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dyes, linkable forns of fluorescent dyes, energy
transfer dyes and reagents | abel.ed mnth escent
dyes, ahlmQreseentDye ] : gate @E@ﬁ@g
det ection of blologlcal analytes ut|I|Z|ng fl uor escent
| abel s is an inportant technol ogy in nodern nol ecul ar

[0001bi olThgypreByntet¢achivasi peperdly nelett forflycaeticerictlysse linkable forms of
| abel s, safety is enhanced and the environnent al
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disposAlist grehtex rBlifvedr OBearapkays mettlods atilizing audto mat-ealid@idfive fluorescent
sequenci ng nmethods. In the case of nmultiplex DNA probe

detectl% SAYiRde BY.cHPP |a9ﬁ6h{£ec§WA rsedbecingi Slibdiidiedhdbhgbridization methods,
uorescent | abel s, the nunbér of reaction tubes may
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fluorescent |abeling allows  for the anal ysis of . .

fluoreseght ilphels biss @sdqrntey ashigyP eindgprndepie datsgtion cﬂfeésPIHBahty of spatially
t hroughput over single-color nethods and reducing

overlappingrhalytrs, es. assgeitaieatultipldx DNAeprobaassays and 4-color automated DNA
el ectrophoretic nobility variations. [0004] Currently

sequerdiid nARISTUITA ithe @4sel e neltiles UDNAD bbe nasdeys.obpremploying spectrally
aut omat ed DNA sequenci ng applications require blue or

d1st1nﬂ1§h%bﬁr ARBreRSR! 1dbe@Ntht %Lﬁ‘ﬂf‘éﬂ Ué‘it @Lati6X Glb& may be reduced thereby

uorescence em ssi ons fromall of the dyes making up

simpli 8% ﬁx]i’ 65%?%4 %rog&r?irlse %rkg%l%?aq{r‘% na‘?uélg)dwls e q nccaiHhH Specific reagent

[ ften .
kits. Inyt?lte %gsse c?f 2 c%léreautgrhgt%gﬁmkas%quencmg, multicolor fluorescent labeling allows

for the analysis of multiple bases in a single lane thereby increasing throughput over single-color
methods and reducing uncertainties associated with inter-lane electrophoretic mobility
variations.

[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.



because of the high cost and limted lifetinme of such
| asers. WD 2006/ 034036 PCT/ US2005/ 033174 [0005] Thus,
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[0007] In some embodiments, the present teachings provide novel fluorescent dyes
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wherein [0009] R1-R3 and R6-R16 can each independently
be -H, hal ogen, fluorlﬂe chloring, bromne, aryl,
substituted aryl, hete 8aRyI R4009ﬁ - CO2R, - SCBH,
- SO3R, C%QCIEFiHoC}Qou R,
- CH2NH2, - CH2NHR, -\
al kyl, Cl1-C6 al kox
al koxyaryl, dubsti
substituted pheny
benzyl, substitutf
benzoyl bon ]roup, érein R can be Cl1-C6
al kyl . substit'dt ed Qlkyl Cl- C6 al koxy,
substituted Cl-06 al xy, C1-C6 al koxyar yky
substituted Cl1-C6 al koxyaryl, phenyl, s s?ituted
phenyl , bi phenyl, substltute%_blphenyl benzyl ,
substituted benzyl, benzoyl?

ubsti t ut ed Cl- Co6

5 C6 al koxy, Cl1-C6
Co% ofaxyl, phenyl,

iIN” sub%tituthed bi phenyl ,

substituted

(@)
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[0008]  wherein

[0009] R;-Rs and R¢-Ry6 can each independently be -H, halogen, fluorine, chlorine, bromine,
aryl, substituted aryl, heteroaryl, -CO,H, -CO;R, -SOsH, -SOs3R, -CH,CO,H, -CH,CO2R, -
CH,SOsH, -CH,SO3R, -CH,NH,, -CH,NHR, -NO,, C;-C alkyl, substituted C;-Cg alkyl, C;-Cs
alkoxy, substituted C;-Cs alkoxy, C;-Cs alkoxyaryl, substituted C;-Cs alkoxyaryl, phenyl,
substituted phenyl, biphenyl, substituted biphenyl, benzyl, substituted benzyl, benzoyl,
substituted benzoyl, bond or linking group, wherein R can be C;-Cs alkyl, substituted C;-Cs
alkyl, C;-Cs alkoxy, substituted C;-Cg alkoxy, C;i-Cs alkoxyaryl, substituted C;-Cs alkoxyaryl,
phenyl, substituted phenyl, biphenyl, substituted biphenyl, benzyl, substituted benzyl, benzoyl,
substituted benzoyl, bond or linking group; and

[0010] R4 and Rs taken separately can be C;-Cg alkyl, Ci-Cs substituted alkyl, R4 and Rs
taken together can be Cs;-C; cycloalkyl, C4-C; unsaturated cycloalkyl, Cs-C; substituted

cycloalkyl or C4-C7 substituted unsaturated cycloalkyl;



substituted benzoyl, bond or |inking group; and [0010]

R4 and R5 taken separately can be Cl-C6 al kyl, Cl1-C6
waewss40e6 ed al kyl, R4 and R5 taken together PENURm®O05/033174

C3-C7 cycl oal kyl, C4-C7 unsaturated cycl oal kyl, C3-C7

[001 ligg 3\21{5]:15% gngéic:pZt?llefgl? lﬂ?ﬂycl: o Q%Bﬁgﬁgig!%gﬁru&c%ue (D), then at least one of
PCT/ US2005/ 033174 [0011] with the proviso that if the
R1-Rs enRpisuied -1 o Mptiosaly, ehleass ppeief Br-&s and Refhepandie 15835t

one of R1-R3 or RB is not -H Optionally, at |east
[0012pne IofsoRie- Rbadunds, Rh6 p@serh eteaBidd. pf®GdL]fot rensigyetransfer dye
enbodi ments, the present teachings provide for energy

compduhd§ §d§rﬁ{>n§ﬂ§ a doRBPEVNES AP rattatted t8 sMREEPtoly&ye, wherein the donor
covalen |y attached to an acceptor dye, wherein the

dye 1s le gY eabéosrgﬁlgp €210 A0S QabiiBGth | S efittiAg fexk®dtion energy in

el engt h ting excitation energy In

responéﬁeﬁﬁix@ftagf?pﬂﬂr e R gfaf‘?ﬁg’%x goited by the

fluorescing at a second mavelength i n response.

donor gperandsipgescingats seeond Warrhnethipaeonss nseps eeihqdynenfs the donor
attached to the acceptor dye by a bond, a

dye canobe nocilerlyi attachéd fkdre aaceptor diie ibyct bdid 4 newencleotidic linker or a
(i.e.-a polynucl eotide, ribonucleic acid, and the

nucledtiidiceiinket (i@l pidotdiids Hitwnucltidecld, akeé theckice) s én weme @mbodiments,
facilitate efficient transfer of energy between the

the hrg(‘af‘ 95n d¥%&eap Cfa&lh?ate RETERN Hanbhée of |eﬁer%9nl§‘et\%9§9ﬂien&ﬁto§ dye and the

| east one of the donor and acceptor dyes is a ye

N M

and/ gr nucl eotides conprising the structure NUC-L D
PKSﬂTﬁﬁﬁﬂ?g%hereln NUC conpri ses a nucl eosi de, a
nucl eotide, a nodified nucleoside or a_ nodifie
[0013}uclegeing @mbpdgmm:},,tb@ greset deashings Provid &r lalpﬁjecbnucleomdes and/or
conprises a dye conpound of the present teachings. In
nuclesidaecanirodigthatsgyucthiddC and D can be coval ently |inked
by a linking noiety, L, wherein L can be attached to
D at one of R1-R3 and R6-RUG-L!m sone enbodi nents, if
[0014] wherein NUC comprises a nucleoside, a nucleotide, a modified nucleoside or a
modified nucleotide, L 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;-R3 and Re-Ri6. 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 S5-position of the pyrimidine.

[0015] In some embodiments, the present teachings provide for oligonucleotide analysis

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



NUC conpri ses a purine base, the |inking noiety can be
attached to the 8-position of the purine, if NUC

W@ vp/08®86 a 7- deazapuri ne base, the |inking nmpCBUS2005083174
be attached to the 7-position of the 7-deazapurine,

and if NUC caonprises a_pyrimdine baseg, the |.inkin :
a dye ofgiocoRE S AoTa: bR HEIAHNE HE BOIBL plgayclsptifefiasitients to a size-

pyrimdine. [0015] In sone enbodi ments, the present )
dependeutagsphration prosess e 4. o eleotrpphivnestd, dod i deteciing|the lapeled oligonucleotide

nmet hods conprising the steps of formng a set of
fragmehRBebedual igtheyepaaiomaotssagnent s | abeled with 4 WO

2006/ 034036 PCT/ US2005/ 033174 a dye of the structure

[0016]5 €t TARRE tbhd BRRY GeanftdhRFAdvadtabBeof MBPr&@Ent teachings will become better
ol i gonucl eotide fragnments to a size- dependent

. at i C q,., 3 esj .
undersGEA AL BRE RS TonGop o BEBEbA SRS Bl opRlited claims
sub ent to the separatian ocess. .[ 00 .These and
100175 nBEHSBows derab At e eRbPor e b Suahlsiy S0 Gfpounds of
w || becone better understood with reference to the
the pregest fegohtings enpuising the irugtiugyPes, and appended cl ai is.
[0017] FIG 1 shows a generalized synthetic pathway
[0018] or FIth@ shyws haesherabfeddsyathetimpathmas forf the shathesieekdste compounds of
t eachi ngs conprising the structure (I). [0018] FIG 2

the preSdhe WacHingeaRifsinedle sidthet(. pat hway for the
synt hesi s of dye conpounds o the present teachings

[001 9]; onpid. S ﬂlgg'% %%s?ﬁfa%’i%&"&ragdﬁt\lg %?atfh[“%% thEls{hthssi$ Qf-’(‘f% cg))r/nepounds of

eneralize etic or “the synthesis 0O
conpounds of the present t hi ngs conprising the
the pregelnf‘nFF@fUlﬂfl%s ‘(qnfriris.mg[tg‘ﬁﬁ cqﬁeé?ﬁﬁ shows a generali zed
syntheti ¢ pathway for the synthesis of dye.caq nds
[00205¢ Fithd Pous erentialierd gl Raiien ot theeYhFR by compounds of
(I'V). [0021] FIG 5 shows a possible synthetic pathway
thepreﬁwtdahlanswwmﬁl@fbﬁS@y@m@dllgbunds of the present
teachi ngs conprising the structure (1). [0022] FIG 6

[0021F hoRKG. @nshexe aploasiylesynthivgd pathway fwalye §yorthesiseofsiyncmmpownds of the
of a tertiary alcohol (e.g.-

presen%%éﬁ‘f@%@?ﬁ@%ﬁﬁ?ﬁ? gﬂr)]) of2 propanol ) internedi ate
[0022] FIG. 6 shows an exemplary synthetic pathway for the synthesis of a tertiary alcohol
(e.g.- 2-(4’-hydroxynathalen-2-yl)-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 synthetic schemes for the preparation of compounds of the
present teachings comprising the structure (II).

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

the present teachings.



conpounds of the present teachings. [0023] FIG 7

shows a possible synthetic schene for the preparation
wokoocospoeunds of the present teachings conpriBCTYS1008033174

structure (11). [0024] FIG 8 shows possible synthetic

schenes for the preparation co unds .of the ..

100265 a5 10 heshy BB TgSPAD K0 HEETH SeRrpative compounds of
[0025] FIG 9 shows absorption spectra of DDAO and

the presenicieadhingspr esent ati ve conpounds of the present
teachi ngs. 5 WD 2006/ 034036 PCT/ US2005/ 033174 [0026]

[0027F| GRelé&redeowsl] ewirsb¢ amadepcdetail of aDEvRAtiaa @nbedienaks of the present
representative conmpounds of the present teachings.

teachi{é?% 24Ampiet ef SMED ¢ hllusnawdhe thegoipadigh@idravifgs. While the present

ernative enbodi nents of the present teachings,
.ex es. 0 .Ggh. are . t ech | . | Wi
teachifETRICBe Uspittiot i eEmbitE SPACHA MCARIRT CRIRAMARY i will be
described in conjungtjon.with the alternatiyv .
underiesh B vy < Rt P Tilh BRSE A yhosF gmpgdiments. On
intended to Iimt the present teachings to those i )
the camendi the mresentGsachings asninteadsd te waver ol @lernativeshmpgifications, and
are intended to cover all alternatives, nodifications,
equivaladts, veltjch wa datissludediveithimghe ibeeritionlas definad hynthe appraded claims.
i nvention as defined by the appended clains. [0028]
[0024]n tiki hisapiplics@dd, Ahe ubd®f UBE sBigutah @ndudguihar plivat huilies specifically
the plural unless specifically stated otherwi se. In

statedL&imeQNfH%pl incﬁlgé. lichth, Y88 usd of 08¢ HEMBS'and@B @less stated otherwise.

nl'ess state erw se. Furthernore, the use of the

term"conprising,” as _well as " g
Fuc b 5B R By Pl B0 8 s
. inclusive, in that the term "conprising”, |eaves gpen
comprig,” Wil e considerest MGIRIYRY; ‘ﬁ‘gﬁ’é&& £ i TG CQWH@HESHWGS open the

[0029] It will be understood that the chem cal

possitglityudtinaleding hdditienad elgmentst o defi ne conpounds of the

present teachings are each representati ons of one of
[0029]he Tp@dH ibelumdestood dint ehe thiansitalr stsictuinest thatesre isggl toetefine compounds

structure can be represented by. Further, it will be
of the48RN61a8ndsNat ehth @pfekdtititiods 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 components of energy 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



resonance structures are nerely a graphica
representation used by those of skill in the art to

WO eoe3®Bé ' el ectron del ocalization, and that PEEUS2005/033174
present teachings are not limted in any way by
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nprise fluorescent dye conpounds useful as
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dyes, in conjugates of nucleosides, nucleotides and
[003pbl vy i csomnd | aetsodirnentspe theo gaeseni |teachings s proividty agvelnfluorescent  dyes
reagents in the area of analytical biotechnology. The
comp@@mgngﬂﬁ;mé sélbae(ﬂ)ﬁﬁﬁﬁ)nt teachings may find particul ar
application in the area of fluorescent nucleic acid
anal ysis, e.g., automatgd DNA seq&gncing and 6 WO
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products, and the [i
the present teachi.AGSNEAOVINS or escent dyes
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and



R11 (I1l1), R6 RS RA RB HOO RI3 NR2 Rl R14 R16 R15

(1) and 7 WO 2006/ 034036 PCT/ US2005/ 033174 R6 R5
W0R2000034865 O R13 RO N R14 R16 R12 \ R10 R15 RIWU$1005/033174

[0032] wherein [0033] R1-R3 and R6-R16 can each

I ndependently be -H, QQIogen fI@grlne chl ori ne,

brom ne, aryl, substltutﬁsd ok 41 ,|"heteroaryl, -CO2H,

- CO2R, - SG8H, -@@BR, CO2®, - CHZSGSH,

- CH2SBR, - CH2NH2, ¥C6 al kyl ,

substituted C1-C6 a substituted
Cl- C6 al koxyR13€ gRyar Red Cl-C6
al koxyaryl, phen‘ ubstlwuted |, bi phenyl
substi t ut ed bi phe benzyl sub | ed benzyl,

benzoyl, s S t tted be
wherein R can“be C1}C6 a
al kyl, C1-C6 al koxyr,s substi t ut ed CquS al ko%w) Cl- Co6
al koxyaryl substituted Cl-C6 al koxyaryl,

[0032] wherein

[0033] R;-Rj;and Re-Rj6 can each independently be -H, halogen, fluorine, chlorine, bromine,
aryl, substituted aryl, heteroaryl, -CO,H, -COsR, -SO3H, -SO3;R, -CH,CO.H, -CH,COZR, -
CH,SOsH, -CH,SO3R, -CH,NH,, -CH,NHR, -NO,, C;-C¢ alkyl, substituted C;-Cg alkyl, C;-Cs
alkoxy, substituted C;-C¢ alkoxy, C;-Cs alkoxyaryl, substituted C;-Cs alkoxyaryl, phenyl,
substituted phenyl, biphenyl, substituted biphenyl, benzyl, substituted benzyl, benzoyl,
substituted bennzoyl, bond or linking group, wherein R can be C;-C¢ alkyl, substituted C;-Cs
alkyl, C;-Cs alkoxy, substituted C,-Cs alkoxy, C;-Cs alkoxyaryl, substituted C;-Cs alkoxyaryl,
phenyl, substituted phenyl, biphenyl, substituted biphenyl, benzyl, substituted benzyl, benzoyl,
substituted bennzoyl, bond or linking group; and

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

[0035] with the proviso that if the compound comprises the structure (I), then at least one of
Ri-R3 or Rg is not -H. Optionally, at least one of R;-R3 and R¢-Rj6 can be -SOsH. 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:



phenyl , substituted phenyl, biphenyl, substituted
bi phenyl, benzyl, substituted benzyl, benzoyl,

W@ adps34086 ed benzoyl, bond or |inking group; apdI/pSD8s§33174
R4 and R5 taken separately can be Cl1-C6 al kyl, Cl1-C6
substituted alkyl, RA@nd R5 taken together can be
C3-C7 cycl oal kyl, C4- hat ad cycl oal kyl, C3-Cr
substituted cygboal ky 4 CV S bst @uted
unsat urated cycl oa
if the conpound co
| east one of RIl-RB3a LS £ Qtional ly, at
| east one of RIRRB and RB Rﬂ% canlbe -BH. It will be
understood that any o the conmpouds descy. i bed herein
can i nclude the phenol oxygen depﬁotonaté& form as
wel | as all possible resonance structures. [0036] In

[00374 orrdn enm@dsmmﬂlla;@n‘rdyéyec sopwonads of thépresertsieaghings can comprise the
teachi ngs can conprise the structure: 8 WO
structid@06/ 034036 PCT/ US2005/ 033174 R6 #R5 R4 R3 HO/ O ~
R7T NR2Z Ra RL (I). [0037] In sone enbodi nents, dye
conmpounds of the prdge tegphlﬁgs can conprise the
structure: R6 R5 R4 R3 TR 'R R7 N Re

re (1), then at

R14 (Im).
[0038] In some embodiments, dye compounds of the present teachings can comprise the

structure:

11m).
[0039] In some embodiments, dye compounds of the present teachings can comprise the

structure:



R12 R1I0 R11 (I1). [0038] In sone enbodi nents, dye
conpounds of the present teachings can conprise the
wGeRios4Be: R6 RS R4 R3 HO ~ ~ O R13 / N/ R2PCT/URDO05/033174
R14 / R16 R15 (I11). [0039] In sonme enbodi nents, dye
conpounds of the prgsent teachiggs can conprise the
structure: 9 WD 20067 0B4036RPCT| US2005/ 033174 R6 R5

R4 R3 HO O 8_R12ZAR10 R15 R11
(1V). [0040] 6 and R7 can each
i ndependent |y be chlorine or
brom ne. IFzsong I RENLS, Rean be
fluorine. In spne erbodi rrE'nts, d R7 can be

chlorine. In spne dd R7 can be
brom ne. [D0A4 '
R7 can be -,

Ris R14 (IV).

[0040] In some embodiments, R¢ and Ry can each independently be halo gen, fluorine,
chlorine or bromine. In some embodiments, R¢ and Ry can be fluorine. In some embodiments,
Rg and Ry can be chlorine. In some embodiments, Rg and R; can be bromine.

[0041] In some embodiments, R¢ can be -H and R7 can be -H, -CO,H, -CO:R, -SO3H, -
SO3R, -CH,CO,H, -CH,CO,R, -CH,SO3H, -CH,SO3R, -CHNH,, and -CH,NHR where R is
defined as above. In some embodiments, X; can be -H and X, can be -H, -SOsH, -SOsR, -
CH,CO,H, -CH,CO,R, -CH,NH,, and -CH,INHR where R is define as above.

[0042] In some embodiments, dye compounds of the present teachings comprise the
structure (I), wherein R;-Rs and Rg can each independently be —H, -CO,H, -COzR, -SO3H, -
SO;3R, -CH,CO,H, -CH,CO,R, -CH,SOsH, -CH,SOsR, -CH,NH,, -CH,NHR or =NO», wherein
R is defined as above, with the proviso that if the compound comprises the structure (I), then at
least one of R;-R3 or Rg is not -H. In some embodiments, R;-R; and Rg can each independently
be -SO3H, -SOsR, -CH,NH,, -CH,NHR ox -NO,, wherein R is defined as above. In some
embodiments, R;-R; and Rg can each independently be -SOsH or -SO3R, wherein R is defined as
above. In some embodiments, R;-R3 and Rg can each independently be -CH,NH, or -CH,NHR,
wherein R is defined as above.

