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(57) ABSTRACT 
A cyanine dye having the formula 

Wherein Rl-R8 are each independently selected from a group 
consisting of hydrogen, Cl-C6 alkyl group, and CO-C4 alkyl 
group having a hydrophilic substituent thereon. RM and R12 
are chosen to include a free or protected thiol, amine or 
hydroXyl substituent capable of reacting With a target mol 
ecule through a nucleophilic displacement mechanism. The 
dye is useful in labeling a variety of target molecules. 
Processes are described for synthesizing suitable heterocy 
clic and indole derivatives as precursors for the aforemen 
tioned cyanine dyes. 
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CYANINE DYES AND SYNTHESIS METHODS 
THEREOF 

RELATED APPLICATION 

[0001] This patent application is a divisional application 
of US. Ser. No. 09/294,678 ?led Apr. 19, 1999, and is 
hereby incorporated by reference. 

FIELD OF THE INVENTION 

[0002] This invention relates to the synthesis of cyanine 
dyes having nucleophilic reactive groups. Further, the 
present invention includes synthetic methods to produce free 
reactive thiol, amine or hydroXyl groups from protected 
substituents, the nucleophilic groups capable of nucleophilic 
addition to target molecules. 

BACKGROUND OF THE INVENTION 

[0003] Cyanine dyes are noW recogniZed to have Wide 
spread application as ?uorescent probes Which can be con 
jugated to a variety of biological molecules, thus ?nding 
applications in DNA sequencing, ?oW cytometry and immu 
noassays. Cyanine dyes are characteriZed by strong spectral 
absorption bands With the absorption being tunable over a 
large spectral range by synthetic design, 

[0004] In addition to the spectral characteristics of a 
cyanine dye, a practical dye is characteriZed by also being 
stable during isolation and puri?cation, yet be reactive for 
covalent bonding With a target molecule under conditions 
Which Will not degrade the target molecule. Prior art cyanine 
dyes having reactive groups capable of covalently bonding 
a target molecule have all been limited in their utility either 
by structural stability or the reaction conditions required for 
coupling of the dye and target molecules. 

[0005] An iodo acetyl moiety attached to a cyanine dye is 
capable of covalently reacting With a sulfhydryl group of a 
target molecule. The iodo acetyl group is limited in its utility 
by the sulfhydryl groups being present in only a small class 
of proteins. Other reactive moieties have included sulfonic 
acid, carboXylates, and sulfonates (for example see, Anal. 
Biochem. 243, 15-27: 1996; Bioconj. Chem. 4, 105-111: 
1993; 8, 751-756: 1997; Cytometry 10, 3-10: 1989; 10, 
11-19: 1989; US. Pat. No. 5,106,990; and J. Chem. Soc. 
Perkin Transactions 1, 143-7: 1998). Such moieties remain 
reactive during the course of subsequent chemical transfor 
mations and puri?cation or are limited by the reaction 
conditions for bonding to a target molecule. 

[0006] US. Pat. No. 5,627,027 is directed to a method for 
labeling proteins, cells, nucleic acid and DNA With a cya 
nine dye, as Well as the reaction therebetWeen. The cyanine 
dye speci?ed is limited in the position of a reactive group 
Within the dye and its identity is limited to isothiocyanate, 
isocyanate, monochlorotriaZine, dichlorotriaZine, mono- or 
di-halogen substituted pyridine, mono- or di-halogen sub 
stituted diaZine, aZiridine, sulfonyl halide, acid halide, 
hydroXy succinimide ester, hydroXy sulfosuccinimide ester, 
imido ester, glyoXal and aldehyde. The method still further 
requires forming a covalent bond betWeen the reactive group 
on the dye, and an amine or hydroXyl group on the material 
being labeled utiliZing an electrophilic mechanism for cou 
pling the dye and material being labeled. 

[0007] US. Pat. No. 5,486,616 is directed to particular 
cyanine dye structures Which are Water soluble, and capable 
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of reacting With amino, hydroXy or sulfhydryl groups 
through a reactive moiety. The dye structures including at 
least one sulfonic acid or sulfonate moiety attached directly 
to a benZyl portion of the dye utiliZing an electrophilic 
mechanism for coupling the dye and material being labeled. 

[0008] US. Pat. No. 5,268,486 discloses Water soluble 
dyes Which contain reactive moieties including isothiocy 
anate, isocyanate, monochlorotriaZine, dichlorotriaZine, 
mono- or di-halogen substituted pyridine, mono- or di 

halogen substituted diaZine, maleimide, aZiridine, sulfonyl 
halide, acid halide, hydroXysuccinimide ester, hydroXysul 
fosuccinimide ester, imido ester, hydraZine, aZidonitrophe 
nyl, aZide, 3-(2-pyridyl dithio)-proprionamide, glyoXal and 
aldehyde. These dyes are chosen to label target molecules 
containing amino-, hydroXy- and sulfhydryl groups. 

[0009] In vieW of the prior art, it is apparent that there 
eXists a need for a Wider range of indole derivatives Which 
Will alloW the facile synthesis of stable cyanine dyes With 
suitably positioned reactive groups for covalent attachment 
to target molecules. The cyanine dyes should alloW covalent 
bonding to target molecules under conditions Which Will not 
degrade the target molecules. They should be stable, easily 
formed, puri?ed and reactive under conditions of attachment 
to target molecules. This invention describes the facile 
synthesis of neW, stable indole precursors derived from 
indoles. These precursors alloW the facile synthesis of 
cyanine dyes With protected thiol, amine or hydroXyl groups. 
The protected groups can be deprotected to yield free thiol, 
amine or hydroXyl groups Which can be covalently attached 
to target molecules via a nucleophilic mechanism. 

[0010] In vieW of the prior art, it is apparent that there 
eXists a need for a cyanine dye having a more generic utility. 
A need eXists for a cyanine dye Which is Water soluble and 
contains at least one reactive moiety capable of labeling a 
range of substances in addition to compounds containing 
amino, hydroXy and sulfhydryls through covalent bonding 
With target molecules under conditions Which Will not 
degrade a target molecule. 

[0011] Prior coupling reactions have been carried out by 
an electrophilic mechanism. Thus, there further exists a need 
for a generic class of cyanine dyes Which are capable of 
coupling to a target molecule by a nucleophilic mechanism. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0012] The present invention relates to a class of nitrogen 
containing heterocyclics of the formula: 

(2) 
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[0013] wherein Y1 is selected from a group consisting of: 

[0014] Wherein R1, R2, R3, and R4 are each independently 
selected from a group consisting of hydrogen, C1-C6 alkyl 
group, a CO-C4 alkyl group having a hydrophilic substituent 
selected from a group consisting of sulfonate, carboXylate, 
hydroXyl, substituted amines and quaternary amines, option 
ally, at least one of Rl-R4 is the CO-C4 alkyl group having the 
hydrophilic substituent; 

[0015] Wherein R9, R9‘, R10 and R10‘ are each indepen 
dently selected from a group consisting of C1-C3O alkyl, and 
a heteroatorn substituted C1-C3O alkyl Wherein the heteroa 
torn is O, N or S; and 

[0016] Wherein R11 is selected from a group consist 
ing of 
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[0017] Wherein R13, R‘13, R“13 and RH.13 are each 
independently C1-C3O alkyl. Q is sulfur, nitrogen or 
oXygen, X is a halogen and Y is a halogen. 

