG 15 Preferably, the heterocycle noiety,
HC, is selected fromthe followwng: /S\ \'\ / ~N\N\ OOHH SOSONN HH
QQcccQc Preferably, the reactive group, RG is an acrylam de, an am ne, a
carboxylic acid, an 20 activated ester of a carboxylic acid, an acyl azide,
an acyl nitrile, an al dehyde, an alkyl 6 halide, an anhydride, an aryl

hal i de, an azide, an aziridine, a boronate, a diazoal kane, a hal oacet am de,
a halotriazine, a hydrazine, a hydroxylam ne, an imdo ester, an isocyanate,
an isothiocyanate, a maleimde, a reactive platinumconplex, a sulfonyl

hal i de or a psoralen derivative. 5 Preferably, the optional linker, L, is
none, anmahkbs préfeked ¥mbaditdh tek¥dctiveWarfkalableCheterodyclsdibk@uagizno aci d,

pol yam ne, a poII)yet hc}/I eneglycol, an aryl, or a heteroaryl. Preferably, the
wat er - s didsxercepmpan dypsimveithe sirustire ehlarmulad:t hi osul f onate, a phosphonate, a
10 boronate, an ammonium a pyridium a quinoliumor an acridinium group.

R,

' R
HO 0__0O R4
A
‘R3 KX'
5 Ry Ry Riz , - Formula 3
wherein ‘
‘ XisOorS;

Ry, Ry, R3, Ry Ryg, Ry; and Ry, are independently H, halogen, alkyl, alkoxy, aryloxy,
10 thiol, alkylthiol, arylthiol, azido, amino, h};droxy, sulfonyl, phosphonyl, boronic acid, L-RG,
WSG, or alkyl or alkoxy that is itself optionally substituted one or more times by halogen,
amino, hydroxy, sulfonyl, phosphonyl, carbbnyl,*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 Rj, Ry, R3, R4, Ry, Ru, and Ry, contains L-RG; and
at least one of Ry, R, R3, R4, Ryo, Ryz,and Ryp is WSG.

In another preferred embodiment, the reactive water-soluble, heterocycle-substituted 7-

20 hydr'oxycoumarin dyes of the invention have the structure of Formula 4:-

Formula 4

wherein

XisOorS;



In a preferred enbodi nent, the reactive water-sol uble,

~heterocycl e-substituted 7- hydroxycounmarin dyes of the present invention
have the structure of Formula 22 Ra HOOY R6 R3 1 sc" 15 R R Formula 2
wherein Xis 0, S, NHor NRo; Yis NH NR11l, CH or CR12; 20 Rl, R2, R3,

R4, R5, R6, Rio, Rll, and R12, are independently H, hal ogen, alkyl, alkoxy,
aryloxy, thiol, alkylthiol, arylthiol, azido, ami no, hydroxy, sulfonyl,
phosphonyl, boronic acid, L-RG WSG or alkyl or alkoxy that is itself
optionally substituted one or nore times by hal ogen, am no, hydroxy,

sul fonyl, phosphRnRs, RcaE ﬂb@yahd Rblcnrc)mdepemdeldlyﬂi, fﬁ@gen,ralkz}ﬂ;,calkcﬁ@, alsd(ayﬁlh@ﬂm CaI

reactive gro an o lO Ilnk ter-s
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at |east ong; Qli(yl%]f’allB?{y 1adis ﬂgélf oﬁ%naﬁzﬁ subtifutedTht or ﬁﬂ)ge R%gs byphaf§¥en, #minb,

anot her preferred enbodi nent, the reactive water-sol ub
het er ocycl ehgdrosy,isulfonsd, phoshpdylosarbenyhoraniciaed LR Geort W(SCSt ructure of

Formul a 3: RG is a chemical reactive group;

L is an optional linker;
WSG is a water-soluble group;

~ at least one of Ry, Ry, R3, R4, Ry, and Ry contains L-RG;
at least one of Ry, Ry, R3, R4, Ry, and Ry; is WSG; and |

10 at least one of R;p and Ry; 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:

Ry
HO oo R0 S
/ /\\ —RG
R3 7 L
15 Ry Ry Formula 5
wherein
XisOorsS;

Ry, Ry, R3, Ry, Ry, and Ry; are independently hydrogen, chloro, fluoro, cyano, or
20  sulfonate; | '

RG is a chemical reactive group;

L is an optional linker, and

wherein at least one of Rjg and Ryjis a sulfonate

25 In another preferred embodiment, the reactive water-soluble, heterocycle-substituted 7-

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



R HOOORIORI1I R3 5 R2 Rl R12 Fornula 3 wherein XisOorS; - Rl, R2,
R3, R4, R o, Rll, and R12 are independently H, hal ogen, al kyl, alkoxy,
aryloxy, 10 thiol, alkylthiol, arylthiol, azido, am no, hydroxy, sulfonyl,
phosphonyl, boronic acid, L-RG WG or alkyl or alkoxy that is itself
optionally substituted one or nore tinmes by hal ogen, am no, hydroxy,

sul fonyl, phosphonyl, carbonyl, boronic acid, L-RG or WG RGis a chem cal
reactive group; L is an optional linker; 15 WG is a water-sol uble group;
at |east one of Rl, R2, R3, R4, R o, Rll, and R12 contains L-RG and at

| east one ofgRl, R2, R3, R4, Rio, R ,and R12 is WSG In another preferred

enbodi A ‘hed'eargt iRY@ water-soluble, heterocycle-substituted 7- 20
hydr oxycOUERRyr dyes of e invention have the structure of Formula 4: Rq
HO O O RtR% 231 R2 R\ =|RGReor nul a 4
: S
Ry Ry Formula 6

wherein _
‘ Ri, Ry, R, Ry Ry, and Ry; are independently hydrogen, chloro, fluoro, cyano, orv
s 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 least one of Ryg and Ry; is a sulfonate.

10

In another preferred embodiment, the reactive water-soluble, heterocycle-substituted 7-
hydroxycoumarin dyes of the invention have the structure of Formula 7:
o._oR1I0 Ry 00
Formula 7
15
wherein
R3, R4, Ryp, and Ry; are independently hydrogen, chloro, fluoro, cyano, or sulfonate;
n is an integer of 1-10; and -
wherein at least one of Ry and Ry, is a sulfonate.
20

In another preferred embodiment, the reactive water-soluble, heterocycle-substituted 7-

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

10



wherein Xis Oor .S; 8 R, R, R3, R4, R o, and Rl 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 koxy that is itself optionally substituted one or nore tinmes by hal ogen,
am no, hydroxy, sulfonyl, phosphonyl, carbonyl, boronic acid, L-RG or WG
5 RGis a chemcal reactive group; L is an optional linker; WsGis a

wat er - sol ubl e group; at |east one of Rl, R2, R3, R4, R10, and Rl1l contains
L-RG at least one of Rl, R2, R3, R4, Rio, and Ri is WG and 10 at | east
one of Rio and Rl conta:%ns ) sul fonate. I n another preferred enbodi nent,-

t he reacti vEOy Q 8t er ocyclee tituted 7- hydroxycoumarin dyes
~of the inventi Fogrmura 5: Rg HO O O R10 /R11 |
o~ :

L-RG R3 15 R
@)

Formula 8

wherein
5 Rj; and Ry are independently hydrogen, chloro, fluoro or sulfonate; and

at least one of Rjg 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

10  compounds described in the examples.

Table 1

Example Reactive Dyes of the Invention

Dye Structure
HO 0._0
NS OH
6 Cl \ /




XisOorS, R, R, R3, R4, R o, and Ri are independently hydrogen, chloro,
fluoro, cyano, or 20 sulfonate; RGis a chemcal reactive group; L is an
optional linker, and wherein at |east one of Rio and RI, is a sulfonate. 25
I n anot her preferred enbodi ment, the reactive water-sol uble,

het er ocycl e-substituted 7- hydroxycoumarin dyes of the invention have the
structure of Formula 6: 9 R4 HOL OORIO RI1 - R3/S\ L-RGR2 Rl Formula 6
wherein R, R2, R3, R4, Rio, and R 1 are independently hydrogen, chloro,
fluoro, cyano, or 5 sulfonate; RGis a chem cal reactive group; L is an
opt i ongl—tinker—that s none, —alkylt;—atkoxy, thigatkyl-—=am=amno—=acgi d, a

sul fo |amino acid] polyam ne, polyethylenegl gl Jaryl, arylalky, d
het eroaryl, and whB®ei a atOl g@st one of Ri o an l is a sulfonate.| 10

9

=

13A

14

19

25

29

12



I n anot her preferred enbodi nent, the reactive water-sol uble,
het erocycl e-substituted 7- hydroxycoumarin dyes of the invention have the
structure of Formula 72 Rgq HOOORIO R1I1 OO NQ R31 / /S\ n OO Formul a
7 15 wherein R3, R4, R o, and Rl1l are independently hydrogen, chloro,
fluoro, cyano, or sulfonate; n is an integer of 1-10; and wherein at |east
one of Rlo and R11 is a sulfonate. 20 In another preferred enbodi nent, the
reactive water-soluble, heterocycle-substituted 7- hydroxycoumarin dyes of
the i nventian have the structure of Formila 8 10 R4 HO O O RI0 RI| 0 R3I
S ON Formila 8 wherlein 5 R3 %hd R4 are independent|y hydrogen, chlorp,
fluoro or sul fonate; jand =$=0

HO 0__0
36 \
.0 NS
o e
/
o] N
o]

(0]
(0]
o T,Q
40 0- _NW\)\O \
HO /- N\ / (
| HO 0. _0

O 5
50 Cl \ /

56

60

66

13



at least one of RIO and Rl is a sulfonate. Selected enbodi nents of the
reactive dyes of the present invention are given in Table 1, below The
nunber of the reactive dyes in Table 1 corresponds to the nunbering of the
10 conpounds described in the exanples. Table 1 Exanple Reactive Dyes of the
I nvention Dye Structure HOOC I / / SOH 6/ ,S00 0 "OHHOOO 7 C
/ SO0 O"OH HO0O0O8C SNHNH3 OO0 11

70

72

75

77

100

14



onNHO\,O 9 C |

Sl

O bH FHOOONO g 14 C

/ SNH,o O

\

101

102

103

104

105

106

15



ONO 19Ca I / \g/ ,SO 0, .oH O No OO 25HOOOS C O S 0 bH
HOOOGOO S29C O S O 'pH 12

107

108

| 109

110

111

The dye-conjugates of the iﬁvention éomprise a substrate to which one of more dyes of the
invention are conjugated. Typically, the dye-conjugates are produced bya reaction between

5 areactive dye of the invention and a subsfrate that contains or has been modiﬁéd to contain
functional groupé with suitable reactivity, resulting in chemical attachment of the dye to the
substrate. As a result of the conjugation reaction between the reactive dye and the functional
groups on the substrate, one or more atoms of the dye reactive group typically are

incorporated into a new linkage attaching the dye to the substrate.

16



50 C

10

15

20

HO ~ O O ONO

0 HOOO 36 100i i s ONON 40 OO HO/NI
/ OO .S 00 "OH OHO0=S=0 HOOODO
In general, the dye-conjugates of the invention have the structure of Formula 9:
- -
R4
HO_A_O_©° _l __ qus
RY N N SHC—R,
Ry Ry ||;5
| dn
s Formula 9
wherein

HC is a heterocycle;

R1, Ry, R3, Ry Rs, and Rg are independently H, halogen, alkyl, alkoxy, aryloxy, thiol,
alkylthiol, arylthiol, azido, amino, hydroxy, sulfonyl, phosphonyl, boronic acid, WSG, or
alkyl or alkoxy that is itself 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;

SUB is a substrate;

at least one of Ry, Ry, R3, R4, Rs, and Rg is covalently bound to S through an optional
linker L; and ‘ | ‘

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

In a preferred embodimerit, the dye-conjugate of the present invention has the structure of
Formula 10: |

17



NO 56 CIl SO,00 'S O'H FHOOOONO 60FS0O S 00O " bHHO/O
OONO / gN 66 FO S0 O "OH13 HO~ OO _~
R4
R
HO 0.0, \ s | s
_ / ;
R3 Z Ny Rs
| |In
‘ Formula 10
-wherein
X is O, S, NH or NR;
YiSNH, NR11, CH, or CR12; \ »
5 : Ry, Ry, R3, Ry Rs, R, Ryg, Ryy, and Ry, are independently H, halogen, alkyl, alkoxy,

aryloxy, thiol, alkylthiol, arylthiol, azido, amino, hydroxy, sulfonyl, phosphonyl, boronic
acid, WSG, or alkyl or alkoxy that is itself optionally substituted one or more times by
halogen, amino, hydroxy, sulfoﬁyl, phosphonyl, carbonyl, boronic acid, or WSG;

-WSG is a water-soluble group;

10 nisan ihteger of 1-35;
SUB is a subsﬁate; '
at least ohe of Ry, Ry, R3, R4 Rs, Re, Ryg, Ry, and Ry; is covalently bound td S
through an optional linker L; and
at least one of Ry, Ry, R3, Ry Rs, Rg, Ryg, Ry, and Ryp is WSG.

15
~ In another preferred embodiment, the dye-conjugate of the present invention has the

structure of Formula 11;

Formula 11

20 wherein

XisOorS;

18



ONO S70C O0O 'S, 0'OHO N#\ ' LIUNNHN\ G 72HOO0O0C .S
plo 0 ,OHNCS HOOO75C S,0 'SO'™

Ri, Ry, R3, Ry, Ryg, Ry1,and R, are independently H, halogen, alkyl, alkoxy, aryloxy,
thiol, alkylthiol, arylthiol, azido, amino, hydroxy, sulfonyl, 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;

5 WSG is a water-soluble group;

n is an integer of 1-35;

SUB is a substrate; ’

at least one of Ry, Ry, R3, Ry Ry, Ry1,and Ry; is covalently bound to S through an
optional linker L; and '

10 at least one of Ry, Ry, R3, Ry Ryo, Ry1,and Ry is WSG.

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

structure of Formula 12:

R4'
HO 0__0O R,
nwe
RN S ——sus
Ry Ry '
= -'n
15 ‘ Formula 12
wherein
" Xis Oor S;

Rl,‘Rz, R3, R4, Ry, and Ry are independently H, halogen, alkyl, alkoxy, aryloxy, thiol,
alkylthiol, arylthiol, azido, amino, hydroxy, sulfonyl, phosphonyI; boronic acid, WSG, or
20 ‘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;
SUB is a substrate;
25 at least one of Ry, Ry, R, Ry Ry, and Ry; is covalently bound to S through an
| optiona] linker L; ' |

19



'CH HOO OO 100 SOH O0O0 OH 14 HO
O

00O C SOH4 11 101 O N HOO O O

FHOOOOW 77 FQ 0 ' OGS
0 / Op O

- at least one of Ry, Ry, R3, Ry Ryo, and Ry; is WSG; and

at least one of Ryg and Rj; contains a sulfonate.

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

‘5 structure of Formula 13:

R4
HO o_o R0 Ry
/A \ N
R3 = g/ —L—suB
Rz . Ry Formula 13
wherein

10 XisOorS;
' Ry, Ry, R3, Ry, Ry, and Ry are independently hydrogen, chloro, fluoro, cyano, or
sulfonate; |
L is an optional lihker;
SUB is a substrate; and

15 wherein at least one of Ry and Ry 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 DRAVVINGS

Figure 1 shows a schematic of the synthesis of reactive coumarins by base—_cataiyzed
condensation (Method A) or by acetic anhydride-based condensation (Method B) of 4-
ccarbonylresorcinols with heterbcycle acetate compounds.

25 ;
Figure 2 shows thé absorption and emission spectra of Compound 7 in pH=9.0 buffer.

Compound 7 has its méximum'absorption around 414 nm, which matches very well the 405

20



102 Ca 1/ /] OpSOH O NHNH2 0 OOS OH 103 O/ p HOOI p ONHC OO
OH OO 104 HONO G O HO OO0S ON~O 105HOSI / ONC O HOO

OO0OS~-pN~O 106 HON / OI / OLN C OO

10

15

20

25

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 described 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. All references cited herein, both supra and

infra, are incorporated herein by reference.
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:
HO__~_0._0
|09

It is to be understood that the coumarin dyes of the invention have been drawn in one or

7-Hydroxy¢0umarin

another particular electronic resonance structure. Every aspect of the instant invention

21
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HOOOON S§ 0109 pOHOC HOOOOI ONI OO 110 HO

10

15

20

25

30

applies equally to dyes that are formally drawn with other permitted resonance structures, as

the electronic charge 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 ("O"), a sulfur atom ("S") or a nitrogen atom ("N"). It will be recognized that when the
heteroatom is nitrogen, it may form an NR;R; moiety, where R1‘ and R, are, independently
froni one another, hydrogen or alkyl, or together with the nitrogen 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 at;)ms and 1,2, 3,0r4
oxygen, nitrogen or sulfur heteroatoms. Examples of heterocycle groups include thienyl,
benzo[b]thienyl, naphtho[2,3-b]thienyl, thianthrenyl, furyl, pyranyl, isobenzofuranyl,
benzoxazolyl, chromenyl, xanthenyl, phenoxathiinyl, 2H-pyrrolyl, pyrrolyl, imidazolyl,
pyrazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, indolizinyl, isoindolyl, 3H-indolyl,
indolyl, indazolyl, purinyl, 4H-quinolizinyl, isoquinolyl, quinolyl, phthalazinyl,
naphthyridinyl, quinazolinyl, cinnolinyl, pteridinyl, carbazolyl, phenanthridinyl, acridinyl,
perimidinyl, phenanthrolinyl, phenazinyl, isothiazolyl, phenothiazinyl, isoxazolyl, furazanyl,
phenoxazinyl, arid tétrazolyl groups). Heterocycle groups have been described extensively in
the literature (see, for example, Katritzky, Alan R., Charles W. Rees, and Colin J. Drayton.
1984. Compreﬁensive heterocyclic chemistry: the structure, reactions, synthesis, and uses of
heterocyclic compounds. Volume 8, Part 6. Indexes. Oxford [Oxfordshire]: Pergamon Press.,

incorporated herein by reference).

Any aryl or heteroaryl ring system may be unsubstituted or optionally and indepehdently :
substituted by any synthetically accessible and chemically stable combination of substituents,

such as H, halogen, cyano, sulfo, alkali or ammonium salt of sulfo, nitro, carboxy, alkyl,

- perfluoroalkyl, alkoxy, alkylthio, amino, monoalkylamino, dialkylamino or alkylamido, the

alkyl portions of which having 18 or fewer carbons.

22

O



Cl O HOOOOSONO Pp 111 HO O 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 reaction between
5 a reactive dye of the invention and a substrate that contains or has been
nodi fied to contain functional groups with suitable reactivity, resulting in
chem cal attachnent of the dye to the substrate. As a result of the

conj ugation reaction between the reactive dye and the functional groups on
the substrate, one or nore atons of the dye reactive group typically are

i ncor por at edhe tarm "aubséwtdd" rdsaged kxdreiaciefengytotthefodyel replatdneens obshydacgen oh@ | n

general, the dye-conjugates .of .the invention have th ructure of, Formula
5 "°R HO L CETCURPIE e Furtipgs] EBORP N AHEGRHY FISa. SVFE R PDosR.