[0043] In some embodiments, dye compounds of the present teachings comprise the
structure (I), wherein R¢ and R; can each independently be halogen, fluorine, chlorine or
bromine and R;-R; and Rg can each independently be —H, -CO.H, -CO2R, -SO3H, -SO3R, -

CH,CO,H, -CH,CO;R, -CH,SO3H, -CH,SOsR, -CH,NH,, -CH,NHR, -NO,, C;-C¢ alkyl,

10



SABR, -CH2CZH, -CH2CO2R, -CH2SMEH, -CH2SMBR, - CH2NHZ,

and -CH2Nff R where Ris defined as above. In sone
wenwods4vent s, X1 can be -H and X2 can be -H, -BOBHS2005/033174

-SABR, - CH2COZ2H, -CH2CO2R, -CH2NH2, and CH2NHR wher e

. R, efin . 042] .1 0 d .
substlm‘@gr@ gh a]lésygfcal glgpyé%es Stﬁ@%g f#lﬁé% %83%1” af ﬂg Xyaryle substituted
structure (1), wherein R1-R3 and R8 can eac
C1-Cs alkayeaseln ghenyl.ysubgituted phesopy biphenyhrubstisptad biphegydpbenzyl, substituted
-CH2CX2H, -CH2CX2R, - CH2SMBH, -CH2SOBR, - CH2NHZ, _
benzyl, bﬁﬂﬁy\llﬂﬁubstimte{]zmmyiebm&m IRking gefip, weberwin Riiedefingd asabove, with
the proviso that if the conpound conprises the

the provedo’ thet il Edmpouini @Bmpkised B8 struciies @f, tRén BBkt & bFR-R; or Ry is
not -H |In sone enbo nents R1- R3 and R8 can each

not -H. iIﬁ%g‘ﬂﬂ@% Al 11516:1')}%J a.g 7 ne mnd oé/éﬁg%gy begé%giéﬁ Rhorine, chlorine

erein as ab I n” sone

or bromlrgégal Igelg aél&%gl camg%ﬂ%ﬁé%q%g&&yiﬁg Egdoa g%g ”&h%II\IPl%‘, -CH,NHR or

ome enbodi.ments, R1-R3 and an ea end nt[
NO,, whereieRpRKiD B BSEIPRERID SHRE Pg.%ﬁglﬂlqngs gé;f W@ﬁp .and R1-Rs
[0043] In some enbodi nents, dye conpounds of the ) )
and Rs ganeesshtindepandrintly decShpHi ¥O1R eCHstc tGHeNHR or wNEpefherein R is
R6 and R7 can each independently be hal ogen, fluorine,
defined @blabovdre I somd embbdeneang RRland3R aad RBoriaa apddh-R; and Rg can each
i ndependently be -H, -CO2H, -CXR2R, -SO8H, -SABR, -

indepenftid SO %Q,-CPQQ%Q@H PR, wHEEMNIR is defined as above.
Hmaepe crg%i 5 e R AR TN SO e

In some %ﬂ(g&?&gg‘ééﬁg’i&g ?{é ﬁ%?f"é%ﬁl g éle%-‘C%g{ J[ O%Eglgﬁflependently be -
SOzH, sﬁgﬁ dﬁ‘ﬁb\ﬁgheq%ql\ﬁ?% yar%aélﬁe%ﬁgﬁi}?ea%gsﬁ é’/ﬁt' ut ed

substituted benzyl benzoyl, substituted benzoyl
[0044] po ey sene | qupheid ﬁgergwim cappRUBH Oﬁthf‘sptfé?erlhé%ﬂ%glgatf@vecompﬂse the
with the proviso that if the conpound conprises the
structurs (uehereim R4 9an tehdharat Rf easbe dihe-SOBHRESQ3RorCIRACOF], -CH,CO2R, -
not -H 1In sonme enbodi nents, R6 and R7 can each
CHZNH}‘)_,'?!)@I SOERNER, Wielth Rad @gRd af hbeve, il R R QmidR cadreach independently
brom ne and R1-R3 and R8 can each independently be

be -SO; O@UgR' SRR, CARRIR - SHBMIR WhereinNR2is Wil &5 Bdv'. In some

gfi néd’ as aboVe. I'n sone enbddi nents, R6 and R7 are
embodlmeﬁlc(s),r R? carir’lgg -ﬁlanﬁsm can be -H, -SO5H or -SO3R, and R;-R3 and Rg can each

independently be -CH,NH, or -CH,NHR, wherein R is defined as above.
[0045] In some embodiments, a dye compound of the present teachings can comprise the

structure

Cl

HO @)
O P ‘
Cl N SO3H.

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

structure
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and R8 can each independently be -SO3H, -SO3R,

-CH2NH2, -CH2NHR or -NO2, wherein Ris defined as
w@abwém340Bh some enbodi nents, R6 and R7 are chlpei/nso0asoB3174

R1- R3 and R8 can each |ndependently be - SABH, - SABR,

- CH2NH2, - CH2NHR or - NO2 erein Ris defined as

above. In so enbod|ne g, R6 and Q] are bromnm ne and

R1-R3 and R8 -*u-' yAe - SABH, -SABR,

- CH2NH2, - CH2NHR o©
above. [0044] In ounds of
the present Heashi np structure (1),

wherein R6 can be -H and R7 can be -H -SO3H, -SO3R,

[0047] decrzﬁcér&e glbgggr\l/eg s eR(iorln_%p cf{flr\%lg?gn at ¢ t%ﬂﬁ[n%is R cjo‘?nprise the

i ndependently be -SCBH -SABR, -CH2NH2, - CH2NHR, or
structure NOp, wherein R is defined as above. In some
enbodi nents, R6 can be -H and R7 can be -H, -SG3H or
-SO3R, and R1- R3 and R8 ®sap’ each independently be
- CH2NH2 or - CHIEN N \ eiithed as above.
[0045] In sonme eni onpound of the
present teachings gﬁyre Cl HOO
G N SCBH. [QQ46 p f ye conpound
of the presen 3teachlngs can conprlse the ‘'structure
1 WD 2006/ 034036 PCT/U82005/033174 Ho o N H2 . N
[0048] [ oémc_pmp smbefiEncih &drarebr SIbsHRADLEAY0 IR See e odiments, R can
present teachings can conprise the structure
be linking group. In some embodiments, R can be trifluoroacetyl. In some embodiments, R can

comprise the structure

CO.H

O

[0049] Insome embodiments, R can comprise the structure

CO,X

)

[0050] X can be succinimide.

[0051] Insome embodiments, R can be

CO,H



HO O NHR HO3S N [0048] In sone enbodi nents, R can be

substituted benzoyl. In sone enbodi nents, R can be
WO 2ovkios93@r oup. I n some enbodi ments, R can be PCT/US2005/033174
trifluoroacetyl. In sone enbodi nents, R can conprise

[OOSQE] gﬁﬂg ltsrglglg Ee%rg)%gg}%% %%é %@fl%rll [bé %gfgl?ﬁ;qg g{)]nrgg ggn%bdljrqne%?s[] at least one
succi nimde. [0051] In sone enbodi nents, R can be CO2H
of Ry @ndRgeanbe S Rcod/Ro3ad Fs cache wefiods/ 033174 [0052] in

sonme enbodi nents, R4 and R5 can be nethyl. In sone
[005 b ddi sorret anbatimertas tlyo nempaindRdfahe pRSesateatiengNGh comprise the
and R4 and R5 can be nethyl. [0053] In sone

struct@@NPH| RBRtsn KLY 8nd RYRAUNEkSh GhddpReddntie sk halogas ligke, chlorine or
can conprise the structure (I1l'), wherein R6 and R7

:canpe L N of y | al_ .- [tne, | N .

o §E"RCBET oL RER ISR R0l S058, ChisOIRe.QRROR nerso
; - T H - SCBR,  + CH2NH?

CHSOR RG> <R ST G ALty <D SPHS fthe presen
the present teachings_can conprise the structure

teachipgy gan oppwprise Hherirugiier (). ehsreanRpanhle B@h%?éhtnll pgdently be halogen,
hal ogen, fluorine, chlorine or brom ne and any of R3,

fluoriiRg chlvdinRPr Rr@mirenarsieanyCeP R, RCAXRR-R3eRE be -SQAR, -COR, -SOsH, -
-CH2C2H, -CH2C2R, - CH2SOBH, -CH2SOBR, - CH2NH2,

SO:R; GERMEBLH,- NCOB,CQR, CEHAOH, ,-C3UPOLR t uCHINK], - CHANHKB) :NO,, Ci-Cs

Cl- C6 al koxy, substituted Cl-C6 al koxy, Cl-C6
alkyl, AUbOXMRAY 01-C alkyl, C;-Cs alkoxy, substituted C;-Cs alkoxy, C;-Cs alkoxyaryl,
substituted C;-C¢ alkoxyaryl, phenyl, substituted phenyl, biphenyl, substituted biphenyl, benzyl,
substituted benzyl, benzoyl, substituted benzoyl, 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 Rg and R; can each independently be halogen, fluorine, chlorine or
bromine, Ry can be -CO.H, -CO;R, -SO3H, -SOsR, -CH,CO;H, -CH,CO,R, -CH,SO3H, -
CH,SO;R, -CH,NH,, -CH,NHR or -NO,, and Rjp-R;; can be -H, wherein R is defined as above.
In some embodiments, dye compounds of the present teachings can comprise the structure (II),
wherein R¢ and R7 can each independently be halogen, fluorine, chlorine or bromine, Rjo can be
-CO,H, -CO3R, -SOsH, -SOsR, -CH,CO,H, -CH,COzR, -CH,SOsH, -CH,SO3R, -CHoNH, -
CH,NHR or -NO,, and Ry and R;;-R; can be -H, wherein R is defined as above. In some
embodiments, dye compounds of the present teachings can comprise the structure (II), wherein
R¢ and R; can each independently be halogen, fluorine, chlorine or bromine, R can be -CO,H,
-CO3R, -SOsH, -SOs3R, -CH,CO,H, -CH,CO,R, -CH,SOsH, -CH,SO3R, -CH;NH,, -CH,NHR or

-NO,, and Rg-R;p and R can be -H, wherein R is defined as above. In some embodiments, dye

13



substituted Cl1-C6 al koxyaryl, phenyl, substituted
phenyl , bi phenyl, substituted bi phenyl, benzyl,
WG wsis408¢ ed benzyl, benzoyl, substituted benzpgl/pSivosioBb3174
or linking group, wherein R is defined as above
[0054] In sonme enbodi nents, . dye conp qﬁg %1 4R h
compobra%gﬁ%e PSR rq?g%m&%lﬁanc?ﬂmisgéh% ki eéelfl 6)an 7 can eac
wherein R6 and R7 can each |ndependently be hal ogen
indepedendy ibechalagehoflpriney chlasing ir oM, Rancaiebe ¢l -COR, -SOsH, -
-C2R, -SMH, -SMR, -CH2CXZH, -CHCXRZR, -CH2SMBH, -
SOsR, CERSTBR], -CEHENHR, ~-CEHAMHR -6iH,SCKR, -CAhiHz]1 6CIRIHB a0 -H¥),, and Ro-
-H, wherein Ris defined as above. In sone

Ry carfhDdiviRALIS R idWefie@idmabads of the present teachings
can conprise the structure (I11), wherein R6 and R7

[OOSSEran ¥ g"ﬁnﬂ% gﬂl%g%gﬂl%g%tdg)é J&WS‘P the&!)ﬂé%n't Q@achﬁ%k Qbh MBmprise the
e R PRy T B DY oo

R is defined as above. In sone . enbodi ne

CHNHp 95 oGRaN R wheseir R de definedhah pbrys, Rarrap gi?p'lqg?iit'ﬁ:QZR’ -SO3H, -
structure (I11), wherein R6 and R7 can each

SO3R, i @He@@ﬁdl,aﬁszJChB HaHo%fest], -OH180s e CHahhy @R or -NO, and Ryo-
bromne, Rl | can be -CO2H, -CQ2R, -SG8H, -SO3R,

Ry, can GERBORMereiCRPIS@2Rned @GR, Inr @im%dinﬁhﬂj\lﬁﬁe compounds of the
- CH2NHR or -BKE, and R9-R10 and R12 can be -H,

m%&ﬁh leNgd 589 SROQAIIBRI R, can be -H, -
presenyy % B 5 /034036 PCT/ @2005/ WS conpounds of

ot -SSR HCTEER SERFOTRE) 85, S L e,
o b R Q48 AN SLE St EBli, cson.-

- CH2SOB8R, - CHZNHZ2, CH2NHR or - and RO- R 1 can
CHNFit-CaE: o7 -Nhw iRy Aol Ras Retso0ds ‘Houbsiein R is gakined ¥ above. Tn

enbodi nents, dye conpounds of the present teachings
some @abodi0ens,i &3& tdrepowsitls wf tthir presént)teachings eian debipeiae thee strugture (ID),
and R7 can be -H, -S8H, -SMBR, -CH2CO2H, - CH2C2R, -
whereiHNER be OH an@H2NER, bePE I-8O§H R SIOs RJaf T, 1 SCHBOVSR,, RILNH,, or -

can be -CO2H, -CO2R, -SMBH, - SR, -CH2CO2H,
CHZNHQ'%@%& R GE2RMBE aCaBRBMR, ;- G2hRe o, BHNHR O SONER2 -SOR, -
and -
CH2C02H, -CHzCOzR, -CH2303H, -CstO3R, -CHzNHz, -CHzNHR or -NOz, and R9-R10 and
Ry, can be -H, wherein R is defined as above. In some embodiments, dye compounds of the
present teachings can comprise the structure (II), wherein R can be -H and Ry can be -H, -
SOsH, -SOsR, -CH,CO,H, -CH,CO,R, -CH,NH,, or -CH,NHR, wherein R is defined as above,
R12 can be -COzH, —COzR, -SO3H, -SO3R, -CH2C02H, -CH2C02R, -CH2803H, -CHzSOgR, -
CH,NH,, -CH,NHR or -NO, and Ro-Rj; can be -H, wherein R is defined as above.
[0056] In some embodiments, any of Rg-R;; can be -SO;H, -SOsR, -CH,NH,, -CH,NHR, or

-NO,, wherein R is defined as above. In some embodiments, any of Rg-R;, can be -SO3H or -
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R12 can be -H, wherein R is defined as above. In sone
enbodi nents, dye conpounds of the present teachings

wWOoamenonBsi se the structure (11), wherein R6 CRATWS2005/033174
and R7 can be -H, - SO3H, -SMBR, -CH2CO2H, -CH2CX2R,

SOIRGYEEEH b SeEBBRES SRR 1SS bR AEHBORRI 12 i be -CHNH, or
CH2C2R, -CH2SCBH, -CH2S8R, - CH2NH2, - CH2NHR or
'CHQNJCIE; WARGIRS indriinRd as fivecan be -H, wherein Ris
defined as above. In sonme enbodi nents, dye conpounds
[005F] t He spmesanbodimantki ;mgse campoompol de pxbmnsttasaunmgg €an comprise the
(I'1), wherein R6 can be -H and R7 can be -H, -SC3H,
struct@eBR, - CH2C2H, - CH2CO2R, - CH2NH2, or - CH2NHR,
wherein Ris defined as above, Rl1l can be - CO2H,
-CO2R, -SMBH, -SSR, Ry CH2C2H, -CH2CZR, - CH2SCBH,
- CH2SO3R, CH2NH2 NHR of - NO2, and R9- R10 and
R12 can be -H, P > ' 4/;oabove. In sone
enbodi nents, dye coO pf esent teachi ngs

can conprise the st R6 can be -H
and R7 can be - J0sHCH2 CO2R,

-CH2NH2, or - 'NHR wherel ed as above,
R12 can be -CO2H, -CO2R, - SGC3H, - CH2CO2H,
-CH2CO2R, -CH2SM3H, -CH2SXBR, - RN, - CH2NHR or

-NO2 and R9-R11 can be -H, wherein Ris defined as
[00533} ov ewhe[rélg %]anﬂ R4 %Qﬁ"@e E{g%@géﬂmﬂhﬁne, Qﬂ%rﬁg oﬁgro\ﬁ}ﬁe can

erein R

[005@ gg& s%ﬁi% %ﬁ’b 2‘%@8 el Hyg ?W%%gﬁiﬁﬁg‘? tééc}%ngs can comprise the

stra PCT/ U82005/ 033174 SOBR wWwieremR is defined as above.
e some enbodi ments, any of R9-Rl12 can be -CH2NH2 or

-CH2NHR, wherein R is,defined as above. [0057] In sone
enbodi ments, a dye cfﬁﬁpo d gf the present teachings

O O $(BH

SO3H,
[0060]  wherein Rg and R; can be hydrogen, fluorine, chlorine or bromine.
[0061] In some embodiments, a dye compound of the present teachings can comprise the

structure

SOzH,

[0062]  wherein R¢ and Ry can be hydrogen, fluorine, chlorine or bromine.
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R7 N [0058] wherein R6 and R7 can be hydrogen,

fluorine, chlorine or bromne. [0059] In sone
werdvend4ment s, a dye conpound of the present teRChURYS5/033174

can conprise the structure R6 HO O | R7 N SO3H,

. . J.0060] wherein R6 and R7 can be hydrogen, fluotine, .
[0063£hl By ]ﬁ%e §mbpigiante 2 fﬂwpwgs%ﬁ/rgﬂeeﬁ%w &E?f?@gsacaafé’mpﬂse the
compound of the present teachings can conprise the
structugg ructure R5 HO O R7 N SCG3H [0062] wherein R6 and
R7 can be hydrogen, fluorine, chlorine or bromne. 15
WD 2006/ 034036 PCT/ US2865/ Q33174 [0063]' In sone
enbodi nents, a d}YIS conpound t he present t eachi ngs
can conprise the"™"s{rutRy e 7~ N HO3S

HO3S

[0064]  wherein R and R; can be hydrogen, fluorine, chlorine or bromine.

[0065] In some embodiments, a dye compound of the present teachings can comprise the

structure
HO O
/ ‘
N
NH, O
SOzH.
[0066] In some embodiments, a dye compound of the present teachings can comprise the

structure

HO

NHR

o)
/ ‘
N Q
SO3H,

[0067] wherein R is defined as above.

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

structure



[ 0064] wherein R6 and R7 can be hydrogen, fluorine,

chlorine or bromne. [0065] In sone enbodi nents, a dye
W@ oivposHde of the present teachi ngs can conpri SECT/H82005/033174

structure HOO N NH2 SG3H. [0066] In sone

enbodi nents, a dye conpound of the present teachings

can conprise the NHR SCBH,

[0067] wher el'A~R i [0068] In sone

enbodi nents, a dj P present t eachi ngs

can conprise the

PCT/ US2005/4Q33% 74 N

enbodi nents, "a dye conpound of

can conprise the structure HO

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

structure

HO (0]

HO3S N
NHR

[0070]  wherein R is defined as above.
[0071] 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 can

comprise the structure

CO,H

O

[0072] In some embodiments, R can comprise the structure

CO.X

O

[0073] X can be succinimide.

[0074] Insome embodiments, R can be
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NHR [0070] wherein R is defined as above. [0071] In

sone enbodi nents, R can be substituted benzoyl. In
W@ eooe/0a4BeOdi nents, R can be |inking group. | nPGDIE2005/033174
enbodi ments, R can be trifluoroacetyl. In sone

enbodi nents, R can conprise th
[0072] In sone enbodi nen R\ €
structure CO2X [0073]
sonme enbodi nents, R canAX
PCT/ US2005/ 033174 ? 03 [0075] In sone

enbodi nents, conpounds of tlhe present teachings

conpri se t he structur% (IMp. In sone enbodinents, R1
and R3 can be -H In sonme enbodi nents, R6 can be -

[0075] So%ssg% e%g{lg&sn %%ng)gﬁn@e&l angsPRl#iteé%Hggse comprlse the structure
enbodi mrents, R2 can be -H In sone enbodi nents, Rl4
(ID). T spméembopipnmss, Rirand diecanehthddi e some gmbodimenie Re can be -H. In
-CH2NHR. I n sone enbodi nents, R can be CO2H O [0076]
some ethbodimprts ERDO R @l Ry dAndentl oIrpsdme enffedementst Ry ean be -SOsH. In
C02X [0077] X can be succinimde. [0078] In sone

some e@BOAHARNRScalk BeADHDPEIN some embodiments, R4 can be -CH;NH,. In some

ecétﬁucture cCO2H
8onpr|se t he

he su00|n|n1de [0074] In
WD 2006/ 034036

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

COoH

O

[0076] In some embodiments, R can comprise the structure

COLX

O

[0077] X can be succinimide.

[0078] Insome embodiments, R can be

COLH

o) SO
83

[0079] Insome embodiments, R can be linking group. In some embodiments, R4 can be -H.

In some embodiments, Ry4 can be -SOsH. In some emxbodiments, Rj4 can be -H. In some
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CO2H O S03 [0079] In sonme enbodi ments, R can be

linking group. In sonme enbodi nents, R14 can be -H In
wa oive/0atbeodi nents, R14 can be -SCBH. I n sone PCT/US2005/033174
enbodi nents, R14 can be -H In sonme 18 WD 2006/ 034036

embodlrgqucj:ﬁ-rzé5 52005 03& IﬁHm%gq%lngggrtn %qu%a be %‘EHZ %Nl-hg In some

enbodi ments, R can be CO2H O [0080] In sone
embodinertiodi eparites, R can conprise the structure C02X 0O

[0081] X can be succi ni m de. [0082] In sone

enbodi nents, R can be CO2k 2["b083] In sone

enbodi ments, R can be Ii group. In sone

enbodi nents, R2 can be - sonme enbodi nents, R4

and R5 can be net hyl & I n sone enbodi nents,

conpounds of the preslent teachings conprise the

structure (I1V). In spnme enbodi ments, R10 can be

-SGBH. In some enbodi rents, R10 can be -H In sone

tdddrs0me enbodi nents,
[0080] ITglocan %‘h dgﬁ%ﬁﬁg@ea@&s%ﬁgg%%odi ments, R can be
Co02H O COoX

[0081] X can be succinimide.

[0082] Insome embodiments, R can be

CO,H

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

[0084] In some embodiments, compounds of the present teachings comprise the structure
(IV). In some embodiments, Rjo can be -SOsH. In some embodiments, Rjo can be -H. In some
embodiments, Rjs can be -CH,NH,. In some embodiments, R14 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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[0085] In sonme enbodi nents, R can conprise the
structure 19 WO 2006/ 034036 PCT/ US2005/033174 C02X
WO 2Q06/0B0886] X can be succinimde. [0087] |In sPOEUS2005/033174
enbodi nents, R can be CO2H O S03 [0088] In sone
enbodi ments, R is linking groupeeply sonme enbodi nents,
R14 can be -H In sone enbsgifients, R3, R6, R9, RI1,
R12, R13, R15 and R16 Cg -H In sone enbodi nents,
R14 canbe -SO3H. 4{.n soRe odi nents, R14 can be -H.
I n sone enbodi nents,” n be - CH2NH2. In sone
enbodi nents, R10 canlibe -CH2NHR. I n sone enbodi nents,
R can be C02H O [0089] In sonme enbodi ments, R can
conprise the structure C02X [0090] X can be
[0086] suXcambendudeinith@®91] I n sone enbodi nents, R can be 20
WD 2006/ 034036 PCT/ US2005/ 033174 CX2H O S O
[0087] [ QR9&he kmbsditenesyRahbent s, R can be |inking group. In
sonme enbodi nents, R14 can be -H.
CO,H

o) SO
&2

[0088] In some embodiments, R is linking group. In some embodiments, Ri4 can be -H. In
some embodiments, R3, Rg, Ro, Ry1, Riz, Riz, Risand Rie can be -H. In some ¢mbodiments, Ris
can be -SO;H. In some embodiments, R4 can be -H. In some embodiments, Rjy can be -

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

CO,H

o

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

COLX

@]

[0090] X can be succinimide.

