WO 2006/034036 PCT/US2005/033174 Fluorescent Dye Compounds,
Coniugates and Uses Thereof [0001] The present teachings generally
relate to fluorescent dyes, linkable forms of fluorescent dyes, energy
WidAdierdY&s, and reagents labeled with fluorescent dyes, ddr{i5@ens/033174
thereof. [0002] The non-radioactive detection of biological analytes

utilizing flyniescartiainie Sodih dnneyi@univehaglagy sénqerpdnolecular
biology. By eliminating the need for radioactive labels, safety is enhanced
and the environmental impact and costs associated with reagent disposal
[000ig greBitly reesend (Eaxhingle gakriithodsttilizirftpeustenorerlidadtdbl forms of
fluorescent detection include 4-color automated DNA sequencing,
fluorgsiigundyteotiverpybiritistaiolyeaetivgdesagands debstafor i fluorescent dyes, and uses
polymerase-chain-reaction products, immunoassays, and the like. [0003]
therepd. many applications it is advantageous to employ multiple spectrally

distinguishable fluorescent labels jn order tg achieve independent .
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. multiplex DNA probe gssays and,4-calgr automated DNA sequengi .
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ereby simplitying experimental protocols and

dispd @l lfgaé%%&gdt)h Gaediction of apRlicationssne Qifiﬁiﬁ%%@ﬁ ks rhaithetsRSBuorescent

of 4-color automated DNA sequencing, multicolor fluorescent labeling
detecilipWEcftethe aialysisafapyltinte basesHo s sistgedaetiieraliyridization methods,

increasing throughput over single-color methods and reducing
and donetidaiofies aasoaiatekhinihdoten mndeircinaphosetseym ebditie Wddations.

[0004] Currently available multiplex dye sets suitable in 4-color automated
[00MDNA sequeneipgiiapphicationsdeningetie docmhle: grednifasnectighy @stinguishable
adequately excite fluorescence emissions from all of the dyes making qu )
fluorgseesbtlabels, diyorden iaserkieyse ipipngadsptdetection of "a plurality” of spatially

overlapping analytes, e.g., single-tube multiplex DNA probe assays and 4-color automated DNA
sequencing methods. In the case of multiplex DNA probe assays, by employing spectrally
distinguishable fluorescent labels, the number of reaction tubes may be reduced thereby
simplifying experimental protocols and facilitating the production of application~-specific reagent
kits. In the case of 4-color automated DNA sequencing, multicolor fluorescent labeling allows
for the analysis of multipie bases in a single lane thereby increasing throughput over single-color
methods and reducing uncertainties associated with inter-lane electrophoretic mobility
variafions.

[0004] Currently available multiplex dye sets suitable in 4-color automated DNA
sequencing applications require blue or blue-green laser light to adequately excite fluorescence
emissions from all of the dyes making up the set, e.g., argon-~ion lasers. Use of blue or blue-
green lasers in commercial automated DNA sequencing systems are often disadvantageous

because of the high cost and limited lifetime of such lasers.



green lasers in conirnercial automated DNA sequencing systems are often
disadvantageous because of the high cost and limited lifetime of such
lasers. [0005] Thus, there exists a need for fluorescent dye compounds
that satisfy the above constraints and are excitable by light having a
wavelength above about 600 nm. [0006] It has now been found that red

fluorescence emitting dyes ed.on the structure are very chemicall
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are very chemically and photoactively stable and are excitabie by light of longer wavelengths.

[0006a] In one aspect, there is provided a compound having a structure selected

from
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Rzi (I)y 2R6 R5 R4 R3HO 0 R13N/R 12 R1 R14 R16 R15 (lll) and
R6 R5 R4 R3HO 0 R1I3NRs |11 R14 R16 R12 R10 R15 R11 (1V),
wherein R1-R3 and R6-R 6 are each independently selected from -H,
halogen, heteroaryl, -CO2H, - CO2R, -SO3H, -SO3R, -CH2CO02H,
-CH2CO2R, -CH2S03H, -CH2S03R, -CH2NH2, -CH2NHR, - NO2, CI-C6
alkyl, substituted C1-C6 alkyl, C1-C6 alkoxy, substituted C1-C6 alkoxy,
C1-C6 alkoxyaryl, substituted C1-C6 alkoxyaryl, phenyl, substituted
phenyl, biphenyl, substituted biphenyl, benzyl, substituted benzyl,
benzoyl, substituted benzoyl, bond and linking group, wherein R is
.selected from CI-C6 alkyl, substitiked CRE6 gikyl, CI-C6 alkoxy,
substituted CI-C6 alkex { d C1-C6 alkoxyaryl,

Ris §51))

wherein

R;-Rs and R¢-Rj¢ are each independently selected from -H, halogen, heteroaryl, -CO-H, -
COR, -8O3H, -SOsR, -CH2CO-H, -CHCOR, -CH,50:H, -CH,SOsR, -CHyNH,, -CH)NHR, -
NQO,;, Ci-Ce alkyl, substituted Ci-Cs alkyl, C;-C¢ alkoxy, substituted C,-Cg¢ alkoxy, Ci-Ce
alkoxyaryl, substituted C;-C¢ alkoxyaryl, phenyl, substituted phenyl, biphenyl, substtuted
biphenyl, benzyl, substituted benzyl, benzoyl, substituted benzoyl, bond and linking group,
wherein R is selected from C,-C¢ alkyl, substituted C,-Cg¢ alkyl, C,-Cy alkoxy, substituted Ci-Cs
alkoxy, C;-C¢ alkoxyaryl, substituted C;-C¢ alkoxyaryl, phenyl, substituted phenyl, biphenyl,

substituted biphenyl, benzyl, substituted benzyl, benzoyl. and substituted benzoyl; and
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substituted biphenyl, benzyl, substituted benzyl, benzoyl, and substituted
benzoyl; and 2a R4 and R5 taken separately are selected from CI-C6 alkyl
and CI-C6 substituted alkyl R4 and R5 taken together are selected from
C3-C7 cycloalkyl, C4-C7 unsaturated cycloaikyl, C3-C7 substituted
cycloalkyl and C4-C7 substituted unsaturated cycloalkyl; wherein at least
one of RI-R3 or R6-R16 is -SO3H; with the proviso that if the compound
comprises the structure (1). then at least one of R1, R2, R3 or R8 is not
-H. [0007] In some embodiments, the present teachings provide novel
fluorescent dyes comprising a structure selected from, R6 #R6 R4 R3 HO
/O R7N/ R2ZR6RI (I} R R5R4R3HO O (I R7NR9 R8 Rte Rio

R 1) b
I%‘}' zgﬁ Igs taken separately are selected from C;-Cs alky! and C,-C¢ substituted alkyl, Ry

and Rs taken together are selected from Cs-Cr cycioalkyl, Cs-C- unsaturated cycioalkyl, C3-C,

substituted cycloalkyl and C,-C; substituied unsaturated cycloalkyl;
wherein at least one of R;-R; or Rs-Ryg 18 -SIO3H;

with the proviso that if the compound comprises the structure (1), then at least one of R,

R;, Rs or Ry is not -H.

[0007] In some embodiments, the present teachings provide novel fluorescent dyes

comprising a structure selected from,
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WO 2006/034036 PCT/US2005/033174 R6 R5 R4 R3HO O R13IN/R
2 R1R14 R16 R15 (I} and R6 R. R3 HO R13 Rg R14 Rio R16 R11
(IV), [0008] wherein [0009] RI-R3 and R6-R16 can each independently be

W 2404(8%483, fluorine, chlorine, bromine, aryl, substituted aRff THERYEAAH 74
-CO2H, -CO2R, -SO3H, -SO3R, -CH2CO2H, -CH2CO2R, - CH2SO3H,
-CH2S03R, -CH2NH2, -CH2R#HR, -NOZ, CC6 alkyl, substituted CI-C6
alkyl, CI-C6 alkoxy, wpstltutd CI 8@ alkoxy, C1-CH alkoxyaryl,
substituted CI-C6 alkoxyaryt; pt egFphenyl, biphenyl,
substituted biphenyl, benz benzoyl, substituted
benzoyl, bond or ki fhereirrR sagBe~C1-C6 alkyl, substituted
CI-C6 alkyl, C1-C6 alk bstituted CI-C6 alkoxy’, CI-C6 alkoxyaryl,
substituted CI-C6 alkg: !
substituted biphefyk benzyl, bﬁwuted benzyl, benzoyl substltuted
benzoyl, bond or linking grup, and [0010] R4 and Rstaken separately
can be CI-C6 alkyl, CI-C6 sUbstituted alkyl, R4 and R

and

Ris Ri1 (IV),

{0008]  wherein

[0009]  Ry-R; and Rg¢-Rys can each independently be -H, halogen, fluorine, chlorine, bromine,
aryl, substituted aryl, heteroaryl, -COzH, -COzR, -8O3H, -SO3R, -CHCOH, -CHCO2R, -
CH,SOsH, -CH,SO3R, ~-CHoNH,, ~-CHoNHR, -NO,, C;-Cy alkyl, substituted C;-Cs alkyl, Ci-Cq
alkoxy, substitated C;-Cs alkoxy, C;-Cg alkoxyaryl, substituted C,-Cg alkoxyaryl, phenyl,
substituted phenyl, biphenyl, substituted biphenyl, benzyl, substituted benzyl, benzoyl,
substituted benzoyl, bond or linking group, wherein R can be C;-Cq alkyl, substituted C;-Cs
alkyl, C;-Cs alkoxy, substituted C;-Cs alkoxy, C;-Cs alkoxyaryl, substituted C;-Cs alkoxyaryl,
phenyl, substitated phenyl, biphenyl, substituted biphenyl, benzyl, substitated benzyl, benzoyl,
substituted benzoyl, bond or linking group; ax;d

[0010] R, and Rs taken separately can be Cyi-Cg alkyl, C1-Cy substituted alkyl, R4 and R;s
taken together can be C3-Cy; cycloalkyl, Cs-C; unsaturated cycloalkyl, Cs-C; substituted

cycloalkyl or C4-C; substituted unsaturated cycloalkyl;



taken together can be C3-C7 cycloalkyl, C4-C7 unsaturated cycloalkyl,
C3-C7 substituted cycloalkyl or C4-C7 substituted unsaturated cycloalkyl;
3 WO 2006/034036 PCT/US2005/033174 [0011] with the proviso that if
Wenenpadnd comprises the structure (1), then at least one ef TRIsR3s@E3174
Rs is not -H. Optionally, at least one of RI-R3 and R6-RI6 can be -SO3H.
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rdnsfer ompounds comprising a donor dye covalently atfached to

R, -FLARGEPLBY dye ophstrin, hedanet dvR, iksanakleef, akseing light at a

first wavelength and emitting excitation energy in response, and the
[oo@Erepiar higdseanaide-akaisorpingibeexbiiatioherrigramitedhyidigfer dye
donor dye and fluorescing at a second wavelength in response. In some
compothdstoeptisitreadonor diyecertehidycavalbeatlyoaitastiedtto dye, adceptorhe donor
dye by a bond, a non-nucleotidic linker or a nucleotidic linker (i.e.-a
dye deolyaprtiotifleshitsdmr|Bghaetda dirdt thieatikieneth sovhemitthudrneingntisgergy in
linker can serve to facilitate efficient transfer of energy between the donor
respgyeeapifitte aeeaptbdlyds BBt HfodMneiks sttdakepseceRtanited by the
donor and acceptor dyes is a dye of the present teachings. [0013] In

dongryiye @vh BYATRIEIRE 2t RSSS RSV ERHIh TS THTBAE: 15t 198 e BdiRaigihe donor
and/or nucleotjdes comprising the structure NUC-L-D [0014] wherein ..
e R KA BISE TS RoRHTEw TR e inker o 2
ified nucleotide, L comprises.a bond.or a linker and.D.c rises .
S R b R S

the BrkBP 0% coxalenty linked by adnking Mo tntWHRISInA SRMNBEor dye and the

attached to D at one of RI-R3 and R6-R16. In some embodiments, if NUC
ace &P@E}_@.e?frﬂsghhg%gécﬁ%léﬁ@, Upldng smeisheAlbhe: AHACHEH S thes is a dye of the

-position of the purine,

present teachings.

[0013] In some embodiments, the present teachings provide for labeled nucleosides and/or
nucieotides comprising the structure

NUC-L-D

[0014]  wherein NUC comprises a nucleoside, a nucleotide, 2 modified nucleoside or a
modified micleotide, 1. comprises a bond or a linker and D comprises a dye compound of the
"present teachings. In some embodiments, NUC and D can be covalently linked by a linking
moiety, L, wherein L can be attached to D at one of R¢~R; and R¢-Rj6. In some embodiments, if
NUC comprises a purine base, the linking moiety can be attached to the 8-position of the purine,
if NUC comprises a 7-deazapurine base, the linking moiety can be attached to the 7-position of
the 7-deazapurine, and if NUC comprises a pyrimidine base, the linking moiety can be attached
to the 5-position of the pyrimidine.

f0015] In some embodiments, the present teachings provide for oligonucleotide analysis

methods comprising the steps of forming a set of labeled oligonucleotide fragments labeled with



if NUC comprises a 7-deazapurine base, the linking moiety can be
attached to the 7-position of the 7-deazapurine, and if NUC comprises a
pyrimidine base, the linking moiety can be attached to the 5-position of
We2p04iheiihe. [0015] In some embodiments, the present tFEeRTig05/033174
provide for oligonucleotide analysis methods comprising the steps of

a dydfermipgasatetiabales.sliganvpiantidedngmants JohelRA Wil f@M¥e to a size-
20061034036 PCT1US2005/033174 a dye of the structure set forth

depemdzavecgitbipatingdhe, |abe|edeoltginrelentiae daignteptsitolabsize-oligonucieotide
dependent separation process, e.g., electrophoresis, and detecting the

fragnighisleubsshigertucltetidpairagnrestsssubsequent to the separation process.
[0016] These and other features and advantages of the present teachings

[001@411 hddssnanseetber iprtarsiond alitnregaren dectprasentonebings dabichRsass, better

figures, and appended claims, [0017] FIG. | shows a generalized synthetic

undefsippd AR RIS HAesTolirene LerisitaSereh tatHigys
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the nR2MP Lsaic th%gguctyr{e&é).%ggt‘l% Q%G 3 shows a generalized synthetic
ppa%fgulway orthe sfrﬂ?‘ue%is of ye compounds of the present teachings

[001%?mpﬁﬁ'§.‘§ Eﬁ%wfg&i&%&e@ s}gglggg: ;Ealtﬁwélysi}apmé M&@ﬁ@lm compounds of

synthetic pathway for the synthesis of dye compounds of the présent

the pleRER RIS ERI iSRG aaRltuaiHe: (). [0021] FIG. 5 shows a possible

synthetic pathway for the synthesis of dye compounds of the present

[001®achings Ternvpa singhfielishdistutte(k) piD22] folGhosshdiassalt exetaplpdynds of
synthetic pathway for the synthesis of a tertiary alcohol (e.g.-

the pR{ithgabiongnatinplens2-ji3-2propaddl)intermediate useful for the
preparation of
[00201  FIG. 4 shows a generalized synthetic pathway for the synthesis of dye compounds of

the present teachings comprising the structure (IV).

{0021]  FIG. 5 shows a possible synthetic pathway for the synthesis of dye compounds of the
present teachings comprising the structure (I).

[0022]  FIG. 6 shows an exemplary synthetic pathway for the synthesis of a terfiary alcohol
(e.g.- 2-(4’-hydroxynathalen-2-yI}-2-propanol) intermediate useful for the preparation of
compounds of the present teachings.

[0023}  FIG. 7 shows a possible synthetic scheme for the preparation of compounds of the
present teachings comprising the structure (II).

[0024]  FIG. 8 shows possible syntheiic schemes for the preparation of compounds of the
present teachings comprising the structure (15).

[0025]  FIG. 9 shows absorption spectra of DDAQ and several representative compounds of

the present teachings.



compounds of the present teachings. [0023] FIG. 7 shows a possible
synthetic scheme for the preparation of compounds of the present
teachings comprising the structure (). [00241 FIG. 8 shows possible
wsynthetisigehemes for the preparation of compounds of the ppresemts/ 33174
teachings comprising the structure (). [0025] FIG. 9 shows absorption

ectrg of DDAO and.several repr ti ‘
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the Iﬁ@&\ﬁ/&&mn spectra of DDAO and several representative compounds
of the present teachings. [0027] Reference will now be made in detail to

[oostternativeambadimentssef thaiprasenhiteacilisghreranbleiminhihtBepresent
illustrated in the accompanying drawings. While the present teachings will

teackiadesesibsiesinfonhicinaiotiviiattdealier nativeremibad irevitgsit Wilibethe present
understood that they are not intended to limit the present teachings to

teactimse eithbadidesmribeDin thenportiony b fheseliemsiokirgebafenamhidédwill be
to cover all alternatives, modifications, and equivalents, which may be

unddrishedbiaiibhinataiveisndedds Hesinty piesRat éﬁﬁéiﬂ%d%%ﬂ%ﬁﬂ%@&@fm On
In this application, the use of the singular includes the plural unless

the gpuigaibally Biaten) SAAARESAT TR ARhIt AR5 He HESBRYEH FRdifigations, and

"and/or" unless stated otherwijse. Furthe t f the t .
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il be.considered ipclusive, in that.the term " ising. | .
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present teachings are each representations of one of the possible
FurfiSSRRAN 66 SHLSRS LAAt comprising,” as well as other forms, such as "comprises” and

"comprise,” will be considered inclusive, in that the term “comprising” leaves open the
possibility of including additional elements.

[0029] It will be understood that the chemical structures that are used to define compounds
of the present teachings are each representations of one of the possible resonance structures that
each given structure can be represented by. Further, it will be understood that by definition,
resonance structures are merely a graphical representation used by those of skill in the art to
represent electron delocalization, and that the present teachings are not limited in any way by
showing one particular resonance structure for a given structure.

[0030]  Generally, the present teachings comprise fluorescent dye compounds useful as
fluorescent labels, as componenis of enmergy transfer dyes, in conjugates of nucleosides,
nucleotides and polynucleotides, in methods utilizing such dyes and reagents in the area of
analytical biotechnology. The compounds of the present teachings may find particular

application in the area of fluorescent nucleic acid analysis, e.g., automated DNA sequencing and



each given structure can be represented by. Further, it will be understood
that by definition, resonance structures are merely a graphical
representation used by those of skill in the art to represent' electron
Veleaii3atién, and that the present teachings are not limite @GA/HAZ04F3174
by showing one particular resonance structure for a given structure.
frad 630 hbabniyadhtethendse peri-Babhdigai oo matige: flizateaceydydetection of nucleic
compounds useful as fluorescent labels, as components of energy
acidramplificdiies predonjugatebedfasucleosides, nucleotides and
polynucleotides, in methods utilizing such dyes and reagents in the area
[0Q5¥L anakpuicaristoraebpbioghis:T ke corasatingechinte prevdat toachifystasesat dyes
find particular application in the area of fluorescent nucleic acid analysis,
COmPHSIng A UEENDRIECESdiRHcing and 6 WO 2006/034036
PCTIUS2005/033174 fragmerp{taanalysis, deggaction of probe hybridization
in hybridization arrays, detectign ofqqucleic gcid amplification products,
and the like. [0031] Inien QOodipAt
novel fluorescent dyes co
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and



Rs Rtz RIO R11 (Il), R6R5R4R3 HOO0 R13(/INRz~-RI R14 R16
R15 (Ill) and 7 WO 2006/034036 PCT/US2005/033174 Rg R3 R13 R9
3MRjo Rya R15 R11 (M, [0032] wherein [0033] RI-123 and R6-R16 can
veachoindegsndently be -H, halogen, fluorine, chlorine, bromirayuseghs/e33174
substituted aryl, heteroaryl, -CO2H, -CO2R, -SO3H, -SO3R, -CH2CO2H,
-CH2COZ2R, - CH2SO3H, -CH2SO3R, RCHZI},IHZ -CH2NHR, -NO2,

C1-C6 alkyl, substituted C1- 4 I ‘c6 alkoxy, substituted CI-C6
alkoxy, CI-C6 alkoxyﬁ SuISHted C4 % gryl phenyl,

substituted phenyl blphe | yl, benzyl, substituted

[0032] wherein
[0033] R;-R; and Rg-Rye can each independently be -H, halogen, fluorine, chiorine, bromine,
aryl, substitited aryl, heteroaryl, ~-CO,H, ~-CO,R, -SOzH, -SO:R, ~CH,COoH, -CH,COsR, -
CH,S0sH, -CH,LS03R, -CHNH,, -CH2NHR, -NO,, Ci-Cg alkyl, substituted C1-Cy alkyl, C1-Ce
alkoxy, substituted C;-Cy alkoxy, C;-Cg¢ alkoxyaryl, substituted (;-Cs alkoxyaryl, phenyl,
substituted phenyl, biphenyl, substituted biphenyl, benzyl, substituted benzyl, benzoyl,
substituted berizoyl, bond or linking group, wherein R can be Ci-Cs alkyl, substituted C;-Cg
alkyl, C1-Cs alkoxy, substituted C-Cg alkoxy, Ci-Cs alkoxyaryl, substituted C;-Cs alkoxyaryl,
phenyl, substituted phenyl, biphenyl, substituted biphenyl, benzyl, substituted benzyl, benzoyl,
substituted berxzoyl, bond or linking group; and

[0034] R4 and Rs taken separately can be C;-Cs alkyl, C-Cs substituted alkyl, R4 and Rs
taken together can be C;3-C; cycloalkyl, C4-Cy unsaturated cycloalkyl, C;-C; substituted
cycloalkyl or C4-Cy substituted unsaturated cycloalkyl;

[0035]  with the proviso that if the compound comprises the structure (I), then at least one of
Ri-Rj3 or Rg is not -H. Opiionally, at least one of R;-Rs and Rg-Rys can be -SO:H. It will be
understood that any of the compounds described herein can include the phenol oxygen
deprotonated form as well as all possible resonance structures.