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,

5 triﬂuorométhyl, halogen; alkoxy, alkylenedioxy, aminoalkyl, aminoalkoxy, amino,
monoalkylamino, dialkylamino, alkylcarbonylamino, alkoxycarbonylamino, alkoxycarbonyl,
carboxy, hydroxyalkoxy, alkoxyalkoxy, monoalkylaminoalkoxy, '
dialkylaminoalkoxymono(carboxyalkyl)amino, bis(carboxyalkyl)amino, alkoxycarbonyl,
alkynylcarbonyl, alkylsulfonyl, alkenylsulfonyl, alkynylsulfonyl, arylsulfonyl, alkylsulfonyl,

10 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,

15 haloalkylcarbonyl, boronate, hydrazide, semicarbazide, carbohydrazide, arylalkyl,
heteroarylalkyl, cycloalkylalkyl, cycloalkenylalkyl, cycloheteroalkylalkyl, and
cycloheteroalkenylalkyl. '

As used herein, a “reactive group”, denoted “RG", refers to a moiety on a compound that is
20 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
25  intermediate. This language is-used to simplify the description of alternative structures that
| differ only by the presence or absence of the linker. In the present invention, for example,
the coumarin dye molecules can be conjugated either directly to the biopolymer or,
alternatively, 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

23



HC is a heterocycle; Rl, R2, R3, R4, R5, and R6 are independently H,

hal ogen, al kyl, al koxy, aryloxy, thiol, alkylthiol, arylthiol, azido,

am no, hydroxy, sulfonyl, phosphonyl, boronic acid, WSG or 10 al kyl or

al koxy that is itself substituted one or nore tines by hal ogen, am no,

hydr oxy, sulfonyl, phosphonyl, carbonyl, boronic acid, or WG WG is a
wat er-sol ubl e group; nis an integer of 1-35; SUB is a substrate; 15 at

| east one of Rl, R2, R3, R4, R5, and R6 is covalently bound to S through an
optional Ilinker L; and at |east one of Rl, R2, R3, R4, R5, and R6 is W5G

the"str GBLIHEST O SrBPwi At SRR L el e elia e by IR s o

n For nmula d&ribel 8¢ @ik Btructure in which L is “none”.

The term “water-soluble group” or “WSG”, as used herein, refers to any substituent that

5  enhances the water-solubility of a compound to which it is bound. Preferably, the water-
soluble group, WSG, is a sulfonafe, a thiosulfonate, a phosphonate, a boronate, an
ammonium, a pyridium, a quinolium, an acridinium, or a po’lyhydroxy (e.g., a sugar such as

glucose) group.

10  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:

15 where R is hydrogen or other counter ions, 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”.

20  The term "analyte" is used herein broadly to refer to any substance to be analyzed, detected,
" measured, or labeled. Examples of analytes include, but are not limited to, proteins, peptides,
hormones, haptens, antigens, antibodies, receptors, enzymes, nucleic acids, poiysaccarides,
chemicals, polymers, pathogeﬁs, toxins, organic drugs, inorganic drugs, cells, tissues,
microorganisms, viruses, babtetia, fungi, algae, parasites, allergens, pollutants, and |
25  combinations thereof. By convention, where cells of a given cell type are to be detected,

‘both the cellular component molecules or the cell itself can be described as an 'analyte.

The term "analyte-specific reagent” 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

24



Xis 0, SS NHor NRRO Yis NH NRI, CH or CRl12; 5 R, R2, R3, R4, Rs, Rg,
Ri o, Rl1l, and R12, are independently H, hal ogen, alkyl, al koxy, aryl oxy,
thiol, alkylthiol, arylthiol, azido, am no, hydroxy, sulfonyl, phosphonyl,
boronic acid, WSG or alkyl or alkoxy that is itself optionally substituted
one or nore times by hal ogen, am no, hydroxy, sulfonyl, phosphonyl,
carbonyl, boronic acid, or WoG WSG is a water-soluble group; 10 n is an
integer of 1-35; SUB is a substrate; at least one of R, R2, R3, R4, R5, RG,
Ri o, R11, and R12 is covalently bound to S through an optional |inker L;
and at | easbthenaabftesRlotenHally ﬁi&senRih,aﬁﬁ;pleRﬁA tdRpa (aridlyle) aad darRitApecfioB@alytel5 | n
anot her pref errfgg enbodi nent - con te of t sent inyvention has

the struct ¥ reﬁ&?l}ﬁﬁfedni"fber??ﬁ’?a Beep | ﬁrt}wnm?m er"%‘i PaEAn PHUKY ARy 12

n the target-specific reagent in order to selectively bind to the other member of the pair.
Examples of target and target-specific reagent pairs include, but are not limited to, are
5 provided in the Table 2, below. Preferred target-specific reagents are antibodies that include

an antigen binding site that specifically binds (immunoreacts with) an antigen.

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

10
~ As used herein, 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 analyte-specific reagent, and analyte specific

15  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.

20
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Formula 11 20 wherein X isOor S; 18 Rl, R2, R3, R4, R o, Rll, and Rl2 are
i ndependently H, hal ogen, al kyl, al koxy, aryloxy, thiol, alkylthiol,
arylthiol, azido, am no, hydroxy, sulfonyl, phosphonyl, boronic acid, WG
or alkyl or alkoxy that is itself optionally substituted one or nore tines
by hal ogen, am no, hydroxy, sulfonyl, phosphonyl, carbonyl, boronic acid,
or WG 5 W6Gis a water-soluble group; nis an integer of 1-35; SUBis a
substrate; at |east one of Rl, R2, R3, R4, Rio, Rl1l, and R12 is covalently
bound to S through an optional linker L; and 10 at |east one of Rl, R2, R3,
R4: Rlo, not her referreﬂ ﬁpbgginent t he

A 8ivid

dye- conAiRrengrin, e fapSaie rodefinon muSdarecroay GERGT L BP Hebmof 12: ra
[ HOOTbO R0 adith, ¥lud@idBeptitbes Polybeptides, 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
5  the standard genetic code, also referred to as pfoteinogenic) and nonstandard amino acids,
may be derivatized, protected, or suBstituted, such as, for example, by phosphates,
carbohydrateé, or C; to Cys carboxylic acids. The terms “peptide”, “polypeptide”, and
“prdtein” are used herein interchangeably without a distinction as to the length ofthe
polymer, although short polymers of amino acids are typically referred to as peptides or
10  polypeptides and longer 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.

15  "Antibody" thus includes, inter alia, natural antibodies, antibody fragménts, antibody
derivatives, and genetically-engineered antibodies, antibody fragments, and antibody
derivatives.

As used herein, the terms “nucleic acid polymer”, “nucleic acid”, and "oligonucleotide" refer

20 to éolydeoxyﬁbonucleotides (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 pyrimidine base. There is no intended
distinction in length between the terms "nucleic acid" and "oligonucleotide", and these terms . -
will be used inferchangeably. These terms refer only to the primary structure of the molecule.

25  Thus, these terms inciude double- and single-stranded DNA, as well as double- and sihgle- ,
stranded RNA. Nucleic acid polymérs is intended to include peptide nucleic acids, such as
lN—(2-aminoethy1)glycine units (see Nielsen et al., U.S. Patent No. 5,539,082, incorporated

herein by reference).
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15 Formula 12 wherein Xis Oor S; Rl, R2, R3, R4, Rio, and R | are

i ndependently H, hal ogen, al kyl, al koxy, aryloxy, thiol, alkylthiol,
arylthiol, azido, am no, hydroxy, sulfonyl, phosphonyl, boronic acid, WG
or 20 alkyl or alkoxy that is itself optionally substituted one or nore
times by hal ogen, am no, hydroxy, sulfonyl, phosphonyl, carbonyl, boronic
acid, or WG W5G is a water-soluble group; n is an integer of 1-35; SUB is
a substrate; 25 at least one of Rl, R2, R3, R4, Rio, and RLl1l is covalently
bound to S through an optional linker L; 19 at |east one of Rl, R2, R3, R4,
Ri o, and RlReiacsivdB§s and at | east one of RL0 and R11 contains a sul fonate.
I n anot her preferred enbodi nent, the dye-conjugate of the present invention
has the 5 structure of Fornmula 13: R4 HO O O R10 R11 R3 S\ L-SUB RZ R1

Formul @ 13 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

5  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 covalent linkage attaching the dye to RG contains multiple intervening

10  atoms that serve as a spacer.

The reactive water-soluble, 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

15  attachment to the dye to the substance. Typically, the conjugation reaction between the
reactive dye and the functiohal 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
20  through exposure to a corresponding functional group that is a nucleophile 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.

Table 3
25 Reactive Electrophilic and Nucleophilic groups, and the Resulting Conjugates
-| Electrophilic Group Nucleophilic Group Resulting Conjugate
activated esters* amines/anilines carboxamides
acrylamides thiols S thioethers
acyl azides** amines/anilines carboxamides
acyl halides “ amines/anilines carboxamides
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wherein 10 XisOorS; Rl, R2, R3, R4, R o,
sul f onat e;
and 15 wherein at
Preferred enbodi mnents of the heterocycle noieties,
wat er - sol ubl e groups are as

chl or o,

substrat e;

fluoro, cyano, or

L is an optional

i nker;

and R11 are independently hydrogen,
SUB is a

| east one of R o and R11 is a sul fonate.

described for the reactive dyes,

i nkers, and

above.
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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 aryl amines
aziridines thiols thioethers
boronates glycols boronate esters
carbodiimides | carboxylic adds N-acylureas or anhydrides
diazoalkanes carboxylic acids esters

epoxides thiols thioethers
haloacetamides thiols thioéthers
haloplatinate amino platinum complex
haloplatinate heterocycle platinum complex
haloplatinate thiol platinum complex
halotriazines amines/anilines aminotriazines
halotriazines alcohols/phenols triazinyl ethers
imido esters amines/anilines amidines
isocyanates amines/anilines ureas

isocyanates alcohols/phenols urethanes
1isothiocyanates amines/anilines thioureas
maleirm'des - | thiols thioethers
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Figure 4 shows a plot of the data obtained using dye-conjugates of CD4
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* Activated esters, as understood in the art, generaﬂy have the formula -COW, where
W is a good leaving group (e.g. succinimidyloxy (-OC4H40,) sulfosuccinimidyloxy (-
OC4H;30,-SOsH), -1-oxybenzotriazolyl (-OC¢H4N3); or an aryloxy group or aryloxy
substituted one or more times by electron withdrawing substituents such as nitro, fluoro,
chloro, cyano, or trifluoromethyl, or combinations thereof, used to form activated aryl
esters; or a carboxylic acid activated by a carbodiimide to form an anhydride or mixed
anhydride -OCOAIk or -OCN(Alk;)NH(AIk;), where Alk; and Alk, , which may

be the same or different, are C;-Cyg alkyl , C1-Cy perfluoroalkyl , or C-Cyg alkoxy; or
cyclohexyl, 3-dimethylaminopropyl, or N-morpholinoethyl).

** Acyl azides can also rearrange to isocyanates.

The choice of the reactive group used to attach the dye to a substance to be conjugated
typically depends on the functional group on the substance to be conjugated and the type or
length of covalent linkage desired. The types of functional groups typically present on the
organic or inorganic substances include, but are not limited to, amines, amides, thiols,
alcohols, phenols, aldeﬁydes, ketones, phosphates, imidazoles, hydrazines, hydroxylamines,
disubstituted amines, halides, epoxides, carboxylate esters, sulfonate esters, purines,
pyrimidines, carboxylic acids, oléﬁnic 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 same or

different, or to a substance that is additionally modified by a hapten, such as biotin.

29



the el ectronic charge on the subject dyes are del ocalized throughout the dye
itself. The term"heteroatont, as used herein, by itself or as part of

anot her group, nmeans an oxygen 5 atom ("0"), a sulfur atom("S") or a
nitrogen atom ("N'). It will be recognized that when the heteroatomis
nitrogen, it may forman NRLR2 noiety, where RL and R2 are, independently
fromone another, hydrogen or alkyl, or together with the nitrogen to which
they are bound, forma saturated or unsaturated 5-, 6-, or 7-nenbered ring.

10 The tern1"heterocyc|e" or "heteroaryl", as used herein, by itself or as
part of ot her gro refers ta groups V|ng o 14 ring atons and
cont ai ni fh@h%lg BOVRe 88 ?ﬁ%’ltéﬁ%rl Be obgain bBb‘%ar%ﬂ b?ftﬁwe@?twéwn@ﬁwgm fur

bensof o] LR dy o kR AR S%‘ye?ﬁ&*‘ﬁ%in#ﬁ*%ﬁéﬁe&%cﬁ% pyr any!
i sobenzof uranyl, benzoxazolyl, chronenyl, xanthenyl dphenoxathlinyl
oyt i o B RIS aR gl WeghSinl o AL Mol SR 1

i ndazol yir.q @wnbnﬂefméﬁ-y%@a{cts%ﬂyz&n arhRO Gk nﬁ’él%mctﬂﬁmrg%aﬂ In BH& hal azi nyl ,
napht'hyri di nyl, ‘qui nazolinyl, cinnolinyl, pteridinyl, Tcarbazolyl,

phenant rmmhndnmmt R(@ g ahi awylamldpearnemtmemmlne (Do maﬂavmde orphenazi nyl ,

Lot arol g BRR, SEEHIE bt Gt s LA POBERERERRL el y 1 20

the |itefagosye £<§®ean @n afIS AR la@yl nt%ﬁter bt Ald¥hyd8) AN hakdrabh ﬁﬁlledeR@ﬁs and
Colin J EXayton Cbnprehen5|ve heterocycllc chenlstry t he

struct ur@llmeatwmde@ylrﬁtlﬁés&@ﬂm adernafe, a easbexybe Wlldi Q:dlezmiﬂ@aﬁdis Vol une
e T bR p S R TSP, B 638 e 0
unsubst i 1E¢Hy@1€ht62 lan @JotHiGdyahaty, a&ﬁﬂelhﬁdke B@ﬂd@hbfa)&udlte a reactive platinum complex,
a sulfonyl halide, or a thiol group. By "reactive platinum complex" is particularly meant
chemically reactive platinum complexes such as described in U.S. Patent Nos. 5,580,990;
5,714,327; 5,985,566, incorporated herein by reference.
15
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
20  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, RG is a succinimidyl ester of a carboxylic acid, a

25 maleimide, an jodoacetamide, 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.
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substituted by any synthetically accessible and chemcally stable

conbi nati on of substituents, such as H, hal ogen, cyano, sulfo, alkali or
ammoni um salt of sulfo, nitro, carboxy, alkyl, perfluoroalkyl, alkoxy,

al kyl t hi o, -am no, nonoal kyl am no, dial kyl am no or al kyl am do, the al kyl
portions of which having 18 or fewer carbons. 30 22 The term "substituted”,
as used herein, refers to the formal replacenent of a hydrogen on a

chemi cal noiety or functional group with an alternative radical. Were a
compound, chenical noiety or functional group is described as substituted,

t he al t er naintkesisadReadtivedest i t uent noiety is generally selected fromthe
group consisting of hydroxy, oxo, nitro, 5 trifluoronethyl, hal ogen, alkoxy,
. al kyl enedi oxy, ami noal kyl, am noal koxy, anmi no, nonoalkylanino

- dial kyl am ngpe @Lt@ﬂécﬁﬁﬂ@%@bék&%l@%ubs%‘t&%yﬁ%@?ﬂ)&bﬁﬂhﬁ'ﬂ’s ofdhdiauufiRh AR Wther
car boxy, hydroxyai;r Oﬁéq al koxyal koxy, nonoal kyl am noal koxy, -
e

dlalkylan1nm®PM©& @&ﬁb@ﬂy@hﬂyb%&dpw@knwmsn@ﬁﬂﬁwkymﬂkﬁmyﬁmﬁW@ma

al koxycay bo carbo 0 sul.f on

o) Kyt ot ¢ Bypeelt 5 s RO IT B baseialiy R O RbhagioR of SRRy e Réinols with

al kyl sul f onagtive énettdlenk & F@nﬂm Whese Bhdiy btalehirey @ oponallp Ay sbkensted,

car boxyal kyl , carboxyal kyl am no, cyano, trifl uoronethox per f | uor oet hoxy,

guani di ne,  dugifiedir aBer yRigtinAe givedhe wrisnonding soumasimyyd s¥bsitsucnise 94 dafined i | e,
acyl "azi de, l. 0 f al i de,
| sulfosu00|nﬂ%$§ ﬁlsﬁ%ggﬁmggggﬁg% %thngﬁﬁﬁﬁ%?b%ﬂ&ﬁhf@%ﬁﬂ%ﬁmeﬁﬂ+, @%@gﬁide
- mal ei m do, szultsi diheyypicakbyayhdsés of thelieastiviicd@maritdyes Ioﬁthelﬁzvelnabmaie Kyuseatebany| ,
boronate h¥drazug sen ca bazidﬁ, %rbohydra2|de ary %
ig 1. Other known synt etic methods of comarins in the 11terature mlght e adapted to
prepare the chemically reactive coumarins of the invention by certain modifications known to
the ones skilled in the arts (see, for example, Bentsen et al., U.S. Patent No. 6,566,508;
' Dittmer et al. 2005, J. Org. Chem. 70:4682; Shi et al., 2005, Fen Xi Hua Xue 33:1452;
Sivakumar et al., 2004, Org. Lett 6:4603; Zhao et al., 2004, J. Am. Chem. Soc. 126:4653;
15 Huangetal., 1994,]J. Chem. Soc. Perkin Trans. 1: 102; and Kuznetsova and Kaliya, 1992,

Russ. Chem. Rev. 61: 1243; each of which is incorporated herein by reference).

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
20 by coupling a carboxylic acid to a relatively acidic "leaving grou,p".. Other preferred amine-
reactive groups include sulfonyl halides, which are prepared from sulfonic acids using a
halogenating agent such as PCls or POCls; halotriaiines, 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.
25.
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 synthesized by chemical
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het er oaryl al kyl , cycl oal kyl al kyl, cycl oal kenyl al kyl , cycl ohet er oal kyl al kyl ,
and cycl oheteroal kenyl al kyl. As used herein, a "reactive group”, denoted
"RG', refers to a noiety on a conpound that is 20 capable of chemcally
reacting with a functional group on a different conpound to forma coval ent
| i nkage. As used herein, a "linker", denoted "L", between two noieties is
referred to as "optional" if the two noieties can be bound either directly
to each other or through the linker as an 25 internediate. This |anguage is
used to sinplify the description of alternative structures that differ only

by the presence. or._absence of th inker. ]n. the present .invention, for
exanp) e PO R Gy o Rele TR A BNt SR Rl oct 1y 1o

t he bi opRL¥IES f& synthadié 6f - re4elive hdlsidbtamides ¥r ialdifiRledbpnandai®methbdQugh

| i nker, L. For econony of notation, both alternatives are described herein

by a single structure having an optional linker. An 23 enbodi nent of a

structuhﬁeQ%MiE% an optional linker, L, in which the linker is not present

can be as the structure in which L is "none". The term

"wat ¢r - sol ubl e group” or "W5G', as used herein, refers to any substituent
that 5 _enhances the water-solubility of a conpound to which it is bound.
Pr ef er abh§reags Wigieresolubde hefsrosyele-substitujgsy-hydroxyl cqumammeyes of theni osul f onat e,

-a phosphonat Gy caf r@a%f x‘ﬂ}% Sridé&h 'e%gxm%aﬁ@ oﬁn&éﬁﬂg is%ﬁsgangffsgi‘gfé}p%di t Fereft"

acridinium or a po roxy (e.g. sugar cose) group. 10 The
t er m " sad fsnbsttagds’’) that cohteel dr aoy madifipd td confaim fimtti@ral grooppwith edieabk t 0 any
corrpou ngeagt'ivity, resulting in conjugation of the dye to the substance. Useful dye-conjugates
10  include, among others, conjugates where the substrate is an amino acid, a nucleotide, a
biopolymer (e.g., amino acid polymer, nucleic acid polymer, polysaccharide, carbohydrate,
or lipid), an antigen, steroid, vitamin, drug, hapten, metabolite, toxin, environmenfal
pollutant, ion-complexing moiety, or a glass, plastic, or other non-biological polymer. In
some embodiments, the substrate is a cell, cellular system, cellular fragment or component,
15  or subcellular particle (e.g., a virus particle, bacterial particle, or a component thereof).
Reactive dyes typically label functional groups at the cell surface, in cell membranes,

organelles, or cytoplasm.