[0091] Insome embodiments, R can be
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In sone enbodi nents, R3, R6, R9, Rl1l, R12, R13, R15
and R16 can be -H |In sonme enbodiments, R4 and R5 can
wheongosdogé . [ 0093] As used herein "substitut edPCTEF®05033174
to a nol ecul e wherein one or nore hydrogen atons are
repl aced with one or nore non-e%qqogen at ons,
functional groups or npi eg”  For exanpl e,
unsubstituted amne is whil e a substituted am ne
can be -NHCH3. Exenpl g /,‘bstituents i nclude but are
i uori ne, chlorine, brom ne,
Cl-C6 al kyl, Ci- Gelicycl dal kyl, C1-C6 branched al kyl,
Cl- C6 al kene, Cl1-C6C0cycliSGzal kene, Cl-C6 branched
al kene, Cl-C6 al kyne, Cl1-C6 branched al kyne, sulfate,

sul fonate, . sul fone, am.np, ammonium am do,. nitrjle,

[0092] & sesBe AP ROMHEnTsh B AR DS IShREEIOt db SR Dy S be -H.
phenyl, polycyclic aromatic, electron-rich )

In some erhkadimonty.cRe Re.afd Rii,rkiznBigRownd Rigoaube Ad. 8 sempepdiodiments,
"linking group” refers to a noiety capable of reacting

R, and Rs vdntBe Methylconpl enentary functionality" attached to a
reagent or nenber of an energy transfer dye pair,

[0093] SChkeliaRedih ORubPFIFEMD réfers| tb i afifcculkOWRGeln B8 bhendhy dydrogen
to the reagent or nenber of the energy transfer dye

. Lt ab] Lo el _ =
o ae Plcpt 0 LS, Hb AN RL0UEE A, HAELAL gt Bmottis. For
4,6-dichlorotriazjnyl ,.succinjmdyl ester, o er
example, Kb e RIORE St S B o e ARE SRR any TS Exemplary

) functionality is amne. Suitable |inking groups

substituents ieqludeebus @re etdimigad 1oj halagsa, Heorinea Flprng dromueoGebs pikyl, Ci-
i odoacetyl, hal oacetam de or iodoacetanm de whenever

Cs cycloalkyleCi-€qpdnehehaliyly CGriiGwcalkaneaCi-Oy cielicsalkériey Gu-e brawhed alkene,
for exanple, R Haugland, Mol ecul ar Probes Handbook

Ci-Cs alkyile, B, \reaedotl HMkphesuldte, fKefaater bulfdremamale , ammonium, amido,
Mol ecul ar probes, Inc. (1992). [0095] Furthernore, it

nitrile, Cl}-’ﬂ:ién Ellkﬁgy,uﬁ}%f)ﬁ,o%sﬁﬁ@éd hf e&rﬂmﬁﬁc,c?t[%kfﬁ BIN@fclc aromatic,

group/ conpl enentary functionality pairs
.suj tabl e .far .coyal e conj ugating dye nol ecul es of
electron-rich hejO5 s A 5 gﬁ%ﬁ’%szoos/ 033174 the present’
teachings to yarious nolecul es or substrates (i.e.- .
[0094] i Pekek Rere iAkingo GiRBs Teléet g DI Lo RRTS Heishring vith o
ot her dyes nol ecul es, linking noieties, and the Iike& .
“complementarykiineipnakityf’ iegtached to a reagent or member of an energy transfer dye pair,

such reaction forming a “linkage” connecting the dye to the reagent or 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 limited to
maleimide, haloacetyl, iodoacetyl, haloacetamide or iodoacetamide whenever the
complementary functionality is sulthydryl. See, for example, 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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art. Exanples of conplenentary el ectrophiles and
nucl eophil es suitable for use as |inking

wQ@r@apswesrpl ementary functionality pairs in a BMTES2005033174
vari ety of contexts are shown in Table 1, where the

J . on of di d
the. prissf d s%ﬁm%sc S kBB B IE) RSP G i macteosides

I i nk ndlt ns under mhlch t he coval ent |i nkage

oligonugleoti 8~°r= ﬂ?éﬁogd&rse(’th@l 45.‘/6 ulegApiing mpietigs agd ﬂ@hl@a)ﬁa@ known in the
Routes To Useful Coval ent Linkages Electrophilic

art. Egrmples NfctosapérbiteryGrloetpopRéss land nycleppliiteg esuitablei foatuse as linking
esters* am nes/anilines carboxam des acyl azides**

group/@mhplaaémaryl funetordityh paiasTimde svidacytiethalfl @d@gexts are shown in Table 1,
am nes/ anili nes carboxam des aryl halides

where #HeCRAGIY @ﬂ"ﬁt@cﬁﬁwﬁéﬂ %[e%tt@ﬁ]ﬁlihc il rﬂu'c%%plﬁh@ @B&JI&J PBRIBGHS indicated
esters acy nitriles am nes/anilines carboxam des

I d r ke
covalelﬁ lg&t}% ﬁ(g%rﬁ{;@l git%lﬁéeysxlvh@ﬁ gleﬁmggl%ﬁt hrﬁJk g%ﬁ Q{‘g ?orm%d SEG0R %Bown.
hydroxyl am nes oxi nes al kyl halides am nes/ ani |l i nes
al kyl am nes al kyl halides carboxylic acids esters
al kyl hal i des h| ol s h| oet%]?'%E Lal kyl haI I des
al cohol s/BraaessOESe el (10| Usefill iGovaleatLinka
hi oethers al kyl sul fonat es car boxyl i c aci ds est ers

IEyKEd

Elahiophilis Grbomat es  qNecdbglhslipBawl s et heRssultumhligkagtes
actdlatN@tepsphenol s eghipeFaniBARY dr i des antnesiamtitéd nes
acarfryam des amines/anilines carboxamides
acyl halides amines/anilines carboxamides
acyl halides alcohols/phenols esters

acyl nitriles alcohols/phenols esters

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

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

alkyl halides thiols thioethers
alkyl halides alcohols/phenols ethers

alkyl sulfonates thiols thioethers
alkyl sulfonates carboxylic acids esters

alkyl sulfonates alcohols/phenols ethers
anhydrides alcohols/phenols esters
anhydrides amines/anilines carboxamides
aryl halides thiols thiophenols
aryl halides amines aryl amines
aziridines thiols thioethers
boronates glycols boronate esters
carboxylic acids amines/anilines carboxamides
carboxylic acids alcohols esters
carboxylic acids hydrazines hydrazides
carbodiimides carboxylic acids N-acylureas or anhydrides
carbonates amines carbamates
chloroformates amine carbamates
diazoalkanes carboxylic acids esters
epoxides thiols thioethers
haloacetamides thiols thioethers
halotriazines amines/anilines aminotriazines
halotriazines alcohols/phenols triazinyl ethers




aryl halides hiols hiophenols aryl halides am nes

aryl amnes aziridines hiols hioethers boronates
w@hkooeoB®3b0r onat e esters carboxylic acids PCT/US2005/033174

am nes/ anil i nes carboxam des carboxylic acids
. .al.cohol s esters carbox .C_aci ds hydrazi.
imid) §515 des car bodi [FRY éémh:‘&?sooxyl i cyac ‘ﬂngscyl ur eas
isogyangiydri des car BBH&EF@RILAR nes car bafvtas
isoeyAnetesf or mat es ani [pleckcdy/bhgpaltses  di azofirdthanss
isottaodyorgtes ¢ aci ds esmieslagiboss des t hi ol ghinpises her s
makeiddeset am des hi ottdolki oet hers  hal ot r tiréthess
phésphbesdianéd i nes anplgolidls azi nes hal ot r [phasphéts esters
Sﬂ}ahggh@g s/ phenol s rliaghoy! et hers 22 WOsgOIQshddsS4036
sulfSnhtd- 536905/ 033174 am[ﬁeg/gnﬁggsers am nesfaii binhRg arm
Sulf?qﬁ?%éﬁ?&%yanat es a|{Hli1 s/anilines ureasyj,s@eyanates

ur

phenol s 1%3 dsSOt hi ocya S

‘?ﬂaﬁe%ﬁt%ﬁl | i nes hi 018 S Ca 6 mi des hi oegisi oet hers
Sulf

Sul_ ‘F?é‘?rém dites af hos

phite es] Si.|
sulfonyl §aldes| cohol s s Wesé?‘llfg sul f onafBifgranip
sufpnylehalides | | nes al R§nolyaleeho sulfonate esters

*Activated esters, as understood in the art, generally have the formula — COX, where X is a good
leaving group, e.g., oxysuccinimidyl (~ONC4H4O7), oxysulfosuccinimidyl (—ONC4H30,-SO3H),
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 electron- withdrawing substituents (e.g., -NO», -F, —Cl,

—CN or —~CF3 ), used to form an anhydride or mixed anhydride of the formula ~OCOR® or -OCNRANHRP,

where R2 and RP, which may be the same or different, are (C1-Cg) alkyl, (C1-Cg) perfluoroalkyl or (C1-Cg)

alkoxy; or cyclohexyl, 3-dimethylaminopropyl, or N-morpholinoethyl.
**Acyl azides can also rearrange to isocyanates.

[0096]  The selection of nucleophile or electrophile 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.,
aldehydes, ketones, phosphates, imidazoles, hydrazines, hydroxylamines, mono- and
disubstituted amines, halides, epoxides, sulfonate 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. Im
some embodiments, the nucleophile comprises an amine. In some embodiments, the nucleophile
comprises a primary amine. In some embodiments, the nucleophile comprises a secondary

amaine.



sul fonate esters hiols thioethers sulfonate esters
carboxylic acids esters sulfonate esters al cohols

weewens103cul f onyl hal i des am nes/anilines sul f POEDIBES033174
sul fonyl halides phenols/alcohols sul fonate esters

*Acti vat ed
10098, qu b sos reRartaents, S lovampe Romer gt gl fyaetvited ester of

group, e.g., oxysucc:| nimdyl (-ONC4H402),
a carbawyyis @kido e ecylnaziilelyan qeybnitrlezen agdnjide, an aldehyde, an alkyl halide, an
1- oxybenzotriazoiyl (-OC6HAN3); or an aryl oxy group of
anhydrideg ah afyhbaide, QY azidbyeaneaAridiins, abomnyde, acarhnxgioydcid or carboxylate, a
substituted with one or nore of the sanme or different

dlazoaﬂéaﬁ‘éz d ﬁﬂl'oaé’@téﬁﬂdl@md RGloHShd, taBPd187i0€, gh imid¥O&ster; flan isocyanate, an
CF3 ), used to form an anhydride or

1soth10\r%n)z]a)é(1|% mé% e Whgs}e?hoga[nﬁgl @éﬂ;ﬁ%ﬁle %gcre%yﬁ?gr?gﬁt o,B-unsaturated

are (C1-C6) al kyI (C1- 06) erfluoroal kyl or (C1- 06)

ester, aal deBrupsaturateghelde hdey pnd ﬁtedﬂwé@hg/ Pefanybpalstsy| | or
N- nmor phol i noethyl . **Acyl azides can also rearrange to

[0099] SOty sdia¢ embofida8Hk, (heelaetophilé oompfisasLenl aoivhict ester of a carboxylic
el ectrophile used to coval ently conjugate a dye of the

acid op(zﬁrﬁg lafe® R GRICRASmi Y1 stV & halfat&eMi®R, @h RYDBANER] @nGakyl halide, a
depend upon the ideritity of the corrpferrent ary

sulfonﬁhﬁé&\’g%igaﬁ]ﬁ% Hfocwﬁngt@ %g?abaﬁhgec 4t g Qild(gﬁ'@ﬁﬁér@f)& %ﬁldgqéﬁﬁp In some

P'ect conj ugat e ypes o

co functi onal s.that can
embodigrBbuI Be. BRTLEPHRAS %o?ﬂﬁy@aﬁngwgaﬁ?hﬁﬁﬁﬁé? fift ond the
are not I|mtedto am nes, thiols, alcohols, phenols
complgnqgﬁycfggctlom@h@y@san %@@pﬁé’t fogm qn,ﬁl Hazsstees dye of the present teachings
hydr azi nes, hydroxyl am nes, nono- and disubstituted
includimgi nesarbbeylicdescid emoidtyless, as dinkngatgeoupstierwacted with, for example,
carboxylic acids or carboxylates. [0097] In sone
dicycl&HERoORhBALSiIdes (DTEY &rd N yRlephish&snifide. U gdteinutively, to form an NHS
connection with the present teachings conprise

ester, Qrﬂlrr@@aﬂe RIERBISHrate?l bt %ﬁjugtaﬂ:'doiosa ge%GEB@IESof @& present teachings

nat i ons thereof. I n " sone enbodi nents

1nclud{111|%gl eO%F agg%crl C%i%%ert? S%sgrg qg}kn#; rgg&gie i§ n&?xﬁ%ﬁm&hﬁ for example,

dicycl(gl}?;(glgl_ar 0 11m1de PSC%SI g &Dﬂy&rgx}%%c 1{1{n§133 a secondary

[0100] An exemplary synthetic scheme for the preparation of compounds of the present

teachings comprising the structure (I) 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°-
hydroxyphenyl)-2-propanol, in the presence of a base to form compound (§). Alternatively, 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 forrm compound (5). Compound (5) can then be reacted with a reducing

agent, such as sodium dithionite, to form secondary amine compound (). Compound (6) can



23 WD 2006/ 034036 PCT/ US2005/ 033174 [6098] in sone
enbodi nents, the el ectrophile conprises an acryl am de,
w@nooaos4o3@t ed ester of a carboxylic acid, an BCIUS2005/033174

azide, an acyl nitrile, an acyl halide, an al dehyde,
an al kyl halide, an _anhydride, an aryl halide, an .

then be;gqnyertechip ANPWitrd) by 0@{8?16?1%%,tﬁ?uégrt£?8ml}t Wity agigl such as 2N
car boxyl ate, a diazoal kane, a hal oacet am de, _a )

HCI, folidwed bauzexidaticm, hyide fo1 w&ample ispiliven egriedategnIn some embodiments,
I socyanate, an isothiocyanate, a nmaleimde, a

dependpipo9phibe anibstitirttord Piittetnaptesant eqtnypouid. €)- caanbe optionally be further
a, (3-unsaturated ester, an a,(3-unsaturated al dehyde,

deriviti%ﬁg tHe dxhifple, Qonpoiitd (PN ¥hn Neptioaely (18098 onhted S@MBeaction with, for
enbodi ments, fhe el ectrophile conprises an activated

examp zf%l'ﬁ%rﬁ:s)lfﬂfoi Q&Q.oxyl ic acid or carboxylate, a

mayl "ester, a hal oacetam de, an acyl hali de,

[OlOl]ag oglﬁlp%lggjh glé,l( g?’hﬁ’%ﬁﬁ g{j&? grélno :])aeglr?gr%hor%gthylated by reaction with an
azi doper fl uorobenzam do group. In sone. enbodi nents

aminomtbylafing paentgios gpampleaN 9%@@8@?4@%%‘&??”{‘?1&%}“ the presence of
ester and the conplenentary functionality is an

an acidwtiches coieefitated sulfiddSicel tersimiamistabdishedeonditnent
teachings including a carboxylic acid noiety as a

[0102] | NKhNGkefHpPAp dysithcBa Gtidndl foh thé Prepaxaitl ef compounds of the present
di cycl ohexyl carbodi i m de (DCC) and

teachi s{&é&?ﬁgﬁﬂ%‘lﬁ% B € ?Héi%' SHRIRE Fighie 2.t Polﬁ&ﬁ%ﬁ?%&cﬁlﬁ'ﬁe similar to that

cule or substrate t0 be conjugated to a
.,d I I f._ the. t ' ' ' . .
deer BT 87 ) S8Rl SR bRART s B it o ey
O AP A 6 T 8 G S

schene for the preparation of conpounds of the present
compotied €. ngdtevmtipelys Ariyy draxyagiling cempoynd (2)scagnpiaxidized using known
Figure 1. Using, for exanple, the synthetic
condition® &€ dotire an Adshlordiadnd coipoeyd of.tke typd. @) Witk ean Kie. reacted with a
4,810,636 as a guide, one of skill in the art can

tertiary @60l 8 Fimhuel pRX¥RRI dfiahseQHoMA Gofipolii® (%)Y oniphundi(9)ican then be
a tertiary alcohol (4), such as 2-(4'

1reacte<%~I OJY&HS% l(?z%;e]%f: ?@(?pgsgﬂdéuhpdﬁﬁlgﬁé%%ﬁﬁ s8foraR@sRine compound

0 formconpol rnative one can oxi'dize
a0 RN B, TP e Bl LT B s -, B s
with atgee{ciﬂl sa%cn%gi@) mnﬁgdvzefi&gg Fgggicéﬁti,on-r withfor example sodium periodate. In

some embodiments, depending on the substitution pattern present, compound (11) can be

optionally be further derivitized. For example, 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 (IIT) 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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presence of a base to form conpound (f). Conpound (5)
can then be reacted with a reducing agent, such as

W@ om/08108é t hi onite, to form secondary am ne coPEDURI05/033174
(6). Conpound () can 24 WD 2006/ 034036

e PCTLUS2005/ 033174 then he converted to, C ound
§ondftiad to i @@ﬁ%ﬁ%ﬂ%@ GPPRound Softe Sae ﬁiééw%h can be

HCl, followed by oxidation, with for exanple sodium

reacted wiglh p ceftieny. al¢ahok thran dhenprcisprast of 2 base e hermh gorgRoyKl(14). Compound
substitution pattern present, conpound () can be

(14) canOfth doatdcyedowith ur teliesing degenti suck ed .soffimm dithioplte, to forrm secondary
compound (2) can optionally be sulfonated by reaction

amine cd’ih;%&hndf(_tf’j). (CHAPIIE. (19N @8t e @Wdnderddd 1. cohpblad (16) by cyclization,
Al'ternattvel y,” conpound (7) can be am nonet hyl ated by

through f{]_g%ﬁ{?gp\gltﬂmaﬁ ?%138/ :g}l%}?%gf %KS BENLALWEY bt g&ith ioﬁ, Qlitie st @Rﬁﬁ}ple sodium

I OXY e of odcetam de” i n the presence o

. ,.an_acid such.as concentrated.sulfuric aci or_sim.| ar

periodatg g RBboLaRES SRRt rodE rifindPatim Hssiiedipound 16
scheme for the preparation of conpounds of the, pr s%nt

can optiensdly ierfysherslepivitizefg Fon examplee compoyad §16) san ABtigefly be sulfonated
Figure 2. Followng a schene simlar to that

by reactidasyith, fedxbypleocldyrosal fanivyagidbxyani | i ne conpound of the
type (2) can be reacted with a tertiary alcohol (8),

[0104] SUAR S&mpldrf syhthefi@xylikahb alof Mhe pydparatiopr opamabourids dfféhe present
presence of a base to form conpound (9).

teaching,'g‘I Xc:bgl:bghglgg"tﬁé ¥1zrucﬁt1'r1]1%y v\ﬂV?’% aRbivh e EIROMN G o(18Wirp2R séme similar to

usi ng conditions to form an

N:.chl. or Qi m ne_conpoyn e 11Gh:
o s DG LSRRI G0 eSO oS ey atonol
) of a base to f.orm conpou 2),.... Conpound (9) c h .y
in the prggence ek basg toierR comp &&S-a) {efnat gish C%filpélglﬂa@ﬁi Sat be oxidized
) dithionite, to formsecondary am ne conpound (LOQ). .
using ki@ovp oenditiqusap foam amNrciploreisnge comgorrs €biisotimg (dbi)"’hwh can be
by cyclization, through treatnent wth an acid such

reacted @ith 2Nertigly, altetol @8)eid thy poesiedet 00m base toHfofrocompanyd €7)- Compound
sodi um periodate. In sonme enbodi ments, dependi ng on

(17) cad n PeBSAIEM WAk RutiRbNa @i SQIth, asCdNeW ithichite A foeim secondary .
optionally be further derivitized. For exanple,

i RS AR AR BB P b i,
through treatment with an acid such as 2N HClI, followed by oxidation, with for example sodium
periodate. In some embodiments, depending on the substitution pattern present, commpound (19)
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 the present
teachings is shown in Figure 5. Following a scheme similar to that described by Corey, a
chloroimine compound of the type (20) can be reacted with a tertiary alcohol (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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[0103] An exenplary synthetic schenme for the

preparati on of conpounds of the present teachings
w@oivp3®B6ag the structure (111) is shown in FiBCrESB05/033174

Followi ng a schene simlar to that described by

e JLqrey, a canpound of . the type 2 n be reacted wih

s bé 6t e rGoHEPatGRRL by et ho, e shCRTh At fuoh as 2
form compound (L4). Alternatively,, compound 12 can b

HCI, folipwyedi byerxidatmnyywith Goreramptae dpnt Regedats/ d3sthen COH@PH@f (24) can be
known conditions to forman N-chl oroi m ne conpound of

sulfonatehby reaetiof $8dh, i exhmpken clilerosnifamiceatidite hravidedyd @Sy of the present
al cohol (4) in the presence of a base to form conmpound

teachings 14) AlteRaRRUN deontipethd C24) t & bee abdaciethylitéd 1y reaction with an
reduci ng agent, such as sodiumdithionite, to form

aminom; ﬁ?&ﬁﬁggtﬁent,amrr&aﬁﬁ‘{% %gﬂrgﬁdgc}'mggﬁmﬂﬁﬁréa]e@anﬁé@ i ﬁ%rkﬁesence of

e’ con ted to conp y ctyclization, throug

. treat mnent w an. aci d. such. as 2N I

an acid e et pRc afigh bf ardBuiittss] SoARISS §ogpgompound
enbodi ments, dependi ng on the substitution patte

(26).  yedex cag méfexﬁéogqr@?ed X NGBS RF PSP IR (GPteRe T, U.S. Patent
derivitized. For exanple, conpound (%2& can optionally )

4,810,63%c Manttf dnb28K Cagy, ret abt Ange m it Helx dingll 80 (1991)), by reduction
chl orosul fonic acid. [0104] An exenplary synthetic

with, fos eheiiple,fRemnet; héckpl/Hp andithicnnxafizedobp oeatiag ofith e opidesensgent, such
teachi ngs conprising the structure (1V) is shown in

as sodidth PerBdbe, FPIARWMNG (Z7)SEM e pRkdhi Bdachigs.t NBYe (27) can be can be
descri bed by Corey, @ conpound of the type (L2) can be
[ W acterti I c g o

sufonack B St Wl h RIS ok R CHid 16 Brdi BERBNSF the present

. conpound (L2) can be oxidized wusing known conditions

teachingSy f or m an N-chl oroi m ne conpound of the type (13
which can be reacted with a tertiary alcohol (8) in

[0106] t hé&f prrecefesidl ipfthean yeae to ups 2kt cowgBtyaaibaten-2-ghrdbighanc! as the
(17) can then be reacted with a reduci ng agent, such

tertiary akoholdiitnowliltte prepared acoordingnios tbo diderature grpgrgures (Haworth et al.
compound (j 8). Conmpound (L8) can then be converted to

J. Chem SoaPaBsELctd; Dp. 19-18y A2} se@nFigutdreougpetifieallyrebenzyli sutcinate (29)
an acid such as 2N HCl, followed by oxidation, wth

(commefraauﬁé,@ﬁpalb?e R WRMPAHRIR (BeniBalS OWRADOWHIRAIEe, WI) can be

dependi ng on the sub_st itution pattern preSent,
suspend(ég A gg%icgﬁ%egt’yl g@pﬁ%gg ;téa ngla%lgl)ayl%igﬁn%ggxfi@% gﬂeﬁ%sl'béic{:inzaf‘ed derivative. The
anhydrigeu L‘lgr(l)\pa%tvg %an 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 derivative by Fisher esterification in ethanol
and HCI. Finally, using established literature procedures (J.4m.Chem.Soc., v. 108, 4119 (1986)),

ethyl 4-Hydroxy-2-napthoate can be reacted with methyl magnesium chloride (3.3 eqiuv) to give

the tertiary alcohol 2-(4’-hydroxynathalen-2-yl)-2-propanol (31).
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by reaction with, for exanple, chlorosulfonic acid.