[0018] Prior to the present invention it has been dif?cult to 
synthesiZe N substituted heterocyclics and indoles in par 
ticular With hydrocarbon rnoieties containing protected 
nucleophilic groups. The present invention describes a facile 
reaction betWeen bifunctional hydrocarbons containing the 
rnoiety XRBQ Where X is chlorine, bromine or iodine, R13 
is C1-C3O alkyl and Q is sulfur, nitrogen or oxygen; and 
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nitrogen containing heterocyclics Which leads to heterocy 
clics having protected nucleophilic groups in the primary 
position on the neW N-substituent or a moiety Which can be 
converted to a protected nucleophilic group such as a thiol, 
amine or alcohol. The neW reaction proceeds by heating a 
solid mixture of the precursors at elevated temperature for a 
short period of time. The product is puri?ed using conven 
tional chromatography. Alternatively the reaction proceeds 
by heating a suitable suspension of solid nitrogen containing 
heterocyclic in a suitable reagent solution. The product from 
the latter method can be puri?ed using conventional meth 
ods. 

[0019] Chemicals containing the indole nucleus occur 
Widely throughout the animal and plant kingdoms and are 
components of chemicals found in the human body. For 
example, the essential amino acid tryptophan (Which occurs 
in many peptides and bioactive proteins) contains an indole 
nucleus and is the biochemical precursor to serotonin Which 
is the important neurotransmitter involved in learning, 
memory, depression and feeding behavior. Many naturally 
occurring alkaloids containing the indole nucleus such as 
Harmaline, Cinchera, Yohimbine, RauWol?a and Ergot alka 
loids have Widely differing impacts on biological activities. 
Indole containing chemicals have been used in industrial 
applications as dye components and biochemical labeling 
reagents. 

[0020] The neW and facile chemistry described in this 
application enables the synthesis of many neW derivatives of 
indole containing chemicals by providing a vehicle to add a 
Wide variety of chemical groups to an indole nucleus alloW 
ing researchers in the life sciences access to a broader 
variety of biologically active molecules and labeling 
reagents for target molecules. For example, long chain 
hydrocarbons may be added to indole chemicals giving them 
hydrophobic qualities or alternatively linker molecules may 
be added that Will enable the various biological activities of 
the indoles to be covalently attached to reporter systems or 
to be used as the reporter molecule in various biological 
systems. This chemistry can also be used to synthesiZe neW 
indole derivatives having interesting and bene?cial pharma 
ceutical properties. In research, neW derivatives that act as 
agonists or antagonists to the various sub classes of seroto 
nin receptors may be formed. NeW derivatives may also lead 
to neW labeling reagents and alternative methods of attach 
ing labeling reagents, such as cyanine dyes, to target mol 
ecules. 

[0021] The neW heterocyclic derivatives synthesiZed by 
the above methods can be converted to cyanine dyes using 
conventional chemistry. 

[0022] These heterocyclics are operative as precursors for 
a generic class of cyanine dyes having a protected reactive 
group for nucleophilic covalent attachment to target mol 
ecules. The precursor (1) is condensed to form a ?uorescent 
cyanine dye through a polymethine linkage. 

[0023] R1, R2, R3 and R4 are optionally such that tWo of 
these adjacent R groups are fused to form a ring structure. 
The resulting ring structure also optionally being function 
aliZed to modify solubility and spectral properties. 

[0024] The polymethine linkage being formed by reacting 
tWo equivalents of precursor (1) in the presence of a mol 
ecule illustratively including trialkyl orthoformate, dialkyl 
amides, and trialkoxy alkene in the presence of a base. 
Preferably, the base is an organic base. The linkage reaction 
proceeds under ambient air in a re?uxing organic solvent, 
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although it proceeds at a sloWer rate Without solvent re?ux. 
The organic base illustratively includes pyridine, phenol and 
an alkoxide, morpholine, piperidine, t-butylamine, and tri 
ethylamine and an amine. The polymethine linkage is a 
conjugated system having 3, 5, 7 or more linear carbon 
atoms therein. 

[0025] The polymethine linkage betWeen tWo molecules 
of precursor (1) is appreciated to include linear chains, as 
Well as also cyclo-aliphatics, substituted aryl and heterocy 
clic ring structures coupled to the conjugate system of the 
polymethine chain. For instance, a bisaldehyde is more 
reactive toWards the precursors of the present invention than 
formates, amides or alkoxyalkenes and reaction does not 
require the presence of a base. Instead, reaction occurs in the 
presence of an alcohol (J. Org. Chem. 60, 2391-2395: 1995). 
A 1-formyl-3-(hydroxymethylene)cyclohex-1-ene deriva 
tive thus yields a heptamethine linkage. Thus, it is appreci 
ated that modi?cation and extension of the conjugate bond 
ing across the chain Will affect the absorption characteristics 
of the dye. Further, it is appreciated that additional reactive 
groups or solubility enhancing moieties are readily coupled 
to the polymethine linkage. 

[0026] The resulting cyanine dye has the formula: 

(2) 

each independently selected from a group consisting 
of hydrogen, C1-C3O alkyl group, a CO-C4 alkyl 
group having a hydrophilic substituent selected from 
a group consisting of sulfonate, carboxylate, 
hydroxyl, substituted amines and quaternary amines; 

[0028] Wherein Y1 and Y2 are each independently 
selected from a group consisting of: 

[0029] Wherein R9, R9, R10, and R‘1O are each 
independently selected from a group consisting of 
C1-C6 alkyl, and a heteroatom substituted C1-C6 
alkyl Wherein the heteroatom is O, N or S; 

[0030] Wherein RM and R12 are each independently 
selected from a group consisting of C1-C3O alkyl, 
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phenyl substituted C1-C3‘), C1-C3O having a pro 
tected substituent selected from a group consisting 
of: 
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[0031] Wherein R13, R‘13, R“13 and R‘"13 are each 
independently CJL-C3O alkyl; Q is sulfur, nitrogen or 
oxygen, X is a halogen and Y is a halogen; 

[0032] L is selected from a group consisting of: rnethine, 
a rnethine group having a substituent C1-C6 alkyl group and 
a substituted C1-C6 alkyl group having a phenyl, hydroXyl, 
sulfonyl, a halogen atom, a heteroatorn substituted phenyl 
and a C1-C4 alkoXyl Where n is 1, 2, 3 or greater. 

[0033] Rl-R8 are optionally such that tWo of these adjacent 
R groups are fused to form a ring structure. The resulting 
ring structure also optionally being functionaliZed to modify 
solubility and spectral properties. 