For use in biological assays, the substrate typically is an amino acid, a nucleotide, or a

20  biopolymer, such as an amino acid polymer, a nucleic acid polymer, a carbohydrate, or a
polysaccharide. Dye-polymer conjugates can be prepared that incorpbrate a plurality of dye
molecules conjugated to the substrate to increase the fluorescent signal from the dye-

conjugate.

25  Inone embodiment, substrate is an amino acid or an amino acid polymer, such as a peptide
of protein. Examples of amino acid polymers usable in the present invention include, but are
not limited to, antibodies (as broadly defined, above), IgG-binding proteins (e.g., protein A,
protein G, protein A/G, etc.), enzymes, lectins, glycoproteins, histones; albumins,
| lipoproteins, avidin, streptavidin, protein A, protein G, phycobiliproteins and other

30  fluorescent proteins, hormones, toxins, chemokines, growth factors, neuropeptides, cytokines,
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substituent that contains one or nore noieties having the follow ng
structure: O ......... S-OR 0O 15 where R is hydrogen or other counter
ions, such as a netal ion or anmoniumion. As used herein, the term
"dye-conjugate" refers to a conjugate between a dye and a "substrate" or
"substance". 20 The term"analyte" is used herein broadly to refer to any
subst ance to be anal yzed, detected, neasured, or | abel ed. Exanples of \
anal ytes include, but are not limted to, proteins, peptides, hornones,
hapt ens, antigens, antibodies, receptors, enzynes, nucleic acids,
pol ysaccar i W, profeaseisobitmtespodypneeis kippae sibgaates. nepireferredergodimendsthe s,
i norganic dr.u tissues qicr of ani sns, viruses, bacteria, fungi,
& optlLaio

| ,
al gae, para19&§¥P%§W1§F$%ﬁ§fnﬂgf] and 25 conbi nations thereof. By

convention, where cells of a given cell type are to be detected, both the
cel lular conponent nolecules or the cell itself can be described as an

anal yte. Thenpgenembgrhmgntesubpieai¢ fsianuelsicgsitt basprnuclegside nuelpetidefor  npdaigent "

i s used herei. r oadl o .refer to.a reagent, that .preferentia .binds to
an anal vt S0 pAVBE oo el pShm R ATYI BORTR A Ba R LRI B Rl 1

present in Hnl&adPipacerAorl Afagigherl 3Ntk Yk &) ofahdink aitdal suspas ad alRyryh fiakagse €4.S.
specific) reagent are nenbers of a bindiqgégair, and either nenber of the

pair can beP¥gEdNas.047 /&% ot gainoalhd dinkage Fatent Nor 47 det55). @ bstereagamvel y
B
: conjugated substance is a nucleoside or nucleotide analog that links a purine or pyrimidine

10  Dbase 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 altérnatively 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 conjugated
nucleotide is a nucleoside triphosphate or a deoxynucleoside triphosphafe ora

15 dideoxynucleoside triphosphate. Incorporation of methylene moieties or nitrogen or sulfur
heteroatoms into the phosphate or polyphosphate moiety is also useful. Nonpurine and
nonpyrimidine bases such as 7-deazapurines (U.S. Patent No. 6,150,510) and nucleic acids
containing such bases can also be coupled to dyes of the invention. Nucleic acid adducts
prepared by reaction of depurinated nucleic acids with amine, hydrazide or hydroxy\flamine ‘

20  derivatives provide an additional means of labeling and detecting nucleic acids, e.g. "A
method for detecting abasic sites in living cells: age-dependent changes in base excision

repair." Atamna et al., 2000, Proc Natl Acad Sci 97: 686-691. ,

Preferred nucleic acid polymer conjugates are labeled, single- or multi-stranded, natural or
25  synthetic DNA or RNA, DNA or RNA oligonucleotides, or DNA/RNA hybrids, or
incorporate an unusual linker such as morpholine derivatized phosphates, or peptide nucleic
acids such as N-(2-aminoethyl)glycine units. When the nucleic acid is a synthetic
oligonucleotide, 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.
30 5,539,082) may be preferréd for some applications because of their generally faster
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5 provided in the Table 2, below. Preferred target-specific reagents are
anti bodies that include an antigen binding site that specifically binds
(i munoreacts with) an antigen. Table 2 Representative specific binding
pairs Antigen Antibody Biotin Avidin, streptavidin, or anti-biotin
Anti body 1gG (an i mmunogl obulin) protein A or protein G Drug Drug receptor
Toxin Toxin receptor Carbohydrate Lectin or carbohydrate receptor Peptide
Peptide receptor Nucleotide Conplinentary nucl eotide Protein Protein
receptor Enzyne substrate Enzynme Nucleic acid Nucleic acid Hornone
Hor none ﬁ?%ﬁ%&@r atg’;soralen Nucl ei ¢ acid Target nol ecul e RNA or DNA apt aner
10 As uSET WS s "detecti on 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 )

In another embodiment, substrate is a carbohydrate that is typically a polysaccharide, such as

a dextran, heparin, glycogen, amylopectin, mannan, inulin, starch, agarose and cellulose.

5  Alternatively, the carbohydrate is a polysaccharide that is a lipopolysaccharide. Preferred

polysaccharide conjugates are dextran, or li]popolysacchaﬁde conjugates.

| In another embodiment, substrate is a lipid (typically having 6-60 carbons), including
glycolipids, phospholipids, sphingolipids, and steroids. Alternatively, the conjugated
10  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. 5,208,148. Certain

polar dyes of the invention may also be trapped within lipid assemblies.

Conjugates in which the substrate is an ion-complexing moiety serve as indicators for
15  calcium, sodium, magnesium, zinc, potassium, or other biologically important metal ions.
Preferred ion-complexing moieties are crown ethers (U.S. Patent No. 5,405,975); derivatives
of 1,2-bis-(2-amindphenoxyethane)-N,N,N',N'-tetraacetic acid (BAPTA chelators; U.S.
Patent No. 5,453,517, 5,516,911, and 5,049,673); derivatives of 2-6arboxymethoxyaniline—
N,N-di- acetic acid (APTRA chelators; Am. J. Physiol. 256, C540 (1989)); of pyridine- and
20  phenanthroline-based metal ion chelators (U.S. Patent No. 5,648,270); or derivatives of
nitrilotriacetic acid, see e. g. "Single-step synthesis and characterization of biotinylated
nitrilotriacetic acid, a unique reagent for the detection of histidine-tagged proteins ‘
immobilized on nitrocellulose", McMahan et al., 1996, Anal Biochem 236:101-106. ‘
Preferably, the ion-complexing moiety is a crown ether chelator, a BAPTA chelator, an |

25  APTRA 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-magnetic microspheres; iron, gold or

30  silver particles; conducting and non-conducting metals and non-metals; and glass and plastic

34



conjugated to a fluorescent |abel, and includes both dye-conjugates in which
the substrate conponent, typically a biopolyner, is, itself, an

anal yte-specific reagent, and anal yte specific 15 reagents bound to a
dye-conjugate that functions as the fluorescent |abel. As used herein, the
term "biopolynmer” is used generically to refer to am no acid pol yners,
nucl ei ¢ acid pol ynmers, carbohydrates, polysaccharides, and |ipids, each as
broadly defined herein. 20 25 As used herein, the term"am no acid polyner"
is used generically to refer to any polyner of am no acids, including '
pepti des, pefpepiddiasticlandCopjughies as optiowllygrepgredrbytoepolsmehizdtiohal e djethat
subject to co-translational_.or, post-transl at.i opal di ficatjon, such as

gl ycopr ot ei ASRtaifHaN aNpEAAETUNGiqIaN Ly IC RESPALBRTICIPOE M5 H DY CAFRSPY (i.e., one
of the 20 agljafiagbgst aeﬂlﬂﬁﬁ‘&C{hzméo&aan?urﬁiéﬁh‘l‘%fo@pgﬁzﬂﬁfshi@ab%mi&l fachigfyer red
to as proteinogenic) and nonstandard am no acids, nmay be derivatized,

prot ect ed, 6rthetypss of wadins that re asgfulf for preranmg dye-coyjughtespimiymsers include
carbohydrates,. or, O to.C25 carboxylic acid The terns ."peptide", .

"ol ypopt | desygipompisaReer spas YoE O AR e B Wil a

di stincti ondasopile,MRAnsRREHBatRns bi®ansPRlnMA®Hs, al t hough short pol ymers of

am no acids are typically referred to as peptides or 10 pol ypepti des and

| onger pol yners of am no acids, particularly those that are naturally
occurring ard/or have.a hiol ogical functieon ne,referre 0 roteins. As
dsed her i nb e ORRIRGR BS80S Bharca ERLOE: oYL AT FLERGab AT aer T vabl o
from anti boghiasscert dye,onhielnisiopaehallgeanedditibiadyaoftht prket identid, geforhpaci fic

bi ndi ng reagents. ) ) ] i )
10  energy-transfer pair. In some aspects of the invention, the labeled conjugate functions as an

enzyme substrate, and enzymatic hydrolysis disrupts the energy transfer.

The fluorescent dye-conjugates, particularly wherein the substrate is biopolymer, can
incorporate multiple dyes per substrate molecule to increase the fluorescent signal.

15  Preferably, at least 3 molecules of dyes are incorporated into dye-biopolymer conjugates. In
embodiments in which the biopolymer is an antibody, at least three, more preferably at least
6 dye molecules are conjugated to the antibody. In some embodiments, as many as about 35
dye molecules can be conjugated to the antibody without significant self-quenching, but
more typically as many as about 15-20. It will be understood by one of skill in the art that

20  each stated range of dyes per conjugate substrate is intended to describe all values within the
range. Thus, for example, by stating that fluorescent biopolymers of the intention contain 6-
15 dye molecules, biopolymers containing 6, 7, 8, ..., or 15 dye molecules are also part of the

invention.

25  Preparation of Dye-Conjugates

The fluorescent dye-conjugates of the present invention typically are synthesized as the
product of a reaction between a substrate and a reactive water-soluble, heterocycle-
substituted 7-hydroxycoumarin dye. The preparation of dye conjugates using reactive dyes is

30 well documented, e.g., Hermanson, 1996, Biocojugate Techniques (Academic Press, New
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15 "Anti body thus includes, inter alia, natural antibodies, antibody
fragnents, antibody derivatives, and genetically-engi neered anti bodi es,
anti body fragnments, and anti body derivatives. As used herein, the terns
"nucleic acid polymer”, "nucleic acid", and "oligonucleotide"” refer 20 to
pol ydeoxyri bonucl eoti des (contai ning 2-deoxy-D-ri bose), to

pol yri bonucl eotides (containing D-ribose), and to any other type of

pol ynucl eotide which is an N glycoside of a purine or pyrimdine base, or
nodi fied purine or pyrimdine base. There is no intended distinction in

torvs e SO Ealar RosrrBA VDT Binte SN e R BKRG €5, o The prmary
st ruct urgio@dnjida ORINASH} B2, eheh HUHordtéiEiReeih B MafereAsd. UChjiclaHR h%ficafl‘l@d

singl e-stranded DNA, as wel| as double- and single- stranded RNA. “Nucl eic
aci d polryswdlrfsomn siking epriepriatordagiivedyes pahthe substaned toibe canjugated nasvitable -

N- (2- am noet hyl ).gl,ycine uni (see N el sen al....US. Pa t No.

5. 539 08a oMV Sl RlsbB (SES PPl B reir B s The reactive
wat ers- s HetbdbScleh@bait@ed ¢lHgdoPeduniavin igfes/dddMibed higteit S f@dilp sreafed! he present

i nventi on have the general structure shown in any of Formul ae 1-8.

Par t i culfagiliafingrprrgucatipe reastiansoviph mest biabogical matriialtre JioF fosirepetivieryesthatipl es.
cont ai n iy M IRIGEE Stk ion MR AT e ity P RU R SEHT 1 2SS
opt i onalreddtinkéye.L. I n certain enbodinents, the coval ent |inkage attaching
the dye to RG contains nultiple intervening
10 The fluorescent biopolymers of the present invention typically are synthesized as the product
of a reaction between a biopolymer and a reactive water-soluble, heterocycle-substituted 7-
hydroxyl coumarin, wherein the reaction conditions result in the conjugation of multiple dye
molecules to each biopolymer. Alternatively, the fluorescent biopolymer can be synthesized
as a polymerization reaction of subunit molecules, wherein one or more of the subunit
15 molecules have been conjugated to a 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.

20  Applications and Methods of Use

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 identified or
quantitated. Chemically reactive dye compounds will covalently attach toa corresponding

25  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 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

30  mixtures thereof), or a single component or homogeneous group of components (e.g. natural
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10 atons that serve as a spacer. The reactive water-sol uble,

het erocycl e-substituted 7-hydroxyl coumarins dyes of the invention can
react with a wide variety of organic or inorganic substances that contain or
are nodified to contain functional groups with suitable reactivity,
resulting in chem cal 15 attachnment 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 nore atons of the reactive group RGto
be incorporated into a new | i nkage attaching the dye to the substance.

Typi cal |y, ar sedlctic wainr aidg n'usleiaracidlcmcanbokuydratepolwmetscblel@thhiembmlat can form
a coval ent |inkage. 20 through e ure to.a corre ng f tional group
Chat s a nGCPEGY Ah5F SSFERE FURIo (UE Keing g snatet taeisihmp! oo o
reactive paichmp&fent! %ﬁhﬁﬁﬁ@ {c8l @mberidfibRithiéi ¢ groups, along with the

| coval ent Ilnkage resulting fromtheir reaction, are shown in Table 3, bel ow.
" Table 3 25 Reactive Electrophilic and Nucleophlllc groups and the Resulting

Conj ugat es ctro hili Nucleo hi.l.i c l.tin at.
ret vated edpEfEs ﬁi&% DI R R PR e D Pt B Bisene
acyl azi deS*c’ént@cEﬂb@ﬁﬁdeﬁ ifd d F&iri@l%aﬂhéj@ﬁl plé€hponalts BEimtedsst. "EicMly| thees
car boxam des 27 acyl hali es al cohol s/ phenol s esters acyl nitriles
al cohol s/ pheli® Fempaynd og 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

10 cells are typically well retained. Treatments that ﬁermeabilize the plasma membrane, such as
electroporation, shock treatments or high extracellular ATP can be used to introduce selected

dye compounds into cells. Alternatively, selected dye compounds can be physically inserted

into cells, e.g. by pressure microinjection, scrape loading, patch clamp methods, or

phagocytosis.

15
Dyes that incorporate an aliphatic amine or a hydrazine residue can be microinjected into
cells, where they can be fixed in place by aldehyde fixatives such as formaldehyde or
glutaraldehyde. This fixability makes such dyes useful for intracellular applications such as
neuronal tracing.

20

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 incorporation in liposomes, lipoproteins, films, plastics, lipophilic microspherés or
similar materials; or for tracing. Lipophilic dyes are useful as fluorescent probes of

25  membrane structure.

For direct staining of analytes in biological applications, the dye compounds of the invention
are typically used in an aqueous, mostly aqueous or aqueous-miscible solution prepared
according to methods generally known in the art. The exact concentration of dye compound

30  is dependent upon the experimental conditions and the desired results, but typically ranges
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acyl nitriles am nes/anilines carboxam des al dehydes am nes/anilines imnes
al dehydes or ketones hydrazi nes hydrazones al dehydes or ketones
hydr oxyl am nes oxi nes al kyl halides am nes/anilines al kyl am nes al kyl
hal i des carboxylic acids esters al kyl halides thiols thioethers alkyl
hal i des al cohol s/ phenols ethers alkyl sulfonates thiols thioethers alkyl
sul fonates carboxylic acids esters alkyl sulfonates al cohol s/ phenols ethers
anhydri des al cohol s/ phenol s esters anhydri des am nes/anilines carboxam des
aryl halides thiols thiophenols aryl halides am nes aryl am nes aziridines

thiols thioeth b | ycols b bodi i mi d
car boxyl T BERIL ORE BEYFOEAsons TR FRge: drs JBUPRLERBEEARBLE | ¢ aci ds
esters eR@xnHRS byRyMHatichigatiftisil siirfRaretanldeEh niiMabbdcRi@ahder s

fluorescence are accomplished.

5  In another aspect of the invention, the fluorescent dye-conjugates of the present invention are
useful as, or as part of, detection reagents, typically analyte-specific detection reagents, to
 facilitate the optical detection and analysis of analytes. In one embodiment, the dye-
conjugate substrate itself is an analyte-specific reagent, and the fluorescent dye-conjugate is
used as a detection reagent to label an analyte of interest. In an alternative embodiment, the
10  fluorescent dye-conjugate is bound to an analyte-specific reagent, and the combined entity is
used as detection reagents to label an analyte of interest. In this alternative embodiment, the

dye-conjugate acts as a fluorescent label bound to the analyte-specific reagent.

Assays in which one or more analytes of interest are labeled using analyte-specific detection

15  reagents and subsequently optically analyzed are well known in the art, and the present
fluorescent dye-conjugates are generally useful as detection reagents in such assays. For
example, proteins in a sample can be labeled using a detection reagent consisting of a labeled
protein, typically an antibody, that binds specifically to the analyte protein. Detection of the
resulting labeled analyte proteins can be carried out using a number of well known assay

20 formats and instrumentation, including using flow cytometry, scanning cytometry, imaging,
and gel analyéis. Flow cytometry is descn"bed at length in the extensive literature in this
field, including, for 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
Cytometry: Principles and Applications, Williams & Wilkins (1993); Ormerod (éd.), Flow

25  Cytometry: A Practical Approach, Oxford Univ. Press (1997); Jaroszeski et al. (eds.), Flow
Cytometry Protocols, Methods in Molecular Biolb gy No. 91, Humana Press (1997); and
Practical Shapiro, Flow Cytometry, 4th ed., Wiley-Liss (2003); all incorporated herein by
reference. Fluorescence imaging microscopy is described in, for example, Pawley (ed),
Handbook of Biological Confocal Microscopy, 2nd Edition, Plenum Press (1989),

- 30  incorporated herein by reference.
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hal opl ati nate am no pl ati num conpl ex halopl atinate heterocycle platinum
conplex haloplatinate thiol platinumconplex halotriazines am nes/anilines
am notriazines halotriazines al cohol s/phenols triazinyl ethers imdo
esters am nes/anilines am dines isocyanates am nes/anilines ureas

i socyanat es al cohol s/ phenol s urethanes isothiocyanates am nes/anilines
thioureas naleimdes thiols thioethers 28 phosphoram dites al cohols
phosphite esters silyl halides alcohols silyl ethers sulfonate esters

am nes/anilines alkyl am nes sulfonate esters thiols thioethers sulfonate
esters carboxylic acids esters sulfonate esters al cohols ethers sulfonyl
hal i des am nes/anilines sul fonam des sul fonyl halides phenol s/ al cohol s

sul fonate esters * Activated esters, as understood in the art, generally
have the formula -CON where Wis a good |eaving group (e.g.

succi ni m dyllloxmatiofSatdéSRsefaLifol esadng the fiidnebarypdlymers of the invention include, but

are not limited to, hand-held ultraviolet lamps, mercury arc lamps, xenon lamps, lasers and

5 laser diodes. These illumination sources are optionally integrated into laser scanners,
fluorescence microplate readers, standard or mini-fluorometers, or chromatographic detectors.
Preferred fluorescent polymers of the invention are excitable at or near 405 nm, and can be

excited using a relatively inexpensive violet laser excitation source.
10 Kits

One aspect of the instant invention is the 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, either present as a
15 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 kits optionally
further comprise one or more buffering agents, typically present as an aqueous solution. The
kits of the invention optionally further comprise additional detection reagents, a purification
20  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  Examples of the synthesis strafegies of selected dyes, the synthésis 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. The
examples below are given so as to illustrate the practice of this invention, and are not
intended to limit or define the entire scope of the invention.