[0105] A synthetic schene for the preparation of
wezx@apBasy conpounds of the present teachi ngsPCEHUSIO0B3174

in Figure 5. Following a schene simlar to that

. described by Corey, chl oroi m ne conpound of the

10107 5 B rResCaSEacRE bt BRI a0k SFETRIGY docamupdy ofythe present
in the presence of a base to form conpound (12).

teachingSdssbemn ip Figure dn Foldowibe a schemedsimilemn ta th rfped by Corey, N-
agent, such as sodiumdithionite, to form secondary

chloroingifit Bem@onEb(20Y c{1i2By reaCiodpatintirtfdry alcohol (2B, Wothe presence of a base
2006/ 034036 PCT/ US2005/ 033174 then be converted to

to form COHREHAS (184) C&M%(%IWL%Z}EMHEMW RHGBAt \R/ﬁﬁtanfbﬂhciﬂgtd%ent, such as

an acid such as , followed by oxidation, wt

i 5 ETH PSR4 S 195 CCBBUB BB con e
comer PR 5l 05 5 P B S o o

am nonet hyl ated by reactjon with an am nonethyl ating
followedh e axidatien. vashaliep pxample sodium periodate.
N- (hydroxynet hyl )trifl uoroacetam de in the presence of
[0108] an Aasytheticc helrmec forcthnt soavendionu bf erémpiary dsomgpowidn{3darto further
establ i shed conditions to form conpound (26). Dye

compouhdSf 8 préentRadhatRge BiadvadiFigutd &r &t Bbmepsmis@tiests, dye (34) can
(Corey, P.F., US. Patent 4,810,636 March 7, 1989;

be can lr%g%ﬁ%tnaéh b@b\ﬁe%@ﬂe\»{t}g}@%idﬂﬁeple,%lom&blﬁg a@@ﬂﬂ-f%ovtiﬁ%ye 3%) of

I on for ‘exanpl e, ney ni ckel/H2 an

oxi di zed by r tin Lt h an | Qi Z] t

e oo Do 05108 M AL el Cordier, U s
t eachi ngs. e (27) can be can be ul f gnat

patent 4§0010 NP 1y 1PEY CRpPoal o SHPPb TG L alo 30 (1991), by
provi de dye 28 of the present teachings. [0106] If

reductioprwitlnffos kkarmnplenReney niekeldipraadttbengeidzqdsby reacting with an oxidizing
- hydr oxynat hal en- 2-yl ) - 2-propanol as the tertiary

agent, satic afeddiuint peivdhid, tregive elyar(@6) af dermesentt tea¢tiegs. Dye (36) can be
literature procedures (Haworth et al. J.Chem Soc,

aminomPRSIHAL b atreﬁﬁ’n% i\@mlﬁ-(ﬁﬂcﬁﬂ%eth‘s“?@ifﬁbﬁﬂ&&taﬁnide in the presence of an

Spéci fically, nzyl succinate (19) (commercially

wia AR Sy TG CRRRIBN orm compound @2
of the phment teaohings. InHSmaMALs, AR LAPoO SRR mBHGEOPES treating 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 deprotected and optionally converted

to a substituted amine and/or compounds (37) or (40) can optionally be halogenated using

established procedures to tune the fluorescence properties (i.e.- emission wavelength).
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anhydri de derivative can be cyclized to the tetral one
internmediate with A1C13 in nitrobenzene. The
w0 edocaBse i nternmedi ate can be aromati zed in t NOT/F8WPT033174

by brom nation and base catal yzed brom de elimnation
to give 4-hydroxy-2-napthoic acid 0).. ) .

[0109] 4 it Yol prmpn s cemRoRes Q%%B’@ﬁgéséh‘b%moéor example, Figures 1
converted to the ethyl ester derivative by Fisher )

& 2, forasse an ichirsatiomwithrthe presens|teachimgs ki@l be phiaieryirony spmgpercial sources
established literature procedures (JAm Chem Soc., V.

and/or profared Iftén (ABB&PYs 4-letdhystyardilinly drompouRdn it harat @thenwayemercially
reacted with nmethyl nagnesiumchloride (3.3 eqiuv) to

availablf oY Gre EddSvd B the afYusfeCB@ture etdblished procedures. Examples,, of suitable

- hydr oxynat hal en-2-yl") - 2-propanol (L 1). 27 WO

20064 03403 o .hetic
hydroSy e by R P lie i A i 00 OB o

the present teachings is shown in Figure 7. Foll ow ng

a schene simlar to that described by Corey, N

chl or9j m ne conpoung, (LO can be rgﬁcted W th teqﬂ;ary

(L 1), in the presence of @ base to for

ageht S sodi u Oni te,
y am ne g nd (33). nd (L3) c4@
Averted to sqQugound (34) b #Cl i zati on,

treatjment with an agid such as 2N , followed
oxi dad,on, Wi th forygxanpl e sodi unhgeriodate. [018] A
synthetic schene for the conversion of exenplary

conmpound (34) to further conpounds of the present
teachjpgs is shown _ikpn Figure 8.

| p~sonme enbodi nent s,
be éa/b reaction mﬁ'ﬁ,
chl g ?Iroviq;he)2 !
Oresent te 5-Can be
genated by litera pr ocedur e ( Cor ey,

. S : , 1989; Corey, 1
Angew Chern Int. Ed. Engl. 130 (1991)), by reduction
wi t h,nH,or exanpl e, Raney niickel /H2 and then oxi di med
by reacting with an oxidizing agent, such as sodium

peri odate, to give dye (36) of the present teachings.
(36) can be am nonethyl ategy by treating wtloH
U..

oxynmetdwyl )trifl uoroacet a

NH»

OH OH NH, OH

Br. Br

OH
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of the present teachings. Alternatively, dye (34) can
be am nonet hyl ated by treating with N
w@ bopdioatogeret hyl )tri fl uoroacetam de in the prese@iESWNS033174
an acid such as concentrated sulfuric acid, or
simlar estqﬂlished condi tiong,to form conpound {{38).
an be¢ de- hal ogenat ed d

Br

erFMﬁO teachi ngs. Furtifer, offe of skill in theJart
Wi recognilze that the amne! functionality on
conmpounds 3NHs (40) can optigﬂélly be deprgtecﬁga and
optionally %nverted to a syb tituted am ne anghor
compounds (37) or (40) can opfionally be hal ogenated
pregRduresito tN@E the {l uorgscenge
hength). 28 N
0109] Sui tabl

propertl
2006/ 0340

N- chl or g ‘ ype Q, shown or
exanpl e, se in connecfion th
the present It eachi ngs can be bbtained from commercia
sources an®Her prepared froMteumer ous NH;

4- hydroxyani | i ne conpounds that are either
commer ci al | yOHavai|l abl e or are Kbwn in the art Qising

sui t abt"
not limte
Br Br

[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-chloroimine 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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NH2 NH2 NH2 OHOH NH2 HBr , , ( r OH
NH2 NH2 NH2 29 WO 2006/ 034036 PCT/ US2005/ 033174 OH OH
WORI0v®3463¢t F Br Br MO F NH2 NH2 NH2 OH OH QpCT/CB200%$/033174
02N NO2 F/ NH2 NH2 N2 OH OH OCH Br H2C G C NH

NH NHg,, [0110] One of skill ingthe art will underst@p.p
that any of the above 4-flydroxyaniline conmpounds cgn

neaiiig ectly g

Sci Fi nder
2 2
OH 0
SO3Me
OO O -
NH,

NH,
OH
N Cl
X
soglioogioen

NH, NH, NH,
OH OH OH
NO, § OMe N SOsH
P
N Z
NH, NH, NH,

[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 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:



[0111] Suitable N-chloroimne conpounds of the type

(12), shown in, for exanple, Figure 3, for use in
w@omamstBON Wi th the present teachings can be pOI/aERIV6#033174

fromcomercial sources and/or prepared from nunerous

4- hydr oxy@m nonapht hal ene conpounds that are either

conmer ci aljly avail able or ape known in the art usiorg

[iterd est abl i shed procedures Ex es, of

su Ry dr oxy- av R ene b 2N

bult imted ol  owi ng: 30| WD

2006 36 *4)520 - OH OH OH Na2 \

MeO ' \"coA \ SO3IMETIVEZ2IH2 ~“COLH
NH2 M2 OH OH Ove OH O (NLCl I | ~ ~ NH2 NH2 NH2

OH OHOH\ NO2 CN Ove NSO3H | / NH2 NH2 NH2 [0112]
One of skidHl in the art will understand that any of
Ronaphgdal ene conpounds capHbe
roimhpe directly or after

COH COH

OH OH
CO H2N
COLH COH

OH OH OH
CO,H co,H ©O CO,H

OH OH OH

Bno OO

BnO CO,H Cl COH MeO COLH

OH OH OH
Br

cl OH
COoH i i ~CO,H CO,H

[0114]  One of skill in the art will understand that any of the above 4-hydroxy-2-napthoic

of

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
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protection of possibly labile functionality. Further

exanpl es of suitable for 4-hydroxy- am nonapht hal ene
wW@eooposHide t hat are known in the art can be f oo UR3005/033174

structure searching in avail abl e databases such as

stracts Ser “CAS),, Sci FEind he.
sarching e e e S o K] R S ar A3, $Finder, and

' the type (8) shown in, for exanple, Figure 2, can be

like. prepared fron1suitab|e 4- hydr oxy- 2- napt hoi ¢ aci d
conmpounds in a manner simlar to that described in

[0115] Fi gur®nfe daxlbopinesitof tieuigredehe téathiogsoropn@rinapteheigy transfer dye
acid conpounds known in the art include, but are not

compouhddintEGhotRinat 8¢e toth Ql!ﬁid@g)f P%lﬂm\&ﬁ ﬁp@ 6/R38086, energy transfer dyes of
PCT/ US2005/ 033174 ~ ~ \' MeO CO2H CO2H

the pres%é%cg%% gﬁ%{%ﬁ%} Q@ﬁa@% fhpébéél %ﬁﬁ%g%h% Qﬂrg'vlvavelength and

emitting exc1tat10n energy in response 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. 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 transfer between the donor and acceptor dyes. In some embodiments, the linker
can be non-nucleotidic. In some embodiments, the linker can be a nucleotidic linker, such as a
polynucleotide. For a thorough discussion of the structure, synthesis and use of such energy
transfer dyes see, for example, Mathies, et al. U.S. Patent No. 5,728,528, Lee, et al. U.S. Patent
No. 5,863,727, Glazer, et al. U.S. 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 donor dyes, alternative
acceptor dyes and energy transfer dye spectral properties.

[0116] In some embodiments, linkers suitable for use in connection with the present

teachings can comprise the general structure

o)

“===C—Ry—Rqz~=-
[0117]  wherein carbomyl can be covalently attached to either a donor dye or an acceptor dye,
R;; can be a moiety that comprises an unsubstituted alkene, a substituted alkene, an

unsubstituted diene, a substituted diene, an unsubstituted triene, a substituted triene, an
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OH OH OH BnO Bn0O CO2H CI CO2H MO CO2ZH OH OH CI OH OH
L Br CO2H CO2H CO2H [0114] One of skill in the art
wowdok/osteder st and t hat any of the above PCT/US2005/033174
3 hydrny 2-napthoic acid conmpounds can be used
I rect for synthesizing conpounds f th r . .
unsubsFigHed Ak, S FUHYE] Asprs. dnAR- P URGR 5 ObFXgBRE Py rnes having a
| abil e functionality. Further exanples of suitable for
least ohe Wmysdiueatgd Dondpeheibstitateddiivenpo sixdsembered arieg 1hayipg fin least one
the art can be found by structure 32 WD 2006/ 034036
unsatufed bERI0O54033lb4titukd arrcabstijuted fasedi drgbstenctiat dbatsie sttached to the
such as Chem cal Abstracts Service (CAS), SciFinder,

carbon f‘gaﬂJGﬁ atdnh Kghd ROLES nidiet$ ReBpEEREH ABRtiSnalt dt6upiies eftcapable of
eachi ngs conprlse energy transfer dye conpounds

attach1%ccﬁé ?ﬁ(&t ‘30”9 d%}{gr ans%g(rja%a%e Q o#;em’sjuﬁlé lirdt both a donor dye and an

ener gy present
chi ngs congilse a donor dye capabl e of absorbing

acceptﬁmi ArGICPILSERPLt wavel ength and enitting exci tatl on
energy in response_ that is covalently attached

[0118%¢ c Epawplespbsuitablerfives or gixagsnleeres ripgsstalfandet as Ri) in the linker
excitation energy emtted by the donor dye and

includé,| buar as aioh dinsitedatos eyadoygbntenay eyadotgikend, reyckoppaiadiene, | gyclohexadiene,
sone enbodi nents, the donor dye can be covalently

furan, AibReH hytrolet b?raz@l@cﬁﬁﬁﬁﬂaﬂ)}’@ pyfenQ pgivna, bénaked, .pykidine, pyridazine,
sone enbodlnents the i nker can be effective to

pyrimi ﬁfé' {ria&ﬂl e yﬁ%ﬁﬂa Gh& 3§<aﬁﬂc§r 8% 1{3[129%? ?lﬁseﬁeﬂﬂgeﬁﬁlcﬁﬂ@s include, but are

ccep or dyes nmbodi nents, the

et SR S SR DB O EIESFSe. 1 some

such
onnucIeot| e. '‘For a thorough dlscu33|on of the
emb0f§ pigfethe Bnkez\ias MeSIUCHIfy use of such energy transfer

dyes see, for exanple, I\/Iat hies, et al. U S. Patent No.
5,728,528, Lee, et al. Patent  No. 5, 863, 727,

G azer, et al. U. S___F_’_ @ ]p3.992, Waggoner, et
al., U S Patent

[0119] In some embodiments, the linker attaches to a dye of the present teachings at one of
the X;-X2, Ri-R3 or Rs-Ryo positions. In some embodiments, the linker can be a bond.
Additional suitable linkers include polynucleotides, ribonucleic acids, and the like.

[0120]  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 diyes of the
present teachings include, but are not limited to, 5-carboxyfluorescein, 6-carboxyfluorescein,
thodamine green (R110), 5-carboxyrhodamine, 6-carboxyrhodamine, N,N’-diethyl-2°,7’-
dimethyl-5-carboxy-rhodamine (5-R6G), N,N’-diethyl-2’,7’-dimethyl-6-carboxythodlamine (6-

R6G), N,N,N’N’-tetramethyl-5-carboxyrhodamine (5-TAMRA), N,N,N’.N’-tetramethyl-5-
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6, 008, 373, Nanpalli, et al., U S. Patent Application

Pub. No. 2004/0126763 Al, Kumar, et al., PCT Pub. No.
wWOD0603403026A1 and PCT Pub. No. WO 01/19841A1, PEHUK200$/033174
which is incorporated herein by reference for all it

I scl pse 1th regar r tr

cavors GG B AT E kR AR B GEAR), €y g shodamine 6
transfer dye linkers, alternative donor dyes

ROX), Sfcahorstl’ ¢e5’ ’ég&gphqxﬁc}dg@ilugwgc%e ég:yr‘ttopigﬁsﬂe,é -dyé-7- hexachloro-
spectral properties. [0116] In some enbodi nents,

fluorescéinnk Bcsrbeny-LaB1-diciuboxy4s 5 i-dichlonofbmr¢soainpi 6eattosy-2°,7 -dicarboxy-
present teachings can conprise the general structure

4’5 -dic@ﬂorélluoresceiﬁ}' Rldarkadr-2’, 4 3177 etboBlofi fluoest dianyl’ 2¢asenke-4’ -fluoro-
covalently attached to either a donor dye or an

7.4, 7-trﬁ‘f1ﬁ)? 50¢, l%%ﬁﬁgguoﬁgééeupan be g- ARhLEL -1 D@lorG IR FRAIGV-6-carboxy-

unsu stl a substltuted al kene,” an

fuoresofffc, bbb oEren - APPSO ane t My other
2006/034036 PCT/ US2005/ 033174 unsubstituted alkyne, a

commergigh ey ilableyss Ry HOVIER Tahlubstituted five- or
si x-menbered ring having at |east one unsaturated
bond, a substituted five- or six-menbered ring having
at | east one unsaturated bond or an unsubstituted or
substituted fused ring structure that is attached to
the carbonyl carbon atom and R12 is a noiety
conprising a functional group that is capable of
attaching the linker to a donor dye or an acceptor
dye, such that both a donor dye and an acceptor dye
are represented. [0118] Exanples of suitable five- or
si x-nmenbered rings that can be used as R11 in the
l'inker include, but are not limted to cycl opentene,
cycl ohexene, cycl opent adi ene, cycl ohexadi ene, furan,
t hi of uran, pyrrole, pyrazole, isoimdazole, pyran,
pyrone, benzene, pyridine, pyridazine, pyrimdine,
triazine, pyrazine and oxazine. Exanples of fused ring
structures include, but are
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not limted to indene, benzofuran, thionaphthal ene,

i ndol e and napht hal ene. In sonme enbodinents, the
wo 2ovkmB40B@s t he structure O 11 ----- C \ / NHPETF/US2005/033174

[0119] In sonme enbodinents, the linker attaches to a

.dye of the present. teachi ngg, ag one—of —t-heX1-X2..
Fll]loireSQent% a§7bslg Egﬁldtl OR(SJIdl tio 6}@@;@&23:??5%2&&;2;2
5-iGLUELF, POTyUCT 0T T Tes, Trbonycl ef cagl A5, &7 The 73000
5-Gasbepiiverasgan (SFAMlye according o t#8 | presst, . 83000
6- (t;ﬁg&tymlggesaaﬁl(g raMY her dye can be a4@yani nes20 83000

R ) o P i oo T 73000
6- ¢ﬁ&&dﬁtetﬁchlmbthoméscsini(6&ﬂﬂTe dyes for fzkelin cﬁﬁﬁwiectl on3000
Joff [T eneray TransTer dyes of Tfje prespt Tesa ngs 73000
Light€xelpoked 04fbr escei n,  r hodami ne ar;ul ”J,F\e:ylllbg‘rd S