[0034] In order to increase the Water solubility of the 
resulting dye (2), the R1, R2, R3, R4, R5, R6, R7, R8, R9, R9‘, 
R10, R10‘, R11 and R12 groups are each optionally selected 
from Well knoWn polar and charged rnoieties. Preferably, 
each precursor molecule (1) contains at least one hydrophilic 
moiety in order to impart Water solubility. The hydrophilic 
rnoieties illustratively include CO-C4 alkyl-hydroXy, -substi 
tuted arnino, -quaternary arnino, -sulfonate and -carboXylate. 
It is appreciated that hydrophobic or nonpolar precursors are 
useful in organic solvent systems. 

[0035] A dye (2) is reactive toWards a target molecule 
upon formation of a thiol, arnine or hydroXyl moiety. The 
thiol, arnine or hydroXyl rnoiety being characteriZed by a 
lone pair of electrons sterically and electronically amenable 
to addition to a reactant Which is reactive toWards target 
molecules. The reaction of a dye (2) With a deprotecting 
agent converts the substituent into a reactive thiol, arnine or 
hydroXyl substituent. Deprotecting agents are Well knoWn to 
the art. (Theodora W. Greene and Peter G. M. Wuts, Pro 
tective Groups in Organic Synthesis, 2nd edition (1991) 
277-308.) It is appreciated that an amine or hydroXyl sub 
stituent in fact optionally need not be protected, but instead 
are stable under synthesis conditions and are isolated as 
such. Thus, an amine or hydroXyl substituent operates as a 
reactive nucleophilic substituent Without the occurrence of 
an intermediate deprotecting reaction. 
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[0036] It is appreciated that the dyes of the present inven 
tion are also amenable to, isolation in deprotected form of 
free thiols. A free thiol containing dye of the present 
invention results upon reacting a dye (2) With a deprotecting 
agent and isolating the free thiol therefrom. The resulting 
free thiol, depending on its speci?c identity, has a shelf life 
of more than one month. As With other reactive thiols, free 
thiol cyanine dyes of the present invention are best main 
tained under conditions suitable to prevent the formation of 
disul?de linkages. These conditions illustratively include 
refrigeration, darkness and storage under an inert atmo 
sphere. Alternatively, nitrogen containing heterocyclics 
identical to (1) except that R 11 is selected from the group 
consisting of R14SH, R14NH2 and R14OH are formed 
directly Wherein R14 is a C3-C3O alkyl and C3-C3O alkyl 
having a phenyl, hydroxyl, sulfonyl, or halogen atom or a 
heteroatom substituted phenyl. The reaction chemistry to 
produce a free thiol dye precursor analog to (1) proceeds in 
a similar fashion to the formation of protected heterocyclics 
(1). For example, a cationic nitrogen-containing heterocy 
clic and a halogenated thiol are able to react via a metatheses 
reaction to create a free thiol dye precursor. The amine or 
hydroxyl moiety are produced by analogous type reactions. 
A free thiol precursor thereafter is reacted in a manner 
similar to precursor (1) to form a polymethine linkage 
therebetWeen. The resulting cyanine dye compound is iden 
tical to that of (2) except that R11 and R12 are each inde 
pendently R14SH, R14NH2 or R14OH When R14 is a C3-C3O 
alkyl or C3-C3O alkyl having a phenyl, hydroxyl, sulfonyl, or 
halogen atom or a heteroatom substituted phenyl. 

[0037] A commercial package of the present invention 
includes a compound of Formula (1) With instructions and 
optionally reagents for converting the precursor (1) to a dye 
compound (2) and further instructions for the use of the dye 
compound (2) as a dye or hapten. It is appreciated that a free 
thiol, amine or hydroxyl analog of a compound (1) is also 
operative herein. Alternatively, a commercial package 
includes a compound (2) as an active ingredient together 
With instructions for the use thereof as a dye or hapten in 
labeling a target molecule. It is also appreciated that a free 
thiol, amine or hydroxyl analog of a compound (2) is also 
operative herein. 

[0038] The addition of a reactive form of a dye (2) to a 
target molecule proceeds under conventional nucleophilic 
reaction conditions. The solvent for the nucleophilic reac 
tion being dictated by the identity of the target molecule. 
Since many target molecules of interest are of a biological 
nature, Water is often the nucleophilic reaction solvent. 

[0039] A target molecule Which is coupled With a dye of 
the present invention illustratively includes organic mol 
ecules, polymers, silaceous materials, natural and synthetic: 
lipid vesicles, amino acids, peptide nucleic acids, peptides, 
nucleic acids, nucleotides, nucleosides, DNA, RNA, pro 
teins, carbohydrates, oligosaccharides, polysaccharides, 
antibodies, cellular receptors, antigens, haptens, lectins, 
avidins, streptavidins, lymphokines, hormones, metabolites, 
toxins, virions, bacteria, fungal components, esinophils, 
eukaryotic cells, and derivatives thereof. 

[0040] A dye (2) of the present invention in Which neither 
R11 or R12 is Cl-C3O having a heteroatom containing sub 
stituent ?nds utility as a physi-sorbed, ?uorescent dye. 
Alternatively, a dye of the present invention lacking a 
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heteroatom Within R11 or R12 is coupled to a target molecule 
through a hydrophilic moiety of Rl-R8 or a pendant reactive 
moiety extending from the polymethine linkage. 

[0041] In order to more fully demonstrate the advantages 
arising from the present invention, the folloWing examples 
are set forth. It is to be understood that the folloWing is by 
Way of example only and not intended as a limitation on the 
scope of the invention. 

Example 1 

Dye precursor 1-[3-S-Acetylthiopropyl]-2,3,3-trim 
ethyl-5-sulfo-3H-indolium, inner salt (5) 

[0042] To a 250 mL round bottom ?ask With magnetic stir 
bar is added 2,3,3-trimethyl-5-sulfo-3H-indolium, potas 
sium salt (3) (7.21 mmol) and 3-bromo-1-thioacetylpropane 
(4) (25.88 mmol). The mixture is stirred and heated at 165° 
C. for 20 min. The residue is cooled to 20° C. and Washed 
With diethyl ether. The solid is puri?ed by Reversed Phase 
Chromatography to give 1-[3-S-Acetylthio-propyl]-2,3,3 
trimethyl-S-sulfo-3H-indolium, inner salt (5) as a solid. 

Example 2 

Dye precursor 1-[3-S-Acetylthiopropyl]-2,3,3-trim 
ethyl-5-hydroxyl-6-benZo-3H-indolium, inner salt 

(7) 
[0043] The procedure of Example 1 is repeated except 
2,3,3-trimethyl-5-hydroxyl-6-benZ-indolium, potassium salt 
(6) is substituted for A solid product 1-[3-S-Acetylthi 
opropyl]-2,3,3-trimethyl-5-hydroxyl-6-benZo-3H-indolium, 
inner salt (7) is isolated. 