30
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OCAH32- SABH), -1-oxybenzotriazolyl (-0C6114N3); or an aryl oxy group or
aryl oxy 5 substituted one or nore tines by electron withdrawi ng substituents
such as nitro, fluoro, chloro, cyano, or trifluoronethyl, or conbinations
thereof, used to formactivated aryl esters; or a carboxylic acid activated
by a carbodiimde to forman anhydride or m xed anhydride -COCOAl k or
- OCN( Al k1) NH( Al k2), where Al kl and Alk2, which may be the sanme or different,
are C-C20 al kyl, Cl1-C20 perfluoroal kyl, or d-C20 al koxy; or 10
cycl ohexyl, 3-di net hyl am nopropyl, orN-norpholinoethyl). ** Acyl azides can
al so rearrange to isocyanates. The choi ce of the reactive group used to
attach the dye to a substance to b&EXaERledyat ed typically depends on the
functional group on the subst@gacgaif FeoaL@at ed and the type or 15
| ength of coval ent |inkage desited. The types of functional groups typically
present on the organic or inorganic substances include, but are not limted
to, am nes, amdes; thiols, alcohols, phenols, aldehydes, ketones,
phosphaﬁ9~ N Qﬂzoles hydrazines, hydr oxyl am nes, di substituted am nes,
hal i des,es car boxyl ate esters, sulfonate esters, purines,
pyri m diarés;~>ca€boxyl i c acids, ol efinic bonds, or a juaatl on of these
groups. A single 20 type of reactive site may be avail abl e on the substance
~ (typbpcal for polysaccharides), or a variety of sites may occur (e g.

am nes, ,t cal t
con] uga' e @iherZER00 1y BOERR T 4o Ao T200iR o AAIURIBLR M ety e
t he sampowderedliihé eyaiide, (60k) il Iﬁ)téssmﬁi(ﬂlﬂtﬁ'&iet(mg) with stiieiing | @hahdsyeﬂmm i§i ed by a

hapten, such as biotin. 29 Al though sone selectivity can be_ obtai ned by
car ef ul cedded tod) CoAA stigag sisenet pldiydeessa ichlio gas is blown into the solution with -

vigorous stirring. After approximately 30-60 minutes the reactants are dissolved. The

10  addition of hydrogen chloride 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 in a Wéter bath. Upon
cooling the product crystallized in shiny plates from the solution, which is removed by
filtration and air-dried to give the desired aldehyde.

15

Example 2

Preparation of Compound 2

OEt
O

eto~ A ) :
S Compound 2

20 Ethyl 2-thiopheneneacetate (10 g) and ethyl 6-bromohexanoate (12 g) are dissolved in
dichloromethane (200 ml). To the solution is added anhydrous AICl; (24 g) under dry
nitrogen protection with vigorous stirring at 0°C. The reaction mixture is stirred under dry
nitrogen protection at 0°C, and warmed to room temperature when the reaction is complete as
indicated by TLC. The reaction mixture is poured into ice-water, and extracted with

25  chloroform (3x200 ml). The chloroform layers are combined, dried over anhydrous Na,SO4,
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selectivity of labeling is best obtained by selection of an appropriate
reactive dye:. Typically, the reactive group, RG wll react with an am ne,
a thiol, an alcohol, an aldehyde 5 or a ketone. Preferably, RG reacts with
an amine or a thiol functional group. In one enbodinent, RGis an
acrylam de, a reactive amne (including a cadaverine or ethyl enedi am ne),
an activated ester of a carboxylic acid (typically a succinimdyl ester of a
carboxylic acid), an acyl azide, an acyl nitrile, an al dehyde, an al kyl
hal i de, an anhydride, an aniline, an aryl halide, an azide, an aziridine, a
boronat e, aaundthboesyétntds moiosled endii saroaikagee axrdd® sohd.ofbetradd shdid infurther

hal ot ri azi ne, . drazi ne, (i.ncluding hydrazides), an imdo ester, an.

i socyanat e, pﬁ‘?ﬁ‘?‘@%‘t %ﬁﬁ%ﬁ g‘flﬁr}mﬁv 1heg %P%F‘Hé’,% cﬂlo&#@yg%y%ta}etaé ,eﬁ'ﬁhtrtggbeth ve

pl ati num cogR! ®¥%red @ripduh@ny! halide, or a thiol group. By "reactive

pl ati num conpl ex” is particularly nmeant chemcally reactive platinum

conpl exes such as described in U S. Patent Nos. 5,580,990, 5,714, 327;
5,985,56?, i ncorporated herein by referenc .315 Where RGis an activated
ester of "a carboxylic acid, the reacti&%gH@%—is particularly useful for
preparing dye-conjugates of prot g@rfifaratitd®f €ohipdesd 3 ol i gonucl eot i des, or
haptens. Where RGis a naleimde or hal oacetam de the reactive dye is
 particularly useful for conjugation to thiol- containing substances. Were
RGis a hydrazide,the reactiye dye is particularly useful for 20 conjugation
- to periodate-oxidized carbohydrates and gl ycoproteins, and, in addition, is
an al dehyde-fixabl e polar grae®dr for cell microinjection. Preferably, RGis
a carboxylic agld, succi him dyl ester of a carboxylic acid, a

hal oacet am e, dpazimmes an isothiocyanate, a naleimde group, an

al i phatic amine, a Perfluorobenzam do, an azi doperf| uor Compoand do

Compound 2 (10 g) is dissolved in ethanol (100 ml). To the solution is added 5 M NaOH (65
10 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 ethyl acetate (3x200 ml). The ethyl acetate layers are combined, dried over anhydrous

Na;SOy4, and the solvent is removed under vacuum to give the desired Compound 3.

15 Example 4

Preparation of Compound 4

AcO 0_0

NS OH
Cl \ /
o Compound 4

Compound 1 (6 g) and Compound 3 (5.8 g) are suspended in acetic anhydride (100 ml). To
20 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 cooling to

room temperature, the mixture is poured into ice-water, and resulted precipitate is filtered off
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group, or a psoralen. Mre preferably, RGis a succinimdyl ester of a
carboxylic acid, a 25 naleimde, an iodoacetam de, or a reactive platinum
conplex. Alternatively, the reactive group, RG is a photoactivatable group,
such as an azide, diazirinyl, azidoaryl, or psoralen derivative, in which
case the dye becones chemcally reactive only after illumnation wth |ight
of an appropriate wavel ength. 30 30 Synthesis of Reactive Dyes The

wat er - sol ubl e, heterocycl e-substituted 7-hydroxyl coumarins of the invention
are either prepared fromthe acetic anhydri de-based condensati on of
4-carbonylresarcinols wth het.er,oc e acetatic acid or.the .

base. ot 41 SEROL auReitb SR s HERIEh A P BER LA iz oot ny1 ene
conpoundge ddied Eolpsintd £t ructures are optionally further substituted,

during or after synthesis, to give the correspondi ng counarin dye
substituents, as defined above. It is recognized that there are many
possi bl e variations that nmay yield an equivalent results. The typical

synt heses of the reactive counaringgﬁﬁpéﬁ the invention are illustrated in
10 Fig 1. O her known synthetic net comarins in the literature m ght
be adapted to prepare the cherpeatibyof €atpdund Scoumarins of the invention by
certain nodifications known to the ones skilled in the arts (see, for
exanpl e, Bentsen et al., U S. Patent No. 6,566,508, Dittner et al. 2005, J.
O g. Cheypn 7Q: 4682;0Shi et al., 2005, Fen Xi Hua Xue 33:1452; Sivakunmar et
al ., 2004, &tt 6:4603; Zhao et al., 2004, J. Am Chem Soc. 126:4653;
15 Huang & ; S oc.offerkin Trans. 1: 102; and Kuznet sova
and Kali?

0 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
10  water (200 ml), and extracted with ethyl acetate (3x300 ml). The ethyl acetate layers are
combined, dried over anhydrous Na;SOy, and the solvent is removed under vacuum to give
the crude Compound 5. The crude material is further purified on a silica gel column with a

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

15 4 , Example 6

Preparation of Compound 6

HO o__0
S
Cl & \ / OH
| 2 0
0" oH - Compound 6

Compound 5 (1 g) is suspended in concentrated H,SO4 (5 ml). To the Suspension is added
20 20% fuming H>SO4 (5 ml). The reaction mixture is stirred at 0°C until the 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
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Russ. Chem Rev. 61: 1243; each of which is incorporated herein by
reference). Methods for the synthesis of dyes containing a reactive group
are well docunented in the art. Am ne-reactive dyes, such as "activated
esters” of carboxylic acids, are typically synthesized 20 by coupling a
carboxylic acid to a relatively acidic "leaving group”. O her preferred

am ne reactive groups include sulfonyl halides, which are prepared from

sul fonic acids using a hal ogenating agent such as PO 5 or PQOCL3;

hal ot ri azi nes, which are prepared by the reaction of cyanuric halides with
am nes; andciudomptenial is Surtrer pemfiddl yoyrepradtes HRUG whyield ¢theplesipat @ompounh6 ani nes

and phosgene .or i osgene e ctivyel s cont ai ni ng am nes and
hydrazides,“ﬂﬂgghaﬁfggHﬁ%@?&gﬂg§f€E6%%¥§¥%$Qﬁﬁﬁg%ﬁﬂﬁation to carboxylic

- aci ds, aldehydes and ketones, are nost often synthesized by reaction of an
activated ester of a carboxylic acid or a sulfonyl halide with a di am ne,
such as cadaverine, or wth a hydrazine. Alternatively, aromatic am nes are
commonl y synt hesi zed by chemical 31 reBrampled of a nitroaromatic compound.
Am nes apd hydrazines are particy arly. us | recursors for synthesis of
thiol-regctive hal oacet am des orﬂ%%ﬁ%ﬁ@#&iégg?géggﬁdard met hods. Dye
Conjugates 5 The reactive water-sol ubl e, heterocycle-substituted 7-hydroxyl
coumarin dyes of the invention can re with a wide variety of organic or
i norgani c s ferred to hergin) as "substrates”) that contain or
~are nodified t méunctional é)rourps W th suitable

‘ @)

Cl

O” oH Compound 7

Compound 6 (100 mg) and N,N'-disuccinimidyl carbonate (85 mg) are dissolved in DMF (5
ml). To the solution is added 4-dimethylaminopyridine (5 mg) and anhydrous

10  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.

15

Example 8

Preparation of Compound 8

HO 0._0

cl A ¢C NH—NH,

Compound 8

20  To anhydrous hydrazine (100 ul) in DMF (0.5 ml) is added Compound 7 (100 mg) in DMF

(0.5 ml). The mixture is stirred at ambient temperature for 15 minutes. The reaction solution
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reactivity, resulting in conjugation of the dye to the substance. Useful
dye-conjugates 10 include, anong others, conjugates where the substrate is
an amno acid, a nucleotide, a biopolynmer (e.g, amino acid polyner, nucleic
acid polymer, polysaccharide, carbohydrate, or lipid), an antigen, steroid,
vitam n, drug, hapten, netabolite, toxin, environnmental pollutant,

i on-conpl exing noiety, or a glass, plastic, or other non-biol ogical polyner.
In sone enbodi nents, the substrate is a cell, cellular system cellular
fragnent or component, 15 or subcellular particle (e.g., a virus particle,
bacterial particle, or Cc onent. thereof... Reactive dyes typically | abel
Puncti onsPogrbaaied rd Ot Remp s crribise i el e SHameds | or
cyt opl asfith FREr #RiGil-Qiddl AR KR IprefedY furteP Bursitady@pect ypi cal ly is an am no
acid, a nucleotide, or a 20 biopolyner, such as an am no acid pol yner, a
nucl eic acid polymer, a carbohydrate, or a polysaccharide. Dye-pol yner

conj ugates can be prepared that inﬁgrgoigie a plurality of dye nolecules
conjugated to the substrate to inc e fluorescent signal fromthe dye-
conj ygate. 25 In one enbodi Mepleparitiibdf @Bpdutd®n am no acid or an am no acid

pol ymer, such as a peptide or proteln. Exanples of am no acid polyners
usable in the present invention include, but are not limted to, antibodies

(as broadly defined, above), IgG-g%giiif proteins (e.g., protein A protein .
nsj,

G protein AAG etc.), enzynes, | gl ycoprotei ns, histones, albun ns,
| i popr otHOn 3oL dit, streptavidin, ein A, protein G phycobiliproteins
and ot her 3 ei ns, pérnﬁhes, t oxi ns, chenoki nes, growth
factors, g (es

0" 'oH Compound 9

To Compound 7 (10 mg) in DMF (0.2 ml) at room temperature is added 4 equivalents of
triethylamine and 1.2 equivalents of N-(2-aminoethyl)maleimide, trifluoroacetic acid salt

10  (Sigma-Aldrich). The mixture is stirred at ambient temperature for 60 minutes. The DMF
solution is boured into water, and resulted suspension is centrifuged to collect the solid that is

air-dried. The crude product is further purified with silica gel chromatography to yield the

desired Compound 9.
15 ‘ Example 10
’ Preparation of Compound 10
F

HOJ‘\/EEOH
cl CHO

20 Compound 10 is prepared from 4-chloro-2-fluororesorcinol (Fanbo Biochemicals, Ltd.,

‘Compound 10

Beijing, China), analogous to the procedure for preparing Compound 1.
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toxins, protease substrates, and protein kinase substrates. In a preferred
enbodi nent, the biopolyner substrate is a nonoclonal antibody. In another
enbodi nent, substrate is a nucleic acid base, nucl eoside, nucleotide or a
nucleic 5 acid polymer. Nucleic acid polyners include those that are

nodi fied to possess an additional |inker or spacer for attachnment of the
dyes of the invention, such as an al kynyl linkage (U S. Patent No.
5,047,519), an am noallyl linkage (U S. Patent No. 4,711,955), a heteroatom
substituted linker (U S. Patent No. 5, 684,142), or other |inkage. In another
enbodi nent, the conjugated substance Esmplailkl| eosi de or nucl eoti de anal og
that links a purine or pyrinidinﬁ 10 hase.to a phq phate or pol yphosphate
moi ety through a noncyclic spacetrtePpationof Gompounddlyi nent . the dye is
conjugated to the carbohydrate portion of a nucleotlde or nucl eosi de,
typically through a hydroxyl group but alternatively through a thiol or

am no group (e.gF, as described in U.S. Patent Nos. 5,659, 025; 5, 668, 268;
5,679, 785) . AT9pi e ®he conjugated nucleotide is a nucleoside

tri phosphate or osphate or a 15 di deoxynucl eosi de
tri phosphat egthe : eOlfpi eti es or nitrogen or sul fur
het eroatons into the pho phosphate noiety is also usefu
~Nonpurine and nonpyrimdine bases such as 7- deazapurlnegnﬁkhﬁﬁlPatent No.
6, 150, 510) and nucleic acids containing such bases can also be coupled to
~dyes of fhe invention. Nucleic acid adducts prepared by reaction of

- depur i nat ed Coupbeid1 B ipesaiidtifonaihic REnddnydioa of dempourkiydy Wity Canboerd2y)
derivatives provide an additiognal neans of |abeling and detecting nucleic
aci ds, e.g. anaiogqvétqﬂbapquﬁdla@f@mmgnaﬁa@ipem4es inliving cells:
age-dependent changes in base excision repair."” Atamma et al., 2000, Proc
Nat| Acad Sci 97: 686-691.

Example 12
10 Preparation of Compound 12
F
HO o__0
S
cl F ) OH
0 Compound 12

Compound 12 is prepared from the acidic hydrolysis of Compound 11 with 20% HCI,

15  analogous to the procedure for preparing Compound 5.

Example 13
Preparation of Compound 13

F
HO 0.0
s
Cl = () OH
‘S\,O ©
20 0" oH Compound 13
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Preferred nucleic acid polyner conjugates are | abel ed, single- or

mul ti-stranded, natural or 25 synthetic DNA or RNA, DNA or RNA

ol i gonucl eoti des, or DNA/RNA hybrids, or incorporate an unusual |inker such
as norpholine derivatized phosphates, or peptide nucleic acids such as

N- (2-am noet hyl )gl ycine units. Wen the nucleic acid is a synthetic

ol i gonucleotide, it typically contains fewer than 50 nucl eoti des, nore
typically fewer than 25 nucl eotides. Conjugates of peptide nucleic acids
(PNA) (Nielsen et al U S. Patent No. 30 5,539,082) maybe preferred for sone
applications because of their generally faster 33 hybridization rates. In
anot her enbodi nent, substrate is a carbohydrate that is typically a

pol ysacatvMipoifd 13 UShteptted Rord € uBBnati@RATohpoBhd £ URilogcINé MRYEGdeBureMBNNAN,
inulin, starch, agarose and cellulose. 5 Alternatively, the carbohydrate is
a pol ysdecprapdrag Goampoupd 6a | i popol ysaccharide. Preferred pol ysaccharide
conj ugates are dextran, or |ipopolysaccharide conjugates. |In another

enbodi ment, substrate is a lipid (typically having 6-60 carbons), including
gl ycalipids, phospholipids, sphinggkimblddd and steroids. Alternatively, the
conjugated 10 substance is a |lipid assenbly, such as a |liposone. The

| i pophilic moiety may be useclemsuat j ugat ed substances in cells,
as described in U S. Patent No. 5,208, 148. Certain polar dyes of the
invention may al so be trapped within |lipid assenblies. Conjugates in which
the substratB is an ion-conplexingéfﬁgfty serve as indicators for 15

cal ci umH&Q nesi um zinc otgassium or other biologically inportant
netal ions. rred ion-conpl%xiqg i eties are crown ethers (U S. Patent

No. 5, 408
.S’ o]
O” oH Compound 14

10

Compound 14 is prepared from the condensation of Compound 13 with N, N'-disuccinimidyl

carbonate, analogous to the procedure for preparing Compound 7.

Example 15
15 Preparation of Compound 15
Cl
HO OH
cl CHO Compound 15

Compound 15 is prepared from 2,4-dichlororesorcinol (Fanbo Biochemicals, 1.td.),

20  analogous to the procedure for preparing Compound 1.

Example 16

Preparation of Compound 16
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of 1, 2-bis-(2-am nophenoxyethane)-N,N,N ,N -tetraacetic acid (BAPTA
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 20
phenant hr ol i ne-based netal ion chelators (U S. Patent No. 5,648, 270); or
derivatives of nitrilotriacetic acid, see e.g. "Single-step synthesis and
characterization of biotinylated nitrilotriacetic acid, a unique reagent
for the detection of histidine-tagged proteins imobilized on
nitrocel | ul ose",CiMcMahan et al., 1996, Anal Bi ochem 236:101-106.