LightCH¢18ORYd nexdam ne, 6-car boxyr hodam 685 | 705
OrpEINEREen M it o bt 5+t ol - AT hows? Kbtz aZ0000
Orégon G&E) 500, N, N , N -t et r anet hyl|- 5- ca#¥bkyr hoditthi ne 84000
OGB4 T N N =TSt Tanet PyT -5~ 34 VD 2005 320385000
BADP Bbx%- X- r hodani ne ElgyROX;Nb6 ggr Bk ”-m)v(l-wﬁjdh ni_ne’9000
BABIPYREK) , o 504 510 70000
B A RPN AL e 1|
BADIPA B6Gy- 2' , 7' - di car boxy- 4' , 5'|- di chb2% pf | uop€kcei n, 70000
BT RNZ, T O Carbony- 4~ 3 chkgro- T ex BScehpion
BODIDY SeHATD 4 1 Lot on oo O USEP PO Mo | 142000
BCYDIP4Y th/wphl or o- 5-car boxyfl uorespgi 581 591 136000
BQI]P}WIQSSIL;, L|- 'I I uor O- I 4 I L Cril Oggg i)' cdarl 8?6(}/' 68000
BADIRY 630/6% - di benzo- 4, 7- di chl orlo- 5- c&2boxyf | 64} psceil #1000
B(?ﬁlli_ff@%‘/?@ other commercially lavail gy e dyesogs showpoo
5-Carboxyrhodamine 6G 524 5571 102000
5(6)-Carboxytetramethylrhodamine (TAMRA) 546 576 90000
6-Carboxytetramethylrhodamine (TAMRA) 544 576 90000
5(6)-Carboxy-X-Rhodamine (ROX) 576 601 82000
6-Carboxy-X-Rhodamine (ROX) 575 602 82000
AMCA-X (Coumarin) 353 442 19000
Texas Red-X 583 603 116000
Rhodamine Red-X 560 580 129000
Marina Blue 362 459 | 19000
Pacific Blue 416 451 37000
Rhodamine Green-X 503 528 74000
7-diethylaminocoumarin-3-carboxylic acid 432 4721 56000
7-methoxycoumarin-3-carboxylic acid 358 410 | 26000
Cy3 552 | 570 150000
Cy3B 558 573 | 130000
o 643] 67| 250000
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35 WD 2006/ 034036 PCT/ US2005/ 033174 Fl uorescent Dye

Absor bance Em ssion Extinction (nm) (nn) Coefficient
WG20b0dt0eccei n 495 520 73000 5- Car boxyf | uor esP€I/NS2005/033174

(5-FAM 495 520 83000 6- Carboxyfluorescein (6-FAM

@55 556 73000 6- Car boxyt et r achl

rofl.uores
or of | B3P ¢

s cei ﬁs‘( - 3@

5- TEH0000

112?‘2‘15052’,(_5 FZ,?:OE)O JOE 520Eh5f8_”7\§0109'_ _L"§99‘ Q/CI ety Red 85000
D P AL N S LT - Nl AT
oY egon G een 514 506 526 85000 BODI P¥5FL-X 5680 510 100000
Iég??ﬁ RZS;J.)I :rtn;h 504510 | /UUU BODI Pg /H—v X Bgé 5 /U];4,QOOO
%530 101000 BODI PY 564/ 570 563 Py 120000
[5§Jd3§91 581 591 136009 ] ?EJBL,F\)Y TR X 5880 616 8900 120000
DY-036 e 645 671 120000
DY-650 653 674 77000
DY-675 674 699 110000
DY-676 674 699 84000
DY-681 691 708 125000
DY-700 702 723 96000
DY-701 706 731 115000
DY-730 734 750 113000
DY-750 747 | 776 45700
DY-751 751 779 220000
DY-782 782 800 102000
Cy3.5 581 596 150000
EDANS 336 490 5700
WEellRED D2-PA 750 770 170000
WellRED D3-PA 685 706 224000
WellRED D4-PA 650 670 203000
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 466 535 | 22000
Carboxynapthofluorescein 598 668 42000
Alexa Fluor 350 346 442 19000
Alexa Fluor 405 401 421 35000
Alexa Fluor 430 434 541 16000
Alexa Fluor 488 495 519 71000
Alexa Fluor 532 532 554 81000
Alexa Fluor 546 556 573 104000
Alexa Fluor 555 555 565 150000
Alexa Fluor 568 578 603 | 91300
Alexa Fluor 594 590 617 | 73000
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BODI PY 493/503 500, 509j 79000 5-Carboxyrhodam ne 6G
524 1 557 102000 5(6)-Carboxytetranethylrhodam ne
W@ TowvBA03¢ 546 576 90000 6- Car boxyt et ranet hyl peIDUS20051633174
(TAMRA) 544 576 90000 5(6)-Carboxy- X- Rhodam ne (ROX)
576 601 82000....6- Carboxy-X- Rhodani-ne—({ROX)—575-602
Alexa8BI000633AMCA- X (Counarin) 353|442 16880 Tex&¥ Red-120000

Alexa@Faofssy 116000 Rhodam ne Rec-X560650580 120400 239000
AMNov. ..o DL.aLo. LD AL O .. 00.00. D O - Dl AAL AL D200
wver<r-rras orottroO L I I L IUUU ract 1T U C 410 L.

Alexapflorbfthe o een- X 503 528 74000 003 690~ 132000

Alexa/Fldbeédty| am nocounari n- 3- car Qoxyl i 67&ci d 43202472; 184000

OO0 - 7methoxyecounarin-"3-carbox acird 4T
Alex;@?’}%mor\/q 552 270. 150000 ay3B éZQZ x 1730 01,9 0Q0
AlexsRIBo6B0 250000 36 WO 2006/ 034036 P&/ US200670331 7240000

Oyste%§65 6/5 694 250000 DY-505 {505 53385000 s5HY+ 550550680

2O . 19290000 N\ . oo o OO . 100000 n\/.icd4.0. . .00

Oyt 00 D600 630 G50 100000 - O4S |+ B85 °° 250000

Oyster 656 656 674 220000

5(6)-Carboxyeosin 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 D 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-R3 or R7-Rjp. 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 attachied 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 reagents can be particularly useful in
the context of labeling polynucleotides formed by enzymatic synthesis, e.g., nucleotide
triphosphates used in the context of PCR amplification, Sanger-type polynucleotide 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 functionalities. Generally, the linker should (i) not interfere with
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DY- 633 630 659 120000 DY-636 645 671 120000 DY-650
653 674 77000 DY-675 674 699 110000 |1DY-676 674 699
W@2@060340B- 681 691 708 125000 | DY-700 702 723POB0SDH5/033174
| DY-701 706 731 115000 DY-730 | 734 750 113000
] DY- 750 747 776 457Q0 DY-751 751 779 220000 DY-782
oligonuegestidgtargefy dopridepaos; &) g% coEpAdRe "EBaANECISHR Agymes, e.g.
5700 WellRED D2-PA 750 770 170000 We11RED D3- PA 685 .
polymeraes 2lizreen andvwhel Hep and- (@R B%Gdgamely gitvgbthepfluprascenee properties of
377 43000 Cascade Blue 399 423 30000 Cascade Yell ow
the dye} OBor=x8mphioy) Base PythdABy HideeBii@s 2GiGM0e formse inecoivadction wilBthe present
532, 11000 NBD-X 466, 535 22000

teachi 3 %@%Zﬁgiﬂ @g%rtzi |1 %%ﬁpei Al. 581668 47RO ReseM X alF6u85-6467 (1987);
Gebeyehu, et al., Nucleic Acids Research, 15: 4513-4535 (1987); Haralambidis, et al., Nucleic
Acids Research, 15: 4856-4876 (1987); Nelson, et al., Nucleosides and Nucleotides, 5(3): 233-
241 (1986); Bergstrom, et al., JACS, 111: 374-375 (1989); and U.S. Patent Nos. 4,855,225,
5,231,191, and 5,449,767.

[0125] In 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-hydroxysuccinimnide (NHS) ester of the dye

with an alkynylamino- or alkenylamino-derivatized base of a nucleoside or nucleotide. In some

embodiments, labeled nucleosides or nucleotides can comprise the stxucture

H
N D
NUC——=—=——" \H/
)

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

o) R
NC——— \/\T/
X

~p
o)

I

O O

[0127] wherein X can be N--- (CH2)p—NHR2---D  where n ranges from 1 to 5,

N"‘Ld)“—“(CHz)n'—NHRz“'D where n ranges from 1 to 5, N‘“”_CHR1_NHR2'“D,

@)

and N--- ———CHy—NHR2~--D; wherein R; can be —H or lower alkyl; and R; can be -H,
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Al exa Fluor 405 401 421 35000 Al exa Fluor 430 434 541

16000 Al exa Fluor 488 495519, 71000 Al exa Fluor 532
wWG3Ws/05H84¢ 81000 Al exa Fluor 546 556 573 1040P01/US005%633174

Fl uor 555 555 565 150000 Al exa Fluor 568 578 603,

91300 Al exa Fluorég%4 590 61

000, 37 . :
lower ALl g GIASIRPETHDS 0L D EIETRIC. KRt S Batsnb gpligesion Serial
100000 Al exa Fluor 647 650 665, 239000 Al exa Fl uor
No. 08/85% 8846 81e00priBHDHAGY7.Al exa Fl uor 680 679 702 184000
Al exa Fluor 700 702 723. 192000 Al exa Fluor 750 749
[0128] 775Ihe2 400R¢is Of sillemybhfind-dbivaized IbR0SidesOisstaeght6df for example,
645 666 250000 Oyster 656 656, 674 220000

Hobbs, &t 8). i-Hubspers Fatdht Mol 0554 BBUY0 anbH0UBEOstian, 320rH4Hhem., 54: 3420
90000 Table 2 [0122] In sone embodi ment’s, the present

(1989). teg Pmilﬁfi dk ? ﬂi&‘féoﬁﬁ%\l%%? L@B%rﬁfed by placing the

nuc es C rsing ructure

appropriate halodldeoxynucleoside (usually 5-iodopyrimidine and 7-iodo-7-deazapurine
dideoxymucleosides as taught by Hobbs, et al. (cited above)) and Cu(]) 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 concentrating 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 mixture,
followed by the bicarbonate form of a strongly basic anion exchange resin. The slurry can then -
be stirred for about 45 minutes, filtered, and the resin rinsed with additional methanol/methylene
chloride. The combined filtrates 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. Exemplary ribose sugar
analogs include, but are not limited to, substituted or unsubstituted furanoses having more or
fewer than 5 ring atoms, e.g., erythroses and hexoses and substituted or unsubstituted 3-6 carbon

acyclic sugars. Typical substituted furanoses and acyclic sugars are those in which one or more
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[0123] wherein NUC conprises a nucl eoside, a
nucl eoti de, a nodified nucleoside or a nodified
wo@bedtdele, L conprises a bond or a |inker anpiCDUS2005/033174

conprises a dye conpound of the present teachings. In
sonme enbodi ments, NUC and D can be conjugated b

of the carbeykaioms are gHbstERted Wit ane pemars eidthe aalJ% gbﬁ%@ﬁ &R 5OR, -NRR or
XI-X2, RI-R3 or R7-R10. In sone enbodinents, if NUC

halogen @ovpsj whareacashR ireindepsmdenthie-Hi (Skefe) ebvl pe(CitCakwal Evamples of
the 8-position of the purine, if NUC conprises a

substitutéd deamasr hawinhas eingt fendsi inkkede dain dbe nat limdfed dot2-detreyribose, 2'-
7-position of the 7- deazapurine, and if NUC conprises

(Cl-Cs)atrllkﬁMB%s{% Q'oaél 'Ql%?ﬁkoxty?i%oéé ge;- @%Da@ﬁ)x%lb@ééhgdﬁd?ddo&?nbose 2,3

he pyrim dine. Such nucl eosi de and

d1dehydE06ﬁ){)§§:| ﬁeﬁgg-%eﬂgl%ngg b%’ o){yz- dieﬂsli;l])?&r}’bogéefi’”deb)& 3't(§§oror1bose

el i'’ng po ynuc ormed b

enzymat.i c nth ot i de a i
2-deoxyjjs %—afrﬁnqrﬂg ) nﬁifé?ow3 %sz%i(ﬁfﬁ%e% i In¢ e‘%‘&r@‘@&l‘@%&“’xyﬂb"“’
pol ynucl eoti de sequencin and ni ck-translation _ '
2'-deoxy-2e€tsiGmeryfoayahgsel t  wi' 1(8 -Geallyldbesevotrinbesphate,  2'-deoxy-3'-(Ci-
nucl eosi de | abeling can be acconplished by any of

Co)alkylriboRes-triphokptons | abel'idegxy-86Di-Goelkoryiiosyishtrithospimte, 2

linkers, linking groups, and associated conplenentary
deoxy-3f-tnct bidyri®dse- h@é hdte, t he | i mkgeo:gh@LHatbriboye-90triphosphate,
=0 e B 036, e uszoos/ 033174
"deoxyR5L hybr i di td 8 bbde-PEriphosphat
2 deOX}pl.% Qﬁi?xﬂg‘)@soé Bdt%pil@ ]gl\?}a 2t enzyie 2Z§’ 1 : x.y’ﬁ peo y r%roasgeas e or

S L ol T e

base | abel ing procedures suitable for use in

nucleic padndNrDh ARG thefdusiESent  t eachi ngs see, for
exanpl e, G bson, et al., Nucleic Acids Research
15: 6455- 6467 (1987) eyehu, et,al., Nucleic Acids
Research, 15: 4513-4535 (1987)0 qualanbldls et al.
Nucl ei ¢ Aci ds Research, : 4856_A1876 (1987); Nelson,
et al., Nucl eosides and N , 5(3): 233- 241
(1986); Bergstrom et al., CS, 1111: 374-375 (1989);
and U S. Patent Nos. 4,855,225, 05,231,191, and
5,449,767. [0125] In sone enbodi nents, suitable

(01301 T K& BoSPuREBGE Y| fnge2itdR. OWRIJopMing6 2 dorated herein by

reference.
[0131] In some embodiments, nucleosides and/or nucleotides of the present teachings can

have the structure

W;—CH,  B—D

Wo 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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i nkers, wherein the conjugati on between the dye and
t he nucl eosi de or nucl eoti de base can be forned by,
wo o006e3@Bpl e, reaction of an activated PCT/US2005/033174

N[Eydroxysuccininide (NHS) ester of the dye wth an

. a nyl ani no- or al kenyl anj no-deri vati zed, base of a .

lke: Vg W, Q- OF IR eOr HenPPFTEBRo" & RGP R Gialogs fnd D is a dye
| abel ed nucl eosi des or nucl eoti des can conprise the

compoSihd Uf therpeedant febthhgsNUE s¥m@ en{tdliRfignts, musderides of the present teachings
enbodi nents, | abel ed nucl eosi des or nucl eoti des can

can bemﬁ%&&ﬁfcﬁcﬁﬁe%ﬁﬁ&%&hﬁt@s hdVse Be/sRuctite Prcl@dih® kéddciated counterions if
erein X can be - n- NHR2- - - D where n ranges

resenfFOM 1 t0 5, OO N--I~ (CH)"-NHR2---D where n

P ranges from1l to 5, N--1LCHRI-NHR2--D, O and N---

CH2- NHR2- - - D erein campbe -H or |ower alkyl; and
R2 can be -H, ng WO ﬁ(?OG/ 034036 PCT/ US2005/ 033174

| oner al kyl @r—prebesip-Rd-g¥PHpPO—Ser, fom-exanpl e,
Khan et al., U $. Patdnt App|icati ilal  No.

08/ 833,854 file® April0 10, 1®97. [ he synthesis
of al kynyl am no-derivati zed nucl eosN\des A s taught by,
for exanple, Hobbs, et al. in European|Patent No. O
251 786 Bl, and Hobbs, et al., J Og en., 54: 3420
(1989). Briefly, the al kynyl am no-deri vati zed

101337 UCL ERIdiSERes 5 AR Cod REAGH iPYreRln@Ci NG the

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

chain terminating agents in Sanger-type DNA sequencing methods utilizing fluorescent

detection.

[0135] In some embodiments, nucleotides of the present teachings can be deoxynucleotide

triphosphates having the structure

ﬁ ﬁ ﬁ
0—P—0—P—0—P—O0—CH, _ B—D

| | | o

o) o) o)

HO H R
[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 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 in a
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appropri ate hal odi deoxynucl eosi de (usually

5-i1odopyrimdi ne and 7-iodo-7-deazapuri ne
walr@ens4ppaicl eosi des as taught by Hobbs, et al.prP¢TUsmA5/033174

above)) and Cu(l) in a flask, flushing wwth argon to

renpve air, adding dr , follgwed by addition of .
numbeg| Ry IR CoPIRE YA Res SN PaCEfencHte Arlds oRCR primers.
~ mxture is stirred for several hours, or until thin
oligonpelgaside diybidiaatingy piphss oliganuekspde kgation ppehcsnangrthe ke
hal odi deoxynucl eosi de. When an unpr ot ect ed
[0139%] kimnydmerembodimentss &xbeletl wlaiuklentidanofithe poeseriosachd ngagan include
be isolated by concentrating the reaction m xture and

multipRUAYek Mb&led¥uchi thitCRuEeicehdY QI¥RdOGARIBYiakést Pladd b&thwddenng donor dye
sol'vent that contains anmoni um hydroxide to

i hy, hal iel { . . o
and aff SRLERY 8% nu el R By O EREHER sl e RORL find application as
t hanol / net hyl ene chl oride can.be added,to ,
spectiqlBHBRTAR SRR EDED: (B G n A e Ehr Bl Gl S et US4 92:

a strongly basic anion exchange resin. The slurry can . . .
4347-438r( 1989, S 75 BYPTIFARBORIObaS K¢ 1Ot SSAmPIS, (EFedt chndVucleic Acids
the resin rinsed with additional nethanol/nethyl ene
Research) 2 i3d€1-3Tée(108%bi ned filtrates can be concentrated
and purified by flash-chromat ography on silica ge
[0140ySi N@bdedTpblymndéotites By be eyrehdsiet dither actyrnticallfhe.g., using a DNA
tri phosphates are obtained by standard techniques.

pOlymLIng‘%gil liF%“e,S QLB 2 NARHHIE MiS er, BIBLRARIAEC CIAPE 4, W.H. Freeman and

nucl eotrdes of the present teachings can “conprise

nat su S (l.€. "l o 2= d ' - the
Compi " SRGRF Hsinfosd Rl Gy W L ARSI method, the

"sugar anal og" refers to apal ogs of e sugar .ribpse. .
phosPIE GBI T b 98 SR> Seenlt GaRTPite (e OB clf i Simhesis, IRL

limted to, substituted or unsubstituted furanoses .
Press (1299)nd-abelsanai be ingnadvcedthiping epzygatiot Yhthesig _u@t_h’zmg labeled nucleotide

erythroses and hexoses and substituted or .
triphosphatebsmbhomers das3d&crbed @hovea oy cintrodsagd adwgingTyhdngial  synthesis using

substituted furanoses and acyclic sugars are those in

JabeleMhGDmRRdLIEE SO HRicledRdS\ DRI ABHASS RCHLIITPOASIHIZZ] 76r may be
of the carbon atons are substituted with one or nore

. I @ﬂ ferent -R -OR -NRR or hal ogen
mtmd‘g({egtﬁgﬁsas,ea%{géé yélac% sR is independently -H, (Cl-C6)

S SR T ——
followlirilgrgr%geddutreoca% l;edgs%é.y rA tbe%?pﬁéte %I\_IA is denatured and an oligonucleotide primer
is annealed to the template DNA. A mixture of deoxynucleotide triphosphates is added to 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 enzymie 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 one, one primer complementary to the (+) strannd and the other

43



(Cl-Co6)al kyl ri bose, 2'-(Cl-C6)al koxyri bose,
'-(C5-Cl4) aryl oxyri bose, 2',3'-dideoxyribose, 2',3'-
\V@BMMN&@B@ribose, 2' -deoxy-3' -hal ori bose, PCT/US2005/033174
deoxy 3 -quororibose, 2' -deoxy-3' -chl orori bose,

complergentgéz(}Q 63--) %t@ildé)dé qu’l’i the gglymerase is a thermostable polymerase, and
- deoxy- 3' - (Cl1- C6) al koxyri bose,

the rea@ond@@mﬁ:rqgm:e( ssexie) depwesry i @ﬁ;}g‘@lratlon temperature and an extension
-(Cl-Co) al kyl ri bose-5"-tri phosphat e,

temperaﬂire,dhcmﬂyy atpohéitiallgayatheyizimgmolabeléd chnipidmoepHattles target sequence by
-deoxy-3' - (Cl- C6) al koxyri bose-5"-tri phosphate, 2'-

PCR, seé & ekadiptel PERPrHAIBLsy ity éilabQae; AcaliempRphADe0).
deoxy 3' - hal ori bose- 5'-tr|phosphate

[0142] 2, Lg&ﬁ@é;y 831 yr I(ﬁﬂfels gﬁ%e cheh{lé OSPft&Ered using the phosphoramidite

ose- tri phosphate or

rlbo e-5' - 0S . Eurther. sugar,.
methodanﬁ%@ﬁeda‘ﬁg FRISSRUE SNSRI TRl R e b o
(L having the structure HO OH OH [0130
phosphqrﬁa@éte@aﬂ;hqd e g adedsngor exanpls) Calv@i%/eiabaz‘li Bt Nos. 4 458,066
i ncorporated herein by reference. [0131] In sone
and 4,4 EnTRad iCaarbes, ahak) Gositiddigamertiog, hlcll@dl P8Ds UserstMenual Model 392
present teachings can have the structure WB-CH20 B-D
and 394\ PoWhubIOdBR) SyMieAs ey, BagangMli thesigh 6482, eggilitd Biosystems, Part No.

nucl eoti de base, such as uracil, cyt05|ne
mn237gﬁﬁﬂ adeni ne, or deazaguanosine; WL and W2 taken
egparately can be -OH or a group capable of bl ocking

[0143] pOLT¥1 hﬁgp%ﬁ'%lﬂﬁ% gxqetécg 4 %ﬁ)to?ynilife%aggsg@%ge%agé QQvantageous in

USZO 5/ 033174 | -, -
some Ty RGLBREEESE Pt 45 ﬁﬁk&% apd f%m%‘ucagpgj% Feshps aﬁ%% 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 synthesis 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 phosphioramidite 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 polymucleotide chains that did not undergo
nucleoside addition.  Capping can be accomplished with acetic anhydride and 1-

methylimidazole. The internucleotide linkage is then converted from the phosphite to the more
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conmpound of the present teachings. In sone
enbodi ments, nucl eotides of the present teachings can
wbeoodiogiwexynucl eot i de tri phosphates havi ng t hePCT/US2005/033174

structure including associ ated counterions if
present. O00 111111 O i -O i_-0O,1i ~O.CH O B-

stable plysphafriester by gxidaon Heng idige as dsdrateradeotinidng ai’af‘éltiaflg water as
present. [0134] Label ed di deoxy nucl eotides such as .

the oxygehapneh citeratxadation, thel hpdroxyloupleeting glovpaisiremonad With & gyotic acid,
term nating agents in Sanger-type DNA sequenci ng

such asMeichR@sacutid lacid bg didhlexoestienicid,dehdahé oaycl§¢ 0 3fepedted until chain
sonme enbodi ments, nucleotides of the present teachings

elongati&* ik &ﬁnﬁ@t@xy&ﬂ&l §AtHeS8, theHoPReRbANE Shdlvisndedwed from the support
structure O00 () 11 1161 -0 i -O i -OCHR2 O

. -D O 013 L.ogl.udi n nel ate | ;

using %sep S Afposii RioREs 5 SLRFARENE GTne aheEL Fitiion also
t hat . shown above find part,icul ar | icatj,on, as .

removes B GURPRIAIRGHONAIAS BRPH SPYheT eaodiile Tarall hE Rtipeting groups on
e.g., in the polynerase chain reactjon or

the exoqyrlik amines f shd bases ol theThyrrpxyb peotesiing mewns en the dyes are removed
present teachings can provi de pol ynucl eoti des | abel ed

by treatiwgttﬁb Bblyh®ASIHidRRBIUEYE iR badc® I ISR teARSHANES €. HUSHOC. One of
[ abel ed” pol ynucl eoti des are useful in a

skill in the art will recognize that a variety if reagents can be used to perform the synthesis

described above, and in some cases reagents are available to carry out more than one step in a
single reaction.