{0036] In some embodiments, dye compounds of the present teachings can comprise the

structure:



alkyl, CI-C6 alkoxy, substituted CI-C6 alkoxy, C1-C6 aikoxyaryl,
substituted Cj-C6 alkoxyaryl, phenyl, substituted phenyl, biphenyl,
substituted biphenyl, benzyl, substituted benzyl, benzoyl, substituted
Wa28YP3HBRd or linking group; and [0034] R4 and R5 takerPSEfErEEI)53174
can be CI-C6 alkyl, C1-C6 substituted alkyl, R4 and R5 taken together
can be C3-C7 cycloalkyl, C4-¢ L;@;atu;gteycloalkyl C3-C7 substituted
cycloalkyl or C4-C7 sybstituted unsatufated ¢ycloalkyl; [0035] with the
s Z sttire (1), then at least one
of R1-R3 and R6-R16
' ompounds described
hereln can mclude the phenol oxygen depro onated form as well as all
possible resonance structure8s[0036] In soniy embodments, dye
compounds of the present teachings can comprise the structure: S WO
[002706/034036 POHAEE208.SI03 3dotdp&md 6oR Bkl Présent | Baciibkd B REprise the
R1 (1). [0037] In some embodiments, dye compounds of the present
strugggehings can comprise the structure: R6 R5 R4 R3HO O R 1 N/R9

[0038] In some embodiments, dye compounds of the present teachings can comprise the

structure:

Ris 1143
[0039]  In some embodiments, dye compounds of the present teachings can comprise the

structure:



R6 R1z RIO R11 (fl) [0038] In some embodiments, dye compounds of the
present teachings can comprise the structure: R6 R5 R4 R3HO O R13 1|
N/ R2 | ~R1R14 R16 R15 (X11). [0039] In some embodiments, dye
wornpwEadsof the present teachings can comprise the strueira;R0vgas3174
2006/034036 PCTIUS2005/033174 R6 M12 R3 HO R13 R9 R14 R10

R15 R11 (V). [0040] In some meooﬁgper&s, R6 and R7 can each
independently be halogen, luorine,/chloripe or b&omine. In some
embodiments, R6 P 23.be fluorpe wme embodiments, R6 and

R7 can be chlorine. In § b and R7 can be bromine.
[0041] In some& i e -LrEhd RZ-8an be -H, -CO2H,
-C02R, -SO3H, - SO CH2SO0O3H, -CH2S03R,
-CH2NH2, and -C ‘
Res Rip
Ris Rq1 A%

[0040] In some embodiments, Rg and Ry can each independently be halogen, fluorine,
chlorine or bromine. In some embodiments, Rg and Ry can be fluorine. In some embodiments,
Rs and Ry can be chlorine. In some embodiments, Rg and Ry can be bromine.

[0041] In some embodiments, Rs can be -H and Ry can be -H, -CO.H, -CO,R, -SO3H, -
SOsR, -CHyCOsH, -CHaCO,R, -CHaS05H, -CHZSOsR, -CH;NH,, and -CH;NHR where R is
defined as above. In some embodiments, 2X; can be -H and X3 can be -H, -SOsH, -SOsR, -
CH,COnH, -CH,CO:R, ~-CHoNH,, and ~-CH,INHR where R is define as above.

[0042] 1In some embodiments, dye compounds éf the present teachings comprise the
structure (1), wherein R;-R; and Rg can each independently be —H, -COH, -CChR, -SO3H, -
SO4R, -CH,CO,H, -CH,COuR, -CH,SOsH, -CHR805R, -CH;NH,, -CHyNHR or ~NO,, wherein
R is defined as above, with the proviso that if the compound comprises the structure (), then at
least one of Rj-R3 or Rg is not -H. In some embodiments, Ry-R; and Ry can each independently
be -SO3H, -SO:R, -CH,NH,, ~-CHoNHR ox -NO;, wherein R is defined as above. In some
embodiments, R;-R; and Ry can each independently be -SO3;H or -SO3R, wherein R is defined as
above. In some embodiments, R;-Rs and Rg can each independently be -CH:NH:z or ~-CH;NHR,
wherein R is defined as above.

[0043] In some embodiments, dye compounds of the present teachings comprise the
structure (), wherein R and Ry can each independenily be halogen, fluorine, chiorine or
bromine and R;-Rz and Ry can each independently be ~H, -CO;H, -CO.R, -5OsH, -SO3R, -

CH,CO.H, -CH,CO.R, -CHSOzH, -CH;SO3R, -CHoNH,, -CHoNHR, -NO;, Ci-Cg alkyl,

10



defined as above. In some embodiments, Xt can be -H and X2 can be -H,
-SO3H, -SO3R, - CH2CO2H, -CH2CO2R, -CH2NH2, and -CH2NHR
where R is define as above. [0042] In some embodiments, dye
Vors(tAHS©f the present teachings comprise the structur@{RyURHEFEH$174
RI-R3 and Rg can each independently be -H, -CO2H, -C02R, -SO3H, -
substi3 R, -CHIGO ZHCCHRAE O 2BstBHRSO3EL, alRbRE QIR ,-GlktBNMITL, substitated
-CH2NHR or -NO2, wherein R is defined as above, with the proviso that if
Cy-Cethiseompb phangbmpigagethghstiyl chipbdhytsebsttvled dtipnm df RinRE, grbstituted
Its is not -H. In some embodiments, RI-R3 and Rg can each
benzyn et spbistiied Sozey) -SudRr Joiqer grpupc MBRIFIR Bis lrhpedperbiye. with
R is defined as above. In some embodiments, R1-R3 and Rg can each

the priyaeep ity HERSRSFIRRaRS I HEFEHE R HERE LAY ARl or Ro is

o 1 RS e AR e e i S o
bodi , d ds,of th ' isg.th

S A SR e

-No,[WRHRG, RNOAIS Of Lramine And RI-BRA06R% £aR CATRNIEPERdEeN Mg R R,
be -H, -CO2H, -CO2R, -SO3H, -SO3R, - CH2CO2H, -CH2CO2R,

and Ridag 24eB halpbidefd3Re -GHIZN L sRHENERNOZ, GCE-alky),, Wherein R is
WO 2006/034036 PCT[US2005/033174 substituted C1-C6 alkyl, CI-C6

defindll k@b Sbstitiad-CGhEedatkaxy, Kyl -4z0 alkawyanjbirdstiuredR CidoRs can each
alkoxyaryl, phenyl, substituted phenyl, biphenyl, substituted biphenyl,

indepbeiezyly babStitiHe S G zyklpéHzo Hdishtute DenrdyteboRdoddinkédgs above.
group, wherein R is defined as above, with the proviso that if the

In sopermpbofidnedin dhises!tRe vveaming onf dh-at eedt bn e2pfRERBEIRBIpHily be -

not -H. In some embodiments, R6 and R7 can each independently be
SOsHy 2}6Bn; GHehHe, “EHIeNHE Br Bfomiresiie fehiard K earreach
independently be -SO3H, -SO3R, -CH2N -CH2NHR or_-NO2, wherein,
[0044 i dRfitets ST RBHRE é‘é%%%fﬂ%‘b%%ﬁm gﬁ%? RESTY FARE4HLGHhE AR e the

structive () wherein Rg can be -H and Ry can be -, -8OsH, -SOsR, -CH,COH, -CH;COSR, -

CH,NH,, or -CH;NHR, wherein R is defined as above, and R;~Rj and Ry can each independently
be -SO:3H, -SO3R, -CHLNH,, -CHoNHR, or -NO», wherein R is defined as above. In some
embodiments, Rg can be -H and R; can be -H, -SOsH or -SCO1R, and Ry-Rs and Rg can each
independently be -CH,NH; or -CH,NHR, wherein R is defined as above.

[00451  In some embodiments, a dye compound of the present teachings can comprise the

structure

HO.

Ci

[0046] In some embodiments, a dye compound of the present teachings can comprise the

structure

11



and R8 can each independently be -SO3H, -SO3R, -CH2NH2, -CH2NHR
or -NO2, wherein R is defined as above. In some embodiments, R6 and
R7 are chlorine and R1-R3 and R8 can each independently be -SO3H,
WO QB 3GHd2NH2, -CH2NHR or -NO2, wherein R is defined@siahomaassivs
some embodiments, R6 and R7 are bromine and R -R3 and R8 can each
independently be - SO3H, -SO3R, -€H2NH2, -CH2NHR or -NO2, wherein
4 ents, dye compounds of
fture (1), wherein R6 can be
O2H, -&I_;LZCOZR, -
CH2NH2, or -CI—Q@\A ) inRk 2 ove,.and Rj-R3 and R8
can each independently be -SO3H, -SO3R, -CH2NH2, -CH2NHR, or
10047NOZn WhREIR R iR ABANGHiSS aRRNSHIR SPTE ERdIRIERISRELMBBrise the
-H and R7 can be -H, -SO3H or -SO3R, and RI-R3 and Rg can each
structdRdependently be -CH2NH2 or -CH2NHR, wherein R is definect as above.
[0045] In some embodiments, a dye compound of the present teachings

can comprise the structure Cl W Cl)(:?N™/ O3H, [0046] In some
embodiments, a dy#e > 2 idachings can comprise the
structure 11 WO 2006/084036 PPCT/US 033174 HO O NH HO3S N~
2 [0047] In some embag paund ofjlpgzpresent teachings
can comprise thet0;S N

[0048] In some embodiments, R can be substituted benzoyl. In some embodiments, R can
be linking group. In some embodiments, R can be trifluorcacetyl. In some embodiments, R can

comprise the structure

COH

e}

[0049]  In some embodiments, R can comprise the structure

COLX

o

[0050] X can be succinimide.

[0051] Insome embodiments, R can be

GO,H

8] SO
&3



structure HO O NHR HOS3S N [0048] In some embodiments, R can be
substituted benzoyl. In some embodiments, R can be linking group. In
some embodiments, R can be trifluoroacetyl. In some embodiments, R
WaAKIR#8#se the structure CO2H [0049] In some embodinfEATESRUSHE3174
comprise the structure C02X 0 [0050] X can be succinimide. [0051] In
[00smMe RishodimapiEnRmakhe R2EHnOSE P WQROHb34036Mts, at least one
PCTIUS2005/033174 [0052] In some embodiments, R4 and R5 can be
of Rpvethith dandmmid@mabddinmen(®; ctlbaseathel. of R2 and R3 can be -NO2
and R4 and R5 can be methyl. [0053] In some embodiments, dye
[00&3mpdunesefmbogiatsath SEcHmpeEls Cirthsisectre saciingece) comprise the

wherein R6 and R7 can each independently be halogen, fluorine, chlorine
strugfpirg (Shhimd e Ea R o 0E B o 1 RAAeigntis G alesemn digiipe, chlorine or

G R SERCER SN, IR O
CH%E%?IE&%%EW)&%&E&Q %%gggnﬁoﬁﬁggnt%?&}beiggﬂggg& g%thXh%epresent
teachings can comprise the structure (TI), wherein Re and R; can each independently be halogen,
fluorine, chlorine or bromine and any of Ry, R¢ and Re-Ry» can be -CO.H, ~-COsR, -S03H, -
SO3R, -CHyCOH, -CH,CORR, ~CH,SOsH, -CHoS0:R, -CHoNH,, -CHoNHR, -NO,, C3-Ce
alkyl, substituted C;-Cs alkyl, C;-Cs alkoxy, substituted C;-Cg alkoxy, C;-Cg alkoxyaryl,
substituted C-Cs alkoxyaryl, phenyl, substituted phenyl, biphenyl, substituted biphenyl, benzyl,
substituted benzyl, benzoyl, substituted benzov!, bond or linking group, wherein R is defined as
above.

[0054] In some embodiments, dye compounds of the present teachings can comprise the
structure (II), wherein Ry and Rj; can each independently be halogen, fluorine, chiorine or
bromine, Ry can be -COH, -CO.R, -SO;H, -SO;R, -CH,COH, -CHCOsR, -CHaSOsH, -
CH,805R, -CH;NH,, -CH;NHR or -NO,, and Rip-Ri; can be -H, wherein R is defined as above.
In some embodiments, dye compounds of the present teachings can comprise the structure (EL),
wherein Rg and Ry can each independently be halogen, fluorine, chiorine or bromine, Ryy can be
-COxH, -CO.R, -SOsH, -SO3R, -CH,COsH, -CHCO.R, -CHpSOsH, -CH,SO5R, ~-CHoNH, -
CHoNHR or -NO», and Ry and R1-Ryp can be -H, wherein R is defined as above. In some
embodiments, dye compounds of the present teachings can comprise the structure (II), wherein
R5‘ and Ry can each independently be halogen, fluorine, chlorine or bromine, Ry can be -CO,H,
-COzR, -SOsH, -SO3R, -CHaCOoH, -CHoCOLR, -CH,S8G05H, -CH,S04R, -CHNH;, -CHNHR or

-NO,, and Re-Ryp and R > can be -H, wherein R is defined as above. In some embodiments, dye
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fluorine, chlorine or bromine and any of R3, R3 and R9-R12 can be
-CO2H, -CO2R, -SO3H, - SO3R, -CH2CO2H, -CH2CO2R, -CH2SO3H,
-CH2SO3R, -CH2NH2, -CH2NHR, -NO2, CI-C6 alkyl, substituted C1-C6
aikyghe@ia@Balkoxy, substituted CI-C6 alkoxy, C1-C6 alkoxyaeylyus2005/033174
substituted CI-C6 alkoxyaryl, phenyl, substituted phenyl, biphenyl,

com%%gﬁg%% B@%@%ﬂgﬁﬂéy Eaﬁ‘ U&ﬁiﬁ%g %p %XM%%P%&%Q?%%@ R; can each

it
nzoyl, bond or linking group, wherein R is defined as above. [0054] In

indeSQRR@MROgimentsadyercoMGRds Afthe R ergntdeachinasicat o,R, -SO5H, -

comprise the structure (II), wherein R6 and R7 can each independently

SOshe OHlgERH, lupTice,RhlarsS OsH rarTise); R O-Ca W ,; CORMHR @2MNO,, and Ro-
-SO3H, -SO3R, -CH2CO2H, -CH2CO2R, -CH2S0O3H, - CH2SO3R,

R c4BH2 N 2he@iPRI M edme @23bamel RIO-R12 can be -H, wherein R is
defined as above. In some embodiments, dye compounds of the present

[00%&hchingsmarcebepmsaihdstroenrentds alrbeaieREt daePRTs e gepprise the
independently be halogen, fluorine, chlorine or bromine, RIO can be

structeseJIH), hesoRr ,R%@@rgﬁ HeaRhemde oo (EH8OFR CEHIEBaiH.COR, -
-CH2SO3R, -CH2NH2, - CH2NHR or NO2, and R9 and R| |-R12 can be

CHNK2WHerelte RS Bt ak db6TeMA SR Vembbfithafts. dyeh -COx1% -SOaH, -
ORI 4 2t o o s e e Ftgen. MO chioa e foe
Ry SO R el CRN DR AOPEL 1G2R,-503H, a9 Q8R:C 'a';?ecé%geunds of the

-CH2CO2R, -CH2SO3H, -CH2SO3R, -CH2NH2, -CH2NHR or -NO2, and

presc%@tggé}}ﬁ%g Bli]i?c&ﬁ’i‘ﬁlj?ﬁ e WHRLSH g%b? defingd RS ahoNE 1N SQME can be -H, -
embodiments, dye 13 WO 2006/034036 PCT/U820051033174

SO;HORPRNGFREheIPress I gACIgNEANEADIIFERhQIBHUS RIS (hined as above,
wherein R6 and R7 can each independently be halogen, fluorine, chlorine

Ryp canbsorriMeHRI2mERN RO EORFC AZRCGHIHHSUBR, -CHBOGZHCH,SOR, -
-CH2COZ2R, -CH2SO03H, -CH2SO03R, -CH2NH2, -CH2NHR or -NO2, and
CHIRB:, REH28MR0er -HOmanéifoRud Befed-astibdlevherein R is defined as above. In

some embodiments, dye compounds of the present teachings can comprise the structure (L),
wherein Rg can be -H and Ry can be -H, -SO3H, -SO3R, -CH,COyH, -CH2CO,R, ~-CHaNH;, or -
CH;NHR, wherein R 1s defined as above, Ry can be -CO;H, -CO»R, -SOsH, -8O4R, -
CH,CO»H, -CH,CO4R, -CH,SO3H, ~CH,S03R, -CHuNH;, -CHNHR or -NOs, and Re-Rye and
Ryz can be -H, wherein R is defined as above. In some embodiments, dye compounds of the
present teachings can comprise the structure (II), wherein Rg¢ can be -H and Ry can be -H, -
SOsH, -SO3R, -CHCOH, -CHRCOR, -CHaNH;, or ~-CH,NHR, wherein R is defined as above,
Ryz can be -COzH, -COsR, -SO3H, -SO3R, -CHaCO-H, -CH,COR, -CH,S805H, -CHSO4R, -
CHoNHs, ~-CHNHR or -NO; and Rg-Ryy can be -H, wherein R is defined as above.

[0056]  In some embodiments, any of Re-R2 can be -SGsH, -SOsR, ~CHyNH,;, -CH,NHR, or

-NOs, wherein R is defined as above. In some embodiments, any of Rg-Ry» can be -SO3H or -

4



[0055] In some embodiments, dye compounds of the present teachings
can comprise the structure (I1), wherein R6 can be -H and R7 can be -H,
-SO3H, -SO3R, -CH2CO2H, -CH2COZ2R, - CH2NH2, or -CH2NHR,
Wi 2tati3r036 defined as above, R9 can be -CO2H, -CO2R, FSO3RR005/033174
SO3R, -CH2CO2H, -CH2CO02R, -CH2S0O3H, -CH2S03R, -CH2NH?2,
SOBH@ At B ENGhanss RiovR 1 Zncambembodwiergini isfdefiRgdasse -CH,NH, or
above. In some embodiments, dye compounds of the present teachings
-CHaN B nvvisent Rasdefutetes Hpowherein R6 can be -H and R7 can be -H, -
SO3H, -SO3R, -CH2CO2H, -CH2CO2R, -CH2NH2, or -CH2NHR, wherein
[ORST defif e SIS CafybeoapRind CURRBSOBMACEABRAn comprise the
-CH2CO2H, -CH2CO2R, -CH2SO3H, -CH2S0O3R, - CH2NH2, -CH2NHR
St“b"rmﬁ?oz and R9 and R11-R12 can be -H, wherein R is defined as above.
In some embodiments, dyefgompounds of the present teachings can
comprise the structure (Il), can be -H and R7 can be -H,

-SO3H, -SO3R, -CH{ 2R, -EH2 , or - CH2NHR,
wherein R is defined as af ' 9 P2H, -CO2R, -SO3H,
-SO3R, - CH2CO2H, -CH 3 CstgéR -CH2NH2,
-CH2NHR or -NO2, apd R 12~¢4An beyts Wﬁereln R is defined

as above. In some embodiments, dye comounds{ of the present

teachings can comprise the structure (Il), wheteir'R6 can be -H and R7

can be -H, - SO3H, -SO3R, -CH2CO2H, -CH2CO2R, -CH2NH2, or
[06G#]2N WB@IM&%@ﬂdR{ﬁd@ﬁﬂﬁﬂmﬁm@or&%}ﬂaﬂﬂé%r@@%ﬁxﬂ.‘cozR1

-SO3H, -SO3R, -CH2CO2H, -CH2C02R, -CH2SO3H, -CH2SO3R, -
[OCHIPNHE, sadtd 2niHRlioredO2 dnd RSspihcan the prbswinesainifpiscdefidathrise the

as above. [0056] In some embodiments, any of R9-R12 can be -SO3H,
SUUGWSR, -CH2NH2, -CH2NHR, or -NO2, wherein R is defined as above. In

some embodiments, any of R9-R12 can be -SO3H or - 14 WO

2006/034036 PCTIUS20051¢331¥4 S#03R, wherein R is defined as

SO3H’
{0060]  wherein Rg and R7 can be hydrogen, fiuorine, chlorine or bromine.
[0061]  In some embodiments, a dye compound of the present teachings can comprise the

siructure

SO3H,

[0062]  wherein Rg and Ry can be hydrogen, fluorine, chlorine or bromine.
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[0057] In some embodiments, a dye compound of the present teachings
can comprise the structure R6 HO O 1 SO3H R7 N [0058] wherein R6
and R7 can be hydrogen, fluorine, chlorine or bromine. [0059] In some
vemboglinests, a dye compound of the present teachings campospsis®ihe
structure R6 HO 0 R7 N/ 1 SO3H [0060] wherein R6 and R7 can be
{é@'égydrojges%ﬁ!aue“%g%%*ég{é?% QLMD BFLD 50035 SEARARIRIRAIS Bmprise the
e compound of the present’teachings can comprise the structure R6
struchi@ O 1 R7 N/ SO3H [0062] wherein R6 and R7 can be hydrogen,

fluorine, chlorine or bromine. 15
Rg

HO3S
[0064]  wherein Rg and Ry can be hydrogen, fluorine, chlorine or bromine.
[0065] In some embodiments, a dye compound of the present teachings can comprise the

structure

SO3H.
[0066] In some embodiments, a dye compound of the present teachings can comprise the

structure

[0067] wherein R is defined as above.