Pr ef er abl y, Add DOl exi ng noiety is a crown ether chelator, a BAPTA
- chelator, an 25 TRA['chgl ator or a derivative of nitrilotri acetic acid.
Q her conj ugg it exdHal s i ncl ude dye-conj ugat es of
- organic or inorganic p&l Bric filnms, polyneric wafers, polyneric
- menbranes, polyneric particles, or paolyneric n1 cr opar t¢ghpéuind m:l udi ng
magneti ¢ and non-magnetic m crospheres; iron, gold or 30 silver particles;
conducti ng and non-conducting netals and non-netals; and glass and plastic
34 surfac eSCé‘rﬁﬂo&ﬁrl%l1§b1%§are@ﬁﬂin%ﬁ@é&ﬂe@sraﬁo@9ﬁ C&ﬂﬁddnﬂ 1BRARACEHpIMA 3
copol yneri zation of a dye contains an appropriate functi onal i ty while
preparing tmlqgou%/ﬁ@éheproceduye bhpmmgcmumdéatl on of a pol ymer that
- contains_functional groups with suitable chem cal reactivity. GOher types
~of reactions that are useful for preparing dye-conjugates of polyners
~include 5 catal yzed pol ymeri zati ons orExg@pRllyeri zations of al kenes and
~reactions of dienes with dienophiles, transesterifications or
transani nations. In some embodi npaationef GComnounddds are further | abel ed
with at | east one second

Cl
HO 0.0
S
cl Z () OH
O Compound 17
10
Compound 17 is prepared from the acidic hydrolysis of Compound 16 with 20% HCI,
analogous to the procedure for preparing Compound 5.
Example 18
15 ' Preparation of Compound 18
e
HO 0._.0
« S
cl Z (7 OH
s 0
0" 'oH ' Compound 18

Compound 18 is prepared from the sulfonation of Compound 17, analogous to the procedure

20  for preparing Compound 6.
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| um nescent dye, which is optionally an additional dye of the present
invention, to forman 10 energy-transfer pair. In sonme aspects of the

i nvention, the |abeled conjugate functions as an enzynme substrate, and
enzymati c hydrolysis disrupts the energy transfer. The fl uorescent
dye-conjugates, particularly wherein the substrate is biopolyner, can
incorporate multiple dyes per substrate nolecule to increase the fluorescent
signal. 15 Preferably, at |least 3 nolecules of dyes are incorporated into

- dye- bi opol yner conjugates. In enbodinents in which the biopolymer is an
anti body, at least three, nore preferably at |least 6 dye nolecules are
conjugated to the antibody. In sonme enbodi nents, as many as about 35 dye
nol ecul es can be conjugated to theggmgl®egy W thout significant -

sel f -quenchi ng, but nore tyglcally as many as about 15-20. It will be
under st ood by one of skill rephratign of Compound @ach stated range of dyes per
conjugate substrate is intended to describe all values within the range.
Thus, for exanple, by stating that fluorescent biopolyners of the intention

contain 6- X3 dye nol ecul es, biopolyners containing 6, 7, 8, ..., or 15 dye
nol ecul ep absgpart of the inpyvention. 25 Preparation of Dye-Conjugates
The fl uoref o}e conjugates the esent invention typically are

synt hesi ‘ S f _auedction between a substrate and a reactive
wat er - so uble hete o:ycle- substiftuted 7-hydroxycounmarin dye. The
preparation of dye congtigates usiong reactive dyes is 30 mell docunent ed,
€e.g., Her manson, 199&” Bwocoj ugat e Techni ques (A(:ad%_qﬂaﬁ)Ig ? New 35 York
NY) ; " Haugl and, 1995, Methods Mol . Biol. 45:205-21; an rinkley, 1992,

Compound 19 is prepared from the condensation of Compound 18 with N,N'-disuccinimidyl

carbonate, analogous to the procedure for preparing Compound 7.

10 Example 20

Preparation of Compound 20

-OMe

EtO / \
S Compound 20

15 Ethyl 2-thiopheneneacetate (5 g) and methyl 4-bromomethylbenzoate (6.2 g) are dissolved in
dichloromethane (200 ml). To the solution is added anhydrous AICl; (12 g) under dry
nitrogen protection with vigorous stirring at 0C. The reaction mixture is stirred under dry
nitrogen protection at 0C, and warmed to room temperature when the reaction is complete as
indicated by TLC. The reaction mixture is poured into ice-water, and extracted with

20  chloroform (3x200 ml). The chloroform layers are combined, dried over anhydrous Na;SOy,
and the solvent is removed under vacuum to give a crude solid. The crude solid is further
purified on a silica gel column with a gradient of hexanes/ethyl acetate as eluant to yield the

desired Compound 20.
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- one phosphomaridi &

Bi oconjugate Chem stry 3:2, each incorporated herein by reference.
Conjugates typically result fromm xing appropriate reactive dyes and the
substance to be conjugated in a suitable solvent in which both are sol uble.
Aqueous solutions of the reactive water-soluble, 5 heterocycle-substituted
7- hydroxycoumari n dyes described herein are readily created, facilitating
conjugation reactions with nost biological nmaterials. For those reactive
dyes that are photoactivated, conjugation requires illum nation of the
reaction mxture to activate the reactive dye. 10 The fl uorescent

bi opol yners of the present invention typically are synthesized as the
product of a reaction between a. blopgéénﬁr de a reactive water-sol ubl e,
het er ocycl e-substituted 7- hydroxyl wherein the reaction
conditions result in the conjugapiaradbn @tbm%@ldcjme nmol ecul es to each

bi opol yner. Alternatively, the fluorescent biopolyner can be synthesized as
a polynerization reaction of subunit nolecules, wherein one or nore of the
subunit 15 nol ecul es have bggn conjugated to a reactive water-sol uble,

het erocycl e-substituted 7- hydroxyl coumarin prior to polynerization of the
bi opol yner. An exanple o e PHtter nethod is the synthesis of
ollgonucleotld? glar d phosphoram dite chem stry, where at |east
abel ed. 20 Applications and Methods of Use In

~one aspeét of the |ﬁvent|on the reactive dyes of the i GQoerpound2dre used to
'directly stain or |abel a sanple, or conponents of the sanple, so that the
~sanple can be identified or - quantitated. Chemi cally reactive dye conpounds
"will covalently attach to a corresponding 25 functional group on a w de

variety of emgoiad 2) (5 »rindissplbddn ctbanal 30 wd), Taghelsdatiante ddded S\ NaOH (65
ml). The reaction mixture is stirred at room temperatufe, and neutralized with concentrated

HCI when the reaction is complete as indicated by TLC. The reaction mixture is extracted
10  with ethyl acetate (3x200 ml). The ethyl acetate layers are combined, dried over anhydrous

Na,S0y4, and the solvent is removed under vacuum to give the desired Compound 21.

Example 22

Preparation of Compound 22

15

Compound 22

Compound 22 is prepared from the condensation of Compound 21 with Compound 1,

20  analogous to the procedure for preparing Compound 4.

Example 23
Preparation of Compound 23
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In preferred enbodi nents, the reactive dye conmpounds of the intention are
used to directly stain or |abel sanples with biological conponents. The
sanpl e may conprise heterogeneous m xtures of conponents (including intact
cells, cell extracts, bacteria, viruses, organelles, and 30 m xtures
thereof), or a single conponent or honbgeneous group of conponents (e.g.
natural 36 or synthetic amno acid, nucleic acid or carbohydrate polyners,
or |ipid menbrane conplexes). These dyes are generally non-toxic to |iving
- cells and other biological conmponents, within the typical concentrations of
use. 5 For direct staining, the dye conpound is conbined with the sanple in
any way that facilitates contact between the dye conpound and the sanple
components of interest. Qyppgal ly, the dye conpound or a sol ution
cont ai ning the dye conpou‘d is sinply added to the sanple. Certain dyes of
t he invention, particul t hose that are substituted by one or nore

sul foni ¢ acj d @p|q5' nd to be inpermeant to menmbranes of biological
cells, anc € i able 10 cells are typically well retained.

Tr eat ment 2L _p8 ize the plasma nmenbrane, such as el ectroporation,
shock tr@atnents or\hv h extracel lular ATP can be used to introduce sel ected
dye conpounds into cells. Alternatively, selected dfemRMeIds can be
physically inserted into cells, e.g. by pressure m croi njection, scrape

| oadi ng, patch clanp met hods, or  phagocytosis. %ées t hat |ncorporate an

al i phat IQOmReRAG 23 s Rrenayes o the act qmolaaw%@omp@f it ffoibiftlo  cell's,
wher g tQﬁﬁogﬂﬁt@ﬂw&ﬁ&é&ﬁ&éﬂﬂ%&%ﬂﬁngtbﬂh%ﬁﬂyg? flxatlves such as fornaldehyde
or «

Example 24

Preparation of Compound 24

10 Compound 24
Compound 24 is prepared from the sulfonation of Compound 23, analogous to the procedure
for preparing Compound 6.
Example 25
15 Preparation of Compound 25

Compound 25
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gl ut aral dehyde. This fixability nmakes such dyes useful for intracellular
applications such as neuronal tracing. 20 Dye conpounds that possess a

| i pophilic substituent, such as phospholipids, will non- covalently
incorporate into lipid assenblies, e.g. for use as probes for nenbrane
structure; or for incorporation in |iposones, |ipoproteins, filns,

pl astics, lipophilic mcrospheres or simlar materials; or for tracing.

Li pophilic dyes are useful as fluorescent probes of 25 nenbrane structure.
For direct staining of analytes in biological applications, the dye
conpounds of the invention are typically used in an aqueous, nostly aqueous
or aqueous-m scible solution prepared according to nethods generally known
in the art.Cympowndzdtis prsnered fioa the ponsensiien ebhemperd 29 with Méfdisdesitimidn t he
experinmental conditi i ng [ 3% t,typically ranges 37
from about %ﬁ%ﬂ%ﬁhéﬁﬁﬁéPgﬁﬂh%E§W%ﬁﬁ??5 F?gﬁH &ﬁ%Péﬂmf%e opti mal v
concentration is determ ned by systematic variation until satisfactory
results with mninmal background fluorescence are acconplished. 5 In another
aspect of the invention, the fluoresc onj ugates of the present
invention are wuseful as, or as patt. .0 ofd&Ssluh@36" €29ents, typically

anal yte-specific detection reagents, to tfacfiitate the optical detection
and anal ysis of analytes. In one enbodi nent, the dye- conjugate substrate
itself is aﬂ(ﬁnalytg;sggcific reagent, and the fluorescent dye-conjugate is
~used as a detes gagent to |abel an analyte of interest. In an
alternative %l

0 Compound 26

Compound 1 (1 g) and 2,5-dicarboxymethylthiophene (6 g, Sigma-Aldrich) are suspended in

10  acetic anhydride (100 ml). To the suspension tricthylamine (6 ml) is added at room
temperature. The resulted reaction mixture is heated at 120-140C until the reaction is
complete as indicated by TLC. After cooling to room temperature, the mixture is poured into
ice-water, and resulted precipitate is filtered off with suction to collect the solid that is air-
dried. The crude solid is further purified on a silica gel column with a gradient of

15  chloroform/methanol as eluant to yield the desired Compound 26.

Example 27

Preparation of Compound 27

HO 0_0

S
cl Z () OH
20 O Compound 27

Compound 27 is prepafed from the acidic hydrolysis of Compound 26 with 20% HCI,

analogous to the procedure for preparing Compound 5.
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10 fluorescent dye-conjugate is bound to an anal yte-specific reagent, and
the conbined entity is used as detection reagents to | abel an anal yte of
interest. In this alternative enbodi nent, the dye-conjugate acts as a
fluorescent |abel bound to the anal yte-specific reagent. Assays in which one
or nore analytes of interest are |abeled using anal yte-specific detection

15 reagents and subsequently optically analyzed are well known in the art,
and the present fluorescent dye-conjugates are generally useful as
detection reagents in such assays. For exanple, proteins in a sanple can be
| abel ed using a detection reagent EP;%}&E&”Q of a | abeled protein,
typically an anti body, that binds Specrtfrcally to the anal yte protein.
Detection of the resulting [Padpatatidn afi@bmpeundradst ei ns can be carried out
usi ng a nunber of well known assay 20 formats and instrunmentation, including

using flow cytonmetry, scanning cytonmetry, imaging, and gel analysis. Flow

cytonet gy i de@crcbed at length in the extensive literature in this field,
i ncl udi ng, Landy et al. (eds.), dinical Flow Cytonetry, Annals
of the A of &gi ences Vol unme 677 (1993); Bauer et al. (eds),
C i ni cal F|OM/ CytO\-'ry Principles and Applications, WIllians & WI ki ns

(1993); O nerod (ed.) NFP ¥y 25 Cytonetry: A Practical Approach, Oxford Univ.

Press (1997); Jaroszqf% et al. (eds.), Flow Cytonﬁ§hy Prgbgcols, Met hods
in Ml ecul ar. Bi ol ogy No 91 Humana Press (1997) @RS cal Shapiro,

Fl owsCytonetry, 4th ed., WIley-Liss (2003); all incorporated herein by

e R0 B S Rl Sy P s ©

Pl enum B583&patin® 83npod 6.ncor porated herein by reference. 38

Example 29
10 Preparation of Compound 29

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
AcO o_.0
S
HOOC 7 @

Compound 30
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[I'lum nation sources useful for exciting the fluorescent polyners of the

i nvention include, but are not limted to, hand-held ultraviolet |anps,
mercury are |anps, xenon |anps, lasers and 5 | aser diodes. These

illum nation sources are optionally integrated into |aser scanners,
fluorescence mcroplate readers, standard or mni-fluoroneters, or

chromat ographi c detectors. Preferred fluorescent polyners of the invention
are excitable at or near 405 run, and can be excited using a relatively

i nexpensive violet |aser excitation source. 10 Kits One_ aspect of the

i nstant i nvErmpewnd X0 is peepprsd dionuihe spndspsadon of 2 A=tihydaexy I-famylheneoinnddt i ce of
vari ous ass L t ] j S i above.
The kits of g Bl e S or e i e B e B BRI R e
of the inveptepaiing Corhpamd@ esent as a 15 chenmically reactive | abel useful
for preparing dye-conjugates, or present as a dye-conjugate where the

- conj ugat ed substance is a specific binding pair nmenber, or a nucl eoside,

" nucl eotide, oligonucleotide, nucleic i mer, peptide, or protein. The
kits opt?onally further conprise oneaj%lra(lel r%ybuffering agents, typically
present as an aqueous sol ution. Pleparakon ef @émpdvmdi3dventi on optional ly
further conprise additional detection reagents, a purification 20 nmedium for
purifying the resulting |abel ed substance, |um nescence standards, enzynes,
enzyne i nhi bi teos ‘ L0 solvent, or instructions for carrying out an
assay of the inve EXAMPLES 25 Exanpl es of the synthesis strategies of
sel ected dyggodt 5, of selected fluorescent biopolyners, their
characteri zation, of use are provided in thﬁ exangégf bel ow.
Further nodifications and permutations will be obvi ous t8"®f% lled in the
art. The

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

analogous to the procedure for preparing Compound 5.

Example 32
Preparation of Compound 32
15
Compound 32
Compound 32 is prepared from the sulfonation of Compound 31, analogous to the procedure
for preparing Compound 6.
20
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exanpl es below are given so as to illustrate the practice of this invention,
and are not intended to limt or define the entire scope of the invention.
30 39 Exanmple 1 Preparation of Conpound I HO OH C CHO | Compound 1 5

4- Chl ororesorcinol (50 g) is dissolved in dry ether (200 m). To the
solution are added finely powdered zinc cyanide (60 g) and potassium
chloride (12 g) with stirring. The suspension is cooled to 0OC. A strong
stream of hydrogen chloride gas is blown into the solution with vigorous
stirring. After approximately 30-60 mnutes the reactants are dissolved. The
10 addition of hydrogen chloride g i ntinued until it stops being
absorbed in the ether solution. T%%Qéggggnsion is stirred for one
additional hour on ice. The eRbgfationl dftGodipousd 3poured fromthe solid that is
treated with ice and heated to loot in a water bath. Upon cooling the
product crystallized in shiny plates fromthe solution, which is renoved by
filtration angpair-dig edoto give the desired al dehyde. 15

O
‘&_OH
oy S“
o]
-0 Sy
HO O ' Compound 33
5
Compound 33 is prepared from the condensation of Compound 32 with N,N'-disuccinimidyl
carbonate, analogous to the procedure for preparing Compound 7.
Example 34
10 Preparation of Compound 34

HO 0__0
S
N

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

Compound 34

Fanbo Biochemicals, Ltd.), 0.5 ml of piperidine and 0.3 ml of acetic acid are heated under

15 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 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 product is further purified with silica gel
chromatography to yield the desired Compound 34. '

20
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Exanple 2 Preparation of Conpound 2 O OD O EtO S Conmpound 2 20 Et hyl

2-t hi opheneneacetate (10 g) and ethyl 6-bronohexanoate (12 g) are dissol ved
in dichloronmethane (200 mM). To the solution is added anhydrous A1Cl3 (24
g) under dry nitrogen protection with vigorous stirring at A The reaction
m xture is stirred under dry nitrogen protection at 0l D, and warned to room
tenperature when the reaction is conplete as indicated by TLC. The reaction
m xture is poured into ice-water, and extracted with 25 chl orof orm (3x200

m ). The chloroform |l ayers are conbi ned, dried over anhydrous Na2SO4, 40
and the solvent is renoved under vacuubzamplgd¥e a crude solid. The crude
solid is further purified on a iIicg e} ~col unm ith a gradi ent of

chl orof ornmf et hyl acetate as el uah@#@*@%&ii red Compound 2. 5
Exanple 3 Preparation of Compound 3 O CH

(?H
0=5=0
HO 0_0

HOOC Z &l S/D
' Compound 35

Compound 35 is prepared from the sulfonation of Compound 34, analogous to the procedure

for preparing Compound 6.

Example 36
10 Preparation of Compound 36

Compound 36

Compound 36 is prepared from the condensation of Compound 35 with N, N'-disuccinimidyl

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

- Example 37
Preparation of Compound 37

20 Compound 37
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O HO S Conpound 3 Conpound 2 (10 g) is dissolved in ethanol (100 m ). To the
solution is added 5 M NaCH (65 10 ml). The reaction mxture is stirred at
roomtenperature, and neutralized with concentrated HC when the reaction
is conplete as indicated by TLC. The resulted m xture is extracted wth
ethyl acetate (3x200 ml). The ethyl acetate |layers are conbined, dried over
anhydrous Na2SO4, and the solvent is renboved under vacuumto give the
desired Conpound 3. 15 Exanple 4 Preparation of Conmpound 4 AcOOC S OHO
Compound 4 Conpound 1 (6 g) and Conmpound 3 (5.8 g) are suspended in acetic

anhydr i 0 ' ' | am ' dded at
Foom t e sl SRaats B RGRSMA b ELORORTLED, A pld .2 G
react i odidh$orclaspéret(60 af) unidileatatiohys cohfpletdid iddicaed by M.CL A fi¢r@oshing to
tenperature, the mxture is pqoured into ice-water, and resulted precipitate
is filt P tegmrerature, he XIS figered & eieptab selddhatds pashen atithi cthesppd i ed. The
crude pryRgicind Suiefodat ¥ diftly hQtbeid stbh feabfs & RbuCATRRYA hatfxanpl e 5

5
Example 38

Preparation of Compound 38

o~ Compound 38
10
Compound 38 is prepared from the piperidine-catalyzed condensation of Compound 37 with

resorcinol, analogous to the procedure for preparing Compound 34.