[0145] Any of the phosphoramidite nucleoside monomers may 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 Excited States of

Biopolymers, Steiner ed., Plenum Press, NY (1983).
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42 WD 2006/ 034036 PCT/ US2005/ 033174 nunber of
i nportant contexts including as DNA sequenci ng
wW@eio®s®36 PCR prinmers, oligonucleotide hybri dP@EUSZING/033174
probes, oligonucleotide Iigation probes, and the |ike.
0139] In sone enbodi nents, | abel ed. pol ynucl.eqgtj des ,of
0147} hehb%’%%é?ﬁt'sﬁ”é@@ﬁ? A abeing, mehod g gPRRIgHide Can be labeled as
| ocat ed such that fluorescence energy transfer takes L
followp| Acdyebiachuding & cabasy lialing srawp ah corwasd do thy M-hysevrysuccinimide
mul ti-dye energy-transfer polynucleotides find
ester Bppichetaty ovittaappsmémnately 11y etuinalbhte of efd ehicichghepylcarbodijmide and
see for exanple, Ju, et al., Proc. Natl. Acad. Sci.
approiafteB?3 eqdiddibntd DTN-hF@BRYsuceinimEle iy ey ethzhhdetile fir@RSurs at room
see for éxanple, Lee, et al. Nucleic Acids Research,

tempe%gliﬁe.&}ﬁé 'r%%cﬁgn %&gﬁé is WA whiaP g‘%@gﬁi? LBy vEOHag8&ium sulfate,

be sy esized either enzymatic y, e.g., using a
pol yner ase or .l.i gas see for ex . et .
fltereds 454 £ SHFIFL (Gt Vet iy (HEoreplsd i RISD. % DR ave stock is
(1981), or by chemcal synthesis, e.,g., by.the oy
then gglded gRoexaepdi(i &2her Fodn mewhsﬁdsém‘fa@@?cf Sdiggpuiatidggin 0.25 M
and the like, see for exanple, Gait, digonucleotide
bicarb&yai¢/barbommte biffer Rrigd 9.4 agbaljowddatvetesctnfay OHw U ergadld de datent No.
during enzymatic synthesis utilizing | abel ed

4,757, MiC ITeetdyd @abeldd dlipeandlasttleipbgrested fomiasedctddadyecdyqwssage through
or introduced during chem cal synthesis using | abeled

a size- @Iu@féglegﬂ&igg@ hPUDIERE | @M R$BhBuRH id €6.1amolar triethylamine

escri a of may be introduced subsequent to

is. LO I i f cq .
oY NEE B AP RRIAEL X b B s g

e1ls

fo]l own rocedure can be used. A tenplate DNAis
reverS%IQJﬂfﬁ’?ﬁPég: g‘ﬁﬂl%éﬁ?gcﬂr? 6%?2%’6‘“ de prinmer is anneal ed
to the tenplate DNA. A mixture of deoxynucl eotide . )
[0148] 1 i prhwdbbatedersteodthatthetfpllowme expsaples arg meamtdp by meglp illustrative
dATP, dCTP, and dTTP where at |east a fraction of the
and agemtymemkt eotbedémiting dfathel present tdackingy én eoyendAbhoudiethe above
i nvention as descri bed above. Next, a polynerase

descriftigy Wl bSaRdoas toidet ofosrlikill Bihe wWhidiod fohiRaduict Wnegrasat teachings,
enzyme is active. A |abeled polynucleotide is forned

the folg%?ziitnﬁ gxélﬁﬁ@é RRALYAN & rutie JaRekes deqimunl Bakd ses

[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 least one compound of the present teachings in any of

the forms described herein.
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pol ymer ase- nedi ated strand synthesis. In an
alternative enzymatic synthesis nethod, two priners
wW@e@603®ads | nst ead of one, one priner conpl emrenPeEr/YS1005/033174

the (+) strand and the other 43 WD 2006/ 034036

PCT/ US2005/ 033174 conpl enentary to the (-) strand of

the target, the polynerase is a thernostable

pol ynmerase, and the reaction tenperature is cycled

bet ween a denaturation tenperature and an extension

tenperature, thereby exponentially synthesizing a
[0150] | BXAMBLES Pl enent to the target sequence by PCR see

fro exanple, PCR Protocols, Innis et al. eds.,

[0151] ANBAGHAIS aRd da&thod990) . [0142] Label ed pol ynucl eoti des
can be chem cally synthesized using the

[0152] gpﬂf%%‘ Of1REHd &ndi %g%@odau et h1 e@veﬁi@se&%lﬂtea OBSsmOTsithg Aldrich

mstry used to rm pol ynucl eot 1 des

(Milwaukg% ?}ﬁﬂ nﬂggcli zﬁes recetabf%ad f%)rg%e t éstrl (2{5 3 IH%%E) gg dngs %tepared as

4,415, 732 Car ut hers,_ et al Genetl c Engi neeri q}%
descnbedlln Ciqrey,lggz,) U. Sblgignth}ﬂﬂ ué,ﬁl%%@ NMR spgeifayere o alned using a
Pol ynucl eoti de Synt hesi zers, pages 6-1 through 6-22,

Bruker 40£pMHzeﬂvemcg§§/MBe&pectrpmeter Nulass 96¢.2&1a (e Dbjaingdousirg) an Applied

The phosphoram dite nethod of pol ynucl eoti de synthesis
Biosysten@APDOES (@dMaitSigewotacten) Flaorscenobdath manbbtahedaning adferkin Elmer
its efficient and rapid coupling reactions and the

LS-50B L%hﬁﬁ’és'céﬁdé Si)%cttr(ﬁﬁloto?ﬁé%&t 09/ ViRd8fal vidsSobtAin&] SRS B $Riwdett Packard
perfornmed with the grow ng pol ynucl eoti de chain

8451AD1\/\E|EQ‘%£§%SE&OP?‘H§O ét& support, so that excess reagents,

I'qui d phase, can be easily renoved

b filtration, ther ting the need for
[0153] ﬁm&ﬂe&ﬁ&ﬁ%@;&éﬁw hesis cycles. [0144]
The follow ng briefly describes the sLeps of a typical
pofynugl epti de synthesis cycle usingythes
HO sph am di t e rre&hod First, osoli 0

: trictitoroac®ti c ag

s o\ pregtecting group, freeNagALhe Byokoxy

CI” for a sibsequént coupling reactPon. An act Nvat ed
intermediate is then forned by sinultaneo y addi ng
a prote ed phosphoram dite nucl eosi de m)n‘@rer and a

weak acid, e.g., tetrazole, to the reaction. The ak
[0154] adp@ ﬁ]‘r@oﬁ@gﬂg@ o0 mgt qfolaEAQ){_k) wlssolved in 5 mL dlchlorormethane

(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-DDAO (42) as dark shiny crystals. 'H NMR
(CDs;0D): 6 7.9 (s, 1H), 7.75 (s, 1H), 7.2 (s, 1H), 1.78 (s, 6H). MS: M+H = 388.

[0155] Example 2: Synthesis of N-(4-caboxybenzoyl)-aminomethyl DDAO (45)
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phosphoram dite form ng a reactive internediate.
Nucl eoside addition is conplete within 30 s. Next, a

we appioty3ct ep is performed that term nates anyPCT/US2005/033174
pol ynucl eoti de chains that did not undergo nucl eoside
addi ti on. Capping can be acconpld,shed with acetic

anhydri de and 1- nethylim dazol €. s ucl eoti de
linkage is then converted f1A ] p to the
W 06/ 034036 PCT/ U3P stabl e

ng agent and water as xygen
dgro ¢ oxtdation, the hydroxyl protegtMNhg group
is renoved with a protic acid, such as
trichloroafletic acid or dichloroacetft aci®s and the
cycle is repeated until chain elongation is conplete.
After synthesis, the polynucleotide chain is cleaved
support using a base§ suc
Ho hy dkOXid t-Joutyl am nee The_clx

Z
osphat e protec
ally, the prg

protectjng groums, on the dyes are renpved by toeating
t he polynucl eotide solution in base at an el evat ed

[0156} gggg et sofin of 05ng A%fg.zﬁs'%i Alhloile@%hf‘ Fo 41 tog’ic!n'lc. sulfuric

S
Ha variety®it reagénts can be use

it (RS B 0815 1 B B SR Bt TRo o) o

one step in a single reaction. IEP%0145] Any of the

room {gmpershie.arihsi tesulfing Ineistirel avassihieieg s reRy toaperpBUe fo5ef dgurs. The
phosphoram dites as descri bed above. If the

reaction’ whempoired| inpwdi00i mh of itchevatarcimb ektratdds withbél ed,00amL of 10%
| abel ed non-nucl eoti di ¢ phosphoranidite of the

methahdMehdroRefiBie PRIcOSEDCMY. | Mhe tdi'%nﬁé Ndler walrieds@ler odium sulfate
step. If an internal position of the oligonucleotide

N aZS(i)Aﬁ,e hrBeh 6l e ﬂo?ﬁ@%ﬁﬂﬁ?ﬂ%sﬁ%ﬁ&ﬂeﬁuceﬁ%f@ﬁ?xﬁg arfedetiBudfvas purified

I'nvention may ring any o _
vy stE TSP RSOk B UBE e 8 A0 GOt e
BrOABIPGH Ikt {xheE S Eomaeigl ssecnead ok sl 1 NYBBIS 600 8 1.4
(or s, TasQH). 9% 0 1) NFGb180 (8.089) 736,05, [1hay ORI, 11D, 435 (& 210, 178 (5
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 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 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 allowed to stir at room
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No. 5, 118,800; the phosphodi ester backbone, see for

exanpl e A igonucl eoti des and Anal ogs, Eckstein ed.,
w@h@pa13®, | RL Press (1991); or at the 3'-terPCTUS2005/033174

see for exanpl e Nel son, Nucleic Acids Research

20( 23 6253- 6259, and U. S, Patent 401 7 and .
tempegatgee]! osichouFSorT carepdiion Wes they AuGRched NEV F@%ﬁ@'& PES&%@ sat. ag. sodium
| abel i ng procedures see R Haugland in Excited Stat
bicarbohateBINgHCQeas] 05t mlnef aedlytiop| @ﬁqsnﬁupnemgthowdmeﬁé)(%%) The
45 WO 2006/ 034036 PCT/ US2005/ 033174 [0147] In one
reacti®® Thixfie tvitsthen chiefsdcaith 120beili HgOreidhedraated 1 x 50 mL EtOAc. The
ol i gonul eotide can be | abeled as follows. A dye

organii1 Eiygfj Wad (ﬂleﬁaé\t%QWaz}SOQ,kﬂR&eQ AHRva orﬁféﬂ\ﬁﬁ{dkﬁ dedu@ed Peessure. The

roxysuccininmde ester by reacting with

residuf Rag ﬁlg et el gxwg o‘f@ll I%nm&dfé{hé hygrpog}do (LIQH)MEORV/H:0 (177 mg/20
equi val ents of N hydr oxysucci nim de i

LIS G0ky ST br 55 Homivise. 1 SbmieActperat G Yol ¥%ar8?%wmperm
m xture i s washed with 5% HC , dried over nagnes .

evapaaied andsr reduced prassire andlissohved in AAmldHe@, aridifeq Wlt\liM11| TRL 10% HCL,
is resuspended in DMSO. The DVMSO dye stock is then

and exelgerdd iwitteX0@3ssL (EtOA20xThé organicakiyenvex yiried erview iah5@d filtered and
ol i gonucl eotide in 0.25 M bicarbonate/ carbonate

e UnflerdRetiv@bd uie0 I'ERChedid@le GvaBopurified by silica gel
evap&%a o, Ayr hotler® R 4%@% A1 The dve labored o s

chror%atogrgglg};; {Lﬁlﬂl& dgrahi%nts&pﬁ§ 25 89 M%@ﬁ/ﬂ@?\@qﬁtg‘?% sy ﬁlgb&f compound 45 as

I 'ze-exclusi on chromatography

ol ff . r
o soif HRL BB LSBT S oo e YTl o g0 1062
the crude | abeled oli onucleotlde is further purified
(s, 1Hy4.2¢4 &dcHe | JRAB.SHPE Fé& ent el ution.
[0148] It will be underst ood that the fol |l owi ng

[0158k anEkamplerde Syethagis 0H60.BinireeDPAQ (40t rative and are

not neant to be limting of the present teachi ngs |“

any Al t hough the above description G 02
adequaf e tg Yeach one of skill in g 0
. e _thtpreseqi4%achi ngs, t
exa bd as-fut-her-gui da
ski | 149] In some enbod
@reésen QA1 Ngs?provi de for a mixdllre rrprlf'sklng NO2

| east one conpound of the present teachings in any of
the fornms délkscri bed herein and at | east one

[0160] A solution of 50 mg of DDAO dissolved in 2 mL of a 1:1 solution of H,SO4/HNO3
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 EtOH 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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ot her conponent conprising a fluorescent dye. For

exanpl e, the present teachings can provide for a
worRoob08930f pol ynucl eoti des, wherein at | east PEEUS2005/033174
pol ynucl eoti de of the m xture conprises a conpound of
the present teachings and at |east one other
pol ynucl eoti de conprisigg a fluorescent dye. Mxture
Icorrpg_nents corrp[yj@si ng=K| upr escent dyes of the present
t ®gchi ngs,,can 2P grey_by 3 of e nmethods
1c?i)Hher ei n. a8 n sone %Q%Ol @ b ooon
provi de for kits conprising, .2
compound o ﬁ?’he pr esent teachin{r?}lgs in hzlamy of t fQrms
desami bed herein. 46 WO 2006/ 034036 PCT/ k52005/ 033 é’4
[ 0150] EXAMPLES [0151] Materials and Methods [0152]

[0162]fU”' 88@93%11?%?8%59%@% \;ﬁ%ﬁg{g'mﬁﬁéﬂgﬁ Bk gbtﬂiseﬁﬁion of 43.3

rom use

me of GSEnrc O el L B A 8 4Pl SRR e or 20
NMR spectra were obtained using a Bruker 400 MHz . )

hours. Ahe seastinp/massensantipied dp drynsss by geporafionangdeco-gyispgrstiqn with DCM
using an Applied Biosystens APl 1500 Mass

to giveSpepbnnd#4.er . Fl uorescence data was obtai ned using a
Perkin El nmer LS-50B Lum nescence Spectrophotoneter.

[0163];’\// Yhs datide (3§ hkalinadvessing antleivirt tanBagkaed with 200 pL of
451A Di ode Array Spectrophotoneter. [0153] Exanple 1:

e T
o B e A e L TR B v 1

The reaction was stirred at . ) .
10% HCL. The solvent was removed in vacuo and the residue was redissolved in 50mL H,O and

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

[0164]  The residue was then treated with 20 mL of a solution of LiOH-H,0O/MeOH/H,O
(0.85g/100mL/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 mL 10%
MeOH/EtOAc, then the organic layer was treated with 0.5 mL triethylamine, 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. '"H NMR (in MeOD): & 8.52 (d, 1H), 8.01 (dd,
1H), 7.71 (d, 1H), 7.51 (s, 1H), 7.24 (s, 1H), 6.69 (s, 1H), 4.45 (s, 2H, CHb), 1.82 (s, 6H, 2 x

CHs). MS (ESI) m/e 563.2 (calcd. for M-H = 563.0).
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60C overni ght and then poured into ice-water.
Unreacted starting material was extracted with ethyl
wac@bas®3q Et OAc) and then the product was extrBCT/E82005/033174

with n-butanol. The solvent was renoved in vacou to
obtain 45 ng of 6-sul fo-DDAO 42 as dark shiny

Exemplagy (laps 1H NWVR (CD3OD): 8 7.9 (s, 1H), 7.75 (s,
1H, 7.2 (s, 1H), 1.78 (s, 6H). Ms: MtH = 388. [0155]
Exanpl e 2: Synthesis of
N- (4- caboxybenzoyl ) - am nonmet hyl DDAO (45) 47 WO

1. A 0816p0840 36mpfidihpa3a06tb8R1etted fdmCl HO O HO 0- 30 C
N G N ONH 4143 CF3 C G CO®H HOI / OHO O
Ya CI NCI NN 44 NH2 4f55nm401§§] R a stirred solution
of 450 ny DDAO 1. 466 in 10 m_ of conc.
sul furic aci dHORSD4 3 g
N- (hydr oxymnet hyl ) t roace am de (2.929 nmol es) at
room tenperature. [ i xture was stirred at
room t enper at urggAo 7 The tion was poured
into 100 nL of ice watjer and extfacted wth 4 x 100 nL
of 10% nethanol /di chikpr omet haner{ McOH PGM . The
organic |ayer was dried over sodiumsulfate (Na2SO4),
filtered and evaporated to dryness under reduced
pressure. The resi dR|6e was purlﬁé ed by silica gel
chromat ogr aphy usi ny aRgradrent” of 2:20:78 to 8:20:72
McOH et hyl aeiet at e 5 M) toQgi ve 456 ng of
conmpound 43 as a H NVR (DVSO-d6): 6
11. 4

R1s (IID)

R1s R11 av),
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(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).
woOR060EBB) M H = 431.2. [0157] A solution of 6GHCTSmD5/033174
conmpound 43 (0.148 mmles) in 30 nL NH3/ MeOH was
.stirred at roomtenperature for 20 hours. The reaction
whereinygs concentrated to dryness by evaporation and
co-evaporation with MeOH The solid was recrystallized )
RiB: BtRocwre: eachyindepensieptyiselegied ffam 58} halgggn, fluorine, chlorine,
stirred solution of conmpound 44 in 6 nL
brominegli 7%k, hypbstitatedaaiyde (HokdrpaPCM COH,1)}ChaR, alOeld, 158:Ry €THCOH, -
4- car boxyet hy terephthal oyl chloride (0.594 mmuol es)
CHzcoguddP{z@o . -CHjSTopt AOH ALY |-ep, B[R -NORO O, IR e R isub&ituted C-Cg
he resulting m xture was allowed to stir at room 48

alkyl, c‘l,f-@lﬁfaglgo g%%%%@&%%gﬂ%gﬁé%@% al%@rgz&gf)i/,%ligﬁtﬁu{@c{ C§-Cs alkoxyaryl,

e reactio n quenc addi t1 on of

10 nl sat. aq...spdi um _bi.carbonate d.o

oo, S b S B BRI, SPEEE oS8 B, venaoy,

~reaction mxture_was then diluted wth 20rrLH20arh(2 )

substitutsdbeagnrbcbondend GinKing-erong, Wheesin Brig aripeied &y Cyelss alkyl, substituted
dried over Na2SO4, filtered and evaporated under i

Ci-Cs dledpcreCprabosyr subdiitetedr EsiCiuelkaay, Chdiv alkenyasstlupsubstiguted Ci-Ce
sol ution of lithium hydroxide(Li OH)/MOH H20 (177

alkoxyaf§d/ PBenyll-/shbsiniteat pBEF1S Giplhyl)i substtitedTibépheryCt beryl, substituted
was then cooled to roomtenperature, evaporated under

. T 5 TadH20, aci difi ed
benzyl, \g’m&t&ﬁ?ﬁg‘éﬁgﬁﬁ%@%ﬁ B R P el 00 Mt Bt onc

@Mﬁ?ﬂ%ﬁ F%’% %%;f!’éi,‘r;i,é S%Le'ggeﬁa {7015 @de'\%?%?éls%rﬁ bt eLedbditflied alkyl, Ry
and R fay ?&%@‘%’S,ﬁ%?@éﬁeg%@% Sty %?%g%&%%gg{iﬁq{gg%@loalkﬂ, Cs-Cy

ng of conpound 45 as _a solid. 1H NVR (DVBSO-d6): 6
substitugdgacloalkyl #nd Gi-§=7 sebstifuied unsaiprated QuelqatkylaH) | 6. 97 (s,
1H), 6.52 (s, 1H), 4.24 (d, 2H), 1.70 (s, 6H). M=
Witbhe Pdokiso tdB 5 the ¢ AIndEoaypises Bie sByntubed), sheh at least one of Ry,
6,8-Dinitro-DDAO (46) Cl CI NO2
Ry, R3 or Rg is not -H.

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

halogen, fluorine, chlorine and bromine.

3. The compound of either of claims 1 or 2, wherein R¢ and Ry are fluorine.
4, The compound of either of claims 1 or 2, wherein R¢ and Ry are chlorine.
5. The compound of either of claims 1 or 2, wherein R¢ and Ry are bromine.