[0068] In some embodiments, a dye compound of the present teachings can comprise the

structure
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WO 2006/034036 PCT/US2005/033174 [0063]' In some embodiments, a
dye compound of the present teachings can comprise the structure R6
HO O 1 R7 N/ HO3S [0064] wherein R6 and R7 can be hydrogen,
WaHPE3EMBrine or bromine. [0065] In some embodiments, BEB{ES2005/033174
compound of the present teachings can comprise the structure HO O N
NH2 SOgH, [0066] In some erpbodiments, a dye compound of the

present teachingsi© A © O N/ NHR SO3H
[0067] wherein R is d i In some embodiments, a dye
compound of the presg prise the structure

Nits

[0069] In some embodiments, a dye compound of the present teachings can cormprise the

structure

[0070] wherein R is defined as above.
[0071] In some embodiments, R can be substituted benzoyl. In some embodimemnts, R can

be linking group. In some embodiments, R can be trifluoroacetyl. In some embodiments, R can

: _CO,H
o} :

[0072]  Insome embodiments, R can comprise the structure

: _CO.X
o ,

[0074] In some embodiments, R can be

comprise the structure

[0073] X can be succinimide.



16 WO 2006/034036 PCT/US2005/033174 HO O HO3S N/ NH2 [0069]
In some embodiments, a dye compound of the present teachings can
comprise the structure HO O HO03S N/ NHR [0070] wherein R is defined
we abews+(H071] In some embodiments, R can be substituted beszeglodsi 74
some embodiments, R can be linking group. In some embodiments, R

can be trifluoroacetyl. In some embg
structure CO2H 0 [0072] In somg
structure C02X 0 [0073] X can |
embodiments, R can be 17"
gqCO2H

[0075]

e tspRcan comprise the
paydiments, R can comprise the

In some embodiments, compounds of the present teachings comprise the structure

(III). In some embodiments, R; and R; can be -H. In some embodiments, R¢ can be -H. In

some embodiments, Rz, Ris and Ry can be -H. In some embodiments, Ry can be ~SO:H. In

some embodiments, Ry can be —H. In some embodiments, Rjs can be -CH;NH,. In some

embodiments, R4 can be -CH;NHR. In some embodiments, R can be

[0076]

[0077]

[0078]

[0079]

COoH

O

In some embodiments, R can comprise the structure

COLX

O

X can be succinimide.

In some embodiments, R can be

COoH

0] S0
83

In some embodiments, R can be linking group. In some embodiments, Ry4 can be -H.

In some embodiments, R4 can be -SOsH. In some embodiments, Rys can be -H. In some

18



O SOO03 [0075] In some embodiments, compounds of the present
teachings comprise the structure (Ill). In some embodiments, R1 and R3
can be -H. In some embodiments, R6 can be -H. In some embodiments,
VA 30RIBEANdD R16 can be -H. In some embodiments, R2 c¢hesBGaBs174
In some embodiments, R2 can be -H. In some embodiments, R14 can be

émbodifakigN K2 o spmers ko dimenise Rib6ambes GHZMARINGAMBIR.  In some
embodiments, R can be CO2H O [0076] In some embodiments, R can

embode@BMNBecHasstructure CD2X O [0077] X can be succinimide. [0078] In
some embodiments, R can be ~ CO2H 1/ O S03 [0079] In some
embodiments, R can be linking gretg, In-<ofE embodiments, RM can be
-H. In some embodiments, R14ican be -SO3H. In some embodiments,
R14 can be -H. In some 18 WO 034036 PCT/US2005/033174
embodiments, R2 can be -C 2NH27 In some embodiments, R2 can be
-CH2NHR. In some embodifnents, R can be CO2H 0

[]

[0080]  In some embodiments, R can comprise the structure

COX

O

[0081] X can be succinimide.

[0082] Insome embodiments, R can be

COLH

o SO
&°

[0083] Insome embodiments, R can be linking group. In sorme embodiments, R can be -H.
In some embodiments, R4 and Rs can be methyl.

[0084] In some embodiments, compounds of the present temchings comprise the structure
(IV). In some embodiments, R can be ~SO:H. In some embodiments, Rjp can be -H. In some
embodiments, Ris can be -CHoNH;. In some embodiments, Ry4 can be -CH,NHR. In some

embodiments, R can be

CO,H

[0085]  In some embodiments, R can comprise the structure
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[0080] In some embodiments, R can comprise the structure C02X 0
[0081] X can be succinimide, [0082] In some embodiments, R can be
CO2H i~ 0 S03 [0083] In some embodiments, R can be linking group. In
samevemsbodiments, R2 can be -H. In some embodiments, Rérarsdd®&o33174
can be methyl. [0084] In some embodiments, compounds of the present

. In_some embodiments, RIO can be

teachings comprise the structure
-SO3H. In some embodiments, be -H. In some embodiments,

R14 can be -CH2NH2. In_some gmbodiments, R14 can be -CH2NKR. In
some embodiments, R carrhe C f~ 0 [0085] In some embodiments,
R can comprise the structur 19 WO 2006/034036 PCT/US2005/033174
C02X O [0086] X can be sulcinimide. [0087] In some embodiments, R

an pe
[0086‘]: % can be succinimide.

f0087]  In some embodiments, R can be

[0088] In some embodiments, R is linking group. In some embodiments, Ry4 can be -H. In
some embodiments, Ra, Rs, Rg, Ri1, Ry, Ris, Ris and Ry can be -H. In some gmbodiments, Rus
can be -SCyH. In some embodiments, Ry; can be -H. In some embodiments, Ry can be -

CH,NH,. Insome embodiments, Rio can be -CHoNHR. In some embodiments, R can be

COH

,I
’!
O E

[0089] In some embodiments, R can comprise the structure

: LCOsX
O

[0091]  Insome embodiments, R can be

[0090] X can be succinimide.



~ COZH 0O 5003 [0088] In some embodiments, R is linking group. In
some embodiments, R14 can be -H. In some embodiments, R3, R6, R9,
Rli, R12, R13, R15 and R16 can be -H. In some embodiments, R14
VaIBEIS08H. In some embodiments, R14 can be -H. In sop§a/US2005/033174
embodiments, RIO can be - CH2NH2. In some embodiments, Rio can be
-CH2NHR. In some embodimenis;R caf®#C02H O [0089] In some
embodiments, R can comprisé ucture C02X O [0090] X can be
succinimide. [0091] In some ’ dighents, R can be 20 WO 2006/034036
PCT/US2005/033174 COgH O [0092] In some embodiments, R can
be linking group. In some mbodi ents, R14 can be -H. In some
embodiments, R3, R6, RS”R11, 32, R13, R15 and R16 can be -H. In
some embodiments, R4 and R5 can be methyl. [0093] As used herein

[0052] "substiitenbsaierniq R canlechidinbereun.onesommonediydrage i atamis: -H.
are replaced with one or more non-hydrogen atoms, functional groups or

In some pobetiesiEoR eXanipleR unBubRituidd amdiRes isasNid 2Hwhilesarsubstitgiodnts,
amine can be -NHCH3. Exemplary substituents include but are not limited

R4 and Regepyalsgasibfilorine, chlorine, bromine, C1-C6 alkyl, C1-

[0093]  As used herein “substituted” refers to 2 molecule wherein one or more hydrogen
atoms are replaced with one or more non-hydrogen atoms, functional groups or moieties. For
example, unsubstituted amine is -NHj, while 2 substifuted amine can be -NHCH;. Exermplary
substituents include but are pot limited to halogen, fluorine, chlorine, bromine, C,-Cy alkyl, C;-
Cs cycloalkyl, C;-Cg branched alkyl, C;-Cs alkene, C;-Cq cyclic alkene, C-Cg branched aikene,
C;-Cs alkyne, C,-Cs branched alkyne, sulfate, sulfonate, sulfone, amino, ammonium, amido,
nitrile, C;-C¢ alkoxy, phenoxy, substituted phenoxy aromatic, phenyl, polycyclic aromatic,
electron-rich heterocycle, and linking group.

[0094]  As used herein, “linking group” refers to a moiety capable of reacting with a
“complementary functionality” attached to a reagent or member of an energy transfer dye pair,
such reaction forming a2 “linkage” connecting the dye to the reagent 61( member of the energy
transfer dye pair. Suitable linking groups include but are not limited to isothiocyanate, sulfonyl
chloride, 4,6-dichlorotriazinyl, succinimidyl ester, or other active carboxylate whenever the
complementary functionality is amine. Suitable linking groups include but are not limtied to
maleimide, haloacetyl, iodoacetyl, haloacetamide or iodoacetamide whenever the
complementary functionality is sulfhydryl. See, for exampie, R. Haugland, Molecular Probes
Handbook of Fluorescent Probes and Research Chemicals, Molecular probes, Inc. (1992).
[0095]  Furthermore, it will be understood that a variety of complementary linking

group/complementary functionality pairs suitable for covalently conjugating dye molecules of
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‘the

olig RIS HRNSIEH e JIRdE, d SeiCh FRAGHANTARMING Rk h e BREPGUINGEHE in the
art. |iBkimgpBroupsdnglegebutiardenospiniitechio isathiamirnateitailfdbyluse as linking
groupéxboppiatatarh dhevertitiy g leraewideyviorlionadiptistarminshSuitdbldable 1,
whesp desa EasHoR 41 e tatitaied eledmnbiliarideitierbile grecies yields the indicated
coval i datist ProBEL AN

C6 cycloaikyl, C1-C6 branched alkyl, C1-C6 alkene, C1-C6 cyclic alkene,
C1-C6 branched alkene, C1-C6 alkyne, C1-C6 branched alkyne, sulfate,
sulfonate, sulfone, amino, ammonium, amido, nitrile, C1-C6 alkoxy,
wioenmesyssssostituted phenoxy aromatic, phenyl, polycyclic argnmatimoso33174
electron-rich heterocycle, and linking group. [0094] As used herein,

HBkKIRO QreHR-telrS IRisaiRik GaRakIe efHQRGHNGMILY Ricieotides, nucleosides,

complementary functionality" attached to a reagent or member of an

dye to the reagent or member of the energy transfer dye pair. Suitable

chloride, 4,6-dichlorotriazinyl, succinimidyl ester, or other active

linking groups include but are not limited to maleimide, haloacetyl,

complementary functionality is sulfhydryl, See, for example, R. Haugland,

s ehsoreier mloses an irsds

BopiE -known.

Chemicals, Molecular probes, Inc. (1992). [0095] Furthermore, it will be
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of (:ompl{eLHéa y linking
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aldehydes or ketones
aldehydes or ketones
allcyl halides
alkyl halides
allkyl halides
alkyl halides
alkyl suifonates
alkyl sulfonates
alkyl sulfonates
anhydndes
anhydrides
aryl halides
aryl halides
aziridines
boronates
carboxylic acids
carboxylic acids
carboxylic acids
carbodiimides
carbonates
chloroformates
diazoalkanes
epoxides
haloacetamides
halotriazines
[halotriazines

QiR

HRsHVhdAclable 1, wh
airapailisispecies yiel

amines/anilines
hydrazines
hydroxylamines
amines/anilines
carboxylic acids
thiols
alcohols/phenois
thiols
carboxylic acids
alcohols/phenols
alcohols/phenols
amines/anilines
thiols

Amines

thiols

glyeols
amines/anilines
alcohols
hydrazines
carboxylic acids
amines

amine
carboxylic acids
thiols

thiols
amines/anilines
alcohols/phenols

lementaly electrophile%a
LaQuRicamRlementary fzg?gmmirs ina

e RITOWIT
ﬁggophiles

the reaction of the
¢he indicated

wdrich the covaleatiidsagessare formed

imines
hydrazones
oximes

alkyl amines
esters
thioethers
ethers
thioethers
lesters

ethers

esters
carboxamides
thiophenols
aryl amines
thioethers
boronate esters
carboxamides
esters
hydrazides
IN-acylureas or anhydrides
carhbamates
carbamates
esiers
thioethers
thicethers
aminotriazines
triazinyl ethers




Examples Of Some Routes To Useful Covalent Linkages Electrophilic
Group Nucleophilic Group Resulting Linkage activated esters*
amines/anilines carboxamides cyl azides** amines/anilines arboxamides
weyldaalisiessamines/anilines arboxamides yl halides alcohof/phenaiso33174
esters cyl nitriles alcohols/phenols esters cyl nitriles amines/anilines
anhexaiides aldehydes|apResianiiaes 'mines algghyedes or ketones
iydkagtaes ydrazones alglighydasiprdetones hydrogdaimines ximes alkyl
itaidesamines/anilines alkyhamistesolkyl halides gaebhaxytic acids esters
isdkyibhedidesscols thioethessi phionaiss ethers  alkyl
rsaifonekes thiols thioetheitsiodlkyl sulfonates arboxylibiestlgssesters alkyl
piepboiers anhydrides alcgtiokpipibresstds esters
sépihlyeltities amines/aniling @hﬂ:foxamldes aryl haligéd g#sfs iophenols
S&l@gﬁé@ié@gr&mines aryl @iRedaglitfines cols thiog#d@Bfsnates

& s8idhate esters o oethers
stilionate esters carboxylic acids esters
sulfonate esters alcohols ethers
sulfonyl halides mines/anilines sulfonamides

sulfonryl halides

phenocls/alcohols ulfonate esters

*Activated esters, as understood in the art, generally have the formula — COX, where X is a good.
leaving group, e.g.. oxysuccinimidyl (—ONC4H4O09), oxysulfosuccinimidyl (—ONCgH104-804H),
1-oxybenzotriazoiyl (—-OCgH4N3); or an aryloxy group of the formula ~OR", where R" is an aryl or an aryl
substituted with one or more of the same or different elecron- withdrawing substituents {e.g., NOq, —F, -Cl,

~CIN or —CF3 ), used to form an anhydride or mixed anhydride of the formula ~OCOR® or ~OCNRENHRD,

where R2 and Rb, which may be the same or different, are (C1-Cg) alkyl, (Cy-Cg) perfluoroalkyl or (C1-Cgd
alkoxy; or cyclohexyl, 3-dimethylaminopropyl, or N-morpholincethyl,
**Acy] azides can also rearrange to isocyanates.

[0096]  The selection of nucieophile or elecirophile used to covalently conjugate a dye of the
present teachings to a given molecule or substrate can depend upon the identity of the
complementary functional group on the molecule or substrate to which the dye molecule is to be
conjugated. Types of complementary functional groups that can be present on molecules or
substances to be conjugated include, but are not limited to, amines, thiols, alcohols, phenols.,
aidehydes, ketones, phosphates, imidazoles, hydrazines, hydroxylamines, mono- and
disubstituted amines, halides, epoxides, sulfonaie esters, carboxylic acids or carboxylates.
[0097] In some embodiments, suitable nucleophiles for use in connection with the present
teachings comprise amines, phenols, anilines, thiols or alcohols, or combinations thereof. I
sorme embodiments, the nucleophile comprises an amine. In some embodiments, the nucleophilie
cormprises a primary amine. In some embodiments, the nucleophile comprises a secondary

amine.
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carboxylic acids amines/anilines carboxamides carboxylic acids alcohols
esters carboxylic acids ydrazines ydrazides carbodiimides carboxylic
acids -acylureas or anhydrides carbonates amines carbamates

whjowtarnaes amine carbamates iazoalkanes carboxylic agigS@SiRERN 33174
epoxides thiols thioethers aloacetanrides cols thioethers alotriazines

-« -amines/anilinesJdamnotriazines, alotriazines alcohols/phenols iazinyl ..

[00@;@ ere 50%61586@}8?2 E’é’??ﬁ Zlgg,%lggﬁ}%f aﬁl;gaﬁg%ledr% MY tivated ester of
i Janii 'di .'SO i ili . )

© o ek i B gt =

anhyiaRethers, hasaboamigies.aleonRimfosphitR Aster sadihialidabor carboxylate, a

alcohols ilyl ethers sulfonate esters amines/anilines alkyl amines

diazohifanate esiesscieisiaethemiulfeonatiepietsAathaxylisidcids@sterdsocyanate, an
sulfonate esters alcohols ethers

isothiocyanate, a maleimide, a phosphoramidite a Michael acceptor (i.e.- an o.p-unsaturated
ester, an o,B-unsaturated aldehyde, and the like) or a sulfonyl halide.

[0099] In some embodiments, the electrophile comprises an activated ester of a carboxylic
acid or carboxylate, a succinimidyl ester, a haloacetamide, an acyl halide, an alkyl halide, a
sulfonyl halide, an isothiocyanate, a maleimide or an azidoperfluorobenzamido group. In some
embodiments, the linking group is a N-hydroxysuccinimidyl (NHS) ester and the
complementary functionality is an amine. To form an NHS ester, a dye of the present teachings
including a carboxylic acid moiety as a linking group is reacted with, for example,
dicyclohexyicarbédiimide (DCC) and N-hydroxysuccinimide. Alternatively, to form an NHS
ester, a molecu!a or substrate to be conjugated to a dye molecule of the present teachings
including a carboxylic acid moiety as a linking group is reacted with, for example, .
dicyclohexyicarbodiimide (DCC) and N-hydroxysuccinimide.

[0100] An exemplary synthetic scheme for the preparation of compounds of the present
teachings comprising the structure (X) is shown in Figure 1. Using, for example, the synthetic
procedures described in Corey, P.F., U.S. Patent No. 4,810,636 as a guide, one of skill in the art
can react a 4-hydroxyaniline compound of the type (2) with a tertiary alcohol (4), such as 2-(4°-
hydroxypheny!)-2-propanol, in the presence of a base to form compound (5). Alfematively, one
can oxidize 4-hydroxyaniline compound (2} to form an N-chloroimine compound of the type (3)
which can be reacted with a tertiary alcohol (4), such as 2-(4’-hydroxyphenyl)-2-propanol, in the
presence of a base to form compound (5). Compound (5) can then be reacted with a reducing

agent, such as sodium dithionite, to form secondary amine compound (6). Compound (§) can
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sulfonyl halides anunes/anilines sulfonamides sulfonyl halides
henols/alcohols ulfonate esters *Activated esters, as understood in the art,
generally have the formula - COX, where X is a good leaving group, e.g.,
¥REEMIMNdyl (-ONC4H402), oxysulfosuccinimidyl (-ONCAY3AS28ES/88F)74
I-oxybenzotriazoiyl (-OC6H4N3); or an aryloxy group of the formula -OR",

then WOIESEVBIES RNcBRYPOIANEY Wy SybStiied witthpherestmere witthasaideah as 2N
different electron- withdrawing substituents (e.g., NO2, -F, -ClI, -CN or
HC1,-E&fdyedsSed taiftutinmansdith flride onphéx solamhyprithelat thefosmogaembodiments,
-000Ra or -OCNRaNHRDb, where Ra and Rb, which may be the same or
depenififieg evit, tire (OIS clkpitED)- CB)spRH GorRARPHoLTICranehe afbRpay be further
cyclohexyl, 3-dimethylaminopropyl, or N-morpholinoethyl. **Acyl azides |
derivifigedls & TR SFRRRIE t@@@eyaﬁa(igs.C[ﬂéogsﬁlﬁm?él%é?@cﬂ%%?tﬁ%é&ﬁ?ﬁw%rW“hn for
electrophile used tq covalently conjugate a dye of the present teachings
exampie, eNIRSHHERNE A€ substrate can depend upon the identity of the

wmgs;n%g}%a‘%fungtiona%o on the polg&ul%or%tgpﬁg@t%ﬁ) %Qéﬁhr}h%th an

R bgmggnjuga d.ﬁaf}peseof colr%prféem ntary functiona

ami mrggg%’& 1%% %%Qne%&%r8§§%f;ﬁwﬁgls%§§,ﬂaﬁﬁ%aﬂ&%§é&%&@mqg@ﬁgsme of

e not limited to, amines, thiols, alcohols, phenols,

an 2PGIXAE S KEIRRGS RReShD RS didazales: mydradinasiinygsoxylamines,

mono- and disubstituted amines, halides, epoxides, sulfonate esters,

[o1@arboxylic.acidsmer samerylaiasmiD@s e sespa-arshadivenisnsuitaliieie present
nucleophiles for use in connection with the present teachings comprise

teaci@iPdif eGnphene s anilictes; (Hipis Bredeoindfigoe Contblhatimgs: thbref $imilar to that
some embodiments, the nucleophile comprises an amine. In some

desceitmddgifernts, aHemdicherpiiites comprised of Simizpy @hise. in sapkre with a tertiary
embodiments, the nucleophile comprises a secondary amine. 23 WO

alcobgloB)o 3e03E PEA s oogmhalers2-yl)-2-propanol, in the presence of a base to form

compound (9). Alternatively, 4-hydroxyaniline compound (2) can be oxidized using known
conditions to form an N-chloroimine compound of the type (3) which can be reacted with a
tertiary alcohol (8) in the presence of a base to form compound (9). Compound (3) can then be .
reacted with a reducing agent, such as socium dithionite, to form secondary amine compound
(10). Compound (10) can then be converted to compound (11) by cyclization, through treatment
with an acid such as 2N HCI, followed by oxidation, with for example sodium periodate. In
some embodiﬁlents, depending on the substitution pattern present, compound (11) can be
optionally be further derivitized. For exarmple, compound (11) can optionally be sulfonated by
reaction with, for example, chlorosulfonic acid.