Example 39
15 Preparation of Compound 39

HO 0._0

OH Compound 39

Compound 39 is prepared from the hydrolysis of Compound 38, analogous to the procedure

20 - for preparing Compound 5.
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5 Preparation of Conpound 5 HOOOC S OH O Conmpound 5 Conmpound 4 (5 g)
is suspended in 20% HC1(300 ml). The reaction mxture is heated at 60- 700C
until the reaction is conplete as indicated by TLC. The reaction mxture is
diluted with 10 water (200 m), and extracted with ethyl acetate (3x300 m).
The ethyl acetate |ayers are conbined, dried over anhydrous Na2SO4, and the
sol vent is renoved under vacuumto give the crude Conpound 5. The crude
material is further purified on a silica gel colum with a gradient of

chl orof ormf met hanol as eluant to yield the desired Conmpound 5. 15 Exanple 6
Preparati on of Conpound 6 HO O O C M ;O 00 OH Conmpound 6
Compound 5 (1 g) is suspended in conc H2SO (5 m). To the
suspension is added 20 20% f um pgpdidRof(CGonioind 4e reaction mxture is

. stirred at OC until the reaction is conplete as indicated by TLC. To cold

- ether (200 M), the reaction mixture is drop-wi se added with vigorous

- stirring toy@i ve_the cpude Conpound 6 as a yellow precipitate. The 42

N+
o—'Ni )
0]

Compound 40
5
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

10 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, 2000, Current Protocols In

15 Cell Biology 16.5.1-16.5.22; each of which is incorporated herein by reference. For example,
protein-dye conjugates can be prepared using a succinimidyl ester of the invention, as

follows.

A solution of the protein is prepared at about10 mg/mL in 0.1 M sodium bicarbonate. The
20  labeling reagents are dissolved in a suitable solvent such as water, or DMF or 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 chromatography, such as on Amersham PD-10 resin (GE
25  Healthcare Bio-Sciences Corp., Piscataway, NJ) equilibrated with phosphate-buffered saline

(PBS). The initial, protein-containing colored band is collected and the degree of
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crude material is further purified by preparative HPLC to yield the desired
Compound 6 wusing 0.1% TFA in water-0.1% TFA in a MeCN buffer system
Exanple 7 5 Preparation of Conpound 7 OOO'SO ONI iO O CH Conpound?
Compound 6 (100 ng) and NY-di succini mdyl carbonate (85 ng) are dissolved in
DMF (5 m). To the solution is added 4-di net hyl am nopyridine (5 ng) and
anhydrous 10 triethylamne(0.1 m) under dry nitrogen protection with
vigorous stirring at room tenperature. The reaction mxture is stirred
under dry nitrogen protection at room tenperature until the reaction is
conpl et L:ndi c . T i I xture | 0 into ether,
and thegl%bgglﬁ#l e%f (%?e%%n%lxtﬁghéq}lf;sgg%é a?‘g%%tletgg%gﬁoﬁa#{errg%@gﬁ& rlegi&‘sol idis washed
W th et Resropkory,iwing thdextiaeson adficxnpofind fite fThbropkeep The ye-piotgimr at i on of

Compound 8 HOOOC | / / S NH NH3 . . e
conjugate thus obtained can be subfractionated to yield 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. It will be understood 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

10  example, the references cited herein.

Example 42
Preparation of Antibody-dye Conjugates

15 A preferred protocol for preparing dye-conjugates of an IgG monoclonal antibody is
described below. Dye-conjugates of Compounds 7, 13, 14, 19, 25, and 60 were prepared

‘using essentially the sample protocol, with minor variations, as noted below.

Step 1. Prepare antibody solution: Prepare a solution of the antibody in labeling buffer
20 (0.05M NaPi, pH 8.0 + 0.15M NaCl + 20% glycerol) at a concentration of about 2-20 mg/ml.

The concentration of the antibody in solution can be calculated from the Beer-Lambert Law,
Aggo = €,,C'L, where Ag is the absorbance measured at 280 nm (which is the maximum
absorption wavelength of protein), €, is the molar extinction coefficient of the antibody

25  protein, C is the concentration, and L is the length of the light path through the solution. A
typicai IgG antibody has an €, value of 224,000 em™™™. : ‘ | ' J

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
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O .S O O Conpound 8 20 To anhydrous hydrazine (100 |) in DMF (0.5 m) is
added Conpound 7 (100 ng) in DMV (0.5 m). The mxture is stirred at
anbi ent tenperature for 15 mnutes. The reaction solution 43 is poured into
water, and resulted precipitate is centrifuged to collect the solid that is
washed wth water and air-dried. The crude product is further purified by
HPLC. Exanple 9 5 Preparation of Conpound 9 O HO\ OON OC I S NH SO
O O- OH Conpound 9 To Compound 7 (10 nmg) in DVF (0.2 nl) at roomtenperature
is added 4 equivalents of triethylamne and 1.2 equival ents of _
N- ( 2- ani noemepsurea¢nsofiihgealye conckniaion aesticgmatdvad bz st dilatingShedye WL inclM .
The m xture 1%h§éQ§P%P at anbi ent tenperature for 60 m nutes. The DWW
sol ution isgﬁbuF intfo water, and resulted suspension is centrifuged to
collect the solid that is air-dried. The crude product is further purified
with silica gel chromatography to yield the desired Conpound 9.
, ¢ concentration of the dye in solution can be calculated from the Beer-Lambert Law: A
5 = e€dye'CL, were Apax is the absorbance measured at the maximum absorption wavelength of

the dye, €qyc is the molar extinction coefficient of the dye, C is the concentration, and L is the

length of the light path through the solution. As an example, the maximum absorption

wavelength of the Compound 7 amide is about 415 nm. For other dye compounds, the

maximum absorption wavelength of the reactive dye should be measured prior to the

10  conjugation.

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

15  excess of dye. Add the antibody solution to the dye solution with effective stirring or
shaking, and keep the reaction mixture stirred or shaken for 1-2 hrs to obtain the antibody-

dye conjugate.

Step 4. Purify the conjugate: The antibody-dye conjugate can be purified using Bio-Spin
20  column. Load 50ul of antibody-dye conjugate solution and 50pl a chase buffer (PBS + 20%

glycerol + 0.1% NaNj3) on a Bio-Spin column, place 1 ml of chase buffer 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

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

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

substitution (DOS) is calculated using the following equation:

30 DOS = [dye]/[antibody] = Amax-€p/(€dye’(A280-0.55 Amax)),
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15 Exanple 10 Preparation of Conmpound 10 F HO OH CI | CHO Conpound 10 20
Compound 10 is prepared from 4-chl oro-2-fl uororesorcinol (Fanbo

Bi ochem cals, Ltd., Beijing, China), analogous to the procedure for |
prepari ng Conpound 1. 44 Exanple 11 Preparation of Conpound 11 F AcO O C

)I s OH O Conpound 11 5 Conpound 11 is prepared fromthe condensation of
Conmpound 10 with Conpound 3, anal ogous to the procedure for preparing
Compound 4. Exanple 12 10 Preparation of Conpound 12 F HO O

10

15

20

25

where [dye] is the dye concentration, [antibody] is the antibody concentration, Ay is the
absorbance measured at the maximum absorption wavelength of the dye, Asg is the
absorbance measured at 280 nm, ¢, is the molar extinction coefficient of the antibody protein,
€dye 18 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.

4 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 grdups 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 determined to be sufficient to result in the desired dye/protein ratio.

- Sodium cyanoborohydride is added to a final concentration of 10 mM and the reaction is

stirred for 4 hours at room temperature. The antibody conjugates are purified by dialysis and

on Sephadex G25 columns as described above. Periodate-oxidized glycoproteins in gels and
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Cl s OH O Conpound 12 Conpound 12 is prepared fromthe acidic hydrolysis of
Compound 11 with 20% HC1, 15 anal ogous to the procedure for preparing
Compound 5. Exanple 13 Preparation of Conmpound 13 FHOOOC SO ,s 0
20 O OH Conmpound 13 45 Conpound 13 is prepared fromthe sul fonation of
Compound. 12, anal ogous to the procedure for preparing Conmpound 6. 5 Exanple
14 Preparation of Conpound 14 FHOOOO'0O C I SA O

on blots can also be labeled, essentially as described in Estep and Miller, 1986, Anal.
Biochem.157:100-105, incorporated herein by reference.

Example 44
5 Preparation Of A Protein-Dve Conjugate Using A Thiol-Reactive Dve

- A solution of beta-galactosidase, a protein rich in free thiol groups, is prepared in PBS (2.0
mg in 400 puL). 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 dégree

10  of substitution by the dye is esﬁmated 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
15 Preparation of Aminodextran-Dye Conjugates

Aminodextran-dye conjugates are prepared as follows, described using 70,000 MW
aminodextran (50 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 NaHCO;. Compound 7, 13, 14, 19,

20 25 o0r 60 is added so as to give a dye/dextran ratio of about 10-15. After 6-12 hours, the
resulting conjugate is purified on SEPHADEX G-50 and eluted with water. Typically 6-10
moles of dye are conjugated to 70,000 MW dextran.

Example 46
25 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.
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S 0 OH Conpound 14 10 Conpound 14 is prepared fromthe condensation of
Conmpound 13 with N, N -di succi nimdyl carbonate, anal ogous to the procedure
for preparing Compound 7. Exanple 15 15 Preparation of Conpound 15 C HO OH
Cl CHO Conpound 15 Conpound 15 is prepared from 2, 4-di chl or oresorci nol
(Fanbo Biochem cals, Ltd.), 20 anal ogous to the procedure for preparing
Compound 1. Exanple 16 Preparation of Conmpound 16 46 CI AcOOC S OHO
Compound 16 Conpound 16 is prepared fromthe condensation of Conpound 15

wi th Conmpound 3, anal ogous to the procedure for preparing Conpound 4.

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 correspbnding reactive dyes, as listed in Table 1. For example, amine-modified
microspheres are readily conjugated to the dyes of the invention through succinimidyl esters,

5  such as Compound 7, 13, 14, 19, 25 or 60.

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
10  passively adsorbed on the microspheres. For example, carboxylate-modified 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 | |
15  chromatography.

Biotinylated microspheres can be treated with a streptavidin, avidin or anti-biotin conjugated

to a dye of the invention, as described above.

20 Example 47

Preparation of Nucleotide-dye Conjugates

Nucleotides conjugated with the dyes of invention can be reédily prepared by someone

skilled in the art following the well known, published procedures, such as those described in
25 M. Nimmakayalu et al., 2000, Biotechniques 28, 518-522; Muhlbegger et al., 1990, Biol

‘Chem Hoppe Seyier 371, 953-965; and Giaid et al., 1989, Histochemistry 93, 191-196, each

-incorporated herein by reference. Examples of particular conjugations are described, below.

To 2 mg of 5-(3-aminoallyl)-2'-deoxyuridine 5'-triphosphate (Sigma-Aldrich) in 100.ul water
30 is added Compound 7, 13, 14, 19, 25 or 60 in 100 pL. DMF and 5 pL triethylamine. After 3
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5 Exanple 17 Preparation of Conmpound 17 CIl HOOC S OH 0 Conpound 17
Conmpound 17 is prepared fromthe acidic hydrolysis of Conpound 16 with 20%
HC1, analogous to the procedure for preparing Conpound 5. Exanple 15

Preparation of Conmpound 18 CIl HOO '"SOO0O Cd I / S OH 0O OH Conmpound 18

Compound 18 is prepared fromthe sul fonation of Conpound 17, anal ogous to

the procedure 20 for preparing Conpound 6. 47 Exanple 19

10

15

20

25

30

hours, the solution is evaporated and the residue is purified by HPLC. The product fractions

are lyophilized to give fluorescent nucleotide conjugate.

Alternatively, fluorescent dye-conjugates of deoxyuridine 5'-triphosphate are prepared from
5-(3-amino-1-propynyl)-2'-deoxyuridine 5'-triphosphate, or by treating 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 reacted
with a slight excess of Compound 7, 13, 14, 19, 25 or 60, following precipitation with ‘
ethanol, the ribose-modified product is purified by preparative HPLC.

Example 48

Preparation of Oligonucleotide-Dye Conjugates

A 5'-amine-modified, 18-base M13 primer sequence (about 100 pg) is dissolved in 4 ul water.
To this is added 250 pg of Compound 7, 13, 14, 19, 25 or 60 in 100 pl 0.1 M sodium borate,
pH 8.5. After 16 hours, 10 pl of 5 M NaCl and 3 volumes of cold ethanol are added. The
mixture is cooled to -20C, centrifuged, the supernatant is decanted, the pellet is rinsed with
ethanol, and the pellet is then dissolved in 100 pL water. The labeled oligonucleotide is

purified by HPLC. The desired peak is collected and evaporated to give the fluorescent

oligonucleotide-dye conjugate.

Example 49 ,
Cell Analvsis by Flow Cytometry using Dye-Antibody Conjugates

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 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.
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Preparation of Conmpound 19 C HOOON CI SO ' O5 0 OH Conpound 19

Conmpound 19 is prepared fromthe condensation of Conpound 18 with

N, N -di succi ni midyl carbonate, anal ogous to the procedure for preparing

Compound 7. 10 Exanple 20 Preparation of Conpound 20 OOw EC O S
Conpound 20 15 Ethyl 2-thi opheneneacetate (5 g) and net hyl

4- br ononet hyl benzoate (6.2 g) are dissolved in
the solution is added anhydrous A1Cl13 (12 g) under dry
Wi th vigorous stirring at 0OC. The reaction mxture is stirred under dry

di chl oronet hane (200 m).
nitrogen protection

To

nitrogen protection at 0't, and warmed to room tenperature when the reaction
is conplete as indicated by TLC. The reaction mxture is poured into
i ce- wat Samphes @l 0@xilr)ad tvdidleiilodd (preferably collected in EDTA) typically are stained with

10

15

20

25

antibody-dye conjugate for 30-60 minutes in the dark at a dye-conjugate concentration of 1
ug or less per 0.1 ml of blood. Following staining, 2 mL of 1X FACS™ Lysing Solution
(BD Bioscience, San Jose, CA) are added to the sample, the sample is mixed at medium
speed on vortex mixer and then incubated at room temperature for 10 min. The sample is
centrifuged at 2-500g (preferably 2-300) for 5 minutes and the supernatant is decanted. The
sample is washed (resuspended in 2 mL of 0.5% BSA/PBS wash buffer, mixed, and
centrifuged) twice, re-suspended in either 0.5 mL of wash buffer or 150 ul of Fixation

Stabilization Buffer, and held at 4 °C until flow cytometric analysis.

Analysis of the stained cells preferably is carried out using a BD LSR II flow cytometer (BD
Biosciences, San Jose, CA) equipped with a blue (488 nm), a red (~633 nm), and a violet

(405 nm) laser. The detection optics inclﬁdles detection in a 525/50 nm fluorescence

- detection channel. Fluorescent biopolymers incorporating dye compounds such as

Compound 7, 13, and 25 exhibit an excitation maximum closely matching the 405 nm
emission of the violet laser, and the emission from the biopolymers is measured in the 525/50
nm detection channel. The flow cytometer is setup following the manufacturer’s instructions.
Flow cytometric analysis of the 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.

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 results obtained.

'Routine experimentation should be carried out to determine preferred reaction components,

such as buffers or lyse solutions, and reaction conditions, including staining times and
temperatures. Such routine Optinlization of assay conditions is standard practice in the field

of immunostaining-based assays.
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20 chlorof orm (3x200 m ). The chloroform | ayers are conbi ned, dried over
anhydrous Na2SO4, and the solvent is renpved under vacuumto give a crude
solid. The crude solid is further purified on a silica gel colum with a
gradi ent of hexanes/ethyl acetate as eluant to yield the desired Conpound
20. 48 Exanple 21 Preparation of Conpound 21 O OH O1 5 S Conpound 21
Conmpound 20 (5 g) is dissolved in ethanol (50 ml). To the solution is added
5 MNaOH (65 nl). The reaction m xture is stored at roomtenperature, and
neutralized with concentrated HCO when the reaction is conplete as

i ndi cated by TLC. The reaction mi xtur Exgmpledfracted 10 with ethyl acetate
(3x200 m). The ethyl tate | ! C i rj r anhydr ous
Na2SO4, and the sol venfﬁ & Stnfucaftd of dnfiCha 85% aﬁg%IMg.An%% 1\é§desi red Conpound

21. Exanple 22 Preparation of Compound 22 15 OOH AcO OO
Dye-conjugates were prepared using antibodies specific to CD4 and CD45 (clones SK3 and
5  2DI, respectively, from BD Biosciences, San Jose, CA), each conjugated, in separate

preparations, to Compounds 7, 13, and 25, over a range of dye-to-protein ratios. The
antibody-dye conjugates were prepared essentially as described in example 42, above. The
antibody-conjugates of the CD4 and CD45 antibodies were used to analyze lymphocytes in
whole blood samples, essentially as described in example 49, above.

10
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

15 CD4. In these experiments, no appreciable self-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,

20  Compound 7 yielded better fluorescence staining than did Compound 13, which yielded

better fluorescence staining than did Compound 25.

The results indicate that all three dye-conjugates are useful in preparing antigen-specific
detection reagents for immunofluorescence assays analyzed by flow cytometry. In general,
25  each the optimal dye-to-protein ratio is determined empirically (by routine optimization) for

each specific antibody to be labeled.
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S C Conmpound 22 Conpound 22 is prepared fromthe condensati on of Conpound
21 with Conpound 1, 20 anal ogous to the procedure for preparing Conpound 4.
Exanpl e 23 Preparation of Conpound 23 49 OCH HOOOg Cd ~ f Conpound
23 Conpound 23 is prepared fromthe acidic hydrolysis of Conpound 22 with
20% HCl, 5 anal ogous to the procedure for preparing Conpound 5. Exanple 24
Preparation of Conmpound 24 O OHHO OO C ,0O

Example 51
Dve-conjugates of anti-CD3, CD4, CD8 and CD45 Antibodies

Dye—cdnjugates were prepared using four different antibodies, CD3, CD4, CD8, and CD45
5 antibodies (clones SK7, SK3, SK1, and 2D1, respectively, from BD Biosciences, San Jose,
CA), each conjugated, in separate preparations, to Compound 7 over 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 antibodies were used to
analyze lymphocyte cells in whole blood samples, essentially as described in example 49,

10  above.

The results of the analyses are summarized in Figures 3-6, 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

15  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 unstained, “negative”
population (i.e.‘, background), relative to the width of the distribution of fluorescence
measured from the unstained population (see Maecker et al, 2004, Cytometry Part A
62A:169-173, incorporated herein by reference). The stain index is defined as:

20

stain index = (S -U) /(2 * SD_negative),

wherein S ié the median fluorescence intensity (MFI) measured from the stained cell
population, U the MFI of an unstained cell population, and SD_negative is the standard

25  deviation of the fluorescence intensity of the unstained cell population. In Figure 6, thé
fluorescence intensity is reported as the Median Fluorescent Instensity (MFI). Because
CD4S5 antibody binds to all lymphocytes, there were no unstained lymphocyte populations to
be used as a measure of background in these experiments, and the stain index could not be
calculated.

30
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,S, 10 0' bH Conpound 24 Conpound 24 is prepared fromthe sul fonation of
Conmpound 23, anal ogous to the procedure for preparing Conpound 6. Exanple
25 15 Preparation of Conmpound 25 o 0O HOOOC ~ O S, O bH Conpound 25
50 Conpound 25 is prepared fromthe condensati on of Conpound 24 with

N, N -di succi ni mdyl carbonate, anal ogous to the procedure for preparing
Compound 7. 5 Exanple 26 Preparation of Conpound 26 AcOOOC/ SOHO
Compound 26

The optimal dye-to-protein ratios for each of the dye-conjugated antibodies is provided in
Table 4, below.