HOOHOO C N C N NO2 41 46 [0160] A solution of

50 ng of DDAO dissolved in 2 nmL of a 1:1 solution of
WO2004344BK03 was stirred overni ght at room t enpEr/as2008033174

The reaction was extracted with Et OAc. The sol vent

was renoved in vacuo and_the cru roduct S

6.  Theepyppund oidans LowheieaRs & @ﬂ% @r%dd § Sﬁgect?f‘ 1015 -H, -CO,H, -COSR, -
di nitro-DDAO (46). [0161] Exanple 4. Synthesis of

SO3H, -303R4 -CHEORYH 2ELICIO TR n el SPs Hint Glds iy HCHe, (g )-CHpNHR.
WD 2006/ 034036 PCT/ US2005/033174 O O C 0 OH HO2C O
OOHCOOH 48 NCI N NHTFA CI N O SO3 43 47 e [0162]
Compound 43 was prepared in the sane manner as in

ti fis sQERaUROMABL (SOLH, -SOsR, -
7. TEROBpGuid of AR W whdrih REds H ARG s SAERALDOmAIL(BCLH, -SO;

CHCOLEMPEIAOH CCkPAE0and e fipNHRDe Teacti on was

tyness Py evaporation and

co-evaporation with DCM to give conmpound 44. [0163]

The residue (44) was dissolved in 5 nL DW and treated

wth 200 L of diisopropylethylamne (Hunig' s base)
8.  Thedompognddf elahyds iveeraig the cEPROVRFFEBRITISEE %la%%ﬂacture (D, Rs and Ry

tenperature. The reaction was stirred at room _
are eachtifdgpenddntly seleoted Frdmauratogene flugues chiwdingiant btomine and R is selected
from -COzH, -COzR, -SO3H, -SO3R, -CH2C02H, -CHzCOzR, -CHzSO3H, -CH;;_SO3R, —CH;)_NHz,

-CHzNHR and -NOz.

9. The compound of any one of claims 1-8, wherein the compound comprises the structure

(I) and R; is selected from -SOsH, -SO3R, -CH;NH,, -CH,NHR, and -NO,.

10.  The compound of any one of claims 1-8, wherein the compound comprises the structure

(I) and R; is selected from -SOsH and -SO3R.

11.  The compound of any one of claims 1-8, wherein the compound comprises the structure

(I) and R is selected from -CH,N'H; and -CH,NHR.
12.  The compound of any one of claims 8-10, wherein R; is -SOsH.
13. The compound of any one of claims 8-10, wherein R; is -SO3R.

14.  The compound of any one of claims 8, 9 or 11, wherein R; is -CHyNHz.
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15.

16.

17.

18.

10% HCl . The sol vent was renoved in vacuo and the
resi due was redissolved in 50nL. H20 and extracted
WoRa06/034036 50 nL 10% McOH Et OAc. The organi c | ap€r/Usmes/033174
dri ed over Na2SO4, filtered and evaporated to
dryness. [0164] The residue was then treated with 20
mL of a solution of Li OHH2O MeOH H20
(0.85g/100nL/201) at roomtenperature for 10 _m nutes.
Theeomprtnd ef amyongoff diefhes, Iwn H, wherain Roas GEHLNGAR
diluted with 50 nL sat. NaCl. The m xture was
extracted 2 x 100 nL 10% MOH Et CQAc, then the organic
| ayer was treated with 0.5 niL triethyl am ne,
ﬂl\é%eﬁ{ Blsdof Ay deYreRindod 1f iDal 13 viRray ®RDGrat ed with
The crude product was dissolved in 50 nL of 20%
I\/bC]—I/DCM and purified by sili chr omat ogr aphy (2
70% 30% 50% 60% 70%
and 80% MeOH DCM (1 00nL (g gr adi ent step, collecting
e G rTg of conpound 47. 1H
NVR (in MeQD): 685(d H, 801 (dd, | H, 7.71
(d, I H, 7.51 (s, 1, 7.24 (s, | H), 6.69 (s, 1H),
4.45 (s, 2H, C32), 1 82 (s, 6H 2 x CH3). Ms (ESI)
me 563.2 (calcd. for MH = 563.0). 50 WD 2006/ 034036
PCT/ US2005/ 033174 Exenplary Cdains: 1 A conpound
conprising a structure selected from R#r' R4 /R3 HO O
'Rz daghpoBsd Blanyl gne oRelaiEs Rd 1RB3 pi0l HvAgreiRR Nlinking group.

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

structure (I), R7 is -SOsH and R, is ~-CH,NHo.

19.

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

structure (I), Ry is -SOzH and R, is -CH,NHR.

20.

21.

22.

The compound of claim 19, wherein R is substituted benzoyl.

The compound of any one of claims 19 or 20, wherein R is

CO,H

The compound of claim 19, wherein R is linking group.
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R8 R12 Rlo R11 (Il), R5 R RRHO~O0 RI31 / NR
R2 / 1 R14 R16 R15 (I1l1) and R RR3 HO R13 R9 R10
wWR6RIHIRLL (1V), 51 WO 2006/ 034036 PCT/ US20P61/0SB07433174

wherein R1-R3 and R6-R16 are each independently
sel ected from.-H, halogen, fluorine, chlorine,

23.  Theesampaundphlaimg yhetein eyt a’il%/?f,rﬁlﬁ]gf %‘FE@?‘% 18 SE6PH,
-C2R, -SMBH, -SMR, -CHRCXH, - CH2CZR, - CH2SM3H,
-CH2SBR, - CH2NH2, - CH2NHR, -NO2, Cl1-C6 al kyl,
substituted C1-C6 al kyl, Cl-C6 al koxy, substituted

24.  Thé-cGhpahdofianyGhe 66 thel freveyaipydlaims) NobereinlR e dRs 286 m ethyl.
al koxyaryl, phenyl, substituted phenyl, biphenyl,
substituted bi phenyl, benzyl, substituted benzyl,
benzoyl, substituted benzoyl, bond and Iinking group,

o5, IR i O o, S ke

Cl- C6 al koxyaryl, substituted Cl-C6

26.  The compound of any one of claims 1-5, wherein the compound comprises the structure
(ID), Ry is selected from -H, -CO,H, -CO2R, -SOzH, -SO3R, -CH,CO,H, -CH,CO:R,, -CH,SO3H,

-CHzSO;;R, -CHzNHz, -CHzNHR and -NOz, and R3 and Rg-Rlo are -H.

27. The compound of claim 26, wherein Ry is selected from -SO3H, -SOsR., -CH,NH,, -

CH,NHR, and -NOa.

28. The compound of claim 26, wherein Ry is selected from -SO3H and -SO3;R.

29. The compound of claim 26, wherein Ry is selected from -CH;NH, and -CHZNHRt
30. The compound of claim 26, wherein Ry is -SO3H.

31. The compound of claim 26, wherein Ry is -SO3R.

32. The compound of claim 26, wherein Ry is -CH,NH,.

33, The compound of claim 26, wherein Ry is -CH,NHR.
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al koxyaryl, phenyl, substituted phenyl, biphenyl,
substituted bi phenyl, benzyl, substituted benzyl,
wWhewsny4036 substi tuted benzoyl, bond and | i nki nBCTUS2005/033174

and R4 and R5 taken separately are selected from Cl-C6
al kyl and Cl-C6 substitu I .R5 taken

34, Thggemmperndpanyng of g éﬁg&%]@?{‘ %&%sﬁﬂl% 1S c4-c7
unsat urated cycl oal kyl, C3-C7 tituted cycl oal kyl
and C4-C7 substituted unss %&cloalkyl with the
proviso that if the cong onprises the structure
(1), then at |east one g R2, R3 or R8 is not -H
2. The conpound of Chg “Wherein R6 and R7 are each
i ndependently selectdd from hal ogen, fluorine,
chl orine and brom ne.03. The conpound of either of
claims 1 or 2, wherein R6 and R7 are fluorine. 4. The
conmpound of either of claims 1 or 2, wherein R6 and RY
are chlorine. 5. The conmpound of either of clains 1

5. Sl BN 0P Pl g oy

1, wherein R6is -Hand R7 is selected from -H, CEQH
-C2R, - SMBH, -SMABR, -CH2CRZH, -CH2CARZR, -CH2SO3H,
- CH2SBR, -CH2NH2, and -CH2NHR. 7. The co oundeﬂé
36, EHcaFemBounghel Al ok qisclaimsaf PTRh Phere éh?t _Gqmprises the
-SABH, -SABR, - CH2CO2H, -CH2CX2R, -CH2NH2, and
structure @52 iR sﬂectédwﬁomohbeﬁﬂdl{ofc@lﬁi-ﬁi)iﬂ, WisRerGFLRO:H, -CHCOR, -
conmpound conprises the structure (1), R6 and R7 are
CH,SO#BCOH,SOgNeCHeNH: - CEBNEIR el NOahdRogediR | oFR goareRH,
chlorine and bromne and R2 is selected from -CO2H,
-C2R, -SMBH, -SBR, -CH2C2H, -CH2CXZR, - CH2SGOBH,
-C12SABR, -CH2NH2, -CH2NHR and -NO2. 9. The conpound

37. @Ib o poémgf)ﬁ&a ?ﬁ%&%ﬁ%@%ﬁé{]@]ﬁs s%d from

-SBH, -SMR, -CH2NH2, -CH2NHR, and -NO2. 10. The
compound of any one of clains 1-8, wherein the

conpound conprises the structure
38. The compound of claim 36, wherein Ry is -SO3H and Ro is ~-CH,N'HR.

39.  The compound of claim 36, wherein R is

COH

40.  The compound of claim 36, wherein R is linking group.

41.  The compound of any one of claims 1-7, wherein the compound comprises the structure
(II), Rio is selected from -H, -COzH, -COzR, -SO3H, -SO3R, —CI—I2C02H, -CHzCOzR, -

CHzSO3H, -CHzSO3R, -CHzNHz, -CHzNHR and -NOz, and R3, Rg and R1 1—R12 are -H.
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(1) and R2 is selected from-SO3H and -SOG3R 11. The
conpound of any one of clains 1-8, wherein the
W@ 00p08H086 conpri ses the structure (1) and R2 PGI/US2005/033174

selected from-CH2NH2 and - CH2NHR. 12. The conpound of
any one of clainms 8-10, wherein R2 is -SGBH.  13. The
conpound of any one of clains 8-10, wherein R2 is
-SBR. 14. The confound of any one of clains_8,

42.  The,commmuai of Riains4 L, oHmgin. Rio0 53 seleripd dopmaiidél, SOzR -CHoNH,
PCT/ US2005/ 033174 15. The conpound of any one of

CH,NHR] adnBi@8, 9 or 11, wherein R2 is -CH2ZNHR 16. The
compound of any one of clains 9-11, 13 or 15, wherein
Ris Co2H 17. The conpound of any one of clains
9-11, 13 or 15, wherein R is linking group. 18. The

7 i e
4. 3 RBHREEbram B SpRiei 5} fipieicd fin HOWITEJORE
R2 is -CH2NH2. 19. The conpound of any one of clains
1, 6 or 7, wherein the conpound conprises the
structure (1), RfT is -SBH and R2 is -CH2NHR 20Q. The
4. Therepoweundef dpim M, wer%&@imemeé feogh s Helifkgnd - -CH,NHR.

benzoyl. 21. The conpound of any one of clainms 19 or
20, wherein Ris Co2H 22. The conmpound of claim19,
wherein Ris linking group. 54 WO 2006/ 034036

45.  THEWRDRRS6OAihY 41, vAreil RG, BOFPEMNd of claim wherein
at | east one of RI-R3 and R6-R16 is SO8H. 24. The

conpound of any one of the preceding clains, wherein
R4 and R5 are methyl. 25. The conpound of any one of

6. THE Cotipotin LPYaf A therem%w lsNgB,g@nd R3 are -13.

47. The compound of claim 41, wherein Ryg is -CHaNH,.
48. The compound of claim 41, wherein R;q is -CHoNHR.

49, The compound of any one of claims 41-44, 46 or 48, wherein R is

CO,H

50.  The compound of any one of claims 41-44, 46 or 48, wherein R is linking group.
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26. The conpound of any one of clains 1-5, wherein the
conpound conprises the structure (lIl1), RO is selected
WO p@ai034d36 - CO2H, - CO2R, - SOBH, - SMBR, - CH2CO2HPCT/US2005/033174
- CH2CO2R, CH28(13H - CH2SBR, - CH2NH2, - CH2NHR and
-NC2, and and R8-R10 ar The. conpound
51 The e HPEd %éﬁl}éPﬁeF@” %H%Seg élrtHéde? Gxﬁr}ipmp%ééﬁompnses the
- CH2NH2, - CH2NHR, and - NQ2. The corrpound of claim26
structure (eRei in selected fros) d61-602Hs SaP:R0e8A: HadSORBEHALHHE H2COR, -
conmpound of claim26, wherein RO is selected from
CH,SOsH, GERNH: Rg RO H,XTH2 NBIR, NHIFO andMNO caomaid 4 Rb zoid R &Ripafe6H.
wherein RO is -SC8H. 31. The conpound of claim 26,
wherein RO is -SGBR.  32. The conpound of claim 26,
wherein RO is -CH2NH2. 33. The compound of claim 26,

>2. TP@%‘% @96@’7@%@1%‘“@ co O%ﬁ{dég ?gg%{ %\Ir%z of

clainms 26-29, 31 or 33, wherein Ris CO2H 35. The
compound of any one of clains 26-29, 31 or 33, wherein
Ris linking group. 36. The conpound of any._one of

53.  Thel commeusd of claim dhevlgreinByds &993%%&@%9 Rhe
structure (I1), RO is selected from-H, -CX2H, -CX2R,
-SABH, -SABR, -CH2C2H, -CH2CXR, - CH2SM3H, - CH2SABR,
- CH2NH2, -CH2NHR and -NO2, and R3 and R10-R12 are -H.

54, Tﬁe?eommn@aﬂa@uﬂ%Osfvh&blams% wherein R7 is -SQ3H and

is -CH2NH2. 38. The conpound of claim 36, wherein

R7 is -SBH and R9 is -CH2NHR _c@8H The compound of
claim 36, wherein Ris £0 O 40. The conpound of
claim 36, wherein Ris g group.

55.  The compound of claim 53, wherein R is linking group.

56.  The compound of any one of claims 1-7, wherein the compound comprises the structure

(II), Ry is selected from -H, -COH, -CO3;R, -SOsH, -SO3R, -CH,CO,H, -CH,CO:R, -

CHzSO3H, -CH2803R, -CHzNHz, -CHzNHR and -NOz, and R3, R9-R10 and R12 are -H.

57. The compound of claim 56, wherein Ry is selected from -SOsH, -SOsR, -CH,NH, -

CH,NHR, and -NO..

58. The compound of claim 56, wherein Ry; is selected from -SOsH and -SOsR.

59. The compound of claim 56, wherein Ry; is selected from -CH,NH, and -CH,NHR.
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41. The conpound of any one of clainms 1-7, wherein the
conpound conprises the structure (lIl1), Riois
W@ 0068486 from -H, -CO2H, -CO2R, -SOB8H, - SABR, PCT/US2005/033174
-CH2C2H, -CH2CO2R, - CH2SQ3H, -CH2SOBER, - CH2NH2,
-CH2ZNHR and -NO2, and R3, R9 and R11-Rl12 are -H 56 WO
2006/ 034036 PCT/ US2005/ 033174 42. The conpound of
claim4l, wherein R10 is selected from-SO3H, -SX3R,
60.  Thpeadepound ofelitaR6, whereimRa is F{&stconpound of cl ai m 41,
wherein R10 is selected from-SO3H and - SGBR 44. The
conpound of claim4l, wherein RLO is selected from
-CH2NH2 and - CH2NHR. 45. The conpound of cl ai m 41,
61. *{vﬁ@&&hﬁoﬁh%flcﬁmm%@swhe&ﬁm he-syroound of claim 41,
wherein RIO is - SOBR . The conpound of cl ai m41
wherein R10 is -CH2NH2. 48 The conpound of cl ai m41,
wherein R10 is -CH2NHR 49. The conpound of any one of
ains 41- 4 erein Ri1s CO02H 50. The
g-gﬁﬁ%m}m&f é%ewgfreg} Prid- @[—1“\11}]3 46 or 48, wherein
R is linking group. 57 WO 2006/ 034036
PCT/ US2005/ 033174 51. The conpound of any one of
clainms 6 or 7, wherein the conpound conprises the
63.  Fhe vahpownd(dfic)aimFiog whsregeRads edHiNGR - H, - CO2H, - CO2R,
-SBH, -SMR, -CH2CXRZH, -CHRCXRR, - CH2SM3H, - CH2SOBR,
- CH2NH2, - CH2NHR and -NO2 and R3, R9 and R11-R12 are
- H. 52 The conmpound of claim51, wherein R7 is - SGBH
n m 51,
64. \Emer el Ts -%Ofcglgwﬂg@?? ?qrmcﬁlgi\lﬁgafeng%% The
corrpound of claim53, wherein R ic®,402H

62.

65.  The compound of any one of claims 56-59, 61 or 63, wherein R is linking group.

66.  The compound of any one of claims 6 or 7, wherein the compound comprises the

structure (II), Ry; is selected from -H, -CO,H, -CO,R, -SOsH, -SO3R, -CH, CO;H, -CH,CO,R, -

CHzSO3H, -CH2803R, -CHzNHz, -CH;)_NHR and -NOz, and R3, R9-R1o and R12 are -H.

67. The compound of claim 66, wherein Ry is -SO3H and Ry, is -CH;NHo.

68. The compound of claim 66, wherein Ry is -SOsH and Ry is -CHoNHR.

69.  The compound of claim 68, wherein R is
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55. The conpound of claim53, wherein Ris |inking
group. 56. The conpound of any one of clains 1-7,
wWob@ees4036¢ he conpound conpri ses the structure PCT/DY2005/033174
R11 is selected from-H -CX®2H -CXRR -SOH, -SBR
-CH2C2H, -CH2CO2R, - CH2SQ3H, -qyg@pBR, - CH2NH2,
-CH2NHR and -NO2, and R 3 RB0 and R12 are -H. 57.
The conpound of cl ai m 56, ein R, is selected from
-S@BH, -SMBR, - CH2NKZ, - , and -NO2. 58. The
conmpound of claim 56, ™y N Rii is selected from
-SBH and - SGBR. 59. e conpound of claimb56, wherein
Rii is selected from-@H2NH2 and - CHZNHR. 58 WO
2006/ 034036 PCT/ US2005/ 033174 60. The conpound of
cl aim56, wherein R11 is -SO8H. 61. The conpound of
claimb56, wherein R11 is -SGBR. 62. The conpound of
70. qihelca?ngéund«bﬁasin%m&hdranmm& gr6®. The compound of
claim 56, wherein R11 is -CH2ZNHR 64. The conpound of
any one of clainms 56-59, 61 or 63, wherein Ris CO2H
O 65. The conpound of any one of clains 56-59, 61 or

1 g R gL B s e s

nprises the structure || S elec d from
(), Ry seloowrl Bompril ~S63H, -CSbiR -SOokp CEPR. CHePPk -CHACOIR, -

CH2SO3H, CHZSCBR - CH2NH2, - CH2NHR and N02, and R3,
CH,SORY,, R, SR, RTH:MHe, -OHLNBIR atheN@p apdBa dndRo-Ri ait-H6,
wherein R7 is -SO3H and R11 is -CH2NH2. 68. The
conpound of claim®66, wherein R7 is -SO3H and R11 is
-CH2NHR.  69. The conpound of claim 68, wherein Ris

72. 5% compound of claim 71, wherein R, is selected from -SOsH, -SO3R, -CH,NHD, -

CHzNHR, and -NOz.

73. The compound of claim 71, wherein Ry, is selected from -SO3H and -SOsR.

74. The compound of claim 71, wherein Ry, is selected from -CH,NH; and -CH,NHR.

75. The compound of claim 71, wherein Ry; is -SOzH.

76. The compound of claim 71, wherein R;; is -SOsR.

77. The compound of claim 71, wherein Rj is -CH,NHo.

78. The compound of claim 71, wherein R;5 is -CH,NHR.
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WO 2006/ 034036 PCT/ US2005/ 033174 CO2H 70. The

conpound of claim®68, wherein Ris linking group. 71.
wab@sodtwpound of any one of clainms 1-7, wherei PCT/082005/033174

conpound conprises the structure (I11), Rl2 is

selected froam-H, - H - - H -S@BR
79.  Thempmppynd Démww%@w%,%@%&?{em NH2,
-CH2NHR and - N2, and R3 and RO9- are -H 72. The

conmpound of claim 71, wher€m™ 925 "sel ect ed from
-SBH, -SMR, -CH2NH2, -
conpound of claim7l, whg

, and -NO2. 73. The
L R12 is selected from
-SBH and -SBR. 74. e codpound of claim 71, wherein
R12 is selected from -CH2NH2 and - CH2ZNHR. 75. The
conmpound of claim 71, Oserein R12 is.-SO3H. 76. The
conpound of claim 71, wherein R12 is -SG3R  77. The
conmpound of claim 71, wherein R12 is -CH2NH2. 78. The
conmpound of claim 71, wherein R12 is -CH2ZNHR. 60 WD
PCT/ 79 7ol i
O o i Tt M A e
The conpound of any one of clainms 71-74, 76 or 78,
wherein Ris linking group. 81. The conpound of any

one of clains 6 or 7, wherein the ¢ ound conpri ses .
81, Teecomnaring 0f | Py ORDIIMS & o¥ ot WRCTFRONE . §qmbaEag gomprises the
-C2R, -SMBH, -SMBR, -CH2COZ2H, -CH2CO2R, - CH2SO3H
structure- (HR2BGAR seleck@Nizn -HOHENRR, £rdR,NOR:HardsR3 -G Rl REH2CORR, -
are -H 82. The conpound of claim81, wherein R7 is
CH,SO;HSWH, SR RUH NH 7, GERNNPIR arfi3-NhhendRypeiR@Rofare Hai m
81, wherein R7 is -SO3H and R12 is -CH2ZNHR. 84. The
conmpound of claim83, wherein Ris

82. The compound of claim 81, wherein Ry is -SO3H and Ry is -CH,NH,.

83. The compound of claim 81, wherein Ry is -SOsH and R;2 1s -CH,NHR.

84.  The compound of claim 83, wherein R is

CO,H

85.  The compound of claim 83, wherein R is linking group.

86.  The compound of any one of claims 26-85, wherein Ro-Ry; are H.

87. The compound of any one of claims 26-86, wherein R4 and Rs are methyl.
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CO2H 85. The conpound of claim 83, wherein Ris
i nking group. 86. The conpound of any one of clains
wWQeeo8s340eherei n RO-R12 are H 87. The conpoundPGIf/Us2v95/033174
one of clains 26-86, wherein R4 and R5 are nethyl. 61
WD 2006/ 034036 PCT/ US2005/ 033174 88. The conpound
according to any one of 1-5 or 8, wherein R2 and R3
are -NO2 and R4 and R5 are nmethyl. 89. The conpound
88.  Tecomdpaydamcaningtenyfonelodilp®ons, hese iR, whé Reiare 1¥@z and Ry and
conmpound conprises the structure (I111) and RL and R3
R5arem%ﬂ$fl H. 90. The conpound of claim89, wherein R6 is
91. The conpound according to any one of clains
89 90, wherein R13, R15 and R16 are -H 92. The
compound of claim 91, mherein R2 is -SCBH 93. The

ound of claim?9 |
v Bt el de Yo, Y OBt ik 1106 8% 5Mggein ghe, compound
ghe co ound accordlng to any one

ComPﬂS%gfthﬁlsaﬁuﬁﬁlr@iHB@nd\ﬂﬂélP Reofadlis - CHONFR 96, The

conpound of claim95, wherein Ris CO2H Nz~ |1 O 97.