Example 3 

Dye precursor 1-[4-S-benZoylbutyl]-3-methyl-4 
carboxyl benZoxiZolium, inner salt (10) 

[0044] The procedure of Example 1 is repeated except 
3-methyl-4-carboxyl benZoxiZolium, sodium salt (8) is sub 
stituted for (3) and 4-bromo-1-S-benZoylbutane (9) is sub 
stituted for A solid product 1-[4-S-benZoylbutyl]-3 
methyl -4-carboxyl benZoxiZolium, inner salt (10) is 
isolated. 

Example 4 

Dye precursor 1-[3-S-t-butylpropyl]-3-methyl-5 
sulfo-benZoimidaZolium, inner salt (13) 

[0045] The procedure of Example 1 is repeated except 
3-methyl-5-sulfo-benZoimidaZolium (11) and 3-bromo-1-S 
t-butyl propane (12) is substituted for A solid product 
1-[3-S-t-butylpropyl]-3-methyl-5-sulfo-benZoimidaZolium, 
inner salt (13) is isolated. 

Example 5 

Cyanine-3 dyes derived from (5) 

[0046] A solution of (5) (2.68 mmol) and 1-ethyl-2,3,3 
trimethyl-S-sulfo-3H-indolium, inner salt (14) (2.68 mmol) 
is heated to re?ux in pyridine (70 mL) and triethyl ortho 
formate (24.0 mmol) is added via syringe over 1 hour in four 
equal portions. The suspension is then heated to re?ux for an 
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additional 3 hours and cooled to room temperature. The 
solvents are removed under reduced pressure and the solid 
is aZeotroped tWo times With methanol. The solid is puri?ed 
by Reversed Phase Chromatography and the isolated prod 
ucts are passed over an AG50W-X4, 200-400 mesh K+ 
form, column to give 1-[3-S-acetylthiopropyl]-2-[3-[1 
ethyl-1,3-dihydro-3,3-dimethyl-5-sulfo-2H-indol-2 
ylidene]-1-propenyl]-3,3-dimethyl-5-sulfo-3H-indolium, 
potassium salt (15), 1-[3-S-Acetylthiopropyl]-2-[3-[1-[3-S 
acetylthiopropyl]-1,3-dihydro-3,3-dimethyl-5-sulfo-2H-in 
dol-2-ylidene]-1-propenyl]-3,3-dimethyl-5-sulfo-3H-indo 
lium, potassium salt (16), and 1-ethyl-2-[3-[1-ethyl-1,3 
dihydro-3,3-dimethyl-5-sulfo-2H-indol-2-ylidene]-1 
propenyl]-3,3-dimethyl-5-sulfo-3H-indolium, potassium 
salt (167) as solids. 

Examples 6-10 

Cyanine-3 dyes derived from (7), (10) and (13) 
[0047] The procedure of Example 5 is repeated With (7), 
(10) and (13) substituted for (5) and the 1-ethyl-analogs of 
(7), (10) and (13) substituted for (14). The resulting solid 
compounds Which are isolated in puri?ed form are summa 
riZed in Table 1. 

Example 11 

1-Cyanine-5 dyes derived from (5) 

[0048] A solution of (5) (1.60 mmol), (14) (1.60 mmol) 
and potassium acetate (3.56 mmol) in -methanol (50 mL) is 
heated to re?ux and 1,3,3-trimethoxypropene (21.0 mmol) is 
added via syringe over 1 hour in four equal portions. The 
suspension is then heated to re?ux for an additional 3 hours 
and cooled to room temperature. The methanol is removed 
under reduced pressure and the solid is puri?ed by Reversed 
Phase Chromatography to give 1-[3-S-Acetylthiopropyl]-2 
[5-[1-ethyl-1,3-dihydro-3,3-dimethyl-5-sulfo-2H-indol-2 
ylidene]-1,3-pentadienyl]-3,3-dimethyl-5-sulfo-3H-indo 
lium, potassium salt (29), 1 -[3-S-Acetylthiopropyl]-2-[3-[ 1 
-[5-S-acetylthiopropyl]- 1,3-dihydro-3,3-dimethyl-5-sulfo 
2H-indol-2-ylidene]-1,3-pentadienyl]-3,3-dimethyl-5-sulfo 
3H-indolium, potassium salt (30) and 1-ethyl-2-[5-[1-ethyl 
1,3-dihydro-3,3-dimethyl-5-sulfo-2H-indol-2-ylidene]-1,3 
pentadienyl]-3,3-dimethyl-5-sulfo-3H-indolium, potassium 
salt (31) as solids. 

Example 12 

Dye-precursor S-(3-Iodopropyl)isothiourea (32) 
[0049] Thiourea (14 mmol) is added to a solution of 
1,3-diiodopropane (340 mmol) in anhydrous methanol (300 
mL) and stirred under an atmosphere of nitrogen at 60° C. 
for 4 hours. The solution is cooled to 4° C. overnight during 
Which time excess 1,3-diiodopropane separates to the bot 
tom of the ?ask as a colorless oil. The excess 1,3-diiodopro 
pane is removed by pipette and the remaining methanol 
solution is evaporated in vacuo and the residue is suspended 
in dichloromethane, ?ltered, and Washed With additional 
dichloromethane to give S-(3-Iodopropyl)isothiourea (32) as 
a poWder. 

Example 13 

Dye precursor 1-[3-Isothiouronylpropyl]-2,3,3-trim 
ethyl-5-sulfo-3H-indolium, inner salt (33) 

[0050] A solution of (32) (0.36 mmol) and 2,3,3-trimeth 
ylindoleninium-5-sulfonate, potassium salt (3) (0.46 mmol) 
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are placed in a ?ask and heated to 148° C. With stirring for 
15 minutes under an atmosphere of nitrogen. The reaction 
mixture is cooled to room temperature and the residue is 
crystalliZed from methanol to give 1-[3-isothiouronylpro 
pyl]-2,3,3-trimethyl-5-sulfo-3H-indolium, inner salt (33) as 
a poWder. 

Example 14 

Cyanine-3 dyes derived from (33) 

[0051] A solution of (33) (0.022 mmol) and 1-ethyl-2,3, 
3-trimethyl-5-sulfo-3H-indolium, inner salt (14) (0.022 
mmol) are dissolved in N,N-dimethylformamide containing 
50 uL of triethylamine and the mixture is heated to 60° C. 
as triethylorthoformate (4><10 uL, 4><0.06 mmol) is added in 
four portions over 3 hours. The solution is heated at 60° C. 
for an additional hour, cooled to room temperature, Washed 
3 times With diethyl ether, and the resulting precipitate is 
puri?ed by reverse phase HPLC to give isolated 1-[3 
Isothiouronylpropyl]-2-[3-[1-ethyl-1,3-dihydro-3,3-dim 
ethyl-5-sulfo-2H-indol-2-ylidene)-1-propenyl]-3,3-dim 
ethyl-5-sulfo-3H-indolium, potassium salt (34), 1-[3 
Isothiouronylpropyl]-2-[3-[1 -[3-isothiouronylpropyl]-1,3 
dihydro-3,3-dimethyl-5-sulfo-2H-indol-2-ylidene]-1 
propenyl]-3,3-dimethyl-5-sulfo-3H-indolium, potassium 
salt (35) and 1-ethyl-2-[3-[1-ethyl-1,3-dihydro-3,3-dim 
ethyl-5-sulfo-2H-indol-2-ylidene]-1-propenyl]-3,3 -dim 
ethyl-5-sulfo-3H-indolium, potassium salt (17) as solids. 