Table 4
Optimal Dye-to-Protein Ratios
Antibody Specificity Optimal Dye-to-Protein Ratio
CD3 5
CD4 25
CD8 : 28
CD45 9

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. The maximum stain index
obtained demonstrates that dye-conjugates of this CD3 antibody labeled with Compound 7

10  enables discrimination of the stained lymphocyte populatioh over background fluorescence in
a flow cytometric immunofluorescence assay. For this antibody and dye combination, self-

quenching was observed at dye-to-protein ratios above the optimal.

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

15  conjugated to Compound 7 over a range of dye-to-protein ratios. The maximum stain index
obtained demonstrates that dye-conjugates of this CD4 antibody labeled with Compound 7
-enables discrimination of the stained lymphocyte population over background fluorescence in
a flow cytometric immunofluorescence assay. For this antibody and dye combination, little
self-quenching was observed at dye-to-protein ratios above the optimal, providing a broad

20  range of useable ratios.
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. The maximum stain index

obtained demonstrates that dye-conjugates of this CD8 antibody labeled with Compound 7
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Compound 1 (1 g) and 2, 5-di car boxynet hyl t hi ophene (6 g, Sigma-Aldrich) are
suspended in 10 acetic anhydride (100 m ). To the suspension triethylam ne
(6 M) is added at roomtenperature. The resulted reaction m xture is heated
at 120-1400C until the reaction is conplete as indicated by TLC. After
cooling to roomtenperature, the mxture is poured into ice-water, and
resulted precipitate is filtered off with suction to collect the solid that
is air- dried. The crude solid is further purified on a silica gel colum
with a gradient of 15 chlorofornm nethanol as eluant to yield the desired

Conpoun xR rER 20 0
Corrpoungnﬁges dé%?rpourgfgn%gﬂilgss pr élgglﬂg% ?{ Jﬁ?ﬂﬁg&g%{%%ac% o(a;}{gfegc (%EE &rrpound
26 W t haZld% dﬂj@metnanamogmfhmretsoeﬂcb esspy.OE@dhis enfilirdyané rl&es combitaigpolittid 5. 51

Exanpl e se?I? quenc grw%ts Ioggerggd a?g}%p to-prot612n8rat1c|jsoab%vg thce: optlmaF prov1d1ng a broad

range of useable ratios.

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. As the MFI depends on, for
example, the photodetector gain the maximum MFI obtained does not directly indicate the
utility of the dye—cqnjugate for distinguishing cell populations. However, the dye-conjugates
10  of this CD45 antibody labeled with Compound 7 were observed to provide adequate labeling
of lymphocyte populations for use in flow éytometricc immunofluorescence assays. For this
antibody and dyé combination, self-quenching was observed at dye-to-protein ratios above

the optimal, indicating that a narrower range of useable ratios.
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1" 0 S O OH Conpound 28 5 Conpound 28 is prepared fromthe sul fonation of

Compound 27, anal ogous to the procedure for preparing Conpound 6. Exanple
29 10 Preparation of Conpound 29 HOOOOO SI C 10 S 0 0, OH Conpound
29 15 Conpound 29 is prepared fromthe condensati on of Conpound 24 with

N, N -di succi nimdyl carbonate, anal ogous to the procedure for preparing
Compound 7. Exanple 30 Preparation of Conmpound 30 20 AcOO0 O

What is claimed is:

1. A compound having the structure:

R4
HO 0__0
R3 Z ~HC—R,
R, R
5 2 1 R5

wherein
HC is a heterocycle;
Ri1, Ry, R3, R4 Rs, and Rg are independently H, halogen, alkyl, alkoxy, aryloxy, thiol,
alkylthiol, arylthiol, azido, amino, hydroxy, sulfonyl, phosphonyl, boronic acid, L-RG, WSG,
10  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;
L is an optional linker;
WSG is a water-soluble group;
15 at least one of Ry, Ry, R3, Ry, Rs, and R4 contains L-RG; and
at least one of Ry, Ry, Rz, Ry, Rs, and Rg is WSG.

2. The compound of Claim 1 wherein HC is selected from the group consisting of

~H H

20
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HOO S Compound 30 52 Conpound 30 is prepared fromthe condensati on of
2, 4-di hydr oxy-5-fornyl benzoic acid (Fanbo Biochemcals, Ltd.) with
2-t hi opheneaceti c acid, anal ogous to the procedure for preparing Conpound
4. 5 Exanple Preparation of Conpound 31 HO O 0 S HOOC Conpound 31 10
Compound 31 is prepared fromthe acidic hydrolysis of Conpound 30 with 20%
HCl, anal ogous to the procedure for preparing Conpound 5. Exanple 32
Preparation of Conmpound 32 15 HOO SOH / \ / gO HOOC I O
3. The compound of Claim 1 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, an
5 isocyanate, an isothiocyanate, a maleimide, a reactive platinum complex, a sulfonyl

halide or a psoralen derivative.

4. The compound of Claim 1 wherein L is none, an alkyl, alkoxy, a thioalkyl, an amino acid,
a sulfo amino acid, polyamine, a polyethyleneglycol, an aryl, or a heteroaryl.

10
5. The compound of Claim 1 wherein WSG is a sulfonate, a thiosulfonate, a phosphonate, a

boronate, an ammonium, a pyridium, a quinolium or an acridinium.

6. The compound of Claim 1 having the structure:

15

Ry Ry
wherein
X is O, S, NH or NRy;
Y is NH, NR;;, CH, or CR3;

20 Ry, Ry, R3, R4 Rs, Re, Ryg, R11, and Ry, are 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 optionally substituted one or more
times by halogen, amino, hydfoiy, sulfonyl, phosphonyl, carbonyl, boronic acid, L-RG, .
or WSG; |

25 RG is a chemical reactive group;

L is an optional linker;
WSG is a water-soluble group;
at least one of Ry, Ry, R3, R4 Rs, Re, Ryp, Ry, and R;; contains L-RG; and
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O 'S, HO,O Conmpound 32 Conpound 32 is prepared fromthe sul fonation of
Compound 31, anal ogous to the procedure for preparing Conpound 6. 20 53
Exanpl e 33 Preparation of Conpound 33 OHOOOOSOHaO / o O'S HO
, O Conmpound 33 5 Conpound 33 is prepared fromthe condensati on of Conpound
32 with N, N -disuccinimdyl carbonate, anal ogous to the procedure for
preparing Conpound 7. Exanple 34 10 Preparation of Conpound 34 HO O O HOOC
| / / S Nj u Conpound 34

at least one of Ry, Ry, R3, Ry Rs, Rg, Rip, Ry1, and Ryp is WSG.

7. The compound of Claim 6 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
5 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.

10 8. The compound of Claim 6 wherein L is none, an alkyl, alkoxy, a thioalkyl, an amino acid,

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

9. The compound of Claim 6 where‘in WSG is a sulfate, a thiosulfate, a phosphonate, a

boronate, an ammonium, a pyridium, a quinolium or an acridium.

: 10. The compound of Claim 1 having the structure:
HO iy o_o o Ri1
R3 Z K,X,\3
Ry Ry Riz
wherein
20 - XisOorsS;
| Ry, Rz, R3, R4, Ry, Ri1, and Ry, are 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 optionally substituted one or more times by halogen,
amino, hydroxy, sulfonyl, phosphonyl, carbonyl, boronic acid, L-RG, or WSG;
25 RG is a chemical reactive group;

L is an optional linker;
WSG is a water-soluble group;
at least one of Ry, Ry, R3, R4, Ryg, Ry1,and Ry; contains L-RG; and
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Et hyl 2-benzot hi azol eacetate (5 g, Sigma-Aldrich), :
2, 4-di hydr oxy-5-fornyl benzoic acid (2 g, Fanbo Biochemcals, Ltd.), 0.5 n !
of piperidine and 0.3 m of acetic acid are heated under 15 reflux in 100 m !
of nmethanol until the reaction is conplete as indicated by TLC. After ‘
cooling to roomtenperature, the mxture is filtered and the 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 product is further purified with silica gel

chr omat 097 aphyichq okt 6 &), KR ARSI, gk, CatpRAtwaE, 20 54 Bxanpl e 35
- Preparation of Conpound OH"0= O HOOC / / S N~ Conmpound 35 5

Compound 35 is prepared fromthe sul fonation of Cbnpound 34, anal ogous to
the pr OC1elc.i 'Hhe corL;(J)orunaro? &?z{ulnq% v%%r s ﬂ’bdls %n ag'xyﬁi%de an amme a carboxylic acid,

an activated ester of a carboxylic acid, an acyl azide, an acyl nitrile, an aldehyde, an
5 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.

10 12. The compound of Claim 10 wherein L is none, an alkyl, alkoxy, a thioalkyl, an amino

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

13. The compound of Claim 10 wherein WSG is a sulfate, a thiosulfate, a phosphonate, a
boronate, an ammonium, a pyridium, a quinolium or an acridium.

15

14. The compound of Claim 1 having the formula:

R4

R
0 R,

(o]
/
R3 Z KX,\3
R, Ry L-RG
wherein
20 XisOorS;

‘Ri, Ry, R3, R4, Ryp, and Ry; are 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 optionally substituted one or more times by
halogen, amino, hydroxy, sulfonyl phosphonyl, carbonyl, boronic acid, L-RG, or WSG;
25 RG is a chemical reactive group; ‘
L is an optional linker;
WSG is a water-soluble group;
at least one of Ry, Ry, R3, R4, Ry, and Ry; contains L-RG;
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10 Preparation of Conpound 36 OH O=S=0 p HOOO O/ S ON 0 Conpound 36
Conmpound 36 is prepared fromthe condensation of Conpound 35 with
NN - di succi nimidyl 15 carbonate, anal ogous to the procedure for preparing
Compound 7. Exanple 37 Preparation of Conpound 37 O O 20 Conmpound 37 55
Met hyl 4-car boxynet hyl pyridine (5 g) and nmethyl 6-bronohexanoate (8 g) are
heated in 1,2- dichlorobenzene (50 m) until the reaction is conplete as
i ndicated by TLC. After cooling to roomtenperature, the mxture is
filtered to collect the solid that is washed with ether and air- dried. The
crude product is_dj wrused of ex eps WaRRCLLPN W thout further
purification. 5 Eg’%%?g%é%%ﬂ’ R Ry R, R andR s ahe

at least one of R;¢ and R;; contains a sulfonate.

15. The compound of Claim 14 wherein RG is an acrylamide, an amine, a carboxylic acid,
5 an activated ester of a carboxylfc 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 compléx, a

sulfonyl halide or a psoralen derivative.

10
16. The compound of Claim 14 wherein L is none, an alkyl, alkoxy, a thioalkyl, an amino
acid, a sulfo amino acid, polyamine, a polyethyleneglycol, an aryl, or a heteroaryl.
17. The compound of Claim 14 wherein WSG is a sulfonate, a thiosulfate, a phosphonate, a

15 boronate, an ammonium, a pyridium, a quinolium or an acridium.

18. The compound of Claim 1 having the formula:

R4
HO o_o R0 f
/ /\\ —RG
R3 7 x/ L
Ro Ry
20  wherein
XisOorS;

R, Ry, R3, Ry, Ry, and Ry, are independently hydrogen, chloro, fluoro, cyano, or
sulfonate; '
RG is a chemical reactive group;
25 L is an optional linker, and

wherein at least one of Rjg and Ry is a sulfonate.
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Preparation of Conmpound 38 HO a00 0- Conpound 38 10 Conpound 38 is

prepared fromthe piperidine-catal yzed condensati on of Conmpound 37 with
anal ogous to the procedure for preparing Conpound 34. Examln e
39 15 Preparation of Conpound 39 HO 0O O OH Conmpound 39 Conpound 39 is
prepared fromthe hydrol ysis of Conpound 38, anal ogous to the procedure

resorci nol ,

20

for preparing Conmpound 5. 56 Exanple 40 Preparation of Conpound 40 HO OO
N+ 0 O ON O Compound 40 5 Compound 40 is prepared fromthe condensation
of Conpound 39 wi th NN -disuccinim dyl

10

15

20

25

19. The compound of Claim 18 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, éhalotriazine, an amine, a hydrazine, a hydroxylamine, an imido ester,

an isocyanate, an isothiocyanate, or a maleimide.

20. The compound of Claim 18 wherein L is none, an alkyl, alkoxy, a thioalkyl, an amino

acid, a sulfo amino acid, a polyamine or a polyethyleneglycol that has 3-20 carbon atoms.

21. The compound of Claim 1 having the formula:

R4
I\, __
R3 . s L—RG
wherein

Ry, Rz, R3, Ry Ry, and Ry are independehtly 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 least one of Rio and Ry is a sulfonate.
22. The compound of Claim 21 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,

an isocyanate, an isothiocyanate, or a maleimide.

23. The compound of Claim 1 having the formula:
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" bi car bonat e.

|

i

carbonat e, anal ogous to the procedure for preparing Conpound 7. Exanple 41
10 Preparation of Protein-Dye Conjugates Protein-dye conjugates can be
prepared by standard neans, such as those described in, for exanple,
Haugl and et al. 1995, Meth. Mdl. Biol. 45:205; Haugland, 1995, Meth. Mol.
Biol. 45:223; Haugland, 1995, Meth. Ml . Biol. 45:235; Haugland, 2000,
Current Protocols In 15 Cell Biology 16.5.1-16.5.22; each of which is
i ncorporated herein by reference. For exanple, protein-dye conjugates can
be prepared using @ succininmdyl ester of the invention, as follows. A
sol ution of the prqtein isfnpepared ab@aboutl O ng/nl in 0.1 M sodium

aePi g pedlbeft s &reVdissolved in a suitable sol vent
such as water, or out _Nong/ L. Predeterni ned anounts of
t he | abel i ng reRgen o ‘nhe propein solutions with stirring. The
reaction mxture is incubated at roomtenperature for one hour or on ice
for several hoyps..,The dye-protein conjugate is typically separated from
free unreacted reagent by size-exclusion chromatography, such as on
Amrer sham PD- 10 r BRgiRa, Rigand R, Helihdepeddenty bydsegeancidsroCfugro, cyRhs oatdfumyte; NJ)
equi | i brated mﬁth,phqsghat?-buffe ed saline (PBS). The initial,
prot ei n- cont ai ni RE BINGREPIYal0829% col | ected and the degree of 57
substitution is Qﬁ&%ﬁﬂhﬂﬁQc&%%ﬁk&ﬂ%dﬁﬁ?ﬁ%@ﬂ?ﬁﬁﬂél the absorbance maxi num of
each fluorophore, using the extinction coefficient of the free fluorophore.
The dye-protein conjugate thus obtained can be subfractionated to yield

‘ conj ugat es \%4t tA R;Iegcho%{dgétle%\g%'hg %e formula:

Ry
R3 7 HC—Rs
R, R
2 1 Rs
| dn

10  wherein

HC is a heterocycle;

Ry, Ry, R3, Ry Rs, and Rg are independently H, halogen, alkyl, alkoxy, aryloxy, thiol,
alkylthiol, arylthiol, azido, amino, hydroxy, sulfonyl, phosphoﬁyl, boronic acid, WSG, or
alkyl or alkoxy that is itself substituted one or more times by halogen, amino, hydroxy,

15  sulfonyl, phosphonyl, carbonyl, boronic acid, or WSG;

WSG is a water-soluble group; -

n is an integer of 1;35;

SUB is a substrate;

at least one of Ry, Ry, Rz, R4, Rs, and Rg is covalently bound to S through an optional

20 linker L; and |
at least one of Ry, Ry, R, R4, Rs, and Rg is WSG.

25. The dye-conjugate of Claim 24 wherein HC is selected from the group consisting of
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nore uni form DOS. 5 For many applications, such as for producing dye-| abel ed
anti bodies, a nolar ratio of 10 to 50 equivalents of dye to 1 equival ent of
protein is used. It will be understood that optimal reaction conditions and
reactant concentrations typically are determned enpirically. Optimzation
of dye-protein conjugation is well known in the art, and described in, for
10 exanple, the references cited herein. Exanple 42 Preparation of

Ant i body-dye Conjugates 15 A preferred protocol for preparing dye-conjugates
of an 1gG nonocl onal antibody is described bel ow. Dye-conjugates of

Compounds 7, 13, 14, 19, 25, and 60 were prepared usini:;ssentially t he

sanpl e protocol or va ons otzeggel \ p 1. Prepare
ant i body solutl Pre% k a éo\ on [bf\ adtipody Fabeling buffer 20
(0. O5M NaPi , 2l + 20% ycerol) at aNconcentration of about

2-20 mg/ . The concentratlon of t he anti body i soIUtlon can be cal cul ated

fromthe Beer-Lanppr CPC- erﬁ ‘-e absor bance
nmeasur ed at 280 ﬁﬁlls | ngth of protein),
¢, is the nolar t|r1 ctoon co |C|en protein, Cis the

concentration, and L i's the Iength of the I|ghthath through the solution. A

typical 1gG an ha$_an ep e of 224 tep 2. Prepare dye
sol ution: Ady Iut| |s p ¥ i N
concentration ifNthe dy solu NZ det

accuracy of the

26. The dye-conjugate of Claim 24 wherein L is none, an alkyl, alkoxy, a thioalkyl, an amino

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

27. The dye-conjugate of Claim 24 wherein WSG is a sulfonate, a thiosulfonate, a

phosphonate, a boronate, an ammonium, a pyridium, a quinolium or an acridinium.