{0103]  An exemplary synthetic scheme for the preparation of compounds of the present
teachings comprising the structure (IE) is shown in Figure 3. Following a scheme similar to
that described by Corey. a compound of the type (12) can be reacted with a tertiary alcohol (4),

in the presence of a base to form compound (14). Alternatively, compound (12) can be oxidized
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[d0981 In some embodiments, the electrophile comprises an acrylamide,
an activated ester of a carboxylic acid, an acyl azide, an acyl nitrile, an
acyl halide, an aldehyde, an alkyl halide, an anhydride, an aryl halide, an
wigicesamessiridine, a boronate, a carboxylic acid or carboxyR{i&/Ug2005/633174
diazoalkane, a haloacetarnide, a halotriazine, a hydrazine, an imido ester,
"istng BEGERRABHSAR 150N IOCYanRISr AMALIBINE- O NISABAIPARS @hich can be
Michael acceptor (i.e.- an a,p-unsaturated ester, an a,(3-unsaturated
reacte@ii@NY 48 aRhhshiike))ah espwiendiadite HORAB ] fimsamepemiiodde fempound
the electrophile comprises an activated ester of a carboxylic acid or
(14) caatbaxyiatesaeduetinimiciiadste neataloabetarmidayantundtitdide famalkggondary
halide, a sulfonyl halide, an isothiocyanate, a maleimide or an .
amine azicoped (Fobemeanmiab @b opn the brecanvpieeerameinf (ki Pyrevizaton,
is a N-hydroxysuccinimidyl (NHS) ester and the complementar .
throughuirettorsalityith anasitirreh Po IV rHGh folaresidy %B‘Hii’é‘?}f’t}‘(éﬂbfé’s%nple sodium

teachings including a carboxylic acid moiety as a linking group is reacted

periodgii WP B FBRATRAEY SHERSIE BB HH RIDTECSP A fen present, cornpound (16
N-hydroxysuccinimide, Altetnatively, to form an N ster, a.molecule or,

can R LIRS AP 15 S IR en R O A e TR e ot
includi carboxylic acid maie -g linking group is reacted with, for

by ma%%%nmv‘bl?égj ??ﬁgf/%%ﬁ\{gﬁ cgﬁ%é@d(%l?rﬁ? %% CC) and N-hydroxysuccinimide.

[01Giflogllpé&e?ﬁﬁg}?l%ﬁ¥ﬁ£h?cﬁﬁ%&f@?@%9r RE RERRAI AR ALERMPUNES: present

f the present teachings comprising the structure (I) is shown in Figure 1.

teachibb NG NN EAMP B BRSYNNELE saGed BgeestrirRMbwEereycRine similar to

U.S. Patent No. 4,810,636 as a guide, one of skill in the art can react a

that ddstIVebEONy THtNe Lompound of the type (2) with teriacd aftbhat@rsudtohol (8),
as 2-(4'- hydroxyphenyl)-2-propanol, in the presence of a base to form o

in theguenpound { Bisdttefnativetypomed CHB oxilimsaivsitrorymeiing (d8hasoubmioxidized
(2) to form an N-chloroimine compound of the type (3) which can be

using remoradcwiditiene reafyral cohb-¢inloseigping compound of the type (13) which can be

2-(4'-hydroxyphenyl)-2-propanol, in the presence qof a base to form

reaciedotcUiSesy. 450 {35 BAFPIRER PeArBRRAEY Wi SPPRRRIEIAGED- Compound

(17) can then be reacted with a reducing agent, such as sodium dithionite, to forim secondary .

amine compound (18). Compound (18) can then be converted to compound (19) by cyclization,
through treatment with an acid such as 2N HCI, followed by oxidation, with for exainple sodivm
periodate. In some embodiments, depending on the substitution pattern present, compound (19)
can optionally be further derivitized. For example, compound (19) can optionally e sulfonated
by reaction with, for example, chlorosulfomnic acid.

[0105] A synthetic scheme for the preparation of exemplary compounds of the present
teachings is shown in Figure 5. Following a scheme similar to that described by Corey, a
chloroimine compound of the type (28) can be reacted with a tertiary alcobol (21), in the
presence of a base to form compound (22). Compound (22) can then be reacted with a reducing

agent, such as sodium dithionite, to form secondary amine compound (23). Compound (23) can
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agent, such as sodium dithionite, to form secondary amine compound U.
Compound U can 24 WO 2006/034036 PCTIUS2005/033174 then be
converted to compound (2) by cyclization, through treatment with an acid
WOHYBPRESHCI, followed by oxidation, with for example soBRIWS2005/033174
periodate. In some embodiments, depending on the substitution pattern

then B r@SREHCORPOUDEIGE (2andecogiiomally ba-duphekMAasvitizel afr@eid such as 2N
example, compound (7) can optionally be sulfonated by reaction with, for

HCI, feiaww &y chridrosulferttic facokaifiie Spaiter gpatrieytec dmpbem dofnporan (38) can be
aminomethyaated by reaction with an aminomethylating agent, for

sulfonatedrhp eapighyitbxigmetapiyiaficiiroesstondicacid theopradesive G naf dbigpresent
_such as concentrated sulfuric acid, or similar established conditions. )

teachings. 0218 isBRERHaSPEsnsticAbnerie bor MBiBrapRaiRtloPEo BNt gVt an
of the present teachings comprising the structure (1) is shown in Figure 2

ammor%}& B8N e ME SR tﬂyeaém&ﬁiﬁv%meﬁ%ﬂﬂlﬁﬁ%&%&mﬁﬁew of

mpound of the t can b eacte W|th a ter ary al oﬂhol (tS) such as
an aci H_ as, concern fP 14U %C or S iS congf compound
? ydroxyna afen y? pl’opa e presence 0 ase o orm

o). CHIPTE (a1 %ﬁmﬁ%%ﬁ%%‘é?’%é%%’%#iﬁ%%%%m@ SR . paen
4, 810%5% e Wiigh, cande é@ectﬁﬂg@&h@l&%teﬁy e@oés?gz(w(tf@nﬁewmm

of a base to form compound (2). Compound (9) can then be reacted with

with, B egaGie RABH} SHUEVES SR SHibioaiterida Sesondosaifeagent, such

compound (10). Compound U can then be converted to compound (11)

as sodiymyphredios, thrgivghdireddmient kihpessamidisattiings. 2NDRCZT0llawebe can be

by oxidation, with for example sodium periodate. In some embodiments,
sulfordtsdentierr drnthviils fbs titatiphe peliterpsprsentadd ipoionti¢ldyg ) bthe present

optionally be further derivitized. For example, compound (11) can
tEW“!‘Jﬂ’é}%ﬁhonatlIy be sulfonated by reaction with, for example, chlorosulfohc acid.

[0106] If one of skill in the art were to use 2-(4° ~hydroxynathalen-2-yl)-2-propanol as the
tertiary alcohol, it could be prepared according to the literatwre procedures (Haworth et al
J.Chem Soc, Abstracts, pp. 10-13 (1943)), see Figure 6. Specifically, benzyl succinate (29)
(commercially available from Sigma-Aldrich Chemical Company, Milwaukee, WI) can be
suspended in cold acetyl chloride to give a bis-anhyydride benzyl succinate derivative. The
anhydride derivative can be cyclized to the tetralone intermediate with AICl; in nitrobenzene.
The tetralone intermediate can be aromatized in two steps by bromination and base catalyzed
bromide elimination to give 4-hydroxy-2-napthoic acid (30). 4-Hydroxy-2-napthoic acid
compound (30) can be converted to the ethyl ester dexivative by Fisher esterification in ethano!
and HCL. Finally, using established literature procedures {J.Am. Chem.Soc., v. 108, 4119 (1986)),
ethyl 4-Hydroxy-2-napthoate can be reacted with methiyl magnesium chloride (3.3 eqiuv) to give

the tertiary alcohol 2-(4’-hydroxynathalen-2-yl)-2-propyanol (31).
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[0103] An exemplary synthetic scheme for the preparation of compounds
of the present teachings comprising the structure (lll) is shown in Figure
3. Following a scheme similar to that described by Corey, a compound of
wheteeslésan be reacted with a tertiary alcohol (4), in theppresesneadhars
base to form compound (L4). Alternatively, compound 12 can be oxidized
5 WO 2006/034036 PCT/US2005/033174. using known"conditions,t
0107 ARG SFE (BRI e T TN A BRCAS e dre presen
teachiW'thlsa E%\Q/%r}ﬁ i %@I’;A’ ) 1Y ﬂ;@i%éeas%%%f ﬁr%ﬁe Q {Hﬁ{ndQQJﬂBQ&' 'E§ Corey, N-
?ﬁ) ompoun 4) can t]hen e reacted with a reducing agent, such as
chloraiRHETLAHRIGN S5 SELAANA RMIRS SRBRIUAE (L) tHe PRROMACS a base
15 can then be converted to compound (16) by cyclization, through
to fortheMSRnWitEaN acidrwiel a2 bhilhin ol ouettdyvaxidatedusiith 4gent, such as
example sodium periodate. In some embodiments, depending on the
sodimgUBEiktion patem presehiycanipowoehfbEhdc3 pptiGoatlybedu@Bercan then be
derivitized. For example, compound (16) can optionally be sulfonated by
converegctiorowithuddr@dnmplycimtns dhionighaeiatTeno 4y Aln axemplapgh as 2N HCI,
synthetic scheme for the preparation of compounds of the present
followedbhivigjdatiomprisiigr resplscaefaPrerirdsifown in Figure 4. Following a
scheme similar to_that described by Corey, a compound of the t p&éy)
[0108an Ke FERBRsE WHPRtcltfal ) aRONBITRR iR PrENERC S TR RS e dk i trtber

0]

compound (L -7D. Alternatively, compgund (|,2), can be oxidized usin
comR I B TR (AP AR RO e B GTa o IR peL e (30 can
which gan reacted with.a tertiary alco '
v AR A S o e b an o
: t umsdithioni : 7.Us.
e S ) e e e e B - U
PaternPX QY 6lZH R roUabBCaUREN WD amasid cueh as e Glufollowedosty), by

by oxidation, with for example sodium periodate. In some embodiments,
reducieRending o Bxteps IEtiftiaRipAtRrandrésenbxeiimpbbndet@ng with an oxidizing

agent, such as sodium periodate, to give dye (36) of the present teachings. Dye (36) can be
aminomethylated by treating §vith N-(hydroxymethyDtrifluoroacetamide m the presence of an
acid such as concentrated sulfuric acid, or similar established conditions to form compound (37)
of the present teachings. Alternatively, dye (34) can be aminomethylated by ﬁeaﬁng with N-
(hydroxymethyl)trifluoroacetamide in the presence of an acid such as concentrated sulfuric acid,
or similar established conditions to form compound (38). As above, compound (38) can be de-
halogenated and then oxidized by literature procedures to give compound (39). Finally,
compound (39) can be sulfonated by reaction with, for example, chlorosulfonic acid to provide a
dye (40) of the present teachings. Further, one of skill in the art will recognize that the amine
functionality on compounds (37) or (40) can optionally be depxotected and optionally converted
io a substituted amine and/or compounds (37) or (40) can optionally be halogenated using

established procedures to tune the fluorescence properties (1.e.- emission wavelength).
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can optionally be further derivitized. For example, compound (19) can
optionally be sulfonated by reaction with, for example, chlorosulfonic acid.
[0105] A synthetic scheme for the preparation of exemplary compounds of
WHL2PEEHAES teachings is shown in Figure 5. Following a scH&RESiPAita#G4
that described by Corey, a chioroimine compound of the type (20) can be
[0109feactkRdANENAdRB B RIEohabids ibF the tye sBneRovfpil e deafophe, Figures 1
compound (L2.). Compound (22) can then be reacted with a reducing
& 2, fagent isucmasisndiiiin dithicsite, tockongs secdeddrnpiaedifiomompogndid) sources
Compound 23 can 26 WO 2006/034036 PCT/US2005/033174 then
and/oty piephrad et tecib @i polind (2pnbire yetmaevadhilsl giarsibsiepwmercially
an acid such as 2N HCI, followed by oxidation, with for example sodium
availaBleRs dateTPURHBSGRHIBIIES RSB LS RSN So SSRBR RAtOFSHitable
example, chlorosulfonic acid to provide dye 25) of present teachings.
4"“%3%’[’?\7&9‘?‘@8%%“(?4}"&%%5’%”@18%& WPreaction with an
aminomethylating agent, for example,
N-(hydroxymethyl)trifluoroacetamide in the presence of an acid such as
concengated sulfuric acidggr similar establishgd conditions to foom
compound (26). Dye 26 can be de-halogenat
oy REA tept” 2810536 M3

( y .S. :

Che F-d. Engl 30 § , by reductio
nicketd2-énd then oxidrzeg#hy reacting with
can be Mulfonated by readttén with, for exam'ég chlorosulforaic #did to
provide dye (28) of the present teachings. [0106] If one of skill in the art
were to use 2-(4' -hydroxynathalen-z-yl)-z-p panol as the tertiary
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(commercially available from Sigma-Aldrich Chemical Company,
Milwaukee, WI) can be suspended in cold acetyl chloride to give a
bis-anhydride benzyl succinate derivative. The anhydride derivative can
we eywlizaaséo the tetralone intermediate with AIC13 in nitrolRsITZesasoshBE 74
tetralone intermediate can be aromatized in two steps by bromination and
base catalyzed bepmide eIimination to give 4-hydroxy-2-napthadei acid

ethyl esterdepvative by Mener dste
using establis] n.Chem.Soc., v. ir08 4 19
(1986)), eth (e oxy-2-napthoate . cap-be reacted W|th sth
magne8léfh chlofjde (3.3 eqiuv) fo give Tthe tertiary alcohol
2-(4'-hydroxynatRalen-2-yl)-2-propanol ¢31.D. 27 WO 2006/0340g
PCT/US2005/033174 10107™,---A"Yhthet'id™" Scheme for the preparation

Following a scheme sm& ar to OCorey, N- chloroi
compound 2Q.eaikereacted Vit ohof (31), in the ce of
a base to forfj pound (32) Co 3 d (12) can then b ed with

compoun (L3 J. Compound (33) can then be converted to co ound
(34) by cyclizatig@sthrough treatment wigh,an acid such as 2N &},
followed by oxidation, with for example sodium periodate. [0108] A

further cqmpounds of the present t

embodlm%rrrt] s, 7EX_4) can~be (?{Z;Oﬁ? S
example, chlo*)sulfo ic acid to provide ¢
Dye (L5) capbis-dg#alogenated by liferatue-f

30 (1991)), by reduction With, for exampl
oxidized by reacting with an oxidizing

[0110] One of skill in the art will understand that any of the above 4-hydroxyaniline

compounds can be converted into the N-chloroimine directly or after optional protection of

possibly labile functionality. Further examples of suitable for 4-hydroxyaniline compounds that

are known in the art can be found by structure searching in available databases such as Chemical

Abstracts Service (CAS), SciFinder, and the like.

[0111]  Suitable N-chioroimine compounds of the type (12), shown in, for example, Figure 3,

for use in connection with the present teachings can be obtained from commercial sources

and/or prepared from numerous 4-hydroxy-aminonaphthalene compounds that are either

commercially available or are known in the art using literature established procedures.

Examples, of suitable 4-hydroxy-aminonaphthalene compounds include, but are not limited to,

the following:
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agent, such as sodium periodate, to give dye (36) of the present
teachings. Dye (36) can be aminomethylated by treating with
N-(hydroxymethyl)trifluoroacetamide in the presence of an acid such as
PEhAREEE sulfuric acid, or similar established conditions ¥ TéiR3005/033174
compound (L7) of the present teachings. Alternatively, dye (34) can be

§8 acid such as doncentrated sﬂ%nc acid, or simil
dns to form.co s above, e

teachlngﬁHEurther one of skill in the art wil} recognize that the amineti,
functlonallty on compounds U or 40 can optlonally be deprotected and
'8 £

ection with the present teacliings can be obtalned from : Ig;mmermal
sources and/or prepared from numerbus 4-hydroxyaniline compdunds
that are either commermally availableper are known in the amtaisi

01121 One of skill in the art will understand that any of the above 4-hydroxy-
aminonaphthalene compounds can be converted inio the N-chloroimine directly or after optional
protection of possibly labile functionality. Further examples of suitable for 4-hydroxy-
aminonaphthalene compounds that are known in the art can be found by structure searching in
available databases such as Chemical Abstracts Service (CAS), SciFinder, and the like.

[0113]  Suitable tertiary alcohol compounds of the type (8) shown in, for example, Figure 2,
can be prepared from suitable 4-hydroxy-2-napthoic acid compounds in a manner similar to that
described in Figure 6. Examples of suitable 4-hydroxy-2-napthoic acid compounds known in

the art include, but are not limited to, the following:
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NH2 NH2 NH2 OH OH S OH NOZC HOZC NH2 NH2 NH2 OH OH NH2
OH ~ 1\ Br Br OH NH2 NH2 NH2 29 WO 2006/034036
PCTIUS20051033174 OH OH OH OMe F F Br I Br MeO NH2 NH2 NH2
Wbl QUs@obsCl Cl O2N NO2 NH2 NH2 NH2 OH OH OH BrH2Goee3174
NH NH NH2 [0110] One of skill in the art will understand that any of the
above 4-hydrexyaniline

OMe
OH
COM CO4H
OH OH OH
MEQN\ ll il OQN. Il 'l HQN -~ '. il
COoH COuH COsH
OH OH OH
NOZ Ci D
COLH - coH O COLH
OH OH OH
Bn@
BnO COxH Gl COsH MeO GCO,H
OH OH Cl OH OH

Br
COoH GOLH COuH

[0114] One of skill in the art will understand that any of the above 4-hydroxy-2-napthoic
acid compounds can be used directly for synthesizing compounds of the present teachings or
after optional protection of possibly labile functionality. Further examples of suitable for 4-

hydroxy-2-napthoic acid compounds that are known in the art can be found by structure



compounds can be converted into the N-chloroimine directly or after
optional protection of possibly labile functionality. Further examples of
suitable for 4-hydroxyaniline compounds that are known in the art can be
WA 4dtcture searching in available databases such ag*CHER®&33174
Abstracts Service (CAS), SciFinder, and the like. [0111] Suitable

searchMpCRHGRRIAKIE SARNAENdSAl4h e R¥RE Ll AbshanSamies BXAMRISFMER, and the
3, for use in connection with the present teachings can be obtained from

like. commercial sources and/or prepared from numerous
4-hydroxy-aminonaphthalene compounds that are either commercially

[0115vailablecorearaiénodiménithethet yshsgnitaiatinagsstabliphied procerfuresnsfer dye
Examples, of suitable 4-hydroxy-aminonaphthalene compounds include,

compsmda acheRdiing de tEPNERAr: Buwr 20t6/6Bae3bY, energy transfer dyes of

PCT/US2005/033174 OH OH OH NO2 | OMe CI MeO N/ NH2 NH2 NH2
the presgitiigachings comaNise MEerMe WP BDabigTbiRg Mgl ® TRpCrRvelength and

NH2 NH2 NH2 OH.OH OH
emitting excztatzzon energ?y 31(1) res%onse that is covalently attached to an acceptor dye which is

capable of absorbing the excitation energy emitted by the donor dye and fluorescing at a second
wavelength in response. 1In some embodiments, the donor dye can be covalently attached to the
acceptor dye through a linker. In some embodiments, the linker can be effective to facilitate
efficient energy transfer between the donor and acceptor dyes. In some emmbodiments, the linker
can be non-nucieotidic. In some embodiments, the linker can be a nucleotidic linker, such as a
polymicleotide. For a thorough discussion of the structure, synthesis and use of such energy
transfer dyes see, for exarmple, Mathies, et al. U.S. Patent No. 5,728,528, Lee, et al. U.S. Patent -
No. 5,863,727, Glazer, et al. U.5. Patent No. 5,853,992, Waggoner, et al., U.S. Patent No.
6,008,373, Nampalli, et al., U.S. Patent Application Pub. No. 2004/0126763 Al, Kumar, et al., .
PCT Pub. No. WO 00/13026A1 and PCT Pub. No. WO 01/19841A1, each of which is
incorporated herein by reference for all it discloses with regard to energy transfer dye structures,
energy transfer dye synthesis, energy transfer dye linkers, alternative cdlonor dyes, alternative
acceptor dyes and energy transfer dye spectral properties.
[0116] In some embodiments, linkers suitable for use in comnection with the present
teachings can comprise the general structure

O

= C—Ryy—Rqp-

[0117]  wherein carbomyl can be covalently attached to either a donor dye or an acceptor dye,

Rj; can be s moiety that comprises an unsubstituted alkene, a substituted alkene, an

unsubstitnied diene, a subsiituted diene, an unsubsiituted triene, a substitited trepe, an



NO2 OMe N SO3H NH2 NH2 NH2 [0112] One of skill in the art will
understand that any of the above 4-hydroxy- aminonaphthalene
compounds can be converted into the N-chloroimine directly or after
wptionabspratection of possibly labile functionality. Further examplesosh3i74
suitable for 4-hydroxy- aminonaphthalene compounds that are known in

unsug]sé%é%#& anak fg gﬁbdst?r}ﬂtgérgl%?g@ 55 @%&Gﬂgﬂd{%@@%@@@}%&%@ﬁ%ﬁ ﬁﬁg‘ having at

Chemic .Aibstracts Service (CAS), SciFinder, and the like. [0113]
leastSMilaRISIRIIALY 3lGRN0)l comBanafsotIng t¥Re{Bhsbewnill frvi@mP|®ast one

Figure 2, can be prepared from suitable 4-hydroxy-2-napthoic acid

unsaBREIROUBAS # Araaanernsilaer Bkaiiee sasidedns figeethibanipiesed to the
of suitable 4-hydroxy-2-napthoic acid compounds known in the art

carbiigiueabbhtatse NaidiRited tonthietfobomintsid] ANGERNBIQB4GBGhat is capable of
PCT/US2005/033174 OH OH OH MeO CO2H CCO02H C02H We OH

attacBingObt DORH CORHC ORHoIGH @iee@ibt dye, such that both a donor dye and an
acceptor dye are represented.