Example 15 

Bonding of dye (15) to a target nucleotide 
derivative 

[0052] To a 2 mL vial With a stir bar is added (15) (1.58 
pmol), 5-[3-[3-[2,5-dihydro-2,5-dioxo-1H-pyrrole]propana 
mido]-1-propynyl]-2‘-deoxycytidine triphosphate (36) (5.0 
pmol) in 50 mM sodium dihydrogenphosphate pH 7.0 -7.5 
(250 ML). To the stirred solution is added 1M hydroxylamine 
pH 7.0-7.5 (250 pL) and the resulting solution is stirred at 
room temperature for 1 hour. The reaction mixture is puri 
?ed to give 5-[3-[3-[3-[1-[3-thiopropyl]-2-[3-[1-ethyl-1,3 
dihydro-3,3-dimethyl-5-sulfo-2H-indol-2-ylidene]-1-prope 
nyl]-3,3-dimethyl-5-sulfo-3H-indolium]-2,5 
pyrrolidindione]propanamido]-1-propynyl]-2‘ 
deoxycytidine triphosphate (37). 

Example 16 

Bonding of dye (28) to a target nucleotide 
derivative 

[0053] The procedure of Example 15 is repeated With (28) 
substituted for (15). The reaction mixture is puri?ed to give 
5-[3-[3-[3-[1-[3-thiopropyl]-2-[3-[1-ethyl-3-methyl-5 
sulfo-benZ-imidaZol-2-ylidene]-1-propenyl]-3,3 dimethyl 
5-hydroxyl-6-benZ-indolium]-2,5-pyrrolidindione]propana 
mido]- 1-propynyl]2‘-deoxycytidine triphosphate (38). 

Example 17 

Bonding of dye (29) to a target nucleotide 
derivative 

[0054] The procedure of Example 15 is repeated With (29) 
substituted for (15). The reaction mixture is puri?ed to give 



US 2001/0020098 A1 

5 -[3-[3-[3-1 -[3-thiopropyl]-2-[5-[1 -ethyl- 1,3-dihydro-3,3 
dimethyl-5-sulfo -2H-indol-2-ylidene]- 1,3-pentadienyl] -3, 
3-dimethyl-5-sulfo -3H-indolium]-2,5-pyrrolidindione ]pro 
panamido]- 1-propynyl]-2‘-deoxycytidine triphosphate (3 9). 

Example 18 

Dye precursor 1-[3-Isothiouronylpropyl]-2,3,3-trim 
ethyl-3H-indolium iodide (41) 

[0055] To a 50 mL round bottom ?ask is added 2,3,3 
trimethylindolenine (14.4 mmol) and 1,3-diiodopropane 
(72.7 mmol) and the mixture is stirred at 60° C. under an 
atmosphere of nitrogen for 16 hours. The resulting solid is 
recrystallized from ethanol to give 1-[3-iodopropyl]-2,3,3 
trimethyl-3H-indolium iodide (40) as crystals. 

[0056] To a 100 mL round bottom ?ask is added (40) (4.38 
mmol), thiourea (4.5 mmol), and methanol (30 mL). The 
solution is stirred at 60° C. for 5 hours, evaporated in vacuo, 
the residue is dissolved in Water (20 mL) and Washed With 
dichloromethane (3><6 mL) and cooled to 4° C. overnight, 
and the resulting crystals are ?ltered and Washed With 
acetone to give 1-[3-isothiouronylpropyl]-2,3,3-trimethyl 
3H-indolium iodide (41). 

Example 19 

Cyanine-3 dyes derived from (41) 
[0057] To a 25 mL round bottom ?ask is added (41) (1.0 
mmol), (14) (1.5 mmol), and pyridine (10 mL). The solution 
is heated to re?ux and triethyl orthoformate (4><166 uL, 
4><1.0 mmol) is added in four portions over one hour. The 
solution is heated at re?ux for an additional hour, cooled to 
room temperature, the evaporated in vacuo, and the residue 
is Washed With ethyl ether (3><25 mL), and puri?ed by C18 
reverse phase chromatography to give isolated 1-[3 
isothiouronylpropyl]-2-[3-[1-ethyl- 1,3-dihydro-3,3-dim 
ethyl-5-sulfo-2H-indol-2-ylidene]-1-propenyl]-3,3-dim 
ethyl-3H-indolium, inner salt (42), 1-[3 
isothiouronylpropyl]-2-[3-[1 -[3-isothiouronylpropyl]-1,3 
dihydro-3,3-dimethyl-2H-indol-2-ylidene]-1-propenyl]-3,3 
dimethyl-3 H-indolium iodide (43) and 1-ethyl-2-[3-[1 
ethyl-1,3-dihydro-3,3-dimethyl-5-sulfo-2H-indol-2 
ylidene]-1-propenyl]-3,3-dimethyl-5-sulfo-3H-indolium, 
potassium salt (17) as solids. 

Example 20 

Cyanine-5 dyes derived from (41) 
[0058] A solution of (41) (0.28 mmol) and (14) (0.28 
mmol) and potassium acetate (0.28 mmol) in methanol (2 
mL) is heated to re?ux and 1,3,3-trimethoxypropene (160 
uL, 1.17 mmol) is added via syringe over 2 hour in four 
equal portions. A suspension is then heated to re?ux for an 
additional 3 hours and cooled to room temperature. The 
methanol is removed under reduced pressure and the solid is 
puri?ed by C18 Reversed Phase Chromatography to give 
1-[3-isothiouronylpropyl]-2-[5-[1-ethyl-1,3-dihydro-3,3 
dimethyl-5-sulfo-2H-indol-2-ylidene]-1,3-pentadienyl]-3,3 
dimethyl-3H-indolium, inner salt (44), the related 
di-isothiouronyl-propyl and diethyl inner salts as solids. 