The conpound of claim 95, wherein Ris |inking group

62 WD 2006/ 034036 PCT/ US2005/033174 98. The conpound
90. THe ®rhpsundostelgifn 89, avteeeil R 38-Hwherein R14 is -H 99.

The conmpound of claim91, wherein R14 is - SC3H.

91. The compound according to any one of claims 89-90, wherein Ry3, Ris and Ry¢ are -H.
92. The compound of claim 91, wherein R, is -SO3H.

93, The compound of claim 91, wherein Rj is -H.

94, The compound according to any one of claims 91-93, wherein Ry, is -CHoNHo,.

95. The compound according to any one of claims 91-93, wherein Ry4 is -CH,NHR.

96.  The compound of claim 95, wherein R is

CO,H

97. The compound of claim 95, wherein R is linking group.
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100. The conpound of claim91, wherein R14 is -H 101.
The conpound according to either one of clains 91 or
wO%0e081030herein R2 is -CH2NH2. 102. The conpPCmusS2005/033174
according to either one of clainms 91 or 99-100,
wherein R2 is -CH2ZNHR.  103. The conpound of claim
102, wherein Ris CO2H 104. The conpound of cl aim
102, wherein Ris |linking group. 105. The conpound of
98.  Thé eomp@fd offeether ameRd clagms 98 93pwherrie Rgoifpdlind
according to any one of 89-105, wherein R4 and R5 are
nmet hyl . 107. The conpound according to any one of
claims 1, 6 or 7, wherein the conpound conprises the
0 of claim 107,
99 THE EUEbHEA dflckim e R S 034050
PCT/ US2005/ 033174 109. The conpound of claim 107,
wherein R10 is -H 110. The conpound according to
an one of ms. 107- 109, wh ein R14 is - CH2NH2.
100. EOHWWN? ﬁ%ﬁ X%FB?QﬁWﬂjS “any one of clains
107 109, wherein R14 is -CH2NHR.  112. The conpound é
101.  Thkabmpourd aoaprsiing te eithpronepdiqlaims 81 orid- L yBhsken &t 1 -CH2NH,.
claim 111, wherein Ris linking group. 114. The
conmpound according to any one of clainms 107-109,
wherein R14 is -H 115. The conpound according to
102. ﬂ@%@ﬁ%&{d £dcdidime hQlthdddhe ofegdigk 9 1RS: 99RB00,Reher&h R, is -CHNHR.
R12, 3 R15 and R16 are -H 114. The conpound of
claim 107, wherein R14 is -SO3H. 115. The conpound of
claim 107, wherein R14 is -H 116. The conpound

103, ﬂgcordl n toclam}llﬁq%h%;en% al ms 114 or 115, wherein R10

CO,H

104. The compound of claim 102, wherein R is linking group.
105. The compound of claim 99, wherein R; is -H.
106. The compound according to any one of 89-105, wherein R4 and Rs are methyl.

107. The compound according to any one of claims 1, 6 or 7, wherein the compound

comprises the structure (IV).

108. The compound of claim 107, wherein Ry is -SOsH.

63



64 WO 2006/ 034036 PCT/ US2005/033174 117. The conpound
according to any one of clains 114 or 115, wherein R10
WO 2006QBBEHR. 118. The conpound of claim 117, MEUS2005/633174
is CO2H 0 119. The conpound of claim 117, wherein R
Is linking group. 120. The conpound according to
anyone of clains 107 or 114, wherein R14 is -H 121.
The conpound according to_any one of clainms 1 14-120,
109. Thespmippui3ef akgm HY, wherein Rds -iR13, R15 and R16 are
-H 122. The conpound according to any one of 114-121,
wherein R4 and R5 are nethyl. 123. An energy transfer
dye conprising a donor dye covalently attached to an
110. I@ﬁ%ﬁ%@ﬁn@e\/&ordlﬂgwe@mnb e cHpROT0TY®, ivsh&apelR] as aCHoNIH,.
absorbing light at a first mavelength and enmtting
excitation energy in response, the acceptor dye is
capable of absorbing the excitation energy enitted by

1L T SpREROHL AR DR OrE AL BB Gy Y ST RGR pr AV R

is a conpound according to any one of the preceding
clainms. 124. The energy transfer dye of claim 123,
wherein the donor dye is covalently attached to the
112. TEeceptpoundlykclainr bligwhardin Rker . 65 WO 2006/ 034036
PCT/ US2005/ 033174 125. The energy transfer dye of

claim 124, wherein the |inke LCQubh- nucl eotidic. 126.
The energy transfer dye @ m 124, wherein the

i nker is nucleotidic. e energy transfer dye
according to any ones 123-126, wherein the
acceptor dye is a co
selected fromR6 R5 R

113. The compound of claim 111, wherein R is linking group.

114. The compound according to any one of claims 107-109, wherein Ry4 is -H.

115. The compound according to any one of claims 107-114, wherein R3, R, R, Ri1, Ri2, Rus,

R15 and R16 are -H.

114. The compound of claim 107, wherein Ry4 is -SO3H.

115. The compound of claim 107, wherein Ry4 is -H.

116. The compound according to any one of claims 114 or 115, wherein Ry is -CHoNH,.
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HOI O RT NRR R8RL (I), R R R4 RBHOORY R7 N

R8 R12 \ R1I0O R11 (Il), RE RS RA RBHOO RI3BNR2 R
WA 200R0340B16 R15 (111) and 66 WO 2006/ 034036 PCT/US2005/033174

PCT/ US2005/ 033174 R6 R5 R4 R3 HO O R13 RO

117. The compound according to any one of claims 114 or 115, wherein Ry is -CH,NHR.

118.  The compound of claim 117, wherein R is

CO,H

119. The compound of claim 117, wherein R is linking group.

120. The compound according to any one of claims 1 07 or 114, wherein Ry4 is -H.

121. The compound according to any one of claims 1 14-120, wherein Rz Rg, Ro, Ri1, Riz, Ris,

R15 and R16 are -H.

122. The compound according to any one of 114-121, wherein R4 and Rs are methyl.

123.  An energy transfer dye comprising a donor dye covalently attached to an acceptor dye,
wherein the donor dye is capable of absorbing light at a first wavelength and emitting excitation
energy in response, the acceptor dye is capable of absorbing the excitation energy emitted by the
donor dye and fluorescing at a second wavelength in response and one of the donor dye or the

acceptor is a compound according to any one of the preceding claims.

124. The energy transfer dye of claim 123, wherein the donor dye is covalently attached to the

acceptor dye through a linker.
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N R14 R16 R12 R1I0 R15 R11 (IV), wherein R -R3 and

R6- R16 are each independently selected from -H,
whaloegate f | uori ne, chlorine, bromne, aryl, PCT/US2005/033174

substituted aryl, heteroaryl CIEFI CEQR - SCBH,

- SABR, - CH2CO2H qﬁ

125.  Thewpep rangiprdyar! cl@&@zl24c&’h@8méh?<§}flkefé%%t% Pedificr- os
al kyl, Cl1-C6 al koxy, substituted Cl-C6 al koxy, Cl-C6
alkoxyaryl, substituted Cl-C6 al koxyaryl, phenyl,
substituted phenyl, biphenyl, substituted bi phenyl,

126. TRERAMey trakdTel d}tettiffbtmllneln?zty{Nhelbﬁﬁheylhker is mindeatidic. ed
benzoyr bond and | inking group, wherein Ris selected
fromdCl-C6 al kyl, substituted Cl-C6 alkyl, Cl-C6
al koxy, substituted Cl-C8 al koxy, Cl1-C6 al koxyaryl,

IR RN TR AR gl 24156, MRS e acceptr

substituted . benz bengﬁg substituted benzoyl,
dye is a gapRPURA GOMPHRINGG S éPE)tHEFSG I’émd R5 taken separately
are selected fromCl-C6 al kyl apnd Cl-C6 substituted

al kyl, and R4 and 6 tRkenRyoget her are sel ected from
C3-C7 cycl oal , 3 cl oal kyl, C3-C7
substituted cycloq gostituted

unsat urated cycl oa nergy transfer dye
of claim 127, wherg AQr gy is selected from

5- carboxyfl ud ‘ - car Boxyf | uorescei n
(6- FAM, rhodam ne gteen (RllO) 5- carboxyr hodam ne,
6- car boxyr hodami ne, Rs 1 @,

NN -di et hyl -2', 7" -di net hyl - 5- car boxy-rhodam ne (5-
R6G, NN -diethyl-2',7" -dinethyl-6-carboxyrhodam ne
(6-R6G, N, N N N'Rgekran¢&hyR35 car boxyr hodam ne
(5- TAMRA) , g¥ :

N, N, N, N -téiQsa
5-carboxy X-rhod
(6-ROX), 5-carb
PCT/USZOOS/Q§7
2',4",5 ,7 ,-4, & ,
6- carboxy-2',4" 5 Rd', 4, 7- hex?d S in, 5-

bedtam ne (6- TAVRA),
car boxy- X-r hodami ne

R1s (IIT)

and
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carboxy-2', 7' -di carboxy-4',5" -di chl oro-fl uorescein,
6- car boxy-2', 7' -di carboxy-4',5"- dichl orofl uorescein,
wo2@abwiy-2' , 4" 5, 7' -tetrachl orof | uor escei n, PCT/US2005/033174
1',2' -benzo-4'-fluoro-7',4,7-
trichloro-5-carboxyfl uoresceing
1',2' -benzo-4'-fl uofo-Rs , 4R7-t
scein and 1yo2',7
- di benzo- 4, 7-di
| abel ed nucl eosi
the structiRyse
nucl eosi de, a
nodi fied nucl

ﬁchloro-G-carboxyquore

O

@orescein. 129. A

conpound conpri si ng

C coflpri ses a

] nucl eoside or a

bond or a linker

that coval e v~ angd D conprises a
conpound &tor di gto | ai n5'%1-128. 130.
The | abel ed nucl g ;ide or nucl eotg,de co d of claim
129, wherein L is attached to D at a positi'on on D

. selected fromof X2, RI, R3, R7, R8, RO and Rio. 131.

wherein The | abel ed nucl eosi de or nucl eoti de compound of any
one of clains 129-130, wherein if NUC conprises a,. )
RotRsi and RaBes, arefeach indkpengently selocted frapy dérhedoges. fiperine, chlorine,
8-position of the purine, if NUC conprises a

bromine,” agi@ Az alptitited dv9ls ehetdrbaryl,i 10OAY ROR,y-I@Ht t4BRe +GHCOH, -
the 7-position of the 7- deazapurine, and if NUC

CH,COR9 D@H%S?@dﬁi,acmsom,mo}gm?ﬁ eCHENMER| FNRb,NQ,-Op akklyY, substituted C;-Cs
attached to the 5- position of the pyrimdine. 132,

alkyl, c%ﬁ%@??}ﬁf&ﬁ@&{gﬁ‘gﬁgdﬁl%@ﬁb? QfkoSear gl sARHRBE CQIC, alkoxyaryl,

conpri ses” a base sel ected
fromthe group.consi st.i of ,.uracil {
pheny, 3RRIGRICAE: DA e BUPRE b St gl benovt
~ PCT/US2005/ 033174 . 133. The | abel.ed nuc] eosi de_or .
substituta oY, QendFGHBA 6D, BRSS! Eobr T Hl bstitated
structure H /N D )
Ci-Cs alkyl, C;-Cs alkoxy, substituted C;-Cs alkoxy, C;i-Ce alkoxyaryl, substituted C;-Cg

alkoxyaryl, phenyl, substituted phenyl, biphenyl, substituted biphenyl, benzyl, substituted
benzyl, benzoyl, substituted benzoyl, bond and linking group; and

R4 and Rs taken separately are selected\ from C;-Cs alkyl and C;-Cg substituted alkyl, and R4 and
Rs taken together are selected from C3-C; cycloalkyl, C4-C7 unsaturated cycloalkyl, C3-C;

substituted cycloalkyl and C4-C7 substituted unsaturated cycloalkyl.

128. The energy transfer dye of claim 127, wherein the donor dye is selected from 5-
carboxyfluorescein (5-FAM), 6-carboxyfluorescein (6-FAM), thodamine green (R110), 5-
carboxyrhodamine, 6-carboxyrhodamine, N,N’-diethyl-2’,7’-dimethyl-5-carboxy-rhodamine (5-
R6G), N,N’-diethyl-2’,7’-dimethyl-6-carboxyrhodamine (6-R6G), N,N,N’,N’-tetramethyl-5-
carboxyrhodamine (5-TAMRA), Cys3, N,N,N’,N’-tetramethyl-5-carboxyrhodamine (6~

TAMRA), 5-carboxy-X-rhodamine (5-ROX), 6-carboxy-X-thodamine (6-ROX), 5-carboxy-
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NUC Y O 134. A nethod of pol ynucleotide sequencing
conprising the steps of: i) formng a mxture of a

WO 2008034036 second, a third, and a forth cl ass 0PCT/US2005/033174
pol ynucl eotides such that: each polynucleotide in the

, . first class includes a 3' -termnal di adenosjne .

245 Ghih 1SR RPGIER: o Proeioaya Sal ngOF PR apL e -
in the second class includes a 3' -terninal X

carboxyel (B abigechoyed nE-dietdotosflugresseined wi t h a0-sebBRY2yY edicarboxy-4’,5"-
each polynucleotide in the third class includes a

dichlordluok@tainal-catbeleeX 4| 5asTositmehmnaluosescéinp el’ 84 banzand afluoro-7°,4,7-
third dye; and each polynucleotide in the forth class

trichlor?-@ga}%ﬂﬁo@sce‘hﬁ r i n&engh-degyyoly M, vl @ e-taboxyfluorescein and
abeled"™wth a forth dye; wherein at | east one of the

s s o lgh TSt SECOR kr .dyes is a dye conpound
12,7 gcél@e | %g,?f)@%hlg%@!sgﬁrgoggﬂ%f}g%c?}%n. 1-128; t heyot helrrmof
the dyes being spectrally resolvable fromthe dye(s)
and from each other; ii) electrophoretically
separating the pol ynucl eotides thereby form ng bands
129.  4flakgled nuglegpidesir nuglepiifs sammonsd P@F@gfqﬁ%{g the SRS nat i ng
the bands with an illum nati on beam capabl e of causing
the dyes to fluoresce; A CHwY identifying the
cl asses of the polynucleotides in the bands by the
fluorescence spectrum of the dyes. 69 WO 2006/ 034036

whereirf Cﬁlﬁ@%@ 1834 Muclebdide, aNuclatiigda ehodified mudlddside or a modified
urther conprising a fifth dye as an internal
nucleoﬁc'cfe,aﬂ%%rrn%rises a bond or a linker that covalently attaches NUC and D, and D comprises

a compound according to any one of claims 1-128.

130. The labeled nucleoside or nucleotide compound of claim 129, wherein L is attached to D

at a position on D selected from of X, Ry, R3, R7, Rs, Ro and Ryo.

131. The labeled nucleoside or nucleotide compound of any one of claims 129-130, wherein if
NUC comprises a purine base, the linking moiety is attached to the 8-position of the purine, if
NUC comprises a 7-deazapurine base, the linking moiety is attached to the 7-position of the 7-
deazapurine, and if NUC comprises a pyrimidine base, the linking moiety is attached to the 5-

position of the pyrimidine.
132. The labeled nucleoside or nucleotide of any one of claims 129-131 wherein NUC

comprises a base selected from the group consisting of uracil, cytosine, deazaadenine, and

deazaguanosine.
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136. A nethod of pol ynucl eoti de sequenci ng conpri si ng

the steps of: i) formng a mxture conprising a first,
wa2@eodnde a third, and a forth class of PCT/US2005/033174

pol ynucl eoti des such that: each polynucleotide in the

first class includes a 3' -termna
133, e Tbeleqd amelenndRIOr RIPERS OF Gy Ouah NS ST L FefRprising the
in the second class includes a 3' -tern na
structut deoxycytidine and is |abeled with a second dye;
each polynucleotide in the third class includes a
3'-termnal di deoxyguanosine angjis Labeled with a

third dye; and ea &’lw i1 the forth cl ass
includes a 3'-termnal dideoxythym|dine and is

| abeled with a forth dye; and and @ fifth dye as an

i nternal standard; wherein a fifth dye is a dye
compound according to any one of clainms 1-128; the

ot her of the dyes being spectrally resolvable fromthe

134. 9y Hefod: ad'fg)own%mes seﬂh@lﬁ"{n dompriifRche eRposet i cal Iy

separati t'he poly nuc eot i des thereby form ng bands

i ;@Sf%lg}éjg nﬂ%’%esog% ﬁd st @ X%)g]?i % ddg%i %'g&lg%flhé c %&Flﬁgﬁdss such

the dyes to fluoresce, and iv) |dent|fy|ng t he
that: ¢| asses of the pol ynucl eoti des in t he bands by the
fluorescence spectrumof the d 137. A et hod of

feacly pehnualeatiges ins theofipst icksh dgaclu e\/\@) qum@t}eé Jladepgyadenosine and is
PCT/ US2005/ 033174 i) form ng | abel ed pol ynucl eoti de
labeled Wb agitttslyel he fragments being | abeled with a dye
conpound according to any one of clains 1-87;
each polynucleotide in the second class includes a 3’-terminal dideoxycytidine and is
labeled with a second dye;
each polynucleotide in the third class includes a 3’-terminal dideoxyguanosine and is
labeled with a third dye; and
each polynucleotide in the forth class includes a 3’-terminal dideoxythymidine and is
labeled with a forth dye; “
wherein at least one of the first, second, third, or forth dyes is a dye compound according
to any one of claims 1-128;
the other of the dyes being spectrally resolvable from the dye(s) and from each other;
ii) electrophoretically separating the polynucleotides thereby forming bands of similarly
sized polynucleotides;
iii) illuminating the bands with an illumination beam capable of causing the dyes to
fluoresce; and

iv) identifying the classes of the polynucleotides in the bands by the fluorescence

spectrum of the dyes.
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ii) subjecting the |abeled polynucleotide fragnents to
a size-dependent separation process; and iii)

waleweos408€) t he | abel ed pol ynucl eoti de fragnent BCT/US2005/033174
subsequent to the separation process. 138. A |abel ed
pol ynucl eoti de conprising the structure NUC-L-D
wherein NUC conprises a polynucleotide, L conprises a
bond or a linker that covalently attaches NUC and D,
135. afkk Rethodpf ckén 134 clnthouredpaisingradiifily dyasaryingseal gtandard.
clains 1-128. 71
136. A method of polynucleotide sequencing comprising the steps of:
i) forming a mixture comprising
a first, a second, a third, and a forth class of polynucleotides such that:
each polynucleotide in the first class includes a 3’-terminal dideoxyadenosine and is
labeled with a first dye;
each polynucleotide in the second class includes a 3’-terminal dideoxycytidine and is
labeled with a second dye;
each polynucleotide in the third class includes a 3’-terminal dideoxyguanosine and is
labeled with a third dye; and
each polynucleotide in the forth class includes a 3’-terminal dideoxythymidine and is
labeled with a forth dye; and
and a fifth dye as an internal standard;
wherein a fifth dye is a dye compound according to any one of claims 1-128;
the other of the dyes being spectrally resolvable from the dye(s) and from each other;
ii) electrophoretically separating the polynucleotides thereby forming bands of similarly
sized polynucleotides;
iii) illuminating the bands with an illumination beam capable of causing the dyes to
fluoresce; and

iv) identifying the classes of the polynucleotides in the bands by the fluorescence

spectrum of the dyes.

137. A method of fragment analysis comprising:
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1) foﬁning labeled polynucleotide fragments, the fragments being labeled with a dye
compound according to any one of claims 1-87;

ii) subjecting the labeled polynucleotide fragments to a size-dependent separation
process; and

iii) detecting the labeled polynucleotide fragments subsequent to the separation process.

138. A labeled polynucleotide comprising the structure
NUC-L-D
wherein  NUC comprises a polynucleotide, L comprises a bond or a linker that covalently

attaches NUC and D, and D comprises a compound according to any one of claims 1-128.
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