[0118]  Examples of suitable five~ or six-membered rings that can be used as Ry ia the linker
include, but are not limited to cyclopentene, cyclohexene, cyclopentadiene, cyclohexadiene,
furan, thiofuran, pyrrole, pyrazole, isoimidazole, pyran, pyrone, benzene, pyridine, pyridazine,
pyrimidine, triazine, pyrazine and oxazine. Examples of fused ring structures include, but are

not limited to indene, benzofuran, thionaphthalene, indole and naphthalene. In some

embodiments, the linker has tﬁe structure

9]

[0119] In some embodiments, the linker attaches to a dye of the present teachings at one of
the X;-X,, Ry-Rz or Ry-Rye positions. In some embodiments, the linker can be a bond.
Additional suitable linkers include polynucleotides, ribonucleic acids, and the like.

[6120] In some embodiments, one of the donor or acceptor dye is a dye accordling to the
present teachings and the other dye can be a cyanine, phthalocyanine, squaraine, bodipy,
fluorescein, rhodamine, extended rhodamine or dibenzorhodamine dye.

[0121] Example of suitable dyes for use in connection with energy transfer dyes of the
present teachings inctude, but are not limited to, 5-carboxyfluorescein, 6-carboxyflnorescein,
rhodamine green (R110), 5-carboxyrhodamine, 6-carboxyrhodamine, N,N’-diethyl-2°,7’-
dimethyl-5-carboxy-rhodamine (5-R6G), N,N’-diethyl-2’,7’ ~dimethyl-6-carboxyrhoclamine (6-

R6G), NN N’ N’-tetramethyl-5-carboxyrhodamine (5-TAMRA), N,N,N’.N’-tetramethyl-5-



Me2N 02N H2N CO2H CO2H CO2H OH OH OH NO2 G\\Vp\\ CO2H
CO2H CO2H OH OH OH BnO I 1\\ A\ BnO CO2H CI// CO2H MeO
CO2H OH OH CI OH OH CI: Br CO2H CO2H CO2H [0114] One of skill
P B4R understand that any of the above 4-hydroxy-2 K{apHIees &t
compounds can be used directly for synthesizing compounds of the
carboxprasemtitea@hihgsRe afiendptgiirhodtectio{ BRODEs iblyakdois- > -rhodamine (6-
functionality. Further examples of suitable for 4- hydroxy-2-napthoic acid
ROX)compbonpe that a7d-Keibhaxdehines Broecsado fomatbRYystiutidre” 3R Apexachioro-
2006/034036 PCT/US2005/033174 searching in available databases .
fluoressgith a% CHEYCH) Rktaber o micairkinmsflugrpsaiter, GFRTRNE fke! -dicarboxy-

. ., [0115] In some embodiments, the present teachings comprise energy ,,
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wavelength in response. In some embodiments, the donor dye can be
covalently attached to the acceptor dye through a linker. In some
embodiments, the linker can be effective to facilitate efficient energy
Wansienkmbyeen the donor and acceptor dyes. In some emizedinenisi3ers
linker can be non-nucleotidic. In some embodlments the linker can be a
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Nousres8iy 27, Glazer, et al. U.S. Patent o 5.889°d0o \
$UCSrtRayenbieceit, GOB/BVI3, Nampalli, et hl., U.S4%atent Apgligation B30
Ne.2BR0ILRR¢88 lrikumar, et al., PCT Pub. NosWO 0028026A1 88000
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Hdor dyes, alternative acceptor dves and enerqi?ﬂgnsfer%ﬁﬁe spectfféloo0
pigpesides. {64 £69 In some embodiments, llinkers §fitable fardlise in
E@M@f&l@ﬁi&@&%@e present teachlngs can. compsgse|the gemgral structure
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Qm%m er sa%ﬁ teeh ?u'"“" ...g.u
BORWYRAG is attached to the _carhanyl tarhan 248 L 70000
BORIYE6MMEIg a functional group that is capabié bf 665 101000

L

(DL

D

BODIPY 564/570 7 _ 563 569 142000
BODIPY 581/591 3 581 591 136000
BODIPY TR-X 588 616 68000
BODIPY 630/650 | 625 640 101000
BODIPY 493/503 500 509 79000
5-Carboxyrbodamine 6G 524 ] 557 102000
5(6)-Carboxytetramethyirhodamine {TAMRA) | 546 | 576 50000
6-Carboxytetramethylrthodamine (TAMRA) | 544 3761 90000
5(6)-Carboxy-X-Rhodamine (ROX) | 576 601 82000
6-Carboxy-X-Rhodamine (ROX) 575 602 | 82000
AMCA-X (Coumarin) 1 353 | 447 1 19000
Texas Red-X 583 | 603 116000
Rhodamine Red-X 560 580 129000
Mazrina Blue 362 459 19000
Pacific Biue 416 451 37000
Rhodamine Green-X ' 503 i 528 74000
7-diethylaminocoumarin-3-carboxylic acid P 432, 472 56000
7-methoxycoumarin-3-carboxylic acid i 358 | 4107 26000
Cy3 | B T 532 570{ 150000
Cy3B - 558 5731 130000
Cy5 S 643 667{ 250000
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attaching the linker to a donor dye or an acceptor dye, such that both a
donor dye and an acceptor dye are represented. [0118] Examples of
suitable five- or six-membered rings that can be used as R11 in the linker
WK are not limited to cyclopentene, cyclohexene, PCT/US2005/433174
cyclopentadiene, cycloheadiene, furan, thiofuran, pyrrole, pyrazole,

igqisedazole, pyran, pyrone, benzene, pyrldlne pmglclzme, domr mld@g:@oo'o

IWWXdIIIpIES of Iueeuéks- buuugg |nu%g800

o aoano [} hioana
JOITTUCTIC, JoTrTiaurtTurart, |||u||u|u||.| e Ibllb, III L: CATTU

inker ha<ite qtrué??r: C /P90

BI-9Pfn some embodiments, the linker atiaches fdaldye oPti¥e pres&apo0
feackings at one of the X1-X2, R1-R3 or R7-R10 gussitions. §réSome 146000

§ (ggg'nents the I|nker can be a bond Addlthﬂ@g@Ultable HEKErs NG
T rents. areof the.d ‘-"éfé’,,i;';;’;%% e 14 20900
P&éﬁ? tearhlnas and the other dve can h b A ryaﬁﬁép nhthé?c} vanlrIaOGOO
sBaafae, bodlpy, fluorescein, rhodamine, extended rhodaffihé or 77000
dgibeszerhodamine dye. [0121] Example ofisuitable7dyes forége in - 110000
cﬁqyng%lon With energyt fransfer dyes of the prese@t4 eachingsyinciudeBeg
c:] X:é.g; II:;IK?UELiW al UU)\_y M :D;,UIIPJOSI‘ IUUinIgéﬁO
ADN=fBthy1 2" 7'- dimethyl-5-carboxy-rhodamine (RR6G), 723 96600
NX-digithyl-2', 7'-dimethyl-6-carboxyrhodamine (6-/R6G), 731 115000
NONLBHAN'-tetramethyl-5-carboxyrhodamine} (5- TAMEM), 750 113000
W,_Iys,d]\l tetrametnyl 534 WO 20067034036 PC bwszUUb/% 7435700
zﬁgﬁ%l I IUUClI ic \U I I'}ZI I;)(,-{\J{\bcll UU)\y /\ I I IUUGHéIiIL V= F\\/,fg} 220{)00
sartioxy-2'.4'5'7'-4.7- hexachlorofluores bein, 782 800 102000
6codrboxy-2',4',5',7',4,7-hexachloro- 581 596 150000
EDANS 336 490 5700
WelIRED D2-PA 7 750 7701 170000
WelIRED D3-PA ] - 685 706 | 224000
WellRED D4-PA 650 670 | 203000
Pyrene 341 377 43000
Cascade Blue 396 423 30000
Cascade Yellow 409 558 24000
PyMPO 415 570 26000
Lucifer Yeliow ,‘ 428 532 11000
NBD-X 7 466 535 22000
Carboxynapthofluorescein 598 668 3 42000
Alexa Fluor 350 N - 346 442 19000
Alexa Fluor 405 401 4211 35000
Alexa Fluor 430 7 434 541 - 16000
Alexa Fluor 488 485 519 71000
AlexaFluor532 5321 554 81000
Alexa Fluor 546 556 5731 104000
Alexa Fluor 555 555 565 1500060
Alexa Fluor 568 578 603 | 91300
Alexa Fluor 594 1 5% 6174 73000
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fluorescein, 5-carboxy-2',7'-dicarboxy-4',5'-dichlorofluorescein,
6-carboxy-2',7'-dicarboxy- 4',5'-dichloro-fluorescein,
5-carboxy-2',4',5',7'-tetrachlorofluorescein, I',2'-benzo-4'-fluoro-
Wohdstrickhisro-5-carboxyfluorescein, PCT/US2005/033174
1',2'-benzo-4'-fluoro-7',4,7-triclxloro-6-carboxy- quorescein

.27 8~dibenrze-4+dehtoro-S-carboxyfluore Gcgl TasHwe oth
EMM@LMM&W&&WM@ 3235 Wo FG/HQE[}QQQO
Alqelingsotios/033174 Absarbance Emission Exdiétion Eifescerf 908
Al BIatméad Coefficient 5-Fluorescein 495 520668000 690 132000

M&@ﬁgpw@luorescem (5-FAM) 495 520 830004 G arboxyfliporescegnoon
EQ meo%zu 830006- barooxynexacnloro;w eSTeM B EX 550

e . Carbovodotirachlaratls AW i Xe B mils Yad —lﬂr\r\n 1\
\VAV SR \/uluul\yLCLI (J.\JIIIUIUIIUUIC L;CIII \U T } Jo L -
MW‘MW?OOO LightCycler Red.640.625 ead. 14'% 11'(‘\/{42: S ¥ 7%&@@
Oy75356reqon Green 488 496 516 76000 OregdtGreen 200 499 556400
Oy8dp64 Oregon Green 514 506 526 85000 BO®4PY FL-Xg66G4 512500@0D
OyRLIRRY FL 150451070000 BODIPY TVMR-% 544 570 %6000 BORERY

S bR tonm 10000 | 521 544 95000
Erythrosin 529 544 90000
Table 2

[0122] In some embodiments, the present teachings provide for labeled nucleosides and/or
nucleotides comprising the structure

NUC-L-D

[0123] wherein NUC comprises a nucleoside, a nucleotide, a modified nucleoside or a
modified nucleotide, L. comprises a bond or a linker and ID comprises a dye compound of the
present teachings. In some embodiments, NUC and D can be conjugated by a linker, L, wherein
L can be attached to D at one of X;-X», Ri-R; or R-Ryp.  In some embodiments, if NUC
comprises a purine base, the linker can be attached to the 8-position of the purine, if NUC
comprises a 7-deazapurine base, the linker can be attachwed to the 7-position of the 7-
deazapurine, and if NUC comprises a pyrimidine base, the linker can be attached to the 5-
position of the pyrimidine. Such nucleoside and nucleotide rea gents can be particularly useful in
the context of labeling polynucleotides formed by enzymmatic synthesis, e.g., nucleotide
iriphosphates used in the context of PCR amplification, Sanger-type polynucieotide sequencing,
and nick-translation reactions.

[0124] It will be understood that nucleoside labeling can be accomplished by any of number
of known labeling techniques employing known linkers, linking groups, and associated

complementary fimctionalities. Generally, the linker should (1) not interfere with
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BODIPY 650/665 650 665 101000 BODIPY 564/570 5631 569 142000
BODIPY 581/591 581 591 1360001 BODIPY TR-X 588 616 68000
BODIPY 630/650 625 640 1010001 BODIPY 493/503 500 5091 790001
WK Mtodamine 6G 524 557 102 000 PCT/US2005/433174

5(6)-Carboxytetramethylrhodamine (TAMRA) 546 576 90000
oligdinfcRttiaxyteiaMeibptiadaming ) TAMRAxp4dbe/ 61:80008kvant  enzymes, e.g.,
5(6)-Carboxy-X-Rhodamine (ROX) 576 601 82000
polyfe@aesohyad¢sR o tmile (REX(H 161 802183000 AME ARO(Soenvannyperties of
353 4421 19000 Texas Red-X 583 603 116000 Rhodamine Red-X 560
the dyg6 Farzoenp awdrase Biekngarotedas:y sugadle frasiie Bivrngai@ysth the present
37000 Rhodamine Green-X 503 5281 74000
teachngrotc) 4phiAEEBh AR dihebey fidia 46097 Resegorip  15:6455-6467 (1987);

7-methoxycoumarin-3-carboxylic acid 358 410 00 Cy3 552 57357011 ,
GebeyoR o N B4 AN Ei s B BB ST, o L, et
Acidg 9(92%9}%%9?9 : E&E%%Q?éégi%%glgon, et al., Nucleosides and Nucleotides, 5(3): 233-

241 (1986); Bergstrom, et al., JACS, 111: 374-375 (1989); and UJ.S. Patent Nos. 4,855,225,
5,231,191, and 5,449,767.

[0125] 1In some embodiments, suitable linkers can be acetylenic amido or alkenic amido
linkers, wherein the conjugation between the dye and the nucleoside or nucleotide base can be
formed by, for example, reaction of an activated N-hydroxysuceinimide (NHS) ester of the dye
with an alkynylamino- or alkenylamino-derivatized base of a mucleoside (:;f micleotide. In some

embodiments, labeled nucleosides or nucleotides can comprise the structure

H
N D
NUCW \n/
< .

[0126] Insome embodiments, labeled nucleosides or nucleotides can comprise the structure

O Ry
NUC—== \/\\T/

SN

D
O

[0127]  wherein X can be N”””H—(CH:e)n'“NHRz""D where n ranges from 1 to 3,
O )

-

O

§~(CHa)y=NHR2---D where n ranges from 1 to 5, N““LCHR1—NHR2““D,

and N--- =—=——CH;—NHR2"~~D; wherein R; can be —~H or lowver alkyl; and R, can be -H,
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Cy5.5 675 694 250000 DY-505 505 530 85000 DY-550 553 578 122000
DY-555 555 5801 100000 DY-610 606 636 140000 DY-630 630 655
120000 DY-633 630 6591 120000 DY-636 645 671 120000 DY-650 653
W OLH0003DY-675 6741 699 110000 DY-676 6741 699 84000 UEXWs68HB174
691 708 125000 DY-700 702 723 960001 DY-701 7061 731j 115000

ower 1 r7 0 T 1 790 | ion Seri
o A0, A SR I8 IO LT e s

No. 0963 _MANS Mg REIDZ-PA 750 770 1 170000 WellRED D3-PA]
685 7061 2240001 WellRED D4-PA 650 670 2030001

[0128] The synthesis of alkynylamino-derivatized nucleosides is taught by, for example,
Hobbs, et al. in European Patent No. 00 251 786 B1, and Hobbs, et al., J Org. Chem., 54: 3420
(1989).  Briefly, the alkynylamino-derivatized nucleotides can be formed by placing the
appropriate halodideoxynucleoside (usually S-iodopyrimidine and 7-iodo-7-deazapurine
dideoxynucleosides as taught by Hobbs, et al. (cited above)) and Cu(l) in a flask, flushing with
argon to remove air, adding dry DMF, followed by addition of an alkynylamine, triethylamine
and Pd(0). The reaction mixture is stirred for several hours, or until thin layer chromatography
indicates consumption of the halodideoxynucleoside. When an unprotected alkynylamine is
used, the alkynylamino-nucleoside can be isolated by coﬁcentrating the reaction mixture and
purifying by silica gel chromatography with an eluting solvent that contains ammonium
hydroxide to neutralize hydrohalide generated in the coupling reaction. When a protected
alkynylamine is used, methanol/methylene chloride can be added to the reaction mixiure,
followed by the bicarbonate form of a sirongly basic anion exchange resin. The élurry can then -
be stirred for about 45 minuies, filtered, and the resin rinsed with additional methanol/methylene
chloride. The combined filirates can be concentrated and purified by flash-chromatography on
silica gel using a methanol-methylene chloride gradient. The triphosphates are obtained by
standard techniques.

[0129] In some embodiments, nucleosides and/or nucleotides of the present teachings can
comprise natural sugars (i.e.-ribose, 2’-deoxyribose, and the like) or sugar analogues. As used
herein, the term “sugar analog™ refers to analogs of the sugar ribose. Exempiary ribose sugar
analogs include, but are not limited fo, substituted or unsubstituted furanoses having more or
fewer thian 5 ring atoms, e.g., erythroses and hexoses and substituted or unsubstituted 3-6 carbon

acyclic sugars. Typical substituted furanoses and acyelic sugars are those in which one or more
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Pyrene 341 377 43000 Cascade Blue 399 } 423 30000 Cascade Yellow
409 558 24000 PyMPO 415) 570 26000 Lucifer Yellow 428, 532 11000
NBD-X 4661 535 22000 Carboxynapthofluorescein 598 668 42000 Alexa
WO 1685193846 442 1 19000 Alexa Fluor 405 401 421 35000CKISRB0FNISI74
430 1 434 541 16000 Alexa Fluor 488 495 5191 71000 Alexa Fluor 532

of the ad2®atbh8AR0QuAkiexeF iah 246 S56.eréDHAA4RAMACKIEIBLRODBOSNRR or
565 150000 ~Alexa Fluor 568 578 1 6011 91300 jAlexa Fluor 594 590

halogebgrtv300Bed7 MM RGO GIA3H0denBE T G2005/8R 31 o (AMExg MlyiorEBashples of
632 647 100000 Alexa Fluor 647 650 665 239000 Alexa Fluor 660 663

substit3@D 182066 baléng Flumg68006y 7Rt 181660 ndimittldy 200:702ipog:, 2'-
192000 Alexa Fluor 750 749 775 240000

(Cy-Cg)alkyiribose, 2'-(C,-Cglalkoxyribose, 2'-(Cs-Cyg)aryloxyribose, 2',3'-dideoxyribose, 2',3'-

didehydroribose, 2'-deoxy-3'-haloribose, 2'-deoxy-3'-fluororibose, 2'-deoxy-3'-chlororibose,
2'-deoxy- 3'-aminoribose, 2'-deoxy-3'-(C-Celalkylribose, 2'-deoxy-3'-(C;-Ce)alkoxyribose,

2'-deoxy-3'-(Cs-Cyplaryloxyribose,  3-(C;-Ce)alkylribose-5'-triphosphate,  2'-deoxy-3'-(C)-

Ceralkylribose-5'-triphosphate, 2-deoxy-3"-(C1-Celalkoxyribose-5-triphosphate, 2~
deoxy-3'-(Cs-Cig)aryloxyribose-5'-triphosphate, 2'-deoxy-3'-haloribose-5'-triphosphate,
2'-deoxy-3"-aminoribose-5'-triphosphate, 2'.3'-dideoxyribose-5'-triphosphate or

2'3'-didehydroribose-5 -triphosphate.  Further sugar analogs also include so called locked

nucleic acids (LNAg) having the structure

HO

\‘.‘h
OH ©

[0130] and those described in Wengel, et al. WO 99/14226, incorporated herein by

reference.