Example 21 

Bonding of dye (42) to a target nucleotide 
derivative 

[0059] To a 2 mL vial With a stir bar is added 1-[3 
isothiouronylpropyl]-2-[3-[1-ethyl-1,3-dihydro-3,3-dim 
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ethyl-5-sulfo-2H-indol-2-ylidene]-1-propenyl]-3,3-dim 
ethyl-3H-indolium, inner salt (42) (8 pmol) in 0.1 M 
potassium hydroxide (1.0 mL). The solution is stirred at 
room temperature for 1 hour to form the free thiol of (42). 
Thereafter, (36) (15 pmol) is added to the thiol in aqueous 
solution. The reaction mixture is puri?ed to give 5-[3-[3 
[3-[1-[3-thiopropyl]-2-[3 -[1-ethyl- 1 ,3-dihydro-3,3-dim 
ethyl-5-sulfo-2H-indol-2-ylidene]-1-propenyl]-3,3-dim 
ethyl-3H-indolium]-2,5-pyrrolidindione] propanamido]-1 
propynyl]-2‘-deoxycytidine triphosphate (45). 

Example 22 

Bonding of dye (44) to a target nucleotide 
derivative 

[0060] The procedure of Example 21 is repeated With (44) 
substituted for (42). The reaction mixture is puri?ed to give 
5 -[3-[3-[3-[1-[3-thiopropyl]-2-[5-[1-ethyl-1,3-dihydro-3,3 
dimethyl-5-sulfo-2H-indol-2-ylidene]-1,3-pentadienyl]-3,3 
-dimethyl-3H-indolium]-2,5-pyrrolidindione]propanamido] 
-1-propynyl]-2‘-deoxycytidine triphosphate (46). 

Example 23 

Bonding of dye (15) to a target nucleotide 
derivative 

[0061] To a 5 mL vial With a stir bar is added (15) (19 
pmol), 5-[3-[iodoacetamido]-1-propynyl]-2‘-deoxycytidine 
triphosphate (47) (30.0 pmol) in 50 mM sodium dihydro 
genphosphate pH 7.0-7.5 (250 ptL). To the stirred solution 
1M hydroxylamine pH 70-75 (250 ML) is added. The 
resulting solution is stirred at room temperature for 4 hours 
to react the free thiol of (15) With (47). The reaction mixture 
is puri?ed to give 5-[3-[1-[3-thiopropyl]-2-[3-[1-ethyl-1,3 
dihydro-3,3-dimethyl-5-sulfo-2H-indol-2-ylidene]-1-prope 
nyl]-3,3-dimethyl-5-sulfo-3H-indolium]acetamido-1-pro 
pynyl]-2‘-deoxycytidine triphosphate (48). 

Example 24 

Bonding of dye (29) to a target nucleotide 
derivative 

[0062] The procedure of Example 23 is repeated With (29) 
substituted for (15). The reaction mixture is puri?ed to give 
5-[3-[1-[thiopropyl]-2-[5-[1-ethyl-1,3-dihydro-3,3-dim 
ethyl-5-sulfo-2H-indol-2-ylidene]-1,3-pentadienyl]-3,3 
dimethyl-5-sulfo-3H-indolium]acetamido-1-propynyl]-2‘ 
deoxycytidine triphosphate (49). 

Example 25 

Dye precursor 1-[N-[-3-(tert-butyloxycarbony 
lamino) propyl]hexanamide]-2,3,3-trimethyl-5 

sulfo-3H-indolium, inner salt (51) 

[0063] To a 100 mL round bottom ?ask With a stir bar is 
added 1-[N-[5-carboxypentyl]-2,3,3-trimethyl-5-sulfo-3H 
indolium, inner salt (50) (1.70 mmol) and 40 mL of N,N 
dimethylformamide. The mixture is heated at 50° C. until a 
homogeneous solution is obtained. To this solution is added 
1,3-dicyclohexylcarbodiimide (2.30 mmol), N-hydroxysuc 
cinimide (2.34 mmol) and t-butyl N-(3-aminopropyl)car 
bamate (2.29 mmol). The reaction mixture is heated at 50° 
C. for 30 min and then room temperature 16 hours. The 
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reaction mixture is ?ltered, the solvents are removed under 
reduced pressure and the solid is aZeotroped tWo times With 
methanol. The solid is puri?ed by Reversed Phase Chroma 
tography to give I-[N-[-3-(tert-butyloxycarbonylamino)pro 
pyl] hexanamide]-2,3,3-trimethyl-5-sulfo-3H-indolium, 
inner salt (51) as a solid. 

Example 26 

Cyanine-3 dyes derived from (51) 

[0064] A solution of (51) (0.291 mmol) and (14) (0.281 
mmol) is heated to re?ux in pyridine (30 mL) and triethyl 
orthoformate (2.4 mmol) is added via syringe over 1 hour in 
four equal portions. The suspension is then heated to re?ux 
for an additional 4 hours and cooled to room temperature. 
The solvents are removed under reduced pressure and the 
solid is aZeotroped tWo times With methanol. The purple 
solid is puri?ed by Reversed Phase Chromatography and the 
isolated products are passed over an AG50W-X4, 200-400 
mesh K+ form, column to give 1-[N-[3-(tert-butyloxycar 
bonylamino)-propyl]hexanamide]-2-[3-[1-ethyl-1,3-dihy 
dro-3,3-dimethyl-5-sulfo-2H-indol-2-ylidene]- 1 -prope 
nyl]-3,3-dimethyl-5-sulfo-3H-indolium, potassium salt (52), 
1-[N-[3-(tert-butyloxycarbonyl-amino) propyl]hexana 
mide]-2-[3-[1-[N-[3-(tert-butyloxy-carbonylamino)-propyl] 
hexanamide]1,3 -dihydro-3 ,3-dimethyl-5-sulfo-2H-indol-2 
ylidene]-1-propenyl]-3,3-dimethyl-5-sulfo-3H-indolium, 
potassium salt (53) and the related diethyl salt as solids. 

Example 27 

Cyanine-5 dyes derived from (51) 

[0065] A solution of (51) (0.291 mmol) and (14) (0.292 
mmol) and potassium acetate (78 mg, 0.79 mmol) in metha 
nol (15 mL) is heated to re?ux and 1,3,3-trimethoxypropene 
(0.5 mL, 3.64 mmol) is added via syringe over 1 hour in four 
equal portions. The suspension is then heated to re?ux for an 
additional 3 hours and cooled to room temperature. The 
methanol is removed under reduced pressure and the solid is 
puri?ed by Reversed Phase Chromatography to give 1-[N 
[3-(tert-butyloxycarbonylamino)propyl]-hexanamide]-2-[5 
[1-ethyl-1,3-dihydro-3,3-dimethyl-5-sulfo-2H-indol-2 
ylidene]-1 ,3-pentadienyl]-3,3-dimethyl-5-sulfo-3H 
indolium, potassium salt (54), 1-[N-[3-(tert-butyloxy 
carbonyl-amino)propyl]hexanamide]-2-[5-[1-[N-[3-(tert 
butyloxycarbonyl-amino)propyl]-hexanamide]-1,3 
dihydro-3,3 -dimethyl-5-sulfo-2H-indol-2-ylidene]-1,3 
pentadienyl]-3,3-dimethyl-5-sulfo-3H-indolium, potassium 
salt (55) and the related diethyl salt as solids. 