28. The dye-conjugate of Claim 24 wherein SUB is a biopolymer.

10
29. The dye-conjugate of Claim 24 wherein SUB is an antibody.
30. The dye-conjugate of claim 24 having the structure:
_ -, _
HO _o_o, R | SUB
R3 Z /x\ Rs
R, Ry
B In
15 | : :
wherein
Xis O, S, NH or NRjq;
Y is'NH, NR;3, CH, or CRyy;
Ry, Ry, R3, R4 Rs, Re, Ryo, Ri1, and Ry, are independently H, halogen, alkyl, alkoxy,
20 aryloxy, thiol, alkylthiol, arylthiol, azido, amino, hydroxy, sulfonyl, phosphonyl, boronic
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58 neasurenent of the dye concentration maybe inproved by first diluting the
dye 1/100 in 1M glycine, pH 9.6. The concentration of the dye in solution
can be cal culated fromthe Beer-Lanbert Law. A, ,,,x 5 = EdyeCL, were A, is
t he absorbance neasured at the maxi mum absorption wavel ength of the dye,
Edye is the nolar extinction coefficient of the dye, Cis the concentration,
and L is the length of the Iight path through the solution. As an exanple,
t he maxi num absor pti on wavel ength of the Conpound 7 amide is about 415 nm
For other dye compounds, .the maxi num absorption vel ength of the reactive
dye shoul d be ?Fé%ts‘ﬁggdor;ﬂlbgpr glsophibatig lté%ﬁ?mw@li%ﬁﬁstéwg 08¢ OICHPEITRRHOY
conjugation re N, I n Lo and: «d .utions
to obtain-the gzgéée?’e%m%1 lg}t&%;ygselggﬁglf E%(ilsgfl?ﬂﬁhl ’1?0 ﬁ?a%glég%¥gﬁgaéb§ﬁg§ﬁ’ m zati on
st udi es,- react i oN&SG areewatarsolede giotip;usi ng a range of nol ar excess of dye,
typically between.2X .‘an G(gﬁ ﬁ?l ar 15 excess of dye. Add the antibody
solution to the BYyE*SBI%EEiVn-wth effective stirring or shaking, and keep
the reacti on m xkuBgs akiyskg@; or shaken for 1-2 hrs to obtain the antibody
dye conjugate. Step 4. Purify the conjugate: The anti body-dye conjugate can
be purified usingt BisoogmiRy, éﬂ RsoRyRn Rl BadRE0m1d Rib issgervplsaidiybaipd te 8HBugat e

~solution anghrSO | a _cha & uffer (PBS + 20% glycerol + 0.1 % NaN3) on a
a5 ik

\

Bi 0- Spi n colunty, ero[f; a%ase buffer into the receiver tube of the

spin col um, andaslegasas & R, YRS, REXRARS, R, RGPR],2drdy, is"WBer nati vely, the
anti body-dye conjugate can be purified using a PD-10 col um (Amrer sham

10  31. The dye-conjugate of Claim 30 wherein L is none, an alkyl, alkoxy, a thioalkyl, an amino

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

32. The dye-conjugate of Claim 30 wherein WSG is a sulfate, a thiosulfate, a phosphonate,
a boronate, an ammonium, a pyridium, a quinolium or an acridium.
15

33. The dye-conjugate of Claim 30 wherein SUB is a biopolymer.

34. The dye-conjugate of Claim 30 wherein SUB is an antibody.

20  35. The dye-conjugate of claim 24 having the structure:

R4 R,
HO o\fo /"R11
/I- -
R3 Z KX{ SuB

Ro Ry Rz

— -I'n

wherein
XisOorS;
25 Ry, Ry, Rs, R4, Ryg, Ryp, and Ry; are independently H, halogen, alkyl, alkoxy, aryloxy,

thiol, alkylthiol, arylthiol, azido, amino, hydroxy, sulfonyl, phosphonyl, boronic acid, WSG,
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25 Bi osciences, Piscataway, NJ), follow ng the manufacturer's protocol. Step
5. Determ ne the degree of substitution of the antibody-dye conjugate: The
degree of substitution (DOS) is calculated using the follow ng equation: 30
DOS = [dye]/[anti body] = A sp/(Edye (A290-0.55A.x)), 59 where [dye] is the
dye concentration, [antibody] is the antibody concentration, Armax is the
absor bance neasured at the maxi num absorpti on wavel ength of the dye, A280 is
the absorbance nmeasured at 280 nm EP is the nolar extinction coefficient
of the antibody protein, 5 Edye is the nolar extinction coefficient of the

dye. It 80Ul 4 ah@xPalaef ifsBi@bplichalP i@ sNnBddHe )k SrordiRes lS}hﬁaIG%éFlméh&HﬁiB? shoul d

be free of the non-conjugated dye. For effective |abeling, degree of
subst i t bydroxy, sylfenyhlphysphiooyll chrbayl, boemiveasnd, 31 MBGol es of dye to one nol e of
ant i body. Asvaﬁ%melltkno in the art, the DOS that provides optimal 10

| abel i ng wi | 1" SeBEPEYPle B8P hody, and in some cases, a hi gher DOS may

provi de i npheyvednieggielfiings; The optimal |abeling is determned enpirically
by preparing dye- conjugates over a range of DOS and conparing the neasured
f1 uof escenceSVBtieasisirale;  Exanpl es are shown in the figures. 15 Examlu e

43 Prepar at] gneal oRYSEOR] YA R, Of, PRUIRIA' S KI sta § ¥aaRAL S 1o

Sanples of 5 ng o as a ysaccharide chain

at t achedptichal Intker pystidein) in 1 nmL of 0.1 Macetate, 0.135 M NaC, pH 5.5,

are treated with 2.1 gg of sodium 20 netaperiodate on ice for a period of
1

time exper i néileast 3 AfdtieRaiRncle, Rep Ber g 151 WRE- t o resul t

10  36. The dye-conjugate of Claim 35 wherein L is none, an alkyl, alkoxy, a thioalkyl, an
amino acid, a sulfo amino acid, polyamine or a polyethyleneglycol, an aryl, or a

\ heteroaryl.

37. The dye-conjugate of Claim 35 wherein WSG is a sulfate, a thiosulfate, a phosphonate,

15 a boronate, an ammonium, a pyridium, a quinolium or an acridium.
38. The dye-conjugate of Claim 35 wherein SUB is a biopolymer.

39. The dye-conjugate of Claim 35 wherein SUB is an antibody.

20
40. The dye-conjugate of claim 24 having the formula:
R4
R
HO 0__0O ;Rﬂ_
A
R3 Z g suB
Rz Ry
— -n
wherein
25 XisOorS;
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in the desired anount of al dehyde groups on the glycoprotein, which are then
reacted with Conpound 5. The reactions are stopped by addition of 30 L

et hyl ene glycol. The antibodies are purified on a Sephadex &5 col um
packed in PBS pH 7.2. One-tenth volune of 1 M sodium bicarbonate is added
to raise the pH and Conpound 5 is added at a nolar 25 ratio of dye to
protein of 50:1. The reaction is stirred at roomtenperature for a period of
time experinmentally determned to be sufficient to result in the desired
dye/protein ratio. Sodi um cyanoborohydride is added to a final
concentration ofRiIRe, Rd4RunBiot 41l Rie arstindapendently H, haleder, alkyl alkony.ardoxy, dooh

tenperature. The.antib conj ugat es, are purq.fied,by.dialysis an
Sephadex o5 cORUTY RO G IR Pk ba e EratePhR K50 Tr 38 P8 erhs 1
gel s and 60 omill of slk&anthadl is Asdfoptidlgllyedlibstisee 0hd al thyreafindd ®yGhaioged aiindsSt ep

and Mller, 1986, Anal. Biochem 157:100-105, incorporated herein by

ref erence. Exawrosyesulfany, phospanyt icerhoryl, bl?f‘lllﬂ@@@ﬂ,rpflﬁﬁ(}t:onj ugate Using A
Thi ol - React i ve i f ta- gal act osi dase, a protein rich in free
t hi ol gr%ups, iguﬁpégggé °n B%§m?§¥0 ng in 400 L). The protein solution is
then treated w tiisanlflegegof 186 uti on of the nal eimde derivative Conpound 9
in DMF. Unreacted dye i% renmoved on a spin colum. The degree 10 of
substitution by Y¥RIRBOMEEst i mat ed using the extinction coefficient of the

free dye, as degqLihed of R, BRARPIE BA; anliltE l%rc%ﬁlelﬂlf&{ﬁﬁ&'fﬂ § arb Wb dnS
esti nat ed fron1theaabsonaH§§’§$I§80%’%h]léorrecte for the aﬁ%%rbance of
Conpound 9 eitionhldinkealvel engt h. Exanpl e 45

10 at least one of Ry, Ry, R3, R4, Ryo, and Ry; is WSG; and

at least one of Ry and Ry; contains a sulfonate.

41. The dye-conjugate of Claim 40 wherein L is none, an alkyl, alkoxy, a thioalkyl, an amino
acid, a sulfo amino acid, polyamine, a polyethyleneglycol, an aryl, or a heteroaryl.

15
42. The dye-conjugate of Claim 40 wherein WSG is a sulfonate, a thiosulfate, a phosphonate,

a boronate, an ammonium, a pyridium, a quinolium or an acridium.

43. The dye-conjugate of Claim 40 wherein SUB is a biopolymer.
20 ' '
44. The dye-conjugate of Claim 40 wherein SUB is an antibody.

45. The dye-conjugate of claim 24 having the formula:

R4 ;
HO o_ o Ri0 Ry
[\ _
R3 = L SUB
25 Ry Ry

wherein

XisOorS;
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15 Preparation of Am nodextran-DyeConjugates Am nodextran-dye conjugates
are prepared as follows, described using 70,000 MN am nodextran (50 ng)
derivatized with an average of 13 am no groups as an exanple. The

am nodextran (50 ng) is dissolved at 10 ng/nL in 0.1 M NaHCO3. Conpound 7,
13, 14, 19, 20 25 or 60 is added so as to give a dye/dextran ratio of about
10-15. After 6-12 hours, the resulting conjugate is purified on SEPHADEX
G 50 and eluted with water. Typically 6-10 noles of dye are conjugated to
70, 000 MW dextr an. Exarrpl e 46 25 Preparation of Dye-l|abeled M crospheres

M cr ospheres ga a S t] i ng any of
a number of lglx}é%lz’b%hg\% %ﬁ 6’1 g g%%ﬁl?%ylgrﬁé(p%gs%ﬁr e ,0?%ecly%\[l/]vo. %?t 61

M cr osphsilfesateheni cal | y rmdl fied to have functional groups such as am no,
carboxyl, or _aldehydes on the surface can be surface-labeled by covalently

conj ugating the ayaptiged @k@ups with a corresponding reactive dyes, as

listed in Ta S am ne-nodi fied mcrospheres are readily
conj ugat ed tgé[t?l%és dé;eé o?aﬁﬁe i nvention through succinimdyl esters, 5 such

as Caimpound 7Ayhek@in afl kastbie oPB;oand Y, is Asdlyeateabel ed protein, prepared as
descri bed above, can be covalently coupled through its am' ne residues to
carboxyl ate groups on a m crosphere using ethyl 3-

: l()?'()?g[ EYEgquH%Ql%QBMJIuéﬁ@BpQﬁhh%%eﬁe@pﬁ@ norfd LBAIRAL ALY o (RiBAKHAY &1 Adhs! ed
acid, a sulfo amino acid, a polyamine or a polyethyleneglycol that has that has 3-20
carbon atoms.
10

47. The dye-conjugate of Claim 45 wherein SUB is a biopolymer.
48. The dye-conjugate of Claim 45 wherein SUB is an antibody.

15  49. A method of detecting an analyte in a sample, comprising

a) combining said sample with a detection reagent comprising a dye-conjugate having

the structure:

R4

HO o0 _|  qug

R3 7 PI-IC——’RS
R R
2. 1 R 5

| AN

20 wherein

HC is a heterocycle;

Rj, Ry, R3, R4 Rs, and Rg are independently H, halogen, alkyl, alkoxy, aryloxy; thiol,
alkylthiol, arylthiol, azido, amino, hydroxy, sulfonyl, phosphonyl, boronic acid, WSG, or
alkyl or alkoxy that is itself substituted one or more times by halogen, amino, hydroxy,

25 ~ sulfonyl, phosphonyl, carbonyl, boronic acid, or WSG;
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10 passively adsorbed on the m crospheres. For exanple, carboxylate-nodified

m crospheres are suspended in a solution dye-|abeled protein, the protein

is allowed to passively adsorb on the mcrospheres, and excess protein is

removed by centrifugation and washing. Mcroparticles of a size that cannot

be centrifuged are separated from excess protein by dialysis through a

sem - perneabl e nenbrane with a high MNWcutoff or by gel filtration 15

chromat ography. Biotinylated m crospheres can be treated with a

streptavidin, avidin or anti-biotin conjugated to a dye of the invention,

as described abdV¥G ivowakaspitde gupy epar ati on of Nucl eoti de-dye Conj ugat es

Nucl eot i des CO”%%Q%%@%:@@% _$§e dyes of invention can be readily prepared by

soneone skilled Th ar ol l owi ng the well known, published procedures,

such as those degmishedbdtiate; 25 M N mmakayal u et al ., 2000, Biotechniques

28, 518-522; Muhl egger et _al., 1990, Biol Chem Hoppe Seyl er 371, 953-965;

and Gaid et al at 16&8889? ok R s Rodhee Risdhsr gndoRy; is fgﬂalm,bom% S thrpugh 38 ppkenal

herei n Ry refﬁ&gpge gxanpl es of particular conjugations are descri bed,

below. "To 2 ng o ’gl(B-aninoalIyI)-2'-deoxyuridine 5'-triphosphate

(Si gma- Al dri ch) at lrast@fe af RgRey R30I, adiReds ®d®@ound 7, 13, 14, 19, 25 or 60

in 100 L DVF and 5 L.triethylamne, After 3 62 hours, the solutiqn is

evapor at ed an¥dereondiongy qryfi‘b‘i]j‘rﬁaﬂi ‘QEPCBW ;qu@twﬂﬁgor&aomlexf ViR 831dns  are

| yophi l'i zed t g gjtye fluorescent nucleotide conjugate. Alternatively,

fl uorescent dye-‘conjugates of deoxyuridine 5 -triphosphate are prepared from
b) detecting said complexes.

10
50. The method of Claim 49 wherein HC is selected from the group consisting of
0o oo 2
H H
N N N N N N
30 00 b O
H H
N N |
}  CQ CC
N/ N/ N/ ~.N N/ ‘
51. The method of Claim 49 wherein L is none, an alkyl, alkoxy, a thioalkyl, an amino acid,
15 a sulfo amino acid, polyamine, a polyethyleneglycol, an aryl, or a heteroaryl.

52. The methbd of Claim 49 wherein WSG is a sulfonate, a thiosulfonate, a phosphonate, a

boronate, an ammonium, a pyridium, a quinolium or an acridinium.
20  53. The method of Claim 49 wherein SUB is a biopolymer.

54. The method of Claim 49 wherein SUB is an antibody.

55. The method of claim 49 wherein said dye-conjugate has the structure:
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5 5-(3-am no-1-propynyl)-2'-deoxyuridine 5 -triphosphate, or by treating a
t hi ol ated nucl eotide or a thiophosphate nucleotide with a thiol-reactive
dye of the invention (such as the nmaleimde Conpound 9). Alternatively,
-(or 3')-2-amminoet hyl am nocar bonyl adenosi ne 5' -tri phosphate is reacted
10 with a slight excess of Conpound 7, 13, 14, 19, 25 or 60, follow ng
precipitation with ethanol, the ribose-nodified product is purified by
preparative HPLC. Exanple 48 Preparation of Qi gonucl eoti de-Dye Conjugates
15 A 5 -am ne-nodified, 18-base ML3 priner sequence (about 100 g) is
dissolved in 4| water. To this is added 250 g of Conpound 7, 13, 14, 19,
25 or 60 in 100 | 0.1 Msodiumborate, pH 8. 5. After 16 hours, 10| of 5 M
NaCl and 3 volumps of coId et haphol are added. The mixture is cooled to
-20C, centj ﬁéug-d sup@qnat nt is decanted, the pellet is rinsed with 20
et hanol , ap : SuBved in 100 L water. The | abel ed
ol i gonucl epti de Ls {/f i y| HPLC. The desired peak is collected and
evapor at ed| t 83 g he fXUoresc nt ol igonucl eotide-dye conjugate. Exanple
49 25 Cel I | Anal Ysi sSRby Fl ow Cytpnetry using Dye- Anti body Conjugates
Anal yt e-spkcific anti bodies conjffigated to a dye conpound of the present
invention (i.e, |abeled antibodies) are useful for the analysis of blood
cells (forwh¥ampl e, in whole blood sanples) by flow cytonetry. The
| abel ed- anti bodi es are used to | abel (stain) cellular proteins,

Xis O, S, NH or NR;;
5 Y is NH, NRi1, CH, or CRyz;

Ry, Ry, R3, Ry Rs, R, Ryg, Ry, and Ry, are independently H, halogen, alkyl, alkoxy,

aryloxy, thiol, alkylthiol, arylthiol, azido, amino, hydroxy, sulfonyl, 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;
10 WSG is a water-soluble group;
n is an integer of 1-35;
SUB is a substrate;
at least one of Ry, Ry, R3, R4 Rs, Rg, Rio, Ri1, and Ry, is covalently bound to S
through an optional linker L; and
15 at least one of Ry, Ry, R3, R4 Rs, Rg, Rio, Ri1, and Ryzis WSG.

56. The method of Claim 55 wherein L is none, an alkyl, alkoxy, a thjoalkyl, an amino acid,

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

20  57. The method of Claim 55 wherein WSG is a sulfate, a thiosulfate, a phosphonate, a

boronate, an ammonium, a pyridium, a quinolium or an acridium.
58. The method of Claim 55 wherein SUB is a biopolymer.

25  59. The method of Claim 55 wherein SUB is an antibody.

60. The method of claim 49 wherein said dye-conjugate has the structure:
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30 and the | abeled cells are detected using a flow cytoneter. 63

10

15

20

25

-
Ry
R
HO 0o__0O ;R“
v AV
RY yZ KX’\X SuB
Ry Ry Ri2
— —n
wherein
XisOorS;

Ry, Rz, R3, Ry, Rig, Ry1,and Ry; are independently H, halogen, alkyl, alkoxy, aryloxy,
thiol, alkylthiol, arylthiol, azido, amino, hydroxy, sulfonyl, 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;

WSG is a water-soluble group;

n is an integer of 1-35;

SUB is a substrate;

at least one of Ry, Ry, R3, Ry Ryg, Ry, and Ry is covalently bound to S through an
optional linker L; and

_ at least one of Ry, Ry, R3, Ry, Ryg, Ry; and Ry, is WSG.

61. The method of Claim 60 wherein L is none, an alkyl, alkoxy, a thioalkyl, an amino acid,

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

62. The method of Claim 60 wherein WSG is a sulfate, a thiosulfate, a phosphonate, a

boronate, an ammonium, a pyridium, a quinolium or an acridium.
63. The method of Claim 60 wherein SUB is a biopolymer.

64. The method of Claim 60 wherein SUB is an antibody.

65. The method of claim 49 wherein said dye-conjugate has the formula:
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Ra R1o
HO 0__0 /R11
| I _\\
R3 Z 7 [ suB
Ro Ry
- -'n
wherein
XisOorS;

Ri, Ry, R3, Ry, Ry, and Ry; are independently H, halogen, alkyl, alkoxy, aryloxy, thiol,
alkylthiol, arylthiol, azido, amino, hydroxy, sulfonyl, 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;

WSG is a water-soluble group; |

n is an integer of 1-35;

SUB is a substrate;

at least one of Ry, Ry, Rs3, R4, Ry, and Ry is covalently Bound to S through an
optional linker L;

at least one of Rj, Ry, Rs3, R4, Ryg, and Ry; is WSG; and

at least one of Ryg and R;; contains a sulfonate.

66. The method of Claim 65 wherein L is none, an alkyl, alkoxy, a thioalkyl, an amino acid,

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

.67. The method of Claim 65 wherein WSG is a sulfonate, a thiosulfate, a phosphonate, a

boronate, an ammonium, a pyridiﬁm, a quinolium or an acridium.
68. The method of Claim 65 wherein SUB is a biopolymer.

69. The method of Claim 65 wherein SUB is an antibody.
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70. The method of claim 49 wherein said dye-conjugate has the formula:

R4
HO o_0 RO Ry
I\
R3 = s L—SuUB
Ry, Ry
wherein
XisOorS;

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

L is an optional linker;

SUB is a substrate; and

wherein at least one of Ry and Ry, is a sulfonate.
71. The method of Claim 70 wherein L is none, an alkyl, alkoxy, a thioalkyl, an amino acid,
~ asulfo amino acid, a polyamine or a polyethyleneglycol that has that has 3-20 carbon
‘atoms.

72. The method of Claim 70 wherein SUB is a biopolymer.

73. The method of Claim 70 wherein SUB is an antibody.

74. A kit comprising at least a reactive dye compound having the structure of Formula 1,

Formula 2, Formula 3, Formula 4, Formula 5, Formula 6, Formula 7, or Formula 8.

75. A kit comprising at least a dye-conjugate having the structure of Formula 9, Formula 10,

Formula 11, Formula 12, or Formula 13.

76. A compound having a structure:
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