01311 In some emibodiments, nucleosides and/or nucleotides of the present teachings can
have the structure

Wa—CH,  B—D

Wy W,
[0132] wherein B comprises a nucleoside or nucleotide base, such as uracil, cytosine,

deazaadenine, or deazaguanosine; W1 and W+ taken separately can be -OH or a group capable

of blocking polymerase-mediated template-directed polymerzation, e.g., -H, fluorine, and the
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Oyster 556 5 56 570 155000 Oyster 645 645 666 250000 Oyster 656

656 674 2200001 5(6)-Carboxyeosin 521 544 95000 Erythrosin 529 544
90000 Table 2 [0122] In some embodiments, the present teachings
wioyiskmiasdabeled nucleosides and/or nucleotides comprisingrtbe2ees/033174
structure NUC-L-D [0123] wherein NUC comprises a nucleoside, a

like; %&C'eot' Od'f'eg UCEﬁOB&dﬁl HLQQ'HP% s@&ﬁ@ A AQPRHSED 35 2 dye

*bon doral e?an

comprlses compound of the present
teac In som bodi ents NU & Qé q{&%gyge t teachi
comiEet S AR [ B AR o S DGO et eachings

can ﬁziﬁe%x %Eﬁrﬁ: %ﬁa@% b Qh&gmﬂmsiﬂcﬂﬂﬂﬂ Q@é@m{&? counterions if

ker can e attache he 8-position of the purine, if NUC comprises a
presgnpeazapurlne base, the linker can be attached to the 7-position of the 7-
deazapurine, and if NUC comprises a pyrimidine base, the linker can be
attached to the 5- pogjtion of the pyrir@idine. Such nucleoside and
nucleotide reagen(s Q? > D rtchIarI usS ﬁful 1, the cgntext of labeling
polynucleotides formed by enzymatic $ynthesis, 8@, nucleotide
triphosphates used inthe con@ext of PCR amplficatior}; Sanger-type
polynucleotide sequencing, and nick-translation reacfions. [0124] It will be
understood that nucleoside labeling can be accomplished by any of
number of known labeling techniques employing kndivn linkers, linking
groups, and associated complementary functionalities. Generally, the

[01Aker BBIFRFHOE HES FoRBIGHRPRSIPesent

[0134] Labeled dideoxy nucleotides such as that shown above find particular application as

chain terminating agents in Sanger-type DNA sequencing methods utilizing fiuorescent
detection.
[0135] In some embodiments, nucleotides of the present teachings can be deoxynucleotide

triphosphates having the structure

o o o
ogoﬂogow B—D
mmmmmmm . B—
| | | ©
0 0 0

HO H
[0136]  including associated counterions if present.
[0137]) Labeled deoxynucleotides such as that shown above find particular application as
reagents for labeling polymerase extension products, e.g., in the polymerase chain reéction or
nick-translation.
j0138] In some embodiments, the present teachings can provide polynucleotides labeled

with at least one dye of the present teachings. Such labeled polynucieotides are useful in a
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WO 2006/034036 PCTmUS2005/033174 oligonucleotide-target
hybridization, (ii) be compatible with relevant enzymes, e.g.,
‘ﬁog/merases, ligases, and the like, and (iii) not adversely affect the
- VlSPAYEEIR properties of the dye. For exemplary base ladfiH§S2005/033174
procedures suitable for use in connection with the present teachings see,
number exfaringertGibsamiettal.iMdudieir Acid3NResesyeinchiy 645m6467PCR  primers,
(1987); Gebeyehu, et al., Nucleic Acids Research, 15: 4513-4535 (1987);
oligopimiedsidedinigidiraionyudeic oietdscRet da tuations pudres. a8f B¢ 1387);
Nelson, et at, Nucleosides and Nucleotides, 5(3): 233- 241 (1986); )
[0138brgdsrmeemboriiossts; jabelerpobmalontiespfiths Srossibierigaes can include
4,855,225, 5,231,191, and 5,449,767. [0125] In some embodiments,
multigle s Ipfetid Sk 6@5@@@%&%&%&%rtga%%%t%ﬁ?ﬁéaa%gs%% gréfipor dye

the conjugatjon between the dye and the nucleoside or nucleotide base. ..
o gl A by SRRSO S Se g e 158 fcaion o
Ry cqai! E198, YRGBy §u A AlKYIIATING: QL: Us4 92:
P ecg?&@/ny aﬁ%%@gﬁ@%eﬁ%%g%e of arnﬁ%gg%sigg’or niicleotide. In some '
43472BDAi985S olabelpd RHEIBARIdeR I NYCleRlides,6an.CamBRrise MNe Nucieic Acids
structure H N\ 'D NuC 'XI O [0126] In some embodiments, labeled
ReseBHIIEDSISRS or/agclentisles can comprise the structure O R1 NUC ~~~D

0 [0127] wherein X can be N---1(CH2)r,-NHR2---D where n ranges from 1

[0140]5, Labeled polynucleotides can be synthesized either enzymatically, e.g., using a DNA
polymerase or ligase, see for example, Stryer, Biochemistry, Chapter 24, W.H. Freeman and
Company (1981), or by chemical synthesis, e.g., by the phosphoramidite method, the
phosphitetriester method, and the like, see for example, Gatt, Oligonucleotide Synthesis, IRL
Press (1990). Labels may be introduced during enzymatic synthesis utilizing labeled nucleotide
triphosphate monomers as described above, or introduced during chemical synthesis using
labeled nop-nucleotide or nucleotide phosphoramidites as described abowe, or may be -
introduced subsequent to synthesis.

[0141]  Generally, if the labeled polynucleotide is made using enzymatic synthesis, the
following procedure can be used. A template DNA is denatured and an oligonucleotide primer
is annealed to the template DNA. A mixture of deoxynucleotide wiphosphates is added fo the
mixture including dGTP, dATP, dCTP, and dTTP where at least a fraction of the
deoxynucleotides is labeled with a dye compound of the invention as described above. Next, a
polymerase enzyme is added under conditions where the polymerase enzyme is active. A
labeled polynucleotide is formed by the incorporation of the labeled deoxynucleotides during

polymerase-mediated strand synthesis. In an alternative enzymatic synthesis method, two

primers are used instead of ope, one primer complementary to the (+) stramad and the other
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OO N---~~- (CH2)"-NHR2 --- D where n ranges from 1 to 5, N---11
CHR1NHR2---D 0 and N--- CH2-NHR2---D; wherein Ri can be -H or

lower alkyl; and R2 can be -H, 39 WO 2006/034036
wCTHSB206651033174 lower alkyl or protecting group. See, for®sangiBz174
Than et al., U.S. Patent Application Serial No. 08/833,854 filed April 10,

compteithtd 46 3he! N8 SHANESIRLLANKY MilAmInRderivalized Hulaosid %%1.866:1:215(3, and

taught by, for example, Hobbs, et at in European Patent No. 0 25
the r&@ﬁi@fﬂ%ﬂ@%ﬁn@t Al odcRIgbErRem. , DHedtaPa{bA8 DmBLiatitet®d an extension

alkynylamino-derivatized nucleotides can be formed by placing the
tempeAPProaHatd N atpoidamnynygirhsiniusliilied-odopistraidiretentr get sequence by
7-iodo-7-deazapurine dideoxyxrucleosides as taught by Hobbs, et al.
PCR, (eitcith abowpl), DK Cuttpinia Task cflaklitsg MithdargoftesshdS0e air,
adding dry DMF, followed by addition of an alkynylamine, triethylamine
[014Znd Palelyd Trretettdemsauresishsinicd lfo Featiesireb uping tinphgsiphoramidite
layer chromatography indicates consumption of the )
methqdy o dRsEledn defsarias it efhanchripisiectee diimyiaminaabnsleptiges by the

alkynylamino-nucleoside can be isolated by concentrating the reac

Pl AT BT G2 Jet SHFERBRGGTAHGPA A on SR S 58,066
andt 4354 S0PIRIDS Ammoniurp hygraxide lo peutralze Pydiohalide Qeneraled )

the tolipling reaction. When'a prétecte ynylamine“is used,

and j%ﬁé Vgélﬁlémgll%'%?ﬁrgﬂﬁé%‘; g%&b&?dnﬂf‘o%géﬁ t@%‘?%%{?e@ iﬁ%%?stems, Part No.

y the bicarbonate of a strongly basic anion excharige resin.
901237@ $dery can then be stirred for about 45 minutes, filtered, and the resin
rinsed with additional methanol/methylene chloride. The combined

[o14fijtratesCanohthennaany alethad @Pysfieddnsflashsehramsrtegraph i@ ntageous in
silica gel using a methanol-methylene chloride gradient. The triphosphates
someatieboldtaines Heyause of its efficient and rapid coupling reactions and the stability of the
starting materials. The synthesis is performed with the growing polynucleotide chain attached to
a solid support, so that excess reagents, which are in the liquid phase, can be easily removed by

filtration, thereby eliminating the need for purification steps between synthests cycles.

[0144]  The following briefly describes the steps of a typical polynucleotide synthesis cycle
using the phosphoramidite method. First, a solid support including a protected nucleotide
monomer is treated with acid, e.g., trichloroacetic acid, to remove a 5’-hydroxyl protecting
group, freeing the hydroxyl for a subsequent coupling reaction. An activated intermediate is
then formed by simultaneously adding a protected phosphoramidite nucleoside monomer and a
weak acid, e.g., tetrazole, to the reaction. The weak acid protonates the nitrogen of the
phosphoramidite forming a reactive intermediate. Nucleoside addition is complete within 30 s.
Next, a capping step is performed that terminates any polynucleotide chains that did not undergo

nucleoside addition.  Capping can be accomplished with acetic anhydride and 1-

methylimidazole. The internucieotide linkage is then converted from the phosphite to the more
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standard techniques. [0129] In some embodiments, nucleosides and/or
nucleotides of the present teachings can comprise natural sugars
(i.e.-ribose, 2'-deoxyribose, and the like) or sugar analogues. As used
WE-&E 3% rm "sugar analog" refers to analogs of the sug&fFFilbGEys/33174
Exemplary ribose sugar analogs include, but are not limited to,

stable SHospiiutecker unsuhifiionadity aodiseshadngafearedooxidimertihgend adgwater as
atoms, e.g., erythroses and hexoses and substituted or unsubstituted 3-6

the oxggebannacyshicsugdasom,pidaidabstitnetst foggrovesiarmmaoydlividugarstic acid,
are those in which one or more 40 WO 2006/034036

such mCHrithbPoosiossid roidickiemmsshateids and siBsHrisd Wilsrsaisdruntil chain
more of the same or different -R, -OR, -NRR or halogen groups, where

elong@wwmm@peﬁ&%axﬁ%smﬂéeaﬂawkﬁ%ﬁ CHAIY € e frew e suppor

gstltuted furanoses haV| 5 r| ato S |n lude but ate nqt limited to
“Smgf‘ ESxyHBOSS, BUMETER) ﬁ?s} n‘\i éﬁ(oxyrl oS VaEe tedction also

loxyr 2' 3'-d
o A T RS DR o
the e)%cgtgﬁxymi% 9@%'@%@?3&& di?b)g ]prggﬁ',ﬁg nggr on the dyes are removed

-deoxy -3'-(C1- C6)a|koxyr|bose 2'-déoxy- yloxyribose,

by tre&tgg% ?lkg? 9’?rlﬁpgh%é%é1 H%%Qggeatt %n%?%eg tgglperature, e.g., 35 9C. One of

skill B ﬁ’x@%\%ﬂ(% ”fﬂﬁ?yﬁ'%ﬁ@t? HIRRASRDRLR, B used to perform the synthesis
deoxy-3'-(C5-C14)arylOxyribose-5'-triphosphate,

descn%egi%Qéw)’é?aﬁ!ﬁlﬁ@@@é%éeyﬁblm&t@ available to carry out more than one step in a
2'-deoxy-3'-aminoribose-5'-triphosphate,
singledredciideoxyribose-5'-triphosphate or
2',3'-didehydroribose-5'-triphosphate. Further sugar analogs also include

[0145b calleyl |lacketle npbleiphacids diti As)deosidg thecsirwsense FEYO be  dye-labeled
phosphoramidites as described above, If the 5’~terminal position. of the nucleotide is labeled, a
labeled non-nucleotidic phosphoramidite of the invention may be used during the final
condensation step. If an internal position of the oligonucleotide Is labeled, a labeled nucleotidic
phosphoramidite of the invention may be used during any of the condensation steps.

[0146]  Subsequent to synthesis, the polynucleotide may be labeled at a number of positions
including the 5’-terminus, see for example Oligonucleotides and Analogs, Eckstein ed., Chapter
8, IRL Press (1991) and Orgel, et al., Nucleic Acids Research 11(18): 6513 (1983); U.S. Patent
No. 5,118,800; the phosphodiester backbone, see for example Oligonucleotides and Analogs,
Eckstein ed;, Chapter 9, IRL Press (1991); or at the 3’-terminus, see for example Nelson,
Nucleic Acids Research 20(23): 6253-6259, and U.S. Patent Nos. 5,401,837 and 5,141,813. For

a through review of oligonucleotide labeling procedures see R. Haugland in Excired States of

Biopolymers, Steiner ed., Plenum Press, NY (1983).
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OH [0130] and those described in Wengel, et at WO 99/14226,
incorporated herein by reference. [0131] In some embodiments,
nucleosides and/or nucleotides of the present teachings can have the
winoisresitid--CH20 B-D W2 W1 [0132] wherein B compriSeSTais2005/033174
nucleoside or nucleotide base, such as uracil, cytosine, deazaadenine, or

[0149223gUaN0SIE: Wiand W2 takennana' alelioaat: ke sl Qia iRy Be labeled as

cdpable of blocking polymerise-mediated template-directed

foll Y N eIt nBE « idarfluQyimekaRddRepdlt Ve, SQQ6(0 3O BB hydroxysuccinimide
PCTIUS2005/033174 like; W3 can be OH, or mono-, di- or triphosphate or

este®. pRORpBALE analogipprkidith dye eqoimfientndbfitheljpreterkidachidgside and
In some embodiments, nucleotides of the present teachings can be

appaicieciinicteoiicdstriphbdphetesrmerigithidsinidmrehincheirg fssobarsgpt room
counterions if present. 000 11111 O-i-O-i1-0-i-0-CH2B-D OOOHH

temf@EBBEinEhsdmeriier geiater doomeirsnithSéeHCTodn Pafe masargRER sulfate,
nucleotides such as that shown above find particular a Iic&tlion as_chain

filtegadernd GABCEREHES 110 SARLGMKASE 1B RIEUSEERHIRPMEodE vy dve stock is

fluorescent . oo ) L
then added in excess (10-20x) to an aminchexyl derivatized oligonucleotide in 0.25 M

bicarbonate/carbonate buffer at pH 9.4 and allowed to react for 6 hours, e.g., U.S. Patent No.
4,757,141. The dye labeled oligonucleotide is separated from unreacted dye by passage through
a size-exclusion chromatography columm eluting with buffer, e.g., 0.1 molar triethylamine
acetate (TEAA). The fraction containing the crude labeled oligomucleotide is further purified by
reverse phase HPLC employing gradient elution.

[0148] It will be understood that the following examples are meant to be merely illustrative
and are not meant to be limiting of the present teachings in any way. Although the above
description will be adequate to teach one of skill in the art how to practice the present teachings,
the following examples are provided as further guidance to those of skill in the art.

{0149]  In some embodiments, the present teachings provide for a mixture comprising at least
one compound of the present teachings in any of the forms described herein and at least one
other component comprising a fluorescent dye. For example, the present teachings can provide
for a mixture of polynucleotides, wherein at least one polynucleotide of the mixture comprises a
compound of the present teachings and at least one other polynucleotide comprising a
fluorescent dye. Mixture components comprising fluorescent dyes of the present teachings can
be prepared by any of the methods described herein. In some embodiments, the present
teachings provide for kits comprising at Jeast one compound of the present teachings in any of

the forms described herein.
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detection. [0135] In some embodiments, nucleotides of the present
teachings can be deoxynucleotide triphosphates having the structure O O
0 O-11 -O-II -O-I' -O-CH2 (r) B-D 00 0 HO H [0136] including associated
B 08198185 present. [0137] Labeled deoxynucleotides sudiF &S HR¥/033174
shown above find particular application as reagents for labeling
polymerase extension products, e.g., in the polymerase chain reaction or
nick-translation. [0138] In some embodiments, the present teachings can
provide polynucleotides labeled with at least one dye of the present
teachings. Such labeled polynucleotides are useful ina 42 WO

[0150] 2006/ MBBEPCT/US2005/033174 number of important contexts
including as DNA sequencing primers, PCR primers, oligonucleotide

[0151] hy BratsHatprobedrdiyonucieotide ligation probes, and the like. [0139]
In e embodiments, labeled polynucleotides of the present teachings, . .

10152] a8 R BB cali A TRat o SOLBARS ah by (it

lea@lég,s\eﬁc%g%ﬂgsegé ¢ Qﬂ%ggg@maﬁ% AESERIOT BYSAS %Q“'%ﬁ%red as

energy-transfer polynucleoti ind application as spectrally-tuna

describ@EWRNEING PRMErS SERIAr R¥AMBI®) ik, ehalsry (pEeNallACEGMES using a
USA 92: 4347-4351 (1995), or as hybridization probes, see for example,

Bruker 4o MtialANuRIRIgVIRIdS RRSRAIMVELS 371 Bi66/4 98140 L abalsslicd
polynucleotides can be synthesized either enzymatically, e.g., using a
BiosystEdNAAPI 1500 Mass Spectrometer. Fluorescence data was obtained using a Perkin Elmer
LS-50B Luminescence Spectrophotometer. UV/Vis data was obtained using a Hewlett Packard

8451A Diode Array Spectrophotometer.

[0153] Example 1. Synthesis of 6-sulfo-DDAO (42)

[0154] To a stirred solution of 50 mg of DDAO (41) dissolved in 5 mL dichlorormethane
(DCM) and cooled to 0°C was added 0.5 mL chlorosulfonic acid. The reaction was stirred at
60°C overnight and then poured into ice-water, Unreacted starting material was extracted with
ethyl acetate (EtOAc) and then the product was extracted with n-butanol. The solvent was
removed in vacou to obtain 45 mg of 6-sulfo-DDAQ (42) as dark shiny crystals. 'H NMR
(CD;OD): 8 7.9 (s, 1H), .75 (s, 1H), 7.2 (s, 1H), 1.78 (s, 6H). MS: M+H = 388.

[0155] Example 2: Synthesis of N-(4-caboxvbenzoyl}-aminomethyl DDAQO (45
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polymerise or ligase, see for example,. Stryer, Biochemistry, Chapter 24,
WI-I. Freeman and Company (1981), or by chemical synthesis, e.g., by
the phosphoramidite method, the phosphitetriester method, and the like,
wgeedwrexample, Gait, Oligonucleotide Synthesis, IRL Prese(1/998i5/033174
Labels may be introduced during enzymatic synthesis utilizing labeled
nucleotide triphosphate monomers as desgrihed above, or introduced
ide grenucleotide

phospho amiditeés as descrrbed above g | ced subsequent
to'§ is 014 ally, if t,he labeledpelyptelestide is.made,lising
enzy e following procedure can be usedj A template
DN fat d an oligonucleotide primer is afihealed to the

template DNA,A mixture of deoxynucleotide tripgpsphates is added to the
mixture including dGTP, dATP, dCTP, and dTTP where af least a fraction
of the deoxynucleotldes is labeled with a dye compound of the invention
as d above. Next, a polymerase?ie y is added under

CO.H

alternatrve enzymatrc synthesis meofhod two prlmers are usedfinstead of
one, one pdmer compl&mentary to the (+) strand 4nhd the othef 43 WO
2006/034036 PC'T/US20051033174 com mentar %né

4 conc sulfuric

[013hk tarréj’e? SieAonteady i ‘I?S %%"s‘% t t
emperature IS CyC een a a on ra I
acid ﬁ;&gé]nwas% de 435 I% l‘gh @X/ ngﬁqgrﬂi UorQ etan%% %I 5229 oles) at

&2 tEfperathi 5% ysyn esrzrng a’labele

roorf 30 'ement t%@erégrﬂgé &qg%&c%svs&gﬁ,aﬁsoﬁp@@@%epm hours. The

5’ ols, Innrs eta emic Press (1990). [0142] Labeled
reac@&ly%g?'%eﬂ%s e psochamigally syathesizedusipgdheiphasphoyeraiditer 10%

method. Detailed descrlptrons of the chemistry used to form
metRAbrcieRligemMetIBleOH/DCM). The organic layer was dried over sodium sulfate
(Na,S0y), filtered and evaporated to dryness under reduced pressure. The residue was purified
by silica gel chromatography rzsing a gradient of 2:20:78 to &:20:72 MeOH/ethyl acetate -

(EtOAcYDCM) to give 456 mg of compound 43 as a reddish solid. ' NMR (DMSO-dg): 8 11.4
(br s, 1H, OH), 9.95 (t, 1H, NH), 7.82 (s, 1H), 7.34 (s, 1H), 7.03 (s, 1H), 4.35 (d, 2H), 1.78 (s,
6H). MS: (EST) M-H =431.2.