Example 28 

Bonding of dye (44) to a target nucleotide 
derivative 

[0066] To a 2 mL vial With a stir bar is added (44) (17 
pmol) and 1 M potassium phosphate (4.0 mL) and methanol 
(2 mL) and the resulting solution is stirred at room tem 
perature for 1 hour to give 1-[3-thiopropyl]-2-[S-[1-ethyl 
1,3-dihydro-3,3-dimethyl-5-sulfo-2H-indol-2-ylidene]-1,3 
pentadienyl]-3,3-dimethyl-3H-indolium, inner salt (56). To 
this solution is added (36) (34 pmol) and the reaction 
mixture is stirred for 1 hour and then puri?ed to give 
5-[3-[3-[3-[1-[3-thiopropyl]-2-[S-[1-ethyl-1,3-dihydro-3,3 
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dimethyl-5 -sulfo-2H-indol-2-ylidene]- 1,3-pentadienyl]-3,3 
dimethyl-3H-indolium]-2,5-pyrrolidindione)prop anamido] 
1 -propynyl] -2‘-deoxycytidine triphosphate (46). 

Example 29 

Bonding dye (15) With streptavidin 

[0067] Streptavidin (15 mg) is dissolved in 1 mL 0.1M 
sodium phosphate buffer, pH 7.0. Sulfosuccinimidyl 4-[N 
maleimidomethyl] cyclohexane-1-carboxylate (9 mg) in 0.2 
mL dimethylsulfoxide is added to the streptavidin solution at 
room temperature, mixed for 1 hour and puri?ed by gel 
?ltration chromatography to give maleimide derivatiZed 
streptavidin. To a 1.5 mL solution of maleimide derivatiZed 
streptavidin (3.5 mg) in 0.1M sodium phosphate, 5 mM 
EDTA buffer, pH 6.0, 1 mg of Cyanine 3 Dye (15) is added 
folloWed by 0.15 mL of 1M hydroxylamine pH 7.0. The 
solution is mixed at room temperature for 1 hour and then 20 
pL of 0.1M N-ethylmaleimide is added and the mixture is 
stored at 4° C. for 16 hours. The mixture is puri?ed by gel 
?ltration chromatography to give streptavidin modi?ed With 
Cyanine 3 Dye (15). 

Example 30 

Bonding dye 16 With streptavidin 

[0068] Streptavidin (15 mg) is dissolved in 1 mL 0.1M 
sodium phosphate buffer, pH 7.0. Sulfosuccinimidyl 4-[N 
maleimidomethyl] cyclohexane-1-carboxylate (9 mg) in 0.2 
mL dimethylsulfoxide is added to the streptavidin solution at 
room temperature, mixed for 1 hour and puri?ed by gel 
?ltration chromatography to give maleimide derivatiZed 
streptavidin. To a 1.5 mL solution of maleimide derivatiZed 
streptavidin (3.5 mg) in 0.1M sodium phosphate, 5 mM 
EDTA buffer, pH 6.0, 1 mg of Cyanine 3 Dye (16) is added 
folloWed by 0.15 mL of 1M hydroxylamine pH 7.0. The 
solution is mixed at room temperature for 1 hour and then 20 
pL of 0.1M N-ethylmaleimide is added and the mixture is 
stored at 4° C. for 16 hours. The mixture is puri?ed by gel 
?ltration chromatography to give streptavidin modi?ed With 
Cyanine 3 Dye (16). 

Example 31 

Bonding of dye (15) With neurotensin on resin 

[0069] Fmoc-Neurotensin on Resin (Wang polymer) 100 
mg (substitution 0.6 mmol/g) is sWelled in dimethy forna 
mide (DMF) for 30 minutes Where Fmoc has the structure: 

(57) 

OT 
0 

[0070] Fmoc is removed by reaction With 25% Piperidine/ 
DMF (about 20 ml><3 min, Wash With DMF, and 20 ml><20 
min). Resin is Washed With DMF 7><20 ml (1 min each 
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Washing step). 25 mg of (N-[gamma-malemidobutryloxy] 
succinimide ester (Sulfo-GMBS) in DMF (15 ml) is added 
and mixed With resin 24 hours. After reaction the resin is 
Washed 7><20 ml of DMF. Cyanine (15) (10 mg) solution in 
DMF/methanol (15 ml) is added along With 5 ml 1 M 
solution of hydroxylamine in Water. Reaction is performed 
overnight. After Washing With DMF (7><20 ml) and methanol 
(3><30 ml) resin is dried. Labeled peptide is cleaved from 
resin With Reagent K (92.5% TFA!2.5% EDT/2.5% Water/ 
2.5% T15) 10 ml for 2 hours. Crude peptide is precipitated 
With cold diethyl ether and centrifuged. Precipitate is dis 
solved in 50% Acetonitrile/Water and lyophiliZed. 

Example 32 

Bonding of dye (15) With galanin on resin 

[0071] Fmoc-Galinin on Resin is sWelled as in Example 
31. Orthogonal protection on Lys 25 ((4,4-dimethyl-2,6 
dioxocyclohex-1-ylidene)ethyl-Dde) is removed by reaction 
With 2% hydraZine hydrate (2><20 ml, 2 min). Resin is 
Washed 6 times With DMF (20 ml). 25 mg of Sulfo-GMBS 
in DMF (15 ml) is added and mixed With resin for 24 hours. 
After reaction the resin Was Washed 7><20 ml of DMF, (15) 
(10 mg) solution in DMF/MeOH (15 ml) is added along With 
5 ml 1 M solution of hydroxylamine in Water. Reaction is 
performed overnight. Labeled galanin is puri?ed and iso 
lated as per Example 32. 

Example 33 

Bonding of dye (29) With a native 
peptide-bradykinin 

[0072] Bradykinin (3 mg) dissolved in 1 ml of 50 mM 
sodium dihydrogen phosphate pH 7.5, and added sulfoG 
MBS (3.4 mg), mixed for 2 hours in room temperature. To 
the reaction mixture is added 1 ml of solution (5.8 mg) of 
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(29) in sodium dihydrogen phosphate pH 7.5 and 0.5 ml 1M 
hydroxylamine (pH 7), and mixed overnight. Labeled pep 
tide is lyophiliZed. 

Example 34 

Bonding of dye (29) With liposomes 

[0073] The procedure of Example 33 is repeated With the 
substitution of liposomes as per Example 1 of Us. Pat. No. 
4,089,801 for bradykinin. The liposome including lecithin 
and amyloglucoside therein. A labeled liposome is puri?ed 
therefrom. 

Example 35 

Bonding of 1-13-N-acetylaminopropyl]-2-15-1 
[ethyl-1,3 dihydro-3,3-dimethyl-5-sulfo-2H-indol-2 
ylidene]-1,3-pentadienyl]-3,3-dimethyl-5-sulfo-3H 
indolium, potassium salt (58) to a target nucleotide 

derivative 

[0074] The dye (58) is prepared as per Examples 1 and 11 
using the amine analog to the dye precursor The dye (58) 
is combined With (36) as per Example 28 to yield the amine 
analog to (46). 

[0075] Those skilled in the art Will appreciate from the 
foregoing description and examples that the broad teaching 
of the present invention can be implemented in a variety of 
forms. Therefore, While this invention has been described in 
connection With particular examples thereof, the true scope 
of the invention should not be so limited since other modi 
?cations Will become apparent to one skilled in the art upon 
revieW of the speci?cation and the folloWing claims. 

[0076] All patents and other publications cited herein are 
expressly incorporated by reference to the same extent as if 
each individual publication Were speci?cally and individu 
ally indicated to be incorporated by reference. 

TABLE I 

Cyanine-3 dyes derived from precursors (7), (10), (13) and the 1-ethyl analogs thereof in terms of dye formula (2) 

1-Et(13) (28) 

*Note: In Examples 6-10 L is CH and n is 1. 
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1. A dye compound comprising the formula: 

wherein R1, R2, R3, R4, R5, R6, R7, and R8 are each 
independently selected from a group consisting of 
hydrogen, C1-C6 alkyl group, a CO-C4 alkyl group 
having a hydrophilic substituent selected from a group 
consisting of sulfonate, carboXylate, hydroXyl, substi 
tuted amines and quaternary amines; 

Wherein Y1 and Y2 are each independently selected from 
a group consisting of: 

Wherein R9, R9, R10, and R‘1O are each independently 
selected from a group consisting of C1-C6 alkyl, and a 
heteroatom substituted C1-C6 alkyl Wherein the het 
eroatom is O, N or S; 

Wherein R11 and R12 are each independently selected from 
a group consisting of C1-C3O alkyl, phenyl substituted 
C1-C3‘), Cpl-C3O having a protected substituent selected 
from a group consisting of: 

O 

H H H 

—R13 N\ V/ N R 13\ 
R 13 S RWB, 

O O 
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-continued 

N02 

: 
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wherein R13, R‘13, R“13 and R‘"13 are each independently 
C1-C3O alkyl, Q is sulfur, nitrogen or oxygen, X is a 
halogen and Y is a halogen and at least one of R11 and 
R12 is the Cpl-C3O having the protected substituent; and 

L is selected from a group consisting of: rnethine, a 
rnethine group having a substituent Cpl-C3O alkyl group 
and a substituted C1-C3O alkyl group having a phenyl, 
hydroXyl, sulfonyl, a halogen atom, a heteroatorn sub 
stituted phenyl and a C1-C4 alkoXyl Where n is 1, 2, 3 
or greater. 

2. The dye compound of claim 1 Wherein at least one of 
R1-R12, R9‘ and R10‘ is the CO-C4 alkyl group having the 
hydrophilic substituent. 

3. The dye compound of claim 1 Wherein at least tWo 
adjacent R groups of Rl-Rs, R9, R9‘, R10 and R10‘ are fused 
to form a ring structure. 

4. The dye compound of claim 1 Wherein both RM and R12 
are the C1-C3O having the protected substituent. 

5. The dye compound of claim 1 Wherein only one of RM 
and R12 are the C1-C3O having the protected substituent. 

6. The dye compound of claim 1 Wherein the protected 
substituent reacts With a deprotecting agent to form a 
reactive group selected from a group consisting of: thiol, 
amine and hydroXyl. 

7. A dye cornpound comprising the formula: 

(2) 

Wherein R1, R2, R3, R4, R5, R6, R7, and R8 are each 
independently selected from a group consisting of 
hydrogen, C1-C6 alkyl group, a CO-C4 alkyl group 
having a hydrophilic substituent selected from a group 
consisting of sulfonate, carboXylate, hydroXyl, substi 
tuted amines and quaternary arnines, such that at least 
one of R1-R12, R9‘ and R10‘ is the CO-C4 alkyl group 
having the hydrophilic substituent; 

Wherein Y1 and Y2 are each independently selected from 
a group consisting of: 
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-continued 

—N\C/ R9 
\ 

Wherein R9, R9, R10, and R‘1O are each independently 
selected from a group consisting of C1-C6 alkyl, and a 
heteroatorn substituted C1-C6 alkyl Wherein the het 
eroatorn is O, N or S; 

Wherein R11 and R12 are each independently selected from 
a group consisting of R14H, R14SH, R14NH2 and 
R14OH; 

Wherein R14 is selected from a group consisting of: 
C3-C3O alkyl and C3-C3O alkyl having a phenyl, 
hydroXyl, sulfonyl, or halogen atom or a heteroatorn 
substituted phenyl; and 

L is selected from a group consisting of: rnethine, a 
rnethine group having a substituent C1-C3O alkyl group 
and a substituted C1-C3O alkyl group having a phenyl, 
hydroXyl, sulfonyl, a halogen atom, a heteroatorn sub 
stituted phenyl and a C1-C4 alkoXyl Where n is 1, 2, 3 
or greater. 

8. The dye compound of claim 7 Wherein at least tWo 
adjacent R groups of Rl-Rs, R9, R9‘, R10 and R10‘ are fused 
to form a ring structure. 

9. The dye compound of claim 7 Wherein R11 and R12 are 
both the nucleophilic substituents. 

10. The dye compound of claim 7 Wherein only one of RM 
and R12 is the nucleophilic substituent. 

11. Aprocess for preparing a compound (2) as claimed in 
claim 1 which comprises reacting a compound (1) With a 
molecule selected from the group consisting of: trialkyl 
orthoforrnate, dialkyl arnide, trialkoXy alkene and C3-C12 
bisaldehyde Wherein the alkyl and alkoXy groups are inde 
pendently C1-C6 and the alkene is C3 or C5 in the presence 
of a base and the C3-C12 bisaldehyde in the presence of an 
alcohol. 

12. Aprocess for preparing a compound (2) as claimed in 
claim 7 which comprises reacting a compound (1) With a 
molecule selected from the group consisting of: trialkyl 
orthoforrnate, dialkyl arnide, trialkoXy alkene and C3-C12 
bisaldehyde Wherein the alkyl and alkoXy groups are inde 
pendently C1-C6 and the alkene is C3 or C5 in the presence 
of a base and the C3-C12 bisaldehyde in the presence of an 
alcohol. 

13. The process of claim 11 Wherein the base is selected 
from a group consisting of: pyridine, C1-C4 alkoXide and 
C1-C4 rnorpholine, piperidine, t-butyl arnine, triethylarnine, 
and an amine. 

14. The dye compound of claim 5 Wherein the Cpl-C3O 
having the protected substituent is a sulfur containing rnoi 
ety. 

15. The dye compound of claim 5 Wherein the R11 or R12 
group lacking the protected Cpl-C3O protected substituent is 
the C1-C3O alkyl. 

16. The dye compound of claim 5 Wherein one of RM or 
R12 is R14SH and the other of R11 or R12 is R14H. 

* * * * * 