[0157] A solution of 64 mg of compound 43 (0.148 mmoles) in 30 mL NH;/MeOH was
stirred at room temperature for 20 hours. The reaction was concentrated to dryness by
evaporation and co-evaporation with MeOH. The solid was recrystallized from MeOH/DCM to |
give compound 44,

[0158] To a stired solution of compound 44 in 6 mlL dimethyl-formamide(DMF)Y/DCM
(1:1) was added 118 mg of 4-carboxyethy terephthaloyl chloride (0.594 mmoles) and 0.2 mL

diisopropylethylamine at room temperature. The resulting mixture was allowed to stir at room
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phosphoramidite method are provided in, for example, Caruthers et al.,
U.S. Pat. Nos. 4,458,066 and 4,415,732; Caruthers, et al., Genetic
Engineering, 4: 1 -17 (1982); Users Manual Model 392 and 394
WP3ERktIe48Htide Synthesizers, pages 6-1 through 6-22, Ap i€l US2005/033174
Biosystems, Part No. 901237 (1991). [0143] The phosphoramidite
tempBRHe doP BRQIMAUCIER MR- BYA NRSIBLALER RV BN REIGRIASIIN GN&at. aq. sodium
embodiments because of its efficient and rapid coupling reactions and the
bicarbtabilityrafHice Staring snateridls. sbheisynihesisispashoxide/ MEOHNE5%). The
growing polynucleotide chain attached to a solid support, so that excess
reactieageRrtsyaviichtae Hilthel ligithd6hade Fhéh dvel easiytednhovéd byl. EtOAc. The
filtration, thereby eliminating the need for purification steps between
organsgnidiesisveycldsd [01aANTROfolidiried Brbfyanemiehasdererefaprdoprgssure. The
typical polynucleotide synthesis cycle using the phosphoramidite method.
residpgy stas BB dTsRiEA oMth &l seivirR prévbemey HikretrLi RBRdRRY ettt me20

with acid, e,q., trichloroacetic acid, to remove a 5'-hydroxy| protectin
L, ek 8 ASCRORo oGS oG BAah, B emperare

activated intermediate is_then.formed by, simul ously.addi o
e D BRSO Fe LRt AP kA o k1051
and Eae rgé%([g 'vJRht N “ﬁ{bﬁ!e %a&%%ﬁ%lé}%ﬁgsdﬁé% We?% ﬁ?(f}_lpﬁ_ltered and

phosphoramidite forming a reactive thtermediate. Nucleoside addition is
evapg%ﬁlet@ %@@%eﬁ_@&&&?@égﬁétemﬁepﬁéﬁﬁ@eﬁj@%ﬁﬁ@ﬁ_@_ﬁ! NB{eSilica gel

any poly-nucleotide chains that did not undergo nucleoside addition.
chrofa@BRIRAhS AR Re: AcCEamElisiTedowits-acatoByDysiide gine 32 mg of compound 45 as
methylimidazole. The intemucleotide linkage is then converted from the
a solphoSpteRo el Siodg): 44 W@, 2006084836 RIS 205033, A9 5(ablél), 6.52
phosphotriester by oxidation using iodine as the preferred oxidizing agent
(s, 1HhchWhte; 26)1he 0%y en. ddfofEATévbiigatfor).the hydroxyl protecting
group is removed with a protic acid, such as trichloroacetic acid or
Fanatle 3ichyntssls b GiakuigeddBad4htil chain

Ct Cl NO3

T HO 0 HO - O
@ — YL X
=
Ct N/ Cl N NO-
41 6

[0160] A solution of 50 mg of DDAO dissolved in 2 mL of a 1:1 solution of HzSO4/HNO;
was stirred overnight at room temperature. The reaction was extracted with EtOAc. The
solvent was removed in vacuo and the crude product was recrystallized from FtOH to give 41
mg of dinitro-DDAO {46).

[0161]  Example 4; Synthesis of N-(4-caboxy-2-sulfobenzoyl}-aminomethyl DDAO (47
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elongation is complete. After synthesis, the polynucleotide chain is

cleaved from the support using a base, such as ammonium hydroxide or
t-butyl amine_ The cleavage reaction also removes any phosphate
Powatiggsoups, such as cyanoethyl. Finally, the protecting@meapm® 53174
the exocyclic amines of the bases and the hydroxyl protecting groups on
the dyes are removed by treaLn the polynucleotide solution in base at

an elevated temperature, e.q., 55«. One of skill in the art will recognize

that.a variety if reagenis, @ uged to perfofm-the synthesis described "
@- afre A some casgs reagents are avaitable't Q(S'th mo R
&.St6 a_single reaction. |012[5|)KnyC ) [ /
O3

nucleoside monomers may be dye-labeled phosphoramidites &s
descril#8d above. If the 5'-terminal position of the nuclébtide is labeléd, a

labeled non-nucleotidic phosphoramidite of the invention may be used
[01 @JringCtbrarfival 43 mae meenon dtcibe o imEmE PoBifsAerihe A solution of 43.3
oligonucleotide is labeled, a labeled nucleotidic phosphoramidite of the

mg of gerporIh 43 Bkl reewlatring Ao A tereatigrrdgeom giperature for 20

Subsequent to synthesis, the polynucleptide may be labgled at a number.
hourgs BB AR AR TS P o2 SRR G I ahaRe th DM

and Analo ckstein ed_, Chapter 8, IRL Press (1991) and Orgel, et al.,
to gll‘\’l%%?élﬁé’%gg esearch 11(18): 6513 (1983); U.S. Patent No. 5,118,800;

[oﬂiiﬁ ph‘?ﬁg’E%%E%ﬁ@%ﬁ?\%?ﬁo%sﬁﬁ%ﬁne@ﬂﬁle19\'&90%5'%&%% Neh 200 uL of

alogs, apter 9, IRL Press (1991); or at the 3'-terminus,

ii f . ! : 64t at room
diis g PR e '?é%}f(,)? s NHElelef G RepepiuARiR: 625 CangoRiyla:

837 and 5,141,813. For "a throligh review of

temPlignnECleQtids Jabeling fresetuesSemRerkaediarhnfreiad Malasofvitk 1 mL
iopolymers, Steiner ed., Plenum Press, NY (1983). 45 WO 2006/034036

10vPGAVUS2905033L7 4147 Hnmne pestheysihreisvehemicalvakalinpm], HyO and
method an oligonuleotide can be labeled as

extracted with 3 x 50 mL 10% MeOH/EtOAc. The organic layer was dried over NapSOq,
filtered and evaporated to dryness.

[0164] 'The residue was then treated with 20 mL of a solution of LiOGH-H,O/MeOH/H,O
(0.85g/100mL./20mL) at room temperature for 10 minutes. The mixture was acidified with 1
ml 10% HCl and diluted with 50 mL sat. NaCl. The mixture was extracted 2 x 100 mlL. 10%
MeOH/EtOAc, then the organic layer was treated with 0.5 mL triethylamnine, evaporated to
dryness and finally co-evaporated with MeOH. The crude product was dissolved in 50 mL of
20% MeOH/DCM and purified by silica gel chromatography (2 x 17.5 cm, eluant gradient:
20%, 30%, 50%, 60%, 70% and 80% MeOH/DCM (100mL each gradient step, collecting 20
mL fractions)) to give 60 mg of compound 47. ' NMR (in MeOD): 88.52 (d, 1H), 8.01 (dd,
1), 7.71 (d, 1H), 7.51 (s, 1H), 7.24 (s, 1H), 6.69 (s, 1H), 4.45 (s, 2H, CHa), 1.82 (s, 6H, 2 x

CH;). MS (ESD) m/e 563.2 (caled. for M-H = 563.0).
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follows. A dye including a carboxy linking group is converted to the
N-hydroxysuccinimide ester by reacting with approximately 1 equivalent
of 1,3-dicyclohexylcarbodiimide and approximately 3 equivalents of
N-hydroxysuccinimide in dry ethyl acetate for 3 hours at room
Claimd{emperature. The reaction mixture is washed with 5% HCI, dried over
magnesium sulfate, filtered, and concentrated to a solid which is
resuspended in DMSO. The DMSO dye stock is then added in excess
(10-20x) to an aminohexyl derivatized oligonucleotide in 0.25 M
1. bicarhonatedaariapaterhidiae ab Rt 4raind allowed to react for 6 hours,
e.g., U.S. Patent No. 4,757,141. The dye labeled oligonucleotide is
separated from unreacted dyésb)ﬁassg e fhgough a size-exclusion
chromatography column eIutl g witkq guffer, e.g., 0.1 molar triethylamine
: i ~Cragde-abeled oligonucleotide
oying gradient elution.
ples are meant to be

teachings in any way. Although the above description will be adequate to
teach one of skill in the art hO\R/ to practice thé presenpt}aachmgs the
following examples are provided as further guidance to those of skill in the
art. [0149] In some embodéments the pr%sent teachings prowde for a

dye. Mixture components Bemprising fluertescent dyes of the present
teachings can be prepared by any ©fthe methods d&cribed herein. In
some embodiments, the present teachings g ovide for l(:ﬁé comprising at
least one compound of the present teachings in any of “forms
described herein.

Ris (I1L)

Ris R+ (IV),
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46 WO 2006/034036 PCTIUS2005/033174 [0150] EXAMPLES [0151]
Materials and Methods [0152] Unless otherwise indicated, all reagents
were obtained from Sigma-Aldrich (Milwaukee, WI) and used as received
from the distributor. DDAO ((1)) was prepared as described in Corey,
whereR:F-, U.S. Patent No. 4,810,636. NMR spectra were obtained using a
Broker 400 MHz Avance-NMR Spectrometer. Mass spec. data was

oRtalneh YNGR AnARRISd nBigSySiams HRERaGRMass RS EEQ'H@L’&fny -COH, -

Fluorescence data was obtained using a Perkin EImer LS-

CO,R LLniNgsoange %HQ@@QH?F@PE@%QWME@@E@M@%@@'R@@W, -CH,NHR, -
Hewlett Packard 8451A Diode Array Spectrophotometer. [0153] Example

NO, & Nesis shifeuiarRDAQ @R)CICICHAURHO Qu&liNE03H AL Idoxy, C-Cs
41 42 [0154] To a stirred solution of 50 mg of DDAO (41) dissolved in 5

alkoxﬁhﬁ'%ﬂ@'&ﬂfé@tr@{@b(@fﬁ%@w Cﬁﬁ’éﬁ?ltosggsm@&édgﬁg‘@ﬁ Bibhenyl, substituted

chlorosulfonic acid. The reaction was stirred at 60C overnight and then

bipherRQUIRELINIO dGBswiaten. bipactaehstantinawsaierial vas&Xracied With linking group,
ethyl acetate (EtOAc) and then the product was extracted with n-butanol.

wherelt R 8ORRtaNEFoFEMOvediinyVaceuimuedtain@doamer of G-y AL RMted C,-Cq
as dark shiny crystals. 'H NMR (CD30D): S 7.9 (s, 1H), 7.75 (s, 1H), 7.2

alkox Sy AiSxiaufH kubBnvbtH 7-83 %[O EXTBRIE, 2uByniResiSRiny!, biphenyl,
N-(4-caboxybenzoyl)-aminomethyl DDAO (45)
substituted biphenyl, benzyl, substituted benzyl, benzoyl. and substituted benzoyl; and
Rs and Rs taken separately are selected from C;-Cqy alkyl and C;-Cy substituted alkyl, R4
and Rs taken together are selected from C;-C; cycloalkyl, Cy4-C; unsaturated cycloalkyl, C5-Cs
substituted cycloalkyl and C4-C7 substituted unsaturated cycloalkyl;
wherein at least one of R;-R; or R¢-Ri6 is ~SOzH;

with the proviso that if the compound comprises the structure (I}, then at least one of Ry,

Rs, B3 or Rg is not -H.

2. The compound of claim 1, wherein Rg and R; are each independently selected from

fluorine, chlorne and bromine.

The compound of claim 2. wherein R¢ and R7 are fluorine.

LaX

4, The compound of claim 2, wherein R and Ry are chlorine.

L

The compound of claim 2, wherein R¢ and Ry are bromine.



47 WO 2006/034036 PCT/US2005/033174 CLHOOHOCI//0ONH 41
43CF3 CICIHOOHOI~O~ICOH CI/NE/G/\44 NH2 45 O [0156]
To a stirred solution of 450 mg DDAO (1.466 mmoles) in 10 mL of conc.
sulfuric acid (H2S04) was added 419 mg of

6.  Nrivdrepvmeirfiiorogetamide;(2:923 MMl @etPRBh -H, -CO,H, -COR, -

temperature. The resulting mixture was stirred at room temperature for 2

h T C re W
et R VS R R e S R RS R

organic layer was dried over sodium sulfate (Na2S04), filtered and
evaporated to dryness under reduced pressure. The residue was purified

7. SLERremMaaraPitSinG 2i0radignt RT 22014849 BefD{2 -SO4H, -SOsR, -
McOH/et yl acetate (EtOAc)IDCM) to give 456 mg of compound 43 asa

cmc&%ﬂﬁ'%‘fﬁ@@gﬁ* NMR{DMRP-de&#L.-4 (brs, 1H, OH), 9.95 (t, 11-,
NH), 7.89 (s, 1H), 7.34 (S, 11-1), 7.03 (s, 11-1), 4.35 (d, 2H), 1.78 (s, 6H).

MS: (ESI) M-H = 431.2. [0157] A solution of 64 mg of compound 43 (0.148
mmoles) in 30 mL NH3/MeOH was stirred at room temperature for 20

8.  henEs. cEHﬁaéﬁﬂ&“%@ "Mﬁa%ﬁonceﬂi'i%%d E%QJMH@S%IPV ayapgraion ad R, are each
co-evaporation with MeOH. The solid was recrystalllzed from McOH/DCM

indepé%&iﬂ? CORNRAHAG A luorine, chlorine and bromine and R, is selected from -CO,H, -
COLR, -SO3H, -SOsR, -CH,COH, -CHoCORR, -CHoSOsH, -CH,SO5R, -CHNH;, -CH,NHR

and —NOQ.

9. The compound of any one of claims 1-8, wherein the compound has the structure (I} and

R, is selected from -SO3H, -SOsR, -CHoNH,, -CH>NHR, and -NOs.

10. The compound of any one of claims 1-8, wherein the compound has the structure (I) and

R, 13 selected from -SO3H and -SO3R.

11.  The compound of any one of claims 1-8, wherein the compound has the structure (1) and

R, is selected from -CH NI, and -CH;NFHR.
12. The compound of claim 9, wherein R, is -SO3H.

13. The compound of claim 9, wherein R, ts -SO3R.

14, The compound of claim 9, wherein Rj 18 ~CH>NH,.

h
(V8



I5.

16.

17.

[0158] To a stirred solution of compound 44 in 6 mL
dimethyl-formamide(DMF)/DCM (1:1) was added 118 mg of
4-carboxyethy terephthaloyl chloride (0.594 mmoles) and 0.2 mL
diisopropylethylamine at room temperature. The resulting mixture was
afiquieshiposiialraaim 48R 2006/03¢P38 RET/US20051033174
temperature for 3 hours. The reaction was then quenched by addition of
10 mL sat. aqg. sodium bicarbonate (NaHCO3) and 0.5 mL of a solution of
sodium methoxide/MeOH (25%). The reaction mixture was then diluted

viith 20 iidBang exlractadihy PAMnEIRAR.{The organic layer was

dried over Na2S04, filtered and evaporated under reduced pressure. The
residue was then treated with a solutiaqQ of litQiduH
hydroxide(LiOH)/MeOH/H20 (177 0 TmL/5 mL) at 80C for 45 minutes.
The reaction was then coojgd to rg te] perature, evaporated under
reduced pressure, re-dissolveg-in 30~AL H20, acidified with 1.5 mL 10%
HCI, and extracted with 100 L EtOAc. The organic layer was dried over
Na2S04, filtered and evapor&ed to dryness under reduced pressure.
The residue was purified by silica gel chromatography (using a gradient
of 1:9 to 8:2 MeOH/DCM) to give 52 mg of compound 45 as a solid. 1H
NMR (DMSO-d6): 6 8.84 (t, 1H, NH), 8.00 (d, 211), 7.34 (m, 3H), 6.97 (s,
1H), 6.52 (s, 1H), 4.24 (d, 2H), 1.70 (s, 611). MS: (ESI) M+H = 485.0.
[0159] Example 3: Synthesis of 6 8-Dinitro-DDAO (46) Ol Cl Noe HO O
HaocanppaidnyiNoy ong 46qerso] Atelutionsirs® g epopmed has the structure
dissolved in 2 mL of a 1:1 solution of H2SO4/HNO3 was stirred overnight

(1), R7 & roondhendperatufe imidreaction was extracted with EtOAc. The

18.

The compound of any one of claims 1, 6 or 7, wherein the compound has the structure

(I), R7 1s -SO3H and Ry is -CH,;NHR,

19.

20.

The compound of claim I8, wherein R is substituted benzoyl.

The compound of claim 19, wherein R is

COLH
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solvent was removed in vacuo and the crude product was recrystallized
from EtOH to give 41 mg of dinitro-DDAO (46). [0161] Example 4:
Synthesis ofN-(4-caboxy-2-sulfobenzovl)-aminomethyl DDAO (47) 49 WO
2006/034036 PCTIUS2005/033174 | cl O OH HO2G p OH COON 48 H
21. NI Phufpbih@ ok 61 QB2 hGEaNMeung4s RiasmpRparechiflifle same
manner as in Example 2. A solution of 43.3 mg of compound 43 (0.1
mmoles) in 20 nil, NH3/MeOH was stirred at room temperature for 20
hours. The reaction was concentrated to dryness by evaporation and
22, CDhevapgiatienorihyRabbteigive canpondrd; HHLG3] draeiesidue (44)
was dissolved in 5 mL DMF and treated with 200 L of
diisopropylethylamine (Hunig's base) and 74mg of anhydride 48 (0.324
mmoles) at room temperature. The reaction was stirred at room
23. tempesatpsarfornd dauisithen auenchedswih lwhkrel® %, HGEIdhedsblant, -CO,H,
was removed in vacuo and the residue was redissolved in 50mL H20 and
-CO,Rexgacted-RIhR3 (30,00, HOM MAANME QAL STheiprganis(aie - WHsNIAed-CH,NHR
over Na2S04, filtered and evaporated to dryness. [0164] The residue
and -N@asatheR teedt®d-Rithh20-HL of a solution of LIOH-H20/MeOH/H20
(0.85g1100mL/20mL) at room temperature for 10 minutes. The mixture
was acidified with 1 ml, 10% HCI and diluted with 50 mL sat. NaCl. The
mixture was extracted 2 x 100 n1L 10%
24, The compound of claim 23, wherein Ry is selected from -SO3H, -SO3R, -CH;NH;, -

CHoNHR, and -NOx.

25. The compound of claim 23, wherein Ry is selected from -SOsH and -SO3R.

26. The compound of claim 23, wherein Ry is selected from -CH;NH; and -CH,NHR.

27. The compound of claim 23, wherein Rg is -SOsH.

28. The compound of claim 23, wherein Ry is -SO:R.

29. The compound of claim 23, wherein Rg 1s -CH>NH;.

30, The compound of claim 23, wherein Rq is ~CH,NHR.



MeOH/EtOAc, then the organic layer was treated with 0.5 mL
triethylarnine, evaporated to dryness and finally co-evaporated with
McOH. The crude product was dissolved in 50 ml, of 20% MeOH/DCM
and purified by silica gel chromatography (2 x 17.5 cm, eluant gradient:

31, 2086 .c300%uER06+ 6890t ANh8 0% CRIMDGM(HIGmR @ach gradient
step, collecting 20 mL fractions)) to give 60 mg of compound 47. IH NMR

(in McOD): S 8.52 (d, 1H), 8.01 (dd ! 7T 11-1), 7.51 (s, 114),

7.24 (s, 1H), 6.69 (s, IH), 4.45 (s, P ), 1.82 (s, 6H, 2 x CH3). MS
(ESI) m/e 563.2 (calcd. for M-H =5 50 Claims: 1. A compound
having a structure selected t RE'R4R3HO\/O 1R7/N/R2 R$
R1(l), R6ER5R4R3HO O I[R9 RNR$R12 Rlo R11 (Il), R6 R5 R4
R3HO O 0 ‘

32. The compound of claim 6, having structure (II), wherein R is selected from -H, -CO,H,
-COsR, -SOs3H, -SO:R, -CH,COyH, -CH,CO»R, -CH>805H, -CH,SO3R, -CH,NH;, -CH;NHR
and *NOQ, and R3 and R]{)-R;g are -H.

33, The compound of claim 32, wherein R; is -SO3H and Ry is ~CHoNH,.

34, The compound of claim 32, wherein Ry is -SO3H and Ry 1s -CH,NHR.

35. The compound of claim 32, wherein R is
COzH
O
36. The compound of claim 1, having structure (II), wherein Ry 1s selected from -H, ~-CO,H,

-CO2R, -SO3H, -SO3R, -CH,CO,H, -CH,CO2R, -CH,SO3H, -CH,SO3R, -CHoNH;, -CH;NHR

and -NO5, and R3, Reand R;:-R; are -F.
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R13 (/N/R 2 1/R1R14 R16 R15 (lll) and R6 RS R4 R3HO O R13Rs
R14 R16 R12 R10 R15 R11 (IV), 51 wherein RI-R3 and R6-R16 are
each independently selected from -H, halogen, heteroaryl, -CO2H,
CO2R, -SO3H, -SO3R, -CH2CO2H, -CH2CO2R, -CH2SO3F1,

37.  -Chi2&a3Run 2N -S4 MR- NPZ Seletibalikyh SitsiiutestOk-C8H,NH,, -
alkyl, C1-C6 alkoxy, substituted C1-C6 alkoxy, C1-C6 alkoxyaryl,

CH,NERDstitutRtHCT-C6 alkoxyaryl, phenyl, substituted phenyl, biphenyl,
substituted biphenyl, benzyl, substituted benzyl, benzoyl, substituted
benzoyl, bond and linking group, wherein R. is selected from CI-C6 alkyl,
substituted. C1-C6 alkyl, CI-C6 alkoxy, substituted CI-C6 alkoxy, C1-C6

38.  atkp@iyosubstitites G4-GhealkoryatylspbasylfoubstitrdphenylR .
biphenyl, substituted biphenyl, benzyl, substituted benzyl, benzoyl, and
substituted benzoyl; and R4 and R5 taken separately are selected from
CI-C6 alkyl and CI-C6 substituted alkyl, R4 and R5 taken together are

39.  selrcesfami@GlTaayitoalileia &G s tokatutatescyCioalkyl «68-CH,NHR.

substituted cycloalkyl and C4-C7 substituted unsaturated cycloalkyl;

40. The compound of claim 36, wherein R 18 -SOzH.

41, The compound of claim 36, wherein Ry is -SG3R.

42, The compound of claim 36, wherein Ryg is -CHoNHa.

43, The compound of claim 36, wherein Ry is -CH>NHR.

44, The compound of any one of claims 36-39, 41 or 43, wherein R is

COLH
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wherein at least one of R, -R-, or R6-R16 is -SO3H; with the proviso that if
the compound comprises the structure (1), then at least one of R1, R2, R3
or R8 is not -H. 2. The compound of claim 1, wherein R6 and R7 are each
independently selected from fluorine, chlorine and bromine. 3. The
45.  CORARQhhC M dnivd)elaith RuathRR (T8yeviMaEiReR 4 isTigecmpound, -CO,H,
of claim 2, wherein R6 and R7 are chlorine. 5. The compound of claim 2,
-CORwhrgi. Réard RBERIOMDE, (2R, The smpountiHol@im ke H,NHR
R6 is -H and R7 is selected from -H, -CO2H, -CO2R, - SO3H, -SO3R,
and -NCHAC Q2 BHRGACRarCHRSO3H, -CH2SO3R, -CH2NH2, and
-CH2NHR. 7. The compound of claim 1, wherein R6 is -H and R7 is
selected from -H, -SO3H, -SO3R, - CH7CO7H, -CH2CO2R, -CH2NH?2,
and -CH2NHR. 8. The compound of claim 1, having structure (1), wherein
46,  Rbaserrrire dlpthdiepaheieil slettediffom fudfneHeMbkine and
bromine and R2 is selected from -CO7H, - CO2R, -SO3H, -SO3R.
-CH7CO2H, -CH2CO2R, -CH2SO3H, -CH2S03R, -CH2NH2, -CH2NHR

- . e.of ghaim where
47 %p%%ﬁé) ﬁgi%fglé%%ﬁr‘g{%%n 7 %ﬁ@%@é@%{e 1Prorﬁ@f]épé§§|},{ -SO3R,
-CH2NH2, -CH7NHR, and -NO2. 10. The compound of any one of claims
1-8, wherein the compound has the structure (I) and R2 is selected from
48. -SR3maponPd@3Rald Thesawipduind of any one of claims 1-8, wherein
the compound has the structure (I) and R2 is selected from -CH2NH2 and

-CH2NHR. 12. The compound of claiQ, i R2 is -SO3H.
@]
49, The compound of claim 1, having structure (I1), wherein R;; is selected from -H, -CO,H,

-COsR, -SO3H, -SOsR, -CH,COsH, -CH,CO;R, -CH,S50:H, -CH,SO3R, -CH,NH,, -CH,NHR

and -NO», and Ra, Ro-Rygand Ry; are -1,

50. The compound of claim 49, wherein Ry; is selected from -SO3H, -SOsR, -CHyNH;, -

CHQNHR, and "NOQ.

51. The compound of claim 49, wherein Ry is selected from -SOsH and -SO3R.

52. The compound of claim 49, wherein Ry 1s selected from -CH;NH, and -CH,;NHR.
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13. The compound of claim 9, wherein R2 is -SO3R. 14. The compound
of claim 9, wherein R2 is -CH2NH2. 53 15. The compound of claim 9.
wherein R2 is -CH2NIIR. 16. The compound of any one of claims 1-8,
wherein R is CO2H O 17. The compound of any one of claims 1, 6 or 7,

53, wherekmhiwie@amound Sasihestr geiuke S(); lR7 is -SO3H and R2 is
-CH2NH2. 18. The compound of any one of claims 1, 6 or 7, wherein the
compound has the structure (I), R7 is -SO3H and R2 is -CH2NHR. 19.
The compound of claim 18, wherein R is substituted benzoyl. 20. The

54,  CcORapouidhetEAia 48, whereirch 8, CB2HOMRS54 21. The compound of
any one of claims 1-8, wherein R4 and R5 are methyl. 22. The compound
of any one of claims 1-8, wherein Ri and R3 are -H. 23. The compound of
claim 1, having structure (1), wherein R9 is selected from -H, -CO2H,

55. -CRZ2RimSsdHo f SRidR4 O CHREDZRI,, S HACORR, -CH2SO3H,
-CH2SO3R, -CH2NH2, -CH2NHR and -NO2, and R3 and R8-Rio are -H.
24. The compound of claim 23, wherein R9 is selected from -SO3H,
-SO3R, -CH2NH2, - CH2NHR, and -NO2. 25. The compound of claim 23,

56. \ViheredmpSuisiseletied #0wh&E3R arid SO3RIR.

57. The compound of any one of claims 49-52, 54 or 56, wherein R 1s

COM

58. The compound of claim 6, structure (I}, wherein Ry; is selected from -H, -CO,H, -
CO;R, -SOsH, -SO3R, -CH,CO,H, -CH,COZR, -CH,SOsH, -CH,SO3R, -CHNH,, -CH:NHR

and -NO,, and Rs, Re-Rygand Ry; are -H.

39, The compound of claim 58, wherein R7 is -SO3H and R is -CH;NH..

60, The compound of claim 58, wherein R; is -SO;H and Ry, 1s -CH;NHR.

61. The compound of claim 60, wherein R 1s



62.

26. The compound of claim 23, wherein R9 is selected from -CH2NH2 and
-CH2NHR. 27. The compound of claim 23, wherein R9 is -SO3H. 28. The
compound of claim 23, wherein R9 is -SO3R. 29. The compound of claim
23, wherein R9 is -CH2NH2. 30. The compound of claim 23, wherein R9
is -CH2NHR. 55 31. The compound e. gre-tf claims 23-26, 28 or 30,
wherein Ris CO2H O 32. The co g of claim 6, having structure
(11), wherein R9 is selected from Q2H, -CO2R, -SO3H, -SO3R,
-C112CO2H, -CH2CO2R, -C O H2803R, -CH2NH2, -CH2NHR

and -NO2, and R3 and R10-R]]2 are -H. 33. The compound of claim 32,

wherein R7 is -SO3H and R9 % -CH2NH2. 34. The compound of claim

32, wherein R7 is -SO3H and R9 is -CH2NHR. 35. The compound of

claim 32, wherein R is CO2H 'lra O 36. The compound of claim 1, having
structure (I11), wherein Rio is selected from -H, -CO2H, -CO2R, -SO3H,
-StyzrnpMpe 04 RINC HIBOTRSUEHZS OBH WEHPS DR saerpdHrm -H, -CO,H,
-CH2NHR and -NO2. and R3, Rg and R11-R12 are -H. 56 37. The

-CO:ReoffgdindbbhRiaintas Whbrdi i iRs efebedndnT(So3PR SGBRNH:, -CHNHR

-CH2NH2, - CH2NHR, and -NO2.

and -NO», and R3 and Re-R, are -H.

63.

The compound of claim 62, wherein Rz is selected from -SO;H, -SOsR, -CHyNH,, -

CH,NHR, and -NO».

64.

65.

66.

67.

68.

69.

The compound of claim 62, wherein R; is selected from -SO;H and -SO3R.

The compound of claim 62, wherein R 1s selected from -CH,NH, and -CH,NHR.

The compound of claim 62, wherein Ry is -SO3H.

The compound of claim 62, wherein Ry, is -SO3R.

The compound of claim 62, wherein R;; 1s -CH;NH,,

The compound of claim 62, wherein Ry, is -CH;NHR.

60



70.

71.

The compound of claim 36, wherein RHO is selected from -SO3H and
-SO3R. 39. The compound of claim 36, wherein RIO is selected from
-CHZNH2 and -CHZNHR. 40. The compound of claim 36, wherein R10 is
-SO3H. 41. The compound of claim 36, wherein RIO is -SO3R. 42. The
COmPHbahe a3 GrybeeimR@iscC 2 NHE. wdrdilerGempound of
claim 36, wherein RIO is -CHZNHR. 44. The compound of any one of
claims 36-39, 41 or 43, wherein R is & 2H O&FH 45. The compound of
claim 6, having structure (1), wherg 6 is selected from -H, -CO2H,
-CO2R. -SO3H. -SO3R, -CH2CO% 2CO2R, -CH2SO3H,
_CH2SO03R, -CH2NH2, -CH2MHR ard”NO2 and R3, R9 and RI,-R12 are
-H. 46. The compound of clairf) 45, wherein R7 is -SO3H and RIO is
-CH2NH2. 47. The compouné&of claim 45, wherein R7 is -SO3H and R10
is -CH2NHR. 48. The compound of claim 47, wherein Ris ~COZH 1/ 0O
49. The compound of claim 1, having structure (ll), wherein R1 | is
selected from -H, -CO2H, -CO2R, -SO3H, -SO3R, -CH2CO2H,
-CH2CO2R, -CH2S03H, -CH2S03R, -CH2NH2, -CH2NHR and -NO2,

anekR3nfRanRd @fangim B2 iarenkl sdGerhRe Nomarusd af claisaldQeivhereiH, -CO,H,
R11 is selected from -SO3H, -SO3R, -CH2NH2, - CH2NHR, and -NO2.

-COzR, -SO3H, -SO:R, -CH,COsH, -CH,COsR, -CH3805H, -CH,S03R, -CHoNH;, -CH,NHR

and -NOs,, and R and Re-Ry; are -H.

72.

73.

74.

H.

76.

The compound of claim 71, wherein R is -SO3H and R is -CHoNH;,
The compound of claim 71, wherein R7 is -SO3;H and Ry, is -CH,NHR,

The compound of claim 73. wherein R is

COLH

The compound of any one of claims 23, 32, 36, 45, 49, 58, 62 or 71, wherein Ro-R;, are

The compound of any one of claims 23, 32, 36, 43, 49, 58, 62 or 71, wherein Ry and R

are methyl,

6]



77.

51. The compound of claim 49, wherein R11 is selected from -SO3H and

-SO3R. 52. The compound of claim 49, wherein R> 1 is selected from

-CH2NH2 and -CH2NHR. 58 53. The compound of claim 49, wherein R1

is -SO3H. 54. The compound of claim 49, wherein R1 7 is -SO3R. 55.

The: compound aloldim:49, aherginRdiiiss CH2INhZeib®R , Thel ConMpOUND, and R,
of claim 49, wherein R1l is -CH2NHR. 57. The compound of any one of

and RsGladmed3i52, 54 or 56, wherein Ris CO2H O 58. The compound of

78.

claim 6, structure (1), wherein R11 is selected, from -H, -CO2I-I, - CO2R,

-SO3H, -SO3R, -CH2CO-,H. -CH7CO2R, -CHZSO3H, -CH2SO3R,

-CH2NHz, -CH2NHR and -NO2, and R3, Rg-R10 and R12 are -H. 59.

The: compouind Rt cldiny 58 anhereinfR1aifsSOBbrand Rin i iSrEHRNHR) and R, and
60. The compound of claim 58, wherein R7 is -SO3H and R11 is

R; are<BH2NHR. 61. The compound of claim 60, wherein R is 59 CO2H O 62.

79,

80.

81.

83.

84.

85.

The compound of claim 1, having structure (1), wherein R12 is selected
from -H, -CO2H, -CO7R, -SO3H, -SO3R, -CH7CO7H, -CH2CO2R.
-CH2SO03H, -CH2SO03R, -CH2NH2, -CH2NHR and -NO2, and R3 and
RoxRdoharensd .o 3laline7 8omipoeindRaficldim 62, wherein R12 is selected
from -SO3H, -SO3R, -CH2NH2, - CH2NHR, and -NO2.

The compound according to claim78, wherein R3, Rys and R are -H.

The compound of claim 80, wherein R; 15 -SO3H.

The compound of claim 80, wherein R; 1s -H.

The compound according to claim 80, wherein R4 is -CH;NH,.

The compound according to any one of claims 80-82, wherein Ry4 is -CH,NHR.

The compound of claim 84, wherein R is

CO,H



64. The compound of claim 62, wherein R12 is selected from -SO3F1 and
-SO3R. 65. The compound of claim 62, wherein R12 is selected from
-CH2NFI2 and -CI-I2NHR. 66. The compound of claim 62, wherein R12 is
-SO3H. 67. The compound of claim 62, wherein R12 is -SO3R. 68. The
86. CDRBROuelEin HhswhereidiRR),lsisGH2NH2. 69. The compound of
claim 62, wherein R12 is -CH2NHR. 60 70. The compound of any one of
claims 62-65, 67 or 69, wherein Ris C02H O 71. The compound of claim
6, having structure (Il), wherein Rig is selected from -H, -C02H, -CO2R,
87.  -IRAAVdmEUBRoFCHRE R HhetdZROQRRSGHZSO3H, -CH2SO3R,
-CHZNHZ2, -CH2NHR and -NO2, and R3 and Rg-R1 i are -H. 72. The
compound of claim 71, wherein R7 is -SO3H and Rig is -CH7NH2. 73.
The compound of claim 71, wherein R7 is -SO3H and R12 is -CH2NHR.
88. ThhdhemempdundahcRinvidiavhRigin Rlis CO2H O 75. The compound
of any one of claims 23, 32, 36, 45, 49, 58, 62 or 71, wherein Rg-R12 are
89. HhéGohheeadnpeuntnf @yanelof eladnmmmas, 32(I5NID,.49, 58, 62 or
71, wherein R4 and RS are methyl. 61 77. The compound according to
any one of claims 1-8, wherein R2 and R3 are -NO2 and R4

GY, The compound according to claim 80, wherein R, is ~-CHyNHR.

91.  The compound of claim 90, wherein R is
COH
O
92. The compound of claim 87, wherein R, 1s -H.
93, The compound according to claim 89, wherein Ry and Rs are methyl.
94.  The compound according to any one of claims [, 6 or 7, wherein the compound has

structure (IV).



95.

96.

97.

and R5 are methyl. 78. The compound according to any one of claims 1, 6
or 7, having structure (lll) and Ri and R3 are -H. 79. The compound of
claim 78, wherein R6 is -H. 80. The compound according to claim78,
wherein R13, Ri5 and R16 are -H. 81. The compound of claim 80,
wWiheredmPaisl-SQBH 82, WherednReundSos¢kaim 80, wherein R2 is -H.
83. The compound according to claim 80, wherein R14 is -CH2NH2. 84.
The compound. according to any one of claims 80-82, wherein R14 is
-CH2NHR. 85. The compound of claim 84, wherein R is CO2H O 62 86.
The compountooictiaimd, wherginiR1#4 i$1-H. 87. The compound of claim
80, wherein R]4 is -SO3H. 88. The compound of claim 80, wherein R14 is
-H. 89. The compound according to claim 80, wherein R2 is -CH2NH2.

90. The compound according to claim 80, wherein R2 is -CH2NHR. 91.
Tihe: compountlaatetding 30 clwheddinRedas G G24Hs CCIRNEHe compound of
claim 87, wherein R2 is -H. 93. The compound according to claim 89,
wherein R4 and R5 are methyl. 94. The compound according to any one
of claims 1, 6 or 7, wherein the compound has

64



98.

99.

100.

101.

H.

102.

structure (V). 63 95. The compound of claim 94, wherein R14 is -SO3H.
96. The compound of claim 94, wherein R14 is -H. 97. The compound
according to claim94, wherein Rio is -CH2NH2. 64 98. The compound
according to claim 94, wherein Rio is -CH2NHR. 99. The compound of
claisc8poheretrRdm@O2this d0vHhe cRIQUOTIACERdIng to claim
94, wherein R14 is -H. 101. The compound according to claim 94, wherein
R3, R6, R9, R11, R12, R13, R15 and R16 are - H. 102. The compound
according to claim 94, wherein R4 and R5 are methyl. 65 103. A

compountholdlainldhagingibeistrugiure: CIHO O CIN/ SO3H 104. A
compound of claim I having the structure: HO O NHZ HO3S N 105. A
compound of claim 1 having the str e: ~COH

The compound according to claim 94, wherein R4 is ~H.

The compound according to claim 94, wherein Ra Rs, Ro, Ry, Riz, Ris. Risand Ry are -

The compound according to claim 94, wherein R4 and Rs are methyl.
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HO O 1 NHR HO3S / 6a-,~ 106. A compound of claim 1 having the
structure: R6 HO O SO3H R N 66 wherein R6 and R7 are each
independently hydrogen, fluorine, chlorine or bromine. 107. A compound
of claim 1 having the structure: R6 HO O | R7 N/ SO3H wherein R6 and

103. ARbrafeeachfitdapansiently Mydiegaardiuorine, chlorine or bromine. 108.
A compound of claim 1 having the structure: R6 HO O ( R7 N/ SO3H
wherein R6 and R7 are each independently hydrogen, fluorine, chlorine or
bromine.

104. A compound of claim 1 having the structure:

HO O

HO5S N

105. A compound of claim 1 having the structure:

= NHR

HO3S N

106. A compound of claim 1 having the structure:
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67 109. A compound of claim 1 having the structure: R6 HO 0 ( R7 N/
HO3S wherein R6 and R7 are each independently hydrogen, fluorine,
chlorine or bromine. 110. A compound of claim 1 having the structure: HO
O N NHZ SO3H 111. A compound of claim | having the structure: HO O

Ny Rzt RO 3 RBatd 2adh coiBpaUNGHOf Biaira dehaviRgi e slideiers: k#bhiine.
/ O HO3S/N/NH2 113. A compound of claim 1 having the structure:

107. A compound of claim 1 having the structure:

wherein R¢ and Ry are each independently hydrogen, fluorine, chlorine or bromine.

108. A compound of claim 1 having the structure:

SOzH

wherein Rg and R7 are each independently hydrogen, fluorine, chlorine or bromine.
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HO "\ O I HO3S / N/ NHR 114. The compound of claim 82, wherein RN
is H. 69

109. A compound of claim 1 having the structure:

wherein Rg and R are each independently hydrogen, fluorine, chlorine or bromine.

110. A compound of claim 1 having the structure:

111. A compound of claim 1 having the structure:
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112, A compound of claim | having the structure:

113. A compound of claim 1 having the structure:

NHR

114. The compound of claim 82, wherein R;4 1s H.
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